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ɸʅʆʊɸʎɯʗ 

 

ʈʫʙʝʣʴ ɸʥʜʨʽʡ ʉʝʨʛʽʡʦʚʠʯ. ʄʝʪʦʜʠ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟ ʛʘʣʫʟʽ ʟʥʘʥʴ 

17 ɽʣʝʢʪʨʦʥʽʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 172 çʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ 

ʨʘʜʽʦʪʝʭʥʽʢʘè. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè, ʍʘʨʢʽʚ, 2020. 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʪʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʩʝʨʚʽʩʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ.  

ʋ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ɼɿɿ, ʩʝʨʚʽʩʽʚ ʽ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʦʞ ʪʠʧʠ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʪʘ ʤʦʜʝʣʽ ʧʨʠʩʫʪʥʴʦʛʦ ʥʘ ʥʠʭ ʰʫʤʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʚʦʣʽ ʽʥʪʝʥʩʠʚʥʠʭ ʰʫʤʽʚ, ʷʢʽ ʙʘʞʘʥʦ ʚʠʜʘʣʷʪʠ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ ʤʝʪʦʶ ʧʨʠʜʫʰʝʥʥʷ 

ʧʨʠʩʫʪʥʴʦʛʦ ʥʘ ʥʠʭ ʰʫʤʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʥʝ ʟʘʚʞʜʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʽʩʣʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʩʥʦʚʥʘ 

ʧʨʦʙʣʝʤʘ, ʟ ʷʢʦʾ ʩʪʠʢʘʶʪʴʩʷ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ, ʻ ʦʙʨʦʙʢʘ ʣʦʢʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ 

ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ ʦʢʦʣʽʚ ʤʝʞ, ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʪʝʢʩʪʫʨ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʝ ʚʥʦʩʠʪʠ ʜʦʜʘʪʢʦʚʽ ʥʝʙʘʞʘʥʽ ʘʨʪʝʬʘʢʪʠ ʽ ʥʘʜʤʽʨʥʝ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʽ ʥʝ 

ʟʘʜʦʚʽʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʥʘʜʘʥʥʽ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ɼɿɿ. ʇʦʢʘʟʘʥʦ, ʱʦ ʽʥʢʦʣʠ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʻ 
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ʥʝʟʥʘʯʥʠʤ ʘʙʦ ʤʦʞʝ ʚʟʘʛʘʣʽ ʥʝ ʽʩʥʫʚʘʪʠ, ʪʦʤʫ ʚʘʨʪʦ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʦʱʘʜʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ. ʇʦʢʘʟʘʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʪʘ ʚʠʨʽʰʝʥʦ 

ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʟʘʚʘʜ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʽ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʪʘ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʷʢʦʩʪʽ ʜʣʷ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜʠ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʝʦʨʽʷ ʥʝʣʽʥʽʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ 

ʦʙʨʦʙʢʠ, ʟʦʢʨʝʤʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʽ 

ʚʠʨʽʰʝʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ:  

- ʘʥʘʣʽʟ ʰʫʤʫ, ʱʦ ʧʨʠʩʫʪʥʽʡ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ɼɿɿ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʬʽʣʴʪʨʘʮʽʾ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʜʣʷ ʟʦʙʨʘʞʝʥʴ ɼɿɿ; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ. 
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ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʦʩʥʦʚʥʽ ʪʠʧʠ ʽ 

ʤʦʜʝʣʽ ʰʫʤʽʚ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ 

ɼɿɿ ʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʩʧʦʪʚʦʨʝʥʠʭ 

ʰʫʤʦʤ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʟʫʘʣʴʥʦʾ 

ʷʢʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʽʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ-ʰʫʤ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʧʦʨʷʜʢʫ 24-29 ʜɹ. ɺʠʷʚʣʝʥʦ ʤʽʨʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʠʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ʅʘʜʘʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ.  

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʩʧʦʪʚʦʨʝʥʠʭ ʩʧʝʢʣ-ʰʫʤʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʽ ʚʦʜʥʦʯʘʩ ʟʙʝʨʝʛʪʠ ʤʘʣʦʨʦʟʤʽʨʥʽ 

ʦʙôʻʢʪʠ, ʤʝʞʽ, ʪʝʢʩʪʫʨʠ.  

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʦʙʣʝʥʠʤʠ ʨʘʥʽʰʝ ʤʝʪʦʜʘʤʠ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʧʦʪʨʝʙʫʻ ʞʦʜʥʠʭ ʘʧʨʽʦʨʥʠʭ ʘʙʦ ʟʘʟʜʘʣʝʛʽʜʴ 

ʦʮʽʥʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʨʦʙʣʝʥʠʭ ʨʘʥʽʰʝ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʠʚ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʟʥʠʟʠʪʠ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʚ 2-3 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ), ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ 

ʥʘʜʽʡʥʦʤʫ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ.  

ɺ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʰʘʨʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʷʢʦʩʪʽ 

ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʽ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʷʭ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ (ʙʝʟ ʰʫʤʫ) ʟʦʙʨʘʞʝʥʥʷ ʪʘ, 

ʤʦʞʣʠʚʦ, ʙʝʟ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ.  
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ: ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽhʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʪʦʯʥʽʩʪʴ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 0,91-0,99 

ʜʣʷ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ Ὑ  (ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ); 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʠʣʠ 

ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʟʥʠʟʠʪʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʚ 2-3 ʨʘʟʠ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ), ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʥʘʜʽʡʥʦʤʫ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ ʱʦʜʦ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ; ʚʠʷʚʣʝʥʦ ʤʽʨʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ 

ʝʪʘʣʦʥʫ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤʠ (ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ ʽʟ ʦʩʝʨʝʜʥʝʥʦʶ ʜʫʤʢʦʶ ʣʶʜʝʡ), ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ; ʜʦʚʝʜʝʥʦ, 

ʱʦ ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʧʽʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ-ʰʫʤ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʨʷʜʢʫ 24-29 ʜɹ; ʜʣʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʟʦʢʨʝʤʘ, ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ) 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʬʽʣʴʪʨʘʮʽʶ ʚ 5-20 ʨʘʟʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ; 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ 

ʨʽʟʥʠʭ ʽʩʥʫʶʯʠʭ ʧʘʢʝʪʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ, ʥʘʧʨʠʢʣʘʜ ENVI, ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʾʭ 

ʩʝʨʚʽʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʋʩʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʦʙʢʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʚʝʜʝʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʠʢ 

ʽ ʘʣʛʦʨʠʪʤʽʚ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʧʝʨʚʠʥʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʫ ɯʥʩʪʠʪʫʪʽ ʨʘʜʽʦʬʽʟʠʢʠ ʽ ʝʣʝʢʪʨʦʥʽʢʠ ʽʤ. ʆ. ʗ. ʋʩʠʢʦʚʘ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʍʘʨʢʽʚʩʴʢʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʇʦʚʽʪʨʷʥʠʭ ʉʠʣ ʽʤʝʥʽ ɯʚʘʥʘ ʂʦʞʝʜʫʙʘ. 

ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 22 ʨʦʙʦʪʠ, ʟ ʷʢʠʭ 5 ï ʮʝ ʩʪʘʪʪʽ ʫ 

ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 1 ʩʪʘʪʪʷ ʫ ʥʘʫʢʦʚʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ 

ʽʥʰʦʾ ʜʝʨʞʘʚʠ (ʐʚʝʡʮʘʨʽʷ), ʷʢʘ ʽʥʜʝʢʩʫʻʪʴʩʷ ʚ SCOPUS (Q2), 16 ï ʧʫʙʣʽʢʘʮʽʾ ʫ 
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ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʩʝʨʝʜ ʷʢʠʭ 11 ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʘʥʛʣʦʤʦʚʥʠʡ 

ʢʦʥʬʝʨʝʥʮʽʡ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ SCOPUS.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, 

ʦʙʨʦʙʢʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʬʽʣʴʪʨʘʮʽʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ɼʂʇ, 

BM3D, ʈʉɸ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ, ʙʘʛʘʪʦʰʘʨʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. 

 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ: 

 

ʉʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ: 

1. O. Rubel, V. Lukin, A. Rubel, K. Egiazarian, ñNN-Based Prediction of 

Sentinel-1 SAR Image Filtering Efficiency,ò Geosciences, vol. 9, no. 7, 22 p., 2019, doi: 

10.3390/geosciences9070290. (Scopus)  

2. A. Rubel, V. Lukin, ñAssessment of Visual Quality for Denoised Images,ò 

Information Extraction and Processing, vol. 46, pp. 43-49, 2018, doi: 

10.15407/vidbir2018.46.043. 

3. A. C. ʈʫʙʝʣʴ, ɺ. ɺ. ʃʫʢʠʥ, ñɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʟʵʪʘʣʦʥʥʳʭ ʤʝʨ ʚʠʟʫʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʡ,ò ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʽ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʚʠʧ. 85, ʩ. 4-14, 2018, doi: 

10.32620/reks.2018.1.01. 

4. A. C. ʈʫʙʝʣʴ, ɺ. ɺ. ʃʫʢʠʥ, ñɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʦʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʰʫʤʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ,ò 

ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʽ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʚʠʧ. 81, ʩ. 4-20, 2017. 

5. A. C. ʈʫʙʝʣʴ, ɺ. ɺ. ʃʫʢʠʥ, ñʃʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʦʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ,ò ɸʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ 

ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ, ʚʳʧ. 140, ʩ. 92-99, 2017. 

6. ʈ. ɺ. ʎʝʭʤʠʩʪʨʦ, ɺ. ɺ. ɸʙʨʘʤʦʚʘ, ɸ. ʉ. ʈʫʙʝʣʴ, ʄ. ʃ. ʋʩʩ, ɻ. ɸ. ʇʨʦʩʢʫʨʘ, 

ʆ. ʉ. ʈʫʙʝʣʴ, ñʆʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ ʥʘ ʨʝʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ ʤʦʙʽʣʴʥʽʡ ʧʣʘʪʬʦʨʤʽ,ò ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʚʠʧ. 90, ʩ. 60-70, 2019, doi: 10.32620/reks.2019.2.05.  
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ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʷʢʽ ʟʘʩʚʽʜʯʫʶʪʴ ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ: 

7. O. Rubel, A. Rubel, V. Lukin, M. Carli and K. Egiazarian, ñBlind Prediction 

of Original Image Quality for Sentinel Sar Data,ò 2019 8th European Workshop on Visual 

Information Processing (EUVIP), Roma, Italy, 2019, pp. 105-110, doi: 

10.1109/EUVIP47703.2019.8946231. 

8. O. Rubel, A. Rubel, V. Lukin and K. Egiazarian, ñBlind DCT-based prediction 

of image denoising efficiency using neural networks,ò 2018 7th European Workshop on 

Visual Information Processing (EUVIP), Tampere, Finland, 2018, pp. 1-6, doi: 

10.1109/EUVIP.2018.8611710. 

9. O. Rubel, V. Lukin, A. Rubel, and K. Egiazarian, ñPrediction of Lee filter 

performance for Sentinel-1 SAR images,ò Electronic Imaging, pp. 371ï1-371ï6, 2020, doi: 

10.2352/ISSN.2470-1173.2020.9.IQSP-371. 

10. A. Rubel, O. Rubel and V. Lukin, ñAnalysis of visual quality for denoised 

images,ò 2017 14th International Conference The Experience of Designing and Application 

of CAD Systems in Microelectronics (CADSM), Lviv, Ukraine, 2017, pp. 92-96, doi: 

10.1109/CADSM.2017.7916093. 

11. A. Rubel, V. Lukin and L. Shark, ñLocally adaptive edge preserving filter for 

radar image denoising,ò 2017 IEEE Microwaves, Radar and Remote Sensing Symposium 

(MRRS), Kiev, Ukraine, 2017, pp. 121-124, doi: 10.1109/MRRS.2017.8075042. 

12. A. Rubel and V. Lukin, ñRegression-based analysis of visual quality for 

denoised images,ò 2017 4th International Scientific-Practical Conference Problems of 

Infocommunications. Science and Technology (PIC S&T), Kharkov, Ukraine, 2017, pp. 219-

222, doi: 10.1109/INFOCOMMST.2017.8246383. 

13. A. Rubel and V. Lukin, ñDenoising efficiency analysis based on no-reference 

image quality assessment,ò 2018 14th International Conference on Advanced Trends in 

Radioelecrtronics, Telecommunications and Computer Engineering (TCSET), Slavske, 

Ukraine, 2018, pp. 898-902, doi: 10.1109/TCSET.2018.8336341. 

14. A. Rubel, O. Rubel and V. Lukin, ñOn Prediction of Image Denoising 

Expedience Using Neural Networks,ò 2018 International Scientific-Practical Conference 
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Problems of Infocommunications. Science and Technology (PIC S&T), Kharkiv, Ukraine, 

2018, pp. 629-634, doi: 10.1109/INFOCOMMST.2018.8632050. 

15. A. Rubel, O. Rubel and V. Lukin, ñNeural Network-based Prediction of Visual 

Quality for Noisy Images,ò 2019 IEEE 15th International Conference on the Experience of 

Designing and Application of CAD Systems (CADSM), Polyana, Ukraine, 2019, pp. 3/1-3/5, 

doi: 10.1109/CADSM.2019.8779325. 

16. O. Ieremeiev and A. Rubel, ñAnalysis of No-Reference IQA Metrics and Their 

Verification for Image Databases,ò 2019 IEEE 2nd Ukraine Conference on Electrical and 

Computer Engineering (UKRCON), Lviv, Ukraine, 2019, pp. 1152-1157, doi: 

10.1109/UKRCON.2019.8879813. 

17. A. Rubel, O. Rubel, V. Abramova, G. Proskura and V. Lukin, ñImproved Noisy 

Image Quality Assessment Using Multilayer Neural Networks," 2019 IEEE 2nd Ukraine 

Conference on Electrical and Computer Engineering (UKRCON), Lviv, Ukraine, 2019, pp. 

1046-1051, doi: 10.1109/UKRCON.2019.8879950. 

18. ɸ. ʉ. ʈʫʙʝʣʴ, ñɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʪʝʢʩʪʫʨʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʵʢʩʧʝʨʪʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʦʡ,ò 

ʈʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʦʣʦʜʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽ: ʤʘʪʝʨʽʘʣʠ 20-ʛʦ ʄʽʞʥʘʨ. ʤʦʣʦʜʽʞʥʦʛʦ 

ʬʦʨʫʤʫ, ʍʅʋʈɽ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 19-21 ʢʚʽʪʥʷ 2016, ʩ. 5-6. 

19. A. S. Rubel, ñEfficiency of tetrolet-based filtering,ò ʈʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ ʪʘ 

ʤʦʣʦʜʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽ: ʤʘʪʝʨʽʘʣʠ 21-ʛʦ ʄʽʞʥʘʨ. ʤʦʣʦʜʽʞʥʦʛʦ ʬʦʨʫʤʫ, ʍʅʋʈɽ, 

ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 25-27 ʢʚʽʪʥʷ 2017, ʩ. 37-38. 

20. ɸ. ʉ. ʈʫʙʝʣʴ, ñɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʨ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʪʘʣʦʥʘ,ò ʈʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʦʣʦʜʴ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽ: 

ʤʘʪʝʨʽʘʣʠ 22-ʛʦ ʄʽʞʥʘʨ. ʤʦʣʦʜʽʞʥʦʛʦ ʬʦʨʫʤʫ, ʍʅʋʈɽ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 17-19 

ʢʚʽʪʥʷ 2018, ʩ. 5-6. 

21. ɸ. ʉ. ʈʫʙʝʣʴ, ñʕʢʩʧʝʨʠʤʝʥʪ ʩ ʦʮʝʥʠʚʘʥʠʝʤ ʨʝʩʧʦʥʜʝʥʪʘʤʠ ʚʠʟʫʘʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ,ò ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ñɯʥʪʝʛʨʦʚʘʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽò ɯʂʊʄ-2016 ʍʘʨʢʽʚ: ʅʘʮ. 

ʘʝʨʦʢʦʩʤ. ʫʥ-ʪ ñʍɸɯò, 2016, ʊʦʤ 2, ʩ. 322-323. 
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22. ɸ. ʉ. ʈʫʙʝʣʴ, ñʌʠʣʴʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʦʣʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ,ò ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ñɯʥʪʝʛʨʦʚʘʥʽ 

ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽò ɯʂʊʄ-2017 ʍʘʨʢʽʚ: ʅʘʮ. ʘʝʨʦʢʦʩʤ. ʫʥ-ʪ 

ñʍɸɯò, 2017, ʊʦʤ 2, ʩ. 262. 

 

ABSTRACT 

 

Rubel Andrii. Methods of service-oriented processing of remote sensing multichannel 

images. ï Qualifying scientific work, the manuscript. 

The thesis for a degree of Doctor of Philosophy (PhD) in the field of knowledge 17 

Electronics and Telecommunications in specialty 172 Telecommunications and radio 

engineering. ï National Aerospace University ñKharkiv Aviation Instituteò, Kharkiv, 2020. 

 

The thesis is devoted to the improvement and development of new effective service-

oriented methods in application to multichannel remote sensing image processing. The 

object of the study is the processing of multichannel remote sensing images distorted by 

noise. The subject of the study is the methods of service-oriented processing of multichannel 

remote sensing images.  

An analytical review of the main modern remote sensing systems characteristics, 

services and processing methods provided by such systems as well as types and 

characteristics of different remote sensing images and noise models is performed in the 

work. It has been established that noise is one of the main factor that significantly degrades 

remote sensing image quality and it is desirable to remove noise by applying filtering. The 

main problem of existing image filtering methods is that practically all of them run into 

difficulties in edge/detail and texture preserving. Often existing filters can introduce 

undesirable smoothing, artifacts, distortions alongside with noise removal. Thus, an image 

after applying filtering (denoising) might seem oversmoothed and visually annoying. Then, 

positive effect of denoising is negligible or it does not exist at all and it is better to skip 

denoising and to save time and computing resources. It has been also shown the need to 
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predict filtering efficiency in advance, without carrying out filtering itself and to undertake 

decision on image filtering (denoising) expedience.  

In the work the actual scientific and applied task of developing service-oriented 

methods of remote sensing image processing, which take into account noise properties 

present in images, to assess potential filtering efficiency and decision-making on image 

denoising expedience is set and solved. The method of locally-adaptive filtering using 

tetrolet transform, the method of filtering efficiency prediction and the method of predicting 

image quality measures for original (primary) remote sensing images using multilayer 

neural networks have been developed.  

The aim of the thesis is to develop service-oriented methods of pre-processing of 

remote sensing images to improve the efficiency of further processing stages, in particular 

the development of quality assessment methods of original (primary) remote sensing images 

and improvement of image filtering efficiency prediction for decision-making on image 

denoising expedience.  

The scientific results are: 

1) for the first time , the method for predicting measures (image quality metrics) of 

original remote sensing image quality using multilayer neural networks has been proposed, 

which, unlike the known ones, uses image statistical parameters in the spatial and spectral 

domains in the absence of reference (noise-free) image and possibly without preliminary 

estimated noise characteristics; 

2) the method of predicting denoising efficiency of multichannel remote sensing 

images based on multilayer neural networks has been improved due to the use of the 

proposed set of input parameters (features), which allowed to increase the prediction 

accuracy in comparison with previously developed methods. The peculiarity of the proposed 

method is that it does not require any a priori or pre-estimated noise characteristics in 

contrast to the previously developed predicting methods. It is shown that prediction accuracy 

of the proposed method has been improved in terms of mean square error by 2-3 times 

compared to analogues, which facilitates more reliable decision-making on denoising 

expedience; 
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3) the method of locally-adaptive filtering for radar images distorted by speckle noise 

has been improved using wavelet-based tetrolet transform, which allows increasing the 

denoising efficiency and at the same time to preserve edges, small-sized objects and 

textures. 

The results of the work have been used in research study at the O. Ya. Usikov Institute 

for Radio Physics and Electronics of the National Academy of Sciences of Ukraine and in 

the National aerospace university named after M. E. Zhukovsky ñKharkiv Aviation 

Instituteò.  

According to the thesis material, 22 papers were published, 5 of which were articles 

in journals of Ukraine, 1 article in foreign country periodical (Switzerland) included in the 

international scientific metric database SCOPUS, 16 ï publications in conference 

proceedings (11 in international conferences included in the international scientific metric 

database SCOPUS).  

Key words: image quality assessment (IQA), image quality prediction, multichannel 

image processing, filtering, denoising efficiency, DCT, BM3D, SAR, remote sensing, 

multilayer neural network.  
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ɼɿ ï ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ; 

ɼɿɿ ï ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ; 

ʈʉɸ ï ʨʘʜʽʦʣʦʢʘʪʦʨ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ; 

ʅʄ ï ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ; 

ɻʇ ï ʛʦʤʦʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

ɼʂʇ ï ʜʠʩʢʨʝʪʥʝ ʢʦʩʠʥʫʩʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

ɸɹɻʐ ï ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚ ʰʫʤ; 

ʇɺʉʐ ï ʧʽʢʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ; 

ʉʂɺ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ; 

ʉʂʇ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ; 

PSNR ï Peak Signal to Noise Ratio; 

MSE ï Mean Squared Error; 

IPSNR ï Improvement of PSNR; 

HVS ï Human Vision System; 

PSNR-HVS-M ï PSNR based on HVS Masking effect; 

I-PSNR-HVS-M ï Improvement of PSNR-HVS-M; 

DCT ï Discrete Cosine Transform; 

BM3D ï Block Matching and 3D filtering; 

HT ï homomorphic transform; 

MLP ï multilayer perceptron; 

SROCC ï Spearmanôs rank order correlation coefficient; 

KROCC ï Kendallôs rank order correlation coefficient; 

RMSE ï root-mean-square error; 

IQA ï Image quality Assessment; 

FR IQA ï full -reference IQA; 

NR IQA ï no-reference (blind) IQA; 

RR IQA ï reduced-reference IQA. 
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ɺʉʊʋʇ 

 

ʆʙ̌ ʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ɼɿ) ʟ ʢʦʩʤʽʯʥʠʭ 

ʽ ʘʚʽʘʮʽʡʥʠʭ ʥʦʩʽʾʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ [1], 

ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʤʽʥ ʢʣʽʤʘʪʫ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ, ʛʝʦʣʦʛʽʯʥʠʭ ʥʝʙʝʟʧʝʢ ʽ ʢʘʪʘʩʪʨʦʬ ʪʦʱʦ [2-4]. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʩʘʤʝ 

ʚʽʟʫʘʣʴʥʘ ʯʠ ʚʽʟʫʘʣʽʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʜʞʝʨʝʣʦʤ ʟʥʘʥʴ ʧʨʦ 

ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, ʜʘʻ ʨʦʟʫʤʽʥʥʷ ʩʫʪʽ ʧʝʨʝʙʽʛʫ ʨʽʟʥʠʭ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ [5]. ʈʘʟʦʤ ʟ 

ʰʚʠʜʢʠʤ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ 

ʽ ʟʨʦʩʣʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ɼɿ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʋ ʩʚʽʪʣʽ ʦʩʪʘʥʥʽʭ ʜʦʩʷʛʥʝʥʴ ʽ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ, ɼɿ ʧʨʠʚʝʨʪʘʻ ʚʩʝ 

ʙʽʣʴʰʫ ʫʚʘʛʫ, ʩʪʘʶʯʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ɿʝʤʣʽ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ [1, 2, 6]. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʩʠʩʪʝʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʻ ʦʜʥʠʤ ʟ ʟʘʪʨʝʙʫʚʘʥʠʭ ʽ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʩʪʚʦʨʝʥʘ ʫ 2014 ʨʦʮʽ ʧʨʦʛʨʘʤʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ñCopernicusò [7], ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʩʤʽʯʥʘ ʧʨʦʛʨʘʤʘ ʋʢʨʘʾʥʠ ʥʘ 2018-2022 ʨʦʢʠ [8], ʘ ʪʘʢʦʞ ʩʚʽʪʦʚʘ ʩʠʩʪʝʤʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ñGlobal Earth Observation System of Systemsò [9]. ʇʨʠ ʮʴʦʤʫ, ʧʦʨʷʜ ʽʟ 

ʟʥʘʯʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʩʝʥʩʦʨʽʚ ɼɿɿ, ʜʫʞʝ ʽʩʪʦʪʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ɼʘʥʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ɼɿɿ ï ʮʝ 

ʘʝʨʦʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʴ, ʪʦʤʫ 

ʧʨʦʙʣʝʤʘ ʦʙʨʦʙʢʠ ʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ɼɿɿ ʧʦʚôʷʟʘʥʘ ʟ ʮʠʬʨʦʚʦʶ ʦʙʨʦʙʢʦʶ 

ʟʦʙʨʘʞʝʥʴ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʝʥʩʦʨʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ɼɿɿ ʤʘʶʪʴ ʥʘʜʚʠʩʦʢʫ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 1-0,5 ʤ (ʜʣʷ ʜʝʷʢʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ï ʜʦ 0,3 ʤ) [10]. 

ʈʽʟʥʽ ʩʝʥʩʦʨʠ ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʜʘʥʠʭ ʽ ʟʦʙʨʘʞʝʥʴ, ʜʝ ʢʦʞʝʥ ʪʠʧ ʜʘʥʠʭ 

ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʧʝʨʝʚʘʛʠ [1, 11]. ʇʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ 

ʚ ʮʠʭ ʜʘʥʠʭ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʽ ʚʦʜʥʦʯʘʩ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ 

ɼɿɿ ʧʦʚʠʥʥʽ ʬʦʨʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʽ ʤʘʪʠ 
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ʧʨʠʡʥʷʪʥʫ ʷʢʽʩʪʴ ʩʬʦʨʤʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʠ ʥʘʜʘʥʥʽ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ. ʂʨʽʤ 

ʪʦʛʦ, ʩʠʩʪʝʤʠ ɼɿɿ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʽʜ ʪʽ 

ʯʠ ʽʥʰʽ ʧʦʪʨʝʙʠ ʘʙʦ ʢʽʥʮʝʚʽ ʩʝʨʚʽʩʠ. ʅʘʧʨʠʢʣʘʜ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ɼɿɿ Sentinel-

1 ʥʘʜʘʻ ʪʨʠ ʨʽʚʥʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʨʽʟʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ ʨʽʚʥʷ ʦʙʨʦʙʢʠ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʟʥʽ 

ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ [12]. ɼʦʩʪʫʧʥʽʩʪʴ ʪʘʢʠʭ ʜʘʥʠʭ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʟʨʦʩʪʘʥʥʽ 

ʩʝʨʚʽʩʽʚ ʘʥʘʣʽʟʫ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ɼɿɿ [13-16]. ʊʦʤʫ ʮʝ ʧʨʠʨʦʜʥʦ ʚʠʩʫʚʘʻ 

ʩʫʚʦʨʽ ʚʠʤʦʛʠ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʙʨʦʙʢʠ ʽ ʨʦʟʫʤʽʥʥʷ (ʽʥʪʝʨʧʨʝʪʘʮʽʾ) ʦʪʨʠʤʘʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʘʩʪʦ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʟʘʚʘʜʠ ʽ ʚʠʢʨʠʚʣʝʥʥʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʆʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʪʠʧʽʚ ʟʘʚʘʜ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʝʬʝʢʪʠʚʥʽʡ ʦʙʨʦʙʮʽ, ʻ ʰʫʤ [1, 

2, 11, 17]. ʇʨʠʯʠʥʘʤʠ ʧʦʷʚʠ ʰʫʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʢʦʥʘʣʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʽ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʙʦʾ ʚ ʨʦʙʦʪʽ 

ʢʘʥʘʣʫ ʟʚôʷʟʢʫ. ʐʫʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʘʨʽʘʮʽʾ ʚ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʩʝʥʩʦʨʘ, ʷʢʽ ʥʝ 

ʥʝʩʫʪʴ ʚ ʩʦʙʽ ʞʦʜʥʦʾ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʮʝʥʫ ʟʡʦʤʢʠ [11]. ɹʘʛʘʪʦ ʨʦʙʽʪ 

ʧʨʠʩʚʷʯʝʥʦ ʚʠʚʯʝʥʥʶ ʰʫʤʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ [17-22]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ, 

ʱʦ ʜʣʷ ʦʧʪʠʯʥʠʭ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤ ɼɿɿ, ʫʟʘʛʘʣʴʥʝʥʘ 

ʤʦʜʝʣʴ ʰʫʤʫ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʽʰ ʩʠʛʥʘʣʴʥʦ-ʟʘʣʝʞʥʦʛʦ ʽ ʩʠʛʥʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ 

ʰʫʤʽʚ [21-24]. ʅʘʪʦʤʽʩʪʴ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʰʫʤʦʧʦʜʽʙʥʦʛʦ ʷʚʠʱʘ, ʱʦ ʤʘʻ ʥʘʟʚʫ ʩʧʝʢʣ [11, 25, 26]. ʉʧʝʢʣ ʷʚʣʷʻ ʩʦʙʦʶ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ ʰʫʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʛʦ ʩʧʝʢʣ-ʰʫʤʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʤʘʻ ʥʝʛʘʫʩʦʚʫ 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʽ ʧʨʦʩʪʦʨʦʚʫ ʢʦʨʝʣʴʦʚʘʥʽʩʪʴ [11, 26]. ʇʨʠʩʫʪʥʽʩʪʴ 

ʪʘʢʦʛʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʫ, ʷʢ ʩʧʝʢʣ, ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʇʨʦʪʝ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ɼɿɿ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ ʘʥʪʝʥʠ (ʈʉɸ) ʻ ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤʠ ʜʣʷ h ʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʩʪʦʩʫʚʘʥʴ, ʪʘʢ 

ʷʢ ʚʦʥʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʪʠʯʥʠʭ ʘʙʦ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʻ ʩʪʽʡʢʠʤʠ ʜʦ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʭʤʘʨʥʦʩʪʽ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ ʦʩʚʽʪʣʝʥʦʩʪʽ (ʥʽʯ ʘʙʦ ʩʫʪʽʥʢʠ) [1, 2, 

11].  
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ʅʘʷʚʥʽʩʪʴ ʰʫʤʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʩʝʨʝʜ ʷʢʠʭ ʩʪʠʩʥʝʥʥʷ, ʩʝʛʤʝʥʪʘʮʽʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ [11, 13, 27, 28]. ʊʦʤʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʪʘʢ ʽ 

ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʤʝʪʦʜʠ ʧʨʠʜʫʰʝʥʥʷ (ʬʽʣʴʪʨʘʮʽʾ) ʰʫʤʫ. ʌʽʣʴʪʨʘʮʽʷ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʦʨʷʜ ʟ ʧʨʠʜʫʰʝʥʥʷʤ ʰʫʤʫ ʟʙʝʨʝʛʪʠ ʢʦʨʠʩʥʫ 

ʽʥʬʦʨʤʘʮʽʶ [1, 11, 29]. ʆʜʥʘʢ, ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʟʘʚʞʜʠ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʬʽʣʴʪʨʠ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʪʨʫʜʥʦʱʘʤʠ ʧʨʠ ʦʙʨʦʙʮʽ ʣʦʢʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʴ (ʤʝʞʽ, 

ʪʝʢʩʪʫʨʠ) [30-33]. ʊʦʤʫ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʦ ʧʦʨʷʜ ʟ ʧʨʠʜʫʰʝʥʥʷʤ ʰʫʤʫ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʙʝʨʝʞʝʥʥʷ ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ, ʤʝʞ, ʪʝʢʩʪʫʨ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʩʝʛʤʝʥʪʘʮʽʾ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʉʣʽʜ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʬʽʣʴʪʨʘʮʽʷ 

ʤʦʞʝ ʚʥʦʩʠʪʠ ʥʝʙʘʞʘʥʽ ʘʨʪʝʬʘʢʪʠ ʽ ʥʘʜʤʽʨʥʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ [31-33]. ʊʦʜʽ 

ʽʥʢʦʣʠ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʻ ʥʝʟʥʘʯʥʠʤ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝ ʽʩʥʫʻ, ʽ 

ʢʨʘʱʝ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʦʱʘʜʠʪʠ ʯʘʩ ʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ [34, 35]. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚʘʨʪʦ ʟʘʟʜʘʣʝʛʽʜʴ ʟʥʘʪʠ ʧʨʦ ʪʘʢʽ 

ʩʠʪʫʘʮʽʾ ʽ ʚʠʨʽʰʫʚʘʪʠ, ʯʠ ʻ ʩʝʥʩ ʚʠʜʘʣʷʪʠ ʰʫʤ, ʘʜʞʝ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʬʽʣʴʪʨʘʮʽʾ 

ʤʦʞʝ ʥʘʚʽʪʴ ʱʝ ʙʽʣʴʰʝ ʧʦʛʽʨʰʠʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʽʥʰʠʭ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʽ ʥʝ 

ʟʘʜʦʚʽʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʠ ʥʘʜʘʥʥʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʝʨʚʽʩʫ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʨʽʟʥʽ ʩʝʨʚʽʩʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʩʪʘʣʠ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʫʞʝ 

ʧʦʰʠʨʝʥʠʤʠ, ʙʦ ʟʘʚʜʷʢʠ ʾʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠʩʴ ʥʝ ʪʽʣʴʢʠ ʧʝʨʚʠʥʥʽ 

ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʘʣʝ ʡ ʜʘʥʽ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʦʙʨʦʙʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʥʮʝʚʠʭ ʟʘʚʜʘʥʴ, 

ʱʦ ʤʦʞʫʪʴ ʮʽʢʘʚʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɼʦʩʪʫʧʥʽʩʪʴ ʽ ʧʦʰʠʨʝʥʥʷ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ ʚʠʢʣʠʢʘʣʦ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʽ ʧʘʢʝʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ, ʱʦ 

ʥʘʜʘʶʪʴ ʩʝʨʚʽʩʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ [36, 37]. ʊʘʢʠʤʠ ʩʝʨʚʽʩʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʮʽʥʢʘ 

ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʥʘʡʚʠʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʦʱʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜʠ ʩʝʨʚʽʩʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ 



 

 

19 
 

ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ (ʘʚʪʦʤʘʪʠʯʥʦ ʯʠ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ) ʪʘ ʚʠʙʽʨ ʬʽʣʴʪʨʫ ʪʘ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʚʠʨʽʰʫʻʪʴʩʷ ʚ 

ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʻ ʨʦʟʨʦʙʢʘ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʟʘʚʘʜ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ ʟʦʙʨʘʞʝʥʥʷʭ, ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʽ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, 

ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ 

ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ, ʟʦʢʨʝʤʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʽ 

ʚʠʨʽʰʝʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ:  

- ʘʥʘʣʽʟ ʰʫʤʫ, ʱʦ ʧʨʠʩʫʪʥʽʡ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ɼɿɿ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʬʽʣʴʪʨʘʮʽʾ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʜʣʷ ʟʦʙʨʘʞʝʥʴ ɼɿɿ; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, 

ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʰʫʤʫ ʽ ʪʝʩʪʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ, ʪʝʦʨʽʷ ʥʝʣʽʣʝʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ 
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ʤʝʪʦʜʫ ʬʽʣʴʪʨʘʮʽʾ, ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʘʚʪʦʨʦʤ, ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ:  

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʷʢʦʩʪʽ 

ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 

ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʠʭ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʽ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʷʭ, 

ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ (ʙʝʟ ʰʫʤʫ) ʟʦʙʨʘʞʝʥʥʷ ʪʘ, ʤʦʞʣʠʚʦ, ʙʝʟ ʧʦʧʝʨʝʜʥʽʭ 

ʦʮʽʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ; 

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʦʙʣʝʥʠʤʠ ʨʘʥʽʰʝ ʤʝʪʦʜʘʤʠ;  

- ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʩʧʦʪʚʦʨʝʥʠʭ ʩʧʝʢʣ-ʰʫʤʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʽ ʚʦʜʥʦʯʘʩ ʟʙʝʨʝʛʪʠ 

ʤʘʣʦʨʦʟʤʽʨʥʽ ʦʙôʻʢʪʠ, ʤʝʞʽ, ʪʝʢʩʪʫʨʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ʇʨʘʮʽ [18-22] ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʝʟ ʩʧʽʚʘʚʪʦʨʽʚ. ʋ ʨʦʙʦʪʘʭ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ. ɺ ʨʦʙʦʪʽ [1] 

ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɼʂʇ-ʬʽʣʴʪʨʘʮʽʾ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʠʩʪʝʤʠ Sentinel-1. ɺ ʨʦʙʦʪʽ [2] ʟʜʦʙʫʚʘʯʝʤ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʽʟʫʘʣʴʥʦʾ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ [2]. ɺ ʨʦʙʦʪʘʭ [3, 13] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ 

ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʙʝʟ 

ʝʪʘʣʦʥʫ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʤʦʞʣʠʚʽ ʩʧʦʩʦʙʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ 

ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ. ɺ ʨʦʙʦʪʽ [4] ʟʜʦʙʫʚʘʯʝʤ 

ʜʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʩʧʦʪʚʦʨʝʥʠʭ ʘʜʠʪʠʚʥʠʤ ʰʫʤʦʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʜʘʧʪʠʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (ʪʝʪʨʦʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ). ɺ 

ʧʫʙʣʽʢʘʮʽʾ [5] ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ 
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ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ɼʂʇ ʬʽʣʴʪʨʘ ʽ ʬʽʣʴʪʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʪʨʦʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺ ʧʫʙʣʽʢʘʮʽʾ [6] ʟʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʫ ʥʘ 

ʨʝʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ɺ ʨʦʙʦʪʽ [7] ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʥʘʯʝʥʴ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʩʫʯʘʩʥʦʾ ʈʉɸ 

ʩʠʩʪʝʤʠ Sentinel-1 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺ ʨʦʙʦʪʽ [8] 

ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʘʙʦ ʦʮʽʥʝʥʠʭ 

ʟʥʘʯʝʥʴ ʜʠʩʧʝʨʩʽʾ ʰʫʤʫ, ʜʣʷ ʥʝʣʦʢʘʣʴʥʦʛʦ ʬʽʣʴʪʨʫ BM3D. ɺ ʨʦʙʦʪʽ [9] ʟʜʦʙʫʚʘʯʝʤ 

ʘʜʘʧʪʦʚʘʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ Sentinel-1 ʜʣʷ ʬʽʣʴʪʨʘ ʃʽ. ɺ ʧʫʙʣʽʢʘʮʽʾ [10] ʟʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʪʝʢʩʪʫʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʝʢʩʧʝʨʪʥʦʶ ʚʽʟʫʘʣʴʥʦʶ ʦʮʽʥʢʦʶ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ. ɺ ʧʫʙʣʽʢʘʮʽʾ [11] 

ʟʜʦʙʫʚʘʯʝʤ ʜʦʩʣʽʜʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʫ ʜʣʷ ʦʙʨʦʙʢʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʩʧʦʪʚʦʨʝʥʠʭ ʩʧʝʢʣ-ʰʫʤʦʤ. ɺ ʨʦʙʦʪʘʭ [12, 14] ʟʜʦʙʫʚʘʯʝʤ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (full -reference image quality metrics) ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ. ɺ ʨʦʙʦʪʽ [15] ʟʜʦʙʫʚʘʯʝʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʜʣʷ ʧʝʨʚʠʥʥʠʭ, ʩʧʦʪʚʦʨʝʥʠʭ 

ʘʜʠʪʠʚʥʠʤ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ. ʋ ʧʫʙʣʽʢʘʮʽʾ [16] ʟʜʦʙʫʚʘʯʝʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (no-reference image quality 

metrics) ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʻ ʚʽʟʫʘʣʴʥʦ ʤʘʡʞʝ 

ʥʝʧʦʤʽʪʥʠʤ. ɺ ʨʦʙʦʪʽ [17] ʟʜʦʙʫʚʘʯʝʤ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʚʠʥʥʦʾ 

ʷʢʦʩʪʽ, ʩʧʦʪʚʦʨʝʥʠʭ ʘʜʠʪʠʚʥʠʤ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʚʨʘʭʫʚʘʥʥʷ ʦʮʽʥʦʢ ʜʠʩʧʝʨʩʽʾ 

ʰʫʤʫ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʤʠʣʦʢ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʧʫʱʝʥʽ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ, ʥʘ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ. ʉʧʠʩʦʢ 

ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɸ.  

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʤʦʣʦʜʽʞʥʦʤʫ ʬʦʨʫʤʽ çʈʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ ʽ ʤʦʣʦʜʴ ʫ 

21 ʩʪʦʣʽʪʪʽè (2016, 2017, 2018, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʪʝʛʨʦʚʘʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (2016, 2017, 
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ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çThe Experience of Designing and 

Application of CAD systems in Microelectronicsè (2017, 2019, ʇʦʣʷʥʘ-ʉʚʘʣʷʚʘ, ʋʢʨʘʾʥʘ), 

ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çMicrowaves, Radar and Remote Sensing Symposiumè (2017, 

ʂʠʾʚ, ʋʢʨʘʾʥʘ), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çProblems of infocommunications. Science and 

Technologyè (2017, 2018, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çAdvanced Trends 

in Radioelectronics, Telecommunications and Computer Engineeringè (2018, ʉʣʘʚʩʴʢʝ, 

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çEuropean Workshop on Visual Information 

Processingè (2018, ʊʘʤʧʝʨʝ, ʌʽʥʣʷʥʜʽʷ, 2019, ʈʠʤ, ɯʪʘʣʽʷ), ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çUkraine Conference on Electrical and Computer Engineeringè (2019, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ), 

ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çElectronic Imaging: Image Quality and System Performance 

XVII è (2020, ɹʫʨʣʽʥʛʝʡʤ, ʂʘʣʽʬʦʨʥʽʷ, ʉʐɸ).  

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

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʘʥʽʡ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʢʘʬʝʜʨʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʤ. ʆ. ʆ. ɿʝʣʝʥʩʴʢʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè ʽ ʙʫʣʠ ʚʽʜʦʙʨʘʞʝʥʽ ʚ 

ʥʘʩʪʫʧʥʠʭ ʟʚʽʪʘʭ ʧʨʦ ʅɼʈ: çʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʩʝʨʚʽʩʫ ʟʘʩʦʙʘʤʠ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʘʭ ʤʫʣʴʪʠʤʝʜʽʘ, ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʪʘ ʪʝʣʝʤʝʜʠʮʠʥʠè (2017, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U000827), çʄʝʪʦʜʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʚ ʩʠʩʪʝʤʘʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ʤʫʣʴʪʠʤʝʜʽʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡè (2018, 2019, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0118U003020), 

ç"ʈʦʟʫʤʥʘ" ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ ʜʘʥʠʭ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷè (2017, ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U005010; 2018, 

ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0118U004798).  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ (ʤʽʨ) ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʪʦʯʥʽʩʪʴ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʪʴ 0,91-0,99 ʜʣʷ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʶ Ὑ  

(ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ); 

- ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʠʣʠ 

ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʟʥʠʟʠʪʠ ʜʠʩʧʝʨʩʽʶ ʚ 2-3 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 
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ʘʥʘʣʦʛʘʤʠ), ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʥʘʜʽʡʥʦʤʫ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ; 

- ʚʠʷʚʣʝʥʦ ʤʽʨʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʠʤʠ (ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʚʠʱʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ 

ʉʧʽʨʤʝʥʘ ʽʟ ʦʩʝʨʝʜʥʝʥʦʶ ʜʫʤʢʦʶ ʣʶʜʝʡ), ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʡʤʘʪʠ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ;  

- ʜʦʚʝʜʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʽʢʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ-ʰʫʤ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʧʦʨʷʜʢʫ 24-29 ʜɹ;     

- ʜʣʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʟʦʢʨʝʤʘ, ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ) 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʬʽʣʴʪʨʘʮʽʶ ʚ 5-20 ʨʘʟʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ.   

- ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʨʽʟʥʠʭ ʽʩʥʫʶʯʠʭ ʧʘʢʝʪʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ, ʥʘʧʨʠʢʣʘʜ ENVI, 

ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʾʭ ʩʝʨʚʽʩʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ.  

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ 22 ʨʦʙʦʪʘʭ, 

ʩʝʨʝʜ ʷʢʠʭ: ʧôʷʪʴ ʩʪʘʪʝʡ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ 

ʤʽʞʥʘʨʦʜʥʽ ʥʘʫʢʦʤʝʪʨʠʯʥʽ ʙʘʟʠ (Index Copernicus, Google Scholar), ʦʜʥʘ ʩʪʘʪʪʷ ʫ 

ʥʘʫʢʦʚʦʤʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ ʽʥʰʦʾ ʜʝʨʞʘʚʠ (ʐʚʝʡʮʘʨʽʷ), ʷʢʘ ʽʥʜʝʢʩʫʻʪʴʩʷ ʚ 

SCOPUS (Q2), 16 ʜʦʧʦʚʽʜʝʡ ʽ ʥʘʜʨʫʢʦʚʘʥʠʭ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʽ ʩʠʤʧʦʟʽʫʤʽʚ, 11 ʟ ʷʢʠʭ ʻ ʤʽʞʥʘʨʦʜʥʠʤʠ, ʤʘʪʝʨʽʘʣʠ ʷʢʠʭ 

ʚʢʣʶʯʝʥʦ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ SCOPUS. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, ʟʤʽʩʪʫ, 

ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ ʩʢʦʨʦʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 217 ʩʪʦʨʽʥʦʢ 

ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʟ ʥʠʭ ʘʥʦʪʘʮʽʷ ï ʥʘ 10 ʩʪʦʨ., ʟʤʽʩʪ ï ʥʘ 3 ʩʪʦʨ., ʧʝʨʝʣʽʢ ʫʤʦʚʥʠʭ 

ʩʢʦʨʦʯʝʥʴ ï ʥʘ 1 ʩʪʦʨ., ʦʩʥʦʚʥʠʡ ʪʝʢʩʪ ï ʥʘ 166 ʩʪʦʨ., ʩʧʠʩʦʢ ʽʟ 250 ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ï ʥʘ 28 ʩʪʦʨ., ʜʦʜʘʪʢʠ ï ʥʘ 8 ʩʪʦʨ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʦ 61 ʨʠʩʫʥʦʢ (ʟ ʥʠʭ 15 

ʥʘ 10 ʦʢʨʝʤʠʭ ʩʪʦʨʽʥʢʘʭ), 28 ʪʘʙʣʠʮʴ (ʟ ʥʠʭ 9 ʥʘ 8 ʦʢʨʝʤʠʭ ʩʪʦʨʽʥʢʘʭ).    
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ʈʆɿɼɯʃ 1 

ʉɽʈɺɯʉʅʆ-ʆʈɯɭʅʊʆɺɸʅɸ ʆɹʈʆɹʂɸ ɹɸɻɸʊʆʂɸʅɸʃʔʅʀʍ ɿʆɹʈɸɾɽʅʔ ɼɿɿ 

 

ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ɼɿɿ, ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʨʚʽʩʽʚ, 

ʱʦ ʥʘʜʘʶʪʴʩʷ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚʠʤʦʛʠ ʜʦ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʪʠʧʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʪʘ ʤʦʜʝʣʽ 

ʧʨʠʩʫʪʥʴʦʛʦ ʥʘ ʥʠʭ ʰʫʤʫ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ ʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

 

1.1 ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ɼɿɿ ʽ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ  

 

ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʮʝʩ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʙʠʨʘʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙôʻʢʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʝʨʠʪʦʨʽʾ ʘʙʦ ʨʽʟʥʽ ʷʚʠʱʘ 

ʙʝʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʥʠʤʠ [1]. ɼʣʷ ʮʴʦʛʦ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʚʽʘʮʽʡʥʽ ʘʙʦ ʢʦʩʤʽʯʥʽ ʥʦʩʽʾ. ʆʩʥʦʚʥʠʤʠ ʦʙôʻʢʪʘʤʠ ɼɿ ʻ ʧʦʚʝʨʭʥʷ ʩʫʰʽ, ʦʢʝʘʥʠ, ʤʦʨʷ 

ʽ ʝʣʝʤʝʥʪʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ 

(ʐʉɿ). ɻʦʣʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ɼɿɿ ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʝʣʠʢʽ 

ʧʣʦʱʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʘʪʤʦʩʬʝʨʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʦʙôʻʢʪʠ, ʧʨʘʢʪʠʯʥʦ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ [1, 2]. ʑʝ ʦʜʥʽʻʶ 

ʧʝʨʝʚʘʛʦʶ ɼɿɿ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʥʽʤʢʽʚ ʟ ʨʽʟʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ 

ʚ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ɼɿɿ ʧʨʘʮʶʶʪʴ ʚ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [1]. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ ʚʩʝʙʽʯʥʦʤʫ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʷʚʠʱ [2, 5, 11].  

ʉʠʩʪʝʤʠ ɼɿɿ ʻ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [1]. 

ʉʫʯʘʩʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ) ʷʢ Google Earth [38] ʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʩʝʨʚʽʩʠ ʷʢ 

Google Maps [39] ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʘʤʧʝʨʝʜ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ. ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ɼɿɿ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʦʶ ʽ ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʛʘʣʫʟʽ, ʩʝʨʝʜ ʷʢʠʭ: 
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- ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ: ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʦʮʽʥʢʘ ʚʨʦʞʘʶ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʦʮʽʥʢʘ ʙʽʦʤʘʩʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʠʧʽʚ ʢʫʣʴʪʫʨ, 

ʦʮʽʥʢʘ ʚʦʣʦʛʦʩʪʽ, ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʡ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ [3, 4, 14, 15, 40, 41]; 

- ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ: ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʢʦʥʪʨʦʣʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʢʣʽʤʘʪʫ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [2, 42-46]; 

- ʢʘʨʪʦʛʨʘʬʽʷ: ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʝʤʝʣʴʥʦʛʦ ʧʦʢʨʠʚʫ, ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʨʘʡʦʥʽʚ ʽ 

ʟʘʙʫʜʦʚʠ ʤʽʩʪ [47-50];  

- ʦʢʝʘʥʦʛʨʘʬʽʷ: ʚʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʨʩʴʢʦʾ ʧʦʚʝʨʭʥʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʢʝʘʥʽʯʥʠʭ 

ʪʝʯʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ [2, 5, 51]; 

- ʤʦʥʽʪʦʨʠʥʛ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʣʘʚʠʥ, ʧʦʚʝʥʝʡ, ʧʘʚʦʜʢʽʚ, 

ʦʮʽʥʢʘ ʟʘʚʜʘʥʦʛʦ ʥʠʤʠ ʟʙʠʪʢʫ, ʚʠʷʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʤʦʥʽʪʦʨʠʥʛ ʨʦʟʣʠʚʽʚ 

ʥʘʬʪʠ, ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʪʦʱʦ [6, 52, 53].  

 

 

ʈʠʩʫʥʦʢ 1.1 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʧʝʢʪʨʽʚ ʚ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʤʫ ɼɿɿ 
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ɿʘʛʘʣʦʤ ʩʠʩʪʝʤʠ ɼɿɿ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʘʩʠʚʥʽ ʽ ʘʢʪʠʚʥʽ [1, 2]. ʇʘʩʠʚʥʽ ʘʙʦ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɽʄɺ) ʚʽʜ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʷʢ ʚʣʘʩʥʝ ɽʄɺ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʩʘʤʦʤʫ ʦʙôʻʢʪʽ 

ʟʦʥʜʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʽ ʨʦʟʩʽʷʥʝ ɽʄɺ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʞʝʨʝʣʘ, ʥʘʧʨʠʢʣʘʜ, ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ɼɿɿ ʥʘʜʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ ʫ ʜʽʘʧʘʟʦʥʘʭ ʜʦʚʞʠʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʜʠʤʦʤʫ ʽ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʝʥʩʦʨʘʤʠ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʝʣʝʢʪʨʠʯʥʽ 

ʩʠʛʥʘʣʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [1]. ɸʢʪʠʚʥʽ ʘʙʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʦʧʨʦʤʽʥʶʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʙôʻʢʪʠ ɽʄɺ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ 

ʩʠʩʪʝʤʘ ɼɿɿ, ʪʦʙʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʽʙ ɼɿɿ ʛʝʥʝʨʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʝʥʝʨʛʽ ʁʽ 

ʚʠʧʨʦʤʽʥʶʻ ʾʾ ʚ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ [2].  

ʈʘʜʘʨʥʘ (ʨʘʜʽʦʣʦʢʘʮʽʡʥʘ) ʢʦʩʤʽʯʥʘ ʟʡʦʤʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 

ʫʣʴʪʨʘʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʨʘʜʽʦʭʚʠʣʴ, ʜʝ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ X (2,4-

3,75 ʩʤ), C (3,75-7,5 ʩʤ) ʽ L (15-30 ʩʤ) ʜʽʘʧʘʟʦʥʠ [2]. ʈʘʜʽʦʣʦʢʘʪʦʨ ʥʘʧʨʘʚʣʷʻ ʧʨʦʤʽʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ ʦʙôʻʢʪ. ʏʘʩʪʠʥʘ ʽʤʧʫʣʴʩʽʚ ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʦʙôʻʢʪʘ ʽ 

ʩʝʥʩʦʨ ʚʠʤʽʨʶʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʽ ʚʽʜʩʪʘʥʴ ʜʦ ʦʙôʻʢʪʘ. ʈʘʜʽʦʣʦʢʘʪʦʨ 

ʚʠʧʨʦʤʽʥʶʻ ʚʣʘʩʥʠʡ ʩʠʛʥʘʣ ʧʝʚʥʦʾ ʯʘʩʪʦʪʠ ʽ ʨʝʻʩʪʨʫʻ ʡʦʛʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʪʠʯʥʠʭ 

ʩʝʥʩʦʨʽʚ, ʱʦ ʨʝʻʩʪʨʫʶʪʴ ʚʽʜʙʠʪʝ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʦʤʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʩʚʽʪʣʝʥʦʩʪʽ. ɺʩʽ ʩʫʯʘʩʥʽ ʢʦʩʤʽʯʥʽ ʨʘʜʘʨʥʽ ʩʠʩʪʝʤʠ ï ʮʝ ʨʘʜʽʦʣʦʢʘʪʦʨʠ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ 

ʘʧʝʨʪʫʨʦʶ ʘʥʪʝʥʠ (ʈʉɸ) [11].  

ɺ ʈʉɸ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʫʭʦʤʠʡ ʨʘʜʘʨ ʙʦʢʦʚʦʛʦ ʦʛʣʷʜʫ, ʷʢʠʡ 

ʚʠʧʨʦʤʽʥʶʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʽʤʧʫʣʴʩʠ ʽ ʧʦʩʣʽʜʦʚʥʦ ʧʨʠʡʤʘʻ ʩʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ [11]. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ ʧʦʩʣʽʜʦʚʥʠʡ ʨʷʜ ʘʤʧʣʽʪʫʜʥʠʭ ʽ ʬʘʟʦʚʠʭ ʟʥʘʯʝʥʴ 

ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʥʦʩʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ / ʰʦʨʩʪʢʽʩʪʴ ʽ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʦʙôʻʢʪʽʚ. ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʠʟʥʘʯʘʻ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ˇʨʫʥʪ, ʘ ʰʠʨʠʥʘ ʩʤʫʛʠ ʥʘʣʘʰʪʦʚʫʻ ʛʝʦʤʝʪʨʠʯʥʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦʩʠʪʴ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʩʠʩʪʝʤʘʤʠ, ʱʦ ʤʘʶʪʴ ʨʝʘʣʴʥʽ ʨʦʟʤʽʨʠ ʘʧʝʨʪʫʨʠ ʘʥʪʝʥʠ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʈʉɸ 
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ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ ʚʦʥʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʩʪʽʡʢʽ ʜʦ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ, ʭʤʘʨʥʦʩʪʽ, ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ ʦʩʚʽʪʣʝʥʦʩʪʽ ʽ ʯʫʪʣʠʚʽ ʜʦ ʙʽʦʬʽʟʠʯʥʠʭ 

(ʚʦʣʦʛʽʩʪʴ, ʙʽʦʤʘʩʘ) ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ (ʙʽʣʴʰ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʠʷʚʣʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʽ ʧʦʣʷʨʠʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ) [2, 11]. ʅʝʜʦʣʽʢʘʤʠ 

ʦʪʨʠʤʘʥʠʭ ʨʘʜʘʨʥʠʭ ʟʥʽʤʢʽʚ ʻ ʩʢʣʘʜʥʽʩʪʴ ʪʝʤʘʪʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽ ʧʨʠʩʫʪʥʽʩʪʴ ʜʫʞʝ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʩʧʝʢʣ-ʰʫʤʫ [11, 17, 25].  

ʅʘ ʨʠʩ. 1.2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʽ 

ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʶ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʶ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ. 

 

  

ʘ      ʙ 

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʠʢʣʘʜʠ ʈʉɸ-ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ Sentinel-1 (ʘ) ʽ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʦʧʪʠʯʥʦʾ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ Sentinel-2 (ʙ)  

 

ʆʩʢʽʣʴʢʠ ʢʽʥʮʝʚʠʤʠ ʜʘʥʠʤʠ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʻ ʮʠʬʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʦʩʦʙʣʠʚʘ 

ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʘʤʝ ʤʝʪʦʜʘʤ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʆʩʪʘʥʥʽ ʨʦʢʠ 

ʦʟʥʘʤʝʥʫʚʘʣʠ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʩʪʫʧʥʠʭ ʽ ʙʝʟʢʦʰʪʦʚʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ ɼɿɿ [7, 12], ʱʦ ʚʣʘʩʥʝ ʽ ʧʦʟʥʘʯʠʣʦʩʷ ʥʘ ʨʦʟʚʠʪʢʫ ʨʽʟʥʦʛʦ ʨʦʜʫ ʩʝʨʚʽʩʽʚ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽ ʘʥʘʣʽʟʫ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʩʪʦʩʫʚʘʥʴ 

[13-16]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʤʝʪʦʜʠ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʤʘʶʪʴ 

ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʥʘʜʘʥʥʽ ʪʘʢʠʭ ʩʝʨʚʽʩʽʚ. ʄʝʪʦʶ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 
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ʻ ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʛʥʫʯʢʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʟ ʧʨʠʡʥʷʪʥʦʶ 

ʷʢʽʩʪʶ ʜʣʷ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʢʦʥʢʨʝʪʥʠʭ ʩʝʨʚʽʩʽʚ. ʊʘʢʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʝʪʘʧʫ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʘʙʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ 

(ʩʝʛʤʝʥʪʘʮʽʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʜʝʰʠʬʨʫʚʘʥʥʷ, ʚʠʣʫʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ) ʜʣʷ ʟʘʜʘʥʦʛʦ ʩʝʨʚʽʩʫ [13, 14]. ɿʘʜʘʯʽ ʤʝʪʦʜʽʚ ʩʝʨʚʽʩʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʩʫʥʫʪʠʭ ʚʠʤʦʛ ʜʦ ʟʘʜʘʥʦʛʦ ʩʝʨʚʽʩʫ 

ʢʽʥʮʝʚʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʚʘʜ [22-24], ʱʦ ʧʨʠʩʫʪʥʽ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ, ʚʠʷʚʣʝʥʥʷ ʣʦʢʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ 

ʟʦʙʨʘʞʝʥʴ (ʤʝʞʽ, ʪʝʢʩʪʫʨʠ) [54], ʩʪʠʩʥʝʥʥʷ ʟʦʙʨʘʞʝʥʴ [55] ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ (ʬʽʣʴʪʨʘʮʽʾ) [17, 56, 57]. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʽʰʝʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʟʘʜʘʯʽ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ 

ʥʘʜʘʥʥʽ ʦʙʨʦʙʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ.  

ɺʟʘʛʘʣʽ ʦʩʥʦʚʥʘ ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ɼɿɿ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ɿʝʤʣʽ. ɼʘʥʽ 

ɼɿɿ ʥʘʜʭʦʜʷʪʴ ʚ ʢʦʩʤʽʯʥʽ ʘʛʝʥʪʩʪʚʘ ʽ ʩʧʝʮʽʘʣʴʥʽ ʥʘʟʝʤʥʽ ʮʝʥʪʨʠ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ɼɿɿ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʤʽʞʥʘʨʦʜʥʽ ʘʛʝʥʪʩʪʚʘ, ʥʘʧʨʠʢʣʘʜ ɭʚʨʦʧʝʡʩʴʢʝ ʢʦʩʤʽʯʥʝ 

ʘʛʝʥʪʩʪʚʦ (European Space Agency, ESA) [58], ʥʘʮʽʦʥʘʣʴʥʽ, ʪʘʢʽ ʷʢ ɼʝʨʞʘʚʥʝ ʢʦʩʤʽʯʥʝ 

ʘʛʝʥʪʩʪʚʦ ʋʢʨʘʾʥʠ (ɼʂɸʋ) [59] ʘʙʦ ʅʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʟ ʘʝʨʦʥʘʚʪʠʢʠ ʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ (National Aeronautics and Space Administration, 

NASA) [60] ʘʙʦ ʨʝʛʽʦʥʘʣʴʥʽ ʘʛʝʥʪʩʪʚʘ ʽ ʮʝʥʪʨʠ. ʊʘʢʽ ʮʝʥʪʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ ʽ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʪʘ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʜʘʯʽ ʾʭ ʩʧʦʞʠʚʘʯʫ.  

ʂʦʩʤʽʯʥʽ ʘʛʝʥʪʩʪʚʘ ʽ ʥʘʟʝʤʥʽ ʮʝʥʪʨʠ ʘʙʦ ʢʦʤʧʣʝʢʩʠ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ɼɿɿ ʟʘʙʝʟʧʝʯʫʶʪʴ [58, 59]: 

- ʬʦʨʤʫʚʘʥʥʷ ʟʘʷʚʦʢ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʚ'ʷʟʦʢ ʟ 

ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ; 

- ʧʨʠʡʦʤ ʜʘʥʠʭ ɼɿɿ; 

- ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʜʘʥʠʭ, ʚʠʜʽʣʝʥʥʷ ʤʘʩʠʚʽʚ ʮʽʣʴʦʚʦʾ ʽ ʩʣʫʞʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʜʝʤʦʜʫʣʷʮʽʶ, ʜʝʢʦʜʫʚʘʥʥʷ, ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ (ʧʦʢʨʘʱʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ, 

ʢʦʥʪʨʘʩʪʥʦʩʪʽ, ʢʦʣʽʨʥʦʛʦ ʙʘʣʘʥʩʫ), ʢʘʣʽʙʨʫʚʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʶ ʟʘʚʘʜ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡ ʮʠʬʨʦʚʦʾ 
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ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ; 

- ʢʘʪʘʣʦʛʽʟʘʮʽʶ, ʘʨʭʽʚʘʮʽʶ ʜʘʥʠʭ ʽ ʾʭ ʧʦʜʘʣʴʰʫ ʧʝʨʝʜʘʯʫ ʩʧʦʞʠʚʘʯʫ; 

- ʛʝʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ (ʧʨʠʚʝʜʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʟʘʜʘʥʦʛʦ ʤʘʩʰʪʘʙʫ ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʧʨʦʝʢʮʽʾ ʟ ʫʩʫʥʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ) ʽ ʛʝʦʧʨʠʚôʷʟʢʫ 

ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʢʫʪʦʚʦʛʦ ʽ ʣʽʥʽʡʥʦʛʦ ʨʫʭʫ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʘʙʦ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʥʘ ʤʽʩʮʝʚʦʩʪʽ; 

- ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʩʫʧʫʪʥʠʢʘʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ; 

- ʘʥʘʣʽʟ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ 

ʤʝʪʦʜʽʚ. 

ʂʨʽʤ ʪʦʛʦ ʨʽʟʥʽ ʥʘʫʢʦʚʽ ʮʝʥʪʨʠ, ʣʘʙʦʨʘʪʦʨʽʾ ʽ ʢʦʤʧʘʥʽʾ-ʦʧʝʨʘʪʦʨʠ ʩʠʩʪʝʤ ɼɿɿ 

ʤʦʞʫʪʴ ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʦʢʨʝʤʽ ʩʝʨʚʽʩʠ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ (ʩʝʨʝʜ ʷʢʠʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʥʘ ʦʙʨʦʙʢʘ, ʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ, ɻɯʉ-ʘʥʘʣʽʟ) [52], ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʧʦʙʫʜʦʚʘ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ, 

ʦʨʪʦʬʦʪʦʧʣʘʥʽʚ, ʢʘʨʪ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ) [50] ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ 

(ʩʪʚʦʨʝʥʥʷ ɻɯʉ, ʛʝʦʧʦʨʪʘʣʽʚ, ʩʭʦʚʠʱ ʜʘʥʠʭ) [13, 14].  

ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ɼɿɿ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ʚʠʜʠ: ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʽ ʩʧʝʮʽʘʣʴʥʘ ʘʙʦ ʪʝʤʘʪʠʯʥʘ [2, 14]. ʇʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ, ʷʢʫ ʱʝ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʤʽʞʛʘʣʫʟʝʚʫ, ʚʠʢʦʥʫʶʪʴ ʩʘʤʝ ʚ ʮʝʥʪʨʘʭ ʢʦʩʤʽʯʥʠʭ ʘʛʝʥʪʩʪʚ ʽ ʥʘʟʝʤʥʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʝʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ ʘʙʦ ʪʘʢ 

ʟʚʘʥʫ ʛʘʣʫʟʝʚʫ ʚʠʢʦʥʫʶʪʴ ʥʘʩʘʤʧʝʨʝʜ ʚ ʥʘʫʢʦʚʠʭ ʘʙʦ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʮʝʥʪʨʘʭ, 

ʣʘʙʦʨʘʪʦʨʽʷʭ ʽ ʢʦʤʧʘʥʽʷʭ-ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ ɼɿɿ ʧʽʜ ʧʦʪʨʝʙʠ ʷʢʦʾʩʴ ʢʦʥʢʨʝʪʥʦʾ ʛʘʣʫʟʽ 

(ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽ ʽʥʰʽ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʠʨʽʰʫʶʪʴ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ, ʟʤʽʥʘ 

ʨʦʟʤʽʨʽʚ, ʚʠʜʘʣʝʥʥʷ ʬʦʥʫ, ʢʦʨʝʢʮʽʷ ʟʥʽʤʢʽʚ, ʫʩʫʥʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʽ ʧʝʨʝʰʢʦʜ (ʟ 

ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʧʨʠʯʠʥ), ʧʨʠʚʝʜʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʦ ʚʠʛʣʷʜʫ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ 

ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ (ʜʝʰʠʬʨʫʚʘʥʥʷ) [11]. ʇʦʜʽʙʥʽ ʤʝʪʦʜʠ ʩʣʫʞʘʪʴ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʘʥʘʣʽʟʫ ʟʥʽʤʢʽʚ, ʧʽʩʣʷ ʷʢʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʦʙʨʦʙʢʘ. ɼʦ 

ʩʧʝʮʽʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʢʽʥʮʝʚʠʭ ʟʘʚʜʘʥʴ, ʥʘʧʨʠʢʣʘʜ, ʧʦʰʫʢ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ 

ʥʘ ʟʥʽʤʢʫ ʧʦ ʾʭ ʭʘʨʘʢʪʝʨʥʠʤ ʦʟʥʘʢʘʤ [15, 28].  
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ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʬʦʨʤʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʚʠʢʦʥʫʶʪʴʩʷ 

ʧʦʝʪʘʧʥʦ. ɿʘʛʘʣʦʤ ʢʦʞʥʦʤʫ ʝʪʘʧʫ ʚʽʜʧʦʚʽʜʘʻ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʨʽʚʥʽʚ ʦʙʨʦʙʢʠ [61]. 

ʇʽʜ ʨʽʚʥʝʤ ʦʙʨʦʙʢʠ ʨʦʟʫʤʽʶʪʴ ʩʧʦʩʦʙʠ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙôʻʢʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʘʜʘʥʠʤ ʷʢʽʩʪʶ, ʪʠʧʦʤ ʘʙʦ ʬʦʨʤʦʶ ʦʧʠʩʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʠ ʤʽʞʥʘʨʦʜʥʽ ʪʘ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ [61], 

ʟʤʽʩʪ ʝʪʘʧʽʚ ʽ ʨʽʚʥʽʚ ʦʙʨʦʙʢʠ ʤʦʞʫʪʴ ʜʝʱʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʜʘʥʠʭ ɼɿɿ. ʆʧʝʨʘʪʦʨʠ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʽ ʨʦʟʨʦʙʥʠʢʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ 

ʥʘʡʙʽʣʴʰ ʫʟʘʛʘʣʴʥʝʥʽ ʨʽʚʥʽ [61]: 

- ʥʝʦʙʨʦʙʣʝʥʽ (çʩʠʨʽè ʘʙʦ çʥʝʩʬʦʢʫʩʦʚʘʥʽè) ʜʘʥʽ ï ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ, ʦʪʨʠʤʘʥʠʤ 

ʟ ʩʝʥʩʦʨʽʚ ʚ ʧʨʦʮʝʩʽ ʟʡʦʤʢʠ ʙʝʟ ʞʦʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʠʩʥʝʥʽ). 

ɼʘʥʠʡ ʨʽʚʝʥʴ ʻ ʙʘʟʦʚʠʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʽʚ ʦʙʨʦʙʢʠ. ʗʢ ʧʨʘʚʠʣʦ, 

ʘʛʝʥʪʩʪʚʘ ʥʝ ʧʦʰʠʨʶʶʪʴ ʜʘʥʽ ʮʴʦʛʦ ʨʽʚʥʷ ʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚ 

ʮʽʣʷʭ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ; 

- ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ (ʨʽʚʝʥʴ 0) ï ʢʘʣʽʙʨʫʚʘʥʥʷ, ʚʠʢʣʶʯʝʥʥʷ ʩʣʫʞʙʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʻʾ ʜʦʧʦʤʽʞʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ 

ʧʦʰʢʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ, ʛʝʦʛʨʘʬʽʯʥʘ ʧʨʠʚôʷʟʢʘ; 

- ʧʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ (ʨʽʚʝʥʴ 1) ï ʧʦʚʥʘ ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʽ ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ 

ʜʘʥʠʭ, ʬʽʣʴʪʨʘʮʽʷ ʟʘʚʘʜ, ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ; 

- ʚʪʦʨʠʥʥʘ ʦʙʨʦʙʢʘ (ʨʽʚʝʥʴ 2) ï ʚʽʜʥʦʚʣʝʥʥʷ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʟʥʘʢ, ʬʦʨʤʫʚʘʥʥʷ ʜʝʰʠʬʨʫʚʘʣʴʥʠʭ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ, ʚʠʜʽʣʝʥʥʷ 

ʢʦʥʪʫʨʽʚ ʽ ʽʥʰʝ; 

- ʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ (ʨʽʚʝʥʴ 3) ï ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘ 

ʟʘʧʠʪʘʤʠ ʩʧʦʞʠʚʘʯʽʚ (ʥʘʧʨʠʢʣʘʜ, ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʝʰʠʬʨʫʚʘʥʥʷ). 

ʆʙôʻʤ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʠʩʪʝʤʠ ɼɿɿ ʽ ʷʢʦʩʪʽ ʜʘʥʠʭ. 

ɿʦʙʨʘʞʝʥʥʷ ʜʦʚʦʜʷʪʴʩʷ ʜʦ ʩʧʦʞʠʚʘʯʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʭ ʨʘʩʪʨʦʚʠʭ 

ʬʦʨʤʘʪʘʭ (GeoTIFF, JPEG-2000) ʩʧʽʣʴʥʦ ʟ ʤʝʪʘʜʘʥʠʤʠ (ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʣʦʞʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʘ ʚ ʤʦʤʝʥʪ ʟʡʦʤʢʠ, ʘ ʪʘʢʦʞ 

ʧʘʨʘʤʝʪʨʠ ʨʽʚʥʷ ʢʦʨʝʢʮʽʾ). ʈʽʚʥʽ ʦʙʨʦʙʢʠ ʽ ʬʦʨʤʘʪʠ ʜʘʥʠʭ ʢʦʥʢʨʝʪʠʟʫʶʪʴʩʷ ʜʣʷ ʝʪʘʧʽʚ 
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ʦʙʨʦʙʢʠ ʦʧʪʠʯʥʠʭ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ɼɿɿ. ʂʦʞʝʥ ʧʦʩʪʘʯʘʣʴʥʠʢ ʜʘʥʠʭ ɼɿɿ 

ʨʦʟʨʦʙʣʷʻ ʩʚʦʶ ʩʠʩʪʝʤʫ ʦʙʨʦʙʢʠ ʽ ʥʘʡʤʝʥʫʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʢʦʩʤʽʯʥʘ ʈʉɸ ʩʠʩʪʝʤʘ ɼɿɿ Sentinel-1 ʥʘʜʘʻ ʪʨʠ ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʩʚʦʾʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ [12]: 

- ʨʽʚʝʥʴ 0 (Level-0) ï ʥʝʦʙʨʦʙʣʝʥʽ çʩʠʨʽè ʜʘʥʽ: ʩʪʠʩʣʽ ʽ ʥʝʩʬʦʢʫʩʦʚʘʥʽ ʈʉɸ ʜʘʥʽ. 

ʇʨʦʜʫʢʪʠ ʨʽʚʥʷ 0 ʻ ʦʩʥʦʚʦʶ, ʟ ʷʢʦʾ ʚʠʨʦʙʣʷʶʪʴʩʷ ʚʩʽ ʽʥʰʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʜʫʢʪʠ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʜʘʥʽ ʤʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ, ʾʭ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʧʘʢʫʚʘʪʠ (ʜʝʢʦʤʧʨʝʩʫʚʘʪʠ) ʽ ʦʙʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʬʦʢʫʩʫʚʘʥʥʷ. ɼʘʥʽ ʮʴʦʛʦ ʨʽʚʥʷ ʚʢʣʶʯʘʶʪʴ ʰʫʤ, ʧʘʢʝʪʠ ʜʘʥʠʭ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʽ ʜʞʝʨʝʣ ʚʽʜʣʫʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʨʙʽʪʫ ʪʘ 

ʧʦʣʦʞʝʥʥʷ. ʇʨʦʜʫʢʪʠ ʨʽʚʥʷ 0 ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʘʨʭʽʚʘʭ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʫʜ-ɹʷʢʦʛʦ ʪʠʧʫ ʧʨʦʜʫʢʪʫ ʧʨʦʪʷʛʦʤ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʽʩʽʾ ʽ ʧʨʦʪʷʛʦʤ 25 ʨʦʢʽʚ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʧʝʨʘʮʽʡ ʢʦʩʤʽʯʥʦʛʦ 

ʩʝʛʤʝʥʪʘ; 

- ʨʽʚʝʥʴ 1 (Level-1) ï ʤʘʻ ʜʚʘ ʪʠʧʠ ʧʨʦʜʫʢʪʽʚ: Single Look Complex (SLC) ̔  Ground 

Range Detected (GRD). ʎʽ ʧʨʦʜʫʢʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʜʘʥʠʭ. ʇʨʦʜʫʢʪʠ Single Look Complex ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʬʦʢʫʩʦʚʘʥʠʭ ʈʉɸ ʜʘʥʠʭ ʟ 

ʛʝʦʛʨʘʬʽʯʥʦʾ ʧʨʠʚôʷʟʢʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʨʦ ʦʨʙʽʪʫ ʽ ʦʨʽʻʥʪʘʮʽʶ ʟʽ 

ʩʫʧʫʪʥʠʢʘ. SLC ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʝ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ 

ʥʘʜʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʥʽʤʢʘ (ʧʦʭʠʣʽʡ ʜʘʣʴʥʦʩʪʽ, ʱʦ ʤʘʻ ʥʘʟʚʫ slant-

range geometry), ʚʦʥʦ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʜʝʬʦʨʤʦʚʘʥʝ ʯʝʨʝʟ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ 

ʟʡʦʤʢʠ. ʎʽ ʧʨʦʜʫʢʪʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʦʜʠʥ ʧʦʛʣʷʜ (ʪʘʢ ʟʚʘʥʠʡ single look) ʫ 

ʢʦʞʥʦʤʫ ʚʠʤʽʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʚʥʫ ʩʤʫʛʫ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʽ ʤʽʩʪʠʪʴ ʚʩʶ 

ʩʧʝʢʪʨʘʣʴʥʫ ʽ ʬʘʟʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. ɿʥʽʤʢʠ ʨʽʚʥʷ SLC ʚ ʦʩʥʦʚʥʦʤʫ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʮʽʣʷʭ (ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʚʩʷ ʩʧʝʢʪʨʘʣʴʥʘ ʽ 

ʬʘʟʦʚʘ ʽʥʬʦʨʤʘʮʽʷ). ʇʨʦʜʫʢʪʠ Ground Range Detected ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʬʦʢʫʩʦʚʘʥʽ ʽ ʦʙʨʦʙʣʝʥʽ çʜʽʡʩʥʽè ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟ 

ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʫʣʷ. ʎʽ ʜʘʥʽ ʩʧʨʦʝʢʪʦʚʘʥʽ 

ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘʟʝʤʥʦʾ ʜʘʣʴʥʦʩʪʽ (ʪʘʢ ʟʚʘʥʘ ground range) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʝʣʽ ʝʣʽʧʩʦʾʜʘ ɿʝʤʣʽ WGS84. ɽʣʽʧʩʦʾʜʥʘ ʧʨʦʝʢʮʽʷ ʧʨʦʜʫʢʪʽʚ GRD ʢʦʨʠʛʫʻʪʴʩʷ 
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ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʟʘʟʥʘʯʝʥʦʾ ʚ ʟʘʛʘʣʴʥʽʡ ʘʥʦʪʘʮʽʾ ʧʨʦʜʫʢʪʫ. 

ʌʘʟʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʚ ʮʠʭ ʜʘʥʠʭ ʚʪʨʘʯʘʻʪʴʩʷ. ʎʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪ 

ʥʘʜʘʻʪʴʩʷ ʟʽ ʟʥʠʞʝʥʠʤ ʨʽʚʥʝʤ ʩʧʝʢʣ-ʰʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʦʙʨʘʞʝʥʴ (ʷʢʝ ʤʘʻ ʥʘʟʚʫ multilooking ï ʙʘʛʘʪʦ 

ʧʦʛʣʷʜʽʚ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʧʦʛʣʷʜʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʜʫʢʪʠ GRD ʤʦʞʫʪʴ ʤʘʪʠ: ʧʦʚʥʫ, ʚʠʩʦʢʫ ʘʙʦ 

ʩʝʨʝʜʥʶ ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʜʽʣʴʥʽ ʟʜʘʪʥʦʩʪʽ; 

- ʨʽʚʝʥʴ 2 (Level-2) ï ʦʢʝʘʥʽʯʥʽ ʜʘʥʽ (Ocean Data, OCN): ʜʘʥʽ ʛʝʦʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʢʝʘʥʫ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ. ʎʝʡ ʧʨʦʜʫʢʪ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʩʧʝʢʪʨʽʚ ʦʢʝʘʥʽʯʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ (Ocean Swell spectra, 

OSW). OSW ï ʮʝ ʜʚʦʚʠʤʽʨʥʠʡ ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʽ ʦʢʝʘʥʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʰʚʠʜʢʽʩʪʴ ʽ 

ʥʘʧʨʷʤʦʢ ʚʽʪʨʫ. 

ʉʭʦʞʽ ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘʜʘʶʪʴʩʷ ʽ ʽʥʰʠʤʠ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ TerraSAR-X [62], RADARSAT-2 [63] ʽ 

KOMPSAT-5 [64]. 

ʉʧʦʞʠʚʘʯʽ ʽ ʛʘʣʫʟʝʚʽ ʟʘʤʦʚʥʠʢʠ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʜʦʩʪʘʚʢʫ ʜʘʥʠʭ ɼɿɿ ʚ ʨʽʟʥʠʭ 

ʬʦʨʤʘʭ. ʋʟʘʛʘʣʴʥʝʥʽ ʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʚʠʜʠ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʢʽʥʮʝʚʠʤ 

ʩʧʦʞʠʚʘʯʘʤ ʧʦʜʘʥʽ ʥʘ ʨʠʩ. 1.3.  

ɼʦ ʩʧʦʞʠʚʘʯʽʚ ʘʨʭʽʚʦʚʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʜʭʦʜʷʪʴ ʟʦʙʨʘʞʝʥʥʷ ʚ ζʩʠʨʦʤʫη 

ʚʠʛʣʷʜʽ, ʪʦʙʪʦ ʥʝʦʙʨʦʙʣʝʥʽ ʜʘʥʽ, ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʩʪʠʩʥʝʥʥʷ ʙʝʟ ʚʪʨʘʪ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʦʧʝʨʘʮʽʾ ʱʦʜʦ ʦʙʨʦʙʢʠ ʽ ʢʦʨʝʢʮʽʾ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʧʦʞʠʚʘʯ 

ʚʠʢʦʥʘʻ ʩʘʤ. 

ʉʧʦʞʠʚʘʯʘʤ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʜʘʥʠʭ ʥʘʜʭʦʜʷʪʴ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʦʢʨʘʱʝʥʦʶ ʷʢʽʩʪʶ 

ʧʽʩʣʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʽ ʩʪʠʩʥʝʥʥʷ ʙʝʟ ʚʪʨʘʪ. ʊʘʢʠʤ ʩʧʦʞʠʚʘʯʘʤ ʚʘʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʢʨʘʱʝʥʦʾ ʷʢʦʩʪʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʤʘʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ. 

ɯʥʰʘ ʛʨʫʧʘ ʩʧʦʞʠʚʘʯʽʚ ʦʪʨʠʤʫʶʪʴ ʩʪʠʩʣʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʘʙʦ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ. ɼʦ ʮʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ (ʛʝʦʧʨʠʚôʷʟʢʘ, 
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ʢʦʨʝʢʮʽʷ), ʬʽʣʴʪʨʘʮʽʷ (ʦʧʮʽʦʥʘʣʴʥʦ) ʽ ʩʪʠʩʥʝʥʥʷ ʟ ʚʪʨʘʪʘʤʠ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʧʨʠʡʥʷʪʥʦʾ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ. 

ʉʧʦʞʠʚʘʯʘʤ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʘʜʘʶʪʴʩʷ ʥʝ ʩʘʤʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʘ ʚʞʝ ʛʦʪʦʚʽ ʪʝʤʘʪʠʯʥʽ ʢʘʨʪʠ. ɼʦ ʮʴʦʛʦ ʢʣʘʩʫ ʩʧʦʞʠʚʘʯʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʩʫʪʦ ʛʘʣʫʟʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʜʣʷ ʷʢʠʭ ʚʘʞʣʠʚʦ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾʩʴ ʢʦʥʢʨʝʪʥʦʾ ʧʨʠʢʣʘʜʥʦʾ 

ʟʘʜʘʯʽ.  

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɺʠʜʠ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ 

 

ʅʘ ʷʢʽʩʪʴ ʩʬʦʨʤʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ɼɿɿ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ [11], 

ʪʘʢʽ ʷʢ:  

- ʥʝʜʦʩʢʦʥʘʣʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ; 

- ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ; 

- ʘʪʤʦʩʬʝʨʘ ʽ ʦʧʘʜʠ; 

- ʟʘʚʘʜʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʨʝʜʘʯʝʶ ʟʦʙʨʘʞʝʥʴ ʥʘ ɿʝʤʣʶ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ; 

- ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʩʧʦʩʦʙʦʤ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ 
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(ʧʦʣʦʞʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʚ ʧʨʦʩʪʦʨʽ, ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʘʥʝʨʘ ʪʘ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʽ 

ʬʦʨʤʘ ʾʾ ʧʦʚʝʨʭʥʽ, ʥʝʨʽʚʥʽʩʪʴ ʨʝʣʴʻʬʫ, ʨʫʭ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚ ʧʨʦʮʝʩʽ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ); 

- ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ (ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚʽʜʛʫʢʫ ʜʝʪʝʢʪʦʨʽʚ ʽ ʾʭ ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʥʝʩʧʨʘʚʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʝʪʝʢʪʦʨʘ);  

- ʫʤʦʚʠ ʦʩʚʽʪʣʝʥʥʷ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ; 

- ʧʦʤʠʣʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. 

ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ 

ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʻ ʙʽʣʴʰ ʥʽʞ ʘʢʪʫʘʣʴʥʦʶ. ɺʠʨʽʰʘʣʴʥʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʩʝʨʚʽʩʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʻ ʚʽʟʫʘʣʴʥʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ [28]. ʌʘʢʪʠʯʥʦ, 

ʟʦʙʨʘʞʝʥʥʷ ɼɿɿ ʦʪʨʠʤʫʶʪʴʩʷ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʱʦʙ ʚʠʨʽʰʠʪʠ ʨʽʟʥʽ 

ʟʘʜʘʯʽ. ɿ ʮʴʦʛʦ ʧʦʛʣʷʜʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ï ʮʝ ʩʪʫʧʽʥʴ, ʚ ʷʢʽʡ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʦʙʨʘʞʝʥʴ ʟʘʜʦʚʦʣʴʥʷʻ ʮʽ ʧʦʪʨʝʙʠ. ʗʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ, 

ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʘ ʡ ʚʽʜ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʂʦʞʝʥ ʘʣʛʦʨʠʪʤ ʽ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʜʘʥʠʭ, ʚʣʘʩʥʝ, 

ʚʦʥʠ ʤʦʞʫʪʴ ʟʙʝʨʝʛʪʠ, ʧʦʢʨʘʱʠʪʠ ʘʙʦ, ʥʘ ʞʘʣʴ, ʧʦʛʽʨʰʠʪʠ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ 

ʚʠʢʦʥʫʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʦʙʨʦʙʢʠ.  

 

1.2 ɺʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ 

 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʚʩʝ ʙʽʣʴʰʝ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ɼɿɿ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, 

ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʷʢʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ 

ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ ɼɿɿ, ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʜʘʥʽ), ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʪʘʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢ ʛʝʦʛʨʘʬʽʯʥʝ ʦʭʦʧʣʝʥʥʷ (ʰʠʨʠʥʘ ʩʤʫʛʠ ʟʡʦʤʢʠ), ʧʨʦʩʪʦʨʦʚʘ, 

ʨʘʜʽʦʤʝʪʨʠʯʥʘ, ʩʧʝʢʪʨʘʣʴʥʘ ʽ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʽ ʟʜʘʪʥʦʩʪʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ [5].  
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ʄʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʽ ʚʠʤʽʨʷʪʠ ʨʽʟʥʽ ʷʚʠʱʘ, ʦʙôʻʢʪʠ ʘʙʦ ʧʨʦʮʝʩʠ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʏʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʟ ʷʢʦʶ 

ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʩʫʧʫʪʥʠʢ ʤʦʞʝ ʟʥʽʤʘʪʠ ʧʝʚʥʫ ʜʽʣʷʥʢʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʞʣʠʚʘ ʜʣʷ ʟʘʜʘʯ ɼɿɿ, ʧʦʚôʷʟʘʥʠʭ ʟ ʤʦʥʽʪʦʨʠʥʛʦʤ ʽ ʚʠʷʚʣʝʥʥʷʤ ʟʤʽʥ 

ʜʦʚʢʽʣʣʷ, ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʰʚʠʜʢʦʧʣʠʥʥʠʭ ʷʚʠʱ ʪʦʱʦ [5, 52]. ʏʘʩʦʚʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ɼɿɿ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʜʥʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʷʨʥʦ ʟʥʽʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ. ɿʦʙʨʘʞʝʥʥʷ, ʟʽʙʨʘʥʽ ʟʘ 

ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʥʘʟʠʚʘʶʪʴ ʙʘʛʘʪʦʯʘʩʦʚʠʤʠ ʜʘʥʠʤ (multitemporal data) [52].  

ʉʧʝʢʪʨʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʷʢʽ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʘ ɽʄɺ 

ʨʝʻʩʪʨʫʶʪʴʩʷ ʩʝʥʩʦʨʦʤ (ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʽ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 

ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ). ʉʧʝʢʪʨʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʩʝʥʩʦʨʘ, ʘʜʞʝ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʽʟʥʽ ʦʙôʻʢʪʠ ʤʘʶʪʴ ʨʽʟʥʽ ʩʧʝʢʪʨʘʣʴʥʽ 

ʦʟʥʘʢʠ (ʘʙʦ ʩʠʛʥʘʪʫʨʠ). ɼʣʷ ʩʝʨʚʽʩʽʚ ʘʥʘʣʽʟʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʘʥʠʤʠ 

ɼɿɿ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʮʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʦʶ (ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʡ ʚ ʦʮʽʥʮʽ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʥʽ ʩʪʫʧʝʥʷ ʾʾ ʧʨʠʛʥʽʯʝʥʥʷ) [1, 2]. 

ʈʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥ ʧʦʤʽʪʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʨʽʚʥʽʚ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʷʩʢʨʘʚʦʩʪʽ (ʢʽʣʴʢʽʩʪʶ 

ʙʽʪ ʥʘ ʧʽʢʩʝʣʴ ʟʦʙʨʘʞʝʥʥʷ) ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɺ ʜʘʥʠʡ ʯʘʩ 

ʩʝʥʩʦʨʠ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ɼɿɿ ʤʘʶʪʴ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʥʝ 

ʛʽʨʰʝ 8 ʙʽʪ ʥʘ ʧʽʢʩʝʣʴ, ʪʦʙʪʦ 256 ʛʨʘʜʘʮʽʡ ʟʥʘʯʝʥʴ ʢʦʣʴʦʨʫ. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʩʝʥʩʦʨʠ ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʨʘʜʽʦʤʝʪʨʠʯʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ, 11 ʙʽʪ/ʧʽʢʩʝʣʴ 

(2048 ʛʨʘʜʘʮʽʡ) ʜʣʷ ʩʠʩʪʝʤ GeoEye-1, WorldView-3, 12 ʙʽʪ/ʧʽʢʩʝʣʴ ʜʣʷ Sentinel-2, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʷʪʠ ʙʽʣʴʰʝ ʜʝʪʘʣʝʡ ʥʘ ʜʫʞʝ ʷʩʢʨʘʚʠʭ ʘʙʦ ʜʫʞʝ ʪʝʤʥʠʭ ʦʙʣʘʩʪʷʭ 

ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ [1, 5].  

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʽ ʟʘʪʨʝʙʫʚʘʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʤʽʨ ʥʘʡʤʝʥʰʦʾ ʜʝʪʘʣʽ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʧʦʤʽʪʥʝ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ [5, 11]. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ 

ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ ʦʙôʻʢʪʠ, ʟʽʩʪʘʚʥʽ ʟ ʚʝʣʠʯʠʥʦʶ ʧʽʢʩʝʣʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ 1 ʤ ʦʙôʻʢʪ ʨʦʟʤʽʨʦʤ 1ʭ1 ʤ ʙʫʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ 
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ʟʥʽʤʢʫ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʧʽʢʩʝʣʷ (ʧʽʢʩʝʣʴ ʤʘʻ ʨʦʟʤʽʨ 1ʭ1 ʤ). ʌʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʻ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ɼɿɿ, ʘ ʪʘʢʦʞ ʚʠʩʦʪʘ ʦʨʙʽʪʠ, 

ʪʦʙʪʦ ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʫʧʫʪʥʠʢʘ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ. 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʙʫʣʦ ʜʦʢʣʘʜʝʥʦ ʙʘʛʘʪʦ ʟʫʩʠʣʴ ʜʣʷ ʪʦʛʦ, ʱʦ ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʥʘʨʦʩʪʘʶʯʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ɼɿɿ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ ʟʡʦʤʢʠ ʟʙʽʣʴʰʠʣʘʩʷ ʟ 1 ʜʦ 256, ʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʝʥʩʦʨʽʚ 

ʧʦʢʨʘʱʠʣʘʩʷ ʟ 1000 ʤ ʜʦ 0,3 ʤ, ʙʽʣʴʰ ʪʦʛʦ ʫ ʥʘʡʙʣʠʞʯʽ ʧôʷʪʴ ʨʦʢʽʚ ʧʣʘʥʫʻʪʴʩʷ ʟʘʧʫʩʢ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ɼɿɿ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ TerraSAR-X Next Generation 

(TSX-NG), ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʷʢʦʛʦ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 0,25 ʤ [10, 65]. 

ɿʘʛʘʣʦʤ ʪʠʧʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷ ɼɿɿ ʤʦʞʥʘ 

ʛʨʫʙʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʜʫʞʝ ʥʠʟʴʢʘ (ʛʽʨʰʝ 100 ʤ); 

- ʥʠʟʴʢʘ (15-100 ʤ); 

- ʩʝʨʝʜʥʷ (5-15 ʤ); 

- ʚʠʩʦʢʘ (1-5 ʤ); 

- ʥʘʜʚʠʩʦʢʘ (0,3-1 ʤ). 

ʇʨʦʪʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʽʩʥʫʻ ʫʥʽʬʽʢʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʪʠʧʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɺʩʽ ʪʠʧʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. ɿʦʢʨʝʤʘ, ʟʡʦʤʢʘ ʜʫʞʝ 

ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʪʝʦʨʦʣʦʛʽʾ ʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ɿʝʤʣʽ [1]. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʟʥʽʤʢʽʚ 

ʦʪʨʠʤʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ ʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʥʽʡ 

(ʬʦʨʤʫʚʘʥʥʷ ʫʨʘʛʘʥʽʚ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʚʦʥʠ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ 

ʤʦʨʽʚ, ʦʢʝʘʥʽʚ, ʣʴʦʜʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ [1]. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʟʦʙʨʘʞʝʥʴ ʟ ʜʫʞʝ 

ʥʠʟʴʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʽ 

ʛʣʦʙʘʣʴʥʝ ʦʭʦʧʣʝʥʥʷ (ʰʠʨʦʢʘ ʩʤʫʛʘ ʦʭʦʧʣʝʥʥʷ ʟʡʦʤʢʠ). ʂʦʩʤʽʯʥʫ ʟʡʦʤʢʫ ʟ ʥʠʟʴʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʩʥʽʞʥʦʛʦ ʧʦʢʨʠʚʫ, ʢʦʥʪʨʦʣʶ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

(ʧʦʚʝʥʝʡ, ʧʦʞʝʞ) ʪʘ ʽʥʰʝ [51, 53]. ʅʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʻ ʢʦʩʤʽʯʥʘ ʟʡʦʤʢʘ ʽʟ ʩʝʨʝʜʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʪʦʤʫ ʱʦ ʩʘʤʝ ʜʦ ʮʴʦʛʦ ʪʠʧʫ ʟʡʦʤʢʠ ʚʽʜʥʦʩʷʪʴʩʷ 
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ʙʝʟʢʦʰʪʦʚʥʽ ʟʥʽʤʢʠ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 10 ʤ (ʥʘʧʨʠʢʣʘʜ, 

ʩʽʤʝʡʩʪʚʦ ʩʫʧʫʪʥʠʢʽʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ Sentinel ʘʙʦ ʩʫʧʫʪʥʠʢ ɼɿɿ 

Landsat-8) [66]. ɿʦʙʨʘʞʝʥʥʷ ʽʟ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʽʣʴʰʽʩʪʶ ʧʦʧʫʣʷʨʥʠʭ ʜʦʜʘʪʢʽʚ ɼɿɿ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ 

ʚʢʨʘʡ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʚʜʘʥʥʷ [48, 50]. ɼʦ ʪʦʛʦ ʞ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʧʣʦʱʽ 

ʟʥʽʤʢʘ (200-300 ʢʤ ʧʦ ʰʠʨʠʥʽ) ʧʦʢʨʠʪʪʷ ʦʥʦʚʣʶʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʨʝʛʫʣʷʨʥʽʩʪʶ ï ʢʦʞʥʽ 

2-3 ʜʥʽ ʥʘ ʦʜʥʫ ʡ ʪʫ ʞ ʩʘʤʫ ʪʝʨʠʪʦʨʽʶ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ, ʟʥʽʤʢʠ ʽʟ 

ʩʝʨʝʜʥʴʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʘʙʩʦʣʶʪʥʦ 

ʚʩʽ ʟʘʚʜʘʥʥʷ. ɼʣʷ ʙʘʛʘʪʴʦʭ ʩʬʝʨ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʥʝʦʙʭʽʜʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ɿʦʙʨʘʞʝʥʥʷ ʢʦʩʤʽʯʥʠʭ 

ʩʠʩʪʝʤ ɼɿɿ ʟ ʚʠʩʦʢʦʶ ʽ ʥʘʜʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʜʝʨʞʘʚʥʠʭ ʘʙʦ ʚʽʡʩʴʢʦʚʠʭ ʮʽʣʷʭ, ʘ ʡ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚ ʮʽʣʦʤʫ [67]. ɺʽʟʫʘʣʴʥʝ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.4.  

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʇʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʴʦʾ, ʚʠʩʦʢʦʾ ʽ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ɼɿɿ 

 

ɺʠʤʦʛʠ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ, ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʪʘ 
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ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʪʝʤʘʪʠʯʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ [49, 50]. ɿʘʟʥʘʯʝʥʽ 

ʨʦʟʜʽʣʴʥʽ ʟʜʘʪʥʦʩʪʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʽʩʪʴ ʜʝʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʘ ʮʝ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʢʽʥʮʝʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʘʥʠʭ ɼɿɿ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʢʘʟʘʥʠʭ 

ʚʠʱʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ ɼɿɿ, ʩʪʘʻ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʨʽʟʥʠʭ ʜʦʜʘʪʢʽʚ ʚʘʞʣʠʚʽ ʨʽʟʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʤʫ ʩʠʩʪʝʤʠ ɼɿɿ ʧʦʚʠʥʥʽ ʥʘʜʘʚʘʪʠ ʜʦʚʦʣʽ ʛʥʫʯʢʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, 

ʷʢʽ ʙʫʜʫʪʴ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʠʨʦʢʽ ʧʦʪʨʝʙʠ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʧʠʩʘʥʝ ʚʠʱʝ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʛʦʣʦʚʥʽ ʚʠʤʦʛʠ ʽ ʯʠʥʥʠʢʠ ʜʣʷ 

ʩʠʩʪʝʤ ɼɿɿ [5, 12]: 

- ʧʨʦʩʪʦʨʦʚʘ, ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʽ ʩʧʝʢʪʨʘʣʴʥʘ ʨʦʟʜʽʣʴʥʽ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤ ɼɿɿ, ʢʦʪʨʽ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʢʽʥʮʝʚʽʡ ʤʝʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ; 

- ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ ʫ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ, ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʧʨʠ 

ʥʘʜʘʥʥʽ ʾʭ ʢʽʥʮʝʚʠʤ ʩʧʦʞʠʚʘʯʘʤ; 

- ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʯʠ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ. 

ʆʢʨʝʤʘ ʫʚʘʛʘ ʩʝʨʝʜ ʚʠʤʦʛ ʜʦ ʩʠʩʪʝʤ ɼɿɿ ʧʨʠʜʽʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʰʚʠʜʢʦʜʽʾ 

ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ [27, 28]. ɼʝʰʠʬʨʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʚʠʜʽʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ ʪʘ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʘ ʧʽʜʩʪʘʚʽ ʦʙʨʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ 

ʟ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ [2]. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘʥʽ 

ʜʝʰʠʬʨʫʚʘʣʴʥʽ ʦʟʥʘʢʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʶ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ 

ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɼʝʰʠʬʨʫʚʘʣʴʥʽ ʦʟʥʘʢʠ ï ʮʝ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ, 

ʷʢʽ ʧʨʷʤʦ ʘʙʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟʥʘʭʦʜʷʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ [11]. ʆʪʞʝ, ʜʝʰʠʬʨʫʚʘʪʠ ʟʥʽʤʦʢ ɼɿɿ ʦʟʥʘʯʘʻ 

ʚʠʷʚʠʪʠ, ʨʦʟʧʽʟʥʘʪʠ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʽ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚʠʷʚʣʝʥʠʡ ʦʙôʻʢʪ ʘʙʦ ʷʚʠʱʝ.  

ɼʝʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʟʘʩʥʦʚʘʥʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʧʨʦʮʝʜʫʨ ʘʙʦ ʝʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʦʤʫ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʤʝʪʦʜʠ ʜʝʰʠʬʨʫʚʘʥʥʷ: 

ʚʽʟʫʘʣʴʥʝ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ [1, 2]. ɺʽʟʫʘʣʴʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʥʫʻ ʣʶʜʠʥʘ (ʬʘʭʽʚʝʮʴ 

ʚ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ). ɺʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʽʜʽʛʨʘʶʪʴ ʜʝʰʠʬʨʫʚʘʣʴʥʽ 

ʦʟʥʘʢʠ. ʉʝʨʝʜ ʮʠʭ ʦʟʥʘʢ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʛʨʫʧʠ: ʛʝʦʤʝʪʨʠʯʥʽ (ʬʦʨʤʘ, ʨʦʟʤʽʨ ʦʙôʻʢʪʘ, 
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ʪʽʥʴ), ʷʨʢʽʩʥʽ (ʢʦʣʽʨ, ʨʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ, ʪʦʥ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʦʙʨʘʟ) ʽ ʩʪʨʫʢʪʫʨʥʽ 

(ʪʝʢʩʪʫʨʘ, ʩʪʨʫʢʪʫʨʘ ʦʙôʻʢʪʘ) [1]. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ ʧʦʚʥʽʩʪʶ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [36, 37]. ʃʶʜʠʥʘ 

ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʽ ʟʘʜʘʚʘʪʠ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʦʩʦʙʣʠʚʦ ʮʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ [27]. ʆʪʞʝ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠ ʮʴʦʤʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʘʤ ʬʽʣʴʪʨʘʮʽʾ (ʧʨʠʜʫʰʝʥʥʷ) ʰʫʤʫ, 

ʥʘʷʚʥʽʩʪʴ ʷʢʦʛʦ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʚʘʪʠ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʱʦ ʚʘʛʦʤʦ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ [27, 28]. ʌʽʣʴʪʨʘʮʽʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʧʦʨʷʜ ʟʽ ʟʙʝʨʝʞʝʥʥʷ ʚʘʞʣʠʚʠʭ ʜʣʷ ʜʝʰʠʬʨʫʚʘʥʥʷ ʦʟʥʘʢ. ʍʦʯʘ ʽʩʥʫʻ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʫ, ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ 

ʟʘʚʞʜʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ [31, 34, 35]. ɺʽʜʦʤʦ, ʱʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʬʽʣʴʪʨʘʮʽʾ 

ʦʙʤʝʞʝʥʠʡ ʜʣʷ ʚʠʩʦʢʦʪʝʢʩʪʫʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʽʚ ʟʦʙʨʘʞʝʥʴ (ʦʧʪʠʯʥʠʭ 

ʘʙʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ), ʰʫʤʫ ʽ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ [68-70]. ʊʦʜʽ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ï ʯʠ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʻʶ ʪʘʢʦʛʦ ʟʦʙʨʘʞʝʥʥʷ? ʅʘʚʽʪʴ ʷʢʱʦ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ 

ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʘʥʜʘʨʪʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʬʽʣʴʪʨʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (mean squared error, MSE) ʥʘ ʚʠʭʦʜʽ 

ʬʽʣʴʪʨʫ ʘʙʦ ʧʽʢʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ (peak signal-to-noise ratio, PSNR), 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʨʦʟʤʠʪʠʤʠ, ʪʦʙʪʦ ʡʦʛʦ ʚʽʟʫʘʣʴʥʘ ʷʢʽʩʪʴ ʥʝ 

ʧʦʢʨʘʱʠʣʘʩʷ ʧʽʩʣʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ. ʆʪʞʝ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʾʭ ʬʨʘʛʤʝʥʪʠ, ʜʣʷ ʷʢʠʭ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʤʦʞʝ ʙʫʪʠ ʤʘʨʥʠʤ ʚ ʪʦʤʫ 

ʩʝʥʩʽ, ʱʦ ʮʝ ʧʦʪʨʝʙʫʻ ʯʘʩʫ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʥʝ ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʘʯʥʦʛʦ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ, ʷʢ ʟʘ ʟʚʠʯʘʡʥʠʤʠ, ʪʘʢ ʡ ʟʘ ʚʽʟʫʘʣʴʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ [34, 70]. ʊʦʤʫ ʪʘʢʽ ʟʦʙʨʘʞʝʥʥʷ (ʘʙʦ ʢʦʤʧʦʥʝʥʪʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ɼɿɿ) ʘʙʦ ʾʭ ʬʨʘʛʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ çʚʠʷʚʣʝʥʽè, ʱʦʙ ʚ 

ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ (ʝʢʩʧʝʨʪʦʤ) ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʨʽʰʫʚʘʪʠ, ʯʠ ʚʘʨʪʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ, ʦʩʢʽʣʴʢʠ ʮʝ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʝʚʥʘ ʧʦʧʝʨʝʜʥʷ 
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ʦʙʨʦʙʢʘ (ʘʙʦ ʥʘʚʽʪʴ ʧʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ) ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʙʦʨʪʫ 

ʩʠʩʪʝʤʠ ɼɿɿ [71, 72]. ʗʢʱʦ ʬʽʣʴʪʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʙʦʨʪʫ, ʪʦ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʜʦʮʽʣʴʥʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʫ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ 

ʯʝʨʝʟ ʦʙʤʝʞʝʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʩʠʩʪʝʤ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ.  

ʎʽʣʢʦʚʠʪʦ ʧʨʠʨʦʜʥʴʦ ʧʦʩʪʘʻ ʱʝ ʦʜʥʝ ʧʠʪʘʥʥʷ, ʯʠ ʤʦʞʥʘ ʟʘʟʜʘʣʝʛʽʜʴ 

ʧʝʨʝʜʙʘʯʠʪʠ, ʯʠ ʚʘʨʪʦ ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʘʙʦ ʢʨʘʱʝ ʟʙʝʨʝʛʪʠ ʯʘʩ ʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʰʣʷʭʦʤ ʚʽʜʤʦʚʠ ʚʽʜ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʡʥʷʪʝ ʘʚʪʦʤʘʪʠʯʥʦ ʘʙʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʘ ʜʘʻ ʢʦʨʠʩʪʫʚʘʯʫ ʧʦʨʘʜʫ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʘʜʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʣʠʚʦ, ʪʘʢʘ ʩʠʩʪʝʤʘ ʪʘʢʦʞ ʤʦʞʝ ʜʘʚʘʪʠ ʧʦʨʘʜʠ ʱʦʜʦ ʚʠʙʦʨʫ ʪʠʧʫ 

ʬʽʣʴʪʨʘ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʝ ʟ ʟʘʚʜʘʥʴ ʤʝʪʦʜʽʚ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʥʘʜʘʪʠ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ (ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʬʽʣʴʪʨʘʮʽʾ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ɼɿɿ). ʊʦʙʪʦ ʦʩʥʦʚʥʘ ʤʝʪʘ ʪʘʢʦʛʦ ʩʝʨʚʽʩʫ ʦʙʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʟʘʟʜʘʣʝʛʽʜʴ ʧʝʨʝʜʙʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ʥʝ ʚʠʢʦʥʫʶʯʠ ʩʘʤʫ ʬʽʣʴʪʨʘʮʽʶ. 

ʊʘʢʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʰʚʠʜʢʠʤ (ʙʘʞʘʥʦ, ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʩʘʤʘ 

ʬʽʣʴʪʨʘʮʽʷ) ʽ ʪʦʯʥʠʤ (ʪʦʙʪʦ ʥʘʜʽʡʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ). 

 

1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʪʠʧʠ ʟʦʙʨʘʞʝʥʴ ʚ ʩʠʩʪʝʤʘʭ ɼɿɿ 

 

ʉʠʩʪʝʤʠ ɼɿɿ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʜʦʚʦʣʽ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʘʛʘʣʦʤ ʚʠʜʽʣʷʶʪʴ ʦʜʥʦʢʘʥʘʣʴʥʽ ʘʙʦ ʧʘʥʭʨʦʤʘʪʠʯʥʽ, ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ 

(ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ) ʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ [1, 2]. ʇʘʥʭʨʦʤʘʪʠʯʥʽ (ʦʜʥʦʢʘʥʘʣʴʥʽ) 

ʟʦʙʨʘʞʝʥʥʷ ʟʘʡʤʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʚʠʜʠʤʠʡ ʜʽʘʧʘʟʦʥ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ 

(0,45-0,90 ʤʢʤ), ʪʦʤʫ ʻ ʯʦʨʥʦ-ʙʽʣʠʤʠ. ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ (ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ) ʩʠʩʪʝʤʠ 

ʬʦʨʤʫʶʪʴ ʢʽʣʴʢʘ ʦʢʨʝʤʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʰʠʨʦʢʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

ʚʠʜʠʤʦʛʦ ʜʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [1]. ʅʘʡʙʽʣʴʰʠʡ 
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ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʟʘʨʘʟ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʟ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʉʫʧʫʪʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʠʩʦʢʦʾ ʽ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʝʜʫʪʴ ʟʡʦʤʢʫ ʚ ʧʘʥʭʨʦʤʘʪʠʯʥʦʤʫ ʽ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʝʞʠʤʘʭ [73].  

ɻʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʩʠʩʪʝʤʠ ʬʦʨʤʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʚʫʟʴʢʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ [74]. ɼʣʷ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ ʚʘʞʣʠʚʦ ʥʝ ʢʽʣʴʢʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʘ ʰʠʨʠʥʘ ʢʘʥʘʣʫ 

(ʯʠʤ ʤʝʥʰʝ, ʪʠʤ ʢʨʘʱʝ) ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʚ ʜʝʷʢʦʤʫ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʥʘʧʨʠʢʣʘʜ, 

20 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʰʠʨʠʥʦʶ 10 ʥʤ ʢʦʞʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 500 ʜʦ 

700 ʥʤ). ʇʦʪʽʤ ʮʽ ʟʦʙʨʘʞʝʥʥʷ ʢʦʤʙʽʥʫʶʪʴʩʷ ʽ ʫʪʚʦʨʶʶʪʴ ʪʨʠʚʠʤʽʨʥʠʡ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʡ ʤʘʩʠʚ (ʢʫʙ) ʜʘʥʠʭ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ [74].  

ʈʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʚʜʷʢʠ ʨʦʟʰʠʨʝʥʥʶ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʝʥʠʭ ʽ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʥʘʧʨʷʤʢʽʚ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ (H) ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ (V) [2, 11]. ʈʦʟʨʽʟʥʷʶʪʴ ʧʦʣʷʨʠʟʘʮʽʶ 

ʫʟʛʦʜʞʝʥʫ, ʧʨʠ ʷʢʽʡ ʚʠʧʨʦʤʽʥʝʥʠʡ ʽ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣʠ ʦʜʥʘʢʦʚʦ ʧʦʣʷʨʠʟʦʚʘʥʽ (HH, 

VV) ʪʘ ʧʝʨʝʭʨʝʩʥʫ ʘʙʦ ʢʨʦʩ-ʧʦʣʷʨʠʟʘʮʽʶ, ʧʨʠ ʷʢʽʡ ʥʘʧʨʷʤʢʠ ʧʦʣʷʨʠʟʘʮʽʡ 

ʚʠʧʨʦʤʽʥʝʥʦʛʦ ʽ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʽʚ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ (HV, VH). ʗʢʱʦ ʈʉɸ 

ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʨʝʻʩʪʨʫʚʘʪʠ ʚʩʽ ʯʦʪʠʨʠ ʥʘʙʦʨʠ ʧʦʣʷʨʠʟʘʮʽʡ, ʪʦ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʟ ʧʦʚʥʦʶ ʧʦʣʷʨʠʟʘʮʽʻʶ (full  ʘʙʦ quad-polarization), ʚ ʨʘʟʽ ʜʦʩʪʫʧʥʦʩʪʽ ʪʽʣʴʢʠ 

ʜʚʦʭ ʥʘʙʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ VV ʽ HH, ʈʉɸ ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʦʧʦʣʷʨʠʟʘʮʽʡʥʦʶ (dual 

polarization), ʘ ʷʢʱʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʚʠʜʫ ʧʦʣʷʨʠʟʘʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ VV, ʈʉɸ ʩʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʧʦʣʷʨʠʟʘʮʽʡʥʦʶ (single polarization) [11]. 

ʆʜʥʦʯʘʩʥʘ ʟʡʦʤʢʘ ʚ ʜʚʦʭ, ʪʨʴʦʭ ʘʙʦ ʯʦʪʠʨʴʦʭ ʧʦʣʷʨʠʟʘʮʽʷʭ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ ʟʥʽʤʢʫ ʟʘ ʬʽʟʠʯʥʠʤ ʪʠʧʦʤ ʚʽʜʙʠʪʪʷ.  

ʅʠʞʯʝ ʨʦʟʛʣʷʥʝʤʦ ʪʠʧʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʽʩʥʫʶʯʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ɼɿɿ. ɺ ʪʘʙʣʠʮʷʭ 1.1 ʽ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʷʢʽ ʩʫʯʘʩʥʽ ʢʦʩʤʽʯʥʽ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʽ ʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ɼɿɿ ʪʘ ʾʭ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʩʬʦʨʤʦʚʘʥʽ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.5.  
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ʊʘʙʣʠʮʷ 1.1 ï ʉʫʯʘʩʥʽ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ɼɿɿ 

ʉʠʩʪʝʤʘ ɼɿɿ ʂʨʘʾʥʘ-

ʦʧʝʨʘʪʦʨ 

ʇʦʯʘʪʦʢ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʂʽʣʴʢʽʩʪʴ 

ʢʘʥʘʣʽʚ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʐʠʨʠʥʘ 

ʩʤʫʛʠ 

ʟʡʦʤʢʠ 

Sentinel-2 ɭʉ 2015 13 10/20/60 ʤ 290 ʢʤ 

Worldview-3 ʉʐɸ 2014 1(ʧʘʥʭʨʦʤ.)+ 

8(VNIR)+ 

8(SWIR)+ 

12(CAVIS) 

ʇʘʥʭʨʦʤ. 0,31-0,34 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 1,24-

1,38 ʤ 

SWIR 3,70-4,10 ʤ 

CAVIS 30 ʤ 

13,1 ʢʤ 

Landsat-8 ʉʐɸ 2013 11 ʇʘʥʭʨʦʤ. 15 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 30 ʤ 

TIRS 100 ʤ 

185 ʢʤ 

SPOT 6/7 ʌʨʘʥʮʽʷ 2012 5 ʇʘʥʭʨʦʤ. 1,5 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 6 ʤ 

60 ʢʤ 

GeoEye-1 ʉʐɸ 2008 1+4 ʇʘʥʭʨʦʤ. 0,41 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 

1,65 ʤ 

15,2 ʢʤ 

Pleiades-1 ʌʨʘʥʮʽʷ 2011 1+4 ʇʘʥʭʨʦʤ. 0,5 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 2 ʤ 

20 ʢʤ 

Gaofen-1 ʂʠʪʘʡ 2013 1+4 ʇʘʥʭʨʦʤ. 2 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 8/16 

ʤ 

60/800 ʢʤ 

RapidEye ʉʐɸ 2008 5 6,5 ʤ (ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

ʜʦ 5 ʤ) 

78 ʢʤ 

Deimos-2 ɯʩʧʘʥʽʷ 2014 1+4 ʇʘʥʭʨʦʤ. 1 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 4 ʤ 

12 ʢʤ 

Kompsat-3 ʂʦʨʝʷ 2012 1+4 ʇʘʥʭʨʦʤ. 0,5/0,4 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 2/1,6 

ʤ 

16,8/12 ʢʤ 

SkySat ʉʐɸ 2013 1+4 ʇʘʥʭʨʦʤ. 0,72 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 2 ʤ 

8 ʢʤ 

SuperView-1 ʂʠʪʘʡ 2016 1+4 ʇʘʥʭʨʦʤ. 0,5 ʤ 

ʄʫʣʴʪʠʩʧʝʢʪʨ. 2 ʤ 

12 ʢʤ 
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ʊʘʙʣʠʮʷ 1.2 ï ʉʫʯʘʩʥʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ɼɿɿ 

ʉʠʩʪʝʤʘ ɼɿɿ ʂʨʘʾʥʘ-

ʦʧʝʨʘʪʦʨ 

ʇʦʯʘʪʦʢ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʇʦʣʷʨʠʟʘʮʽʷ ɼʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 

ʐʠʨʠʥʘ 

ʩʤʫʛʠ 

ʟʡʦʤʢʠ 

Sentinel-1 ɭʉ 2014 HH, VV / 

HH+HV, 

VV+VH  

C  5/20/40 ʤ  

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ 

20/80/ 

250/400 

ʢʤ 

TerraSAR-X/ 

TanDEM-X 

ʅʽʤʝʯʯʠʥʘ 2007/2010 HH, VV / 

HH+VV, 

HH+HV, 

VV+VH / 

HH+VV+HV

+VH 

X 1-3/16 ʤ  

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ  

4/10/30/

100/270 

ʢʤ 

RADARSAT-2 ʂʘʥʘʜʘ 2007 HH, VV, HV, 

VH / HH+HV, 

VV+VH / 

HH+VV+HV+

VH 

C 1,6/3,1/5,2/9/

13,5/160 ʤ  

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ  

20/50/ 

100/150/

300/500 

ʢʤ 

KOMPSAT-5 ʂʦʨʝʷ 2013 HH, VV, HV, 

VH  

X 1/3/20 ʤ  

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ  

5/30/100 

ʢʤ 

COSMO-

SkyMed 

ɯʪʘʣʽʷ 2007 HH, VV, HV, 

VH / 

VV+HH, 

HH+HV, 

VV+VH  

X 1/3-5/15-

20/30/100 ʤ 

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ 

10/30/40

/100/200 

ʢʤ 

ALOS-2 ʗʧʦʥʽʷ 2014 HH, VV, HV, 

VH / HH+HV, 

VV+VH / 

HH+VV+HV+

VH 

L 1-3/6/10/100 

ʤ  

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ 

25/50/70

/350 ʢʤ 

SAOCOM ɸʨʛʝʥʪʠʥʘ 2018 HH, VV, HV, 

VH / HH+HV, 

VV+VH / 

HH+VV+HV+

VH 

L 10/20/100 ʤ 

ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʝʞʠʤʫ 

30/60/ 

320 ʢʤ 
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ʘ       ʙ 

   

ʚ       ʛ 

   

ʜ       ʝ 

ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ 

ɼɿɿ: Sentinel-2 (ʘ), TerraSAR-X (ʙ), Landsat-8 (ʚ), Worldview-3 (ʛ), RADARSAT-2 (ʜ), 

Kompsat-3 (ʝ) 
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ɿ ʥʘʚʝʜʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼɿɿ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʝʥʜʝʥʮʽʾ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʷʢ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʪʘʢ ʽ 

ʰʠʨʠʥʠ ʩʤʫʛʠ ʟʡʦʤʢʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʜʣʷ ʢʦʤʝʨʮʽʡʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ 0,3 ʤ ʚ ʧʘʥʭʨʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʽ 

ʤʝʥʰʝ 2 ʤ ʜʣʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ. ʊʘʢʦʞ ʩʫʯʘʩʥʽ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ 

ʤʘʶʪʴ ʥʝ ʤʝʥʰʝ 5 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʭʦʯʘ ʙ ʦʜʠʥ ʽʥʬʨʘʯʝʨʚʦʥʠʡ.  

ʉʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʚʝʨʪʘʻ ʩʽʤʝʡʩʪʚʦ ʩʫʧʫʪʥʠʢʽʚ Sentinel, 

ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʩʪʫʧʥʽʩʪʶ ʙʝʟʢʦʰʪʦʚʥʠʭ ʟʦʙʨʘʞʝʥʴ [73]. Sentinel ï ʮʝ 

ʩʽʤʝʡʩʪʚʦ ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ (ESA), ʱʦ ʩʪʚʦʨʝʥʝ ʫ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʙʝʟʧʝʢʠ 

ñCopernicusò ʚ 2014 ʨʦʮʽ [7]. ʂʦʞʥʘ ʤʽʩʽʷ (Sentinel-1,2,3,4,5,5P) ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʨʽʟʥʠʭ 

ʘʩʧʝʢʪʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ɿʝʤʣʝʶ [73]. ʅʘʧʨʠʢʣʘʜ, Sentinel-1 ʻ ʧʝʨʰʦʶ ʤʽʩʽʻʶ 

ʧʨʦʛʨʘʤʠ ñCopernicusò. ʎʷ ʤʽʩʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʛʨʫʧʫʚʘʥʥʷ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ Sentinel-1A 

ʽ Sentinel-1B, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʽʡ ʦʨʙʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɼʦ ʪʦʛʦ ʞ, ʧʣʘʥʫʻʪʴʩʷ ʟʘʧʫʩʢ 

ʱʝ ʜʚʦʭ ʩʫʧʫʪʥʠʢʽʚ. ʎʽ ʩʫʧʫʪʥʠʢʠ ʤʽʩʪʷʪʴ ʨʘʜʽʦʣʦʢʘʪʦʨ ʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ ʽ 

ʧʨʘʮʶʶʪʴ ʚ C ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ (6 ʩʤ), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʜʘʥʠʭ ʫ ʙʫʜʴ-ʷʢʫ 

ʧʦʛʦʜʫ, ʚʜʝʥʴ ʽ ʚʥʦʯʽ. ʉʝʥʩʦʨʠ ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 5 ʤ ʽ ʰʠʨʠʥʫ 

ʩʤʫʛʠ ʟʡʦʤʢʠ ʜʦ 400 ʢʤ. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʟʡʦʤʢʠ ʦʜʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ʩʢʣʘʜʘʻ 12 ʜʥʽʚ [12]. 

ɯʥʰʘ ʤʽʩʽʷ, ʱʦ ʤʘʻ ʥʘʟʚʫ Sentinel-2, ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʦʩʤʫʛʦʚʫ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʫ 

ʟʡʦʤʢʫ (13 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ) ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ (ʜʦ 10 

ʤ), ʷʢʘ ʟʜʽʡʩʥʶʻ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ, ʨʦʩʣʠʥʥʦʩʪʽ, ˇʨʫʥʪʦʚʦʛʦ ʪʘ ʚʦʜʥʦʛʦ ʧʦʢʨʠʚʫ ʽ 

ʚʽʜʩʪʝʞʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʩʪʠʭʽʡʥʠʭ ʣʠʭ [73]. ʎʷ ʤʽʩʽʷ ʥʘ ʩʴʦʛʦʜʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ 

ʦʜʥʘʢʦʚʠʭ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2A ̔  Sentinel-2B (ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦ ʧʣʘʥʫʻʪʴʩʷ ʟʘʧʫʩʢ ʱʝ 

ʜʚʦʭ), ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʾ ʟʡʦʤʢʠ ʢʦʞʥʽ 5 ʜʥʽʚ. 

ʑʝ ʦʜʥʽʻʶ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ɼɿɿ, ʷʢʘ ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʧʫʣʷʨʥʽʩʪʶ 

ʩʝʨʝʜ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʻ Landsat-8. ʎʷ ʩʠʩʪʝʤʘ ʪʘʢʦʞ ʥʘʜʘʻ ʙʝʟʢʦʰʪʦʚʥʽ 

ʟʥʽʤʢʠ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ 

ʟʡʦʤʢʠ [66]. ɹʝʟʢʦʰʪʦʚʥʽ ʜʘʥʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ Sentinel ʽ Landsat-8, 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʦʜʘʪʢʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

[3, 15].  
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1.4 ʄʦʜʝʣʽ ʟʘʚʘʜ ʚ ʩʠʩʪʝʤʘʭ ɼɿɿ 

 

ʅʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʨʽʟʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʽ ʩʧʦʪʚʦʨʝʥʥʷ, 

ʩʝʨʝʜ ʷʢʠʭ ʰʫʤ, ʨʦʟʤʠʪʪʷ, ʥʝʜʦʩʪʘʪʥʷ ʦʩʚʽʪʣʝʥʽʩʪʴ ʩʮʝʥʠ ʟʡʦʤʢʠ ʪʘ ʽʥʰʽ [1, 2]. ʇʨʦʪʝ, 

ʰʫʤ ʻ ʦʜʥʠʤ ʟ ʜʦʤʽʥʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ [1]. 

ʅʘʷʚʥʽʩʪʴ ʜʦʚʦʣʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʫ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʻ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ, 

ʘʣʝ ʡ ʧʦʛʽʨʰʫʻ ʥʘʜʽʡʥʽʩʪʴ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ɿʜʝʙʽʣʴʰʦʛʦ ʧʨʠʯʠʥʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʰʫʤʫ ʻ 

ʥʝʽʜʝʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ, ʧʨʠʩʪʨʦʾ ʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ [11]. 

ʋʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ ʰʫʤʫ ʜʣʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ɼɿɿ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʛʥʘʣʴʥʦ-ʟʘʣʝʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʩʠʛʥʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʦʾ 

ʩʢʣʘʜʦʚʦʾ, ʤʘʶʯʠ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [22-24]: 

 

Ὅ̙ Ὧ  ὲ˞˔Ὅ̨̒̓Ὧ ὲ˞˚„́ ,     (1.1) 

 

ʜʝ Ὥ ʪʘ Ὦ ï ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʝʡ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, Ὥ ρȟȢȢȟὍȟ Ὦ ρȟȢȢȟὐȟ Ὧ ρȟȢȢȟὑȟ Ὅȟὐ ï 

ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʴ, ὑ ï ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ; 

Ὅ̙ Ὧ ï ʟʥʘʯʝʥʥʷ ʚ ὭὮ-ʤʫ ʧʽʢʩʝʣʽ ʦʪʨʠʤʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

(ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ) ʚ Ὧ-ʤʫ ʢʘʥʘʣʽ; 

Ὅ̨̒̓Ὧ ï ὭὮ-ʡ ʧʽʢʩʝʣʴ ʽʩʪʠʥʥʦʛʦ ʥʝʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ ʚ Ὧ-ʤʫ ʢʘʥʘʣʽ; 

ὲ˞˔ ï ʩʠʛʥʘʣʴʥʦ-ʟʘʣʝʞʥʘ ʰʫʤʦʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʜʠʩʧʝʨʩʽʷ ʷʢʦʾ „ Ὅ̨̒̓ ʟʘʣʝʞʠʪʴ ʚʽʜ Ὅ̨̒̓ 

ʜʣʷ ʟʘʜʘʥʦʛʦ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ; 

ὲ˞˚ ï ʘʜʠʪʠʚʥʘ ʩʠʛʥʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʘ ʰʫʤʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʟ ʜʠʩʧʝʨʩʽʻʶ „́ ; 

„́  ï ʜʠʩʧʝʨʩʽʷ ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ. 

ʃʦʢʘʣʴʥʘ ʜʠʩʧʝʨʩʽʷ ʰʫʤʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [22, 23]: 

 

„ Ὧ „́ Ὧ ὴὯϽὍ̨̒̓Ὧ,    (1.2) 

 

ʜʝ „́ Ὧ ï ʜʠʩʧʝʨʩʽʷ ʘʜʠʪʠʚʥʦʾ ʩʠʛʥʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʟʘʟʚʠʯʘʡ ʤʘʻ 

ʛʘʫʩʽʚʩʴʢʠʡ ʨʦʟʧʦʜʽʣ; 
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ὴὯ ï ʧʘʨʘʤʝʪʨ ʩʠʛʥʘʣʴʥʦ-ʟʘʣʝʞʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚ Ὧ-ʤʫ ʢʘʥʘʣʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʰʫʤʫ ʚ ʩʫʯʘʩʥʠʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ɼɿɿ, ʪʘʢʠʭ ʷʢ 

Sentinel-2, ʧʦʢʘʟʫʻ, ʱʦ ʘʜʠʪʠʚʥʠʡ ʰʫʤʦʚʠʡ (ʩʠʛʥʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʠʡ) ʢʦʤʧʦʥʝʥʪ ʻ 

ʧʨʝʚʘʣʶʶʯʠʤ, ʘʣʝ ʥʝʭʪʫʚʘʪʠ ʩʠʛʥʘʣʴʥʦ-ʟʘʣʝʞʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʝ ʤʦʞʥʘ [23]. ʋ 

ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʢʘʻʪʴʩʷ ʽʛʥʦʨʫʚʘʥʥʷ ʩʠʛʥʘʣʴʥʦ-ʟʘʣʝʞʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ 

ʜʝʷʢʠʭ ʢʘʥʘʣʽʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʩʪʝʤ [22].  

ɿʘʚʘʜʠ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʤʘʶʪʴ ʽʥʰʫ ʧʨʠʨʦʜʫ. ʅʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʤʘʻ ʤʽʩʮʝ ʰʫʤʦʧʦʜʽʙʥʝ ʷʚʠʱʝ, ʷʢʝ ʟʚʝʪʴʩʷ ʩʧʝʢʣ [11, 

21, 25]. ʇʨʠʯʠʥʦʶ ʩʧʝʢʣ-ʰʫʤʫ ʻ ʢʦʛʝʨʝʥʪʥʝ ʜʦʜʘʚʘʥʥʷ (ʽʥʪʝʨʬʝʨʝʥʮʽʷ) ʚʽʜʙʠʪʠʭ 

ʩʠʛʥʘʣʽʚ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʽʜʙʠʚʘʯʽʚ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʢʦʞʝʥ 

ʝʣʝʤʝʥʪ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʈʉɸ ʩʠʩʪʝʤʠ [2]. ʂʦʛʝʨʝʥʪʥʘ ʩʫʤʘ ʾʭ ʘʤʧʣʽʪʫʜ ʽ ʬʘʟ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʠʣʴʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʩʠʛʥʘʣʫ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʦʜʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʽʥʰʦʛʦ. ʂʦʞʝʥ ʚʽʜʙʠʚʘʯ ʚʥʦʩʠʪʴ ʩʠʛʥʘʣ ʟʚʦʨʦʪʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʟ ʚʠʧʘʜʢʦʚʦʶ ʬʘʟʦʶ ʽ ʘʤʧʣʽʪʫʜʦʶ, ʪʦʤʫ ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʠʛʥʘʣ  ὃὩ

В ὃὩ  (ὃ  ʽ •  ï ʘʤʧʣʽʪʫʜʘ ʽ ʬʘʟʘ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ, ὔ ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʚʘʯʽʚ) 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʫʤʦʶ (ʩʫʧʝʨʧʦʟʠʮʽʻʶ) ʩʠʛʥʘʣʽʚ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ 

ʦʢʨʝʤʠʭ ʚʽʜʙʠʚʘʯʽʚ [11]. ʋ ʪʘʢʽʡ ʬʦʨʤʽ ʈʉɸ ʟʦʙʨʘʞʝʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʠʤ. 

ɺ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʰʫʤʫ ʚ ʽʩʥʫʶʯʠʭ ʈʉɸ ʩʠʩʪʝʤʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʝʢʣ-

ʰʫʤ ʻ ʚʠʢʣʶʯʥʦ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʤ, ʪʦʙʪʦ ʡʦʛʦ ʜʠʩʧʝʨʩʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ [2, 21, 26]. ʆʪʞʝ, ʤʦʜʝʣʴ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [11, 26]: 

 

Ὅ̒ Ὅȟ
̨̒̓Ͻ‘ ,      (1.3) 

 

ʜʝ Ὅ̒ ï ʦʪʨʠʤʘʥʝ ʩʧʦʪʚʦʨʝʥʝ ʩʧʝʢʣ-ʰʫʤʦʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

‘  ï ʚʠʧʘʜʢʦʚʘ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ, ʷʢʘ ʤʘʻ ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ά  

ʨʽʚʥʝ 1 ʽ ʜʠʩʧʝʨʩʽʶ „ . 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ ʦʪʨʠʤʘʥʽ ʈʉɸ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝʢʦʛʝʨʝʥʪʥʝ ʥʘʢʦʧʠʯʝʥʥʷ, ʷʢʝ ʱʝ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʛʘʪʦʧʦʛʣʷʜʦʚʘ 



 

 

48 
 

ʦʙʨʦʙʢʘ (multilooking) [2]. ʎʽ ʈʉɸ-ʧʦʛʣʷʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʢʨʝʤʠʭ ʟʦʙʨʘʞʝʥʴ, ʢʦʞʥʝ 

ʟ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʝʟʘʣʝʞʥʠʡ ʧʦʛʣʷʜ (look) ʘʙʦ ʟʥʽʤʦʢ ʽʜʝʥʪʠʯʥʦʾ ʩʮʝʥʠ. 

ʈʝʟʫʣʴʪʫʶʯʝ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʩʬʦʨʤʦʚʘʥʝ ʥʝʢʦʛʝʨʝʥʪʥʠʤ ʫʩʝʨʝʜʥʝʥʥʷʤ ʮʠʭ ʧʦʛʣʷʜʽʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʝʥʰʝʥʠʤ ʩʧʝʢʣ-ʰʫʤʦʤ ʽ ʧʦʛʽʨʰʝʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ [17]. ʅʝʢʦʛʝʨʝʥʪʥʝ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦʛʣʷʜʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʝ ʧʦ ʜʽʘʧʘʟʦʥʫ 

ʽ/ʘʙʦ ʧʦ ʘʟʠʤʫʪʫ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʦʩʪʽ [2, 11]. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʧʦʛʣʷʜʦʚʦʾ ʦʙʨʦʙʢʠ ʧʦʢʨʘʱʫʻ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʴ. 

ʊʘʢʘ ʦʙʨʦʙʢʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʦʨʪʫ ʈʉɸ ʩʠʩʪʝʤ ʽ ʚ ʥʘʟʝʤʥʠʭ 

ʮʝʥʪʨʘʭ ʧʨʠʡʦʤʫ ʜʘʥʠʭ ɼɿɿ. ʍʦʯʘ ʙʘʛʘʪʦʧʦʛʣʷʜʦʚʘ ʦʙʨʦʙʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʚʦʥʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʽʥʪʝʨʧʨʝʪʘʮʽʶ 

ʈʉɸ ʟʦʙʨʘʞʝʥʴ [11, 17]. ɽʬʝʢʪ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʧʝʢʣ-ʰʫʤʫ ʯʝʨʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʛʣʷʜʽʚ ʜʣʷ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦ ʘʟʠʤʫʪʫ ʽ 

ʜʽʘʧʘʟʦʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.6.  

ɺʽʜʦʤʦ, ʱʦ ʘʤʧʣʽʪʫʜʘ ὃ ʩʧʝʢʣ-ʰʫʤʫ (ʜʣʷ ʦʜʥʦʧʦʛʣʷʜʦʚʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʴ) ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʈʝʣʝʷ [2, 11], ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʽʤʦʚʽʨʥʦʩʪʽ ʷʢʦʛʦ: 

 

ὖ ὃ ςὃ
„Ὡὼὴ

ὃ
„ , ὃ π,    (1.4) 

 

ʜʝ „ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʠʩʧʝʨʩʽʷ ʩʧʝʢʣ-ʰʫʤʫ 

ʩʪʘʥʦʚʠʪʴ „ ḙπȟςχσ. ɺʦʜʥʦʯʘʩ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʙʦ ʝʥʝʨʛʽʷ (ὃ) ʫ ʚʠʧʘʜʢʫ 

ʦʜʥʦʛʦʧʦʛʣʷʜʦʚʦʛʦ ʈʉɸ-ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʨʦʟʧʦʜʽʣ [11]. ɼʣʷ 

ʙʘʛʘʪʦʧʦʛʣʷʜʦʚʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ Ὅ  В Ὅ, ) ὃ 

ʩʧʝʢʣ-ʰʫʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ɻʘʤʤʘ-ʨʦʟʧʦʜʽʣʦʤ ʽ ʤʘʻ ʥʘʩʪʫʧʥʫ ʱʽʣʴʥʽʩʪʴ ʽʤʦʚʽʨʥʦʩʪʽ: 

 

ὖὍ ὒὍ Ὡ ,     (1.5) 

 

ʜʝ ɜϽ ï ɻʘʤʤʘ-ʬʫʥʢʮʽʷ, ) πȟ, π, , ï ʢʽʣʴʢʽʩʪʴ ʧʦʛʣʷʜʽʚ. 
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ʑʝ ʦʜʥʠʤ ʟʘʫʚʘʞʝʥʥʷʤ ʩʪʦʩʦʚʥʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʣ-ʰʫʤʫ ʻ ʪʝ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʛʣʷʜʽʚ ʜʣʷ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

(ὒ ρπ), ʨʦʟʧʦʜʽʣ ʩʪʘʻ ʙʣʠʟʴʢʠʤ ʜʦ ɻʘʫʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ [11]. 

ʅʘ ʨʠʩ. 1.7 ʽ 1.8 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʦʜʥʦʛʦʧʦʛʣʷʜʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ 

ʩʠʩʪʝʤʦʶ TerraSAR-X (ʨʠʩ. 1.7) ʪʘ ʬʨʘʛʤʝʥʪ ʙʘʛʘʪʦʧʦʛʣʷʜʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ 

Sentinel-1 (ʦʪʨʠʤʘʥʝ ʚ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ, Level-1 GRD IW mode) ̔  ʚʽʜʧʦʚʽʜʥʽ 

ʛʽʩʪʦʛʨʘʤʠ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ ʮʠʭ ʟʦʙʨʘʞʝʥʴ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ Sentinel-1 

(ʨʠʩ. 1.8) ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 5 ʧʦʛʣʷʜʽʚ [26]. ʆʪʨʠʤʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʜʦʙʨʝ ʽʣʶʩʪʨʫʶʪʴ 

ʪʚʝʨʜʞʝʥʥʷ ʱʦʜʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʣ-ʰʫʤʫ ʽ ʡʦʛʦ ʟʤʽʥʫ ʟ ʨʦʩʪʦʤ ʢʽʣʴʢʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʛʣʷʜʽʚ.  

ɯʥʰʦʶ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʧʝʢʣ-ʰʫʤʫ ʻ ʥʘʷʚʥʽʩʪʴ 

ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʨʝʣʷʮʽʾ, ʪʦʙʪʦ ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ [22, 

23, 26]. ʇʝʨʝʢʦʥʘʪʠʩʷ ʚ ʪʦʤʫ, ʱʦ ʩʧʝʢʣ-ʰʫʤ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʻ 

ʧʨʦʩʪʦʨʦʚʦ-ʢʦʨʝʣʴʦʚʘʥʠʤ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʫ ʚ 

ʦʙʣʘʩʪʽ ʜʠʩʢʨʝʪʥʦʛʦ ʢʦʩʠʥʫʩʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ɼʂʇ), ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʣʷ 

ʦʜʥʦʨʽʜʥʠʭ ʙʣʦʢʽʚ ʨʦʟʤʽʨʦʤ 8ʭ8 ʧʽʢʩʝʣʽʚ [26]. ʇʨʠʢʣʘʜʠ ʈʉɸ ʟʦʙʨʘʞʝʥʴ ʩʠʩʪʝʤʠ 

Sentinel-1 ʚ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʷʭ ʽ ʦʪʨʠʤʘʥʠʭ ɼʂʇ-ʩʧʝʢʪʨʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.9. 

ʆʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʥʦʨʤʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

В В Ὀ Ὧȟὰ Ὀ ρȟρ φσ, ʜʝ Ὀ Ὧȟὰ ï Ὧὰ-ʡ ʝʣʝʤʝʥʪ 

ʥʦʨʤʦʚʘʥʦʛʦ ɼʂʇ-ʩʧʝʢʪʨʫ. ɯʥʜʝʢʩʠ (1,1) ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʪʽʡʥʽʡ ʩʢʣʘʜʦʚʽʡ, ʘ ʤʘʣʽ 

ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʥʘʣʝʞʘʪʴ ʥʠʟʴʢʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʯʘʩʪʦʪʘʤ, ʪʦʜʽ ʷʢ ʚʝʣʠʢʽ ï ʚʠʩʦʢʠʤ. 

ɿ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʰʫʤ ʻ ʧʨʦʩʪʦʨʦʚʦ-ʢʦʨʝʣʴʦʚʘʥʠʤ, ʘʜʞʝ 

ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʯʘʩʪʦʪʘʤ, ʤʝʥʰʽ, ʥʽʞ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʠʟʴʢʠʤ ʯʘʩʪʦʪʘʤ. ɼʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ ʝʥʝʨʛʽʷ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʥʝʨʽʚʥʦʤʽʨʥʦ (ʩʧʝʢʪʨʠ ʻ ʥʝʩʠʤʝʪʨʠʯʥʠʤʠ) ʽ ʟʦʩʝʨʝʜʞʝʥʘ 

ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ, ʪʘʢʦʞ ʩʧʝʢʪʨʠ ʜʣʷ ʨʽʟʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡ ʥʝ ʻ 

ʦʜʥʘʢʦʚʠʤʠ. 

ʅʘʷʚʥʽʩʪʴ ʮʽʻʾ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʤʘʻ ʙʫʪʠ ʚʨʘʭʦʚʘʥʘ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʽ 

ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ. 
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 ʘ             ʙ        ʚ          ʛ 

ʈʠʩʫʥʦʢ 1.6 ï ɽʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʽʩʪʽ ʧʦʛʣʷʜʽʚ (ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ) ʧʦ ʘʟʠʤʫʪʫ ʽ ʜʘʣʴʥʦʩʪʽ: ʦʜʠʥ ʧʦʛʣʷʜ (ʘ), 2ʭ2 (ʙ), 4ʭ4 (ʚ), 8ʭ8 (ʛ) ʧʦʛʣʷʜʽʚ 

 

     

ʈʠʩʫʥʦʢ 1.7 ï ʇʨʠʢʣʘʜ ʦʜʥʦʧʦʛʣʷʜʦʚʦʛʦ ʈʉɸ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʩʠʩʪʝʤʦʶ 

TerraSAR-X ʽ ʛʽʩʪʦʛʨʘʤʠ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

     

ʈʠʩʫʥʦʢ 1.8 ï ʇʨʠʢʣʘʜ ʬʨʘʛʤʝʥʪʫ ʙʘʛʘʪʦʧʦʛʣʷʜʦʚʦʛʦ ʈʉɸ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ 

ʩʠʩʪʝʤʦʶ Sentinel-1, ʽ ʛʽʩʪʦʛʨʘʤʠ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 
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ʘ       ʙ  

     

ʚ       ʛ 

ʈʠʩʫʥʦʢ 1.9 ï ʇʨʠʢʣʘʜʠ ʈʉɸ ʟʦʙʨʘʞʝʥʴ ʩʠʩʪʝʤʠ Sentinel-1 ʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʜʚʦʚʠʤʽʨʥʠʭ ɼʂʇ-ʩʧʝʢʪʨʽʚ ʜʣʷ VV (ʘ, ʚ) ʽ VH (ʙ, ʛ) ʧʦʣʷʨʠʟʘʮʽʡ 

 

1.5 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ 

 

ɿ ʤʝʪʦʶ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ, ʟʙʝʨʝʞʝʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ. ʆʜʥʘʢ ʤʘʻ ʤʽʩʮʝ 

ʪʘʢʦʞ ʽ ʜʝʷʢʝ ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [75]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʟʠʪʠʚʥʠʡ 

ʝʬʝʢʪ ʚʽʜ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ (ʬʽʣʴʪʨʘʮʽʾ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʝʬʝʢʪʦʤ ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɻʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ 
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ʬʽʣʴʪʨʽʚ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʆʩʥʦʚʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʻ ʥʘʩʪʫʧʥʽ [30]: 

- ʝʬʝʢʪʠʚʥʝ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʨʠʪʝʨʽʾʚ; 

- ʤʘʢʩʠʤʘʣʴʥʝ ʟʙʝʨʝʞʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ, ʩʝʨʝʜ ʷʢʠʭ ʤʝʞʽ, ʪʝʢʩʪʫʨʠ, ʤʘʣʦʨʦʟʤʽʨʥʽ ʦʙôʻʢʪʠ; 

- ʟʘʜʦʚʽʣʴʥʘ ʰʚʠʜʢʦʜʽʷ ʬʽʣʴʪʨʘʮʽʾ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʬʽʣʴʪʨʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʘʙʦ 

ʥʘʷʚʥʦʩʪʽ ʜʝʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʽ ʮʷ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʦʚʞʫʻ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʪʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʘʩʧʝʢʪʘʤʠ [30]: 

- ʥʝʟʘʜʦʚʦʣʝʥʽʩʪʶ ʜʦʩʷʛʥʫʪʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʽ ʬʽʣʴʪʨʠ ʧʦʨʷʜ 

ʟ ʢʦʨʠʩʥʠʤ ʝʬʝʢʪʦʤ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʩʧʦʪʚʦʨʶʶʪʴ ʽ 

ʢʦʨʠʩʥʠʡ ʩʠʛʥʘʣ; 

- ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ; 

- ʫʪʦʯʥʝʥʥʷ ʤʦʜʝʣʝʡ ʟʘʚʘʜ, ʚʠʷʚʣʝʥʥʷʤ ʧʨʘʢʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʜʣʷ ʷʢʠʭ ʪʽ ʯʠ 

ʽʥʰʽ ʬʽʣʴʪʨʠ ʥʝʧʨʠʜʘʪʥʽ ʘʙʦ ʤʘʣʦʝʬʝʢʪʠʚʥʽ; 

- ʧʨʘʛʥʝʥʥʷ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʴ, ʟʨʦʙʠʪʠ ʾʾ ʘʜʘʧʪʠʚʥʦʶ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ, ʧʨʠʩʪʦʩʦʚʘʥʦʶ ʜʦ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʢʽʥʮʝʚʦʾ ʟʘʜʘʯʽ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ɯʩʥʫʻ ʜʚʘ ʚʝʣʠʢʽ ʢʣʘʩʠ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ï ʣʽʥʽʡʥʽ ʽ ʥʝʣʽʥʽʡʥʽ [76]. ʆʩʦʙʣʠʚʽʩʪʴ 

ʣʽʥʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʬʽʣʴʪʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ 

ʷʢ ʣʽʥʽʡʥʘ ʢʦʤʙʽʥʘʮʽʷ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ. ʇʨʦʪʝ ʪʘʢʽ ʬʽʣʴʪʨʠ ʧʦʛʘʥʦ ʧʨʘʮʶʶʪʴ ʟ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʽ ʟʘʚʘʜʘʤʠ, ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ [77]. ɼʣʷ 

ʮʦɹʛʦ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʬʽʣʴʪʨʠ, ʜʣʷ ʷʢʠʭ ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʥʝ ʻ ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʚʭʽʜʥʠʭ, ʪʦʙʪʦ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ [30]. 

ʅʝʣʽʥʽʡʥʽ ʬʽʣʴʪʨʠ ʻ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʟʘʚʘʜ. 

ɺʟʘʛʘʣʽ ʥʝ ̔ ʩʥʫʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʜʝʢʽʣʴʢʘ ʩʭʝʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ [78]. ʅʘʧʨʠʢʣʘʜ, ʽʩʥʫʶʯʠ ʤʝʪʦʜʠ 
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ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ ʪʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʧʨʦʩʪʦʨʦʚʽʡ (spatial domain) 

[77] ʘʙʦ ʩʧʝʢʪʨʘʣʴʥʽʡ (spectral ʘʙʦ transform domain) ʦʙʣʘʩʪʽ [78], ʤʝʪʦʜʠ 

ʨʦʟʨʽʜʞʝʥʦʛʦ ʢʦʜʫʚʘʥʥʷ (sparse coding) ʟ ʥʘʚʯʘʥʥʷʤ ʩʣʦʚʥʠʢʘ (dictionary learning) [79] 

ʽ ʥʦʚʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (deep learning) [80, 

81]. ɯʩʥʫʻ ʪʘʢʦʞ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʥʘ ʣʦʢʘʣʴʥʽ ʽ ʥʝʣʦʢʘʣʴʥʽ ʤʝʪʦʜʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʜʽʙʥʽʩʪʴ ʤʽʞ ʬʨʘʛʤʝʥʪʘʤʠ ʟʦʙʨʘʞʝʥʥʷ [77]. ʄʝʪʦʜʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ 

ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ ʦʙʨʦʙʣʶʶʪʴ ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʛʨʫʧʫ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ 

[78]. ʄʝʪʦʜʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʟʽ ʩʣʦʚʥʠʢʦʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʷʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʘʥʘʣʽʟʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚ ʽʥʰʽʡ 

ʦʙʣʘʩʪʽ. ʈʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʪʦʜʠ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʟʘʟʚʠʯʘʡ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʢʩʦʚʘʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʪʦʜʽ ʷʢ ʤʝʪʦʜʠ 

ʥʘʚʯʘʥʥʷ ʟʽ ʩʣʦʚʥʠʢʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʨʽʜʞʝʥʝ ʧʦʜʘʥʥʷ (sparse representation) ʥʘ 

ʥʘʜʤʽʨʥʦʤʫ ʩʣʦʚʥʠʢʫ (redundant dictionary) [77, 82, 83]. ʄʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʨʭʽʪʝʢʪʫʨʠ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʥʘ 

ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʠʪʠ ʥʝʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ (ʽʩʪʠʥʥʝ) ʟʦʙʨʘʞʝʥʥʷ 

[80]. 

ʇʝʨʰʽ ʬʽʣʴʪʨʠ, ʷʢʽ ʧʦʯʠʥʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ 

ʧʝʨʝʜʙʘʯʘʣʠ ʚʽʢʦʥʥʫ ʦʙʨʦʙʢʫ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ, ʪʦʙʪʦ ʦʙʨʦʙʢʫ ʛʨʫʧʠ ʧʽʢʩʝʣʝʡ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ [76]. ʊʘʢʠʡ ʤʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʽʢʩʝʣʷ ʚ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ ʥʘ ʦʩʥʦʚʽ 

ʟʥʘʯʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʽʥʰʠʭ ʧʽʢʩʝʣʽʚ [78]. ʆʩʢʽʣʴʢʠ ʮʽ ʬʽʣʴʪʨʠ ʣʦʢʘʣʴʥʦ ʦʙʨʦʙʣʶʶʪʴ 

ʬʨʘʛʤʝʥʪʠ ʟʦʙʨʘʞʝʥʴ, ʾʭ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʣʦʢʘʣʴʥʠʤʠ.  

ʅʘʩʪʫʧʥʽ ʝʪʘʧʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʧʦʚôʷʟʘʥʽ ʟ ʬʽʣʴʪʨʘʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʬʽʣʴʪʨʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (ɼʂʇ [84], ʚʝʡʚʣʝʪʠ [85-87] ʽ ʧʦʭʽʜʥʽ ʚʽʜ ʥʴʦʛʦ ʘʜʘʧʪʠʚʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʘʢʽ ʷʢ ʪʝʪʨʦʣʝʪʠ [88], ʢʫʨʚʣʝʪʠ [89], ʢʦʥʪʫʨʣʝʪʠ [90]) ʟ ʤʝʪʦʶ 

ʧʨʝʜʩʪʘʚʠʪʠ ʜʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ ʘʙʦ ʚʠʜʽʣʠʪʠ ʣʠʰʝ 

ʥʝʦʙʭʽʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ (ʦʟʥʘʢʠ) ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʽʜʦʢʨʝʤʠʪʠ ʾʭ ʚʽʜ ʰʫʤʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ 

[84]. ʄʝʥʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʶ ʯʘʩʪʠʥʦʶ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʜʝʪʘʣʷʤʠ ʟʦʙʨʘʞʝʥʥʷ ʽ ʰʫʤʦʤ [85]. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʮʽ ʤʝʥʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʙʨʦʙʣʝʥʽ, 
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ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʤʝʥʰʝ ʰʫʤʫ. ʄʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʜʦʩʷʛʘʶʪʴ ʢʨʘʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʘʤʠ ʚ ʧʨʦʩʪʦʨʦʚʽʡ 

ʦʙʣʘʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʘʢʪʥʦʛʦ ʽ ʨʦʟʨʽʜʞʝʥʦʛʦ ʧʦʜʘʥʥʷ ʜʘʥʠʭ [84]. ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ 

ʜʦʟʚʦʣʠʣʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʽ ʥʝʣʦʢʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʚ ʮʽʣʦʤʫ.  

ɯʥʰʦʾ ʪʝʥʜʝʥʮʽʻʶ ʩʪʘʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ [78]. 

ʃʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʢʘʣʴʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʚʥʝʩʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʜʝʷʢʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ (ʦʜʥʦʨʽʜʥʘ 

ʘʙʦ ʥʝʦʜʥʦʨʽʜʥʘ) ʽ ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʘ ʟʛʽʜʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ [91]. ʎʽ ʤʝʪʦʜʠ, ʷʢ ʽ ʚʩʽ ʣʦʢʘʣʴʥʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʝʬʝʢʪʠʚʥʽ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʥʠʟʴʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. 

ʊʘʢʦʞ ʥʘ ʩʝʙʝ ʧʨʠʚʝʨʥʫʣʠ ʚʝʣʠʢʫ ʫʚʘʛʫ ʤʝʪʦʜʠ ʨʦʟʨʽʜʞʝʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʟ 

ʥʘʚʯʘʥʥʷʤ ʩʣʦʚʥʠʢʘ. ɿʘʛʘʣʴʥʘ ʽʜʝʷ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʣʦʚʥʠʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʣʦʢʽʚ 

(ʬʨʘʛʤʝʥʪʽʚ) ʟʦʙʨʘʞʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʢʦʞʝʥ ʙʣʦʢ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʚʩʴʦʛʦ ʜʝʢʽʣʴʢʦʭ ʙʣʦʢʽʚ ʟ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʩʣʦʚʥʠʢʘ (redundant dictionary) [92]. ʗʩʢʨʘʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ 

ʥʘʚʯʘʥʥʷ ʩʣʦʚʥʠʢʘ ʻ ʢʣʘʩʪʝʨʽʟʘʮʽʷ k-ʩʝʨʝʜʥʽʭ (k-means clustering) ʟ ʩʠʥʛʫʣʷʨʥʠʤ 

ʨʦʟʢʣʘʜʘʥʥʷʤ (singular-value decomposition, SVD) K-SVD [93], ʤʝʪʦʜ ʨʦʟʨʽʜʞʝʥʦʛʦ 

ʢʦʜʫʚʘʥʥʷ LSSC [94] ʽ ʨʦʟʨʽʜʞʝʥʝ ʧʦʜʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʽʚ CSR [95]. ʍʦʯʘ 

ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʥʘʚʯʘʥʥʽ ʩʣʦʚʥʠʢʘ, ʜʦʩʷʛʣʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʩʫʯʘʩʥʠʤʠ ʥʝʣʦʢʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʬʽʣʴʪʨʘʮʽʾ, ʨʦʟʨʽʜʞʝʥʘ ʤʦʜʝʣʴ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʩʢʣʘʜʥʦʶ [78]. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʻ ʥʝʣʦʢʘʣʴʥʽ ʤʝʪʦʜʠ, ʦʩʥʦʚʦʶ 

ʨʦʙʦʪʠ ʷʢʠʭ ʻ ʧʦʰʫʢ ʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʽ ʾʭ ʩʧʽʣʴʥʘ ʦʙʨʦʙʢʘ [96, 97]. 

ʇʦʪʽʤ ʮʷ ʽʜʝʷ ʙʫʣʘ ʨʦʟʰʠʨʝʥʘ ʥʘ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʚ ʦʙʣʘʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ [98] ʽ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [99].  

ʑʝ ʦʜʥʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ, ʷʢʘ ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʦʛʦ ʽʥʪʝʨʝʩʫ ʽ ʫʚʘʛʠ ï ʮʝ ʤʝʪʦʜʠ 

ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [80]. ɿʦʢʨʝʤʘ, ʜʣʷ ʮʽʻʾ ʟʘʜʘʯʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (convolutional neural networks, CNN). 
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ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ï ʮʝ ʩʧʝʮʽʘʣʴʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺʦʥʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʥʝʣʽʥʽʡʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ (ʟʛʦʨʪʢʫ). ɺʠʭʽʜ ʢʦʞʥʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʧʦʶ ʦʟʥʘʢ 

(feature map). ʋ ʢʦʞʥʦʤʫ ʰʘʨʽ ʷʜʨʦ ʟʛʦʨʪʢʠ ʧʦʤʥʦʞʫʻʪʴʩʷ ʥʘ ʚʠʭʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʰʘʨʫ [80]. ʌʫʥʢʮʽʷ ʚʪʨʘʪ (loss function) ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɿʘʟʚʠʯʘʡ, ʚ ʷʢʦʩʪʽ ʪʘʢʦʾ ʬʫʥʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʧʦʤʠʣʢʫ [100]. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ ʻ FFDNet [101] ʽ DnCNN [102], ̫ ʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘʣʠʰʢʦʚʝ ʥʘʚʯʘʥʥʷ (residual 

learning) [103]. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʛʽʙʨʠʜʥʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʥʝʣʦʢʘʣʴʥʽ 

ʤʝʪʦʜʠ ʽ ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʠʭ ʟʘʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [99]. ʅʝʜʦʣʽʢʘʤʠ 

ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʧʦʪʨʝʙʘ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ 

ʜʣʷ ʥʘʚʯʘʥʥʷ, ʧʦʚʽʣʴʥʽʩʪʴ ʥʘʚʯʘʥʥʷ, ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʝʨʝʥʘʚʯʘʥʥʷ (overfitting), 

ʧʝʨʝʚʘʞʥʦ ʢʦʞʥʘ ʤʦʜʝʣʴ ʥʘʚʯʘʻʪʴʩʷ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ [102].  

ʅʠʞʯʝ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʜʝʪʘʣʴʥʽʰʝ.  

ɼʂʇ-ʬʽʣʴʪʨ [84] ʻ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʣʦʢʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʦʙʨʦʙʢʫ ʚ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɿʦʙʨʘʞʝʥʥʷ ʧʽʜʜʘʻʪʴʩʷ 

ʧʦʙʣʦʯʥʦʤʫ ɼʂʇ ʟ ʨʦʟʤʽʨʦʤ ʙʣʦʢʫ 8ʭ8 ʘʙʦ 16ʭ16 ʧʽʢʩʝʣʽʚ. ɹʣʦʢʠ ʤʦʞʫʪʴ ʚʠʙʠʨʘʪʠʩʷ 

ʟ ʧʦʚʥʠʤ, ʯʘʩʪʢʦʚʠʤ ʧʝʨʝʢʨʠʪʪʷʤ ʘʙʦ ʙʝʟ ʧʝʨʝʢʨʠʪʪʷ. ʗʢ ʧʨʘʚʠʣʦ, ʚʠʙʠʨʘʶʪʴʩʷ ʙʣʦʢʠ 

ʟ ʧʦʚʥʠʤ ʧʝʨʝʢʨʠʪʪʷʤ, ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʚʠʙʽʨ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ [84]. ʇʦʪʽʤ ʚ ʢʦʞʥʦʤʫ ʙʣʦʮʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʦʙʨʦʙʢʘ. 

ɺʦʥʘ ʧʦʣʷʛʘʻ ʚ ʦʙʥʫʣʽʥʥʽ ʪʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʦʙʨʘʥʠʡ ʧʦʨʽʛ: 

 

ὄ̖̃̉
ὄ̖̃ȟ   ̠̋̚ ̏ὄ̖̃ ‍Ͻ„ȟ

π ̃ ̨̙̎̏̍̔ ̃̉̐́̅̋̔ȟ
    (1.6) 

 

ʜʝ ὄ̖̃̉ ï ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʙʣʦʢ ʚ ʦʙʣʘʩʪʽ ɼʂʇ; 

ὄ̖̃ ï ʧʝʨʝʪʚʦʨʝʥʠʡ ʙʣʦʢ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ; 

‍ ï ʧʦʨʦʛʦʚʠʡ ʧʘʨʘʤʝʪʨ ʬʽʣʴʪʨʘʮʽʾ (ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ï 2,7 [84]); 

„ ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʰʫʤʫ; 
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ὭȟὮ ï ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ɼʂʇ ʢʦʝʬʽʮʽʻʥʪʘ ʚ ʙʣʦʮʽ, Ὥ πȢȢχ, Ὦ πȢȢχ.  

ɿʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʚʠʙʠʨʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ, ʷʢʽ ʚʚʘʞʘʶʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʠʤʠ ʘʙʦ ʪʦʯʥʦ ʦʮʽʥʝʥʠʤʠ. ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ ɼʂʇ-ʬʽʣʴʪʨʘ ʻ 

ʚʠʢʦʥʘʥʥʷ ʧʦʙʣʦʯʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ɼʂʇ. ɯ ʥʘʨʝʰʪʽ, ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʚʠʢʦʥʫʶʪʴ 

ʫʩʝʨʝʜʥʝʥʥʷ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʜʘʥʠʡ ʧʽʢʩʝʣʴ.  

ʄʝʪʦʜ BLS-GSM [104] ʻ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʤʝʪʦʜʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ɺ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʤʽʰʽ ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʛʘʫʩʦʚʠʭ ʢʦʤʧʦʥʝʥʪ (Gaussian scale 

mixture, GSM). ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɹʘʡʻʩʽʚʩʴʢʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ (Bayesian linear regression). BLS-GSM 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʩʢʨʝʪʥʝ ʚʝʡʚʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ (ɼɺʇ). ʄʝʭʘʥʽʟʤ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ 

ʩʭʦʞʠʡ ʥʘ ʞʦʨʩʪʢʫ ʧʦʨʦʛʦʚʫ ʦʙʨʦʙʢʫ ʚ ɼʂʇ-ʬʽʣʴʪʨʽ.   

ʄʝʪʦʜ Nonlocal Means (NLM) [105, 106] ï ʮʝ ʧʨʝʜʩʪʘʚʥʠʢ ʥʝʣʦʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʬʽʣʴʪʨʘʮʽʾ. ʌʽʣʴʪʨ NLM ʨʦʟʜʽʣʷʻ ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʬʨʘʛʤʝʥʪʠ. ʂʦʞʝʥ ʬʨʘʛʤʝʥʪ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʜʝʢʽʣʴʢʘ ʙʣʦʢʽʚ. ʇʦʜʽʙʥʽʩʪʴ ʙʣʦʢʽʚ ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ 

ʧʘʨʘʤʝʪʨʽʚ ï ɽʚʢʣʽʜʦʚʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʙʣʦʢʘʤʠ ʽ ʤʽʨʘ ʷʩʢʨʘʚʦʩʪʽ (ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʤʽʞ 

ʙʣʦʢʘʤʠ. ɹʣʦʢʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʢʥʘ ʧʦʰʫʢʫ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ NLM 

ὼ  ʜʣʷ ʧʽʢʩʝʣʷ Ὥ ʦʙʯʠʩʣʶʶʪʴʩʷ ʷʢ [106]: 

 

ὔὒὓ ὼ В ‫ὭȟὮᶰ ὼ ,      (1.7) 

 

ʜʝ ὼ  ʽ ὼ  ï ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ Ὥ ʪʘ Ὦ; 

.‫ὭȟὮ ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʽʨʠ ʧʦʜʽʙʥʦʩʪʽ  

ɯʤʦʚʽʨʥʽʩʥʠʡ ʙʣʦʢʦʚʠʡ ʬʽʣʴʪʨ (Probabilistic patch-based filter, PPB) [107], ʷʢʠʡ 

ʧʨʘʮʶʻ ʪʘʢʦʞ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ ʻ ʨʦʟʰʠʨʝʥʥʷʤ ʬʽʣʴʪʨʫ NLM. ʎʝʡ ʬʽʣʴʪʨ ʥʘʜʘʻ 

ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʰʫʤʫ, ʪʦʙʪʦ ʚʽʥ ʤʦʞʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʷʢ ʜʦ ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ, ʪʘʢ ʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ. ʌʽʣʴʪʨ PPB 

ʟʘʩʪʦʩʦʚʫʻ ʟʛʣʘʜʞʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (maximum 

likelihood estimation, MLE). 
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ʄʝʪʦʜ K-SVD [93] ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʦʟʨʽʜʞʝʥʥʷ ʧʦʜʘʥʥʷ ʽ ʥʘʜʣʠʰʢʦʚʠʡ ʩʣʦʚʥʠʢ. 

ʄʝʪʦʜ ʥʘʚʯʘʥʥʷ ʩʣʦʚʥʠʢʘ ʟʥʘʭʦʜʠʪʴ ʥʘʡʢʨʘʱʠʡ ʩʣʦʚʥʠʢ Ὀ Ὠ  ʜʣʷ ʩʠʛʥʘʣʽʚ 

ώᶰὙ . ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʩʧʦʪʚʦʨʝʥʽ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ, ʢʦʞʝʥ ʩʠʛʥʘʣ 

ώ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʣʦʢ, ʚʠʣʫʯʝʥʠʡ ʽʟ ʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʈʦʟʨʽʜʞʝʥʠʡ ʢʦʜ 

ʩʠʛʥʘʣʫ ώ ώ ʜʣʷ Ὦ ρȟȢȢȢȟὲ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʥʽʤʽʟʘʮʽʾ: 

 

άὭὲᴁᴁ ᴁώ Ὀὼᴁ,      (1.8) 

 

ʜʝ Ὧ π ʢʦʥʪʨʦʣʶʻ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʽʜʞʝʥʦʩʪʽ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʩʣʦʚʥʠʢʘ 

Ὀ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ 8 ὼ ᶰὙ. 

ʄʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ LPG-PCA [108] ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ 

(principal component analysis, PCA) ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ. ʋ 

ʮʴʦʤʫ ʤʝʪʦʜʽ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʽ ʧʽʢʩʝʣʽ ʫ ʜʝʷʢʽʡ ʦʢʦʣʠʮʽ ʚ ʩʧʦʪʚʦʨʝʥʦʤʫ ʰʫʤʦʤ 

ʟʦʙʨʘʞʝʥʥʽ ʣʦʢʘʣʴʥʦ ʛʨʫʧʫʶʪʴʩʷ ʫ ʚʝʢʪʦʨ. ʇʦʪʽʤ ʮʝʡ ʚʝʢʪʦʨ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʦʛʦʚʘ ʦʙʨʦʙʢʘ (shrinkage). 

ʎʷ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʱʝ ʨʘʟ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʌʽʣʴʪʨ BM3D [98] ï ʮʝ ʷʩʢʨʘʚʠʡ ʧʨʝʜʩʪʘʚʥʠʢ ʥʝʣʦʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ. 

ɺʽʥ ʻ ʦʜʥʠʤ ʟ ʩʘʤʠʭ ʝʬʝʢʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʬʽʣʴʪʨʫ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 1.10. ʌʽʣʴʪʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ ï ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʦʙʨʦʙʢʘ ʽ 

ɺʽʥʝʨʽʚʩʴʢʘ ʬʽʣʴʪʨʘʮʽʷ. ʉʧʦʯʘʪʢʫ ʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʙʣʦʢʠ ὔxὔ  (8x8) ʧʽʢʩʝʣʽʚ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ɼʂʇ ʦʙʣʘʩʪʴ. ʇʝʨʝʪʚʦʨʝʥʽ 

ʙʣʦʢʠ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʧʦʪʽʤ ʚʠʙʠʨʘʶʪʴʩʷ ʦʧʦʨʥʽ ʙʣʦʢʠ ὤ . 

ɼʣʷ ʢʦʞʥʦʛʦ ʦʧʦʨʥʦʛʦ ʙʣʦʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʰʫʢ ʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ ʩʝʨʝʜ 

ʚʝʢʪʦʨʠʟʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʟʦʥʠ ʧʦʰʫʢʫ. ɺ ʷʢʦʩʪʽ ʤʽʨʠ ʧʦʜʽʙʥʦʩʪʽ ʙʣʦʢʽʚ Ὠὤ ȟὤ  

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ɽʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʤʽʨʠ ʧʦʜʽʙʥʦʩʪʽ ʙʣʦʢʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ 

ʩʧʦʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʢʦʨʝʣʴʦʚʘʥʠʤ ʰʫʤʦʤ [109]. ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʰʫʢʫ ʧʦʜʽʙʥʠʭ 

ʙʣʦʢʽʚ ʻ ʚʠʙʽʨʢʘ Ὓ Ṗὢ, (ὢ ï ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʝʨʝʪʚʦʨʝʥʦʤʫ ʚʠʛʣʷʜʽ), ʢʦʦʨʜʠʥʘʪʠ 

ʙʣʦʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ:  
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ὛὼὙ ὼɴ ὢȿὨὤ ȟὤ † ,     (1.9) 

 

ʜʝ †  ς ʧʦʨʽʛ ʧʦʜʽʙʥʦʩʪʽ ʙʣʦʢʽʚ.  

ɼʣʷ ʢʦʞʥʦʛʦ ʦʧʦʨʥʦʛʦ ʙʣʦʢʫ ʟʥʘʡʜʝʥʽ ʧʦʜʽʙʥʽ ʙʣʦʢʠ ὤᶰ  ʦʨʛʘʥʽʟʫʶʪʴ ʫ ʬʦʨʤʽ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʘʩʠʚʫ ʨʦʟʤʽʨʦʤ ὔxὔʭὛ . ɼʦ ʥʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ † , ɦ ʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʱʝ ʙʽʣʴʰʦʛʦ ʩʪʫʧʝʥʷ ʢʦʤʧʘʢʪʥʦʩʪʽ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʥʽʞ ʫ ɼʂʇ-ʬʽʣʴʪʨʽ. ʆʩʢʽʣʴʢʠ ʜʚʦʚʠʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʱʝ ʜʦ 

ʧʦʰʫʢʫ ʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ, ʪʨʠʚʠʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʩʬʦʨʤʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ (ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʍʘʘʨʘ). ʇʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʦʨʩʪʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʧʦʜʽʙʥʦ ʜʦ ɼʂʇ-ʬʽʣʴʪʨʫ). ɼʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʘʩʠʚʫ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ † . ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʻ ʫʩʝʨʝʜʥʝʥʥʷ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʦʮʽʥʦʢ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ (ʯʝʨʝʟ ʧʝʨʝʢʨʠʪʪʷ ʙʣʦʢʽʚ). ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʬʽʣʴʪʨʘʮʽʾ ʪʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʛʨʫʧʦʚʘʥʠʭ ʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ, 

ʘʣʝ ʟʘʤʽʩʪʴ ʞʦʨʩʪʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ɺʽʥʝʨʽʚʩʴʢʘ ʬʽʣʴʪʨʘʮʽʷ, ʧʽʩʣʷ 

ʷʢʦʾ ʦʪʨʠʤʫʻʪʴʩʷ ʢʽʥʮʝʚʝ ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ [98]. 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ BM3D [98] 

 

ɹʽʣʴʰʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʧʨʠʜʫʰʝʥʥʷ 

ʘʜʠʪʠʚʥʦʛʦ ʙʽʣʦʛʦ ʛʘʫʩʦʚʦʛʦ ʰʫʤʫ (ɸɹɻʐ) ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʢʦʨʝʣʷʮʽʶ, 
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ʪʦʤʫ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʦʩʦʙʣʠʚʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ [110].  

ɼʣ̫ ʧʨʠʜʫʰʝʥʥʷ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʦʧʠʩʘʥʽ ʚʠʱʝ ʬʽʣʴʪʨʠ, ʘʣʝ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʦʤʦʤʦʨʬʥʦʛʦ (ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ) ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ 

ʰʫʤʫ ʚ ʘʜʠʪʠʚʥʠʡ [91, 111, 112]. ʆʜʥʠʤ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʤʝʪʦʜʽʚ ʧʦʩʣʘʙʣʝʥʥʷ ʩʧʝʢʣ-

ʰʫʤʫ ʻ ʥʝʢʦʛʝʨʝʥʪʥʝ ʥʘʢʦʧʠʯʝʥʥʷ [11, 113]. ʄʘʶʪʴ ʤʽʩʮʝ ʪʘʢʦʞ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ 

ɼʂʇ-ʬʽʣʴʪʨʘʮʽʾ [114] ʽ ʥʝʣʦʢʘʣʴʥʠʡ ʤʝʪʦʜ SAR-BM3D [115], ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʧʨʠʨʦʜʫ ʩʧʝʢʣ-ʰʫʤʫ. ɼʦ ʪʦʛʦ ʞ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʽ 

ʧʨʦʩʪʽ ʣʦʢʘʣʴʥʽ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢ 

ʬʽʣʴʪʨ ʃʽ (Lee filter) [116], ʂʫʘʥʘ [117], ʌʨʦʩʪʘ [118] ʽ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ [119-123]. ʎʽ 

ʤʝʪʦʜʠ ʦʩʥʦʚʘʥʽ ʥʘ ʦʮʽʥʮʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʢʘʣʴʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʫ ʚʽʢʥʽ ʨʦʟʤʽʨʦʤ ʚʽʜ 3ʭ3 ʜʦ 9ʭ9 ʘʙʦ ʱʝ ʙʽʣʴʰʝ.  

ɺʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ ʚ ʮʝʥʪʨʽ ʚʽʢʥʘ ʥʘ ʚʠʭʦʜʽ ʣʦʢʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ ʃʽ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ [116, 123]: 

 

Ὅ ὍӶ
Ӷ

Ὅ ὍӶ,    (1.10) 

 

ʜʝ ὍӶ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫ ʚʽʢʥʽ ʟ ʮʝʥʪʨʦʤ ʚ ʧʽʢʩʝʣʽ ʟ ʽʥʜʝʢʩʘʤʠ ὭὮ; 

Ὅ ï ʟʥʘʯʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʽʢʩʝʣʷ ʫ ʚʽʢʥʽ; 

„  ï ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʫ ʚʽʢʥʽ; 

„  ï ʜʠʩʧʝʨʩʽʷ ʩʧʝʢʣ-ʰʫʤʫ.  

ɿ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʻ ʜʚʘ ʢʣʘʩʠ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ï ʣʦʢʘʣʴʥʽ ʽ 

ʥʝʣʦʢʘʣʴʥʽ ʤʝʪʦʜʠ [78]. ʊʦʤʫ ʜʘʣʽ ʚ ʨʦʙʦʪʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʧʦ ʦʜʥʦʤʫ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʤʫ ʧʨʝʜʩʪʘʚʥʠʢʫ ʟ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʘ ʩʘʤʝ ʣʦʢʘʣʴʥʠʡ ɼʂʇ-ʬʽʣʴʪʨ [70, 84] ʽ 

ʥʝʣʦʢʘʥʠʡ ʬʽʣʴʪʨ BM3D [77, 98].  
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1.6 ʆʛʣʷʜ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

 

ɿʘʛʘʣʦʤ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʚ ʮʽʣʦʤʫ ʦʮʽʥʶʶʪʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ. ʊʦʤʫ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʧʦʩʪʘʶʪʴ 

ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ (image quality assessment, IQA) [124-126]. ʈʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʻ ʜʫʞʝ ʙʘʞʘʥʦʶ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʦʙʨʦʙʢʠ [124, 126]. ʆʮʽʥʢʫ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʥʫʶʪʴ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʥʘʷʚʥʽ ʥʘ ʥʠʭ ʩʧʦʪʚʦʨʝʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʪʨʠʤʘʪʠ ʧʽʜ ʢʦʥʪʨʦʣʝʤ 

ʮʽ ʧʨʦʙʣʝʤʠ ʽ ʨʦʙʠʪʠ ʥʝʦʙʭʽʜʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʯʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ [127].  

ɺʽʜʦʤʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʘ ʦʮʽʥʢʘ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʶʜʴʤʠ [124, 128]. ʉʫʙ'ʻʢʪʠʚʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚ 

ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʠʭ ʧʽʩʣʷ ʫʩʝʨʝʜʥʝʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʝʢʩʧʝʨʪʥʽ 

ʦʮʽʥʢʠ (MOS, mean opinion score). ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʘʣʝ 

ʚʠʤʘʛʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ 

ʯʘʩʫ, ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʫʯʘʩʥʠʢʽʚ [129, 130]. ʎʝ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʦʮʽʥʦʢ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʫʙ'ʻʢʪʠʚʥʽ ʦʮʽʥʢʠ ʥʝ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ, ʦʧʝʨʘʮʽʡ ʚ ʨʝʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʯʘʩʫ, ʦʧʨʘʮʶʚʘʥʥʷ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʜʘʥʠʭ [124, 130]. ɸʣʝ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʻ 

ʦʙʦʚ'ʷʟʢʦʚʠʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʘʟ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʠʭ ʷʢ TID2013 [131], LIVE 

[132], CSIQ [133], Waterloo Exploration Database [134], Koniq10k [135] ʪʘ ʽʥʰʽ [136-

140]. ʆʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʙʘʟʠ ʜʘʥʠʭ ʚ ʷʢʦʩʪʽ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʽ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʦʙʨʦʙʢʠ, ʟʦʢʨʝʤʘ 

ʦʙô̒ʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ [124, 137]. 

ʄʝʪʦʜʠ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ 

ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʝʚʥʠʤ ʩʪʫʧʝʥʝʤ ʫʟʛʦʜʞʝʥʦʩʪʽ ʟ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ 

ʚʽʜ ʣʶʜʝʡ [124]. ɺʟʘʛʘʣʽ ʦʙôʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʞʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʚʘʞʣʠʚʫ 
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ʨʦʣʴ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘʩʪʦʩʫʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʩʪʠʩʥʝʥʥʷ, 

ʬʽʣʴʪʨʘʮʽʷ ʪʘ ʽʥʰʝ [127, 140]. ʇʦ-ʧʝʨʰʝ, ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʦʨʠʛʫʚʘʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ. ʇʦ-ʜʨʫʛʝ, ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʇʦ-ʪʨʝʪʻ, ʾʭ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʽ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ. ʆʙ'ʻʢʪʠʚʥʽ ʦʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʚʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʴ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʟʦʨʦʚʦʤʫ ʩʧʨʠʡʥʷʪʪʶ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 

ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ (HVS, human visual system) [128, 130]. 

ʄʝʪʦʜʠ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ ʪʨʠ 

ʰʠʨʦʢʽ ʢʘʪʝʛʦʨʽʾ [124, 127]: 

- ʝʪʘʣʦʥʥʽ ʘʙʦ ʤʽʨʠ ʷʢʦʩʪʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (full -reference, FR IQA) [128, 141]: 

ʤʝʪʦʜʠ, ʚ ʷʢʠʭ ʘʣʛʦʨʠʪʤ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʝʪʘʣʦʥʥʦʛʦ (ʥʝʩʧʦʪʚʦʨʝʥʦʛʦ) ʟʦʙʨʘʞʝʥʥʷ, 

ʟ ʷʢʠʤ ʚʽʥ ʤʦʞʝ ʧʦʨʽʚʥʶʚʘʪʠ ʩʧʦʪʚʦʨʝʥʫ ʚʝʨʩʽʶ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʎʽ ʤʝʪʦʜʠ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ; 

- ʤ̔ ʨʠ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʘʙʦ ʩʣʽʧʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ (no-reference, NR 

IQA) [134, 142, 143]: ʤʝʪʦʜʠ, ʚ ʷʢʠʭ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʘʻ ʜʦʩʪʫʧ ʣʠʰʝ ʜʦ 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽ ʧʦʚʠʥʝʥ ʦʮʽʥʶʚʘʪʠ ʡʦʛʦ ʷʢʽʩʪʴ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʟʥʘʥʴ 

ʧʨʦ ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʮʽ ʤʝʪʦʜʠ ʥʝ ʚʠʤʘʛʘʶʪʴ ʥʽʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʝʪʘʣʦʥʫ, ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʜʦʜʘʪʢʘʭ. ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ 

ʪʘʢʠʭ ʛʥʫʯʢʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʻ ʪʦʯʥʽʩʪʴ (ʘʜʝʢʚʘʪʥʽʩʪʴ) ʦʮʽʥʢʠ ʷʢʦʩʪʽ. ʎʷ 

ʢʘʪʝʛʦʨʽʷ ʤʝʪʦʜʽʚ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʽ ʦʜʥʦʯʘʩʥʦ ʥʘʡʙʽʣʴʰ ʥʝʦʙʭʽʜʥʦʶ. ʄʽʨʠ 

(ʤʝʪʦʜʠ ʦʮʽʥʢʠ) ʷʢʦʩʪʽ ʙʝʟ ʝʪʘʣʦʥʫ ʻ ʨʝʣʝʚʘʥʪʥʠʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟ ʢʘʤʝʨʠ, ʪʝʣʝʬʦʥʫ, ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʽ 

ʪ. ʜ.;  

- ʤ̔ ʨʠ ʷʢʦʩʪʽ ʟ ʦʙʤʝʞʝʥʠʤ ʝʪʘʣʦʥʦʤ (reduced-reference, RR IQA) [124]: ʤʝʪʦʜʠ, ʚ 

ʷʢʠʭ ʜʦʩʪʫʧʥʘ ʯʘʩʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʎʷ ʯʘʩʪʢʦʚʘ 

ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʝʪʘʣʦʥʥʦʛʦ (ʽʩʪʠʥʥʦʛʦ) ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʫʧʥʦʶ ʜʣʷ 
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ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʷʢʦʩʪʽ. ʄʽʨʠ ʷʢʦʩʪʽ ʟ ʦʙʤʝʞʝʥʠʤ ʝʪʘʣʦʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʶ 

ʯʘʩʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦʙ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʋ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʥʝʜʦʩʪʫʧʥʦ. ɿʚʘʞʘʶʯʠ 

ʥʘ ʮʝ ʦʙʤʝʞʝʥʥʷ, ʜʦʢʣʘʜʘʶʪʴʩʷ ʚʝʣʠʢʽ ʟʫʩʠʣʣʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (ʩʣʽʧʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ). ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʤʝʪʦʜʽʚ [134, 142, 143]. ɯʥʰʠʡ ʘʩʧʝʢʪ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʫʯʘʩʥʽ ʙʝʟʝʪʘʣʦʥʥʽ ʤʽʨʠ ʷʢʦʩʪʽ (NR IQA) ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [142, 144]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʠʭ ʽ ʥʘʜʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭ 

ʧʦʪʨʽʙʥʦ ʧʨʘʚʠʣʴʥʦ ʥʘʚʯʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ. ʄʽʨʠ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (FR IQA) ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʽ ʥʘʜʽʡʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ (ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʟʽ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ) ʫ ʨʽʟʥʠʭ ʙʘʟʘʭ ʪʝʩʪʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ [131-134], ʪʦʜʽ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʚʯʘʣʴʥʦʶ 

ʚʠʙʽʨʢʦʶ ʟʦʙʨʘʞʝʥʴ ʽ ʦʙʤʝʞʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʙʘʟʘʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [142-144]. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʽʨʠ (ʢʨʠʪʝʨʽʾ) ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ.  

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (ʉʂʇ, mean square error, MSE) ʽ ʧʽʢʦʚʝ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (ʇɺʉʐ, PSNR ï peak signal to noise ratio): 

 

ὓὛὉ В В Ὅ̙ Ὅ̨̒̓,    (1.11) 

 

ὖὛὔὙρπÌÏÇ
̨̒̓

, ʜɹ    (1.12) 

 

ʜʝ ὓ ʽ ὔ ï ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʥʷ. PSNR ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʜʝʮʠʙʝʣʘʭ (ʜɹ).  

ʄʽʨʠ MSE ʽ PSNR ʟʘʣʠʰʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʽ ʧʦʰʠʨʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʯʝʨʝʟ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʢʨʠʪʠʢʫ ʟʘ ʩʝʨʡʦʟʥʽ ʥʝʜʦʣʽʢʠ 

ʧʨʠ ʨʦʙʦʪʽ ʟ ʚʽʟʫʘʣʴʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʽʜʝʦ [145]. ɺ ʙʘʛʘʪʴʦʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʘʥʘʣʽʟʫ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʧʦʢʘʟʘʥʦ, ʱʦ PSNR ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ 

ʢʦʨʝʣʶʻ ʟ ʚʽʟʫʘʣʴʥʦʶ ʷʢʽʩʪʶ ʟʦʙʨʘʞʝʥʴ ʽ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʷʢʦʩʪʽ [131, 146]. 



 

 

63 
 

ʊʦʤʫ ʜʣʷ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʚʘʨʪʦ ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʽʨʠ ʷʢʦʩʪʽ, ʷʢʽ ʪʘʢ ʯʠ ʽʥʘʢʰʝ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʨʠʡʥʷʪʪʷ 

ʣʶʜʠʥʦʶ ʚʽʟʫʘʣʴʥʠʭ ʜʘʥʠʭ.  

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʙʫʣʦ ʜʦʢʣʘʜʝʥʦ ʙʘʛʘʪʦ ʟʫʩʠʣʴ ʚ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʣʶʜʠʥʠ (HVS) [147, 148].  

ʄʽʨʘ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʜʽʙʥʦʩʪʽ 

(SSIM) [147] ʪʘʢʦʞ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʜʦʜʘʪʢʘʭ. ʇʨʠ ʦʮʽʥʮʽ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʽʨʫ SSIM ʣʦʢʘʣʴʥʦ ʜʣʷ ʙʣʦʢʽʚ ʟʦʙʨʘʞʝʥʴ. ʄʽʨʘ 

SSIM ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ὛὛὍὓὼȟώ ,    (1.13) 

 

ʜʝ ὼ ï ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ώ ï ʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ (ʚʠʢʨʠʚʣʝʥʝ) ʟʦʙʨʘʞʝʥʥʷ; 

‘ ʽ ‘ ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʙʣʦʢʽʚ ʝʪʘʣʦʥʥʦʛʦ ʽ ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ, 

ʚʽʜʧʦʚʽʜʥʦ; 

„  ʽ „  ï ʜʠʩʧʝʨʩʽʾ ʙʣʦʢʽʚ ʝʪʘʣʦʥʥʦʛʦ ʽ ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ; 

„  ï ʢʦʚʘʨʽʘʮʽʷ ʙʣʦʢʽʚ ʝʪʘʣʦʥʥʦʛʦ ʽ ʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʴ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʛʘʣʴʥʫ ʘʙʦ ʽʥʪʝʛʨʘʣʴʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ, ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʽʨʠ SSIM.  

ɯʥʰʦʶ ʧʦʰʠʨʝʥʦʶ ʤʽʨʦʶ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʽʩʪʴ ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ ʻ PSNR-HVS-M [148]. PSNR-HVS-M 

ʷʚʣʷʻ ʩʦʙʦʶ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʚʘʨʽʘʥʪ PSNR, ʧʨʠʟʥʘʯʝʥʠʡ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʪʘʢʽ ʝʬʝʢʪʠ 

ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ ʷʢ ʬʫʥʢʮʽʷ ʯʫʪʣʠʚʦʩʪʽ ʢʦʥʪʨʘʩʪʫ (ʌʏʂ), ʝʬʝʢʪ ʤʘʩʢʫʚʘʥʥʷ ʽ 

ʙʽʣʴʰ ʥʠʟʴʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʴ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ [148]. 

PSNR-HVS-M ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ὖὛὔὙὌὠὛὓ ρπὰέὫὒ ὓὛὉϳ , ʜɹ   (1.14) 
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ὓὛὉ В В ὓὛὉ ὭȟὮ Ὅ χ ὐ χϳ ,  (1.15) 

 

ʜʝ ὓὛὉ ὭȟὮ ï ʮʝ ʣʦʢʘʣʴʥʘ ʦʮʽʥʢʘ MSE, ʦʙʯʠʩʣʝʥʘ ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ɼʂʇ ʦʙʣʘʩʪʽ ʜʣʷ 

ʙʣʦʢʫ ʨʦʟʤʽʨʦʤ 8ʭ8 ʟ ʣʽʚʠʤ ʚʝʨʭʥʽʤ ʢʫʪʦʤ ʫ ὭὮ-ʤʫ ʧʽʢʩʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ (ʜʦ ʣʦʢʘʣʴʥʦʾ ʦʮʽʥʢʠ MSE ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʌʏʂ ʚ ʷʢʦʩʪʽ 

ʚʘʛʦʚʦʾ ʬʫʥʢʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʠ ʢʦʥʪʨʘʩʪʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʟʽ ʟʤʽʥʦʶ ʯʘʩʪʦʪʥʦʾ 

ʩʢʣʘʜʦʚʦʾ); 

Ὅ, ὐ ï ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ;  

ὒ ï ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʟʦʙʨʘʞʝʥʥʷ (ʫ ʚʠʧʘʜʢʫ 8 ʙʽʪ/ʧʽʢʩʝʣʴ ὒ ςυυ).  

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʙʽʣʴʰ ʰʚʠʜʢʽ ʤʦʜʠʬʽʢʘʮʽʾ PSNR-HVS-M, ʜʝ ʙʣʦʢʠ ʥʝ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʷʢ ʫ (1.15) [148].  

ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ὓὛὉ ὭȟὮ. ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʽʣʴʰ ʚʠʜʠʤʠʤ 

ʩʧʦʪʚʦʨʝʥʥʷʤ. ɿʥʘʯʝʥʥʷ ὓὛὉ ὭȟὮ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʝ, ʥʽʞ „  (ʟʘʟʚʠʯʘʡ ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʪʝʢʩʪʫʨʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʟʽ ʟʥʘʯʥʠʤ ʤʘʩʢʫʶʯʠʤ ʝʬʝʢʪʦʤ) ʽ 

ʙʽʣʴʰʝ, ʥʽʞ „  (ʮʝ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʜʣʷ ʦʢʦʣʠʮʽ ʟʥʘʯʝʥʴ ɼʂʇ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʽʣʷ ʤʝʞ ʽ 

ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʱʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʬʽʣʴʪʨ ʾʭ ʜʫʞʝ ʩʠʣʴʥʦ ʟʛʣʘʜʞʫʻ).  

ʑʝ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʝʪʘʣʦʥʫ ʻ ʽʥʜʝʢʩ ʧʦʜʽʙʥʦʩʪʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ (feature similarity index, FSIM) 

[149], ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʬʘʢʪʽ, ʱʦ ʟʦʨʦʚʘ ʩʠʩʪʝʤʘ ʣʶʜʠʥʠ ʩʧʨʠʡʤʘʻ ʟʦʙʨʘʞʝʥʥʷ, 

ʥʘʩʘʤʧʝʨʝʜ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ (features). ʋ ʤʽʨʽ FSIM 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʦʟʥʘʢʠ ï ʟʙʽʛ ʬʘʟ (phase congruency, PC) ʽ ʚʝʣʠʯʠʥʘ ʛʨʘʜʽʻʥʪʘ 

ʟʦʙʨʘʞʝʥʥʷ (gradient magnitude, GM). ɿʙʽʛ ʬʘʟ (PC) ʷʚʣʷʻ ʩʦʙʦʶ ʙʝʟʨʦʟʤʽʨʥʫ ʤʽʨʫ 

ʚʘʞʣʠʚʦʩʪʽ ʘʙʦ ʟʥʘʯʫʱʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʦʙʨʘʞʝʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʟʙʽʛ 

ʬʘʟ ʻ ʽʥʚʘʨʽʘʥʪʥʠʤ ʜʦ ʢʦʥʪʨʘʩʪʫ, ʘ ʽʥʬʦʨʤʘʮʽʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʩʧʨʠʡʥʷʪʪʷ 

ʟʦʨʦʚʦʶ ʩʠʩʪʝʤʦʶ ʣʶʜʠʥʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʝʣʠʯʠʥʘ ʛʨʘʜʽʻʥʪʘ ʟʦʙʨʘʞʝʥʥʷ (GM) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʜʨʫʛʦʾ ʦʟʥʘʢʠ ʚ FSIM. PC ʽ GM ʚʽʜʽʛʨʘʶʪʴ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʫ ʨʦʣʴ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʣʦʢʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ʇʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʢʘʨʪʠ ʷʢʦʩʪʽ ʟʥʦʚʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʙʽʛ ʬʘʟ PC ʚ ʷʢʦʩʪʽ ʚʘʛʦʚʦʾ 

ʬʫʥʢʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʻʜʠʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ. ɽʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʽ ʥʘ ʨʽʟʥʠʭ 
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ʪʝʩʪʦʚʠʭ ʙʘʟʘʭ ʟʦʙʨʘʞʝʥʴ IQA, ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ FSIM ʤʘʻ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʟ 

ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ [149]. 

ʉʝʨʝʜ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ 

ʪʘʢʦʞ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʤʽʨʠ VSI (visual saliency-based index) [150] ʽ ʥʝʱʦʜʘʚʥʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ HaarPSI (Haar wavelet-based perceptual similarity index) [151]. ʄʽʨʘ VSI 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʘʨʪʘ ʚʽʟʫʘʣʴʥʦʾ ʟʥʘʯʫʱʦʩʪʽ ʘʙʦ ʪʘʢ ʟʚʘʥʘ ʢʘʨʪʘ 

ʚʽʟʫʘʣʴʥʦʾ ʩʘʣʽʻʥʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ (visual saliency map) ʤʘʻ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʟʽ 

ʩʧʨʠʡʥʷʪʪʷʤ ʣʶʜʠʥʠ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʽʟʫʘʣʴʥʘ ʩʘʣʽʻʥʪʥʽʩʪʴ (VS) ʰʠʨʦʢʦ ʚʠʚʯʘʣʘʩʷ 

ʧʩʠʭʦʣʦʛʘʤʠ ʽ ʥʝʡʨʦʙʽʦʣʦʛʘʤʠ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ, ʱʦʙ ʜʦʩʣʽʜʠʪʠ, ʷʢʽ 

ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʚʝʨʪʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʫʚʘʛʫ ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ. 

ɯʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ VS ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʦʮʽʥʶʚʘʥʥʷʤ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ (IQA) 

ʚ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʚʠʢʨʠʚʣʝʥʴ ʤʦʞʫʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʧʣʠʚʘʪʠ ʥʘ ʢʘʨʪʫ VS 

ʟʦʙʨʘʞʝʥʥʷ [150]. ʋ ʤʽʨʽ VSI ʢʘʨʪʘ ʚʽʟʫʘʣʴʥʦʾ ʩʘʣʽʻʥʪʥʦʩʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʜʚʘ ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ VS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʣʦʢʘʣʴʥʦʾ ʢʘʨʪʠ 

ʷʢʦʩʪʽ ʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʻʜʠʥʦʛʦ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʢʘʨʪʘ VS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʚʘʛʦʚʦʾ ʬʫʥʢʮʽʾ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʞʣʠʚʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ [150]. ʄʽʨʘ HaarPSI ʻ 

ʥʦʚʦʶ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʥʝʩʢʣʘʜʥʦʶ ʤʽʨʦʶ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʘʨʘ ʧʽʩʣʷ ʪʨʝʪʴʦʛʦ 

ʨʽʚʥʷ ʨʦʟʢʣʘʜʘʥʥʷ [151]. HaarPSI ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʪʨʠʤʘʥʽ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʣʦʢʘʣʴʥʽ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʫ 

ʚʘʞʣʠʚʽʩʪʴ ʦʙʣʘʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ.  

ʆʢʨʝʤʦ ʚʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʮʽʥʮʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ 

ʧʨʠʜʫʰʝʥʥʷ ʩʧʝʢʣ-ʰʫʤʫ ʥʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʉʝʨʝʜ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ: 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʛʣʷʜʽʚ (equivalent number of looks, ENL) [152], ʽʥʜʝʢʩ 

ʟʙʝʨʝʞʝʥʥʷ ʤʝʞ (edge-preservation index, EPI) [153] ʽ ʙʝʟʜʦʧʦʤʽʞʥʘ ʤʽʨʘ ʷʢʦʩʪʽ ʟʘ 

ʜʝʩʢʨʠʧʪʦʨʘʤʠ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʝʪʘʣʦʥʥʦʛʦ (unassisted 

measure of quality, UM) [154]. ʈʘʟʦʤ ʟ ʦʧʠʩʘʥʠʤʠ ʚʠʱʝ ʤʽʨʘʤʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʚʦʥʠ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ɼɿɿ [113].  
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ʄʽʨʘ UM ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 

ʽʜʝʘʣʴʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (ratio image) ̔  ʡʦʛʦ 

ʟʘʣʠʰʢʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʟʤʽʩʪʫ. ɿʥʘʯʝʥʥʷ ʮʽʻʾ ʤʽʨʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ [154]. 

ɯʥʜʝʢʩ ʟʙʝʨʝʞʝʥʥʷ ʤʝʞ (EPI) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [153]: 

 

ὉὖὍ
В ȟ ȟ

В ȟ ȟ
,      (1.16) 

 

ʜʝ ὼȟ, ὼȟ, ὼȟ, ὼȟ ï ʮʝ ʟʥʘʯʝʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʴ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʣʽʥʽʷʭ ʰʠʨʠʥʦʶ ʚ ʦʜʠʥ ʧʽʢʩʝʣʴ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʤʝʞʽ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ. ɹʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʱʽʡ ʟʜʘʪʥʦʩʪʽ ʬʽʣʴʪʨʘ ʟʙʝʨʽʛʘʪʠ ʤʝʞʽ. 

ʂʨʽʤ ʪʦʛʦ ʤʦʞʥʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʽʥʜʝʢʩ ʢʦʨʝʣʷʮʽʾ ʟʥʘʯʝʥʴ ʮʠʭ ʧʽʢʩʝʣʽʚ [155]. 

ʆʩʢʽʣʴʢʠ ʫ ʧʨʘʢʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ ʝʪʘʣʦʥʥʝ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʥʝ 

ʩʧʦʪʚʦʨʝʥʝ ʩʧʝʢʣ-ʰʫʤʦʤ) ʥʝʜʦʩʪʫʧʥʝ, ʥʝʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʘʥʽʰʝ 

ʤʽʨʠ ʷʢʦʩʪʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ. ʊʦʤʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʠʡ ʟʘʛʘʣʴʥʠʡ 

ʧʽʜʭʽʜ ʷʢ ʦʮʽʥʢʘ ʩʪʫʧʝʥʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʚ ʦʜʥʦʨʽʜʥʽʡ ʦʙʣʘʩʪʽ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʛʣʷʜʽʚ (ENL) [152]: 

 

ὉὔὒὍ ,      (1.17) 

 

ʜʝ ‘  ̔„ ï ʮʝ ʩʝʨʝʜʥʻ ʪʘ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʛʣʷʥʫʪʦʾ ʦʙʣʘʩʪʽ ʟʦʙʨʘʞʝʥʥʷ; 

Ὁὔὒ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʧʦʛʣʷʜʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝʢʦʛʝʨʝʥʪʥʦ 

ʫʩʝʨʝʜʥʝʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʟ ʧʨʠʜʫʰʝʥʠʤ ʩʧʝʢʣ-

ʰʫʤʦʤ) ʚ ʽʜʝʘʣʴʥʦ ʦʜʥʦʨʽʜʥʠʭ ʦʙʣʘʩʪʷʭ. 

ʄʽʨʘ ENL ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ ʩʧʝʢʣ-ʰʫʤʫ [154]. ʏʠʤ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ENL, ʪʠʤ ʢʨʘʱʝ ʧʨʠʜʫʰʝʥʥʷ ʩʧʝʢʣ-

ʰʫʤʫ. ɺ ʦʜʥʦʨʽʜʥʽʡ ʦʙʣʘʩʪʽ ʪʘʢʦʞ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʙʝʨʝʞʝʥʥʷ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʧʦʨʽʚʥʶʶʯʠ ʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʫ ʚʠʭʽʜʥʦʤʫ ʽ 
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ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʷʭ. ʉʢʣʘʜʥʽʩʪʴ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʤʽʨʠ ENL ʧʦʣʷʛʘʻ ʫ 

ʚʤʽʥʥʽ ʟʥʘʭʦʜʠʪʠ ʟʥʘʯʥʫ ʦʜʥʦʨʽʜʥʫ ʦʙʣʘʩʪʴ ʚʩʝʨʝʜʠʥʽ ʦʮʽʥʶʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɼʦ 

ʪʦʛʦ ʞ, ʜʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ENL ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʩʠʣʴʥʦ ʧʦʛʽʨʰʫʻ ʜʝʪʘʣʽ ʽ ʥʘʜʘʻ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʶ ʥʝʙʘʞʘʥʠʡ ʨʦʟʤʠʪʠʡ ʚʠʛʣʷʜ [154, 155]. ɿʦʢʨʝʤʘ, ὉὔὒЊ ʦʪʨʠʤʫʶʪʴ ʫ 

ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʨʽʜʥʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʜʠʩʧʝʨʩʽʷ ʚʠʙʽʨʢʠ ʻ ʥʫʣʴʦʚʦʶ. ʆʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʽʚ ʪʽʣʴʢʠ ʚ ʦʙʣʘʩʪʷʭ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʪʝʢʩʪʫʨ ʽ ʽʥʰʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʦʙôʻʢʪʽʚ (ʤʝʞ) ʦʙʦʚôʷʟʢʦʚʦ ʧʨʠʟʚʝʜʝ ʜʦ ʦʤʘʥʣʠʚʠʭ ʽ ʧʦʤʠʣʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʷʢ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ, 

ʪʘʢ ʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ, ʜʘʣʽ ʚ ʨʦʙʦʪʽ ʙʫʜʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠʩʷ ʤʽʨʠ ʷʢʦʩʪʽ, ʷʢʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʢʦʨʝʣʷʮʽʶ ʟʽ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʠʭ ʙʘʟ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ.  

 

1.7 ɺʠʩʥʦʚʢʠ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɺʨʘʭʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ɼɿɿ, ʘ ʪʘʢʦʞ ʟʨʦʩʪʘʶʯʫ 

ʢʽʣʴʢʽʩʪʴ ʩʝʨʚʽʩʽʚ ʽ ʦʥʣʘʡʥ ʧʦʨʪʘʣʽʚ ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʜʣʷ ʨʽʟʥʠʭ 

ʜʦʜʘʪʢʽʚ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ ʧʦʪʨʝʙʘ ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʢʽʥʮʝʚʠʭ ʟʘʜʘʯ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʩʧʦʞʠʚʘʯʽʚ. 

ʐʫʤ, ʱʦ ʧʨʠʩʫʪʥʽʡ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ ʻ ʦʜʥʠʤ ʟ ʧʨʝʚʘʣʶʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ 

ʧʦʛʽʨʰʫʶʪʴ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ ʦʙʨʦʙʢʠ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʰʫʤʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ, ʷʢʦʶ ʯʘʩʪʦ ʥʝʭʪʫʶʪʴ ʽ ʚʟʘʛʘʣʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ, ʻ ʥʘʷʚʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʨʝʣʷʮʽʾ. ʊʦʤʫ, ʦʜʥʠʤʠ ʟ ʚʘʞʣʠʚʠʭ ʤʝʪʦʜʽʚ 

ʩʝʨʚʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʻ ʧʨʠʜʫʰʝʥʥʷ (ʬʽʣʴʪʨʘʮʽʷ) ʰʫʤʫ ʽ ʦʮʽʥʢʘ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʪʘ ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɯʥʰʠʡ ʘʩʧʝʢʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝ ʫ ʚʩʽʭ 

ʩʠʪʫʘʮʽʷʭ ʚʘʨʪʦ (ʜʦʮʽʣʴʥʦ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ, ʦʩʢʽʣʴʢʠ ʥʝʛʘʪʠʚʥʽ ʝʬʝʢʪʠ 

ʚʽʜ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʞʫʪʴ ʥʝ ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʢʽʥʮʝʚʠʭ ʟʘʜʘʯ 

ʦʙʨʦʙʢʠ. ʆʪʞʝ, ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠʩʫʪʥʽʭ ʟʘʚʘʜ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʽʣʴʪʨʘʮʽʾ. ʇʨʦ ʪʘʢʽ ʩʠʪʫʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʟʘʟʜʘʣʝʛʽʜʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, 
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ʦʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

- ʨʦʟʨʦʙʠʪʠ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʦʚʘʥʠʡ ʤʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʶʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽ ʜʽʣʷʥʢʠ 

ʟʦʙʨʘʞʝʥʴ, ʪʘʢʽ ʷʢ ʤʝʞʽ, ʪʝʢʩʪʫʨʠ, ʤʘʣʦʨʦʟʤʽʨʥʽ ʦʙôʻʢʪʠ; 

- ʨʦʟʨʦʙʠʪʠ ʰʚʠʜʢʠʡ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ;  

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʘʙʦ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ɼɿɿ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʡʤʘʪʠ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ; 

- ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʜʫʰʝʥʥʷ ʧʨʠʩʫʪʥʴʦʛʦ ʥʘ ʥʠʭ ʰʫʤʫ. 
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ʈʆɿɼɯʃ 2 

ɸʅɸʃɯɿ ɽʌɽʂʊʀɺʅʆʉʊɯ ɯ ɼʆʎɯʃʔʅʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʌɯʃʔʊʈɸʎɯɰ 

ɿʆɹʈɸɾɽʅʔ 

 

ʋ ʨʦʟʜʽʣʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʚʦʨʝʥʦʾ ʙʘʟʠ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʦʪʨʠʤʘʥʠʭ 

ʫʩʝʨʝʜʥʝʥʠʭ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʷʢʦʩʪʽ. ʊʘʢʦʞ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʽ ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʩ̔ʥʫʶʯʽ ʤʽʨʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʚ ʢʦʥʪʝʢʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʦʮʽʥʶʻʪʴʩʷ ʩʪʫʧʽʥʴ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʨ ʷʢʦʩʪʽ ʟ 

ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʩʪʚʦʨʝʥʦʾ ʙʘʟʠ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ). ɼʦ ʪʦʛʦ ʞ, ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʩʠʪʫʘʮʽʾ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʥʘ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ, ʢʦʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʥʝʙʘʞʘʥʠʤ ʽ ʚʥʦʩʠʪʠ ʜʦʜʘʪʢʦʚʽ ʩʧʦʪʚʦʨʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʨʦʙʦʪʽ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘ ʦʩʥʦʚʽ 

ɼʂʇ ʽ ʘʜʘʧʪʠʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ.  

 

2.1 ɸʥʘʣʽʟ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ, ʬʽʣʴʪʨʘʮʽʷ ʤʦʞʝ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʫ ʘʙʦ ʥʘʙʦʨʫ ʬʽʣʴʪʨʽʚ ʯʘʩʪʦ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʥʝʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ [70, 75]. ʎʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʦʜʥʽʻʶ ʘʙʦ 

ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʯʠʥʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʥʘʩʪʫʧʥʽ: 

- ʬʽʣʴʪʨ ʚʥʦʩʠʪʴ ʥʝʙʘʞʘʥʝ ʥʘʜʤʽʨʥʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʘʙʦ ʘʨʪʝʬʘʢʪʠ; 

- ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʬʽʣʴʪʨʘʮʽʾ ʥʝʟʥʘʯʥʠʡ ʘʙʦ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʙʽʣʴʰʝ, ʥʽʞ 

ʧʦʟʠʪʠʚʥʠʭ (ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʛʣʷʜʘʻ ʥʝʧʨʠʨʦʜʥʴʦ); 

- ʝʢʩʧʝʨʪ (ʬʘʭʽʚʝʮʴ), ʷʢʠʡ ʟʘʣʫʯʝʥʠʡ ʜʦ ʜʝʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʟʚʠʢ 

ʧʨʘʮʶʚʘʪʠ (ʚʽʟʫʘʣʴʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ) ʟ ʧʝʨʚʠʥʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ 

(ʩʧʦʪʚʦʨʝʥʠʤʠ ʰʫʤʦʤ) ʽ ʥʝ ʟʚʠʢ ʘʥʘʣʽʟʫʚʘʪʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʪʢʦʚʽ ʘʨʪʝʬʘʢʪʠ; 

- ʬʽʣʴʪʨʘʮʽʷ ʟʘʡʤʘʻ ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʯʘʩʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʦʙʨʦʙʣʝʥʽ ʟʦʙʨʘʞʝʥʥʷ 
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(ʟʦʙʨʘʞʝʥʥʷ ʢʨʘʱʦʾ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʟ ʛʘʨʘʥʪʦʚʘʥʠʤ ʧʦʟʠʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ); 

- ʬʽʣʴʪʨʘʮʽʶ ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʘʚʪʦʤʘʪʠʯʥʦ, ʪʦʙʪʦ ʙʝʟ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʧʽʜʙʦʨʫ ʥʘʣʝʞʥʦʛʦ ʬʽʣʴʪʨʘ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʪʦʱʦ. 

ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʦʢʨʝʤʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʽ ʾʾ ʚʧʣʠʚ ʥʘ 

ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ [31, 33] 

ʘʙʦ ʪʘʢ ʟʚʘʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ (ʥʘʷʚʥʦʩʪʽ ʩʢʣʘʜʥʦʾ ʪʝʢʩʪʫʨʠ ʪʦʱʦ).  

ʊʦʤʫ ʥʘ ʧʝʨʝʜʥʽʡ ʧʣʘʥ ʧʦʩʪʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʩʘʤʝ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ 

ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʩʝʨʝʜ ʷʢʠʭ ʪʝʢʩʪʫʨʠ, ʤʝʞʽ, ʤʘʣʦʨʦʟʤʽʨʥʽ ʦʙôʻʢʪʠ [75]. ɺ ʩʚʦʶ ʯʝʨʛʫ 

ʟʙʝʨʝʞʝʥʥʷ ʪʝʢʩʪʫʨʥʠʭ ʦʟʥʘʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʨʦʙʢʠ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ. ʇʽʜ ʪʝʢʩʪʫʨʥʦʶ ʜʽʣʷʥʢʦʶ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʫʤʽʶʪʴ ʜʝʷʢʫ ʦʙʣʘʩʪʴ 

ʢʦʤʧʘʢʪʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʽʢʩʝʣʽʚ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʘ ʰʫʤʦʧʦʜʽʙʥʘ ʧʦʚʝʜʽʥʢʘ ʟ 

ʜʦʩʠʪʴ ʧʦʤʽʪʥʦʶ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʘʙʦ ʨʝʛʫʣʷʨʥʽʩʪʴ ʧʦʷʚʠ ʝʣʝʤʝʥʪʽʚ 

ʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʤʝʥʰʠʡ ʨʽʚʝʥʴ ʚʽʜʤʽʥʥʦʩʪʝʡ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʻʾ ʜʽʣʷʥʢʠ ʪʝʢʩʪʫʨʠ, ʥʽʞ ʢʦʥʪʨʘʩʪ ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʦʙôʻʢʪʽʚ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʬʦʥʫ. ʇʨʠʢʣʘʜʦʤ ʪʝʢʩʪʫʨʥʠʭ ʜʽʣʷʥʦʢ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ɼɿɿ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʢʫʧʯʝʥʥʷ ʙʫʜʠʥʢʽʚ, ʣʽʩʦʚʘ ʩʤʫʛʘ ʽ ʽʥʰʝ. ʇʽʜ ʤʘʣʦʨʦʟʤʽʨʥʠʤ ʦʙôʻʢʪʦʤ ʧʨʠ 

ʘʥʘʣʽʟʽ ʽ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʨʦʟʫʤʽʶʪʴ ʛʨʫʧʫ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʘʟʚʠʯʘʡ 

ʦʜʥʘʢʦʚʠʤ ʢʦʥʪʨʘʩʪʦʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʬʦʥʫ. ʑʝ ʦʜʥʽʻʶ ʦʟʥʘʢʦʶ 

ʤʘʣʦʨʦʟʤʽʨʥʦʛʦ ʦʙôʻʢʪʘ ʻ ʪʝ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʡʦʤʫ ʥʘʣʝʞʘʪʴ, ʥʝʚʝʣʠʢʘ ï 

ʧʦʨʷʜʢʫ ʦʜʠʥʠʮʴ (ʜʦ 10-15).  

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʚʠʧʘʜʢʦʤ ʻ ʥʘʷʚʥʽʩʪʴ 

ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʦʙʣʘʩʪʝʡ ʟ ʥʠʟʴʢʦʶ ʢʦʥʪʨʘʩʪʥʽʩʪʶ ʽ ʰʫʤʦʧʦʜʽʙʥʦʶ ʪʝʢʩʪʫʨʦʶ [33]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘʚʽʪʴ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʤʝʪʦʜʽʚ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ 

ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʜʝʪʘʣʝʡ ʽ ʥʘʜʤʽʨʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ. ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ 

ʨʦʙʦʪʘʭ [148, 156], ʰʫʤʦʧʦʜʽʙʥʽ ʪʝʢʩʪʫʨʠ ʤʦʞʫʪʴ ʚʽʟʫʘʣʴʥʦ ʤʘʩʢʫʚʘʪʠ ʰʫʤ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʜʣʷ ʪʘʢʠʭ ʪʝʢʩʪʫʨ ʤʦʞʝ ʥʘʜʘʪʠ ʢʨʘʱʠʡ 

ʚʽʟʫʘʣʴʥʠʡ ʚʠʜ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʟʚʠʯʘʡʥʽ 

ʪʝʢʩʪʫʨʠ ʥʝ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʤʘʩʢʫʚʘʪʠ ʰʫʤ ʯʝʨʝʟ ʟʜʘʪʥʽʩʪʴ ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ 

ʣʶʜʠʥʠ ʧʝʨʝʜʙʘʯʘʪʠ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ ʪʘʢʠʭ ʪʝʢʩʪʫʨ [33]. ʆʪʞʝ ʩʪʘʻ 

ʦʯʝʚʠʜʥʠʤ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ï 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʜʥʦʨʽʜʥʠʭ/ʪʝʢʩʪʫʨʥʠʭ ʜʽʣʷʥʦʢ, ʪʠʧʫ ʽ ʨʽʚʥʷ ʟʘʚʘʜ, ʤʝʪʦʜʘ ʦʙʨʦʙʢʠ 

ʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ, ʫ ʷʢʠʭ ʩʠʪʫʘʮʽʷʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ 

ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʧʨʦʷʩʥʠʪʠ ʾʾ ʚʧʣʠʚ ʥʘ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʽʣʴʢʽʩʥʽ ʢʨʠʪʝʨʽʾ (ʤʽʨʠ 

ʷʢʦʩʪʽ) [124]. ʇʨʦʪʝ, ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʽʨ ʷʢʦʩʪʽ ʩʘʤʝ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʟʘʜʘʯ ʬʽʣʴʪʨʘʮʽʾ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ [33, 131]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦʾ 

ʦʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚʽʜ ʣʶʜʝʡ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ʇʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʘʻ ʜʦʧʦʤʦʛʪʠ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʠʪʘʥʥʷ ï ʯʠ ʻ ʩʝʥʩ ʚʠʢʦʥʫʚʘʪʠ 

ʬʽʣʴʪʨʘʮʽʶ ʟʘʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʤʫ ʨʽʚʥʽ ʰʫʤʫ. 

ɼʣʷ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʙʘʟʘ ʟ 16 ʪʝʩʪʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʽʜʪʽʥʢʘʭ ʩʽʨʦʛʦ. ʇʝʨʰʽ ʚʽʩʽʤ ʟʦʙʨʘʞʝʥʴ (ʽʥʜʝʢʩʠ 1..8) ʚʟʷʪʽ ʟ ʙʘʟʠ 

ʟʦʙʨʘʞʝʥʴ TID2013 [131]. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.1. ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʨʽʟʥʠʡ ʟʤʽʩʪ ʽ ʩʢʣʘʜʥʽʩʪʴ, ʜʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʽʥʜʝʢʩʦʤ 1 (TID-1) ʻ 

ʥʘʡʙʽʣʴʰ ʪʝʢʩʪʫʨʥʠʤ. ɿʦʙʨʘʞʝʥʥʷ ʟ ʽʥʜʝʢʩʘʤʠ 3 (TID-5) ʽ 5 (TID-8) ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ 

ʜʝʪʘʣʝʡ.  

ɯʥʰʘ ʯʘʩʪʠʥʘ ʩʪʚʦʨʝʥʦʾ ʙʘʟʠ ï ʮʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʝʢʩʪʫʨʥʠʤʠ. 

ʉʝʨʝʜ ʥʠʭ ʻ ʚʽʜʦʤʽ ʪʝʩʪʦʚʽ ʟʦʙʨʘʞʝʥʥʷ Baboon ʽ Grass (ʜʠʚ. ʨʠʩ. 2.2), ʘ ʪʘʢʦʞ ʰʽʩʪʴ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʟʷʪʽ ʟ ʙʘʟʠ ʜʘʥʠʭ USC-SIPI [157] ʪʝʢʩʪʫʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʗʢ ʚʠʜʥʦ, 

ʪʝʢʩʪʫʨʠ ʤʘʶʪʴ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʨʽʟʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʯʠ 

ʚʧʣʠʚʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʢʩʪʫʨʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʚ ʩʝʥʩʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʨʘʱʦʾ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ. 

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʰʫʤʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʘʜʠʪʠʚʥʠʡ ʙʽʣʠʡ ʛʘʫʩʽʚʩʴʢʠʡ ʰʫʤ 

(ɸɹɻʐ) ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʽ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ), ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ, ʟʥʘʯʝʥʥʷ ʉʂɺ ʙʫʣʠ ʨʽʚʥʽ 3, 5 (ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʘʡʞʝ 

ʥʝʚʠʜʠʤʦʤʫ ʰʫʤʫ), 10 ʽ 15 (ʰʫʤ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ), 20, 25 ʽ 30 (ʩʠʣʴʥʠʡ ʰʫʤ). 
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ʂʦʞʥʝ ʝʪʘʣʦʥʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʩʧʦʪʚʦʨʝʥʝ ɸɹɻʐ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʰʫʤʫ. ɼʦ ʢʦʞʥʦʛʦ ʟ ʦʪʨʠʤʘʥʠʭ ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʚʘ 

ʚʽʜʦʤʽ ʬʽʣʴʪʨʠ ï ɼʂʇ-ʬʽʣʴʪʨ [84] ̔  BM3D [98]. ɺʠʙʽʨ ʟʘʩʪʦʩʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʙʘʟʫʚʘʚʩʷ 

ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʜʫʤʦʚʘʭ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʘʙʦ ʤʦʞʫʪʴ 

ʦʙʤʝʞʫʚʘʪʠ ʥʘʙʽʨ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ. ɹʘʛʘʪʦ ʬʽʣʴʪʨʽʚ ʟʘʥʘʜʪʦ 

ʧʦʚʽʣʴʥʦ ʧʨʘʮʶʶʪʴ ʽ ʦʙʨʦʙʢʘ ʥʠʤʠ ʟʦʙʨʘʞʝʥʴ ʥʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʧʨʠʩʢʦʨʝʥʘ 

ʘʧʘʨʘʪʥʠʤʠ ʯʠ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ [77]. ɯʥʰʽ ʬʽʣʴʪʨʠ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʥʝʙʘʞʘʥʽ 

ʘʨʪʝʬʘʢʪʠ [75]. ɼʝʷʢʽ ʬʽʣʴʪʨʠ ʜʦʙʨʝ ʩʧʨʘʮʴʦʚʫʶʪʴ ʜʣʷ ʦʜʥʦʛʦ ʥʘʙʦʨʫ ʟʦʙʨʘʞʝʥʴ, ʽ 

ʚʦʜʥʦʯʘʩ ʚʦʥʠ ʥʝ ʩʧʨʘʮʴʦʚʫʶʪʴ ʜʣʷ ʽʥʰʠʭ (ʜʠʚ. ʜʘʥʽ ʜʣʷ ʬʽʣʴʪʨʫ ʥʝʣʦʢʘʣʴʥʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ NLM ʪʘ ʬʽʣʴʪʨʘ LPG-PCA ʫ [70]). ʂʦʤʧʦʥʝʥʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʟʥʘʯʥʦ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʘ, ʥʽʞ ʚʝʢʪʦʨʥʘ (ʪʨʠʚʠʤʽʨʥʘ, 3D) ʚ ʦʙʨʦʙʮʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ [56, 

57]. ʊʘʢʦʞ ʜʣʷ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) 

ʰʫʤʫ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʠ ʘʙʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʽʜʦʤʽ, ʘʙʦ ʧʦʧʝʨʝʜʥʴʦ ʦʮʽʥʝʥʽ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʪʦʯʥʽʩʪʶ. ɼʣʷ ʦʩʪʘʥʥʴʦʛʦ ʚʠʧʘʜʢʫ ʽʩʥʫʶʪʴ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʰʫʤʫ [18, 24] 

ʽ ʩʣʽʧʦʾ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʫ [19, 20, 23]. ɸʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʪʠʧ ʰʫʤʫ 

ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʥʘʙʽʨ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʧʨʘʢʪʠʯʥʦʾ 

ʩʠʪʫʘʮʽʾ. ʆʪʞʝ, ʚʠʙʽʨ ʬʽʣʴʪʨʫ ɼʂʇ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʽʥ ʤʘʻ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʽ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʧʦʨʽʚʥʷʥʘ ʟ ʧʦʧʫʣʷʨʥʠʤʠ ʥʝʣʦʢʘʣʴʥʠʤʠ 

ʬʽʣʴʪʨʘʤʠ [70, 84, 158]. ɺʠʙʽʨ ʬʽʣʴʪʨʫ BM3D ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʮʝ ʦʜʠʥ ʟ ʥʘʡʢʨʘʱʠʭ 

ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝʣʦʢʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʬʽʣʴʪʨʘʮʽʾ [98].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʟʘʛʘʣʦʤ 112 ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ ʽ 224 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʜʚʦʤʘ ʬʽʣʴʪʨʘʤʠ ʟʦʙʨʘʞʝʥʴ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʦʪʨʠʤʘʥʥʷ 

ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʙʽʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʧʦʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ 

ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ ʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʣʷʛʘʚ ʫ 

ʥʘʩʪʫʧʥʦʤʫ. ʂʦʞʥʦʤʫ ʫʯʘʩʥʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʚʘ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʤʦʥʽʪʦʨʽ ʢʦʤʧôʶʪʝʨʘ ï ʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ ʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ (ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.3). ʋʯʘʩʥʠʢʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʙʨʘʪʠ ʪʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʤʘʻ ʢʨʘʱʫ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ. ɿʦʙʨʘʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʚʘʣʠʩʷ ʥʘ 

ʤʦʥʽʪʦʨʘʭ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʠ ʭʦʨʦʰʠʭ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʥʷ ʽ ʥʘ ʚʽʜʩʪʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ 
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ʚʽʜ ʤʦʥʽʪʦʨʘ, ʟʨʫʯʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʥʥʷ. ʋʩʽ ʢʦʨʠʩʪʫʚʘʯʽ ʙʫʣʠ ʟʘʟʜʘʣʝʛʽʜʴ 

ʧʨʦʽʥʩʪʨʫʢʪʦʚʘʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪ ʪʨʠʚʘʚ ʥʝ ʙʽʣʴʰʝ 20 ʭʚʠʣʠʥ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯ ʥʝ 

ʚʪʦʤʠʚʩʷ. ʇʘʨʠ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟôʷʚʣʷʣʠʩʷ ʫ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʨʷʜʢʫ. ɺʠʢʦʥʫʚʘʚʩʷ 

ʪʘʢʦʞ ʢʦʥʪʨʦʣʴ ʚʽʜʩʦʪʢʘ ʧʨʦʚʝʜʝʥʠʭ ʧʦʨʽʚʥʷʥʴ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ɯʣʶʩʪʨʘʮʽʷ ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʩʧʦʪʚʦʨʝʥʽ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ 

ʧʦʜʘʥʦ ʣʽʚʦʨʫʯ, ʘ ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ - ʧʨʘʚʦʨʫʯ) ʽ ʧʨʠʢʣʘʜʠ ʧʦʨʽʚʥʷʥʥʷ 

ʟʦʙʨʘʞʝʥʴ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ 

ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʾʭ ʘʛʨʝʛʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, 

ʨʽʚʥʷ ʰʫʤʫ ʽ ʬʽʣʴʪʨʘ (ʚʩʴʦʛʦ 224 ʟʦʙʨʘʞʝʥʥʷ) ʚʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʚʠʟʥʘʯʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ὖ ʪʦʛʦ, ʱʦ ʚ̔ ʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʧʨʠʡʤʘʻʪʴʩʷ ʣʶʜʴʤʠ ʷʢ ʪʘʢʝ, ʱʦ 

ʤʘʻ ʢʨʘʱʫ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ, ʥʽʞ ʚʠʭʽʜʥʝ (ʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ, ʥʝʬʽʣʴʪʨʦʚʘʥʝ) ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʪʴ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʩʪʘʥʦʚʠʪʴ 145. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʫʶʯʽ ʽʤʦʚʽʨʥʦʩʪʽ ὖ ʚʧʦʜʦʙʘʥʥʷ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʰʫʤʫ ʽ ʜʚʦʭ ʬʽʣʴʪʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 

2.4 ʽ 2.5. 



 

 

76 
 

      

ʘ       ʙ 

      

ʚ       ʛ 

      

ʜ       ʝ 

ʈʠʩʫʥʦʢ 2.4 ï ʆʪʨʠʤʘʥʽ ʽʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʉʂɺ ʰʫʤʫ 3 (ʘ), 5 (ʙ), 10 (ʚ), 15 (ʛ), 20 (ʜ), 25 (ʝ) 
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ʈʠʩʫʥʦʢ 2.5 ï ʆʪʨʠʤʘʥʽ ʽʤʦʚʽʨʥʦʩʪʽ ὖ ʜʣʷ ʉʂɺ ʰʫʤʫ 30 

 

ɯʤʦʚʽʨʥʽʩʪʴ ὖ ʙʽʣʴʰʘ ʟʘ 0,5 ʦʟʥʘʯʘʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʻ, ʡʤʦʚʽʨʥʽʰʝ, 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʘʙʦ ʜʦʮʽʣʴʥʠʤ. ɯʤʦʚʽʨʥʽʩʪʴ ὖ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ, ʦʟʥʘʯʘʻ, 

ʱʦ ʚʩʽ ʢʦʨʠʩʪʫʚʘʯʽ ʚʚʘʞʘʶʪʴ ʢʨʘʱʠʤ ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʤʦʞʥʘ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʻ, ʦʯʝʚʠʜʥʦ, ʜʦʮʽʣʴʥʠʤ). ɯʤʦʚʽʨʥʽʩʪʴ, ʱʦ 

ʙʣʠʟʴʢʘ ʜʦ 0,5, ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʨʽʟʥʠʮʽ ʚ ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʽ 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ, ʡʤʦʚʽʨʥʽʩʪʴ ʤʝʥʰʝ 0,5 ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʬʽʣʴʪʨʘʮʽʷ ʻ ʚʟʘʛʘʣʽ ʤʘʨʥʦʶ (ʥʝʜʦʮʽʣʴʥʦʶ ʟ ʫʩʽʭ ʪʦʯʦʢ ʟʦʨʫ). 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʜʣʷ ʉʂɺ ʰʫʤʫ 3 (ʜʠʚ. ʨʠʩ. 2.4ʘ) ʧʦʢʘʟʫʻ, ʱʦ 

ʽʤʦʚʽʨʥʦʩʪʽ ὖ ʥʝ ʜʫʞʝ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 0,5 ʽ ʙʽʣʴʰ ʪʦʛʦ, ʜʣʷ ʪʝʢʩʪʫʨʥʠʭ 

ʟʦʙʨʘʞʝʥʴ (ʢʨʽʤ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ Grass) ʽʤʦʚʽʨʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʤʝʥʰʝ 0,5. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʧʽʜʩʪʘʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ ʬʽʣʴʪʨʘʮʽʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʙʦʭ ʬʽʣʴʪʨʽʚ ʜʫʞʝ ʩʭʦʞʽ. ʋ ʚʠʧʘʜʢʫ ʉʂɺ ʰʫʤʫ, ʱʦ ʜʦʨʽʚʥʶʻ 5, 

ʩʠʪʫʘʮʽʷ ʜʝʱʦ ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 2.4ʙ). ɭ ʩʝʥʩ ʬʽʣʴʪʨʫʚʘʪʠ ʜʝʷʢʽ ʟʦʙʨʘʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ 

ʜʦʩʠʪʴ ʧʨʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.1. ʊʠʤ ʯʘʩʦʤ, ʥʝʤʘʻ ʩʝʥʩʫ ʜʣʷ 

ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʫ ʥʘ ʪʝʢʩʪʫʨʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʥʦʤʝʨʘʤʠ 11 (USC-SIPI-1) ʽ 13 (USC-

SIPI-3). ʄʘʡʞʝ ʜʣʷ ʚʩʽʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʽʤʦʚʽʨʥʽʩʪʴ ʜʣʷ ʬʽʣʴʪʨʘ BM3D ʪʨʦʭʠ 

ʙʽʣʴʰʝ, ʘʣʝ ʥʝ ʥʘʙʘʛʘʪʦ.  

ʅʘ ʨʠʩ. 2.6 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ, ʢʦʣʠ ʜʫʞʝ ʚʘʞʢʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʯʠ ʚʘʨʪʦ 
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ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʯʠ ʥʽ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʉʂɺ ʰʫʤʫ 5 ʽ ʮʝʡ ʰʫʤ 

ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʤʘʩʢʫʻʪʴʩʷ ʪʝʢʩʪʫʨʦʶ (ʜʠʚ. ʨʠʩ. 2.6ʘ). ɺʽʜʬʽʣʴʪʨʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʨʠʩ. 2.6ʙ ʽ 2.6ʚ ) ʚʠʛʣʷʜʘʶʪʴ ʜʫʞʝ ʩʭʦʞʠʤʠ ʥʘ ʚʠʭʽʜʥʝ, ʱʦ ʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ. 

ɿʥʘʯʝʥʥʷ ʤʽʨʠ PSNR ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʙʽʣʴʰʠʣʦʩʷ ʥʘ 0,3 

ʜɹ ʽ 0,4 ʜɹ ʚʽʜʧʦʚʽʜʥʦ. ɿʥʘʯʝʥʥʷ ʤʽʨʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ PSNR-HVS-M (ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʜɹ) ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʟʦʙʨʘʞʝʥʴ. 

 

     

ʘ     ʙ     ʚ 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʢʣʘʜ ʟʙʽʣʴʰʝʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʟʦʙʨʘʞʝʥʥʷ USC-SIPI-6 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟ ʉʂɺ=5 (ʘ) ʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ɼʂʇ-ʬʽʣʴʪʨʦʤ (ʙ) ʪʘ BM3D (ʚ) 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʰʫʤʫ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʉʂɺ 

„ ρπ ʽ 15 (ʨʠʩ. 2.4ʚ, ʛ). ɼʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʧʨʠ „ ρπ ʻ ʜʝʷʢʽ ʪʝʩʪʦʚʽ ʟʦʙʨʘʞʝʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʧʝʨʰʽ ʯʦʪʠʨʠ 1..4), ʜʣʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʙʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʻ ʦʯʝʚʠʜʥʦʶ. ʊʠʤ ʯʘʩʦʤ, ʟʘʣʠʰʘʶʪʴʩʷ ʪʝʢʩʪʫʨʥʽ ʟʦʙʨʘʞʝʥʥʷ (ʥʦʤʝʨʠ 

11..13), ʜʣʷ ʷʢʠʭ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ. ʇʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʬʽʣʴʪʨʘ BM3D ʜʝʱʦ ʢʨʘʱʽ. ʋ 

ʚʠʧʘʜʢʫ ʉʂɺ ʰʫʤʫ „ ρυ ʦʪʨʠʤʘʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ὖ ʜʣʷ ʬʽʣʴʪʨʘ BM3D ʟʘʚʞʜʠ 

ʙʽʣʴʰʘ, ʥʽʞ ʜʣʷ ɼʂʇ-ʬʽʣʴʪʨʘ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʥʦʤʝʨʘʤʠ 2 ʽ 3, ʱʦ 

ʤʘʶʪʴ ʙʘʛʘʪʦ ʤʝʞ, ʷʢʽ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʟʙʝʨʝʞʝʥʽ BM3D ʬʽʣʴʪʨʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ɼʂʇ-ʬʽʣʴʪʨʦʤ. ɼʦ ʪʝʢʩʪʫʨʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʥʦʤʝʨʠ 11-16) ʚʟʘʛʘʣʽ ʥʝ ʚʘʨʪʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʠ (ʷʢ ɼʂʇ, ʪʘʢ ʽ BM3D). ɺ ʮʽʣʦʤʫ, ʻ ʣʠʰʝ ʚʩʴʦʛʦ ʜʝʢʽʣʴʢʘ 

ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʜʣʷ ʷʢʠʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ɼʂʇ-ʬʽʣʴʪʨ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 
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ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ (ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʦʤʝʨʘʤʠ 1-5 ʽ 8).  

ʄʦʞʥʘ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʢʦʨʠʩʪʴ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʙʫʜʝ ʱʝ ʙʽʣʴʰʦʶ 

ʜʣʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʫ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʮʝ ʥʝ ʪʘʢ (ʜʠʚ. ʜʘʥʽ ʥʘ ʨʠʩ. 2.4ʜ, ʝ ʽ 

ʨʠʩ. 2.5). ʗʢ ʽ ʨʘʥʽʰʝ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʜʣʷ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ 

ʥʦʤʝʨʘʤʠ 1..9 (ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨ BM3D), ʘʣʝ ʜʣʷ ʪʝʢʩʪʫʨʥʠʭ 

ʟʦʙʨʘʞʝʥʴ (ʚʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʟʦʙʨʘʞʝʥʥʷ Grass ʧʨʠ „ ςπ) ʜʦʮʽʣʴʥʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʠ. ʂʨʽʤ ʪʦʛʦ, ʬʽʣʴʪʨ ʥʘ ʦʩʥʦʚʽ ɼʂʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʽʤʦʚʽʨʥʽʩʪʶ ὖ ʤʝʥʰʦʶ ʟʘ 0,5. ʎʝ ʪʦʤʫ, ʱʦ ʮʝʡ ʬʽʣʴʪʨ ʯʘʩʪʢʦʚʦ ʚʠʜʘʣʷʻ ʰʫʤ, ʘʣʝ 

ʦʜʥʦʯʘʩʥʦ ʟʤʘʟʫʻ ʪʝʢʩʪʫʨʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ. ʅʘ ʨʠʩ. 2.7ʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʦʤʝʨʦʤ 4 (ʜʠʚ. TID-7 ʥʘ ʨʠʩ. 

2.1), ʱʦ ʤʽʩʪʠʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʦʜʥʦʨʽʜʥʽ ʦʙʣʘʩʪʽ (ʩʪʽʥʠ), ʘ ʥʘ ʨʠʩ. 2.7ʙ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʜʘʥʽ ʜʣʷ ʪʝʢʩʪʫʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʦʤʝʨʦʤ 14 (ʜʠʚ. USC-SIPI-4 ʥʘ ʨʠʩ. 2.2).  

 

  

ʘ       ʙ 

ʈʠʩʫʥʦʢ 2.7 ï ɿʘʣʝʞʥʦʩʪʽ ʽʤʦʚʽʨʥʦʩʪʽ ʛʦʣʦʩʫʚʘʥʥʷ ʟʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ὖ ʚʽʜ 

ʟʥʘʯʝʥʴ ʉʂɺ ʰʫʤʫ ʜʣʷ ʜʚʦʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʥʦʤʝʨʘʤʠ 4 (ʘ) ʽ 14 (ʙ) 

 

ɿ ʘʥʘʣʽʟʫ ʧʨʠʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʻ ʜʚʽ ʯʘʩʪʠʥʠ ʢʨʠʚʠʭ, ʉʂɺÒ10, ʜʝ ʽʤʦʚʽʨʥʦʩʪʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ ʜʦʩʷʛʘʶʪʴ 
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ʤʘʢʩʠʤʫʤʽʚ, ʽ ʉʂɺÓ15, ʜʝ ʟʘʣʝʞʥʦʩʪʽ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ; 

- ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʛʦʣʦʚʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʷʢʱʦ ʚʭʽʜʥʝ ʟʥʘʯʝʥʥʷ PSNR (ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʤʽʨʠ PSNR ʜʣʷ 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ) ʙʫʜʝ ʧʨʠʙʣʠʟʥʦ 27 ʜɹ; ʦʜʥʘʢ, ʥʘʚʽʪʴ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʘʙʦ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʥʝʟʥʘʯʥʠʤ (ʮʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʣʷ ʪʝʢʩʪʫʨʥʠʭ ʟʦʙʨʘʞʝʥʴ); 

- ʨʽʟʥʠʮʷ ʫ ʚʽʟʫʘʣʴʥʽʡ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʦʙʨʦʙʣʝʥʠʭ ɼʂʇ-ʬʽʣʴʪʨʦʤ ʽ BM3D, ʻ 

ʥʝʟʥʘʯʥʦʶ ʜʣʷ ʉʂɺÒ10, ʘʣʝ ʚʦʥʘ ʩʪʘʻ ʙʽʣʴʰʦʶ ʜʣʷ ʙʽʣʴʰʦʾ ʉʂɺ, ʜʝ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʽʣʴʪʨ BM3D; 

- ʽʤʦʚʽʨʥʽʩʪʴ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ï ʚʽʜ 0,3 ʜʦ 0,9 ʥʘ ʧʨʠʢʣʘʜʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 2.7; ʚʦʜʥʦʯʘʩ, ʚ ʞʦʜʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʽʤʦʚʽʨʥʽʩʪʴ ʥʝ 

ʜʦʩʷʛʘʻ ʥʽ ʦʜʠʥʠʮʽ, ʥʽ ʥʫʣʷ (ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʫʤʢʠ ʣʶʜʝʡ ʟʦʚʩʽʤ ʽʥʰʽ, ʥʘʚʽʪʴ ʷʢʱʦ 

ʟʜʘʻʪʴʩʷ, ʱʦ ʩʠʪʫʘʮʽʶ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʣʠʰʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ); 

ɺʠʥʠʢʘʻ ʦʜʥʝ ʧʠʪʘʥʥʷ: ʯʦʤʫ BM3D ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ 

ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʥʽʞ ɼʂʇ-ʬʽʣʴʪʨ? ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʘʚʜʷʢʠ ʢʨʘʱʦʤʫ ʟʙʝʨʝʞʝʥʥʶ ʤʝʞ ʽ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ 

ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʣʶʜʠʥʠ ʧʽʜ ʯʘʩ ʧʦʨʽʚʥʷʥʴ ʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʰʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ [131]. ʄʽʞ ʪʠʤ, ʯʘʩʪʦ ʙʫʚʘʻ, ʱʦ ʜʣʷ ʪʝʢʩʪʫʨ ʧʦʜʽʙʥʽ ʙʣʦʢʠ, ʧʦʰʫʢ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʬʽʣʴʪʨʽ BM3D, ʥʝ ʟʥʘʡʜʝʥʦ (ʘʙʦ, ʪʦʯʥʽʰʝ, ʟʥʘʡʜʝʥʽ ʙʣʦʢʠ ʥʝ ʜʫʞʝ 

ʩʭʦʞʽ), ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʙʝʨʝʞʝʥʥʷ ʪʝʢʩʪʫʨʠ ʥʝ ʻ ʽʜʝʘʣʴʥʠʤ. ʇʨʠʢʣʘʜ ʬʨʘʛʤʝʥʪʫ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʦʤʝʨʦʤ 14 ʧʨʠ ʉʂɺ ʰʫʤʫ 10 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8, ʢʦʣʠ ʥʝʟʨʦʟʫʤʽʣʦ, 

ʷʢʝ ʟ ʪʨʴʦʭ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 2.8, ʙ-ʛ) ʤʘʻ ʥʘʡʢʨʘʱʫ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ (ʻ ʥʘʡʙʽʣʴʰ 

ʩʭʦʞʠʤ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʰʫʤʫ ʥʘ ʨʠʩ. 2.8ʘ).  

ʆʧʠʩʘʥʽ ʨʘʥʽʰʝ ʚʠʩʥʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʥʘ ʨʠʩ. 

2.9, ʜʝ ʽʤʦʚʽʨʥʦʩʪʽ ὖ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ ʉʂɺ ʰʫʤʫ ʫʩʝʨʝʜʥʶʶʪʴʩʷ ʜʣʷ ʚʩʽʭ 

ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʗʢ ʚʠʜʥʦ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʙʠʜʚʘ ʬʽʣʴʪʨʠ (ʦʩʦʙʣʠʚʦ 

BM3D) ʜʣʷ ʰʫʤʫ ʩʝʨʝʜʥʴʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʉʂɺ=10, 15), ʘʣʝ ʟʘʛʘʣʦʤ ʥʝʤʘʻ ʩʝʥʩʫ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨ ʥʘ ʦʩʥʦʚʽ ɼʂʇ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʫ ʽ ʦʙʠʜʚʘ ʬʽʣʴʪʨʠ, ʷʢʱʦ 

ʰʫʤ ʻ ñʥʝʧʦʤʽʪʥʠʤò (ʪʦʙʪʦ ʧʨʠ ʉʂɺ=3, ʟʥʘʯʝʥʥʷ ʤʽʨʠ PSNR ʜʣʷ ʚʭʽʜʥʦʛʦ 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 38 ʜɹ).  
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ʈʠʩʫʥʦʢ 2.8 ï ɿʙʽʣʴʰʝʥʽ ʬʨʘʛʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʦʤʝʨʦʤ 14 ʙʝʟ ʰʫʤʫ (ʘ), 

ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟ ʉʂɺ=10 (ʙ), ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ɼʂʇ-ʬʽʣʴʪʨʦʤ (ʚ) ʽ BM3D (ʛ) 

 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʣʝʞʥʽʩʪʴ ʫʩʝʨʝʜʥʝʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ὖ ʜʣʷ ʚʩʽʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʽʜ ʉʂɺ ʰʫʤʫ 
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ʆʪʞʝ, ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʧʽʜʣʷʛʘʻ ʦʙʨʦʙʮʽ. ɺʢʨʘʡ ʚʘʞʣʠʚʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʩʧʨʘʚʝʜʣʠʚʽ ʽ ʜʣʷ ʚʠʧʘʜʢʫ ʩʠʛʥʘʣʴʥʦ-

ʟʘʣʝʞʥʦʛʦ ʰʫʤʫ (ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ ʘʙʦ ʩʧʝʢʣ-ʰʫʤ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʥʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ) ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʷʤʦʛʦ ʛʦʤʦʤʦʨʬʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ (ʜʣʷ ʢʦʥʚʝʨʪʘʮʽʾ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ ʰʫʤʫ ʚ ʘʜʠʪʠʚʥʠʡ) [91, 110] ʧʨʠ 

ʘʥʘʣʽʟʽ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ.  

 

2.2 ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʜʣʷ ʦʮʽʥʢʠ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ  

 

ʆʩʢʽʣʴʢʠ ʩʫʙôʻʢʪʠʚʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [124, 131], ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙôʻʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ, ʘ ʩʘʤʝ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʙʦ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ [34, 70, 75]. ɿʥʘʯʝʥʥʷ ʚʠʛʨʘʰʫ ʜʣʷ 

ʟʘʜʘʥʦʾ ʤʽʨʠ ʷʢʦʩʪʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʮʽʻʾ ʤʽʨʠ ʧʽʩʣʷ ʽ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ. ɿʘʟʚʠʯʘʡ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʚʠʛʨʘʰʫ, ʪʠʤ ʢʨʘʱʝ ʚʽʟʫʘʣʴʥʘ ʷʢʽʩʪʴ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʊʦʤʫ ʪʘʢʠʡ 

ʚʠʛʨʘʰ, ʷʢʠʡ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʬʽʣʴʪʨʘʮʽʻʶ, ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʢʦʣʠ 

ʬʽʣʴʪʨʘʮʽʷ ʻ ʜʦʮʽʣʴʥʦʶ ʽ ʾʾ ʚʘʨʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ [70]. ɸʣʝ ʧʝʨʝʜ ʘʥʘʣʽʟʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʽʣʴʪʨʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽ ʯʠ ʽʥʰʽ ʤʽʨ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʚʽʨʠʪʠ ʾʭ ʘʜʝʢʚʘʪʥʽʩʪʴ ʧʨʠ ʨʦʙʦʪʽ ʩʘʤʝ ʟ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʚʽʨʢʘ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʽ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʩʫʙôʻʢʪʠʚʥʠʤʠ 

ʦʮʽʥʢʘʤʠ ʻ ʥʝʦʙʭʽʜʥʦʶ. ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʙʦ ʚʝʨʠʬʽʢʘʮʽʾ ʤʽʨ 

ʷʢʦʩʪʽ ʻ ʙʘʟʘ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [33, 131, 163]. ʇʝʨʝʚʽʨʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʦʮʽʥʶʚʘʥʠʭ ʟʥʘʯʝʥʴ ʤʽʨ ʷʢʦʩʪʽ ʟ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ (MOS) ʜʣʷ ʮʠʭ 

ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʦʨʝʣʷʮʽʾ [131-134]. ɺʠʙʽʨ ʥʘʙʦʨʫ ʪʝʩʪʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʽʨʢʠ. ʊʝʩʪʦʚʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ ʤʘʻ 
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ʚʢʣʶʯʘʪʠ ʨʽʟʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʩʢʣʘʜʥʽʩʪʶ. 

ɺ ʭʦʜʽ ʚʝʨʠʬʽʢʘʮʽʾ ʤʽʨ ʷʢʦʩʪʽ, ʾʭ ʦʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ 

ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ (MOS). ʉʪʫʧʽʥʴ ʧʦʜʽʙʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʟʥʘʯʘʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ, ʪʦʤʫ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʻ 

ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ 

ʷʢʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ: ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ  ʇʽʨʩʦʥʘ 

(LCC), ʢʦʝʬʽʮʽʻʥʪʠ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ (SROCC) ̔  ʂʝʥʜʘʣʘ (KROCC) [159]. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ LCC ̔  ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (ʉʂʇ) ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ 

ʪʦʯʥʽʩʪʴ ʤʽʨ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ. ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʣʽʥʝʘʨʠʟʘʮʽʾ ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʤʽʨ ʫ ʚʠʛʣʷʜ, ʩʧʽʚʤʽʨʥʠʡ ʟ ʦʮʽʥʢʘʤʠ 

MOS [160-162]. ʎʷ ʦʧʝʨʘʮʽʷ ʚʥʦʩʠʪʴ ʧʝʚʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʦʯʥʽʩʪʴ. ʈʘʥʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʥʝ ʚʠʩʫʚʘʶʪʴ ʞʦʜʥʠʭ ʚʠʤʦʛ ʜʦ ʟʥʘʯʝʥʴ ʤʽʨ 

ʷʢʦʩʪʽ ̔  ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɼʣʷ ʥʠʭ ʤʘʻ ʟʥʘʯʝʥʥʷ ʪʽʣʴʢʠ ʧʦʨʷʜʦʢ 

ʚ ʚʽʜʩʦʨʪʦʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʝʣʠʢʫ ʛʥʫʯʢʽʩʪʴ ʟʥʘʯʝʥʥʷ. ʈʘʥʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʽʥʚʘʨʽʘʥʪʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʥʦʪʦʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʰʢʘʣʠ ʚʠʤʽʨʶʚʘʥʥʷ [159, 162].  

ʂʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ (SROCC) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

 

” ρ В Ὑ Ὓ ȟ   (2.1) 

 

ʜʝ Ὑ ʽ Ὓ ʻ ʨʷʜʘʤʠ Ὥ-ʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʚʽʜʩʦʨʪʦʚʘʥʠʭ ʤʘʩʠʚʘʭ ʟʥʘʯʝʥʴ ʤʽʨ ʷʢʦʩʪʽ ʽ 

ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ (MOS); 

ὲ ï ʢʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʽ ʾʭ ʦʮʽʥʦʢ ʚ ʤʘʩʠʚʘʭ ʤʽʨ ʷʢʦʩʪʽ ʽ MOS. 

ʂʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʂʝʥʜʘʣʘ (KROCC) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 

† В В  ȟ,    (2.2)‏

 

ʜʝ ὲ ï ʯʠʩʣʦ ʟʦʙʨʘʞʝʥʴ; 
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 ȟ ï ʨʽʟʥʠʮʷ ʤʽʞ ʯʠʩʣʦʤ ʝʣʝʤʝʥʪʽʚ ʚʽʜʩʦʨʪʦʚʘʥʠʭ ʤʘʩʠʚʽʚ ʤʽʨ ʷʢʦʩʪʽ ʽ MOS, ʷʢʽ‏

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʘʚʠʣʴʥʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʧʦʨʷʜʢʘʭ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʣʝʞʘʪʴ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ [-1, 1] ʚʢʣʶʯʥʦ. ʈʽʚʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʦʜʠʥʠʮʽ ʚʢʘʟʫʻ ʥʘ ʩʫʚʦʨʫ ʧʨʷʤʫ ʟʘʣʝʞʥʽʩʪʴ, ʘ ʨʽʚʥʽʩʪʴ -1 ʥʘ 

ʟʚʦʨʦʪʥʫ. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʜʦʨʽʚʥʶʻ 0, ʪʦ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʜʘʥʠʤʠ ʥʝʤʘʻ. 

ʆʪʞʝ ʚʠʢʦʥʘʻʤʦ ʚʝʨʠʬʽʢʘʮʽʶ (ʧʝʨʝʚʽʨʢʫ) ʽʩʥʫʶʯʠʭ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (FR IQA) ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦʶ ʙʘʟʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽ ʦʪʨʠʤʘʥʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʩʫʙôʻʢʪʠʚʥʽ 

ʦʮʽʥʢʠ ʫ ʮʽʡ ʙʘʟʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ὖ ʪʦʛʦ, ʱʦ ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʤʘʻ ʢʨʘʱʫ ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ, ʥʽʞ ʧʝʨʚʠʥʥʝ ʩʧʦʪʚʦʨʝʥʝ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʨʦʟʛʣʷʥʫʪʦ 46 ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ, ʷʢʽ ʦʙʨʘʥʦ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʦʭʦʧʠʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ.  

 ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʨ ʷʢʦʩʪʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ FR IQA 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ (SROCC). ʂʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ SROCC ʙʫʚ ʦʙʯʠʩʣʝʥʠʡ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʠʛʨʘʰʫ ʜʣʷ ʟʘʜʘʥʦʾ ʤʽʨʠ ʷʢʦʩʪʽ ʽ 

ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʛʦʣʦʩʫʚʘʥʥʷ ʟʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ὖ, ʷʢ ʜʣʷ ɼʂʇ-ʬʽʣʴʪʨʫ, ʪʘʢ ʽ ʜʣʷ BM3D. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʙʦʭ ʬʽʣʴʪʨʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.10. 

 ɹʽʣʴʰʽʩʪʴ ʨʦʟʛʣʷʥʫʪʠʭ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʦʙʨʘʞʝʥʴ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʽʜʪʽʥʢʘʭ ʩʽʨʦʛʦ. ʆʜʥʘʢ, ʻ ʜʝʢʽʣʴʢʘ ʤʽʨ ʷʢʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ 

ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʩʘʤʝ ʤʽʨʠ VSI [150], SFF [164], PSIM [165], MDSI [166], IFS 

[167], UNIQUE [168] ʽ MS-UNIQUE [169]. ɼʣʷ ʮʠʭ ʤʽʨ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʽ RGB-

ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʦʣʴʦʨʦʚʠʭ 

ʢʘʥʘʣʽʚ ʥʘ ʟʥʘʯʝʥʥʷ ʟ ʢʘʥʘʣʫ ʚ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ. 

ɿ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 2.10, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚʩʽ ʨʦʟʛʣʷʥʫʪʽ ʤʽʨʠ 

ʷʢʦʩʪʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʫʙôʻʢʪʠʚʥʠʤ 

ʦʮʽʥʢʘʤ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʊʘʢʦʞ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʚʠʛʨʘʰʫ ʜʣʷ ʤʽʨ ʷʢʦʩʪʽ SSIM4 [170] ʽ ADD-SSIM [171] (ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ I-SSIM4 ʪʘ I-

ADD-SSIM) ʤʘʶʪʴ ʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʨʘʥʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ (SROCC), 

ʥʞ̔ ʙʽʣʴʰʽʩʪʴ ʽʥʰʠʭ ʤʽʨ ʷʢʦʩʪʽ ʜʣʷ ʬʽʣʴʪʨʘ BM3D.  
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ʈʠʩʫʥʦʢ 2.10 ï ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʤʽʨʘʤʠ ʷʢʦʩʪʽ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʝʪʘʣʦʥʫ ʪʘ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ὖ ʜʣʷ ɼʂʇ-ʬʽʣʴʪʨʫ (ʘ) ʽ BM3D (ʙ)  
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ɿʥʘʯʝʥʥʷ ʤʽʨ ʷʢʦʩʪʽ MDSI [166] ʽ UNIQUE [168] (ʧʦʟʥʘʯʝʥʽ ʷʢ I-MDSI ʪʘ I-

UNIQUE) ʻ ʥʘʡʢʨʘʱʠʤʠ ʧʨʠ ʦʮʽʥʮʽ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ɼʂʇ-

ʬʽʣʴʪʨʦʤ. ʉʢʘʪʝʨʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʤʽʨ ʷʢʦʩʪʽ SSIM4 [170], ADD-SSIM [171], 

MDSI [166], UNIQUE [168], FSIM [149] ʽ PSNR-HVS-M [148] ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ὖ ʜʣʷ 

ʦʙʦʭ ʬʽʣʴʪʨʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.11. ʉʢʘʪʝʨʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʽʥʰʠʭ ʤʽʨ ʷʢʦʩʪʽ 

ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ὖ ʥʘʚʝʜʝʥʦ ʚ ɼʦʜʘʪʢʫ ɺ.  

   

   

   

ʈʠʩʫʥʦʢ 2.11 ï ʉʢʘʪʝʨʦʛʨʘʤʠ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʤʽʨ ʷʢʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ὖ ʜʣʷ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʚʦʤʘ ʬʽʣʴʪʨʘʤʠ 



 

 

87 
 

ɿʨʦʟʫʤʽʣʦ ʪʘʢʦʞ, ʱʦ ʟʘʟʚʠʯʘʡ ʤʽʨʘ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ PSNR ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʫ 

ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʣʶʜʩʴʢʦʤʫ ʩʧʨʠʡʥʷʪʪʶ. ɹʽʣʴʰ ʪʦʛʦ, ʜʣʷ ʤʽʨʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

CW-SSIM [172] ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ SROCC ʤʘʻ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ. 

ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʽʨʠ ʥʝʜʦʮʽʣʴʥʦ ʜʣʷ ʦʮʽʥʢʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʜʣʷ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʑʝ ʦʜʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘʡʩʫʯʘʩʥʽʰʽ 

ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʽʨʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʽ ʷʢ MS-SSIM [173], FSIM [149], 

VSI [150] ʪʘ HaarPSI [151], ʣʠʰʝ ʧʦʤʽʨʥʦ ʢʦʨʝʣʶʶʪʴ ʽʟ ʩʫʙôʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ 

ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ.  

 

2.3 ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʜʣʷ ʦʮʽʥʢʠ 

ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

 

 ʅʘ ʧʨʘʢʪʠʮʽ ʥʝʤʘʻ ʜʦʩʪʫʧʫ ʜʦ ʝʪʘʣʦʥʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ 

ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ (NR IQA) 

ʘʙʦ ʤʝʪʦʜʽʚ ʩʣʽʧʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ [124, 130]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʠʜʽʣʠʤʦ 

ʫʚʘʛʫ ʤʽʨʘʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ. ɯʩʥʫʶʯʽ ʤʽʨʠ ʦʮʽʥʢʠ 

ʚʽʟʫʘʣʴʥʦʛʦ ʷʢʦʩʪʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʥʝ ʙʫʣʠ ʨʝʪʝʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ.  

ʗʢ ʽ ʨʘʥʽʰʝ ʧʝʨʝʚʽʨʢʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʩʪʚʦʨʝʥʦʾ ʙʘʟʠ 

ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ (ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʚʧʦʜʦʙʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ὖ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

(ʪʦʙʪʦ ʨʽʟʥʠʮʶ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʤʽʨʠ ʥʘ ʚʠʭʦʜʽ ʽ ʚʭʦʜʽ ʬʽʣʴʪʨʫ). ʆʪʨʠʤʘʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʪʘ ʯʠ ʽʥʰʘ ʤʽʨʘ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʨʠʡʥʷʪʪʶ ʣʶʜʠʥʠ. ɼʣʷ ʦʮʽʥʢʠ ʢʦʨʝʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʥʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʢʦʨʝʣʷʮʽʶ ʉʧʽʨʤʝʥʘ ʽ ʂʝʥʜʘʣʘ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʙʫʣʦ ʦʙʨʘʥʦ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʫʯʘʩʥʠʭ ʤʽʨ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ. ʅʘʙʽʨ ʦʙʨʘʥʠʭ ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʥʘʣʽʯʫʻ 21 ʤʽʨʫ ʽ 

ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ: BRISQUE [174], SSEQ [175], BIQI [176], BLIINDS-II  [177], 
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CORNIA [178], NIQE [179], JNB [180], OG-IQA [181], M3 [182], DIIVINE  [183], TCLT 

[184], NFERM [185], LPSI [186], QAC [187], CPBD [188], NR-PWN [189], dipIQ [190], 

HOSA [191], Naturalness Factor (NF) [192], SR [193] ʽ SISBLIM [194].  

ɺ ʪʘʙʣʠʮʽ 2.1 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ 

(SROCC) ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʠʛʨʘʰʫ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʽ 

ʡʤʦʚʽʨʥʦʩʪʷʤʠ ὖ ʜʣʷ ʜʚʦʭ ʘʥʘʣʽʟʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ.  

ʅʘ ʨʠʩ. 2.12 ʩʧʽʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʛʣʷʥʫʪʠʭ 

ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʜʣʷ ʦʙʦʭ ʬʽʣʴʪʨʽʚ. ʊʫʪ, ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽ ʦʩʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʨʘʥʛʦʚʠʭ ʢʦʨʝʣʷʮʽʡ ʂʝʥʜʘʣʘ ʽ ʉʧʽʨʤʝʥʘ. ʅʘʡʢʨʘʱʠʤʠ ʻ ʪʽ 

ʤʽʨʠ, ʜʣʷ ʷʢʠʭ ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ ʚʝʨʭʥʴʦʛʦ ʧʨʘʚʦʛʦ ʢʫʪʘ. 

    

 ʘ       ʙ 

ʈʠʩʫʥʦʢ 2.12 ï ʈʝʟʫʣʴʪʘʪʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʡ ʉʧʽʨʤʝʥʘ ʽ ʂʝʥʜʘʣʘ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʛʨʘʰʫ ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ὖ ʜʣʷ ɼʂʇ-ʬʽʣʴʪʨʫ 

(ʘ) ʪʘ BM3D (ʙ) 

 

ʗʢ ʚʠʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʜʠʚ. ʪʘʙʣ. 2.1), ʥʘʚʽʪʴ ʥʘʡʢʨʘʱʘ ʤʽʨʘ ʣʠʰʝ 

ʜʦʩʠʪʴ ʧʦʤʽʨʥʦ ʢʦʨʝʣʶʻ ʟ ʩʫʙ'ʻʢʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʟʦʙʨʘʞʝʥʴ, ʦʙʨʦʙʣʝʥʠʭ ɼʂʇ 

ʬʽʣʴʪʨʦʤ, ʜʝʱʦ ʤʝʥʰʽ, ʥʽʞ ʜʣʷ BM3D. ʊʘʢʦʞ ʟ ʨʠʩ. 2.12 ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʤʽʨʠ LPSI  

ʽ M3 ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ɼʂʇ ʬʽʣʴʪʨʘ, ʦʜʥʘʢ ʜʣʷ BM3D ʬʽʣʴʪʨʘ 

ʥʘʡʢʨʘʱʠʤʠ ʻ ʤʽʨʠ ʷʢʦʩʪʽ SSEQ , NF ʽ CORNIA. 
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ʊʘʙʣʠʮʷ 2.1 ï ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʙʝʟʝʪʘʣʦʥʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʄʽʨʠ ɿʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ SROCC 

ɼʂʇʌ BM3D 

BRISQUE [174] 0,0099 0,4265 

SSEQ [175] 0,2721 0,6111 

BIQI [176] 0,0182 0,3501 

BLIINDS-II [ 177] 0,0459 0,339 

CORNIA [178] 0,2247 0,5942 

NIQE [179] 0,0364 0,4391 

JNB [180] 0,0395 0,3242 

OG-IQA [181] 0,0848 0,4517 

M3 [182] 0,3516 0,0615 

DIIVINE [ 183] 0,1841 0,4984 

TCLT [184] 0,0781 0,2137 

NFERM [185] 0,1291 0,4274 

LPSI [186] 0,4076 0,0381 

QAC [187] 0,1949 0,2108 

CPBD [188] 0,0767 0,3281 

NR-PWN [189] 0,2197 0,2083 

dipIQ [190] 0,0981 0,4666 

HOSA [191] 0,0917 0,5423 

NF [192] 0,3306 0,6023 

SR [193] 0,022 0,2996 

SISBLIM_SM [194] 0,1767 0,2486 

SISBLIM_SFB [194] 0,158 0,2947 

SISBLIM_WM [194] 0,3489 0,0938 

SISBLIM_WFB [194] 0,3337 0,1093 
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ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʩʽ ʨʦʟʛʣʷʥʫʪʽ ʙʝʟʝʪʘʣʦʥʥʽ ʤʽʨʠ ʷʢʦʩʪʽ 

ʧʦʛʘʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʨʠʡʥʷʪʪʶ ʣʶʜʠʥʦʶ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʧʦʪʨʽʙʥʽ ʙʽʣʴʰ ʪʦʯʥʽ ʽ ʘʜʝʢʚʘʪʥʽ ʤʽʨʠ ʷʢʦʩʪʽ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʝʪʘʣʦʥʫ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ. 

 

2.4 ɸʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ  

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʠʩʘʥʠʭ ʚ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʨʦʟʜʽʣʘʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ.  

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʩʠʪʫʘʮʽʶ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʫ BM3D. ʗʢ ʚʞʝ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.10, ʥʘʡʙʽʣʴʰʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʠʛʨʘʰʫ ʤʽʨ ʷʢʦʩʪʽ 

ʪʘ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ὖ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʤʽʨ SSIM4, ADD-SSIM, FSIM ʽ UNIQUE. 

ʊʘʢʦʞ ʥʘ ʨʠʩ. 2.11 ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʩʢʘʪʝʨʦʛʨʘʤʠ ʜʣʷ ʮʠʭ ʤʽʨ ʷʢʦʩʪʽ ʧʨʘʢʪʠʯʥʦ 

ʽʜʝʥʪʠʯʥʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʣʽ ʙʫʜʝʤʦ ʟʥʘʯʝʥʥʷ ʚʠʛʨʘʰʫ ʜʣʷ ʤʽʨʠ ʷʢʦʩʪʽ 

ʟʘ ʥʘʷʚʥʽʩʪʶ ʝʪʘʣʦʥʫ FSIM, ʦʩʢʽʣʴʢʠ ʮʷ ʤʽʨʘ ʷʢʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʜʦʩʠʪʴ 

ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʘ [131-134, 149]. 

ɿ ʘʥʘʣʽʟʫ ʩʢʘʪʝʨʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʤʽʨʠ ʷʢʦʩʪʽ FSIM ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ὖ 

(ʜʠʚ. ʨʠʩ. 2.11) ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʚʠʛʨʘʰʫ (I-FSIM) ʻ ʚʽʜôʻʤʥʠʤʠ, 

ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ ʤʽʨʠ FSIM ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʫ ʩʪʘʣʦ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ 

ʧʝʨʚʠʥʥʦʛʦ ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʜʽ ʥʝ ʤʘʻ ʩʝʥʩʫ ʚʠʢʦʥʫʚʘʪʠ 

ʬʽʣʴʪʨʘʮʽʶ ʪʘʢʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʝʡ ὖ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 0,4. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʚʠʛʨʘʰʫ I-FSIM ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 

0,01, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʢʦʥʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʻ ʜʦʮʽʣʴʥʠʤ, ʘʜʞʝ ʤʘʡʞʝ ʜʣʷ ʚʩʽʭ 

ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʴ ʽʤʦʚʽʨʥʦʩʪʽ ὖ ʧʝʨʝʚʠʱʫʶʪʴ 0,6.  

ɺʦʜʥʦʯʘʩ, ʷʢ ʮʝ ʜʦʙʨʝ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.11, ʻ ʜʦʚʦʣʽ ʙʘʛʘʪʦ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʷʢʠʭ 

ʟʥʘʯʝʥʥʷ ʚʠʛʨʘʰʫ ʤʽʨʠ I-FSIM ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 0,01, ʘ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ὖ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ, ʢʦʣʠ ʪʘʢʽ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦʮʽʣʴʥʦ ʬʽʣʴʪʨʫʚʘʪʠ, ʚʘʨʪʦ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʤʽʨ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ 
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ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʰʫʤ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʦʞʝ 

ʙʫʪʠ ʚʽʟʫʘʣʴʥʦ ʥʝ ʧʦʤʽʪʥʠʤ, ʽ ʪʦʤʫ ʥʝʤʘʻ ʩʝʥʩʫ ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ ʪʘʢʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʽʨʫ PSNR-HVS-M. ɺ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʮʷ ʤʽʨʘ ʷʢʦʩʪʽ ʘʜʝʢʚʘʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʩʧʦʪʚʦʨʝʥʦʛʦ ʰʫʤʦʤ 

ʟʦʙʨʘʞʝʥʥʷ [33, 131]. ɺ ʨʦʙʦʪʽ [195] ʧʦʢʘʟʘʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ PSNR-HVS-M ʙʽʣʴʰʽ, ʥʽʞ 

40 ʜɹ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʟʫʘʣʴʥʦ ʥʝʧʦʤʽʪʥʠʤ ʩʧʦʪʚʦʨʝʥʥʷʤ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʷʢ ʮʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʘ ʨʠʩ. 2.13 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʢʘʪʝʨʦʛʨʘʤʘ ʟʥʘʯʝʥʴ ʤʽʨʠ ʷʢʦʩʪʽ PSNR-HVS-M ʜʣʷ ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ 

ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ὖ.  

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʢʘʪʝʨʦʛʨʘʤʘ ʟʥʘʯʝʥʴ ʤʽʨʠ PSNR-HVS-M ʜʣʷ ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ὖ 

 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʩʢʘʪʝʨʦʛʨʘʤʠ ʚʠʜʥʦ, ʱʦ ʜʣʷ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 

PSNR-HVS-M ʙʽʣʴʰʽ, ʥʽʞ 45 ʜɹ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

ʉʢʘʪʝʨʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʽʥʰʠʭ ʤʽʨ ʷʢʦʩʪʽ ʜʣʷ ʩʧʦʪʚʦʨʝʥʠʭ ʰʫʤʦʤ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ὖ , ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ɼʦʜʘʪʢʫ ɺ.  

ɼʦ ʪʦʛʦ ʞ ʤʦʞʥʘ ʱʝ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʤʽʨ ʷʢʦʩʪʽ ʚʽʜ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪʽ ʰʫʤʫ (ʉʂɺ „˥). ʅʘ ʨʠʩ. 2.14 ʧʦʢʘʟʘʥʦ ʩʢʘʪʝʨʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ 

ʨʽʟʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʪʘ ʉʂɺ ʰʫʤʫ.  
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ʘ       ʙ 

  

ʚ       ʛ 

ʈʠʩʫʥʦʢ 2.14 ï ʉʢʘʪʝʨʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʨʽʟʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʪʘ ʉʂɺ ʰʫʤʫ ʜʣʷ 

ʤʽʨʠ ʷʢʦʩʪʽ FSIM (ʘ), PSNR-HVS-M (ʙ), ADD-SSIM (ʚ) ʽ SSIM4 (ʛ) 

 

ʉʢʘʪʝʨʦʛʨʘʤʘ ʟʥʘʯʝʥʴ ʚʠʛʨʘʰʫ ʨʽʟʥʠʭ ʤʽʨ ʷʢʦʩʪʽ PNSR-HVS-M ʻ ʦʩʦʙʣʠʚʦ 

ʮʽʢʘʚʦʶ (ʜʠʚ. ʨʠʩ. 2.14ʙ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʜʦʩʠʪʴ ʯʽʪʢʦ ʚʠʷʚʠʪʠ ʟʦʙʨʘʞʝʥʥʷ, 

ʜʣʷ ʷʢʠʭ ʬʽʣʴʪʨʘʮʽʷ ʻ ʤʘʨʥʦʶ. ɿʥʘʯʝʥʥʷ ʚʠʛʨʘʰʫ I-PSNR-HVS-M ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ʜɹ, 

ʘ ʪʘʢʦʞ ʽʤʦʚʽʨʥʦʩʪʽ ὖ ʟʜʝʙʽʣʴʰʦʛʦ ʤʝʥʰʽ ʟʘ 0,5. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʷʢʱʦ I-PSNR-HVS-M>πȟπψϽ„˥, ʪʦ ʻ ʩʝʥʩ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ, ʚ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʩʝʥʩʫ ʥʝʤʘʻ. 

ʆʪʞʝ, ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.15. 
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ʈʠʩʫʥʦʢ 2.15 ï ɸʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ 

 

ʇʝʨʝʚʽʨʠʤʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʽ ʧʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ὖ, ʱʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʦʧʠʩʘʥʦʤʫ ʨʘʥʽʰʝ ʝʢʩʧʝʨʠʤʝʥʪʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʦʮʽʣʴʥʠʤ, ʷʢʱʦ ʮʽ ʡʤʦʚʽʨʥʦʩʪʽ ὖ ʙʽʣʴʰʽ, ʥʽʞ 0,6. 

ʇʨʘʚʠʣʴʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʛʽʜʥʦ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʧʨʠ ʘʥʘʣʽʟʽ 

ʟʦʙʨʘʞʝʥʴ ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ʬʽʣʴʪʨʦʤ BM3D ʩʪʘʥʦʚʠʪʴ 92,86%, ʥʘʪʦʤʽʩʪʴ ʜʣʷ ɼʂʇ-

ʬʽʣʴʪʨʘ ʣʠʰʝ 71,43%. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʨʠ ʘʥʘʣʽʟʽ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɼʂʇ-

ʬʽʣʴʪʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʽ ʚʠʛʨʘʰʫ 

ʘʥʘʣʽʟʦʚʘʥʠʭ ʤʽʨ ʷʢʦʩʪʽ ʧʨʠ ʜʦʚʦʣʽ ʽʥʪʝʥʩʠʚʥʦʤʫ ʰʫʤʽ („˥  = 20, 25, 30) ʩʫʙôʻʢʪʠʚʥʽ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ, ʪʦʙʪʦ ʡʤʦʚʽʨʥʦʩʪʽ ὖ, ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʬʽʣʴʪʨʫ (ὖ ʥʠʞʯʽ ʟʘ 0,6). ʎʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ɼʂʇ-ʬʽʣʴʪʨ ʜʫʞʝ 
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ʝʬʝʢʪʠʚʥʦ ʧʨʠʜʫʰʫʻ ʰʫʤ ʥʘ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʚʥʦʩʠʪʴ 

ʥʘʜʤʽʨʥʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʽ ʩʧʦʪʚʦʨʶʻ ʜʽʣʷʥʢʠ ʟ ʥʘʷʚʥʽʩʪʶ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʪʝʢʩʪʫʨ. 

ʅʘ ʨʠʩ. 2.16 ʧʦʢʘʟʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʷʢʦʛʦ ʘʣʛʦʨʠʪʤ ʧʦʤʠʣʢʦʚʦ ʚʢʘʟʫʻ ʥʘ 

ʥʝʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ BM3D ʧʨʠ ʉʂɺ ʰʫʤʫ 10,15,20. 

 

 

ʈʠʩʫʥʦʢ 2.16 ï ɿʦʙʨʘʞʝʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʘʣʛʦʨʠʪʤ ʧʦʤʠʣʢʦʚʦ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ BM3D 

 

2.5 ʃʦʢʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʠʡ ʤʝʪʦʜʫ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ  

 

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ ʨʘʥʽʰʝ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʻ 

ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʣʦʢʘʣʴʥʦ-ʘʢʪʠʚʥʠʭ ʽ ʥʝʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʢʘʭ 

ʟʦʙʨʘʞʝʥʴ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʢʩʪʫʨʥʽ ʜʽʣʷʥʢʠ, ʤʝʞʽ ʪʘ ʤʘʣʦʨʦʟʤʽʨʥʽ ʦʙôʻʢʪʠ. ʎʶ 

ʪʝʟʫ ʤʦʞʥʘ ʪʘʢʦʞ ʥʘʛʣʷʜʥʦ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʨʪ ʣʦʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

[75]. ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʣʦʢʘʣʴʥʠʤʠ ʦʮʽʥʢʘʤʠ ʟʥʘʯʝʥʴ ʚ ʙʣʦʢʘʭ ʟ ʧʦʚʥʠʤ 

ʧʝʨʝʢʨʠʪʪʷʤ ὓὛὉ , ʷʢʽ ʙʫʣʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ. ɿʛʘʜʘʻʤʦ, ʱʦ 

ʣʦʢʘʣʴʥʘ ʦʮʽʥʢʘ ὓὛὉ  ʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʧʦʚʽʜʘʻ ʙʽʣʴʰ ʧʦʤʽʪʥʠʤ 

ʩʧʦʪʚʦʨʝʥʥʷʤ ʜʣʷ ʟʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ ʽ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ὓὛὉ  ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʥʘ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʴ, ʜʝ ʧʨʠʩʫʪʥʽ ʤʝʞʽ, ʧʨʠ ʾʭ ʥʘʜʤʽʨʥʦʤʫ ʨʦʟʤʠʪʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ [75, 148]. ʅʘ ʨʠʩ. 2.17 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʪʝʩʪʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʽ ʦʪʨʠʤʘʥʠʭ ʢʘʨʪ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ ὓὛὉ  ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɼʂʇ-

ʬʽʣʴʪʨʫ ʽ ʬʽʣʴʪʨʫ BM3D. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʚʽʪʣʠʤ ʚʽʜʟʥʘʯʝʥʽ ʙʣʦʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʣʦʢʘʣʴʥʠʤ ʦʮʽʥʢʘʤ ὓὛὉ  ʪʦʙʪʦ ʚʥʝʩʝʥʽ ʩʧʦʪʚʦʨʝʥʽ ʙʽʣʴʰ ʚʽʜʯʫʪʥʽ. 

ɺʦʜʥʦʯʘʩ ʪʝʤʥʠʤ ʚʽʜʟʥʘʯʝʥʽ ʣʦʢʘʣʴʥʽ ʦʮʽʥʢʠ ὓὛὉ  ʟ ʜʦʩʠʪʴ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ.  

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʘʨʪ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʤʘʣʽ ʟʥʘʯʝʥʥʷ ὓὛὉ  

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʢʘʭ (ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʥʘ ʪʘʢʠʭ ʜʽʣʷʥʢʘʭ), ʘ ʥʘ ʤʝʞʘʭ ʦʙôʻʢʪʽʚ, ʥʘʚʧʘʢʠ, ʮʽ ʟʥʘʯʝʥʥʷ 

ʜʦʚʦʣʽ ʚʠʩʦʢʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʫʜʴ-ʷʢʽ ʥʦʚʽ ʧʽʜʭʦʜʠ 

ʜʦ ʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʟʙʝʨʽʛʘʪʠ ʤʝʞʽ ʦʙôʻʢʪʽʚ ʽ ʤʘʣʦʨʦʟʤʽʨʥʽ 

ʦʙôʻʢʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ.  

 

ʘ 

   

ʙ       ʚ 

ʈʠʩʫʥʦʢ 2.17 ï ʇʨʠʢʣʘʜ ʪʝʩʪʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʘ) ʽ ʢʘʨʪ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ ὓὛὉ  

ʜʣʷ ʟʦʙʨʘʞʝʥʴ, ʚʽʜʬʽʣʴʪʨʦʚʘʥʠʭ ɼʂʇ-ʬʽʣʴʪʨʦʤ (ʙ) ʪʘ BM3D (ʚ) 

 

ʆʜʥʠʤ ʟ ʧʝʨʝʪʚʦʨʝʥʴ, ʟʜʘʪʥʠʭ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʶʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʤʝʞʽ ʦʙôʻʢʪʽʚ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʬʽʣʴʪʨʘʮʽʾ, ʻ ʥʝʱʦʜʘʚʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ [88]. 

ʁʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʘ ʪʚʝʨʜʞʝʥʥʷʤ ʘʚʪʦʨʽʚ, ʧʝʨʝʚʝʨʰʫʻ ʽʥʰʽ ʚʠʜʠ ʘʜʘʧʪʠʚʥʠʭ 
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ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʴ [88]. ʈʘʟʦʤ ʟ ʪʠʤ, ʤʦʞʣʠʚʦʩʪʽ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʪʨʦʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʴ ʽ ʘʣʛʦʨʠʪʤʽʚ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɿʦʢʨʝʤʘ, ʥʝʟʨʦʟʫʤʽʣʦ, ʯʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 

ʬʽʣʴʪʨʘʮʽʶ ʚ ʙʣʦʢʘʭ ʟ ʧʝʨʝʢʨʠʪʪʷʤ, ʷʢʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʽʚ ʪʦʱʦ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘ ʥʘ ʦʩʥʦʚʽ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʣʘʥʽ 

ʟʙʝʨʝʞʝʥʥʷ ʤʝʞ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʨ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʮʴʦʛʦ ʬʽʣʴʪʨʫ. 

ʊʝʪʨʦʣʝʪʠ ʻ ʘʜʘʧʪʠʚʥʠʤʠ ʚʝʡʚʣʝʪʘʤʠ ʍʘʘʨʘ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʪʝʪʨʦʤʽʥʦ. 

ʊʝʪʨʦʤʽʥʦ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʷʢ çʧʘʜʘʶʯʽ ʬʽʛʫʨʠè ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʽ çʊʝʪʨʽʩè. 

ʊʝʪʨʦʤʽʥʦ - ʮʝ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʦʙ'ʻʜʥʘʥʥʷ ʯʦʪʠʨʴʦʭ ʦʜʥʘʢʦʚʠʭ 

ʢʚʘʜʨʘʪʽʚ. ʗʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʜʟʝʨʢʘʣʴʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʽʛʫʨ, ʪʦʙʪʦ ʨʦʟʛʣʷʜʘʪʠ 

"ʚʽʣʴʥʽ" ʪʝʪʨʦʤʽʥʦ, ʪʦ ʨʽʟʥʠʭ ʬʦʨʤ ʪʝʪʨʦʤʽʥʦ ʽʩʥʫʻ ʧ'ʷʪʴ (ʜʠʚ. ʨʠʩ. 2.18). ɺʽʜʧʦʚʽʜʥʠʡ 

ʘʣʛʦʨʠʪʤ ʻ ʧʨʦʩʪʠʤ, ʘʣʝ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ. ʆʯʝʚʠʜʥʦ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʢʚʘʜʨʘʪ ʤʦʞʝ 

ʙʫʪʠ ʧʦʢʨʠʪʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʪʨʦʤʽʥʦ, ʧʨʦʪʝ ʤʦʞʣʠʚʝ ʯʠʩʣʦ ʢʦʤʙʽʥʘʮʽʡ ʟʨʦʩʪʘʻ ʟ 

ʨʦʩʪʦʤ ʡʦʛʦ ʨʦʟʤʽʨʫ. ɯʩʥʫʻ 117 ʢʦʤʙʽʥʘʮʽʡ ʧʦʢʨʠʪʪʷ ʙʣʦʢʫ ʨʦʟʤʽʨʦʤ 4ʭ4 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʦʪʠʨʴʦʭ ʥʝʧʝʨʝʩʽʯʥʠʭ ʪʝʪʨʦʤʽʥʦ [88]. 

 

 

ʈʠʩʫʥʦʢ 2.18 ï ʈʽʟʥʽ ʪʠʧʠ ʪʝʪʨʘʤʽʥʦ 

 

ʋ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʍʘʘʨʘ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʙʣʦʢʠ 2ʭ2 

ʧʽʢʩʝʣʷ ʽ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʥʝʨʫʻ ʦʜʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʽ ʪʨʠ ʜʝʪʘʣʽʟʫʶʪʴ [88]. ʎʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʜʽʘʛʦʥʘʣʴʥʠʭ 

ʨʷʜʢʘʭ ʟʦʙʨʘʞʝʥʥʷ. ʋ ʪʝʪʨʦʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʙʣʦʢʠ 4ʭ4 

ʧʽʢʩʝʣʽʚ. ʋ ʢʦʞʥʦʤʫ ʙʣʦʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʦʢʘʣʴʥʠʡ ʪʝʪʨʦʣʝʪ-ʙʘʟʠʩ, ʚʽʜʧʦʚʽʜʥʠʡ 

ʛʝʦʤʝʪʨʠʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʙʣʦʢʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʘʨʘ ʜʣʷ 

ʛʝʥʝʨʘʮʽʾ 4-ʭ ʩʝʨʝʜʥʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ 12-ʪʠ ʜʝʪʘʣʽʟʫʶʯʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʠʤ ʯʘʩʪʦʪʘʤ, high-pass coefficients). ʇʝʨʝʪʚʦʨʝʥʥʷ ʍʘʘʨʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʢʦʞʥʦʛʦ ʟ ʯʦʪʠʨʴʦʭ ʙʣʦʢʽʚ ʨʦʟʤʽʨʦʤ 2ʭ2 ʧʽʢʩʝʣʽʚ. ʆʧʪʠʤʘʣʴʥʠʤ 
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ʩʧʦʩʦʙʦʤ ʧʦʢʨʠʪʪʷ ʙʣʦʢʫ ʪʝʪʨʦʤʽʥʦ ʚʚʘʞʘʻʪʴʩʷ ʪʦʡ, ʧʨʠ ʷʢʦʤʫ ʛʝʥʝʨʫʶʪʴʩʷ 

ʤʽʥʽʤʘʣʴʥʘ ʩʫʤʘ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʫʩʽʭ ʜʝʪʘʣʽʟʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʪʘʢʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʟʠʚʘʶʪʴʩʷ ʪʝʪʨʦʣʝʪ ʢʦʝʬʽʮʽʻʥʪʘʤʠ [88]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʦʙʨʘʥʠʡ ʩʧʦʩʽʙ ʧʦʢʨʠʪʪʷ ʚ ʢʦʞʥʦʤʫ ʙʣʦʮʽ 4ʭ4. ɸʣʛʦʨʠʪʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1)  ʨʦʟʜʽʣʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ὥ ὥὭȟὮ ȟ , ʜʝ ὔ ς, ὐɴ ὔ ʥʘ ʙʣʦʢʠ 

ʨʦʟʤʽʨʦʤ 4ʭ4 ʧʽʢʩʝʣʽʚ (ʙʣʦʢʠ ʤʦʞʫʪʴ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘʪʠʩʷ); 

2) ʟʥʘʡʪʠ ʚ ʢʦʞʥʦʤʫ ʙʣʦʮʽ "ʨʦʟʨʽʜʞʝʥʝ" ʪʝʪʨʦʣʝʪ-ʧʦʜʘʥʥʷ; 

3) ʧʝʨʝʫʧʦʨʷʜʢʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ (low-pass) ʽ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ (high-pass) ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʚ ʙʣʦʢ ʨʦʟʤʽʨʦʤ 2ʭ2; 

4) ʟʙʝʨʝʛʪʠ ʪʝʪʨʦʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʠ (ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ, high-pass); 

5) ʟʘʩʪʦʩʫʚʘʪʠ ʢʨʦʢʠ 1-4 ʜʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; 

6) ʦʪʨʠʤʘʪʠ ʥʘ ʚʠʭʦʜʽ ʪʝʪʨʦʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʪʝʪʨʦʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.19. 

 

 

ʈʠʩʫʥʦʢ 2.19 ï ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʪʝʪʨʦʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ ʟʦʙʨʘʞʝʥʥʷ [88] 

 

ʇʦʜʽʙʥʦ ɼʂʇ-ʬʽʣʴʪʨʫ, ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʪʝʪʨʦʣʝʪ-

ʬʽʣʴʪʨʘ ʪʘʢʦʞ ʻ ʞʦʨʩʪʢʘ ʧʦʨʦʛʦʚʘ ʦʙʨʦʙʢʘ. ɺʦʥʘ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɼʦ 

ʟʦʙʨʘʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʷʤʝ ʪʝʪʨʦʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ 
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ʢʨʦʢʽʚ ʨʦʟʢʣʘʜʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʘʥʽ ʪʝʪʨʦʣʝʪ (ʩʧʝʢʪʨʘʣʴʥʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ) 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʤ ʧʦʨʦʛʦʤ, ʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʨʽʛ, ʦʙʥʫʣʷʶʪʴʩʷ. ʌʫʥʢʮʽʷ ʞʦʨʩʪʢʦʾ ʧʦʨʦʛʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

Ὓ̃̉ ὼ̖
ὼȟ   ȿὼȿ ‍„ȟ

πȟ   ȿὼȿ ‍„ȟ
     (2.3) 

 

ʜʝ ὼ ï ʪʝʪʨʦʣʝʪ-ʢʦʝʬʽʮʽʻʥʪ; 

‍ ï ʧʦʨʦʛʦʚʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ; 

„ ï ʉʂɺ ʰʫʤʫ. 

ɹʣʦʢ-ʩʭʝʤʘ ʨʦʙʦʪʠ ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.20. 

 

 

ʈʠʩʫʥʦʢ 2.20 ï ɹʣʦʢ-ʩʭʝʤʘ ʨʦʙʦʪʠ ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʘ 

 

ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʙʨʦʙʢʠ ʚʠʙʠʨʘʶʪʴʩʷ ʙʣʦʢʠ ʟ ʧʦʚʥʠʤ ʧʝʨʝʢʨʠʪʪʷʤ, 

ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʚʠʙʽʨ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ [30, 84]. 

ʈʦʟʛʣʷʥʝʤʦ ʬʽʣʴʪʨ ʥʘ ʦʩʥʦʚʽ ʪʝʪʨʦʣʝʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʧʦʚʥʠʤ ʧʝʨʝʢʨʠʪʪʷʤ ʙʣʦʢʽʚ 

(ʩʫʩʽʜʥʽ ʙʣʦʢʠ ʟʤʽʱʝʥʽ ʦʜʠʥ ʱʦʜʦ ʦʜʥʦʛʦ ʥʘ ʦʜʠʥ ʧʽʢʩʝʣʴ) ʨʦʟʤʽʨʦʤ 4ʭ4 ʧʽʢʩʝʣʽʚ. 
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ɺʦʜʥʦʯʘʩ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʦʙʨʦʙʢʘ ʟ ʧʦʚʥʠʤ ʧʝʨʝʢʨʠʪʪʷʤ ʙʣʦʢʽʚ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʛʦ ʯʘʩʫ 

ʽ ʜʦʜʘʪʢʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʨʦʙʢʠ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦʛʦ 

ʧʝʨʝʢʨʠʪʪʷ ʙʣʦʢʽʚ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ [158, 196].  

ɼʘʣʽ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʬʽʣʴʪʨʘʮʽʾ ‍. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʦʛʘ ʬʽʣʴʪʨʘʮʽʾ, ʪʦʙʪʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

‍. ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʪʨʘʜʠʮʽʡʥʦʶ ʤʽʨʦʶ ʧʽʢʦʚʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ PSNR ʽ ʧʦʰʠʨʝʥʠʤʠ ʤʽʨʘʤʠ ʷʢʦʩʪʽ MSSIM, FSIM ʪʘ PSNR-

HVS-M. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʤʽʨ ʷʢʦʩʪʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ‍ ʜʣʷ ʜʘʥʦʛʦ ʬʽʣʴʪʨʘ. ʆʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ‍ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ ʪʝ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʽʨʠ ʚʽʟʫʘʣʴʥʦʾ ʷʢʦʩʪʽ.  

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʬʽʣʴʪʨʘʮʽʾ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʰʝʩʪʠ ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʩʧʦʪʚʦʨʝʥʠʭ ɸɹɻʐ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ ʉʂɺ, ʨʽʚʥʠʤʠ 7 ʽ 15. ɺʩʽ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʨʦʟʤʽʨ 512ʭ512 ʧʽʢʩʝʣʽʚ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʽʣʴʢʠ ʷʩʢʨʘʚʽʩʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ʚ ʛʨʘʜʘʮʽʷʭ ʩʽʨʦʛʦ, ʪʦʙʪʦ 8 ʙʽʪ ʥʘ 

ʧʽʢʩʝʣʴ. ʊʝʩʪʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.21. 

 

     

 Cameraman           Lena        Living room 

     

        Baboon            Pirate           Woman 

ʈʠʩʫʥʦʢ 2.21 ï ʇʨʠʢʣʘʜ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 
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ʅʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ‍. ʅʘ ʨʠʩ. 2.22 ʽ 2.23 ʧʦʢʘʟʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʨ PSNR, MSSIM, FSIM 

ʽ PSNR-HVS-M ʚʽʜ ʧʘʨʘʤʝʪʨʘ ‍ ʜʣʷ ʰʝʩʪʠ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʠ ʉʂɺ ʰʫʤʫ 7 ʪʘ 15 

ʚʽʜʧʦʚʽʜʥʦ. ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ‍ ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽ ʉʂɺ ʰʫʤʫ 

ʨʽʚʥʦʛʦ 7 ʽ 15 ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.2. 

ʈʦʟʛʣʷʥʝʤʦ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ 

ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʴ Cameraman (ʦʜʥʝ ʟ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʭ ʪʝʩʪʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷ) ʽ Lena 

(ʟʦʙʨʘʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʩʢʣʘʜʥʦʩʪʽ) ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ‍ ʚʠʱʝ, ʥʽʞ ʜʣʷ 

ʽʥʰʠʭ ʟʦʙʨʘʞʝʥʴ. ɼʣʷ ʟʦʙʨʘʞʝʥʥʷ Baboon ʟʥʘʯʝʥʥʷ ʪʨʦʭʠ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʘʢʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʜʫʰʝʥʥʷ ʟʘʚʘʜ ʧʨʠ ʤʘʣʦʤʫ ʨʽʚʥʽ ʰʫʤʫ, ʦʩʢʽʣʴʢʠ ʻ ʟʥʘʯʥʽ ʪʝʢʩʪʫʨʥʽ ʜʽʣʷʥʢʠ. 

 

ʊʘʙʣʠʮʷ 2.2 ï ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ‍  

ɿʦʙʨʘʞʝʥʥʷ „ =7 „ =15 

‍ 

PSNR PSNR-

HVS-

M 

MSSIM FSIM PSNR PSNR-

HVS-

M 

MSSIM FSIM 

Cameraman 4 3,4 4,4 3,8 5 3,8 5 4,6 

Lena 4,2 3,4 4,2 3,8 5 4,4 5 4,6 

Living room 3,8 3,4 4,0 3,6 4,6 4,4 4,6 4,2 

Baboon 3,4 2 2,8 2,4 5 3,2 3,8 3,8 

Pirate 3,6 3,2 3,6 3,4 4,8 4,2 4,6 4,2 

Woman 3,6 3,6 3,8 3,8 4,2 4,2 4,8 4,6 

 

  
ʘ ʙ 
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ʚ ʛ 

 
ʈʠʩʫʥʦʢ 2.22 ï ɿʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʤʽʨ PSNR (ʘ), PSNR-

HVS-M (ʙ), MSSIM (ʚ), FSIM (ʛ) ʚʽʜ ʧʘʨʘʤʝʪʨʘ ‍ ʧʨʠ ʉʂɺ ʰʫʤʫ 7 

   

ʘ       ʙ 

   

ʚ       ʛ 

 

ʈʠʩʫʥʦʢ 2.23 ï ɿʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʤʽʨ PSNR (ʘ), PSNR-HVS-M 

(ʙ), MSSIM (ʚ), FSIM (ʛ) ʚʽʜ ʧʘʨʘʤʝʪʨʘ ‍ ʧʨʠ ʉʂɺ ʰʫʤʫ 15  
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ɸʥʘʣʽʟ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 2.2 ʧʦʢʘʟʫʻ ʥʘʩʪʫʧʥʝ. ɿʘ ʚʩʽʤʘ ʤʽʨʘʤʠ 

ʷʢʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ‍. ʗʢ ʽ ʨʘʥʽʰʝ, 

ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ‍ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ Baboon ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ ʤʽʨ 

ʷʢʦʩʪʽ ʪʨʦʭʠ ʥʠʞʯʝ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ ʟʦʙʨʘʞʝʥʴ. ɺʠʛʨʘʰ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʟʘ ʤʽʨʘʤ ʷʢʦʩʪʽ PSNR ʽ PSNR-HVS-M ʣʝʞʠʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 3,6 ʜɹ ʜʦ 4,6 ʜɹ 

ʽ ʚʽʜ 0,8 ʜɹ ʜʦ 1,4 ʜɹ ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʤʽʨʠ ʷʢʦʩʪʽ MSSIM ʚʽʥ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,02 ʜʦ 

0,05. ɼʣʷ ʤʽʨʠ ʷʢʦʩʪʽ FSIM ʚʠʛʨʘʰ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0,007 ʜʦ 0,02.  

ʇʝʨʝʡʜʝʤʦ ʪʝʧʝʨ ʜʦ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʚ 

ʧʣʘʥʽ ʟʙʝʨʝʞʝʥʥʷ ʤʝʞ ʦʙôʻʢʪʽʚ. ʇʦʨʽʚʥʷʥʥʷ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʟʽ ʟʛʘʜʘʥʠʤ ʨʘʥʽʰʝ 

ɼʂʇ-ʬʽʣʴʪʨʦʤ, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʧʨʠʜʫʰʝʥʥʽ ʪʘʢʦʛʦ ʰʫʤʫ, 

ʷʢ ɸɹɻʐ [84]. ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʧʦʙʫʜʦʚʦʶ ʢʘʨʪ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ MSE ʽ ὓὛὉ . 

ʇʨʠʢʣʘʜʠ ʢʘʨʪ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ MSE ʽ ὓὛὉ  ʜʣʷ ʚʽʜʬʽʣʴʪʨʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

Cameraman ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʦʤ ʪʘ ɼʂʇ-ʬʽʣʴʪʨʦʤ ʧʨʠ ʉʂɺ ʰʫʤʫ 7 ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 

2.24. ʅʘ ʦʪʨʠʤʘʥʠʭ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ MSE ʽ ὓὛὉ  ʙʽʣʴʰ ʪʝʤʥʽ ʧʽʢʩʝʣʽ 

ʧʦʟʥʘʯʘʶʪʴ ʤʝʥʰʽ ʣʦʢʘʣʴʥʽ ʦʮʽʥʢʠ, ʪʦʙʪʦ ʤʝʥʰʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

ɸʥʘʣʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʢʘʨʪ ʧʦʢʘʟʫʻ ʥʘʩʪʫʧʥʝ. ʂʘʨʪʠ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ 

ʪʨʘʜʠʮʽʡʥʦʾ ʤʽʨʠ MSE (ʜʠʚ. ʨʠʩ. 2.24ʘ, ʙ) ʥʝ ʤʘʶʪʴ ʙʫʜʴ-ʷʢʠʭ ʧʝʨʝʚʘʛ ʜʣʷ ʪʝʪʨʦʣʝʪ-

ʬʽʣʴʪʨʘ ʧʦʨʽʚʥʷʥʦ ʟ ɼʂʇ ʬʽʣʴʪʨʦʤ. ʅʘʚʧʘʢʠ, ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ ʣʦʢʘʣʴʥʠʭ 

ʦʮʽʥʦʢ ὓὛὉ  (ʜʠʚ. ʨʠʩ. 2.24ʚ, ʛ) ʜʫʞʝ ʯʽʪʢʦ ʧʦʤʽʪʥʦ ʚʽʜʤʽʥʥʦʩʪʽ. ʇʨʦʪʝ, ʜʣʷ 

ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʠʪʫʘʮʽʾ ʢʨʘʱʝ ʩʢʦʨʠʩʪʘʪʠʩʷ ʙʽʥʘʨʥʠʤʠ ʢʘʨʪʘʤʠ ʣʦʢʘʣʴʥʠʭ 

ʦʮʽʥʦʢ, ʚ ʷʢʠʭ ʙʽʣʽ ʧʽʢʩʝʣʽ ʧʦʢʘʟʫʶʪʴ ʙʣʦʢʠ ʟ ʤʝʥʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʣʦʢʘʣʴʥʠʭ 

ʦʮʽʥʦʢ ὓὛὉ  ʜʣ̫ ʪʝʪʨʦʣʝʪ ʬʽʣʴʪʨʘ. ʅʘ ʨʠʩ. 2.25 ʧʦʢʘʟʘʥʘ ʙʽʥʘʨʥʘ ʢʘʨʪʘ ʣʦʢʘʣʴʥʠʭ 

ʦʮʽʥʦʢ ὓὛὉ  ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ Cameraman.  

ɿ ʧʦʙʫʜʦʚʘʥʦʾ ʙʽʥʘʨʥʦʾ ʢʘʨʪʠ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʙʣʦʢʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʝʞʘʭ 

ʦʙôʻʢʪʽʚ, ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ ὓὛὉ  ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʫ. ʆʪʞʝ ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʫʻ ʙʝʟʩʫʤʥʽʚʥʠʡ ʚʠʛʨʘʰ ʧʨʠ ʦʙʨʦʙʮʽ 

ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʦʤ ʙʣʦʢʽʚ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʤʝʞ ʦʙôʻʢʪʽʚ. ʆʜʥʘʢ, ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨ 

ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ɼʂʇ-ʬʽʣʴʪʨʫ ʧʨʠ ʧʨʠʜʫʰʝʥʥʽ ʰʫʤʫ ʥʘ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʢʘʭ 

ʟʦʙʨʘʞʝʥʴ.  
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ʈʠʩʫʥʦʢ 2.24 ï ʂʘʨʪʠ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ MSE ʜʣʷ ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʫ (ʘ) ʽ ɼʂʇ-ʬʽʣʴʪʨʫ 

(ʙ), ὓὛὉ  ʦʮʽʥʦʢ ʜʣʷ ʪʝʪʨʦʣʝʪ-ʬʽʣʴʪʨʫ (ʚ) ʪʘ ɼʂʇ-ʬʽʣʴʪʨʫ (ʛ) 

 

 

ʈʠʩʫʥʦʢ 2.25 ï ɹʽʥʘʨʥʘ ʢʘʨʪʘ ʣʦʢʘʣʴʥʠʭ ʦʮʽʥʦʢ ὓὛὉ  


































































































































































































































