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Оʎɽʅʂɸ ʉʇɽʂʊʈɸʃʔʅʆɻʆ ʇʆɼʆɹʀʗ ʎʀʌʈʆɺʓʍ ʀɿʆɹʈɸɾɽʅʀʁ 

 
ɸ. ɺ. ʂʦʢʦʰʢʠʥ 

ʌʨʷʟʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, 

141120, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʛ. ʌʨʷʟʠʥʦ, ʧʣ. ɺʚʝʜʝʥʩʢʦʛʦ, 1 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 31 ʠʶʣʷ 2020 ʛ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ - ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʜʦʙʠʝ (Ssm - spectral similarity measure). ʊʘʢʘʷ 

ʦʮʝʥʢʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʤʝʪʦʜʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ. ʕʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʣʘʢʫʥ ʥʘ 

ʨʝʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʊʝʩʪʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʤʦʛʦ ʩʧʝʢʪʨʘ ʌʫʨʴʝ (ʄʀʇɺʉ), ʢʫʙʠʯʝʩʢʠʡ ʩʧʣʘʡʥ ʠ 

ʥʝʡʨʦʩʝʪʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʠʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʜʦʙʠʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ ʨʘʟʣʠʯʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʙʲʝʢʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ, 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʜʦʙʠʝ. 

Abstract. This article proposes a new assessment of the quality of digital images - 

spectral similarity (Ssm - spectral similarity measure). Such an assessment can be 

used to determine the efficiency of a particular method for reconstructing digital 

images obtained in different wavelengths. This is illustrated by the example of filling 

gaps in real digital images. The interpolation method for the sequential calculation of 

the Fourier spectrum (IMSCS), cubic spline and neural network were tested. It has 

been established that, together with other objective criteria, spectral similarity can be 

used in the examination of various images or their fragments.   

Key words: quality of digital images, objective criteria, spectral similarity. 
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ɺʚʝʜʝʥʠʝ  

ʂʘʯʝʩʪʚʦ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʚʠʩʠʪ  ʦʪ ʘʧʧʘʨʘʪʫʨʳ ʠ ʫʩʣʦʚʠʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʦʥʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ (ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ,  ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʘ ʠ ʪ.ʜ.) [1-7].  ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʣʷʪʩʷ ʥʘ ʩʫʙʲʝʢʪʠʚʥʳʝ ʠ ʦʙʲʝʢʪʠʚʥʳʝ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤʠ ʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʤʠ [2].  ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ 

ʥʘʟʳʚʘʶʪ ʯʠʩʣʘ, ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʠʩʩʣʝʜʫʝʤʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ɸʙʩʦʣʶʪʥʳʤʠ (ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʳʤʠ) ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʮʝʥʢʘ (ʤʝʨʘ) ʨʝʟʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ [8], 

ʦʮʝʥʢʘ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ [9].  

ʉʨʘʚʥʠʪʝʣʴʥʳʝ (ʦʪʥʦʩʠʪʝʣʴʥʳʝ) ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʥʦʚʘʥʳ ʥʘ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ ï ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ 

ʥʝʠʩʢʘʞʸʥʥʦʝ (çʠʜʝʘʣʴʥʦʝè), ʜʨʫʛʦʝ ʠʩʩʣʝʜʫʝʤʦʝ (ʥʘʧʨʠʤʝʨ ʠʩʢʘʞʸʥʥʦʝ 

ʪʝʩʪʦʚʦʡ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʦʚ). ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʤʝʪʦʜʦʚ ʜʝʢʦʥʚʦʣʶʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʥʥʳʤ ʪʠʧʘʤ ʠʩʢʘʞʝʥʠʡ ʠ ʚʠʜʘʤ 

ʠʟʦʙʨʘʞʝʥʠʡ.  

ʏʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʘʤʠ ʦʮʝʥʦʢ ʷʚʣʷʶʪʩʷ: ʤʝʨʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʦʙʠʷ (SSIM) [7], ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ (ʉʂʆ) ʠ 

ʧʠʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ (ʇʆʉʐ) [10], ʥʦʨʤʘ ʄʠʥʢʦʚʩʢʦʛʦ (ʅʄ) [11]. 

ʈʘʙʦʪʘ [12] ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʧʦʜʭʦʜʘ ʚ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ Cri  

(ʉoefficient of recoverability image), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʫʣʫʯʰʝʥʠʷ. 

ʅʘʰʘ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʥʦʚʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ - ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʦʜʦʙʠʶ. ʕʪʘ ʦʮʝʥʢʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʚʦʣʥ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʦʮʝʥʢʘ ʙʫʜʝʪ ʧʦʣʝʟʥʦʡ ʧʨʠ ʢʦʤʧʣʝʢʩʥʳʭ 
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(ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʢʨʠʪʝʨʠʷʤʠ) ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ. 

1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ "ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʜʦʙʠʷ" 

 ʂʘʢ ʚʳʷʩʥʝʥʦ ʚ [13], ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ  ʮʠʬʨʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ (ʉʂʆ - ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ, ʇʆʉʐ ï ʧʠʢʦʚʦʝ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ-ʰʫʤ, ʅʄ ï ʥʦʨʤʘ ʄʠʥʢʦʚʩʢʦʛʦ, SSIM ï ʤʝʨʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʦʙʠʷ, 

ʉʂʀ ï ʩʨʝʜʥʠʡ ʢʦʥʪʨʘʩʪ ʠʟʦʙʨʘʞʝʥʠʷ) ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʢʦʥʢʨʝʪʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ "ʤʝʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʜʦʙʠʷ" Ssm (ʘʙʙʨʝʚʠʘʪʫʨʘ ʦʪ spectral similarity measure), ʢʦʪʦʨʘʷ, ʚ 

ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʠʤʦʩʪʠ 

Cri  (ʉoefficient of recoverability image) [12]. ʆʜʥʘʢʦ, Ssm ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʢʘʢ 

ʜʦʣʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʧʘʜʘʶʱʘʷ ʚ ʟʘʜʘʥʥʫʶ ʦʢʨʝʩʪʥʦʩʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʧʦʨʥʦʛʦ ʩʧʝʢʪʨʘ (ʋʆʉ) [12, 14, 15], ʘ ʢʘʢ ʧʦʧʠʢʩʝʣʴʥʦʝ 

ʧʦʧʘʜʘʥʠʝ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ Fm ʚ ʟʘʜʘʥʥʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʛʘʨʤʦʥʠʢʠ  

ʩʧʝʢʪʨʘ ʵʪʦʛʦ ʞʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʦ ʥʝ ʠʩʢʘʞʸʥʥʦʛʦ ("ʠʜʝʘʣʴʥʦʛʦ") Fu. ɺ ʢʘʯʝʩʪʚʝ 

ʦʢʨʝʩʪʥʦʩʪʠ ʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʪʨʝʟʦʢ: 

                               Fu/2 Ò Fm Ò 2Fu,                                  (1)                                            

ɼʣʷ ʪʘʢʦʡ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ "ʠʜʝʘʣʴʥʦʛʦ" ʥʝʠʩʢʘʞʸʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ Fu ʙʫʜʝʪ ʦʧʦʨʥʳʤ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ  ʤʝʨʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ. ɽʩʣʠ Ssm ʨʘʚʝʥ ʩʪʦ ʧʨʦʮʝʥʪʦʚ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ ʧʨʘʢʪʠʯʝʩʢʠ (ʚ ʨʘʤʢʘʭ ʜʦʧʫʩʢʘ ʨʘʚʥʦʛʦ ʜʚʫʤ ʚ ʬʦʨʤʫʣʝ 

(1) ʠʜʝʥʪʠʯʥʳ. ɽʩʣʠ Ssm ʨʘʚʝʥ ʥʦʣʴ ʧʨʦʮʝʥʪʦʚ, ʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʦʣʴ 

ʧʨʦʮʝʥʪʦʚ ʛʘʨʤʦʥʠʢ ʧʦʧʘʣʦ ʚ ʟʘʜʘʥʥʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʩʧʝʢʪʨʘ "ʠʜʝʘʣʴʥʦʛʦ" 

ʠʟʦʙʨʘʞʝʥʠʷ.  

ʈʠʩ.1(ʘ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ "ʠʜʝʘʣʴʥʦʝ" ʪʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʈʠʩ.1(ʙ) 

ʧʦʢʘʟʳʚʘʝʪ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʘʤʧʣʠʪʫʜʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨ ʠʟʦʙʨʘʞʝʥʠʷ ʨʠʩ.1(ʘ) (ʥʝʧʨʦʟʨʘʯʥʳʡ ʯʸʨʥʳʡ ʮʚʝʪ) ʠ ʦʢʨʝʩʪʥʦʩʪʠ ʩʚʝʨʭʫ 
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(ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʟʝʣʸʥʳʡ ʮʚʝʪ) ʠ ʩʥʠʟʫ (ʥʝʧʨʦʟʨʘʯʥʳʡ ʩʠʥʠʡ ʮʚʝʪ) ʜʣʷ 

ʘʤʧʣʠʪʫʜ ʧʦ ʬʦʨʤʫʣʝ (1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ Ssm ʨʘʚʝʥ ʩʪʦ ʧʨʦʮʝʥʪʦʚ. ʈʠʩ.2(ʘ) 

ʠʟʦʙʨʘʞʘʝʪ ʨʠʩ1(ʘ) ʠʩʢʘʞʸʥʥʳʡ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ ʨʘʜʠʫʩʦʤ 1 

ʧʠʢʩʝʣʴ. ʈʠʩ.2(ʙ) ʧʦʢʘʟʳʚʘʝʪ ʘʤʧʣʠʪʫʜʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʨʠʩʫʥʢʘ 

2(ʘ) (ʥʝʧʨʦʟʨʘʯʥʳʡ ʯʸʨʥʳʡ ʮʚʝʪ) ʠ ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʠ ʘʤʧʣʠʪʫʜ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (1) ʠʟʦʙʨʘʞʸʥʥʳʡ ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘ ʨʠʩ.1(ʙ). ɼʣʷ ʵʪʦʛʦ 

ʧʨʠʤʝʨʘ Ssm ʨʘʚʝʥ 22,3 ʧʨʦʮʝʥʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ Ssm, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʢʘʢ ʧʨʦʮʝʥʪ ʧʦʧʘʜʘʥʠʷ ʘʤʧʣʠʪʫʜ ʚ 

ʟʘʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʮʝʥʢʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʢʘʢ 

ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʩʧʝʢʪʨʘ ʦʪ  ʘʤʧʣʠʪʫʜ 

ʩʧʝʢʪʨʘ "ʠʜʝʘʣʴʥʦʛʦ"ʠʟʦʙʨʘʞʝʥʠʷ. 

 

 
                     

ʘ)                                                         ʙ) 

 

 

ʈʠʩ.1. ʊʝʩʪʦʚʦʝ "ʠʜʝʘʣʴʥʦʝ" ʠʟʦʙʨʘʞʝʥʠʝ  (ʘ). ɸʤʧʣʠʪʫʜʥʳʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʠʩʫʥʢʘ 

1(ʘ) (ʯʸʨʥʳʡ ʮʚʝʪ) ʠ ʛʨʘʥʠʮʳ ʦʪʢʣʦʥʝʥʠʷ ʵʪʦʛʦ ʩʧʝʢʪʨʘ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1), 

ʛʜʝ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʢʘʟʘʥʘ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ, ʘ ʥʠʞʥʷʷ 

ʛʨʘʥʠʮʘ ʧʦʢʘʟʘʥʘ ʩʠʥʠʤ ʮʚʝʪʦʤ   (ʙ).  
 

MRisyn

LFish nz( )+ LFish, LFish nz( )-, 



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ, ISSN 1684-1719, N8, 2020 

5 

 
                   

ʘ)                                                            ʙ) 

 

ʈʠʩ.2. ʀʟʦʙʨʘʞʝʥʠʝ ʨʠʩʫʥʢʘ 1(ʘ), ʠʩʢʘʞʸʥʥʦʛʦ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ 

ʨʘʜʠʫʩʦʤ 1 ʧʠʢʩʝʣʴ  (ʘ). ɸʤʧʣʠʪʫʜʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʧʝʢʪʨ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʠʩʫʥʢʘ 2(ʘ) (ʯʸʨʥʳʡ ʮʚʝʪ) ʠ ʛʨʘʥʠʮʳ 

ʦʪʢʣʦʥʝʥʠʷ ʩʧʝʢʪʨʘ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1) (ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ - ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ 

ʟʝʣʸʥʳʡ ʮʚʝʪ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ  - ʩʠʥʠʡ ʮʚʝʪ)  (ʙ). 

 

2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʪ 

ʠʩʢʘʞʘʶʱʝʡ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʘ 

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʩʪʦʚʳʝ "ʠʜʝʘʣʴʥʳʝ" ʠʟʦʙʨʘʞʝʥʠʷ (ʨʘʟʤʝʨʦʤ 255 

ʥʘ 255 ʧʠʢʩʝʣʦʚ), ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʥʘ ʦʮʝʥʢʫ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ  ʧʦʜʦʙʠʷ ʠʩʢʘʞʘʶʱʝʡ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʰʫʤʘ. 

 

 

MRisynDef

LFish nz( )+ LDFish, LFish nz( )-, 
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ʈʠʩ.3 ʊʝʩʪʦʚʳʝ "ʠʜʝʘʣʴʥʳʝ" ʠʟʦʙʨʘʞʝʥʠʷ  ʧʦʜ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʦʪ 1 

ʜʦ 6, ʩʯʠʪʘʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʦ ʩʪʨʦʢʘʤ. 

 

ʅʘ ʨʠʩ.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʜʦʙʠʷ ʦʪ ʚʝʣʠʯʠʥʳ S0 (ʨʘʜʠʫʩʘ ʜʝʬʦʢʫʩʠʨʦʚʢʠ), ʜʣʷ ʰʝʩʪʠ ʪʝʩʪʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʨʠʩʫʥʢʘ 3 (ʦʪ SSm1 ʜʦ SSm6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʷʜʢʦʚʳʤ 

ʥʦʤʝʨʘʤ ʥʘ ʨʠʩʫʥʢʝ 3). ʈʠʩ.4(ʘ) ʠ ʨʠʩ.4(ʚ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ Ssm, ʚʳʯʠʩʣʷʝʤʫʶ 

ʧʦ ʬʦʨʤʫʣʝ  (1).  ɸ ʨʠʩ.4(ʙ) ʠ ʨʠʩ4(ʛ)  ʧʦʢʘʟʳʚʘʶʪ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʜʦʙʠʝ ʢʘʢ 

ʉʂʆ ʦʪ "ʠʜʝʘʣʴʥʦʛʦ".  ʇʨʠʯʸʤ ʨʠʩ.4(ʘ) ʠ ʨʠʩ.4(ʙ) ʚʳʯʠʩʣʝʥʳ ʧʨʠ ʠʩʢʘʞʘʶʱʝʡ 

ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʜʝʬʦʢʫʩʠʨʦʚʢʠ "ʢʨʫʛʣʦʝ ʧʷʪʥʦ", ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʠʩ.4(ʚ) ʠ 

ʨʠʩ.4(ʛ)  ʜʣʷ ʠʩʢʘʞʘʶʱʝʡ ɸʌ ɻʘʫʩʩʘ.  

 

 

                                     ʘ)                                                        ʙ) 
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                                    ʚ)                                                         ʛ) 

ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʦʪ S0.  ɼʣʷ ɸʌ ʜʝʬʦʢʫʩʠʨʦʚʢʠ 

"ʢʨʫʛʣʦʝ ʧʷʪʥʦ" - (ʘ), (ʙ). ɼʣʷ ɸʌ ɻʘʫʩʩʘ - (ʚ), (ʛ). Ssm, ʚʳʯʠʩʣʷʝʤʘ ̫ʧʦ 

ʬʦʨʤʫʣʝ  (1) - (ʘ), (ʚ). Ssm, ʚʳʯʠʩʣʷʝʤʘʷ ʢʘʢ ʉʂʆ ʦʪ "ʠʜʝʘʣʘ" - (ʙ), (ʛ). 

 

ɻʨʘʬʠʢʠ Ssm  ʦʪ ʜʝʬʦʢʫʩʠʨʦʚʢʠ S0, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (1) 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ.4(ʘ) ʠ ʨʠʩ.4(ʚ), ʠʣʣʶʩʪʨʠʨʫʶʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʪʦʣʴʢʦ ʦʪ S0, ʜʣʷ ʰʝʩʪʠ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʨʠʩʫʥʢʘ 

3 (ʦʪ SSm1 ʜʦ SSm6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʘʤ ʥʘ ʨʠʩʫʥʢʝ 3).  ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ  Ssm,  ʚʳʯʠʩʣʝʥʥʳʝ ʢʘʢ ʉʂʆ ʦʪ "ʠʜʝʘʣʘ", ʧʦʤʠʤʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ S0, 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʦʪ ʩʘʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʦʪ ʚʠʜʘ ʠʟʦʙʨʘʞʝʥʠʷ). 

ʅʘ ʨʠʩ.5  ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʦʪ 

ʫʨʦʚʥʷ ʰʫʤʘ Sh. ʈʠʩ.5(ʘ) ʠ ʨʠʩ.5(ʚ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ Ssm, ʚʳʯʠʩʣʷʝʤʫʶ ʧʦ 

ʬʦʨʤʫʣʝ  (1).  ɸ ʨʠʩ.5(ʙ) ʠ ʨʠʩ5(ʛ)  ʧʦʢʘʟʳʚʘʶʪ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʜʦʙʠʝ ʢʘʢ ʉʂʆ 

ʦʪ "ʠʜʝʘʣʴʥʦʛʦ".  ʈʠʩ.5(ʘ) ʠ ʨʠʩ.5(ʙ) ʚʳʯʠʩʣʝʥʳ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʰʫʤʝ (Sh 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʘʤʧʣʠʪʫʜʳ). ʈʠʩ.5(ʚ) ʠ ʨʠʩ.5(ʛ)  ʜʣʷ ʰʫʤʘ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ  ʦʪʢʣʦʥʝʥʠʝʤ   Sh.  

ɻʨʘʬʠʢʠ Ssm  ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʘ Sh, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʬʦʨʤʫʣʳ (1) ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ.5(ʘ) ʠ ʨʠʩ.5(ʚ), ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʦʪ S0, ʥʦ ʠ ʦʪ ʩʘʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ.  ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ  Ssm,  ʚʳʯʠʩʣʝʥʥʳʝ ʢʘʢ ʉʂʆ ʦʪ "ʠʜʝʘʣʘ", ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʥʭʨʦʥʥʦ ʤʝʥʷʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Sh.  
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                      ʘ)                                                               ʙ) 

 
                     ʚ)                                                                 ʛ) 

ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʫʤʘ Sh.  ʇʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʰʫʤʝ (Sh ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʘʤʧʣʠʪʫʜʳ) - (ʘ), (ʙ). ɼʣʷ ʰʫʤʘ 

ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ  ʦʪʢʣʦʥʝʥʠʝʤ   Sh  - 

(ʚ), (ʛ).  Ssm, ʚʳʯʠʩʣʷʝʤʘ ̫ʧʦ ʬʦʨʤʫʣʝ  (1) - (ʘ), (ʚ). Ssm, ʚʳʯʠʩʣʷʝʤʘʷ ʢʘʢ ʉʂʆ 

ʦʪ "ʠʜʝʘʣʘ" - (ʙ), (ʛ). 

3. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ ʣʘʢʫʥ ʥʘ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ 

ɺʳʯʠʩʣʠʤ ʤʝʨʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ 

ʣʘʢʫʥ ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʠʩ.6(ʘ) ʨʘʟʤʝʨʦʤ 512 ʥʘ 512 ʧʠʢʩʝʣʦʚ. ʉʧʝʢʪʨʳ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʢʠ Ssm ʥʫʞʥʦ ʚʳʯʠʩʣʷʪʴ ʩʪʨʦʛʦ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʣʘʢʫʥ, ʘ 

ʥʝ ʧʦ ʚʩʝʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʢʘʢ ʩʜʝʣʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ. ʈʠʩ.6(ʙ) 

ʧʦʢʘʟʳʚʘʝʪ ʣʘʢʫʥʫ ʨʘʟʤʝʨʦʤ 32 ʥʘ 32 ʧʠʢʩʝʣʷ ʥʘ ʪʝʩʪʦʚʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʨʠʩ.6(ʘ).  
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                               ʘ)                                                                     ʙ) 

 
                  ʚ)                              ʛ)                              ʜ)                             ʝ) 

ʈʠʩ.6. ʀʩʭʦʜʥʦʝ ʪʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ - (ʘ); ʪʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʣʘʢʫʥʦʡ 

(ʯʸʨʥʳʡ ʮʚʝʪ) - (ʙ); ʩʦʜʝʨʞʠʤʦʝ ʣʘʢʫʥʳ 32 ʥʘ 32 ʧʠʢʩʝʣʘ (ʬʨʘʛʤʝʥʪ ʠʩʭʦʜʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ) - (ʚ); ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʝʪʫʰʠʨʦʚʘʥʠʷ) ʣʘʢʫʥʳ 

ʄʀʇɺʉ - (ʛ); ʨʝʟʫʣʴʪʘʪʳ ʟʘʧʦʣʥʝʥʠʷ ʣʘʢʫʥ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ Movavi - (ʜ);  

ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʨʝʪʫʰʠʨʦʚʘʥʠʷ) ʣʘʢʫʥʳ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʩʧʣʘʡʥʦʤ - 

(ʝ).  

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʚʝʜʸʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʤʦʛʦ ʩʧʝʢʪʨʘ ʌʫʨʴʝ (ʄʀʇɺʉ) [16, 20], ʩʧʣʘʡʥʘ [17, 

18]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʙʨʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʭʦʜʘ image inpainting, 

ʩʦʟʜʘʥʥʘʷ ʠʟʚʝʩʪʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Movavi, ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʣʷ ʩʚʦʝʡ 

ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʴ [19]. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʣʘʡʥʦʤ ʤʝʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʜʦʙʠʷ Ssm ʨʘʚʥʘ 28 ʧʨʦʮʝʥʪʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʤʘʣʦʤ ʧʦʜʦʙʠʠ ʩʧʝʢʪʨʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʪʫʰʠ ʩʧʣʘʡʥʦʤ) ʣʘʢʫʥʳ. ɼʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʣʘʢʫʥʳ ʩ ʧʦʤʦʱʴʶ ʄʀʇɺʉ Ssm ʨʘʚʝʥ 60 

ʧʨʦʮʝʥʪʦʚ. ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʣʘʢʫʥʳ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ Ssm ʨʘʚʥʘ 50 
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ʧʨʦʮʝʥʪʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʵʢʩʧʝʨʪʥʳʤ ʤʝʪʦʜʦʤ. ʅʘ ʨʠʩ.6(ʚ) ʧʦʢʘʟʘʥ 

ʬʨʘʛʤʝʥʪ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʠʩʫʥʢʘ 6(ʘ), ʟʘʢʨʳʪʳʡ ʣʘʢʫʥʦʡ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʧʦʤʦʱʴʶ ʄʀʇɺʉ (ʨʠʩ.6(ʛ)) ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ ʧʦʭʦʞʠʤ ʥʘ 

ʪʝʩʪʦʚʦʝ (ʨʠʩ.6(ʚ)), ʯʝʤ ʟʘʧʦʣʥʝʥʠʝ ʣʘʢʫʥʳ Movavi  (ʨʠʩ.6(ʜ)) ʠ ʪʝʤ ʙʦʣʝʝ 

ʩʧʣʘʡʥʦʤ (ʨʠʩ 6(ʝ)).  

ʅʘ ʨʠʩ.7 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʦʪ 

ʨʘʟʤʝʨʘ ʣʘʢʫʥʳ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʠʩ.6(ʘ).   

 

ʈʠʩ.7. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ (ʧʦ ʚʝʨʪʠʢʘʣʠ) ʦʪ ʨʘʟʤʝʨʘ 

ʩʪʦʨʦʥʳ Dla (ʚ ʧʠʢʩʝʣʘʭ) ʢʚʘʜʨʘʪʥʦʡ ʣʘʢʫʥʳ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ).  SsmM ʤʝʨʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʄʀʇɺʉ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ); SsmN ʤʝʨʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ Movavi (ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ);  SsmS 

ʤʝʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʩʧʣʘʡʥʘ (ʧʫʥʢʪʠʨ). 

 

ʕʪʦʪ ʛʨʘʬʠʢ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʧʦʜʦʙʠʝ ʜʣʷ ʩʦʜʝʨʞʠʤʦʛʦ ʣʘʢʫʥʳ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ ʤʝʪʦʜʫ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʧʝʢʪʨʘ ʌʫʨʴʝ (SsmM ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʘʡʥʦʤ (SsmS ʧʫʥʢʪʠʨ). ɿʘʤʝʪʠʤ ʯʪʦ ʄʀʇɺʉ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʟʤʝʨʦʚ ʣʘʢʫʥʳ, ʚʳʭʦʜʠʪ ʥʘ ʥʝʢʠʡ (ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ) ʫʨʦʚʝʥʴ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʝʪʫʰʠʨʦʚʘʥʠʝ ʣʘʢʫʥʳ ʩʧʣʘʡʥʦʤ ʧʨʠ ʵʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ Ssm. ʈʠʩ.7 ʧʦʢʘʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ ʦʪʣʠʯʠʝ ʤʝʨ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʄʀʇɺʉ ʠ Movavi (SsmN ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ), ʯʝʤ 

ʄʀʇɺʉ ʠ ʩʧʣʘʡʥʘ. ʅʦ, ʚʩʸ ʨʘʚʥʦ, ʄʀʇɺʉ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʦʙʠʷ ʩʧʝʢʪʨʦʚ, 

ʙʣʠʞʝ ʢ ʦʨʠʛʠʥʘʣʫ, ʯʝʤ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ɼʣʷ ʙʦʣʴʰʝʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ 
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ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʚʝʜʸʤ, ʠʩʧʦʣʴʟʫʷ ʠ ʜʨʫʛʠʝ ʪʝʩʪʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩ ʤʝʣʢʠʤʠ ʜʝʪʘʣʷʤʠ (512 ʥʘ 512 ʧʠʢʩʝʣʝʡ) - ʨʠʩ.8. ʉʦʟʜʘʜʠʤ ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʨʝʜʳʜʫʱʝʤʫ ʪʝʩʪʫ ʣʘʢʫʥʳ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʘ ʟʘʪʝʤ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʤ ʠʭ ʩʦʜʝʨʞʠʤʦʝ ʩ ʧʦʤʦʱʴʶ ʄʀʇɺʉ, Movavi ʠ ʩʧʣʘʡʥʘ.  ɿʘʪʝʤ 

ʦʮʝʥʠʤ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʤʝʨʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʫʪʝʨʷʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʄʀʇɺʉ ʠ ʤʝʨʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ 

ʨʝʪʫʰʠʨʦʚʘʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ.   

 

 

                                  ʘ)                                                                 ʙ) 

ʈʠʩ.8. ʀʩʭʦʜʥʳʝ ʪʝʩʪʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʢʦʤʧʣʝʢʩ ʉ-300  - (ʘ); ɸʚʠʘʥʦʩʝʮ - (ʙ). 

 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 6(ʘ), 8(ʘ), 8(ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.9. ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʄʀʇɺʉ ʠ ʤʝʨʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʩʧʣʘʡʥʘ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ. ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʠʮʳ 

ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʄʀʇɺʉ ʠ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ Movavi  ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ. ʅʘ ʛʨʘʬʠʢʝ ʨʠʩ.8  ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

ʦʪʣʦʞʝʥ ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʥʦʡ ʣʘʢʫʥʳ Dla (ʚ ʧʠʢʩʝʣʘʭ). ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ 

ʨʠʩ.9 ʩʦʦʪʚʝʪʩʪʚʫʶʪ: ʎʠʬʨʘ "1" ʥʘʜ ʢʨʠʚʳʤʠ ʠ SsmɸN (ʥʝʡʨʦʩʝʪʴ),  SsmɸS 

(ʩʧʣʘʡʥ) - ʨʘʟʥʠʮʳ ʜʣʷ ʨʠʩ.8(ʙ) (ɸʚʠʘʥʦʩʝʮ).   ʎʠʬʨʘ "2" ʥʘʜ ʢʨʠʚʳʤʠ ʠ SsmSN 

(ʥʝʡʨʦʩʝʪʴ),  SsmSS (ʩʧʣʘʡʥ) - ʨʘʟʥʠʮʳ ʜʣʷ ʨʠʩ.8(a) (ʢʦʤʧʣʝʢʩ ʉ-300).   ʎʠʬʨʘ 
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"3" ʥʘʜ ʢʨʠʚʳʤʠ ʠ SsmRN (ʥʝʡʨʦʩʝʪʴ),  SsmRS (ʩʧʣʘʡʥ) - ʨʘʟʥʠʮʳ ʜʣʷ ʨʠʩ.6(a) 

(ʂʨʘʩʥʘʷ ʧʣʦʱʘʜʴ).   

 
ʈʠʩ.9. ʇʦ ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʪʨʸʭ ʪʝʩʪʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (1, 2, 3):  

ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʄʀʇɺʉ ʠ ʤʝʨʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʩʧʣʘʡʥʘ (ʧʫʥʢʪʠʨ). ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʤʝʨʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ ʄʀʇɺʉ ʠ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʜʣʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ Movavi (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ: ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ Dla 

(ʚ ʧʠʢʩʝʣʘʭ) ʢʚʘʜʨʘʪʥʦʡ ʣʘʢʫʥʳ. 

 

ʈʠʩ.8 ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ (20 - 30 ʧʨʦʮʝʥʪʦʚ) 

ʤʝʞʜʫ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʜʦʙʠʝʤ ʄʀʇɺʉ ʠ ʟʘʧʦʣʥʝʥʠʝʤ ʣʘʢʫʥʳ ʩʧʣʘʡʥʦʤ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ). ʄʝʥʴʰʘʷ ʨʘʟʥʠʮʘ (0 - 10 ʧʨʦʮʝʥʪʦʚ) Ssm ʄʀʇɺʉ ʠ 

ʟʘʧʦʣʥʝʥʠʝʤ ʣʘʢʫʥʳ Movavi ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʟʘʧʦʣʥʷʝʪ 

ʣʘʢʫʥʳ ʙʣʦʢʘʤʠ, ʚʟʷʪʳʤʠ ʠʟ ʵʪʦʛʦ ʞʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʧʫʥʢʪʠʨ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʤʝʪʦʜʘ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʩʧʝʢʪʨʘ ʌʫʨʴʝ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʪʦ, ʯʪʦ ʄʀʇɺʉ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʩʦʜʝʨʞʠʤʦʝ ʣʘʢʫʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʤʝʪʦʜʳ ʣʠʰʴ ʨʝʪʫʰʠʨʫʶʪ 

ʪʝ ʤʝʩʪʘ, ʛʜʝ ʜʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʪʝʨʷʥʳ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ - 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʜʦʙʠʝ (Ssm  spectral similarity measure). ʆʥʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 
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ʚʦʣʥ.  ʕʪʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʣʘʢʫʥ ʥʘ ʨʝʘʣʴʥʳʭ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʊʝʩʪʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʯʠʩʣʷʝʤʦʛʦ ʩʧʝʢʪʨʘ ʌʫʨʴʝ (ʄʀʇɺʉ) [16, 20], ʢʫʙʠʯʝʩʢʠʡ ʩʧʣʘʡʥ [17, 18] ʠ 

ʥʝʡʨʦʩʝʪʴ [19].  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʢʘʢ ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ, ʪʘʢ ʠ ʤʝʪʦʜʳ image inpainting, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʧʦ ʦʮʝʥʢʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʪʫʧʘʶʪ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʀʇɺʉ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʜʨʫʛʠʤʠ ʧʦʜʭʦʜʘʤʠ,  Ssm ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ,  ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ 

ʦʙʲʝʢʪʠʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʢʠ ʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ 

ʧʨʠ ʵʢʩʧʝʨʪʠʟʝ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ. 
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