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ɩɪɢɜɥɟɱɟɧɢɹ ɪɟɫɭɪɫɨɜ ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɢ. 

ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ ɩɨɡɜɨɥɹɟɬ:  
1. ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɛɢɡɧɟɫ-ɩɪɨɰɟɫɫɵ;  
2. ɫɨɤɪɚɬɢɬɶ ɰɢɤɥ ɩɪɨɯɨɠɞɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ;  
3. ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɡɪɚɱɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ;  
4. ɧɚɥɚɞɢɬɶ ɤɨɧɬɪɨɥɶ ɧɚɞ ɢɫɩɨɥɧɟɧɢɟɦ ɪɚɫɩɨɪɹɠɟɧɢɣ;  
5. ɩɨɜɵɫɢɬɶ ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɞɨɫɬɚɜɤɢ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ;  
6. ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ; 
7. ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ ɜɵɫɬɪɨɢɬɶ ɩɨɢɫɤ ɢɧɮɨɪɦɚɰɢɢ;  
8. ɭɩɨɪɹɞɨɱɢɬɶ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬ;  
9. ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɤɨɦɩɚɧɢɟɣ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ:  ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɟɦ ɩɪɨɫɬɨ 

ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɢɯ ɧɟɝɚɬɢɜɧɵɯ ɹɜɥɟɧɢɣ. Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɟ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ. Ɉɧɢ ɨɛɥɟɝɱɚɸɬ ɩɨɫɬɪɨɟɧɢɟ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɞɥɹ ɭɬɜɟɪɠɞɟɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɧɟɧɢɹ ɜɫɟɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɢ. ɋɨɡɞɚɧɢɟ ɬɚɤɨɣ ɟɞɢɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɞɚɠɟ ɤɪɭɩɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ. 
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Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɢɯ 

ɤɚɱɟɫɬɜɚ (IQA, Image Quality Assessment). ȼ ɞɚɧɧɨɦ ɤɨɧɬɟɤɫɬɟ ɩɨɞ ɤɚɱɟɫɬɜɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ 
ɧɚɥɢɱɢɟ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɨɛɴɟɤɬɢɜɧɵɯ ɢɫɤɚɠɟɧɢɣ, ɬɚɤɢɯ, ɤɚɤ ɲɭɦ, ɚɪɬɟɮɚɤɬɵ ɫɠɚɬɢɹ, 
ɪɚɡɦɵɬɢɟ ɢ ɩɪ. Ɋɚɫɩɨɡɧɚɧɢɟ ɩɪɢɫɭɬɫɬɜɢɹ ɞɚɧɧɵɯ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɨɫɬɚɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ 
ɞɥɹ ɫɢɫɬɟɦ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ [1]. 
ɉɨɫɤɨɥɶɤɭ ɷɬɚɥɨɧɧɵɦ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɬɨɥɶɤɨ ɱɟɥɨɜɟɱɟɫɤɨɟ ɜɨɫɩɪɢɹɬɢɟ, ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 
ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɵɯ ɦɟɬɨɞɨɜ IQA ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ ɤɨɪɪɟɥɹɰɢɢ, 
ɫɜɹɡɵɜɚɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢɯ ɪɚɛɨɬɵ ɫ ɨɰɟɧɤɚɦɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. 

ɑɚɳɟ ɜɫɟɝɨ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɬ. ɧ. ɩɚɪɧɵɟ (full-reference) 
ɦɟɬɪɢɤɢ, ɫɚɦɨɣ ɢɡɜɟɫɬɧɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ SSIM [2] ɢ ɟɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ. ɗɬɢ 
ɦɟɬɪɢɤɢ ɨɰɟɧɢɜɚɸɬ ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɧɚɥɢɱɢɢ ɷɬɚɥɨɧɚ – ɚɧɚɥɨɝɢɱɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɧɟ ɢɦɟɸɳɟɝɨ ɢɫɤɚɠɟɧɢɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟɧɶ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɩɚɪɧɵɯ ɦɟɬɪɢɤ, ɢɯ 
ɨɱɟɜɢɞɧɚɹ ɧɟɩɪɚɤɬɢɱɧɨɫɬɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɢɦɭɥɢɪɭɟɬ ɪɚɛɨɬɵ ɜ ɞɪɭɝɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ – ɪɚɡɜɢɬɢɟ 
ɱɚɫɬɢɱɧɨ ɩɚɪɧɵɯ (reduced-reference) ɢ ɧɟɩɚɪɧɵɯ (no-reference) ɨɰɟɧɨɤ. Ɉɛɵɱɧɨ ɷɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɜɢɞɟ ɦɟɬɨɞɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ – ɜɵɞɟɥɟɧɢɟ ɨɛɳɢɯ ɩɪɢɡɧɚɤɨɜ, 
ɧɟɫɭɳɢɯ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɫɤɚɠɟɧɢɹɯ,  ɧɚ ɧɟɤɨɬɨɪɨɦ ɨɛɭɱɚɸɳɟɦ ɦɧɨɠɟɫɬɜɟ, ɫ ɢɯ ɩɨɫɥɟɞɭɸɳɢɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ ɨɰɟɧɤɢ ɜɧɨɜɶ ɩɨɫɬɭɩɚɸɳɢɯ ɢɡɨɛɪɚɠɟɧɢɣ.  

ȼ ɪɚɛɨɬɟ [3] ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɩɪɢɦɟɧɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ 
ɷɜɨɥɸɰɢɨɧɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɜɟɫɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɫɬɟɣɲɢɟ 
ɹɪɤɨɫɬɧɵɟ ɢ ɰɜɟɬɨɜɵɟ ɩɚɪɚɦɟɬɪɵ, ɚ ɬɚɤɠɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ NSS, 
ɩɨɫɬɪɨɟɧɧɵɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɞɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ɷɬɚɥɨɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ 
(ɩɨɞɯɨɞ, ɩɨɞɨɛɧɵɣ ɨɩɢɫɚɧɧɨɦɭ ɜ [4]). Ⱦɨɫɬɢɝɧɭɬɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɤɚɡɚɥɢɫɶ ɫɨɩɨɫɬɚɜɢɦɵ ɫ MS-SSIM, 
ɨɞɧɚɤɨ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ. 
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1. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɞɜɭɯɷɬɚɩɧɨɝɨ ɨɛɭɱɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɨɛɭɱɚɸɳɢɯ 
ɜɵɛɨɪɨɤ – ɫɧɚɱɚɥɚ ɫɢɧɬɟɡ ɦɨɞɟɥɢ NSS ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ ɷɬɚɥɨɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɡɚɬɟɦ ɫɨɛɫɬɜɟɧɧɨ 
ɨɛɭɱɟɧɢɟ ɂɇɋ ɧɚ ɢɫɤɚɠɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɫ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ ɨɰɟɧɤɚɦɢ. 

2. ȼɵɫɨɤɚɹ ɧɟɥɢɧɟɣɧɨɫɬɶ ɞɚɧɧɵɯ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɂɇɋ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɫɤɪɵɬɵɦɢ ɫɥɨɹɦɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɢ ɩɨɬɨɦɭ ɭɫɥɨɠɧɹɟɬ ɨɛɭɱɟɧɢɟ (ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ). 

3. ɋɥɟɞɫɬɜɢɟɦ ɜɵɲɟɭɩɨɦɹɧɭɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨɟ ɧɟɩɨɫɬɨɹɧɫɬɜɨ ɤɚɱɟɫɬɜɚ 
ɫɢɫɬɟɦɵ – ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɬɨɱɧɨɫɬɢ ɦɨɠɟɬ ɩɨɧɚɞɨɛɢɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ 
ɩɟɪɟɡɚɩɭɫɤɨɜ ɨɛɭɱɟɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɩɢɫɵɜɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ ɪɟɲɟɧɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɪɨɛɥɟɦ. Ⱦɥɹ 
ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɜɨɣ ɢɡ ɧɢɯ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɜɟɞɟɧɢɟ ɧɨɜɵɯ ɩɪɢɡɧɚɤɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɧɟɡɚɜɢɫɢɦɨ 
ɜɵɱɢɫɥɟɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɩɟɪɜɨɝɨ 
ɨɛɭɱɚɸɳɟɝɨ ɷɬɚɩɚ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɩɪɨɛɥɟɦ ɫɬɚɧɞɚɪɬɧɚɹ ɂɇɋ ɩɪɹɦɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ [3], ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɫ ɭɦɧɨɠɚɸɳɢɦɢ ɭɡɥɚɦɢ, ɜɟɫɚ 
ɫɜɹɡɟɣ ɤɨɬɨɪɨɣ ɧɚɫɬɪɚɢɜɚɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
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Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ [3], ɞɚɠɟ ɬɚɤɢɟ ɬɪɢɜɢɚɥɶɧɵɟ ɩɪɢɡɧɚɤɢ, ɤɚɤ ɫɪɟɞɧɹɹ ɹɪɤɨɫɬɶ, ɫɪɟɞɧɹɹ 
ɤɨɧɬɪɚɫɬɧɨɫɬɶ, ɬɨɧɨɜɚɹ ɧɚɫɵɳɟɧɧɨɫɬɶ ɢ ɞɪɭɝɢɟ, ɧɟɫɭɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɧɚɥɢɱɢɢ ɢɫɤɚɠɟɧɢɣ ɜ 
ɢɡɨɛɪɚɠɟɧɢɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɡɜɥɟɱɟɧɚ ɫ ɩɨɦɨɳɶɸ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɉɨ ɞɚɧɧɨɣ ɩɪɢɱɢɧɟ 
ɨɬɤɚɡɵɜɚɬɶɫɹ ɨɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɬ ɫɦɵɫɥɚ, ɨɫɨɛɟɧɧɨ ɫ ɭɱɟɬɨɦ ɦɚɥɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ 
ɢɯ ɩɨɥɭɱɟɧɢɟ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɞɜɭɯɷɬɚɩɧɨɝɨ ɨɛɭɱɟɧɢɹ ɫɢɫɬɟɦɵ ɨɛɭɫɥɨɜɥɟɧɚ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, 
ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ ɩɨɥɭɱɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ – ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɷɬɚɥɨɧɧɨɣ ɢ 
ɮɚɤɬɢɱɟɫɤɨɣ ɦɨɞɟɥɹɦɢ NSS. Ⱦɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɚ ɜ ɪɨɥɢ ɩɨɤɚɡɚɬɟɥɹ ɤɚɱɟɫɬɜɚ [4], 
ɨɞɧɚɤɨ ɫɬɪɟɦɥɟɧɢɟ ɤ ɭɩɪɨɳɟɧɢɸ ɫɢɫɬɟɦɵ ɢ ɫɧɢɠɟɧɢɸ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ ɡɚɫɬɚɜɥɹɟɬ ɨɛɪɚɬɢɬɶɫɹ ɤ 
ɜɨɡɦɨɠɧɵɦ ɚɥɶɬɟɪɧɚɬɢɜɚɦ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ [5] ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɩɪɢɡɧɚɤɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɰɟɧɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ. Ʉɚɠɞɵɣ ɢɡ ɧɢɯ ɨɰɟɧɢɜɚɥɫɹ ɩɨ ɫɬɟɩɟɧɢ ɤɨɪɪɟɥɹɰɢɢ ɫ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ ɨɰɟɧɤɚɦɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɢɫɤɚɠɟɧɢɣ. 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɢɫɚɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɤɨɧɬɪɚɫɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɪɚɞɢɟɧɬ 
ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ. ɉɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ (ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ) 
ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɩɨɥɭɱɟɧɨ ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɫɬɚɧɞɚɪɬɧɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ 3ɯ3. ɉɨ ɜɟɥɢɱɢɧɚɦ ɷɬɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɢɧɚ ɜɟɤɬɨɪɚ 
ɝɪɚɞɢɟɧɬɚ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ ɭɫɪɟɞɧɹɟɬɫɹ ɩɨ ɜɫɟɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ. 
ɋɨɝɥɚɫɧɨ [5], ɞɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜɧɚ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɛɟɥɨɝɨ ɲɭɦɚ (ɤɨɪɪɟɥɹɰɢɹ ~0.87), ɦɟɧɟɟ 
ɷɮɮɟɤɬɢɜɧɚ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɪɚɡɦɵɬɢɹ (ɤɨɪɪɟɥɹɰɢɹ ~0.64). 

Ⱦɪɭɝɚɹ ɜɟɥɢɱɢɧɚ – ɷɧɬɪɨɩɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. Ɉɧɚ ɭɠɟ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɜɚɪɢɚɧɬɟ 
ɂɇɋ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢ ɩɨɬɨɦɭ ɧɟ ɧɭɠɞɚɟɬɫɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɪɚɫɫɦɨɬɪɟɧɢɢ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɫɚɦ ɩɨ ɫɟɛɟ ɞɨɜɨɥɶɧɨ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ 
ɚɪɬɟɮɚɤɬɨɜ ɫɠɚɬɢɹ JPEG (ɤɨɪɪɟɥɹɰɢɹ ~0.84). 

ɇɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɨɰɟɧɤɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɪɟɞɧɟɣ ɮɚɡɨɜɨɣ 
ɤɨɧɝɪɭɷɧɬɧɨɫɬɢ (ɋɎɄ). ȿɟ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ – ɫɬɟɩɟɧɶ ɤɨɝɟɪɟɧɬɧɨɫɬɢ ɥɨɤɚɥɶɧɵɯ ɱɚɫɬɨɬ 
ɤɨɦɩɨɧɟɧɬɨɜ Ɏɭɪɶɟ. Ɉɞɧɚ ɢɡ ɮɨɪɦɭɥ, ɩɨ ɤɨɬɨɪɵɦ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɮɚɡɨɜɚɹ ɤɨɧɝɪɭɷɧɬɧɨɫɬɶ, 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [6]: 
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ɝɞɟ A(x) – ɚɦɩɥɢɬɭɞɚ n-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɪɚɡɥɨɠɟɧɢɹ Ɏɭɪɶɟ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 
( ) ( ) ( )nx x x     – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɮɚɡɨɣ n-ɝɨ ɤɨɦɩɨɧɟɧɬɚ Ɏɭɪɶɟ ɢ ɫɪɟɞɧɟɣ ɮɚɡɨɣ ɩɨ ɜɫɟɦ 

ɤɨɦɩɨɧɟɧɬɚɦ, W(x) – ɜɟɫɨɜɚɹ ɮɭɧɤɰɢɹ ɨɤɧɚ (ɚɜɬɨɪɚɦɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɧɚ Ƚɚɭɫɫɚ), T 
– ɨɰɟɧɤɚ ɭɪɨɜɧɹ ɲɭɦɚ (ɞɟɬɚɥɢ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ [6]),     – ɮɭɧɤɰɢɹ, ɨɛɪɚɳɚɸɳɚɹ ɱɢɫɥɢɬɟɥɶ 
ɞɪɨɛɢ ɜ ɧɨɥɶ, ɟɫɥɢ ɟɝɨ ɡɧɚɱɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨ, İ – ɦɚɥɚɹ ɤɨɧɫɬɚɧɬɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɞɟɥɟɧɢɹ ɧɚ 
ɧɨɥɶ. Ⱦɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɫɚɦɚ ɩɨ ɫɟɛɟ ɢɦɟɟɬ ɤɨɪɪɟɥɹɰɢɸ ɛɨɥɟɟ 0.75 ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɬɢɩɨɜ 
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ɢɫɤɚɠɟɧɢɣ – ɫɠɚɬɢɟ JPEG, ɫɠɚɬɢɟ JPEG2000, ɛɟɥɵɣ ɲɭɦ, ɪɚɡɦɵɬɢɟ ɩɨ Ƚɚɭɫɫɭ, ɩɨɬɟɪɹ ɢɧɮɨɪɦɚɰɢɢ 
ɩɪɢ ɩɟɪɟɞɚɱɟ ɩɨ ɛɵɫɬɪɨɡɚɬɭɯɚɸɳɟɦɭ ɪɷɥɟɟɜɫɤɨɦɭ ɤɚɧɚɥɭ. 

Ⱦɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ 
ɧɚ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɰɟɧɤɢ ɩɪɢ ɢɯ ɜɧɟɞɪɟɧɢɢ, ɩɪɢ ɷɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɭɱɚɸɳɟɝɨ ɷɬɚɩɚ ɧɟ 
ɬɪɟɛɭɟɬɫɹ – ɫɜɹɡɵɜɚɸɳɢɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɡɚɜɢɫɢɦɨɫɬɢ ɛɭɞɭɬ ɨɛɧɚɪɭɠɟɧɵ ɫ ɩɨɦɨɳɶɸ ɧɟɣɪɨɧɧɨɣ 
ɫɟɬɢ. 
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ȼ ɪɚɛɨɬɟ [3] ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɬɚɧɞɚɪɬɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ 
ɫɬɪɭɤɬɭɪɚ ɡɚɞɚɜɚɥɚɫɶ ɜɪɭɱɧɭɸ, ɚ ɩɨɞɛɨɪ ɜɟɫɨɜ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɩɨɦɨɳɶɸ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 
ɫ ɰɟɥɶɸ ɦɚɤɫɢɦɢɡɚɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɜɵɯɨɞɚ ɫ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ ɨɰɟɧɤɚɦɢ. ɉɪɢ ɷɬɨɦ ɛɵɥɨ 
ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɟɬɢ ɫ ɨɞɧɢɦ ɫɤɪɵɬɵɦ ɫɥɨɟɦ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ 
ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɫɭɳɟɫɬɜɭɸɳɭɸ ɦɟɠɞɭ ɜɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɢɫɤɨɦɵɦ ɜɵɯɨɞɧɵɦ 
ɡɧɚɱɟɧɢɟɦ. ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɦɟɟɬ ɧɟɥɢɧɟɣɧɨɫɬɶ ɜɵɫɨɤɨɝɨ 
ɩɨɪɹɞɤɚ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɞɨɫɬɚɬɨɱɧɨ ɥɨɝɢɱɧɵɦ ɪɟɲɟɧɢɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬ. ɧ. 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ  (higher order neural network). ɋɭɳɟɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ ɦɨɞɟɥɟɣ 
ɬɚɤɢɯ ɫɟɬɟɣ, ɜ ɢɯ ɱɢɫɥɟ ∑∏-ɫɟɬɢ, ∏∑-ɫɟɬɢ, ɫɟɬɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɹɡɟɣ ɢ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɫ 
ɭɦɧɨɠɚɸɳɢɦɢ ɭɡɥɚɦɢ [7]. Ɉɛɳɟɣ ɱɟɪɬɨɣ ɬɚɤɢɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɢɦɢ 
ɧɟɥɢɧɟɣɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɫɬɚɧɞɚɪɬɧɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɬɨɥɶɤɨ ɜɡɜɟɲɟɧɧɨɟ ɫɭɦɦɢɪɨɜɚɧɢɟ). Ɉɛɳɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɧɟɩɪɢɦɟɧɢɦɨɫɬɶ 
ɞɥɹ ɬɚɤɢɯ ɫɟɬɟɣ ɝɪɚɞɢɟɧɬɧɵɯ ɦɟɬɨɞɨɜ ɨɛɭɱɟɧɢɹ ɢɡ-ɡɚ ɨɱɟɧɶ ɫɥɨɠɧɨɝɨ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɲɢɛɤɢ. 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɩɨɞɫɬɪɨɣɤɢ ɜɟɫɨɜ ɦɟɲɚɟɬ ɫɟɬɹɦ 
ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɩɨɥɭɱɢɬɶ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɨɞɧɚɤɨ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɨɛɭɱɟɧɢɟ 
ɢɡɧɚɱɚɥɶɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɧɟɞɪɢɬɶ ɨɞɧɭ ɢɡ 
ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɂɇɋ ɛɟɡ ɫɟɪɶɟɡɧɨɝɨ ɢɡɦɟɧɟɧɢɹ «ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ». 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɜɵɛɨɪ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɜ ɩɨɥɶɡɭ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɭɦɧɨɠɚɸɳɢɦɢ 
ɭɡɥɚɦɢ (product unit neural network, PUNN). ɉɪɢɱɢɧ ɬɨɦɭ ɧɟɫɤɨɥɶɤɨ – ɜɨ-ɩɟɪɜɵɯ, ɜ ɫɟɬɹɯ ɜɵɫɨɤɨɝɨ 
ɩɨɪɹɞɤɚ ɞɪɭɝɢɯ ɬɢɩɨɜ ɧɟɥɢɧɟɣɧɨɫɬɢ ɦɟɠɞɭ ɜɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ «ɡɚɲɢɬɵ» ɜ ɫɬɪɭɤɬɭɪɭ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɜ PUNN ɨɧɢ ɫɨɡɞɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɩɨɜɵɲɚɹ ɝɢɛɤɨɫɬɶ ɫɢɫɬɟɦɵ; ɜɨ-ɜɬɨɪɵɯ, ɫɟɬɢ ɞɪɭɝɢɯ 
ɬɢɩɨɜ ɨɛɥɚɞɚɸɬ ɨɱɟɧɶ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɜɵɲɚɹ ɪɚɡɦɟɪɧɨɫɬɶ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ ɩɪɢ ɨɛɭɱɟɧɢɢ. 

ɋɬɚɧɞɚɪɬɧɚɹ ɫɬɪɭɤɬɭɪɚ PUNN ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. ȼ ɫɟɬɹɯ ɬɚɤɨɝɨ ɬɢɩɚ ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ 
ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɧɟɣɪɨɧɨɜ – ɜɯɨɞɧɵɟ, ɫɭɦɦɢɪɭɸɳɢɟ ɢ ɭɦɧɨɠɚɸɳɢɟ (ɞɚɜɲɢɟ ɧɚɡɜɚɧɢɟ ɜɫɟɣ ɦɨɞɟɥɢ ɜ 
ɰɟɥɨɦ). ɍɦɧɨɠɚɸɳɢɟ ɧɟɣɪɨɧɵ ɧɚɯɨɞɹɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɫɤɪɵɬɨɦ ɫɥɨɟ, ɨɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɬ ɢ 
ɩɪɹɦɵɟ ɫɜɹɡɢ ɦɟɠɞɭ ɜɯɨɞɧɵɦɢ ɢ ɜɵɯɨɞɧɵɦɢ ɭɡɥɚɦɢ. Ɏɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɧɟɣɪɨɧɨɜ PUNN ɨɛɵɱɧɨ 
ɥɢɧɟɣɧɵɟ (ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɪɚɜɟɧ ɜɯɨɞɧɨɦɭ). Ɉɬɥɢɱɢɟ ɨɬ ɫɬɚɧɞɚɪɬɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɭɦɧɨɠɚɸɳɢɯ ɭɡɥɚɯ, ɡɧɚɱɟɧɢɟ ɜ ɤɨɬɨɪɵɯ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɜɢɞɟ 
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ɝɞɟ i – ɧɨɦɟɪ ɭɦɧɨɠɚɸɳɟɝɨ ɭɡɥɚ, N – ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɨɜ ɫɟɬɢ, zj – j-ɣ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫɟɬɢ, wji 
– ɜɟɫ ɫɜɹɡɢ ɦɟɠɞɭ j-ɦ ɜɯɨɞɧɵɦ ɭɡɥɨɦ ɢ i-ɦ ɭɦɧɨɠɚɸɳɢɦ ɭɡɥɨɦ, și  – ɡɧɚɱɟɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɞɜɢɝɚ i-
ɝɨ ɭɦɧɨɠɚɸɳɟɝɨ ɭɡɥɚ.  
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Ɋɢɫ. 1. ɉɪɢɦɟɪ ɫɬɪɭɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɭɦɧɨɠɚɸɳɢɦɢ ɭɡɥɚɦɢ 

  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 1 ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɫɟɬɢ ɜɵɭɱɢɬɶ ɩɪɨɢɡɜɨɥɶɧɨɟ 

ɩɨɥɢɧɨɦɢɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ, ɧɚɩɪɢɦɟɪ: 
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Ɉɛɭɱɟɧɢɟ PUNN ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɩɨɦɨɳɶɸ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɨɩɢɫɚɧɧɨɝɨ ɜ 
[3], ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɱɢɫɥɨ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɫɱɟɬ ɭɩɪɨɳɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɡɚɦɟɬɧɨ ɫɨɤɪɚɬɢɬɫɹ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɠɟɬɫɹ ɧɚ ɜɪɟɦɟɧɧɵɯ ɢ ɦɨɳɧɨɫɬɧɵɯ ɡɚɬɪɚɬɚɯ. 
ɋɥɟɞɭɟɬ, ɜɩɪɨɱɟɦ, ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɞɨɫɬɚɬɨɱɧɨ ɭɫɩɟɲɧɵɟ ɧɟɣɪɨɷɜɨɥɸɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ ɤ 
ɧɚɫɬɪɨɣɤɟ ɫɬɪɭɤɬɭɪɵ PUNN [8], ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. 
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ɋɥɟɞɭɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ ɜɧɟɫɟɧɢɟ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɢɡɦɟɧɟɧɢɣ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 
ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɟɝɨ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɝɨ 
ɷɬɚɩɚ. Ʌɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɪɟɡɭɥɶɬɚɬɚ ɫ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ 
ɨɰɟɧɤɚɦɢ ɬɚɤɠɟ ɭɜɟɥɢɱɚɬɫɹ, ɨɞɧɚɤɨ ɜɵɜɨɞɵ ɩɨ ɷɬɨɦɭ ɚɫɩɟɤɬɭ ɦɨɝɭɬ ɛɵɬɶ ɫɞɟɥɚɧɵ ɬɨɥɶɤɨ ɩɨɫɥɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  
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