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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɚɮɟɞɪɚ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 
 
 

          ɍɌȼȿɊɀȾȺɘ  
                             Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  

                                           ______ Ƚ. Ɇ. ɐɢɛɭɥɶɫɤɢɣ  
                                                                                                                          ɩɨɞɩɢɫɶ  
                                                                                                                                      « _____» ________ 2019 ɝ.  
 
 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

09.03.02 — «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ» 

Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ 

 
 
 
 

 
 
 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ   ______________      ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ  ɤɚɮ. ɋɂɂ   Ⱥ. ȼ. ɉɹɬɚɟɜɚ  
                                      ɩɨɞɩɢɫɶ, ɞɚɬɚ  
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                                      ɩɨɞɩɢɫɶ, ɞɚɬɚ  

 
 
 
 
 
 
 
 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 



 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ 
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                           Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  

                                               ______ Ƚ. Ɇ. ɐɢɛɭɥɶɫɤɢɣ  
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ɁȺȾȺɇɂȿ 
 ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
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ɋɬɭɞɟɧɬɤɟ ȼɟɪɯɨɬɭɪɨɜɨɣ Ɇɚɪɢɢ ȼɥɚɞɢɦɢɪɨɜɧɟ 

Ƚɪɭɩɩɚ Ʉɂ15-12Ȼ, ɧɚɩɪɚɜɥɟɧɢɟ 09.03.02 «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ 

ɬɟɯɧɨɥɨɝɢɢ», ɩɪɨɮɢɥɶ ɩɨɞɝɨɬɨɜɤɢ 09.03.02.05 «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ 

ɬɟɯɧɨɥɨɝɢɢ ɜ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɦ ɭɩɪɚɜɥɟɧɢɢ».  

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ».  

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 6220/ɫ ɨɬ 08.05.2019 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ.ȼ. ɉɹɬɚɟɜɚ ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

ɤɚɮɟɞɪɵ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɂɄɂɌ ɋɎɍ.  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ:  

 ɜɜɟɞɟɧɢɟ; 

 ɦɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ;  

 ɷɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ; 

 ɦɟɬɨɞɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ; 

 ɚɤɬɢɜɧɵɟ ɦɨɞɟɥɢ ɜɧɟɲɧɟɝɨ ɜɢɞɚ; 

 ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ; 

 ɦɟɬɨɞ ɝɢɛɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɧɚ ɝɪɚɮɚɯ; 

 ɫɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ; 

 ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1;  

 ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ;  

 ɦɟɬɨɞ ȼɢɨɥɵ–Ⱦɠɨɧɫɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ; 

 ɥɨɤɚɥɶɧɵɟ ɛɢɧɚɪɧɵɟ ɲɚɛɥɨɧɵ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ; 

 ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2;  

 ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ; 

 ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰ; 

 ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ; 

 ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3; 
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 ɡɚɤɥɸɱɟɧɢɟ;  

 ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ;  

 ɫɩɢɫɨɤ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɬɟɦɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ; 

 ɩɪɢɥɨɠɟɧɢɹ Ⱥ (ɩɥɚɤɚɬɵ ɩɪɟɡɟɧɬɚɰɢɢ).  

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɩɪɟɡɟɧɬɚɰɢɹ «Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ» 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                         _____________                                                   Ⱥ. ȼ. ɉɹɬɚɟɜɚ  
                                                                                              ɩɨɞɩɢɫɶ  
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ            ________          Ɇ.ȼ. ȼɟɪɯɨɬɭɪɨɜɚ 

                                                    ɩɨɞɩɢɫɶ  
 

               «____»___________ 2019 ɝ. 
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Ƚɪɚɮɢɤ 

ȼɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɦ ɧɚɩɪɚɜɥɟɧɢɹ 

09.03.02 «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ», ɩɪɨɮɢɥɹ ɩɨɞɝɨɬɨɜɤɢ 

09.03.02.05 «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɦ 

ɭɩɪɚɜɥɟɧɢɢ». 

 Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɪɢɜɟɞɟɧ ɜ 

ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɨɜ ȼɄɊ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɬɚɩɚ 

ɋɪɨɤ 

ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɚ 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɨɜ 

ɉɪɢɦɟɱɚɧɢɟ 

ɪɭɤɨɜɨɞɢɬɟɥɹ 

(ɨɬɦɟɬɤɚ ɨ 

ɜɵɩɨɥɧɟɧɢɢ ɷɬɚɩɚ) 

Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ 

ɰɟɥɶɸ ɢ ɡɚɞɚɱɚɦɢ 

ɪɚɛɨɬɵ 

04.02-9.02 Ʉɪɚɬɤɨɟ ɷɫɫɟ ɩɨ ɬɟɦɟ 

ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɋɛɨɪ ɥɢɬɟɪɚɬɭɪɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ 

10.02-18.02 ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ 

ȼɵɩɨɥɧɟɧɨ 

Ⱥɧɚɥɢɡ ɫɨɛɪɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ 

ɥɢɬɟɪɚɬɭɪɵ 

19.02-25.02 Ɋɟɮɟɪɚɬ ɨ ɩɪɨɛɥɟɦɧɨ 

ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

ȼɵɩɨɥɧɟɧɨ 

ɍɬɨɱɧɟɧɢɟ ɢ 

ɨɛɨɫɧɨɜɚɧɢɟ 

ɚɤɬɭɚɥɶɧɨɫɬɢ ɰɟɥɢ ɢ 

ɡɚɞɚɱ ȼɄɊ 

26.02-29.02 Ɉɤɨɧɱɚɬɟɥɶɧɚɹ 

ɮɨɪɦɭɥɢɪɨɜɤɚ ɰɟɥɢ ɢ 

ɡɚɞɚɱ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

Ɋɟɲɟɧɢɟ ɩɟɪɜɨɣ 

ɡɚɞɚɱɢ ȼɄɊ 

18.03-31.03 Ⱦɨɤɥɚɞ ɢ ɩɪɟɡɟɧɬɚɰɢɹ ɩɨ 

ɪɟɲɟɧɢɸ ɩɟɪɜɨɣ ɡɚɞɚɱɢ 

ȼɵɩɨɥɧɟɧɨ 

Ɋɟɲɟɧɢɟ ɜɬɨɪɨɣ 

ɡɚɞɚɱɢ ȼɄɊ 

01.04-14.04 Ⱦɨɤɥɚɞ ɢ ɩɪɟɡɟɧɬɚɰɢɹ ɩɨ 

ɪɟɲɟɧɢɸ ɜɬɨɪɨɣ ɡɚɞɚɱɢ 

ȼɵɩɨɥɧɟɧɨ 

Ɋɟɲɟɧɢɟ ɬɪɟɬɶɟɣ 

ɡɚɞɚɱɢ ȼɄɊ 

15.04-31.05 Ⱦɨɤɥɚɞ ɢ ɩɪɟɡɟɧɬɚɰɢɹ ɩɨ 

ɬɪɟɬɶɟɣ ɡɚɞɚɱɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɉɨɞɝɨɬɨɜɤɚ ɞɨɤɥɚɞɚ ɢ 

ɩɪɟɡɟɧɬɚɰɢɢ ɩɨ ɬɟɦɟ 

ȼɄɊ 

01.06-05.06 Ⱦɨɤɥɚɞ ɫ ɩɪɟɡɟɧɬɚɰɢɟɣ 

ɩɨ ɬɟɦɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 

Ʉɨɦɩɨɧɨɜɤɚ ɨɬɱɟɬɚ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ȼɄɊ 

06.06-13.06 Ɉɬɱɟɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɉɟɪɜɢɱɧɵɣ 

ɧɨɪɦɨɤɨɧɬɪɨɥɶ (ɇ/Ʉ) 

 

14.06 ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ, 

ɩɪɟɡɟɧɬɚɰɢɹ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

 

 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɡɚɳɢɬɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ȼɄɊ 

18.06 Ⱦɨɤɥɚɞ ɫ ɩɪɟɡɟɧɬɚɰɢɟɣ 

ɩɨ ɬɟɦɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ȼɬɨɪɢɱɧɵɣ 

ɧɨɪɦɨɤɨɧɬɪɨɥɶ (ɇ/Ʉ) 

24.06 ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ, 

ɩɪɟɡɟɧɬɚɰɢɹ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɂɬɨɝɨɜɵɣ 

ɧɨɪɦɨɤɨɧɬɪɨɥɶ (ɇ/Ʉ) 

27.06 ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ, 

ɩɪɟɡɟɧɬɚɰɢɹ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 
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ȼȼȿȾȿɇɂȿ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɡɚɜɨɟɜɚɥɢ ɛɨɥɶɲɭɸ 

ɩɨɩɭɥɹɪɧɨɫɬɶ, ɛɥɚɝɨɞɚɪɹ ɛɨɝɚɬɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ.  

ɉɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɦɧɨɠɟɫɬɜɨ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɬɚɤɢɯ ɤɚɤ ɡɚɳɢɬɚ ɩɟɪɫɨɧɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɥɢɱɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ, ɨɛɟɫɩɟɱɟɧɢɟ ɱɟɥɨɜɟɤɨ-ɦɚɲɢɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɪɟɚɥɢɡɚɰɢɹ 

ɞɨɫɬɭɩɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɨɛɴɟɤɬɨɜ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɥɢɱɧɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɤɬɨɪɢɧɝɚ ɜ ɫɢɫɬɟɦɚɯ ɷɥɟɤɬɪɨɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ [1].  

ɉɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨ 

ɪɚɡɥɢɱɚɸɬɫɹ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɩɨɞɯɨɞɨɜ ɤ ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɥɢɰ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɢɰɚ [1, 2]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɸɬ 

ɬɟɯɧɨɥɨɝɢɢ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ [3, 4], ɷɜɨɥɸɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ [5], ɦɟɬɨɞ ɪɨɹ 

ɱɚɫɬɢɰ [6] ɢ ɞɪɭɝɢɟ ɩɨɞɯɨɞɵ. ɇɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ 

ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɟ ɮɚɤɬɨɪɵ, ɬɚɤɢɟ ɤɚɤ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɨɫɜɟɳɟɧɧɨɫɬɢ ɢ 

ɡɚɲɭɦɥɟɧɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɣ [7, 8], ɩɨɥɨɠɟɧɢɟ ɥɢɰɚ [9], ɩɨɥ ɢ ɜɨɡɪɚɫɬ ɢ 

ɷɬɧɢɱɟɫɤɚɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɱɟɥɨɜɟɤɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ [10-12] ɢ ɩɪ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɚɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɢ ɦɟɬɨɞ 

Ʌɨɤɚɥɶɧɵɯ ɛɢɧɚɪɧɵɯ ɲɚɛɥɨɧɨɜ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɜɜɢɞɭ ɫɜɨɟɣ 

ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɢ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɫɪɚɛɚɬɵɜɚɧɢɹ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɟɝɨ 

ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɨɛɧɚɪɭɠɟɧɢɹ ɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ.  

ɉɨɫɬɚɜɥɟɧɧɚɹ ɰɟɥɶ ɞɨɫɬɢɝɚɟɬɫɹ ɪɟɲɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

1. ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ; 

2. ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɞɨɫɬɚɬɤɨɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ; 

3. ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɢ ɟɝɨ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ; 
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4. ɬɟɫɬɢɪɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ ɫɢɫɬɟɦɵ.  
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1 Ɇɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢя ɥɢɰ  

 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɨɛɥɚɫɬɶɸ ɧɚɭɱɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɚɤ ɦɢɧɢɦɭɦ ɩɹɬɶ ɞɟɫɹɬɢɥɟɬɢɣ [1].  

ɉɨɞɯɨɞɵ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɷɜɨɥɸɰɢɨɧɢɪɨɜɚɥɢ ɨɬ 

ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ [2, 3] ɢ ɭɱɟɬɚ ɬɟɤɫɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 

[4] ɞɨ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ [5, 6]. ɉɪɢ ɷɬɨɦ ɜɵɩɨɥɧɹɟɬɫɹ 

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ ɧɟ ɬɨɥɶɤɨ ɥɸɞɟɣ, ɧɨ ɢ ɨɛɟɡɶɹɧ [7], ɫɜɢɧɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɠɢɜɨɬɧɵɯ ɧɚ ɮɟɪɦɟ [8] ɢ ɞɚɠɟ ɫɬɚɬɭɣ Ȼɨɞɯɢɫɚɬɬɜɵ [9]. 

Ʉ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɩɨɞɯɨɞɵ: 

 ɷɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ; 

 ɦɟɬɨɞɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ; 

 ɚɤɬɢɜɧɵɟ ɦɨɞɟɥɢ ɜɧɟɲɧɟɝɨ ɜɢɞɚ; 

 ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ; 

 ɫɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ; 

 ɦɟɬɨɞ ɝɢɛɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɧɚ ɝɪɚɮɚɯ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɨɞɯɨɞɨɜ. 

 

1.1 ɗɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ  
 

 ɗɦɩɢɪɢɱɟɫɤɢɣ ɩɨɞɯɨɞ (knowledge based top-down methods) ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɫɨɡɞɚɧɢɟ ɚɥɝɨɪɢɬɦɚ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɧɚɛɨɪ ɩɪɚɜɢɥ, ɤɨɬɨɪɵɦ ɞɨɥɠɟɧ ɨɬɜɟɱɚɬɶ 

ɮɪɚɝɦɟɧɬ ɮɨɬɨɝɪɚɮɢɢ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɱɢɬɚɬɶɫɹ ɱɟɥɨɜɟɱɟɫɤɢɦ ɥɢɰɨɦ. ɗɬɨɬ ɧɚɛɨɪ 

ɩɪɚɜɢɥ – ɩɨɩɵɬɤɚ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɧɚɧɢɹ ɨ ɬɨɦ, ɤɚɤ ɜɵɝɥɹɞɢɬ ɥɢɰɨ 

ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɬɨ ɟɫɬɶ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɬɨ, ɱɟɦ ɪɭɤɨɜɨɞɫɬɜɭɟɬɫɹ ɱɟɥɨɜɟɤ ɩɪɢ 

ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ: ɜɢɞɢɬ ɨɧ ɥɢɰɨ ɢɥɢ ɧɟ ɥɢɰɨ. Ɉɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ ɷɦɩɢɪɢɱɟɫɤɨɝɨ 

ɩɨɞɯɨɞɚ[18]:  

 ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɶ ɥɢɰɚ ɢɦɟɟɬ ɨɞɧɨɪɨɞɧɭɸ ɹɪɤɨɫɬɶ ɢ ɰɜɟɬ;  
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 ɭ ɰɟɧɬɪɚɥɶɧɨɣ ɢ ɜɟɪɯɧɟɣ ɱɚɫɬɟɣ ɥɢɰɚ ɪɚɡɧɚɹ ɹɪɤɨɫɬɶ;  

 ɥɢɰɨ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɧɨɫ, ɪɨɬ ɢ ɞɜɚ ɫɢɦɦɟɬɪɢɱɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɥɚɡɚ, 

ɪɟɡɤɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɹɪɤɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɥɢɰɚ.  

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɪɟɚɥɢɡɭɸɬɫɹ, 

ɧɟ ɬɪɟɛɭɸɬ ɦɨɳɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɩɨɡɜɨɥɹɸɬ ɩɨɫɬɪɨɢɬɶ ɧɟɤɨɬɨɪɭɸ 

ɦɨɞɟɥɶ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ ɢ ɫɜɟɫɬɢ ɡɚɞɚɱɭ ɤ ɜɵɩɨɥɧɟɧɢɸ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɵɯ ɩɪɨɜɟɪɨɤ, ɜɨɡɦɨɠɧɨɫɬɶ ɝɢɛɤɨɣ ɧɚɫɬɪɨɣɤɢ ɩɨɞ ɤɨɧɤɪɟɬɧɭɸ 

ɡɚɞɚɱɭ ɩɭɬɟɦ ɦɨɞɢɮɢɤɚɰɢɢ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ 

ɞɥɹ ɚɞɚɩɬɚɰɢɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɜɨ ɦɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɢɤɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɨɬɧɨɫɢɬɫɹ, ɜɵɫɨɤɢɣ 

ɩɪɨɰɟɧɬ ɥɨɠɧɵɯ ɨɛɧɚɪɭɠɟɧɢɣ ɢɥɢ ɩɪɨɩɭɫɤɨɜ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɠɺɫɬɤɨɫɬɢ 

ɜɵɛɪɚɧɧɵɯ ɪɟɲɚɸɳɢɯ ɩɪɚɜɢɥ), ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜɨɡɦɨɠɧɵɯ ɪɟɚɥɢɡɚɰɢɣ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɦɨɡɝɭ ɜɨ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɬɚɤ ɤɚɤ ɬɨɬ ɧɚɛɨɪ ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɧɚɧɢɣ ɨ ɱɟɥɨɜɟɱɟɫɤɨɦ ɥɢɰɟ, 

ɤɨɬɨɪɵɟ ɞɨɫɬɭɩɧɵ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦ ɧɚ "ɫɨɡɧɚɬɟɥɶɧɨɦ ɭɪɨɜɧɟ", ɞɚɥɟɤɨ ɧɟ 

ɢɫɱɟɪɩɵɜɚɟɬ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɦɨɡɝɨɦ "ɩɨɞɫɨɡɧɚɬɟɥɶɧɨ". 

 

1.2 Ɇɟɬɨɞɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ 

 

 Ɇɟɬɨɞɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ (Feature invariant 

approaches) ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɨɦ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ. ȼ ɷɬɢɯ ɦɟɬɨɞɚɯ ɯɚɪɚɤɬɟɪɧɵɯ 

ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ ɧɟ ɬɪɟɛɭɸɬɫɹ ɜ ɹɜɧɨɦ ɜɢɞɟ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫɵ, 

ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɱɟɥɨɜɟɱɟɫɤɨɦ ɦɨɡɝɟ. ɋɬɨɪɨɧɧɢɤɢ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɩɵɬɚɸɬɫɹ 

ɜɵɹɜɢɬɶ ɫɜɨɣɫɬɜɚ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ ɧɟɹɜɧɨ, ɬɨ ɟɫɬɶ ɧɚɣɬɢ 

ɢɧɜɚɪɢɚɧɬɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɥɢɰɚ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɨɥɨɠɟɧɢɹ ɢɥɢ ɭɝɥɚ ɧɚɤɥɨɧɚ.  

Ɉɫɧɨɜɧɵɟ ɷɬɚɩɵ ɚɥɝɨɪɢɬɦɚ[4]:  

 ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɹɜɧɵɯ ɩɪɢɡɧɚɤɨɜ ɥɢɰɚ: ɝɥɚɡ, ɧɨɫɚ, ɪɬɚ; 

 ɨɛɧɚɪɭɠɟɧɢɟ: ɝɪɚɧɢɰɵ ɥɢɰɚ, ɮɨɪɦɚ, ɹɪɤɨɫɬɶ, ɬɟɤɫɬɭɪɚ, ɰɜɟɬ;  
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 ɨɛɴɟɞɢɧɟɧɢɟ ɜɫɟɯ ɧɚɣɞɟɧɧɵɯ ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ ɢ ɢɯ 

ɜɟɪɢɮɢɤɚɰɢɹ. 

Ɇɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ ɜ ɫɥɨɠɧɵɯ ɫɰɟɧɚɯ [3] ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɢɫɤ 

ɩɪɚɜɢɥɶɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɫɩɨɥɨɠɟɧɢɣ ɱɟɪɬ ɥɢɰɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɦɟɧɹɟɬɫɹ 

ɝɚɭɫɫɨɜɫɤɢɣ ɩɪɨɢɡɜɨɞɧɵɣ ɮɢɥɶɬɪ ɫ ɦɧɨɠɟɫɬɜɨɦ ɪɚɡɥɢɱɧɵɯ ɦɚɫɲɬɚɛɨɜ ɢ 

ɨɪɢɟɧɬɚɰɢɣ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɢɫɤ ɫɨɨɬɜɟɬɫɬɜɢɹ ɜɵɹɜɥɟɧɧɵɯ ɱɟɪɬ ɢ ɢɯ 

ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɥɭɱɚɣɧɵɦ ɩɟɪɟɛɨɪɨɦ. ɋɭɬɶ ɦɟɬɨɞɚ ɝɪɭɩɩɢɪɨɜɤɢ 

ɩɪɢɡɧɚɤɨɜ [4] ɜ ɩɪɢɦɟɧɟɧɢɢ ɜɬɨɪɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɝɚɭɫɫɨɜɫɤɨɝɨ ɮɢɥɶɬɪɚ ɞɥɹ 

ɩɨɢɫɤɚ ɢɧɬɟɪɟɫɭɸɳɢɯ ɨɛɥɚɫɬɟɣ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱦɚɥɟɟ ɝɪɭɩɩɢɪɭɸɬɫɹ ɤɪɚɹ ɜɨɤɪɭɝ 

ɤɚɠɞɨɣ ɬɚɤɨɣ ɨɛɥɚɫɬɢ ɩɪɢ ɩɨɦɨɳɢ ɩɨɪɨɝɨɜɨɝɨ ɮɢɥɶɬɪɚ. Ⱥ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɨɰɟɧɤɚ ɩɪɢ ɩɨɦɨɳɢ ɛɚɣɟɫɨɜɫɤɨɣ ɫɟɬɢ ɞɥɹ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɧɚɣɞɟɧɧɵɯ ɩɪɢɡɧɚɤɨɜ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɨɪɤɚ ɱɟɪɬ ɥɢɰɚ. Ⱦɚɧɧɵɣ ɦɟɬɨɞɵ ɜ ɤɚɱɟɫɬɜɟ 

ɞɨɫɬɨɢɧɫɬɜ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɬɶ ɥɢɰɨ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɥɨɠɟɧɢɹɯ. ɇɨ 

ɞɚɠɟ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɡɚɝɪɨɦɨɠɞɟɧɢɢ ɥɢɰɚ ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ, ɜɨɡɧɢɤɧɨɜɟɧɢɢ 

ɲɭɦɨɜ ɢɥɢ ɡɚɫɜɟɬɤɟ ɩɪɨɰɟɧɬ ɞɨɫɬɨɜɟɪɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɢɥɶɧɨ ɩɚɞɚɟɬ. Ȼɨɥɶɲɚɹ 

ɢɡɦɟɧɱɢɜɨɫɬɶ ɨɛɴɟɤɬɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɡɚɜɢɫɢɦɨɫɬɶ ɜɢɞɚ ɥɢɰɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɨɬ 

ɭɫɥɨɜɢɣ ɫɴɟɦɤɢ ɢ ɨɫɜɟɳɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɛɟɡ ɤɨɥɟɛɚɧɢɣ ɨɬɧɟɫɬɢ ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰɚ 

ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɤ ɡɚɞɚɱɚɦ ɜɵɫɨɤɨɣ ɫɥɨɠɧɨɫɬɢ. 

 

1.3 Ⱥɤɬɢɜɧɵɟ ɦɨɞɟɥɢ ɜɧɟɲɧɟɝɨ ɜɢɞɚ 

  

Active Appearance Models (AAM ) ɢ Active Shape Models (ASM). — ɷɬɨ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɫ ɩɨɦɨɳɶɸ ɪɚɡɧɵɯ ɞɟɮɨɪɦɚɰɢɣ 

ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɞɥɹ ɚɧɚɥɢɡɚ ɪɟɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. ɗɬɨɬ ɬɢɩ ɦɨɞɟɥɟɣ 

ɜ ɞɜɭɦɟɪɧɨɦ ɜɚɪɢɚɧɬɟ ɩɪɟɞɥɨɠɢɥ Ɍɢɦ Ʉɭɬɫ ɢ Ʉɪɢɫ Ɍɟɣɥɨɪ ɜ 1998 ɝɨɞɭ.[]  

ɂɡɧɚɱɚɥɶɧɨ ȺȺɆ ɩɪɢɦɟɧɹɥɢɫɶ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɢɡɨɛɪɚɠɟɧɢɣ 

ɥɢɰ, ɬɚɤɢɟ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɵ ɢ ɩɚɪɚɦɟɬɪɵ ɜɧɟɲɧɟɝɨ ɜɢɞɚ. ɉɟɪɟɞ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɶ ɨɛɭɱɚɸɬ ɧɚ ɦɧɨɠɟɫɬɜɟ ɡɚɪɚɧɟɟ ɪɚɡɦɟɱɟɧɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ. Ɍɚɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɪɚɡɦɟɱɚɸɬ ɜɪɭɱɧɭɸ. Ʉɚɠɞɚɹ ɦɟɬɤɚ ɢɦɟɟɬ ɫɜɨɣ 
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ɧɨɦɟɪ ɢ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɬɨɱɤɭ, ɤɨɬɨɪɭɸ ɚɥɝɨɪɢɬɦ ɧɚɯɨɞɢɬ ɜɨ ɜɪɟɦɹ 

ɚɞɚɩɬɚɰɢɢ ɤ ɧɨɜɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ [20]. ɉɪɨɰɟɞɭɪɚ ɨɛɭɱɟɧɢɹ ɚɤɬɢɜɧɵɯ ɦɨɞɟɥɟɣ 

ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɨɪɦɚɥɢɡɚɰɢɢ ɮɨɪɦ ɧɚ ɪɚɡɦɟɱɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ 

ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɪɚɡɥɢɱɢɹ ɜ ɧɚɤɥɨɧɟ, ɫɦɟɳɟɧɢɢ ɢ ɦɚɫɲɬɚɛɟ. 

Ⱥɤɬɢɜɧɵɟ ɦɨɞɟɥɢ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɫɨɫɬɨɹɬ ɢɡ ɧɚɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ, ɨɞɧɢ ɢɡ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɮɨɪɦɭ ɥɢɰɚ, ɚ ɞɪɭɝɢɟ ɡɚɞɚɸɬ ɟɝɨ ɬɟɤɫɬɭɪɭ. ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰɚ ɧɚ ɮɨɬɨɝɪɚɮɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɢɫɤ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤɢɯ ɤɚɤ 

ɮɨɪɦɚ, ɬɟɤɫɬɭɪɚ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɢɧɬɟɡɢɪɭɟɦɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ, ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨɟ ɤ ɧɚɛɥɸɞɚɟɦɨɦɭ. ɉɨ ɫɬɟɩɟɧɢ ɛɥɢɡɨɫɬɢ ɚɤɬɢɜɧɵɯ 

ɦɨɞɟɥɟɣ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɢɫɫɥɟɞɭɟɦɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ 

ɧɚɥɢɱɢɢ ɥɢɛɨ ɨɬɫɭɬɫɬɜɢɢ ɥɢɰɚ ɧɚ ɧɟɦ [9]. Ɇɨɞɟɥɶ ɥɢɰɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɷɬɢɯ 

ɦɟɬɨɞɚɯ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

Ɋɢɫɭɧɨɤ 1 – Ɇɨɞɟɥɶ ɥɢɰɚ  
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ɉɪɢɜɟɞɟɧɧɵɣ ɜɵɲɟ ɚɥɝɨɪɢɬɦ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɟɧ, ɨɞɧɚɤɨ ɨɧ ɢɦɟɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɫɟɪɶɟɡɧɵɣ ɧɟɞɨɫɬɚɬɨɤ, ɤɨɬɨɪɵɣ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɩɪɢɥɨɠɟɧɢɹɯ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ: ɨɧ ɦɟɞɥɟɧɧɨ ɫɯɨɞɢɬɫɹ ɢ ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ 

ɨɛɴɟɦɚ ɜɵɱɢɫɥɟɧɢɣ. 

 

1.4 Ɇɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ 

 

Ɇɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ (Principal component method) ɩɟɪɜɨɧɚɱɚɥɶɧɨ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢɡɧɚɤɨɜ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɨɬɟɪɢ 

ɢɧɮɨɪɦɚɰɢɢ. ȼ ɡɚɞɚɱɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɟɝɨ ɩɪɢɦɟɧɹɸɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ ɜɟɤɬɨɪɨɦ ɦɚɥɨɣ ɪɚɡɦɟɪɧɨɫɬɢ (ɝɥɚɜɧɵɯ 

ɤɨɦɩɨɧɟɧɬ), ɤɨɬɨɪɵɣ ɫɪɚɜɧɢɜɚɟɬɫɹ ɡɚɬɟɦ ɫ ɷɬɚɥɨɧɧɵɦɢ ɜɟɤɬɨɪɚɦɢ, ɡɚɥɨɠɟɧɧɵɦɢ 

ɜ ɛɚɡɭ ɞɚɧɧɵɯ. Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɦɟɬɨɞɚ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɹɜɥɹɟɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢɡɧɚɤɨɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɨɧɨ ɤɚɤ ɦɨɠɧɨ ɥɭɱɲɟ ɨɩɢɫɵɜɚɥɨ «ɬɢɩɢɱɧɵɟ» ɨɛɪɚɡɵ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ 

ɦɧɨɠɟɫɬɜɭ ɥɢɰ. ɂɫɩɨɥɶɡɭɹ ɷɬɨɬ ɦɟɬɨɞ ɦɨɠɧɨ ɜɵɹɜɢɬɶ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɰɢɢ ɜ 

ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ ɢɡɨɛɪɚɠɟɧɢɣ ɥɢɰ ɢ ɨɩɢɫɚɬɶ ɷɬɭ ɢɡɦɟɧɱɢɜɨɫɬɶ ɜ ɛɚɡɢɫɟ 

ɧɟɫɤɨɥɶɤɢɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ 

(eigenface).  ɉɨɥɭɱɟɧɧɵɣ ɨɞɢɧ ɪɚɡ ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ ɢɡɨɛɪɚɠɟɧɢɣ ɥɢɰ, 

ɧɚɛɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɨɞɢɪɨɜɚɧɢɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɥɢɰ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜɡɜɟɲɟɧɧɨɣ ɤɨɦɛɢɧɚɰɢɟɣ ɷɬɢɯ 

ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ. ɂɫɩɨɥɶɡɭɹ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɛɫɬɜɟɧɧɵɯ 

ɜɟɤɬɨɪɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɠɚɬɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɜɯɨɞɧɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɥɢɰɚ, 

ɤɨɬɨɪɭɸ ɡɚɬɟɦ ɦɨɠɧɨ ɯɪɚɧɢɬɶ ɜ ɛɚɡɟ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɜɟɤɬɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, 

ɫɥɭɠɚɳɟɝɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɥɸɱɨɦ ɩɨɢɫɤɚ ɜ ɛɚɡɟ ɞɚɧɧɵɯ ɥɢɰ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 

ɜɟɫɶ ɨɛɭɱɚɸɳɢɣ ɧɚɛɨɪ ɥɢɰ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɨɞɧɭ ɨɛɳɭɸ ɦɚɬɪɢɰɭ ɞɚɧɧɵɯ, ɝɞɟ 

ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɢɧ ɷɤɡɟɦɩɥɹɪ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ. ȼɫɟ ɥɢɰɚ 

ɨɛɭɱɚɸɳɟɝɨ ɧɚɛɨɪɚ ɩɪɢɜɨɞɹɬɫɹ ɤ ɨɞɧɨɦɭ ɪɚɡɦɟɪɭ, ɝɢɫɬɨɝɪɚɦɦɵ ɧɨɪɦɢɪɭɸɬɫɹ. 
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Ɇɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɩɪɢɥɨɠɟɧɢɹɯ. Ɉɞɧɚɤɨ, ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɥɢɰɚ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɨɫɜɟɳɟɧɧɨɫɬɢ ɢɥɢ ɜɵɪɚɠɟɧɢɢ ɥɢɰɚ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɦɟɬɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɚɞɚɟɬ.  

 

1.5 Ɇɟɬɨɞ ɝɢɛɤɨɝɨ ɫɪɚɜɧɟɧɢя ɧɚ ɝɪɚɮɚɯ  
 

ɋɭɬɶ ɦɟɬɨɞɚ ɫɜɨɞɢɬɫɹ ɤ ɷɥɚɫɬɢɱɧɨɦɭ ɫɨɩɨɫɬɚɜɥɟɧɢɸ ɝɪɚɮɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ 

ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰ. Ʌɢɰɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɝɪɚɮɨɜ ɫɨ ɜɡɜɟɲɟɧɧɵɦɢ ɜɟɪɲɢɧɚɦɢ 

ɢ ɪɟɛɪɚɦɢ. ɇɚ ɷɬɚɩɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɞɢɧ ɢɡ ɝɪɚɮɨɜ – ɷɬɚɥɨɧɧɵɣ – ɨɫɬɚɟɬɫɹ 

ɧɟɢɡɦɟɧɧɵɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɪɭɝɨɣ ɞɟɮɨɪɦɢɪɭɟɬɫɹ ɫ ɰɟɥɶɸ ɧɚɢɥɭɱɲɟɣ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɟɪɜɨɦɭ. ȼ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦɚɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɪɚɮɵ ɦɨɝɭɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɤɚɤ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɪɟɲɟɬɤɭ, ɬɚɤ ɢ ɫɬɪɭɤɬɭɪɭ, ɨɛɪɚɡɨɜɚɧɧɭɸ 

ɯɚɪɚɤɬɟɪɧɵɦɢ (ɚɧɬɪɨɩɨɦɟɬɪɢɱɟɫɤɢɦɢ) ɬɨɱɤɚɦɢ ɥɢɰɚ[15].  

 

Ɋɢɫɭɧɨɤ 2 – ɏɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ ɥɢɰɚ 

 

ȼ ɜɟɪɲɢɧɚɯ ɝɪɚɮɚ ɜɵɱɢɫɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɪɢɡɧɚɤɨɜ, ɞɥɹ ɷɬɨɝɨ ɱɚɳɟ ɜɫɟɝɨ 

ɢɫɩɨɥɶɡɭɸɬ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɮɢɥɶɬɪɨɜ Ƚɚɛɨɪɚ ɢɥɢ ɢɯ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 

ɧɚɛɨɪɨɜ – Ƚɚɛɨɪɨɜɫɤɢɯ ɜɟɣɜɥɟɬ (ɫɬɪɨɢ Ƚɚɛɨɪɚ), ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɸɬɫɹ ɜ ɧɟɤɨɬɨɪɨɣ 

ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜɟɪɲɢɧɵ ɝɪɚɮɚ ɩɭɬɟɦ ɫɜɟɪɬɤɢ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɟɣ ɫ 

ɮɢɥɶɬɪɚɦɢ Ƚɚɛɨɪɚ[15].  
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Ɋɢɫɭɧɨɤ 3 – ɧɚɛɨɪ ɮɢɥɶɬɪɨɜ Ƚɚɛɨɪɚ 

 

Ɋɟɛɪɚ ɝɪɚɮɚ ɜɡɜɟɲɢɜɚɸɬɫɹ ɪɚɫɫɬɨɹɧɢɹɦɢ ɦɟɠɞɭ ɫɦɟɠɧɵɦɢ ɜɟɪɲɢɧɚɦɢ. 

Ɋɚɡɥɢɱɢɟ (ɪɚɫɫɬɨɹɧɢɟ, ɞɢɫɤɪɢɦɢɧɚɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ) ɦɟɠɞɭ ɞɜɭɦɹ ɝɪɚɮɚɦɢ 

ɜɵɱɢɫɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɧɟɤɨɬɨɪɨɣ ɰɟɧɨɜɨɣ ɮɭɧɤɰɢɢ ɞɟɮɨɪɦɚɰɢɢ, 

ɭɱɢɬɵɜɚɸɳɟɣ ɤɚɤ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɩɪɢɡɧɚɤɨɜ, ɜɵɱɢɫɥɟɧɧɵɦɢ ɜ 

ɜɟɪɲɢɧɚɯ, ɬɚɤ ɢ ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɪɟɛɟɪ ɝɪɚɮɚ. 

Ⱦɟɮɨɪɦɚɰɢɹ ɝɪɚɮɚ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɤɚɠɞɨɣ ɢɡ ɟɝɨ ɜɟɪɲɢɧ ɧɚ 

ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜ ɨɩɪɟɞɟɥɺɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ ɢɫɯɨɞɧɨɝɨ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɢ ɜɵɛɨɪɚ ɬɚɤɨɣ ɟɟ ɩɨɡɢɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 

ɡɧɚɱɟɧɢɹɦɢ ɩɪɢɡɧɚɤɨɜ (ɨɬɤɥɢɤɨɜ ɮɢɥɶɬɪɨɜ Ƚɚɛɨɪɚ) ɜ ɜɟɪɲɢɧɟ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 

ɝɪɚɮɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɣ ɜɟɪɲɢɧɟ ɷɬɚɥɨɧɧɨɝɨ ɝɪɚɮɚ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɨɣ. 

Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɨɱɟɪɟɞɧɨ ɞɥɹ ɜɫɟɯ ɜɟɪɲɢɧ ɝɪɚɮɚ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 

ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ ɧɚɢɦɟɧɶɲɟɟ ɫɭɦɦɚɪɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɩɪɢɡɧɚɤɚɦɢ 

ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɢ ɷɬɚɥɨɧɧɨɝɨ ɝɪɚɮɨɜ. Ɂɧɚɱɟɧɢɟ ɰɟɧɨɜɨɣ ɮɭɧɤɰɢɢ ɞɟɮɨɪɦɚɰɢɢ 

ɩɪɢ ɬɚɤɨɦ ɩɨɥɨɠɟɧɢɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɝɪɚɮɚ ɢ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɦɟɪɨɣ ɪɚɡɥɢɱɢɹ 

ɦɟɠɞɭ ɜɯɨɞɧɵɦ ɢɡɨɛɪɚɠɟɧɢɟɦ ɥɢɰɚ ɢ ɷɬɚɥɨɧɧɵɦ ɝɪɚɮɨɦ.  
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ɉɪɢɦɟɪ ɰɟɧɨɜɨɣ ɮɭɧɤɰɢɢ ɞɟɮɨɪɦɚɰɢɢ ɝɪɚɮɚ ܫܩ, ɩɪɨɫɬɪɨɟɧɧɨɝɨ ɞɥɹ 

ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ, ɫ ɧɟɤɨɬɨɪɵɦ ɝɪɚɮɨɦ ܤ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɮɨɪɦɭɥɟ: 

ܫܩ ܤܵ  = ܤ,
1𝑁 max ݂ܵ ܫ𝑛ܬ  , − ܤ𝑛ܬ 𝜆ݔ∆) ܧ ܫ݁ − 2(ܤ݁ݔ∆

2݁𝑛(ܤ݁ݔ∆)  

    

Ɋɟɡɭɥɶɬɚɬ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɢɫɬɟɦɵ – ɷɬɚɥɨɧ ɫ ɧɚɢɥɭɱɲɢɦ ɡɧɚɱɟɧɢɟɦ ɰɟɧɨɜɨɣ 

ɮɭɧɤɰɢɢ ɞɟɮɨɪɦɚɰɢɢ.  

 

Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɞɟɮɨɪɦɚɰɢɢ ɝɪɚɮɚ  

 

Ⱦɚɧɧɵɦ ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɟɧ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɪɚɡɥɢɱɧɵɯ 

ɷɦɨɰɢɨɧɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ ɢ ɢɡɦɟɧɟɧɢɢ ɪɚɤɭɪɫɚ ɥɢɰɚ ɞɨ 15 ɝɪɚɞɭɫɨɜ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ 

ɩɪɨɰɟɞɭɪɵ, ɧɢɡɤɚɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɩɪɢ ɡɚɩɨɦɢɧɚɧɢɢ ɧɨɜɵɯ ɷɬɚɥɨɧɨɜ, ɥɢɧɟɣɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɬ ɪɚɡɦɟɪɚ ɛɚɡɵ ɞɚɧɧɵɯ ɥɢɰ. 

 

1.6 ɋɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ Ɇɨɞɟɥɢ  
 

ɋɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ Ɇɨɞɟɥɢ (ɋɆɆ) (Hidden Markov Models, HMM) [12] 

ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɨɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɫɨɡɞɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɨɩɢɫɵɜɚɸɳɟɣ ɫɜɨɣɫɬɜɚ ɧɟɤɨɬɨɪɨɝɨ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɩɪɢ ɷɬɨɦ ɋɆɆ 

ɹɜɥɹɸɬɫɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ, ɬ. ɟ. ɨɧɢ ɫɬɚɪɚɸɬɫɹ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɝɧɚɥɚ, ɧɟ ɢɦɟɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɟɝɨ 



19 
 

ɨɫɨɛɟɧɧɨɫɬɹɯ. ȼ ɨɫɧɨɜɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɥɟɠɢɬ ɞɨɩɭɳɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ 

ɫɢɝɧɚɥ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɧɟɤɨɬɨɪɵɦ ɫɥɭɱɚɣɧɵɦ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɩɪɢ 

ɷɬɨɦ ɩɚɪɚɦɟɬɪɵ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɦɨɠɧɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɰɟɧɢɬɶ, ɢɫɩɨɥɶɡɭɹ 

ɧɟɤɨɬɨɪɵɣ ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɺɧɧɵɣ ɫɩɨɫɨɛ. ɇɚɫɬɪɨɟɧɧɭɸ ɋɆɆ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 

ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɟɤɨɬɨɪɨɝɨ ɫɥɭɱɚɣɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɨɩɪɟɞɟɥɺɧɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ; ɩɪɢɬɨɦ ɜɨɡɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɬɟɫɬɨɜɨɝɨ 

ɫɢɝɧɚɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɣ ɦɨɞɟɥɢ.  

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɡɚɞɚɱɟ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɟɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɜɟɤɬɨɪ ɩɪɢɡɧɚɤɨɜ 

ɨɛɴɟɤɬɚ ɜ ɜɢɞɟ ɤɨɧɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ (ɧɚɛɨɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ), ɬɨ 

ɜɨɡɦɨɠɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɤɥɚɫɫ ɨɛɴɟɤɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋɆɆ. ɉɪɢ ɷɬɨɦ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɬɟɫɬɨɜɨɝɨ ɨɛɴɟɤɬɚ ɤ ɤɥɚɫɫɭ, ɡɚɞɚɧɧɨɦɭ ɋɆɆ, 

ɨɰɟɧɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ ɝɟɧɟɪɚɰɢɢ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɟɝɨ ɜɟɤɬɨɪɭ 

ɩɪɢɡɧɚɤɨɜ.  

ɑɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɋɆɆ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ, ɧɭɠɧɨ 

ɜɵɛɪɚɬɶ ɫɩɨɫɨɛ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɥɢɰ ɜ ɫɢɝɧɚɥ (ɧɚɛɨɪ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ). ȿɫɬɟɫɬɜɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɥɢɰɚ 

ɩɨɡɜɨɥɹɸɬ ɜɵɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ ɭɱɚɫɬɤɨɜ, ɧɚɩɪɢɦɟɪ ɪɨɬ, ɥɨɛ, ɩɨɞɛɨɪɨɞɨɤ ɢ ɝɥɚɡɚ, 

ɩɪɢ ɜɵɞɟɥɟɧɢɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ. Ʌɢɰɨ ɱɟɥɨɜɟɤɚ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɜɟɞɟɧɨ 

ɜ ɫɢɝɧɚɥ, ɩɟɪɟɞɚɸɳɢɣ ɞɚɧɧɵɟ ɨɛɥɚɫɬɢ ɜ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɺɧɧɨɦ ɩɨɪɹɞɤɟ (ɱɚɳɟ 

ɜɫɟɝɨ ɫɜɟɪɯɭ ɜɧɢɡ ɢ ɫɥɟɜɚ ɧɚɩɪɚɜɨ). Ɍɚɤ, ɢɡɨɛɪɚɠɟɧɢɟ ɥɢɰɚ ɫɬɚɧɨɜɢɬɫɹ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɜɢɞɟ ɫɬɪɨɝɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɛɥɸɞɟɧɢɣ ɜɟɤɬɨɪɨɜ, ɩɪɢ 

ɷɬɨɦ ɤɚɠɞɵɣ ɢɡ ɜɟɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɥɨɫɨɣ ɩɢɤɫɟɥɟɣ ɥɢɰɚ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɞɚɸɳɢɯɫɹ ɫɥɭɱɚɣɧɨɦɭ ɩɪɨɰɟɫɫɭ, ɤɨɬɨɪɵɣ ɦɨɞɟɥɢɪɭɟɬɫɹ 

ɋɆɆ ɜɨ ɜɪɟɦɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɬɪɟɧɢɪɨɜɤɢ [12]. ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ ɋɤɪɵɬɵɟ 

Ɇɚɪɤɨɜɫɤɢɟ Ɇɨɞɟɥɢ: ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɛɢɪɚɬɶ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɞɥɹ ɤɚɠɞɨɣ ɛɚɡɵ 

ɞɚɧɧɵɯ; ɧɟ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɪɚɡɥɢɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɬɨ ɟɫɬɶ ɚɥɝɨɪɢɬɦ 

ɨɛɭɱɟɧɢɹ, ɬɨɥɶɤɨ ɦɚɤɫɢɦɢɡɢɪɭɟɬ ɨɬɤɥɢɤ ɤɚɠɞɨɣ ɦɨɞɟɥɢ ɧɚ ɫɜɨɢ ɤɥɚɫɫɵ ɢɥɢ 

ɨɬɤɥɢɤ ɤɚɠɞɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɫɜɨɸ ɦɨɞɟɥɶ, ɧɨ ɧɟ ɦɢɧɢɦɢɡɢɪɭɟɬ ɨɬ ɤɥɢɤ ɧɚ 

ɞɪɭɝɢɟ ɤɥɚɫɫɵ ɢɥɢ ɧɚ ɞɪɭɝɢɟ ɦɨɞɟɥɢ, ɢ ɧɟ ɜɵɞɟɥɹɸɬɫɹ ɤɥɸɱɟɜɵɟ ɩɪɢɡɧɚɤɢ, 
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ɨɬɥɢɱɚɸɳɢɟ ɨɞɢɧ ɤɥɚɫɫ ɨɬ ɞɪɭɝɨɝɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɯɨɠɢɟ ɤɥɚɫɫɵ ɦɨɝɭɬ 

ɨɤɚɡɚɬɶɫɹ ɫɥɚɛɨ ɪɚɡɥɢɱɢɦɵɦɢ. ɋɆɆ ɧɟɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ.  

 

1.7 ȼɵɜɨɞɵ ɩɨ 1 ɝɥɚɜɟ 

 

ɉɟɪɜɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɥɢɰ, ɬɚɤɢɦ ɤɚɤ: 

 ɷɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ; 

 ɦɟɬɨɞɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɧɜɚɪɢɚɧɬɧɵɯ ɩɪɢɡɧɚɤɨɜ; 

 ɚɤɬɢɜɧɵɟ ɦɨɞɟɥɢ ɜɧɟɲɧɟɝɨ ɜɢɞɚ; 

 ɦɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ; 

 ɫɤɪɵɬɵɟ Ɇɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ; 

 ɦɟɬɨɞ ɝɢɛɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɧɚ ɝɪɚɮɚɯ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ, ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ, 

ɬɚɤ ɠɟ ɩɪɢɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɢɯ ɞɨɫɬɨɢɧɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ.  
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2 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢя ɥɢɰ ɩɨ ɜɢɡɭɚɥɶɧɵɦ ɞɚɧɧɵɦ 

 

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɹɜɥɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰɚ ɧɚ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɥɢ ɢɡɨɛɪɚɠɟɧɢɢ, ɬɨ ɟɫɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɹ «ɨɞɢɧ ɩɪɨɬɢɜ 

ɜɫɟɯ». ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɨɛɴɟɤɬɵ ɢɡɨɛɪɚɠɟɧɢɹ ɞɟɥɹɬɫɹ ɧɚ ɞɜɚ ɤɥɚɫɫɚ «ɥɢɰɨ», «ɧɟ 

ɥɢɰɨ».  

 

2.1 Ɇɟɬɨɞ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɞɥя ɨɛɧɚɪɭɠɟɧɢя ɥɢɰ  

 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɵɩɨɥɧɹɟɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰ ɩɨ ɜɢɞɟɨɞɚɧɧɵɦ 

ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ȼɢɨɥɵ – Ⱦɠɨɧɫɚ. Ɇɟɬɨɞ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɪɚɡɪɚɛɨɬɚɧ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɉɨɥɨɦ ȼɢɨɥɨɣ ɢ Ɇɚɣɤɥɨɦ Ⱦɠɨɧɫɨɦ [10]. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɝɨ 

ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɜɢɞɟɨɩɨɬɨɤɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ⱥɥɝɨɪɢɬɦ 

ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɩɨɡɜɨɥɹɟɬ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɨɛɴɟɤɬɵ, ɧɨ ɨɫɧɨɜɧɨɣ 

ɨɛɥɚɫɬɶɸ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ [11, 12]. 

ȼ ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɥɟɠɢɬ ɜɵɞɟɥɟɧɢɟ ɩɪɢɡɧɚɤɨɜ, ɩɨɞɨɛɧɵɯ 

ɩɪɢɡɧɚɤɚɦ ɏɚɚɪɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɫɤɚɞɧɨɣ ɦɨɞɟɥɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɦɟɬɨɞɚ ȼɢɨɥɵ –ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɫ ɢɧɬɟɝɪɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 3. 

ɂɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ – ɷɬɨ ɦɚɬɪɢɰɚ, ɤɨɬɨɪɚɹ ɫɨɜɩɚɞɚɟɬ 

ɩɨ ɪɚɡɦɟɪɚɦ ɫ ɢɫɯɨɞɧɵɦ ɢɡɨɛɪɚɠɟɧɢɟɦ. Ʉɚɠɞɵɣ ɟɟ ɷɥɟɦɟɧɬ ɯɪɚɧɢɬ ɫɭɦɦɭ 

ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɜɫɟɯ ɩɢɤɫɟɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɥɟɜɟɟ ɢ ɜɵɲɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. 

ɗɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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L I
 

                         (1) 

ɝɞɟ ܫ ݅, ݆  – ɹɪɤɨɫɬɶ ɬɟɤɭɳɟɝɨ ɩɢɤɫɟɥɚ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, (i, j) – 

ɤɨɨɪɞɢɧɚɬɵ ɬɟɤɭɳɟɝɨ ɩɢɤɫɟɥɚ. 
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Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɦɚɬɪɢɰɵ 𝐿 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɩɢɤɫɟɥɟɣ ɜ 

ɩɪɹɦɨɭɝɨɥɶɧɢɤɟ ɨɬ (0,0) ɞɨ  ݔ, ,ݔ  ɬ.ɟ. ɡɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ , ݕ  ɪɚɜɧɨ  ݕ

ɫɭɦɦɟ ɡɧɚɱɟɧɢɣ ɜɫɟɯ ɩɢɤɫɟɥɨɜ ɥɟɜɟɟ ɢ ɜɵɲɟ ɞɚɧɧɨɝɨ ɩɢɤɫɟɥɹ  ݔ,   . ݕ
Ɋɚɫɱɟɬ ɦɚɬɪɢɰɵ ɜɨɡɦɨɠɟɧ ɩɨ ɮɨɪɦɭɥɟ: 𝐿 ݔ, = ݕ ,ݔ ܫ  − ݕ 𝐿 ݔ − 1, ݕ − 1 + 𝐿 ݔ, ݕ − 1 + 𝐿(ݔ − 1,  (2)       (ݕ

ɉɨ ɬɚɤɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ ɦɚɬɪɢɰɟ ɦɨɠɧɨ ɛɵɫɬɪɨ ɜɵɱɢɫɥɢɬɶ ɫɭɦɦɭ ɩɢɤɫɟɥɟɣ 

ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɩɥɨɳɚɞɢ 

 

Ɋɢɫɭɧɨɤ 5 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɫ ɢɧɬɟɝɪɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɢɡɨɛɪɚɠɟɧɢɹ 

 

ȼɵɱɢɫɥɟɧɢɟ ɩɪɢɡɧɚɤɨɜ ɏɚɚɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɨ 

ɩɨɥɭɬɨɧɨɜɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɩɟɪɟɦɟɳɚɟɬɫɹ ɫɤɚɧɢɪɭɸɳɟɟ ɨɤɧɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ 

ɫɦɟɠɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ – ɩɪɢɦɢɬɢɜɨɜ ɏɚɚɪɚ (ɪɢɫ. 6). Ⱦɚɥɟɟ ɫɭɦɦɢɪɭɸɬɫɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɨɜ ɜ ɷɬɢɯ ɨɛɥɚɫɬɹɯ, ɜɵɱɢɫɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɭɦɦɚɦɢ. 
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ɗɬɚ ɪɚɡɧɨɫɬɶ ɢ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ ɩɪɢɡɧɚɤɚ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɢɡɨɛɪɚɠɟɧɢɹ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɥɢɰɚ ɱɟɥɨɜɟɤɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɨɛɥɚɫɬɢ ɜ ɪɚɣɨɧɟ ɝɥɚɡ ɬɟɦɧɟɟ 

ɱɟɦ ɜ ɪɚɣɨɧɟ ɳɟɤ. ȼɵɞɟɥɹɹ ɬɚɤɢɟ ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɨɜ ɞɥɹ ɥɢɰɚ, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɬɞɟɥɢɬɶ ɟɝɨ ɨɬ ɞɪɭɝɢɯ 

ɨɛɴɟɤɬɨɜ ɢɡɨɛɪɚɠɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɭɬɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɫɤɚɧɢɪɭɸɳɟɝɨ ɨɤɧɚ 

ɩɨ ɜɫɟɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɜɵɱɢɫɥɹɸɬɫɹ ɩɪɢɡɧɚɤɢ ɏɚɚɪɚ, ɞɚɸɳɢɟ ɬɨɱɟɱɧɨɟ ɡɧɚɱɟɧɢɟ 

ɩɟɪɟɩɚɞɚ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɨɜ ɨɛɥɚɫɬɢ. Ɂɚɬɟɦ, ɩɨ ɩɨɪɨɝɭ ɜɵɩɨɥɧɹɟɬɫɹ ɨɬɧɟɫɟɧɢɟ 

ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ ɤ ɤɥɚɫɫɚɦ «ɥɢɰɨ», «ɧɟɬ ɥɢɰɚ».  

ȼɟɤɬɨɪ ɩɪɢɡɧɚɤɨɜ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɨɛɯɨɞɟ ɫɤɚɧɢɪɭɸɳɢɦ ɨɤɧɨɦ 

ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ 

ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɢɬɢɜɨɜ ɏɚɚɪɚ ɜɵɱɢɫɥɹɟɬɫɹ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ: 

 

F=X - Y,                (3) 

ɝɞɟ X – ɫɭɦɦɚ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɟɣ ɬɨɱɟɤ ɡɚɤɪɵɜɚɟɦɵɯ ɫɜɟɬɥɨɣ ɱɚɫɬɶɸ ɩɪɢɡɧɚɤɚ, ɚ Y 

– ɫɭɦɦɚ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɟɣ ɬɨɱɟɤ ɡɚɤɪɵɜɚɟɦɵɯ ɬɟɦɧɨɣ ɱɚɫɬɶɸ ɩɪɢɡɧɚɤɚ.  

  

ɚ) – ɨɫɧɨɜɧɵɟ  ɛ) – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ  

Ɋɢɫɭɧɨɤ 6 – ɉɪɢɦɢɬɢɜɵ ɏɚɚɪɚ 
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 Ɋɢɫɭɧɨɤ 7 – Ɇɚɫɤɚ ɥɢɰɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɦɢɬɢɜɨɜ ɏɚɚɪɚ 

 

ɉɪɢɡɧɚɤɢ ɏɚɚɪɚ ɜ ɚɥɝɨɪɢɬɦɟ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɨɪɝɚɧɢɡɭɸɬɫɹ ɜ ɤɚɫɤɚɞɧɵɣ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪ. ɂɞɟɹ ɤɚɫɤɚɞɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɟɩɟɧɧɨɦ 

ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢɦɢɬɢɜɨɜ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ 

ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɨɬɫɟɢɜɚɹ ɪɟɝɢɨɧɵ, ɜ ɤɨɬɨɪɵɯ ɥɢɰɨ ɧɟ ɧɚɣɞɟɧɨ ɧɚ ɪɚɧɧɢɯ 

ɷɬɚɩɚɯ (ɪɢɫ. 8). 
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Ɋɢɫɭɧɨɤ 8  – Ʉɚɫɤɚɞɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɜ ɦɟɬɨɞɟ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ.  

 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɮɨɪɦɢɪɭɸɬɫɹ ɜɟɤɬɨɪɵ ɩɪɢɡɧɚɤɨɜ. Ⱦɚɥɟɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɲɚɝɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ. 

ɒɚɝ 1. ɉɨɥɭɱɟɧɢɟ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɚɧɧɵɯ ɫ ɜɟɛ-ɤɚɦɟɪɵ).  

ɒɚɝ 2. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɫɟɪɢɸ 

ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɣ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɛɨɪɨɦ ɤɚɞɪɚ ɞɥɹ ɪɚɛɨɬɵ. 

ɒɚɝ 3. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɰɜɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɩɨɥɭɬɨɧɨɜɨɟ. 

ɒɚɝ 4. ɉɨɢɫɤ ɥɢɰɚ ɩɭɬɟɦ ɜɵɞɟɥɟɧɢɹ ɩɪɢɡɧɚɤɨɜ ɏɚɚɪɚ ɦɟɬɨɞɨɦ ɜɵɱɢɫɥɟɧɢɹ 

ɯɚɪɚɤɬɟɪɧɵɯ ɩɟɪɟɩɚɞɨɜ ɹɪɤɨɫɬɟɣ ɩɢɤɫɟɥɨɜ. 

ɒɚɝ 5. ɇɚ ɨɛɧɚɪɭɠɟɧɧɨɦ ɥɢɰɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɢɫɤ ɝɥɚɡ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɢɦɢɬɢɜɨɜ ɏɚɚɪɚ. 

ɒɚɝ 6. Ɉɛɨɡɧɚɱɟɧɢɟ ɥɢɰɚ ɢ ɝɥɚɡ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɢɝɭɪɨɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɩɨɤɚɡɚɬɟɥɟɣ ɬɨɱɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɹɜɥɹɟɬɫɹ 

ɧɚɛɨɪ ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɤɚɠɞɨɣ ɨɛɥɚɫɬɢ, ɫɨɫɬɨɹɳɢɣ ɢɡ 200 ɡɧɚɱɟɧɢɣ ɩɟɪɟɩɚɞɨɜ 
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ɹɪɤɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɬɞɟɥɢɬɶ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɥɢɰɨ, ɨɬ 

ɢɡɨɛɪɚɠɟɧɢɣ ɛɟɡ ɧɟɝɨ.  

Ɉɛɧɚɪɭɠɟɧɢɟ ɥɢɰ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɩɪɢ ɩɨɜɨɪɨɬɟ ɝɨɥɨɜɵ. ɉɨɷɬɨɦɭ ɜ 

ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɢɦɢɬɢɜɵ ɏɚɚɪɚ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɚɸɬ 

ɨɛɧɚɪɭɠɢɜɚɬɶ ɥɢɰɚ ɩɪɢ ɛɨɥɶɲɟɦ ɭɝɥɟ ɩɨɜɨɪɨɬɚ ɞɨ 55 ɝɪɚɞɭɫɨɜ(ɪɢɫ). 

 

Ɋɢɫɭɧɨɤ 9 – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɢɦɢɬɢɜɵ ɏɚɚɪɚ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɥɢɰ ɩɨ 

ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹɦ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ. ɉɪɢ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɚ 

ɜɵɱɢɫɥɹɸɬɫɹ ɩɪɢɡɧɚɤɢ ɏɚɚɪɚ, ɢɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɤɥɚɫɫɢɮɢɤɚɬɨɪ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɫɤɚɞɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ. 

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ ɩɪɢ ɭɝɥɟ ɩɨɜɨɪɨɬɚ ɝɨɥɨɜɵ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɛɨɥɟɟ 30 

ɝɪɚɞɭɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɚɫɤɢ ɏɚɚɪɚ ɞɥɹ ɥɢɰɚ ɜ ɩɪɨɮɢɥɶ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ȼɢɨɥɵ – Ⱦɠɨɧɫɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɢ ɩɨɜɨɪɨɬɚ ɫɚɦɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ ɛɟɡ ɜɥɢɹɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ. 
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2.2 Ʌɨɤɚɥɶɧɵɟ ɛɢɧɚɪɧɵɟ ɲɚɛɥɨɧɵ ɞɥя ɪɚɫɩɨɡɧɚɜɚɧɢя ɥɢɰ 

 

Ⱦɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɨɤɚɥɶɧɵɟ ɛɢɧɚɪɧɵɟ ɲɚɛɥɨɧɵ (ɅȻɒ). 

ȼɩɟɪɜɵɟ ɅȻɒ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ T.Ojala ɜ 1994 ɝɨɞɭ [20]. Ȼɚɡɨɜɵɣ ɨɩɟɪɚɬɨɪ ɅȻɒ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɢɫɚɧɢɟ ɨɤɪɟɫɬɧɨɫɬɢ ɩɢɤɫɟɥɚ ɪɚɞɢɭɫɚ R. Ʉɨɥɢɱɟɫɬɜɨ 

ɩɢɤɫɟɥɨɜ ɨɤɪɟɫɬɧɨɫɬɢ P ɡɚɜɢɫɢɬ ɨɬ R ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ. 

 𝑃 =  (2ܴ + 1)2 − 1,              (4) 

ɝɞɟ 𝑃 – ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɨɜ ɨɤɪɟɫɬɧɨɫɬɢ, ܴ − ɪɚɞɢɭɫ ɨɤɪɟɫɬɧɨɫɬɢ.  

Ɉɩɟɪɚɬɨɪ ɅȻɒ, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɤ ɨɤɪɟɫɬɧɨɫɬɢ ɩɢɤɫɟɥɚ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɢɫɩɨɥɶɡɭɟɬ P ɩɢɤɫɟɥɨɜ ɨɤɪɟɫɬɧɨɫɬɢ, ɩɪɢɧɢɦɚɹ ɹɪɤɨɫɬɶ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɜ 

ɤɚɱɟɫɬɜɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ[23]. 

ɉɢɤɫɟɥɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɛɨɥɶɲɟ, ɱɟɦ ɡɧɚɱɟɧɢɟ ɹɪɤɨɫɬɢ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ (ɢɥɢ ɪɚɜɧɵɟ ɟɦɭ), ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ «1»; ɬɟ ɩɢɤɫɟɥɵ, 

ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ, 

ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ «0». ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɛɢɧɚɪɧɵɣ ɤɨɞ, ɤɨɬɨɪɵɣ 

ɨɩɢɫɵɜɚɟɬ ɨɤɪɟɫɬɧɨɫɬɶ ɡɚɞɚɧɧɨɝɨ ɩɢɤɫɟɥɹ[23]. 

ɉɪɢ ɪɚɫɱɟɬɟ ɲɚɛɥɨɧɚ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ 

ɛɥɨɤɢ. Ɏɨɪɦɚɥɶɧɨ ɨɛɨɛɳɟɧɧɵɣ ɨɩɟɪɚɬɨɪ ɅȻɒ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ: 

 

𝐿ܤ𝑃ܴ 𝑃 = 𝑛ܫ ܵ  − ∙ 𝑐ܫ 2𝑛𝑃−1

𝑛=0

,                                                                                  (5) 

= ݔ ܵ  1, ݔ ≥ 0

0, ݔ < 0
 , 

ɝɞɟ ݅ܫ  и  ܫ𝑐  – ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ ɬɟɤɭɳɟɝɨ ɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɟɣ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɡɧɚɱɟɧɢɹ ɹɪɤɨɫɬɢ Y ɢɡ ɰɜɟɬɨɜɨɣ ɫɯɟɦɵ YUV. 

ɉɪɹɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ YUV: 𝑌 = 0,299ܴ + ܩ0,587 + ܷ (6)           ܤ0,114 =  −0,16873ܴ − ܩ0,331264 + ܤ0,5 + 128         (7) ܸ = 0,5ܴ − ܩ0,418688 − ܤ0,081312 + 128                    (8) 
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Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ: ܴ = 𝑌 + 1,402(ܷ − ܩ (128 = 𝑌 − 0,7141 ܷ − 128 − 0,34414(ܸ − ܤ (128 = 𝑌 + 1,772(ܸ − 128), 

ɝɞɟ Y – ɹɪɤɨɫɬɧɚɹ ɤɨɦɩɨɧɟɧɬɚ, U, V – ɰɜɟɬɨɪɚɡɧɨɫɬɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɛɢɧɚɪɧɨɝɨ ɤɨɞɚ LBP ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɟɫɥɢ 

ɞɥɹ ɬɟɤɭɳɟɝɨ ɩɢɤɫɟɥɚ ɡɧɚɱɟɧɢɟ ɹɪɤɨɫɬɢ Y ɦɟɧɶɲɟ ɰɟɧɬɪɚɥɶɧɨɝɨ, ɬɨ ɬɟɤɭɳɟɦɭ 

ɪɚɡɪɹɞɭ LBP ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ «1», ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɟ ɪɚɡɪɹɞɚ 

ɛɢɧɚɪɧɨɝɨ ɤɨɞɚ ɥɨɤɚɥɶɧɵɯ ɛɢɧɚɪɧɵɯ ɲɚɛɥɨɧɨɜ ɪɚɜɧɨ «0». Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɨɥɭɱɚɟɬɫɹ P-ɪɚɡɪɹɞɧɵɣ ɛɢɧɚɪɧɵɣ ɤɨɞ, ɤɨɬɨɪɵɣ ɨɩɢɫɵɜɚɟɬ ɨɤɪɟɫɬɧɨɫɬɶ ɩɢɤɫɟɥɚ.  

 

Ɋɢɫɭɧɨɤ 10 – ɉɪɢɦɟɪ ɜɵɱɢɫɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɥɨɤɚɥɶɧɨɝɨ ɛɢɧɚɪɧɨɝɨ ɲɚɛɥɨɧɚ  

 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɡɧɚɤɨɜ ɅȻɒ ɢɫɩɨɥɶɡɭɸɬ 

ɝɢɫɬɨɝɪɚɦɦɭ, ɫɬɨɥɛɰɵ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɟɫɹɬɢɱɧɵɦ ɡɧɚɱɟɧɢɹ ɛɢɧɚɪɧɵɯ 

ɤɨɞɨɜ ɲɚɛɥɨɧɨɜ[17]. 

ɂɡɨɛɪɚɠɟɧɢɟ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɪɟɝɢɨɧɵ, ɜ ɩɨɫɥɟɞɫɬɜɢɢ, ɨɛɴɟɞɢɧɢɜ ɤɨɬɨɪɵɟ, 

ɦɵ ɩɨɥɭɱɢɦ ɩɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 11 – Ɏɪɚɝɦɟɧɬ ɝɢɫɬɨɝɪɚɦɦɵ  

 

ɋɩɨɫɨɛ ɩɨɫɬɪɨɟɧɢɹ ɝɢɫɬɨɝɪɚɦɦɵ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ, ɤɚɠɞɵɣ 

ɛɢɧɚɪɧɵɣ ɤɨɞ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɞɟɫɹɬɢɱɧɨɟ ɱɢɫɥɨ, ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 

ɨɞɢɧɚɤɨɜɵɯ ɱɢɫɟɥ, ɨɩɪɟɞɟɥɹɹ ɩɨɥɨɠɟɧɢɟ ɢ ɜɵɫɨɬɭ ɫɬɨɥɛɰɨɜ ɝɢɫɬɨɝɪɚɦɦɵ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɝɢɫɬɨɝɪɚɦɦɚ ɤɚɠɞɨɝɨ ɪɟɝɢɨɧɚ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ 256 ɡɧɚɱɟɧɢɣ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɬɟɤɫɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɚɠɞɨɝɨ ɪɟɝɢɨɧɚ[21]. ɂɬɨɝɨɜɚɹ ɝɢɫɬɨɝɪɚɦɦɚ 

ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ ɤɨɧɤɚɬɟɧɚɰɢɢ ɝɢɫɬɨɝɪɚɦɦ 

ɨɬɞɟɥɶɧɵɯ ɛɥɨɤɨɜ (ɪɢɫ 12).  

 

Ɋɢɫɭɧɨɤ 12 – ɤɨɧɤɚɬɟɧɚɰɢɹ ɝɢɫɬɨɝɪɚɦɦ  

 

Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɢɦɟɧɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɥɨɤɚɥɶɧɵɯ ɛɢɧɚɪɧɵɯ 

ɲɚɛɥɨɧɨɜ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɧɢɹ ɥɢɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. 
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ɇɚɱɚɥɨ

ȼɵɛɨɪ ɢɡɨɛɪɚɠɟɧɢɹ

Ɋɚɡɛɢɟɧɢɟ ɧɚ 
ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɛɥɨɤɢ

ɉɨɥɭɱɟɧɢɟ ɡɧɚɱɟɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɹ Ic

Ic < Ii

s(x)=1 s(x)=0

Ⱦɨɛɚɜɥɟɧɢɟ ɜ s(x) 
ɜ ɤɨɞ LBP 

ȼɟɫɶ ɛɥɨɤ 
ɩɪɨɣɞɟɧ?

ɧɟɬ

ɞɚ

ȼɫɟ 
ɢɡɨɛɪɚɠɟɧɢɟ 

ɩɪɨɣɞɟɧɨ?
ɧɟɬ

ɞɚ

ɉɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ

ȼɵɱɢɫɥɟɧɢɟ Eɜɤɥɢɞɨɜɚ 
ɪɚɫɫɬɨɹɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɨɪɨɝɚ 
ɛɨɥɶɲɟ?

ɋɨɜɩɚɞɟɧɢɣ
 ɧɟ ɧɚɣɞɟɧɨ

ɧɟɬ

ɂɞɟɧɬɢɮɢɤɚɰɢɹ 
ɜɵɩɨɥɧɟɧɚ

ɞɚ

Ʉɨɧɟɰ

ɞɚ

ȼɵɛɨɪ ɛɥɨɤɚ

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ LBP ɜ 
ɞɟɫɹɬɢɱɧɨɟ ɱɢɫɥɨ

Ʉɨɧɤɚɬɟɧɚɰɢɹ 
ɝɢɫɬɨɝɪɚɦɦ

ɧɟɬ

 

Ɋɢɫɭɧɨɤ 13 – ɛɥɨɤ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ 

 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɪɵ ɪɚɡɥɢɱɢɹ ɝɢɫɬɨɝɪɚɦɦ, ɜɵɱɢɫɥɹɟɬɫɹ ɟɜɤɥɢɞɨɜɨ ɪɚɫɫɬɨɹɧɢɟ 

ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɣ ɮɨɪɦɭɥɵ: 

 

ܦ =    (ℎ݅1݅ݐݏ − ℎ݅2(2݅ݐݏ

𝑛
݅=1

,                                                                                    (9) 

ɝɞɟ, ℎ݅1݅ݐݏ – ɫɬɨɥɛɟɰ ɫ ɧɨɦɟɪɨɦ i ɝɢɫɬɨɝɪɚɦɦɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɰɚ, 

ɝɞɟ ℎ݅2݅ݐݏ – ɫɬɨɥɛɟɰ ɫ ɧɨɦɟɪɨɦ i ɝɢɫɬɨɝɪɚɦɦɵ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɛɚɡɵ ɷɬɚɥɨɧɨɜ ɥɢɰ, 

n - ɤɨɥɢɱɟɫɬɜɨ ɫɬɨɥɛɰɨɜ ɝɢɫɬɨɝɪɚɦɦ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴɟɞɢɧɟɧɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɮɪɚɝɦɟɧɬɨɜ ɥɢɰɚ ɫɪɚɜɧɢɜɚɟɬɫɹ ɩɨ 
ɩɨɪɨɝɭ ɫ ɤɚɠɞɨɣ ɢɡ ɷɬɚɥɨɧɧɵɯ ɝɢɫɬɨɝɪɚɦɦ, ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɫɪɚɜɧɟɧɢɹ 
ɜɵɩɨɥɧɹɟɬɫɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

ɒɚɝ1. Ɋɚɡɛɢɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɛɥɨɤɢ. 

ɒɚɝ2. ȼ ɤɚɠɞɨɦ ɛɥɨɤɟ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɪɚɫɱɟɬ ɨɤɪɟɫɬɧɨɫɬɢ ɩɢɤɫɟɥɚ. 

ɒɚɝ3. ȼɵɱɢɫɥɹɟɬɫɹ ɛɢɧɚɪɧɚɹ ɫɬɪɨɤɚ. 

ɒɚɝ4. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɛɢɧɚɪɧɨɣ ɫɬɪɨɤɢ ɜ ɞɟɫɹɬɢɱɧɨɟ ɱɢɫɥɨ. 

ɒɚɝ5. ɉɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɝɞɟ 

ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɨɞɢɧɚɤɨɜɵɯ ɱɢɫɟɥ, ɨɩɪɟɞɟɥɹɹ ɩɨɥɨɠɟɧɢɟ ɢ ɜɵɫɨɬɭ 

ɫɬɨɥɛɰɨɜ ɝɢɫɬɨɝɪɚɦɦɵ. 

ɒɚɝ6. Ʉɨɧɤɚɬɟɧɚɰɢɹ ɝɢɫɬɨɝɪɚɦɦ ɤɚɠɞɨɝɨ ɛɥɨɤɚ. 

ɒɚɝ8. ȼ ɤɚɱɟɫɬɜɟ ɦɟɪɵ ɪɚɡɥɢɱɢɹ ɝɢɫɬɨɝɪɚɦɦ  ɪɚɫɫɱɢɬɵɜɚɟɦ ɟɜɤɥɢɞɨɜɨ 

ɪɚɫɫɬɨɹɧɢɟ. 

 

Ɋɢɫɭɧɨɤ 14 –ɩɪɢɦɟɧɟɧɢɟ ɅȻɒ  
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2.3 ȼɵɜɨɞɵ ɩɨ 2 ɝɥɚɜɟ  
 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɛɧɚɪɭɠɟɧɢɹ ɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ 

«ȼɢɨɥɵ-Ⱦɠɨɧɫɚ». Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɥɢɰ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ 

Ʌɨɤɚɥɶɧɵɯ Ȼɢɧɚɪɧɵɯ ɒɚɛɥɨɧɨɜ. ɉɪɨɢɡɜɟɞɟɧ ɩɨɞɪɨɛɧɵɣ ɪɚɡɛɨɪ ɦɟɬɨɞɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɚ ɷɬɚɩɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ 

ȼɢɨɥɵ – Ⱦɠɨɧɫɚ, ɨɫɧɨɜɭ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɸɬ ɩɪɢɦɟɧɟɧɢɟ ɡɚɪɚɧɟɟ ɨɛɭɱɟɧɧɵɯ 

ɩɪɢɡɧɚɤɨɜ ɏɚɚɪɚ, ɫɤɚɧɢɪɭɸɳɟɝɨ ɨɤɧɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɫɤɚɞɧɨɣ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ.  Ɍɚɤ ɠɟ, ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ ɜ ɫɢɬɭɚɰɢɹɯ, ɤɨɝɞɚ ɭɝɨɥ ɝɨɥɨɜɵ 

ɞɨɫɬɢɝɚɟɬ ɩɨɜɨɪɨɬɚ ɛɨɥɟɟ 30 ɝɪɚɞɭɫɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɢɡɧɚɤɢ 

ɏɚɚɪɚ, ɨɛɭɱɟɧɧɵɟ ɧɚ ɜɵɛɨɪɤɟ ɥɢɰ ɫɨ ɫɯɨɠɢɦ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ.  

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ 

ɅȻɒ, ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɜɵɱɢɫɥɹɸɬɫɹ ɛɢɧɚɪɧɵɟ ɫɬɪɨɤɢ, ɨɩɢɫɵɜɚɸɳɢɟ 

ɥɨɤɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ. ɉɨɫɥɟ ɱɟɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɬɪɨɟɧɢɟ 

ɝɢɫɬɨɝɪɚɦɦ, ɫ ɰɟɥɶɸ ɭɩɨɪɹɞɨɱɢɬɶ ɥɨɤɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɥɭɱɢɬɶ 

ɨɩɢɫɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɟ. ɉɨɫɥɟ ɱɟɝɨ ɜɵɱɢɫɥɟɧɢɟ ɟɜɤɥɢɞɨɜɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

ɞɜɭɦɹ ɝɢɫɬɨɝɪɚɦɦɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢɞɟɧɬɢɱɧɵɦ ɨɛɪɚɡɨɦ. Ʌɭɱɲɟɣ ɨɫɨɛɟɧɧɨɫɬɶ 

ɦɟɬɨɞɚ ɅȻɒ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ 

ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɩɨɞɝɨɬɨɜɤɟ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɸ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɚɧɚɥɨɝɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 
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3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɛɨɪɵ 

ɞɚɧɧɵɯ: 

 Aberdeen ɜɤɥɸɱɚɸɳɚɹ 4916 ɩɪɢɦɟɪɨɜ ɥɢɰ ɢ 8500 ɩɪɢɦɟɪɨɜ ɫ 

ɨɬɫɭɬɫɬɜɢɟɦ ɥɢɰ, ɜɡɹɬɵɯ ɢɡ ɯɪɚɧɢɥɢɳɚ ɞɚɧɧɵɯ Labeled Faces in the Wild Home 

[13] ɢ [14].  

  «YouTube Faces (YTF) data set», ɛɚɡɚ ɞɚɧɧɵɯ ɜɢɞɟɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɩɪɨɛɥɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ. ɇɚɛɨɪ ɞɚɧɧɵɯ ɫɨɞɟɪɠɢɬ 3425 ɜɢɞɟɨ 1595 

ɪɚɡɧɵɯ ɥɸɞɟɣ. ȼɫɟ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɵɥɢ ɡɚɝɪɭɠɟɧɵ ɫ YouTube. ɋɚɦɚɹ 

ɤɨɪɨɬɤɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 48 ɤɚɞɪɨɜ, ɫɚɦɚɹ 

ɞɥɢɧɧɚɹ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 6070 ɤɚɞɪɨɜ. ȼ ɛɚɡɟ ɞɚɧɧɵɯ ɬɚɤ ɠɟ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɪɨɜɧɹɦɢ ɨɫɜɟɳɟɧɧɨɫɬɢ, 

ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɴɟɤɬɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ 

ɫɢɦɭɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɭɫɥɨɜɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. 

http://www.cs.tau.ac.il/~wolf/ytfaces/index.html#download. 

  «McGillFaces» ɛɚɡɚ ɞɚɧɧɵɯ ɜɢɞɟɨ ɫɨɞɟɪɠɢɬ 18000 ɜɢɞɟɨɤɚɞɪɨɜ ɫ 

ɪɚɡɪɟɲɟɧɢɟɦ 640x480 ɢɡ 60 ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 

ɡɚɩɢɫɚɧɚ ɧɚ ɪɚɡɧɵɟ ɬɟɦɵ (31 ɠɟɧɳɢɧɚ ɢ 29 ɦɭɠɱɢɧɚ). Ʉɚɠɞɨɟ ɜɢɞɟɨ ɛɵɥɨ 

ɫɨɛɪɚɧɨ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ (ɜ ɩɨɦɟɳɟɧɢɢ ɢɥɢ ɧɚ ɭɥɢɰɟ), ɱɬɨ ɩɪɢɜɟɥɨ ɤ 

ɩɪɨɢɡɜɨɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɨɫɜɟɳɟɧɢɹ ɢ ɮɨɧɨɜɨɣ ɩɨɦɟɯɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɛɴɟɤɬɵ 

ɛɵɥɢ ɫɨɜɟɪɲɟɧɧɨ ɫɜɨɛɨɞɧɵ ɜ ɫɜɨɢɯ ɞɜɢɠɟɧɢɹɯ, ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɤ ɩɪɨɢɡɜɨɥɶɧɵɦ 

ɦɚɫɲɬɚɛɚɦ ɥɢɰɚ, ɩɪɨɢɡɜɨɥɶɧɵɦ ɜɵɪɚɠɟɧɢɹɦ ɥɢɰɚ, ɩɨɡɟ ɝɨɥɨɜɵ. 

https://sites.google.com/site/meltemdemirkus/mcgill-unconstrained-face-video-

database.  

  «NRC-IIT Ʌɢɰɟɜɚɹ ȼɢɞɟɨ Ȼɚɡɚ Ⱦɚɧɧɵɯ» ɫɨɞɟɪɠɢɬ 22 ɜɢɞɟɨɤɥɢɩɚ, 

ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɨɤɚɡɵɜɚɟɬ ɥɸɞɟɣ ɩɪɨɯɨɞɹɳɢɯ ɩɨɞ ɤɚɦɟɪɨɣ ɫ ɪɚɡɥɢɱɧɵɦ 

ɩɨɜɨɪɨɬɨɦ ɝɨɥɨɜɵ ɢ  ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɴɟɤɬɨɜ.  Ɋɚɡɪɟɲɟɧɢɟ ɡɚɯɜɚɬɚ ɜɢɞɟɨ 

http://www.cs.tau.ac.il/~wolf/ytfaces/index.html#download
https://sites.google.com/site/meltemdemirkus/mcgill-unconstrained-face-video-database
https://sites.google.com/site/meltemdemirkus/mcgill-unconstrained-face-video-database
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ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ 160 x 120. 

http://www.videorecognition.com/db/video/faces/cvglab/ 

 

3.1 Ɉɛɧɚɪɭɠɟɧɢɟ ɥɢɰ  
 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ 

ɜɵɛɪɚɧɵ ɧɚɛɨɪɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ. Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ 

ɫɨɫɬɚɜɢɥɚ 80 %, ɬɟɫɬɨɜɚɹ ɜɵɛɨɪɤɚ – 20 % ɨɬ ɨɛɳɟɣ ɜɵɛɨɪɤɢ. ɉɪɢɦɟɪɵ 

ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 15. Ʉɪɨɦɟ ɬɨɝɨ, ɚɜɬɨɪɚɦɢ ɩɪɨɜɟɞɟɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɫ web-

ɤɚɦɟɪɵ. 

    

 

ɚ ɛ ɜ ɝ ɞ 

Ɋɢɫɭɧɨɤ 15 – ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɥɸɞɟɣ :  

ɚ ‒dhands.jpg; ɛ ‒jim.jpg; ɜ ‒ iroy.jpg; ɝ ‒ paul.jpg; ɞ – dpearson.jpg. 

 

ɉɪɢɦɟɪɵ ɢɡ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɫɨɞɟɪɠɚɥɢ ɥɢɰɚ ɥɸɞɟɣ, ɫ ɪɚɡɥɢɱɧɵɦ 

ɧɚɤɥɨɧɨɦ ɢ ɩɨɜɨɪɨɬɨɦ ɝɨɥɨɜɵ, ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɜɟɳɟɧɢɹ. Ɇɢɧɢɦɚɥɶɧɵɣ 

ɪɚɡɦɟɪ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɫɨɫɬɚɜɢɥ 24×24 ɩɢɤɫɟɥɚ, ɦɚɤɫɢɦɚɥɶɧɵɣ 

- 624×544. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 16 ɢ 

ɬɚɛɥɢɰɟ 1. 

http://www.videorecognition.com/db/video/faces/cvglab/
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ɚ ɛ ɜ 

Ɋɢɫɭɧɨɤ 16  –Ɋɟɡɭɥɶɬɚɬ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰɚ: ɚ ‒ dhands.jpg; ɛ ‒ irene.jpg; ɜ ‒ 

iroy.jpg. 

 
Ɍɚɛɥɢɰɚ 1 – ɩɪɢɦɟɪɵ ɪɚɛɨɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ  

Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɨɣ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬ
ɢ 

Ɉɛɧɚɪɭɠɟɧɧɵɟ ɥɢɰɚ ɧɚ ɜɢɞɟɨɩɨɬɨɤɟ 

YouTubeFaces\P1E_S1_ɋ

2.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 375, 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

YouTubeFaces\P1E_S1_

ɋ5.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 300 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:3 

ɠɟɧɫɤɢɯ ɥɢɰɚ ɢ 2 

ɦɭɠɫɤɢɯ ɥɢɰɚ. 

 

YouTubeFaces\P1E_S1_

ɋ6.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 350 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 

 

YouTubeFaces\P1E_S2_

Ɇ2.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ:450 

Ɋɚɡɪɟɲɟɧɢɟ: 1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɠɟɧɫɤɨɟ ɥɢɰɨ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

YouTubeFaces\P1E_S2_

Ɇ4.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ:550 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɠɟɧɫɤɨɟ ɢ 1 ɦɭɠɫɤɨɟ 

ɥɢɰɨ. 

 

YouTubeFaces\P1E_S2_

Ɇ5.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 625 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 1 

ɠɟɧɫɤɨɟ ɥɢɰɨ ɢ 2 

ɦɭɠɫɤɢɯ ɥɢɰɚ. 

 

YouTubeFaces\P1E_S2_

Ɇ9.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 700 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:2 

ɠɟɧɫɤɢɯ ɥɢɰɚ ɢ 3 

ɦɭɠɫɤɢɯ ɥɢɰɚ. 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 

YouTubeFaces\P1E_S2_

Ɇ12.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ:775 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

10 ɠɟɧɫɤɢɯ ɥɢɰ. 

 

YouTubeFaces\P1E_S2_D

1.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ:425 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɠɟɧɫɤɨɟ ɢ 1 ɦɭɠɫɤɨɟ 

ɥɢɰɨ. 

 

YouTubeFaces\P1E_S2_D

5.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 500 

Ɋɚɡɪɟɲɟɧɢɟ: 1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 2 

ɦɭɠɫɤɢɯ ɥɢɰɚ. 

 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɨɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɩɨɞɫɱɢɬɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɭɫɩɟɲɧɵɯ ɫɪɚɛɚɬɵɜɚɧɢɣ, ɢ ɱɚɫɬɨɬɭ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɲɢɛɨɤ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 

TD (%) – ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ, FRR (%) –ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ, 

FAR (%) –ɥɨɠɧɨɨɬɪɢɰɚɬɟɥɶɧɚɹ ɨɲɢɛɤɚ, ɞɥɹ ɪɚɫɱɟɬɚ ɞɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ: 

 ܴܶ =  
𝑁݅𝑁(10)                       ݐ 
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ܴܣܨ =  
𝑁݅−𝑁ݐ𝑁 ܴܴܨ (11)                       = 1 − ܴܶ,             (12) 

ɝɞɟ 𝑁ݐ  – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɫ ɥɢɰɨ, 𝑁݅  – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɫ ɥɢɰɨɦ ɤɨɬɨɪɨɟ 

ɪɚɫɩɨɡɧɚɧɨ, 𝑁 – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɜ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.  

Ɍɚɛɥɢɰɚ 2 – ɪɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ 

ȼɢɞɟɨɪɨɥɢɤ 
Ɉɛɧɚɪɭɠɟɧɢɟ ɥɢɰ 

TD,% FRR,% FAR,% 

YouTubeFaces\P1E_S1_ɋ2 100 0 0 

YouTubeFaces\P1E_S1_ɋ5 98,2 1,20 17,8 

YouTubeFaces\P1E_S1_ɋ6 100 0 0 

YouTubeFaces\P1E_S2_Ɇ2 100 0 0 

YouTubeFaces\P1E_S2_Ɇ4 100 0 0 

YouTubeFaces\P1E_S2_Ɇ9 100 0 0 

YouTubeFaces\P1E_S2_Ɇ12 93,9 6,10 5,80 

YouTubeFaces\P1E_S2_Ɇ15 100 0 0 

YouTubeFaces\P1E_S2_D1 100 0 0 

YouTubeFaces\P1E_S2_D5 100 0 0 

 

Ⱦɥɹ ɜɢɞɟɨɩɨɬɨɤɨɜ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɥɢɰ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɤɚɡɚɥ 

ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ, ɪɚɜɧɭɸ 100% ɩɪɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɥɨɠɧɵɯ 

ɫɪɚɛɚɬɵɜɚɧɢɣ. Ⱦɥɹ ɜɢɞɟɨɩɨɬɨɤɚ, ɫɨɞɟɪɠɚɳɢɯ ɥɢɰɨ, ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ 

ɫɨɫɬɚɜɢɥɚ 98%. 

 

3.2 Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ   
 

ɐɟɥɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɥɢɰ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɰɟɧɬ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ 
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ɪɚɛɨɬɵ ɨɲɢɛɨɤ ɚɥɝɨɪɢɬɦɚ, ɚ ɬɚɤ ɠɟ ɨɩɪɟɞɟɥɢɬɶ ɮɚɤɬɨɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ 

ɞɨɫɬɢɝɚɸɬɫɹ ɧɚɢɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɚ ɬɚɤ ɠɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɭɯɭɞɲɟɧɢɟ 

ɪɚɛɨɬɵ. 

Ʌɢɰɨɦ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɤɨɝɞɚ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɝɨɥɨɜɵ ɞɨɫɬɢɝɚɟɬ ɧɟ ɛɨɥɟɟ 55 

ɝɪɚɞɭɫɨɜ. 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ɍɚɛɥɢɰɚ 3 – ɩɪɢɦɟɪɵ ɜɢɞɟɨɩɨɬɨɤɨɜ 

Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɨɣ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫ

ɬɢ  

Ɉɛɪɚɡɟɰ ɤɚɞɪɚ 
Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɨɣ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
Ɉɛɪɚɡɟɰ ɤɚɞɪɚ 

YouTubeFaces\P1E_S1_

ɋ1.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 

1125, 

Ɋɚɡɪɟɲɟɧɢɟ:1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ 

ɥɢɰ:2 ɠɟɧɫɤɢɯ ɥɢɰɚ. 

 

 

YouTubeFaces\P1E_S1_ɋ

3.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 1250 

Ɋɚɡɪɟɲɟɧɢɟ: 1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 1 

ɦɭɠɫɤɨɟ ɥɢɰɨ 

 

 

 

YouTubeFaces\P1E_S1_

ɋ4.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ 

ɤɚɞɪɨɜ:1500 

Ɋɚɡɪɟɲɟɧɢɟ: 1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ 

ɥɢɰ:1 ɠɟɧɫɤɨɟ. 

 

 

 

YouTubeFaces\P1E_S2_Ɇ

1mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ:875 

Ɋɚɡɪɟɲɟɧɢɟ:640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɠɟɧɫɤɨɟ ɢ 1 ɦɭɠɫɤɨɟ 

ɥɢɰɨ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3 

YouTubeFaces\P1E_S2_

Ɇ3.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 750 

Ɋɚɡɪɟɲɟɧɢɟ: 1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ 

ɥɢɰ:2 ɦɭɠɫɤɢɯ ɥɢɰɚ. 

 

 

YouTubeFaces\P1E_S2_Ɇ

6.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ:1025 

Ɋɚɡɪɟɲɟɧɢɟ:480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:3 

ɠɟɧɫɤɢɯ ɥɢɰɚ. 

 

YouTubeFaces\P1E_S2_

Ɇ13.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 850 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ 

ɥɢɰ:5 ɠɟɧɫɤɢɯ ɥɢɰ ɢ 1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 

 

 

YouTubeFaces\P1E_S2_Ɇ

7.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 700 

Ɋɚɡɪɟɲɟɧɢɟ: 640×480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:2 

ɠɟɧɫɤɢɯ ɥɢɰɚ ɢ 2 

ɦɭɠɫɤɢɯ ɥɢɰɚ. 

 

 

 

YouTubeFaces\P1E_S2_

D3.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 575 

Ɋɚɡɪɟɲɟɧɢɟ:480×320, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

1 ɠɟɧɫɤɨɟ ɢ 2 ɦɭɠɫɤɢɯ 

ɥɢɰɚ. 

 

 

YouTubeFaces\P1E_S2_D

5.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 900 

Ɋɚɡɪɟɲɟɧɢɟ: 1280×720, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:2 

ɦɭɠɫɤɢɯ ɥɢɰɚ. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3 

YouTubeFaces\P1E_S1_

K1.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 300 

Ɋɚɡɪɟɲɟɧɢɟ:480×320, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

1ɞɟɬɫɤɨɟ ɥɢɰɨ. 

 

 

YouTubeFaces\P1E_S1_K

2.mp4,  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 400 

Ɋɚɡɪɟɲɟɧɢɟ:480×320, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 1 

ɞɟɬɫɤɨɟ ɥɢɰɨ. 

 

 

McGillFacesDatabase\m

mdm2\video\ si2028.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 575 

Ɋɚɡɪɟɲɟɧɢɟ: 640x480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

2 ɦɭɠɫɤɢɯ ɥɢɰɚ. 

 

 

 

db\faces\crglad\000046.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 300 

Ɋɚɡɪɟɲɟɧɢɟ: 160ɯ120, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 

 

 

McGillFacesDatabase\m

mdm2\video\si1425.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 375 

Ɋɚɡɪɟɲɟɧɢɟ: 640x480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

1 ɦɭɠɫɤɨɟ ɥɢɰɨ. 

 

 

 

db\faces\crglad\000050.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 300 

Ɋɚɡɪɟɲɟɧɢɟ: 160ɯ120, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 

db\faces\crglad\00002.avi

.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 300 

Ɋɚɡɪɟɲɟɧɢɟ: 160ɯ120, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

1 ɠɟɧɫɤɨɟ ɥɢɰɨ. 
 

McGillFacesDatabase\mm

dm2\video\sx102.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 425 

Ɋɚɡɪɟɲɟɧɢɟ: 640x480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 

 

 

McGillFacesDatabase\m

mdm2\video\sx372.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 400 

Ɋɚɡɪɟɲɟɧɢɟ: 640x480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ: 

1 ɠɟɧɫɤɨɟ ɢ 1 ɦɭɠɫɤɨɟ 

ɥɢɰɨ. 

 

 

McGillFacesDatabase\mm

dm2\video\ sa1.avi 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 325 

Ɋɚɡɪɟɲɟɧɢɟ: 640x480, 

Ʉɨɥ-ɜɨ ɪɚɡɥɢɱɧɵɯ ɥɢɰ:1 

ɦɭɠɫɤɨɟ ɥɢɰɨ. 

 

 

 

TR (%) - ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, FRR (%) –ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ , 

FAR (%) –ɥɨɠɧɨɨɬɪɢɰɚɬɟɥɶɧɚɹ ɨɲɢɛɤɚ, ɞɥɹ ɪɚɫɱɟɬɚ ɞɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ: 

 ܴܶ =  
𝑁݅𝑁ܴܣܨ (13)                ݐ =  

𝑁݅−𝑁ݐ𝑁 ܴܴܨ (14)               = 1 − ܴܶ,              (15) 

ɝɞɟ 𝑁ݐ  – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɫ ɥɢɰɨ, 𝑁݅  – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɫ ɥɢɰɨɦ ɤɨɬɨɪɨɟ 

ɪɚɫɩɨɡɧɚɧɨ, 𝑁 – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɜ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

Ⱥɥɝɨɪɢɬɦ ɬɚɤ ɠɟ ɩɨɤɚɡɵɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɥɢɰ, ɜ ɯɨɞɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɚɢɥɭɱɲɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɧɚ ɜɢɞɟɨɩɨɬɨɤɟ ɛɵɥɨ 100% , ɚ 

ɧɚɢɯɭɞɲɢɦ 88,7% , ɧɚ ɭɯɭɞɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɨɜɥɢɹɥɢ 

ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 
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• ɪɚɡɥɢɱɧɵɟ ɭɪɨɜɧɢ ɨɫɜɟɳɟɧɧɨɫɬɢ (ɢɫɬɨɱɧɢɤɢ ɫɜɟɬɚ, ɢɯ ɰɜɟɬ, ɹɪɤɨɫɬɶ). 

ɇɚɩɪɢɦɟɪ, ɤɨɝɞɚ ɨɫɜɟɳɟɧɢɟ ɩɚɞɚɟɬ ɧɚ ɨɞɧɭ ɱɚɫɬɶ ɥɢɰɚ, ɚ ɞɪɭɝɚɹ ɱɚɫɬɶ ɥɢɰɚ ɬɟɦɧɚɹ 

ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɤɚ ɨɫɜɟɳɟɧɧɨɫɬɢ, ɬɨ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ ɡɚɬɪɭɞɧɹɟɬɫɹ, ɢɥɢ ɫɬɚɧɨɜɢɬɫɹ 

ɧɟɜɨɡɦɨɠɧɵɦ; 

• ɚɤɫɟɫɫɭɚɪɵ, ɬɚɤɢɟ ɤɚɤ ɨɱɤɢ, ɭɫɵ ɢɥɢ ɛɨɪɨɞɚ, ɤɨɬɨɪɵɟ ɬɚɤ ɠɟ ɭɫɥɨɠɧɹɸɬ 

ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ. Ɍɚɤ ɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɨɛɧɚɪɭɠɟɧɢɟ ɥɢɰ 

ɜɧɨɫɢɬ ɡɚɤɪɵɬɢɟ ɱɚɫɬɟɣ ɥɢɰɚ, ɬɚɤɢɦ ɤɚɤ ɜɨɥɨɫɵ, ɲɚɩɤɢ, ɲɚɪɮɵ ɢ ɬɞ; 

• ɡɚɲɭɦɥɟɧɧɨɫɬɶ ɮɨɬɨ; 

• ɷɦɨɰɢɨɧɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɦɨɰɢɨɧɚɥɶɧɨɟ 

ɜɵɪɚɠɟɧɢɟ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ, ɨɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɫɩɨɫɨɛɧɵ 

ɜɵɡɜɚɬɶ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ, ɧɚɩɪɢɦɟɪ, ɲɢɪɨɤɚɹ ɭɥɵɛɤɚ ɢɥɢ ɡɚɤɪɵɬɵɟ 

ɝɥɚɡɚ. 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ, ɞɥɹ ɤɚɠɞɨɣ ɜɵɛɪɚɧɧɨɣ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 

ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɩɪɨɰɟɞɭɪɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɨɩɢɫɚɧɧɚɹ ɪɚɧɟɟ TR, FRR, FAR 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

Ɍɚɛɥɢɰɚ 4 – ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ  

ȼɢɞɟɨɩɨɬɨɤ 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɥɢɰ 

TR,

% 

FRR,

% 

FAR,

% 

YouTubeFaces\P1E_S1_ɋ1 99,5 0,50 0,44 

YouTubeFaces\P1E_S1_ɋ3 100 0 0 

YouTubeFaces\P1E_S1_ɋ4 99,1 0,01 0,66 

YouTubeFaces\P1E_S2_Ɇ1 97,5 2,50 1,10 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4 

YouTubeFaces\P1E_S2_Ɇ3 96,2 4,00 3,80 

YouTubeFaces\P1E_S2_Ɇ6 100 0 0 

YouTubeFaces\P1E_S2_Ɇ13 87,9 12,1 11,7 

YouTubeFaces\P1E_S2_Ɇ7 100 0 0 

YouTubeFaces\P1E_S2_D3 100 0 0 

YouTubeFaces\P1E_S2_D5 88,9 11,1 11,1 

YouTubeFaces\P1E_S2_D6 98,2 1,80 1,78 

db\faces\crglad\00002 100 0 0 

YouTubeFaces\P1E_S1_K1 100 0 0 

YouTubeFaces\P1E_S1_K2 100 0 0 

McGillFacesDatabase\mmdm2\video\ 

si2028 
100 

0 0 

db\faces\crglad\000046 99,3 0,70 0,58 

McGillFacesDatabase\mmdm2\video\si142

5 
100 

0 0 

db\faces\crglad\000050 100 0 0 

McGillFacesDatabase\mmdm2\video\sx372 100 0 0 

McGillFaces Database\mmdm2\video\ sa1 97,8 2,20 2,14 

 

 

3.3  ȼɵɜɨɞɵ ɩɨ 3 ɝɥɚɜɟ  
 

ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ 

ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ, ɪɚɫɱɟɬ ɬɨɱɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɬɚɤ ɠɟ 

ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɥɨɠɧɨɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɲɢɛɤɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɟɡɭɥɶɬɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɥ, ɢ ɜɨɡɪɚɫɬ ɥɸɞɟɣ ɧɟ ɜɥɢɹɸɬ ɧɚ ɤɚɱɟɫɬɜɨ 

ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ. ɇɚ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɬɚɤɢɟ ɮɚɤɬɨɪɵ ɤɚɤ, ɭɪɨɜɟɧɶ ɨɫɜɟɳɟɧɧɨɫɬɢ ɫɰɟɧɵ, 
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ɪɚɡɪɟɲɟɧɢɟ ɜɢɞɟɨɪɨɥɢɤɚ, ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɥɸɞɟɣ ɧɚ ɫɰɟɧɟ, ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɥɢɰɚ ɢ ɫɬɟɩɟɧɶ ɨɬɤɪɵɬɨɫɬɢ ɥɢɰɚ. Ɍɚɤ, ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɪɚɛɨɬɭ 

ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰ ɜɧɨɫɹɬ ɧɚɞɟɬɵɟ ɧɚ ɥɢɰɨ ɚɤɫɟɫɫɭɚɪɵ, 

ɧɚɩɪɢɦɟɪ, ɨɱɤɢ, ɲɚɪɮɵ, ɲɚɩɤɢ. ɇɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ ɡɚɤɪɵɜɚɧɢɟ 

ɱɚɫɬɢ ɥɢɰɚ ɜɨɥɨɫɚɦɢ, ɧɚɥɢɱɢɟ ɛɨɪɨɞɵ ɢɥɢ ɭɫɨɜ. ɗɦɨɰɢɨɧɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɥɢɰɚ 

ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɨɞɧɚɤɨ ɨɧɨ 

ɫɩɨɫɨɛɧɨ ɜɵɡɜɚɬɶ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɲɢɪɨɤɨɣ ɭɥɵɛɤɟ 

ɢɥɢ ɡɚɤɪɵɬɵɯ ɝɥɚɡɚɯ ɱɟɥɨɜɟɤɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɡɚɬɟɧɟɧɢɢ ɱɚɫɬɢ ɥɢɰɚ ɤɚɱɟɫɬɜɨ 

ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɦɨɠɟɬ ɫɧɢɠɚɬɶɫɹ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɨɛɧɚɪɭɠɟɧɢɹ ɥɢɰ, ɨɩɢɫɚɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ, ɢɯ ɨɫɨɛɟɧɧɨɫɬɢ, 

ɧɟɞɨɫɬɚɬɤɢ.  

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɧɢɹ ɥɢɰ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɚɤɬɭɚɥɶɧɨ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɥɹ 

ɜɵɞɟɥɟɧɢɹ ɥɢɰɚ ɢɫɩɨɥɶɡɨɜɚɧ ɚɥɝɨɪɢɬɦ ȼɢɨɥɵ-Ⱦɠɨɧɫɚ, ɫɪɟɞɧɹɹ ɬɨɱɧɨɫɬɶ 

ɨɛɧɚɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 98,00%., ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɥɢɰɚ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ 

ɥɨɤɚɥɶɧɵɯ ɛɢɧɚɪɧɵɯ ɲɚɛɥɨɧɨɜ, ɫɪɟɞɧɹɹ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɨɫɬɚɜɢɥɚ 

94,3%. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ ɪɚɡɧɨɪɨɞɧɵɯ 

ɜɢɞɟɨɞɚɧɧɵɯ, ɩɨɞɬɜɟɪɠɞɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɚɥɝɨɪɢɬɦɵ ɩɨɡɜɨɥɹɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɢɯ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɥɢɰ, ɤɚɤ ɧɚ ɫɥɭɠɟɛɧɵɯ 

ɨɛɴɟɤɬɚɯ, ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɬɚɤ ɢ ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ ɧɚ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɧɟɬ 

ɪɟɫɭɪɫɚɯ. 
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