
 
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ «ɂɧɮɨɪɦɚɬɢɤɚ» 
ɤɚɮɟɞɪɚ 

 
       
ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
  

Ⱥ.ɋ. Ʉɭɡɧɟɰɨɜ 
ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

                     «_____»  ________ 2019ɝ. 
 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

09.03.04 ɉɪɨɝɪɚɦɦɧɚɹ ɢɧɠɟɧɟɪɢɹ 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ  

ɩɪɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ 
ɬɟɦɚ 

 
 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ 
  ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ   Ⱥ.ɋ. Ɇɢɯɚɥɟɜ 

 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ʉɨɧɫɭɥɶɬɚɧɬ ȼɄɊ   ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ   Ɇ.ɂ. ɇɢɤɢɬɢɧɚ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ      Ⱥ.ȼ.  Ɍɚɪɚɫɟɜɢɱ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ   ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ   Ɉ.Ⱥ. Ⱥɧɬɚɦɨɲɤɢɧ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 



 
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ «ɂɧɮɨɪɦɚɬɢɤɚ» 
ɤɚɮɟɞɪɚ 

 

                                                 
ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ              
  

Ⱥ.ɋ. Ʉɭɡɧɟɰɨɜ 
ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

                                                                                  
                                                                                 «_____»  ________ 2019ɝ. 

 

 

 

 

ɁȺȾȺɇɂȿ  
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
 

  



 
 

ɋɬɭɞɟɧɬɭ Ɍɚɪɚɫɟɜɢɱ Ⱥɧɚɫɬɚɫɢɢ ȼɥɚɞɢɦɢɪɨɜɧɟ. 

Ƚɪɭɩɩɚ Ʉɂ15-16Ȼ, ɧɚɩɪɚɜɥɟɧɢɟ 09.03.04 «ɉɪɨɝɪɚɦɦɧɚɹ ɢɧɠɟɧɟɪɢɹ». 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɩɪɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ». 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №6264/ɫ ɨɬ 2019-05-13. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ Ɇɢɯɚɥɟɜ Ⱥ.ɋ. ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ 

ɢɧɮɨɪɦɚɬɢɤɢ ɂɄɂɌ ɋɎɍ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɭɱɟɛɧɢɤɢ, ɧɚɭɱɧɵɟ ɠɭɪɧɚɥɵ ɢ ɫɬɚɬɶɢ, 

ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɫɟɬɢ Internet-ɫɚɣɬɨɜ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 

 ɜɜɟɞɟɧɢɟ; 

 ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ; 

 ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1; 

 ɪɚɡɪɚɛɨɬɤɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ; 

 ɜɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2; 

 ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ; 

 ɜɵɜɨɞɵ ɩɨ 3 ɝɥɚɜɟ; 

 ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɩɪɟɡɟɧɬɚɰɢɹ «Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɚ 

ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɩɪɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ». 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                         ___________                          Ⱥ.ɋ. Ɇɢɯɚɥɟɜ 
                                                                                       ɩɨɞɩɢɫɶ  
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ     ___________                         Ⱥ.ȼ. Ɍɚɪɚɫɟɜɢɱ 
                                                                                        ɩɨɞɩɢɫɶ  

              
«___»___________2019 ɝ. 

 
 
 



 
 

Ƚɪɚɮɢɤ 
 

ȼɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɦ ɧɚɩɪɚɜɥɟɧɢɹ 
09.03.04 «ɉɪɨɝɪɚɦɦɧɚɹ ɢɧɠɟɧɟɪɢɹ». 
 

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 

04.02-10.02 Ʉɪɚɬɤɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɟɦɟ 
ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɋɛɨɪ ɥɢɬɟɪɚɬɭɪɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ 

11.02-17.02 ɋɩɢɫɨɤ 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ 

ȼɵɩɨɥɧɟɧɨ 

Ⱥɧɚɥɢɡ ɫɨɛɪɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ 
ɥɢɬɟɪɚɬɭɪɵ 

18.02-24.02 ɉɨɞɝɨɬɨɜɥɟɧɚ 1 
ɝɥɚɜɚ ȼɄɊ ɨ 
ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

ȼɵɩɨɥɧɟɧɨ 

ɍɬɨɱɧɟɧɢɟ ɢ 
ɨɛɨɫɧɨɜɚɧɢɟ 
ɚɤɬɭɚɥɶɧɨɫɬɢ ɰɟɥɢ ɢ 
ɡɚɞɚɱ ȼɄɊ 

25.02-28.02 Ɉɤɨɧɱɚɬɟɥɶɧɚɹ 
ɮɨɪɦɭɥɢɪɨɜɤɚ ɰɟɥɢ 
ɢ ɡɚɞɚɱ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɋɛɨɪ ɫɧɢɦɤɨɜ ɞɥɹ 
ɨɛɭɱɟɧɢɹ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

18.03-31.03 Ƚɨɬɨɜɵɣ ɧɚɛɨɪ 
ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɚ 
ɤɨɧɫɭɥɶɬɚɰɢɹ ɜɪɚɱɚ-
ɪɚɞɢɨɥɨɝɚ 

ȼɵɩɨɥɧɟɧɨ 

ɉɪɟɞɨɛɪɚɛɨɬɤɚ 
ɫɧɢɦɤɨɜ 

01.04-14.04 Ƚɨɬɨɜɵɣ ɞɥɹ 
ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɫɟɬɢ 
ɧɚɛɨɪ ɞɚɧɧɵɯ 

ȼɵɩɨɥɧɟɧɨ 

ɉɨɞɛɨɪ ɩɨɞɯɨɞɹɳɟɣ 
ɚɪɯɢɬɟɤɬɭɪɵ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

15.04-01.05 ɉɪɨɬɟɫɬɢɪɨɜɚɧɵ 
ɧɟɫɤɨɥɶɤɨ 
ɚɪɯɢɬɟɤɬɭɪ, ɜɵɛɪɚɧɚ 
ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɚɹ 

ȼɵɩɨɥɧɟɧɨ 

ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

02.05-14.05 ɉɨɞɨɛɪɚɧɵ 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ 
ɜɫɟɦ ɭɫɥɨɜɢɹɦ 
ɩɚɪɚɦɟɬɪɵ ɞɥɹ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

ȼɵɩɨɥɧɟɧɨ 

ɇɚɩɢɫɚɧɢɟ 2 ɝɥɚɜɵ 
ȼɄɊ 

15.05-22.05 ɉɨɞɝɨɬɨɜɥɟɧɚ 2 
ɝɥɚɜɚ ȼɄɊ ɨ 
ɪɚɡɪɚɛɨɬɤɟ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ  

ȼɵɩɨɥɧɟɧɨ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ  

23.05-28.05 ɋɨɫɬɚɜɥɟɧ ɨɬɱɟɬ ɩɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ 
ɢɫɫɥɟɞɨɜɚɧɢɸ 

ȼɵɩɨɥɧɟɧɨ 



 
 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɬɚɩɚ 
ɋɪɨɤ ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɚ 
Ɋɟɡɭɥɶɬɚɬ 

ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɨɜ 

ɉɪɢɦɟɱɚɧɢɟ 
ɪɭɤɨɜɨɞɢɬɟɥɹ 

(ɨɬɦɟɬɤɚ ɨ 
ɜɵɩɨɥɧɟɧɢɢ ɷɬɚɩɚ 

ɇɚɩɢɫɚɧɢɟ 3 ɝɥɚɜɵ 
ȼɄɊ 

29.05-31.05 ɉɨɞɝɨɬɨɜɥɟɧɚ 3 
ɝɥɚɜɚ ȼɄɊ ɨɛ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ 
ɢɫɫɥɟɞɨɜɚɧɢɢ 

ȼɵɩɨɥɧɟɧɨ 

ɉɨɞɝɨɬɨɜɤɚ ɞɨɤɥɚɞɚ 
ɢ ɩɪɟɡɟɧɬɚɰɢɢ ɩɨ 
ɬɟɦɟ ȼɄɊ 

01.06-05.06 Ⱦɨɤɥɚɞ ɫ 
ɩɪɟɡɟɧɬɚɰɢɟɣ ɩɨ 
ɬɟɦɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

Ʉɨɦɩɨɧɨɜɤɚ ɨɬɱɟɬɚ 
ɩɨ ɩɪɟɞɞɢɩɥɨɦɧɨɣ 
ɩɪɚɤɬɢɤɟ 

06.06-13.06 Ɉɬɱɟɬ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɂɬɨɝɨɜɵɣ 
ɧɨɪɦɨɤɨɧɬɪɨɥɶ 
(ɇ/Ʉ) 

05.06 ɉɪɟɡɟɧɬɚɰɢɹ ȼɄɊ ȼɵɩɨɥɧɟɧɨ 

Ɂɚɳɢɬɚ ȼɄɊ 09.07 ɉɪɟɡɟɧɬɚɰɢɹ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ 
ɛɚɤɚɥɚɜɪɫɤɨɣ 
ɪɚɛɨɬɵ 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                         ___________                          Ⱥ.ɋ. Ɇɢɯɚɥɟɜ 
                                                                                                            ɩɨɞɩɢɫɶ  
 

ɋɬɭɞɟɧɬ ɝɪɭɩɩɵ Ʉɂ15-16Ȼ               ___________               Ⱥ.ȼ. Ɍɚɪɚɫɟɜɢɱ 
                                                                                                ɩɨɞɩɢɫɶ  
 

              
«___»___________2019 ɝ. 
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ȼȼȿȾȿɇɂȿ 
 

 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɪɚɠɟɧɢɣ ɦɨɡɝɚ 

ɢɲɟɦɢɱɟɫɤɢɦ ɢɧɫɭɥɶɬɨɦ ɩɪɟɞɥɨɠɟɧɵ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 

ɬɟɯɧɨɥɨɝɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɚɛɢɪɚɸɬ ɩɨɩɭɥɹɪɧɨɫɬɶ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ 

ɦɧɨɝɢɯ ɫɮɟɪɚɯ, ɬɚɤɢɯ, ɤɚɤ ɦɟɞɢɰɢɧɚ, ɛɚɧɤɨɜɫɤɚɹ ɫɮɟɪɚ, ɫɮɟɪɚ ɨɛɫɥɭɠɢɜɚɧɢɹ 

ɢ ɞɪɭɝɢɯ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɚɛɢɪɚɟɬ ɩɨɩɭɥɹɪɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɦɨɠɟɬ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ, ɧɚɯɨɞɢɬɶ ɜɡɚɢɦɨɫɜɹɡɢ, ɨɛɭɱɚɬɶɫɹ 

ɧɚ ɩɪɢɦɟɪɚɯ ɢ ɢɫɩɪɚɜɥɹɬɶ ɨɲɢɛɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɟɞɦɟɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɆɊɌ, ɬɚɤ ɤɚɤ 

ɨɧɢ ɹɜɥɹɸɬɫɹ ɡɨɥɨɬɵɦ ɫɬɚɧɞɚɪɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɧɫɭɥɶɬɚ ɩɨ ɞɚɧɧɵɦ ȼɈɁ. 

Ⱥɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɣ ɆɊɌ, ɱɚɳɟ ɜɫɟɝɨ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɸɞɶɦɢ ɜɪɭɱɧɭɸ, 

ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɩɨɢɫɤ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, ɜɵɹɜɥɟɧɢɟ ɝɪɚɧɢɰ. 

Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɬɪɭɞɨɟɦɤɨɣ ɢ ɧɟɩɪɨɫɬɨɣ ɡɚɞɚɱɟɣ, ɤɨɬɨɪɚɹ ɬɪɟɛɭɟɬ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɢɡɦɚ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɦɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɫɧɢɦɤɚɯ ɆɊɌ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ 

ɡɚɞɚɱɟɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɆɊɌ ɫɧɢɦɤɨɜ ɩɨɡɜɨɥɢɬ ɛɵɫɬɪɨ 

ɢ ɬɨɱɧɨ ɫɬɚɜɢɬɶ ɞɢɚɝɧɨɡ, ɞɥɹ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨɝɨ ɧɚɱɚɥɚ ɥɟɱɟɧɢɹ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ ɩɨ ɆɊɌ ɫɧɢɦɤɚɦ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ.  

ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɫɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ ɢɧɫɭɥɶɬɚ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɧɟɫɟɬ ɨɝɪɨɦɧɵɣ ɜɤɥɚɞ ɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɩɪɨɰɟɫɫɨɜ ɱɬɟɧɢɹ ɫɧɢɦɤɨɜ ɜ ɨɛɥɚɫɬɢ ɦɟɞɢɰɢɧɵ. 

ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɫɨɫɬɨɹɬ ɜ 

ɫɥɟɞɭɸɳɟɦ: 

 ɭɫɤɨɪɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɹɜɥɟɧɢɹ ɭ ɩɚɰɢɟɧɬɚ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɫ 

ɩɨɦɨɳɶɸ ɆɊɌ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ; 

 ɭɜɟɥɢɱɟɧɢɟ ɬɨɱɧɨɫɬɢ ɩɨɫɬɚɜɥɟɧɧɨɝɨ ɞɢɚɝɧɨɡɚ ɡɚ ɫɱɟɬ ɨɛɭɱɟɧɢɹ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧɚ ɛɨɥɶɲɨɣ ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ. 
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Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɨɥɧɚɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɚ 

ɬɚɤɠɟ ɞɚɥɶɧɟɣɲɟɟ ɨɛɭɱɟɧɢɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧɚ ɛɨɥɶɲɟɣ 

ɜɵɛɨɪɤɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɨɫɤɨɥɶɤɭ ɜ ɬɟɫɬɨɜɨɦ ɜɚɪɢɚɧɬɟ ɦɵ ɢɦɟɟɦ 

ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ, ɨɛɭɱɟɧɧɭɸ ɥɢɲɶ ɧɚ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɧɚɫ ɫɧɢɦɤɚɯ, ɨɞɧɚɤɨ ɷɬɨ 

ɛɭɞɟɬ ɧɟɫɬɢ ɜ ɫɟɛɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɜ ɞɚɥɶɧɟɣɲɟɣ 

ɪɚɛɨɬɟ. 

Ɂɚɞɚɱɢ: 

 ɨɩɪɟɞɟɥɢɬɶ ɚɪɯɢɬɟɤɬɭɪɭ ɫɨɡɞɚɜɚɟɦɨɣ ɇɋ ɞɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ; 

 ɫɮɨɪɦɢɪɨɜɚɬɶ ɢɫɯɨɞɧɭɸ ɜɵɛɨɪɤɭ ɞɚɧɧɵɯ; 

 ɩɪɨɢɡɜɟɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢ ɧɨɪɦɚɥɢɡɚɰɢɸ ɢɫɯɨɞɧɨɣ 

ɜɵɛɨɪɤɢ; 

 ɧɚɫɬɪɨɢɬɶ ɩɚɪɚɦɟɬɪɵ ɇɋ ɢ ɚɥɝɨɪɢɬɦɚ ɟɟ ɨɛɭɱɟɧɢɹ, ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ 

ɩɨɥɭɱɟɧɧɭɸ ɇɋ; 

 ɩɨɞɝɨɬɨɜɢɬɶ ɝɨɬɨɜɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɞɥɹ ɟɝɨ ɞɚɥɶɧɟɣɲɟɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
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Ƚɥɚɜɚ 1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 
  

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɜ ɨɛɥɚɫɬɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɛɵɥɨ ɜɵɛɪɚɧɨ 

ɞɚɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɡɚ ɨɫɧɨɜɭ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɚ ɬɚɤɠɟ 

ɨɫɧɨɜɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɜ ɨɛɥɚɫɬɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

 

1.1 Ɉɫɨɛɟɧɧɨɫɬɢ ɞɢɚɝɧɨɫɬɢɤɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɧɚ ɆɊɌ 
ɫɧɢɦɤɚɯ 

 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɚɤɨɟ ɡɚɛɨɥɟɜɚɧɢɟ, ɤɚɤ ɢɧɫɭɥɶɬ, ɜɫё ɱɚɳɟ 

ɜɫɬɪɟɱɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɪɟɞɢ ɥɸɞɟɣ ɩɨɠɢɥɨɝɨ ɜɨɡɪɚɫɬɚ, ɧɨ ɢ ɫɪɟɞɢ ɦɨɥɨɞɨɝɨ 

ɧɚɫɟɥɟɧɢɹ. ɉɨ ɞɚɧɧɵɦ ȼɫɟɦɢɪɧɨɣ Ɉɪɝɚɧɢɡɚɰɢɢ Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɹ ɢɧɫɭɥɶɬ 

ɡɚɧɢɦɚɟɬ 3 ɦɟɫɬɨ ɜ ɦɢɪɟ ɩɨ ɱɢɫɥɭ ɝɢɛɟɥɢ ɥɸɞɟɣ, ɢɧɫɭɥɶɬ ɢ ɢɲɟɦɢɱɟɫɤɚɹ 

ɛɨɥɟɡɧɶ ɫɟɪɞɰɚ ɭɧɨɫɢɬ ɛɨɥɶɲɢɧɫɬɜɨ ɠɢɡɧɟɣ ɜ ɝɨɞ, ɜ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ 15 

ɦɢɥɥɢɨɧɨɜ. ɉɨɫɥɟɞɧɢɟ 15 ɥɟɬ ɷɬɢ ɡɚɛɨɥɟɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɜɟɞɭɳɢɦɢ 

ɩɪɢɱɢɧɚɦɢ ɫɦɟɪɬɢ [1]. 

ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨ ɞɚɧɧɵɦ ɋɁȽɆɍ ɢɦ ɂ.ɂ. Ɇɟɱɧɢɤɨɜɚ 450 

ɬɵɫ. ɱɟɥɨɜɟɤ ɩɟɪɟɧɨɫɹɬ ɢɧɫɭɥɶɬ ɜ ɝɨɞ ɢɡ ɧɢɯ 80% ɫɨɫɬɚɜɥɹɸɬ ɢɧɫɭɥɶɬɵ 

ɢɲɟɦɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ [2]. 

ɂɲɟɦɢɱɟɫɤɢɣ ɢɧɮɚɪɤɬ (ɢɧɫɭɥɶɬ) – ɨɪɝɚɧɢɱɟɫɤɨɟ ɩɨɪɚɠɟɧɢɟ ɐɇɋ, 

ɜɵɡɜɚɧɧɨɟ ɨɫɬɪɵɦ ɧɚɪɭɲɟɧɢɟɦ ɦɨɡɝɨɜɨɝɨ ɤɪɨɜɨɨɛɪɚɳɟɧɢɹ ɫ ɪɚɡɜɢɬɢɟɦ 

ɢɲɟɦɢɢ ɧɟɪɜɧɨɣ ɬɤɚɧɢ ɢ ɩɨɹɜɥɟɧɢɟɦ ɢɧɮɚɪɤɬɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ 

ɯɚɪɚɤɬɟɪɧɵɦɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɹɜɥɟɧɢɹɦɢ ɧɚ ɜɢɡɭɚɥɢɡɚɰɢɢ (ɆɊɌ ɢ 

ɄɌ). 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɢɧɫɭɥɶɬɚ ɹɜɥɹɟɬɫɹ ɆɊɌ ɝɨɥɨɜɧɨɝɨ 

ɦɨɡɝɚ. ɗɬɨ ɛɟɡɨɩɚɫɧɵɣ ɦɟɬɨɞ ɨɛɫɥɟɞɨɜɚɧɢɹ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɷɮɮɟɤɬ 

ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ, ɩɨ-ɪɚɡɧɨɦɭ 

ɨɬɪɚɠɚɸɳɟɟɫɹ ɨɬ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɩɥɨɬɧɵɯ ɬɤɚɧɟɣ. ɆɊɌ ɩɨɤɚɡɵɜɚɟɬ 
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ɪɟɡɭɥɶɬɚɬɵ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɚɰɢɟɧɬɚ ɜ ɬɪɟɯ ɩɥɨɫɤɨɫɬɹɯ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ 

ɨɱɟɧɶ ɱɟɬɤɨ ɭɜɢɞɟɬɶ ɩɪɨɛɥɟɦɵ ɫ ɦɹɝɤɢɦɢ ɬɤɚɧɹɦɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɪɟɠɢɦɨɜ ɆɊɌ, ɧɚɩɪɢɦɟɪ, Ɍ1 ȼɂ, Ɍ2 ȼɂ, Ɍ2 

FLAIR, DWI ɢ ɬɞ. Ɋɟɠɢɦɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɬɤɚɧɟɣ, ɤɨɬɨɪɵɟ 

ɨɛɥɚɞɚɸɬ ɪɚɡɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨɛɵ ɨɬɥɢɱɢɬɶ ɧɨɪɦɚɥɶɧɵɟ 

ɬɤɚɧɢ ɨɬ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɢɞɵ ɢɧɫɭɥɶɬɚ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɝɧɚɥɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɢɨɞɚ ɢ ɪɟɠɢɦɚ ɆɊɌ. 

Ɋɢɫɭɧɨɤ 1 – ȼɢɞɵ ɢɧɫɭɥɶɬɚ ɢ ɪɟɠɢɦɵ ɫɤɚɧɢɪɨɜɚɧɢɹ ɆɊɌ 

ɇɚ ɪɢɫɭɧɤɟ 1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɤɚɧɢɪɨɜɚɧɢɢ ɜ ɩɟɪɜɵɟ ɦɢɧɭɬɵ ɩɨɫɥɟ 

ɢɧɫɭɥɶɬɚ ɥɢɲɶ ɜ ɪɟɠɢɦɟ DWI (Ⱦȼɂ) ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɝɢɩɟɪɢɧɬɟɧɫɢɜɧɵɣ 

ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɟɬɥɵɦɢ ɭɱɚɫɬɤɚɦɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. ȼ 

ɪɟɠɢɦɟ Ɍ1 ȼɂ ɢ Ɍ2 ȼɂ ɩɟɪɜɵɟ ɩɪɢɡɧɚɤɢ ɢɧɫɭɥɶɬɚ ɩɪɨɹɜɥɹɸɬɫɹ ɩɪɢɦɟɪɧɨ 

ɱɟɪɟɡ 6 ɱɚɫɨɜ ɩɨɫɥɟ ɟɝɨ ɧɚɱɚɥɚ, ɧɚ Ɍ1 ȼɂ ɫɢɝɧɚɥ ɫɬɚɧɨɜɢɬɫɹ 

ɝɢɩɨɢɧɬɟɧɫɢɜɧɵɦ, ɬ.ɟ. ɭɱɚɫɬɨɤ ɩɨɪɚɠɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɬёɦɧɵɦ, ɧɚ Ɍ2 ȼɂ 

ɫɢɝɧɚɥ ɫɬɚɧɨɜɢɬɫɹ ɝɢɩɟɪɢɧɬɟɧɫɢɜɧɵɦ. ɇɚ ɪɢɫɭɧɤɟ 2 ɧɚɝɥɹɞɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɨɦɨɝɪɚɮɢɢ (ɄɌ) ɢ ɪɟɠɢɦɨɜ 

ɆɊɌ ɜ ɪɚɡɧɵɟ ɮɚɡɵ ɪɚɡɜɢɬɢɹ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ. 



8 
 

 

Ɋɢɫɭɧɨɤ 2 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɄɌ ɢ ɪɟɠɢɦɨɜ ɆɊɌ 

 ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɪɢɫɭɧɨɤ 2, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɢɧɮɨɪɦɚɬɢɜɧɵɣ ɦɟɬɨɞ ɞɢɚɝɧɨɫɬɢɤɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɹɜɥɹɟɬɫɹ ɆɊɌ ɜ 

ɪɟɠɢɦɟ DWI. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ Ⱦȼɂ – ɷɬɨ ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɵɯ ɢ 

ɜɵɫɨɤɨɫɩɟɰɢɮɢɱɧɵɯ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɢɧɮɚɪɤɬɚ ɦɨɡɝɚ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ 

ɟɝɨ ɪɚɡɜɢɬɢɹ (ɞɨ 6 ɱɚɫɨɜ), ɤɨɝɞɚ ɫɭɳɟɫɬɜɭɟɬ «ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɟ ɨɤɧɨ» ɞɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɪɚɠɟɧɧɵɯ ɬɤɚɧɟɣ ɦɨɡɝɚ. ȼ ɨɫɬɪɨɣ ɮɚɡɟ ɦɨɡɝɨɜɨɝɨ ɢɧɫɭɥɶɬɚ 

ɧɚ Ⱦȼɂ ɡɨɧɚ ɩɨɪɚɠɟɧɢɹ ɦɨɡɝɚ ɢɦɟɟɬ ɬɢɩɢɱɧɨ ɜɵɫɨɤɢɣ ɆɊ-ɫɢɝɧɚɥ, ɬɨɝɞɚ ɤɚɤ 
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ɧɨɪɦɚɥɶɧɵɟ ɬɤɚɧɢ ɦɨɡɝɚ ɜɵɝɥɹɞɹɬ ɬɟɦɧɵɦɢ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɢɡɨɛɪɚɠɟɧɢɹ ɆɊɌ ɜ ɪɟɠɢɦɟ DWI, ɫɥɟɜɚ ɧɚ ɆɊɌ ɧɚɪɭɲɟɧɢɟ ɦɨɡɝɨɜɨɝɨ 

ɤɪɨɜɨɨɛɪɚɳɟɧɢɹ ɜ ɜɟɳɟɫɬɜɟ ɩɪɚɜɨɝɨ ɛɨɥɶɲɨɝɨ ɩɨɥɭɲɚɪɢɹ, ɩɚɬɨɥɨɝɢɱɟɫɤɨɟ 

ɧɚɪɭɲɟɧɢɟ ɢɦɟɟɬ ɝɢɩɟɪɢɧɬɟɧɫɢɜɧɵɣ ɫɢɝɧɚɥ, ɫɩɪɚɜɚ ɢɡɨɛɪɚɠɟɧɢɟ ɡɞɨɪɨɜɨɝɨ 

ɦɨɡɝɚ ɫ ɢɡɨɢɧɬɟɧɫɢɜɧɵɦ ɫɢɝɧɚɥɨɦ. 

 

Ɋɢɫɭɧɨɤ 3 – ɆɊɌ ɢɡɨɛɪɚɠɟɧɢɟ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɢ ɡɞɨɪɨɜɨɝɨ ɦɨɡɝɚ 

 

 Ɋɟɠɢɦ Ⱦȼɂ ɩɪɟɞɧɚɡɧɚɱɟɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɢɧɫɭɥɶɬɚ, ɧɨ ɢ ɞɥɹ 

ɞɪɭɝɢɯ ɩɚɬɨɥɨɝɢɣ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ, ɤɚɤ ɚɛɫɰɟɫɫ ɦɨɡɝɚ, 

ɫɨɥɢɬɚɪɧɵɣ ɦɟɬɚɫɬɚɡ, ɥɢɦɮɨɦɚ, ɞɟɦɢɟɥɢɧɢɡɢɪɭɸɳɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɢ ɞɪɭɝɢɟ, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɯɨɠɟ ɜɵɝɥɹɞɟɬɶ ɧɚ ɆɊɌ ɫɧɢɦɤɟ ɢ ɩɪɢ ɧɟɩɪɚɜɢɥɶɧɨɣ 

ɞɢɚɝɧɨɫɬɢɤɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɨɡɧɚɧɵ ɤɚɤ ɞɪɭɝɨɟ ɡɚɛɨɥɟɜɚɧɢɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɦɨɠɟɬ ɛɵɬɶ ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ. 

 

1.2  Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

 
ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ ɜɨɲɥɢ ɜ ɩɪɚɤɬɢɤɭ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɡɚɞɚɱɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɭɩɪɚɜɥɟɧɢɹ – ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɜ ɨɛɥɚɫɬɢ 

ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɝɞɟ ɟɫɬɶ ɩɥɨɯɨ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɡɚɞɚɱɢ, ɞɥɹ 

ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɥɢɛɨ ɧɭɠɧɚ ɩɨɫɬɨɹɧɧɚɹ ɪɚɛɨɬɚ ɧɟɫɤɨɥɶɤɢɯ 
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ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɷɤɫɩɟɪɬɨɜ, ɥɢɛɨ ɚɞɚɩɬɢɜɧɵɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, 

ɤɚɤɨɜɵɦɢ ɢ ɹɜɥɹɸɬɫɹ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ [3]. 

 

1.2.1 ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɧɟɣɪɨɧ 

 

 ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ ɂɇɋ, ɟɫɬɶ 

ɨɞɢɧɚɤɨɜɵɟ ɷɥɟɦɟɧɬɵ, ɧɚɩɪɢɦɟɪ, ɧɟɣɪɨɧ, ɤɨɬɨɪɵɣ ɢɦɢɬɢɪɭɟɬ ɮɭɧɤɰɢɢ 

ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ. ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɧɟɣɪɨɧ – ɹɱɟɣɤɚ ɇɋ. Ʉɚɠɞɵɣ ɧɟɣɪɨɧ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɢɦ ɬɟɤɭɳɢɦ ɫɨɫɬɨɹɧɢɟɦ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɧɟɪɜɧɵɦɢ 

ɤɥɟɬɤɚɦɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɜɨɡɛɭɠɞɟɧɵ ɢɥɢ 

ɡɚɬɨɪɦɨɠɟɧɵ [4]. Ɉɧ ɨɛɥɚɞɚɟɬ ɝɪɭɩɩɨɣ ɫɢɧɚɩɫɨɜ – ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ 

ɜɯɨɞɧɵɯ ɫɜɹɡɟɣ, ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɜɵɯɨɞɚɦɢ ɞɪɭɝɢɯ ɧɟɣɪɨɧɨɜ, ɚ ɬɚɤɠɟ ɢɦɟɟɬ 

ɚɤɫɨɧ – ɜɵɯɨɞɧɭɸ ɫɜɹɡɶ ɞɚɧɧɨɝɨ ɧɟɣɪɨɧɚ, ɫ ɤɨɬɨɪɨɣ ɫɢɝɧɚɥ (ɜɨɡɛɭɠɞɟɧɢɹ 

ɢɥɢ ɬɨɪɦɨɠɟɧɢɹ) ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɢɧɚɩɫɵ ɫɥɟɞɭɸɳɢɯ ɧɟɣɪɨɧɨɜ. Ɉɛɳɢɣ ɜɢɞ 

ɧɟɣɪɨɧɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 4 [5]. 

 

Ɋɢɫɭɧɨɤ 4 – Ɇɨɞɟɥɶ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɧɟɣɪɨɧɚ 
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Ɍɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɧɟɣɪɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ ɜɡɜɟɲɟɧɧɚɹ ɫɭɦɦɚ ɟɝɨ 

ɜɯɨɞɨɜ:  ݏ = ∑ ௡௜=ଵ݅ݔ   ∙   (1)                 ݅ݓ 

ȼɵɯɨɞ ɧɟɣɪɨɧɚ ɟɫɬɶ ɮɭɧɤɰɢɹ ɟɝɨ ɫɨɫɬɨɹɧɢɹ:  (2)                 (ݏ)݂ = ݕ  

ɇɟɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ݂ ɧɚɡɵɜɚɟɬɫɹ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɢ ɦɨɠɟɬ ɢɦɟɬɶ 

ɪɚɡɥɢɱɧɵɣ ɜɢɞ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5. Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ, ɹɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ɫ ɧɚɫɵɳɟɧɢɟɦ, ɬɚɤ 

ɧɚɡɵɜɚɟɦɚɹ ɥɨɝɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɢɥɢ ɫɢɝɦɨɢɞ: ݂(ݔ) = 
ଵଵ+𝑒−𝑎ೣ                 (3) 

 

Ɋɢɫɭɧɨɤ 5 – Ɍɢɩɵ ɮɭɧɤɰɢɣ ɚɤɬɢɜɚɰɢɢ: ɚ) ɮɭɧɤɰɢɹ ɟɞɢɧɢɱɧɨɝɨ ɫɤɚɱɤɚ; ɛ) 

ɥɢɧɟɣɧɵɣ ɩɨɪɨɝ (ɝɢɫɬɟɪɟɡɢɫ); ɜ) ɫɢɝɦɨɢɞ – ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɬɚɧɝɟɧɫ; ɝ) 

ɥɨɝɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ 

 

 ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ߙ ɫɢɝɦɨɢɞ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɩɨɥɨɝɢɦ, ɜ ɩɪɟɞɟɥɟ 

ɜɵɪɨɠɞɚɹɫɶ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɥɢɧɢɸ ɧɚ ɭɪɨɜɧɟ 0,5. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ߙ 

ɫɢɝɦɨɢɞ ɩɪɢɛɥɢɠɚɟɬɫɹ ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɤ ɮɭɧɤɰɢɢ ɟɞɢɧɢɱɧɨɝɨ ɫɤɚɱɤɚ ɫ 
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ɩɨɪɨɝɨɦ ܶ ɜ ɬɨɱɤɟ 0 = ݔ. ɂɡ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɫɢɝɦɨɢɞɚ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɯɨɞɧɨɟ 

ɡɧɚɱɟɧɢɟ ɧɟɣɪɨɧɚ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ [0,1]. Ɉɞɧɨ ɢɡ ɰɟɧɧɵɯ ɫɜɨɣɫɬɜ 

ɫɢɝɦɨɢɞɧɨɣ ɮɭɧɤɰɢɢ – ɩɪɨɫɬɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɟɟ ɩɪɨɢɡɜɨɞɧɨɣ. ݂′(ݔ) = (4)               ((ݔ)݂ − 1) ∙ (ݔ)݂ ∙ ߙ  

 ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɢɝɦɨɢɞɧɚɹ ɮɭɧɤɰɢɹ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɚ ɧɚ ɜɫɟɣ 

ɨɫɢ ɚɛɫɰɢɫɫ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɧɟɤɨɬɨɪɵɯ ɚɥɝɨɪɢɬɦɚɯ ɨɛɭɱɟɧɢɹ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɨɧɚ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɭɫɢɥɢɜɚɬɶ ɫɥɚɛɵɟ ɫɢɝɧɚɥɵ ɥɭɱɲɟ, ɱɟɦ 

ɛɨɥɶɲɢɟ, ɢ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɧɚɫɵɳɟɧɢɟ ɨɬ ɛɨɥɶɲɢɯ ɫɢɝɧɚɥɨɜ, ɬɚɤ ɤɚɤ ɨɧɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɥɚɫɬɹɦ ɚɪɝɭɦɟɧɬɨɜ, ɝɞɟ ɫɢɝɦɨɢɞ ɢɦɟɟɬ ɩɨɥɨɝɢɣ ɧɚɤɥɨɧ. 

 

1.2.2 Ⱥɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

 

ɇɟɣɪɨɧɧɚɹ ɫɟɬɶ – ɷɬɨ ɫɬɪɭɤɬɭɪɚ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɧɟɣɪɨɧɨɜ, ɫɨ 

ɜɡɜɟɲɟɧɧɵɦɢ ɫɜɹɡɹɦɢ. ɇɟɣɪɨɫɟɬɢ ɛɵɜɚɸɬ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢ ɫɟɬɢ ɫ 

ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɪɯɢɬɟɤɬɭɪɵ ɫɟɬɟɣ.  

Ɋɢɫɭɧɨɤ 6 – ȼɢɞɵ ɢ ɚɪɯɢɬɟɤɬɭɪɵ ɫɟɬɟɣ 

 

ɋɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɫɟɬɟɣ:  

 Ɉɞɧɨɫɥɨɣɧɵɟ. 

ɂɧɮɨɪɦɚɰɢɹ ɫɨ ɜɯɨɞɚ ɢɞɟɬ ɫɪɚɡɭ ɧɚ ɜɵɯɨɞɧɵɟ ɧɟɣɪɨɧɵ, ɤɨɬɨɪɵɟ ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɨɢɡɜɨɞɹɬ ɨɛɪɚɛɨɬɤɭ. ȼ ɬɚɤɨɣ ɫɟɬɢ ɬɨɥɶɤɨ ɨɞɢɧ ɫɥɨɣ 

ɧɟɣɪɨɧɨɜ. ȼɨɡɦɨɠɧɨɫɬɢ ɬɚɤɨɣ ɫɟɬɢ ɨɝɪɚɧɢɱɟɧɵ. 
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 Ɇɧɨɝɨɫɥɨɣɧɵɟ. 

Ȼɨɥɟɟ ɫɥɨɠɧɵɟ ɢ ɛɨɥɶɲɢɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ. ɑɚɫɬɨ ɨɧɢ ɢɦɟɸɬ 

ɫɢɝɦɨɢɞɧɭɸ ɚɤɬɢɜɚɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ. ɂɯ ɝɥɚɜɧɨɟ ɨɬɥɢɱɢɟ – ɧɚɥɢɱɢɟ 

ɫɤɪɵɬɵɯ ɫɥɨɟɜ, ɤɨɬɨɪɵɯ ɧɟ ɜɢɞɧɨ. Ɉɞɧɨɡɧɚɱɧɨɝɨ ɪɟɲɟɧɢɹ, ɤɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɥɨɟɜ ɢ ɧɟɣɪɨɧɨɜ ɜɵɛɢɪɚɬɶ, ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɩɨɞɛɨɪ 

ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɢɧɬɭɢɬɢɜɧɨɦ ɭɪɨɜɧɟ. 

 ɋ ɩɪɹɦɵɦɢ ɫɜɹɡɹɦɢ.  

Ɇɨɝɭɬ ɢɦɟɬɶ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɥɨɟɜ. ɋɜɹɡɶ ɦɟɠɞɭ ɧɟɣɪɨɧɚɦɢ 

ɩɟɪɟɞɚɟɬɫɹ ɬɨɥɶɤɨ ɨɬ ɨɞɧɨɝɨ ɫɥɨɹ ɤ ɫɥɟɞɭɸɳɟɦɭ. Ⱦɚɧɧɵɟ ɫɟɬɢ ɧɟ ɢɦɟɸɬ 

ɩɚɦɹɬɶ, ɢɯ ɜɵɯɨɞ ɨɛɭɫɥɨɜɥɟɧ ɬɟɤɭɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜɯɨɞɚ ɢ ɜɟɫɨɜ. 

 ɋ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ. 

Ɋɚɡɪɟɲɚɸɬɫɹ ɫɜɹɡɢ ɦɟɠɞɭ ɧɟɣɪɨɧɚɦɢ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɫɥɨɹ. ɋɢɝɧɚɥɵ 

ɩɟɪɟɞɚɸɬɫɹ ɨɬ ɜɵɯɨɞɚ ɤɨ ɜɯɨɞɭ. Ɂɞɟɫɶ ɜɵɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɟɤɭɳɢɦ ɜɯɨɞɨɦ ɢ ɩɪɟɞɵɞɭɳɢɦɢ ɜɵɯɨɞɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ:  

1. ɉɟɪɫɟɩɬɪɨɧ. ɗɬɨ ɢɡɜɟɫɬɧɵɣ ɢ ɩɨɩɭɥɹɪɧɵɣ ɬɢɩ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɫ 

ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɨɫɬɨɹɬ ɢɡ ɜɯɨɞɧɨɝɨ ɫɥɨɹ, ɨɞɧɨɝɨ 

ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɥɨɟɜ ɢ ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ ɧɟɣɪɨɧɨɜ. 

ɂɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɜɯɨɞɚ ɤ ɜɵɯɨɞɭ. Ʉɚɠɞɵɣ ɧɟɣɪɨɧ ɨɛɥɚɞɚɟɬ 

ɧɟɥɢɧɟɣɧɨɣ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ (ɱɚɳɟ ɜɫɟɝɨ ɫɢɝɦɨɢɞɚɥɶɧɭɸ). Ɉɛɵɱɧɨ 

ɨɛɭɱɟɧɢɟ ɬɚɤɨɣ ɫɟɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɨɲɢɛɤɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚ ɜɯɨɞ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 17 ɜɯɨɞɧɵɯ ɢ 

ɜɟɪɧɵɯ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɉɪɢ ɟɟ ɪɚɛɨɬɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɜɵɯɨɞɧɨɣ ɜɟɤɬɨɪ ɫ 

ɩɪɚɜɢɥɶɧɵɦ, ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɢ ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɨɲɢɛɤɢ, ɤɨɬɨɪɚɹ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɨɛɪɚɬɧɨ ɩɨ ɫɟɬɢ. ɑɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɨɲɢɛɤɭ, ɢɞёɬ 

ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɜɟɫɨɜ, ɢ ɫɟɬɶ ɫɧɨɜɚ ɨɛɭɱɚɟɬɫɹ.  

2. Ɋɚɞɢɚɥɶɧɨ ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ. ɋɬɪɭɤɬɭɪɚ ɞɚɧɧɨɝɨ ɬɢɩɚ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɬɪɟɯ ɫɥɨɟɜ ɫ ɪɚɡɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. Ȼɭɞɭɱɢ 
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ɟɞɢɧɫɬɜɟɧɧɵɦ, ɜɬɨɪɨɣ ɫɤɪɵɬɵɣ ɫɥɨɣ ɫɨɫɬɨɢɬ ɢɡ ɪɚɞɢɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ 

ɜɵɯɨɞɧɨɦ ɫɥɨɟ ɫɨɞɟɪɠɚɬɫɹ ɥɢɧɟɣɧɵɟ ɷɥɟɦɟɧɬɵ. Ɉɫɨɛɟɧɧɨɫɬɶ ɪɚɞɢɚɥɶɧɨ 

ɛɚɡɢɫɧɨɣ ɫɟɬɢ ɜ ɬɨɦ, ɱɬɨ ɜ ɧɟɣ ɨɞɢɧ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɫɥɨɣ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ, ɨɧ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɧɚɦɧɨɝɨ ɛɨɥɶɲɭɸ, ɱɟɦ ɜɯɨɞɧɨɣ. ɇɟɣɪɨɧɵ 

ɜɬɨɪɨɝɨ ɫɥɨɹ ɢɦɟɸɬ ɧɟɥɢɧɟɣɧɭɸ ɮɭɧɤɰɢɸ ɚɤɬɢɜɚɰɢɢ, ɩɪɟɨɛɪɚɡɭɹ ɜɯɨɞɧɵɟ 

ɫɢɝɧɚɥɵ ɜ ɫɤɪɵɬɵɟ. Ɂɧɚɱɟɧɢɹ ɜɟɫɨɜ ɫɟɬɢ ɪɚɜɧɹɸɬɫɹ ɟɞɢɧɢɰɚɦ. ɇɟɣɪɨɧɧɵɟ 

ɫɟɬɢ ɧɚ ɨɫɧɨɜɟ ɪɚɞɢɚɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɦɧɨɝɨɫɥɨɣɧɵɦ ɩɟɪɫɟɩɬɪɨɧɨɦ, ɦɟɧɟɟ ɬɨɱɧɵ ɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɟ ɜɯɨɞɧɵɯ 

ɞɚɧɧɵɯ. Ɍɚɤɢɟ ɫɟɬɢ ɩɪɨɫɬɵ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ ɨɛɭɱɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɚɬɨɱɧɨ 

ɛɵɫɬɪɨ.  

3. ɇɟɣɪɨɧɧɚɹ ɫɟɬɶ ɏɨɩɮɢɥɞɚ. ɋɟɬɶ ɏɨɩɮɢɥɞɚ ɧɚɡɵɜɚɸɬ ɪɟɤɭɪɪɟɧɬɧɨɣ 

ɫɟɬɶɸ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɫɥɨɹ ɧɟɣɪɨɧɨɜ ɢ 

ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɫɜɹɡɧɨɣ, ɬɚɤ ɤɚɤ ɜɵɯɨɞ ɤɚɠɞɨɝɨ ɫɜɹɡɚɧ ɫ ɜɯɨɞɚɦɢ ɜɫɟɯ 

ɨɫɬɚɥɶɧɵɯ ɧɟɣɪɨɧɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɡɞɚɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɚɹ ɦɚɬɪɢɰɚ ɫɜɹɡɟɣ. 

ȼɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ ɤɚɠɞɵɣ ɜɯɨɞɧɨɣ ɭɡɟɥ ɫɬɚɧɨɜɢɬɫɹ ɫɤɪɵɬɵɦ ɢ ɞɚɥɟɟ 

ɜɵɯɨɞɧɵɦ. ɉɨɞɚɧɧɵɣ ɧɚ ɜɯɨɞ ɩɪɨɢɡɜɨɥɶɧɵɣ ɫɢɝɧɚɥ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɭɠɟ ɢɡɜɟɫɬɧɵɦ ɨɛɪɚɡɰɨɦ. ɇɟɣɪɨɧɧɭɸ ɫɟɬɶ ɏɨɩɮɢɥɞɚ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤ ɫɟɬɶ ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ, ɨɧɚ ɦɨɠɟɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ 

ɞɚɧɧɵɟ ɫ ɧɚɥɨɠɟɧɧɵɦ ɧɚ ɧɢɯ ɲɭɦɨɦ, ɢɥɢ ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɥɢɲɶ ɱɚɫɬɶ 

ɩɪɟɞɴɹɜɥɟɧɧɨɝɨ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɚ.  

4. ɋɟɬɢ Ʉɨɯɨɧɟɧɚ ɢɥɢ ɤɚɪɬɵ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ. Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɷɬɢɯ 

ɧɟɣɪɨɫɟɬɟɣ ɧɟ ɬɪɟɛɭɟɬɫɹ ɭɱɢɬɟɥɶ. Ɉɧɢ ɫɩɨɫɨɛɧɵ ɨɛɭɱɚɬɶɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, 

ɩɪɢ ɷɬɨɦ ɜɵɯɨɞɧɨɣ ɜɟɤɬɨɪ ɧɟ ɢɝɪɚɟɬ ɝɥɚɜɧɭɸ ɪɨɥɶ, ɬɚɤ ɤɚɤ ɫɟɬɢ ɩɨɫɬɪɨɟɧɵ ɧɚ 

ɤɨɧɤɭɪɟɧɬɧɨɦ ɨɛɭɱɟɧɢɢ. ɇɟɣɪɨɧɵ ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ ɤɨɧɤɭɪɢɪɭɸɬ ɦɟɠɞɭ 

ɫɨɛɨɣ ɡɚ ɩɪɚɜɨ ɫɬɚɬɶ ɚɤɬɢɜɧɵɦ. Ɍɨɬ ɧɟɣɪɨɧ, ɤɨɬɨɪɵɣ ɜɵɢɝɪɚɥ, ɧɚɡɵɜɚɸɬ 

ɧɟɣɪɨɧɨɦ-ɩɨɛɟɞɢɬɟɥɟɦ. Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɤɚɪɬ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ. ɇɟɣɪɨɧɵ ɧɚɯɨɞɹɬɫɹ ɜ ɭɡɥɚɯ ɞɜɭɦɟɪɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼɨ ɜɪɟɦɹ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟɣɪɨɧɵ ɜ ɭɡɥɚɯ 

ɚɞɚɩɬɢɪɭɸɬɫɹ ɩɨɞ ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɢ ɢɯ ɩɨɥɨɠɟɧɢɹ ɜɵɫɬɪɚɢɜɚɸɬɫɹ ɩɨ 

ɩɨɪɹɞɤɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɬɚɤ, ɱɬɨ ɨɛɪɚɡɭɟɬɫɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ. 
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Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɧɟɣɪɨɧɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɹɜɥɹɟɬɫɹ ɭɤɚɡɚɬɟɥɟɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ ɜɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɧɚɡɜɚɧɢɟ 

«ɤɚɪɬɵ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ».  

Ɍɚɤɠɟ ɫɟɬɢ Ʉɨɧɨɯɟɧɚ ɦɨɝɭɬ ɫɠɚɬɶ ɛɨɥɶɲɢɟ ɞɚɧɧɵɟ, ɭɦɟɧɶɲɚɹ ɢɯ 

ɪɚɡɦɟɪɧɨɫɬɶ. ɑɚɫɬɨ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɡɚɞɚɱɚɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. 

 

1.2.3 Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

 
Ɉɛɭɱɟɧɢɟ ɇɋ – ɷɬɨ ɩɪɨɰɟɫɫ, ɜ ɤɨɬɨɪɨɦ ɧɚɫɬɪɚɢɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɫ 

ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɪɟɞɵ.  Ɍɢɩ ɨɛɭɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ 

ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ. Ɉɛɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɲɢɛɤɚ ɧɟ 

ɞɨɫɬɢɝɧɟɬ ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɥɢɛɨ ɛɥɢɡɤɨɝɨ ɤ ɧɟɦɭ.  

 

1.2.3.1 Ɇɟɬɨɞɵ ɨɛɭɱɟɧɢя ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

 

Ɋɚɡɥɢɱɚɸɬ ɱɟɬɵɪɟ ɩɚɪɚɞɢɝɦɵ ɨɛɭɱɟɧɢɹ [6]: 

 ɫ ɭɱɢɬɟɥɟɦ; 

 ɛɟɡ ɭɱɢɬɟɥɹ; 

 ɫɦɟɲɚɧɧɚɹ ɮɨɪɦɚ; 

 ɫ ɩɨɞɤɪɟɩɥɟɧɢɟɦ. 

Ɉɛɭɱɟɧɢɟ ɫ ɭɱɢɬɟɥɟɦ ɩɪɟɞɩɨɥɚɝɚɟɬ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɵɣ ɩɪɚɜɢɥɶɧɵɣ 

ɨɬɜɟɬ ɤ ɤɚɠɞɨɦɭ ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ, ɜɟɫɚ ɩɨɞɫɬɪɚɢɜɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɫɜɟɫɬɢ 

ɨɲɢɛɤɭ ɤ ɦɢɧɢɦɭɦɭ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɡɚɞɚɱ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ 

ɪɟɝɪɟɫɫɢɢ. 

Ɉɛɭɱɟɧɢɟ ɛɟɡ ɭɱɢɬɟɥɹ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɦ ɜɵɞɟɥɟɧɢɢ 

ɩɪɢɡɧɚɤɨɜ ɢ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɢ ɚɧɚɥɢɡɢɪɭɟɬ ɢɯ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɜ ɨɫɧɨɜɧɨɦ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɞɚɱ ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɨɛɧɚɪɭɠɟɧɢɣ ɚɧɨɦɚɥɢɣ, ɚɫɫɨɰɢɚɰɢɣ, 

ɬɚɤɠɟ ɚɜɬɨɷɧɤɨɞɟɪɵ ɢɫɩɨɥɶɡɭɸɬ ɞɚɧɧɵɣ ɬɢɩ ɨɛɭɱɟɧɢɹ. 
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ɋɦɟɲɚɧɧɚɹ ɮɨɪɦɚ ɢɫɩɨɥɶɡɭɟɬ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ ɫ 

ɢɡɜɟɫɬɧɵɦɢ ɨɬɜɟɬɚɦɢ ɢ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɞɚɧɧɵɯ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɡɚɪɚɧɟɟ 

ɨɬɜɟɬɚɦɢ. ɗɬɨɬ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɟɫɥɢ ɢɡ ɞɚɧɧɵɯ ɫɥɨɠɧɨ ɜɵɞɟɥɢɬɶ ɜɚɠɧɵɟ 

ɩɪɢɡɧɚɤɢ ɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɪɚɡɦɟɬɢɬɶ ɜɫɟ ɨɛɴɟɤɬɵ.  

Ɉɛɭɱɟɧɢɟ ɫ ɩɨɞɤɪɟɩɥɟɧɢɟɦ ɩɪɟɞɩɨɥɚɝɚɟɬ ɬɪɟɧɢɪɨɜɤɭ ɚɥɝɨɪɢɬɦɚ ɩɨ 

ɫɢɫɬɟɦɟ ɩɨɨɳɪɟɧɢɣ. Ɂɚ ɩɪɚɜɢɥɶɧɵɟ ɞɟɣɫɬɜɢɹ ɚɝɟɧɬ ɩɨɥɭɱɚɟɬ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ 

ɫ ɜɨɡɧɚɝɪɚɠɞɟɧɢɟɦ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɨɫɨɛɟɧɧɨ ɩɨɥɟɡɟɧ ɞɥɹ ɨɛɭɱɟɧɢɹ ɪɨɛɨɬɨɜ, 

ɤɨɬɨɪɵɟ ɭɩɪɚɜɥɹɸɬ ɚɜɬɨɧɨɦɧɵɦɢ ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢɥɢ 

ɢɧɜɟɧɬɚɪɟɦ ɧɚ ɫɤɥɚɞɟ. 

 

1.2.3.2 ɉɪɚɜɢɥɚ ɨɛɭɱɟɧɢя ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

 

ɋɭɳɟɫɬɜɭɟɬ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɯ ɩɪɚɜɢɥɚ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ [7]: 

1. Ʉɨɪɪɟɤɰɢɹ ɨɲɢɛɤɢ; 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɯɨɞɧɨɝɨ ɩɪɢɦɟɪɚ ɡɚɞɚɧ ɬɪɟɛɭɟɦɵɣ ɜɵɯɨɞ d, ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɧɟ ɫɨɜɩɚɞɚɬɶ ɫ ɪɟɚɥɶɧɵɦ ɭ. ɉɪɚɜɢɥɨ ɨɛɭɱɟɧɢɹ ɩɪɢ ɤɨɪɪɟɤɰɢɢ ɩɨ 

ɨɲɢɛɤɟ ɫɨɫɬɨɢɬ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɧɢɰɵ (d-ɭ) ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɜɟɫɨɜ, ɫ ɰɟɥɶɸ 

ɭɦɟɧɶɲɟɧɢɹ ɨɲɢɛɤɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ. Ɉɛɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɜ 

ɫɥɭɱɚɟ ɨɲɢɛɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. ɂɡɜɟɫɬɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ 

ɷɬɨɝɨ ɩɪɚɜɢɥɚ ɨɛɭɱɟɧɢɹ. 

2. ɉɪɚɜɢɥɨ Ȼɨɥɶɰɦɚɧɚ; 

ɉɪɚɜɢɥɨ Ȼɨɥɶɰɦɚɧɚ ɹɜɥɹɟɬɫɹ ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ ɩɪɚɜɢɥɨɦ ɨɛɭɱɟɧɢɹ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɚɧɚɥɨɝɢɟɣ ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɪɢɧɰɢɩɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɟɝɨ ɜɵɩɨɥɧɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɫɬɪɨɣɤɚ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɣɪɨɧɨɜ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɬɪɟɛɭɟɦɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬɟɣ Ɉɛɭɱɟɧɢɟ ɩɪɚɜɢɥɭ 

Ȼɨɥɶɰɦɚɧɚ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɨɬɞɟɥɶɧɵɣ ɫɥɭɱɚɣ ɤɨɪɪɟɤɰɢɢ ɩɨ 

ɨɲɢɛɤɟ, ɜ ɤɨɬɨɪɨɦ ɩɨɞ ɨɲɢɛɤɨɣ ɩɨɧɢɦɚɟɬɫɹ ɪɚɫɯɨɠɞɟɧɢɟ ɤɨɪɪɟɥɹɰɢɣ 

ɫɨɫɬɨɹɧɢɣ ɜ ɞɜɭɯ ɪɟɠɢɦɚɯ. 
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3. ɉɪɚɜɢɥɨ ɏɟɛɛɚ; 

ɉɪɚɜɢɥɨ ɏɟɛɛɚ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɢɡɜɟɫɬɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɨɛɭɱɟɧɢɹ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɟɫɥɢ ɧɟɣɪɨɧɵ ɫ 

ɨɛɟɢɯ ɫɬɨɪɨɧ ɫɢɧɚɩɫɚ ɜɨɡɛɭɠɞɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɪɟɝɭɥɹɪɧɨ, ɬɨ ɫɢɥɚ 

ɫɢɧɚɩɬɢɱɟɫɤɨɣ ɫɜɹɡɢ ɜɨɡɪɚɫɬɚɟɬ. ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɢɡɦɟɧɟɧɢɟ ɫɢɧɚɩɬɢɱɟɫɤɨɝɨ ɜɟɫɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɫɜɹɡɚɧɧɵɯ 

ɷɬɢɦ ɫɢɧɚɩɫɨɦ ɧɟɣɪɨɧɨɜ. 

Ɉɛɳɚɹ ɮɨɪɦɭɥɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɪɚɜɢɥɨ ɏɟɛɛɚ, ɜɵɝɥɹɞɢɬ ɬɚɤ: 

 ∆ ௜ܹ௝ሺ݇ሻ = ݎ ∗ ௝ሺ݇ሻݔ ∗  ௜ሺ݇ሻ,              (5)ݕ

ɝɞɟ r – ɤɨɷɮɮɢɰɢɟɧɬ ɛɵɫɬɪɨɬɵ ɨɛɭɱɟɧɢɹ. 

 4. Ɇɟɬɨɞ ɫɨɪɟɜɧɨɜɚɧɢɹ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɚɜɢɥɚ ɏɟɛɛɚ, ɜ ɤɨɬɨɪɨɦ ɦɧɨɠɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ 

ɦɨɝɭɬ ɜɨɡɛɭɠɞɚɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɡɞɟɫɶ ɜɵɯɨɞɧɵɟ ɧɟɣɪɨɧɵ ɫɨɪɟɜɧɭɸɬɫɹ 

ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɜɵɯɨɞɧɨɣ ɧɟɣɪɨɧ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜɡɜɟɲɟɧɧɨɣ 

ɫɭɦɦɵ ɹɜɥɹɟɬɫɹ "ɩɨɛɟɞɢɬɟɥɟɦ" ("ɩɨɛɟɞɢɬɟɥɶ ɡɚɛɢɪɚɟɬ ɜɫɟ"). ȼɵɯɨɞɵ ɠɟ 

ɨɫɬɚɥɶɧɵɯ ɜɵɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɧɟɚɤɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ. 

ɉɪɢ ɨɛɭɱɟɧɢɢ ɦɨɞɢɮɢɰɢɪɭɸɬɫɹ ɬɨɥɶɤɨ ɜɟɫɚ ɧɟɣɪɨɧɚ-«ɩɨɛɟɞɢɬɟɥɹ» ɜ ɫɬɨɪɨɧɭ 

ɭɜɟɥɢɱɟɧɢɹ ɛɥɢɡɨɫɬɢ ɤ ɞɚɧɧɨɦɭ ɜɯɨɞɧɨɦɭ ɩɪɢɦɟɪɭ. 

Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɪɚɜɢɥ ɢ ɦɟɬɨɞɨɜ ɨɛɭɱɟɧɢɹ ɞɥɹ 

ɪɚɡɧɵɯ ɫɥɨɟɜ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɰɟɫɫɭ ɨɛɭɱɟɧɢɹ. 

 

1.2.4 ɋɜёɪɬɨɱɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 

 

ɋɜёɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ (CNN) – ɫɩɟɰɢɚɥɶɧɚɹ 

ɚɪɯɢɬɟɤɬɭɪɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɧɚɰɟɥɟɧɧɚɹ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ, ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 

ɬɟɯɧɨɥɨɝɢɣ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ. ɂɞɟɹ ɫɜёɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɱɟɪɟɞɨɜɚɧɢɢ ɫɜёɪɬɨɱɧɵɯ ɫɥɨёɜ ɢ ɫɥɨёɜ ɩɨɞɜɵɛɨɪɤɢ. ɋɬɪɭɤɬɭɪɚ 

ɫɟɬɢ – ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɚɹ (ɛɟɡ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ), ɩɪɢɧɰɢɩɢɚɥɶɧɨ 

https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%80%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D1%83%D0%B1%D0%BE%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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ɦɧɨɝɨɫɥɨɣɧɚɹ. Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɵ, ɱɚɳɟ 

ɜɫɟɝɨ ɦɟɬɨɞ ɨɛɪɚɬɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɲɢɛɤɢ. Ɏɭɧɤɰɢɹ ɚɤɬɢɜɚɰɢɢ 

ɧɟɣɪɨɧɨɜ (ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ) – ɥɸɛɚɹ, ɩɨ ɜɵɛɨɪɭ ɢɫɫɥɟɞɨɜɚɬɟɥɹ. 

ȼ ɨɬɥɢɱɢɢ ɨɬ ɨɛɵɱɧɵɯ ɇɋ, ɜ ɫɜёɪɬɨɱɧɵɯ ɫɟɬɹɯ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 

ɜɢɞɨɜ ɫɥɨёɜ. Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɜɢɞɨɜ: 

1) ɋɜёɪɬɨɱɧɵɣ ɫɥɨɣ; 

 

Ɋɢɫɭɧɨɤ 7 – ɉɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 

 

ȼ CNN ɧɟɣɪɨɧ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨɹ ɩɨɥɭɱɚɟɬ ɧɚ ɜɯɨɞ ɬɨɥɶɤɨ ɨɝɪɚɧɢɱɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ (3*3, 5*5, ɢ ɬɞ) ɨɬ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨɹ 

– ɷɬɨ ɫɜɨɣɫɬɜɨ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɥɨɤɚɥɶɧɨɫɬɢ ɡɨɧɵ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɧɟɣɪɨɧɚ, 

ɬ. ɟ. ɜɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨɹ ɫɤɚɧɢɪɭɟɬɫɹ ɧɟɛɨɥɶɲɢɦ ɨɤɧɨɦ 

ɢ ɩɪɨɩɭɫɤɚɟɬɫɹ ɫɤɜɨɡɶ ɧɚɛɨɪ ɫɢɧɚɩɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɚ ɪɟɡɭɥɶɬɚɬ 

ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɟɣɪɨɧ ɬɟɤɭɳɟɝɨ ɫɥɨɹ. 

Ⱦɥɹ ɫɜɟɪɬɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɨɛɥɚɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɧɚɩɪɢɦɟɪ, 3*3, ɞɥɹ ɨɩɟɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɹɞɪɨ ɫɜёɪɬɤɢ (ɦɚɬɪɢɰɚ) ɬɚɤɨɝɨ ɠɟ 

ɪɚɡɦɟɪɚ, ɤɚɤ ɢ ɭɱɚɫɬɨɤ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ.  

ɉɭɫɬɶ ɟɫɬɶ ɫɢɝɧɚɥ (ݐ)ݔ ɢ ɮɭɧɤɰɢɹ ɜɡɜɟɲɢɜɚɧɢɹ (ݐ)ݓ, ɤɨɬɨɪɭɸ ɟɳɟ 

ɧɚɡɵɜɚɸɬ ɹɞɪɨ ɢɥɢ ɮɢɥɶɬɪ. Ɍɨɝɞɚ ɨɩɟɪɚɰɢɹ ɫɜɟɪɬɤɢ ɡɚɩɢɲɟɬɫɹ ɤɚɤ 

 𝑎.             (6)߲(𝑎 − ݐ)ݓ(𝑎)ݔ ∫ = (ݐ)(ݓ ∗ ݔ) = (ݐ)ݏ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B8
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ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɛɢɛɥɢɨɬɟɤ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 

ɞɪɭɝɚɹ ɨɩɟɪɚɰɢɹ – ɤɪɨɫɫ-ɤɨɪɪɟɥɹɰɢɹ:  ܵ(݅) = ∑ ܺ௠   (7)               ,(݉)ܭ(݉ + ݅)

ɝɞɟ Х – ɜɯɨɞ ɫɥɨɹ, К – ɮɢɥɶɬɪ 

ɢɥɢ ɜ ɞɜɭɯɦɟɪɧɨɦ ɫɥɭɱɚɟ:  ܵ(݅,݆) = ∑ ∑ ܺ௡௠  (8)             (݊ ,݉)ܭ(݊ + ݆,݉ + ݅)

 

Ɋɢɫɭɧɨɤ 8 – ɉɪɨɰɟɫɫ ɫɜɟɪɬɤɢ  
 

 ɋɜёɪɬɤɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɡɚɜɢɫɢɦɨ 

ɨɬ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɛɵɥɨ ɩɪɢɞɭɦɚɧɨ ɦɧɨɠɟɫɬɜɨ ɹɞɟɪ ɫɜɟɪɬɤɢ, ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɨɩɟɪɚɰɢɢ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ. 

 

Ɋɢɫɭɧɨɤ 9 – ɉɪɢɦɟɪɵ ɹɞɟɪ ɫɜɟɪɬɤɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ 
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 Ɉɫɨɛɟɧɧɨɫɬɶɸ ɇɋ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɹɞɪɚ ɫɜɟɪɬɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤɢɟ ɞɚɧɧɵɟ ɨɧɚ 

ɨɛɪɚɛɚɬɵɜɚɟɬ, ɬɚɤ ɤɚɤ ɩɨɞɨɛɪɚɬɶ ɹɞɪɨ ɞɥɹ ɧɭɠɧɨɣ ɡɚɞɚɱɢ ɧɟ ɜɫɟɝɞɚ 

ɜɨɡɦɨɠɧɨ. 

 ɋɥɟɞɭɸɳɢɣ ɩɪɢɧɰɢɩ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ CNN – ɷɬɨ ɪɚɡɞɟɥɹɟɦɵɟ ɜɟɫɚ. ȼɫɟ 

ɧɟɣɪɨɧɵ ɫɟɬɢ ɢɫɩɨɥɶɡɭɸɬ ɨɞɢɧɚɤɨɜɵɟ ɹɞɪɚ ɫɜɟɪɬɤɢ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɚɡɧɵɯ 

ɪɟɝɢɨɧɨɜ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚɯɨɞɢɦ ɤɚɤɨɣ-ɬɨ ɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ 

ɜɚɠɟɧ ɞɥɹ ɧɚɫ ɜ ɪɚɡɧɵɯ ɭɱɚɫɬɤɚɯ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɡɚ ɫɱёɬ ɫɨɜɦɟɫɬɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɜɟɫɨɜ ɜ ɹɞɪɚɯ ɫɜёɪɬɤɢ, ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɜɟɫɨɜ, ɤɨɬɨɪɵɟ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɩɪɨɰɟɫɫɟ 

ɨɛɭɱɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 10 – Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɩɪɢɧɰɢɩɚ ɪɚɡɞɟɥɹɟɦɵɯ ɜɟɫɨɜ 

 

 Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɨɞɧɨɝɨ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨɹ ɜɵɞɟɥɟɧɢɟ ɩɪɨɫɬɵɯ ɲɚɛɥɨɧɨɜ 

ɫ ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɨɜ. ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɜёɪɬɨɱɧɵɯ ɫɥɨёɜ ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɜ 

ɫɨɱɟɬɚɧɢɢ ɫ ɞɪɭɝɢɦɢ ɫɥɨɹɦɢ, ɬ.ɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɫɟɬɢ, ɪɚɫɬɟɬ 

ɫɥɨɠɧɨɫɬɶ ɜɵɞɟɥɹɟɦɵɯ ɩɪɢɡɧɚɤɨɜ. 

2) Ⱥɤɬɢɜɚɰɢɨɧɧɵɟ ɫɥɨɢ; 

ȼɵɯɨɞ ɫɜɟɪɬɨɱɧɨɝɨ ɫɥɨɹ ɟɫɬɶ ɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɞ ɟɝɨ ɜɯɨɞɨɦ. 

Ʉɨɦɩɨɡɢɰɢɹ ɥɢɧɟɣɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɚɟɬ ɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. ɇɚɲɚ 

ɡɚɞɚɱɚ – ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɮɭɧɤɰɢɸ ɜɵɫɨɤɨɣ ɫɥɨɠɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɇɋ, ɞɥɹ 
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ɷɬɨɝɨ ɞɨɛɚɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣɧɨɫɬɶ – ɷɬɨ ɢ ɟɫɬɶ ɡɚɞɚɱɚ ɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɫɥɨɹ. ȼ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ ɨɛɵɱɧɨ ɜ ɤɚɱɟɫɬɜɟ ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɫɥɨɹɯ ɢɫɩɨɥɶɡɭɸɬ «ɜɵɩɪɹɦɢɬɟɥɶ» (ReLU) ݂(ݔ) = ݉𝑎(ݔ ,0)ݔ, ɥɢɛɨ ɟё ɚɧɚɥɨɝɢ. 

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɚɞɢɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɫɢɝɦɨɢɞɚ 

ɢɥɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɬɚɧɝɟɧɫ, ɬɨ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɧɚ ɷɬɚɩɟ ɨɛɭɱɟɧɢɹ ɤ 

ɩɪɨɛɥɟɦɟ ɪɚɡɦɵɜɚɸɳɢɯɫɹ ɢɥɢ ɜɡɪɵɜɚɸɳɢɯɫɹ ɝɪɚɞɢɟɧɬɨɜ. 

3) ɋɥɨɢ ɩɨɞɜɵɛɨɪɤɢ (ɫɭɛɞɢɫɤɪɟɬɢɡɚɰɢɢ); 

ɉɨɞɜɵɛɨɪɤɨɣ ɧɚɡɵɜɚɟɬɫɹ ɡɚɦɟɧɚ ɷɥɟɦɟɧɬɨɜ ɜɯɨɞɚ ɧɚ ɧɟɤɨɬɨɪɭɸ 

ɫɬɚɬɢɫɬɢɤɭ ɟɝɨ ɛɥɢɡɥɟɠɚɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ ɞɚɧɧɨɝɨ ɫɥɨɹ 

ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɪɚɡɦɟɪɚ ɞɚɧɧɵɯ ɩɨɫɥɟ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨɹ, ɞɥɹ 

ɭɦɟɧɶɲɟɧɢɹ ɱɢɫɥɚ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɥɢɱɟɫɬɜɚ ɜɵɱɢɫɥɟɧɢɣ ɜ ɫɟɬɢ ɢ ɞɥɹ 

ɢɡɛɟɝɚɧɢɹ ɩɟɪɟɨɛɭɱɟɧɢɹ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɮɭɧɤɰɢɢ 

ɩɨɞɜɵɛɨɪɤɢ: 

 ɫɪɟɞɧɟɟ ɩɨ ɨɛɥɚɫɬɢ; 

 ɜɡɜɟɲɟɧɧɨɟ ɫɪɟɞɧɟɟ ɫ ɜɟɫɚɦɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ ɪɚɫɫɬɨɹɧɢɸ ɞɨ 

ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɢ; 

 ɜɵɛɨɪ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ; 

 ɢ ɞɪ. 

ȼɵɛɨɪ ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ɋɚɦɚɹ ɢɫɩɨɥɶɡɭɟɦɚɹ 

ɮɭɧɤɰɢɹ – ɦɚɤɫɢɦɭɦ, ɨɩɟɪɚɬɨɪ ɜɨɡɜɪɚɳɚɟɬ ɦɚɤɫɢɦɭɦ ɢɡ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɚɹ 

ɛɵɥɚ ɩɨɞɚɧɚ ɧɚ ɜɯɨɞ. ɇɚ ɪɢɫɭɧɤɟ 11 ɢɡɨɛɪɚɠɟɧ ɩɪɢɦɟɪ ɬɚɤɨɣ ɩɨɞɜɵɛɨɪɤɢ. 

 

Ɋɢɫɭɧɨɤ 11 – ɉɨɞɜɵɛɨɪɤɚ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ 
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 ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɥɟɡɧɨ, ɬɚɤ ɤɚɤ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɚ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɪɚɡɦɟɪɚ, ɚ ɬɚɤɠɟ ɟɫɥɢ ɜɚɠɟɧ 

ɮɚɤɬ ɧɚɥɢɱɢɹ ɩɪɢɡɧɚɤɚ, ɱɟɦ ɡɧɚɧɢɹ ɦɟɫɬɚ ɟɝɨ ɬɨɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ. 

4) ɉɨɥɧɨɫɜɹɡɧɵɟ ɫɥɨɢ; 

ɋɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɜ ɧɟɤɨɬɨɪɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɪɟɞɵɞɭɳɢɟ ɫɥɨɢ, ɩɨ ɫɭɬɢ 

ɹɜɥɹɸɬɫɹ ɝɟɧɟɪɚɬɨɪɨɦ ɧɨɜɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɩɪɢɡɧɚɤɚɦ, ɢɫɩɨɥɶɡɭɹ 

ɨɛɵɱɧɭɸ ɇɋ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɧɨɫɜɹɡɧɵɯ ɫɥɨёɜ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɟɦɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɋɇɋ, ɜɵɝɥɹɞɢɬ ɬɚɤ: 

 ɧɟɫɤɨɥɶɤɨ ɫɜɟɪɬɨɱɧɵɯ ɫɥɨёɜ, ɫɥɟɞɭɸɳɢɯ ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ; 

 ɧɟɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ɚɤɬɢɜɚɰɢɢ; 

 ɫɥɨɣ ɩɨɞɜɵɛɨɪɤɢ. 

 Ɍɚɤɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɨɠɟɬ ɩɨɜɬɨɪɹɬɶɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡ.  

 ɇɚ ɪɢɫɭɧɤɟ 12 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɨɛɭɱɟɧɢɹ ɋɇɋ ɢ ɜɵɞɟɥɟɧɧɵɟ 

ɩɪɢɡɧɚɤɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ. 

 

Ɋɢɫɭɧɨɤ 12 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɩɪɢɡɧɚɤɨɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
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 ɉɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ: 

 ɭɱɢɬɵɜɚɸɬɫɹ ɥɨɤɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ; 

 ɧɟɨɛɯɨɞɢɦɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ, ɛɥɚɝɨɞɚɪɹ 

ɪɚɡɞɟɥɟɧɢɸ ɜɟɫɚ ɜ ɹɞɪɚɯ ɫɜёɪɬɤɢ; 

 ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɥɭɱɲɢɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ; 

 ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɪɚɫɩɨɡɧɚɧɢɹ ɩɪɢ ɫɞɜɢɝɟ ɢ ɩɨɜɨɪɨɬɟ 

ɪɚɫɩɨɡɧɚɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɇɟɞɨɫɬɚɬɤɢ: 

 ɦɧɨɝɨ ɪɚɡɥɢɱɧɵɯ ɜɚɪɶɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ, ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ 

ɬɟɫɬɨɜ ɭɞɚёɬɫɹ ɭɡɧɚɬɶ ɤɚɤɢɟ ɧɚɫɬɪɨɣɤɢ ɩɨɞɯɨɞɹɬ ɞɥɹ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. Ʉ 

ɜɚɪɶɢɪɭɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: ɤɨɥɢɱɟɫɬɜɨ ɫɥɨёɜ, ɪɚɡɦɟɪɧɨɫɬɶ 

ɹɞɪɚ ɫɜёɪɬɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɥɨёɜ, ɤɨɥɢɱɟɫɬɜɨ ɹɞɟɪ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɥɨёɜ, 

ɲɚɝ ɫɞɜɢɝɚ ɹɞɪɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɥɨɹ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɥɨёɜ ɫɭɛɞɢɫɤɪɟɬɢɡɚɰɢɢ, 

ɫɬɟɩɟɧɶ ɭɦɟɧɶɲɟɧɢɹ ɢɦɢ ɪɚɡɦɟɪɧɨɫɬɢ, ɮɭɧɤɰɢɹ ɩɨ ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟɪɧɨɫɬɢ 

(ɜɵɛɨɪ ɦɚɤɫɢɦɭɦɚ, ɫɪɟɞɧɟɝɨ ɢ ɬ. ɩ.), ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɧɟɣɪɨɧɨɜ, 

ɧɚɥɢɱɢɟ ɢ ɩɚɪɚɦɟɬɪɵ ɜɵɯɨɞɧɨɣ ɩɨɥɧɨɫɜɹɡɧɨɣ ɧɟɣɪɨɫɟɬɢ ɧɚ ɜɵɯɨɞɟ 

ɫɜёɪɬɨɱɧɨɣ. 
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ȼɵɜɨɞ ɩɨ 1 ɝɥɚɜɟ 
 

 ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɨɩɢɫɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢɧɫɭɥɶɬɚ ɧɚ ɆɊɌ 

ɫɧɢɦɤɚɯ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɫɧɨɜɧɚɹ ɬɟɨɪɢɹ ɩɨ ɢɫɤɭɫɫɬɜɟɧɧɵɦ 

ɧɟɣɪɨɧɧɵɦ ɫɟɬɹɦ. Ɋɚɫɫɦɨɬɪɟɧɵ ɬɚɤɢɟ ɩɨɧɹɬɢɹ, ɤɚɤ ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɧɟɣɪɨɧ, 

ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɫɫɦɨɬɪɟɧɵ ɚɪɯɢɬɟɤɬɭɪɵ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɨɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ 

ɪɚɛɨɬɵ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ.  

 Ⱦɥɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɜёɪɬɨɱɧɚɹ 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɹɜɥɹɸɳɚɹɫɹ ɥɭɱɲɢɦ ɚɥɝɨɪɢɬɦɨɦ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ. 
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Ƚɥɚɜɚ 2 Ɋɚɡɪɚɛɨɬɤɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɢ ɦɟɬɨɞɵ 

ɨɛɪɚɛɨɬɤɢ ɆɊɌ ɫɧɢɦɤɨɜ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɞɨɫɬɨɢɧɫɬɜɚ 

ɢ ɧɟɞɨɫɬɚɬɤɢ, ɚ ɬɚɤɠɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ. ȼ ɤɨɧɰɟ 

ɝɥɚɜɵ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɨɰɟɧɤɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɨɩɢɫɚɧɧɵɯ ɦɟɬɨɞɨɜ. 

2.1 ɉɪɟɞɨɛɪɚɛɨɬɤɚ ɫɧɢɦɤɨɜ 
 

Ɉɩɟɪɚɰɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɩɪɟɞɜɚɪɹɸɬɫɹ ɨɛɪɚɛɨɬɤɨɣ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɭɫɥɨɜɢɣ, 

ɩɨɜɵɲɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɜɵɞɟɥɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɢɫɤɨɦɵɯ ɢɥɢ ɢɡɭɱɚɟɦɵɯ ɨɛɴɟɤɬɨɜ [8]. Ɇɟɬɨɞɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ 

ɡɚɜɢɫɹɬ ɨɬ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɣ; ɨɧɢ ɞɨɜɨɥɶɧɨ ɪɚɡɧɨɨɛɪɚɡɧɵ ɢ ɦɨɝɭɬ 

ɜɤɥɸɱɚɬɶ, ɧɚɩɪɢɦɟɪ, ɜɵɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɢɯ 

ɭɜɟɥɢɱɟɧɢɟ, ɩɨɥɭɱɟɧɢɟ 3-ɦɟɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɰɜɟɬɨɤɚɪɬɢɪɨɜɚɧɢɟ, 

ɪɟɚɥɢɡɚɰɢɹ ɜɵɫɨɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɩɨɜɵɲɟɧɢɟ 

ɤɨɧɬɪɚɫɬɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɬ.ɩ. ɇɟɫɦɨɬɪɹ 

ɧɚ ɬɨ, ɱɬɨ ɆɊɌ ɩɨɡɜɨɥɹɟɬ ɜɪɚɱɭ ɭɜɢɞɟɬɶ ɬɟ ɨɛɥɚɫɬɢ ɨɪɝɚɧɨɜ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ 

ɧɟɞɨɫɬɭɩɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɬɚɤɢɯ, ɤɚɤ ɄɌ ɢ ɪɟɧɬɝɟɧ, 

ɨɞɧɚɤɨ ɫɥɭɱɚɣɧɵɟ ɚɪɬɟɮɚɤɬɵ ɢ ɲɭɦ ɦɨɝɭɬ ɭɯɭɞɲɢɬɶ ɱɢɬɚɟɦɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ 

ɫɧɢɦɤɚ. ɉɨɫɥɟ ɭɞɚɥɟɧɢɟ ɲɭɦɚ ɢ ɧɟɧɭɠɧɵɯ ɞɟɬɚɥɟɣ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ 

ɜɵɪɚɜɧɢɜɚɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɢɥɢ ɤɨɧɬɪɚɫɬɧɨɫɬɢ.  

2.1.1 Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ 
 

ɉɪɟɞɨɛɪɚɛɨɬɤɚ ɫɧɢɦɤɨɜ ɩɪɨɢɫɯɨɞɢɥɚ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. ɉɨɫɤɨɥɶɤɭ 

ɫɧɢɦɤɢ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɢɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɟɫɬɢ ɤ 

ɟɞɢɧɨɦɭ ɪɚɡɦɟɪɭ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɫɧɢɦɤɨɜ ɞɨ ɪɚɡɦɟɪɚ 160ɯ160 ɩɢɤɫɟɥɟɣ ɫ ɩɨɦɨɳɶɸ 

ɛɢɛɥɢɨɬɟɤɢ PIL (Python Imaging Library).  



26 
 

Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɡɦɟɪɨɜ ɢɡɨɛɪɚɠɟɧɢɹ. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ – ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɜɵɫɨɬɨɣ ɢ ɲɢɪɢɧɨɣ 

ɪɢɫɭɧɤɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɚ ɦɟɧɹɟɬɫɹ ɨɛɳɢɣ ɪɚɡɦɟɪ, ɢ ɧɟɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ – ɜ 

ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɚ ɢɡɦɟɪɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ ɩɨ-ɪɚɡɧɨɦɭ [9]. 

Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɧɵɯ ɪɢɫɭɧɤɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɫɬɨ ɢ ɛɟɡ 

ɩɨɬɟɪɢ ɤɚɱɟɫɬɜɚ. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɪɚɫɬɪɨɜɵɯ ɪɢɫɭɧɤɨɜ ɹɜɥɹɟɬɫɹ ɧɚɦɧɨɝɨ 

ɛɨɥɟɟ ɫɥɨɠɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɱɟɦ ɞɥɹ ɜɟɤɬɨɪɧɨɣ ɝɪɚɮɢɤɢ, ɢ ɱɚɫɬɨ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɬɟɪɟɣ ɤɚɱɟɫɬɜɚ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɡɦɟɪɨɜ ɪɚɫɬɪɨɜɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɨɞɧɨ ɢɡ ɫɥɟɞɭɸɳɢɯ ɞɟɣɫɬɜɢɣ: 

 ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɜɫɟɯ ɩɢɤɫɟɥɟɣ (ɜ ɛɨɥɶɲɭɸ ɢɥɢ 

ɦɟɧɶɲɭɸ ɫɬɨɪɨɧɭ); 

 ɞɨɛɚɜɥɟɧɢɟ ɢɥɢ ɭɛɚɜɥɟɧɢɟ ɩɢɤɫɟɥɟɣ ɢɡ ɪɢɫɭɧɤɚ ɞɥɹ ɨɬɪɚɠɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɦɵɯ ɜ ɧɟɦ ɢɡɦɟɧɟɧɢɣ, ɧɚɡɵɜɚɟɦɨɟ ɜɵɛɨɪɤɨɣ ɩɢɤɫɟɥɟɣ ɜ 

ɢɡɨɛɪɚɠɟɧɢɢ. 

ɉɪɨɫɬɟɣɲɢɣ ɫɩɨɫɨɛ ɢɡɦɟɧɟɧɢɹ ɦɚɫɲɬɚɛɚ ɪɚɫɬɪɨɜɨɝɨ ɪɢɫɭɧɤɚ ɫɨɫɬɨɢɬ ɜ 

ɢɡɦɟɧɟɧɢɢ ɪɚɡɦɟɪɚ ɜɫɟɯ ɟɝɨ ɩɢɤɫɟɥɟɣ. Ɍɚɤ ɤɚɤ ɜɧɭɬɪɢ ɫɚɦɨɝɨ ɪɢɫɭɧɤɚ 

ɩɢɤɫɟɥɢ ɧɟ ɢɦɟɸɬ ɪɚɡɦɟɪɚ ɢ ɩɪɢɨɛɪɟɬɚɸɬ ɟɝɨ ɭɠɟ ɩɪɢ ɜɵɜɨɞɟ ɧɚ ɜɧɟɲɧɟɟ 

ɭɫɬɪɨɣɫɬɜɨ, ɬɨ ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɚ ɩɢɤɫɟɥɟɣ ɪɚɫɬɪɚ ɜ ɫɢɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɨɯɨɠɟ 

ɧɚ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɧɵɯ ɨɛɴɟɤɬɨɜ – ɧɟɨɛɯɨɞɢɦɨ ɫɦɟɧɢɬɶ ɬɨɥɶɤɨ 

ɨɩɢɫɚɧɢɟ ɩɢɤɫɟɥɹ, ɚ ɨɫɬɚɥɶɧɨɟ ɜɵɩɨɥɧɢɬ ɭɫɬɪɨɣɫɬɜɨ ɜɵɜɨɞɚ. 

ɍɫɬɪɨɣɫɬɜɨ ɜɵɜɨɞɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɢɤɫɟɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ 

ɪɚɡɦɟɪɚ ɢɫɩɨɥɶɡɭɟɬ ɫɬɨɥɶɤɨ ɫɜɨɢɯ ɦɢɧɢɦɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɤɨɥɶɤɨ ɫɦɨɠɟɬ. 

ɉɪɢ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ ɩɢɤɫɟɥɟɣ ɧɟ 

ɦɟɧɹɟɬɫɹ, ɚ ɢɡɦɟɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɫɨɡɞɚɜɚɟɦɵɯ ɭɫɬɪɨɣɫɬɜɨɦ ɜɵɜɨɞɚ 

ɷɥɟɦɟɧɬɨɜ, ɢɞɭɳɢɯ ɧɚ ɩɨɫɬɪɨɟɧɢɟ ɨɬɞɟɥɶɧɨɝɨ ɩɢɤɫɟɥɹ ɢɡɨɛɪɚɠɟɧɢɹ.  

ȼɵɛɨɪɤɚ ɪɚɫɬɪɨɜɨɝɨ ɪɢɫɭɧɤɚ ɦɨɠɟɬ ɛɵɬɶ ɫɞɟɥɚɧɚ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ 

ɫɩɨɫɨɛɚɦɢ. 
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ɉɨ ɩɟɪɜɨɦɭ ɫɩɨɫɨɛɭ ɩɪɨɫɬɨ ɞɭɛɥɢɪɭɟɬɫɹ ɢɥɢ ɭɞɚɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ. ɉɪɢ ɷɬɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɭɯɭɞɲɚɟɬɫɹ ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ 

ɪɢɫɭɧɤɚ ɜɨɡɪɚɫɬɚɸɬ ɟɝɨ ɡɟɪɧɢɫɬɨɫɬɶ ɢ ɞɢɫɤɪɟɬɧɨɫɬɶ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ 

ɪɚɡɦɟɪɚ ɪɢɫɭɧɤɚ ɩɨɬɟɪɢ ɜ ɤɚɱɟɫɬɜɟ ɧɟ ɫɬɨɥɶ ɡɚɦɟɬɧɵ, ɨɞɧɚɤɨ ɩɪɢ 

ɩɨɫɥɟɞɭɸɳɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɭɦɟɧɶɲɟɧɧɨɝɨ ɪɢɫɭɧɤɚ ɞɨ ɩɪɟɠɧɟɝɨ ɪɚɡɦɟɪɚ 

ɨɩɹɬɶ ɜɨɡɪɚɫɬɚɸɬ ɡɟɪɧɢɫɬɨɫɬɶ ɢ ɞɢɫɤɪɟɬɧɨɫɬɶ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɚ ɪɢɫɭɧɤɚ ɱɚɫɬɶ ɩɢɤɫɟɥɟɣ ɛɵɥɚ ɭɞɚɥɟɧɚ ɢɡ ɢɫɯɨɞɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɩɨɬɟɪɹɧɚ ɛɟɡɜɨɡɜɪɚɬɧɨ, ɚ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɪɚɡɦɟɪɨɜ ɪɢɫɭɧɤɚ ɧɟɞɨɫɬɚɸɳɢɟ ɩɢɤɫɟɥɢ ɞɭɛɥɢɪɨɜɚɥɢɫɶ ɢɡ ɫɨɫɟɞɧɢɯ. 

ɉɨ ɜɬɨɪɨɦɭ ɫɩɨɫɨɛɭ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɦɨɠɧɨ 

ɫɨɡɞɚɬɶ ɩɢɤɫɟɥɢ ɞɪɭɝɨɝɨ ɰɜɟɬɚ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɰɜɟɬɚɦɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ 

ɩɢɤɫɟɥɹ ɢ ɟɝɨ ɨɤɪɭɠɟɧɢɹ. ɗɬɨɬ ɦɟɬɨɞ ɧɚɡɵɜɚɟɬɫɹ ɢɧɬɟɪɩɨɥɹɰɢɟɣ ɢ ɹɜɥɹɟɬɫɹ 

ɛɨɥɟɟ ɫɥɨɠɧɵɦ, ɱɟɦ ɩɪɨɫɬɨɟ ɞɭɛɥɢɪɨɜɚɧɢɟ. ɉɪɢ ɢɧɬɟɪɩɨɥɹɰɢɢ ɤɪɨɦɟ 

ɞɭɛɥɢɪɭɟɦɵɯ ɩɢɤɫɟɥɟɣ, ɨɬɛɢɪɚɸɬɫɹ ɢ ɫɨɫɟɞɧɢɟ ɫ ɧɢɦɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 

ɜɧɨɜɶ ɫɨɡɞɚɜɚɟɦɵɟ ɩɢɤɫɟɥɢ ɩɨɥɭɱɚɸɬ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɪɟɞɧɟɧɧɵɣ ɰɜɟɬ 

ɢɥɢ ɨɬɬɟɧɨɤ ɫɟɪɨɝɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɯɨɞɵ ɦɟɠɞɭ ɩɢɤɫɟɥɹɦɢ ɫɬɚɧɨɜɹɬɫɹ 

ɛɨɥɟɟ ɩɥɚɜɧɵɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɛɪɚɬɶ ɢɥɢ ɭɦɟɧɶɲɢɬɶ ɷɮɮɟɤɬ 

«ɩɢɥɨɨɛɪɚɡɧɨɝɨ» ɢɡɨɛɪɚɠɟɧɢɹ. 

Ⱦɥɹ ɧɚɲɢɯ ɫɧɢɦɤɨɜ ɛɵɥ ɜɡɹɬɶ ɬɚɤɨɣ ɦɟɬɨɞ, ɤɚɤ ɢɧɬɟɪɩɨɥɹɰɢɹ 

ɮɢɥɶɬɪɨɦ Ʌɚɧɰɨɲɚ [10]. ɗɬɨɬ ɫɩɨɫɨɛ ɞɚёɬ ɛɨɥɶɲɭɸ ɩɥɚɜɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ, ɧɨ 

ɩɪɢ ɷɬɨɦ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɂɞɟɹ ɮɢɥɶɬɪɚ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɹ 

sinc (x) = sin 𝜋௫𝜋௫  ɫ ɪɚɫɬɹɧɭɬɵɦ ɩɨ ɨɫɢ x ɝɥɚɜɧɵɦ ɥɟɩɟɫɬɤɨɦ ɢ ɪɚɜɧɨɣ ɧɭɥɸ ɜɧɟ 

ɡɚɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɨɦ ɲɢɪɢɧɵ α ɢɧɬɟɪɜɚɥɚ. 

Ɇɟɬɨɞ ɫɜɹɡɚɧ ɫ ɨɤɨɧɧɨɣ ɮɭɧɤɰɢɟɣ Ʌɚɧɰɨɲɚ, ܮ𝜔ሺݔሻ ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ 

ɫɨɛɨɣ ɝɥɚɜɧɵɣ ɥɟɩɟɫɬɨɤ ɮɭɧɤɰɢɢ sinc (x), ɜɧɟ ɷɬɨɝɨ ɥɟɩɟɫɬɤɚ ɨɤɨɧɧɚɹ 

ɮɭɧɤɰɢɹ ɪɚɜɧɚ ɧɭɥɸ: 

ሻݔ𝜔ሺܮ                                       =  ሻ                                             (9)ߙ/ݔሺܿ݊݅ݏ
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ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɣ, ɬɚɤ ɤɚɤ ɨɧɢ ɹɜɥɹɸɬɫɹ ɞɜɭɦɟɪɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ ɞɥɹ ɫɜɟɪɬɤɢ ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɭɦɟɪɧɨɟ ɹɞɪɨ Ʌɚɧɰɨɲɚ: ܮሺݔ, ሻݕ =  ሻ                                   (10)ݕሺܮሻݔሺܮ

ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɮɢɥɶɬɪɚ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɨɣ ɱёɬɤɨɫɬɢ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɧɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɨɡɦɨɠɧɨ ɩɨɹɜɥɟɧɢɟ ɧɟɠɟɥɚɬɟɥɶɧɵɯ 

ɚɪɬɟɮɚɤɬɨɜ. ɗɬɨ ɢɫɤɚɠɟɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɹɜɥɟɧɢɢ ɜɨɤɪɭɝ ɤɨɧɬɪɚɫɬɧɵɯ 

ɩɟɪɟɯɨɞɨɜ ɹɪɤɨɫɬɢ ɭɡɤɢɯ ɤɨɧɬɪɚɫɬɧɵɯ ɨɪɟɨɥɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ 

ɪɟɡɤɨɫɬɶ ɤɨɧɬɪɚɫɬɧɵɯ ɥɢɧɢɣ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɞɨɫɬɚɬɨɱɧɨɣ ɝɥɚɞɤɨɫɬɢ 

ɬɨɧɚɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ. 

ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɨɪɟɨɥɨɜ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɩɪɢ ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ 

α >1 ɹɞɪɨ Ʌɚɧɰɨɲɚ ɩɪɢɧɢɦɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɧɟɤɨɬɨɪɵɯ 

ɡɧɚɱɟɧɢɹɯ ɚɪɝɭɦɟɧɬɚ. ɉɨɷɬɨɦɭ ɨɛɪɚɛɨɬɚɧɧɵɣ ɫɢɝɧɚɥ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɞɚɠɟ 

ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɜɵɛɨɪɨɤ. 

2.1.2 ɋɪɟɞɧɢɣ ɮɢɥɶɬɪ 
 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɭɞɚɥɟɧɢɟ 

ɲɭɦɚ, ɬɚɤ ɤɚɤ ɫɥɭɱɚɣɧɵɟ ɚɪɬɟɮɚɤɬɵ ɢ ɲɭɦ ɦɨɝɭɬ ɭɯɭɞɲɢɬɶ ɱɢɬɚɟɦɨɫɬɶ ɢ 

ɤɚɱɟɫɬɜɨ ɫɧɢɦɤɚ. ɉɨɫɤɨɥɶɤɭ ɩɨɞɚɜɥɟɧɢɟ ɛɟɥɨɝɨ ɢ ɝɚɭɫɫɨɜɨɝɨ ɲɭɦɚ ɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɧɚɲɟɣ ɫɢɫɬɟɦɵ ɛɵɥ 

ɜɡɹɬ ɫɪɟɞɧɢɣ ɮɢɥɶɬɪ ɢɡ ɛɢɛɥɢɨɬɟɤɢ ɈpenCV. 

ɋɪɟɞɧɢɣ ɮɢɥɶɬɪ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɥɢɧɟɣɧɨɝɨ ɮɢɥɶɬɪɚ. Ⱦɟɣɫɬɜɢɟ 

ɷɬɨɝɨ ɮɢɥɶɬɪɚ ɫɜɨɞɢɬɫɹ ɤ ɡɚɦɟɧɟ ɡɧɚɱɟɧɢɹ ɜ ɬɨɱɤɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɦɟɞɢɚɧɭ 

ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɷɬɨɣ ɬɨɱɤɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɝɥɚɠɢɜɚɧɢɸ 

ɢɡɨɛɪɚɠɟɧɢɹ (ɭɦɟɧɶɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɢɡɦɟɧɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɟɠɞɭ 

ɩɢɤɫɟɥɟɦ ɢ ɫɥɟɞɭɸɳɢɦ), ɭɞɚɥɟɧɢɸ ɲɭɦɚ ɢɡ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɸ 

ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɪɟɞɧɟɣ ɮɢɥɶɬɪɚɰɢɢ ɤɚɠɞɵɣ 

ɩɢɤɫɟɥɶ ɢɡɨɛɪɚɠɟɧɢɹ ɛɭɞɟɬ ɡɚɦɟɧɟɧ ɧɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɟɝɨ ɫɨɫɟɞɟɣ, 

ɜɤɥɸɱɚɹ ɫɚɦ ɩɢɤɫɟɥɶ.  
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Ⱦɚɥɟɟ ɯɨɬɟɥɨɫɶ ɛɵ ɪɚɫɫɦɨɬɪɟɬɶ ɧɟɤɨɬɨɪɵɟ ɮɨɪɦɭɥɵ, ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɫɪɟɞɧɢɣ ɮɢɥɶɬɪ [11]. ɉɭɫɬɶ Sxy – ɧɟɤɨɬɨɪɚɹ ɨɤɪɟɫɬɧɨɫɬɶ ɪɚɡɦɟɪɚɦɢ g(s,t) ɢ ɫ 

ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ (x,y). ɇɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɩɨ 

ɨɤɪɟɫɬɧɨɫɬɢ Sxy.   ݂̂ሺݔ, ሻݕ = ݉݁݀௦௧א𝑆ೣ೤{݃ሺݏ,  ሻ}          (11)ݐ

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɦɟɞɢɚɧɵ ɡɧɚɱɟɧɢɟ ɜ ɫɚɦɨɣ ɬɨɱɤɟ ɬɚɤɠɟ ɭɱɢɬɵɜɚɟɬɫɹ. 

ɒɢɪɨɤɚɹ ɩɨɩɭɥɹɪɧɨɫɬɶ ɷɬɢɯ ɮɢɥɶɬɪɨɜ ɨɛɨɫɧɨɜɚɧɚ ɬɟɦ, ɱɬɨ ɨɧɢ ɩɪɟɤɪɚɫɧɨ 

ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɤ ɩɨɞɚɜɥɟɧɢɸ ɫɥɭɱɚɣɧɵɯ ɲɭɦɨɜ ɢ ɩɪɢ ɷɬɨɦ ɩɪɢɜɨɞɹɬ ɤ 

ɧɚɢɦɟɧɶɲɟɦɭ ɪɚɡɦɵɜɚɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɮɢɥɶɬɪɚɦɢ. Ɇɟɞɢɚɧɧɵɟ 

ɮɢɥɶɬɪɵ ɨɫɨɛɟɧɧɨ ɭɫɩɟɲɧɨ ɪɚɛɨɬɚɸɬ ɜ ɫɥɭɱɚɹɯ ɢɦɩɭɥɶɫɧɨɝɨ ɲɭɦɚ. 

ɇɚ ɪɢɫɭɧɤɟ 13 ɧɚɝɥɹɞɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɪɚɛɨɬɚ ɞɚɧɧɨɝɨ ɮɢɥɶɬɪɚ. 

 

Ɋɢɫɭɧɨɤ 13 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɦɟɞɢɚɧɧɨɝɨ ɮɢɥɶɬɪɚ ɞɥɢɧɨɣ 5 ɟɞɢɧɢɰ 

 

ȼ ɫɚɦɨɣ ɠɟ ɩɪɨɝɪɚɦɦɟ ɞɥɹ ɫɪɟɞɧɟɝɨ ɮɢɥɶɬɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɹɞɪɨ 3x3, ɚ 

ɬɚɤɠɟ ɮɭɧɤɰɢɹ filter2D () ɞɥɹ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ [12]. ɉɟɪɜɵɦ ɩɚɪɚɦɟɬɪɨɦ ɷɬɨɣ 

ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɧɚɲɟ ɜɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɜɬɨɪɨɟ –ɠɟɥɚɟɦɚɹ ɝɥɭɛɢɧɚ 

ɜɵɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ddepth, ɚ ɬɪɟɬɶɢɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɧɚɲɟ ɹɞɪɨ. 

Ⱦɚɥɟɟ ɩɪɢɫɜɚɢɜɚɟɬɫɹ -1 ɞɥɹ ɩɚɪɚɦɟɬɪɚ ddepth, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɵɯɨɞɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɛɭɞɟɬ ɢɦɟɬɶ ɬɭ ɠɟ ɝɥɭɛɢɧɭ, ɱɬɨ ɢ ɜɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɜɵɯɨɞɟ ɦɵ ɩɨɥɭɱɚɟɦ ɛɨɥɟɟ ɩɥɚɜɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɱɟɬɤɢɟ ɝɪɚɧɢɰɵ ɩɚɬɨɥɨɝɢɣ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ.  
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2.2 ȼɵɛɨɪ ɚɪɯɢɬɟɤɬɭɪɵ 
 

Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɧɚ ɆɊɌ 

ɫɧɢɦɤɚɯ, ɧɨɫɹɬ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɨɷɬɨɦɭ ɩɨɫɬɪɨɟɧɢɟ ɚɞɟɤɜɚɬɧɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɚɧɧɨɣ ɩɚɬɨɥɨɝɢɢ, 

ɩɨɡɜɨɥɹɸɳɟɣ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɢɲɟɦɢɱɟɫɤɢɣ 

ɢɧɫɭɥɶɬ, ɡɚɬɪɭɞɧɟɧɨ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɯɨɠɟɫɬɶɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɛɨɥɟɡɧɢ ɫ 

ɞɪɭɝɢɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ ɧɚ ɆɊɌ ɫɧɢɦɤɚɯ, ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɫɢɝɧɚɥɚ ɧɚ DWI ɫɧɢɦɤɚɯ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. 

ɂɦɟɧɧɨ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɨɩɪɚɜɞɚɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɫ 

ɧɚɛɨɥɶɲɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ ɨɛɧɚɪɭɠɢɬɶ ɩɚɬɨɥɨɝɢɸ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. Ɉɞɧɚɤɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɧɚɞɥɟɠɚɳɟɦ ɜɵɛɨɪɟ 

ɚɪɯɢɬɟɤɬɭɪɵ ɂɇɋ ɢ ɩɪɨɰɟɫɫɚ ɟɟ ɨɛɭɱɟɧɢɹ. Ⱦɚɥɟɟ ɩɨɣɞɟɬ ɪɟɱɶ ɨ ɧɟɤɨɬɨɪɵɯ 

ɚɪɯɢɬɟɤɬɭɪɚɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɩɪɨɛɨɜɚɧɵ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ.  
 

2.2.1 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɬɨɜɵɯ ɫɥɨɟɜ 
 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜ ɤɚɱɟɫɬɜɟ ɫɬɪɭɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɟɬɶ ɫ ɱɟɪɟɞɭɸɳɢɦɢɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɬɪɟɦɹ ɫɜɟɪɬɨɱɧɵɦɢ 

ɫɥɨɹɦɢ ɢ ɫɭɛɞɢɫɤɪɟɬɢɡɢɪɭɸɳɢɦɢ ɬɪɟɦɹ ɫɥɨɹɦɢ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ 

ɜɯɨɞɧɨɣ ɜɟɤɬɨɪ ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɞɜɭɯ ɩɨɥɧɨɫɜɹɡɧɵɯ ɫɥɨɟɜ. Ⱦɥɹ ɨɛɭɱɟɧɢɹ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ «ɨɛɭɱɟɧɢɟ ɫ ɭɱɢɬɟɥɟɦ». Ⱦɥɹ ɚɤɬɢɜɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɮɭɧɤɰɢɹ ReLU ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɫɜɟɪɬɨɱɧɨɝɨ ɢ ɩɨɥɧɨɫɜɹɡɧɨɝɨ ɫɥɨɹ ɜ ɤɚɱɟɫɬɜɟ 

ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ «ɜɵɩɪɹɦɢɬɟɥɹ». ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɚɞɢɰɢɨɧɧɵɟ 

ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɫɢɝɦɨɢɞɚ ɢɥɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɣ ɬɚɧɝɟɧɫ, ɬɨ ɷɬɨ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɧɚ ɷɬɚɩɟ ɨɛɭɱɟɧɢɹ ɤ ɩɪɨɛɥɟɦɟ ɪɚɡɦɵɜɚɸɳɢɯɫɹ ɢɥɢ 

ɜɡɪɵɜɚɸɳɢɯɫɹ ɝɪɚɞɢɟɧɬɨɜ. 

ɉɨɫɥɟ ɩɨɫɥɟɞɧɟɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɧɟɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ɫ 

ɧɚɫɵɳɟɧɢɟɦ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɥɨɝɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɢɥɢ ɫɢɝɦɨɢɞ. ɇɚ ɷɬɚɩɟ 
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ɨɛɭɱɟɧɢɹ ɫɟɬɶ ɫɯɨɞɢɬɫɹ ɩɨɫɥɟ 30 ɷɩɨɯ. Ⱦɨɫɬɢɝɧɭɬɚɹ ɬɨɱɧɨɫɬɶ ɧɚ ɫɧɢɦɤɚɯ 

ɡɞɨɪɨɜɨɝɨ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɢ ɩɨɪɚɠɟɧɧɨɝɨ ɢɲɟɦɢɱɟɫɤɢɦ ɢɧɫɭɥɶɬɨɦ – 95%.  

ɇɚ ɪɢɫɭɧɤɟ 14 ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɢ. ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ (ɫɥɟɜɚ) ɢ 

ɨɲɢɛɤɢ (ɫɩɪɚɜɚ) ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚɰɢɣ.  

 

Ɋɢɫɭɧɨɤ 14 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

 

Ɋɢɫɭɧɨɤ 15 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɢ ɨɲɢɛɤɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɢɬɟɪɚɰɢɣ 

 

Ⱦɚɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɨɤɚɡɚɥɚ ɫɟɛɹ ɯɨɪɨɲɨ ɥɢɲɶ ɧɚ ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ, 

ɫɨɫɬɨɹɳɟɣ ɢɡ ɫɧɢɦɤɨɜ ɡɞɨɪɨɜɨɝɨ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɫ 

ɩɚɬɨɥɨɝɢɟɣ ɜ ɜɢɞɟ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ. Ʉɨɝɞɚ ɜ ɩɪɨɬɢɜɨɜɟɫ ɛɵɥɢ ɜɡɹɬɵ 

ɬɚɤɠɟ ɫɧɢɦɤɢ ɞɪɭɝɢɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɬɨɱɧɨɫɬɶ ɭɩɚɥɚ ɞɨ 56%, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɦɵ 

ɫɬɚɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɪɭɝɢɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ.  

 



32 
 

2.2.2 ResNet50 
 

ResNet [13] – ɷɬɨ ɫɨɤɪɚɳɟɧɧɨɟ ɧɚɡɜɚɧɢɟ ɞɥɹ Residual Network 

(ɞɨɫɥɨɜɧɨ – «ɨɫɬɚɬɨɱɧɚɹ ɫɟɬɶ»). 

Ʉɨɝɞɚ ɛɨɥɟɟ ɝɥɭɛɨɤɚɹ ɫɟɬɶ ɧɚɱɢɧɚɟɬ ɫɜɨɪɚɱɢɜɚɬɶɫɹ, ɜɨɡɧɢɤɚɟɬ 

ɩɪɨɛɥɟɦɚ: ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɫɟɬɢ ɬɨɱɧɨɫɬɶ ɫɧɚɱɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ 

ɡɚɬɟɦ ɛɵɫɬɪɨ ɭɦɟɧɶɲɚɟɬɫɹ. ɋɧɢɠɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɛɭɱɟɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɟ 

ɜɫɟ ɫɟɬɢ ɥɟɝɤɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ. 

ɑɬɨɛɵ ɩɪɟɨɞɨɥɟɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ, Microsoft ɜɜɟɥɚ ɝɥɭɛɨɤɭɸ 

«ɨɫɬɚɬɨɱɧɭɸ» ɫɬɪɭɤɬɭɪɭ ɨɛɭɱɟɧɢɹ. ȼɦɟɫɬɨ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɞɟɹɬɶɫɹ ɧɚ ɬɨ, ɱɬɨ 

ɤɚɠɞɵɟ ɧɟɫɤɨɥɶɤɨ stacked layers ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɠɟɥɚɟɦɨɦɭ 

ɨɫɧɨɜɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ, ɨɧɢ ɹɜɧɨ ɩɨɡɜɨɥɹɸɬ ɷɬɢɦ ɫɥɨɹɦ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

«ɨɫɬɚɬɨɱɧɨɦɭ». Ɏɨɪɦɭɥɢɪɨɜɤɚ F(x) + x ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɫ ɩɨɦɨɳɶɸ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ ɞɥɹ ɛɵɫɬɪɨɝɨ ɞɨɫɬɭɩɚ. 

 
Ɋɢɫɭɧɨɤ 16 – ɋɨɟɞɢɧɟɧɢɹ ɛɵɫɬɪɨɝɨ ɞɨɫɬɭɩɚ 

 
ɋɨɟɞɢɧɟɧɢɹ ɛɵɫɬɪɨɝɨ ɞɨɫɬɭɩɚ (shortcut connections) ɩɪɨɩɭɫɤɚɸɬ ɨɞɢɧ 

ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɥɨɟɜ ɢ ɜɵɩɨɥɧɹɸɬ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ. ɂɯ 

ɜɵɯɨɞɵ ɞɨɛɚɜɥɹɸɬɫɹ ɤ ɜɵɯɨɞɚɦ stacked layers. ɂɫɩɨɥɶɡɭɹ ResNet, ɦɨɠɧɨ 

ɪɟɲɢɬɶ ɦɧɨɠɟɫɬɜɨ ɩɪɨɛɥɟɦ, ɬɚɤɢɯ ɤɚɤ: 

 ResNet ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɟɝɤɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ: «ɩɪɨɫɬɵɟ» ɫɟɬɢ 

(ɤɨɬɨɪɵɟ ɩɪɨɫɬɨ ɫɤɥɚɞɵɜɚɸɬ ɫɥɨɢ) ɩɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɭɸ ɨɲɢɛɤɭ ɨɛɭɱɟɧɢɹ, 

ɤɨɝɞɚ ɝɥɭɛɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
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 ResNet ɩɨɡɜɨɥɹɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɟɝɤɨ ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɛɥɚɝɨɞɚɪɹ 

ɭɜɟɥɢɱɟɧɢɸ ɝɥɭɛɢɧɵ, ɱɟɝɨ ɫ ɞɪɭɝɢɦɢ ɫɟɬɹɦɢ ɞɨɛɢɬɶɫɹ ɫɥɨɠɧɟɟ. 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɞɚɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 17. 

 
Ɋɢɫɭɧɨɤ 17 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ResNet50 

 

Ɉɞɧɚɤɨ, ɨɛɭɱɟɧɢɟ ɧɚ ɞɚɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɡɚɧɢɦɚɥɨ ɫɥɢɲɤɨɦ ɦɧɨɝɨ 

ɜɪɟɦɟɧɢ, ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɞɥɹ ɟɟ ɨɛɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 30 ɢ ɛɨɥɟɟ ɷɩɨɯ, ɧɨ 

ɜɫɟ ɠɟ ɪɟɡɭɥɶɬɚɬ ɨɧɚ ɜɵɞɚɜɚɥɚ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɣ (ɬɚɛɥɢɰɚ 1). ɉɨɬɨɦɭ ɛɵɥɨ 

ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɧɟ ɛɪɚɬɶ ɞɚɧɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ ɞɥɹ ɪɟɲɟɧɢɹ ɧɚɲɟɣ ɡɚɞɚɱɢ. 

 

2.2.3 GoogLeNet 
 

Ⱥɪɯɢɬɟɤɬɭɪɚ Inception ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ GoogLeNet ɛɵɥɚ ɫɨɡɞɚɧɚ ɫ 

ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɨɛɴɟɦɚ ɜɵɱɢɫɥɟɧɢɣ ɜ ɝɥɭɛɨɤɢɯ ɧɟɣɪɨɫɟɬɹɯ, ɚ ɬɚɤɠɟ 

ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ [14].  

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɞɭɥɶ Inception:  

 

Ɋɢɫɭɧɨɤ 18 – Ɇɨɞɭɥɶ Inception 
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ɇɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ, ɷɬɨ ɩɚɪɚɥɥɟɥɶɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ɫɜёɪɬɨɱɧɵɯ ɮɢɥɶɬɪɨɜ 

1ɯ1, 3ɯ3 ɢ 5ɯ5. ɇɨ ɢɡɸɦɢɧɤɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜёɪɬɨɱɧɵɯ 

ɛɥɨɤɨɜ 1ɯ1 (NiN) ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɣɫɬɜ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ 

«ɞɨɪɨɝɢɟ» ɩɚɪɚɥɥɟɥɶɧɵɟ ɛɥɨɤɢ. ȼ GoogLeNet ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ ɫɥɨɹ 

ɩɪɢɦɟɧɹɟɬɫɹ stem ɛɟɡ Inception-ɦɨɞɭɥɟɣ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ average pooling 

ɢ softmax ɤɥɚɫɫɢɮɢɤɚɬɨɪ, ɚɧɚɥɨɝɢɱɧɵɣ NiN. 

 ɋɚɦɚ ɠɟ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫɨɫɬɨɢɬ ɢɡ 9 ɬɚɤɢɯ ɛɥɨɤɨɜ. ȿɟ ɚɪɯɢɬɟɤɬɭɪɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19.  

 

Ɋɢɫɭɧɨɤ 19 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ GoogLeNet 
 
Ɉɧɚ ɜɵɢɝɪɚɥɚ ImageNet recognition challenge ɜ 2014-ɦ ɝɨɞɭ ɫ 

ɪɟɡɭɥɶɬɚɬɨɦ 6.67% top 5 error. ɇɚɩɨɦɧɸ, top 5 error – ɦɟɬɪɢɤɚ, ɜ ɤɨɬɨɪɨɣ 

ɚɥɝɨɪɢɬɦ ɦɨɠɟɬ ɜɵɞɚɬɶ 5 ɜɚɪɢɚɧɬɨɜ ɤɥɚɫɫɚ ɤɚɪɬɢɧɤɢ, ɢ ɨɲɢɛɤɚ 

ɡɚɫɱɢɬɵɜɚɟɬɫɹ, ɟɫɥɢ ɫɪɟɞɢ ɜɫɟɯ ɷɬɢɯ ɜɚɪɢɚɧɬɨɜ ɧɟɬ ɩɪɚɜɢɥɶɧɨɝɨ. ȼɫɟɝɨ ɜ 

ɬɟɫɬɨɜɨɦ ɞɚɬɚɫɟɬɟ 150K ɤɚɪɬɢɧɨɤ ɢ 1000 ɤɚɬɟɝɨɪɢɣ, ɬɨ ɟɫɬɶ ɡɚɞɚɱɚ ɤɪɚɣɧɟ 

ɧɟɬɪɢɜɢɚɥɶɧɚ. 

Ɉɞɧɚɤɨ, ɩɪɢ ɧɚɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɞɚɧɧɵɯ ɞɚɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɜɨɜɫɟ ɧɟ 

ɫɯɨɞɢɥɚɫɶ ɩɪɢ ɛɨɥɶɲɢɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢ ɫɯɨɞɢɦɨɫɬɢ ɜɵɞɚɜɚɥɚ 

ɞɨɫɬɚɬɨɱɧɨ ɧɟɛɨɥɶɲɨɣ ɪɟɡɭɥɶɬɚɬ (ɬɚɛɥɢɰɚ 1), ɩɨɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 

ɨɩɪɨɛɨɜɚɬɶ ɞɪɭɝɢɟ ɚɪɯɢɬɟɤɬɭɪɵ.  
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2.2.4 VGG16 
 

VGG16 [15] – ɦɨɞɟɥɶ ɫɜɟɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɩɪɟɞɥɨɠɟɧɧɚɹ K. 

Simonyan ɢ A. Zisserman ɢɡ Ɉɤɫɮɨɪɞɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ ɫɬɚɬɶɟ “Very Deep 

Convolutional Networks for Large-Scale Image Recognition”. Ɇɨɞɟɥɶ ɞɨɫɬɢɝɚɟɬ 

ɬɨɱɧɨɫɬɢ 92.7% – ɬɨɩ-5, ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɧɚ ImageNet ɜ ɡɚɞɚɱɟ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. ɗɬɨɬ ɞɚɬɚɫɟɬ ɫɨɫɬɨɢɬ ɢɡ ɛɨɥɟɟ ɱɟɦ 

14 ɦɢɥɥɢɨɧɨɜ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ 1000 ɤɥɚɫɫɚɦ. 

VGG16 – ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɡɧɚɦɟɧɢɬɵɯ ɦɨɞɟɥɟɣ, ɨɬɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɫɨɪɟɜɧɨɜɚɧɢɟ ILSVRC-2014. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɧɨɣ ɜɟɪɫɢɟɣ AlexNet, ɜ 

ɤɨɬɨɪɨɣ ɡɚɦɟɧɟɧɵ ɛɨɥɶɲɢɟ ɮɢɥɶɬɪɵ (ɪɚɡɦɟɪɚ 11 ɢ 5 ɜ ɩɟɪɜɨɦ ɢ ɜɬɨɪɨɦ 

ɫɜɟɪɬɨɱɧɨɦ ɫɥɨɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɧɚ ɧɟɫɤɨɥɶɤɨ ɮɢɥɶɬɪɨɜ ɪɚɡɦɟɪɚ 3ɯ3, 

ɫɥɟɞɭɸɳɢɯ ɨɞɢɧ ɡɚ ɞɪɭɝɢɦ. ɋɟɬɶ VGG16 ɨɛɭɱɚɥɚɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɧɟɫɤɨɥɶɤɢɯ ɧɟɞɟɥɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɢɞɟɨɤɚɪɬ NVIDIA TITAN BLACK. 

Ⱥɪɯɢɬɟɤɬɭɪɚ VGG16 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ɧɢɠɟ. 

 

Ɋɢɫɭɧɨɤ 20 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɫɟɬɢ VGG16 
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Ʉ ɫɨɠɚɥɟɧɢɸ, ɫɟɬɶ VGG ɢɦɟɟɬ ɞɜɚ ɫɟɪɶɟɡɧɵɯ ɧɟɞɨɫɬɚɬɤɚ: 

 Ɉɱɟɧɶ ɦɟɞɥɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɨɛɭɱɟɧɢɹ. 

 ɋɚɦɚ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ɜɟɫɢɬ ɫɥɢɲɤɨɦ ɦɧɨɝɨ (ɩɨɹɜɥɹɸɬɫɹ ɩɪɨɛɥɟɦɵ 

ɫ ɩɚɦɹɬɶɸ ɠɟɫɬɤɨɝɨ ɞɢɫɤɚ, ɜɢɞɟɨɩɚɦɹɬɶɸ, ɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ). 

VGG16 ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɩɪɨɛɥɟɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɧɟɞɨɫɬɚɬɤɢ, ɞɚɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɧɵɦ 

ɫɬɪɨɢɬɟɥɶɧɵɦ ɛɥɨɤɨɦ ɞɥɹ ɨɛɭɱɟɧɢɹ, ɬɚɤ ɤɚɤ ɟё ɥɟɝɤɨ ɪɟɚɥɢɡɨɜɚɬɶ. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɬɟɫɬɢɪɨɜɚɧɢɣ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

ɫ ɭɠɟ ɝɨɬɨɜɵɦɢ ɜɟɫɚɦɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚ ɨɛɪɚɛɨɬɚɧɧɨɦ ɧɚɛɨɪɟ 

ɞɚɧɧɵɯ. Ɋɟɡɭɥɶɬɚɬ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1.  

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

ɉɚɪɚɦɟɬɪɵ ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɝɨɬɨɜɵɯ ɫɥɨɟɜ 

ResNet50 GoogleNet VGG16 

ɋɤɨɪɨɫɬɶ 
ɨɛɭɱɟɧɢɹ  

lr=1e-5 lr=1e-5 lr=1e-5 lr=1e-5 

Ɋɚɡɦɟɪ ɦɢɧɢ 
ɜɵɛɨɪɤɢ 

20 20 20 20 

Ʉɨɥɢɱɟɫɬɜɨ 
ɷɩɨɯ 

30 5 7 7 

ɉɨɥɭɱɟɧɧɚɹ 
ɬɨɱɧɨɫɬɶ 
ɨɛɭɱɟɧɢɹ 

61% 56,5% 73,2% 79% 

 

ɉɪɢ ɷɬɨɦ ɫɨɲɥɚɫɶ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɥɢɲɶ ɜ 50% ɬɟɫɬɢɪɨɜɚɧɢɣ ɞɚɧɧɵɯ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ, ɢɫɩɨɥɶɡɭɹ 

ɚɪɯɢɬɟɤɬɭɪɭ VGG16 ɦɵ ɫɦɨɠɟɦ ɞɨɛɢɬɶɫɹ ɥɭɱɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɛɨɥɶɲɟɣ 

ɜɵɛɨɪɤɟ ɞɚɧɧɵɯ.  Ɉɞɧɚɤɨ, ɬɨɱɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɩɨɤɚɡɵɜɚɟɬ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, 

ɫɨɫɬɚɜɥɹɟɬ 79%. Ɋɚɡɧɢɰɚ ɩɪɨɰɟɧɬɚ ɨɲɢɛɤɢ ɢ ɬɨɱɧɨɫɬɢ ɧɚ ɨɛɭɱɚɸɳɟɦ ɢ 

ɩɪɨɜɟɪɨɱɧɨɦ ɧɚɛɨɪɟ ɞɚɧɧɵɯ ɜɫɟ ɟɳɟ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ – 20%. 

ɉɨɫɤɨɥɶɤɭ VGG16 ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɡɦɟɪɚ 224ɯ224, ɩɪɢ 

ɪɚɛɨɬɟ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɪɚɡɦɟɪɚ 160ɯ160 ɩɢɤɫɟɥɟɣ, ɧɚ ɩɨɫɥɟɞɧɟɦ 16 ɫɥɨɟ 

ɤɚɠɞɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɜɨɪɚɱɢɜɚɟɬɫɹ ɞɨ ɪɚɡɦɟɪɚ 2ɯ2. ɉɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 
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ɩɪɨɰɟɫɫ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɛɵɥɨ 

ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɜɡɹɬɶ ɚɪɯɢɬɟɤɬɭɪɭ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɚɪɯɢɬɟɤɬɭɪɟ VGG16, 

ɬɚɤɠɟ ɜɡɹɬɶ ɬɟ ɠɟ ɩɚɪɚɦɟɬɪɵ, ɢ ɨɛɭɱɚɬɶ ɛɟɡ ɝɨɬɨɜɵɯ ɜɟɫɨɜ. 

2.2.5 ɂɬɨɝɢ ɜɵɛɨɪɚ ɧɟɨɛɯɨɞɢɦɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɚɱɟɫɬɜɟ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɟɬɶ ɫ ɲɟɫɬɶɸ ɫɜɟɪɬɨɱɧɵɦɢ ɫɥɨɹɦɢ ɢ ɬɪɟɦɹ 

ɫɭɛɞɢɫɤɬɪɟɬɢɡɢɪɭɸɳɢɦɢ ɫɥɨɹɦɢ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ ɜɯɨɞɧɨɣ ɜɟɤɬɨɪ 

ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɞɜɭɯ ɩɨɥɧɨɫɜɹɡɧɵɯ ɫɥɨɟɜ. Ⱦɥɹ ɚɤɬɢɜɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɬɚɤɠɟ ɮɭɧɤɰɢɹ ReLU ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɫɜɟɪɬɨɱɧɨɝɨ ɢ ɨɞɧɨɝɨ ɩɨɥɧɨɫɜɹɡɧɨɝɨ 

ɫɥɨɹ. ɉɨɫɥɟ ɩɨɫɥɟɞɧɟɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɧɟɥɢɧɟɣɧɩɹ ɮɭɧɤɰɢɹ ɫɢɝɦɨɢɞ. 

ɇɚ ɷɬɚɩɟ ɨɛɭɱɟɧɢɹ ɫɟɬɶ ɫɯɨɞɢɬɫɹ ɩɨɫɥɟ 6 ɷɩɨɯ. Ⱦɨɫɬɢɝɧɭɬɚɹ ɬɨɱɧɨɫɬɶ – 

84,82%.  

Ⱥɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 21.  

 

 

Ɋɢɫɭɧɨɤ 21 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 22.  
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Ɋɢɫɭɧɨɤ 22 – ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

Ⱦɚɥɟɟ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɜɵɛɪɚɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

 

2.3 Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
 

ɋɚɦɵɦ ɜɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ 

ɨɛɭɱɚɬɶɫɹ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɞɚɧɧɵɯ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɭɱɟɧɢɹ 

ɩɨɜɵɲɚɬɶ ɫɜɨɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɫɪɟɞɫɬɜɨɦ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɫɢɧɚɩɬɢɱɟɫɤɢɯ ɜɟɫɨɜ ɢ 

ɩɨɪɨɝɨɜ. ȼ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɨɥɭɱɚɟɬ ɡɧɚɧɢɹ ɨ ɩɪɟɞɦɟɬɟ 

ɨɛɭɱɟɧɢɹ ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ. 

ɋ ɩɨɡɢɰɢɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɜɟɪɨɹɬɧɨ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɟɟ 

ɨɩɪɟɞɟɥɟɧɢɟ: 

Ɉɛɭɱɟɧɢɟ – ɷɬɨ ɩɪɨɰɟɫɫ, ɜ ɤɨɬɨɪɨɦ ɫɜɨɛɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɢ ɧɚɫɬɪɚɢɜɚɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɭɸ ɷɬɚ ɫɟɬɶ 

ɜɫɬɪɨɟɧɚ. Ɍɢɩ ɨɛɭɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ ɩɨɞɫɬɪɨɣɤɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. 
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ɗɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɫɥɟɞɭɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɛɵɬɢɣ: 

 ȼ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɩɨɫɬɭɩɚɸɬ ɫɬɢɦɭɥɵ ɢɡ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɨɝɨ ɩɭɧɤɬɚ ɢɡɦɟɧɹɸɬɫɹ ɫɜɨɛɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

 ɉɨɫɥɟ ɢɡɦɟɧɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɨɬɜɟɱɚɟɬ ɧɚ 

ɜɨɡɛɭɠɞɟɧɢɹ ɭɠɟ ɢɧɵɦ ɨɛɪɚɡɨɦ. 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢ ɩɨɩɭɥɹɪɧɵɦ ɫɩɨɫɨɛɨɦ ɨɛɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɨɛɭɱɟɧɢɹ ɫ ɭɱɢɬɟɥɟɦ (ɧɚ ɦɚɪɤɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ) – ɦɟɬɨɞ ɨɛɪɚɬɧɨɝɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɲɢɛɤɢ ɢ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɢ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɪɚɛɨɬɵ ɫɟɬɢ, 

ɩɨɜɵɲɟɧɢɹ ɟё ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɨɛɭɱɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ 

ɬɚɤɠɟ ɢɫɤɥɸɱɟɧɢɟ –  ɦɟɬɨɞ ɬɪɟɧɢɪɨɜɤɢ ɩɨɞɫɟɬɢ ɫ ɜɵɛɪɚɫɵɜɚɧɢɟɦ ɫɥɭɱɚɣɧɵɯ 

ɨɞɢɧɨɱɧɵɯ ɧɟɣɪɨɧɨɜ. 

Ⱦɚɥɟɟ ɛɭɞɟɬ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɫɜɟɪɬɨɱɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

 

2.3.1 ȼɵɛɨɪ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɨɞɝɨɬɨɜɤɚ ɢɡɨɛɪɚɠɟɧɢɣ 
 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɜёɪɬɨɱɧɨɝɨ ɫɥɨɹ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɟ ɩɪɢ ɨɛɭɱɟɧɢɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɩɟɪɟɛɢɪɚɥɢɫɶ ɥɢɲɶ ɬɪɢ ɜɢɞɚ ɩɚɪɚɦɟɬɪɚ: 

 ɨɩɬɢɦɢɡɚɬɨɪ; 

 ɪɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ; 

 ɤɨɥɢɱɟɫɬɜɨ ɷɩɨɯ. 

Ⱦɚɥɟɟ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɩɨɢɫɤɚ ɧɟɨɛɯɨɞɢɦɵɯ ɜɟɥɢɱɢɧ. 

 

2.3.1.1 ȼɵɛɨɪ ɨɩɬɢɦɢɡɚɬɨɪɚ 
 

ɉɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɫɬɪɨɣɤɟ ɜɟɫɨɜ ɟё 

ɧɟɣɪɨɧɨɜ. ɐɟɥɶɸ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɬɚɤɨɝɨ 
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ɫɨɫɬɨɹɧɢɹ ɢɯ ɜɟɫɨɜ, ɤɨɬɨɪɨɟ ɦɢɧɢɦɢɡɢɪɭɟɬ ɧɟɤɨɬɨɪɭɸ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɧɚ 

ɨɛɭɱɚɸɳɟɣ ɢ ɬɟɫɬɢɪɭɸɳɟɣ ɜɵɛɨɪɤɚɯ. Ɂɚɞɚɱɚ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɚ ɢ ɷɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɪɢɱɢɧɚɦɢ: 

 ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɛɨɥɟɟ ɱɟɦ ɨɞɢɧ ɧɟɣɪɨɧ ɜ 

ɫɤɪɵɬɨɦ ɫɥɨɟ, ɢɦɟɸɬ ɧɟ ɨɞɧɨ, ɚ ɧɟɫɤɨɥɶɤɨ ɨɩɬɢɦɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɧɚɥɢɱɢɟɦ ɭ ɮɭɧɤɰɢɢ ɨɲɢɛɤɢ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɢɦɭɦɨɜ, ɨɞɧɚɤɨ 

ɢɫɬɢɧɧɨ ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɨ, ɝɞɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ; 

 ɧɚɥɢɱɢɟ ɦɧɨɠɟɫɬɜɚ ɥɨɤɚɥɶɧɵɯ ɦɢɧɢɦɭɦɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɹɟɬ 

ɩɨɢɫɤ ɝɥɨɛɚɥɶɧɨɝɨ ɨɩɬɢɦɭɦɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ [16]. 

Ɉɛɧɨɜɥɟɧɢɟ ɜɟɫɨɜ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ 

ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɲɢɛɤɢ. Ⱦɚɥɟɟ ɛɭɞɭɬ 

ɪɚɫɫɦɨɬɪɟɧɵ ɩɨɩɭɥɹɪɧɵɟ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ. 

Ƚɪɚɞɢɟɧɬɧɵɣ ɫɩɭɫɤ  

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɢɞɬɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɧɚɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ, ɚ ɷɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɡɚɞɚёɬɫɹ ɚɧɬɢɝɪɚɞɢɟɧɬɨɦ. Ɍɨɝɞɚ 

ɜɵɪɚɠɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɜɟɫɨɜ 𝛿ݓ ɧɚ i-ɨɣ ɢɬɟɪɚɰɢɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

   (12) 

ɝɞɟ: λ௡ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ ɧɚ n-ɨɣ ɢɬɟɪɚɰɢɢ; 

 ௡−ଵሻ – ɝɪɚɞɢɟɧɬ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ L ɨɬɧɨɫɢɬɟɥɶɧɨݓሺܮ௪𝑛−భ׏        

ɜɟɫɨɜ w, ɨɛɧɨɜɥёɧɧɵɯ ɧɚ ɢɬɟɪɚɰɢɢ n-1. 

Ɇɟɬɨɞ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ ɦɨɠɟɬ ɡɚɫɬɪɟɜɚɬɶ ɜ ɥɨɤɚɥɶɧɵɯ ɦɢɧɢɦɭɦɚɯ 

ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ L. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɣ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ ɢɥɢ ɢɧɟɪɰɢɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɜ ɞɨɛɚɜɥɟɧɢɢ ɜ 

ɮɨɪɦɭɥɭ (1) ɬɟɪɦɚ «ɢɧɟɪɰɢɢ»: 

 

   (13) 
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ɝɞɟ: ߙ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɟɪɰɢɢ, ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɤɚɤ ɮɢɤɫɢɪɨɜɚɧɧɨɟ 

ɡɧɚɱɟɧɢɟ, ɬɚɤ ɢ ɢɡɦɟɧɹɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ λ௡ , ɧɚɩɪɢɦɟɪ ߙ௡ͳ − λ௡; 

       𝛿ݓ௡−ଵ– ɢɡɦɟɧɟɧɢɟ ɜɟɫɨɜ ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ. 

AdaGrad  

ɋɭɬɶ AdaGrad ɫɨɫɬɨɢɬ ɜ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 

ɨɛɭɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɫɬɨɪɢɟɣ ɝɪɚɞɢɟɧɬɨɜ ɷɬɨɝɨ 

ɩɚɪɚɦɟɬɪɚ. Ɍɚɤɨɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɞɟɥɚɟɬɫɹ ɩɭɬёɦ ɞɟɥɟɧɢɹ ɬɟɤɭɳɟɝɨ 

ɝɪɚɞɢɟɧɬɚ ɧɚ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɩɪɟɞɵɞɭɳɢɯ ɝɪɚɞɢɟɧɬɨɜ. Ɏɨɪɦɭɥɚ ɢɡɦɟɧɟɧɢɹ 

ɜɟɫɨɜ ɦɟɬɨɞɨɦ AdaGrad ɫɥɟɞɭɸɳɚɹ: 

 

  

 

      

(14) 

ɝɞɟ: 𝐺௡ – ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɝɪɚɞɢɟɧɬɨɜ; 

       ߳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɝɥɚɠɢɜɚɧɢɹ, Ͳ < ߳ ≪ ͳ . 

Adam 

Ɇɟɬɨɞ Adam ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɢ ɢɞɟɸ ɧɚɤɨɩɥɟɧɢɹ ɞɜɢɠɟɧɢɹ, ɢ ɢɞɟɸ 
ɛɨɥɟɟ ɫɥɚɛɨɝɨ ɨɛɧɨɜɥɟɧɢɹ ɜɟɫɨɜ ɞɥɹ ɬɢɩɢɱɧɵɯ ɩɪɢɡɧɚɤɨɜ. ݉௡ = ଵ݉௡−ଵߚ  +ሺͳ − ௡ݒ , ௡−ଵሻݓሺܮ௪𝑛−భ׏ଵሻߚ = ௡−ଵݒଶߚ  + ሺͳ − ௡−ଵሻ , ݉௡̂ݓሺܮ௪𝑛−భ׏ଶሻߚ =  ௠𝑛ଵ− 𝛽భ𝑛  , ݒ௡̂ =  ௩𝑛ଵ− 𝛽మ𝑛  ,  

                                               𝛿ݓ௡ =  −λ௡ ௠̂𝑡√௩̂𝑡+𝜖  ,                                     (15) 

ɝɞɟ: ݉௡ – ɨɰɟɧɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ; 

 ;௡ – ɨɰɟɧɤɚ ɫɪɟɞɧɟɣ ɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɞɢɫɩɟɪɫɢɢݒ       

ଶ ɨɤɧɚ ɧɚɤɨɩɥɟɧɢɹ, Ͳߚ –  ଵ ɢߚ       < ଵߚ < ͳ ɢ Ͳ < ଶߚ < ͳ; 

       ݉̂௡ ɢ ̂ݒ௡ – ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɰɟɧɨɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɠɢɞɚɧɢɹ ɢ ɫɪɟɞɧɟɣ ɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɞɢɫɩɟɪɫɢɢ, ɜɥɢɹɟɬ ɧɚ ɩɟɪɜɵɯ ɲɚɝɚɯ 

ɨɛɭɱɟɧɢɹ; 
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       ߳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɝɥɚɠɢɜɚɧɢɹ, Ͳ < ߳ ≪ ͳ .  

ȼɵɛɨɪ ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɤɪɢɬɟɪɢɸ ɫɤɨɪɨɫɬɢ 

ɫɯɨɞɢɦɨɫɬɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɡɚɞɚɱɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɪɭɤɨɩɢɫɧɵɯ ɰɢɮɪ ɢ ɞɥɹ ɨɛɭɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɛɚɡɚ MNIST, ɫɨɫɬɨɹɳɚɹ ɢɡ 

ɛɢɧɚɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. Ʉɨɥɢɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɨɛɭɱɚɸɳɟɣ ɢ ɜ 

ɬɟɫɬɢɪɭɸɳɟɣ ɜɵɛɨɪɤɚɯ ɫɨɫɬɚɜɢɥɨ 60000 ɢ 10000 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɱɟɬɵɪɟ LeNet-ɩɨɞɨɛɧɵɟ ɫɜёɪɬɨɱɧɵɟ 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɨɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 2.  

Ɍɚɛɥɢɰɚ 2 – ɋɬɪɭɤɬɭɪɵ ɫɟɬɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɜɨɞɢɦɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɍɪɨɜɟɧɶ 
ɝɥɭɛɢɧɵ 

CNN-3 CNN-4 

9226 ɩɚɪɚɦɟɬɪɨɜ 79296 ɩɚɪɚɦɟɬɪɨɜ 

1 Conv8 5x5, RelU, Max-Pool 2x2 

2 Conv16 5x5, RelU, Max-Pool 2x2 

3  MatMulFC-98, RelU 

Ʉɥɚɫɫɢɮɢɤɚɬɨɪ MatMulFC-10, SoftMax 

  

ɒɚɝ ɨɛɭɱɟɧɢɹ λ ɡɚɞɚɜɚɥɫɹ ɞɥɹ ɜɫɟɯ ɦɟɬɨɞɨɜ ɪɚɜɧɵɦ 0,001. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɧɟɪɰɢɢ ɞɥɹ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ ɫ ɢɧɟɪɰɢɟɣ ɜɵɱɢɫɥɹɥɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 1–λ.  

Ⱦɥɹ ɦɟɬɨɞɚ Adam ɩɚɪɚɦɟɬɪɵ ߚଵ ɢ ߚଶ ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɪɚɜɧɵɦɢ 

0,1  ɢ 0,001 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɂɧɚɱɟɧɢɹ ɜɟɫɨɜ ɫɦɟɳɟɧɢɹ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɥɢɫɶ 

ɤɨɧɫɬɚɧɬɧɵɦ ɡɧɚɱɟɧɢɟɦ ɪɚɜɧɵɦ 1. ɉɨɫɥɟɞɧɢɣ ɫɥɨɣ ɫɟɬɟɣ ɩɨɥɧɨɫɬɶɸ 

ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɥɫɹ ɤɨɧɫɬɚɧɬɧɵɦ ɡɧɚɱɟɧɢɟɦ 0. ȼɫɟɝɨ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 50 ɷɩɨɯ 

ɨɛɭɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɫɟɬɢ.  

ɇɚ ɪɢɫɭɧɤɚɯ 23 ɢ 24 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ ɫɟɬɟɣ ɫ ɲɢɮɪɚɦɢ CNN-3 ɢ CNN-4. ȼ ɬɚɛɥɢɰɭ 3 

ɫɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɧɚ ɨɛɭɱɚɸɳɟɣ ɢ ɬɟɫɬɢɪɭɸɳɟɣ ɜɵɛɨɪɤɚɯ, 

ɨɛɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɜёɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 
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Ɍɚɛɥɢɰɚ 3 – Ɂɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɨɛɭɱɟɧɧɵɯ ɫɟɬɟɣ 

ɋɬɪɭɤɬɭɪɚ 
ɫɟɬɢ 

Ƚɪɚɞɢɟɧɬɧɵɣ 
ɫɩɭɫɤ 

Ƚɪɚɞɢɟɧɬɧɵɣ 
ɫɩɭɫɤ ɫ ɢɧɟɪɰɢɟɣ 

AdaGrad Adam 

ɨɛɭɱ. ɬɟɫɬ. ɨɛɭɱ. ɬɟɫɬ. ɨɛɭɱ. ɨɛɭɱ. ɬɟɫɬ. ɨɛɭɱ. 

CNN-3 1,136 1,108 0,140 0,130 0,370 0,343 0,050 0,049 

CNN-4 2,240 2,234 0,128 0,126 0,324 0,301 0,025 0,044 

 

 
ɚ)                                                                  ɛ) 

Ɋɢɫɭɧɨɤ 23 –  Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɫɟɬɢ ɫ ɲɢɮɪɨɦ CNN-3  

(ɚ) – ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ, (ɛ) – ɧɚ ɬɟɫɬɢɪɭɸɳɟɣ ɜɵɛɨɪɤɟ 

 

 
a)                                                         ɛ) 

Ɋɢɫɭɧɨɤ 24 –  Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɫɟɬɢ ɫ ɲɢɮɪɨɦ CNN-4 

(ɚ) – ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ, (ɛ) – ɧɚ ɬɟɫɬɢɪɭɸɳɟɣ ɜɵɛɨɪɤɟ 
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Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɚɯ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ Adam. Ɉɧ ɩɨɤɚɡɚɥ 

ɧɚɢɛɨɥɶɲɭɸ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɞɥɹ ɨɛɨɢɯ ɜɚɪɢɚɧɬɨɜ ɫɟɬɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ.   

ɇɚ ɪɢɫɭɧɤɟ 25 ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. 

 

Ɋɢɫɭɧɨɤ 25 – Ɉɩɬɢɦɢɡɚɰɢɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ Adam 

 
2.3.1.2 ȼɵɛɨɪ ɪɚɡɦɟɪɚ ɜɵɛɨɪɤɢ 

  

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɪɚɡɦɟɪɨɦ ɦɢɧɢ-

ɜɵɛɨɪɤɢ. Ɇɢɧɢ-ɜɵɛɨɪɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɦɟɪ ɦɢɧɢ ɩɨɪɰɢɣ, ɧɚ 

ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɬɫɹ ɨɛɭɱɟɧɢɟ. Ɋɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ 

ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɩɨ ɫɟɬɢ. Ɉɛɵɱɧɨ ɛɨɥɶɲɢɣ 

ɪɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ ɨɛɭɱɟɧɢɸ, ɧɨ ɧɟ ɜɫɟɝɞɚ – ɤ 

ɛɵɫɬɪɨɣ ɫɯɨɞɢɦɨɫɬɢ. Ɇɟɧɶɲɢɣ ɪɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ ɨɛɭɱɚɟɬ ɦɟɞɥɟɧɧɟɟ, ɧɨ 

ɦɨɠɟɬ ɛɵɫɬɪɟɟ ɫɯɨɞɢɬɶɫɹ. ȼɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɚɪɢɚɧɬɚ ɨɩɪɟɞɟɥɟɧɧɨ 

ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. ȼ ɬɚɛɥɢɰɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɦɢɧɢ-

ɜɵɛɨɪɤɢ. 

Ɍɚɛɥɢɰɚ 4 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɦɢɧɢ-

ɜɵɛɨɪɤɢ. 
Ɋɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ ɉɨɥɭɱɟɧɧɚɹ ɬɨɱɧɨɫɬɶ 

20 81,29% 

24 77,54% 

32 75% 

64 70% 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ ɜ ɦɢɧɢ-ɜɵɛɨɪɤɟ 

ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɥɭɱɟɧɧɚɹ ɬɨɱɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɨɛɳɢɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ 

ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɟɛɨɥɶɲɢɦ. ɉɨɬɨɦɭ ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɛɪɚɬɶ ɦɢɧɢ-ɜɵɛɨɪɤɭ ɪɚɡɦɟɪɨɦ 20 ɷɥɟɦɟɧɬɨɜ. 

 

2.3.1.3 ȼɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɩɨɯ ɢ ɫɥɨɟɜ 

 

ɗɩɨɯɚ [17] – ɨɞɧɚ ɢɬɟɪɚɰɢɹ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ, ɜɤɥɸɱɚɸɳɚɹ 

ɩɪɟɞɴɹɜɥɟɧɢɟ ɜɫɟɯ ɩɪɢɦɟɪɨɜ ɢɡ ɨɛɭɱɚɸɳɟɝɨ ɦɧɨɠɟɫɬɜɚ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ – 

ɷɬɨ ɨɞɢɧ ɩɨɥɧɵɣ ɩɪɨɯɨɞ ɩɨ ɜɵɛɨɪɤɟ. 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɪɚɧɟɟ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɜɡɹɬɶ ɚɪɯɢɬɟɤɬɭɪɭ, 

ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɚɪɯɢɬɟɤɬɭɪɟ VGG16, ɨɞɧɚɤɨ, ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɥɨɫɶ 

ɩɨɞɨɛɪɚɬɶ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ. ȼ ɚɪɯɢɬɟɤɬɭɪɟ VGG16 – 13 ɫɜɟɪɬɨɱɧɵɯ 

ɫɥɨɟɜ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɥɨɫɶ ɢ 

ɬɟɫɬɢɪɨɜɚɥɨɫɶ ɧɚ ɪɚɡɥɢɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɷɩɨɯ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ ɩɨɫɬɚɜɥɟɧɧɵɦ ɡɚɞɚɱɚɦ: ɪɚɡɧɢɰɚ ɨɲɢɛɤɢ ɢ ɬɨɱɧɨɫɬɢ ɧɚ 

ɨɛɭɱɚɸɳɟɣ ɢ ɩɪɨɜɟɪɨɱɧɨɣ ɜɵɛɨɪɤɚɯ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɨɣ, ɚ ɬɨɱɧɨɫɬɶ, 

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɨɥɠɧɚ ɛɵɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. ȼ ɬɚɛɥɢɰɟ 5 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ɍɚɛɥɢɰɚ 5 – Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɪɚɡɥɢɱɧɵɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɷɩɨɯ ɢ ɫɥɨɟɜ 

ɑɢɫɥɨ  
ɷɩɨɯ 

ɑɢɫɥɨ  
ɫɥɨɟɜ 

4 5 6 7 8 

4 64% 71,2% 75,16% 83,04% 85% 

5 67,4% 72,5% 81,56% 83,84% 84,2% 

6 71,14% 79% 84,82% 82,14% 83,35% 

7 73,56% 77,96% 81,15% 78,11% 82,86% 

8 74% 74,13% 83,82% 81,6% 78,84% 

9 78,6% 71,8% 75,38% 80,9% 79% 

10 71,2% 76,15% 82,06% 84% 84,15% 

11 79% 82,35% 79,19% 80,35% 86,4% 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ 11 ɫɥɨɹɯ ɢ 

8 ɷɩɨɯɚɯ, 4 ɫɥɨɹɯ ɢ 8 ɷɩɨɯɚɯ, ɚ ɬɚɤɠɟ ɩɪɢ 6 ɫɥɨɹɯ ɢ 6 ɷɩɨɯɚɯ. Ɉɞɧɚɤɨ, 

ɭɱɢɬɵɜɚɹ ɬɚɤɨɣ ɩɚɪɚɦɟɬɪ, ɤɚɤ ɪɚɡɧɢɰɚ ɨɲɢɛɤɢ ɢ ɬɨɱɧɨɫɬɢ ɧɚ ɨɛɭɱɚɸɳɟɣ ɢ 

ɩɪɨɜɟɪɨɱɧɨɣ ɜɵɛɨɪɤɚɯ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɟɪɜɵɯ ɞɜɭɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 

ɫɥɭɱɚɹɯ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 15-20%, ɤɨɝɞɚ ɤɚɤ ɩɪɢ 6 

ɷɩɨɯɚɯ ɢ 6 ɫɜɟɪɬɨɱɧɵɯ ɫɥɨɹɯ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 10%. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɹɜɥɹɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ.  

ɇɚ ɪɢɫɭɧɤɟ 26 ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɷɩɨɯ ɢ ɪɚɡɦɟɪɚ ɦɢɧɢ-ɜɵɛɨɪɤɢ.  

 

Ɋɢɫɭɧɨɤ 26 – Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɷɩɨɯ ɢ ɪɚɡɦɟɪɚ ɦɢɧɢ-ɜɵɛɨɪɤɢ 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɟɪɟɞ ɨɛɭɱɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɝɨɬɨɜɢɬɶ ɧɚɛɨɪ ɞɚɧɧɵɯ. 

Keras ɫɨɞɟɪɠɢɬ ɫɪɟɞɫɬɜɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɡɚɝɪɭɡɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɯ ɜ ɜɢɞ, ɩɪɢɝɨɞɧɵɣ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ 

ɩɨɦɨɳɶɸ ɝɟɧɟɪɚɬɨɪɨɜ. Ⱦɥɹ ɝɟɧɟɪɚɬɨɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɥɚɫɫ Keras 

ImageDataGenerator(), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱦɥɹ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɢɧ ɬɢɩ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ: ɤɚɠɞɵɣ 

ɷɥɟɦɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ ɞɟɥɢɬɫɹ ɧɚ 255. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɫɟ ɷɥɟɦɟɧɬɵ 

ɢɡɨɛɪɚɠɟɧɢɹ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 1, ɱɬɨ ɭɞɨɛɧɨ ɞɥɹ 

ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ɂɚɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ flow_from_directory(): 
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ɩɨɬɨɤ ɞɚɧɧɵɯ ɢɡ ɤɚɬɚɥɨɝɚ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɹɬɫɹ ɮɚɣɥɵ. ɇɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ 

ɤɚɬɚɥɨɝ, ɪɚɡɦɟɪ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ. Ɍɚɤɠɟ ɩɚɪɚɦɟɬɪɭ 

class_mode ɩɪɢɫɜɚɢɜɚɟɜɚɟɬɫɹ ɛɢɧɚɪɧɵɣ ɬɢɩ, ɩɨɫɤɨɥɶɤɭ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɞɟɥɢɬ 

ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɞɜɚ ɤɥɚɫɫɚ. Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 27. 

 

Ɋɢɫɭɧɨɤ 27– Ɋɟɚɥɢɡɚɰɢɹ ɩɨɞɝɨɬɨɜɤɢ ɢɡɨɛɪɚɠɟɧɢɣ 

 

Ⱦɚɥɟɟ ɛɭɞɭɬ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɛɭɱɟɧɢɹ ɫ ɩɨɞɨɛɪɚɧɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ.  

 

2.4 Ɋɟɡɭɥɶɬɚɬ ɨɛɭɱɟɧɢя ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
 

Ɋɟɡɭɥɶɬɚɬɨɦ ɨɛɭɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɜɵɫɬɭɩɚɟɬ 

ɬɨɱɧɨɫɬɶ ɩɨɫɬɚɜɥɟɧɧɨɝɨ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ «ɞɢɚɝɧɨɡɚ» ɢ ɟɟ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɬɥɢɱɚɬɶ ɢɲɟɦɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ ɨɬ ɞɪɭɝɢɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

 

2.4.1 Ʉɚɪɬɚ ɩɪɢɡɧɚɤɨɜ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
 

Ɋɚɛɨɬɚ ɫɜёɪɬɨɱɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɨɛɵɱɧɨ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɤɚɤ 

ɩɟɪɟɯɨɞ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɡɨɛɪɚɠɟɧɢɹ ɤ ɛɨɥɟɟ ɚɛɫɬɪɚɤɬɧɵɦ 

ɞɟɬɚɥɹɦ, ɢ ɞɚɥɟɟ ɤ ɟɳё ɛɨɥɟɟ ɚɛɫɬɪɚɤɬɧɵɦ ɞɟɬɚɥɹɦ ɜɩɥɨɬɶ ɞɨ ɜɵɞɟɥɟɧɢɹ 

ɩɨɧɹɬɢɣ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ [18]. ɉɪɢ ɷɬɨɦ ɫɟɬɶ ɫɚɦɨɧɚɫɬɪɚɢɜɚɟɬɫɹ ɢ 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɫɚɦɚ ɧɟɨɛɯɨɞɢɦɭɸ ɢɟɪɚɪɯɢɸ ɚɛɫɬɪɚɤɬɧɵɯ ɩɪɢɡɧɚɤɨɜ 
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(ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɪɬ ɩɪɢɡɧɚɤɨɜ), ɮɢɥɶɬɪɭɹ ɦɚɥɨɜɚɠɧɵɟ ɞɟɬɚɥɢ ɢ 

ɜɵɞɟɥɹɹ ɫɭɳɟɫɬɜɟɧɧɨɟ. 

ɉɨɞɨɛɧɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɧɨɫɢɬ ɫɤɨɪɟɟ ɦɟɬɚɮɨɪɢɱɟɫɤɢɣ ɢɥɢ 

ɢɥɥɸɫɬɪɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ. Ɏɚɤɬɢɱɟɫɤɢ «ɩɪɢɡɧɚɤɢ», ɜɵɪɚɛɚɬɵɜɚɟɦɵɟ 

ɫɥɨɠɧɨɣ ɫɟɬɶɸ, ɦɚɥɨɩɨɧɹɬɧɵ ɢ ɬɪɭɞɧɵ ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɜ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɧɟ ɨɫɨɛɟɧɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɵɬɚɬɶɫɹ ɩɨɧɹɬɶ 

ɫɨɞɟɪɠɚɧɢɹ ɷɬɢɯ ɩɪɢɡɧɚɤɨɜ ɢɥɢ ɩɵɬɚɬɶɫɹ ɢɯ «ɩɨɞɩɪɚɜɢɬɶ». ȼɦɟɫɬɨ ɷɬɨɝɨ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɫɚɦɭ ɫɬɪɭɤɬɭɪɭ ɢ ɚɪɯɢɬɟɤɬɭɪɭ ɫɟɬɢ, ɱɬɨɛɵ 

ɩɨɥɭɱɢɬɶ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ. Ɍɚɤ, ɢɝɧɨɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɨɣ ɤɚɤɢɯ-ɬɨ 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɹɜɥɟɧɢɣ ɦɨɠɟɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ-ɥɢɛɨ ɧɟ ɯɜɚɬɚɟɬ ɞɚɧɧɵɯ 

ɞɥɹ ɨɛɭɱɟɧɢɹ, ɥɢɛɨ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ ɨɛɥɚɞɚɟɬ ɧɟɞɨɫɬɚɬɤɚɦɢ, ɢ ɫɢɫɬɟɦɚ ɧɟ 

ɦɨɠɟɬ ɜɵɪɚɛɨɬɚɬɶ ɷɮɮɟɤɬɢɜɧɵɯ ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɞɚɧɧɵɯ ɹɜɥɟɧɢɣ. 

ɇɚ ɪɢɫɭɧɤɟ 28 ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɪɟɡɭɥɶɬɚɬ ɜɵɞɟɥɟɧɢɹ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɶɸ ɩɪɢɡɧɚɤɨɜ ɧɚ ɩɪɟɞɥɨɠɟɧɧɵɯ ɧɚɦɢ ɫɧɢɦɤɚɯ.  

 

Ɋɢɫɭɧɨɤ 28 – Ʉɚɪɬɚ ɩɪɢɡɧɚɤɨɜ ɧɚ 7 ɫɥɨɟ  

 

2.4.2 Ɋɟɡɭɥɶɬɚɬɵ ɨɛɭɱɟɧɢя 
 

ɇɚ ɪɢɫɭɧɤɟ 29 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ 

ɩɨɞɨɛɪɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 6 ɫɥɨɹɦɢ ɢ 6 ɷɩɨɯɚɦɢ.  
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Ɋɢɫɭɧɨɤ 29– Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 30 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɛɭɱɟɧɢɹ.  

 

Ɋɢɫɭɧɨɤ 30 – Ɋɟɡɭɥɶɬɚɬɵ ɨɛɭɱɟɧɢɹ 
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Ⱦɨɫɬɢɝɧɭɬɚɹ ɬɨɱɧɨɫɬɶ ɧɚ ɷɬɚɩɟ ɨɛɭɱɟɧɢɹ – 84,82%. ɇɚ ɪɢɫɭɧɤɟ 31 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ (ɫɥɟɜɚ) ɢ ɨɲɢɛɤɢ (ɫɩɪɚɜɚ) ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚɰɢɣ. 

 

Ɋɢɫɭɧɨɤ 31 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɢ ɨɲɢɛɤɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɢɬɟɪɚɰɢɣ 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɨɫɬɪɨɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɫɰɟɧɚɪɢɹɦɢ 

ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɨɜ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɭɫɩɟɲɧɨɣ ɪɚɛɨɬɟ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɚɪɯɢɬɟɤɬɭɪɟ 

VGG16, ɫɯɨɞɢɬɫɹ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ: 

 Ɉɩɬɢɦɢɡɚɬɨɪ Adam ɫ ɩɚɪɚɦɟɬɪɚɦɢ lr=1e-5 (ɫɤɨɪɨɫɬɶ ɨɛɭɱɟɧɢɹ). 

 Ɋɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ ɜ 20 ɫɧɢɦɤɨɜ.  

 5 ɷɩɨɯ ɞɥɹ ɨɛɭɱɟɧɢɹ ɩɪɢ 16 ɫɥɨɹɯ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɷɩɨɯ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ, 

ɜɟɪɨɹɬɧɨɫɬɶ ɠɟ ɨɲɢɛɤɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɦɟɧɶɲɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɬɨɱɧɨɫɬɶ, 

ɤɨɬɨɪɭɸ ɩɨɤɚɡɵɜɚɟɬ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɫɨɫɬɚɜɥɹɟɬ 84,82%.  
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ȼɵɜɨɞ ɩɨ 2 ɝɥɚɜɟ  
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɜɵɛɨɪɚ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɢ, ɩɨɞɛɨɪ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɚ ɬɚɤɠɟ ɨɛɭɱɟɧɢɟ ɫɜɟɪɬɨɱɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɚɪɯɢɬɟɤɬɭɪɟ VGG16, ɢ ɟɝɨ ɪɟɡɭɥɶɬɚɬɵ. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɨɫɬɪɨɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɫɰɟɧɚɪɢɹɦɢ 

ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɨɜ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɭɫɩɟɲɧɨɣ ɪɚɛɨɬɟ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ. 
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Ƚɥɚɜɚ 3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя 
 

Ⱦɨɜɨɥɶɧɨ ɱɚɫɬɨ ɞɥɹ ɩɪɢɧɹɬɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɪɟɲɟɧɢɣ ɯɚɪɚɤɬɟɪɧɵ 

ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜɪɟɦɟɧɧɵɯ ɪɟɫɭɪɫɨɜ, ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɜɥɟɱɟɧɢɹ 

ɤɨɦɩɟɬɟɧɬɧɵɯ ɷɤɫɩɟɪɬɨɜ, ɧɟɩɨɥɧɨɬɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɨɹɧɢɢ ɛɨɥɶɧɨɝɨ, ɚ 

ɬɚɤɠɟ ɜ ɰɟɥɨɦ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɡɧɚɧɢɣ. Ⱦɚɧɧɵɟ ɮɚɤɬɨɪɵ ɹɜɥɹɸɬɫɹ 

ɩɪɢɱɢɧɚɦɢ ɜɪɚɱɟɛɧɵɯ ɨɲɢɛɨɤ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɩɥɚɱɟɜɧɵɦ 

ɩɨɫɥɟɞɫɬɜɢɹɦ. ɍɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɭ ɪɚɞɢɨɥɨɝɨɜ ɆɊɌ ɰɟɧɬɪɨɜ ɢɦɟɟɬɫɹ ɥɢɲɶ 

ɦɢɧɢɦɚɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɚɰɢɟɧɬɟ, ɚ ɬɚɤɠɟ ɦɧɨɝɢɟ ɩɚɬɨɥɨɝɢɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɯɨɠɢ ɧɚ ɆɊɌ ɫɧɢɦɤɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɢɲɟɦɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ 

ɢɦɟɟɬ ɫɯɨɠɢɟ ɩɪɢɡɧɚɤɢ ɫ ɪɹɞɨɦ ɛɨɥɟɡɧɟɣ, ɩɪɨɰɟɫɫ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ. ɉɨɷɬɨɦɭ ɞɨɫɬɚɬɨɱɧɨ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ 

ɫɨɡɞɚɧɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɫɢɫɬɟɦ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ (ɋɉɉɊ), 

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɫɩɨɫɨɛɧɵɦɢ ɨɛɥɟɝɱɢɬɶ 

ɩɪɨɰɟɫɫ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ.  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɞɥɹ ɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɜɟɪɬɨɱɧɚɹ 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɨɛɭɱɟɧɧɚɹ ɧɚ ɧɚɛɨɪɟ ɞɚɧɧɵɯ, ɫɨɫɬɨɹɳɟɦ ɢɡ ɆɊɌ ɫɧɢɦɤɨɜ 

ɛɨɥɟɡɧɟɣ, ɫɯɨɠɢɯ ɦɟɠɞɭ ɫɨɛɨɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɧɟɟ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɩɚɪɚɦɟɬɪɵ, 

ɩɪɢ ɤɨɬɨɪɵɯ ɨɩɬɢɦɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɫɥɨɠɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɢ 

ɠɟɥɚɟɦɨɣ ɬɨɱɧɨɫɬɢ.  

Ⱦɚɥɟɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɢ. 

 

3.1 ɇɚɛɨɪ ɞɚɧɧɵɯ 
 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɧɢɦɤɢ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɰɟɧɬɪɨɦ 

ɆɊɌ-ɞɢɚɝɧɨɫɬɢɤɢ ɧɚ ɛɚɡɟ «ɅȾɐ ɆɂȻɋ» ɢɦ. ɋ.Ɇ. Ȼɟɪɟɡɢɧɚ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ, ɚ 

ɬɚɤɠɟ ɦɟɞɢɰɢɧɫɤɢɦ ɰɟɧɬɪɨɦ «ȻɢɄɟɣ Ɇɟɞɢɤɚ». ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ 

ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɹɜɥɹɥɢɫɶ ɆɊɌ ɫɧɢɦɤɢ ɜ DWI ɮɨɪɦɚɬɟ 

(ɞɢɮɮɭɡɢɨɧɧɨ-ɜɡɜɟɲɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ), ɩɨɫɤɨɥɶɤɭ ɧɚ ɬɚɤɨɝɨ ɪɨɞɚ ɫɧɢɦɤɚɯ 
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ɜ ɨɫɬɪɨɣ ɮɚɡɟ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɩɨ ɞɚɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭ 84,6% 

ɩɚɰɢɟɧɬɨɜ ɨɛɥɚɫɬɶ ɩɨɪɚɠɟɧɢɹ ɢɦɟɥɚ ɝɢɩɟɪɢɧɬɟɧɫɢɜɧɵɣ ɆɊ-ɫɢɝɧɚɥ. ɂɧɵɦɢ 

ɫɥɨɜɚɦɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɮɮɭɡɢɨɧɧɨ-ɜɡɜɟɲɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɧɶɲɟ ɢ 

ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɭɱɚɫɬɤɢ ɨɫɬɪɨɣ ɢɲɟɦɢɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ  [19].  

ɉɪɢ ɨɛɭɱɟɧɢɢ ɧɚ ɫɧɢɦɤɚɯ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɡɞɨɪɨɜɨɝɨ ɢ ɩɨɪɚɠɟɧɧɨɝɨ 

ɢɲɟɦɢɱɟɫɤɢɦ ɢɧɫɭɥɶɬɨɦ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɨɤɚɡɵɜɚɥɚ ɪɟɡɭɥɶɬɚɬ ɜ 95%, 

ɩɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɚɫɫɦɨɬɪɟɬɶ ɢ ɞɪɭɝɢɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɤɨɬɨɪɵɟ 

ɢɦɟɸɬ ɫɯɨɠɢɣ ɫɢɝɧɚɥ ɫ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɚɬɨɥɨɝɢɟɣ.  

ɇɟɣɪɨɧɧɚɹ ɫɟɬɶ ɨɛɭɱɚɥɚɫɶ ɧɚ ɫɧɢɦɤɚɯ ɬɚɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɤɚɤ: 

 ɢɲɟɦɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ; 

 ɷɧɰɟɮɚɥɢɬ; 

 ɝɥɢɨɛɥɚɫɬɨɦɚ; 

 ɝɟɦɨɪɪɚɝɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ; 

 ɝɥɢɚɥɶɧɵɟ ɨɩɭɯɨɥɢ; 

 ɩɨɧɬɢɧɧɵɣ ɦɢɟɥɢɧɨɥɢɡ; 

 ɚɛɫɰɟɫɫ; 

 ɪɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ. 

ɉɨ ɢɬɨɝɭ, ɞɥɹ ɨɛɭɱɟɧɢɹ ɜ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɦɵ ɢɦɟɟɦ 2130 ɫɧɢɦɤɨɜ ɢɧɵɯ 

ɛɨɥɟɡɧɟɣ, ɩɨɪɚɠɚɸɳɢɯ ɝɨɥɨɜɧɨɣ ɦɨɡɝ, ɢ 570 ɫɧɢɦɤɨɜ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ. 

 ɇɚ ɪɢɫɭɧɤɚɯ 32-34 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ. 

     
 

Ɋɢɫɭɧɨɤ 32. (ɚ) – ɢɲɟɦɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ, (ɛ) – ɷɧɰɟɮɚɥɢɬ, (ɜ) – ɝɥɢɨɛɥɚɫɬɨɦɚ 

 

1 2 3 
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Ɋɢɫɭɧɨɤ 33.  (ɚ) – ɝɟɦɨɪɪɚɝɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ, (ɛ) – ɝɥɢɚɥɶɧɵɟ ɨɩɭɯɨɥɢ, (ɜ) –

ɩɨɧɬɢɧɧɵɣ ɦɢɟɥɢɧɨɥɢɡ 

 

   
 

Ɋɢɫɭɧɨɤ 34.  (ɚ) – ɚɛɫɰɟɫɫ, (ɛ) – ɪɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ 
 

ɇɚ ɪɢɫɭɧɤɟ 35 ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ, ɞɟɬɚɥɶɧɨ ɩɨɤɚɡɵɜɚɸɳɚɹ, 

ɤɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɧɢɦɤɨɜ ɤɚɠɞɨɝɨ ɢɡ ɡɚɛɨɥɟɜɚɧɢɣ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɛɵɥɨ 

ɜɡɹɬɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 35 – ɇɚɛɨɪ ɞɚɧɧɵɯ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɦ ɧɚɛɨɪɟ ɞɚɧɧɵɯ ɤɨɥɢɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɣ 

ɢɫɫɥɟɞɭɟɦɨɣ ɩɚɬɨɥɨɝɢɢ ɜ 3 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɤɨɥɢɱɟɫɬɜɨ ɫɧɢɦɤɨɜ ɢɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ. Ⱦɚɧɧɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɜɵɛɪɚɧɧɨɦɭ ɫɰɟɧɚɪɢɸ 

ɩɪɟɞɨɛɪɚɛɨɬɤɢ, ɫ ɰɟɥɶɸ ɩɨɞɝɨɬɨɜɢɬɶ ɞɚɧɧɵɟ ɞɥɹ ɨɛɭɱɟɧɢɹ. Ⱦɚɥɟɟ, ɧɚ ɞɚɧɧɨɦ 

ɷɬɚɩɟ, ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɛɵɥɚ ɨɛɭɱɟɧɚ ɧɚ ɩɨɥɧɨɦ ɧɚɛɨɪɟ ɞɚɧɧɵɯ, ɩɨɫɥɟ ɱɟɝɨ 

ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɫɬɭɩɢɬɶ ɤ ɫɚɦɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɭ. 

 

3.2 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢя 
 

Ɋɚɡɪɚɛɨɬɤɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɹɡɵɤɟ Python, ɫ ɩɨɦɨɳɶɸ 

ɬɚɤɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɤɚɤ Jupyter-Notebook ɢ JetBrains PyCharm Community 

Edition, ML-framework TensorFlow (ɪɢɫɭɧɨɤ 36).  

 

Ɋɢɫɭɧɨɤ 36 – ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɛɢɛɥɢɨɬɟɤɢ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ 

ɨɛɭɱɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ 

ɭɞɚɫɬɫɹ ɨɰɟɧɢɬɶ ɤɚɱɟɫɬɜɨ ɨɛɭɱɟɧɢɹ. ȼ ɪɚɦɤɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɜɡɹɬɨ ɫ 

ɂɧɬɟɪɧɟɬ-ɪɟɫɭɪɫɨɜ 50 ɫɧɢɦɤɨɜ ɞɥɹ ɨɞɧɨɝɨ ɤɥɚɫɫɚ – ɢɧɫɭɥɶɬ, ɢ 50 ɫɧɢɦɤɨɜ 

ɞɥɹ ɜɬɨɪɨɝɨ – ɧɟ ɢɧɫɭɥɶɬ. Ɍɚɤɠɟ, ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɫɧɢɦɤɢ ɷɧɰɟɮɚɥɢɬɚ, 

ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɨɟ ɡɚɛɨɥɟɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɜ 

ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɢ, ɢ, ɩɨɪɨɣ, ɞɚɠɟ ɞɥɹ ɜɪɚɱɟɣ ɞɨɫɬɚɬɨɱɧɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ 

ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɜɵɹɜɥɟɧɨ ɧɚ ɫɧɢɦɤɚɯ.  

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɛɪɚɧɧɵɣ ɫɧɢɦɨɤ ɩɨɞɜɟɪɝɚɥɫɹ 

ɩɪɟɞɨɛɪɚɛɨɬɤɟ ɩɨ ɜɵɛɪɚɧɧɨɦɭ ɫɰɟɧɚɪɢɸ: ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ 
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ɢɧɬɟɪɩɨɥɹɰɢɢ Ʌɚɰɨɲɚ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɮɭɧɤɰɢɟɣ ANTIALIAS ɢɡ ɛɢɛɥɢɨɬɟɤɢ 

Pillow, ɚ ɬɚɤɠɟ ɛɵɥɢ ɭɞɚɥɟɧɵ ɫɨ ɫɧɢɦɤɚ ɫɥɭɱɚɣɧɵɟ ɚɪɬɟɮɚɤɬɵ ɢ ɲɭɦ ɫ 

ɩɨɦɨɳɶɸ ɫɪɟɞɧɟɝɨ ɮɢɥɶɬɪɚ. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 37.   

 

Ɋɢɫɭɧɨɤ 37 – ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ 

 

Ⱦɚɥɟɟ ɡɚɝɪɭɠɚɥɢɫɶ ɨɛɭɱɟɧɧɵɟ ɜɟɫɚ, ɚ ɬɚɤɠɟ ɫɚɦɨ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɨɫɥɟ 

ɱɟɝɨ ɨɧɨ ɩɪɟɨɛɪɚɡɨɜɚɥɨɫɶ ɜ ɦɚɫɫɢɜ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɩɪɨɢɫɯɨɞɢɥɚ 

ɧɨɪɦɚɥɢɡɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ; ɫɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɛɵɥɚ ɞɨɛɚɜɥɟɧɚ ɟɳɟ ɨɞɧɚ 

ɪɚɡɦɟɪɧɨɫɬɶ, ɬ.ɤ. Keras ɪɚɫɫɱɢɬɚɧ ɧɚ ɪɚɛɨɬɭ ɫɨ ɫɩɢɫɤɨɦ ɞɚɧɧɵɯ, ɚ ɧɟ ɫ 

ɨɬɞɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 38. 

 

Ɋɢɫɭɧɨɤ 38 – Ɋɟɚɥɢɡɚɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɚɫɫɢɜɚ 

 

 ɇɚ ɪɢɫɭɧɤɟ 39 ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɚɝɪɭɠɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 39 – ɂɡɨɛɪɚɠɟɧɢɟ, ɩɨɞɝɨɬɨɜɥɟɧɧɨɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɡɚɩɭɫɤɚɥɨɫɶ ɢ ɫɚɦɨ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ 

ɜɵɡɨɜɚ ɦɟɬɨɞɚ predict() ɭ ɦɨɞɟɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɜɵɞɚɟɬ 

ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɵɜɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɚɧɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɤɥɚɫɫɭ. ɉɨ ɨɤɨɧɱɚɧɢɸ ɦɵ ɢɦɟɟɦ ɡɚɤɥɸɱɟɧɢɟ: 

ɭɤɚɡɚɧɚ ɝɪɚɧɢɰɚ, ɤɨɬɨɪɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚ ɡɧɚɱɟɧɢɸ 0,5: ɟɫɥɢ ɡɧɚɱɟɧɢɟ, 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɦɟɧɶɲɟ 0,5, ɬɨ ɧɚ ɫɧɢɦɤɟ ɢɡɨɛɪɚɠɟɧ ɧɟ 

ɢɧɫɭɥɶɬ, ɢɧɚɱɟ – ɢɧɫɭɥɶɬ. Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 40. 

 

Ɋɢɫɭɧɨɤ 40 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɨɫɬɪɨɟɧɧɨɣ ɇɋ 

 

ɉɨ ɬɚɤɨɦɭ ɚɥɝɨɪɢɬɦɭ ɜ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɢ 

ɩɨɞɨɛɪɚɧɵ ɜ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ 100 ɫɧɢɦɤɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɞɜɭɦ ɤɥɚɫɫɚɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. 
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Ɍɚɛɥɢɰɚ 6 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 ɂɧɫɭɥɶɬ ɇɟ ɢɧɫɭɥɶɬ 
ȼɟ

ɪɨ
ɹɬ

ɧɨ
ɫɬ

ɶ 
ɩɪ

ɢɧ
ɚɞ

ɥɟ
ɠ

ɧɨ
ɫɬ

ɢ 
ɤ 

ɤɥ
ɚɫ

ɫɭ
 

«ɢ
ɧɫ

ɭɥ
ɶɬ

»,
 %

 
94 77 93 50 56 1 9 3 30 11 

99 32 58 32 88 9 8 1 14 6 

98 68 75 60 66 4 6 4 1 28 

99 7 10 33 52 7 16 23 23 8 

99 21 72 65 68 7 5 4 8 18 

99 8 74 25 70 1 1 6 3 17 

92 81 77 80 5 18 31 45 13 34 

69 82 61 20 85 7 3 41 13 5 

18 93 89 29 87 12 8 19 44 6 

34 85 63 78 81 27 85 6 6 11 

 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɧɚ 

ɫɧɢɦɤɚɯ ɫ ɞɚɧɧɨɣ ɩɚɬɨɥɨɝɢɟɣ: 63,14.  

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɧɚ 

ɫɧɢɦɤɚɯ ɢɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ: 14,32. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ 63% 

ɫɥɭɱɚɟɜ ɧɚ ɆɊɌ ɫɧɢɦɤɚɯ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɩɨɪɚɠɟɧɧɨɝɨ ɢɲɟɦɢɱɟɫɤɢɦ 

ɢɧɫɭɥɶɬɨɦ, ɨɛɭɱɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɪɚɛɨɬɚɟɬ ɤɨɪɪɟɤɬɧɨ. Ɉɞɧɚɤɨ, ɛɵɜɚɸɬ 

ɬɚɤɢɟ ɫɢɬɭɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɨɤɚɡɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬ ɜ ɦɟɧɟɟ 

ɱɟɦ 10-20%. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɫɬɚɞɢɢ ɫɛɨɪɚ ɞɚɧɧɵɯ ɛɵɥɨ ɧɚɣɞɟɧɨ 

ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɧɢɦɤɨɜ ɫɨ ɫɬɜɨɥɨɜɵɦ ɢɲɟɦɢɱɟɫɤɢɦ ɢɧɫɭɥɶɬɨɦ, 

ɜɵɡɵɜɚɸɳɢɦɫɹ ɪɚɡɪɵɜɨɦ ɫɨɫɭɞɨɜ ɜ ɨɛɥɚɫɬɢ ɫɬɜɨɥɚ ɦɨɡɝɚ (15 ɫɧɢɦɤɨɜ), ɚ 

ɬɚɤɠɟ ɫɧɢɦɤɨɜ ɥɚɤɭɧɚɪɧɨɝɨ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ, ɜɫɥɟɞɫɬɜɢɟ ɤɨɬɨɪɨɝɨ 

ɨɛɪɚɡɭɟɬɫɹ ɩɨɥɨɫɬɶ ɢɥɢ ɪɚɡɦɹɝɱɟɧɢɟ ɜ ɬɤɚɧɹɯ ɫɟɪɨɝɨ ɜɟɳɟɫɬɜɚ ɝɨɥɨɜɧɨɝɨ 

ɦɨɡɝɚ (13 ɫɧɢɦɤɨɜ). ɂɦɟɧɧɨ ɬɚɤɨɝɨ ɪɨɞɚ ɫɧɢɦɤɢ ɩɨɞɚɜɚɥɢɫɶ ɧɚ ɨɛɭɱɟɧɧɭɸ 

ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɜ ɫɢɬɭɚɰɢɹɯ ɫ ɩɥɨɯɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɵɦɢ ɜ 

ɢɦɟɸɳɢɦɫɹ ɧɚɛɨɪɟ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ ɫɧɢɦɤɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ ɜ 

ɛɚɫɫɟɣɧɟ ɫɪɟɞɧɟɣ ɦɨɡɝɨɜɨɣ ɚɪɬɟɪɢɢ.  ȼ ɫɥɭɱɚɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ 

ɩɪɨɜɟɪɤɢ ɇɋ ɞɚɧɧɵɯ ɫɧɢɦɤɨɜ ɦɵ ɜɢɞɢɦ ɪɟɡɭɥɶɬɚɬ ɜ 97-99%.  
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Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ ɧɚ ɆɊɌ ɫɧɢɦɤɚɯ ɢɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɪɚɛɨɬɚɟɬ ɭɫɩɟɲɧɨ.  ɂɡ 50 ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɨɲɢɛɥɚɫɶ ɥɢɲɶ ɨɞɢɧ ɪɚɡ. ɇɚ ɫɧɢɦɤɟ, ɤɨɬɨɪɵɣ ɨɲɢɛɨɱɧɨ ɛɵɥ 

ɨɬɧɟɫɟɬ ɤ ɤɥɚɫɫɭ «ɢɲɟɦɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ», ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɚɛɫɰɟɫɫ. Ʉɚɤ ɛɵɥɨ 

ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɜ ɧɚɛɨɪɟ ɞɚɧɧɵɯ ɞɥɹ ɨɛɭɱɟɧɢɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɥɢɲɶ 49 

ɢɡɨɛɪɚɠɟɧɢɣ ɞɚɧɧɨɝɨ ɡɚɛɨɥɟɜɚɧɢɹ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ. ɍɱɢɬɵɜɚɹ ɫɯɨɠɟɫɬɶ 

ɞɚɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɨ ɫɧɢɦɤɨɜ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɛɟɡɨɲɢɛɨɱɧɨɣ ɪɚɛɨɬɵ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ 100 ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɫɬɪɨɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɤɨɪɪɟɤɬɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɥɚ ɢɡɨɛɪɚɠɟɧɢɹ ɜ 86 ɫɥɭɱɚɹɯ. ȼ 14 ɫɥɭɱɚɹɯ 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɨɲɢɛɥɚɫɶ ɥɢɲɶ ɩɨ ɩɪɢɱɢɧɟ ɧɟɞɨɫɬɚɬɤɚ ɞɚɧɧɵɯ ɞɥɹ ɨɛɭɱɟɧɢɹ. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɫɬɪɨɟɧɧɨɣ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɫɰɟɧɚɪɢɹɦɢ ɩɪɟɞɨɛɪɚɛɨɬɤɢ 

ɫɧɢɦɤɨɜ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɭɫɩɟɲɧɨɣ ɪɚɛɨɬɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɩɪɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ.   

 

3.3 ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢя 
 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɫɨɡɞɚɧɢɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ.  

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɫɨɛɪɚɧɚ ɮɨɤɭɫ-

ɝɪɭɩɩɚ ɜɪɚɱɟɣ-ɪɚɞɢɨɥɨɝɨɜ, ɢ ɤɚɠɞɵɣ ɞɚɥ ɫɜɨɢ ɨɰɟɧɤɢ ɢ ɜɵɫɤɚɡɚɥ ɦɧɟɧɢɟ ɨ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɟ, ɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɷɬɨ 

ɹɜɥɹɟɬɫɹ ɥɢɲɧɢɦ, ɩɨɫɤɨɥɶɤɭ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ ɜɧɟɞɪɟɧɢɟ ɜ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɭɸ ɫɢɫɬɟɦɭ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ. 

ɇɚɢɛɨɥɟɟ ɜɟɫɨɦɨɣ ɩɪɢɱɢɧɨɣ ɜɵɫɬɭɩɚɟɬ ɧɚɥɢɱɢɟ ɜ ɫɭɳɟɫɬɜɭɸɳɟɦ 

ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɡɧɚɱɟɧɢɣ ɂɄȾ (ɢɡɦɟɪɹɟɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɞɢɮɮɭɡɢɢ), ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɨɦɨɳɶɸ 
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ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚ ɡɚɬɟɦ ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ ɜɢɞɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ 

ɤɚɪɬɵ, ɤɨɬɨɪɚɹ ɨɬɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɞɢɮɮɭɡɢɢ ɦɨɥɟɤɭɥ ɜɨɞɵ ɜ ɪɚɡɥɢɱɧɵɯ 

ɬɤɚɧɹɯ. ɉɨɬɨɦɭ, ɜɧɟɞɪɹɹ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɫɢɫɬɟɦɭ ɜ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɭɸ, ɦɵ 

ɞɨɛɶɟɦɫɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɩɨɹɜɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɛɭɱɚɬɶ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ, ɭɱɢɬɵɜɚɹ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ 

ɜɵɫɨɤɢɣ ɆɊ-ɫɢɝɧɚɥ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ Ⱦȼɂ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɚɬɨɥɨɝɢɱɟɫɤɢɦ 

ɨɝɪɚɧɢɱɟɧɢɟɦ ɞɢɮɮɭɡɢɢ ɧɚ ɂɄȾ ɤɚɪɬɚɯ/ɢɡɨɛɪɚɠɟɧɢɹɯ.   

Ɍɚɤɠɟ, ɪɚɡɪɚɛɚɬɵɜɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɢɥɨɠɟɧɢɟ, ɩɨɹɜɥɹɟɬɫɹ ɪɢɫɤ 

ɥɢɲɶ ɭɜɟɥɢɱɢɬɶ ɜɪɟɦɹ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ, ɩɨɫɤɨɥɶɤɭ ɜɪɚɱɭ ɧɟɨɛɯɨɞɢɦɨ 

ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɫ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɥɨɠɟɧɢɹɦɢ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 

ɫɰɟɧɚɪɢɸ: ɜɵɝɪɭɡɤɚ ɚɪɯɢɜɚ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɩɨ ɤɨɧɤɪɟɬɧɨɦɭ ɩɚɰɢɟɧɬɭ ɢɡ 

ɩɪɢɥɨɠɟɧɢɹ eFILM, ɩɨɢɫɤ ɢɡ ɞɪɭɝɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɤɚɬɚɥɨɝɚ ɫ 

ɷɤɫɩɨɪɬɢɪɨɜɚɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɚ ɬɚɤɠɟ ɢɦɩɨɪɬ ɤɨɧɤɪɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ 

ɜɫɟɣ ɫɟɪɢɢ ɜ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɫɢɫɬɟɦɭ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ 7 ɢɡ 7 

ɜɪɚɱɟɣ-ɪɚɞɢɨɥɨɝɨɜ ɨɬɦɟɬɢɥɢ, ɱɬɨ ɜ ɜɢɞɭ ɧɟɞɨɫɬɚɬɤɚ ɜɪɟɦɟɧɢ ɞɚɧɧɨɟ 

ɩɪɢɥɨɠɟɧɢɟ ɧɟ ɛɭɞɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɩɪɨɫɨɦ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɩɨɹɜɢɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɛɚɜɢɬɶ ɪɚɫɲɢɪɟɧɢɟ ɜ ɢɦɟɸɳɟɟɫɹ ɩɪɢɥɨɠɟɧɢɟ, ɷɬɨ ɭɩɪɨɫɬɢɬ 

ɡɚɞɚɱɭ ɩɨɫɬɚɧɨɜɤɢ ɞɢɚɝɧɨɡɚ, ɚ ɬɚɤɠɟ ɨɧɨ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ ɫɜɨɸ ɝɥɚɜɧɭɸ 

ɡɚɞɚɱɭ: ɩɨɞɞɟɪɠɤɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɞɢɚɝɧɨɡɚ.  
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ȼɵɜɨɞ ɩɨ 3 ɝɥɚɜɟ 
 

ȼ 3 ɝɥɚɜɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɨɦɟɧɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

ɍ ɩɨɫɬɪɨɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɟɫɬɶ ɧɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ. Ɉɫɧɨɜɧɵɦ 

ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɧɟɛɨɥɶɲɚɹ ɬɨɱɧɨɫɬɶ ɩɨ ɩɪɢɱɢɧɟ ɧɟɞɨɫɬɚɬɤɚ ɞɚɧɧɵɯ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ ɜ 10 

ɪɚɡ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɛɪɚɬɶ ɦɢɧɢɦɭɦ 500 ɫɧɢɦɤɨɜ ɧɚ ɤɚɠɞɵɣ ɨɬɞɟɥ 

ɦɨɡɝɚ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɫ 

ɬɚɤɢɦɢ ɜɢɞɚɦɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ, ɤɚɤ ɥɚɤɭɧɚɪɧɵɣ ɢ ɫɬɜɨɥɨɜɨɣ, 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɨɤɚɡɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬ ɜ ɦɟɧɟɟ ɱɟɦ 10-20%. Ɉɞɧɚɤɨ, 

ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɲɟɦɢɱɟɫɤɨɝɨ 

ɢɧɫɭɥɶɬɚ ɧɚ ɆɊɌ ɫɧɢɦɤɚɯ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨɛ ɭɫɩɟɲɧɨɣ ɪɚɛɨɬɟ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ. 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɩɨ ɬɟɦɟ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɛɵɥ 

ɜɵɛɪɚɧ ɬɚɤɨɣ ɚɥɝɨɪɢɬɦ, ɤɚɤ ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ. ɋɜёɪɬɨɱɧɚɹ 

ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ – ɫɩɟɰɢɚɥɶɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 

ɧɚɰɟɥɟɧɧɚɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ, ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 

ɬɟɯɧɨɥɨɝɢɣ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ. ɋɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɚ ɬɚɤɠɟ ɟɟ 

ɦɨɞɢɮɢɤɚɰɢɢ, ɹɜɥɹɸɬɫɹ ɥɭɱɲɢɦɢ ɩɨ ɬɨɱɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɚɥɝɨɪɢɬɦɚɦɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɟɬɶ ɫ 

ɲɟɫɬɶɸ ɫɜɟɪɬɨɱɧɵɦɢ ɫɥɨɹɦɢ ɢ ɬɪɟɦɹ ɫɭɛɞɢɫɤɬɪɟɬɢɡɢɪɭɸɳɢɦɢ ɫɥɨɹɦɢ, 

ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ ɜɯɨɞɧɨɣ ɜɟɤɬɨɪ ɩɪɢɡɧɚɤɨɜ ɞɥɹ ɞɜɭɯ ɩɨɥɧɨɫɜɹɡɧɵɯ 

ɫɥɨɟɜ. Ⱦɥɹ ɚɤɬɢɜɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɮɭɧɤɰɢɹ ReLU ɩɨɫɥɟ ɤɚɠɞɨɝɨ 

ɫɜɟɪɬɨɱɧɨɝɨ ɢ ɨɞɧɨɝɨ ɩɨɥɧɨɫɜɹɡɧɨɝɨ ɫɥɨɹ. ɉɨɫɥɟ ɩɨɫɥɟɞɧɟɝɨ ɫɥɨɹ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɧɟɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ɫɢɝɦɨɢɞ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɫɬɪɨɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɫɯɨɞɢɬɫɹ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ: 

 ɨɩɬɢɦɢɡɚɬɨɪ Adam ɫ ɩɚɪɚɦɟɬɪɚɦɢ lr=1e-5 (ɫɤɨɪɨɫɬɶ ɨɛɭɱɟɧɢɹ); 

 ɪɚɡɦɟɪ ɦɢɧɢ-ɜɵɛɨɪɤɢ ɜ 20 ɷɥɟɦɟɧɬɨɜ; 

 6 ɷɩɨɯ; 

 6 ɫɜɟɪɬɨɱɧɵɯ ɫɥɨɟɜ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ 

ɜɵɛɨɪɤɚ ɞɥɹ ɨɛɭɱɟɧɢɹ ɫɨɫɬɨɹɥɚ ɢɡ ɆɊɌ ɫɧɢɦɤɨɜ ɜ DWI ɮɨɪɦɚɬɟ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ. Ȼɵɥɢ ɜɡɹɬɵ ɫɧɢɦɤɢ ɬɟɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɞɚɠɟ ɜɪɚɱ-

ɪɚɞɢɨɥɨɝ ɫɩɨɫɨɛɟɧ ɧɟ ɨɬɥɢɱɢɬɶ ɨɬ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɚɬɨɥɨɝɢɢ: 

 ɷɧɰɟɮɚɥɢɬ; 

 ɝɥɢɨɛɥɚɫɬɨɦɚ; 

https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%80%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D1%83%D0%B1%D0%BE%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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 ɝɟɦɨɪɪɚɝɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ; 

 ɝɥɢɚɥɶɧɵɟ ɨɩɭɯɨɥɢ; 

 ɩɨɧɬɢɧɧɵɣ ɦɢɟɥɢɧɨɥɢɡ; 

 ɚɛɫɰɟɫɫ; 

 ɪɚɫɫɟɹɧɧɵɣ ɫɤɥɟɪɨɡ. 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ, ɜ ɪɚɦɤɚɯ 

ɤɨɬɨɪɨɝɨ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɛɵɥɨ ɜɡɹɬɨ 50 ɫɧɢɦɤɨɜ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɫ 

ɢɲɟɦɢɱɟɫɤɢɦ ɢɧɫɭɥɶɬɨɦ, ɚ ɬɚɤɠɟ 50 ɫɧɢɦɤɨɜ ɫ ɢɧɵɦɢ ɛɨɥɟɡɧɹɦɢ, ɩɪɢ ɷɬɨɦ 

ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɫɬɪɨɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫɩɨɫɨɛɧɚ ɪɚɫɩɨɡɧɚɬɶ 

ɢɲɟɦɢɱɟɫɤɢɣ ɢɧɫɭɥɶɬ, ɥɢɛɨ ɠɟ ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ, ɜ 86% ɫɥɭɱɚɟɜ. ɇɚ ɨɫɧɨɜɚɧɢɢ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɩɪɢɣɬɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɚɥɝɨɪɢɬɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ 

ɫɰɟɧɚɪɢɹɦɢ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɨɜ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɭɫɩɟɲɧɨɣ ɪɚɛɨɬɟ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɩɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢɲɟɦɢɱɟɫɤɨɝɨ ɢɧɫɭɥɶɬɚ. 
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CNN (ɋɇɋ) –  Convolutional Neural Network (ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ 

ɫɟɬɶ) 

DWI (Ⱦȼɂ) –  Diffusion Weighted Imaging (ɞɢɮɮɭɡɢɨɧɧɨ-

ɜɡɜɟɲɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ) 

ILSVRC-2014 – ImageNet Large Scale Visual Recognition Competition-

2014 

ML-framework – Machine Learning-framework 

MNIST – Modified National Institute of Standards and 

Technology 

PIL – Python Imaging Library 

T2 FLAIR – T2 weighted Fluid-attenuated inversion recovery  

VGG – CNN named after the Visual Geometry Group from 

Oxford 

ȼɈɁ – ȼɫɟɦɢɪɧɚɹ Ɉɪɝɚɧɢɡɚɰɢɹ Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɹ  

ɂɄȾ – ɂɡɦɟɪɹɟɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ 

ɂɇɋ – ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɄɌ – Ʉɨɦɩɶɸɬɟɪɧɚɹ ɬɨɦɨɝɪɚɮɢɹ 

ɆɊ-ɫɢɝɧɚɥ – Ɇɚɝɧɢɬɧɨ-ɪɟɡɨɧɚɧɫɧɵɣ ɫɢɝɧɚɥ 

ɆɊɌ – Ɇɚɝɧɢɬɧɨ-ɪɟɡɨɧɚɧɫɧɚɹ ɬɨɦɨɝɪɚɮɢɹ 

ɇɋ – ɇɟɣɪɨɧɧɚɹ ɫɟɬɶ 

ɋɉɉɊ – ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ 

Ɍ1 ȼɂ – Ɍ1 ɜɡɜɟɲɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ 

Ɍ2 ȼɂ – Ɍ2 ɜɡɜɟɲɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ 

ɐɇɋ – ɐɟɧɬɪɚɥɶɧɚɹ ɧɟɪɜɧɚɹ ɫɢɫɬɟɦɚ 
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