
 

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 

 
«____» ______________ 2020 ɝ. 

 
 
 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 

09.04.01.10 «ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ» 
 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ 
ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ 

 
 

 
 
 
 
 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ  ___________ ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ  Ⱥ. ȼ. ɉɹɬɚɟɜɚ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
ȼɵɩɭɫɤɧɢɤ  ___________  ȼ. ȼ. Ɉɣɧɟɰ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
Ɋɟɰɟɧɡɟɧɬ  ___________ ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ  ȼ. ȼ. ȼɞɨɜɟɧɤɨ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2020  



ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɨ ɬɟɦɟ «ɂɫɩɨɥɶɡɨ-

ɜɚɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢ-

ɬɨɪɢɹɯ» 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɇɨɪɦɨɤɨɧɬɪɨɥёɪ  ___________ ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ  Ⱥ. ȼ. ɉɹɬɚɟɜɚ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 

  



 

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 

 
«____» ______________ 2020 ɝ. 

 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
 

  



ɋɬɭɞɟɧɬɭ Ɉɣɧɟɰɭ ȼɹɱɟɫɥɚɜɭ ȼɚɥɟɪɶɟɜɢɱɭ. 

Ƚɪɭɩɩɚ Ʉɂ18-01-10Ɇ, ɧɚɩɪɚɜɥɟɧɢɟ 09.04.01 «ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢ-

ɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ», ɦɚɝɢɫɬɟɪɫɤɚɹ ɩɪɨɝɪɚɦɦɚ 09.04.01.10 «ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɢɧ-

ɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ». 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ». 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №_________ɨɬ_________. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. ȼ. ɉɹɬɚɟɜɚ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɢɧɬɟɥɥɟɤɬɚ ɂɄɂɌ ɋɎɍ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɡɚɞɚɧɢɟ ɧɚ ɦɚɝɢɫɬɟɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 

- ɜɜɟɞɟɧɢɟ,  

- ɝɨɪɨɞɫɤɢɟ ɫɰɟɧɵ ɤɚɤ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ,  

- ɜɵɛɨɪ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ,  

- ɪɟɚɥɢɡɚɰɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ,  

- ɡɚɤɥɸɱɟɧɢɟ,  

- ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.  

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɩɪɟɡɟɧɬɚɰɢɹ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧ-

ɧɵɯ ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ». 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ___________ Ⱥ. ȼ. ɉɹɬɚɟɜɚ 
  ɩɨɞɩɢɫɶ 

 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ___________  ȼ. ȼ. Ɉɣɧɟɰ 

  ɩɨɞɩɢɫɶ 

 
 

«____» ______________ 2020 ɝ. 

  



 

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 

 
«____» ______________ 2020 ɝ. 

 
 
 
 

ȽɊȺɎɂɄ 
ɇȺɉɂɋȺɇɂə ɂ ɈɎɈɊɆɅȿɇɂə 

ȼɕɉɍɋɄɇɈɃ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɈɃ ɊȺȻɈɌɕ 
ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

 

  



ɋɬɭɞɟɧɬ: Ɉɣɧɟɰ ȼɹɱɟɫɥɚɜ ȼɚɥɟɪɶɟɜɢɱ. 

Ƚɪɭɩɩɚ Ʉɂ18-01-10Ɇ, ɧɚɩɪɚɜɥɟɧɢɟ 09.04.01 «ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢ-

ɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ», ɦɚɝɢɫɬɟɪɫɤɚɹ ɩɪɨɝɪɚɦɦɚ 09.04.01.10 «ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɢɧ-

ɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ». 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ». 

Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ (ȼɄɊ) ɩɪɢɜɟ-

ɞёɧ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɨɜ ȼɄɊ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɬɚɩɚ ɋɪɨɤ ɜɵɩɨɥɧɟɧɢɹ ɉɪɢɦɟɱɚɧɢɹ 

Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɩɨɞɛɨɪ ɥɢ-
ɬɟɪɚɬɭɪɵ 

Ⱦɨ 14 ɮɟɜɪɚɥɹ 2019 ȼɵɩɨɥɧɟɧɨ 

ɋɨɫɬɚɜɥɟɧɢɟ ɩɥɚɧɚ ɪɚɛɨɬɵ ɧɚɞ ȼɄɊ Ⱦɨ 14 ɦɚɪɬɚ 2019 ȼɵɩɨɥɧɟɧɨ 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɚ ɩɪɨ-
ɜɟɪɤɭ ɩɟɪɜɨɣ ɝɥɚɜɵ 

Ⱦɨ 30 ɦɚɹ 2019 ȼɵɩɨɥɧɟɧɨ 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɚ ɩɪɨ-
ɜɟɪɤɭ ɜɬɨɪɨɣ ɝɥɚɜɵ 

Ⱦɨ 30 ɫɟɧɬɹɛɪɹ 2019 ȼɵɩɨɥɧɟɧɨ 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɧɚ ɩɪɨ-
ɜɟɪɤɭ ɬɪɟɬɶɟɣ ɝɥɚɜɵ 

Ⱦɨ 29 ɞɟɤɚɛɪɹ 2019 ȼɵɩɨɥɧɟɧɨ 

Ⱦɨɪɚɛɨɬɤɚ ȼɄɊ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭ-
ɱɟɧɧɵɦɢ ɡɚɦɟɱɚɧɢɹɦɢ 

Ⱦɨ 15 ɚɩɪɟɥɹ 2020 ȼɵɩɨɥɧɟɧɨ 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɚ ɢ ɩɨɞɝɨ-
ɬɨɜɤɚ ɩɪɟɡɟɧɬɚɰɢɢ ɞɥɹ ɡɚɳɢɬɵ 

Ⱦɨ 1 ɢɸɧɹ 2020 ȼɵɩɨɥɧɟɧɨ 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɬɟɡɢɫɨɜ 
ɞɨɤɥɚɞɚ ɢ ɩɪɟɡɟɧɬɚɰɢɢ 

Ⱦɨ 15 ɢɸɧɹ 2020 ȼɵɩɨɥɧɟɧɨ 

ɉɪɨɯɨɠɞɟɧɢɟ ɧɨɪɦɨɤɨɧɬɪɨɥɹ Ⱦɨ 19 ɢɸɧɹ 2020 ȼɵɩɨɥɧɟɧɨ 

Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɨɬɡɵɜɨɦ ɢ ɪɟɰɟɧɡɢɟɣ Ⱦɨ 1 ɢɸɥɹ 2020 ȼɵɩɨɥɧɟɧɨ 

Ɂɚɜɟɪɲɟɧɢɟ ȼɄɊ ɤ ɡɚɳɢɬɟ ɫ ɭɱёɬɨɦ ɨɬ-
ɡɵɜɚ ɢ ɪɟɰɟɧɡɢɢ 

Ⱦɨ 8 ɢɸɥɹ 2020  

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ___________ Ⱥ. ȼ. ɉɹɬɚɟɜɚ 
  ɩɨɞɩɢɫɶ 

 
ɋɬɭɞɟɧɬ ɝɪɭɩɩɵ Ʉɂ18-01-10Ɇ ___________  ȼ. ȼ. Ɉɣɧɟɰ 

  ɩɨɞɩɢɫɶ 

  



Ɋɟɮɟɪɚɬ 

 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɣɪɨɧ-

ɧɵɯ ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ» ɫɨɞɟɪ-

ɠɢɬ 46 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 29 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ, 30 ɢɫɩɨɥɶɡɨ-

ɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɪɨɛɥɟɦɚ — ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, ɢɦɟɸɳɢɯ ɨɬɧɨɲɟɧɢɟ ɤ ɞɨɪɨɠɧɨɦɭ 

ɞɜɢɠɟɧɢɸ, ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɝɨɪɨɞɫɤɢɟ ɫɰɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɨɛɴɟɤɬɵ ɯɚɪɚɤɬɟɪ-

ɧɵɯ ɤɥɚɫɫɨɜ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɚɥɝɨɪɢɬɦɵ ɢ ɧɟɣɪɨɫɟɬɟɜɵɟ ɚɪɯɢɬɟɤɬɭɪɵ, ɩɪɟɞ-

ɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ. 

ɇȿɃɊɈɇɇɕȿ ɋȿɌɂ, ɇȺȻɈɊ ȾȺɇɇɕɏ, ȽɈɊɈȾɋɄɂȿ ɋɐȿɇɕ, 
ɈȻɍɑȿɇɂȿ, ɄɈɆɉɖɘɌȿɊɇɈȿ ɁɊȿɇɂȿ, ɊȺɋɉɈɁɇȺȼȺɇɂȿ ɈȻɔȿɄ-
ɌɈȼ, ɄɅȺɋɋɂɎɂɄȺɐɂə. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɜɨɡɪɚɫɬɚɸɳɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɫɬɟɦ, 

ɧɭɠɞɚɸɳɢɯɫɹ ɜ ɜɨɫɩɪɢɹɬɢɢ ɨɤɪɭɠɚɸɳɟɣ ɝɨɪɨɞɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɢ ɤɥɚɫɫɢɮɢɤɚ-

ɰɢɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɨɛɴɟɤɬɨɜ. ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɛɭɞɟɬ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

ɂɫɯɨɞɹ ɢɡ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɜɵɹɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɢɧɬɟɪɟɫɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɧɚ ɝɨɪɨɞɫɤɢɯ ɫɰɟɧɚɯ, 

 ɜɵɛɨɪ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, 

 ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɛɪɚɧɧɵɯ 

ɪɟɲɟɧɢɣ. 
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ȼɜɟɞɟɧɢɟ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫ ɪɚɡɜɢɬɢɟɦ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɵɟ 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɜɫё ɱɚɳɟ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ ɨɤɪɭɠɚɸɳɟɣ ɝɨɪɨɞɫɤɨɣ 

ɨɛɫɬɚɧɨɜɤɢ ɱɟɪɟɡ ɫɟɝɦɟɧɬɚɰɢɸ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɨɛɴɟɤɬɨɜ. ɗɬɨ 

ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɤɬɵ, ɫ ɤɨɬɨɪɵɦɢ ɦɵ ɢɦɟɟɦ ɞɟɥɨ ɧɚ ɞɨɪɨɝɚɯ ɢ ɜɨɤɪɭɝ ɧɢɯ – ɬɚɤɢɟ 

ɤɚɤ ɪɚɡɥɢɱɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɩɟɲɟɯɨɞɵ, ɞɨɪɨɠɧɵɟ ɡɧɚɤɢ, ɞɨɪɨɠɧɨɟ 

ɩɨɥɨɬɧɨ, ɬɪɨɬɭɚɪɵ, ɢ ɩɪɨɱɟɟ.  

ɉɪɢɱɢɧɨɣ ɩɨɩɭɥɹɪɧɨɫɬɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɫɩɨɫɨɛɧɵ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɹɜɢɬɶ ɧɭɠɧɭɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ 

ɧɚɛɨɪɚ ɞɚɧɧɵɯ. Ɉɛɧɚɪɭɠɟɧɢɟ ɨɛɴɟɤɬɚ – ɷɬɨ ɩɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɥɚɫɫɚ, ɤ ɤɨ-

ɬɨɪɨɦɭ ɩɪɢɧɚɞɥɟɠɢɬ ɨɛɴɟɤɬ, ɢ ɨɰɟɧɤɢ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɚ ɩɭɬɟɦ ɜɵɜɨɞɚ 

ɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɜɨɤɪɭɝ ɨɛɴɟɤɬɚ. Ɉɛɧɚɪɭɠɟɧɢɟ ɨɛɴɟɤɬɚ ɹɜɥɹ-

ɟɬɫɹ ɝɥɚɜɧɵɦ ɲɚɝɨɦ ɜ ɥɸɛɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ ɜɢɡɭɚɥɶɧɨɦɭ ɪɚɫɩɨɡɧɚɜɚɧɢɸ. 

Ⱦɥɹ ɝɥɭɛɨɤɨɝɨ ɨɛɭɱɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɛɨɥɶɲɨɦ ɦɚɫɫɢɜɟ ɞɚɧ-

ɧɵɯ. Ɉɛɴёɦɧɵɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠ-

ɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ, ɚ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɟ-

ɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɧɭɠɞɚɸɬɫɹ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧ-

ɧɵɯ ɞɥɹ ɨɛɭɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɛɵɥɢ ɫɨɡɞɚɧɵ ɪɚɡɥɢɱɧɵɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɭ ɚɥɝɨɪɢɬɦɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɢ, ɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨ, ɢɝɪɚɸɬ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɑɬɨɛɵ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɢɦɟɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɢɫɤɨɦɵɣ 

ɨɛɴɟɤɬ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɫɹ ɟё ɨɛɭɱɟɧɢɟ ɧɚ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɯ 

ɩɪɢɦɟɪɵ ɢɡɨɛɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɭɟɬɫɹ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ. ɇɚɛɨɪɵ ɞɚɧɧɵɯ 

ɬɚɤɠɟ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɫɢɫɬɟɦ ɧɚɜɢɝɚɰɢɢ 

ɦɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. ɉɪɢɦɟɧɹɟɦɵɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɦɨɝɭɬ ɛɵɬɶ ɨɱɟɧɶ ɪɚɡɧɨɨɛ-

ɪɚɡɧɵɦɢ ɩɨ ɯɚɪɚɤɬɟɪɭ ɜɤɥɸɱɚɟɦɵɯ ɢɡɨɛɪɚɠɟɧɢɣ.  

ȼ ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɪɚɡɥɢɱɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ – ɧɚɩɪɢɦɟɪ, YOLO, SSD, Faster R-CNN, RFCN, MobileNet. ȼɫɟ 

ɨɧɢ ɧɭɠɞɚɸɬɫɹ ɜ ɢɧɫɬɪɭɦɟɧɬɚɯ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ, ɩɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɸɬɫɹ ɬɚɤɠɟ 
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ɪɚɡɥɢɱɧɵɟ ɮɪɟɣɦɜɨɪɤɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɧɢɦɢ. Ɉɧɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɪɚɡɧɵɟ ɢɧɬɟɪ-

ɮɟɣɫɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɸɬ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɚɪɯɢɬɟɤɬɭɪ. 

ɇɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɮɪɟɣɦɜɨɪɤɢ, ɤɚɤ Keras, Tensorflow, PyTorch. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɡɚɞɚɱ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɩɟɰɢɚɥɶɧɨɫɬɢ ɜ ɩɟɪɟɱɧɟ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɚɬɬɟɫɬɚɰɢɨɧɧɨɣ ɤɨɦɢɫ-

ɫɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ȼȺɄ ɊɎ) – 05.13.17 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɢɧɮɨɪ-

ɦɚɬɢɤɢ, ɩ. 7 (Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ, ɮɢɥɶɬɪɚɰɢɢ, ɪɚɫɩɨɡɧɚ-

ɜɚɧɢɹ ɢ ɫɢɧɬɟɡɚ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɟɲɚɸɳɢɯ ɩɪɚɜɢɥ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɡɧɚɧɢɹ). 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧ-

ɧɵɯ ɫɟɬɟɣ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɜɵɹɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɢɧɬɟɪɟɫɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɧɚ ɝɨɪɨɞɫɤɢɯ ɫɰɟɧɚɯ (ɜɵ-

ɞɟɥɟɧɢɟ ɤɥɚɫɫɨɜ); 

- ɜɵɛɨɪ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢ ɮɪɟɣɦɜɨɪɤɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ; 

- ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɛɪɚɧ-

ɧɵɯ ɪɟɲɟɧɢɣ. 
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1 Ƚɨɪɨɞɫɤɢɟ ɫɰɟɧɵ ɤɚɤ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɋɟɦɚɧɬɢɱɟɫɤɨɟ ɩɨɧɢɦɚɧɢɟ ɝɨɪɨɞɫɤɨɣ ɫɰɟɧɵ ɩɟɪɟɫɬɚɥɨ ɜɨɫɩɪɢɧɢɦɚɬɶɫɹ 

ɤɚɤ ɧɟɞɨɫɬɢɠɢɦɚɹ ɰɟɥɶ, ɢ ɧɚ ɷɬɨɦ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɦɧɨɝɢɟ ɩɨɫɥɟɞɧɢɟ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹ ɜ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ, ɜɤɥɸɱɚɸɳɢɟ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɫɥɨɠɧɵɯ ɭɥɢɱɧɵɯ ɫɰɟɧ, ɜ 

ɪɚɡɥɢɱɧɵɯ ɝɨɪɨɞɚɯ.  

ȼɵɛɢɪɚɹ ɩɨɞɯɨɞ ɤ ɦɚɪɤɢɪɨɜɤɟ ɩɨɥɭɱɟɧɧɵɯ ɝɨɪɨɞɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɨɩɪɟ-

ɞɟɥɹɸɬ ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɢɡɭɚɥɶɧɵɯ ɤɥɚɫɫɨɜ ɞɥɹ ɚɧɧɨɬɚɰɢɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɛɵɬɶ ɫɝɪɭɩɩɢɪɨɜɚɧɵ, ɧɚɩɪɢɦɟɪ, ɜ ɬɚɤɢɟ ɤɚɬɟɝɨɪɢɢ: ɩɥɨɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɨɧ-

ɫɬɪɭɤɰɢɹ, ɩɪɢɪɨɞɧɵɣ ɨɛɴɟɤɬ, ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ, ɧɟɛɨ, ɱɟɥɨɜɟɤ, ɠɢɜɨɬɧɨɟ, 

ɩɭɫɬɨɬɚ. [1] Ʉɥɚɫɫɵ ɜɵɛɢɪɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɢɯ ɱɚɫɬɨɬɵ ɩɨɩɚɞɚɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟ-

ɧɢɹ, ɚɤɬɭɚɥɶɧɨɫɬɢ, ɭɞɨɛɫɬɜɚ ɜɵɩɨɥɧɟɧɢɹ ɚɧɧɨɬɚɰɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫ ɞɪɭɝɢɦɢ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɧɚɛɨɪɚɦɢ ɞɚɧɧɵɯ. ɋɥɢɲɤɨɦ ɪɟɞɤɢɟ 

ɤɥɚɫɫɵ ɢɫɤɥɸɱɚɸɬɫɹ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. 

ȼ ɪɚɛɨɬɟ [2] ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɢɧɚɞɥɟɠɚɥɨ ɪɚɣɨɧɭ ɧɟɤɨɬɨ-

ɪɨɝɨ ɝɨɪɨɞɚ, ɟɫɥɢ ɱɢɫɥɟɧɧɨɫɬɶ ɟɝɨ ɧɚɫɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ ≥ 50000, ɜ ɩɪɨɬɢɜɧɨɦ 

ɫɥɭɱɚɟ – ɨɬɧɨɫɢɥɨɫɶ ɤ ɫɟɥɶɫɤɨɣ ɦɟɫɬɧɨɫɬɢ.  

ɑɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɨɬɛɢɪɚɸɬɫɹ ɢɡɨɛɪɚɠɟ-

ɧɢɹ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɪɚɡɥɢɱɧɵɟ ɜɪɟɦɟɧɚ ɝɨɞɚ, ɪɚɡɥɢɱɧɵɟ ɩɨɝɨɞɧɵɟ ɭɫɥɨɜɢɹ (ɫɨɥ-

ɧɟɱɧɚɹ, ɞɨɠɞɥɢɜɚɹ, ɨɛɥɚɱɧɚɹ, ɬɭɦɚɧɧɚɹ ɢɥɢ ɫɧɟɠɧɚɹ ɩɨɝɨɞɚ), ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ 

ɭɫɥɨɜɢɹ ɨɫɜɟɳɟɧɢɹ (ɧɚ ɪɚɫɫɜɟɬɟ, ɜ ɫɭɦɟɪɤɚɯ ɢɥɢ ɧɨɱɶɸ).  

ɂɡɨɛɪɚɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦɢ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɢ ɚɧɧɨɬɢɪɨ-

ɜɚɧɢɹ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɧɢ ɫɨɞɟɪɠɚɬ: 

- ɧɟɫɤɨɥɶɤɨ ɤɥɚɫɫɨɜ ɨɛɴɟɤɬɨɜ,  

- ɧɟɫɤɨɥɶɤɨ ɨɛɴɟɤɬɨɜ, ɨɬɧɟɫёɧɧɵɯ ɤ ɤɚɤɨɦɭ-ɬɨ ɢɡ ɤɥɚɫɫɨɜ,  

- ɨɛɴɟɤɬɵ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɤ ɪɟɞɤɢɦ ɤɥɚɫɫɚɦ. 

Ʉɨɝɞɚ ɢɡɨɛɪɚɠɟɧɢɹ ɨɬɨɛɪɚɧɵ ɞɥɹ ɚɧɧɨɬɢɪɨɜɚɧɢɹ, ɢɯ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɵɞɟɥɟɧɢɹ ɧɚ ɧɢɯ ɧɚɢɛɨɥɟɟ ɞɚɥёɤɢɯ ɨɬ ɬɨɱɤɢ ɫɴёɦɤɢ ɤɥɚɫɫɨɜ ɫ ɩɨ-



 

6 

 

ɫɥɟɞɭɸɳɢɦ ɩɪɢɛɥɢɠɟɧɢɟɦ. ɉɪɢ ɚɧɧɨɬɢɪɨɜɚɧɢɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɧɚɱɢɧɚɬɶ ɫ ɤɥɚɫ-

ɫɨɜ ɨɛɴɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɡɚɞɢ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɚɧɧɨɬɢɪɨɜɚɧɢɟ ɨɛɵɱɧɨ 

ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɟɛɚ (ɧɚɢɛɨɥɟɟ ɭɞɚɥɟɧɧɵɣ ɤɥɚɫɫ ɨɬ ɰɟɧɬɪɚ ɤɚɦɟɪɵ) ɢ ɩɨɫɬɟɩɟɧɧɨ 

ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɩɟɪɟɞɧɟɦɭ ɩɥɚɧɭ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɛɨ ɦɨɠɟɬ ɛɵɬɶ ɚɧɧɨɬɢɪɨ-

ɜɚɧɨ ɨɞɧɢɦ ɦɧɨɝɨɭɝɨɥɶɧɢɤɨɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɦɨɝɭɬ ɩɪɢ-

ɫɭɬɫɬɜɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɨɛɥɚɫɬɟɣ. ɗɬɨ ɞɚёɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɜɢɞɟ ɬɨɝɨ, ɱɬɨ ɨɛɥɚ-

ɫɬɢ, ɩɟɪɟɤɪɵɜɚɟɦɵɟ ɨɛɴɟɤɬɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɛɥɢɠɟ ɤ ɤɚɦɟɪɟ, ɦɨɝɭɬ ɛɵɬɶ 

ɧɚɪɢɫɨɜɚɧɵ ɛɵɫɬɪɟɟ, ɢ ɢɯ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɜ ɫɥɭɱɚɟ ɭɬɨɱɧɟɧɢɹ 

ɦɚɪɤɢɪɨɜɤɢ ɨɛɴɟɤɬɨɜ ɩɟɪɟɞɧɟɝɨ ɩɥɚɧɚ. 

 

1.1 ɇɚɛɨɪɵ ɞɚɧɧɵɯ ɨ ɬɢɩɚɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 

 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɬɢɩɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɢɡɧɚёɬɫɹ ɤɥɸɱɟɜɨɣ ɬɟɯɧɨ-

ɥɨɝɢɟɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɞɨɪɨɠɧɵɦ ɞɜɢɠɟɧɢɟɦ, ɩɨɷɬɨɦɭ 

ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɩɨ ɬɢɩɚɦ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɱɚɫɬɶɸ ɢɧɬɟɥ-

ɥɟɤɬɭɚɥɶɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ [3], [4]. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢɦɟɧɹɸɬɫɹ 

ɧɚɛɨɪɵ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɧɚ ɩɨɩɭ-

ɥɹɪɧɵɟ ɬɢɩɵ, ɬɚɤɢɟ ɤɚɤ ɥɟɝɤɨɜɨɣ ɚɜɬɨɦɨɛɢɥɶ, ɦɢɤɪɨɚɜɬɨɛɭɫ, ɦɨɬɨɰɢɤɥ, ɝɪɭɡɨɜɢɤ 

ɢ ɞɪ. ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ Stanford Car Dataset [5], Caltech 

[6]. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ, ɚ ɢɧɨɝɞɚ ɢ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɛɨɪɨɜ ɞɚɧ-

ɧɵɯ ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ [3], [7]. 

 

1.2 ɇɚɛɨɪɵ ɞɚɧɧɵɯ ɨ ɞɨɪɨɠɧɵɯ ɡɧɚɤɚɯ 

 

ɇɟ ɦɟɧɟɟ ɜɚɠɧɨɣ ɮɭɧɤɰɢɟɣ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦɚɯ ɹɜ-

ɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɬɶ ɞɨɪɨɠɧɵɟ ɡɧɚɤɢ [8], [9]. ɋɢɫɬɟɦɵ ɪɚɫɩɨɡɧɚɜɚ-

ɧɢɹ ɞɨɪɨɠɧɵɯ ɡɧɚɤɨɜ ɩɪɟɞɥɚɝɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɨɦɨɳɶ ɜɨɞɢɬɟɥɸ, ɩɪɟɞɭɩɪɟ-

ɠɞɚɹ ɨ ɧɚɥɢɱɢɢ ɬɚɤɢɯ ɡɧɚɤɨɜ ɧɚ ɞɨɪɨɝɟ. Ɍɚɤ ɫɧɢɠɚɸɬɫɹ ɪɢɫɤɢ ɜ ɫɢɬɭɚɰɢɹɯ ɨɬɜɥɟ-

ɱɟɧɢɹ ɜɧɢɦɚɧɢɹ ɜɨɞɢɬɟɥɹ, ɟɝɨ ɭɫɬɚɥɨɫɬɢ, ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɢɥɢ ɩɥɨɯɢɯ 

ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ. ȼɫё ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ. 
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Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟ-

ɰɢɚɥɶɧɵɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɯ ɢɡɨɛɪɚɠɟɧɢɹ ɞɨɪɨɠɧɵɯ ɡɧɚɤɨɜ– ɬɚɤɢɟ, 

ɤɚɤ German Traffic Sign Recognition Benchmark [10], German Traffic Sign Detection 

Benchmark [11], Belgium Traffic Sign Classification [12]. 

 

1.3 ɇɚɛɨɪɵ ɞɚɧɧɵɯ ɫ ɨɛɴɟɤɬɚɦɢ ɜ ɫɥɨɠɧɵɯ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɹɯ 

 

Ɋɚɡɪɚɛɨɬɚɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 

ɧɚ ɜɢɞɟɨɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɬɤɪɵɬɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɜ ɫɥɨɠɧɵɯ ɩɨɝɨɞɧɵɯ 

ɭɫɥɨɜɢɹɯ [13]. ɉɨɞ ɫɥɨɠɧɵɦɢ ɩɨɝɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɨɧɢɦɚɸɬ ɩɪɢɫɭɬɫɬɜɢɟ ɬɭ-

ɦɚɧɚ ɢɥɢ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ, ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɨɫɜɟɳɟɧɧɨɫɬɶ ɢ ɩɪ. ɇɚɛɨɪ ɞɚɧ-

ɧɵɯ FROSI Database (Foggy ROad Sign Images) [14] ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɛɨɬɵ 

ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɞɚɥɶɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɬɭ-

ɦɚɧɚ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɩɨɧɢɠɟɧɧɨɣ 

ɨɫɜɟɳɟɧɧɨɫɬɢ ɞɥɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɬɪɟɛɭɸɬɫɹ ɛɨɥɶɲɢɟ ɨɛɴёɦɵ ɨɛɭɱɚɸɳɢɯ ɞɚɧ-

ɧɵɯ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɫɜɟɳɟɧɢɹ. 

 

1.4 ɇɚɛɨɪɵ ɞɚɧɧɵɯ ɫ ɨɛɴɟɤɬɚɦɢ ɜ NIR-ɞɢɚɩɚɡɨɧɟ 

 

ȼ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɫɜɟɳɟɧɢɹ, ɨɛɧɚɪɭɠɢɬɶ ɧɟ ɭɞɚɥɨɫɶ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɝɨ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɡɚɞɚɱɚ ɩɨ ɫɛɨɪɭ ɢ ɩɨɞɝɨɬɨɜɤɟ ɬɚɤɢɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɟɤɨɬɨɪɭɸ ɫɥɨɠɧɨɫɬɶ. ȼɨɡɦɨɠɧɵɦ ɜɵɯɨɞɨɦ ɢɡ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɜɢɞɢɦɨɦ ɢ ɛɥɢɠɧɟɦ ɢɧɮɪɚɤɪɚɫɧɨɦ 

(NIR-ɢɡɨɛɪɚɠɟɧɢɹ) ɞɢɚɩɚɡɨɧɟ ɫɩɟɤɬɪɚ [15]. NIR-ɢɡɨɛɪɚɠɟɧɢɟ ɦɟɧɟɟ ɱɭɜɫɬɜɢ-

ɬɟɥɶɧɨ ɤ ɢɡɦɟɧɟɧɢɸ ɭɫɥɨɜɢɣ ɨɫɜɟɳɟɧɧɨɫɬɢ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ NIR-ɢɡɨɛɪɚɠɟɧɢ-

ɹɦɢ, ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɜɢɞɢɦɨɦ ɫɜɟɬɟ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɞɟɬɚɥɢɡɚɰɢɸ ɨɛɴɟɤ-

ɬɨɜ. ɉɨɷɬɨɦɭ ɢɦɟɟɬ ɫɦɵɫɥ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɜɦɟɫɬɧɨ ɤɚɤ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɜɢɞɢɦɨɦ 

ɫɜɟɬɟ, ɬɚɤ ɢ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɛɥɢɠɧɟɦ ɢɧɮɪɚɤɪɚɫɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɱɬɨɛɵ ɪɟɲɢɬɶ 

ɩɪɨɛɥɟɦɭ ɢɡɦɟɧɟɧɢɹ ɨɫɜɟɳɟɧɧɨɫɬɢ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɫɨɯɪɚɧɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɨ 
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ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɜɢɞɢɦɨɦ ɫɜɟɬɟ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɧɚɛɨɪɵ ɞɚɧɧɵɯ ɤɚɤ ɜ ɜɢɞɢɦɨɦ ɫɜɟɬɟ, ɬɚɤ ɢ ɫɞɟɥɚɧɧɵɟ ɜ ɛɥɢɠɧɟɦ ɢɧɮɪɚɤɪɚɫɧɨɦ 

ɞɢɚɩɚɡɨɧɟ (CASIA NIR [16], PolyU NIR [17], HIT LAB2 [18]). 

 

1.5 ɉɨɞɯɨɞ ɤ ɚɧɧɨɬɢɪɨɜɚɧɢɸ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ 

 

ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɪɢ ɨɛɭɱɟɧɢɢ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɚɧɧɨɬɢɪɨɜɚɧɢɟ (ɢɥɢ ɦɚɪɤɢɪɨɜɤɚ) ɢɡɨɛɪɚɠɟɧɢɣ. Ʌɸɛɚɹ 

ɨɲɢɛɤɚ ɢɥɢ ɧɟɬɨɱɧɨɫɬɶ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɦɨɠɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɤɚɱɟɫɬɜɨ 

ɧɚɛɨɪɚ ɞɚɧɧɵɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɨɞɟɥɢ ɦɨɠɟɬ ɛɵɬɶ 

ɫɢɥɶɧɨ ɡɚɧɢɠɟɧɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɜɚɪɢɚɧɬɚ ɚɧɧɨɬɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ: ɪɭɱɧɨɟ, ɩɨɥɭɚɜɬɨɦɚɬɢɱɟ-

ɫɤɨɟ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɚɧɧɨɬɢɪɨɜɚɧɢɟ. Ɍɚɤɢɟ ɞɚɧɧɵɟ, ɤɚɤ ɢɡɨɛɪɚɠɟɧɢɟ ɚɜɬɨɦɨ-

ɛɢɥɹ, ɝɨɥɨɫ ɢ ɬɟɤɫɬ, ɨɛɵɱɧɨ ɦɚɪɤɢɪɭɸɬɫɹ ɪɚɛɨɱɢɦɢ ɝɪɭɩɩɚɦɢ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ. 

Ⱦɥɹ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɥɢ ɞɥɹ ɚɧɧɨɬɢɪɨɜɚɧɢɹ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ, ɩɪɢɦɟ-

ɧɹɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɧɚɩɪɢɦɟɪ, ɬɟɯɧɨɥɨɝɢɹ VDL (virtual detections 

line-based methods) [19]. ɉɪɢ ɪɟɲɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɡɚɞɚɱ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɚɧɧɨɬɢ-

ɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɪɨɰɟɫɫɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɫɤɨɦɨɝɨ ɪɟ-

ɡɭɥɶɬɚɬɚ. ȼ ɫɬɚɬɶɟ [20] ɪɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɞɨɪɨɠɧɵɦ ɞɜɢɠɟɧɢɟɦ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɢɡɜɟɫɬɧɵɯ ɪɟɲɟɧɢɣ, ɞɥɹ ɨɛɧɚ-

ɪɭɠɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɢɥɢ ɤɪɢɬɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɣ ɜ ɧёɦ ɢɫɩɨɥɶ-

ɡɭɟɬɫɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɫɢɥɟɧɢɟɦ ɧɚ ɨɫɧɨɜɟ ɧɟɫɤɨɥɶɤɢɯ ɤɚɞɪɨɜ 

ɜɢɞɟɨɩɨɬɨɤɚ ɢ ɚɥɝɨɪɢɬɦɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɚɧɧɨɬɚɰɢɢ. 

 

1.6 ȼɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɵ ɧɚɛɨɪɚ ɞɚɧɧɵɯ 

 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɜɨɩɪɨɫɚ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɨɞɟɪɠɚɧɢɟ ɧɚɛɨɪɚ ɞɚɧɧɵɯ, ɧɨ ɢ ɟɝɨ ɫɬɪɭɤɬɭɪɚ. ɇɚɩɪɢ-

ɦɟɪ, ɜ ɫɬɚɬɶɟ [21] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɚɧɧɨɬɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚɛɨɪɚ 
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ɞɚɧɧɵɯ ɜɥɢɹɟɬ ɧɚ ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɶɸ. Ȼɵɥɢ ɜɵɛɪɚɧɵ ɬɪɢ ɥɭɱɲɢɯ ɢ ɬɪɢ ɯɭɞɲɢɯ ɤɥɚɫɫɚ ɩɨ ɫɪɟɞɧɟɣ ɬɨɱɧɨɫɬɢ ɨɛ-

ɧɚɪɭɠɟɧɢɹ. ɍɱɢɬɵɜɚɥɢɫɶ ɬɚɤɠɟ ɩɥɨɳɚɞɢ ɨɛɴɟɤɬɨɜ ɢ ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɢɡɨɛɪɚɠɟ-

ɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ ɩɥɨɳɚɞɢ ɪɚɫ-

ɩɨɡɧɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɫɪɟɞɧɹɹ ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɶɸ ɫɧɢɠɚɥɚɫɶ, 

ɚ ɤɨɥɢɱɟɫɬɜɨ ɧɟɪɚɫɩɨɡɧɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɭɜɟɥɢɱɢɜɚɥɨɫɶ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɛɵɜɚɸɬ ɫɜɹɡɚɧɵ 

ɫ ɧɚɥɢɱɢɟɦ ɜ ɧɚɛɨɪɟ ɞɚɧɧɵɯ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɧɧɨɬɢɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɟ-

ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ. 
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2 ȼɵɛɨɪ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢ-
ɤɚɰɢɢ 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɵ ɩɨɩɭɥɹɪɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɪɚɡ-

ɪɚɛɨɬɚɧɧɵɯ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɪɚɫɫɦɨɬɪɟɧɵ ɢɯ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɫɞɟɥɚɧ ɜɵɛɨɪ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɢ. 

ȼ ɩɪɚɤɬɢɤɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɚɪɹɞɭ ɫ ɫɚɦɨɫɬɨɹ-

ɬɟɥɶɧɵɦɢ ɚɪɯɢɬɟɤɬɭɪɚɦɢ ɜɫɬɪɟɱɚɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɦɟɬɚ-ɚɪɯɢɬɟɤɬɭɪɵ», ɤɨ-

ɝɞɚ ɨɞɧɢ ɚɪɯɢɬɟɤɬɭɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɩɪɢɡɧɚɤɨɜ, ɫɨɱɟɬɚɸɬɫɹ ɫ 

ɞɪɭɝɢɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɢɡɭɱɚɸɬɫɹ ɤɨɦɩɪɨɦɢɫɫɵ 

ɦɟɠɞɭ ɬɨɱɧɨɫɬɶɸ ɢ ɫɤɨɪɨɫɬɶɸ ɪɚɛɨɬɵ ɜ ɪɚɡɧɵɯ ɦɟɬɚ-ɚɪɯɢɬɟɤɬɭɪɚɯ, ɛɥɨɤɚɯ ɢɡ-

ɜɥɟɱɟɧɢɹ ɩɪɢɡɧɚɤɨɜ. ɇɚɩɪɢɦɟɪ, ɜɵɛɨɪ ɛɥɨɤɚ ɢɡɜɥɟɱɟɧɢɹ ɩɪɢɡɧɚɤɨɜ ɫɢɥɶɧɨ ɢɡɦɟ-

ɧɹɟɬ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚ-ɚɪɯɢɬɟɤɬɭɪɚɯ. 

 

2.1 Faster R-CNN ResNet101 

 

ɋɭɳɟɫɬɜɭɟɬ cɟɪɢɹ ɚɪɯɢɬɟɤɬɭɪ ɧɚ ɨɫɧɨɜɟ R-CNN (Regions with Convolution 

Neural Networks features), ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ R-CNN, Fast R-CNN, Faster R-CNN 

[22]. Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɡɦɚ Region 

Proposal Network (RPN) ɜɵɞɟɥɹɸɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɟ ɪɟɝɢɨɧɵ (bounding boxes). 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɜɦɟɫɬɨ RPN ɩɪɢɦɟɧɹɥɫɹ ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɣ ɦɟɯɚɧɢɡɦ Selective 

Search. Ɂɚɬɟɦ ɜɵɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɧɵɟ ɪɟɝɢɨɧɵ ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞ ɨɛɵɱɧɨɣ 

ɧɟɣɪɨɫɟɬɢ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. ȼ ɚɪɯɢɬɟɤɬɭɪɟ R-CNN ɟɫɬɶ ɹɜɧɵɟ ɰɢɤɥɵ «for» ɩɟ-

ɪɟɛɨɪɚ ɩɨ ɨɝɪɚɧɢɱɟɧɧɵɦ ɪɟɝɢɨɧɚɦ, ɜɫɟɝɨ ɞɨ 2000 ɩɪɨɝɨɧɨɜ ɱɟɪɟɡ ɜɧɭɬɪɟɧɧɸɸ 

ɫɟɬɶ AlexNet. ɂɡ-ɡɚ ɹɜɧɵɯ ɰɢɤɥɨɜ «for» ɡɚɦɟɞɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚ-

ɠɟɧɢɣ. Ʉɨɥɢɱɟɫɬɜɨ ɹɜɧɵɯ ɰɢɤɥɨɜ, ɩɪɨɝɨɧɨɜ ɱɟɪɟɡ ɜɧɭɬɪɟɧɧɸɸ ɧɟɣɪɨɫɟɬɶ, 

ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɤɚɠɞɨɣ ɧɨɜɨɣ ɜɟɪɫɢɟɣ ɚɪɯɢɬɟɤɬɭɪɵ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɹɬɫɹ ɞɟɫɹɬɤɢ 

ɞɪɭɝɢɯ ɢɡɦɟɧɟɧɢɣ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 2.1 – Ⱥɪɯɢɬɟɤɬɭɪɚ Faster R-CNN 

 

ResNet — ɷɬɨ ɫɨɤɪɚɳɟɧɧɨɟ ɧɚɡɜɚɧɢɟ ɞɥɹ Residual Network (ɞɨɫɥɨɜɧɨ – 

«ɨɫɬɚɬɨɱɧɚɹ ɫɟɬɶ») [23]. Ɉɫɧɨɜɧɨɣ ɷɥɟɦɟɧɬ ResNet – Residual-ɛɥɨɤ (ɨɫɬɚɬɨɱɧɵɣ 

ɛɥɨɤ) ɫ shortcut-ɫɨɟɞɢɧɟɧɢɟɦ, ɱɟɪɟɡ ɤɨɬɨɪɨɟ ɞɚɧɧɵɟ ɩɪɨɯɨɞɹɬ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. 

Res-ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɫɤɨɥɶɤɨ ɫɜёɪɬɨɱɧɵɯ ɫɥɨёɜ ɫ ɚɤɬɢɜɚɰɢɹɦɢ, ɤɨɬɨ-

ɪɵɟ ɩɪɟɨɛɪɚɡɭɸɬ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ x ɜ F(x). Shortcut-ɫɨɟɞɢɧɟɧɢɟ — ɷɬɨ ɬɨɠɞɟ-

ɫɬɜɟɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ x → x. 
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Ɋɢɫɭɧɨɤ 2.2 – Ȼɚɡɨɜɵɣ ɷɥɟɦɟɧɬ ɚɪɯɢɬɟɤɬɭɪɵ ResNet 

 

2.2 RFCN ResNet101 

 

ɇɚɡɜɚɧɢɟ ɨɡɧɚɱɚɟɬ Region-based Fully Convolutional Network [24]. 

ɗɬɨ ɦɟɬɨɞ, ɜ ɤɨɬɨɪɨɦ ɪɚɡɪɚɛɨɬɱɢɤɢ ɨɬɤɚɡɚɥɢɫɶ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɪɟɫɭɪɫɨёɦ-

ɤɢɯ ɩɨɞɫɟɬɟɣ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɨɬɞɟɥɶɧɵɯ ɪɟɝɢɨɧɨɜ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɬɧɢ ɪɚɡ ɧɚ ɤɚɠ-

ɞɨɣ ɤɚɪɬɢɧɤɟ. Ɂɞɟɫɶ ɞɟɬɟɤɬɨɪ ɩɨ ɪɟɝɢɨɧɚɦ ɩɨɥɧɨɫɬɶɸ ɫɜёɪɬɨɱɧɵɣ ɢ ɩɪɨɢɡɜɨɞɢɬ 

ɫɨɜɦɟɫɬɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɜɫёɦ ɢɡɨɛɪɚɠɟɧɢɢ ɰɟɥɢɤɨɦ. 

ɏɨɬɹ ɦɨɞɟɥɶ Faster R-CNN ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɩɥɨɯɨ ɩɨɤɚɡɵɜɚɟɬ ɫɟɛɹ ɜ ɡɚɞɚ-

ɱɚɯ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɨɜ, ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɚ ɚɪɯɢɬɟɤɬɭɪɚ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ, ɬɚɤɢɟ ɤɚɤ RFCN. 
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Ɋɢɫɭɧɨɤ 2.3 – Ⱥɪɯɢɬɟɤɬɭɪɚ RFCN 

 

2.3 UNet v2 

 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɨɫɬɨɢɬ ɢɡ ɫɬɹɝɢɜɚɸɳɟɝɨ ɩɭɬɢ ɞɥɹ ɡɚɯɜɚɬɚ ɤɨɧɬɟɤɫɬɚ ɢ ɫɢɦ-

ɦɟɬɪɢɱɧɨɝɨ ɪɚɫɲɢɪɹɸɳɟɝɨɫɹ ɩɭɬɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɬɨɱɧɭɸ ɥɨ-

ɤɚɥɢɡɚɰɢɸ [25]. 

Ⱦɥɹ UNet ɯɚɪɚɤɬɟɪɧɨ ɞɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɚɥɶ-

ɧɵɯ ɡɚɞɚɱɚɯ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɛɢɨɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɢɫɩɨɥɶɡɭɹ ɩɪɢ ɷɬɨɦ ɧɟ-

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ. 
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Ɋɢɫɭɧɨɤ 2.4 – Ⱥɪɯɢɬɟɤɬɭɪɚ UNet 

 

2.4 YOLO v3 

 

YOLO – ɡɧɚɱɢɬ You Look Only Once (ȼɵ ɫɦɨɬɪɢɬɟ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ). Ƚɥɚɜ-

ɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɷɬɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ 

ɛɨɥɶɲɢɧɫɬɜɨ ɫɢɫɬɟɦ ɩɪɢɦɟɧɹɸɬ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɤ ɪɚɡɧɵɦ ɪɟɝɢɨ-

ɧɚɦ ɢɡɨɛɪɚɠɟɧɢɹ, ɜ YOLO ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɩɪɢɦɟɧɹɟɬɫɹ ɨɞɢɧ ɪɚɡ ɤɨ ɜɫɟɦɭ ɢɡɨɛ-

ɪɚɠɟɧɢɸ ɫɪɚɡɭ [26]. ɋɟɬɶ ɞɟɥɢɬ ɢɡɨɛɪɚɠɟɧɢɟ ɧɚ ɫɜɨɟɨɛɪɚɡɧɭɸ ɫɟɬɤɭ ɢ ɩɪɟɞɫɤɚ-

ɡɵɜɚɟɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, 

ɱɬɨ ɬɚɦ ɟɫɬɶ ɢɫɤɨɦɵɣ ɨɛɴɟɤɬ ɞɥɹ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ. 

ɉɥɸɫɵ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ ɫɦɨɬɪɢɬ ɧɚ ɜɫё 

ɢɡɨɛɪɚɠɟɧɢɟ ɫɪɚɡɭ ɢ ɭɱɢɬɵɜɚɟɬ ɤɨɧɬɟɤɫɬ ɩɪɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɢ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ 

ɨɛɴɟɤɬɚ. Ɍɚɤ ɠɟ YOLO ɜ 1000 ɪɚɡ ɛɵɫɬɪɟɟ ɱɟɦ R-CNN ɢ ɨɤɨɥɨ 100 ɛɵɫɬɪɟɟ ɱɟɦ 

Fast R-CNN. 
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YOLO v3 – ɷɬɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɚɹ ɜɟɪɫɢɹ ɚɪɯɢɬɟɤɬɭɪɵ YOLO. Ɉɧɚ ɫɨ-

ɫɬɨɢɬ ɢɡ 106 ɫɜёɪɬɨɱɧɵɯ ɫɥɨɟɜ ɢ ɥɭɱɲɟ ɞɟɬɟɤɬɢɪɭɟɬ ɧɟɛɨɥɶɲɢɟ ɨɛɴɟɤɬɵ ɩɨ ɫɪɚɜ-

ɧɟɧɢɸ ɫ ɟё ɩɪɟɞɲɟɫɬɜɟɧɧɢɰɟɣ YOLO v2. Ɉɫɧɨɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ YOLO v3 ɫɨ-

ɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɜɵɯɨɞɟ ɟɫɬɶ ɬɪɢ ɫɥɨɹ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɪɚɫɫɱɢɬɚɧ ɧɚ ɨɛɧɚ-

ɪɭɠɟɧɢɟ ɨɛɴɟɤɬɨɜ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.5 – Ⱥɪɯɢɬɟɤɬɭɪɚ YOLO v3 

 

2.5 DeepLab v3 Plus 

 

DeepLab – ɷɬɨ ɫɨɜɪɟɦɟɧɧɚɹ ɦɨɞɟɥɶ ɫɟɦɚɧɬɢɱɟɫɤɨɣ ɫɟɝɦɟɧɬɚɰɢɢ, ɪɚɡɪɚɛɨ-

ɬɚɧɧɚɹ Google ɢ ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ. Ⱥɪɯɢɬɟɤɬɭɪɚ DeepLab v3 ɫɨ-

ɞɟɪɠɢɬ ɷɧɤɨɞɟɪ-ɞɟɤɨɞɟɪ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɟɬɤɢɯ ɝɪɚɧɢɰ ɨɛɴɟɤɬɚ ɩɭɬɟɦ ɩɨɫɬɟɩɟɧ-

ɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ [27]. Ɍɚɤɨɣ ɜɢɞ ɚɪɯɢɬɟɤ-

ɬɭɪɵ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɥɢɫɶ ɤɨ ɦɧɨɝɢɦ ɡɚɞɚɱɚɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ, ɜɤɥɸɱɚɹ 

ɨɛɧɚɪɭɠɟɧɢɟ ɨɛɴɟɤɬɨɜ, ɩɨɡɵ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɫɟɦɚɧɬɢɱɟɫɤɭɸ ɫɟɝɦɟɧɬɚɰɢɸ. 
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DeepLab v3 Plus ɟɳё ɛɨɥɟɟ ɭɥɭɱɲɚɟɬ Deep Lab v3, ɞɨɛɚɜɥɹɹ ɩɪɨɫɬɨɣ, ɧɨ 

ɷɮɮɟɤɬɢɜɧɵɣ ɦɨɞɭɥɶ ɞɟɤɨɞɟɪɚ ɞɥɹ ɟɳё ɛɨɥɶɲɟɝɨ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɫɟɝɦɟɧ-

ɬɚɰɢɢ, ɨɫɨɛɟɧɧɨ ɜɞɨɥɶ ɝɪɚɧɢɰ ɨɛɴɟɤɬɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.6 – Ⱥɪɯɢɬɟɤɬɭɪɚ DeepLab v3 Plus 

 

2.6 SSD MobileNet v2 

 

SSD (Single Shot MultiBox Detector) [28] – ɜ ɷɬɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɧɚɢɛɨɥɟɟ ɭɞɚɱɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɚɪɯɢɬɟɤɬɭɪɵ YOLO ɢ ɞɨɛɚɜɥɹɸɬɫɹ ɧɨɜɵɟ, ɱɬɨɛɵ 

ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. Ɉɬɥɢɱɢɬɟɥɶɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ: ɪɚɡ-

ɥɢɱɟɧɢɟ ɨɛɴɟɤɬɨɜ ɡɚ ɨɞɢɧ ɩɪɨɝɨɧ ɫ ɩɨɦɨɳɶɸ ɡɚɞɚɧɧɨɣ ɫɟɬɤɢ ɨɤɨɧ (default box) 

ɧɚ ɩɢɪɚɦɢɞɟ ɢɡɨɛɪɚɠɟɧɢɣ. ɉɢɪɚɦɢɞɚ ɢɡɨɛɪɚɠɟɧɢɣ ɡɚɤɨɞɢɪɨɜɚɧɚ ɜ ɫɜɟɪɬɨɱɧɵɯ 

ɬɟɧɡɨɪɚɯ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɹɯ ɫɜɟɪɬɤɢ ɢ ɩɭɥɢɧɝɚ (ɩɪɢ ɨɩɟɪɚɰɢɢ 

max-pooling ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɭɛɵɜɚɟɬ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɹ-

ɸɬɫɹ ɤɚɤ ɛɨɥɶɲɢɟ, ɬɚɤ ɢ ɦɚɥɵɟ ɨɛɴɟɤɬɵ ɡɚ ɨɞɢɧ ɩɪɨɝɨɧ ɫɟɬɢ. 
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Ɋɢɫɭɧɨɤ 2.7 – Ⱥɪɯɢɬɟɤɬɭɪɚ SSD 

 

ȼ ɫɬɪɭɤɬɭɪɟ MobileNet ɫɜёɪɬɨɱɧɚɹ ɱɚɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɨɛɵɱɧɨɝɨ ɫɜёɪ-

ɬɨɱɧɨɝɨ ɫɥɨɹ ɫ 3ɯ3 ɫɜёɪɬɤɨɣ ɜ ɧɚɱɚɥɟ ɢ ɬɪɢɧɚɞɰɚɬɢ ɛɥɨɤɨɜ ɫ ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢ-

ɱɢɜɚɸɳɢɦɫɹ ɱɢɫɥɨɦ ɮɢɥɶɬɪɨɜ ɢ ɩɨɧɢɠɚɸɳɟɣɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɪɚɡɦɟɪɧɨ-

ɫɬɶɸ ɬɟɧɡɨɪɚ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ max pooling-

ɫɥɨёɜ. ȼɦɟɫɬɨ ɧɢɯ ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɫɜёɪɬɤɚ ɫ ɩɚɪɚɦɟɬɪɨɦ stride, ɪɚɜɧɵɦ 2. 

ȼ MobileNet v2 ɢɦɟɟɬɫɹ ɤɥɸɱɟɜɚɹ ɨɫɨɛɟɧɧɨɫɬɶ: ɛɥɨɤ, ɧɚɡɵɜɚɟɦɵɣ ɚɜɬɨ-

ɪɚɦɢ ɪɚɫɲɢɪɹɸɳɢɦ ɫɜёɪɬɨɱɧɵɦ ɛɥɨɤɨɦ (ɜ ɨɪɢɝɢɧɚɥɟ expansion convolution 

block ɢɥɢ bottleneck convolution block with expansion layer), ɫɨɞɟɪɠɢɬ ɫɥɨɣ 1ɯ1-

ɫɜɟɪɬɤɢ ɫ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɚɤɬɢɜɚɰɢɢ, ɩɨɧɢɠɚɸɳɟɣ ɱɢɫɥɨ ɤɚɧɚɥɨɜ [29]. Ⱥɜ-

ɬɨɪɵ ɫɬɚɬɶɢ ɜɵɞɜɢɝɚɸɬ ɝɢɩɨɬɟɡɭ, ɱɬɨ «ɰɟɥɟɜɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ» ɜɵɫɨɤɨɣ ɪɚɡɦɟɪ-

ɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɟ ɩɨɫɥɟ ɩɪɟɞɵɞɭɳɢɯ ɲɚɝɨɜ, ɦɨɠɧɨ «ɭɥɨɠɢɬɶ» ɜ ɩɨɞɩɪɨɫɬɪɚɧ-

ɫɬɜɨ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ ɛɟɡ ɩɨɬɟɪɢ ɩɨɥɟɡɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɱɬɨ, ɫɨɛɫɬɜɟɧɧɨ ɢ 

ɞɟɥɚɟɬɫɹ ɧɚ ɷɬɨɦ ɲɚɝɟ. 
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Ɋɢɫɭɧɨɤ 2.8 – Ⱥɪɯɢɬɟɤɬɭɪɚ MobileNet v2 

 

SSD + MobileNet v2 – ɤɨɦɛɢɧɚɰɢɹ ɢɡ ɞɜɭɯ ɚɪɯɢɬɟɤɬɭɪ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

ɉɟɪɜɚɹ ɫɟɬɶ MobileNet v2 ɪɚɛɨɬɚɟɬ ɛɵɫɬɪɨ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚ-

ɧɢɹ. MobileNet v2 ɩɪɢɦɟɧɹɟɬɫɹ ɜɦɟɫɬɨ VGG-16, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɚɧɟɟ. 

ȼɬɨɪɚɹ ɫɟɬɶ SSD ɨɩɪɟɞɟɥɹɟɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

 

2.7 ȼɵɛɨɪ ɚɪɯɢɬɟɤɬɭɪɵ 

 

ɍɱɢɬɵɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɚɪɯɢɬɟɤɬɭɪ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɬɛɟɪёɦ ɬɟ, ɤɨɬɨ-

ɪɵɟ ɩɨɫɬɪɨɟɧɵ ɫ ɭɱёɬɨɦ ɧɟɞɨɫɬɚɬɤɨɜ ɛɨɥɟɟ ɪɚɧɧɢɯ ɪɚɡɪɚɛɨɬɨɤ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨ-

ɜɚɧɵ ɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɫɰɟɧɚɯ: 

- RFCN ResNet101, 

- YOLO v3, 

- SSD MobileNet v2. 
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3 Ɋɟɚɥɢɡɚɰɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ 

 

3.1 Ɉɛɳɚɹ ɢɧɮɨɪɦɚɰɢɹ 

 

Supervisely – ɷɬɨ ɜɟɛ-ɩɥɚɬɮɨɪɦɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ, ɚɧɧɨɬɢɪɨɜɚɧɢɹ, ɩɪɨɜɟɪɤɢ 

ɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɧɚɛɨɪɚɦɢ ɞɚɧɧɵɯ ɢ ɧɟɣɪɨɧɧɵɦɢ ɫɟɬɹɦɢ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɡɪɟɧɢɹ [30]. Supervisely ɩɨɦɨɝɚɟɬ ɤɚɤ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɫ ɨɩɵɬɨɦ ɜ ɨɛɥɚɫɬɢ ɦɚɲɢɧ-

ɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɬɚɤ ɢ ɛɟɡ ɨɩɵɬɚ, ɫɨɡɞɚɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɤɨɦɩɶ-

ɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. ɉɥɚɬɮɨɪɦɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɪɝɚɧɢɡɨɜɚɬɶ ɜɟɫɶ 

ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ – ɨɬ ɧɟɨɛɪɚɛɨɬɚɧɧɵɯ ɞɚɧɧɵɯ ɞɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟ-

ɬɟɣ – ɨɛɯɨɞɹɫɶ ɛɟɡ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

Supervisely ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɧɚɛɨɪɚɦɢ ɞɚɧɧɵɯ, ɦɨɞɟɥɹɦɢ ɧɟɣɪɨɫɟɬɟɣ, 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ ɪɚɫɲɢɪɟɧɢɹɦɢ ɢ ɦɧɨɝɢɦɢ ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ. 

 

Ɋɢɫɭɧɨɤ 3.1 – Ʉɨɦɚɧɞɵ 
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Ʉɨɦɚɧɞɚ – ɷɬɨ ɝɪɭɩɩɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɪɟɫɭɪɫɨɜ. ɉɨɥɶɡɨɜɚɬɟɥɢ ɜ ɨɞɧɨɣ ɤɨ-

ɦɚɧɞɟ ɢɫɩɨɥɶɡɭɸɬ ɨɞɧɢ ɢ ɬɟ ɠɟ ɪɟɫɭɪɫɵ, ɧɚɩɪɢɦɟɪ, ɩɪɨɟɤɬɵ ɢ ɦɨɞɟɥɢ. ȼ ɥɸɛɨɣ 

ɦɨɦɟɧɬ ɩɨɥɶɡɨɜɚɬɟɥɶ ɪɚɛɨɬɚɟɬ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɦɚɧɞɟ, ɢ ɜɫɟ ɧɨɜɵɟ ɷɥɟɦɟɧɬɵ, 

ɬɚɤɢɟ ɤɚɤ ɩɪɨɟɤɬɵ, ɤɨɬɨɪɵɟ ɨɧ ɫɨɡɞɚёɬ, ɛɭɞɭɬ ɫɨɡɞɚɜɚɬɶɫɹ ɜ ɷɬɨɣ ɤɨɦɚɧɞɟ. ɇɟɥɶɡɹ 

ɫɨɡɞɚɜɚɬɶ ɩɪɨɟɤɬɵ ɜɧɟ ɤɨɦɚɧɞɵ ɢɥɢ ɢɦɟɬɶ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɪɨɟɤɬ ɜ ɧɟɫɤɨɥɶɤɢɯ 

ɤɨɦɚɧɞɚɯ. Ʉɨɦɚɧɞɭ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɢɥɢ ɫɨɡɞɚɬɶ ɧɨɜɭɸ ɜ ɦɟɧɸ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɞɨɫɬɭɩɧɵ ɫɥɟɞɭɸɳɢɟ ɪɨɥɢ ɭɱɚɫɬɧɢɤɨɜ ɤɨɦɚɧɞ: 

- Ⱥɞɦɢɧɢɫɬɪɚɬɨɪ: ɢɦɟɟɬ ɩɨɥɧɵɣ ɞɨɫɬɭɩ ɜ ɤɨɦɚɧɞɟ. 

- Ɋɚɡɪɚɛɨɬɱɢɤ: ɚɧɚɥɨɝɢɱɟɧ ɚɞɦɢɧɢɫɬɪɚɬɨɪɭ, ɧɨ ɦɨɠɟɬ ɭɞɚɥɹɬɶ ɬɨɥɶɤɨ ɫɨ-

ɡɞɚɧɧɵɟ ɢɦ ɨɛɴɟɤɬɵ ɢ ɧɟ ɦɨɠɟɬ ɩɪɢɝɥɚɲɚɬɶ ɧɨɜɵɯ ɱɥɟɧɨɜ ɜ ɤɨɦɚɧɞɭ. 

- Ɇɟɧɟɞɠɟɪ: ɧɟ ɢɦɟɟɬ ɞɨɫɬɭɩɚ ɤ ɬɚɤɢɦ ɜɟɳɚɦ, ɤɚɤ Python Notebooks ɢɥɢ 

ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɧɨ ɦɨɠɟɬ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɢ ɢɡɦɟɧɹɬɶ ɩɪɨɟɤɬɵ ɢ ɡɚɞɚɧɢɹ ɩɨ ɚɧ-

ɧɨɬɢɪɨɜɚɧɢɸ. 

- Ⱥɧɧɨɬɚɬɨɪ: ɢɦɟɟɬ ɞɨɫɬɭɩ ɬɨɥɶɤɨ ɤ ɨɞɧɨɣ ɡɚɞɚɱɟ – ɚɧɧɨɬɢɪɨɜɚɧɢɸ (ɦɚɪ-

ɤɢɪɨɜɤɟ) ɨɛɴɟɤɬɨɜ (Labeling Job). 

- ɇɚɛɥɸɞɚɬɟɥɶ: ɦɨɠɟɬ ɬɨɥɶɤɨ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɨɛɴɟɤɬɵ ɜ ɤɨɦɚɧɞɟ. 

 

 

Ɋɢɫɭɧɨɤ 3.2 – Ɋɚɛɨɱɢɟ ɨɛɥɚɫɬɢ 
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ȼ ɥɸɛɨɣ ɦɨɦɟɧɬ ɭɱɚɫɬɧɢɤ ɪɚɛɨɬɚɟɬ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ, ɢ ɜɫɟ 

ɫɨɡɞɚɧɧɵɟ ɢɦ ɩɪɨɟɤɬɵ, ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢ ɡɚɞɚɱɢ ɫɬɚɧɨɜɹɬɫɹ ɱɚɫɬɶɸ ɬɟɤɭɳɟɣ ɪɚ-

ɛɨɱɟɣ ɨɛɥɚɫɬɢ ɢ ɬɟɤɭɳɟɣ ɤɨɦɚɧɞɵ. 

 

3.2 ɂɦɩɨɪɬ ɞɚɧɧɵɯ 

 

ɑɬɨɛɵ ɡɚɝɪɭɡɢɬɶ ɞɚɧɧɵɟ ɜ Supervisely ɢɥɢ ɞɨɛɚɜɢɬɶ ɝɨɬɨɜɵɟ ɧɚɛɨɪɵ ɞɚɧ-

ɧɵɯ, ɢɦɟɟɬɫɹ ɦɨɞɭɥɶ Import. 

ɂɦɩɨɪɬ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭɠɚɬɶ ɞɚɧɧɵɟ ɢɡ ɜɧɟɲɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɚɜ-

ɬɨɦɚɬɢɱɟɫɤɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɢɯ ɜ ɮɨɪɦɚɬ json. ɉɨɞɞɟɪɠɢɜɚɟɦɵɟ ɮɨɪɦɚɬɵ ɢɡɨɛ-

ɪɚɠɟɧɢɣ: bmp, jpeg/jpg, png. 

 

 

Ɋɢɫɭɧɨɤ 3.3 – ɂɦɩɨɪɬ ɞɚɧɧɵɯ 
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Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɲɢɛɨɤ ɧɚɫɬɨɹɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡɛɟɝɚɬɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ɧɟɥɚɬɢɧɫɤɢɯ ɫɢɦɜɨɥɨɜ ɜ ɢɦɟɧɚɯ ɮɚɣɥɨɜ. 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨɫɨɛɚ ɢɦɩɨɪɬɚ ɞɚɧɧɵɯ: ɫɨɡɞɚɬɶ ɥɨɤɚɥɶɧɵɟ (ɩɨ ɨɬɧɨɲɟ-

ɧɢɸ ɤ ɫɟɪɜɢɫɭ) ɮɚɣɥɵ, ɬɨ ɟɫɬɶ ɡɚɝɪɭɠɟɧɧɵɟ ɧɚ ɫɟɪɜɟɪ, ɢɥɢ ɭɤɚɡɚɬɶ ɭɞɚɥёɧɧɵɟ 

(ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɟɪɜɢɫɭ) ɮɚɣɥɵ, ɬɨ ɟɫɬɶ ɯɪɚɧɹɳɢɟɫɹ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɩɨɥɶɡɨɜɚ-

ɬɟɥɹ. 

ɑɬɨɛɵ ɫɨɡɞɚɬɶ ɥɨɤɚɥɶɧɵɟ ɮɚɣɥɵ, ɞɨɫɬɚɬɨɱɧɨ «ɩɟɪɟɬɚɳɢɬɶ» ɮɚɣɥɵ ɢ ɩɚɩɤɢ 

ɩɪɹɦɨ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɨɥɟ ɛɪɚɭɡɟɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɨɬɤɪɵɬɶ ɪɚɡɞɟɥ Import. 

Ɂɚɝɪɭɡɤɚ ɫɪɚɡɭ ɰɟɥɵɦɢ ɩɚɩɤɚɦɢ ɨɛɥɟɝɱɚɟɬ ɪɚɛɨɬɭ, ɟɫɥɢ ɧɭɠɧɨ ɡɚɝɪɭɠɚɬɶ ɛɨɥɶ-

ɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɚɣɥɨɜ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɬɢɩɨɜ ɮɨɪɦɚɬɨɜ: 

- ɂɡɨɛɪɚɠɟɧɢɹ (ɩɨ ɭɦɨɥɱɚɧɢɸ): ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɚɩɨɤ ɫ ɢɡɨɛɪɚ-

ɠɟɧɢɹɦɢ, 

- Ɏɨɪɦɚɬ Supervisely: ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɚɩɨɤ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɢ 

ɢɯ ɚɧɧɨɬɚɰɢɹɦɢ ɜ ɮɨɪɦɚɬɟ Supervisely, 

- Aberystwyth, 

- Kitti, 

- CityScapes: ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɚɩɤɢ ɫ ɧɚɛɨɪɨɦ ɞɚɧɧɵɯ 

Cityscapes, 

- Mapillary: ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɚɩɤɢ ɫ ɧɚɛɨɪɨɦ ɞɚɧɧɵɯ Mapillary, 

- PascalVoc: ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɚɩɤɢ ɫ ɧɚɛɨɪɨɦ ɞɚɧɧɵɯ PascalVoc. 

Ʉɚɠɞɵɣ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɨɪɦɚɬɨɜ ɢɦɟɟɬ ɫɜɨɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɬɪɭɤɬɭɪɟ 

ɮɚɣɥɨɜ. ɉɨɞɪɨɛɧɨɫɬɢ ɨ ɬɪɟɛɭɟɦɨɣ ɫɬɪɭɤɬɭɪɟ ɦɨɠɧɨ ɭɡɧɚɬɶ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 3.4 – ɋɬɪɭɤɬɭɪɚ ɮɚɣɥɨɜ 

 

ɉɨɫɥɟ ɩɟɪɟɬɚɫɤɢɜɚɧɢɹ ɮɚɣɥɨɜ ɢɥɢ ɩɚɩɨɤ ɩɪɨɢɡɨɣɞёɬ ɩɟɪɟɧɚɩɪɚɜɥɟɧɢɟ ɧɚ 

ɫɬɪɚɧɢɰɭ «ɋɬɚɬɭɫ ɡɚɞɚɱɢ» (Task Status), ɝɞɟ ɦɨɞɭɥɶ Import ɛɭɞɟɬ ɡɚɝɪɭɠɚɬɶ ɜɫɟ 

ɮɚɣɥɵ ɢ ɩɚɩɤɢ, ɢ ɨɬɨɛɪɚɠɚɟɬɫɹ ɢɧɞɢɤɚɬɨɪ ɜɵɩɨɥɧɟɧɢɹ. ȼɨ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ ɡɚ-

ɝɪɭɡɤɢ ɧɟ ɫɥɟɞɭɟɬ ɡɚɤɪɵɜɚɬɶ ɛɪɚɭɡɟɪ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɢɦɩɨɪɬɚ ɛɭɞɟɬ 

ɞɨɛɚɜɥɟɧ ɧɨɜɵɣ ɩɪɨɟɤɬ. 

Ɍɚɤɠɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɫɩɨɫɨɛ, ɩɪɢ ɤɨɬɨɪɨɦ ɮɚɣɥɵ ɢɡɨɛɪɚɠɟɧɢɣ ɯɪɚɧɹɬɫɹ 

ɧɚ ɱɚɫɬɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɡɚɝɪɭɡɤɢ. Ⱦɥɹ 

ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɫɤɪɢɩɬ «ɚɝɟɧɬɚ» ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ. ɍ ɷɬɨɝɨ 

ɪɟɲɟɧɢɹ ɟɫɬɶ ɧɟɤɨɬɨɪɵɟ ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɚɝɪɭɡɤɨɣ. 

ɉɥɸɫɵ: 

- ɋɨɯɪɚɧɹɟɬɫɹ ɩɪɢɜɚɬɧɨɫɬɶ ɞɚɧɧɵɯ. ɇɢɤɬɨ, ɜɤɥɸɱɚɹ Supervisely, ɧɟ ɢɦɟɟɬ 

ɞɨɫɬɭɩɚ ɤ ɜɚɲɢɦ ɮɚɣɥɚɦ. 

- ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɹɬɫɹ ɛɵɫɬɪɟɟ. ɉɪɢ ɡɚɩɭɫɤɟ ɩɪɨɰɟɞɭɪ Train, 

Inference, DTL ɧɟ ɧɭɠɧɨ ɫɤɚɱɢɜɚɬɶ ɢ ɡɚɝɪɭɠɚɬɶ ɮɚɣɥɵ ɫ ɫɟɪɜɟɪɨɜ – ɚɝɟɧɬ ɦɨɠɟɬ 

ɫɪɚɡɭ ɧɚɱɚɬɶ ɨɛɪɚɛɨɬɤɭ. 

Ɇɢɧɭɫɵ: 
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- ɋɥɨɠɧɟɟ ɨɪɝɚɧɢɡɨɜɚɬɶ ɨɛɳɢɣ ɞɨɫɬɭɩ. Ɋɚɡɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɢ ɦɨɝɭɬ ɢɦɟɬɶ 

ɞɨɫɬɭɩ ɤ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɮɚɣɥɚɦ, ɬɨɥɶɤɨ ɟɫɥɢ ɨɧɢ ɪɚɛɨɬɚɸɬ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ 

ɭɡɥɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ. 

- ɇɟɬ ɪɟɡɟɪɜɧɨɝɨ ɤɨɩɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ. ȿɫɥɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɭɞɚɥɹɟɬ ɩɚɩɤɭ, 

ɞɨɫɬɭɩ ɤ ɧɚɛɨɪɚɦ ɞɚɧɧɵɯ ɛɭɞɟɬ ɧɚɜɫɟɝɞɚ ɩɨɬɟɪɹɧ. 

- Ⱥɧɧɨɬɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɡɚɧɢɦɚɟɬ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ. Ʉɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ 

ɨɬɤɪɵɜɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɦɟɫɬɧɨɝɨ ɭɡɥɚ, ɛɪɚɭɡɟɪ ɞɨɥɠɟɧ ɡɚɝɪɭɡɢɬɶ ɟɝɨ ɫ ɷɬɨɝɨ 

ɤɨɦɩɶɸɬɟɪɚ ɱɟɪɟɡ ɂɧɬɟɪɧɟɬ. 

ɂɬɨɝɨ: ɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɞɢɧɨɱɧɨɣ ɭɱɟɬɧɨɣ ɡɚɩɢɫɢ, ɧɨ ɧɟ ɨɩ-

ɬɢɦɚɥɶɧɨ ɞɥɹ ɝɪɭɩɩɨɜɨɣ ɪɚɛɨɬɵ. 

ɑɬɨɛɵ ɡɚɞɚɬɶ ɭɞɚɥёɧɧɵɟ ɞɚɧɧɵɟ, ɧɭɠɧɨ ɩɨɦɟɫɬɢɬɶ ɮɚɣɥɵ ɜ ɩɚɩɤɭ ɢɦ-

ɩɨɪɬɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɩɚɩɤɟ ɚɝɟɧɬɚ ɧɚ ɤɨɦɩɶɸɬɟɪɟ. ɉɨ ɭɦɨɥɱɚɧɢɸ ɷɬɨ ɩɚɩɤɚ 

~ / .supervisely-agent / <agent-token> / import. 

 

 

Ɋɢɫɭɧɨɤ 3.5 – ɂɦɩɨɪɬ ɱɟɪɟɡ ɚɝɟɧɬɚ 

 

Ɂɚɬɟɦ ɧɭɠɧɨ ɩɟɪɟɣɬɢ ɜ ɪɚɡɞɟɥ Import ɢ ɜɵɛɪɚɬɶ ɨɩɰɢɸ «Import from agent 

node», ɜɵɛɪɚɬɶ ɢɦɹ ɞɥɹ ɩɪɨɟɤɬɚ ɢ ɭɡɟɥ, ɜ ɤɨɬɨɪɨɦ ɯɪɚɧɹɬɫɹ ɧɭɠɧɵɟ ɮɚɣɥɵ. ɉɨɫɥɟ 

ɷɬɨɝɨ ɧɚɠɚɬɶ ɤɧɨɩɤɭ «Import from agent node», ɱɬɨɛɵ ɧɚɱɚɬɶ ɢɦɩɨɪɬ. Ɍɚɤ ɠɟ, ɤɚɤ 
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ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɜɚɪɢɚɧɬɟ, ɩɪɨɢɡɨɣɞёɬ ɩɟɪɟɯɨɞ ɧɚ ɫɬɪɚɧɢɰɭ «ɋɬɚɬɭɫ ɡɚɞɚɱɢ» 

(Task Status), ɝɞɟ ɛɭɞɟɬ ɩɨɤɚɡɚɧ ɢɧɞɢɤɚɬɨɪ ɜɵɩɨɥɧɟɧɢɹ. 

ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɢɦɩɨɪɬɚ ɛɭɞɟɬ ɞɨɛɚɜɥɟɧ ɧɨɜɵɣ ɩɪɨɟɤɬ. ɉɪɢ 

ɷɬɨɦ ɡɚɝɪɭɠɚɸɬɫɹ ɧɟ ɫɚɦɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɚ ɬɨɥɶɤɨ ɦɟɬɚɢɧɮɨɪɦɚɰɢɹ. 

 

3.3 ɉɪɨɟɤɬɵ 

 

ȼ ɪɚɡɞɟɥɟ «ɉɪɨɟɤɬɵ» ɨɬɨɛɪɚɠɚɸɬɫɹ ɜɫɟ ɢɦɟɸɳɢɟɫɹ ɩɪɨɟɤɬɵ ɢ ɧɚɛɨɪɵ 

ɞɚɧɧɵɯ. ɇɚɛɨɪɵ ɞɚɧɧɵɯ ɫɨɞɟɪɠɚɬ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦɢ ɚɧɧɨɬɚɰɢɢ. 

Ɉɞɧɨ ɢ ɬɨ ɠɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɠɟɬ ɩɪɢɧɚɞɥɟɠɚɬɶ ɪɚɡɧɵɦ ɩɪɨɟɤɬɚɦ ɢɥɢ ɧɚɛɨɪɚɦ 

ɞɚɧɧɵɯ. Ɉɞɧɚɤɨ, ɢɡɨɛɪɚɠɟɧɢɹ ɧɟ ɞɭɛɥɢɪɭɸɬɫɹ – ɦɨɠɧɨ ɡɚɝɪɭɠɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɧɨ ɜ ɫɢɫɬɟɦɟ ɛɭɞɟɬ ɯɪɚɧɢɬɶɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɜɟɪɫɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 3.6 – Ɋɚɡɞɟɥ ɩɪɨɟɤɬɨɜ 
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Ʉɥɚɫɫɵ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɨɛɴɟɤɬɚɦ ɜɧɭɬɪɢ ɩɪɨɟɤɬɚ ɢ ɞɨɫɬɭɩɧɵ ɞɥɹ ɥɸɛɨɝɨ 

ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɜɧɭɬɪɢ ɷɬɨɝɨ ɩɪɨɟɤɬɚ. 

Ʉɚɠɞɵɣ ɩɪɨɟɤɬ ɫɨɞɟɪɠɢɬ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. ɇɚɛɨɪ ɞɚɧ-

ɧɵɯ ɫɨɞɟɪɠɢɬ ɚɧɧɨɬɢɪɨɜɚɧɧɵɟ (ɪɚɡɦɟɱɟɧɧɵɟ) ɢɡɨɛɪɚɠɟɧɢɹ. ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ 

ɩɪɨɟɤɬ ɩɟɪɟɯɨɞɢɦ ɤ ɩɪɨɫɦɨɬɪɭ ɟɝɨ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. 

ɇɚ ɜɤɥɚɞɤɟ «Ʉɥɚɫɫɵ» ɨɩɪɟɞɟɥɟɧɵ ɤɥɚɫɫɵ ɩɪɨɟɤɬɚ. ɋɬɨɥɛɰɵ ɬɚɛɥɢɰɵ 

«Ʉɥɚɫɫɵ»: «title» (ɧɚɡɜɚɧɢɟ ɤɥɚɫɫɚ), «shape» (ɬɢɩ ɮɢɝɭɪɵ: ɨɞɢɧ ɢɡ ["ɦɧɨɝɨɭɝɨɥɶ-

ɧɢɤ", "ɩɪɹɦɨɭɝɨɥɶɧɢɤ", "ɥɢɧɢɹ", "ɬɨɱɤɚ", "ɪɚɫɬɪɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ"]), «color», 

«hotkey». Ɇɨɠɧɨ ɞɨɛɚɜɢɬɶ ɧɨɜɵɣ ɤɥɚɫɫ ɢɥɢ ɭɞɚɥɢɬɶ ɫɭɳɟɫɬɜɭɸɳɢɣ. 

 

 

Ɋɢɫɭɧɨɤ 3.7 – Ʉɥɚɫɫɵ 

 

Ɇɨɞɭɥɶ ɚɧɧɨɬɚɰɢɢ – ɷɬɨ ɜɟɛ-ɩɪɢɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɚɩɭɫɤɚɟɬɫɹ ɜ ɜɚɲɟɦ 

ɛɪɚɭɡɟɪɟ ɫ ɩɨɦɨɳɶɸ javascript ɢ ɞɨɫɬɭɩɧɨɟ ɢɡ ɥɸɛɨɝɨ ɦɟɫɬɚ. Ⱦɥɹ ɟɝɨ ɪɚɛɨɬɵ ɟɫɬɶ 

ɧɟɤɨɬɨɪɵɟ ɫɢɫɬɟɦɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ. ȼɨ-ɩɟɪɜɵɯ, ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɛɪɚɭɡɟɪ: ɯɨɬɹ 
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ɢ ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɜɫɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜɟɛ-ɛɪɚɭɡɟɪɵ, ɧɚɫɬɨɹɬɟɥɶɧɨ ɪɟɤɨɦɟɧ-

ɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ Google Chrome ɢɥɢ Mozilla Firefox, ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɸɬ 

ɧɨɜɟɣɲɢɟ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɚɧɧɨɬɚɰɢɣ. ȼɨ-ɜɬɨɪɵɯ, ɞɥɹ ɪɚɛɨɬɵ ɫ 

ɛɨɥɶɲɢɦɢ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɢ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɧɧɨɬɚɰɢɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɶɸɬɟɪ ɫ ɚɩɩɚɪɚɬɧɵɦ ɭɫɤɨɪɟɧɢɟɦ. 

Ɇɨɞɭɥɶ ɚɧɧɨɬɚɰɢɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɛɨɬɭ ɬɨɥɶɤɨ ɫ ɨɞɧɢɦ ɧɚɛɨɪɨɦ ɞɚɧɧɵɯ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. ɑɬɨɛɵ ɧɚɱɚɬɶ ɪɚɫɫɬɚɜɥɹɬɶ ɚɧɧɨɬɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɪɵɬɶ ɩɪɨ-

ɟɤɬ ɢ ɳɟɥɤɧɭɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɛɨɪ ɞɚɧɧɵɯ. 

 

3.4 Ʉɥɚɫɬɟɪ 

 

Ɇɧɨɝɢɟ ɡɚɞɚɱɢ ɜ Supervisely (ɧɚɩɪɢɦɟɪ, ɨɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢɥɢ ɡɚ-

ɩɭɫɤ DTL) ɬɪɟɛɭɸɬ ɞɥɢɧɧɵɯ ɢ ɫɥɨɠɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. Ȼɨɥɟɟ ɬɨɝɨ, ɱɚɫɬɨ ɜɵɱɢɫ-

ɥɢɬɟɥɶɧɵɟ ɦɨɳɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ ɦɚɲɢɧɚɦɢ. 

Supervisely ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ. ɉɨɥɶɡɨɜɚɬɟɥɢ ɦɨ-

ɝɭɬ ɩɨɞɤɥɸɱɚɬɶ ɫɜɨɢ ɫɨɛɫɬɜɟɧɧɵɟ ɤɨɦɩɶɸɬɟɪɵ ɢɥɢ ɫɟɪɜɟɪɵ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ 

ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɞɚɱ. ȼ ɪɚɡɞɟɥɟ ɫɨɡɞɚɧɢɹ ɤɥɚɫɬɟɪɚ ɫɨɡɞɚёɬɫɹ ɧɨɜɵɣ Ⱥɝɟɧɬ 

Supervisely – ɦɟɧɟɞɠɟɪ ɡɚɞɚɱ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ, ɞɨɫɬɭɩɧɵɣ ɜ ɜɢɞɟ 

ɨɛɪɚɡɚ Docker. Ⱥɝɟɧɬ ɛɭɞɟɬ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ Supervisely API, ɢ ɬɟɩɟɪɶ ɦɵ ɦɨɠɟɦ 

ɡɚɩɭɫɤɚɬɶ ɡɚɞɚɱɢ ɧɚ ɩɨɞɤɥɸɱɟɧɧɨɦ ɤɨɦɩɶɸɬɟɪɟ-ɯɨɫɬɟ. ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ 

Supervisely ɦɨɠɧɨ ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɨɝɪɚɧɢɱɟɧɢɣ 

(ɜɫɟ ɨɝɪɚɧɢɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɥɢɰɟɧɡɢɨɧɧɵɦ ɫɨɝɥɚɲɟɧɢɟɦ). ɉɨɥɶɡɨɜɚɬɟɥɢ ɦɨɝɭɬ 

ɞɨɛɚɜɥɹɬɶ ɞɟɫɹɬɤɢ ɭɡɥɨɜ ɢ ɜɵɩɨɥɧɹɬɶ ɫɨɬɧɢ ɡɚɞɚɱ ɩɚɪɚɥɥɟɥɶɧɨ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ 

ɩɨɡɜɨɥɹɟɬ ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɢ ɚɞɦɢɧɢɫɬɪɢɪɨɜɚɬɶ ɱɚɫɬɧɵɣ ɞɚɬɚ-ɰɟɧɬɪ ɜɧɭɬɪɢ ɨɪɝɚ-

ɧɢɡɚɰɢɢ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɫɩɟɰɢɚɥɶɧɵɯ ɡɧɚɧɢɣ. ɋɩɟɰɢɚɥɢɫɬɵ ɦɨɝɭɬ ɥɟɝɤɨ ɨɛɦɟɧɢ-

ɜɚɬɶɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɪɟɫɭɪɫɚɦɢ ɢ ɜɵɩɨɥɧɹɬɶ ɧɟɫɤɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɞ-

ɧɨɜɪɟɦɟɧɧɨ (ɨɛɭɱɟɧɢɟ, ɪɚɛɨɬɚ ɧɟɣɪɨɫɟɬɟɣ, ɢ ɬ. ɞ.). 

Ɂɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ Ⱥɝɟɧɬɚɦɢ: 

- ɂɦɩɨɪɬ (ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɜ ɮɨɪɦɚɬ Supervisely), 

- əɡɵɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ (Data Transformation Language, DTL), 
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- Ɉɛɭɱɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 

- ȼɵɜɨɞ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

 

 

Ɋɢɫɭɧɨɤ 3.8 – Ʉɥɚɫɬɟɪ 

 

ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ɡɚɞɚɱɢ ɫɥɟɞɭɸɳɢɣ: 

1. ɉɨɥɶɡɨɜɚɬɟɥɶ ɜɵɛɢɪɚɟɬ ɭɡɟɥ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ ɡɚɞɚɱɭ. 

2. ɉɨɥɶɡɨɜɚɬɟɥɶ ɡɚɩɭɫɤɚɟɬ ɡɚɞɚɱɭ (ɧɚɩɪɢɦɟɪ, ɨɛɭɱɟɧɢɟ ɧɟɣɪɨɫɟɬɢ). 

3. Ⱥɝɟɧɬ, ɡɚɩɭɳɟɧɧɵɣ ɧɚ ɜɵɛɪɚɧɧɨɦ ɭɡɥɟ, ɨɛɪɚɛɚɬɵɜɚɟɬ ɡɚɞɚɱɭ. 

4. Ⱥɝɟɧɬ ɡɚɝɪɭɠɚɟɬ ɞɚɧɧɵɟ (ɩɪɨɟɤɬ ɢ / ɢɥɢ ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ), ɧɟɨɛɯɨɞɢɦɵɟ 

ɞɥɹ ɡɚɞɚɱɢ, ɢ ɩɨɦɟɳɚɟɬ ɢɯ ɜ ɩɚɩɤɭ ɡɚɞɚɱɢ. 

5. Ⱥɝɟɧɬ ɫɨɡɞɚёɬ Docker-ɤɨɧɬɟɣɧɟɪ, ɫɜɹɡɚɧɧɵɣ ɫ ɷɬɨɣ ɡɚɞɚɱɟɣ. 

6. ȼɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ Ⱥɝɟɧɬ ɫɱɢɬɵɜɚɟɬ ɥɨɝɢ stdout ɢ stderr ɢ ɩɟ-

ɪɟɞɚɟɬ ɢɯ ɧɚ ɫɟɪɜɟɪ. 

7. Ʉɨɝɞɚ ɡɚɞɚɱɚ ɡɚɜɟɪɲɟɧɚ, Ⱥɝɟɧɬ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɚɝɪɭɠɚɟɬ ɪɟɡɭɥɶ-

ɬɚɬɵ ɧɚ ɫɟɪɜɟɪ Supervisely. 
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Ʉɪɨɦɟ ɬɨɝɨ, Ⱥɝɟɧɬ ɨɬɩɪɚɜɥɹɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɫɢɫɬɟɦɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɧɚ 

ɫɟɪɜɟɪ Supervisely ɜ ɮɨɧɨɜɨɦ ɪɟɠɢɦɟ. ɗɬɚ ɢɧɮɨɪɦɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨ-

ɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɫɟɪɜɟɪɚ. 

Ʉɨɝɞɚ ɦɵ ɞɨɛɚɜɥɹɟɦ ɧɨɜɵɣ ɭɡɟɥ, ɝɟɧɟɪɢɪɭɟɬɫɹ ɭɧɢɤɚɥɶɧɵɣ ɫɟɤɪɟɬɧɵɣ ɬɨ-

ɤɟɧ, ɫɜɹɡɚɧɧɵɣ ɫ ɧɚɲɢɦ Ⱥɝɟɧɬɨɦ. Ɍɨɤɟɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɚɜɬɨɪɢɡɚɰɢɢ, ɢ ɧɟɨɛ-

ɯɨɞɢɦɨ ɞɟɪɠɚɬɶ ɟɝɨ ɜ ɫɟɤɪɟɬɟ. Ɍɨɤɟɧ ɜɵɝɥɹɞɢɬ ɩɪɢɦɟɪɧɨ ɬɚɤ: 

mZVdyTnTGSPQz2iM4kkiNhH2IlqiOmnt. 

ɉɨ ɭɦɨɥɱɚɧɢɸ Ⱥɝɟɧɬ ɯɪɚɧɢɬ ɦɨɞɟɥɢ ɧɟɣɪɨɫɟɬɟɣ, ɢɡɨɛɪɚɠɟɧɢɹ, ɥɨɝɢ ɢ ɞɪɭ-

ɝɭɸ ɢɧɮɨɪɦɚɰɢɸ ɜ ~/.supervisely-agent/<token>. 

Ʉɨɦɩɶɸɬɟɪ, ɤɨɬɨɪɵɣ ɦɵ ɯɨɬɢɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ Supervisely, ɞɨɥɠɟɧ ɫɨɨɬ-

ɜɟɬɫɬɜɨɜɚɬɶ ɧɟɫɤɨɥɶɤɢɦ ɫɢɫɬɟɦɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ ɡɚɩɭɫɤɚ Ⱥɝɟɧɬɚ: 

- Ɉɋ Linux (ɹɞɪɨ 3.10), 

- Docker (ɜɟɪɫɢɹ 18.0), 

- GPU ɫ ɩɨɞɞɟɪɠɤɨɣ CUDA 9.0, 

- ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɩɚɤɟɬ Nvidia-Docker. 

Ɉɬɤɪɵɜɚɟɦ ɪɚɡɞɟɥ «Ʉɥɚɫɬɟɪ» ɜ Supervisely. ȿɫɥɢ ɟɳё ɧɟɬ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 

Ⱥɝɟɧɬɨɜ, ɬɨ ɦɵ ɭɜɢɞɢɦ ɤɧɨɩɤɭ «ɉɨɞɤɥɸɱɢɬɶ ɫɜɨɣ ɩɟɪɜɵɣ ɭɡɟɥ», ɩɨɫɥɟ ɱɟɝɨ ɨɬ-

ɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɭɫɬɚɧɨɜɤɢ ɚɝɟɧɬɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.9 – Ⱦɨɛɚɜɥɟɧɢɟ Ⱥɝɟɧɬɚ 
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Ʉɨɩɢɪɭɟɦ ɤɨɦɚɧɞɭ, ɤɨɬɨɪɭɸ ɦɵ ɜɢɞɢɦ ɧɚ ɷɤɪɚɧɟ, ɜɫɬɚɜɥɹɟɦ ɟё ɜ ɨɤɧɟ ɬɟɪ-

ɦɢɧɚɥɚ ɜ Ɉɋ Linux ɧɚ ɤɨɦɩɶɸɬɟɪɟ (ɯɨɫɬɟ), ɤɨɬɨɪɵɣ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɫ Supervisely, 

ɢ ɡɚɩɭɫɤɚɟɦ ɟё. Ɉɧɚ ɡɚɩɭɫɤɚɟɬ Ⱥɝɟɧɬ Supervisely ɤɚɤ ɨɛɪɚɡ Docker ɫ ɢɦɟɧɟɦ 

«supervisely-agent/». 

ȿɫɥɢ ɜɫɟ ɫɞɟɥɚɧɨ ɩɪɚɜɢɥɶɧɨ, ɦɵ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ ɜ ɬɟɪɦɢɧɚɥɟ: 

 

 

Ɋɢɫɭɧɨɤ 3.10 – ɍɫɩɟɲɧɵɣ ɡɚɩɭɫɤ Ⱥɝɟɧɬɚ 

 

Ɍɟɩɟɪɶ ɦɵ ɞɨɥɠɧɵ ɭɜɢɞɟɬɶ ɫɜɨɣ ɭɡɟɥ ɧɚ ɫɬɪɚɧɢɰɟ ɤɥɚɫɬɟɪɚ ɫɨ ɫɬɚɬɭɫɨɦ 

«Ɂɚɩɭɳɟɧɨ (Running)». ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɵ ɦɨɠɟɦ ɡɚɩɭɫɤɚɬɶ ɡɚɞɚɱɢ ɧɚ ɷɬɨɦ 

Ⱥɝɟɧɬɟ. 
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Ɋɢɫɭɧɨɤ 3.11 – Ⱥɝɟɧɬ ɡɚɩɭɳɟɧ 

 

ɇɚɠɚɬɢɟ ɧɚ ɢɦɹ ɭɡɥɚ (ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ) ɩɨɤɚɡɵɜɚɟɬ ɢɧɮɨɪ-

ɦɚɰɢɸ ɨɛ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɞɪɭɝɭɸ ɫɢɫɬɟɦɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨ-

ɹɧɢɹ ɭɡɥɚ. 

 

3.5 ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɛɨɥɶɲɢɧ-

ɫɬɜɚ ɡɚɞɚɱ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. ɋ Supervisely ɦɵ ɦɨɠɟɦ ɨɛɭɱɚɬɶ ɧɟɣɪɨɧɧɵɟ 

ɫɟɬɢ ɧɚ ɧɚɲɢɯ ɫɨɛɫɬɜɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ, ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ 

ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɦɨɞɟɥɶ ɧɟɣɪɨɫɟɬɢ ɝɨɬɨɜɚ, ɦɵ ɦɨɠɟɦ ɩɪɢɦɟ-

ɧɹɬɶ ɟё ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɢɥɢ ɡɚɝɪɭɡɢɬɶ ɦɨɞɟɥɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ 

ɜ ɫɜɨɢɯ ɩɪɨɞɭɤɬɚɯ. 

Supervisely ɩɨɞɞɟɪɠɢɜɚɟɬ ɛɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɪɟɲɟ-

ɧɢɹ ɨɛɳɢɯ ɡɚɞɚɱ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. ȼ ɪɚɡɞɟɥɟ Explore ɟɫɬɶ ɜɤɥɚɞɤɚ Models, 

ɝɞɟ ɭɤɚɡɚɧɵ ɜɫɟ ɩɨɞɞɟɪɠɢɜɚɟɦɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ. 
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Ɋɢɫɭɧɨɤ 3.12 – Ⱦɨɫɬɭɩɧɵɟ ɧɟɣɪɨɫɟɬɢ 

 

ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ Supervisely. ɇɟɤɨɬɨɪɵɟ ɤɥɸɱɟɜɵɟ ɨɫɨɛɟɧ-

ɧɨɫɬɢ: 

- Ⱦɨɫɬɭɩ ɤ ɫɨɜɪɟɦɟɧɧɵɦ ɦɨɞɟɥɹɦ. ȼ ɤɨɥɥɟɤɰɢɢ ɦɨɞɟɥɟɣ Supervisely ɢɦɟ-

ɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɨɛɭɱɚɬɶ ɢ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɜ ɫɜɨɢɯ ɩɪɨɞɭɤɬɚɯ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ: UNet, Mask R-CNN, YOLO v3, 

DeepLab v3, MobileNet SSD, PSPNet, ICNet, Faster-RCNN. 

- Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɨɫɬɪɨɟɧɢɟ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɤɨɬɨɪɚɹ ɨɛɟɫ-

ɩɟɱɢɜɚɟɬ ɠɟɥɚɟɦɵɣ ɭɪɨɜɟɧɶ ɬɨɱɧɨɫɬɢ, ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɰɟɞɭɪ ɨɛɭɱɟɧɢɹ. ȼ Supervisely ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ, ɩɪɨɫɦɚɬɪɢ-

ɜɚɬɶ ɢ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɞɟɥɢɬɶɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫ ɞɪɭ-

ɝɢɦɢ ɱɥɟɧɚɦɢ ɤɨɦɚɧɞɵ.  
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- ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɭɱɟɧɧɵɯ ɦɨɞɟɥɟɣ. ɑɚɫɬɨ ɫɢɫɬɟɦɚ ɤɨɦ-

ɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɫɨɡɞɚɟɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɫ «ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɦɢ» ɨɛɴɟɤɬɚɦɢ, ɬɚ-

ɤɢɦɢ ɤɚɤ ɥɸɞɢ ɢɥɢ ɚɜɬɨɦɨɛɢɥɢ. Ⱦɥɹ ɬɚɤɢɯ ɫɥɭɱɚɟɜ ɜ ɤɨɥɥɟɤɰɢɢ ɟɫɬɶ ɧɟɫɤɨɥɶɤɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɭɱɟɧɧɵɯ ɦɨɞɟɥɟɣ. ɗɬɢ ɦɨɞɟɥɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɝɨɬɨɜɨɝɨ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɤɨɦɩɨɧɟɧɬɚ ɱɟɪɟɡ API ɢɥɢ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɚɧɧɨɬɢɪɨɜɚɧɢɹ. 

- ɍɦɧɵɣ ɢɧɫɬɪɭɦɟɧɬ (Smart Tool) ɞɥɹ ɫɟɝɦɟɧɬɚɰɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ 

ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ. Smart Tool ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɚɧɧɨɬɚɰɢɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢ-

ɱɟɫɬɜɨɦ ɤɥɢɤɨɜ. ɑɬɨɛɵ ɚɞɚɩɬɢɪɨɜɚɬɶ Smart Tool ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɨɛɴɟɤɬɨɜ, ɟɝɨ 

ɦɨɠɧɨ ɨɛɭɱɢɬɶ ɜ Supervisely. 

ȼɵɛɢɪɚɟɦ ɧɟɨɛɯɨɞɢɦɭɸ ɧɚɦ ɦɨɞɟɥɶ ɢ ɧɚɠɢɦɚɟɦ ɤɧɨɩɤɭ «Ⱦɨɛɚɜɢɬɶ», 

ɱɬɨɛɵ ɤɥɨɧɢɪɨɜɚɬɶ ɦɨɞɟɥɶ ɜ ɬɟɤɭɳɭɸ ɪɚɛɨɱɭɸ ɨɛɥɚɫɬɶ. Ɉɧɚ ɩɨɹɜɢɬɫɹ ɜ ɪɚɡɞɟɥɟ 

«ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ». ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ ɦɵ ɦɨɠɟɦ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɢ ɭɩɪɚɜɥɹɬɶ ɫɜɨɢɦɢ 

ɦɨɞɟɥɹɦɢ.  

Ɇɨɞɟɥɢ ɞɨɛɚɜɥɹɸɬɫɹ ɜ ɷɬɨɬ ɫɩɢɫɨɤ ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ: 

- ɂɡ ɫɩɢɫɤɚ ɦɨɞɟɥɟɣ ɜ ɪɚɡɞɟɥɟ «Ɉɛɡɨɪ», 

- Ɉɛɭɱɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɯɪɚɧɹɟɬ ɩɨɫɥɟɞɧɸɸ ɤɨɧɬɪɨɥɶɧɭɸ ɬɨɱɤɭ, 

- Ɋɭɱɧɚɹ ɡɚɝɪɭɡɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.13 – Ⱦɨɛɚɜɥɟɧɧɵɟ ɧɟɣɪɨɫɟɬɢ 
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ȼɨ ɜɪɟɦɹ ɨɛɭɱɟɧɢɹ ɧɟɫɤɨɥɶɤɨ ɫɧɢɦɤɨɜ ɦɨɞɟɥɢ ɫɨɯɪɚɧɹɸɬɫɹ ɢ ɦɨɝɭɬ ɛɵɬɶ 

ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɭɱɟɧɢɹ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɨ 

ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɞɢɧɚɦɢɤɢ ɨɛɭɱɟɧɢɹ ɢ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɣ ɞɨɫɬɭɩɧɨɣ ɦɨɞɟɥɢ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ, ɫɜɹɡɚɧɧɨɦ ɫ ɡɚɞɚɱɟɣ, ɟɫɬɶ ɩɭɧɤɬ «Ʉɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ 

(Checkpoints)», ɤɨɬɨɪɵɣ ɞɚɟɬ ɞɨɫɬɭɩ ɤɨ ɜɫɟɦ ɤɨɧɬɪɨɥɶɧɵɦ ɬɨɱɤɚɦ, ɫɨɡɞɚɧɧɵɦ ɜ 

ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 3.14 – Ʉɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ 

 

ȿɫɥɢ ɧɭɠɧɨ ɫɨɯɪɚɧɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɬɨ ɜɵɛɢɪɚɟɦ ɤɨɧɬɪɨɥɶ-

ɧɭɸ ɬɨɱɤɭ, ɤɨɬɨɪɭɸ ɯɨɬɢɦ ɫɨɯɪɚɧɢɬɶ, ɢ ɭɤɚɡɵɜɚɟɦ ɧɨɜɨɟ ɢɦɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɚɠɢ-

ɦɚɟɦ ɤɧɨɩɤɭ «ɋɨɡɞɚɬɶ». Ɍɟɩɟɪɶ ɦɨɞɟɥɶ ɩɨɞ ɧɨɜɵɦ ɢɦɟɧɟɦ ɞɨɫɬɭɩɧɚ ɜ ɪɚɡɞɟɥɟ 

«ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ», ɢ ɫ ɧɟɣ ɜɨɡɦɨɠɧɵ ɜɫɟ ɬɟ ɠɟ ɨɩɟɪɚɰɢɢ, ɤɚɤ ɢ ɫ ɞɪɭɝɢɦɢ ɦɨɞɟ-

ɥɹɦɢ. 

ȿɫɥɢ ɦɨɞɟɥɶ ɯɪɚɧɢɬɫɹ ɧɚ ɫɟɪɜɟɪɟ Supervisely, ɬɨ ɟё ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ 

ɜɫɟɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɚɯ. ɉɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɡɚɞɚɱɢ (ɨɛɭɱɟɧɢɟ ɢɥɢ ɜɵɜɨɞ) 

Ⱥɝɟɧɬ ɡɚɝɪɭɡɢɬ ɦɨɞɟɥɶ ɜ ɥɨɤɚɥɶɧɨɟ ɯɪɚɧɢɥɢɳɟ, ɟɫɥɢ ɟё ɬɚɦ ɟɳё ɧɟ ɫɭɳɟɫɬɜɭɟɬ. 

ȿɫɥɢ ɦɨɞɟɥɶ ɯɪɚɧɢɬɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɡɥɟ ɜ ɤɥɚɫɬɟɪɟ, ɬɨ ɟё ɦɨɠɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ (ɨɛɭɱɟɧɢɟ ɢɥɢ ɜɵɜɨɞ) ɬɨɥɶɤɨ ɧɚ ɷɬɨɦ ɭɡɥɟ. ɉɟɪɟɞ ɬɟɦ, ɤɚɤ ɫɨɯɪɚɧɢɬɶ 
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ɷɬɭ ɦɨɞɟɥɶ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ ɧɚ ɞɪɭɝɢɯ ɭɡɥɚɯ ɤɥɚɫɬɟɪɚ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɝɪɭɡɢɬɶ 

ɟё ɧɚ ɫɟɪɜɟɪ Supervisely. 

ȿɫɥɢ ɦɨɞɟɥɶ ɛɵɥɚ ɞɨɛɚɜɥɟɧɚ ɜ ɭɱɟɬɧɭɸ ɡɚɩɢɫɶ ɢɡ Model Zoo, ɬɨ ɩɨ ɭɦɨɥ-

ɱɚɧɢɸ ɟё ɨɫɧɨɜɧɨɟ ɯɪɚɧɢɥɢɳɟ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɟɪɜɟɪɟ Supervisely. ɗɬɨ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ ɷɬɭ ɦɨɞɟɥɶ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ ɜɫɟɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɚɯ ɤɥɚɫɬɟɪɚ. 

 

3.6 Ɉɛɭɱɟɧɢɟ ɢ ɜɵɜɨɞ 

 

ɑɬɨɛɵ ɧɚɱɚɬɶ ɨɛɭɱɟɧɢɟ, ɧɚɠɢɦɚɟɦ ɤɧɨɩɤɭ «Ɉɛɭɱɟɧɢɟ (Train)» ɜ ɫɩɢɫɤɟ ɦɨ-

ɞɟɥɟɣ ɜ ɪɚɡɞɟɥɟ «ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ». Ɉɬɤɪɨɟɬɫɹ ɫɬɪɚɧɢɰɚ ɩɥɚɝɢɧɚ ɡɚɩɭɫɤɚ, ɧɟɤɨ-

ɬɨɪɵɟ ɩɨɥɹ ɛɭɞɭɬ ɡɚɩɨɥɧɟɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 3.15 – Ɂɚɩɭɫɤ ɨɛɭɱɟɧɢɹ 

 

ɇɭɠɧɨ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: 
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1. Ⱥɝɟɧɬ (ɜɵɛɪɚɬɶ Ⱥɝɟɧɬɚ, ɧɚ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɨɛɭɱɚɬɶɫɹ ɦɨɞɟɥɶ). 

2. ɉɪɨɟɤɬ (ɜɵɛɪɚɬɶ ɩɪɨɟɤɬ ɢɡ ɬɟɤɭɳɟɣ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ). 

3. Ɂɚɝɨɥɨɜɨɤ (ɜɜɟɫɬɢ ɢɦɹ ɞɥɹ ɛɭɞɭɳɟɣ ɦɨɞɟɥɢ, ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɨ 

ɩɨɡɠɟ). 

4. Ʉɨɧɮɢɝɭɪɚɰɢɹ (ɜɵɛɪɚɬɶ ɩɥɚɝɢɧ ɞɥɹ ɨɛɭɱɟɧɢɹ). 

ɇɚɠɢɦɚɟɦ «Ɂɚɩɭɫɬɢɬɶ (Run)», ɱɬɨɛɵ ɧɚɱɚɬɶ ɨɛɭɱɟɧɢɟ. Ȼɭɞɟɬ ɫɨɡɞɚɧɨ ɧɨɜɨɟ 

ɡɚɞɚɧɢɟ ɜ ɪɚɡɞɟɥɟ «Ɂɚɞɚɱɢ». ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ ɦɨɞɟɥɢ (ɡɧɚɱɨɤ «ɬɪɢ ɬɨɱɤɢ») 

ɦɨɠɧɨ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɥɨɝɢ, ɱɬɨɛɵ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɯɨɞ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ ɢɥɢ 

ɨɫɬɚɧɨɜɢɬɶ ɨɛɭɱɟɧɢɟ. 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɨɛɭɱɟɧɢɹ ɧɚ ɫɬɪɚɧɢɰɟ «ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ» ɩɨɫɥɟɞɧɹɹ ɤɨɧ-

ɬɪɨɥɶɧɚɹ ɬɨɱɤɚ ɛɭɞɟɬ ɫɨɯɪɚɧɟɧɚ ɤɚɤ ɧɨɜɚɹ ɦɨɞɟɥɶ ɫ ɜɵɛɪɚɧɧɵɦ ɢɦɟɧɟɦ. 

ȼɵɩɨɥɧɟɧɢɟ ɩɪɨɰɟɞɭɪɵ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɜ ɰɟɥɨɦ ɩɪɨ-

ɢɫɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɨ ɩɪɨɰɟɞɭɪɟ ɨɛɭɱɟɧɢɹ. ɑɬɨɛɵ ɧɚɱɚɬɶ ɜɵɜɨɞ, ɧɚɠɢɦɚɟɦ 

ɤɧɨɩɤɭ «ȼɵɜɨɞ (Test)» ɜ ɫɩɢɫɤɟ ɦɨɞɟɥɟɣ ɜ ɪɚɡɞɟɥɟ «ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ». Ɉɬɤɪɨɟɬɫɹ 

ɫɬɪɚɧɢɰɚ ɩɥɚɝɢɧɚ ɡɚɩɭɫɤɚ, ɧɟɤɨɬɨɪɵɟ ɩɨɥɹ ɛɭɞɭɬ ɡɚɩɨɥɧɟɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

ɇɭɠɧɨ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: 

1. Ⱥɝɟɧɬ (ɜɵɛɪɚɬɶ Ⱥɝɟɧɬɚ, ɫ ɤɨɬɨɪɵɦ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ). 

2. ɉɪɨɟɤɬ (ɜɵɛɪɚɬɶ ɩɪɨɟɤɬ ɢɡ ɬɟɤɭɳɟɣ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ, ɤ ɤɨɬɨɪɨɦɭ ɧɭɠɧɨ 

ɩɪɢɦɟɧɢɬɶ ɦɨɞɟɥɶ). 

3. Ɂɚɝɨɥɨɜɨɤ (ɜɜɟɫɬɢ ɢɦɹ ɞɥɹ ɛɭɞɭɳɟɝɨ ɩɪɨɟɤɬɚ, ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɨ 

ɩɨɡɠɟ).  

4. Ʉɨɧɮɢɝɭɪɚɰɢɹ (ɜɵɛɪɚɬɶ ɩɥɚɝɢɧ ɞɥɹ ɨɛɭɱɟɧɢɹ). 

ɇɚɠɢɦɚɟɦ «Ɂɚɩɭɫɬɢɬɶ (Run)», ɱɬɨɛɵ ɧɚɱɚɬɶ ɜɵɜɨɞ. Ȼɭɞɟɬ ɫɨɡɞɚɧɨ ɧɨɜɨɟ 

ɡɚɞɚɧɢɟ ɜ ɪɚɡɞɟɥɟ «Ɂɚɞɚɱɢ». ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ ɦɨɞɟɥɢ (ɡɧɚɱɨɤ «ɬɪɢ ɬɨɱɤɢ») 

ɦɨɠɧɨ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɥɨɝɢ, ɱɬɨɛɵ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɯɨɞ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ ɢɥɢ 

ɨɫɬɚɧɨɜɢɬɶ ɜɵɜɨɞ. 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɜɵɜɨɞɚ ɧɚ ɫɬɪɚɧɢɰɟ «ɉɪɨɟɤɬɵ» ɜ ɫɩɢɫɤɟ ɩɨɹɜɢɬɫɹ ɧɨɜɵɣ 

ɩɪɨɟɤɬ ɫ ɜɵɛɪɚɧɧɵɦ ɢɦɟɧɟɦ. ȿɫɥɢ ɩɪɨɟɤɬ ɫ ɬɚɤɢɦ ɢɦɟɧɟɦ ɭɠɟ ɫɭɳɟɫɬɜɭɟɬ, ɚɜɬɨ-

ɦɚɬɢɱɟɫɤɢ ɛɭɞɟɬ ɞɨɛɚɜɥɟɧ ɫɥɭɱɚɣɧɵɣ ɫɭɮɮɢɤɫ. 
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3.7 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

 

ɉɪɨɢɡɜɟɞёɧ ɜɵɜɨɞ ɨɬɨɛɪɚɧɧɵɯ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɢɡɨɛ-

ɪɚɠɟɧɢɣ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɤɚ-

ɦɟɪɨɣ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɪɟɝɢɫɬɪɚɬɨɪɚ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɰɟɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɤɚɞɪɵ ɩɨɫɥɟɞɫɬɜɢɣ ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɢɫɲɟɫɬɜɢɹ, ɩɪɨɢɡɨɲɟɞɲɟɝɨ ɧɚ 

ɭɥ. ɉɪɨɮɫɨɸɡɨɜ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ ɜɟɫɧɨɣ 2020 ɝɨɞɚ, ɢ ɹɜɥɹɟɬɫɹ ɬɢɩɢɱɧɨɣ ɝɨɪɨɞɫɤɨɣ 

ɫɰɟɧɨɣ, ɝɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɴɟɤɬɵ ɯɚɪɚɤɬɟɪɧɵɯ ɤɥɚɫɫɨɜ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ, ɧɚ ɤɨɬɨɪɨɦ ɦɨɠɧɨ ɜɢɞɟɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɩɪɟɞ-

ɫɬɚɜɥɟɧ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɤɚɞɪ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɚɡɧɵɯ 

ɦɨɞɟɥɟɣ – ɨɛɴɟɤɬɵ ɞɟɬɟɤɬɢɪɭɸɬɫɹ ɧɟɨɞɢɧɚɤɨɜɨ. 

 

 

Ɋɢɫɭɧɨɤ 3.16 – Ɋɟɡɭɥɶɬɚɬ ɜɵɜɨɞɚ RFCN ResNet101 
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Ɋɢɫɭɧɨɤ 3.17 – Ɋɟɡɭɥɶɬɚɬ ɜɵɜɨɞɚ YOLO v3 

 

 

Ɋɢɫɭɧɨɤ 3.18 – Ɋɟɡɭɥɶɬɚɬ ɜɵɜɨɞɚ SSD MobileNet v2 
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Ȼɵɥɨ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɬɨɱɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɦɨɞɟɥɟɣ 

ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɦɟɬɪɢɤ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɫɥɟɞɭɸɳɢɟ ɩɨɧɹ-

ɬɢɹ ɢɥɢ ɱɟɬɵɪɟ ɝɪɭɩɩɵ ɪɟɡɭɥɶɬɚɬɨɜ: 

- ɂɫɬɢɧɧɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ (ɂɉ), 

- ɂɫɬɢɧɧɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ (ɂɈ), 

- Ʌɨɠɧɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ (Ʌɉ), 

- Ʌɨɠɧɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ (ɅɈ). 

Ɍɨɝɞɚ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɦɟɬɪɢɤɚɦ: 

- ɉɨɥɧɨɬɚ (recall): ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɧɬ ɩɪɚɜɢɥɶɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨ-

ɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɨɬ ɨɛɳɟɝɨ ɮɚɤɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɨɛɴɟɤɬɨɜ. ʞˑˎːˑ˕а =  ИʞИʞ + Лʝ 

- Ɍɨɱɧɨɫɬɶ (precision): ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɧɬ ɩɪɚɜɢɥɶɧɨ ɤɥɚɫɫɢɮɢɰɢ-

ɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɛɴɟɤɬɨɜ, ɨɬɧɟɫёɧɧɵɯ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɦɭ ɤɥɚɫɫɭ. Тˑчːˑ˔˕ь =  ИʞИʞ + Лʞ 

ɉɨɫɤɨɥɶɤɭ ɷɬɢ ɞɜɟ ɦɟɬɪɢɤɢ ɧɟ ɭɱɢɬɵɜɚɸɬ ɜɫɟɯ ɜɢɞɨɜ ɪɟɡɭɥɶɬɚɬɨɜ, ɬɨ ɨɧɢ 

ɦɨɝɭɬ ɞɚɬɶ ɧɚɦ ɫɦɟɳɟɧɧɭɸ ɨɰɟɧɤɭ, ɨɫɨɛɟɧɧɨ ɜ ɫɥɭɱɚɟ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɯ ɤɥɚɫ-

ɫɨɜ (ɝɞɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɛɥɸɞɟɧɢɣ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɚɤɢɦ-ɬɨ ɤɥɚɫɫɚɦ, ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɬɥɢɱɚɟɬɫɹ ɞɪɭɝɢɯ). 

F-ɦɟɪɚ (F-score) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɦɟɫɬɧɭɸ ɨɰɟɧɤɭ ɬɨɱɧɨɫɬɢ ɢ ɩɨɥ-

ɧɨɬɵ, ɩɨɷɬɨɦɭ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɨ-

ɞɟɥɢ. F-ˏе˓а =  2 ∙ Тˑчːˑ˔˕ь ∙ ʞˑˎːˑ˕аТˑчːˑ˔˕ь + ʞˑˎːˑ˕а 

ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ 

ɦɨɞɟɥɟɣ ɩɨ ɪɚɡɥɢɱɧɵɦ ɦɟɬɪɢɤɚɦ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɬɨɱ-

ɧɨɫɬɶ ɩɨɤɚɡɚɥɚ ɦɨɞɟɥɶ RFCN ResNet101, ɡɚ ɧɟɣ ɫ ɧɟɛɨɥɶɲɢɦ ɨɬɫɬɚɜɚɧɢɟɦ ɢɞёɬ 

YOLO v3. 
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Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɉɨɥɧɨɬɚ Ɍɨɱɧɨɫɬɶ F-ɦɟɪɚ 

RFCN ResNet101 0,7551 0,7236 0,7355 

YOLO v3 0,7262 0,7292 0,7205 

SSD MobileNet v2 0,5496 0,6223 0,5777 

 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɦɟɬ-

ɪɢɤ ɩɨ ɨɬɞɟɥɶɧɵɦ ɤɚɞɪɚɦ ɢɡɨɛɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɜɢɞɧɨ, ɱɬɨ ɞɜɟ ɥɭɱɲɢɯ ɦɨ-

ɞɟɥɢ ɜ ɫɪɟɞɧɟɦ ɩɨɥɭɱɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 3.19 – Ɂɧɚɱɟɧɢɹ ɩɨɥɧɨɬɵ 
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Ɋɢɫɭɧɨɤ 3.20 – Ɂɧɚɱɟɧɢɹ ɬɨɱɧɨɫɬɢ 

 

 

Ɋɢɫɭɧɨɤ 3.21 – Ɂɧɚɱɟɧɢɹ F-ɦɟɪɵ 

 

ȼ ɯɨɞɟ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɢ ɩɨ ɟё ɦɚɬɟɪɢɚɥɚɦ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ 

ɞɜɟ ɫɬɚɬɶɢ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ɋɨ-

ɛɨɬɨɬɟɯɧɢɤɚ ɢ ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ» ɜ 2018 ɢ 2019 ɝɨɞɚɯ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

 

ȼɵɩɨɥɧɟɧɚ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɡɚɞɚɱɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨ-

ɪɢɹɯ». 

ɇɚ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɜɵɹɜɥɟɧɵ ɨɛɴɟɤɬɵ ɢɧɬɟɪɟɫɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɧɚ ɝɨɪɨɞɫɤɢɯ ɫɰɟɧɚɯ, 

- ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ, 

- ɨɬɨɛɪɚɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, 

- ɩɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɛɪɚɧɧɵɯ 

ɪɟɲɟɧɢɣ, 

- ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɬɨɱɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɦɟɬɪɢɤɚɦ. 

Ɋɟɲɟɧɢɟ ɷɬɢɯ ɡɚɞɚɱ ɩɨɡɜɨɥɢɥɨ ɞɨɫɬɢɱɶ ɰɟɥɢ – ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ ɤɥɚɫ-

ɫɢɮɢɤɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɢ ɨɩɪɨɛɨɜɚɬɶ 

ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ. 
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