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ɍȾɄ 004.93 

 

ɆȿɌɈȾɂɄȺ ȽȿɇȿɊȺɐɂɂ ɂɁɈȻɊȺɀȿɇɂɃ ȺȻɋɌɊȺɄɌɇɈȽɈ ɋɌɂɅə ɇȺ ɈɋɇɈȼȿ 
ȽȿɇȿɊȺɌɂȼɇɈ-ɋɈɋɌəɁȺɌȿɅɖɇɈɃ ɇȿɃɊɈɇɇɈɃ ɋȿɌɂ  

ɂɱɢɤ ɇ.ɋ.  
ɞɨɰɟɧɬ ɤɚɮ. ɂɋ, ɤ.ɬ.ɧ. Ȼɚɛɢɥɭɧɝɚ Ɉ.ɘ. 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «Ɉɞɟɫɫɤɚɹ ɩɨɥɢɬɟɯɧɢɤɚ», ɍɄɊȺɂɇȺ 
 

ȺɇɇɈɌȺɐɂə. Ɋɟɲɟɧɚ ɡɚɞɚɱɚ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɛɫɬɪɚɤɬɧɨɝɨ ɫɬɢɥɹ, ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɪɨɛɥɟɦ ɫ 
ɚɜɬɨɪɫɤɢɦ ɩɪɚɜɨɦ ɩɪɢ ɯɭɞɨɠɟɫɬɜɟɧɧɨɦ ɨɮɨɪɦɥɟɧɢɢ ɫɬɪɚɧɢɰ ɜ ɤɧɢɠɧɨɣ ɢ ɪɟɤɥɚɦɧɨɣ ɩɪɨɞɭɤɰɢɢ. 
ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɨɣ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ DCGAN. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɜɵɩɨɥɧɟɧɚ ɫɪɟɞɫɬɜɚɦɢ ɩɚɤɟɬɨɜ Tensorflow, Keras. 

 

ȼɜɟɞɟɧɢɟ. Ɉɞɧɨɣ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɡɚɞɚɱ, ɪɟɲɚɟɦɵɯ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɨɜ ɦɚɲɢɧɧɨɝɨ 
ɨɛɭɱɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɝɟɧɟɪɚɰɢɹ ɞɚɧɧɵɯ (ɢɡɨɛɪɚɠɟɧɢɣ, ɡɜɭɤɨɜ ɢ ɬ.ɞ.). ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. ȼ ɧɚɲɟ ɜɪɟɦɹ ɜɵɩɭɫɤɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɩɟɱɚɬɧɵɯ ɢɥɢ ɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɚɧɢɣ. Ⱦɥɹ 
ɨɮɨɪɦɥɟɧɢɹ ɢɯ ɝɪɚɮɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɥɭɝɢ ɯɭɞɨɠɧɢɤɨɜ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ 
ɫɨɛɨɣ ɢɡɥɢɲɧɢɟ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɢ ɫɪɟɞɫɬɜ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɪɚɬɢɜɧɨ-

ɫɨɫɬɹɡɚɬɟɥɶɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɫɬɢɥɟ, ɫɬɢɥɶ 
ɤɨɬɨɪɵɯ ɜɩɨɫɥɟɞɫɬɜɢɢ ɦɨɠɧɨ ɛɭɞɟɬ ɩɟɪɟɧɟɫɬɢ ɧɚ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɢɡɞɚɧɢɢ, ɢɥɢ ɧɚ 
ɫɚɦɭ ɫɬɪɚɧɢɰɭ ɢɡɞɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɦɟɬɨɞɢɤɭ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ 
ɚɛɫɬɪɚɤɬɧɨɝɨ ɫɬɢɥɹ, ɫ ɩɪɢɦɟɧɟɧɢɟ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɵɯ ɫɟɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɚɪɯɢɬɟɤɬɭɪɵ DCGAN. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɪɟɲɚɬɶ 
ɡɚɞɚɱɭ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɚɛɫɬɪɚɤɬɧɨɦ ɫɬɢɥɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɚɪɯɢɬɟɤɬɭɪ 
ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɚ ɝɟɧɟɪɚɬɢɜɧɨ-

ɫɨɫɬɹɡɚɬɟɥɶɧɚɹ ɫɟɬɶ, ɢɦɟɸɳɚɹ ɚɪɯɢɬɟɤɬɭɪɭ DCGAN. Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ DCGAN ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɤɥɚɫɫɢɱɟɫɤɢɯ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɵɯ ɫɟɬɟɣ ɬɟɦ, ɱɬɨ ɜ ɧɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɚɧɫɩɨɧɢ-

ɪɨɜɚɧɧɵɟ ɫɜɟɪɬɨɱɧɵɟ ɫɥɨɢ ɢ ɫɥɨɢ ɩɨɞɜɵɛɨɪɨɤ. 
Ɇɟɬɨɞɢɤɚ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɛɫɬɪɚɤɬɧɨɝɨ ɫɬɢɥɹ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ: 
1. Ɂɚɝɪɭɡɢɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ (ɢɡɨɛɪɚɠɟɧɢɹ) ɜ DataSet ɞɥɹ TensorFlow. 

2. ȼɵɩɨɥɧɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢɡɨɛɪɚɠɟɧɢɣ: 
− ɧɨɪɦɢɪɨɜɚɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɞɨ ɪɚɡɦɟɪɚ 1β8×1β8 ɩɢɤɫɟɥɟɣ; 
− ɩɪɢɜɟɫɬɢ ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɤ ɞɢɚɩɚɡɨɧɭ Д-1; 1]. ɇɨɪɦɢɪɨɜɚɧɢɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (ɯ – 1β7,5) / 1β7,5, ɝɞɟ ɯ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɫɟɥɹ. 
3. ɋɩɪɨɟɤɬɢɪɨɜɚɬɶ ɦɨɞɟɥɶ ɝɟɧɟɪɚɬɨɪɚ (ɬɚɛɥ. 1). 
ȼ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɫɤɪɵɬɵɯ ɫɥɨɟɜ ɝɟɧɟɪɚɬɨɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ 

LeakyReLu (ReLu ɫ ɭɬɟɱɤɨɣ). ȼ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɭɟɬɫɹ tanh. 

4. ɋɩɪɨɟɤɬɢɪɨɜɚɬɶ ɦɨɞɟɥɶ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ (ɬɚɛɥ. 1). 
5. Ɉɛɭɱɢɬɶ ɦɨɞɟɥɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ γ00 ɷɩɨɯ. 
6. Ɉɰɟɧɢɬɶ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɝɟɧɟɪɚɬɨɪɚ (LG) ɢ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ (LD) [2].  

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɛɢɧɚɪɧɨɣ ɩɟɪɟɤɪɟɫɬɧɨɣ ɷɧɬɪɨɩɢɢ 
(BinaryCrossEntropy ɜ ɩɚɤɟɬɟ Keras). 

7. ɋɝɟɧɟɪɢɪɨɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫ. 1). 
Ȼɵɥ ɩɪɨɜɟɞɟɧ ɤɨɦɩɶɸɬɟɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɛɫɬɪɚɤɬɧɨɝɨ ɫɬɢɥɹ 

ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɫɪɟɞɫɬɜɚɦɢ ɩɚɤɟɬɨɜ Tensorflow, Keras. 

Ⱦɥɹ ɨɛɭɱɟɧɢɹ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɨɣ ɫɟɬɢ DCGAN ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɧɚɛɨɪ ɞɚɧɧɵɯ 
WikiArt Dataset Д1Ж. ȼ ɧɟɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɪɬɢɧɵ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɪɚɡɧɵɦ ɤɚɬɟɝɨɪɢɹɦ 
(ɚɜɬɨɪɚɦ, ɠɚɧɪɚɦ). Ⱦɥɹ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ 5000 ɤɚɪɬɢɧ ɜ ɫɬɢɥɟ «Ⱥɛɫɬɪɚɤɰɢɹ». 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɭɱɟɧɢɹ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɨɣ ɫɟɬɢ DCGAN ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɚɪɯɢɬɟɤɬɭɪɨɣ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɬɪɢɤɢ ɤɚɱɟɫɬɜɚ: LG = 8, 219, LD = 0, 222. 



Modern Information Technology – ǹțȟаșȕȭ ІȕȜȖȘȔаȞȭȑȕȭ ǺȍȝȕȖȓȖȋȭȮ 
 

  

- 52 - 

Ɍɚɛɥɢɰɚ 1 – Ɉɩɢɫɚɧɢɟ ɚɪɯɢɬɟɤɬɭɪɵ ɝɟɧɟɪɚɬɨɪɚ ɢ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ 

ȼɵɯɨɞɧɨɣ ɪɚɡɦɟɪ Ƚɟɧɟɪɚɬɨɪ (ɫɥɨɢ) ȼɵɯɨɞɧɨɣ ɪɚɡɦɟɪ Ⱦɢɫɤɪɢɦɢɧɚɬɨɪ (ɫɥɨɢ) 
16384 Dense 64×64×64 Conv2D 

8×8×β56 Reshape γβ×γβ×1β8 Conv2D 
16×16×1β8 Conv2DTranspose γβ×γβ×1β8 LeakyReLU 
16×16×1β8 LeakyReLU γβ×γβ×1β8 BatchNormalization 
16×16×1β8 BatchNormalization 16×16×β56 Conv2D 
γβ×γβ×64 Conv2DTranspose 16×16×β56 LeakyReLU 
γβ×γβ×64 LeakyReLU 16×16×β56 BatchNormalization 
γβ×γβ×64 BatchNormalization 8×8×51β Conv2D 
64×64×γβ Conv2DTranspose 8×8×51β LeakyReLU 
64×64×γβ LeakyReLU 32768 Flatten 
64×64×γβ BatchNormalization 32768 Dropout 

1β8×1β8×γ Conv2DTranspose 1 Dense 
 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ДγЖ, ɩɪɨɜɟɞɟɧɧɨɝɨ Michele Di Fazio 

“AbstraМt-ART-GAN”, ɦɟɬɪɢɤɢ ɤɚɱɟɫɬɜɚ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɨɫɬɚɜɢɥɢ: LG = 3,339, LD = 0,309. 

ɉɪɢ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɛɫɬɪɚɤɬɧɨɝɨ ɫɬɢɥɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ 
ɦɟɬɨɞɢɤɢ, ɞɢɫɤɪɢɦɢɧɚɬɨɪ ɦɟɧɶɲɟ ɩɨɞɚɜɥɹɟɬɫɹ ɝɟɧɟɪɚɬɨɪɨɦ, ɨɞɧɚɤɨ ɝɟɧɟɪɢɪɭɟɦɵɟ ɢɡɨɛɪɚɠɟɧɢɹ 
ɜ ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ ɩɨɯɨɠɢ ɧɚ ɢɫɯɨɞɧɵɟ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɭɞɭɬ 
ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɭɥɭɱɲɟɧɢɟ ɚɪɯɢɬɟɤɬɭɪɵ ɝɟɧɟɪɚɬɨɪɚ. 

  

 

 
                         ɚ                                               ɛ                                               ɜ                                              ɝ 

Ɋɢɫ. 1 – ɉɪɢɦɟɪɵ ɚɛɫɬɪɚɤɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ: ɚ, ɛ – ɢɫɯɨɞɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɧɚɛɨɪɚ ɞɚɧɧɵɯ WikiArt; ɜ – 

ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, Michele Di Fazio [3],  

ɝ – ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ  
 

ȼɵɜɨɞɵ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɢɤɚ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɛɫɬɪɚɤɬɧɨɝɨ 
ɫɬɢɥɹ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɟɧɟɪɚɬɢɜɧɨ-ɫɨɫɬɹɡɚɬɟɥɶɧɨɣ ɫɟɬɢ, ɢɦɟɸɳɟɣ ɚɪɯɢɬɟɤɬɭɪɭ 
DCGAN. ɉɪɨɜɟɞɟɧɨ ɤɨɦɩɶɸɬɟɪɧɨɣ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɧɚ 
ɛɚɡɟ ɩɚɤɟɬɨɜ Keras, Tensorflow. ȼɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɮɭɧɤɰɢɣ ɩɨɬɟɪɶ ɝɟɧɟɪɚɬɨɪɚ ɢ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ 
ɫɟɬɢ DCGAN. ɉɪɟɞɥɨɠɟɧɧɭɸ ɦɟɬɨɞɢɤɭ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɛɫɬɪɚɤɬɧɨɝɨ ɫɬɢɥɹ ɦɨɠɧɨ 
ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɯɭɞɨɠɟɫɬɜɟɧɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ ɫɬɪɚɧɢɰ ɪɚɡɥɢɱɧɵɯ ɩɟɱɚɬɧɵɯ ɢ ɰɢɮɪɨɜɵɯ ɢɡɞɚɧɢɣ. 
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