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ɍȾɄ 004.93 

 

ɆȿɌɈȾɂɄȺ ȽȿɇȿɊȺɐȱȲ ɁɈȻɊȺɀȿɇɖ ɏȼɈɊɂɏ ɅɂɋɌɄȱȼ ɊɈɋɅɂɇ ɇȺ ɈɋɇɈȼȱ 
ȽȿɇȿɊȺɌɂȼɇɈ-ɁɆȺȽȺɅɖɇɈȲ ɇȿɃɊɈɇɇɈȲ ɆȿɊȿɀȱ 

ɍɫɚɬɟɧɤɨ Ⱦ.ɋ.  
ɞɨɰɟɧɬ ɤɚɮ. ȱɋ, ɤ.ɬ.ɧ. Ƚɚɥɱɨɧɤɨɜ Ɉ.Ɇ. 

Ⱦɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ «Ɉɞɟɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ», ɍɄɊȺȲɇȺ 
 

ȺɇɈɌȺɐȱə. ȼɢɪɿɲɟɧɚ ɡɚɞɚɱɚ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɪɨɫɥɢɧ ɞɥɹ ɡɛɿɥɶɲɟɧɧɹ ɧɚɛɨɪɭ 
ɞɚɧɢɯ ɜ ɡɚɞɚɱɚɯ ɤɥɚɫɢɮɿɤɚɰɿʀ ɡɚɯɜɨɪɸɜɚɧɶ ɪɨɫɥɢɧ. ȼ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɝɟɧɟɪɚɰɿʀ 
ɡɨɛɪɚɠɟɧɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ DCGAN. Ʉɨɦɩ’ɸɬɟɪɧɚ 
ɪɟɚɥɿɡɚɰɿɹ ɜɢɤɨɧɚɧɚ ɡɚɫɨɛɚɦɢ ɩɚɤɟɬɿɜ Tensorflow, Keras. 

 

ȼɫɬɭɩ. Ɉɞɧɿєɸ ɡ ɪɨɡɩɨɜɫɸɞɠɟɧɢɯ ɡɚɞɚɱ, ɹɤɿ ɜɢɪɿɲɭɸɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɿɜ ɦɚɲɢɧɧɨɝɨ 
ɧɚɜɱɚɧɧɹ є ɝɟɧɟɪɚɰɿɹ ɞɚɧɢɯ (ɡɨɛɪɚɠɟɧɶ, ɡɜɭɤɿɜ ɿ ɬ.ɞ.) ɡ ɩɟɜɧɢɦ ɪɨɡɩɨɞɿɥɟɧɧɹɦ. Ⱦɥɹ ɧɚɜɱɚɧɧɹ 
ɤɥɚɫɢɮɿɤɚɬɨɪɿɜ ɩɨɬɪɿɛɧɨ ɦɚɬɢ ɜɟɥɢɤɭ ɪɿɡɧɨɦɚɧɿɬɧɭ ɜɢɛɿɪɤɭ ɜɯɿɞɧɢɯ ɡɨɛɪɚɠɟɧɶ. Ɋɨɡɪɨɛɤɚ 
ɦɟɬɨɞɢɤɢ ɧɚ ɨɫɧɨɜɿ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɢɯ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ 
ɥɢɫɬɤɿɜ ɪɨɫɥɢɧ є ɚɤɬɭɚɥɶɧɨɸ, ɬɨɦɭ ɳɨ ɪɨɡɪɨɛɢɜɲɢ ɨɩɬɢɦɚɥɶɧɭ ɦɟɬɨɞɨɥɨɝɿɸ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɦɢ 
ɡɦɨɠɟɦɨ ɝɟɧɟɪɭɜɚɬɢ ɭɧɿɤɚɥɶɧɿ ɧɚɛɨɪɢ ɡɨɛɪɚɠɟɧɶ ɞɥɹ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɡɚɞɚɱɚɯ ɜɢɹɜɥɟɧɧɹ ɯɜɨɪɨɛ 
ɪɨɫɥɢɧ. ɐɟ ɞɨɡɜɨɥɢɬɶ ɡɦɟɧɲɢɬɢ ɱɚɫ ɧɚ ɡɛɿɪ ɧɚɛɨɪɭ ɞɚɧɢɯ, ɬɚɤ ɹɤ ɞɥɹ ɧɚɜɱɚɧɧɹ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɬɪɿɛɧɨ ɧɚɛɚɝɚɬɨ ɦɟɧɲɢɣ ɧɚɛɿɪ. Ɍɚɤɨɠ ɰɟ ɞɨɡɜɨɥɢɬɶ ɪɿɡɧɨɦɚɧɿɬɢɬɢ ɜɠɟ ɝɨɬɨɜɢɣ ɧɚɛɿɪ. 

Ɇɟɬɚ ɪɨɛɨɬɢ – ɪɨɡɪɨɛɢɬɢ ɬɚ ɞɨɫɥɿɞɢɬɢ ɦɟɬɨɞɢɤɭ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ 

ɪɨɫɥɢɧ, ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɢɯ ɦɟɪɟɠ ɡ ɚɪɯɿɬɟɤɬɭɪɨɸ DCGAN. 

Ɉɫɧɨɜɧɚ ɱɚɫɬɢɧɚ ɪɨɛɨɬɢ. ɋɭɱɚɫɧɿ ɦɟɬɨɞɢ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ ɞɨɡɜɨɥɹɸɬɶ ɜɢɪɿɲɭɜɚɬɢ 
ɡɚɞɚɱɭ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɪɨɫɥɢɧ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɡɧɢɯ ɚɪɯɿɬɟɤɬɭɪ ɧɟɣɪɨɧɧɢɯ 
ɦɟɪɟɠ. ȼ ɞɚɧɿɣ ɪɨɛɨɬɿ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɚ ɦɟɪɟɠɚ 
ɡ ɚɪɯɿɬɟɤɬɭɪɨɸ DCGAN. Ⱥɪɯɿɬɟɤɬɭɪɚ ɦɟɪɟɠɿ DCGAN ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɤɥɚɫɢɱɧɢɯ ɝɟɧɟɪɚɬɢɜɧɨ-

ɡɦɚɝɚɥɶɧɢɯ ɦɟɪɟɠ ɬɢɦ, ɳɨ ɜɨɧɚ ɜɢɤɨɪɢɫɬɨɜɭє ɡɝɨɪɬɤɨɜɿ ɲɚɪɢ ɬɚ ɡɝɨɪɬɤɨɜɿ ɬɪɚɧɫɩɨɧɭɸɱɿ ɲɚɪɢ. 
Ɇɟɬɨɞɢɤɚ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɪɨɫɥɢɧ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɧɚɫɬɭɩɧɢɯ ɟɬɚɩɿɜ: 

1. Ɂɚɜɚɧɬɚɠɢɬɢ ɜɯɿɞɧɿ ɡɨɛɪɚɠɟɧɧɹ ɜ ɫɩɢɫɨɤ. 
2. ȼɢɤɨɧɚɬɢ ɩɨɩɟɪɟɞɧɸ ɨɛɪɨɛɤɭ ɡɨɛɪɚɠɟɧɶ. 
3. ɋɩɪɨɟɤɬɭɜɚɬɢ ɬɨɩɨɥɨɝɿɸ ɦɨɞɟɥɿ ɝɟɧɟɪɚɬɨɪɚ (ɬɚɛɥ. 1). 
4. ȼ ɹɤɨɫɬɿ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɞɥɹ ɩɪɢɯɨɜɚɧɢɯ ɲɚɪɿɜ ɝɟɧɟɪɚɬɨɪɚ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɮɭɧɤɰɿɹ 

LeakyReLu (ReLu ɫ ɜɢɬɨɤɨɦ). ȼ ɹɤɨɫɬɿ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɜɢɯɿɞɧɨɝɨ ɲɚɪɭ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ tanh. 

5. ɋɩɪɨɟɤɬɭɜɚɬɢ ɬɨɩɨɥɨɝɿʀ ɦɨɞɟɥɿ ɞɢɫɤɪɢɦɿɧɚɬɨɪɚ (ɬɚɛɥ. 1). 
6. ɇɚɜɱɚɬɢ ɦɨɞɟɥɿ ɜɩɪɨɞɨɜɠ 1000 ɟɩɨɯ. 
7. Ɉɰɿɧɢɬɢ ɮɭɧɤɰɿʀ ɜɬɪɚɬ ɝɟɧɟɪɚɬɨɪɚ (LG) ɢ ɞɢɫɤɪɢɦɿɧɚɬɨɪɚ (LD) [1].  

8. ɉɨɪɿɜɧɹɧɧɹ ɜɬɪɚɬ ɡɞɿɣɫɧɸєɬɶɫɹ ɦɟɬɨɞɨɦ ɛɿɧɚɪɧɨʀ ɤɪɨɫ ɟɧɬɪɨɩɿʀ (BinaryCrossEntropy ɜ ɩɚɤɟɬɿ 
Keras). 

9. Ɂɝɟɧɟɪɭɜɚɬɢ ɡɨɛɪɚɠɟɧɧɹ (ɪɢɫ. 1). 
Ⱦɥɹ ɧɚɜɱɚɧɧɹ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɨʀ ɦɟɪɟɠɿ DCGAN ɛɭɜ ɜɢɤɨɪɢɫɬɚɧɢɣ ɧɚɛɿɪ ɞɚɧɢɯ New 

Plant Diseases Dataset ДβЖ. ȼ ɧɶɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɿ ɡɨɛɪɚɠɟɧɧɹ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɪɨɫɥɢɧ, ɹɤɿ 
ɪɨɡɩɨɞɿɥɟɧɿ ɩɨ ɜɢɞɚɦ ɪɨɫɥɢɧ. Ⱦɥɹ ɪɨɛɨɬɢ ɛɭɥɢ ɜɵɛɪɚɧɿ 7000 ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɤɿɜ ɩɨɥɭɧɢɰɿ. 

ȼ ɪɟɡɭɥɶɬɚɬɿ ɧɚɜɱɚɧɧɹ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɨʀ ɦɟɪɟɠɿ DCGAN ɡ ɡɚɩɪɨɩɨɧɨɜɚɧɨɸ 
ɚɪɯɿɬɟɤɬɭɪɨɸ, ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɧɚɫɬɭɩɧɿ ɦɟɬɪɢɤɢ ɹɤɨɫɬɿ: LG = 5, 39, LD = 0, 324. 

ɉɪɢ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɩɨɥɭɧɢɰɿ ɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɜ ɪɨɛɨɬɿ 
ɦɟɬɨɞɢɤɢ, ɞɢɫɤɪɢɦɿɧɚɬɨɪ ɦɟɧɲɟ ɩɪɢɝɧɿɱɭєɬɶɫɹ ɝɟɧɟɪɚɬɨɪɨɦ, ɨɞɧɚɤ ɡɝɟɧɟɪɨɜɚɧɿ ɡɨɛɪɚɠɟɧɧɹ 
ɫɯɨɠɿ ɧɚ ɜɢɯɿɞɧɿ. ɉɨɞɚɥɶɲɿ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɞɭɬɶ ɧɚɩɪɚɜɥɟɧɿ ɧɚ ɩɨɤɪɚɳɟɧɧɹ ɚɪɯɿɬɟɤɬɭɪɢ 
ɝɟɧɟɪɚɬɨɪɚ. 
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Ɍɚɛɥɢɰɹ 1 – Ɉɩɢɫ ɚɪɯɿɬɟɤɬɭɪɢ ɝɟɧɟɪɚɬɨɪɚ ɬɚ ɞɢɫɤɪɢɦɿɧɚɬɨɪɚ 

ȼɢɯɿɞɧɢɣ ɪɨɡɦɿɪ Ƚɟɧɟɪɚɬɨɪ (ɲɚɪɢ) ȼɢɯɿɞɧɢɣ ɪɨɡɦɿɪ Ⱦɢɫɤɪɢɦɿɧɚɬɨɪ (ɲɚɪɢ) 

4096 Dense 128×128×64 Conv2D 

4096 LeakyReLu 128×128×64 LeakyReLU 

4×4×β56 Reshape 64×64×1β8 Conv2D 

8×8×128 Conv2DTranspose 64×64×1β8 LeakyReLU 

8×8×128 LeakyReLU 64×64×1β8 Dropout 

8×8×128 BatchNormalization γβ×γβ×1β8 Conv2D 

16×16×1β8 Conv2DTranspose γβ×γβ×1β8 LeakyReLU 

16×16×1β8 LeakyReLU γβ×γβ×1β8 Dropout 

16×16×1β8 BatchNormalization 16×16×β56 Conv2D 

γβ×γβ×128 Conv2DTranspose 16×16×β56 LeakyReLU 

γβ×γβ×128 LeakyReLU 16×16×β56 Dropout 

γβ×γβ×128 BatchNormalization 8×8×256 Conv2D 

64×64×128 Conv2DTranspose 8×8×256 LeakyReLU 

64×64×128 LeakyReLU 8×8×256 Dropout 

64×64×128 BatchNormalization 4×4×512 Conv2D 

1β8×1β8×128 Conv2DTranspose 4×4×512 LeakyReLU 

1β8×1β8×128 LeakyReLU 4×4×512 Dropout 

1β8×1β8×128 BatchNormalization 8192 Flatten 

1β8×1β8×3 Conv2D 1 Dense 

 

   
ɚ                                               ɛ                                       ɜ 

Ɋɢɫ. 1 – ɉɪɢɤɥɚɞɢ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɩɨɥɭɧɢɰɿ: ɚ, ɛ – ɜɢɯɿɞɧɿ ɡɨɛɪɚɠɟɧɧɹ ɡ ɧɚɛɨɪɭ ɞɚɧɢɯ New Plant Diseases Dataset; ɜ 
– ɡɝɟɧɟɪɨɜɚɧɟ ɡɨɛɪɚɠɟɧɧɹ ɩɨ ɡɚɩɪɨɩɨɧɨɜɚɧɿɣ ɦɟɬɨɞɢɰɿ 

 

ȼɢɫɧɨɜɤɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɨɛɨɬɢ є ɦɟɬɨɞɢɤɚ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɩɨɥɭɧɢɰɿ, 
ɹɤɚ ɪɟɚɥɿɡɨɜɚɧɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɟɧɟɪɚɬɢɜɧɨ-ɡɦɚɝɚɥɶɧɨʀ ɦɟɪɟɠɿ ɡ ɚɪɯɿɬɟɤɬɭɪɨɸ DCGAN. 

ɉɪɨɜɟɞɟɧɨ ɤɨɦɩ’ɸɬɟɪɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ ɧɚ ɛɚɡɿ ɩɚɤɟɬɿɜ 
Keras, Tensorflow. Ɂɚɩɪɨɩɨɧɨɜɚɧɭ ɦɟɬɨɞɢɤɭ ɝɟɧɟɪɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɯɜɨɪɢɯ ɥɢɫɬɤɿɜ ɪɨɫɥɢɧ ɦɨɠɧɚ 
ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɭɧɿɤɚɥɶɧɢɯ ɧɚɛɨɪɿɜ ɡɨɛɪɚɠɟɧɶ ɞɥɹ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɡɚɞɚɱɚɯ 
ɜɢɹɜɥɟɧɧɹ ɯɜɨɪɨɛ ɪɨɫɥɢɧ. 
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