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Convolutional Neural Network 

Modular neural network 

Multilayer Perceptrons 

Hybrid Network Models 

Denoising Autoencoders 

Deep Convolutional Networks 

Deconvolutional Neural Network (DN) / Inverse Graphics Network (IGN) 

Neural Turing Machines 

Deep Convolutional Generative Adversarial Network 

ɽʧʦʭʘ  

AI  

  



ɺʉʊʋʇ 

- ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ: ʚ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʙʘʛʘʪʦ ʭʫʜʦʞʥʠʢʽʚ ʧʦʯʘʣʠ 

ʚʠʚʯʘʪʠ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚ ʷʢʦʩʪʽ ʭʫʜʦʞʥʽʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʽ ʾʭ ʨʦʙʦʪʠ ʩʪʘʣʠ 

ʟ'ʷʚʣʷʪʠʩʷ ʥʘ ʧʝʨʝʜʦʚʠʭ ʭʫʜʦʞʥʽʭ ʚʠʩʪʘʚʢʘʭ çʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪè. ɺʽʜʦʤʽ 

ʭʫʜʦʞʥʠʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ, ʚʢʣʶʯʘʶʪʴ ʄʝʤʦ ɸʢʪʝʥʘ, ʈʝʬʽʢʦʤ 

ɸʥʘʜʦʣʫ, ʄʘʨʽʦ ʂʣʽʥʛʝʤʘʥʘ, ʊʨʝʚʦʨʘ ʧʘʛʣʴ, ɸʥʥʫ ʈʽʜʣʝʨ, ʆʣʝʥʫ ʉʘʨʠʥ ʽ ʊʦʤʘ 

ʋʘʡʪʘ. ɼʝʷʢʽ ʟ ʮʠʭ ʭʫʜʦʞʥʠʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʉʘʣʘʚʦʥ ʽ ʧʘʛʣʴ, ʧʨʘʮʶʶʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʭʫʜʦʞʥʴʦʤʫ ʩʚʽʪʽ ʚʝʣʠʢʠʭ ʛʘʣʝʨʝʡ, ʤʫʟʝʾʚ ʽ ʘʫʢʮʽʦʥʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ, 

ʪʘʢʽ ʷʢ ʈʦʙʙʽ ɹʘʨʨʘʪʪ ʽ ʆʣʝʥʘ ʉʘʨʠʥ, ʧʨʠʜʙʘʣʠ ʧʦʧʫʣʷʨʥʽʩʪʴ ʧʝʨʰ ʟʘ ʚʩʝ ʟʘʚʜʷʢʠ 

ʩʚʦʾʤ ʥʘʜʠʭʘʶʯʠʤ ʥʦʚʠʥ ʚ ʪʚʽʪʪʝʨʽ ʤʠʩʪʝʮʪʚʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

- ʤʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʻ ʛʝʥʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

- ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɻʝʥʝʨʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝʡʨʦʥʥʠʤʠ 

ʤʝʨʝʞʘʤʠ. 

- ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɻʝʥʝʨʘʪʠʚʥʦ ʟʤʘʛʘʣʴʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. 

- ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʛʝʥʝʨʫʚʘʪʠ ʚʽʟʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʥʝʡʨʦʤʝʨʝʞʦʶ. 

- ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʝʡʨʦʤʝʨʝʞʽ 

ʥʘʙʫʣʠ ʧʦʧʫʣʷʨʥʦʩʪʽ, ʙʦ ʧʦʪʫʞʥʽʩʪʴ ʘʧʘʨʘʪʫʨʠ ʩʪʘʣʘ ʚʠʱʦʶ. 

- ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʛʝʥʝʨʘʮʽʾ ʭʫʜʦʞʥʠʢʘʤʠ ʽ ʜʠʟʘʡʥʝʨʘʤʠ. 

- ʧʫʙʣʽʢʘʮʽʾ.  

1. çʉɺɯʊ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯɰ ʊɸ ɯʅʌʆʈʄɸʊʀɿɸʎɯɰè Silberstein Victoria 

NEURAL NETWORKS IN ART OF COMPUTER VISUALIZATION  

2. çʉʋʏɸʉʅɯ ɯʅʌʆʂʆʄʋʅɯʂɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰè VISUALIZATION IN 

COMIC ARTIST CLASSIFICATION USING DEEP NEURAL NETWORKS 

3. çʉʋʏɸʉʅɯ ɯʅʌʆʂʆʄʋʅɯʂɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰè LIBRARY FOR 

IMAGE ANALYSIS FOR VARIETY OF NEURAL NETWORK ARCHITECTURES 

 

  



1 ʅɽʁʈʆʅʅɯ ʄɽʈɽɾɯ, ɺʀʄʆɻʀ ʉʊɸʅɼɸʈʊɯɺ 

 

1.1.1 ʆʧʠʩ ʦʙʣʘʩʪʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ - ʮʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (AI), ʷʢʝ ʥʘʜʘʻ 

ʩʠʩʪʝʤʘʤ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʯʠʪʠʩʷ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ ʟ ʜʦʩʚʽʜʫ ʙʝʟ 

ʷʚʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (Machine Learning) - ʚʝʣʠʢʠʡ ʧʽʜʨʦʟʜʽʣ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʱʦ ʚʠʚʯʘʻ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʽʚ, ʟʜʘʪʥʠʭ ʥʘʚʯʘʪʠʩʷ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʜʚʘ ʪʠʧʠ ʥʘʚʯʘʥʥʷ. ʅʘʚʯʘʥʥʷ ʧʦ ʧʨʝʮʝʜʝʥʪʘʭ, ʘʙʦ ʽʥʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ, ʟʘʩʥʦʚʘʥʝ 

ʥʘ ʚʠʷʚʣʝʥʥʽ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦ ʧʨʠʚʘʪʥʠʤ ʝʤʧʽʨʠʯʥʠʤ ʜʘʥʠʤ. 

ɼʝʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʘʣʽʟʘʮʽʶ ʟʥʘʥʴ ʝʢʩʧʝʨʪʽʚ ʽ ʾʭ ʧʝʨʝʥʝʩʝʥʥʷ ʚ 

ʢʦʤʧ'ʶʪʝʨ ʫ ʚʠʛʣʷʜʽ ʙʘʟʠ ʟʥʘʥʴ. ɼʝʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʠʪʠ ʜʦ 

ʦʙʣʘʩʪʽ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, ʪʦʤʫ ʪʝʨʤʽʥʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʽ ʥʘʚʯʘʥʥʷ ʧʦ 

ʧʨʝʮʝʜʝʥʪʘʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʠʥʦʥʽʤʘʤʠ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ 

ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʩʘʤʦʥʘʚʯʘʥʥʷ. 

ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʛʣʷʜʫ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠʢʣʘʜʽʚ, ʧʨʷʤʦʛʦ 

ʜʦʩʚʽʜʫ ʯʠ ʽʥʩʪʨʫʢʮʽʡ, ʜʣʷ ʧʦʰʫʢʫ ʰʘʙʣʦʥʽʚ ʜʘʥʠʭ ʪʘ ʜʣʷ ʧʨʠʡʦʤʫ ʢʨʘʱʠʭ ʨʽʰʝʥʴ 

ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʥʘ ʦʩʥʦʚʽ ʥʘʜʘʥʠʭ ʧʨʠʢʣʘʜʽʚ. ʆʩʥʦʚʥʘ ʤʝʪʘ - ʜʦʟʚʦʣʠʪʠ 

ʢʦʤʧ'ʶʪʝʨʘʤ ʥʘʚʯʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ ʯʠ ʩʪʦʨʦʥʥʴʦʾ 

ʜʦʧʦʤʦʛʠ. 

ɼʝʷʢʽ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʯʘʩʪʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʥʘʛʣʷʜʦʚʽ ʯʠ 

ʥʝʧʽʜʢʦʥʪʨʦʣʴʥʽ. 

ɹʘʛʘʪʦ ʤʝʪʦʜʽʚ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʪʷʛʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ 

ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ (Data Mining). 

ʅʘʡʙʽʣʴʰ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʜʽʣʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʢʨʝʤʠʡ 

ʥʘʧʨʷʤ, ʪʝʦʨʽʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ (Computational Learning Theory, COLT). 



ʄʝʪʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʯʘʩʪʢʦʚʘ ʘʙʦ ʧʦʚʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʽʰʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʚʜʘʥʴ ʚ ʩʘʤʠʭ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ:  

1 ʚ ʙʽʦʽʥʬʦʨʤʘʪʠʮʽ,  

2 ʚ ʤʝʜʠʮʠʥʽ,  

3 ʤʝʜʠʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ,  

4 ʚ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʬʽʟʠʮʽ,  

5 ʚ ʩʦʮʽʦʣʦʛʽʾ,  

6 ʚ ʝʢʦʥʦʤʽʮʽ, ʢʨʝʜʠʪʥʦʤʫ ʩʢʦʨʠʥʛʫ (credit scoring),  

7 ʫ ʧʨʦʛʥʦʟʽ ʚʪʨʘʪʠ ʢʣʽʻʥʪʽʚ (churn prediction),  

8 ʚʠʷʚʣʝʥʥʽ ʰʘʭʨʘʡʩʪʚʘ (fraud detection),  

9 ʜʦʜʘʪʢʠ ʚ ʪʝʭʥʽʮʽ,  

10 ʫ ʪʝʭʥʽʯʥʽʡ ʜʽʘʛʥʦʩʪʠʮʽ,  

11 ʨʦʙʦʪʦʪʝʭʥʽʮʽ,  

12 ʫ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʟʦʨʫ,  

13 ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ,  

14 ʜʦʜʘʪʢʠ ʚ ʦʬʽʩʥʠʭ ʘʚʪʦʤʘʪʠʟʘʮʽʡ,  

15 ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ,  

16 ʚʠʷʚʣʝʥʥʷ ʩʧʘʤʫ,  

17 ʢʘʪʝʛʦʨʠʟʘʮʽʷ ʜʦʢʫʤʝʥʪʽʚ, 

18 ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ. 

ɼʝʷʢʽ ʩʧʦʩʦʙʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

1. ʅʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ, ʘʙʦ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ (Supervised learning) 

ï ʤʦʞʝ ʟʘʩʪʦʩʫʚʘʪʠ ʪʝ, ʱʦ ʙʫʣʦ ʚʠʚʯʝʥʦ ʚ ʤʠʥʫʣʦʤʫ, ʜʦ ʥʦʚʠʭ ʜʘʥʠʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʤʽʯʝʥʽ ʧʨʠʢʣʘʜʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʧʦʜʽʡ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʘʥʘʣʽʟʫ ʚʽʜʦʤʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ 

ʩʪʚʦʨʶʻ ʧʝʨʝʜʙʘʯʫʚʘʥʫ ʬʫʥʢʮʽʶ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ. ʉʠʩʪʝʤʘ 

ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʮʽʣʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʥʦʚʦʛʦ ʚʚʝʜʝʥʥʷ ʧʽʩʣʷ ʜʦʩʪʘʪʥʴʦʛʦ 

ʥʘʚʯʘʥʥʷ. ɸʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʧʦʨʽʚʥʶʚʘʪʠ ʩʚʦʾ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ 



ʧʨʘʚʠʣʴʥʠʤ, ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʟʥʘʭʦʜʠʪʠ ʧʦʤʠʣʢʠ, ʱʦʙ 

ʚʜ̔ʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʤʽʥʠʪʠ ʤʦʜʝʣʴ. 

2. ʅʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ (Unsupervised learning) ï ʥʘ ʧʨʦʪʠʚʘʛʫ ʘʣʛʦʨʠʪʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʙʝʟ ʥʘʛʣʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ, ʥʝ ʻ ʥʽ ʢʣʘʩʠʬʽʢʦʚʘʥʦʶ, ʥʽ ʤʘʨʢʦʚʘʥʦʶ. 

ʅʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ ʚʠʚʯʘʻ, ʷʢ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʚʝʩʪʠ ʬʫʥʢʮʽʶ ʜʣʷ ʦʧʠʩʫ 

ʧʨʠʭʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʥʝʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ. ʉʠʩʪʝʤʘ ʥʝ ʚʠʟʥʘʯʘʻ ʧʨʘʚʠʣʴʥʠʡ 

ʚʠʩʥʦʚʦʢ, ʘʣʝ ʚʦʥʘ ʜʦʩʣʽʜʞʫʻ ʜʘʥʽ ʽ ʤʦʞʝ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʟ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʱʦʙ 

ʦʧʠʩʘʪʠ ʧʨʠʭʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʥʝʤʽʯʝʥʠʭ ʜʘʥʠʭ. 

3. ʅʘʧʽʚʘʚʪʦʤʘʪʠʯʥʝ ʥʘʚʯʘʥʥʷ (Semi-supervised learning) ï ʘʣʛʦʨʠʪʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʜʝʩʴ ʤʽʞ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʽ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʥʘʚʯʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʤʘʨʢʦʚʘʥʽ, ʪʘʢ ʽ ʥʝʤʘʨʢʦʚʘʥʽ ʜʘʥʽ - ʷʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʠʡ ʦʙʩʷʛ ʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ 

ʽ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʥʝʤʘʨʢʦʚʘʥʠʭ ʜʘʥʠʭ. ʉʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʡ ʤʝʪʦʜ, 

ʟʜʘʪʥʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʥʘʚʯʘʥʥʷ. ɿʘʟʚʠʯʘʡ, ʥʘʚʯʘʥʥʷ ʧʽʜ ʥʘʛʣʷʜʦʤ 

ʚʠʙʠʨʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʤʽʯʝʥʠʭ ʜʘʥʠʭ ʧʦʪʨʽʙʥʽ ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʾʭ ʥʘʚʯʘʥʥʷ/ʚʠʚʯʝʥʥʷ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ 

ʙʝʟ ʤʘʨʢʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ. 

4. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ (Reinforcement 

learning) ï ʮʝ ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟʽ ʩʚʦʾʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚʠʨʦʙʣʷʶʯʠ 

ʜʽʾ ʪʘ ʚʠʷʚʣʷʶʯʠ ʧʦʤʠʣʢʠ ʯʠ ʚʠʥʘʛʦʨʦʜʫ. ʄʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʽ ʟʘʪʨʠʤʢʘ ʚʠʥʘʛʦʨʦʜʠ 

ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʪʠ ʽʜʝʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʚ ʧʝʚʥʽʡ ʩʠʪʫʘʮʽʾ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ 

ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʦʪʨʽʙʥʠʡ ʧʨʦʩʪʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʚʠʥʘʛʦʨʦʜʠ, ʪʘʢʦʞ 

ʚʽʜʦʤʠʡ ʷʢ ʩʠʛʥʘʣ ʧʽʜʢʨʽʧʣʝʥʥʷ. 

5. ʊʨʘʥʩʬʝʨʥʝ ʥʘʚʯʘʥʥʷ (TL) - ʮʝ ʧʨʦʙʣʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʘʰʠʥʥʦʤʫ 

ʥʘʚʯʘʥʥʽ, ʷʢʘ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʟʙʝʨʽʛʘʥʥʽ ʟʥʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʦʜʥʽʻʾ 

ʧʨʦʙʣʝʤʠ, ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʾ ʾʜʦ ʽʥʰʦʾ, ʘʣʝ ʧʦʚ'ʷʟʘʥʦʾ ʧʨʦʙʣʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʟʥʘʥʥʷ, 

ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥ ̫ʘʚʪʦʤʦʙʽʣʽʚ, ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ 

ʩʧʨʦʙʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʎʷ ʦʙʣʘʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʧʝʚʥʠʡ 



ʟʚôʷʟʦʢ ʜʦ ʜʦʚʛʦʾ ʽʩʪʦʨʽʾ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʧʨʦ ʧʝʨʝʜʘʯʫ ʥʘʚʯʘʥʥʷ, ʭʦʯʘ 

ʬʦʨʤʘʣʴʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʦʙʣʘʩʪʷʤʠ ʦʙʤʝʞʝʥʽ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʨʘʥʽʰʝ ʚʠʚʯʝʥʠʭ ʟʘʜʘʯ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʥʦʚʠʭ ʟʘʚʜʘʥʴ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʙʽʨʢʠ ʥʘʚʯʘʣʴʥʦʛʦ 

ʘʛʝʥʪʘ ʧʽʜʢʨʽʧʣʝʥʥʷ.  

ɻʝʥʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽ 

ɻʝʥʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽ ʚʠʚʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦ ʥʘʚʯʘʣʴʥʠʤ 

ʧʨʠʢʣʘʜʘʤ. ʐʣʷʭʦʤ ʚʠʙʽʨʢʠ ʟ ʮʴʦʛʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʝʥʝʨʫʶʯʽ ʤʦʜʝʣʽ 

ʚʠʚʦʜʷʪʴ ʥʦʚʽ ʧʨʠʢʣʘʜʠ, ʷʢʽ ʩʭʦʞʽ ʥʘ ʜʘʥʽ ʥʘʚʯʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʥʘʧʨʠʢʣʘʜ, ʱʦ 

ʛʝʥʝʨʘʪʠʚʥʘ ʤʦʜʝʣʴ, ʥʘʚʯʝʥʘ ʥʘ ʨʝʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʦʩʽʙ, ʤʦʞʝ ʚʠʚʦʜʠʪʠ ʥʦʚʽ 

ʰʪʫʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʭʦʞʠʭ ʦʩʽʙ. ɻʝʥʝʨʘʪʠʚʥ ̔ʟʤʘʛʘʣʴʥ ̔ʤʝʨʝʞ ̔(GAN) - ʦʩʦʙʣʠʚʦ 

ʧʦʧʫʣʷʨʥ ̔ʚ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʩʚʽʪʽ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʰʣʷʭ ʜʦ ʥʘʚʯʘʥʥʷ ʙʝʟ 

ʫʯʠʪʝʣʷ. ɺ GAN ʻ ʜʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʚʠʧʘʜʢʦʚʠʡ ʰʫʤ 

ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʟʘʜʘʻ ʩʠʥʪʝʟ ʚʤʽʩʪʫ (ʥʘʧʨʠʢʣʘʜ, ʟʦʙʨʘʞʝʥʥʷ), ʽ 

ʜʠʩʢʨʠʤʽʥʘʪʦʨ, ʷʢʠʡ ʜʽʟʥʘʻʪʴʩʷ, ʷʢ ʚʠʛʣʷʜʘʶʪʴ ʨʝʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʽ ʧʦʚʠʥʝʥ 

ʚʠʟʥʘʯʠʪʠ, ʯʠ ʩʪʚʦʨʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʛʝʥʝʨʘʪʦʨʫ ʨʝʘʣʴʥʽ ʘʙʦ ʧʽʜʨʦʙʢʠ. ɿʤʘʛʘʣʴʥʝ 

ʥʘʚʯʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʛʨʫ, ʚ ʷʢʽʡ ʛʝʥʝʨʘʪʦʨ ʧʦʚʠʥʝʥ ʪ̔ʝʨʘʪʠʚʥʦ ʚʯʠʪʠʩʷ 

ʩʪʚʦʨʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʰʫʤʫ, ʱʦʙ ʜʠʩʢʨʠʤʽʥʘʪʦʨ ʙʽʣʴʰʝ ʥʝ ʤʽʛ ʚʽʜʨʽʟʥʠʪʠ 

ʟʛʝʥʝʨʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜ ʨʝʘʣʴʥʠʭ. ʎʷ ʩʪʨʫʢʪʫʨʘ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦ 

ʤʦʜʘʣʴʥʦʩʪʝʡ ʜʘʥʠʭ ʪʘ ʟʘʚʜʘʥʴ. 

ɿʘʩʪʦʩʩʫʚʘʥʥʷ: ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʤʘʡʙʫʪʥʴʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

(ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʚ ʥʘʚʯʘʥʥʽ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ); ʩʫʧʝʨ-

ʨʦʟʜʽʣʴʥʽʩʪʴ (ʟ ʘʥʛʣ. ï super-resolution) ʟʦʙʨʘʞʝʥʴ; ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʜʚʦʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; ʫʟʘʛʘʣʴʥʝʥʥʷ ʟ ʥʝʚʝʣʠʢʠʭ ʧʦʤʽʯʝʥʠʭ 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ; ʟʘʚʜʘʥʥʷ, ʚ ʷʢʠʭ ʦʜʠʥ ʚʭʽʜ ʤʦʞʝ ʜʘʪʠ ʢʽʣʴʢʘ ʧʨʘʚʠʣʴʥʠʭ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʢʘʜʨʫ ʚ ʚʽʜʝʦ; ʩʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʦʾ 

ʤʦʚʠ ʚ ʜʽʘʣʦʛʦʚʠʭ ʽʥʪʝʨʬʝʡʩʘʭ (ʥʘʧʨʠʢʣʘʜ, ʙʦʪʽʚ); ʢʨʠʧʪʦʛʨʘʬʽʷ; ʥʘʚʯʘʥʥʷ ʧʽʜ 

ʥʘʛʣʷʜʦʤ, ʢʦʣʠ ʜʦʩʪʫʧʥʽ ʥʝ ʚʩʽ ʤʽʪʢʠ; ʧʝʨʝʜʘʯʘ ʭʫʜʦʞʥʴʦʛʦ ʩʪʠʣʶ; ʩʠʥʪʝʟʫʚʘʥʥʷ 

ʤʫʟʠʢʠ ʽ ʛʦʣʦʩʫ, ʟʦʙʨʘʞʝʥʥʷ ʚ ʞʠʚʦʧʠʩ.̔ 

ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 



ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ - ʮʝ ʩʠʩʪʝʤʘ ʘʧʘʨʘʪʥʦʛʦ ʘʙʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʚʦʨʝʥʘ ʟʘ ʟʨʘʟʢʦʤ ʨʦʙʦʪʠ ʥʝʡʨʦʥʽʚ ʚ ʤʦʟʢʫ ʽ ʥʝʨʚʦʚʦ ʾʩʠʩʪʝʤʠ 

ʣʶʜʠʥʠ. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʽʟʥʦʚʠʜ ʪʝʭʥʦʣʦʛʽʡ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ. 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ - ʮʝ ʨʦʟʜʽʣ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚ ʷʢʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʠʧʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʥʘʪʭʥʝʥʥʽ ʪʠʤ, ʷʢ 

ʬʫʥʢʮʽʦʥʫʻ ʥʘʰ ʤʦʟʦʢ, ʽ ʪʦʤʫ ʙʘʛʘʪʦ ʝʢʩʧʝʨʪʽʚ ʚʚʘʞʘʶʪʴ, ʱʦ ʮʝ ʥʘʰ ʥʘʡʢʨʘʱʠʡ 

ʰʣʷʭ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʜʦ ʩʧʨʘʚʞʥʴʦʛʦ ʐɯ (ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ). 

ɻʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤ ʥʘ ʩʴʦʛʦʜʝʥʥʷ, ʢʦʣʠ ʫ ʥʘʩ ʻ ʙʽʣʴʰʝ 

ʜʘʥʠʭ ʽ ʚʝʣʠʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʨʦʙʦʪʠ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʦʢʨʘʱʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʪʘ ʧʨʘʮʶʶʪʴ ʽʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʜʘʥʠʭ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʧʣʘʪʦ ʧʽʩʣʷ ʷʢʦʛʦʩʴ ʯʘʩʫ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʮʝʩʦʨʽʚ. ʎʽ ʧʨʦʮʝʩʦʨʠ ʧʨʘʮʶʶʪʴ 

ʧʘʨʘʣʝʣʴʥʦ, ʘʣʝ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʽʚ. ʇʝʨʰʠʡ ʨʽʚʝʥʴ ʦʪʨʠʤʫʻ ʥʝʦʙʨʦʙʣʝʥʽ 

ʜʘʥʽ, ʘʥʘʣʦʛʽʯʥʽ ʪʦʤʫ, ʷʢ ʟʦʨʦʚʠʡ ʥʝʨʚ ʦʪʨʠʤʫʻ ʥʝʦʙʨʦʙʣʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʣʶʜʝʡ. 

ʂʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʧʦʪʽʤ ʦʪʨʠʤʫʻ ʚʭʽʜʥʽ ʜʘʥʽ ʚʽʜ ʨʽʚʥʷ ʧʝʨʝʜ ʥʠʤ ʽ ʧʦʪʽʤ 

ʧʝʨʝʜʘʻ ʩʚʦʾ ʚʠʭʽʜʥʽ ʜʘʥʽ ʨʽʚʥ ʁʧʽʩʣʷ ʥʴʦʛʦ. ʆʩʪʘʥʥʽʡ ʨʽʚʝʥʴ ʦʙʨʦʙʣʷʻ ʦʩʪʘʪʦʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. 

ʄʘʣʝʥʴʢʽ ʚʫʟʣʠ ʩʢʣʘʜʘʶʪʴ ʢʦʞʝʥ ʨʽʚʝʥʴ. ɺʫʟʣʠ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʫʟʣʘʤʠ ʥʘ 

ʨʚ̔ʥʽ ʜʦ ʽ ʧʽʩʣʷ. ʂʦʞʝʥ ʚʫʟʦʣ ʚ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ ʤʘʻ ʩʚʦʶ ʚʣʘʩʥʫ ʦʙʣʘʩʪʴ ʟʥʘʥʴ, 

ʚʢʣʶʯʘʶʯʠ ʧʨʘʚʠʣʘ, ʷʢʽ ʚʽʥ ʟʘʧʨʦʛʨʘʤʫʚʘʚ, ʽ ʧʨʘʚʠʣʘ, ʷʢʽ ʚʽʥ ʚʠʚʯʠʚ ʩʘʤ. 

ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʧʨʠʩʪʦʩʦʚʘʥʽ ʪʘ ʥʘʚʯʘʶʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ. ʂʦʞʝʥ ʚʫʟʦʣ ʦʮʽʥʶʻ 

ʚʘʞʣʠʚʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʽʥ ʦʪʨʠʤʫʻ ʚʽʜ ʚʫʟʣʽʚ ʜʦ ʥʴʦʛʦ. ɺʭʦʜʠ, ʷʢʽ ʚʥʦʩʷʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʚ ʧʨʘʚʠʣʴʥʠʡ ʚʠʭʽʜ, ʦʪʨʠʤʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʘʛʫ. 

ʅʝʜʦʣʽʢʠ ʽ ʧʣʶʩʠ ʥʝʡʨʦʤʝʨʝʞ 



ɯʩʥʫʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥʠ, ʯʝʨʝʟ ʷʢʽ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʢʦʨʠʩʪʫʻʪʴʩʷ ʪʘʢʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ: ʜʘʥʽ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʩʘʤ ʘʣʛʦʨʠʪʤ 

ʽ ʤʘʨʢʝʪʠʥʛ. 

1. ɼʘʥʽ 

ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ, ʙʘʛʘʪʦ 

ʚ ʯʦʤʫ ʩʧʨʠʷʣʦ ʧʦʧʫʣʷʨʥʦʩʪʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʧʦ-ʩʧʨʘʚʞʥʴʦʤʫ ʧʦʢʘʟʘʪʠ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʪʘʶʪʴ ʢʨʘʱʝ, ʯʠʤ ʙʽʣʴʰʝ 

ʜʘʥʠʭ ʚʠ ʚ ʥʠʭ ʚʚʦʜʠʪʝ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʙʝʟʫʤʦʚʥʦ, 

ʜʦʩʷʛʥʫʪʴ ʨʽʚʥʷ, ʧʨʠ ʷʢʦʤʫ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʥʝ ʧʦʢʨʘʱʫʻ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ɻʨʘʬʽʢ ʥʠʞʯʝ ʧʨʝʢʨʘʩʥʦ ʽʣʶʩʪʨʫʻ ʮʝ: 

 

ʈʠʩʫʥʦʢ 1.1 ï ɻʨʘʬʽʢ ʧʦʧʫʣʷʨʥʦʩʪʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

2. ʂʦʤʧ'ʶʪʝʨʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʑʝ ʦʜʥʘ ʜʫʞʝ ʚʘʞʣʠʚʘ ʧʨʠʯʠʥʘ ʟʨʦʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ 

ï ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʪʝʧʝʨ ʜʦʩʪʫʧʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʤ ʦʙʨʦʙʣʷʪʠ 

ʙʽʣʴʰʝ ʜʘʥʠʭ. ɿʘ ʩʣʦʚʘʤʠ ʈʝʷ ʂʫʨʮʚʝʡʣʘ, ʣʽʜʝʨʘ ʚ ʦʙʣʘʩʪʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʢʦʞʥʦʾ 

ʦʜʠʥʠʮʽ ʯʘʩʫ (ʥʘʧʨʠʢʣʘʜ, ʧʦʜʚʦʶʻʪʴʩʷ ʱʦʨʦʢʫ), ʘ ʥʝ ʧʨʦʩʪʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʧʨʠʨʦʩʪʫ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ. 

3. ɸʣʛʦʨʠʪʤʠ 



ʊʨʝʪʽʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʟʙʽʣʴʰʠʚ ʧʦʧʫʣʷʨʥʽʩʪʴ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ï ʮʝ ʫʩʧʽʭʠ, 

ʜʦʩʷʛʥʫʪʽ ʚ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ. ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʚ 

ʦʩʥʦʚʥʦʤʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʨʘʥʽʰʝ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʜʘʥʠʭ. 

4. ʄʘʨʢʝʪʠʥʛ 

ʄʘʨʢʝʪʠʥʛ ʟʽʛʨʘʚ ʚʘʞʣʠʚʫ ʨʦʣʴ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʽʩʥʫʶʪʴ ʚʞʝ ʜʝʩʷʪʢʠ ʨʦʢʽʚ 

(ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ 1944 ʨʦʮʽ) ʽ ʤʘʶʪʴ ʧʽʢʠ ʽ ʩʧʘʜʠ ʧʦʧʫʣʷʨʥʦʩʪʽ. ʌʨʘʟʘ 

çʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷè ʜʘʣʘ ʤʦʜʥʝ ʥʦʚʝ ʽʤ'ʷ, ɦ ʦ ʚʠʟʚʘʣʦ ʘʞʽʦʪʘʞ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʦ 

ʣʶʜʝʡ ʧʦʤʠʣʢʦʚʦ ʚʚʘʞʘʶʪʴ, ʱʦ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ - ʮʝ ʥʦʚʘ ʛʘʣʫʟʴ. 

ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʽ ʧʨʦʨʠʚʠ ʚ ʦʙʣʘʩʪʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

çʛʫʤʘʥʦʾʜʥʠʡè ʨʦʙʦʪ Sophia ʚʽʜ ʢʦʤʧʘʥʽʾ Hanson robotics, ʧʨʠʚʝʣʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʦʩʚʽʪʣʝʥʥʷ ʚ ɿʄɯ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʦʪʠ ʊʨʘʜʠʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʏʠ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʘʙʦ ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ? ʎʝ ʩʢʣʘʜʥʝ ʧʠʪʘʥʥʷ, ʪʦʤʫ ʱʦ ʚʽʥ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʦʙʣʝʤʠ, ʷʢʫ ʚʠ ʥʘʤʘʛʘʻʪʝʩʷ ʚʠʨʽʰʠʪʠ. ʈʦʟʛʣʷʥʝʤʦ çʪʝʦʨʝʤʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʦʙʽʜʫè, ʚ ʷʢʽʡ ʛʨʫʙʦ ʩʢʘʟʘʥʦ, ʱʦ ʥʝʤʘʻ çʽʜʝʘʣʴʥʦʛʦè ʘʣʛʦʨʠʪʤʫ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʙʠ ʜʦʙʨʝ ʧʨʘʮʶʚʘʚ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʧʨʦʙʣʝʤʽ. ɼʣʷ ʢʦʞʥʦʾ 

ʧʨʦʙʣʝʤʠ ʧʽʜʭʦʜʠʪʴ ʧʝʚʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʘʻ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʠʡ 

ʤʝʪʦʜ ʩʠʣʴʥʦ ʟʘʟʥʘʻ ʥʝʚʜʘʯʽ. 

ʆʩʦʙʠʩʪʦ ʷ ʚʚʘʞʘʶ ʮʝ ʦʜʥʠʤ ʟ ʥʘʡʮʽʢʘʚʽʰʠʭ ʘʩʧʝʢʪʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʙʫʜʴ-ʷʢʠʡ, ʭʪʦ ʧʨʘʮʶʻ ʚ ʮʽʡ ʛʘʣʫʟʽ, ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʚʽʜʯʝʥʠʤ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ ʘʣʛʦʨʠʪʤʽʚ, ʽ ʯʦʤʫ ʟʘʙʨʫʜʥʝʥʥʷ ʨʫʢ ʥʘ ʧʨʘʢʪʠʮʽ - ʻʜʠʥʠʡ 

ʩʧʦʩʽʙ ʩʪʘʪʠ ʭʦʨʦʰʠʤ ʽʥʞʝʥʝʨʦʤ ʧʦ ʤʘʰʠʥʥʦʤʫ ʥʘʚʯʘʥʥʷ ʘʙʦ ʬʘʭʽʚʮʝʤ ʟ ʜʘʥʠʤʠ. 

ʇʨʦʪʝ, ʢʦʨʠʩʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʨʦ ʪʝ, ʷʢ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ, ʢʦʣʠ ʚʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʷʢʠʡ ʪʠʧ ʘʣʛʦʨʠʪʤʫ ʥʽʢʦʣʠ ʥʝ ʟʘʰʢʦʜʠʪʴ. 

ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʧʦʣʷʛʘʻ ʚ ʾʭ ʟʜʘʪʥʦʩʪʽ ʧʝʨʝʚʝʨʰʠʪʠ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʮʝ ʤʘʻ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʤʠ ʦʙʛʦʚʦʨʠʤʦ ʽ ʟʦʩʝʨʝʜʠʤʦʩʷ ʥʘ ʮʴʦʤʫ ʧʦʩʪʽ. 



ɿʥʦʚʫ ʞ ʪʘʢʠ, ʚʠʨʽʰʠʪʠ, ʯʠ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ ʯʠ ʥʽ, 

ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʧʨʦʙʣʝʤʠ ʧʽʜ ʨʫʢʦʶ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʨʘʢʫ 

ʚʘʞʣʠʚʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʦʤʫ ʱʦ ʯʠʤ ʚʠʱʝ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʤʦʞʫʪʴ ʣʽʢʫʚʘʪʠʩʷ. ɸʣʝ ʻ ʽ ʧʨʦʙʣʝʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʪʨʘʜʠʮʽʡʥʠʡ 

ʘʣʛʦʨʠʪʤ ʜʘʻ ʙʽʣʴʰ ʥʽʞ ʟʘʜʦʚʽʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʅʝʜʦʣʽʢʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

1. ʏʦʨʥʠʡ ʷʱʠʢ 
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ʄʦʞʣʠʚʦ, ʥʘʡʚʽʜʦʤʽʰʠʤ ʥʝʜʦʣʽʢʦʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʾʭ ʧʨʠʨʦʜʘ çʯʦʨʥʦʛʦ 

ʷʱʠʢʘè. ʇʨʦʩʪʽʰʝ ʢʘʞʫʯʠ, ʚʠ ʥʝ ʟʥʘʻʪʝ, ʷʢ ʘʙʦ ʯʦʤʫ ʚʘʰ NN ʧʨʠʜʫʤʘʚ ʧʝʚʥʠʡ 

ʨʝʟʫʣʴʪʘʪ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚʠ ʩʪʘʚʠʪʝ ʟʦʙʨʘʞʝʥʥʷ ʢʦʪʘ ʚ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʽ ʚʦʥʦ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʮʝ ʘʚʪʦʤʦʙʽʣʴ, ʜʫʞʝ ʚʘʞʢʦ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʟʤʫʩʠʣʦ ʡʦʛʦ ʧʨʠʡʪʠ ʜʦ 

ʪʘʢʦʛʦ ʧʨʦʛʥʦʟʫ. ʂʦʣʠ ʫ ʚʘʩ ʻ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʣʶʜʠʥʦʶ, 

ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ ʟʨʦʟʫʤʽʪʠ ʧʨʠʯʠʥʫ ʧʦʤʠʣʢʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʘʣʛʦʨʠʪʤʠ, ʧʦʜʽʙʥʽ 

ʜʝʨʝʚʘʤ ʨʽʰʝʥʴ, ʜʫʞʝ ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʭ. ʎʝ ʚʘʞʣʠʚʦ, ʪʦʤʫ ʱʦ ʚ ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ 

ʽʥʪʝʨʧʨʝʪʦʚʘʥʽʩʪʴ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ʆʩʴ ʯʦʤʫ ʙʘʛʘʪʦ ʙʘʥʢʽʚ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʱʦʙ 

ʧʝʨʝʜʙʘʯʠʪʠ, ʯʠ ʻ ʣʶʜʠʥʘ ʢʨʝʜʠʪʦʩʧʨʦʤʦʞʥʦ  ʁ - ʚʦʥʠ ʧʦʚʠʥʥʽ ʧʦʷʩʥʠʪʠ ʩʚʦʾʤ 

ʢʣʽʻʥʪʘʤ, ʯʦʤʫ ʚʦʥʠ ʥʝ ʦʪʨʠʤʘʣʠ ʢʨʝʜʠʪ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʣʶʜʠʥʘ ʤʦʞʝ ʚʽʜʯʫʚʘʪʠ 

ʥʝʩʧʨʘʚʝʜʣʠʚʽʩʪʴ. ʊʝ ʞ ʩʘʤʝ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ ʪʘʢʠʭ ʩʘʡʪʽʚ, ʷʢ Quora. ʗʢʱʦ ʘʣʛʦʨʠʪʤ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʨʽʰʠʪʴ ʚʠʜʘʣʠʪʠ ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʡʦʤʫ ʙʫʜʝ 

ʥʝʦʙʭʽʜʥʦ ʧʦʷʩʥʠʪʠ, ʯʦʤʫ. 



ɯʥʰʽ ʩʮʝʥʘʨʽʾ ʙʫʜʫʪʴ ʚʘʞʣʠʚʠʤʠ ʜʽʣʦʚʠʤʠ ʨʽʰʝʥʥʷʤʠ. ʏʠ ʤʦʞʝʪʝ ʚʠ ʫʷʚʠʪʠ, 

ʷʢ ʛʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ʚʝʣʠʢʦʾ ʢʦʤʧʘʥʽʾ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʧʨʦ ʤʽʣʴʡʦʥʠ ʜʦʣʘʨʽʚ, 

ʥʝ ʨʦʟʫʤʽʶʯʠ, ʯʦʤʫ ʮʝ ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ? ʇʨʦʩʪʦ ʪʦʤʫ, ʱʦ çʢʦʤʧ'ʶʪʝʨè ʛʦʚʦʨʠʪʴ, 

ʱʦ ʡʦʤʫ ʧʦʪʨʽʙʥʦ ʮʝ ʟʨʦʙʠʪʠ? 

2. ʊʨʠʚʘʣʽʩʪʴ ʨʦʟʚʠʪʢʫ 
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ʍʦʯʘ ʻ ʪʘʢʽ ʙʽʙʣʽʦʪʝʢʠ, ʷʢ Keras, ʷʢʽ ʨʦʙʣʷʪʴ ʨʦʟʨʦʙʢʫ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ, ʽʥʦʜʽ ʚʘʤ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʝʪʘʣʽ ʘʣʛʦʨʠʪʤʫ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚʠ ʥʘʤʘʛʘʻʪʝʩʷ ʚʠʨʽʰʠʪʠ ʩʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʟ ʤʘʰʠʥʥʠʤ 

ʥʘʚʯʘʥʥʷʤ, ʷʢʫ ʥʽʭʪʦ ʥʽʢʦʣʠ ʥʝ ʨʦʙʠʚ ʨʘʥʽʰʝ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠ ʤʦʞʝʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Tensorflow, ʷʢʠʡ ʥʘʜʘʻ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʘʣʝ ʚʽʥ ʪʘʢʦʞ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʽ ʨʦʟʨʦʙʢʘ ʟʘʡʤʘʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʯʘʩʫ 

(ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʱʦ ʚʠ ʭʦʯʝʪʝ ʧʦʙʫʜʫʚʘʪʠ). ʊʦʜʽ ʚʠʥʠʢʘʻ ʧʨʘʢʪʠʯʥʝ ʧʠʪʘʥʥʷ 

ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʤʧʘʥʽʾ: ʯʠ ʚʘʨʪʦ ʜʦʨʦʛʠʤ ʽʥʞʝʥʝʨʘʤ ʚʠʪʨʘʪʠʪʠ ʪʠʞʥʽ ʥʘ ʨʦʟʨʦʙʢʫ 

ʯʦʛʦʩʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʦ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ ʧʨʦʩʪʦʛʦ 

ʘʣʛʦʨʠʪʤʫ? 

3. ʆʙʩʷʛ ʜʘʥʠʭ 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟʘʟʚʠʯʘʡ ʚʠʤʘʛʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʜʘʥʠʭ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ 

ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢ ʤʽʥʽʤʫʤ, ʚ ʪʠʩʷʯʘʭ, ʘ ʪʦ ʡ ʚ ʤʽʣʴʡʦʥʘʭ 



ʧʦʤʽʯʝʥʠʭ ʟʨʘʟʢʽʚ. ʎʝ ʥʝ ʧʨʦʩʪʘ ʧʨʦʙʣʝʤʘ, ʽ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʙʨʝ ʚʠʨʽʰʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ, ʷʢʱʦ ʚʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʝ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. 

ʍʦʯʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʦʮʚʽʪʘʶʪʴ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʜʘʥʠʭ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʦʥʠ ʮʴʦʛʦ ʥʝ ʨʦʙʣʷʪʴ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʘʚʠʣʴʥʠʤ 

ʚʠʙʦʨʦʤ ʙʫʜʝ ʧʨʦʩʪʠʡ ʘʣʛʦʨʠʪʤ, ʪʘʢʠʡ ʷʢ ʥʘʾʚʥʠʡ ʙʘʡʝʩʦʚʩʢʠʡ, ʷʢʠʡ ʥʘʙʘʛʘʪʦ 

ʢʨʘʱʝ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ. 
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4. ɿʘʪʨʘʪʠ ʚ ʦʙʯʠʩʣʶʚʘʥʥʽ 

ɿʘʟʚʠʯʘʡ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘʢʦʞ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ. ʉʫʯʘʩʥʽ ʘʣʛʦʨʠʪʤʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ 

ʨʝʘʣʽʟʫʶʪʴ ʫʩʧʽʰʥʝ ʥʘʚʯʘʥʥʷ ʜʽʡʩʥʦ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʤʦʞʫʪʴ ʟʘʡʥʷʪʠ 

ʢʽʣʴʢʘ ʪʠʞʥʽʚ, ʱʦʙ ʧʦʚʥʽʩʪʶ ʪʨʝʥʫʚʘʪʠʩʷ ʟ ʥʫʣʷ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʙʽʣʴʰʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʡʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʯʘʩʫ, ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʜʦ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʘʙʦ ʜʥʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, 

ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʚʘʰʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʚʽʜ ʛʣʠʙʠʥʠ ʽ ʩʢʣʘʜʥʦʩʪʽ ʚʘʰʦʾ 

ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʦʜʥʠʤ ʰʘʨʦʤ ʽ 50 ʥʝʡʨʦʥʘʤʠ ʙʫʜʝ ʥʘʙʘʛʘʪʦ 

ʰʚʠʜʰʝ, ʥʽʞ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʟ 1000 ʜʝʨʝʚ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ 50 

ʰʘʨʘʤʠ ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʟ 10 ʜʝʨʝʚʘʤʠ. 

1.1 ɸʥʘʣʽʟ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʗʢʽ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ? 

ɻʨʘʬʽʢ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 



ʈʠʩʫʥʢʠ ʫ ʜʦʜʘʪʢʫ ɸ. 

ʈʽʟʥʽ ʪʠʧʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʠʪʘʥʥʷ ʱʦʜʦ ʡʦʛʦ ʚʣʘʩʥʠʭ ʧʨʘʚʠʣ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʪʠʧʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʧʝʨʝʚʘʛʠ. ɺʠ ʤʦʞʝʪʝ ʧʦʜʠʚʠʪʠʩʷ ʮʝ ʚʽʜʝʦ, ʱʦʙ 

ʧʦʙʘʯʠʪʠ ʨʽʟʥʽ ʪʠʧʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʝʪʘʣʷʭ. 

ʆʩʴ ʜʝʷʢʽ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʾʭ ʜʦʜʘʪʢʽʚ. 

1. ʇʦʜʘʯʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ - ʰʪʫʯʥʠʡ ʥʝʡʨʦʥ 

ʎʝ ʦʜʠʥ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʠʧʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʋ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ ʟʚ'ʷʟʢʦʤ ʜʘʥʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʨʽʟʥʽ ʚʭʽʜʥʽ ʚʫʟʣʠ, ʧʦʢʠ ʥʝ ʜʦʩʷʛʥʫʪʴ 

ʚʠʭʽʜʥʦʛʦ ʚʫʟʣʘ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʜʘʥʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʧʝʨʰʦʛʦ 

ʨʽʚʥʷ ʽ ʜʘʣʽ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʜʦʩʷʛʥʫʪʴ ʚʠʭʽʜʥʦʛʦ ʚʫʟʣʘ. ʎʝ ʪʘʢʦʞ ʚʽʜʦʤʦ ʷʢ 

ʬʨʦʥʪʘʣʴʥʘ ʭʚʠʣʷ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʡ 

ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʟʚʦʨʦʪʥʝ ʧʦʰʠʨʝʥʥʷ 

ʚʽʜʩʫʪʥʷ, ʽ ʜʘʥʽ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ 

ʧʨʷʤʠʤ ʟʚ'ʷʟʢʦʤ ʤʦʞʝ ʤʘʪʠ ʦʜʠʥ ʰʘʨ ʘʙʦ ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ. 

ʋ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ ʟʚ'ʷʟʢʦʤ ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʫʤʘ ʪʚʦʨʽʚ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʽ ʾʭ ʚʘʛ. ʇʦʪʽʤ ʚʽʥ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʠʭʽʜ. ʆʩʴ ʧʨʠʢʣʘʜ ʦʜʥʦʰʘʨʦʚʦʾ ʧʨʷʤʠʡ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

 



ʈʠʩʫʥʦʢ 1.5 ï ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ (Feedforward neural network) 

ï ʰʪʫʯʥʠʡ ʥʝʡʨʦʥ 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ, ʷʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʽʙ ʽ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ. ʎʝ ʪʦʤʫ, ʱʦ ʮʽʣʴʦʚʽ ʢʣʘʩʠ ʚ 

ʮʠʭ ʜʦʜʘʪʢʘʭ ʚʘʞʢʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ. 

ʇʨʦʩʪʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʧʨʷʤʠʤ ʟʚ'ʷʟʢʦʤ ʦʙʣʘʜʥʘʥʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ, 

ʷʢʽ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʰʫʤʫ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ ʪʘʢʦʞ ʚʽʜʥʦʩʥʦ 

ʧʨʦʩʪʽ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

2. ʄʝʨʝʞʘ ʨʘʜʽʘʣʴʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ 

ʈʘʜʽʘʣʴʥʘ ʙʘʟʠʩʥʘ ʬʫʥʢʮʽʷ ʚʨʘʭʦʚʫʻ ʚʽʜʩʪʘʥʴ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʫ. ʊʘʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʘʶʪʴ ʜʚʘ ʰʘʨʠ. ʋ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ ʝʣʝʤʝʥʪʠ 

ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʨʘʜʽʘʣʴʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʻʶ. 

ʇʦʪʽʤ ʚʠʭʽʜʥʽ ʜʘʥʽ ʮʠʭ ʬʫʥʢʮʽʡ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʦʛʦ ʞ 

ʨʝʟʫʣʴʪʘʪʫ ʚ ʥʘʩʪʫʧʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ. ʆʩʴ ʜʽʘʛʨʘʤʘ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʨʘʜʽʘʣʴʥʫ 

ʙʘʟʠʩʥʫ ʬʫʥʢʮʽʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʄʝʨʝʞʘ ʨʘʜʽʘʣʴʥʠʭ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʨʘʜʽʘʣʴʥʦʾ ʙʘʟʠʩʥʦʾ ʬʫʥʢʮʽʻʶ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʚʽʜʥʦʚʣʝʥʥʷ ʝʥʝʨʛʽʾ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʩʪʘʣʠ ʙʽʣʴʰʝ ʽ 

ʩʢʣʘʜʥʽʰʝ. 



ʎʝ ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ ʚʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʎʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʚʽʜʥʦʚʣʝʥʥʷ ʭʘʨʯʫʚʘʥʥʷ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ ʭʘʨʯʫʚʘʥʥʷ 

ʚ ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ. 

3. ɹʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʮʝʧʪʦʨ 

ɹʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ ʤʘʻ ʪʨʠ ʘʙʦ ʙʽʣʴʰʝ ʰʘʨʽʚ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʣʽʥʽʡʥʦ. ʎʝ ʪʠʧ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʧʽʜʢʣʶʯʝʥʘ. ʎʝ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʚʫʟʦʣ ʚ ʰʘʨʽ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʞʥʠʤ ʚʫʟʣʦʤ ʚ ʥʘʩʪʫʧʥʦʤʫ ʰʘʨʽ. 

ɹʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ (ʚ 

ʦʩʥʦʚʥʦʤʫ, ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʪʘʥʛʝʥʩ ʘʙʦ ʣʦʛʽʩʪʠʯʥʘ ʬʫʥʢʮʽʷ). ʆʩʴ ʷʢ ʚʠʛʣʷʜʘʻ 

ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ. 

 

ʈʠʩʫʥʦʢ 1.7 ï ɹʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ 

ʎʝʡ ʪʠʧ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʽ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʢʣʘʜʫ. 

4. ʂʦʥʚʦʣʶʮʽʡʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʉʚʝʨʪʦʯʥʦʝ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (CNN) ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʚʠʜ ʙʘʛʘʪʦʰʘʨʦʚʠʭ 

ʧʝʨʩʝʧʪʨʦʥʦʚ. CNN ʤʽʩʪʠʪʴ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʟʛʦʨʪʘʣʴʥʠʭ ʰʘʨʽʚ. ʎʽ ʰʘʨʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ, ʘʙʦ ʦʙ'ʻʜʥʘʥʽ. 



ʇʝʨʝʜ ʧʝʨʝʜʘʯʝʶ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʥʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʩʚʝʨʪʦʯʥʠʭ ʨʽʚʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʝʨʪʦʯʥʦʝ ʦʧʝʨʘʮʽʶ ʥʘ ʚʭʦʜʽ. ʏʝʨʝʟ ʮʶ ʩʚʝʨʪʦʯʥʦʝ ʦʧʝʨʘʮʽʾ ʤʝʨʝʞʫ 

ʤʦʞʝ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʛʣʠʙʰʝ, ʘʣʝ ʟ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɿʘʚʜʷʢʠ ʮʽʡ ʟʜʘʪʥʦʩʪʽ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʦʢʘʟʫʶʪʴ ʜʫʞʝ ʝʬʝʢʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦ, ʦʙʨʦʙʮʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʘʢʦʞ ʧʦʢʘʟʫʶʪʴ ʚʽʜʤʽʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 

ʩʝʤʘʥʪʠʯʥʦʤʫ ʨʦʟʙʦʨʽ ʽ ʚʠʷʚʣʝʥʥʽ ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʷ. ɺʦʥʠ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʚ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʽʚ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. 

CNN ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʥʘʣʽʟʽ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ ʚ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʜʝ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʪʷʛʫʶʪʴʩʷ ʟ 

ʩʫʧʫʪʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ LSAT, ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʨʦʩʪʘʥʥʷ ʽ ʚʨʦʞʘʡʥʦʩʪʽ ʜʽʣʷʥʢʠ 

ʟʝʤʣʽ. ʆʩʴ ʟʦʙʨʘʞʝʥʥʷ ʪʦʛʦ, ʷʢ ʚʠʛʣʷʜʘʻ ʩʚʝʨʪʦʯʥʦʝ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʂʦʥʚʦʣʶʮʽʡʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

5. ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (RNN) ï ʜʦʚʛʘ ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʘʤ'ʷʪʴ 

ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ - ʮʝ ʪʠʧ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʚ ʷʢʽʡ 

ʚʠʭʽʜʥʽ ʜʘʥʽ ʧʝʚʥʦʛʦ ʰʘʨʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʘ ʚʭʽʜ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʧʝʨʝʜʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʰʘʨʫ. 

ʇʝʨʰʠʡ ʰʘʨ ʬʦʨʤʫʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ ʟʚ'ʷʟʢʦʤ. ʊʦʙʪʦ ʟ 

ʪʚʦʨʦʤ ʩʫʤʠ ʚʘʛ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʘʢ ʚ ʥʘʩʪʫʧʥʠʭ ʰʘʨʘʭ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʦʚʪʦʨʶʚʘʥʠʡ ʧʨʦʮʝʩ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ɺʽʜ ʢʦʞʥʦʛʦ ʪʠʤʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʢʦʞʝʥ ʚʫʟʦʣ ʙʫʜʝ ʧʘʤ'ʷʪʘʪʠ 

ʜʝʷʢʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʚʽʥ ʤʘʚ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 



ʢʦʞʝʥ ʚʫʟʦʣ ʜʽʻ ʷʢ ʦʩʝʨʝʜʦʢ ʧʘʤ'ʷʪʽ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʽ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ. ʅʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʦʰʠʨʝʥʥʷ ʬʨʦʥʪʫ, ʷʢ ʟʘʟʚʠʯʘʡ, ʘʣʝ ʟʘʧʘʤ'ʷʪʦʚʫʻ 

ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʧʽʟʥʽʰʝ. 

ʗʢʱʦ ʧʨʦʛʥʦʟ ʥʝʚʽʨʥʠʡ, ʩʠʩʪʝʤʘ ʩʘʤʦʥʘʚʯʘʻʪʴʩʷ ʽ ʧʨʘʮʶʻ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ. ʎʝʡ ʪʠʧ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʡ ʚ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫ ʚ ʤʦʚʫ. ʆʩʴ ʷʢ ʚʠʛʣʷʜʘʻ ʧʦʪʦʯʥʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. 

 

ʈʠʩʫʥʦʢ 1.9 ï ʈʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (RNN) ï ʜʦʚʛʘ ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʘʤ'ʷʪʴ 

6. ʄʦʜʫʣʴʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʄʦʜʫʣʴʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʘʻ ʨʷʜ ʨʽʟʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʥʝʟʘʣʝʞʥʦ ʽ ʚʠʢʦʥʫʶʪʴ ʧʽʜʟʘʜʘʯʽ. ʈʽʟʥʽ ʤʝʨʝʞʽ ʥʘʩʧʨʘʚʜʽ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʽ ʥʝ 

ʩʠʛʥʘʣʽʟʫʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ ʚ ʧʨʦʮʝʩʽ ʦʙʯʠʩʣʝʥʴ. ɺʦʥʠ ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʝʣʠʢʠʡ ʽ ʩʢʣʘʜʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʠʡ ʟʥʘʯʥʦ ʰʚʠʜʰʝ, ʷʢʱʦ ʨʦʟʙʠʪʠ ʡʦʛʦ ʥʘ ʥʝʟʘʣʝʞʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ʐʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʤʫ ʱʦ ʤʝʨʝʞʽ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʽ ʥʘʚʽʪʴ ʥʝ 

ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʆʩʴ ʚʽʟʫʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʤʦʜʫʣʴʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 



 

ʈʠʩʫʥʦʢ 1.10 ï ʄʦʜʫʣʷʨʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

7. ʄʦʜʝʣʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʄʦʜʝʣʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɭ ʢʦʜʝʨ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʚʚʝʜʝʥʥʷ, ʽ ʜʝʢʦʜʝʨ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ 

ʚʠʩʥʦʚʦʢ. ʂʦʜʝʨ ʽ ʜʝʢʦʜʝʨ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʘʢʦʚʽ ʘʙʦ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʎʷ ʤʦʜʝʣʴ ʦʩʦʙʣʠʚʦ ʟʘʩʪʦʩʦʚʥʘ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʦʚʞʠʥʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʜʦʚʞʠʥʦʶ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʜʝʣʝʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʯʘʪ-ʙʦʪʽʚ, ʤʘʰʠʥʥʦʛʦ 

ʧʝʨʝʢʣʘʜʫ ʽ ʩʠʩʪʝʤ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʠʪʘʥʥʷ. 

ʇʝʨʮʝʧʪʨʦʥ. ʅʘʡʧʨʦʩʪʽʰʘ ʽ ʥʘʡʩʪʘʨʽʰʘ ʤʦʜʝʣʴ ʅʝʡʨʦʥʘ, ʷʢ ʤʠ ʮʝ ʟʥʘʻʤʦ. 

ɿʘʡʤʘʻ ʜʝʷʢʽ ʚʭʦʜʠ, ʧʽʜʩʫʤʦʚʫʻ ʾʭ, ʟʘʩʪʦʩʦʚʫʻ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʝʨʝʜʘʻ ʾʭ ʫ 

ʚʠʭʽʜʥʠʡ ʨʽʚʝʥʴ. ʊʫʪ ʥʝʤʘʻ ʥʽʷʢʦʾ ʤʘʛʽʾ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ (Feedforward neural network) ʪʘʢʦʞ 

ʜʦʩʠʪʴ ʩʪʘʨʽ - ʧʽʜʭʽʜ ʧʦʭʦʜʠʪʴ ʟ 50-ʭ ʨʦʢʽʚ. ʊʝ, ʷʢ ʮʝ ʧʨʘʮʶʻ, ʦʧʠʩʘʥʦ ʚ ʦʜʥʽʡ ʟ ʤʦʾʭ 

ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʪʝʡ - "ʄʘʪʨʠʮʷ ʩʪʘʨʦʾ ʰʢʦʣʠ NN", ʘʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʚʦʥʘ ʢʝʨʫʻʪʴʩʷ 

ʪʘʢʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

1. ʚʩʽ ʚʫʟʣʠ ʧʦʚʥʽʩʪʶ ʧʽʜʢʣʶʯʝʥʽ 

2. ɸʢʪʠʚʘʮʽʷ ʧʨʦʪʽʢʘʻ ʚʽʜ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʜʦ ʚʠʚʦʜʫ, ʙʝʟ ʟʚʦʨʦʪʥʠʭ ʮʠʢʣʽʚ 

3. ɭ ʦʜʠʥ ʰʘʨ ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ (ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ) 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʝʡ ʪʠʧ ʤʝʨʝʞ ʥʘʚʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 



ʄʝʨʝʞʘ ʨʘʜʽʘʣʴʥʦ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ (Radial basis function network) - ʮʝ 

ʬʘʢʪʠʯʥʦ FN (ʧʦʜʘʯʽ ʚʧʝʨʝʜ) NN, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʘʣʴʥʫ ʦʩʥʦʚʫ ʷʢ ʬʫʥʢʮʽʶ 

ʘʢʪʠʚʘʮʽʾ ʟʘʤʽʩʪʴ ʣʦʛʽʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ. ʑʦ ʤʘʻ ʟʥʘʯʝʥʥʷ? 

ʃʦʛʽʩʪʠʯʥʘ ʬʫʥʢʮʽʷ ʚʽʜʦʙʨʘʞʘʻ ʜʝʷʢʝ ʜʦʚʽʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʜʽʘʧʘʟʦʥ 0 ... 1, 

ʚʽʜʧʦʚʽʜʘʶʯʠ ʥʘ ʧʠʪʘʥʥʷ "ʪʘʢ ʯʠ ʥʽ". ʎʝ ʜʦʙʨʝ ʜʣʷ ʩʠʩʪʝʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʘʣʝ ʧʦʛʘʥʦ ʧʨʘʮʶʻ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ. 

ʅʘʚʧʘʢʠ, ʨʘʜʽʘʣʴʥʽ ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʧʠʪʘʥʥʷ "ʥʘʩʢʽʣʴʢʠ ʤʠ 

ʜʘʣʝʢʽ ʚʽʜ ʮʽʣʽ"? ʎʝ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʘʙʣʠʞʝʥʥʷ ʬʫʥʢʮʽʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʰʠʥʦʶ (ʥʘʧʨʠʢʣʘʜ, ʟʘʤʽʥʦʶ PID-ʢʦʥʪʨʦʣʝʨʽʚ). 

ʗʢʱʦ ʢʦʨʦʪʢʦ, ʮʝ ʣʠʰʝ ʤʝʨʝʞʽ FF ʟ ʨʽʟʥʦʶ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʨʠʩʪʨʦʻʤ. 

ɻʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʧʦʰʠʨʝʥʥʷ (Deep Feedforward Neural 

Network) ʚʽʜʢʨʠʣʠ ʧʦʣʝ ʧʘʥʜʦʨʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ 90-ʭ. ʎʝ ʧʨʦʩʪʦ FF 

NN, ʘʣʝ ʟ ʙʽʣʴʰ ʥʽʞ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ. ʆʪʞʝ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʪʘʢʠʤʠ ʨʽʟʥʠʤʠ? 

ʗʢʱʦ ʚʠ ʯʠʪʘʣʠ ʤʦʶ ʧʦʧʝʨʝʜʥʶ ʩʪʘʪʪʶ ʧʨʦ ʟʚʦʨʦʪʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, 

ʤʦʞʣʠʚʦ, ʚʠ ʧʦʤʽʪʠʣʠ, ʱʦ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʌʌ ʤʠ ʧʝʨʝʜʘʻʤʦ ʣʠʰʝ 

ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʧʦʧʝʨʝʜʥʴʦʤʫ ʰʘʨʫ. ʏʝʨʝʟ ʮʝ ʫʢʣʘʜʘʥʥʷ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ ʧʨʠʟʚʝʣʦ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʯʘʩʽʚ ʪʨʝʥʫʚʘʥʴ, ʱʦ 

ʨʦʙʠʪʴ DFF ʜʦʩʠʪʴ ʥʝʧʨʘʢʪʠʯʥʠʤ. ʃʠʰʝ ʥʘ ʧʦʯʘʪʢʫ 00-ʭ ʤʠ ʨʦʟʨʦʙʠʣʠ ʢʫʧʫ 

ʧʽʜʭʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʝʬʝʢʪʠʚʥʦ ʥʘʚʯʘʪʠ ɼʌɿ; ʪʝʧʝʨ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ ʷʜʨʦ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʪʽ ʞ ʮʽʣʽ, ʱʦ ʽ ʌʌ, ʘʣʝ ʟ 

ʥʘʙʘʛʘʪʦ ʢʨʘʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʈʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (Recurrent neural network) ʚʚʦʜʷʪʴ ʨʽʟʥʽ ʪʠʧʠ 

ʢʣʽʪʠʥ - ʈʝʮʠʜʠʚʥʽ ʢʣʽʪʠʥʠ. ʇʝʨʰʘ ʤʝʨʝʞʘ ʮʴʦʛʦ ʪʠʧʫ ʙʫʣʘ ʪʘʢ ʟʚʘʥʘ ʁʦʨʜʘʥʩʴʢʘ 

ʤʝʨʝʞʘ, ʢʦʣʠ ʢʦʞʥʘ ʧʨʠʭʦʚʘʥʘ ʢʦʤʽʨʢʘ ʦʪʨʠʤʫʚʘʣʘ ʚʣʘʩʥʠʡ ʚʠʭʽʜ ʟ ʬʽʢʩʦʚʘʥʦʶ 

ʟʘʪʨʠʤʢʦʶ - ʦʜʥʘ ʯʠ ʙʽʣʴʰʝ ʽʪʝʨʘʮʽʡ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʙʫʣʦ ʩʭʦʞʝ ʥʘ ʟʚʠʯʘʡʥʫ FNN. 

ɿʚʠʯʘʡʥʦ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʚʘʨʽʘʮʽʡ - ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʜʘʯʘ ʩʪʘʥʫ ʥʘ ʚʫʟʣʠ 

ʚʚʝʜʝʥʥʷ, ʟʤʽʥʥʽ ʟʘʪʨʠʤʢʠ ʪʦʱʦ, ʘʣʝ ʦʩʥʦʚʥʘ ʽʜʝʷ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʶ ʞ. ʎʝʡ ʪʠʧ 

NN ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ, ʪʦʜʽ ʚʘʞʣʠʚʠʤ ʻ ʢʦʥʪʝʢʩʪ - ʢʦʣʠ ʨʽʰʝʥʥʷ ʟ 

ʤʠʥʫʣʠʭ ʽʪʝʨʘʮʽʡ ʯʠ ʟʨʘʟʢʽʚ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʪʦʯʥʽ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ 



ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʢʦʥʪʝʢʩʪʽʚ ʻ ʪʝʢʩʪʠ - ʩʣʦʚʦ ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʣʠʰʝ ʚ ʢʦʥʪʝʢʩʪʽ 

ʧʦʧʝʨʝʜʥʽʭ ʩʣʽʚ ʘʙʦ ʨʝʯʝʥʴ. 

ɼʦʚʛʘ ʢʦʨʦʪʢʦʯʘʩʥʘ ʧʘʤ'ʷʪʴ (Long short-term memory) ï ʮʝʡ ʪʠʧ ʚʚʦʜʠʪʴ 

ʢʦʤʽʨʢʫ ʧʘʤôʷʪʽ, ʩʧʝʮʽʘʣʴʥʫ ʢʦʤʽʨʢʫ, ʷʢʘ ʤʦʞʝ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ, ʢʦʣʠ ʜʘʥʽ ʤʘʶʪʴ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʘʙʦ ʟʘʪʨʠʤʢʠ). RNN ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʪʝʢʩʪʠ, çʤʘʶʯʠ ʥʘ ʫʚʘʟʽè 

ʜʝʩʷʪʴ ʧʦʧʝʨʝʜʥʽʭ ʩʣʽʚ, ʘ ʤʝʨʝʞʽ LSTM ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʚʽʜʝʦʢʘʜʨ, çʤʘʶʯʠ ʥʘ 

ʫʚʘʟʽè ʪʝ, ʱʦ ʪʨʘʧʣʷʣʦʩʷ ʙʘʛʘʪʦ ʢʘʜʨʽʚ ʪʦʤʫ. ʄʝʨʝʞʽ LSTM ʪʘʢʦʞ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʠ ʪʘ ʤʦʚʣʝʥʥʷ. 

ʆʩʝʨʝʜʢʠ ʧʘʤôʷʪʽ ʥʘʩʧʨʘʚʜʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʘʨʠ ʝʣʝʤʝʥʪʽʚ - ʟʚʘʥʠʭ ʚʦʨʽʪ, ʷʢʽ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʽ ʢʝʨʫʶʪʴ ʪʠʤ, ʷʢ ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʪʘ ʟʘʙʫʚʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ. 

ʉʪʨʫʢʪʫʨʘ ʜʦʙʨʝ ʚʠʜʥʦ ʥʘ ʽʣʶʩʪʨʘʮʽʾ ʚʽʢʽʧʝʜʽʾ (ʟʘʫʚʘʞʪʝ, ʱʦ ʤʽʞ ʙʣʦʢʘʤʠ ʥʝʤʘʻ 

ʬʫʥʢʮʽʡ ʘʢʪʠʚʘʮʽʾ): 

(X) ʨʝʯʽ ʥʘ ʛʨʘʬʽʢʫ - ʮʝ ʚʦʨʦʪʘ, ʽ ʚʦʥʠ ʤʘʶʪʴ ʚʣʘʩʥʽ ʚʘʛʠ, ʘ ʽʥʦʜʽ ʽ ʬʫʥʢʮʽʾ 

ʘʢʪʠʚʘʮʽʾ. ʅʘ ʢʦʞʥʦʤʫ ʟʨʘʟʢʫ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ, ʯʠ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʚʧʝʨʝʜ, ʚʠʜʘʣʷʪʠ 

ʧʘʤ'ʷʪʴ ʪʦʱʦ - ʪʫʪ ʚʠ ʤʦʞʝʪʝ ʧʨʦʯʠʪʘʪʠ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʝ ʧʦʷʩʥʝʥʥʷ. ɺʭʽʜʥʠʡ ʰʣʶʟ 

ʚʠʟʥʘʯʘʻ, ʩʢʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʦʩʪʘʥʥʴʦʛʦ ʟʨʘʟʢʘ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʧʘʤ'ʷʪʽ; ʚʠʭʽʜʥʽ 

ʚʦʨʦʪʘ ʨʝʛʫʣʶʶʪʴ ʦʙʩʷʛ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʦʤʫ ʰʘʨʫ, ʽ ʟʘʙʫʪʽ ʚʦʨʦʪʘ 

ʢʦʥʪʨʦʣʶʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʠʚʫ ʧʘʤ'ʷʪʽ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ. 

ʎʝ, ʦʜʥʘʢ, ʜʫʞʝ ʧʨʦʩʪʘ ʨʝʘʣʽʟʘʮʽʷ ʢʣʽʪʠʥ LSTM, ʽʩʥʫʻ ʙʘʛʘʪʦ ʽʥʰʠʭ 

ʘʨʭʽʪʝʢʪʫʨ. 

ɺʝʥʪʠʣʴʥʠʡ ʨʝʢʫʨʝʥʪʥʠʡ ʚʫʟʦʣ (Gated recurrent unit) - ʮʝ LSTM ʟ ʨʽʟʥʠʤʠ 

ʨʝʰʽʪʢʘʤʠ. ʇʝʨʽʦʜ. 

ɿʚʫʯʠʪʴ ʧʨʦʩʪʦ, ʘʣʝ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʚʦʨʽʪ ʧʦʣʝʛʰʫʻ ʧʦʚʪʦʨʝʥʥʷ ʦʜʥʦʛʦ 

ʽ ʪʦʛʦ ʞ ʚʠʭʦʜʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʚʝʜʝʥʥʷ ʢʽʣʴʢʘ ʨʘʟʽʚ, ʽ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʥʪʝʟʽ ʟʚʫʢʫ (ʤʫʟʠʢʠ) ʪʘ ʤʦʚʣʝʥʥʷ. 

ʌʘʢʪʠʯʥʘ ʢʦʤʧʦʟʠʮʽʷ ʜʝʱʦ ʽʥʰʘ: ʚʩʽ ʚʦʨʦʪʘ LSTM ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʪʘʢ ʟʚʘʥʽ 

ʚʦʨʦʪʘ ʦʥʦʚʣʝʥʥʷ, ʘ ʚʦʨʦʪʘ ʩʢʠʜʘʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʭʦʜʦʤ. 

ɺʦʥʠ ʤʝʥʰ ʟʘʪʨʘʪʥʽ, ʥʽʞ LSTM, ʽ ʤʘʡʞʝ ʪʘʢʽ ʞ ʝʬʝʢʪʠʚʥʽ. 

ɸʚʪʦʢʦʜʫʚʘʣʴʥʠʢʠ (Autoencoder, AE) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʩʪʠʩʥʝʥʥʷ ʬʫʥʢʮʽʡ. 



ʂʦʣʠ ʚʠ ʪʨʝʥʫʻʪʝ ʥʝʡʨʦʤʝʨʝʞʽ FF ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚʠ ʟʜʝʙʽʣʴʰʦʛʦ ʧʦʚʠʥʥʽ 

ʧʦʜʘʚʘʪʠ ʧʨʠʢʣʘʜʠ X ʫ ʢʘʪʝʛʦʨʽʷʭ Y ʽ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʦʜʥʘ ʟ ʚʠʭʽʜʥʠʭ ʢʦʤʽʨʦʢ Y ʙʫʜʝ 

ʘʢʪʠʚʦʚʘʥʘ. ʎʝ ʥʘʟʠʚʘʻʪʴʩʷ "ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʯʘʥʥʷ". 

ɸʚʪʦʢʦʜʫʚʘʣʴʥʠʢʠ, ʥʘʚʧʘʢʠ, ʤʦʞʥʘ ʥʘʚʯʘʪʠʩʴ ʙʝʟ ʥʘʛʣʷʜʫ. ɰʭ ʩʪʨʫʢʪʫʨʘ - 

ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʢʦʤʽʨʦʢ ʤʝʥʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʢʦʤʽʨʦʢ (ʘ ʢʽʣʴʢʽʩʪʴ 

ʚʠʭʽʜʥʠʭ ʢʦʤʽʨʦʢ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʢʦʤʽʨʦʢ), ʘ ʢʦʣʠ AE ʪʨʝʥʫʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʠʭʽʜ ʙʫʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʚʚʝʜʝʥʥʷ, ʟʤʫʰʫʻ ɸɽ 

ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʜʘʥʽ ʪʘ ʧʦʰʫʢ ʟʘʛʘʣʴʥʠʭ ʟʨʘʟʢʽʚ. 

ɺʘʨʽʘʮʽʡʥʠʡ ʘʚʪʦʢʦʜʫʚʘʣʴʥʠʢ (Variational autoencoder, VAE), ʧʦʨʽʚʥʷʥʦ ʟ 

AE, ʩʪʠʩʢʘʻ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʤʽʩʪʴ ʬʫʥʢʮʽʡ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʫ ʧʨʦʩʪʫ ʟʤʽʥʫ, ʢʦʣʠ ɸɽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʧʠʪʘʥʥʷ "ʷʢ ʤʠ 

ʤʦʞʝʤʦ ʫʟʘʛʘʣʴʥʠʪʠ ʜʘʥʽ?", VAE ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ ʧʠʪʘʥʥʷ "ʥʘʩʢʽʣʴʢʠ ʤʽʮʥʠʡ 

ʟʚ'ʷʟʦʢ ʤʽʞ ʜʚʦʤʘ ʧʦʜʽʷʤʠ? ʯʠ ʩʣʽʜ ʨʦʟʧʦʜʽʣʷʪʠ ʧʦʤʠʣʢʠ ʤʽʞ ʜʚʦʤʘ ʧʦʜʽʷʤʠ ʘʙʦ 

ʚʦʥʠ ʻ ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʣʝʞʥʠʤʠ? ò. 

ɿʥʝʰʫʤʣʶʚʘʣʴʥʠʡ ʘʚʪʦʢʦʜʫʚʘʣʴʥʠʢ (Denoising autoencoder, DAE) 

AE ʧʨʦʩʪʦ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ʮʝ ʥʘʩʧʨʘʚʜʽ ʻ ʧʨʠʢʣʘʜʦʤ 

ʧʝʨʝʚʠʢʦʥʘʥʥʷ). 

DAE ʜʦʜʘʶʪʴ ʪʨʦʭʠ ʰʫʤʫ ʥʘ ʚʭʽʜʥʽ ʢʦʤʽʨʢʠ - ʟʤʽʥʶʶʪʴ ʜʘʥʽ ʚʠʧʘʜʢʦʚʠʤ 

ʙʽʪʦʤ, ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʧʝʨʝʤʠʢʘʶʪʴ ʙʽʪʠ ʥʘ ʚʭʦʜʽ ʪʦʱʦ. ɿʜʽʡʩʥʶʶʯʠ ʮʝ, ʦʜʠʥ 

ʧʨʠʤʫʰʫʻ DAE ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʚʠʭʽʜ ʟ ʪʨʦʭʠ ʰʫʤʥʦʛʦ ʚʚʝʜʝʥʥʷ, ʨʦʙʣʷʯʠ ʡʦʛʦ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʽ ʟʤʫʰʫʶʯʠ ʚʠʙʠʨʘʪʠ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʨʠʩʠ. 

ʈʦʟʨʽʜʞʝʥʠʡ ʘʚʪʦʢʦʜʫʚʘʣʴʥʠʢ (Sparse autoencoder, SAE) - ʮʝ ʱʝ ʦʜʠʥ ʪʠʧ 

ʘʚʪʦʢʦʜʫʚʘʥʥʷ, ʷʢʠʡ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʚʠʷʚʠʪʠ ʜʝʷʢʽ ʧʨʠʭʦʚʘʥʽ ʫʛʨʫʧʦʚʘʥʥʷ 

ʤʘʣʶʥʢʽʚ ʫ ʜʘʥʠʭ. ʉʪʨʫʢʪʫʨʘ ʪʘʢʘ ʞ, ʷʢ ʽ ʚ AE, ʘʣʝ ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʢʦʤʽʨʦʢ 

ʙʽʣʴʰʝ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʢʣʽʪʠʥ ʚʭʽʜʥʦʛʦ / ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞ ̔ɻʦʧʬʽʣʜʘ (Hopfield network) ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʦʙʤʝʞʝʥʦʤʫ 

ʥʘʙʦʨʽ ʟʨʘʟʢʽʚ, ʱʦʙ ʚʦʥʠ ʚʽʜʧʦʚʽʜʘʣʠ ʚʽʜʦʤʽʡ ʚʠʙʽʨʮʽ ʪʠʤ ʞʝ ʟʨʘʟʢʦʤ. 

ʂʦʞʥʘ ʢʦʤʽʨʢʘ ʩʣʫʞʠʪʴ ʚʭʽʜʥʦʶ ʢʦʤʽʨʢʦʶ ʧʝʨʝʜ ʪʨʝʥʫʚʘʥʥʷʤ, ʷʢ ʧʨʠʭʦʚʘʥʘ 

ʢʦʤʽʨʢʘ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʽ ʷʢ ʚʠʭʽʜʥʘ ʢʦʤʽʨʢʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ. 



ʆʩʢʽʣʴʢʠ ʅʅ ʥʘʤʘʛʘʶʪʴʩʷ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʟʨʘʟʦʢ, ʾʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʭʦʜʽʚ. ɼʘʚʰʠ ʧʦʣʦʚʠʥʫ ʚʠʚʯʝʥʦʾ 

ʢʘʨʪʠʥʠ ʯʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚʦʥʠ ʧʦʚʝʨʥʫʪʴ ʧʦʚʥʫ ʚʠʙʽʨʢʫ. 

ʄʘʰʠʥʘ ɹʦʣʴʮʤʘʥʘ (Boltzmann machine) ʜʫʞʝ ʩʭʦʞʽ ʥʘ ʅʅ, ʜʝ ʜʝʷʢʽ 

ʢʦʤʽʨʢʠ ʧʦʟʥʘʯʝʥʽ ʷʢ ʚʭʽʜʥʽ ʪʘ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʠʭʦʚʘʥʠʤʠ. ɺʭʽʜʥʽ ʦʩʝʨʝʜʢʠ 

ʚʠʚʦʜʷʪʴʩʷ, ʷʢ ʪʽʣʴʢʠ ʢʦʞʥʘ ʧʨʠʭʦʚʘʥʘ ʢʣʽʪʠʥʘ ʦʥʦʚʣʶʻ ʩʚʽʡ ʩʪʘʥ (ʧʽʜ ʯʘʩ 

ʪʨʝʥʫʚʘʥʥʷ ɹʄ / ʅʅ ʦʥʦʚʣʶʶʪʴ ʢʣʽʪʠʥʠ ʦʜʥʘ ʟʘ ʦʜʥʦʶ, ʘ ʥʝ ʧʘʨʘʣʝʣʴʥʦ). 

ʎʝ ʧʝʨʰʘ ʤʝʨʝʞʝʚʘ ʪʦʧʦʣʦʛʽʷ, ʷʢʘ ʙʫʣʘ ʫʩʧʽʰʥʦ ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʭʦʜʫ ʩʠʤʫʣʷʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ. 

ɹʘʛʘʪʦʰʘʨʦʚʽ ʤʘʰʠʥʠ Boltzmann ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢ ʟʚʘʥʫ ʤʝʨʝʞʫ 

ʛʣʠʙʦʢʠʭ ʧʝʨʝʢʦʥʘʥʴ (ʜʠʚ. ʅʠʞʯʝ), ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʚʠʣʫʯʝʥʥʷ ʬʫʥʢʮʽʡ. 

ʆʙʤʝʞʝʥʘ ʤʘʰʠʥʘ ɹʦʣʴʮʤʘʥʘ (Restricted Boltzmann machine) 

ʋ ʩʪʨʫʢʪʫʨʽ ʄʇʋ ʥʘʛʘʜʫʶʪʴ ɹʄ, ʘʣʝ, ʟʘʚʜʷʢʠ ʾʭ ʦʙʤʝʞʝʥʥʶ, ʜʦʟʚʦʣʷʶʪʴ 

ʥʘʚʯʘʪʠʩʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʦʨʦʪʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʌʇ (ʟ ʪʽʻʶ 

ʣʠʰʝ ʨʽʟʥʠʮʝʶ, ʱʦ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʧʝʨʝʜʘʚʘʪʠ ʥʘʟʘʜ ʜʘʥʽ, ʦʜʠʥ ʨʘʟ ʧʝʨʝʜʘʶʪʴʩʷ 

ʥʘʟʘʜ ʫ ʚʭʽʜʥʠʡ ʨʽʚʝʥʴ). 

ɻʣʠʙʠʥʥʘ ʤʝʨʝʞʘ ʧʝʨʝʢʦʥʘʥʴ (Deep belief network) ʥʘʩʧʨʘʚʜʽ ʻ ʩʪʝʢʦʤ 

ʄʘʰʠʥʘ ɹʦʣʴʮʤʘʥʘ (ʦʪʦʯʝʥʠʡ VAE). ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ (ʢʦʣʠ 

ʦʜʥʘ ʤʝʨʝʞʘ NN ʪʨʝʥʫʻ ʽʥʰʫ) ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʜʘʥʠʭ ʟʘ 

ʚʞʝ ʚʠʚʯʝʥʦʶ ʩʭʝʤʦʶ. 

ɻʣʠʙʦʢʘ ʟʛʦʨʪʢʦʚʘ ʤʝʨʝʞʘ (Deep convolutional network, DCN) ï ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʮʝ ʟʽʨʢʠ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʦʩʝʨʝʜʢʠ ʟʛʦʨʪʘʥʥʷ (ʘʙʦ 

ʦʙ'ʻʜʥʘʥʥʷ ʰʘʨʽʚ) ʪʘ ʷʜʨʘ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʣʫʞʠʪʴ ʨʽʟʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ. 

ʗʜʨʘ ʟʛʦʨʪʢʠ ʥʘʩʧʨʘʚʜʽ ʦʙʨʦʙʣʷʶʪʴ ʚʭʽʜʥʽ ʜʘʥʽ, ʘ ʦʙ'ʻʜʥʘʥʥʷ ʰʘʨʽʚ 

ʩʧʨʦʱʫʶʪʴ ʾʭ (ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʝʣʽʥʽʡʥʽ ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ max), 

ʟʤʝʥʰʫʶʯʠ ʥʝʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ. 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʦʥʠ ʦʧʝʨʫʶʪʴ ʥʝʚʝʣʠʢʠʤ 

ʧʽʜʤʥʦʞʠʥʦʶ ʟʦʙʨʘʞʝʥʥʷ (ʧʨʠʙʣʠʟʥʦ 20x20 ʧʽʢʩʝʣʽʚ). ɺʽʢʥʦ ʚʚʝʜʝʥʥʷ ʢʦʚʟʘʻ ʧʦ 

ʟʦʙʨʘʞʝʥʥʶ, ʧʽʢʩʝʣʴ ʟʘ ʧʽʢʩʝʣʝʤ. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʰʘʨʠ ʟʛʦʨʪʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 



ʚʦʨʦʥʢʫ (ʩʪʠʩʢʘʶʯʠ ʚʠʷʚʣʝʥʽ ʬʫʥʢʮʽʾ). ɺʽʜ ʫʤʦʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʝʨʰʠʡ 

ʰʘʨ ʚʠʷʚʣʷʻ ʛʨʘʜʽʻʥʪʠ, ʜʨʫʛʠʡ ʨʷʜʢʠ, ʪʨʝʪʽ ʬʽʛʫʨʠ ʪʦʱʦ ʜʦ ʤʘʩʰʪʘʙʫ ʢʦʥʢʨʝʪʥʠʭ 

ʦʙ'ʻʢʪʽʚ. DFF ʟʘʟʚʠʯʘʡ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʢʽʥʮʝʚʦʛʦ ʟʛʦʨʪʢʦʚʦʛʦ ʰʘʨʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ɼʝʢʦʥʚʦʣʶʮʽʡʥʘ ʤʝʨʝʞʘ (Deconvolutional Network, DN) - ʮʝ DCN, ʟʚʦʨʦʪʥʽ. 

DN ʟʥʽʤʘʻ ʟʦʙʨʘʞʝʥʥʷ ʢʦʪʘ ʪʘ ʩʪʚʦʨʶʻ ʪʘʢʠʡ ʚʝʢʪʦʨ, ʷʢ {ʩʦʙʘʢʘ: 0, ʷʱʽʨʢʘ: 0, ʢʽʥʴ: 

0, ʢʽʰʢʘ: 1}. DCN ʤʦʞʝ ʚʟʷʪʠ ʮʝʡ ʚʝʢʪʦʨ ʽ ʥʘʤʘʣʶʚʘʪʠ ʟ ʥʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʢʦʪʘ. 

ɻʣʠʙʦʢʘ ʟʛʦʨʪʢʦʚʘ ʟʚʦʨʦʪʥʘ ʛʨʘʬʽʯʥʘ ʤʝʨʝʞʘ (Deep Convolutional Inverse 

Graphics Network, DCIGN) ʩʭʦʞʝ ʥʘ DCN ʽ DN, ʩʢʣʝʻʥʽ ʨʘʟʦʤ, ʘʣʝ ʮʝ ʥʝ ʪʘʢ 

ʧʨʘʚʠʣʴʥʦ. 

ɺʣʘʩʥʝ, ʮʝ ʘʚʪʦʢʦʜʝʨ. DCN ʽ DN ʥʝ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʦʢʨʝʤʽ ʤʝʨʝʞʽ, ʥʘʪʦʤʽʩʪʴ 

ʚʦʥʠ ʻ ʧʨʦʢʣʘʜʢʘʤʠ ʜʣʷ ʚʚʝʜʝʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ ʤʝʨʝʞʽ. ʎʽ ʤʝʨʝʞʽ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʟ ʷʢʠʤʠ 

ʨʘʥʽʰʝ ʥʝ ʧʨʦʭʦʜʠʣʠ ʥʘʚʯʘʥʥʷ. ʎʽ ʤʝʨʝʞʽ ʟʘʚʜʷʢʠ ʨʽʚʥʶ ʾʭ ʘʙʩʪʨʘʢʮʽʾ ʤʦʞʫʪʴ 

ʚʠʜʘʣʷʪʠ ʧʝʚʥʽ ʧʨʝʜʤʝʪʠ ʽʟ ʟʦʙʨʘʞʝʥʥʷ, ʧʝʨʝʬʘʨʙʦʚʫʚʘʪʠ ʾʭ ʘʙʦ ʟʘʤʽʥʶʚʘʪʠ ʢʦʥʝʡ 

ʟʝʙʨʘʤʠ, ʷʢ ʮʝ ʨʦʙʠʚ ʚʽʜʦʤʠʡ CycleGAN. 

ɻʝʥʝʨʘʪʠʚʥʘ ʟʤʘʛʘʣʴʥʘ ʤʝʨʝʞʘ (Generative adversarial network, GAN) ̫ ʚʣʷʻ 

ʩʦʙʦʶ ʚʝʣʠʯʝʟʥʝ ʩʽʤʝʡʩʪʚʦ ʧʦʜʚʽʡʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ. ɺʦʥʠ ʧʦʩʪʽʡʥʦ ʥʘʤʘʛʘʶʪʴʩʷ ʦʙʜʫʨʠʪʠ ʦʜʠʥ ʦʜʥʦʛʦ - ʛʝʥʝʨʘʪʦʨ 

ʥʘʤʘʛʘʻʪʴʩʷ ʛʝʥʝʨʫʚʘʪʠ ʷʢʽʩʴ ʜʘʥʽ, ʘ ʜʠʩʢʨʠʤʽʥʘʪʦʨ, ʦʪʨʠʤʫʶʯʠ ʚʠʙʽʨʢʦʚʽ ʜʘʥʽ, 

ʥʘʤʘʛʘʻʪʴʩʷ ʧʦʚʽʜʦʤʠʪʠ ʛʝʥʝʨʦʚʘʥʽ ʜʘʥʽ ʽʟ ʟʨʘʟʢʽʚ. ʇʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʯʠʩʴ, ʮʝʡ ʪʠʧ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ, ʷʢʱʦ ʚʠ 

ʟʤʦʞʝʪʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʨʝʥʫʚʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʤʝʨʝʞʘʤʠ. 

pix2pix - ʚʽʜʤʽʥʥʠʡ ʧʨʠʢʣʘʜ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ. 

ʈʽʜʢʠʡ ʩʢʽʥʯʝʥʥʠʡ ʘʚʪʦʤʘʪ (Liquid State Machine, LSM) - ʮʝ ʨʦʟʨʽʜʞʝʥʘ (ʥʝ 

ʧʦʚʥʽʩʪʶ ʧʽʜʢʣʶʯʝʥʘ) ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʜʝ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ʟʘʤʽʥʶʶʪʴʩʷ 

ʧʦʨʦʛʦʚʠʤʠ ʨʽʚʥʷʤʠ. ʆʩʝʨʝʜʦʢ ʥʘʢʦʧʠʯʫʻ ʟʥʘʯʝʥʥʷ ʟ ʧʦʩʣʽʜʦʚʥʠʭ ʟʨʘʟʢʽʚ ʽ 

ʚʠʚʦʜʠʪʴ ʚʠʭʽʜ ʣʠʰʝ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʥʦʚʫ ʚʩʪʘʥʦʚʣʶʶʯʠ 

ʚʥʫʪʨʽʰʥʽʡ ʣʽʯʠʣʴʥʠʢ ʥʘ ʥʫʣʴ. 



ʊʘʢʘ ʽʜʝʷ ʚʟʷʪʘ ʟ ʣʶʜʩʴʢʦʛʦ ʤʦʟʢʫ, ʽ ʮʽ ʤʝʨʝʞʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ, ʘʣʝ ʙʝʟ ʚʝʣʠʢʠʭ ʧʨʦʨʠʚʽʚ. 

ʄʘʰʠʥʘ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ (Extreme learning machine, ELM) - ʮʝ 

ʩʧʨʦʙʘ ʟʤʝʥʰʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʤʝʨʝʞ FF, ʩʪʚʦʨʠʚʰʠ ʨʦʟʨʽʜʞʝʥʽ ʧʨʠʭʦʚʘʥʽ ʰʘʨʠ ʟ 

ʚʠʧʘʜʢʦʚʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ. ɺʦʥʠ ʚʠʤʘʛʘʶʪʴ ʤʝʥʰʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, 

ʘʣʝ ʬʘʢʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʚʜʘʥʥʷ ʪʘ ʜʘʥʠʭ. 

ʄʝʨʝʞʘ ʟ ʚʽʜʣʫʥʥʷʤ ʩʪʘʥʫ (Echo state network, ESN) - ʮʝ ʧʽʜʪʠʧ ʧʝʨʽʦʜʠʯʥʠʭ 

ʤʝʨʝʞ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʥʘʚʯʘʥʥʷ. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʚʚʝʜʝʥʥʷ, ʘ ʧʦʪʽʤ 

ʚʠʚʦʜʷʪʴʩʷ, ʷʢʱʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʢʽʣʴʢʘ ʽʪʝʨʘʮʽʡ (ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʶʚʘʪʠ 

ʬʫʥʢʮʽʾ, ʱʦ ʧʦʚʪʦʨʶʶʪʴʩʷ). ʇʽʩʣʷ ʮʴʦʛʦ ʦʥʦʚʣʶʶʪʴʩʷ ʣʠʰʝ ʚʘʛʠ ʤʽʞ ʧʨʠʭʦʚʘʥʠʤʠ 

ʢʣʽʪʠʥʢʘʤʠ. 

ʆʩʦʙʠʩʪʦ ʷ ʥʝ ʟʥʘʶ ʨʝʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ, ʦʢʨʽʤ ʢʽʣʴʢʦʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʦʨʽʻʥʪʠʨʽʚ. ʉʤʽʣʠʚʦ ʜʦʜʘʡʪʝ ʩʚʦʻ). 

ɻʣʠʙʠʥʥʘ ʦʩʪʘʪʦʯʥʘ ʤʝʨʝʞ (Deep residual network, DRN) - ʮʝ ʛʣʠʙʦʢʘ 

ʤʝʨʝʞʘ, ʜʝ ʜʝʷʢʘ ʯʘʩʪʠʥʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʰʘʨʘʤ. ʎʷ ʬʫʥʢʮʽʷ 

ʜʦʟʚʦʣʷʻ ʾʤ ʙʫʪʠ ʧʦ-ʩʧʨʘʚʞʥʴʦʤʫ ʛʣʠʙʦʢʠʤʠ (ʜʦ 300 ʰʘʨʽʚ), ʘʣʝ ʥʘʩʧʨʘʚʜʽ ʚʦʥʠ ʻ 

ʨʽʟʥʦʚʠʜʦʤ RNN ʙʝʟ ʷʚʥʦʛʦ ʟʚʦʣʽʢʘʥʥʷ. 

ʅʝʡʨʦʥʥʘ ʤʘʰʠʥʘ ʊʴʶʨʠʥʛʘ (Neural Turing Machine, NTM) 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʻ ʩʚʦʻʨʽʜʥʠʤʠ ʯʦʨʥʠʤʠ ʩʢʨʠʥʴʢʘʤʠ - ʤʠ ʤʦʞʝʤʦ ʾʭ 

ʪʨʝʥʫʚʘʪʠ, ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʧʦʢʨʘʱʫʚʘʪʠ ʾʭ, ʘʣʝ ʬʘʢʪʠʯʥʠʡ ʰʣʷʭ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʭʦʚʘʥʠʡ ʚʽʜ ʥʘʩ. 

NTM - ʮʝ ʩʧʨʦʙʘ ʚʠʧʨʘʚʠʪʠ ʮʝ - ʮʝ FF ʽʟ ʚʠʣʫʯʝʥʠʤʠ ʦʩʝʨʝʜʢʘʤʠ ʧʘʤ'ʷʪʽ. 

ɼʝʷʢʽ ʘʚʪʦʨʠ ʪʘʢʦʞ ʢʘʞʫʪʴ, ʱʦ ʮʝ ʘʙʩʪʨʘʢʮʽʷ ʥʘʜ LSTM. 

ʇʘʤ'ʷʪʴ ʘʜʨʝʩʦʚʘʥʘ ʾʾ ʚʤʽʩʪʦʤ, ʽ ʤʝʨʝʞʘ ʤʦʞʝ ʯʠʪʘʪʠ ʽ ʟʘʧʠʩʫʚʘʪʠ ʚ ʧʘʤ'ʷʪʴ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʧʦʚʥʫ ʊʴʶʨʽʥʛʘ. 

 

1.5 ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ\ʛʝʥʝʨʘʮʽʾ 

ʑʦʙ AI ʩʪʘʣʘ ʪʚʦʨʯʦʶ, ʚʦʥʘ ʧʦʚʠʥʥʘ ʚʠʚʯʠʪʠ ʧʨʘʚʠʣʘ - ʪʦʜʽ ʷʢ ʾʭ ʟʣʘʤʘʪʠ 



ʅʦʚʽ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ çʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽè, ʱʦʙ 

ʨʦʟʚʠʚʘʪʠ ʪʚʦʨʯʽʩʪʴ ʪʘ ʦʨʠʛʽʥʘʣʴʥʽʩʪʴ ʰʣʷʭʦʤ ʙʽʣʴʰ ʪʝʢʫʯʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ 

ʫʟʛʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ 

ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʧʦʝʪ ʈʘʣʴʬ ɺʘʣʴʜʦ ɽʤʝʨʩʦʥ ʦʜʥʦʛʦ ʨʘʟʫ ʩʢʘʟʘʚ: "ʂʦʞʝʥ 

ʭʫʜʦʞʥʠʢ ʙʫʚ ʩʧʦʯʘʪʢʫ ʣʶʙʠʪʝʣʝʤ". ʁʤʦʚʽʨʥʦ, ʚʽʥ ʥʽʢʦʣʠ ʥʝ ʜʫʤʘʚ, ʱʦ ʮʽ ʩʣʦʚʘ 

ʩʪʦʩʫʚʘʪʠʤʫʪʴʩʷ ʤʘʰʠʥ. ɯ ʚʩʝ ʞ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʝʤʦʥʩʪʨʫʚʘʚ ʟʨʦʩʪʘʶʯʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʚʦʨʯʦʩʪʽ, ʙʫʜʴ ʪʦ ʥʘʧʠʩʘʥʥʷ ʭʝʚʽ-ʤʝʪʘʣ-ʨʦʢ-ʘʣʴʙʦʤʫ ʯʠ ʩʪʚʦʨʝʥʥʷ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʦʨʪʨʝʪʘ, ʷʢʠʡ ʨʘʟʶʯʝ ʥʘʛʘʜʫʻ ʈʝʤʙʨʘʥʜʪʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ AI ʫ ʩʚʽʪʽ ʤʠʩʪʝʮʪʚʘ ʤʦʞʝ ʟʜʘʪʠʩʷ ʥʝʧʦʪʨʽʙʥʠʤ; ɿʚʠʯʘʡʥʦ, ʻ 

ʙʘʛʘʪʦ ʣʶʜʝʡ, ʷʢʽ ʧʨʠʥʦʩʷʪʴ ʚʨʘʞʘʶʯʫ ʨʦʙʦʪʫ. ʇʨʠʭʠʣʴʥʠʢʠ ʢʘʞʫʪʴ, ʦʜʥʘʢ, 

ʩʧʨʘʚʞʥʷ ʢʨʘʩʘ ʥʘʚʯʘʥʥʷ AI ʙʫʪʠ ʢʨʝʘʪʠʚʥʠʤ ʧʦʣʷʛʘʻ ʥʝ ʚ ʢʽʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʽ, ʘ ʚ 

ʧʦʪʝʥʮʽʘʣʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʰʠʨʠʪʠ ʚʣʘʩʥʫ ʤʘʰʠʥʦʙʫʜʽʚʥʫ ʦʩʚʽʪʫ ʪʘ ʚʠʨʽʰʠʪʠ 

ʧʨʦʙʣʝʤʠ, ʜʫʤʘʶʯʠ ʧʦʟʘ ʨʘʤʢʘʤʠ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ ʽ ʢʨʘʱʝ, ʥʽʞ ʤʦʞʫʪʴ ʣʶʜʠ. 

ʅʘʧʨʠʢʣʘʜ, ʪʚʦʨʯʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʐɯ ʢʦʣʠ-ʥʝʙʫʜʴ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʥʝʩʢʣʘʜʥʽ 

ʨʽʰʝʥʥʷ, ʷʢʽ ʚʨʷʪʫʶʪʴ ʞʠʪʪʷ ʧʘʩʘʞʠʨʽʚ ʚ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʾʜʝ ʩʘʤʦʩʪʽʡʥʦ, ʷʢʱʦ ʡʦʛʦ 

ʜʘʪʯʠʢʠ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ, ʘʙʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʝʪʨʘʜʠʮʽʡʥʽ ʢʦʤʙʽʥʘʮʽʾ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʦʚʠʭ ʣʽʢʽʚ ʚʽʜ ʨʘʥʽʰʝ ʥʝʣʽʢʫʚʘʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʐɯ ʟ ʪʚʦʨʯʦʶ ʩʤʫʛʦʶ ʙʫʜʝ ʤʘʪʠ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʫ ʨʦʟʨʦʙʮʽ ʚʠʩʦʢʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʨʝʘʛʫʚʘʪʠ ʥʘ ʞʠʪʪʷ 

ʣʶʜʠʥʠ, - ʢʘʞʝ ʄʘʨʢ ʈʽʜʣ, ʜʦʮʝʥʪ ʐʢʦʣʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʦʙʯʠʩʣʝʥʴ ɯʥʩʪʠʪʫʪʫ 

ʪʝʭʥʦʣʦʛʽʡ ɼʞʦʨʜʞʽʾ. çʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʤʠ ʱʦʜʥʷ ʨʦʙʠʤʦ ʙʝʟʣʽʯ ʜʨʽʙʥʠʮʴ 

ʪʚʦʨʯʦʩʪʽ; ʙʘʛʘʪʦ ʨʽʰʝʥʴ ʧʨʦʙʣʝʤ ʪʨʠʚʘʻ è, - ʢʘʞʝ ʈʽʜʣ. "ʗʢʱʦ ʤʽʡ ʩʠʥ ʦʪʨʠʤʘʚ 

ʽʛʨʘʰʢʫ, ʱʦ ʟʘʩʪʨʷʛʣʘ ʧʽʜ ʜʠʚʘʥʦʤ, ʷ ʤʫʰʫ ʨʦʟʨʦʙʠʪʠ ʽʥʩʪʨʫʤʝʥʪ ʽʟ ʚʽʰʘʣʢʠ [ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʡʦʛʦ]." 

ʈʽʜʣ ʟʘʟʥʘʯʘʻ, ʱʦ ʣʶʜʩʴʢʘ ʪʚʦʨʯʽʩʪʴ ʪʘʢʦʞ ʚʘʞʣʠʚʘ ʚ ʩʦʮʽʘʣʴʥʠʭ ʚʟʘʻʤʦʜʽʷʭ 

ʣʶʜʠʥʠ, ʥʘʚʽʪʴ ʨʦʟʧʦʚʽʜʘʶʯʠ ʩʚʦʻʯʘʩʥʠʡ ʞʘʨʪ ʘʙʦ ʚʠʟʥʘʶʯʠ ʢʘʣʘʤʙʫʨ. 

ʂʦʤʧ'ʶʪʝʨʠ ʙʦʨʶʪʴʩʷ ʟ ʪʘʢʠʤʠ ʪʦʥʢʦʱʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʥʝʧʦʚʥʝ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ 

ʣʶʜʠ ʙʫʜʫʶʪʴ ʤʝʪʘʬʦʨʠ, - ʮʝ ʚʩʝ, ʱʦ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʣʽʪʝʨʘʪʫʨʽ, 

ʧʦʨʦʜʞʝʥʽʡ ʐɯ, ʱʦʙ ʩʢʣʘʩʪʠ ʥʦʚʫ ʛʣʘʚʫ ʧʨʦ ɻʘʨʨʽ ʇʦʪʪʝʨʘ, ʥʘʧʦʚʥʝʥʫ ʙʝʟʛʣʫʟʜʠʤʠ 

ʨʝʯʝʥʥʷʤʠ ʥʘ ʢʰʪʘʣʪ: "ʇʽʜʣʦʛʘ ʟʘʤʢʫ ʟʜʘʚʘʣʘʩʷ ʚʝʣʠʢʦʶ ʢʫʧʦʶ ʤʘʛʽʷ è. 



ʊʠʤ ʥʝ ʤʝʥʰ, ʩʪʚʦʨʝʥʥʷ ʤʘʰʠʥ, ʷʢʽ ʪʦʯʥʦ ʽʤʽʪʫʶʪʴ ʣʶʜʩʴʢʠʡ ʩʪʠʣʴ - ʙʫʜʴ ʪʦ 

ʈʝʤʙʨʘʥʜʪ ʯʠ ɼʞ. ʂ. ʈʦʫʣʽʥʛ, - ʤʦʞʣʠʚʦ, ʚʜʘʣʝ ʤʽʩʮʝ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʛʦ AI, 

ʛʦʚʦʨʠʪʴ ʈʽʜʣ. ɿʨʝʰʪʦʶ, ʪʚʦʨʮʽ ʣʶʜʠʥʠ ʯʘʩʪʦ ʧʦʯʠʥʘʶʪʴ ʥʘʩʣʽʜʫʚʘʪʠ ʥʘʚʠʯʢʠ ʪʘ 

ʧʨʦʮʝʩʠ ʚʠʢʦʥʘʥʠʭ ʤʠʪʮʽʚ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ, ʷʢ ʜʣʷ ʣʶʜʝʡ, ʪʘʢ ʽ ʜʣʷ ʤʘʰʠʥ, ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʥʘʚʠʯʦʢ ʷʢ ʯʘʩʪʠʥʠ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʦʛʦʩʴ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʪʘ ʰʢʦʣʘ ʤʠʩʪʝʮʪʚʘ 

ʉʴʦʛʦʜʥʽʰʥʽ ʧʨʦʛʨʘʤʠ AI ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʽ, ʱʦʙ ʩʧʦʥʪʘʥʥʦ ʩʢʣʘʜʘʪʠ 

ʭʽʪʦʚʽ ʧʽʩʥʽ ʘʙʦ ʤʘʣʶʚʘʪʠ ʰʝʜʝʚʨʠ. ʑʦʙ ʟʤʫʩʠʪʠ AI ʨʦʙʠʪʠ ʮʝ, ʣʶʜʠ ʩʧʦʯʘʪʢʫ 

ʧʦʚʠʥʥʽ ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʧʨʦʛʨʘʤʫ, ʧʦʜʘʶʯʠ ʾʡ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʥʽʤʝʮʴʢʠʡ ʭʫʜʦʞʥʠʢ AI ʄʘʨʽʦ ʂʣʽʥʛʝʤʘʥ ʩʢʦʥʩʪʨʫʶʚʘʚ ʰʪʫʯʥʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʟʙʠʨʘʥʥʷ ʜʠʚʥʠʭ ʽ ʭʠʤʝʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ 

ʬʦʪʦʛʨʘʬʽʡ ʪʘ ʽʥʰʠʭ ʟʦʙʨʘʞʝʥʴ ʚʽʟʫʘʣʴʥʦʛʦ ʤʠʩʪʝʮʪʚʘ. ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʫʟʣʽʚ - ʩʠʩʪʝʤʠ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ 

ʥʝʨʚʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʤʦʟʢʫ ʣʶʜʠʥʠ. ʋ ʰʪʫʯʥʽʡ ʤʝʨʝʞʽ ʢʦʞʝʥ ʝʣʝʢʪʨʦʥʥʠʡ "ʥʝʡʨʦʥ" 

ʧʨʠʡʤʘʻ ʤʘʩʠʚ ʯʠʩʝʣ, ʚʠʢʦʥʫʻ ʧʨʦʩʪʠʡ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʮʠʭ ʚʭʦʜʘʭ ʽ ʧʦʪʽʤ ʧʝʨʝʜʘʻ 

ʨʝʟʫʣʴʪʘʪ ʥʘ ʥʘʩʪʫʧʥʠʡ ʰʘʨ ʥʝʡʨʦʥʽʚ, ʷʢʠʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʦʥʫʻ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʦʙʯʠʩʣʝʥʥʷ ʜʘʥʠʭ. 

ʇʽʜʭʽʜ ʂʣʠʥʛʝʤʘʥʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʯʫ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʨʪʠʥʠ 

ʪʘ ʬʦʪʦʛʨʘʬʽʾ, ʚ ʛʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ ʘʙʦ GAN, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʧʦʪʫʞʥʽʩʪʴ 

ʜʚʦʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʆʜʥʘ ʤʝʨʝʞʘ ʩʪʚʦʨʶʻ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʦʾ ʪʝʤʠ 

ʘʙʦ ʥʘʙʦʨʫ ʚʢʘʟʽʚʦʢ; ʽʥʰʠʡ ʦʮʽʥʶʻ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʡʦʛʦ ʟʥʘʥʴ ʱʦʜʦ ʮʠʭ 

ʚʢʘʟʽʚʦʢ. ɿʘʚʜʷʢʠ ʟʚʦʨʦʪʥʦʤʫ ʟʚôʷʟʢʫ ʟ ʜʨʫʛʦʾ ʤʝʨʝʞʽ, ʧʝʨʰʠʡ ʧʦʩʪʫʧʦʚʦ ʩʪʘʻ 

ʢʨʘʱʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʪʦʯʥʽʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʨʘʥʽʡ ʪʝʤʽ. "ɿʘʨʘʟ 

[ʤʝʨʝʞʽ] - ʮʝ ʣʠʰʝ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʨʦʟʰʠʨʶʶʪʴ ʥʘʰʫ ʚʣʘʩʥʫ ʪʚʦʨʯʽʩʪʴ", - ʟʘʟʥʘʯʘʻ 

ʂʣʽʥʛʤʘʥ. "ʄʠ ʷʢ ʣʶʜʠ ʚʩʝ ʱʝ ʧʦʚʠʥʥʽ ʚʠʟʥʘʪʠ ʪʚʦʨʯʽʩʪʴ ʯʠ ʥʦʚʠʟʥʫ". ʁʦʛʦ ʤʝʪʘ 

ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʤʠʩʪʝʮʴʢʠʭ ʤʝʨʝʞ, ʷʢʽ ʤʦʞʫʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʠʙʠʨʘʪʠ ʪʘ ʥʘʚʽʪʴ 

ʪʚʽʪʫʚʘʪʠ ʚʣʘʩʥʠʡ ʥʘʡʢʨʘʱʠʡ ʪʚʽʨ ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʦʾ ʪʝʤʠ. 

ʉʴʦʛʦʜʥʽʰʥʽ GAN ʩʫʚʦʨʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʚʤʽʩʪʫ ʯʠ 

ʟʦʙʨʘʞʝʥʴ ʫ ʤʝʞʘʭ ʰʠʨʰʦʾ ʪʚʦʨʯʦʾ ʩʠʩʪʝʤʠ. GAN ʟʜʘʪʥʽ ʰʚʠʜʢʦ ʚʠʛʦʪʦʚʠʪʠ 



ʙʘʛʘʪʦ ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʚʩʝ ʱʝ ʩʠʣʴʥʦ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʣʶʜʝʡ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʩʚʦʾ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʜʦʜʘʻ ʚʽʥ. 

ɯʟ ʩʚʽʪʫ ʤʠʩʪʝʮʪʚʘ ʜʦ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ 

ʄʦʞʣʠʚʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʢʦʥʪʝʥʪʫ GAN - ʮʝ ʛʘʨʥʠʡ ʧʦʯʘʪʦʢ, ʢʦʣʠ ʩʧʨʘʚʘ 

ʜʦʭʦʜʠʪʴ ʜʦ ʨʦʟʨʦʙʢʠ ɯʉ, ʷʢʠʡ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ, - ʢʘʞʝ 

ɯʚʘʥ ɻʫʜʬʣʣʦʫ, ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʢʦʤʧʘʥʽʾ Google ʽ ʧʨʦʚʽʜʥʠʡ ʘʚʪʦʨ ʜʦʧʦʚʽʜʽ 

2014 ʨʦʢʫ, ʷʢʘ ʚʧʝʨʰʝ ʦʧʠʩʘʣʘ ʢʦʥʮʝʧʮʽʶ GAN. Goodfellow ʧʨʘʮʶʚʘʚ ʥʘʜ 

ʤʦʜʝʣʷʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦʙ ʢʦʤʧ'ʶʪʝʨʠ ʤʦʛʣʠ ʚʠʛʘʜʫʚʘʪʠ ʙʽʣʴʰ 

ʜʠʥʘʤʽʯʥʽ ʨʦʟʧʦʚʽʜʽ, ʷʢʽ ʤʦʛʣʠ ʙ ʚʠʡʪʠ ʟʘ ʨʘʤʢʠ ʦʙʤʝʞʝʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʪʘʢʠʭ ʷʢ 

ʧʣʘʥʫʚʘʥʥʷ ʩʝʨʽʾ ʰʘʭʦʚʠʭ ʨʫʭʽʚ - ʪʝ, ʱʦ ʢʦʤʧ'ʶʪʝʨʠ ʨʦʙʠʣʠ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʙʨʝ 

ʜʝʩʷʪʠʣʽʪʪʷʤʠ. 

ɺʽʟʴʤʝʤʦ ʢʣʘʩʠʯʥʠʡ ʧʨʠʢʣʘʜ ʧʣʘʥʫʚʘʥʥʷ ʚʧʝʨʝʜ, ʷʢʝ ʣʶʜʠ ʨʦʙʣʷʪʴ ʚʝʩʴ ʯʘʩ: 

ʂʦʣʠ ʤʠ ʧʨʷʤʫʻʤʦ ʜʦ ʘʝʨʦʧʦʨʪʫ, ʤʠ ʯʘʩʪʦ ʥʝʯʽʪʢʦ ʨʦʟʤʘʣʴʦʚʫʻʤʦ, - ʩʫʪʦ ʚ ʛʦʣʦʚʘʭ 

- ʦʯʽʢʫʚʘʥʽ ʢʣʶʯʦʚʽ ʜʝʪʘʣʽ ʧʦʜʦʨʦʞʽ, ʪʘʢʽ ʷʢ ʩʭʝʤʘ ʨʫʭʫ ʘʙʦ ʨʝʤʦʥʪ ʜʦʨʽʛ. GAN 

ʤʦʞʫʪʴ ʟʘʧʣʘʥʫʚʘʪʠ ʪʘʢʫ ʧʦʾʟʜʢʫ, ʘʣʝ ʚʦʥʠ, ʡʤʦʚʽʨʥʦ, ʟʨʦʙʣʷʪʴ ʮʝ ʟ ʜʦʩʘʜʥʦʶ 

ʜʝʪʘʣʽʟʘʮʽʻʶ ʪʘ ʧʨʠʜʫʤʘʶʪʴ ʙʘʛʘʪʦ ʤʦʞʣʠʚʠʭ ʤʘʨʰʨʫʪʽʚ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʅʘʤ ʜʽʡʩʥʦ ʧʦʪʨʽʙʥʦ, ʜʦʜʘʻ ʚʽʥ, ʮʝ ʰʘʨ ʦʙʯʠʩʣʝʥʴ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻ ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ, 

ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, ʽ ʽʥʪʫʾʪʠʚʥʦ ʚʠʨʽʰʫʻ, ʷʢʠʡ ʽʟ ʥʠʭ 

ʥʘʡʢʨʘʱʠʡ. 

ʑʝ ʦʜʥʠʤ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʚʦʨʯʦʛʦ ʤʠʩʣʝʥʥʷ ʣʶʜʠʥʠ ʻ ʚʤʽʥʥʷ 

ʙʨʘʪʠ ʟʥʘʥʥʷ ʟ ʦʜʥʦʛʦ ʢʦʥʪʝʢʩʪʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʚʩʝʨʝʜʠʥʽ ʽʥʰʦʛʦ. 

 1.3 ɺʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ: ʤʝʪʦʜʠ, ʢʨʘʱʽ ʧʨʘʢʪʠʢʠ, 

ʧʨʦʛʨʘʤʠ 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫʚʽʡʰʣʦ ʚ ʤʝʡʥʩʪʨʽʤ ʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʠʩʷʯʽ 

ʢʦʤʧʘʥʽʡ ʽ ʤʽʣʴʡʦʥʠ ʩʧʦʞʠʚʘʯʽʚ ʱʦʜʥʷ. ʇʽʜ ʢʨʠʰʢʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʛʣʠʙʦʢʦʤʫ ʥʘʚʯʘʥʥʶ, ʟʦʢʨʝʤʘ ʂʦʥʚʦʣʶʮʽʡʥʽʡ ʥʝʡʨʦʥʥʽʡ 

ʤʝʨʝʞʽ (CNN), ʘʨʭʽʪʝʢʪʫʨʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʽʤʽʪʫʻ, ʷʢ ʚʽʟʫʘʣʴʥʘ ʢʦʨʘ 

ʨʦʟʧʘʜʘʻʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʻ ʟʦʙʨʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ CNN ʪʘ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ 



ʟʦʨʫ, ʷʢʠʡ ʤʘʻ ʙʘʛʘʪʦ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʝʣʝʢʪʨʦʥʥʫ ʢʦʤʝʨʮʽʶ, ʽʛʨʠ, 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʦʩʚʽʪʫ. 

ʑʦ ʪʘʢʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ? 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʣʶʜʝʡ, ʤʽʩʮʴ ʪʘ ʜʽʡ ʫ ʟʦʙʨʘʞʝʥʥʷʭ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢ 

ʤʘʨʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʦʧʠʩʦʚʠʤʠ ʪʝʛʘʤʠ, ʧʦʰʫʢ ʚʤʽʩʪʫ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ 

ʥʘʚʝʜʝʥʥʷ ʨʦʙʦʪʽʚ, ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʩʠʩʪʝʤ ʜʦʧʦʤʦʛʠ ʚʦʜʽʷʤ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʻ ʧʨʠʨʦʜʥʠʤ ʜʣʷ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ, ʘʣʝ ʮʝ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʢʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʽʚ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʟ'ʷʚʠʣʦʩʷ ʧʦʣʝ ʂʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʚʠʢʣʠʢʦʤ. 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʻ ʛʣʠʙʦʢʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (ʜʠʚ. ʅʘʰ ʧʦʩʽʙʥʠʢ ʟ ʢʦʥʮʝʧʮʽʡ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ), 

ʟʦʢʨʝʤʘ ʂʦʥʚʦʣʶʮʽʡʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ (CNN). CNN - ʮʝ ʘʨʭʽʪʝʢʪʫʨʘ, ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ, ʩʧʽʚʚʽʜʥʝʩʝʥʥʷ ʪʘ ʨʦʟʫʤʽʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʫ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʗʢ ʧʨʘʮʶʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ? 

ʃʶʜʩʴʢʝ ʦʢʦ ʙʘʯʠʪʴ ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʥʘʙʽʨ ʩʠʛʥʘʣʽʚ, ʽʥʪʝʨʧʨʝʪʦʚʘʥʠʭ ʟʦʨʦʚʦʶ 

ʢʦʨʦʶ ʤʦʟʢʫ. ʈʝʟʫʣʴʪʘʪ - ʮʝ ʧʝʨʝʞʠʚʘʥʥʷ ʩʮʝʥʠ, ʧʦʚ'ʷʟʘʥʝ ʟ ʧʨʝʜʤʝʪʘʤʠ ʪʘ 

ʧʦʥʷʪʪʷʤʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʘʤ'ʷʪʽ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽʤʽʪʫʻ ʮʝʡ ʧʨʦʮʝʩ. 

ʂʦʤʧ'ʶʪʝʨʠ "ʙʘʯʘʪʴ" ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʚʝʢʪʦʨʽʚ (ʢʦʣʴʦʨʦʚʠʭ 

ʘʥʦʪʦʚʘʥʠʭ ʧʦʣʽʛʦʥʽʚ) ʘʙʦ ʨʘʩʪʨʦʚʠʭ (ʧʦʣʦʪʥʦ ʧʽʢʩʝʣʽʚ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʯʠʩʣʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʢʦʣʴʦʨʽʚ). 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʝʢʪʦʨʥʝ ʘʙʦ ʨʘʩʪʨʦʚʝ 

ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʦʙʨʘʞʫʶʪʴ ʬʽʟʠʯʥʽ 

ʦʙ'ʻʢʪʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ. ʉʠʩʪʝʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʤʦʞʫʪʴ ʣʦʛʽʯʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʮʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʦʯʘʪʢʫ ʰʣʷʭʦʤ ʩʧʨʦʱʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʣʫʯʝʥʥʷ ʥʘʡʚʘʞʣʠʚʽʰʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ ʧʦʪʽʤ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ ʰʣʷʭʦʤ ʚʠʣʫʯʝʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʬʫʥʢʮʽʡ. 



ʅʘʨʝʰʪʽ, ʩʠʩʪʝʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʘʙʦ 

ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʟʦʙʨʘʞʝʥʥʷ ʯʠ ʡʦʛʦ ʯʘʩʪʠʥʫ - ʜʦ ʷʢʦʾ 

ʢʘʪʝʛʦʨʽʾ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʘʙʦ ʷʢ ʾʭ ʥʘʡʢʨʘʱʝ ʦʧʠʩʘʪʠ. 

ɸʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʆʜʠʥ ʟ ʪʠʧʽʚ ʘʣʛʦʨʠʪʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ - ʮʝ ʢʣʘʩʠʬʽʢʘʪʦʨ 

ʟʦʙʨʘʞʝʥʴ. ɺʽʥ ʧʨʠʡʤʘʻ ʟʦʙʨʘʞʝʥʥʷ (ʘʙʦ ʯʘʩʪʠʥʫ ʟʦʙʨʘʞʝʥʥʷ) ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʽ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʪʠʪʴ. ɺʠʭʽʜ - ʮʝ ʤʽʪʢʘ ʢʣʘʩʫ, ʥʘʧʨʠʢʣʘʜ ʩʦʙʘʢʘ, 

ʢʽʰʢʘ ʯʠ ʩʪʽʣ. ɸʣʛʦʨʠʪʤ ʧʦʪʨʽʙʥʦ ʥʘʚʯʠʪʠ ʚʠʚʯʘʪʠ ʪʘ ʨʦʟʨʽʟʥʷʪʠ ʢʣʘʩʠ. 

ʋ ʧʨʦʩʪʦʤʫ ʚʠʧʘʜʢʫ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʘʣʛʦʨʠʪʤ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʠʡ ʤʦʞʝ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʩʦʙʘʢʘʤʠ, ʚʠ ʙʫʜʝʪʝ ʪʨʝʥʫʚʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʟ 

ʪʠʩʷʯʘʤʠ ʟʦʙʨʘʞʝʥʴ ʩʦʙʘʢ ʪʘ ʪʠʩʷʯʘʤʠ ʟʦʙʨʘʞʝʥʴ ʬʦʥʽʚ ʙʝʟ ʩʦʙʘʢ. ɸʣʛʦʨʠʪʤ 

ʥʘʚʯʠʪʴʩʷ ʚʠʪʷʛʫʚʘʪʠ ʬʫʥʢʮʽʾ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʦʙôʻʢʪ çʩʦʙʘʢʘè ʪʘ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʩʦʙʘʢ. ʍʦʯʘ ʙʽʣʴʰʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʻ ʢʣʘʩʠʬʽʢʘʪʦʨʘʤʠ, ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʜʽʡ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʽʦʜʠʯʥʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʧʠʩʫ ʧʽʜʧʠʩʽʚ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʚʤʽʩʪ ʟʦʙʨʘʞʝʥʥʷ. 

ɽʪʘʧʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ɸʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʷʢʽʩʪʴ ʥʘʙʦʨʫ ʜʘʥʠʭ - ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʪʘ 

ʪʝʩʪʫʚʘʥʥʷ ʤʦʜʝʣʽ. ʆʩʴ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʤʽʨʢʫʚʘʥʴ ʱʦʜʦ ʧʽʜʛʦʪʦʚʢʠ 

ʜʘʥʠʭ ʧʨʦ ʟʦʙʨʘʞʝʥʥʷ. 

1. ʈʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ - ʟʦʙʨʘʞʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʜʘʶʪʴ ʤʦʜʝʣʽ 

ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʝ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʽʚ ʪʘ ʙʽʣʴʰʝ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʦʙʨʦʙʢʠ. 

2. ʂʽʣʴʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ - ʯʠʤ ʙʽʣʴʰʝ ʜʘʥʠʭ ʚʠ ʧʦʜʘʻʪʝ ʜʦ ʤʦʜʝʣʽ, ʪʠʤ 

ʪʦʯʥʽʰʝ ʚʦʥʠ ʙʫʜʫʪʴ, ʘʣʝ ʧʝʨʝʢʦʥʘʡʪʝʩʷ, ʱʦ ʥʘʚʯʘʣʴʥʠʡ ʥʘʙʽʨ ʧʨʝʜʩʪʘʚʣʷʻ ʨʝʘʣʴʥʫ 

ʩʫʢʫʧʥʽʩʪʴ. 



3. ʂʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ - ʟʦʙʨʘʞʝʥʥʷ ʚ ʤʘʩʰʪʘʙʘʭ ʩʽʨʦʛʦ ʤʘʻ 2 ʢʘʥʘʣʠ (ʯʦʨʥʦ-

ʙʽʣʠʡ), ʘ ʢʦʣʴʦʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ 3 ʢʦʣʴʦʨʦʚʽ ʢʘʥʘʣʠ (ʯʝʨʚʦʥʠʡ, 

ʟʝʣʝʥʠʡ, ʩʠʥʽʡ / RGB) ʟ ʢʦʣʴʦʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʜʽʘʧʘʟʦʥʽ [0,255]. 

4. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ - ʧʝʨʝʢʦʥʘʡʪʝʩʷ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ʽ ʨʦʟʤʽʨʫ. ɿʘʟʚʠʯʘʡ ʤʦʜʝʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ. 

5. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ - ʢʦʣʠ ʚʩʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʫʪʴ ʚ ʢʚʘʜʨʘʪʽ, 

ʚʠ ʤʦʞʝʪʝ ʤʘʩʰʪʘʙʫʚʘʪʠ ʢʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʟʙʽʣʴʰʝʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʤʘʩʰʪʘʙʽʚ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʷʢ ʬʫʥʢʮʽʾ ʚ ʙʽʙʣʽʦʪʝʢʘʭ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. 

6. ʉʝʨʝʜʥʻ, ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ - ʚʠ ʤʦʞʝʪʝ 

ʧʝʨʝʛʣʷʥʫʪʠ "ʩʝʨʝʜʥʻ ʟʦʙʨʘʞʝʥʥʷ", ʦʙʯʠʩʣʠʚʰʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʽʢʩʝʣʷ, ʫ ʚʩʽʭ ʧʨʠʢʣʘʜʘʭ ʥʘʚʯʘʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʙʘʟʦʚʫ 

ʩʪʨʫʢʪʫʨʫ ʟʦʙʨʘʞʝʥʴ. 

7. ʅʦʨʤʘʣʽʟʘʮʽʷ ʚʭʦʜʽʚ ʟʦʙʨʘʞʝʥʥʷ - ʟʘʙʝʟʧʝʯʫʻ, ʱʦ ʚʩʽ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ 

(ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʢʩʝʣʽ) ʤʘʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʜʘʥʠʭ. ʎʝ ʨʦʙʠʪʴ 

ʢʦʥʚʝʨʛʝʥʮʽʶ ʰʚʠʜʰʦʶ ʧʨʠ ʥʘʚʯʘʥʥʽ ʤʝʨʝʞʽ. ɺʠ ʤʦʞʝʪʝ ʧʨʦʚʝʩʪʠ ʥʦʨʤʘʣʽʟʘʮʽʶ 

ʜʘʥʠʭ, ʚʽʜʥʷʚʰʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ, ʘ ʧʦʪʽʤ ʨʦʟʜʽʣʠʚʰʠ 

ʨʝʟʫʣʴʪʘʪ ʥʘ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ. 

8. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ - ʚʠ ʤʦʞʝʪʝ ʚʠʨʽʰʠʪʠ ʟʛʦʨʪʘʥʥʷ ʢʘʥʘʣʽʚ RGB 

ʥʘ ʢʘʥʘʣ ʩʽʨʦʛʦ ʤʘʩʰʪʘʙʫ. ɺʠ ʤʦʞʝʪʝ ʟʤʝʥʰʠʪʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʱʦ ʚʠ ʧʣʘʥʫʻʪʝ 

ʟʨʦʙʠʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʽʥʚʘʨʽʘʥʪʥʦʶ ʜʦ ʮʴʦʛʦ ʚʠʤʽʨʫ ʘʙʦ ʟʨʦʙʠʪʠ ʥʘʚʯʘʥʥʷ 

ʤʝʥʰ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ. 

9. ʈʦʟʰʠʨʝʥʥʷ ʜʘʥʠʭ - ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʰʠʨʝʥʥʷ ʥʘʷʚʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʙʫʨʝʥʠʭ ʪʠʧʽʚ ʧʦʪʦʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʚʢʣʶʯʘʶʯʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʦʙʝʨʪʘʥʥʷ. ɺʠ ʨʦʙʠʪʝ ʮʝ, ʱʦʙ ʧʽʜʜʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʚʘʨʽʘʮʽʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʮʷ ʥʝʡʨʦʤʝʨʝʞʘ ʨʽʜʰʝ ʚʠʷʚʣʷʻ ʥʝʙʘʞʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʥʘʙʦʨʽ 

ʜʘʥʠʭ 

ʇʨʦʛʨʘʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʢʣʶʯʘʻ ʟʘʭʠʩʪ ʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ, ʚʽʟʫʘʣʴʥʫ ʛʝʦʣʦʢʘʮʽʶ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʝʩʪʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 



ʦʙôʻʢʪʽʚ, ʘʥʘʣʽʟ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʜʦʧʦʤʦʛʫ ʜʨʘʡʚʝʨʘʤ ʪʘ ʪʝʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʪʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʝʙ-ʩʘʡʪʽʚ ʯʠ ʚʝʣʠʢʠʭ ʙʘʟ ʜʘʥʠʭ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫʚʽʡʰʣʦ 

ʜʦ ʤʝʡʥʩʪʨʽʤʫ. ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʢʘʜʨʽʚ ʜʣʷ ʦʙʣʠʯʯʷ, ʬʦʪʦ ʪʘ ʚʽʜʝʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ Facebook, Google, Youtube ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʚʠʩʦʢʦʧʨʦʬʽʣʴʥʠʭ 

ʩʧʦʞʠʚʯʠʭ ʜʦʜʘʪʢʽʚ. ɿ'ʷʚʠʣʠʩʷ ʥʘʙʦʨʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʤʝʥʰʠʤ ʛʨʘʚʮʷʤ ʽʥʪʝʛʨʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫ ʩʚʦʾ ʚʝʙ-ʩʘʡʪʠ 

ʯʠ ʧʨʦʛʨʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

1. ɯʥʜʫʩʪʨʽʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ - ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ, ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʪʘ ʪʝʛʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʧʨʦʜʫʢʪʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʫʞʥʦʛʦ ʧʦʰʫʢʫ ʟʦʙʨʘʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʩʧʦʞʠʚʘʯʽ 

ʤʦʞʫʪʴ ʰʫʢʘʪʠ ʢʨʽʩʣʦ ʟ ʧʝʚʥʠʤ ʧʽʜʣʦʢʽʪʥʠʢʦʤ ʽ ʦʪʨʠʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

2. ɯʛʨʦʚʘ ʽʥʜʫʩʪʨʽʷ - ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʰʘʨʫ ʧʦʚʝʨʭ ʟʦʙʨʘʞʝʥʴ ʽʟ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. ʈʦʟʰʠʨʝʥʘ 

ʨʝʘʣʴʥʽʩʪʴ ʜʦʜʘʻ ʜʝʪʘʣʝʡ ʜʦ ʽʩʥʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. Pokemon Go - ʧʦʧʫʣʷʨʥʘ ʛʨʘ, 

ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. 

3. ɸʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ - ʘʚʪʦʥʦʤʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ 

ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʝʪʘʧʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ ɭʚʨʦʧʠ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʘʚʪʦʥʦʤʥʦʾ 

ʾʟʜʠ ʚʧʽʟʥʘʚʘʥʥʶ ʟʦʙʨʘʞʝʥʴ ʥʘʚʯʘʶʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʙôʻʢʪʠ ʥʘ ʜʦʨʦʟʽ, 

ʚʢʣʶʯʘʶʯʠ ʨʫʭʦʤʽ ʦʙôʻʢʪʠ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʣʶʜʝʡ ʪʘ ʜʦʨʽʞʢʠ, ʘ ʪʘʢʦʞ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʚʽʪʣʦʬʦʨʠ ʪʘ ʜʦʨʦʞʥʽ ʟʥʘʢʠ. 

4. ɺʠʨʦʙʥʠʮʪʚʦ - ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʜʽʷʭ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ 

ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʟʙʝʨʽʛʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ ʽʟ 

ʩʫʤʽʞʥʠʤʠ ʤʝʪʘʜʘʥʠʤʠ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʝʬʝʢʪʽʚ. 

5. ʆʩʚʽʪʘ - ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫʯʥʷʤ ʟ ʪʨʫʜʥʦʱʘʤʠ 

ʚ ʥʘʚʯʘʥʥʽ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʢʦʤʧôʶʪʝʨʥʦʤʫ ʟʦʨʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʫʥʢʮʽʾ ʟʦʙʨʘʞʝʥʥʷ-ʤʦʚʣʝʥʥʷ ʪʘ ʪʝʢʩʪʦʚʦʛʦ 

ʤʦʚʣʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʯʠʪʘʪʠ ʤʘʪʝʨʽʘʣʠ ʫʯʥʷʤ ʟ ʜʠʩʣʝʢʩʽʻʶ ʘʙʦ ʧʦʨʫʰʝʥʥʷʤ ʟʦʨʫ.  



2 ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽʁʈʆʄɽʈɽɾ ɼʃʗ ɺɯɿʋɸʃɯɿɸʎɰ ɯʅʌʆʈʄɸʎɯɰ 

 

2.1.1 ɿʘʩʪʦʩʫʚʘʥʥʷ ʽ ʦʧʠʩ Generative adversarial network 

ɻʝʥʝʨʘʪʠʚʥʘ ʟʤʘʛʘʣʴʥʘ ʤʝʨʝʞʘ ʘʙʦ GAN - ʮʝ ʪʠʧ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

ʜʣʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɻʝʥʝʨʘʪʠʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʧʨʠʢʣʘʜʽʚ, ʷʢʽ ʧʨʘʚʜʦʧʦʜʽʙʥʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʽʩʥʫʶʯʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʨʘʟʢʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʦʪʦʛʨʘʬʽʡ, ʩʭʦʞʠʭ, ʘʣʝ ʢʦʥʢʨʝʪʥʦ ʚʽʜʤʽʥʥʠʭ ʚʽʜ 

ʥʘʙʦʨʫ ʜʘʥʠʭ ʽʩʥʫʶʯʠʭ ʬʦʪʦʛʨʘʬʽʡ. 

GAN - ʮʝ ʛʝʥʝʨʘʪʠʚʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʥʘʚʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʤʦʜʝʣʝʡ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʆʜʥʫ ʤʦʜʝʣʴ ʥʘʟʠʚʘʶʪʴ ʤʦʜʝʣʣʶ çʛʝʥʝʨʘʪʦʨè ʘʙʦ çʛʝʥʝʨʘʪʠʚʥʘ 

ʤʝʨʝʞʘè, ʷʢʘ ʚʯʠʪʴʩʷ ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʽ ʧʨʘʚʜʦʧʦʜʽʙʥʽ ʟʨʘʟʢʠ. ɯʥʰʘ ʤʦʜʝʣʴ 

ʥʘʟʠʚʘʻʪʴʩʷ çʜʠʩʢʨʠʤʽʥʘʪʦʨè ʘʙʦ çʜʠʩʢʨʠʤʽʥʘʮʽʡʥʘ ʤʝʨʝʞʘè ʽ ʚʯʠʪʴʩʷ 

ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʩʪʚʦʨʝʥʽ ʧʨʠʢʣʘʜʠ ʚʽʜ ʨʝʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ. 

ɼʚʽ ʤʦʜʝʣʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʟʤʘʛʘʥʥʷʭ ʘʙʦ ʚ ʛʨʽ (ʚ ʩʝʥʩʽ ʪʝʦʨʽʾ ʽʛʦʨ), ʢʦʣʠ 

ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʧʨʘʛʥʝ ʦʙʜʫʨʠʪʠ ʤʦʜʝʣʴ ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ, ʘ ʜʠʩʢʨʠʤʽʥʘʪʦʨʫ 

ʥʘʜʘʶʪʴʩʷ ʦʙʠʜʚʘ ʧʨʠʢʣʘʜʠ ʨʝʘʣʴʥʠʭ ʪʘ ʩʪʚʦʨʝʥʠʭ ʟʨʘʟʢʽʚ. 

ʇʽʩʣʷ ʥʘʚʯʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʫ ʤʦʜʝʣʴ ʧʦʪʽʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʚʠʤʦʛʫ. 

ʋ GAN ʻ ʜʫʞʝ ʢʦʥʢʨʝʪʥʽ ʚʠʧʘʜʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʽ ʚʘʞʢʦ ʟʨʦʟʫʤʽʪʠ ʮʽ ʚʠʧʘʜʢʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ. 

ʋ ʮʴʦʤʫ ʜʦʧʠʩʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʮʽʢʘʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ GAN, 

ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʚʘʤ ʨʦʟʚʠʥʫʪʠ ʽʥʪʫʾʮʽʶ ʱʦʜʦ ʪʠʧʽʚ ʧʨʦʙʣʝʤ, ʜʝ GAN ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʪʘ ʢʦʨʠʩʥʽ. ʎʝ ʥʝ ʚʠʯʝʨʧʥʠʡ ʩʧʠʩʦʢ, ʘʣʝ ʚʽʥ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ GAN, ʷʢʽ ʙʫʣʠ ʚ ɿʄɯ. 

ʄʠ ʨʦʟʜʽʣʠʤʦ ʮʽ ʜʦʜʘʪʢʠ ʥʘ ʪʘʢʽ ʦʙʣʘʩʪʽ: 

1. ʉʪʚʦʨʝʥʥʷ ʧʨʠʢʣʘʜʽʚ ʜʣʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

2. ʉʪʚʦʨʶʡʪʝ ʬʦʪʦʛʨʘʬʽʾ ʦʙʣʠʯʯʷ ʣʶʜʠʥʠ 

3. ʉʪʚʦʨʶʡʪʝ ʨʝʘʣʽʩʪʠʯʥʽ ʬʦʪʦʛʨʘʬʽʾ 

4. ʉʪʚʦʨʶʡʪʝ ʛʝʨʦʾʚ ʤʫʣʴʪʬʽʣʴʤʽʚ 



5. ʇʝʨʝʢʣʘʜ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʷ 

6. ʇʝʨʝʢʣʘʜ ʪʝʢʩʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷ 

7. ʇʝʨʝʢʣʘʜ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʬʦʪʦ 

8. ʇʦʢʦʣʽʥʥʷ ʬʨʦʥʪʘʣʴʥʦʛʦ ʚʠʜʫ ʦʙʣʠʯʯʷ 

9. ʇʦʨʦʜʞʫʡʪʝ ʥʦʚʽ ʣʶʜʩʴʢʽ ʧʦʟʠ 

10. ʌʦʪʦʛʨʘʬʽʾ ʜʦ Emojis 

11. ʈʝʜʘʛʫʚʘʥʥʷ ʬʦʪʦʛʨʘʬʽʡ 

12. ʉʪʘʨʽʥʥʷ ʦʙʣʠʯʯʷ 

13. ɿʤʽʰʫʚʘʥʥʷ ʬʦʪʦʛʨʘʬʽʡ 

14. ʉʫʧʝʨ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

15. ʌʦʪʦʛʨʘʬʫʚʘʥʥʷ 

16. ʇʝʨʝʢʣʘʜ ʦʜʷʛʫ 

17. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʝʦ 

18. 3D-ʛʝʥʝʨʘʮʽʷ ʦʙ'ʻʢʪʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʧʨʠʢʣʘʜʽʚ ʜʣʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʉʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʟʨʘʟʢʽʚ ʙʫʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ, ʦʧʠʩʘʥʠʤ ʚ 

ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʜʦʢʫʤʝʥʪʽ Ian Goodfellow, et al. ʚ ʜʦʢʫʤʝʥʪʽ 2014 ʨʦʢʫ "ɻʝʥʝʨʘʪʠʚʥʽ 

ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ", ʜʝ GAN ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʧʨʠʢʣʘʜʽʚ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʠʭ ʨʫʢʦʧʠʩʥʠʤʠ ʟʥʘʢʘʤʠ 

MNIST, ʥʘʙʦʨʫ ʜʘʥʠʭ ʜʣʷ ʬʦʪʦʛʨʘʬʽʡ ʥʝʚʝʣʠʢʠʭ ʦʙ'ʻʢʪʽʚ CIFAR-10 ʪʘ ʙʘʟʠ ʜʘʥʠʭ 

ʦʙʣʠʯʯʷ ʊʦʨʦʥʪʦ. 



 

ʈʠʩʫʥʦʢ 2.1 ï ʇʨʠʢʣʘʜʠ GAN, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ ʧʨʠʢʣʘʜʽʚ ʜʣʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʎʝ ʙʫʣʦ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʘʮʽʻʶ ʫ ʚʘʞʣʠʚʽʡ ʨʦʙʦʪʽ 2015 ʨʦʢʫ ʧʽʜ ʥʘʟʚʦʶ 

"ʅʝʧʽʜʢʦʥʪʨʦʣʴʥʝ ʧʨʝʜʩʪʘʚʥʠʮʪʚʫ ʥʘʚʯʘʥʥʷ ʟ ʛʣʠʙʦʢʠʤʠ ʟʛʦʨʪʢʦʚʠʤʠ 

ʛʝʥʝʨʘʪʠʚʥʠʤʠ ʟʤʘʛʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ" ɸʣʝʢʘ ʈʘʜʬʦʨʜʘ ʪʘ ʽʥ. ʥʘʟʠʚʘʻʪʴʩʷ 

DCGAN, ʷʢʠʡ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ, ʷʢ ʪʨʝʥʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽ GAN ʚ ʤʘʩʰʪʘʙʽ. ɺʦʥʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʤʦʜʝʣʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʠʢʣʘʜʽʚ ʩʧʘʣʝʥʴ. 

 



ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʢʣʘʜ ʬʦʪʦʛʨʘʬʽʡ ʩʧʘʣʝʥʴ, ʧʦʨʦʜʞʝʥʠʭ GAN. ɺʟʷʪʠʡ ʟ ʥʘʚʯʘʥʥʷ 

ʙʝʟ ʥʘʛʣʷʜʫ ʟʘ ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʣʠʙʦʢʠʭ ʟʛʦʨʪʢʦʚʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ 

ʟʤʘʛʘʣʴʥʠʭ ʤʝʨʝʞ, 2015 ʨʽʢ. 

ɺʘʞʣʠʚʦ, ʱʦ ʚ ʮʽʡ ʨʦʙʦʪʽ ʚʦʥʠ ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʜʘʪʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʘʨʠʬʤʝʪʠʢʫ ʚʝʢʪʦʨʘ ʟ ʚʭʦʜʦʤ ʜʦ GAN (ʚ ʣʘʪʝʥʪʥʦʤʫ ʧʨʦʩʪʦʨʽ) ʷʢ ʟ 

ʛʝʥʝʨʦʚʘʥʠʤʠ ʩʧʘʣʴʥʷʤʠ, ʪʘʢ ʽ ʟ ʛʝʥʝʨʦʚʘʥʠʤʠ ʛʨʘʥʷʤʠ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʇʨʠʢʣʘʜ ʚʝʢʪʦʨʥʦʾ ʘʨʠʬʤʝʪʠʢʠ ʜʣʷ ʦʩʦʙʠ, ʧʦʨʦʜʞʝʥʦʾ GAN. 

ɺʟʷʪʠʡ ʟ ʥʘʚʯʘʥʥʷ ʙʝʟ ʥʘʛʣʷʜʫ ʟʘ ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʣʠʙʦʢʠʭ 

ʟʛʦʨʪʢʦʚʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ ʟʤʘʛʘʣʴʥʠʭ ʤʝʨʝʞ, 2015 ʨʽʢ. 

ʉʪʚʦʨʝʥʥ̫ ʬʦʪʦʛʨʘʬʽʾ ʦʙʣʠʯʯʷ ʣʶʜʠʥʠ 

Tero Karras ʪʘ ʽʥ. ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ ʧʽʜ ʥʘʟʚʦʶ çʇʨʦʛʨʝʩʠʚʥʝ ʟʨʦʩʪʘʥʥʷ GAN ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʟʤʽʥè ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʢʦʣʽʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʠʭ 

ʨʝʘʣʽʩʪʠʯʥʠʭ ʬʦʪʦʛʨʘʬʽʡ ʣʶʜʩʴʢʠʭ ʦʙʣʠʯ. ʅʘʩʧʨʘʚʜʽ ʚʦʥʠ ʥʘʩʪʽʣʴʢʠ ʨʝʘʣʴʥʦ 

ʚʠʛʣʷʜʘʶʪʴ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘʟʚʘʪʠ ʯʫʜʦʚʠʤ. ʗʢ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ 

ʦʪʨʠʤʘʣʠ ʙʘʛʘʪʦ ʫʚʘʛʠ ɿʄɯ. ʇʦʢʦʣʽʥʥʷ ʦʙʣʠʯ ʙʫʣʠ ʥʘʚʯʝʥʽ ʥʘ ʧʨʠʢʣʘʜʘʭ 

ʟʥʘʤʝʥʠʪʦʩʪʝʡ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʩʪʚʦʨʝʥʠʭ ʦʙʣʠʯʯʷʭ ʻ ʝʣʝʤʝʥʪʠ ʽʩʥʫʶʯʠʭ 

ʟʥʘʤʝʥʠʪʦʩʪʝʡ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʦʥʠ ʟʜʘʶʪʴʩʷ ʟʥʘʡʦʤʠʤʠ, ʘʣʝ ʥʝ ʟʦʚʩʽʤ. 



 

ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʢʣʘʜʠ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʦʛʦ ʦʙʣʠʯʯʷ, ʩʪʚʦʨʝʥʦʛʦ GAN.ɺʟʷʪʝ ʟʘ 

ʧʨʦʛʨʝʩʠʚʥʝ ʚʠʨʦʱʫʚʘʥʥʷ GAN ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ 

ʚʘʨʽʘʮʽʡʥʦʩʪʽ, 2017. 

ɰʭ ʤʝʪʦʜʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʧʦʢʦʣʽʥʥʷ ʧʨʝʜʤʝʪʽʚ ʪʘ 

ʩʮʝʥ. 

 

ʈʠʩʫʥʦʢ 2.5 ï ʇʨʠʢʣʘʜ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʩʮʝʥ, ʩʪʚʦʨʝʥʠʭ GAN, ʚʟʷʪʠʭ 

ʟ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ GAN ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ 

ʚʘʨʽʘʮʽʡʥʦʩʪʽ, 2017. 

ʇʨʠʢʣʘʜʠ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʟʚʽʪʽ ʟʘ 2018 ʨʽʢ ʧʽʜ ʥʘʟʚʦʶ 

çɿʣʦʚʤʠʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ 



ʧʦʤôʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚè, ʱʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʰʚʠʜʢʠʡ ʧʨʦʛʨʝʩ GAN ʟ 2014 ʧʦ 

2017 ʨʽʢ (ʟʥʘʡʜʝʥʠʡ ʯʝʨʝʟ ʮʝʡ ʪʚʽʪ Ian Goodfellow). 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʨʠʢʣʘʜ ʧʨʦʛʨʝʩʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ GAN ʟ 2014 ʧʦ 2017 ʨʽʢ. 

ɺʟʷʪʠʡ ʽʟ ʟʣʦʚʤʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʧʦʤôʷʢʰʝʥʥʷ, 2018 ʨʽʢ. 

2.2 ʈʦʟʫʤʽʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʟʤʘʛʘʣʴʥʠʭ ʤʝʨʝʞ (GAN) 

ʇʝʨʰ ʥʽʞ ʨʦʟʙʠʨʘʪʠʩʷ ʚ ʜʝʪʘʣʷʭ, ʜʘʚʘʡʪʝ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʪʦʛʦ, ʜʣʷ ʯʦʛʦ 

ʩʪʚʦʨʝʥʽ GAN. ɻʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ ʥʘʣʝʞʘʪʴ ʜʦ ʥʘʙʦʨʫ ʛʝʥʝʨʘʪʠʚʥʠʭ 

ʤʦʜʝʣʝʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʠ ʟʜʘʪʥʽ ʩʪʚʦʨʶʚʘʪʠ / ʛʝʥʝʨʫʚʘʪʠ (ʤʠ ʧʦʙʘʯʠʤʦ, ʷʢ) 

ʥʦʚʠʡ ʢʦʥʪʝʥʪ. ʑʦʙ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʮʝ ʧʦʥʷʪʪʷ çʛʝʥʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽè, ʤʠ ʤʦʞʝʤʦ 

ʧʝʨʝʛʣʷʥʫʪʠ ʜʝʷʢʽ ʜʦʙʨʝ ʚʽʜʦʤʽ ʧʨʠʢʣʘʜʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

GAN. 

 

ʈʠʩʫʥʦʢ 2.7 ï ɯʣʶʩʪʨʘʮʽʷ ʟʜʽʙʥʦʩʪʝʡ GANs Ian Goodfellow ʪʘ ʩʧʽʚʘʚʪʦʨʠ.  

ʎʝ ʟʨʘʟʢʠ, ʟʛʝʥʝʨʦʚʘʥʽ ʛʝʥʝʨʘʪʠʚʥʠʤʠ ʟʤʘʛʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ ʧʽʩʣʷ ʪʨʝʥʽʥʛʫ 

ʥʘ ʜʚʦʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ: MNIST ʪʘ TFD. ɼʣʷ ʦʙʦʭ ʥʘʡʤʝʥʰʠʡ ʧʨʘʚʠʡ ʩʪʦʚʧʝʮʴ 

ʤʽʩʪʠʪʴ ʧʨʘʚʜʠʚʽ ʜʘʥʽ, ʥʘʡʙʣʠʞʯʽ ʜʦ ʧʨʷʤʦʾ ʩʫʩʽʜʥʴʦʾ ʟʛʝʥʝʨʦʚʘʥʦʾ ʚʠʙʽʨʢʠ. ʎʝ 

ʧʦʢʘʟʫʻ ʥʘʤ, ʱʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʩʧʨʘʚʜʽ ʛʝʥʝʨʫʶʪʴʩʷ ʽ ʥʝ ʟʘʧʘʤ'ʷʪʦʚʫʶʪʴʩʷ 

ʤʝʨʝʞʝʶ. (ʜʞʝʨʝʣʦ: ʧʘʧʽʨ "ɻʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ") 



ɿʚʠʯʘʡʥʦ, ʮʷ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʠʡ ʢʦʥʪʝʥʪ ʟʤʫʰʫʻ GAN ʚʠʛʣʷʜʘʪʠ 

ʪʨʦʭʠ çʤʘʛʽʯʥʦè, ʧʨʠʥʘʡʤʥʽ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ. ʋ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʠʥʘʭ ʤʠ 

ʧʦʜʦʣʘʻʤʦ ʦʯʝʚʠʜʥʫ ʤʘʛʽʶ GAN, ʱʦʙ ʟʘʥʫʨʠʪʠʩʷ ʚ ʽʜʝʾ, ʤʘʪʝʤʘʪʠʢʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʮʠʤʠ ʤʦʜʝʣʷʤʠ. ʄʠ ʥʝ ʪʽʣʴʢʠ ʦʙʛʦʚʦʨʠʤʦ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ, ʥʘ ʷʢʽ 

ʩʧʠʨʘʶʪʴʩʷ ʛʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ, ʘʣʝ, ʱʝ ʙʽʣʴʰʝ, ʤʠ ʙʫʜʝʤʦ ʙʫʜʫʚʘʪʠ 

ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ ʽ ʧʦʯʠʥʘʶʯʠ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʤʽʨʢʫʚʘʥʥʷ, ʱʦ ʚʝʜʝ ʜʦ ʮʠʭ ʽʜʝʡ. 

ɻʝʥʝʨʘʮʽʷ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʦʙʛʦʚʦʨʶʻʤʦ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ: 

ʥʘʛʘʜʘʻʤʦ ʜʝʷʢʽ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ, ʘ ʦʩʦʙʣʠʚʦ ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ ʩʢʣʘʜʥʽ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʥʽ ʟ ʧʨʦʩʪʠʭ ʨʽʚʥʦʤʽʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʟʤʽʥʥʠʭ. ʍʦʯʘ ʚʩʝ ʮʝ ʤʦʞʝ ʟʜʘʪʠʩʷ ʪʨʦʭʠ ʜʘʣʝʢʠʤ ʚʽʜ ʥʘʰʦʾ ʪʝʤʘʪʠʢʠ, GAN, ʤʠ 

ʧʦʙʘʯʠʤʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ ʛʣʠʙʦʢʠʡ ʟʚôʷʟʦʢ, ʱʦ ʽʩʥʫʻ ʟ ʛʝʥʝʨʘʪʠʚʥʠʤʠ 

ʤʦʜʝʣʷʤʠ. 

ʋʥʽʬʽʢʦʚʘʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ 

ʂʦʤʧ'ʶʪʝʨʠ ʧʨʠʥʮʠʧʦʚʦ ʜʝʪʝʨʤʽʥʦʚʘʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʦʨʝʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʛʝʥʝʨʫʚʘʪʠ ʯʠʩʣʘ, ʷʢʽ ʻ ʥʘʩʧʨʘʚʜʽ ʚʠʧʘʜʢʦʚʠʤʠ (ʥʘʚʽʪʴ ʷʢʱʦ ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʧʠʪʘʥʥʷ "ʱʦ ʥʘʩʧʨʘʚʜʽ ʻ ʚʠʧʘʜʢʦʚʽʩʪʶ?" ɭ ʩʢʣʘʜʥʠʤ). ʆʜʥʘʢ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʯʠʩʝʣ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʜʫʞʝ 

ʙʣʠʟʴʢʽ ʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ. ɿʦʢʨʝʤʘ, 

ʢʦʤʧ'ʶʪʝʨ ʟʜʘʪʥʠʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, 

ʛʝʥʝʨʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʠʩʝʣ, ʷʢʘ ʥʘʙʣʠʞʝʥʦ ʩʣʽʜʫʻ ʟʘ ʨʽʚʥʦʤʽʨʥʠʤ ʚʠʧʘʜʢʦʚʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʤʽʞ 0 ʽ 1. ʋʥʽʬʽʢʦʚʘʥʠʡ ʚʠʧʘʜʦʢ ʻ ʜʫʞʝ ʧʨʦʩʪʠʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʤʦʞʥʘ ʚʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ. ʨʽʟʥʽ ʰʣʷʭʠ. 

ɺʠʧʘʜʢʦʚʽ ʟʤʽʥʥʽ, ʚʠʨʘʞʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʝʨʘʮʽʾ ʯʠ ʧʨʦʮʝʩʫ 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʛʝʥʝʨʫʚʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʟʤʽʥʥʠʭ. ʉʝʨʝʜ ʥʠʭ ʤʠ ʤʦʞʝʤʦ ʟʥʘʡʪʠ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʚʠʙʽʨʢʫ ʚʽʜʪʦʨʛʥʝʥʥʷ, ʘʣʛʦʨʠʪʤ Metropolis-Hasting ʪʘ ʽʥʰʽ. ʋʩʽ ʮʽ ʤʝʪʦʜʠ 

ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʨʽʟʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʭʠʪʨʦʱʽ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʣʷʛʘʶʪʴ ʫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʫ ʤʠ ʭʦʯʝʤʦ ʛʝʥʝʨʫʚʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʧʝʨʘʮʽʾ (ʥʘʜ ʙʽʣʴʰ ʧʨʦʩʪʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʟʤʽʥʥʠʤʠ) ʘʙʦ ʧʨʦʮʝʩʫ. 



ɺʠʙʽʨʢʘ ʚʽʜʭʠʣʝʥʥʷ ʚʠʨʘʞʘʻ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ, ʱʦ 

ʧʦʣʷʛʘʻ ʫ ʚʠʙʽʨʮʽ ʥʝ ʟ ʩʢʣʘʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʘ ʟ ʜʦʙʨʝ ʚʽʜʦʤʦʛʦ ʧʨʦʩʪʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʪʘ ʧʨʠʡʥʷʪʪʷ ʘʙʦ ʚʽʜʭʠʣʝʥʥʷ ʚʠʙʽʨʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʚʥʦʾ ʫʤʦʚʠ. 

ʇʦʚʪʦʨʶʶʯʠ ʮʝʡ ʧʨʦʮʝʩ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʠʙʽʨʢʦʚʝ ʟʥʘʯʝʥʥʷ ʥʝ ʙʫʜʝ ʧʨʠʡʥʷʪʝ, ʤʠ 

ʤʦʞʝʤʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʧʨʠ ʧʨʘʚʠʣʴʥʽʡ ʫʤʦʚʽ ʧʨʠʡʥʷʪʪʷ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʙʫʜʝ 

ʝʬʝʢʪʠʚʥʦ ʚʠʙʽʨʝʥʝ, ʙʫʜʝ ʩʣʽʜʫʚʘʪʠ ʧʨʘʚʠʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ. 

ɺ ʘʣʛʦʨʠʪʤʽ Metropolis-Hasting ʽʜʝʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ ʣʘʥʮʶʛ 

ʄʘʨʢʦʚʘ (MC) ʪʘʢʠʤ, ʱʦʙ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʮʴʦʛʦ ʄʉ ʚʽʜʧʦʚʽʜʘʚ ʨʦʟʧʦʜʽʣʫ, 

ʟ ʷʢʦʛʦ ʤʠ ʭʦʪʽʣʠ ʙ ʚʽʜʽʙʨʘʪʠ ʥʘʰʫ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʮʝʡ ʄʉ 

ʟʥʘʡʜʝʥʠʡ, ʤʠ ʤʦʞʝʤʦ ʟʤʦʜʝʣʶʚʘʪʠ ʜʦʩʠʪʴ ʜʦʚʛʫ ʪʨʘʻʢʪʦʨʽʶ ʱʦʜʦ ʮʴʦʛʦ ʄʉ, ʱʦʙ 

ʚʚʘʞʘʪʠ, ʱʦ ʤʠ ʜʦʩʷʛʣʠ ʩʪʘʣʦʛʦ ʩʪʘʥʫ, ʽ ʪʦʜʽ ʦʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʤʠ ʦʪʨʠʤʘʻʤʦ 

ʮʠʤ ʰʣʷʭʦʤ, ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʪʘʢʠʤ, ʱʦ ʙʫʣʦ ʦʪʨʠʤʘʥʝ ʟ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʨʝʩʽʚ. 

ʄʠ ʥʝ ʧʽʜʝʤʦ ʜʘʣʽ ʧʨʦ ʜʝʪʘʣʽ ʚʽʜʙʦʨʫ ʧʨʦʙ ʚʽʜʭʠʣʝʥʴ ʪʘ Metropolis Hasting, 

ʦʩʢʽʣʴʢʠ ʮʽ ʤʝʪʦʜʠ ʥʝ ʻ ʪʠʤʠ, ʱʦ ʧʨʠʚʝʜʫʪʴ ʥʘʩ ʜʦ ʧʦʥʷʪʪʷ GAN (ʚʩʝ ʞ, 

ʟʘʮʽʢʘʚʣʝʥʠʡ ʯʠʪʘʯ ʤʦʞʝ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʚʢʘʟʘʥʽ ʩʪʘʪʪʽ ɺʽʢʽʧʝʜʽʾ ʪʘ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʥʠʭ) . ʆʜʥʘʢ ʟʫʧʠʥʠʤʦʩʷ ʪʨʦʭʠ ʙʽʣʴʰʝ ʥʘ ʤʝʪʦʜʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʄʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɯʜʝʷ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʨʦʩʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʥʘʰʦʛʦ ʢʦʤʧʣʝʢʩʫ - ʫ ʮʽʡ ʩʪʘʪʪʽ "ʢʦʤʧʣʝʢʩ" ʟʘʚʞʜʠ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʫ ʟʥʘʯʝʥʥʽ "ʥʝ 

ʧʨʦʩʪʦ" ʽ ʥʝ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʩʝʥʩʽ - ʚʠʧʘʜʢʦʚʦʾ ʟʤʽʥʥʦʾ ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʬʫʥʢʮʽʾ, 

ʟʘʩʪʦʩʦʚʘʥʦʾ ʜʦ ʨʽʚʥʦʤʽʨʥʫ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ, ʷʢʫ ʤʠ ʟʥʘʻʤʦ, ʷʢ ʛʝʥʝʨʫʚʘʪʠ. 

ɼʘʣʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʦʜʥʦʚʠʤʽʨʥʠʡ ʧʨʠʢʣʘʜ. ʅʝʭʘʡ X ʻ ʩʢʣʘʜʥʦʶ ʚʠʧʘʜʢʦʚʦʶ 

ʟʤʽʥʥʦʶ, ʟ ʷʢʦʾ ʤʠ ʭʦʯʝʤʦ ʚʽʜʽʙʨʘʪʠ ʚʠʙʽʨ, ʘ U - ʨʽʚʥʦʤʽʨʥʦʶ ʚʠʧʘʜʢʦʚʦʶ ʟʤʽʥʥʦʶ 

ʧʨʦʪʷʛʦʤ [0,1], ʟ ʷʢʦʾ ʤʠ ʟʥʘʻʤʦ ʚʠʙʽʨʢʫ. ʅʘʛʘʜʫʻʤʦ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ 

ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʬʫʥʢʮʽʻʶ ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (CDF). CDF 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ - ʮʝ ʬʫʥʢʮʽʷ ʚʽʜ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʜʦ 

ʽʥʪʝʨʚʘʣʫ [0,1] ʽ ʚʠʟʥʘʯʝʥʘ ʚ ʦʜʥʦʤʫ ʚʠʤʽʨʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

 

ʋ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʰʦʾ ʨʽʚʥʦʤʽʨʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ U ʤʠ ʤʘʻʤʦ 

 



ɼʣʷ ʧʨʦʩʪʦʪʠ ʪʫʪ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʬʫʥʢʮʽʷ CDF_X ʻ ʟʚʦʨʦʪʥʦʶ, ʘ ʾʾ 

ʟʚʦʨʦʪʥʘ ʧʦʟʥʘʯʘʻʪʴʩʷ 

 

 (ʤʝʪʦʜ ʤʦʞʥʘ ʣʝʛʢʦ ʧʦʰʠʨʠʪʠ ʥʘ ʥʝʧʝʨʝʚʝʨʥʫʪʠʡ ʚʠʧʘʜʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʽʥʚʝʨʩʽʾ ʬʫʥʢʮʽʾ, ʘʣʝ ʥʘʩʧʨʘʚʜʽ ʮʝ ʥʝ ʛʦʣʦʚʥʠʡ ʤʦʤʝʥʪ, ʥʘ ʷʢʦʤʫ ʤʠ 

ʭʦʯʝʤʦ ʟʦʩʝʨʝʜʠʪʠʩʴ ʪʫʪ). ʊʦʜʽ, ʷʢʱʦ ʤʠ ʚʠʟʥʘʯʠʤʦʩʴ 

 

ʤʠ ʤʘʻʤʦ 

 

 

ʗʢ ʤʠ ʙʘʯʠʤʦ, Y ʽ X ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ CDF, ʘ ʧʦʪʽʤ ʚʠʟʥʘʯʘʶʪʴ ʪʫ ʩʘʤʫ 

ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ. ʆʪʞʝ, ʚʠʟʥʘʯʠʚʰʠ Y ʷʢ ʚʠʱʝ (ʷʢ ʬʫʥʢʮʽʶ ʨʽʚʥʦʤʽʨʥʦʾ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ), ʥʘʤ ʚʜʘʣʦʩʷ ʚʠʟʥʘʯʠʪʠ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ ʟ ʮʽʣʴʦʚʠʤ 

ʨʦʟʧʦʜʽʣʦʤ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ - ʮʝ ʩʧʦʩʽʙ ʛʝʥʝʨʫʚʘʪʠ 

ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ, ʷʢʘ ʩʣʽʜʫʻ ʟʘʜʘʥʦʤʫ ʨʦʟʧʦʜʽʣʫ, ʨʦʙʣʷʯʠ ʨʽʚʥʦʤʽʨʥʫ ʚʠʧʘʜʢʦʚʫ 

ʟʤʽʥʥʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʫ çʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷè (ʟʚʦʨʦʪʥʠʡ 

CDF). ʇʦʥʷʪʪʷ "ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ" ʤʦʞʝ, ʚʣʘʩʥʝ, ʧʦʰʠʨʶʚʘʪʠʩʷ ʥʘ 

ʧʦʥʷʪʪʷ "ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ", ʷʢʝ, ʟʘʛʘʣʦʤ, ʧʦʣʷʛʘʻ ʚ ʛʝʥʝʨʫʚʘʥʥʽ ʚʠʧʘʜʢʦʚʠʭ 

ʟʤʽʥʥʠʭ ʷʢ ʬʫʥʢʮʽʾ ʜʝʷʢʠʭ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ (ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʨʽʚʥʦʤʽʨʥʠʭ, ʽ ʪʦʜʽ ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʙʽʣʴʰʝ ʥʝ ʦʙʝʨʥʝʥʠʡ CDF). 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʤʝʪʦʶ "ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ" ʻ ʜʝʬʦʨʤʘʮʽʷ / ʧʝʨʝʬʦʨʤʘʪʫʚʘʥʥʷ 

ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ: ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʪʘʤ, ʜʝ 

ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʮʽʣʴʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ, ʽ ʩʪʘʚʠʪʴ 

ʡʦʛʦ ʪʘʤ, ʜʝ ʚʽʥ ʟʘʥʘʜʪʦ ʥʠʟʴʢʠʡ. 



 

ʈʠʩʫʥʦʢ 2.8 ï ɯʣʶʩʪʨʘʮʽʷ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ.  

ʉʠʥʽʤ ʢʦʣʴʦʨʦʤ: ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ [0,1]. ʇʦʤʘʨʘʥʯʝʚʠʤ ʢʦʣʴʦʨʦʤ: 

ʩʪʘʥʜʘʨʪʥʠʡ ʛʘʫʩʩʦʚʠʡ ʨʦʟʧʦʜʽʣ. ʉʽʨʠʤ ʢʦʣʴʦʨʦʤ: ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʜʦ ʛʘʫʩʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʟʚʦʨʦʪʥʠʡ CDF). 

ɻʝʥʝʨʘʪʠʚʥʽ ʤʦʜʝʣʽ 

ʄʠ ʥʘʤʘʛʘʻʤʦʩʷ ʛʝʥʝʨʫʚʘʪʠ ʜʫʞʝ ʩʢʣʘʜʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ ... 

ʇʨʠʧʫʩʪʠʤʦ, ʥʘʤ ʮʽʢʘʚʦ ʛʝʥʝʨʫʚʘʪʠ ʯʦʨʥʦ-ʙʽʣʽ ʢʚʘʜʨʘʪʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʦʙʘʢ 

ʨʦʟʤʽʨʦʤ n ʥʘ n ʧʽʢʩʝʣʽʚ. ʄʠ ʤʦʞʝʤʦ ʧʝʨʝʨʦʙʠʪʠ ʚʩʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʨʦʟʤʽʨʥʦʛʦ 

ʚʝʢʪʦʨʘ N = nxn (ʰʣʷʭʦʤ ʫʢʣʘʜʘʥʥʷ ʩʪʦʚʧʮʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ), ʱʦʙ ʟʦʙʨʘʞʝʥʥʷ 

ʩʦʙʘʢʠ ʧʦʪʽʤ ʤʦʛʣʦ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚʝʢʪʦʨʦʤ. ʆʜʥʘʢ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ 

ʚʝʢʪʦʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʘʢʫ, ʱʦ ʢʦʣʠʩʴ ʙʫʣʘ ʧʦʚʝʨʥʫʪʘ ʜʦ ʢʚʘʜʨʘʪʘ! ʆʪʞʝ, 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ N ʨʦʟʤʽʨʥʠʭ ʚʝʢʪʦʨʽʚ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʜʘʶʪʴ ʱʦʩʴ, ʩʭʦʞʝ ʥʘ 

ʩʦʙʘʢʫ, ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʫʞʝ ʩʧʝʮʠʬʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʥʘ ʚʝʩʴ N ʤʽʨʥʠʡ ʚʝʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ (ʜʝʷʢʽ ʪʦʯʢʠ ʮʴʦʛʦ ʧʨʦʩʪʦʨʫ, ʡʤʦʚʽʨʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʘʢ, ʪʦʜʽ ʷʢ ʮʝ ʜʫʞʝ ʤʘʣʦʡʤʦʚʽʨʥʽ ʜʣʷ ʜʝʷʢʠʭ ʽʥʰʠʭ). ʋ ʮʴʦʤʫ ʞ 

ʜʫʩʽ ʽʩʥʫʻ ʥʘʜ ʮʠʤ N ʨʦʟʤʽʨʥʠʤ ʚʝʢʪʦʨʥʠʤ ʧʨʦʩʪʦʨʦʤ ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ 

ʟʦʙʨʘʞʝʥʴ ʢʽʰʦʢ, ʧʪʘʭʽʚ ʪʦʱʦ. 

ʊʦʜʽ ʧʨʦʙʣʝʤʘ ʛʝʥʝʨʫʚʘʥʥʷ ʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʦʙʘʢʠ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʨʦʙʣʝʤʽ 

ʛʝʥʝʨʫʚʘʥʥʷ ʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʧʽʩʣʷ çʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʩʦʙʘʢʠè ʥʘʜ N-ʤʽʨʥʠʤ 

ʚʝʢʪʦʨʥʠʤ ʧʨʦʩʪʦʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʠ ʥʘʩʧʨʘʚʜʽ ʩʪʠʢʘʻʤʦʩʷ ʟ ʧʨʦʙʣʝʤʦʶ 

ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. 



ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʤʠ ʤʦʞʝʤʦ ʟʛʘʜʘʪʠ ʜʚʽ ʚʘʞʣʠʚʽ ʨʝʯʽ. ʇʦ-ʧʝʨʰʝ, ñʨʦʟʧʦʜʽʣ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʦʙʘʢʠò, ʷʢʠʡ ʤʠ ʟʛʘʜʫʚʘʣʠ, - ʮʝ ʜʫʞʝ ʩʢʣʘʜʥʝ ʨʦʟʧʦʜʽʣ ʥʘ ʜʫʞʝ 

ʚʝʣʠʢʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʦ-ʜʨʫʛʝ, ʥʘʚʽʪʴ ʷʢʱʦ ʤʠ ʤʦʞʝʤʦ ʧʨʠʧʫʩʪʠʪʠ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ 

ʙʘʟʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʥʘʩʧʨʘʚʜʽ ʽʩʥʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʩʭʦʞʽ ʥʘ ʩʦʙʘʢʫ ʪʘ ʽʥʰʽ, ʷʢʠʭ 

ʥʝʤʘʻ), ʤʠ, ʦʯʝʚʠʜʥʦ, ʥʝ ʟʥʘʻʤʦ, ʷʢ ʚʠʨʘʟʠʪʠ ʮʝʡ ʨʦʟʧʦʜʽʣ ʧʨʷʤʦ. ʆʙʠʜʚʽ ʧʦʧʝʨʝʜʥʽ 

ʤʦʤʝʥʪʠ ʫʩʢʣʘʜʥʶʶʪʴ ʧʨʦʮʝʩ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʟʤʽʥʥʠʭ ʟ ʮʴʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ɼʘʚʘʡʪʝ ʩʧʨʦʙʫʻʤʦ ʚʠʨʽʰʠʪʠ ʮʽ ʜʚʽ ʧʨʦʙʣʝʤʠ ʥʠʞʯʝ. 

... ʪʘʢ ʱʦ ʜʘʚʘʡʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʥʝʡʨʦʥʥʦʶ 

ʤʝʨʝʞʝʶ ʷʢ ʬʫʥʢʮʽʶ! 

ʅʘʰʘ ʧʝʨʰʘ ʧʨʦʙʣʝʤʘ ʧʨʠ ʩʧʨʦʙʽ ʛʝʥʝʨʫʚʘʥʥʷ ʥʘʰʦʛʦ ʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʩʦʙʘʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ "ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʦʙʘʢʠ" ʥʘʜ N-ʤʽʨʥʠʤ 

ʚʝʢʪʦʨʥʠʤ ʧʨʦʩʪʦʨʦʤ ʜʫʞʝ ʩʢʣʘʜʥʠʡ, ʽ ʤʠ ʥʝ ʟʥʘʻʤʦ, ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʛʝʥʝʨʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ. ʆʜʥʘʢ, ʦʩʢʽʣʴʢʠ ʤʠ ʜʦʩʠʪʴ ʜʦʙʨʝ ʟʥʘʻʤʦ, ʷʢ 

ʛʝʥʝʨʫʚʘʪʠ N ʥʝʢʦʨʨʝʣʴʦʚʘʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʤʠ ʤʦʛʣʠ ʙ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʝʪʦʜʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʚʠʨʘʟʠʪʠ ʥʘʰʫ N 

ʨʦʟʤʽʨʥʫ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ ʷʢ ʨʝʟʫʣʴʪʘʪ ʜʫʞʝ ʩʢʣʘʜʥʦʾ ʬʫʥʢʮʽʾ, ʟʘʩʪʦʩʦʚʘʥʦʾ ʜʦ 

ʧʨʦʩʪʦʾ N ʤʽʨʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ! 

ʊʫʪ ʤʠ ʤʦʞʝʤʦ ʧʽʜʢʨʝʩʣʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʥʘʡʪʠ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ 

ʪʘʢ ʧʨʦʩʪʦ, ʷʢ ʧʨʦʩʪʦ ʚʟʷʪʠ ʚ ʦʙʝʨʥʝʥʫ ʬʦʨʤʫ ʟʚʦʨʦʪʥʫ ʬʫʥʢʮʽʶ ʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ (ʱʦ ʤʠ, ʦʯʝʚʠʜʥʦ, ʥʝ ʟʥʘʻʤʦ), ʷʢ ʮʝ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠ ʦʧʠʩʽ ʤʝʪʦʜʫ 

ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʌʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʷʚʥʦ ʚʠʨʘʞʝʥʘ, ʽ, 

ʦʪʞʝ, ʤʠ ʧʦʚʠʥʥʽ ʜʽʟʥʘʪʠʩʷ ʾʾ ʟ ʜʘʥʠʭ. 

ʆʩʢʽʣʴʢʠ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʫ ʮʠʭ ʚʠʧʘʜʢʘʭ ʜʫʞʝ ʩʢʣʘʜʥʘ ʬʫʥʢʮʽʷ 

ʧʨʠʨʦʜʥʦ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʇʦʪʽʤ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʟʘ ʚʭʽʜ 

ʧʨʦʩʪʫ N ʨʦʟʤʽʨʥʫ ʨʽʚʥʦʤʽʨʥʫ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ ʽ ʧʦʚʝʨʪʘʻ ʷʢ ʚʠʭʽʜ ʽʥʰʫ N 

ʨʦʟʤʽʨʥʫ ʚʠʧʘʜʢʦʚʫ ʟʤʽʥʥʫ, ʷʢʘ ʧʦʚʠʥʥʘ ʩʣʽʜʫʚʘʪʠ ʧʽʩʣʷ ʪʨʝʥʫʚʘʥʥʷ ʧʨʘʚʠʣʴʥʠʤ 

"ʨʦʟʧʦʜʽʣʦʤ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʦʙʘʢʠ" . ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ, ʥʘʤ ʱʝ ʧʦʪʨʽʙʥʦ ʾʾ ʥʘʚʯʠʪʠ. ʋ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʨʦʟʜʽʣʘʭ ʤʠ ʦʙʛʦʚʦʨʠʤʦ 



ʜʚʘ ʩʧʦʩʦʙʠ ʧʽʜʛʦʪʦʚʢʠ ʮʠʭ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʝʨʝʞ, ʚʢʣʶʯʘʶʯʠ ʽʜʝʶ ʟʤʘʛʘʣʴʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʧʦʟʘʜʫ GAN! 

 

ʈʠʩʫʥʦʢ 2.9 ï ɯʣʶʩʪʨʘʮʽʷ ʧʦʥʷʪʪʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ.  

ʆʯʝʚʠʜʥʦ, ʱʦ ʨʦʟʤʽʨʥʽʩʪʴ, ʧʨʦ ʷʢʫ ʤʠ ʛʦʚʦʨʠʤʦ ʥʘʩʧʨʘʚʜʽ, ʥʘʙʘʛʘʪʦ ʚʠʱʝ, 

ʥʽʞ ʪʫʪ ʧʨʝʜʩʪʘʚʣʝʥʘ. 

ʄʝʨʝʞʽ ʟʘʛʘʣʴʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ 

ʅʘʚʯʘʥʥʷ ʛʝʥʝʨʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ 

ʇʦʢʠ ʤʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʰʘ ʧʨʦʙʣʝʤʘ ʛʝʥʝʨʫʚʘʥʥʷ ʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʩʦʙʘʢʠ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʦʩʤʠʩʣʝʥʘ ʚ ʧʨʦʙʣʝʤʫ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ N-ʤʽʨʥʦʤʫ 

ʚʝʢʪʦʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ "ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʦʙʘʢʠ", ʽ ʤʠ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ , ʟ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʊʝʧʝʨ ʥʘʤ ʱʝ ʧʦʪʨʽʙʥʦ ʥʘʚʯʠʪʠ (ʦʧʪʠʤʽʟʫʚʘʪʠ) ʤʝʨʝʞʫ ʜʣʷ ʚʠʨʘʞʝʥʥʷ 

ʧʨʘʚʠʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʤʦʞʝʤʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʚʘ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ: ʧʨʷʤʠʡ ʪʘ ʥʝʧʨʷʤʠʡ. ʇʨʷʤʠʡ ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʩʪʠʥʥʦʛʦ ʪʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʟʚʦʨʦʪʥʦʤʫ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʨʽʟʥʠʮʽ (ʧʦʤʠʣʢʠ) ʯʝʨʝʟ ʤʝʨʝʞʫ. ʎʝ ʽʜʝʷ, ʷʢʘ ʫʧʨʘʚʣʷʻ ʤʝʨʝʞʘʤʠ, 

ʱʦ ʛʝʥʝʨʫʶʪʴ ʛʝʥʝʨʘʪʦʨʠ (GMNs). ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʤʝʪʦʜʫ ʥʝʧʨʷʤʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʠ 

ʥʝ ʧʦʨʽʚʥʶʻʤʦ ʧʨʷʤʦ ʽʩʪʠʥʥʠʡ ʽ ʛʝʥʝʨʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ. ʅʘʪʦʤʽʩʪʴ ʤʠ ʪʨʝʥʫʻʤʦ 


