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     96,4%   99,62%. 
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.    ,       

,          

 .  

   [14]     

,   ,       

      .  

   , -    , 

 .     3 × 3, 32, 3 × 3, 64, 3 

× 3, 128, 3 × 3, 128,     2 × 2   

 ReLu  .      

    2D- ,  
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    99 × 99 × 32, 48 × 48 × 64, 23 × 23 × 128  10 × 10 × 
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       = 0,1288, 

  = 0,9531,   : 0,1835    

 0,9373. 
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  DenseNet169    ,   

          

.   SVM      . 

      , 

    ,    .   

        

  CNN,   VGGNets, Xception, ResNet-50  DenseNets 
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        CNN,  

,       

 .    ,  

        

,       .   

         

        

Densenet    . 

 

 1.3      

 

  (Convolution Neural Networks, CNN)  

           

 2.  CNN   ,     

: ,   .   ё   

    ё  ё    

ё  [1]. 
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 — ReLu (   . rectified linear unit),  
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    .  

 

2.1.2      
 

        

   -  ,   

         

 .  

      

     .     

         

 .      

 ,     ,   

,       N    

 .   

   -     

   .      

     .   

        

   [11].  ,    

        

        :      

  

    𝜎^  =  +                                                                                     (3) 

 

        

    ,     

   (3).  

    :  

https://www.softsalad.ru/software/multimedia/grafika-i-dizayn/xnview
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        .  
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.   , ,     
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 ,    .    
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      ,  

         

  .  

       ( , ) 

    : 

 

, =  ∑ ∑ , ; , ,=−=−  

 

 H ( , ; , ) –   ; ( , ) –  

   ( , )  .  

       

 OpenCV.  bilateralFilter()   :  

1. dst –  Mat,    . 

2. d –   integer,    

    15.  
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3. sigmaColor –   integer,    

  ,   80.  

4. sigmaSpace –   integer,    

  ,   80.  

5. borderType –  ,   

 ,    .  

 

2.1.3    
 

      ,   

 .       –  

,        

   .     

        

     .   

     ,  

          

    . 

  tf.keras       

     ImageDataGenerator.   

      ,   

    . 

    ,   

 .     

  : rotation_range, width_shift_range, 

height_shift_range, zoom_range    

 ImageDataGenerator.      

  ё    ё   

.        10 . 
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V3, VGG 16, DenseNet,    ( ) ,  

   Inception v3   ,   .  

          

Inception V3,  Global Average Pooling,   

,   ,  Dropout.    

  ReLu   ,  

      . 

 

2.2.1    

 

2.2.1.1 VGG 16 

 
VGG16 –     ,  . 

  .       «  

      

».   92,7%   5   ImageNet, 

        14  

,  1000 .      

,   ILSVRC-2014.  
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 VGG   5     3x3  

  .  ,   3, 4, 5 

 VGG-E: 256×256  512×512 3×3     

        .  , 

,     ,    

.      .   -   

    -     

 ,    .  
 

 
 5 -   VGG16 

 

      :  

1.   . 

2.      

.  

      ,    

  67,2%,  ,       

   .  

 

2.2.1.2 DenseNets 

 

  (DenseNet)       

    .         

L   L  -        

  -    L (L + 1) / 2  .  
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     . DenseNets   
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     . 
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     , ,      

,        . 

 

 6 -   DenseNet 

 DenseNet      , 

    .      

 ,   1 x 1,      

 2 x 2. 

,       ,  

     30   ,   (  1)  

  .   
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2.2.1.3 Inception V3 

 

    Inception V3   7 –  3-

       . Inception V3  

    ,   1000 .  

 
 7 –     

 

 Inception v3  11  .    

   7x7    (  

 ,    ,   

      ) [5].    

 1 1,     .   

Inception-v3   3  Inception A, 5  

Inception B  2  Inception C,     8.  

         

.    ,  n × m   , 

 n  m   . 
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 8 -   A, B  C (  ) 

       

 ,    1. 

 

 1 –    

 VGG16 DenseNet Inception V3 

 

 

67.2% 72.3% 75.70%  

  20 30 20 

 

         

      Inception V3.  

 

2.2.2     
 

        Inception V3 

 :  Global Average Pooling,   

,  Dropout      

  .  

      :  
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 2.2.2.1 Global Average Pooling 

 

   (GAP) —  ,   

       .   

 ,       

     .   

    -  ,  Max Pooling (   

  ).    ,  

      : 
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 10 –  Global Average Pooling 

 

  GAP     

,     h × w × d   ,  

  1 × 1 × d.  GAP     h × w  

 ,      h x w. [10] 

       

   : 

        

 « »,        

 . 

       

        –   

      «   ». 

        

     .  ,   

,     /  -    ,  

   “ ”  . 
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  1     .   

   ,  512   

  ReLu,     , 

     ,     11.  

       

   ,      

 . 
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 2.2.2.3    
 

  (BatchNormalization) —     
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.         

        

.  

       

  .    ,    
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    ,       

   .      

 ,         

       ,    

      .   

  ,     

        . 

         

,        

  .        
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 .  ,     

-    . 

    .  

1.  :  х   B = { , … … . . , },  

 - , ,    .   

2. : { = , } 

3. 𝜇𝐵 =  ∑ =  –   . 

4. 𝜎𝐵 =  ∑ − 𝜇𝐵=  –  . 
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5. ′ =  𝑥𝑖− 𝜇𝐵√𝜎𝐵+𝜖 – . 

6. =  ′ + ≡ ,  –   .  

 

2.2.2.4 Dropout 

 

        

 ,       .  

          

  ,        

,      ,        

 .     .  

«Dropout» —  ,     

     

    [16].  «Dropout( )» 

      .  ,  

     ,       

 ,     .  

 

 12 -    Dropout 

     .   

    p,    ,  

p        0,5,    

      .  
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  , «Dropout»     p , 

 ,     q=1-p.  

   .    ,    

:  

1. h(x) = xW + b –    -   x  ℎ-    . 

2. a(h) –  .  

 «Dropout»        

   :  ℎ = 𝐷 ∙ ℎ , 

 D = ( , … , 𝑑ℎ) - ℎ -     Xi, 

   .  

    :  , = = { ,  =− ,  =  , 

 k –    .  

,       «Dropout», 

    [17]. ,    

 p=P (k=1),    —  . 

 Dropout  i-  : =  (∑ +𝑑𝑖= ) = { (∑ +𝑑𝑖= ),    =,                            =  ,  

 P ( = ) = p.  
 

           q,  

       

 ,   .    

       q. 

 ,   :  
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=  ∑ +𝑑𝑖
=  

  :  

 

=  ∑ +𝑑𝑖
=  

 
 ,  «dropout»   p    

          p 

       .    

         

(   ),    “  ” (consensus)  

  .    ,    

   ,     .  

 

2.3     

         ,  

        

.     ,       

    ,   

, ,   ,      

.        

,    (  ),    

          

.  —    ,   

,         , 

  . 

 

2.3.1    
 



34 
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. ,     ,    

   ,     

 ,       . 

 -  ,     

 (   0  1)     ,   

    ,    . 
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𝐿 , ′ = − ∑ ∗ log( ′ ) + − ∗ log − ′=  

   ,      (y=1)  

 log(p(y))  ,     ,   

.  ,   log(1-p( y)) ,    

 ,     ,    (y=0 ).  

    ?   

  ,   « »   

, ?  ,    ,  1,0, 

 ,      .  ,    

, , 0,01,  ,     . , 

 ( )   (   

  0,0  1,0  ,    
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   ,     

.  

 

2.3.2   

 

      

.      RMSprop (Root Mean 

Square Propogation)    [19]. 

 RMSprop      

.      ()  

 Δw         

     : ∆ =  ∆ − 𝜂∇ _   ∆ = + ∆  = − 𝜂∇ _  + ∆  

  w,     Q(w)   , η 

  (    )  alpha –  

   0  1,    

         .  

       :   w, 

  ,     

[15],      (« »).    

   ,    

    ,  . 

Momentum       

      . 

,  RMSprop     

.  ,      ,  

        , 

 .   RMSprop     
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 ,   .   ,  

    RMSprop.   

      0,9.  

 RMSprop        

.  , RMSProp      

 .  RMSprop      

 ,  .      

 .    :  ʋ𝑡 = 𝜌ʋ𝑡− + − 𝜌 ∗ 𝑡  ∆ 𝑡 = − 𝜂√ʋ𝑡 + 𝜖 ∗ 𝑡 

𝑡+ = 𝑡 + ∆ 𝑡 

 

 η –  , ʋ𝑡 -     

, 𝑡 –     t  . 

       

.       

,        

,  ,   .   

   ,    

  ,    ʋ.  

      (1- ʋ).     

,        

 .   ,  « »   

,       (   

   p, -   p,   p   .) 

        .  

   ,       

 .      η,   
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   .   ,    w1  

,  w2,    w1  ,   w2.  

  —    .  p 

   0,9.  —   2,  

,       ,    1e-

10. 

  ,  RMSProp    

. ,     ,    

,    . RMSProp  

      ,    

 (       ).  

 

2.3.3  

 

          

   .      

 : precision ( )  recall ( ) [23].  

 2 –    

 y = 1 y = 0  ^ =  True Positive (TP) False Positive (FP) ^ =  False Negative (FN) True Negative (TN) 

 

 y^ —     ,  y —    

  .  ,     : 

False Negative (FN)  False Positive (FP). 

    ,     

: =   𝑇 / 𝑇 + 𝐹  

 =   𝑇 / 𝑇 + 𝐹  
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Precision     ,  

       

,  recall ,     

       . 

 Recall       

,  precision —       . 

    : False Positive  False Negative. 

       I-  ,   — 

 II-  .      ,  

       ,   

     ,      ,    

 . ,      

« »       . 

2.4       

       

,    Inception V3    

:  

1.  RMSprop    lr=le-4. 

2.   20  

3.      

 

 3 –    

   

 

  

1 0.8687 50.83% 

2 0.6039 51.67% 

3 0.3836 58.33% 

https://en.wikipedia.org/wiki/Type_I_and_type_II_errors


39 

 

4 0.3636 58.33% 

5 0.3011 55.83% 

6 0.2545 56.67% 

7 0.2444 58.33% 

8 0.1395 65.00% 

9 0.1617 70.83% 

10 0.1136 70.83% 

11 0.0881 65.00% 

12 0.0757 60.83% 

13 0.0886 64.17% 

14 0.0527 75.00% 

15 0.0319 76.67% 

16 0.0250 75.00% 

17 0.0222 85.00% 

18 0.0531 85.83% 

19 0.0160 88.33% 

20 0.0317 88.33%  

 

    3 ,     

,   ,     

.    88.33%.  

   2  

  2   ,   

  ,  VGG16, DenseNet, Inception V3,   

        

Inception V3,    .  
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  88, 33%  ,     

 Inception V3,    75,7%.  

 3   

3.1    
     Chest X-Ray Images (Pneumonia)  

Kaggle.     ,    

   299 299      ,  

 Keras.  

    5857  ,  

    , ,     

    ,       

. 

 

  
 

 13 –   ,    

 

  1583 ,      

,  4274 ,   .    

  .  
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 14 –  ,   

  

3.2   .  
 

   : 

1.  : Python 3.7.  

2. : keras, numpy, matplotlib.  

3.  : Jupyter Notebook.  

       50   

         . 

    80,0%   . 

   40    . 

    ,      

       . 

         

    .  
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 16 –       
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    ,     

     .  

      ,  

DenseNet, VGG16  Inception V3.     

Inception V3,      88, 3%.  

    ,   

        

 .    ,   

        

  ,     

       

 .  
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CNN (convolutional neural network) – ё    

RMSprop (Root Mean Square Propogation) –  

  

ReLu (Rectified Linear unit) –    
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