
   
  

  
«   » 

 
    

 
 

  
 

    
 

Ю 
   

________ . .  
          ,  

«_______» _________2020 . 
   
 
 
 

  
 

09.03.01     
    

 
        

 
 
 

 
 

         ________       , . .          . .  
                                 ,               ,                     ,   

             ________                                                         , .    
                                             ,                                                                                ,  

           ________           .                . .  
                                 ,               ,                     ,   

   ________       , . .          . .  
                                 ,               ,                     ,   
 
 
 

 
 

 2020 
 



   
  

  
«   » 

 
    

 
 

  
 

    
 

Ю 
   

________ . .  
          ,  

«_______» _________2020 . 
   
 
 
 

 

 Ы  Ц   

в форме           
                                     ы ,  

,  ы ,  ц  

  



                   
                                                                                       , ,  

      16-08         ( )       09.03.01.01       
                                                                                                                                                   

                                           
 

       
         

    № ________  ___________________ 
 

       . . , , . .    
                                        , , ,      

 

            

             

              

 
    1       
, 2  , 3     

          

              

     , 
  ,    -   

,  ,  ,   
,     ,  

  ,   CMAKE,  
 .                                                   

              

 

                                           ____________      . .  
                                                                                                                                                        

 

                                                          . .  
         ,     

 

 

«___» __________ 2019  



 

 

     «   

     .»  54 

, 15 , 5 , 1   26  

. 

   ,  

, RASPBERRY PI 

 :       

  .     

   ,     0,5 

.      ,    

   .        

   . 

        

,      ,  

 ,    ,  

 ,      

 ,     , 

     . 

         

  ,    ,   

   ,    

   .  

  



2 

 

 
 .......................................................................................................... 4 

 ..................................................................................................................... 6 

 ............................................................................................................... 6 

1        ................................ 7 

1.1    ..................................................................... 7 

1.2         
 ............................................................................................................................ 9 

1.3    ...................................................................... 12 

1.3.1   Arduino ......................................... 12 

1.3.2   Raspberry Pi .............................................. 15 

1.3.3   .................................................................. 17 

1.3.4    .............................................................. 18 

1.4       ...................................... 19 

1.4.1     TensorFlow ............................ 20 

1.4.2  ........................................................................................ 20 

1.5     .................................................. 21 

1.6    1 ................................................................................... 22 

2  ...................................................................................... 23 

2.1     ............................................ 23 

2.2     ................................................ 24 

2.2.1       
OpenCV ......................................................................................................... 25 

2.2.2    ............................................................ 27 

2.2.3   OpenCV ...................................................... 31 

2.2.4    ..................................................................... 32 

2.2.5   ........................................................................ 35 

2.3    2 ................................................................................... 39 

3        ............... 40 

3.1  ............................................................................................. 40 

3.1.2  №1 ................................................................................................ 40 



3 

 

3.1.3  №2 ................................................................................................ 42 

3.1.4  №3 ................................................................................................ 43 

3.2    .............................................................. 44 

3.3    3 ................................................................................... 48 

 .................................................................................................. 49 

 ..................................................................................................... 52 

  .............................................................................................. 55 

 

  



И   4  55 а , а  а  е  е а  
е е  е  




