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ATmega328/P —   AVR,  8-  

.       2.1.  
 

 
)        ) 
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 16-  /       

,     ; 
      ; 
   PWM (  ); 
 6-      ; 
    USART; 
   SPI; 
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     ; 
 6   (      

    ). 
8-    12V (  2.2)   Arduino PIC ARM AVR 
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)       ) 
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 2.2 –8-    12V 
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     15 – 20 ; 
    5 ; 
    AC250V 10A, AC125V 10A, DC30V 10A, 

DC28V 10A; 
     ; 
  ,      

    Arduino, 8051, AVR, PIC, DSP, 
ARM, ARM, MSP430, TTL logic   ; 

   134  53  19 ; 
  117 . 
        

 .      Vcc  Gnd 
  12 .     ln1 – ln8  
   ,    
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    2.3.   
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  74HC595 (  2.4) -    
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)    )    ) 

)   )   )   74hc595  Proteus 
 2.4 –   74hc595 

 
 2.1 -  /   74hc595 
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15 
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 13 OE 
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)   )      Proteus 

 2.5 –   IRLR2905PBF 
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      – ,  ,    
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  IRLR2905PBF    2.2. 
 

 2.2 -    IRLR2905PBF 
 n-  
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 Wi-Fi       
   .   (2   NI MyRIO 

(MXP)    NI miniSystems (MSP),   NI myDAQ) 
        . NI MyRIO 
    40   /    

SPI, PWN ,   , UART  I 2C;  
  ;    ; 

   ;     , 
    ,   

  .    
  2.9. 

 

 
 2.9 –   Myrio  Proteus 

 
  BTS7960 (  2.10) —    
 ,     5,5  27,5 . 

   43 ..    ,      
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O
F

F
O

N
1 2 3 4 5 6 7

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

8 9

1
1

1
0

DSW1
DIPSW_10

O
F

F
O

N
1 2 3 4 5 6 7

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

8 9

1
1

1
0

DSW2
DIPSW_10

O
F

F
O

N
1 2 3 4 5 6 7

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

8 9

1
1

1
0

DSW3
DIPSW_10

O
F

F
O

N
1 2 3 4

8 7 6 5

DSW4
DIPSW_4

O
F

F
O

N
1 2 3 4 5 6 7

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

8 9

1
1

1
0

DSW5
DIPSW_10

O
F

F
O

N
1 2 3 4 5 6 7

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

8 9

1
1

1
0

DSW6
DIPSW_10

O
F

F
O

N
1 2 3 4 5 6 7

2
0

1
9

1
8

1
7

1
6

1
5

1
4

1
3

1
2

8 9

1
1

1
0

DSW7
DIPSW_10

O
F

F
O

N
1 2 3 4

8 7 6 5

DSW8
DIPSW_4

A B

OFF ON 1

2

4

3

DSW9

DIPSW_2
MyRIO

B-(S-) B-(S-) M+ M-

GND Vcc L_IS R_ISL_ENR_EN L_PWM R_PWM

BTS7960 (1)



 

 

. 
. 

. №
 

ь 
 

 
. №

 
. 

. 
. №

 
ь 

 
 

. №
 

. 

 
 

 
 

 

. Л  № . ь Д  

Л  

24 
 15.03.06 -  

5. «Vcc»  «GND» -  . 
6. «L_IS» -     H-  (  U3).  

   (   ),      
      

 ,        
. 

7. «R_IS» -     H-  (  U2). 
8. «L_EN» -      H-  (  U3). 

  0 -    «M-» (     
 ).   1 -    

 «M-». 
9. «R_EN» -      H-  (  U2). 
10. «L_PWM» -        H-

 (  U3).   0 -    «M-»  
 «S-».   1 -    «M-»  
 «S+».   «S+»  «S-»   «M-» 

    1   «L_EN». 
11. «R_PWM» -        H-

 (  U2). 
 ё    : «L_PWM» = 0, «R_PWM» = 

 (    ,   ).     
: «L_PWM» = , «R_PWM» = 0 (   ,   
). : «L_PWM» = «R_PWM» = 0  1 (  

). 
  ,  , ,   

  – ,     
LPD3806-400BM-G5-24C (  2.11).      

 ,        
.  -    

     .  
      . 

    « »    
 ,    170.     

 ,       , 
   .      

    " "   .  
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:   
   ; 
  B ; 
  VCC;  
  V0. 

 : 
  1.5 ; 
  400 / ; 
    5000 / ; 
 : NPN  ; 
   5-26V; 
   ≤80mA; 
   40mA; 
    min Vcc*70%; 
    Max 0.4V; 
   Tr Max 1us; 
   Tr Max 1us; 
   300kHz; 
   4x10-8kgm2; 
   ≤0.05Nm; 
       50N, 

 20N; 
  50G/11ms; 
  10G 10-2000Hz; 
   IP51; 
   - 30～85℃; 
  100g. 
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 2.13–       

 

 
)    )   Arduino 

 2.14 –       
 

 2.4 -    c      

 
 
 

 
 
 
 
 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
2
4 

 

 132 133 142 152 153 162 43 41 44 42 46 45 03 02 01 N . . N 
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 2.5 – 
 

 
 A

rduino   
    

                              

 
 2.15 - 

 
 

 
 

 

 
 

 

 

 

SH_CP 

DS 

  

  

ST_CP 

 1 (132) 

 1 (133) 
 1 (142) 

 3 (152) 
   

 

 

 

 2 (122)
 2 (113)
 2 (112)

 3 (153)

 
  

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

   
Arduino 

. 

. 

. 
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5(D2) 

10(D7) 

9(D6) 

8(D5) 

11(D8) 

22(A3) 

14(D11) 

23(A4) 

24(A5) 

12(D9) 
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. 
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ATmega328P 
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 2.6 –       

 
   

. 34 35 36 37 38 39 40 41 33 

  1 2 3 4 5 6 7 8 9 10 

 
      

(  2.16)    2.7, 2.8, 2.9, 2.10.  
 

 
 2.16 -       

 
 2.8 –  MyRio   

A 
 MyRio  

32  
33 Vcc   2 

 
 MyRio  

32  
33 Vcc   2 
34  
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 MyRio 

1 

2 

3 
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5 

6 
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8 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

 

  1 ( : VCC) 
 

 

 

 

 

 

 

TX Arduino 

RX Arduino 

L_EN  2 R_EN  2 

 

 

 

 

GND Arduino 

 

 B  1( ) 

 

   ( : = V0) 
 

 A  1( ) 
 

 

 

 

R_PWM  2 

L_PWM  2 

 

GND   2 

 

B 

 MyRio 
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L_EN  1 R_EN  1 
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R_PWM  1 
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2.4       
 

        
 ,      

.              .         
              , 

 .      . 
       Proteus 

(  )   ,    
    (  2.17) [6]. 

 

 
 2.17 –       

 
      Proteus 

(  ),      
      .   

     Wi-fi  MyRio,  
 TX  RX  Arduino (  2.18) .    

    Arduino,    
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3    
 

       
    .    X,Y,Z 

(  )      ( ) 
 (   ),     

( ).         [1].   
 

3.1      
 

      , 
    ,      

  ,   ,   
  (  3.1). 

 

 
 3.1 -     

 
      [15]: 

1 1

2 1

cosα,
sin α,

α ω,

z

z

x V

x V

 
 
 

      (3.1) 

 1 2,  х х  –       / ; α,α – 
        1x    

 ,  ;  -  , / ; Vz = (Vz1, Vz2) –  
   (   ), / . 

     , 
   ,  1-   2-   

1.1 1

1.2 1

ω
ω

z

z

V V L

V V L

  
  

,      (3.2) 

2.1 2

2.2 2

z

z

V V

V V

 
 

,       (3.3) 

  V1.1 ,V1.2  –   1-   2-   / ; V1.1 ,V1.2 – 
  1-   2-   / ; L –    

   1z , .  

1 

2 
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  ,   : 

 1 1 22z

K
V u u  ,      (3.4)  

 : 

 1 2ω
2

K
u u   ,      (3.5) 

 K –  ; 1u , 2u –    1-   2-  
.  

    Matlab    3.2.  
  1( )u t , 2( )u t    Simulink. 

 

 
 3.2 -      Matlab 

 
  ,      

,       
    ,   ,   

  .      
    (   ). 

   1u , 2u     S(x,y): 
1)                 
 0 0 0( ,..., ) ( ,... ; ,... )x xk k kx t t x x t t   0 0 0( ,..., ) ( ,... ; ,... )y yk k ky t t y y t t   

 : 1   -  ; 2   -    
 (  4); 

2)    x, y      1x   2x  
,     1 0 1,1 1,2 1,( ) ( , ,..., )NX kT X X X , 

2 0 2,1 2,2 2,( ) ( , ,..., )NX kT X X X     -  ;    –  ; 
3)        : 

1 0 1 0 1 0

2 0 2 0 2 0

( ) ( ) (( 1) )

( ) ( ) (( 1) )

X kT X kT X k T

X kT X kT X k T

   
   

;   (3.6) 

4)   :  
0 2 0 1 0( ) tan( ( ) / ( ))a kT a X kT X kT   ;    (3.7) 
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5)   S     :  
2 2

0 1 0 2 0( ) ( ) ( )S kT X kT X kT     ;    (3.8) 

 

 
 3.3 –  0( )a kT   0( )S kT      

Spline 
 

6)       (  3.4): 
1 0 0( ) ( )zV kT S kT  ;       (3.9)  

0 0 0( ) ( ) (( 1) )kT a kT a k T    ;    (3.10) 
 

 
 3.4 –        

 
 

7)   : 
1 0 1 0

2 1 0 0

( ) ( ) ( )

( ) ( ) ( )
z

z

u t kT V kT

u t V kT kT




 
  

;     (3.11) 

  (3.11)    3.5.  
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 3.5 –    ,   

  Spline 
 

 
 3.6 –       

 
  ( )    

                                         , 
                .  

     ,  ,  
    ,   

         
   .   3.6   

       1000  
     ,    

.     3.6     
   ,      

 . 
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 3.6 –     

     1000 
 

    ,    
               (  3.11) (  3.7 ) ,  

       . , 
       (  3.7 ).  

      ,   
 (  3.7 ). 

 

 
  )    )     ) 

)    )    )  
       

 3.7 –      
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   . 
      (  3.8). 

 

 
 3.8 –      

 
  –     ; ( )SV t  – 

     S; α const   –  
   -    ; u  – 

 ; S –  ( ) - ;  –  
   S (  );  –   (  

  ); ek , k  –    ; 
1V  –       .  

     Matlab    
 3.9.  

 

 
 3.9 -      

  
 

 ,    , 
    1u , 2u ,    ,  

 ( )SV t   α . 
 : 

 1 2

1

2su u u  .      (3.12) 

УУ 
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 : 
*1

s su V
K

 .                                                                 (3.13)  

 : 

 1 2

1

2eu u u   .      (3.14) 

  1u   2u : 

1 s eu u u  , 2 s eu u u  .    (3.15) 
  : 

* *
ξ e

e s
s s

k k
u U e

V V
   .     (3.16)  

 (3.13) – (3.16)    . 
 (3.14)    (3.16)     

   .  ,  
     .  

     .    
         

3.10. 
 

 
 3.10 –   

 
       S  
: 

*α α Δα         (3.17) 

 *α  –    *α ( )s      1 2,c c cx xx  

  1x ; α  –     )α(τ1  

-     *α ( )s , α –   
( )    1x . 

  : 
*α α Δα         (3.18) 

      eu .   3.11 
     eu    Δα , 

   (3.14), (3.16), (3.17)  (3.18).  
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 3.11 -      

 
 

   -   : 
,

,

ξ ,

s

e

s Ku

e s

s Ku




 
   

      (3.19) 

 s  –   ; e  –   
;  –   ; ξ ξ( )s  –  . 

  (3.19)    
 .       

 3.12.  (3.16)  (3.19) ,    
      ,   

       
 .  

 
 3.12 –     
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      α ,    

 Δα .   3.13   .  
 

 
 3.13 –      

 
       *

sV ,   
  Δα ,         

3.14. 

 
 3.14 –      

 
   *

sV   α    (3.9)  (3.10),  
  , Δα    *

sV         Simulink,  
 .  

 ( )   1( )y t   2( )y t : 

1 1 1( ) ( ) ( )y t x t t  , 2 2 2( ) ( ) ( )y t x t t       (3.20) 
 1( )t   2( )t  –   ( ),  

  . 
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.       
,    .    

,    3.9,     
.       , 
  ,     , 

     .   3.15  
 ,    ,    .  

 

 
 3.15 –    ,  

     . 
 
3.2     
 

     –   . 
         

     - .  
        

 ,   ,   
 .    : 
( ), ( ),  

  .       «  
»   .    

 «  »  ,   
     .  
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    ,    

 – [7].  
 

 
 3.16 –   

 
       

:   ( - ),   
       

   ,    
     qi    

 .      
    .   
       ,  

    :                                         (3.21)                             
                  

                     

                                (3.22) 

          -     z0;              -  
   z1;              -     z2, r – 

    ;   -   -   
 ;  – s; S - sin. 

     :    
       

   qi.    qi   
 X, Y  Z     , . .  

. ,       
     ,   
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      .    
 :                          (3.23) 

     r   :                 (3.24)                 (3.25) 

      , 
         

                                                       .  (3.26) 
 

 
 3.17 –   X,Y, Z     Tk 

 

 
 3.18 – 3D    X = 0…100, Y = 0…200, Z = 0…300.   

траектория 
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 3.19 –    

 

 
 3.20 –     
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3.3    
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       (  3.22). 
         

        [3].  
      

 ,     . 
      

,        
    [4].  

 

 
   —  , ;     —  , ;   —  , ;   —  , ;    —  , ;   —  , ;   —  , ; if —  , ;   —  , ;   — ,  

, . ;   —    , ;    —   
 , ;   —   ,    , 

. . 2/ ;   —    ,    , 

. . / ;    —   ,    , . . 2/ ;    — 
   ,    , . . / ;   —  

   (  ) ;   —    
 (  ). 

 

 3.22 -    
 

       
 :  














)()(
)(

)()()(
)(

tMtik
dt

td
J

tktutiR
dt

tdi
L

CЯМ

EЯЯЯ
Я

Я





, (2.27) 
 L  –    ; i  –   (  

3.32); R  –  ; k  –  ; k  – 
 ; ω  –      (  

3.33);  J –     ;  M  –  ; 
1

Jp

–   . 
    (2.13): 
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)()()(

)()()(

pMpikppJ

pkpUpiRipL

СЯM

ЯЯЯЯЯ





.  (2.28) 
       :  

   : 

ЯЯЯ

Я
Я RpLpU

pi
pW







1

)(

)(
)(

 (2.29) 
    : 

JppM

p
pWM

1

)(

)(
)( 





.  (2.30) 
    : 

)(
1

)( t
i

tH  
.      (2.31) 

        (2.19): 

)(
1

)( p
i

pH  
.      (2.32) 

ё    : 

ip

p
pW H

р
1

)(

)(
)( 




.  (2.33) 
        

     .  
11 cos zVy  ,      (3.34) 

12 sin zVy  ,       (3.35) 
  ,       (3.36) 

110 zz FVm 
,       (3.37) 

MJ 0 ,       (3.38) 
21

1 uuFz  ,      (3.39) 
)( 21 uuM   ,      (3.40) 

:
2RV   -     (  3.36); 

),( 21 FFF   -    ; M -  ; 
  -   (  3.33); 0m   0J  - -   

; u –   (  3.35) . 
       
: 

       , 
     ; 
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     J ; 
 . . .  η = 1; 
      
      
     
       
    , , ,  
    
    
     
         
        
    
      
   

    Simukink    3.23. 
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 3.24 – 2       MATLAB 

 
        

    : 
    ( ); 
     ( );  
     ( ); 
   ( ) ; 
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)      )    
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 3.38 -     
  

 

  
   )       )     

 3.39 -        
 

 

  
   )       )     

 3.40 -       
 



 

 

. 
. 

. №
 

ь 
 

 
. №

 
. 

. 
. №

 
ь 

 
 

. №
 

. 

 
 

 
 

 

. Л  № . ь Д  

Л  

56 
 15.03.06 -  

  
   )       )     

 3.41 -      
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 3.42 -      X 
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  )     )    ) 

)        )    
 )     
 3.47 –   

  
   ,    -

       
,    - .    -   

    (  3.30).   
    Arduino.    
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4       
 
4.1     

 

        
      4.1. 

      
.    : 

1)   ;  
  ; 
   X,Y,Z   ; 

2)  ;  
   ; 
     ; 
 3D ; 

3)     ;  
         

 .     Wi-Fi      
 .     USB,    

    MyRio,     
       . 

       :  
1)      ; 
2)     : 

       , 
   , 

3)       
          

    ; 
4)       ; 
5)    ; 
6)   ; 
7)       . 

      
     ,    

   ,        
   .      

 MyRio,         
   .  

        
 (   ),   
  ,        

.         
 MyRio     Arduino.  
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       4.2 

      ,   
  Myrio,       

       .   
     Arduino    

MyRio   .       
     .    
      .  

  :  
  (  4.3); 
    ( - ) (  4.3); 
 ; 
  ( ) (  4.5). 

  :  
    ; 
    

1)     (  4.8); 
2)    (  4.7); 
3)    (  4.12);  
4)   (  4.6).  

  - ;  

 4.1 
- 
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LabVIEW  FlowCode.      
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)      )     -    
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           .  
 

4.2     
 

       (  
3.1  3.2)   1   .    

       .   
    labview  solidWorks   

 .     
    .  

      : 
1.  : 
1)    x0 y0    xk yk ( . 1  2 

 4.18)  ( .1  4.20); 
2)     (  4.20)  ( . 2  

4.18); 
3)   ( . 3  4  4.20)  (3  4.18); 
4)       ( . 4  4.18); 
5)          

   (  4.20)  ( . 5  4.18); 
6)         (6  

4.18). 
    (  4.18); 
    (  4.18) . 

7)   ( . 7  4.18) 
2.  2D  ( )    
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       0  
  xk.       

 ,  ,    ,   
 .    

      : liner, Spline, cobic 
(  4.19).  

 

 
 4.19–   

 
  Xf =[ 0, tx0 txk,xk]   Yf =[y0, ty0 tyk,yk]    

  LabView    X(tx0,…,txk)=( 0,…,xk; 
tx0,…,txk)  Y(ty0,…,tyk)= (y0,…,yk; ty0,…,tyk),    : 1  

 -  ; 2   -     [14].  
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4.29)    SolidWorks.  
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 (  3.1  3.2).     
        – 
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     (  4.32)   

 . 
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   45 ; 
       1500; 
     0,03     0,094 
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     (  4.33  4.34) 
   (  4.16)   
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4.3    
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 ; 3) ; 4) ; 5)   6) 
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    4.35. 
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     «IMAQ ReadFile»  

,      .  
    «IVA Image Buffer»      

5  6           
    .    6  

     «IMAQ ExtractSingleColorPlane»  
 RGB   HSV,       

«IVA Image Buffer»       0  1 .    0 
     «RobCol»  «Rob»     

 .        
     « ».   

    7 ,       
  «Q»  « ».       

    .   
         

       «IMAQ Add». 
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)    )    )   

 4.37 –   
 

  X,Y,Z      
   .   

5     
 

      
        

  ,     
,    .   

(  )          .                  (5.1) 
                     

  tp     
.      ,  

 ,   ,    
         

   .    = (3 - 5)%  h . 
 :                       

1) x1    ; 
2)   : 

 x2   ; 
 x3   ; 
 x4   ; 
 x5  ; 

3) x6  - . 
  : n=6 –  ; ix0 = 

[1,1,1,1,1,1] –    ; x , x  –  
  bxq )(  ;   )(xQ =   ; N1 – 

      0   ; 
ner ,  –        
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   ;   –   , kp – 
,    )1( kp   )0( kp . 

   : 
1)   N , NL ,      

;      ix0   , 
 .     

   

oiji Lxx   ,     (5.2) 

 ni ,...,  –  ;  nj ,...,  –   
;   – ,     





























. ,
)(

, ,
)(

, ,

ji
i

i

ji
ii

ji

    (5.3) 

   Xx 0 ,     iiii xxxx )1(rnd0 .  
 N1 .      0  
 . 

       
   njQQ jj ,...,, x ,    (5.4) 

   j-       
 (8.1) jQ j  900000      jQ j  900000   
 . 

     nk ; kk QY   –    
 kQ ;  –    ; 

2)     ,     
(  )   (  )  jQ ,  

,pj     –        (  
) 

j
pj

s QQ


 min  –  ;     (5.5) 

j
pj

s QQ


 max –  .     (5.6) 

 js  , sp  ,  s –      
; 

3)    sV      













n

j
sijisi nix

n

n
x

n
x ,...,, ;    (5.6) 
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4)         six : 

     ,    .5,  
  kQs  90000     .6 (    

kQs  90000 ); 

5)   sQ      six , ni , ; sk QY   
–     kQ ; 

6)   kk ,  jj mm ; sm ,  jm  –  
  ,      j  

.   ( )  sm ; 

7)  sj  , nixx siji ,...,,  , sj QQ  .   
     

  nisjnjxxxx
k

k
sijisiji ,...,,,,...,, 






  ,  (5.7) 

 k
k e μγ  ; 

8)    njm j ,...,,   
   nm j ,           .9) 

  jd  ,   dd QQ x  (  ), dm , 
  .9); 

9)     k: 
  Nk  ,   .2); 
  Nk  ,   .10); 
10)      *

,ijx , *
jQ , 

 njni ,...,,,...,         kХ  
    rx , ex        

kY   k. 
     

     1000   
  : 

   100%, (  ); 
    1 %   ; 
  ,  5 %   ; 
   0,35; 
   ( )   10 ; 
   ,   20 

; 
   278  = 2780  = 2,7 . 

,   5 = 0,15 . 
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  5.1      
        0  1000 

 

 
 5.1 -       

   
 

      : 
1)        

a)  ; 
b)    (  );  
c)    ; 
d)   ; 

2)   ,   ,    
,         (  75%  

100%)      .  
         , -

 ,           
     ,   
   .  

        : 
1)      : 

a)  ; 
b)   .  

2)       : 
a)   ( ); 
b)    .   

3)     : 
a)  ; 
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b)   .  
4)     : 

a)    ; 
b)   . 

5)      : 
a)    ; 
b)   . 

     : 
1)    :  

c)    (   );  
a)  .  

2)    :  
a)  ; 
b)   ; 
c)  .   
 

  5.2, 5.3, 5.4      
                         = 

=[0,10,-10,100,-100,1000,-1000],                  = [0,10,-10,100,-100,1000,-1000] 
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 5.3 –         

 
)     )     -   
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6 -    
 

       
    .  

-        
     . 
  —          
 -  . 

 
 6.1 –   . 

 , . 
 NI myRIO 86 652 

 Arduino Nano  143 
 Arduino Cable 71 

 IRLR2905PBF (3 .) 241,8 
 8      279,5 

  Arduino (100 .) 500  
  250  (2 .) 24 000 

   LHS-25 100:1 (2 .) 91000 
     

 (4 .) 
10400 

 35 35 5 (18 .) 4000 
      

200 50 250  400  11-12 1/200-400   
 

800 

      d-500 . SR1000 
(2 .) 

 4000 

 Z 12   (2 .)  1400 
  SNR (FC 40696)  1600 

  74HC595 (3 .) 55 
 IRLR2905PBF(10 .) 440 

  BTS7960 43A h-    
 (2 .) 

572 

Lpd3806-400bm-g5-24c AB  5-24 V 400 
     

(2 .) 

1560 

-  Logitech HD Pro C920  2Mpix USB2.0 6 510  
   1105000 

   1340023 
 

-   25 000/ .    
12500/ .    40000/ . 

      2270023.   
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22 028 543 .      
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    ,  

      ,  
     Proteus 

  .     
  ,      .  

      
    .   

     .  
      .  

    3  splane- (  splane 
sublic).    3D ,   

      ,   
    .  

    ( ,   
 ).         

.       .  
        , 

    Arduino   MyRio.     
     MyRio   

 Wifi.         
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