
     
  

«   » 
 

  
 «    » 

 

Ю 
  

_________   . .  
      

« _____»      ________2019 . 

 

 

 

 

Я О  

15.03.06    

 -  
 

 

 

 

  _________     ________________          Ю. .  

                                                         ,           ,   

   _________                             Ч. .  

                                                         ,  

ё   ________                           . .  

                                                         ,            

 

 

 2019 



 
И м. Л  № д к м. П д ь Да а 

Л  

2 
 – 15.03.06  

   
  

  
«   » 

  
: «    » 

 

                      

  

______   . . 

      ,   

« _____»   ________  20 ___ . 
 

 

    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

3 
 – 15.03.06  

     
 15-08   ( ) 15.03.06 (   

)                                                                  
    «  -

». 
    № 2264/c  14.02.18 

   . ., . . ., . .  
 

   :  
   ,  Arduino Mega 2560. 

  –  - .  
 – MATLAB.   – MATLAB  C++. 

 

  . 
 1.     . 
 2.    . 
 3.   . 
 4.    . 
 5.   . 
 6.   . 
 7. -   . 
 8.    . 
 9.   . 

  . 
 1.    . 
 2.      . 
 3.     . 
 4.     . 
 5.     . 
 6.     . 
 7.     . 
 8.  . 
 9.  . 
 10.  . 
 11.  . 

 
 

                             _______________  . .           

           _______________   . . 

 « ___ » __________ 2019 . 



 
И м. Л  № д к м. П д ь Да а 

Л  

4 
 – 15.03.06  

 

 

     «  
-  »  113   , 13 

, 55  , 11   
. 

  , ,  
, ,  , 

 ,   , 
  . 
  : ё      

  . 
:  ё    

. 
  .  

1.     . 
2.      ,  

. 
3.    . 
4.    . 
5.           

  .  
6.      . 
7.        

. 
 

   : , 9-  , ,  
        

. 
     .  

        
,       . 

        
        KOMPAS-3D,  

 ,  ,     
. 
      , 

   ,    
 ,    .     

   . 
        . 

  ё     . 



 
И м. Л  № д к м. П д ь Да а 

Л  

5 
 – 15.03.06  

       
,        

. 
  ё  -    

. 
       

. 
      

  
     .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

6 
 – 15.03.06  

 

 

 .............................................................................................................. 8  
1      ................................................. 9  
   1.1    ................................................. 9 
   1.2    ............................................................. 10    
2     ....................................... 12 
   2.1     ..................... 12  
     2.1.1    .............................................. 12 
3    ............................................................ 19 
   3.1  ........................................................................................... 19 
     3.1.1     ........................................................... 19 
     3.1.2   ................................................................................. 19 
     3.1.3  ............................................................................................ 20 
     3.1.4      ............................. 21 
     3.1.5  MG996R ............................................................................ 23 
     3.1.6  MG90S ............................................................................... 24 
   3.3    HP 19V 6.15 A ................................................ 26 
   3.4   DC-DC Step-Down   

     ......................................................... 26 
   3.5 Arduino Mega 2560 ....................................................................................... 27 
   3.6 16-  -     

     PCA9685 .................................. 29 
   3.7 3D-  .................................................................................................... 31 
     3.7.1   3D-  ......................................................... 31 
     3.7.2    3D-  ......................................................... 33 
   3.8        ......................................... 34 
4     .................................................... 37 
   4.1    .......................................................................... 37 
5   ......................................................... 39 
   5.1   .  -  ...... 39 
   5.2      .................. 40 
   5.3  2.10.1."    " ................ 43 
   5.4   .    

        ........................................................................ 43 
    5.5       ..................... 44 
6    ........................................................... 46  
   6.1     MATLAB ............................................. 46 
   6.2     ............................................................... 47 
   6.3     ........................................................... 48 
     6.3.1      ......................... 48 
     6.3.2   -  .................................................. 50 
   6.4     Arduino ................................................ 51 
7 -    ............................................... 53 



 
И м. Л  № д к м. П д ь Да а 

Л  

7 
 – 15.03.06  

   7.1        .................. 53 
   7.2   ......................................................................... 54 
   7.3     .................................................... 55 
   7.4   .................................................................................................. 55 
   7.5       .................................................. 56 
8     ........................................................... 58 
   8.1     ................................ 58 
   8.2    .......................................................... 61 
   8.3    .............................................................. 61 
   8.4   ,    ....................... 62 
   8.5       ............................... 62 
   8.6      ....................................... 62 
   8.7    .................................................................... 63 
   8.8      ........................ 63 
   8.9   ............................................................................... 63 
   8.10     ................................... 63 
   8.11     ........................................... 63 
   8.12     ...................... 64 
   8.13    ..................................................................................... 64 
9.    ......................................................................... 65 

 ..................................................................................................... 66 
   ........................................... 67 

  "   PCA9685" ......................................... 72  
  " ,   " .................. 74  
  " / ,   

,  ,    
   " ................................................................... 76  

  "     Ultimaker Cura 3.6.0" ....... 78 
  "    MATLAB"............................... 87 
  "  forward_kinematics_for_6_axis_3_link " ............ 91  
  "  inverse_kinematics_for_6_axis_3_link" ............. 93 
  "      
 " ..................................................................................... 95  

  "   Q.m" ....................................................... 99 
  "  lab8.m"................................................................ 101 
  "fogr.m –  " ....................... 103 
  "SimplexSearchBody.m  

-   " ..................................................................... 104 
  "CheckPosConstraints.m  

-   " ......................................................... 107 
  "    " ................ 108 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

8 
 – 15.03.06  

 
 

        
        

,        
.        

      ( ), 
      

 . ,  ,      
    , . .    

,   [26].  
           

 ,     
       

    .  
,          

  : - ,     
 ,   ,      

,        ; - ,   
   .  

 ,     
     , 

,  ,      
.      , ,  

     . 
      ,   

        ,  
    ,     

        .  
 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

9 
 – 15.03.06  

  1      
 

          , 
   ,      

 .     
   .  

 
 

 

 1.1 -       

 

   ,     ,  
  « - ». 

   –   - , 
    ,  

  , ё      
    .    

 
 1.1    
 
    ,     

: 
 
   –  (    « »,   

    ( , )  
   ( )) ; 

   –  (    1 ); 
     – 6  ); 
    – ; 
    – ; 
     –   ; 
    –  (  ); 
    –    (  ): 

-  ; 



 
И м. Л  № д к м. П д ь Да а 

Л  

10 
 – 15.03.06  

 -   (      ); 
 -   (     ); 

    –   (  
)[1]. 

 
 

 1.2    
 

        
   ,     

   : , ,  
,   ( ) [2].      

  : ,   -  , 
  ;   –   

 ;  -     .  
      ,    

.         .  
     .     

      [3].  
      , 

   . : 
 
 L1,L2,L3 –   (  1.2);  
 2, 3, 4 –   (  1.3);  
 θ1, θ2, θ3, θ4, θ5, θ6 –  (  1.2  1.3); 
 d1, d6 –  (  1.3); 
 

 

 1.2 –     



 
И м. Л  № д к м. П д ь Да а 

Л  

11 
 – 15.03.06  

 

 1.3 –     

 



 
И м. Л  № д к м. П д ь Да а 

Л  

12 
 – 15.03.06  

 2     

 

         : 
, ,  , .    

 SolidWorks 2018  -3D v2018. 

 

    2.1     

      , 
   -   -
.      ,    

 .  

 

  

 2.1 –    6-    

  KUKA KR-16  Meca 500 

 

 2.1.1    

 

       
,         

 .       . 
         

: 

1)     ; 
2)     ; 
3)  ; 
4)    1. 



 
И м. Л  № д к м. П д ь Да а 

Л  

13 
 – 15.03.06  

  ,  ,     
 1     (      

  ),    –   .     
   . 

           
.    ,    , 

    .      
. 

        
3D-    Cura   Ultimaker Cura v3.6.0. 
  (slicer) -  ,     

 ,    ё    3D- .  
,     (STL- )  gcode-   

   3D- ,    [4]. 
 

 

 2.2 –   

 

 2.3 –  Ultimaker Cura v3.6.0 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

14 
 – 15.03.06  

      .     
     .   – 

, . .   ,      
 . 

 

 

 2.4 –      

 

      – , . .  –    
. 

 

 2.1 –     

  
  80% 

     
  ( ) ~ 6 . 

-   ( .) 79 
-   ( .) 26.5 

  

 

 2.5 –     



 
И м. Л  № д к м. П д ь Да а 

Л  

15 
 – 15.03.06  

     ,      
 . 

        ,  
,     ,    

 .       3. 
 

 2.2 –     

  
  50% 

     
  ( ) ~ 29 . (1.5 ) 

-   ( .) 433  
-   ( .) 145.3  

  

   
1 –     13 4 5,        

   (  ,     
); 2 –     ; 3 –   

      ; 4  – ,  2  
  ; 5 –    4   3  

      . 

 2.6 –      

 

 2.3 –     

  
  50% 

     
  ( ) ~ 14 . 

-   ( .) 220 
-   ( .) 73.4 

  



 
И м. Л  № д к м. П д ь Да а 

Л  

16 
 – 15.03.06  

 

 2.7 –       

 

         
  .     3. 

 

 2.4 –     

  
  50% 

     
  ( ) ~ 4 . 

-   ( .) 49 
-   ( .) 16.4 

  

 

 2.8 –  (     ) 

 

      3 (1)– 10 ,   
 MG996R (2) – 2      (3)   

. 

 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

17 
 – 15.03.06  

 2.5 –     

  
  50% 

     
  ( ) ~ 7 . 

-   ( .) 95 
-   ( .) 32 

  

  

 2.9 –      

 

    2.9   ,     
–   . 

 

 2.6 –     

  
  50% 

     
  ( ) ~ 4 . 

-   ( .) 44 
-   ( .) 14.4 

  

 

  

 2.10 –      

 



 
И м. Л  № д к м. П д ь Да а 

Л  

18 
 – 15.03.06  

 2.7 –     

  
  50% 

     
  ( ) ~ 4 . 

-   ( .) 32 
-   ( .) 10.6 

 

  

 2.9 –      

 

 2.8 –     

  
  50% 

     
  ( ) ~ 2 . 

-   ( .) 17 
-   ( .) 5.7 

  

 

 

    

 



 
И м. Л  № д к м. П д ь Да а 

Л  

19 
 – 15.03.06  

 3    

 

       .  
         

   . 

 

 3.1  

 

       
  ,    . 
      

.  
       ,     

     .     
,    . 

 

 3.1.1     

 

      
,   : 

   ; 
  ; 
  ; 
   ; 
  . 
 

   ,  ,  2  , 
 [5]. 

 

 3.1.2   

 

   —   , 
     (  )  

          . 
     ,    

[6].  

: 



 
И м. Л  № д к м. П д ь Да а 

Л  

20 
 – 15.03.06  

   –  .     
      ; 

  ; 
       ,   

   . 
: 

   « »    
  ; 

   (  1000 / ); 
   [7,8]. 

 
 

 3.1.3  

  (   «  ») —  , 
,    ,    

  ,    ,   
  .  

 
: 

    ; 
  ; 
  ,     

      ; 
  ; 
     . 
 

: 
     ; 
   ; 
  . 

    :   
,     . 

 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

21 
 – 15.03.06  

 3.1 –   

   ,     – 
  ,      

   . ,     
 ,     – , 

        
.     .    

    ,  
 .  ,       

 . 
 

 

 3.2 –      

 ,      
   (   \  \ 

 \ servodrive),    ё   , 
   ,    

/  . -      
  .  

      
   , ,     

.       0,036° . . 
1/10 000  ,      5 000 / .   

    1/2 500 000[6,7,8,9]. 
 

 3.1.4      

 

         
 ,       ,  

, ,   ,  : 

           
  ; 



 
И м. Л  № д к м. П д ь Да а 

Л  

22 
 – 15.03.06  

        
,    ,     

. 
  ,        

    [10]. 

      : 

       
 .     

 . 
       

.      ,   
 ,        . 

     50 .    20  — 
  .       

   .     
.       ё  ,  

       ё  
   .   ,   

.  ,       
      .  « ё  

»    . 
      ё    ё , 

    .   
  ,    

,          200   
. ,       

  ,      
 ,  ,    ,  

.         
: 

 

 3.3 –      

    ,     , 
       , 

         , 
     . 



 
И м. Л  № д к м. П д ь Да а 

Л  

23 
 – 15.03.06  

  : 

     ,      
 .      

,     . 
  .      

,   : 
 
    -   ,   

; 
     -     

 ; 
         

; 
   ,     

 . 

       [11]. 

 

 3.1.5  MG996R 

 

   ,    ,   
 :   ,  

,   ,     , 
        

,     , -
  –   ,      

 MG996R.  

 

 3.4 –    MG996R 
 



 
И м. Л  № д к м. П д ь Да а 

Л  

24 
 – 15.03.06  

 

 3.5 –   MG996R 

 
 3.1 –   MG996R 

  
  4.8-7.2  

    
 55 . 

   
500 – 900  
 

   2.5  
  (  6 ) 60°/0.14s 
  (  4.8 ) 9.4   
  (  6 ) 11   

  
    ,     

   .      
   ,       
 . 

 

 3.1.6  MG90S 

 

        
  MG90S.         

 MG996R. 



 
И м. Л  № д к м. П д ь Да а 

Л  

25 
 – 15.03.06  

 

 3.6 –    MG90S 
 

 3.2 –   MG90S 

  
  4.8-6  

    
 13.4 . 

   12 – 100  
   1  
  (  6 ) 60°/0.08s 
  (  4.8 ) 1.8   
  (  6 ) 2.2   

 
 

 
 

 3.7 –   MG90S 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

26 
 – 15.03.06  

 
 3.3   HP-HSTNN-DA25, 19V 6.15 A 

 

         
 .        19.5V, 6.15 . 

 

 3.8 –   HP-HSTNN-DA25 

 
 3.3 –    HP-HSTNN-DA25 

  
    AC ( ) 100-240V, ~ 2.2  

    DC ( ) 19.5V, 6.15  
  120W 

 

 3.4   DC-DC Step-Down  
     

 

      ,  ,  5 ,  
   19.5 ,       

  .      «Step-Down» 
. 

 DC-DC  –     , 
         

/   .    



 
И м. Л  № д к м. П д ь Да а 

Л  

27 
 – 15.03.06  

 / .    
      DC/DC 
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  buck  ,     

  .    buck-
       .[12] 
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   DC-DC Step-Down  XL4016.  

 

 3.4 –    XL4016 

  
 Buck ( ) 

  DC ( )  5V-40V 
  DC ( ) 1.25V-32V ( ) 
   0.3-10A ( ,  8  

 ) 
   100W (  ),  150  (  ) 

  96% 
 65x56x23  

 

 

 3.9 –   XL4016 

 
 3.5 Arduino Mega 2560 

 Arduino Mega    ATmega2560.  
  [28]: 
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 ATMega 2560 
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40 mA 
 

   
 3.3  

50 mA 
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 8 KB 

 
 

4 KB 
 

  16 MHz 
 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

29 
 – 15.03.06  
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   PCA9685 

 

 PCA9685 —  16-   12-    
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  (VPOR):  2.0    
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     15.5     

(  2,2 ) 
     VCC = 

5       
(  OUTDRV=0) 

 25  

     VCC = 
5      (  
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 10  

  25    (±3%); 
    0  50  

   16 .   « » 
    

  12  4096  (    
0  100%) 

    24  1526    
 25  (   

    
) 

   I2C  1    100 , 
400 , 1  (ё   4000 ); 

 «0»   I2C  -0.5  0.3 V   
 «1»   I2C  0.7 V   V +0.3  
   -40  85 °C 
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      AOD417[14].  
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PWM   ( -  ) 
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   22 22 ,Prusa i3   Anet A8.   
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Imax = 1.7 –   (      
,   42SHDC3025-24B)[16],  

n –  , 

RS = 0.1  –   . 
    : 

1.7 8 0.1 1.36REFV V     

         
 ,      .  

   ,       
[16,17,18,19]. 

 

 3.13 –         
    

 
         

     70%   , , 
    : 

0.7 0.95REF REFV V V    

  

     ,     
 [20,21,22,23]. 
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  3d-    FDM    
.        
: 



 
И м. Л  № д к м. П д ь Да а 

Л  

35 
 – 15.03.06  

    (   )  
,        

       ; 
     ё ; 
    ; 
  ; 
   ; 

 
  , ,   

 , ; 
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  3d-        
: ,  (  ), 

/ ,  ,  , 
    (  )[24]. 

  ,   ,  ,  
     PLA- .   

  PLA- ,     . 
  – 1.75 [25]. 

 

 3.9 –  PLA-  

  
  205 – 220 °C 
   40 – 60 °C 

 20% –  , 100% –  
. 

   
    

   -20 – +40°C 
    R70 – R90 

   
 

3,8% 

   55,3  
 

   57,8  
    3,3  

 
    2,3  

  60-65°C 
 1,23-1,25 / ³ 
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5    
 

 К        
       

       ,   
. 

           
 ё       

 ( ).   : 
        

   ,    
  θi = [θ1 θ2 θ3… θn]

T    n-
 . 

       
    θi    

n-        
     [26,27]. 

 

 

 5.1 –        

 

 5.1   .  -
 

  

 Д        
- .     , 

    .   
        A-

 ( . .  - ).    
 n-       [3]: 

  Tn = A1 A2 A3… An-1 An     (5.1) 
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                                                                       (5.2) 

 

 5.2      

 

  -   - . 6 – , 
  , ,       

  p = [px py pz]
T. 

 

 5.2 –      . 

n –  , o –  , a -   

 

,  a, o  n    , 
. . a × o = n, o × n = a  n × a = o.  ,     

6

0 0 0 1

x x x x

y y y y

z z z z

n o a p

n o a p

T n o a p

 
 
 
 
 
 
 
 

 (5.3) 
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 oi     ni   
  oi  ai.  
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   (5.4) 

 

       
 ,   .   

       
       5.4  

[27]: 

 
 5.4 –       

θi –   – ,      xi-1  
 zi-1,       xi (    

    ), . .    xi  xi-1; 
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di –     zi-1   xi   (i-1) –  
 ,    zi-1; 

ai –   -     zi-1   xi  
 i –   ,    xi, . . 

    zi-1  zi; 

αi –   – ,      zi-1   
xi,       zi (    

    ).  
  
      -

      :  

 

 5.5 –    

 

    di, ai  αi  
 ,     .   

  θi   ,    
( ) i-    (i – 1)- . 
     θi, ai  αi –   

,    ,  di –  . 
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 5.3  2.10.1."    " 

 

         
,    -    

    n  .  
     0-  . 

1.    [x0y0z0] ,   z0   
   . 

2.        i = 
1,2…n. 

3.    zi      
 (i+1)-  . 

4.   i-        zi  zi-1, 
     zi      zi  zi-1. 

5.   xi   i-       
 xi = ± (zi x zi-1),       zi-1  zi, 

  . 
6.   yi   yi = ± (zi x xi)   

  . 
7.  di      (i-1)-     

   zi-1  xi. 
8.  ai       zi-1     

 zi-1  zi   i-   . 
9.  θi      xi-1    xi. 
10.   αi      zi-1    zi  xi. 

 

 5.4   .    
 . 

 

       
    ,  

: 
a)   ; 
b)  ; 
c)  . 
  
       

     
    . 

         
.       
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,        
       .  

     ,    
       

.        
, . .        
      . 

          
   .    

      ,  
,   ,   .  

       
 ,    . 

 ,        
  : 

  ,       
 ; 

 . .        ,   
      ,   

; 
   Optimization Toolbox; 

      .    
   ,     

,         
 .      

   ,     
  . 

  ,       
   , ,  ,   

. 
 

 5.5       

 

        : 

     ( ).   
      ; 
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 5.6 –      

 

    ( )      
( ).   ,      

,   – .  

 

 5.7 –       
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 6     

 

   ,    5,   2 
 : 

         
    ; 

      . 
  
           

 Matlab       
 . 

 MATLAB —        
,     .  

 MATLAB   ,  , 
   . MATLAB     

  
(C/C++, Pascal, FORTRAN)       

       . 
        
Arduino.      / ++. 
   ,    

. 
  –       

      (  )[55].    
,          
. 

         
    - . 

  

 6.1     MATLAB 

 

           
   ,   6.1     

.  ,  ,     
,   . 
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 6.1 –     MATLAB 

 

 6.2     

 

     Forward_kinematic_decision_button 
_Callback      :  , 

    .     forward_ 
kinematics_for_6_axis_3_link,       

  - ,  , 
  . 
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 6.2 –      

 

 6.3     

 

     Inverse_kinematic_decision_button 
_Callback      :  , 

 ,    .    
 inverse _ kinematics_for_6_axis_3_link,    : 

    -     
;   

  ,   . 
 

 6.3.1      

 

1.   :  , ,  , 
 ,   ,   ,  
 ,   : 

 : 
 

%Ч   
n=6;  
%Т  
e=0.001; 
Shag=0.001;%  min  max  
%З ё    
aim = [final_X final_Y final_Z];%   
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tetta = [0 0 0 0 0 0];%   
  
%         

   
w=0;%    
q=1;%    
%Rez=0; 
RezP=[0 0 0];%        
h=1; 
 

 

2.          
 . 

 : 
 
        A01=[cos(tetta(1)) (-cos(alpha(1))*sin(tetta(1))) 

(sin(alpha(1))*sin(tetta(1))) a(1)*cos(tetta(1)); sin(tetta(1)) 

(cos(alpha(1))*cos(tetta(1))) (-sin(alpha(1))*cos(tetta(1))) 

(a(1)*sin(tetta(1))); 0 sin(alpha(1)) cos(alpha(1)) d(1); 0 0 0 1]; 
  
        A12=[cos(tetta(2)) (-cos(alpha(2))*sin(tetta(2))) 

(sin(alpha(2))*sin(tetta(2))) a(2)*cos(tetta(2)); sin(tetta(2)) 
(cos(alpha(2))*cos(tetta(2))) (-sin(alpha(2))*cos(tetta(2))) 

(a(2)*sin(tetta(2))); 0 sin(alpha(2)) cos(alpha(2)) d(2); 0 0 0 1]; 
  
        A23=[cos(tetta(3)) (-cos(alpha(3))*sin(tetta(3))) 

(sin(alpha(3))*sin(tetta(3))) a(3)*cos(tetta(3)); sin(tetta(3)) 

(cos(alpha(3))*cos(tetta(3))) (-sin(alpha(3))*cos(tetta(3))) 
(a(3)*sin(tetta(3))); 0 sin(alpha(3)) cos(alpha(3)) d(3); 0 0 0 1]; 
  
        A34=[cos(tetta(4)) (-cos(alpha(4))*sin(tetta(4))) 

(sin(alpha(4))*sin(tetta(4))) a(4)*cos(tetta(4)); sin(tetta(4)) 

(cos(alpha(4))*cos(tetta(4))) (-sin(alpha(4))*cos(tetta(4))) 

(a(4)*sin(tetta(4))); 0 sin(alpha(4)) cos(alpha(4)) d(4); 0 0 0 1]; 
  
        A45=[cos(tetta(5)) (-cos(alpha(5))*sin(tetta(5))) 

(sin(alpha(5))*sin(tetta(5))) a(5)*cos(tetta(5)); sin(tetta(5)) 

(cos(alpha(5))*cos(tetta(5))) (-sin(alpha(5))*cos(tetta(5))) 

(a(5)*sin(tetta(5))); 0 sin(alpha(5)) cos(alpha(5)) d(5); 0 0 0 1]; 
  
        A56=[cos(tetta(6)) (-cos(alpha(6))*sin(tetta(6))) 
(sin(alpha(6))*sin(tetta(6))) a(6)*cos(tetta(6)); sin(tetta(6)) 

(cos(alpha(6))*cos(tetta(6))) (-sin(alpha(6))*cos(tetta(6))) 

(a(6)*sin(tetta(6))); 0 sin(alpha(6)) cos(alpha(6)) d(6); 0 0 0 1]; 
  
        T1=A01; 
        T2=T1*A12; 
        T3=T2*A23; 
        T4=T3*A34; 
        T5=T4*A45; 
        T6=T5*A56; 
        P=[T6(1,4) T6(2,4) T6(3,4)]; %   ,   

 
         
%P=[initial_X initial_Y initial_Z]; %    

 
3.  . 
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 : 
 

J=zeros(1,10);%   
rez=0; 
  
for i=1:3 
rez = rez + (aim(i)-P(i))^2;%  -  
end 
  
rez = sqrt(rez); 
J(1)=rez;% .   
R(1,:)=P; 

 
4.    . 
 

 6.3.2   -  

 

  Q.m   .    
 x;       

  x(i),  i –   .  
   ret. 

  lab8.m   ,   
     .    

 : 
 kp –   –   (  0)   

(  1); 
 n –   ; 
 X0 –    (   x1, x2, …, xn); 
 xmin, xmax –   ( ); 
 axes –  ,      

  (    ); 
 gridRes –     . 

      
   Q    fogr ( . 

).         
   SimplexSearch.m ( . ). 
  fogr.m   . 

  Q.m,     x.   
 x    ,   ret   

,     ret     . 
  SimplexSearch.m     

:  SimplexSearch    –  
,  ,    .,   
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  –         
  . 

  SimplexSearchBody.m   . 
  CheckPosConstraints.m  ,  
   x      ,  

    .  
  CalculateEdges      

 ,      xmin  xmax (  
lab8.m). 
 

 6.4     Arduino 

 

        
,   .   : 

   #include <Servo.h>    
; 

   loop(),        
  ,    ; 

  setup(),     ; 
  Rotate_1_Axis(), Rotate_2_Axis(), Rotate_3_Axis(), Rotate_4_Axis(), 

Rotate_5_Axis(), Rotate_6_Axis(),      
     ; 

  Open()  Close(),      . 
 

 
 6.3 –     Arduino 
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   ,    Rotate_1_Axis(), 
Rotate_2_Axis(), Rotate_3_Axis(), Rotate_4_Axis(), Rotate_5_Axis(), 
Rotate_6_Axis()      , . . 

        .  
   myservo.read(). 

 

 



 
И м. Л  № д к м. П д ь Да а 

Л  

53 
 – 15.03.06  

7 -    

 

        
        

 .     ё   
,      . 

  –         
   -  .   

    :  
)     ; 
) ; 
)  ; 

      . 
 

7.1        

 

 

       
   : 

SSS  , (7.1) 
 

 S  –     ; 
S  –      . 
 

       
 7.1,     –   7.2. 

 
 

 7.1 –    
 , . 

Microsoft Windows 10 Professional RU 
x86-64 

4000 

Microsoft Office 2013 Professional 9398 
MATLAB and Simulink Student Suite 3430 

KOMPAS 3D Home 1490 
  18318 
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 7.2 –   

 
, 

. 
  

., . 
, 

. 
PLA-  2 1500 3000 

 TowerPRO 
MG996R 

7 330 2310 

 MG90S 2 130 260 
Wi-fi  NodeMcu v3 

Lua 
1 790 790 

Arduino Mega 2560 1 1020 1020 
  HP  

19V, 6.15 A 
1 1200 1200 

 
 

 XL4016 
1 610 610 

 
 

  7.2. 
16-  -

    
 

   
PCA9685 

1 400 400 

3D-  1 12467 12467 
 3*8 (  

 
  ) 

36 - 20 

 Acer 
/4.0Gb/500Gb/1024Mb 

1 15000 15000 

  33010 
 

        

 : 

33010 18318 51328 .S     (7.2) 

 

7.2    

     :  
 P  = 65  – ,  ;  
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 P  = 18  – ,    ;  
 

 n = 12 –    ;  
 T .= 2.26 ./  ∙ . -   ; 
 N  = 84   –   ; 

 
 N  = 8 . –    . 

 
  : 

 

. . .( )К ДS n N N       (7.3) 

 
   : 

 

. . (0,065 0,018 12) 8 2,26 84 426S         (7.4) 

 

7.3     

 

 ё       
  ,      

 .       : 

,
12



l

mК
АК n

n
 (7.5) 

 

     15000 .К   –    ; 
 4mn –  ; 

5 ln   –  .  

15000 4
1000 .

5 12А АК


  


 (7.6) 

 

7.4   

 

 ,      
   , ,    

 ,    7.3     
   7.1. 
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 7.3 –   

  
 , 

. 

      51328 

    1 000 

    426 

 52754 

 

 

 7.1 –   

 

7.5       

 

        
   .     7.3, 

      .   
 ,      .  : 

  : 
   ,    Linux, . . 

    ,      
 .    ,   

Windows.    Wine,    
,   Windows  Linux. 
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    Windows  OEM- .    
  300  1200 . 

 Office 
         

.   LibreOffice  LibreOffice. 
   

        
 Python      .  

    .   
 . 
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8     

        
 .  ,      
   .    
  12.0.001-2013,  12.0.003-2015,  12.1.019-2017, 

 12.2.003-91,  12.1.038-82,  12.3.002-2014 [33-42]  
: 

  

   ,  ,   
  . .; 

     ,   
  ; 

     ; 
    ; 
     ; 
     ,  

,   ; 
    ; 
        

 ; 
        

, , ,   ; 
     ,    

     . 
 

       
,       

  2.601-2013   2.602-2013    
        
, ,  ,  , 

 ,  ,  ,   
  ,      

. 
 
8.1     
 

    : 
    ; 
 ; 
 ; 
 ; 
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     . 
       
 (  12.1.004)   (  12.1.010). 

 
К    . 

    ,  
 ,     ( , ).  

     12.1.019,   
      

   ,    , 
  PLA- ,   ,     
    .   PLA-  

  ,     ё . 
      0.07 / 3,   

     0.50 / 3.  
  :  

  2.1.6.1338. «    ( )  
     .  

» ( . .  .) 
  2.1.6.1983 05 «    ( ) 

      .  
  N 2 . 

  2.1.6.1338-03»   16000-1-2007 «   . 
 1.  .  » [33-42] 
 

. 
     

 .   
       

     , 
  .  

   12.1.019   12.1.038  
   : 

    ,   
        ; 

       
 – 6 , ,      
         

– 8 ; 
       , 

,     ,  
  ; 

     
         ё   
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  ё  . 
 
К . 

      , 
  ,   ё   
,         . 

       
     , 

  .  
   12.1.019   12.1.038  

   : 
    ,   

        ; 
       

 – 12 ,       12.1.038  
     

  1        
; 

       , 
,     ,  

  ; 
      

        ё   
ё  . 

 
К . 

   -,  ё     . 
       

  : 
   ; 
      ,   

,  5 , ,    12.1.038,  
      

     – 8 ; 
        

 12 ,       12.1.038  
     

  1        
; 

    ,   
  . 
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    . 
 ё       

      5 , ,   
 12.1.038,      

       
– 8 .  

 
8.2    
 

     
      . 

   12.3.002: 
       

  .   ,   
  ,    

 ; 
        
      

 . 
 

 8.1 – ,      
 

    
 PLA-  (  , 

 ,    
) 

4 

 (  ) 4 
 (    ) 4 

, ,  
  . (     

  ,   
) 

4 

 
         

 .    (  8.1)  
          

      
 . 

 
8.3    
 

      
          

12.2.064,  12.2.061,  12.2.003: 
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      ( ) 
; 

       
        

 . 
 

8.4   ,    
 

      
        

12.2.003,  12.2.049,  12.2.061: 
        

       
  ; 

        
  ,    

   . 
 
8.5       
 

       
 ,   ,  

    . 
 ,     

  . 
    ,   

         
. 

 
     : 

   ; 
      

 . 
  
8.6      
 

    3 ,     
    , ,   

.  
   –   (  -10  +40 

°C)    40-60%.      
        .  
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8.7    
 

 ,  12.3.002,  31-01-03: 
  ( , ) ,   

 ,    
   ,   ,   

 ; 
        
  ,    

    ,  
   . 

 
8.8      
 

   : 
  ,       ; 
    . 

 
8.9   
 

       
    ,  12.1.004,  

12.1.018, , ,  ,  3.05.06,  3.05.07.  ё   
   ,   

        . 
    ,   

   ,    
 : 

  (  ,   
  . .); 

  (    ); 
  (       ); 
  (  ). 
 
8.10     
 

      
        
        
    . 

 
8.11     

   : 
1)    ; 
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2)    ; 
3)          . 
 
8.12     
 

      
    ,    
.       

    .   
        

     ,  
  ,       

.  
 
8.13    
 

    ,   
 ,     . 

        
  ,      
   . 
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 9    

 

  

      
        

     .  

_   (9.1) 

 
         

   , . .   :    
  .  

      , 
     ,    ,  

 .     Java, Jython,  C (   
).       Java. 

     ,  : 

     360 ; 
     ; 
   ; 
     ; 
      ; 
   ,  . 

          
 . 

         
 . :  ,   . 
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        «  
–  »        -

, , ,  
  ,     .  

 . .     , 3d-   
    ,      

   ,    ,   
    .    

       
. 

         
  3D-   ё .  ё  

   :   – 1 ,  
 –   .    

 3D-       
   KOMPAS-3D.  

        
     .  

      :    
,        

,  ,     
    . 

      , 
   ,    9. 
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