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     ,    
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   -   

  .    

 ,      

        

     

 .      

         

  «    

   ».  

  –     

. 

  –    -
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-        

     . 

      :  

–   , ,   

  .    . 

–       

        

  MATLAB/Simulink. 
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–      
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1 я   

 

1.1 я я    

 

      

   [60].   ,  

    ,   

      ,   

.        , 

    ,     

  .  ,    

    .  

       

     (   ). 

      

,    .    

      ,  

 (  )   . 

       

        

  .     

           

 ,    –  ,    10-30% – . 

      

      ( ),   

   .   

   ,    

   . 

        

 , ,    
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      (  

1).   ,     ,  

  .  ,    

       

 (  2). 

 

 

 1 –         

 

 

 2 –        

  

 

       –  

.       

      .  

      ,  

  ,     (  

3). 

 

http://industrial-wood.ru/uploads/posts/2018-11/1543309947_r8.jpeg
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 3 –        

 

 

     ,   

( )          

  .  ,      

,         

  .     

  ,    . 

         

  ,    

     .  ,   

 ,    . 

     , 

    ,    

  . 

      , 

     ,   ,  

     . ,  

      . 

,        

  ,    ,   

 , . .  .   

http://industrial-wood.ru/uploads/posts/2018-11/1543309979_r9.jpeg
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  .       

,      

    . 

 ,       

    ,     

     . 

       

       ,   

    .     P 

    Q,     

 .     P/Q  

   .     

  ,        

 .      P/Q,  

   .     

     .     

 ,      .   

  ,    — .    

       

 .      

        

. 

  ,       

        ,   

          

    (     

   ).   
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       P/Q 

(  4). 

 

 4 –       

  

 

 OA    ; 

        

 .       

          

.   AB     

( , ) .   ,  

 ,    ,      

  ,      

,    .   BC   

   ,   

,        

.       . 

 

1.2    

 

 21           

  .      
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.        

   ,   ,   [61]. 

        

 .       ,  

        ,   

,     . 

 

 

 5 –   

 

  ,     

  .   ,   . : 

 ; 

 ; 

  . 

,       ,  

     . 

     . 

    ё   :  , 

   ,    . 

      , , 

 .      -92 



12 

 95.        

 . 

 ,  ,   , 

    ,   ,  ,   

   .       

,     . 

    ,    

  ,      .   

  :    . -

,     . - ,  

 .      

  ,     

 . 

    

 

 6 –      

 
 

        : 

 ; 

 . 

      

 ,   .        

 .      . 
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      ,   

  ё    ,   

   .   ё  

   ,  .   

    ,   

 , , , . . « » ,  

        

. 

   ё     

   ,       

 .      

 . 

  

 

 

 7 –    

 
          

: 

  90 .        

,   ,   ; 

 ё    200     , 

    , ; 

https://ac.tools/rabota-s-otbojnym-molotkom-vidy-instrumenta-i-instrukciya-po-rabote/
https://ac.tools/rabota-s-otbojnym-molotkom-vidy-instrumenta-i-instrukciya-po-rabote/
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       500 ,   

      ё ; 

 ё       

. 

        . , 

,   200        15 

.   ё        25 

    .  ё   

      ,  , 

  . 

      ,      

 .     ,     

  10 , ,    .  

       ,   

      . 

  

 

 

 8 –      

 
  (  ); 

  ; 

  ( ); 
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     (     ); 

    (      

); 

    (  ); 

   (  ,     ); 

   (  ); 

   ( / ). 

         

ё   ,     ,   

  . 

        . 

     ,    

  ,    (    ) 

    .      

ё     . 

  

 

 

 9 –    

 

        . 

      . 
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    .      

    .    

      .  

 .      ,   

 .      

,       . 

     ,   

   .    ,  

    — ,      

 .     . 

       , 

           

  . 

 

1.3     

 

      ,  

,  ,      «  » 

    ( ),   

 ,         

 ,      (    

) [51].       

          

  . 

       . 

 : P –  ( ) , ; B – 

  , ; L –   , ; F –  

, ; M –   , ; Msr –   

, ; Q –  , / . 
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 1 –       

 
 

          

(  10) ,    P   

  10   ё  Q.  

   ,       

     ,     

,       , 

        , 

       (  

)         ,  

    ,    

 ,       

. 

 

 

 10 –       
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   ,    

,        ,  

        

  P/Q = 6…18 (  2) (P/Q = 4…23    

),        

     P/Q = 10…20 [50] (P/Q = 

10…22   [38]  P/Q = 16…24   [20]),   

     P/Q = 2…5,5 [49].  

 ,         

,    .      

      , 

     .    

    [48; 62]   

   [   (   (double 

jump),   (partial uplift), continuous contact)  .]   .  

         

 .    

          

        

 ,        

  [20; 26; 37; 47; 41].  

         

(  3)      

 R2 = 0,136 (  1). 

 



19 

 

 11 –      

     

 

 

 12 –        

   

 

 ,     ,  

     .     

,         

        

       

  ,       

     .      

      30…40 . 
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     (50…100 ) [50],  

       (25…40 ) 

[38].        

       

,        

     ,    

  [52],      [53]. 

      

  ,     ,   

          

        

  ,      

      . 

 

1.4      

я  

 

      

:  ,    ,  

,   .    

     

,    ё .  

    .  

        

     :  

( ), Wacker Neuson ( ), Weber ( ), BOMAG ( ), 

 ( ), Dynapac ( ), Plato ( ), Splitstone ( ), Top Machine 

( ), Champion ( ), GROST ( ),  ( ). 

 ,     ё   

    , 
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  ,    

   .  

        

       

  ё : . . , . . , . . 

, . . , . . ё , . .   . [59; 57; 56; 5; 3]. 

        

  S. Xu, S. Ryan, A. Jonsson  C. Adam [73; 72; 68; 63;]. 

        

    ё  C. F. Beards [67].  

   ,   

,       

   .    ё  Zhongxu 

Feng  Yunshi Yao [74] ё       

    .     

       

 .  

ё  K. Kaufmann  R. Anderegg [65; 64]   

     .    

         

.  

 ,    ,  

       .  

, . . , . .   . .  [28]  

       

,     

     .  

. .   . .  [28]   

,      
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(  ),       

-  .  

  . . , . .   . .  [16] 

      

,     

       . . . 

  . .  [36]      

    ,   

        

 .  

ё  . . , . .   . .  [32; 54] 

          

 .  ё   . .   . .  

       [35].  

        

       .  

 . . , . .   . .  [44; 43; 42] 

      

   .  

. .   . .  [7; 8; 9; 10; 11; 12]   

         

,         

   . . .   . .  [17] 

      . 

       

     . . .   

. .      

     .  
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  ,  ,  ,   

      [29; 30; 58].  

-   , , , 

, , , ,     «  « » 

( . ),   ( . ),  « » ( . ),  

«  » ( . ),  «   » ( . ), 

        

 ,       

     

.    ,    

     

      .  

       

,       

     ,  

,   ,    .  

        

,        

     [5].   

 ,     

     ё .  

   . .  [39; 40],   

     – 

  .   

 ё    ,  

      ,  ё 

      . . .  

     .  

ё       [4]    
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.  

   ,  

     

,       . 

        

,          

     .   

  . .   . .  [6],    

        

    ё     

 ,     

    . 
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2  я 

 

      

 -      

   .    

      

.       

   . 

      

       

,        

,   .  

 

2.1 я    я   

я   

 

      

      [27].  

      

      .  

        

 . 

       

   , , , . 

      -  

        

.       

       

     [55]. 
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  -    

 . . .      

 .      

,    ,    

 –        [57], 

. . 

 

  < к  [ ] , (2.1) 

 

   –    ;  

         –    ;  

          –       ;  

        к = (0,95–0,98)  . 

       

 :  

–      ;  

–        

    ;  

–    -  ;  

– -    ;  

–     ;  

–     . 

       

   13.      

       

 . 

  13   :  

mp –   , к ;  

mf –  , к ;  

Fe –   , Н;  
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ms –      , к ;  

sk  –       

, Н/ ;  

sc  –      , Н / ;  

fk  –    , Н/ ;  

fc  –    , Н / ;  

zs, zp, zf –    , , . 

      -

  - . 

        

  (  14)   ,  

      ,   

   .  

 

 

 13 –       

 

 



28 

 

 14 –       

 

     

     «  

 – »: 

 

     
 

   
2ω sin(ω ),

,

; ,

s p p s p s p p pf f f f

s p e e e e

p pf f f f f f f

p s p s

m m z c z k z c z z k z z

m m g m r t

m z c z z k z z m g

z z z z











            

       

        

 

         
(2.2) 

 

 em  –   , к ;  

er  –    , ;  

e  –      , а / , 

=2e f   ;  

f  –    , ц;  

t  – , . 

 : 
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0, 0, 0.p s p sz z z z                                                                              (2.3) 

 

      

     [27; 69]: 

 

 

 ( )x t  –  ,     

  n-  ;  

( )y t  –  ,     

 ; 

( )A t  –    (n × n);  

        ( )B t  –   (r × n),  

 r –  ; 

( )u t  –  ,     

 ; 

( )C t  –   (n × p), p –   ;  

( )D t  –  ,      

. 

    (  ) 

  : 1x  –   

 , 1 px z ; 2x  –    

 , 2 px z ; 3x  –   , 3 fx z ; 4x  

–    , 4 fx z . 

  (2.5)      

     : 

 

( ) ( ) ( ) ( ) ( ),x t A t x t B t u t                                                                       
 

( ) ( ) ( ) ( ) ( ),y t C t x t D t u t     
 (2.4)   
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1 2

2 1 2 4 1 3

2 2

3 4

4 2 4 1 3

,

1 ,
ω sin(ω )

,

1 .

s s f f

s p s p e e e e

f f f
f

x x

c x k x c x x k x x
x

m m m m g m r t

x x

x c x x k x x m g
m

 
 
 
  



          
 

        



        

 (2.5) 

 

        

       : 

 

1 2 3 4 1 2 3 4, ,
T T

X x x x x X x x x x                                                     (2.6) 

 

0 1 0 0 0 0
1 0

, ,
0 0 0 1 0 0

10

s sf f f f

p s p s p s p s f

f f f f

p sf f f f

k k c c k c

m m m m m m m m m
A B

k c k c
m mm m m m

   
   
   
   
   
   
   
   
      

 
 

   
 

  

      (2.7) 

 

1 0 0 0 0 0
0 1 0 0 0 0

, ,
0 0 1 0 0 0
0 0 0 1 0 0

C D

   
   
   
   
   
      

                                                                       (2.8) 

 
  (U) 

 

 2ω sin(ω )
.e e e e p s

f

m r t m m g
U

m g

 
 
 
 

      



                                                                           (2.9) 
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2.2      

MATLAB/Simulink 

 

  .    

       

MATLAB .      : 

 
6 6 3 3

3 3
2

60 10 / ; 3.2 10 / ; 2026 10 / ; 96 10 / ;

  

16 10 ; 32 10 ; 0.4 ; 32 ; 2 / ; 27 .

s f s f

p f s p e

k Н k Н c Н c c Н c

m к m к m m к m к f а f ц 

         

           

 

 

      15. 

 

 

 15 –       

MATLAB/Simulink 

 

      

      , 

 16,  17,  18,  19. 
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 16 –      

  

 

 

 17 –      

 

 

 

 18 –     
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 19 –        

 

     

     , 

,    ,       

 . 

      

-     .  

    MATLAB/Simulink    

   «   - »  , 

,      .  

        

  .      

        

     .   

        

  . 

  

        

       , 

 ё   .  

         

 .      
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    .   . . 

 [34; 46, . 7-8]     

: 

        

      ,  

    .  ,   

         

;  

        

        ,  

    .  ,  

     ё ;  

        ,   

     .     

       ё 

 .        

      

,     .  

  ,     

      

.         

 . 

     , k = 0, 

       ,  

-       

   0  +∞      [-1; j0]  

        

    .   

     , . .  

   .  
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  Х(s)       F(s) 

   ,    s   

 , :  

 

( )
( ) ,

( )

X s
W s

F s
  (2.10) 

 

 s –  .  

      

,  dtd/   ,s      

: 

 

).()()()( sFsBsXsA   (2.11) 

 

 ,       

 :  

 

( )
( ) ,

( )

B s
W s

A s
  (2.12) 

 

, ,      

.  

   -   

 ,  (2.13): 

 

.
)(

)(
)(

10

10

nn
n

mm
m

asasa

bsbsb

sA

sB
sW







  (2.13) 
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   ,    

  n.   ,    

    Х(s) = W(s)∙F(s).  

       

       

,     . 

   L  

s s=ss( , , ,D) 

s s1=tf(s s) 

    L    

      –   : 

   –   , 

 (2.14): 

 

5 2 5

4 3 4 2 4 6

3,125 10 9,375 10 0,003125
( ) ,

97,73 1,391 10 4,922 10 1,339 10

s s
W s

s s s s

      


         
 (2.14) 

 

   –   ,  

(2.15): 

 

5 3 5 2

4 3 4 2 4 6

3,125 10 9,375 10 0,003125
( ) .

97,73 1,391 10 4,922 10 1,339 10

s s s
W s

s s s s

       


         
 (2.15) 

 

     ,    

   .  
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3   я 

 

3.1   я  

 

      

      -

:  ;   [18];  

-  [36];   ;  ; 

  ;     ;  

    (    

).  ,      

-  -     Aidan O’Dwyer, 2006 [70] (443  

 - )  Aidan O’Dwyer, 2009 [71] (1731   

- ). 

        

  -  [13].     

   ,    

        

  . 

   ,   , 

-       

       

  [13; 15; 31; 55; 70]. 

     ,  

    (CAP) 

      

     . 

    ,    , 

        

      . 

http://automation-system.ru/main/item/40-klassifikacziya-texnologicheskix-proczessov-asu-tp.html


38 

        

  -      

 (  6). 

      , 

    , : 

     Y ; 

  ; 

     Tp; 

   ( ) Ta; 

   Е  (    

); 

  . 

 ,        

      (  20). 

 

 

 20 –  ,    

 

 

http://automation-system.ru/main/item/70-opredelenie-parametrov-perexodnyx-xarakteristik.html
http://automation-system.ru/main/item/70-opredelenie-parametrov-perexodnyx-xarakteristik.html
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   ,  

       

     . 

         

  . .    . 

       

      

  . 

)   Е  (    

 ). 

   Е =У  – У ,  Y  –  

.     ,     

   .      

 Е .        

 .        

    ,   

   ,   

    . 

)  . 

  y    

.       

   : 

 

%.100max

y

yy
y




                                                                                         (3.1) 
 

)   –  ,   

  ,     

   (    )    . 

http://automation-system.ru/main/item/24-oshibka-kalibrovki.html
http://automation-system.ru/main/item/54-sostav-asup.html
http://automation-system.ru/main/item/74-pokazateli-kachestva-proczessa-upravleniya.html
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 ,       

  : 

– ,      

 ; 

–    ,   

   . 

        ,  

   . 

 

3.2   - я    я  

 

 :     ,  

      (  21). 

 

 

 21 –     

 

 Wy(s) –    ; Wp(s) – 

  ; g(s) –  ; ε(s) –  

; u(s) –  ; y(s) –   

.  

    -  (Kp, Ki, Kd)  

       [75]. 

 

0
0 2

0 1 2

( ) ,
b

W s
a s a s a


   

 (3.2) 

 

   -  

Wp(s) Wy(s) 

– 

   
g(s) ε(s) u(s) y(s) 
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.)(
2

s

KsKsK
sW

ipd

y


  (3.3) 

 

      -  

  : 

 

.)()()(
2

2
1

3
0

00
2

0
0

sasasa

bKsbKsbK
sWsWsW

ipd
y 


  (3.4) 

 

       

 . 

       -  

      .  

 ( )    -      

        (3.2) 

:  

 

.
)()(

)()()(
01012

2
011

3
0

0101
2

01
0

bKsbKasbKasa

bKsbKsbK
sWsWsW

ipd

ipd

y 


  (3.5) 

 

       

(3.5):
  
 

.)()()( 01012
2

011
3

0 bKsbKasbKasasD ipd   (3.6) 
 

     (3.6)    Ki, 

Kp, Kd  .       

 :  

)  .  

   D(s) = 0  : 
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1 1 2 2 3 2, , ,s s j s j                                                                    (3.7) 
 

 η1 –  ; 

η2 –     ; 

β –      

. 

,    

  : 

 

).()2()2()( 2
2

2
121

2
2

22
21

3
1   ssssD  (3.8) 

 

)  . 

   D(s) = 0   : 

 

.,, 332211   sss                                                                               (3.9)
  

     : 

 

.])([)()( 32121213
2

321
3

1   ssssD   (3.10) 

 

 
   (3.6), (3.8)  (3.6), (3.10), : 
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1 1 0
1 2

0

1 1 0
1 2 3

0

2 1 0 2 2
2 1 2

0

2 1 0
3 1 2 1 2

0

2 21 0
1 2

0

1 0
1 2 3

0

2 ,

,

2 ,

( ) ,

( ),

.

d

d

p

p

i

i

a K b

a

a K b

a

a K b

a

a K b

a

K b

a

K b

a

 

  

   

    

  

  

 
  

 
  

 
    

 
    


  


  

                                                                  (3.11)           

 

    ,  

        

 - . 

   : 

 
2 2

2 1 2 0 2

0

2 2
1 2 0

0

1 2 0 1

0

( 2 )
,

( )
,

( 2 )
.

p

i

d

a a
K

b

a
K

b

a a
K

b

   

  

 

     


  


   


 (3.12) 

 

   ( ) : 

 

3 1 2 1 2 0 2

0

1 2 3 0

0

1 2 3 0 1

0

[ ( ) )
,

( )
,

( )
.

p

i

d

a a
K

b

a
K

b

a a
K

b

    

  

  

     


  


   


 (3.13) 

 

 (3.12)  (3.13)    

      -  



44 

      (3.2),   

      - . 

 ,        

 (3.14)     (3.2). 

 

1
0 1

( ) .
...y n n

n

k
W s

a s a s a
    

 (3.14) 

 

       

   , ,   

    ,     

        

  .     . 

    : 

 

1
0 1( ) ... .n n

ns a s a s a       (3.15) 

 

    (3.15).   

        

 ,       

    ,     

 .          

   .  

  –    .  

    -  ,  

         

 .    

 ,   . 

       

: 
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.
1

0



na

k
b                                                                                                         

(3.16)    
 

   ,     

   .    

      .  

 –   . 

         

 : 

 

.)(lim)( 0
0

bphph
p




                                                                                    (3.17) 

 

 -     

 .  

  ,   -     

   : 

)        

; 

)    .     

    ,  ,   ; 

)       

,       

  ; 

)       

,       . 

 

3.3   я   я  

 

   4    

: 
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–       ; 

–         

 ; 

–       

.  

  ,     

. 

  : 

 

2 3 2 3 2 20.1; 3; 0.2; 0.15; 0.3; 0.6,K K T T         

2
2 2 2 2

2 2 2

0.1
( ) ,

2 1 0.04 0.12 1

K
W s

T s T s s s
 

         
 

 
3

3 2 2 2
3 3 3

3
( ) .

2 1 0.0225 0.18 1

K
W s

T s T s s s
 

           
 

    : 

 

23 2 3 2 2

4 3 2

0.1 3
( ) ( ) ( )

0.04 0.12 1 0.0225 0.18 1
3000

.
9 99 841 3000 10000

W s W s W s
s s s s

s s s s

    
       


         

 

  : 

 

4 3 2( ) 9 99 841 3000 10000.D s s s s s          
 

       

 22. 



47 

 

 22 –   

 

  : 

 

























9

99

841

3000

10000

v

. 
 

     : 

 

1 2 3 44 5.333; 4 5.333; 1.5 4.77; 1.5 4.77.s i s i s j s j                 
 

       

 . 

    : 

 

 : 23 1 2 3 4min( Re( ), Re( ), Re( ), Re( )) 1.5,s s s s        
 

: 1 2 3 4
23

1 2 3 4

Im( ) Im( ) Im( ) Im( )
max , , , 3.18,

Re( ) Re( ) Re( ) Re( )

s s s s

s s s s


 
  

 
 

 

: 23
23 100 37.235,e





    

0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

, 
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 : 

 

.
1

3
23

23 
pt                                                                                                     (3.18) 

 

     ,  

    , ,  

     ,   

        

    .     

. 

1       : 

 

11

4 5.333 ( 1.5 4.77)
2.75 5.051.

2

i i
s i

      
    

 
 

  ,     

     .  

2        

      Mathcad: 

 

2[ ( 2.75 5.051)] [ ( 2.75 5.051)] , 5.5 33.075101.s j s j collect s s s              
 

3        

,       

 

2
2 25.5 33.075101

0.03023 0.166288 1.
33.0751101

s s
s s

  
    

 
 

,     : 

 



49 

,
1166.003.0

)(
2

0




ss

b
sWэ  

 

 b0 –       

(b0=0.3). 

      

 MATLAB (  23). 

 

 

 23 –    W23  W  

 

   ,     

.         

  - .  -   

 : 

 
2

.d p i
y

K s K s K
W

s

   


                                                                                  (3.19)  
 

 -   ,    

  ,    : 

 

0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

, 

WЭ 

W23 
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2 2
2 1 2 0 2

0

2 2
1 2 0 0

0

1 2 0 1

0

( 2 )
,

( )
,

( 2 )
,

p

i

d

a a
K

b

a a
K

b

a a
K

b

   

  

 

    


  


   


                                                                      (3.20) 

 

 а0, а1, а2 –    . 

       

-  η1=1, η2=5, β=0.5, , : 

 
2 2

2 1 2 0 2

0

2 2
1 2 0 0

0

1 2 0 1

0

( 2 )
0.219,

( )
2.444,

( 2 )
0.554.

p

i

d

a a
K

b

a a
K

b

a a
K

b

   

  

 

    
 

  
 

   
 

 

 

  24      -

. 

 

 

 24 –    -  

 

      

     

0 1 2 3 4 5 6 7
0

0.2

0.4
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1.2

1.4

, 

WЭ 

W23 
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4   

 

4.1   

 

        

      

,        

 ,      

.   –  -05-45. 

 :  

      

 ;  

        

 ;  

      ;  

   . 

 

   

     

     .  

       

      

.       

     «  

»  «     »  

    . 

 . 

 -05-45 (  25)    

       ( , , -

 , )   , -
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   ,       

 .  

    ,    

  .      

      -99 , 

      

 ,      

.        

.         

 ,      

.        

   .   

    

 . 

 

 

 25 –    -05-45 [76] 
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 2 –    -05-45 

  

 ,  0,25 

  , 1/   3000 

 ,  2,55....5,1 

  ,    2,5...5,0 

  ,  

,  42, 220 

 ,  50 

  (     ),  825  388  1000 

  ,  388  388 

 ,  200 

 , /  10 

,  45 

 

 -99  (  26)     

       , , 

    ,  , 

    . 

 

 
 26 –        

  -99  

 

       

     .   
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  ,  27. 

 

 

 
1 –  ; 2 –  ; 3 – ; 4 – ; 5 – ; 6 – 

; 7 –  ; 8 – ; 9 –  
 

 27 –        

  -99   

 

       

     . ,   

 ,      . , 

    ,    . 

  ё     

      ( .  28). 

  ,    

  ,  ,    

. 
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 28 –       

–99  

 

 3 –       -05-45 

 
 

 
 4.4 

 
 
 

n, 1/ и  

 
, 

me, к  

 
, 

 

. , 
к   

(  
) 

 
, , кН 

I 3000 0,595 4 2,55 2,5 
II  3000 0,595 4 3,45 3,4 
III  3000 0,595 4 4,20 4,1 
IV  3000 0,595 4 4,60 4,5 
V 3000 0,595 4 4,90 4,8 
VI  3000 0,595 4 5,10 5,0 

 
 

 

 29 –   –  -05-45  
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 30 –   -99  

 

. 

   : 

  USB; 

  ; 

 ; 

 . 

 USB. 

 USB – 3 , USB- , ±2g/±4g/±8g/±16g,  

   USB,   256  

(http://accelerometer.narod.ru/accusb.html)     

 MEMS-  Analog Devices      

     ,    . 

 – ,    

.        

 .       

   .     

       MEMS 

(Micro Electro Mechanical Systems)  - .  –  

  ,      

 .    
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   - .    

  . 

  31      

 -  [14].      

    ,   

  ,    .  

      

 ,    ( )  

   2 .    

     , 

   1       

- ,    [14]. 

 

 

 31 –   MEMS-  [14] 

 

       

      . 

       

 .         

,      . 

    ,    ,  

   ,  
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[14]. 

   (    )  

« »        

      .  -

         

       .   

      

         

   .  

       

      [14].  

  31      

 .     32     

 :   (m),   (k), 

  (b).       

32    ,    

 . 

 

 

 32 –   MEMS-  

 

   32          

   .       

.       
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      0- ',      

       . 

        33 

: MEMS- ,  ,  -

  ( ),    

( ). MEMS-     

  ( )    , 

  .     

       

 .       , 

       

.       , 

       ,   

   . 

 

 

 33 –       

 

 -   ( )  

         

   .   

        

      V   S. 

 USB   . 
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 USB,  34,  35,    

     USB ,   

   USB.    ,  

   . 

 

 

 34 –     (  ,   

USB) 

 

 

 35 –     (  ) 

 

  34 (  )   USB ( )   

MEMS-  ( )      –  

   . 

 . 

    : 

     ±2g, ±4g, ±8g  ±16g; 
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   ,     

(          

        ; 

         

); 

    3200 , 1600 , 800 , 400 , 200 

, 100 , 50 , 25 , 12,5   6,25 ; 

   /  ,    

   . 

    , 

  ,        

     .  , 

  ,   : 

–  ;  

–   ( ,  , ); 

–      ; 

–  : 

)          

txt    csv (    MS Excel);  

)         , 

, MS Word, PowerPoint: 

–  (  wmf- ,      

/ ); 

–         

 ( ,  ); 

–    (     

 ,      

)   ( ,   ). 

       . 
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     ,   

 ,    25%    2 , 

     ,   ,  

 .       

         

 ,    1-3    . 

  

 , : 2,5. 

  , : 300. 

   (  / ): =30, h=30 . 

   : 100...300 . 

  : 

: (0,92...1,00) . 

: (0,84...1,02) . 

  : +0,01 . 

-  . 

     -

-      –   11 

(  25607-2009) [1; 2],  4. 

 

 4 –   - -  

 
 

 
  

,  

 , %  ,     ,  

    120 80 40 20 10 5 2,5 0,63 0,16 0,05 
   (  )  

9 80 0 0-10 15-
35 

28-
55 

40-
70 

50-
80 

50-
80 

60-
88 

85-
97 

95-
100 

10 40 0 0 0-10 25-
60 

45-
80 

57-
85 

57-
85 

71-
91 

87-
97 

95-
100 

11 20 0 0 0 0-10 25-
60 

50-
77 

50-
77 

70-
88 

85-
97 

95-
100 

 

  : 

http://standartgost.ru/%D0%93%D0%9E%D0%A1%D0%A2%2025607-2009
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–      ; 

–        

 (       );  

–        

,    . 

–      , (   

 ). 

       

    , 

      

 ( ) . 

 

4.2      

 

      

         36. 

 

 

 36 –       

      

 

         

     37. 
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 37 –        

 

 

 38 –        

 

       

   39.  

 

 

 39 –        
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         40 – 41. 

 

 

 40 –       

 

 

 

 41 –       

 

 

     

 EXCEL.       

    .   

        

   42. 
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4 461
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-6000

-4000

-2000

0

2000

4000

6000

0 0,005 0,01 0,015 0,02 0,025
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/
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11 823

-9 438
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-11 470

-15000

-10000

-5000

0

5000

10000

15000
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,  
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-2
/
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 42 –       

   -05-45 

 

 ,  42, ,   

  (    0,97).  

         

      50 / 2  115 

/ 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

y = 34,935ln(x) + 53,599
R² = 0,9721

0
20
40
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100
120
140
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/
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 .      

 MATLAB/Simulink. 
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,       

   ,    

  . 
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    MATLAB 

 
kf=3.2*10^6; 
ks=300*10^6; 
cf=96*10^3; 
cs=2.026*10^6; 
mf=32000; 
mp=16000; 
ms=0.4*mp; 
f=27; 
g=9.81; 
omega=2*pi*f; 
Fe=32*omega^2;  
%% State Space Equation 
%Coefficient A 
A=[0    1   0   0;  -(kf+ks)/(mp+ms) -(cf+cs)/(mp+ms) kf/(mp+ms) cf/(mp+ms); 0  0 0 1;  

kf/mf   cf/mf -kf/mf    -cf/mf]; 
%%Coeiffcient B 
B=[0 0; 1/mf 0; 0 0; 0 1/(mp+ms)]; 
%%Coeiffcient C 
C=[eye(4,4)]; 
%%Coeiffcient D 
D=[zeros(4,2)]; 
sys=ss(A,B,C,D) 
sys1=tf(sys) 
step(sys) 

     MATLAB 
 
>> VibroPLITA20062020 
 
sys = 
  
  A =  
               x1          x2          x3          x4 
   x1           0           1           0           0 
   x2  -1.354e+04      -94.73       142.9       4.286 
   x3           0           0           0           1 
   x4         100           3        -100          -3 
  
  B =  
              u1         u2 
   x1          0          0 
   x2  3.125e-05          0 
   x3          0          0 
   x4          0  4.464e-05 
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  C =  
       x1  x2  x3  x4 
   y1   1   0   0   0 
   y2   0   1   0   0 
   y3   0   0   1   0 
   y4   0   0   0   1 
  
  D =  
       u1  u2 
   y1   0   0 
   y2   0   0 
   y3   0   0 
   y4   0   0 
  
Continuous-time state-space model. 
 
 
sys1 = 
  
  From input 1 to output... 
               3.125e-05 s^2 + 9.375e-05 s + 0.003125 
   1:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
             3.125e-05 s^3 + 9.375e-05 s^2 + 0.003125 s 
   2:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
                       9.375e-05 s + 0.003125 
   3:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
                     9.375e-05 s^2 + 0.003125 s 
   4:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
  From input 2 to output... 
                       0.0001913 s + 0.006378 
   1:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
                     0.0001913 s^2 + 0.006378 s 
   2:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
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                4.464e-05 s^2 + 0.004229 s + 0.6043 
   3:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
              4.464e-05 s^3 + 0.004229 s^2 + 0.6043 s 
   4:  ------------------------------------------------------ 
       s^4 + 97.73 s^3 + 1.391e04 s^2 + 4.922e04 s + 1.339e06 
  
Continuous-time transfer function. 
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