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VERIFICATION OF A VIBROACUSTIC 
GAUGE MATHEMATICAL MODEL 

S.G. Nekrasov, .S. Ponomarev 
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The article covers the vibroacustic gauge mathematical model developed on the basis of

structural theory of the distributed systems. The simulation model of the sensor was created at

Matlab environment. The article shows the results of numerical experiment that have been ve-

rified at Solid Works environment. Moreover, the correctness of numerical computations has

also been confirmed by the results of a full-scale experiment. 

Keywords: resonance frequency methods, structural theory, wave processes, numerical model,

full-scale experiment. 
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    [2]  -

  1   : 

D r r w + h( 2w/  t2) = (r, , t),     (1) 

 r  = [( 2/  r2) + (1/r)( /  r) + (1/r2)( 2/ 2)] – 

 ; (r, , t) –  -

; D = Eh3/[12(1– 2)] –  -

;  –  ; E –  ; 

 –  ; h – ; r – -

;  –  . 

     

  ,   

     -

     : 

Mr = –D{( 2w/  r2) + [(1/r)( w/  r) + 

+ (1/r2)( 2w/ 2)]} = 0,  r = R1,            (2) 

Qr = –D{( /  r)( r w) – (1/r) ( / )  

[(1– )( /  r) (1/r)( w/ )]} = 0,  r = R1. (3) 

   : 

w(r, , t = 0) = w1(r, ); w(r, , t = 0)/  t = w2(r, ). 

 (r, , t)  , -

      , 

       .  

   [3] : 

(r, , t) = P(r, , t) – G1 (r – r0) – F1 (r) + 

 + h[w1(r, ) (t) + w 2(r, ) (t)].                    (4) 

   P(r, , t) –  

     , -

     ,   

 ; G1 –  

     -

,    -

  r0; F1 –   

    ; R1 – 

  ; , r , t  – -

      r  -

 t. 

   -

 2      -

    (  

 ): 
2ui / t2 = ci

2kf
2 2ui / x2,        (5) 

 i = 1   , i = 2 –  ; 

ci
2= EU

i / i –     -

 ; i – , kf – -

      

  .  

    2: 

EU
1 r0 u1/ x = G1 + G0 (x = 0), 

EU
1 r0 u1/ x = –G2–G0 (x = l),      (6) 

EU
2S u2/ x = F1 + F0  (x = 0), 

EU
2S u2/ x = –F2–F0   (x = l).       (7) 

    3  

:  

d2v/dt2 = 2 r0G2 + F2.        (8) 

      

  [4]: 

u2/ x = (G0 + 12P)/sP, 

P = (U + 12 u2/ x),        (9) 

 sP = sU + 12 –   2  

  P; sU –  -

     

(U –  ); EU
i –   

     ; 

F0  G0 –     

 ,    

      -

  (9). 

   : 

u1(0) = w(0), u2(0) = w(r0), u1(l) = u2(l) = v. 

     

     -

  ( ) , 

    -

    -

   .  

    -

  (1)–(9),    

      

   , -

    [2]   

:  

D r r w + R–1
r  + h( 2w/ t2) = (r, , t),  (10) 

A11 r r –R–1
r w = 0,                     (11) 

 R –     –   

 . ,    

R    (10)  (11)   -

 (1).      

     -

,       

    -

 [3],   [1]. 

    -

,     -

  ,   -

    2  -

,     

   ,   
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SolidWorks   -  

 CosmosWorks,  -

     -

.     

c    

 Matlab.  

 . 2  -

  ,   

      

    . -

     

:   – 30 ;  – 3 

;      – 

2,1·1011 / 2,   -

   – 2,21·1011 / 2,  

 – 30 ,   – 15 , 

   – 300 , -

     –

 7,8·103 / 3,   –

 2,3·103 / 3,    

– 0,29.  . 2  ,   

    f02 = 7460 

.  . 2  3, ,   

     -

    2,5  , 

   .     

  . 5,     

  [4]  3  
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  .  -

   . 4    
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,      -

   . ,  

 
 

. 2.        
     (f02 = 7460 ) 

 

 
 

. 3.        

     (f03 = 31900 ) 
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 r –  ; E –  ; 

 –  ,   

      -

   ,   

      . 

 
. 4.     
     f03 

 

 
. 5.     
   f02 = 7,46   f03 = 31,9  

 

 
. 6.      

 



      
 

 «  , , »,  16  111

     

     

, ,  ,  -

 . 

     -

      

,    -

  -   CosmosWorks, 
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