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   - "f". :  ( , Hz),  

( , KHz),  ( , MHz),  ( , GHz). 

    -    

      , 

   . : "" (" "). , 

  : .   (*I): 

 

 =  / f                                                                                                    (2.1) 

 

    -   . 

 

    ( ) - , 

    . : " ". , 

  : /  ( / ).   , 

,   -       .  

     : 

𝑙∞√𝐸𝜌 ;                                                                                                                .  

 

       -   (  ); 

         ρ -  . 

 

        

 

𝑡∞√𝜌 ;                                                                                                                .  

 

          G   - 

,       -  . 
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        E > G, : 

           

 .  t  0,55 l. 

        

         

R  0,9 t. 

 R    3,03 /  ( / ). 

       : 

 

l  > Ct>CR                                                                                             (2.4) 

 

  : 

 

l>t>R                                                                                                   (2.5) 

 

   - ,   

(    )    . 

     ( ,  

 ). :   - ;   - V 

( );   -  ( ). : U (V)   ( ). 

      , 

   

 

- 0 = 20lg(U / U0),                                                                                (2.6) 

 

    - 0 -    ( )   ( 0) , 

; 

 U -   , V; 

 U0 -   , V. 
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 -       ( / 3). 

   . : "" (" "). 

        

   ,  

   (  ): 

  

Z=Cl.                                                                                                       (2.7) 

 

      (R)  

 (D).        

    

 

R2 = [(Z1-Z2)/(Z1+Z2)]2                                                                              (2.8) 

 

 Z1  Z2 -     . 

 

       

  

-R2                                                                                                (2.9) 

 

      

  (  ) -      

      .  

 "" (" "). 
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  (  ,  ): 

 

Sin/Cl1=Sinl/Cl1=Sint/Ct1=Sinl/Cl2=Sint/Ct2                                      (2.10) 

 

   . 

1)          l>Ct ( .  2.3), 

   l>t, l>t,        , 

 ,   ,    . 

2)         ( l1),   

  , . . =l ("     "). 

3)        . 

    ,    . 

       

: 

 

Kll=Cl2/Cl1; Klt=Ct2/Cl1                                                                          (2.11) 

 

 >1     ( ),  

 <1 -   ( ). 

4)        

,    ( =1). 

5)        (   

).      (  ),   

      : 

l= arcsin(SinCl2/Cl1) = arcsin(KllSin),                                             (2.12) 

t= arcsin(SinCt2/Cl1) = arcsin(KltSin) 

 : 

 = arcsin(SinlCl1/Cl2)= arcsin(SintCl1/ Ct2)                                    (2.13) 
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   - ,       
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   (  )    , 

      ,   

.      . 

     ,   

  .       

. 

   -  ,     

    90,      

       . 

Sin90=1,    (2.13)     

  : 

 

1  = arcsin(Cl1/Cl2)                                                                                 (2.14) 

 

. .     .   " - " 

   28,5.        

 .     .   

      t=33,2. 

      ,    

         (  

  ,      ). 

      ,   

     .  

: 
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   -  ,     

    90,      

     . 

  (2.13): 

2  = arcsin(Cl1/Ct2)                                           (2.15) 

  " - "    57. 

     I  II 

. 

         

   ,  ,   (2.6)  (2.7).  

    ,      .   

     .     

         

  ,       

   " - ". 

      

" - "        (2.2). : Dl, Dt, DR 

-    ,   

 . 

 

 2.2 -      

 " - "      
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 =0 (      ): 

)    Dt   DR  

 0,    ; 

)     Dl  (0,35).  

   : 

)   -   (DR=0); 

)     Dl  ,  

    Dt -   

     . 

    : 

)   -   (DR=0); 

)     Dl   0 

(     ); 

)     Dt    

  ,  " "    0(   

 ). 

   : 

)      (DR=0, Dl=0); 

)     Dt    

,   . 

    : 

)    (Dl=0); 

)     Dt   0 

(    ); 

)     DR  

,   . 

      ,     

      ,   
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  ,  " "     
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  -      

 ,       ( . . 

  ). 

   -    

. ,   : .  

 (*II): 

 

 = l / f                                                                                                   (2.16) 

 

  -   ,   

   . : " ".    

       ( / 0). 

   -    , 

   ,       

  . 

       

,           

  ( ) ,    , 

     .    

  (*I),    

 

 = arcsin(0,61/ )= arcsin(0,61 /af)                                                     (2.17) 

 

      -  ( )    . 
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  . 

 –     

     .  , 

  ,  ,   

 – . 

  –    -

         

 . 

  –      

        

- . 

     –  

   ,     

    ,   1.  

     (  2.1). 
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   . 

 



55 
 

 2.1   

  

  

 

  

 , 

  

  

  0,9 28 

 0,09 560 

 

   -3 0,6 90 

-   -19 0,45 240 

 

      -3,  

      . 

      -19. 

  h     ,   

    –     f  

 (*I): 

 

h  = /2f                                                                                         (2.19) 

 

    (  2.3). 

 

 2.3 -     
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         -19 
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   - 
   

  

 

 
   - 

   

    

   

 

2.2      

   

 

    ,  

     ,   

  .    

      2.4. ,   

 ,   . 

   ,      

     (  ),  

  –   ,   

      .    

   b  ,     

    ,    D   

 d. 
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 2.4 -      

 

     α   

   AFO.   FO = d/2, AF |  FO, 

  = D/2.    ,    

 

α = ∟FAO = arcsin (FO/AO) = arcsin (2d / 2D) = arcsin (d / D)           (2.20) 

 

   β     α    

: 

 

β = arcsin (sin α × C  / ),                                                                      (2.21) 

 

  C    –        

 (        

). 
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        (  )  

 β              

 .    n-n       

  « »     ,  

         β. 

   b    

 

b = OB × sin β = 0,5D × sin β .                                                                (2.22) 

 

        (  )   

     . ,     AFO . 

   (2.21)  (2.22) : 

 

B = 0,5D × sin α × C  /  = 0,5d × C  / .                                      (2.23) 

 

   D ,    

       «  – 

  ( )»,   ,    b 

      . 

           

:         

      ,  

       

« »     ( .  2.5).   

   ,   ,  

          

   ,      

     .  
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 2.5 -       

 

   « » :    

     (   2.5   ) 

    ,     ,  

 .         

    :     

   ,      , 

       

  ( )     

           

 .  

   β  0°,       

    ,      

 α.    ,    

       .   

      «  – 

»    (  2.6),   
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 [1]).   ,      7,3÷12,4°, 

      ( .  2.1),  

       3÷7%.   

         

 : 

 

100% × 7% / (Dt
max – 7%) = 100% × 7% / (62% – 7%) = 13%,               (2.24) 

 

 ,        

 . 

 

 2.6 -    «  – 

»    

 

          

 ,    .     

      ,   

   «  – ».   

   C  = 2730   = 6380 /    : 
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β 1 = arcsin (C  / ) = arcsin (2730 / 6380) = 25° .                              (2.25) 

 

     ,    

2.7.     b1    

 

b1 = 0,5D × sin β 1 = 0,5D × sin 25°= 0,2D.                                              (2.26) 

 

 2.7 -        

  

 

        

     ,   

     .   

   (2)  (4)       

   ,  β  b ,    

   β      
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«  – ».       ( . 

 1)         

3080 ÷ 3130 /  (   [1]),  12   

   2,     (D = 162, 

d = 80)     .  ,    

   (  b)     

       

   .     

  ,      

    ;     

      

. 

    ,     

-     b   (4)  b1   (7) 

,         

  :      

           

,    ,     

  .       

   ,      

    . 3 (  22°),    

       

       12%,   76% 

   ,         

  .  

 

2.3    

 

      . 
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  ,   h       

        C ,  

    –       l, 

  (     )   

   –    (« »)   

 = 0,95,      –   

    t.  

      : 

 

 = 2h / C  + 0,5(D2 + d2)0,5(1/ l + 1/ t) + 2πd/                      (2.27) 

 

 ,       -

2, ,    59        

  20 .     -2,  

         

  ,   (20  / )  .  

     ,     

   «  » - ,    

«  – ».         

  . 

     ,    

    -2  -2  ( ).    

      : 

)           

(      -2): 

 

Δ1 = l / l .                                                                                        (2.28) 

 

)    ,   : 
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Δ2 =  / {[2h + (D2 + d2)0,5 + 2πd]/ l}.                                                (2.29) 

 

(    ,       

        ). 

       

    ,       

,    ,     

       

 

2.4.     

 

-         -

       (    

, .  2.8-  ); 

-    8     (  ) 

    (  2.9-  ). 

-     -     

  . 

-        (  )  

    .   

        

       ,  

  (  2.9- ). 

   8        

. 

   8   -     

   (  2.9- ). 

   6  " / "  10   . 

    ,   , ,     8 

     . 
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 2.8 –     

)      )   

) 

 2.9 -    

 

      

  ( ),      

–     .     
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 ,      

 ,         

       

      

( )  .     

  λ    d .    [2] 

       

 (  2.10).   ,     

 d/λ         

  d/λ = 2,    ,   

  .  

 

 2.10 -      

 «   –  » 

 

 ,   ,    

    ,    .  

        

,          
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      , 

     0,3,   0,7:  

0,3/0,7 = 0,43   f = 2,5 ,    ,  

    : 

 

 λ = l / f = 6380 × 0,001 / 2,5 = 2,55                                                 (2.30) 

 

 ,       

 2,55 × 2 × 0,43 = 2,2 .      

  . 

 

2.5      

 

   ,   ,  

  .    

      .  

      ,   

  .   ,   

 ,     

 -    .    

 ,      , 

 ,     , 

     , ,   

 , ,  ,  

       ,  ,  

      [1]. 

  ,       

 (    ,  , ),  

    , . .    

,    .    
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      , 

       ,  

       

    . 

  ,      

  ,      

( )   .      : 

MSC.Mark; SYSWELD; ABAQUS; Ansys; MSC. Nastran  .   

      . 

 ,      ,  

  « ».       

   [2].   SYSWELD  

   ,    

 ,     ,  

     [3]. 

        

  ( )  ,    

   Al- Mg-Si      

 SYSWELD.  

‒     .  

      D- .  

Autodesk Inventor. 

‒       Visual 

Weld. 

‒  ,        

   . 

‒   .  -   

 Al-Mg-Si     Visual Weld. 

‒   .      

      .  
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       , 

   :      

  .      

     . 

   , ,  , 

        

    SYSWELD – heat input fitting, 

        

      . 

       : 

, ;    -  

. 

‒      –    

( .  2.11, ). 

‒       –  

  ( .  2.11, ). 

‒     ё .     

 .     , 

      ,    

 ,     .  

       

[1]. 

 

               )              ) 

 2.11 -      : 

 -   ё ;  –    
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      2.12 

  

 

 2.12 -    (°C) 

 

 ,       

  -  .  

         

         

   . 

     Matlab&Simulink.  

 2.13     .  

 ,   Linear Transformer, 

   MATLAB,    2.13.   

   ,  

         

 «Help»  MATLAB. 

 

 2.13-     



72 
 

  ,   

Saturable Transformer    2.14. 

 

 

 

 2.14 –   ,  

 Saturable Transformer 

 

    2.12  Simulink   

,    2.15.    

       

 .  

 

 2.15 -     
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     2.12  2.15,   

  ,    MATLAB,   

,    ,   ,  

 ,    ,  

    ,   

    .   

        

 ,  . 

  2.3  ,     

  . 

 

 2.3 – ,       
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     2.4.    U  

     ,  

    .    

       

  ,     . 

 ,     ,  

 (U / U )  ,        

    . 

 

 2.4 –       
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3   

 

3.1     

 

1)  А  ( , , ): 2 - 45lite, №204 

2) Э :    =  70°,  f = 5  

3) S  =   1,2          153-34.1-003-01 ( -1 ) 

4) К   ( , № , ):  1,5×1,1 

 - -5,0/ -70-5.0 №593 1,5×1,1 20. 

5)    : 

        

   « ».  

6)   (   ): 

 , . . h=5  

7)  В Ч (    А Д – ): 

  

8.  : 

   90%  « ».  

 -        

 « »     . 

9)    : 

     « »   

- ,      . 

 « »   ,    

      . 

10) : 

 -     

      ,  

   50 / .     
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𝑡𝑔𝛼 + + ; 
      =5 ; tgα=2,7; B=8 ; =5 . ∙ ∙ , + + = мм. 

 

       : 

 𝑡𝑔𝛼 − > 𝑛 = ∙ , − = , ;        , > => оо ве в е . 
 

11)    : 

   153-34.1-003-01 ( -1 ).   

  . 
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4    

 

4.1        

 
   «    

     (  4.1).  

 

                                   4.1 -   

 

       Arduino Uno. 

Arduino –   -  ,   

      ,  

 .   Arduino     

       , 

        

 .  
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Arduino       .  

       (IDE),  

       Arduino [11].  

    , ,  

       , 

 , .      Java  

   ,  : Windows, Mac OS X  Linux.  

 Arduino    ++,   

 ,      

    .  

,     Arduino    

     .ino.    

( )   Arduino.  

   Arduino Uno    4.1. 

      ,   « »   

  , , ,  

     .   

      

 .  Atmel AVR ATmega328   

 16  8      

(bootloader). AVR –   -    

 AVR,    GCC –    

 - ,     

     .    

     -  . 

  USB    .  

  Arduino Uno (  4.2),  14  

/  (6       ), 6 

 ,   16 ,  USB,  

,  ICSP   .    
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      USB,   

    AC/DC  . 

  

 4.2 –  Arduino Uno 

 4.1 –   

Arduino Uno    

  ATmega 328 

   5  

  

( )  

7-12  

  ( )  6-20  

 /   14 (6      

 ) 

   6  

   /   40  

    3.3   50  

-   32  (ATmega328)   0,5 

    

  2  (ATmega328) 

EEPROM  1  (ATmega328) 

   16  
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   USB.  Arduino Uno   

  ( ),   

USB       .  

   .  

     500   USB    

         .  

     ,   Arduino Uno. 

   JSN-SR04T    (  4.3). 

 

 4.3 -    

  4.4   LCD 1602A  

 

 4.4 –  LCD 1602A 
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1)       ; 

2)       

  ; 

3)       

   MATLAB&Simulink; 

4)       . 
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