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        .   

       ,  

        . ,   

 –       pi ;   –    

   .      

   ,     .   

         

        pi .   

         

        

   .2.5-28-2006. 

        

 ( , -116).       

 – ,        

      . 
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    ,    

  :      , 

 ,  ,     

    ,      

    ’ . 

        

 ,        

.        : 

)/()()/(100 rtkhkSS BB , 

    B SS , –      ;  

        –    ; 

         k –  ,      

   ,  k = 1,2-1,5; 

Bh –   ,     

  (       ,    

    ), Bh = 6,5 - 66,0; 

k – ,     ,   

 (          

   ), k = 1,0 - 1,7; 

t  –   , 54321 tttttt , : 

1t  –   , 1t = 0,5 - 0,9;  

2t  – ,       pa , 2t  = 0, - 0,8;  

3t  – ,        (  

  3t  = 1,0); 
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4t  – ,       ,  4t = 

0,6-1;  

5t  – ,       c i,  

  , t5 = 0,9; 

r  – ,        

 ,        

, r = 1,0 -10. 

         

 :     .  

        

   .     

         

  ,      

  .     

   (  ,   ) o  . 

  F,       

,   : 

)/(NEkSzF , 

      –   , ; 

k –    (    .2.5-28-2006     1,2 

 2,0       o i pi,     

    – 2-18   pi ); 

S – ,  , 
2
; 

MIHCP EEZ /  – ,     

( MIHCP EE ,  –    ),  ,  : 

1,0     ; 1,15 -     

; 1,1 -       ; 

N –  ,       

  L: h; 

 –      

    (     

   ,   , ,   

  ,    :  

 = /(h(A+B), 

      A   -    , ;  

h –        , ; 

 –   (       

    ,   0,8). 

     (    

 )    (     )  

  .   -   

         

  – 10  + 20%. 

     i    
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 ,      .   
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    ( )    : 

                                         NSP / ,                                         

      –   , /
2
; 

S –  , 
2
; 

N –    , . 

       

   ,  ,    

 ,    . 

        

     ,    

    .     

   -        

 .       

    . 

     : 

                                       2/cos rIE AA ,                                

     AE  –       , ; 

AI  –      ,  (      

    ); 

 –           

   ; 

 r –       , . 

  ,   ,    -

.   cos/hr  (  h –    , ) 

    k, : 

                                 )/()cos( 23 khIE AA ,                           

  ,       -  

 ,   ( AE )     

AH EE ,   –  ,     

. 
  ,    , 

             
. 

       (  – 
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  ).      
          

  .   ,   ,  
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.   -  ,    

 ,  ,    ,    

        .  3  

     ( , -  ) –    

 ,       , 

   .       

           

   .     , 

,      x ,  

       . . 

      -

  ( , )   (f, ).  

  –         

           

 .      

,       J (BT/M
2
),  

   ,    , 

   ,    .   

        '   

  

),/(2 CpVpJ  

      J –  , /
2
;
 

 –  , ; 

V –  , /  (  ,     

 - ,         

           V=p/(  · C)); 

 –  , /
3
; 

 –      , / . 

       :   

   20 ,  ( ,   ) –  20   20  

  –  20 .      ( / ) 

        . ,  o pi 

     ~ 344 / ;      ~ 

1500 / ,   ~ 3000-6000 / . 

  ,   (    ),    

     (      

 –  ),       

 ( . 9.1).         

800- 4000 .  –   20-100 . 
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   ,    . 9.1   

 ,         ’ , 

  10
7
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         1000 ),   

       10
14

. 

  ,   ,     

    ,    

      ( iL )  

   ( PL  ),     ( )   

     ( iL = PL ). 

 ,         

 : 

0/10 JgJLi  , ; 

0/20 PgPLp , ; 

     0J , -          

  1000 ,  0J =10
-12 

/
2
; 

0P  -           

 1000 , 0P  = 2·10
-5

 . 

.9.1-     ,    

,    (   ) 
 

       1000   

   J = 10
2
 /

2
,    2102  . 

       ,   

   ’    ’  

        

(   ).     ,  

      (   )  

   .       

 HB ff /  = 2,  Bf  -   , Hf  -    
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: 
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     ,    ,  
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L
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T
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 -   ; 
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    .        

  : 

-    ; 

-   ,     

 ; 

-           

; 

-     ; 

-  ,       

 – . 

   ( , )   

 ,    . 

    '     

        ,    

    . 

      

   x ,    

   .        

     ,  

          

x ,       , 

,   ;          

 ,         

   . 

     -  ,   

     ,    , 

     . 
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  ,       

,       , 

       . 

  ,       

     :  ,  
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  ;       ; 
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  . 
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   : 
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      R –    , ; 
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   : 
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2
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f - , . 

     ,    

    .  ,       

 .  ,       

  ,    .  

       

   : 

-  ,       , 
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 . 
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  ); 
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    ,    
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    ,     

   ,      
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 .        

  ,  ,  , 

        

    .    ,  
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     .    , 

 ,  ,   ,    

   .  x  , , 

, . 3      

   30-50 . 

y oi o a      , 

, ,      60 .  

       

   – ,   , , 

,    , , . 
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, '     , , ,  , 

  . 

     ,    

  ,   

  . ,  , ,    

 .        

   .      

     ,     

  –  , ,  ,   
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. 9.2 -  : 

 -   ;  -     ;  - 

    ; 1 -  ; 2 -  

; 3 -      (     

  ); 4 -   ( ); 5 -  

; 6 -  

 

    

  ,     

    ,      

 

 =J  /J  

        

   S     : 

                                                SA                                          

        

     jA   . 
n m

jii ASA
1 1

, 

:     n –   ;  

m –   ; 

jA  –   . 

     

)1/(AB , 

:    -   ,   
n

iS
1

/ , 

 

       

          : 

)/(10 12 BBgL , 

:   12 , BB  –         . 

      

   12-15     .   
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    ,  

       

     .    
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   (   ),    
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  . 
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 ,    , 

   ,   . 

     ( ),  

  ,     ( ), 

      .    

 ( , , )    

  .    x   

 10 - 25 .     (  

 , )    

 ,       

 .       ,  

   ,       

  30 . 

        

,   (   )    

   ,   .  

  ( )       7-45 

.       ,  

   ,    ,   

  ,     . ,   

      

   -   -2 ,   

  «  -1»   « ». 

9.4    -  ,   
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         ,  

,  ,  ,    

   . . 

  3.3.6.037-99     

   (  1,12·10
4 

 1,0·10
5
 ),   

   ,    ,  
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 (  1,0·10
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 1,0·10
9
 ),    
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'   .      

  3.3.6.037-99 ( . 9.2)     
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   , 16 31,5 63   

  ,   88  106  110 

       

      ,   

        

   -  .  

     , , 

        

   .     

     : 

 , , ;    ,  

  ; ,    

  pa   ;  ; 

   a   . 

-        

        ,   

     . 

    ,  ,  

     ,   

   ,        
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   12.2.051-80 „ .  
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      ’  .  

    0,7     

   .   (  16 
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  , .      6...7  
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 , ,        20 
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     ;   
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  -       

   ,       
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, , , , ,   
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 ,   – ,  ,     
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     ,  

,     ,    . 

     .   

 :  

- , f, ;  

-  , , ;  

- , v, / ;  

- , , /
2
. 

    ,   

,     .    

     ( ), 

 (v),  (x).  x, v, a – ,   

          

   : 

                                   a = v(2 f) = x(2 f)
2           

                         

      2 f –   , 
-1

. 

       

. 

   (Lv)     : 

                                     Lv  =  20 Lg(v/ v0),                                

      v –   , / ; 

v0 –   ,   5 10
-8

 /  (  

   ). 

   (La)     : 

                                       La = 20Lg(a/a0),                                      

      a –    , /
2
; 

a  –   ,   3 10
-4

 /
2
. 

          

( ) .   ,     

,   ( ) –        

 ( , ). 

 ,     ,   

    ,    

  ,     . 

        : 

 1 –  ,       

    ,       

,    (      ). 

 2 – -  ,      

       ,    

     ,  

   . 
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    , ,  

  ,   ; 

  (    , , ,   .). 

  -   , , 

 (    ),    ,  

 ,  , ,   

. 

 3 –  ,        

      ,     

. 

    , ,   

- , -  ,  

,    ,    

,    ,  . 

  ,           

 : 

)       ; 

)    , , ,    

 ,    ;  

)    ,  , 

,  ,  , , 

 ,        

 . 

        ,  

 : 

-      ,  

   ; 

-     ( ,  )  

,  . 

9.6      

  ,       , 

    : 

–  ( )   ; 

–      ,  ; 

–  . 

       ,  

,     (v  )  

 (a)     Lv, La      

    f  : 

8,0; 16,0; 31,5; 63,0; 125,0; 250,0; 500,0; 1000,0  –   ;   

1,0; 2,0; 4,0; 8,0; 16,0; 31,5; 63,0  –   . 
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         120  

160 , ,  ,       

( ),     . 

        : 

– ,       

    2  (  6 )   ; 

– ,       

     2  (6   )   . 

       3.3.6.039-99   

    480  (8 ).   ,  

  ,       

  . 

9.7      

        ,  

, ,  ,      

. 

         

 ' .        3...6 . 

    ,      

 (  )  4...6  ,    (  

) 25...30 . 

      ( , , ) 

      ,  

 . ,     0,7   

        

.   (  16 ),   , 

   ,   , 

.      6...7   , 

       ,   

,  , . 

     -  , 

 -     . , 

,    ,  , -

 .  

 ,      

     ,   , 

  ,  ,    '  . .  

         

     X, Y, Z ( . 9.3). 



 90

 
.9.3 -       ( )    

( )  
 

       -

,       ,  

 i   ,     

  i  .     

   .     

,      ,   

.        

       X, Y, Z. 

        ,  

,  ,  ,     

 . 

         

    . ,   ,  , 

   ,   .  

 ,        , 

     ’ .      

     

9.8    . 

,        ,  
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:  

1.        .  

2.       ,  :  

-  –        

,        

( , );  

- ;  

-   ;  

-  (  –   ,  

  ’  );                                                                                       

-    ( ) –    

 , , ;    

  , , ;    – 

, ,  .  

   : 

- -  (     

   ,    

,     ); 

- -  (      

,      oci   18 , 

); 

 -   : 

-   ; 

-   (  , -  ). 

 ,       

     . ,  

   ,       

   ,    1   . 

        

       

, ,         

    ( ,  ,  ,  

 ).  

 ,       

,           

   .     : 

                      m(dv/dt) + (dx/dt) + qx =Fsin( t),                         

:     m –  , ; 

q –  , / ; 

 –   , ; 

 –  , / ; 

Fm –  , ; 

 –    , / ; 

dv/dt –    , /
2
; 
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dx/dt –    , / . 

'       ( m)  : 

 

                                     vm =   
22 )/( qm

Fm                               

 

:        –   , / . 

    ,    2.47 

   m = /q   3
0 m

q .     

   : 0 = mq / . 

    ,       

 : 

-          

  (Fm) ( ,    ,    

 ,        i . .); 

-         

  m (  > 0)   q (  < 0)   

    ( ); 

-  –    ( )   

  , ,      

    : ,    , 

      '  i  i .; 

-   –        

  ,       ’ , 

  ,    « »   

 ’ . 

          

  ,       

   ' ,     

’ ,   .      

       , 

 ,  ,    ( .9.4). 

 ,     ( . 9.4, )   3,  

    1.  i    

  2.        

   4 i 5.   4 a i a    

     .   7  

    .  ,  ,   

     6.  3     

  ,    1     

 .  
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. 9.4 -      

 

      ( . 9.4, ),  

    2,     

1  3,       .     

        

    2,     1,  

      .   

   1      ,   

      . 3    

 ,       

.         , 

  . 

 . 9.4, ,   ,   i  

  1,      2.   ,  

    . 

   -     

     . 

         

,   –   ,     

,       

. 

       . 

      

 (f )   (f0)  .  

       ’ ,  

,    (f3/f0) > 2 . 

  ( ),        

'      '  ( ) i  ,  

    : 

                                         = 1/[(f3/f0)
2
 – 1]                            

   i poi o i    =1/8...1/15. 
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   , ,     

 ,     ( . 9.5).  

 

. 9.5 -    

 

       4,  

        

  .  1     

 i '          

      .   

      i pa i   '  

 2   3. 

   ,   ,  

,      ,    

   . 

 ,        

  ,     

 .    ( )  

     ,  i     .   

       , 

   ,      

  .       

 ,          

.           

,    (  100  )      

    .   

        ( ,  

i . .)     12.4.024-76. « .  

 »   12.4.002-74 «   

    .   ».  

   ,         

       

.        ,  , 
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  ,       

. 

 10.   

10.1   

  .   

  ,  ,      

,   ,     .  

      

,   ,    

 , ,    , 

 ,         

. 

       

      -   

(     ( )  -  , 

       ,    

.      

     20  – 300    

   . 

      -  

    .   , 

   . 

       '     

     : , 

, ,  (   ).  

        

 ,  -  ,  . 

  .   (  

)      

( / )    ( / ) ,     . 

        ,  

   r  /2   /6,      , 

  r > /6.        

  < 100       

,   , –     .    

         .  

       ,     . 

   (  )     

,         /
2
: 

I = /4 r
2
, 

      I –   , /
2
; 

 –  , ; 

r –   , . 
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     .    

        ,     

  .      

     .   

      ( , ,  

   ).     1–20   

  ,   (  ),   . 

  –         

   ( , , ,   ).  

      , 

 ,  , , ,  

,    ,     . 

 

10.2       ( ) 

       

  (50 )    12.1.006-84 

«   .      

   »,  239-96 «      

     »   

3.3.6.096-2002 «          

  ». 

      

     50  – 300 .   

 50  – 300      

 , / ,   , / ,  ,    300  

– 300        , /
2
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     (50 )   

   .     

   5 / .      

:   5 /  – 8 ;    5  20 

/       = 50/  – 2  (   –  

);    20  25 /  – 10 .   

  – 5 / ,    – 0,5 / .  

       0,06  300  

 50 / . 

       

      : 20      330 

, 30    500   55      1150 . 

          

,         ,    
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    –    
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   .     
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      (   
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 ,      

    : 35 /
2
 –   50 

  %  ; 70 /
2
 –     ,  

,  25  50%;  100 /
2
 –     25% 

  . 

 

10.4     

     : 1 –  ; 2 – 

 ; 3 –   ; 4 – ; 5 – 

    ; 6 –   

. 

       

      , 

 ,   .  

3 i         

    45° .  

       

    – . 

        : 

-   –    ( , , ,   

  ,  . .),      ; 

    ;  ; ; 

   .; 

-  –        

   ,  , ,  

   ;    ;  



 99

 (       );  .; 

-  –   (     

   ),  , ; 

 - . 
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  ,     

. 
 

10.5     

 ( )      

,  ,    -  

,    . 

        

     ,   ( ), 

        . , ,  

       .  

     .    
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  4557-88 (  0.03-3.17-88). 
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 . 
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