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   , ,   

    .   

    ,    

 10-18 %       .  

           

,    . 

         

       ,  

     ,    

        

 .          

    .   ,  

,         30-40 %  

 . 

     ,  

      -   ,  



14 

       ,  ,  

  ,    ,    

        

       .     

       

 ,   . 

      

 ,  ,      

      .  

         

      

,         

       

. 

        , 

  , ,   . .      

      . 

      , 

,  ,   . 

      ,  

       .  

         

    - ,    

    ,     

      ,   

 . 

         

   .       

   .   ,    

         . 



15 
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,      ,   

    . 

 ,       

 ,         

    ,       
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        -

   , -  ,     -  

    .    

      ,  

       

   . ,      

       

  ,       

    ,     

 . 

 ,        -  

    , ,   

      ,    

      

.   ,     ,  

  ,    

 . 

       

         

10-20   ,       , 

  – 1000     ,   0,5 

  ,      

 . 
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  ,     

      

 .[1] 

1.2        
  

       

      , 

     .   

    , -  

,   ,     

,      , 

   . 

        

    ,     

    .    

        

    ,   . 

 

 

 1.2 –    [2] 
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     : 

, , .   27.002-89 

  . [3] 

      

       . 

      

   . 

     

   : 

–       

   , ,    

   ,   , 

 , ,   .; 

–       

  ( )    ; 

–       

        

; 

–       

          

       . 

   ,   

 :   Q(t),    

P(t),      f(t)    

λ(t). 

    Q(t) = Q(ta< t),   

  ta  ,   . .   . 

      : 

   .      

  : 



19 

 

P(t) = l-Q(t),  (1.1) 

 

      P(t) = P(ta > t).  Q(t)  

 ,      (0, t),  P(t) –  

    t. 

       .  

  

 

ƒ(t)=dQ(t)/dt=-dP(t)/dt  (1.2) 

 

      λ(t), 

  

 

λ(t)=-dP(t)/Pdt=ƒ(t)/P(t)=ƒ(t)/1-Q(t)  (1.3) 

 

  λ(t)  ,   Q(t), P(t), ƒ(t),  

   .     

       .  

    .1.2 

 

 1.2 –     

  

 

 Q(t)  P(t)  ƒ(t)  λ(t) 

Q(t) 

P(t) 

ƒ(t) 

λ (t) 

Q(t) 

l-Q(t) 

dQ(t)/dt 

l-P(t) 

P(t) 

-dP(t)/dt 

∫ƒ(t)dt 

∫ƒ(t)dt 

ƒ(t) 

1-exp -∫ƒ(t)dt  

pxe 

 

λ (t) 

 



20 

       

.      ,  

,      

  . 

        

   . , ,    

  .    t1    

     ,  

     ,   

 λ = const (    t1  t2.   

       

      (t > t2). 

  ,       

    .  

   ,   

  ,     

       

.         

    ,   λ(х) 

    Q(t), P(t),f(t). 

        t 

   P(t).     

       .  

    ,  ,  

  ti    ,    

        

. 

     t1     

(t),        

 ΔP.  
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       ,  , 

 ,      

         

  . 

      ,    

     , 

        

   . 

        

  ,    ,  

        

       . [5] 

1.3   ( )  
   

        

   ( )     

  (   - ,    )  

  ( ),  ( ),  ( )  

 ( )     ,     

  . 

         

   ,   

   ,      

. 

    : 

–           

(  ); 
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–    12  16 .       

   (  ); 

–    8  12 .      

(  ); 

–    4  10 .      

(   ); 

–     (  ). 

 . 1.3    ( )   

  . 

 

 

 1.3 –   

 

         , 

        . 

      . 

  ( )      
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 .   . 

  ( )       

       , 

, .        ,   

    .   

        . 

  ( )     

          

        , 

   ( ) . 

       , 

         

 . 

  ( )    

  , . .     

     . 

     . 

        

,   .1. 

       

   . 

       

        

 .    . 

        

   , ,     

     1-2 / .   

    . 
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   , ,  

 (  )  . 

      , 

   ,    

   - . 

        

     ,    . .   

, ,     

[6-8]. 
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2  

2.1    

  –      

 ,      

,    ,   

 ,     . 

    :   

        

.         

  .    

    ,   

     ,     

. 

 –       .  

:  

  –  ,     

,     ,       

 .   a    a ,  

,  .       

  .   –  ,  

    .    .  

 –  ,    

,       . 

 –  .  

  – ,   

 , ,   . 

  –      

,      ,    
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.  

 – ,        

   .    

      . 

 

 

 2.1–     

 

     a   , 

 . E  a  c  e  o    

, o ,    — o   .  o 

o    ,    .  

o  o       . e  

a a  o       , 

 a   ,      

  o  ( ). 

 E   o   o   2-  e , 

e , a  e   a  a   a  

 e   e  e .  a  

 a   49 ,  a  a  e  50    

      1 . 

 a  o  o  , a  o  ( . 

2.2).        , o  
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 e  o , a  o  a  o  o . 

a ,      ,  

  ( ) [9]. 

 

 2.2 –    . 

 

  –     f1,  

   f2=2*f1,  

   f3=3*f1. 

 

2.1.1      

 

         

       

    .   

     

, . .      

   .  
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     ,     

        ,  

 –    . 

         

     , 

  .    

,      .  

  ,  ,  

      , , 

. 

    ,  ,    

.       

    [10]. 

 

2.1.2     

 

       

  .      

       ,  

         

   .    

     . 



29 

 

 2.3 –   : 

  –   ;  –   

 

       

         

 . 

         , 

      

  .  ,    

   ,    

    . 
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     ,    

      .  

    ,      

 ,  ,   

,   . 

  ,     

      : 

 

 𝑣𝑒 = √𝑆 𝜔 + 𝑆 𝜔 +. . . +𝑆𝑛𝜔𝑛   (2.1) 

 

 𝑣𝑒 = √𝑎𝜔 + 𝑎𝜔 +. . . + 𝑎𝑛𝜔𝑛 (2.2) 

 

 𝑉 = √𝑉 + 𝑉 +. . . +𝑉𝑛  (2.3) 

 

   2f –  ; s1, s2, …, sn; 1, a2, …, an –  

       .  

        

        

        

   10  1000 .   ,   

        

   .  

     , 

,  ,     

 ,   . 

 « »      

    .   

      ,   



31 

,    –      

   .    

            

 ,      

,      ,   

     , . .    

 [12]. 

 

2.1.3    /   

 

       

: 

 –   ; 

 –   ; 

 –   . 

        

 ,      .   

      . 

 -  –     ,  

       

 .   ,       

    , . .     

   «  ».       

    ,     

 .  -     

        .  

-       

   .    -  –  
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.       , 

   . 

         

0,707,   -   1,41.    

 ,   -   1,41   

    . 

 -       

 , . .   ,   

,          

 ,     , 

  «  ».  ,  «  »    

,        

 .  

     . 

 . 2.4  . 2.5    , 

     (a  = 2,7 / 2 )    (a 

 = 1,7 / 2 ).     ‒ 0,87 / 2  1,06 / 2 

,  -      . 2.4 – 

3,1,    . 2.5 – 1,61. 

 

 

 2.4 –     



33 

 

 2.5 –       

 

 -  3,1      

   ,     

 . 

  -  1,61   ,  

,   ,  [12]. 

 

2.1.4      

 

    , . .  

       .  

       .  

   –    

  ,     

     .  

   (     

)     , 

   ,     

 . 
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      ,   

 ,   . 2.6. 

 

 2.6 –        

  

 

  ,   ,    o  

( )      .  

,    ,     

   fi.      

   kfi,  k     , 

 k = 1,   : k = 1, 2, 3,...     

 fi   k   .  

    ∆L    Lkfi 

  L .  

 . 2.7    ,   

  . 
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 2.7 –    

 

         

     —     

  (  ,   ), 

      

 ( )    .   

 (  )    ,    

       ,   

     (  ). 

        

        . 

  ,        

 . 

,     ,       

      

         

   .     

  20%.         

  (   )  
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 ,   —    2% . 

      

    ,        

  .     

 . ,   , 

       

  ( )     .   

       , 

 , ,   ,    

.         

         . 

 ,       

       (  )   

      [13-14]. 
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3       

  

       

   -  , . . 

         

   .     

       

 ,      .  ,  

      

,      . 

   ,    

   .    

     ,   

    . . 3.1. 

 

 
1 -  ; 2 -   ; 3 -  ; 4 -   

; 5 -  ; 6 -   ; 7 -  

 ; 8 - ; 9 -     ; 10 - 

   

 3.1 –       

  [17] 
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     ,  

      

       , — 

 .    — 

 ,     

. 

    . 3.2 

 

 

 3.2 –      

  

 

       

. 

     ,  

  ,      

   .   —  ,  

        

.  

     

 ,         

  .     

       

.  

     , 

      ,   
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,    .   

      .   

, . .   ,   

    . 

      : 

–  ; 

–  ; 

– ; 

–     ; 

–        ; 

–   [15]. 

3.1   

    , 

     : 

,   , , 

  . . ( . 3.3) 

 

 

 



40 

 

 3.3 –   [17] 

 

      .     

     : 

– ,     

      

( ,   ); 

–  ,      

    ; 

–   ,    

     

  . 

  3.4       

,       .  

 ,   ,   ,  

     [18]. 



41 

 
1 -  ; 2 -  ; 3 -  

  

 3.4 –        

    [21] 

 

       

         

    .    

      .  

    :   . 

  : , ,  , 

.   , , .  

   —       

  -    ,   

    .    

        

 110.   

 ,       , 

      .  
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 ,  ,   100   .  

       

.       —  

       .  

        

   ,        ( , 

, ) .  

      , 

      ,  

 ,   .  

         

,      .  

      , 

 :   ,   

  ,     ,   

    .  

        

  ZET 017-U8   .  

       

 ,      

          

   ZETLab.  

      : USB, Ethernet, Wi-

Fi. 

        

      ,   

         

    .  
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  3.5     

: 

 

 

 3.5 –    

 

        

 ( ),  ( ),  ( ), 

 ( ),  ( ),  

    [18-21]. 

3.2   

      

( )        

.      

       

        ,  

   ,   , 

, ,       

     . 

     

: 

–        

  ,     ; 
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–     

         

 ,         

« »        ; 

–    ,  

 ,   -

      ; 

–       

. 

      ,  

        

. 

   32106-2013    

  :    ,  

   .       

     . 3.1.  

 

 3.1 –        
 

  
 

 1 

    
  ,    ,  
  <50 <200 200 132 225 400 

/  
/  6,5 9 13,5 6,5 9 13,5 

 /  8 12 16 8 12 16 
 C/D 12 16 24 12 16 24 
/  /  2,8 4,1 5,4 2,8 4,5 7,1 

 /  6,3 8,7 11,2 4,5 7,1 11,2 
 C/D 8,7 11,2 14,1 7,1 11,2 18 

,  
/  9 14,1 18 9 18 28 

 /  18 28 36 14,1 28 36 
 C/D 28 36 45 23 36 57 
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    ( , ,   

 )      ,  

       

,   .3.6. 

 

 

 3.6 –       

 

 

   ,       

 ,       

. 

        

    ,    

   ,     
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    -   

,       . 

        

      

  .      

      . 

  -      

    ( )  

,      .  

 

 

 3.7 –    

 

     -   

, ,       

    . 

 -    

        

       .  

       -
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( )  -  . 

     

       -

      . 

        

     . -   

-         

     .    

         

. 

 ,      (   

 ),        

 . 

       

   : 

–       

     ; 

–        ; 

–       

        

 ; 

–     , 

  ,     

. 

        

    ( ) -    

     .  

        

      .   
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 . ,  ,     

  ,    .   

    : 

 

F =u•r•ω2  (3.1) 

 

 F -  ; u - ; r - ; ω2 -  . 

        

  ( ,  ,    . .) 

      .    

  (    )    

      .   

   .    :   

  ,   ,    , 

  .  

       

   ( )  ( / ),  

        

        

     : , 

   ( . 3.8),      

 : 

–     ( ); 

–  –      (V); 

–  –  ( ). 

 

 



49 

 

 3.8 –   ,  : 

 – ; V – ; A – . 

 

      

         

.        

  .  

       

         

  1250-10000 3/       3000 

/  (50 )         

 . 

,     –    

        

     .     

      ,    

 .      

      . 

       . 

      -  

,    .    - 

, ,  .  
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      ,     

. 

    ,   

,   -  .    

,       .   

     , 

     .   

        

 . 

        

 . 

        

     .   - , 

. 

      

,     

,      , 

  ,      . 

      , 

         

   . 

      

        

     . 

3.3     

       

      . 

  ,    ,  
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 .      ,  

     « »,  

 -     .  

    « »  

 ,     

    .  

      (0,8 - 0,9)  

       

 ,      . 

       

  . 

     

   (   ) 

       . 

       

      

  .      

 ,    ,  

     ,    

    .    

         

    . 

   ,    

    API. 

       

    ISO 2373. 

     

         10 

 200 -1     . 
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    20815   : 

–  N; 

–    R; 

–       S. 

         

      . 

,  ,    .   

     ,   

 . 

        

,  ,      

.     , . .    

      .   

     , ,   

,    .   , 

    . 3.9. 

 

 3.9 –      ( )  

 (В  ) ,  : Ц -   

   ;  -    

,        

    .     
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   . 

        

 .         

         

     .  

     

    ,    

   ,      

        

.      . 3.9. 

 

 
1 -   ; 2 -    ; 3 - 

  ; 4 - ; 5 -     

 3.10 -       

     

 

       

  S1(t)  s2(t).    

        

: 
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Sk(t) =√ S²1(t) + S²2(t).                                                                                                                      (3.2) 

 

      

  ,     . 

    –f  2f; s1· s2 -   

  s1(t)  s2(t)    1  2; So1, So2 - 

 ; Su1, Su2 –  ; Smax1,  Smax2 

 ; Spp1, Spp2 -  ; Sk  

  ; Smax –    , 

 ;  –   ; t – . 

    – ,   

 –      , 

   ( ).     

  Smax     Sppm. 

        . 

   Smax    

   S^ft   .  

  Sppm     

      . 

      

  ,     

 [16-22]. 

3.4       
 

       

 ( .3.11): 
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 3.11 –       

 

 ,       

    —        

.  

 ,     — 

  ,  o  e  

        a -

      . 

       

  —      

o  ,       

 . 

 o   a        

  o     e  e  
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o .  e   e   o ,   

          .  

 o   e    -

e  e  ( ). o  e  o  

    ,   

  . 

       

   .   

        .    

        

 ,  , o o  e   

e  (   )      

e  e  e  e  a  e .   

  a  e  ,     

e , e  , a  a  

e    e  a   e   a ,  

e  ,  , a  a ,    

. e        a  

e  ,        

     a  e . 

a  ,       

   ( , , )  

    .  

           

       ,  

        ,  

     . 

 a        

 e ,        
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   , ,  

 . 

      

   –      

,     .    

:  

–          

 -        

;  

–    ,   

    ;  

–   -   . 

        

e     o ,     

       .  a  

          

 . o       

  ,  e    

 [21].  

3.5   

     180-1900     

,            

 . 



58 

 
1 –  ; 2 –   1 ; 3 –   1 ; 

4 –    ; 5 –    

; 6 – ; 7 –    ; 8 –  

; 9 –  ; 10 –  ; 11 –  ; 

12 –  

 3.12 –    180-1900 

 

      

 .  

   :  

–  Q = 180   

–  1900  3  

–   ( ) N=15 ;  

–   : n=3000 / .  

   ,   [11].  

   : 

 

f =n/60=3000/60=50   (3.3) 

 

  ( ) : 
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 f = N·f = 15 ·50=750 .  (3.4) 

 

3.6     ,    
  

       

  ё    :  

– ; 

–    (   

 ,   ,  ). 

  ,      . 

 

3.6.1   

 

 K=Co+C ,  (3.5) 

 

  –  , ; Co –  , ; C  – 

  (5%  ), .  

     

 ZETlab – 100000.       

   10. 

 

 K=1000000+50000=1050000 .  

 

 ,  ,   10  

    1050000 .  

 

3.6.2       
 

     : 



60 

 FD=((F  – ) * * ) *(1 - ), (3.6) 

 

 FD –      , ; 

 –      (2); FK – 

    (365 );  –   

     15/15 (24 );  –   (12 

);  –    (0,05% – 0,15%). 

 

 FD=((365-24)*12*2)*(1-0,15)= 6956,4 .  

 

3.6.3     
 

  : 

  

= cp* * * * , (3.7) 

 

 cp–   (200 .);  –     (12 .);  – 

,     (1,3);  –   

   (15);  –     (12).  

        :  

 

=200*12*15*1,3*12=561600 ( .)  

 

3.6.4     

 

 = * ,  (3.8) 

 

 K  – ,     

 (1,1). 

 



61 

=561600*1,1= 617760 ( .) 

 

3.6.5      
 

.  – 4,72%; 

  – 1,24%; 

  – 31%. 

    = 37%, . . 185328 ( ).  

 

3.6.6     

 

     :  

 

Wn= n*FD, (3.9) 

 

 n –  , ; FD –    

 , .  

 

Wn=0,00005*6956,4=0,34  

 

    : 

 

= *Wn,  (3.10) 

 

 =4,63  –  1 /  .  

 

=4,63*10*6956,4*0,34=112026 ( .).  

 

3.6.7    
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     : 

 

 = + + + + , (3.11) 

  

  –  ;  –   ;  –   . 

;  – ;  –    . 

         

 3.2. 

 

 3.2 –      

  

1.     617760 

2.     185328 

3.   370656 

4.    112026 

5.      80000 

6.  1365770 

 

3.7     

          ,  

: 

–    

–     

–   

 

3.7.1         
     

 

         

 :  
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= *5%,  (3.12) 

 

  –   .  

       

 1000000 .      ,  

       

 10 . 

 

 =10000000*5%=500000 ( ) 

 

3.7.2          
 

 

        

 :  

 

= + + + + , (3.13) 

 

  –  ; -   (22%   

 ). 

          

 3.3. 

 

 3.3 –          

  

1.     617760 

2.     185328 

3.       500000 

4.   400000 

5.  1703088 
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   – 10 .  

 =  1703088-1365770 = 337318 .  

      

   337318 .  

 = 1365770/337318 = 4 . 

       4  

    .  

      

 ,     -

 ,         

     . 

       

    ,    , 

       . 
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  ,    

      . 

     

: 

–  ; 

–  ё   ; 

–    ; 

–    ; 

–      ; 

–    ; 

–   ; 

–    . 

     

     .  

      , 

       

  ,        

   .  

        

     .  

       

.  

   -     

    ,    

  ,      
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