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 (3.3)     . 
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  –    ;  𝑖Я –  ;  𝑅Я –  ; 
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𝑝 –   . 

    (3.4): 
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{ Я ⋅ 𝑝 ⋅ 𝑖Я + 𝑅Я ⋅ 𝑖Я = Я − 𝐸 ⋅ 𝜔Д⋅ 𝑝 ⋅ 𝜔Д = ⋅ 𝑖Я − .                   (3.5) 

       :  

   : 

𝑊Я = 𝑖Я𝛥 Я = Я +𝑅Я                                     (3.6) 

    : 

𝑊 𝑝 = 𝜔Д𝛥 = 𝑝.                                            (3.7) 

      : 
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𝑊 𝑝 = 𝜔Д 𝑝 = 𝑘Я +𝑅Я 𝑝+ 𝑘Я +𝑅Я 𝑝⋅ 𝐸 = Я 𝑝 +𝑅Я 𝑝+ 𝐸 =  

= ДЯ + + .                                     (3.8) 

𝑊Д = 𝜔Д = КДК− 𝑅Я Я +Я + + ,                      (3.9) 

  Я = Я𝑅Я , = 𝑅Я𝐸 , KД = 𝐸. 

   (3.8)    : 

M cR я
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U я
k д

T я T M p
2

 T M p+ 1+

U  д

 

 3.4 –    
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3.  

    : 

𝛼𝐻 = 𝑖 𝛼Д .                                             (3.10) 

     (3.10): 

𝛼𝐻 𝑝 = 𝑖 𝛼Д 𝑝 .                                             (3.11) 

ё    : 

𝑊 = 𝛼𝛼Д = 𝑖 .                                         (3.12) 

 (3.12)     

. 

4.        

       .  

𝜔 = 𝛼
.                                                 (3.13) 

    (3.13): 

𝜔 = 𝛼 .                                                 (3.14) 

   :  

𝑊 = 𝛼𝜔 = .                                               (3.15) 

 (3.15)  . 
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     .  

  ё      

 17    : 

 

 

 3.5 –      

 

  3.5     

    , ,  =0 

   : 

𝑊𝐻 𝑝 = 𝑖𝑝 𝑝+ + + .                       (3.16) 

     : 

= 𝑖.                                        (3.17) 
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4   я 
 

4.1   я 
 

      

       

ё  .  

      ё  

,     ,  

.       

 ё  ,      

   .  

1.       

.      ,   – 

ё . 

2.         

     ,  

  . 

3.   ,      

.         

   . 

4.      ё  

   . 

5.  ё       

,      .  

   ,  , 

        

      . 
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6.        , 

         , , 

  ,     . 

      .   

       

 ,   Tμ.  

    .  

         ,  

  ё  . 

 

4.2   
 

  –      

       

    .  

       ,  

     :   

,    . , - , 

    , - ,   .  

         

  . - ,       

,     ё -  

 . - ,      

   ,      .  

 𝑊 = 𝑊                                                                                                          (4.1) 

 

        , 

   .  

 



 

.  № .   

 

55 
 15.03.06  

 

       

 𝑊 = 𝑊 ∙ 𝑊   ,                                                                                              (4.2) 

 

 W (s) –     , 

        

  , ,   

 (  4.1). 

  

 
 4.1 –       

 

        

.  

      ( ) 

  Betrags Optimum,      

    .   

 (  )       

       

 W s = ∙ μ∙s∙ μ∙s+                                                                                              (4.3) 

 

        2Tμ  

  ,       
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   .     

 Tμ       . 

 Tμ ,   ,  ,    

 –  . 

      ( ) 

  Simmetrische Optimum,      

   ( ).     

        

 .       

,       

       

  W (s) 

 𝑊 = ∙ μ∙ +∙ μ∙  ,                                                                                                     (4.4) 

 

   -  ( )   

   1.  ,  

 W s = ∙ μ∙s∙ μ∙s+ ∙ ∙ μ∙ +∙ μ∙                                                                               (4.5) 
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 4.2 –      ( )   

( )  

 

       

(  4.1) ,     ,  

     .    

       

,     .  

       

         

 .      ,    

 . 

 

4.3     
  

        .  

  ,      ,    

    ,    ё   . 
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      (  4.3)   

 ё   : ,  

    .    

       T .   

      Tμ  

   :  T ,   

 T ,      (  ) 

T .   T =T +T +T  

 

W (s)
1

k

T p + 1

1

+pT

R

k

U Uя IяUI

U
I

-

Iя

я   
я

Д ч  

 

 4.3 –    . 
 

   : 

 𝑊 = ⋅ ⋅𝑅⋅ + ⋅ 𝜇 ⋅ +                                                                                  (4.6) 

 

 ⋅𝑅э = 𝛴  -     

  .       

    (4.3)     

(4.2)  

 

 



 

.  № .   

 

59 
 15.03.06  

 

𝑊 = 𝑊𝑊 = ⋅ + ⋅ 𝜇 ⋅ +⋅ 𝜇 ⋅ ⋅ 𝜇 ⋅ + ⋅ 𝛴 = ⋅ +𝜇 ⋅ 𝛴 ⋅ = ⋅ +⋅ ,   (4.7) 

 

:  

 = 𝜇 ⋅ 𝛴                                                                                                               (4.8) 

 

    (  1.19)   , 

   (  , , )     

  .  

      (T ) 

      T  = 0,1..0,3   

        

T   = R82 · C31 = 2  · 0,01  = 0,02 .  

  : 

 

 T   = T  + T  = 0,23 + 0,02 = 0,25                                                              (4.9) 

 

  ,   

:  

−     k  = U /U  = 2,64; 

−     R  = 1,1 ; 

−      T  = 5,7 ; 

−      k  = k ·k . 

       

    0,2 . : 

 

k   = 0,2 / 3 = 0,066 /                                                                                 (4.10) 
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    k  = 3.  

 

k  = k · k  =0,2 /                                                                                      (4.11) 

 

      

       ё  ,   

          

    Tμ .      (4.6). 

        -10    

 𝑊 = . ∙ . ∙ / .. + ∙ . + = .. + ∙ . +                                                (4.12)            

 

        (  4.4) 

   ,    

   (4.2).   (4.7), (4.8): 

 = .∙ . ∙ . = .                                                                          (4.13) 

 𝑊 = . . +.                                                                                              (4.14) 

 

 

 4.4 –     
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     -  ( ) 

    =23,75    =5,7 .  

        

   –    

 T . ,     

    T .  

       

           4.1 

( μ =0,25 ). 

 

 4.1 –       

 

   

   , ∆𝜑, ° 63 

, 𝜎, % 4.3 

  1-   , t1,  4.7Tμ = .  

  , tm,  6.28Tμ = .  

  , tn,  8.4Tμ = .  

  1 

 

       

   (  4.5)     

: 

 𝑅𝑅 +𝑅 = , ;  𝑅 ⋅ = ,                                                             (4.15) 
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  : R41= 75 ; R42=1 ; R82=2 ; C17=75 . 

     :  

 

 = 𝑅 ⋅ = ⋅ ⋅ ⋅ − = ,                                    (4.16) 

 = 𝑅41𝑅 +𝑅 = + =                                                                             (4.17) 

 

U
R39Ui

R41 C17

Т

75К 75 Ф

6,2К

R
4

2

1
К

R
8

2

2
К

C31

10 Ф

U
i

 

 4.5 –    . 

 

4.4    
 

       .  

        

ё   :   ,  

    . 
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W (s) W (s)
scT

R



k

U c Iя ωUω

U
ω

-

ω

я  З  
 

М х. ч  
я

Д ч  Ф

1
1
+pT c

 

 4.6 –     . 
 

      , 

   .   ,  

       (W (s))    

(W (s)). 

 𝑊 = 𝑊+𝑊 ⋅𝑊                                                                                    (4.18) 

 

   

 𝑊 = 𝑊 ⋅ 𝑊 ⋅ 𝑊                                                                 (4.19) 

 𝑊 = ⋅ + ⋅𝑅 ⋅⋅ 𝜇 ⋅ ⋅ ⋅ ⋅ 𝜇 ⋅ + ⋅𝑅 ⋅ ⋅ +                                                        (4.20) 

 𝑊 = /⋅ 𝜇 ⋅ ⋅ 𝜇 ⋅ +                                                                                 (4.21) 

 

     –  . : 
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𝑊 =                                                                                                     (4.22) 

 

    

 𝑊 = /+ ⋅ 𝜇 ⋅ ⋅ 𝜇 ⋅ + = /⋅ 𝜇 ⋅ + ⋅ 𝜇 ⋅ +                                           (4.23) 

 

   ,      

 2-  .  W     ,    

 .    ё     

   2-   .  

 𝑊 = /⋅ 𝜇 ⋅ , ⋅ + = /⋅ + ,                                                                       (4.24) 

 

 T =2Tμ ·1.4.  

,    1.4,    

 . 

      

   T .     

    Tμ     

:    T        

  T . 

 
 
 
 
 



 

.  № .   

 

65 
 15.03.06  

 

W (s)
scT

R



k

U c IяUω

U
ω

-

ω

я  З  
 

М х. ч  
я

Д ч  

ω1/

1

k

T s  +

 

 4.7 –        

  

    (  4.7)   (4.21)  

    

 𝑊 = 𝑘 ⋅ 𝑅э⋅ ⋅
𝜇𝑐⋅ + ⋅ ⋅ = 𝜇𝑐⋅ + + ′⋅                                                     (4.25) 

 ′ = ⋅ ⋅𝑅э ⋅ 𝑐,                                                                                          (4.26) 

 

 𝜇 ≈ + . 

       

 (4.3)     (4.2) : 

 𝑊 = ⋅ ⋅ ⋅⋅ 𝜇 ⋅𝑅э⋅ 𝑐 =                                                                           (4.27) 

 

        

.  

     (4.27),     

      (4.7),     
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𝑊 = 𝑊 𝑐𝑊 = 𝜇𝑐 +𝜇𝑐 ⋅ ⋅ ⋅𝜇𝑐⋅𝑅э⋅                                                     (4.28) 

 

 -     4Tμ    

       . 

        

(     ( )),     

. 

     Ui      

 Ui : 

 

𝑖 = 𝑅 +𝑅𝑅 = +, = ,                                                                           (4.28) 

 

  ,  ,     (4.23), 

   kci,      

 

 𝑊 = 𝑖 ⋅ 𝑊 = , ⋅ / ,⋅ , ⋅ , + = ,, +                                        (4.29) 

 

       (2,8  =0,7 ) 

        : 

 

c = R5·C4 = 2.4  · 0,1  = 0,24 .                                                  (4.30) 

 

      

: 

 

c = 2.8   + c = 0.7+0.24 = 0.94 .                                                         (4.31) 
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: 

−    –  =15 .; 

−    – ce  = cm  =  / I  = 0,8/12 = 

0,067 / . 

−    – k  = 0,02 / / . 

       

  ( )     : 

      (4.24) ё  

    ,   

 .  

    .   

    kci     (4.25). 

 𝑊 = , ⋅ ,, ⋅ ,, + ⋅ = ,, + ⋅                                                                 (4.32) 

 

   -       kci  

   (4.27) 

 𝑊 = ⋅ , ⋅ ,⋅ , ⋅ , ⋅ , × , = ,                                                             (4.33) 

 

 -   k =10.1    

    .     

 ,   4.8,     

     4.2. 
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10,1
2,4

0,94 1s +
1,1

s

0,02

-

U

U


UI Iя 



 

 4.8 –        

 . 

 

 4.2 –      

  

   

   , ∆𝜑, ° 63 

, 𝜎, % 4.3 

  1-   , t1,  4.7Tμ = .  

  , tm,  6.28Tμ = .  

  , tn,  8.4Tμ = .  

  1 

 

          

   -      

  k    : 

 = 𝜇 = ⋅ , = ,                                                                       (4.34) 

 

       

    4.3. 
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 4.3 –      

  

   

   , ∆𝜑, ° 36 

, 𝜎, % 43 

  1-   , t1,  3.1Tμ = .  

  , tm,  6.28Tμ = .  

  , tn,  16.1Tμ = .  

  1 

 

4.4   я 
 

       

,    .  

      4.9. 

 

( )cW s
1

ck

ω

U
ω-

k
Uω

 

W (s) –        . 

 4.9 –       

 

      ,  

   ё  - ,    

     W (s).   ё 

       Tμ  

 0.94 . 
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𝑊 = ⋅ 𝜇𝑐⋅ ⋅ 𝜇𝑐⋅ + .                                                                           (4.35) 

 

      ,  

   ё  - ,    

     W (s). 

 𝑊 = ⋅ 𝜇𝑐⋅ ⋅ 𝜇𝑐⋅ + ⋅ 𝜇𝑐⋅ +𝜇𝑐⋅ .                                                    (4.36) 

 

   Uω   Uω,    

    (10 )   

(3000 / ), : 

 

𝜔 = 𝑅 +𝑅 +𝑅𝑅 +𝑅 = =                                                                          (4.37) 

 

   k  = 0.02 / / . 

      : 

    -  (  )  

   : 

𝑊 то = ∙ 𝑊 то+ 𝑊 то × ∙ , = ∙ 𝜇 𝜇 ++ 𝜇 𝜇 + = 

 = 𝜇𝑐 𝜇𝑐 + + ≈ , 𝜇𝑐 + = , × , + = , +                                         (4.38) 

 

          

 ,    4.10. 
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W (s)

s

1

ω

-

ω

я  
я

З   

Д ч  
я

Uq

U
q

Uω

qUq

/

2,8 1
cck k

T s +

1

k

s +
 

 4.10 –      -   

 

   250     .  

,  ё    ,  

    1      

360°/250=1.44°.       

  .     

      100 .  (144 .°), 

    Uq  = 10      

: 

 

k  = Uqmax/qmax = 10/108 =10-7 · . (4.39) 

 

     : 

 𝑊 = , + ∙ ∙ − = ⋅ −, + . (4.40) 

 

,        

.  

      

    : 
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•       2,8Tμ  = 2,6 

; 

•         . 

   ( ё       

 ).  

 -     , 

    100    . : 

=100 . 

 : 

 

Tμ  = 2,8Tμ  +  = 2,6 + 100 = 102.6 . (4.41) 

 

   ё    

    ,    4.11. 

 

W (s)

s

1
10

-7

ω

-

ω

я  
я

З   

Д ч  
я

Uq

U
q

Uω

qUq

300

102,6 1s +

 

 4.11 –       

  

 

      . 𝑊 = ⋅ 𝜇 ⋅ ⋅ 𝜇 ⋅ + .                                                                           (4.42) 
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 𝑊 = 𝑊𝑊 = ( 𝜇 + ) ⋅𝜇 ( 𝜇 + )⋅ = 𝜇 =  .                       (4.43) 

 

 ,    -   

  k =162 . 

      : 

    -  (  ) 

   : 

 𝑊 = ∙ 𝑊+ 𝑊 ∙ ∙ , = 

 = 𝜇 + 𝜇 + 𝜇 + 𝜇 + ≈ 

          ≈ , ⋅ 𝜇𝑐 + = , 𝜇𝑐 +                                                                             (4.44) 

 

      

 𝑊 = , 𝜇𝑐 + ∙ ∙ − = ⋅ −, + .                                              (4.45) 

  

         

     5,6   = 5.26 . 

 : 

 

Tμ  = 5.6Tμ  +  = 5.26 + 100 = 105.26 .                                                  (4.46) 
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      : 

 𝑊 = 𝑊𝑊 = ( 𝜇 + ) ⋅𝜇 ( 𝜇 + )⋅ = 𝜇 =                          (4.47) 

 

 ,         

        

   .     

      -   

 k  = 160. 

     Tμ  = 105   

     4.4. 

 

 4.3 –      

  

   

   , ∆𝜑, ° 63 

, 𝜎, % 4.3 

  1-   , t1,  4.7Tμ =  

  , tm,  6.28Tμ =  

  , tn,  8.4Tμ =  

  1 
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5 я   я ( )  

я   

 

       

-         

       -    

   -   ( ) . 

        -   

     .      

   -  (    

 )       

      ,  

,    -    

.  

 

5.1 я     
я  я   

 

        

       

 -  (  5.1). 
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У , У  – лект о  у л тел  п я е я  ощ о т  оот ет т е о; Д – д тел  по тоя о о 

ток ;  – едукто ; З  – е о о от ;  – поте о ет че к  д тч к у ло  пе е еще . 

 5.1 –      

     

 

        

  ( )  - ,   

 -   ( )    𝜑 , 

       𝜑,   

  ( ).   Δ 𝜑,     

   ,        Δ �̃�  

   -    .  

   ̃  - ,     

        Я,  

   ,     𝜑  

. 

      (  5.1),  

  ,   , 

   :  

•   = ;  

•   = . ;  

•  = ;  
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•      = .  /а .  

  -      8-  

  8-    .      

 Δ 𝜑    (  )  7 

 (      ).   

   T=0.02 .   𝑎 =  . 

      𝜑  = 3.14  = 180°.   

   .    

  𝑎 =  . 

       

     , 

  : 

 

Ц = ℎ                                                                                                                  (5.1) 

 

 ℎ      

 ℎ = 𝑚𝑎𝛼 −                                                                                                                   (5.2) 

 

 𝑎  –      , 

  , ;  𝛼 -     (    ).  

      

    - ,  

 ,        

      -  , . . 

       .    

    ,     
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  .       - 

    (  5.2),    

  (  5.1)      

  ,   -     𝑊 Д . 

 

 5.2 – -      

 

5.2   я я   

 я 

 

  Ц ,    (5.1).  

𝑎 =  ;  𝛼 = . 

  (5.2)    (5.1) : 

 ℎ = 𝑚𝑎𝛼 − = = .                                                                                   (5.3) 

 

Ц = ℎ =  . = .                                                                                    (5.4)  
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  :  

 Ц = ℎ                                                                                                                    (5.5) 

 

 ℎ    

 ℎ = 𝑚𝑎𝛼 −  ,                                                                                                                (5.6) 

 

 𝑎  –      , 

  , ; 

 𝛼  –     (    ).  

 𝑎  = 5 ; 

  𝛼 = ;  

  (5.6)    (5.5)  

 ℎ = 𝑚𝑎𝛼 − = = .                                                                                   (5.7) 

 

 Ц =  .  .                                                                                                     (5.8) 

 

      : 

 = ∙ ∙𝑖                                                                                                             (5.9) 

 

       

:  

•      𝜀  = 3 г ад; 

•    𝜔  = 90 г ад ; 
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•   𝜔’  = 35 г ад.  

     «  ». 

         

         

    𝜔     𝜔’ .   

       3 = 

 *sin( t).   ,       

     .   

  : 

 𝜔 =  ω′𝑚𝑎


=  = .  𝑐− ,                                                                              (5.10) 

 

𝛼 𝑎 =  ω′𝑚𝑎 =  = °.                                                                                (5.11) 

 

      :  

 𝜔 = 𝜔  ;  𝜔   = 𝑔 𝛼𝑚𝑎𝜀   ,                                                                                (5.12) 

 

 ε  –      . 

 = log = .  .                                                                               (5.13) 

 

       .     

    ,       

  .          

 –20 / ,     –40 / .      
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  𝜔    ω′ 𝑎 ,   ,    

,         . 

 

 

 5.3 –       

 

 ,        

 ,       

  .  

,      ,  

      

𝐻 𝜔, = .       , 

     𝐻 𝜔, =   6  

  .  

  ,    

   . 

 

′ = | 𝜔 , | + | | +                                                                                                                                     (5.14) 

 

 (𝜔 , = ): 
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| (𝜔 , )| = ⋅ 𝑔 ( ⋅𝑖 ) + ⋅ 𝑔 + − ⋅ 𝑔 𝜔 = = − .   .        

                                                                                         (5.15) 

37) 

   (5.14)  

 ′ = |− . | + | . | + = .                                                    (5.16) 

 

   : 

 

′ = 𝑔                                                                                                                                         (5.17) 

 
 = . = .                                                                                          (5.18) 

 

  (5.9)      : 

 

 K = Ky⋅K ⋅КДi = . ,                                                                                   (5.19) 

 

  КД = .  э  а  а я   
      (Tμ ) 

      T  = 0,1..0,3   

      : 

   

T  = R82 · C31 = 2  · 0.01  = 0.02 .                                                       (5.20) 

 

  :  

 

Tμ  = T  + T  = 0.23 + 0.02 = 0.25                                                                       (5.21) 
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   T  = 0.00025  

   : 
 = Я ∙  ,                                                                                                            (5.22) 

 

  –    . 

 Я = .  . ; 
 –   . = .  . 

  (5.22) :  

 = Я ∙ = .  ∙ . = . ∙ −                                                    (5.23) 

 

2 =  = 0.015                                                                                                       (5.24) 

 

5.3     я 
 я   

 

 

 5.4 –       MATLAB 

 

,        

     (5.2): 

%П    
i=1; 
%П    щ   
Kp=0.01 
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%К  я 
Ky=401.192 
%К  я 
Kd=14.92 
%И  я 
T=0.02; 
%АЦП 
Kadc=25.38; 
%ЦАП 
Kdac=0.0394; 
%У  я я  
Un=10; 
%ШИП 
Um=2.64; 
% щ   я 
K0=Kp*Ky*Kd 
Ty=0.00025 
%Д  
T22=0.0000855 
T2=0.015 

 

 

 5.5 –   MATKAB Workspace 

 

  -   - .  

     , 

    Matlab:  

1.    I, D  ,   

P    ,       , 
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 (  5.6).  

 

 

 5.6 –   

 

2.   .    1  P 

   = 0.77303 (   ),    

 –   = 0.07. 

 𝑃 = 𝑃 𝑃 = .                                                                                               (5.25) 

 = 𝑃 𝑃𝑃 = .                                                                                                 (5.26) 

 = 𝑃 𝑃 𝑃 = .  .                                                                                         (5.27) 
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3.       PID-  (  

5.7)     .  

 

 

 5.6 -  -  

 

 

 5.7 -     
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   :     

  ,     

.   -     PID Tuner. 

     PID Tuner [4].   Controller 

parameters (  )    

,    .   

Performance and robustness (   )  : rise 

time (  ), settling time (  ), overshoot 

( ), peak ( ) (  5.8).  

  Response time (  ) (  5.9),   

 ,    ,    

    .    

  -     : 

    0.2908,  

   0.384,    

 0.0071.    71.7 .,   2.3%.  

 

 

 5.8 –   -     
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 5.9 –  -  

  

        

 0%   -   - .   

: 

 

 

 5.10 –    -  
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  -   5.11. 

 

 

 5.11 –  -  

 

    : 

 

 

 5.12 –      -  

( =0.077)  

 

   PID Tuner     

 . 
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     -  

   :     

0.15135,    0.082 .,   0%.  

 

 

 5.13 –  -  

 

 

 5.14 –   -     
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6  я   

  

     -10    

       . 

        

. 

 

6.1      -10   
   

 

         

,      LabVIEW.  

     «  ».   

    DRIVE_ON.  

       

 « »         

 (     6.1). 

 

 

 6.1 –   « »    

 

 

        

   («  »)    
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 ,     .  

       

  (   )  ,   

,      ( ,  6.2). 

 

 

 6.2 –      

 

        

    6.3. 

 

 

 6.3 –    
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  : 

1.    𝑝 =    

2.  

 𝜎 = 𝑚𝑎 − ∞∞ ∙ % = − ∙ = . %                                              (6.1) 

 

6.2  я  я 
 

        

    ,      

  ( ).      

  0.05 . Uq=0, Uq =0.05.     , 

       k1=100, k2=200  k3=300. 

       (  6.4) 

 

 

 6.4 –      
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 6.5 –      k1 

 

 

 6.6 -      k2 
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 6.7 -      k3 
 

    . 

1)     k1 : 𝑝 = .    

2) : 

 𝜎 = 𝑚𝑎 − ∞∞ ∙ % = . − .. ∙ = %                                            (6.2) 

 

3)     k2 : 𝑝 = .    

4) : 

 𝜎 = 𝑚𝑎 − ∞∞ ∙ % = . − .. ∙ = %                                           (6.3) 

 

 5)     k3 : 𝑝 = .    

6) : 

 𝜎 = 𝑚𝑎 − ∞∞ ∙ % = . − .. ∙ = %                                          (6.4) 
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  k      , 

       .  

 

6.3    
 

  ,   (   6.1)  

     (   4.4). 

     tp. . = 25 ,  

  tp.  = 7.9 . ,  , 𝜎  = 

6.7%,    𝜎  = 4.3%.       , 

          

   .        

.  

  ,   (   6.2)  

     (  4.5). 

         

  (k1=100, k2=200  k3=300).   

    6.1. 

 

 6.1 –      

  

 

, 𝜎, %   

, 𝑝,  

k1 = 100 5 310 

k2 = 200 48 550 

k 3 = 300 44 850 

 

,      𝜎 = .  %, 

   𝑝 = 880 .     

 ,        .  
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       .  

        

        

 (    - ,  5.3).    -

,  : 

1)  𝜎 =  %; 

2)    𝑝 =  . 

   -   : 

1)  𝜎 = .  %; 

2)    𝑝 =  . 

  -       

 ,       . 

     -   -  

 ,      ,  

      . 
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7    
 

 -      

   .   -      

     -  .  

     : 

• ; 

•  ; 

•  ; 

•  . 

         

. 

       . 

       

    7.1. 

 

S =S  +S                                                                                         (7.1) 

 

 S  –      , 

   7.1; 

S  –     ,  

  6.2. 

 

 7.1 –    

 , 

 

, 

 

,  

  1 1 10000 10000 

 1 1 500 500 

  1 1 500 500 
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  7.1 

 , 

 

,  ,  

 1 1 400 400 

  2 1 15000 15000 

 2 1 1000 1000 

  2 1 500 500 

 2 1 500 500 

  
 178 5 

1 9500 9500 

 -250 1 10000 10000 

 80-20-0,2 1 6000 6000 

NI PCI-6221 1 2000 2000 

  - 1 1 16500 16500 

  72400 

 

 7.2 -    

 , . 

Microsoft Windows  3000 

Microsoft Office 2010 5000 

LabVIEW 7500 

  15500 

 

  7.1       

 : 

 

S  = 72400 + 15500 = 87900  
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      7.2. 

 =  * * ,                                                                 (7.2) 

 

  –   ,   ;  

 – ,   ;  

  –  , %; 

  –  ,  

   7.2     

 : 

 

 = 20000*1,3*4 = 104000  

 

   7.2     

 : 

 

 = 30000*1,3*3 = 117000  

 

   7.2     

- : 

 

 = 15000*1,3*1 = 19500  

 

   7.2     

  : 

 

 = 30000*1,3*0.1 = 3900  

 

        

 : 
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 = 104000 + 117000 + 19500 + 3900 = 244400  

 

       7.3. 

 

 = * ,                                                  (7.3) 

 

  –    ,   ; 

 –      ;  

 –    . 

     22%   , 2.9%   

 , 5.1%     

, 0.2%      . 

 

 = 0.302 * 244400 = 73808.8  

 

  ,      

       7.4. 

 

 =  +  ,                                                (7.4) 

 

  –  ,    , ; 

 –   ,   ;  

 –     ,   ;  

 

 = 244400 + 73808.8 = 318208.8  

 

ё    

     7.5. 
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= *( +S )                                                         (7.5) 

 

  –   , .; 

        – ,   , %; 

 

 = 0,18*(73808.8 + 87900) = 29107.58  

 

   

     : 

– ,   - 300 ; 

– ,     - 18 ;  

–     - 10 . 

        7.6. 

 

S . =(P +P *n)*N *T                                                                       (7.6) 

 

     P  – ,  ; 

P   – ,    ; 

n –    ; 

N  –  ; 

T   –   . 

 

S .  = (0,3+0,018*10)*8*2,52 = 9.68 . 

 

  ,     

  7.7. 

 

S .=S . .*N                                                                         (7.7) 
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 N –  : 

 

S  = 9.68*90 = 871.2 . 

 

    

       

   7.8. 

 = n ∗ ∗n                                                              (7.8) 

 

  Sk -       

, .;  

nm –  , ;  𝑛  –  , . 

 

= 87900/(5*12*4) = 366.25  

 

  

        

  ,     

,  .     

  7.9. 

 

+=S + ,                                                    (7.9) 

 

      –  , .; 

S  –    , .; 

 –  , .; 

 –  , .; 
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 ,   : 

 

 = 87900 + 900 + 250 = 89050  

 

      

 ,         

   7.3.  

 

 7.3 –       

№ /        , . 

1   89050 

2    244400 

3     73808.8 

4    871.2 

5   366.25 

6   29107.58 

 437603.83 

 

:      437603.83 . 
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8    

 

Б      

      

,      

12.1.019: 

•        

  ,     ,    

      ( , 

),   ; 

•          

         

 ,      , 

. .      4; 

•         

         , 

  ,   .  

  ,      

  ,      

    ; 

•        

  ,      

      ( ), . . 

        

  ; 

•       , , 

    ,   

 ; 

 



 

.  № .   

 

106 
 15.03.06  

 

•      

      ,  ё  ё  

.   ,   ё   

    ; 

•        

      , 

  ,    . 

Б    

 ,  12.3.002-75,  12.3.003-91,  

12.3.061-81,  31-01-03: 

•  ( , ) ,   

    ,  

     ,   , 

   ; 

•      

 ; 

•         

 ,      

  ,    

 . 

     

    : 

•        

 ; 

•   ,       ; 

•     . 
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    ,  12.1.004, , 

 12.2.007.0, , ,  ,  3.05.06,  3.05.07.   

           

 . 

    ,   

      

: 

•   (  ,    

 . .); 

•   (    ); 

•   (    ); 

•   (  ). 

    

       

          

        

.  

Б     

   : 

1)     ; 

2)    ; 

3)          . 
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     -10 . 

      (  

  ),   ,    

  .  

       

     .  

        

.  

    . 

    . 
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