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4)        

  SimInTech; 

5)       

  . 

  ,     , 
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1) SimInTech -     
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1  я 

1.1   

 

  –       

    ( )   

. 

  1       [3], : 1 – 

 , 2 –  ( ), 3 –  

 , 4 –   , 5 –  

 , 6 –  ( ). 

 

 

 1 –       

 

      

 .    𝜃  

 ;   𝜃𝑘     – 

 ( ) ;   f – 

 .  

  (  )    

   𝑅 ,    . 

     .  

 ∆  (  )    
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  .   U  

   ,    

  ( )      ,  

       – 

    . 

       

   [3]: 

   :  
 𝑑𝜃𝑑 + 𝜃 =  𝜃𝑘 + 𝑘𝑓 

(1.1) 

 
 : 

 Д =  𝑘 𝜃   (1.2) 
 

  :  
 ∆ = − Д  (1.3) 
 

  :  
 𝑈 + =  𝑘 ∆    (1.4) 

 
    :  

 𝑑 𝜇𝑑 + 𝑑𝜇𝑑 =  𝑘  
(1.5) 

 
 :  

 𝑑𝜃𝑘𝑑 + 𝜃𝑘 =  𝑘 𝜇 
(1.6) 

 

 , , ,  –  , ; 

      θ –    ,  ; 
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      θk –       ,  ; 

     k, k1, k2, k3, k4 –   ; 

      f −     ,  ; 

      U  –    , ; 

      ∆U –      (  ), ; 

      U0–  , ; 

      U –     , ; 

      µ –   , . 

       1. 

 

 1 -     

,  ,  ,  ,  k 
𝑘 , 

/  

𝑘 , 

/( ∙ ) 

𝑘 , 

 /  
𝑘  f, C 

400 0,080 20 0,5 0,2 0,02 0,002 10 2 -11 

 

1.2    

 

    (  1)    

   2.    : 

  –   (   1); 

  –   (  R ,   

  3); 

  –   (    3); 

  –   (    5) 

  –   (   4   6  

 2). 
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 2 -       

 

   , ё    

    (1.1) – (1.6),    [4]: 

     : 
 𝑊 =  𝜃𝜃𝑘 =  + =  +  (1.7) 

  

     : 

 𝑊 = 𝜃𝑓 =  𝑘+ =  ,+  (1.8) 

 

 : 
 𝑊 =  𝑈𝜃 =  𝑘 = ,    (1.9) 

 
  :  

 𝑊 =  ∆ = 𝑘+ = , +  (1.10) 

 
    :  𝑊 =  𝜇 = 𝑘 + = ,, + = ,, +  (1.11) 
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 : 

  𝑊к =  𝜃𝑘𝜇 = 𝑘+ =  +  (1.12) 

       

      (  3) 

 

 

 3 -       
 

   ,    

    .      

MathCAD. 

      : 

 𝑊𝑈0𝜃 = 𝜃 𝑝𝑝 = 𝑊𝑦 𝑝 ∙ 𝑊 𝑝 ∙ 𝑊к 𝑝 ∙ 𝑊 𝑝 =
= 𝑝 + 𝑝 + 𝑝 + 𝑝 + 𝑝 

(1.13) 

 

      : 
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Ф𝑔𝑦 = 𝑝 + 𝑝 + 𝑝 + 𝑝 + 𝑝 +  (1.14) 

 

1.3    1 

 

         

       

.    ,  

        . 

   - ,   

      SimInTech.  

   : 

    -       

SimInTech; 

       ; 

       

  . 
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1)         
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,    . 
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  : 
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4)         3 

       

 ,    .    

 ,      . 

5)    , . .  
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6)   . 

         

      

  - ,     
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      . 

 

2.2    -  

 

-       

 -, -, -  [6].  

  -      

     .   

         

  .     

 ,   .    

 ,      .   
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-       

   .     

     ,     

 .  -        

 .  

-     , . .  

    . 

       ,  

  - , -

,   . . 

  -     

   : 

 𝑊 и 𝑝 = 𝐾 + Ти ∙ 𝑝  + ТД ∙ 𝑝, (2.1) 

 КП -      ; 

       Ти -  ; 

       ТД -  .  

 , -   КП  - , Ки = Ти   
-   КД = ТД  . 

 

 

 

 4 -   -  
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   -      

-, -,  - .    -   

      . -

      

,     ( , 

   ),     ,  

       . 

 ,       

     ,   

      .  

 

2.2    -  

 

      -   

    [7]: 

1)  :     -

         ,   

   . 

2)  :     

     ,   

     . 

3)   (  ):  

    ,      

         

.       

4)  :      

  ,     

     ,  

   .     

ё    . 
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      . 

        

   - :   

- ,    ,    

  ,      , 

   - . 
 

2.2.1  -  

 

  -       

 : 

1)   :    

      , 

  𝐾      ,    

       . 

2)  :     𝐾∗ 

   ,      

    ∗    . 

3)    -    

 ,    2. 

 

 2 -  -  

  𝐾  𝐾и 𝐾  

-  , ∙ К∗  
, ∙ К∗Т∗  , ∙ К∗ ∙ Т∗ 

 

 ,   1943 .,     

   ,     

,     [8].  
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2.2.2   

 
  ,      

         

 .        

   ,   

     ,   , 

    .    

    -   

  : 

       

 ; 

      

      ; 

       

    ; 

        

  . 

 ,      

       . 

    ,  -   

 ё       

    . ,  

        

.   ё    .  
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2.2.3   

 

        

    ,   ,   

 ё   [9, 10]. 

     ( )     

   ,      

  . 

 

 

 5 -        

  

 

 

 

 6 -       

          

 ( ),     :   
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1)    :   

       

 −     .    

     ё    

  –   (  7). 

2) « »  :   

          

  ( ) - ,    

    ,    

,     [10]. 

3)        
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4) « »  :  
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,    ,  
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 8 -   -      
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 9 -     
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 ,     ,    

    - ,    – . 
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  -       [10].  
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 ( )      . 
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 10 -       
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,      – .  ,  

 –     n . 

2)   :   

     .   

    «   »  

«  »    ,    

   .  

3) :       , 

    ,   , 

   .     . 

 -      , 

         

 .  

4) :      -  

       , 

  .      

   ,       

.        

 ,        

 ,     .  

5) :     

         Pm. 

         [0;1]    

   ,      

 – 0   1  .     

    ,   , . ,  

,     ,     

.  ,       

  ,       

. 
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6)   :     m 

     -   -

.     ,     

 ,       . 

(   3-6).  

7)    :   

     :  

    ; 

       ; 

     . 

       . 
 

 
 

 11 –     
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 ,        ,  
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  ,       
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 ,  ,  . 

 

2.3    

 

        

    SimInTech [12], 
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SimInTech   -  
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   SimInTech    , 

   ,     
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     [13, 14].  



26 
 

        

      ,    ,  

        . 
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  , ,  .   

       

,       ,  

 . 

 

2.4    2 

 

    ,   

 - . 

       

 : 

  - ; 

     ; 

   ; 

   . 

    .     

       

 SimInTech. 
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3   

3.1       SimInTech  

 

      SimInTech 

  ,      . 

  SimInTech: 

     (  .prt); 

1)      - :   

-  (  - .prt); 

2)      - :   

(  .prt); 

3)      - :    

  ( _ .prt). 

4)      - :    

   (  .prt). 

5)      - :   

   ( - .prt); 
  

 

 

 12 –         SimInTech 
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 13 -     SimInTech 

 

        SimInTech 

     ,     

   .  

       7 : 

1) OriginalScheme -  ,      

       ; 

2) ZieglerNicholMethod –  ,    

      ,  -

     - ; 

3) ManualConfiguration  –  ,    

      ,  -

      ; 

4) SimplexMethod –  ,      

    ,  -   

  - . 

5) FuzzyLogic -  ,      

    ,  -   

      . 
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6) GeneticAlgorithm-  ,      

    ,  -   

      . 

7) Visualization  -  ,      

      ,   

     . 

         

  . 

 

 

 

 14 –       

 

      

   SimInTech    . 
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 3 -    

   
  Hmin 0,0012 
  Hmax 0,012 

  
 

Startstep 0 

  Intmet  1 
   Strattime 0 

   Endtime 10000 
  Relerr 0,0001 

  abserr 0,1 
 

 

3.1.1   

 

          

 SimInTech       

 –  ,    .   

         .csv  

      . 

 

 
 

 15 -   ,    
 SimInTech 
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 16 -   «  » 
 

  «    » 

      

:   tpp     

  Ymax.  ,     

(       ) 

  . 

 

 
 

 17 -   «    
»  

  

   – ,     

    -   :  
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 ( )       

 (  ). ,    

 ,  t→ ∞,    

   ,     

       5%.   , 

      ,  

       (    

 ).     ,     

   ,       (  

   ).       

 tpp      . 

      - . 

        

 (  18). 

 

 
 

 18 -        
 

    : 

     = 11907    

     𝑌  = 1,0; 

     𝑌мак  = 1,9; 
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       𝑌 мак  = 1,8; 

  : 

 = − 𝑌 ∙ % =  (3.1) 

 

 : 

 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − | ∙ % = , % (3.2) 

 

  

 = ||𝑌мак − 𝑌 | − |𝑌 мак − 𝑌 ||𝑌мак − 𝑌 | | = | , − , | − | , − , || , − , | = , − ,,= ,  

(3.3) 

 

       

 , ,   :  

      

        

.         

 500 .   –   ,     

  5%   

 

3.1.2  -  

 

      - , 

    «  »:  
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« » - «  - »,    

   . 

 

 
 

 19 –     -  
  

       « » 

    -    

   .      , 

    ,   

       . 

 

 

 

 20 -   «  - » 
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   -   

 - . 

 ,    2.2.1,    

    .  

 ,      

(  25). 

     𝐾∗ = 1,242,         

.      ∗ = 577 . 

   - ,   2. 

 𝐾П = , ∙ 𝐾∗ = ,  ∙ , =  ,  (3.4) 

 𝐾и =  , ∙ К∗Т∗ =  , ∙ ,   =  ,  (3.5) 

 𝐾Д = , ∙ 𝐾∗ ∙ Т∗ =  , ∙ ,  ∙ =  ,  (3.6) 

 

 

 

 21 -   -     
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 22 –     ,  1 –  

 - ,   - , 2 –   

  

   : 

     = 2466 ; 

     𝑌  = 1,00; 

     𝑌мак  = 1,8; 

       𝑌 мак  = 1,3; 

    = 0; 

 : 

 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − | ∙ % = % (3.7) 

 

  

 = ||𝑌мак − 𝑌 | − |𝑌 мак − 𝑌 ||𝑌мак − 𝑌 | |= | , − , | − | , − , || , − , | = , − ,, = ,  

(3.8) 



38 
 

 

        -

,       

 :      4,5 

     ,   . 

   ,    -

  -     

 , ,   , 

     . 

 

3.1.3   

 

    - :  

 - ,      

  ,    2.4.2,   

 - . 

        

 ,    ,   

       

: 𝐾 = ,   𝐾и = ,   𝐾 =  

 

   : 

     = 1200 ; 

     𝑌  = 1,00; 

     𝑌мак  = 1,14; 
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 –       

 ; 

    = 0; 

 : 

 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − | ∙ % = % (3.9) 

 

  

 = ||𝑌мак − 𝑌 | − |𝑌 мак − 𝑌 ||𝑌мак − 𝑌 | | = | , − , | − | , − , || , − , |= ,, =  

(3.10) 

 

 

 

 23 -       -

,  1 –  , 2 –  -  

 

        -

,     ,   



40 
 

  ,      : 

     ,    

     . ,    

     -   ё ,  

    . 
 

3.1.4     SimInTech 

 

,    “ ”    

- ,       .  

       ,   “ ” 

     .  

   SimInTech    

« »,    «   », 

      

  ,      

(   ,  )     

 ( ) “ ” [15-17]. 

   ,      

,      [12]: 

1)  – 2:        

  (n =1)     

  n >1.     . 

2)  – 4:      

   (n =1)     

 -  (n >1). 

3) - :   «  

»   ,    

 n     (n+1)  

 .     
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  x.  ( ),    f(x) 

,     ( )  

.  ( )     

      f(x)   

“ ” ,      f(x). 

    « »   

  ,   : 

   ,     

 ; 

        ; 

      . 

 

 
 

 24 –     
  

       

 [12]. 

       

 tpp    Ymax    , 

       

,    «   »  – «  

  ». 
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  «    » ё   

   .    

    - . 

       , 

    – .  

   «    »  

«    »    

  .    

     [0.0001; 5],  -  

 [0.0001; 300]. 

  «     »  

    . 

 «   »    

    .   ,   

      ,     

     .    

«     »,   ,  

    . 

 «     »  

«     »  

   .  ,  

         

    5%   ,  

        500 .  

,       : 

Ymax = 0,95; tpp = 0 .    : Ymax = 

1,05; tpp = 500 .  

     - . 

     .  
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 25 -   « » 
 

       SimInTech 

   -  -   

 : 𝐾 = ,  𝐾и = ,   𝐾 =  

 

   : 

     = 410 ; 

     𝑌 = , ; 

     𝑌мак = , ; 

      

 –        

 ; 

    = 0; 

 : 
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 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − | ∙ % = % (3.11) 

 

  

 = ||𝑌мак − 𝑌 | − |𝑌 мак − 𝑌 ||𝑌мак − 𝑌 | |
= | , − , | − | , − , || , − , | = ,, =  

(3.12) 

 

 

 

 26 -       -

,  1 –   « », 2 –   

 

        

  ,        

,       

:     500 ,   – 

  ,       5%  . 
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3.1.5   

 

     ,   

      ,    

 ,        

- ,    –  [14-18].     , 

     -    

   [9].  

 

 

 

 27 -       

 

    -  

       : 

  – ; 

 1 –  1; 

 2 –  2; 

 1 –  1; 

 2 –  2; 

 1 –  1; 

 2 –  2. 

       . 

         

- ,     -  

:  [0,0001; 3],  [0,0001; 0,003],  [0,0001; 300]. 



46 
 

 

 

 

 28 –     

 

 

 

 

 29 –     

 

 

 

 30 –     
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. 

    «  »   «  

 » .  ,      

5   : 

  –  ; 

  –  ; 

  - ; 

  –  ; 

  –  . 

 

 

 

 31 -     -  

 

     , 

    ,    4. 

 - ,     SimInTech, 

   33.         

 -  ( 1 –  , 3 –  

, 2 –  ),   

,      

   34, 35,  36 .    

    ,    4.  
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«  »  «   »  

    : «  » - 

, «  » - , « » - , «  

» - , «  » - . 

 

 4 -     

№ e(t) de(t)/dt    № e(t) de(t)/dt    

1   2  1 14   1 2 2 

2   2 1 1 15   1 2 2 

3   2 1 1 16   1 2 1 

4   2 2 1 17   1 2 1 

5   2 2 1 18   1 2 1 

6   1 1 1 19   2 2 1 

7   1 1 1 20   2 2 1 

8   1 2 1 21   2 2 1 

9   2 2 1 22   2 2 1 

10   2 2 1 23   2 2 1 

11    2 2 24   2 2 1 

12    2 2 25   2 2 1 

13   2 2        
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 32 –      

 

 

 

 33 –    
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 34 -  1 -    
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 35 -  3 -    
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 36 -  2 -    

 

       37. 

   : 

     = 416 ; 

     𝑌  = 1,00; 

     𝑌мак  = 1,00; 

      

 –       

 ,   ; 

    = 0;; 

 : 
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𝜎 = |𝑌мак − 𝑌𝑌 | = | , − ,, | ∙ % = % (3.13) 

 

 

 

 37 -       -

,  1 –   « », 2 –   

 

        

  ,   ,    

 ,     :  

    . 
 

3.1.6   

 

    - ,   

    ,   

Jupyter Notebook -      

Python [19].       Python. 

       

 10x3:    𝐾 , 𝐾и, 𝐾 .     

 SimInTech      
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 «  ».      

  .      

     .     

i     . ,   

    ,   

    .  

    ,     X  Y, 

 X –  , Y –   ,   

,          .  

     , ,   

  ,     

 . 

 

 

 

 38 -   
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 ,   ,    , 

  ,     

   .csv.      

 (      ),    

 – ,        

     5%.    

   .     

       𝐾 , 𝐾и, 𝐾 . 

 

 

 

 39 -   ,   

 

 ,   ,   

 192    ,    : 

 𝐾П = ,  
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𝐾и =  ,  𝐾Д = ,  

 

       

        .  

   ,     

 ,   ,     

         

. 

       . 

 

 

 

 40 -       -

,  1 –   , 2 –   

 

   : 

     = 171 ; 

     𝑌  = 1,00; 

     𝑌мак  = 1,00; 
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 –       

 ,   ; 

   = ; 
 : 

 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − ,, | ∙ % = % (3.14) 

 

        

  ,       

     . , 

     ,   

 . 

 

3.1.7   

 

      

 -      

    ,     [12]. 

        

 :  ,      - , 

     .    

     ,   

   :   ,   

 ,  , .  

     

       .  

      ,   

 . 
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 41 -     

 

 

 

 42 -     
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 43 -          
 

 

       

 ,      . 

         

 SimInTech      

     ,   

 15.03.04 «     

»    «  ».  

     . 
 

3.2       

 

         

       .  

  6     ,    

  -       



60 
 

  .  ,   

        

  :       

 ,       . 

  ,        

        

   ,      

 .  

,     

 SimInTech ,    ,  

   :      

,         

   , ,  ,  

      ,  

 . 

 ё      

         

       , , , 

  .      , 

    . ,   

 ,        5-9 . 

  ,   -     

 ,     .  

         

 .   -     

   - .    

 ,     , 

     , 

       . 
 



 5 –     

 
 

  

   -  

 

 

-

 

 

 

 

 

 

 

SimInTech 

  

  

 

  

 

 

 

  

,  
11 907 2466 1200 410 416 171 

 

 𝑌мак  
1,9 1,8 1,14 1,04 1 1 

 

 

 𝑌мак  

1,8 1,3 - - - - 

 𝜎, % 
90,7 79 14 4 0 0 

  0,11 0,625 1 1 1 1 



  ,       

  .        

         . 

 

3.3    3 

 

      

        

SimInTech.         

 SimInTech,       

     .  

      -

,        

 .    

    ё .  

      

       

       

:  ,    

, . 

       

        

       .  
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      .  

      SimInTech 

      -   

         -

.       

SimInTech,    ,     

        .  

   -  : -

,   ,    

SimInTech,  ,  .  

      

 ё .     

        

       

:  ,    

, .  

      ,   

 . 

 -        

      .   

,        

  ,       .  

 ,        

. 

       

. ,  ,     

   .     

 ё  ё     . 



64 
 

          

   - . ,     

,    . 

   -   

 SimInTech   ,    

   ,     , 

    ,  , 

  ,    ,   

        .  

,       , 

,       .  

     ,  

     :  

      ,    

   . ,   

       .  

,   ,      

   . 

       , 

     ё  .    

     , ,  . , 

     ,    

         

,      ,   

        

 . 

      -

        

         

   .  
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  SimplexMethod 
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initialization 

Button.Down = 0; 

end; 

 

Plot.XValue = [[0]]; 

Plot.YValue = [[0]]; 

 

var count: integer; 

var size1: integer; 

var M1: array; 

var M2: array; 

 

b = 3; 

count = 2; 

 

if CheckBox.Value = 1 then count = count+1; 

if CheckBox1.Value = 1 then count = count+1; 

if CheckBox2.Value = 1 then count = count+1; 

if CheckBox4.Value = 1 then count = count+1; 

if CheckBox5.Value = 1 then count = count+1; 

if CheckBox6.Value = 1 then count = count+1; 

 

if count = 3 then  

begin  

M1 = [Visualization_time, Visualization_time, Visualization_time];  

M2 = [Visualization_LowerLimit, Visualization_TopLimit, 0];  

end; 
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if count = 4 then  

begin  

M1 = [Visualization_time, Visualization_time, 

Visualization_time,Visualization_time];  

M2 = [Visualization_LowerLimit, Visualization_TopLimit, 0, 0];  

end; 

 

if count = 5 then  

begin  

M1 = [Visualization_time, Visualization_time, Visualization_time, Visualization_time, 

Visualization_time];  

M2 = [Visualization_LowerLimit, Visualization_TopLimit, 0, 0, 0] 

end; 

 

if count = 6 then  

begin  

M1 = [Visualization_time, Visualization_time, Visualization_time, Visualization_time, 

Visualization_time, Visualization_time];  

M2 = [Visualization_LowerLimit, Visualization_TopLimit, 0, 0, 0, 0] 

end; 

 

if count = 7 then  

begin  
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M1 = [Visualization_time, Visualization_time, Visualization_time, Visualization_time, 

Visualization_time, Visualization_time, Visualization_time];  

M2 = [Visualization_LowerLimit, Visualization_TopLimit, 0, 0, 0, 0, 0] 

end; 

 

if count = 8 then  

begin  

 

M1 = [Visualization_time, Visualization_time, Visualization_time, Visualization_time, 

Visualization_time, Visualization_time, Visualization_time];  

M2 = [Visualization_LowerLimit, Visualization_TopLimit, 0, 0, 0, 0, 0, 0] 

end; 

 

if CheckBox.Value = 1 then  

begin 

M2[b] = OriginalScheme_Yust; 

b=b+1; 

end; 

 

if CheckBox1.Value = 1 then  

begin 

M2[b] = ZieglerNicholsMethod_Yust1; 

b=b+1; 

end; 

 

if CheckBox2.Value = 1 then  

begin 

M2[b] = ManualConfiguration_Yust2; 
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b=b+1; 

end; 

 

if CheckBox4.Value = 1 then  

begin 

M2[b] = SimplexMethod_Yust3; 

b=b+1; 

end; 

 

if CheckBox5.Value = 1 then  

begin 

M2[b] = FuzzyLogic_Yust4; 

b=b+1; 

end; 

 

if CheckBox6.Value = 1 then  

begin 

M2[b] = GeneticAlgorithm_Yust5; 

b=b+1; 

end; 

 

Plot.XValue = M1; 

Plot.YValue = M2;   

 

s1 = floattostrf(OriginalScheme_G, 0, 2, 0); 

s2 = floattostrf(OriginalScheme_Ymax, 0, 2, 0); 

s3 = floattostrf(OriginalScheme_Est, 0, 2, 0); 
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Editor18.Text = OriginalScheme_tpp; 

Editor22.Text = s1; 

Editor48.Text = s2; 

Editor52.Text = s3; 

 

s11 = floattostrf(ZieglerNicholsMethod_G1, 0, 2, 0); 

s21 = floattostrf(ZieglerNicholsMethod_Ymax1, 0, 2, 0); 

s31 = floattostrf(ZieglerNicholsMethod_Est1, 0, 2, 0); 

Editor19.Text = ZieglerNicholsMethod_tpp1; 

Editor4.Text = s11; 

Editor30.Text = s21; 

Editor28.Text = s31; 

 

s12 = floattostrf(ManualConfiguration_G2, 0, 2, 0); 

s22 = floattostrf(ManualConfiguration_Ymax2, 0, 2, 0); 

s32 = floattostrf(ManualConfiguration_Est2, 0, 2, 0); 

Editor20.Text = ManualConfiguration_tpp2; 

Editor7.Text = s12; 

Editor33.Text = s22; 

Editor31.Text = s32; 

 

s13 = floattostrf(SimplexMethod_G3, 0, 2, 0); 

s23 = floattostrf(SimplexMethod_Ymax3, 0, 2, 0); 

s33 = floattostrf(SimplexMethod_Est3, 0, 2, 0); 

Editor21.Text = SimplexMethod_tpp3; 

Editor10.Text = s13; 

Editor42.Text = s23; 

Editor40.Text = s33;  
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s14 = floattostrf(FuzzyLogic_G4, 0, 3, 0); 

s24 = floattostrf(FuzzyLogic_Ymax4, 0, 2, 0); 

s34 = floattostrf(FuzzyLogic_Est4, 0, 2, 0); 

Editor24.Text = FuzzyLogic_tpp4; 

Editor13.Text = s14; 

Editor45.Text = s24; 

Editor43.Text = s34;  

 

s15 = floattostrf(GeneticAlgorithm_G5, 0, 2, 0); 

s25 = floattostrf(GeneticAlgorithm_Ymax5, 0, 2, 0); 

s35 = floattostrf(GeneticAlgorithm_Est5, 0, 2, 0); 

s45 = floattostrf(GeneticAlgorithm_tpp5, 0, 0, 0); 

Editor23.Text = s45; 

Editor16.Text = s15; 

Editor51.Text = s25; 

Editor49.Text = s35; 

 

if Button.Down = 1 then  

begin 

Visualization_F = Voltmeter.Value; 

Visualization_F_time = Visualization_time; 

Visualization_Condition = true; 

end; 

if Button.Down = 0 then Visualization_Condition = false; 
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 𝑊 и 𝑝 = 𝐾 + Ти ∙ 𝑝  + ТД ∙ 𝑝 (1) 

 КП -      ; 

       Ти -  ; 

       ТД -  .  

 , -   КП  - , Ки = Ти   
-   КД = ТД  . 

 

 

 

 1 -   -  

 

   -      

-, -,  - .    -   

      . -

      

,     ( , 

   ),     ,  

       . 

         

-     - . 
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         : 

1)   :    

      , 

  𝐾      ,    

       . 

2)  :     𝐾∗ 

   ,      

    ∗    . 

3)    -    

 ,    . 
 

 1 -  -  

  𝐾  𝐾и 𝐾  

-  , ∙ К∗  
, ∙ К∗Т∗  , ∙ К∗ ∙ Т∗ 

 

 

 

        , 

       : 

 Ф𝑔𝑦 = 𝑝 + 𝑝 + 𝑝 + 𝑝 + 𝑝 +  (2) 

  

      . 
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 2 -    

 

     : 

     : 

 𝑊 =  𝜃𝜃𝑘 =  + =  +  (3) 

  

     : 

 𝑊 = 𝜃𝑓 =  𝑘+ =  ,+  (4) 

 

 : 

 𝑊 =  𝑈𝜃 =  𝑘 = ,    (5) 

 

  :  
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 𝑊 =  ∆ = 𝑘+ = , +  (6) 

 

    :  𝑊 =  𝜇 = 𝑘 + = ,, + = ,, +  (7) 

 

 : 

  𝑊к =  𝜃𝑘𝜇 = 𝑘+ =  +  (8) 

 

      –    

  SimInTech. 

 

 3 –  ,    SimInTech 

  

      . 
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. 

 4 -        

  

   : 

     = 11907    

     𝑌  = 1,0; 

     𝑌мак  = 1,9; 

       𝑌 мак  = 1,8; 

 : 

 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − | ∙ % = , % (9) 

 

  

 = ||𝑌мак − 𝑌 | − |𝑌 мак − 𝑌 ||𝑌мак − 𝑌 | | = | , − , | − | , − , || , − , |= , − ,, = ,  

(10) 
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      -   

      « » - 

«  - »,      

 . 

 

 

 

 5 –     -  

  

    - ,  , 

       

.   ,     

 (  6). 

     𝐾∗ = 1,242,         

.      ∗ = 577 . 

   ,   1. 

 𝐾П = , ∙ 𝐾∗ = ,  ∙ , =  ,  (11) 

 𝐾и =  , ∙ К∗Т∗ =  , ∙ ,   =  ,  (12) 
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 𝐾Д = , ∙ 𝐾∗ ∙ Т∗ =  , ∙ ,  ∙ =  ,  (13) 

 

 

 

 6 -   -     

 

     - . 

  

 

 22 –     ,  1 –   

- ,   - , 2 –   
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   : 

     = 2466 ; 

     𝑌  = 1,00; 

     𝑌мак  = 1,8; 

       𝑌 мак  = 1,3; 

 : 

 𝜎 = |𝑌мак − 𝑌𝑌 | = | , − | ∙ % = % (14) 

 

  

 = ||𝑌мак − 𝑌 | − |𝑌 мак − 𝑌 ||𝑌мак − 𝑌 | |
= | , − , | − | , − , || , − , | = , − ,, = ,  

(15) 

 

        -

,       

 :      4,5 

     ,   . 

   ,    -

  -     

 . 
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