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1.     ( ) 
         

 : 
- - ; 
- - ; 
- - ; 
- - ; 
- . 
   : 

         
 . 

      . 

       . 

        . 

     . 

  -    . 

   . 

      
 . 

      
   . 

      
   . 

      
   . 

      
  . 

  Smart     
  . 

        
    . 

       
 . 

 -       
     . 

     .  
  ,     .   

   . 
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2.     
( ) 

 

  -    
   ,   . 

          
       . 

 

     : 
1.   (  1) 
2.    (  2) 
3.  

4.   
5.  

6.   (    ,  . ); 
7.  

8.    

9.  

         : 
1.     . 

1.1 .    . 

1.2 .      . 

1.3 .      . 
2.   . 

2.1 .    . 
2.2 .    . 
2.3 .     . 

3.     . 
3.1.    . 

3.2.  . 

3.3.       . 
4. . 

4.1 .      
. 

4.2 .      
 . 

4.3 .    . 
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2.1.      

2.1.1.     

    , 

,   . 

        
   ,    , 

 , ,     , 

   .  
,    ”    -75-3, 

9            

”,       . 

  -75-3, 9     
     ( .1). 

   : 
, / –75; 

   ,  –4, 3; 

  , – 3, 9; 

  , °  –
440;   , 

° –104; 

     , ° –1200 (     
 ), ° –1170 (     ); 

  , ° –136 (      
), °  –186 (     ). 

ё  : 
   400,3

3
,  

  - 23, 7
3
, 

  - 11, 2
3
, 

  ( ) - 94, 071 %. 

 , ,     
 

   : 

,  – 3,9±0,1; 

, °  – 440±10; 

 , / –100; 

 , / –
≤25; pH–≥7, 5. 
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  -75-3, 9  
 

  

P=3, 9 , θ= 440º  
 
 
 
 

 
 

θ=255º  
 
 

 
  

θ=717º  
 

 
 
 
 
 
 

 
 
 
 
 
 

 

 
 

 
 

θ=1176º  
 

 
  

θ=195º  

.  

θ=255º  

 
 
 
 

 
 θ= 317º  

 

 
 
 
 

. θ= 189º  

 
 θ= 247º   θ=105º  

 
. θ= 163º  

 

 
 

 θ= 191º  

. θ= 104º  

 

 
 θ=30º  

 
 

θ=133-186º  

 
 

 
 1.     -75-3, 9  

 

   : ё  

,  /  –≤50;  

ё , /  –≤20; pH– 8, 5÷ 

9, 5; 

, / –≤20; 

, / –20÷ 60; 

 , / – 0, 5÷1, 0; 
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 (Fe
+3

), /  – ≤100; 

 (Cu
+2

), /  – ≤10. 

      20995-75  
    . 

 

  (  ): 
, % - 98; 

, % - 0,10;  

, % - 1,60; 

, % - 0,30; 

, /
3–10; 

  , / 3–8400. 

 (   - 100): 
, %- 83, 4; 

, % - 10; 

, % - 2, 9; 

, %- 0, 4; 

, %- 0, 3; 

, %- 3; 

  , / 3–8510. 
 

       : 
RO2, %- 8-10; 

O2, %-1-5; 

  , % - 1, 1÷ 1, 4; 

CO2, / -≤ 7000; 

NOx, / -≤ 150. 
 

       : 
RO2, %- 8-10; 

O2, %-3-6; 

  , % - 1, 1÷ 1, 4; 

CO2, / -≤ 8000; 

NOx, / -≤ 200; 
ё  , /  -≤ 3000. 

 

        
,         

  “ ”    -

  ( ). 
      : , 

, -    . 
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2.1.2.       

       
   ,  ,  , 

 ,    -  .  
 

    

         

( . 2),     18.   
 ,       

,     .   

   ,     -    
- .   1       

. 

     17     
     14. 

        4, 

     ,    ё   
.       5, 7,  

   . 

 ,   , ё     
   6, 8.      

   ё    11.   
   13. 

      
.      ё   ,  

        .   
          

  . 

 

    -  
 

, / –75.  

  , / –78, 75. 

  ,  –8, 0. 
     , °  –200. 

  –20 . 
 , ° : 

 –360; 

 –344;



10 

 

   –440. 

 , : 
 - 4, 4; 

  – 4, 0.   , ° : 
  –145; 

    –172; 

    –270. 

 , ° : 
    –1127; 

 –1080; 

 –720; 

   –368; 

   –238; 

   –310; 

-175. 

    , % - 7, 3.   
: 

  - 1, 15; 

 –1, 20; 

   – 1, 27; 

  – 1, 39. 

    , %- 5. 

     ( ), % - 19. ё   
, / –5710. 

                  1.         

  , % 

 

 

, /  

  ,  

  , °  

  , °  

   

 ,  

   ,  

 , /  

 , °  

60 80 100 

45 

3,7 

440 

104 

4 

4,2 

2,1 

3,4 

60 

3,0 

440 

104 

5 

4,2 

2,1 

4,0 

75 

3,0 

440 

104 

6 

4,0 

2,0 

5,0 

120 120 120 
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 .1. 
 

  , % 

 
 , °  

  -   

  -   

      ,  

 ,  
   ., %   

 ,  

  ,  

 , °  

-    

-  

  ,  

-  

-  

   , % 

-  

-  

60 80 100 

 
100 

170 

1, 27 

 

0, 2 

6, 5 

40 

700 

 
490 

175 

 
15 

20 

 
0 

30 

 
95 

180 

1, 28 

 

0, 3 

5, 2 

40 

1000 

 
510 

180 

 
16 

22 

 
10 

46 

 
90 

190 

1, 14 

 

0, 41 

4, 0 

40 

1200 

 
540 

185 

 
16 

23 

 
15 

88 

 

   

       
   ,  ,  

  ,      
.  

  ( .2) – ,  –  
 ё     19 :  ,  

    . 

  16 –    .  

     4   3.  
      5, 7 

  6, 8. 

    .  ,  

    - 60×3 .   100 - 150 . 
  – 9, 36 ,   30, 3 

2
, ё  – 284 

3
. 

 18   14     
 ,       . 

          
     200 ,   300 .  

 – 50, 9 
2
,     – 17, 6 

2
. 

ё    1    1500 .  
  8200 .    40 . 

     ,    

  ,      377 . 
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2
 

3
 

4
 

 

 

1
 

1
9

 
1

0
 

 

.
 

5
 

1
8

 
1
7

 
 

1
6

 
1
5

 
6
 

7
 

 

(
) 

8
 9
 

 

.
 

1
1

 

1
3

 
1
2
 

1
4
 

.2
. 

 
 

 
 

-7
5
-3

, 
 9
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,       290 , 

    . 
         

 . 
      

. 
     65  2  38×3 , 

      . 

        

 (    ).     
. 

        

.       325×19 . 
       65     

  .     . 
    65      

42×3 .       273×20  

   8   89×4,5      
  219×16 .      D =200   
. 

      , 

,    .   32×3 . 
    . 

    9    
  219×9 ,   49    

      219×9 . 
  6   60×3      

  219×9    . 
           

 219×9 .        

 108×4, 5 .      8     

60×3 . 
  

     « »   
     , ё    . 

     40×1, 6 ,   
    60  42 . 

     ё   . 

   15  – 10. 
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0, 5

.         
    . 

  -    - . 

  –10-1, 0
 

 

. 
    - 25000-5000 . 
    –2-0, 4 . 

    -0, 4 . 
   –≤0, 03 / . 

       
: 

-   – 1, 1; 

-   – 1, 05. 

         
 –≤0, 1 % 

 ≤6 . 
  –6 . 

 

 

  
     :  11,  

      (    
 10)    13,      

   . 
     

 ,   ,     
 ,   . 

     

       . 
 

 

  : 
 - –20 ;  126000 

3
/ ;  

–253 / 2
(  θ=200° );  

-740 / ;  

 - -12-35-6;  

 – 250 . 

 : 

  - 18×2; 

–195000 
3
/ ; 

–332 / 2
(  θ=200° ); 

 -740 /  ; 
 – 0-12-55-8; 
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-250 ,  

 –2, 04×0, 83 ; 
 –1, 33×1, 05 . 

 

        
.  

, ,      ё , 

         
(  , , ,  , 

, , ,   .). 
  

2.1.3.       

         
         , 

     ( ) 
        

 .  
      

     , 

     ,   
(   ),    (  

 ) , ,      
.  

       
        

.   ,       
,        

ё  . 
         

        
   ,   

        
   . 

, ,         

:    . 

      :   
 ,     . 

        
  (     ,    
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ё  ),        

      (    

). 

        
,  ,        

 . 
        

,    ,       
     . 

     ,   

   ,       . 

            

       
   . 

      

   ,      , 

    ,  ,      
 . 

      
     ,   

 ,         
 (  ). 

        

       . 
        

         
 . 

      
   ,   

.       

      ,     

           

. 

     ,   
   . 

        
30 –50      .      

  .  ,      

,        
  ,      

        . 
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  . 

  ,      
   . 

 

 2.    
 

 

  
 

- 
 

 

 
 

 
, % 

 
 

 

 
 

 

 

 
 
 
 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 

 

- 
 

 

 

 
 

 
 

 
 

 
 
 

 

 
 

 
 

 

 
 

 
 

 
 

 
 
 

 

 
 

 
 

 
 

 
 

 
 

- 

 
- 

 
- 

 

 
 

- 
 
 
 
 

- 
 
 
 
 

- 
 

 
 

- 

 
- 

 

 
 

- 
 
 
 
 

- 

 
- 

 
- 

110-130 º  

 
90-100 º  

 
170-190 º  

 

 
 

180-200 º  
 
 
 
 

300-330 º  
 
 
 
 
 
 

2, 1-2, 5 

 

 
1, 1-1, 3 

 
 

 
 

0, 15-0, 45 

 
 

 
 

3-6, /  

 
20-50  

 
600-1300  

0, 5 

 
0, 5 

 
0, 5 

 

 
 

1, 0 
 
 
 
 

1, 0 
 
 
 
 
 

 
 

0, 5 

 
0, 5 

 

 
 

0, 5 
 
 
 
 

0, 5 

 
0, 5 

 
0, 5 

- 
   

  
 

  -

- 

 
 - 

  - 

- 

 
 - 

  - 

 

2-    
 

 

   

 
  -

- 

 

   
 - 

- 
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.1.2. 

 

  
 

- 
 

 

 
 

 
, % 

 
 

- 
 

 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

- 
 
 
 
 

- 

 
- 

3-7 % 
 
 
 
 

150-180  

 
200-250  

0, 5 
 
 
 
 

0, 5 

 
0, 5 

 - 
  -

- 

 

 
 

 
 

 

 ,   . 2,   

      , 

          . 

 

2.2.    

2.2.1.     

 

      

       

         

   ,    

    . 

         

, ,       

 . 

        

 ,   ,   

 ,       

.  

   ( )    

       

   . 
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 ,  ,    : 
      . 
    ,    , 

   ,   
  .  

      ,  

         
   .  

       
       
.  

   ,    
 ,  :   , 

 , .  
    ,    
       , 

,      
. 

 

2.2.2.     

 

          
       

      .  
      
,        

(  )   ,    
       
 . 

        
    -   
 (   , , , ,   .)  

    (   
 ).     

,      . 
       

        
         

 .  
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 .     

        

         

   .    

 ,      

  .    

        

        

    . 

 ,         

      ,  

     , 

     ,   

( )   .  

         

 , , ,   

        

,    , ,   

   ,    

         . 

       :  

          

           

    .  

         

     . ,  

        

  ( )    ( ) 
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  ,     ,  

        ,  

 .         

          « »  

   .       

       « » 

    , . .   ,  

      

  ,        

    .   

          

          

         

.         

  ,     

       .  , 

        

          

        , 

         

    .      

  . 

          

  .     

   ( .3)       

         

        ,   

    . 
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   ( . . .)  .  

 . . .     , 

   (   )    

    , . .     

   .  

 

          

      

 ,   .4. 

 

 

 

Ч.   е теля  
ул то  

одо е тел  
елок  

 

о у к  

О т  поток 
куля  ч. .  

.3.        
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.4.       
 

,   . 4: 

F ,F -     , ; 

, -        ; 

-  . . .   ; 

W 1 ( )- W 4 ( )-       
   . 

        
        

 .     
       ,   
    .    

         
   ,       
.        

  ( .5),      

Wо  

Wо  

Wо  

Wо  

Fч   

ч   

Fп  

 

 

ч   
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 ± 0, 5 – 1, 0 ,       
.  

 

.5.        (  
)  

      
        

       
   .  

        
      .6. 

 

 

 

 

 

 

 

 

 

.6.        
        

 

 

W 1( ) 

( ) 

F ( ) 

Δ(z) U(z) F (p) U(p) 

W  ( ) 

W 3(
) 

W ( )  D (z) W ( ) 

W  ( ) 

T (z) 

D (z) 

F (z) 

U (z) 

` ( ) (z) 
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  –    ; 

(z), (p), ’
(p), (z) –    , 

    ,    

          

    , ; 

F ( ) –      ; 

F ( ) –     ; 

Δ(z) –  ; 

U(z), U( ), –     ,  

; 

W  (p), W 3 (p), W 1, (p), W (p), W (p), D (z) -   

 ,      , 

 ,  ( ),  

. 

    ,   .6, 

        

  . 

 

2.2.3.      

    ,   

    ,   ё  

  , ,      

   . 

       -

   .   

          

     .  
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       . 

    ,    
 .  

 

      
    

 

  ( )    
   : 

1.    . 

2.   . 

3.        
      -

. 
4.     . 
5.  . 

      :  
         

   ,     
      . 

        3. 

 

    . 
       

 Xmax-Xmin         
   ,      

    . 
,    – XN.  

      Δ,  
      

   

%,
X

100

N


     (2.1) 



 

 3.     

 
 

 

 
 

 
 

 
 

 Xmin-

Xmax 

 
 

 

 

  
 
 Δ 

  
 

 δ, % 

1 2 3 4 5 6 7 

       

 

2
7

 

 



28 

 

   ,      
 (  )      

(2.1) 

      δ,   
  . 

,  

%,
X

100
               (2.2) 

 X-   . 

 . 3,     Xmin  Xmax. 

          
    (2. 2)   Δ, 

X=Xmin 

.
100

Xmin



              (2.3) 

  (2.3)   (2.1),   
      

  

%.
X

Xmin

N



     (2.4) 

         XN   
    (  

),   γ (2.4). 

     – 0, 5; 0, 25. 

      (2, 3, 2. 3  
2. 4)      . 

И   

   0 – 180°C   
      4 – 20   

  RS-485.   8 – 30 . 
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   0 – 500°C   
    4 – 20   RS-485.  
 40 . 

    600 – 1000 °C  
  -    

 .   8, 20, 30, 40 . 

    500 – 2000 °C   
  ,     500 – 3000 °C 

  . 

И   

    0,04   100 ,   0,04 

 100 ,    0,04  630   
      4 – 20   

 RS-485. 

И   

   (       4 
 250 )      

 . 

        
 : 

-    0, 25 – 8 ,   – 40 - +120 °C, 

 – , ,   , , 

 ,    ; 

-    0, 6 – 30 ,   – 40 - +250 °C,  
– , ,  , , , , , 

 ; 

-      – 40 - +200 °C,  – 

, ,        
   . 
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И     

  : 

-   ,    2, 5 , 

  5 – 150 °C,      1, 15 

– 12 / ,    D =32 – 200 ,  – 

,        
 (  ); 

-   , D =10 – 4200 ,   – 10 - 

+180 °C,   2, 5 ,  – , , ; 

-        , 

D =50 – 1200 ,   0, 6 – 4 ,  –   
 . 

И       

  : 

-     0 – 50 %,   
5 – 50 °C, D =20 – 300 ,   ≤1 ,  ±0, 01 – ± 

0,02% ; 

-    « »   0, 7 – 16%, 

  ≤60°C,   0, 5 – 8 / , D =80 – 125 ,  – 

    ,   
  ,  ; 

-    1 – 16%,   0 – 5 / ,  0, 005 – 

0, 003 % ; 

-    0, 01 – 3, 5 %; 0, 01 – 7%; 0, 01 – 12 %; 

-    0, 01 – 16 %. 

И      

 -     
 ,      

       15 – 98 °   
    4  2 . 
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И      

     5 – 96 %  ISO. 

И     

 ,     
     ,    

   . 

И   ,     
 

  : 

-    4 – 12 %     
    1 

2
,  –    ; 

-   0 – 50 %,  – , , 

 ,  ,  , , 

, , . 

И  1 2(  ),    
    

  . 

   1 
2
: 

-    40 – 1200 / 2
; 

-    10 – 250 / 2
. 

  : 

-    0 – 30 %; 

-    0, 5 – 25 %. 

  : 

   10 – 100 . 

     

       

( )       . 
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    ё       
.   ё     

       

( )    .   ё  
     ,    , 

  ,    
      . 

   ё      
  : ,      

    (    ) -

   108.711.02-79.  .   
       

 .  

       
,  ,      

    ,      
     ,  ё   

     : 

1. И    ё :  
     ( ё ) 

     

 ,  / :  

 G  

 Gmin 

        =f(G), 

  –      
,  ,  

     
     1= f(G) 

     
     2= f(G) 

            

   =f(G) 

      t1 

     p1 
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2.      : 
Gmax=  ·  G    , 

  -     . 

3.        1= 

f(G)  2= f(G)  1  , 2     min  . 

4.         
. 

5.  2> ,      , 

  –     t1. 

6.   ё    
  vmax   : 

vmax=10
-2 

·  Gmax·  (1/ · min) 

7.           
   vmax

po> vmax 

8.        P1=f(G) 

 P2=f(G)  P1  , P2     max  . 

9.          
  (  DPf): DPf= min/ max 

10.   DPf  0, 4,      
  .   DPf  0, 4,  

      . 

       
        

        
    «      

 ,     , 

     », ., 1988.  
 «    ,   

   « ». 
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: 

         
-420-140  

         
: F=(62, 7 Q)/(      /P ), 

2
; 

 Q-  , 
3/ ; 

 -  , / 2;
 

 -   ( ),    

 =0, 5 

  -    , / 2
 

 -    ( ),   
:  

  / P1 >0, 5,   = 0, 95-( 1 )   ( / P1) 

  / P1 ≤0, 5,   =1-    ( / P1) 

 =0, 47   . 

      : 

P1= 0, 8 / 2
=8000 / 2

-   ; 

P2=0, 35 / 2
=3500 / 2

-     (   
    ); 

 / P1=(8000-3500)/8000=0, 5625, 

 =0, 95-( 1 )*( / P1)= 0, 95- (0, 47-1)*0, 5625= 1, 248 

Q=33500 3/  -        
  

 = 0, 68 / 2
      (    ) 

F= (62, 7 33500)/    68,0/4500248,15,0  = 2100450/50, 73= 41403, 5 2
. 
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  : 

d з =1, 13   5,41403 =1, 13 207=234  

 ,         -

420-140         =250 

, =0, 6 . 

ё         

,      ( ) .  

         

.  

 

    ( )    

     .   

  ,     .  

 

    ,     

   .  

 

  ё   , ,  Neles  

   NelProf.      

 NelProf    3. 

 

 NelProf         

         .
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2.3.      

2.3.1.     

      

. 

        

   . 

       

   , -  

  (  ,   ),  

       

  (  ,   ),   

  . . 

        . , 

,      

      .  

         

 . 

      

     , 

    .   

 ё    . 

       

     ,     

    . 

  4       

        

  .        
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,        

    .  

         

      ,  

        

   .  

      (  

/  ),    .   

       

    ,  ,  

   ,   , 

   (    ),    

       .. 

     ,  

         

      . 

    .7    

  -  . 

 

 
.7.     -  . 
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 G1( ), ρ ( ) –      ; G2( ), ρ ( ) 

–    ; ρ ( ) –      
-   

 

      

        

.        

 G1   ,    -ρ , G2  

ρ      ,   

 . 

      

        

 .      -

      W1 (p), W2(p), W3(p), 

W4(p).  

        

     . 

       

   ,   -   .              

      ,   

   .     

   , ,    . 

        

    .  

        

     ,    

    .      

        

 . 
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      .  .8 

      

 

     

 

 
 

 

.8.       
 

      
( .8)       : 

 

 𝑑∆𝑑𝑡 = ∆ + ∆ − ∆ − ∆ ,                                                                              (2.5) 

 

 

Q
n
 -      , ; 

Q , Q , Q , Q  –     , , 

    ,      
,  . ∗ = 𝜌 𝐶 𝜃 ,  

  
V  –   , 

3
; 

 

 

V , , ρ, θ  

G , , i  

 ,  

G , , θ  

 ,  

G , , θ  
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 𝜌 −  , ⁄ ; 

 –        
( ), ∗℃ ; 

 

Q  –        , 
0 . 

 V , ρ   ,  ,  

 

 ∆ ∗ = ∞   𝜌∞   𝐶 ∞   ∆𝜃 ,                                                                                         (2.6) 

 

 = 𝐺   𝐶   𝜃 ,  
 

  𝐺  –   , ⁄ ; 
 𝐶  –   ,   ℃ ; 

 𝜃  –   ,
0 . 

 

 ∆ = 𝐺 ∞    𝐶 ∞    ∆𝜃 + ∞    𝜃 ∞    ∆𝐺 ,                                             (2.7) 

 

 = 𝐺    𝑖 ,  
  

G  –  , ⁄ ; 
 

I  –  , ⁄ . 
 

 i  = f (P ),  

 

  ∆ = 𝐺 ∞    ∆𝑖 + 𝑖 ∞    ∆𝐺  
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 ∆ = 𝐺 ∞   𝜕𝑖𝜕 ∞
   ∆ + 𝑖 ∞    ∆𝐺 ,                                                          (2.8) 

 

 

  –  , . 
 𝜕𝑖𝜕 ∞        

     

 

 𝜕𝑖𝜕 ∞ = 𝑖 − 𝑖− ,  
 

 

 𝑖  –      2, 𝑖  –    
  1. 

      , 

,  

 

 ∆ = , (2.9) 

 

 = 𝐺𝑛 + 𝐺    𝐶    𝜃 ,                                                                                   (2.10) 

 

 

   (3.6)   

 

 ∆ = 𝐺 ∞ + 𝐺 ∞    ∞    ∆𝜃 + ∞    𝜃 ∞    ∆𝐺 + 

  + ∞    𝜃 ∞    ∆𝐺 ,                                                                                                   (2.11) 

 

 

  (2.6), (2.7), (2.8), (2.9)  (2.11)   (2.5) 

    ,  ,  = = . 
 

∞   𝜌∞   𝐶∞𝐺 ∞ + 𝐺 ∞    𝐶∞
  ∆𝜃𝑡 + ∆𝜃 = 𝜃 ∞ − 𝜃 ∞   ∞𝐺 ∞ + 𝐺 ∞   ∞

  ∆𝐺 + 
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+ 𝐺 ∞    𝐶∞𝐺 ∞ + 𝐺 ∞   ∞
  ∆𝜃 + ∆𝐺   𝑖 ∞ − 𝐶∞    𝜃 ∞𝐶∞ 𝐺 ∞ + 𝐺 ∞

+ 

 + 𝐺 ∞
𝜕𝑖𝜕 ∞𝐺 ∞ + 𝐺 ∞   ∞

∗ ∆ . 
 

 

     

 𝑇   𝑑∆𝜃𝑑𝑡 + ∆𝜃 = 𝑘𝐺    ∆𝐺 + 𝑘𝜃    ∆𝜃 + 𝑘    ∆𝐺 + 𝑘    ∆ ,                (2.12) 

 

 

 𝑇 = ∞   𝜌∞𝐺 ∞ + 𝐺 ∞
, ; 

 𝑘𝐺 = 𝜃 ∞ − 𝜃 ∞𝐺 ∞ + 𝐺 ∞
, ℃⁄ ; 

  𝑘𝜃 = 𝐺 ∞𝐺 ∞ + 𝐺 ∞
, ℃℃ ; 

 𝑘𝐺 = 𝑖 ∞ − 𝐶∞   𝜃 ∞𝐶∞ 𝐺 ∞ + 𝐺 ∞
, ℃⁄ ; 

 𝑘 = 𝐺 ∞
𝜕𝑖𝜕 ∞𝐶∞ 𝐺 ∞ + 𝐺 ∞

, ℃ . 
 

 

 

   V ∞=0, 3 3
, G =20 /  (5, 6 / ), 

ρ=1000 / 3
,  

=4, 19 /(  ℃), i =2860 /  (    =0, 4  
   200 ℃), θ =40 ℃, θ =90 ℃. 

 

,  =const. , Δ =0   kP   
. 
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𝐺 ∞   𝐶∞   𝜃 ∞ + 𝐺 ∞   𝑖 ∞ = 𝐺 ∞ + 𝐺 ∞ ∞   𝜃 ∞,  
 

 

 

 

 

  G ∞. 

 𝐺 ∞ = 𝐺 ∞    ∞ 𝜃 ∞ − 𝜃 ∞𝑖 ∞ − 𝐶∞    𝜃 ∞
= ,   , −− ,   = ,  

 

 

   (2.12). 

 

 𝑇 = ,   , + , =  ; 
 

 𝑘𝐺 = −, + , = − , , ℃⁄ ; 
 

 𝑘𝜃 = ,, + , = , , ℃℃ ; 
 

  𝑘𝐺 = − ,   , , + , = , , ℃⁄ . 
 

 

        

 ≈ 0, 2 , . . 10 . 

   –   . 

  –  . 

     

     . 
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∆𝜃𝑡 + ∆𝜃 = − , ∆𝐺 𝑡 − + , ∆𝜃 𝑡 − +  + , ∆𝐺 𝑡 − . 
      

. 
 

  𝑦 𝑝 =  − 𝑝𝑝 + , ℃⁄ ; 
 

  𝑝 = − ,  − 𝑝𝑝 + , ℃⁄ ; 
 

  𝑝 = ,  − 𝑝𝑝 + , ℃℃. 
 

      

         

 (  )        

 ,       

MathLab   IDEN,     . 

  5  6     

  ,    MathLab  

 IDEN. 

        

          

 . 

 

2.3.2.    

       (  

)       
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         ; 

F ( ) –  ; 
F ( )-  ; 
Δ(z) –   ; 

U(z), U( ), –        

 ( );  

W  (p), W  (p), W (p), W (p), D (z) -   , 
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 ( )   .  

      .    
,    . . 

    MathLab 

       

 MathLab,        
 ,    ( )     
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 MathLab      ,  

       
,    . 

  MathLab     
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     : 

-         ; 

-   ; 

-   . 

      
: 

-  ,   ΔХ∞    
,  

Δ ∞ =ΔY∞-ΔG(t) , 

 ΔG(t)–   ,  

ΔY∞= Y∞ - Y0,     
   ;  

Y∞ -       
  ;  

Y0-     t=0. 

-   σ2

.     
      . 

,     σ2 ,   

 ,     
     
   

ǽ = σ2  / σ2
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     t     
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X
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=,ΣΔX

2
(t),/ t. 

          0 

 σ2
.  X2
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  ,      

Excel. 

  9       
      . 

        
  . 

 

      

    . 

     .  
          

 : 

-    ΔYmax,  

  ΔYmax = Ymax – Y0 , 

 Ymax -       
; 

 

-       

ΔY∞ # 0     𝜎 =  ∆Ymax − Y∞Y∞
× %; 

-  𝜎     
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Y∞ = 0    

                          Y2 

        σ =                         100 %; 

                          Y1 

-    γ     ; 
        

  ΔY∞    
         

                       Y1 – Y3 

          γ =                           100% . 

                            Y1 

 

        
 –      , 

   ,    

,     ξ  .  

     . 
      

,      . 
     ΔY∞    
: 

Δ1 = ± (5  3) %  ΔY∞,  ΔY∞ # 0. 

   ( )   
    .  

   ,  +/-5 %. 



55 

 

 

         
,       

|ΔY(t  ) - ΔY∞ |≤Δ1. 

 ΔY∞ = 0,      . 

     ξ 
      

ΔG(t)    Y0      
. 

        
      

|ΔY(t )- ΔG(t) |≤ ξ 

       
      

 

|ΔY(t )|≤ ξ. 

        
       

      .  
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     ,     
     . 
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