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 ,        
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.         

   .      

     .  

.      
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  .     

      

(  ,  ).   

       

.   

   ,  
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-2  Cl-   , 

        [12].  
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7 –  ; 8 –  ; 9 
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  .  

     . 

 –    ,   

         

 [7].  

 –     .  

     : 

  ,    .  

        

 –        ;  

 -     ; ,  

      0,01-0,1   

 0,02-0,08%      ;    

    –    

  – 2-15% [37];  , , 

,       .  

     

 ,    0,10   85-99%   

,      . [41]  

 -   : , ,   . . 

[37,39-42].   , -    , 
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    - , -3, , , .    
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    [45].  
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     ,  

    MathCAD, 

   .   

  ,     

,   ,  1.  

,     VisSim 5.0, 

 ,     

,   , ,    

      

,      10 

%.    ,   

     

.    

  -207.      

   110–8 .  

     110–8 . 

(8    ;   

:  , , 

     (  

  50 ),  

2 ).       

  110–8 .    

  ,   

RS-485,     4 20  

      

     .  

    -  

200. [2] 
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    [1].       
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,    . 

       

  ,      

   (  CO2  C 4   1:3). , , 

        , 

        .   ,  

, ,     0,83; 0,72; 1,43 ( 3/ ),   

   (%) 50; 71; 70 .     

      ,    

     .  

       ,    
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  3 :  (  ),    

(     ),  (   ) [4].  
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-  »       

: 

   12    .   

          

«  -  »  2017     

2,9–5,1.          

  7,8–8,9.       

     «  -

 »  2017     2,6–3,7.   

      6,0–8,8.  

         

    CaO .= 10–13 %,  

      CaO .   75 %. 

        «  

»           

2017 .: t  = 13,973; t  = 2,201, (  p < 0,05).   ,  , 

,        

          

     «  -  

   .     

    «  »     

     2017 .: t  = 19,619; t  = 

2,201, (  p < 0,05).   ,  ,    

       

         

   «  -    

 . [6] 
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 1.3   

  2.1        

     ,   

   .    

     1,  3, 

      , 

 2,  4  8,   5  7,   

    ,   

   6,     ,   

.  

  3,   ,     

    ,   5  . 

 5     5,  
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  .      
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   2,     8.  , 

    7,   

   ,     

 .      

  .    

     20%    
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1 – ; 2 – ; 3 – ; 4, 8 – ; 5, 7 – 

 ; 6 –   

 2.1 –      

  

  В   
 

    ,     

  ,  :     

,   ,   

    -  .  

      , 

, .  
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2 А  ВА    
 В  

  

2.1      
  

       

  -    .   

       ( ) 

  .      

  ,    ,   

 .  

     

       

,       

   .  

а ая а ав а а я в -  

  в   

   ,  3.6,    

      , 

 2.2.  

  

 –  ;  – ;  –  ;  – 

 ;  –     
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( , , ,  );  –  

  ;e – ;  –     

  

 2.2 –       

  

С ая а ав а а я в -  

  в   

    ,  3.7,  

       

 ,  2.3.  

  

  

W1(s) –  ; W2(s) –  - ; W3(s) –  

-  ; W4(s) –   ; W5(s) – 

    ; W6(s) –    

 ; e – .  

  

 2.3 –       

  

И ва  в    а   

     .  

  1932 .   .  

       (  2.4) 
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 -      

[63].  

   

 2.4 –      

  

      

   :  

  

                               (3.17)  

  

    :  

  

                         (3.18)  

  

  (3.18) D (s) + K (s)   

   D (s),  D (s) – 

   .  

        K (s) 

    D (s),      

  (3.18)      n.  
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 :  

  

            (3.19)  

  

 s = jω, :  

  

               (3.20)  

  

,      D (s) = 0 

 l    (n – l)  .   

   D (s) = 0 – k   (n – k)  . 

    1 + W (jω) :  

  

          (3.21)  

  

      ,   

 ё    , . . l = 0.  

 ,     1 + W (jω) 

         0  

+          k  

     (1+W (jω))   

  : (-1; j0),      , . . 

W (jω)  -     

.  
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     .  

    , k = 0,   

     ,  

-       

   0 +∞      [-1; j0] 

(  2.5).  

  

  

  

 2.5 –      

  

  2.6   -   

  .  
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1 –    ; 2 –   

  

; 3 –       

; 4 –     

  

 2.6 –       

  

     .  

       

    -  . , .  

. .   ,      

MATLAB&Simulink.  

        2.7.   

        

MATLAB&Simulink.  
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 3.12 –       

   

  

   .  

    ,  3.13, 3.14. 

    ,  3.15.  

 

  

  

 3.13 –      
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 3.14 –      

   

 

  

  

 3.15 –     (   

)  
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.   , . .   

      1.  

  

2.3     

       

   SimulationInTechnic, 3.16.  

  

  

 3.16 –        

   

  

 :  

W1(s) =   t– 0  

       y0– 0  

       k – 20  

  

W2(s) =   k– 1  

       0– 0  

    

W3(s) =   k– 1  

       T– 60  
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       x0 - 0  

  

W4(s) =   k– 1  

       T– 400  

       x0 - 0  

  

W5(s) =   k– 1  

       T– 80  

       x0 - 0  

  

W6(s) =   k– 0.2  

       T– 100  

       x0 - 0  

  

     

.     

      3.17.  

  

 

 3.17 –        
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2.4     

     

      .  

      

 ,  3.18.  

  

  

 3.18 –       

SimulationInTechnic  
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 3.19 -     k-0,2  

  

  

 3.20 -    k-0,4  

    

 

 

 
/  

  

  

 

 
/  
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 3.21 -    k-0,3  

  

      

   3.21.  

  

 3.1 –       

k  
,          

0  500  1000  1500  2000  2500  3000  3500  4000  

0,2  0  8,95  14,93  17,2  18,1  18,53  18,66  18,71  18,73  

0,3  0  10,52  16,5  19,2  20,35  21,2  21,7  21,81  21,84  

0,4  0  9,8  17  20,8  22,9  24  24,3  24,7  24,74  

  

 EXCEL     

 -    

,   ,  3.22.  

    

 .      

, R2= 0,999.  

 

 

 
/  
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 3.22 –      ( / ) 

     

  

.  

1)      

        

    k= 0,2; 0,3; 0,4.  

2)       

 ,     .  
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  3    

    

     

  

3.1       

    

 

      

,   ,      

      .   

 :     

       

 .  

      

 l2(OH)5Cl×6H20   ,   

     .  

  l2(OH)5Cl×6H20   

 1( )3  0,5%  1  

 ,      

  ,   - -3  

   ,      

  ,  :  

X1 –    , / 3; 

2 –     12 3, / 3; 3 – .  

    2.1.  

     

 :  
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Y1 –   , / 3; Y2 

–   , %.  

  

 2.1 -       

  -

1,68  

-

1  

0  +1  +1,68  

X1  196  400  700  1000  1204  

X2  106  140  190  240  276  

X3  6,6  7,0  7,5  8,0  8,16  

  

 

 

 

 

 

 

 

 

 

 

 

 

     

      .   

 ,     

      

       .  

  



 

 2.2 –       .  

/   1  2  3  1∙ 2  2∙ 3  1∙ 3  12  22  32  Z1  Z2  Z3  1  2  

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  

1  1  1  1  1  1  1  1  1  1  1000  240  8  48,00  15,50  

2  -1  1  1  -1  -1  1  1  1  1  400  240  8  50,00  15,00  

3  1  -1  1  -1  1  -1  1  1  1  1000  140  8  40,00  10,00  

4  1  1  -1  1  -1  -1  1  1  1  1000  240  7  40,00  20,00  

5  -1  -1  -1  1  1  1  1  1  1  400  140  7  3,70  12,00  

6  -1  -1  1  1  -1  -1  1  1  1  400  140  8  4,90  9,00  

7  -1  1  -1  -1  1  -1  1  1  1  400  240  7  24,40  16,00  

8  1  -1  -1  -1  -1  1  1  1  1  1000  140  7  72,00  17,00  

9  -1,68  0  0  0  0  0  2,82  0  0  196  190  7,5  4,20  13,00  

10  1,68  0  0  0  0  0  2,82  0  0  1204  190  7,5  2,40  6,00  

11  0  -1,68  0  0  0  0  0  2,82  0  700  106  7,5  3,60  11,00  

12  0  1,68  0  0  0  0  0  2,82  0  700  276  7,5  2,00  18,00  

13  0  0  -1,68  0  0  0  0  0  2,82  700  190  6,6  18,20  15,00  

14  0  0  1,68  0  0  0  0  0  2,82  700  190  8,16  5,80  10,00  

15  0  0  0  0  0  0  0  0  0  700  190  7,5  16,00  14,00  



 

16  0  0  0  0  0  0  0  0  0  700  190  7,5  17,00  9,00  

17  0  0  0  0  0  0  0  0  0  700  190  7,5  4,40  10,00  

18  0  0  0  0  0  0  0  0  0  700  190  7,5  4,50  9,80  

19  0  0  0  0  0  0  0  0  0  700  190  7,5  3,90  8,50  

20  0  0  0  0  0  0  0  0  0  700  190  7,5  4,20  10,00  

23  

  



 

    :  

- “  ” –     Excel   

-   “Mathcad”   

       

     ,  

     .   

       

“Mathcad”.  

      

    Matrix (  2.2).  

  

 2.2 –  “Matrix”  Mathcad  

  

        ,  

   2.3.  

  

  

 2.3 –      
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        ,  

      (  2.4).  

  

  

 2.4 –     Mathcad  

  

  

    ,    2.5.  

 

  

 2.5 –        

  

       (  2.6).  
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 2.6 –  ,     

  ,      

 

 3.2  А    

 

   EXCELc    “  

”,       

    .   

   2.29.  

  



49  
  

  

 2.29–      

  

 

 2.30 -      pH 

     

  

  

  
y =  - 1 ,0439x 4  11,863x + 3 - 39 ,942x 2 54,233  25,801x +  + y =  - 1 ,2049x 4  13,205x + 3 - 43 ,162x 2 31,552  34,924x +  + 

y =  - ,3659x 1 4  14,546x + 3 - ,382x 46 2 16,541  44,048x +  + 

0 

10 

20 

30 

40 

50 

60 

6 , 6 7 7 , 5 8 8 , 16 

О
т т
оч

я 
ко

е
т

я  

е
т

еп
о

ду
кт
о  

 

/ л 

У о е   P  ед  
140 190 240 
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 2.31-      

     

  

 

2.32 -       

   pH  

  

  
y =  - ,4221x 0 4  4,0214x + 3 - 8 ,6739x 2 +  9,6776x  - 17 , 45 y =  - 0 ,4221x 4  4,6201x + 3 - ,062x 14 2  14,018x +  + 0,7496 

y =  - 0 ,4221x 4 +  5,2188x 3 - 19 ,45x 2 +  18,358x +  26,619 

-20 

-10 

0 

10 

20 

30 

40 

50 

60 

196 400 700 1000 1204 

О
т т
оч

я 
ко

е
т

я  

е
т

еп
о

ду
кт
о  

 

/ л 

И од я ко е т я е теп одукто  /л 
140 190 240 

  
y =  - 0 ,3635x 4  4,6712x + 3 - ,215x 18 2 31,993  16,791x +  + y =  - ,3501x 0 4 +  4,1077x 3 - ,882x 13 2 10,153  13,008x +  + 

y =  - 0 ,3366x 4 +  3,5442x 3 - ,5481x 9 2 +  9,2244x +  7,1316 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

106 140 190 240 276 

О
т т
оч

я 
ко

е
т

я  

е
т

еп
о

ду
кт
о  

 

/ л 

до  ко уля т  /л 
7 , 5 7 8 
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 2.33 -      pH   

   

  

 

  

 2.34 -       

    

  

  
y =  - ,1115x 0 4 +  1,3405x 3 - ,7079x 4 2 19,148  1,9859x +  + y =  - 0 ,1228x 4 +  1,4343x 3 - 4 ,9329x 2 17,933  2,6234x +  + 

y =  - 0 ,134x 4 +  1,528x 3 - 5 ,1579x 2 +  3,2609x +  20,475 

0 

5 

10 

15 

20 

25 

6 , 6 7 , 7 5 8 , 8 16 

О
е
 

о
д

к  
%  

У о е   P  ед  
140 190 240 

  

y =  - ,0177x 0 4 +  0,2068x 3 - ,7103x 0 2 10,079  0,6847x +  + y =  - 0 ,0177x 4  0,2168x + 3 - 0 ,8003x 2 + 10,695  0,7572x +  
y =  - ,0177x 0 4  0,2268x + 3 - 0 ,8903x 2 +  0,8297x +  15,067 

0 
2 
4 
6 
8 

10 
12 
14 
16 

196 400 700 1000 1204 

О
е
 

о
д

к  
% 

И од я ко е т я е теп одукто  /л 
140 190 240 
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 2.35 -        

  pH  

  

    ,   

   .  

  2.29-2.35 ,       

pH,        

  ,    ,  

    .  

       

   =190 / 3, =700 / 3, pH=7,5.   

 , ё     

        

   (  Al2(OH)5Cl – 0,35÷0,375 .  1 .  

 ; =7,5).  

  

    
y =  - ,171x 0 4 +  1,9927x 3 - ,652x 6 2 14,144  6,2427x +  + y =  - 0 ,1701x 4 +  1,9534x 3 - ,3492x 6 2 +  5,9783x +  10,429 

y =  - ,1691x 0 4  1,914x + 3 - 6 ,0464x 2 +  5,7139x +  9,1591 

0 

5 

10 

15 

20 

25 

106 140 190 240 276 

О
е
 

о
д

к  
% 

О е  о дк  /л 
7 5 , 7 8 
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       Mathcad  
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