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 -    
     ,  , 

, ,   NO, NO2,    , 
       

 .      
      

[1–3],      
 -  .  vi    i 

  : 

 
2 2 2

' '' ' ''

1 1 1

ln ln ln ln ln

i

i i i ii

M

   

     
               

,      (1.99) 

 

                                       '
1ln i i i

L

k F L T P L dL      , 

     
1

''
2ln

i

i i

m
n

m m
i i iP L P L F l T dL

 
   
 
 
 ,         (1.100) 

 

ni, mi, ik , i , Mi –      
  𝜈: 

 

exp lnv vii       ,                                 (1.101) 

 

F1(T), F2(T) –   0ik k  , 0i   . 

  (1.100) P  –  : 

 

2N ik kk
P P B P  ,                               (1.102) 

 

 ikB –       
 i   k:      ( 2) = 0,8, 

( 2) = 1,4–1,6;    2 0( ) 6,3
 

  
  .
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       -

      . 
       

 ,  ( ) ( )k  , m = 1, n = 0, M = –1.   
      

    m = n = 1, M = –1, ( )k   . 

        0,1 , 0,1 , 0, 1m n M    .  

   : 

 

 ln ( ) ( )i i

L

T L T dL     ,      (1.103) 

 1
ln ( ) ( ) ( )

i

i i i

m

m n m
i i ii

L

T L T P L dL 

      
  
 ,    (1.104) 

 

 ln ln ( )i

i

L T    ,         (1.105) 

 

 exp ln ( )i

i

L T 
 

    
  
 .        (1.106) 

 

      
 ,  .     
        

   : 

 
2

( ) ( )i N ik k

k

P P B L T P L  ,      (1.107) 

 0 0 2 0 ( 0 2( ) / ( ), ( ), ( )ik i i i iB i k i N i k i N        
 
–  

  =1       
( )i k   2( )i N . 

       
   [6]     
  .     

(   , ,  ) 
       

    .      
      



 

 

 

225 

       
    -    
 rm  0,003  10 . 

     
    , 

       
      1500–2500  [1–10]. 

       
    [1–3],  

       
0,2–25  [11],       

      
 CO2 [12].     

   [13–16, 18].   
       

      
 [17, 22, 23].  [19, 21]    

      
      . -

       
 [20].      -

  [24–26].       

   ,      
   ,   

     , 
    .     

   [28–31]    
       , 

     CO2, CO, SO2,  H2O, OH, NO, NO2.  
       
       

    . 
       
       

     :   
,    . 

   . 1.81   CO2     
450–1450 

–1
  

2CO 1P   , =300      

CO2 W  0,03  3000000 · . 
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. 1.81.   (  )   ( )   
  2    450–1450 –1

    
W, · : 1–0,03; 2–0,1; 3–0,3; 4–1; 5–3; 6–10; 7–30; 8–100; 10–1000; 11–5000;  

12–10000; 13–30000; 14–100000; 15–300000; 16–1000000; 17–3000000; 

2CP = 1 , =300  

 

 . 1.82    
 CO  NO,     

   300, 600, 1200, 1800, 2500, 3000 . 

 

. 1.82.      4,67   ( )  

 4,54  NO ( )    300–3000  
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 . 1.83    CO  
 1  10 ·    300, 1200  3000    

CO        0,01  10000   

  300 .     
CO        

 S (T) = const. 

 

 

 

 

. 1.83.    v     4,67 ,  
 :  –   WC , · ; 1–0,01; 2–0,03; 3–0,1; 4–0,3;  

5–1; 6–3; 7–10; 8–30; 9–100; 10–300; 11–1000; 12–3000; 13–10000;  –   
300, 1200, 3000   WC =1 ·  STP;  –   300, 1200, 3000   

 WC  = 10 ·  STP.   ∆  = 10 
–1
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       -

       

 :        
       
     ;   

,      
       

 .    , 

     
        -

 ,       
.       

 .        
     ,  

       
  .        

  ,    
     

 . 
     -

 ,     -

    ∂T⁄∂t (t – ) 
       ,  

       

 

 
0 ( )

H

a

dT dz
T T z

dt v z
   ,                             (1.108) 

 

 a –    , v(z) –  
  ;    z   

 T(z)     . 
  (1.103) ,      

      .  
      

  ,    
    .     
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∂T⁄∂t,       
   . 

       
     , ,H H HJ z Q  : 

 

   
0

, , , ,J z J z d
        ,         (1.109) 

 

   
0

, , , ,J z J z d
 

        ,          (1.110) 

 

  , ,H H HJ z Q
   –    

, ZH –  , QH, ϕH –    
 , . 

  , ,H H HJ z Q      
2π,      : 

 

   2

0
, ,J z J z d

      ,       (1.111) 

 

 d–   .     
dT dt  : 

 

 
   

 , , , ,1

, , , ,p

T z F z

t z C z z

     
 

      
,    (1.112) 

 

 ρ(z,Q,ϕ),Cp(z,Q,ϕ) –     
     z,Q,ϕ. : 

 

     , , , , , ,F z F z F z         .    (1.113) 

 

     
  ,        15–20 %  

.  ,       
     . 
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    , -

    ,   
    . 

      
  ,      

     , -

     . 
 

 
        )                   ) 

. 1.84.         
     1,25×1,6 

2
    

   :  – 25 / ;  – 20 / ; 

1 – ( )T z t  ; 2 – ( )T z z  ; 3 – T(z); 4 − ( )T z z  ; 5 – T(z) 

 

 . 1.84     
     dT z dt ,  dT z dz  

  z      
.  –  ,   

    1,25×1,6 
2
.  

     25 /   20 /   
   1·10

5
 ,    Δz = 0,7 . 

       
. ,     

      
     α = 1,03. 

  ,    
       [1–3]. 
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. 1.85.          
       

 

 

. 1.86.          
  ,       

      

 

 

. 1.87.          
  ,      

 

 . 1.85–1.87     
F(z)       ,  
      -

      «  
».
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       [9]. 

      
       

   ,     
 . 

      
      

    [1, 4, 6–9]. 

       
       , 

        
. 

         
.       , 

      .  
       

        
.  . 1.85     

    .   
     .   

    . 
       

  ,      . 
      

  .      
,       

 .       
         

   .  
 . 1.22     z   
  T(z);    

 dT z dt , / ;    V(z), / ;    

   zdT dz , / .  . 1.22 
dT T

dz z





, 

   
 0

0

T z
V z V

T z
 .
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 1.22 

       
  z 

z,  (z),  
 dT z

dt
, /  V(z), /  ,

dT

dz
 

0 1 940 1960 14  

1 1 800 1820 13 140 

2 1 720 1380 12,41 80 

3 1 665 885 12 55 

4 1 615 638 11,6 50 

5 1 570 568 11,3 45 

6 1 525 436 10,89 45 

7 1 480 374 10,68 40 

8 1 440 354 10,48 40 

9 1 405 331 10,21 35 

10 1 370 310 9,95 35 

11 1 340 292 9,74 30 

12 1 310 286 9,53 30 

13 1 285 234 9,35 25 

14 1 260 229 9,16 25 

15 1 235 224 8,98 25 

16 1 210 220 8,80 25 

17 1 190 189 8,66 20 

18 1 170 170 8,51 20 

19 1 150 167 8,37 20 

20 1 130 164 8,23 20 

 

       
    : W

p
 = 26,5 %, A

p
 = 10,2 %, 

C
p
 = 54,39 %, H

p
 = 3,9 %, S

p 
= 0,5 %, N

p 
= 1,6 %.    

 91 %,     = 560 , 

   α = 1,08,    
  0 = 215 ,   = 13,9 .    -

 D = 210 /     = 5 / . 
         

    0,625 /  .    
   100 /     r = 0,32 . 

     D = 420 /    
 0,45 .  
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      : 
      ,  

     .   
      ,   

C(O2) = 21 %.  

     
      , 

   . ,   
 210 / ,    ,   

    1,6×6 
2
. 

    T(z)    
       
      

( ). 
       

   .    – 

  ,     
 .       90 % 

     -

       
 ,  . 
       

 .       
        

  ,     , 
     [32]. 

 

 

. 1.88.         
  : 1 –     

; 2 –  ; 3 –  
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 . 1.88    (z)  
     V0: 14 / , 21 / , 

28 /         
1,6×6 

2
. 

 

. 1.89.   T(z)      
  V0(z), / : 1–14; 2–21; 3–28 

 

     ,  
  . 

      
      

  .   -

       
    , , -

         
         

     (   ). 
       
      . 
       

      2–3 % 

     2–3    
    . 

     
        

 1,25×1,6 
2
  1,4×1,4 

2
      

α = 1,03       25  20 / . 
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      dT dt , 

dT dz     T(z)     z  
    .  
     

 .   F     
         

  0,3 %.    
 7,5 %.         

   F  5–6 %. 

   ,    
,      

,     . 
         

     
 . 
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