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2.1  , ,    

   
 

      26,5 % , 43,5 % -
, 28,5 %)   ,    8,5 % .  

 100 .   315 .  48 ° . 
       28,0 % , 8,4 % 

, 8,6 % , 44,0 % .   100 .  
312 . 
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, 7,5 % , 43,5 % .   100   
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 .   30 %   44 % . -

 60 ° . 
  ,  -

   ,    ,      
25,5 %,     7,8 %    ;   
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    8,6 %;    ,   . 

  100 .    135 , 
 50 ° ,     – 60 ° . 
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 ; 23 – - ; 24 – ; 25 –  ; 26 
– -  ; 27 –  ) 
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      .    -
    65 – 70 %.    -

 ( ) ,        -
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3.2         
 

     1200 3/ . 
    : 

  ,   20 3; 
   – 3 .,  0,7 3 ; 
 -  ,  0,7 3; 
      ,  49 3; 
  – 3 .; 
   ; 
  ,  35,4 3; 
 -    ,  0,7 3; 
 - . 
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,   : 

   , /  

  
   

 
, /  

  350 0,75 
 50 40 

 7 2 
 100 50 

 150 300 
 100 3 
 150 30 
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1 –  , 2 –  , 3 –  , 4 –  , 5 – , 
6 –  , 7 –  , 8 –  , 9 –   , 10 – -  -

, 11 –   , 12 – , 13 – , 14 –  , 15 –     
, 16 –  , 17 –     , 18 –   , 19,20,21 –  

 
 3 –     



26 

 

26 

 

 2 –           2016  
 

     H   H   -  -
.  

  H        
 

 

   -
 

  
 

       
.  

 - ,    .  - H    

   -  -
 

       .  -      

  H      -   -  
 1 

-  
. 

2-   
. 

 -
 

-  /   /  / 3 /   

      -     , 
3/  

. /1-  
 

. 

/ , 
 

 -
 

-   max.       - 

        ,   /    /  
- 

  -  
% 

%       

   .           
 

          

                        
             X1 Y1 X2 Y2          

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
001   1 8760  -

 
1 0001  0.3 7.07 0.5 20 309 266      0301   

(  
0.000041 0.082 0.00048 2016 

   1     6             (IV) )     
                    0303  0.000517 1.034 0.00625 2016 
   1                 0304  (II)  ( 0.000271 0.542 0.00327 2016 
                      )     
   1                 0333  0.000144 0.288 0.00178 2016 
                    0410  0.014305 28.610 0.17304 2016 
   1                 1071  

( 
0.000087 0.174 0.00106 2016 

                     )     
                    1325  0.000115 0.230 0.00139 2016 
                    1716  -

 
0.000011 0.022 0.00013 2016 

                      
(  

    

                      –  51-
81-88) / 

    

                            
                     /     
001    1 8760  -

 
1 0002  0.3 4.67 0.33 20 299 273      0349  0.00033 1.000 0.01041 2016 

        5                  
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4        
     

 
     «    

         -
  30       30   ». 

 
 3 –    

 ,   
  10/13 

 1 
pW ,% 18,0 

B, /  5 000 
pA , % 13,2 

pS , % 0,3 

pS , % 0,3 

p , % 58,7 
pN , % 1,9 
pH , % 4,2 
pO , % 9,7 

3q , % 1 

4q , % 3 

F, 2 8,7 

6R , % 40 
  1,4 
a  0,5 

 , % 0 

 
4.1      
 

        
 :  

 
Vcr = Vr

0+ α – 1 ⋅ (V0 – VH2O
0 ) 

 
 , 𝑟 , 𝐻 𝑂 –        -
      (1 3) , 

3/  ( 3/ 3). 
         -

    : 
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V0=0,0889⋅(Cr+0,375⋅S +
r )+0,265⋅Hr – 0,0333⋅ Or, 

 
00

2
0161,00124,0111,0 VWHV rr

OH   

0
2

00
2

0
22

0

100
8,079,0

100

375,0
866,1 OH

rrr

OHNROr V
N

V
SC

VVVV 


   

 𝑟,  +𝑟 , 𝐻𝑟 , 𝑟 , 𝑟 –   ,  ( -
  ), ,       , 

%. 𝑟 –    , %.  
 

: 
 
V0  = 0,0889 ∙ 58,7 + 0,375 ∙ 0,3  + 0,265 ∙ 4,2 – 0,0333 ∙ 9,7 = 6,76 3/ ; 
 
VH2O 0 = 0,111 ∙ 4,2 + 0,124 ∙ 18 + 0,0161 ∙ 6,76 = 2,182 3/ ; 

 

Vr
0  = 1,866 ∙ 58,7 + 0,375 ∙ 0,3

100
 + 0,79 ∙ 6,76 + 0,8 ∙ 1,9

100
+ 2,812 = 9,27 3/  

 
Vcr = 9,27 + (1,4 – 1) ∙ 6,76 – 2,812 = 9,162 3/ . 
 
4.2     
 

    (     
) ,        ( / , / ), 

  : 
 

 rABM   1 , 
 

  –   , /  ( / ); 𝑟 –     , %; 
  – ,       (     

      =0,0026); 
 –   ,   ; 

 
:  

 
M  = 5000 ∙ 13,2 ∙ 0,0026 ∙ (1 – 0) = 171,6 /  = 5,6 / . 

 
4.3     
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2SOM    

   ( / , / ),   : 
 

   2
''

2
'

2
1102,0 SOSO

r
SO SBM   , 

 
 B –      , /  ( / ); 

rS –       , %; 
'

2SO
 –   ,     .  

''

2SO
 –   ,      

  . 
 

: 
 
MSO2  = 0,002 ∙ 5000 ∙ 0,3 ∙ (1 – 0,3) ∙ (1 – )=21 /  = 0,67 / . 
 
4.4     
 

   COM    -
      1  .  

       
   , /  ( / ),     

: 
 

MCO=10-3∙B∙CCO ∙ 1-
q4

100
, 

 
 B –  , /  ( / ); 

COC –      , /  ( / )  / . 
  : 

 
CCO=q3∙R∙Qi

r, 
 

 3q  –       , %; 
R – ,       

  ,      
  ;   

 .................. 1,0 
...........................……..0,65 

.................................…… 0,5 
r
iQ –     , / , ( / 3); 

4q –       , %. 
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     q3, q4  
  4. 

 
 4 –      

     q3, % q4, %  
   

   -
 

  
  

 AM   

2,0 
2,0 
1,0 

8,0 
7,0 
10,0 

 

      0,5 13,5/10 
  

q4 -   

-     1,0 2,0   

  -
   
   

 

   
   

  

0,5-1,0 
0,5-1,0 
0,5-1,0 

5,5/3 
6/3,5 
5,5/4 

;  -
 q4 -  
   
  

  -
   

  

  
   -

, -
 

   

0,5-1,0 
0,5-1,0 

 
 

0,5-1,0 

13,5/10 
9/7,5 

 
 

6/3 

 

   -
  

,  -
, ,  

 
2 2  

  -
 

, ,  1 4/2  

   -
 

 2 /  
  3 3  

   -
  

  
  

  

0,5 
0,5 
0,5 

5/3 
3/1,5 
3/1,5 

 

 
: 

 
CCO = 1 ∙ 1 ∙ 19,05 = 19,05 / , 
 

MCO = 10-3 ∙ 5000 ∙ 19,05 ∙ 1 – 3
100

= 92,4 /  = 2,93 / . 
 
4.5     
 

 ,    ,  ,  
        -

     NOx    MNO2; (  / , 
/ ),      ,   

: 
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MNOx=B ∙Qi
r ∙ KNO2 ∙ βr ∙ k , 

 
 pB –   , /  ( / ),   : 

 

B =B∙ 1-
q4

100
, 

 
 B  –      /  ( / ); 

4q –      , %; 
r
iQ –    , / ; 
T
NOK

2
–         

, / . 
  T

NOK
2

  : 
 

KNO2=0,35∙10-3 ∙ α ∙ 1+5,46∙ 100-R6

100
∙ √qr∙Qi

r4 , 

 
 T -     ,   : 

 

α = 21
21-O2

, 

 
 2O –       , %;  -

          -
  T = 2,5; 

6R –     –    
  6 , %;     ;    

       -
        6R   
 40%. 

rq –    , /  

 
 rq    : 

qr=
Q
F

, 

 
 F –   (      -

), 2; 

TQ –        , 
,   : 

 
Q =B ∙Qi

r, 
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r –  ,    
 ,         

,    ; 
 
βr=1-0,075∙√r, 
 

 r –    , %; 
k –  ; 

       k  = 1; 
       k  = 10-3. 

 
            

         -
  ,     . 1.6  
. 

          -
           

      (     -
   ): 

 
MNO2=0,8∙MNOx, 
 

MNO = 1 – 0,8  ∙ MNOx  ∙ μNO
μNO2

 = 0,13 ∙ MNOx , 

 
 NO , 2NO -   NO  2NO ,  30  46 -

; 
0,8 –      . 
 

: 
 

4850
100

3
15000 






 pB / ; 

 
QT = 4850 ∙ 19,05 = 92392,5 ; 
 

qr = 92392,5
8,7

 = 10620 / 2; 

 

 KNO2 T = 0,35∙10-3 ∙ 2,5 1 + 5,46 ∙ 100 – 40
100

∙ √10620 ∙ 19,05 4 = 0,08 / ; 
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MNOx  = 4850 ∙ 19,05 ∙ 0,08 ∙ 1∙10-3 = 7,4 /  = 0,23 / ; 
 
MNO2  = 0,8 ∙ 0,23 = 0,184 / ; 
 
MNO = 0,13 ∙ 0,23 = 0,03 / . 
 
4.6    
 

  ( ) ,     -
  ( / , / ),   : 

 
M =C V B k , 
 

 M )( –  ( )       -
    0 = 1,4   , / 3;  
V –    ,     1  

(1 3) ; 
pB –   , / ; 

nk –  .       k = 
0,27810-3;        k =10-6. 

 ( )        -
      C )(  ( / ),   -

   4,1 ,   : 
 

=10-3∙
A∙Qi

r

e2,5α'' +
R
t

КД∙К  , 
 

  – ,       -
,  = 2,5; 

r
iQ –    , r

iQ  = 21,06 / ; 
R – ,    -
:R=350; 
t –     , t  = 250; КД – ,   , КД=1; КЗУ – ,    ( )  -

   : 
 

=1-η ∙ z, 
 

  –       ,  = 0%. 

 



34 

: 
 

1001 K  

C  = 10-3 ∙ 2,5 ∙ 19,05
33,12

 + 350
250

 ∙ 1 ∙ 1 = 0,003 / 2; 

 

M  = 0,003∙10-3 ∙ 9,162∙10-3 ∙ 4850 ∙ 0,278∙10-3 = 0,037∙10-6 / ; 
 

M  = 0,003∙10-3 ∙ 9,162∙10-3 ∙ 4850∙10-6 = 0,00013∙10-6 / . 
 

 5 –   -      -
 

  
 

, /  , /  

  5,6 171,6 
  (NO) 0,03 0,95 

  (NO2) 5,81 0,184 
  (SO2) 0,67 21 

  (CO) 2,93 92,4 
( )  0,03710-6 0,0001310-6 
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5        
 

        
       -

 ( )    ,  -
     06.06.2017 №273 «   -
     ( )   -

 " (     10.08.2017 N 47734). 
        

        
  . 

       
        -

         -
   100    ,    -
   : 
       -

 ; 
         -

   ; 
    -  ; 
    -  , 

      ,  
  ; 
        

   ; 
       -

       -
,    ,   

(      ). 
    : 

     c ,  -
   ,   ,  -

 ,        ,  
          -
  ( ,  ,  ,  ,  

   ,  ),      
      

     (  - -
      ); 

   q       -
    (  ,  -
, ); 
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      ,  
 ( , )  ,  , , 
 C    . 

     , -
      . ё  

  ,   20-30-  -
 .  ё     -

   ,    -
     .  

ё        
   –      -
         

    ,    
   : 

  ; 
 ( ) ; 
  ; 
  ; 
  ; 
  . 
 
5.1      

 
 
H –      ,    

= 60 ; 
 

–   , 3/ : 
 

0

2

1 4






D
V , 

 
 –    , ; 𝜔  –         -

, / . 
 

07,147
4

6,114,3 2

1 


V  3/ . 
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 6 –   ,    
   

  
  , -

     -
, /  

  0,03 
  0,184 
  0,67 

  2,93 
( )  0,03710-6 

  5,6 
 

5.1.2    
 

     m ( / 3)  
         

        ( ) 
     : 

 = ⋅ ⋅ 𝐹 ⋅ ⋅ ⋅ 𝜂𝐻 ⋅ √ ⋅ 𝛥3  , 
 

  – ,     ; 
–   ,      -
, / ; 

F–  ,     
   ; 

   – ,    -  -
    ; 

–      , ; 𝜂 –  ,    , 
        ,  -

 50   1 , 𝜂 =1; ∆  –     -   
      , ⁰ ;  –   , 3/ . 

  ,   -
 ,       -

  ,  : 
) 250 –      40° . .   ; 
) 200 –    :     50° . 

.,     , ;   -
 :          

; 
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) 180 –        50  52° . .  -
       ; 

) 160 –        52° . .  
) 140 –  , , , , -

,  . 
    ( / )     V1 

( 3/ )       -
          -
  ( ) . 

     20 – 30 –   -
,      ,     20 -
. 

        
       
       . 

  Δ   ,    
         13 . 

       «    
»,       

 –       -
.         -
 35,50 . 

 𝛥 = −  
 

   F : 
)        ( -

,   . .,       
) – 1; 

)       -
     90% - 2;  75  90% - 2,5;  75%  

   – 3. 
  m  n     -

 𝑓, , ′ ,fe: 
 𝑓 = ⋅ 𝜔 ⋅𝐻 ⋅ 𝛥  
 𝑓 = ⋅ ⋅ ,⋅ = ,

 
 𝜈 = , ⋅ √ ⋅ 𝛥𝐻3
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 𝜈 = , ⋅ √ , ⋅3 = ,
 

 𝜈 ′ = , ⋅ 𝜔 ⋅𝐻  
 𝜈 ′ = , ⋅ ⋅ , = ,

 
 𝑓𝑒 = ⋅ 𝜈 ′

 
 𝑓𝑒 = ⋅ , = ,  

 
  m      

f   : 
 = , + , ⋅ √𝑓3 + , ⋅ √𝑓 
 = , + , ⋅ √ ,3 + , ⋅ √ , = ,  

 
  n  𝑓 <     

 m ,  0,5 ≤ m < 2,  
 = , ⋅ 𝜈 − , ⋅ 𝜈 + ,  
 = , ⋅ , − , ⋅ , + , = ,  
 

     -
    m ( / 3): 
 

CCOm = 
200 ∙ 2,93 ∙ 1 ∙ 1,08 ∙ 1,01 ∙ 1

602 ∙ √14,07 ∙ 963
 = 0,017 / 3; 

 

CSO2m = 200 ∙ 0,67 ∙ 1 ∙ 1,08 ∙ 1,01 ∙ 1

602 ∙ √14,07 ∙ 963
 =0,004 / 3; 

 

CNOm = 200 ∙ 0,03 ∙ 1 ∙ 1,08 ∙ 1,01 ∙ 1
602 ∙ √14,07 ∙ 963

 = 0,0002 / 3; 
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CNO2m = 200 ∙ 0,184 ∙ 1 ∙ 1,08 ∙ 1,01 ∙ 1
602 ∙ √14,07 ∙ 963

 =0,001 / 3; 

 

C m = 
200 ∙ 0,037∙10-6 ∙ 1 ∙ 1,08 ∙ 1,01 ∙ 1

2 ∙ √14,07 ∙ 963
 = 3∙10-9 / 3; 

 

C m = 
200 ∙ 5,6 ∙ 1 ∙ 1,08 ∙ 1,01 ∙ 1

602 ∙ √14,07 ∙ 963
 = 0,032 / 3; 

 
5.2  ,     -

  
 

  ( )   ,    -
  ( / 3)      

  m   : 
 𝑥 = − 𝐹 ⋅ ⋅ 𝐻 

 
 d–  ,    f <100   

,  0,5≤vm<2: 
 = , ⋅ ⋅ ( + , ⋅ √𝑓𝑒); 
 = , ⋅ , ⋅ + , ⋅ √ , = ,  

 
 x  ( )   : 

 

x =
5 – 1

4
 ⋅ 9,7 ⋅ 60 = 428 . 

 
 x  ( )  : 

 

x  = 5 – 3
4

 ⋅ 9,7 ⋅ 60 = 267  

 
5.3     
 

    ( / )    (  10   
 ),       -

   ,   f < 100   ,  
0,5≤vm<2: 
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82,1 mvu  

 
5.4         

     
 

        -
  ( / 3)          𝑥 ( )      : 
 
c=s1c , 
 

 –  ,      𝑥/𝑥   : 
 

     234
1 /6/8/3 xxxxxxs  ,  1/ xx  

 

  1/13,0

13,1
21



xx

s ,  1 8/< xx  

 
     Ci ( / 3)  -

 50; 125; 267; 428    . 
 

  : 
 𝑥 = 𝑥𝑥 = = ,   

 𝑥 = 𝑥𝑥 = = , ; 

 𝑥 = 𝑥𝑥 = = , ; 

 𝑥 = 𝑥𝑥 = = ; 

 
  : 

 𝑥 = 𝑥𝑥 = = , ; 

 𝑥 = 𝑥𝑥 = = , ; 
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𝑥 = 𝑥𝑥 = = ; 

 𝑥 = 𝑥𝑥 = = ; 

 
  : 

 = ⋅ , − ⋅ , + ⋅ , = ,  
 = ⋅ , − ⋅ , + ⋅ , = ,  
 = ⋅ , − ⋅ , + ⋅ , = ,  
 = ,, ⋅ + =

  
  : 

 = ⋅ , − ⋅ , + ⋅ , = ,  
 = ⋅ , − ⋅ , + ⋅ , = ,  
 = ,, ⋅ + =  
 = ,, ⋅ + = ,

  
   : 

 
c = 0,05 ∙ 0,017 = 0,001 / 3; 
 
c = 0,28 ∙ 0,017 = 0,005 / 3; 
 
c = 0,69 ∙ 0,017 = 0,012 / 3; 
 
c = 1 ∙ 0,017 = 0,017 / 3; 
 

   : 
 
c = 0,05 ∙ 0,004 = 0,0002 / 3; 
 
c = 0,28 ∙ 0,004 = 0,0011 / 3; 
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c = 0,69 ∙ 0,004 = 0,003 / 3; 
 
c = 1 ∙ 0,004 = 0,004 / 3; 
 

   : 
 
c = 0,05 ∙ 0,0002 = 0,00001 / 3; 
 
c = 0,28 ∙ 0,0002 = 0,00006 / 3; 
 
c = 0,69 ∙ 0,0002 = 0,00014 / 3; 
 
c = 1 ∙ 0,0002 = 0,0002 / 3; 
 

   : 
 
c = 0,05 ∙ 0,001 = 0,00005 / 3; 
 
c = 0,28 ∙ 0,001 = 0,0003 / 3; 
 
c = 0,69 ∙ 0,001 = 0,0007 / 3; 
 
c = 1 ∙ 0,001 = 0,001 / 3; 
 

   ( ) : 
 

c = 0,05 ∙ 3∙10-9 = 0,45∙10-9 / 3; 
 

c = 0,28 ∙ 3∙10-9 = 0,84∙10-9 / 3; 
 

c = 0,69 ∙ 3∙10-9 = 2,07∙10-9 / 3; 
 

c = 1 ∙ 3∙10-9 = 3∙10-9 / 3; 
 

    : 
 
c = 0,2 ∙ 0,032  =0,0064 / 3; 
 
c = 0,72 ∙ 0,032 = 0,023 / 3; 
 
c = 1 ∙ 0,032 = 0,032 / 3; 
 
c = 0,74 ∙ 0,032 = 0,024 / 3; 
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 7 –       -

 
   

, 
 

CO 
/ 3 

SO2 

/ 3 
NO 

/ 3 
NO2 

/ 3 
( )  

/ 3 

 -
 

/ 3 
50 0,001 0,0002 0,00001 0,00005 0,4510-9 0,0064 
125 0,005 0,0011 0,00006 0,0003 0,8410-9 0,023 
267 0,012 0,003 0,00014 0,0007 2,0710-9 0,032 
428 0,017 0,004 0,0002 0,001 310-9 0,024 

 
5.5        

      
 

        -
 (   )        

   C  ( / 3),    -
         

 ,   ,  . 
        (20 - 

30 ),     .    C  -
   ,   5 %   -

 . 
       

      , -
    . 

 ,        -
   ,    : 
 

ДК 9,0  

 
 8 –       

 
CO SO2 NO NO2 ( )  

 -
 

, 
/ 3 5 0,5 0,4 0,2 110-6 0,3 

 
5,459,0 CO  / 3;

 
 

45,05.09,02 SO  / 3;
 

 
36,04,09,0 NO  / 3;
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18,02,09,02 NO  / 3;
 

 
0000009,0000001,09,0)(   / 3;

 
 

27,03,09,0   / 3. 
 

    ( / 3)   -
: 

 

m CCC   

 
   CO: 

 
C = 0,001 + 4,5 = 4,501 / 3; 
 
C  = 0,005 + 4,5 = 4,505 / 3; 
 
C  = 0,012 + 4,5 = 4,512 / 3; 
 
C  = 0,017 + 4,5 = 4,517 / 3; 

 
   SO2: 

 
C  = 0,0002 + 0,45 = 0,4502 / 3; 
 
C  = 0,0011 + 0,45 = 0,4511 / 3; 
 
C  = 0,003 + 0,45 = 0,453 / 3; 
 
C  = 0,004 + 0,45 = 0,454 / 3; 
 

   NO: 
 
C  = 0,00001 + 0,36 = 0,36001 / 3. 
 
C  = 0,00006 + 0,36 = 0,36006 / 3. 
 
C  = 0,00014 + 0,36 = 0,36014 / 3. 
 
C  = 0,0002 + 0,36 = 0,3602 / 3. 
 

   NO2: 
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C  = 0,00005 + 0,18 = 0,18005 / 3. 
 
C  = 0,0003 + 0,18 = 0,1803 / 3. 
 
C  = 0,0007 + 0,18 = 0,1807 / 3. 
 
C  = 0,001 + 0,18 = 0,181 / 3. 
 

   ( ) : 
 

C  = 0,45 ∙ 10-9 + 0,9 ∙ 10-6 = 0,90045 ∙ 10-6 / 3. 
 

C  = 0,84 ∙ 10-9 + 0,9 ∙ 10-6 = 0,90084 ∙ 10-6 / 3. 
 

C  = 2,07 ∙ 10-9 + 0,9 ∙ 10-6 = 0,90207 ∙ 10-6 / 3. 
 

C  = 3 ∙ 10-9 + 0,9 ∙ 10-6 = 0,903 ∙ 10-6 / 3. 
 

    : 
 
C  = 0,0064 + 0,27 = 0,2764 / 3. 
 
C  = 0,023 + 0,27 = 0,293 / 3. 
 
C  = 0,032 + 0,27 = 0,302 / 3. 
 
C  = 0,024 + 0,27 = 0,294 / 3. 

 
 9–         -

  
   

, 
 

CO 
/ 3 

SO2 

/ 3 
NO 

/ 3 
NO2 

/ 3 
( )  

/ 3 

 -
 

/ 3 
50 4,501 0,4502 0,36001 0,18005 0,9004510-6 0,2764 
125 4,505 0,4511 0,36006 0,1803 0,9008410-6 0,293 
267 4,512 0,453 0,36014 0,1807 0,9020710-6 0,302 
428 4,517 0,454 0,3602 0,181 0,90310-6 0,294 

 
5.6        
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    –  ,   
: 

 

ДК
C

q m 
  

 
 CO   : 

 

q = 
4,501

5
 = 0,9002 ; 

 

q = 
4,505

5
 = 0,901 ; 

 

q = 
4,512

5
 = 0,9024 ; 

 

q = 
4,517

5
 = 0,9034 ; 

 
 SO2   : 

 

9004,0
5,0

4502,0
q ; 

 

q = 
0,4511

0,5
 = 0,9022 ; 

 

q = 
0,453

0,5
 = 0,906 ; 

 

q = 
0,454

0,5
 = 0,908 ; 

 
 NO   : 

 

q = 
0,36001

0,4
 = 0,900025 ; 

 

q = 
0,36006

0,4
 = 0,90015 ; 
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q = 
0,36014

0,4
 = 0,90035 ; 

 

q = 
0,3602

0,4
 = 0,9005 ; 

 
 NO2   : 

 

q = 
0,18005

0,2
 = 0,90025 ; 

q = 
0,1803

0,2
 = 0,9015 ; 

 

q = 
0,1807

0,2
 = 0,9035 ; 

 

q = 
0,181

0,2
 = 0,905 ; 

 
 ( )    : 

 

q = 
0,90045 ∙ 10-6

1 ∙ 10-6  = 0,90045 ; 

 

q = 
0,90084 ∙ 10-6

1 ∙ 10-6  = 0,90084 ; 
 

q = 
0,90207 ∙ 10-6

1 ∙ 10-6  = 0,90207 ; 
 

q = 
0,903 ∙ 10-6

1 ∙ 10-6  = 0,903 ; 
 

     : 
 

q = 
0,2764

0,3
 = 0,9213 ; 

 

q = 
0,293

0,3
 = 0,9767 ; 

 

q = 
0,302

0,3
 = 1,0067 ; 
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q = 
0,294

0,3
 = 0,98 ; 

 
 10 –       

   
, 

 
CO 

/ 3 
SO2 

/ 3 
NO 

/ 3 
NO2 

/ 3 
( )  

/ 3 
 -

 / 3 
50 0,9002 0,9004 0,900025 0,90025 0,90045 0,922 
125 0,901 0,9022 0,90015 0,9015 0,90084 0,98 
267 0,9024 0,906 0,90035 0,9035 0,90207 1,01 
428 0,9034 0,908 0,9005 0,905 0,903 0,98 

 
 

  
  



50 

50 

 

  11 –        
 

-
  

 
 

 

, 
/ 3 

M, /  
Xmax, 

 
 

50, / 3 
 

125, / 3 
 

267, / 3 
 

428, / 3 
. , 

/ 3 

 
 
 

 
 10-

13 

 -
 

0,27 5,6 267 0,0064 0,023 0,032 0,024 0,3 

 -
 (CO) 

4,5 2,93 

428 

0,001 0,005 0,012 0,017 5 

  
(NO) 

0,36 0,03 0,00001 0,00006 0,00014 0,0002 0,4 

  
(NO2) 

0,18 5,81 0,00005 0,0003 0,0007 0,001 0,2 

  
(SO2) 

0,45 0,67 0,0002 0,0011 0,003 0,004 0,5 

( )  0,910-6 0,03710-6 0,4510-9 0,8410-9 2,0710-9 310-9 110-6* 
* –  ( )      
 

  12 –       
  -

 -
 

    
50  

   125 
 

   267 
 

   428 
 

 -
 

0,9213 0,9767 1,0067 0,98 

  
(CO) 

0,9002 0,901 0,9024 0,9034 

  (NO) 0,900025 0,90015 0,90035 0,9005 
  

(NO2) 
0,90025 0,9015 0,9035 0,905 

  (SO2) 0,9004 0,9022 0,906 0,908 
( )  0,90045 0,90084 0,90207 0,903 
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6       -
      

 
6.1  ,    
 

        -
 , / : = · · · 𝑇𝑘  

                
  -   , ; 
t –     , t = 8 ; 
m –    (m = 0,00006 ); 
T –     , T = 365 ; 
k –    , k = 1000 . = · · , · = ,  / . 

 13 –     

 -
 

   
  -
 ,  

 -
 ,  

 -
 -

, /   
- , 
 

-
 

 

-
100 

80 1000 0,00006 0,140 

 
  ,    -

     0,140 / . 
        -

  0,140 / . 
 
6.2  , - , , -

   
 

        -
 , / : = · · · 𝑇𝑘                

  –   . ; 
t –     , t = 8 ; 
m –   , ;   – 40 (m=0,00021 );  

  – 250 (m = 0,0004 ); 
T –     , T = 365; 
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k –    , k = 12000 . 
 = · · , · + · · , · = ,  / . 

 
 14 –    , - , -

  

 -
 

   
  -
 ,  

  
,  

 
 

,  
 

- , 
 

-
 

 

 – 40 600 
12000 

0,00021 0,307 
 –

250 
100 0,0004 0,00973 

 
 0,317 

 
  ,    -

  , - ,    
0,317 / . 

        -
  0,317 / . 

 
6.3    
 

       -
: 
 = ∙ ∙ ∙ −  
 

 n –       (n 
= 0,05 %   ); 

m –    (m = 0,3 ); 
N –      (N = 500000 .). 

 = , ∙ ∙ , ∙ − = ,  / . 
 

 15 –      

 -
  

 -
 -

, % 

 -
 , 

 

  
,  

 -
, /  

-
 -
 

0,05 500000 0,3 0,075 

 
  ,    -

      0,075 / . 
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        -
  0,075 / . 

 
6.4        -

,   
 

      , / : = ∙ ∙ −                 

 m –  ; 
n –       (n = 40 / ); = ∙ ∙ − = ,  / . 

 16 –         
  

 
 -

 , /  
-   

 -
, /  

-  
 

0,04 70 2,8 

 
  ,    -

        2,8 / .   
        -

 2,8 / . 
 
6.5  ,     

 
 

      : 
 = ∙  

 
 m –     (m=10 ); 

n  – ,    (n  = 1,05). 
 = ∙ , = ,  / . 

 
 17 –     

  
 

 -
  

 

  
 -

,  

 -
, /  

-  
 

1,05 10 10,5 
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  ,    -
    10,5 / .     

       10,5 / . 
 

6.6  ,    
 

   ,   -
    : 

 = ∙ ∙ , ∙ −              
 

 m –    (m = 1,1 ), ; 
n –   ; ,  –   ,      

(   2 ). 
 

 = 70·1,1· , · − =0,04 /  
 

 18 –    

 -
  

-  -
  

 
 -

,  

-  -
   

 -
, /  

-
 -
 

70 0,0011 0,5 0,04 

 
  ,    

,   ,   0,04 / . 
        -

  0,04 / . 
 
6.7         -

 
 

         
    : = ∙ ∙ −             

 Q –   , ; 
n –        -
  (n = 10%). 

 = ∙ ∙ − = ,  / . 
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 19–       
 -

  
  -

,  
 -
, % 

 -
, /  

-
 -
 

150  0,015 

  ,    -
      0,015 / . 

        -
  0,015 / . 

 
6.8       
 

        -
: = ∙ ∙ , ∙ −              

 S –    (754  , ; 
n –     1   (n = 0,5 / 2), / 2; 
0,5 –     -  . = ∙ , ∙ , ∙ − = ,  / . 

 20 –      

  -
 

 -
 , 

 
   

 -
, /  

-  
 

700 0,5 0,175 

 
  ,    -

     0,175 / . 
        -

  0,175 / . 
 

6.9      , -
  ,  

 
      : = ∙ ∙ ∙ − ,                          

  –   , ; 
  –   , . 

  : 
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= , ∙ ∙ ∙ −  = 0,00005 / , 

 : = , ∙ ∙ ∙ −  = 0,000132 / , 

   : 

а = , ∙ ∙ ∙ −  = 0,00011/ , 

      

ч = , ∙ ∙ ∙ − = 0,00004 / , = 0,00005 + 0,000132 + 0,00011 + 0,00004 = 0,0003 / . 

 21 –     
 -
 -
 

 -   
  

,   
, 

/  

-
 

 

 - , 
 

 69 1 0,0004 0,00005 
 110 6 0,0002 0,000132 
 110 2 0,0005 0,00011 
 69 6 0,0001 0,00004 

  0,0003 
 

  ,    
   0,0003 / . 

        -
  0,0003 / . 

 
6.10       
 

        
: 

 = ∙ ∙ ∙ −  
 

 n –      (n = 1 %   
); 

m –    (m = 0,3 ); 
N –      (N = 500000 .). 

 = , ∙ ∙ , ∙ − = ,  / . 
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 22 –      

 -
  

 -
 -

, % 

 -
 , 

 

  
,  

 -
, /  

-
 -
 

0,05 500000 0,3 1,5 

  ,    -
        

1,5 / . 
        -

  1,5 / . 
 

6.11      -
    
 

       -
: 
 = ∙  

 
 m –     (m=12 ); 
n  – ,    (n  = 1,05). 

 = ∙ , = ,  / . 
 

 23 –     

  
 

 -
  

 

  
 -

,  

 -
, /  

-  
 

1,05 12 12,5 

 
  ,    

    12,5 / .     
       12,5 / . 
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58 

 

26 

 

 24 –     

№      
 
-

 

 -
 ,  

  
  

 -
 -

,  
  

 
 

 -
 
 

 
 
 

, /  

1 2 3 4 5 6 7 8 

1 
 , -

   
48241100525 V   – – 0,140 

2 

 ,  – -
, , -

  -
 

47110101521 I   – – 0,317 

3 
  -

 
30115961525 IV 

 -
  

– – 0,075 

4 

     
  -

 (  -
) 

73310001724 IV 

 -
   -

 
40∙10-3 70  2,8 

5 
 , -

   -
   

30115991604 IV 
 -

  
– – 10,5 

6 
  , -
  -

 
40310100524 IV 

  
 

0,55∙10-3 83  0,04 

7 
     

   
 

40512202605 V 
 -

   -
 

10 % 0,15 0,015 
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26 

 

59 

 

 

 
 
 

1 2 3 4 5 6 7 8 

8 
   -

   
73339002715 V 

 -
   -

 
5∙0,5∙10-3 700 2 0,175 

 
9 

  -
   -

,  -
 ,  

40211001624 IV 
  

 
0,0003∙10-3 

69; 110 
 

0,0003 

10 
  , -

  -
 

46812211504 IV 
 -

  
– – 1,5 

11 
  -

   -
    

30115121614 IV 
 -

  
– – 12,5 



60 

60 

 

26 

 

 25 –         

№ 
 -
  

 

 

-

 

 -
 

   -
, /  

. . .,  . -
, ,  

  
№ -

 

 
-

 

 
-

-
-
 

 
-
-
 

  

-
 

-
-
 

 

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

1 
4 82 411 
00 52 5 

V 
 , 

 -
  

– – – 0,140 0,140 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

2 
4 71 101 
01 52 1 

I 

 , 
- , 

, 
 -

  

– 0,317 – – – 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№85042 

31.12.19 

3 
3 01 159 
61 52 5 

IV 
 -

  
– – – 0,075 0,075 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

4 
7 33 100 
01 72 4 

IV 

    
  

 
(  -

) 

– – – 2,8 2,8 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

5 
3 01 159 
91 60 4 

IV 

 -
,   

 -
   

– – – 10,5 10,5 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 
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26 

 

61 

 

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

6 
4 03 

101 00 
52 4 

IV 
 , 

 -
  

– – – 0,04 0,04 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

7 
4 05 

122 02 
60 5 

V 

   
  -

   
 

– – – 0,015 0,015 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

8 
7 33 

390 02 
71 5 

V 
   

 -
  

– – – 0,175 0,175 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

9 
4 02 

110 01 
62 4 

IV 

  -
  

 -
,  -

 -
 

– – – 0,0003 0,003 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

10 
4 

68 122 
11 50 4 

IV 

  -
, -

  -
 

– – – 1,5 1,5 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 

11 
3 

01 151 
21 61 4 

IV 

 -
 -
   

   
 

– – – 12,5 12,5 

 "  »; -
: 652150,  

,  , 
 ,  49-58; 

: 4246001202 

23.11.19 
№56478 

31.12.19 
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А  

        
     , -

         
        . 

    -    
 ,      –    -

         
   –    ,    -

  . 
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