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1   

1.1   

 

  -   

      .   

     . 

      8120 2. 

,      

  . 

     ,   

 .        ,   

      . 

          

   4[4]. 

 

 1.1 –        

    

   , ,   
    

      5 1,5 
    0,7 0,5 
         2 1 

    , ,    4 - 
   2 1 

 ,   . 1 0,5 
     3 1 

       
 

2 1,2 

 :   
,  1,5 - 

  (   )    
    , 

2 1 

 2 - 
     2 0,7 
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   5[4]. 

 1.2 -     

  ,  

1          :  

)   2 

)   5 

2      , :  

)  1,8 1,2 

)  1,2  1,8 1 

)  1,2 0,8 

3        4,5 
4  ,  3 

5  1 

 

 1.3 - -     

№ /   . .  % 

1    2 8120 100 
2   2 1800 22 
3    2 5065 62 
4   2 1255 16 

 

1.2 -   

 

    :   -

      -

-      .    

  -      

 : 

1)   (   , 

      ); 

2)   ( ;   

     ;   

       ; 

  ;   ; 



13 

 

 ;       

;  ;  ); 

3)    (   ,  

, ). 

        

 .        

   . 

  , -   

     1.4. 

 

 1.4 - -   

№    

1 
2 
3 
4 
5 

   
   

  
  
    

200  
55% 
3 3/  

 
e = 1,5 

 

 : 

-   -  (  27751-2014; . 48.1, 

  ; .4, .7  № 384- ); 

-   - II ( . 57, . 21  № 123- ); 

-     - 0 ( . 31, . 22  

 № 123- ); 

-     - 2.1 ( . 32, № 123- ); 

-        -  

 ( . 27  № 123- ;  12.13130.2009); 

       

  5-12, -  - 43,30×30,00 . 

    -    

     1-4, -  - 15,70×30,00 .   

 2   –  3,900. 
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     1-12  -  - 59,70×30,00 . 

     

 .      1-2 

 -          . 

   .6,6*, . 6.11*  118.13330.2012  .4.4.2  

1.13130.2009      1:2,    - 

0,3 ,    - 0,15 .     

1,35 ,  . 6.2.24,  59.13330.2016. 

         

 - 1,4 ,  . 8.1.5,  1.13130.2009.   

  1,2 ,  . 4.3.4,  1.13130.2009. 

       2 

,  ,   ,   

,         

.  

         , 

       

 .         

 .    -   

     ,  . 6.2.1  

1.13130.2009.       ( )  1 

     2 . 

  ( )        

.    ( )  

 .       

. 
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1.3   

 

    ( ,   , 

 , )    . 

      –  

 -       

   (  - ).   

  ( . 1.5)   -  

 150 ,  210 . 

    ,  

  ,      

    ,  30,0  (   5-12, 

- ).   ,   .  

   (   9-12, - )     

   . 

   100    

    .   

     ( ),   

      . 

     – , 

,   ,  1,5×3,0  1,0 2,7. 

         

     1 %     

    .     

    . 

   – ,  1,0 . 

      10,  

    -2,250.    

   100 .  
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 -      

 « ».      44-

1000-0.8.  -     100 / 3. 

        

  300 .  

 -    

   .      

     .   

   .     

 ,     .  

       

   15      №20  

 8239-89.  

 

1.4   

1.4.1   

 

      

      « », 

   .      

. 

 

1.4.2   

 

   : 

 –    ,  

     (   

),        

 (   ); 
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 –   ,    

 600×600 ; 

 –   ( )   

    57141-2016 -  ,  

, ;   , 

 –  ,   

,      

,      

; 

    -    (  , 

  150 / 2,   , 2  

 ,    , 2  ,  

); 

 -  : 

 –      ; 

 –     ; 

 –   ( )   

    57141-2016,     

,        -   

; 

   : 

 –  ; 

 –  ; 

 –         

      . 

      « » 

 . 
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1.5   

 

     : 

-      

 0,92 Ct 0
5 40  - . 1[2]; 

-       Ct 0
int 18  

- . 1[2]; 

-        

        80  Ctht
09,7  - 

. 1[2]; 

-       

    80  zht 224  - . 1[2]; 

-    – . [4]; 

-      – . 1[3]; 

-      – . 2[3]. 

-       2[3]: 

CzttD hthtd  0
int 5802224)9,718()( . 

 . 3[3]     

  : 

4000=2,4;  6000=3,0,  5802=2,92 

-  ВRreq /92,2 02  ; 

4000=3,2;  6000=4,0,  5802=3,92 

-  ВRreq /92,3 02  . 

    

    8[3]: 

seksi RRRR 0 , 
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 )/(7,8,
1 02

int
int

ВRsi  


 -   

   ,   . 

7[4]; 

)/(23,
1 02ВR ext
ext

se  


 -    

      , 

  . 8[3]; 

nk RRRR  ...21  -    

      

(  7[6]); 




R  -      

 (  6[3]); 

  -  ; 

  -     . 

 

1.5.1    

 

 1.2 -     
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. 

 1.5 -      

  

  

 
 

3/,  

 
 ,  

 
 

  
)/(, 0В   

 1800 0,03 0,66 
 1800 0,03 0,66 

 100 X  0,056 

         

             : 

reqseksi RRRRR 0 ; 

92,2
23

1

66,0

03,0

056,066,0

03,0

7,8

1


Х
; 

Х 15,0 . 

        3 .   

 150 . 

;
*

93,2
23

1

66,0

03,0

056,0

15,0

66,0

03,0

7,8

1 02

0 В
R   

R0 –     

, 2*0 / . 

     – 156 . 

   :  

 
;27,2

7,8*93,2

4018*1

*

)(*

int

int
0 







o

ext

R

ttn
t  Ctn

07 ; ntt  0  -  

. 

 

1.5.2    

 

  1.3   . 
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 1.3 -   

        

. 

  1.6 -    

  

  

 
 

3/,  

 
 ,  

 
 

  
)/(, 0В   

1 2 3 4 
 1800 0,003 0,66 

 100 X  0,056 
 1800 0,003 0,66 

 

 : 

reqseksi RRRRR 0 ; 

92,3
23

1

66,0

03,0

056,066,0

03,0

7,8

1


Х
; 

Х 21,0 . 

        270 . 

;
*

4
23

1

66,0

03,0

056,0

21,0

66,0

03,0

7,8

1 02

0 В
R   

R0 –     

, 2*0 / . 
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1.6 -     

 

    -

   .      

,     ,  

.       . 

   -    

   , , 

. 

       

       150 300 . 
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2   

 

   – .    

   400 400    .  

 2.1  2.2     . 

 

 2.1 -    0,800 

 

 2.2 –  1-1 
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2.2    

2.2.1    

 

         . 

5.1 [11]    [11]:      

 ,  ,    

   . 

   2   (   [19]). 

        

       

0,98,   ( . 3.1* [19]  . 4.2.3 [19]). 

 . , ,     

   0,98  -42  ( . 3.1* [18]). 

    Ryn  290 / .     

 42        1, 2, 3    

 +20    34 / .  ( . .1 [19]). 

       Ryn ˂ 290 / 2:   

 0,22%,    0,040%, S   0,025% ( . .2 [19]). 

     . 1 [13]    . 

2 [19]. 

    245   3  40  ( . 4 

[19]). 

  245 ( . .3 [19]): 

Ryn = 245 H/ .  

Run = 370 H/ .  

Ry = 235 H/ .  

Ru = 350 H/ .  

Rs = 0,58  Ry = 0,58  235 = 136,3 H/ .  ( . 2 [19]). 

   :  
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m = 1,05 ( . 3 [19]). 

   : 

f = 1,05    ( . 7.1 [19]). 

f = 1,3       ( . 7.1 [19]). 

   : 

n = 1    -2    

 ( . 2 [19]). 

  : 

c = 1 ( . 1 [19]). 

 

2.2     

 

       SCAD-

Office.       . ( . 2.3). 

 

 2.3 –    

 

     -

  SCAD-Office.  

 : 

1.   : 

–  ; 

–  ; 

–   ; 

–  ; 

–      ; 
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–   ; 

2.   ; 

3.     ; 

4.   ; 

5.  . 

,        

    2.1. 

 

 2.1 - ,       

 
  

, 
XOY 

 
 

, 
XOZ 

 
 

  
 

 

   1 1 

245 

1 150 
   1 1 1 150 
 1 1 1 150 

 1 1 1 150 

 

2.3   

 

    : 

–  (       

) 

–  (  ;  ) 

–  (  ). 

    . 

        

,     . 

       

. 

     2.2. 

  1 2       ( . 

2.2). 
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 ,  ,   2  

 (  1   [2]) 

 ё       

: 

S=Sg*m ( . 10.1 [2]) 

, Sg - ё       1 2 

  ,   ( .10.1 [2]),  

     . 

m -          

  .      ,   

    25     1. 

 

 2.2 –   

 
№ 

 
  

 
, / 2,

ig  

 
  

fi  

 
, 

/ 2, 
ig  

1   
2

1 /1260002,0   

0,12 1,3 0,16 

2  –  25    0,25 1,05 0,26 
3   1,0 1,4 1,4 
  36,1 ng     82,1g  

 

  qq 4,8636,103,1*)04,102,1( (     

   ) 

  qq 2,11682,103,1)04,102,1( (     

   ) 
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2.4     SCAD 

 

 SCAD        

  .       

   2.3. 

 

 2.3 -    SCAD 

 
№ № 

 
 

1 1  :  
2 2  : 5 
3 4  : 3: 62-76 
4 23  :  

  :   
    :   
    :  
  :  
   : 10% 
   : 1e- 12 
    :  
    :  -  
  
   :   
       : 1e- 4 
  
        

  ( - ): 32 
        : 
16 
    : 4 
     : 0.04 

5 33  : 
    p : M 
   p p p  : M 
   p  : H 
   p p p :  
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2.4.1  (   SCAD) 

 

  2.4  , . .   

. 

 2.4 –    SCAD 

 
   

1  : 
   (   )                

. . p . :  EF=23351.99934 
EIY=9.83219999              
EIZ=12.3071149  GKR=.069985626  GFY=3504.39994  
GFZ=3830.97653       

p  p   : y1=.009582  y2=.009582  z1=.021052  
z2=.009356    

      :  E=21000000.                                      
  :  nu=0.3                                           

            :  ro=7.8499999                                     
   : .000012                         
 :  "RUSSIAN"  - "ci_uneq", p 

p  3              
     : "    .."                            

  : "     8510-86*"           
 : "L65x50x5"    
 10            

 

2  : 
   (   )                

. . p . :  EF=36203.99942 
EIY=14.6999997              
EIZ=20.5897761  GKR=0.26916767  GFY=6173.40224  
GFZ=5977.37753       

p  p   : y1=.01034   y2=.01034   z1=.019152  
z2=.00927     

      :  E=21000000.                                      
  :  nu=0.3                                           

            :  ro=7.8499999                                     
   : .000012                         
 :  "RUSSIAN"  - "ci_uneq", p 

p  3              
     : "    .."                            

  : "     8510-86*"           
 : "L65x50x8"    
 10            

 

6
5

1
9
,9

9

5

50

10

Z1

Y1

6
5

2
1
,1

8

8

50

10

Z1

Y1
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3 : 
   (   )                

. . p . :  EF=41328.00176 
EIY=25.376398               
EIZ=54.2668544  GKR=0.33061024  GFY=7181.10725  
GFZ=7181.10725       

p  p   : y1=.026532  y2=.026532  z1=.02381   
z2=.02381     

      :  E=21000000.                                      
  :  nu=0.3                                           

            :  ro=7.8499999                                     
   : .000012                         
 :  "RUSSIAN"  - "ce_equal", p 

p  1             
     : "    .."                            

  : "     8509-93"                 
 : "L65x8"      10             

 

2 : 
   (   )                

. . p . :  EF=36203.99942 
EIY=14.6999997              
EIZ=20.5897761  GKR=0.26916767  GFY=6173.40224  
GFZ=5977.37753       

p  p   : y1=.01034   y2=.01034   z1=.019152  
z2=.00927     

      :  E=21000000.                                      
  :  nu=0.3                                           

            :  ro=7.8499999                                     
   : .000012                         
 :  "RUSSIAN"  - "ci_uneq", p 

p  3              
     : "    .."                            

  : "     8510-86*"           
 : "L65x50x8"    
 10            

 

 

 

 

 
 
 

Z1

Y1U1V1

1
0

65 10

8V1U1

Z1

Y1

6
5

2
1
,1

8

8

50

10

Z1

Y1
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2.4.2    (   SCAD) 

 

 SCAD      

   ( ),    

 2.5  2.6 

 2.5 –      SCAD 

   
     

         

X 26,132 32 3 0 22 1 
Y 0,34 5 3 -0,34 17 3 
Z 0 22 1 -102,093 11 3 

UX 0,136 17 3 -0,136 5 3 
UY 0,869 1 3 -0,869 21 3 
UZ 0,003 18 3 -0,023 5 3 

 

    SCAD    

   2.4. 

 

 2.4 -    SCAD 

 2.6 –   

  
    

  X Y Z UX UY UZ 

2 1 16,13 0 -90,06 0 0 0 
3 1 20,944 0 -127,611 0 0 0 
4 1 22,013 0 -148,309 0 0,405 0 
5 1 21,872 0 -160,387 0 0 0 
6 1 20,03 0 -164,809 0 0,105 0 
7 1 17,736 0 -164,015 0 0 0 
8 1 15,441 0 -164,809 0 -0,105 0 
9 1 13,599 0 -160,387 0 0 0 
10 1 13,459 0 -148,309 0 -0,405 0 
11 1 14,527 0 -127,611 0 0 0 
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  X Y Z UX UY UZ 

12 1 19,341 0 -90,06 0 0 0 
13 1 35,471 0 0 0 0 0 
14 1 3,613 0 -90,06 0 0 0 
15 1 7,226 0 -127,528 0 0,405 0 
16 1 10,182 0 -148,309 0 0 0 
17 1 13,137 0 -160,222 0 0,105 0 
18 1 15,436 0 -164,809 0 0 0 
19 1 17,736 0 -165,258 0 0 0 
20 1 20,035 0 -164,809 0 0 0 
21 1 22,334 0 -160,222 0 -0,105 0 
22 1 25,29 0 -148,309 0 0 0 
23 1 28,245 0 -127,528 0 -0,405 0 
24 1 31,858 0 -90,06 0 0 0 

 

2.4.3    

 

  SCAD       

. 

 2.7 –      SCAD 

   
     

           

N 37,466 74 1 3 -37,407 68 1 3 
Mk 1,066 17 1 3 -5,277 68 1 3 
My 0,448 68 2 3 -0,861 68 3 3 
Qz 1,666 73 1 3 -1,666 68 3 3 
Mz 0,262 56 3 3 -0,262 50 3 3 
Qy 0,211 58 1 3 -0,211 59 1 3 

 

    SCAD    

   2.5. 

 

 2.5 –     SCAD 
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  2.6  2.7    . 

 

 2.6 –   

 

 2.7 –  Q 

     SCAD,   

 ( ) ,      

. 

 

 2.8 –    

   ( . 2.8)   ,   

   . 
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3  

3.1  -     

 

-      

         

  ,       

. 

 

 3.1 – -   

 

     : 

-    4 ;  
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-   6 ; 

-     . 

     : 

-       - 1,7   

-    ,     - 2,1  

-     ,    

 - 2,3   

-      - 2,6   

      dfn = 

2,3  (    ).      

13 ,     247 .    

260,5 ,    260,0  ( .2). 

  –  7   10%  

,      -II. 

 

 3.1 -     . 

. 
 

.  
  

 
 

ρ ρs ρd sb sat  L p Ip IL e Sr CII  CI φII  φI E R0 

4  
 

 

1,7
5 

2,6
6 

1,61 - 0,3 
0,0
9 

0,2
5 

0,1
9 

0,0
7 

- 
0,7
5 

0,5
1 

- - 40 - 25 300 

6 
 

 
1,7
8 

2,7 1,6 - 0,27 
0,1
1 

0,3
2 

0,2
0 

0,1
2 

0,1
1 

0,6
9 

0,4
3 

9 2 18 22,6 10 333 

˅   2,3 2,7 2,13 
13,
2 

0,1 
0,0
8 

- - - - 
0,2
7 

0,1
7 

2 - 43 - 50 600 

 

  ё   : 






1d ;                                                                                                  (3.1) 

PLpI  ;                                                                                                (3.2) 

PL

p
LI 





 ;                                                                                               (3.3)              
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e

S s
r  .                                                                                                    (3.4)              

 

3.1.1      
 

 

1)    

     

   8 [14]:  

1.     ρd: 𝜌 = 𝜌+𝜔 = ,+ , = , /                  

(3.5)                                                                           

 ρ -  , ρ=1,75 / 2; 

       –  , =0,09. 

2.   n:  = − 𝜌𝜌 = − .. = ,                                                                  (3.6)              

4.    e:   = − = ,− , = ,                                                                           (3.7)        

3.    ѡsat:  𝑤 = ∙𝜌𝑤𝜌 = , ∙, = ,                                                                     (3.8)          

4.   Sr    2 [14]:  = 𝜔∙𝜌∙𝜌𝜔 = , ∙ ,, ∙ = ,                                                                     (3.9)              

 ѡ –  , ѡ=0,16;  

ρs –     ,   ρs=2,66 / 3;  

ρѡ –  ,  1 / 3;  

 –  . 

5.   27 [15]     

  =0,66:  
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cn –    , cn=11 ;  

φn –   , φn = 400;  

 –  , =25 .  

6.    R0   =0,66,  

 48 [15]    R0= 380 .  

2)   

     

   8 [15]:  

1.     ρd: 𝜌 = 𝜌+𝜔 = ,+ , = , т/м                                                                 
(3.10)

 

 ρ -  , ρ=1,78 / 2; 

       –  , =0,11. 

2.   n:  = − 𝜌𝜌 = − ,, = ,                                                                 (3.11)              

3.    e:   = − = ,− , = ,                                                                      (3.12)        

4.    ѡsat:  𝑤 = ∙𝜌𝑤𝜌 = , ∙, = ,                                                                    (3.13)          

5.      4 [14]:  𝐿 = 𝑤 − 𝑤𝑃 / 𝑤𝐿 − 𝑤𝑃 = , − , / , − , = ,       (3.14)     

 ѡ –  , ѡ=0,11;  

     ѡL –    , ѡL=0,32;  

      ѡP –     ( ), ѡP=0,20. 

6.   -    

  IL   13 [14]: 0 ≤ IL = 0,11 ≤ 0,25, 

, ,  .  

7.   :  𝑃 = 𝑤𝐿 − 𝑤𝑃 = , − , = ,                                                        (3.15)              
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 ѡL –    , ѡL=0,32;  

ѡP –     ( ), ѡP=0,2. 

8.   Sr    2 [15]:  = 𝜔∙𝜌∙𝜌𝜔 = , ∙ ,, ∙ = ,                                                                       (3.16)              

 ѡ –  , ѡ=0,11;  

ρs –     ,   ρs= 2,7 

/ 3;  

ρѡ –  ,  1 / 3;  

 –  . 

9.   27 [14]     

  =0,85:  

cn –    , cn=9 ;  

φn –   , φn = 180;  

 –  , =10 .  

10.    R0    

  ρd=1,6,   48 [15]   

 R0= 333 .  

3)  

     

   8 [15]:  

1.     ρd: 𝝆𝒅 = 𝝆+𝝎 = ,+ , 𝟖 = , т/м              

(3.17) 

 ρ -  , ρ=2,3 / 2; 

       –  , =0,08. 

2.         :  = 𝜌 −𝜌𝑤 ∙+ = . − ∙ .+ , = , кН/м                                              (3.18) 

  ρѡ –  ,  1 / 3;  
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ρs –     ,   ρs=2,7 / 3.  

g –   ,  9,8 / 2  

 –   

3.   n:  = − 𝜌𝜌 = − , . = ,                                                                  (3.19) 

4.    e:   = − = ,− , = ,                                                                        (3.20) 

5.    ѡsat:  𝑤 = ∙𝜌𝑤𝜌 = , ∙, = ,                                                                      (3.21) 

6.   Sr    2 [2]:  = 𝜔∙𝜌∙𝜌𝜔 = , ∙ ,, ∙ = ,                                                                       (3.22) 

 ѡ –  , ѡ=0,08;  

ρs –     ,   ρs=2,7 / 3;  

ρѡ –  ,  1 / 3;  

 –  . 
 

     
 -   ( )  

-1 – ,  Sr=0,645, R0=380 , Е=25  - 

    ;  

-2 –  IL=0,11,  Sr=0,43, R0=333 , Е=10  

–      . 

-3 –  ,  e = 3,74,  Sr=0,815, 

R0=600 ,  Е=50  -     ; 

 

3.1.2      

 

ё  ё     
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      .3[15]: 

df=kh  dfn,                                                                                          (3.23) 

  kh=0,5 – ,    

,   .1  [15];         

df=0,5 2,9=1,45  

3.1.3      

 

 -    

,        

: 

1 :  . 

  ,    , 

  –   ,    

   .   

     ,  

. 

2 :    . 

      

.         

  .      

:  ,  ,    

 ,  ,  ,  

.    ,    

 -    .  

     15-18%   ,  

     15-30%    

.  

: 

-    –     

  ( , )   ; 



40 

 

-  -       

   ; 

-    -  ,    

    6 6     2 ; 

-      -  

    ; 

-     -   1-   

         , , 

   ; 

-    -     

       . 

: 

-    -     

   ,     .  

 ,  ,      ; 

-   -     

   , ,  (" ").   

      .     

  ,       ; 

-   -      

 ; 

-        - 

         

    .    -  

  ,   ; 

-      -    

   .  ,   ,  

        

. 

3 :  
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: 

1.   ; 

2. ; 

3. ; 

4.   -     

; 

5.  (    ). 

: 

1.      (   

 ±3 ); 

2.      ±2 ;  

3.         

 .  

   ,    

  ,      

     .  

    ,   

   : 

2  -  ;  

3  -      

 .  

 

3.2      

 

 3.2 –      

  
 

2
 

1f 
 

.7.1 
[2] 

 

2
 

1 2 3 4 

  𝑷𝒅 
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1.11 :  
 :  δ=0,2   ρ =  

5,5 1,2 6,6 

-  (1  ) 
δ=0,01 ,   𝜌 =  

0,06 1,2 0,072 

-  –  
    𝜌 =  δ=0,17  

0,51 1,2 0,612 

- . . : δ=0,05    𝜌 =  0,9 1,3 1,17 

 6,97 - 8,454 
  : 

- \  : ρ =  , = . 5,5 1,2 6,6 

-   B7,5, = ., ρ =
 

0,6 1,3 0,78 

- -   150, =., ρ =  
0,3 1,3 0,39 

-  , = ., ρ =  0,234 1,2 0,2808 

 6,634 - 8,05 
  𝑷 

-   3 / 2 , . 8.3 [2] 3 
1,2 

( .8.2.2. 
[2]) 

3,6 

  , :𝑷𝒍 𝑃 2 
1,2  
( . 

8.2.2)[2] 
2,4 

 , 𝑷𝒕 : 𝑃 1 
1,2 
 ( . 

8.2.2)[2] 
1,2 

 3 - 3,6 

 

        

  (  )  1 . .   f = 1. 

 ( =6,0 2): 

NII=(Nn +qn +qn
2*n )* +N2*n +N3+N2= 

(14,2+1,062+2,8*2)*6,0+4,1+22,57*2+1,71+28=20,86*6,4+4,1+45,14+1,71+28=

172 / .                                                                                                      (3.24) 
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   1 . . : 

N I=(N +q +q 2*n )* +N1+N2*n +N3+N2= 

(16,2+1,53+3,36*2)*3,2+4,51+24,8*2+1,88+30,8=24,8*3,2+4,51+49,6+1,88+30,8

=111 / .                                                                                                       (3.25) 

  q  = q cd* 2+ q ld* 1 = 1,17*0,9+0,5*0,95=1,53 / 2           (3.26) 

      q  = q cd* 2+ q ld* 1 = 1,2*0,9+2,4*0,95=3,36 / 2               (3.27) 

 

3.3       

3.3.1     

 

       ё  

 ,       

. 

ё  ё       

   2 ( . 5.3 [16]). 

 3.3 –        

    

 
 d = d = , = ,  ,                    

  d = ,  -       

, 

        d  = 2,3 , . .   . 
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        kh = 0,7 –        

       

   100 . 

  1     𝜔 = . > , + ∗ , = ,                                                                         (3.28) 

,         

 .     

 df =1,7 . 

 

3.3.2       

 

   : 

А = 𝑅 −𝛾 ,                                                                                    (3.29) 

R0 –     ,  R0=300   30 / 3. 

 – ,     , 

   ,       

 ,   = 2 =20 / 3;  

d= 1,7-   . 

А  = 110/(30-2*2) = 4,23 2 

  :  √ , = ,  

      

 2,1*2,1 . 

N  = 1100  

     . 

   ё     R  

,   b=2,1 : R = c c [M k b II + M d II´ + M cII],                                            (3.30) 

  = 1,4   = 1,2 (  5.4 [ ]), 
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k=1 - ,    

; M = , , M = , , M = ,   φII = ° - , 

   5.5[16]; k  - ,     b<10 ; 

kz=z0/b+0,2     b≥10 . (  z0=8 ); 

b = 2,1 –   , ; 

II= (6*5,5)/5,5=6 / 3- ё  ё    , 

   , 

 II ′ = (6*5,5+2*10,5+0,5*16,38)/10,2=7,58 / 3 -  ,  

  ;  d =  -       

, ; 

R = (1,4*1,2/1)*(2,46*2,1*2,1*6+10,85*2*7,58+11,25*0) = 378,8      

        

  ,    . 

N =4*10=40                                                                                    (3.31) 

    p ё   : 𝑝 = F+N + d ,                                                                           (3.32) 𝑝 = (1100+40)/(2,1*2,1) + 20*2= 298,5 / 2                                        (3.33) 𝑝 =298,5  < R=378,8 ,  ,   

  2,1*2,1 . 

 

3.3.3      

 

     : F αR tu h ,                                                                                        (3.34) 

 α = 1   ; 
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u = ∗ h + b + ∗ h  = ∗ , + , + ∗ , = ,  – 

       

,        

; 

F = 600*1*1= 600  –    

F = 600  < 1*750*3,0*0,5= 1125                                                  (3.35) 

   . 

 

 3.2 -       . 

 

3.3.4       

 

       

      0,2*σzg   :  σ = ∑ i ∗ hi,i=                                                                                    (3.36) 

  n -  ё  ,     ; 

       i -    i-  ;  

       hi -  i-  . 
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1)   : σzg=0; 0,2σzg=0 

2)    : σzg2=0+9,38*1,7=15,95 ; 

0,2σzg0=3,19 ;  

3)    2  : σzg1=15,95+9,38*2,3=42,22 ; 

0,2σzg1=8,44 ;  

   hi =0,4*b=0,4*1,5=0,6 . 

  σzpi    i-  

    : σzpi = αi*( p - σzg0), 

 αi – ,      

 ξ 1-     55 [16]. 

ξ = 2*∑ hi/ b,                                                                                            (3.37) 

σzp,i = 0,5*( σzp,i + σzp(i-1)),                                                                        (3.38) 

si = (0,8* σzp,i* hi / Ei).                                                                             (3.39) 

 

 3.4 –     

№  hi,  zi,  σzg,  0.2σzg,  x=2z/b,  α σzp,   Ei,  

0 0 0 0 0 0 1 306   
1 0,6 0,6 5,63 1,126 0,8 0,756 254,016  

 
 
 
 
 
 

0,8 

 
 
 
 
 
 
 

25*103 

2 0,6 1,2 11,26 2,252 1,6 0,39 131,04 
3 0,6 1,8 16,88 3,376 2,4 0,214 71,904 
4 0,6 2,4 22,51 4,502 3,2 0,13 43,68 
5 0,6 3,0 28,14 5,628 4,0 0,087 29,232 
6 0,6 3,6 33,77 6,754 4,8 0,062 20,832 
7 0,6 4,2 39,4 7,88 5,6 0,046 15,456 
8 0,6 4,8 45,03 9,006 6,4 0,036 12,096 
9 0,6 5,4 50,47 10,094 7,2 0,028 9,408 
10 0,6 6,0 55,91 11,182 8,0 0,022 7,392 
11 0,6 6,6 61,35 12,27 8,8 0,019 6,384 
12 0,6 7,2 66,79 13,358 9,6 0,016 5,376 
13 0,6 7,8 72,23 14,446 10,4 0,014 4,704 
14 0,6 8,4 77,67 15,534 11,2 0,012 4,032 
15 0,6 9,0 83,11 16,622 12,0 0,01 3,36 
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: 𝑠 =  , ∗ , , + , + , + , + , + , + , + , + , + , +, + , + , + , + , + , + , + , + , + , + , + , + , + , + , + , + , + , =,  

  :                 ΣS=S1 =0,026 =2,6 . 

   S≤Su: 

S=2,6 <Su=15 .  . 

 

 

 3.3 –     . 
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3.3.5      

 

      .  

8,4705,395,05,16,,  iisatsatzg h                                               (3.40) 

satzpsatzgz ,,                                                                                          (3.41) 

  
n

iislislisl hks
1

,,,  ,                                                                  (3.42) 

 hi  –  i-  ; 

0

,
, 5,15,0

p
k isl

isl


 ,                                                                                (3.43) 

   = 145,36  –    ; 

sl,i  –     i-  , ; 

p0  = 100 ; 

εsl,i –    i-  ;    

     isatz , . 

cм26,3035,072,325,025,0  seseze KS                                                (3.44) 

72,3
100

135
5,15,0 




P
kse                                                                         (3.45) 

035,03,0   zset                                                                       (3.46) 

        

:         

   86,426,36,1sesss c  8  c                                                     (3.47) 

 . 

 

3.4    

3.4.1  ё       

 

   . 
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       ё  

 ,       

 . 

      df, 

  5.4 [16]: = = , , 

  = ,   –     . 

  -  ,  

      𝜔 =   ( . .1). 

13>2,3+2=4,3 

        (  5.3 [1]). 

. .    ,     0,3   

 ,   dƒ = ,  .    

   260,5 .  

 

3.4.2   ,     

 

   30.30 ( .1[16])  4000 ,  

300 300 ,   250      ; 

  30.30 ( .1[16])  4000 .   15,  

   F100,   W6 ( . 2. . 

6 [16]).  

     ,   

 ,     ё  

        ё  

: = 𝑅 𝐴 + 𝑢 ∑ ƒƒ𝑖ℎ𝑖                                                                 (3.48) 

 =1–      ; 
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=  /  (  . 7.2 [16]) - ё    

    (     );  𝐴 = , ∗ , = ,   -     ; 𝑢 = , ∗ = ,   -      

; 

ƒ𝑖 =   . .  [ ]  - ё   i −   

     ; 

ℎ𝑖 = ,   -  i −   ,    

 ; 𝑅 = , ƒ =  . .  [ ]  -     

        , 

      ё  

 . = ∗ ∗ ∗ , + , ∗ , + ∗ , =        (3.49) 

        

: 𝛾𝛾 𝛾𝑘 = , ∗, ∗ , = , ,                                                                  (3.50) 

  - ё  ,   ; =    -       

(   ); 

 –   ,   

      , 

  =      = ,   

  ; = ,  -  ё    ; = ,  -  ё   . 

  ,  , 

    . 
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,       a = d = ∗ , = ,  ( . 8.13 [16]). 

       = 𝑘 / ,                                                                                            (3.51)  = , ∗ = ,                                                                                (3.52)   

       2  

. 

  ё   :                        ℎ = − + √ + 𝑁𝑘𝑅                                                      (3.53) 

 -  ; 

  - ,    ;  𝑘 – ,   1;  = ,    B   [ ]  - ё    

 .  ℎ = − , + √ , +  ∗ = ,                                                   (3.54)  

        

  h = , + , = ,  ,   , −     . 

   0,5 .      

  0,15 ,     .  

ё    G = ∗ , ∗ , ∗ , = ,   

 ,     (   

): = 𝑁+ + = + , =                                                         (3.55) 

         

φII = φII +φII +⋯+φIIn n+ +⋯+ n ,                                                                     (3.56)    

 φII  -    n-   ; 
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 l  -  n-   . 

φII = ° −       .  

α = φII = ∗ = °                                                                              (3.57)  

ё    : B = , + , + , ∗ tan ° = , .                                        (3.58)  

ё   : G = ∗ ∗ , + , = , .                                                       (3.59) 

     ё   : p = + , + ,, ∗ , =                                                                   (3.60) 

     R. 

      b=1,0 . = 𝛾 𝛾𝑘 [ 𝛾𝑘𝑧 𝐼𝐼 + 𝐼𝐼´ + 𝐼𝐼] = , ∙ , [ , ∙ ∙ , ∙ , +, ∙ , ∙ + , ∗ ] = , ,                                                      (3.61) 

 = ,   = ,   -   , 

   5.4 [15]; 𝑘 =  - ,    

; 𝛾 = ,  , = , , = ,  – ,   

 5.5[3]; 𝑘𝑧  - ,   1  <  ; 𝑘𝑧 = 𝑧 +,         𝑧 =8 ); = , − ш  ш  ;  
𝐼𝐼 = ,  - ё  ё     , 

   ; 

𝐼𝐼´ =  -  ,    ; 

𝐼𝐼 =  - ё     ,  

   , ; 
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= ,  -       

; 

         

  : 

 p =  <  = ,   

 

3.4.3 ё      

 

       

      , ∗ 𝜎𝑧 :  𝜎𝑧 = ∑ 𝑖 ∗ ℎ𝑖 ,𝑖=  , 

  -  ё  ,     ; 𝑖 -    𝑖 −  ; 

ℎ𝑖 -  𝑖 −  . 

1   :   𝜎𝑧 = ;  , ∗ 𝜎𝑧 = ;  
2     1:  𝜎𝑧 = + ∙ , = ;  , ∗ 𝜎𝑧 = ;  
3        :  𝜎𝑧 = + ∙ , = ;  , ∗ 𝜎𝑧 = ;  
4      ё    :  𝜎𝑧 =  𝜎𝑧 + , ∗ ;  = 𝛾 −𝛾+   ,  

 −        ; 

 -   ; 

 -  . = 𝛾 −𝛾+ = −+ =                                                                    (3.62)  𝜎𝑧 = , + , ∗ = ,  ;  , ∗ 𝜎𝑧 = , ;  
5     : 
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 𝜎𝑧 = , + ∙ , = , ;  , ∗ 𝜎𝑧 = , ;  
       

  ё     ( .6).  𝑃 = 𝑝−𝜎𝑧 = , − , = ,                                      (3.63) 

    . 2.1 [15],  

 = , ,      : 

ℎ𝑖 = , ∗ , = ,                                                                                 (3.64) 

 ℎ𝑖 = , , = , ∗ , = ,  . 

        

      ( .3.4), . 

.       𝜎𝑧 , ∗ 𝜎𝑧 .  

 3.4 ,       

  = ,  . 
 3.5 –     

 
 

𝑧,  = 𝑧/  
α 

( .2.1[6]) 
 𝜎𝑧 = 𝑃 ,  

,  
( .1) 

1 2 3 4 5 6 

 
 

 

0 0 1 235,36 

25000 

0,48 0,8 0,800 208,95 
0,96 1,6 0,449 117,27 
1,44 2,4 0,257 67,13 
1,92 3,2 0,160 41,79 
2,4 4,0 0,108 28,21 
2,88 4,8 0,077 20,11 
3,36 5,6 0,058 15,15 

3,84 6,4 0,045 11,75 

 

  : 𝑠 = ∑ ℎ𝑖𝜎𝑧 𝑖𝑖𝑖= ,                                                                                      (3.65) 

  -    0,8; 

ℎ𝑖  = ,   -   ; 𝜎𝑧 𝑖 -      ;  
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𝑖-    . = , ∗ , ∗ , + , + , + , + , + , + , + , +, + , + , + , + , + , + , + , = , <              (3.66) 

 

 3.4 –       

 

 

4     

4.1    

 

 4.1 -    

№  
 

 
 

 -
 
. 

 
1 –  

 

 
 
. 
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1 
 
 

 
 

 
 
 

-1 
 

 
 

42 2,0 84 

2 
 

 
30  

-1 
 

8 2,471 19,8 

3   -1 

 

112 0,36 14,0 

4 

 
  

 
- 

1,2 6 

 

 
575 

 
0,086 

 
49,5 

 

 

 

 

 

 

4.2    

 

 4.2 -     

№ 
/  

  
  

 . . -  
      
1.    100 2 81,2 . . 4.3 
2.     100 3 29,76 . . 4.3 
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3.    100 3 0,99 . . 4.3 

4. 
    
 

1 3 40,3  

5.    1 3 42  
6.    1 2 175  
7.     1000 3 2,926 . . 4.3 
8.      100 3 5,85 . . 4.3 
      
9    42  
10    8  
11    112  
      
13.    100 2 41,4  
      
14.    100 3 85,2  
15.    100 3 85,2  
16.  100 3 85,2  
17.     100 3 85,2  
18.   % 10  
19.    % 10  
20.  % 5  
21.   % 1  

 

 4.3 -     

№  
  

 . . -  
1    100 2 81,2 S =133,3*72,1=8120 2 

2 
    

   100 3 29,76 
V S *H=1984*1,5=29
76 3 

3    3 99 V . =5% V .=99 3 

4 
   
 

100 3 29,26 V .= 2926 3 

5 
    

   100 2 5,85 S . = 585 2 

 
4.3    

 

      

 ( , )    ;  

      ; 
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,        

. 

 4.4 –   

№ 
/  

  
 

  - 
 

, . 

 
q ,  

 
 

,  
 
 
 
1 

 
 
 

 
 

2 -5,0 
-4,0 

 
 
 

 
  

, 
 

  
 

  

 
 
 

 
5 

 
 
 
 

0,04 

 
 
 
 

1,5 
 
 

 
 
 

 
2 

 
 
 

 
 

4 -3,2 
-1,25 

 
 
 

 
  

 
 

 

 
 
 
 

3,2 

 
 
 
 

0,04 

 
 
 
 

4,0 

 
 
3 

 
 

 

 
 

  
 

 

 
5 

 
6 

 
4 

 
   ( , ) 

     .     

       

.  

 

4.4     

4.4.1    

 

L
=

1
5

0
0

 

L
=

4
0

0
0
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    -  

  12,85      30,0 57,9 . 

1.   : 

       

    : 

 =  +  = 2,5+0,04=2,54  

  =2,5  –     – ; 

 = 0,04  -    4 -3,2 

 3,2 . 

2.      : 

      : 

H  = h  + h  + h  + h  = 8,0+0,5+2,0+2,8 =13,3  

  h  = 8,0   -         

 ; 

h  = 0,5  –       ; 

h  = 2,0  –    , ; 

h = 2,8  –   (      ), . 

3.      L : 

      L  

   : 

-         

:   3 1

B

h
tg   

 h1 –         

       

  : 

h1 = h  + h  + h  - h  = 8,0+0,5+2-2=8,5 ; 
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 –         

 «d» (        

  ): 

 = (b +b1 + b2)x cosϕ = (0,5 + 6,0+ 0,5)  cos 450= 4,95 ; 

0
33 1 5124,1

95,4

5,8
 

B

h
tg

 

 b –      ,   

 b=0,5 ;  

b1 = 6,0  –       , 

   ; 

b2 = 0,5  –        

; 

b3 –    2 ; 

h  –           

 = 2 . 

  : 

Вh
Lc 04,20

63,0

95,4

78,0

5,8

cossin
1 

  

4.       L  

       : 

L  = L   cosα+b3 =20,04 0,63+2 =14,63  

 

 4.5 –    

№  
 
 

  
 
 

 , 
 

 
 

  
 

α, . 

 
 

 L , 
  

 
 

L ,  

 
 Q,  

1  13,3 51 20,04 14,63 2,54 
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   ,    

        , 

     . 

  :     ,  

    . 

1      - 10 

: 

 . ……………………………………………………10 

   ………………………………………..…17 

   ……………………………………………….20 

2.       55744 

: 

 . …………………………………….…….…………25 

  . ………………………….…………………….…...8,33-21 

   .  ……………...……………………………..21,7 

  ………………………………....…….…...19 

………………………………….………………………2400;3600 

  ( / )…………………………………….……60 

 ( )………………………………..……….…....220 

 ……………………………………..……………………………..17  
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 4.6 –     

№
 

 

  
 

 
, 

 

  
,  

 /  

 
, 

 

 
, 

  

 
, 

 

 
 

 , 
 

 
 

 , 
  

 –
  

 

  

1  – 10 17 10 5 2,5 17 0,6-0,9 0,6 52 3,2 10 

2  - 55744 21,0 25 6,25 2,5 19 6,06-
12,12 

1,02 220 2,3 17 

 

 

4.4.2    

 

I.    55744 

-   = 35950 . 

  /     = 31,1 . 

       

 10 ,       ,     = 121,0 . 

II .     – 10 

-   = 74400 . 

  /     = 35,94 . 

       

 10 ,  ,     = 152,59 . 

1=  +  +  = 35950 + 8,33+107,51= 36065,84 . 

2=  +  +  = 74400 + 35,94 +152,59 = 74588,53 . 

:  1      

      .  
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 4.1 –    -55744,  

 

4.5       

 

       

  : 

c

Q
N

i

i
i 
   

  Qi –         

  / . 

       c –      . 

       i  –      

    . 

m

r

tVLtt

КК
i 




/221

 

T –     

 –     

К  –     . 0,8 
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Кr –   =0,8. 

t1 –    

t2 –    

L –      28 . 

V –    . 

t  –   5 8 . = 0,083 0,133 . 

Т = 8 .  =18 . К =0,8;  t1+t2=5+5=10  = 0,167 ; 

Кr=18/18=1  t =0.083 ; V =35 /  

i
27,62

083.035/282167.0

18.0188





  

   . 

 : 

11,8
1

11,8


ь
Q . 13,0

227,62

11,8



iN   1 . 

  : 

Т=8 ; =8 ;К =0,8;t1+t2=5+5=10 =0,167 ; 

Кr=7,96/8=1;t =0,083 ;V =35 / ; 

/31,35
083,035/212167,0

18,088
1 




  

ь
Q /184,5

1

184,5
1  ; 15,0

31,35

184,5
1 N  1 ; 

 

 4.7 -       

  

№
/  

 . 
. 

-   
,  

 
,  

 
 

Q,  -  
 

-  
 

1  
 . 

120 - 33,8 -5320 8 1 1 

2   
. 

575 0,086 49,5 -5320 8 1 1 

3 
  . 

42 2,0 84 
-5320 8 1 1 
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4.6.1    

 

        

 ,       

 . 

   ,     

    .       

7      20       

 ,        . 

       .  

  .       

   ,   ,  

 .         

. 

       

,    ,   . 

      , 

     . 

  : 

R  = Rmax + 0,5l+  l  = 15+0,5*4,45+3,18 =20,4 . 

 

4.6.2    

 

        

    -  

,      . 

       

 ,  ,   . 
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        1: 

   – 3,5 , 

   – 3,5 , 

   – 6 , 

     – 12 . 

       

   : 

     :   0,5-1 , 

     :   1,5 . 

 

4.6.3      

        

   ё       . 

 4.7 -       

 
 

 
 

. . 
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, ,   
 

2,  
 

 

0,9  1 ., 
1  1 . 

 
16,2 2 
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2,  
 

0,05  1 ., 1 
 15 . 

 

0,9 2, 
2  

 
 

-  
  

 

2,  
 

0,43  1 ., 1 
 12 . 

 

7,74 2,  

 
 .   

.  
2 0,2  1 . 3,6 2 

  
 

 

, ,   
 

2 
 

1  1 . 
 

18 2 

 
 

-  
  

 

2,  
 

0,07  1 ., 1 
 25 . 

 

1,26 2, 1 
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2 
 

24  5 . 
 

24 2 

       . 

 

4.6.4    



68 

 

 

      

 : 

-   ; 

-      ; 

-   . 

         

:    : 

,
cos

**


 Кn

  

 -     1 ; 

n -   ; 

К -  ,    ; 

cos  -  . 

 4.8 -    

. . 
 

. 
, 

 

 –  
. 

.  
. 
 

 
 

 
. 

 

 -150 3 1 0,15 0,6 0,75 
 -122 3 1 0,15 0,6 0,75 
 -121 3 1 0,15 0,6 0,75 
 -179 3 1 0,15 0,6 0,75 

 

    :    
,*.... F  

  .. -       ; 

       F -  ( ) ,   

. 

 4.9 -      

 
 

 
( ) 

 

.  
  

, 
 

 
, 

 

   
,  900 0,005 4,5 
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,  970 0,015 14,55 
 
, 2 720 0,003 2,16 
 
 

, 2 
399 0,003 1,19 

 

    : 

,** ...... ВВВ КF  

..В  -       ; 

F  -  ;   ..ВК  -  . 

 4.10 -     

 
 

 
 

 
, 

 

. 
 

 
,  

   27 0,015 0,8 0,324 
     

 
27 0,005 0,8 0,108 

  38 0,003 0,8 0,091 

     : 
,MAX   

  -      (=1,1); 

      )(661,1*60 ВMAX    

    -100-6/10/0.4. 

 100 . 

  : 

  -45: 

   : = 𝑃 × ×𝑃 = , × × ≈ ш ; 
 𝑃 ,–  ,    , / 2; ,–
,  , 2; ,– , ; 𝑃 , −  

 ,    . 

 



70 
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-    ,     
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     (   .) 
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      -  
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    , , 
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- , ,  ,  . .  

    : 

21 ККP
  

  – -  ,   ,   

     . 

          -   ,  

         -   ,  

       1  - .      

      2 - .    

    . 

         

: 

qS   ,  

  –   ; 
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       q –    1 2       

. 
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1,3 89 150,41 72 

   85 8 1,3 85 143,65 77 
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  04.08.2020 . №421/ ); 
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12.01.2004 . №6); 
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    -    

     1-4, -  - 15,70×30,00 .   

 2   –  3,900. 

     1-12  -  - 59,70×30,00 . 
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 +26,4 
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      303 
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 14 
 7 

 8 
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 2,1 

 1,8 
 1,8 

 2,6 
 4,1 

 3,6 
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   1   25  /  30 
2.      
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   1 , 5   10  %   
-       

 
   

 

6.2       
  

      

: 

-   

-    

-   ,  . 

 

6.2.1       
 

      

   .   ё   

     ,   

    ,      

.  

   -017.  

        

.    48 .  

 -017    ,  

       . 

  

-017 

  – 100 %; 

    f2 – 45 %; 

    f1 – 55 %. 

   -2 (14 ).    -

 .[33] 



77 

 

     - .   – 

        

  . 

    ,    

 ,       

 . -2      

     .  -2 - 
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 6.2 –     (%)   

    

  

  (%), 
   

 

( к )   

  (%) 
  

 ( '
p ) 

  (%), 
  

 ( ''
p ) 

1. : 
-  

30 25 45 

 

      : 

/,10δfmM 7
к1к

  

 m -     ,48 ; 

к  -  ,        

, % 

f1 -    ,  % 

       ,  

      ,   

: 

  /,1010ffmfmM 52
piк2pip1

i
p

   

f2 -      %; 

fpi  -    ,    

 ( ),  % 

m1 –   ,  

fpip -      ,  %  
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: 

/,
3600tn

10P
G

6'
i
oк


 ,  

t –         ; 

n –       ; 

 –   . 

 6.3 –     -017 

 
 

f, (%) f , (%)     
   (  ) 

 -017 
 
 
 

21 
 
 
 

79 
 
 
 

 (1042) 28,2 
 (1061) 37,6 
 (0616) 6 
 (1401) 28,2 

 -2 100 0  (0616) 30 
-  (2752) 70 

 

 6.4 –       

   .  , /   , /  

 0,0552 0.0432 
 0,086 0.0576 
 0,148 0.179 
 0,0954 0.0541 

-  0,0118 0.0316 
  0,000016 0.000043 

 

6.2.2    ,   
  

  -    

 ,       

 . 

   -  ,  

     ,    

   ,     

.  
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    ,   

   ,   ,  

        

   [31]. 

      6.5. 

 6.5 –    

  
  

  
,  

 
 

/  
  

    25   1 10850 -  
   1 5880 -  
  1 - 155  
  1 1486 -  

 

    (     

 ): 

       

   : 

,
3600

N)tAmtmtm(
G

'
к2икiхх1икiххкi

i


  

N′  -    (2); 

m i  -        

-      , / ;  

m i -   i-        

  -  , / ;  

t  -       (  

 1,5 );  

t 1 -         

   (   1 .);  

 - ,     i-  

 -         

   (   1,8);  



80 

 

t c2 -        

  (   1 .). 

       : 

( / ) ,055,0G  

   SO2    : 

( / ) ,000074,0
2
soG

 
   NO2    : 

,00074,02 NOG  ( / ). 

   NO2    : 

,00142,0G  ( / ). 

    ( , , NOX,S 2)  

      : 

tmtmnM ххiххii /,10)( 6

1






 

n –   (2). 
 

    ,   

 6.6. 

 

 6.6 –      

   

 
 

m , 
/  

t , 
 

mL, /  L,  
m , 
/  

t , 
 

Nk G, /  
, /  

 15 4 29,7 0,025 10,2 1 1 0,055 0,0035 
 1,5 4 5,5 0,025 1,7 1 1 0,00142 0,0009 

NO2 0,2 4 0,8 0,025 0,2 1 1 0,00074 0,0065 
SO2 0.02 4 0.15 0.025 0.02 1 1 0,000074 0,00021 

 0,02 4 0,12 0,025 0,2 1 1 0,000074 0,00021 

 

      : 

     SO2  

      : 
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,
3600

N)tmtm(
G

'
кикiикi

so


  

N′  -    = 2; 

m i  -  SO2     

 -    ё   , / ;  

m i  -   i-ro      

     -  , / ;  

tnp -      ,  

tnp = 4 ; 

t  = 1  -  ,  

( / ) ,00031,0soG  

       

      : 

( / ) ,008,0G  

     NO2  

      : 

( / ) ,0038,0G  

       

( )        

:
 

( / ) ,0025,0G
 

    ( , , NOX, S 2)  

      : 

tmtmnM ххiххii /,10)( 6

1





  

 6.7 –      

   

 
 

m , 
/  

t , 
 

mL, /  L,  
m , 
/  

t , 
 

G, /  
, 

/  

  3 4 6,1 0,025 2,9 1 0,016 0,0031 
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 0,4 4 1 0,025 0,45 1 0,005 0,008 
 NO2 1 4 4 0,025 1 1 0,0076 0,0038 
 SO2 0,113 4 0,54 0,025 0,1 1 0,00061 0,00025 

  0,04 4 0,3 0,025 0,04 1 0,00017 0,00025 

 

6.2.3 ё        

 

  -   

     (  

).       ,    

  ,      . 

        

   13/55  4.8 .   13/55 

    ,   

       ,    

 ,   ,   

       ,  

  .        

  ,    ,  .  

       

      «   

        

   , 1998 .»[33] (  ). 

       

        

     (  ). 

       

   ,    . 
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           6.8 –      

   13/55  
 

 
  ,  

   
13/55  ,  

 
 

 d, % 

 
  

13/55  , / 2 

540 410 29 260 

 

 6.9 –      

   13/55, % 

C Mn Si S P 

0,09 1,05 0,42 0,018 0,021 

 

                

         

    ( .6.10). 

        

: 

Mci = gci *  * 10-6 / , 

: gci —      

   ( / );  

 -      = 0,50 .  

       

  : 

Gcj = (gcj * b) /(t * 3600)  / , 

: b -    ,  

    = 50 ;  

t = 5  - ,       . 

       

         

 10 
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 6.10 –      

       (    

  ). 

  
g°i, /     

, /  
.   

 , /  

    1,09 0,00055 0,0030 
  14,9 0,0075 0,0041 

 , SiO2 1,0 0,0005 0,0028 
  0,93 0,00047 0,0026 

  2,7 0,0014 0,0075 
  13,3 0,0067 0,0369 

c   16,99 0,0085 0,0472 

 

  -     

-      

   ,      

    .  

         , 

    ,     

  -86.[29] 

 -86     

         

.      

   . 

 

 6.11 –         

(  -86) 

  , /  Cm, .  , / 3 

1401    0,0432 0,0004  0,3500  
0616    0,0576 0,0032  0,2000  
1505     0,179  0,0565  0,2000  
1061    0,0541 0,0000  5,0000  
2433    0,0316 0,0028  0,0700  
2752 -  0,000043 0,112500 0,0005 
0328    0,002000  0,0003  0,1500  
5154    0,005710  0,0001  1,0000  
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0337     0,043500  0,0002  5,0000  
0301     0,008000  0,0022  0,0850  
3701     0,000700  0,0003  0,0500  
0143    0,0030 0,0013  0,0100  
0123     0,0041 0,0042  0,0400  
2907     0,0028 0,0001  0,1500  
0342     0,0026 0,0006  0,0200  
0301     0,0075 0,0004  0,0850  
0337     0,0369 0,0000  5,0000  
2902   0,0472 0,0002 0,5000 

 

     ,      

   . 

 

6.3  

 

 6.12      

. [28] 

  -    

    : , 

 ,  (   

),  ,  , ё  -   . 

    ,   82- 

802-96[27]       

     . 

,100
Q

a
q  

: Q   -   (   ),   

 ,   ,     

; 

a -   ,    . 
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№       
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/   , %  
, /  

1   3140480001994 IV  1 0,009 
2        

     
 

3512160101995     V  9 

0,0075 
3   

 
550000000000 - 3 

0,009 
4    ,  

    
  

3140270101995 V 2 

0,0615 
5 ,  

    
3512011201995 V 1 

0,0615 
6   

  
3140550201995 V 2 

0,0315 
7    

  
3512022001995 V 2 

0,009 
8    9120060101004 IV  1 0,0525 
9     

 
3512011201995 V 1 

0,009 
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,       
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 . 
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 . 
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  _______________________________________________________________________________________________.
     _______________________________________________________________________________________________.

  _______________________________________________________________________________________________.
( )   ( )     ______________            1  2021 

. / Э . . / . / Э . . /
1 2 3 4 5 6 7 8 9 10 11 12 13

1 ФЕ 01-01-036-03    : 
132  (180 . .)

1000 2 
 

  
1  

8,12
8120 / 1000

291.9 291.9 29.73 2370 2370 241

2 ФЕ 01-01-009-01      
«  »    1 (1-
1,2) 3  ,  : 1

1000 3 2,976
(32*62*1,5) / 1000

21811.86 21811.86 2395.93 64912 64912 7130

3 ФЕ 01-01-033-02       
  5   : 59  (80 

. .),   2

1000 3 2,926
(2976-50) / 1000

6102.91 6102.91 1190.39 17857 17857 3483

4 ФЕ 01-02-005-01    , 
 : 1-2

100 3 
 

5,852
(2926*0,2) / 100

4479.48 1236.55 3242.93 353.8 26214 7236 18978 2070

111353 7236 104117 12924
19152
10080

140585

5 ФЕ 06-01-001-01   100 3 , 
  

0,05
(0,1*50) / 100

511055.71 16243.58 18401.64 2811.39 25553 812 920 141

_______________________________________________________________________________________________15400,99

___________________________37006805
___________________________1893309
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1 ФЕ 01-01-036-03    : 

132  (180 . .)
1000 2 

 
  

1  

8,12
8120 / 1000

291.9 291.9 29.73 2370 2370 241

6 ФЕ 07-01-001-01        
   4 ,  :  

0,5 

100 .  2,7
270 / 100

39796.11 7317.82 27931.9 3597.54 107449 19758 75416 9713

7 Ф -403-0074  : 3 583,2
0,6*0,6*6*270

5844.74 3408652

8 ФЕ 06-01-001-02     
   :  3 3

100 3 , 
  

  

0,5
50 / 100

615240.35 52847.39 29774.22 4439.91 307620 26424 14887 2220

9 ФЕ 08-01-003-01  , :  
   

100 2 
 

0,5
50 / 100

17658.33 3769.92 403.43 8829 1885 202

10 ФЕ 08-01-003-07      2 
     , 

, 

100 2 
 

2
200 / 100

10910.97 2332.53 878.47 21822 4665 1757

3879925 53544 93182 12074
77380
49528

4006833

11 ФЕ 07-01-011-01      
      

100 .  0,5
50 / 100

177413.44 50426.71 82006.24 10495.85 88707 25213 41003 5248

12 Ф -403-6621  : -42-1/  
15( 200)/  0,45,   48  

(  1.423-3)

. 50 11619.38 580969

13 ФЕ 09-04-006-04    :  
     

   50 

100 2 23,4
((60+30)*2*13) / 100

82200.74 18514.21 60023.38 5036.9 1923497 433233 1404547 117863

14 Ф -201-1028 -    "  
"    Z-LOCK,  

    ( ) 
 110 / 3,   -Z, : 

200 ,   ,  
  0,6  ( )

2 2340
(60+30)*2*13

2387.34 5586376

15 ФЕ 07-01-020-02      
       
      

 5 :  ,   6 

100 .  0,42
42 / 100

476203.53 159235.7 122478.7 11518.94 200005 66879 51441 4838

16 Ф -403-2041  : 3 45,36
36*0,7*0,3*6

18071.04 819702

17 ФЕ 08-02-002-03    :  
  1/2      4 

100 2 
 (  
 
)

11,22
1122 / 100

111136.05 16793.71 4219.28 641.99 1246946 188425 47340 7203

18 ФЕ 07-01-021-01      
   :  5 ,  
  0,7 

100 .  1,22
122 / 100

46566.83 9783.17 35825.88 5597.79 56812 11935 43708 6829
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1 ФЕ 01-01-036-03    : 

132  (180 . .)
1000 2 

 
  

1  

8,12
8120 / 1000

291.9 291.9 29.73 2370 2370 241

19 Ф -403-2233  :   2 44-31 /  
15 ( 200),  0,359 3,   

51,81 / (  1.038.1-1 . 3)

. 122 7185.86 876675

20 ФЕ 03-05-002-
01

      
1,4 / :  500 

1 1 345932.24 200457.4 110999.8 11140.97 345932 200457 111000 11141

11725621 926142 1699039 153122
1061155

854694

13641470

21 ФЕ 07-01-029-01       
:     

100 .  0,6
60 / 100

251848.52 50765.81 71624.46 9330.69 151109 30459 42975 5598

22 Ф -403-2101   3 118,8
60*6*1,5*0,22

10026.9 1191196

1342305 30459 42975 5598
46874
30648

1419827

23 ФЕ 07-01-047-06      
      8   

100 .  0,04
4 / 100

113676.84 30824.39 59618.33 8546.62 4547 1233 2385 342

24 Ф -445-1287   ,   
/  22,5 ( 300),   167,2 / 
(  -1)

3 1.2 29221.3 35066

25 ФЕ 07-01-047-07      
      8 

100 .  0,04
4 / 100

148404.15 36060.97 88355.58 12846.54 5936 1442 3534 514

26 Ф -445-1299   ,   
/  30 ( 400),   119,52 / 
(  -2,5)

3 1.5 29231.93 43848

89397 2675 5919 856
4590
3001

96988

27 ФЕ 09-03-012-04       
  25  :  36    5,0 

1  24
3*8

11984.38 2050.69 7783.73 568.29 287625 49217 186810 13639

28 ФЕ 09-04-002-03   :   
      50 

100 2 18
(60*30) / 100

23365.95 4743.03 17309.82 1495.36 420587 85375 311577 26916

29 Ф -201-1029 -    "  
"    Z-LOCK,  

    ( ) 
 110 / 3,   -Z, : 

250 ,   ,  
  0,6  ( )

2 1800
60*30

2680.35 4824630
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132  (180 . .)
1000 2 

 
  

1  

8,12
8120 / 1000

291.9 291.9 29.73 2370 2370 241

30 -301-5836   ,  76 102 2000 . 8 1423.13 11385

31 -301-5839   (  ) ,  76 102 . 8 284.61 2277

32 -301-5834   ,  76 102 10 . 0,8
8 / 10

2213.63 1771

5548275 134592 498387 40555
157632
148875

5854782

33 ФЕ 10-01-027-02        
  :    

   2 2

100 2 0,6504
(5*1,2*4+3*1,2*5+1,2*1,2*16) / 

100

363357.78 12253.26 6196.05 590.39 236328 7970 4030 384

34 ФЕ 10-01-039-01       
 :   ,    3 

2

100 2 1,5786
(2,7*2*8+2,1*1,6*15+2,1*0,9*34

) / 100

216499.96 9508.86 11693.06 1513.52 341767 15011 18459 2389

Н, З 1. 101-9411  . 1
1,579

Н, 
У

2. 101-9411  . 0

578095 22981 22489 2773
30390
16225

624710

35 ФЕ 11-01-001-01  : 100 2  18
(60*30) / 100

5796.15 746.58 945.23 106.9 104331 13438 17014 1924

36 ФЕ 11-01-002-01   : 1 3 
 

360
60*30*0,2

1227.44 340.84 315.15 34.94 441878 122702 113454 12578

37 ФЕ 11-01-014-02     : 150 100 2 2,7
(60*30*0,15) / 100

94102.83 3728.5 2437.81 1634.65 254078 10067 6582 4414

38 ФЕ 11-01-011-01  :   20 100 2 18
(60*30) / 100

13800.29 3629.47 511.83 198.42 248405 65330 9213 3572

39 ФЕ 11-01-006-01    
   30 :  -10

100 2 5,4
(30*18) / 100

46858.74 8882.72 14775.41 1647.61 253037 47967 79787 8897

40 ФЕ 11-01-011-01  :   20 100 2 5,4
(30*18) / 100

13800.29 3629.47 511.83 198.42 74522 19599 2764 1071

41 ФЕ 11-01-027-02       
:    

100 2 5,4
(30*18) / 100

80548.43 12111.88 1488.99 401 434962 65404 8041 2165

1811213 344507 236855 34621
466327
284346
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42 ФЕ 31-01-025-02      
 : 25 

100 2 1,84
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100021.22 3777.56 3079.45 520.51 184039 6951 5666 958

43 ФЕ 15-04-005-04   
  :  

 

100 2 
 

18
(60*30) / 100

17465.98 5593.62 168.57 3.12 314388 100685 3034 56

498427 107636 8700 1014
114873

62131

675431

25584611 1629772 2711663 263537

1978373
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