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 1.1.     . 
   

,  
𝛾  

 , 
 

1.   
1.1    

  𝑡 =  , 𝜌 =  /  
0,27 1,1 0,297 

1.2   
-  

 100  𝑡 =  , 𝜌 =  /
 

0,22 1,3 0,286 

1.3  -
 100  𝑡 =  , 𝜌 =  /

 

1,32 1,3 1,716 

1.4   𝑡 = , 𝜌 =  /  
2,88 1,1 3,168 

  
 

= 4,69 
 = 5,467 

2.   

2.1    
,   

. . ([3, . 8.3]) 

= 2 1,2 = 2,4 

     = 6,69  = 7,867 

 
         . 

           
. 

        
 2.2. 

 
 2.2.    . 

     , 
 

 
 , 

/  

 
 , /  

1.1 590 3,947 4,642 
1.2 900 6,021 7,08 
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2.1* 925 (585) 6,188 (3,914) 7,277 (4,602) 
2.2 950 6,356 7,474 
2.3** 525 (925) 3,512 (6,188) 4,13 (7,277) 

3.1 900 6,021 7,08 
3.2 955 6,389 7,513 
7 930 6,222 7,316 
4 425 2,843 3,343 

: 
* -  2.1    .    1900   

  925 ,     1700  – 585 ; 

** -  2.3    .    1700   
  525 ,     1900  – 925 .   

 2.3    50      ,    
         .   

       . 

 
  ,     

   ,      2.3. 
 

 
 

 2.3 –    
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 2.5 –         
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 2.8 –        
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2.1.4   1 
 

  
 

 1 – ,      57837-2017,  , 1-  
; 
-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  255     57837-2017; 
-          

.1  .2   [1]; 
-    255      10  

,  [1, . , . .5]: = = , =  / , =  / , = , ∙ = , ∙ =  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1; 
 

   
 

      «SCAD»  
      (  2.9): 

 = ,  ∙ ; = ,  ; 
 

 
 

 2.9 –     1 
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 1   1-        
 –   ( ),     

        ∣σ∣ ≤ Ry 

(   ).  
       ,     

 ,        1-  
    :  
 

, 𝑖 ∗ ∗  ≤ 1                                                                                                (2.1) 

 
        

: 
 

Wreq = ∙  = 
, ∗ ∗  = 13 3.                                                                    (2.2) 

 
    10 1     

 : = ,  3; = ,  3; = ,  4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  / ; 
,         

  1     16 1,    
      10 1   

    . 
  1      ( = )   

 ( = ). 
 : 

 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,38 < 1.                                                                                                       (2.3) 

 
     . 

 : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,, ∙ , ∙ ∙ ∙ −  = 0,133 < 1.                                                      (2.4) 

 
     . 

  1        
     1(  2.10): 
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𝑓  = 0,316  < 𝑓 = , = , = ,  c ,                                                (2.5) 

 
  = , ∙  –    . 

,   1 . 
 

 
 

 2.10 –    1    10 1 
 

 . 8.4.4 [1],   1 -     
          

(    ,    ,   
  ,    . .),  

           , 
,    .      

1     1       
    « »,   1  
. 

         
,      ,   . 

 . 5.3 [1],       
  45  (5-  ) – R45.  [4],   
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    (  )   
   .     

 10 1   : 
 Т = = = , ,                                                                              (2.6) 

  –    , 2; 
 –    , . 

 [4],      3   
     5 . 

,  . 5.3 [1]       
       .  

    «  -  FlameGuard»   
20.30.11-002-28674774-2018,      1,5 , 

     1   45 . 
 
2.1.5   2 
 

  
 

 2 – ,      57837-2017,  , 1-   
; 
-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  255     57837-2017; 
-          

.1  .2   [1]; 
-    255      10  

,  [1, . , . .5]: = = , =  / , =  / , = , ∙ = , ∙ =  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1]; 
 

   
 

      «SCAD»  
     : 
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= ,  ∙ ; = ,  ; 
 

   
 

    : 
Wreq = ∙  = 

, ∗ ∗  = 21,52 3.                                                                (2.7) 

 
    10 1     

: = ,  3; = ,  3; = ,   
4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  / ; 

,         
  1     16 1,    

       10 1   
    .  
     : 

 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,63 < 1.                                                                        (2.8) 

 
     . 

     : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,, ∙ , ∙ ∙ ∙ −  = 0,197 < 1.                                                      (2.9) 

 
     . 

  2        
     10 1 (  2.11): 

 𝑓  = 0,534  < 𝑓 = , = , = ,  c .                                              (2.10) 

 
,   . 

 



28 

 

 

 
 

 2.11 –    2    10 1 
 

 . 8.4.4 [1],   1 -     
          

(    ,    ,   
  ,    . .),  

           , 
,    .      

1     2       
    « »,   2  
. 

         
,      ,   . 

 . 5.3 [1],       
  45  (5-  ) – R45.  [4],   
    (  )   
   .     

 10 1   : 
 Т = = = , ,                                                                            (2.11) 

 
  –    , 2; 

 –    , . 
 [4],      3   

     5 . 
,  . 5.3 [1]       
       .  

    «  -  FlameGuard»   
20.30.11-002-28674774-2018,      1,5 , 

     2   45 . 
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2.1.6   3 
 

  
 

 3 – ,      57837-2017,  , 1-   
; 
-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  255     57837-2017; 
-          

.1  .2   [1]; 
-    255      10   

,  [1, . , . .5]: = = , =  / , =  / , = , ∙ = , ∙ =  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1]; 
 

   
 

      «SCAD»  
      (  2.12): 

 = ,  ∙ ; = ,  ; 
 

 
 

 2.12 –     3 
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    : 

 

Wreq = ∙  = 
, ∗∗  = 55,04 3.                                                             (2.12) 

 
    14 1     

: = ,  3; = ,  3; = ,  4; = ,  3; ℎ = ,  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =   
; = ,  / ; 

,         
  3     14 1,   

  . 
     : 

 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,87 < 1.                                                                     (2.13) 

 
     : 

 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,, ∙ , ∙ ∙ ∙ −  = 0,119 < 1.                                                       (2.14) 

 
  3        

     14 1 (  2.13): 
 𝑓  = 0,923  < 𝑓 = , = , = ,  c .                                         (2.15) 

 
,   . 

 

 
 

 2.13 –    3    14 1 
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 . 8.4.4 [1],   1 -     
          

(    ,    ,   
  ,    . .),  

           , 
,    .      

1     3       
    « »,   3  
. 

 . 5.3 [1],       
  45  (5-  ) – R45.  [4],  
    (  )   
   .     

 14 1   : 
 Т = = , = , ,                                                                               (2.16) 

 
  –    , 2; 

 –    , . 
 [4],      3   

     5 . 
,  . 5.3 [1]       
       .  

    «  -  FlameGuard»   
20.30.11-002-28674774-2018,      1,5 , 

     3   45 . 
 

2.1.7   4 
 

  
 4 – ,     8240-97,  , 1-  ; 

-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751-2014; 
-   –  245   27772-2015; 
-          

.1  .2   [1]; 
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-    245     4  20  
,  [1, . , . .5]: = = , =  / , =  / , = , ∙ = , ∙ = ,  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1; 
 

   
 

      «SCAD»  
     : 

 = ,  ∙ ; = ,  ; 
  

   
 

    : 
 

Wreq = ∙  = 
, ∗ ∗  = 1,125 3.                                                              (2.17) 

 
    10      

: = ,  3; = ,  3; =  4; = ,  3; ℎ =
 ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; =  ; = ,  

/ ; 
,         

  4     10 ,   
  . 

 : 
 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,033 < 1.                                                                    (2.18) 

 
     . 

 : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,∙ , ∙ , ∙ ∙ −  = 0,034 < 1.                                                       (2.19) 

 
     . 

  4        
     10  (  2.14): 
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𝑓  = 0,007  < 𝑓 = , = , = ,  c .                                        (2.20) 

 
,   . 

 

 
 

 2.14 –    4    10  
 

 . 8.4.4 [1],   1 -     
          

(    ,    ,   
  ,    . .),  

           , 
,    .      

1     4       
    « »,   4  
. 

         
,      ,   . 

 . 5.3 [1],       
  45  (5-  ) – R45.  [4],   
    (  )   
   .     

 10    : 
 Т = = = , ,                                                                               (2.21) 

 
  –    , 2; 

 –    , . 
 [4],      3   

     5 . 
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,  . 5.3 [1]       
       .  

    «  -  FlameGuard»   
20.30.11-002-28674774-2018,      1,5 , 

     4   45 . 
 
2.1.8   9 
 

  
 9 – ,     8240 - 97,  , 1-  ; 

-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  245   27772-2015; 
-          

.1  .2   [1]; 
-    245     4    

20  ,  [1, . , . .5]: = = , =
, = , = , ∙ = , ∙ = ,  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1; 
 

   
 

      «SCAD»  
     : 

 = ,  ∙ ; = ,  ; 
 

   
 

    : 
 

Wreq = ∙  = 
, ∗ ∗  = 22,33 3.                                                               (2.22) 

 
    10      
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 : = ,  3; = ,  3; =  4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; =
 ; = ,  / ; 

,         
  9     20 ,  

         10  
      .  

 : 
 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,64 < 1.                                                                      (2.23) 

 
     . 

 : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,∙ , ∙ , ∙ ∙ −  = 0,193 < 1.                                                     (2.24) 

 
     . 

  4        
     10  (  2.16): 

 𝑓  = 0,154  < 𝑓 = , = , = ,  c .                                          (2.25) 

 
,   . 

 

 
 

 2.15 -    4    10  
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 . 8.4.1 [1],     1-     
  ,       

  : 
 𝜑 ∙ ∙ ∙ ,                                                                                                  (2.26) 

 
 𝜑  -    ,    

[1]     ,      
. 

 .7   [1],     
 𝜑    : 

 𝜑 = , ∙ 𝜑 ,                                                                                                  (2.27) 
 

  𝜑         

,   𝜑 = 𝜓 ∙ 𝐼𝐼 ∙ ( ℎ )   𝛼 = , ∙ 𝐼𝐼 ∙ ℎ ,  

 , ,     . 
 . .3 .  [1],   𝜓   

   .1  .2       
,      ,     𝛼, 

: 
 𝛼 = , ∙ 𝐼𝐼 ∙ ℎ = , ∙ , , ∙ = , ,                                    (2.28) 

 
   –     ,   

  [1]: 
 = ∙ ∑ 𝑖 ∙ 𝑡𝑖 = , ∙ ( , ∙ , + , ∙ , + , ∙, ) = ,  4,                                                                                                (2.29) 

 
  = ,  –   ; 𝑖  𝑡𝑖 –     ,  , 

 . 
  .1 [1]: 

 𝜓 = , + , ∙ 𝛼 = , + , ∙ , = , .                                    (2.30) 
 𝜑 = 𝜓 ∙ 𝐼𝐼 ∙ ( ℎ ) = , ∙ , ∙ ∙ , ∙ = , .                      (2.31) 
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𝜑 = , ∙ 𝜑 = , ∙ , = , .                                                               (2.32) 
 

𝜑 ∙ ∙ ∙ = , ∙, ∙ , ∙ ∙ − ∙ = , .                                              (2.33) 

 
,    9 . 

         
,      ,   . 

 . 8.5.9,       
   1 –  ,     �̅�   

3,2       . 
 �̅� = ℎ ∙ √ ⁄ = ,, ∙ √ , ∙⁄ = , < , ,                    (2.34) 

 
 ℎ  –   ,      

    ,   7.3.2 [1]. 
,   9     

. 
       , 

      .  . 8.5.9 [1], 
 ,     ,   

       ℎ ⁄ +    

 ;   𝑡      ∙ ∙ √ ⁄ . 

 ℎ ⁄ + = , ⁄ + = ,  .                                                       (2.35) 
 

 ℎ =   –   . 
 =  .  

 𝑡 ∙ ∙ √ ⁄ = ∙ ∙ √ , ∙⁄ = ,  .                         (2.36) 

 
 𝑡 =  . 

          
    75    .   9   

 2.16. 
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 2.16 –   9 
 

 . 5.3 [1],      
  45  (5-  ) – R45.  [4],   
    (  )   
   .     

 10    : 
 Т = = = , ,                                                                                 (2.37) 

 
  –    , 2; 

 –    , . 
 [4],      3   

     5 . 
,  . 5.3 [1]       
       .  

    «  -  FlameGuard»   
20.30.11-002-28674774-2018,      1,5 , 

     4   45 . 
 
2.1.7   8 

 
  

 
 8 – ,      57837 - 2017,  , 1-  

; 
-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
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-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  255     57837-2017; 
-          

.1  .2   [1]; 
-    255       10  

,  [1, . , . .5]: = = , = , = , = , ∙ = , ∙ =  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1; 
 

   
 

      «SCAD»   
        

: 
 = ,  ∙ ; = ,  ; 
 

   
 

    : 
 

Wreq = ∙  = 
, ∗∗  = 73,92 3.                                                                 (2.38) 

 
    14 1     

: = ,  3; = ,  3; = ,  4; = ,  3; ℎ = ,  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  / ; 
,         

  8     20 1,   
        14 1. 

  : 
 = ,  ∙ ; = ,  ; 
 

    : 
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Wreq = ∙  = 
, ∗∗  = 52,68 3.                                                               (2.39) 

 
    12 2    

: =  3; = ,  3; = ,  4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  / ; 
,         

  8     24 1,   
        12 2. 

  : 
 = ,  ∙ ; = ,  ; 
 

 : 
 

 ∙ ∙  = 
, ∙∙ ∙  = 0,9 < 1.                                                                       (2.40) 

 
     . 

 : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,, ∙ , ∙ ∙ ∙ −  = 0,178 < 1.                                                  (2.41) 

 
     . 

  8        
     12 2 (  2.17): 

 𝑓  = 3,401  > 𝑓 = , = , = ,  c .                                              (2.42) 

 
,    . 
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 2.17 -    8    12 2 
 

    18 1     
: = ,  3; = ,  3; = ,  4; = ,  

3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  
/ ; 

  8        
     18 1 (  2.18): 

 𝑓  = 1,724  > 𝑓 = , = , = ,  c .                                            (2.43) 

 
 

 
 

 2.18 -    8    18 1 
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,   . 
 . 8.4.1 [1],      1-  

     ,     
    : 

 𝜑 ∙ ∙ ∙ , (2.44) 

 
 𝜑  -    ,    

[1]     ,      
. 
 𝜑 > , : 

 𝜑 = , + , ∙ 𝜑 = , + , ∙ , = , ,                        (2.44) 
 

   𝜑     : 
 𝜑 = 𝜓 ∙ 𝐼𝐼 ∙ ( ℎ ) = , ∙ , , ∙ , ∙ , ∙ = , ,                  (2.45) 

 
 𝜓 – ,    .3 [1]; =  –   . 

 . .3 .  [1],   𝜓   
   .1  .2       

,      ,     𝛼,  
  : 

 𝛼 = , ∙ 𝐼𝐼 ∙ ℎ = , ∙ , , ∙ , = , ,                                  (2.46) 

 
   –     ,   

  [1]: 
 = ∙ ∑ 𝑖 ∙ 𝑡𝑖 = , ∙ ( , ∙ , + , ∙ , + , ∙, ) = ,  4,                                                                                                (2.47) 

 
  = ,  –       ; 𝑖  𝑡𝑖 –     ,  , 

 . 
  .1 [1]: 

 𝜓 = , + , ∙ 𝛼 = , + , ∙ , = , .                                   (2.48) 
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𝜑 ∙ ∙ ∙ = , ∙, ∙ , ∙ ∙ − ∙ = , .                                            (2.49) 

 
,    . 

         
,      ,   . 

 . 8.5.9,       
   1 –  ,     �̅�   

3,2       . 
 �̅� = ℎ ∙ √ ⁄ = , ∙ √ , ∙⁄ = , < , ,               (2.50) 

 
 ℎ  –   ,      

    ,   7.3.2 [1]. 
,   8     

. 
       , 

      .  . 8.5.9 [1], 
 ,     ,   

       ℎ ⁄ +    

 ;   𝑡      ∙ ∙ √ ⁄ . 

 ℎ ⁄ + = ⁄ + = ,  .                                                               (2.51) 
 

 ℎ =   –   . 
 =  .  

 𝑡 ∙ ∙ √ ⁄ = ∙ ∙ √ , ∙⁄ = ,  .                          (2.52) 

 
 𝑡 =  . 

        
 .   8    2.19. 
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 2.19 –   8 
 

2.1.8   5 
 

  
 5 – ,     8240 - 97,  , 1-  ; 

-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  245   27772-2015; 
-          

.1  .2   [1]; 
-    245     4    

20  ,  [1, . , . .5]: = = , =
, = , = , ∙ = , ∙ = ,  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1]; 
 

   
 

      «SCAD»  
     : 



45 

 

 

= ,  ∙ ; = ,  ; 
  

   
 

    : 
 

Wreq = ∙  = 
, ∗ ∗  = 14,42 3.                                                             (2.53) 

 
    10      

 : = ,  3; = ,  3; =  4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; =
 ; = ,  / ; 

,         
  5     10 ,   

  . 
 : 

 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,413 < 1.                                                                    (2.54) 

 
     . 

 : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,∙ , ∙ , ∙ ∙ −  = 0,265 < 1.                                                    (2.55) 

 
     . 

  5        
     10  (  2.20): 

 𝑓  = 0,333  < 𝑓 = , = , = ,  c .                                           (2.56) 

 
,   . 
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 2.20 –    5    10  
 

 . 8.4.1 [1],     1-     
  ,       

  : 
 𝜑 ∙ ∙ ∙ ,                                                                                              (2.57) 

 
 𝜑  -    ,    

[1]     ,      
. 

 .7   [1],     
 𝜑    : 

 𝜑 = , ∙ 𝜑 ,                                                                                                (2.58) 
 

  𝜑         

,   𝜑 = 𝜓 ∙ 𝐼𝐼 ∙ ( ℎ )   𝛼 = , ∙ 𝐼𝐼 ∙ ℎ ,  

 , ,     . 
 . .3 .  [1],   𝜓   

   .1  .2       
,      ,     𝛼, 

: 
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𝛼 = , ∙ 𝐼𝐼 ∙ ℎ = , ∙ , , ∙ = , ,                                 (2.59) 

 
   –     ,   

  [1]: 
 = ∙ ∑ 𝑖 ∙ 𝑡𝑖 = , ∙ ( , ∙ , + , ∙ , + , ∙, ) = ,  4,                                                                                                  (2.60) 

 
  = ,  –   ; 𝑖  𝑡𝑖 –     ,  , 

 . 
  .1 [1]: 

 𝜓 = , + , ∙ 𝛼 = , + , ∙ , = , .                              (2.61) 
 𝜑 = 𝜓 ∙ 𝐼𝐼 ∙ ( ℎ ) = , ∙ , ∙ ∙ , ∙ = , .                       (2.62) 

 𝜑 = , ∙ 𝜑 = , ∙ , = , .                                                            (2.63) 
 

𝜑 ∙ ∙ ∙ = , ∙, ∙ , ∙ ∙ − ∙ = , .                                                  (2.64) 

 
,    9 . 

         
,      ,   . 

 . 8.5.9,       
   1 –  ,     �̅�   

3,2       . 
 �̅� = ℎ ∙ √ ⁄ = ,, ∙ √ , ∙⁄ = , < , ,                    (2.65) 

 
 ℎ  –   ,      

    ,   7.3.2 [1]. 
,   9     

. 
       , 

      .  . 8.5.9 [1], 
 ,     ,   
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       ℎ ⁄ +    

 ;   𝑡      ∙ ∙ √ ⁄ . 

 ℎ ⁄ + = , ⁄ + = ,  .                                                  (2.66) 
 

 ℎ =   –   . 
 =  .  

 𝑡 ∙ ∙ √ ⁄ = ∙ ∙ √ , ∙⁄ = ,  .                           (2.67) 

 
 𝑡 =  . 

          
    75    .   9   

 2.21. 
 

 
 

 2.21 –   5 
 

 . 5.3 [1],       
  45  (5-  ) – R45.  [4],   
    (  )   
   .     

 10    : 
 Т = = = , ,                                                                              (2.68) 
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  –    , 2; 
 –    , . 

 [4],      3   
     5 . 

,  . 5.3 [1]       
       .  

    «  -  FlameGuard»   
20.30.11-002-28674774-2018,      1,5 , 

     4   45 . 
 
2.1.9   7 
 

  
 

 7 – ,      57837-2017,  , 1-   
; 
-  = ,  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  255     57837-2017; 
-          

.1  .2   [1]; 
-    255      10  

,  [1, . , . .5]: = = , =  / , =  / , = , ∙ = , ∙ =  / ; 

    𝑓 = , = , = ,   [3, 

. , . .1]; 
 

   
 

      «SCAD»  
      (  2.22): 

 = ,  ∙ ; = ,  ; 
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 2.22 –     7 
 

   
 

    : 
 

Wreq = ∙  = 
, ∗ ∗  = 2,6 3.                                                                 (2.69) 

 
    10 1     

: = ,  3; = ,  3; = ,   
4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  / ; 

,         
  1     10 1,   

  . 
     : 

 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,076 < 1.                                                                     (2.70) 

 
     . 

     : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,, ∙ , ∙ ∙ ∙ −  = 0,009 < 1.                                                    (2.71) 

 
     . 

  2        
     10 1 (  2.23): 

 𝑓  = 0,41  < 𝑓 = , = , = ,  c .                                            (2.72) 
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,   . 
 

 
 

 2.23 –    7    10 1 
 

 . 8.4.4 [1],   1 -     
          

(    ,    ,   
  ,    . .),  

           , 
,    .      

1     2       
    « »,   2  
. 

         
,      ,   . 

 . 5.3 [1],       
  45  (5-  ) – R45.  [4],   
    (  )   
   .     

 10 1   : 
 Т = = = , ,                                                                           (2.73) 

 
  –    , 2; 

 –    , . 
 [4],      3   

     5 . 
,  . 5.3 [1]       
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       .  
    «  -  FlameGuard»   

20.30.11-002-28674774-2018,      1,5 , 
     2   45 . 

 
2.1.10   6 

 
  

 
 6 – ,      57837 - 2017,  , 1-  

; 
-  =  ; 
-    – 3; 
-   .  𝑡 = −  ℃ [2]; 
-    𝛾  = 1 [1]; 
-     𝛾 = ,   

27751; 
-   –  255     57837-2017; 
-          

.1  .2   [1]; 
-    255       10  

 ,  [1, . , . .5]: = = , = 

, = , = , ∙ = , ∙ =  / ; 

    𝑓 = = = ,   [3, 

. , . .1; 
 

   
 

      «SCAD»   
        

 (  2.24): 
 = ,  ∙ ; = ,  ; 
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 2.24 –     6 
 

   
 

    : 
 

Wreq = ∙  = 
, ∗ ∗  = 24,04 3.                                                             (2.74) 

 
    10 1     

: = ,  3; = ,  3; = ,  4; = ,  3; ℎ =  ; =   ; 𝑡 = ,  ; 𝑡 = ,  ; =  ; = ,  / ; 
,         

  6     10 1,  
   . 

 : 
 

 ∙ ∙  = 
, ∙, ∙ ∙  = 0,703 < 1.                                                                     (2.75) 

 
     . 

 : 
 

 
∙𝐼 ∙ ∙ ∙  = 

, ∙ ,, ∙ , ∙ ∙ ∙ −  = 0,138 < 1.                                                   (2.76) 
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     . 
  6        

     10 1 (  2.25): 
 𝑓  = 0,519   < 𝑓 = , = = ,  c .                                      (2.77) 

 
,   . 

 

 
 

 2.25 -    6    10 1 
 

 . 8.4.1 [1],      1-  
     ,     

    : 
 𝜑 ∙ ∙ ∙ ,                                                                                              (2.78) 

 
 𝜑  -    ,    

[1]     ,      
. 
 𝜑 > , : 

 𝜑 = , + , ∙ 𝜑 = , + , ∙ , = , ,                              (2.79) 
 

   𝜑     : 
 𝜑 = 𝜓 ∙ 𝐼𝐼 ∙ ( ℎ ) = , ∙ , , ∙ ∙ , ∙ = , ,                 (2.80) 
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 𝜓 – ,    .3 [1]; =  –   . 
   𝜑    ,  𝜑 = . 

 . .3 .  [1],   𝜓   
   .1  .2       

,      ,     𝛼,  
  : 

 𝛼 = , ∙ 𝐼𝐼 ∙ ℎ = , ∙ , , ∙ = , ,                                (2.81) 

 
   –     ,   

  [1]: 
 = ∙ ∑ 𝑖 ∙ 𝑡𝑖 = , ∙ ( , ∙ , + , ∙ , + , ∙ , ) =,  4,                                                                                                              (2.82) 

 
  = ,  –       ; 𝑖  𝑡𝑖 –     ,  , 

 . 
  .2 [1]: 

 𝜓 = + , ∙ 𝛼 = + , ∙ , = , .                                          (2.83) 
 

𝜑 ∙ ∙ ∙ = , ∙∙ , ∙ ∙ − ∙ = , .                                                 (2.84) 

 
,    . 

         
,      ,   . 

 . 8.5.9,       
   1 –  ,     �̅�   

3,2       . 
 �̅� = ℎ ∙ √ ⁄ = ,, ∙ √ , ∙⁄ = , < , ,               (2.85) 

 
 ℎ  –   ,      

    ,   7.3.2 [1]. 
,   6     

. 
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       , 
      .  . 8.5.9 [1], 

 ,     ,   
       ℎ ⁄ +    

 ;   𝑡      ∙ ∙ √ ⁄ . 

 ℎ ⁄ + = , ⁄ + = ,  .                                                 (2.86) 
 

 ℎ = ,   –   . 
 =  .  

 𝑡 ∙ ∙ √ ⁄ = ∙ ∙ √ , ∙⁄ = ,  .                       (2.87) 

 
 𝑡 =  . 

        
 .   6    2.26. 

 

 
 

 2.26 –   6 
 
2.1.11   1 

 
  

 
 1 –  –  ,   – 

       8509 – 93; 
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-    – 2; 
-   .  𝑡 = −  ℃ [2]; 
-     𝛾 = ,   

27751; 
-   –  245   27772-2015; 
-          

.1  .2   [1]; 
-    245     4    

20  ,  [1, . , . .5]: = = , =
, = , = , ∙ = , ∙ = ,  / ; 

     2.27. 
 

 
 
 

 2.27 –   
 

   1 
 

      «SCAD»   
      (  2.28): 

 = − ,  ∙  (  ); 
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 2.28 –        
 

  
 

       ,      , : 
 
  , = = ,  ;                                                                                      (2.88) 
 , = = ,  ,                                                                                       (2.89) 
 

  -   ,      
; 

 −   ,      
. 

   : 
 

 𝐴 = 𝜑∙ ∙ = ,, ∙ ∙ − ∙ , = ,  ,                                            (2.90) 

 

 𝐴 = 𝐴 = , = , .                                                                           (2.91) 

 
 −   ; 
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𝜑 −   ,    𝜆 =÷   𝜆 = ; 𝛾 −     [1, . 1]. 
    ∟ . 

    : 
 
 𝐴 = , ∙ = ,  ;   𝑖 = , ;                                                (2.92) 
 

 𝑖 = √[ , + , + , ∙ , ∙ , ]∙∙ , = ,  ;                                             (2.93) 

 
  - 10 . 

 

  𝜆 = ,𝑖 = , = , ; 𝜆 = 𝜆 √ = , √ , ∙ = , ;              (2.94) 

 

 𝜆 = ,𝑖 = , = , ; �̅̅�̅ = 𝜆 √ = , √ , ∙ = , ;            (2.95) 

 
  : 

 
 𝜑 , =  , ; 
 

 𝛼 = 𝜑∙ ∙ ∙ = ,, ∙ ∙ − ∙ , ∙ , = , < ,                                       (2.96) 

 
  . 

        : 
 
 𝜆 [𝜆]; 𝜆 [𝜆] ;                                                                                      (2.97) 
 
 [𝜆] = − ∙ 𝛼 = − ∙ , = ,                                           (2.98) 
 
 𝜆 = , <  [𝜆] = , ;                                                                        (2.99) 
 𝜆 = , < [𝜆] = , ,                                                                          (2.100) 
 

 , 
  : 

 

 𝜎 = = , ∙, = ,  < ∙ 𝛾 = ∙ , =  ,                (2.101) 

  . 
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   2 
 

      «SCAD»   
      (  2.28): 

 = ,  ∙  (  ); 
 

  
 

       ,      , : 
 , = = ,  ;                                                                                         (2.102) 
 , = = ,  ,                                                                                      (2.103) 
 

  -   ,      
; −   ,      
. 

   : 
 

 𝐴 = 𝜑∙ ∙ = ,∙ − ∙ , = ,  ,                                                 (2.104) 

 

 𝐴 = 𝐴 = , = , .                                                                    (2.105) 

 
 −   ; 𝛾 −     [1, . 1]. 

    ∟ . 
    : 

 
 𝐴 = , ∙ = ,  ;   𝑖 = , ;                                              (2.106) 
 

 𝑖 = √[ , + , + , ∙ , ∙ , ]∙∙ , = ,  ;                                           (2.107) 

 
  - 10 . 

  𝜆 = ,𝑖 = , = ,  [𝜆] = ;                                                        (2.108) 
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 𝜆 = ,𝑖 = , = ,  [𝜆] = .                                                  (2.109) 

 
 . 
  : 

 

 𝜎 = = , ∙, = ,  < ∙ 𝛾 = ∙ , =  ,          (2.110) 

 
  . 

  
2.2       . +2,740 

 

2.2.1     
 

    «  »  : . , . 
, 88         13-6/ -

          . 
 -    . 

 
2.2.2   
 

      . 2.3. 
 

 2.3.    . 
   

,  
𝛾  

 , 
 

1.   
1.1  

 , 
    

  +  22, 5 
- 50  𝜌 =  /  

2,38 1,3 3 

1.2   𝑡 = , 𝜌 =  /  
3 1,1 3,3 

  
 

= 5,38 
 = 6,3 

2.   
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2.1    
,   

. . ([3, . 8.3]) 

= 4 1,2 = 4,8 

     = 9,38  = 11,1 

 
2.2.3    

 

  ,    950 . 
        

   1-  .    : 
 , = ∙ = , ∙ , = ,  ∙ ;                                                  (2.111) 

 
       

    ,  ∙ . 
 𝑤 = , − , ∙ 𝑌 ∙ = , − , ∙ , ∙ , = , ;                (2.112) 
 𝜉 = , ;                                                                                                           (2.113) 
 𝛼 = , ∙ ,, ∙ , ∙ , ∙ , = , ;                                                                             (2.114) 

 𝜉 = − √ − ∙ , = , ;                                                                     (2.115) 
  𝜉 = , < 𝜉 = , ;                                                                                   (2.116) 
 𝐴 . . = , ∙ ,∙ , ∙ − , ∙ , = ,  < 𝐴 . . = ,  ;                   (2.117) 

 

 𝐴 . . = ,   -    Ø6 III   100  
 1 . .  

:          
 .       

 . 
 

2.2.4     1 
 

         
 : 
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q .. = 200 · 1,2 = 240 / 2                                                                               (2.118) 
 

    : 
 
q . .. = 10,5 1,05=11,03 /                                                                     (2.119) 
 

 10,5 /  –  . .  №14 1; 
    1  : 

 = ∙ , + , = ,  /  =10,45 / .                        (2.120) 
 

    1    : 
 = − + ∙ , + , = ,  /  = 8,22 / . (2.121) 
 

     SCAD    ( . 2.29) 
     ( . 2.30). 

 

 

 2.29 –    

 

 
 2.30 –    
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 2.31 –      
 

   : 
 = , ∙, ∙ − = ,  < ∙ 𝛾 = ∙ =  .                 (2.122) 

 
 . 

  (        
  )    -2,85 ,     -1,29 . 

  - 1,32 . 
    - l/120  l =1 . 
    l /150  l =3 . 

       – 
10,1 . 

  𝑓  = 0,285  < 𝑓 = ,   .                                         (2.123) 
 

2.2.5     3 
 

 3     24    8240-97. 
       . 

        ,  
    ,      3  

    : 
 = , ∙ , ∙ , + , ∙ , ∙ , = ,  .                                     (2.124) 

 
      : 
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= , ∙ , ∙ , ∙ , ∙ =  .                                             (2.125) 

 
         : 

 = ∙ , = ,  .                                                                           (2.126) 
 

 ,     : 
 = , ∙ ∙ , ∙ = ,  .                                                           (2.127) 

 
  (   )    3 

   : 
 = , + , + , = ,  .                                              (2.128) 
 

      . +2,740 ,  
   3 

 = ∙ , + , , ∙ , ⁄⁄ = , = ,  / .                     (2.129) 

 
   3      

 = ,       316,3 /  ( . 
2.32) 

 : 
  – 2790 ; 

   – 2030 ; 
 : = + − / =  . 

 

 

 2.32 –    

       
 (     2.33) 
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 2.33 -    

 = , ∙∙ ∙ − = ,  < ∙ 𝛾 = ∙ =  .                  (2.130) 

 
 . 

     , 
   .     
 . 

 

 
 

 2.34 –    
 

    2.34,      
     z    - 0,38 . 

   : 
    

l/120  l =1 . 
l/150  l=3 . 

       – 
15,3 . 

  
 𝑓  = 0,038  < 𝑓 = ,   .                                                    (2.131) 

 
,  . 
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3   
 

3.1   
 

  -  ,   
    -  

: 
1  –    0,5 ; 
2  –  , ,    3,5 

; 
      . 

       : 
     0,8 ,  

     2,65 .    
 –  . 

 
3.2   

 
      /2-3    3.1. 

 
 3.1 –     

  
 

 
,  

 
 

  𝛾  

 
 
,  

1.  : = ,  ∙ ,  ∙ , ⁄ ∙  = ,  ; 3,5 1,1 3,87 

2.   : = ,  ∙ ,  ∙ ,  ⁄ ∙  = ,  ; 13,0 1,1 14,3 

3.   :  = ,  ; 

  : = ,  = ,  ; 

   :  ,  × ,  ⁄ = ,  ; 

 : ,  + ,  = ,  ; = ,  ,  ∙ = ,   (5,5  –  
 ); 

 
 
0,51 
 

 
 
1,1 
 

 
 
0,57 
 

4.    
 

0,23 1,1 0,25 

  
1.   ( .8, . 8.3  
20.13330.2016): = ,  ⁄ ;  = ,  ; = , ⁄ × ,  = ,  

 
 
0,53 

 
 
1,3 

 
 
0,68 
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2.   (  .   
 20.13330.2016): 

s= 0,1 / 2; А =8,6 2 
m=0,1×8,6=0,86 
 

0,86 1,4 1,21 

 
: 17,24  19,0 

: 1,39  1,89 
: 18,63  20,89 

 
        

: 
 = 𝐴 = ,, = ,  ⁄ = ,  ⁄ .                                            (3.1) 

 
3.3     
 

     ,    
,    :  ,  

,   .  
     R, / 2, 

   .2  22.13330.2016. 
 d > 2  (200 ): 

 = ∙ [ + ∙ − ] + ∙ 𝛾′′ ∙ 𝑑 − 𝑑 ,                                                (3.2) 

 
 b  d -      , ; 𝛾′′ -     ,   

 , / 3; 
k1 - ,   ,  

    k1 = 0,125; 
k2 - ,   ,  

    k2 = 0,25. 
 = ,  ⁄  ( . 2 .  [  22.13330.2016]                                 (3.3) = ∙ [ + , ∙ − ] + , ∙ , ∙ , −  = ,  ⁄ ;                                                                                                 (3.4) 

 
       . 5.27  

22.13330.2016: 
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= ∙ = ∙ , = ,  ⁄ > = ,  ⁄ ;                              (3.5) 

 
  𝛾  –    (    γc = 1,0); 𝛾  –      (    
-2 𝛾 = ). 

      
. 

 
3.4       
 

        
 S Su,                                                                                                           (3.6)  
 

 S –   ,    
 ; 

Su –      ,  10 
    .                                                                     

    
 h , ∙ b,                                                                                                    (3.7) 
 

 h  –  i −  , ; b –   . 
 h , ∙ , = ,  . 

 
        

 σz , = γ′ ∙ d,                         (3.8) 
 

 γ′ –   , / 3; d –   , . 

      
 σz , = σz , + Σγ ∙ h .                                                                                (3.9) 
 

 σz ,  –  ,     (3.8), ; γ  –  ,     (3.8), / 3; h  –  ,     (3.7), . 
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 = − σz , ,                                                                                         (3.10) 
 

  –    , ; σz ,  –  ,     (3.8), . 
       

 σz , = ∙ p ,                                                                                              (3.11) 
 

  –  ,      l/b  z/b; p  –  ,     (3.10), . 
     : 

 S = σzp,  ,i∙ iEi ∙ ,                                                                                          (3.12) 

 
 σzp, ,  –    , ; h  –  ,     (3.7), ; E  –   i −  , ; 

 – ,   0,8. 
    : 

 σz , = , ∙ , + , · , + , · , + , · , + , · , + , ·, + , · , + , · , = ,  . 
 p = , − , = ,  . 
 

    ,     
      ,  , 

   
 
zp, , z , .                                                                                           (3.13) 
 

 ΣSi =10 .     (3.12)  
 S = , = ,  Su =  . 

 
 . 

 



71 

 

 

4    
 
4.1 -    
 

    : . , . , 
. 88. 

       
      .    

 131.13330.2018    I-   ,  
 IB. 

     – -53° ; 
   ,  0,92 – -39. 
   ,  0,92 – -37. 

      – 8,4° .  
      0°  –            

-10,7° .       0°  
– 169 . 

      , 
 (   20.13330.2016) III ,  1,35 .  

      , 
 III  ,  38 / 2. 

  – 7  [ .   14.13330.2018 
«    .    II-
7-8»]. 

 
4.2    
 

   10,2     
 «       

     »,  1982, 
 1. 

     
  8600 3  17,4 . 

 . 14     1,2   
.       ,  

  ,  0,5.  
 
T=17,4*1,2*0,5 = 10,2  
 
4.3       

,     ,  ,  
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       «  »  
  . ,      

    . 
 
4.4     , 

,    . . 
 

   : 
  –    ; 
   –   ; 
  –    . 

 
4.5        

      -
  

 

      
    : 

- ; 
-    ; 
- ; 
- ; 
- ; 

    : S = 86,1 . 

 
4.6   

 
4.6.1   
 

      
    «  »  . .   

      . 
  ,  , : 

-   ; 
-  ; 
-  ; 
- ; 
-  . 
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 ,      : 7,29  
  , 20,23 3  , 1,02  

 . 
 
4.6.2   
 

      : 
-  48.13330.2019 «  »;  
-  70.13330.2012 «    »;  
-  63.13330.2018 «    »; 
-  49.13330.2010 «    .  1.  

».  
-  16.13330.2017 «  »; 
-  12-04-2002 «    .  2. 

 »; 
-  12-29.2006 «      

  ». 
 
4.6.3      

 
       
   ,                        

 48.13330.2019 «  »,  70.13330.2012 «   
 »,  63.13330.2018 «    

»,  16.13330.2017 «  ». 
  

        
    : 

-     ; 
-     ; 
-          

 ; 
-       , 

   ; 
-    ,   

, ,       
; 

-  ,    
  

      
     :  

-     ;  
-  ё      ;  
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-     ,  , ;  
-      ;  
-   ,  ,  ё  ;  
-  ; 
-  ; 
- ; 
-  . 

        
   ё   .       

,         ё  
    ,       

   .     
    ё     (20-25 )  

  .  
          
  -2 , ё     Atlas 

Copco XAS 97 Dd,  .        
,    .  ё    

   -  .    
  ,     

    .   
   ё      . 

    ё       
        
    .    

 ё            
   (      

,          
).  

          
       ,      
        20 .  

   
        . 

        
  , ё    .    

 ,   ,    
        

  .  
   ё -      

       10   
       ё    
         



75 

 

 

 .       
           

  .   ё    .  
       

        
   . 

       
 : 

-       ; 
-      ; 
-    ; 
-    ; 
-    ; 
-     ; 
-     ; 
-      ; 
-    . 

        
       . 

       , 
     ,  ,  

,   . 
        

,     .     
,         .  

       .   
   ,      

 .      
   .      

    ,      
  .       

      ,   
 ,    . 

     , 
     . 

     .  
          
      

.  
       

        
  .  
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: 
     ; 
    ; 
     ; 
        

. 
      

 ,         
 .      

( )      .  
       

.        , , 
      ,    

 .      
 .      . 

         
   0,1-0,2      

    «  ».     
        

  .     
   . 

 ,     
,    , 

     -
  .     

    8-10 ,    – 0,4-0,6. 
          

  1 .  
       
   :  

-          
   ,     

 ;  
-         

       ; 
-      

       ;  
-       20  60    

10         10-15    
  .  ,   , 

   ,   ; 
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-        
   ,    .  

       3-4  
 .          

    .     . 
     

    .  
        

      . 
    ,    

        
   70.13330.2012,    1,5 . 

   ,   .  
       , 

      . 
  

       
        

.  
 

4.6.4     
 

        
    ,   

  ,     
     .  

       
,   ,    

         
   . 

        
      .   

       , 
  ,    , 

    .   
      «      
  , ,   ». 

        
    .  
       ,  

   - ,    , 
   ,     ,  , 

 .  
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 ,        
  - .  

       
       

    .  
      ( )   
  ,       

.      26633-2015 
«    .  ».  

        , 
   : 

-   ; 
- ; 
- ; 
-      ; 
-       ; 
-    ; 
-          , ; 
-          ; 
-    ; 
-   ; 
-      (   ); 
-   ; 
-      , ; 
-   . 

      
      

        .  
      : 

-  ,   ,  
  70.13330.2012,    

 ; 
-       

  .  
       

70.13330.2012 «    ».  
      . 
        

-    .  
         

  . 
      : 

-        ; 
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-    ; 
-   .  

     
          

        . 
    : 

-  ,   ,   
    ; 

-   ,      
,   ,     

,       ; 
-        

     ; 
-     , , , 

 ,      . .  
       (  

)    ,     
  .        

       70.13330.2012 
«    ». 

 

4.6.5   -   
 
4.6.5.1      , 

       
 

      . 
  (   ,   

 ,          
)       ( , , 

   . .),       
 ,      .  

 : 
 = + = , + , = ,                                                 (4.1) 
 

  –     ,  (     
 25 1    57837 – 2017); 
 –      ( , 

, ,   . .),      
,  (      1 -0,32 

  0,32   3 ). 
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   : 
 = ℎ + ℎ + ℎ + ℎ = , + , + , + , = ,  ,       (4.2) 
 

 h0 –         , 
; 

h  –   ,     
         

 ,       
0,3 – 0,5 ; 

h –     , ; 
h –    (     

    ),  
         

: 
 = + ℎ = , + = ,                                                          (4.3) 
 

  : 
  = + + −ℎℎ +ℎ + = , + , + , , −+ , + = ,                   (4.4) 

 
 b –       ,  

0,5 ; 
b1 –        , 

   (        
), ; 

b2 –        , ; 
b3 –         , ; 
h  –         , .               

       
  (ℎ = ,  , b2 = 0,5 , h  = 2,0 , b3 = 2,0 ). 

   : 
 = √ − + − ℎ                                                                    (4.5) 
 = √ , − + , − = ,                                                    (4.6) 
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 4.1 –       
 

      :  
  -161,    

:  = 15 ,  = 13,5 , = 2 , =7,8 . 
        
  ,      

. 
     -92-1   

 -170-2.     
    4.1  4.2 . 

 

 4.1 –    -92-1  
 . .  

   -55111 
 (   )  19,15 

  2,5 
  3,45 

  7,5 
    3 8 
     750 
 ,    3 5 
    3 4 

   15-20 
   3/  0,5-2 

 
 

 4.2 –    -126  
 . .  

   -53213 
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3/  
65 

      32 
     

    3 
        22 
         18 
        9 

    : 
-  
-  
-  

 
 
 
 

 
10 
2,5 
3,8 

      16,5 
   1,45 

 
4.6.5.2   , , , 

,  
 

   , ,   
    4.3,     
  –   4.4. 

 4.3 –    , , 
   

 
 

, , 
  

 

,  
 

 
,  

- , 
 

 2 10-4 
 0,095 , 

 10  
1 

 
  

Atlas Copco 
XAS 97 Dd 

 5,3 
3/ ,   7 

 
1 

  
 

-47  
  1000 

/  
2 

 -132  
 0,8 ,  

 200  
1 

  -2  
  43 , 

  16 /  
1 

  -24  1405-83  4  2 
    18578-89  0,4  2 

  -2  7502-98  2,2  4 
    58515-2019  0,34  2 

 
-400   58513-

2019 
 0,4  3 

  
2-II 

-400  1 
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  2-20 /1  0,35  3 
   10528-90  1 

   36-2460-82  0,26  2 
  

  
   0,35  2 

  22-4629-80  0,5  2 

 
-1   58516-

2019 
 0,35  2 

 -2  18578-89  1,97  2 

 

 4.4 –       
 

 
   
 

 , 
 

, , 
 

  
 

- , 
 

 
  

 

  
 -161  

 = 15 ,  = 13,5 , = 
2 , =7,8  

1 

 
 ,  

  
  

               
-92-1  

. . 4.6.6, . 4.1 1 

    -170  . . 4.6.6, . 4.2 1 
 
4.6.5.3    , , 

 
 

   ,     
       4.5. 

 
 4.5 –      

 
   

  

   
,  

. 
. 

 
 

 . 
. 

-
  
 
 

    10 1   0,23 
    12 1   0,03 
    14 1   2,04 
    18 1   0,13 
    24 1   1,10 
    10    0,30 
    24    3,46 
   2  168,57 

     20 3 1,02 20,63 
  400   1,02 

 
4.6.6       
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    .     
     4.6. 

 
 4.6 –       

-  
(   

.) 
  

 
 

 
  

  
 

   

. 
. 

-
 

, 
.-
 

, 
.

-  

 
 

,  
.- . 

 
 

, 
.- . 

         

§ 1-5 

 

  
  5  

100 
 

0,07 

 
4 . – 1; 

 2 . - 2 

12 11 0,84 0,77 

§ 5-1-6 
  

 
 91 

 5 . – 1, 
4 . – 1, 3 . 
– 1;  

 
6 . - 1 

0,3 0,1 27,3 9,1 

§ 4-1-
33 

 
, 

 
, 

  6 
  

100 
 

 

2,05 

  
4 . – 1, 3 . 
- 2 
 

7,8 - 15,99 - 

 

§ 4-1-
34 

 
 

 
1 2 168,57 

  
4 . – 1, 2 . 
– 1 

0,37 - 62,37 - 

§ 4-1-
46 

  
 

 
1  1,02 

  
4 . – 1,2 . – 
1 

32 - 32,64 - 

§ 4-1-
47 

  
  

 

1 3 20,63 

 
-

 3 . 
– 1 

- 0,38 - 7,84 

§ 4-1-
48 

 
 

   
 

100 
3 

0,207 

 
 

4 . – 1; 
 

4 . – 1; 
 

2 . - 1 

18 6,1 3,73 1,26 
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§ 4-1-
49 

 
 

 
1 3 20,63 

 
4 . – 1; 

 
2 . – 1 

0,57 - 11,76 - 

§ 4-1-
54 

 
 

 
  1  

 
 

100 
2 

1,69 
 

2 . – 1 
0,14 - 0,24 - 

§ 4-1-
34 

 
 

 
1 2 167,57 

  
3 . – 1, 2 . 
– 1 
 

0,19 - 31,84 - 

: 186,71 18,97 
 

4.6.7 -   

 
    -   
   7  . 
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5    
 
5.1   

 
       

    .     , 
         

         ; 
       ( )   

  . 
 
5.2      
 

    . 4.6.5.1  . 
       

 : ,     . 
 
1.    ,    

     .  
 
R =  + x = 8,64 + 3,5 = 12,14                                                               (5.1) 
 
2.       , 

   ,   .   
    : 

 
.  =  =  = 13,5 .                                                                   (5.2) 

 
3.      ,   

          
.  

 
 =  +0,5 𝑖 + +X =13,5+0,5∙0,062+8,64+4=26,17 ,     (5.3) 

 
  −     ;   

0,5 𝑖 −       
;   

 −     
X -    . 
 

  : 
 
B = R  +   = 3,05 + 1 = 4,05                                                                                                   (5.4) 
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 l  = 1  -        

     [  11-06-2007]; 
 

5.3      
 

     5.1. 
 

 5.1 –      
 I  I I  

 (84,5 %) 10 10 
 (11 %) 1 - 

 (3,2 %) - - 
   (1,3 %) - - 
: 11 10 

 
      : 

 
F = Fn · N,                                                                                                  (5.5) 

  
 N –  ,    ,  

Fn –     . 
      – 

   « ».     
          (  

      ).  
       

 5.2. 
 

 5.2–      
№  

   
 

  
 

, 2 

 
, 

 2 
 

 
L . 

 

1  1 4,8 4,8 6 3 -5 
2  11 0,9 9,9 10 3,2 5055-1 
3  11 0,43 10,32 9 3  -

6 
4   

  
11 0,455 5,005 4 2  -

20 
5  11 0,07 0,77 1 1   

 
5.4     
 

     :  
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    ;   ; 
    ;   ;   

    .    
     

 

21
0 KK

T
P n  ;                                                                                   (5.6) 

 
 0 –  ,   ,   

   ё   ( 2, 3, .  . .),   
    , , ; 

 -  ё  , .,   
     ё  ; 

n –   , .; 
1–  ё      , 

    (      
 1,1;   - 1,2); 

2–  ё      
1,3. 

      
 =                                                                                                           (5.7)  

 
   ,   1 2  , 

  [28, . 12]. 
   (  )   : 

 =                                                                                                           (5.8) 

 
  -   ,   

    (    – 0,7;    -
0,6;    – 0,5).  

     5.3 
 

 
 

 5.3 –      
№  . . -   
1  . 78770 
2   680 
3   1622 
4    148 
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     5.4 

 
 5.4 –    

№      , 2    
1  187,6  
2  0,27  
3  3,25  
4   0,3  

 
5.5      

 
          
          

-  ,     .  
   ,   . 

   – ,  , 
 .  

      :  
      - 1 ;  
    ,    

1,5 .  
     – 6 .   
  12 ,         

  8,5 . 
  
5.6     

 
   : 

 
Q =Q +Q +Q - + Q ,                                                                    (5.9) 
 

 Q , Q , Q - , Q  –    ,  
  , -    

, / . 
    : 

 

 
 3600
 Vq12,1 t

KQ ,                                                                                 (5.10)  

 
 q1 –        

V –   
 –     
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t – -      ( ). 
 
Q = 1,2∙101,7*300*1,6/8/3600=0,79 /  
 

      : 
 

Q  = 
∙ ∙𝐾

 = 
∗ ∗ ,∗  = 0,003 / ,                                                            (5.11) 

 
 W –  ; 

 q2 –    , ,   ; 
 K  –        
 ( )    . 

   -  : 
 
Q - =Q - + Q ,                                                                                  (5.12) 
 

 Q -  –   -  ; 
Q  –     . 
 

Q -  = 



36008

3
А

Kq
N 0,028 / ;                                                         (5.13) 

 

Q  = 



36006,0

4 Knq
N А  0,05 / ,                                                            (5.14) 

 
 q3 –     -    1   

,  25 / , . .   ; 
q4 –        , 
 30 / ; 

 –     , ; 
 –        

 ( )    . 
Q -  = 0,028 + 0,05 = 0,033 /  
 

      20 / ,   ,  
    10 .   

,       2   5 /   
,    2  .    
     .  

     : 
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Q  = Q  + 0,5∙(Q  + Q  + Q - ) = 20 + 0,5∙(0,79+0,005+0,033) = 20,41 
/ . 

      
 . 

 
5.7     

 
 ,      

: 
 

  





 )
coscos

( 43
21 tc PK

PKPK
P


 ,                                    (5.15)  

 
  –   , ;  

α – ,         
 ,  (1,05 – 1,1);  

1, 2, 3, 4 –  ,    
     ;  

 –   , ;  
 – ,    ;  
 – ,    ;  

cosφ –    . 
 

 5.4 -      
 

  

. 
. 

 

  
 

 
, 

 

. 
, 

 

cosφ 
 , 

 

   2 1 0,35 0,4 2,5 
 -243  2 4,5 0,7 0,8 7,88 

 -116   1 0,8 0,15 0,6 0,2 
   2 0,5 0,15 0,6 0,25 

   1 30 0,2 0,5 12 
 2 18 0,015 0,8  0,22 
 2 32 0,014 0,8  3,61 

: 26,66 
 

     : 
 

 = 1,05∙26,66 = 28,73 .             (5.16) 
 



92 

 

 

   -100,  100 
.      : = ∙ ∙ ,                (5.17) 

 P –  , / 2 (    -35 
  = 0,4 / 2);  

E – ,  (   = 1,5 );  

S − ,  , 2 (S = 15698,4 2),  

 −   ,  (  = 1000 ). 
 = , ∙ , ∙ , = , .                                                                            (5.18) 

 
 3    .   

       
6 . .        

       
 380  ( -380\27,5\0,4-98- 1).  

     380  
     , 

  .  

    ( )    
    . 

5.8        
 

    .   
   .  

       
.  

 -      
       .  

   ,     
      200 .  

      
    49.13330.2012 «    

.  1.  ».  
 , ,     .  
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       , 
   . 

 
5.9        

   
 

    ,  
      

, ,  .    , 
   ,    

    .  
        
  -    

 .  
       

.  ,      
  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



94 

 

 

6   
 
6.1     

 
       
  ё      .  

      421/  «  
     , 

,  ,    
,       

(    )      
 ».  

     −  
,     :   

       ,   
        .  

      
        

  ,      2001 .  
      1 . 2021 .  

      
-       , 

    № 9351- /09  11.03.2021.  
     (1 ) – 9,02.  

        – 
120% [30, .4  81-33.2004].  

       
 -    77% [31, .2.1,  81-

25.2001].  
        
 :  

−         – 1,8% 
[   19.06.2020 № 332/ , .1, . 50];  

−         – 3% 
[  81-05-02-2007, . 4, . 11.4];  

−        – 2% [   
04.08.2020 № 421/ , .179].  

         
    379556,19 .   

     ,  
        . 

     260052,46 . 
      . 

https://docs.cntd.ru/document/565649004#64U0IK
https://docs.cntd.ru/document/565649004#64U0IK
https://docs.cntd.ru/document/565649004#64U0IK
https://docs.cntd.ru/document/565649004#64U0IK
https://docs.cntd.ru/document/565649004#64U0IK
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 , 
 

28830,65 260052,46 68,51 

  :    
–   25734,15 232122,03 61,15 
–  

 
1420,74 12815,08 3,38 

–   
  1675,76 15115,36 3,98 

  2065,83 18633,79 5,41 
  1279,51 11541,18 3,49 

 
,  

2319,79 20557,12 5,92 

 7013,23 63259,34 16,67 
 42079,4 379556,19000   100 
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 –  ,   3,38% . 
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те л
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      .  

-       
«  »  .      54.13330.2016 «  

 ». 
1.          

( ,  ,   ),   
     (    , 

   ), ,  , ,  
  , ,  (  )  

   .  
    377,6 2. 

2.        , 
    , ,    ,   

          
  2 .  

  «  »  3 . 
3.         
 ,   ,   ,   

   . 
   «  »  991,19 2. 

4.         
     ±0.00       

   ±0.00. 
    8599,78 3. 

5.       
        . 

6.        
 ,      

    :  
 = 8599,78/377,6= 22,78 

7.    10,2     
 «       

     »,  1982, 
 1. 

     
  8600 3  17,4 . 

 . 14     1,2   
.       ,  

  ,  0,5.  
T=17,4*1,2*0,5 = 10,2 . 

http://docs.cntd.ru/document/1200085105


97 

 

 

 -      
    6.3: 
 

 6.3 – -     
 «  »,   : .  88   . 

 
  . 

. 
 

1. -     
  2 991,19 
  2 377,6 

 . 3 
    

     2,2  7,65 
 , ,    3 8599,78 

  3 5893,83 
  3 2 705,95 
   22,78 

2.      
  . 10,2 

 
-      

     .
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 -      
( )   ( )   I . 2021    
: 1180-12-     
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     13646,81 . .    

                  

№ 
/
 

 
 

   
. 
. . 

    
 , .        
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23636,88 
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 81-
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08.4.03.03- 
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( 250) 
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01-01-041 
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  2      42,98   89,48     
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             178,97     

  

 81-
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. 4, . 
6.2 
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5536/06   

 81-
25.2001, . 

6.2 

 
 

% 63 

    

112,75 
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  1675,76     

Э я    1420,74    
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  (    ) 1936,14    
   (    ) 2319,79    
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1 ё     
 

        50.13330.2012 
«   »;  23-101-2004 «    

». 
        131.13330.2018   

. 
 

 .1 –      

 
       .1. 

 
 .1 –   

 
      +20°  . 

      
 , R , ( ·° )/ ,     

.1  50.13330.2012 «   »: 
 R =R ∙ m ,                                                                                             ( .1)  

  
 

 
   

 δ,  

 
 , 

/  

 
 

λ, /( * ) 

1 
  

(  9573) 0,15 125 0,064 

2 
   
  

(  530)  .- . -  
0,64 1400 0,58 
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 R ‒      
 , 2·° / ; 

 m ‒ ,    .  
   ( .1)   0,92. 

 R       -   
, ( ), ° · / ,       3 

 50.13330.2012 «   ». 
 -   , ° · / ,   

 .2  50.13330.2012 «   »:  
 

= t − t ∙ z ,                                                                                   ( .2) 
  

 t , z  ‒    , ° ,  , 
/ ,  .  

  t  = -6,5 ° , z  = 235 /    3.1  
131.13330.2018 «  »     

     8 ° ; 
 t  ‒     ,° .  t  
= +20 ° . 
     ( .2), : 
 

 = (20-(-6,5))*235 = 6227,5° · / . 
 

     .   1 
 3  50.13330.2012 «   »,  R   
 ,   ,    : 

 R =a∙ +b,                                                                                              ( .3) 
 

  ‒  ,     ( .2). =6267,7 ° · / ; 
       a, b ‒ ,       

 3  50.13330.2012 «   »   
 .  a=0,0003; b=1,2. 

     ( .3),  
 R  = 0,0003∙6267,7+1,2 = 3,08 2·° / . 

 
     ( .1),  
 R = 3,08∙0,63 = 1,94 2·° / . 

 
        - ,    
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   - ,      2 
50.13330.2012     

  ,     A. 
   R0 , ( 2° / )   

 E.6  50.13330.2012: 
 
R0 =1/α +δn/λn+1/α                    ( .4) 
 

 α  -      
, /( 2° ),    4  50.13330.2012,  α =8,7 

/( 2° ), 
         α  -      

    ,    6  
50.13330.2012, α =12 /( 2° ) -  .3  6  50.13330.2012  

    . 
 

R0 =1/8,7+0,15/0,064+0,64/0,58+1/23; 
 
R0 =3,61 2° / . 
 

   R0 , ( 2° / )   
 11  23-101-2004: 

 
R0 =R0  · r,                 ( .5) 
 

 r-     , 
  ,  ,  ,  

    , r=0,92 
, 

 
R0 =3,61·0,92=3,32 2·° / . 
 

:  ё    R0   
 R0 (3,32 2·° /  >3,07 2·° / )   

     . 
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2 ё    (     ) 
 

 .2 –    

 
       .2. 
 

 
 

 .2 –   
 

  1  50.13330.2012    
  tint=20°C     φint=55% 

   ,  . 
      

Ro         
( . 5.2)  50.13330.2012)  : 

 
Ro =a· +b                ( .6) 
 

   b- ,       
 3  50.13330.2012    . 
    -   (  

   )    - ,  , 

  
 

 
   

 δ,  

 
 , 

/  

 
 

λ, /( * ) 

1 
 (  

26633) 0,15 125 1,92 

2 
  

(  9573) 0,05 225 0,072 
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-    , ,  =0,00035; 
b=1,3 

 -    , 0 ·   
 ( .7)  50.13330.2012 

 
=(t -t )z                      ( .7) 

 
 t -      ,°C, t =20°C; 

       t -    ,°C,    1 
131.13330.2018        

   8 °     - ,  , -
   , , , t =-6.9 ° ; 

       z - , ,     
 1 131.13330.2018       

    8 °     - ,  , 
-    , , , z =233 

. 
 

 
 = (20-(-6,5))235=6227,5 ° · . 

 
    3  50.13330.2012    

   Ro  ( 2·° / ). 
 
Ro =0,00035·6227,5+1,3=3,48 2° / . 
 

   R0 , ( 2° / )   
 E.6  50.13330.2012: 

 
R0 =1/α +δn/λn+1/α                     ( .8) 
 

 α  -      
, /( 2° ),    4  50.13330.2012, α =8.7 

/( 2° ); 
         αext -      

    ,    6  
50.13330.2012, α =12 -  .3  6  50.13330.2012   

 (     ). 
 

R0 =1/8,7+0,15/1,92+0,02/0,072+1/12, 
 
R0 =3,05 2° / . 
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:  ё    R0   
 R0 (3,48 2° /  >3,05 2° / )   

     . 
 
3    

 

   -   : 
  

=(20-(-6,5))235=6227,5 ° · ,  
 

      
 ,  2  ∙ 0C/ : 

 
= 0,49  2  ∙ 0C/  (  . 3  50.13330.2012)         

                                       
         

   R  ,  R > R  
        

.  
 R = 0,68  2  ∙ 0C/ , 

 R = 0,68  2  ∙ 0C/  > =0,49   2  ∙ 0C/ . 
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 .1 –   
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   ( , 
,   .),  

, 
2 

2.1, 2.2, 
2,28, 2.29, 
2.11, 2.18-
2.20, 3.3-
3.4, 3.7,  
3.10, 4.1,  

1 

 

1.  – 15  
2.     

-   
100 – 10  

3.  -  
100 – 30  

4.  -  
5.   10 – 120 

 
6.  

547,01 

1.2, 1.3, 1.5, 
2.3, 2.4-2.9, 
2.12-2.17, 
2.21-2.27, 
3.5, 3.6, 3.9, 
3.11-3.18, 
4.2-4.6 

 
 

2 

 

 

1.   
2.  ;   

 
3.  
4.  22,5 – 50  
5.   – 220  

717,64 

3.19  
 

3 

 

1.    
2.   

  80  
3.  
4.  - 2 – 

20  
5.   – 150  

72,93 

2.10, 3.2 

4 

 

1.   – 6,5  
2.    

– 80  
3.   
4.  - 2 – 

20  
5.   – 150  

442,21 

 
 .2 –     

.   

-  
, 

 
, 

 
 

1  2  3  

1  
 

 
  

1600 2355  
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2 
 

 

2  
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1   31173-2016  
, , , , , 

2 , ,  2100 1310  1 1 2  4 
  

2   31173-2016  
, , , , , 

2 , ,  2100 1510  1    1 
  

3    57327-2016  
 01 2100-810  

160   2 2  4 
  

4    57327-2016  
 01 2100-1010  

160   5   1 
  

5   31173-2016  
, , , , , 

2 , ,  2100 910   2 6 1 9 
  

6   31173-2016  
, , , , , 

2 , ,  2100 710   1   1 
  

7    57327-2016   02 2100-1800 160   2   2   

8   31173-2016  
, , , , , 

2 , ,  2100 840   1   1 
  

9   31173-2016  
, , , , , 

2 , ,  2100 1800   2   2 
  

10  30674-99  
 1  21 10   
1   4   4 

  

11   31173-2016  
, , , , , 

2 , ,  2100 1510   1   1 
  

12   31173-2016  
, , , , , 

2 , ,  2100 1010 
 1   1 

  

13   31173-2016  
, , , , , 

2 , ,  2100 810   1   1 
  

14   30674-99  
 1  21 8   
1   1   1 

  

15    57327-2016   02 2100-1010 160   2   2   

16   30674-99  
 1  21 7   
1   1 1 2 4 

  

17   31173-2016  
, , , , , 

2 , ,  2100 910     1 1 
  

18    57327-2016   02 2100-1510 160    1  1   

19   31173-2016  
, , , , , 

2 , ,  2100 1010   5   5 
  

20   31173-2016  
, , , , , 

2 , ,  2100 1010    3  3 
  

21    57327-2016   02 2100-1810 160   2   2   
 
 

 

 
 
 
 
 

 
 

  .2: 
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 .3 –     

.   -  
, 

.,  
-
 

-1  
 

 

  1100 1400 1   

  
1200 220 

1   

 1100 200 1   

-2 
 

 

  1200 1200 1   

  
1200 220 

1   

 1100 200 1   

 
 .4–    
 
 

  
  

    
 
 

 
 

-
, 2 

  
 

-
, 2 

1.2, 2.1, 2.2, 2.5, 
2.6, 2.23, 3.6 

 
 

« » 197,83 

 
 

-
  

571,73   

2.11, 2.22, 2.28, 
3.4, 3.7, 3.14, 
3.15, 3.19, 4.3,  

 
 

« » 
477,91 

   

  
1338,15   

2.18-2.20, 2.29, 
3.10, 4.1 

-
 

  
57,54 

 
 
 

  

161,11   

1.1, 1.3, 1.5, 2.3, 
2.4, 2.7-2.9, 

2.14- 2.17, 2.25, 
2.27, 3.5, 3.11-
3.13, 3.16-3.18, 

4.2, 4.4-4.6 

-
 

 
499,73 

 
 

-
  

1399,24  

2.13, 2.24, 3.9    53,62 
   

  
151,72   

2.12, 2.21, 2.26, 
4.7-4.8 

   76,98   215,54   

1.4, 3.1, 3.8  29,09  81,45  

2.10, 3.2 
 

 
« » 

442,21 
 

 
1238,19  
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