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   1  – ,  640 ,  

  : 
-         , 

, , - - 250 120 65/1 /125/1,4/50/  530-2012 
  100,  120 . 

-    (   )   
     

    -  510/14,3 /125/1,0/50/   
-  380/10,7 /125/1,0/50    100. 

     1.038.1  1,  
  8509-93. 

       
,  220 . 
  -      2  – 

 .  

2.2       20-21/ -   
. +4,700 

2.2.1   

   1  . +4,700   7180 1490 
.         

    .     
   (      

    )   (   
).        

,      .     
      , 

       1,  
– 0,9   – 0,95. 

  20.13330.2016     
       1,5 / 2. 

        
   1,3      2,0 

 (200 / 2). 
   : 
  7180 . 
  1490 . 

   : =  . 
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   =  . 
    (7    =  ,     26  – 6) ℎ =  . 
   ℎ = ℎ − = − =   (  –  

  ). 
  (   ) ℎ = ℎ ′ = ℎ− = − = ,  . 

   = − ∙ − ∙ = ,  . 

       – : 
-       ℎ′ = ,  . 
-      .8.1.11  

63.13330.2018,  
ℎ′ℎ = , = , > , ; ′ = =  . 

-    = − ∙ = − ∙ =  . 
       – 

.         
 .       

  ℎ∗ = , ∙ = , ∙ = ,  . 

-     ℎ = ℎ′ = ℎ−ℎ∗ = − , =,  . 
-   ′ = =  . 
-   = − ∙ ∗ = − ∙ , = ,  . 
-   ∗ = ′ − = − , = ,  . 

2.2.2   

 2.1 –   

  
 

, 
/ 2 

 
 

  
 

 
, 

/ 2 

  
  𝜌 =  / ; =   

0,054 1,2 0,065 

  -  
 150  

 4 -1,  6727-80  
 100 100  𝜌 =  / ; =   

1,08 1,3 1,404 

  – 
«   » 𝜌 =  / ; =   

0,32 1,2 0,384 
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  2.1 –   

  
 

, 
/ 2 

 
 

  
 

 
, 

/ 2 

   
-   150 𝜌 =  / ; =   

0,216 1,3 0,281 

   
 (   3300 ) 3,056 1,1 3,362 

:  4,726  5,496 
   

 
1,5 1,3 1,95 

   0,248 1,1 0,273 

 6,474  7,719 

   -  ( -
)  (     ): = ∙ = , ∙ , = , ; 

  –   -   [  
20.13330.2016, . 8.3], / 2; 
       –      - ё  

. 
   –       

  ,  75 : = ⍴ ∙ ∙ ℎ ∙ ∙ = ∙ , ∙ , ∙ , ∙ ,, ∙ , = ,  ;  
 =1,5  –      ; 

      ℎ = ,   –  ; 
      = ,    -  ; 
      ℎ = ,   –  ; 
      = ,  –    . 

  1        1,5    
     =1 (     

    ): 
1)       : 
 = , ∙ , ∙ = ,  / . 
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2)       : 
 
- : = , ∙ , ∙ = ,  / . 
 
- : 
 = , + , ∙ , ∙ = ,  / . 
 

2.2.3     

        , 
   . 

 : 
-       : 
 = ∙ = , ∙ , = ,  ; 

 = ∙ = , ∙ , = ,  . 

 
-       : 
 = ∙ = , ∙ , = ,  ; 

 = ∙ = , ∙ , = ,  . 

2.2.4      

 : 
  – ,    24000 / 3.  

     – 25. 
     – = ,  . 
     – = ,  . 

   – = ∙  . 
  – 600: 
    – =  . 

   – =  . 
   – = ∙  . 

   – 𝜎 = , = , ∙ = . 
   B500: 
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    – =  . 
     – = . 

   – = ∙  . 
        

   1,2-2,0 .       
 , − , ∙ ℎ;   – 5-6 . 

2.2.5    I    

2.2.5.1      

    ( ). 
 : 

 𝜎 + ≤ , 
 

 𝜎 = , = , ∙ =  ; 
       = + = + =   –    

 (l=6  –   ,    
   ). 

 𝜎 + = + = ≤ =  ; 
 

 . 
 

      
  =6 : 

 𝛥 = , 𝜎 + √ = , ∙ ( + √ ) = , . 
 

  : 
 = −  𝛥 = − , = , . 

           
: = +  𝛥 = + , = , . 

 
     : 

 𝜎 = ∙ 𝜎 = , ∙ = ,  . 
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1.       : 
 𝜉 = 𝜔+ 𝜎 − 𝜔, = ,+ , − , , = , , 

 
 𝜔 –   : 𝜔 = , − , ∙ ∙ = , −, ∙ , ∙ , = , ; 

       𝜎  – ,     600: 𝜎 = +− 𝜎 ( − 𝛥 ) = + − − , = ,  . 
 

2. : 
 = ∙ ∙ ’ ∙ ℎ = , ∙, ∙ , ∙ ∙ = , . 
 
3.  𝜉 = − √ − ∙ = − √ − ∙ , = , . 
4.  𝜉 = , < 𝜉 = , . 
5.    ζ = − , ∙  𝜉 = − , ∙ , = , . 
6.      = 𝜉 ∙ ℎ = , ∙ = ,  . 

  ℎ′ = ,  .  ,     
   . 

7.   : 
 = ∙ ∙  ζ ∙ ℎ = , ∙. ∙ ∙  , ∙ = ,  = ,  . 
 

 -   ,   
     :  

 

 = 𝜂 − 𝜂 − ∙ 𝜉𝜉𝑅 − = , − , − ∙ ,, − = , > 𝜂 = , , 
 

 𝜂 –       -IV 𝜂 = , .  
. .   < 𝜂 –  ,  = 𝜂 = , . 

 ,      , 
    6ᴓ12    600, s=6,786 2. 

2.2.5.2      

   dsw      
   ᴓ12.  ᴓ5 500  sw=2∙19,6=39,2 . 
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= = , ,  .                     ℎ <      ℎ    150 .  =  . 
    . 

1.    = 𝜑 ( + 𝜑 + 𝜑 ) ∙ ∙ ∙ ℎ = ∙ , ∙ , ∙ ∙ =, ∙ ∙ = ,  ,  
 𝜑 =  –    ; 

      𝜑  – ,     ,   
  0; 

      𝜑  – ,    , : 
 𝜑 = , ∙ ∙ ∙ ℎ = , , ∙, ∙ , ∙ ∙ = , , 

 
 =  –        ( . 

.2.2.6.1   ). 
: 

  ( + 𝜑 + 𝜑 ) = + + , = , < , . 
  
2.   ,  : 
 

, 𝑖 = 𝜑 ( + 𝜑 + 𝜑 ) ∙ ∙ ∙ ∙ ℎ = , ∙ , ∙ , ∙ , ∙∙ = , ∙ ∙ = ,  ,  
 𝜑  –   ,  0,6. 

3.        : 
 = ∙ = ∙ , = , = , . 
 
4.   : 
 = , > , 𝑖 ∙ ℎ = , ∙ ∙ , = ,  , 
 

 . 
5.  = + , ∙ = , ∙ , + , ∙ , ∙ , = , . 
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6.     , . . , =            = , ∙ , =65,86 > = , ,  

 = √ = √ ,, = , . 
 
7.   = ,   3,33∙ℎ =3,33∙0,19=0,63 .    = ,  > , ∙ ℎ = ,  ,  = ,  . 
8.     : 
 = √ = √ , , = , . 
 
9.        3-  

: 
1) < ; = , < = , ; 
2) < ∙ ℎ ; = , > ∙ ℎ = ∙ , = , ; 
3) > ℎ ; = , > ℎ = , . 

 = ,  . 
10.    : 
 − ∙  ≤ + ∙ , 

 
  − ∙  = , − , ∙ , = , . 

 + ∙ = ,, + , ∙ , = , , 
 

34,94  < 60,91 , 
 

 . 
11.   < : 
 
 = 𝜑 ∙ ∙ ∙ ∙ ℎ = , ∙ , ∙ , ∙ ∙, ∙ = ,  , 

 
 𝜑 =1,5 –   . 

 =  < = ,  , 
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,  . 
12.        . 
13.         

  : 
 = , < , ∙ 𝜑 ∙ 𝜑 ∙ ∙ ∙ ∙ ℎ = , ∙ , ∙ , ∙ , ∙, ∙ ∙ =  = ,  ,  

 
 𝜑 = + ∙ ∙ = + ∙ , ∙ , = , ; 

      = Аsw∙ = .∙ = , ; 
      = ЕsЕ = ∙∙ = , ; 
      𝜑 = − ∙ ∙ = − , ∙ , ∙ , = , , 

 = ,  –   . 
 ,  < ,  , 
 

,      . 

2.2.6    II    

2.2.6.1     

  : 
 = ЕЕ = ∙∙ = , . 

 
  : 

 = + ∙ = ’ ∙ ℎ + ( ’ − ) ∙ ℎ∗ = ∙ , ∙ + , ∙, = ,  ,  
 
(  ∙     ). 

        : 
 = , ∙ ℎ = , ∙ =  .  
 

      : 
 = ’  ∙ ℎ − ∗ ∙ ℎ∗ = ∙ − , ∙ , = ,  .  
 

      : 
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= = , = ,   . 
      : 

 ’ = = ,  .  
 

   ,      
( ),     : 

 = 𝜑 ∙ = , ∙ ,, = ,  ,  
 

 𝜑 = , − 𝜎, = , − , ≈ 0,85; 

       
𝜎,  –          

    ,   𝜎, = , . 
   ,      

( ),     : 
 𝑖 = 𝜑 ∙ ’ = , ∙ ,, = ,  .  
 

        
   = ∙ = , ∙ , = ,  ,   = ,  – 

          
’  = , =, < . 

        
        : 

 ’ = ’ ∙ ’ = , ∙ , = ,  .  
 

    ,   
    . 

  ,    
    . 

  : 
1.     
 𝜎 = , ∙ 𝜎 = , ∙ = ,  , 

 
 𝜎 = , ∙ =  . 
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2.    𝜎 =  – . .    
    . 

 
  : 

 = (𝜎 − 𝜎 ) = , ∙ − , =  = ,  ,  
 

 = ,   –    . 
       

 = − = − =  . 
    : 

 𝜎 = 𝑃 + 𝑃 ∙ ∙ = [ , ∙, + , ∙ ∙ ∙, ] ∙ − = ,  .  
 

    : 
 = 𝜎, = ,, = ,    < ,   = , ∙ В =,  . 
 

      = ,  . 
         

           
  : 

 =  ∙  ∙ = ,  ∙ ,  ∙ , = ,  ,  
 

 = ,  /  –   1 2 . 
 : 

 𝜎 = 𝑃 + 𝑃 ∙ − ∙ = [ , ∙, + , ∙ ∙ − , ∙, ] ∙ − =,  .  
3.      ,  

 . 
  𝜎 = , , = , < = , ,  

 = , + , ∙ , = , .  
 . 

      : 
 𝜎 = , · 𝜎 = , · · , = ,  .  
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  : 𝜎 = 𝜎 + 𝜎 = , + , = ,  . 
      : 

 ´ = · (𝜎 − 𝜎 ) = , ∙ − , · =  =,  .  
 

        : 
 𝜎 = 𝑃´ + 𝑃´ ∙ − ∙ = [ , ∙, + , ∙ ∙ − , ∙, ] ∙ − =,  .  
 

 : 
.     𝜎 =   –     
 ( 25)    (      

 ); 
.     - 𝜎 ,             𝜎 =, , = , < , ,  𝜎 = · · 𝜎 = · , · , = ,  ,  

 = ,  –  ,     
. 

 : 𝜎 = 𝜎 + 𝜎 = + , = ,  . 
 : 

 𝜎 = 𝜎 + 𝜎 = , + , = ,   ˂  .  
 

     : 
 = · (𝜎 − 𝜎 ) = , ∙ − =  = ,   
 
2.2.6.2    ,     
 

        
  . 

   : 
 𝜎 = , , = , ∙ =  ;    ;  𝛥𝜎 = + =+ =    

 
   𝜎 + 𝜎 < , : 

 + =  < , =   –  . 
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   : 
 = , ∙ + = , ∙ , ∙ + = ∙= ,  ∙ ,  
 

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

=8  (     ); 
=3,18  –     ё     

,     ; 
 –       

 . 
     ,   

  ,   : 
 M <   
 

  =54,45  (    ); =39,18 . 
  =54,45   =39,18 ,     

 . 
          

    ,     
:  

 = +  𝛥 = + , = , .  
 

      = 29,02  (   
 ). 

 
   : 

 ∙ ’( − 𝑖 ) − < , ∙ ’ ,  
 

 ∙ ’( − 𝑖 ) − = , ∙ , , − , − , =,  ; 
 , ∙ ’ = , ∙ , ∙ − = ,  .  
 

10,11 ∙   15,05 ∙ , 
 

 , =1,05  –   . 
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,   –    .  

2.2.6.3    ,     

 =1,   𝛥    0,   
   = ,  ;  

=0,3 . 
      = ,  . 
       : 

 
 𝜎 = −𝑃 − = − , ∙ , −, ∙ = ,  ,  

 
 = ℎ − , ∙ ℎ’ = − , ∙ , = ,   –    ; 

      = ,           
  ;  

      = ∙ = , ∙ , = ,   –    
  . 

  ,     , 
  :  

 = ∙ 𝜑 ∙  ∙ 𝜎𝐸 ∙ ∙ , − ∙ ∙ √ ,  
 

  = 1 –   ;  
      1 = 1  - ,    ;  
       = 1 – ,     

 ;  
       = ∙ℎ = , , = ,  –   ;  
       d=12 –   .  

       
:  

 

, = ∙ ∙ ∙ ,∙ ∙ ∙ , − ∙ , ∙ √ = ,  . 
 

       
  : 

 𝛥 , = ∙ , ∙ ∙ ,∙ ∙ ∙ , − ∙ , ∙ √ = ,   <,  ,  
 

 𝜑 = , − ∙ = , − ∙ , = , . 
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  :  
 = + = , + , = , < ,  . 
 
2.2.6.4    
 

   [ ] = = = ,  . 
 ,      

      .    
  = ,  ∙ ;     

         =1; == ,  ; э : 
 , = = , , = ,  .  
 

 𝜑 = ,     . 
 𝜑    : 

 𝜑 = , ∙− = , ∙ , ∙, − , ∙ = , < .  
 

,    
     ,   : 

 𝜑 = , − 𝜑 ∙ 𝜑 − −𝜑, − , ∙𝜑 ,ℎ == , − , ∙ , −− ,, − , ∙ , ,9 = , < . 

 
    : 

 = ℎ ∙ [ 𝜑∙𝐸 + 𝜑∙ ∙𝐸 ] − ∙𝜑ℎ ∙ ∙𝐸 =,∙ , ∙ [ ,, ∙ + ,, ∙ , ∙ ] − ∙ ,∙ , ∙ = , , 

 
 𝜑 = , ; 

      = ,     ;  
      = ’ ∙ ℎ’ = ∙ , = ,    А’ =    𝜉 = ℎ’ℎ . 

 : 
 = ∙ ∙ = ∙ ∙ , ∙ − = ,  ,  
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= ,  < [ ] = ,  .  . 
,   . 

2.3     

2.3.1   

        /19-20. 
     – ,  640 ,  

  .    510   
      
  -  510/14,3 /125/1,0/50/    

 100,        , 
, , - - 250 120 65/1 /125/1,4/50/  530-2012 

  100,  120 . 
        

   : 
 = , · , = ,  ,                                                                     (2.3.1) 

 
 (0,5·1,625+1,875+0,5·1,61)=3,49  –    ; 

       
,

  –          
. 

 
 2.1 –    
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  :  ℎ 1 = 1629 ,   = 1625  
1610 .         = 3492   

 : 
 

 =3,49 − 0,5 ∙ 1,625 − 0,5 ∙ 1,61 = 1,875 .                                         (2.3.2) 

2.3.2   

 2.2   1 2    
 

№    
, / 2 

 
  

 fi 

 
, 

/ 2 

1 
  

  δ= 0,005 ,  = 5,25 / 2 
0,0525 1,2 0,063 

2 
  

  δ= 0,003 ,  = 5 / 2 0,05 1,2 0,06 

3 
    

150 δ= 0,05 ,  = 1800 / 3 
0,9 1,1 0,99 

4 
   

  δ= 0,22 , 
 = 500 / 3 

1,1 1,15 1,27 

5 
-  

  
 δ= 0,16 ,  = 33 / 3 

0,05 1,2 0,06 

6 
 –   

 δ= 0,003 ,  = 
3,6 / 2 

0,03 1,2 0,04 

7 
   50 δ= 0,01 ,  

= 1800 / 3 
0,18 1,1 0,2 

 
: 2,363  2,683 

 2.3       
 

№    
, / 2 

 
  

 fi 

 
, 

/ 2 

1 
     δ= 

0,003 ,  = 1800 / 3; 
0,054 1,2 0,065 

2 

   150 
  4 -1, 

 6727-80   
100 100 , δ= 0,06 ,  = 1800 

/ 3; 

1,08 1,3 1,404 

3 
  - 

«   » 
δ= 0,008 ,  = 4000 / 3; 

0,32 1,2 0,38 

4 
    

150 δ= 0,012 ,  = 1800 / 3; 
0,216 1,3 0,281 

 
: 1,67  2,13 
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        (   
   ): 
 

1 = 0,5 ∙ 33 ∙ 3 + 2,683 ∙ А  = 0,5 ∙ 33 ∙ 3 + 2,683 ∙ 11,8 = 

81,16 ;                                                                                                                            (2.3.3) 

 

    −   ; 
         3  −   ,    ; 
         2,683 / 2 -     ( . 2.2).      

        
  (       ): 

 
2 = 0,5 ∙ 33 ∙ 3 + 2,13 ∙ А  = 0,5 ∙ 33 ∙ 3 + 2,13 ∙ 11,8 = 

74,63 ;                                                                                                                             (2.3.4) 
  ,  / 2 −      ( . 2.3). 

    : 
 

2 =  ∙  ∙ А  = 1,2 ∙ 1,5 ∙ 11,8 = 21,24  ,                                       (2.3.5) 
 

  −   –   [  
20.13330.2016, . 8.3.], / 2; А  −  , 2 ( . . 2.3.1). 

  : 
 

 =  ∙  ∙  ∙  = 1 ∙ 1 ∙ 1 ∙ 1,5 = 1,5 / 2                       (2.3.6) 
 

  − ,        
 .   = 1; 

        −  ,  1; 
          −          

  ,  1. 
   : 

 
 =  ∙ 1,4 = 1,5 ∙ 1,4 = 2,1 / 2                                  (2.3.7) 

 
     : 

 
 =  ∙ А  = 1,5 ∙ 11,8 = 17,7                                  (2.3.8) 
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2.3.3   

   : 
 

1 = (ℎ + )(  + )𝜌 + 0,13 ∙ 0,35 ∙ 1,2 ∙ 3,49 = 
= 1,1(0,51 + 0,02)(0,5 ∙ 1,625 + 1,875 + 0,5 ∙ 1,61) ∙ 18 + 0,12 ∙ 18 ∙ 1,1 ∙ 3,49 = 
=44,91  /                                                                                                          (2.3.9) 
 

  = 0,02  −     ; 
      1,2 –    ;  
                              0,12  –   ;  
     18 /  2 −  . 
 

2 =  (ℎ + )  ∙ 𝜌 = 1,1(0,51 + 0,02)1,875 ∙ 18 + 0,12 ∙ 18 ∙ 1,1 ∙ 1,875 = 
=24,14 /                                                                                                         (2.3.10) 
 

     : 
 

1 = 1(1,555 + 1,29 ∙ 2 + 1,49) + 2(1,51 ∙ 3) = 44,91 ∙ 5,625 + 24,14 ∙ , = ,                                                                                                              
(2.3.11) 

 
 (1,555 + 1,29 ∙ 2 + 1,49) −                    

   1; 
       (1,51 ∙ 3) −         

 2. 
      : 

 

2 =   + 1 + 2 ∙ 6 + 2 ∙ 6 =17,7 +81,16 +74,63 ∙ 6 +21,24 ∙ 6 =  
=674,08                                                                                                          (2.3.12) 
 

      : 
 

 = 1 + 2=361,97+674,08 = 1036,05                                   (2.3.13) 
 

   N (   ) 
    : 

 = ℎ − = , − , = ,  ,                                                 (2.3.14) 

 

 = =   ˂  , 
      130 −    , . 
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     I-I: 

 = ·N·э = , · , · , = ,                                                (2.3.15) 

2.3.4   

     125    100. 
     = 2,0 . 

    = 1200. 
  :  h=0,51 ,   = 1,875 .  

    =  = 3  
 : 

 = ℎ = , = , .                                                                                (2.3.16) 

   𝜑 = 0,977. 

2.3.5       

       
   : 

 = = , , = ,  .                                                                  (2.3.17) 

 
     : 

 ℎ  = ℎ − 2 ∙ 0 = 0,51 − 2 ∙ 0,015 = 0,48 .                                              (2.3.18) 
 

     : 
 = ℎ = , = ,  .                                                                               

(2.3.19) 
 

   : 
 φ = φ+φ = , + , = , ,                                                            (2.3.20) 

 
 𝜑  = 0,968 -   . 

,      : 
 

 = 1 + 0⁄ℎ = 1 + 
0,015⁄0,51 = 1,029,                                             (2.3.21) 
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  1,45. 
,      = 1,  

 ℎ > 300 . 
   : 

 

 =  ∙ ℎ ∙ (1 − 
2 ∙ 0⁄h ) = 1,875 ∙ 0,51 (1 − 

 ∙ 0,015⁄0,51) = 

=0,9 2                                                                                                                             (2.3.22) 
 

     I-I    
: 

 
 = 1036,05  <  ∙ 𝜑1 ∙  ∙  ∙  = 1 ∙ 0,973 ∙ 2 ∙ 0,9 ∙ 1,029 ∙ 

103 = 1802,2                                                                                                             
(2.3.23) 

 
 , ,           

-1,000 .     510 , 
      

    -  510/14,3 /125/1,0/50/  
   100. 
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3     

3.1  -    
 

  3.1  -  . 

 
1 –  ; 2 –  ; 3 –    

 ; 4 –    ; 5 –    
; 6 –       20-30% ; 7 – 

  
  3.1 –  –   

 
       

. 
      

 ρ = ρ+ = ρs+ ,                                                                                            (3.1) 

 
 ρ –  ; ρ  –    ; W –  ; ρ  –   ; 
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e –  . 
 

     
 e = ρs−ρdρd ,                                                                                                       (3.2) 

 
     

 S = ∙ρs∙ρw ,                                                                                                       (3.3) 

 
  ρw –  ,  ρw =  / . 

 
      

 γ = g ∙ ρ,                                                                                                        (3.4) 
 

 g –   . 
 

       
 γ B = g ∙ ρs−ρw+ .                                                                                             (3.5)          

 
  3.1  -   
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 3.1 – -    

№  
h, 

 
, / 3 

 
, / 3 

 e S  IL 
c, 

 
φ, 

 
E, 

 
R ,  ρ ρ  ρ  γ W WL Wp 

1   1,4 1,9 1,59 2,71 19 0,193 0,24 0,17 0,7 0,75 0,33 25,5 21,5 18 250 

2 
 

 
2,4 1,92 1,55 2,71 19,2 0,24 0,32 0,21 0,75 0,87 0,27 23 21 14 242 

3 
   

 
  

0,6 1,74 1,58 2,66 17,4 0,1 - - 0,68 0,39 - - 24,5 21 400 

4 
  

  
 

1,8 1,61 1,46 2,66 16,1 0,1 - - 0,82 0,32 - - 25,2 11 250 

5 
  

  
2,6 1,86 1,62 2,66 18,6 0,15 - - 0,64 0,62 - - 38,2 31 500 

6 

 
   

 
 20-30% 

 

1,4 2,05 1,67 2,66 20,5 0,23 - - 0,59 1,04 - - 39 35 600 

7 
 

 
3,1 2,1 1,61 2,71 21 0,3 0,4 0,23 0,68 1,2 0,41 26,5 21,7 17,5 187 

8   4,7 2,1 1,68 2,66 21 0,25 - - 0,58 1,15 - - 35 40 500 
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3.2     
 

  8.3  20.13330.2016,    
     0,7 / 2 [2, .8.3].  

   ƒ      
 1,3     2,0  (200 / 2) [2, . 

8.2.7]. 
  20.13330.2016,      

 1 2     1,8  (180 / 2 ) – III 
  [2, . 10.1].       

       ,   
     . 

 
 3.2 -     

№ 
/  

 
 

, / 2 

 
  

, f 

 
, 

/ 2 
1.  

 
1 

  
  δ= 0,005 ,  = 5,25 / 2; 

0,0525 1,2 0,063 

2 
  

  δ= 0,003 ,  = 5 / 2; 
0,05 1,2 0,06 

3 
    

150 δ= 0,05 ,  = 1800 / 3; 
0,9 1,1 0,99 

4 
   

  δ= 0,22 ,  
= 500 / 3; 

1,1 1,15 1,27 

5 
-  

  
 δ= 0,16 ,  = 33 / 3; 

0,05 1,2 0,06 

6 
 –   

 δ= 0,003 ,  = 
3,6 / 2; 

0,03 1,2 0,04 

7 
   50 δ= 0,01 ,  = 

1800 / 3; 
0,18 1,1 0,2 

8 
 

 /          
m= 3300 , =7,18 , b=1,5 . 

3,06 1,1 3,37 

    : 5,42  6,05 
  

1   1,26 1,4 1,76 

 
   

: 1,26  1,76 

 : 6,68  7,81 
 
 
 
 
 
 



 

55 

 

  3.2 
2.    (1-8 ) 

 
1 

     δ= 
0,003 ,  = 1800 / 3; 

0,054 1,2 0,065 

2 

   150 
  4 -1, 

 6727-80   100 100 
, δ= 0,06 ,  = 1800 / 3; 

1,08 1,3 1,404 

3 
  - 

«   » 
δ= 0,008 ,  = 4000 / 3; 

0,32 1,2 0,38 

4 
 

    
150 δ= 0,012 ,  = 1800 / 3; 

0,216 1,3 0,281 

5 
 

 /          
m= 3300 , =7,18 , b=1,5 . 

3,06 1,1 3,37 

    : 4,73  5,5 
  

1   1,5 1,3 0,95 

 
   

: 1,5  0,95 

 : 6,23  6,45 
3.   

1 
 

 /   
δ= 0, 2 ,  = 2500 / 3; 

5 1,1 5,5 

    : 5  5,5 
  

1   2 1,2 2,4 

 
   

: 2  2,4 

 : 7  7,9 
4.    

 
1 
 

      
-1,000   +20,620 : 

   δ= 0,380 ,  = 
1800 / 3; 

6,84 1,2 8,21 

2 
 /    

  -1,300   -8,800  
 δ= 0,250 ,  = 2500 / 3; 

6,25 1,1 6,88 

3 
 /   a=0,4 

, b=0,9 , h =8,6 ,  = 2500 
/ 3; 

9 1,1 9,9 

    : 22,09  24,99 
  

1   1,5 1,3 0,95 

 
   

: 1,5  0,95 

 : 23,59  25,94 
 48,10 
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3.3    
 
3.3.1        
 

      .  
       30.30. 

  :   – 9,750,   – 9,900  
     – 12,750. 
   – 9,900. 

 
 3.3 -   i –      

    

 
 

, h, 
 

  
 

  
,  

 
  

  
 f,  

h · f, 
/ 2 

 

0,3 10,05 65,07 19,52 
1 10,7 34,56 34,56 
1 11,7 35,36 35,36 

0,55 12,475 35,98 19,79 
 ∑ hi ∙ fi 109,23 

 
     (  24.13330.2011) 

 
Fd = γ · (γ · R · A + γ · u ·∑ γ ·fi· hi),    (3.6) 
 

  –     ;  
R –        ; 

      R –       ,  
 . 2 [1], ;  

      –    , 2;  
     u –    , ;  
     f –        . 
 

:  = 1; γ  = 1; R = 2675 ;  = 0,09 2; u = 1,2 ; f = 1. 
  ,  

 
Fd =1,0 ∙ (1,0 ∙ 2675 ∙ 0,09 + 1,2 ∙ 1,0 ∙ 109,23) = 371,83 . 
 

     
 Fdγk ≤ N , (3.7) 
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  –  ,      
 ; 

      Fd –   , ; 
      N  –    , . 
 
 :  = 1,4; Fd = 371,83 ; N  = 800 . 

  ,  
 ,, < , 

 
265,59  < 800 . 
 

      
 

 =  γ  ∙ Fd / γn∙γk− ,  ∙  ∙ Ni+ ,  ∙ ,  ∙ p ∙ γ   (3.8) 

 
 Ni –     , / ;  ,  ∙  dp  ∙  γ  –     (0,6  -  , 

dp-   , ; p= 20 / 3);  
1,1-    ; g  –  , ; γ  –   ,  1,15   

 ; 
n –  ,   1,15   

II  . 
 

     
 

 =  ,  ∙ ,  / ,  ∙ , − ,  ∙  ∙ ,,  ∙ ,  + ,  ∙ ,  ∙  ∙ , = ,  . 

 
3.3.2       
 

      .   
      40.30. 

  :   – 10,350,   – 10,500  
     – 14,350. 
   – 10,500. 
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 3.4 -   i –      
    

 
 

, h, 
 

  
 

  
,  

 
  

  
 f,  

h · f, 
/ 2 

 

2 11,5 35,2 70,4 
0,8 12,9 36,32 29,06 

1,05 13,825 70,355 73,87 
 ∑ hi ∙ fi 173,33 

 
    (3.6) 

:  = 1; γ  = 1; R = 2675 ;  = 0,09 2; u = 1,2 ; f = 1. 
  ,  

 
Fd =1,0 ∙ (1,0 ∙ 11544 ∙ 0,09 + 1,2 ∙ 1,0 ∙ 173,33) = 1246,96 . 
 

      (3.7)  
 :  = 1,4; Fd = 1246,96 ; N  = 700 . 

  ,  
 ,, < , 

 
890,69  < 700 . 
 

    700 . 
        

       
 n = NFd γk⁄ − ,  ∙ p ∙ γ − ,  ·  · ,  (3.9) 

 
 0,9 –  ,    , 2; 
  

 –         ,  
20 / ; 

dp –   , ; 
g  –  ,  [2, .1]. 

 n = ,  ∙ ,  ∙ − ,  ∙ ,  ∙  − ,  ·  · ,  = 1,71. 
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 4 . 
       3.2.    

 ,        150 , –  
1500×1800 .   1500 . 

 

 
 3.2 –   

 
3.4    
 
3.4.1        
 

      .  
       30.30. 

  :   – 9,750,   – 9,900  
     – 12,750. 
   – 9,900. 

 
 3.5 -   i –      

    

 
 

, h, 
 

  
 

  
,  

 
  

  
 f,  

h · f, 
/ 2 

 

0,3 10,05 65,07 19,52 
1 10,7 34,56 34,56 
1 11,7 35,36 35,36 

0,55 12,475 35,98 19,79 
 ∑ hi ∙ fi 109,23 
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     (3.6) 
:  = 1; γ  = 1; R = 2675 ;  = 0,14 2; u = 1,32 ; f = 1. 

  ,  
 
Fd =1,0 ∙ (1,0 ∙ 2675 ∙ 0,14 + 1,32 ∙ 1,0 ∙ 109,23) = 518,68 . 
 

    (3.7)    
 :  = 1,4; Fd = 518,68 ; N  = 800 . 

  ,  
 ,, < , 

 
370,49  < 800 . 
 

      (3.8) 
 

 =  ,  ∙ ,  / ,  ∙ , − ,  ∙  ∙ ,,  ∙ ,  + ,  ∙ ,  ∙  ∙ , = ,  . 

 
3.4.2       
 

      .   
      40.30. 

  :   – 10,350,   – 10,500  
     – 14,350. 
   – 10,500. 

 
 3.6 -   i –      

    

 
 

, h, 
 

  
 

  
,  

 
  

  
 f,  

h · f, 
/ 2 

 

2 11,5 35,2 70,4 
0,8 12,9 36,32 29,06 

1,05 13,825 70,355 73,87 
 ∑ hi ∙ fi 173,33 

 
    (3.6) 

:  = 1; γ  = 1; R = 2675 ;  = 0,14 2; u = 1,32 ; f = 1. 
  ,  
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Fd =1,0 ∙ (1,0 ∙ 11544 ∙ 0,14 + 1,32 ∙ 1,0 ∙ 173,33) = 1845,40 . 

      (3.7)  
 :  = 1,4; Fd = 1845,40 ; N  = 700 . 

  ,  
 ,, < , 

 
1318,14  < 700 . 
 

    700 . 
       (3.9)  

 n = ,  ∙ ,  ∙ − ,  ∙ ,  ∙  − ,  ·  · ,  = 1,72. 

 
 4 . 
       3.3.    

 ,        210 , –  
2100×2100 .   1500 . 

 

 
 3.3 –   

 
3.5     

 
    2  :    

30.30  40.30    ∅   3  4 .  
  -  . 

        2001 . 
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 3.7 –        

№ 
   
  

   
, . . -  

, . 
  

1  06-01-001-20 
  

, 100 3 
0,72 6 909,80 4991,16 

2  04.1.02.05-0009 
 , : 

25, 3 
73,44 725,69 53294,67 

3  06-01-001-10 

 
 

  
  

  
 :  2 

 4 ,   5 , 
100 3 

0,22 8768,26 1917,62 

4  08.4.03.04-0001 
 

  : 
A-I, - , -  

0,81 5650,00 4576,50 

5  04.1.02.05-0009 
 , : 

25, 3 
22,20 725,69 16108,90 

6  05-01-003-06 

 -
   

  
   12   

  2, 3
  

51,92 521,19 3901,33 

7  05.1.05.10-0019 

  
  

  : 20 
( 250),   

  60,1  70  
 3  (   

) (  19804-91),  

178 1 516,65 269963,70 

8 05-01-175-01 

 « » 
  

  
  0,1 2,  

178 751,22 133717,16 

: 488471,04 
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 3.8 –        

№ 
   
  

   
, . . -  

, . 
  

1  06-01-001-20 
  

, 100 3 
0,72 6 909,80 4991,16 

2  04.1.02.05-0009 
 , : 

25, 3 
73,44 725,69 53294,67 

3  06-01-001-10 

 
 

  
  

  
 :  2 

 4 ,   5 , 
100 3 

0,35 8768,26 3077,66 

4  08.4.03.04-0001 
 

  : 
A-I, - , -  

0,92 5650,00 5198,00 

5  04.1.02.05-0009 
 , : 

25, 3 
35,63 725,69 25853,79 

3  05-01-028-01 

 -
    -
  1-3   

  -
 ( ) 
 :  

1000 ,    12 
, 3  (0,42·158 + 0,55·20) 

77,36 919,48 71130,97 

5  08.4.02.04-0001  ,  10,16 8 200,0 83312,00 

6  04.1.02.05-0029 
 ,  

25 ( 350) 79,22 748,04 59259,73 

: 306117,98 
 

 , ,      
  37 % (182 353,06 .),     .  

    . 
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4     

4.1     

        
  8-        

  . . 
        

          
 ,         

 .  
   :     ,  

 ,    ; ,   
  ;     ; 

   ;   
      . 

4.2      

          
     , ,  

,   . 
        
  .     

         
.    . 

       
   . 

          
  ,    -   .   

       1 3  
   0,35 3     0,25 3 . 

       
-  . 

       : 
 ;      , 

   ;    ; 
          

  . . 
         

 :    ; 
     . 

      :   
 ;     (   ); 

      ; , , 
     ;    



 

65 

 

 (   ,  );  ;  
  . 
        
  . 
      .  

   ,    
        

.         
. 

          
  .        

      ( )   
( )   ,      , 
    ( ,   . .). 

       " "  
 .  3  (N1)  - , 

      . 
  3  (N2)       . 
      . 

        
,     -   .   N2 

 .     N1     
   " ".   4-5   

,       ,  
  .      N2 
 ,     ,   

.    N2    
   (  ),    .   
   N2   ,   N1  

.         
 N1       

.  
    N1    

   .  ,     
   .     N1 

    - .    
    .  

    I ,    
 II .  

        10  
  15 ,  - 10 . 
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4.3       

        
   : 

-    ,   ,   
    ; 
-     ; 
-    ,    

    . 
ё        

70.13330.2012 «    ».  
 

 4.3.1 -        
 

№ 
/
 

 

 , 
 

 

 
 

 
 

 
 

 
   

 

,  
 

1 2 3 4 5 6 7 
1  

 
 

 
 ,  

 
 150 

 427-75 
  

7502-89* 

  

  

, 
 

±15  

 
 

 

 
 

  

  

  

, 
 

-10  

 
 ,  

 
 150 

 427-75 
  

7502-89* 

  

  

, 
 

-15  

 
 ,  

 
 150 

 427-75 
. 

. 

  

  

, 
 

-2; +3  
-2; +2  

1  
 

 

 
 ,  

 
 150 

  

  

, 
 

+15  

../../AppData/Documents%20and%20Settings/Guest/Мои%20документы/Старая%20папка/Каталог%20ТTK/Data1/7/7388/index.htm
../../AppData/Documents%20and%20Settings/Guest/Мои%20документы/Старая%20папка/Каталог%20ТTK/Data1/7/7388/index.htm
../../AppData/Documents%20and%20Settings/Guest/Мои%20документы/Старая%20папка/Каталог%20ТTK/Data1/7/7388/index.htm
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№ 
/
 

 

 , 
 

 

 
 

 
 

 
 

 
   

 

,  
 

1 2 3 4 5 6 7 
 427-75 

  
7502-89* 

 

  
 
  

 

 

  
  

7502-89* 

  

  

, 
 

20  

 
 

 
 

 
 

 

  
  

7502-89* 

  

  

, 
 

10  

 
 

  
  

 ; 
  

  
 

 
 

  
 

  

  

, 
 

10  
30  

 

 
  

 
 

 10  
 

 
, 

 

  
 

  

  

, 
 

15  

 
 

 
 

  

../../AppData/Documents%20and%20Settings/Guest/Мои%20документы/Старая%20папка/Каталог%20ТTK/Data1/7/7388/index.htm
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4.4   -   

  ,    , 
   4.4.1. 

 
 4.4.1–      

 
 

 
  
 

 
,  

 
 

 

 
 

,  

 
  

 
  

( , ) 

 
, 

3 

  
   δ=510     

 19-21 -1,00 +23,02 24,02 14,54 349,25 116,12 118,9 
19 -  -1,00 +23,02 24,02 28,97 659,86 128,66 270,91 
21 -  -1,00 +23,02 24,02 28,97 659,86 161,98 253,92 

  643,73 
     δ =120  

 19-21 -1,00 +23,02 24,02 14,54 349,25 109,06 28,82 
19 -  -1,00 +23,02 24,02 28,97 659,86 118,44 64,97 
21 -  -1,00 +23,02 24,02 28,97 659,86 144,76 61,81 

  155,6 
   δ =380  

20 -  -1,00 +23,02 24,02 28,39 683,93 50,4 240,74 
 19-21 -1,00 +23,02 24,02 13,63 327,39 16,8 118,03 
 19-21 -1,00 +23,02 24,02 13,63 327,39 32,89 111,91 
 19-21 -1,00 +23,02 24,02 13,63 327,39 - 124,41 

  595,09 
     1394,43 3. 

       : 
 = ,                                                                                                    (4.4.1) 

 
     ,   

   (4.4.1): 
 = ,, =  ,   

      
; . = ,, =  ,  , , ; = ,, =  ,  , , 

. 
     ,   

0,25 3   1 3  : 
 

V - = 1394,43  0,25 = 348,61 3.                                                         (4.4.2) 
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 4.4.2. 
 4.4.2–       

 
 

 
,  

 
  

 

, 3 ,  
1 -    1 - 

 
  

 
 

 72-15.8 126 2,3694 298,54 3,3 415,8 
 68-12.8 77 1,8084 139,25 2,5 192,5 
 68-11.8 56 1,6577 92,83 2 112 

 259  530,62  720,3 
 

  30.12.15-4 14 0,68 9,52 1,700 23,8 

 
 

 40-16 6 0,582 3,492 1,948 11,688 

 
3  13-1 183 0,034      6,22 0,09 16,47 
3  21-27 152 0,055 8,36 0,137 20,82 
5  27-37 36 0,15  5,4 0,375 13,5 

 371  19,98  50,79 
 

4.4.1  -   

     :   
  (  ),  (  ), 

     .     
   –    72-15.8,  

  3300 . 
 : 

 = э + = , + , = ,  ,                                                    (4.4.3) 
 

  = 3,3  −     (  ); 
          = 0,08985  −     , 

      (  4 10-4). 
   : 

Hk=h0+h +h +h +h =25,07+0,3+0,22+4+2=31,59 ,                             (4.4.4) 
 

   h0–         ,     
h0= 25,07 ; 
         h –   ,   ,  

          
,       0,3-0,5 , 

h = 0,3 ; 
        h –     , h  = 0,22 ; 
        h –   4 10-4, h = 4 ; 
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        h –      (2 ). 
   L . , ,    : 

 L .   =  B +  f +  f ∗  + R = + , + , + , = ,  ,            (4.4.5) 
 

 B –    , B =14 ;  f , f ∗  –       ,                   f = ,   , f ∗ = ,  ; R  - ,        
(  ),    , R = ,  . 

     -408.21  : 
–  10     40     54 .  

4.4.2   , , , 
,  

 4.4.3 –     

 
 

   
 

 
, 

 
, , 

 

 
  , 

 

 
 

 

   
,  

 

 
 -

408.21 

 
 10 . 

 
1 

 ,  
 

4 -10-4 

 
 10 . 

 
1 

  
  

 
-5549 

 8 . 1 

 
  

  

 
-500 

 
 10,8 3/ . 

 
1 

  
 

 
-9 

 
 9,0 3/ . 

 
1 

4.5      

         
   12-135-2003 «    ». 

        
         
   . 

,       
   . 
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 .    ,    

  .       
     60 .      

     5 . 
     1,3    

   1 .       
  . 

      
 .      

  .       
   . 
     ,     

     15   . 
 ,         

  . 
,     ,   

 ,      
      . 
           
   . 

       
       

 . 
     ,     

     . 
       

. 
        

      ,  
      . 
         

. 
       

 .       
. 

   ,      
  ,  . 

        . 
         

  ,       
 . 

4.6 -   
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        6 
      12-29-2006 «  

      ». 
      . 

         2306,66 
3.         , 

    6      
12-29-2006 «       

 ».     
    (   )   

49,5         3,08 3, 
      – 20 .  

   . 
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5     

5.1      

        
   «8-       
   . , 66 . ». 

       
        

        . 
   -    

    ,  
        , 

     . 

5.2    

      
1.04.03-85* "       

 ,   "  1  2,  3 
"  ",  1* "  ". 

    8-    
       3591 ², 

 . 7   (  1.04.03-85*  I),   
,        

  3000 ²,  9-      ,  
  10 ,    

1 . 
  : 

 
(3591-3000)∙100/3000=19,7%; 
 

    : 
 
19,7∙0,3 ≈5,91%; 
 

      : 
=10+((100+5,91)/100) =10,59≈11 . 

     
  1,1     7    

(  1.04.03-85*, . 15  ). 
. .    ,    

   (10    100 ). 
 

=10,59∙1,1+0,81=12,45≈12,5 . 
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 ,  8-   
       .  

 12,5 ,      1 . 
     

-        
,       1,5 .   

  ,      
,           

   . 

5.3    

      (  4.4.1)  
 -408.21. 

5.4    

ё   ,   
    ,  ,  

. 
     ,   

          
  : 

 
B ≥ R + l = 4,8 + 0,7 = 5,5 ,                                                                (5.4.1) 

 
 B –          

, ; 
       R .–    , ; 
        l .–        

      .   
  l =1,0 ,    l =0,7 . 

5.5     

1.   
,         

.          
. 

       : 
 

R .=L + =7,2+5,3=12,5 ,                                                                     (5.5.1) 
 

 L  –    , L  = 7,2 ; 
        –    ,   ,  
( . 3 15 11-06-2007),    27,47   = 5,3 . 
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2.   (   ) 
   ,   .   

   : 
 

R =l =29,0 .                                                                                              (5.5.2) 
 

 l  –   . 
 

3.    
     ,   

: 
 
R  = Rmax + 0,5 ∙ L  = 29,0 +0,5  7,2 = 32,6   ,                                          (5.5.3) 
 

 Rmax –  ,     (5.5.2); 
          L  –       (5.5.1). 
 

4.   
     ,   

            
.      : 

  
R =Rmax+0,5∙B +L + =29,0+0,51,5+7,2+7,45=44,4 ,                         (5.5.4) 

 
   Rmax –  ,     (5.5.2); 

          B  –    , B  = 1,5  ;  
                                                                                                                                                                                                                                    L  –  ,     (5.5.1) 

 –         , 
  ,  ( . 3 15 11-06-2007),   

 27,747   = 7,45 . 

5.6      

      
 . 

     -  
   ,       

. 
         

       -  
,    , ,  
.       

    . 
      : 

-      – 1 ; 
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-    ,    1,5 . 
    3,5 . 
         
 ,    ,   12 ,   

        3,5  5 . 
        

  6,5 . 

5.7    

     : 
 = ∙ ∙ К ∙ К ,                                                                              (5.7.1) 

 
  –  ,   ,   

     ; 
          –        ; 
          –     ; 
         1 –      , 

 1=1,1; 
2 –     

    ,  2=1,3. 
   (  ),  

,   : 
 

F=P/V,                                                                                                         (5.7.2) 
 

 –      ; 
      V –  ,   1 2  .  

   (  )   : 
 

S=F/ ,                                                                                                          
(5.7.3) 
 

  –   ,   
    (     = 0,6 – 0,7,    = 

0,5 – 0,6,     = 0,4 – 0,5.). 
      5.7.1. 
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 5.7.1 –    

 
 

  

 
. 
 

 
 

, 
. 

 
 

/  

 
 

 
K1,K2 

 
T , 

. 

 
 

 
V 

 
F, 2 

 
 

 
S, 2 

 . 
408,05 50 8,16 

 
7 81,69 0,75 108,92 0,5 217,84 ( ) .  

/   
 
 

3 
 

530,62 
 

50 
 

10,61 
  

7 
 

106,21 
 

0,8 
 

     132,8 
 

0,5 
 

265,6 
( )            

/  
 

( ) 

 
3 

 
19,98 

 
50 

 
0,4 

 
1,11,3 
= 1,43 

 
7 

 
4 

 
0,8 

 
         5 

 
0,5 

 
10 

/  
 

 
3 

 
13,02 

 
20 

 
0,7 

 
7 7  

0,8 
 

8,75 
 

0,5 
 

17,5 
( )            

             

 
 

3 879,11 30 29,3  8 293,3 25 11,73 0,7 16,8 

( )            

: 527,74 

    /     .  
    ,    ,  

     . 

5.8    

      .  
   , , , 

- ,   . 
          

 ,      
  – 20 . 
   : 

–   – 20  (85%      
 ); 

–    – 2  (12%   ); 
– -   – 1 . 
–  – 23 . 

      :  
 
F =N∙F ,                                                                                                     (5.8.1) 

 
 N –    ( ), ; 

       F  –  , 2,    ( ).  
      5.8.1. 
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 5.8.1 –     

 
№  

 
N, 

. 

S, 2 
 . 

 

 
  

., 2 

-  
 

 1 
 

 
 

  
1  20 0,9 18 10,0 6,0 60 1 

 
 
2 

  
  

  
 

 
14 

 
1 

 
14  

10,0 5,0 
 

24 

 
 
1 

3  14 0,05    0,7 2,0 2,0 4 1 
4  14 0,43 6,02 6,0 4,0 24 1 
5  14 0,07 0,98 2,0 2,0 4 1 

6  23 0,6 14,4 10,0 5,0 50 1 

7  2 4,8 9,6 7,0 5,0 35 1 

8  1 7 7 5,0 3,0 15 1 

 

5.9    ,    
 

     -45.   
     ,   . 

      : 
 

N=p∙E∙S/P =0,3∙1,62∙27588/100=13,4,  14 .                      (5.9.1) 
 

 S -    = 27588 ²; 
        -  , ;  
         -  , . 

   - · ,     
  -    : 

 
=L ∙( 1· /cosEi+ 3· . .+ 4· . .+ 5· ),                                          (5.9.2)  

 
 L  = 1,05 -     ; 

       =2,2  -     ; 
       . .=1,0 4+0,1 4=4,4  –      

,    ; 
       . .=0,5 6=3,0  -  ,      

; 
       =15,6  ,   ; 
       cosEi = 0,7 -       
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; 
       1 = 0,5 -    ;  
                                                                                                                                                              3 = 0,8 -  ,   ; 
       4 = 0,9 -  ,   ; 
       5 = 0,6 -  ,   .  
 

=1,05(0,5·2,2/0,7+0,8·4,4+0,9·3,0+0,6·15,6) =18 . 
 

   -   
   .    
-   -  . 

 Q p        
 Q   -  Qx  : 

 
Q p = Q  + Qx ,                                                                                       (5.9.3) 
 

    , / : 
 
Q = ·(q · · )/3600·t,                                                                   (5.9.4) 
 

 q  =500  -      (  , 
     . .); 
 -       

; 
 = 1,5 -    ; t = 8  

-    ; 
 = 1,2 -     . 

 
Q =1,2·(500·1·1,5)/3600·8=0,031 / . 
 

   -  , / : 
 
Q =(q · · /3600·t)+(q · /60·t1),                                               (5.9.5) 
 

 qx - 15  -     -   
; 

=17 -      ;  
 = 2 -     ;  

q  = 30  -       ; 
=14 -   ; 

t1 = 45  -    ;  
t = 8  -    . 
 
Q = (15·17·2/3600·8) +(30·14/60·45) =0,2 /  ; 
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Q p = 0,031 + 0,2=0,171 / . 
       Q  = 5 / . 

   -   . 
  ,      

   : 
-  : 
 
Pn= 1  ,                                                                                                 

(5.9.6) 
 
-   , : 
 

= 2  ,                                                                                                 
(5.9.7) 

 
 , -        1 
. .   -  ; 

       1 – ,     
; 

       2 – ,     
     . 

       Pn,  -  . 
 

=0,78  3,9=1,17  ;  
 

=1  97=97 . . 

5.10        

,       , 
         

 ,     . 
     ,  

,           5 / . 
        

      - 
       . 

        
  ,        

        . 
 ,      

  .     , 
       .  
       6…8 .  



 

81 

 

   ,      
   . 

      
       . 

       ,  
 ,   . 

        
 . 
      

    : 
-   ; 
-        

; 
-   -     

   ; 
-    ,   

   ; 
-    ,    

; 
-     , 

   . 

5.11        
   

 ,    
  ,     

,     ,  
    ,   
  ,       
   .    

   (    ) 
      . 

       
        : 

-      «  »; 
-       

    ; 
-     ,    

      ,   
 ,    ,   ; 

-        
       ; 
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-     ( , 
  . .)  ,   

    ; 
-        
,   ,       

; 
-       . 

5.12  -    
  

       (  7). 
 

  



 

83 

 

6    

6.1     

 ,  c  ё  
   ( ),    

           81-02-01-2020   
«       

». 
     8-    

     ,  . ,   
   . 

      
    

 
  =  [(∑ Ц INi=   ∙  ∙   ∙ /   ∙   ∙ ) + ] ∙  + ,   (6.1.1)

  
 𝑖 –     

 –       
    (  )      

 ; 
N –      

  –      
     (  )    

   ; 
 –      (  , 

 ,   . .); 
 –       (  

)      ,   
    ,   

   ,    
   –   . 

/   - ,     
    -  , 

       ,  
     -  

,   l    . К  – ,  -   
  (    )  

       ; К  – ,    
     ; 

 –  ,    . 
 –    . 
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      ,   
     (2): 

 

            В = . -  −  ×
−− ,                                                                       . .  

 
:  В –  ;    –     ; 

   –       ; 
 –    . 

       
   . 

 .30  81-02-01-2021,     
        

 1,06.      
   01-03-002      

(3-5 )   01-03-021-02    01-05-001  
   (l1-16 )   01-05-001-01. 

   (1 2   )    
 3200  2 – 40,60 . .,       18235 

2 – 49,78 . .         
 = 3192 2,       

  (1 2   )    40,59  . 
.  

 = 0,93,  . 31  81-02-01-2021   .  
 = 1,03,  . 32  81-02-01-2021   . 

  20%     
. 

      
(          

   2024 .,      
(  ) – ),  = 104,1%.  
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 6.1.1 –    8-    
      .   

№ 
/  

 
 

 
 . . -  

 
    
   

01.01.2021, . 
. 

 
, . 

. 

1 2 3 4 5 6 7 

1.             

1.1 

 
  

  .  

  
№01-03-002-02  
№01-05-001-01 

. . 
 

 
 3192 40,59 129563,28 

  

-
 

 

  
  

№81-02-01-2021, 
.32     1,03   

  
  
 

  
  

№81-02-01-2021, 
.34     1   

  

 
 

  
   

  
 

 (I ) 

  
  

№81-02-01-2021, 
.31     0,93   

           124108,67 

2.  
 

           

2.1 

  
   

 
 

  
№16-07-001-02 

100 2 
 15,96 14,38 229,51 

2.2 

, 
,  
  2,6  

 6    
 

 
 

 
  

№16-06-002-05 
100 2 

 3,4 400,23 1360,78 

  

-
 

 

  
  

№81-02-16-2021, 
.27     1,01   

  
  
 

  
  

№81-02-16-2021, 
.29     1   
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№ 
/  

 
 

 
 . . -  

 
    
   

01.01.2021, . 
. 

 
, . 

. 

1 2 3 4 5 6 7 

  

 
 

  
   

  
 

 (I ) 

  
  

№81-02-16-2021, 
.26     0,97   

           1558,01 

3            

3.1 

 
 

  
  

30% 
  

№17-01-002-01 
100 2 

 9,58 98,23 941,04 

  

 
 

  
   

  
 

 (I ) 

  
  

№81-02-17-2021, 
.19     0,97   

           912,81 

           126579,49 

  

  
 

  

-  
 

   1,041   131769,25 

       20%   26353,85 

             158123,1 

 
       

   .     158123,1 . .  
         : 

 ;    . 

6.2       

        
  4  2020 . № 421/ .     

    -  .   
  ,    7 «    

 »   8 «     ».  
   04,  05,  06. 
     81-33.2004.  

«       : 
- »     155%.  
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«     »     
122%. 

      № -5536/06  18.11.04. 
 «       : 

- »     100%.  
«     »     
80%. 

    : 
-        – 1,1% (  

 19.06.2020 №332/ . .1 .48.1); 
-        – 2,2% ( -81-05-02-

2007 .11.2); 
-     – 2% (   4.08.2020 №421/  

.179); 
   – 20% (     2, . 21). 
     8,76    

   11.03.2021 №9351- /09   . 
      

  ( -08.03.01.01-2021- ). 
      . 

        
   . 

        
,    ,     

18 529 874,72 .      , 
         
   .      

545 406,36 . 
       

        
  . 

 
 6.2.1 –       

   

 
, .  , 

%  
 

 
 

1 2 3 4 
  

   
1 672 572,33 14 651 733,61 79,07% 

  90 163,09 789 828,66 4,26% 
 352 547,09 3 088 312,45 16,67% 

 2 115 282,5 18 529 874,72 100,00% 
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   6.2.1     
        . 

 

 
 6.1 –         , 

% 
  16.2.1   6.1 ,    

       79,07 %,   
     – 4,26 %   
   . 

 
 6.2 –        

  6.2.1     6.2,  ,  
         

«     » - 14 651 733,61 .,  
 «  » - 789 828,66  . 

  6.2.2       
    . 

 
 6.2.2 –       

    
 , .  

 
 

  
 

79,07% 

. 
 

4,26% 

 
16,67% 

14651733,61 

789828,66 

3088312,45 

0

2000000

4000000

6000000

8000000

10000000

12000000

14000000

16000000

У т о тво д е о  ч т  
 к п ч  

Л т ов е т т  НДС 

Ст
ои

о
ть

 в
 те

ку
щ

и
 

е
, 

у
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, % 

1 2 3 4 
 ,  1 523 925,6 13 349 588,26 72,04% 

   : 
   

-  1 404 419,32 12 302 713,24 66,39% 
-   57 245,32 501 469 2,71% 
-    62 261 545 406,36  2,94% 

  89 869,28 787 254,89 4,25% 
  58 777,45 514 890,46 2,78% 

 , 
 

90 163,09 789 828,66 4,26% 

 352 547,09 3 088 312,45 16,67% 
 2 115 282,5 18 529 874,72 100,00% 
 

   6.2.2     
        
 . 

 
 6.3 –          

, % 
  (  6.3)  ,     

     66,39 %,    
     2,71 %   

 . 
 

 

 
66,39% 

 
 

2,71% 

  
 

2,94% 

 
 

4,25% 

 
 

2,78% 

 , 
 

4,26% 

 
16,67% 
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 6.4 –         

  (  6.4)  ,    
      – 12 302 713,24 .,  
      – 501 469 . 

6.3 -    

    ,  ,   
     54.13330.2016 «   

».  

 : К = = ,, = , ,                                                    

(6.3.1) 

 S  –  ; S  –  . 
 

 : К = = ,, = , ,                                                           

(6.3.2) 

 V  –  ; S  –  . 
 

  : = · Ц−· Ц · % = ,  · −,  · · % = %,               (6.3.3) 

  –   1 2  ( ) , 50900 .; 
        –   1 2  ( ), .; 
       S  –  . 
 
 

12302713,24 

501469 545406,36 787254,89 514890,46 789828,66 

3088312,45 

0
2000000
4000000
6000000
8000000

10000000
12000000
14000000

Ст
о

о
т

 в
 

те
ку

щ
 

е
, 

у
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 6.3.1 – -     8-  
                               

.   
  . .  

 1. -  
 

 
 

  2 399 
 . 8 

    
    2,7; 3,6 

 , ,    3 12 696,18 
  3 11 070,25 
  3 1 625,93 

    2 3192 
   2 2116,94 
   2 1919,68 

 , ,    . 30 
-  . 6 
-  . 24 

   0,9 
   6,6 

2.     
   

 ( ) 
. . 

158123,1 

  1 2  
( ) 

. . 
49,54 

  1 2  
( ) 

. . 
82,37 

  1 3 
  

. . 
12,45 

   % 3 
3.      

  . 12,5 
 , -     

   ,   : . 
, . , 66. 
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Ч  
     «8-     

     . , 66 . » 
        . 

       
: 

-  -     - 
  ,  -  . 

  , ,      
.     ; 
-  -       

   ; 
-        

,  ,    :   
,      ; 

-        
       ; 

-        
        

 .       
         

 ; 
-         

         
      I  2021 .    

18 529 874,72 . 
        

   . 
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  Ч  

1     4.2-07-2014   .    
,      . – 

  4.2-07-2012; . 30.12.2013. – :  , 2014. – 
60 . 

2     21.501-2018     
   . –   21.501 – 2011; 

.  1.06.2019. – : , 2019. – 45 . 
3      21.101-2020     

.       . – 
   21.1101 – 2013; .  1.01.2021. – : , 

2021. – 55 . 
4     17.13330.2017 .    II-26-

76/  " ", 2011 
5     52.13330.2016    . 

   23-05-95*. –   52.13330.2011; 
. 08.05.2017. – .:  , 2017. – 70 . 

6     131.13330.2018  .  
  23-01-99*. – . 01.01.2013. – , 2012. 

7     50.13330.2012   .  
  23.02.-2003. – . 1.01.2012. – .:  « », 2012. – 

96 . 
8     54.13330.2016    

(    31-01-2003). .,2017. 
9     51.13330.2011   .   
 23-03-2013. –   51.13330.2010; . 20.05.2011. – .:  

, 2011. – 42 . 
10     59.13330.2016      

  .    35-01- 
2001. – . 01.01.2013. – .:  , 2012. 

11     1.13130.2020   . 
   . – . 19.09.2020. – :  -  

 , 2020. – 43 . 
12     29.13330.2011 .    

2.03.13- 88. – . 20.05.2011. – :  , 2011. – 64 . 
13      №123-     

   – . 11.07.2008. 
14     2.13130.2020   . 

   . –   2.13130.2012; . 
12.09.2020. – .:  , 2020. 

15     530-2012    .  
 . –   530-2007; . 01.07.2013. – .: 

, 2013. – 31 . 
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16     24699-2002       
. – . 1.03.2003. – .:  ,  , 2003. – 

48 . 
17     6629-88       

 . – . 1.01.1989. – .:   , 
1988. – 16 . 

18     15.13330.2012    . 
   II-22-81*. – . 01.01.2013. – .: 

 , 2012. 
19     63.13330.2018    . 

 .    52-01-2003. – . 
20.06.2019. – .:  , 2019. 

20     20.13330.2016   .  
  2.01.07-85*/  . . . , 2011. 

21     70.13330.2012    . 
   3.03.01 – 87. – . 01.01.2013. – :  

, 2013. – 280 . 
22       : 
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 . . – : , 2002. – 60 . 
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. . , . . . – : , 2003. - 54 . 
24     24.13330.2011.  .  
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 , 2011. – 86 . 
25     48.13330.2019  . 

 . – . 25.06.2020. – .:  , 2020. 
26          

   12-29.2006. – .: , 2007. – 9 . 
27    -11-06-2007.     

       
  -  . – . 01.07.2007. 
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   ,    
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29    , . .   : .  
,  / . . . – .: , 2002. – 512 . 
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31     12-136-2002. «    .  
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33        (  
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34       .  2 . [  
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   / . . , . . , . . 
. - : . . - , 2012. - 40 . 
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 : 
 ,   . , .  66, 

 2.1  131.13330.2018: 
-     =+21℃; 
-       

0,92 =−37℃; 
-    =235 .; 
-     =−6,5℃; 
-    : φ =55%. 

     50.13330.2012 «   
»    z   

      : 
МRR  00                                                                                               ( .1) 

 R0 –      
  2·°C/ ,      

 , °C. ,       50.13330.2012 
  ; 

M –      , M  
= 1  

.1       

 .1 –      
      -   

 
   

,  

              𝜌0 , / 3 

  

λ, /( 2.° ) 

    

   

  

   -

 380/10,7 /125/1,0/50/  

530-2012 

0,38 1000 0,2 

  

«  » 
 32 0,03 
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,  

              𝜌0 , / 3 

  

λ, /( 2.° ) 

  

 - -  250 120 65 

/1 /125/1,4/50/  530-2012  

0,12 1400 0,36 

 
      

-     :  
 

=  ∙ + ,                                                                                               ( .2) 
 

 a  b –    3  50.13330.2012 «   
»,     a=0,00035; b=1,4. 

-      :  
 

=( − )∙ =(21+6,5)∙235=6454,1 ℃∙                                              ( .3) 
 

=6454,1 ∙ 0,00035+1,4=3,66 2℃/ . 
 

       
    : 

 
=( int + ext + 1/ 1+ 2/ 2+ 3/ 3);                                                      ( .4) 

 
2=( − int − ext − 1/ 1− 3/ 3) · 2=         

 =(3,66−1/8,7−1/23−0,38/0,2-0,12/0,36)∙0,03=0,038 ,  
 

  Rint = 1/αint = 1/8,7 -     
,  αint        4  

50.13330.2012; 
  Rext = 1/αext = 1/23 -     

, αext        6  
50.13330.2012. 

   50    «  ». 
      , 

     50 : 
 

=(1/8,7+1/23+0,38/0,20+0,05/0,03+0,12/0,36)=4,06 
2 · ℃/ . 

 
     

    =4,06 
2 · ℃/ ,   
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 ( )  =3,66 2 · ℃/ .  
. 

.2      

 .2 –     
     -   

 
   

,  

              𝜌0 , / 3   λ, /( 2.° ) 

    0,005     

   0,003     
  , 

N01 
-     

  . .  150, 

 -1, . 
0,05 1600 0,76 

   

  (  5-

10 ),     

 ,  40   

220  

0,04 850 0,38 

-  

  ( ) 
   

-   

 
0,003     

   

N01 
-     

   . . 

 50  
0,01     

   

 . -220  
0,22   

 
      

-     :  
 

=  ∙ + ,       
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 a  b –    3  50.13330.2012 «   
»,     a=0,0005; b=2,2. 

-      : 
  

=( − )∙ =(21+6,5)∙235=6454,1 ℃∙       
                                            

=6454,1 ∙ 0,0005+2,2=5,43 2℃/ . 
 

       
    : 

 
=( int + ext + 1/ 1+ 2/ 2+ 3/ 3+ 4/ 4);                                          ( .5) 

 
3=( − int− ext− 1/ 1− 2/ 2- 4/ 4)· 3=              

=(5,43−1/8,7−1/23−0,05/0,76-0,04/0,38-0,22/1,25)∙0,03=0,151 ,  
 

  Rint = 1/αint = 1/8,7 -     
,  αint        4  

50.13330.2012; 
  Rext = 1/αext = 1/23 -     

, αext        6  
50.13330.2012. 

   160    «  
». 

      , 
     160 : 

=(1/8,7+1/23+0,05/0,76+0,04/0,38+0,16/0,03+0,22/1,5)=            

=5,83 
2 · ℃/  

     
    =5,83 

2 · ℃/ ,   
 ( )  =5,43 2 · ℃/ .  

. 

.3     

      
-     :  
=  ∙ + =0,00005*6454,1+0,3=0,62 2℃/ .                                                      

 a  b –    3  50.13330.2012 «   
»,     a=0,00005; b=0,3. 

      
 ,       

     30674-99    
 (  4 1-16-4 1-16- 4)   24866-2014  -

 .          
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 23166-99      
Ro=0,63 ° / ,    ( )  =0,62 

2℃/ . ,     
 .  
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 .1 –   

. 
 

 
 

   
    

    
( , ,   .),  

 
, 

-
 

1 

 

1.    
   - 10 ; 

2.    - 5 ; 
3.   - ; 
4.   -   

150   -2, .-50 ; 
5. -  

  XPS 
,-30 ;                            

6.    -
  150  10      20 

(  ); 
7.  /   -220  

 
( ) 2 

 

1.    
  - 10 ; 

2.   - 5 ; 
3.   - ; 
4.   -   

150   -2, .-50 ; 
5.   -  

 " "   - 1,5 ;  
6. -  

  XPS  
-20 ;  
7.    -

  150   20 ; 
8.  /   220  

 
( ) 3 

1.    
 - 10 ; 

2.    - 5 ; 
3.   - ; 
4.   -   

150   -2, .-50 ; 
5. -  

  XPS  
-20 ;  
6.    -

  150  10    20 ; 
7.  /   -220  
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. 
 

 
 

   
    

    
( , ,   .),  

. , 
 
, 
 

 
 

4 

 

1.    - 10 ; 
2.    - 5 ; 
3.   - ; 
4.   -   

150 
  -2, .-50 ;  

5.   -  
 " ",    

   80  - 1,5 ; 
6. -  

  XPS  
-30 ;    
7.    -

  150   20 ; 
8.  /   220   

-
 

5 

 

1.    
 - 10 ; 

2.   - 5 ; 
3.   - ; 
4.   -   

150   -2, .-60 ; 
5.   -  

 " ",    
   200  - 1,5 ; 

6.    -
  150   20 ; 

7.  /   220  

-  
6 

 

1.  - 5 ; 
2.   -   

200  Propex ( ),  
     
 6   

45 45  "  " - 50 ; 
5.   600 / 3   

  - 95 ; 
6.  /   -220  

-
 

 
7 

 

1.   GF-17  ( 200) 
  - 30  

2.   /     
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. 
 

 
 

   
    

    
( , ,   .),  

 
 

, 
.  

8 

 

1.   - 10  
2.   - 5  
3.   -  
4.   -   

150 
  -2, .-50  

5.   -  
 " ",    

  
  80  

6.    -
  150      20  

7.   600 / 3   
  - 165  

8.  /   220  

 
 

 
9 

 

1.    - 10 ; 
2.    - 5 ; 
3.   - ; 
4.   -   

150   -2, .-50 ; 
5.   -  

 " ",    
   80  - 1,5 ; 

6.    -
  150   20 ; 

7.   600 / 3   
  - 155 ; 

8.  /   220  

-  
10 

 

1.   - 5 ; 
2.   -   

200 
 Propex ( ),   

    6  
 

45 45  "  " - 50 ; 
3. -  

  XPS  
-30 ; 
4.    -

  150     10     20 ; 
5.  /   220  
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. 
 

 
 

   
    

    
( , ,   .),  

 
, 
, 

  
-
, 
, 
, 
, 
, 
 

 

11 

 

1.    ; 
2.   -   

150   4 -1,  6727-
80   100 100  - 60 ; 
3.   - "   

" - 8 ; 
4.    -

  150 -12 ; 
5.   /  

 
, 

.  
 

12 

 

1.    - 10 ; 
2.    - 5 ; 
3.   -   
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     (   19.06.2020  №332/  .1 .48.1) 1,1%    161 169,07 
       14 812 902,68 
      ( -81-05-02-2007 .11.2) 2,2%    325 883,86 
        15 138 786,54 
   (   4.08.2020 №421/  .179) 2%    302 775,73 
       15 441 562,27 
  (  ) 20%    3 088 312,45 
       18 529 874,72 
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