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1. -   
 

1.1.   
 

1.1.1.         
  ,  , 

    
 

  : 
   –     . ; 
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 . 
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    «UNITFIRE CH»  2316-001-
62400388-2009.      

 52020-2003   .  
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  .      . 
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        12,5  15,3 
,    202,95-204,09 . 

  0,000    219,75. 
  – . 

   ,   
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    – 110 / 2 (  20.13330.2016 
«   », III   ,  ); 

     – 38 / 2,  
 1  (  20.13330.2016 «   », III   
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 0.92 –  42° ; 
    – 6 ; 
    (  384-   30  

2009 ) .     – 1.0. 
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,   ,      
     . 

 
1.2.4.  ,    

 ,     
   

 
         

2683,60 2. 
     . 

 
1.2.5.     , 

     
  

 
  . 

        
[  24045-2016 «       

  .  »]. 
 1.1 –     

№ 
 

 
 

 ,  
 , / ℃  

1 57-750-0,7 0,0007 211 

2 
 

 -25- -  𝜌 =  /  
 0,034 

3 
 «   

EURO-  » 𝜌 =  /  
0,05 0,035 

4 

 
 –   

«PROTAN SE» 𝜌 = ,  /   

0,0012   

 
-    ,    

(1.1) 
 С = − ∙ =  ℃ ∙           (1.1) 
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 = ℃ − я    я, ℃; = − , ℃ − яя   , ℃; =  – ,  ,  

         
    ℃. 

     (1.1) 
 С = ( − − , ) ∙ = ,  ℃ ∙  

. 
     

    (1.2) 
 = ∙ С +               (1.2) 

 
 a  b – ,       

 3 [13]    . ,  a=0,0004, 
b=1,6. 
 = , ∙ , + , = , ≈  

 

  , ∙ ℃⁄ ,   
     (1.3)  

 = + +             (1.3) 

 =                                                                                                              .  

  –      
,    8  23-101-2004. 

 =                                                                                                              .  

 
 -      

    ,    8  
23-101-2004. 
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 –    ,  
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    , 
   (1.6) = + +             (1.6) 

 
  –      

.  
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 ,      
   

 R =                                                                                                                       .  

 
 −  , ; 

 –     , / ℃ .  
  ,   , ∙ ℃⁄     

 = + + = + + +                                            .  

 = , + , + , +  

  ,  ,     
 =0,134 .   ,  - , 

,      
 . =140 . 

  50.13330.2012 «   »,  
      

     (  ).  
       . ,  

 = , > = .  . 
  . 

    -    
«DiWALL ».      ,     
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 .  a=0,0003,  b=1,2.  
   6351,6℃ ∙ .      

 (1.2) = , ∙ , + , = , ≈  

 
      ,    

   .    150  
  = , > = .  

 
1.2.6. Х    , ,  

,     
 

     –  ,  
      - . 

  –  57-750-0,7 -1202/ -1203 
 24045-94   .   10  17%. 

    25- - ,  15588-20 
 100  (  ),    EURO-  ,  

23.99.19-010-08621635-2018  50  (  ). 
  –   PROTAN SE / 1, 3, 2/  

«PROTAN AS» ( ),  1,2 . 
     3-    

     150 , 
    «DiWALL ». 

   . 
        

  200 .   –  -  
  75  4 .     

 -  «LEVEL top Quartz»/  5745-010-94613022-2006 
 3 . 

  (    )     
          

 «UNITFIRE CH»/  2316-001-62400388-2009.  
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2. -   
 

2.1.       -  
 

   H0 (      – . 0.000 
–    ,   7,7 .    

   H = H0+HB,  HB -     
   ,   ,     
      50-100 .      

HB = 500 . , H=7,7+0,5=8,2 . 
         

  57837-2017.  1   40 2.  
 

2.2.      
 

 
      65 39,8 .  

        
   .  

  6 .      
   .       

  ,     (   
  )  .      

  .   4-15  ,  
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 . 

 
2.3.   
 

         
   8240-97 «   . 

»,  . 
   20 : ℎ =  ; =  ; = ,  ; = ; = ,  ; = ,  ;  =  ; =  ; 𝑖 = ,  ; =  ; = ,  ; 𝑖 = ,  , = ,  . 
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   l=6 ;   b = 3 .   
 345  [  27772-2015];   – 3,  

   = −  ℃,    
      1   5 [  27772-

2015]. 
      5 

[  27772-2015]   .6 [18, . ]: =  / ; = , ∙= ,   / ; =  / ; =  / . 

 
2.4.   
 

    ,    
      ,   

,      .  
    2.1 

,    ,      
. 

 𝜎 𝜎 + 𝜎 = , + ,                                                      .  

 

 2.1 –        

 
, 

/ 2 

 
  
 

, 
/ 2 

 57-750-
0,7 

0,055 1,05 0,058 

 
 25- -  𝜌 =  /  

 =   

0,025 1,2 0,03 

 «  
EURO-  » 𝜌 =  /  =   

0,05 1,2 0,06 

    
    



22 

 

  2.1 
 

 –  
 

«PROTAN SE» 𝜌 = ,  /  = ,   

, ∙ −  1,2 . ∙ −  

: 0,13  0,147 
  6 

 (m=18,40 / ) 0,06 1,05 0,063 

  
(m=2,58 ) 0,45 1,05 0,47 

 0,4 1,05 0,42 
   1,04 - 1,1 

 
 ,        

     .   ,  
  qy    , , 
,       q . 

        , 
     ,     

   ё ,   ё  
     ё  ,   

   . 
       ё . 

   ё  6   [  20.13330.2016 
«   »]    1/200  . 

 
  

 
         
     

 = ∙ ∙              (2.2) 

 
   –        

 ; 
 = ,  –     ;  
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=  −  . 
       

  = , ∙ ∙ ∙ ∙                                                                                        .  

 
   –     1 2    , 

   ,  1   20.13330.2016 «  
 »       . 

    II   ,  = ,  ; 

 – ,        
 ;    (    12%)   

   ,      
        / ; 

 = ( , − , √ ) , + , ∙                                                           .  

 
 k –    11.2 [  20.13330.2016]; = − 2

 –   ,    100 
. 

b –     ; 
l –     . 
 = ∙ , − , = ,   

 
    k,     

.  k    – k=1,25. 
     (2.4)     

 = , − , √ , , + , ∙ , = ,  

 
 –  .      .10.10 

[  20.13330], = ;; 
 =  –         

   . 
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 = , ∙ , ∙ ∙ ∙ , = ,  /  
 = , ∙ , ∙ = ,  /  
 

 ё   
 

   1   : 
 

, = + ∙ + ∙ , ∙ − = ( , + , ) ∙ + , ∙ 
 ∙ , ∙ − = ,                                                                                        .   

 = + ∙ ∙ + ∙ , ∙ − ∙ , = 

 = ( , + , ∙ , ) ∙ + , ∙ , ∙ − ∙ , = ,         .  

 

, = , ∙ = , ∙ = ,  ∙                                          .  

 = ∙ = , ∙ = ,  ∙                                               .  

 = , ∙ = , ∙ = ,  ∙                                                  .  

 
   

 
       

  .      
 ,       

  ,      
.  

  1-  ,     , 
     (M=Mmax)    (Q=Qmax). 
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 : 
 𝜎 = = , ∙ ∙∙ = , < =  /   .  

 

   :  

𝜏 = Qmax∙ Sx

Ix∙ tw
=

, ∙ ∙ ∙∙ ∙ =102,42  < = = ,  /                                                                                                 .   

   : 
     ,   

 : 
«…        (  

  ,    ,   
  ,    . .),  

           , 
,    .;       
». 
        
        ,  

        
 . 

 2.2 –    
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    : 
      , 

      ,    
     .  

  : 
  ( )     

      , 
   .  :  

  fmax      fu,  
 ; fmax     . 

       
    fmax. 

 f a = M , a ∙  l∙ EI =  , ∙ ∙  ∙  ∙ , ∙ ∙ − ∙ = ,           .  

             f a = ,  < fu =   

 

,   . 
 

2.5.     
 

       
     . 

  
    - : = ,  ; 
   :   : ℎ А = ,  ;    ℎ =,  ; 

   :        𝑖 = %,  
       𝑖 = %. 

  –  345  [  27772-2015];  
 – 2,     = −  ℃, 

         1  
 5 [  27772-2015]. 

      5 
[  27772-2015]   .6 [18, . ]: =  / ; = , ∙= ,   / ; =  / ; =  / . 
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       ;  
   . 
       

   2;  – -08 2 . 

 
 
2.5.1.           

 
 

2.5.2.   
 

  –  ,     
 ,   (  ),   

 (  , ,  (  ),   
. .) .  = , ∙ = ,  /          (2.13) 

 = ∙ = , ∙ , ∙ = ,           (2.14) 
 
2.5.3.   
 

  

        20.13330.2016. 
  . 

       
     (2.3). 

 2.3 –    



28 

 

        ,   
       : 

1)    𝑖 = %, = ,      
 = , ∙ ∙ ∙ , = ,  /  
 

2)    𝑖 = %: 
        (2.4) 

 = ( , − , √ ) , + , ∙  

 

  –    11.1.6 [  20.13330]; 
  –   ,    100 , 

  .2.4. 
 = 𝛼                                                                                                  .  

 
    –    11.3 [  20.13330], = , , = , ; 

  –  , = ,  . 
 = , ∙ ( , ) ∙ , = ,  

 
  

 = ( , − , √ , ) , + , ∙ , = ,  

 = , ∙ ∙ ∙ , = ,  /  
 

  ,       
 𝑖 = %,  

 = ∙ ∙                                                                                                     .  

 
  –     , = , ; 
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  –  , =  .  
 = , ∙ , ∙ = ,  /  

 
  ,       

 𝑖 = %,  
 = , ∙ , ∙ = ,  /  
 = , ∙ = ,   
 = , ∙ = ,   
 

  
       

 : 
)     (   ); 
)    ,   

       (  
 ); 

)    
)     , 

  . 
      

        
    h/d>10,  h – , d – 

  . ,     
. 

         
. 

   ,   ,  
,    (     (  

 = +                                                                                                      .  
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 = ∙ ∙                                                                                            .  
 

  –    ,   
   11.1.4 [  20.13330].    III   , 

, = ,  ; 
  – ,      

 .   . 11.1.5  11.1.6 [  20.13330].    ℎ → = ℎ = ,  .       
11.2 [CG 20.13330]   = , ; 
  –  . 

      . 11.1.7 
[  20.13330].       

    : 
  ,  ,      

 ,   ,   𝑧,  
  .1 [  20.13330]. 

  .1.2     𝑖 = % 
      : 

1)    
 + = − ,  
 

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

   
 − = − ,  

      
 − = , ∙ , ∙ − , = − ,  /  
 

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

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

     . 
        

 
 + = + ∙ ∙ sin = − , ∙ ∙ sin ° = − ,                             .  

 − = − ∙ ∙ sin = − , ∙ ∙ sin ° = − ,   
 

2)    
 + = ,  
 

      
 + = , ∙ , ∙ , = ,  /  
 

   
 − = − ,  
 

      
 − = , ∙ , ∙ − , = − ,  /  
 

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

     . 
        

 
 + = + ∙ ∙ sin = , ∙ ∙ sin ° = ,   

 − = − ∙ ∙ sin = − , ∙ ∙ sin ° = − ,   
 

    
  = ∙ = , ∙ , ∙ = ,   

 
2.5.4.       
 

    36    . 

        2.2    
  . 

 2.2 -         
 . 

  
  

F=1  

  
 

 
F1 

  
 
 

F2 

  

  

 
 

9-10 -0,106 -2,11 -1,56 - -3,67 
10-11 -10,89 -216,26 -160,32   -376,58 
11-12 -10,94 -217,25 -161,06 - -378,31 
12-13 -15,39 -305,62 -226,57 - -532,19 
13-14 -15,48 -307,41 -227,89 - -535,30 
14-15 -14,45 -286,96 -212,73 - -499,69 
15-16 -14,25 -282,98 -209,79 - -492,77 
16-17 -16,97 -337,00 -249,83 - -586,83 
17-18 -16,98 -337,20 -249,98 - -587,18 
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  2.2 

 

18-19 -17,12 -339,98 -252,04 - -592,02 
19-20 -17,09 -339,38 -251,60 - -590,98 
20-21 -12,24 -243,07 -180,20 - -423,26 
21-22 -12,21 -242,47 -179,75 - -422,23 
22-23 -0,06 -1,19 -0,88 - -2,07 

 
 

1-2 6,75 134,05 99,37 233,42 - 
2-3 13,91 276,23 204,78 481,01 - 
3-4 14,95 296,89 220,09 516,98 - 
4-5 15,75 312,77 231,87 544,64 - 
5-6 17,38 345,14 255,87 601,01 - 
6-7 15,36 305,03 226,13 531,16 - 
7-8 7,32 145,36 107,76 253,13 - 

 

1-10 -9,54 -189,45 -140,45 - -329,90 
2-10 -5,64 -112,00 -83,03 - -195,03 
2-12 -4,28 -84,99 -63,01 - -148,00 
3-12 1,74 34,55 25,62 60,17 - 
3-14 0,36 7,15 5,30 12,45 - 
4-14 -1,28 -25,42 -18,84 - -44,26 
4-16 -2,72 -54,02 -40,04 - -94,06 
5-16 1,93 38,33 28,41 66,74 - 
5-18 -0,77 -15,29 -11,34 - -26,63 
6-18 -0,55 -10,92 -8,10 - -19,02 
6-20 2,37 47,06 34,89 81,96 - 
7-20 -4,43 -87,97 -65,22 - -153,19 
7-22 6,35 126,10 93,48 219,59 - 
8-22 -9,54 -189,45 -140,45 - -329,90 

 

2-11 -1,07 -21,25 -15,75 - -37,00 
3-13 -1,49 -29,59 -21,94 - -51,52 
4-15 3,25 64,54 47,85 112,39 - 
5-17 -0,99 -19,66 -14,57 - -34,23 
6-19 -1,26 -25,02 -18,55 - -43,57 
7-21 -0,99 -19,66 -14,57 - -34,23 

 

2.5.5.     
 

      : 

1)      –   : 
)       ; 
)       

2)          
: 

)  : = =  ; , = =  ; 

)  : , = =  ; , = =  ; 
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)  : , = , = , ∙ ; 
)    , = ,  ∙ = , . 

        ,  
     (      , 

  , . .   ),   
 ,       . 

        l ,  (  
 )  l ,  (   ). 

 –    ; 
 –      . 

1)     [ ]: 
)      [ ] = − ∙ ; 
)    [ ] = − ∙ ; 
)   [ ] = . 

  
 
N=592,02 . 

 , =  ; , =   

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

 
        

30245-2003 «        
   »     

.  200 160 6. 

 = ,  ; 𝑖 = ,  ; 𝑖 = ,   

 λ = l ,i = , = ,                                                                                .  

 λ = l ,i = , = ,                                                                                .  
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λ̅̅̅̅ = λ a ∙ √RE = , ∙ √ , ∙ =  ,                                       .  

 

  .1   [18]   ̅̅ ̅,  
  ,     ,  

   𝜑 

 

 ̅̅ ̅ = ,                       𝜑 = ,  
 ̅̅ ̅ = ,                      𝜑 = Х  

 ̅̅ ̅ =  ,                        𝜑 = ,   

 

  ,   𝜑 = ,  
  = φ ∙ ∙ R ∙ γc = ,, ∙ , ∙ ∙ − ∙ = , <            .  

 
     

  [ ] = − ∙ = − ∙  , = ,                                     .  

 

       

 

 = , < [ ] = ,         (2.29) 

 

    

 σ = Nφ ∙ = ,, ∙ ,  ∙ − = , < ∙ =     .  

 

      , 
  200 160 5      . 
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 : 

 

N = 601,01  
 , =  ; , =   

 A = NR ∙ γc = ,∙ − ∙ = ,   

 
        

30245-2003 «        
   »     

.  200 160 6. 
 =  ,  ;  𝑖 = ,  ; 𝑖 =  ,   

 
          

 ,   ,    . 
  λ = .        

 λ = l ,i = , = , <  

 λ = l ,i = , = , <  

 σ = A = ,, ∙ − = , < R ∙ γc =  

 
      , 

  200 160 5      . 
: 

  1-10: 

 

N = 329,9 . 
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, = , = ,   

 A = Nφ ∙ R ∙ γc = ,, ∙ ∙ − ∙ = ,   

 

        
30245-2003 «        

   »     
.  120 5. 

 =  ,  ; 𝑖 = 𝑖 =  ,   

 λ = l ,i = λ = l ,i = ,, = ,  ; 
 

λ̅̅̅̅ = λ a ∙ √RE = , ∙ √ , ∙ =  , . 
 

  .1   [18]   ̅̅ ̅,  
  ,     ,  

   𝜑 ̅̅ ̅ = ,                          𝜑 = ,  

 ̅̅ ̅ = ,                        𝜑 = Х  

 ̅̅ ̅ =                           𝜑 = ,   

 

 ,   𝜑 = ,   

 = φ ∙ A ∙ R ∙ γc = ,, ∙ , ∙ ∙ − ∙ = , <  
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[ ] = − ∙ = − ∙  , = ,  

 

       

 = , < [ ] = ,  

 

    

 σ = Nφ ∙ A = ,, ∙ ,  ∙ − = , < ∙ =  

 

      , 
 120 5. 

 2-10 

 

 N = 195,03  

 , = , = ,   

 A = Nφ ∙ R ∙ γc = ,, ∙ ∙ − ∙ = ,   

        
 30245-2003 «      

     »   
  .  120 5. 

 =  ,  ; 𝑖 = 𝑖 =  ,   

  λ = l ,i = λ = l ,i = ,, = ,  ;  
 

λ̅̅̅̅ = λ a ∙ √RE = , ∙ √ , ∙ =  , . 
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𝜑 = ,   

 = φ ∙ A ∙ R ∙ γc = ,, ∙ , ∙ ∙ − ∙ = , <  

 

    

  [ ] = − ∙ = − ∙  , = ,  

 

       

 = , < [ ] = ,  

 

    

 σ = Nφ ∙ A = ,, ∙ ,  ∙ − = , < ∙ =  

 

      , 
 120 5. 

 

 7-22 

 

 N = 219,59  

 , = , = ,   

 A = Nφ ∙ R ∙ γc = ,, ∙ ∙ − ∙ = ,   

 

        
 30245-2003 «      

     »   
  .  120 5. 
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=  ,  ; 𝑖 = 𝑖 =  ,   

  λ = l ,i = λ = l ,i = ,, = , <   
 σ = A = ,, ∙ − = , < R ∙ γc =  

 

      , 
 120 5. 

 4-16 

 

 N = 94,06  

 , = , = ,   

 A = Nφ ∙ R ∙ γc = ,, ∙ ∙ − ∙ = ,   

 

        
 30245-2003 «      

     »   
  .  120 5. 

 =  ,  ; 𝑖 = 𝑖 =  ,   

 λ = l ,i = λ = l ,i = ,, = ,  ; 
 

λ̅̅̅̅ = λ a ∙ √RE = , ∙ √ , ∙ =  , . 
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  .1   [18]   ̅̅ ̅,  
  ,     ,  

   𝜑 
 ̅̅ ̅ =                             𝜑 = ,  

 ̅̅ ̅ = ,                        𝜑 = Х  

 ̅̅ ̅ = ,                           𝜑 = ,   

 

 ,   𝜑 = ,   

 = φ ∙ A ∙ R ∙ γc = ,, ∙ , ∙ ∙ − ∙ = , <  

 

    

  [ ] = − ∙ = − ∙  , = ,  

 

       

 = , < [ ] = ,  

 

    

 σ = Nφ ∙ A = ,, ∙ ,  ∙ − = , < ∙ =  

 

      , 
 120 5. 

 

 

 4-15 

 

 N = 112,39  
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 , = , = ,   

 A = Nφ ∙ R ∙ γc = ,, ∙ ∙ − ∙ = ,   

 

        
 30245-2003 «      

     »   
  .  120 5. 

 =  ,  ; 𝑖 = 𝑖 =  ,   

 λ = l ,i = λ = l ,i = ,, = ,  ; 
 

λ̅̅̅̅ = λ a ∙ √RE = , ∙ √ , ∙ =  , . 
 

  .1   [18]   ̅̅ ̅,  
  ,     ,  

   𝜑 
 ̅̅ ̅ = ,                            𝜑 = ,  

 ̅̅ ̅ = ,                           𝜑 = Х  

 ̅̅ ̅ = ,                               𝜑 = ,   

 

 ,   𝜑 = ,   

 = φ ∙ A ∙ R ∙ γc = ,, ∙ , ∙ ∙ − ∙ = , <  
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  [ ] = − ∙ = − ∙  , = ,  

 

       

 = , < [ ] = ,  

 

    

 σ = Nφ ∙ A = ,, ∙ ,  ∙ − = , < ∙ =  

 

      , 
 120 5. 

 3-13 

 

 N = 51,52  

 , = , =   

 A = Nφ ∙ R ∙ γc = ,, ∙ ∙ − ∙ = ,   

 

        
 30245-2003 «      

     »   
  .  120 5. 

 =  ,  ; 𝑖 = 𝑖 =  ,   

 λ = l ,i = λ = l ,i = ,, = ,  ; 
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λ̅̅̅̅ = λ a ∙ √RE = , ∙ √ , ∙ =  , . 
 

  .1   [18]   ̅̅ ̅,  
  ,     ,  

   𝜑 
 ̅̅ ̅ = ,                           𝜑 = ,  

 ̅̅ ̅ = ,                           𝜑 = Х  

 ̅̅ ̅ = ,                               𝜑 = ,   

 

 ,   𝜑 = ,   

 = φ ∙ A ∙ R ∙ γc = ,, ∙ , ∙ ∙ − ∙ = , <  

 

    

  [ ] = − ∙ = − ∙  , = ,  

 

       

 = , < [ ] = ,  

 

    

 σ = Nφ ∙ A = ,, ∙ ,  ∙ − = < ∙ =  

 

      , 
 120 5. 
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 120 5, . .       

  . 
2.5.6.      
 

   
    

        
   . 

    >  ,    
 >  . 

 2.4 –    



46 

 

, . =  ,  

 

. = . = ,, = ,  <                                                  .  

 

  = = ,, = ,                                                                             .  

 

  = + ∙ = , + , ∙ = ,  ∙                            .  

 

  ,   =  ,  =  .  

      

   (120 5)   − = ,     
   (200 160 6)   − = ,   

    =         =   [19, . , . .4]. 
 :  ,  –  345 

 ( =  / , =  / ). 
     ( ), 

  - -3 [19, . , . .2]. 

 =  / , = , ∙ =  / .  = , , = , . 

           
 , . . 

 ∙ R∙ R = , ∙, ∙ = , >                                                                 .  

 

         
 

 = ∙ ∙ = ∙ , ∙ = ,                                            .  
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 ∙ ∙ ∙ ∙ ∙ = ,∙ , ∙ , ∙ , ∙ ∙ , = = , <                                                                                                    .      
  

 . 
 

  

      
  : 

  ( )   ,  
  ; 

     ,  
    ; 

        . 
      

 200 160 6,      120 5. − = −  , − = ,  , − = − ,    . 

 2.5 –   
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 ∙ ∙ ( + + √ ∙ 𝜉), + , 𝜉 𝑖 > −                                                    .  

  = , − −∙ = , − ( ,, ∙ ) = ,                                   .  

 

  –          
   

 = ℎ𝑖 = , = ,                                                                      .  

 

 𝜉 –      

 𝜉 = − = − =                                                               .  

 

 –     . 

       (2.37) 

 , ∙ ∙ , ( , + + √ ∙ ∙ ), + ,, ∙ ∙ 𝑖 = , > ,   

 , ∙ ∙ , ( , + + √ ∙ ∙ ), + ,, ∙ ∙ 𝑖 = , >   

 

         
         

      . 
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 −∙ ∙ ∙ + ∙ ∙ ∙ ∙ = 

= ( ,, ∙ ∙ , ∙ , ) , + ,, ∙ , ∙ ∙ , ∙ , = , <  

 

3.   
 

3.1.   
 

,      . ,  
. 40  ,  ,  . 

     IV  
 . .       .    
      216,0  219,0 . 
        

 -   .  
        
  IV   . .   

    . ,    
 25-30 .     ,   

 ,       . 
     14,2 . 

  0,000    219,75. 
  – . 

  402,21 .    0,58 . 
      .   
    .  

 
3.2.  -    

     
 

     -  
    -   

. 
-      3.1. 
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-       
3.1. 

 
3.3.    
 

3.3.1.     
 

        
  :  
 

 

  ; 
   ; 
 -  . 

     ,  
   .     

 3.1 – -   
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 = − − , − , = − ,   
 

   ,      
   1,25    . 

      : 
  = ∙              (3.1) 

 
  – ,     

,      5.2 [29]; 
  –    ,  

 . 
  ,   = ,   =, ,       

 = , ∙ , = ,  

 
       

   0,6  ,       
  , ,    

  ,      
  .    

, ,       
     . 

     – 1,2 . , 
      0,3 ,    

    – 0,150 .    
  2,4 . 
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 3.1 – -    

№  ℎ,  
, / 3 

 
, / 3 

 
    , 

 
𝜑, 

 
, 

 
, 
 𝜌 𝜌  𝜌       

1    0,6 1,5 - - 15 - - - - - - - - - - - - 

3 
  

( ) 0,6 1,5 - - 15 - - - - - - - - - - - - 

4 
 

 
 

3,4 1,85 2,7 1,55 18,5 - 0,05 - - 0,74 02 <0 0,1 13 24 10 250 

5 
  
  

 
4,5 1,74 2,66 1,58 17,4 - 0,1 - - 0,68 0,38 - - 0 32 28 400 

6 
 

 
 

2,9 1,85 2,7 1,55 18,5 - 0,11 - - 0,74 0,4 <0 0,1 13 24 10 250 

7 
  
 

 
3,7 2,1 2,66 1,75 21 - 0,2 - - 0,56 0,95 - - 40 1 40 600 
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3.3.2.      
   

 

      
 

 = ∑  − ∙                                                                                                   .  

 

 ∑   -     , 
   ; 

  –   ; 
  –       , = / ; 

  –  . 
       

 ∑ = +                                                                                           .  

 

  –   ,   ; 
  –    . 

     

 = √𝜂                                                                                                                   .  

 

 𝜂 –    , 𝜂 = , − ,  ; 

      

 =                                                                                                                        .  

 ∑ = ,, + ,, = ,   
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 (3.2)     : 

 = ,− ∙ . = ,   

 

         

 

= √ ,, = ,   

 = ,, = ,   

 

      

 = ∙ [ 𝛾 ∙ ∙ ∙ + ∙ ∙ ′ + ∙ ]                               .  

 

 ,  –   , = , ; = , ; 

  – ,    
   𝜑,       

 = , ; 

 𝛾, ,  – ,   𝜑; 

 =  – ,   1,0   
 <10 ; 

  –   , ; 
 = ,  /  –     ,  

  (  –     
 z=b); 

 ′ =  /  -       ; 
 =  –        

. 
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= , ∙ ,, [ , ∙ ∙ , ∙ , + , ∙ , ∙ + , ∙ ] = = ,    
 

        
    A. 

 ∆= − ∙ % = , −, ∙ = − ,  % 

 

  ,     . 
,       

    .     
    (3.2)     ,   

        
 b,   ,  300. 

 = ,, − ∙ , = ,   

 = √ ,, = ,   

 = ,, = ,   

 = , ∙ ,, [ , ∙ ∙ , ∙ , + , ∙ , ∙ + , ∙ ] = = ,   

 ∆= − ∙ % = , − ,, ∙ = , % 

 

 = ,  , = ,  , = ,  . 
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3.3.3.      

 

      

 ′ = + +             (3.7) 

 

  –    . 
      

 ′ = + ∙ − , − ∙           (3.8) 

 

  –  ,   ; 
 –  ,   ; 

 –       . 
      

 ′ =               (3.9) 
 

       
 = ∙ ∙ ∙ = , ∙ , ∙ , ∙ = ,    
 

 3.2 –    
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        (3.7), (3.8) 
 (3.9)     

 ′ = ,, + ,, + , = ,   

 ′ = = ,, = ,    
 ′ = ,, , − , − , ∙ ,, = ,   

 
3.3.4.      
 

      
    : 

 =                                                                                                         .  

 = + , ∙                                                                                  .  

 = −                                                                                            .  

 
  –    , 3; = ∙ = , ∙ , = ,   

 
   (3.10), (3.11)  (3.12)    

  

 = = ,, = ,  < ,  

 = ,, + ,, = ,  ,   

 = − = ,, − ,, = ,   
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 . 
 

3.3.5.       
  

 

        

 

            (3.13) 

 

 S –   ,    
 ; 

        Su –      , 
       

   15   . 
       

     -  
.    :  

1.  -     
;        , 

  ,  . 
2.        

   ℎ , ∙ .    
           

 .    .  . 
3.          

  
 𝜎 , = ′ ∙ =            (3.14) 

 

 ′ -       
). 
,  𝜎 ,      . 

 𝜎 , = 𝜎 , + ∑ ℎ                                                                                     .  

 

 ℎ  –   , / 3  , ,   . 
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.    , ,  ÷ ∙ . 

4.      
 

 = − 𝜎 , = ,          (3.16) 

 

  –   . 
5.   𝜎    

 𝜎 , = ∙            (3.17) 

 

  –  ,     
 l/b  2zi/b (zi –    i-    

 ). 
 𝜎        . 

6.     ,   
        

.      

 𝜎 , , ∙ 𝜎 , , я  >          (3.18) 

 𝜎 , , ∙ 𝜎 , , я    

 

7.        
   

 𝜎 , + 𝜎 , +                                                                                                                 .  

 

8.       

 = 𝜎 , , ∙ ℎ ∙                                                                                             .  
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  –   i-  , ; 
  – ,  0,8. 

     3.2. 
 3.2 –     
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  1,45  <10 . 

 

3.3.6.    
 

   ,    
   d=1,2, b=1,2, l=1,8.    

    .    40 2. 
       

   900 900 . 
     

 ℎ = + , = , + , = ,   

 

  , ,   1-2.  
  300 .       
  450 .  

     

 − = , − , = ,   

 

 ,      
     l. 

  ,      
  ,     

 − = , − , = ,   

 

     300 .    
 300 . 
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      , 
   .     

  ℎ − < , −        (3.21)  

 

        
 ,  = .   

 , − < , , − , = ,  

 

  , ,  – ,   
      . 

      ,  
  

 ℎ ,            (3.22) 

 

  –   ; 
 = ∙            (3.23) 

 = , ∙ ( − − ℎ , ) − , ( − − ℎ , )      (3.24) 

 

 ℎ , = ℎ − ℎ , − , = , − , − , = ,   –   
  ;          (3.25) 

  –     , 
    15 =  ; 

 

 = , + ℎ , = , + , = ,    

 

     (3.24) 
 = , ∙ , , − , − ∙ , − , , − , − ∙ , = 
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= ,   

 = , ∙ , = , , ∙ , ∙ = ,   

 

 . 

     
 

,    ,   
 

 = ∙ ( − − ∙ )                                                         .  

 

  –           
  ,    

 

 = +            (3.27) 

 

  –     ,   
 

 = + ∙ ℎ − ∙                                                                            .  

 

 –  . 
,       

,    

 = ∙                                                                                                       .  

 

  –  . 
      

 = 𝜉 ∙ ℎ ∙                                                                                                 .  
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  –   ; 
 𝜉 – ,   ,     

 

 = ∙ ℎ ∙                                                                                               .  

 

  –    ; 
  –    . 

    

 = , + , = ,   

 

,     

 = , + ∙ , − , ∙ , = ,  ∙  

 

  

 = , + , ∙ , − , ∙ ,, = ,     
 

 3.3 –   

–
 

, 
 

∙
 

+− ∙
 

, ∙  
 𝜉 ℎ  ,  

1–1 0,45 22,66 1,03 23,29 0,036 0,985 0,25 2,66 
2–2 0,9 90,93 1,02 92,66 0,14 0,92 2,05 1,38 

1' –1' 0,3 10,07 1,03 10,37 0,016 0,995 0,25 1,17 
2' –2' 0,6 40,28 1,03 41,34 0,065 0,97 23,05 0,59 

 

  -1  .     
 200 , . .  -1    l- 9 

  1  ,   b – 6 .  
  l    8  (  10 ∅  А   = ,  ,  ь  , .   b – 10  (  6 ∅  400 
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= ,  ,   2,66).     
1700  1100 . 

   -2,   
 (  ) ∅  400   200,  ∅  А  

  600.    2000 ,    – 3,   
  700 ,     -3. 

 

3.3.7.   ,    
   

 

       
    : 

   ; 
   ; 
  ; 
  ; 
   ; 
  . 

       2020 .   
   3.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 3.4 –        

№    . .  
, .  .- . 

.  .  

  

 01-01-001-02 

    
 « » 

   
 15 3,  

  

1000 3 0,139 3580,12 497,64 2,1 0,29 

 01-01-034-02 

   
   

  5   
: 132  (180 

. .)  

1000 3 0,138 338,61 46,72 - - 

  

 06-01-001-01 
  
 ( -3,5) 

100 3 0,0065 3897,23 25,33 180,0 1,17 

 06-01-001-10 

  
  

   
  2  4 , 

  5  

100 3 0,03 8768,26 263,05 11,69 0,35 

 08.4.03.03 

 , 
, 
 , 

 -III  ,  6  

 
1,03 

 
8213,72 8367,43 - - 
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  3.4 

 04.1.02.05 

    
 ( ),  15 

( 50) 

3 2,92 592,76 1728,49 - - 

 10928,66  0,757 
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3.4.    
 

3.4.1.       
 

 
 3.3 – -        

 
   dp  = − ,  .  

  hp = 2,03 .      0,05  
   –2,58 .      

   ,    –12,430 . 
   11  ( 110.30);     –

13,58 ,     –1,15 . 
         3.5. 
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 3.5 –       

 
 

3.4.2.      
 

      
 = ∙ ∙ + ∙ ∙ ∑ ∙ ℎ                                                           (3.32) 
 

  –      ; 
 –        ; 

 –       ; 
 –    ; 
 –    ; 

 –        ; 
 –         

 𝑖 −   ; ℎ  –  𝑖 −   . 
   

 = ∙ ∙ ∙ , + , ∙ ∑ ∙ , = ,   

 
 ,   ,    

 /                      (3.33) 
 

 Nсв –      ; 
Fd –   ; 
γk –  ,      

 ,   1,4. 
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= , / ,  = 646,19  
 
3.4.3.       
 

     
 = − , ∙ ∙ − , ∙ ∙                                                          .  

                                                                                  
  –  ; 

 –   ; 
 –         ; 
 –  . 

 : 
 = , − , ∙ ∙ , − , ∙ ∙ , = ,   

 
   1  2     ,  

    4. 

 
 3.4 -    

 

3.4.4.         
 

,     ,   
 

 = 𝛴 ∙                                                                                                    .  
  

  –    ; 
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 –          
  . 

,     ,   
 

 = 𝛴 ∙                                                                    (3.36) 
 

  –           
 . 

      
 = 𝜉 ∙ ℎ ∙                                                                                                 .  

                                                                                                   
  –    ; 𝜉 – ,   ; ℎ  –    ; 

 –   . 
     

 = ∙ ℎ ∙                                                                                               .  

                                                                                                  
  –    ; 

    3.3. 
 3.6 –   

 
bi, 

 
 , , 

 
, ∙  

 𝜉 ℎ ,  ,  −  1,5 0,45 581,57 0,047 0,975 0,85 19,22  ′ − ′ 1,5 0,45 581,57 0,047 0,975 0,85 19,22 

 
  –1.      

 200 , . .  –1       – 7 . 
       .  

    – 7Ø20 400  = ,   .    
1400 . 

    –2,   
   Ø12 400   200 ,  

Ø8 240   450 .    1400 ,    
– 5.    – 800 ,     – 3. 
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3.4.5.       
 

 
     - .   

   m4    m2     1. . . m2 = 
1,60 ,    m4 = 1∙1,60 = 1,60 .    
m4 = 1,80  (  -  -996).  

   : 
 = ∙ 𝜂 ∙∙ + 𝜂 ∙ ∙ + , ∙ ++ +                                           .  

 
   –  ; 𝜂 – ,    / ; 

 –    ; 
 –   ; 
 –   ; 
 –  ; 
 –  . 

 = , ∙ ∙ ,, , + ∙ , ∙ , + , , + ,, + , + , = , ≈ ,   

 = ,  > ,  ,    
 . 

 

3.4.6.   ,    
   

 

        
       

   . 
     3.7 
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 3.7 –        

№    . .  
, .  .- . 

.  .  

  

 01-01-001-02 

    
 « » 

   
 15 3,  

  

1000 3 0,06 3580,12 214,4 2,1 0,126 

 01-01-034-02 

   
   

  5   
: 132  (180 

. .)  

1000 3 0,057 338,61 19,3 - - 

  

 05-01-002-05 

 -  
    

  
 :  12   

  2 

3 0,99 323,82 320,58 3,9 3,86 

 05.1.05.16   3 0,89 1870,63 1664,86 - - 

 05-01-010-01 

   
  

  
   0,1 2 

 4 42,79 
171,16 

 
1,4 5,6 
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  3.8 
  

 06-01-001-10 

  
  

   
  2  4 , 

  5  

100 3 0,03 8768,26 263,05 11,69 0,35 

 08.4.03.03 

 , 
, 
 , 

 -III  ,  6  

 0,686 8213,72 5634,61 - - 

 04.1.02.05 

    
 ( ),  15 

( 50) 

3 6,9 592,76 4090,04 - - 

 12378,00  9,58 
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3.5. -    
 

    –   
  .  

 3.8 – -    

    

, . 10928,66 12378,00 

 0,757 9,58 

 

  ,        
  ,     , 

,        
-  ,    

 .      
 ё . 

        
. 

  



76 

 

4.    
 

4.1. -    
 

      .  
 28  2019 . 

 – ,     ,  
  .       , 

   .    232    
   3507   .  

   .   
(    254 )   . 

       . 
   : +0,2℃. 
   : 70,3%. 
   : 3,0 / . 
     , 

 0,98: - 45℃. 

     ,  
0,98: - 48℃. 

   – III. 
   – III. 
 
4.1.1.   

 
       

  «       . ». 
     .  

 ,       
   (  ) 65,0 39,8 . 

    ,     
   57837-2017       

    30245-2003.     
     30245-2003.     

    57837-2017.      
        8240-97. 

        .  
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4.1.2.   
 

  12-29.2006.      
  . 

  48.13330.2019 «  ». 
  70.13330.2012 «    ». 
  16.13330.2017 «  ». 
  12-03-2001 «    .  1. 
 ». 
  12-04-2002 «    .  2. 

 ». 
 -193-81 «      
    ». 

 

4.1.3.      
  

  ,     
: 
     ; 
     ; 
  ; 
      ; 
    ; 
   ; 
     ; 
   ; 

         
    (  )  . 

       
  . 
       

    . 
   .    

     ,    
    .      

     .   
      ,  ,  
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       .  
   ,      

,    5-10   .   
       ,  

       
.    ,      

  (     ).    
  ,    ,  
      .  

      
  -  ,   

.          
    (  )    

,    , , ,   . . 
         

    .     
,        – .   

      . 
   ,  , 

    (   h=5-10 )    
    ,      

.       
   .      – 

,     250 .      
   ,   

        
 . 

      
   1,0           

25,0    .      
 ,  0,7 .    

     0,2 ,    
  -  . 

       
  70.13330.2012,  23118-2019,  53-101-98,  

   - .  
      .  

        , 
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      .      
 . 

      , 
,      .    
 .       

 .        
   .      

   ,       
   .  ,  

   .   ,  
   .     

     ,  
  .     

 ,      
 . 
          

 . 
     , 

ё      .     
        

  - .       
     .    0,6 

     ,  ,  
    ,      

   .     
     ,    

.        
  .     

,     ,   
    .      

 ,   ,    
 ,     . 

       
        

.       
 . 

        
  ё     ,  
,   .   ,   
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   .     
 ,       

  .        
     .  

 
4.1.4.   
 

        
 ,       

.     ,   
.      
   . 

 
4.1.5.    
 

     4.1-4.2,    
-    .4.1.8. 

      
    .     

«  ».     . 
 4.1 –       

№ 
/  

 
. 
. 

-
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1  14 0,75 10,5 
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  ,      , 

     .   
  m=4,43 .  [     

   ],    
   2 -10-4   10   

  94,8 .       
   
 = Э + = + , = ,                  (4.1) 
 

 Э –    , ; 
  –     , . 

        
 

 К = ℎ + ℎ + ℎЭ + ℎ = , + , + , + , = ,       (4.2) 
 

 ℎ = ,   –        
 , ; 

 ℎ = ,   –   ,    
        

   ,     
, ; 

 ℎЭ = ,   –      
 , ; 

 ℎ = ,   –   , . 
          

   
 = К + ℎ = , + = ,          (4.3) 

 
 ℎ =   –      , . 

       (4.4) 
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, ; 
 =   –         , . 

    
 = √ − + − ℎШ = √ , − + , − = ,   
 

     , 
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   =  ; 

   = ÷  ; 
    К =  ; 
  = ,  . 
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     5   
   49.13330.2010 «    
». 

      
,    49.13330.2010 

«    »    
      ,   

     2 . 
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     .     
 20         

  .     8 / ,  
      ,   

 .   ,  10,7 /   
    .     
,  ё   ,   
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-       №. 
        4.6. 
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.-  

   

. 
. -  

 
 

.-  

 
.,  

 
.-  

 
., . 

§ -5  
    

   
 0,5  

100  0,7845 
 2 -2 22,00 14,09 17,26 11,05 

 6 -1 11,00 11,06 8,63 8,68 

§ -5  
    

   
 1  

100  0,125 
 2 -2 12,00 7,08 1,50 0,89 

 4 -1 6,40 6,42 0,80 0,80 

§ -5  
    

   
 1,5  

100  0,443 
 2 -2 8,80 5,63 3,90 2,49 

 4 -1 4,40 4,66 1,95 2,06 

§ -5  
    

   
 2  

100  0,351 
 2 -2 7,20 4,61 2,53 1,62 

 4 -1 3,60 3,82 1,26 1,34 

§ -1-9   1 -  50 
 6 -1, 

4 -2, 3 -1 
3,50 2,83 175,00 141,50 

 6 -1 0,70 70,00 35,00 3500,00 

§ -1-9   
. 

 1  
64,5  6 -1 0,75 58,00 48,38 3741,00 

§ -1-6     1 -  6 
 5 -1, 

4 -1, 3 -1 
0,33 26,00 1,98 156,00 
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 6 -1 0,11 11,00 0,66 66,00 

  4.5 

§ -1-6     
 

 1  
12,4 

 5 -1, 
4 -1, 3 -1 

1,50 1,20 18,60 14,88 

 6 -1 0,50 50,00 6,20 620,00 

§ -1-6   1 -  10 
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4 -1, 3 -1 
2,90 2,40 29,00 24,00 

 6 -1 0,58 60,00 5,80 600,00 

§ -1-6   
 

 1  
44,3 

 5 -1, 
4 -1, 3 -1 
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 6 -1 0,11 10,00 4,87 443,00 

§ -1-6 
     
 

1 -  140 
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4 -1, 3 -1 
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 6 -1 0,21 22,00 29,40 3080,00 

§ -1-6 
     
 

 
 1  

25,2 

 5 -1, 
4 -1, 3 -1 

3,00 2,40 75,60 60,48 

 6 -1 1,00 1,06 25,20 26,71 

§ -1-6       1 -  12 
 5 -1, 

4 -1, 3 -1 
0,35 26,00 4,20 312,00 

 6 -1 0,12 12,00 1,44 144,00 

§ -1-6       
 

 1  
1,3 

 5 -1, 
4 -1, 3 -1 

2,54 2,03 3,30 2,64 

 6 -1 0,85 80,00 1,11 104,00 

§ -1-6 
     

  
1 -  140 

 5 -1, 
4 -1, 3 -1 

0,33 20,00 46,20 2800,00 

 6 -1 0,11 11,00 15,40 1540,00 
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§ -1-6 
     

  
 

 1  
15,96 

 5 -1, 
4 -1, 3 -1 

1,50 1,20 23,94 19,15 

 6 -1 0,50 50,00 7,98 798,00 

§ -1-6   1 -  176 
 5 -1, 

4 -1, 3 -1 
0,30 20,00 52,80 3520,00 

 6 -1 0,10 10,00 17,60 1760,00 

§ -1-6   
 

 1  
26,7 

 5 -1, 
4 -1, 3 -1 

1,00 70,00 26,70 1869,00 

 6 -1 0,33 30,00 8,81 801,00 

§ -1-

19 
  100  6 

 4 -1, 
3 -1 

11,50 8,57 69,00 51,42 

§ -1-

6 

 ,   
 : 
 

10  1,05 
 

5 -1, 4 -1 
7,30 65,00 7,67 68,25 

§ -1-

6 

 ,   
 : 

 
10  7,04 

 
5 -1, 4 -1 

7,30 64,00 51,39 450,56 

    15% 

о т к  95,91 2661,46 

т  33,07 2585,49 

Элект о к  8,86 77,82 

Т кел к  3,78 2,41 

 то о 

о т к  735,31 20404,53 

т  253,56 19822,09 

Элект о к  67,92 596,63 

Т кел к  28,96 18,46 
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5.    
 

5.1.   
 

      
      .  

   ,     
       

       . 
      , . , 

 , . 40  , 57.  -    
 20     . ,    

 –   . 40     40-50 .  
   ,     
 . 

 
5.2.       

 
      .  

  - .    m=229,5 .  
 -   2 -10-4   10   

  94,8     3   250 
    5,42 .      

    
 = Э + = , + , = ,                  (5.1) 
 

 Э –    , ; 
  –     , . 

        
 

 К = ℎ + ℎ + ℎЭ + ℎ = , + , + , + , = ,            (5.2) 
 

 ℎ = ,   –        
 , ; 

 ℎ = ,   –   ,    
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   ,     
, ; 

 ℎЭ = ,   –       
, ; 

 ℎ = ,   –   , . 
          

   
 = К + ℎ = , + = ,          (5.3) 

 
 ℎ =   –      , . 

       
 = + + ∙ − ℎШℎ + ℎ + = , + , + , ∙ , −, + + = = ,   

 
 =  ,   –       

, ; 
 = ,   –        , 

; 
 = ,    –        

, ; 
 ℎШ =   –         ( ) 

, ; 
 =   –         , . 

    
 = √ − + − ℎШ = √ , − + , − = ,   
 

       ,  
 ,     
 ,    -45722-1  

: 
   =  ; 

   = ÷  ; 

    К =  ; 
  = ,  . 
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        . 
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     .    

 (5.4) 
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  , ; 

  –   , ; 
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   . 
  ,   .4.16 = ,  ,  =  . 

    (5.4)  
 = + = , + = ,   
 
5.4.       

  
 

       
    .   :  

  ( ,  ),   ,  
  . 

        
    (R=11 ). 

       
 ,    .     

 (5.5) 
 = + ,             (5.5) 
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 =   –       , 

. 
 = + , ∙ =   
 

     ,   
         

  . 
       

 = + , + +            (5.6) 

 
  –    , ; 

  –     , ; 
  –    , ; 
  –  ,     (5.5), ; 
  –    , . 

        
 ,   = ,  , = , .    

    .   
   (5.6),      

 = + , ∙ , + + , = ,    
     

   ,     
         .  
          

       
      .   

   
 = +              (5.7) 
 

  –  ,     (5.5), ; 
  –  ,     (5.6.), ; 
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 = + , = ,   
 
5.5.     

 
     . 
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   ,    ,  
     . 

       
 ,        

  ,   . 
       

: 
      – 1 ; 
    ,    – 

1,5 . 
    ,   ,  

 , ,       
.  

   :   , 
      .  

    ,  3,5 . 
         

  6 ,    – 15 .   
   – 12 ,       

   3,5  5 .  
     – 0,73 . 
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 ,   ,     
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  –  ,   ,   
     ; 

  –   ,  ; 
  –      ; 
  –     

    . 
   (  ),  , 

   
 =                                                                                                                      .  

 
  –      ; 

  –  ,   1 2  . 
   (  ),    

 =                                                                                                                    .  

 
  – ,     (5.9); 

  –   ,   
   . 

      (  5.1) 
 5.1 –    

 
, 

, 
 

. 
. 

 
-

 
, 

 

 
 

, 
.  

  

 

-
 

 
 1

2  
 

  

 

, 2 

  

  
-
 

3 329,52 - 1,2 1,3 514,05 0,6 0,64 
1336,

53 

 
     1336,53 2. 
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5.7.    
 

        
    ,    

   .       
: 

 ; 
 ; 
 ; 
   . 

 -  ,  
     16 ,     

84,5%         . 
      

:  
  – 11%; 
  – 3,2% 
    – 1,3%. 

,      22  
(100%).     ,   

    . 
   2 . 
   : 

  – 8 ; 
    – 2 ; 
    – 1 . 

   : 
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    – 1 ; 
    – 1 . 
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 11 . 
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=             (5.11) 

 
  –  , 2; 

 =  –       
, .; 

  –   ,     
 , 2/ . 

       
.       (5.11)   

 ,    . 
    

 = , ∙ ∙ , ∙ , + , ∙ ∙ , ∙ ,          (5.12) 

 
 0,7  1,4 –        

; 
 0,7  0,3 – ,      

 . 
        

  .     5.2 
 5.2 –      

 
 

-  
 

, 2  
 

 

 

, 2 
-
 

 

 

 -
 

 
 

 

 
 

 22 0,7 14 1129-020 15,5 31 2 
 11 0,5 5,5 -6 24,3 24,3 1 

 11 0,05 0,55 420-04-36 8,1 8,1 1 
  

 
,   
  

8 1,2 9,6 1129-024 15,5 15,5 1 

 11 0,07 1 -09-  1,4 1,4 1 
 2 7 14 31614 18 18 1 

 98,3 7 
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5.8.       
 

     
,  ,    . 
      

        
: 

 = , ∙ ∑ 𝐶∙ 𝐶𝜑 + ∑ 𝑡∙ 𝑡𝜑 + ∑ ∙ + ∑ ∙     (5.13) 

 
 1,1 – ,    ; 

  –    (  ,  
  .), ; 

  – ,      
, ; 

 , , ,  –  ,    
 ; 

  𝜑 –  ,      
 .  

       5.3. 
 5.3 –     

 
 

. 
. -  

 
 

 . ., 
 

 
  

 
 

  
 . 1 1,5 0,5 0,97 

  . 2 0,32 0,5 0,21 
  . 2 22,1 0,5 14,3 

  
 :      
  2 2510 0,015 0,8 33,17 

  2 98,3 0,015 0,8 1,29 
 :      
   

 
 0,31 0,9 1 0,31 

  2 16476,98 0,0002 1 3,29 
 53,54 
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-560  560      

 3,4 2,27 . 
   .  

-200     0,25-0,13 
 ,      

 ,    
 = ∙ ∙                                                                                                      .  

 
  – ко е т, у т  ето у  отд у то ко  ет , К  

п о екто   ко е т ето о о поток , лк; 
  – о о т  л п  п е е  т по  п о екто о , Вт; 

 – о е е  пло д , 2; = ∙  – т е уе  о е е о т , лк; 
 – о уе  о е е о т , лк; 

 – ко е т п . 
е  е  = , , =  ; = , ; =  , 

К= , . од т  е   о улу ( . ) 

 = , ∙ ∙ , = ,  

 

е  30 п о екто о  -   л п  т п  Л. 

 

5.9.       
 

      , 
 –    . 

      
 = + + ,                                                                    (5.15) 

  
  –     , / ; 

 –    -  , / ; 
 –     , / . 
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   ,   ,  

   ,      
 . .     

 = ∙ ∙                                                                                         .  

 
  =   –     , ; =  –      

 , .; = ,  –    ; =   –    , ; = ,  –     . 
    (5.16)  

 = , ∙ ∙ ∙ ,∙ = ,  /  

 
    -     

 
 = + ,                                                                                (5.17) 

 
  –    -  , / ; 

 –    , / . 
   -      

 = ∙ ∙∙                                                                                                 .  

 
 =   –     -  

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

    (5.18)  
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= ∙ ∙∙ = ,  /  

 
       

 = ∙∙                                                                                                    .  

 
 =   –        , ; =  . –  ,   (  80% N), 

.; =  . –    , 
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    (5.19)  
 = ∙∙ = ,  /   
 

           
 (5.14)  

 = , + , = ,  / . 
 

        
        

 ,          
 ,    10 ,   10 /   

 =  / . 
  =  / > + = ,  / ,   ==  / .  

       
 = √ ∙, ∙                                                                                          .  

 
  –  ,     (5.15), / ; 

 –     , / . 
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 =  / , = ,  / .      
(5.20)  

 = √ ∙ ∙, ∙ , = ,  . 
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        52134-2003 
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  ». 
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    .  
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 (5.21)  
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   04.08.2020 №421 . .179. 

      . 
        

     6.1. 
 6.1 –       

    

 
, . 

 , %  
 

 
 

 , 
 

330238,06 2754185,38 68,44 

      
 237120,99 1977589,08 49,15 

  73479,01 612814,97 15,23 
  

 
19638,05 163781,33 4,07 

  23285,76 194203,24 4,83 
  22417,42 186961,28 4,65 

 
,  

26131,98 217940,68 5,42 

 80414,64 670658,12 16,67 
 782487,85 4023948,69 100 
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кл д е 
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 1.   
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 09-03-002-

02 

   
    

    
 47,6      
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25     
 3  

1  59,12  2814,11   

2  158,24  7532,22   

3  .   18,19  865,84   

4  57,72  2747,47   
      275,08  13093,81   

07.2.07.12    1      
       3679,96   
  81-33.2004   % 90   3311,96   
  81-25.2001   % 85   3127,96   
         19533,73   

2 
 

07.2.07.12-0022 

  
    

  
,   

   1 
 3  

 35,1      

     0  0,00   
     0  0,00   
   .     0  0,00   
     6965  244471,50   
       6965  244471,50   
       0,00   
    %    0,00   
    %    0,00   
         244471,50   
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07.2.07.12-0020 

  
    

  
,   

   0,5  
1  

 12,5      

     0  0,00   
     0  0,00   
   .     0  0,00   
     7008,5  87606,25   
       7008,5  87606,25   
       0,00   
    %    0,00   
    %    0,00   
         87606,25   

4 
 09-03-002-

04 

   
    

    
25     

 3  

 16,9      

   114,75  1939,28   

   365,74  6181,01   

 .     42,07  710,98   

   72,01  1216,97   
       552,5  9337,25   
 07.2.07.12    1      
       2650,26   
  81-33.2004   % 90   2385,23   
  81-25.2001   % 85   2252,72   
         13975,20   
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,   

   0,5  
1  

 7,5      

     0  0,00   
     0  0,00   
   .     0  0,00   
     7008,5  52563,75   
       7008,5  52563,75   
       0,00   
    %    0,00   
    %    0,00   
         52563,75   

6 
 

07.2.07.12-0022 

  
    

  
,   

   1 
 3  

 9,4      

     0  0,00   
     0  0,00   
   .     0  0,00   
     6965  65471,00   
       6965  65471,00   
       0,00   
    %    0,00   
    %    0,00   
         65471,00   
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 09-03-014-

03 

     
   , 

   
  24   

   50  

 12,4      

   345,67  4286,31   

   673,21  8347,80   

 .     57,2  709,28   

   232,33  2880,89   
       1251,21  15515,00   
 07.2.07.12    1      
       4995,59   
  81-33.2004   % 90   4496,03   
  81-25.2001   % 85   4246,25   
         24257,28   

8 
 

07.2.07.12-0020 

  
    

  
,   

   0,5  
1  

 7,7      

     0  0,00   
     0  0,00   
   .     0  0,00   
     7008,5  53965,45   
       7008,5  53965,45   
       0,00   
    %    0,00   
    %    0,00   
         53965,45   
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 , 

   
  0,5  1  

 4,7      

     0  0,00   
     0  0,00   
   .     0  0,00   
     7008,5  32939,95   
       7008,5  32939,95   
       0,00   
    %    0,00   
    %    0,00   
         32939,95   

9 
 09-03-012-

08 

   
   

  25    48 
    8  

 44,3      

   129,17  5722,23   

   869,01  38497,14   

 .     74,14  3284,40   

   243,4  10782,62   
       1241,58  55001,99   
 07.2.07.12    1      
       9006,63   
  81-33.2004   % 90   8105,97   
  81-25.2001   % 85   7655,64   
         70763,60   
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10 
 

07.2.07.12-0011 

  
    

  
    

  0,1  

 41,71      

     0  0,00   
     0  0,00   
   .     0  0,00   
     11255  469446,05   
       11255  469446,05   
       0,00   
    %    0,00   
    %    0,00   
         469446,05   

11 
 

07.2.07.12-0011 

  
    

  
    
  0,1  0,5 

 2,59      

     0  0,00   
     0  0,00   
   .     0  0,00   
     10508  27215,72   
       10508  27215,72   
       0,00   
    %    0,00   
    %    0,00   
         27215,72   
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 09-03-012-

08 

 ,  
,   

  
   

   25  

 17,26      

   159,28  2749,17   

   467,67  8071,98   

 .     42,84  739,42   

   106,34  1835,43   
       733,29  12656,59   
 07.2.07.12    1      
       3488,59   
  81-33.2004   % 90   3139,73   
  81-25.2001   % 85   2965,30   
         18761,62   

13 
 

07.2.07.12-0011 

  
    

  
    
  0,1  0,5 

 15,96      

     0  0,00   
     0  0,00   
   .     0  0,00   
     10508  167707,68   
       10508  167707,68   
       0,00   
    %    0,00   
    %    0,00   
         167707,68   
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14 
 

07.2.07.12-0017 

  
    

  
    

  0,1 

 1,3      

     0  0,00   
     0  0,00   
   .     0  0,00   
     8300  10790,00   
       8300  10790,00   
       0,00   
    %    0,00   
    %    0,00   
         10790,00   

12 
 09-03-015-

01 

    
  12  

 26,7      

   123,23  2126,95   

   280,93  4848,85   

 .     24,65  425,46   

   85,49  1475,56   
       489,65  8451,36   
 07.2.07.12    1      
       2552,41   
  81-33.2004   % 90   2297,17   

  81-25.2001   % 85   2169,55   
         12918,07   
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13 
 

07.2.07.12-0011 

  
    

  
,   

   0,1  

 26,7    

  
     0  0,00   
     0  0,00   
   .     0  0,00   
     8060  215202,00   
       8060  215202,00   
       0,00   
    %    0,00   
    %    0,00   
         215202,00   

     1 "  " (    ) ( + + ) 330238,06     

      
  19638,05   

    73479,01   

  237120,99   

  (    ) 26373,44   

   (    ) 23285,76   

   (    ) 22417,42   

   (    ) ( + + ) 375941,23   

   1 «  » (          
( =8,34)    11.03.2021 №9351- /09    

  1  
375941,23 8,34 190943,23 

   
   (         ) ( =8,34)  

  11.03.2021 №9351- /09      1  
375941,23 8,34 3135349,89 
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    (   19.06.2020 №332/ . .1 .50) – 1,8% 6766,94  56436,29 
   382708,18  3191786,19 

      (  81-05-02-2007 .11.4) – 3% 11481,25  95753,59 
    394189,42  3287539,78 

  (   04.08.2020 №421 . .179) – 2% 7883,79  65750,79 
   402073,21  3353290,58 

 (  ) 20% 80414,64  670658,12 
   482487,85  4023948,69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 






