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1 -   

1.1   

1.1.1         
 ,  ,   

  

 -     : -
, ,   .  

        1,5 . 
    ,   

.       – 2,39 ,  5,24 
 ( .   ,  1).   

       - :  
, ,  , ;    : 

   ,   ,  ,  
, ;   :   , , ,  

,   , ,   № 1,  
  № 2. 
-      .   

-  – 140,7 . . ;     –         
30,27 . . ;    –300,74 . .   –   472,17 

. 
  –   . .   

  ,      . 
   – I . [1] 

    .  
   0,92 [1] -  37 C. 
   0,98 [1] -  39 C. 

   0,92 [1] -  37 C.  
   0,98 [1] -  41 C.  

   [4] -  18 . 
    -  53 C.  

   –  (  60%).  
     

  [1] - 235 . 
   [1]  -  6,5 0 . 

   –3 ( ) [1]. 
      1 2  

   II I  – 1,5 / 2 [2]. 
     1 2 

              III   – 0,38  [2]. 
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   – 7  [3]. 
 

1.1.2      
        

 

        
.   —       

  ,    ,     
 ,   . 

,     ,   
  ,     

 .   
      . 

       . 

1.1.4    

  – -    472,17 2. 
  –  .  

  [4] – . 
  –  [5]. 
  – IV  [5]. 

    – 2 [7]. 
    – 3.  

         
 ,   : 3.1 – -  ; 4.3 – 

-  ; 2.3 -    
. [7]. 

     –  [8]. 

1.1.5      , 
,     

    -  
.        

,   . 
  – , . 
     . 

    . 
,     : 
 –  . 

 –   ,  –  
     . 
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 –  . 
 

1.1.6   ,  
       

       . 
        

 .     
    . 

 

1.1.7  -  , 
    ,    

 

   - ,   
 Rockwool   ,    

 ,     
 . 

        
,   ,    

    . 

1.2   -   

1.2.1   , - , 
,     

 ,     
  

  « - »      
.          I   

  :  
-    ,  0,98  

0,92  –  39 º ,  37 º  [1]; 
-     ,  0,98 

 0,92  –  41 ° ,  37 °  [1]; 
-     –  53 °  [1]; 
-       

  ≤8 °  – 235 . [1];   
-    –  6,5 °  [1]; 
-    – 3 ( ) [1];   
-      – 1,5 / 2  III  

  [2];  
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-     – 0,38   III  
 [2];  

-    – 7  [3]. 
    :  

-   – 7  [3]; 
-    –  ( ) [4];    
-    – III [5]; 
-    –  [5]   
-     – 1 [5];   
-     – 2.2 [5, . 6.1].  

-      1. 
 
 

 
1–  ; 2 –  ; 3 –  ; 4 –  

; 5 - . 
 1 – -   
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1.2.2       
  ,    ,  

     

        
.  -    - ,    

 . 
      
. 

   –   . 
  -  .   

  –  .    - 
.      2,1   

    , ,   
 ,      .  

  – , - . 
      ,   

    . 
 –    ,  –  

 Rockwool   . 
         

I.236.4- 7/84. [2] 
,     , 
     . 

   –  .  
 –    2.140-1, .5. 

  –  224 . 
 –    40 150    

  Rockwool   ,  150 . 
    

. 
  – ,      475-

2016   . 
 –  ,   .  

    ,  1200   
 70      . 

       
       . 

       , 
  ,     . 

 ,       
    . 
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1.2.3     , 
  , , 

      
   ,     

 , ,    , 
,      

 

 
      

  ,       
       .  

      . 
 

1.2.4     , 
 

-      
: 

 
      

  [ . 1.3],      
(    ),     ; 

 
-    : 
 

   ,     
,     

    . 
         

,   ,      
; 

 
-    : 
 

    –    
,      ,   

; 
 
-   : 
 

      ; 
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-  : 
 

     
-  .    

          
2.13130.2020 “   ”.    
     2.13130.2020.    

                     2.13130.2020. 
  . 

 

1.2.5       
    

        
  28.13330.2017 "     

". 
 ,    , 

   ,  . 
        

     ,  
   .  

1.3     

     , 
        

                            , : 
-        

    ; 
-      ;  
-     . 
 
 ё    R , 2 /    
      

, Rreq, 
2 / ,    -  , . 

-    , ,   
 

 
 = (  − ) ∙ 𝑧 ,                                                                  (1.1) 

 
      −    ; 

 −       
     ≤ 8 ℃ ; 
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𝑧  −       
  ≤ 8 ℃. 

    (1.1),  
 

 = (18 − (−6,5)) ∙ 235 = 5757,5 ℃ ∙ / . 
     , 

( 2 ∙ ℃)/ ,     
 

 =  ∙  + ,                                                                            (1.2) 
 

  ;  − ,       
 [5,  3, 4]. 

    (1.2),  
   

 
 = 0,0003 ∙ 5757,5 + 1,2 = 2,927 ( 2 ∙ ℃)/ . 
   

 
  = 0,0004 ∙ 5757,5 + 1,6 = 3,903 ( 2 ∙ ℃)/ . 

 
   

 
  = 0,00005 ∙ 5757,5 + 0,2 = 0,488 ( 2 ∙ ℃)/ . 

 
     R ,       ( 2 ∙ ℃)/ ,    

 = + 𝜆 + 𝜆 + ,                                                                               (1.3)                   

 
  −     

  [5,  4, 9]; 
 −      [5,  6, 9]. 

    
     [5]. 

   [5, .4]. 
 

: 
1.  - ,  δ1=0,02 ,  

 λ 1=0,76 /( ° ); 
2.    -3 (p = 800 / 3),  δ2=0,012 , 

    λ 2 = 0,13 /( ° ); 
4.  Rockwool     (p=115 / 3), 
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 δ4=0,2 ,   λ 4=0,044 /( ° ); 
5.    -3 (p = 800 / 3),  δ2=0,012 , 

    λ 2 = 0,13 /( ° ); 
6.  - ,  δ6=0.02 ,  

 λ 6=0,76 /( ° ). 
 

    (1.3),  
 = , + ,, + , , + ,, + , , + ,, +  = 4,96 2° / .   

    
   R0 , ( 2° / )  

         11 [15]. 
 

 = 4,96 ( 2 ∙ ℃)/  >  = 2,927 ( 2 ∙ ℃)/  
 

     
                                                      . 
: 

1.  (ρ=1500 / 3),  δ1=0,004 ,  
 λ 1=0,85 /( ° ); 

2.     -3 (p = 800 / 3),  δ2=0,012 , 
    λ 2 = 0,13 /( ° ); 

3.  Rockwool     (p=115 / 3), 
 δ4=0,2 ,   λ 4=0,044 /( ° ), 

4.    -3 (p = 800 / 3),  δ2=0,012 , 
    λ 2 = 0,13 /( ° ); 

    (1.3),  
 = , + , , + , , + ,, + , , +  = 4,96 2° / .   

 
   R , ( 2° / )          

 11 [15]. 
 

 = 4,96 ( 2 ∙ ℃)/  >  = 3,903 ( 2 ∙ ℃)/  
 

     
 . 

 
: 

       
50 ,      32   

 24866-2014, 8 .  , 6 . .  
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   8-32-6             
0,85 ( 2∙°C)/ .  

= 0,85 ( 2∙°C)/  > = 0,49 ( 2∙°C)/ . 
     
 . 

1.4   

       
    22.07.2008 . №123-  «  

    » [9],  2.13130.2020 
«     » [7]. 

        
 ,    ,  

        
 . 

    II I  ,  
   1. 

1.5      

       : 
 
-         

  –   2,0 ; 
- -  ,   

    ,    
0,8-0,9 ; 

-         ; 
-     1,2 ,   

    ; 
-        0,014 ; 
-          

 ; 
-         

        0,1   
   0,2 ; 

-  -      
  . 
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2 -   

2.1      

-   – ; 
-   – . ; 
-  – 12 ; 
-       ( ) – 5,26 . 

 2.2    

   – 12 .      
 29,7 17,7 .  –  .    

      ,   2,41 
 5,24 .  :   . 

  –      
    8486-86  32 100 ,   

LOGICROOF V-GR FB 1,5 ,  ( -3,    56309-2014), 
- , ,     

ROCKWOOL    – 200 , ,  ( -
3,    56309-2014).   – 1,5 .   – III, 

 [11,  ,  1] –       s0 = 1,5 .   
– III  [12,  ,  3] -   (  

) – w0 = 0,38 ,  [12,  11.1].  
 – II [25,  9].   

– IV,  [26,  6.1].  ё   
  γn=1,0  [25]. 

 

       2.1. 

 

 
 2.1 –    
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2.2.1     

 1.    1 2  

 
     

   8.3 20.13330.2016. 
    20.13330.2016. 

S –       ,   
    ,   1 2  
, / 2;  −     . 

   ,     
 

S0=ce ∙ct ∙∙ Sg,             
(2.1) 

 

   gS –       1 2 

 ; 
 -          

  ; 
t -  ; 

 . 
, / 2 

𝑖 ё  
,  

/ 2 
: 

1.      
 8486-86  32 100 ;  

2.   LOGICROOF V-GR 
FB 1,5 ; 
3.  ( -3, 18              

  56309-2014); 
4. -  1,5 ;  
5.     
ROCKWOOL           

 – 200 ; 
6.  0,2 ; 
7.  ( -3, 12               

   56309-2014). 

 
0,16 
 
 
0,013 
 
0,144 
 
0,006 
 
0,182 
 
0,015 
0,096 

 
1,1 
 

 
1,1 
 
1,1 
 
1,1 
 
1,1 
 
1,1 
1,1 

 
0,176 

 
 
0,014 
 
0,158 
 
0,007 

 
0,2 
 
0,017 
0,106 

: 0,616  0,678 
: 

1.  ; 
2.    

 
1,335 
5,0 

 
1,4 
1,2 

 
1,869 
6 

: 6,951  8,547 
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 - ,        
    ,    

 

e = (1,4-0,4∙ √ ) ∙(0,8+0,002∙lc),              
(2.2) 

 
    k -  [  20.13330.2016  11.2]; 
lc –        

 

lc = 2∙b - ,               

(2.8) 
 

: b=17,7 ; l=27,7 . 
    (2.8),   

 

lc = 2∙17,7 - 
,,  =24,09 .                                                                                

 
: k=0,75; lc = 24,09 . 

    (2.7),   
 

e = (1,4-0,4∙ √ , ) ∙(0,8+0,002∙24,09) = 0,89 .                                        
 

: Sg = 1,5 ; t =1; =1; ce =0,89 
    (2.6),  

 
S0 = ,  ∙ 1,5 ∙ ∙   = 1,335  ⁄  .                                                       

 
   S,     

 
S = ɣ ∙  ,                                                                                            (2.9) 

 
    ɣ  –    ; 

-  ,     (1.3). 
: = 1,335  / 2; ɣ = 1,4. 

    (2.9),  
 

S = ,   ∙ ,  = 1,869 ⁄  .                         
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       1 2 

     : 
 = +· − ,                                                                                                  (1.4) 

 
   –       

     ( , , 
  .), / 2; 

 –       ,        
1 2  , / 2;  

 – ,      
    [13, .9]; 

 –  , . 
 = ,  / 2; =  / 2; = ; =  . 
    (1.4) : = ,  +· − = ,  / = ,  / .       

                
         

 . 
 

      2.2  
 

 
 

 2.2 –      
 

       
g1, / ,    

 
g1 = (s + g+ q) · b  · γ ,                                                                      (2.5) 
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 γ  -  ё    ; 

s –       , 
; g –    , / 2; 

q –        ; 
b  –  . 

: γ  =1,0,  [25]; s = 1,869 ,  [11];                         
g = 0,678 / 2,   2.1; b  = 1 . 

    (2.5),   
 
g1 = (1,869 + 0,678+6) · 1 · 1,0 = 8,547 / . 
 

    B  = 0,6 . 
        

 1,  · ,     
 M = ·B

                                                                                                                  

(2.6) 
 

 g1 –  ,     (2.5); B  –   , . 
: g1 = 8,547 / ,     (2.5);              

B  = 0,6 .   
    (2.6),   

 M = , · , = ,  · .  
 

         
 1,  · ,  

 
 

 
 
 

 2.3 -        
  1,  · .  

 
     

  b  = 1,0    δ . . = 0,033 . 
  W, 3,    
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u 

 W = b ·δ .                                                                                                   (2.7) 

 
 b  –   , ; δ . . –   , 

. 
 

  J, -4,    
 = b ·δ .                                                                                                   (2.7) 

 
 b  –  ,     (2.7); δ . . –  ,     (2.7). 

: b  = 1,0 , δ . . = 0,033 . 
    (2.7)  (2.8),  

 W = , · ,
 = 0,00018 3, 

 = , · ,
 = 2,9 · 10 -6  4. 

 
 

      
   

 
M1 < R ,                                                                                               (2.9) 
W 
 

 Ru –   , ; 1 –  ,    
 (2.6); 

W –  ,     (2.7); 
: 1 = ,   ; W = 1,8 · 10-4 3,    

 (2.6)  (2.7); Ru = 13 ,  [28]. 
    (2.9),  

 

 W  =  ,  ,  · −  = ,  , 
 
2,1  < 13 .   
 

   83 %. 
 

  f, ,      
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 = , · ·BE ·J                                                                                            

(2.10) 
 

  –        
   ; 

g1 –  ,     (2.5); B  –  ,     (2.6);          
J –  ,     (2.8). 

: g1 = 8,547  / ,     (2.9);                
B  = 0,6 ; 

J = 2,9 · 10 -6 4,     (2.1.8);  =10*1010 , 
 [28, . 5.3]. 

    (2.11),  
  =  , ·  , ·  · ,· · ,  ·  −      = ,    

 
      

,    
 
f ≤ fu,                                                                                                          (2.12) 
 

 fu –   ,                           
[12,  ,  1],    

  =  ,                                                                                                (2.13) 

 
 l –   , . 

: l = 0,6 . 
    (2.13),  

  =  · ,  = 0,004 . 
 

    (2.12),  ,   < 0,004 . 
 

2.1.2         
   

      
   1 . 

   NP, ,    
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p 

 Np =  · ,, ,                                                                                                (2.14) 

 
: N = 1000 . 

    (2.14),  
 Np =  · ,,  = 1200 . 
 

    1 . .  g2, / ,   
      

 
g2 = g ·b  · γ ,                                                                                      (2.15) 
 

 g –  ,     (2.5); b  –  ,     (2.6);          
γ  –  ,     (2.5). 

: g = 0,678 ,     2.1; γ  = 1,0, 
 [25]; b  = 1 . 

    (2.15),   
 
g2 = 0,678· 1,0 · 1,0 = 0,678 / . 
 

         
2,  · ,    

 
M2 = 0,0703   · g2 · B2 + 0,207 · NP · B p,                                              (2.16) 
 

 g2 –  ,    (2.15); B  –  ,    (2.15);        
NP –  ,    (2.14). 

: B  = 0,6 ; g2 = 0,678 / ,     
(2.14); NP = 1200 ,     (2.15). 

    (2.16),   
 

2 = 0,0703 · 0,678 · 0,62 + 0,207 · 1,2 · 0,6 = 0,178  · . 
 

       
  

 < ·                                                                                                (2.17) 

 
 m  – ,    
; 2 –  ,    (2.16); 

Ru –  ,    (2.9); W –  ,    (2.7). 
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: m  = 1,2,  [28,  8]; Ru = 13 ,  
[28]; W =  ·  −   -4,     (2.7); 2 = 0,17  · , 

    (2.16). 
    (2.17),  

 =  ,,  · −   =  9,88 ,  
 · = 13 · 1,2 = 15,6 , 
 
9,88   < 15,6 . 
 

   40 %. 
 

 
 

         
.       . 

 

2.2    

2.2.1     

   ,   ,  
  -   .    

        2.2. 
 

 
 

 2.2 –                                     
  +     

 
   l = 1,5 . 

     = 0,6 ,    
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-  
 =  q  ·  B · y ,                                                                                    (2.19) 
 
-   
 
q  = q ·  · γ ,                                                                                        (2.20) 
 

 q  –    2.1.1;  
γ  –  ,     (2.5);  
B  –  ,     (2.6); 
q –   2.1.1; 

                     
γ  = 1,0,  [25];  
B  = 0,6 ;  
qn = 6,951 / 2; 
q = 8,547 / 2; 

    2.1.1. 
    (2.19),  

 
  = 6,951 · 0,6 · 1,0 = 4,17 / . 
 

    (2.20),   
 
q  = 8,547 · 0,6 · 1,0 = 5,128 / . 
 

     SCAD.   
     B  = 0,6 .    

 SCAD    2.3.     = ,  = , ,       SCAD 
 2.4.    M1 = 1,55 / ,   

    SCAD  2.5.   
  Qz = 4,14 ,       

SCAD  2.6. 
 

 
 

 2.3 -       
   SCAD 
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 2.4 -      
 
 

 
 

 2.5 –    M1 
 

 
 

 2.6 -   Qz 
 

      
 b  = 0,44     h . . = 0,195 . 

  W, 3,     
  Y   ,  4,      SCAD.   

 W =  2,78 · 10-4 3, 
 = 2,718 · 10-6  4. 
 

       
  

 
M1 < Ru ,                                                                                                  (2.21) 
W 
 

 Ru –   , ;  
1 –        SCAD; 

W –  ,     (2.7); 
: 1 = ,   ; W = 2,78 · 10-4 3,    

 (2.6)  (2.7); Ru = 13 ,  [28]. 
    (2.9),  
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 W  =  ,   ,  · −  = ,   , 
 
5,57  < 13 . 
 

   57 %. 
 

     
 ,    

 
f ≤ fu,                                                                                                          (2.22) 
 

 fu –   ,                            
[12,  ,  1],    
  =  ,                                                                                                 
(2.23)

 l –   , . 
: l = 1,5 . 

    (2.23),  
  =  · ,  = 0,01 .

 
    (2.22),                                            ,   < 0,01 . 

2.3     

  –  .   12 ;   
    5,26 ;   1,5 ;   

27,7 . 
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 2.7 –     
 

     SCAD.    
P –     B  = 0,6 . 

  ,    
-   .       

   2.7.  
 

       .  
 

   . 
      = 120 [3,  16].  

                      
 = 110. 

 
     𝜆 ,     

 𝜆 = , ∙ = , ∙, ∙ℎ ,                                                                                  (2.27) 

 𝜆 = = , ∙  ,                                                                                       
(2.28) 

 
 H –      , ; 

rx,y –    , ; 
h  –   , ; 
b  –   , . 

  (2.27)  (2.28),  
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ℎ =  , ∙, ∙ = , ,                                                                               (2.29) 

 =  , ∙ = , ,                                                                                 

(2.30) 
 

 H = 5,26 . 
    (3.58)  (3.59),  

 ℎ = ,, = ,  ;  
 = ,, = ,  . 
 

     200  40 .  
      200 - 10 = 190 .  

      33  (   
   7 ).       

       h  = 11·33 = 363 ; bk= 
190 . 

 
   . 

      2.12.  
   L0 = 12,0 . 

    S = 1,869 ⁄ . 

          
0,678 ⁄ , [  1].  

                 
6,0  ⁄  , [  1]. 

 
 .  
    [4, . 11.1].   

      2.13. 
     . ,               

w0 = 0,38  –    .  
 ,    1 = 0,8,   2 = 

0,5. ,       k = 
0,65      5,26    ; k = 0,65  

    5,26    .  
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         5,26  𝑤  , 

   
 𝑤  = 𝑤 ∙ ∙ ∙ ,                                                                            

(2.31) 
 

    w0 –    , ; 
k – ,      
; 
 -    ; 
 -  . 

: w0 = 0,38 ; k = 0,65;  = 0,8;  = 1,4. 
    (3.66),  

 𝑤  = , ∙ , ∙ , ∙ , = ,  / . 
 

       
         5,26  𝑤  , 

   
 𝑤  = 𝑤 ∙ ∙ ∙ ,                                                                              
(2.32) 
 

    w0 –  ,     (2.31); 
k –  ,     (2.31); 

 –  ,     (2.31); 
 –  ,     (2.31) 

: w0 = 0,38 ; k = 0,65;  = 0,5;  = 1,4. 
    (2.31),  

 𝑤  = , ∙ , ∙ , ∙ , = ,  .         
 

       , , 
   

 = 𝑤  ∙ ,                                                                                       
(2.33) 

 
 𝑤   -       

    ; 
S  –  .  



 

32 
 

: 𝑤   = 0,167 / 2; S = 1,5 . 
    (2.33),  

 = , ∙ , = ,  .  
 

       , , 
   

 = 𝑤  ∙ ,                                                                                          
(2.34) 

 
   𝑤   -       

    ; 
S  –  . 

: 𝑤   = ,  / 2; S = 1,5 . 
    (2.34),  

 = ,  ∙ , =  − ,  .  
 

     SCAD. 
 

    ,   –  2.8. 
 

 
 

 2.8 –        
  

 
 N, M, Q     2.9  

 



 

33 
 

 
 
 
 
 
 

) 

 
 

) 

 
 
 
 
 
 
 



 

34 
 

 
 
 
 
 
 

) 

 
 

                          -  N;  -  ;  -  Q. 
 

 2.9 -  N, M, Q     
 

 ,   –  2.10. 
 

 



 

35 
 

 2.10 –      
 

 
 

 N, M, Q     2.11   
 

) 

 
 

) 
 

 
 
 
 
 
 
 



 

36 
 

 
 
 
 
 
 

) 
 

 
 

                          -  N;  -  ;  -  Q. 
 

 2.11 -  N, M, Q     
 

   ,   –  2.12. 
 

 



 

37 
 

 
 2.12 –        

 
 
 
 

 N, M, Q     2.13 
 
)   

 
 

) 
 

 
 
 
 
 



 

38 
 

 
 
 
 
 
 

) 

 
                          -  N;  -  ;  -  Q. 

 
 2.13 -  N, M, Q     

 
 ,   –  2.14. 

 
 

 
 



 

39 
 

 2.14 –      
 

 
 N, M, Q     2.15 

 
 
 

) 

 
 

) 

 
 
 
 
 
 



 

40 
 

 
 
 
 
 
 
 

) 

 
 

                          -  N;  -  ;  -  Q. 
 

 2.15 -  N, M, Q     
 

  ,  N, M, Q     
     𝜓  = 0,95  2.16. 

 
) 

 



 

41 
 

 
 
 
 
 
 

) 
 

 
 

) 



 

42 
 

 
                          -  N;  -  ;  -  Q. 

 
 2.16 -   ,  N, M, Q  

        𝜓  = 0,95 
 

  ,  N, M, Q     
     𝜓  = 0,95  2.17. 

 
 
 
 
) 

 
 

) 



 

43 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

) 

 
 

                          -  N;  -  ;  -  Q. 
 



 

44 
 

 2.17 -   ,  N, M, Q   
       𝜓  = 0,95 

 
 

  ,  N, M, Q   , 
       𝜓  = 0,95 

 2.18. 
 
)

 
 
 

 
) 

 

 



 

45 
 

)  

 
 

                          -  N;  -  ;  -  Q. 
 

 2.18 -   ,  N, M, Q   
,        𝜓  = 0,95 

 
  ,  N, M, Q   , 

       𝜓  = 0,95 
 2.19. 

 
 

) 

 
 



 

46 
 

) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

) 
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                          -  N;  -  ;  -  Q. 
 

 2.19 -   ,  N, M, Q  
 ,       

 𝜓  = 0,95 
 

  ,  N, M, Q  ,  
,           𝜓  = 0,95  2.20. 

 
) 

 
 
 
 
 
 
 
 

) 
 

 
) 
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                          -  N;  -  ;  -  Q. 

 
 2.20 -    ,  N, M, Q  , 

 ,       
    𝜓  = 0,95 

    ,  ,  , 
          𝜓  = 0,95 

 2.21. 
 

 
 

 2.21 -       ,  
,  ,      

     𝜓  = 0,95 
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     SCAD.   
   .  

 
    = ,  = , ,   

    SCAD  2.21.   
 M1 = 128,74 / ,       SCAD 
 2.20.     Qz = 41,35 ,   

    SCAD  2.20. 
 

      
 b  = 0,190     h . . = 0,792 . 

  W, 3,     
  Y   ,  4,    SCAD.   

 
 W =  2,13· 10-2 3, 
 = 8,533· 10-3  4. 
 

       
   

 
M1 < Ru ,                                                                                                (2.24) 
W 
 

 Ru –   , ; 1 –  ,    
 (2.6); 

W –  ,     (2.7); 
: 1 = ,   ; W = 2,13· 10-2 3; Ru = 13 ,                        

 [28]. 
    (2.24),  

 

                          W  =  ,   , · −  = ,   , 
 ,   < 13 . 
 

   54 %. 
 

       
 ,    

 
f ≤ fu,                                                                                                         (2.25) 
 



 

50 
 

 fu –   ,                            
[12,  ,  1],    

 
  =  ,                                                                                                 

(2.26)

 
 l –    , . 

: l = 12 . 
    (2.26),  

  =  ·  = 0,055 .

 
    (2.25),       

 
     ,   < 0,055 .



 

  

 

         
   . 

    N  М             
М = ,  · ; N= ,  . 

  (   ) , ,     
 = , ∙ ,                                                                                                 (2.35) 
 

      –       . 
  =5,26 . 

    (2.35),  
 = , ∙ , = ,  . 
 

   , ,    
 = ℎ ∙ ,                                                                                               (2.36) 
 

    h  –  ,     (2.29); 
b  –  ,     (2.30). 

: b  = 0,190 ; h  = 0,363 . 
    (2.36),  

 = ,  ∙  , = ,  . 
 

  , ,    
 = ∙ℎ

,                                                                                                 (2.37) 

 
    h  –  ,     (2.29); 

b  –  ,     (2.30). 
: b  = 0,19 ; h  = 0,363 . 

    (2.37),  
 = , ∙ , = , . 

 
 𝜆,    

 𝜆 = , ∙ℎ ,                                                                                               (2.38) 

 



 

  

 

     l0 –  ,     (3.93); 
h  –  ,     (3.56). 

: l0 = 11,57 ; h  = 0,363 . 
    (3.96),  

 𝜆 = ,, ∙ , = , . 

 
 ,    

 = 𝜆 ,                                                                                                      (2.39) 

 
     λ –  ,     (2.38). 

 λ = , . 
    (2.39),  

 = , = , . 

 
        [3,  3]: 

R =15 .   m , m , m     γn=0,95: 
R =15·1,2·1·1/0,95=18,95 . 

   ξ,    
 𝜉 = − ∙ ∙ ,                                                                                           (2.40) 

 
    N –    ; 

φ –  ,     (2.39); 
R  –   ; 

 –  ,     (2.36). 
: N = ,  ; φ = 0,25;  = 0,069 2; R  = 18,95 . 

    (3.98),  
 𝜉 = − , ∙ −, ∙ , ∙ , = , . 

 
        

 [3, . 4.17]    
 = + 𝜉 ∙ − ,                                                                                (2.41)  

 
     𝜉 –  ,     (2.40). 

:   = 1,22;  𝜉= 0,78.     



 

  

 

    (2.41),  
  = , + , ∙ − , = , . 
 

       ,   
     , ∙ ,     

 = 𝜉∙ ,                                                                                                   (2.42) 

 
      –   ; 𝜉 –  ,     (2.40); 

k  –  ,     (2.41). 
:  = 1,29 · ; 𝜉=0,25; k = 1,05. 

    (2.42),  
 = ,, ∙ , = ,  ∙ .  

 
  𝜎, ,     

 𝜎 = + ,                                                                                            (2.43) 

 
     N –  ,     (2.40); 

 –  ,     (2.42); 
 –  ,     (2.36); 
 –  ,     (2.37). 

: N = ,   ;  = 10,82 · ;  = 0,069 2;          
 = 0,0042 3. 

    (3.101),  
 𝜎 = ,  ∙ −, + , ∙ −, = ,  < ,  .                               

 
   . 

        
[3,  33]. ,        

   .  
 ∙ ∙ + ∙ ∙ ,                                                                        (2.44) 

 



 

  

 

 n –         
; 

R =R  -  ,     (2.40); 
φ –  ,     (2.39); 

 –  ,     (2.37); 
 –  ,     (2.36); 
 –  ,     (2.42); 

–  ,     (2.40); 
 – . 

   y 𝜆     
  𝜆 = , ∙ ,                                                                                            (2.45) 

 
    l0 –  ,     (2,35); 

b  –  ,     (2.30). 
: l0 = 11,57 ; b  = 0,19 . 

    (2.45),  
 𝜆 = ,, ∙ , = , . 

 
     

 = 𝜆 ,                                                                                                  (2.46) 

 
     λ  –  ,     (2.45). 

 λ  = , . 
    (2.46),  

 = , = , .  

 
      

 = ∙ 𝑝∙ℎ ∙ ,                                                                                   (2.47)      

 
    b –  ,     (3.57); 

h –  ,     (3.56); 
l  –  . 

: b = 0,19 ; h = 0,363 ; l  = 1,7 ;  = 1,75          
[3,  4,   2].  



 

  

 

    (2.47),  
 = ∙ ,, ∙ , ∙ , = , . 

 
: N = 71,96 ;  = 10,82 · ;  = 0,069 2;  = 0,0042 3; 

= 0,66;  =8,19; n=2; R =R =18,95. 
    (2.44),  

 ,  ∙ −, ∙ , ∙ , + ,  ∙ −, ∙ , ∙ , = , < . 

 
 . 

        . 
 𝜎, ,    

 𝜎 = ∙ ,                                                                                                 (2.48) 

 
     N –  ,     (2.40); 

 –  ,     (2.36); 
 –  ,     (2.39). 

: N = 71,96 ; F  = 0,069 2; φ = , . 
    (2.48),  

 𝜎 = ,  ∙ −, ∙ , = ,  < ,  . 

 
 . 

    3.4. 
 

  3.4 –     
  

 
 
 

 
, % 

, ,  18,95 3,63 19,1 
  

 
1 0,82 59,0 

  
, ,  

18,95 4,17 22 

 
:     190 363  (11  

 33 ).   –  III  .     
 ,    ,     



 

  

 

.       ,    
       .  

2.4        

        
  (  2.22). 

 

 
 

 2.22 -      
 

        
 

,                                                                                                    (2.54) 

 
     –  ,     (2.52); 

R  –  ; 
W –    . 

: =1,29 ;  10   = ,      



 

  

 

 245,  =  . 
   (2.54),  

 , ∙, ∙ −6 = ,  <  . 

 
  85 %. 

       , 
       

 ∙ ,                                           (2.55) 

 
     . 

    R  –  ,     (3.112); 
F –    ; 
M –  ,     (3.89); 
d –   ; 
n –  . 

: R =240 ; = 1,29 ; d=0,016 ; n=4. 
   (2.55),  

 ∙ , ∙, ∙ , = ,  <  . 

 
 .   73 %. 

2.5        

         
 2.23. 

 



 

  

 

 
 

 
 2.23 –       

 
      .  

      . 
 𝜎                                                                                                      (2.55) 

 
 𝜎 –   ; 

 -   . 
 𝜎 =                                                                                                           (2.56) 

 
  –   ; 

S –     . 
 =  ∙                                                                                                   (2.57) 

 
  –   ; 

 –   . 
: = ,  ; = ,  .    

   (2.57),  
 



 

  

 

=  , ∙ , = ,  .        
 

:  = ,  ; F = 41,35 . 
   (2.56),  

 𝜎 = ,, = ,  .                                                                                      
 

: 𝜎 =  ,  ; = ,  .    
   (2.57),  

 ,  ,    
 

 .   77 %. 
 
 

        .  
   d = 10 ,   l = 260 .  

        
  cT , иT , max

иT ,      
 

0,5cT c d   ,                                                                                            (2.58) 
 

2 21,8 0,02иT d a    ,                                                                                  (2.59) 
 

max 22,5иT d  ,                                                                                             (2.60) 
 

   –   ,        
   , ; 

d –  , ; 
a –   ,      

 , . 
:  = 15 ; d = 1 ;  = 1 . 

     (2.58), (2.59)  (2.60), 
 

 
 = 0,5 ∙ 6,6 ∙ 1 = 3,3 ; 

 
Tu = 1,8 ∙ 12 + 0,02 ∙ 6,62 = 2,67 ; 
 
Tu

max = 2,5 ∙ 12 = 2,5 . 



 

  

 

 
  n,        

 ,    
 
n = N/(Tn ),                                                                             (2.61)                   
                                                                                         

  N –         3.1, ; 
Т –   , ; 
n  –      [2,  20]. 

: N = 0,8392 ; Т = 2,5 ; n  = 2. 
    (2.62),  

 
n = 0,8392/(2,5  2) = 0,17 .      
                                                                               

        
  2   10 ,  260 . 

                      
 3.10. 

 
 
 
 
 

 3.10 –     
 
 

 
 

 
 

 , % 

    
  

2,7  0,599  77 

  
 

240  36,96  85 

  
  

240  64,19  73 

 
:        

 ,      73 %.   
       
. 

    :   
 16 ;  10 .  

   : 2   10 ,    260 
. 

  



 

  

 

3     

3.1   

  – . , . ,  . 
      190 363.  

  0,000    . ё          
N = 46,42 . -      3.1. 

 

 
 

 3.1 – -   
 

3.2  -     

       
 . 

      
 



 

  

 

𝜌 = + = 𝑠+ ,                                                                                                  

(3.1) 
 

    𝜌 –  ;     𝜌  –   ;      –  ;      –  . 
    : 

 = 𝑠−
,                                                                                                            

(3.2) 
 

    : 
 = ∙ 𝑠∙ ,                                                                                                             

(3.3) 
 

    𝜌  –  ,  𝜌 =  / . 
      

 = ∙ 𝜌,                                                                                                              
(3.4) 

 
     –   . 

     
 = ( − 𝑝)𝐿− 𝑝 ,                                                                                                         

(3.5) 
 

      –     ( );      –    . 
      : 

 = ∙ 𝑠−+ ,                                                                                                    

(3.6) 
 

     
 = − ∙ ,                                                (3.7) 
 



 

  

 

       3.1.



 

 

 

 

  3.1 – -    

№  ℎ, 
 

, / 3 
 

, / 3 
 

    , 
 

, 
 

, 
 

,  𝜌 𝜌  𝜌      
1    1 1,5 – – 15 – – – – – – – – – – – 
2   4 1,6 1,54 2,66 16 0,04 – – 0,73 0,15 – – 2 26 11 250 
3   3 1,98 1,56 2,66 19,8 0,27 – – 0,71 1 – – 2 26 11 100 
4    3 1,98 1,56 2,66 19,8 0,26 – – 0,7 1 – – 2 28 18 200 
5   3 1,98 1,57 2,7 19,8 0,26 – – 0,69 1 0,29 7 1 38 30 500 
6  5              50  

 
  



 

 

 

 

3.3     

3.3.1     

       
  : 

–  ; 
–    ; 
– -  . 

      
 = ∙ ,                                                                                                    

(3.8) 
 

  = ,  –      (  ); 
    = ,  – ,     

, = , . 
 

    (3.8), : 
 = , ∙ , ∙ , = ,  . 
 

    1,0    ,   
  .      

     ,   0,3 . 
    ,     

        2 . 
,        

. 
    – 1,65 , ,  

     0,3 ,     
   –0,150 . 

3.3.2      
   

       
 = − ∙ ,                                                                                                       

(3.9) 
 

   –     , 
   ; 

 –   ; 



 

 

 

 

 –       , =  / ; 
 –  . 

 
    (3.9), : 

 = ,− ∙ , = ,  2. 

 
      , ,        

 .   ,    , 
       ,   

       
 . 

    η = l/b  
  η ≤ 1,2-1,5,  η = 1,2.    

   : 
 : 

 b = √Аη = √ , , = ,                                                    

(3.10) 
 

 : 
 = А = , , = ,  .                                                                                            

(3.11) 
 

       300 : 
b=600 , l=900 . 

3.3.3      

        
b<10    : 

 = · [   + ′ + ],                                                 (3.12) 

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

 (  –      𝑧 = ); 



 

 

 

 

    ′  –        
 

 –        
. 

       
    

 = ∙ ℎ + ∙ ℎ
,                                                                                      

(3.13) 
 

      –    №1; 
 –    №2; ℎ  –    ; ℎ  –     . 

       
   : 

 = ∙ ℎ + ∙ ℎ
,                                                                                  (3.14) 

 
      –    №1  ; 

 –    №2  ; ℎ  –      ; ℎ  –       . 
    (3.14), : 

 = ∙ , , + , ∙ ,, = ,  / 3. 

 
    (3.13), : 

 = ∙ , + ∙ ,, = ,  / 3. 

 
    (3.12), : 

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

    ,    R0 = 250 , ,  
     : А = ,, − ∙ , = ,  2. 

 
 : 



 

 

 

 

 b = √Аη = √ , , = ,  . 

                                                                                  
 : 

 = А = , , = ,  . 
 

       300   
   : b=1200 , l=1500 .  

   =1,8 2. 

3.3.4      

     : 
 ′ = + ,                                                                                            (3.15) 
 

      –    ; 
 –    . 

     : 
 ′ = + ∙ − , ,                                                                     (3.16) 
 

      –  ,   ; 
 –  ,   ; 

 –   ; 
     : 

 ′ = ,                                                                                                           
(3.17) 

 
       

 = ∙ ∙ ∙ ,                                                                                           
(3.18) 

 
    (3.18), : 

 = , ∙ , ∙ , ∙ = ,  . 
 

  : 
 ′ = , + , = ,  ; 



 

 

 

 

 ′ = , + , ∙ , = ,  ∙ ; 
 ′ = ,  . 
 
 
 

3.3.5      

      
    : 

 < ,    
 , ,            
 𝑖 . 
 

       
 = ′

,                                                                                                           

(3.19) 
 

     ′ –   . 
       

 𝑖 = ′ − ′
,                                                                                                

(3.20) 
 

     ′ –   ; 
     –    . 

       
 = ∙

,                                                                                                          

(3.21) 
 

       
 = ′ + ′

,                                                                                               

(3.22) 
 

    (3.21), : 



 

 

 

 

 = , ∙ , = ,  3. 

 
    : 

 = ,  , = ,  < ,  ; 
 𝑖 = ,  , − , , = ,  ; 

 = ,  , + , , = ,  < ,  . 
 

  . 

3.3.6       

       : 
 

,                                                                                                             
(3.23)  

 
   S –   ,    

 ; 
          Su –      ,  
15     .                                                                                       

   : 
 ℎ𝑖 , ∙ ,                                                                                                     

(3.24) 
 

     ℎ𝑖 –  𝑖 −  . 
       : 

 𝜎 , = ′ ∙ ,                  (3.25) 
 

     : 
 𝜎 ,𝑖 = 𝜎 , + 𝛴 𝑖 ∙ ℎ𝑖,                                                                                   

(3.26) 
 

       
: 

 



 

 

 

 

= − 𝜎 , ,                                                                                              

(3.27) 
 

      –        . 

      : 
 𝜎 ,𝑖 = 𝑖 ∙ ,                                                                                                  

(3.28) 
 

  𝑖 –  ,      /   𝑧/ . 
     : 

 𝑖 = 𝜎 𝑝,  ,𝑖∙ℎ𝑖𝑖 ∙ ,                                                                                              

(3.29) 
 

     𝜎 , ,𝑖 –    ; 
    𝑖 –   𝑖 −  ; 
     – ,   0,8. 

      0,48 . 
    (3.25), : 

 𝜎 , = , ∙ , = ,  . 
 

    (3.27), : 
 = , − , = ,  . 
 

    ,     
      ,  , 

  : 
 
 ,𝑖 ,  ,𝑖.                                                                                               

(3.30) 
 

ΣSi = 4,2  <15 . 
 

 . 

3.3.7    

 : d = 1,65 , b = 1,2 , l = 1,5 ;  
  200 350 . 



 

 

 

 

    : 
  l     h = 300 ,  

300 ; 
  b     300 ,  300 

. 
       

 900 600 . 

3.3.8       

      
  : 

 ∙ ℎ , ∙                    (3.31) 
 

  F –    ,    
; 

–    ; ℎ  –     ; 
 –   . 

 
   ,     

   
 = ∙ ,                                                  (3.32) 
 

     0 –   ; 
 –        

      . 
 

 0   : 
 
 = , ( − − ∙ ℎ ) − , − − ∙ ℎ .             (3.33) 

 
    : 

 = , + ℎ .                                                           (3.34) 
 

     ,  –  ; ℎ  –     . 
       : 

 
 ℎ = ∙ ℎ − ,  .                                (3.35) 
 



 

 

 

 

     n –  . 
 

    (3.35), : 
 ℎ = ∙ , − , = ,  . 

 
    (3.34), : 

 = , + , = ,  . 
 

    (3.33), : 
 = , ∙ , ∙ , − , − ∙ , − , ∙ , − , − ∙ , =,  . 

 
    (3.32), : 

 
 = , ∙ , = ,  .    
 

 F = 3,61 ; bm = 0,25 ;  ℎ  = 0,85 ; Rbt = 900   
 20.        

     (3.31): 
 ,  , ∙ , ∙ = ,  . 

 
 . 

3.3.9       

,    ,   : 
 𝑖 = ∙ 𝑖 − − ∙ 𝑖 ,                                                                       

(3.36) 
 

        –          
   ; 𝑖 –  ; 

 –     . 
    : 

 = ′′,                                                                                                     (3.37) 

 
,   ,    

    



 

 

 

 

 𝑖 = ∙ 𝑖,                                                                                                      
(3.38) 

 
     𝑖–  . 

      
 𝑖 = 𝑖𝜉∙ℎ 𝑖∙ 𝑠,                                                                                                     

(3.39) 
 

     𝑖 –    ; 𝜉 – ,   ; ℎ 𝑖 –    ; 
 –   . 

     
 = 𝑖𝑖∙ℎ 𝑖∙ ,                                                                                                  

(3.40) 
 

   𝑖 –    ; 
 –    . 

    (3.37), : 
 = , , = ,  . 
 

     3.2.  
 

 3.2 –   

–
 

 𝑖, 
 

∙ 𝑖 +− ∙ 𝑖
 

, ∙  
 𝜉 ℎ 𝑖 ,  

1-1 0,3 
1,39 1,08 1,5 0,122 0,935 0,25 0,018 

2-2 0,55 4,68 1,06 4,96 0,288 0,825 1,45 0,012 
1`-1  ̀ 0,3 1,74 1,08 1,87 0,147 0,920 0,25 0,023 
2`-2  ̀ 0,5 4,84 1,07 5,17 0,351 0,771 1,45 0,013 

 
  –1.  

      200 , . .  –1 
    – 6 ,     – 

8 .     b    – 6 
 (  6Ø6 400– = ,  ,   0,018 2),    – 6 



 

 

 

 

 (  8Ø6 400– = ,  ,   ,  ).   
, , 1150   1450 . 

    –2,   
   Ø12 400   200 ,  

Ø6 240   600 .    1450 ,    
– 2.    – 550 ,     – 3. 

 
  



 

 

 

 

3.4    

3.4.1       

 
 3.2 – -        

 
   dp    -1,35 .  

    0,3     –1,05 .   
    ,    – 8 . 

   9  ( 90.30);     –10,05 
,      – 2,05 . 

         3.3. 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 3.3 –       
 

 

3.4.2     

     : 
 = ∙ ∙ + ∙ ∙ ∑ 𝑖 ∙ ℎ𝑖 ,                                                         

(3.41) 
 

      –      ; 
 –        ; 

 –       ; 
 –    ; 
 –    ; 

 –        ; 𝑖 –         
 𝑖 −   ; ℎ𝑖 –  𝑖 −   . 

 
    (3.41), : 



 

 

 

 

 = ∙ ∙ ∙ , + , ∙ ∙ , = ,  . 
 

 ,   ,   : 
 / ,                     (3.42) 
 

     N  –      ; 
Fd –   ; 
γk –  ,      

 ,   1,4. 
    (3.42), : 

 = ∙ , / , ∙ ,  = 312,81 . 

3.4.3      

    : 
 = 𝐹𝛾 − , ∙ 𝑝∙ − , ∙ ∙ ,                                                                                   

(3.43) 
 

      –  ; 
 –   ; 
 –         ; 
 –  . 

    (3.43), : 
 = ,, − , ∙ , ∙ − , ∙ ∙ , = ,  . 

 
      n = 3 . 

     1-    
.     : 

 / ,                     (3.42)  

 
            

  : 
 
Nci = N//n                                                                                                  (3.44) 
 



 

 

 

 

     N –    ;      
        1,1; 

n –    , 3. 
       Fd/γk  20%.   

    (3.44), : 
 

N 1,2,3 = 46,42/3 = 15,47  < 375,37 ; 
 

 / , . 

3.4.4     

   300    b=1500 , l=1500 ,  
         150 .   

   ,      . 
     50       

 .          20 
  -   F50.    

    400.      1 
      .    

   ,     
. 

      : 
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