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3    
 

        
  ,       

      .   
      . 

       
  : 

-   -   150  10 ; 
-  OSB  12 ; 
-   200 ; 
-  OSB  12 . 

      
  3.1. 

 
 3.1 -       

 
 

ρ, / 3 

 
  

λ , /( . ) 
1 2 3 

1.   -   
150 

1800 0,93 

2.  OSB-3 600 0,16 
3.  
 

  
 

 
 

  

85 
 

100 
 

54 
 

25 

0,050 
 

0,045 
 

0,041 
 

0,031 
4.  OSB-3 600 0,16 
 

      . 
       

  37      21 . 
      

       
: 

 

R 1  = 
1𝛼 + ∑ 𝑠𝑠 + 1𝛼 ,                                                                             (3.1) 

 
  -     

                                                                         , 
/( 2·° ),   [3, . 4]; 
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 -      
, /( 2·° ),   [3, . 6]; 𝑠 -      , 

( 2·° )/ . 
     : 

 
U1 = 1/R 1 ,                                                                                               (3.2) 
 

 R 1  -      
  , 2· / . 

 ,     Sl,1 = 1 2.  
       : 

 
Q1,l = ([t  - t ]/(R 1 ))∙Sl,1,                                                                         (3.3) 
 

 t  -    , ° ; 
t  -    , ° ; 
R 1  –  ,     (2); 
Sl,1 -    ,    

    , 2. 
       

     . 
        

  . 
     (3.1): 

 
R 1  = 1/8,7 + 0,01/0,93 + 0,012/0,16 + 0,2/0,050 + 0,012/0,16 + 1/23 = 

4,319 2· / . 
 

      (3.2): 
 
U1 = 1/4,319 = 0,232 /( 2· ). 
 

        
 (3.3): 

 
Q1,l = [21 - (-37)]/(4,319*1)*1 = 13,43 ∙ / 2. 
 

        
   . 

     (3.1): 
 
R 1  = 1/8,7 + 0,01/0,93 + 0,012/0,16 + 0,2/0,045 + 0,012/0,16 + 1/23 = 

4,764 2· / . 
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      (3.2): 

 
U1 = 1/4,764 = 0,210 /( 2· ). 
 

        
 (3.3): 

 
Q1,l = [21 - (-37)]/(4,764*1)*1 = 12,17 ∙ / 2. 
 

        
  . 

     (3.1): 
 
R 1  = 1/8,7 + 0,01/0,93 + 0,012/0,16 + 0,2/0,041 + 0,012/0,16 + 1/23 = 

5,197 2· / . 
 

      (3.2): 
 
U1 = 1/5,197 = 0,192 /( 2· ). 
 

        
 (3.3): 

 
Q1,l = [21 - (-37)]/(5,197*1)*1 = 11,16 ∙ / 2. 
 

        
   . 

     (3.1): 
 
R 1  = 1/8,7 + 0,01/0,93 + 0,012/0,16 + 0,2/0,031 + 0,012/0,16 + 1/23 = 

6,771 2· / . 
 

      (3.2): 
 
U1 = 1/6,771 = 0,148 /( 2· ). 
 

        
 (3.3): 

 
Q1,l = [21 - (-37)]/(6,771)*1 = 8,57 ∙ / 2. 
 

     3.2.  
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 3.2 –    

  
 

, 
2· /  

 
 , 

/( 2· ) 

   
  , 
∙ / 2 

1 2 3 4 
 4,319 0,232 13,43 

  4,764 0,210 12,17 
 5,197 0,192 11,16 

 
 

6,771 0,148 8,57 

  
      « »    

01.05.2021  1 688,81 ./ . 
 

 3.3 –         

 
  

 
  

  

  
-
 

  
-

 
-

 
1 2 3 4 5 

, ∙ / 2 13,43 12,17 11,16 8,57 

, 
∙  / 2 

0,06457438 0,05851247 0,05366294 0,04120378 

  
 

, / 2 
109,05 98,82 90,63 69,59 
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4     
 

       
       

         . 
        

 :  
1)        
   ; 
2)   -    «  

  700  »     = 85%    
 ; 

3)     «Termex Energy Pro 24»  
   « »,    « -

»     ; 
4)     «Termex Energy Pro 24»  

   ,    
« - »     . 

 
4.1    
 

      . 
  – 3,0 .  

   ,   
,  ,  ,   ё  

 ,    
        [1].  

 : V  = 428,97 3; 
   :  = 145,92 2; 

  : A  = 98,76 2; 
  : m  = 5 .; 

    : A  = 442,02 2; 
   :  = 263,20 2; 

  :  
    : 240,70 2; 
  : 88,36 2; 
    : 88,36 2; 

   A  = 22,50 2. 
  : 1 = 2,1 2. 
         1.1: 
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 4.1 –       

 
 , 2,  

   
    

   - 6,75 9,00 6,75 
 
4.2       

       
    

 
4.2.1    
 

  –     ; 
    t  =  -37  [2]; 
      t .  = 21  [3]; 

   z  = 235 . [2]; 
     t  = -6,5  [2]; 

     φ  = 55 % [1]. 
     « » [1]. 
-    ( )   

     :  
 
Dd = (t .  – t )·z  ,                                                                                      (4.1) 
  

 t .  -      , ; 
 t  -     , ; 
 z  -   , . 
      : 

 
Dd = (21 + 6,5)·235 = 6462,5 · . 
 

      
    [1, . 3]: 

-     : 
 
R .1 = a·Dd + b,                                                                                           (4.2) 

 
 a, b – ,      [1, . 3]; 

Dd – -    ( ), · . 
      : 

 
R .1 = 0,00035·6462,5 + 1,4 = 3,66 2· / ; 
 
-      (1.3): 
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R .1 = 0,00005·6462,5 + 0,3 = 0,62 2· / ; 
 
-      : 
 
R .1 = 0,6·(t .  – t )/(Δt  α ),                                                                    (4.3)            
 

 t .  –  ,    (4.1); 
t  –    , ; 
Δt  –      

       
,   [1, . 5], ° ; 

α  -      
,   [1, . 4], /( 2·° ). 

     : 
 
R .1 = 0,6·(21 - (-37)/(4,0·8,7) =  1,0 2· / ; 
 
-    (   ) 

   (4.2): 
 
R .2 = 0,0005·6462,5 + 2,2  = 5,43 2· / ; 
 
-       (4.2): 
 
R .1 = 0,00045·6462,5 + 1,9 = 4,81 2· / . 
 

   Δt    
       

 : 
-     –  4  [1]; 
-   –  3  [1]. 

 
4.2.2     

 
 : 

  –  :   – 
  Knauf  12,5 , ,  

   50 200    –  
 Thermit  200 ,    

    Thermit  200 , 
, ; 
 :   –   Knauf 

 12,5 , ,       
50 250 ,  –   Thermit  
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250 ,       
 Thermit  100 , , 
  :   –  OSB-3  22 

, ,       50 250 , 
 Thermit  250 ,     

    100 , , 
 :       

      
c        4   1, 
      ,   

  14 , :      - 
. 

 
4.2.3      
 

    
 

       
,     :   – 

 Knauf  12,5 ,      
  50 200     –   

  Thermit  200 ,   
  –     

Thermit  200 , ,    
. 

        
 250 .      . 2.1. 

 

 
 4.1 –  

 
      

  4.1. 
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 4.1 -       

 
 

ρ, / 3 

 
  

λ , /( . ) 
1.   Knauf 800 0,21 
2.   Thermit  25 0,031 
3.      500 0,18 
4.  OSB-3 600 0,16 
5.   R = 0,66 2· /  - 0,163 

 
,    

)  ,    :  
Knauf (12,5 ),      (200, 100 ), 

  Thermit (400 ) –  ; 
)   –   1; 
)     –   2. 

 
    

 ,   ,   263,20 2.  
   ,    

  22,50 2. 
      

    R    
:  

 
 =  - ,                                                                                            (4.4) 

 
  –   , 2; 

  –       , 2. 
     : 

 
 = 263,20 – 22,50 = 240,70 2. 

 
       :  

 
 = 240,70/240,70 = 1; 

 
     : L1 = 60,00 .  

  ,   1 2   :  
 
L1 = 60,00/240,70 = 0,2493 -1; 
 

   : L2 = 36,00 .   
,   1 2   :  
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L2 = 36,00/240,70 = 0,1496 -1. 
 

   ,   
       

  37      21 . 
     ,   

    Q1,1 = 5,21 / .   
  . 4.3. 

   1    
 : 

 
R 1  = [21 - (-37)]/5,21= 11,13 2· / . 
 

     : 
 
U1 = 1/R 1 ,                                                                                               (4.5) 
 

 R 1  -      
  , 2· / . 

     : 
 
U1 = 1/11,13 = 0,090 /( 2· ). 
 

   1     
,  .     . 

4.3. 
 ,     Sl,1 = 1 2.  

     ,   ,   
    Q1

L = 6,18 / . 
      1 

  : 
 
ΔQ1

L = Q1
L - Q1,1,                                                                                       (4.6) 

 
 Q1

L –       , / ; 
 Q1,1 –      , / . 

     : 
 
ΔQ1

L = 6,18-5,21 = 0,97 / . 
 

       1 
  : 

 
Ψ1 = ΔQ1

L/(t -t ),                                                                                        (4.7) 
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 ΔQ1

L –      , 
/ ; 

 t  –  ,    (4.1);. 
t  –  ,    (4.3). 
 

     : 
 
Ψ1 = 0,97/[(21 - (-37)] = 0,017 /( · ). 
 

   2     
,  .     . 

4.3. 
  ,     Sl,1 = 0,628 

2.       ,   ,  
     Q2

L = 5,81 / . 
      1   

(4.6) : 
 
ΔQ2

L = 5,81-3,27 = 2,54 / . 
 

       1 
   (4.7): 

 
Ψ1 = 2,54/[(21 - (-37)] = 0,044 /( · ). 
 

      4.2.  
     4.3. 

 
 4.2 –    

  

  
 

 
  

  
 

 
 

 
 
 

 
 

 

  1 
( . 2.3. ) 

Q1,l = 5,21 /  Q1
L = 6,18 /  

Ψ1 = 0,017 
/( · ) l1 = 0,2493 -1 

  2 
( . 2.3. ) 

Q2,l = 3,27 /  Q2
L = 5,81 /  

Ψ2 = 0,044 
/( · ) l2 = 0,1496 -1 
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 4.2 -   

 
    . 
    4.3. 

 
 4.3 –    

  
 

 
 

 
 
 

  
, 

 
 

  
 

  
, % 

  1 1 = 1,000 
U1 = 0,090 

/( 2· ) 
U1 1 = 0,090 

/( 2· ) 89,29 

  1 l1 = 0,2493 -1 Ψ1 = 0,017 
/( · ) 

Ψ1l1 = 0,0042 
/( 2· ) 4,17 

  2 l2 = 0,1496 -1 
Ψ2 = 0,044 

/( · ) 
Ψ2l2 = 0,0066 

/( 2· ) 6,54 

   
1/Ro  = 0,1008 

/( 2· ) 100 

 
      

: 
 
R  = 1/(∑Ujaj+∑ Ψjlj),                                                                             (4.8) 
 

 Uj –    j-    
   (      

 j-  ), /( 2· ); 
aj –     j-  ,   
1 2    ,   

 , 2/ 2;. 
Ψj –       -  

, /( 2· ); 
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lj -    j-  ,   
1 2    ,   

 , / 2.  
     : 

 
R  = 1/0,1008 = 9,92 2· / . 
 

     
: 

 
r  = R  / R ,                                                                                        (4.9) 
 

 R  –    , 2· / ; 
R  -    , 2· / .  

     : 
 
r  = 9,92/11,13 = 0,89. 
 

  R  = 9,92 2· /     
   R  = 3,66 2· / . 

       
     : 

-   : 
 
Δt  = (t  – t )/(R .1 · α ) = (21 + 37)/(9,92·8,7) = 0,68  < Δtn = 4,0 . 
 

    [1]. 
 

   : R  = 9,92  
2· / . 

    : 
-    : A  = 240,70 2. 

 
    

 
     . 

  : 
1.   Knauf ρ = 800 / 3, λ  = 0,21 /( . ); δ = 0,0125 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,35 ; 
4. -   (    ); 
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     : 

 

R 1  = 
1𝛼 + ∑ 𝑠𝑠 + 1𝛼 ,                                                                           (4.10) 

 
  -     

                                                            , /( 2·° ), 
  [1, . 4]; 

 -      
, /( 2·° ),   [1, . 6]; 𝑠 -      , 

( 2·° )/ . 
     : 

 
Ro = 1/8,7 + 0,0125/0,21 + 0,35/0,031 + 1/12 = 11,55 2· / . 
 

    Ro,  = 11,55 
2· / ,   R  = 5,43 2· / . 

       
     : 

 
Δt  = (t  – t )/(Ro, .2 ·α ) = (21 + 37)/(11,55·8,7) = 0,58  < tn = 3,0 . 
 

    [1]. 
  : Ro, .2 = 11,55 2· / . 

    : .2 = 88,36 2. 
 

     
 

     . 
  : 

1.  OSB-3 ρ = 600 / 3, λ  = 0,16 /( . ); δ = 0,022 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,35 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,022/0,16 + 0,35/0,031 + 1/12 = 11,63 2· / . 
 

    Ro,  = 11,63 
2· / ,   R  = 4,81 2· / . 
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     : 

 
Δt  = (t  – t )/(Ro. ·α ) = (21 + 37)/(11,63 ·8,7) = 0,57  < Δtn = 2,0 . 
 

  : Ro,  = 11,63 2· / . 
   :  = 88,36 2. 

 
  

 
    30674-99    

    c     
   4   1,    

   ,     14   
 24866-99,     R  = 

0,75 2· / . 
   :  = 22,5 2. 

 
В   
 

         
   ,      
 1,07 2· /  (  31173-2003).  

   : A  = 2,1 2. 
 

4.2.4     
 

 щ    
 

      
: 

 
k  = 1/V  ∙ (∑(nt,j ∙ A ,i / R o,i) + ∑nt,jΨjlj),                                             (4.11) 
 

 R o,i –  ,     (4.9); 
A ,i -  ,     (4.4); 
nt,j - ,      

       ; 
Ψj -  ,     (4.8); 
lj -  ,     (4.4); 
V  -   , 3. 

     : 
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k  = 1/428,97 · [240,70/9,92 +  22,5/0,75 + 2,1/1,07 + 88,36/11,55 + 
88,36/11,63)] =  0,167 /( 3· ). 

 
     4.4. 

 
 4.4 –      

  nt,i ,i, 2 R , i  
2· /  

nt,i· ,i/ R , i  
/  

% 

   1 1 240,70 9,92 24,26 33,94 
  1 88,36 11,55 7,65 10,70 

   1 88,36 11,63 7,60 10,64 
 1 22,5 0,75 30 41,98 

  1 2,1 1,07 1,96 2,74 
  442,02  71,47 100 

 
      

  : 
 
k  = (4,74/(0,00013 +0,61))(1/ (V )1/3),                                     (4.12) 
 

  –  ,     (4.2); 
V  -   , 3. 

     : 
 
k  = (4,74/(0,000136462,5+0,61))(1/ (428,97)1/3) = 0,433 /( 3· ). 
 

     
, ,    . 

  :  
 
K  = k  / K  = 0,167 / 1,030 = 0,162. 

 
    

 
       

  : 
 
p  = 353 / (273 + t ),                                                                            (4.13) 
 

 t  -  ,    (4.1). 
     : 

 
p  = 353 / (273 – 6,5) = 1,326. 
 

    = 1 /( · ). 
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       n  = 168 . 
        n  = 

168 .  
     ,   

   𝑣 = 0,85.  
   𝑘эф = 0,85. 

       
  : 

 
k  = 3463 / (273 + t),                                                                             (4.14) 
 

 t –     , oC. 
     : 

 
γ  = 3463/(273 – 37) = 14,67 / 3;  
 
  
γ  = 3463/(273 + 21) = 11,78 / 3. 
 

        
    : 

 
Δ  = 0,28·H·( γ  – γ ) + 0,03· γ  · 2,                                                         (4.15) 
 
Δ  = 0,55·H·( γ  – γ ) + 0,03· γ  · 2,                                                         (4.16) 
 

  –   (         
), ; 

γ , γ  -      , / 3; 
 -         , 

   16 %  , / . 
     : 

 
Δ  = 0,28·6,30·(14,67 – 11,78) + 0,03·14,67·4,12 = 12,50 ; 
 
Δ  = 0,55·6,30·(14,67 –11,78) + 0,03·14,67·4,12 = 17,41 . 
 

       
   : 

 
R ,  = Δ / G ,                                                                                         (4.17)  
 
R ,  = Δ / G ,                                                                                         (4.18) 
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 Δ , Δ  –        
  , ; 

G  -     
,     [1, (7.1)], /( 2 ). 

     : 
 
R ,  = 12,50 / 5 = 2,50 2· · / ; 
 
R ,  = 17,41 / 7 = 2,49 2· · / . 
 

  ,   
  , ,      
    : 

 
G  = ( /R , )·(∆ /10)2/3 + ( / R , )·(Δ /10)1/2,                       (4.19) 
 

  –  ,     (4.4); 
 –    , 2; 

R , , R ,  -      
  , 2· · / ; 

Δ , Δ  -  ,     (4.18). 
     : 

 
G  = (22,50/2,50)·(12,50/10)2/3 + (2,1/2,49)·(17,41/10)1/2 = 11,56 / ; 
 

        
      L  = 0,35·h ·A  = 

0,35·2,9·98,76 = 100,24 3/  < 30·m = 30·5 = 150 3/ ,     
L  = 150 3/ . 

       
        

  : 
 𝑛 = [(L · n )/168 + (G  · n )/(168· p )]/( 𝑣· V ),                    (4.20) 
 

 L  –     , 3/ ; 
n  –        , 

; 
G  -   ,   

  , / ; 
p  -       ; 𝑣  -      ,  

   .    
 = 0,85; 
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V  -  ,     (4.12). 
     : 

 𝑛 = [(150·168)/168 + (11,56·168)/(168·1,326)]/(0,85·428,97) = 0,435 -1. 
 

      
: 

 𝑘  = 0,28·c·𝑛 · 𝑣· p  ·(1 – k ),                                                         (4.21) 
 

  –   ,  1 /( ∙ ); 
n  –       ,   

-1; 
G  -   ,   

  , / ; 
p  –  ,     (4.20); 𝑣  -  ,     (4.20); 
k  -   . 

     : 
 𝑘  = 0,28·1·0,435·0,85·1,326·(1 – 0,85) = 0,020 /( 3· ). 

 
     

 
    1 2    

     [1, .5]: 
 𝑞 ы = 17 + (10-17) / (45-20) · (29,2-20) = 14,42 / 2, 
 

 29,2 2   –   . 
     
  : 

 
K  = q A /(V ·(t -t )),                                                                        (4.22) 
 

 q  –     1 2  , 
/ 2; 

 –   , 2; 
V  -  ,     (4.12); 
t  –  ,    (4.1);. 
t  –  ,    (4.1). 

     : 
 
K  = 14,4298,76/(428,97·(21 + 6,7)) = 0,120 /( 3· ). 
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   : 

  𝑘 = 11,6∙Q /(V · ),                                                              (4.23) 
 

  = FkF (AF1I1 + AF2I2 + AF3I3 + AF4I4) + scykscyAscyIhor = 
0,8·0,68·(0·860 + 6,75·1200 + 9,00·1808 + 6,75·1200) + 0 = 17 664,77 ; 

V  -  ,     (4.12); 
 -  ,     (4.2). 

 𝑘 = 11,6∙17664,77/(428,97 ∙ 6462,5) = 0,074 В / 3 ∙ С . 
 

       
       

 
       

          
: 

 
q  = ((k  + k  – (k  + k )∙ ∙ζ) · (1- ) · ℎ),                                      (4.24) 
 

 k  –    , /( 3∙ ); 
k  –    , /( 3∙ ); 
k  -     , 

/( 3∙ ); 
k  –        

, /( 3∙ ); 
 –        

 ; 
ζ –       

 ; 
 – ,     
        , 

       = 
0,1; ℎ  – ,    

 ,      
    ,   

    ,  
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    ,  , 
   ; 

     : 
 
q  = ((0,167 + 0,020 – (0,120 + 0,074)∙0,837∙0,7) · (1-0,1) · , 5) = 0,069 В / 3 ∙ С . 
 

      
          

0,414 /( 3· ) – ,  [1].  
       

        : 
 
(𝑞  – 𝑞 )/(𝑞 /100) = (0,069 – 0,414)/(0,414/100) = - 83,3 %. 
 

    « ++». 
 

4.2.5          
  

 
         

  , · / ,   : 
 
Q  = 0,024∙ ∙V ∙q ,                                                                   (4.25) 
 

  -  ,     (4.2); 
V  –  ,    (4.12);. 
q  –        

      , В / 3 ∙ С . 
     : 

 
Q  = 0,024∙6462,5∙428,97∙0,069 = 4591 · / . 

 
4.2.6       
 

        
: 

 
Q  = 0,024∙ ∙V ∙(k + k ),                                                      (4.26) 
 

  -  ,     (4.2); 
V  –  ,    (4.12);. 
k  –  ,    (4.24); 
k  –  ,    (4.24). 

     : 
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Q  = 0,024∙6462,5∙428,97∙(0,167+0,020) = 12 442 · / . 

 
4.2.7         

    
 

          
  q, · /( 2· ),   : 

 
q = (0,024∙ ∙q ∙V )/ ,                                                                 (4.27) 
 

  -  ,     (4.2); 
V  –  ,    (4.12);. 
q  –  ,    (4.25); 

 –    , 2. 
     : 

 
q = (0,024∙6462,5∙0,069∙428,97)/145,92 = 31,5 · /( 2· ). 
 
       «Termex 

Energy Pro 24»: 
 
q = 31,5+5,2-22,2 = 14,5 · /( 2· ). 

 
 4.3      

       
 

4.3.1    
 

. . 4.2.1. 
 

4.3.2     
 

 : 
  –  :   – 

  Knauf  12,5 , ,  
   50 200    –  

 Thermit  200 , ,  OSB-3 
 12 , ; 

 :   –   Knauf 
 12,5 , ,       

50 250 ,  –   Thermit  
250 , , 
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  :   –  OSB-3  22 
, ,       50 250 , 

 Thermit  250 , , 
 :       

      
c        4   1, 
      ,   

  14 , :      - 
. 

 
4.3.3     
 

    
 

       
,     :   – 

 Knauf  12,5 ,      
  50 200     –   

  Thermit  200 , 
,  OSB-3  12 ,    

. 
        

 250 .      . 2.1. 
 

 
 4.3 –  

 
      

  4.5. 
 

 4.5 -       

 
 

ρ, / 3 

 
  

λ , /( . ) 
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1.   Knauf 800 0,21 
2.   Thermit  25 0,031 
3.      500 0,18 
4.  OSB-3 600 0,16 
5.   R = 0,66 2· /  - 0,163 

 
 
 

,    
)  ,    :  

Knauf (12,5 ),      (200 ),  
 Thermit (200 ) –  ; 

)   –   1; 
)     –   2. 

 
    

 ,   ,   263,20 2.  
   ,    

  22,50 2. 
      

    R    
 (4.4):  

 
 = 263,20 – 22,50 = 240,70 2. 

 
       :  

 
 = 240,70/240,70 = 1; 

 
     : L1 = 60,00 .  

  ,   1 2   :  
 
L1 = 60,00/240,70 = 0,2493 -1; 
 

   : L2 = 36,00 .   
,   1 2   :  

 
L2 = 36,00/240,70 = 0,1496 -1. 
 

   ,   
       

  37      21 . 
     ,   

    Q1,1 = 11,86 / .   
  . 4.4. 
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   1    
 : 

 
R 1  = [21 - (-37)]/11,86 = 4,89 2· / . 
 

      (4.5): 
 
U1 = 1/4,89 = 0,204 /( 2· ). 
 

   1     
,  .     . 

4.4. 
 ,     Sl,1 = 1 2.  

     ,   ,   
    Q1

L = 12,62 / . 
      1 

   (4.6): 
 
ΔQ1

L = 12,62-11,86 = 0,76 / . 
 

       1 
   (4.7): 

 
Ψ1 = 0,76/[(21 - (-37)] = 0,013 /( · ). 
 

   2     
,  .     . 

4.4. 
  ,     Sl,1 = 0,628 

2.       ,   ,  
     Q2

L = 15,73 / . 
      1   

(4.6) : 
 
ΔQ2

L = 15,73-7,45 = 8,28 / . 
 

       1 
   (4.7): 

 
Ψ1 = 8,28/[(21 - (-37)] = 0,143 /( · ). 
 

      4.2.  
     4.3. 
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 4.6 –    

  

  
 

 
  

  
 

 
 

 
 
 

 
 

 

  1 
( . 2.3. ) Q1,l = 11,86 /  Q1

L = 12,62 /  
Ψ1 = 0,013 

/( · ) l1 = 0,2493 -1 

  2 
( . 2.3. ) Q2,l = 7,45 /  Q2

L = 15,73 /  
Ψ2 = 0,143 

/( · ) l2 = 0,1496 -1 

 
 

   
 

 4.4 -   
 

    . 
    4.7. 

 
 4.7 –    

  
 

 
 

 
 

 

  
, 

 
 

  
 

  
, % 

  1  1 = 1,000  
U1 = 0,204 

/( 2· ) 
U1 1 = 0,204 

/( 2· ) 89,24 

  1 l1 = 0,2493 -1 Ψ1 = 0,013 
/( · ) 

Ψ1l1 = 0,0032 
/( 2· ) 1,40 

  2 l2 = 0,1496 -1 
Ψ2 = 0,143 

/( · ) 
Ψ2l2 = 0,0214 

/( 2· ) 9,36 

   
1/Ro  = 0,2286 

/( 2· )  100 

 
      

: 
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R  = 1/(∑Ujaj+∑ Ψjlj),                                                                             (4.8) 
 

 Uj –    j-    
   (      

 j-  ), /( 2· ); 
aj –     j-  ,   
1 2    ,   

 , 2/ 2;. 
Ψj –       -  

, /( 2· ); 
lj -    j-  ,   

1 2    ,   
 , / 2.  

     : 
 
R  = 1/0,2286 = 4,37 2· / . 
 

     
: 

 
r  = R  / R ,                                                                                        (4.9) 
 

 R  –    , 2· / ; 
R  -    , 2· / .  

     : 
 
r  = 4,37/4,89 = 0,89. 
 

  R  = 4,37 2· /     
   R  = 3,66 2· / . 

       
     : 

-   : 
 
Δt  = (t  – t )/(R  · α ) = (21 + 37)/(4,37·8,7) = 1,53  < Δtn = 4,0 . 
 

    [1]. 
 

   : R  = 4,37  
2· / . 

    : 
-    : A  = 240,70 2. 
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     . 

  : 
1.   Knauf ρ = 800 / 3, λ  = 0,21 /( . ); δ = 0,0125 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,25 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,0125/0,21 + 0,25/0,031 + 1/12 = 8,32 2· / . 
 

    Ro,  = 8,32 2· / , 
  R  = 5,43 2· / . 

       
     : 

 
Δt  = (t  – t )/(Ro, .2 ·α ) = (21 + 37)/(8,32·8,7) = 0,80  < tn = 3,0 . 
 

    [1]. 
  : Ro,  = 8,32 2· / . 

    : .2 = 88,36 2. 
 

     
 

     . 
  : 

1.  OSB-3 ρ = 600 / 3, λ  = 0,16 /( . ); δ = 0,022 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,25 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,022/0,16 + 0,25/0,031 + 1/12 = 8,40 2· / . 
 

    Ro,  = 8,40 2· / , 
  R  = 4,81 2· / . 

       
     : 
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Δt  = (t  – t )/(Ro. ·α ) = (21 + 37)/(8,40 ·8,7) = 0,79  < Δtn = 2,0 . 
 

  : Ro,  = 8,40 2· / . 
   :  = 88,36 2. 

 
  

 
    30674-99    

    c     
   4   1,    

   ,     14   
 24866-99,     R  = 

0,75 2· / . 
   :  = 22,5 2. 

 
В   
 

         
   ,      
 1,07 2· /  (  31173-2003).  

   : A  = 2,1 2. 
 
4.3.4     
 

 щ    
 

      
 (4.11): 

 
k  = 1/428,97 · [240,70/4,37 +  22,5/0,75 + 2,1/1,07 + 88,36/8,32 + 

88,36/8,40)] =  0,252 /( 3· ). 
 

     4.8. 
 

 4.8 –      

  nt,i ,i, 2 R , i  
2· /  

nt,i· ,i/ R , i  
/  

% 

   1 1 240,70 4,37 55,08 50,92 
  1 88,36 8,32 10,62 9,82 

   1 88,36 8,40 10,52 9,72 
 1 22,5 0,75 30,00 27,73 

  1 2,1 1,07 1,96 1,81 
  442,02  108,18 100 
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   (4.12): 

 
k  = (4,74/(0,000136462,5+0,61))(1/ (428,97)1/3) = 0,433 /( 3· ). 
 

     
, ,    . 

  :  
 
K  = k  / K  = 0,252 / 1,030 = 0,245. 
 

    
 

       
   (4.13): 

 
p  = 353 / (273 – 6,5) = 1,326. 
 

    = 1 /( · ). 
       n  = 168 . 
        n  = 

168 .  
     ,   

   𝑣 = 0,85.  
   𝑘эф = 0. 

       
   (4.14): 

 
γ  = 3463/(273 – 37) = 14,67 / 3;  
  
γ  = 3463/(273 + 21) = 11,78 / 3. 
 

        
     (4.15), (4.16): 

 
Δ  = 0,28·6,30·(14,67 – 11,78) + 0,03·14,67·4,12 = 12,50 ; 
 
Δ  = 0,55·6,30·(14,67 –11,78) + 0,03·14,67·4,12 = 17,41 . 
 

       
    (4.17), (4.18): 

 
R ,  = 12,50 / 5 = 2,50 2· · / ; 
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R ,  = 17,41 / 7 = 2,49 2· · / . 
 

  ,   
  , ,      
     (4.19): 

 
G  = (22,50/2,50)·(12,50/10)2/3 + (2,1/2,49)·(17,41/10)1/2 = 11,56 / ; 
 

        
      L  = 0,35·h ·A  = 

0,35·2,9·98,76 = 100,24 3/  < 30·m = 30·5 = 150 3/ ,     
L  = 150 3/ . 

       
        

   (4.20): 
 𝑛 = [(150·168)/168 + (11,56·168)/(168·1,326)]/(0,85·428,97) = 0,435 -1. 
 

      
 (4.21): 

 𝑘  = 0,28·1·0,435·0,85·1,326·(1 – 0) = 0,137 /( 3· ), 
 

     
 

    1 2    
     [1, .5]: 

 𝑞 ы = 17 + (10-17) / (45-20) · (29,2-20) = 14,42 / 2, 
 

 29,2 2   –   . 
     
   (4.22): 

 
K  = 14,4298,76/(428,97·(21 + 6,5)) = 0,120 /( 3· ). 
 

       
 

 
       

    (4.23): 
  

 = FkF (AF1I1 + AF2I2 + AF3I3 + AF4I4) + scykscyAscyIhor = 0,8·0,68·(0·860 + 
6,75·1200 + 9,00·1808 + 6,75·1200) + 0 = 17 664,77 ; 
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 𝑘 = 11,6∙17664,77/(428,97 ∙ 6462,5) = 0,074 В / 3 ∙ С . 
 

       
       

 
       

          
 (4.24): 

 
q  = ((0,252 + 0,137 – (0,120 + 0,074)∙0,837∙0,7) · (1-0,1) · , 5) = 0,260 В / 3 ∙ С . 
 

      
          

0,414 /( 3· ) – ,  [1].  
       

        : 
 
(𝑞  – 𝑞 )/(𝑞 /100) = (0,260 – 0,414)/(0,414/100) = - 37,2 %. 
 

    « +». 
 
4.3.5          

  
 

         
  , · / ,    (4.25): 

 
Q  = 0,024∙6462,5∙428,97∙0,260 = 17 299 · / . 
 
4.3.6       
 

        
 (4.26): 

 
Q  = 0,024∙6462,5∙428,97∙(0,252+0,137) = 25 882 · / . 
 
4.3.7         

    
 

          
  q, · /( 2· ),    (4.27): 
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q = (0,024∙6462,5∙0,260∙428,97)/145,92 = 118,6 · /( 2· ). 
 
4.4       

       
    

 
4.4.1    
 

  –     ; 
    t  =  -47  [2]; 
      t .  = 21  [3]; 

   z  = 295 . [2]; 
     t  = -15,1  [2]; 

     φ  = 55 % [1]. 
     « » [1]. 
-    ( )   

      (4.1):  
 
Dd = (21 + 15,1)·295 = 10 649,5 · . 
 

      
    [1, . 3]: 

-      (4.2): 
 
R .1 = 0,00035·10649,5 + 1,4 = 5,13 2· / ; 
 
-      (4.2): 
 
R .1 = 0,00005·10649,5 + 0,3 = 0,83 2· / ; 
 
-       (4.3): 
 
R .1 = 0,6·(21 - (-47)/(4,0·8,7) =  1,17 2· / ; 
 
-    (   ) 

   (4.2): 
 
R .2 = 0,0005·10649,5 + 2,2  = 7,52 2· / ; 
 
-       (4.2): 
 
R .1 = 0,00045·10649,5 + 1,9 = 6,69 2· / . 
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   Δt    
       

 : 
-     –  4  [1]; 
-   –  3  [1]. 
 
4.4.2     
 

 : 
  –  :   – 

  Knauf  12,5 , ,  
   50 200    –  

 Thermit  200 , ,  OSB-3 
 12 , ; 

 :   –   Knauf 
 12,5 , ,       

50 250 ,  –   Thermit  
250 , , 

  :   –  OSB-3  22 
, ,       50 250 , 

 Thermit  250 , , 
 :       

      
c        4   1, 
      ,   

  14 , :      - 
. 

 
4.4.3      
 

    
 

       
,     :   – 

 Knauf  12,5 ,      
  50 200     –   

  Thermit  200 ,   
  –     

Thermit  200 , ,    
. 

        
 250 .      . 2.1. 
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 4.5 –  

 
      

  4.9. 
 

 4.9 -       

 
 

ρ, / 3 

 
  

λ , /( . ) 
1.   Knauf 800 0,21 
2.   Thermit  25 0,031 
3.      500 0,18 
4.  OSB-3 600 0,16 
5.   R = 0,66 2· /  - 0,163 

 
,    

)  ,    :  
Knauf (12,5 ),      (200 ),  

 Thermit (200 ) –  ; 
)   –   1; 
)     –   2. 

 
    

 ,   ,   263,20 2.  
   ,    

  22,50 2. 
      

    R    
 (4.4):  

 
 = 263,20 – 22,50 = 240,70 2. 

 
       :  
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 = 240,70/240,70 = 1; 
 

     : L1 = 60,00 .  
  ,   1 2   :  

 
L1 = 60,00/240,70 = 0,2493 -1; 
 

   : L2 = 36,00 .   
,   1 2   :  

 
L2 = 36,00/240,70 = 0,1496 -1. 
 

   ,   
       

  47      21 . 
     ,   

    Q1,1 = 6,13 / .   
  . 4.6. 

   1    
 : 

 
R 1  = [21 - (-47)]/6,13 = 11,09 2· / . 
 

      (4.5): 
 
U1 = 1/11,09 = 0,090 /( 2· ). 
 

   1     
,  .     . 

4.6. 
 ,     Sl,1 = 1 2.  

     ,   ,   
    Q1

L = 7,36 / . 
      1 

   (4.6): 
 
ΔQ1

L = 7,36-6,13 = 1,23 / . 
 

       1 
   (4.7): 

 
Ψ1 = 1,23/[(21 - (-47)] = 0,018 /( · ). 
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   2     
,  .     . 

4.6. 
  ,     Sl,1 = 0,628 

2.       ,   ,  
     Q2

L = 6,84 / . 
      1   

(4.6) : 
 
ΔQ2

L = 6,84-3,85 = 2,99 / . 
 

       1 
   (4.7): 

 
Ψ1 = 2,99/[(21 - (-47)] = 0,044 /( · ). 
 

      4.10. 
      4.6. 

 
 4.10 –    

  

  
 

 
  

  
 

 
 

 
 

 

 
 

 

  1 
( . 2.3. ) Q1,l = 6,13 /  Q1

L = 7,36 /  
Ψ1 = 0,018 

/( · ) l1 = 0,2493 -1 

  2 
( . 2.3. ) Q2,l = 3,85 /  Q2

L = 6,84 /  
Ψ2 = 0,044 

/( · ) l2 = 0,1496 -1 

 

  

 

 
   

 
 4.6 -   
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    . 
    4.11. 

 
 4.11 –    

  
 

 
 

 
 

 

  
, 

 
 

  
 

  
, % 

  1  1 = 1,000  
U1 = 0,090 

/( 2· ) 
U1 1 = 0,090 

/( 2· ) 89,02 

  1 l1 = 0,2493 -1 Ψ1 = 0,018 
/( · ) 

Ψ1l1 = 0,0045 
/( 2· ) 4,45 

  2 l2 = 0,1496 -1 
Ψ2 = 0,044 

/( · ) 
Ψ2l2 = 0,0066 

/( 2· ) 6,53 

   
1/Ro  = 0,1011 

/( 2· )  100 

 
      

 (4.8): 
 
R  = 1/0,1011 = 9,89 2· / . 
 

     
 (4.9): 

 
r  = 9,89/11,09 = 0,89. 
 

  R  = 9,89 2· /     
   R  = 5,13 2· / . 

       
     : 

-   : 
 
Δt  = (t  – t )/(R  · α ) = (21 + 47)/(9,89·8,7) = 0,79  < Δtn = 4,0 . 
 

    [1]. 
 

   : R  = 9,89  
2· / . 

    : 
-    : A  = 240,70 2. 
 

    
 

     . 
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  : 
1.   Knauf ρ = 800 / 3, λ  = 0,21 /( . ); δ = 0,0125 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,35 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,0125/0,21 + 0,35/0,031 + 1/23 = 11,51 2· / . 
 

    Ro,  = 11,51 
2· / ,   R  = 7,52 2· / . 

       
     : 

 
Δt  = (t  – t )/(Ro, .2 ·α ) = (21 + 47)/(11,51·8,7) = 0,68  < tn = 3,0 . 
 

    [1]. 
  : Ro,  = 11,51 2· / . 

    : .2 = 88,36 2. 
 

     
 

     . 
  : 

1.  OSB-3 ρ = 600 / 3, λ  = 0,16 /( . ); δ = 0,022 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,35 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,022/0,16 + 0,35/0,031 + 1/23 = 11,59 2· / . 
 

    Ro,  = 11,59 
2· / ,   R  = 6,69 2· / . 

       
     : 

 
Δt  = (t  – t )/(Ro. ·α ) = (21 + 47)/(11,59 ·8,7) = 0,67  < Δtn = 2,0 . 
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  : Ro,  = 11,59 2· / . 

   :  = 88,36 2. 
 

  
 

    30674-99    
    c     
   4   1,    

   ,     14   
 24866-99,     R  = 

0,75 2· / . 
   :  = 22,5 2. 

 
 
 
 
 
В   
 

         
   ,      
 1,07 2· /  (  31173-2003).  

   : A  = 2,1 2. 
 
4.4.4     
 

 щ    
  

      
 (4.11): 

 
k  = 1/428,97 · [240,70/9,89 +  22,5/0,75 + 2,1/1,07 + 88,36/11,51 + 

88,36/11,59)] =  0,167 /( 3· ). 
 

     4.12. 
 

 4.12 –      

  nt,i ,i, 2 R , i  
2· /  

nt,i· ,i/ R , i  
/  

% 

   1 240,70 9,89 24,34 33,99 
  1 88,36 11,51 7,68 10,73 

   1 88,36 11,59 7,62 10,64 
 1 22,5 0,75 30,00 41,90 

  1 2,1 1,07 1,96 2,74 
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  442,02  71,60 100 
 

      
   (4.12): 

 
k  = (4,74/(0,0001310649,5+0,61))(1/ (428,97)1/3) = 0,315 /( 3· ). 
 

     
, ,    . 

  :  
 
K  = k  / K  = 0,167 / 1,030 = 0,162. 
 

    
 

       
   (4.13): 

 
p  = 353 / (273 – 15,1) = 1,369. 
 

    = 1 /( · ). 
       n  = 168 . 
        n  = 

168 .  
     ,   

   𝑣 = 0,85.  
   𝑘эф = 0. 

       
   (4.14): 

 
γ  = 3463/(273 – 47) = 15,32 / 3;  
  
γ  = 3463/(273 + 21) = 11,78 / 3. 
 

        
     (4.15), (4.16): 

 
Δ  = 0,28·6,30·(15,32 – 11,78) + 0,03·15,32·4,12 = 13,97 ; 
 
Δ  = 0,55·6,30·(15,32 –11,78) + 0,03·15,32·4,12 = 19,99 . 
 

       
    (4.17), (4.18): 
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R ,  = 13,97 / 5 = 2,79 2· · / ; 
 
R ,  = 19,99 / 7 = 2,86 2· · / . 
 

  ,   
  , ,      
     (4.19): 

 
G  = (22,50/2,79)·(13,97/10)2/3 + (2,1/2,86)·(19,99/10)1/2 = 11,00 / ; 
 

        
      L  = 0,35·h ·A  = 

0,35·2,9·98,76 = 100,24 3/  < 30·m = 30·5 = 150 3/ ,     
L  = 150 3/ . 

       
        

   (4.20): 
 𝑛 = [(150·168)/168 + (11,00·168)/(168·1,369)]/(0,85·428,97) = 0,433 -1. 
 

      
 (4.21): 

 𝑘  = 0,28·1·0,433·0,85·1,369·(1 – 0,85) = 0,021 /( 3· ), 
 

     
 

    1 2    
     [1, .5]: 

 𝑞 ы = 17 + (10-17) / (45-20) · (29,2-20) = 14,42 / 2, 
 

 29,2 2   –   . 
     
   (4.22): 

 
K  = 14,4298,76/(428,97·(21 + 15,1)) = 0,092 /( 3· ). 
 

       
 

 
       

    (4.23): 
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 = FkF (AF1I1 + AF2I2 + AF3I3 + AF4I4) + scykscyAscyIhor = 0,8·0,68·(0·860 + 
6,75·1200 + 9,00·1808 + 6,75·1200) + 0 = 17 664,77 ; 

 𝑘 = 11,6∙17664,77/(428,97 ∙ 10649,5) = 0,045 В / 3 ∙ С . 
 

       
       

 
       

          
 (4.24): 

 
q  = ((0,167 + 0,021 – (0,092 + 0,045)∙0,941∙0,7) · (1-0,1) · , 5) = 0,092 В / 3 ∙ С . 
 

      
          

0,501 /( 3· ) – ,  [1].  
       

        : 
 
(𝑞  – 𝑞 )/(𝑞 /100) = (0,092 – 0,501)/(0,501/100) = - 81,64 %. 
 

    « ++». 
 
4.4.5          

  
 

         
  , · / ,    (4.25): 

 
Q  = 0,024∙10649,5∙428,97∙0,092 = 10 087 · / . 
  
4.4.6       
 

        
 (4.26): 

 
Q  = 0,024∙10649,5∙428,97∙(0,167+0,021) = 20 612 · / . 
 
4.4.7         
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  q, · /( 2· ),    (4.27): 

 
q = (0,024∙10649,5∙0,092∙428,97)/145,92 = 69,1 · /( 2· ). 
 

     «Termex Energy Pro 24»  
  ,     

  2,5          
 : 

 
q = 69,1+5,2-22,2∙0,75 = 57,1 · /( 2· ). 
 
4.5      

       
 
4.5.1    
 

. . 4.4.1. 
 
4.5.2     
 

 : 
  –  :   – 

  Knauf  12,5 , ,  
   50 200    –  

 Thermit  200 , ,  OSB-3 
 12 , ; 

 :   –   Knauf 
 12,5 , ,       

50 250 ,  –   Thermit  
250 , , 

  :   –  OSB-3  22 
, ,       50 250 , 

 Thermit  250 , , 
 :       

      
c        4   1, 
      ,   

  14 , :      - 
. 

 
4.5.3      
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,     :   – 
 Knauf  12,5 ,      

  50 200     –   
  Thermit  200 , 

,  OSB-3  12 ,    
. 

        
 250 .      . 2.1. 

 

 
 4.7 –  

 
      

  4.13. 
 

 4.13 -       

 
 

ρ, / 3 

 
  

λ , /( . ) 
1.   Knauf 800 0,21 
2.   Thermit  25 0,031 
3.      500 0,18 
4.  OSB-3 600 0,16 
5.   R = 0,66 2· /  - 0,163 

 
,    

)  ,    :  
Knauf (12,5 ),      (200 ),  

 Thermit (200 ),  OSB-3 –  ; 
)   –   1; 
)     –   2. 
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 ,   ,   263,20 2.  
   ,    

  22,50 2. 
      

    R    
 (4.4):  

 
 = 263,20 – 22,50 = 240,70 2. 

 
       :  

 
 = 240,70/240,70 = 1; 

 
     : L1 = 60,00 .  

  ,   1 2   :  
 
L1 = 60,00/240,70 = 0,2493 -1; 
 

   : L2 = 36,00 .   
,   1 2   :  

 
L2 = 36,00/240,70 = 0,1496 -1. 
 

   ,   
       

  47      21 . 
     ,   

    Q1,1 = 13,99 / .   
  . 4.8. 

   1    
 : 

 
R 1  = [21 - (-47)]/13,99 = 4,86 2· / . 
 

      (4.5): 
 
U1 = 1/4,86 = 0,206 /( 2· ). 
 

   1     
,  .     . 

4.8. 
 ,     Sl,1 = 1 2.  

     ,   ,   
    Q1

L = 14,89 / . 
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      1 
   (4.6): 

 
ΔQ1

L = 14,89-13,99 = 0,90 / . 
 

       1 
   (4.7): 

 
Ψ1 = 0,90/[(21 - (-47)] = 0,013 /( · ). 
 

   2     
,  .     . 

4.8. 
  ,     Sl,1 = 0,628 

2.       ,   ,  
     Q2

L = 18,56 / . 
      1   

(4.6) : 
 
ΔQ2

L = 18,56-8,79 = 9,77 / . 
 

       1 
   (4.7): 

 
Ψ1 = 9,77/[(21 - (-47)] = 0,144 /( · ). 
 

      4.2.  
     4.3. 

 
 4.14 –    

  

  
 

 
  

  
 

 
 

 
 

 

 
 

 

  1 
( . 2.3. ) Q1,l = 13,99 /  Q1

L = 14,89 /  
Ψ1 = 0,013 

/( · ) l1 = 0,2493 -1 

  2 
( . 2.3. ) Q2,l = 8,79 /  Q2

L = 18,56 /  
Ψ2 = 0,144 

/( · ) l2 = 0,1496 -1 
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 4.8 -   

 
 

    . 
    4.3. 

 
 4.3 –    

  
 

 
 

 
 

 

  
, 

 
 

  
 

  
, % 

  1  1 = 1,000  
U1 = 0,206 

/( 2· ) 
U1 1 = 0,206 

/( 2· ) 89,29 

  1 l1 = 0,2493 -1 Ψ1 = 0,013 
/( · ) 

Ψ1l1 = 0,0032 
/( 2· ) 1,39 

  2 l2 = 0,1496 -1 
Ψ2 = 0,144 

/( · ) 
Ψ2l2 = 0,0215 

/( 2· ) 9,32 

   
1/Ro  = 0,2307 

/( 2· )  100 

 
      

 (4.8): 
 
R  = 1/0,2307 = 4,34 2· / . 
 

     
 (4.9): 

 
r  = 4,34/4,86 = 0,89. 
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  R  = 4,34 2· /     
   R  = 5,13 2· / . 

       
     : 

-   : 
 
Δt  = (t  – t )/(R  · α ) = (21 + 47)/(4,34·8,7) = 1,80  < Δtn = 4,0 . 
 

    [1]. 
 

   : R  = 4,34  
2· / . 

    : 
-    : A  = 240,70 2. 
 

    
 

     . 
  : 

1.   Knauf ρ = 800 / 3, λ  = 0,21 /( . ); δ = 0,0125 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,25 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,0125/0,21 + 0,25/0,031 + 1/23 = 8,28 2· / . 
 

    Ro,  = 8,28 2· / , 
  R  = 7,52 2· / . 

       
     : 

 
Δt  = (t  – t )/(Ro ·α ) = (21 + 47)/(8,28·8,7) = 0,94  < tn = 3,0 . 
 

    [1]. 
  : Ro,  = 8,28 2· / . 

    : .2 = 88,36 2. 
 

     
 

     . 
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  : 
1.  OSB-3 ρ = 600 / 3, λ  = 0,16 /( . ); δ = 0,022 ; 
2.  (    ); 
3.  –   Thermit ρ = 25 / 3, 

λ  = 0,031 /( . ), δ = 0,25 ; 
4. -   (    ); 
 

      
      (4.10): 

 
Ro = 1/8,7 + 0,022/0,16 + 0,25/0,031 + 1/23 = 8,36 2· / . 
 

    Ro,  = 8,36 2· / , 
  R  = 6,69 2· / . 

       
     : 

 
Δt  = (t  – t )/(Ro ·α ) = (21 + 47)/(8,36 ·8,7) = 0,93  < Δtn = 2,0 . 
 

  : Ro,  = 8,36 2· / . 
   :  = 88,36 2. 

 
  

 
    30674-99    

    c     
   4   1,    

   ,     14   
 24866-99,     R  = 

0,75 2· / . 
   :  = 22,5 2. 

 
В   
 

         
   ,      
 1,07 2· /  (  31173-2003).  

   : A  = 2,1 2. 
 
4.5.4     
 

 щ    
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 (4.11): 

 
k  = 1/428,97 · [240,70/4,34 +  22,5/0,75 + 2,1/1,07 + 88,36/8,28 + 

88,36/8,36)] =  0,253 /( 3· ). 
 

     4.16. 
 

 4.16 –      

  nt,i ,i, 2 R , i  
2· /  

nt,i· ,i/ R , i  
/  

% 

   1 240,70 4,34 55,46 51,04 
  1 88,36 8,28 10,67 9,82 

   1 88,36 8,36 10,57 9,73 
 1 22,5 0,75 30,00 27,61 

  1 2,1 1,07 1,96 1,80 
  442,02  108,66 100 
 

      
   (4.12): 

 
k  = (4,74/(0,0001310649,5+0,61))(1/ (428,97)1/3) = 0,315 /( 3· ). 
 

     
, ,    . 

  :  
 
K  = k  / K  = 0,253 / 1,030 = 0,246. 
 

    
 

       
   (4.13): 

 
p  = 353 / (273 – 15,1) = 1,369. 
 

    = 1 /( · ). 
       n  = 168 . 
        n  = 

168 .  
     ,   

   𝑣 = 0,85.  
   𝑘эф = 0. 

       
   (4.14): 
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γ  = 3463/(273 – 47) = 15,32 / 3;  
  
γ  = 3463/(273 + 21) = 11,78 / 3. 
 

        
     (4.15), (4.16): 

 
Δ  = 0,28·6,30·(15,32 – 11,78) + 0,03·15,32·4,12 = 13,97 ; 
 
Δ  = 0,55·6,30·(15,32 –11,78) + 0,03·15,32·4,12 = 19,99 . 
 

       
    (4.17), (4.18): 

 
R ,  = 13,97 / 5 = 2,79 2· · / ; 
 
R ,  = 19,99 / 7 = 2,86 2· · / . 
 

  ,   
  , ,      
     (4.19): 

 
G  = (22,50/2,79)·(13,97/10)2/3 + (2,1/2,86)·(19,99/10)1/2 = 11,00 / ; 
 

        
      L  = 0,35·h ·A  = 

0,35·2,9·98,76 = 100,24 3/  < 30·m = 30·5 = 150 3/ ,     
L  = 150 3/ . 

       
        

   (4.20): 
 𝑛 = [(150·168)/168 + (11,00·168)/(168·1,369)]/(0,85·428,97) = 0,433 -1. 
 

      
 (4.21): 

 𝑘  = 0,28·1·0,433·0,85·1,369·(1 – 0) = 0,141 /( 3· ). 
 

     
 

    1 2    
     [1, .5]: 
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 𝑞 ы = 17 + (10-17) / (45-20) · (29,2-20) = 14,42 / 2, 
 

 29,2 2   –   . 
     
   (4.22): 

 
K  = 14,4298,76/(428,97·(21 + 15,1)) = 0,092 /( 3· ). 
 

       
 

 
       

    (4.23): 
  

 = FkF (AF1I1 + AF2I2 + AF3I3 + AF4I4) + scykscyAscyIhor = 0,8·0,68·(0·860 + 
6,75·1200 + 9,00·1808 + 6,75·1200) + 0 = 17 664,77 ; 

 𝑘 = 11,6∙17664,77/(428,97 ∙ 10649,5) = 0,045 В / 3 ∙ С . 
 

       
       

 
       

          
 (4.24): 

 
q  = ((0,253 + 0,141 – (0,092 + 0,045)∙0,941∙0,7) · (1-0,1) · , 5) = 0,287 В / 3 ∙ С . 
 

      
          

0,501 /( 3· ) – ,  [1].  
       

        : 
 
(𝑞  – 𝑞 )/(𝑞 /100) = (0,287 – 0,501)/(0,501/100) = - 42,71 %. 
 

    « ». 
 
4.5.5          
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  , · / ,    (4.25): 

 
Q  = 0,024∙10649,5∙428,97∙0,287 = 31 466 · / . 
  
4.5.6       
 

        
 (4.26): 

 
Q  = 0,024∙10649,5∙428,97∙(0,253+0,141) = 43 198 · / . 
 
4.5.7         

    
 

          
  q, · /( 2· ),    (4.27): 

 
q = (0,024∙10649,5∙0,287∙428,97)/145,92 = 215,6 · /( 2· ). 
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5 -    
 
    -   

       « » 
          

 .    
     -    

      -  
    ,       

. 
 

5.1 -   
 

-    -    
    ,    

 -     ,   
  .  -     

        1. 
 -      5.1-5.4. 

 
 5.1 –  -     

« »       

  
, 

. 
    ,  , 

      

3 922 297 
      
 -       

   700   
    TERMEX Energy PRO 24 
     « » 250 000 

   80 000 
  100 000 

  115 000 
 4 467 297 

 
 5.2 –  -     

         

  
, 

. 
    ,  , 

      
2 876 056       

      
     120 000 
  100 000 
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  115 000 
 3 211 056 

 
 5.3 –  -     

« »       

  
, 

. 
    ,  , 

      
5 179 457 

 
      
 -       

   700   
    TERMEX Energy PRO 24 
    280 000 

   105 000 
  122 000 

  139 000 
 5 825 457 

 
 5.4 –  -     

        
 

  
, 

. 
    ,  , 

      
4 196 287       

      
     145 000 
  122 000 

  139 000 
 4 602 287 

 
        ,  

  ,          
 « »      

       .  
,         

« »    39% (   1 256 . .) ,     
 ,         

26,5% (   1 223 . .)  .  
     

« »         
,          

 .  
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5.2    
 

   « »      
   ,       

    5.5. 
 

 5.5 –      
      

  
« » 

 
   

 
     (5%  

   , 8% -   ) + - 

    + + 
     + + 
     - + 

   + + 
    - + 

 
          

-    .  (  )   .  
(  ).  ,     

 ,       
 . ,   «  -

       2036 », 
    ,   

 2021   3,4%.       
 -      

   4%  2022-2036 . ,     
       4%. 

      « »   
          2048 
    5.6-5.7. 
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 5.6 –             2021  2034 . 
« »  

 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 
  

,  
4 467 297 

   
  (5%  

) 
29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 

   
,  

7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 

   
 , 

 
11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 

  
,  

12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 

  1,03 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 

 , . 4527085 4589265 4651444 4713624 4775803 4837983 4900162 4962342 5024522 5086701 5148881 5211060 5273240 5335419 

   
 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

  
,  

3 211 056  

   
,  

7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 

   
 , 

 
11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 

   
 , 

 
18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 

   
,  

7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 

   , 
 

77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 

  1,03 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 

 , . 3332982 3452339 3571697 3691054 3810411 3929768 4049126 4168483 4287840 4407197 4526555 4645912 4765269 4884627 
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 5.7 –             2035  2048 . 
« »  

 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 
  

,  
4 467 297 

   
  (5%  

) 
29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 29 000 

   
,  

7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 

   
 , 

 
11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 

  
,  

12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 12 437 

  1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 

 , . 5397599 5459778 5521958 5584138 5646317 5708497 5770676 5832856 5895035 5957215 6019395 6081574 6143754 6205933 

   
 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 

  
,  

3 211 056 

   
,  

7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 7 160 

   
 , 

 
11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 11 192 

   
 , 

 
18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 18 651 

   
,  

7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 7 200 

   , 
 

77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 77 724 

  1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 

 , . 5003984 5123341 5242698 5362056 5481413 5600770 5720127 5839485 5958842 6078199 6197556 6316914 6436271 6555628 
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    ,   , 
   (  5.1). 

 

 
 5.1 –         

    
 

 ,  2021       
         

 3,3 . .,         – 4,5 . 
.   2042         

,     ,   
     6,6  ,   ,  2048 

,       350  . 
        

 « »        
       2048 .  

   5.8-5.10. 

4 527 085 4 900 162
5 273 240

5 832 856

6 268 113

3 332 982
4 049 126

4 765 269

5 839 485
6 674 985

0
1 000 000
2 000 000
3 000 000
4 000 000
5 000 000
6 000 000
7 000 000
8 000 000
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 5.8 –             2021  2034 . 
« »  

 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 
  

,  
5 825 457 

   
  (8%  

), . 
46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 46 400 

   
,  
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 -  
 

1 
 

1 363,12 180,99 95,15 3,42 363 181 95 3 

15  YanVent -     
 700  , 1 .=178000 ./1,2/4,66=31 

831,19  

. 1 31831,19    31831    

16 18-05-001-05 
.  

К . .  
12.11.10 №237-  

    
,    0,75 

 
1 273,50 = 12 922,34 - 1 x 11 648,84 

1  1 1273,5 360,88 118,9
8 

4,01 1274 361 119 4 

 
1. 301-1498   90/85  

 А2-81-2  
  0,75  

. 1 
1 

11648,84    11648,84    

17      TERMEX 
Energy PRO 24, 1 .=568 
800 ./1,2/4,66=101 716,74  

. 1 101716,7    101717    

   7 -   938571    
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  №3 
1 2 3 4 5 6 7 8 9 10 11 12 13 

  : 
        527702 13220 11403 802 

       ,    (   3  2020 .  
 =51,79; - =10,6; =51,79; =4,66) 

3182917 684664 153905 41536 

  729502    

  403795    

  :     

  492876    

  1239944    

 -   1677982    

  372365    

 138382    

 78428    

  -  ( , , , , ,   
 ) 

316237    

 4316214    

  :     

 2344348    

   153905    

 726200    

  729502    

  403795    

 20% 863242,8    

   5179457    
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-   №4            

№ 
 

  . . . 

 , .  , . 

 
   

 
   

. /  . . /  
.

/  
.

. 
/
 

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

1 05-01-029-01 
.  

К . .  
12.11.10 №237-  

  
    

  
( )    1 

   600 , 
   12  

1 3 

 
 

 

40 1216,66 29,58 166,02 12,08 48666 1183 6641 483 

   1  492876    

 2.  

2 10-01-011-02 
.  

К . .  
12.11.10 №237-  

  -
    

   
6 554,37 = 13 240,94 - 9,79 x 683,00 

100 2 
 (  

 
) 

2,407 
240,7 
/ 100 

6554,37 1403,04 350,35 12,93 15776 3377 843 31 

 1. 101-0773    
  300, 

щ  50  

3 9,79 
23,56 

683    16091,48    

3   
 

 
 Thermit, 1 

3.=7029 ./1,2/4,66=1256,97  

3 48,14 
240,7
*0,2 

1256,97    60511    

4 26-01-055-01 
.  

К . .  
12.11.10 №237-  

  
    

100 2 

 
 
 

2,407 
240,7 
/ 100 

8266,33 965,16 37,03  19897 2323 89  

   2  1158055    
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  №4 
1 2 3 4 5 6 7 8 9 10 11 12 13 

 3.  
5 10-01-021-09 

.  
К . .  
12.11.10 №237-  

   
    

     

100 2 

 

2,6508 
(88.36*3
) / 100 

15863,94 934,68 760,88 47,85 42052 2478 2017 127 

6   
 

 
 Thermit, 1 

3.=7029 ./1,2/4,66=1256,97  

3 66,27 
88.36*2*
0.25+88.
36*0.25 

1256,97    83299    

7 11-01-035-04 
.  

К . .  
12.11.10 №237-  

    
 

100 2 

 

1,7672 
(88.36*2
) / 100 

2866,96 475,05 143,01 8,62 5066 840 253 15 

   3  1058888    
 4.  

8 10-01-002-01 
.  

К . .  
12.11.10 №237-  

  1 3 

  

 

2,4 2330,77 230,3 57,31 2,23 5594 553 138 5 

9 12-01-001-05 
.  

К . .  
12.11.10 №237-  

    
    

 

100 2 
 

1,23704 
(88.36*1.
4) / 100 

8798,14 170,2 61,71 2,97 10884 211 76 4 

   4  174934    
 5.  

10 10-01-027-10 
.  

К . .  
12.11.10 №237-  

    
   

   
    
   

 2 2 

100 2 
 

0,225 
(1.5*1.5*
10) / 100 

55013,18 1494,95 616,53  12378 336 139  

   5  100444    
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  №4 

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

11 10-04-013-02 
.  

К . .  
12.11.10 №237-  

  
    
  

100 2 
 

0,0189 
(0,9*2,1) 
/ 100 

28691,19 1851,47 528,51 21,99 542 35 10  

   6  6955    
 7. -   

12 16-04-001-01 
.  

К . .  
12.11.10 №237-  

  
   

   
 50  

100  

 

0,4 
40 / 100 

4773,75 732,34 18,82 0,3 1910 293 8  

13 16-04-002-05 
.  

К . .  
12.11.10 №237-  

  
   

   
   

  50  

100  

 

0,65 
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4950,44 1613,33 1499,48 200,02 3218 1049 975 130 

14 18-01-001-07 
.  

К . .  
12.11.10 №237-  

   
   

   
  

0,06  (0,05 / ), 
   18 

1  1 19782,46 1085,13 434,36 8,77 19782 1085 434 9 

15 20-06-015-02 
.  

К . .  
12.11.10 №237-  

  
 

  20 
. 3/  

1  1 363,12 180,99 95,15 3,42 363 181 95 3 

   7 -   504756    
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  №4 
1 2 3 4 5 6 7 8 9 10 11 12 13 

  : 
        329938 13944 11718 807 

       ,    (   3  2020 .  
 =51,79; - =10,6; =51,79; =4,66) 

2297537 722160 157450 41795 

  770655    

  428714    

  :     

  492876    

  1239944    

 -   670155    

  372365    

 138382    

 78428    

  -  ( , , , , ,   
 ) 

504756    

 3496906    

  :     

 1417927    

   157450    

 763955    

  770655    

  428714    

 20% 699381,2    
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