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  1  2  
1 -132   20 

(156,36) 
  20 

(17,26) 
  20 
(3,8) 

2 -218   20 
(97,56) 

  20 
(143,9) 

- 

3 -266   20 
(94,8) 

  20 
(10,16) 

  20 
(3) 

4 -283   20 
(93,6) 

  20 
(30,77) 

  20 
(15,6) 

5 Sikkens Cetol 
THB 

  20 
(20,2) 

  20  
(19,9) 

  20 
(3,8) 

6 Sikkens 
Urethane 45 

  20 
(367,3) 

  20 
(45,74) 

  20 
(12,7) 
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,    1, ,    
         
         

         20. 
       

    .   
      -123, -218   

Sikkens Cetol THB       
   ,    

   . 
      30402-96  

    ,    
      ,  , 

, , , ,   
 .     
       

  20, 30  40 / 2      
[3]       

  ( ),     
  ,      

    . 
     

      30402-96 
   2. 

 
 2 -       30402-96 

 
 

/
 

  
 

 ( , / 2)  
  

  1  2  
1 -132 3(13) 3(13) 3(18) 
2 -218 3(14) 3(8) - 
3 -266 3(17) 3(18) 2(24) 
4 -283 3(18) 3(22) 2(26) 
5 Sikkens Cetol THB 3(17) 3(17) 2(21) 
6 Sikkens Urethane 45 3(5,5) 3(16) 2(23) 

 
      

       
.       

    : -132, -
266, -283, Sikkens Urethane 45.      

  3 (  ). 
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      700 / 2   (  
20 – 80 ° )        

 (  1,07 – 1,29 ),     
 (  1,1 – 1,3 ).       

       , 
        2(15). 

  ,      
   .   

        
      30028.4-2006 [8]  

 18       
400 / 2  12    (  6   

     81 ). 
       

      45 .  
    (  27 , 3   9  

  )    15     
  . 

      1.  
,    ,    

         
      . 

        
   1. 

 
 1 –      30028.4-2006 

 

-
 
 

 
, 

/ 2 

     
  –  

-
 

-
 

 
  

30028.4 

I II III 
   

5 10 15 5 10 15 5 10 15 
%  , %  , %  ,  

 
 

 

- 20 55 90 5 10 35 80 5 30 55 85 5 - 

 
, 

81  
- 0 10 45 3 5 15 50 4 0 20 40 4 - 

 

  
 

400 0 0 0 0 0 0 0 0 0 0 0 0 
-

-
 

, 
81   

 
400 0 0 0 0 0 0 0 0 0 0 0 0 

-
-
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   ,    

    ,    
      [2]. , 

          
   .    

          
   ,     

      [3,4]. 
       
     ( )  

           
 .       

      
( )    .  

       
  -10      

 5,10,20,150 /       
Mettler Toledo TGA/DSC 1.      1-1,5 .  

       
   ,   [5]. -10  

,  ,   , , 
       3, 2, 3  3 

. 
  1-5   ,        

-10,    1     
        . 

 
 1  -        -10 

 

, 
/  

T . , 
 

H , 
/  

 - , 
 

,  
 

H , 
/  

 ., 
 

5 109 - 215-400 343,7 536,9 1,078 
10 115 -112,3 225-405 327,7 870,9 1,510 
20 117 -69,5 260-415 370 -512,3 1,089 

150 138 74,6 266-525 468 -921,7 0,936 
 

 ,       -10  
 ,        

   .  
  ( )   -10       

   .      
       

 ,       
   ( . 1).  
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150° /

10° /
5° /

%
100

°C50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

1/°C
0,02

 
 
 

 1 -         
  -10    5, 10  150 ° /  

 
  ,        

  -10,     
 ,      150 /  

   ( . 5).     -
       ,  

 .  ,       
  190 .       

  .      
      (  215 ) ( . 1).   

 
 
 

 
 
 

 2 -       
  -10    5 ° /  

 
 

Integral 578,77 mJ
  normalized 536,90 Jg -̂1

MinMax
Min -9,46 Wg -̂1
  at 376,25 °C
Max -8,27 Wg -̂1
  at 308,12 °C

=!  (2) 5
Heatflow

 (2) 5, 1,0780 mg

Wg -̂1

-14

-12

-10

-8

-6

°C50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
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   5-10 /  ( . 2, 3),     
  ,     . , 

  20 /   -10    
 ,    1,8     

   150 /  ( . 4).  ,   
,           

    -10,     
     .  

 

 
 

 3 -       
  -10    10 ° /  

 
 

 
 
 

 4 -       
  -10    20 ° /  

 

 
 

 5 -       
  -10    150 ° /  

Integral 539,55 mJ

MinMax
Min 27,94 mW
  at 481,64 °C
Max 33,16 mW
  at 528,05 °C

Integral 1315,19 mJ

MinMax
Min 11,06 mW
  at 290,22 °C
Max 19,01 mW
  at 327,75 °C

Integral -169,65 mJ

MinMax
Min -8,08 mW
  at 83,54 °C
Max -2,90 mW
  at 133,36 °C (2) 10, 10.03.2017 12:28:26

Heatflow
(2) 10, 1,5100 mg

mW

0

20

40

60

°C50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Integral -75,72 mJ

MinMax
Min -8,42 mW
  at 113,26 °C
Max -5,22 mW
  at 135,41 °C

Integral -557,89 mJ

MinMax
Min 4,86 mW
  at 381,76 °C
Max 13,62 mW
  at 358,76 °C

_20(2), 02.03.2017 15:56:52
Heatflow

_20(2), 1,0890 mg
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20

40

°C50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
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Min -34,45 mW
  at 453,54 °C
Max 4,26 mW
  at 380,50 °C

? Integral 69,87 mJ
  normalized 74,64 Jg -̂1

? Integral -862,74 mJ
  normalized -921,73 Jĝ -1

(2) 150, 12.09.2017 12:24:40
Heatflow

(2) 150, 0,9360 mg

mW

-40

-20

0

20

40
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 [5]  ,    -10  
     5-20 /    

,   -     (   
   )   : R(n=1). 

         
 =166 /      

  log A =13,47 -1.   
         

    . 
     -10,     

150 /   ( . 1)   .     
         415 -525   

    384 -450 .     
,    [5], ,     

  415-525     468     
         R(n=1). 

    :                 
g( ) = -[ln(1- )],    -  .     

    -10:   = 265 / ;  
log A=19,60 -1.        

           
 (n=1).      -10 

            
 ,        

  [6].  
      

   -10       
           

 = 235,4 / .      [7]. 
       

Tmax -         
    ln[(dT/dt)/T2

max] - 1/Tmax.    
    E  /R,       

     ln( A R/E ). 
   ,     

  -10  ,    ,  
         

    .     
          
      . 
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«  », «  »,    «flashover»  
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 -012  ( )    -3.   
    .   
     «  » – 

   , «  » – 
    ( 8)   

( 16) . 
       ( ) 

       .  
 

  1     (Q)   
 ( )      .  

  ( )    6   
   60 / .  

 
 1 -    (Q)    

( )       
 

 .     %,   Q, /   -012  -3 SiO2  
1 89 8 2 0,4 0,6 4,9 6,9 
2 85 10 3,5 0,5 1 4,9 6,8 
3 77,5 15 5 1 1,5 4,7 6,7 
4 90 7 2 0,4 0,6 4,1 5,1 
5 77 16 5 1 1 4,0 5,0 
6 82 10 6 1 1 3,9 5,3 
7 86 12 1 0,4 0,6 3,8 5,4 
8 85 10 4 0,3 0,7 4,1 5,1  
9 86 7 5 1,5 0,5 3,9 5,7 
10 90 8 1 0,5 0,5 3,7 5,5 
11 88 8 2 0,4 1,6 3,8 5,3 
12 86 10 2 1,1 0,9 3,6 5,2 

 
       

  ( )  5,1 / ,   
 3,3. 

         
         

   (       
        -
 ).  

  2     (Q)  
  ( )      

     4      45 
 2 .    65 / . 
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 2 -    (Q)    
( )       

 

 . .   , % 
 Q  

  -012  -3 SiO2  

1.  89 - 8 2 0,4 0,6 5,1 7,1 
2.  85 - 10 3,5 0,5 1 5,0 6,9 
3.  77,5 - 15 5 1 1,5 5,0 6,8 
4.  49 40 8 2 0,4 0,6 5,2 6,5 
5.  76,1 9 10 3,5 0,4 1 4,9 6,5 
6.  39 41,5 15 3 0,8 0,7 4,8 6,4 
7.  - 89 8 2 0,4 0,6 5,0 7,0 
8.  - 85 10 3,5 0,5 1 5,2 6,9 
9.  - 77,5 15 5 1 1,5 5,1 6,7 
10.  90 - 7 2 0,4 0,6 3,9 5,1 
11.  77 - 16 5 1 1 3,8 5,2 
12.  82 - 10 6 1 1 4,0 4,9 
13.  83 - 11 5 0,3 0,7 3,7 4,8 
14.  85 - 10 4 0,5 0,5 3,6 4,9 
15.  87 - 7 5 0,5 0,5 3,4 4,7 
16.  90 - 8 1 0,5 0,5 3,8 4,6 
17.  88 - 8 2 0,4 1,6 3,7 4,7 
18.  86 - 10 2 1,1 0,9 3,6 5,0 

 
   ,    

  [2]  5,1 / ,    3,3. 
      

     ,   
         

  . 
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  -      [4], -
       

    . 
      2002-2016  

     .  
 15  (2002-2016 .)     1420 

  (  1).       
236,3 . ,           

 .  
      

        (  1, 
.1). 

 2004       
 ,       

  ,      . , 
  ,    436  ,  

  38,5 . .   2009   59  , 
     56 . .  , 

  ,    
,    ,  

        27  
2015   18-02/42.  

 
 1 -    ,    

     2002  2016  
 
 

  
   

, ( .)  

  
   

( . ) 
1 2002 . 75 8,1 
2 2003 . 126 27,0 
3 2004 . 436 38,5 
4 2005 . 30 0,3 
5 2006 . 103 21,8 
6 2007 . 41 3,0 
7 2008 . 120 12,6 
8 2009 . 59 56,0 
9 2010 . 157 8,0 
10 2011 . 38 0,3 
11 2012 . 82 59,5 
12 2013 . 24 0,5 
13 2014 . 57 0,8 
14 2015 . 51 0,2 
15 2016 . 21 0,6 

 1420 236,3 .  
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S.Ya. Vovk, Ph.D., O.Yu. Pazen, Ph.D  
Lviv State University of Life Safety 

 
FIRE RESISTANCE OF COMPOSITE  

CONCRETE STRUCTURES 
 
At all stages of capital construction or reconstruction of objects of different 

purposes, account of the ability of composite concrete construction structures should 
be taken to maintain their operational properties in the event of a fire, as well as to 
provide the required fire resistance limit. Protecting the surface of composite concrete 
from fire influence is promising based on organic and mineral binders, which can 
throw in the process of heating. In this case, organic binders in the process of heating 
form a protective coating with sufficient adhesion to the surface of the material, 
which spill out during heating to form a heat-insulating protective layer. 

Therefore, theoretical and practical points of view are relevant to the 
development of atmospheric and fire protective coatings with improved physical and 
mechanical properties, which contributes to increasing the fire protection of 
composite concrete structures. A promising direction in the development of new 
formulations of flame retardant compositions is the use of their filled 
polymethylphenylsiloxane, which makes the relevance of conducting research to 
establish the laws of the influence of components on the effectiveness of fire 
protection composite concrete structures. 

Requirements for protective coatings depend on the conditions of their 
operation. Therefore, the choice of protective coating for each case should be made 
depending on the nature of the aggressive environment and the nature of the material 
that is covered. Fireproof coatings should also be impermeable to gaseous and liquid 
aggressive media, because they act as protective coatings [1]. 

For high-temperature protection of concrete and composite concrete structures, 
coatings based on filled polyorganosiloxanes are used [2, 3]. When heated in such 
coatings there is a thermo-oxidation destruction of organic bonds with a change in 
their structure. 

One of the most important tasks is the creation of high-quality materials with a 
set of specified properties to ensure reliable operation of building structures under 
fire and high temperatures. To determine the limit of fire resistance of elements of 
building structures with flame retardant coating, it is necessary to conduct 
experimental studies. However, this is not always possible. In addition, an 
experimental study requires significant economic costs and time. 

In the present work, it is proposed to investigate the fire resistance limit of 
composite concrete construction structures with a fire protection coating based on 
polyorganosiloxanes according to the method shown in fig. 1. 
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Fig. 1 Algorithm for determining the limit of fire resistance. 

 
The algorithm of the technique is as follows: 
1. The first step in this technique is to enter the initial data. 
2. The next step is to calculate the propagation of the non-stationary 

temperature field of a multilayered flat structure, which is given in the form of a 
formula [4, 5] 
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3. At a given time interval, the operator checks the three main indicators of 
the distribution of the non-stationary temperature field over the thickness of the 
structure, which are: 

- heat loss of insulation capacity of the design; 
- loss of bearing capacity of the structure (due to heating of the valve); 
- possibility of expelling the layer of flame retardant coating. 
This procedure is repeated until the loss of the heat-insulating or bearing 

capacity of the design, or the spill of the layer of fire protection coating. 
4.1 If the structure has not lost its heat insulating or bearing capacity, and the 

effect of temperature has led to the expanding of the layer of fire protection of the 
structure, the calculations are stopped, and the time 0 is fixed. Next, a new task is 
proposed to calculate the distribution of the non-stationary temperature field of the 
construction taking into account the geometrical sizes and thermophysical 
characteristics of the expanded layer of fire protection coating. New initial data is 
entered. The calculation is carried out again and the operator checks the index of loss 
of the heat-insulating and bearing capacity of the structure. When the influence of 
temperature has led to the loss of heat-insulating or bearing capacity of the design, 
the calculation is stopped and time 1 is fixed. The general time loss of the fire 
resistance limit is the sum of all fixed values of time, i.e. = 0+ 1. 

4.2 If the heat loss of the insulating or bearing capacity of the structure 
occurs without the flaring of the fire protection coating, the calculation shall be 
stopped. 

5 The results of the calculation are derived in the form of explicit formulas 
for the distribution of the non-stationary temperature field for each of the layers of 
the design. With the help of these formulas, the result can be deduced in the form of 
tabular data, graphical dependencies (3D graphs, animations, etc.) changes in 
temperature on the thickness of the structure, depending on the time. 

The proposed approach makes it possible to establish the limit of fire resistance 
of elements of building structures covered with fire protection without the use of 
experimental research. 
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3300-3440 -1,  – NHR  .     
800,1600 -1,   –NH2 .     
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    800,1600 -1,   
 .     2850-1470 -1, 

 - CH2  ( .2).  
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– 2– – 1465 - 1380 -1.      800  1600 -1, 
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 ,      1000 – 1250 -1. 

 ,         600-800 -1 
 1460 -1.( -3).  

 

 
 

 3 - -     -3 
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  -1, -2  -3   

.      , 
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 1.    -1, -2  -3.  
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 1 - -     

 
-

 
 

-
 20°  

-
, 

/ 3 

pH , 
 

, 
% 

 
 

 

-1 1,402 1,06 7,0 0,044 86  
 

 
 

  
 -2 1,353 1,01 7,0 0,048 82 

-3 1,354 1,02 7,0 0,048 92 
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 1 2  .  1 2     
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   6,9 %,      I  
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 (   323-333 )  (30%    70% ) 

  (    90%)  
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126,36 
124,83 
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10,40 
11,34 
10,62 
10,87 
10,72 
11,43 
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12,68 
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7,65 
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8,52 
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, % 
 , 

% 
  
 , 0  

1 0 96 750 
2 5 34 485 
3 8 30 240 
4 10 23 440 
5 14 19 485 
6 16 17 365 
7 18 14 170 
8 20 12 380 

 
    1,     , 

       750 0 .  
    5 %  20 %    

     12 % (    
20 %)       170 0  (   

 18 %)  5 . 
 ,        

   -   .   
         

   ,     .  
         
         2. 
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    2,      12-14 %, 
   .      

   14 %    
 .      
   12-14 % . 

 
 2 

 
  , %  , 

% 
  
 , 0  

1 2 19,7 385 
2 4 16,0 220 
3 6 11,1 180 
4 8 9,4 280 
5 10 8,0 260 
6 12 5,5 190 
7 14 4,6 180 

 
    2,      12-14 %, 

   .      
   14 %    

 .      
   12-14 % . 

       
  ,  - , 

-          
  :  - 10-20 %,   

- 8-15 %,   - 48-70 %,     -          10-15 %. 
 ,     

 ,   ,    
,     ,      

 ,     12.1.044-89     
 .  

 
 

 
1.  -  . .: , 

2006. - 499 . 
2.  . .,  . .,  . .,  . . 

      //  . 
, 2013. -   8. – .38-42.  

3.  . .,  . .,  .,  . ., 
     //  . 

 , 2017. -   4. – .23-25. 
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 678.073/074 
 

. . 1 -  . . .,  . . 2  
1      . . .  

  ,  .  
2     «     

  » 
 

    
        

   
 

 ,    
 ,     ,  

  ,     
,      .  

,      ,    
      ,    

      
,   .      

        
  ,       

,   ,  
,      .  

        [1]. 
       

   ,     
      

   . 
      
  (SiO2), ,   (  10), 

 (DBPO), -  (DPK), 
 ( ), 2- -  (DPO),   

5053,  :  1010 – - - -(3 ,5 -
- - -4 - )   259 – 1,6- -3-

(3 ,5 - - - -4 - ),   
 - 11 (  60 .%    

  40 .% ),   
Cromex BR 770 OEX.       

     (    ) (   
37391633.001-2000),    .     

      ( )  
 70 0    0,25 %.    

        
      .   
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         , 
       .  

          
.      «RHEOCORD 90» 

(HAAKE)        
. 

       UL 
94V (Vertical Burning Test)     10 ,  
100 ,   1,6      (  1). 

    300     . 
         

    10 .   ,    
   10 .   5-  .  

,    1.  
 

 

 1         

 1 -     UL 94V 
 

 94V-0 94V-1 94V-2 
    , 

 
< 10 < 30 < 30 

    5 , 
 < 50 < 250 < 250 

     
   , < 30 < 60 < 60 

       
        

 
       

   12.1.0044-89 .4.3   
 . 

     ( )  
       , 

   2. 
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 2 -        
 

 
 

, . % 
0 1 2 3 4 5 6 7 

   - - - - - - - 70 
   100 97,5 98,5 98 95 82 97 27 

5053  - - - 5 - - - 
 - - - - - - 3 - 

10 - - - - - 6 - - 
DBP  - - - - - 12 - - 
SiO2 - - - - - - - 3 
DPK - - - 2 - - - - 
TKP  - 1,5 - - - - - 
DPO  2,5 - - - - - - 

 
       

   (  3). 
 

 3 –      
 

 
 

 
-

 
 

1 2 3 4 5 6 7
   

  , . >30 12 >30 15 >30 - >30 - 
   

  ,  - >30 - - - 3 - >30

          
           

   
,  - - - - - 8 - - 

 
  3 ,     

           SiO2, DPO, 
DPK.        3 . %  

    .    
      

 ,      
 [2].     

        
 ,      

. 
 ,     DBPO 

  ATO 10      
  .    ,   

     . 
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    , - ,    
     Sb2O3  

,     
 [3]. 
 ,        

    ,  
     .  

    -   
  (  4) ,    
   ,  .  7 

,       
    ,    

     / ,  
        

 [4].     ,  
     /      

,      [4,5]    
   (      ). 

 
 4 - -      

  
 

 
 

 
 1 3 5 7 

  
 ,  22,2 24,3 25,8 26,3 32,1 

  
 ,  596 521 550 520 258 

  
, % 40 40 35 38 90 

 , 
 13-15 12-13 13-14 11-12 11-11,5 

  
,  /10 4,7 4,6 4,3 4,4 3,3 

   
 ,  

 
30 12 15 - - 

 

 5 –       12.1.0044-89 
 
 

 
 

 
,  

 
 

 
, 

  
, % 

 
 363 175 70,9 

 5 161 55 60,1 
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   (  5)   
        5  

         
  55 %,       15 %     

   . 
 

       
         

.  
,         3 

. %      . 
       

      
,      . 

 ,     DBPO 
  ATO 10      

  .  
     -

        
.  

       
    ,   

 , ,     -
 .  

 
 

 
1. , .   . . .  6-  . 

 / . , . . , . .  .:  , 2010. – 
1144 .  

2. , . .     / . . 
.  ., 1980. – 220 .  

3. , . .      / 
. . , . . , . . , . .  //  

  . –2004. –  47.   3. – . . – . 3 13. 
4. , . .      

    / . . , . . 
 //      - .  – 

2008. –  52.–  6.– - . – .100–108. 
5. , . .     

   -      
  / . . , . . , . .  // 
 «   » – 2009.– .14.–  3. –              

. .– . 53–58. 



266 

 614.841.45 
 

. .  - . - . ., , . . , . .  - . . .,  
     , .  

 
      

    
 

        
  ,       

  ,       
        . 

        
      ,  

        
 .      

   « »,     
         

      [1].      
         
  200-250 / 2.    70%  

    0,75÷3,5 . . .    
.      

      – ,  
     - .   

       
     ,    

     ,    L 
  ,  -  ,    

   . 
          

         
  .     

   ,     
    : 

- ,       
  ; 

-         
    . 

      W 
        ,  

,     , . .   
     .     

      = 0,5. 
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,        
    1/2. , ,     
   -     
    ,      

     : 
 

4 1 m

E
Q

                     (1) 

 Q1  = 0 W, 
m-    –    

 ,     
     0,8-0,95; 

=5.6687 10-8  /( 2 4) –  - ; 
-   ,     

      500-1100  
 0,78  0,87. 

       
     : 

 
QE=ET  (T4-T1

4)      (2) 
 

: 1 –   ,    
   . 
 ,   ,    

   :  
 

Qs = (1-d) W + Q       (3) 
 

,     (2),    
      ,     

 ,         
    .       

  (3),   W   Qs. 
 ,  d=1/2        

  W   ,         
        

  . 
       W   

   ( )  . 
      ,    

          
 .     ,  ,  

  ,    (    
-   )     .  
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         ,  
  «  ».       

    ,    -  «  
». 

,       «  » 
     38 / 2 (    ).  

 «  »     65  80 /   .  
[14]. 

     ,    
 ,   : 

 

Q Q
V
S

H c T T
V m
lh

c T TP
S

K p
p

p
p P1 1

1

1
100 0

1

1
1 0 ,    (4) 

 
 V1 -      , V1  -  
    h1  ( , V1 + V1  = V),  1P 

   : 
 

1 2

2a
dT
dt

d T
dx

       0<x<h,  t>0.       (5) 

 
   

 
dT
dx

Q T T c V T T
x

E P P
0

1 1 100 0 1 0( ) ( ) ; 

 
dT
dx

T T c V T T
x h

PB B( ) ( )0 1 0  ;     T T
t 0 0  . 

 
 Q T TE T1 1

4
0
4 ; 1P -      

 ; PB -       
 , V1B -       

 .  
 ,     ,   

: 
 

T
S t
m c

V
S

H c T T
V
lh

c T TS

S PS S
K p

p

p
p P

1 1

1
100 20

1

1
1 0 ,     (6) 

 
T T TS1 1 . 

 
   -     

  ,     
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    , -  
,      

.    ,   
      1   

  2.       ,  
      V     

.   ,    "  "  
    . 

         
 

Q Q c
V
S

T T c
V
S

T TB P pB
B

PS
B p

K

PS
K1 0 0 ,     (7) 

 
 B -   ; SPS -   
  ; V  -    

( )    . 
         

V        
 

 
1 2

2a
T
t

T
x

       0<x<L,  t>0.       (8) 

 
   

 
T T

x P0 1 ;    T T
t 0 0 ; 

 

B
x L

BP pV
V B

SL

T
x

T T c
V

S
T T( ) ( )0 0  . 

 
 B -   , BP -  

      2, SSL -  
,     . 

      
     .  

     

    V
t
B

t 0
0,   -  

   . 
 

1
V

V
t

T
tB

B  ,    t > 0       (9) 

 
 



270 

      (8)  (9) 
.        

      -  
. 

  ,   
       

   "  "   , 
   ,      

 .     
           

   1. 
 

 1-        
 

    
  
  

WW0  
 , W=22 / 2,   - 80 

/ . 
110-120 

 , W=22 / 2,   - 65 
/ . 

40-50 

 , W=10 / 2,   - 80 
/ . 

300-350 

  , W=20 / 2 2,5 
  , W=20 / 2 4,4 

 , W=20 / 2,   - 80 
/ . 

10-14 

 , W=20 / 2,   - 38 
/ . 

3,4 

 
  ,        

       
     ,    

      (  )  
  : 

 
                               (10) 

 
20  40÷350           

         
: -        

 ; 
 –        

  [1]. 
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   (     ), 
      .    

      (   
     ),   

      ,   
  ,      . 

       , , 
, , , , , , 

, , , , , ,   
. 

       
       
         . 

    45-100   ,  
          

         
     .   

      , 
        

 .   ,      
       

        
 .        

         
    ( .1). 
 

      
 

 1 -   -      « » 
 

 
 

1.   .    
 -   « »//  XVI 

–  .  2. . . , . . , 
. .   . 1999-2001 .  
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 614.841.45 
 

. .  - . - . ., , . . , . .  - . . .,  
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 ,       – 
  .      
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   ,    ,  
 . 

        
   ,       

     . ,   
       .  

       
 ,    , 

         
     .   

      ,  
       ,    

 . 
        

      
    . 

       
,           

          
     . 

       
 : 

-     1,86 10-41/ ; 
-    5,73 10-41/ ; 
-       1,09 10-41/ . 

      
       

 . 
   ,        

,      
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        , 
      . 

   ,      
 ,       

 1,5 [2]. 
   , ,   
   ,   , 
, , ,       

 . .          
         

   ,     
 ,         (  , 

    .).  
        

  ,      
   . 

        
        

,        
  . 

   (     , 
  100   ),       

.       (  
 « »      ), 

        
 ,      .  

,     ,   (10 – 12   
 ),         

 .  
     « »,  

        . 
   « »    

     ,    
         

   ,      
 -  ,    

   .  
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       . 
      

         
         

. 



275 

       
     ( )   

    « -2 ».   
       

         
 . 

        
« -2 »  13        

 15       ( .1). 
 

 
 

 1 -   « -2 » 
 

      ,  
        , 

    - «   
»,   5%      
. 

     
 ,     

 . 
       , 

    ,     
        

     . 
          

       
. 

         
      

  « -1 ». 
 « -1 »,        

    -      
   . 
       « -1 » 

  : 
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     « -1 »,  
         ( . 2). 

,  -         
       « -1 ». 

 

    
 

 2 -       
  « -1 » 

 
          

« -1 ». 
    « -1 »,    

   . 
         

        
« -1 ». 

   « »     
         

      , 
          

    . 
  ,     

        
      

. 
 

 
1.  . .      . 

– .: , 1990. - . 12, 15-18, 58, 62-64, 67-72. 
2.     .   . 

. . , . . , . .    . – , 1975. - .39-44. 
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 614.842 
 

. .  – , . .  - . . .  
   , .  

 
     -

      
   

 
         

 .         
  .      , 

       -
 ,      . 

          
,   ,    

   .    
   -  .    

      . ,  
      .   

 [1],         
,   ,       

,    ,  ,  
        

 .       
  . 
  [2],    60-70-   XX ,   

  ,  ,   
      .  

  1,        
 ,     -6.  

  .      
,     ,   
 .   ,    
 ,      

 .      
         -

1. ,    100     270.   
     

        
 [ !    .- !   

 .]. 
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 1 –          
   [2]. 

 
 . .   . .   [ !   

 .]   ,   
        

,    ,      .  
 . .     

      
         

 [ !    .-6].    
  - .      

  : Ansulite AFFF, Hydral AFFF, 
Shtamex AFFF, Ultraguard AFFF, Light Water FS 201, Multifoam AFFF. 

,       4  10  
       .     

  (1),  ,   
       

   . 
 

 I  –    , /( 2 ); I  – 
   ,   

         
 , /( 2 ). 

  [7]     
   ,      

    . ,    
    ,    

  ,      
   .     

I =2,5 I  ,      (1)
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   ,   ,     
,     .    

      .  
       3  6,   

     3   1,5  ,   6. 
  [8]      

      .  
           

 .      4,8 .  
  450 2.     

      2,0 - 2,5 .   
 ,      

      . 
  ,      

     700   2,5  
160 . ,        

  ,      , 
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       .  
  53290–2009    ,    

  ,      
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 .  ,  ,  , 
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 ,      

       
  53280.2-2010[10].      ,  
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 ( )  ( . 2 )   
        

  4 ,       
          

   . 
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)  ; )   

 
       ( . 3 ) 
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       350   
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.         
  5 – 10 . 
   (   1:20)     

  ( . 5),    . 
 

 
 

. 5.      1:20 
 

 ,       
 ,  : 

-    ; 
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 691 
 

. .  
       

 
  ,    

    
 

    ( )   
         
,     ,     

      ,   
      . 

     CO  HCl 
  ,   

    . 
  ,      

         
   , ,     

 ,       
      

 [1]. 
    

       
, ,       

      [2]. 
          

    .      
          

  ,    
       , 

       
 .  ,     

       
   [3]. 

   –      
   . 

       
       2   
,        
  ,      , 

      . 
      

   12.1.044-89. 2.14. 
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  ( ) - ,  
  ,      

  ( )    
 ( )    . 

      
    .   

 : 
 1 -     -  

  50 *  .; 
 2 -     -  

  50  500 *   ; 
 3 -     -  

  500 *  [4]. 
 

  
       (  

12.1.044-89) 

 /   Dm, 2/    . 
 

1 KIILTO ECO 2K-PU/PVC 572 3 

2 KIILTO FLOOR 150 2 
 

       
(  12.1.044-89)    KIILTO ECO 2K-PU (  ) 

 

  
 

  
 

Dm, 2/  
  

 
 

Graboplast Durity  765 3 
 1059 3 

Tarkett IQ Granit  732 3 
 399 2 

 
       (  

12.1.044-89)    KIILTO ECO 2K-PU (   ) 
 

  
 

  
 

Dm, 2/  
  

 
 

Graboplast Durity  91 - 
 599 - 

Tarkett IQ Granit  191 - 
 226 - 
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2.  . .  .     / .: 
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         ,  
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      30     
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     R    
      -  

.  ,    [2]: 
 

   )ln(26,05 VPr ,                                                    (1) 
 

                       
3,94,8 29017500
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V ,                                                (2) 
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 (1,2)      
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: 

SrÐ ln74,50,5 ,                                                   (3) 
 

iP
S 3,12,4 ,                                                        (4) 

 

       
0P
PP ,                                                          (5) 

 

3/12/1
0 mP

Ii ,                                                    (6) 

 
 m –   , ; 

P0 –  , . 
      

        
  [1]     

          
. 

 
 

 
1.  ,      

   :  474-2013 (02300). – . 
29.01.2013. –  :      , 2013. – 53 . 

2.        
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10.07.2009 . 404.   ,    
  14.12.2010 . 649. -  : 

http://docs.cntd.ru/document/902170886. –  : 10.09.2017. 
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 ,      

 7-8  (  1971   2003 ).    
   7 - 8    8 

    .  ,  
  21,6%    ,   

 93% , 85%  ,   
.   

           
  2011 – 2018 .      

       
. 

 2010  2015      55  
, 31  , 6  , 15  

  2  .  
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