
    , 
    -  

,  -    
      
     

14.07.2016.K/T.14.01    
 

«   »    

   

    
    

   
     

    02.00.07 – , -        
(  ) 

 
 
 

   

 – 2016 



 2

  678.541 
 

 
    

    
Content of the abstract of doctoral dissertation 

 
 

   
     

      
     

    ....................................... 

 
 
 
3 

  
   

     
     

 ,    
   .......................................... 

 
 
 

27
  
Soliev Rustamjon Khakimjonovich 
Development of producing technology of a modified composite sealing  
wax for roads, operated in sharply-continental climate conditions…………… 

 
 

51
  

    
   

List of published works………………………………………………………..... 

 
 

73
 
 
 
 
 
 
 
 
 
 
 
 
 



 3

    , 
    -  

,  -    
      
     

14.07.2016.K/T.14.01    
 

«   »    

   

    
    

   
     

    02.00.07 – , -        
(  ) 

 
 
 

   

 – 2016 



       
    28.04.2016/ 2016.2. 114    

. 
      «   »  

  . 

    ( , , ) -  www.ionx.uz  
«ZiyoNet» -   www.ziyonet.uz  . 

 :     
  , 

,   

 :     
  ,  

   
  ,   

   
  ,  

 :    



5

 (   ) 

    .   
        

       
.        

      
        

        
  . 

      
       

,       
        

.        
        

   .      
        

     ,  
       

   . 
     ,     

 ,     , 
,       

       
 ,      

  ,  , ,   
  :     

        
      ; 

        
    ;  
      
   ,    

       
    .   
        

. 
   2015  6  -2313-

 «2015-2019  -   -  
      

»    2015  4  -4707-  «2015-2019 
    ,   

    -    
»  ,      -



6

       
     . 

     -
    .   

     VII. «  
  »    

. 
    -  1. 

      
         

, , University of Tokyo ( ), State University of New 
York ( ), University of Neopol II ( ), State University of Weimer 
( ),   ,    

     -   
( ),       

  ( ),      
 ( ),     «   
»    ( )  .  

      
           

     , ,  
  : -       
         
    (University of Tokyo, ); 

        
    (State University of New York, );   

,       
        

    (University of Neopol II, ); 
         

       
   (State University of Weimer, );   

         
       (   

, );     
       

       (  
  , ).  

 -       
      

       
 , ,       

1     -   http://www. u–tokyo.ac.jp; http://www. 
mdrc.org/projekt /guide; http://www. international.unina.it; http://www. uni–weimar.de; http://www. msu.ru; 
http://www. makro.ru; http://www. makromol.kiev.ua; http://www. vatp.lv      

. 



 7

 
: -     

,   ,    
 ;      

  ;       
  ,    

      
 ;    

       
  . 

  .   
         

  A.Hayashi, S.Hulemand, R. Morgen, A.D’ more, D.Jully, 
G.Akovali, . . 1, . . , . . , . . 2, . . 

, . . 3, . 4, . . , . . 5, . . 
     .    

     A. Kumar, M.M. Perlman, B.Arkes, 
S.Geracaris, R.Goudhue, A.A.Askadski6, . . 7, . . , . . 

, . . , . . , . . 8, . . 9, . . 
10, . . 11, .      

  .  
        

    -    
      . 

    :   
  -5  -300  ,   + 90  +1500   

        
       

  . 
      

,  ,    
                                                            
1Enikolopov N.S., Berlin A.A., Valfson S.A., Negmatov S.S. The basics of development of polimeric materials. -
GFR, USA, Japan, "Springer" publishing, 1986. – 220 p. 
2  . .,  . .,  . .     . – 

.: , 1990. – 240 . 
3  . . -    . – .: , 1991. – 260 . 
4  .,  .  .   . – .: , 2004. – 
406 . 
5  . .     . – .: , 2014. -194 . 
6 Askadski A.A. Computational Materials Science of olymers. Cambridge. Cambridge International Science Publishing, 
2003. - 695 p. 
7  . .,  . .,  . .,  . .       

. – :   , 1976.- 432 . 
8  . .   . – .: , 2012. – 366  
9  . .   .  – :  , 1980. -264 . 
10  . .         . – 

.: -     .  , 2010. – 304 . 
11  . .,  .     . – :  

, 2014. – 194 . 



 8

 ,    ,   
      

  , ,   
       .  

     ,  
  ,       

  ,     -  
        

.   
      -     

      
        

   -      
       

   .   ,   
      , 

       ,  
     . 

    -
     .  
      «   
»        -

5-003 «        
    ,     

      
  » (2009-2010 .); -2011-5-3 «   

       
   » (2011-2012 .); -2014-7-2 

«         
    » (2014-2015 .); -2015-7-17 

«         
     

 » (2015-2016 .)  -2015-7-16 «   
    , 

  » (2015-2016 .)    
.  

       
       
  .  

 : 
        

-   ; 
      , , 

        



 9

 -     
 ; 

        
      
    ; 

      
 -      

      
   ;  

       
     ; 

        
       

-   , -    
      ; 

        
     ,  

      -
        

      -
  .  

   -90/10  -70/30 ,  
 ,        

,  , ,   , 
    . 

       
   .  

 .    
-   -  ( , ,   , 
,  , - ,  , 

-   .)      
.  

     :  
      

       , 
 30   1700      , 

       -   
       

    ; 
      

      
        

   ,   
    -   

; 



 10

-      
      

       -
       
       ; 

      
      

 -     
 ; 

 -         
        

      
        

.  
    :  

 30    1700       
        

       
        

        
 ; 

      , 
-      , , 

        
  ; 

    - ,  
,  ,     , 

-  (  ,   ,   
 )   -    

       
. 

     .  
    , -   

      
        

       
   ,   

    -     
    . 

     , 
      

       
      

    2,5-3   
. 



 11

   .   
        

         
: 

      
      (  IAP 04849, 

2014).      
        

; 
       

      
      

      (  IAP 04848, 
2014).    -      

     , 
   2,5-3    
; 

        
                       

( Sh-14-22:2010)  , « »   
      2018  31  

 (« »  2016  4  05/4167-  
).         

  ,   -100  
-120      -  

        
   .  

      
       

       VII 
  ,     

(2014)        
   « » ( ) 

        
 (      

 2016  7   0213/750 -   « » 
   2016  25  954-  

).  «  -  -  -  - 
»    10      

 10     , 
      .  

  .   
    -   

«  »      
   -   ( , 2009);  



 12

«        
( , 2009); «      

 »  -   
( , 2009); «   -        

    »  
-    ( , 2010); «     

   » VI -  -  
 ( , 2011); «      

  »      
   -   ( , 2011); 

II GEP Congress, Granada, Spain ( , 2011); «     
    »   

      -  
 ( , 2012); International Porous and Powder Materials 

Symposium and Exhibition, PPM-2013, Turkey, ( , 2013); «   
 ,     » 
    ( , 2013); «  

          
  »  -  

 ( , 2014); «International porous powder materials»   
«Thermo physical and mechanical properties of advanced materials»  and 4th 
rostocker international symposium «Thermo physical properties for technical 
thermodynamics»    ( , 2015); «  

         
» ( , 2015); «     

      » ( , 
2015);  2016  26      , 

    -  ,  -
        

14.07.2016. / .14.01     02.00.07 – 
, -        

     . 
   .   

  37     , ,   
      

         10  
, , 9    1     
  2     . 

   .   , 
 , ,      
.   193   .  

 
 
 
 



13

   

       
,    ,    

,       
  ,     

   ,      
  ,     , 

         
. 

 «       
      

 »       
         

,        
        
      

        
. 

       
      
      

          
.  

    ,     
      

       
    .    

      -
     ,  

   -    -
      ,   

     . 
 «    

       » 
        

     . 
       

- ,        
     

       
 -     

       
. 

 «      



 14

      
  »       

     
 -     

  . 
      

        
     : -90/10 

( -V) - (  22245-90), -70/30 ( -IV) - (  9548-74), -40/60, 
 60/90;   ( -38-10436-70);   (  -18-114-73) 

-   ;      
 :  (  64.11.05-87),   (  

  );    ( - ); 
   (    

),    –  (    
). 

        
   ,    

   -    
    .     

      , 
:     -  

   .   
       

      
       

  . 
     .  

        1- 
 .  

 
1-  

      
   

 
 SiO2 Al2O3 Fe2O3 CaO MgO TiO2 Na2O K2O . . 

 45,89 3,18 2,53 33,2 2,13 0,46 0,52 1,60 9,93 

1-  
 

57,79 3,67 2,22 26,8 0,83 0,20 0,83 0,88 6,66 

2-  
 

58,54 3,71 2,22 26,7 0,83 0,18 0,84 0,73 5,73 

 



 15

  Ca 3   Mg 3 ,     
   ,     

Ca 3   Mg 3      
    . 
  -    
  .  ,      

  ( )  650     . 
    -     

.       2-  
.                                                                                    

                                                                                                        2-  
   

 

 
SiO2 Al2O3 FeO CaO MgO SO2 TiO2 K2O Na2O P2O MnO 

% 62 27,3 5,65 1,17 0,49 0,47 1,49 0,42 0,32 0,52 0,17 

 

  62%       
   .   

      
      .  

 1   5  (1 , - ). 
 

 

                       
1- .     . 

 
  , 32%   III-42   

 ,     2- , 
  3-  .  

 ,     , ,  
   .   ( , Al2O3, MgO, FeO, 

Fe2O3, MnO)    (SiO2, P2O5, TiO2)  
   .  



 16

I – 21; II – 33; III – 
42; IV – 55; V – 83; 

VI – 204. 

2- . 
 

  
, . 
 

 
 
 

       
        
      . 
,  ,  , , 

,  ,    -  
   . 

  STM    
   (3- ).     -  ( ); 

 (*);    (+) . 
 

* ;  - ; 
+  

3- . 
           

      
 

 

 
      

        
       

        
     .  

 «      
       

 »        
         

       
   . 

   50%  -90/10  , 26% 
 -70/30  , 18%     6%  
   : 50-700   ; 250   



 17

 1-3,8 ;   18-30 -1;    
 0,1-0,4 ;   180±50     3  

        . 
,  ,  , ,    

,  ,  ,  
        

    -  
     . 
 -90/10       

       , 
      . -70/30 

     ,   
       

        
  . -90/10     

  30-35%,  -70/30     -20-25%  
.      – 70/30   

    . 
      -

    .    
        

   .   
       

.         
    : 

 

170-1900       
    ,    

       
        . 
         
  . 



18

       
    -     

,        
         
.       

 .     
   ,      

        
   .   

     
      . 

     
    .  
      

       
 -  ( )     
      (5  

6- ).     

5- .   
 

  
 . 

 1 –  , 2 – 25º  
 , 3 – 

  4 –   
  

5-  ,     
    . 

   1  6%   
  93º   130º   .    

  0,6   1,15   .   
  25º      

     .        
    -90/10   

         
.  ,      
        

. 
      

   (6- ).    2 
 7%     89  170º     

, 25º     4,8  7,4   .  



 19

    0,55  1,4   ,  
27  24 -1  . 

 

6- .   
   

 . 1 –  
; 2 – 250º   

; 3 – ; 4 – 
   

 
 
 

,       
,       

       
-        

. 
   -   

,          
     ,   

       
   . 

     3  4 - 
 . 

3-  
      

  
 

    , .  

-100 
 -

110 
 -

120 
 -

130 
 -

140 
 -

150 
-

170 

1  -90/10 ( -V) 35 35 35 30 30 30 30 
2   40 40 30 30 30 28 28
3   13 13 15 14 10 10 8
4  3 2 5 2 2 3 3
5   3,0 3,5 5 7 7 4 3
6  

 
5 5 7 8 8 8 7

7   - - - 2 4,5 6 7
8   1,0 1,5 2 2 2,5 3,0 4
9  

 ( ) 
- - - 3 4 5 6

10   - - - 2 2,5 3 4
 



 20

4-   
  -   

 
   

 
  

-100
 

-110
 

-120
 

-130
 

-140 
 

-150 -170
   

, 0  
 26589 95 102 112 125 135 145 165 

  
  

 11507 -20 - 20 - 22 - 23 - 25 - 26 -27 

 25 0    11056 6,2 5,8 5,4 5.0 4,6 4,2 4,2 
   

,  
-  

14.04.2004 
0,5 0,5 0,7 0.9 1,0 1,1 1,3 

  
 

-1
,25 0   

 11501 32 30 28 24 19,0 16 16 

 , 24 
 % 

0,2   
 

0,2 0,18 0,18 0,18 0,17 0,16 0,15 

 
 ,     

       
        

    :  - 100;  - 110;  - 
120;  - 130;  -140;  – 150;  -170.   

   30   1700     
    .  

 «      
       

  »     
       

       
 .      

        
       -  

  .    
      -100, -

110, -120, -130, -140, -150  -170  
   -   

     . 
  1  7    120  240º   

,  -      
         
 . 7-  -150  -170   

  -   180±5º  
    .   

 ,   1  7    
   72  170º   ,    



21

  0,4  1,3   ,    
    8,4  4    30  14 -1  . 

1 –  , º ; 2 –
25º    ; 3 
– , -1; 4–   

 ,  
8- . -150  -170  

  
  -

   
180 ± 5º    

   

    -150  -170  
     120-240º   

   (8- ).    
 170º        1,35   
,        

  . 
1 –  , º ; 2 –25º  

 , ; 3 – 
, -1; 

4 –    
,  

8- . -150  -170  
  

  -
   

 4,5    
  

    ,  
      

    .   
   -       

      
   (5- ).      

5-  
     

   
  

 

   

-
100 

-
110

-
120

-
130

-
140

-
150 

-
170

 , 
0  

180±5 185±5 190±5 195±5 200±5 205±5 210±5 

 ,  5 - 5,5 5 - 5,2 4,8 - 5 4,5-4,8 4,5 4,5 4,5-5,0 



 22

5-       -100  
  5 – 5,5 ,  180±50 ;  - 120    

4,8-5 ,  190±50 ;  - 130    4,5-4,8  , 
 195±50 ;  – 140    4,5 ,  200±5; 

-150    4,5 ,  205±50 ; -170  
  4,5-5,0 ,   210±50    . 

        
        

   -    
       . 

9-     . 
 

  

1,2,3,4,5,6 –      ( ); 7,8, 9,10,11,12, 
46,49,52- ; 13,14,15,16,17,18,39,40,41,42 - ; 19,20,21,22 –  

   ( ); 23,24,25,26 - ; 27,28 - ; 29,30 - 
; 31,32, 37,38 - ; 33,34 –  ; 35,36 –  ; 

43,44 –   ; 45 –      
 ; 48,51 –      ( ); 53,54 – 

  ( ); 55 - ;  47,50 – -  . 
 

9- .      
     



 23

6-   
        

    -  
 

   
 

  

-100 
 

-110 
 

-120 
 

-130 
 

-140 
 

-150 -170 
   

, 0  
 26589 102 113 121 132 142 151 172 

  
  

 11507 -20 - 22 - 24 - 26 - 28 - 30 -30 

 25 0    11056 6,0 5,6 5,2 4,8 4,4 4,0 4,0
   

,  
-  

14.04.2004 
0,5 0,6 0,8 1,0 1,16 1,2 1,4 

   
-1

,25 0   
 11501 32,0 29,0 27,0 23,0 18,0 15,0 15 

 , % 0,2  0,2 0,18 0,17 0,16 0,14 0,12 0,10 

           
         

         
       

-       ,   
-170      1650   1720  , 

   -270   -300   .   
   1.2   1.4   ,  

   ,    . 
      , 

         
  . 

  «      
      

    »   
         

       
  -      

. 
2012-2014  « »   « »  

  -100, -110, -120, -130, -140, -
150, -170      

        .  
2014      5     
 2      10  

-    . 
 - - - -     

       



24

       
 ,     . 

        
         

    (    
). 
        

      
   2,5-3  . 

    -  
    .                                  

     
 1000        

  2,5-3   (   
    )   

 2,5    . 

 

1.      
       

       
 ,    ,  30   170º  

 ,       
        

-    .  
2.  -90/10   50%, -70/30   26%,

  6%    18%    
    -  

      
. -90/10       

      ,   
      . -70/30  

    ,    
        

        
  .     

  -70/30       ,  
        

  , -    
  . 

3.      
  ( ,  , ,  , 

    )   



 25

   .    
        
    -   

  . 
     

     -
    .   

        
-       . 

       , 
   ,    
    .  , 

       
  -  ,    

.  
4.     -100; -110; -

120; -130; -140; -150; -170   
    .   

 -      
       

 .  
5.    -  

     
  .    

         
      .  -100 

   5 - 5,5 ,  180±5º .  -110   -120 
      5 - 5,2  4,8 - 5 ,   
  185±5º   190±5º    .  -130   -140 
    4,5-4,8 ,     195±5º  

 200±5º ,  -150  -170    4,5  4,5-5,0 , 
 205±5º   210±5º    . 

6.       
       

   -   . 
 -   , « »   

« »     
       

  -       
.       ,  

,     : ,  , 
 ,      , 

     ,   
   . 



26

7. « »   « »  
         

       
  -   10   

 .  «  –  -  -  - » 10   
       

    10    
  ,     

  -      
 .   ,     
      
,    25    . 1000  

  ,    
2.5 .   .    

       
         

        
 2.5-3    . 



27

  14.07.2016. / .14.01     
 , -  

    ,  
-     

    
     

   
«   » 

   

   
  

    , 
   

  

02.00.07 –    ,    
  

(  ) 

    

 – 2016  



      28.04.2016/ 2016.2. 114  
       . 

       «   
».  

      ( , , )  -
 www.ionx.uz  -   «ZiyoNet»   

www.ziyonet.uz.  

 :     
  ,  

, .  

 :     
  ,  

   
  ,  

   
   

 :    



29

 (   ) 

    .    
         

   .     
        

          
      .  

     -
      

 ,      
   ,     

 .   ,    
      -    

   .       
         

   ,      
       

.  
      ,    

       
, ,    , 

,      
      , 

  ,       
   :    

   -   
         

 ,    ;  
      

 ,      ; 
   -  

    ,  
      

,    .    
       
.  
       
 ,      

  04  2015 .  -2313 «      
 ,     

 2015-2019 .»       -
4707  06  2015  «      

,      2015-



 30

2019 »,     -  ,   
 .  

     
    .     

        
 VII: «    ». 
      1. 

 ,     
  ,    

      ,   : 
University of Tokyo ( ), State University of New York ( ), University 
of Neopol II ( ), State University of Weimer ( ),  

 ,     
-        

( ),       
 ( ),       

( ),       «   
»     .   

  ,      
      

 ,    ,  
     :   , 

     , 
     , 

 -   (University of Tokyo, ); 
     ,   

  (State University of New York, );  
   ,   
      

     (University of Neopol II, 
);   ,    

   ,  
     (State University of Weimer, 

);     , 
  ,     

 (   , );  
  ,    

  ,   
 (   , ).  

           
     

                    
 
1         http://www. u–tokyo.ac.jp; http://www. 
mdrc.org/projekt /guide; http://www. international.unina.it; http://www. uni–weimar.de; http://www. msu.ru; 
http://www. makro.ru; http://www. makromol.kiev.ua; http://www. vatp.lv   . 



 31

 
       

 ,   :   , 
 ,     
-  ;      

    ;   
 ,       

,     
     

 ;    
  ,    

  .  
  .      

        
      A.Hayashi, S.Hulemand, R. Morgen, 

A.D’ more, D.Jully, G.Akovali, . . 1, . . , . . , 
. . 2, . . , . . 3, . 4, . . , . . 

5, . . .       
    A. Kumar, M.M. Perlman, B. Arkes, S. Geracaris, R. 

Goudhue, A.A. Askadski6, . . 7, . . , . . , 
. . , . . , . . 8, . . 9, . . 10, 
. . 11, .    .  

-  ,     
       , 
,    ,      

 .  ,    
,    ,    

      ,  
  ,      -5  -300 ,  

  900   150-1700 . 
 

 
1 Enikolopov N.S., Berlin A.A., Valfson S.A., Negmatov S.S. The basics of development of polimeric materials. -
GFR, USA, Japan, "Springer" publishing, 1986. – 220 p. 
2  . .,  . .,  . .     . – 

.: , 1990. – 240 . 
3  . . -    . – .: , 1991. – 260 . 
4  .,  .  .   . – .: , 2004. – 
406 . 
5  . .     . – .: , 2014. -194 . 
6 Askadski A.A. Computational Materials Science of olymers. Cambridge. Cambridge International Science Publishing, 
2003. - 695 p. 
7  . .,  . .,  . .,  . .       

. – :   , 1976.- 432 . 
8  . .   . – .: , 2012. – 366 . 
9  . .   .  – :  , 1980. -264 . 
10  . .         . – 

.: -     .  , 2010. – 304 . 
11  . .,  .     . – :  

, 2014. – 194 . 
 



 32

  , ,   
    ,   

,      ,   
   ,      

  ,    ,    
  ,   .     

    ,    
 ,   ,    

,      ,   
.         , 

    ,    
      

,        
  -  . 

      
     
          

  -  ,   
     -

 ,     . , 
      ,   
,   ,      

,       . 
     -  

,   .   
    -     

   «   »   -5-
003 «    ,   

-        
       » (2009-2010 

.); -2011-5-3 «      
       

  » (2011-2012 .); -2014-7-2  
«         

     » (2014-2015 ); -2015-7-17 
«       

        
» (2015-2016 .)   -2015-7-16 «     

       
» (2015-2016 .)  

       
  ,   

      .  
       : 



 33

 -      
    -  ; 

   -  
,      

  , ,    
       ; 

    , 
        -

 ,      ; 
              

      -
   ,   

 ; 
      

     ; 
 -      

   ,    
   ,     ,  
     . 

       
       ,  

  -  ,  
        

-       
      . 
    90/10, 70/30,  

 ,   ,  
    , ,  

,  ,  . 
     

      .  
   .     

 -   -  ( , 
,   , ,  , -

, , -   ), 
   .  

     : 
        

   - ,  
,        -

 ,       -
 ,      

       , 
       30   1700 ; 



 34

 -       
,       

         
        

    ;  
   -   

    
     ,     -  

     
,         ; 

     -  
,     

       
 ; 

     
       , 

  -    
       -

  .  
     : 

      
        

    ,    
       
 ,      

   30   1700 ; 
,     ,  

   , -    
,      

 ,     ; 
     

 -   : -
,  , ,  

 -    -   
 (  ,   , 

   )    . 
     . 

      
   -   

    , , 
      
      , 

       
      

,  -    . 



 35

      ,   
      

      2,5-3 ,   
        

 , . 
  .     

       
   ,      ,  

:  
    ,    

       
 (  IAP 04849, 2014).     

   ,   
      .  

       
       

  -      
     (  IAP 04848 - 2014 - 

3).         
      2,5-3 ,  

       ; 
   ( Sh 14-22:2010)   

     
      

    « »    
   31  2018  (   « » 

 05/4167  4  2016 ).      
      

    -      
    -100  -120,   

    ;   
  VII    ,  

  (2014)   «   »      
 -     

      
( ) « »     
(          
0213/750)  7  2016    « »  

 954  25  2016 ).    10  
       

   «  –  –  – 
 - »  10    

    . 
   .   

     -  



 36

:   -    
,       

«  » ( , 2009); -  
 «   » ( , 2009); 

 -   «   
   » ( , 2009);  -

  «    
       

,     » ( , 2010); VI  
-   «     

-  » ( , 2011);  -
       

   «     
    » ( , 2011); II GEP Congress, 

Granada, Spain ( , 2011);  6th International Conference on Times of 
Polymers (Top) and Composites. Ischia. Italy ( , 2012);   

-    ,   
    «    

     » ( , 2012); 
International Porous and Powder Materials Symposium and Exhibition, PPM-2013, 
Turkey, ( , 2013);  -   
« -      

» ( , 2013);  -  
 «        

      » ( , 2014); 
 :  «International porous powder materials»   

«Thermo physical and mechanical properties of advanced materials»  and 4 th 
rostocker international symposium «Thermo physical properties for technical 
thermodynamics» ( , 2015); «     

      » ( , 
2015);      14.07.2016. / .14.01  

    , -   
   ,  -  

       26 
 2016 . 

  .    
  37  .   10  ,    

9    1   ,   
       

   ,    2  
. 

   .     
,  , ,     

.    193 . 
 



 37

   

        
 ,    ,    

 ,     
       , 

      ,  
 -      

,      , 
  ,      

 .  
    «   

      
     »   

  ,      
         

    ,    
        

   . 
         
   ,      

,     ,  
    .  

      ,      
       

   ,     
    .  

     -  
        

,    -    -
 ,      

 .  
    «     

      » 
   ,      

 ,     
       -

,      
      .    

     -
     . 

    «    -
      

    »   



 38

   -  ,  
       . 

      
    ,     

       : 
90/10 ( -V) - (  22245-90), 70/30 ( -IV) - (  9548-74), 

-40/60,  60/90;   ( -38-10436-70);  
 ( -18-114-73)   ;  
   ,  ,    

 (  64.11.05-87),   (   -
);    ( - ); 
   (   -
),    -  

(   - ). 
       

 ,     -
     ,    
   .   

   -    
 ,  ,   . 

,       
,     

       
    .  

    .   
          1.  

 
  1 

        
 

  SiO2 Al2O3 Fe2O3 CaO MgO TiO2 Na2O K2O . . 

  45,89 3,18 2,53 33,2 2,13 0,46 0,52 1,60 9,93 
  

 57,79 3,67 2,22 26,8 0,83 0,20 0,83 0,88 6,66 

  
 58,54 3,71 2,22 26,7 0,83 0,18 0,84 0,73 5,73 

 
    Ca 3  Mg 3, ,    

     ,     
   ,    Ca 3   

Mg 3     . 
   -    

. ,     -  -
    650   . 



 39

       
   2.  

                                                                                                         2 
   

  
SiO2 Al2O3 FeO CaO MgO SO2 TiO2 K2O Na2O P2O MnO

% 62 27,3 5,65 1,17 0,49 0,47 1,49 0,42 0,32 0,52 0,17
 

       62 %   
  .    

,         
.     1   5  (  1 , ). 

 
 

                       
 -1.       

  ,  32%     
 III-42 ,       

  2,     . 3.  
 ,       , 

,    .     
( , Al2O3, MgO, FeO, Fe2O3, MnO)    (SiO2, P2O5, TiO2) 

   . 
 

 
 
 

I – 21; II – 33; III – 42; IV – 55; V 
– 83; VI – 204. 

 2.  
  

, . 
 

 
 
           
           
         

           ,    
        
     .  



 40

,  ,  , , 
,  ,       

. 
       

STM  (  3).     -  ( ); 
 (*);   (+). 

 
* ;  - ; 

+  
  3.  

  
  

 
 

 
 
  

    ,  , 
        

        
    ,    

  .  
    «    

      
   »,     

      
   ,      .  

  ,      
,   50%    -90/10,  26%   

 -70/30,  18%      6 %   
,    .      

,     50-700 ,  
 250 ; 1-3,8 ,  18-30 -1      

0,1-0,4 ,     180±50 ,     3 
. 

    -  
       

  ,  ,  , , 
   ,  ,  

,    . 
   ,     

 -90/10,       
  ,         
.     -70/30   

, . .       
    ,     



 41

    .    
 -90/10      30-35%,    

  -70/30 -20-25%.  ,     
        – 70/30.  

        
-  .      

  ,     
,    .  ,   

 ,     
   .     

        
: 

 

  
 

  ,      
,  ,      

    170-1900   
      

  .    
   ,     .  

       
   -  , 

 ,        
        
.       

  .       
 -    

 ,   ,       
 .     



 42

     
     .           
 ,      , 

    .  
      , 

       
  ( )       

   (  5  6). 
 

  5.  
  

   
 

.  
1 –  , 

 2 –   
 25º ,  

3 –   4 –  
  . 

 
   5 ,     

    .  
    1  6 %   

  93º   130º .        
0,6   1,15 .      

 25º    ,    
   .        

  ,      
   ,     -90/10 

  .   ,    
 ,      

   .   
,        

   (   6).    
  2  7 %       89  170º ,  

  25º     4,8  7,4 .    
   0,55  1,4 ,     27  24 -1.  

 
                                    

  6.  
  

   
 .  

1 –  ;  
2 –   250º ; 

  3 – ; 4 – 
   

. 



 43

 ,     ,    
  :        

 ,    -
      .  

   ,     
     -  

   ,      
       -

   .  
       

  3   4.  
 

  3 
  ,     

  

  
 

 , . . 

-100 
 

-110 
 

-120 
 

-130 
 -

140 
 -

150 
-

170 
1  -90/10 ( -V) 35 35 35 30 30 30 30 
2   40 40 30 30 30 28 28
3   13 13 15 14 10 10 8
4  3 2 5 2 2 3 3
5   3,0 3,5 5 7 7 4 3

6  -
 

5 5 7 8 8 8 7

7   - - - 2 4,5 6 7
8   1,0 1,5 2 2 2,5 3,0 4

9  
 ( ) 

- - - 3 4 5 6

10   - - - 2 2,5 3 4
 

  4  
-     

 
 

 
 

  

-100 
 

-110 
 

-120 
 

-130 
 

-140 
 

-150 
-

170 
 
  , 

0 ,   

 26589 95 102 112 125 135 145 165 

  
 , 0 ,    

 11507 -20 - 20 - 22 - 23 - 25 - 26 -27 

  250   11056 6,2 5,8 5,4 5.0 4,6 4,2 4,2 
   

,  
-  

14.04.2004 
0,5 0,5 0,7 0.9 1,0 1,1 1,3 

  
  -1  

 250  

 11501 32 30 28 24 19,0 16 16 

, %   0,2 0,2 0,18 0,18 0,18 0,17 0,16 0,15 



 44

 ,  ,    
        
       

  ,  :  - 100;  - 110; 
 - 120;  - 130;  -140;  – 150, -170,   

      30   1700 .  
   «     

        
   »      

     
       .  
 -     , 
      

    ,    
  .      

      
      -  , 

      
-100, -110, -120, -130, -140, -150  -170. 

     1  7     120  
2400     ,   ,  

 -        
.    7,   -   

  ,   -
150  -170      180±50 .   

 ,       1  7   
    72  1700 ,    

   0,4  1,3 ,    
   8,4  4    30  14 -1 . 

 
  7.   

-   
 

  
 -150  -170  

    
 180 ± 5º  

1 –  , º ;  
 2 –25º  ;  

3 – , -1; 
 4–    

,  
 

 
 

      
  120-240º      -

150  -170 (   8).      



 45

170º ,       1,35 ,     
       .  

 
  8.  

-   
-

  
 -150  -170   

  4,5  
1 –  , º ; 
 2 –    
25º , ; 3 – , -1; 
4 –    , 

 
 
 
  

   ,    
       

  .    
,       

  ,   
-    . (   5).               

                 
  5 

     
    

 

 
 

   
-100 -110 -120 -

130 
-

140 
-

150 
-

170 
 

, 0  
180±5 185±5 190±5 195±5 200±5 205±5 210±5 

 
 , 

.  
5 - 5,5 5 - 5,2 4,8 - 5 4,5-4,8 4,5 4,5 4,5-5,0 

 
     5,      -100: 

  5 – 5,5 ,   180±50 .      -110  
 - 120      5-5,2  4,8-5 ,  

 180±5  190±50 , .     - 130  
   4,5-4,8 ,   195±50 .    

– 140  -150   4,5 ,   200±5  205±50  
,   -170   4,5-5,0 ,   

210±50 . 
 ,    , 

   -   
       

        



 46

    .    
    9. 

 

 
1,2,3,4,5,6 -     ; 7,8, 9,10,11,12, 46,49,52- ; 

13,14,15,16,17,18,39,40,41,42 - ; 19,20,21,22 -    ; 
23,24,25,26 - ; 27,28 - ; 29,30 - ; 31,32, 37,38 - ; 33,34 -

; 35,36 -   ; 43,44 -  ; 45 -    
    ; 48,51 -    

; 53,54 -  ; 55 - ;  47,50 -   
  9.     

     
 

  6 
-    

 ,      
    
 

 
 

 
  

-100 
 

-110 
 

-120 
 

-130 
 

-140 
 

-150 
-

170 

  
 , 0  

 26589 102 113 121 132 142 151 172 

  
   

 11507 -20 - 22 - 24 - 26 - 28 - 30 -30 

  25 0    11056 6,0 5,6 5,2 4,8 4,4 4,0 4,0 
   

,  
-  

14.04.2004 
0,5 0,6 0,8 1,0 1,16 1,2 1,4 

 
-1

,  25 
0   

 11501 32,0 29,0 27,0 23,0 18,0 15,0 15 

, %    0,2 0,2 0,18 0,17 0,16 0,14 0,12 0,10 
          



 47

              
      

        
      

 -  . ,  
   -170   1650   1720 ,  
    -270   -300 .   

     1.2   1.4 ,    
 ,       . 

  ,    
      , 

      .  
    «     

 ,    
       » 

  -    , 
      

        
 . 

 2012-2014        
      : 

-100, -110, -120, -130, -140, -150  -170  
   -  

        
  ( ) « »   

« ».  
  2014        5 
-      

 2  ,     10 . 
 -     

  ,   
        

« - - - - ».   
        

 ,      
    -   (   

   ). 
  -   , 

      
      -300   + 1700 , 
  2,5-3          

    . 
-      

  ,    
. 



 48

 ,   ,    
 1000 ,  ,  

 ,       2,5-3 
,       

 ,   2,5 . . 
 
 

 
 

1.  -     
  ,      

  30   170 ,  ,    
,       

    ,    
   .  

2.       
 -     

,    , : 50%    
90/10, 26%    70/30, 6%    18% 

 . ,       
-90/10        

,       .  
   -70/30   , 

. .         
  ,      

    .      
      -70/30,    
   ,   -

   ,     
 . 

3.     
 (  ,  , ,  

,     )  
    .  , 
      ,   

  -    
       

  .  ,     ,  
 ,    -

 ,   .   
      

,    ,    
       .  

,      



 49

  -  ,  
 ,   .  

4.    ,   
    : -100; 

-110; -120; -130; -140; -150; -170,   
-      

  -     
 .  

5.      
   -    

 .      
  ,       

 . ,    -100   5 - 5,5 ,  
 180±50 .    -110   -120    

  5 - 5,2  4,8 - 5 ,   185±50   190±50  
     -130   -140   4,5-4,8 ,  

 195±50   200±50 ,     -150  -170  
 4,5  4,5-5,0 ,  205±50 , 210±50 , . 

6.  -     
       , 

       
  .       
      

     -
      

    (  
« »).   ,    ,   

,  ,  ,  
: ,  ,  

    ,   
      . 

7.  -    
     ,     

   ,       
  -  

        
  ( ) « »   

« ». -     
      

       
  «  –  -  -  - » 

  10 .   ,  
         

,    25  .   
 1000   ,  



 50

   2.5  .  
 ,      

      
  -  ,   ,  ,   

    ,    
     2,5-3 .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 51

SCIENTIFIC COUNCIL ON AWARDING OF SCIENTIFIC DEGREE OF  
DOCTOR OF SCIENCES 14.07.2016.K/T.14.01 AT INSTITUTE OF  

GENERAL AND INORGANIC CHEMISTRY, RESEARCH CENTER OF 
CHEMISTRY AND PHYSICS OF POLYMERS, TASHKENT  

CHEMICAL-TECHNOLOGICAL INSTITUTE AND TASHKENT STATE  
TECHNICAL UNIVERSITY 

 

 STATE UNITARY ENTERPRISE «FAN VA TARAKKIYOT» 

SOLIEV RUSTAMJON KHAKIMJONOVICH 

DEVELOPMENT OF PRODUCING TECHNOLOGY OF A MODIFIED 
COMPOSITE SEALING WAX FOR ROADS, OPERATED IN SHARPLY-

CONTINENTAL CLIMATE CONDITIONS 

02.00.07 - Chemistry and technology of composite, v rnish-paint and rubber materials 
 (tecchnical sciences) 

ABSTRACT OF DOCTORAL DISSERTATION 

TASHKENT – 2016  



 The subject of doctoral dissertation is registered at Supreme Attestation Commission of the 
Cabinet of Ministers of the Republic of Uzbekistan in number 28.04.2016/ 2016.2. 114 

Doctoral dissertation is carried out at the State Unitary Enterprise «Fan va Taraqqiyot» of Tashkent 
State Technical University.  

Abstract of dissertation in three languages (Uzbek, Russian, and English) is placed on the web page 
to address www.ionx.uz and Information-educational portal of «ZiyoNet» to address www.ziyonet.uz. 

 Scientific consultant: Negmatov Soyibzhon Sodikovich 
Doctor of Technical Sciences,  
professor, academician. 

 Official opponents: Umarov Abdusalom Vaxitovich  
doctor of technical sciences, professor  

Risqulov Alimjon Axmedjanovich 
doctor of technical sciences, professor 

Ibodullayev Axmadjon Sobirovich 
doctor of technical sciences 

Lead organization: Andijan machine building institute  



 53

INTRODUCTION (annotation of doctoral dissertation) 

Actually and relevance of the subject of dissertation. Currently constantly 
is growing demand for improvement of the technical condition of the transport 
industry and the development of a network of transport communications in the 
world. In this regard, particular attention is paid to the establishment and efficient 
production technology of composite materials and mastics based on them to fill the 
expansion joints of concrete and asphalt concrete pavement cracks. 

In the years of independence, the development of transport and 
communications system of Uzbekistan were carried out the work of strategic 
importance, provided transport independence and created an integrated national 
transportation system that connects all regions of Uzbekistan. An efficient transport 
system created in our country plays a key role in appearance-economic development 
communication and integration with the world countries. To date, we identified 
trends in the reform of the transport system and work began on the creation of an 
integrated transport system in the country, identified the urgent tasks to improve 
competitiveness in the road and rail networks in the regions. 

In the highlands and hot conditions, i.e. sharply continental climate, it is an 
important task to improve effectiveness of the use of airfields, bridges, covered 
roads with concrete, reinforced concrete, asphalt coverings by means of expansion 
joints of concrete and cracking of asphalt roads, sealing composite cements, in 
connection with that, it is focusing on the following tasks: development of an 
effective composition and technology of thermal frost-resistant sealing of composite 
materials and mastics based on the use of local raw materials and ingredients 
obtained from industrial waste, determination of optimal process parameters for the 
production of sealing composites, and cements developed their basis; improve the 
use of the term compositionally-sealing mastic through the process control, the 
development of the technology of composite materials and sealing mastic, based on 
them. Thesis topic is explained by the implementation of the scientific research in 
this area. 

This dissertation research in some extent contributes to the fulfillment of the 
decree of the President of Uzbekistan No. UP-2313 on March 04, 2015 «About 
program of the measures for structural reforms, modernization and diversification of 
production in 2015-2019», and decree of the President of Uzbekistan No. PP-4707 
of March 6, 2015 «About program of the measures for ensuring the restructuring, 
modernization and diversification of production in the 2015-2019», as well as other 
regulatory legal instruments adopted in this area. 

Compliance of the research with priority areas of science and 
technological development of the Republic of Uzbekistan. This dissertation 
research is carried out in accordance with the priority areas of science and 
technology of the Republic VII: «Chemical technology and nanotechnologies». 

The review of international research studies on the subject of the 
dissertation1. The scientific research aimed for improving the quality of the sealing 
1Review of foreign scientific researches by the theme of dissertation was made on the base http://www. u–tokyo.ac.jp; 
http://www. mdrc.org/projekt /guide; http://www. international.unina.it; http://www. uni–weimar.de; http://www. 
msu.ru; http://www. makro.ru; http://www. makromol.kiev.ua; http://www. vatp.lv and other issues. 
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composite mastics are carried out in the leading research centers and higher 
educational institutions of the world, including Tokyo University (Japan), State 
University of New York (USA), II University of Naples (Italy), Weimar State 
University (Germany), Moscow State University, Institute of Macromolecular 
Compounds and Chemical Physics Institute at the Russian Academy of 
Sciences (Russia), Institute of Macromolecular Chemistry of the Academy of 
Sciences of Ukraine (Ukraine), Institute of Wood Chemistry of the Academy of 
Sciences of Latvia (Latvia), as well as in the State Unitary Enterprise «Fan va 
Tarakkiyot» at Tashkent state technical University. 

As a result of studies conducted to obtain compositions of organic-powdered 
ingredients and organic ingredients as well as the production of cements with 
different properties have been made a number of achievements. In particular, it was 
developed the technology development of composite polymeric materials with high 
physical and mechanical properties, due to the physic and chemical treatment 
(University of Tokyo, Japan); was developed a new method for the preparation of a 
thermoplastic polymer, using sonication (State University of New 
York, USA) developed the technology development of polymer compositions 
having a new hybrid of nanostructure-based organic-ingredients having different 
structures and properties (II University of Naples, Italy) created the synthesis 
technique, a method of mixing the organic-ingredients powdered component 
materials that are wear-resistant and have a different color (Weimar State 
University, Germany), established procedure for the preparation of high-molecular 
compounds having high heat resistance, a method of physical and chemical 
treatment (Moscow State University, Russia) developed composite polymeric 
materials by mixing high strength and anti-friction nanofillers having modified 
nanostructure (Institute of Macromolecular compounds, Russian). 

In the world of a number of studies carried out to improve the sustainability of 
road effectiveness using mastic sealant composition by filling the expansion joints 
of concrete surfaces and cracks of asphalt road surfaces. In particular, research is 
being conducted in the following areas: improving the adhesion of the fortress, 
increased wear resistance, frost and thermal stability of polymer-bitumen 
compositions; receiving supplements on the basis of bitumen cleared of paraffin 
and sulfur; efficient use of composite cements resistant extra high and low 
temperatures, improved extension of the use composition-hermetic mastics through 
process control, development of technology for effective sealing mastic, a chemical 
modification of existing composite materials . 

The level of knowledge of the problem. In the future development and 
creation of composite polymer materials and sealing mastic on their basis a 
significant contribution made by scientist A. Hayashi, S. Hulemand, R. Morgen, A. 
D'Amore, D. Amore, D. Jully, G. Akovali, N.S. Yenikolov1, A.A. Berlin2,  
 
 
1 Enikolopov N.S., Berlin A.A., Valfson S.A., Negmatov S.S. The basics of development of polymeric 
materials. - GFR, USA, JAPAN, «Springer» publishing, 1986/-220 p.  
2  . .,  . .,  . .     

. – .: , 1990. – 240 . 
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S.N. Zhurov, V.V. Korshak, M.S. Akutin, Yu.S. Lipatov3, F. Mettyuz4, 
Zh.Kh. Khalikov, S.S. Rashidov5, A.Kh. Yusupbekov. And the development of 
technologies of reception of products dedicated from their work:  A. Kumar, M. 
M. Perlman, B. Arkes, S. Geracaris, R. Goudhue, A.A. Askadski6, V.A. Beliy7, 
A.I. Sviredenok, M.I. Petrokovets, A.D. Yakovlev, V.G. Savkina, A.V. Struk8, 
V.P. Solomko9, A.A. Riskulov10, A.S. Ibodullaev11, L.N. Oblakulov and others.  

Scientific research work aimed for the development of new compounds and 
technologies for the production of sealing materials and cements showed that to 
date, there is already some progress in this area. It should be noted that imported 
sealing mastic, by European standards, not effectively perform their functions in a 
sharply-continental conditions of our country, where temperatures drop in the 
winter, the road surface is from -5 to -30 0 C, and in the summer of 90 0 C. to 150-
170 0 C. 

Insufficient adhesive strength, abrasion resistance, waterproofing and heat 
resistance of the existing sealing mastic, at high temperatures, and their 
low resistance to cracking at low temperatures in winter, as well as the high salinity 
of soil leads to destruction, as the joints of concrete and cracks of asphalt concrete 
pavement roads, bridges and airfields. All this leads to a significant reduction of 
their service life, which results in lowering the durability of roads, that is, the timing 
of trouble-free operation of concrete and asphalt pavements, as well as significantly 
increase the material and technical costs of repair work. 

The development of optimal compositions and process parameters of 
obtaining much better sealing of composite materials and mastics on the basis of 
available and inexpensive local raw materials and industrial production waste, 
which allow to receive the sealing mastic having high physical-mechanical 
performance and durability and waterproofing. This in turn will contribute to 
increased productivity of working life and, ultimately, the durability of concrete and 
asphalt roads, which was the subject of this thesis work. 

 
 
 

 
3  . . -    . – .: , 1991. – 260 . 
4  .,  .  .   . – .: , 
2004. – 406 . 
5  . .     . – .: , 2014. -194 . 
6 Askadski A.A. Computational Materials Science of olymers. Cambridge. Cambridge International Science 
Publishing, 2003. - 695 p. 
7  . .,  . .,  . .,  . .      

 . – :   , 1976.- 432 . 
8  . .   . – .: , 2012. – 366 . 
9  . .   .  – :  , 1980. -264 
. 

10  . .         
. – .: -     .  , 2010. – 304 . 

11  . .,  .     . – 
:  , 2014. – 194 . 



 56

 Connection of the thesis research with the thematic plans of research 
scientific work.The dissertation research was carried out within the scope of the 
plan of research works and projects of the State Unitary Enterprise «Fan va 
Tarakkiyot» on the theme of ID-5-003 «Design and development of technology, 
production import substitution of heat and wear-resistant composite polymer 
materials for repairing asphalt roads on the basis of local and recycled materials» 
(2009-2010); ID-2011-5-3 «Using of resin in the manufacture of powder composite 
materials for use in various branches of industrial production» (2011-2012) I-2014-
7-2 «Design and development of an efficient technology for production of 
composite cements for construction and repair of roads» (2014-2015) IOT-2015-7-
17 «Development of methods for producing composite's organic-hermetic materials 
for road construction and the development of production technology» (2015-2016) 
and I-2015-7-16 «Development and exploitation of production technology and 
the use of composite asphalt concrete in road construction» (2015-2016). 

The purpose of the research is the establishment of effective structures and 
optimal technological regimes for production of composite materials and sealing 
mastic based on them. 

The research objective: 
research of physical and chemical properties of selected ingredients based on 

local raw materials and production and industrial waste; 
research of patterns of formation of physical and mechanical properties of 

composite materials developed sealing depending on the type, structure, content and 
ratio of organic-ingredients from local and recycled materials; 

development of effective compositions of composite materials obtained on the 
basis of local raw ingredients and production and industrial waste, sealing roads by 
filling them; 

 identification and establishment of optimal technological parameters of the 
production of composite materials and sealing mastic; 

development of scientifically - methodical principles and development of 
production technology of composite sealing mastic on the basis of local raw 
materials and waste production, the organization of manufacture of pilot batches, as 
well as the development of technical specifications for them. 
development of production schedules for a sealing composite materials and mastics 
based on them, as well as conducting research and manufacturing test designed 
sealing composite cements in road conditions and the calculation of technical and 
economic efficiency of their use in the removal of concrete joints and cracks of 
asphalt roads. 

 The objects of research are bitumen BN90/10, BN70/30 viscous resin, 
oxidized resin, micronized rubber crumb and slaked lime, lignin, mechanoactivated 
wollastonite, basalt fiber, ash and slag mixture and etc. 

The subject of the research is composite sealing mastic on the basis of 
organic and inorganic ingredients. 

 Research methods.  for carrying out of this work physical and mechanical, 
physical-chemical (penetrometr, ductilometr, frass, IR spectroscopy, optical 
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microscopy, X-ray diffraction, differential-thermal, etc.), methods of research and 
analysis were applied. 

The scientific novelty of the thesis research is as follows: 
it was created sealing composite e materials and compositions on their basis 

with improved thermal resistance to frost, deformability ability, as well as high 
adhesion, and other physical and chemical properties on the basis of local raw 
materials and production and industrial waste, for sealing joints of concrete and 
cracked asphalt covering roads and airfields operated in temperature conditions 
ranging from minus 30 to plus 1700C; 

it was defined physical and mechanical properties and composition 
depending on the structure, composition, and the ratio of organic-ingredients from 
local and recycled materials to create composite sealing mastic for the filling of 
concrete joints and cracks of asphalt concrete coatings of highways; 

develop methods to improve the physical and mechanical and operational 
performance sealants and mastics composite materials based on them, by doing 
them in physical-chemically modified and clockworks activated organic-
ingredients, as well as to improve their resistance to heat and cold; 

it sets the basic physical and chemical laws of influence of technological 
parameters on the physical and mechanical properties of composite materials 
developed for sealing joints and cracks of asphalt concrete road surfaces; 

was developed the optimal technological modes of obtaining sealants and 
mastics composite materials on their basis to ensure high physical and 
mechanical s and performance and thus performance and durability in a sharply -
 continental climate. 

The practical results of the study are as follows is as follows: 
        proposed methods for developing the most effective composite polymer 
materials for sealing mastic based on them and control their properties through a 
targeted selection of appropriate organic-ingredients from local raw materials and 
industrial waste, exploiting th smiling in a temperature range from minus 30 to plus 
1700C; 

shows that developed composite compositions of mastic, because of their good 
adhesion, mechanical and sealing performance, can improve the performance and 
durability of roads and bridges and airfields; 

The reliability of the obtained results proved a set of used physical and 
chemical research methods: infrared spectroscopy, optical microscopy, X-ray, 
chemical and differential thermal analysis and physical-mechanical techniques 
(softening temperature, depth of needle penetration, adhesion strength to concrete) 
and other. 

Theoretical and practical signification of the research findings. The 
theoretical significance of the results is to establish the correlation of basic physical, 
mechanical and performance properties of the chemical composition, 
microstructure, and ratios of components of the sealing composite materials based 
on organic and inorganic ingredients, allowing to establish the optimum 
composition and technology acquisition mode sealing composite cements with high 
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adhesion, mechanical and performance properties. To create a warm-cold-resistant 
sealing mastic, operated at temperatures from minus 30 to plus 1700C. 

The practical significance of the work lies in the fact that the application of 
newly developed our composite sealing materials mastics service life is increased 
by 2.5-3 times, when filling and expansion joints of concrete and cracks of asphalt 
concrete pavement of roads, airfields. 

Implementation of the research findings. Based on the results of research on 
the development of composite materials and sealing mastic based on them, which 
were obtained from local materials, achieved the following: 

on the method of producing composite bitumen, received a patent by the 
Agency of Intellectual Property of the Republic of Uzbekistan for the opening (NO. 
IAP 04849, 2014). As a result, the opportunity to use a durable road, through the 
improvement of the properties of asphalt concrete pavement by using a composite 
of bitumen. 

in the production of composite sealing mastic for the filling of joints and 
cracks of asphalt concrete coatings of highways - it was granted a patent Intellectual 
Property Agency of the Republic of Uzbekistan on the opening of (No. IAP 04848 - 
2014). This method makes it possible to increase the efficiency of roads with 
reinforced concrete floors and asphalt roads in 2.5-3 times in a manner sealing 
joints and cracks using mastic; 

the developed technical condition of obtaining a composite sealing materials to 
fill the expansion joints of concrete and asphalt concrete pavement cracks 
approvedby SJSC «Uzavtoyul» from aprel 15, 2010 rejisteredby Agency 
«Uzstandart» from aprel 15, 2010 and validaty is extended to December 31, 2018 
(reference Agency «Uzstandart» from November 4, 2016  05/4167); 

on the VII Republican fair of innovative ideas, technologies and projects 
(2104) The State Unitary Enterprise «Fan va taraqqiyot» and the specialized state 
maintenance company for maintenance of roads of international and national 
significance (SGREPSADMGZ) «Eastern» signed business contract (References of 
Committee for coordination of science and technologies development  
0213/750 from 7th November 2016 and SGREPSADMGZ «Eastern»  954 from 
25th August 2016). As a result of using of 10 tones of composite hermetic mastics in 
the construction and repairing highway «Beyneu-Bukhara-Samarkand-Tashkent-
Andijan» with length of 10 km the usage of automobile roads increased for longer 
time.   

Approbation of the work. The research results announced in the form of 
lectures and tested at national and international conferences. Among them: the 
Republican Scientific-Technical Skye Conference of Young Scientists, held 
between higher education institutions «nanocomposite materials» (Tashkent, 
2009); Scientific and technical conference «Actual problems of chemistry» 
(Samarkand, 2009); Republican scientific-technical conference «Technologies of 
processing of local raw materials and products» (Tashkent, 2009); Republican 
scientific-technical conference «Actual problems of innovative technologies for 
recycling in the chemical and food industries as well as oil and gas» (Tashkent, 
2010); VI International Scientific Conference «Modern technologies and 



 59

innovations mining industry» (Navoi, 2011); Republican scientific-technical 
conference of young scientists held between higher education institutions , «New 
composite materials based on local and recycled materials» (Tashkent, 2011); XII 
GEP Congress, Granada, Spain (Spain, 2011);  6 th International, Conference on the 
Times of Polymers has (the Top) and Composites. Ischia. Italy (Italy, 
2012); Republican Scientific and Technical Conference of Young Scientists, held 
between higher education institutions , «New composite materials based on organic 
and non-organic ingredients» (Tashkent, 2012); Porous Powder A and International, 
Materials Symposium and Exhibition Exhibitions, the PPM-2013, Turkey, 
(Turkey,2013); International scientific but Technical Expert Conference «Resource 
and energy-saving environmentally friendly composite materials» (Tashkent,  
2013); Republican scientific-technical conference «The ingredients are local and 
secondary raw materials for the production of new composite materials and 
products from them» (Tashkent, 2014); International conference of the I: 
«International, porous powder materials» and «Thermal Physical and 
 mechanical propertiesof advanced materials» and 4th  Restocked international  
Symposium «Thermal Physical properties for Contents Technical  
Thermodynamics» (Azerbayzhan, 2015); Republican scientific-technical 
conference «Advanced technologies of composite materials and products from 
them» (Tashkent, 2015); at a Scientific seminar of the Scientific concil 
14.07.2016.K/T.14.01 under the Instirute of General and Inorganik Chemistry, the 
Scintific and technical center of polymer chemistry and physics, the Tashkent 
chemical-technological Institute and the Tashkent State Technical University on 
October 26, 2016 year. 

 Publication of findings. According to the thesis topic 37 scientific papers 
were published. Of these, 10 scientific papers, including 9 national and 1 
international journals recommended by the Higher Attestation Commission of the 
Republic of Uzbekistan for the publication of basic scientific results of doctoral 
dissertations and 2 patents of Uzbekistan was received. 

The structure and scope of the dissertation. Structure of the dissertation 
consists of an introduction, four chapters, conclusions, list of references, 
applications. The volume of the dissertation is 193 pages.  
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THE BASIC CONTENTS OF THE DISSERTATION 

The introduction the relevance  and  actuality of the theme of the thesis, 
formulated the purpose and problems, identified the object and subject of research, 
to determine the appropriate research priority areas of science and technology in the 
Republic of Uzbekistan, presented scientific novelty and practical results of the 
research revealed the scientific and theoretical and practical significance of the 
results are given a list of implementation of research results, the results of testing 
work, information on published works and the thesis structure. 

The first chapter «The current state of sealing materials for construction 
and repair of roads and production technologies» made a detailed review of the 
results of works devoted to the problem of development and technology of sealing 
materials and cements based on them for the construction and repair of roads, as 
well as the application of sealants Materia fishing mastic expansion joints 
in concrete and asphalt road pavement cracks. 

Most of the work on the development of sealing materials and cements based 
on them, did not adequately address the natural properties and structure, 
composition and ratios of organic-ingredients, which are introduced into the 
composite cements. 

From the review we have concluded that to date almost no developed effective 
composite sealants and mastics based on them, which can ensure the longevity of 
asphalt and concrete pavements. 

This research revealed the complexity of the complex physical and chemical 
properties of composite materials and sealing mastic based on them, and the lack of 
scientific and technical x approaches and scientific and methodological principles 
that marked the aim of this thesis. 

The second chapter «The objects and methods of producing composite 
sealing mastic and determination of their properties» was formulated by the 
choice of objects, their rationale and methods of experimental studies, described in 
detail the method of mechanical activation of preparation of ingredients for 
preparation and determination of the physical chemical, mechanical and 
performance properties of composite sealing materials and cements based on 
them. As well as the technique of statistical processing of the results of studies of 
physical-mechanical and operational performance composite materials. 

The third chapter «Investigation of the structure and physicochemical 
properties of organic-ingredients based on local resources and secondary raw 
materials» are the results of studies of the microstructure and physical and 
chemical properties of the used organic-ingredients from local and recycled 
materials. 

With the development of effective composite materials and sealing mastic 
based on them, for the construction and repair of roads have been used as binders 
bitumen: BN90 / 10 (BNI- the V ) - (GOST 22245-90), BN70 / 30 (BNI- IV of ) - 
(GOST 9548-74), BND-40/60, 60/90; crumb rubber (TU-38-10436-70);  resin (OST 
-18-114-73) waste fat and oil production; secondary raw materials 
polyethylene and , and polyvinyl chloride and , as well , as fillers lignin (TU 
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64.11.05-87), slaked lime ( Specifications - developed ); basalt fiber filler (PCT 
Uzbekistan); activated wollastonite filler (Specifications - developed), ash waste 
Angren TPP - Ashes (Specifications -developed). 

Since the above-mentioned binders and fillers may have different 
performance, we conducted a thorough research of physical and mechanical 
properties and structures of all the ingredients before you finally choose the object 
of research. The structural characteristics and complex physical and chemical 
properties of organic-selected objects, such as wollastonite and ash as well. Note 
that in the specialized literature virtually absent in T specifications relating smiling 
develop effective sealing composite pastes to cracks of asphalt concrete pavement 
and expansion joints of concrete road pavement. 

Ore of wollastonite enriched by flotation method. The chemical composition 
of wollastonite ore before and after flotation is shown in table 1. 

 
Table 1 

Chemical analysis Kuytash wollastonite ore before and after flotation 

  
Try SiO2 Al2 O3 Fe2 O3 CaO MgO TiO2 Na2 O K2 O P.p.p

Before 
flotation 45.89 3.18 2.53 33.2 2.13 0.46 0.52 1.60 9.93 

After the first 
flotation 57.79 3.67 2.22 26.8 0.83 0.20 0.83 0.88 6.66 

After the 
second 

flotation 
58.54 3.71 2.22 26.7 0.83 0.18 0.84 0.73 5.73 

  
During flotation allocated CaSO 3 and MgSO 3, which in turn leads to an 

increase in the active silicon oxide, that is, to improve the composition of the main 
mineral wollastonite, due to the allocation of CaSO 3 and MgSO 3 in the process of 
enrichment of ore. 

Investigation of the structure and physical-chemical characteristics crushi ods 
ash. It is known that at the Angren and New-Angren thermal power plants annually 
produce 650 thousand tons of ash and slag. The chemical composition of ash and 
slag Angren deposit is shown in the following table 2. 

   

                                                                                    Table .2 
The chemical composition of ash 

Compounds SiO2 Al2O3 FeO CaO MgO SO2 TiO2 K2O Na2O P2 O MnO 
 

% 62 27.3 5.65 1.17 0.49 0.47 1.49 0.42 0.32 0.52 0.17 
  
Chemical analysis showed that the composition of up to 62% ash is composed 

of active silica. Electronic microscopic studies have shown that most of the particles 
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of ash and slag have different size and shape. Particle sizes range from 1 mm to 5 
mm ( Figures 1a, b). 

  

             

 

                                             a                                                              b 
Fig. 1. Morphological composition of ash Angren TPP 

  
The results showed that 32% ash is composed of the size fraction III -42 

microns’ ash waste fraction composition shown in Figure 2, and their diffraction 
pattern in Fig. 3. 

Thus, the composition of the ash and slag predominate silica  alumina , iron 
and calcium oxides. The ratio of the amount of the basic oxide (CaO, of Al 2 O 3, the 
MgO, of FeO , of Fe 2 O 3 , of MnO ) to the amount of acid ( of SiO 2 , the P 2 O 5 , of 
TiO 2 ) relate more to the slag. 

 
 

 
 

Fig. 2. The average fractional 
composition of ash, m. 

I - 21; II - 33; III - 42; IV - 55 ; V - 
83; VI - 204. 

  
 
 
 
 
  

Sedimentation analyzes showed that the ash refers low disperse materials and 
can be used as a filler in the manufacture of low disperse composite materials. 

Asphalt, secondary polyethylene, polyvinyl chloride, hydrolysis lignin, slaked 
lime, basalt marketing fibers also become the object of research. 

Explanation of fractograph is done with the database with use of ASTM (Figure 
number 3). The main minerals are considered to be alpha - quartz (about); mullite 
(*) and magnetite (+). 

As a result of comprehensive research, it was found that the organic-
ingredients discussed above may be one of the components in the formulation and 
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preparation of effective technology of composite materials and sealants mastics for 
construction and repair of roads. 

 
 

Fig. 3. 
The XRD pattern of Ashes 

Angren coal 
* Mullite; of -quartz; 

+ magnetite 
  

  
 
 

 
In the fourth chapter «Research and development of optimal compositions 

of composite materials and sealing mastic on their basis», the results of 
development of optimal compositions of composite materials are described in detail 
and sealing mastic based on them meeting the conditions of hot climates and high 
altitudes. 

In the first place, has been investigated and determined by the model 
composition consisting of 50% bitumen grade BN-90/10, 26% of the bitumen grade 
BN-70/30, 18% of resin and 6% of crumb rubber as well as its properties. It was 
selected and studied an exemplary composition, where softening temperature was 
50-700 C, elongation at 250 C; 1- 3.8 cm, 18-30 mm penetration -1 and the bonding 
strength with concrete 0,1-0,4 MPa, this cooking temperature of 180 ± 50 C and the 
pulping time was 3 h. 

It was determined the significance of indicators of physical and mechanical 
properties of the composite model of sealing mastic based on the content of 
bitumen, resin, rubber crumb, hydrolysis lignin, recycled polyethylene and 
polyvinyl chloride, basalt fiber Gachet tion of lime, mechanically 
activated wollastonite and ash. 

As the results of research, with an increase in the content of bitumen grade 
BN-90/10, improved temperature performance and mitigate the strength of adhesion 
to concrete, and their penetration and extensibility while gradually 
decreasing. When using bitumen brand of BN-70/30 found an inverse pattern, 
ie performance and extensibility penetration with increasing bitumen content in the 
composition increased and the temperature of softening and bonding strength to 
concrete falling. The most suitable amount of bitumen BN 90/10 composition can 
be taken in the range of 30-35%, and for bitumen grade BN 70/30 -20-25%. Further 
it found that resin composition behaves identically with bitumen grade BN - 70/30. 

Introduction of hydrolytic lignin composition of the model increases its 
physical and mechanical properties. Due to the presence in their structure of the 
reactive hydroxyl groups resin reacts under the influence of the hydroxyl groups. As 
a result, the action of polycondensation processes, increasing the average molecular 
weight in the model system composition.  
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Interactions between lignin and gossypol s second resin can be represented by 
the following chemical reaction: 

 

 Increased softening temperature, the adhesion to concrete and other properties, 
due to the fact that in the conditions obtaining composite sealing materials at a 
temperature of 170-190 0 C, the interaction of functional groups of bitumen products 
with reactive groups of lignin. As a result of increased average molecular weight of 
the composition, consisting of bitumen and hydrolytic lignin. 

Increasing the amount of crumb rubber in the composition contributes to a 
significant increase in physical and mechanical properties, except penetration, 
increase the content of basalt fibers has led to some improvement in softening 
temperature and reduced dispensability and penetration. Index bond strength to 
concrete remained practically unchanged. Hydrated lime has a significant impact on 
the increase of the physical and mechanical properties of composite sealants 
mastics, including on bond strength to concrete except penetration. The research of 
influence of these organic-ingredients on the sealing properties of composite 
materials are described in detail in the thesis.           

It should be noted that when using ash and wollastonite, the sealing properties 
of composite materials increased. 

In order to further improve the quality of developed mastics, we influence the 
amount of the fine mechanically activated wollastonite was investigated further 
(AKB) and slag mixture on all the properties of the composite sealing mastic 
(Figure number 5 and No.6). 

 
Fig. 5. Dependence of the 
number of properties of 
composition of mastic on 
the number of activated 

wollastonite.  
1 - softening temperature,  

2 - elongation at a 
temperature 25ºC, 3 -

 penetration and 4 - Clutch 
fortress with concrete. 
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 The figure number 5 shows that the concentrate is activated wollastonite 
improves the complex properties of sealing mastic. Increasing the number of 
activated wollastonite from 1 to 6% increased the softening temperature of 93° 
C to 130°C. A clutch fortress with concrete increased from 0.6 MPa to 1.15 
MPa. Indicators penetration and elongation at 25°C retained their own indicators, in 
accordance with the requirements technical conditions of the republic.        

We can conclude that the activated wollastonite to a certain extent acts as a 
modifier, similarly with bitumen grade BN-90/10 and resin. This shows that the 
composite sealing mastic produced has a significantly higher performance in 
comparison with existing cements. 

It was revealed that slag mixture have a significant effect on the properties of 
the composition model (Figure number 6). Increasing the amount of slag mixture 
from 2 to 7% led to an increase in softening temperature from 89 to 170°C, and at a 
temperature of 25°C tensile increased from 4.8 to 7.4 cm. clutch fortress with 
concrete increased from 0.55 to 1.4 MPa, and penetration decreased from 27 to 24 
mm -1. 

This means that on the basis of the research, we can arrive at the following 
conclusion: The mixture of powdered slag in comparison with the other ingredients 
organic mineral significantly increases a number of physical and mechanical 
properties and softening temperature of the composition model. 

 
 
Fig. 6. Properties Dependence 
composition of mastic on the 
amount of slag mixture.  

1 - softening temperature;  
2 - elongation at 25°C;  

3 - penetration; 4 - Clutch 
fortress with concrete. 

  
   
 
 
 

After researching the complex influence of bitumen, resin and a number of 
organic and inorganic ingredients in the physical and mechanical properties of the 
composite model, we concluded that it is feasible to establish an effective composite 
mastic for sharply-continental conditions of our country. 

Composition created composite sealing mastic is given in Table number 3 and 
number 4. 

Thus, we can conclude the first time we have developed a number of effective 
formulations of composite materials and mastics for sealing joints and cracks of 
asphalt concrete coatings of highways, the following brands: MAG - 100; MAG - 
110; MAG - 120; MAG - 130; MAG -140; MAG - 150, MAG-170, capable of 
operation at temperatures from minus 30 to plus 1700 C. 
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Table 3 
The composition of bituminous compositions that are based on local raw 

resources 

 Number Name of ingredients 

The number of ingredients , parts by weight. 

MAG-
100 

MAG-
110 

MAG-
120 

MAG-
130 

MAG-
140 

MAG-
150 

 
MAG-

170 
 

1 Bitumen BN-90/10 
(BNI- the V ) 

35 35 35 30 30 30 30 

2  Resin 40 40 30 30 30 28 28
3 Rubber crumb 13 13 15 14 10 10 8
4 Lignin 3 2 5 2 2 3 3
5 Secondary polythene 3,0 3,5 5 7 7 4 3

6 Secondary in 
polyvinyl chloride 

5 5 7 8 8 8 7

7 Ash and slag 
mixture 

- - - 2 4,5 6 7

8 Hydrated Lime 1,0 1,5 2 2 2,5 3,0 4

9 Activated vollostonit 
(AKV) 

- - - 3 4 5 6

10 Basalt fiber - - - 2 2,5 3 4
 

Table 4 
Physical and mechanical properties of bitumen compositions 

The name of 
indicators 

Methods for 
determinatio

n 

The values of indicators 
MAG-

100 
MAG-

110 
MAG-

120 
MAG-

130 
MAG-

140 
MAG-

150 
MAG
-170 

RuNO softening 
temperature, 0C, 
not less than 

GOST 26589 95 102 112 125 135 145 165 

Brittleness 
temperature for 
Frasso, 0 C, not 
higher 

GOST 11507 -20 - 2 0 - 2 2 - 2 3 - 2 5 - 26 - 27 

Elongation at 
25 0 C. GOST 11056 6, 2 5 8 5, 4 5.0 4, 6 4, 2 4, 2 

Adhesion 
strength with 
concrete, MPa 

TU-
Uzbekistan 
14.04.2004 

0 5 0 5 0, 7 0.9 1, 0 1, 1 1, 3 

The depth of 
needle 
penetration in 
mm -1 at 25 0 C. 

GOST 11501 32 30 28 28 24 19,0 16 

Water absorption 
for 24 hours% 

Not more 
than 0.2 0.2 0.18 0.1 8 0.1 8 0 17 0 16 0.1 5 

 
The fifth chapter, «Development of technology for composite materials 

from local raw materials and waste production of sealing mastic on the basis of 
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their» describes the results of studies on the development of optimum technological 
modes of production of composite materials and effective sealing mastic based on 
them. Scientific and methodological principles have been developed for the 
production line, allowing to receive effective formulations and production of 
composite materials and sealing mastic on the basis of local and recycled 
materials. In order to determine the optimum process conditions produce sealing 
composite materials studied the influence of time and temperature of cooking on the 
physical and mechanical properties developed brands of composite sealing mastic 
brand MAG 100, MAG 110, MAG-120, MAG-130, MAG-140, MAG, 150 and 
MAG -170. 

With increasing digestion time of 1 to 7 hours and a temperature of 120 to 
2400 C the same results can be observed, that is, the curves show the dependence of 
the physical and mechanical properties of mastics the cooking time and 
temperature.  Figure 7, shows the physical-mechanical properties of the composite 
sealing mastics suitable their brand MAG-MAG-150 and 170 from the cooking time 
at a temperature of 180 ± 50 C. From the curves seen that with an increase in 
cooking time from 1 to 7 hours index reaches a softening temperature of 72 to 
1700 C, the strength of adhesion to the concrete increases from 0.4 to 1.3 
MPa, and elongation exponents whether penetration reduced from 8, 4 to 4 cm and 
30 to 14 mm -1 , respectively. 

  
 Fig. 7. 

Dependence of physical-
mechanical properties of the 

composite sealing mastics 
brand MAG-150 and MAG- 
170, by the time the cooking 

temperature of 180 ± 5°C 
1 - softening temperature,  

°C; extensibility 2 cm -25°C;  
3 - penetration mm -1; 4- clutch 

fortress with concrete, MPa 
   

Similar results were observed when changing the temperature to boiling 120-
240º  composite sealing mastic brands MAG - 150 and MAG - 170 (Figure number 
8). Softening temperature changes abruptly to 170°C, and the clutch fortress with 
concrete to 1.35 MPa, with elongation and penetration not changed and saved as 
part of the requirements. 

Fig. 8. Dependence of physical 
and mechanical properties of 

composite-sealing mastic 
brand MAG 150 and MAG -  

170 of the cooking 
time 4.5 hours 

1- softening temperature, °C;    
   2 - elongation at 25°C, cm;      

3 - penetration mm -1 ; 
4 – Clutch fortress with                            

concrete, MPa 
 



 68

From the foregoing, it is clear that technological regime has a major impact on 
the formation of the important indicators of the sealing composite materials. Based 
on the results of the experiment, it was developed optimal technological mode of 
production of composite sealing materials having high physical-mechanical and 
operational performance. (Table number 5). 

Table 5 
Indicators of optimal technological mode of reception of the sealing mastic 

composition 
Production data Mark mastic 

MAG-
100 

MAG-
110 

MAG-
120 

MAG-
130 

MAG-
140 

MAG-
150 

MAG-
170 

The cooking 
temperature, 0 C 

180 ± 5 185 ± 5 190 ± 5 195 ± 5 200 ± 5 205 ± 5 210 ± 5 

Cooking 
time , hours. 

5 - 5.5 5 - 5.2 4.8 - 5 4.5-4.8 4.5 4.5 4.5-5.0 

 
As seen from Table 5 No., technological mode for brand MAG -100: cooking 

time of 5 - 5.5 hours, and the temperature of 180 ± 50C. For brands MAG -110 and - 
120 cooking time and the order of 5-5,2 and 4,8-5 hours, and the temperature of 180 
± 5 and 190 ± 50C, respectively. In the case of MAG - 130 during cooking can take 
4.5-4.8 hour and a temperature of 195 ± 50C. MAG stamp - 140 and MAG -150 4.5 
hours cooking time, and the temperature of 200 ± 5 and 205 ± 50C, respectively, and 

for MAG -170 4.5-5.0 hours cooking time, cooking temperature 210 ± 50C. 
 

Table 6 
Physical and mechanical properties of composite sealing pastes that are 
based on technology developed and the optimal technological mode 

 The name of 
indicators 

Methods for 
determining 

The value of indicators 
 

MAG-
100 

MAG 
-110 

MAG 
-120 

MAG 
-130 

MAG 
-140  

MAG -
150  

MAG-   
170 

The temperature of 
softening 
by Kish, 0 C 

GOST 26589 102 113 121 132 142 151 17 2 

Brittleness 
temperature 
by Fra with su 

GOST 11507 -20 - 22 - 24 - 26 - 28 - 30 -30 

Elongation at 25 0 C. GOST 11056 6.0 5.6 5.2 4.8 4.4 4.0 4.0 
Clutch fortress with 
concrete , MPa 

TU-
Uzbekistan 
14.04.2004 

0.5 0.6 0.8 1.0 1.16 1.2 1, 4 

Penetration  
mm -1 , at 25 0 C. GOST 11501 32.0 29.0 27.0 23.0 18.0 15.0 15 

Absorption of 
fluid , in % for 24 
hours 

Not more 
than 0.2 0.2 0.18 0.17 0.16 0.14 0.12 0.1 0 
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Studies conducted in the laboratory, were the development of the most 
important scientific and methodological principles and technology of production 
line for the manufacture of composite materials from local and recycled materials 
and sealing mastic based on them. Driving the process line number is shown in 
Figure 9. 

 

   
1,2,3,4,5,6 - Containers with a jacket and a drive; 7,8, 9,10,11,12, 46,49,52-
valve; 13,14,15,16,17,18,39,40,41,42 - dispensers; 19,20,21,22 - tanks for bulk 
materials; 23,24,25,26 - valves; 27.28 - shredders; 29.30 - dryers; 31.32, 37.38 - shaker; -
mechanic acticators 33.34; 35.36 - bin with a screw; 43.44 - twin screw mixer; 45 - reactor for 
the production of sealing materials and cements; 48.51 - reception capacity of finished 
products; 53.54 - packaging line; 55 - warehouse; 47.50 - Switching valves 

Fig. 9. The production line producing composite materials sealing 
waterproofing and mastics 

       
Sealing mastic composition derived from the regime of developed technologies 

and create optimal technological regimes differ from the above created on the basis 
of the optimal composition of composite sealing mastic high physical and 
mechanical properties. For example, to mitigate the mastic brand SMC-170 
temperature is from 1650C to 1720C, and the fragility of the temperature is raised to 
-270C to -300C. The fortress with concrete adhesion index rose from 1.2 MPa to 1.4 
MPa, and other indicators have risen in part, and thus keeping within the 
requirements. The research results show that the composite produced by sealing 
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mastic depend on optimal technological mode, that is, from time to time and 
cooking temperature. 

In the sixth chapter «The practical and economic aspects of the 
technologies, allowing to receive effective composite materials and sealing 
mastic on their basis» presented the results of scientific-practical and economic 
aspects of the developed compositions and technology for producing composite 
sealing mastic for use in the construction and repair of road roads. 

In 2012-2014, it was created and installed a production line for the production 
of composite materials and sealing mastic: MAG-100, MAG-110, MAG-120, 
MAG-130, MAG-140, MAG-150 and MAG-170 is based on specialized public 
maintenance company and maintenance of highways of international and national 
importance (SGREPSADMGZ) «East» with the SJC «Uzavtoyul». 

In April 2014 it was on released on the basis of the developed formulations to 5 
pilot-scale s parties composite sealing mastic to 2 tons each, for a total weight of 10 
tons. 

Conducted research and production testing of test batches of composite sealing 
mastic, by filling joints and cracks of concrete surfaces of highways Beyneu-
Bukhara-Samarkand-Tashkent-Andijan. Positive results with the recommendations 
for the use of concrete and asphalt surfaces of roads, operated in the climatic 
conditions of our country and other countries in the Central Asian region (Act test is 
applied in the dissertation). 

The results of the pilot production tests have shown that the use of the 
developed composite sealing mastic allows operated within temperatures from -
300C to 1700C, to increase by 2.5-3 times mastic term service in the conditions of 
our republic and the other republics of Central Asia. 

Technical and economic efficiency of application of the developed composite 
sealing mastic, designed in a known manner. 

Calculations showed that the economic efficiency, the issuance and use of 
1,000 tons of developed by us, the composite sealing mastic, by increasing the 
service life of the mastic 2.5-3 times, excluding improve efficiency and durability of 
roads, more than 2.5 billion soums. 

 

CONCLUSION 

1. Recommended scientific and technological basis for effective composition 
mastics capable of use at temperatures from minus 30 to plus 170 degrees, i.e., 
under extreme climatic conditions, for sealing cracks and joints of asphalt concrete 
pavement of roads, to increase their durability operation and durability. 

 2. The regularity effects of process parameters on the physical and mechanical 
properties of the composite sealing mastic, based on a model of a composition 
comprising: 50% of bitumen BN 90/10 grade, 26% grade bitumen BN 70/30, 6% 
rubber crumb and 18% resin. It is shown that an increase in the content of bitumen 
grade BN-90/10 improved softening temperature and bond strength to concrete and 
penetration performance and extensibility gradually reduced. When using bitumen 
brand of BN-70/30 found an inverse pattern, ie Options extensibility and penetration 
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with increasing bitumen content in the composition is increased, and the softening 
temperature and bond strength to concrete performance decreases.  resin model 
behaves identical composition with bitumen grade BN-70/30, and the introduction of 
recycled polyethylene and PVC substantially improves the physical and mechanical 
properties of the developed composition by increasing its molecular weight. 

3. The regularities of interaction of organic-ingredients (lime, crumb rubber, 
lignin, basalt fiber, wollastonite mechanic activated and ash and slag mixture) to the 
number of them in the model formulation. The chemical processes that take place 
between them to form hydrogen bonds, leading to an increase in the formation of 
physical-mechanical and performance properties of the resulting composites and 
sealants and mastics based on them. Thus, with increasing content of crumb rubber 
in the composition, there is a significant improvement in physical and mechanical 
properties, except penetration. And increasing content basalt of fibers 
improves temperature softening, lower extensibility and penetration, wherein 
the indicator bonding strength with concrete It remains virtually 
unchanged. Hydrated lime, mechanic activated in l lastonit and ash and slag mixture 
significantly improves the physical and mechanical e indicators CCA particularly 
temperature with softening, except penetration. 

4. Based on the experimental data, the optimal formulations were sealing 
mastic composite: MAG -100; MAG -110; MAG -120; MAG -130; MAG-
140; MAG -150; MAG -170, with the set of physical, mechanical and performance 
properties can be operated at a sharply continental climate conditions of Central 
Asia. 

5. Experimentally proved pulping effect of technological parameters on the 
formation of the physical and mechanical properties of composite sealing 
mastic. The optimal cooking modes for a particular brand, which are slightly 
different from the mode of cooking model mixtures. So, for the MAG brand -100 
cooking time of 5 - 5.5 hours, and the temperature of 180 ± 50 C. MAG stamp -110 
and -120 MAG and cooking time is about 5 - 5.2 and 4.8 - 5 hours, and the 
temperature of 185 ± 50C and 190 ± 50 C, respectively, and marks and MAG -130 - 
140 4.5-4.8 hours cooking time, and the temperature of 195 ± 50C and 200 ± 50 C 
and -150 for MAG and MAG -170 and cooking time 4.5 hr 4.5-5.0 temperature 205 
± 50C and 210 ± 50C, respectively. 

6. Established scientific and methodical principles of the production 
technology of composite materials and sealing mastic based on them, which allow 
to receive the sealing mastic composition with predetermined properties. On the 
basis of these principles, developed and mastered effective production line 
producing composite sealing mastic in specialized state maintenance company for 
maintenance of roads of international and national importance (SGREPSADMGZ 
«Eastern»). First of all, it includes the processes of preparing bitumen resin crumb 
rubber and mineral ingredients: lime, basalt fiber, wollastonite activated fumed ash 
and mixtures thereof, followed by obtaining their composite based mastic sealant. 

7. Released pilot batch of composite sealing mastic different brands of 
weighing in on the basis of local and recycled materials for tons designed for 
recipes on a pilot basis specialized state maintenance company for maintenance of 
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roads of international and national importance (SGREPSADMGZ) «East» with the 
SJC «Uzavtoyul». Road performance tests conducted by filling I sealing composite 
cements for deformation of ionic concrete joints and cracks of asphalt concrete 
pavement highways "Beyneu - Bukhara - Samarkand - Tashkent - Andijan" length 
of 100 km. Tests have shown that developed composite mastic and to this 
day maintain their performance and effectiveness of 25 million sum. When using 
1000 tons of sealing mastic, the expected cost-effectiveness will 
be 2.5 billion soums. Expected economic efficiency will be achieved at the expense 
of local production of the sealing composition mastic and mastic restrictions on 
imports from abroad, in foreign currency, as well as by increasing the life of the 
mastic created that exceeds the shelf life of existing types of mastic 2.5-3 times. 
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