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 1.  

  
1. : 

1.1. : 
 (Pinus sylvestris L.)  

 (Picea abies (L.) H.Karst.)  
 (Larix sibirica Ledeb.)  

 180  16361-87 ( . 5%) ,  
1.2. : 

 (Betula pendula Roth)  
 (Populus tremula L.)  

 (Fagus sylvatica L.)  
 (Quercus robur L.)  

 (Acer platanoides L.)  
 ( ) (Diospyros mun A.Chev.)  

 (Schinopsis balansae Engl.)  
2. : 

 (Bambusoideae Luerss.) ,  
 

(Phragmites communis Trin.) « »  

-
 ( , )  

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

 
«Pulverisette 14»  FRITSCH c  

 0,08 . 
-

 Mettler Toledo DSC 823e/700.  
DSC ( )  40 , -

 0,2 .  5, 10  20 °  
 25  350 ° .  4–8 . 

 [5, 6]. 

 

 DSC -
–20 (  :  20%)  

)  – , . -
:  

–20 :  :  = 100 : 93 : 12. 
-

 5, 10  20 °  350 ° . -
 1.  

-
 « »  ( )  100%. 

-
. 

 
–20 :  –  – , , 

,  ASTM E698 [5–9]. -
 ( )  .  

 , -
,  ( . 2). 
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. 1.  ( , , )  ( )   
-20  ( )  n-  

 5, 10  20 °  

 

. 2. :  ,  
a = 50%,   ASTM E698,  , a = 50% 

-
 ( . 3), ,  

 (  1000/T > 2,30) , .  
 (  r)  ( . 1) -

 n : 

n
catd

d )1)(1(Ae RT
E

- , 

  – ,  – ,  – ;  – 
, R – ,  – , Kcat –  

, n – . 
 2  

. 
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. 3. –20  

: 1 – 5 ° , 2 – 10 °  3 – 20 °  

 2.  (  n   
)  

 ,  log A n r 
 104,92 10,05 1,79 0,9895 

 119,77 12,29 1,32 0,9940 
 104,89 10,35 1,22 0,9902 

 106,78 10,61 1,28 0,9889 
 180 112,60 11,33 1,18 0,9920 

 130,34 13,50 1,43 0,9908 
 110,95 11,01 1,26 0,9915 

 124,41 12,91 1,26 0,9899 
 103,96 10,25 1,21 0,9866 
 115,98 11,73 1,30 0,9944 

 117,32 11,94 1,62 0,9749 
 128,89 13,51 1,62 0,9860 

 113,84 11,50 1,25 0,9892 
 111,93 11,15 1,30 0,9923 

,  ( . 2),  
 (n = 1,18–1,43)  

 (n = 1,62)  (n = 1,79) 
. 4).  – -

 – -
 [10]. 

 ( )  
. 5)  [8, 9].  ASTM E698, 

, -
 ( ), -

. 
, -

. ,  
,  

. , -
, -

, -
, . 
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. 4.   

-
,  

 40% [11]. 
 – ,  

,  [12, 13], , 
 (6- -4,5 -2- ).  

, -
. 

, , , -
 ( . 6).  

 

. 5.  
 ( ):  – 5%,  – 15%,  – 25%,  – 35%,  – 45%,  – 55%,  – 65%, 

 – 75%,  – 85%,  – 85% 
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. 6.  
 

, , , -
. -

 26–29%  19–26% [10, 
11]. ,  – , -

, , , -
.  

(4,1–4,6%),  30–40%  ( , ) [10]. -
, :  0,9–1,1%, -

 1,8%,  0,5% [10]. -
,  [14]. -

-
, -

. 
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, -
, -

, -
. 

 26%, -
 (10–15%),  (  3,5%),  

 (> 80%) -
, .  [15, 16].  

-
-

,  – -
. 

-
 (  30%)  ,   

 
-

 (  20–21%) [10, 17]. 
 
 

.  22% [10], -
:  1,3 ,  

 11,7  [18].  
, -

 
. -

-
:  (  22–27% [10],  – 20–23% [11]), , -

 [19], ,  [20]. 
-

,  
 = 60% ( . 5). 

, -
-

.  18–20% [21, 22]  22% [22] 
 

.  (  
 SiO2  0,99%  1,35% ) ,  

 [23]. -
. 

180,  
 5%  

, . 
-
 

. 

 
1. -

-
, ,  

 c . 
2. , . , -

 (n = 1,18–1,43) -
 (n = 1,62). -
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 – -
. 

3. ,  
,  

,  
. 

4.  
 

 –   
)  (n). 
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Shishlov O.F.1*, Dozhdikov S.A.1, Gluhih V.V.2 THE INFLUENCE OF EXTENDER TYPE ON CURE KINETICS IN 
COMPOSITE MATERIALS BASED ON PHENOL-CARDANOL-FORMALDEHYDE NOVOLAC RESINS 

1JSC «Uralchimplast», Northern Highway, 21, Nizhny Tagil, Sverdlovsk region, 622012 (Russia),  
e-mail: shishlov@ucp.ru 
2Ural State Forestry University, Russia, Siberian highway, 37, Ekaterinburg, 620100 (Russia), e-mail: vvg@usfeu.ru. 
The influence of plant extender type on kinetics of curing in composite materials based on phenol-cardanol-

formaldehyde novolac resins was studied. Traditional for wood industry foliage, coniferous, hard-wooded broadleaved, tropical 
foliage and gramineous plants were taken as a source of fillers. The influence of plant filler on effective activation energy Ea in 
dependence from extent of curing and reaction order of curing reaction ( ) were found. 

Keywords: cardanol, kinetics, activation energy, reaction order, composite materials, plant raw materials. 
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