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 , -
  = ( )/( 0 )  .  0, ,  – , 

 , . 
, , -

. -
, -

. ,  D*  
 ks,  Ea,  ( , )  (erf), -

,  [12–16]. 

  

-
, ,  

.  grad ,  
,  grad . -

 [17–22]. 
 Di – , -

. , -
 Di  « »,  «  D*»,  

. 
 –-  

 [9, 10]  : 

(   )/( 0  ) = exp( kc ) ,  = ( 0  ) exp( kc )   , (1) 

 0 –  (  – ),   –  
  ( ), kc –  

,  – , -
, . .  

 ( 0  )  ,   ( 0  ) -
 . 

, .   = 1,  (1)  
  

(   )/( 0  ) = exp( kc ), (2) 

:  

=  [1 – exp( kc )], (3) 

   –  . 
 ( ) , . , -

 (3)  

=  [1  exp( kc ) ]. (4) 

 (1)  (4) -
 ( )  – ,  

. -
, , ,  -

.  
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 k * = kc . -
,  kc .  (1), (4) 

 

(   )/( 0  ) = exp(–k * ); (12) =  [1 – exp(– k * )]. (5) 

 
:  –  ( ), 

 –  ( ).  
 ( ) ,  -

 (1, 4, 5).  
 (5)  [9, 10] -

 –  – , . .  
»   

 ( ), , ,  (  
) – ;  ( ) – ), -

,  ( ) , -
. -

, , . 
,  [11],  -

  = f( )   = f( )  23000, -
,  (0,5 30 )    

0,9 0,2: 0,5   =15,0 exp( 0,29 0.9) + 57,0;  
1,0   = 22,0 exp( 0,07 0.6) + 51,0; 
10,0   = 30,1exp( 0,48 0.3) + 42,0,  

C. 
, , ,   

, ,  (1, 4) -
, ,  ( )   

.  
-

 ,   
 (1–5), : 

(X X )/(X0 X ) = Bmexp( kr ) , (6) 

 X , X0, X  , 0,  , W , W0, W  , , 
0,  .  ,  

) , k  , Bm ,  
 ( ) .  

 (5),  ( ,  )  k -
 k *.  (6)  

(X   X ) / (X0  X ) = Bmexp( k * ). (7) 

 ( )  = 1, , , 

(X   X ) / (X0  X ) = Bmexp( k ). (7 ) 
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 (5, 7)  ,   kc  = kc
* –  

 kc, , . 
 

,  (13 , , 
),  kc

*  D*. -
 

 (X   X ) / (X0  X )  (X = C)  (X = W). 
 ( )  ( ) -

 [18–22]: 

(X   X ) / (X0  X ) = f(Bim, Fom, , b), (8) 

 X0, X , X , , – ,  (  C,  
W) ; Bim =  L/Dm – ; Fom=  Dm /L2 –  

,  Dm –  ( );  –  
 ( , , ) L –  (  – -

 d,  –  R);  = / , -
,   , b – -

;  – . 
 Bi  1  

),  Bim   –  ( -
).  (Bim  ), -

 
,  C ,  

,  -
 Fom  .   « -

» [19–22].  (8)  

 = (X   X ) / (X0  X ) = Bmexp( m
2Fom), (9) 

   ( ), Bm ,  
, m . -

 ( ) : -
  1 = /2,   1 = a = 2,4048,   1 =  [14, 15, 19]. 

 m, Fom , -
  (  )   

  [14, 19, 21]: 

1
2

*22

22 )
4
)12(exp(

)12(
18

m L
Dm

mXX
XX

  (10) 

1
2

2

2 )*exp(14
m

m

m R
Da

aXX
XX

  (11) 

1
2

*22

22 )exp(16

m R
Dm

mXX
XX

  (12) 

 m = 1,  (10–12) : 
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)
4

exp(8
2

*2

2 L
D

XX
XX

; (10 ) 

)*exp(4
2

2
1

2
1 R

Da
aXX

XX
; (11 ) 

)*exp(6
2

2

2 R
D

XX
XX

. (12 ) 

 m  -
:   0,81;   0,692;   0,609. 

 (7 )  (10 , 11a, 12a), , -
 ( , , ):  

k*= 2D*/4L2 ; (13 ) 

k*=a2D*/R 2 ; (13 ) 

k*= 2D*/R2 . (13 ) 

  (10 , 11  12 ), , , : 

)
4

exp(8
2

*2

2 L
D

XX
XX . (14) 

.  
-

, . 
 

 [17–22].  

 
. -

 95%  ( -
, )  
 ( ). 

 – , -
, .  (Betulin, , , -

) , -
 [23–25]». 

. -
:  

)  ( ). 
 60 ° .  

 [27].  [26].  
, . 

 
 [23–24]. , -

,  
.  

 100 (Re = 4000)  800 (Re = 32 000) . ,  
 10  Re = 4000  

.  
 ( ) -

 ( . 1). 
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) 

 
) 

. 1.  ( )   ( )  
:   2,6×2,5×1,6 ;   2,6×7,4×1,5 ;   7,6×2,5×1,6  

 (  ) [27],  (7 ) 
 > 600  ])()(ln[ 0Y -

 (  R2  0,928). ,  
2,6×2,5×1,6 : Y = 0,000232  2,6402; R2 = 0,975; : Y = 0,000202   3,5146; R2 = 0,928.  

.  µ1 = 2,7 – 3,1 
  = 0,590 – 0,645  (µ1 =   = 6/ 2 = 0,608) . -

 10%.  
(7 )  (12 )  D* . 1). 

 (7) -
 .  Y = (   ) / (   ) = f( ) ,   

 R2 -
 EXCEL.    
:   = 0 ;   = 600 . 

 2 , -
,  (  10 )  (  

 0,9÷0,2). , m  
,  « ». -

,  (2,6×2,5×1,6 ) 
, .  

 1.  
 

-
,  

 (  100 ),  

 
, R,  

 
D*.1011, 2  

  
2,6×2,5×1,6 0,00087 7,12 6,20 
7,7×2,6×1,5 0,00091 7,79 6,79 
2,6×7,4×1,6 0,00224 47,2 41,1 

 2.  
 R2 

-
,  

 Y = f( )  
  

,  = 0 
2,6 × 2,5 × 1,6 Y = 0,8574exp(–2E – 04 0,99); R2

 = 0,987 Y=0,044exp(–0,004 0,7); R2
 = 0,981 

7,7 × 2,6 × 1,5 Y = 1,0385exp(–0,008 0,44); R2
 = 0,938 Y=0,02exp(– 0,009 0,6); R2

 = 0,984 
2,6 × 7,4 × 1,6 Y = 1,1023exp(–0,008 0,62); R2

 = 0,977 Y=0,03exp(– 0,028 0,6); R2
 = 0,984 

,  = 600  
2,6 × 2,5 × 1,6 Y = 0,8223exp(–2E– 04 1,0);  R2

 = 0,986 Y=0,057exp(– 0,012 0,6); R2
 = 0,978 

7,7 × 2,6 × 1,5 Y = 1,2373exp(–0,038 0,31); R2
 = 0,949 Y=0,132exp(– 0,010 0,4); R2

 = 0,995 
2,6 × 7,4 × 1,6 Y = 2,5641exp(–0,078 0,41); R2

 = 0,991 Y=0,03exp(–0,003 0,5); R2
 = 0,996 
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 (13 , , )  D*  D -
  k , -

 ( . 3). 
 ( . 2) , , -

,  
. -

 4000 .  
,  ( . 2), -

   
(2,6 × 2,5 × 1,6 )  « ,  = 0,81»,  

 «  = 0,605» -
,  [27].  

 (   1). -
 « ,  = 0,81» ,  

:   0,3.  

 3.  D*  D 
 

:   

,  
  

 d/2,  
k D* D  

,  = 0,  
2,6×2,5×1,6 0,0008 0,004 1,039E–09 1,05E–09 0,99 
7,7×2,6×1,5 0,0008 0,008 2,077E–09 4,72E–09 0,44 
2,6×7,4×1,6 0,0008 0,008 2,077E–09 3,35E–09 0,62 

 
,  = 600,  

2,6×2,5×1,6 0,0008 0,004 1,039E–09 1,04E–09 1 
7,7×2,6×1,5 0,0008 0,038 9,867E–09 3,18E–08 0,31 
2,6×7,4×1,6 0,0008 0,078 2,025E–08 4,94E–08 0,41 

:   

 

  
 R,  k D* D  

 ,  = 0,  
2,6×2,5×1,6 0,00087 0,004 5,235E–10 7,48E–10 0,7 
7,7×2,6×1,5 0,00091 0,009 1,289E–09 2,15E–09 0,6 
2,6×7,4×1,6 0,0024 0,028 2,789E–08 4,65E–08 0,6 

 
,  = 600,  

2,6×2,5×1,6 0,00087 0,004 5,235E–10 8,73E–10 0,6 
7,7×2,6×1,5 0,00091 0,038 5,441E–09 1,36E–08 0,4 
2,6×7,4×1,6 0,0024 0,078 7,769E–08 1,55E–07 0,5 

:  

 
  

 R,  k D* D  

 ,  = 0,  
2,6×2,5×1,6 0,00087 0,004 3,071E–10 4,39E–10 0,7 
7,7×2,6×1,5 0,00091 0,009 7,559E–10 1,26E–09 0,6 
2,6×7,4×1,6 0,0024 0,028 1,636E–08 2,73E–08 0,6 

 ,  = 600,  
2,6×2,5×1,6 0,00087 0,004 3,071E–10 5,12E–10 0,6 
7,7×2,6×1,5 0,00091 0,038 3,192E–09 7,98E–09 0,4 
2,6×7,4×1,6 0,0024 0,078 4,557E–08 9,11E–08 0,5 
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. , ,  
 ( , ), 

 X = f( )  X /  = f( ), :  
  ,  ,   

 ,  
X . -

 (gradT = 0), -
. -

 
 grad .  

, -
 p.  (gradT) 

.  
, ,  

 (  
), ,  
. . -

, , , , .  
 

 (6, 7)  
. -

 
 0,5÷1,0  1,0÷3,0 .  

-
-

 ±0,5 °  60  80 ° . 
 

RASWAG WPS-210s,  (  10 ) -
 1 -

 (±0,001 )  
.  2 -

 )()( 0E  
 0,5÷1,0  1,0÷3,0  

 68  72%  
.  

 4.  
 

, °  
 Y = f( )  

 0,5 1,0   1,0 3,0  
60 Y* = 1,07exp(–0,004 1,0); R2 = 0,9952  Y* = 1,0806exp(–0,006 1,0); R2  = 0,9976 
60 Y = 1,0129exp(–0,02 1,095); R2 = 0,9966 Y = 1,107exp(–0,003 1,107); R2 = 0,9989 
80 Y* = 1,2862exp(–0,013 1,0); R2 = 0,9836 Y* = 1,1205exp(–0,007 1,0); R2 = 0,9932 
80 Y = 0,9688exp(–0,001 1,343); R2 = 0,9987 Y = 1,012exp(–0,003 1,129); R2 = 0,9955 

  Y = f( )  
60  0,5 1,0   1,0 3,0  
 

 
 

 Y = 0,8108exp(–3E – 0,4 1,55); R2 = 0,9787 Y = 0,8103exp(–3E – 0,4 1,464); R2 = 0,9831 
 Y = 0,692exp(–7E – 0,7 2,397); R2 = 0,877 Y = 0,6917exp(–3E – 0,5 1,855); R2 = 0,9463 

 Y = 0,6017exp(–1E – 0,6 2,34); R2 = 0,8896 Y = 0,6016exp(–6E – 1.0 3,52); R2 = 0,7407 
80  0,5 1,0   1,0 3,0  
 

 
 

 Y = 0,8106exp(–3E – 0,4 1,653); R2 = 0,9924 Y = 0,8103exp(–2E – 0,4 1,545); R2 = 0,9734 
 Y = 0,6919exp(–2E – 0,5 2,0054); R2 = 0,9736 Y = 0,6919exp(–2E – 0,5 1,9703); R2 = 0,9275 

 Y = 0,6079exp(–3E – 0,6 2,3860); R2 = 0,9471 Y = 0,6077exp(–6E – 0,7 2,485); R2 = 0,8641 
: Y*  (15 )  

 
. 2.  

: 0,5 1,0  – 
 1, 3  1,0 3,0  –  2, 4 

: 60 °  –  1, 2  
 80 °  –  3, 4 
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 5.  D*, D  
 

 k*   4 

, °  
d/2,  k* D* D  

 0,5–1,0  
:  

60 0,0005 0,004 4,057E 10 4,06E–10 1 
60 0,0005 0,002 2,028E–10 1,846E–10 1,099 
80 0,0005 0,013 1,319E–09 1,319E–09 1 
80 0,0005 0,001 1,014E–10 7,552E–11 1,343 
  1,0–3,0  

60 0,0015 0,006 5,477E–09 5,48E–09 1 
60 0,0015 0,003 2,738E–09 2,474E–09 1,107 
80 0,0015 0,007 6,390E–09 6,390E–09 1 
80 0,0015 0,003 2,738E–09 2,426E–09 1,129 

:  
  0,5–1,0  

60 0,001 0,004 6,917E–10 6,92E–10 1 
60 0,001 0,002 3,458E–10 3,147E–10 1,099 
80 0,001 0,013 2,248E–09 2,248E–09 1 
80 0,001 0,001 1,729E–10 1,288E–10 1,343 
  1,0–3,0  

60 0,003 0,006 9,338E–09 9,34E–09 1 
60 0,003 0,003 4,669E–09 4,218E–09 1,107 
80 0,003 0,007 1,089E–08 1,089E–08 1 
80 0,003 0,003 4,669E–09 4,135E–09 1,129 

:  
  0,5–1,0  

60 0,001 0,004 4,057E–10 4,06E–10 1 
60 0,001 0,002 2,028E–10 1,846E–10 1,099 
80 0,001 0,013 1,319E–09 1,319E–09 1 
80 0,001 0,001 1,014E–10 7,552E–11 1,343 
  1,0–3,0  

60 0,003 0,006 5,477E–09 5,48E–09 1 
60 0,003 0,003 2,738E–09 2,474E–09 1,107 
80 0,003 0,007 6,390E–09 6,390E–09 1 
80 0,003 0,003 2,738E–09 2,426E–09 1,129 

 6.  D*, D  
  

 k*   4 
, 

 
  

 L, R k* D* D  

1 2 3 4 5 6 7 
  0,5–1,0  

60  0,0005 0,0004 4,057E–11 2,62E–11 1,55 
 0,001 0,0000007 1,210E–13 5,05E–14 2,397 

 0,001 0,06 6,085E–09 2,6E–09 2,34 
  1,0–3,0  

60  0,0015 0,0004 3,651E–10 2,49E–10 1,464 
 0,003 0,0005 7,781E–10 4,19E–10 1,855 

 0,003 0,000001 9,128E–13 2,59E–13 3,52 
  0,5–1,0  

80  0,0005 0,0004 4,057E–11 2,45E–11 1,653 
 0,001 0,005 8,646E–10 4,31E–10 2,0054 

 0,001 0,0006 6,085E–11 2,55E–11 2,386 
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 6 

1 2 3 4 5 6 7 
  1,0–3,0  

80  0,0015 0,004 3,651E–09 2,36E–09 1,545 
 0,003 0,005 7,781E–09 3,95E–09 1,9703 

 0,003 0,000007 6,390E–12 2,57E–12 2,485 

 ( . 3)  (  = 1)  
(   1)  60  80 ° .  60 °  

 (   1,1).  80 °  
0,5 1,0  (   1,3). ,  

, : 
 (  = 0,81),  (  = 0,692),  (  = 0,608).  (6, 7)  

 .  
  R2. -

,  0,5–1,0  1,0–3,0 -
 « ».   

.  1. , -
. , -

, ,  (  
), ,  

.  D*  D -
,  -

  ( . 3)  
kc  = kc

*  (12 ).  
,  

 , -
 (   1), ,  -

 (   1) . 

 

, , 
 ,  

. -
 

.  
 

, . , -
 

, -
 (   1),   (   1),  

. 

-
. -

. 
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Makarevich N.A.*, Bogdanovich N.I., Tretiakov S.I., Koptelova E.N. KINETIC MODEL OF INTERPHASE PRO-
CESSES WITH PARTICIPATION OF COMPONENTS OF PLANT RAW MATERIALS 

Northern (Arctic) Federal University named after M.V. Lomonosov, Severnaya Dvina Emb., 17, Arkhangelsk, 163002 
(Russia), e-mail: nikma@tut.by; n.bogdanovich@narfu.ru 
For adsorption, extraction, drying of substances from vegetable raw materials with the parameter  considering the in-

terpartial interactions in capillary and porous anisotropic structure of a solid phase the exponential equation of diffusion kinetics 
it is offered. Algorithms of calculation are considered also a comparative assessment of coefficients of molecular diffusion of 
process of extraction of birch bark by a traditional method and taking into account the interpartial interactions in system is car-
ried out. Effective and true diffusion factors of process of drying of sawdust of a birch in model approaches of particles of a 
solid phase in the form of an unlimited plate, the infinite cylinder and a full-sphere are calculated. 

Keywords: diffusion kinetics, the rate constant, diffusion coefficients, interphase processes, adsorption, surface tension, 
extraction, drying, plant material, birch, elm. 
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