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       1.   (
) [1, 2, 3].

1.1. .

         
  , 

.
           

:
                                         grad T = 0;                      grad  = 0.

, 
, , .

            , 

), 
.

,  l3, 
 ( l3 >>v0,   v0 –  

),  , 
(r)  l 

.

i
i a

x
a

l

1

i

i

2
1

0 x
a

a
1lv

  
l

L :
                                                    l  <<    <<  L  .
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         , 
, :

– ,
– ,
– , ,

,
– .

1.2. .

, 
:

) 

Jn = - D n  ,                      (1.2.1)
;

) 
Jq = - æ  ,                       (1.2.2)

;
         ) 

J  = -   ,                       (1.2.3)

   ( ) 
, .

        , 
, .

. 
, 

. , 
 ( , ).

         , 
, , , 

.) 

Xi  { n, T, v, , …}.

:
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Xi    { Jn , Jq, Jn, Je, …}.

 :

, 

Ji  =
N

1k
Lik Xk                            (1.2.4)

.
 N – ; Lik

.
         , 

 (
). Xk

, .
          –

, , .  

:

 .

1.3. .

 Lik , 
  . 

):

,
                                                       Lik  =  Lki  .                                 (1.3.1)

.   , 
,   

, :

                        Lik(B)  =  Lki( -B) ; Lik( )  = Lki(- ) .

         .
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         ,    
 .

         , 
 S, 

. 
, .

kP . k

kP
0kP , 

:

lk
l,k

0Plk

2

k
k

0Pk
0kk

ii
PP

S
2
1

P

SPSPS  ,

0kkk PP  .
, 

. 
kP , 

:

lk
l,k

kl0kk g
2
1PSPSS                          (1.3.2)

lk
l,k

0Plk

2

lkkl

i
PP

S
2
1gg  .

J i X i :

J
t

i
i ;    X

i
i

S .                                           (1.3.3)

S kiik gg
:

X l

N

1l
ilk

N

1k
kil

N

1l
ili gg

2
1g

2
1 . (1.3.4)

         
, 

t
S  - , 

  .
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S :

k
i

k,i
kiik

k
i

k,i
ikk

i

k,i
ik

k,i
kiik t

gg
2
1

t
g

2
1

t
g

2
1g

2
1

t

ik
kik

i

i g
t

J i X i .                         (1.3.5)

, , 
.

        
ttG ki

2 , 
, ,

22 GG , :

t
t

t
t

t
t k

ik
i ,                                    (1.3.6)

, J
t

i
i ,

ti J tk  = J tt ki .                                         (1.3.7)

.   (1.3.6) 
, :

22 GG ,   tt ki tt ki .
tt 2G t  t 

,

ttttG kiki
2 .

,
tt ki tt ki .

tt ki ,
0 .     , 

,  (1.3.6).
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 1.1.
 (1.3.6).

 (1.3.7) 
 (1.2.4) i X k .

J k  =
N

1l
Lkl Xl ,

 (1.8)  :

N

1l
kli L X

N

1l
ill L X kl ,

i

N

1l
klL X

N

1l
ill L X kl .                                       (1.3.8)

  

i X k = i...
N

1m
mk dW .

W - ,  t i

.
k  W, tWlnktS :

k

1

k
k

WWkS .

k   :

i X k =k k
k

iN1k1k1 dWd...dd...d... .

:

k
k

i dW = k
k

i
i dWW .

    

k,i
kiikg

k
1expW .
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i , ik
k

i  , ik  - 

, ki .  ki 1ik .

i X ikN1ikk kd...Wd...k
 (1.9) :

lk

N

1l
ilil

N

1l
kl kLkL ,

                                                       Lik  =  Lki  .

,    , 
  .

 1.2.   , 2N

2
1NN

.

1.4. .
       , 

 ( , , .)
.  B(x,y,z,t)

:

div
t
B J B..B                          (1.4.1)

JB.  –   B = ·b  (  – 
, b –  B,  );   B –  B

, .
             (1.4.1) B , 

:

div
t
B J ..B .              (1.4.2)

             :
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div
t

v                                        (1.4.3)

v –   (x, , z)    t.
   (1.4.2)

:
div

t
e J e                                     (1.4.4)

   e – , e – .
          JB. .,

v, 
, JB (  ,

, ). 
 (1.4.1) :

bdiv
t
b v +J BB .                        (1.4.5)

             t  –
, 

 ,      d  dt ,
 “ “ , 

.    :

t
B

dt
dB (v, )B .                                  (1.4.6)

 (1.4.1) 
:

div
dt
dB J BB .                                    (1.4.7)

, :
div

dt
d v ,                                             (1.4.8)

,   (1.4.5)  (1.4.6)   :

div
dt
de (J ee v) .                                  (1.4.9)
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  e =  u + v²/2   (u – 
; v²/2 – ). 

div
dt
du (J ee v)

dt
2/vd 2

 .

,   . 
, , , 

, ( ) . 
, 

, . 
, , 

:
div

dt
du J Pdivq v ,                                  (1.4.10)

Jq = (Je  –  ev)  - ;  P  -  .

 1.3.
1

0 .

: div
dt

d 0 v.

 1.4.
 k-

k
kc .

    : div
dt

dck J k .

1.5. .

           r
 t  (s – )

                                 s   =  s[u(r,t), (r,t), c1(r,t), . . . , cn(r,t)] ,

:

                         Tds  =   du  +  P d   – k

n

1k
kdc  ,                      (1.5.1)
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 u(r,t)  –  ;   (r, t) – 
; ck(r,t) –   .

           (1.5.1), 
, .

   , 
(1.4.1), :

t
s   =   –  div Js  +   ,                               (1.5.2)

 –  (
).

sdiv
dt
ds

t
s v

:

div
dt
ds (J ss v) +                            (1.5.3)

         
  ai(r,t),   

 ( ) 

t
a

a
s

dt
sd i

i i

.

          dai/dt,  ai ,  –
,   s)/dt  

 Xi , 
 ai

. :

                                                  =    JiXi .                          (1.5.4)
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         ,   , 
, , , 

.
          Js        (1.5.3)

  (ds/dt) ,  (1.5.1).

         , .
   (1.5.1) :

dt
dc

dt
dP

dt
du

T
1

dt
ds k

k

, 
 k-  ( .

  1.3  (1.4) :
            du/dt =  – div Jq – P div v;

            d /dt = div u ;

            dck/dt = – div Jk .

, , 
 1/T k  div. , 

  (1.5.3)  div .
:

            ds/dt  = –div[(Jq– kJk)/T] + Jq (1/T) Jq k/T) . (1.5.5)

(1.5.5) 
(1.5.3), , 

, :
Js – sv  = (Jq – kJk)/T ;

                                     = – (Jq – kJk)( T/T²)  –  Jk k/T .

, 
:

                                          = J1X1 + J2X2  .
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. 
 (  –  1/T) 

 k- :
J1 = Jk , X1 = – k/T          ( k = 1,…)        (1.5.6)

.  :
J2 = Jq – kJk , X2 = – T/T² ,                     (1.5.7)

, 
.

         
   -  

.
          , 

, , 
,  ( ) 

:
J3 =   ; X3  =  – v/T.

 , 
. .

          .
:

1. , 
, .

2. . , 
.

3.
.

4. , 
. 

Ji Xi , 
, .
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5.  Lik  Lki,
, 

.
6.

 ( , 
), , 

 ( , - 
.) .

1.6.     .

, 
, , 

.
       

:
                          P = const; 21 TT ; 21  .

J n J q .
, 

, :

J n  = T ;                                (1.6.1)
J q  = T .                                 (1.6.2)

 (1.6.1)   
, 

. ,  – .

. 
 (1.6.2), 

. 
 ( ) .

         , 
 ( .   (1.5.6)  (1.5.7), :

J n  = 2
2

T
TT

T
T  ;                         (1.6.1 )
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J q - J n = 2
2

2
2

T
TT

T
T

T
TT

T
T

= 2
2

T
TT

T
T .                               (1.6.2 )

1 ; 1  .
:

J - J 2
2

11n T
TT

T
T .          (1.6.2 )

, 
, 2

1 TT , 
T 1 .

, 
.

        , 
 –  – 

 D,   Tk .
         (1.2.1) 

J n

) .     
 . 

T

T
T

,

, , :

J T
TT

n .                    (1.6.3)

 (1.6.3)   (1.2.1) 
:

T

D .                                         (1.6.4)

 (1.6.4) J n :
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J n = T
D

T
D

  
T
T , Tk T

D
T

     

. Tk
:

J n = T
T
k

D T .                                      (1.6.5)

        
. ,

X1 =  – k/T , 
 (1.6.1 ) J n :

T
T

TTJ

T

2
2

n

    .

J
(1.6.2 ) J :

J = 1 J n T ,                                       (1.6.6)

1
1  - , 

(1.6.6)  (1.2.2).
         (1.6.5)  (1.6.6), 

, 
 – J n J , t,r

t,rT ,  - Tk,D . ,
,  –

1)

div
t

v) ,
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v = J n - .
,

div
t

J n .                                       (1.6.7)

2)

T
divJdivJ

dt
ds nq

 ( .  (1.5.5) ).
, 

t
T

T
c

dt
ds P

:

div
t
TcP J q + div J n .                     (1.6.8)

,  (1.6.5) – (1.6.8) 
, :

J n = T
T
k

D T ;                            (1.6.5)

J = 1 J n T ;                              (1.6.6)

div
t

J n ;                                             (1.6.7)

div
t
TcP J q + div J n .                        (1.6.8)

1.7.      .  .

     , 
, .

1. , .   
 (1.6.5), 

J n = D ,
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 (1.6.7) :

0Ddiv
t

.

   (D =
const; 0D )  , 

:
D

t
.                                            (1.7.1)

    , 
, 

  ( ).

2.
(J n = 0).  (1.6.6)  (1.6.8) :

J = T ;

div
t
TcP J q = Tdiv  = TT .

T
c
1

t
T

P

    .

Pc
 - .

const 0

t
T  .                                         (1.7.2)

 1.5.
, 

. , 
.   . 

  

.
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.      J Te ; J = T .

J1 J e ;         
T1 ;

J 2 J - J e ; 22 T
T .

1 ; T1 .

1.8. . 
 – .

    
, 

, 
  

.
        , 

, . , . 
. 

, . 
: 

, 
, . .

         

,    
.      

 - “ ”(  “sinergeia”-
, ).

         , 
.

          
:

                                       ds = ds i  + ds e .                                    (1.8.1)
 ds i  - . 

, ds  = 0;  ds > 0.
ds e - .
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  ds e   , 
,   

,   .
 , 

,  ds
.

          (1.8.1) ,   ds e = - ds , 
, 

 ( ds e < 0).
         . , 

 (
).

         , .
          (1.5.4) (1.2.4) 

:
kiik XXL .

  . , 
, 

2
2222112

2
111 XLXXL2XL .

1X 2X :

1212111
1

J2XL2XL2
X

 ;

2222121
2

J2XL2XL2
X

 .

1J =0; 2J =0, 

,  ( ;0L2
X 112

1

2

0L2
X 222

2

2

) , .

         , , 
, .

         
: , 

, 
. 
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0
dt

sd
dt
d

2

2

.

            
   -  .

          

                                              P  =   dv  =  JiXi .

:

V it
P Ji t

(Xi )dV +
V i t

( Ji) Xi = t
P

t
P JX

,  –
.

             P/ t  0, 
.

            .  , 
, 

    XP/ t,   
:

0
t
PX  .

, 
 – , 

,  

.
              

, 
.
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                                         2. . [2,3,4]

        2.1. .

, 
. , 

, 
, , 

.
         

, , . ,

, 
.

           – , 
, ; -

, 
 ( ). ,

 t 
, .

          
(r1,p1,...,rN,pN,t)  (

r p – , ):
                                                       
                                                       —   =  {H, } ,

t
 – 

                                               H            H   
                        {H, } =    (  —    —   –  —   —  ) .

N    ri   pi       pi   ri

H –  N   
 V,   H1

  (|ri – rj|):

                       H =       H1(ri,pi)  +      (|ri–rj|) ;
i<j N

pi²
H1(ri,pi) = —    +  u0(ri) .

                                         2m
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 V 
 u0(ri)  uV(ri), 

 V ri
.

         - . 

,   FS(x1,...,xs,t),
   x1,..,xs (xi ri,pi).  

, 

sV
1 FS(x1,...,xs,t)dx1...dxs

   t 
 s  dx1...dxs

x1,...,xs. 

                        Fs( x1,...,xs) =  Vs  ... (x1,...,xs, t) dxs+1...dxN .
V V

 – ,      (r,p),
r  V, p – .

         

. 
 Fs(t), 

, .
  “ ”,  Fs(t)

 Fs+1.
         , ,  N ,

       ,  V
, 

 n=N/V=1/ , 
:

si1
1s1s1s

si1
1sisiiss

s dp}drF,r-r{1}F),(r{u}F,{H
t

F ,

  (r,p).
          

  . 
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, , 
 , 

.  “ ” 
, , F3  F1  F2.

           

,
, 

. 
,

  . 

, .
         , 

, 
 –  a0,

 < >  L,   
 <v>:

- .  a0 /<v>;

- .   < > / <v>;
-    .  L / <v>.
           t< .    – 

,   .
, , .

            . < t < .
, 

,   
  

. , 
” , 

. 
.

            t > .
, ,

, .
, 

 – 
,  – .
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, , 
 ( , ).

           ,  t > t .
.

           , , 
, 

  
  .

            
.

.   
, 

. 
, 

, ,
.

           – 
  , 

.
          ,    

r v  – f1(r,v), 
   ( )  (x

÷ x+ x; y ÷ y+ y; z ÷ z+ z; vx ÷  vx+ vx ;  vy ÷ vy;  vz ÷ vz) 
 t. :

If,F
m
1fv,

t
f

1v.1r
1  ,

f1 t – .

,   
. , 

  I,  f1
) , 

: I = b – a,  b   a  

 f1.
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,   (f1), 

:                        (f1) = 0.

 – .

         2.2.  – .
          

 :
                                        f  =  f0  +   f1  +  2 f2+ …

    .     

                                                    (f) = 0

:
                    (f)  =  (0)(f0) + (1)(f0) + 2 (2)(f0,f1,f2)  + …=0 .

, 

. , , 

                                       (0) (f0) = 0 ,
                                       (1)(f0,f1) = 0 ,
                                        . . . . . . . . . .
                                       (n)(f0,f1,…,fn) = 0.:

 f0, ,
    

 f1 .      
.

            , , 
. 

, 
  

, 
(|v|), 

:
                                               f =  f0(|v|)  + v· (|v|).
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,      .

2.3. .
.

          n  n- :

                                            V(
i
n
j
)
k =  ViVjVk …

, :

                                            Si
(
j
n
k
)  =  Vi

(
j
n
k
) f dvxdvydvz .

 n = 0, 1, 2 :
                                           S(0) =  f dvxdvydvz  =  < (r,t) > ;

Si
(1) =  vi f dvxdvjdvz = < vi(r,t ) > ;

                                           Sii
(2) =  vi

2 f dvxdvydvz =  <vi
2(r,t)>.

,    Sii :

                                          (3/2) kT = m<v2>/2 = (m/2) Sii
2.

(f)=0 , 
:

                                            Vi
(
j
n
k
) (f) dvxdvydvz  = 0.

 “ “ 
13 , , ,

 ( ),    Jq.

         

” [3] .

2.4. ,  .

, 
, 



31

, 
.

         , 
. 

,   

). , 

  . 
.

  .   
  ,   ,

, 
. :

                                                  dv
                                             m —   = –  v  + f(t).
                                                  dt

  F .
=   – v ( v– ;  – , 

 = 6 ,  –  )
  f(t).

          
:

                                                                  1 t
                                      v(t) = v0

t/m +  — (t–t )/mf (t´)dt´
                                                                 m 0

  m/  = v - .
, 

, 
, 

 Kf(t´–
t). (

 ,  t  >>  f – 
) , 

.[3].)
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 –
, :

                    2(y3, t3|y1, t1) =  dy2 2(y3, t3|y2, t2) 2(y2, t2|y1, t1) .

           2( y2, t2|y1, t1) – 
 y1  t1  y2

 t2. 2(y3, t3|y2, t2) 2(y3,
t3|y1, t1). , 

, 
  yn-1  tn-1   yn   tn

 xn-1
. 
.

          .
 ( ) 

  y1          t1   y3   t3  (  .  .1 )
      

      t2  (  t1 <   t2 <  t3 )
      

<y2 .    ,
,   ,
              

     ,     
 (

)  ( )  t <
t2  t  >  t2, 

  .
          

, 
  . , 

.

 – .   – 
 ( ) ,

, ,   .

t1 t2 t3

.1.

1
2
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         , 2(y2,t2|  y1,t1) 
 t1, , 

 =t2–t1, 
                                           2(y2,t2|x1,t1) = (y2|y1 ).
        , 

:
          1) 

,  ( 

):
                                                  1
                             A(z) = lim ——   (y–z) (y| z; ) dy.

0  
          2)  
                                                     1
                            B(z)  =  lim  ——  (y– z)² 2(y| z; ) dy >0 ,

0    
 ( ,  x=v

).
         3)   :
                                     1
                            lim ——  |y–z|³ 2(y| z; ) dy  =  0.

0  

  

.
         

                     (y|z, )                                                       ²
                   —————   = –  — [ A(y) (y|x; )]  +(1/2) — [B(y) (y|x; ] ,
                                              y                                      y²

 – , 
. 

,  , 
  

.
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        ,  W1(y,t) 
 – . 

 –  ( ) 
 .

         – 
 ( ) 

):

                                                          —  = D   .
                                                          dt

, 
 – . 

 – 
. ,  – 

, 
.

         3. . 
. [5,6]

, 

. 
, 

.
         , 

, 
 , , 

.
          –

, 
 ( ); 

.
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; 
; ,

. 

, 
 0,5 3. 

  

.
    

 “ ”, 
, 

.  , 
, , 

, 
.

         , , , 
 [5].

, ,  Q
 M1. 

, ) ;  Q
, ) ,

  , . 

 x0  x ( , 32P),

.
          1

:
                                 dM1/dt = – 1M1 + 1M0;
                                 M1 + M0 = M .

0 – ;  - 
;   – 1 1 ,  –

 ( ); 1 0 – ,
,  – .

             y1
:              dy1/dt = – M0y1 + M0Q0

1x/(Q0 + x) – y1.
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;  –
, Q0

1 = Q1(0) –
, Q0 –

; 
,  – .

          zr(t) 
zst(t)  :
                                  dzr/dt  = qsx / (Kad + x + Q0) – qdzr ;
                                  dzst/dt = qsQ0 / (Kad + x + Q0) – qdzst .
qs – ; qd –

; Kad – 
.

          x(t)  Q0(t), 
 Q:

                  dx/dt = M1h1( 1y1 – M0xQ1/Q0 ) – qs S(M1)x/Q0 + qdS(M1)zr;
                  dQ0/dt = M1h1( 1Q1 – 0Q0 ) – 0Q0 ) – qsS(M1) + qd S(M1)zst
.
S(M1) – ; h1 –

.
         , 

, 

.
         , , 

 ( ,
, 
. .) , 

.
          , , 

, 
. 

  ,
   

, , 
. 

, . . [6]. 
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