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HO 2
0

( 2)

12 4 2

efef v
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B

ze
R g

k T
                              (5.9)  

,         -

,      ef
k Dg

 

 -     
[30]  

0ef
k D k Dg g .                                            (5.10)  

ef
k Dg

 

     (5.9),  HO
efR

  

 -    

0
i

 

   

(1.1), 
(3.18), (3.22) 

 

(3.24).                 
,   -       

(slip),   -         
- 

.  

 

     
, 

 

         
.          

. (5.1)  

 

0ln ln ef
i k D k DE RT RT g g                                    (5.11) 

,         -          
-  

[56, 58].  ,    - 
,       

 

  - 
.     ,    -   

, ,    - 
.          

,                 

.     .   

 

 
,      , 
, , 

 

.     -            

.      -    
.   ,   -   

( ),   

 

. 

  

 
,                 

.      
,       ( -

)

 

  ,                    

,          

 

.   
5.1      - 

( , iE )         25

 

.   -  

 

 

iE

 

   

, {

 

(1.1), (3.18), (3.20) }  

{ (1.1), (3.18), (3.22) 

 

(3.24) },     point   , -
,    5.1.   

 

    -   
,       
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.            

, iE [54],     Bi  - [59,60]. -

,   [17],   iE

  

    -   

.     

 

( point)  Bi  ,       ,     
,     Bi           

- 
[17, 60, 61].   

5.1    . 
1.      

 

( point)      -    

 

Bi  iE .  iE ,   
.(5.11),           

iE

 

     
,            

iE .    ( iE < 0, 

Bi < 0)   point      iE .   

point  iE

 

     -   
(Li+, Bu4N+, BPh4 ). 

2.             

 

( point)      Bi, 
,   -    ,  

,           
.   ,            

 

( , point < 1).   ,      -   -    
. 

3.             
,             

[54,62].   ,  
,        ,   

 

   
.   -   

,   -   
.             

,     -
. 
4.   ,   ,      -   

point,      ( , -
)      -   

. 

 

 
,       -    

( , iE )               
-        

.  -          
-       

(P, T).      
,       -          

-    

 

, ,    -
. , ,               

.    -        
- 

,      .   
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5.1.

  
             

25

 

o .  N ,        
.

 

 

/ H2O point (

 

) iE , 
/

 

iE  [54], 
/

 

Bi [59],  
3/

 

Li+ 11.4 (12.3) 6.04 (6.22) 1.17 0.146 

Na+ 4.0 (4.6) 3.46 (3.80) 0.29 0.085 

K+ 0.9 (1.2) 0.34 (0.36) 1.47 0.009 

Rb+ 0.7 (0.6) 0.91 ( 1.10) 1.93 0.033 

Cs+ 0.7 (0.4) 0.84 ( 2.55) 3.43 0.047 

     

NH4
+ 0.9 (1.1) 0.34 (0.28) 

 

0.008 

Me4N+ 6.3 (N) 4.54 (N) 0.13 0.123 

Et4N+ 22.5 (8.4) 7.72 (5.29) 1.05 0.385 

Pr4N+ 84.7 (101) 11.0 (11.5) 2.47 0.916 

Bu4N+ 179 (243) 12.9 (13.6) 3.35 1.275 

n-Am4N+ 277 (385) 13.9 (14.8) 

       

F

 

2.7 (3.7) 2.46 (3.27) 

 

0.107 

Cl

 

0.7 (N) 0.72 (N) 0.96 0.005 

Br

 

0.7 (N) 0.95 (N) 1.30 0.033 

I

 

0.7 (N) 0.78 (N) 1.38 0.073 

NO3

 

1.0 (0.2) 0.07 (N) 

 

0.043 

ClO4

 

1.2 (N) 0.53 (N) 

 

0.058 

 

MeOH AN DMSO 

 

point (

 

) Bi [59] point (

 

) Bi [60] point (

 

) Bi [60] 

Li+ 4.1 (4.3) 0.30  0.51 21.0 (22.1) 0.52 36.0 (37.8) 0.66 

Na+ 2.4 (2.6) 0.23  0.58 13.9 (14.9) 0.51 16.1 (17.3) 0.58 

K+ 1.3 (1.4) 0.23  0.56 9.9 (11.1) 0.53 13.6 (15.1) 0.59 

Rb+ 1.0 (1.1) 

 

9.0 (10.4)  12.7 (14.7) 0.57 

Cs+ 0.7 (0.9) 0.03 8.3 (10.1)  8.2 (10.5) 0.54 

       

NH4
+ 0.9 (1.0) 0.13  0.279 5.5 (6.4) 

 

5.5 (6.8) 

 

Me4N+ 0.4 (N) -0.03  +0.1 6.1 (3.6) 

 

5.8 (N) 0.47 

Et4N+ 0.7 (N) 0.02  0.30 9.4 (3.9) 0.40 8.7 (N) 0.53 

Pr4N+ 2.2 (N) 0.19  0.48 19.9 (14.8) 0.46 19.8 (N) 0.61 

Bu4N+ 4.3 (3.9) 0.34  0.66 34.1 (31.9) 0.59 39.7 (25.8) 0.65 

n-Am4N+

 

6.8 (7.3) 0.48  0.52 49.3 (50.0) 0.73 54.2 (37.6) 0.75 

       

Cl

 

1.3 (1.6) 0.22  0.54 5.1 (6.9) 0.42 1.8 (2.3) 0.22 

Br

 

1.0 (1.3) 0.358  0.50 4.7 (6.6) 0.25 2.0 (2.4) 0.25 

I

 

0.6 (0.9) 0.293  0.46 4.4 (6.3) 0.23 2.1 (2.0) 0.23 

NO3

 

0.7 (0.9) 0.29 3.8 (5.3) 0.24 1.2 (1.3) 

 

BF4

   

3.5 (4.7) 

 

1.2 (0.5) 

 

ClO4

 

0.4 (0.5) 0.11  0.28 4.2 (5.7) 0.22 1.9 (0.8) 

 

BPh4

 

5.1 (5.9) 0.79  0.91 42.0 (49.2) 0.73 54.2 (57.6) 0.8 
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6.    ( )

 
6.1.      

 
  

XX-XXI        [11-13],    
[14-16]            

- ,      -          
-    

. 

 

       
( )    

( )      
( ), Ci(t),   

 

, ,0i i z i zC v v t ,                                      (6.1)  

,i zv t

 

 z-         t.   

[48],   iC t

 

   
-      

« » ( ) (memory function) iM t ,   
« »  

 

0

( ) ( ) ( ) ( )i i i iC t C t M t C t d
t

.                            (6.2)   

,      z-   
Ri,z(t),     mi 

*
, ,0i

i i z i z
B

m
M t R R t

k T
.                               (6.3)     

-  (6.2)    

 

1B

i

k T
C s s M s

m
,                                (6.4)  

C s

 

 

M s

  

- ( )  iC t

 

 iM t , -  

0

stf s L f t e f t dt ,   ,f C M .                    (6.5)    

iC t ,         
-

 

0
i iD C t dt .                                          (6.6)   

,    

 

/B ik T D ,                                            (6.7)   

(6.4),   ( )  i

 

    - 

 

0
i im dtM t .                                        (6.8)  

,  

 

    M(t)    
.

 

      
,    [12]  

,    M(t) (     i  
)      

 

fast slowM t M t M t .                                (6.9) 



      
:     

  

35

 

fastM t

 

      
,          

.      

fastM t

 

   
- 

[12]  

22 20
0 0 exp /

2fast fast
M

M t M t M t ,                (6.10)    

fast

 

  

 

21/ 1/ 2 0 / 0fast M M .                                (6.11)    

(0)          
(6.12)  (6.13)  

2
2 2
, 0 2

0 i
i z i

B

U rm
M v d g r

k T m z
r .                     (6.12) 

22 2
, 00 i z

B

m
M v

k T
.                                  (6.13)  

 

(6.12)  (6.13) 

  

 , iU r

 

-     

i  -  , ig r

  

-     

( ), 0

  

    
.    (6.12)      

.        - 
z-   ( ,i zv )    -   

-  .

 

   
, slowM t , ,   , - 

, . .        .               

[48].  ,  -  ( -
)           

 

4
2

,0

1 , , ,
6

sB
slow i i i i

k T
M t dkk c k c k f k t F k t F k t

m
.        (6.14)   

(6.14) ic k

 

 
- -  -   

k- ,  ,s
iF k t

  

  
(self)  -   

.        -   
( )

 

2

0

, exp
t

s
iF k t k d t C ,                                       (6.15)      

-  - . ,if k t

  

-   

 

, , / ,id
i i if k t F k t F k t ,                                             (6.16)     

slowM t

 

 
t4   

.  ,id
iF k t

 

  
« »     

 

2 2, exp
2

id B
i

k T
F k t k t

m
.                                           (6.17) 
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(6.14) ,F k t

  
 - (site-site)   - 

,  

 

    
1

, ,0 ,F k t t
N

k k                                           (6.18)      

(site) 

 

  t    - 
(k ) 

,

1

, j
N i

j

t e
k r

k ,                                                   (6.19)  

N -     , , jr - - ,  - 

-  j - .    
(6.14)       -      

,          

slowM t

 

   

 

- 
. ,      ,       

.   -           
- 

slowM t ,         - 
. 

 

    
(6.2), (6.9), (6.10)  (6.14)      

iC t

 

    iM t ,     

(6.6)  (6.8) 

  

     .

 

 
,   (6.14)        

,     [14]  -   

 

 

 

24 10 10
2

0 0

3
, ,

3 2

st sB
df id i s

k T
s dte dkk c k F k t F k t ,                   (6.20)  

10
idc k

 

 

10 ,idF k t

 

   
-  -       

-
,    .   0s

 

 (6.20)      
,     

0df .        [11],    

, , ,      
(6.20)    -   -  

,   ,            
.    

, -             
,        

-      
,F k t

 

  
(6.14).  

, -      -     
.  , - - 

, - ,      - 
,       . - ,  -         

-  - 
,        -     

( ).    -         
-        
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6.2.    

 
      

,  -        
,           

[12].       
F

 

 I

 

   Li+  Cs+,     -   
-   0.3  0.5  ( 6.1).             

-  
H2O      - -

.       

 

  
( , 1, 2)  SPC/ E  [63].      -       

,          
-A A 0.25q q e

 

   l =0.2 ,       

+ -A A 

  

  = 2.4 D.      
.

 

 .6.1   -     
Li+  Rb+  .    .6.1,   -            

,   

fastM t ,   

-      

0.5  1 .   ,     

slowM t

 

    

.     

- « » 

slowM t

 

 
-      

,  -     

Li+.     
- 

-  
( -

)   -       

.    -         

( ) -    
, ( ) 

- ,  ( )   
,      

d-  -  
s-  p- . , -

, ,     -  

slowM t

 

         

- 
,       

i

 

   
( (6.8)).            

-  
.6.2.    .6.3 - 

6.1.

  

   -
,     [12]      

  

    

25

 

   . 

 

u / 2, 

 

u,  
/

 

qu, e 

Li+ 0.0757 0.6883 +1 
Na+ 0.1296 0.4170 +1 

K+ 0.1670 0.4170 +1 

Rb+ 0.1768 0.4170 +1 
Cs+ 0.1946 0.4170 +1 

F

 

0.1563 0.7507 1 

Cl

 

0.2205 0.4170 1 
Br

 

0.2274 0.4170 1 

I

 

(I+) 0.2588 0.4170 +1( 1) 

CU3 (AU3) 0.3000 0.4170 +1( 1) 
CU4 (AU4) 0.4000 0.4170 +1( 1) 

CU5 (AU5) 0.5000 0.4170 +1( 1) 

 

.

 

6.1.       
-   

Li+  Rb +  ,     
.
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iC t vvC t

 
    

, -         
- 

[6].        ,      
(      ) -     

iC t

 

  
. -                  

,    
.  ,  ,               

,     
.            

- .  

  

.6 .2 .   -       

25

 

,    
.

 

.6.3 .    -   
M O  25

 

 (   
).   Sp +  Sp 0 -    

- - 
,  0 .5 .

  

     

.

 

              
,           
,              

.

 

  
(6.9)   (6.8)          

,   

 

fast slow .                                                    (6.21)   

(6.10)   (6.8)    fast   

0

 

2
0/ 2fast fastm .                                           (6.22)      

fastM t

 

      

,  ,   fastM t

 

 fast

 

   
-       

. -

,    2
0

 

    (6.12)  -     
,     -           

- 

fast . 
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, slow ,      -  -   

,F k t

 

    

ic k

 

 
-    

 

  

(nn),   

  

 
(zz)    

 

  (nz).          
-  

( )  , , tk .    
:

 

, ,n t tk k ,                                                      (6.23) 

, ,z t q tk k ,                                                   (6.24)         

,n tk

 

   
,z tk

 

  
( ) -

.           

 

1
, ,0 ,nn n nF k t t

N
k k ,                                           (6.25) 

1
, ,0 ,nz n zF k t t

N
k k ,                                           (6.26) 

1
, ,0 ,zz z zF k t t

N
k k ,                                           (6.27)  

,  - , -  -  
, .    -    

-  inc k

 

 
-   

izc k

 

1
in ic k c k

N
,                                                   (6.28) 

1
iz ic k q c k

N
.                                                (6.29)      

 

  

slow

 

     

 

2slow nn nz zz ,                                                (6.30)        
. (6.30)  

 

4 2
2

0 0

1 , , ,
6

sB
nn in i i nn

k T
dt dk k c k f k t F k t F k t ,                (6.31) 

4
2

0 0

1 , , ,
6

sB
nz in iz i i nz

k T
dt dk k c k c k f k t F k t F k t ,          (6.32) 

4 2
2

0 0

1 , , ,
6

sB
zz iz i i zz

k T
dt dk k c k f k t F k t F k t ,                (6.33)  

,        

 

2 2fast nn nz zz nn nz zz .                           (6.34)     

, slow

 

 nn ,   -     

,  , nn ,  -   

« »   St ,   -
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. ,  zz

 
   -  

df ,      ( .  3)  

soft-soft  ss   ( .  4).   ,  

nz

 

    

,   - hs

 

 sh

 

  - 
.    

.

 

         
, ,   - 

,      ,nnF k t

 

 

,zzF k t .  .6.4    (longitudinal)      
,       -    

-    

 

2

, 2
( , ) ,i t

L nn nnC k e F k t dt
k

,                                       (6.35) 

2

, 2
( , ) ,i t

L zz zzC k e F k t dt
k

.                                        (6.36)  

.6.4           
k,             

.        
,         

[12]: ( )   ,          

, ( )   
,    

( )  
, , , ( ) -  

,     - 
, , ,   -     

. 
.6.4  ,   - 

( )   ( -
)      -  

, ,L nnC k .   -   

k,    

, ,L nnC k

 

   - 

.   ,       

,    - 
,    -

,       
.  -   

-
,      -

,      - 
.  ,     

,   
,nnF k t

 

 
,zzF k t ,       

k,   -     
-

, .    

 

.

 

6 .4 .   
(longitudinal)   (nn)   

(zz)       
k , -          

- -   
- 

( (6 .35 )  (6 .36 )).
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-  

nn

 
  

« » ,  zz

  

  -  
: ( )  « »       

,       -  
; ( )          

,      -   
.      

.

 

 .6.5  -  
( , ,nn nz zz )           

25 ,         [12].  - 
,     .6.5.

 

1.     « »   nn
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.     ,  

0
lim 0
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,   -  

nn

 

       

.

 

  -      

,     

nn

 

     

« »  
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Li+ ( .6.5)    -   
.
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,  - ,    -   

.    ,      
-  
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- 

, - ,  - 
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,             
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« » nn

 

 - 
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.    ,       -
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nn ,    nz

 
 zz

 
  - 

.

 

   
,     -   -       
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(Cl-, Cs+) ,        -  

« » (slip), 4St iR .    -    
,               

.

 

  
,    ,      -  

nz .    
.

 

, ,    -  
( )             

+A A

 

( .6.6).   
.6.6,    -           

, , -     
( .2.1).    

,     
+A A

 

  -   

nz ,         
.           

.

 

              

.         

,     -         

-   
[54,62].   -      

[25,30,38].  
,            

nz ,       -
,           . -

,            
,     - ,       

[14-16]. 
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.          
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,               
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,         -     
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( ) - -   - 
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-    ,  -           
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,        
,     

- .    - 
,       ,  -      

, S(k, ),   -
- - 

 

 - , G(r, t), .  , -    
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- .  ,   20        
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namics of solvated ion in infinitely diluted solution: from phenomenology to microscopic 
description.   

Detailed analysis of existing theoretical approaches describing the dynamics of solvated ion in polar 
solvent is carried out. A special attention has been paid to recent achievements of microscopic (mo-
lecular) theories including the mode-coupling theory. A place of Samoylov s kinetic theory of  ionic 
hydration within the contemporary concept of ion salvation dynamics has been shown. Generalisation 
of Samoylov s theory for non-aqueous electrolyte solutions has been proposed on the basis of princi-
pal results of contemporary theories of ion mobility.   


