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1. .  12.

1.1. .

 ( ) 

.
, , 

. ,
, :  – 

 ( ),  – 
 ( ). , ,

, . 

, 
 V  10-6 .  (

) 
. , 

, 
: 

, , .
:

1. ;
2. .

, . 

.
, 

,  – –
, 

.
:

Zn / Zn(NO3)2 (1M) // CuSO4 (1M) / Cu

, , . 
 ( .), :

Zn + Cu2+ Zn2+ + Cu
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(Zn –2e  Zn2+; Cu2+ +2e  Cu, 
,  – ),

 1,100 :

;337,01lg
2
059,0337,0

Culn
nF
RT

Cu
Culn

nF
RT 2

0

2

0Cu/u2

(1)

;762,01lg
2
059,0762,0

Znln
nF
RT

Zn
Znln

nF
RT 2

0

2

0Zn/Zn2

          (2)

.B100,1762,0337,0E Zn/ZnCu/Cu. 22 (3)

:
 – ,  – 

, . 
. . 

 1,1 ,  – 
.  (1,100 ), 

. 
 1,100 
  :

Zn2+ + Cu  Zn + Cu2+

(Zn2+ +2e  Zn, Cu –2e  Cu2+)
:

R
EE

I .
                                                                                        (4)

R – . 
, .

, 
,  ( , 

) IR, 
:

 =  + IR =  +VR,                         (5)



9

VR – 
(VR = IR);

 –  (  =  ), 
 (

), 
(  – ).

,
, 

. , 
, 

. , 
, 

. 
, :

Ag+, Cu2+, Bi3+, H+,Sn2+, Pb2+, Cd2+, Cr3+, Zn2+, Mn2+, Mg2+, Ca2+, Na+, K+, Li+

, 
, 

,  – . 
, 

, 
,  =  – .

, , 
. 

, .
, 

, ,
', 

' ' ,
. 

:
'= + = ' – ' = – + + =( + )–( – ) (6)

, 
, , '

, .

:
1.  ( )  ( ) 

, 



10

 (

);
2. 

 (
, , 

);
3. , ;
4.  – .

 – , ,  – 

. ,
, 

.

,  ( , 
).

, , 
. 

, , 
:

2
= 0,116 lg i + a,                                                                             (7)

i – ;
a – , .

2
. 

 1 0  3 .
,

, 
, 

, 
, .

, , 
.  ( .

) , 

:

 = '  – '  + VR = '  – '  + IR,                                                  (8)
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' '  – , 
.

. , 
R , I .

, IR ,
, . 

, 
, 

 ( ) 
.

, :
Pt / Zn(NO3)2 (1M) // CuSO4 (1M) /Cu,

. 

. 

. .

 – '' ''
 < 1,100  ( . 1)

 – .

I

Vp E

. 1

Vp – 
, 
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 1,100 , 
Pt .

, 

, .

, , 
, . . 

.
.

 (''
'') . 

.
 2,0 – 2,5 ,

. 
, 

( 2  – 4 = 2 + 4 +), , 
, 

,  (Cu2+ + 2e = Cu), 
) . 

 ( )  0,1  (
Cu, ) :

B308,0029,0337,01,0lg
2
059,00

Cu/Cu2              (9)

, ,  10-6 , 
  :

B16,0177,0337,010lg
2
059,0 60

Cu/Cu2                           (10)
,

. 
) , 

. 
)  0,12 – 0,18 

0,24 – 0,36 , 
, 

 ( ) , 
 0,2 – 0,4 . 

. 
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, 
, ,

, .
, 
, 

: 
; 

, 
.

, , 
. , 

. 

 ( + +2  =  2) 

, 
 ( ).

, 
 – , ,

, 
. 

, 
 (NO3

- +10H+ +8e  =  NH4
+ +  3H2O) 

, .
, , 

, 
, , 

, 
:

1) ;
2)

;
3) , 

. 
, , 

.
, 

. 
, .
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,  (
) 

, 
. 

 –  0,005 – 0,05 2, 
.

, 
,

.
, . 

, , 
 0,2 . 

, 
.

, 
.

. 
. , 

,

, 
. 

, . 

 ( ), 
 3 – 4 

4 – 6 . .

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

. 
. 

 0,1 – 3 %.  – .
, ,

. 

. , 
.
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.  Se(II),
Te(II), W(III,V).

 100% .

1.2.  .

 –
, 

. 2.
. 

. 
. 

. 
, 

. 

. . 

.

V A

E

 - 
 - 

V -

. 2
. 

 (1:1) 
. , 
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. , 
. 

, 
 2 – 3 

 0,0001 .

1.2.1.    .

 1 , ,
 150 – 200 , 
 10 – 15 

(1:1). , 
, . 

, , 

. 
. 

.

 200 , 

. 
 20 

 200  8  (1:1). 
,  1 –

1,5 . . 
,  1

. 
, , 

. 
 2 . 
. 

, , 0,4 . , 
.  30 

, 
. 

 2  (
). 

, . 
 10 . 

, 
 ( ) 
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. , 
, , .

:

100
V
V

b
g%Cu ,                                                                       (11)

g – , ;
b – , , ;
V  – , ;
V  – , .

, 
  .

1.2.2.
.

:  ( ) 
 200  8 

 (1:1), 2  (1:1) 
, . 

 ( ) .

1.2.3. .

- ;
- ;
- ;
-  200 ;
-  200 ;
-  20 ;
- ,  (1:1);
- ,  (1:1);
- , 0,1 ;
- ;
-  ( ).
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1.2.4. .

1. .
2. .
3. .
4. . , 

.
5. 

.
6. , 

7. .

.

1. . .  – . ., '' '',
1974, . 296 – 320.

2. . . . ., '' '', 1972, . 421 –
440.

3. . . . ., '' '',
1977, . 421 – 429.

4. ., . , . 2. ., '' '',
1979, . 12 – 31.

2. .   3, 4, 5.

2.1. .

, , 

.
,
:

) 
. , 

, : . = 1 –  2. 
,

, . 
. V
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) 
.) IRi:

V  = . – IRi  (12)

Ri – .
. , I = 0,  

. 
, . (
), 

.
.

 ( )
. . 

, . , 
. . , .

. 
, ,  – 307 . 

, 
, , 

.
 (

1011 -  1015 )  ( ) , 
.

 – , , 
. , 

 (  – ,
)  ( ).

,
, 

,  ( ),

.

, ,
. 

.
.

,
. 

, 
.

, 
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, 
; 

 ( , ) .

 ( )
.

, 
.

. , 
, 

).

, , 
:

i
0 aln

nF
RT

(13)

0 – ;
R – ;

 – ;
n – ;
F – ;
ai – .

,
:

i
0 cln

nF
RT

(14)

 25 0  R, F, 
, :

i
0 clg

n
059,0

(15)

, 
 ( ), 

.
 –
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, ,
. 

, 
. , 

. ,

. .

. .

 (V ) 
 (V ). 1 2, 

:
1

x

x059,0En

x
x VV

V10
VV
VC

, (16)

 = 2 – 1
, 

.

.

.
 (

) 
, , ,

, . 

, , .
.  –

.

. , 
 – ,  – , - - , 

. 
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 – 
.

, 
, , ,

.

, 
.
,

. 
.

, , 
.

.
 ( ), 

 ( ) ,  –
, , 

 ( , 
), 

.
. 

, 
. 

. 
, 

.
 – 

, , ,
. 

, 
:

1000
NVQ (17)

V – , ;
N  – , ;

 – .

, . 
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, 
.

,  – 
, . – .

. 
, ), ,  – L .).

, , 
. , , , 

, 
, 

/ V  –  V  ( pH/ V – V, L/ V  –  V),  
.

., , 
,

, . 
. 

. 
, 

. . 

. 
, , 

. 
, 

. ( / V)
. 

, 
, 

, .

, :
1. , 

;
2. , 

;
3. ,

;
4.

;
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5. , 
;

6.
, 

.

, 
. 

:
1.

, 

, 
 ( . ), , 

;
2. , 

, ,
.

, 
: -

, , .

, 
, , 

.

, 
 – ,

, 
, 
.

, ,
:

1.  ( ) ;
2. , 

, 
, ;

3.  ( , t,
);

4. . 

, 
;
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5.
) ,

;
6.

  , 
. (  L) 

;
7. .

,L)  ( ), 
, , 

, 
 (17). 

.

2.2. .
 5.

-
:

n + KtOH KtAn + H2O,
:

H+ + OH- = H2O.
, 

,  ( ) 
, 

. 
 H+ (OH-), 

,
,  –

.
, , ,

, . 

,  '' ''.

.

 – , , , , 
. , 

. , .
,  < 8 – 9,

.

.
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 – 
 ( , 

, , 

 > 13), 
: 
 H+, , 

, , 
. 

, ,  –
.

– , 
. 

.
, 

. 
.

, ,
.

,

, 
.

, , , 
, 

, 
; -

, , 
.

.
 ( ) 

, 
. 
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 ( , ), 

.
-
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, .

, , 
. , 

.

: 
 10-7, 

 1 % , 1:  2:  3  10-4,   –
, .

.

2.2.1. .

, , 
: , -2-

,  - 2 8 17 4 -2-
 - 8 17)2 4.  

 -
.

.
, 

)   15  -  20  .  

,  10 - 15 
,   (
). .

, 
 30 .

 - 
, 

.
, 

, .

.  NaOH,  0,2 
. 

, 
 (
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), .
,  6 - 7 

:  ~ 12,5 - 13 . .
 1.

 1.
,

 – V
.

2 8 17 4 8 17)2 4

V1 V2 V

pH

. 3

:
8 17)2 4 + NaOH  Na(C8H17)2PO4 +H2O

H2(C8H17)PO4 + NaOH  NaH(C8H17)PO4 + H2O
 V1

.
:

NaH(C8H17)PO4 + NaOH  Na2(C8H17)PO4 +H2O,
 V2. , 

, 2 8 17 4 8 17)2 4,
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: 2V2  (V1 -  V2). 
:

1000
100NV2

POHCH% 41782NaOH2
41782 (18)

1000

100NVV
POHCH% 42178NaOH21

42178 (19)

2 8 17 4
 = 105;

8 17)2 4
 = 322;

 - , .
 ( ) 

, 
.

2.2.2.     .

1. . .
2. , .
3. ?
4.   ? 

? 
?

5. 
.

6. 
? .

7. ?
8. 

. .
9. .
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.

1) . . . . 3, .,
'' '',1970, . 36 - 61.

2) . . . .,
'' '', 1974, . 357 - 409.

3) . . 
. ., '' '', 1975, . 7 - 52

4) . . . .,
'' '', 1977, . 410 - 420.

5) . , . . . ., '' '', .
415 - 454.

2.3. .
 3.

 ( ) . 
 ( ) 

, 
, - . 

,  ( ) ,
,  10-6 .

, ,
.

  , 
, 

.

, , 
, , 

 ( ) , 
: g (I),  - 

 Hg (II),  -  Cu (II) . ,
 ( ) 

,  (Cl-, Br-,
I-, CN-,CNS- .), 

.

. , 

,
.
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2.3.1.   .

. 
.

1)  AgNO3  NaCl 
,  AgNO3;

2)  (Cl-  I-)  AgNO3,
.

:
Ag+ + Cl- = AgCl

:
I- + Ag+ = AgI
Cl- +Ag+ = AgCl

 ( AgI = 1,5 10-16, AgCl =  1,6 10-10)
:

1)  I-  AgI, 
 -   Cl-;
2) Cl- ,  I-

 ( ),  Ag+ ,

AgCl: -Cl
Ag ;

3) ,
 –  I-,  – Cl- ( . 6).

, 
:

Agln
nF
RT0

AgAg (20)

Aglg059,00
AgAg (21)

B8,00
Ag

Ag  - ,

 AgNO3  NaCl 
, 

. 
 ( . )

, 
.
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 NaCl, 

 (21),  [Ag+] - , 
; , 

AgClClAg

AgCl
0
AgAg lg059,0 ; (22)

Cl
Ag AgCl ,

Cl

-
AgCl0

AgAg Cl
lg059,0 (23)

 – const, 

Cllg059,0
Cl

1lg059,0 '0
Ag

'0
AgAg (24)

, . 4.
,  Cl,  AgNO3

, 
. , 

Cl
Ag AgCl , Cl  -

,  – .

 (24). , 
, 

 AgNO3  NaCl

V

,B

.

. 4.
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AgClClAg ,
 (22). 

, 
Ag  (21). . 5.

 AgNO3

V

,B

.

. 5.

 ( . 6) , 
.

 AgNO3

V

,B

V1 V2

. 6.
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.

:
1)

 15 - 20 ;
2)

 ( ) 
;

3)
;

4)
.

.
1.

 AgNO3 (NAgNO3
).

 3 
 AgNO3, 

, 
. 

, 

) . 
.
.

. 
 NaCl,  0,2 . 

. .
. , 

, , 
  .

 6 - 7 
.  (~  140 - 150 , . 0,14 -

0,15 ).
2.

.
, 

 KI  NaCl,  AgNO3 .
. 

, 
. ,  6 - 7

 (~  420 - 450 ,
.  0,42 - 0,45 ).

 - 
.  (V)  ( . 4 - 6). 
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, 
.

:
 AgNO3 :

3
3

AgNO

NaClNaCl
AgNO V

VNN (25)

NNaCl –  NaCl, 
, ;

VNaCl –  NaCl, 
AgNO3, . ( . 4);

VAgNO3
–  AgNO3, , 3,00

.
 – 

:

1000
NV

g IAgNO1
I

3 , (26)

1000
NVV

g ClAgNO12
I

3 , (27)

V1 –  AgNO3, ,
, 

. 6);
V2 –  AgNO3, 

, 
,  ( . 6);
NAgNO3

–  AgNO3, 
 (25);

Cl, I – , .
 KI  NaCl 

:

1000
NV

g KIAgNO1
KI

3 (28)

1000
NVV

g NaClAgNO12
NaCl

3 , (29)

KI NaCl –  KI  NaCl, 
.
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2.3.2. .

1. . .
2. , .
3. . .
4. .
5. 

?
6. 

. .
7. 

.
8. 

.
9. ?

.

1. . . . ., '' '',
1974, . .

2. . . . . 3, ., '' ''
1970, . 32 - 49, 68.

3. . , . . . ., '' '', 1979,
. 450 - 455.

4. . . . .
., '' '', 1988, . 232 - 244.

2.4. 
. 4.

, 
. , 

.
, 

, , ,
: + -  

 - . 
, .

. 
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-
, ,

, 
. 

,
, 

. 
: , , . 

.
.

, , 
(II)  (IV):

Fe2+ + Ce4+ = Fe3+ + Ce3+,
, 

Fe
Fe

Ce
Ce

2
3

3
4 (30)

, , 
:

3

4
0

Ce
Ce Ce

Celn
nF
RT

3Ce

4Ce3
4 (31)

2

3
0

Fe
Fe Fe

Feln
nF
RT

2Fe

3Fe2
3 (32)

, , 

3
4

Ce
Ce ,

2
3

Fe
Fe .

, 
, . 

, 
2

3

Fe
Fe , 

3
4

Ce
Ce .
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2
2

3
3

4

Fe
Fe

0

.. , (33)
 (31, 32) 

.

...

'' 00

.. , (34)

,   – , 
.

, 

 -  ( )
, 
.

, , , 
, ,

, ,
, 

:

1000
NVg BB

A , (35)

gA - , ;
 - ;

NB,  VB - ,  ( )  ( ) ,
.

, 
 ( ),

. ,  ( )
 ( ), 

 -  ( ) 
. 

 0,2 , , 
.



42

2.4.1. .

Fe(III) . 
 Fe(II), .

 FeCl3
 Fe(III)  Fe(II) , 

:
2Fe3+ + Sn2+ = 2Fe2+ + Sn4+

Fe3+ + 1  Fe2+

Sn2+ - 2  Sn4+

 Fe(II)  - K2Cr2O7. 
 - 

Sn(II)   Fe(II), ,  - Sn(II), 
15,0

2Sn

4Sn

0
,  Fe(II)

77,0
2Fe

3Fe

0
.

 ( ):
3Sn2+ + Cr2O7

2- + 14H+ = 3Sn4+ + 2Cr3+ + 7H2O
Sn2+ - 2  Sn4+

Cr2O7
2- + 14H+ + 6e  2Cr3+ +7H2O

6Fe2+ + Cr2O7
2- + 14H+ = 6Fe3+ + 2Cr3+ + 7H2O

Fe2+ - 1  Fe3+

Cr2O7
2- + 14H+ + 6e  2Cr3+ +7H2O

: ,  Sn(II),  -
 Fe(II).

. :
1.

 15 - 20 ;
2.

.
, 

,  50  HCl (1:1)  5 %
 SnCl2 , 
 SnCl2  1 . 
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, 
. 
. .

.  0,1 
K2Cr2O7,  0,2 . 

. (  10 ). ,

. (  700 , .
 0,7 ). 

 Sn2+,  - Fe2+.

:
 2

, ., 

. - ,
. , 

V1, 
, , 

V2,  Sn(II) 
Fe(II).

 ( ) 
:

1000
NVV

g FeOCrK12
Fe

722
, (36)

NK2Cr2O7
 -  K2Cr2O7, ( );

Fe - , .

2.4.2. .

1. . .
2. , .
3. . .
4. . 

.
5. 

.
6. 

. .
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7. , 
.

8. 
) .

.

1. . . . . ., '' '',
1974, . .

2. . . . . ., '' '', 1970, .
2, . 230 - 239, . 3 . 36 - 49.

3. . , . , . . 
. .,'' '', 1978, . 388 - 398.

4. . . . . .
., '' '', 1988. . 232 - 245.

3. .  9.

3.1. .

, ,
. 

, , 
 - , 

,  - , 
. 

.
 - -

. 
.

W (L) , 
:

R
IW . (37)

-1

). , 
, :

S
lR , (38)

 - , 
 1 3. l = 1 , S = 1 2,  = R;
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l -  ( ) , 
;

S -  ( 2).
, , 

:
I

, -1 -1. (39)

1 3 , 
1 2  1 . 

 - , 
, 

. , , 
. 

. : 
;

 (> 3 - 5 ) . 
, 

.  1 0

 2 %, 
. 

. , -
 1 , 

:
 = /n, (40)

n -  1 .
 ( ) 

1000 ,  1 /1000 .
:

1000
, -1 2 . (41)

,  0,
, 

:

 = u+ + u- (42)
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 u+, u- - ,
:

u+ = F +, (43)

u- = F -, (44)

F - ;
+, - - , 

 1 .
  

.

, 

.
, , 

W l
S

, (45)

l
SUZCUZCKW , (46)

+, - - .

l
S - const :

UZCUZCKW (47)
, 

:
n

1i
iii uzcKW (48)

. 
, , 

, .

, , 
, .

.

. 

, , 
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. , 
. 

, 
, . 

, , 
, 

, , , 
. 
, 

, 
, 

 (
H2SO4  CH3COOH 

), 2
, 

.
, , 

  , 
, , ,

.

, 
.

 - , 
. 

, 
.

:
+ + - + + + - =  + - + +,

. , 
+ + , 
+ +, 

 - 
.

 HCl  NaOH:
H+ + Cl- + Na+ + OH- = Na+ + Cl- + H2O.
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 H+  Cl-.  Cl-

, 
+ (u += 349,8) 2

 Na+ (u Na+= 50,1). 
,  Na+  1/7

. +

, 
 Na+  OH- (u OH-= 198,0) 
 ( . 7).

.

VNaOH, 

W,
-1

.

. 7.

 (
) , 

.

, 
, 

 ( . 8).
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.

V ,

W,
-1

.

. 8.

, 
. 

, 
 ( . 9).

.

V ,

W,
-1

.

. 9.

, 
, .

.
:

CH3COOH + Na+ + OH- = CH3COO- + Na+ + H2O.
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