
.

 2010



.

: , 

»

 9  17.05.2010 .

 2010



. ». 
 «

» .
: , 

.

: ., ., ., , , 2010. – 72 .;
. .



3

……………..………………………………………….............. 6

…….. ……………………………
 1 « »…………..………

1.1  ……………………………………..……….
1.2  ………………………….…………
1.3  ……………………………………….
1.4  ……………………………….…………

 1.  ( )……..…….……
 2.  ( ) ...…..……
 3. ……………..…..……
 4. 

………………………………………………………...…….
 5. 

………………………………………..……
 6. 

…………………………………………………………..….
1.5  ….……

……………………………….…….
 2 « »………….………

2.1  ………………………………………..….....
2.2  ………………………….…..………
2.3  ………………………………………...
2.4  ……………………………..……………

 1.  ( ) ……..….
 2. 

……………………………………………………………..…
 3. 

………………………………………………………...
2.5  …..……

 3 « »……..
3.1  . …………………..….
3.2  …………………………………..…
3.3  …………………………………..…...
3.4  …………………………..………………

 1. ………………………
 2.  ( ) 

……………………………………………….
 3. ………………………….…….

3.5  …………

8
8
8
13
17
17
18
18
18

19

19

19
21

22
22
22
26
29
30
30

31

31
32

33
33
37
40
41
41

41
42
43



4

4 «
 »……………………………………………………………..….

4.1  ……………………………………………….
4.2  ……………………………..………
4.3  ………………………………………...
4.4  ……………………………..……………

4.4.1 …………………………………….
 1. ……………….

4.4.2 …………………………………………
 2. ……………………………
 3. ……………..………………

4.4.3 …………………………………………….
 4. ………………………………………..

4.4.4
…………………………………………………………………...

 5. ……………………………………………...
 6. 

……………………………
 7.  – …….………….

4.4.5  ………………………………….……...
 8. ……………..………
 9. ……………………………………
 10. ………………………………….

4.5 ….………

    …………………………..
 5 « »

5.1 ………………………………………………..
5.2  …………………………..…………
5.3  ………………………………………...
5.4  …………………………..…..…………

5.4.1 ………………..……….
 1. …
 2.  (III) ……
 3. 

………………………………………………………..
5.4.2  ………………..……

 4.  (III) 
………………………………………………………………...

5.4.3  …………………
 5. 

……………………………………
5.4.4  . ……………….

 6. ……………………………
 7. ……………………………

44
44
47
49
50
50
50
51
51
51
51
51

51
51

52
52
52
53
54
54
55

56
56
56
62
64
65
65
65
65

65
66

66
66

66
67
67
67



5

 8. ………
 9. …………………………………………….
 10. ……………………………

5.5  …..……

67
67
68
68

..………………………………..... 69



6

. 
, 

. , 
: , 

.
 – 

, 
.

: « », « » 
».

.

, ; 
; ; 

, 
, .

:
- ;
- ;
- ;
- ;
- ;
- .

:
-

; , ;
- , 

;
-

, , 
;

-
;



7

- ;
- ;
-

.

:
-    ;
- ;
- ;

;
-

;
- .

 ( )
, 

, 
.



8

 1
« »

: - - , 
;

-
;

-
;

- -
.

1.1  

. 
 2 : , 

, , 
.) .

 ( ) 
, 

. 

 ( , ).

,  („+” .) 
(„ ” .).

:
1. , 

„-2”,  „+1”.
2. .
3.

.
4.

.
:

2
2

1
2

24
2

02

2 OHOSOSH

2
4

SeS 6
2

       

3 2-O 242
0

      
2H2S + 3O2  2SO2 + 2H2
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. 
. , 
. , 
.

. 
. , 

, . , 
.

 + 
 – .

. 
, 

.

:
- 

.
- 

, , 
, .

.

:
1) ;
2) .

. 
. ,

.
, NH3:

4
2

2
122

2
0

3
13

645
0t

OHONOHN
                    4 N 3 – 5e N +2     – 

                           5 2
0 + 4e  2 2    – 

, 
.



10

:

1) 2KMnO4 + 5NaNO2 + 3H2SO4 = K2SO4 + 5NaNO3 + 2MnSO4 + 3H2O
                                                                          .

         2 MnO4  + 8 + + 5e  Mn2+ + 4 2    
      5 NO2  + 2  – 2e  NO3   + 2 +

                          6                                                       3
2MnO4  + 16 + + 5NO2  + 5 2  = 2Mn2+ + 8 2  + 5NO3   + 10 +

2) 2KMnO4 + 3NaNO2 + H2O = 2MnO2  + 3NaNO3 + 2
                                     

 2 MnO4  + 2  + 3e = MnO2  + 4
      3 NO2  + 2 – 2e = NO3   + H2O

                                                                                     2
2MnO4  + 4 2  + 3NO2  + 6  = 2MnO2  + 8  + 3NO3   + 3 2

3) 2KMnO4 + NaNO2 + 2  = 2 2MnO4 + NaNO3 + H2O
                                       

         2 MnO4  + e = MnO4
2                         

      1 NO2  + 2 – 2e = NO3  + H2O   

2MnO4  + NO2  + 2  = MnO4
2  + NO3  + 2

MnO4  MnO4
2  MnO2 Mn 2+

                               .         .                 .
                                                  7         7          7

.

, 
.

, 
1 .

1  ( ) 1 :

1/2 2 e + 1/2 2 + e

 ( ) 
,  ( ) 1 .
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 ( ) 
, :

 = f

 ( ) 
,  ( ) 1 

).

MnO4 2MnO4  MnO2 Mn 2+

                                                    7         7         7

MnO4  + 8 + + 5e  Mn2+ + 4 2 ,          7

f  ( MnO4) = 5
1 ;    MnO4) = 5

1 158 = 31,6 ( )

 ( MnO4) = 158 .

MnO4  + 2 2  + 3e = MnO2  + 4 ,      7

f  ( MnO4) = 3
1 ;    MnO4) = 3

1 158 = 52,7 ( ).

MnO4  + e = MnO4
2 ,                   7

f  ( MnO4) = 1
1
1 ;    MnO4) = 1 158 = 158 ( ).

NO2  + 2  + 2e = NO3  + 2 +

f  (NaNO2) = 2
1 ;    (NaNO2) = 2

1 69 = 34,5 ( ).

 (NaNO2) = 69 .

:

1.  –  VI  VII : Br2 + 2e  2Br
2. :

Sn 4+ +2e Sn 2+; Fe 3+ + 1e Fe 2+.

3. ,  –

-2
72 OCr

6
, -

4
7

OMn , -
3

5
ON , -2

4
6

OS .
4.  – Na2O2, BaO2.
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:

1.  – Zn – 2e Zn2+.
2. , 

Sn 2+  2e Sn 4+; Fe 2+  1e Fe 3+.
3. , 

 – Cl , S2 , -2
3

4
OS , -

2
3
ON .

4.  – CaH2, NaH, SiH4, CH4.
5. , , ,  – 2,  ,  ,  S – 

.
, , 

, 
, .

, 
 – .

.
2

2 SH 4
6

23
6

3
4

22 OSHOSOSHOSS
40

                                
                                

, :
) 

OHO)Cu(NOHNOCu 2233 42383 N
OHNONH)Mg(NOOHMg 234233 34104 N

Mg – .
) 

2442 HZnSOSOHZn
.

2HSOZnSOSO2HZn 224
.

42

)  ( 0
1

0
2 tt )

OHS3ZnSOSO4H3Zn 24

t

42

1

4
.

OHSH4ZnSOSO5H4Zn 224

t

42

2

4
.

)  ( ) 
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MnO4 , 
, 

.

1.2  

 1.
, 

, , .
 1.

.
.

KI + NaNO2 + H2SO4  I2 + NO + K2SO4 + Na2SO4 + H2O

.

1) :

K ++I +Na++NO2  +2H ++SO4
2 I2+ NO + 2K++ SO4

2  + 2Na++ SO4
2  +H2O

I2 – , NO – , ,
H2O – . 

.
2) : 

, .
I + NO2  + 2H +  I2 + NO + H2O

3) . 
+ . 

 – . 
. 

 – +.
4) :

I                      I2

 NO2  NO

5) :

2I                      I2

 NO2  NO

6) 
 ( ) 
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OHNOeHNO

IeI

22

2

12

22

I2, ,
 2I ,  2 , I .

NO2
+

NO 2 , , NO2 .
7)  – 2 (2

), , 
:

2
1

e12

e22

OHNOHNO

II

22

2

8) 

2I + 2NO2  + 4H +  I2 + 2NO + 2H2O

9) 

2KI + 2NaNO2 + 2H2SO4  I2 + 2NO + K2SO4 + Na2SO4 + 2H2O

2K   2K; 2I      I2; 2Na   2Na;
2N   2N; 12    12 ; 4    4 ; 2S   2S.

10) 
:

M = f M

f  – , f  =
n
1 ;

n – , 
.

M (KI)= 83166
2
1

M (NaNO3)= 69691

: , 
I  – ; 

NO2 ; I ; NO2
. M (KI)= 83 , M (NaNO3) = 69 .
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 2.
, 

.
2 + Cl2 + H2O = HIO3 + HCl

:

1) 2 + Cl2 + H2O = H ++ IO3  + H + + Cl

2) 

3) 

4) 2                   IO3

                                  Cl2                 Cl

5) 2                  2IO3

                                  Cl2                2Cl

6)
CleCl

eI

2

-
32

22

1221062

7)
5
1

22

1221062

CleCl

eI

2

-
32

8) 2 + 5Cl2 + 6H2O = 2IO3  + 12H+ + 10Cl

9) 2 +5Cl2 + 6H2O = 2HIO3 + 10HCl

I2      2I; 5Cl2   10Cl; 12H   12H; 6    6 .

10) M (I2) = f M = 4,25254
10
1

                      M (Cl2)= f M = 5,3571
2
1

: , 
, ; Cl2

0, 2
0
.

M (I2) = 25,4 , M (Cl2)= 35,5 .
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 3.
, 

Mn(OH)2 + Br2 + NaOH  Mn(OH)4 + NaBr

:

Mn(OH)2 + Br2 + Na ++OH  Mn(OH)4 + Na++Br

Mn(OH)2, Mn(OH)4 – , Br2 – .

Mn(OH)2 + Br2 + OH  Mn(OH)4 + Br

Mn(OH)2             Mn(OH)4

  Br2             2Br

BreBr
Mn(OH)eOHMn(OH)

22
22

1
1

2

42

Mn(OH)2 + Br2 + 2OH  Mn(OH)4 + 2Br

Mn(OH)2 + Br2 + 2NaOH = Mn(OH)4 + 2NaBr

M (Mn( )2) = f M = 5,4489
2
1

M (Br2)= f M = 80160
2
1

: ; 
, ; Br2, Mn(OH)2.

M (Mn( )2) = 44,5 , M (Br2)= 80
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1.3  

1.
?

2. ?
3. -

? ?
4. ?
5. ?
6. , 

?
7. ?
8. , 

?
9. ?
10.

, 
?

11. ?
12. ?

1.4  

: - , 
;

- 
;

- 
;

- 
.

: 0,5  ( ) FeCl3; 0,05 
NaI KI; ;

0,5 KMnO4; 2 
H2SO4; 0,5  ( ) FeCl2; 0,1 
KSCN NH4SCN; 0,5 Na2SO3

Na2SO3;  (NaOH KOH); 0,5 
K2Cr2O7;  ( ) 

FeSO4·7H2O.
: , ,

.
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 1.  ( ).

 5–6  ( )  1 
. 

 1–2 
. 

.
:

Fe3+ + I Fe2+ + I2

.

 2.  ( ) .

 5–6 
 2 . 

 ( ) 
. MnO4

Mn2+. KSCN
NH4SCN , Fe2+ Fe3+.

:

MnO4  + + + Fe2+ Mn2+ + Fe3+ + 2

,  ( ).

 3. .

 1–2 K2Cr2O7, 

FeSO4·7H2O. . , 
:

K2Cr2O7 + FeSO4 + H2SO4  Cr2(SO4)3 + K2SO4 + Fe2(SO4)3 + H2O

, 
. .
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 4.
.

 1–2 
, 

.
, :

KMnO4 + Na2SO3 + H2SO4  MnSO4 + Na2SO4 + K2SO4 + H2O

.
.

 5.
.

 1–2 
1-2 . 

.
, :

KMnO4 + Na2SO3 + H2O  MnO2 + Na2SO4 + KO

.
.

 6.
.

 1–2  1 
 1–2 .

? ?
, :

KMnO4 + Na2SO3 + 2MnO4 + Na2SO4 + 2

.
.

, . 
, 

:

K2MnO4 + 2 MnO4 + MnO2 + 

.
.
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. 
.

 1 -  

-

f

,

1 2 3 4 5 6 7

- -
- - -

f

-
,

8 9 10 11 12 13 14
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1.5   

:
; , ;

, . 

1. MnO2 + HCl  MnCl2 + H2O
Ca + H2O  Ca(OH)2 + H2

2.               Pb + KNO3  KNO2 + PbO
Al + NaOH  Na3Al(OH)3 + H2

3. H2SO4  + C  CO2 + SO2 + H2O
Na+ H2O  NaOH+ H2

4. Cu + HNO3  Cu(NO3)2 + NO2 + H2O
Cs + H2O CsOH + H2

5. P + HNO3  + H2O  H3PO4 + NO
Fe + H2SO4 ( )  FeSO4 + H2

6. S + HNO3  H2SO4 + NO
C + Na2CrO4 + NaOH  CO + Na3CrO3 + H2O

7. HI + KMnO4 +H2SO4  I2 + K2SO4 + MnSO4  + H2O
Zn + KNO2 + KOH  K2ZnO2 + NH3 + H2O

8. KMnO4 +HCl  MnCl2 + KCl + Cl2 + H2O
MnO2 + KClO3 + KOH  K2MnO4 + KCl + H2O

9. Fe + HNO3 ( )  Fe2O3 + NO2 + H2O
MnO2 + Br2 + KOH  K2MnO4 + KBr +H2O

10. H2SO3 + Cl2 + H2O  H2SO4 + HCl
Ba + H2O   Ba(OH)2 + H2

11.             K2MnO4 + Cl2  KMnO4 + KCl
Al + HNO3 ( )  Al2O3 + NO2 + H2O

12. FeSO4 + Br2 + H2SO4   Fe2(SO4)3 + HBr
KOH + Cl2  KClO3 + KCl + H2O

13. Fe(OH)2 + Br2 + KOH  Fe(OH)3 + KBr
Al + HCl  AlCl3 + H2

14.            Zn + KIO3 + H2SO4  ZnSO4 + I2 + K2SO4 + H2O
Br2 + NaNO2 + NaOH  NaNO3 + NaBr + H2O

15. KBr +H2SO4  Br2 + SO2 + K2SO4 + H2O
Ag + HNO3 ( )  AgNO3 + NO2 + H2O

16.             NaCrO2 + Br2 + NaOH  Na2CrO4 + NaBr + H2O
HBr + KClO3  KCl + Br2 + H2O
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, 
.

, 
, 

.

.

.
 2 :

1)  (
);

2)  (
).

 2
« »

2.1  

: -
;

-
;

-
.

, 
, 

 (
).

 2- , 
. . 

. 
.

-
. 

, 
. 

.
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, 
. 

.
.

0
22 /

, 

.

. 
, .

.
, 

, 
. ,

, 
. 

. .
,

, ,  ( ).
 ( ) 

Clg
nF

RT,320

, 0 – ;
2,3 – ;
R –  – 8,314 ;

 – , ;
n – , ;
F –  – 96484 ;

 – , .

 (  = 1 ,  =  298  ,  = 1 ) 
:

Clg
n

,05900
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 2. 1 – 
t = 25 °

0, 0, 

Li+/Li Li+ + e = Li -3,045 Sn2+/Sn Sn2++ 2e = Sn -0,136
Rb+/Rb Rb + + e = Rb -2,925 Pb2+/Pb Pb2++ 2e = Pb -0,126
K+/K K++ e = K -2,925 W3+/W W3++ 3e = W -0,05

Cs+/Cs Cs++ e = Cs -2,923 Fe3+/Fe Fe3++ 3e = Fe -0,036
Ra2+/Ra Ra2+ + 2e = Ra -2,916 H+/H2 H++ e = 1/2H2 0,00
Ba2+/Ba Ba2++ 2e = Ba -2,906 Ge2+/Ge Ge2++ 2e = Ge +0,01
S2

2+/S2 S2
2++ 2e = S2 -2,89 Sb3+/Sb Sb3++ 3e = Sb +0,20

Ca2+/Ca Ca2++ 2e = Ca -2,866 Bi3+/Bi Bi3++ 3e = Bi +0,23
Na+/Na Na++ e = Na -2,714 Re3+/Re Re3++ 3e = Re +0,3
La3+/La La3++ 3e = La -2,522 Cu2+/Cu Cu2++ 2e = Cu +0,337

Mg2+/Mg Mg2++ 2e  = Mg -2,363 O2/OH– 1/2O2 + H2O + 2e
= 2OH– +0,401

Be2+/Be Be2++ 2e = Be -1,847 Te2+/Te Te2+ + 2e = Te +0,402
Hf4+/Hf Hf++ 4e =Hf -1,700 Ru2+/Ru Ru2++ 2e = Ru +0,45
Al3+/Al Al3++ 3e = Al -1,662 Cu+/Cu Cu++ e = Cu +0,521
Ti2+/Ti Ti2++ 2e = Ti -1,628 I2/I– 1/2I2 + e = I– +0,535
V2+/V V2++ 2e = V -1,186 Hg2

2+/2Hg Hg2
2+ + 2e = 2Hg +0,798

Mn2+/Mn Mn2++ 2e = Mn -1,180 Ag+/Ag Ag++ e =Ag +0,799
Cr2+/Cr Cr2++ 2e = Cr -0,913 Rh3+/Rh Rh3++ 3e = Rh +0,8
Zn2+/Zn Zn2++ 2e = Zn -0,763 Os2+/Os Os2++ 2e = Os +0,85
Cr3+/Cr Cr3++ 3e = Cr -0,744 Hg2+/Hg Hg2++ 2e = Hg +0,854
Ga3+/Ga Ga3++ 3e = Ga -0,53 Pd2+/Pd Pd2++ 2e = Pd +0,987

S0/S2– S0+ 2e = S2– -0,51 Br2/Br- 1/2Br2 + e = Br– +1,065
Fe2+/Fe Fe2++ 2e = Fe -0,440 Pt2+/Pt Pt2++ 2e = Pt +1,2
Cd2+/Cd Cd2++ 2e = Cd -0,403 Cl2/Cl- 1/2Cl2 + e = Cl– +1,359

Tl+/Tl Tl++ e =Tl -0,336 Au3+/Au Au3++ 3e = Au +1,498
Co2+/Co Co2++ 2e = Co -0,277 Ir3+/Ir Ir3++ 3e = Ir +1,15
V3+/V2+ V3++ e = V2+ -0,255 Au+/Au Au++ e = Au +1,691
Ni2+/Ni Ni2++ 2e = Ni -0,250 H2/H– 1/2H2 + e = H– +2,2

Mo3+/Mo Mo3++ 3e = Mo -0,20 F2/F– 1/2F2 + e = F– +2,87
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 – 
,

,  ( )
 ( , ).

.
:

 -) Zn ZnSO4 Zn2+ + SO4
2 CuSO4 Cu2+ + SO4

2 Cu   (  +)
76020 ,

Zn/Zn
34020 ,

Cu/Cu

.1 – 

, 
 ( ), . 

 – ) Zn – 2e  Zn2+  1

Cu2+

 + ) Cu2+ + 2e  Cu0  1
Zn + Cu2+ = Zn2+ + Cu0

Zn + CuSO4 = ZnSO4 + Cu.

 ( , ) =
 ( , ) = +0,34  – (-0,76 ) = 1,1 .

. 
 – .

: 
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) 
).

1. 
.

2. , 
.

3. +, , 2 , 
.

4.  – ,  – .
, , 

. 
 0, , 

. 

G = -n ·  · F,

 = - G =  n ·  · F,

 n – ;
F –  – 96484 ;

2.2  

 1.

: Cr|Cr(NO3)2, (Cr(NO3)2) = 0,05 3.
:

2Cr/Cr

0 = - 0,91 .

Clg
n

,05900

 0,05 :

264,1)3,1(0295,091,005,0lg
2
059,091,0

 = 0,05 3

 = 0,05 3 = 5 10 2 3
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lg 5 10 2 = lg 5 + lg 10 2 = 0,7 + (-2) = -1,3

:  0,05 

2Cr/Cr
= 0,288 .

 2.

; , 
(  ( )) , .

. , 
Cd Ni :

Cd | CdSO4 || NiSO4 | Ni

:
1.  ( . 2.1)

Cd Ni

 -) Cd | CdSO4 || NiSO4 | Ni   (  +)
2Cd/Cd

0 = -0,40 2Ni/Ni
0 = -0,25 

 –  (Cd) 
 –  (Ni). 

.
2.

:
Cd – ,  – 

Cd2+;  – Ni2+

 – Ni0.

 -) Cd | CdSO4 || NiSO4 | Ni   (  +)

 – ) Cd – 2e  Cd 2+       1      - 
 + ) Ni 2+ + 2e  Ni 0       1      - 

Cd + Ni 2+  Cd 2+ + Ni 0 – 
Cd + NiSO4  CdSO4 + Ni 0 – 

)

 ( ) =  -

 = -0,25 – (-0,40) = 0,15 .
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:

G = -n ·  · F

G = -2 · 0,15 · 96484 = -28945,2  = -28,95 

 ( G 0).

 = - G = 28,95 

: Cd – , Ni2+ – .
Cd Ni  0,15 , 

 29 .

 3.

Co | CoCl2 || CoCl2 | Co
=0,1 ; =2 

.

:
1. . 2.1  –
20 = -0,28 .

2. 
:

.31,0)03,0(28,0)1(
2
059,028,01

lg 0,1 = lg 10 1 = -1

.271,0009,028,0)3,0(
2
059,028,02

lg 2 = 0,3
3.  ( 31,01 ;   = 10 1 ) 

,  ( 271,02 ;   =  2  )  
.

                                                   2
) | CoCl2 || CoCl2 | C    ( +)

=0,1 ; =2 

 (  –) 
 (  +).
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4. 

 ( , ) =  -
 ( , ) = -0,271 – (-0,31) = 0,039 

: 
2 =0,1  (  –) , 2 =2  (  +).

 0,039 .

2.3

1.

) Zn(NO3)2 + Pb; ) AlCl3 + Mg;
) AgNO3 + Cu; ) FeSO4 + Zn.

2.

) Pb(NO3)2 + Ag; ) H2SO4 ) + Ni;
) HCl ) + Cu; ) Na2SO4 + Al.

3.

) Zn(NO3)2 + Cu; ) Zn(NO3)2 + Mg;
) CdSO4 + Ti; ) Ni(NO3)2 + Fe.

4.

) Al2(SO4)3 + Mn; ) HNO3 ( ) + V;
) ZnSO4 + Ti; ) MoCl3 + Cr.

5. .
 (Pb(NO3)2) 

. . 
.

6. ,  ( 0) .
7. ,  ( 0) 

.
8. ,  ( 0) .
9.  ( 0) 

?
10.  ( 0) , 

– ?
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2.4  

: -
;

-
;

-
.

: , ; , ,
; U- . 

.  (50 ). : 
(H2SO4,  2  )   (CuSO4,  1 ),  (FeSO4,  1 ),

 (ZnSO4, 1 ; 0,01 ; 0,001 ).

 1.  ( ) .

:

 -) Zn ZnSO4 CuSO4 Cu   (  +)
 = 1      = 1 

 -) Zn ZnSO4 FeSO4 Fe   (  +)
 = 1          = 1 

 -) Fe FeSO4 CuSO4 Cu   (  +)
 = 1          = 1 

, 
) 

 ( ). 
 ( , , ) 

.
.

. 

%100

G
:

G = -n ·  · F,
 = n ·  · F.

, 
.
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 2.
.

:

Zn ZnSO4 ZnSO4 Zn
 = 1       = 0,01 

Zn ZnSO4 ZnSO4 Zn
 = 1          = 0,001 

, 
. ?

.
.
.

 ( , , ) .

.

 3.
.

)  5-6  2 H2SO4.  
CuSO4 (1 ). 

 1 . ,
. 

CuSO4? 
, , 

 – .
. , 

. , 
.

)  5-6  2 H2SO4 .  
? 

. 
. . 

?
.

, .
, .



32

2.5 

1. ,
.

.
2. …,

 ( -)  ( +). 
, , 

.
3. … , 

. 
, . 

.

1. 1. Ti TiSO4 FeSO4 Fe 9. 1. Ni Ni(NO3)2 Ca(NO3)2 Ca
2. Ni 3. Cr 2. Cr 3. Cd

2. 1. Be Be(NO3)2 Mo(NO3)3 Mo 10. 1. Cu CuSO4 Cr2(SO4)3 Cr
2. V 3. Bi 2. Pb 3. Mg

3. 1. Ge Ge(NO3)2 Fe(NO3)2 Fe 11. 1. Zn ZnCl2 NiCl2 Ni
2. Cr 3. Al 2. Ga 3. Ti

4. 1. Cu Cu(NO3)2 Pb(NO3)2 Pb 12. 1. Co Co(NO3)2 Cu(NO3)2 Cu
2. Zn 3. Mn 2. Ru 3. Cr

5. 1. Fe Fe2(SO4)3 CoSO4 Co 13. 1. Sn SnSO4 Al2(SO4)3 Al
2. Cd 3. Be 2. Te 3. Mn

6. 1. Mg MgCl2 CdCl2 Cd 14. 1. Tl TlNO3 W(NO3)3 W
2. Mn 3. Cr 2. Cd 3. V

7. 1. Al AlCl3 GaCl3 Ga 15. 1. La La(NO3)3 Ga(NO3)3 Ga
2. Sb 3. Ti 2. Sb 3. W

8. 1. Cu Cu(NO3)2 Os(NO3)2 Os 16. 1. Hg Hg(NO3)2 Fe(NO3)3 Fe
2. La 3. Bi 2. Ag 3. Sn
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 3
« »

: - :
- ;
- .

3.1 

.
 – , 

.

.

.

 ( ),  –  (  +). 
. , , 

,  – .
:

 –  – ;  – 
 – . :

) n+, 2 , +

) . 

 n+ + n e 0       
2 2  + 2 e 2 + 2
2 + + 2e 2

:
 +) n , 2 , 

,

n  - ne
2Cl  2e Cl2

2 2  4e 2 + 4 +

 ne  n+
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, . 
,  –

 ( ) , 
( , Pt, Ir, ).

, 
, .

, 
) . .

:
)  ( ) .

: ,
; , ;

; . 
.

, ,
. , 

.
, 
.

1483,0

741,0

0

0
22

0 – 2.

:
1)  0, 

;
2)  -1 , 

.  – Zn, Cr, Fe, Cd,
Ni .

 ne  n+

2 2  + 2e 2 + 2 –
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3)  -1,66  ( , 
), 

, 
+ .

, ,
. 

.

,023,1 0
22

,78,0 0
22

 -
.4,0 0

22/2 14

0 – , 2.
 ( ) :

1)  – Cl ,    Br ,    I ,      S 2

 = 1,36;   1,06;  0,54;  -0,52 .

HF, 88,2/2FF2
)

2) 

2 2  – 4e 2 + 4 +;  = + 1,23  + 0.

    4  2 2  + 2;  = + 0,4    + 0.

3) 
, .

 – ,  
, 

.

 + )  ne  n+

. ).
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, 
, , 

 (1791 – 1867 .).

, , 
, 

,Qkm

F
Mk  - .

.

:

.

F
tIMm

F
tIVV

m, V –  ( )  ( 3) , ;
I –  ( );
t – ;
F – , F = 96484 )/ , t – ,

F = 26,8  (t – .).
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3.2  

 1. , 
. 

.

. NaI CuSO4.
.

.

NaI Na+ + I
CuSO4 Cu2+ + SO4

2-

2

, 
, , 

                                 +                                      
SO4

2-              Na+

B540
22

,
I/I

I                   Cu2+ B34,02Cu/Cu

231
4222

,
/ 2                2 410

2222
,

/

, , 
 ( ), , 

 ( ).

 (
)  ( , 

).

1
12

02
2

Cue2Cu)K

Ie2I)

:
2I  + Cu2+ I2 + Cu0

 = . -
 = 0,54 – (+0,34) = 0,20 .

2
1

e2)K

e4)

22

22
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:

2 2  +4 2 2 + 2 2 + 4 + + 4 –

4 2

2 2 2 + 2 2

= . –  = 1,23 – (-0,41) = 1,64 .
: :

) , , 
: 1) 2I I2 ; 2) 2 2 2 + 4 +; 3) SO4

2–

.
) , , 

: 1) Cu2+  Cu0; 2) 2 2 2 + 2 –;
3) + .

 2. , 
.

. , 

           ) ;     ) .

.
Zn(NO3)2  Zn 2+ + 2NO3

2

                                            + , Zn)               
NO3     Zn2+ B76,02Zn/Zn

0231
42 22

,
/ 2      2

0
22

410
22

,
/

 (NO3 ) , 
) 

   +)   2 2  – 4e 2 + 4 +     |1
Zn2+, 

) Zn2+ + 2e Zn0                  |  2

:     2 2  + 2Zn2+
2 + 4 + + 2Zn0.

: 2 2  + 2Zn(NO3)2 = 2 + 4 NO3 + 2Zn
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) Zn, 
. 

 +) Zn0 - 2e Zn2+

) Zn2+ + 2e Zn0

Zn0 + Zn2+  Zn2+ + Zn0

: )  ( ) 
. Zn2+.

) 
) 

. 0
Zn

, .

 3.
.

.
 2,5

I = 6 .

.
AgNO3 Ag+ + NO3

2

    +) NO3 , 2

01,23
/ 4222

, 
NO3 .

 +)   2 2  – 4 2 2 + 4 +

.
:

) 133
826

52665
2 ,

,
,,

F
tIVV

65422
4
1

2 ,,Vf)V ;

, F = 26,8 .

) 484
826

5268 ,
,

,
F

tIMm

832
4
1

2 f)
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                 ) Ag+, 2

0,80
Ag/Ag 0

0
2222

0,41

Ag+.
) Ag+ + 1  Ag0

,  2,5 
I = 6 .

560
96500

90006108 ,
F

tIMm .

t = 2,5·60·60 = 9000 ; F = 96500  ( ).
(Ag) = f ·  = 1 · 108 .

:  3,13 ,  60,5 .

3.3 

1.
) .

2. ?
3. , 

?
4. ?
5.

, ?
6.

? 
.

7.
 ( F)?

8. ?
9. .

.
10.

. .
11.

?
12.

?
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3.4  

: - :
- ;
- .

:  – 
; . ,

 – . :  (0,5 Na2SO4);
 (0,5 NiSO4);  (0,5 CuSO4), 

, ;  (4 H2SO4); 
(15-20%).

:  50  25 
 1 .

 – U-
, . 

 – , 
.

 1. .
. 

 3 
 ( )  1-2 .

.
.

. , , 
.  (  – ( -)  – ( +))

.

 2.  ( ) 
.

) .

, . 
. 

, .
. 

.



42

, 
. .

? 
? , 

.

) , .

.

 3. .
) .

.  (3-4  1 ) 
.

.  1-2  15-20 %
, , 

. , , 
, 

.

.  1-2  4 
, . 

.

) .  ½ 

. , 
,  – .

, . 
.
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3.5  

1. , 
. 

.
2. ,  ( )

 ( ) …. 
) , 

30 I = 11 .

1. 1. HCl, Cu(NO3)2 9. 1. Ni(NO3)2, CdBr2
2. Al2(SO4)3;  – C,  – Al 2. BeCl2;  – C,  – Be

2. 1. NaCl, ZnSO4 10. 1. FeSO4, MnCl2
2. CdCl2;  – C,  – Cd 2. Co(NO3)2;  – C,  – Co

3. 1. AgNO3, MgI2 11. 1. MnSO4, FeCl3
2. CoSO4;  – C,  – Co 2. MoCl3;  – C,  – Mo

4. 1. NiCl2, FeSO4 12. 1. CoSO4, MgBr2
2. Zn(NO3)2,  – C,  – Zn 2. Fe2(SO4)3;  – C,  – Fe

5. 1. KCl, Pb(NO3)2 13. 1. CsCl, Zn(NO3)2
2. CuBr2;  – C,  – Cu 2. VBr2;  – C,  – V

6. 1. Cr2(SO4)3, WCl3 14. 1. MnI2, Ga(NO3)3
2. Sn(NO3)2;  – C,  – Sn 2. MoCl3;  – C,  – Mo

7. 1. ZnCl2, Pb(NO3)2 15. 1. Zn(NO3)2, NiCl2
2. Cl2;  – C,  – 2. GeCl2;  – C,  – Ge

8. 1. MgBr2, Cd(NO3)2 16. 1. Ca(NO3)2, FeCl3
2. ZnSO4;  – C,  – Zn 2. BiCl3;  – C,  – Bi
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4
« »

: - 
;

- 
;

- 

.

4.1  

– ,
. 

. 
, 

.  – , 
, G < 0.

 – n e n+

, 
, , :

,  – 
, .

, 
. 

 –  ( , ,
, ).

,
, 

, .

, 
 ( ,

.) – 
.

4Fe + 3 2  2Fe2 3

nMe + m n m

, , .
.
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,
 ( ) 

.
: , , .

. 
.

.
, :

- , ;
- ;
- ;
- , , , 

, .

. , , 
.

1) ;
2) , 

;
3) , 

.
4) H+,  

 – .

 –  – 
,

. 
, , .

 – ,  – 
. ,  – 

:

2H+ + 2e H2,
 – 2 + 2H2O + 4e  4OH .

, 
.

, 
, , 
. , , , ,

.
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.  2 :
-  ( ) 

;
- .

.

 – .

: , , , ,
.

. :
-  – , , , , ,

;
- : , , .
-  – 

 – Cr, ,  , . , 
: Cr – 18%,  – 8%.

- : , 
 – Al, Zn, Cr, , Sn  – Cu, Ag, Au, Pt.

- , , 
, 

. , 
. 

, .
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4.2  

 1.

, Fe – Ni.

.
, 

, 

-) Fe 2 + 2H2O  4OH  Ni    ( +)
B4402 ,

Fe/Fe
B25,02Ni/Ni

 ( ) .

A-) Fe – 2e Fe2+                     2
K+) Ni 2 + 2H2O + 4e  4OH 1

2Fe + 2 + 2H2O  2Fe 2+ + 4OH  2Fe( )2
                                                                           

.
, 

,  – Fe.

 2.
Zn  –  Cd.

, , 
.

.
, 

:

-) Zn Cl H+ + Cl  Cd    ( +)
B7602 ,

Zn/Zn
B4002 ,

Cd/Cd

(Zn)  (Cd).
:

A-) Zn – 2e Zn 2+

K+)  2H++ 2e H2
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Zn + 2H+ H2 + Zn 2+

: Zn + 2HCl H2 + ZnCl2

:  – Zn,
, 

.

 3.

,
.

:
, 

:

+) Fe 2 + 2H2O  4OH  Ti    ( -)
B4402 ,

Fe/Fe
B63,12Ti/Ti

 (Ti) 
 (Fe). :

A-) Ti – 2e Ti 2+                         2
K+) 2 + 2H2O + 4e  4OH 1

2Ti + 2 + 2H2O  2Ti 2+ + 4OH  2Ti( )2

: , . 
(Ti)  – . , 

 (Fe), , Ti .
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4.3  

1. ? ?
2. : )

; )  (
?). .

3. : 
, ? 

.
4. ?
5. ?
6. ? .
7. ? 

.
8. ?, ? .
9. ?, ?
10.

?
11. ? 

?
12. ?
13. , 

: ) ; ) 
; ) . , 

?
14. , Cd

 ( ). 
.

15. Fe  –  Ni
? ?

16.
. .
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4.4   

: - 
;

- 
;

- 

.

: ; , 
.  ( , );  ( );  ( );

 ( );  ( ); 
); . , .

:  (1 %) ; 
CH3COONa (0,5 );  (0,1 ); 

CdSO4 (0,5 );  ( ) K3[Fe(CN)6]; 
H SO4 (0,2 , 2 , 10 %); CH3COOH (10 %); 

 ( ) Hg(NO3)2 (0,5  );  CuSO4 (0,5 );
 (10 %); HCl (2 );  (40 %);

KI (0,5 ); NaOH (10 %).

4.4.1 

 1. .
 2  ½ 

2-3  2 H SO4  ( )
K3[Fe(CN)6],  ( ), 

 « »
- Fe3[Fe(CN)6]2.

. 
,  – . 

.
, 

. Fe2+

. ?
.

, 
, , . 

?

?
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4.4.2

 2. .
 2  5-7  2  ( )

HCl . 
 ( , ), 

2-3  ( ). 
.

 3. .
 3  5-7  0,2 HCl

 ( ) K3[Fe(CN)6]. 
3 , ,

 – . 
 (2-3  40 % )  2-3 .

, 
 –  3 .

. ?  ( ) 
?

4.4.3

 4. .
CH3COOH (10  %)

 0,5 KI.

. . I–

Pb2+, 
PbI2 .

PbI2. 
, 

Pb – Zn. ?

4.4.4

 5. .
 2 . 

, 
. , 

. 
. 

H2SO4.
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? 
, 

, . 
.

 6.
.

 ( B66,13Al/Al )
.
, 

. 
1  (II) . 

:

2Al + 3Hg2+ 2Al3+ + 3Hg

 – 
. 

.

. . 

Al – Hg. , 
.

 7.  – .
 2  ( ). 
, 

, , 

.

. 
.

4.4.5  

 – 
. 

 ( . 2).  2 
 3-4 , 

, .  1, 
 5, 

 4. 
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. 

 6-9 . 
, 

. 

.

. 2 – :
1 – ; 2 – ; 3 – ;

4 – ; 5 – .

 8. .

,  (III)  – K3[Fe(CN)6]. 

, . 
Fe2+,  

K3[Fe(CN)6]  - Fe3[Fe(CN)6]  –
 (III)  (II).

, , 
.
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 9. .

CH3COONa
H2S.  2-3 ZnS

 3-4 ZnS
H2S . 

1-2 CdSO4. 

ZnS + Cd2+  CdS + Zn2+

 ( ) .

 10. .

(1%)  (10 %). 
 6-9 .

 2-3  0,1-0,2 2.  

.
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4.5

1.  – …
…. . 

.

                                                           
1. Cd – Fe 6. Ag – Fe 11. Sn – Fe
2. Cr – Fe 7. Fe – Mg 12. Fe – Au
3. Fe – Mn 8. Fe – C 13. Al – Fe
4. Zn – Fe 9. Cd – Zn 14. Cd – Co
5. Al - Mo 10. Mn – Cd 15. W - Fe

2. -… … , 
.

                                                      
1. Al Zn, Sn, Cu 6. Ni  Bi, Cu, Cd 11. Pb  Ni, Sb, Hg
2. Mn  V, Sn, Bi 7. Fe  Mo, Cd, Cu 12. Cr  Fe, Sn, V
3. Ti  Zn, Co, Cu 8. Sn  Fe, Ni, Ag 13. Mo  Cd, Bi, Hg
4. Be  Cd, Sn, Cu 9. Cu  Ni, Hg, Au 14. Ti  Cu, Cd, Pb
5. Zn  Cd, Fe, Ag 10. Fe  Bi, W, Co 15. Mn  Fe, Zn, Cr

3. . 
, .

                                                           
1. Al, Cd, Cu, Co, Fe 6. Na, Mn, Cr, Sn, Ag 11. Cu, Zn, Pt, Sb, K
2. Pb, Mg, Fe, Mo, Cr 7. Pb, Fe, Co, Cr, V 12. Co, W, Pb, Al, Na
3. Li, Pt, Bi, Ni, Zn 8. Ni, Fe, Mn, V, Au 13. Ag, Cu, Fe, Co, Cr
4. Be, Na, W, Pb, Fe 9. Ti, Mo, Mg, Al, Co 14. Co, Sn, W, Zn, Ti
5. Co, Tl, Hg, Zn, Au 10. Ni, Zn, Pd, Mn, Fe 15. Au, Co, Cu, Mn, Zn
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 5
« »

: - 
;

- 
;

- .

5.1 

.  – disperses) , 
 ( ) 
 ( ).

.
, 

 1·10–9

, .
) .

.
(D) – , 

 (d l):

d
D 1 ,

l
D 1 (1)

d – ,
l – .

, , 
.

) – , 
,  – 

 10–7 -10–9 .
:

) 
;

) (d = 10–7-10–9 );
) , 

,  ( ).

 ( ). 
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, 

. -
:

                           .
                  (d > 10–7 )                      (d = 10–7-10–9 )               (d < 10–9 )
                                                         

. 3 – 
:

1- ; 2 - ; 3 -  ( );
4 -  ( )

.
.

, 

.

.

,  ( , 
).

- .
 – , . 

 ( ), 
 ( )  ( ).
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, 
.

- , 

, 
, . 

 ( ) 
, , 

.
.

, . 
: ,

, , . 

. 
.

, :
) ;
) , ;
) 

(d = 10–7–10–9 ).

, ,
, .

-
: , , , 

, , .
.

, 
, , 

.

AgN 3 + KI  AgI(T) + KN 3.

-  ( ),
,  ( ), , . 

. , 
FeCl3 :

FeCl3 + 3  Fe(OH)3 ) + 3 l.

.
- ,

, .
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) ( )  ( ,
, .):

3H2S + 2HN 3 = 3S ) + 2NO + 4 2
2H2S + 2 = 2S(T) + 2 2
2H2S + SO2 = 3S ) + 2 2

:

{[(mS) nHS–]n– (n-x)H+} – xH+.

. , 
.

. 
, 

. 
, , .

, 
 – .

, 
, , , 

, , 
.

, 
(105-106 ), .

 ( ).

, 
.

 –
, , .

, , .
:  ( ),

 ( , ), 
 ( ).

, 
, ,  (

)  ( ), 
.

, 
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. , 
, , , 

.

 ( , ) .

.
)

, 
.

, Fe(OH)3, 
FeCl3, :

{[m Fe(OH)3 nFe3+ 3nCl–}0

:

{[(m Fe(OH)3 nFe3+]3n+ 3(n – l–] + 3 l–

 3 +

.

– 
.

, 
. , 

. 
.

:
1.

.
, 1 ,

) 
( ).

: 
, . 

:

VV
CVC (2)

V –  ( ), ;
 – , ;

V  – , .
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, , 
(V ):

C
V 1 , (3)

 – , 
 1 .

2. , 
, . 

.
.  1900 .

3. , , 
.

, .

( +) > ( 2+) > ( l3+)     ( l–) > (SO4
2–) > ( 4

3–)

(z) :

= 6z
1 (4)

-, - 
:

1:4,11:73000137,0:0156,0:1
3
1:

2
1:

1
1

666321 C:C:C

4.  ( ) 

.

Li+ – Na+ – K+ – Rb+ – Cs+

Cl – – Br – – I – – CNS –

,

, 
.

.
5.

. , 

. ,
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.

5.2  

 1. AgI
 AgN 3.

) AgN 3 . ,
AgN 3, , . 

:
AgN 3 + KI  AgI(T) + KN 3.

.
, 

 – .
) , , ,

.
: ,

.

 ( ) AgI, 
) :

(mAgI) – .

, - , 
, 

. 
).

AgNO3, 
(mAgI) Ag+

). , ,
:

[(mAgI) nAg+]n+ – .

 ( , 3
–), 

. (n-x)N 3
–,

, , 

. 
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 – ,
:

{[(mAgI) nAg+]n+ (n-x)N 3
–} + – .

3
–, 

,  (
), 

.
, 

. 
,

. , AgN 3,
:

{[(mAgI) nAg+]n+ (n-x)N 3
–} + xN 3

–.

 2. AgI  KI.

, AgI
:

{[(mAgI) nI–]n– (n-x)K+} – xK+.
, 

, 
. 

. 4.

. 4 –  ( )
 ( ) 
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5.3  

1. . 
? ?

?
2.

; ? 
?

3. ? 
? 

.
4. ? 

? 
? .

5. -
? ? 

? ? 
?

6. ? 
 3 ?

7. ? 
?

8. ? 
? 

?
9. ? 

? 
?

10.  – ?

? 
.

11. ? ?
?

12. ?
13. ? 

.
14.  ( ) 

.
15. , 

NaCl, Na2SO4, Na3PO4.
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5.4  

: - 
;

- 
;

- .

: , ,
.

:  (20%);  (0,5%, ); 
Na2SiO3 (  =  1,16  3);  (III) FeCl3 (2%);

HCl ( .  = 1,19 3; 1:5); AgNO3
(0,001 , 0,05 , 0,1 ); KI (0,05 ); NaCl
(0,5 ); Na2SO4 (0,5 ); Na3PO4 (0,5 );

HNO3 (2 ); KCl (0,1 ).

5.4.1 

 1. .
 (0,5 )  (1:5) 

HCl  8-10 
Na2SiO3 (  =  1,16  3). 

 6.
. 
, , SiO2

H2O,  – HSiO3
–.

 2.  (III) .
 10-20 . 

 2% FeCl3 (III) 
 (III) .

.  (III),
, 

 (III).
, , 

FeCl3.
 7.

 3.
.

 2-3  0,05 KI
 5-10  0,05 AgNO3, 

.
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.
,  1  0,05 

AgNO3,  5-10  0,05 
KI.

. 
, AgNO3 KI.

 5, 8.

5.4.2  

 4.  (III) .
, 

, . 
Fe(OH)3, Zn(OH)2, Al(OH)3.  

, 
.

 (III) 
 (III). . 

.
,  2-3 

FeCl3 (III)  
. 

 (III).

Fe(OH)3 Fe3+ FeCl3. 
. 

, , 
, 

.

5.4.3  

 5.
.

)
,  3 AgNO3 KI, 
 1 .

, 
 ( , , , .) 

. 
, 

 ( ).
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, 
.

, .

) 
.

,
, , 

.  8.

5.4.4  . 

 6. .
, 

 1.  – , 
.

. 
. 

.

 7. .
 4  (III), 

 2. NaCl, 
– Na2SO4,  – Na3PO4.

? .

 8. .
 (  5-6

),  3 AgNO3  KI.
.

. ?

 9. .
, 

2-3  0,1  2-3 
2 . 
2 .  10  0,5% 

.  2  0,1 
. , 

.
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 10. .
 5 , 0,5 

,  (III)  (  0,005 ) 
Fe(OH)3.  12  5 ; 

 4 ) 
:

1 2 3 4
Fe(OH)3 5 5 5 5

4,5 4,0 3,0 1,0
0,5 1,0 2,0 4,0

 –  1  – 
, 

VV
CVC .

5.5  

. , 
,  

 – . 
,  –  – 

.

1. CdSO4 Na2S 9. CuSO4 NaOH
2. ZnCl2 KOH 10. Na2S FeCl2
3. Pb(NO3)2 KI 11. CuCl2 H2S
4. CaCl2 Na2CO3 12. KOH CrCl3
5. FeCl3 NaOH 13. H2SO4 Pb(NO3)2
6 AlCl3 KOH 14. KI Bi(NO3)3
7. BaCl2 Na2SO4 15. SnCl2 KOH
8. Ni(NO3)2 H2S 16. CoBr2 Na2CO3
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