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 1

: , 
. 

.

:  – 12 , ,  (VI),
, , ,  1 3 NaOH l; 5%

: H2SO4, CuSO4, MnCl2, Pb(NO3)2, FeCl3, 12, Na2SO4.

 1. 

. 
 - , 

 5 3 .   2-3  
 2-3 

. , 
, .

. 
. 

 5 3 H2SO4. ? ?
, , .

. 
 (V ) 

 5  3 NaOH.  (V)? 
, , .

 2. 

. 
 5  3  ( ) 

 1-2 3  NaOH. ? 
, , .

. 
 ( ) 

 H2SO4 . ,
, .

. 
 3-5 3  (II)  

 NaOH.  ?  
, , .
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 3. 

. 
 5 3

 H2SO4. ? ? 
, , .

. 
 5  3

 CuSO4.  ?  ,  
, .

. 
 5 3  Pb(NO3)2

l. ? , 
, .

. 
 5 3  FeCl3

 NaOH. ? ,
, .

. 
 5 3 12

 5 3 . ? 
, , .

 1.1.

 1.1. 

, 

1 2 5 H2O
2 MgO H2O
3 MgO H2SO4
4 2 5 NaOH
5 CuSO4 NaOH
6 Cu(OH)2 H2SO4
7 MnCl2 NaOH
8 Zn H2SO4
9 Zn CuSO4
10 Pb(NO3)2 HCl
11 FeCl3 NaOH
12 12 Na2SO4

, 
, 

.
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 2

. 

:
. 

 Fe(SCN)3.

:  – 10 ,  – 2 , , ;
: 0,1 3 Na2S2O3, 1 3  H2SO4, 5% : FeCl3, KSCN;

: FeCl3, KSCN, l.

 1. 

 Na2S2O3
, :

Na2S2O3 + H2SO4 = H2O + SO2 + S  + Na2SO4.

.

 ( ) :  - 2,5 3  Na2S2O3
5 3

2 ,   -  5,0  3  Na2S2O3  2,5  3
2 ,   -  7,5  3

Na2S2O3.
 2,5  3  H2SO4. 

, 
. , 

. 
 2.1.

 2.1. 

, 3

Na2S2O3 2 H2SO4 , 3

, 

, 
,

 = 1/
1 2,5 5,0 2,5 10,0
2 5,0 2,5 2,5 10,0
3 7,5 – 2,5 10,0

 Na2S2O3. ,
 Na2S2O3.  

 ( . 2.1).

 2. 

 5 3  Na2S2O3
5 3 H2SO4. .
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 5 3  5
,  10 ° .  5 

. 
,  10 ° . 

 2.2.

0

1

2

3

4

0 1 2 3 4
C(Na2S2O3), c 3

v

.2.1.  ( )  ( ) 
.

 2.2. 

, 3

Na2S2O3 H2SO4 t, º
, 

, 
,

 = 1/
1 2,5 2,5
2 5,0 2,5
3 7,5 2,5

: ,  - 
 ( . 2.2).

0
0.5

1
1.5

2

2.5
3

3.5
4

4.5

1 1.5 2 2.5 3 3.5
t, C

V, c-1

. 2.2.  ( ) .
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 3. 

:

Fe3+ + 3SCN–  Fe(SCN)3 .

 Fe(SCN)3 . 
Fe(SCN)3 . , 

.

 5  3  (III)  5 3

. 
. . 

,  2-3  (III), 
 - 2-3 ,  - 

. , 
.  2.3.

 2.3. 

, 

1( )
2
3
4

, 
, .

3
3

][][
])([

SCNFe
SCNFeK p .

, 
.
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 3

:
; 

.

:  – 14 ,  0,5 3 MgCl2, 13,
Na2Si 3 , NiSO4, ZnSO4,  Na ,  l;   2  3 l;  0,1  3 ,

,  CH3COONa; 5 % : FeSO4, (NH4)2S, H2S.

 1. 

 5  4-5 : 0,5 :  MgCl2,
 - l3,  - Na2Si 3,  - NiSO4,  - ZnSO4. 

1, 2, 4, 5  ( ) 0,5 , 
 3 –  2 . 

. 
,  5-6  0,5 l,  -  6-8  0,5 

 NaOH. 
3.1.

 3.1. 

1 MgCl2
2 13
3 Na2Si 3
4 NiSO4
5 ZnSO4

,  ( ), 
 ( )  ( ).

 MgCl2  Mg(OH)2, 
, :

MgCl2 + 2NaOH = Mg(OH)2 + 2NaCl;
Mg(OH)2 + 2HC1 = MgCl2 + 2H2O.

, Mg(OH)2  (
)

Mg(OH)2 = Mg2 + + 2 -

.  
, ::

Na2SiO3 + 2 l = H2Si 3 (H2 ·Si 2) + 2NaCl;
H2Si 3 + 2NaOH = Na2Si 3 + 2H2O.
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, 
 ( ), , 

.
:

. 
.

 2. 

 5-7  0,1 . 
. 

? 
,  3-4 

. 
.

 - . :
3  = 3

– + +.
 CH3COONa 

. ,  CH3COONa , 
:
CH3COONa = 3

– + Na+.
3

–, 
:

 3. 

 2-3   (II).  
,  - :

:
P (FeS) = 5 10-18 (  – ).

, 
.

[Fe2 +]·[S2-]> P (FeS).
 (FeSO4 + H2S  (II) 

 ( ),  S2-

[Fe2 +]·[S2-] < P (FeS).
 (NH4)2S = 2NH4

+·S2-,  S2-

,  [Fe2  +]·[S2-] 
P (FeS) .

, 
 ( ) .
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 4

:
. 

.

:  – 17 , , ,
,  ,  0,1   Na l;  :  CH3COONa, l3,

Na2CO3, CH3COONH4, l; 5 % l3, (NH4)2S, Na2CO3.

 1. 

,   -
 - . 

 ( , , ) : 
 - ,  -  – . 

.  4.1.

 4.1. 

,  < 7 ,  7 ,  > 7

 2. 

 1/5 
.  ,  

: , , 
, , . . 

 4.2.

 4.2. 

 < 7,  7
1
2 CH3COONa
3 13
4 Na2CO3
5 CH3COONH4
6 1
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1.  CH3COONa - . , 
 ( 3 )  (NaOH):

CH3COONa + 2   3  + NaOH.
2. l3 -  .  1( )3

l. , . 
:

l3 + 2   l2 + l.
3.  Na2CO3 -  .  ,  

2 3  NaOH. 
.

Na2CO3 + 2   NaHCO3 + NaOH
4.  CH3COONH4 - .  NH4OH 

3 . , :
CH3COONH4 + 2   3  + NH4OH.

5. l - . 
l. .

 3.  ( ) 

 6-8 . 
,  - .

, 
 ( ) . 

, . 
. , , :

) l3  (NH4)2S;
) l3  Na2CO3.

,  
, . : , .

 ( ) -
.
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 5

:

. ,
.

:  –  2  ,   –  2  ,  
, , : CuSO4·5 2 , MgSO4·7H2O,

Na2CO3 ·10H2O, Pb(NO3)2, FeCl3·6H2O, 12·2H2O, Na2SO4·7H2O.

 1. 

; 
, 

. 
. 

:

100 %,

– , 3;
– , , 3.

 2. , 

,
,

.

 – 
. , 

, :

12

1
121 )( x

x CCCC ,

, 1, 2 – , 3;
    , 1, 2 – 

, , % .

:
 100 3  MgSO4  5 %, 

MgSO4 ·7H2O
:
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V(MgSO4) = 100 3,
(MgSO4) = 0,05,
 (MgSO4) = 1,050 3.

:
m (MgSO4 7H2O) = ?
V( 2 ) = ?

:

m (  MgSO4) = V(MgSO4) · (MgSO4) = 100 ·1,050 = 105 ;

m(MgSO4) = m (  MgSO4) · (MgSO4) = 5,25 ;

 (MgSO4) = 152 ;

(MgSO4 7H2O) = 278 ;

)M(MgSO
O)7HMgSO()m(MgSOO)7HMgSO(

4

244
24

Mm = 9,6 ;

m( ) = m (  MgSO4) – m(MgSO4 7H2O) = 95,4 ;

)(
)(

)V(H
2

2
22 OH

OHm
O = 95,4 3.

: m (MgSO4 7H2O) = 9,6 ;

V( 2 ) = 95,4 3.

, , ) -
)
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 6

:
. 

). .

:  – 7 , , 0,1  H2SO4,
HNO3, l, Na , 4; 5 % l3, SnCl2.

 1. 

, . ? 
. 

:
l + 6 l = 2 l3 + 3 2;
l + 3H2SO4 = Al2(SO4)3 + 3 2;

l + 4HNO3 = Al(NO3)3 + NO + 2H2O.

 2. 

. ? :

2Al + 2NaOH + 6 2  2Na[Al(OH)4] + 3 2.

.

,  ,  ,  
.

 3. . 

 3-5  3  (
) . . 

.  .  
,  - . ?

 4.  (II) 

 (II)   NaOH  
. . 

 Sn(OH)2,  - 
. ?
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)  Sn(OH)2:
SnCl2 + 2NaOH = Sn(OH)2 + 2NaCl.

)  Sn(OH)2 :
Sn(OH)2 + 2 l = SnCl2 + 2H2O;
Sn(OH)2 + 2NaOH = Na2[Sn(OH)4].

 ( ) 

.
Sn(OH)2 - . , 

.

 5.  (II)

 2-3 3
4,   2  3

,   2-3  3  (II).  
? ? 

.
4 + 5SnCl2 + 16 l = 2 l2 + 2 l + 8 2  + 5 SnCl4.

 6.1.

 6.1. 
, 

1 l l
2 l H2SO4
3 l HNO3
4 l NaOH
5 l( )3 NaOH
6 l( )3 H2SO4
7 SnCl2 NaOH
8 Sn(OH)2 l
9 Sn(OH)2 NaOH

, 
.
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 7

:
. 

. .

:  – 12 , , , 0,1
 H2SO4, HNO3, l, Na , 4, r2(SO4)3,  2 r2 7,  2 4, nCl2, 5%

, ,  Na2SO3.

 1.  (III)

 3-5 3  ( ) 
. . 
,   -  .  

?

) r( )3:
r3+ + 3 – = r( )3 ;

) :
r( )3  + 3  + = r3+ + 3 2 ;
r( )3  + –= [ r( )4]–.

 2. 

. 

2 4 3-4  c 3

. , 

:
2 4 + H2SO4  2 r2 7 + K2SO4 + 2 .

. 

2 r2 7 3-4  3

. ,
:

r2 7
2–+ 2   2 4

2– + 2  +.

:

2 r2 7 +   = …

. .
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 3. 2 r2 7

. 

 4-5 3,  (2-
3 3), . 

. . , 
.   (VI)?  

?
:

2 r2 7 + H2S + H2SO4 = …

. 

 (4-5 3) 
. . 

. .
.

.

 4.  (II) 

 3-4  3  (II)  2-3 3

.  (II)? 
 (II) n (IV). 

 2-3 3 . ? 
 (II)?

:
)  (II);
) n( )2;
)  (II) . 

.

 7.1.

 7.1. 

, 

1 r2(SO4)3 NaOH
2 r( )3 NaOH
3 r( )3 l
4 2 4 H2SO4
5 2 r2 7
6 2 r2 7 H2S + H2SO4
7 2 r2 7  + H2SO4
8 nCl2 NaOH
9 n(OH)2 H2SO4
10 4 NaOH + Na2SO3
11 4 H2SO4+ Na2SO3
12 4 Na2SO3
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 5. 

 3-4 3 . 
 2 3 ,  - ,  - 3-4 3 .

 1 . 
. 

?

, 
.
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 8

: , 
. 

. 
.

:  – 12 , , , 0,1
l, Na ; 5 %  FeSO4, K3[Fe (CN)6], K4[F (CN)6], F Cl3, KSCN, l2,

NiCl2, 3% 2 2, .

 1.  Fe2+  Fe3+

.  (II)  (III) 

 2-3  3  FeSO4  1  (III) 
 K3[Fe(CN)6]).  (

), . 
 Fe2 +.

.

.  (III)  (II) .

 2-3 3  (III)   1  
 (II)  (  K4[F (CN)6]). 

?  ( ), 
.

.

.  (III)  ( ).

 5-6 3  ( )   1  
 ( ).  Fe(SCN)3, 

. , 
 (III).

 2.  (II)

 3-4  3  FeSO4
 (II).  2 

 (II) 
 (III).

, 
 (II)  .  

 (II)? :
)  (II);
)  (III) .
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.
) FeSO4 + 2NaOH = Fe(OH)2 + Na2SO4.

:
Fe(OH)2 + 2 l = FeCl2 + 2 2 ;
Fe(OH)2 + NaOH 

) ,  Fe(OH)2:
Fe(OH)2 + 0,25O2 + 0,5 2  = Fe(OH)3.

.

.
Fe(OH)2 -  .  ,  ,

.

 3.  (III)

 5-6  3  (III)   3-4  3

NaOH.  ?  .  
,  NaOH.

:
)  FeCl3  (III);
)  (III) .

.
 (III) .

 4.  (II)  (II)

.  ( ) 

 2-3 3

 NaOH; , , 
 (II). , 

 2-3  3 3%- . 
?

. 2 2 .

.  (II) 

 2-3 3

 NaOH  (II). 
,  2-3 3 3%-

.
? 

 (II) ?
 1 3 . ?

. .

) )2 :
l2 + NaOH = CoOHCl  + NaCl ( ).

 NaOH:
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CoOHCl  + NaOH = Co(OH)2 + NaCl
 ( )  ( )  

)3 ( ).
:

Co(OH)2 +0,5 2 2 = )3.
 (II) .

 8.1.

 8.1. 

, 

1 FeSO4 K3[Fe (CN)6]
2 Cl3 K4[F (CN)6]
3 Cl3 KSCN
4 FeSO4 NaOH
5 Fe(OH)2 l
6 Cl3 NaOH
7 Cl3 l
8 Cl2 NaOH
9 CoOHCl NaOH
10 CoOHCl 2 2
11 NiCl2 NaOH
12 Co(OH)2 2 2

, 
, .
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