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1
.1.1

 1

, 
,
:

 2

1 Al2(SO4)3

,
 ( ) 85,7% 
14,3% .

2 Fe3(PO4)2

, 
 ( ) 93,75% 

6,25% .

3 Al( )2Cl
, 

 ( ) 26,53% K;
 35,37% Cr; 38,10% .

4 Na 2PO4

, 
 20%  80%

.

5 Al SO4

, 
 ( ) 1,59% ; 22,22%

 76,19% .

6 Mg( O3)2  77,5%. 
.

7 Fe(OH)2NO3

, 
 ( ) 2,2% ; 55,7%

 42,1% .

8 Fe2(SO4)3

, 
 ( ) 43,4% Na, 11,3% C,

45,3% .

9 Fe(HSO4)2
, 
 100 .

10 rOHCl2 ,  2,73  1,53
.

11 NH4NO3

, 
 ( ) 29,1% , 40,5%

, 30,4% .

12 AlOH(NO3)2

, 
 100  BaSO4.
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 1.

13 CuOHNO3 , 
 74,1% .

14 Cr2(SO4)3 , 
 78,2% ( ).

15 BaOHNO3

,
 ( ) 36,8% ;

31,6%  31,6% .

16 K2Cr2O7

, 
 1  (FeS2),

 - 15% .

17 a( CO3)2
,

 = 68,4% ( .)

18 (NH4)2SO4

, 
 ( ) 24,7% , 34,8%

 40,5% .

19 Na2S2O3 ,  ( .) 
 25,93%,  - 74,07%.

20 Zn( SO4)2

, 
 25%  75%

.

21 Na2HPO4

, 
 34,42% 

65,58% .

22 MgOHCl
, 

 93,09% 
6,91% .

23 Al(OH)2Cl
, 

 34,6% , 23,3%
 42,1% .

24 (NH4)3PO4

, 
 45,95% 

54,05% .

25 (ZnOH)2SO4

, 
 ( ) 33,33% , 20,29%

 46,38% .

26 Ca3(PO4)2

, 
 ( ) 39,14% , 52,16%

 8,7% .



18

2

: «  ( )
»

 – 
. :

. 
, 

. . 
 (

), , 
, , , , 

, 
, , . 

, , 
. : 1) 
) ; 2)  ( ) ; 3) 

.
 ( ) : 

, 
; , 

, 
. , 

, 
.  – .

: ) ; )
, ; ) 

. 
: ) , 

; ) 
.

.

1813 . . , . 



19

. 
, , : )

; ) ; ) 
; ) 
. , , ,

   =12 ;  12 ;
= 6.

 – 
, . 

: ) ; ) 
; ) ; ) ; )

; ) .
, 2CO3 , 

, . 
: 2:1:3. , 

. r( 2CO3) = 39·2 + 12 +
16·3 = 138 .  =138 .

.
, , 

 40,00%( .)  ( ), 6,72%( .)  ( ) 
53,28%( .)  ( ). , , 

 40,00: 6,72: 53,28. z.

 12, 1, 16. :

12  : 1  : 16z = 40,00: 6,72: 53,28.
:

 :  : z =
16

28,53:
1
72,6:

12
0,40 = 3,33 :6,65 : 3,33 = 1 : 2 : 1.

 ( ) 2 . ,

, , 
.

 ( ) 
. 

) .
, 

,
. 

. 
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 (
2

= 2 ), 

2
= 32 )  ( . = 29 ). 

:
 ( , ) 

.
,  m1 i  m2

, :

2
1

2
1

M
M

m
m ,

: 1 2 – .
 m1/m2 ,  

. 
 D.

D = M1/M2

A :                             1 = D · 2

.
,  ( ) ,

 (D . = 6,205).

zyx OH  = D . · M . = 6,205 · 29 = 180 .

, ,
, :

yOz) / 2 ) = 180 /30 = 6.

,  6 ,
, . 

 6 .  ( )
: 6 12 6.

, 
, , ,
, 

. ,  FeS 4 • 7H2O , 
 ( ) 

. ,
, . 
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, , 
.

:  0,500 . 
 0,185 .

.
:

315,0185,0500,0m O2H

315,0
185,0

2

32

OH

CONa
m

m

: OxHCONa 232
, 

OH

CONa

OH

CONa

Mx
M

m
m

2

32

2

32

.

18
106

315,0
185,0

x
:

10
185,018
106315,0x

:
OHCONa 232 10

, 
, 

, : , ,
.

: 
uSO4·nH2O 

 H2O.

: , 
, ,  200-300 , , 

uSO4·nH2O, .
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uSO4·nH2O
 nH2O) 

uSO4
 nH2O.  (

) 
210-220 ; 

uSO4, 
. 

.

.

 0,01  (m1).
 1,0-1,5  (m2) 

 ( ) 
 0,01  (m3).

 15-20 . 
, 
.

. ,  210-220
. 

 0,01 (m4).
 10 , 

. 
,  0,01 , . 

. 
.

.

. 2.1  

,
m1 , 

-
,

m2 , 
-
,

m3 , 

,
m 4 ,

)
,

m5 , 
m6 , 

1)
2)
3)
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1) : m3= m1 + m2 ).
2)  (

): m 4 ).
3)  ( ) : m5 = m3 - m 4 ).
4)  : m6 = m 4 - m1 ).
5) , 

. 
   :

OH

CuSO

OH

CuSO

Mx
M

m
m

2

4

2

4

OHCuSO

OHCuSO

Mm

mM
x

24

24

6) .
7) .

1. ?
2. ?
3. .
4. ?
5. , ?
6. ) 

 ( ) ?
7.

?
8. .
9. ?
10.

?
11.

, ?
12. ?
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2

. 2.2
 1

  

 2

1 MgCl2·6H2O
,  ( ) 54,5%

, 36,4%  9,1%
.  D(H2)

=44.

2 Fe2O3·H2O

,
 ( ) 93,75% 

6,25% , 
 D .) =4,41.

3 AlCl3·6H2O
 ( V)

.

4 CaSO4·2H2O
 12,5% ( .) .

 D(H2) =16.
.

5 PtCl2··4H2O
,  ( )

30,4%, 
 =46

6 BaCl2·2H2O

,
 ( ) 39,14% ,

52,16%  8,7% .
 D(H2) =46.

7 CuSO4·5H2O

,
 ( ) 36,8% ;

31,6%  31,6% . 
 D(H2) =151.

8 FeCl3·6H2O
 NH2. 

, 
 D .) =1,1.

9 NH3·H2O

,
 ( ) 85,7% 

14,3% . 
 D 2) =14.
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 2.2

10 BeCl2·4H2O
 (V)

.

11 FeSO4·7H2O
,

 ( ) 12,05% Na; 11,35%
; 71,32% ; 5,28% .

12 Na2S2O3·5H2O .

13 ZnSO4··7H2O

,
, 

 3:1:4. 
 = 16.

14 Na2SO4·10H2O .

15 Al2O3·3H2O

,
 92,3%  7,7%

. 
 = 13.

16 Na2 4O7·10H2O

 2,94
 1,45 .

Cl2· H2O

17 Al2Si2O3(OH)4··2H2O

,
 25% 

75% . 
 = 24.

18 Mg6Si4O11(OH)6·H2O
FeSO4 ·xH2O,  11

 5
2 .

19 Na2CO3·10H2O

,
 20% 

80% . 
 = 30 .

20 CrCl3·6H2O
CoCl2·xH2O,  9,15

 4,15
2 .
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3

: « »

, 
 1  8 . 

, 
, . 

, .
:  , 

 (  =1 .=760 .=101 325 ;  =273
 0 ), 

2

1

2

1

ekv
ekv

M
M

m
m .

, 
 ( . .), 

2

1

2

1

ekv
ekv

V
V

V
V .

, 
,  – 

;  ( . .) 
:

2

1

2

1

ekv
ekv

V
M

V
m .

 [ ] 
:

. )= f .( ) ).

 [ ]
  :

V .( ) = f .( )  VM ) = f .( ) 22,4.

 [ ] – 
:

ekv =
ekvM
m .
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, 
] – 

:
ekv =

ekvV
V .

,  ,  
.

, , 
:

f .( . .) =
Batn )(

1 .

: f .( O2) = 22
1 =

4
1 ; f .( Zn) =

2
1

21
1 .

:

f .( .) =
)()(

1
OBOn

.

: f . (MnO2)= 22
1 =

4
1 ; f . (Na2O)=

21
1 =

2
1 ;

f . (Al2O3)= 23
1 =

6
1 .

 ( -):

f . .) =
)(

1
OHn

.

: f . (Mn(O )2)= 2
1 ; f . (NaO )=1.

 ( + , 
):

f . ) =
)(

1
Hn

.

: f . (H2SO4)= 2
1 ; f . (H3PO4)= 3

1 ; f . ( NO3)=1.

:
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f . ) =
)()(

1
MetBMetn

.

: f .(Na2SO4) = 21
1 =

2
1 ; f .(Fe3(PO4)2) = 23

1 =
6
1 .

, 
, 

.

:         H2SO4 + 2NaO  = Na2SO4 + 2 2 .

 2 +  2  Na+, 

f . (H2SO4) = 2
1 ; f . (Na2SO4) = 21

1 =
2
1 .

:

H2SO4 + NaO  = Na SO4 + 2 ,

f .(H2SO4)  =  1,  f .(Na SO4) = 1,  1 +

 1  Na+.

          Cu(OH)2 + 2HCl = CuCl2 + 2 2 ,

f . (Cu(O )2)= 2
1      f . (CuCl2)= 21

1 =
2
1 .

Cu(OH)2 + HCl = Cu Cl + 2 ,

: f . (Cu(O )2) =1  f . (Cu Cl) =1.

:
 (Zn) 

.

: ;
; , ,

;  (Zn) 
.);  4 .  ( l), .
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.

,
 150 3, ,  (

), .
 15-20 3

 (HCl) , .

. 2 – 
.

 (Zn),  0,1 . 
, 

. 
. 

, 
. 

, 
.

 ( 1, 3), 
, 

. , 
 ( 2), 

.

Zn + 2HCl = ZnCl2 + H2

:
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: 2
3)

, , : V( 2) = 2 - 1 ( 3);
, ,

: h2 ( );
, , 

: . ( . .);
, 

: t ;
 ( 1), 

: h1 ( . .).

:
. 3.1

m (Zn), 1,
3

2,
3

V( 2),
3

h2, h1,
. .

.,
. . t

:

 –
 – 

:

T
PV  =

0

00

T
VP

V0 2) =
PoT

PVTo  =
)273(760

273)())6,13/(.( 221

Cot
HVhhPatm ,

: 13,6 – .
 ( . .), 

: .(Zn) =
)(

)()(
2

2

HVo
HVekvZnm .

:
:

 =
.)(

.)(.)(
ZnMekv

ZnMekvZnMekv
100%,

: .(Zn) . – , 
 ( );

.(Zn) . – , 
 ( ).
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.
.

1. ?
2. .
3. ?
4. ?
5.

 ( , , , , ,
)?

6.
?

7. ?
8. ? 

?
9.  0,2 ,17

. .
10.  2,45  2

 (NaOH). .
11. 1,6  ( )  2,61  (Zn) 

 ( 2). ,
 20 .

12.  5,95  2,75  (HCl)
 4,4 . 

, .
13.  8,89  1,73 .

, 
16 .

14.  1  ( 2)  1,4 . 
 21 ,  =1/2.

15. , 
,  8,34  0,68  ( 2). 

.
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3
)  (f ) 

;  (M ) 
;

)  (V );
)  ( ), 

 (m, ).
.3.2

) ) ) 

 ( )
1 Cu(OH)2 NH3 H2SO4, 49
2 H2SiO3 O2 CuSO4, 159,5
3 CaSO4 CO2 Ca(OH)2, 37
4 NaHSO4 CO NaOH, 120
5 Na2HPO4 H2S Fe(OH)3, 107
6 Mg HCl HCl Na2CO3, 159
7 MgCl2 H2 CH4 , 4
8 Mg(OH)2 CH4 HCl, 73
9 KOH Br2 CuCl2,  134,5
10 Al(OH)3 SO2 MgSO4, 120
11 Na3PO4 F2 NH3, 17
12 H2CO3 NO CO2, 22
13 Al(OH)2Cl HBr AlCl3, 89
14 Ca(NO3)2 NO2 H3PO4,  65,3
15 Fe(OH)3 N2O H2S, 17
16 3PO4 Cl2O7 Al(OH)2Cl, 100
17 NaH2PO4 HF FeCl3, 50
18 FeCl3 Cl2 H2CO3, 25
19 Fe(OH)2 SO3 Na3PO4, 36
20 NaHS N2 Al(OH)3, 250
21 Fe2O3 PH3 MgCl2, 160
22 CaO N2O5 Mg HCl, 36
23 K2S Br2O7 Na2Cr2O7, 120
24 Na2Cr2O7 H2O 3PO4, 98
25 NH3 C2H6 Fe(OH)2, 90
26 Al(NO3)3 OF2 KOH, 112
27 Al2(SO4)3 SiF4 N2O5, 150
28 N2O5 HF HNO3, 280
29 Cl2O7 NH3 NaHS, 100
30 HNO3 C2H4 Fe(OH)3, 210
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 2. 

4

: « »

. .
 – , 
- , , , 

 – 
, 

).
 – , ,

.  –
- , , 

. 
, 

 ( ).  22 : H, He, B, C,
N,  O,  F,  Ne,  Si,  P,  S,  Cl,  Ar,  As,  Se,  Br,  Kr,  Te,  I,  Xe,  At,  Rn.  

.  – .

 – , , , 
,  –  

.

, 
,  -2. 

. :

                                     =  =  ( V));
                                    O = Al –  – Al = O ( ).

, 
, :

           2 2 , :     –  –  –  .
 -1. 

: Na2O2; CaO2; BaO2) .
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. 
: 2+;  3+ 2+            3+                     2+;   4+        2+            4+

3+;  5+ 3+ 5+                      Fe3O4 (FeO · Fe2O3);    Pb3O4 (2PbO · PbO2);
SbO2 (Sb2O3 · Sb2O5).

, , :
2+; 3+                               2+                   3+

                     Fe3O4 + 8HCl = FeCl2 + 2 FeCl3 + 4H2O
2+;   4+                                   4+              2+

                     Pb3O4  + 4HNO3 = PbO2 + Pb(NO3)2 + 2H2O
3+; 5+                                           3+                       5+

                     2SbO2 + 2NaOH = NaSbO2 + NaSbO3 + H2O

 (NO2;
ClO2), :

4+                                   3+                 5+
                   2NO2 + H2O = HNO2 + HNO3

. . , 
, , .

, . 
, , 

  (+1, +2,  +3). 
 – .

1.  ( ):

Na2O + H2O = 2NaOH
CaO + H2O = Ca(OH)2

,  ( 2).
, , , 

. , 
  . 

, .     )2 ,  , 
,    :

 + 2  = )2
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. 
.

2. :

aO + 2HCl = CaCl2 + H2O
FeO + 2HNO3 = Fe(NO3)2 + H2O
MgO + H2SO4 = MgSO4 + H2O

 3. 
:

CaO + ZnO
0t  CaZnO2

K2O + Fe2O3
0t  2KFeO2

 ZnO  Fe2O3
, 

,  ( ) 
, :

                                                        
ZnO    Zn(OH)2 ( )  H2ZnO2 ).

,  ZnO , 
,  ZnO, , 

 – ,  CaZnO2.
), ), 

, , 
:

                               
Fe2O3 Fe(OH)3   H3FeO3

H2O + HFeO2);
                               
Cr2O3 Cr(OH)3   H3CrO3

H2O + HCrO2);
                               
Al2O3 Al(OH)3   H3AlO3

H2O + HAlO2).
,  Al2O3 , 

,  Al2O3, , 
 –  ( ).

4. 
:

CaO + CO2 = CaCO3
Na2O + SO3 = Na2SO4
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, , 
, , 

 (+5, +6, +7). 
, , , , .

1. .

H2O + SO3 = H2SO4
H2O + N2O5 = 2HNO3
H2O + CO2 = H2CO3

, 
,  ( 2).

, , , 
. , 

 SiO2. , 
 (H2SiO3) ,  SiO2,  

,  SiO2 .
2. :

SO2 + 2NaOH = Na2SO3 + H2O
P2O5 + 3Ca(OH)2 = Ca3(PO4)2 + H2O

3. 
:

P2O5 + 3CaO = Ca3(PO4)2
SO2 + Na2O = Na2SO3
P2O5 + Fe2O3 = 2FePO4

4.  ( ) 
:                                          t0

Na2CO3 + SiO2  Na2SiO3 + CO2

2 .
5. , ,

:

CO2 + Na2CO3 + H2O = 2 Na CO3
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                    P2O5 + 4 Na3PO4 + 3H2O = 6 Na2HPO4
                                                                   
                    P2O5 + Na3PO4 + 3H2O = 3 NaH2PO4
                                                                 
                    P2O5 + 2Na2 PO4 + 3H2O = 4 NaH2PO4
                                                                 

, 
, . 

 ( , , V),
V)), 

 (+3, +4,  +2) –
V),  ( ), ), , .

1. , 
2).

2. , , 
:

ZnO + 2HCl = ZnCl2 + H2O
Al2O3 + 6HNO3 = 2Al(NO3)3 + 3H2O

3. , , 
:

ZnO + NaOH = Na2ZnO2 + H2O
Fe2O3 + NaOH = 2NaFeO2 + H2O

4. , :

Al2O3 + P2O5 = 2AlPO4
ZnO + Na2O  = Na2ZnO2

5. :

     Al2O3 + Na2CO3
0t   2NaAlO2 + CO2

     Fe2O3 + Na2CO3
0t   2NaFeO2 + CO2

1.  – :
2Mg + O2 = 2MgO
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4Fe + 3O2 = 2Fe2O3
4P +5O2 = 2P2O5

CH4 + 2O2 = CO2 + H2O
4NH3 + 5O2 = 4NO + 6H2O

4FeS2 + 11O2 = 2Fe2O3 + 8SO2

2. , :
   ) 

2N2O5
0t  4NO2 + O2

2Mn2O7
0t  4MnO2 + 3O2

) 

2Al(OH)3
0t   Al2O3 + H2O

) 

H2SiO3
0t  SiO2 + H2O

H2SO4
0t  SO3 + H2O

4HNO3
0t  4NO2 + O2 + 2H2O

) 

2Cu(NO3)2
0t  2CuO + 4NO2 + O2

NH4NO3
0t  N2O + O2

) 

2CaO2
0t  2CaO + O2 ;     2Na2O2

0t  2Na2O + O2

 ( ) 

: « »  « ». 
, 

.
: Mn2O7 –  (VII); NO2 –  ( V); N2O5

–  (V); SO3 –   (V );  – Al2O3 – 
,  +3.

 ( ) 
. 

:
 = 2,
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,

, 
, ,

, ,
, 

,  ( )
.

: +5;  -2
                      N2O5 –  (V);

:      O  N  O  N  O
                                                    

O            O
+1; -2
K2O – ;         c  :    K  O  K
+7;   -2

                      Br2O7 – (VII);
:

                                                        O             O
                                                                     
                                                O  Br  O  Br O
                                                                     
                                                        O             O

 –  – , 
–. 

. 
 ( . )  – 

, 
+n –.

)n +n  + n –.

:

 –  ( ) 
 ( 2);

 –  (LiOH, NaOH, KOH);
 (Ca(OH)2, Ba(OH)2, Mg(OH)2);  ( )3).
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    (1 
: Li, Na, K, Rb, Cs, Fr) 

 (2 
: Ca, Sr, Ba, Ra).

1. , , 
:      NaOH  Na+  + OH-

:
                                                     a(OH)2  CaOH+ + OH-

                                                     CaOH+  Ca2+ + OH-

 (OH-) -
: -

 – ,  – ,  – .
2. , :

KOH + HNO3  KNO3 + H2O

, , 
:

                  Al(OH)3 + 3HCl  AlCl3 + 3H2O
 – 

                 Al(OH)3 + 2HCl  Al(OH)Cl2 + 2H2O
 – 

                Al(OH)3 + HCl  Al(OH)2Cl + H2O
 – 

      2NaOH + H2SO4  Na2SO4 + 2H2O
 – 

                NaOH + H2SO4  Na SO4 + H2O
 – 

a(OH)2 + 2H3PO4 Ca3(PO4)2 + 6H2O
 – 

a(OH)2 + H3PO4 CaHPO4 + 2H2O
 – 

               a(OH)2 + 2H3PO4 Ca(H2PO4)2 + 2H2O
 – 

             3 a(OH)2 + H3PO4  (Ca )3PO4 + 3H2O
 – 
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3. , 
:

NaOH + Al(OH)3  Na[Al (OH)4]
3NaOH + Al(OH)3  Na3[Al (OH)6]

4. , :
Ba(OH)2 + SO3  BaSO4  + H2O

5.  (t0),
:

2KOH + Fe2O3  2KFeO2 + H2O
6. , 

, , :
Fe2(SO4)3 + 2NaOH  2FeOHSO4  + Na2SO4

Fe2(SO4)3 + 6NaOH  2Fe(OH)3  + 3Na2SO4
7. , 

:
KOH + KHCO3  K2CO3 + H2O

KOH + KH2PO4  KH2PO4 + H2O
KOH + K2HPO4  K3PO4 + H2O

2KOH + KH2PO4  K3PO4 + 2H2O
8.  (t ) 

, , ):

Mg(OH)2
0t = MgO + H2O

Ba(OH)2
0t  BaO + H2O

1.   (Li,  Na,  K,  Rb,  Cs,  Fr)  
(Ca, Sr, Ba, Ra)  – 

:
2Na + 2H2O  2NaOH + H2

Ba  + 2H2O  Ba(OH)2 + H2
2. 

:
Na2  + H2O  2NaOH
Ba   + H2O  Ba(OH)2

3. . 
, , 

:
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FeO + H2SO4  FeSO4 + H2O
FeSO4 + KOH Fe(OH)2  + K2SO4

 ( ) 

: « »  « ». 
, 
. : KOH – , Mg(OH)2 –

, Fe(OH)2 – ), Fe(OH)3 – 
), Mn(OH)2 –  ( ). 

: KOH – , NaOH – ,
Ba(OH)2 – , a(OH)2 – .

 ( ) 
:

,
, 

,
,

 >  2,  
,

,
 = 2.

: +; -2; +
                      KOH,   :    H  O  K;

+2;    -2; +
                     Ca(OH)2, :    H  O  Ca  O  H;

+3;   -2; +
                     Fe(OH)3, :    H  O  Fe  O  H.
                                                                                        
                                                                                        O
                                                                                        
                                                                                        H

 – , 
, 

. ,  – 
, .

, 
, . 
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.
HCl  H+ + Cl-

HNO3  H+ +  NO3
-

H2SO4  2H+ +  SO4
2-

H3PO4  3H+ +  PO4
3-

H2Cr2O7  2H+ +  Cr2O7
2-

1. , 
):  )  HCl, HNO3, 3 ; ) 

H2SO4,  H2Cr2O7; )  H3PO4, 3 3.
2.  ( ):
) , , 

: HNO3, 3 ,  H2SO4,
H3PO4,  H2Cr2O7, HMnO4;

) ,  : HCl, HF, HBr,
HI, H2S, HCN;
) : H2Cr2O7, H2S2O7, H2B4O7;

: H3[P(Mo3O10)4], H4[Si(W3O10 )4].
3.  ( ) 

:
)  HCl, HBr, HI, HNO3, H2SO4, ClO4;
)  H3PO4, H2SO3, HSCN;
)  HF, H2S, HCN, 3 , 2 3, HNO2, 3 3.

4. :
)  – , :

, , , 
 (HNO3, H2SO4, ClO4);

)  – , 
:   HCl, HF, HBr, HI, H2S, H3PO4, H2SO3, 2 3, 3 , 

H2SO4 ClO4, .

1.  ( +

).  – ,  –
. 

:
H3PO4  H+ +  2PO4
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2PO4
-  H+ +  PO4

2

PO4
2-  H+ +  PO4

3

H3PO4  3H+ +  PO4
3

+ -
:  – ,  – .

2. ,  ( ):

HCl +  KOH  KCl +  H2O

, , .

H2CO3 +NaOH = NaHCO3 + H2O
                                                                    – 

H2CO3 +2NaOH = Na2CO3 + 2H2O
                                                                     – 

H3PO4  + Mg(OH)2 = MgHPO4 + 2H2O
                                                                  – 

HNO3 +  Fe(OH)2= FeOHNO3 +  H2O
                                                               – )

2HNO3 +  Fe(OH)2= Fe(NO3)2 +  2H2O
                                                       – )

3. , :

2HNO3 +  uO = Cu(NO3)2 +  H2O

4. , :

6HCl +  Cr2O3 = 2CrCl3 +  3H2O

5.  – , 
 ( )  (

), 2 :

Zn + 2HCl =  ZnCl2 + 2
Fe  + 2HNO3 = Fe(NO3)2 +  2

,  (
)   (Cu,  Hg,  Ag,  Pt,  Au),  

.
6.  –  (  H2SO4, 

HNO3 ) , 
 ( ) , ,
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 ( Cu, Hg, Ag, Pt, Au), 
.

4Zn + 5H2SO4 ( .) = 4ZnSO4  + H2S + 4H2O
Cu  + 2H2SO4 ( .) = CuSO4  + SO2 + 2H2O
Ag  +  2HNO3 ( .) = AgNO3  + NO2 + H2O

3Cu  + 8HNO3 ( .) = 3Cu(NO3)2  + 2NO  + 4H2O

7. , ,
) , , :

H2SO4  + BaCl2  =  BaSO4  + 2HCl

)  (
):

2NaCl .) + H2SO4 ( .)
0t  Na2SO4  + 2HCl

) , , 
:

Na2 O3  + 2HCl = 2NaCl + O2 + H2O

) :

Na2S + H2S = 2 Na S

) :

NaAlO2  + 4HCl = NaCl + AlCl3 + 2H2O

8. 
:

H2 O3
0t   S O2  + H2O

4HNO3
0t  O2  + 4NO2 + 2H2O

1.
 ( ):

N2O5 + H2O = 2HNO3
SO3 + H2O = H2SO4

: +4                                   +5 +3
                                                        2NO2 + H2O = HNO3 + HNO2

2. , 
 ( ). :
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SiO2 + 2NaOH = Na2SiO3 + H2O

, , :

Na2SiO3 + H2SO4 = H2SiO3 + Na2SO4

3.
, :

H2 + l2  = 2HCl

4. , 
:

KCl + H2SO4 = HCl  + K2SO4
NiS + 2HCl = H2S  + NiCl2

5.
- :

PCl5 + 4H2O = H3PO4 + 5HCl

 «- », 
 (

);  «- » «- »,
.

: H2SO4 –  (
+6, 

 – V ); H2SO3 –  (
 +4);

H2SiO3 –  (  +4, 

 – V);
HNO3 –  (  +5, 

 – V); HNO2 –  (
 +3);

, 
,  « -» (

)  « -» ( ).
: HClO4 –  (

 +7); HClO3 -  (
 +5); HClO2 -  (

+3); HClO -  (
+1).
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, . 1 –
-», 2 – « -», 3 – « -», 4 – « -», 5 – « -», 6 – « -», 

. : H2Cr2O7 – ; H2B4O7 – 
; H4P2O7 – .

, , 
: 

 « -»,  – « -».
: H3PO4 – ; HPO3 – .

 «- ». : HCl –
; HF – ; HBr – , HCN

– .
: HCl – ,

H2SO4 – , HNO3 – , H2 O3 – 
 – ).
 ( ) 

:
, 

, 
;

, , , 
;

;
, , , 

, ;
,  = 2; 

.
: +1 +5 2

                          HNO3 –  ( ) ; :

                                                   H  O  N O
                                                           
                                                           O
                                     +1 +6 2
                        H2SO4 –  ( ) ; :

                                                             O
                                                             
                                              H  O  S  O  H

O
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+1 +5 2
                         H3PO4 – ; :
                                                             O
                                                             
                                              H  O  P  O  H
                                                             
                                                             O

 +1 1
 HCl –  ( ) ; :             H  Cl
+1 2
H2S – ; :                           H  S  H

, ,
, . 

. 
 (  Be(OH)2,  Al(OH)3,

 Sn(OH)2,  Pb(OH)2), 

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

.

1.  – , 
+ - .

Al(OH)3             H3AlO3           HAlO2 +  H2O
          

:
        1) Al(OH)3  Al(OH)2

+  + OH
        2) Al(OH)2

+   Al(OH)2+ + OH
        3) Al(OH)2+    Al3+ + OH

 Al(OH)3 Al3+ + 3OH

:
        1) H3AlO3   H+ + 2AlO3

        2) 2AlO3  H+ + AlO3
2
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        3) AlO3
2  H+ + AlO3

3

             H3AlO3   3H+ + AlO3
3-

: HAlO2  H+ +AlO2
.

2. 
.

Zn(OH)2 + H2SO4 = ZnSO4 + 2H2O
Al(OH)3 + 3HNO3 = Al(NO3)3 + 3H2O

, , 
.

Al(OH)3 + 3HCl = AlCl3 + 3H2O
Al(OH)3 + 2HCl = AlOHCl2 + 2H2O
Al(OH)3 + HCl = Al(OH)2Cl + H2O

3. 
, .

Zn(OH)2 + 2NaOH = Na2ZnO2 + 2H2O
Al(OH)3 +  NaOH =  NaAlO2 + 2H2O

Al(OH)3 +  3NaOH =  Na3AlO3 + 3H2O

 (t0), 
- .

4.
-

 Al, Zn )
.

Zn(OH)2 + 2NaOH = Na2 [Zn(OH)4]
Al(OH)3 +  NaOH =  Na[Al(OH)4]

Al(OH)3 +  3NaOH =  Na3 [Al(OH)6]

, 
, .

Al2(SO4)3 + 6NaOH = 3Na2SO4 + Al(OH)3
ZnCl2  + 2NaOH = 2NaCl  +  Zn(OH)2

Cr(NO3)3 + 3KOH  =  3KNO3  + Cr(OH)3
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 ( ) 

 , .

, 

.
 – 

, 
:

MgSO4   Mg2+  +  SO4
2

, , .
 – 

, 
-) . :

HNO3 + NaOH = NaNO3 + H2O
H2SO4 + 2KOH = K2SO4 + 2H2O
2HCl + Fe(OH)2 = FeCl2 + H2O

, , .
 –  K2SO4, NaNO3, FeCl2, . 
, 2 2 ( ) – Na2O2,

BaO2, CaO2. , , 
 – Na3N, Al4C3, Ba3P2.

 – , 
. 

 – 
:         Cl – Ca – OCl

 –   
: KAl(SO4)2, NaKSO4, .

:

H2SO4 + NaOH + KOH = NaKSO4 + 2H2O.
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:

l + MgCl2 + 6H2O = KMgCl2
. 6H2O.

, 
:

K2[HgI4]  2K+ + [HgI4]2

[Cu(NH3)4]SO4  [Cu(NH3)4]2+ + SO4
2

.
 – 

, :

H3PO4 + NaOH = NaH2PO4 + H2O
H3PO4 + 2NaOH = Na2HPO4 + 2H2O

 – 
, :

Al(OH)3 + HCl = Al(OH)2Cl + H2O
Al(OH)3 + 2HCl = Al(OH)Cl2 + 2H2O

1. , 
 ( , , ) 

, :

FeCl3 + NaOH = FeOHCl2 + NaCl
FeCl3 + 2NaOH = Fe(OH)2Cl + 2NaCl
FeCl3 + 3NaOH = Fe(OH)3  + 3NaCl

NiCl2 + NH4OH = NiOHCl + NH4Cl
NiCl2 + 2NH4OH = Ni(OH)2  + 2NH4Cl

2. , :
) 

NiS + 2HCl = NiCl2 + H2
                            ZnCO3 + 2HNO3 = Zn(NO3)2 + H2CO3  CO2
                                                                                     
                                                                                  H2O

Ca3(PO4)2 + 2H2SO4 = Ca(H2PO4)2 + 2CaSO4

) 
MgCO3 + H2CO3 = Mg(HCO3)2
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) 
2NaAlO2 + 4H2SO4 = Na2SO4 + Al2(SO4)3 + 4H2O

) 
Al(OH)2Cl + HCl = Al(OH)Cl2 + H2O

3. , . 
; , 

. :

Zn(NO3)3 + K2CO3 = ZnCO3  + 2KNO3

4. , . 
, 

 ( ) ,
. :

Zn + CuSO4 = ZnSO4 + Cu
Mg + SnCl2 = MgCl2 + Sn

, 
 ( ), : Li, Rb, K, Cs, Ba, Ca, Na, 

,
, 

. , 
. :

CuSO4 + 2K + 2H2O = Cu(OH)2  + K2SO4 + H2

5. 
 (t )  (

, ), :

4NaNO3 + 2Fe2O3 = 4NaFeO2 + 4NO2  + O2
K2CO3 + SiO2 = K2SiO3 + CO2

6.  (t ) 
:

BaCO3 = BaO + CO2
2KHCO3 = K2CO3 + H2O + CO2

2KNO3 = 2KNO2 + O2
Ca(NO3)2 = Ca(NO2)2 + O2

2Cu(NO3)2 = 2CuO + 4NO2  + O2
NH4NO3 = N2  + 2H2O
NH4NO2 = N2  + 2H2O
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. .
1. .

Zn + Cl2 = ZnCl2
Fe + S = FeS

2.  – .

Mg(OH)2 + H2SO4 = MgSO4 + 2H2O
Fe(OH)2 + 2HNO3 = Fe(NO3)2 + 2H2O

Zn(OH)2 + 2HCl = ZnCl2 + 2H2O

3. .

H2SO4 + ZnO = ZnSO4 + H2O
2HNO3 + FeO = Fe(NO3)2 + H2O

4. 
.

2Al(OH)3 + 3SO3 = Al2(SO4)3 + 3H2O
Mg(OH)2 + N2O5 = Mg(NO3)2 + H2O

6KOH + P2O5 = 2K3PO4 + 3H2O

5.  , 
.

Al2O3 + SO3 = Al2(SO4)3
N2O5 + MgO = Mg(NO3)2
3Na2O + P2O5 = 2Na3PO4
Na2O + Al2O3 = 2NaAlO2

6. : 
,  - 

), .

Zn + H2SO4 = ZnSO4 + H2
Cu + 4HNO3 .) = Cu(NO3)2 + 2NO2 + H2O

7. .

H2SO4 + BaCl2 = BaSO4  + 2HCl
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8. .

SiO2 + CaCO3 = CaSiO3 + CO2

9. .

2NaOH + FeSO4 = Na2SO4 + Fe(OH)2

10. .

KOH + Al(OH)3 = KAlO2 + 2H2O

11.  ( ).

2Na3PO4 + 3Ca(NO3)2 = Ca3(PO4)2 + 6NaNO3

12. , , , 
.

2Al + 3Hg(NO3)2 = 2Al(NO3)3 + 3Hg

13. .

Cl2 + 2NaOH = NaCl + NaClO + H2O

14.  (t0).

2KNO3 = 2KNO2 + O2
2KClO3 = 2KCl + 2O2

15. , , 
.

Zn + 2NaOH = Na2ZnO2 + H2

 ( ) 

 ( ) 
. , 

, .
: Na2SO4 , FeSO4 ),

Fe2(SO4)3 ).
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 « -», , 
. : KHSO3   , NaH2PO4

– .
, 

 « -». : FeOHCl – 
), Fe(OH)2Cl – ).

, : KAl(SO4)2 – ,
FeNH4(SO4)2 – ).

 4.1 , 
.

.4.1

HF F HPO3 PO3
HCl Cl H3PO4 PO4

3

HBr Br H4P2O7 P2O7
4

)
HI I H3PO3 PO3

3

H2S S2 H3PO2 PO2
3

HCN CN H2CO3 CO3
2

HSCN SCN HCOOH HCOO
H2Se Se2   CH3COOH CH3COO
HNO3 NO3 HAlO2 AlO2
HNO2 NO2 HVO3 VO3
H2SO4 SO4

2 H2WO4 WO4
2

H2SO3 SO3
2 H2MoO4 MoO4

2

H2S2O3 S2O3
2  H2ZnO2 ZnO2

2

H2S2O7 S2O7
2

( )
H2SeO3 SeO3

2

HClO ClO  H2SeO4 SeO4
2

HClO2 ClO2 H2SiO3 SiO3
2

HClO3 ClO3 HMnO4 MnO4
HClO4 ClO4  H2MnO4 MnO4

2

HIO IO HCrO2 CrO2
HIO3 IO3 H2CrO4 CrO4

2

HIO4 IO4 H2Cr2O7 Cr2O7
2
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 ( )
. , 

.
,  Fe3(PO4)2  Al2(SO4)3.

, :

Fe – P – Fe – P – Fe  ;                      S – Al – S – Al – S.

:

                                           O                                   O
Fe <  > P – O – Fe – O – P <  > Fe  ;

                                           O                                    O

                                         O                                       O
S < >Al  O  S  O Al <  > S  .

                                         O                                       O

, ,  = 2.

                                          O                                       O
Fe < > P  O  Fe  O  P < > Fe;

                                          O                                 O
                                               O                             O

                                                            O                       
                                       O                                    O  

 S < >Al  O  S  O Al < > S  .
                                          O                                    O
                                                               O

.
 Fe(HSO4)2:

                                          O                             O
                                                                       
                           H  O  S  O  Fe  O  S  O  H
                                                                       
                                          O                             O

.  Al(OH)2NO3:
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H  O  Al  O .
                                                              
                                                              O
                                                              
                                                      O  N  O

: , 
; 

, 
.

: ; 
 (NaOH, KOH),  (H2SO4, HCl, HNO3),  (FeCl3,

FeSO4, AlCl3, ZnSO4, CrCl3, CuSO4, MnCl2, NiCl2, CoCl2, l2, Na2SO4,
Pb(NO3)2, KI, NH4SCN), ,  ( aO, BaO,
CuO, ZnO, Al2O3), .

.

 1. , .
1.1.  (

) aO, BaO, CuO, ZnO, Al2O3.
 5-10 

. 
? 
. , 

, .

1.2. aO, BaO, CuO,
ZnO, Al2O3.  5-10  (HCl). 

. , 
, 

.

1.3. aO, BaO, CuO,
ZnO, Al2O3.  5-10  NaOH.

, . 
. 

, , 
.

, ,  – .
.
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 2.  – .
2.1.  1-5  ( ) FeCl2,

 ( ) CuCl2,   ( )  MnCl2,  ( ) NiCl2,  ( ) CoCl2.
 2-3  NaOH  KOH. 

. . , 
 ( ). 

, ,
.

2.2. 
 H2SO4. 

. 
 c , 

, .
.

 3. .
 3  1  NaOH. 

 AlCl3,  – 
ZnSO4,  –  ( ) CrCl3 .

. 
.  2-3 

 HNO3,  –  NaOH. 

. , 
, 

.
.

 4.  ( ).
 3-5 l2, 

 Na2SO4;  3-5 
 Pb(NO3)2,  KI; 

 3-5  FeCl3,  NH4SCN.

. . 
, 

, .
.

 5. .
 AgNO3

 HCl. 
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. .
, ,

.
.

 6. .
 FeCl3

 NaOH. . 
. 

, ,
.

.

1. ,  – ?
2. ?
3. ? 

?
4. ? 

? ?
5. ? 

?
6. , 

?
7. ? 

?
8. , 

: Be(OH)2, Al(OH)3,
Zn(OH)2, Cr(OH)3.

9. ? 
?

10. ?
11. ?
12. , , 

 – .
13. ?
14. ?
15. ?
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1.
 2- ,  ( ,

, ), 
, .

2.
,  (

),  ( , ,
), 

, .
3. .
4.

 (
); 

, .

. 4.2

1 S (IV) Fe(II) Ca Ca(OH)2 CaOHCl CaCl2 CaCO3

2 I(VII) Mn(II) H3PO4 P2O5 Na3PO4 Ba3(PO4)2 Ba(H2PO4)2

3 P (V) Al NaOH NaHCO3  Na2CO3 CaCO3 CO2

4 S(VI) Fe(III) SO3 H2SO4 Ca(HSO4)2 CaSO4 CaO

5 Si(IV) Zn Fe2O3 Fe(NO3)3 Fe(OH)2NO3 Fe(OH)3 FeCl3
6 Se(IV) Cd H3PO4 (CaOH)3PO4 Ca3(PO4)2  H3PO4 P2O5

7 l(V) Ni Mg(OH)2 MgOHCl  MgCl2 Mg(NO3)2  MgO

8 Pb(IV) K Al2O3 Al2(SO4)3 Al(OH)3 Al(HSO4)3 H2SO4

9 Br(VII) Sn(II) SiO2 Na2SiO3 H2SiO3 KHSiO3 K2SiO3

10 N(V) Ag(I) NaOH NaHCO3 Na2CO3 NaNO3 Na2O

11 Cl(VII) Cu(II) FeCl3  Fe(OH)3 Fe2(SO4)3  Fe(HSO4)3 SO3

12 I(V) Pb(II) HNO3 AgNO3 Zn(NO3)2 Zn(OH)2 ZnO

13 r(V ) Na P2O5 HPO3 H3PO4 NaH2PO4 Na3PO4

14 Se(VI) Li Zn(OH)2 ZnOHNO3 Zn(NO3)2 ZnSO4 ZnO
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. 4.2.

15 (IV) Mg Zn ZnO ZnSO4 Zn(OH)2 Na2ZnO2

16 Br( ) Ba CuSO4 (CuOH)2SO4 Cu(OH)2 CuCl2 Cu(NO3)2

17 Br(V) Cr(III) Ca Ca(OH)2 CaOHCl CaCl2 CaCO3

18 P(III) Mo(II) FeSO4 FeO FeCl2 Fe3(PO4)2 Fe(H2PO4)2

19 B(III) Ca Mg MgO Mg(OH)2 MgOHCl MgCl2

20 I(III) Be Mg(OH)2 MgOHCl MgCl2 Mg(NO3)2 MgO

21 As(V) Rb CO2 H2CO3 Na2CO3 NaHCO3

22 Mn(VII) Ti(II) Cu CuSO4 Cu(NO3)2 Cu(OH)2 CuOHNO3

23 As(III) Hg(II) Al Al2O3 AlCl3 AlOHCl2 Al(OH)2Cl

24 Mn(VI) Pt(II) Al(OH)3 NaAlO2 Al2O3 Al2(SO4)3 AlOHSO4

25 V(V) Co(II) Cl2 HCl CaOHCl CaCl2 Ca(OH)2

26 Mo( ) Bi(II) Be BeO BeSO4 Be(OH)2 K2BeO2

27 Mn(IV) Cu(I) Sn SnCl2 Sn(NO3)2 SnOHNO3 Sn(OH)2

28 W(VI) V(II) Ni NiO2 Ni(NO3)2 Ni(OH)2  (NiOH)2SO4

29 Au(III) Pd(II) N2 N2O5 HNO3 CuOHNO3 Cu(NO3)2

30 Fe(III) Sr HgCl2 HgS Hg Hg(NO3)2 HgO
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5

: « »

, 
, 

 ( ) 
 ( ). 

 –  – 
.

. 
, 

. 
. 

. 
 – .  –

12, ,  – 
. , 

 ( , , , , .), 
, 

.
 « »  «

», 
, :

N + AgCN = K[Ag(CN)2];
K2SO4 +Al2(SO4)3 +24H2 K2SO4 Al2(SO4)3 24H2O 2KAl(SO4)2 12H2O.

. . = 10 1.

,  1893 . . .

:

.  ( ) 
)  ( ), 

) . , ,
. , 

  K2[PtCl4]  :
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                                                  Cl 2

                                        Cl               Cl
                                 K+              Pt4+           K+

                                        Cl               Cl
                                                  Cl

 K+ ;  Pt4+ - 
, 6  Cl  – , 

.
 ( ) 

 d- . 

. , , , , , , 
.

:
-  (Cl , Br , I )  (CN , OH , NO2 , S2O3

2 , CO3
2 ) ,

- , ,  (NH3, H2O, CO),
 (NH2CH2NH2, C2H5NH2).

, ,
 ( .) .

, 
, 

. , ,
 (Cl , Br ,  I , CN , NH3,  H2O). , 

, - 
 (S2O3

2 , CO3
2 , 2 4

2 ).
, , , 

. 
 ( ), . 

 –  ( ), 
.

, , 
. 

 +1; +2; +3; +4 
 2; 4  6; 6  4; 8. ,  Pt(IV),

Cr(III), Co(III), Fe(III), . = 6;  Cu(II)
.  =  4   6;   Zn,  Pb(II),  Pt(II)  .  =  4;

 Ag(I), Cu(I), Au(I) . = 2. 

).
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.
. ,

.
, 

,  – . 
:

K2[PtCl4]  2K+ + [PtCl4]2

, :

[Fe2+(CN )6]4 , [Pt2+(H2O0)(NH3
0)3OH ]+, [Co2+(NH3

0)6]2+.

.
:

 - [Co(NH3)6]2+, [Al(H2O)5OH]2+, [Pt(H2O)(NH3)3OH]+,
 -  [Fe(CN)6]4 , [Zn(OH)4]2 ,

 – [Ni(CO)4]0, [Fe(SCN)3]0.
.

:
1.  (  –  NH3),

: [Co(NH3)6 l2, [Zn(NH3)4]SO4, [Ag(NH3)2 l;
2.  (  –  H2O), :

[Al(H2O)6]Cl3, [Cr(H2O)6]Cl3, [Co(H2O)6]Cl2;
3.  (  –   CN , SCN , F ,

Cl , Br ,  I , NO2 ,  S2O3
2 , CO3

2 ,  2 4
2 ), : K4[Fe(CN)6],

K2[PtCl4], [Fe(SCN)3], Na3[AlF6], K3[Ag(S2O3)2];
4.  (  –  OH ), :

K2[Zn(OH)4]; K[Al(OH)4]; Na3[Al(OH)6]; Na2[Pt(OH)6];
5.

, : [Al(H2O)5OH]Cl2; [Pt(H2O)(NH3)3OH]NO3;
K[Pt(NH3)Cl3]. 

, , 
, , .

, , ,
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. , H2O 
 NH3; CN-  Cl ; NO2  OH .

6. - 
, 

. :
                                                                           NH2  CH2
                                       <                         ;            M<                        ;
                                                                           NH2  CH2

:  – , 2 4
2-

2 4(NH2)2
2- - .

, 
, 

, .
,  (

), 
, ,

, :

                         NaOOC  H2C                                         CH2  COO
                                                   >N  CH2 2  N<
                             OOC  H2C                                          CH2  COONa
                                                                     Ca
                                                               ( Mg)

.
, 

, 
. . 

:
, :  H2Cr2O7;  H4P2O;

 H2B4O7.
, : 

H3[P(Mo3O10)4]·nH2O;  H4[Si(Mo3O10)4]·nH2O;
 H4[Si(W3O10)4]·nH2O; 

H4[GeMo12O40].
 – 

, : [Cl2 AlCl2 AlCl2].
, 

, :   [(CO)5Mn – Mn(CO)5].
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, . 
, . 

, , 
: 1 – -, 2 – -, 3 – -, 4 – -, 5 – -, 6 – -,

7 – -, 8 – -. : H2O  –  -,  NH3 – -,
CN –  -, SCN – -, OH  – - , NO2  – -, Cl  – -,
Br  – -, I  – -.

, 
)  «– » 

. . :
Na3[AlF6] – ; K2[Zn(OH)4] –

; K4[Fe(CN)6] – ) ;
K3[Fe(CN)6] – ) ; K[Pt(NH3)Cl3]  –

) .

, ,

 ( ). 
. : [Al(H2O)5OH]Cl2 – 

; [Pt(H2O)(NH3)3OH]NO3 – 
); [Cr(H2O)6]Cl3 – 

); [Zn(NH3)4]SO4 – .

, 
. . :

[Co(NH3)3Cl3] – );  [Fe(SCN)3]  –
).

.

. 
 ( ) 

. 
 – 

.

[Ag(NH3)2 l  [Ag(NH3)2]+  + l  – .
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, , 
.
.

[Ag(NH3)2]+   Ag+ + 2NH3
0   –  .

, . 
:

.=
])([
]][[

23

3

NHAg
NHAg

. 
, . 

4. 
. 

:

. =
.

1 .

. 
-

 ( ). 
 ( ), 

, . 
, ,

. 

. 
.

 ( .) = 2
. . = 4 

: . . = 6
, 

,  – . 
. = 4  sp3– 

,  –  dsp2–  d2p2–
 ([AuCl4]-, [Pt(NH3)4]2+).   .  =  6

 d2sp3 . 
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. = 2  sp– 
 ([Ag(NH3)2]+).

, 

. , .
: )  –

- ; )  – ; ) 
) ; ) ; ) ; )

.

: : 
, , 

.

: ; ;
;  CoCl2 6H2O;

; : NiSO4; CuSO4; NaOH; Bi(NO3)3;
AgNO3; KI(0,5 .); Na2S2O3(1 .); FeCl3;  NaF;  dCl2; CdSO4; Na2S; HCl;

SO4; NH4OH(25%); Hg(NO3)2; NH4SCN( .); Co(NO3)2; CuCl2;
K4[Fe(CN)6];  K3[Fe(CN)6]; KSCN; FeSO4; NaCl; KI(0,1 .); (NH4)2S;
HNO3(2 .).

.

 1. 

1.1.  .

 NiSO4
 CuSO4  NaOH. 

 - 
),  – ). 

 25%-
.

 Ni2+ u2+

. 
?

:  Ni(OH)2  Cu(OH)2
 ( ) ; 
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 ( ) , , 
 = 6,  = 4. 

. 
 ( ),

 ( ), 
.

1.2. .

 4-5 , 
 CoCl2 6H2O .

, 
.

, , 
 = 6. 

.  (
),  ( ),

.

 2. 

2.1. .

 3-4  Bi(NO3)3
 0,5 .  KI 

).  2-3 
 (

 KI BiI3). 
. : K+, I , Bi3+ ?  (K+, I ,

Bi3+) ? ? 
?

: ) 
 ( ) ; 

 ( ) 
 ( ) . 

. 
.

2.2. .

 2-3  AgNO3
 1 .  Na2S2O3

. 

.
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: 
 ( ) ; 

 (
) , , 

 (Ag+) = 2. 
.

2.3.  [FeF6]3 .

 2 3 ) FeCl3
 4 3  NaF. 

 [FeF6]3 .

 ( ) 
.  (

),  ( ), 
. 

. 
.

2.4.  [CdCl4]2 .

 2-3 3  ( ) ) dCl2
(CdSO4)  Na2S. 

. 
 (HCl) 

.  Cd2+

 [CdCl4]2 .
:  CdS 

 ( ) ; 
 (

) , , 
 (Cd2+) = 4. 

. 
),  (

), .
.

 3. ,   
.

 2-3 ) 
K4[Fe(CN)6]  3-4  N SO4

) . 
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25%-  NH4OH .
 1-2 . 

 [Ni(NH3)6]2 [Fe(CN)6].
: 

 ( ) ; 
 (

) . 
. 

.

 4. 

4.1. 
.

. 
 3  (Hg(NO3)2) 

 (NH4SCN) 
 (Hg(SCN)2), . 

 4-5 
(Co(NO3)2) 

. .

 ( )
. , , 

 = 4.

 ( )
, 

) .

4.2. ) 
).

 4-5  ( ) 
CuSO4 (CuCl2) 

) ) K4[Fe(CN)6] -
: ) ).

) 
 ( )

, 
) ).
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4.3. .

 2-3 3 ) 
 ( ) ) K4[Fe(CN)6] 

 - )
) Fe4[Fe(CN)6]3.

) 
 ( ) ) 

) , 
) ).

4.4. .

 2-3 3 ) 
 ( ) ) K3[Fe(CN)6]

 - )
) Fe3[Fe(CN)6]2.

) 
 ( ) ) 

) , 
) ).

.

 5. 
).

)  2-3 3  FeCl3
 KSCN. 

) Fe(SCN)3. 
 Fe3+. 

 ( ) .

) ,  FeCl3
 ( ) ) K3[Fe(CN)6].

,  Fe3+.

)  2-3 3  FeCl3,  – 
 K3[Fe(CN)6]. 

 FeSO4. 
 (

 [Fe(CN)6]3 ).
 (

) .
.
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 6. .

     6.1. .

,  2-3 3

 AgNO3
 NaCl.  25%-

NH4OH ,  – 1 . 
 Na2S2O3 . 

 0,1 .  KI .
 AgI, 

?

 (  Ag+ = 2) 
.  AgI, 

. 
? 

, 
.

4.

6.2. 
.

, 
) CuSO4 2 . 

 NH4OH 
) (CuOH)2SO4, . 

)  ( u2+ = 4).
 2-3 

(NH4)2S. ? 
. 

 (NH4)2S? ?
? 

 (NH4)2S  (
) .

.
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6.3. 
.

 AgCl (  6.1.) 
 25%-  NH4OH. 

 (  Ag+ = 2).
 2 . 

HNO3 . 
 HNO3  (

) .

 NH4
+

 Ag+? ?
.

1. ?
2.  « »  « »?
3.

? ?
4.

? 
?

5.
),  – ?

6.  (s-, p-, d-, f-) 
?

7.  ( )?
8. ?
9. ?
10. ?
11.    ( ) ?
12. : , ,

?
13.

?
14. ? 

,  – ?
15. ? 

?
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:
1.

, .
2. , 

.  (s-, p-, d-, f-) 
? , 

. .
3.

). 
) . 

 ( ) 
.

4.
. 

.

. 5.1

1 [Ni(NH3)6]SO4 16 Ca[Al(OH)5H2O]
2 Na2[Pt(OH)6] 17 [Cr(NH3)6](NO3)3

3 K[Au(CN)2Br2] 18 [Ag(NH3)2]NO3

4 Ca[ZrF6] 19 K[Ag(CN)2]
5 K2[Cd(CN)4] 20 K3[Fe(CN)6]
6 [Pd(NH3)2(H2O)2 l2 21 Na2[HgCl4]
7 K2[PtCl4] 22 K2[Zn(CN)4]
8 Na[Pt(NH3)Cl3] 23 [Ni(H2O)6]Cl2
9 K4[Fe(CN)6] 24 K2[Hg(SCN)4]
10 [Zn(NH3)4]Cl2 25 Ba[Pt(CN)4]
11 [Co(NH3)6]Cl3 26 [Cu(NH3)6]Cl2
12 [Cr(H2O)6]Br3 27 H[Co(CN)4(H2O)2]
13 K2[Pt(NO2)2Cl4] 28 Ca[Al(OH)5H2O]
14 Na2[Co(CN)4(H2O)2] 29 H2[PtCl4(OH)2]
15 K[AuCl4] 30 Cr2[Hg(SCN)2Br2]3
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 3. 

6

: « »

, 
 ( ), . 

. 
, , ), 

. 
 ( ),  ( ), 

 – , .
 ( ), 

, 
, .

 – 
, 

.

. 
.

, 
. , 

, 
. 

, 
. , 

.

. 
.

, -
, , , 

. 
, 

 – . , 
, 

 ( ). , 
, 

. , , 
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. 
, , 

. , 
, , .

, , 
.

, 
,  – .

 – , 
 – .

 – , 
. 

. 
.

.

:

; V
m

mm
m

m
m

: ;
     m . , ( );

m , ( );
m , ( );

, ( 3);
     V , ( 3).

, .
, Cl 

 0,05 (  5%). :

m  = 100 ;  m .( Cl) = 5 ;              m  ( 2 )= 95 .

%  ( )  100

% =  100%         % = m
m  100%.
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 (Ni)  (n ) 
, ,

.

21

2
2

21

1
1 nn

nN;
nn

nN

n1 n2 ,
Ni .

 ( , m)
) . 

 1 .

,; 1000
mM

m
m
n

mm  ( ),

: m . , ( );
      m , ( );
      n . – , ( );

, ( ).
 – , 1  = 1000 .

.
.

,; VV
V

V
V

: . ;
       V . , ( 3);
       V   , ( 3);
       V , ( 3).

, 

(% .) =  100%

 ( , )
n V .

 1 3  (1 3 =
).
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,; MM VM
m

V
n

 ( ; 3).

3 . 
:  (HCl) = 0,1 3. 

 ( 3) .
 1  0,1 , 

; 0,01  0,001 .
. , 0,01  NaOH

,  1
0,01 NaOH, :

0,01  (NaOH) = 0,01  40  = 0,4  NaOH.

 (
, )

. 
 1 3

.
)(

; VM
m

V
n

3 .
:

 (H2SO4) = 1 3;         (Ca(OH)2) = 0,5 3.

 ( 3) , N.
 1  1 , 

; 0,1 ; 0,01
; 0,001  - . : 0,1  H2SO4

,  1
0,1

0,1  (H2SO4) = 0,1 . 49  = 4,9 H2SO4.

V . 
, 

(A)  V (A)= )  V ).

, 
:
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BBA VV ,

: ) )  ( )
                                         , 3);

V( ) V( ) , ( 3).

 ( ) . , 
 ( )  1 3  (1 3 = 1 ).

1000
;

1000
;

CC
V
m

, ;  3).

n( ) = m/M,  T V = m,

:   T V/  = m/  = n( ),

, 
 ( ).

: V
1000mC;1000C .

V
1000mC;1000C MM .

, 
.

 ( ) 
, 

, 

( , 3). 
)  ( 3).

:

3C
%
C%C MM

1000
100

1000

: 3.

3C
%

C%C 1000
100

1000 .
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1  ( ), 
 ( ),  ( m)  ( )

25%-  Na2SO4,  1,2 3.

.
, 

:

CM
1000 , C 1000

 (Na2SO4) = 142 
 (Na2SO4) = f  = 1/2 142 = 71 

 ( ):

32,1
142

0,2510001,2
MC

):
34,2

71
0,2510001,2C

 ( ) 
:

mM
m

m
1000

m, m  – 

m  = m  – m . = 100 – 25 = 75 .

2,35
75142

100025
m .

:

10001000
C

;
C

30,2982
1000

4212,130,2982
1000

714,2)( 42SONa .

: 32,1)( 42SONaCM , 34,2)( 42SONaC ;

2,35m ; .30,2982)( 42SONa
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2
 K l  120

 K l  0,04 (4%)?

.
:

= m /m
m  (KCl) = m (KCl) = 120  0,04 = 4,8

m  (H2O) = m  m(KCl) = 120  4,8 = 115,2 .

2 )=1 3
. :

V 2 )=
m

=
/1

2,115 =115,2

: m  (KCl) = 4,8  ; V 2 ) =115,2 .

3
 CuSO4

 50  CuSO4  0,03 
 CuSO4 5H2O.

.

 CuSO4.

m(CuSO4) = m  (CuSO4 ) = 50  0,03 = 1,5

 CuSO4 5H2O, 
 CuSO4.

          1  CuSO4  5H2O  1  CuSO4

         249,5  CuSO4  5H2O      -          159,5  CuSO4

      m  CuSO4  5H2O            -           1,5  CuSO4

m (CuSO4  5H2O) = (249,5  1,5)/159,5 = 2,34

          mK = m ( uSO4)+ maq

 maq , 

maq = m  - m ( uSO4) = 2,34 - 1,50 = 0,84 .

         m  = mK + m(H2O)= mB + maq + m(H2O),

 m(H2O) , 
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m(H2O)= m  mK  = 50,00 - 2,34 = 47,66 .

m(H2O)= m  - m(CuSO4) - maq = 50,00 -1,50 - 0,84 = 47,66 .

V( 2 )=
m

=
/1
66,47 = 47,66 

:  CuSO4  0,03
CuSO4 5H2O

 2,34  47,66 .

4
, K2Cr2O7  300  

0,2  K2Cr2O7.

.
 K2Cr2O7,  300  0,2 , 

:

V
1000mCM )

: V = 300  = 0,3 .
m(K2Cr2O7) = M(K2Cr2O7)  CM  V = 294  0,2  0,3 = 17,6 .

: m(K2Cr2O7) = 17,6 .

5
,  CaCl2  250  0,2 

 CaCl2.

.
 CaCl2,  250  0,2 , 
:

V
mC

m( aCl2) = (CaCl2)  CH  V = (M(CaCl2)/2)  CH  V;
m( aCl2) = 111/2  0,2  0,25 = 2,78 .

: m( aCl2) =2,78 .

6
 48%-  H2SO4  1,38 3

2,5  20%-  H2SO4  1,14 3. 
.
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.
, 

, , 
:

m1A + m2B = (m1 + m2)x,
 m =  V

:
m1 = 3  1,38 = 4,14 ,     m2 = 2,5  1,14 = 2,85 
 (3  1,38  48 + 2,5  1,14  20) = (4,14 + 2,85)

255,72 = 6,99
 = 36,58

 H2SO4  36,58%.
 1

:
5,5  H2SO4  255,72/98  H2SO4

    1  H2SO4           -                     H2SO4
 = 0,474 

:
                    CM (H2SO4) = 0,474 ; % ( H2SO4) = 36,58%.

 « »

            

 ( , ), 
. 

, 
». 

.

 ( ), 
 —  (  — ,

 — ).  (
) 

.  (  — ) ,
, 

.
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7
 50%-  85%-  40%-  (

)  15  85%-
35  40%- :

                 85%              15 .

50%

                 40%             35 .

 50%- ,
 250 , . 

. :
15·  + 35·  = 250

50·  = 250
 = 250/50
X = 5.

,  250  50%- , 85%-
 75  (15·  = 15·5 = 75),  40%-  – 175  (35·  =

35·5 = 175).

.

:  – , ;  – , 
;  –  ( , 

).  (  —
) , 

 ( ).

8
 35%-  25%- , 

25  10 .

               35%                        25 .

25%

              0%                          10 . .
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:
;

,

;

.

:  200-250 , 
100, 200, 250 ,  100  250 , 

; :  NaCl,  KCl,
 NH4Cl,  K2Cr2O7; :

 CuSO4·5H2O,   MgSO4·7H2O, 
Na2SO4·10H2O,  Na2CO3·10H2O.

 1.

.
:

1. 180  9% -  NaCl;
2. 125  15% -  CuSO4  CuSO4 5H2O;
3. 150  5% -  K2Cr2O7;
4. 110  6% -  MgSO4  MgSO4 7H2O;
5. 205  3% -  KCl;
6. 190  8% -  Na2CO3  Na2CO3 10H2O;
7. 145  7% -  NH4Cl.

, 
,  0,01 .

 (
), .

, 
. .

 200  250 .

. , 
(H2O)=1 3, 
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. 
, , 

.
:

.
 ( ) 

 ( ),  6.1.
:

 = [(  - )/ ]  100%,
                          = [(  - )/ ]  100%.

, .
 ( ), 

 ( ),  ( m)  ( )
.

 6.1. –

 ( 3)
, % NaCl Cl Na2SO4 K2SO4 K2Cr2O7 CuSO4 MgSO4 NH4Cl

1 1,007 1,005 1,007 1,006 1,005 1,009 - 1,001
2 1,014 1,011 1,016 1,015 1,012 1,019 1,018 1,004
3 1,022 1,017 1,026 1,023 1,019 - - 1,008
4 1,029 1,024 1,035 1,031 1,026 1,040 1,039 1,011
5 1,036 1,030 1,044 1,039 1,034 - - 1,014
6 1,044 1,037 1,053 1,048 1,041 1,062 1,060 1,017
7 1,051 1,043 1,063 1,053 1,049 - - 1,020
8 1,058 1,050 1,072 1,065 1,056 1,084 1,082 1,023
9 1,065 1,056 1,082 1,073 - - - 1,026
10 1,073 1,063 1,091 1,082 - 1,107 1,104 1,029
12 1,089 1,077 1,111 - - 1,131 1,126 1,034
14 1,104 1,090 1,131 - - 1,155 1,148 1,040
16 1,119 1,104 1,141 - - 1,180 1,172 1,046
18 1,135 1,113 - - - 1,206 1,196 1,051
20 1,151 1,133 - - - - 1,220 1,057
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 – , 
, , 

.
. , 

, 
, .

, 
.  50-100 

,
. 

, , , 
. 
. 

, 
 (

). , 
.

. 3.

. 3 –  
.
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 (
),

.
, ,

 (%). 
, , 

, 
 (

).
, 

,  – 
.

, 
. , ,

; 
, , .

 6.2.

 6.2. –

,
3,

% , 
-

, 
,

. . m

 2. (%)

. 
 1 ,

:
1. 250  5%-  NaCl;
2. 200  4%-  CuSO4;
3. 250  3%-  K2Cr2O7;
4. 200  4%-  MgSO4;
5. 250  1%-  K l;
6. 200  5%-  Na2 O3;
7. 250  3%-  NH4Cl.

 « », 
7, 8 . .
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 (  1), 
200  250 .

, 
 – .

1. – .
 6.3.

 6.3. –

V . ,
3

,
3

,
3

m

 ( .)  
 ( .) 

:
 = [(  - )/ ]  100%.

 ( ), 
 ( ),  ( m)  ( )

. 
1.3.

, .

 3. 

.
:

1. 250  0,05  K2Cr2O7;
2. 200  0,1  Na2SO4  Na2SO4 10H2O;
3. 100  0,1  MgSO4  MgSO4 7H2O;
4. 200  0,2  NaCl;
5. 250  0,05  CuSO4  CuSO4 5H2O;
6. 100  0,05  K2Cr2O7;
7. 250  0,15  KCl.
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, 
, , 

. .
,

.

.
, 

, 
.

.

.
( )

( )  :

 = [(  - )/ ]  100%.

, ,  (%),
 - , , (%).

 6.4.

 6.4. –

, 
. .

,
V -

,
3

,
3

,( ) (%)

, 
.
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1. .
2. .
3. ?
4.  – ?
5.

.
6.

? 
.

7. ?
8. , 

?
9. ,

?
10.  28 %-  1 %- ,

 7 %- ?
11.  20 %-

,  1,1 3?
12.  2 ,  0,4 

?
13. ,  300 

 10,5 ?
14.

 10  50 %,  800 , 
 =25 %?

15. ? 
?

16.  (  « ») 

?
17. ? 

?
18.

?
19. ?
20.

?
21. ?
22. ?
23. ?
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6

 6.5.

 1  2
, , m, T.

1 2 3

1  8%-
K3PO4  250 ?

8%-  K2SO4
 1,065 3

2  0,12 
40 ?

30%-  HNO3,
 1,184 3

3

 200 
 40 . 

, 
 1 .

12%-  H l,
 1,059 3

4

 170 
 1,8 . 

 0,88 . 
.

16%-  NaOH,
 1,180 3

5  300 
0,15   KCl?

21%-  H2SO4,
 1,151 3

6

 CuSO4 5H2O

 40
 CuSO4 2%?

30%-  Pb(NO3)2
 1,326 3

7

 40
 FeSO4 7H2O  3,5 .

(II) .

9%-  HNO3,
 1,05 3

8  1,4  CaCl2
 1,12 .

35%-  NaOH,
 1,383 3

9
400 , 
1,1  – 0,15, 

 60 . 
2SO4 .

6%-  KMnO4,
 1,041 3
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 6.5.

1 2 3

10

 200  2
KCl  40  1,09 .

 KCl 
.

80%-  H2SO4,
 1,732 3

11
 250 , 

 10%, 
 150 . 

.

19%-  HCl,
 1,094 3

12

 200 
, 

 20 %. 

150 . 
.

10%-  K2Cr2O7,
 1,070 3

13
 600

 560  ( ).

.

13%- ,
 1,109 3

14
 10% 
. 

 200 
 0,96 ?

10%-  FeCl3,
 1,085 3

15
 3  NaCl 

1,12 
200 , 

 NaCl 10%?

55%-  H2SO4,
 1,447 3

16

 3,5  NH4Cl  80 
 1,05

40  (  1
). 

.

10%-  Na2CO3,
 1,102 3

17
 40% 

 500
 K2CO3

15%?

17%-  H2SO4,
 1,120 3

18  20 % 
 40 

 6 %?

20%- aCl2,
 1,178 3
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 6.5.

1 2 3

19
 2  6  HCl

500  3 ?

21,75%-
NH3 H2O, 
0,920 3

20
 20  0,1

 8
NaOH.   NaOH  

?

65,3 %-  HNO3,
 1,400 3

21
 10%  20%.

 300
 12%?

49,4 %- ,
 1,530 3

22  Na2CO3
500  0,25 ?

39%-  HCl,
 1,200 3

23  0,1 
 CuSO4?

6%-  Al2(SO4)3,
 1,061 3

24
 30  0,1

 12 .
.

26%- ,
 1,241 3

25
 CuSO4 10%  ,  

 500
CuSO4 2%

86%-  HNO3,
 1,480 3

26
 0,2 

 MgCl2 0,04 
300 ?

31,75%-  NH3,
 0,890 3

27 , 
 50

 1,2 .

48%-  H2SO4,
 1,380 3

28
 2  Na2CO3

 1  0,25
?

4%-  BaCl2,
 1,034 3

29
 6  HCl 

 25  2,5
 HCl

28%- ,
 1,263 3

30  0,05
 100  1 ?

94%-  HNO3,
 1,500 3
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7

:
 ( )»

, 
, .

, 
. ,

.
, , 

, 
 – 

.
. 

(1883 .):
 ( ) 

)  ( ) ;

,  – 
;

;
 ( G  < 0), 

 (
) , 

 ( );

 – ;
: 

, , ,
.

 ( ) – 
, , 

:

N
n .
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 ( ) , 
. 

, , .
.

,  30 %. 
,  – HClO4,  H2SO4,

HNO3, HCl, HBr, HI;  ( ) – LiOH, NaOH, KOH, RbOH,
Ca(OH)2, Ba(OH)2.

 (  3%).

. , 
 – HClO, H2S,  H2SO3,  H2CO3,  H2SiO3, 

, ,  NH4OH.
,  3%

- H3PO4, HNO2, Mg(OH)2 – .
 – 

,  ( +) 
. . 

 – 3
+, 

+.
, :

1) H3PO4   H+ + H2PO4

1= ]PO[H
]POH[]H[

43

-42 = 7,5 10 5;

2) H2PO4
-   H+ + HPO4

2

2=
]PO[H

]HPO[]H[
-42

-24 = 6,3 10 8;

3) HPO4
2-   H+ + PO4

3

3=
][HPO

]PO[]H[
-24

-34 = 1,3 10 12.

:

H3PO4   3H+ + PO4
3

=
]PO[H

]PO[]H[
43

-343
.
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 ( ) – , 
.

 – , -
 ( -), :

OH + + OH
NH4OH   NH4

+ + OH

:

1) Pb(OH)2  PbOH+ + OH

1= ])([
][][

2OHPb
OHPbOH = 9,55 10 4;

2) PbOH+  Pb2+ + OH

2= ])([
][][ 2

OHPb
OHPb = 3,0 10 8.

:

Pb(OH)2  Pb2+ + 2OH

=
])([

][][
2

22

OHPb
OHPb

 – , 
, 

, :

Zn2+ + 2OH  Zn(OH)2 = H2ZnO2 2H+ + ZnO2
2

Al(OH)2
+ + OH  Al(OH)3 = H3AlO3  H2O + HAlO2  H+ + AlO2 .

: )2, Ga(OH)3, Cr(OH)3, Ge(OH)2, Pb(OH)2,
Sn(OH)4. : 2

+ + .

 ( ) – .
, :

Na2SO4  2Na+ + SO4
2

KAl(SO4)2  K+ + Al3+ + 2SO4
2

CaOCl2  Ca2+ + Cl- + ClO .
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. ,

:

1) NaHCO3  Na+ + HCO3

2) HCO3
-  H+ + CO3

2 .

) :

1) FeOHCl  (FeOH)+ + Cl
2) (FeOH)+  Fe2+ + OH .

+ . 
.

. 

.

 298    7.1.  7.2.

 7.1.  
                       (  = 298 )

HNO3 = 43,6

HBr =109

HI =1011

HCl =107

H2SO4
1=103;

2=10 2

HMnO4 =107
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 7.2.   (  = 298)

 = - lg 

HNO2 6,9 10 4 3,16
3 3 7,1 10 10 9,15

                1
                                                 2

H4GeO4
7,9 10 10

2,0 10 13
9,10
12,7

                  1
                                                 2

H2Se 1,3 10 4

1,0 10 11
3,89
11,0

                 1
                                                 2

H2 3
1,4 10 2

6,2 10 8
1,85
7,20

                 1
                                                 2

H2S
1,0 10 7

2,5 10 13
6,99

12,60
               1

                                                 2

2 3

2 ( )+ 2

4,5 10 7

4,8 10 11
6,35

10,32
3 1,74 10 5 4,76

          1
                                                 2

3 3
3,1 10 2

1,6 10 7
1,51
6,79

          1
                                                 2
                                                 3

3 4

7,5 10 3

6,3 10 8

1,3 10 12

2,12
7,20

11,89
                 1

                                                 2
H2 3

2,2 10 10

1,6 10 12
9,66

11,80
2,95 10 8 7,53

HCN 5,0 10 10 9,30
HF 6,6 10 4 3,18

             3 Al(OH)3 1,38 10 9 8,86

)
H3N + H2O

NH4OH
1,76 10 5 4,755

 ( )            2 Fe(OH)2 1,3 10 4 3,89
 ( )           2

                                                3
Fe(OH)3

1,82 10 11

1,35 10 12
10,74
11,87

                  2 Mg(OH)2 2,5 10 3 2,6
 ( )           2 Mn(OH)2 5,0 10 4 3,30

 ( )       1
                                                 2

Pb(OH)2
9,55 10 4

3,0 10 8
3,02
7,52

AgOH 5,0 10 3 2,30
                    2 Zn(OH)2 4,0 10-5 4,4
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 ( ) 
. 

:  (
) ,  1, 

 – 
,

.
 – 

:

 =
1

2

,

 –  ( ).

 1, 
 (1- ) 1. 

:

 = 2 ,       :      =

 ( )

. , , 
,  – . 

:
+ + –      2 2 3

+ + –.

:

 =
][

]][[

2
OH

OHH  = 1,8· 10 16.

 22
 55,55 ,   :

 ·[ 2 ]= [ +] –] = 1,8 10 16  55,55 = 1 10 14

, 
, :

= [ +].[OH–].

 ( +)  (OH–)  
.
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. 
 22 :

= [ +].[OH–]=10 14 .

,  [ +] = [OH– ]  = 10-14 .
, 

 ( +) -
 (OH–):

+] = [OH–] = 10 7 .

 [ +] > [OH–], :
+] > 10 7  ;         [OH–] < 10 7 .

 [ +] < [OH–], :
+] < 10 7 ;          [OH–] >10 7 .

, 
 ( ) 

 ( ):
 = -lg[ +];
 = -lg[ ].

 ( ) 
:

 = -lg  = -lg10 14 = 14.

= [ +].[OH–], 
:

 =  +  = 14.

, 
,                                      =   = 7.

:         < 7, pOH > 7.
:       pH > 7,  < 7.

 – , 
.
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 HInd 
Ind , .

HInd + + Ind–

Ind  Ind+ + –

,  –  – 
;  –  – ,

.
 7.3.

 7.3. 

<3,1) (3,1< <4,4) >4,4)

<4,2) (4,2< <6,3) >6,3)

<8,0)

-

(8,0< <9,8) >9,8)

<5,0) (5,0< <8,0) >8,0)

.
 ( ) 

.
, , , , .

 – , 

, 
.

.
 4 .

1) , 
.

 – 
 (1- . )

– LiOH, NaOH, KOH, RbOH, CsOH  
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 (2- . )
– Ca( )2, Sr( )2, Ba( )2.

 – HCl, HBr, HI, HNO3, H2SO4, HClO4.
Cl2,  Ca( )2

HCl, , 
 (H+ ):

Cl2 + 2  Ca( )2 + 2HCl
2+ + 2Cl  + 2 2+ + 2  + 2H+ + 2Cl

, 
2 :

Cl2 + 2  Ca( )2 + 2HCl

, 
. :   = 7.

2) , 
,

), : >7. 
 ( ) – H2S, 3

2 , SO3
2 , CN , CNS ,

CH3COO .
,  CH3COONa:

CH3COONa +  CH3COO  + Na
CH3COO  + Na+ +   CH3COO  + Na + + 

CH3COO +   CH3COO  + 
  ,  > 7.

 ( +) 
 – – - .
, ,

:   > 7.

.
. :

Na2S +  NaOH + Na S
2Na+ + S2- + Na+ + OH  + Na+ + S

S2- +  OH  +  S

. :
Na S + NaOH + 2S
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Na+ + S  + Na+ + OH + 2S
S  +  OH + 2S

:
Na2S +  2NaOH + 2S

2Na+ + S2- +  2Na+ + 2OH + 2S
S2- + 2OH + 2S

,  > 7

, , 
.  –  > 7.

 – . 
.

, .

3) , 
,

),  – < 7. 
 ( ) – Al3+, Zn2+, Mn2+, NH4

+ .
:

NH4Cl +  NH4  + HCl
NH4

+ + Cl  +  NH4  + H+ + Cl
NH4

+ +  NH4  + H+

,  < 7.

 NH4 , 
+,  –   < 7.

:
. :

Zn(NO3)2 +  ZnOHNO3 + HNO3

Zn2+ + 2NO3  +  ZnOH+ + NO3 + H+ + NO3

Zn2+ +  ZnOH+ + H+

. :
ZnOHNO3 + Zn(OH)2 + HNO3

ZnOH+ + NO3 +  Zn(OH)2 + H+ + NO3

ZnOH+ +  Zn(OH)2 + H+
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:
Zn(NO3)2 + 2  Zn(OH)2 + 2HNO3

Zn2+ + 2NO3  + 2  Zn(OH)2 + 2H+ + 2NO3

Zn2+ +  Zn(OH)2 + 2H+

 – ,  < 7.
 – . , 

.

4) , 
. :

CH3COONH4 +  CH3COO  + NH4

CH3COO +NH4
+ +  CH3COO  + NH4

:

CH3COO +  CH3COO  + 5
3 101,8

NH4
+ +  NH4  + + 5

OH4NH 101,8

, , - . 
, ,  7. 

, 
 –  (  = 7).

,
, :

Al2S3 + 6  Al( )3  + 3H2

Cr2S3 + 6  Cr( )3  + 3H2

Al2 3)3 + 6  Al( )3  + 3H2 3
                                                        

                                                             3 2   + 3 2

. .
(h )

).
 – , ,

:

,h
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 – ,
      – .

, , 
.

:

 +  +  ,

.

 [ 2 ] 
 55,5 . : 2 ] = const  

:

)(
2

-
-

,

: 2 - ; 2  = 1 10–14.

:

)

2

:

))

2

 – :
 ( ), , 

.
 ( )  ( ) 

:
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.
h1

h 2

 h <<1,               = h 2 ; .h

          , , 
.

 ( , ) 
 ( , ).

(h ) – . 
.  (

, ). 
. 

.

:
- ;
- 

; ;
- , .

:
- : 3 Na, 

Al2(SO4)3,  Na2 O3,  NaCl, 
) FeCl3,  Na3 O4,  SbCl2;

-  ( ) SnCl2, 
Cl (1:1), ;

- : , 
;

-  , ,  200 , 
.

 1. , .

)  Na2 O3.

 2  2-3  0,1  Na2 O3.
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. 
.

 7.4.
, 

 – . 
.  ( ).

,  – 
; ; 

 (<  >7); .

)  Na3 O4.

 2  2-3  1  Na3 O4.

. 
.  

 7.4.
, 

 Na3 O4 –  3- . 
.  ( ).

,  – 
; ; 

 (<  >7) .

)  Al2(SO4)3.

 2  2-3  0,5  Al2(SO4)3.
; 

. 
 7.4.

, 
 Al2(SO4)3 – . 

.  ( ).
,  – 

; 
;  (<  >7); , 

.

)    NaCl.

 2  2-3  0,5  NaCl.
,  –

, 
. 

 7.4.
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, 
.  ( ).

, ;  (<  >
 =7); , .

 7.4. –  1( ).

1
2
3
4

 2. .

 2-3 ) FeCl3
 4-5 . 
, 

.  5 
, .

, .
, 

 FeCl3 ). 
.  (  <  >7); 

.
, 

.

 3. .

 2-3  SbCl2
 4-5 . , .

, 
 SbCl2 ). 

.  (  <  >7) 
.

, 
.

 4. .

 2-3  SnCl2 (
)  2 . 

).
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, 
 SnCl2. .

 (  ) .
 2-3 

Cl (1:1) .
. . ,

 SnCl2.

1.
. .

2. ?
3. , 

?
4. ?
5. , , ?
6. ?
7. ?
8. ?
9.  ( ).
10. ?
11. ?
12. ?
13. ? 

?
14. ?
15. ?
16. ?
17. . , 

.
18. ? ,

.
19. ?
20.

.
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7

1. , 
 ( ) – 

7.5.
2.

. .
3.  ( )   , 

, .

.7.5.– 7.

1 SnCl2,    Na2S
2 AlCl3,    CH3COOK
3 Li2CO3,    MgSO4
4 RbCl,    CuSO4
5 NiSO4,   K3PO4
6 2SO3,    TiCl3
7 K2SnO3,    FeCl3
8 Mg(HCO3)2,    NiCl2
9 Ca(NO2)2,   CrCl3

10 CoCl2,   K2S
11 (NH4)2CO3,   KCl
12 FeSO4,   Na2SO3
13 Hg(NO3)2,   NH4NO3
14 Na2 O3,    NiCl3
15 ZnCl2,    CaS
16 NaNO3,   FeCl2
17 NH4Br, CuCl2
18 CaCl2,   NaNO2
19 Na3PO4,   CrCl2
20 MgSO4,   Na2S
21 NaNO2,   KCNS
22 Zn(NO3)2,   CaCO3
23 NaCN,   NH4NO2
24 K2CO3,   Cr(NO3)2
25 NH4Cl,   NaF
26 Na2HPO4,   ZnBr2
27 uCl2,   CH3COOK
28 CH3COONH4,   CoCl2
29 MnSO4,   KI
30 Sn (NO3)2,   Na2SO4
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.

, 
, , 

, 
.

, : ,
, , ,

, . 
,

:
1) ;
2) ;
3) , ;
4) ;
5) ;
6) ;
7)  ( , );
8) .

. 
, , 

. .
, , 

, 
.

, .

, ,
. 

:
.
.

, .

.
, , .

.
, .

.
.
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, 
. 

», , , 
,  - 

.

1. . . 
. – .: ,1998. – 480 .

2. . . . . –
.: , 2002. – 523 .

3. . . 
. .: , 2004. – 279 .

4. . . – . / . .
./- .: , 1985 . – 720 .

5. . : . 
/ . . .  – ., , 1988 . –

272 .
6. ., ., . – 

. .
. 4- . . – .: ., 2002. – 230 .

7.  A.M., ., . – , 1997 . –
389 .

8. . : -
. – 2- . . . – .: . ., 1988.

– 320 .
9. ., ., ., . 

. . – .: . ., 2000. – 489 .
10. . . . . –

.: . ., 1969. – 367 .



115

 1

 ( . .)

t . t . t . t .
0 4,58 25 23,76 50 92,51 75 289,1
1 4,93 26 35,21 51 97,20 76 301,4
2 5,29 27 26,74 52 102,1 77 314,1
3 5,69 28 28,35 53 107,2 78 327,3
4 6,10 29 30,04 54 112,5 79 341,0
5 6,54 30 31,82 55 118,0 80 355,1
6 7,01 31 33,70 56 123,8 81 369,7
7 7,51 32 35,66 57 129,8 82 384,9
8 8,05 33 37,73 58 136,1 83 400,6
9 8,61 34 39,90 59 142,6 84 416,8

10 9,21 35 42,18 60 149,4 85 433,6
11 9,84 36 44,56 61 156,4 86 450,9
12 10,52 37 47,07 62 163,8 87 468,7
13 11,23 38 49,69 63 171,4 88 487,1
14 11,99 39 54,44 64 179,3 89 506,1
15 12,79 40 55,32 65 187,5 90 525,76
16 13,63 41 58,34 66 196,1 91 546,05
17 14,53 42 61,50 67 205,1 92 566,99
18 15,48 43 64,80 68 214,2 93 588,60
19 16,48 44 68,26 69 223,7 94 610,90
20 17,54 45 71,88 70 233,7 95 633,90
21 18,65 46 75,65 71 243,9 96 657,62
22 19,83 47 79,60 72 254,6 97 682,07
23 21,07 48 83,71 73 265,7 98 707,27

24 22,38 49 88,02 74 277,2 99
100

733,24
760,00
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 4

. .

[Ag(NH3)2]+
9 10 8 [Fe(CN)6] 4 1 10-27

[Cd(NH3)4]2+
8 10 8 [Fe(CN)6] 3 1 10 44

[Co(NH3)6]2+
8 10 6 [Fe(SCN)] 2+ 5 10 3

[Co(NH3)6]3+
6 10 36 [Hg(CN)4] 2 4 10 41

[Cu(NH3)4]2+
5 10 14 [Hg(SCN)4] 2 1 10 22

[Ni(NH3)6]2+
2 10 9 [Ni(CN)4] 2 3 10 16

[Zn(NH3)4]2+
4 10 10 [Zn(CN)4] 2 2 10 17

[Ag(CN)2] 1 10 21 [CdCl4] 2 9 10 3

[Ag(S2O3)2]3
1 10 13 [CdI4] 2 5 10 7

[Cd(CN)4]2
1 10 17 [HgBr4] 2 2 10 22

[Co(CN)4] 2
8 10 20 [HgCl4] 2 6 10 17

[Cu(CN)4] 3
5 10 25 [HgI4] 2 5 10 31
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