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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%.

 (Ni)  (n ) 
, ,

.
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21

2
2

21

1
1 nn

nN;
nn

nN

n1 n2 ,
Ni .

 ( , m)
) . 

 1 .

,; mM
m

m
n 1000

mm  ( ),

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

, ( ).
 – , 1  = 1000 .

.
.

,; VV
V

V
V

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

, 

(% .) =  100%

 ( , )
n V .

 1 3  (1 3 =
).

,; MM VM
m

V
n

 ( ; 3).
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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 ).

, 
:

BBA VV ,
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: ) )  ( )
, 3);

V( ) V( ) , ( 3).

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

10001000

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 .



15

1  ( ), 
 ( ),  ( m)  ( )

25%-  Na2SO4,  1,2 3.

.
, 

:

CM
1000 , C 1000

 (Na2SO4) = 142 
 (Na 2SO4) = f  = 1/2 142 = 71 

 ( ):

32,1
142

0,2510001,2CM

):
34,2

71
0,2510001,2C

 ( ) 
:

mM
1000m

m

m, m  – 

m  = m  – m . = 100 – 25 = 75 .

2,35
75142

100025
m .

:

10001000
C

;
C

30,2982
1000

4212,130,2982
1000

714,2SONa 42 )( .

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

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

2115
/

, =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

6647
/
, = 47,66 

:  CuSO4  0,03
CuSO4  5H2O

 2,34  47,66 .

4
, K2Cr2O7  300  

0,2  K2Cr2O7.

.
 K2Cr2O7,  300  0,2 , 

:

VÌ
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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, , 
.

:

.
 ( ) 

 ( ),  1.1.
:

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

, .
 ( ), 

 ( ),  ( m)  ( )
.

 – , 
, , 

.
. , 

, 
, .

, 
.  50-100 

,
. 

, , , 
. 
. 

, 
 (

). , 
.

. 1.
, ,

 (%). 
, , 

, 
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 1.1. –

 ( 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

 1.2.

 1.2. –

,
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.
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 « », 
7, 8 . .

 (  1), 
200  250 .

, 
 – .

1. – .
 1.3.

 1.3. –

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;
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5. 250  0,05  CuSO4  CuSO4 5H2O;
6. 100  0,05  K2Cr2O7;
7. 250  0,15  KCl.

, 
, , 

. .
,

.

.
, 

, 
.

.

.
( )

( )  :

 = [(  - )/ ]  100%.

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

 1.4.

 1.4. –

, 
. .

, 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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1

 1.5.
 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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 1.5.

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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 1.5.

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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2

:
 ( )»

, 
, .

, 
. ,

.
, , 

, 
 – 

.
. 

(1883 .):
 ( ) 

)  ( ) ;

,  – 
;

;
 ( G  < 0), 

 (
) , 

 ( );

 – ;
: 

, , ,
.

.  ( )  –  
, , 

:

N
n .



31

 ( ) , 
. 

, , .
.

,  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
.



32

 ( ) – , 
.

 – , -
 ( ), :

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 .

. ,

:
1) NaHCO3  Na+ + HCO3
2) HCO3  H+ + CO3

2 .
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) 
:

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

+ . 
.

. 

.

 298    1.6.  1.7.

 1.6.  
                       (  = 298 )

HNO3 = 43,6

HBr =109

HI =1011

  HCl =107

H2SO4

1=103;

2=10-2

HMnO4 =107
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 1.7.   (  = 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.

 – , 
.

 HInd 
Ind , .
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HInd + + Ind–

Ind  Ind+ + –

,  –  – 
;  –  – ,

.
 1.8.

 1.8. 

<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 )

).
 – , ,

:
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,h

 – ,
      – .

, , 
.

:

 +  +  ,

.

 [ 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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. 
.

 1.9.
, 

 – . 
.  ( ).

,  – 
; ; 

 (<  >7); .

)  Na3 O4.

 2  2-3  1  Na3 O4.

. 
.  

 1.9.
, 

 Na3 O4 –  3- . 
.  ( ).

,  – 
; ; 

 (<  >7) .

)  Al2(SO4)3.

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

.  
 1.9.

, 
 Al2(SO4)3 – . 

.  ( ).
,  – 

; 
;  (<  >7); , 

.

)    NaCl.

 2  2-3  0,5  NaCl.
,  –

, 
. 

 1.9.
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, 
.  ( ).

, ;  (<  >
 =7); , .

 1.9. –  1( ).

1
2…

 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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2

1. , 
 ( ) – 

1.10.
2.

. .
3.  ( )   , 

, .

.1.10.– 2.

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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 2. .

3

: « . »

, 
, , .

. ,
, , , , 

, , , ;  ( ,
, , , , , , 

, ).
 ( ) 

,  ,   –
.

:
, 

. 
, 
.

 ( ) 
, .

, , , 
.
 ( ) – .

. 
, , 

.
, , -

, ), 

. , 
, .

: ,
, ,  - .

:  1) ; 2) ; 3) 
.
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) –
, ):

 = 1 , -1

,  1 ,  = 1 ,

 = 1: 10-9 = 109 -1.

, 
 > 1·10–7 . ,

, , , 
. , 

.
  

 < 1·10–9 . ,
. 

. 
, 

. 
, 

.

:

1·10–9  <  <1·10–7 ,           -   1  100 .

.

. , 
, . 

,
, . 

, 
.

,
.

 – S ,
,  1 3 :

S  = s
V
S , -1,
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: S  V – ;
      s  – .

.

 ( - ),  (
 – ),  (  – 

),  (  – 
). 

. :  – ,  –
 – ,  – ,  –

,  – .

 ( )  / 
 / 

 ( )
 / 

1 / 2
 / 

 ( )
 / 
 / 
 / 

. 
 ( ) 

 — ;  — .
, , 

 – . 
 ( ) , , AgI;  – 

, , , , ,
.

, , , 
,  ( ) - ,

.

.
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, , , 
. 
, 

, . 
. 

, 
; 

.

; 
. , , 

.

 ( ).

, 

. 
.

,
.

, , 
, .

. 

. 
, ,

.  –
, , , 

.
, 

, , 
. 

. 

), .

. 
, .

, 
 2·10–10 . 

.
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. 

. 
.

. 
; 

, 
, 

. 
, , 

,  ( ). 
 (

) 
. 

,  – .

, 
 ( ).

 ( , ,  – 
,  – ). 

, , 
:

FeCl3 + 3 2  Fe( )3 + 3 1,

:

AgNO3 + KJ  AgJ  + KNO3.

. , 
. 

. : , 
, 

. 
 (

–  « »). 
. , , 

, , 
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, . 
.

.
, 

. 
. 

. 
. 

,
, , .

 AgNO3
 NaCl  –

– Ag l,  (  AgNO3) 
, . , 

, :
1) ;
2) .

 (Ag+).  Ag l 
 Ag+ ,

. 
, .  Ag+

.

 ( ,  ( ), 
 –  NO3 ) – .

.

, , 
,

, . , 
, 

.
,
.

, ,
.

, , 
, 

.
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 AgCl,  AgNO3, 
:

{ m[AgCl] • n Ag+ • (n – ) NO3  }x+  •  NO3
                                                                                                                                                                           

-

 NaCl  AgNO3
 AgCl, , 

, :
[m (AgCl) • n C1  • (n – ) Na+]x  •  Na+.

, , 
, . 

,
.

, 
 (-),  –  (+). 

 ( ) 
.

 ( ) 
, , 

. 
.  - .

:
- ;
- 

;
- ;
- ;
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- ;
- ;
- .

, 

 (
) ,  (  –
).

 AgCl, , :

[m (AgCl) • n Ag+ • (n – ) NO3 ] x+ •  NO3 ,

NO3, 
 NO3 , 

. 
:

[m (AgCl) • n Ag+ • n NO3 ]0

, , ,
.

, .
1.

. 
, 

, ( ).
2. , , 

, 
. , ,

; , 
 – .

3. . 

),  –
.

, 
, 

 – .

:
~ 6

1

z
,    .
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, 
, 

.
4.

. 
, .

5.

 — . 
 0,03  .

, 
, 

. 
, .

, , . 
. 

, 
.

:
          - ;
          - 

;
           - 

).

:
- 2%-  FeCl3, ; : 

 NaCl  (1  ),   Na2SO4 (0,01 ),
)  K3[Fe(CN)6] (0,001 );

- ,  200 , 10 , ,
4 , 
12 .

 1. ).

 100 
 200 . 

.  10  2%-
 FeCl3  ( ) , 
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.  –
):

FeCl3 + 3H2O  Fe(OH)3  + 3HCl

) Fe(OH)3. 
 FeCl3

 Fe(OH)3, .
 FeCl3 ,

. 
,  Fe(OH)3

.

 2. .

 12  5  Fe(OH)3, 
 1.  4 

3- : NaCl (1 ), Na2SO4 (0,01 ),
K3[Fe(CN)6] (0,001 ). 

:

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

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

 30 . , 
. 

.
 2.1, 

 (+),  (-).
)  3-

, 
 3- .

 2.1 – .

:: 1 2 3 4
NaCl

Na2SO4
K3[Fe(CN)6]
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), 

 =
V

V , ;

: . – , ;
V . –  ( , 

 +),  (V ) 
, ;

V = 5  – .

,
.

, 
.

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

?
5. .
6.

?
7. ?
8. , 

.
9. ?
10. ?
11. .
12. .
13. ?
14.   ?
15. ?
16. ?
17. ?
18.

?
19. ?

?
20. ?
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3

1. , -

)  ( ) –  2.2.
2. , 

 ( ) 
 ( ). : ,

, , 
, , .

3. : Na+, Fe2+, Al3+, Cl–, SO4
2–, PO4

3– , 
. ,

.
4. , 

) 
). .

5. : Na+, Fe2+, Al3+, Cl–, SO4
2–, PO4

3– , 
, .4. 

, 
.

 2.2.– 3.

1 CuSO4 NaOH 16 K 2SO3 Zn(NO3)2
2 Na2SO4  Ba(OH)2 17 Ba(OH)2 FeCl3
3 Na2CO3  MgCl2 18 SnCl2 a(OH)2
4 AgNO3 Na2CO3 19 ZnSO4 PbCl2
5 Li2CO3  Fe(NO3)2 20 NH4OH MgCl2
6 Mn 2 K2CO3 21 Na3PO4 CuSO4
7 K3PO4 AlCl3 22 CaCl2 K2CO3
8 NiBr2 K2S 23 Fe(NO3)2 K 3PO4
9 K2SiO3 ZnI2 24 Fe2(SO4)3 Na3PO4
10 ZnCl2 KO  25 Na2S FeSO4
11 CoCl2 Na3PO4 26 CrCl3 K 2S
12 HCl K2SiO3 27 Li3PO4 Cr(NO3)3
13 Na3PO4 HgCl2 28 Cu(NO3)2 Li2CO3
14 Na 2S NiCl2, 29 (CH3COO)2Zn Na2S
15 Pb(NO3)2 Na2SO4 30 KI (CH3COO)2Pb
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 3. .

4

: « »

, 
, 

2 .
, 

. , ,
, , , 

. . :
Na3PO4 + AlCl3 = AlPO4  + 3NaCl

CO3 + SiO2 = CaSiO3 + CO2

Cu(OH)2
0t  CuO + H2O.

, 
. 

. :

                                                      0        +           2+             0
Zn + 2HCl = ZnCl2 + H2

 0 
+2,  –  +1  0.

 ( ),
. ,  ( , ), 

; 
,  – .

 ( , ), 
,  – ,

 – . 
: ,  –

.
 ( ) 

.  – .

, 
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. 
.

. 
( ),  (+)  (-) .

:
1. .

 ( -2), , 
 = -2. 

 -  ( +2) 
 ( –): +2      +       +        2+

OF2;  2 2; Na2O2; CaO2.
+)

= +1.  – 
 = -1, :

+      +2
Na ; Ca 2.

(F-)  = -1.
 1- ) 

 = +1.
 (  2- ) 

 = +2.

: Zn+2; Cd+2; Al+3.
2. , 

,  = 0. :
0        0         0         0        0    0        0        0
O2; H2; Cl2; Br2; N2; S; Fe; Zn.

3.
.

,  = +1, 
 –  = -1.

4. , , 
, 

.
:

+4 2 3  +                   +
SO2;           NH3;            HCl.

 = 0.
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5. ,  AlPO4, 
 ( ) :  Al 

 = +3, 
 = -2; , 

,  =0.
+3 2

                                                          AlPO4
+3+ +(-2).4=0;    = +8-3= +5.

      AlPO4  = +5.
6.

.  (
) , , , 

. 
,

.
, 

. ,
,  – .

 2 :
- , 

, ;
- , 

.
-

.

:

1.
:

KMnO4 + KI + H2SO4  MnSO4 + I2 + K2SO4 + H2O.

2. , 
; 

, 
, :

+  +7  -2        +  -        +  +6  -2        +2  +6  -2         0        + +6 -2        +    -2
KMnO4 + K I  + H2SO4  MnSO4 + 2I  + K2SO4 + H2O.

3.
, , 

, :
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         +                 -         +         -            +            2-           2+          2-           0          +           2-            0
K + MnO4 + K + I  + 2H + SO4 Mn + SO4 + 2I + 2K + SO4 + H2O.

4.
, ;

; 
( ),

; 
:

    -          +                      2+              0

MnO4+ 8H + 5 = Mn + 4H2O | 2 | ;  
2I– - 2 = I2

0 | 5 | ;  
_____________________________________________________

2MnO4
– +16H+ +10 I– = 2Mn2+ + 8H2O0 +5I2

0

5.
, 

, 
:

2KMnO4 + 10KI + 8H2SO4 = 2MnSO4 + 5I2 + K2SO4 + 8H2O.

. 

.

. ,
5 .

.
 (M ) 

 (M) (n ),
:

M   =
en

 .

, 
: M (KMnO4) = 5

)( 4KMnOM =
5

158 =31,6 .

:

M (K ) =
2

)(KIM =
2

166 = 83 .
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 3 : ,

).

, -
, :

+2                  0       +2                  0
CuSO4 + Zn = ZnSO4 + Cu.

, .

, 
. 

, :

                                                 -3          +6              0           +3
(NH4)2Cr2O7 = N2  + Cr2O3 + 4H2O.

 ( )

. 
, 

, , 
, :

0                             -              +
Cl2 + H2O = HCl + HClO.

, 
, 

,  – . 

, 
. ,  
. :

-3     +3             0
NH4NO2 = N2 + 2H2O.

, 
. 

, ,  – .
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.
          

,  – 
.  (

) 
 ( G), . ,

G. , 
 ( ) , 

. 
 ( 0) 

 ( G) :

n·F· 0 = - G,
: n – , 

;
       F – , F = 96500  ( , 

);
       0 –  ( ).

 ( 0) 
:
0 = 0 .) – 0 .),

: 0 .) –  ( );
      0 .) –  ( ).

 (  25 ) 
 1.

 (
) . , 

 ( G<0), 
 (

). G>0, 
,  ( )

. G=0, .

, , 
 Pb(NO3)2 , 

:

Pb(NO3)2 + 3 3 + 2  = Pb + NO3 + 3 4 .
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, 
:

0 (Pb2+ +2 = Pb0) = - 0,13 ;
0 ( 3 4 + 2 + +2 = 3 3 + 2 ) = -0,28 .

: , , 

, 
:

+2 +5  -2        +1 +3 -2       +1  -2       0      +1 +5 -2    +1 +5 -2
Pb(NO3)2 + 3 3 + 2  = Pb + NO3 + 3 4 ;

Pb+2 + 2NO3
– + 3 + + 3

3- + 2
0 = Pb0 + + + NO3

– + 3 + + 4
3-;

Pb2+ +2 = Pb0                                  | 1| , 
3 3 + 2  – 2 = 3 4 + 2 + | 1| , 

Pb2+ + 3 3 + 2  = Pb0 + 3 4 + 2 +

Pb(NO3)2 + 3 3 + 2  = Pb + 2 NO3 + 3 4 .

:
0 = 0 .) – 0 .);   0 = - 0,13 – (- 0,28) = -0,13 + 0,28 = 0,15 ;

:

G = - n·F· 0 ;        G = - 2· 96500 · 0,15 =  -28950 ;

G < 0  c .

:
          - 

;
          - ; 

;
         - 

.

:
         - :  HCl (2 ),  H2SO4 (2 ),

 KOH,  ( ) FeCl3,  KI,
 KMnO4,  NH4SCN  KSCN,

 K2Cr2O7;
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         - ; ; l;
         - :  FeSO4,  Na2SO3;
         - , .

 1.  ( +).
 2-3  HCl (2 ) 

. 
. ?

, ,
. 

.

.

 2. -  ( ).
 2-3  ( ) 

1-2  KI – .

 1-2 . 
.

:

Fe3+ + I–  Fe2+ + I2
0

. . 
.

.

 ( )  ( ).

 3. )  – .
 2 

KMnO4  H2SO4
(2 ). 

 FeSO4 .
 – 

 MnO4
–  Mn2+.

 NH4SCN  KSCN 
, ) Fe2+

) Fe3+:

6KSCN + Fe2(SO4)3 = 3K2SO4 + 2[Fe(SCN)3].
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) 
:

MnO4
– + + +  Fe2+  Mn2+ + Fe3+ + 2 .

:
- ;
- ;
- ;
- ;
- .

MnO4
-  ( )  ( ).

 4.  K2Cr2O7.
 2-3 K2Cr2O7

), 
 H2SO4 (2 ). 

FeSO4 . .
:

K2Cr2O7 + FeSO4 + H2SO4  Cr2(SO4)3 + Fe2(SO4)3 + K2 SO4 + H2O.

:
- ;
- ;
- ;
- ;
- .

 Cr2O7
2-

 Cr3+,  Fe 2+,  Fe 3+.

 5. 
.

) : <7.
 2-3  KMnO4

 H2SO4 (2  ). 

 Na2SO3 . 
, 

 MnO4
–   Mn2+. :

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

:
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- ;
- ;
- ;
- ;
- .

 MnO4
–  

.

) : =7.
 2-3  KMnO4,

 Na2SO3 . 
,  MnO4

–

V) MnO2. :

KMnO4 + Na2SO3 + H2O = MnO2 + Na2SO4 + H2O.
                                   

:
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 KOH. 
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–  
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2–  . :

KMnO4 + Na2SO3 + KOH = K2MnO4 + Na2SO4 + H2O.
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- ;
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 MnO4
–  

.
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, :

K2MnO4 + H2O = KMnO4 + MnO2 + KOH
                                       

:
- ;
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- ;
- .

MnO4
2–  .

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

?
6.

? .
7. ?
8. ?
9. ?
10. ?
11.

? .
12.

? .
13. ?
14.

.
15. , 

.
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4

1.
.

2. .
3. -

.  –  – .
4.

. .
5. .

 3.1.– 3.

1 H3P + KMnO4 + H2SO4  H3PO4+MnSO4+ K2SO4+H2O;
Bi2O3 + Cl2 + KOH  KCl + KBiO3 + H2O.

2 PbS + HNO3  S + Pb(NO3)2 + NO +H2O;
I2 + Ba(OH)2  Ba(IO3)2 +  BaI2 + H2O.

3 KBr + KBrO3 +  H2SO4  Br2 + K2SO4 + H2O;
NaCrO2 + PbO2 + NaOH  Na2CrO4 + Na2PbO2 + H2O.

4 SO2 + Br2 + H2O  H2SO4 + HBr;
MnSO4 + KClO3 + KOH  K2MnO4 + KCl + K2SO4 + H2O.

5 KNO2 + PbO2 + HCl   KNO3 + PbCl2 + H2O;
KMnO4 + Ag + H2O  MnO2 + KOH + Ag MnO4.

6 MnSO4 + PbO2 + HNO3  HMnO4 + Pb(NO3)2 + PbSO4 + H2O;
Te + KOH  K2TeO3 + H2Te + H2O.

7 As2O3 + I2 + KOH  K3AsO4 + KI + H2O;
FeSO4 + KMnO4 + H2SO4  Fe2(SO4)3 + K2SO4 + MnSO4 + H2O.

8 MnSO4 + KClO3 + KOH  K2MnO4 + KCl + K2SO4 + H2O;
KBr + KBrO3 +  H2SO4  Br2 + K2SO4 + H2O.

9 HgS + HNO3 + HCl  HgCl2 + S + NO + H2O;
P + KOH + H2O  KH2PO4 + H3P.

10 ClO2 + H2O  HClO3 + HCl;
KI + K2Cr2O7 + H2SO4  I2 + Cr2(SO4)3 + K2SO4 + H2O.

11 AgNO3 + AsH2 + H2O  Ag + H3AsO4 + HNO3;
Zn + NaNO2 + NaOH + H2O  Na2[Zn(OH)4] + H3N.

12 Bi2O3 + Cl2 + KOH  KCl + KBiO3 + H2O;
H3P + KMnO4 + H2SO4  H3PO4+MnSO4+ K2SO4+H2O.

13 Na2C2O4 + KMnO4 + H2SO4  MnSO4 + CO2 + H2O + K2SO4;
PbO2+ H2O2  + Pb(OH)2 + O2.

14 KI + K2Cr2O7 + H2SO4  I2 + Cr2(SO4)3 + K2SO4 + H2O;
Al + KOH + H2O  KAlO2 + H2.
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15 Cu2O + HNO3  Cu(NO3)2 + NO + H2O;
H2O + KBrO + Fe(OH)2   Fe(OH)3 + KBr.

16 K2S + KMnO4 + H2O  S + MnO2 + KOH;
C + HNO3 + H2O  CO2 + NO2 + H2O.

17 KMnO4 + HBr  KBr + MnBr2 + Br2 + H2O;
Zn + KOH + H2O  K2ZnO2 + H2.

18 P + HNO3 + H2O  H3PO4 + NO;
Cr2O3 + KOH + H2O  K2CrO4 + H2.

19 KNO2 + H2SO4 + K2Cr2O7  KNO3 + Cr2(SO4)3 + K2SO4 + H2O;
CaH2 + H2O  Ca(OH)2 + H2.

20 P + HIO3 + H2O  H3PO4 +  HI;
H2O2 + KMnO4  MnO2 + O2 + KOH + H2O.

21 Na2S2O3 + HCl   S + SO2 + NaCl +H2O;
Na2H2 + H2O  NaOH + H2.

22 KNO2 + H2SO4 + KMnO4  KNO3 + MnSO4 + K2SO4 + H2O;
AgNO3 + N2H4 + KOH  Ag + N2 + KNO3+ H2O.

23 I2 + Ba(OH)2  Ba(IO3)2 +  BaI2 + H2O;
Zn + HNO3    Zn(NO3)2 + N2 + H2O.

24 H2O + KBrO + Fe(OH)2   Fe(OH)3 + KBr;
Ag + HNO3    AgNO3 + NO2 + H2O.

25 SO2 + NaIO3 + H2O  H2SO4 + NaI;
Rb + H2O  RbOH + H2.

26 NaCrO2 + PbO2 + NaOH  Na2CrO4 + Na2PbO2 + H2O;
Cu + HNO3    Cu(NO3)2 + NO + H2O.

27 FeSO4 + KClO3 + H2SO4  Fe2(SO4)3 + KCl + H2O;
S + KOH  K2SO3 + K2S + H2O.

28 H2O2 + KMnO4 + H2SO4   MnSO4 + K2SO4 + O2 + H2O;
K + H2O  KOH + H2.

29 HCl + CrO3   Cl2 + CrCl3 + H2O;
NaMnO4 + NaOH  Na2MnO4 + O2 + H2O.

30 Zn + H2SO4    ZnSO4 + H2S + H2O;
BaH2 + H2O  Ba(OH)2 + H2.
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 1

25 .

, 

SO4
2– + 8H+ S2–+ 4H2O SO4

2– + 8H+ +8  S2– + 4H2O 0,149
S + 2H+ H2S ) S + 2H+ + 2  H2S 0,17
S4O6

2– 2S2O3
2– S4O6

2– + 2  2S2O3
2- 0,15

S2O8
2– 2SO4

2– S2O8
2-+2  2SO4

2– 2,05
Fe3+ Fe2+ Fe3+ + 1  Fe2+ 0,77
HNO2 + H+ NO + H2O HNO2 + H+ + 1  NO + H2O 0,99
NO3

– + 2H+ NO2
– + H2O NO3

– + 2H+-1  NO2 + H2O 0,84
NO3

– + 2H+ NO2
– + H2O NO3

– + 2H+ - 1  NO2 + H2O 0,81
NO3

– + 10H+ NH4
+ + 3H2O NO3

– + 10H+ + 8  NH4
+ + 3H2O 0,87

NO3
– + 4H+ NO + 2H2O NO3

– + 5H+ +3  NO + 2H2O 0,95
NO2

–+2H+ NO )+H2O NO2
– + H+ + 1  NO + H2O 0,98

I2( ) 2I– I2 + 2  2I– 0,54
IO3

– + 6H+ I– + 3H2O IO3
– + 6H+ + 6  I + 3H2O 1,08

2H+ H2 2H+ + 2  H2 0,00
O2( ) + 4H+ 2H2O O2 + 4H+ + 4  2H2O 1,23
H2O2 + 2H+ 2H2O H2O2 + 2H+ + 2  2H2O 1,77
PbO2 + 4H+ Pb2+ + 2H2O PbO2 + 4H+ + 2  Pb2+ + 2H2O 1,46
Br2( ) 2Br– Br2 + 2  2Br– 1,07
MnO2( ) + 4H+ Mn2+ + 2H2O MnO2 + 4H+ + 2  Mn2+ + 2H2O 1,28

MnO4
– + 2H2O MnO2( ) + 4OH– MnO4

– + 2H2O + 3  MnO2 +
4OH– 0,57

MnO4
– + 8H+ Mn2+ + 4H2O MnO4

– + 8H+ + 5  Mn2+ + 4H2O 1,51
MnO4

– + 4H+ MnO2 + 2H2O MnO4
– + 4H+ + 3  MnO2 + 2H2O 1,69

F2 2F– F2 + 2  2F– 2,85
Cl2( ) 2Cl– Cl2 + 2  2Cl– 1,36
ClO3

– + 6H+ Cl– + 3H2O ClO3
– + 6H+ + 6  Cl–  + 3H2O 1,44

ClO– + H2O Cl– + 2OH– ClO– + H2O +2  Cl– + 2OH– 0,89
Cr2O7

2– + 14H+ 2Cr3+ + 7H2O Cr2O7
2– + 14H+ + 6  2Cr3+ + 7H2O 1,36

CrO4
2– + 4H+ CrO2

– + H2O CrO4
2– + 4H+ + 3  CrO2

– + 2H2O 0,95
H3AsO4 + 2H+ HAsO2 + 2H2O H3AsO4 + 2H+ + 2 HAsO2 +2H2O 0,56
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