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     , 
    ,    

 . 
       

      : 
«   » [1], «  », 
«    » [2,3,4], 
«  .  » [5], «  

» [1,5,6].       
      

       
 .  

   .  
      

   . 
      

 : 
1.        . 
2.    -  

,   . 
3.   . 
4.        

. 
5.        

   . 
6.   . 

       
      

 ,     . 
   ,     

 ,    ,  : «  
    №….»    . 

     . 
      , 

   . 
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 1.    

 
      -

 : , , ,   . 
   ,   

 ,     .  
 ,      

(Na2O, CaO, CuO, FeO),  ,   
(SO3, N2O5, CO2), ,   

    2÷4 (ZnO, Al2O3, SnO2)  
  ( , N2O, NO).   
 - ,  ,   

       
 : 2S 4  2 + + S 4

2–; l  H+ + Cl–.  
      -, -, 

-  . .,   :   
 ( 3 4, H2S),    : 

    .    
,      10-2 

(П  3).        
: 2S2 7  2 + + S2 7

2–,  –   
: H3PO4  H+ +  H2PO4

–  H+ + HPO4
2–  H+ + PO4

3–. 
   ,  

,       
  –: + + –; ( )2  2+ + 2 –. 

     -, -, 
-  . .,    :   

  .  ,    , 
     : ( )2  2 – + 

2+,   –   : u( )2  uOH+ + OH– 
 u2+ + OH–. 

    
.    –    

   .   
      
 ,      

   :  Al2O3 + 6 l  2Al l3 + 3H2O 
 Al2O3+ 2   2 [Al(OH)4] + 2 ,   
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: AlO2  Al(O )3.  

      -
  ,    

    .  
 -  ,    -

       . -
     ,  -
     : Al l3  Al3+ +  3 l– .  

      ,  
  .      

(   )     
 . К      
     +.   

       
– .       

  :    
 ,  : , ,   

   ,  
     

, ,  (VII)   
,  (III)     . . 

(c . П  1).  
       

  (   (II),  
  . ). 

      
    ,   4 10 – 

,    
  2 5 –   (V). 

      
 ,   – 

 (   – 3,  
 (VI)  – 2S2 6( 2), ,  . 

.).      
    . .   . . [1]. 

      
   ,    
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   ,     
,        ( , 

  ).       
        

 . 
      , 

, - ,        
    . - , 

         
(   )   . - , 

    ,   
. - ,      

  ,    
   ,   

 -  -  -. 
 1: 

2S 4                                         ( )2                               S 4 

 

       
    . 

1.       
. 

2.      ,  
      . 

3.      (    
). 

4.        
 . 

 2:                   2 I( )3 + 3 2S 4  I2(S 4)3 + 6 2  
 

S  

    

    

    

    
S   
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 . 

      ,   
     .  

   .  
   .   

  ,  .    
     ,    

   .    
     ,     
 , «  ». 

 

 3:             Cr2 3 

                                     +  2 
      

                              -------------------- 

                                               2Cr2 4  Cr 2 – х о и ая и о а.  
,      

 . 
,      

    ,  
     .   

,        
 +1,   –2.  ,   
      0. 

 

 4: 
     , 

   – 2Cr2 7,    
    .     
 ,   –   : 2

+
 Cr2  7

–2 
 2(+1) + 2  + 7(–2) = 0.  , ,   = +6.  
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,     Cr +6 –2   
,        

,   6  = 2 .     6, 
, 6 ·1 = 2 · 3,     Cr2

+6 
6
–2   

Cr 3. 
  

 
    1 

    .   . 
   : 

 

1.   +   (III). 
2.   +  . 
3.   +  . 
4.   +   (III). 
5.   +  . 
6.   +  . 
7.   +  . 
8.   +   (III). 
9.   +   (III). 
10.   +   (III). 
11.   +  . 
12.   +   (IV). 
13.   +   (III). 
14.   +  . 
15.   +  . 
16.   +  . 
17.   +  . 
18.   +  . 
19.   +   (II). 
20.   +   (III). 
21.   +  . 
22.   +   (II). 
23.   +  . 
24.   +   (III). 
25.   +  . 
26.   +   (III). 
27.   +  . 
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28.   +   (III). 
29.    +   (III). 
30.   +   (II). 
31.   +  . 
32.   +   (IV). 
33.   +   (III). 
34.   +  . 
35.   +  . 
36.   +  . 
37.   +   (II). 
38.   +   (III). 
39.   +  . 
40.   +   (II). 
41.   +   (III). 
42.   +  . 

 

      . 
     :  

)    ; )   . 

43.  ,  . 
44.   (III),  .  
45.  ,  . 
46.  ,  . 
47.  ,  . 
48.  ,   (III). 
49.   (III),  . 
50.  ,  . 
51.  ,  . 
52.  ,  . 
53.  ,   (II). 
54.  ,  . 
55.  ,   (III). 
56.  ,  . 
57.  ,  . 
58.  ,   (III). 
59.  ,  . 
60.  ,  . 
61.  ,  . 
62.   (III),  . 
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63.  ,  . 
64.  ,   (II). 
65.   (III),  . 
66.  ,  . 
67.   (III),  . 
68.  ,  . 
69.  ,  . 
70.  ,  . 
71.  ,  . 
72.  ,  . 
73.  ,   (III). 
74.   (II),  . 
75.  ,  . 
76.  ,  . 
77.  ,  . 
78.  ,   (I). 
79.  ,  . 
80.  ,   (II). 
81.  ,  . 
82.  ,  . 
83.  ,  .  
84.   (III),   (III). 

  

 2.   
 

    .  
        

 .  
    ,   

       
 ,      

 .  
       [2], 

     ,  
    1   1   

.  
 , ,    

 ,      , 
   ,    
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. ,   ,   

        . 
 

 1:  

1. 1  a(OH)2 + 1  H2SO4  1  aSO4 + 2  2 ,  
2. 2  a(OH)2 + 1  H2SO4  1  ( a )2SO4 + 2  2 , 
3. 1  a(OH)2 + 2  H2SO4  1  a(HSO4)2 + 2  2 . 

  1  2      
    ,    
  1   2+,    – 2  2+, 

      .   3 
  1  ,     

 ½ 2+.        
.  

К    (z)  , 
    щ  (, )  -

     ( ).  
,        = m /  ( ),  

  –  1   (  ),   
/ ,                          z = m /  ( ), 

  –  1 -   (  
), , ,  / -     

/ .      
  . 

          
  m1  a(OH)2, m2  H2SO4, m3  aSO4, m4 

 ( a )2SO4, m5  a(HSO4)2   m6  2 ,  
       

,    (  m1),  
  :  

 1-     
m1 / m2 = 1 / 2,  m1 / m3 = 1 / 3,  m1 / m6 = 1 / 2 6, 

 2-   
m1 / m2 = 2 1 / 2,  m1 / m4 = 2 1 / 4,  m1 / m6 = 2 1 / 2 6, 

  3-   
m1 / m2 = 1 / 2 2,  m1 / m5 = 1 / 5,  m1 / m6 = 1 / 2 6. 

   ( , / )   
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 .     
      .  

        
  1, 2, 3, 4, 5, 6, / , , 

     . 
      (   

   ).  
     

     , ,  
 3:        m1 / m2 = 1 / 2,   m1 / m5 = 1 / 5,   m1 / m6 = 1 / 

6. 
 

  ,  

                m1 / 1 = m2 / 2 = m5 / 5 = m6 / 6 = z = const, 

 z –   , , 
     . 

 ,    
ν ·  = m,     z ·  = m,      
z ·   = ν ·  ,     
z /  =  /  = n, / .  

  ,     
 ,   .    

n   .     
     . ,  

   ,   
      

  ,            
                                  =  / n. 
Э   n     

   . 
1.    n =  (    

     ).  
      .9:  

1)  H2SO4 = M / 2;    2)  H2SO4 = M / 2;    3)  H2SO4 = M / 1. 

2.    n =  (   
    ). 

1)  (OH)2 = M / 2;   2)  (OH)2 = M / 1; 3)  (OH)2 = M / 2. 
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3.    n =    ( ) ×  
 . 

1)  SO4 = M/2;  2)  ( OH)2SO4 = M/2;  3)  (HSO4)2 = M/2. 

  , : 

       Al(HSO4)3 + 6NaOH  Al(OH)3 + 3Na2SO4 + 3 2 . 

    Al(HSO4)3, , 
     :  1 

   6  , ,  
   1/6   ,  

NaOH = MNaOH        

 1/6Al(HSO4)3 + 6/6 NaOH   1/6 Al(OH)3 + 3/6 Na2SO4 + 3/6 2 . 

4.        
  ( )   n = ,   

    .  
 :      1. H2SO4 + g  gSO4 + 2 , Mg  = M / 2; 

                          2.  S + 2  2S,                 S = M / 2. 
5.         

     n = ,   
   . 

,      
:   4 - IV,   - II,   

      , 
,               / 4 = 12 / 4 = 3   / 2 = 12 / 2 = 6. 

       
 ½·  = 16 / 2 = 8, . .  1    ½ 

  . 
6.   n =    ×   
 ,       

     : 
                             =  +  . 

 2: Fe2O3 = (56×2 + 16×3) / 6 = 160 / 6 = 26,7 / , 
                 Fe2O3 = Fe +  = 56 × 2 / 6 + 8 = 26,7 / . 

      
,      

 VЭ.  
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  , 1     
  ( . .)  22,4  (   

 – V ), , V  = V  / n ,  n –  
. 

 ,     
       

:                   m1 / 1 =  V1 / V 1 ; m1 / V 1 = 1 / V 1. 

  

    2 

 
1.   9,797   H3PO4   7,998  

NaOH.    3 O4,     
.      .  

2.   ,    0,7  
2 ( . .),     27.  

3. 2,14    2  2 ( . .).   
. 

4.    28,57  % ,   
   48,72  % .   

. 
5.   8,43    0,147  5  %-

  2S 4.      
 .  

6.   3,6     1,7  
2 ( . .).   . 

7.   ,    
 I4 3 + 12 2  = 4 I( )3 + 3 4,   99,85 

  .    1 
/ . 

8.    13,61        
5,61  .   KH2PO4     

 . 
9.    ,  31,58 % 

.   ,   
  3. 

10.   1,2     
 0,27  .   . 
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11.    56,2.   
    . 

12.    ,  
64,9  % Au  35,1  % Cl.  

13. 2     1,12  2 ( . .). 
      . 

14.   , ,    
 52  %  . 

15.   2 ( . .)     
112   ,  71,43  % ? 

16.  1  2 ( . .)  1,4 .    
   2,1  ? 

17.      S,  3,24  
  3,48    3,72  . 

18.   2 ,     65,2  % As, 
  – 75,7  % As.     

     . 
19.   0,4638      

0,4316  .   . 
20. 1     921  2 ( . .).  

 ? 
21.     , 

 8,9  % . ,   , 
   3.    .  

22.   0,954      
1,194   .   . 

23.   2SO4     
 NaOH (VNaOH = 5 ; C(%)NaOH = 4 %,  =1,05 

/ ). 
24.  9 %  3   1,035 / . 

      100  
. 

25. 100  0,05 %     
NH4OH    .   

    ? 
26.   ,      

12,46  % .   ,    
    2. 

27.    24,5    0,5 
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  . ,   
,     2. 

28.     Sx  4,26·10ˉ²² ,  
   5,32·10ˉ²³ .   . 

29.   HCl   6 /    500  
 100  . ,   

    1   . 
30.   ,  0,106  Na2CO3, 

 11,15   HCl.   
1     . 

31.   ( ) Al(OH)3   ( . .)  . H2S, 
   50,05   . 

32. ,     
,  28,57  % ,   
  2. 

33.   Na2CO3   2 /    200  
 100  . ,   

    1   . 
34.   ( ) Al,      

 ( .),   10,24   ( . .) , 
  Pb(NO3)2  ,   

     PbSO4  40   
     0,2 / . 

35.   ( ) ,   
 0,01  H2S   HNO3 (100  %). 

36.   ( / .) MnCl2,   200  
  2,52   . 

37.       
 NaOH 0,2 / .  V   NaOH, 

    20 . 
38. 0,506  Cu   HNO3,   

 90  %.    HNO3   
 ,       
 Cu(NO3)2  NO2. 

39.    KI /   ,   
    100    

3,94 I2. 
40.   ( ) ,    

:  Al4C3+12H2O=4Al(OH)3+3CH4,    
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  105   . 
41.   Ca(OH)2   

 1        
1 / . 

42.   ( / .) MnCl2,   200  
  2,52   . 

 

  

 
 

 3.    

   

К   –    
     .    

      
   :  ( %), 

  (ω),   (ni),  ( ),  
( m),    ( ),  ( ), , 

  /   . . 
        

   : 
1.      

 ,     
,        

.        
. 

2.     . 
 1:  

      %  . ,   %   
 ,    100  ,    10   %-  , 

10     100  . 
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       1000  . 
,  ,  ,    

 10  : 

                           ν  = mB /  =   % /  = 10 / . 

      100  ,    1  
(1000 ),   ,     100  

:  
         V  = m  /ρ, (ρ -  , / 3). V  = 100/ρ.  

                                 
 
    = ν ·1000 / V                                                                                                                     

            

3.        
       

  .  m  = m -  + m ,  V     
    ,     
 ,      
   

V  = (m -  + m ) /ρ. 
          

,         
 . 

 2:  

 , 
 

 

   
 

   
 

 (  %),  %  % = m ,   100  -   % = (m  / m - ).100 

  (ω), /  ω = m ,   1  -  ω = m  / m -  

  (ni), /  
n -  = ν - , 
n  = ν ,  

 1  -  n  = ν  / (ν  + ν - ) 
n -  = ν -  / (ν -  + ν ) 

 ( ), /   = ν ,   1000   
-  

 = ν  / V -  ( ) 

 ( m), /  -  m = ν ,   1000  -  m = ν  / m -  ( ) 

 ( ), /   = z ,    1000   
-  

 = z  / V -  ( ) 

 ( ), /   = m ,   1  -   = m  / V -  ( ) 

  /  ( / ), /  C /  = m ,   1000   
-  

C /  = m  / V -  ( ) 

  

ВВ

%

В

%

В

В

М
ρ1010

М
ρ10

100М
ρ1000

mМ
ρ1000m 
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      :  %1, ρ1, 
V1  %2, ρ2, V2.     : ρ1 ·  V1 + ρ2 ·  V2 = 
m (1+2).         

 ρ3,   
                     V (1+2) =  m (1+2) / ρ3

 = (ρ1 ·  V1 + ρ2 ·  V2) / ρ3. 

      
  , ,   . . 

4.          
     : 

ni –       n    
 n - ,       1.  

    : 1   
 ν  = n ,   ν -  = n - , ,   

    ,   
m  = ·ν   m -  = - ·  ν - ,     1       

 ·  ν  + -  ·  ν -  = m -      ·  n  + -  ·  n -  = m . 

      
  . 

 3:  % = m  · 100 / m  =  · n  · 100 / (  · n  + -  · n - ). 
 3.  

      CuSO4 ∙5 2O,  
    ,  8 % (  ) 

 .  8 % -    1,084 / .  
:   

1.   ,   1  8  %-   

: 7,86
100

08,110008

100

VС
m %
в 








   CuSO4

. 

2.   CuSO4 ∙5 2O = 249,7 / ,     
CuSO4 = 159,6 / . 

3. ё   ,  86,7   
:  

249,7  CuSO4 ∙5 2O      159,6  CuSO4  
              mCuSO4 ∙5 2O                               86,7  CuSO4   

                         6,135
6,159

7,867,249
m

2OH5• CuSO4



  . 

4.  ,     
:  

m 2O = m  – mCuSO4 ∙5 2O, m  -  , 
m 2O = 1000   ∙ 1,084 – 135,6 = 948 .  
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 4. 

  , , m, ω  ,  % ё   H3PO4  
  0,03 (ρ = 1,04 / ). 

 
:   nH

3
PO

4
 = 0,03,     ё  

   (H2O), ё  
nH

3
PO

4
 + nH

2
O = 1. 

1.   1    
m H

3
PO

4   =    nH
3
PO

4
 ∙ MH

3
PO

4
 = 0,03 ∙ 98 = 2,94  

mH
2

O = nH
2

O ∙ MH
2

O = 0,97 ∙ 18 = 17,46  

m  = mH
2

O + m H
3

PO
4
 = 2,94 + 17,46 = 20,4 . 

2.       :    

                                     144,0
4,20

94,2

m

m

P

B  , % = 14,4 %. 

3. m –   –     1000 
 . 

 
  0,03  H3PO4     17,46  H2O 

                 ν H3PO4                                 1000  H2O. 

 , Cm = 2,86  /1000  H2O. 
           

       
. 

4.  – / ,   – /  ( - / ). 
        1  
,   ё      ё . 

,%100
V

m
C

P

B
% 




 ,  
100

VС
m %
в


 . 

 76,149
100

04,110004,14
m 4PO3H 


      

 1000  ,   = mB/MB = 149,76/98 = 1,53 , 
,  = 1,53 /  

 =  ∙ 3                       = 1,53 ∙ 3 = 4,59 - /  
5.  –   ,   1  

. 
     . 

a)   nH3PO4
, H

3
PO

4
  

m -   = 20,4  ; VP = mp / = 20,4/1,04 = 19,61 . 
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, 19,61    2,94  
                             1          = 2,94/19,61 = 0,149 /  

)      ,  

149,0
1000

9853,1

1000

M
T 4PO3H

P 








 / ;  = 4,59/3 = 1,53 /  

 

 5:  
 , , n, ω,  ё    0,7  

      2SO4     (ρ = 1,07 / ). 
:      , 

   nH
2

SO
4
  ω. 

m = 0,7  / 1000  2O 

MK2SO4 = 174 / ; 2  = 18 /  

012,0
6,557,0

7,0

1810007,0

7,0
n

O2H4SO2K

4SO2K
4SO2K 













  

nH2O = 1- 0,012 = 0,988 

m  = mB + mH2O = 0,012∙174 + 1000 = 2,1+1000 =1002  . 
 = 0,012∙174/1002 = 2,1∙ 10-3 
  ё   ё    1.  
 

    3 

1.  3  10  %-   HNO3 ( = 1,54 / 3)  5      
2  %-      ( = 1,009 / 3). 

  %   ,  , 
     8 . 

2.  ,  20   ,  
80     ( = 1,1 / 3)  

   30  %.     
  ( )     ? 

3.     (IV)     
   40  % ( =1,2 / 3 )   

 20    . .? 

4.         0,05 
( = 1,0 / 3)     5   
AgCl? 

5.  500      %  = 10 %           
 = 1,1 / 3  300       =        
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1,2 / 3.    ,   
    . 

6.  300     (II) ( = 1,03 / 3)  
  0,4  30   .  
     ( ) ? 

7.    25     
 .    4 .  

     . 
8.        

,  15     10   
. 

9.        250  
 HNO3    60 % ( = 1,4 / 3).  

   ? 

10.        ( % = 50 %,         
 = 1,2 / 3)    500  ? 

11.     . . ,  
 1    50    

    0,3 ( = 1,4 / 3)? 

12.     (IV)   
  5      

  1,2  %  ( = 1,1 / 3)    
? 

13.   NO2      5  
    C%= 42 % ( = 1,4 / 3)? 

14.         
  60  .   I2 

  ? 

15.   NH3    15  
  3  ? 

16.  ,   ,  200  
     2 / .  

       ? 

17.        40  
     ? 

18.  4  16  %-   HNO3 ( = 1,6 / 3)  5           
2 %-      ( = 1,009 / 3). 
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 %  ,  ,    
  8 . 

19.  900  60  %-      
 100  .   %  ? 

20.  700  60  %-   H2SO4   200 
 .   %  ? 

21.  ( )     200  68  %-  
  ,   10  %-  ? 

22.  3  1  %-   HNO3 ( = 1,004 / 3)  3      
2  %-      ( = 1,009 / / 3). 

 %  ,  ,    
  6 . 

23.   96 %-   H2SO4 ( = 1,84 / 3) -
    1  0,5   

? 

24.  1  10  %-    ( = 1,23 / 3)  0,5        
5  %-   ( = 1,09 / 3).     5 
.  , , . 

25.   96 %-   H2SO4 ( = 1,84 / 3)  -
    2  0,5   

? 

26.   0,1      
  1  ,  85,3 %  SO3 

   1,897? 

27.   NH3 ( . .)    200  10 %-  
 NH4OH   20 % ? 

28.   SO2 ( . .)    400  , 
  15 %-    ? 

29.   2      
  50  100 %-     ( = 1,34 / 

3)? 

30.   15    2 3  51,3 % 
 .   1,563 / . 

,    1  : )  
2 3;    )  2 3. 

31.   38  %-  HCl ( = 1,19 / 3)   
 1  2  ? 
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32.  250    98  %-   3 4  14,2   
 (V).   %  ni  . 

33.   60  %-  H2SO4 ( = 1,5 / 3)  14  %-    H2SO4 ( = 
1,1 / 3)  ,   10  27  %-      
( = 1,2 / 3)? 

34.  100  50 %-   H2SO4 ( = 1,4 / 3)      
100  10  %-   H2SO4 ( = 1,08 / 3).  

   3 .  , . 
35.  0,1  96  %-   H2SO4 ( = 1,84 / 3)     

0,4   ( = 1 / 3).     = 1,225 / 3. 
  %, ni, , . 

36. 500     ,  
100,3  MgCl2  100  ,   1000 . 

 ,     . 
37.   96  %-   H2SO4 ( = 1,84 / 3) 

    100  0,2  
? 

38.   NH3 ( . .)    200  
   10  %-   NH4OH? 

39.    , 
  500    1  5  %-   

NaCl  ( =   1,02 / 3). 

40.   96  %-  H2SO4 ( = 1,84 / 3)   
   250  0,1  ? 

41.   %     ,  
 150  40  %-   ( = 1,39 / 3)  350     

10  %-   ( = 1,08 / 3)?    
  . 

42.   36,5  %-    ( = 1,18 / 3)  
     500   

? 

43.  100  10  %-  KOH ( = 1,22 / 3)  200  20  %-
    ( = 1,34 / 3).  

      . 
44.  ( )      1,5 

     10  NaCl? 
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45.    ,   
 100  10 %-   ( = 1,12 / 3)  200     

20  %-   (  = 1,2 / 3).   
   300 . 

46.  1  60 %-   H3PO4 ( = 1,78 / 3)   2  
.   %  . 

47.     ( . .)  
,   10  0,1  ? 

48.  600    11,76  H3PO4.  ,  
 . 

49.   30  %-   HNO3 ( = 1,21 / 3)   
   0,5  1  ? 

50.  1    666  .  = 1,395 / 3. 
  %, , , . 

51.   %   ,       
70  4  %-     (4 % = 1,11 / 3     
  = 1,5 / 3)  10,5   NaBr. 

52.   20  %-  ( = 1,14 / 3)  6 %-  ( = 1,04 
/ 3)     ,  

 5  10  %-   ( = 1,07 / 3)? 

53.    ( . .)    500          
5 %-   NH4OH,   15 %-   
NH4OH? 

54.  0,1  80  %-   HNO3 ( = 1,46 / 3)    
0,4  .     1,128. 

  %    . 
55.  ( )     100  48  %-  

   ( = 1,3 / 3),   20 
%-  ? 

56.  ( ) 56 %-    ( = 1,46 / 3) 
   3  1  ? 

57.  ( )  Cu(NO3)2   50  0,96  ? 

58. ,       
   0,5  40  %-  NaOH (= 1,43 / 3)  

 10  %-  . 
59.      ( . .),   

 1     36  % HCl. 
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60.      ( . .),   
 1     5  %  NH3. 

61.      , 
 : 100  1-   3    

( = 1,007 / 3)   10  60  %-      
( = 1,064 / 3). 

62.      , 
 : 200  0,2  BaCl2 ( = 1,034 

/ 3)   50  24  %-   BaCl2 ( = 1,25 / 3). 

63.       96 % -   
H2SO4 ( = 1,84 / 3),    1 /  
( = 1,06 / 3). 

64.  2    ( = 1,09 / 3)  4  
 ( . .).  m,  %, ni. 

65.   SO3    400  ,  
 15  %-   H2SO4? 

66. 3,5         
 500  0,1   .   

   ? 

67.      98  % 
NaOH.        

 1  2 .  NaOH? 

68.      72 % 
NaOH.        

 4  20  %  NaOH ( = 1,5 / 3). 

69.      92 % 
NaOH.        

 10  2   NaOH? 

70.   SO3    600  ,  
 25  %-   H2SO4? 

71.   SO3    400  ,   
15  %-   H2SO4? 

72.  1    ( = 0,784 / 3)  4  
 ( . .).  m,  %, ni. 

73.  2  96  %   ( = 0,84 / 3)   400 
 6 12 6.   %      

. 
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74.   : 500  1 . NaOH  2  0,1  
 NaCl.    NaOH  NaCl 

  ? 

75.   70 %-     ( = 1,06 
/ 3)   ,   0,5  9  % ? 

76.   90 %-   3  ( = 1,05 / 3)  
 ,   0,5  0,2  ? 

77.   70 %-     ( = 1,3 / 3)  
 ,   0,5  1  ? 

78.   70 %-     ( = 1,4 / 3)  
 ,   0,5  0,1  ? 

79.   : 500  2 . OH  2  0,1   
NaCl.   OH  NaCl   . 

80.     2 5    
 50  ,   ,  

     0,3 /1000  
.  

81.   11,5    250    
    0,5 /1000  

.     . 
82.  40  %-     ( = 1,4 / 3). 

        10 
 15  %-   ( = 1,116 / 3)? 

83.  72,8    11,2   
 ( . .).    

  1,1 / .   %   
 . 

84.    2  . .  1,7   1  . 
  %  2   . 

85.       CuSO4∙5 2 , 
   3  ,  

10 %   ( = 1,09 / 3). 

86.       CuSO4∙5 2 , 
   5  ,   

1,0 %   ( = 1,02 / 3).   

87.  ( )     Na2CO3∙10 2  
    100  0,5 %-   
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Na2CO3? 

88.     K l(SO4)2∙12 2  
   3  0,6   

K l(SO4)2? 

89.   Na2SO4 ∙10 2      800  
,   10  %-   Na2SO4? 

90.       25  CuSO4∙5 2 , 
  8  %-   CuSO4? 

91.   MgSO4∙7 2     100  
,   10  %-   MgSO4? 

92.   MgSO4∙7 2     200  
,   15  %-   MgSO4? 

93.  ( )   Na2CO3 ∙10 2   10  %-  
       

400  40  %-   Na2 O3? 

94.    10  %-    ( = 1,09 / 3) 
  25    CuSO4∙5 2 , 

  20  %-   CuSO4? 

95.  ( )     
  200  5  %-     ( = 1,0 

/ 3),   20  %-   ? 

96.  ( )   CuSO4.5 2   
  270  ,   10  %-   

CuSO4? 

97.  ( )     Na2CO3.10 2  
    100  15  %-   

Na2CO3? 

98.  ( )     Na2CO3∙10 2  
    600  1,5  %-  

 Na2CO3? 

99.    ( )    ( )         
Na2SO4∙10 2      500  

  0,01   Na2SO4? 

100.          
50  l2∙2 2   1  .   %, m l2   

. 
101.     Na2CO3∙10 2  



 29 

   100  10 %-   ( = 1,11 
/ 3)   40  %-   Na2CO3? 

102.     Na2CO3 ∙10 2  
   500  5  %-   ( = 1,01 

/ 3)   20  %-   Na2CO3? 

103.   0,5      
  24,4  l2∙2 2 ? 

104.   0,25   l2    
24,4  l2∙ 2 ? 

105.     250 ,    0,052  
 Na2B4O7,  50  ,    

 2,2784  Na2B4O7 ∙10 2 .      
.    . 

106.     150 ,    0,05  
 Na2B4O7,  25  ,    

  2,5  Na2B4O7 ∙10 2 .      
.    . 

107.     250 ,    0,02  
 Na2SO4,  50  ,    

   2,6  Na2SO4 ∙10 2 .      
.    . 

108.            
50  0,2  ? 

109.   84   SrCl2∙10H2O      
15    100  .   

 SrCl2   . 
110.    ,   ,   

0,5    11,44  FeSO4 ∙7H2O. 

111.    ,  ,   
1,2    9,5  CuSO4∙5 2 . 

112.     
,  ,   1,6    9,5 

 CuSO4∙5 2 . 
113.  ( )    Na2B4O7 ∙10 2    

 1  10  %-   Na2B4O7? 

114.    l2∙6 2   
  7  0,25   l2? 
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115.   N l ∙ 6 2      1  
,   20  %-  ?  m  ni 

 ? 

116.   FeSO4 ∙7H2O    400  
10  %-   ( = 1,11 / 3)   20  %-  

 FeSO4? 

117.   l2 ∙ 2 2     5  1  
l2? 

118.   l2 ∙ 2 2     5  1  
l2? 

119.   CuSO4 ∙ 5 2      
 500  18  %-   CuSO4? 

120.     2 2 4∙2 2    
   500  0,02   2 2 4? 

121.  , , Cm, ni , T    60 %-  
   ( = 1,06 / 3). 

122.  , , Cm, ni , T    49 %-  
 H3PO4 (= 1,06 / 3). 

123.  , , Cm, ni , T    20 %-  
 HCl ( = 1,1 / 3). 

124.  , , Cm, ni , T    36 %-  
 HNO3 ( = 1,22 / 3). 

125.  , , Cm, ni ,T    98 %-  
 H2SO4 ( = 1,84 / 3). 

126.  , , Cm, ni , T    40 %-  
 NaOH ( = 1,43 / 3). 

127.  ,  %, Cm, ni ,T    10  
H2SO4 ( = 1,29 / 3). 

128.  ,  %, Cm, ni ,T    7,98  
HCl ( = 1,13 / 3). 

129.  ,  %, Cm, ni ,T    4,85  
HNO3 ( = 1,16 / 3). 

130.  ,  %, Cm, ni ,T    3,07  
Na2CO3 ( = 1,15 / 3). 

131.  , , Cm, ni ,T    14,8  
NH3 ( = 0,94 / 3). 
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132.  ,  %, Cm, ni ,T        
0,092  NaCl ( = 1,01 / 3). 

133.   , ,  %, , ni          
7,76   H2SO4 ( = 1,33 / 3). 

134.  , ,  %, , ni           
1,18   Fe2(SO4)3 ( = 1,13 / 3). 

135.  , , C %, ni , T          
10,8   HNO3 ( = 1,25 / 3). 

136.  , , C %, ni , T        
0,696   CuSO4 ( = 1,07 / 3). 

137.  , , C %, ni , T    0,5 
  HCl ( = 1,04 / 3). 

138.  ni, Cm,  %  6 6  ,  
 0,7    0,8   6 5 3. 

      0,879  
0,867. 

139.  , , C %, ni , T    0,5 
  HCl  ( = 1,02 / 3). 

140.  , , C %, ni , T    0,5 
  HCl ( = 1,06 / 3). 

141.  , , C %, ni , T    0,6 
  C SO4 ( = 1,0 / 3). 

142.  , , C %, ni , T    0,7 
  CuSO4 ( = 1,07 / 3). 

143.  , , Cm,  %, T    
    ,  0,05 ( = 1,64 / 3). 

144.  , , Cm,  %, T    
    H2SO4,  0,05 ( = 1,04 / 3). 

145.  , , Cm,  %, T    
    HNO3,  0,05 ( = 1,05 / 3). 

146.  , , Cm,  %, T    
     Na2CO3,  0,05 (= 1,11 

/ 3). 

147.  , , Cm,  %, n i    
,     KMnO4    0,0021 /  ( = 1,0 

/ 3). 
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148.  , , Cm, ni ,  %    
,     AgNO3    0,01425 /  ( = 1,0 

/ 3).   

149.  , , Cm, ni ,  %    
,    NaOH  0,004 /  ( = 1,0 / 3).   

150.  , , Cm, ni ,  %    
,     K2 2 7    0,0046 /  (= 1,0 

/ 3).   

151.  , , Cm, ni ,  %    
,     K2 4    0,006 /  ( = 1,0 / 3). 

152.  , , Cm, ni ,  %    
,    r 4   0,004 /  ( = 1,0 / 3). 

153.   CO3  1,1 / 3.  4   
      66,6  2 

 . .     CO3   . 
154.   Na2CO3  1,1 / 3.  4   

      66,6  2 
 . .     Na2CO3   . 

155.   4  H2SO4    0,65 
 20  %-   2CO3 ( = 1,19 / 3) ?    

    . .? 

156.  0,05  8  %-     ( = 1,084 / 3) 
 0,2  10  %-   LiOH ( = 1,11 / 3).  

         
? 

157.  0,1  8  %-     ( = 1,24 / 3) 
    (III).   

  BaSO4. 

158.  0,5  5  %-     ( = 1,2 / 3) 
    (II).   

  BaSO4. 

159.    Al(OH)3,     
 0,2  20  %-   N 3 (= 1,18 / 3)? 

160.   2,5      
 0,2  20  %-   N  ( = 1,18 / 3)?  

161.    (OH)2,     
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 0,5  2,5 -   N 3 ( = 1,18 / 3)? 

162.   2,5      
 0,2  5 -   N 3 ( = 1,68 / 3)? 

163.      NH3 + HNO3  
NH4NO3   85 %-  ,     

.    ( . 55 %)  
  (100 % -  .)   

 1000   . ,  
      NH4NO3 

  (     
 1 %,    2 %).  

164.      –    
: 11CH4 + 5O2  2C2H4 + 6CO + 18H2 + CO2 + 2H2O. 

       
  ( ,  H2O    ). 

165.      CO + 2H2 CH3OH. 
      

   100 ,     85 %  
.  

166.      H3PO4 + NH3  
(NH4)3PO4.     ,  

  55 %   – 98 % (2 % -  
)   1000   . 

167.     : 4FeS2 + 11O2   8SO2 
+ 2Fe2O3.     1000  , 

      43 %.  
 ,      

,       1,5 . 
168.     . ,  

     100  
,  1,5 %   45 %   4FeS2 + 

11O2   8SO2 +2Fe2O3. 
169.      CO + 2H2   

CH3OH.     CO:H2 – 1:2 / . 
       20 % 

 .   – 85 %  . 
  ,    

1000  . 
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170.        
 ;  ,        

15 %   ,    (IV),  
   CaS2O6,  Ca(OH)2.  

   :   Mn(NO2)2  
MnSO4   MnS2O6   Mn(OH)2. 

171.  ,     
 ,     ,  

  2S  400 3 SO2 (IV)  , 
 85 3     .  

 ,      
. 

172.               
80 / 3   1040 / 3,   

  840 / 3,  1555 / 3. 
     1000 3  

. 
173.    (   ),  

     ,   
 1    2C3H5O3(NO2)3  6CO + 5H2O + 

3N2 + 1/2O2. 
174.      N2 + 3H2   2NH3. 

,  ( )    
  ,   1000  , 

    15 % .   
 . 

175.         
 : NH3   NO  NO2  HNO3.  
  NH3  ,    , 

     10  HNO3 
30 %-  . 

176.   SO2  SO3   SO2 SO3 
 60 %   (IV).   

       
    1000 3   

(IV). 
177.        

 .  ,   N2 + 3H2 2NH3 
 15 % .  , , 
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     ,  
 ,     

  1000 3     .   
178.       

  .      
  ,       

     ,    
 1,18∙104    3,63∙104  . 

179.    : 93 % , 5 % , 1 % 
  1 % . ,    

   1 3  ?   
    ,   

 . 
180. « »   (99,8 %-  ) 

     (  76 
%-  ).    « »   

,   2   ? 
181.      : 5  

 -   ( = 0,85 / ); 2  
  ( = 0,87 / ); 5       

( = 0,80 / )      ( = 
1,48 / ).       

  20  ?  C %  
   . 

182.     ( . .),   
 50     

 ,      95 % 
. 

183.   250     150  .  
     ,   ,  

 .    0,88 / 3, 
 0,87 / 3. 

184.      
 NH3 + 2O2 → HNO3 + H2O. C   

     HNO3    
 1   ,     %,   

    2 %. 
185. 3 3   ( . .)   4  . 
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 %    ,    
  ,         

. 
186.  : CO2 – 28 %; CO – 3 %; H2 – 51,4 %; N2 – 16,8 %; 

O2 – 0,5 %  H2S – 0,3 % -     
CO2, CO  H2S.     , ( . .). 

      1000 3 
  (  ).  

187.       
  : NH3  +O2    NO  

+O3 →  NO2   +H2O   HNO3.     
    4000    45 %-  

,     -
   11,5 %  .  

188.   ,   
 ,    

NaHCO3  36,9 %.     
 ,   ,  ?      

189.      « »  
   13  l2,     30 

    ,     
    100   : Cl2   

2Clº → Clº + O3   Cl  + O2  ClO + Oº  Cl + O2.  
       « »  

       
,   400  ,   100 

%-     ?     
190. ,        

  26    (95 %   NO  N  =            

30 / ). ,     NO  
  10  , ,   

    1   , 
    500 .   

 . 
191.        

 90 .   ,   
 0,1 %  .     

  NO.   NO   10 
 .       5 



 37 

  500 .,   m = 400 . . 
192.        

   NO,      
  100   .  - ,  

      (  m = 400 . 
),  ,      

   10  ?  
   . 

193. ,    CCl F   
        - 

.     
  Clº, : CCl2F2   CClF2 + 

Cl      
 105  : O3 + Clº  ClO + O2; ClO + 

Oº  Clº + O2.   . 
194.      10  

,    ? 
   ,    4∙108   

,    150 . .,  
 ,    ? 

195.  ,     
,      . 

    O3: O3 + NO  NO2 + O2; 
NO2 + O2  NO + O2 .      
10  .     

 800 -     -
,        

   26  NO?     
   4∙108     ? 

196.      « » 
 Cl2,     30   

 2 lº.       105 
 : Clº + O3    ClO + O2; ClO + O    Cl + O2.  

 .       
10 « »,        

    13  Cl2. ,   Clº  1/3   
  Cl2?       4∙108 

   ? 
197.    : C3H8– 40 % ( .), C4H10– 55 % 
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( .),   – 5 % ( .)   
  .      500  

 ? 
198.  3       

  10 3  ,    
  – 93 %,  – 4 %  3 %  ? 

199.   :  – 96 %,   – 2 %,  
 – 1 %     – 1 %   
  .     
   ? 

200.   : C3H8 – 45 %, C4H10 – 50 %, C5H10 –      
3 %, CO2  H2O  –  1 %    

 .      
 103 3  ? 

201.        
    .   

   1 .   , 
  : C3H8 – 40 %, C4H10 – 50 %, C5H10 – 6 %, 

2  – 2 %  2 – 2 %? 
202.  ,     , 

 : CH4 – 94 %, C2H6– 2 %, CO – 2 %, CO2  N2 –   1 %. 
 V     100 3 ? 

203.        
 ,    : CH4 – 96 %,  C2H6 

– 1 %, CO2 – 2 %  N2 – 1 %.     
    50 3  ? 

204.       
    ,  

  : C3H8 – 40 %, C4H10 – 50 %, C5H10 – 5 %, 
  – 5 %.     

  100 3  ?  
205.   8  %-   a(OH)2 ( = 1,19 

/ 3)    75   H2SO4, 
 ,   10      

 0,2334  BaSO4. 

206.   9 %-   a(OH)2 ( = 1,19 / 3) -
   35   H2SO4,  

,   10        
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0,2334  aSO4. 

207.       
 1,5  0,25    ? 

208.       
 1,5  0,25    ? 

209.   9 %-   KOH ( = 1,09 / 3) 
   8,1   ? 

210.   8  %-   NaOH ( = 1,09 / 3) 
   8,1   ? 

211.       -
        ni. 

212.       
        ni. 

213.       
        m. 

214.       
        . 

215.       
         ni. 

216.       
        m. 

217.        
        . 

218.       
        . 

219.       
        C . 

220.       
        . 

221.       
         ni. 

222.        
      .  

223.       
       . 

224.       
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      . 
225.       

      . 
226.       : 

      
,    « » ( ) « »  %-  
  « » ( ) « »  %-     .  

227.       :  
( )     m ( ) C1 %-    

,      C% = C2 – C1? 

228.       :  
     m1 ( ) C1  %-    

   C2  %-  ? 

229.       :   
    1 %-   2 %-  

     3 %-  
? (  ,  "  "). 

230.       :  
  %-      «ρ» 

    V( )  ?  
231.      :   

    1  2 -
      
 3? 

232.      :   
      1 

 2       3? 
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 4.  .    

  

     ,  
      

.       
.       

 –    . 
    

    
  [5],  

   
   , 

    
    (n, l, m L). 
    

.   (mS)   
        

.      
 n, l, m L  m S:  

n-    ; l-    
 ;  m L -   ; m S - 

     . 
   (n) –    

   1, 2, 3…  …    
  ,      

 ( ),    . 
      

   .    
  : K, L, M, N, O  . .  

     
     , 

   ,  ,  
   .  

   (l) –   
 .      

  
n2 

n3 

n1 
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   ,   

   .  
   ,    
      ,  

 .     
  .     , , 

 n = 1,   2    
 . 

  3  4     
   n = 2     

.     
     ,    

(    ,   
   )  
    .    

  2, 3, 4  . .     
  ,       

  .   , 
, ,    

 .       
 ,      

 . 
       

 .  l      
  0, 1, 2, 3, ….     

   . ,  n = 1, l 
   0;  n = 2  l    

 0  1;  n = 3  l     0, 1, 2  
. .  

    : 
0 - s ( ); 1 - p (  ,     

  ); 2 - d (     
  ); 3 - f  . . 
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   (n)    ,  s-
   1 ,  -  3 , d-

 5 , f-  7   . .    n 
    .      

    : 1s > 2s > 2p > 3s > 3p > 4s  3d > 4p 
> 5s  4d > 5p > 6s  4f  5d > 6p > 7s. 

М    (m L) –    
   . ,    

      

 ,    mL   
  0.   –   m L   
: –1, 0, +1,      

    ,   z.  d –   m L 
  : –2, –1, 0, +1, +2  . .   m L 

     2l +1. 

4  

4s 

4d 
 

4f 

1s 

2s 
2  

3s 3p 
3d 

 

z z z 

x x x 

y 
y y 

s -  

Z-  
dz2 -  

X -  
PY -  

z z z z 

x x x x 

y y y y 

dxy -  dyz -  d z -  d(x2-y2)-  
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   (mS) –   
      .  

      
.      « » 
   . « »   

    ,   
m S = +1/2, -    –  , 

  m S = –1/2.     
      , , , 

    . 
 ,       

   ,  
 .    

   ,      
       

. 
       

  . 
1.         

    .   
  . 

      
,  ,     – , 

      . 

2.        
 (  Х ). 

3.        
  .    

      
 К ,    
     n + l. 

 
 

  
  

 

-   , . .  

 mS = 0+1/2+1/2 =1 
-   

,   mS = 0 
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   .  
     ,   
      –      

–  .       
   ,     

  -      
. 

    d-  
     .  

   ,     n + l  
      n  
 .    ,   
      (n + l). 

,       
 d- ,     (n + l), 

 5.       
    (n + l),  4 (s- ).  
 1.      d-  

   d-   

. 
    , 

    .   
  ,     

   .  
       

        

1s 

2s 
2  

3s 3p 
3d 

4  

4s 

4d 

4f 
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 : I – (A), II – (A), III – (A), IV – (A), V – (A), VI 
– (A), VII – (A), VIII – (A).     , 

: 1,2,3,4,5,6,7,8 .  
 2.       Li, Na, K,  . ., 

  –  , Al, Ga,  . .   : I – 
(B), II – (B), III – (B), IV – (B), V – (B), VI – (B), VII – (B), VIII – 
(B)   -       

.  Sc, Ti, V, Cr, Mn, Fe   , 
: 3, 4, 5, 6, 7, 8 ē- .   III – (B)   

 3 ē: Sc, Y, La, Ac;  V- (B)  -    5 ē: V, Nb, 
Ta.   [3,5]. 

     
      , 

        
 ,      

    . 
 

    4  

1.   ( )  -  
  39,      

,     ,  
  . 

2.        
  1s22s22p5, 1s22s22p63s23p53d54s1, 

1s22s22p63s23p54s1?  . 
3.       

    : 3s2, 6s1,7s2p1. 
         

 ? 

4.  ,          
(n – 1)d, ns, np –  . 

5.        
    : «  

      8 »? 

6.       Bi3+. 

7.       Cr2+  
Cr3+. 
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8.    -   
    3+. 

9.     ?   d-   
  d- .     

 ? 

10.       ?  
11.    ?   s-, px-, py-  

dxy-  . 
12.      Al 

 Al3+, Sc  Sc3+.     
  . 

13.     Pb  Pb4+, Mn 
 Mn2+.   . 

14.   ,     
,      ? 

15.   ,     
,      ? 

16.        
  : 1s22s22p4,  

3s23p63d54s1, 1s22s22p63s23p63d84s2, 1s22s22p63s23p63d104s24p1? 

17.      S2–, Si4+, Se6+, I–? 

18.    -   
, 4+, 2-. 

19.    -   
As, As3+, As3-. 

20.   ( )  -  
  49,      

,     ,  
  . 

21.        
  1s22s22d5, 1s22s22p63s33p53d54s1, 

1s22s22p63s23p54s1?  . 
22.       

    : 4s1, 6s1,7s2p1. 
         

 ? 

23.  ,      
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(n – 1) d, ns, np –  . 
24.        

    : «  
      8 »? 

25.       V3+. 

26.       Cd2+  Cd4+. 

27.    -   
    3+. 

28.     ?   d-   
  d- .     

 ? 

29.       ?  
30.    ?   s-, px-, py-  

dxy-  . 
31.      Au 

 Au3+, Se  Se3+.     
  . 

32.     Po  Po4+, Mg 
 Mg2+.   . 

33.   ,     
,    c   ? 

34.   ,     
,      ? 

35.        
  : 1s22s22p63s23p63d54s1,  

2s22p4, 1s22s22p63s23p63d84s2, 1s22s22p63s23p63d104s24p1 ? 

36.      S2–, S6+, Se6+, 2–  ?. 

37.    -   
l, l3+, l+. 

38.    -   
Ag, Ag+, Au3+. 

  

 
 5.   

 

 ,      
  ,   

  ( ).    



 49 

       
 : 

1)   , ., /  - ,   
  ; 

2)   , l,  -    , 
     ; 

3)   - ,    
 ; 

4)   - ,    -
 .  

       , 
  ,      

    . 
 

 1:  –   2; I – I  I2;  –  2  . . 
 

      , 
   .    
        

 .   
 , , ,   . .  

 –    -
 .      

, ,    (),  
      
  ()    [1]. 
    :  = l  .   

     , 
,  ,     

    .  
 

 2: + I–; +  –  +. 

 
         

 , ,   
 ,      
     . 

    ,    . 
      . 
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 3: N + I–; +I–  . . 
 

      
   ,   

    
,      
      

 . 
     

   . 
      , 
  ,     

    ,    
   . ,   , 

         
         

   .    
  .  , 

  ,     
  . 

    
  .   (I) 

 ,       
        

                                          + I  + + –. 
    

   (F).   ,    
 ,    ,  

                   + –  – + F. 
        

    ,    1   [3, 4].  
      -  (  / ),  
 –   (  / ). 1 /  = 1,6·10–22 

/   1,6·10–22·6,02·1023 = 96,5 / . 
       

    
. 

      

Na+ 
Cl– 

l– 

Cl– 

Cl– 

Cl– 

Cl– 
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   .  
          

,      
   [5] ( . 

П  2); 
5)    ,   

    [1, 5]. 
       
    ,   

    . 
     - . 

 -   ,   
  : s–s, s–px,y,z, s–dx2-y2, s–dx2, py–py, px–dx2  . ., 

     ,  
   . 

-     .  
 -   ,   -
,         
  .    -  

,  - ,      . 
     ,  

        
  .     

     - . 
 -   py–py, py–dxy, dxy–dxy, dx2–dx2 

 . .  
-  –      , 

       
  d- .     

  .  -  . 
  

5.1.    

 
   ( )    

,  ,      
    ,   , 

  ,      
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   . 
: 1.       
      

,    ,   
. 

:      

                                          
                                                     1S* -   
1s – 1s  
                                                     1S  -   
                   
                                                     2S* -   
2s – 2s  
                                                     2S  -    
………………………………………………… 
                                                     2 * -   
2  –2   
                                                     2  -   
………………………………………………… 
                                                      2 * -   
2  –2   
                                                      2  -   
                     
                                                      2 z* -   
2 z –2 z   
                                                      2 z –    

      ,  
 .        

  : 1S < 1S* <  2S < 2S*< 2  < 2  = 2 z 
< 2 z* = 2 *< 2 * . 

2.      
 ,       

  ,   . 
3.         

. 
4.      ,    

> 0.        = 
(n - n*)/2,  

 n*  n –  ,     
 , . 
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1).  
  

   . 
    

 .  
2).  -   

 
   

 . 
 -   

 
   

 . 
3).   

    
      ,       

,             . 
      NO. 

4).      . 
    (II)  :   
 = (8 – 3) / 2 = 2,5;  
   

   
. 
  , 

 , 
,   

   
   

 .  
  

   
  
   
     ( ).  

2py,z 

*2px 

*2s 

2s 

2px 

*2py,z 

2px,y,
z 

2s 

2px,y,
z 

2s 

2py,z 

*2px 

*2s 

2s 

2px 

*2py,z 

2px,y,
z 

2s 

2px,y,
z 

2s 
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 ,       
,      

  .  
     . 

 ,     
   ,   .  

,    . 
       ,   

     *   
 . 

      
      = (8 – 4) / 2 = 2.   

 ,  
   

  (II). 
 

  
  

  
,  2

+  2
+  

. .     
   
,   

 ,  
    (  ).   
      

    .  
     1. 

 

5.2.    

 

       
  : , -   
. 

       
 ,     . 

 1:                            H + Cl  H:Cl . 

 

F 

F * 

1s 
2p  

 

 1s 
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-    ,    
     ,    

  . 
 2:                 NH3   +     H+      NH4

+. 
 

 ( )      
     . 

 3:         . 
   ,    

       
   .    

 ,   , 

 . 
 

1.        1s-  1 - , 
   sp –   

   .    
  I2. 

2.        1s-  2 - , 
 s 2 –  ,   

 .     
  ,   s-    

,       , 
    2

 –  
(  - SnCl2).  

3.     -  1s-  3 -   s 3 – 
 ,   

 . 
     ,  

      . . 

d 

p  p
u 

3s 3s 

Cl C
l Cl

d 

DA 
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      s-  
      

  3 –  .    
 . 

    ,   
        

2.      
  VI–   ( 2 , 2S, 2   

. .). 
4.   5 ē,   ,  sp

3
d –  

,    
,      

    p
3
d –  2

d –  , 
   (TeF4)   

   -   ( rF3). 
5.   6 ē,   ,  sp

3
d

2 –  
,    

 (SCl6),     
  p3

d
2
 –   (BrCI5), 

sp
2
d –  (XeF4), sp

3
 –   

(SO2Cl2)  . . 
     ,   

    .  П  3 , 
      

. 
  

    5 

1.         
 : N 3, PCl5, Cl2 H2Se ?  

2.         
 : 2Te, Cl2F2, CH3Cl, OF2?    

3.     
,          

:  NaCl, AlCl3, Br2O, MgJ2, HCl. 

4.       
    NaBr, 

AlCl3, CS2, OF2 (П  2).    

5.     



 57 

,         
   :  B Cl2, CF4, Cl2O, SrCl2, HJ. 

6.     
,         

   :  RbCl, CCl2F2, ZnO, BeCl2, 
NH3.  

7.       
      SnCl2, 

CaF2, SiH4, CF4. 

8.   Al, Zn, B, P  ,    
    ,     

   -  . 
9.   2  = 2 ,    -

   -   120°.     
 .      

 ? 

10.        
  : 2Se, CH3COOH, HCOOH, 

P4O10, 2O2?      ? 

11.   Cl 3   ? 

12.   Cl     ? 

13.   N    ? 

14.     [Ni(NH3)4]
+2.  

  .      
    . 

15.     [Al(NH3)4]
+2.  

  .      
    . 

16.        
 [Cr(CO)6], [Cr(CN)6]

3–, [Fe(CO)5]?.  
  . 

17.    -  ? 

18.         
BF4

–, H3O
+, [Zn(NH3)4]

2+?    
 . 

19.   , , l, Fe  ,    
  ,  ,     
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   -  . 
20.   S, Sc, Se, Si  ,    

  ,  ,     
   -  . 

21.    ≡  ,    -
    –   120°.     

 .     
  ? 

22.        
  : 2 2, 2 , J.?   
   ? 

23.        
  : Na2O2, r, 4?   
   ? 

24.        
  : ClO4, N 3, rO3?   
   ? 

25.       
  [Cu(NH3)4]

+2, [Co2(CO)8], [Fe(CN)6]
 –3? 

26.   Cl 3   ? 

27.     [Ni(NH3)4]
+2.  

  .      
    . 

28.       
  [Pt(NH3)4]

+2, [Fe(CO)5], [Fe(OH)6]
 –3? 

29.        
   AlCl3, NH3, [Cu(NH3)4]

+2?   
. 

30.     [Zn(CN)4]
2–.  

  .      
    . 

31.       
  [Au(NH3)4]

+3, [AuCl4], [Pt(CN)6]
–2? 

32.       
  [Cr(CN)6]

–3, [Cr(CN)4(H2O)2]
–, [Fe(CO)5]? 

33.       
(  3 )? 
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34.         
AuCl4

–, O2
2–, [Zn(NH3)4]

+2?    . 
35.         

 : 2S, , HBr, Cl4?  

36.         
 : 2 , Na , HF, 4?    

37.     
,      -    

  :  NaCl, CCl4, Cl2O, MgCl2, HCl. 

38.       
      NaF, 

AlF3, CF4, OF2.   

39.     
,         

   :  Cl2, CJ4, Br2O, B Cl2, Hl. 

40.     
,         

   :  sCl, CS2, BaO, AlCl3, HF. 

41.       
      ZnCl2, 

CaF2, CH4, MgF2. 

42.   , Cl, N, S  ,    
    ,     

   -  . 
43.   2  = 2 ,    -

   -   120°.     
 .      

 ? 

44.        
  : 2S, 2 , J, N 3, F, l4? 

     ? 

45.   N 2   ? 

46.     [Zn(NH3)4]
+2.  

  .      
    . 

47.       
  [Cr(CO)6], [Cr(CN)6]

3–, [Fe(CO)5]? 
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48.    -  ? 

49.        
: BF4

–, H3O
+, [Zn(NH3)4]

2+?   
 . 

50.   Al, Cs, Ni, Se  ,    
  ,  ,     

   -  . 
51.    ≡  ,    -

    –   120°.     
 .      

? 

52.        
  : 2 , 2 , J, N 3, r, 

4?      ? 

53.   Cl 3   ? 

54.     [Ni(NH3)4]
+2.  

  .      
    . 

55.       
  [Pt(NH3)4]

+2, [Ni(CO)4], [Fe(SCN)6]
3–? 

56.         
AlCl3, NH3, [Cu(NH3)4]

2+?    
. 

57.     [Zn(CN)4]
2–.  

  .      
    . 

58.       
  [Cr(CN)6]

3–, [Cr(CN)4(H2O)2]
–, [Fe(CO)5]? 

59.       
(  3 )? 

60.         
AuCl4

–, O2
2–, [Zn(NH3)4]

2+?    
. 

61.       
  [Cr(CN)6]

3–, [Cr(CN)4(H2O)2]
–, [Fe(CO)5]? 

62.  N2, O, F  .  
 ,   N, , B. 
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63.      –     :                   
         2

2–,                 2
–,                    2,                  2

2+                              
       1,49                 1,26                   1,21                1,12 

64.    C , C +  C –    
  ? , . 

65.     ; 
N 2, e2,  Mg2, Ca2      

. 
66.      J2, P2, BeO, MgO. 

       ? 

67.      , -
         

 ,     NO   . 
68.       –N  , CN, 

CN– N+?    . 
69.      F, F+, NF, NF+    

  ?   
 . 

70.        
    N2  ?  

71.     2
2–, 2

–, 2, 

2
2+, ,      

  – . 
72.         

     
   F2, Cl2, Br2, J2. 

73.    ?    
  N2.   c   

     . 
74.     (II)?   c 

       
. 

75.      ,   -
  F2

2+   ,    F2? 

76.       CN   
  .      

 ? 
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77.     ,     2
2+ 

        2? 

78.     N   CN   
  .      

 ? 

79.    N2, N2
+  N2

–    
  ?  . 

80.     ; 2
–

, Na2, F2
+, P2      . 

81.  MMO   : [CN]-, N2, NO, 
BN.        ? 

82.      , -
         

 ,     NO   . 
83.     CN, CN– N+   –N  

?    
. 

84.     F, F+, NF, NF+    
  ?   

 . 
85.        

    N2  ?  

86.     2
2–, 2

–, 2, 

2
2+, ,      

  – . 
87.         

    F2, O2, N2. 

88.    ?    
  N2?   c    . 

89.     (II)?   c 
       

. 
90.  N2, O, F  .  

 ,   N, , B. 
91.      –     :               

2
2–,                 2

–,                    2,                  2
2+                              

  1,49                 1,26                   1,21                1,12 
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92.    N , N +  N –    
  ? , . 

93.     ; 
+, 2,  F2

–,H2
–      . 

94.      F2, C2, CO, NO. 
       ? 

95.      , -
         

 ,     NO   . 
96.       –N  , CN, 

CN– N+?    . 
97.      F, F+, NF, NF+    

  ?   
 . 

98.        
    N2  ?  

99.     2
2–, 2

–, 2, 

2
2+, ,      

  – . 
100.         

     
   F2, O2, N2. 

101.    ?    
  N2.   c    . 

102.     (II)?   c 
       

. 
103.        

,     F2
2+   ,   

 F2? 

104.       CN   
      . 

      ? 

105.      ,     
2
2+         2? 

106.     N   CN   
  .      
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 ? 

107.    N2, N2
+  N2

–    
  ?  . 

108.     ; –, 
Na2, F2

+, P2      . 
109.      Cl2, C2, CO, BN. 

       ? 

110.      , 
         

 ,     NO   . 
111.     CN, CN– N+   –N  

?    
. 

112.     F, F+, NF, NF+    
  ?   

 . 
113.        

    N2  ?  

114.     2
2–, 2

–, 2, 

2
2+, ,      

  – . 
115.         

     
   F2, O2, N2. 

116.    ?    
  N2?   c    . 

117.     (II)?   c 
   . 

118.         
   BF3  NF3. 

119.      SO2  CO2. 

120.      SiO2  
CO2. 

121.    N2N2
+

   2 2
+    

     
   ? 

122.          
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: )   , )   ? 

123.      . 
124.      2

+  
    2. 

125.     : 
LiH, CaH2 (MMO). 

126.     : 
NaH, BaH2 (MMO). 
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 6.  

 
        

   :     
.    –   , 

  ,    
       10–6 – 10–9  (1-

100 ).     
    10–6   -

    10–7- 10–9 .  
  : ,   .  

   ,   
   ,    .  

    ,   
      ( - ,   

 ,    ). Э  
      , 

     (  – ,  
 ,  – ). А  –     

  .    .  
К      

 ,    ,   
       
. 

    ,  
 ( , 

) 
  

  
. 

  
  

     , 
  (III)      .     

              AlCl3 + 3KOH  Al(OH)3 + 3KCl 

                                                              -  

1+ 1+
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     ,  
      -

  –    (   -
 ),    

  .     
     .   

        . 
К   -   -

    (   , , , , 
,  ).      

. ,     
  ,  ,   

.     (   ) 
  .  

    
      
 (   ,    

,   . .).     
  ,     

 . 
И     

    ,    
    (  100   10–10 , 

 1 ).       
      . 
Г      ,   
      

      
( ,  ,    . .).  

  -  ,    
 ( ),       

        
 ,      

 (  –  ).  , 
    , ,  

.      . 
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Ж   -   ,   
   .  

,       
    , , 

  < 0,001 /   , 
  .  

К   ,  , 
       
   . 
      :  

,   ё    
       

  . (∆ =0; ∆V=0).   
 ,       

 . 
,    , 

 .  
 ,       

. 

6.1.   

 
 -     

       
  . 

    
   , ,   

, .     
  – .   

  , ,   
. 

     : 
-  , 
-  (   ), 
-  . 
М   –    

,      
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(    )    (  
).  

 1:  100 %-     
 ,    ,   

  .                    
 

3  · 3  + 2   3  + 2  +  3   
 

              

    ,     
 .    -

  (      0).    -
      -

   :             ,    
      

  . 
  –    ,  

        
 –  ( ).    
  –    

  (  ,      0).   

         3  + n 2   3  · 2  +  (n – 1) 2  

                              ( )    
      -

,         
      -

.     -

.    ,  ,  -
 ,     , , 

   . . 
    -

   ,   -

 .    (   
0)     . 
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                  3  · 2   3
–  +  + · 2  

                                                                  

                                                       [ 3 ]+                         

      ,  -
   ,    

 .  

      
   :    =  i.  

    ,  ,  
 ,    –   

.  
      

    . 
   –  ,   -

     ,  , -
  .    

  (),    
 ,  ,    -

 .       -
 ,       

       / ,   
   ,      =   / .  

 [C] –   , 
   (   

/ ),      

                                       = [C] +  , 
 ,            = (  – [C]) / . 

    ,    
     ([C] = 0),  

   = ,    1. 

  ,     
  ,    . 
    ,     1 

(~ 0,001).     –  
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 ,      
  ,    

     
 (К ).     

        
  ( . , П  4). 

 2:                       NH3  H2   NH4
+ + OH– 

                    К  = [NH4
+]  [OH–] / [NH3  H2 ] = 1,810–5. 

     
  ,     
      , 

      . 
    , 

     . ,   
~10–1    ,   , 

,    H2SO3. 

 

6.2.   

 
 ,      

    ,      
      ,    

       
 :  
[C] + n·  =  –   + n·  ,  n –  

. 
 1:                          I  + 

+ I– 

    = 1, n = 2, 
,    

                 
 –  + 2  = 2 . 

        3 ,  
 4   . . 
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   ,       

      .  
       

    , , 
  .    , 

,  t   t , ,    
      

.  
       

   : ,   
ё   ,   

,      .  
 –     ,   

  : ,   
,    ,    

  . . 
А      

  ( m)  ,   
      

( ),      
  .   a ~   a = γ  C , 

 γ -  ,    
     , 

  . 
       ,  

    ,   . 
        
         

   ().      
     (zi). 

μ = ½ ( 1 z1
2 + 2 z2

2 + … + i zi
2). 

       
    

 μ
 μγ





1

z 5,0
lg

2
i

. 
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   ,   

  (   0,001 / ),    
      . 
 2:  

1.       μ  0,001, -
,     γ   

:             1

z 5,0
lg

2
i  μγ 

 ,   1  310 . 

 
2.          -

   I,   . .    
,       :       

                   I  + + I– 

μ = ½ (  + 12 +  I– 12) = C  I. 
  ,   2SO4, I2  . .,   

  :    2SO4  2 + + SO4
–2 

μ = ½ (2  + 12 +  SO4
2– 22) = 3  2SO4 . 

  ,   I I3,      
:         I I3  I3+ + 3 I– 

μ = ½ (3  I– 12 +  I3+32) = 6  I I3 . 

   ,  uSO4,   
  . 

 
3.           ,  

        
,        

       
   . 

 

    

 

 
0,001 0,002 0,005 0,01 0,02 0,05 0,1 0,2 

  γ 

±1 0,97 0,95 0,93 0,90 0,87 0,81 0,76 0,70 

±2 0,87 0,82 0,74 0,66 0,57 0,44 0,33  

±3 0,73 0,64 0,51 0,39 0,28 0,15 0,08  

±4 0,56 0,45 0,30 0,19 0,10 0,04 0,01  
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      .    
      

         
 .  ё    

     
f           

. 
 

 3:  
          0,08  

 Cl2 ,    0,06   HCl.  
:  

 СаС         +   +    − 
0,08            0,08      2×0,08               +      +    −  
0,06             0,06        0,06  = ССаС + 𝐶 =  ∙ , + , = , . 

   С +  

3,01

3,02 5,0
lg

2

 

 
γ




  = - 0,71 ; γ= 0,19 

   +, − 

3,01

3,02 5,0
lg

2

 

 
γ






= - 0,18; γ=0,67 

𝐶 + = ,  ∙ , = ,  ∙ −  /  

+ = ,  ∙ , =  ∙ −  /  𝐶 − = , ∙ + , ∙ , = , ∙ −  /  

 4:  

     Ag+, Al+3  −  , 
 0,5  AlCl3  0,2  AgNO3  500  2 . 

 

:     ( m = /1000   2 ) 
   Ag+ 𝐴 𝐶 = ,  /  𝐴𝑔 =   /  



 75 

=  , ∙∙ , = ,  /1000  2  𝑔 =  , ∙ ∙ = ,   /1000  2  = С𝐴 𝐶  + 𝐴𝑔  =  ∙ , + ,  ≈ ,   

γ Al+3=  0,15; γ 1-, Ag+,NO3- = 0,81 𝐴 + = ,  ∙ , = ,  ∙ −  /1000  2  С − =  ∙ , ∙ ,  = ,  ∙ −  /1000  2  − = ,  ∙ , = , ∙ −  /1000  2  𝐴𝑔+ = ,  ∙ , = , ∙ −  /1000  2  

 5:  
       0,1 % -  (  ) 

 Na3P 4.     . 
 

:     = /  0,1 %-  
 Na3PO4 

 = 174 /   𝜔 =  − а𝑉∙𝜌  ∙ % ; − а =  𝜔 ∙𝑉 ∙ 𝜌 =  ∙  ∙  =   =  𝑎 =  =  ,    

(Na3PO4) = 0,0056 /    +  + −
  =  ∙   =  ∙ , = ,    

γ Al+3 =  0,24; γNa+  = 0,81 − = ,  ∙ , = , ∙ −  /  + = ∙ ,  ∙ , = , ∙ −  /  

 

   6.2 

 

1.       
 ,  0,925  l2  500  . 

2.       
  ,    1000    0,01 

 gNO3. 
3.        H2SO4, 

    0,03 /1000  
2 . 

4.    ,  1,5  
Mg(NO3)2  250  . 
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5.     +
  4

3–  0,01  
 K3 4. 

6.      
 l–, H 4

2–
, 4

3–
   c   0,0001. 

7.    2+  NO3
–  0,05   

a(NO3)2, ,  , 0,05 /  NO3. 
8.        1 %-  

 Na2SO4. 
9.        0,12  

 Fe2(SO4)3, ,  , 0,01 /   
H2SO4. 

10.        0,1 %-  (  
)  Fe2(SO4)3.     

. 
11.        , 

 0,01 /  MgSO4  0,01 /  BaCl2. 
12.      0,005   HCl, 

,  , 0,2 /  NaCl. 
13.       

 ,  0,4  Na3PO4  200  2 . 
14.     Fe3+, 2+  NO3

–  
,  0,02  Fe(NO3)3  0,02  

Ca(NO3)2  1000  . 
15.   a  μ –-  0,01  NaOH,  γ – = 

0,8. 
16.      OH–  

,  1,0  NaOH   150  2 . 
17.      

    ,   
 0,01 /1000  20. 

18.        
  ,  1,3  CuSO4  0,5  2SO4  500  
. 

19.       ;           
)   0,05  AgNO3; ) 1,3·10–2  BaCl2; ) 2,5·10–2  MgSO4. 

20.  1     0,01  AlCl3  Na3PO4. 
c  y      .  

 μ        
1  ? 
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21.     Ag+, Al3+   NO3
–  , 

 0,5  Al(NO3)3  0,2  AgNO3  500  2 ? 
22.   Pb(NO3)2, Cl, 3 Na, , 

  0,005, 0,001  0,0005   500  . 
       

 . 
23.       

   ,    0,3 / . 
24.       

 ,  0,3  MgSO4  1000  2 . 
25.      0,005   

HNO3, ,  , 0,1 /  NaNO3. 
26.    ,  0,4 /  

AlCl3, 0,3 /  CuCl2, 0,2 /  ZnSO4, 0,1 /  CuCl2. 
27.      

 l–, 2+  NO3
–
   c   0,0001. 

28.        2 %-   K2SO3. 
29.        0,10  

 Al2(SO4)3, ,  , 0,02 /  
H2SO4. 

30.        0,1 %-  (  
)  Fe2S3.     

. 
31.        , 

 0,02 /  MgSO4  0,03 /  BaCl2. 
32.      0,005   HCl, 

,  , 0,2 /  NaCl.    
33.       

 ,  0,3  Na3PO4  200  2 . 
34.     Fe3+ , 2+  NO3

–  
,  0,02  Fe(NO3)3  0,02  

Ca(NO3)2  3000  . 
35.   a  μ –-  0,02  NaOH,  γ – = 

0,8. 
36.      OH–  

,  4,0  NaOH   350  2 . 
37.      

    ,   
 0,04 /1000  2 . 
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38.    CuSO4     
,  1,3  CuSO4  0,5  H2SO4  500  . 

39.    d2+  NO3
–

  0,07   
d(NO3)2,  ,  , 0,05 /  NO3. 

40.   Sn(NO3)2, l, 3 Na, ,  

 0,005, 0,001  0,0005   500  .  
       

. 
41.       :           

) 0,02  AgNO3; ) 1,8·10–2  aCl2; ) 4,0·10–2  MgSO4. 
42.       

 ,  0,4  Na3PO4  300  2 . 
 

6.3.   

 

  ()    
 ,      

      
.  

       : 
 – 3 ,  – 2 3,  – 2S, 
 – 2SO3,  – HNO2,  – H3PO4  

.; ,  -  d- ,   
   . 

,     
:                          

                          3   3
– + +. 

       
: [C 3 ], [ 3

–], [ +]      
: [C 3 ] =  –  .  [ 3

–] = [ +] =  ,  
       . 

         
  ,  ( . П  4): 

)1(C

C

CC

CC

COOH][CH

][H]COO[CH
К

ИСХ

2
ИСХ

2

ИСХИСХ

ИСХИСХ

3

3

Д 


















, 
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1

C
К ИСХ

2

Д . 

    ,     -
 < 0,001,       -

   /   ,   100,  
      -

,       -
    

ИСХC
ДК . 

    «   
»: П       

100      10 . 
     /  < 100,    

 ,     
 = 2   / (1 – )  

,        
               

2   +   – К  = 0. 
    , 

       -
      -

 :  
[ 3

–] = [ +] =   ,  
 [C 3 ] =  –    =  – [ +],                       
                                          = [ +]2 / (  – [ +]). 
(         

     ). 
  ,   / К  > 100 (  

 ),   ,   
        

:    
 = [ +]2 / ,        ИСХД СК]H[  . 

    ,   
[ +]    :  
                          [ +]2 +   [ +] –    = 0. 
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 1:    [ +],  α   0,1   
     K  = 

4,93∙10-10  (  25º ) 
:        

  .   + + − 𝐾  =  [ +] [ −][ ]  

 
         

 [ +]  HCN.     
        HCN, 

        С − 

:  𝐶  =  [ ] + [ −]  ,  С 𝐶  –  ая а я [ ] =  𝐶 −  [ −]  

   ,  [ +] = [С −] ,    
     𝐾  =  [ +]𝐶𝐻𝐶  ,  . .  СК  >  −, ∙ −  > ,      

  𝐾  =  [ +]𝐶𝐻𝐶  ,  [ +] =  √𝐾 ∙ 𝐶 =  √ , ∙ − ∙ , = ,  ∙ − /  𝛼 =  [ +]𝐶𝐻𝐶 =  , ∙ −− =  ,  ∙  −  , % .  

 

 2:     [ +], α  0,001  
  ,     

K  = 6,6∙10-4 
:                                     HF = H+ + 𝐹− 𝐾 =  [ +] [𝐹−][ 𝐹] =  [ +]𝐹 − [ +]  

       С𝐾 =  −, ∙ −  < ,   [ +] + 𝐾 [ +] − 𝐾 ∙ =  [ +] =  −𝐾 + √𝐾 + 𝐾 ∙  ; [ +] =  − , ∙ − √ , ∙ − + ∙ , ∙ − ∙ ,   = , ∙ − /  
 

   
  

« »  -  
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𝛼 =  [ +]𝐹 =  , ∙ −− = , ∙ −  %  

 
 3:    [ −], α 0,1   
 ,    К = . ∙ −   

(25º ) 
:                         𝑔  = 𝑔+ + − 𝐾 =  [ 𝑔+] [ −][ 𝑔 ]  

   :  [ 𝑔+] =  [ −] , [ 𝑔 ] = [ 𝐴𝑔 − [ 𝑔+], 𝐾 = [ −]𝐴𝑔  − [ −] ; С𝐾 =  ,∙ −  > , а : К =  [ −]𝐴𝑔  ; [ −] =  √𝐾 ∙ 𝐴𝑔 =  √ , ∙ − ∙ , = , ∙ − /  𝛼 =  [ −]С𝐴𝑔 =  , ∙  −− = ,  ∙ − %  ,  

 

   6.3 

 

1.       
   0,1  . 

2.       1  
,   1     2310045,6   

 . 
3.      1 , 0,1 , 0,01  

   0,42; 1,34; 4,25 %. 
 К       

.   К    3 ? 
4.       0,1  

  0,05.   К   [H+]   
. 
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5.     +  1  N? 
   N–   1,5   
? 

6.       – 
 0,1  NH4OH. 

7.        0,01 
     . 

8.     6 5   
  3·10–3 / .   

  ( / ; / ),  К . = 6,1·10–5 . 
9.       0,01  

,  ,   500    
 3,13·1021  (   ). 

10.   -    +  0,47 %-
    ( = 1,0 / 3). 

11.     0,1    
  7,6·10–6.    

  . 
12.       500  0,1  

  ,     
  2 ? 

13.  0,1-      
.       
    ? 

14.     3 7  1,5·10–

5.      0,005  . 
15.       0,2  

. 
16.       0,2  

  0,03.   cc  
   К. 

17.     2 3   
  0,1    2,11·10–3.  К1. 

18.         
 ,    = 0,03 ? 

19.  [H+]  0,02    . 
     . 

20.       0,1 
   27 %.  [H2PO4

-]  /   / . 
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21.   –   /   /   0,5  
 NH4 ;   NH4   / , 

   = 4 %. 
22.     

  : ) 0,5 ; ) 0,2 ; ) 0,001 . 
23.  0,1   HNO2 [H+] = 0,0068 / .  

   . 
24.      6 5     [H+] = 5·10–3 

/ .     /   /  (К . 
= 6,1·10–5). 

25.       – 
 10–6    Mg(OH)2. 

26.   К   [H+]  0,01    
 ,     

0,01.      
    ? 

27.       – 
 10–6    Pb(OH)2. 

28.        
  0,01  . 

29.       0,01  
  0,01.   К   [H+]   
. 

30.     +  0,1  S N? 
   S N–   2   
? 

31.       
  0,01    . 

32.   -    +  0,6 %-
    ( = 1,0 / 3). 

33.       300  0,2  
  ,   

    2 ? 
34.  0,01-      

.     +   
? 

35.      0,01  
.     +  
? 
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36.      0,1  
  0,05.   К   К  . 

37.       
  0,05    4·10–3.  К1 
. 

38.         
 ,    = 0,04 ? 

39.  [H+]  0,01    . 
     . 

40.       – 
 10–6    Zn(OH)2. 

41.     0,1   
   8·10–6.  

    . 
42.       , 

  1  0,006      0,05 
  ? 

 

6.4.    

 
  – , . .    +   -  

,  ё     
 2   + + – 

 . .  =  − +  + , . . 
________________________________ = − + + -   

    , 
  ,    

 :  =  + + − 
     25º  : 

 К =  𝐻+ ∙ 𝐻−𝐻 ,   

+, − -  . 
   ё    

    –    
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 .     
 К𝜔 = ∙ − /   25º . 

    ,   
   ( ,   ) 
      ,  

.     , 
  . 

 ,  [ +] = [ −] =  √ ∙ − = ∙ − /  , 
 . 

 [ +] > −  –  . 
 [ +] < −  -  . 

      ( )  
 ( ) –  . =  − 𝑔 + ≈  − lg[ +] =  − 𝑔 + ≈  − lg[ +]. 

   25º   𝐾𝜔 = + ∙ − ≈ [ +][ −] =  − /   

 lg[ +] + lg[ −] =  − , 

    :  
 +  = 14. 

  –  ,  К𝜔 – 
  .    К𝜔 − ,    – .    0º  К𝜔 = 

0,114∙ − ,  50º    5,47∙ − ,    
        . 

  50º  

 =  − lg[ +] = − 𝑔√𝐾𝜔 =  − 𝑔√ , ∙ − = , . 
 

 1:  

     0,006     
 25º . 

:  𝑆  = + +  𝑆 −  

  ,  [ +] = ∙ −  =  − lg[ +] = −[ − ] = − lg ∙ , = ,  

 

 2:   

  0,012      25º . 
:  



 86 

 -     = + +  − [ −] =   + =  = − = − lg [ −] = + lg[ ] =  − lg[ ∙ , ] =  ,  
. 

 

 3:  

     2 ,   
  = 12. 
:  2  = 2 + + А− 

  = − = − = .  
, [H+] = 10-2 /    ,   [H+] = 2C - ; 

  -  = 5  10-3 / . 
 

 4: 

       a +  ,  ∙ −  
 HCl,     ,  ∙ −  KCl. 
:    : =  С + ∙ + СК+ ∙ + С𝐶 − ∙ =  ∙ − , 

    γ = 0,96.  
: 

a + = γ +   + = 0,96  2,5  10-3 = 2,38  10-3 / ,   a +
 
= 2,62. 

 

   6.4 

 

1.  [ +]   ,    
–  ( / ): 2,52·10–5; 1,78·10–7; 10–11. 

2.        
   2   12.    . 

3.     [ +]   ,   
 –-  (  / ) : 1,2·10–4; 

3,2·10–6;   7,4·10–11. 
4.         (  

7,36) ,     (  7,53)? 
5.  [ +]    ,  

 0,3  0,1   Cl  200  0,2  
 NaOH      

 10 . 
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6.  [ +]   0,005 %-   HNO3.  
      . 

7.       -
,      8  5;   3 

 9? 
8.    OH–-    

,     + (  / ) 
: 10–3; 1,4·10–12. 

9.  [ +]   ,  3    
0,76·10–3  - . 

10.   ,   0,8  
  2,5      2   1,6 / 3. 

11.        300  0,3  
 ( )2 200  ? 

12.  [ +]   ,    
–  ( / ): 3,5·10–4; 2,8·10–7; 4,8·10–12. 

13.        [ +]  
 ,    -  

(  / ) : 3,2·10–3; 6,2·10–7; 8,4·10–12. 
14.        

   2   11.    . 
15.      ,  

 0,1  0,3   Cl  300  0,4  
 NaOH      

 5 . 
16.  [ +]   0,01 %-   HNO3.  

      . 
17.    +  - ,   

   6,8  5,2;   3,1  9,4? 
18.    -    

,      (  
/ ) : 1,4·10–4; 8,4·10–11. 

19.  [ +]   ,  4    
7,6·10–3  - . 

20.   ,   0,3  
  0,5      3. 

21.        200  0,04  
 ( )2 200  ? 
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22.  [ +]   ,    
–  ( / ): 3,5·10–2; 6,7·10–6; 6,6·10–11. 

23.        
   1   10.  [ +]    

. 
24.        [ +]  

 ,    -  
(  / ) : 2·10–2; 3,8·10–7; 2,9·10–13. 

25.  [ +]    ,  
 0,4  0,1   2SO4  100  0,4  

 NaOH      
 1 . 

26.  [ +]   0,05 %-   2SO4.  
      . 

27.       -
,      9  4;   2 

 8? 
28.    -    

,      (  
/ ) : 3,4·10–4; 5,4·10–10. 

29.  [ +]   ,  1,3    
5,6·10–3  - . 

30.   ,   0,5  
  1,5      2. 

31.        300  0,3  
  200  ? 

32.   ,   54,3  
98%-   H2SO4 ( = 1,84 / 3)  5  . 

     ,  
    1 / 3. 

33.     ,   
   9  6;   4  8? 

34.       
,  ,   2,2. 

35.    ,  
 200  0,1   Cl  100  0,2  

 NaOH      
 10 . 
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36.  [ +]   ,    
–  ( / ): 2,1·10–3; 1,2·10–7; 1,8·10–11. 

37.        
   4   10.  [ +],    

 . 
38.  [ +]    ,  

 0,3  0,1   H2SO4  200   0,2  
 ( )2      

 10 . 
39.  [ +]   0,005 %-   HNO3.  

      . 
40.       -

,      8  5;   3 
 9? 

41.   ,   0,1  
  0,5      3. 

42.        400  0,4  
 ( )2 400  ? 

 

6.5.   
 

     -
   , ,  

       
,  10–2 / .  ,  , -

,     
 ↔  

   .  
 

 1:       
    .  ,  

  ( ), ,    
  ,       

.   
SrS 4 ( )  Sr2+

( ) + S 4
2–

( ). 

 ,      
             

.       
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    .            

                             К  = [Sr2+][SO4
2–] = nst = .  

 ,   
 ,   

.    -  
      

       
(П  5).  

     ,  -
     ,  
       ( ). 

 

 2:                        = a Sr2+
  a SO4

2–. 

      ,  
    ,  0,001,      

   . 
  ,    S (  

/ )     .  
    

   ,   
     

(      /100  ,   
/ ). 

     ,   
   . 

 m
n

n
m AMe mMen+ + nAm–, aMen+ = [Men+] = mS; aAm– = [Am–] = nS. 

 ,       
                                            = (m S)n  (n S)m. 

: 
1)    :  AlPO4,   = S  S = S2. 
2)    :  F2,   = S  (2S)2 = 4S3. 

3)    :  Ag3PO4,   = (3S)3  S = 27S4. 
4)   :  3( 4)2,  = (3S)3 (2S)2 = 
108S5. 

,   ,   . 
       

     ,   
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  ,     
( ).  ,    

     : 
1)   > [Men+]m  [Am–]n –   , 
2)   < [Men+]m  [Am–]n –  , 
3)   = [Men+]m  [Am–]n –  . 
 

    , , 
SrSO4,     ё  , 

     
.        

       𝑆𝑟+   𝑆 − . 
      , 

         
 . 

 

 3: ,     (II)  25ºC 
  100  0,005    (II)  200  0,01  

  . 
:  

 V1C1 – ё      V2C2 – KI.   
   (V1+V2) = 300 ,     Pb+2 :  С + =  𝑉𝑉 + 𝑉 ; =  𝑉𝑉 + 𝑉  + 𝐾 <=> + 𝐾  + + <=>  = , ∙ −   

   

+ − =  𝑉𝑉 + 𝑉 ( 𝑉𝑉 + 𝑉 ) =  𝑉 ∙ 𝑉𝑉 + 𝑉=  , ∙ , ∙ , ∙ ,, + , = , ∙ −  

    [ + ][ −] > ,   . 
 

 4:  

      AgCl   Ag2CrO4    , 
 𝐴𝑔𝐶 = , ∙ − , 𝐴𝑔 𝐶𝑟 = , ∙ −  

:     AgCl   Ag2CrO4 

  : 
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𝑔 <=> 𝑔+ + − 𝑔 𝑟  <=> 𝑔+ + 𝑟 −  
ё      S –  AgCl ,  𝑆′ −  Ag2CrO4 𝐴𝑔𝐶 = [ 𝑔+][ −] = 𝑆  𝑆 = √ 𝐴𝑔𝐶 = √ , ∙ − = , ∙ − /  

𝐴𝑔 𝐶𝑟 = [ 𝑔+] [ 𝑟 − ] = 𝑆′ 𝑆′ = √ 𝐴𝑔 𝐶𝑟 = √ , ∙ − = , ∙ − /  𝑆′𝑆 = , ∙ −, ∙ − = ,  

,    ,  .  
       /   S 

  S’,   𝐴𝑔𝐶 = ,  /   𝐴𝑔 𝐶𝑟 = ,  /    𝑆 = , ∙ − × , = , ∙ −  /  𝑆′ = , ∙ − × , = , ∙ −  /  𝑆′𝑆 = , ∙ −, ∙ − =  

 

 5:  

  𝑆 .     
 𝑆     1    0,01 

 𝐾 𝑆 ? 
I.  ё         𝑆 = + + 𝑆 −  𝑆               𝑆                𝑆 𝐶 𝑆 = , ∙ −  = [ + ][𝑆 − ] = 𝑆  𝑆 = √ , ∙ − = , ∙ −  /  

 𝑆   𝐾 𝑆   S1,  𝐾 𝑆 = 𝐾+ + 𝑆 −  ,           ,  /  

 = 𝑆′ 𝑆 + , = 𝑆′ , ∙ − + ,  

. . 𝑆𝑆 − = −  а  𝐾 𝑆    ,  𝑆𝑆 −   
,   𝑆𝑆 − = , ∙ −  . = 𝑆′ ∙ , ; 
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𝑆′ = , ∙ −, = , ∙ −  𝑆𝑆′ = , ∙ −, ∙ − = ,  а  

 𝑆   0,01  𝐾 𝑆  ,   . 
II.  ё   . 

    𝐾 𝑆  = С = ,  

γSO4
2-

Ca
2+ = 0,55 = 𝑆′ ∙ , ∙ 𝑆 + , ∙ ,  𝑆′ = , ∙ −, ∙ , = ∙ −  /  𝑆𝑆′ = , ∙ −∙ − = ,  а  

         ё  
  𝐾 𝑆     ё     ,  

   . 
 

   6.5 

  ( / ): 
1.   (I)   
2.   (III)    
3.       
4.       
5.       
6.       
7.       
8.       
9.      (II) 
10.      (II) 
11.      (II) 
12.      (II) 
13.      (II) 
14.       
15.       
16.       
17.       
18.       
19.       
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20.       
21.       
22.       
23.   (II)    
24.       
25.       
26.       
27.       
28.       
29.    (II)    
30.       
31.       
32.       
33.       
34.      (II) 
35.      (II) 
36.      (II) 
37.    (II)    
38.      (II) 
39.        
40.   (II)     
41.    (I)    
42.        

 
43.      0,1    
44.      0,2    
45.      0,1     
46.      0,1    
47.      0,1    
48.      1    
49.      0,2     
50.      0,5    
51.      0,1    
52.      1    
53.      0,3    
54.      0,1    
55.     0,5    
56.      0,     
57.      0,1    
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58.      0,4    
59.      0,1    
60.      1    
61.     (I)  0,1    
62.      0,2    (II) 
63.     (II)  0,2    (II) 
64.     (II)  0,1    (II) 
65.    (I)  0,1    
66.      0,1    
67.     (II)   0,5    
68.      0,1    
69.    (II)   0,1    
70.    (II)  0,4   (II) 
71.    (II)  0,1   (II) 
72.      0,5    
73.      0,5    
74.    (II)  0,4    
75.      0,4    
76.      0,1    
77.    (II)  0,1    
78.      0,1    
79.      0,1    
80.      0,3    
81.      0,3    
82.   (II)  0,1   (II) 
83.     0,1    
84.     0,2   . 

    : 
85.  0,3  10–6     0,7  10–6    
86.  0,5  10–6      1  10–5    
87.   V 10–4     10–4    
88.  0,5  10–5     1  10–5    
89.  0,2  10–4     0,8  10–4    
90.   V 10–5     10–5    
91.   V 10–2     10–8    
92.  5  10–2     25  10–2    
93.   V 10–4     10–5    
94.  0,1  10–2      300  10–4    
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95.  0,2  10–4     800  10–4    
96.  100  10–3     40  10–1    
97.  60  10–4      40  10–4    
98.  0,5  10–3     1,5  10–3    
99.  0,75  10–3     0,25  10–3    
100.   V 10–3     10–4    
101.  100  10–3     50  10–6  Na2CO3 
102.   V 10–5     10–6     
103.  0,05  10–6   (II)  0,1  10–5  Na2S 
104.  1  10–2     5  10–2    
105.  1  10–8     2  10–6     
106.  100  10–4     200  10–6  Na2S 
107.  100  10–3     50  10–1   H2SO4 
108.   V 10–3     10–3     
109.   V 10–5     10–3     
110.  2  10–4     1  10–4    
111.  1  410–3    3  310–3  (II) 
112.  2  410–3    6  310–3   
113.  0,2  410–3    0,6  310–3   
114.  20  410–3    60  310–3   
115.  10  410–3    30  310–3   
116.  5  410–3    15  310–3   
117.  1  410–3    3  310–3  (II) 
118.  5  410–3    15  310–3   
119.  20  10–4     10  10–4    
120.  20  410–3    30  310–3   
121.  50  410–3    80  110–3   
122.  20  10–4     10  310–5    
123.  5  410–3    15  110–3   
124.  0,1  410–3    0,2  210–3  (II) 
125.  20  410–3    30  310–3   
126.  0,1  10–3     60  10–4     
 

6.6.   
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ё     ,    

        [6]. 
     –  

 ё    .  
      ,     

       : 
 2   + + – 

      
      . 

    , : 
1.      
2.      
3.     . 

   ,   
   . 

 ,     : 
    -   

,  

  . 

:   

        
   (m)  ,    

  -    : m( )n , 
  –   ,    - ,   

 –  . 
1.    
          

m=0-    
 ,    . 
 
2.  
               

m=1-    

 
 
3.  

 – O – Cl ,                     m = 0 
H – O – Zn – O – H  
 

H – O – Cl = O,       m = 1 
H – O – S – O – H 
              || 
              O 

        O               
         || 
O = Cl = O,  m= 2 
         | 
         O – H  

 

             O 
              || 
H – O – S – O – H 
              || 
              O 
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m=2 –    

 
 
4.   
             

m=3 –     
 
 
1.    ,   

    .    
ё   ,    . 

) ,      
 . 

        
ё    

 ,       ,  
   -    . 

  (h) 
 

 
 , ,      

 ,      
   ,    

 . 
       

 ,    . 
  : 

K+A‾ + H2O = HA + KOH 
K+ - , A‾ - . 

K+ +A‾ +HOH = HA + K+ + OH‾ 
A‾ + HOH = HA + OH‾ 

      
 :  

K  = 
][

][][



A

OHHA

. 

            m = 3 
                  O    
                   ||                    
          O = Mn – O – H  
                   ||                 
                  O 
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][

][ 
 

H

K
OH w ,  

 =
][][

][
 


HA

KHA
w = , 

 Kw –   ,  a K  –  
  . 

     ,   h 
 

A‾ +H2O            HA +OH‾ 
                            hcc                    hc      hc   

      ‾ 
  , / ,    h –    

  ‾,       
  h /       h /   

, . . [HA]=[OH‾] 

K  =
h

hc

hcc

hchc








1

2

 

    h    
   : 

 = 
2

hc  ,   . 

,     [HA]=[OH‾]= с h, 
      

: 

 = 
солиC

OH
2][

,  [OH‾] =  . 

  ,   h > 0,1   
  : 

 = 
h

hc




1

2

 

)1( h  = 
2

hc   

 , 

 . 
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[OH‾] = hc  /   

[OH‾] =
 . 

 
   [OH‾]  h    

     ,    
A‾ +H2O = HA + OH‾ 

 = 
][

][][



A

OHHA

 .
 

      ⇄ + + ‾ 
      

H2O     [HA],     
 ,   

( ) = [HA] + [A‾],  [A‾] = C  -  [HA], 
 ,      [HA] = [OH‾]. 

      
  

 = 
][

][ 2





 OHC

OH

соли  .
 

  > 100,    [OH‾]    

 : 

 = 
солиC

OH
2][ 

   . 

  < 100 ,     : 

[OH‾]=  

 

h =
солиC

HA][
, . . [HA] = [OH‾],   h = 

солиC

OH ][ 
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)    ,   
      

      , 
  : H2S, H2SO3, H2SeO3, H2CO3, 

H3PO4 H2SiO3 , H4SiO4, H2AsO4      
 

 1: 

K2CO3 + H2O ⇄ KHCO3 + KOH 

CO3
-2 + H2O ⇄ HCO‾3 + OH‾ 

Na3AsO4 + H2O ⇄ Na2HAsO4 +NaOH 

AsO4
-3 + HOH ⇄ HAsO4

-2 + OH‾ 
      

, . .     
K 2 << 1 (

711 105,4108,4   ),    

K 3 << 2 (
72 105,1103   ).  

         
 . .   ,  

        
    ,  

    . 
       
 ,     

: 

( 3
-2) =  

(AsO4
-3) =  

 
 ,     

     . 
 pH        
     . 

 
 2: 
     0,1   

 KNO2 (  = 
4101,5  )  25  . 

: 
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KNO2 +H2O ⇄ HNO2 + KOH 

NO2‾ + HOH ⇄ HNO2 +    pH > 7 

 = 
9

4

14

2

2 102
101,5

10

][

][][

2
















HNO
K

Kw

NO

OHHNO
 

 
2

hCK соли     

[OH‾]=C   [OH‾]= /  

pOH = -lg[OH‾], pOH = - lg 85,415,054,1lg5104,1 5  
 

pH = 14 - 4,85 = 9,15 
 

 3: 
   [OH‾] 0,001   NaCN  25º  

K  HCN = 
10102,6   

: 
NaCN + H2O = HCN + NaOH 
CN‾ +HOH = HCN + OH‾    pH > 7 

 =    

CN = [HCN] + [CN‾] 
 

   [CN‾]= CNaCN – [HCN].   
   [HCN] = [OH‾].    

    

 = 
][

][ 2





 OHC

OH

NaCN

 

 
 

,  [OH‾]    

,    
332255 101101024)102(102][  OH /  

 

 3:  
  , h     ,  
      

  ( 0,1     NaHS),  

 = 
8109,8    (pKH2S = 7,05 ) 
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= 13103,1    (pKHS‾ = 12,89 ) 
 -  (HS‾)     

 : 
HS‾ +HOH  H2S + OH‾ 

HS‾  H+ + S2- 

         2HS‾  H2S + S2- 

 , h  pH   

 =  

 
[OH‾] = солиCh  , [OH‾]= 43 104,21,0104,2   /  

pOH= 62,338.04104,2lg 4    
pH=14 - 3,62=10,38 

2.     ,  
      . 

   .      
. 

) ,      
 .     : NH4Cl, 

NH4NO3, (NH4)2SO4, AgNO3, CuCl2  . . 
NH4NO3 + H2O ⇄ NH4OH + HNO3 

 pH < 7 

    
KA + HOH ⇄  KOH + HA K+ -  ‾ -  

K+ + HOH ⇄ KOH + H+    pH < 7 

 =  

KA=[KOH] + [K+]  [K+] = CKA  [KOH] 

   [KOH] = [H+] 

 = 
][

][ 2





 HC

H

KA

 

 /  > 100,  

 =
KA

C

H
2][ 

 [H+] =  
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                                        < 100,  

 
 

 
) ,     

    .     
: Cr2(SO4)3, Zn(NO3)3, Pb(NO3)2, Mg(ClO3)2, AlCl3  . . 

Zn(NO3)2 +H2O ⇄ ZnOHNO3 + HNO3 

Zn+2 + HOH ⇄ ZnOH+ + H+   pH < 7 

AlCl3 +H2O ⇄ AlOHCl2 + HCl 

Al+3 + HOH ⇄ AlOH+2 + H+ 

     
     

 .   ,     
        

   ,    
  

AlOH+2 + H2O ⇄ +H+ 

FeOH+2 + H2O ⇄ Fe(OH)2
+ + H+ 

       
   

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

Fe+3+3HOH ⇄ Fe(OH)3  + 3H+ 

   K+2 –  - -  

K(A)2+H2O ⇄ (KOH)A + HA 

K+2 + HOH ⇄ KOH+ + H+ pH <7 

 =  

 5:       Al2(SO4)3 + 2H2O ⇄ (AlOH+)2SO4 + H2SO4 

Al+3+ HOH ⇄ AlOH+ + 2H+ 
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 =  

Cu(NO3)2 + H2O ⇄ CuOHNO3 + HNO3 

Cu+2 + HOH ⇄ CuOH+ + H+ 

 =  

    pH      
 . 

 

 6:      0,1   . 

:   
 

 

 

, 

, 

 

 

  , 

  

 

 
  

 
 

 7:  
     0,002    

:  
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, ё     

 

 

 

 

 

 

 
3.     ,  

    . 
   : 

 
       , 

    ,   
    . 

 

 8: 

 
 

 
    : 

 

 
         

    . 
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    ,  

 
      

 , ,  . .   
       .    

     , . .  

    ,   
   ,     

    . 
 

 9:  
,   ( 3 )NH4 ё   

. 
 ,     , 

      . 
 , :  

          . 
 

 
 ё  ,  ,  

   ,    
. 

 ,       
  25º  100º      70 , 

         
 ,  ,   . 

 ,   , ,   
       

. 
 ,       

    . 
4.     ,  

   . 
    ,  
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.     ,    

       ,  
       
 . 

 
 

   ё       
  . 

 

 
                                                          

 
    ё    (III)  Al (III)  

  ,   Cr(III)   Al(III)  
 , . 

 ,      
 – (NH4)2CO3 –      

 . 
(NH4)2CO3+ 2 2   NH4O  + NH4 3 

2NH4
+ + CO3

2– + 2   NH4O  + NH4
+  + 3

–. 
   ,   

       -

  .    
       
       

     ,  
   – -    

.     
.      , 

    1  ,    
  . 

,       
  ,        

    .  
    . 
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   6.6 

  ,     :  
1.   0,1     
2.   0,01     
3.   0,1     
4.   0,01     
5.   0,001     
6.   0,1     
7.   0,01     
8.   0,01     
9.   0,1     
10.   0,001     
11.   0,01     
12.   0,0001     
13.   0,1     
14.   0,1     
15.   0,1     
16.   0,1     
17.   0,01     
18.   0,1     
19.   0,01     
20.   0,1     
21.   0,1     
22.   0,1     
23.   0,001     
24.   0,1     
25.   0,001     
26.   0,1     
27.   0,1     
28.   0,1     
29.   0,001     
30.   0,1     
31.   0,01     
32.   0,01     
33.   0,01     
34.   0,01     
35.   0,001     
36.   0,01     
37.   0,1     
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38.   0,01     
39.   0,01     
40.   0,01     
41.   0,01     
42.   0,01     
43.   0,01     
44.   0,01     
45.   0,01     
46.   0,1     
47.   0,1     
48.   0,1     
49.   0,01     
50.   0,01     
51.   0,01     
52.   0,1     
53.   0,01    (II) 
54.   0,1    (II) 
55.   0,01    (II) 
56.   0,1    (III) 
57.   0,01    (III) 
58.   0,01     
59.   0,01     
60.   0,01    (II) 
61.   0,01    (III) 
62.   0,01     
63.   0,01     
64.   0,01     
65.   0,1     
66.   0,1     
67.   0,1     
68.   0,01     
69.   0,001     
70.   0,01     
71.   0,01     
72.   0,01     
73.   0,001     
74.   0,01     
75.   0,01    (II) 
76.   0,01    (III) 
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77.   0,01     
78.   0,01     
79.   0,01     
80.   0,01    (II) 
81.   0,001    (II) 
82.   0,01    (III) 
83.   0,1     
84.   0,01    . 

      (<7,  7, >7)  
   (  ): 

  
85.       
86.        
87.         
88.        
89.        
90.        
91.       
92.       (III) 
93.        
94.        
95.        
96.        
97.       (II) 
98.         
99.        
100.          
101.        
102.        
103.         
104.        
105.       (III) 
106.    (III)      
107.    (III)    
108.        
109.        
110.         
111.        
112.        
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113.    (II)   (III) 
114.       (II) 
115.    (III)    
116.        
117.       (II) 
118.        
119.        
120.    (II)    
121.        
122.        
123.        
124.    (III)    
125.    (II)   (II) 
126.    (II)   (II) 
127.        
128.    (III)   (II) 
129.    (II)   c (II) 

130.        
131.        
132.        
133.        
134.        

135.    (II)    

136.       (II) 
137.    (III)    
138.    (II)   (II) 

139.    (II)    
140.        
141.        
142.         
143.        

144.        
145.    (III)   (II) 
146.    (II)   (II) 

147.       . 
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   1-5 

№ 

 

 
 

 

 

 

 
   

 
.   

1 2 3 4 5 

1 10 61 42 6 43 95 121 201 226 42 1 43 85 
2 2 45 34 9 44 84 135 195 232 1 2 44 86 
3 6 53 10 21 50 100 140 189 225 2 3 45 87 
4 14 47 11 24 64 105 144 181 229 3 4 46 88 
5 16 55 37 5 70 96 137 172 219 4 5 47 89 
6 27 58 32 25 73 85 145 190 231 5 6 48 90 
7 22 62 16 10 75 106 150 202 212 6 7 49 91 
8 32 67 40 22 71 113 159 209 224 7 8 50 92 
9 11 59 4 23 78 133 152 200 228 8 9 51 93 

10 21 65 24 40 51 86 141 173 214 9 10 52 94 
11 23 64 38 28 76 118 146 208 167 10 11 53 95 
12 1 43 36 32 74 107 158 171 217 11 12 54 96 
13 30 68 17 42 72 119 154 174 218 12 13 55 97 
14 34 66 19 34 65 87 136 180 213 13 14 56 98 
15 35 70 24 38 68 94 161 165 225 14 15 57 99 
16 18 51 28 36 52 117 150 167 215 15 16 58 100 
17 5 44 30 41 45 97 160 182 216 16 17 59 101 
18 39 56 26 33 69 101 153 207 228 17 18 60 102 
19 40 69 5 4 55 88 129 175 212 18 19 61 103 
20 36 80 17 11 63 108 156 169 227 19 20 62 104 
21 42 79 13 15 53 120 146 191 213 20 21 63 105 
22 41 81 25 39 2 89 121 203 232 21 22 64 106 
23 33 78 42 13 79 114 131 196 231 22 23 65 107 
24 3 83 22 27 54 98 155 183 215 23 24 66 108 
25 47 82 20 26 66 112 122 210 220 24 25 67 109 
26 28 75 32 29 76 102 138 204 217 25 26 68 110 
27 7 74 18 3 46 90 142 184 222 26 27 69 111 
28 8 52 9 12 56 104 123 176 226 27 28 70 112 
29 29 50 14 35 80 109 139 192 221 28 29 71 113 
30 31 56 37 2 47 116 124 206 220 29 30 72 114 
31 21 57 31 16 57 91 132 165 185 30 31 73 115 
32 41 61 35 30 59 111 128 177 223 31 32 74 116 
33 15 69 21 37 67 99 125 198 220 32 33 75 117 
34 9 67 27 1 49 108 147 205 226 33 34 76 118 
35 1 71 6 14 48 92 143 193 218 34 35 77 119 
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    1-5 

№ 

 

 
 

 

 

 

 
   

 
.   

1 2 3 4 5 

36 18 77 39 31 77 99 157 186 219 35 36 78 120 
37 19 76 8 18 58 110 130 178 216 36 37 79 121 
38 17 84 15 7 81 103 126 199 230 37 38 80 122 
39 20 82 23 19 60 93 127 194 224 38 39 81 123 
40 24 83 3 17 61 111 148 187 226 39 40 82 124 
41 42 81 7 8 82 115 149 179 232 40 41 83 125 
42 4 62 1 20 83 94 134 188 211 41 42 84 126 

    6 

№ 

. 

  

 
 

 
 

 

  

6.2 6.3 6.4 6.5 6.6 

1 1 1 1 1 43 85 1 43 85 127 
2 2 2 2 2 44 86 2 44 86 128 
3 3 3 3 3 45 87 3 45 87 129 
4 4 4 4 4 46 88 4 46 88 130 
5 5 5 5 5 47 89 5 47 89 131 
6 6 6 6 6 48 90 6 48 90 132 
7 7 7 7 7 49 91 7 49 91 133 
8 8 8 8 8 50 92 8 50 92 134 
9 9 9 9 9 51 93 9 51 93 135 
10 10 10 10 10 52 94 10 52 94 136 
11 11 11 11 11 53 95 11 53 95 137 
12 12 12 12 12 54 96 12 54 95 138 
13 13 13 13 13 55 97 13 55 97 139 
14 14 14 14 14 56 98 14 56 98 140 
15 15 15 15 15 57 99 15 57 99 141 
16 16 16 16 16 58 100 16 58 100 142 
17 17 17 17 17 59 101 17 59 101 143 
18 18 18 18 18 60 102 18 60 102 144 
19 19 19 19 19 61 103 19 61 103 145 
20 20 20 20 20 62 104 20 62 104 146 
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      6 

 

 
 
 
 
 
 
 
 
 

21 21 21 21 21 63 105 21 63 105 147 
22 22 22 22 22 64 106 22 64 106 117 
23 23 23 23 23 65 107 23 65 107 121 
24 24 24 24 24 66 108 24 66 108 98 
25 25 25 25 25 67 109 25 67 109 125 
26 26 26 26 26 68 110 26 68 110 137 
27 27 27 27 27 69 111 27 69 111 126 
28 28 28 28 28 70 112 28 70 112 130 
29 29 29 29 29 71 113 29 71 113 134 
30 30 30 30 30 72 114 30 72 114 140 
31 31 31 31 31 73 115 31 73 115 145 
32 32 32 32 32 74 116 32 74 116 146 
33 33 33 33 33 75 117 33 75 117 123 
34 34 34 34 34 76 118 34 76 118 135 
35 35 35 35 35 77 119 35 77 119 144 
36 36 36 36 36 78 120 36 78 120 128 
37 37 37 37 37 79 121 37 79 121 131 
38 38 38 38 38 80 122 38 80 122 145 
39 39 39 39 39 81 123 39 81 123 147 
40 40 40 40 40 82 124 40 82 124 133 
41 41 41 41 41 83 125 41 83 125 129 
42 42 42 42 42 84 126 42 84 126 140 

№ 

. 

  

 
 

 
 

 

  

6.2 6.3 6.4 6.5 6.6 
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 r   ()  
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-  
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/
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 4 

    

 

 

 

  
  

K1/ 2/ 3 

 • c  

  HNO2 

 

5,110–4
 

 

  
  HNO3 

 
10   

 ( ) l 2 4,0  10–13   
 ( ) 2 7,5  10–10   
 ( ) 3 3 

 

5,8 10–10
 

 

  
  ( ) 2 4 7 

 

1,8 .10–4
 

 

  
  2 .10–8

 

 

  
  r  

 

2,5 .10–9
 

 

 

 HBr 109   
  br 4 

 

~10 8 

 
 

a  br 3 

 

2,0.10 – 1 
 

 

 2 4 4 6 

 

9,1 .10–4
 

 

  
  4,3 .10–5

 

 
  

 H2Cr7O7 

 

 

 

 

 2,3.10–2
 

 

  
  IO 

 

2,3 10–11
 

 

  
 IO3 

 

1,6 . 10–1
 

 

 

 H5IO6 2,45.10 – 2   

 4,3.10 – 9   

 1,0.10 – 15  

 HI 1011   
 ( ) H2SiO3 2,2  10–10

 

 

 

 1,6  10–12  

 ( ) H4SiO4 

 

2,0  10–10
 

 

 

 2,0  10–12  

 1,0  10–12
 

 
  

 HmnO4 2,0  102  

 H2MnO4 ~10 – 1  

 7,1.10 – 11  
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   4 

  

 

  
  

K1/ 2/ 3 

 • c  

   

 

1,8.10–4
 

 

  
  ( ) 3AsO4 

 

6,0.10–3
 

 

 

 1 .10–7
 

 
 

 3,0.10–12
 

 
 

 3AsO3 

 

5,1.10–10
 

 

 

 3•10 – 14 
 

 

   

  2O2 

 

2,0.10–12
 

 

- 

  HF 

 

6,8.10–4
 

 

  
  HSNC ~10  

 2Se 3 

 

2,4.10–3 

 
 

 4,8.10–9
 

 
 

 2SeO4 

 

1.10  3 
 

 

 1,3.10–2
 

 

 

 2SO4 

 

1,0.103 

 

 

 1,2.10–2
 

 

 

 HCN 

 

6,2 . 10–10
 

 

 
  2S 3 

 

1,7. 10–2
 

 

 

 6,2.10–8
 

 
 

 2S 

 

1 . 10–7
 

 

 
  1.10–14   

 H2S203 

 

2,5.10–1
 

 

 

 1,9.10–2
 

 
 

 HCNS 
 

1,4.10–1 
 

 
  2 3 

 
4,5.10–7 

 
 

 4,8.10–11 
 

 

 3  
 

1,8.10–5 
 

 
  2( ) 3 

 
1,6.10–2 

 
 

( ) 3
- 2.10–7 
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  4 

 

 

 

  
  

K1/ 2/ 3 

 • c  

  ( ) 4 2 7 10–1  

 10–2  

 10–9  

 ( ) 3 -  

 ( ) 3 O4 
 

7,6.10–3 

 
 

 6,2.10–8 
 

 

 4,2.10–13 

 
  

 ( 2) 2 
 

7,9.10–2 
 

 
  F 6,6  10–4  

 Cl 2 1,1.10 –2       

 l 4 ~108  

 l 3   ~10 3  

 lO 
 

5.10–8 
 

 
  l 107  

 H2CrO4 
 

1,1.10–1 
 

 
  3,2.10–7  

 2 2 4 5,6.10-2  

 5,4.10-5  

 HCN 5,6.10-10  

 

 

 

  
  

K1/ 2/ 3 

•  

  NH3 + H20 

 

1,76 . 10–5
 

 

 (…..) 
  N2H4 + 20 

 

9,8 . 10–7
 

 

 (…..) 
  N 2OH+ 2O 

 

9,6 . 10–9
 

 

 (…..) 
   l(0 )3 8,3.10-9  … 

 2,1.10-9 
…  1,38  10–9 ….. 



  4 
 

 

 

  
  

K1/ 2/ 3 

•  

   ( )2 

 

- 

 

… 

  2,3.10–1
 

 

 …. 
  Fe( )2 

 

1,2.10-2  … 
  1,3.10–4

 

 

 (II)….. 
  Fe( )3 4,8.10-11   

(III)….  1,3.10–11
  (III)…. 

  1,3.10–12
  (III)…. 

  ( )2 

 

- 

 

 

  4,0.10–2
 

 

 … 

  Li  

 

6,8  10–1
 

 

…. 
   Mg( )2 

 

- 

 

 

 2,5  10–3
 

 

 ….. 
  u( )2 

 

- 

 

 

 3,4  10–7
 

 

 ….. 
  Ni( )2 

 

- 

 

 

 3,4  10–5
 

 

 ….. 
   r( )3 

 

- 

 

 

 -  

 1,0  10–10
  (III)….. 

  AgOH 

 

5,0 . 10–3
 

 

 ….. 
   Zn(OH)2 8,3.10-5  …. 

 1,5.10-7  …. 
  Pb(OH)2 9,6•10 – 4  (II)…. 

 3,0•10 – 8   (II)…. 
                                                          

 
 
 
 
 
 
 
 



 3  

 5 
      

 (  25  ) 
 

      

Ag2C2O4 3,510–11 Bi2(C2O4)3 4,0·10–36 C ( 2 O4)2 1,010 –3 

Ag2CO3 1,210–12 Bi2S3 1,0·10–97 C 3( sO4)2 6,8·10–11 

Ag2Cr2O7 1,010–10 BiAsO4 2,8·10–10 C C 3 3,8·10 –9 

Ag2CrO4 1,110–12 BiI3 8,1·10–19 C S 3 1,310 –8 

Ag2S 6,310–50 BiOCl 7,0·10 –9 CdC2O4 1,510 –8 

Ag2SO3 1,510–14 BiPO4 1,3·10–23 CdSeO3 1,310 –9 

Ag2SO4 1,610 –5 B (IO )2 1,5·10 –9 CdCO3 5,210–12 

Ag3AsO4 1,110–22 B (O )2 5,010 –3 d(O )2 2,210–14 

Ag3PO4 1,310–20 B ( r 3)2 5,510 –6 CoS  4,010–21 

AgBr 5,310–13 B 2 2O7 3,0·10–11 CoS  2,010–25 

AgCH3COO 4,010 –3 B 3( sO4)2 7,810–51 3( sO4)2 7,610–29 

AgCl 1,810–10 B 3( O4)2 6,0·10–39 o(O )3 4,010–45 

AgClO2 2,010 –4 B C2O4 1,110 –7 C C 3 1,410–13 

AgClO3 5,010 –2 B CO  4,010–10 o(O )2 2,010–16 

AgCN 1,410–16 B CrO4 1,2·10–10 CoC2O4 6,310 –8 

AgI 8,310–17 B S2O3 1,6·10 –5 u(IO3)2 7,410 –8 

AgIO3 3,010 –8 B SO  8,0·10 –7 u(O )2 2,210–20 

AgNO3 1,610 –4 B (O )2 6,310–22 Cu3( sO4)2 7,610–36 

AgSCN 1,110–12 B CO3 1,0·10 –3 CuBr 5,210 –9 

Ag r 3 5,810 –5 CaC2O4 2,3·10 –9 CuCl 1,210 –6 

Al(O )3 3,710–15 CaCrO4 7,110 –4 CuCrO4 3,610 –6 

AlAsO4 1,6·10–16 CaF2 4,010–11 CuI 1,110–12 

AlPO4 5,710–19 CaHPO4 2,710 –7 CuS 6,310–36 

Ba(NO3)2 4,5·10 –3 CaSO4 9,110 –6 CuSe 1,010–49 

BaF2 1,1·10 –6 3( O4)2 2,010–29 CrAsO4 7,810–21 

BaSO4 1,1·10–10 C (IO3)2 7,010 –7 CrPO4 1,010–17 

Ba nO4 2,5·10–10 C (O )2 6,310 –6 r(O )2 1,010–17 
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r(O )3 6,310–31 MgSO3 3,0·10 –3 b3( sO4)2 4,1·10–36 

Fe(O )2 8,010–16 Mn3( sO4)2 1,9·10–29 b3( O4)2 7,9·10–43 

Fe(O )3 6,310–38 MnNH4PO4 1,0·10–12 b r2 9,1·10 –6 

FeC2O4 2,010 –7 n(O )2 1,910–13 b 2O4 4,8·10–10 

FePO4 1,310–22 MnS 25·10–10 b l2 1,6·10 –5 

FeS 5,010–18 n(O )3 1,010–36 b 3 7,5·10–14 

FeS2 6,310–31 n(O )4 1,010–56 Sn(O )2 6,310–27 

F AsO4 5,8·10–21 Na[Sb(OH)6] 4,0·10 –8 Sn(O )4 1,010–57 

F 3 3,510–11 NaIO4 3,010 –3 SnI2 8,3·10 –6 

Hg2Br2 5,810–23 Ni(CN)2 3,0·10–23 SnS 2,5·10–27 

Hg2Cl2 1,310–18 Ni(IO3)2 1,4·10 –8 Sr3( sO4)2 1,310–18 

Hg2I2 4,510–29 Ni(O )2 2,010–15 SrC2O4 5,6·10 –8 

HgS 1,610–52 Ni3( sO4)2 3,1·10–26 SrCrO4 3,6·10 –5 

K2Na[Co(N02)6] 2,210–11 NiC2O4 4,0·10–10 SrS 4 3,2·10 –7 

K3[Co(N02)6] 4,310–10 NiS  1,0·10–24 Sb2S3 1,6·10–93 

KClO4 1,110 –2 NiS  3,2·10–11 Sr3(PO4)2 1,0·10–31 

KIO4 8,310 –4 Ni 3 1,3·10 –7 Sr(IO3)2 3,310 –7 

Li2CO3 1,910 –3 b( r 3)2 8,010 –6 SrF2 2,5·10 –9 

Li3PO4 3,210 –9 Pb(IO3)2 2,610–13 SrSO3 4,0·10 –8 

LiF 1,5·10 –3 Pb(O )2 7,910–16 SrS O3 4,4·10 –6 

LiO  4,010 –2 Pb(SCN)2 2,0·10 –5 
ZnS  2,5·10–22 

Mg(IO3)2 3,010 –3 PbCrO4 1,8·10–14 
ZnS  1,6·10–24 

Mg(O )2 6,810–12 PbF2 2,7·10 –8 Zn 3 1,4·10–11 

Mg3(AsO4)2 2,110–20 PbI2 1,1·10 –9 Zn(CN)2 2,6·10–13 

Mg3(PO4)2 1,010–13 PbS 2,5·10–27 Zn(IO3)2 2,010 –8 

MgC2O4 8,510 –5 PbS2O3 4,0·10 –7 Zn(O )2 1,210–17 

MgCO3 2,110 –5 PbSO4 1,6·10 –8 Zn3(AsO4)2 1,3·10–27 

MgF2 6,510 –9 PbS  1,0·10–38 Zn3( O4)2 9,1·10–33 

MgNH4PO4 2,510–13 PbS 4 1,4·10 –7 ZnC2O4 1,5·10 –9 
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