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1.  Д +Ж   0,2 .   (К 3  =1,8*10-5). 

2.  Д -Ж     0.05 . Na . 
3.      (  

   , КNH4OH = 1,79*10-5).  

4.      (КNH4OH = 1,79*10-5 , 

К 3  =1,86*10-5).  

5.         
  .      . 

6.     : 
[Zn(NH3)4] 

2+
, [ Co(NH3)6] 

3+
    . 

7.     25º   0,00245   1 . 
 BaSO4. 

8.      (  CaC2O4 = 2,57*10
-9

)  
   0,01   aCl2  Na2C2O4? 

9.    (%)  BaCl2 *2 2     
  .   0,5956 .  

   BaSO4    0,4646 . 
10.    (%)     

   :   0,1282 ;    
 6,7698 ;       6,7506 . 

11.      : 
 

………….. Ca S Cl 
 

………………. 
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AgCl 

 

12.    0,1 .  2SO4  

 500     1,84 / 3 (  20 º )  
       NaOH. 

13.   Cl  0,003592 / .    
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14.  1,60 .   NaCl ( . .)  20  .    
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15.  ,      
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FeSO4 + HNO3 + H2SO4  FО2(SO4)3 + NO + H2O 
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 Щ   Ы   

 

I.      
 

1.   . Х  . 
 

      , 
    (1867),    

 :     
    ,   

    .  
,  ,     
     ,   

 

mA + nB  AmBn 

 

          
 

 

v = k[A]
m
[B]

n
, 

 

 k –  ,     (  
 ) ,    
        . 

      / . 
        

,        
,    . 

Х       
 ,         

. 
  

mA + nB  pC + qD 

 

  К    

 

     

 

 

      
 ,      

 ,       
,    (    

           [C]
p
[D]

q
 

K = ────────    
           [A]

m
[B]

n 
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    ,   
   ). 

   ,      
     (     

 ). 
,        

         
  (  0 .    

       ( , 
, )      . 

 

2.С    

        
, . .     ,     

–   ( ), . .    . 
     ,   

       
     . 

  ,   ,     
     

 α: 
           

α  = ────  
        .  

 

 ,   0,1      
 α = 0,0132,   ,  0,0132 (  1,32%)  

      ,  
0,9868 (  98,68%)     .  

       , 
    .       

  . 
        

  : 
 

    

  30 %   

   3  30 % 

   3 % 

 

3.К     

  –  ,   
     ,   

    .    
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  +
 + – 

 

     
 [ ],    – c   [

+
]  [

–
 ] ,  

    

 

          Д +ЖД –
 ] 

К  = ────── 

             Д Ж 
 

 К     .  
    .    К ,  

         
    . 

        
 : 

  

 

 

 
  –     

,      
     . 

     : 
         

                                                      К /  

 

 ,    ,  
   .    ,   

    .   
 

 
4.С    .  

К     . 
 

         
 . 
         

   ,  . 

      
 ,       

. 

                       α2
 

К  = ────── 

           1 –  α       
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 = ƒ , 
 

 ƒ –  .     
    . ,  

 

ƒ = / , 
 

  –       
 . 
 0,1   HCl   +

  0,0814.  , 
       ,    

   0,1 / ,   0,0814 / .  
    ƒ = 0,0814 / 0,1 = 0,814. 

      
      .  ƒ<1,   , 
     .   ƒ = 1,     

    . 
      

 

 ++ – 

 

,    ,    
 

 

 

 

     

 

  

 

 

   К    . 

         
 , ,  ,     

,   .   
        

 μ,     

 

μ=1/2 (c1z1
2 
+ c2z2

2
 + c3z3

2 + … + cnzn
2
), 

 

 1, 2, 3  . . –   ,   z1 z2 z3  . .  
 . 

           + –  

К  = ────── 

               

           Д +ЖД –
 Ж   ƒ +  ƒ –  

К  = ──────────── 

                  Д Ж  ƒ   
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 .       

         
. 

 

 1.      

 
  

 μ  

  ƒ  

    

0,001 0,96 0,86 0,73 0,56 

0,005 0,92 0,72 0,51 0,30 

0,01 0,90 0,63 0,39 0,19 

0,05 0,81 0,44 0,15 0,04 

0,1 0,78 0,33 0,08 0,01 

 

   

5.   .    . 
       

: 
2   +

 + –
 

 

  ,    ,  
  : 

 

      Д +ЖД –
] 

К = ────── 

          Д 2 Ж 
  

    ,    
       

  . : 
 

К 2  = Д +ЖД –
] 

 

      +  –
     

  ,     
 .      

. 
        

    -      10-7
 /   

22° , : 
 

К 2  = Д +ЖД –
]= 10

-7 ·10-7 
= 10

-14 
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  ,     – 
  

,     . 
        

 ,      .  
      , 

   : 
 

 = -lg[
+
] 

  

        
- .      +

 ,   
 –   10-7 / : 

 

 К   +
  

  Д +
] = 10

-7 /   = 7 

  Д +
] > 10

-7 /   < 7 

  Д +
] < 10

-7 /   > 7 

 

 -       
 = -lg[

-
] 

 

  , : 
 +  = 14, 

 

. .         
  .   ,   = 14 –    

 

 = 14 – . 
 

     ,     

 -   . 
        

      .  
         

 .      ,  
 1 –     : 

 

 + = ƒ +[
+
]. 

 

        

  + = lg  + 

 

     ,     
.  
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6.          
   

 

  Д +
]    

  
 

Д +Ж ≈  

 = - lg  

 – -   

  
 

1)  α<5% , : 
ККК ; 

 = 1/2( К  + ) 

 

2)  α>5%, : 

2

4
2 ККК

 

 

3)   
 (  ≤ 1·10-4 )  

К <1·10-6
: 

КК
2

 

К  –  -  
- ; 

 

 α –  
 ; 

  

К 2  –  
  

 (К 2  = 10
-14

). 

  Д -
]=  

 = 14 –  = 14 –  

 
К

2  

 

 – -  ; 

 

К 2  –  
  

 (К 2  = 10
-14

). 

  1)  α<5% , : 
К  

К

К
2  

 

2)  α>5%, : 

ККК

К

4

2

2

2   

 

К  –  -  
 ; 

 

α –  
 

; 
 

 – -  ; 

 

К 2  –  
  

 (К 2  = 10
-14

). 

 

.   [ +
]   0,2 .   

 

.  

   –     α<5%.  

   ,  КCH3COOH = 1,8·10-5
.  
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,  = – lg (1,9·10-3
) =  3 – lg 1,9 = 3 – 0,28 = 2,72 

:  = 2,72. 

 

 
.   ДOH

-
],     0,05 . NaOH. 

.  
  –  .    . 

  -     : 
[OH

-
] =  NaOH = 0,05 = 5·10-2

 /  

   : 
 = – lg [OH

-
] = – lg (5·10-2

) =  2 – lg 5 = 2 – 0,70 = 1,30 

 

  = 14 –  = 14 – 1,3 = 12,7 

: [OH
-
]= 5·10-2

 / ;   =1,30;  = 12,7. 

 

 

.    ,    100  0,2  
 CH3COOH  100  01,   HCl. 

.  

    HCl  CH3COOH  : 
 

                              (CH3COOH)·V(CH3COOH)      0,2 · 100 

 (CH3COOH) = ————————————— = ———— = 0,1 / ; 

                                                    V                                                     200 

 

  

 

 

 

 

    CH3COOH   HCl   
: 

 

CH3COOH  CH3COO
-
 + H

+
 

 

HCl  H+
 + Cl

-
 

       H+,  : 
                                            0,1-                                  

CH3COOH  CH3COO
-
 + H

+
 

                  (HCl ·V(HCl)       0,1 · 100 

 (HCl) =  ——————— = ———— = 0,05 / ; 
                           V                                       200 
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    , : 

                                                                0,05   0,05 

HCl   H+ 
 +  Cl

-
 

 

      
: 

 

 

 

 

 
     ,   

   ,     (  + 0,05).  

      
, : 

 

 

 

 

 ,   <<0,05,  ( +0,05) ≈ 0,05  (0,1 - ) ≈ 0,1 

,    : 
 

 

 

 

 

 

 

 = - lg[ H
+
] 

 

 = - lg 0,05 = 1,3 
 

 , ,       
       

  . 
 :  = 1,3 

 

.     0,001    . 
. 

  –  , . .     
 ,   -    : 

 

     [ H
+
][ CH3COO

-
] 

К CH3COOH  =  —————— = 1,74·10-5 

     [ CH3COOH
 
] 

 

   ( +0,05) 

К CH3COOH  =   ————— = 1,74·10-5 

  0,1 -  
 

     0,05  

К CH3COOH  =   ———— = 1,74·10-5 

  0,1   

     = [ CH3COOH
 
] = 3,48·10-5 /  

 

     [ H
+
] =  +0,05 = 3,48·10-5

 = 0,05≈ 0,05 /  
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[OH
-
] = cNaOH = 0,001 M = 10

-3
  

 :  

                                                 
К

2 ; 

[H
+
] = 10

-14
/ 10

-3
 = 10

-11
 

 = - lg [H
+
] = - lg10

-11
= 11,00 

:  = 11,00 

 

 

.    0,28%-   HCl (ρ = 1). 
. 

         
.     : 

                                                      

                                                
10(%)

 

   

                                                c /107,7
5,36

10128,0 2  

 ( )  – , ,  
    , . . 

 

[H
+
] =  HCl = 7,7·10

-2
  /  

  

 = - lg [H
+
] = - lg 7,7·10-2 

= 1,11. 

 

:  = 1,11 

 

 

7.   

 

,         
    ,    ,  

    .    
 ,   . ,  

  –     CH3COOH    

CH3COONa.  

  ,       : 
 

[H
+
]= К · ( / ) 

 

 = К  – lg( / ),  
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  –   ,    
  ;  –   ( / );   – 

  ( / ).  
  ,       : 

 

 =  – lg( / ),  

 

 = 14 –  + lg( / ),  

  

  –   ,    
  ;  –   ( / );   

–   ( / ).  
 

 .    ,   0,10  
 NH3  0,20    NH4Cl. 

. 
 = 14 –  + lg( / ),  

  

  = – lg  

 

   ,     NH3   
 =1,76·10-5, ,   ,    
, : 

  = 14 – (– lg 1,76·10-5
) + lg (0,1 / 0,2) = 8,96 

:  = 8,96 

 

 .    ,    
50  0,5      200  0,1    

. 
.       : 

 

                              (CH3COOH)·V(CH3COOH)      0,5 · 50 

 (CH3COOH) = ————————————— = ———— = 0,10 / ; 

                                                    V                                                     250 

 

  

 

       CH3COOH     
CH3COONa  : 
 

CH3COOH  CH3COO
-
 + H

+
 

                               ( CH3COONa) ·V( CH3COONa )   0,1 · 200 

 (CH3COONa ) =  —————————————— = ———— = 0,08 / ; 

                                                         V                                                        250 
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CH3COONa  CH3COO
-
 + Na

+
 

       H+,  : 
 

                                            0,1-                                  

CH3COOH  CH3COO
-
 + H

+
 

         -    
   , : 

                                                                      0,08         0,08 

CH3COONa  CH3COO
-
 + Na

+ 

 

  CH3COOH  CH3COONa    ,  [CH3COO
-
] 

= 0,08 + .       
    

 

 

 

 

 
: 

 

 

 

 
  <<0,08,   ( +0,08) ≈ 0,08  (0,1 - ) ≈ 0,1.  

 

 

  

 

 

 

 = - lg[ H
+
] = - lg2,18·10-5

 = 4,66 

 

 

8.   

 

       , 
     (   ). 

        +
  -

 

,     .  , 
        

   . 
 

 

     [ H
+
][ CH3COO

-
] 

К CH3COOH  =  —————— = 1,74·10-5 

     [ CH3COOH
 
] 

 

   ( +0,08) 

К CH3COOH  =   ————— = 1,74·10-5 

  0,1 -  
 

    0,08  

К CH3COOH  =   ————— = 1,74·10-5 

  0,1   
 

     = [H+Ж = 2,18·10-5 /  
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.     -   
 : ) KNO2; ) Na2CO3; ) NH4Cl; ) ZnCl2; )FeCl3  2CO3. 

: 

)     KNO2.     

KNO2     K+
  NO2 

– 
: 

 

KNO2  K
+
 + NO2 

– 

 

 –  ,   : 
 

HOH  H+
 + OH

–
 (  ) 

 

 NO2 
–
    H

+
 ,  

  HNO2.     
  OH

–
 ,     . 

        -

 : 
KNO2 + HOH  HNO2 +  

 

NO2 
–
 + HOH  HNO2 +  –

 

 

  –
     

( >7). 

 

KNO2 – ,       
 HNO2,  ,     . 

 

 !      1  ! 
К   !. 

 

) ,       
,    ,  ,    

       .   
     . , Na2CO3  

  Na
+
  CO3

2–.  CO3
2–

       
  CO3

–,     2CO3,    CO3
–
  

 ,   2CO3: 

 

Na2CO3 + HOH  Na CO3 + Na  

 

 CO3
2–

 + HOH   CO3
–
 + 

–
; >7. 

) NH4Cl –     NH4OH   
 Cl, ,    : 

 

NH4Cl + HOH  NH4OH + Cl 
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NH4
+
+ HOH  NH4OH +  H

+
; <7 (  ) 

 

(    NH4OH   NH3· 2 ) 
 

)         
  ,       

    . , 
ZnCl2 + HOH  Zn( )Cl + Cl 

 

Zn
2+

 + HOH  Zn
+
 + +; <7 

 

  Zn( )2  ,    Zn
+
 

   ,  Zn( )2. 

) ,       
    ,      

+
  –

.   .      
          

. ,  FeCl3   ,   2CO3 

–   : 
 

Fe
3+

  + HOH  FeOH
2+ 

+ 
+ 

 

CO3
2–

 + HOH   CO3
–
 + 

– 

 

      ,    
    ,   +

  –
   

  2 .      
            

Fe(OH)3   2 ( 2CO3). 

 

2Fe
3+

+ 3CO3
2–

 +3 HOH  2 Fe(OH)3 +3 2 

 

2FeCl3 + 3 2CO3+ 3HOH  2 Fe(OH)3  + 3 2 + 6 Cl 

 

      , 

       
       (  ): 

 

 

 

 

 

 

                         

h  =  ──── · 100%,   

                       . 
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  –    ;  –    
 . 

     ,     , 
  . 

        

К .,      
. 

 

  (  
) 

   
 

 

  + 
  

К = К 2  /   
(  –   

 ,  
 )  

 = 7 + ½ lgcc+ ½  

  + 
  

К = К 2  /   
(  –   

 , 
   ) 

 

К
h  

 = 7 - ½ lg  - ½  

   + 
  

К = К 2  / (  ) 

 

ККК
К

Кh 2  

 = 7 +  ½  –  ½  

 

.    (NH4)2SO4    
0,005 / .  

. 
   : 

  

NH4
+
+ HOH  NH4OH +  H

+
 ( <7) 

 

   : 
 

К = К 2  / К  

 

К  = 1,8·10-5
 

К  = 10
-14

 / 1,8·10-5
 = 5,5·10-10

 

 

        
  

 NH4

+
= 2 (NH4)2SO4 = 0,005·2 = 0,01 = 10

-2
 / . 

 

  : 
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К
h ;       4

2

10

104,2
10

105,5
h  

 

   : 

 

[
+
] = h  NH4

+
;     [

+
] = 2,4·10-4·10-2

 = 2,4·10-6
 /  

 

 

  : 
 

 = −lg  [
+
] =  −lg  2,4·10-6

= 5,6. 

 

:  = 5,6. 
 

 

II.   

 
  ,      

    -  . 
      

  d-     . 
   –  –     

 ,  ДZn(NH3)2Cl2] [Pt(NH3)2Cl2]. 

   – ,    
,   , : 

 

[Ag(NH3)2ЖCХ ДAР(NH3)2]
+
 + Cl

- 

 

K[Ag(CN)2Ж  K+
 + [Ag(CN)2]

-
 

 

       . 
      , 

    : 
 

[Ag(NH3)2]
+
  AР+

 +2 NH3 

 

[Ag(CN)2]
-
  Ag

+
 +2 CN

-
 

 

       , 
     К   : 

           [Ag
+
][ NH3]

2
 

К [Ag(NH3)2]
+
    =  —————— = 6,8·10-8 

         [[Ag(NH3)2]
+
] 
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 [Ag(CN)2]

-
    К  , ,  

  [Ag(NH3)2]
+
. 

    ( ) 
    К  , . . ,  

 :  К  = 1/ К . 

   

 

Ag
+
 +2 NH3  ДAg(NH3)2]

+
 

 
    

 

 

 

 

 
  

 

Ag
+
 +2 CN

- 
 [Ag(CN)2]

- 

 

 

     

 

 

 

 

 

,  [[Ag(CN)2]
-
    [Ag(NH3)2]

+
. 

 

  

III.      
 

1.  .   
 

        
  .         

   . 

     [Ag
+
][CN

-
]

2
 

К [Ag(CN)2]- =  —————— = 1,0·10-21 

     [[Ag(CN)2]
-
] 

 

 

              1       
      

[[Ag(NH3)2]
+
]           

  
1 

К   =  ——  =  —————— = ————  = 1,5·107 

             К           [Ag
+
][NH3]

2        6,8·10-8 
 

              1       
      

[[Ag(CN)2]
-
]           

  
1 

К   =  ——  =  —————— = ————  = 1·1021 

             К           [Ag
+
][CN

-
]

2                
1·10-21 
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    ,    
 ,    ,    

 . 
  ,    

BaSO4,       .    
BaSO4   Ba

2+
   SO4

2- ,      
        . 

     –   BaSO4.  Ba
2+

 

  SO4
2- 

        BaSO4  
 ( )     . 
    ,   

  –  ,    
  ,      Ba

2+
   

SO4
2- ,        ,   

,    .    
   ,       

   ,    Ba
2+

   SO4
2-

. 

 

BaSO4 = [Ba
2+

][SO4
2-

] 

 

      
      . 

  :       
     , 

  (   )   
. 

       
 

KnAm  ЧKm+
 + mA

n- 

      
 : 

 

KnAm = [K
m+

]
n
 +

 
[A

n-
]

m
,  

 

  [K
m+

]   
[A

n-
] –     , 

     KnAm; n, m – ,  
    . : 

 

 Ca3(PO4)2 = [Ca
2+

]
3
[PO4

3-
]

2
. 

 

     (  
)     .  
     , 

       
  (   ). 
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      ,  
  ( ),  ,    

  .    
       . 

        , 
      

,       . 
 

.     CaSO4      0,01  
 CaCl2  0,1   Na2SO4 ? 

  
CaSO4  Ca

2+
 + SO4

2- 

 

 CaSO4    ,  CaSO4 > CaSO4  

        
   2 ,   CaCl2   Na2SO4 

   2 , . .   : 
[Ca

2+
] = 0,01: 2 = 0,005 = 5·10-3

 

[SO4
2-

] = 0,1 : 2 = 0,05 = 5·10-2
 

 

   : 
 = [Ca

2+
][SO4

2-
] = 5·10-3

 · 5·10-2 = 2,5·10-4
 

     CaSO4 = 6,1 ·10-5
 

      
  , ,  CaSO4  
          . 

:  CaSO4  . 
  

.      Ca
2+

  a
2+

, 

      10-1
 / .   

       (NH4)2C2O4  
  : 

 

Ca
2+

 + C2O4
2-

 = CaC2O4
      a

2+
 + C2O4

2-
 = aC2O4

 
 

 

      ,    
      . 

       : 
 

 CaC2O4 = 2,6 ·10-9       aC2O4 = 1,6 ·10-7
 

 

      ,   
   ,    . 
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IV. -   ( - )  
   

 

 ,       
     ( . .     
,     ),  

- . 
 1.  –   ,    

;     . : 
  

Al
0
 – 3ē  Al

+3
;
     

H2
0
 – 2ē   2H

+1 
;
     

2Cl
-1

 – 2ē  Cl2
0
 

 

2.  –    , 
  ;     . : 

 

S
0
 + 2ē  S

-2
;  Cl2

0
 + 2ē 2Cl

-2
;   Fe

+3
 + ē Fe

+2
 

 

  3. ,   ,  ,  
.     . ,   

,  ,  .   
  . 

4.    ,  
   : 

 – ē   

 + ē  

 

      
.         

 ,     
. 

 ,    
         +4                    +7                                                +6               +2 

5Na2SO3 + 2KMnO4 + 3H2SO4 = 5Na2SO4 + 2MnSO4 + K2SO4 + 3H2O, 

 

  : 
 S

+4
 – 2ē   S+6

 (  ) 
 Mn

+7 + 5ē  Mn
+2

 (  ) 
 

 ,        
    .    

( )  . 
 Э      , 

       
-  .    
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,        , 
   . 

 Э      
,        

-  .    
        

,    . 
    

 

Fe
2+

 – ē  Fe
3+

 6 

Cr2O7
2-

 + 14H
+
 + 6ē  2Cr

3+
 + 7 H2O 

 

1 

6Fe
2+ 

+ Cr2O7
2-

 + 14H
+
  6FО3+

 + 2Cr
3+

 + 7 H2O 

 

 

6FeSO4
 
+ K2Cr2O7 + 7H2SO4 = 3Fe2(SO4)3 +  Cr2(SO4)3  + K2 SO4 + 7H2O 

 

   Э K2Cr2O7 =  / 6 = 49,04     

Э FeSO4 =  / 1 = 151,9 

   

                                                          
n

Э ,  

  –       n –  
,        

   . 
 

     
      . 

 

 

 

    
 

       
    .     

 . 
     –     
,        

   0,1%,     
  .     0,1 – 

0,2%.  –   ( ) .  
     :  

   . 
  – ,     

    .  
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 ( )  – ,   
    .  

  F –     
      :  

 

         ν1·  (  ) 
F = ———————————— , 

        ν 2·  (  ) 

 

 ν1  ν2  -  ,      , 
          
  . 

   ,    
  1   . 

       
: 

m . -  = m . .·F, 

 

 m . -  –   ;  m . . –  
 . 

   ω (%)     
  : 

 

                          100                    m . .· F  

  ω = m . .· F· —— ;   m . = −−−−−−−− ·100 

                           m .                                   ω 

 

 m . –   ,   . 
       V     

     V  ,   
   V  / V  : 

 

                           100    V   

  ω = m . .· F· —— ·— . 

                           m .   V   

 

  

.    (  )  
 : 

 
  1 2 3 

 
 

Bi K3PO4 Mg 

 
 

Bi2O3 K2PtCl6 Mg2P2O7 



 - 29 - 

 

:  
        2 (Bi)          2· 208,980 

F = ———— = ————— = 0,8969 

       M(Bi2O3)          465,96 

 

       2 (K3PO4)      2· 212,914 

F = ————— = ————— = 0,2921 

      3M(K2PtCl6)     3· 486,004 

 

         2 (Mg)           2· 24,305 

F = ————— = ————— = 0,2551 

       M(Mg2P2O7)      190,558 

  

 

 .     Fe     (III)  
BaSO4.     . 

: 
 Fe  BaSO4   : 

 

                2 (Fe)  1 (Fe2(SO4)3)  3 (SO4
2-)  3 (BaSO4) 

 

   : 
         2 (Fe)  

F = —————  . 

       3M(BaSO4)  

  

  .        :  
 43,6%,  56,4%.   . 

  
   100 ,  m(P)=43,6 ;  m(O)=56,4  

    PxOy,  

 

5,3:4,1
00,16

4,56
:

97,30

6,43

)(

)(
:

)(

)(
:

OM

Om

PM

Pm
yx  

 

      : 
 

5,2:15,3:4,1: yx        5:2: yx  

 

,    2 5. 

: 2 5. 

 

 .         
,      0,5000   0,2738  Mg2P2O7. 
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  Mg2P2O7     MgCl2· 2O: 
 

)(

)(2
)()(

722

22
72222

OPMgM

OxHMgClM
OPMgmOxHMgClm . 

 

 

)(2

)()(
)(

722

72222
22

OPMgm

OPMgMOxHMgClm
OxHMgClM  

 

  , : 
 

OxHMgClM /208,203
2738,02

553,2225000,0
)( 22

 

 

     ( 2 )  : 
 

0,6
0152,18

211,95208,203

)(

)()(

2

222
2

OHM

MgClMOxHMgClM
OxH  

 

:  MgCl2·6H2O 

 

 

.     -  ,  
 30% 2 5,    0,9   

(NH4)3PO4·12MoO3. 

  
    : 

                          100                         m . .· F  

  ω = m . .· F· —— ;        m . = −−−−−−−− ·100 

                           m .                                          ω 

  

         ν1·  (  ) 
F = ———————————— , 

        ν 2·  (  ) 

 

.114,0
30

100
03782,09,0

)(

100

)12)((2

)(
)12)((

523434

52

3434.
OPMoOPONHM

OPM
MoOPONHmm

 

: 0,114 . 
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  -   

 

     ,   
   : 

1.   

2.     

3.   ( . .) 
4.    . 
 

    . 
      

. 
      ,  

,  ,    
       ( ) ( .  
 ) 

 

1.       

( ,       
) 

 
, 
%

 

  
 

, 
  

 
 

 
 

 
 

, 
 

 
 

 

   

0    KCH   

50     

OK

OOKK

VV

VCVC
H  

 

 

90       

99       

99,9      
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100    
OHKH

2
  

101    

OK

KKOO

VV

VCVC
OH  

 

OH

K
H

OH2  

 

110      

 

 

150      

 

 

 

  

 

2.       

( ,       
) 

 

 

 
, 
%

 

  
 

, 
  

 
 

 
 

 
 

, 
 

 
 

 

   

0    ККК   

50     

ƒ=
KK

OO

VC

VC
 

 

                1 - ƒ 

[H
+
] = KK  −−−−−− 

             ƒ 

 

90      

 

 

99      
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99,9      

 

 

100    

K

KOH

C

KK
H 2

2
 

 

101     

)(

)(
2

KO

OKOH

VVC

VVK
H  

 

 

110       

150      

 

 

 

 

 

 

 

3 .       

( ,      ) 
 

 

 
, 
%

 

  
 

, 
  

 
 

 
 

 
 

, 
 

 
 

 

   

0    

К

К
2  

 

50     

ƒ=
OO

KK

VC

VC
 

 

                                KH2O           ƒ 

[H
+
] = -------- ·  −−−−−− 

          Ko            1 – ƒ 

 

90      

 

 

99       
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99,9      

 

 

100    

2

2

O

OOH

K

CK
H  

 

101     

KO

OKO

VV

VVC
H

)(
 

 

 

110       

150      

 

 

 

 

  

 

  : 
-         

      ; 
-            

    . 
    ,  2   

       . 
 

 -   

 
  

, ∆  

 

,  

  3,1 – 4,4 4,0 

  4,4 – 6,2 5,5 

  2,4 – 4,0 3,0 

 8,2 – 9,8 9,0 

 9,3 – 10,5 9,6 

  6,4 – 8,2 7,5 

  8,0 – 9,6 9,2 

  6,0 – 7,6 7,3 

  3,9 – 5,4 4,5 

  5,2 – 6,8 6,0 
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   .     
   1,6540     

(NH4)2C2O4·H2O       250 .  
 25     23,85   

 .      
  . 

 

        
    ,    : 

250

6540,1
))(( 24224 OHOCNHT  

        
   1000 (  ,    

  1  )       
   : 
 

OHOCNHT
OHOCNHc /09311,0

06,71

1000

250

6540,1

06,71

1000))((
))(( 24224

24224
 

 

      
      

  : 
 

;
1

2

2

1

V

V

c

c
      

1

22
1

V

Vc
c  

 

: 
 

KMnOV

OHOCNHVOHOCNHc
KMnOc /09757,0

85,23

2509311,0

)(

))(())((
)(

4

2422424224
4  

 

     : 
 

KMnOMKMnOc
KMnOT /003084,0

1000

61,319757,0

1000

)5/1()(
)( 44

4  

 

 

: (KMnO4)=0,09757 / , (KMnO4)=0,003084 /  
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Т  А А Я 

 

 

 

 

 

 

 №1  

  : )    -

 ;    (<7, >7); )   
.  
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 №2 

 

   α,   К , 

   [H
+
]  -  [OH

-
] ( , 

  ,    (ρ = 1) 

 

 
 

 
 

 
α К  

H
+
, 

/  

OH
-
, 

/  

26 NaOH 5% - - -  

27 CH3COOH 0,5   1,7·10-5
  - 

28 HNO2 0,1  7,1%   - 

29 NH4OH 0,1   1,8·10-5
 -  

30 HCN 1   4,9·10-10
  - 

31 KOH 1  ,77  -  

32 HNO2 0,01   5,1·10-4
  - 

33 H3PO4 0,5   7,2·10-3
  - 

34 NH4OH 0,01%  1,8·10-5
 -  

35 CH3COOH 1 . 0,41%   - 

36 H2SO3 0,02   1,6·10-2
  - 

37 NaOH 4 /  - - -  

38 HNO2 , /  0,2 5,1·10-4
  - 

39 H2S 0,01   1,0·10-7
  - 

40 HCl 1 . 0,748%   - 

41 Ca(OH)2 7,4 /  - - -  

42 H2CO3 0,1 . 0,212%   - 

43 HCOOH , /  0,03 1,8·10-4
  - 

44 NaOH 2 /  - - -  

45 H2SO4 6 /  - -  - 

46 NH4OH , /   1,8·10-5
 - 1,33·10-3

 

47 H2SO3 , /  1,26 1,6·10-2
  - 

48 NH4OH , /   1,8·10-5
 - 2,5·10-4

 

49 HNO2 , /  0,2 5,1·10-4
  - 

50 KOH , /  - - 2,5·10-10
 - 

  

 

 

  

 

 

 

 

 

 

 



 - 41 - 

 №3 

 

 

   ( )  
 

 

 
 

 
-

, /  

 
 

 
-

, /  

51 Ag3PO4 6,8·10
-2

 55 BaCO3 1,65·10
-2

 

52 PbSO4 4,5·10
-2

 56 MnS 2,89·10
-5

 

53 Mg(OH)2 1,21·10
-2

 57 CaCO3 6,93·10
-3

 

54 AgCl 1,92·10
-3

 58 Cu(OH)2 2,36·10
-5

 

 

 

 

  (  / , / )  
     (     ) 

 

 
 

 
 
 

 
 
 

 

59 BaSO4 62 Zn(OH)2 65 CaCO3 

60 Ag2CO3 63 Ni(OH)2 66 Ag2SO4 

61 PbCl2 64 Ag2S 67 PbI2 

 

 

 

 

   ,      
      I   II. 

 

 
 

 I  II 

    

68 SrCl2 0,002  K2SO4 0,002 . 
69 AgNO3 0,02 . H2SO4 1 . 
70 Ca(NO3)2 0,0025  H2SO4 0,002 . 
71 Pb(NO3)2 0,1 . NaCl 0,4 . 
72 AgNO3 0,05 . Na2CO3 0,05 . 
73 CaCl2 0,02  K2CO3 0,02  

74 BaCl2 0,2 . Na2SO4 0,02  

75 MgSO4 0,02  Na2SO3 0,1 . 
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 №4  

 

        
 (        

). (  ρ  К     .  ) 
 

 
 

   
 

  

76 HCl ω = 10% 89 CH3COOH  = 0,5 /  

77 NH4OH  = 0,1 /  90 KOH ω = 0,8% 

78 HNO3 ω = 0,05% 91 HNO3  = 0,01 /  

79 H3BO3  = 0,1 /  92 LiOH  = 0,1 /  

80 HCl ω =5% 93 H2CO3 (1/2H2CO3)= 

=0,2 /  

81 NH4OH  = 0,02 /  94 NaOH ω = 0,4% 

82 H3PO4  = 0,5 /  95 CH3COOH  = 0,17 /  

83 NH4OH  = 0,1 /  96 KOH ω = 0,6% 

84 HNO3 ω = 1% 97 HNO2  = 0,1 /  

85 HCN  = 0,2 /  98 LiOH  = 0,01 /  

86 H2SO3  =  0,02 /  99 H2S  = 0,1 /  

87 NH4OH  = 1 /  100 NaOH ω = 0,8% 

88 HCN  = 0,1 /   

 

 №5  

 

       
 ,    ,   

,    . 
 

 

  

101 MnO2 + KClO3 + KOH  K2MnO4 + KCl + H2O 

102 CuCl2 + SO2 + H2O  CЮCХ + HCХ + H2SO4 

103 HgS + HNO3 + HCХ  HРCХ2 + S + NO + H2O 

104 AsH3 + AgNO3 + H2O  H3AsO4 + Ag + HNO3 

105 Zn + KNO3 + KOH  K2ZnO2 + NH3 + H2O 

106 Fe + HNO3 .  Fe(NO3)3 + NH4NO3 + H2O 

107 Sn + HNO3 .  Sn(NO3)2 + N2O + H2O 

108 K2Cr2O7 + H2S + H2SO4  CЫ2(SO4)3 + S + K2SO4 + H2O 

109 KMnO4 + KOH + K2SO3  K2MnO4 + K2SO4 + H2O    
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110 H2O2 + K2MnO4 + H2SO4  K2SO4 + MnSO4 + O2 + H2O 

111 KMnO4 + K2SO3+ H2SO4  MЧSO4 + K2SO4 + H2O    

112 Cl2 + KOH .  KCХ + KCХO3 + H2O 

113 KClO2 + KOH + Br2  K2CrO4 + KBr + H2O 

114 FeS2+ HNO3 .  FО(NO3)3 + H2SO4 + NO + H2O 

115 C2H4 + KMnO4 + H2O  C2H6O2 + MnO2 + KOH 

116 NaOCl + KI + H2SO4  I2 + NaCl + K2SO4 + H2O 

117 Cr2O3 + KNO3+ KOH  K2CrO4 + KNO2+ H2O 

118 Fe(OH)2 + NO2  FО(NO3)3 + NO + H2O 

119 H2S+ HNO3   H2SO4 + NO + H2O 

120 KI + H2SO4   I2 + S + K2SO4 + H2O 

121 NaHSO3 + Cl2 + H2O  NКHSO4 + HCl 

122 FeSO4 + KMnO4 + H2SO4  FО2(SO4)3 + MnSO4 + K2SO4 + H2O    

123 KBr+ KMnO4 + H2SO4  BЫ2 + MnSO4 + K2SO4 + H2O    

124 FeCl2 + Na2Cr2O7 + H2SO4  FОCХ3 + CrCl3 + KCl + H2O 

125 Na2S + Na2Cr2O7 + H2SO4  S + CЫ2(SO4)3 + Na2SO4 + H2O 

 №6  

 

  -  ,  2 
  . (     

 ,      ). 
 

 

 
 

   

  . V ,   . 

126 HCl 0,1 10 NaOH 0,1 

127 HCl 0,1 15 NaOH 0,1 

128 HCl 0,15 20 NaOH 0,15 

129 HCl 0,2 30 NaOH 0,2 

130 HCl 0,2 15 NaOH 0,2 

131 HCl 0,2 40 NaOH 0,2 

132 CH3COOH 0,1 10 KOH 0,1 

133 CH3COOH 0,15 15 KOH 0,15 

134 CH3COOH 0,1 20 KOH 0,1 

135 CH3COOH 0,2 10 KOH 0,2 

136 CH3COOH 0,2 15 KOH 0,2 
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137 CH3COOH 0,25 20 KOH 0,25 

138 NH3·H2O 0,1 10 HCl  0,1 

139 NH3·H2O   0,1 50 HCl  0,1 

140 NH3·H2O   0,2 20 HCl  0,2 

141 NH3·H2O   0,2 25 HCl 0,2 

142 NH3·H2O   0,3 15 HCl 0,3 

143 NH3·H2O   0,3 20 HCl 0,3 

144 NH3·H2O 0,15 30 HCl 0,15 

145 NH3·H2O 0,01 20 HCl 0,01 

146 NH3·H2O 0,05 10 HCl 0,05 

147 NH3·H2O 0,02 50 HCl 0,02 

148 NH3·H2O 0,1 25 HCl 0,1 

149 NaOH 0,3 40 HCl 0,3 

150 NaOH 0,6 50 HCl 0,6 

  

 №7 

 

    ( )    , 
  ,       m1 ( ) 

 m2 ( )  : 
  

 
 

 m1,  
 

 
m2,  

151 BaCl2· H2  0,3245 BaSO4 0,3100 

152 MgSO4· H2  0,5520 Mg2P2O7 0,2492 

153 Al2(SO4)3· H2  0,7000 Al2O3 0,1070 

154 CoSO4· H2  0,4800 BaSO4 0,3985 

155 Cr2(SO4)3· H2  0,8500 Cr2O3 0,1803 

156 NH4Fe(SO4)2· H2  0,5020 Fe2 3 0,0831 

157 MnSO4· H2  0,3240 BaSO4 0,3137 

158 CaCl2· H2  1,0000 CaO 0,2560 

159 Na2SO4· H2  0,4000 BaSO4 0,3262 

160 Ni(NO3)2· H2  0,3000 Ni(C4H7O2N2)2 0,2980 

161.    (%)      
BaCl2·2H2  ( . .).   BaCl2·2H2   0,4872 .   

  BaSO4    0,4644 .   
162.    0,9000   -  

 Al2 3  0,0967 .    (%)   
 .   

163.      : 
 

 Ca Cl S Cr Fe2O3 MgSO4 K 

 
 

CaO Ag Cl BaSO4 Cr2O3 FePO4 Mg2 2 7 2Na[CoNO2)6Ж·H2O 
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164.       
  (        

): Ba
2+

, SO4
2-

, S, BaO, H2SO4, SO2. 

165.      2 5,  
    : 

(NH4)3[PMo12O40], Mg2P2O7, Zn2P2O7, Ca3(PO4)2. 

166.    (%) Fe3 4,      
 0,5000   0,3989  Fe2 3. 

167.        : 
P   2 5   PO4 

3-
  (NH4)3[PMo12O40]   PbMoO4. 

168.    ,    
  : 54,58% CaO, 1,86% F, 3,44% Cl, 41,61% 2 5. 

 169.   ,   30% ,    
,   0,3  BaSO4? 

170   ,   50 % ,    
,     Fe2 3  0,1 ? 

171.   Fe3 4     0,2  Fe2 3? 

172.   ,   20% 2 5, 

   0,3  Mg2P2O7. 

173.   ,   30% MgO,  , 
  0,3     Mg(C9H6ON)2? 

174.    ,  Cu, Fe, S, 

        0,3500    
0,1392  CuO; 0,1397  Fe2 3; 0,8169  BaSO4. 

175.      ,  16,2% Ca, 

22,5% Fe, 22,6 % Si, 38,7% O.     
. 

 

 №8 
 

176.   HNO3,   500  ,    
 0,006300 / ?  

177.   HCl  0,003592 / .    
.   

178.  0,1205 .  H2SO4.   . 

179.   20,00    HNO3  15,00  0,1200 . 
 NaOH.   ,    

HNO3  250  .   
180.   0,1500 .  NaOH   : ) 21,00 

 0,1133 .  HCl; ) 21,00   HCl   0,003810?   
181.     H2C2O4·2H2O,  

 1,7334       250 ?   
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182.    (%)   Na2CO3   
 ,       0,2648  

 24,45  0,1970 . HCl?  

183.  20,00        
 ,   ,   

   :  
CaC2O4 + H2SO4 = CaSO4  + H2C2O4 

      0,1 . 
 KMnO4,   24,50 .    

   CaCl2.   

184.     5,7700    
     250 .   25,00  
   19,34   KMnO4   0,003100 / . 

   (%) FeSO4   .   
185.  25,00   H2S   50,00  0,01960 .  . 

    I2,    , 
 11,00  0,02040 .  Na2S2O3·5H2O.   

H2S   1  ? 

186.   NaCl    250,0  ,    
25,00    16,45  0,05000  AgNO3?  

187.        1  0,5300  HCl,  
 0,5000  ? 

188.          9,3% (ρ=1,05 
/ 3)    40  0,35   H2SO4? 

189.         15% (ρ=1,16 
/ 3)    120  0,45   Na2CO3? 

190.     (ρ=1,19 / 3)   
 1  0,1000  ? 

191.      (ρ=1,84 / 3)   
 2,5  0,2 .  H2SO4 (ƒ  = ½)? 

192.   500     20,00  
  (ρ=1,19 / 3).   

  . 
193.       HCl,   

 0,4217    17,50   . 
194.       NaOH,   

 20,00    19,20  0,1000  HCl, 

  . 
195.     KOH,   

 15,0    18,70   HCl  (HCl) = 

0,002864. 

196.    NaOH  10,00   H2SO4, 

  0,004904 / .  NaOH    
? 
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197.  H2C2O4·2H2O  0,6000      

 100,0 .   20,00    
 18,34  NaOH.    

 NaOH       H2C2O4. 

198.    0,5341 ,  92% NaOH  8% 

 ,        
  100,0 .     

 ,    15,00    NaOH 

 19,50  . 
199.      ,    1,532  

NaOH,       20,00   
14,70   HCl ,    0,003800 / ? 

200.   ,  98 % NaOH  2%  
,    200  0,1  ? 

 

 

 №9 
201.     ,   

 . 
202.    ,   

    ,    
. 

203.     ,  
  . 

204.     ,  
  . 

205.  : ,  , 
 . 

206.        
  (  . . , . . , 

. . , . . , . . ). 
207.   ,   . 
208. -  :  ,  

.. 
209.  -  :  , 

  . 
210.  :  ,    . 
211.  :  ,   . 
212.  :  ,   

. 
213.    . 
214.    

215.  . 
216.      . 
217.   . 
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218.    . 
219.    . 
220.   . 
221.   . 
222. - . 
223.  . 
224. -   . 

225.    . 
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I.  -   º 
-  (     25º ) 
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(   I) 
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(   I) 
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II.      20º  
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(   II) 
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 (   II) 

 

 
 

 

 

 

 

 

 

 

III.     
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IV.      
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V.       
(     ) 
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VI .     . 
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VII.      0,1     
(  18-25º ) 
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VIII.     . 
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(   VIII) 
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(   VIII) 
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IX.  ,  ,    
     

         

 
 

 

 : 
  

 -  
: 
:
:
: -   -  

   

  

 

 

 

:  –  (  1   100  ); 
                        –  (  0,01   100  ); 
                        –  (  0,01   100  ); 
                       (-) –     .   
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X .  -   

 

 
  

, Δ  

 , 
 

  3,1 – 4,4 4,0 

  4,4 – 6,2 5,5 

  2,4 –  4,0 3,0 

 8,2 – 9,8 9,0 

 9,3 – 10,5 9,6 

  6,4 – 8,2 7,5 

  8,0 – 9,6 9,2 

  6,0 – 7,6 7,0 

 

 
3,9 – 5,4 4,5 

 

 
5,2 –  6,8 6,0 
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XI.    ,  

  (  20º ), / 3
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1 1, 26, 51, 76, 101, 126, 151, 176, 201 

2 2, 27, 52, 77, 102, 127, 152, 177, 202 

3 3, 28, 53, 78, 103, 128, 153, 178, 203 

4 4, 29, 54, 79, 104, 129, 154, 179, 204 

5 5, 30, 55, 80, 105, 130, 155, 180, 205 
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