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.
,

.
, 

: , ,  H3BO3 (2%), 
,  CH3COOH (2%), , 

,  Na2CO3 (5%), 
NH4OH, , , .

.
, 

; 
, .

, ,
, 

.

, 
, , 

.

.

, , 
.

, 
, . 

 – , 
. 

,  – 5% 
.

,  – 2% 
. 
,  – , 
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, 

 – , 
.
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: 
,  2% 
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.

,

.

:
-  – , , ,

, , , ;
-  –  5% .
- , 

.
-  – , ,

.
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, 
)

, 
.

.
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.

 ( ), .

: , , , . 
, 

. , , .
 1-  ( ) 

.  2-  (
) 

.  3-  (
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.

.

; 
.
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.
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1.
.

2. ,
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3. , 
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4. , 
.

5. , 
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6. ,
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.
7. .
8. , 

.
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. 
, 

. 
. 

0,01 . ,
. 

, 
, 0,0001 .

.  – , 
. 

, ; 
, .

. , 
, , 

;  – , 

. :

F1 l1 = F2 l2

 F1  F2  - , ,
l1  l2 – .

, 
:

l1 = l2

, , , 
:

F1 = F2

. 
: 100, 50, 20, 20, 10, 5, 2, 2, 1 

500, 200, 100, 100, 50, 20, 10 .

. , , 
. , , 

 – , ,  – 
.
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, ,
 (

)!

:

1.  ( ), 
,  – .

2.
,  – 

.
3. . , 

 ( ) .
, , , 

.
4.

, 
.

5. , , 
, , 

, .
:   2  ,  1  ,  200  ,  50  ,  10  ;  :

2 + 1= 3 ;  :  200 + 50 + 10 = 260 ,  :
260  = 0,26 .  3,26 .

6. , 
, ,  – 

.

, .
. 1)  (5). : 

; 
 –  – 

 (4).  – 
. , .

 (3). 
, , 

, , . 
, . 

 (6), 
 ( ). 

,  (7), 
,  ( ) 

 (8) .
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 (1), 
.  – 

 (2). , .
 (3) , 

.  (7)  – 
 (8) 

.
, 

 (4),  (5),  (6). 
, 

 (6). , , 
 – 

!

.1.1 –  ( ):
1 – ; 2 –  ( ); 3 – ; 4 – ;

5 – ; 6 – ; 7 – ; 8 – .
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: , ,
, , 

 K2Cr2O7, NaCl, CuSO4.

1: , ,
 ( ,

 ). : ,
, , .

2:  (
)  ) 2,67 ; ) 1,38 ; ) 3,25 ; ) 2,43 .

, 
:

1) , m ) ( );
2) m )+ m ) = m, 

;
3) m;
4)

;
, 

.
.

.

1. ?
2.

?
3.

?
4.

, ?
5. ?

? ?
6. , 

?
7.

? 
, ?

8. ?

  ?
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9.
?

10.
?

11.
, ?

12. ?
? ?

13. , 
?

14.
?

15. , 
?

16. ?

?
17. : , 

 5,472 . ?
18. : , 

 1,020 . ?
19. ?
20. ?
21.   , :

?
22.

?
23. ?
24. ,  –

?
25. ?
26. ?
27. ?
28. : , 

 3,2 . , ?
29. , , 

 8,705 ; 9,005 .
30. , , 

 0,515 ; 7,998 .
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1

: « , 
»

:
, 

, .
. 

,
, ,

.

– , .
, 

, . 
, .

 ( ,
, ) .

,  ( , , 
), .

, 
 (-2), 

 – F2, .

.  – , 
. ,  NO, N2O, CO, SiO .

 – , 
. ,

.
, 

. , ,  – , 
 ( ) ,

, . 
 Na2O, Cu2O, MgO, FeO, MnO .

. 
 – .

, 
, . 
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N2O3, NO2,  N2O5, SO2, SO3 . 
. ,

,  CrO3,  V2O5, MnO3, Mn2O7
.  – . 

,  – 
.

. : Al2O3,  ZnO,  Cr2O3, BeO, SnO, SnO2,
PbO, PbO2, MnO2 ,  UO3 . 

, 
. 

. , , 
.

, , 
,  – . 

 – : Li2O ,  – 
. , 

, 
, 

: O –  ( ) , , O2 –  ( V) ,
.

 –
. : , 

. :

 + 2  ( )

 + 2
                                               ( )

 + 2 .

. . 
, 

 –  ( –). 
. 

 ( , ,
,  NH4

+) –,  
 (n). E(OH)n. 

, 
, . ,  – , )2 –

, 1( )3 – .
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, 
, :

Fe(O )2 -  ( ) , N (O )2 –  ( ) . 
, 

: NaO  – , L (OH)3 – .
.

. 
 NH3·H2O. .

. , 
,  (

 NH4
+) . 

, 
 – +. , 

+

. , , . 
+

, ).
, 

 ( ) 
. , l, HNO3 – , H2SO4,  H2S  –

, 3 4, 3 4 – .
, 

, .
: l, HNO3,

H2SO4, 4,  ,  r;  - 3 4, H2SO3,  HSCN ;  H2S,
H3BO3, HCN, HNO2 .

 (HNO3,
H2SO4, 3 4)  ( l, , H2S).

. 
 (- ): HCl – ;  – 

; Br – ; H2S – .

-
,  – ; 

- (- -):
H2SO4 –  (VI) ; H2SO3 – 

 ( V) ); HNO3 –  (V) ; HNO2 – 
 (  ( ) );
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.
, 

. 
, 

+, –. 
, . 

, 
: Be(OH)2, Zn(OH)2, Ge(OH)2, Sn(OH)2,

Pb(OH)2;  – : Al(OH)3, Fe(OH)3, Cr(OH)3,
Sc(OH)3 ., 

. 
) . .

, 
, : Zn(OH)2 – , r( )3 –  (III)

.

 – , 
 ( ) 

 ( ) 
.

,  ( )
. , , .

 – 
 ( ): NaCl, 4, u(NO3)2.
 – 

. 
 (Na 3, NaH2PO4, Na2HPO4, KHSO4).

 – 
) . 

 (Mg(OH)Cl, Fe(OH)Cl2,
Fe(OH)2Cl, Al(OH)SO4).

. 

, : Fe(NO3)3 –  (III) ; Fe(NO3)2 –
 (II) ; Na2SO4 .

, , 
-, 

: 3 – ; NaH2PO4 – 
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, , 
-, 

:
Mg(OH)Cl – ; Al(OH)2NO3 – 

.

.
1. .

1.
, 

 ( ) .
: 2

 - :

 + 2  = )2

2  + 2  = 2

2. 
:

+ 2 1 = 12 + 2        
 + 2 + = 2+ + 2     

2 + H2SO4 = K2SO4 + H2O      
K2  + 2 + = 2K+ + 2     

 (V ) 
CaO + CrO3 = CaCrO4

 (V) 
MgO + N2O5 = Mg(NO3)2

1.
 ( ):

2 5 + 2  = 2 3 4
 (V) 

SO3 + 2  = 2 4
 (V ) 

:

2NO2 + 2  = 3 + HNO2
 ( V) .

2 2  + 2  = 3 + H 1O2
 ( V) .
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2. 
:

SO3 + )2 = 4 + 2
SO3 + 2+ +2 – = 4 + 2              

2 + 2  = 2 3 + 2      
2 +2 – = 3

2– + 2                       

2 + SrO = SrCO3
Cl2O + Rb2O = 2RbClO

3. 
:

SO3 + ZnO
t

 ZnSO4

N2O5 + 2Al(OH)3

t
 2Al(NO3)3 + 3H2O

4.  ( ) 
:

Na2CO3 + SiO2

t
 Na2SiO3 + CO2

CsCO3 + Fe2O3

t
 2CsFeO2 + CO2

1. , .
2. , 

. , 
, :

Fe2O3 + 3SO3

t
Fe2(SO4)3

                                              ( ) 

ZnO + CrO3

t
ZnCrO2

                                    
BeO + 2HCl = BeCl2 + H2O

                         
SnO2 + 2H2SO4 .) = Sn(SO4)2 + 2H2O

3. 
, , 

:

ZnO + Li2O
t

 Li2ZnO2
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Fe2O3 + BaO
t

 Ba(FeO2)2

Cr2O3 + 2KOH
t

 2KCrO2 + H2O

:

BeO + CsOH + H2O = Cs2[Be(OH)4]   
ZnO + 2LiOH + H2O = Li2[Zn(OH)4] – 

SnO2 + 2KOH + 2H2O = K2[Sn(OH)6] –  ( )

4. :

Na2CO3 + Cr2O3

t
 2 NaCrO2 + CO2

K2SO3 + Al2O3

t
 2 KAlO2 + SO2

2. 
1.  (

) :

3NaOH + 3 4 = Na3PO4 + 3 2 ;

Ni(OH)2 + 2 4 = NiSO4 + 2 2 ;

Fe(OH)2 + rO3 = FeCrO4 + 2 ;

)2 + 2 = 3 + 2 .

2. 
:

2NaOH + ZnO
t

Na2Zn 2 + 2
                         

)2 + r2 3

t
rO2)2+ 2

                            

+ Al(OH)3

t
lO2 + 2 2

                              

2CsOH + Sn(OH)2

t
Cs2SnO2 + 2 2

                             

2NaOH + Sn(OH)4

t
Na2SnO3 + 3 2

                             

:

2LiOH + PbO + 2  = Li2 b( )4] – 
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6 + r2 3 + 3 2  = 2 3 r( )6] – 

2NaOH + SnO2 + 2 2  = Na2[Sn(OH)6] – 

2NaOH + Zn(OH)2 = Na2[Zn(OH)4] – 

3  + l( )3 = 3 l( )6] – 

2NaOH + Sn(OH)4 = Na2[Sn(OH)6] – 

3. :

l2 + = )2  + 2 l;

NiSO4 + 2NaOH = Ni(OH)2 + Na2SO4;

NH4Cl +  = NH3 + H2O + l;

Fe(NO3)3 + 3NH4OH = Fe(OH)3 + 3NH4NO3;

ZnSO4 + 2NaOH = Zn(OH)2 + Na2SO4;

AlCl3 + 3NaOH = Al(OH)3  + 3NaCl.

:

ZnSO4 + 4NaOH .) = Na2[Zn(OH)4] + Na2SO4;

l3 + 6NaOH .) = Na3 l( )6] + 3NaCl.

3. 

1. :

 + H2SO4 = K2SO4 + 2 2 ;
– + + = 2  -  

, 
, 

. 
, + ,

, – . 

,  - .

, , 
:
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 + 2 4 = KHSO4+ 2
                                 

NaOH + 3 4 = NaH2PO4 + 2
                                            

2NaOH + H3PO4 = Na2HPO4 + 2 2
                                         

3NaOH + 3 4 = Na3PO4 + 3 2
                                                         , 

:

La(OH)3 + HNO3 = La(OH)2NO3 + 2  – 

La(OH)3 + 2HNO3 = La(OH)(NO3)2 + 2 2

La(OH)3 + 3HNO3 = La(NO3)3 + 3 2  – ,  

2. :

 + 2 l = l2 + 2 ;

La2O3 + 2 3 4 = 2LaPO4+ 3 2 ;

SrO + H2SO4 = SrSO4 + 2 ;

Na2O + H2S =Na2S + 2 .

3. .
, 

, , 
:

ZnO + H2SO4 = ZnSO4+ H2O;

3BeO + 2 3 4 = 3 4)2 + 3 2 ;

Sn(OH)2 + 2HNO3 = Sn(NO3)2;

l( )3 + 3 l = l l3 + 3 2 .

4. , 
:

3 + 2 l = l2 + 2  + 2 ;

Ba(NO3)2 + H2SO4 = BaSO4 + 2HNO3.
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5. , 
, 

:

Zn + 2  = ZnCl2 + H2 ;

Mg + H2SO4 = MgSO4 + H2 .

 HNO3, 
 H2SO4, lO,

lO3 . 
, 

. 
 ( , 

, ):

2H2SO4 ) + Cu = CuSO4 + SO2 + 2H2O;

2H2SO4 ) + 2Ag = Ag2SO4 + SO2 + 2H2O;

5H2SO4 ) + 4Zn = 4ZnSO4 + H2S  + 4H2O;

. 
, , 

:

2HNO3 ) + Ag =AgNO3 + NO2 + H2O;

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

4. 
1. 

, 
:

Zn(OH)2 + 2HNO3 = Zn(NO3)2 + 2 2 ;

l( )3 + 3 l = l l3 + 3 2 ;

2 r( )3 + 3SO3 = Cr2(SO4)3 + 3 2 .

2. 
:

Zn(OH)2 + 2N  = N 2[Zn(OH)4].
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5. 

1. 
. 

:

Na2S + H2SO4 = Na2SO4 + H2 ;

3 + 2HCl = CaCl2 + CO2 + H2O;

Na2SiO3 + 2HCl = 2NaCl + H2SiO3 ;

Na3[Cr(OH)6] + 3 l( .) = Cr(OH)3 + 3NaCl + 3H2O;

Na3[Cr(OH)6] + 6 l( .) = CrCl3 + 3NaCl + 6H2O;

Na2[Zn(OH)4] + H2SO4 .) = Zn(OH)2 + Na2SO4 + 2H2O;

Na2[Zn(OH)4] + 2H2SO4 .) = ZnSO4 + Na2SO4 + 4H2O;

Na2ZnO2 + 4 l( .) = 2NaCl + ZnCl2 + 2H2O.

2. 
. :

CuSO4 + 2NaOH = Cu(OH)2 + Na2SO4;

NH4Cl +  = NH3  + 2  + KCl.

3. , , 
:

Na2CO3 r2 3  = 2NaCrO2 + CO2 ;

3 + SiO2 = CaSiO3 + CO2 ;

3 + iO2 = 3 + 2 .

4. , 
, , . 

:

2AgNO3 + Zn = Zn(NO3)2 + 2Ag;

CuSO4 + Ni = NiSO4 + Cu.

5. 
, :

l2 + Na2SO4 = BaSO4  + 2NaCl;

Pb(NO3)2 + 2NaI = PbI2 + 2NaNO3.
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6. 
:

3NaClO
t

 2NaCl + NaClO3 ;

4Na2SO3

t
 Na2S + 3Na2SO4.

:

NH4Cl
t

 NH3 + l;

(NH4)2CO3

t
 2NH3 + 2 + 2

NH4NO2

t
 N2+2H2O;

, 

:

2NaNO3

t
2NaNO2 + O2;

2Pb(NO3)2

t
 2PbO + 4NO2 + O2;

2AgNO3

t
 2Ag + 2NO2 + O2.

1.
?

2. , 
: l2 ,  SrO,  N2O5, MgO, BeO, Rb2O, MoO3, Mn2O7, As2O5,

Al2O3?
3.

?
4. , :

SO2, N2 5, 2 5, lO2, n2 7, l2 , N2 3, 3, SiO2, lO3, NO2, As2O5.
5. : , CaO, La(OH)3,

Li2O, l2 , N 2, n2 7, , Fe(OH)2, HNO3. 
.

6. , 
: SeO2, SO3, Mn2O7, 2 5, lO3.

7. l: ZnO, Cl2O7, SrO,Fe(OH)3,
Rb2O, Cl2O, , )2, 2,  3 4? 

.
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8. : H2SO4,  H3BO3, lO,
nO4, H3AsO4, lO4.

9. ? .
10. , 

:  >  > l2> )2 >  > BaSO4
11. :

N2O5, ZnO, Al(OH)3, 3 4, , La2O3, P2O5?
12. , 

: lO3, H3AsO4, lO, H nO4, H2SeO4, SO3.
13. : N2O5,

Zn(O )2, Fe(OH)3, 3 4, , Cr2O3, P2O5?
14.  Zn(OH)2, Fe(OH)3, Sn(OH)4

: l, CsOH, Ba(OH)2, Na2O, SrO, 2 5, 2 3, 3 4,
H2SO4? .

15. , 
:

Mg > MgO > MgSO4> Mg(OH)2 > MgO > MgCl2

: , , 
, ;  (NH4)2Cr2O7 ; ,

 ( ) , , ; ;
, ; ,
; :  10%, 30%, 

l (1:1),  10%, ; 
: , ,  ( ) , 

, , , , 
, , . ,

; , , ,
.

1. 
) .

-
, ;

- , 3 , 

;
- , 

, 

.
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)  ( ) .
-

(NH4)2Cr2O7 ;
, , 

:

(NH4)2Cr2O7  Cr2O3 + N2  + 2

- , , , 
.

)  ( V)  (  - ).
-  (1/4) l

, , 
, 

;
- , , , 

, ;
- .

)  ( V)  ( ).
- ,

, , 
;

- , 
 10 3, , 

;
- , , 

? 
? .

) .
- ;

;
 – 15-20  10%-
;

 –  30% - ;
;

-  ( ) , ;
- ;
- , 

. , 
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, 
.

2. 

.
, 

, .
:

-
 ( );

- 1 ;
- , 

, .

.

 1.1

3. 

:  ( )
,  ( )  ( ) ;

- , ;
-  Cu(OH)2 , 

, ;
-  ( )  Cu(OH)2,
-

;
- , .

4. 

, 
ZnCl2  10% ( , );

- ;
- , , 1;
-  – ;
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- ;
- , 

, 
.

5. 

) :
-  10 1;
-  Mg,  – Fe,  – Zn,  – Cu;
- ,  …..

) :
-  10 ;
-  ( ) ;
- ;
-  5–6 

;
- .

) :
- :

 - ,
 - ;

-  10 , 
;

-
, ,

, .

6. .
)   .

-
,  ( ), ;

- , .

)  .
- :  BaCl2 i Na2CO3;

 - Pb(NO3)2 i CuSO4;  - KNO3 i NaCl;
- ,  (

?), .
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) .
, , 

. 
:

-  5–6 
, 

;
- ;

) .
,

:
-

 ( , 
), ;

-
, ,

» ;
- , .
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1
  

 1

, 
, 

:…  
.

 2
 ….

  
: , 
, ), 

, , )
1 Al2(SO4)3  ( )
2 Fe3(PO4)2  ( )
3 AlCl3  ( )
4 Na3PO4  ( )
5 AlPO4 )
6 K2SiO3 )
7 Ca(OH)2  ( )
8 FeSO4  ( )
9 Fe(HSO4)2  ( )

10 PtCl2  ( )
11 NH4NO3  ( )
12 Al(NO3)3  ( )
13 CuOHNO3  ( )
14 CuSO4·5H2O  ( )
15 BaCl2  ( )
16 KMnO4  ( )
17 Na2CO3  (VI)
18 (NH4)2SO4  ( V)
19 Na2S2O3  (VI)
20 CaSO4  (VI)
21 Na2SO4  ( )
22 MgCl2  ( )
23 Al(OH)2Cl  ( )
24 BaCl2  ( )
25 ZnSO4  ( )
26 CaOHCl  ( )
27 Al(OH)3  ( )
28 CaSO4  ( )
29 BeCl2  ( V)
30 K2Cr2O7  ( V)
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2

: «
»

:

.

.

,  1 
 8 . 

, , .

, .
: , 

 ( . .), :

2

1

2

1
m
m

.

, 
 ( . .), :

2

1

2

1
V
V

V
V

.

, 
,  – 

;  ( .) 
:

2

1

2

1
VV

m

.

 [ ] 
:

. ) = ) · ).
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 [ 3 ] 
:

) = ) · VM ) = ) · 22,4 3

 [ ] – 
:

 ( ) = m .

, 
] – 

:

 ( )  =
V

V .

, , 
.

, , 
:

. .) =
B.)(n

1 .

: (O2) = 22
1 =

4
1 ; (Zn) =

2
1

21
1 .

:

) =
)O(B)O(n

1 .

: .(MnO2)= 22
1 =

4
1 ; .(Na2O)=

21
1 =

2
1 ;

.(Al2O3) = 23
1 =

6
1 .

 ( –):

. ) =
)OH(n

1 .

: .(Mn(O )2) = 2
1 ; .(NaO ) = 1.
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 ( + , 
):

. ) =
)H(n

1 .

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

1 ; . NO3) = 1.

:

. )=
)(B)(n

1
MetMet

.

: .(Na2SO4) = 21
1  =

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

1 =
6
1 .

, 
, , 

.
:

H2SO4 + 2  = 2SO4 + 2 2 .

+ +, :

.(H2SO4) = 2
1 ; . 2SO4) = 21

1 =
2
1 ,

  :

H2SO4 +  = SO4 + 2 ,

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

  +.

(OH)2 + 2HCl = C Cl2 + 2 2 ,

.(C (O )2) = 2
1      .(C Cl2) = 21

1  =
2
1 ,

:

(OH)2 + HCl = C Cl + 2 ,
: .(C (O )2) = 1  .(C Cl) = 1.



36

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

 ( , , , , ,
)?

6.
?

7. ?
8. ? 

?
9.  0,2 ,17 

. .
10.  2,45  2 

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

 ( 2). ,
 20 .

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

, .
13. 1  8,89  1,73 .

, 
 16 .

14.  1 3  ( 2)  1,4 . 
 21 , 

 1/2.
15. , 

,  8,34  0,68 3  ( 2). 
.
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: ;
; , ,

; 
.);  4  ( l), .

,  150 3, ,
 ( ), 

.
 15-20 3

 (HCl) , .

.2.1 – 
.

 (Zn),  0,1 . 
, 

. 
. 

, 
. , 
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.
 ( 1, 3), 
, 

. , 
 ( 2), 

:
Zn + 2HCl = ZnCl2 + H2

:
-  – 2

3) 
 ( 3), , :

V( 2) = 2 – 1

- , 
, 
, h2 ( );

- , , 
 – . ( . .);

- , 
 – t ;

-  ( 2), 
 – h1 ( . .).

 2.1:

m (Zn), 1, 2, V( 2),  h2, h1, ., t
3 3 3 . . . .

:

-

:

T
VP  =

0

00
T

VP V0 2) =
TP
TVP

0

0  =
C)t273(760

273
6,13

0

))V(Hhh.(P 2
2

1

,

: 13,6 – .
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 ( .), 
:

(Zn) =
)Vo(H

)(HVm(Zn)

2

2
.

:
:

=
.

..

ZnM
.ZnMZnM

·100%,

: (Zn) . – , 
 ( );

(Zn) . – , 
 ( ).

.
.
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2

f  ( )
,  ( )

…

1 (OH)2 NH3 2SO4 41
2 2SiO3 O2 CuSO4 135,5
3 CaSO4 CO2 Ca(OH)2 36
4 HSO4 CO OH 120
5 2HPO4 H2S Fe(OH)3 117
6 Mg HCl HCl 2CO3 149
7 MgCl2 H2 CH4 41
8 Mg(OH)2 C2H4 HCl 73
9 KOH Br2 CuCl2 114,5
10 Al(OH)3 SO2 MgSO4 130
11 Na3PO4 F2 NH3 14,5
12 2CO3 NO CO2 29
13 Al(OH)2Cl HBr AlCl3 80.6
14 Ca(NO3)2 NO2 3PO4 65,3
15 Fe(OH)3 N2O H2S 14,5
16 3PO4 Cl2O7 Al(OH)2Cl 10,5
17 H2PO4 HF FeCl3 52
18 FeCl3 Cl2 H2CO3 27
19 Fe(OH)2 SO3 3PO4 38,2
20 HS N2 Al(OH)3 252
21 Fe2O3 PH3 MgCl2 13,6
22 CaO N2O5 Mg HCl 35
23 K2S Br2O7 Na2Cr2O7 10,7
24 2Cr2O7 H2O 3PO4 91
25 NH3 C2H2 Fe(OH)2 92
26 Al(NO3)3 OF2 OH 11,8
27 Al2(SO4)3 SiF4 N2O5 21,6
28 N2O5 HF HNO3 128,8
29 Cl2O7 NH3 HS 19,8
30 NO3 C2H6 Fe(OH)2 27,5
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 3

: « »

: - , 
; 

.

. 
. 

, 
, 

. , 

.
, 

, .

.  ( ) – 
, 
.  ( ). 

 4,18  (1  4,18 ).
 2 :

.
, 

.
:

2 + Cl2 = 2 Cl + 184,6 
, 

.
:

2
1  N2 + 2

1
2 = N  – 90,4 

, 
.

 « »  «
».

 – , 

.
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,  1  1  (2 )
 0,5  (16 )  286 :

2 ( ) + 2
1

2 ( ) = 2  ( ) + 286 .

, 
1 .

,  1300 

2 2 ( ) + 2,5 2 ( ) = 2 ) + 2 2 ( ) + 1300 .

 – ,  
 ( . 3.1).

. , 
 (U).

). ,
, 

, , ,
, .

, 
: V –  ,  – ,

 – :
U = f (V, , )

, 
, 

. , 
, :

U = U2 – U1

.
, U

.
 – . 

, .
. 

, :
 = V  = const)

V – .
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 (V = const), V = 0,  = 0 –
.
 Q – , 

.
, Q

.
.

Q, , 
, U

.
Q = U + 

, , 
.

Q  = U + V
Q  = (U2 +  V2) – ( U1 +  V1)

U +  V   ( ) :

 = U +  V

U,  V .  =  f  (U,  V,  ). 
.

 – . 
. :

 = 2 – 1

, 
, :

 = - Q .

 = 0  ( V) 
:

QV = U.

.
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 –  ,  
 1 

 (  = const).
 (  = 101325 ,  = 298 ) 

1 
0
298  [ ] 0 .

, 
. 0

298 .

( 0
298 = 0),  – .

.

 –  ,  
, 

, 
.

.  ( ).  

. 
10 103 .

.
.

1.  (1784 ):
,

 ( ), 

0
.298

0
298

2. (1840 ):
 (

) 
, 

, 
.

U
, .

, 
, .
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:
1. :

:
0

.298
0
298

2.  – :

, 
 (n), 

 (n):

.).(.) HnHn..

. S G ,
.

 1.
. 3.1.

:

3Fe(NO3)2 (p) + 4HNO3 (p) = 3Fe(NO3)3 (p) + NO ( ) + 2H2O )

. , 
:

3Fe(NO3)2 (p) + 4HNO3 (p) = 3Fe(NO3)3 (p) + NO ( ) + 2H2O )

 (
):

3Fe2+ + 6NO3  + 4H + + 4NO3  = 3Fe3+ + 9NO3  + NO + 2H2O

0
298

,  3.1:

3Fe2+ + NO3  + 4H + = 3Fe3+ + NO + 2H2O
                             -87,9     -206,6       0     -47,7     +90,4   -286

:

.
0

.
0
298 HnHn 298..
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:

)(NO)(H)(Fe

O)(H(NO))(Fe

3
2

2
3

.

43

23

0
298

:

4,154)=3,470(7,624=

=)5,206+(04)+9,87(3)286(2+4,90)+7,47(3.

: H . < 0, 
H . = -Q).

: H . = -154,4 ; .

 2.
 SO3 i

 Al2O3 .
. , 

:
Al2O3 ) + 3SO3 ) = 12(SO4)3 ( )

:

G . G 298 12(SO4)3 – [ G 298(Al2O3) - 3 G 298 (SO3)]

Go
298 ( ) 

:

G . = - 3101 – (-1582 – 3 · 370) = - 409 .

:  G . < 0;  ( G .  = – 409 ), 
.
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 3.1 – °298, S°298
                            G°298

                             298 (25° )

H0
298 S0

298
/( )

G0
298

12(SO4)3 .) -3442,2 239.2 -3101
12 3 ( .) -1676,0 50,9 -1582,0

4  ( .) -74,9 186,2 -50,8
2 4 .) 52,3 219,4 68,1
2 2 .) +226,8 200,8 +209,2
6 6 .) 82,9 269,2 129,7

2 5  ( .) -277,6 160,7 -174,8
2 5  ( .) -235,3 282,0 -168,62

3  ( .) -201,2 237,7 -161,88
3  ( .) -238,6 126,8 -166,1

3  ( .) -486,6 159,7 -392,1
 ( .) -110,5 197,5 -137,1
2 .) -393,5 213,7 -394,4

3 ( .) -1207,0 88,7 -1127,7
CaF2 .) -1214,6 68,9 -1161,9
CaO ( .) -635,5 39,7 -604,2

Ca(OH)2 .) -986,6 76,1 -896,8
12 ( ) -785,8 113,8 -750,2

CuO ( .) -162,0 42,6 29,9
Fe .) -264,8 60,8 -244,3

Fe2 3 .) -322,2 87,4 -740,3
Fe3 4 .) -1117,1 146,2 -1014,2
HBr ( .) -36,3 198,6 -53,3
HCl ( .) -92,3 186,8 -95,2
HF ( .) -270,7 178,7 -272,8
HI ( .) 26,6 206,5 1,8

H2  ( .) -241,8 188,7 -228,6
2  ( ) -285,8 70,1 -237,3

H2S ( .) -21,0 205,7 -33,8
MgCl2 .) -641,1 89,9 -591,6
MgO ( .) -601,8 26,9 -569,6
MgCO3 -1096,2 65,7 -1029,0
NH3 .) -46,2 192,6 -16,7

NH4NO3 .) -365,4 151,0 -183,8
N2  ( .) 82,0 219,9 104,1
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 3.1.

NO ( .) 90,3 210,6 86,6
N2 3 .) 83,3 307,0 140,5

2 .) 33,5 240,2 51,5
NiO ( .) -239,7 38,0 -211,6

2 ( ) -943,9 50,3 -888,6
 ( .) -219,3 66,1 -189,1

2 .) -296,9 248,1 -300,2
3 ) -394,8 256,0 -370,0

ZnO ( .) -350,6 43,6 -320,7
AgCl ( .) -126,9 96,0 -109,6

Ag+ 105,90 73,93 77,11
A13+ -524,7 -313,4 -481,2

AsO4
3 -870,3 -144,8 -636,0

CO3
2 -676,3 -53,1 -528,1

Ca2+ -542,9 -55,2 -553,1
Cl -167,46 55,1 -131,2

Cu2+ 64,4 -98,7 64,98
Fe2+ -87,9 -113,4 -84,94
Fe3+ -47,7 -293,3 -10,5
H+ 0 0 0

Hg2
2+ 168,2 74,2 154,2

K+ -251,2 102,5 -282,3
Li+ -278,4 14,2 -293,8

Mn2+ -218,8 -79,9 -223,4
MnO4 -518,4 190,0 -425,1
NO2 -106,3 125,1 -35,3
NO3 -206,6 146,4 -110,5
Na+ -239,66 60,2 -261,87
OH -229,94 -10,54 -157,3
PO4

3 -1284,1 -218,0 -1025,5
SO4

2 -907,5 17,2 -743,0
HSO3 -628,0 132,4 -527,3
PCl5 ( ) -369,45 362,9 -324,55
PCl3 ( ) -277,0 311,7 -286,27
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1. ?
2. ?
3. . .
4. ? 

?
5. , ,

?
6. .
7. .
8. . .
9. . .
10. H

: 4NH3( )+ 3O2( ) = 4N2( ) + 6H2O )
11.*  10: Fe2O3 ) + 3CO ) = 2Fe ) + 3CO2 ( )
12.** :

2Cl2( ) + 2H2O ) = 4HCl ) + O2( )
13.*                  3CH4( ) + CO2( ) + 2H2O ) = 4CO ) + 8H2( )
14.**                   2H2S ) + SO2( ) = 3S .) + 2H2O )
15.*,**                     SO2( ) + 2CO ) = 2CO2( ) + S )

: 
0,2 3;  0,2 3; 

: (Na2CO3·10H2O),  (Na2S2O3·5H2O); ;
;  – 

 250 3;  0,1 (0,2) ° ; 
;  100  50 3; , 

, .

 1. 
 (H2SO4)  (NaOH).

 100 3  75  3

 ( = 1,012 3); 
)  (t0);

-  50 3 - 25 3

 ( = 1,044 3) 
;
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- , 
, 

 10 ;
- , 

, . 
 3.2.

 3.2 – .

, 0 10 20 30 40 50 60 70 80 90 100 110 120 130 …
t, t0

 3.2
 (t,  ° )   ( ,  ). 

,  (t0)  
. 

,  (t ).
 3.3 

, , 
. , 

.

 3.3 – 

 H2SO4  NaOH , °
V

3

V
3

,
3 3

V

3

V
3

,
3 3 t0 t t= t - t0 t

, , , 
.

.

1. , 
 H2SO4  NaOH :

Q . =  t
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: ;
 (  4,18 · )

t .

, 
, : H  = -Q

:

H  H2SO4) =
4242

4242

SOHSOH

NaOHNaOHSOHSOHp

VC
tVVC

2.
:

( H) H2SO4 =
t
t2

V
V

V
V

NaOH

NaOH

SOH

SOH

42

42

3. , 
:

| H . - H .| ( H),

, H .H2SO4 ( .)= -114,7  H2SO4.

4. :

H . H2SO4 = H . ( H)

: - ,
.

 2.  ( ).

 5 – 10  (
 Na2S2O3·5H2O  Na2 O3·10H2O);

- ;
-  100 3  50 3

 ( );
-  (t0);
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- ;
- , 

, 
 (

 10 );
- .

 3.4.

 3.4 – .

,  0 10 20 30 40 50 60 70 80 90 100 110 120 130 …
t, t0

 3.4
 (t, )  ( , ). 

, 
 (t ).

 3.5 
, , , 

. , 
, 

,   .

 3.5 – .

 H2O , 0

V V m m M, t0 t t= t - t0 t
3 3 3

1

, , , 
.

.

1.
 ( ) :

,
cm

tM)cmO2H(m
1000

Q

           – ,  4,184 · ;
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m OH2  – , ;
 – , ;

m  – , .

  : .= -Q .

2.
:

( H) =
t
t2

m
m

V
V

OH

OH

2

42

3. :
:

| . - .| ( H),

, H . Na2S2O3·5H2O . ) = 47,2 ;
H . Na2 O3·10H2O . ) =  66,6 ;

4. :

. = . ( H)

: 
- ) .
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3

H G .
, 

.
1 2H2O (p) + SO2 ( ) + 2 ( )  2H2SO4 (p)

2 CaCl2 ( ) + 2CO3 (p)  CaCO3  ) + Cl (p)
3 2SO4 (p) + H2O (p)  H2SO4 (p) + OH (p)

4 Fe(OH)2 (p) + 2HCl (p)  FeCl2 (p) + H2O (p)
5 SnCl2 (p) + FeCl3 (p)  FeCl3 (p) + SnCl4 (p)

6 8HI ) + H2SO4 (p)  4I2 ( ) + H2S ) + 4H2O )

7 NO2 ( ) + H2SO3(p)  H2SO4 (p) + NO )
8 Ca(OH)2 ( ) + CO2 ( )  CaCO3 ( )

9 SO2 ( ) + H2O (p) + NO2 ( )  H2SO4 (p) + NO )
10 Fe ) + H2SO4 (p)  FeSO4 (p) + H2 ( )

11 CaCO3 ( )  CaO ( ) + CO2( )
12 Fe ) + 4HNO3 (p) = Fe(NO3)3 (p) + NO ) + 2H2O (p)
13 CaCO3 ( ) + 2HCl (p)  CaCl2 (p) + H2O (p) + CO2 (p)

14 3I2 ) + 3H2SO3 (p) + 3H2O (p)  H2SO4 (p) + 6HI )
15 Zn ) + 2HCl (p)  ZnCl2 (p) + H2 ( )

16 C2H5OH )  C2H4 ) + H2O )

17 H2S ) + CO2 ( )  H2O ) + CS2 ( )
18 CH4 ) + H2S )  CS2 ) + H2 )

19 NO2 ( ) + H2O(p)  HNO3 (p) + HNO2 (p)
20 2CO3 (p) + Ca(OH)2 ( )  CaCO3 ( ) + OH (p)

21 3Hg (p) + 8HNO3 (p) = 3Hg(NO3)2 (p) + 2NO ) + 4H2O(p)
22 NO2 ( ) + OH (p) = NO3 (p) + NO2 (p) + H2O(p)
23 16HCl (p) + KMnO4 (p) = 2MnCl2 (p) + 5Cl2 ( ) + 2KCl (p) + 8H2O(p)
24 H2SO4 (p) + Cu )  CuSO4 (p) + SO2 ( )  + H2O(p)

25 FeCl3 (p) +Ag )  AgCl ) + FeCl2 (p)
26 CH3OH (p) + 3/2 O2 )  CO2 ) + 2H2O (p)

27 CuCl2 (p) + OH (p)  Cu(OH)2 ( ) + Cl )
28 6NaOH (p) + 3S ) = Na2SO4 (p) + 2Na2S (p) + 3H2O (p)

29 Cu ) + FeSO4 (p)  Fe ) + CuSO4 (p)
30 4Mg ) + 10HNO3 (p)  4Mg(NO3)2 (p) + N2O ) 5H2O )
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4 )

: « »

:
; 

.
).

, 
 ( , ), ,

 ( , ),  – 
 ( , ).

 – , 
. , ,

, , 
, .

.

. ,
3:

VM
mC;

V
n

.

t0 0, t
, :

t
C

tt
CC

0
0 , 3 ,

dt
dC .

S
:

dtS
dC

tS
C .

. 
, , , 

,  – , 
.
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. 
, 

.  – .
, , 

, , , , .
. 

.  1865 . 

:  «... ».
 1867 . . 

:

,

.

:
 + b  =  + dD

:
=  [A]a [B]b =  CA

a CB
b

, b – ;
– , 

                  .
 =  = 1,  = const,  = .

 – 
 1 3.

, 
, 

.

. , 
, 

. , :

) + 2 ) = 2 )

:

= const [O2] = [O2],   const =
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.

, 
. 
. 

:

,eZ RT
E

 – ;
Z – ;

 – .

:

 10  (10 ) 
 2 – 4 .

10
TT

TT

12

12      10
TT

T

T
12

1

2 ,

. 

.

 1.

,  3 :
2 ) + ) = 2 )

: , 
:

22 COK'const

 3 ,  3 , 
2  3 

2CO'K323''
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3
2CO'
2COK3' .

 3 .
:

2
2

2'
2

9K2'
2' )3(

92
2

2'
2

CO
CO'

,  9 .

 2.

 80  20 ,  = 2?
:

,12 10
1T2T

1, 2 – 1, 2.

.
64
122 610

8020
10

TT

1
2

12

:  64 .

1. ?
2. ?
3.

.
4.

?
5.

?
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6. :

) 2 ) + ) = 2 )
) 2 ) + Cl2 ) = 2 Cl )
) 2 ) + ) = 2 )
) ) + 2 ) = 3 )

7.  (
)  2 .

8. , 
 2 ?

N2 ) + 2 ) = 2NO )
2 ) + 2 ) = 2 2 )

FeO ) + 2 ) = Fe ) + 2 )

9. , 
 2 ?

CH4 ) + 2 ) = ) + 3 2 )
) + 2 ) = 2 )

) + 2 ) = 2 2 )

10.  10
2 . 

 50  20 ?
11. , 

 10  50
 16 ?

12.
 2 ?

) + Cl2 ) = Cl2 ) ) + 2 ) = 2 )

13. , 
 81 , 

 3?
14.  2. 

, 
70  20 ?
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: ;  5 3; ;
. :  (0,04 ; 0,06 ), 

 (0,04 ; 0,06 ; 2 ),

 1.
.

:

Na2S2O3 + H2SO4 = Na2SO4 + S  + SO2  + 2

 ( ) , 

.

, .
  H2SO4, Na2S2O3:

-  1-  2-  5 3

 0,04 ,  3-  4-
5 3  0,06 ;

- , 
5 3 :  1-  3-

 0,04 ;  2-  4-  – 
 0,06 .

- : 
.

- ;
-

 ( ), .
-  4.1.

 4.1 – 

3

H2SO4

3

Na2S2O3

0,04 0,06
4SO2H

'C

0,04 0,06
3O2S2Na

'C 3O2S2Na
'

4SO2H
' -

,
, .

*,

1/
1 5 - 5 -
2 5 - - 5
3 - 5 5 -
4 - 5 - 5
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  :

32242

4242
42

OSNaSOH

SOHSOH
SOH

'
VV
VC

32242

322322
322

OSNaSOH

OSNaOSNa
OSNa

'
VV
VC

 ( ) 
).

:
; 

.

: « »
:

; 
;

.
).

.
, 

,  (
). 

.
 – , 

  . 
:

2 + I2  2 I; 1 = 1[H2] · [I2] ; 2 = 2[HI]2

2 + 2  2 2    ; 1 = 1[H2]2 · [O2] ; 2 = 2[H2O]2

2 + N2  2NH3 ; 1 = 1[H2]3 · [N2] ; 2 = 2[NH ]2

. 1

2, 
.

, 
 ( ), , 

 ( ) 
. 
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, , 
.

. 
, . 

. , 
, 
[ ].

.
. :

mA + nB  pC + qD ,

nm

qp

P BA
DCK

.

: ,
, 

, 
, .

. 
, 

.
, 

, :

CO2( ) + C )  2CO ) ;
2

2

PK ,

CaCO3( )  CaO ) + CO2( ); 2PK .

 (
, ) . 

. 
.

. .
 ( ,

, ) 
.
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, . 
, , 

. 

. 
,  –

 (1884 .):

, , 
, ), 

, .

. 
, , 

, , , 
.

. 
, 

,  – . 
:

-
;

-
.

, :

N2 ( ) + 3 2 )  2N 3 );   = -92,4 

,  – .
,  (300 ),

 – , 
 (700 ) – 

.
. , 

, 
, :

-

) ;
-

) ;
,  1  3 

 2 . , 
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, . 
 – , 

.
, 

, .

:
- -

;
-

.

; 

.

 1.

: , , 3 .

2NO ) + Cl2 ) = 2NOCl );  < 0.

.

, < 0, :  – , 
 – 

2NO ) + Cl2 ) = 2NOCl );  < 0,  Q > 0

 ( ), 
.

, 
: 3  2 . 

, : .
 – NOCl,

 (
), NOCl .

:
.
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1. ?
2. ?
3.

?
4. ?
5. ?
6.

?
7.

:     ) 2NO2 )  N2O4 )

) 3H2 ) + N2 )  2NH3 )

) ) + H2 )  H2 ) + )

  ?
8.

?
) SO2 ) + 2 )  2SO3 ) + 196 
) 2N2 ) + 2 )  2N2O ) – 163,2 

9. , 
, ?

4HCl ) + O2 )  2H2O ) + 2Cl2 );  = -113 .

10.
  ?

2NO2 )  2N ) + 2 )

11.
?

3 ) ) + 2 );  = 180 .

12. :
4N 3 ) + 3 2 )  2N2 ) + 6 2 )

13. :

2 )  2 3 )

2  2 ?
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14.  10 3

: 11,2 ; 14,2  Cl2; 19,2 Cl2.
:

) + Cl2 ) Cl2 )
15.

4HCl ) + 2 )  2 2 ) + 2Cl2 )

 4 ?

: ; 
)  (0,0025 ; .),  (0,0025 ; 

.).

 1. .

:

FeCl3 + 3NH4SCN  [Fe(SCN)3] + 3NH4Cl

 (FeCl3,
NH4SCN)  (NH4Cl) 

:

, 
.

. 
 [Fe(SCN)3], 

.

.
-  5-10  FeCl3

 NH4SCN;
- , . 

;
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-   ) ;
-  –  ;
-  –  NH4Cl;
-

.
-  4.2; 

.

 4.2 – 

, ) , )

1

2 FeCl3
3 NH4SCN
4 NH4Cl

.
: )  ( ) , ) ) .

.
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4
)

. 
. , 

). .

1 2

 =…

: ;

1 ;
3 .

1 2S ( ) = 2 2 ) + S2 ( ); H > 0
2O5( )+3 )2( ) = 3 4)2 ( ) + 3H2O ) H > 0 4;

1 = 10 C, 2 = 50 C,
 = 2. 1 ; 3

2 N2 ( ) + 2 ( ) = 2NO ( ); H > 0
 ( ) + 2 2 ) = 4 ( ), H > 0; 3;

1= 65 C, 2 = 105 C,
 =3. 1 ; 3

4 O ) l2( ) = OCl2( ); H  0
2Hg ( ) + O2 ) = 2 gO ), H > 0; 3;

1 = 25 C, 2=55 C,
 =3. 1 ; 3

6 2Mg ( ) 2( ) = 2MgO ); H  0
H3( )+4 2( ) = 2 5( )+3H2O ); H 0 3;

1 = 110 C, 2 = 160 C,
 = 2 1 ; 3 .

7 l ) 2( ) = 2 2 ) + 2 l2( ); H  0
Fe2O3( )+3 O ) = 2Fe ) + 3 O2( ); H > 0 2;

1 = 20 C, 2 = 70 C,
 = 2. 1 ;  3

8 3Fe ( ) + 4H2O ) = Fe3O4 ( ) + 4 2 ( ); H > 0
 ( ) + 2O ) = 2 ( ) + H2 ), H  0 4;

1 = 170 C, 2 = 220 C,
= 3,5. 1 ;  3 .

9 2NH3 ( )+3N2 )=4N2( )+3H2O ); H > 0
2WO3 ( ) + 3 ) = 2W ( ) + 3 O2 ), H > 0 3;

1 = 120 C,  2 = 180 C,
 = 2. 1 ;  3

10 2NO2 ( ) = 2NO ) + O2 ( ); H > 0
3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4 2 ( ); H > 0 2;

1 = 100 C,  2 = 150 C,
 = 2. 1 ;  3

11 2SO2 ( ) + 2 ( )  2SO3 ( ); H  0
3 ) = ) + 2 ), H > 0 3;

1 = 40 C, 2 = 60 C,
 = 2. 1 ;  3

68



69

12 WO3 ( ) + 3  ( ) = W ) + 3 O2 ( ); H > 0
2NH3 ( )+ 3N2O ) = 4N2 ( )+ 3H2O ), H > 0 3;

1 = 50 C, 2 = 80 C,
 = 2. 1 ;  3

13 O ( ) + 2 2 ( ) = 4 ) + O2 ( ); H  0
Fe2O3 ( ) + O ) = 2FeO ( ) + O2 ( ); H  0 4;

1 = 50 C, 2 = 10 C,
 = 3. 1 ;  3

14 2O5( )+4Na3PO4( ) + 3 2 ) = 6Na2 PO4( ); H < 0
2N  ( ) + Cl2 ) = 2N Cl ( ), H  0; 2

1 = 10 C, 2 = 60 C,
 = 3. 1 ;  3

15 O2 ( ) + 2 ( ) = ) + 2O ( ); H > 0
3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4H2 ), H > 0 4;

1= 65 C, 2 = 105 C,
 =3. 1 ;  3 .

16 2NO2 ( ) = 2NO )+ O2 ( ); H > 0
SrO ( ) + O2 ) = SrCO3 ( ), H  0 2;

1 = 60 C, 2 = 20 C,
 = 3. 1 ;  3

17 FeO ( ) +  ( ) = Fe ) + O2 ( ); H > 0
4NH3 ( ) + 5O2 ) = 4N ) + 6H2O ), H > 0 3;

1 = 100 C, 2 = 50 C,
 = 2. 1 ;  3

18  ( ) + 2 ( ) = 2 O2 ( ); H  0
 ( ) + 2N2O ) = 2N2 ( ) + O2 ), H  0 3;

1 = 40 C, 2 = 70 C,
 = 3. 1 ;  3 .

19 N2 ( ) + 3 2 ( ) = 2NH3 ( ); H  0
 ( ) + O2 ) = 3 ), H > 0; 4;

1 = 25 C, 2=55 C,
 =3. 1 ;  3

20 4 ( ) + 2 ) = ) + 3 2 ( ); H > 0
2O5( )+Na3PO4( )+3 2 ) = 3Na 2PO4( );, H  0; 3;

1 = 100 C,  2 = 70 C,
 = 3,2. 1 ; 3

21 4NH3 ( ) +5O2 ) = 4N  ( ) + 6H2O ), H  0
2O5( )+2Na2 PO4( )+3 2 ) = 4Na 2PO4( ); H  0; 2;

1 = 60 C, 2 = 100 C,
 = 3. 1 ;  3

22 Fe( )3 ( )+3 1 ) = Fe 3( )+3 2 ); H < 0
) = 2 ( ) + ), H > 0; 4;

1 = 70 C, 2 = 140 C,
 = 3. 1 ; 3

23 O2 ( ) = 2 ) + O2 ( ); H > 0
Fe( )3( ) + 3 2SO4( ) = Fe(HSO4)3( ) +3 2 ) H <0; 2;

1 = 30 C, 2 = 70 C,
 = 4. 1 ;  3 .

24 O ( ) + 2 ( ) = O3 ( ); H > 0
2N  ( ) + O2 ) = 2N 2 ( ), H  0; 3;

1 = 15 C, 2=55 C,
 =3. 1 ; 3

69



70

25 Fe2O3 ( ) + 6 3( ) = 2Fe(NO3)2( ) + 3H2O ); H > 0
2SO3 ( ) = 2SO2 ( ) + 2 ), H > 0; 4;

1 = 20 C, 2 = 90 C,
 = 2. 1 ;  3 .

26 O ) + 2 3( ) = (NO3)2( )+H2O ); H < 0
H4 ( ) + 2O ) = )+3H2( ), H > 0; 3;

1 = 35 C, 2=55 C,
 =2. 1 ;  3

27 4HCl ( ) + 2 ) = 2Cl2 ( ) + 2H2O ), H > 0
 ( ) + 2N2  ( ) = )+2N2 ( ); H  0; 4;

1 = 85 C, 2=55 C,
 =2. 1 ; 3

28 Zn ( ) + H2SO4 ( ) = ZnS 4( )+H2( ), H < 0
O +2 2 ( ) = 4(4) O2( ); H  0; 3;

1 = 70 C, 2 = 20 C,
 = 2. 1 ;  3 .

29 Mg ) + 2HCl ( ) = MgCl2( )+H2 ( ); H  0
2N2 ) = 2N2 ( ) 2( ), H  0; 2;

1 = 40 C, 2 = 80 C,
 = 4. 1 ; 3

30 2NH3( ) + 3N2  ( ) = 4N2 ( ) + 3H2O ), H > 0
Cu ) + 2H2SO4( ) = CuS 4( )+2H2O+SO2( ), H < 0; 2;

1 = 60 C,  2 = 110 C,
 = 2. 1 ; 3
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V   
5

: «
 ( )»

: ; 
; 

; , 
.

.
, 

.  25  1,8·10–16,
,  (  550 

):
+ + –      2 2 3

+ + –.

:

.108,1
][

][][ 16

2
 – : 55,55 3; 

:

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

 [ 2 ]= [ +] –] = 1 10-14 3

 [ 2 ]= 2  – 

2 –  22 .
,    –

:

+] = [ –] = 1410  =10-7 3

: [ +] > 10-7 3,  [ +] > [ –].
: [ –] > 10-7 3,  [ +] < [ –].

 ( ) 
, 

. , 
:

 = - lg [H+].
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,  ( ) – 
, 

:
 = - lg [ H–].

 14

 + = 14.

,  0  14.
 = - lg [H+]=- lg [10–7] = 7.

,  < 7, ,  > 7.
: 

. 
.

-
 – , 

.
HInd

Ind , , 
:

HInd + + Ind–

Ind  Ind+ + –

 – 

 HInd.
 – 

 Ind+,  – 
, .

 –  – .

 5.1 – 

<3,1 3,1 < < 4,4 > 4,4

<4,2 4,2 < < 6,3 > 6,3

<8,0 8,0 < < 9,8 > 9,8

<5,0 5,0 < < 8,0 > 8,0
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.

.
, , , , .

:
  

.

.

.
1) , 

 .
 –

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

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

 HCl, .
 H3

+

+ )  , :

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

 + H+

, 
2 :

Cl2 + 2  Ca( )2 + 2HCl

, 
. :  =  7, 

.
2) , 

, , 
:  >  7.  (
) – H2S, 3

2-, SO3
2-, CN , CNS , CH3COO .

An– + HOH  HAn + OH– (pH > 7 )

,    CH3COONa:

CH3COONa +  CH3COO  + Na
CH3COO  + Na+ +   CH3COO  + Na + + 
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CH3COO +   CH3COO  + 
  ,  > 7.

 – 
– . , 

, :  > 7.

.

. :

2S + S + OH
+ + S2  + + + S  + + + OH

S2  + S  + OH
. :

S + 2S + OH
+ + S  + 2S + + + OH

S  + 2S + OH
,  > 7

, , 
 ( S).

 -  > 7.
, .

3) , 
.  (Al3+, Zn2+,

Mn2+, NH4
+ .).

t+  + HOH KtOH + H+ (pH < 7)

,    -
+,  –  < 7. :

NH4Cl +  NH4  + HCl
NH4

+ + Cl  +  NH4  + H+ + Cl
NH4

+ +  NH4  + H+

,  < 7.
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. :
Zn(NO3)2 +  ZnOHNO3 + HNO3

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

Zn2+ +  ZnOH+ + H+

. :
ZnOHNO3 + Zn(OH)2 + HNO3

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

ZnOH+ +  Zn(OH)2 + H+

+ – ,  < 7.
, .

4) , 
. :

tAn + HOH KtOH + An
CH3COONH4 +  CH3COO  + NH4

CH3COO +NH4
+ +  CH3COO  + NH4

:

CH3COO +  CH3COO  + 5108,13

NH4
+ +  NH4  + + 5108,1OHNH4

, , - . 
,  –  7. 

, 
 –  (  = 7).

,
,   :

Al2S3 + 6  Al( )3  + 3H2

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

                                                             3 2   + 3 2

Cr2S3 + 6  Cr( )3  + 3H2

.
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.

  ).
:

 +  + 

.

 [ 2 ] 
 55,5 3.  :  2 ] = const 

, :

:

-

-
2

2 ; 2 = 1 10–14,
 – .

:

2 ,

 – .

2

 – :
, , 

. 
 ( , 

)  ( , 
).
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 1.
 ( +),  ( –),

,  7,4.
:  – , 

 5.2– 

lg  1  =  0 lg 5  = 0,70
lg 1,4 = 0,15 lg 6  = 0,78
lg 1,6 = 0,20 lg 6,31 = 0,80
lg 2  = 0,30 lg 6,61 = 0,82
lg 2,5 = 0,40 lg 7  = 0,84
lg 3  = 0,48 lg 8  = 0,90
lg 4 = 0,60 lg 9  = 0,95

, :                   +  = 14,

 = 14 –  = 14 – 7,4 = 6,6

  

 = - lg +  =
11
4,7  = -8 +0,6

+  = 4 10 8 3.

lg   =  0,6  =  4  ( .  .  5.2)  lg;  -8  –  ,  
 – 10.

 = - lg –  =
11
6,6 = -7 + 0,4

: –  = 2,5 10–7 3.

:  = 7,4,  = 6,6; +

                             4 10 8 3, –  = 2,5 10-7 3.
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 2.
 1,4 10–3 3.

, .
: +  = 1,4 10–3 3

: *  = - lg +  = - lg 1,4 10–3  =  -  lg 1,4 + lg 10–3  =
= - 0,15 - 3  = 2,85

(* . . 5.2  1).
:

 = 14 –  = 14 – 2,85 = 11,15

 = - lg –  =
11
15,11 -11,15 = -12 + 0,85

–  = 7,1 10 12 3.
–

:

31211
3

1414
/101,71071,0

104,1
1010

:  1,4 10–3 3,
            = 2,85;  =11,15; –  = 7,1 10–12 3.

 3.
, 

 AgNO3,   ( ),  
 ( ) .

: AgNO3 – , 
. 

,  (
). , 

.   
 ( < 7):

AgNO3 +  AgO  + NO3

Ag + + NO3
– +  AgO  + + + NO3

–

Ag+ +  AgO  + +

   ,  < 7

 –
. .
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12
3

14

AgOH

OH 102
105

10
K

22

 AgO  5,0 10–3

:  AgO ,
 (  < 7), 

. 
 2,0 10–12.

 4.
, 

2SO3,  ( ), 
.

: 2SO3 – , 
. . 

 - 2SO3.  – ,
. 

:

1)                       2SO3 + SO3 + 
   2 + + SO3

– + + + SO3
– + + + –

SO3
– + SO3

– + –

,  > 7

 SO3
2–   

–, 
 (  > 7). 

, .
:

]SO[
]OH[]HSO[

3

3
1

32

2

SOH

OH

K
K

1
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1. ?
2.  ( ). 

?
3. ?
4. ?
5. ? 

?
6. ?
7. ?
8. ?
9.   , , .
10. ?
11. ?
12. ?
13. ?
14. ?
15. ?

: :  3 Na,
 Al2(SO4)3,  Na2 O3,  NaCl,

 ( )  FeCl3,  Na3 O4,  SbCl2;
 ( ) SnCl2, 

Cl (1:1), ; : 
, ; ,

,  200 3, .

 1. , .

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

-
;

-
;

-  5.3;
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- , 
 – ;

- ;
-  ( ).

 – 
; ; 

 (<  >7); 
.

)    Na3 O4.
 2  2-3 3 1  Na3 O4;

-
;

-
;

-  5.3.
- , 

 Na3 O4 – ;
- ;
-  ( ).

 – 
; ; 

 (<  >7) .

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

-

-

-  5.3.
- , 

 Al2(SO4)3 – 
- ;
-  ( ).

 – 
; 

;  (<  >7); , 
.



82

)  NaCl.
 2  2-3 3 0,5  NaCl;

-
;

-  – 
, ; 

 5.3.
- , 

;
-  ( ).

; 
(<  >  = 7); , .

 5.3 –  1.

1
2
…

 2. .
 2-3 3  ( )  FeCl3

 4-5 3 ;
- , 

;
-  5 ,   

;
- , 

;
- , 

 FeCl3 );
- ;
-  (  <  >7); 

.
, 

.
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 3. .
 2-3 3  SbCl2

 4-5 3 . , 
;

- , 
 SbCl2 );

- , 
 (  <  >7) .

, 
.

 4. .
 2-3  SnCl2

 2 3 . 
 ( ) ;

- , 
 SnCl2;

- , 
 ( ) ;

-  2-3 
Cl (1:1) 

;
- , .

, 
 SnCl2.
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5
 1  2  3

, 
-

-
. 

 ( ), 
 ( )   ,

,

, 
:

, 

,

3)

1 SnCl2,    Na2S,   Mg(HCO3)2 6,8 0,01
2 AlCl3,    CH3COOK,  K2S 7,2 0,2
3 Li2CO3,    MgSO4,    CaS 4,0 0,003
4 RbCl,    CuSO4,    Na2S 3,7 0,5
5 NiSO4,   K3PO4,   aS 3,1 0,06
6 N 2SO3,    TiCl3,  CaS 2,4 0,007
7  K2SnO3,    FeCl3,   Na2S 1,2 0,04
8 Mg(HCO3)2,    NiCl2, K2S 6,9 0,0016
9  3(PO4)3,   CrCl2, K2S 11,5 0,0007

10 CoCl2,   K2S,   N 2SO3 7,8 1,6
11 (NH4)2CO3,   KCl,  NH4NO2 2,2 0,08
12 FeSO4,   Na2SO3,   K2S 8,3 0,25
13 Hg(NO3)2,   NH4NO3, CaS 10,1 0,002
14 Na2 O3,    NiCl3, CaS 6,3 0,0016
15 ZnCl2, CaS, Mg(HCO3)2 9,4 0,004
16 NaNO3,   FeCl2, Na2S 8,7 0,0005
17 NH4Br, CuCl2, CaS 2,8 0,06
18 CaCl2,   NaNO2, SrS 9,8 0,003
19 Na3PO4,   CrCl2, K2S 10,5 0,0007
20 MgSO4,   Na2S, NiCl2 11,7 0,0025
21 NaNO3,   KCNS, SrS 1,9 0,014
22 Zn(NO3)2,   CaCO3, K2S 12,3 0,002
23 NaCN,   NH4NO2, Na2S 5,6 0,009
24 K2CO3,   Cr(NO3)2, CaS 13,1 0,08
25 NH4Cl,   NaF, Mg(HCO3)2 2,9 0,006
26 Na2HPO4,   ZnBr2, SrS 12,7 0,0014
27 uCl2,   CH3COOK, Na2S 6,5 0,05
28 CH3COONH4,   CoCl2, CaS 7,8 0,07
29 MnSO4,   KI, NH4NO2 5,4 0,0009
30 Sn (NO3)2,   Na2SO4, SrS 12,3 0,1
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 V  
 6

 : « »

: , 
, ; -

.
. 

 2 : , 
, ,  ( .) 
.

,  („+” .) 
(„ ” .).

:
- , 

, , ;
-

;
-

;
- , 

 ( ) +1;
- –2,  –

 ( 2 2, Na2O2 ),  OF2;
-  ( ) 

+1,  ( ),
+2.

-
«+»  «-»;

-
.

 (NH4)2SO4 ( ) -
2 7

4– ( ). . :

  X +1    +6 -2
(NH4)2SO4       2  + 8(+1) +6 +4(-2) = 0,   2  = -6,      = -3          ( )
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X   -2

2 7
4–              2  + 7(-2) = -4,                   2  = 10       = +5         ( )

, 
 – .

:
+1  -2       0            +1 –1        0
H2S + Br2  HBr + S
                         _
      S–2  - 2e  S0        - 
                  _

Br2
0 + 2e  2Br–    - 

H2S + Br2  2HBr + S

. 
. , 
. , 
, :

Ca – 2  Ca2+

F– –  F0

Fe2+ –  Fe 3+

. 
. , 

, . , 
,

Br0 + e  Br–

H+ + e  H0

S+6 + 2e  S+4

 – .
. Ox ) ,

n , Red ), 
Red ), m , Ox )

Ox ) + Red ) = Red ) + Ox )
Ox ) + ne  Red )         m
Red  ) – me  Ox )     n

, . 
:
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)  ( , ), 

 ( , –,  H2S, NH3, PH3 , KI, HCl );
) , , 

 (KMnO4, K2Cr2O7, HClO4, HNO3,PbO2 );
) , 

, ,  ( HNO2,  H2SO3,
H2O2, HClO, MnO2 );

) 
 ( ),

, 
 (  6.1);

) 
, .

    :
) , 

, . :

H2S + l2 2HCl + S
      

5HCl + HClO3 = 5Cl2 + 3H2O
       

) , 
, :

                                                                   +1 +5 –2        +1 +3 -2 0
2NaNO3 = NaNO2 + O2

                 N+5 + 2 N+3   2  
2O–2 – 4 O2

0   1   

)  ( ), 

, :

                                                                   -1               -1                 -2         0

2 2 + 2 2 = 2 2  + 2
0                                                     +4 1

6 12 6 2 + 3 2
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:
-   ;
- .

.
.

:
1) ;
2) .

:
, , 
, .

. 
. ,

.
, NH3:

4
2

2
122

2
0

3
13

645
0t

OHONOHN

                 N 3 – 5e N +2         4 – 
                        2

0 + 4e  2 2        5  – 

, 
. 

, , 
, 

. , 
, . , 

, 
. 

, 
, .
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:

1) 2KMnO4 + 5NaNO2 + 3H2SO4 = K2SO4 + 5NaNO3 + 2MnSO4 + 3H2O
                                                                          .

MnO4  + 8 + + 5e  Mn2+ + 4 2   2-
NO2  + 2  – 2e  NO3   + 2 +        5-

                          6                                                       3
2MnO4  + 16 + + 5NO2  + 5 2  = 2Mn2+ + 8 2  + 5NO3   + 10 +

2) 2KMnO4 + 3NaNO2 + H2O = 2MnO2  + 3NaNO3 + 2
                                     

MnO4  + 2  + 3e = MnO2  + 4  2-
NO2  + 2 – 2e = NO3   + H2O     3-

                                                                                     2
2MnO4  + 4 2  + 3NO2  + 6  = 2MnO2  + 8  + 3NO3   + 3 2

3) 2KMnO4 + NaNO2 + 2  = 2 2MnO4 + NaNO3 + H2O
                                       

MnO4  + e = MnO4
2     2 -

NO2  + 2 – 2e = NO3  + H2O    1 -

2MnO4  + NO2  + 2  = MnO4
2  + NO3  + 2

MnO4  MnO4
2  MnO2 Mn 2+

                               .         .                 .
                                                  7         7          7

.

, 
.

:

1.  –  VI  VII  (F2, Cl2, Br2, I2, O2):
Br2 + 2e  2Br

2. :
Sn 4+ +2e Sn 2+; Fe 3+ + 1e Fe 2+.
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3. ,  –
-2

72 OCr
6

, -
4

7
OMn , -

3
5

ON , -2
4

6
OS

NO3
– + 4H+ + 3e  NO + 2H2O

4.  – Na2O2, BaO2.
5. :

Cu + 2H2SO4 = CuSO4 + SO2 + 2H2O
2HBr +H2SO4 = Br2+ SO2 + 2H2O

C ) + 2H2SO4 = CO2 +2 SO2 + 2H2O
6.

:
P + 5HNO3( ) = H3PO4 + 5NO2 + H2O
Ag + 2HNO3( ) = AgNO3 + NO2 + H2O

3Cu + 8HNO3(35%)  = 3Cu(NO3)2 + 2NO + 4H2O
4Zn + 10HNO3( ) = 4Zn(NO3)2 + N2O + 5H2O
5Zn + 12HNO3( ) = 5Zn(NO3)2 + N2 + 6H2O

:
1.  ( , , , , )

Zn – 2e Zn2+.
2. ,  :

Sn 2+  2e Sn 4+; Fe 2+  1e Fe 3+.
3. , 

 – Cl , S2 , -2
3

4
OS , -

2
3

ON .
4.  – CaH2, NaH, SiH4, CH4:

2 + 2 2  = )2 + 2 2

5. ,  ( ),  ( ),  ( ) –
2, , , S – .

, , 
, 

, .
, 

 – .

.
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2
2 SH 4

6
23

6
3

4
22 OSHOSOSHOSS

40

                                
                                

, :
) ; ) ;
) ; )  ( ) 

MnO4 , 
, 

.

 ( . 6.1)

, 
, 

.  (298 
101,325 )   :

 = ) - )

) ) –  ( .6.1).

. ,  ( ),
,  (Red) 

:
 Ox + ne Red

, ,
, , .

 4. ,  Fe( )
 I ,  Br .

1. :

2Fe3++ 2I  = 2Fe2++ I2 (I)

2Fe3++ 2Br  = 2Fe2++ Br2 (II)

2.  ( .)

Fe3++ e = Fe2+           = 0,77
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2I   -2e = I2                = 0,54
2Br  - 2e =  Br2         = 1,07

3. :

 = ) - )

) = 0,77 – 0,54 = 0,23 
) = 0,77 – 1,07 = - 0,30 

, 
> 0, . 
)  = -0,30 ,  Fe3+

.

 5. ,  – PbO2, KMnO4,
K2Cr2O7 (Cl –, Br –, I –)

.
1. 

.
2Cl – - 2e  Cl2                  o = 1,36 B
2Br – - 2e  Br2                  o = 1,07 B

2I – - 2e  I2                  o = 0,54 B
2. , 

:
                              o (PbO2 /Pb2+) = 1,46 B

o (MnO4
– /Mn2+) = 1,52 B

o (Cr2O7
2– / 2Cr3+) = 1,35 B

3. , , 

, 
o (PbO2 / Pb2+) >  o(2Hal– / Hal2) i o(MnO4

– / Mn2+) >  o(2Hal– / Hal2)

. 
Br– I–, .

   

 ( ) –   , 
 ( ) ,  6,02·1023 .

 ( ) 
, .
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, . 
:

 =
nn

..  = f

 ( ) 
,  ( ) 1 

).

MnO4 2MnO4  MnO2 Mn 2+

                                                    7         7         7

MnO4  + 8 + + 5e  Mn2+ + 4 2 ,         7

f  ( MnO4) = 5
1 ;    MnO4) = 5

1 158 = 31,6 ( )

 ( MnO4) = 158 .

MnO4  + 2 2  + 3e = MnO2  + 4 ,     7

f  ( MnO4) = 3
1 ;    MnO4) = 3

1 158 = 52,7 ( ).

MnO4  + e = MnO4
2 ,                   7

f  ( MnO4) = 1
1
1 ;    MnO4) = 1 158 = 158 ( ).

NO2  + 2  + 2e = NO3  + 2 +

f  (NaNO2) = 2
1 ;    (NaNO2) = 2

1 69 = 34,5 ( ).

 (NaNO2) = 69 .

 1.
, 

, , .

 1.
.

NaI + NaNO3 + H2SO4  I2 + NO + Na2SO4  + H2O



94

.

1) :

Na ++I +Na++NO3  +2H ++SO4
2 I2+ NO + 2Na++ SO4

2   +H2O

I2 – , NO – , ,
H2O – . 

.
2) : 

, .
I + NO3  + 2H +  I2 + NO + H2O

3) . 
+ . 

 – . 
. 

 –  +.
4) :

2I                      I2

 NO3  NO

5) 
 ( ) 

2I  - 2e                     I2

 NO3  +4H+ +3e  NO + 2H2O

I2,  ,
 2I ,  2 ,  I .

NO3
+

NO 2 , , NO3 .
6)  – 6 (2 

), , 
:

   2I  - 2e       I2   3 - 
 NO3  +4H+ + 3e  NO + 2H2    2 - 

7) 

6I + 2NO3  + 8H + 3I2 + 2NO + 4H2O

8) 

6NaI + 2NaNO3 + 4H2SO4 3I2 + 2NO  + 4Na2SO4 + 4H2O
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6I  3I2; 8Na  8Na; 2N  2N; 22   22 ; 8   8 ; 4S   4S.

9) 
:

M = f M

f  – , f  =
n
1 ;

n – , 
.

          M (NaI) = 1/2 · 150 = 75
M (NaNO3)= 1/3 · 85 =28,33

: , 
I  – ; 

NO3 ; I ; NO3
. M (NaI)= 75 , M (NaNO3) = 28,33 .

 2.
, 

.
2 +KClO3 + H2O = HIO3 + KCl

:

1) 2 +K+ + ClO3
– + H2O = H ++ IO3  + K + + Cl

2) 

3) 

4) 2                  2IO3

                                  ClO3
–                Cl

5) 2 + 6H2O – 10e 2IO3 + 12H+

                                  ClO3
– + 3H2O + 6e Cl + 6OH–

6) 2 + 6H2O – 10e  2IO3 + 12H+    3 - 
                                  ClO3

– + 3H2O + 6e Cl + 6OH–   5 - 
3                             6

7) 3 2 + 5ClO3
– + 33H2O = 6IO3  + 36H+ + 5Cl  +30 OH–

                                                                                               30H2O
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8)                    3 2 +5KClO3 + 3H2O = 6HIO3 + 5HCl

3I2   6I; 5Cl   5Cl; 6H   6H; 18    18 .

9) M (I2) = f M = 4,25254
10
1

                      M (ClO3
– ) = f M = 1/6 · 83,5 =13,9

: , 
, ; ClO3

–, 2
0

.
M (I2) = 25,4 , M (ClO3

–)= 13,9 .

 3.
, 

Mn(OH)2 + l2 + KOH  MnO2 + KCl + H2O

:

Mn(OH)2 + Cl2 + K ++OH  MnO2 + K++Cl + H2O

Mn(OH)2, MnO2 , Cl2 –

Mn(OH)2 + Cl2 + OH  MnO2 + Cl + H2O

Mn(OH)2  +2OH–  - 2e  MnO2+ H2     1  -
Cl2 + 2e             2Cl 1 -

Mn(OH)2 +2OH–  + Cl2   =  MnO2+ H2 + 2Cl + H2O

Mn(OH)2 +Cl2 + 2KOH = MnO2 + 2KBr +  H2O

2Cl   2Cl; 1Mn   1 Mn; 4H   4H; 4    4 ; 2K 2K

M (Mn( )2) = f M = 5,4489
2
1

M (Cl2)= f M =
2
1  · 71  = 35,5 

: ; 
, ; l2, Mn(OH)2.

M (Mn( )2) = 44,5 , M (Cl2)= 35,5 .

. 
, .
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, 
2  (

2 2 +),  – 
– (  2 –

2 ).
. 

, 
, , 

 ( 2 2 +).
 (

 + 2 2 –).

 6.1 
                             ( )

 ( ) + n  (Red)
0, B

F2 2 2F– 2,87
O3 + 2H+ 2 O2 + H2O 2,07

S2O8
2– 2 2SO4

2– 2,01
H2O2 + 2H+ 2 2H2O 1,78
PbO2 + 4H+ 2 Pb2+ + H2O 1,69
MnO4

–+ 8H+ 5 Mn2+ + 4H2O 1,51
ClO– + 2H+ 2 Cl– + H2O 1,49

2ClO3
–+ 12 H+ 10 Cl2 + 6H2O 1,47

ClO3 + 6H+ 6 Cl– + 3H2O 1,45
2HOI + 2H+ 2 I2 + 2H2O 1,45
ClO4

– + 8H+ 8 Cl– + 4H2O 1,39
Cl2 2 2Cl– 1,36

Cr2O7
2– + 14 H+ 6 2Cr3+ + 7H2O 1,35

2NO3
– + 12H+ 10 N2 + 6H2O 1,24

O2 + 4H+ 4 2H2O 1,23
2IO3

–+ 12 H+ 10 I2 + 6H2O 1,19
Br2 2 2Br – 1,07

NO2
– + 2H+ NO + H2O 1,00

NO3
– + 2H+ 2 NO2 + H2O 0,84
Fe3+ Fe2+ 0,77

O2 + 2H+ 2 H2O2 0,68
MnO4

–+ 2H2O 3 MnO2 + 4OH– 0,57
MnO4

– MnO4
2– 0,54
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I2 2 2I– 0,54
O2 +2H+ 4 4OH– 0,40

SO4
2– + 2H+ 2 SO3

2–+ H2O 0,20
Sn4+ 2 Sn2+ 0,15

SO4
2– + 8H+ 8 S2–+ 4H2O 0,15

S + 2H+ 2 H2S 0,14
CrO4

2– + 4 H2O 3 Cr(OH)3 +5OH– -0,13
H3PO4 + 2H+ 2 H3PO3 + H2O -0,28

H2O2 2 2OH– -0,28
Cr3+ Cr2+ -0,41

S 2 S2– -0,45
2CO2 + 2H+ 2 H2C2O4 -0,49

SO4
2– + 2H2O 2 SO3

2–+ 2OH– -0,93
ZnO2

2–+2H2O 2 Zn + 4OH– -1,22
O2 +2H2O 2 H2O2+ 2OH– -1,37

AlO2
– +2H2O 3 Al + 4OH– -2,35
H2 2 2H– -2,25

1.
?

2. ?
3. ?
4. ?
5. ?
6. -

? ?
7. ?
8. ?
9. , 

.
10. .
11. , 

?
12. ?
13.

, 
?

14. ?
15. ?
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: 0,5  ( ) FeCl3; 0,05 
NaI KI; 
; 0,5 KMnO4; 2 

H2SO4; 0,5  ( )  FeCl2;
0,1 KSCN NH4SCN; 0,5 

Na2SO3 Na2S2O3; 
(NaOH KOH); 0,5   K2Cr2O7;  ( )

FeSO4·7H2O.
: , ,

.

 1. -i ).

 5–6  ( )  1 
. 

 1–2 .
.

:

Fe3+ + I Fe2+ + I2

.

 2.  ( ) .

 5–6   
 2 . 

) 
. MnO4

Mn2+. KSCN
NH4SCN , Fe2+ Fe3+.

:

MnO4  + + + Fe2+ Mn2+ + Fe3+ + 2

,  ( ).
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 3.   .

 1–2 3 K2Cr2O7, 

FeSO4·7H2O. . , :

K2Cr2O7 + FeSO4 + H2SO4  Cr2(SO4)3 + K2SO4 + Fe2(SO4)3 + H2O

, 
. .

 4.
.

 1–2 
,   

.
, :

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

.
.

 5.
.

 1–2 3

1-2 3 . 
.

, :

KMnO4 + Na2SO3 + H2O  MnO2 + Na2SO4 + KO

.
.

 6.   
.

 1–2 3  1 3

 1–2 3 .  
? ?

, :

KMnO4 + Na2SO3 + 2MnO4 + Na2SO4 + 2
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.
.

, . 
, 

:

K2MnO4 + 2 MnO4 + MnO2 + 

.
.

. 
.

 6.2 - 

-

f

,

1 2 3 4 5 6 7

- -
- - -

f

-
,

8 9 10 11 12 13 14
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6

:
; , ;

, . 

1. MnO2 + KCl+ H2  MnSO4  + Cl2 K2SO4 + H2O
I2 + KNO2 + H2O  KNO3 + HI

Al + HNO3  NO2 + Al2O3 + H2O

2. KMnO4 + Cu2O+H2O  MnO2 +Cu(OH)2 + KOH
HgS + HNO3 +HCl  HgCl2 + S + NO + H2O

                  ClO2 + S + NaOH  NaClO2 + Na2SO4 + H2O

3. W + HF + HNO3  NO2 + H2[WF8] + H2O
Al + KNO3 + H2O  NO + K[ Al(OH)4]
Sb2O3 + Br2 + KOH  KBr +KSbO3 + H2O

4. l2 + KOH KCl + KClO + H2O
                  MnO2 + HCl  MnCl2 + H2O +  Cl2

Ca + H2O  Ca(OH)2 + H2

5.               Au + NaCN + O2 + H2O  NaOH + Na[Au(CN)2]
                  Pb + KNO3  KNO2 + PbO

Al + NaOH  Na3[Al(OH)6] + H2

6. SO2 + Br2 + H2O  HBr +H2SO4
S + NaOH   Na2S + Na2SO3 + H2O
H2SO4  + C  CO2 + SO2 + H2

7. Na+ H2O  NaOH+ H2
As + HNO3 + H2O   H3 AsO4 + NO
Cu + HNO3  Cu(NO3)2 + NO2 + H2O

8. PbS + HNO3  Pb(NO3)2 + NO + S+ H2O
Cs + H2O  CsOH + H2
I2 + NaOH   NaI  + NaIO + H2O

9. P + HNO3  + H2O  H3PO4 + NO
Fe + H2SO4 ( )  FeSO4 + H2
Na2SO3 +Cl2 + NaOH   NaCl + Na2SO4 + H2O

10. PbO2 + NaCrO2 + NaOH  Na2PbO2 + Na2CrO4 + H2O
Fe(OH)2 + KBrO + H2O  Fe(OH)3 + KBr
H2SO3   H2SO4 + S + H2O
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11. Ln + NaAsO2 + HCl  LnCl2  + AsH3 + H2O+ NaCl
NaCrO2 +H2O2 + NaOH   Na2CrO4 + H2O
HClO3 + S +H2O   H2SO4 + HCl

12. S + HNO3  H2SO4 + NO
C + Na2CrO4 + NaOH  CO + Na3CrO3 + H2O

lO2 + KOH + S KClO2 + K2SO4 + H2O

13. HI + KMnO4 +H2SO4  I2 + K2SO4 + MnSO4  + H2O
Zn + KNO2 + KOH  K2ZnO2 + NH3 + H2O

lO2 + H2O  KClO3 + HCl

14. KMnO4 +HCl  MnCl2 + KCl + Cl2 + H2O
MnO2 + KClO3 + KOH  K2MnO4 + KCl + H2O
P + H2O  H3 PO4 + PH3

15. Fe + HNO3 ( )  Fe2O3 + NO2 + H2O
MnO2 + Br2 + KOH  K2MnO4 + KBr +H2O
K2FeO4+ H2O   Fe(OH)3 + O2 + KOH

16. H2SO3 + Cl2 + H2O  H2SO4 + HCl
Ba + H2O   Ba(OH)2 + H2
As2S3 + HNO3   H3AsO4 + H2SO4  + NO

17.             K2MnO4 + Cl2  KMnO4 + KCl
Al + HNO3 ( )  Al2O3 + NO2 + H2O
Fe(OH)2 + CrO3 + H2O   Fe(OH)3 + Cr(OH)3

18. FeSO4 + Br2 + H2SO4   Fe2(SO4)3 + HBr
KOH + Cl2  KClO3 + KCl + H2O
Fe(OH)2 + KBrO + H2O   Fe(OH)3 + KBr

19. Fe(OH)2 + Br2 + KOH  Fe(OH)3 + KBr
Al + HCl  AlCl3 + H2
K2FeO4 + NH3 + H2O   Fe(OH)3 + KOH + N2

20.            Zn + KIO3 + H2SO4  ZnSO4 + I2 + K2SO4 + H2O
Br2 + NaNO2 + NaOH  NaNO3 + NaBr + H2O
KMnO4+ Na2SO3 + H2O  MnO2 + Na2SO4 + KOH

21. KBr +H2SO4  Br2 + SO2 + K2SO4 + H2O
Ag + HNO3 ( )  AgNO3 + NO2 + H2O
KMnO4+ Na2SO3 + NaOH  K2MnO4 + Na2MnO4 + Na2SO4 + H2O

22.             NaCrO2 + Br2 + NaOH  Na2CrO4 + NaBr + H2O
HBr + KClO3  KCl + Br2 + H2O
KMnO4+ MnSO4 + H2  MnO2 + H2SO4 + K2SO4
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23.            KMnO4 + NaNO2 + H2O  NaNO3 +  MnO2 + KOH
Al + HNO3 ( )  Al2O3 + NO2 + H2O
Fe(OH)3 + Cl2 + KOH   K2FeO4 + KCl + H2O

24. CrSO4 + Br2 + H2SO4   Cr2(SO4)3 + HBr
Bi2S3 + KOH + Cl2  KBiO3 + KCl + H2O
Fe(OH)2 + NaBrO + H2O   Fe(OH)3 + NaBr

25. S + KOH   K2S + K2SO3 + H2O
H2SO4  + Bi  Bi2(SO4)3 + SO2 + H2O
AsH3 + AgNO3 + H2   H3AsO4 + Ag + HNO3

26. CaH2+ H2O  Ca(OH)2+ H2
Na2S2O3 + I2   NaI + Na2S4O6
Cu + HNO3(      )  Cu(NO3)2 + NO + H2O

27. MnS + HNO3  Mn(NO3)2 + NO + S+ H2O
Rb + H2O RbOH + H2
I2 + Ba(OH)2   BaI2  + Ba(IO3)2 + H2O

28. P + NaOH  + H2O  PH3 +NaH2PO2
Mo + H2SO4 (k) H2[MoO2(SO4)2] +SO2 + H2O
Na2SeO3 +Cl2 + NaOH   NaCl + Na2SeO4 + H2O

29. PbO2 + MnO2 + HNO3  Pb(NO3)2+ HMnO4 + H2O
Mn(OH)2 + O2 + H2O  Mn(OH)4
H2SO3  + H2S    S + H2O

30. Ce + NaAsO2 + HCl  CeCl2  + AsH3 + H2O + NaCl
K2Cr2O7 +(NH4)2SO4    K2SO4 + Cr2O3 + N2 + H2O
NaOCl  +NH3   H2O + NaCl + N2H4
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 V   

 7

: « »

:  
; 

; 
.

.
. – disperses) , 

 ( ) 
 ( ).

.

. ,  1·10–9 ,
, ,

, .
, 

 1·10–9

, .
) .

.
(D) – , 

 (d l):

d
D 1 ,

l
D 1 (1)

d – ,
l – .

, , 
.

. 
.

( . …  – , ) , 
, 

. 
.

 – , , ,
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.  (  – ) 
. .

 ( . …   –  )  ,  

 ( , ) 
. 

,
. ,

. , , , 
, , , , 
.

 ( .  – ),  –  ( .
Solidus – ).

, 
,  ( , ,

, ).
, 

, -
 ( , , ,

).
) – , 

,  – 
 10–7 -10–9 .

:
) 

;
) (d = 10–7-10–9 );
) , 

,  ( ).

 ( ). 
, 

. -
:
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                           .
                  (d > 10–7 )                      (d = 10–7-10–9 )               (d < 10–9 )
                                                         

. 7.1 – 
:

1- ; 2 - ; 3 -  ( );
4 -  ( )

.
.

, 

.

.

,  ( , 
).

.
 – , . 

 ( ), 
 ( )  ( ).

, 
.

, 

, 
, . 
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 ( ) ,
, 

.
.

, . 
: ,

, , . 

. 
.

, :
) ;
) , ;
) 

     (d = 10–7–10–9 ).

, ,
, .

: , , , 
, , .

.
, 

, , 
.

AgN 3 + KI  AgI(T) + KN 3.

 ( ),
,  ( ), , . 

. , 
FeCl3 :

FeCl3 + 3  Fe(OH)3 ) + 3 l.

.
,

, .

) ( )  ( ,
, .):

3H2S + 2HN 3 = 3S ) + 2NO + 4 2
2H2S + 2 = 2S(T) + 2 2
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2H2S + SO2 = 3S ) + 2 2

:

{[(mS) nHS–]n– (n-x)H+} – xH+.

. , 
.

. 
, 

. 
, , .

, 
 – .

,  
, , , 

, , 
.

, 
(105-106 ), .

 ( ).

, 
.

 –
, , .

, , .
:  ( ),

 ( , ), 
 ( ).

, 
, ,  (

)  ( ), 
.

, 
. , 

, , , 
.

 ( , ) .
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.
)

, 
.

, Fe(OH)3, 
FeCl3, :

{[m Fe(OH)3 nFe3+ 3nCl–}0

:

{[(m Fe(OH)3 nFe3+]3n+ 3(n – l–] + 3 l–

 3 +

.

 1. AgI
 AgN 3.

) AgN 3 . ,
AgN 3, , . 

:
AgN 3 + KI  AgI(T) + KN 3.

.
, 

 – .
) , , ,

.
: ,

.

 ( ) AgI, 
) :

(mAgI) – .

, - , 
, 

. 
).

AgNO3, 
(mAgI) Ag+
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). , ,
:

[(mAgI) nAg+]n+ – .

 ( , 3
–), 

. (n-x)N 3
–,

, , 

. 
 – ,

:

{[(mAgI) nAg+]n+ (n-x)N 3
–} + – .

3
–, 

,  (
), 

.
, 

. 
,

. , AgN 3,
:

{[(mAgI) nAg+]n+ (n-x)N 3
–} + xN 3

–.

 2. AgI  KI.

, AgI
:

{[(mAgI) nI–]n– (n-x)K+} – xK+.
, 

, 
. 

. 7.2.
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. 7.2 –  ( )
 ( ) 

 3. ,  – .
) 

) ( ).

FeCl3 + K4[Fe(CN)6]  KFe[Fe(CN)6] + 3KCl
4FeCl3 + 3K4[Fe(CN)6]  Fe4[Fe(CN)6]3 + 12KCl

 - FeCl3, :

{[(mKFe[Fe(CN)6]) nFe3+]3n+ 3(n – x)Cl–}3x+ · 3xCl–

{[(mFe4[Fe(CN)6]3) nFe3+]3n+ 3(n – x)Cl–}3x+· 3xCl–

 4. ,  – 
.

{[(mKFe[Fe(CN)6]) nFe(CN)6
4–]4n– 4(n – x)K+}4n– · 4xK+

{[(mFe4[Fe(CN)6]3) nFe(CN)6
4–]4n– 4(n – x)K+}4n– · 4xK+

 5. .
), , ),

, . 
. :

CrCl3 + 3H2O  Cr(OH)3 + 3HCl
. 

Cr Cl:

Cr(OH)3 + HCl  Cr Cl + 2 2
. :
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{[(mCr( )3]) nCr +]n+ (n – x)Cl–}x+ xCl–

– 
.

, 
. ,

.
.

:
1.

.
, 1 3 ,

) 
( ).

: 
, . 

:

VV
CVC (2)

V –  ( 3), ;
 – , 3;

V  – , 3.
, , 

(V ):

C
V 1 , (3)

 – , 
 1 .

2. , 
, . 

.
.  1900 .

3. , , 
.

, .

( +) > ( 2+) > ( l3+)     ( l –) > (SO4
2–) > ( 4

3–)

(z) :
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= 6z
1 (4)

-, - 
:

1:4,11:73000137,0:0156,0:1
3
1:

2
1:

1
1

666321 C:C:C

, 
,  (
3),  –  ( 3).

4.  ( ) 

.

Li+ – Na+ – K+ – Rb+ – Cs+

Cl – – Br – – I – – CNS –

,

, 
.

.
5.

. , 

. ,

.

  

1. . 
? ?

2. ?
3.

; ?
4.

?
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5. ? 
? 

.
6. ? 

? 
? .

7. ? 
? 

?
8. ? 

?
9. ?
10.  – ? 

?
11.

.
12. ? ? 

?
13. ?
14. ? 

.
15.  ( ) 

.

: , ,
.

:  (20%);  Na2SiO3 (
 = 1,16 3); (III) FeCl3 (2%); HCl

.  = 1,19 3; 1:5); AgNO3 (0,001 , 0,05 , 0,1 );
 KI (0,05 );  NaCl (0,5  );  

Na2SO4 (0,5 );  Na3PO4 (0,5 ); HNO3
(2 );  KCl (0,1 ).

 1. .
 (0,5 )  (1:5) 

HCl  8-10 
Na2SiO3 (  =  1,16  3). 

 6.
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. 
, , SiO2

H2O,  – HSiO3
–.

 2.  ( .
 100  3 . 
 2% ) FeCl3

10 3 ) , 
.

. ) ,
, 

) .
, , 

FeCl3.
 7.

 3.
.

 2-3 3 0,05  KI
 5-10  0,05 AgNO3,

.

.
,  1 3 0,05 

AgNO3,  5-10  0,05 
KI.

. ,
AgNO3 KI.

 5, 8.

 4. ) .
, 

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

, 
.

)  ( )
. . 

.
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,  2-3 
FeCl3 . 

 ( ) .

Fe(OH)3 Fe3+ FeCl3. 
. 

, , 
, 

.

. 

 5. .
, 

 1.  – , 
.

. 
. 

.

 6. .
 4  15 3 ) ,

 2 (  8). 
NaCl,  – Na2SO4,

 – Na3PO4.
? .

 7. .
 (  5-6

),  3 AgNO3  KI.
.

. ?

 8. .
: 5   

, 0,5 , 
) (  0,005 ) ) Fe(OH)3. 

12  5 3 ; 
 7.1. , (4 

) 3.
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 7.1

1 2 3 4
 Fe(OH)3

3 5 5 5 5
, 3 4,5 4,0 3,0 1,0

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

 –  20  – 
, 

VV
CVC .

. 
, 

,  – ,
. ,  – 

 – , 
.

1. CdSO4 Na2S CdS CdSO4, CaCl2, FeCl3, NaOH, K3PO4
2. ZnCl2 KOH Zn(OH)2 Na2S, CrCl3, SnCl4, FeCl2, Na2SO4
3. Pb(NO3)2 KI PbI2 CuCl2, AlCl3, SnCl4, H2S, Na2SO3

4. CaCl2 Na2CO3 CaCO3 KOH, K2CrO4, K3PO4, CrCl3, CdSO4
5. FeCl3 NaOH Fe(OH)3 H2SO4, Na2S, CrCl3, Pb(NO3)2, Na3PO4
6 AlCl3 KOH Al(OH)3 KI, K2CrO4, K3PO4, Bi(NO3)3, CuCl2
7. BaCl2 Na2SO4 BaSO4 SnCl2, CrCl3, SnCl4, KOH, Na2SO3
8. Ni(NO3)2 H2S NiS CoBr2, H2SO4, Na2S, CrCl3, Na2CO3
9. NaCl KH2SbO4 NaH2SbO4 H2SO4, Na2S, CrCl3, Pb(NO3)2, Na3PO4

10. NH4CNS AgNO3 AgCNS CdSO4,  CaCl2, FeCl3, NaOH, K3PO4
11. (NH4)2S AgNO3 Ag2S KI, K2CrO4, K3PO4, Pb(NO3)2, Na3PO4
12. FeCl3 K4[Fe(CN)6] Fe4[Fe(CN)6]3 K2SO4, NH4NO3, AlCl3, K2CrO4, K3PO4
13. Hg2(NO3)2 H2SO4 Hg2SO4 SnCl2, FeCl3, SnCl4, KOH,Na2SO4
14. Pb(NO3)2 HCl PbCl2 CoBr2, H2SO4, Na2S, CrCl3Na2CO3
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 7.1

15. Na3AsO4 AgNO3 Ag3AsO4 KOH, HNO3, AlCl3, K2CrO4, K3PO4
16. AgNO3 (NH4)2C2O4 Ag2C2O4 H2SO4, K2S, CrCl3, Pb(NO3)2, Na3PO4
17. Bi(NO3)3 NaOH Bi(OH)3 H2SO4, (NH4)2S, CrCl3, Pb(NO3)2, Na3PO4
18. Hg(NO3)2 H2S HgS K2SO4, Na2S, AlCl3, Cu(NO3)2, Na3PO4
19. CuSO4 H2S CuS K2SO4, CaS, AlCl3, Cd(NO3)2, Na3PO4
20. Na2S NiSO4 NiS CdSO4, CaCl2, FeCl3, NaOH, K2CrO4

21. TiCl4 KOH TiO(OH)2 KI, K2CrO4, K3PO4, Bi(NO3)3, CuCl2
22. Zn(NO3)2 K3[Fe(CN)6] Zn3[Fe(CN)6]2 SnCl2, CrCl3, SnCl4, KOH, Na2SO4
23. FeSO4 K3[Fe(CN)6] Fe3[Fe(CN)6]2 CdSO4,  CaCl2, FeCl3, NaOH, K3PO4
24. (NH4)2S Pb(CH3COO)2 PbS H2SO4, K2SO3, CrCl3, Pb(NO3)2, Na3PO4
25. AgNO3 K4[Fe(CN)6] Ag4[Fe(CN)6] H2SO4, Na2S, CrCl3, Pb(NO3)2, Na3PO4
26. KI Hg(NO3)2 HgI2 Na2S, AlCl3, SnCl4, FeCl2, Na2SO4
27. HCl Na2SiO3 H2SiO3 K2SO4, CaS, AlCl3, Ca(NO3)2, K3PO4

28. K2S Na3AsO3 As2S3 K2SO4, Na2S, AlCl3, Cu(NO3)2, Na3PO4
29. K2CrO4 AgNO3 Ag2CrO4 SnCl2, FeCl3, SnCl4, Sr(OH)2,Na2SO4
30. CoCl2 (NH4)2S CoS K2SO4, NH4NO3, AlCl3, K2CrO4, K3PO4
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 ( . .)

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

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

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

733,24
760,00
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K+ Na+ NH4
+ Ba2+ Sr2+ Ca2+ Mg2+ Al3+ Cr3+ Fe3+ Fe2+ Mn2+ Zn2+ Ni2+ Co2+ Ag+ Hg2+ Cu2+ Cd2+ Pb2+ Bi3+ Sn2+

OH
F  - 
Cl -  
Br -  
I
S 2  - - 

SO3
2  - - -  -  - - -  - -

SO4
2 - 

PO4
3 -

CrO4
2  - - - - 

CO3
2  - - - -

NO3  -
NO2 - -

CH3COO  - -
:  – ;  –  ( );  – ; «–»

, .

126
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t = 25 °

0, 0, 

Li+/Li Li+ + e  = Li -3,045 Sn2+/Sn Sn2++ 2e  = Sn -0,136
Rb+/Rb Rb + + e  = Rb -2,925 Pb2+/Pb Pb2++ 2e  = Pb -0,126
K+/K K++ e  = K -2,925 W3+/W W3++ 3e  = W -0,05

Cs+/Cs Cs++ e  = Cs -2,923 Fe3+/Fe Fe3++ 3e  = Fe -0,036
Ra2+/Ra Ra2+ + 2e  = Ra -2,916 H+/H2 H++ e  = 1/2H2 0,00
Ba2+/Ba Ba2++ 2e  = Ba -2,906 Ge2+/Ge Ge2++ 2e  = Ge +0,01
S2

2+/S2 S2
2++ 2e  = S2 -2,89 Sb3+/Sb Sb3++ 3e  = Sb +0,20

Ca2+/Ca Ca2++ 2e  = Ca -2,866 Bi3+/Bi Bi3++ 3e  = Bi +0,23
Na+/Na Na++ e  = Na -2,714 Re3+/Re Re3++ 3e  = Re +0,3
La3+/La La3++ 3e  = La -2,522 Cu2+/Cu Cu2++ 2e  = Cu +0,337

Mg2+/Mg Mg2++ 2e  = Mg -2,363 O2/OH– 1/2O2 + H2O + 2e
= 2OH– +0,401

Be2+/Be Be2++ 2e  = Be -1,847 Te2+/Te Te2+ + 2e  = Te +0,402
Hf4+/Hf Hf++ 4e  =Hf -1,700 Ru2+/Ru Ru2++ 2e  = Ru +0,45
Al3+/Al Al3++ 3e  = Al -1,662 Cu+/Cu Cu++ e  = Cu +0,521
Ti2+/Ti Ti2++ 2e  = Ti -1,628 I2/I– 1/2I2 + e  = I– +0,535
V2+/V V2++ 2e  = V -1,186 Hg2

2+/2Hg Hg2
2+ + 2e  = 2Hg +0,798

Mn2+/Mn Mn2++ 2e  = Mn -1,180 Ag+/Ag Ag++ e  =Ag +0,799
Cr2+/Cr Cr2++ 2e  = Cr -0,913 Rh3+/Rh Rh3++ 3e  = Rh +0,8
Zn2+/Zn Zn2++ 2e  = Zn -0,763 Os2+/Os Os2++ 2e  = Os +0,85
Cr3+/Cr Cr3++ 3e  = Cr -0,744 Hg2+/Hg Hg2++ 2e  = Hg +0,854
Ga3+/Ga Ga3++ 3e  = Ga -0,53 Pd2+/Pd Pd2++ 2e  = Pd +0,987

S0/S2– S0+ 2e  = S2– -0,51 Br2/Br- 1/2Br2 + e  = Br– +1,065
Fe2+/Fe Fe2++ 2e  = Fe -0,440 Pt2+/Pt Pt2++ 2e  = Pt +1,2
Cd2+/Cd Cd2++ 2e  = Cd -0,403 Cl2/Cl- 1/2Cl2 + e  = Cl– +1,359

Tl+/Tl Tl++ e  =Tl -0,336 Au3+/Au Au3++ 3e  = Au +1,498
Co2+/Co Co2++ 2e  = Co -0,277 Ir3+/Ir Ir3++ 3e  = Ir +1,15
V3+/V2+ V3++ e  = V2+ -0,255 Au+/Au Au++ e  = Au +1,691
Ni2+/Ni Ni2++ 2e  = Ni -0,250 H2/H– 1/2H2 + e  = H– +2,2

Mo3+/Mo Mo3++ 3e  = Mo -0,20 F2/F– 1/2F2 + e  = F– +2,87
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