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NaCl ( . 14), 
2 , l2 NaOH :



39

NaOHClOHNaCl 222 222
(-) : 2 2  + 2 2 + 2 –-,
(+) : 2Cl – 2  Cl2.

. 14 –  NaCl

, F2
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 (0,02-0,005%). 
Au, Ag, Se, Te,   – Ni, Fe, Zn

. 
.

3.  –
, .

 1-100 . 
, 

.



41

 ( . 16) 
 ( , , ,

, ) 
, ). 

, 
,  ( , ) – 

. , , 
. , , 

. 
, ,  – 

. 
.

: 
Zn, Cd, Sn);  (Ni,  Cr,  Au,  Ag);

 ( u, Ag, Au); 
 (Cr, Rh, Pd);  ( Ni-Co, Ni-Fe);

 (Ag, Rh, Pd, Cr);
 (Pb,  Cr,  Sr,  Ir); 

 (Sn, Pb).
4.  –

. 
, ,

,  ( ,
, , ) , 

, 
.

. 
 ( , ), 

, 

. . ,
 ( . 16).

. 16 – : ) ;     ) 



42

5.  –

, . 
, , ,

, , 
, .

, 
, 

 ( . 17). 
, . 

, 
.  (  0,1 ) 

 (
NaCl, NaNO3, NaOH) 

 (106 ) , 

.  ( )
.

. 17 – : 1 – 
; 2 –  ( ); 3 –  ( )

6.  ( )
Mg, Al, Ti .  

,  – , 
. ,

, , . 
2, . 

2Al + 3H2O –  Al2O3 + 6H+.



43

:
Al2O3 + 6H+ 2Al3+ + 3H2O.

, 
.

. , 
, 

, 
 (  1014 ).

7. –
. 

, 

 – . 
 ( ) 

, ,

.
 ( ) 

, 
 ( . 18). ,

,  ( , 
 –  – 60 ° ).

. Pt, Ag, Al, Zn ;
 (Hg).

. 18 – 



44

, 
, , , ,

, , 
.

1.4  

 ( , ,
).

, 
, 

, . 
 (

), 
.

. 
. 

, 
, , , H2S

.
, , , 

, , 
. 

, 
. 

, 
.

, , 
.  – 

, , , . 
, 

, 
 – , .  – 

, 
.

:



45

. 19 – .

, , ,
, . 

) 
(Fe2 3· 2 ). 

. 
, .

, 
, 

. : ;
, 

; , .

1.4.1  

, . 
.

, ,
:

;
;

;
;

;
;

.
:

;
;

;
;
;

;
;

.



46

:
, :

o ;
o ;
o ;

 ( ) , :
o ;
o ;
o  ( );
o ;
o  (

).

:
 ( ,

, ) 
.  « » 

,  «
», « ». 

. 
, 
2 .

: , .

. 20 – 

 « »,
 – « ». 

. 
, 

. ,
. , 

.



47

1.4.2  

. :
;

.

1.4.3  

 – 
, 

. 
.

, 
:

4Fe + 3O2 2Fe2O3

1.4.4  

 ( ) 
 ( , . .), 

 – , 

. , , . .,
, 2 .

. 21 –

, , 
CO2, ,

. , 



48

. 
),

, , . 
. , 

-
.

, , .
, 

. , , 
 – ,

, , 
. 

.

.
H3O+ H2O,

.
:

2H3O+ + 2H2O + H2              2H2O + 2OH + H2

, 
, 

:

O2+ 2H2O + 4OH

. 
, , , .

.
, 

.
:

A(-)    Fe0
) –  Fe2+

)
(+)   2( )+ 2 2  + 4 )

:

2Fe + 2 + 2 2 2Fe( )2

, 
, :



49

. 22 –

, , , 
,  – .

, , 
.

, 
. .

. , 
: , 

.  « », 
.

, -
. .

, 
. , , 
, , 

.
, , 

, , – , 
.

1.4.5  

.
 – ,

,  ( ),



50

 (II).
,  ( ), 

,  (III).
I.  – 

. 
, .

.
, 

. , 
, : , 
, , .

II. . 

. 
, ,
.

, 
, 

, , ,
. . 

 (« ») 
 1824 

.

: 
, .

?

, ,
. , 

), 
, 

. , , 
, 

. 
, 

, .



51

. 23 – .

III.
. ,

, , 
: , , , , 

 – , 
.

 1913 
. 

, , 
.

.
, , 

. , , . 
, 

. , , 
.

. 

, « », ,  «
 –  ,  

». 
, 

, .
, 

) . , 
, . 

, 



52

. 
. , 

, .
, , 

. 
: 74% , 18% ,

8% .

, , 

 ( )  ( ). 
2 .

. 24 – :
)  ( ); ) 

)

. 
. ,

.
, -

.
 XX . 

, , 
. , , 

. . 
,  (

). Fe2+  (
) , 

, . 
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. , , 

.
,

. 
Sn2+

,  ( )
. , 

, . 
, . 

, . 
, , 

.

1.5   

 1. , 
CuSO4?

. ,
 ( ), 

Na CuSO4,  .  ,
:

2Na + 2H2O 2NaOH + H2 .

 2. 
:
) AgNO3;   ) Ni(NO3)2;    ) Al(NO3)3?

. , Zn
, 

, 

. m.
)

 ( ) :

Zn + 2AgNO3 2Ag  + Zn(NO3)2.

,  ( ) 
, .
(Zn) = x, (Ag) = 2 (Zn) = 2x, :

m(Zn) = ·M = 65x, m(Ag) = ·M  = 108·2x = 216x.

 m ,
,  ( ):
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m  = m – m(Zn) + m(Ag) = m – 65x + 216x = m + 151x.

,  151 ,  – 
, .

) , 
:

Zn + Ni(NO3)2  Ni  + Zn(NO3)2.

(Zn) = x, (Ni) = (Zn) = x,

m(Zn) = ·M = 65x, m(Ni) = ·M = 59x.

:

m  = m – m(Zn) + m(Ni) = m – 65x + 59x = m – 6x.

.
)

, , Zn
Al(NO3)3 .

 3. , 
,  – . 

, 
, 

. .
.

 ( . 1),  ( ):
0

/NiNi 2 =  -0,25 , 0
/CuCu 2  = +0,34 .

NiSO4 i CuSO4
 1 3, . 

:

(–)   Ni| NiSO4 || CuSO4 | Cu (+).

, :

(–) :      Ni0 – 2  Ni2+,
(+)K:    Cu2+ + 2  Cu0

CuSO4 + Ni  Cu + NiSO4.

0 = 0 - 0 = 0,34 – (-0,25) = 0,59 .
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, 
 ( . 1), ,  ( 0

n /MnM 2 = -1,18 ):

(-)   Mn | MnSO4 || NiSO4 | Ni (+).

, :

(-) :       Mn0 - 2  Mn2+,
(+)K:       Ni2+ + 2  Ni0;
NiSO4 + Mn  Ni + MnSO4.

:
0 = 0 - 0 = -0,25 – (-1,18) = 0,93 .

 4. 
, , 

 ( 3):  [Ni2+] = 0,01; [Ni2+] = 1,0. 

?
.

, ,  – 
. , :

(-) Ni | Ni2+ (0,01 3) || Ni2+ (1,0 3) | Ni (+).

:

(-) :       Ni0 –  Ni2+,
(+)K:     Ni2+ +  Ni0.

:

.B059,020295,010lg02595,0
01,0
1lg

2
059,0 2

,
, ,

,
 [Ni2+]K = [Ni2+]A.

3,  – . :

[Ni2+]K =1,0 – ,       [Ni2+]A = 0,01 + ,
1,0 –  = 0,01 + ,                   = 0,495,
[Ni2+]K = 1,0 – 0,495 = 0,505 3,

[Ni2+]A = 0,01 + 0,495 = 0,505 3.
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 5. 
, : NaNO3,

AgNO3, Pb(NO3)2, Fe(NO3)3?
.

 ( . 1), 
:

1) Ag+ + 1 Ag0, B80,00
g /AgA

;

2) Fe3+ + 3 Fe0, B037,00
Fe3 /Fe

;

3) Pb2+ + 2 Pb0, B127,00
Pb2 /Pb

.
, 

AgNO3, Pb(NO3)2  Fe(NO3)3,
, 

2 + + 2
0, B413,00

2 2/HH
.

, 
-2,714 , .

 6. 
) 

?
.

CuSO4 , 
, 

:

2 2  + 2
0 + 2 –, 0 = -0,826 ;

Cu2+ +  Cu0, B34,00
u 2 0/Cu

.

Cu2+/Cu0

, ):

(–) : Cu2+ +  Cu0.

, ,
, :

2 2  –  O2 + 4H+, 0= +1,229 B;
2SO4 –  S2O8

2–,                           0= +2,010 B,

:
(+) : 2 2  – 2 + 4 +.
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:

.2222 42224 SOHOCuOHCuSO

, CuSO4
,  – , 

.
CuSO4

 – . 
, 

CuSO4, 
:

2 2  –  O2 + 4H+, 0= +1,229 B;
2SO4 –  S2O8

2 ,                      0= +2,010 B;
Cu0  –  Cu2+,                             0= +0,340 B.

, . , 
CuSO4

,  ( ), 
, .

(+) : Cu0  - 2  Cu2+,
(–) :  Cu2+  + 2  Cu0.

 7. , 
CuCl2.

. CuCl2 Cu2+, Cl
2 . , 

, 
.  ( . 26) (II) 

, :

Cu2+  +  Cu0, 0= +0,340 B,
2 2  + 2

0 + 2 –, 0= -0,826 .

, 
, 

, :

(–) :       Cu2+ +  Cu0.
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. 26 –  CuCl2

 ( . 26) CuCl2 Cl–

, :

2 2  –  O2 + 4H+, 0= +1,229 B;
2Cl–  –  Cl2, 0= +1,36 B.

, 
Cl– ,  2 , 

Cl– (
 – 2). , 

F–), :

(+) : 2Cl–  –  Cl2.

(II)
:

.)( 22 ClCuCu l

 8. 
? 

NaF ?
.

. 27 –  NaF
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, 
NaF– 2 , 

 ( . 1):

2 2  + 2
0 + 2 –, 0 = -0,826 ,

Na+ +  Na0, 0 = -2,71 .

, 
Na+, 

2 ( . 27).
:

(–) : 2 2  + 2
0 + 2 –.

– Na+,  ,  –
Na .

:

F2 + 2F–, 0 = + 2,870 B,
2 2  –  O2

0 + 4H+, 0 = + 1,229 B

, 
 ( . 27) 

(+) : 2 2  – O2
0 + 4H+,

+ F
F. , :

.2224 HFNaOHOHOH2NaF 222

, H2O
. , 

NaOH, , HF, 
:

NaOH + HF  NaF + H2O.

, 
NaF .

 9. 

CuSO4,  0,5  5 ?
.

CuSO4  ( .  6):
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.SO222 42224 HOCuOHuSO

, , 
. 

 (V (O2)  =
Bn

)(Vm 2O  =
22
4,22  =  5,6  3 ) 

 = 0,5  = 1800 .

V (O2) = .209,0
/96500

18005/6,5
F

I)(V 3
3

2O

, 
 ( ), , 

, :

(Cu) = .0373,0
/6,5

209,0
)(V

)(V)( 3

3

2

2
2 O

O

 ( ) 
:

(Cu) = ,773,31
2
546,63

B
M(Cu)

 ( ):

m(Cu) = (Cu) · (Cu) = 0,0373 · 31,773 , = 1,185 .

 10. )
,  ( ) 

Bi(NO3)3  0,35 3  0,33 3.
. , 

, :

F
IMm ,

, N
:

N = ,
VM

m
V

m = CN · · V.

, :
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,VMC
F

IM
N

:

.
I

FVCN

, 

.217,3c11580
2

9650012)33,035,0(
I

FVCN

 =  – = -0,19 – (-0,28) = 0,09 .
 > 0 .

 11.
, Fe – Sn.

. , 
, , 

:
–)   Fe 2 + 2H2O 4OH  Sn +)

 Fe / Fe
2+  = –0,44 B  Sn / Sn

2+  = –0,136 B

 ( ) .

A–) Fe – 2 Fe2+                      2
K+) Sn 2 + 2H2O + 4  4OH 1

2Fe + 2 + 2H2O  2Fe 2+ + 4OH  2Fe( )2  –

: , 
,  – Fe.

 12. 
Zn  –  Cd. , , 

.
. , 

:

–) Zn Cl H+ + Cl  Cd +)

 Zn / Zn
2+  = –0,76 B  Cd / Cd

2+  = –0,40  B
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(Zn)  (Cd). :

A–) Zn – 2 Zn 2+

K+)  2H ++ 2 H2

Zn + 2H + H2 + Zn 2+

: Zn + 2HCl H2 + ZnCl2

:  – Zn,
, 

.

 13..
,

.
: , 

:

+) Fe 2 + 2H2O  4OH  Ti –)
 Fe / Fe

2+  = –0,44 B  Ti / Ti
2+  = –1,628 B

 (Ti) 
 (Fe).

:

A–) Ti – 2 Ti 2+                         2
K+) 2 + 2H2O + 4  4OH 1

2Ti + 2 + 2H2O  2Ti 2+ + 4OH  2Ti( )2

: , . 
(Ti)  – . , 

 (Fe), , Ti .

1.6  

1.  « »?
2.  « ».
3.  « ».
4.  « ».
5.  ( )?
6. . 

?
7. , 

,  – . , 
.
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8. : –) Pb|Pb2+||Ag+|Ag +),
 ( 2S).

.
9. , , 

NiSO4  0,01 3

?
10. , 

: ) Na; ) Ag; ) Zn; ) Ca? .
11.

: ) ; ) ;
) ; ) ? .

12. . 
? ?

13. , 
?

14. , , 
?

15. : Pb – Zn;
Ca – Zn? .

16. , : ) ; ) 
(IV). 

? .
17.

. 
?

18. .  –
, ? ?

19. , 
: Fe  +  O2 +  H2O  Fe(OH)3.

, .
20. :

Ag  +  O2 +  H2S  Ag2S + H2O. 
, .
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1 « »

: , 
 ( ).

, , : ,
,  ( , ) ,

U- ; ZnS 4 CuS 4  1; 0,1;
0,01 3; 2 4.

, :
1.  ( ) – , , 

. ,  

 ( , ).
2.  ( ) – , ,

.
3. , 
1 3, 

.

nnn Me/MeMe/MeMe
Clg

n
059,0E0 ,

][C n
Me

Men  – .
4. :

 =  =  – .

: ,
 0,1  ( ) ,
 0,01  ( ) . 

, 
.

:
1. , 

, ][ 2Ni  1 3, 
Ni- :

]lg[
n
059,0E0 2

/NiNi/NiNi
Ni22 ,

.B28,0)1(03,025,01,0lg
2
059,025,0

/NiNi 2

2. [Pb2+]  1 3, Pb
.
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]lg[
n
059,0E0 2

/PbPb/PbPb
Pb22 ,

.B19,0)2(03,013,001,0lg
2
059,013,0

/PbPb 2

3. 
.

.

.B28,0
/NiNi2 .B19,0

/PbPb 2

Ni  < Pb , Ni
– .
4. :

–) Ni  NiSO4 (0,1M) Pb(NO3)2 (0,01M)  Pb (K+)

5. , :

A: 2NiNi e2  (  – )
K: 02 e2 PbPb  (  – )

Ni0 + Pb2+ = Ni2+ + Pb0

Ni + Pb(NO3)2 = Ni(NO3)2 + Pb

6.  =  – = -0,19 – (-0,28) = 0,09 .
 > 0 => .

:

!!!  7-8)

, ,

1

 1

:

CuSO4 ZnSO4, 
. 

 ( , 
).

,

1. : B76,0
/ZnZn2

, B34,0
uCu2 Zn –

.
2. :
(A-) Zn ZnS 4 CuS 4 Cu (K+)

                         1           1
3. :

: Zn0 – 2 Zn2+

   K: Cu2+ + 2 Cu0

           Zn0 + Cu2+ Zn2+ + Cu0

         Zn + CuSO4 = Cu0 + ZnSO4
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( .).

.
:

1. .
2. .
3. ,

.
4. 

.
5. .
6. , %

4. . =  –  = 0,34 – (-0,76) =
                  = 1,1 
5. . =
6.  % =

2

 2

H2SO4
.

.
).

:
1. .
2. .
3. , 

.
4. 

.
5. .
6. , %

1. :
2. :
3. :

:
:

4. .. =
5. . =
6.  % = (  1)

3

 3

).
CuSO4

ZnSO4
 ( . 2, ).

.

1. :
1.1 Zn : B____

/ZnZn2

1.2 Cu : B____
uCu2

2. ?
3. :
4. :

:
:

5. . =
6. ..=
7. % = (  1)



67

. 
., 

.
, 

.
1. 

Zn
.

2. 
Cu

.
3. 
4. 
5. , 

.
6. .
7. ..
8. 

)  %

 2 – 

:

 [Cu+2], 3  [Zn+2], 3

1 0,1 0,01
2 0,01 0,1
3 0,1 0,1
4 0,01 0,01
5 1 0,01

 (1800 .). , ,
, . 

, .
, 

. 
. , 

.

:
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) ,
. 

.
) …, 

–)  – +). 
, , 

.
) … , 

. 
, . .

1. ) Cu Cu(NO3)2 Pb(NO3)2 Pb ) Mn; ) Zn  Cr, Pt, Re
2. ) Cu Cu(NO3) Os(NO3)2 Os; ) La; ) Bi  Re, Ag, Hg
3. ) La La(NO3)3 Ga(NO3)3 Ga; ) W; ) Sb  Os, Bi, Te
4. ) Co Co(NO3)2 Cu(NO3)2 Cu; ) Cr; ) Ru  Ir, Hg, Cu
5. ) Mn Mn(NO3)2 Co(NO3)2 Co; ) Cu; ) Re  Au, Ru, Ro
6. ) Zn Zn(NO3)2 Bi(NO3)3 Bi; ) Ge; ) Pb  W, Ge, Hg
7. ) Sn Sn(NO3)2 AgNO3 Ag; ) Ga; ) Pt  Hg, Au, Ir
8. ) Ni Ni(NO3)2 AgNO3 Ag; ) W; ) Fe  Au, Ni, Ge
9. ) Ti TiSO4 FeSO4 Fe; ) Ni; ) Rh  Ir, Hg, Cu
10. ) Fe FeSO4 CuSO4 Cu; ) Cr; ) Ag  Hg, Ir, Os
11. ) Ni NiSO4 CuSO4 Cu; ) Cd; ) Au  Pt, Pd, Ir
12. ) Zn ZnSO4 CdSO4 Cd; ) Pb; ) Ru  Au, Os, Pd
13. ) Cr CrSO4 NiSO4 Ni; ) Cu; ) Sn  Pb, Ge, Ru
14. ) Mn MnSO4 CoSO4 Co; ) Ge; ) Te  Ir, Cu, Hg
16. ) Al Al2(SO4)3 CrSO4 Cr ) Sb; ) Tl  Re, Ge, W
17. ) Mg MgSO4 CuSO4 Cu; ) Sn; ) Ti  Ru, Mn, Ga
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 2  « »
: , 

. , 
, .

, , : , ,
, , U- ; 

Na2SO4, Cu l2,  1 3; 2 4, ,
.

, !
1.  – , 

.
2.  – ,  (

).
3. – ,  (

).
4. : 

.
5. : 

.
6. :

: , 
,  (Q), 

:
m = k•Q

m – , , ;
Q – , Q = I•t
I – , ;
 – , ;

k – , ,
F

Mk

– );   = .

M – , ;
B – .

.
F

IVV;
F

IMm

V – , 3;
V  – , 3 ;
F – , F = 96500 ; 26,8 .
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: 
,

. 
.

2

1

2

1

M
M

m
m

7.  ( ):

%.100
m
m

.

.

:

!!!  7-8)

, ,

1

 1

.
 U-

.
 2-
. 

. 

 5-10 . 
, 

, 
,  I = 6 A; t = 10

.

:
Na2SO4 2Na+ +SO4
: H2O

(–) K;
(+) A
Na+ ( B71,2

/NaNa
);

SO4
2– ( B01,22

4SO )

H2O ( B83,02OHO/H2H 22
);

H2O ( B23,142 O/H2
)

: H2O
2 2  + 2 2 + 2 ;
2 2  – 4 2 + 4 +;

2Na2SO4 + 6 2
2 2 + 2 + 2 2SO4 + 4Na

 :
m(NaO ) =
m(H2SO4) =
V(H2) =
V(O2) =



71

2

 2

.
 U-

,  3 

. 
 I = 6 A;

t = 10 . 
?

:
:

(–) 
(+) 

:

3

 3

) .
)

.

(I = 6 A; t = 10 ), 
 70%. 

KI. ?
.

:

:

(–) 
(+) 

:

4

 4.
2SO4

.
U- 2SO4.

,  – 
. 

. 

.

, 
 (  = 5 , t = 5 )

:

:

(–) 
(+) u – )

:

:
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:
) , 

…... 
.

) 
…….

3  5 .

1. ) CuSO4, VCl2 ) NaNO3 2. ) Na2SO4, MoCl3 ) AgNO3

3. ) ZnSO4, BaCl2 ) NiSO4 4. ) CdSO4, FeCl3 ) Hg(NO3)2

5. ) NaNO3, MoCl3 ) Fe(NO3)2 6. ) NaI, CuSO4 ) Pb(NO3)2

7. ) Ni(NO3)2, AlCl3 ) Cr2(SO4)3 8. ) NaCl, FeSO4 ) Co(NO3)2

9. ) Mg(NO3)2, ZnCl2 ) CrSO4 10. ) VCl3, NaNO3 ) CaI2

11. ) Sn(NO3)2, ZnBr2 ) CoCl2 12. ) PbCl2, Cu(NO3)2 ) FeI2

13. ) Ba(NO3)2, CuBr2 ) LiCl 14. ) ZnCl2, Ni(NO3)2 ) CuCl2

15. ) Bi(NO3)3,CuI2 ) LiNO3 16. ) SnCl2, Pb(NO3)2 ) CrSO4

17. ) Hg(NO3)2, NaCl ) BaS 18. ) CdBr2, AgNO3 ) MgCl2
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3 « »

: , 
.

, , : , ,
; ; ; ,

, , ; 
3[ N)6], uS 4,  (3%NaCl, 3[ N)6] 

); 2 4.
, !

1.  – 
, 

.
2.  – , , 

.
3.  – , , 

.
4.  – 

.
5.  – 

, 
,

.
6. , , 

,  – ,
, . 

, .
:

.  – 
,  2%.

 (Fe3C). 
( 2 +  2 2 ) , 

,  – .
:

–)  | 2 + 2 2  | 3 +)

: 0 – 2 2+

: 2 + 2 2  + 4  4 H   

, :

2  + 2 2  + 2  2 )2
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 (3+), 
:

4 )2+ 2 + 2 2  = 4 )3.

)3 :

)3 2  + ).

)3 ).

!!!  7-8)
,

, 

1

1
.

3[ N)6]

.  2-3 
.

 20 -

. -
: ,

 ( )?

Fe+ 2+2 2
2++K3[Fe(CN)6]

2
2.1

2.2

2.3

2

-  1 3

. 
.

.
- 

, 
2 4 .

? ,
, .

- , 
2 4

uS 4. 

? 
, .

Zn + 2 4
Zn + 2 4 + u ( ) 

:

:

:
:

.=  –  =
Zn + 2 4 + uS 4

:
:
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3

3.1

3.2

3

.

 (
).

- 

.
- 

, 
.

?
? , 

.

:
:

:
:

. =

:
:

:
K:

. =

4

4

.

. 

. 

 3%NaCl,
3[ N)6] . 

3-5 
,  – 

. 
. 

. 
, .

:
:

:
:

.=  –  =

?
.

?

:
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:
) …… …….

. 
;

)  ( ) 
…… , .

, :

) )
1. Fe Mo Mg, Ni, Ag, Cd
2. Cd Fe Al, Zn, Sn, Cu
3. Cu Zn Cd, Fe, Co, Sb
4. Cr Fe Mn, V, Sn, Bi
5. Fe Ni Pb, Cu, Bi, Ag
6. Mn Fe Ti, Zn, Co, Cu
7. Cd Ni V, Cr, Fe, Ge
8. Zn Fe Be, Cd, Sn, Cu
9. Ni Sn Sn, Pb, Ge, Bi
10. Al Mo Zn, Cd, Fe, Ag
11. Mn Fe Cu, Ag, Co, W
12. Sn Fe Pb, Ni, Sb, Hg
13. Cd Sn V, Mn, Ge, W
14. Fe Au Cr, Sn, Hg, Co
15. Bi Fe Cr, Pb, Cd, V
16. Al Cu Mo, Bi, Be, Hg
17. Pb Ni Zn, Cr, Cu, Fe
18. Co Cd Ti, Cu, Pb, Cr
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2      

2.1  , 

.  – disperses) , 
 ( ) 
 ( ).

.
, 

 1·10–9

, .
) .

.

) – , 
,  – 

 10–7-10–9 .
:

) 
;

) (d = 10–7-10–9 );
) , 

,  ( ).

 ( ). 
, 

. -
:

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

.
, 

. 
3 .

, ,
, .
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-
: , , , ,

, .
.

, 
, , 

 ( , 
).

AgN 3 + KI  AgI ) + KN 3.

-  ( ),
,  ( ), , . 

. , 
FeCl3 :

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

.
- ,

, .

.

. , 
.

. 
, 

. 
, , .

 (
, ) 

, , 
) . , 

, , 
. , 

. 
, . 

 ( . 28).
, 

m AgI, :

AgNO3 + KI = AgI  + KNO3.
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, 
, AgI,

. 
 (

), , 
. 

, 
 ( ).

, . 
n  (

, , 
).  ( ), 

. 
4 .

. 28 –  ( )

 (
), , 
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. 
: .

 (n-x) , 
,

. 
 ( ) 

. 
) 

. 
,

. 
:

{[mAgI]•nI ]n •(n–x)K+}x– • xK+

 – . m,  n  x

AgN 3
Ag+.

(mAgI)
n Ag+. , :

[(mAgI) • n Ag +]

 ( 3 ), .
(n  –  x) 3 , ,

, 
. 
 – ,

:

{[(mAgI) • nAg +]n+ • (n – x) 3 }x+,

x 3 , 
,  (

), 
.

, 
. 

, :

{[(mAgI) • nAg +]n+• (n – x) 3 }x+ • x N 3 )

 ( ) :



81

{[(mAgI) • n ]n • (n – x) + }x • x + )

, 
, 

.
, , 

,
 :

{[(mAgI) • nAg +]n+ • nN 3 }0

{[(mAgI) • ]n  • + }0

,  – 
. –) : [(mAgI)•nAg +]n+

 ( ), +  ( ).
+) : [(mAgI)•n ]n

 ( ) 3  ( ).

:
-  (  –  ( 3

2 ). 
, , ,

.
-  (  ( )  (

)). ,

, , 
. 

, ,
 ( ) ( ).

   ( )

. , ,
, , ,

, , , , 
. 

, , 
 – . 

,  – . 
, 

 « » 3 .
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 – 
.

 – 
. 

 – 
.

 – 
, .

, 
, 

, . 
.

:
1)  ( ). 

, , 
.

2)  ( ) .
, 

 ( ).
3) .

 ( ),
.

, 

.

. 
.

, 
: , ,

 ( ), , ,
, .

, , 
.

:
1. , 

.
2.
,  – . 

:
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{m(CaCO3)·nHCO3
– (n – x)H+}0

, 
30 .

3.
 ( ).

 ( ) – 
),  1 3 , 

.

VV
CVC 1000 ,  3.

, , 
:

 =
C
1 .

4. .
,  ( -

).

C
V 1 ,

 – , 
 1 .

, 
, . 

.
.  1900 .

5. , ,
.

, .

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

3–)

(z) :

= 6z
1 .

-, - 
:

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

2
1:

1
1

666321 C:C:C
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6.  ( ) 

.

Li + – Na + – K + – Rb + – Cs+

  Cl – – Br – – I – – CNS –

,

, 
.

.

KCaAl PPP 23  – 

32 CCC AlCaK , , 
 ( ).

ClSP PPP 2
4

3
4 OO )O(C)(C)(C 3

4
2
4 PSOl

7.
. , 

. ,

.
+ – .

:
 –  

. , 
, 

.
 – , .

 – .
.  – 

, ,
.

. , 
, . 

.

. 
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Al2(SO4)3 FeCl3.  
Al( )3

Fe( )3, 
, , .

2.2  

 1. 3
 N 2 3.

) 2 3 l2. ,
2 3, , . 

:
2 3 + l2 3 (T) + 2N l.

: 
: , .

) 3 ( ), )
: (m 3).

, - , 
, 

. ). 
2 3, 

3
2  ( ).

, , :

[(m 3) • n 3
2 ]2n – .

 ( , +), 
. (n-x)N +,

. 
 – ,

:

{[(m 3) • 3
2 ]2n • (n-x)N +}2  – .

+, 
.

, 
. 

,
. , 2 3,

:
{[(m 3) • 3

2 ]2n • (n-x)N +}2 • 2 +,
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) .
l2, 3

:

{[(m 3) • 2+]2n+ • (n-x) l }2 + • 2 l ,

, 
, 

.
) ,

:

{[(m 3) • 3
2 ]2n •2nN +}0,

{[(m 3) • 2+]2n+•2 l }0,

 2.
FeCl3  ( ) (

):
FeCl3 + K4[Fe(CN)6]  KFe[Fe(CN)6] ( ) + 3KCl

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

a)  – FeCl3.  Fe3+

. :

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

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

)  – K4[Fe(CN)6]. , 
, :

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

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

 3.
 ( ), ,  ( ), , . , 

FeCl3 :

FeCl3 + 3  Fe( )3 + 3 l

. 

Fe( )3  + l  Fe l + 2 2 ,

Fe( )2 l  + 2  Fe( )3 + l



87

Fe l  Fe( )2 l, 
, :

{[(mFe( )3 • nFe +)] n+ •  (n x)Cl } x+ • xCl ,

{[(mFe( )3•nFe( H)2
+)] n+ • (n x)Cl } x+ • xCl

 4.
, , .

1)
 ( ) ( )  (

, , .):

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

:

{[(mS) • nHS – ]n– • (n-x)H +} – • xH +.

2) , ) 

,  ( ) :
)  ( )

2AgNO3 + KCHO + K2CO3 = 2Ag ) + RCOOH + 2KNO3 + CO2

gO:

AgNO3 + K2CO3 = KAgO + KNO3 + CO2

:
{[(mAg) • n AgO ] n • (n x)K +} • K +,

)  ( )

2NaAuO2 + 3HCHO + Na2CO3 = 2Au ) + 3HCOONa + NaHCO3 + H2O

NaAuO2 ( ), :

{[(mAu) • n AuO2 ] n • (n-x)Na+} • Na+,

)  ( ), 
nO4

2 nO4 + 3H2O2 = 2MnO2 ( ) + 3O2 + 2KOH + 2H2O

 :      {[(mMnO2) • n MnO4 ] n • (n-x)K +} • K +
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 5.  (  1) , 
.

:

{[(m 3) • n 3
2 ]2n • (n x)N +}2  • 2 +, )

{[(m 3) • n 2+ ] 2n+ •  (n x) l }2 + • 2 l , )

) , 
, .  ( ) – , 

) – .
) , .

, 
.  ( ) :

( +) > ( 2+) > ( l3+),

: l3, l2(S 4)3,
l(NO3)3.

 ( ) :

( l –) > (SO4
2 –) > ( 4

3–),

 N 3 4, [Fe(CN)6]4 – ), [Fe(CN)6]3 –
) , 

 1-, 2-, 3- :

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

2
1:

1
1

666321 C:C:C
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2.3  

1. ?
2. ?
3. ?
4. .
5. .
6. AgI

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

?
16. ?
17. ?
18. ? .
19. ? ?
20. ?
21. .
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 4
»

:
.

, , : ; 
; : , , ;

1% , , 2 %-
; : 2% , 1 , 2 
, 0,01% K4[Fe(CN)6]  ( ).

, :
, , ,

 10–7– 10–9

.

. , NaCl
 ( ),  –  ( ) .

.
:

;
;

 – .
, 

,  (
) , 

. 
 – , 

 – .
, .

, 
, 

 10–4–10–7 . 
, , 

 ( , , ).
, ,

. , 
 –

. . 
, 

.
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.
, 

. 
.

, ,
, .

-
: , , , ,

, .
-  ( ),

,  ( ), , . 
. , 

FeCl3 , 
.

- ,
, .

. , 
.

. 
, 

. 
, , .

.
.

.  – 
, .

,
, , 

, .

!!! . 7-8)

,
, 

1 .
:

1. 
 – 
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. 

, 
 1 %-

,
. 

 (

).
2.  – 

 (
) 

.

2

.

; 
, 

. 
,

, .

2%- ,
.

.

:
1. 

.
2. 

3

 ( )
.

FeCl3
:

 50 3 1 FeCl3

, , ,
.

FeCl3 + 2H2O + (NH4)2CO3 =
= Fe(OH)3 + CO2 + 2NH4Cl +

HCl
, 

:
1.  ( ?) 

;
2. 

4

.

 5 3 0,01%-
 ( ) K4[Fe(CN)6]

 2-3  2%-
 FeCl3, 

1. 

2. 
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. 

.

:

 ( ?);

5

 ( )
  

  

 90 3 .
 10  3 2%-

. 
 2-3 .

:
FeCl3 + 2H2O = Fe(OH)2Cl +

+ 2HCl.
Fe(OH)2Cl + 2 = Fe(OH)3 +

+ HCl.
, 

: 
?) 
; 

:

1. , -
.

2.  ( ) 
) ).

3.  ( , , )
, ?

 2 – 

1. ) CuSO4 ) NaO 2. ) Na2SO4 ) AgNO3

3. )  BaCl2 ) NiSO4 4. ) CdSO4, ) Hg(NO3)2
5. ) NaO ) Fe(NO3)2 6. ) NaI, ) Pb(NO3)2
7. ) Ni(NO3)2 ) H2S 8. ) Na ) Co(NO3)2
9. ) Mg(NO3)2 ) Na2CO3 10. ) 2CO3 ) CaI2
11. )  ZnBr2 ) NaO 12. ) Pb(NO3)2 ) FeI2
13. ) BaS ) CuBr2 14. ) Ni(NO3)2 ) NaO
15. ) CuI2 ) NaO 16. ) Pb(NO3)2 ) CrSO4
17. ) Hg(NO3)2 ) BaS 18. ) AgNO3 ) MgCl2
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 5 « »

: 
, , : ; :

, , ; : 2% , 
, ,  ( ).

. 
; 

   ( G  0), .
, 

G  0, .

, , 
 (GS = .S). , 

, 
. 

»: - ( )  – , , -
( ) – . 

 –  0,1 2

.  (  ( )  –
, ) 

. 
.

. , 
 (GS = .S).

, 
», , , .  « -

» , 
( 1-100  10–9–10–7 )   ,

.
,

, , , : Au, Ag, ZnS,
As2S3, SiO2, TiO2, Al(OH)3, Fe(OH)3, S, Se .

. , 
.

;
)  ( ) – ;
)  – 

.
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, , ,
, , , 

, . 
.

, 
 ( ),

. , 
, 

 « » , 
.

1 3  ( 3). , 
 (1/ ) .

, , 
 ( , 

).

1. , 
;

, 
,  ( ), 

3 3.
2. , 

 ( ), 
, ; 

 ( ).
3.  ( -1) 

.
4.

,  (
).

Li+ Na+ K+ NH 4  Rb+ Cs+ .

: , 
,  – .   

, , .
 ( , ) 

.



96

!!! ( . 7-8)

 1.  ( ) .
1.  ( ) 

 ( ).
 90 3 .

 10 3 2% 
.  2-3 .

2. Fe( )3
K3[Fe(CN)6], Na2SO4, NaCl

0,001 3, 0,01 3, 4 3 .
 5 3 . 

, . 
 (  5 3 ) 

:

: 1 2 3 4

NaCl, 4 3
4,5
0,5

4
1

3
2

1
4

Na2SO4, 0,01 3
4,5
0,5

4
1

3
2

1
4

K3[Fe(CN)6], 001 3
4,5
0,5

4
1

3
2

1
4

.
, .

1. 
, ) ( 3):

VV
CVC ,

 – , 3;
V . – , , 3;
V . – , 3.

2. 
. , 

, .
3. 

.

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

, .
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1 2 3 4 5 6 7 8
Fe( )3, 3 4,5 4 3,5 3 2,5 1,5 1 0,5
Fe4[Fe(CN)6]3 0,5 1 1,5 2 2,5 3,5 4 4,5

,  „+”  „-„  -

 30-40 . 
, : , “+”

,  “–”. , 
, . 

. 
. 

, , 
, 

. , 
.

 3.  ( ) 
.

 5 3  4 3

.  0,5 3 0,25% , 
 – 0,5 3 .

10%- NaCl, .

.
:

1. , -
.

2.  ( ) 
).

3.  (KCl, SO4, K3[Fe(CN6)] lCl3) 
.

1 ) NaO ) CuSO4 2 ) AgNO3 ) Na2SO4
3 ) NiSO4 ) BaCl2 4 ) Hg(NO3)2 ) CdSO4
5 ) Fe(NO3)2 ) NaO 6 ) Pb(NO3)2 ) NaI
7 ) H2S ) Ni(NO3)2 8 ) Co(NO3)2 ) Na
9 ) Na2CO3 ) Mg(NO3)2 10 ) CaI2 ) 2CO3
11 ) NaO ) ZnBr2 12 ) FeI2 ) Pb(NO3)2
13 ) CuBr2 ) BaS 14 ) NaO ) Ni(NO3)2
15 ) NaO ) CuI2 16 ) CrSO4 ) Pb(NO3)2
17 ) BaS ) Hg(NO3)2 18 ) MgCl2 )  AgNO3
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3  

,  1918 
.

:  (
), 

, , , 
, .

, 
 ( 2, 2 , 2, N2)

+, , 3 , Cl , SO4 , PO4 ) – ;
+, Na+, Mg2+, Ca2+ – .

.
, 

, .
:  Li,  B,  F,  Al,  Si,  P,

Mg, S, Cl, K, Ca, V, Mn, Fe, Co, Cu, Zn, As, Br, Sr, I, Ba, Th, U .

; 
, 

.
, 

 –  – 
, 

. 
.

, , 
 – , , 

, , 
.

, 
. 

, .
: ; 

, ;
, 

; ; 
. 

, , 
:
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1) 
;

2) 
;

3) ;
4) 

;
5) 

;
6) 

;
7) 

;
8) ;
9) 

.

:
– 

; – 
; – 

: ,
, 

; – : 
, 

, , 
, .

3.1  

, ,
, , , , ,

.

, .
 – , 

.
, 

.
, 

, , 
. 
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, ,
, .

,
, , , 

, , , . 5 .
:  ( ,

, , 
), 

; 
, 
 ( , , ,

.);  ( , ,
, , ). 
, 

 ( ), 
), 

 ( ).
, 

, 
. , 

 ( , 

, .). 
. 

, , . 
 –  ( , 

). 
. 

. .

, , 
),  ( ).

, 
. , , 

.

:
1) . 

:
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I = f( ) I = f(lgc),

 – 
. , 

, ;
2) , 

I  =  bc . 

b = I ; 3, b – 

. ,
, Ix Cx =

b
I Cx =

I
;

3) . 
Ix, 

Ix+ . 
Cx = I

.

. 
I  V . 
I = f(V)

.

 (~10–3% ), 
. 

, 
, ,

. 
 – 

, 
, 

, 

.

:
–  – 180-400 ;
–  – 400-700 ;
–  – 700-110 .
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, 
. 

6 .
; 

.
: , 

: , 
, , ; 

 ( , , ), 
.

, , 
, ,

 ( ).
:

- ;
- 

.

. 
 400-700 

.

 W0 :
1. -

 (W );
2.  (W ) ;
3.  ( )

 (W )
, , – W.

:

W0 = W  + W  + W  + W
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, 
, 

.
:

W0 = W  + W

 (W0) 
,  (W) . 

, 
.

, 

.

, , 
, 

:

  

.
lC

0 10II

 – , ;
0 – ;
 – , 3;

l – , ;
 –  1 ,  1 .

lC
I

Ilg 0

, , 
 (D).

lCD
I

IlgD 0
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:

, 
, , .

,  1  1 .

,
C

Dk
l

D – ;
l – ;
C – .

. 
. , 

.

.
 – 

. 
. 

, 
.

, 
.
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 3 – .

,
400-450
450-480
480-490
490-500
500-560
560-575
575-590
590-625
625-700

:

x
x D

DCC

– ;
 – ;

D – ;
D – .

.
– , 

. , 
, , , 

, , 

.
, , .

, 
, , , 

 ( , , ) , . 
 ±30%. 

, 
 5-10%.

(S  60 %,  – 20%). 
.
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.

 18- H4P2MoV
4MoVI

14O62
6–, 

7 .
1. .  0,7855 

(NH4)6P2Mo18O62·14H2O  25 3. 
1·10–2 .  10 3

 10 3 1·10–2 ,  5  3 5  H2SO4
 50  3 , 

10-20 . P2Mo18O62
6–

 –  « » H4P2MoV
4MoVI

14O62
6–

:

P2Mo18O62
6– + N2H4  H4P2Mo18O62

6– + N2 .

2. (NH4)2 4P2Mo18O62 .

 ( ), 
 30-40 , , 

 ( )  10 ,
.

 0,5×4 , 
, .

3. NO2 .
NO2  5 3 0,5 H2SO4,

 10-15 . 
. .

NO2 .

 4 – 
                                         NO2 .

 NO2 ,
0

40
80
160
220
280
340
500
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4. NO2  ( , ).
 (

500 3 ). , .  50 3

,  5 3 0,5 H2SO4,
,  10-15 

. 
.

0 40 80 160 220 280 340

. 29 – .
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3.2 .

.

 ( ) – 
, 

, 
, .

 ( , )  –
, .

 –  ( ) 
, , 

.
 ( ) – , 

, 
. 

– , .
 ( ) – , 

, , .

:
•  ( ). 

.
• . 

.
•  ( ). 

.
• . 
.
 /

 ( )

) –
.  – 

8 .
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. 
Na2H2Y·2 2  III

 – , ).

: EDTA-Na2,     C10H14N2Na2O8.

.
(Mg2+,

Cu2+, Al3+, Zn2+, Co2+, Ni2+, Ag+, Sr2+, Fe3+, Cd2+ ). 
, 

.

 K1. 
, 

. 
, 

. , , Ca2+ Mg2+

 (lgK1  10,7  8,69
), .

(½Na2H2Y·2 2 ) = 0,05 3.

.

 ( ) .
 ( ) – , 

 -1-(1- -2- )-6- -2- -4- -
).

 ( )
.
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,  = 7–11 
,

,  –
. 

)  (
) 

.
,

 1:100.
 – .

.  < 9 
,  = 9,2–10,3 – ,  > 10,3 – .

.
,  12 

,  –
. 

. , 
NaCl  1:100.

- , 

3
22 Mg,Ca

- 
23HCOCa 23HCOMg

)

- 
 ( 2244 ,,, MgClCaClMgSOCaSO )

, 2+ Mg2+

: 3, Mg(OH)2, Ca3(PO4)2, Mg3(P 4)2
.

,
, .
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, , 
. 

, 
) .

, 2+:

)2
2+ + 2 –.

. 
 (II) FeS 4·7 2 .

 0,4-0,8 3 , 
0,8-1,2 3.

:

3)2 + )2 = 2 3  + 2 2 ;
Mg(HC 3)2 + Ca(OH)2 = 3  + MgC 3 + 2 ;

MgC 3 + )2 = 3  + Mg(OH)2 ;
CaCl2 + N 2 3 = CaCO3 + 2NaCl;

CaS 4 + N 2 3 = 3  + Na2 4;
)2 + 2 = 3  + 2 .

 0,5-1 3,
 –  0,8-1,2 3.

. :

CaS 4 / CaCl2 + Na2 3 = 3  + Na2 4  /2NaCl;
MgSO4 / MgCl2 + 2NaOH = Mg(OH)2  + Na2SO4 / 2NaCl;

3)2 + 2NaOH = 3  + N 2 3 + 2 2 ;
Mg(HCO3)2 + 2NaOH = Mg(OH)2  + Na2 3 + CO2 + 2 .

, 
, 

NaOH.

.
, 

, ,
:

3)2 + Na2 3 = 3  + 2 3.
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, 
CO2

.

. 
( 3, )2, l2 4) , 

. :

CaSO4 / MgSO4 + )2 = Ca(OH)2 / Mg(OH)2  + BaSO4 ;
Ca(OH)2 + Ca(HCO3)2 = 2 3  + 2H2O;

CaSO4 / CaCl2 + Ba l2 4 = Ca l2 4  + BaSO4  / BaCl2;
MgSO4 / MgCl2 + Ba l2 4 = Mg l2 4  + BaSO4  / BaCl2;

Ca(HCO3)2 / Mg(HCO3)2 + Ba l2 4 =
=Ca l2 4 / Mg l2 4  +BaCO3  +H2O + 2.

. 
.

 (6,8 3  18 ° ):

CaS 4 + Na2C2 4 = 2 4  + Na2SO4;
3)2 + Na2C2 4 = 2 4  + 2 3.

, 
.

. 
,

.
- .

3 3)2 / 3Mg(HC 3)2 + 2 3 4 =
3 4)2  / Mg3(P 4)2  + 6 3;

3 l2 / 3MgS 4 + 2Na3PO4 = 3 4)2  / Mg3(PO4)2  + 6NaCl.

  0,04-0,05 3.

, 
, :

, , 
, 
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. .

.

, 
 ( ), 

, 
. 

, 
. 

  .

,  –
.

. 
, 

, 

.
 ( ) 

:

2[ ]  + 3)2 = [ ]2  + 2 2 + 2 2 ;
2[ ]  + CaCl2 = [ ]2  + 2 l;

2[ ]  + CaS 4 = [ ]2  + H2SO4;
2[ ]  + MgS 4 = [Ka ]2Mg + H2SO4.

, 
.

 (IV), , 

, .
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3.3  

 1.
.

, 300 3 620 
Ca(HCO3)2.

.
 1 3 , :

B

)Ca(HCO
B V

T 23

B)Ca(HCO

)Ca(HCO
B VM

m
T

23

23

310

 – ;

2)3(HCOCam  – Ca(HCO3)2, ;

BV  – , 3;
     103 – .

Ca(HCO3)2
:

,
22

23
23

CaCa

)Ca(HCO
)Ca(HCO nz

M
M

2)3(HCOCaM  –  Ca(HCO3)2, ;

2Ca
z  – ;

2Ca
n  – 2Ca .

81
2

162
2

23

23

)Ca(HCO
)Ca(HCO

M
M .

:

5,25
30081
1062010 33

B)Ca(HCO

)Ca(HCO
B VM

m
T

23

23 3

:  25,5 3.

 2. , , 
.

, 10 3 ,
9 3.

.
 1 3 :
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v
TB     B VM

mT
310 ,

v  – , ;
     V  – , 3;

m  – , ;
      103 – .

CaSO4 :

.
VMT

m CaSO
CaSO

4
4 310

:

.68
12

4163240
22

4

4CaSO
CaCa

CaSO

nz
M

M

:

12,66120
1000

10000689
4CaSOm

:  6,12 .

 3.
.

, 16,6  MgCl2,
, , 3,5 3.

.
 1 3 :

V
v

T        
VM

mT
310    ( .  1, 2).

3

MT
mV 10 .

MgCl2 :

5,47
12

25,3524
22

2
2

MgMg

MgCl
MgCl nz

M
M .

:

.85,99
5,475,3

106,16 3
3

V

:  99,85 3.
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 4. , 
.

, 1  3

2,9 3.
.

)2 ,  
Ca(OH)2 .

VT ,

.9,210009,2 3
3

, .9,2
2)OH(Ca

2Ca(OH) M
m ,

2222 Ca(OH)Ca(OH)Ca(OH)Ca(OH) MMm 9,2 .

37
2

74
2

1216240

OH

Ca(OH)
Ca(OH) n

M
M 2

2
,

3,107379,22)(OHCam .

 5. , 
.

3,8 3

150  Na3PO4?
.

V
T

310
,

:

T
V

310

Na3PO4 , 
PONa 43

.
Na3PO4, 

:

43

43
43

PONa

PONa
PONa M

m
,

43 PONa – Na3PO4.
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NaNa

PONa
PONa nz

M
M 43

43
,

7,54
31

41631323
43 PONaM

Na3PO4

7,2
/7,54

150
43PONa .

7,2
43PONavv ,

5,710
/8,3
107,2

3

3

V 3.

 6. , , 
, 6 3, 2+  – 100 3,

Mg2+ – 48 3.
. :

BCa

Ca

VM 2

2
2

m
T ,

2Cam – 2+, ;

2Ca
M  – 2+, ;

VB – , 3.
2+

:

2
2

2
Ca

Ca

M
M ,

2CaM  – 2+, ;
2 – .

20
2
40

2
2

2
Ca

Ca

M
M .

:

5
120

100m
T

BVM
3Ca

3Ca
2

3.

, :
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4
112

48m
T

g

g

BM

M
g VM 2

2
2

3.

:

945TTT . 22 g
3.

6 3. , .

3.4  

1.  ?
2. .
3. ?
4. ?
5. ?
6. ?
7. ?
8. ?
9. ?
10. ?
11. ?
12. ?
13.

?
14.  « »
15. ?
16. ?
17. ?
18. ?
19. ?
20. ?
21. ?
22.

?
23.  –

?
24. ?
25.

?
26.

 ( ).



119

27.
 ( ).

28.
 ( ).

29.
 ( ).
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 6
»

: 
.

, , : ; 
: , ; : 

, , .

. 

 (HNO2) ( ). 

 NO2
– NO3

–, 
, .

) 1 3; 
, 

 ( , 1 3).

. 
, 

 (
). 

.

, 
, .

) 3,3 3  NO2
–

1 3 .
 – .

 ( /GEMS) - 

.

, 
 (23,7–100 ), 

 (MtHb). 
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, , , ,
.

HbFe2+. 
:

3HbFe2+ + 2NO2
– + 14H+ 3HbFe3+ + 2NH3 + 4H2O.

, 
:

NO2
– + 2 + 2  NO3

– + 2 2,
HbFe2+ + 2 2 2 + 4 +  HbFe3+ + 4 2 .

 20% 
 (HbFe3+).

, 
, .

, :

R2NH + NO2  R2N–NO + 2 .
N- :

 MtHb . 
 –

N  ( ), N . 
. , 

, , 
.  – 1 , 

 – 5 .

.

. 
 ( ) 

, .
, , 
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, . ,
.

:

, 
.

.

!!! . 7-8)

 1. .

.  10 3

0,5 3 .  20 
,

 5.

 5 –

,
3

 – 
 – 

 0,002
0,002
0,004
0,02
0,04
0,07
0,2
0,4

 0,002 3.

. 30 – 
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 2. ,
.

:
1. , ;
2. :

.   1  3

 1,4970  105 ° , 
.  1 3  1 2 . ,  1–2 3

.
. 

 100 , 
10 .  1 3

2 . 
.

 25 3

,  0,1 .
 40  (  10 

 50–60 ° ).
 40 . (  10 .) 

 2–5 
 (  = 530 ). 

.
 ( ) 

.
.  25 3

 0 – 0,5 – 1,0 – 1,5
– 2,0 – 2,5 – 3,0 3. 

 0,1 , , 
40 . (  10 . )

.

 6 – 

0 1 2 3 4 5 6 
– 0,5 1,0 1,5 2,0 2,5 3,0 –

 (N), 3 – 0,006 0,012 0,018 0,024 0,03 0,036
 (NO2 ), 3 – 0,02 0,04 0,06 0,08 0,1 0,12

, D

: 
D – (N);  (NO2 ).  D 

.
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:

3
x ,

V
1000aC 3

y ,
MV

1000aC

2 , , ;
V , 3;

, (NO2 ) = 46,00 .

:

1. ? 
?

2.
?

3.
?

4. ? .
5.

.
6.

?
7.

?
8.

?
9. ?
10.

?
11. ?
12. .
13.

? ?
14. .
15. .
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 7

»

: 
, .

, , :  250 3; ; ;
,  20% , 

, ; 0,05N ); ;
0,1N .

, , 
. 

 ( ~10) 
.

 0,05 . 

. 
, , . 

 100 3  0,05 3 (0,05 3).

 1,5–7  ( 3).

, , , , , 
. 

, , (II), (II), . 

, 
.

: , 
.

– , 
 ( ), , 
.

– .
, , ,

, , , .
) 

3)2, g( O3)2, 
, 

( 3, 3). , 
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, 
. 

 ( , , ,
, ). 

:

3)2 = 3 + 2  + 2;
g( 3)2 = 3 + 2  + 2,

Mg(HC 3)2 = Mg(OH)2  + 2C 2 .

, , 
.

, 
. 

, 
. 

.
, 

,  (IV), 
.

,  2.2.4-171-10 «
, », 

 7 3; , 
, , 

10 3. , 
.

. 
 = 10 .

, , ,
, 

, 
. 

.

 250 3.

, ,  1:1,
.

, , 
.

.
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!!! . 7-8)

:
1.  50 3  50 3 ,

 5 3  0,1 .
 – .

2.  0,05N 
.

3. :

 = ,
V

100005,0 3

– , ;
V – , 3;
0,05 – .

2+

:
1.  50 3  50 3 ,

 2 3  (20% NaOH)  0,1 .
 – .

2.  0,05N 
.

3. :

2+) = ,
V

100005,0 3

– , ;
V – , 3;
0,05 – .

g 2+

: 
( 2+).

.( g2+) =  – .( 2+),     3

:
1.  100 3 ,

 – .
2.  0,1N 

.
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3. :

 .  = ,
V

10001,0 3,

– l, ;
V – , 3;
0,1 – .

2+,  g2+ , 3 :

( 2+) [ 3] = .( 2+) · ( 2+) = .( 2+) ·20
( g2+) [ 3] = .( g2+) · ( g2+) = .( g2+) ·12

( 3 ) [ 3] = ( 3 ) · ( 3 ) = ( 3 ) · 61

:

1. 2+, g 2+, 
3 .

2. , .
3. ?

V
-

-
,

3

V
-

,
3

V -
,

3

V -
,

3

V l
-

,

3

1 4,25 3,6 50 50 3,75
2 5,5 3,85 50 50 4,45
3 3,35 2,75 20 80 7,75
4 4,45 3,75 20 80 9,75
5 5,05 3,75 50 50 4,05
6 4,05 3,15 50 50 3,05
7 3,05 2,55 20 80 7,5
8 4,15 3,35 20 80 9,05
9 3,5 2,85 50 50 2,45

10 3,35 2,75 10 90 7,75
11 4,4 3,7 10 90 9,7
12 2,05 1,75 50 50 1,55
13 3,05 2,15 50 50 2,65
14 3,05 2,55 20 80 7,5
15 4,15 3,35 20 80 9,05
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 1 – 
t = 25 °

0, 0, 

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

Cs+/Cs Cs++  = Cs -2,923 Fe3+/Fe Fe3++ 3  = Fe -0,036
Ra2+/Ra Ra2+ + 2  = Ra -2,916 H+/H2 H++  = ½ H2 0,00
Ba2+/Ba Ba2++ 2  = Ba -2,906 Ge2+/Ge Ge2++ 2  = Ge +0,01
S2

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

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

Mg2+/Mg Mg2++ 2 = Mg -2,363 O2/OH– ½ O2 + H2O + 2
= = 2OH– +0,401

Be2+/Be Be2++ 2  = Be -1,847 Te2+/Te Te2+ + 2  = Te +0,402
Hf 4+/Hf Hf 4++ 4  =Hf -1,700 Ru2+/Ru Ru2++ 2  = Ru +0,45
Al3+/Al Al3++ 3  = Al -1,662 Cu+/Cu Cu++  = Cu +0,521
Ti2+/Ti Ti2++ 2  = Ti -1,628 I2/I – ½ I2 +  = I – +0,535

V2+/V V2++ 2  = V -1,186 Hg2
2+/2Hg Hg2

2+ + 2  =
2Hg

+0,798

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

S0/S2– S0+ 2  = S2– -0,51 Br2/Br – ½ Br2 +  = Br – +1,065
Fe2+/Fe Fe2++ 2  = Fe -0,440 Ir3+/Ir Ir3++ 3  = Ir +1,15
Cd2+/Cd Cd2++ 2  = Cd -0,403 Pt2+/Pt Pt2++ 2  = Pt +1,2
Tl +/Tl Tl ++  =Tl -0,336 Cl2/Cl – ½ Cl2 +  = Cl – +1,359

Co2+/Co Co2++ 2  = Co -0,277 Au3+/Au Au3++ 3  = Au +1,498
V3+/V2+ V3++  = V2+ -0,255 Au+/Au Au++  = Au +1,691
Ni2+/Ni Ni2++ 2  = Ni -0,250 H2/H – ½ H2 +  = H – +2,2

Mo3+/Mo Mo3++ 3  = Mo -0,20 F2/F – ½ F2 +  = F – +2,87
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 2 –

  0, 
AsO3

– / AsO2
– AsO3

– + 2  + 2H +  = AsO2
– + H2O 0,56

Br2 (p) / 2Br – Br2 + 2  =  2Br – 1,07
2CO2 ( ) / H2C2O4 ) 2CO2 + 2H + + 2  = H2C2O4 –0,49
Cl2 ( ) / 2Cl – Cl2    + 2  =  2Cl – 1,36
ClO – /Cl – ClO –  + 2   + H2O  = Cl – + 2OH – 0,89
ClO –/ Cl – ClO – + 2  + 2H +  = Cl – + H2O 1,49
ClO2

– / ClO – ClO2
–  + 2   + H2O  = ClO – + 2OH – 0,66

ClO2 / ClO2
– ClO2  +    = ClO2

– 1,16
2ClO3

– / Cl2 ( ) 2ClO3
– + 10  +12H + = Cl2  + 6H2O 1,47

ClO3
– / Cl – ClO3

– + 6  + 6H +  = Cl – + 3H2O 1,45
ClO3

– / ClO2
– ClO3

–  + 2   + H2O  = ClO2
– + 2OH – 0,33

ClO4
– / Cl – ClO4

–  + 8   + 8H +  = Cl – + 4H2O 1,39
ClO4

– / ClO3
– ClO4

–  + 2   + 2H +  = ClO3
– + H2O 1,19

ClO4
– / ClO3

– ClO4
–  + 2   + H2O  = ClO3

– + 2OH – 0,36
HClO / Cl2 HClO +  + H + = ½ Cl2 + H2O 1,63
HClO2 /HClO HClO2 + 2  + 2H + = HClO + H2O 1,64
Co 3+ / Co 2+ Co 3+ +   = Co 2+ 2,07
Cr2O7

2– / Cr 3+ Cr2O7
2– + 6  + 14H + = 2Cr 3+ + 7H2O 1,33

Cr 3+ / Cr 2+ Cr 3+ +   = Cr 2+ –0,41
CrO4

2– / CrO2
– CrO4

2– + 3 + 2H2O = CrO2
– + 4OH – –0,13

Cu 2+ / Cu + Cu 2+ +    = Cu + 0,16
F2 ) / 2F – F2  + 2   = 2F – 2,87
Fe 3+ / Fe 2+ Fe3+ +     = Fe2+ 0,77
H2 ) / 2H – H2 + 2   = 2H – +2,25
H2O2 ( ) / 2OH – H2O2 + 2    =  2OH – –0,28
H2O2 ) / 2H2O H2O2 +2  + 2H +  = 2H2O 1,78
I2 ( ) / 2I – I2 + 2   = 2I – 0,54

3
– / –

3
– + 6  + 6 +  = – + 3 2 1,09

3
– / 2 2 3

– + 10  + 12 +  = 2 + 6 2 1,19
MnO2 .) / Mn2+ MnO2 + 2   + 4H +  = Mn2+ + 2H2O 1,23
MnO4

– / MnO2 ) MnO4
– +3  + 4H + = MnO2 + 2 2 1,695

MnO4
– / MnO4

2– MnO4
– +   = MnO4

2– 0,54
MnO4

–/ Mn2+ MnO4
– + 5   + 8H + = Mn2+ + 4H2O 1,51

MnO4
–/ MnO2 ) MnO4

– + 3  + 2H2O = MnO2 + 4OH – 0,59
N2O4 ) / NO2

– N2O4 + 2  =  2NO2
– 1,07

NO2
–/ NO( ) NO2

–+   +2H + = NO + H2O 1,0
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2NO3
– / N2 ( ) 2NO3

– + 10  +12H +  = N2  + 6H2O 1,24
NO3

– / NO NO3
– + 3  +2H2O    = NO  + 4OH – –0,14

NO3
– / NO ( ) NO3

– + 3  +4H +  = NO  + 2H2O 0,96
NO3

– / NO2 NO3
– +  + 2H+ = NO2  + H2O 0,84

NO3
–/ HNO2 NO3

– + 2   +3H +  = HNO2  + H2O 0,94
NO3

–/ NO2
– NO3

– + 2   +2H +  = NO2
–  + H2O 0,94

O2 ( ) / H2O2 (p) O2 + 2  + 2H+ = H2O2 0,68
O2 ( ) / H2O2 (p) O2 + 2  + 2H2O = H2O2   + 2OH – –1,37
O2 ( ) /4OH – O2 + 4   + 2H +  = 4OH – 0,40
O2 ) /2H2O O2 + 4  + 4H +  = 2H2O 1,23
O3 ) / O2 ) O3 + 2   + 2H + = O2 + H2O 2,07
O3 ) / O2 ) O3 + 2   + H2O = O2 + 2OH – 1,24
Pb2+ / PbO2 ) Pb2+ + 2 + 2H2O = PbO2 + 4H + 1,12
PbO2 ( ) /PbSO4 ( ) PbO2  +2  + 4H + +2SO4

2– = PbSO4 + 2H2O 1,685
PbO2 ) / Pb2+ PbO2 +2  + 4H + = Pb2+ + 2H2O 1,455
S ) / H2S ) S + 2  + 2H +  = H2S 0,14
S ) / S2– S + 2   = S2– –0,45
S2O8

2– / 2SO4
2– S2O8

2–   + 2  = 2SO4
2– 2,01

SO3
2– / S SO3

2– + 4  + 6H + = S + 3H2O 0,50
SO4

2– / S2– SO4
2– + 8  + 8H + = S2– + 4H2O 0,15

SO4
2– / SO3

2– SO4
2– + 2  + 2H + = SO3

2– + H2O 0,20
SO4

2– / SO3
2– SO4

2– + 2  + H2O = SO3
2– + 2OH – –0,93

Tl3+/ Tl+ Tl 3+ + 2  = Tl + 1,25
Sn4+ / Sn2+ Sn 4+ +2  = Sn2+ 0,15

3
– / 3+

3
–  + 2   + 6 +   = 3+ + 3 2 1,80
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 3
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 4 –

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 – –

:   – ;  –  ( );  – ; “–“ 
, .

132
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