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2. , .
3.  (
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4.  ( ).
5. , .

1.2.1. , , , 

 – , 
. 
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. 
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, , .

 – , 
,  .   –  

, . 
, .

, 
 ( )

.

, 
.
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 – ( ) 
, , 

. 
, .

, .
– 

 ( , , ).
– , 

. 
 ( 2 – , 3 – ).

 “ ”  “
”. , ,

.
-

:
1. .
2.  ( ) , 

 ( ).
3. :  (

)  (
).

4. ,  –
; .

5. 
, .

1.2.2. . 

 1/12 
12  –  ( . . .).

, ,

r  Mr (  r  –   «relative»  –
).  Mr

r ,  .  
 – . 

, 1 . — , ,  1/NA
. , 

, , 
, . :

Mr ( 3 4) = (3 × 1) + 31 + (4 × 16) = 98 .
 ( ,

 SiO2  NaCl),  Mr
, , .
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1.2.3.  – 

, , , 
. , 

:
 + O2 = 2

. 
, 

.. 
 – .

 (n) – , 
,  ( ,

, , , .). 
.

, 
,  12  .

 1 , 
,  ( ):

M = m/n,
m – , ; n – , .

,  –  ( ).
,

.
 1 , , 

(Vm):
Vm = V/n,

V – , .
 ( ). 

,  ( .),
 22,4 .

, . 
 – , .

, 
2H2 + O2 = 2H2O

, 
 2 : 1. ,

2 + l/2O2 = H2O
.

1  6,02×1023

.  – .
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1.3. 

1.3.1. 

.
, , . ,

, . 
. .

, ,
, . 

.
, , , 

.
, 

. 
. 

, 
, .

:
3 =  + 2

1.3.2. 

 ( , l, N 3,
2 , 2), , 

. 

.
 XIX

. 
. , 

.

.  – ,
, 

. :
«  – 

, 
».

.
:

«  – 
».
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? 
, . 

, 
. , 

, .
,  N2O, CO, SiO2, SO3

:  – ,  – ,  – V,  – V .
, 

. , 
: 2.  

,  – V.

1.3.3. 
. 

.  5
 1748 ,  1760 :

“ , , , ,
,

, ,
 ... . 

; , ,
, ,

 ... ”
, , 

 – , .

: , , 
, .

, 
, , 

. , :

2 + O2 = 2 2O,

, 
, 

.

1.3.4. 

1799 :  ( ),
, 

).
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, 
:

2 + O2 = 2 2O
Cu( )2 = H2O + CuO
)2 + H2SO4 = 2 2O + CaSO4

, , ,
.

. 
.

, , 
,   NaCl).  

 ( , 
.), .

.

1.3.5. 
( . )

 – 
, , 

.

, . 
:

.

.
.

, ,

:
, 

.
 – E )( ;

 – )( ;

 ( ) –
.

)( ;

 –

E
)(

. .
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1.3.6. 
( . )

, , 
.

:
«

, , 
, 

».
, , 

. 
, .

N2O NO N2O3 NO2 N2O5

 1 0,57 1,14 1,71 2,28 2,85

: 2:1 1:1 2:3 1:2 2:5

1.3.7. 
( . )

« , 

, , ».
, ,  –

:
3H2 + N2 = 2NH3,

, ,  3:1:2.

1.3.8. 

« , ,
».

:
1. 

.
2. 

.
– 

: NA = 6,02×1023 –1.
– 

, VA = 22,4 –1.
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, 

, , ,

. :
« , 

».
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. , 
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 –  2  6 . 
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32  (14
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. 
,  –

.  8  8 : 
16.  “ ” – I , I  … . 

 “ ” – I , II .
 III  14 

, 
. , 

.

, 
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1. ?
2. ?
3. ?
4. ?
5. ?
6. ?
7. ?
8. ?
9. ?
10. ?
11.  K2O2, NaH2PO4, BaSO4, Al( )2Cl.
12. .
13.  CO2  1 ., 

 0,03%?
14.  " "  " ".
15. ,
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3
. 

2.1. 

2.1.1. 

,  XIX –  XX
., :
1) ;
2) 

;
3)  ( ).

, 
;

4) 
;

5) 
.

, .

2.1.2. . . 

 1896 . . 
–

 (
).

 1910 . , ,

.  –
. .
, :

H11  – ; H2
1  – ; H3

1  – .
, ,

. 
.

:
1)  – ;
2)  – 

.
, , 
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. 
. 

, 
.

,  « » 
. 

« ». , K40
19 Ca40

20 : -40 
-40. 

.
, .  –

C14
6 , N15

7 .

2.2. 

.
 20-  XX , 

. . 

(1924 .), 
221 c

mp

, 
p
h ,

 – ; m –  ;  – ; h –
.

 – , 
.

, -
, 

, . , 
, , 

 – .

2.2.1. 

 ( )
.  (1927) :

.
, 

, 
.
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, 
,  

, , 
, . 

( , , z, ), , , , 2, 
 dV.

. . , 
, , . -

-
, , , .

,  ( 2)
. 

 (x,  y,  z) 
.

,  ( ) –
, .

,  90–95% 
, . 

 ( ) .

2.2.2. 

, 
 – .

1. n –
 (He+, Li+ .).

)(16,132
222

42

n
E

hn
emE ee ,

n  1 .
n, . 

n = 1 , n >  1  –  
.

n , 
K, L, M, N, O, P  Q.  K , L – 

.
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2. l
 0  (n  – 1). l

:
l 0 1 2 3 4 …
l s p d f g …

l .
l

)1(lli .
3. ml

–l
+l , 2l + 1 .

Mz

 (  z): llZ mhmM
2

 (l = const) .
. p-  –

, d – , f – .
n, l ml

. , 
 – . 

.
4. ms  +1/2, 1/2

.
ms ,

.

2.3. 

, , 

, 
, . :

1)  (n + l);
2)  (n+l) n

l.
:

1s < 2s< 2p< 3s< 3p < 4s  3d < 4p < 5s  4d< 5p < 6s  4f  5d< 6p < 7s  5f  6d< 7p
, 

, , 
.
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, 
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.

2.3.1. 

 – .
, 

. 
, :

1. :
.

.
,  (

) 
, 

 ( ). 
 (2l + 1) , 

2(2l + 1) . , :
s  – 2  p

– 6 ;  d  – 10 ;  f  –
14 .

l  0  
(n – 1), , 

n:
1

0

22)12(2
n

l
nl

n  3.
2. :

, .
 ( )

. , p
, :

: 2
3

2
1

2
1

2
1

sm ;

: , : 2
1

2
1

2
1

2
1

sm .
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3. :

,
(n + l)

, 
n.

, . 
 (Z = 19)  (Z = 21). 

 (Z = 18) :
1s22s22p63s23p6. 

 4s (
(n + l)  4 + 0 = 4),  3d (  (n + l)  3 + 2 = 5),

,  (n + l). , , :
1s22s22p63s23p64s1.

(Z =  20)  
: 1s22s22p63s23p64s2.  3d

(n  + l,   3  +  2  =  5)   4  (4 + 1 = 5) 
Sc  3d,

, n = 3 
n + l,  5. 

: 1s22s22p63s23p63d14s2.

2.3.2. 

.  (
), , 

n, l, 
. , 

 – 1s22s1;  – 1s22s22p2;  – 1s22s22p63s23p5. 
, 

, , :

, , 
. , 

n,  l; 
ml, . 

p- , 
 2s .
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4

2.4. 
. 

2.4.1. 

.
, 

 2 ,  8, 
 18 . . 

.
, 

. .
, .

 2 ,  2
 1s1 (H)  1s2 (He).

 8 ,  8  (  s-
: Li, Be)  (  5–10).

 18 .
 ( .  2.3.1.) 

 3s-  3 ,  3d-,
 4s- .  8  (  11–17).

,  3d- ,
, 

 4s- , , 

.
, 

. , f-
f- ,  8-

2- . 
f-

, f- , 
 (  57 –  89 – ).

, 

.
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2.4.2. 

,
, :

 ( ),  ( ) 
 ( ).

2.4.2.1. 

 — , 

. 
 ( ), 

 ( ),  ( )
1  = 96,5 .

 ( . 2.1.)  ( )
 ( , ,

, ).

 ( . 2.1.).

. 2.1 .

, 

,  3,894  Cs  24,587  He.

. ,  Li  5,392  ( ),
 Li+ — 75,638  ( )  Li++ — 122,451  ( ).

,
,  5  15 .
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2.4.2.2. 

 ( ) —  ,  

 +  = .

 ( )  ( ).

, 
 ( . . 2.2.).

. 2.2 .

, . , 
, , .

 (F,  l,  r,  I)  —  
.

2.4.2.3. 

 ( ) – 
, 

.
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. . 
, 

 A—B (A, B – 
) 

 A—A  B—B.

 1-6 –  IA - VIIA –  ( . 2.1.).

 2.1.

, 

 ( ). 

).  F ,  Cs – 
 1-6 – .

 – , 
 – .

2.4.3. 

, 
, ,  ( . 2.2.).

.

.
, 

. 
, 

 3s , 3 -
 3 . 
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.

 2.2.

, , ,

Na + 11 [N ]3s1 0,17 5,14 0,3
Mg II + 12 [N ]3s2 0,13 7,64 -0,2

l III + 13 [N ]3s2 1 0,13 5,98 0,2
IV + 14 [N ]3s2 2 0,11 8,15 1,8
V + 15 [N ]3s2 3 0,09 10,49 0,8

S VI + 16 [N ]3s2 4 0,08 10,36 2,1
Cl VII + 17 [N ]3s2 5 0,07 13,01 3,6

r VIII + 18 [N ]3s2 6 0,07 15,75 -0,4

,  –
.   — ,

, . 
— , .

 S , , S, l , 
 S l.  — . 

 — .
 – 

. 
, , 

. , d- f
( ). , 

.
, 

 ( . 2.3.).

. 

s- . 

). 
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, . 
 (

) , 
.

 2.3.

, º ,
3 , 

- , 

Li 3 6,490 ] 2s1 180,5 530 0,155 5,39 1,0 -3,05
Na 11 29,991 ] 3s1 97,8 970 0,189 5,14 0,9 -2,71
K 19 39,100 r] 4s1 63,7 860 0,236 4,34 0,8 -2,93

Rb 37 85,48 r] 5s1 38,9 1530 0,248 4,18 0,8 -2,93
Cs 55 132,91 ] 6s1 28,7 1870 0,262 3,89 0,7 -2,92
Fr 87 223* [Rn] 7S1 8,0 2480 0,37 3,83 0,8 -

223* — .

.2.4.

 2.4.

, 
,  — .

. ,
, .

 –
, 

 ( ).
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1. .
2. .
3. .
4. ?
5. 

.
6. 

l?
7. .
8.  Al, Cl–, K+, Fe3+, Gd3+.
9. ?
10. s-, p-, d-

f- .
11. d- .
12. ?
13. , 

.
14. 

?
15. ?
16. f- ? f-

?
17. , .
18. , . .

, . , 
.

19.  2-8-
18-32? 

.
20. , , 

.
21.  « » 
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.

. 
.
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 – 
, 

.

3.1. 

 ( ) 
, 

, 
, 

. 
. ,

, .
, 

. , ,
,  ( ).

, , , 
, 

, . ,
.

, 
,  – . 

, , 
, . 

 ( ),  
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, 
, , 

. , Be(2s11p1), B(2s12p2), C(2s12p3) 
s- p- , , 

. , 
BeH2, BCl3, CH4 .  BeH2  180°,
 BCl3 – 120°,  CH4 – 109°28 .

3.1.1. 

, 
 –  ( ), 

 (s- - , B, C), 
,  ( ). s- p-

. 3.1) sp- ,  180° .

. 3.1. sp- s- p-

 CH4  ( s
p ), sp3 , 

.
, , 

 (s p; s, p d), 

. :
1) 

;
2) 

;
3) , 

;
4) 

, , .
, 

. . 3.1, , 
, 

: 180°, 120°, 109°28', 90°. 
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, 
 ( ) 
. , 

, 
, , –

.

 3.1.

sp
180°, H–Be–H

HC CH

sp2

120°,
H2C=CH2

C6H6
BCl3

sp3

109°28', [NH4]+
CH4
CCl4

H3C–CH3

sp2d

90°,
[Ni(CN)4]2–

[PtCl4]2–

 NH3  H2O. 
sp3 . sp3 , 

, 

, . ,
sp3 ,  H–N–H, 

107,3°.  H2O ,  H–O–H
 104,5°. 

.
, 

, .
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3.1.2. 

. 2.4.2.3.).
 ( ) 

.
, 

.

 — 
l, 2 ,  NH3 . 

:  ( l,
,  N)   (– q),  ( )  —

 (+q).
. , l

q l) = – 0,18; q ) = + 0,18.

, 
.

, 
, .

3.1.3. 

-
, , 

, , 

.

,  (q ) 
 (l):

 = q  × l,
 – , 
, .

, 
, 

.
 ( ) 

 (D):

1D = 0,333·10–29 .
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3.1.4. 

,

.
,  CO2  =  0,   SO2

 = 1,79 D .  NF3  NH3
 (sp3), 

 N–F  N–H, 
 ( )  –

N = 3; F = 4; H = 2,1,
, 

3.2. 

 — , 
, 

. , 
 ( ), 

,  (
), — .

,  1916
. , 

 ( ) 
. 
.

,
, 
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 1927 . 
, , 

. , 
, 

.
– 

, 
:

1) , 

2) , 
 ( )

 ( )

.

3.2.1. 

) 
: H–H, F–F…

 200 – 2000 –1.

, 
 (HCl, H2O). 

:
16( A – B) + 3,5( A – B)2,

A B – .

– 
, 

.
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 6

3.3. 

 ( )  ,  

 ( ) .
, 

 1s , 
, 

1s1                   1s2

          1      2
, 

, 
, s

(C1 = C2 = C). , 
 1,  2C2 = 1, :

2
1C .

, 
:

MO+ = 1s1 + 1s2
MO  = 1s1 – 1s2

 |MO±|2.

,  MO±
 = 1s1 + 1s2

* = 1s1 – 1s2,
,  ( )   ( *)

.
, 

* . , 
, 

.  

*.
* , 
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 1s1  1s2
. 3.1).

. 3.1. 

; 
 H–H. 

 ( )2  ( )1  H2
+

,  H  H+.
. 3.2 * 

r12. r12
 1s1  1s2.

. 3.2.  H2  (r12).

r12
0

E  H–H. 
* , 

. 
r12

0

E .
. 3.2 

 H2
+,  H2, HHe, He2

+. 
:

H2
+( ) ,   H2( )2,   HHe( )2( *),   He2

+( )2( *)

,  – .
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 ( ) n
N N :

2
NN

n

,  He2,  
.

3.4. 

–  – 
, , 

, .
, , 

 – NaCl.

.

.  Cl 
, , , 

Na, , 
, . 

.  NaCl  ~3·10–29

,  0,8 
0,236  Na  Cl,  Na0,8+Cl0,8–.

, 
, 

. 
,  

. 
, 

. .

).

3.5. 

, ,

, 
 (F, O, N, 

Cl, Br, S) .



38

 20 – 100
–1.

-
.

,
, :

.

:

, 
. 

.

,  –

.

,  H2O, H2F2, NH3. 

– H2  (  = S, Se, Te) 
. 

,   –100 ,  –80 .

, , , 

,  N-H  )  .  ,
, 
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, . 
 ( ) 

.

3.6. 

, 

.
, 

, 
. 

, 
. 

. 
 – . 

, :

 Cu, Al, Pb, Au 
.  –  Be, Zn, Cd, Sc 

. 
,  VB  VIB .

. 
.

, , 
. 

.

", 

a
V

ZV
k
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Va –  ( ,
); Z – ;

V  – .

3.7. 

 ( ) – 
, 

 – ),
 – )  (

 – ) .

 2 – 20 –1.
. 

, 
.

. 
, 

. 
, 

, 
.

, 
, , ,

. 
. , , 

:
 NaCl    t . = 801°C,

 NaNO3     t  = 311°C.
, 

, 
, - 

.
, , 

. 
,  –  ( ).

d-
, 

, d .
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 7
3.8. 

 ( ) 
, , 

. 
 " " . 

.
 – , 
, , , 

.
,  [Cu(H2O)4]2+ – , 

, 
Cu2+  H2O,  – ,  Cu2+

. ,  SO4
2

,  ,   O2 ,  S6+

.  NH4
+

H3O+,  H+ . 
: [Zn(OH)4]2+, [Cu(H2O)2Br2]0, [HgI4]2 . 

.

3.8.1. 

, 
, 

, .  (1893)
. . , . . , . . .

:
1. ,

.
2.  ( ) –  ( ) 

, 
,  – .

3.  ( ) 
, .

4. , 
 ( ), , 

 2, 4, 6, 8.
5. , 

), .
, , 
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( ),  ( ) 
 ( ) – .

 (III)  (K3[Fe(CN)6])

 – , , 
, , , , 

. ,
; 

. 
.

, 
 (H2O, CO, NH3 .),  (OH¯,

Cl¯, PO4 ), . 
 (

, , ),  (
, , ), . .

 ( ) – , 
. , 

. 
, , 

, , 
. ,  – .

3.8.2. 

 (
)  ( ) . 

 –  – , 
. 

 ( ), : [Fe(CO)5]  [Cr(C6H6)2]  –
.

, 
. 
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: , , . 

. 
, :

:
1) ,  ,  

.  [M (H2O)n]m+.
, ,

: Mg(ClO4)2×6H2O  [Mg(H2O)6](ClO4)2;
 CuSO4×5H2O  [Cu(H2O)4]SO4×H2O.
2) , , 

, : [Zn(OH)4]2 .
, 

: [Zn(H2O)4]2  + 4OH  = [Zn(OH)4]2  + 4H2O.

,  –  [Zn(H2O)3(OH)]+.
3) , , 

 NH3, : [Cu(NH3)4]2+, [Ag(NH3)2]+.
, :

[Cu(H2O)4]2+ + 4NH3 = [Cu(NH3)4]2+ + 4H2O
4) ,  ,  

, 
: Cl , Br , I , CN , S2 , NO2 , S2O3

2 , CO3
2 , C2O4

2 . .).
:

Hg2+ + 4I  = [HgI4]2 ;
AgBr + 2S2O3

2  = [Ag (S2O3)2]3  + Br .
5) , .

 – [BH4] , [AlH4] , [GaH4]  –
,  – 

. -1.
6)  – , 

 CO, : [Cr(CO)6], [Fe(CO)5], [Ni(CO)4] ..

3.8.3. 

, 
: ,  – .

: ,  –
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, ,  – 
, 

,  – , .
, 

 (
). . , 

, ). -
,  – .

H2O – Cl¯ –  SO4
2– –  OH¯ – 

CO –  Br¯ –  CO3
2– –  H¯ – 

NH3 – NO2
¯ –  CN¯ – NO¯ – 

NO –  O2– – NCS¯ –  H+1 – 

: -, -, -, -, -…
:

[Fe(H2O)5Cl]2+ – (III)
[Al(H2O)4(OH)2]+ – 

:
[Co(NH3)2(NO2)4]¯ – (III)-
[Fe(H2O)(CN)5] 3– – (II)-

:
[Fe(CO)5] – 
[Pt(NH3)2Br2] – 

.

3.8.4. 

-
, 

 –  ( ). 
.

. 
 (  – ). 

 ( , ,
) . 

-
.  (II).

:
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FeCl  + 6H2O = [Fe(H2O)6]2+ + 2Cl̄ .
 – 1s22s22p63s23p64s23d6.

:

4s- :

:

:

 – .  Fe-O .
 sp3d2 . 

.

3.8.5. 

,  ( , ,
).

, , 
, . 

 H3O+  OH¯.  
, 

, :
FeCl3 + K4[Fe(CN)6] = Fe4[Fe(CN)6]3 + 3KCl.

 Fe3+.
, 

 " ".
,

, , . 
, , :

[Cu(H2O)4]2+ + 4NH3 = [Cu(NH3)4]2+ + 4H2O,
:

[Zn(OH)4]2- + 2H3O+ = [Zn(H2O)2(OH)2] + 2H2O.
 [Zn(H2O)2(OH)2] 

:
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[Zn(H2O)2(OH)2] = Zn(OH)2 + 2H2O.
 – 

. .
, :

[Cu(NH3)4]SO4
.H2O = CuSO4 + 4NH3 + H2O  300o )

4K3[Co(NO2)6] = 12KNO2 + 4CoO + 4NO + 8NO2  (  200o )
K2[Zn(OH)4] = K2ZnO2 + 2H2O  100o )

,  ,  
.

3.8.6. 

:
) ;
) , , 

.
,  – .

, 
.

. 
 M  L 

 [MLn] :
a. M + L = ML ;

][][
][

1 LM
MLK

b. ML + L = ML2 ;
][][

][ 2
2 LML

MLK

c. ………….………………………;
   n. MLn-1 + L = MLn ;

][][
][

1 LML
ML

n

n
nK

Ki –  ( )  [MLi].
n , 

M + nL = MLn – :
n

i
inn KKKKML

1
21 .

, n
n

LM
ML

,  [PbI4]2- .42

2
4

IPb

PbI

,
.
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1. .
2. ? 

.
3. , 

.
4. ? 

, 
.

5. 
, , .

6. ? 
.

7.  « », , 
,  — .

8. , 
.

9. ? 
.

10. ,  —
? .

11. 
 ( ).

12. , 
.

13.  H2, Li2,
B2C2, O2, L H.

14. 2
+

2?
15.  [Cu(NH3)4](OH)2

, 
.

16. -
 Co(III); (III).

17. 
[Pt(NH3)6]Cl4, [PtCl2(NH3)4]Cl2, [PtCl3(NH3)3]Cl, [PtCl4(NH3)2]?

18.  Co(III) 
?

19.  [CrClBr(en)2]NO3?
20. 

K2[Co(NCS)4]?
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8

V. 

, 

, « » . -

, 
, , 

.

4.1. 

) , ).

, 
, 

.

. 
;  ,  ,  
. 

.

. , 
, :

1) , 
;

2) , 
, ;

3) , , 
.

, 
.
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 – 
, 

. 
. 

, , , 
, , 

.  – 
 – 

.  ,  
.

, 
. , 

, . ,  – 
, . ,

, 
, 

.

4.1.1. 

. 
, 

,
. 

, 
. .) . , 

, 
, 

.  ,  
, ,  

 – :

 – 
.

, 
–  ( ),  ( ), 
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( ),  (V) . 

. 

.

:
o (U),
o (H),
o (S),
o (G).

, , ., – 
. 

.

.

.

4.1.2. 

U
, , 

.
, 

, .

. , 
V) , 

. 
. 

, ,
.

, ,
, , , , 

: , 
 ( ),  ( r).

 ( ).

. 
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. 
Qp, 
U

 =  V , :
Qp = U +  = U + V.

 –
U = Qp – V.

4.1.3. 

 Q . 
, 

. Q (
)  ( ) 

, 
.

.
, , 

. 
, . 

. 

, 
.

4.1.4. 

U = Qp – V
) ,

.
, 

.
. ) —

, 
:

A = – U.
– , 

 (T  = const). 
 ( ), 

U = const
: Q   =  .
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 ( . isos — ,  
. chora — , ) — 

, . 
. 

) , . 
 (V  = const) 

( ) :
QV = U.

 ( . sos — , ros — ) —
, .

, , 
. 

. 
 (  = const). :

Qp = U  + V.
, , ,

, 
. :

 (perpetuum mobille) .

4.1.5. , 

 ( . enthálpo — ) — 
, .

H.  — , 
. 

, U
:

H  =  U  +  V

(  = const), 
:

H  = U  +  p V = –Qp.
 ( ). 

, 
 ( ) –1.

, 
,  (

, H <  0),  
, H > 0.
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9
4.2. 

, 

,  ,  
.

( ) . 
H

.

, : ( )  –
, ( ) – , ( ) – , ( ) – , ( .)  –

.
, 

. 
, , .

. 
, .

,  "
" H4

:
 + 2H2 = H4.

. , , - 
, 

.
, 

):
) H4 ( ) + 2O2 ( ) = O2 ( ) + 2H2 ),  = –890 
) ) + O2( ) = O2 ( ),  = –394 
) 2H2 ( ) + O2 ( ) = 2H2 ),  = –572 

 ( )  ( )  ( ) 
,  – . 

 O2, O2  H2 . :
H4( ) – ) – 2H2 ( ) = (890 – 394 – 572)  = –76 

. 
 (-1)  CH4

. 
: ) + 2H2 ( ) = CH4 ( ),  = –76  / 
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, , 
 76  ( ),

 (
).

, , 
, 

, 

.

4.2.1. 

 1780-1784 . . . . . . 
:

«
».

, 
, 

. , 
 ( ) , 
) , :

.

4.2.2. 

, 
 25°  (298° )  100  (1 ).

, , 
Hº).

 H2  Cl2
 HCl. :

H2( ) + Cl2( ) = 2HCl ),   Hº = 184,6
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 H2  O2  H2O, 
, 

:
H2( ) + 1/2 2( ) = 2 ), º = 241,83 ,
H2( ) + 1/2 2( ) = 2 ), º = 285,8 ,

(-285,8 )  (-241,8 ) 
 18  (1 )  25 ° .

Hº – 
,

, .
, l )

184,6  ( ), 92,3 .
,  « », 

 (25 ° )  (100 ), 
» —  100 

. , , :
Na2O ) + H2O ) = 2NaOH ) 1

1/2Na2O ) + 1/2H2O ) = NaOH ) 2

Na ) + 1/2O2( ) + 1/2H2( ) = NaOH ) º3

2Na ) + O2( ) + H2( ) = 2NaOH ) 4

Hº3
NaOH.

, ,

, T = 298°K.
, º 2 ) = 0 -1 ,

º 2 ) = 22 -1,
º 2 ) = 62,3 -1.
º ) = 0 -1,
º ) = 1,83 -1.

4.2.3. 

Hº . – 
.

 – O2( )  H2O ). 
. 

.

 ( Hº  > 0)  (
), 
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, , – 
) ( Hº  < 0).

Hº Hº
, .

,  – , 
:

Hº . = º . + º .
+) + º . ¯) =

= 790,5 – 339 – 510,5 =  59 -1

 KNO3( ) –  ( H = 35,9 –1),
 ( H . = 684,5 –1)

, +

NO3 : –339  –309,6 –1, .
Hº  – 

 ( ) 
 H2O :

HCl + NaOH = NaCl + H2O;
H+ + OH– = H2O, H° = –55,9 –1.

Hº
Hº

. Hº . – 
, 

. , :
3H2O ) + 2Fe )  Fe2O3( ) + 3H2( ), Hº . = 321,3 

Hº . , .
Hº  (

) – , 
, 

 298° .
, , 

,  ( ,
) .

 8—10  1000 . 
, , 

 ( , 
),  ( , , 

). ,  ( ) 
,  ( ) 

, 
.  ,   HO—H  ,

 H2O  =  HO  +  H   495  ,
 — 435 ,

 465 . 
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, 
 ( ) 

, 
, . 

, 
. 

, 
 0 . 

.  — , 

.
,

 ( . ), 
.

4.2.4. 

H° ,  H° Hº
( ), 

. 
, . .

(1841 .):

»
, 

, , 
.

, . 
Na2SO4  NaOH. 

,  – , 
 NaHSO4:

 ( ):
2NaOH + H2SO4 = Na2SO4 + 2H2O,  = 131 ;

 ( ):
) NaOH + H2SO4 = Na SO4 + H2O,  = 62 ;
) NaHSO4 + NaOH = Na2SO4 + H2O,  = 69 

, 
. ,

 (2) 
,  (1):

65  + ( 69 ) = 131 .
, 

.
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:
1. 

:
H° . = n H° . . . – n H° . . .

2. 

.
H° . = n H° . . . – n H° . . .

3. E

. 

E ) 
(– E ).  –

H° . = nE . .  – nE . .
, , 

, . 
,  – 

. 

.
4. 

H° . . =  – H° . .
5. 

H°     H° ..
, 

, 
, , 

.
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 10
4.3. 

, 
, 

. 
, NH4NO3) , 

. , 

.
, 

, 

 ( ) . 
(S)  – , 

 ( )  (
 1865 .).

, , ,

, . , 

S > 0.
. 

 ( )   W.  ,  
 (  NA = 6,02×1023), 

 W:
S = k·NA·lnW = R × lnW,

 k – ; W – 
, .

 R –1×K–1.

, 
:

, >
.

.
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:
«

, ».
« ».
«

».

:
Sº

.= n·Sº
. . . – n·Sº

. . .
Sº  (T =  298  K,

 = 101,325 ).
.

 ( ), 
 W = 1. , 

.

4.3.1. , 

. . 4.1 Sº

.
 4.1.

Sº
298, –1 –1

C ), 5,74
H2( ) 131
D2( ) 145
O ) 161
O2( ) 205
O2( ) 84
O2( ) 42
O3( ) 237

. 4.1 , : 
 (

 ( , , ); 
; ; ;

.
 (T S) 

.
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, , ,

, , 
 ( . . 4.1.).

. 4.1. :
S  = 8  –1 –1, T  = 600,5º ; S  = 88  –1 –1, T  = 2013º )

– . 
, .

4.4. 

 –
, 

, , 
 – .

,   (  =  0)  

S. , 
,  (S = 0 

S = const) 
.

, ,
. , 

, , 
:

1)  ( );
2)  ( ).
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4.4.1. 

, 
:  –
 ( H)  

(T S) – 
.

, 
 (G,  ):

G = H – T S.
:

H = G + T S,
, 

 « » T S – 
, , .

 ( G) , 
. 

G  ( . 4.2) 
G = 0). G > 0 – .

. 4.2. :
 – ;  – .

 (T S) – , 
. 

» 
.

4.4.2. 

, 
 (V = const;  T = const),  

:
QV = U   S  Q / T,     ,     S = U / T, U = T S.
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-
 ( F):

F = U – T S,
.

, 
.

4.4.3. 

:
« , 

; 
, 

».
, 

. 
, 

 G (
)  F ( ), 

.

,  ( ) 
. 

G , H S , 

G°298 ; G° 
° S° ( . ):

G° .= G° . . . – G° . . .

G°298
.

G = H – T S,

G 
, 

S ( . 4.2):
1. ; H < 0.

) S > 0, G ; 
, ,

;
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 4.2.

1
H < 0
S > 0
G < 0

2
H > 0
S < 0
G > 0

3

H < 0
S < 0
G > 0

G < 0

4

H > 0
S > 0
G > 0

G < 0

) S < 0,  > T S
).

2. ; H> 0.
)  S  >  0,   <  T S

).
) S < 0, G ; 

, 
, .

G H S
.

, , H H
 80 – 800 –1. 

, H –1.

. H –1,
H H  5 – 25 –1. 

–1K–1 ( . 4.1).
G°

 ( , 
.). 

:
S
HT .

, 
 ( G > 0 F > 0), 

.
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11

4.5. 

, 
. 

,  .   –
 – .

4.5.1. 

 – 
.

, , , 
 (  < 0), 

 (  > 0). 
, 

:
i

i
CV

12

12

,  ( . . 4.3):  N2( ) + 3H2( ) = 2NH3( )

. 4.3. 
 (N2  H2)  (NH3).

:

.)()(
2
1)()(

3
1)()(

13

3233

12

2122

12

2122 NHCNHCHCHCNCNV

4.5.2. . 

 ( )  ( )
 1867 :

, 
.

 ( ) :
BAAA 332211



66

:
3
3

2
2

1
1 AAA CCCkV

V – , k – .
, k

,  1 .

. , 

. .

: 3
3

2
2

1
1

n
A

n
A

n
A CCCkV

n1, n2, n3 – A1, A2, A3 , 
n = n1 + n2 + n3 + … –  ( ) .

n1, n2, n3
. n

.
, 

. 

.

4.5.3. 

 ( ) , 
. :

 – , ,
,

.
 – , 

 ( , . .):
Br2  Br• + Br•

 – , 
 ( ):
3 r + 3  + r.

 – , 
:

2 + N  + N  2N 2
.

, 
, 



67

. , 
, 

,  – .

4.5.4. 

, 
, . 

.
:

 – , 
 ( ), 

:   ...
, , .

 – , 
:

.
 – , :

1)  + 
2)  + D ,

, 
. , , 

,  – ,  D, 
 – .

– , ,
, 

 ( ). 
: ,

. 
H2 + Br2 = 2HBr

- :

1) : BrBr thv 2,
2

2)  ( ): HHBrHBr 2

..2 BrHBrBrH

3) : .HBrBrH
,

, , 
).
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4.5.5. 

, 
 (

; 
).

:
 + b  dD + eE

:
b
B

a
A CCkV

 – :
e
E

d
D CCkV

:
e
E

d
D

b
B

a
A CCkCCkVVV .

4.5.6. , 

:
o ,
o ,
o ,
o ,
o .

4.5.6.1. 

, 
, 

. , 
 1865 . ) 

 ( , , ). , 
 ( ), , 

.
,

. , 
. 

, 
.
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4.5.6.2. 

;
, , .

-
, :

( )  10

( )  2 – 4 .

: )42(10

t

t
k

k ,

10

1

2
t

t

t

k
k

,   gtt
k
k

g
t

t

10
12

1

2 .

 – , 
.

 –   0   300° .  ,  

; 
 ( ).

4.5.7. 

, . 
, ,

 – .
, 

, .

 + .

, , 
,

 ( #):  #  B.

. 
 ( . 4.2.). 

k Ea , 

: k = · ,
RT
Ea
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A –  (
, ), R – 

, T – .

. 4.2. :
)  ( ) ; )  ( ) .

 – A
Z,   

. T = 300ºK , –1,
Z :

1013 – 1014 –1·c–1 1011 – 1012 –1·c–1 109 – 1011 –1·c–1

 – A Z, 
P, , 

: 
, 

. PZA :

k =
RT
Ea .

, 
,  E

A  ( . . 4.3):

. 4.3.
 (lnk)  (1/T).

, 

:
R
Etg a . 

 T1, 
 T2:

211

2 11ln
TTR

E
k
k a .
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12

4.6. 

, 
,

, 
.

Ea .
 – , 

, .
:

1)  ;
2)  ;

,  ( ) .
3) , 

;
. 

, ,
. 

, 
; 

.
4) , 

,  (
);

5) .
) 

. , -
, .

, , 
.

:
a) ;
b) ;
c)  ( , ).

, 
.

,  
.  – . 

. 
, -

. 
, 
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, 
.

, 
. 

.

4.6.1. 

, 
, .

, , 
, , 

.
, 

Ea ( . 4.6.). , 
A + B  [ :B]#  AB,

:
 1)    +  [ ]# 1

 2)    +  [ ]#  + 2.

. 4.6. 
(  1)  (  2).

,  AK (
),  AK:B 

.
, 
, . 
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EE

RT
E

RT
E

k
k

V
V

aa
a

a

1

1

11
exp

exp

exp

V1, k1, Ea
1 – , V, k, Ea –

ln k1/k = 2,303 lg k1/k = Ea – Ea
1/RT.

4.6.2. 

, 
. 

.

 N2 . 
 – . 

, 
 1000°K:

2N2 )  2N2( )  +  2( )

, . , 
, 

 ( . ). , 
N2 , •:

 1 N2 )  +  l• )  N2( )  +  •
)

 2 2 •
) l2( )  + 2( ).

4.6.3. 

, 

.

.
.

, 
. 

.
 ( )

. (
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. 
.) :

o , 
« »

.
o , , , 

.
,

. , 
, 

. , 
400°K 

2 4( )  +  2( )
Ni

2 6( )
:

1. . 
.

2. . 

. .
3. . , 

, 
.

4. . . 

. 

.
5. . .

, 
. 

.

4.6.4. 

, 
. , 

, 
.

 – , , 
. . , 

.



75

4.6.5. 

 ( ) 

. . 4.7. 
 –  (

)  ( )
, 

. 
, 

.

.4.7. .

, ,
, 

 (Pb), .

.

4.6.6. 

 ( ) – , 
. 

.
, , 

 105  107. 
, 

, . 
. 

.  
, 

.

, , , , 
, , ), ,

.

.
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13

4.7. 

, , 
 – .

, 
 – 

. , 
;

, 
. 

 – 
; 

. 
, 

. 
, , , , 

.

4.7.1. 

, 
, .

, 
.

.
:

1) ;
2) ;
3) .

, :  + b  + dD, , 
V . = k . [A]a·[B]b

V . = k . [ ]c·[D]d.
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V  = V : k . [A]a·[B]b = k . [ ]c·[D]d.

:

Cba

dc
K

BA
DC

k
k

][][
][][

.

.

K  – .

:

, 
, , 

, .

 (K ) .

, . 
K .

b
B

a
A

d
D

c
C

p pp
ppK .

, 
. , , :

3( ) ) + 2( )
:

Kp = ( 2) ..
, 

 – 
. , 

, .
, 

 ( , 
. ).

4.7.2. 

 ( ,
) . , 

. 
, .

,  ( ),
 (

).
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4.7.3. 

, 
 1884 ., 

, :
« , , 

, 
 ( , , ), 

, 
, , ,

,
, ».

, , 
, -

 – :
« , , 

, , 
».

,  1933 . (  50
!), .

, 
, , , 

, , . 
, .

4.7.3.1. 

, 
, , 

, .

(III):
Fe3+

.) + SCN .)  [Fe(SCN )]2+
.)

])[]([
)]([

3

2

SCNFe
SCNFe

KC ,

K  – , 
.

Fe3+,  ( , 
K ):

][][
)]([

3

2

SCNFe
SCNFe  <

SCNFe
SCNFe

][][
)]([

3

2
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, , ,
 Fe3+, , , 

[Fe(SCN )]2+ ( , ). ,  (
, ) 

 Fe3+. , 
Fe3+  " " . 

,  – , 
.

, 
.

, 
, , .

4.7.3.2. 

,  ,  
. 

.  
 ( )  .   (
) .

: N2O4( )  2NO2( )

:
.

2

42

2

ON

NO
p p

p
K

K – , pNO2 pN2O4 –
NO2 N2O4 , 

: Pxp NONO 22
  Pxp ONON 4242

,    xNO2

xN2O4 – . 

K , :
.

22

42

2

ON

NO
p Px

Px
K .

.

, , 
42

2
2

ON

NO

x

x

. , xNO2 , 
xN2O4 – . , .

, , ,
. 

.
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4.7.3.3. 

 ( . 4.5) ,  – 
, .

, 
, 

.
, 

. , 
, .

, 
.

4.7.3.4. 

, , .

 ( . 4.4).
. 6.1

, :

.
3

22

2
3

HN

NH
p

pp

p
K

2.
. 4.3. , 

.
 4.3.

a) N2( ) + 3 2( )  2NH3( )
°298 =  92 

) N2 4( )  2N 2( )
°298 = +57 

, ° K ,
2 , ° K , 

400
500
600
700

11,0·102

1,6·10 1

3,1·10 3

6,3·10 5

275
350
500

2,2·10 2

4,5
1,5·103

. 6.1

. 

:
.

2

42

2

ON

NO
p p

p
K .
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K , 

.

, 
, 

.
,  " ", 

, , 
 ( ). , 

, 
.

, 
.

 4.4.

. .
 (

)
. .  ( )

.  ( )

.
 (

)

, V  (
)

, V  (
)

 (-Q, + )
 (+Q, - )
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1.  (H),  (S), 
 (G) .

2. , : G  T; H
S; G  K ; G°  E°.

3. G°= 0 G°< 0 G°> 0?
4. 

?
5. 

?
6. .
7. ?
8. 

, ?
9.  A + 3B = 2C

 A = 1,5 , B = 2,5 . 
,  0,5 .

10. ? 
?

11. :
a. 2NO ) + O2( ) = 2NO2( )
b. CaCO3( ) = C O ) + CO2( )
c. 4Al ) + 3O2( ) = 2Al2O3( )

12. 
?

13.  10°,
E = 54,4  .

14. , .
15.  E :

CO + H2O = CO2 + H2,
 288°  313° , 

3,1·10–4  8,15·10–3.
16. ?
17. , 

.
18. 

?
19. ?
20. 

?
21. ?
22. .
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14

 V. 
– ),

, 
).

, .
, :  – , 

;  – , ,
;  – , 

 ( )  ( ) , ;
 – ,  (

),  .  
, ,

.

.
, 

. , 
 – , .

. , 
 HCl  H2O

 H3O+  Cl–. 
, . , 

 –  HCl   H2O – .
 (  – )

, 
.

, 
, , 

.

5.1. 

, , 
,  –

.

)  (
).

 – , 
. 
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, 
,  ,  

.

, 
, . , 

,  
.

.

S < 0,  ( S > 0). 
, 

. 

, , 
 ( H > 0) 

, , 
( H < 0). 

 ( , ) :
G = H – T· S < 0.
, 

.  ( )
 ( G < 0), 

.
, 

, 
. , 

,  – ,  – ,  –
),  ( ,  – ). 

, . 
.

, ,
.  ,

, : 

.
, 

, , . 
,  
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, 
.

. 
, ,

. , 
, , 

, ,
.

, , 
, , ,

.
,

. 
. 
. 
.

5.2. 

, 
. , 

, 
.  (

 1 ) , .
,  4°

. .
,

. 
, 

. ,  ( ,
, , ) 

: , 
.

. 
.

 Na+, 2+,
Mg2+, +, l , SO4 ; 3 , ,

.
-

,  ( ), 
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, :
Ca(HC 3)2  CaSO3  + 2  + 2 ,

. 
 CaCO3  MgCO2

. 
 ( ), 

2  = 2+ + Mg2+,
2  – ; 2+, Mg2+ – 

.
 0,5 – 6,0

. , 
, , ,

, , 
,  CaS 4  MgS 4,

.
 72% 

.  1 
 33 – 35 , . 

. 
 ( , NaCl, 2).

.  – 
.

 – 
.

, 
, . 

. 

. 
, , , 

, 
. 

, 
.

, 
. , 

, . 
. 
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. 

, .

5.3. 

, 
, 

, . .).

, , . 
.

,

.
, 

. ,  ( , ) 
, ) 

 ( , ),  — 
 ( , ).

. 
, , . 

, 
 ( ), 

, 
 ( ).

5.4. 

,
.

,
.

:
( ) 

:

)()(
)()(

BmAm
BmB )   100

)()(
)()(

BmAm
BmB ),

m(B) m(A) –  B  A.
(B) 

:
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i
i

BB )()( )   100)()(

i
i

BB ),

 – , (B) – 
B. . 

 (  ‰) 
 ( –1), ppm (parts per million).

N(B) 
:

)()(
)()(

BnAn
BnBN )

100
)()(

)()(
BnAn

BnBN )

Ni :

1
1

k

i
iN

:
 Cm(B) 

n(B)  1  (1000 )  –

)(1
)()( BnBCm , .

B C(B)  –  
 B  ( 3,

):

VBM
Bm

V
BnBC

)(
)()()( ,

n( ) –  B; M(B) – 
 B; V – .

 B C (B)
( ) 

 ( –1):

VBM
Bn

V
BnBC

E

EE
E )(

)()()( ,

n ( ) – ; M (B) – 
.

 B ( ) 

m(B) ,  1  ( –1):
V

Bm
T B

)( .

 ( , , ) 
; 

.
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15

5.5. 

.

. , 
, . ,

.
, , 

. , 
.

, , 
, 

.

. 
 ( , ) 

.

5.5.1. 

, .

,  – 
colligatus, .

:
,

,
.

5.5.1.1. 

.
 – 

. 
 ( G = 0), :

{H2O}  (H2O)
       

, , 
. 

. 
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. 
, ,

, .
: 

. 
, 

. -
, 

.
 ( ) :

pB << pA,
 (pB)   (

), 
 ( ):

)(0 BNpp AA
 ( )  –

(pA)
 – N( ).

N(A) = 1 – N(B)

)(00 BNppp AAA

)(00

0
BN

p
p

p
pp

AA

AA .

«
»

. , 
.

5.5.1.2. 

; , 
, 

 (

). 
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, 
 T°  T :

 = °  – 

 ( . 5.1), 
 F

, , , DE – 

. 

, 
. 

, , ,
, , 

. 
T

.
, T

 (Cm) :
 =  Cm ,
 –  –

.

( ) .

5.5.1.3. 

,
.

 ( . 5.2). -
 –  – 

, 
.

,  = 1
.  ,   DE,  

,  ( . . 5.2).
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T  = T  – T°
, , 

 (Cm):
T  =  Cm ,

,

.

( ) .
,  

:
« -

».

. . 5.2 K K
.

 5.1

K K
1,86 0,52
5,07 2,60

, 
-

, .
,

)()(
1000)(

AgBM
Bg

Cm
,

g(A) – , g(B) – , (B) –
.

, , , 
T  = K  · Cm ,

:

TAg
BgKBM

)(
1000)(

)( .

, T
, 

.
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5.5.2. 

 ( 1 <  2) -
, ,

, 

-
 –  ( ).
,  ( . 5.3 

,  h), 
, 

,  ( ).

. 
, 

:

nRTpV RTCRT
VM

mp .

, 
:

 = ·RT

:
« ,

, , 
, 

, ».

 22,4 , , 
 1 ,  22,4 .

, 
-

, , . C -
C(B) , :

VBM
Bm

)(
1000)( , 

V
RTBmBM

.

1000)()( ,

m(B) – , V – ,
.

, 
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, 
,  – .

, 
. 

, 
i. 

:

i < 1, 
, ,

 2 3  ( 3 )2.
, 

, i > 1. , 
 CH3COOH = CH3COO– +  H+

.

, 
. 

, .

5.5.3. 

:
( B >> A)

, 

:
: iHi pKC ,

 – ; KH –
, -

 ( ), ;  – 
. . 5.2 .

 5.2
 298°K.

H2 He  Ar  N2 O2 CO2

KH 1131 2649 662 1610 773 29,3

, KH

.
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16

5.6. 

 – , 
. 

, 
 – .

, ,  NaCl
. 5.4), 

 – 
 ( ) 

 ( ). 
, 

. 

.

5.6.1. 

:

2
21

l
eeF ,

F — ; 1 2 — ;  —
; l — 

.
( ) ,  

 (
) ,  ( ).

 81. , 
 (  =

95)  (  = 62).  ,  
,  CS2

(  = 2,6), 6 6 (  = 2,3), .

5.6.2. 

),  –
. , -

, 
, , 

: ,
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, 
, . 

 –  (i):
RTCi

.

:

.
.

.
.

.
.

.
.

.

.

.

.

)(
)( .

, 
.

5.6.3. 

, 
:

a)  – ;
b)  ;
c) 

 ( ).
. 5.5. Cl. 

Cl .

. 5.5. Cl .

5.6.4. 

 ( )  –   (n),  
,  (N) :

N
n %100 .

, . 
:

1)  (  0.7  70%),
2)  (0.3 <  < 0.7)
3)  (  0.3  30%).



97

b( 3 )2, l2, l2), 
;  – , , N 4 , 2S  .

: F, N, NO2 .

5.6.5. 

 30%. 
. , , 

:  3 4
+ + 2 4  = 23,5%);

2 4
+ + 4  = 3 · 10 4%);

4
+ + 4  = 2 · 10 9%).

, 
.

, 

, 
. 

, 
. , 

 –
.

5.6.6. 

. 
, ,  HAn: n + + n

K K  – :

][
][][

HAn
AnHK .

,
, , , 

. 
, . 

 ( ),  ( ).
, (HCN) = 7,2 · 10-10    (HF) = 7,2 · 10-4, ,

 (HF) ,  (HCN).

5.6.7. 

C
, :
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1)1(

2C
C

CCK .

, -
, .

 <<  1 :

2CK , 
C

K
. , 

.

5.6.8. 

N , n
. 

:
N

NnNi )1(

:
1
1

n
i .

, 
, 

.

5.6.9. 

, , 
, 

.
 – :
2

+ + .
 298°K :

16

2
108,1

][
][][

OH
OHHK .

:

6,55
18

1000][ 2OH .

, :
K ·[H2O] = [H+]·[OH–] = const.

, , ,
 K , :

.101
18

108,11000][][][ 14
16

2OHKOHHKB

 15 – 25 C.
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5.6.10.  ( H)

 – pH.
, 

, :
pH = – lg [H+].

,   –lg [H+]·[OH–] = –lg 1·10–14 = 14,
      pH + pOH = 14      pH = pOH = 7.

, 
 ( ), 

, 
:

pH < 7  (  [H+]);
pH > 7  ([OH–] > [H+]);
pH = 7 –  ([H+] = [OH–]).

 pH 
,  14 ( . . 5.3).

 5.3.

5.6.11. 

, 
 (  70%):

H2SO4  H+ + HSO4 ,
 ( ) .

, -
, 

,  .

, 
 ( . ).
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5.6.12. 

 (
« »)  ( )

. , ,  ( ).
, 

. 
; 

. 
, 

.
, 

.

.
:

KatAn  Kat+ + An
 (a+)  (a–) :

CaCa ;
C+ C– – ;

+ – – .

5.6.13.  – 

, , 
, :

, 
(C = 0,01 –1).

,  ( )  
 (I) :

Izg 2 , 25,0 ii zCI ;
 – ;  – , 

, 
 ( ) ; z  – ; C –

.
 (NaCl) 

;  1 – 2  – .
,  NaCl  Na2SO4

.

, ; 
.
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17

5.7. 

, .
, 

,  – - ,
, ,

.  –

 – .

5.7.1. 

 – ,
, . 

, ,  
 – ,  ( ) :

HAn  H+ + An
, HAn – , An– – , 

, :  NH3 + H+  NH4
+.

, 
:

, 

: HAn + H2O  H3O+ + An

.1; 3
2

2

3

HAn

OHAn

OHHAn

OHAn

a

aa
K

aa

aa
K

              An  + H2O  HAn + OH

.1;
2

2 An

OHHAn

OHAn

OHHAn

a
aa

K
aa
aa

K

, 
OH

a
3 OH

a , 
:

BKOHHKK ][][
, 

. , 
K K K .
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5.7.2. 

, 
, 

.  ( ) ,
, ,

 – , .
, ,  NF3

)  BF3 ( ) 
 ( ) 

( ) :

, , . 
, 

, 
.

:
H4SiO4 < H3PO4 < H2SO4 < HClO4

-
:

HClO < H lO2 < H lO3 < HClO4, SO2·H2O < H2SO4

:
lO3 > HBrO3 > HIO3

:
H3PO4 > H3PO4  > HPO4

:
K1 : K2 : K3 = 1 : 10–5 : 10–10

5.7.3. 

, 
, 

. , :
3 3  + +.

, : .
][

][][

3

3
COOHCH

HCOOCHK
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CH3COONa  CH3COO– + Na+

 CH3COO–

. 
, 

, 
[CH3COOH] = [ ],      [CH3COO–] = [ ]

 H+

][
][][ KH ,

][
][gpKpH .

,  H+

, 
.

, 
 (NH4OH  NH4Cl):

][
][][ KOH ,

][
][][

K
KH B .

, 
, :

[ ] : [ ],           [ ] : [ ]
. 

 H+ ,  OH–

– . ,
 H+ .

, , 
 pH ,

, .
, 

0,1  (K = 1,86 · 10–5) , 
[H+] = 1,86 · 10–5, pH = 4,73

 10  HCl (0,01 ), 
3  + +

3
,  0,01 ;

.64.4;
01,01,0
01,01,01086,1][ 5 pHH

[CH3COO–]: 3  + 3  + 2



104

.82.4;
01,01,0
01,01,01086,1][ 5 pHH

,  pH 
 0,09. ,  1   0,01

 HCl  N OH  pH  5 . ,  pH 
7,  [H+]  HCl CHCl = 0,01 –1,  pH = 2; 

OH CHCl= 0,01 –1 pOH = 2 (pH = 12).
 pH 

, 
 « ».

,  1 ,
 pH . , 

, .

5.8. 

.   H+  OH–, 
. 

, 
 –

.

:
1. NH4Cl + H2O  NH3·H2O + HCl

NH4
+ + H2O  NH3·H2O + H+

2. NaCN + H2O  HCN + NaOH
CN  + H2O  HCN + OH

3. NH4CN + H2O  NH3·H2O + HCN
NH4

+ + CN  + H2O  NH3·H2O + HCN
 pH < 7, 

 – pH > 7,  – ,  pH 
, 

, .
, ,

. 

.
][][

][][

24

23

OHNH
HOHNHK

 [H2O] = const, K·[H2O] = K – .  –

.
][

][][][
4

23
2 NH

HOHNHKOHK
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 [OH–], 

.
][][

][][][

4

23 B
K
K

OHNH
OHHOHNHK

,  – B
K

KK ,

, :
B

KK
KK .

 ( )

: K
1

2

C –  ( ).

: 2K    
C
K .

,  1- .
, : FeCl3 > Fe3+ + 3Cl–

:  Fe3+ H2O  Fe 2+ + + ;
Fe 2+ + H2O  Fe( )2

+ + + ;
Fe( )2

+ + 2  Fe( )3 + + .

.
:  : Fe 2+ + H2O  Fe( )2

+ + +;
: Fe3+ + 3H2O  Fe( )3 + 3 +.

 H+ ,
:

.
][

][,2 H
KOHOHHOH B

. 

Fe(OH)Cl2, Fe(OH)2Cl, 
 (NaHCO3, NaH2PO4).

.
, 

, .
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5.9. 

 – . 

,
, AgCl ) Ag+

) + Cl ).

.

:
][

][][
AgCl

ClAgK ,

 AgCl , 
.][][][ constClAgAgClK AgCl

][][ CnRTGCnRTGGGG ClClAgAgClAgAgCl

ClAg GG , AgClG – , 
.constC AgClClAg

n
p

m
pmn mBnABA

.][][ mnnm BAP

, 
 ( ). 

.
, , CaSO4  = 2,5·10–5

BaSO4  = 1,1·10–10, , 
.

, 
, . ,

, , 

, 
.
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1. , 
?

2. 
, .

3. , 
.

4.        10      NaCl       5        AgNO3  
C = 0,1  –1  AgNO3.  

 NaCl.
5. ?
6.  ( -

).
7. ? , 

.
8. :  (C6H12O6) 

NaCl  BaCl2
?

9. .
10. . 

?
11. ?
12.  NaCl  CaCl2?
13. 

: N OH, HCl, NaCl, NaHCO3, (CH3COO)2Ca, CH3COONH4?

.
14. ?
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