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 – 
, .

 ( ) – 
.

:
1)  ( 2 3, 

4 8);
2)  ( , ,

).
.

, ,  1,674 10-27 ,  –
2,657 10-26 ;  – 1,993 10-26 . 

, .
 ( .)  1/12 

12 ,  1,6608 10-27 , .
r – , 

 1/12 12 , ( r .
relativus ).

r= )C(m/
m

a

a
12121

106608,1
10674,1

27

27

(H)A r = 1,0079;

1066081
106572

27

26

,
, ( )A r = 15,9994.

 – 
,  – 
.

 (Mr ) ,

 1/12 12 .

, . ,

Mr(H2O) = 2Ar(H) + 1Ar(O) = 2 1,0079 + 1 15,9994 = 18,0153  18

 « »  «
»  « », « », 

.



14

(CI) .
 – , 

 ( , , , .), 
 0,012 12 .

 ( )  0,012 
,  (1,993 10-26 ):

Na =
109931

0120
26,

, = 6,02 1023

(NA, -1)  
.

, ,
,  « ». 

 « »,  « »  «
».
(M) , 

:

M =
n
m

 – .

.
, r (C ) = 40, M(C ) = 40 ;

   r (C CO3) = 100, M (C CO3) = 100 .

 (Vm) – , 
:

Vm =
n
V

 – 3 .
n = 1 Vm = 22,4  22,4 10-3 3.

, ) – , 
.

, m(O)= 123

13

10026
1099915

,
, = 2,667 10-26 .

: m = Ar 1 .
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m(O) = 15,999 1,6608 10-27 = 2,667 10-26 .

, ) – , 

m =
N
M ,

m = Mr 1 .

               m(H2O)= 123

1

10026
01518

,
, = 2,992 10-23  = 2,992 10-26 ,

             m(H2O)=18,015 1,6608 10-27  = 2,992 10-26 .

. 
 (m, ),   (n, ) 

( , ) :

   m = n M;       n =
M
m ;       M =

n
m .

, 

.

, 
 ( ) .
:

2HCl + Ca(OH)2 = CaCl2 + 2H2O

 ½ Ca(OH)2.  ,  ½ Ca(OH)2
.  ½ 

f (Ca(OH)2)= ½.
, f = 1, 

.

,  ( )  ( ) .
, MnO4  5 ,

f KMnO4  1/5,  –
1/5 KMnO4.

 (f ) ,  ,  
.

 – , )
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M = f M.

 (V ) – 
 ( 3 , )

V = f  Vm

) – 

 (n ) =
M

m .

 1.1 , 

, m(A) , 
T

 ( ) Ar .
BA -

 ( ) PA
i, j, k -
mA , 

A %
 ( ) Mr, .

MA
,

V m
,

3

V , 3

A
BD -
A , 3

t
R /( )
nA

n  ,A  ( )
 A

V  ,A
3 ,
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1.1.3  , , 

.  –
, 

. ,  – Hydrogenium,
 – H, Oxigenium – O, Ferrum – Fe .

.
 – 

, , . : ,
, .

 – , 

). , H2SO4 , 
.

 –  ( ) , 

.
– , 

.
 – 

. 

H-O                
H2SO4                       S
                       H-O                .

. 
. , 

 « ». , 
 ( ),  – , 

 ( ).

CaCO3 + 2HCl = CaCl2 + CO2 + H2O
2AlCl3 + 3H2SO4 = Al2(SO4)3 + 6HCl

), .

, .
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 – , 
.

 – 
, 

.

1.1.4  

, ,
 ( , ), 

.
, , 

. .
 – , 

, , 
.

, , 
 – ,

, .
.

.
, 

; ; .
.

1.
: , , .

 – , 
:

NH3 + HCl = NH4Cl
C + O2 = CO2

2Al + 3I2 = 2AlI3

 – , 
:

CaCO3 = CaO + CO2
(NH4)2Cr2O7 = N2 + Cr2O3 + 4H2O

 – ,
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:

Zn + CuSO4 = ZnSO4 + Cu
2NaBr + Cl2 = 2NaCl + Br2

 – , 
, :

NaOH + HCl = NaCl + H2O
BaCl2 + H2SO4 = BaSO4 + 2HCl

Pb(NO3) + Na2S = PbS + 2NaNO3

2.
.

 – , 
.

, 

2NO2  N2O4

H2+I2 2HI
2N2+3H2 2NH3

 –  ,  

.
:

1) ,  – ,
,

, :

AgNO3 + NaCl  NaNO3 + AgCl
2KClO3 2KCl + 3O2

CaCO3 + 2HCl = CaCl2 + CO2 + H2O;

2) , ,
, :

                2C2H2 + 5O2 = 4CO2 + 2H2O,      H= -1300 .

 « » .
. .
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3. .
 – , 

. : N2 + 3H2 = 2NH3,                    H<0 Q > 0,
                                         Fe3O4 + CO = 3FeO + CO2     H<0
                                         2N2O = 2N2 + O2,                    H<0

 – , 
.

: N2 + O2 = 2NO,                      H >0 Q < 0,
                                       2CO = CO2 + C,                      H >0
                                       FeO + H2 = Fe + H2O,           H >0

, 
, .

, 
:  = 298 ,  = 101325 .

H , Q
, :

H= -Q

 ( , Q <  0,  H >  0) 
 ( , Q > 0, H < 0 ).

4. , 
, ,  

, 
 ( ).

:
) :

2
2

1

34
26

2
3

4
261

2

2

3

3

2 33
--
OH)OS(AlOSHOAl

2
-

3 OCOCaOCCa
2422242

2124111121 -
22

-
3

-4
2 OHOCClNa2ClH2OCNa

-

) :

112-512100

212-111-112-10

2-6202620

ClH10OIH2OH6Cl5I
OHOClKClKHOK2Cl

OSZnFeOSFeZn

3222

22

4

-

4
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1.1.5  

1. ? 
?

2. : , , , , .
?

3. : )  ,  ,  ; )
.

4. 
? ?

5. , 
.

6. ?
7. ? 

?
8. ? 

 – ?
9.  « ».  «

», « », « », « »?
10.  « »  «

»?
11. ?

Vm  ( .)?
12. ? 

, , , ,
, , ? 

.
13. ? 

?
14. ? 

?
15. ? 

Ca(OH)2 H3PO4 ( ); 
 1 ?

16. r / .
17. 

? 
?

18. 
?

19 ? 
.
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20.  « »,  « »,
« ».

21. ?
22. - ?
23. ?
24. , , 

?
25. ?
26. ?
27. ?
28.  1 ?
29. ? 

?
30. ?

1.2 

, 
. , , 

, , , 
 ( ), 

, . .
 – ,   

 ( )  ( .
– stoicheion – , ,  – metreo – ).

 – 
. , 
.

, , , 
. 

, , .
.  – 

, 
.

. .

1.2.1 

. 
, , , 

, . , 
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, . 
: , 

, , 
, ».

.  1748 . 
 (1756 .) :

, , 
, 

 1789 . .
 1840 . :

. 
,  – , 

– . .

 – 
– .

. 

:

 = mc2

 –  – 2,998 108 .
, 

. , 
, 

m , n 10-9 .
, , ,

, ; , 
.

, 
.

1.2.2 

 –
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.  1808 .

: , 
.

, , 
,  11,11%  88,89% .

.
, , 

, 
.

. , 
, , , 

. . 
 (TiO0,7-1,3),  (AuZn, AuZn3), ,

, ,  (TiC0,6-1),  ( ),
,  .  

:

, , 
, 

. 
, ) 

1.2.3 

, , . 
(1766-1844 .)  (1803 .):

, 
, 

, 

, : H2O H2O2
H2O – 11,11%  88,89% 

H2O2  5,88%  94,12% .
:
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O:H =
1111
8988
,
, :

885
1294

,
, = 8:16 = 1:2

, , 
, .

1.2.4 

, , 
, .  1792-1800 . , 

, , .
 (1804-1808 .) 

, 
.

 – ,
 1

.
, 

2HCl + Ba(OH)2 = BaCl2 + 2H2O

 ½ Ba(OH)2. , ½ Ba(OH)2
.  ½ 

f (Ba(OH)2) = 1/2.

.

, 

:

 ( ) 
 ( )

) – 

 (n ) =
M

m .

, 

n (A) = n (B),
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)A(M
)A(m =

)B(M
)B(m

)A(V
)A(V =

)B(V
)B(V

 ( ) 
:

) = f  M(B)

 ( ) 

V ) = f Vm(B)

:

)B(m
)A(m =

)B(M
)A(M ;

)B(V
)A(V =

)B(V
)A(V ;

)B(V
)A(m =

)B(V
)A(M ,

m(A), m(B), V(A), V(B) –  ( ) ,
M ), ), V (A), V (B) –  ( )

.

. , , 
, , 

,  1 
.

, 

          =
V

n    =
VM

m

1V1 =
1

1

M
m =

2

2

M
m

1V1 = C2V2

, , 
.

.

, , 
. ,
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f (H2)= 21
1 =

2
1 ;        f (Cl2)= 21

1 =
2
1 ;      f (O2)= 22

1 =
4
1 .

, .

 ( + , 

) f  =
)H(n

1

,

f (HCl)=
1
1 =1;       f (H3PO4)= 3

1 .

 ( , 
):

f  =
)H(n

1

,

f (KOH)=
1
1 =1;        f (Fe(OH)2)= 2

1 ;        f (Al(OH)3)= 3
1 .

:

f  =
)(n)()(n 2

11 ;

,

f (Na2O)=
21

1 =
2
1 ;    f (MgO)=

21
1 =

2
1 ;   f (Al2O3)= 23

1 =
6
1 ;

f  =
)()(n

1

,

           f (Na3PO4)= 13
1 =

3
1 ; f (CaSO4)= 21

1 =
2
1 ; f (Ca3(PO4)2)= 23

1 =
6
1 .
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,
, 

.

1.2.5 

, 
.

, .

1.2.5.1  

 1808 . 
, 

.

, 
), 

, 

2 + Cl2 =2HCl,
.

V( 2):V(Cl2 ):V(HCl) = 1:1:2

.

.
.

1.2.5.2 . 

, ,
. , 

 (1811 .)

) 

:
1) 1 6,02 1023 ,  
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.
2)  (  = 101325 ,  = 273 0 ° ) 1

22,4 .
Vm = 22,4  – .

Vm=
n
V ;     n=

mV
V

V .
3) ,

 (n)

n1 = n2

. , 
. 

, 

n1 = n2

n =
M
m , m – ;  – ;

1

1

M
m =

2

2

M
m ,

2

1

m
m =

2

1

M
M ,

, 
.

2

1

m
m = D, D =

2

1

M
M ,

D .

, 

, D =
2

1

M
M ; D =

2

1

r

r

M
M .

,  2 

)
MDH

2
2

;     M = 2
2HD .

 (Dn). 
, . 

 29 . 
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:

M = 29Dn.

, 
 ( 2, O2, N2, Cl 2),  –

 ( ,  Ne,  Ar,  Kr,  Xe,  Rn). 
.

,  – 3,  – 4, P8 , 
 – S8.

1.2.5.3 
)

,
.  –

V,  ( = 273 + t) – 
.  1,013 105  (760 )  273  (0 )

, 
: , . . – Vo.

:

2

1

V
V =

1

2

p
p p1V1 = p2V2 = p3V3 =…, pV = const.

:

2

1

V
V =

2

1

T
T

 :

2

1

p
p =

2

1

T
T

:
:

1

11

T
Vp =

2

22

T
Vp
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, 
0

00

T
pV =

T
pV

.

:
T
Vp

=const.

.  1 .

 1
0

00

T
pV

, R.

0

00

T
pV =R, pV = RT

n pV = nRT.
n :

n =
M
m ,

pV =
M
m RT,  V, 3   pV = 1000

M
m RT, V, .

. , 
 « »1%,

. ,
.

R
. R . 

, 
.  – 3,

 –  ( ), 

R =
0

00

T
pV ,

         R =
273

100133110422 533 ,, =8,314
3

= 8,314

, 
, 

, , 
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M =
pV

mRT

.

.

 ( 3, , 3)

 =
V
m

, , 

) =
mV

M

 – ; Vm - .

) =
2240,
M 3); ) =

422,
M  ( )

 , :

pV = RT; V =
p

RT ;

 =
RT
Mp .

1.2.5.4  ( )

, .
– , , 

, .
:

 ( .), 
, , 

= 1 + 2 + 3 + ... + n
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.
 – : 21% 2, 78% N2  1%  . P = 1 .

= 0,21 2)+0,78 (N2)+0,01 P( )
= 0,21 2)+0,78 (N2)+0,01 .)

, 

= ) 2 ),

= 2 )

1.2.6 

:
1) , 

;
2) , 

;
3) ;
4) , 

;
5) , .

r , 

M =
B
Ar ,

.

 (f ), 
.

 1. , 
2,28  3,78 .

:
) m(O2) = m( )  m Me

 m(O2 ) = 3,78  2,28  = 1,50 .

) 

)m(O
m(Me)

2
=

)
)M

2
;  )=

)m(O
)Mm(Me)

2

2
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M 2) = f  =
4
1

32 = 8

) =
501
8282

,
,  = 12,16 .

 2. ,  1,8 
 7,05 

:
) m(Cl2) = m( )  m Me

      m(Cl2) = 7,05  1,80 = 5,25

) (Cl2)=f =
2
1 71 = 35,5

) )=
)m(Cl

)(ClMm(Me)

2

2  =
255

53581
,

,,  = 12,17

 3. , 
0,0547  50,4 .

)                    V 2) = f V m =
2
1 22,4 = 11,2 

) ) =
2H

2

V
)Vm(Me)  =

05040
21105470

,
,,  = 12,15

 4. , 
 75%. 

 ( )?
:

) m(H2) = m  m(C) = 100  75 = 25

) 2) = f 2 =
2
1 2 = 1 )

) )=
)m(H

)Mm( )

2

2 =
25

175 = 3 )

) )=
M
M =

3
12  = 4

 5.  ( ),
 55,8?

:
) f (Fe3+) = 1/3
) M (Fe) = f  = 1/3 55,8 = 18,6 )
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, 
. , 

.

 6. , 
 1,225  1,000 .

:          )=
m(NaOH)

(NaOH))m(

)=
0001
402251

,
, = 49 ,

(NaOH) = f M(NaOH) = 1 40 = 40 .

1.2.7 

( ) r – 
.

, 
. , 

 (
).

 ( m ) – 

Cm = C  = const;   Cm 26 /( )

 26 /( ). 
, 

. 
. 

,  35 . 

.
.

: 0,454 /( )
 – 70,97%.

:
) 
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r:

 = 26 =
)4540
)/(26

,
=57,3 r = 57,3

) 

=
)m(O

)(OMm(Me)

2

2 =
0329

89770
,

, =19,5

m( 2) = m(  )  m(Me) = 100  70,97 = 29,03(%)

) 

 = =
519
357
,
, = 2,9  3.

) r

r = M  = 19,5 3 = 58,5.

.
r :

r – 100%
r – 

Ar = Mr %
%

100

.

1.2.8 

1. . 
? ?

2. ?
3. ?

. ? 
?

4. ?
5. ? 

?
6. .
7. . 
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?
8. 

? ?
9. , 

, 
, , ?

10. 
, , 

?
11.  « »?

?
12. 

?
13. , 

?
14. -

? 
?

15. .
16. ? 

.
17. 

?
18. ? 

?
19. 

?
20. . 

?
21. 

?
22. ?
23. 

?
24. 

?
25. ?
26. ?
27. 

?
28. 
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?
29. 

?
30. ? 

?

1.3  

:       10-6 – -; 10-9 – -; 10-12 – -;

 = 10-3  = 102  = 103  = 106  = 109  = 1012

1  = 10-3  = 103  = 106  = 109

1 3 = 103 3 (103 ) = 106 3 (106 ).

1.3.1 

:

)  ( ) = )  ( ),

; i – .

, , ,
 – .

 1. .

. ,
, ,  – ,  –

.
.

:
                                                                    III      II                     IV     II

Ali   Oi Pbi   Oi

:

B(Al) i(Al)=B( ) i( );    B(Pb) i(Pb)=B( ) i( )

Al – 3 i(Al)= 2 i( ),
i( )
i(Al) =

3
2
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Pb – 4 i(Pb) = 2 i( )
i(O)
i(Pb)  =

4
2  =

2
1

: :  – Al2O3,
 – PbO2.

 2. .

. Mn2O7
 – SiH4

. .

 Mn2O7:                       B(Mn) i(Mn)= B( ) i( )

                                  B(Mn)=
i(Mn)

i(O)B(O) =
2

72 = 7

 SiH4:                         B(Si) i(Si)=B(H) i(H)

                                  B(Si)=
i(Si)

i(H)B(H) =
1
41  = 4

. n2O7  7.
SiH4   4.

1.3.2 . 

– , ,
 0,012 12 .

N  = 6,02 1023 ( -1) – 
.

 ( ) – , 
 (m)  (n), ; 

 =
n
m

 3.
.

 1.  3,27 .
.  (Zn) = 64,4

n(Zn)=
M(Zn)
m(Zn) =

464
273

,
, = 0,05

: 3,27  0,05 .
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 2.  12 
 (IV).

.  (IV) 

M(SO2)=1A(S)+2A(O);   M(SO2)=1 32+2 16 = 64

         n(SO2)= )M(SO
)m(SO

2

2 ;    n(SO2)= 64
12  = 0,188

: 12 SO2  0,188 SO2.

 4. .

. NaI
0,6 .

.

         M(NaI) = 1A(Na)+1A(I);  M(NaI) = 1 23 + 1 127 = 150

NaI

m(NaI) = n M(NaI);   m(NaI) = 0,6 150 = 90 ( )

: 90 NaI  0,6 .

 5.
.

, 
N

N = n N ,

n .
.

 50,8 .
. I2  254 . 

I2

n(I2)= )M(I
)m(I

2

2 ;   n(I2)= 254
850, = 0,2 .

 ( ) 

N(I2) = n(I2) N
N(I2) = 0,2 6,02 1023 = 1,2 1023

:  50,8  1,2 1023

.
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1.3.3 

 ( ) – 
), .

 (Ar) – , 
 ( ).

 (Mr) – , 
.

:

m )=
AN

M ,

, ;
N , -1

M , .

 6. .

iCiDi  - ,
,D – ;  – ,

M(BiCiDi) = i A(B) + i A(C) + i A(D),

 – .
.  – Na2CO3

 – H3PO4.
.

Mr(Na2CO3) = 2A(Na) + 1A(C) + 3A( ) =
= 2 23 + 1 12 + 3 36 = 106 ( .)

Mr(H3PO4) = 3A(H) + 1A(P) + 4A( ) =
= 3 1 + 1 31 + 4 16 = 98 ( .)

:                 Mr(Na2CO3) = 106 (a. .)
Mr(H3PO4) = 98 )

 7. .
. Mg HCl.
.

=
AN

M
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m(Mg) = 123106,02
24,3 = 4,037 10-23

m(HCl) = 12310026
4536

,
, = 6,055 10-23

:       m(Mg) = 4,037 10-23  ;        m(HCl) = 6,055 10-23

1.3.4 

 – 

) = ) ,

) ; ( ) – ;
.

 – , 
.

, Di

B + C + D = 1
%B + %C + %D = 100%

 8.
.

       .  (IV)
 (VII).

.

M(Mn) = 55 ; (MnO2) = 87 ; n2O7 ) = 222

 1 .

m(MnO2) = n M(MnO2) = 87 .
   m(Mn2O7) = n M(Mn2O7) = 222 .

MnO2  1 , 
Mn2O7  2 , 

m(Mn) = n M(Mn); m(Mn) = 55 ;

m(Mn) = n M(Mn);  m(Mn) = 2 55 = 110 ;

:
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(Mn) =
)m(MnO

m(Mn)
2

;  (Mn)=
87
55 = 0,632 63,2%

  (Mn)=
)Om(Mn

m(Mn)
72

; (Mn)=
222
110 =0,495 49,5%

 9. , 
.

BiCiDi:
i M(B)  ( iCiDi)
m(B)  ( iCiDi) .

 ( iCiDi) = M(B)i
)DCM(Bm(B) iii

. ,  5,4
.

.

(Al) = 27 ;  (Al2O3) = 102

Al2O3

m(Al2O3)= M(Al)i
)OM(Alm(Al) 32

m(Al2O3)= 272
10245, =10,2

 10. , 
.

.  80% GeO2.
,  250 .

.

= 
           m(GeO2) =m (GeO2));     m(GeO2)= 250 0,8 = 200

m(Ge)=
)M(GeO

iM(Ge))m(GeO
2

2 ; m(Ge)=
5104

5721200
,

, = 135 .
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1.3.5 

 11.
.

 1. 
 (%)  11,1;  – 88,9.  54 .

.
. ,  100 .

:

m(C) = m( ) (C);  m(C) = 100 0,889 = 88,9 ;
m(H) = m( ) (H); m(H) = 100 0,111 = 11,1 .

:

n(C)= n(C);
m( )M( )
M(c )m(C) =

10012
54988, = 4

n(H)= n(H);
m( )M(H)
M( )m(H) =

1001
54111, = 6

4 6.

 2. , 
.  (%): Na 34,6;   – 23,3;

 – 42,1. .
. ,  100 ,

m ) = 100 . , :

m(Na) = m ) (Na);  m(Na) = 100 0,346 = 34,6 ,
m(P) = m ) (P);      m(P) = 100 0,233 = 23,3 ,
m(O) = m ) (O);     m(O) = 100 0,421 = 42,1 .

, ,
:

n(Na)=
M(Na)
m(Na) ;  n(Na)=

23
634, = 1,50 ;

n(P)=
M(P)
m(P) ;      n(P)=

31
323, = 0,75 ;

n(O)=
M(O)
m(O) ;     n(O)=

16
142, = 2,63 .

:
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n(Na):n(P):n(O) = 1,50 : 0,75 : 2,63

 (0,75).
:

n(Na):n(P):n(O) = 2 : 1 : 3,5

, 

n(Na):n(P):n(O) = 4 : 2 : 7

,  – Na4P2O7

1.3.6 . .

. =101325  = 1 105 ; = 273 ), :

M = Vm = D 29 = 2HD 2;

n =
M
m  = =

mV
V

AN
n

,

 – , ; , 3 );
D , 2HD ; n

 ( ); V ,  ; Vm ,
Vm = 22,4 ; n  – ; NA ;
NA = 6,02 1023 -1.

, : ;
; 

; ,
.

 –
  ,

(x) =
V

V(x) ,

) – ;
V( ),V x .

 ( ) – , 
.
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 1. 2,  5,6 .

. :
mV

V =
AN

n
,

n =
m

A

V
NV =

422
1002665 23

,
,, = 1,5 1023

 2. 2, 
16,8 .

.                   n =
mV

V =
422

816
,

, = 0,75

 3. ,  60   2 6.

.
mV

V
M
m

M
VmV m = .,, 844

30
42260

 4.  1 4 ( .).
.  1  – , 

M = Vm,

 =
4,22

16
mV

M = 0,175 ,

 1 4 0,715 .

 5. .
.

D = 11
29
32

29
O2 ,)M(

 6. , 
 11.

.
M = D(He) M(He) = 11 4 = 44

 7.  (%):
 – 35;  – 65. .

.  100 
 = 100 

2)= 2);    2) = 35 ,
(N2) = m (N2);    m(N2) = 65 .
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n(H2) = ;
)M(H
)m(H

2

2                n(H2) = .517
2

35 ,

n(N2) = ;
)M(N
)m(N

2

2                n(N2) = .322
28
65 ,

 – Vm
:

V(H2) = n(H2) Vm;   V(H2) = 17,5Vm
V(N2) = n(N2) Vm;    V(N2) = 2,32Vm

, 
:

V = V(H2) + V(N2);    V = 17,5Vm + 2,32Vm = 19,82Vm )

:

2) = V
)V(H 2 ; 2)= 8830

8219
517 ,

,
,

m

m

V
V 88,3%

(N2) = V
)V(N 2 ; (N2)= 1170

8219
322 ,
,
,

m

m

V
V 11,7%

 1.3.7 

-

: pV = 1000nRT pV = 1000 RT
M
m ,

, ,  – ,
 – ,  – ; R - 8,314 .

 1. 2S)  102 
 20 °  125 .

. 

n(H2S)=
S)M(H
S)m(H

2

2 ;    n(H2S)= 3
34

102

.

V(H2S) = n(H2S) Vm;       V(H2S) = 3 22,4 = 67,2

, 
:
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0

00

T
pV =

1

11

T
pV

101,3 ;  = 273 ; V  – , , .;
p1 – 125 , 1 = (273+20) = 293 , V1 , , 

.

V1 =
01

100

Tp
TVp ;    V1(H2S) = 4558

273125
2672933101 ,,,

 2.  454 ,  37
 97325 ,  0,626 . .

.
:

M =
pV
mRT1000

 = 97325 , V = 0,454 ,  = (273+37) = 310 , m = 0,626 .

M = )536
454097325

310314862601000 ,
,
,,

 3.
 20 . , 

 3 ?
.

T
Vp =

1

11

T
pV ,

1 = 3 , V = V1,  = (273+20) = 293

T
Vp =

1T
Vp3 ;

1

31

1 = 3 ;  1 = 3 293 = 879    t = 606 .

1.3.8  .

 ( ) – 
)  ( )

n =
M

m
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:  ( ) 
 ( )

)M
)M

m(B)
m(A)     

(B)V
V(B)

(A)V
V(A)

:

)
)M

m(B)
m(A) ;

(B)V
(A)V

V(B)
V(A)

(B)V
(A)M

V(B)
m(A)

m(V)  ( ) ;
(V )  ( ) .

:

C (A) V(A)=C (B) V(B),

, V – , .

 =
VM

m ,

.

 1.
.

. r2 3.
. : B(Cr) = 3.

B =
M
M         M r) =

B(Cr)
M(Cr)

M = )17,3
3

52

 2. .
. 2 4.
. = f 2 4).

(f )

f 2SO4)= ;
)n(H

1         f (H2SO4) = 1/2,

    M  (H2SO4) = f  (H2SO4) M(H2SO4)
M  (H2SO4) = 1/2 98 = 49 .
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 3.
, .

 1. , 
 65,57% . 

 35,45 .
. , 
 100 , .

 = - l;     = 100 – 65,57 = 34,43
)  

l)
)

Cl

)= ;
m(Cl)

l))      )= );18,62
65,57

35,4534,43

 2.  5  ,  ,   9,44  
. 

. .
. .

) = ) – (Al)
) = 9,44 – 5 = 4,44

)= ;)    )= ;8
2

16

(Al)=
m(O)

(O)Mm(Al)

(Al)= )9
4,44

85

B(Al)= ;
(Al)M

M(Al)     B(Al)= .3
9
27

 – Al2O3

 3.  5,2  3,5 , 
. ,  1, 

 – 3?
: :

(N) = ;
B
M     (N) = );4,67

3
14
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,
(N)

)M
(N)

(Me)
m(N)

(N)))M

)6,9
3,5

4,675,2)M

: ) =  ( ); ) = 6,9 .
 –  6,9 .

 4. , 
5,58  7,3 ? 

?
.

           (Fe) = ;
m(HCl)

(HCl)Mm(Fe)     (Fe) = ;27,9
7,3

36,55,58

 ( l) = l).

B(Fe)= ,
(Fe)M

M(Fe)       B(Fe)= .
,
, 2
927
855

 – FeCl2.

 5.
 1,225  1,000 .

:    )=
m(NaOH)

(NaOH))m(

)=
1,000

401,225 = 49 ,

(NaOH) = f M(NaOH) = 1 40 = 40 

1.3.9 

 +  =  + dD

,  – ; , D , , , d .
:

,
d

)D(n
c

)C(n
b

)B(n
a

)A(n



52

n , .
, :

)  – ;
)  –  (  – )
)  – 
) D

, ,
N

N
M
m

V
Vn

Am

:

ANd
)D(N

)C(Mc
)C(m

mVb
)B(V

a
)A(n

 1. , 
 96 .

. :

S+O2 = SO2

n(S),)n(SO2 )3
32
96

2 M(S)
m(S))n(SO

 2. ,  68 
2S).
. 2S

2H2S + 3O2 = 2H2O + 2SO2

;
V

)V(O
S)M(H

S)m(H
m

2

2

2

32
      V(O2)= S)M(H

VS)m(H

2

m2

2
3

V(O2)= )67,2
342
22,4368

 3. , 
 20  ( .).

.

CH4 + 2O2 = CO2 + 2H2O

A

2

m

4

N
O)(HN

V
)V(CH

21
        N 2 )=

m

A4

V
N)V(CH

1
2 ;

N 2 )= )1008,1
4,22

1002,6220 24
23
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1.3.10 

.
. 

.)  40 , 
80% ?

.
) = 

        aCO3) = m (CaCO3) = 40 0,8 = 32 
)    CaCO3

t CaO+CO2

m

2

3

3

V
)V(CO

M(CaO)
m(CaO)

)M(CaCO
)m(CaCO

111

)9217
100

5632
1

1

3

3 ,
)M(CaCO

M(CaO))m(CaCOm(CaO)

)167
100

42232
1

1

3

3
2 ,,

)M(CaCO
V)m(CaCO)V(CO m

1.3.11 . 

 – , 
, , 

.

 = ,
mT

Q

 - , ; Q –  ,  ;
T – , .

 ( )  Cm , 
, , 

n

 = ,
nT

Q

m , ; Q – ,
; T – , .

n = ,
M
m  = 
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( ) r – 
.

, 
. 

 ( ).

 ( m) – 

Cm =  C  = const;           Cm 26 /( )

. 

 = ,m

, 
35 . 

.

 1.  0,461 /( ). 
 35,3% .

.
:

)  ( ) 
r

= ,m           ˜ = 56,5
)/(0,461
)/(26      ˜Ar = 56,5

) 

)= ,
m(S)

(S)Mm(Me)

) = ) - (S) = 100 - 35,3 = 64,7 ( );

(S)= ,
B

M(S)  M (S)= )16
2

32 , )= 29,3
35,5

1664,7

) 

B = ;   B = 29,1=
3,29
5,56

) :

             = ,   = 29,3 2 = 58,6 Ar = 58,6
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 2.  ( )
 (  = 0,226 /( )).

.
) 

 = ,          =  /

(Sn) = 118,7

 (Sn) = )/(0,219
118,7

26

) :

 = %100

 = 3,1%100%
0,226

0,2190,226

 3. , 
 0,67 /( K),  5 

 25 .
.

) 

 = ,m    ˜  = )38,80
0,67
26

) 

,
(Br)M
(Me)M

m(Br)
m(Me)

m(Br) = m( ) – ) = 25  – 5  = 20 ,

) = f ,              = 1 80 = 80 ( ),

)=
(Br)

(Br)) ,        )= )20
20
805

) 

 = ,~    = 2
20

8038,

) 

 = ,     = 20 2 = 40 ( )  r = 40.
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1.4 

1.4.1 

:
1)
2)
3)
4)

 ( )
5)

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
27
28
29
30

Cu2S, CuO, CuSO4, Cu2O
Au2O, Au2O3, H AuCl4  , Au(OH)3
Hg2O, HgO, Hg2Cl2, Hg(NO3)2
VO2, V2O5, HVO3, VO
Cr(OH)2, Cr2O3, CrO3, Cr2(SO4)3
MnO, MnO2, MnCl2, Mn2O7
FeCO3, Fe2O3, FeS2, FeCl3
CoO, Co(OH)3, CoCl2, CoAs
NiO, NiSO4, Ni2O3, Ni(OH)3
OsO4, OsF8, OsO2, OsCl4
PtCl4, PtO2, PtCl2, H2 [Pt(CN)4]
TiO, TiF3, TiO2, TiCl4
ZrO2, ZrF2, K2[ZrCl6] , ZrSiO4
HfO2, HfF4, H2 HfF6 , HfN
VCl3, K3[VF6], VCl2, VO2
VO, VCl4, V2O5, VOF3
Nb2O5, NbO2, NbOCl2, NaNbO3
CrCl2, CrCl3, KCrO2, CrO2F2
WF6, WO3, WO2Cl2, WBr2
MoCl6, MoO3, MoCl2, MoS3
Mn3(PO4)2, MnS, MnF4, Mn(SO4)2
TcO2, TcCl4, KTcO4, Tc2O7
ReCl6, ReF7, ReO2, ReCl4
FeI2, Fe(CN)3, FeO, K2FeO4
RuO2, RuF4, RuO4, RuF6

OsO4, OsF6, OsCl4, K3 [OsCl6]
RuF6, RuCl4, K3[Ru(CN)6] , RuO4,
Co(OH)2, CoF2, Co2(SO4)3, K3[Co(NO2)6]
IrF6,  Ir(OH)4, IrO2, Na2[IrCl6]
RhF6, RhF3, Cs2[RhCl6], [Rh(NH3)3]Cl3

Cu
Au
Hg
V
Cr
Mn
Fe
Co
Ni
Os
Pt
Ti
Zr
Hf
V
V

Nb
Cr
W

Mo
Mn
Tc
Re
Fe
Ru
Os
Ru
Co
Ir
Rh
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1.4.2. 

:
1)
2)
3)
4)
5)

m, p t,
0C

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Cr(OH)3 – 52 ;
LiCrO2 – 40 ;
Na2SO3 – 5 ;

CaZnO2 – 6,5 ;
FeCl3 – 10 ;

Pb(NO3)2 – 18 ;
Na2HPO4 – 7 ;

P2O5 – 51 ;
FePO4 – 17 ;
Na2SiO3 – 8 ;

NaHCO3 – 100 ;
NaAlO2 – 30 ;
NaFeO2 – 10 ;
Mn2O7 – 40 ;

NaH2PO4 – 18 ;
Na2HPO3 –13,5 ;
Fe(OH)3 – 11 ;

BaO – 7 ;
Ca3(PO4)2 – 18 ;

Ca3(PO4)2 – 75 
Cu(NO3)2 – 10 
Ba(OH)2 –12,5 
H3CrO3 – 17 
NaSbO2 – 15 
Fe3O4 – 20 
ZnCl2 – 10 

Na2CO3 – 18 
ZnO – 11 
P2O5 – 17 
MnO2 – 12 
Na3PO4 – 7 
N2O5 – 90 

Na2ZnO2 – 33 
PbO - 11
CaO – 18 

Cu(NO3)2 – 15 
Cu(OH)Cl – 35 

BaCl2 – 18 

NH3 – 34 
CO – 84 
H2S – 34 

CO2 – 13,2 
PH3 – 3,4 

AsH3 – 15,6 
H2 – 2 

O2 – 0,5 
Cl2 – 14,2 
SO2 – 1,28 
NO2 – 5,6 
SO3 – 2,8 
NO – 3 
N2 – 2 

H2S – 8,4 
S2 – 6,4 

CH4 – 3,2 
C2H6 – 5,6 
H2O – 5,4 

750
738
740
772
762
758
768
780
775
736
742
756
778
751
759
763
739
765
737

15
25
18
31
40
37
16
13
10
32
36
20
29
17
14
23
21
28
11

20
21
22
23
24
25
26
27
28
29
30

Ni(OH)2 – 5 ;
H2SiO3 – 18 
SiO2 – 35 ;

AlOHCl2 – 17 ;
Fe(CH3COO)3 – 100 ;

MgSO4 – 32 ;
Fe(OH)2Cl – 15 ;
HgOHNO3 – 91 ;

Ba(H2PO4)2 – 111 ;
Al(HSO4)3 – 18,5 ;
Zn(HSO4)2 – 10 ;

Fe(HSO4)3 – 81 
Al2(SO4)3 – 35 
NaHSO4 – 18 
H2SO4 – 49 
HNO3 – 36 

Ca(HCO3)2 – 11
K2HgJ2 – 91 

Fe(NO3)3 – 70 
MgCl2 – 32
MgO – 10 
HNO3 – 17 

HCl – 7,3 
I2 – 2,54 
Br2 – 3,2 
H2 – 11,2 
O2 – 22,4 
NO2 – 4,6 
CO2 – 2,8 

PH3 – 3 
NH3 – 4 
HCl – 67,2 

F2 – 3,8 

773
777
747
757
749
780
750
745
735
759
761

7
35
38
9
5
27
6
13
31
29
4
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1.4.3 

 1  2  3
. 

,   

,

/(
)

mMe,
(V) 

,
)

(V) 
, )

, -
-

 (%)

,
/( )

=26
/( )

1 2 3 4 5 6 7
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
27
28
29
30

0,545
0,461
0,226
1,048
3,559
0,138
0,226
0,461
0,377
0,310
0,147
0,545
0,239
0,377
0,134
1,048
0,461
0,117
0,381
0,461
1,048
0,461
0,461
0,482
0,226
1,048
0,239
0,310
3,559
0,482

5,998
7,10
3,00
1,14
0,17
0,77
2,00
1,48

23,24
55,24
30,65
59,95
3,44

0,697
2,072
6,03
0,45
2,32

0,636
6,47
2,28

70,97
64,72
32,38
7,88
0,67
2,00
1,10

0,347
32,38

2800 
2,902 

-
-

274 
141 

-
-

8 
44,76 

5600 
40,05 
0,719
536 
0,709 
3,97 
0,512 

0,32 
-

3,53 
-

29,03 
35,28 
67,62 
2,12 

-
-

281 
0,8 

67,62 

-
-

6,584 
1,89 

-
-

2,539 
5,94 

-
-
-
-
-
-
-
-
-
-

0,956
-

3,78 
-
-
-
-

562 
4,51 

-
-
-

Au (0,130)
Hf (0,147)
Na (1,193)
Ir (0,134)
Cr (0,435)
Os (0,130)
Pb (0,134)
Nd (0,189)
Ni (0,461)
Ba (0,209)
Ca (0,674)
Al (0,922)
Rh (0,231)
Pb (0,247)
Cu (0,381)
Mg (0,963)
U (0,117)
Bi (0,128)
W (0,147)
Fe (0,461)
Hg (0,138)
Sn (0,226)
V (0,482)
Ag (0,234)
Cd (229)

Ta (0,138)
Pt (0,130)
Mn (0,460)
Mo (0,268)
U (0,117)

Ga (0,337)
In (0,239)
Re (0,145)
Bi (0,128)
Ru (0,255)
Fe (0,461)
Mg (1,048)
Sn (0,226)
K (0,741)
Cs (0,218)
Pb (0,134)
Zn (0,402)
Pt (0,130)
Ni (0,461)
Ti (0,545)
Tl (0,130)
Y (0,130)
Sc (0,559)
Te (0,201)
Co (0,414)
Rb (0,336)
Cd (0,229)
Ce (0,190)
Eu (0,171)
Sr (0,310)
Th (0,117)
Sn (0,226)
Zr (0,276)
Hf (0,147)
Y (0,130)
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1.4.4 

1.  0,486 .
2.  1  1 ?
3.  2,00 1023

2 2.
4.  1 ,  60% 2.
5.  20 , 

 12%?
6.  – 

2?
7. , :

82,76% ; 17,24% .  2,01.
8.  2,94 

 1,45 . .
9.  6,2  12 Si 2.

 2,14. 
.

10. ,  0,29 
29 °  1,064 105  (800 .)  0,32 .

11. , 
 40 

 15 °  1,013 106 ?
12. ,  300 °  5,06 105 ,

 10 2, 
 94% ?

13.  20  16 
. +3 2 . 

 546 °
 1,013 105 .

14. , 
10 2  15 2,  8 SO3. 2 2

?
15. ,  0,92 

 1,17 .
16. 1  0,9 ,  2,0 . 

, 
 35,5 .

17.
: 3 + )3 = )2 3 + 2 ;

2S + N  = Na S + 2 ;
3 )2 + 2 3 4 = 3 4)2 + 6 2 ;

)2 + 3 4  = 4+2 2 .
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18. ,  0,0350 
 20%  (

)  11,9 , 
 17 °  0,0193 105 .

19. , 
3, 2 , r.

20. 0,0547  50,4 
. .

21.  0,5  231 
. .

22.  39,69% . 
.

23. 0,477  0,597 . 
.

24.  1,525  1,4 
. .

25. 5  9,44 . 
.

26. 5,6  7,05 .
, 

16 .
27. 1,8  7,05 .

,  35,5
.

28. 2,28  3,78 .
.

29. , 
 39,98%,  – 6,6%,  – 53,42%. 

.                                                    ( : 2 – ).
30. , 
.)  13,  – 92,3%.           ( : 2 2).

31.  3  5,67 .
 - +3. 

, , .
: Al).

32.  2,3  4,4 
 (IV)  2,7 . 

 1,59. .                  ( : 2 6 ).
33.  ( ) , 

, 
 0,47    0,295?                                             ( :  28  ).

34.
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, 
 0,0465    0,018?                                       ( :  1,07 ).

35. :
)  (IV); )  (IV).        ( :  1,59; 1,52).

36. , 
 127? , 

?                               ( : I2; r(I2) = 254).
37. t =  27  °C   =  1   20  .  

 10 t = 100 ° ?          ( : 2,5 ).
38.  1  500  ( .). 

.                               ( : 44,9% ).
39. . : ) 60  (IV), ) 8 ?

:  5,6 ; 11,2 ).
40.  ( .),  6,72  5,6 

.                                                                ( : 19,4  ).
41.  ( ): ) 0,5 ; ) 0,1 ;

) 0,01 ; ) 0,001 .
42. :  )  80,17 ;  )  5,09 ;

) 93,1 ; ) 2,0 ?
43. : ) 48,16 CdS; ) 10,19 

Al2O3; ) 980,8  (100%) H2SO4; ) 42,16 MgCO3.
44. : ) 6,02 1023 ; ) 1,2 1024

2; ) 1,81 1024 NiSO4; ) 3,01 1023 PbS.
45. :  )   1   1 ? )   1

 1 ?
46. , 

: 92,3%  7,7% , :
1 =26, 2 = 78.
47.  2,53 , ,

 1,47  4,27 . 
,  76.

48. , 
m( ):m( ):m( ) = 3:1:4  32.

49. , 
, : ) 87,5% N, 12,5% , 

 32; ) 82,4%  N, 17,6% ,  17.
50. 2 .

, :
)  32  ( = 32)  6 SiO2;       )  

 6,2  ( = 62)  12 SiO2.
51. .  0,4 10-3 3 , 

50 °  0,954 105 ?                                        ( : 0,32 10-3 3).
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52. 2 6 .
53.  0,327 10-3 3  13 °  1,040 105

0,828 10-3 . .               ( : r  = 57,8).
54.  1 .  1,254 . 

.
55. .   0,5 10-3 3  1,806 1023 . 

2 4
.

56.  2,562.  10-3 3

.
57.  17 °  1,040 105  0,624 10-3 3

1,56 10-3 . .
58. .  1 3. 

 3 , ?
59.  3  2,5 , t =23 ° ?
60. ,  100 

 20  20 ° .
61.

,  1,215  1,12  ( .).
62.  0,728  0,535 HNO3. 

.
63. :

Mn2O7, Mg2P2O7, Cr2O3, Ba(OH)2, Ga(OH)3, Sn(OH)4, Ag2(SO4)3, Ca3(PO4)2,
CrPO4, CaSO4.

64. H3PO4 , 
.

65. , 
7,2  28,2 .

66.  20,06  21,66 . 
, 

 8 .
67. ,  65,2  75,7% As.

.
68. ,  1,16 

 438  17 °  98642 .
69.  5,1  ( )  2,7 .

.
70.  0,471  0,644 . 

.
71. ,  0,666 ,  1,088 

AgNO3 . .
72. , 
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 13,8% , 
 16.

73. ,  0,34 
 59,94  0 °  94643 .

74. ,  5 
 0,056 .

75.  1,625  2,035 
. .

76. :
      ) 31,0% Ti, 69,0% Cl; ) 25,2% Ti, 74,8% Cl. 

, 
 35,5 .

77. , 
 ( .): m(Fe) = 1,40 , m(H2) = 0,05 .

78. , 
 ( .): m(Zn) = 1,63 , m(H2) = 0,05 .

79. , 
 ( .): m(Mg) = 1,20 , m(H2) = 0,1 .

80. , 
 ( .): m(Cd) = 1,12 , m(H2) = 0,02 .

81. , 
 ( .): m(Al) = 0,90 , m(H2) = 0,10 .

82. , 
 ( .): m(Ti) = 1,20 , m(H2) = 0,075 .

83. . 
, 

: m Sn = 1,51 , m(H2O) = 0,36 .
84. . 

, 
: m V = 0,91 , m(H2O) = 0,45 .

85. . 
, 

: m Cr = 1,52 ,    m(H2O) = 0,54 .
86. . 

, 
: m  W = 2,24 , m(H2O) = 0,45 .

87. . 
, 

: m Mn = 0,87 , m(H2O) = 0,36 .
88.

: ) 88,12% Sn ; ) 78,90% Sn .
89. , 
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: ) W2O5;  ) WO3 .
90.  0,64 SO2. 
, (S) = 16 ?

91. :
      ) TiCl3,  ) TiCl4,  (Cl) = 35,5 .
92. :
      ) NH3, ) NO2, ) NO, ) N2O .
93. :
      ) 0,5 ,  20,0;
      ) 1 ,  23?
94.  – 

. ,
 4,34  ( )  3,4 

.
95.  – 

. ,
 6,66  ( )  3,78 

.
96.  – 

. ,
 2,13  ( )  1,65 .

97.
MgCl2. 

, , 
12 ,  2,33 

 0,48 .
98.

MgCl2. 
, , 

12 ,  1,875  0,34 
.

99. 
MgCl2. 

, , 
12 ,  1,2  456 .

100.
 0,93 , 

 1,15  0,69 . 
,  23 .

101.   :
      ) 1,19 CoCO3; ) 56,52 Sb2S3; ) 170 AgNO3; ) 158,40 CrCl3?
102. :
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      ) 684,32 Al2(SO4)3; ) 520,0 Bi(OH)3; )243,0 H2MoO4?
103.  1 :
      ) H3BO3; ) H2B4O7; ) H3PO4; ) HPO3; ) H2TiO3?
104.   1 :
      ) H2MoO4; ) HVO3; ) H4TiO4; ) H3AsO4; ) H3VO4?
105. :
      ) Na2O;   ) (CuOH)2CO3; ) V2S5; ) H2Cr2O7; ) TiCl4.
106. :
      ) PbO2; ) BiCl3; )Bi(OH)2NO3; ) MoS3; ) HReO4.
107.

:
) Fe2S3 ; ) ZnO ; ) WBr6.

108.
:

) TiCl3; ) SnS2; ) UF6.
109. , 

:
     ) = 29,7 , . . = +4;
     ) = 30,64 ; . . = +6.
110. , 

:
     ) = 18,61 , . . = +3;
     ) = 29,35 ; . . = +2.
111. , 

) = 20 , )  = 10,32 , 
 40  30,97.

112. , r(Sb) = 121,75,
(Sb) = 24,35 , r(S) = 32, (S) = 16 .

113. , 
, n)=27,47 , (Si)=7,02 .

114. , 
)= 3,0 , 

 9,0  22,8 .
115. 

Fe(OH)3: ) HCl; ) H2SO4; ) H3 PO4?
116. H2SO4

1 : ) HgO; ) TiO3; ) CrO3; ) K2O?
117.  3,06  2,8 
.). .

118. , ,  1,6  2,615 

.
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119.  20,06  21,66 .
.

120.  69% . 
 47,9. .

121. , 
7,2  28,2 . 

 35,45 .
122. :
     ) , , 

 66,7%;
     ) ,  0,92 

 1,17 .
123. 1   0,9  ,   2,0  .

, 
 35,5 .

: 39 ; 78 ).
124.

, 
:  – 23 ,  – 35,5 ,  – 80 .

:  - 2,9 ,  5,15 ).
125.  1,17  0,28 

. .
: 29,7 ).

126.  2,17 
1,7 . .

127.
. , 

1,06 , : Hg-100
, Cl-35,5 , O – 8 ?

128. , , :
      ) r  14,  – 5; ) r – 118,7, 

 – 4; ) r – 55,  – 6.
129.

:               ) HPO3 + Bi(OH)3 = Bi(OH)2PO3 + H2O;
) H2SO4 + NaOH = NaHSO4 + H2O;
) 3H2SO4 + 2Al(OH)3 = Al2(SO4)3 + 6H2O.

130.
:            ) H3PO4 + Ca(OH)2 = CaHPO4 + 2H2O;

) 2HCl + Bi(OH)3 = BiOHCl2 + 2H2O;
) 3Ca(OH)2 + 2H3PO4 = Ca3(PO4)2 + 6H2O.

131.
: ) H2SO4 + 2KOH = K2SO4 + 2H2O;
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) H2SO4 + KOH = KHSO4 + H2O;
) Cu(OH)2 + 2HCl = CuCl2 + 2H2O;
 ) Cu(OH)2 + HCl = CuOHCl + H2O.

132. , 
, .

 ( : N- 2,32 10-23 ; Na- 3,82 10-23 ; Ar-6,63 10-23 ).
133.  ( ): 0,1 ; 1 ; 0,1

; 2 ; 0,01 ; 0,5 
.

134. : )  0,243 ; ) 
 34,2 ; )  1  0 °  760 Hg.

: ) 0,02; ) 0,1; ) 55,6.)
135. : ) 6,02 1021 C2H2; ) 2,00 1023

COCl2
: ) 0,01 ; 0,26 ; ) 1/3 ; 33 .).

136. : )  8  8 ;
)  1  1 .

137. . ,
?

138. .  6,02 1023 ; 3,01 1023

; 1,50 1023 ?
: V(N2)= 22,4 ; V(NO)=11,2 ; V(NH3)=5,6 ).

139. . 1  1 
?

: V(O2) = 5,6 ; V(H2) = 11,2 ).
140.  1 3 = 760  .  t = 0  ° ,

 (  % .) : 78% N2; 21% O2; 1% Ar.
: 1,29 ).

141 , :
)  0,29  0,32 t =27 ° =800 .;
)  1,56  2,86 t =27 ° =780 .

142. ,  0,046 
 62,35 , 

17 °  764,52 .  17 °
14,53 .                                                             ( : 88,9 ).

143. ,  0,035 
,  20% ,  11,9 ,

 17 °  774,53 . 
 17 °  14,53 .

144. : ) 0,9; ) 2,45. 
1 .

145.  71 P2O5, 
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Na2 PO4 ?
146. 2 P2O5  ( )P2O5 + 4FeO = Fe4P2O9.

.                                                                  ( : 6049 ; 14,08 ).
147. 

. 
?

 ( : V(NH3):V(Cl2)= 2:3; V(N2): V(HCl)=1:6).
148. . , 

 1 : ) C4H10; ) C3H6. 
?

: ) V(O2) =6,5 ; V(CO2) = 4 ; ) V(O2)= 4,5 ; V(CO2)=3 ).
149. . , 

 15 ,  27 °
 780 .

150. :
2NH3 + 3Cl2 = N2 + 6HCl

, NH3  15 .
        ( : Cl2-1,005 ; 22,5 ; N2- 0,335 ; 7,5 ;

HCl- 2,01 ; 45 ).
151.  (IV) t=37 ° =900 .

 10 ,  60% 
.

152. ? ?
153. ) 6,02 1023

2 2;
       )2,00 1023 l2.
154. : ) 1  1 ;
  ) 1  1 ?
155. ,

= 98.
156. , 

: 82,7% , 17,24% .  2,01.
157. , 

: ) 16; ) 13; ) 8,5.
158.

,  22, 
 27,27% ( )  72,73% ( ) .

159. : ) 0,9; ) 3,17.
 1 .

160. : ) 2; ) ; ) 2;
       ) NH3; ) F2.
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161. = 1,013 105 t = 0 °  1 ,
        (% ): ) 20% ; 40% N2  40% ;
       ) 20%C2 2; 40% 4  40% .             : ) 673 ; ) 1052 .
162. , :

) 0,29 t = 27 ° = 1,064 105  0,32 ;
) 1,56 t = 27 ° = 1,037 105  2,86 .

: ) 25,6; ) 44.
163. : ) 0,9; ) 2,45. 

1 . : ) 1,16 10-3 ; ) 3,17 10-3

164. :
)  950 ° ,  2,2;

       )  2000 ° , 
60,88.

165.  ( ): ) 2 l2; ) 0,01 Cr2(SO4)3; ) 4 
K2Cr2O7; ) 0,1 FeCl3.

166. : ) 2 2; ) 17 2S; ) 3,5 Cl2; ) 2,4 3
.
167. , 

 (IV)  40 
 15 °  1,013 105 ?

   : 1,69 .
168. .   1  3. 

 3 , ?
169.  454 ,  37  97325 

 0,626 . .
170.  ( ), 

 55,8?
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1.4.5 

:
- ;
- , , 

;
- .

01 3 46 15 105 53 31 104 147 76 118 170
02 2 50 16 106 54 32 103 148 77 19 159
03 1 47 17 115 55 33 102 149 78 120 155
04 14 48 18 129 56 34 101 7 79 137 167
05 42 49 19 130 57 35 45 8 80 128 166
06 43 32 20 131 152 36 44 9 81 127 165
07 44 30 21 142 153 37 43 10 82 126 164
08 45 29 22 143 154 38 42 11 83 125 163
09 101 11 23 145 155 39 14 12 84 124 162
10 102 12 24 147 156 40 3 18 85 123 161
11 103 10 25 118 157 41 2 39 86 122 160
12 104 9 26 119 158 42 1 37 87 121 159
13 116 8 27 120 159 43 150 51 88 120 158
14 132 7 28 121 160 44 139 58 89 119 157
15 133 111 31 122 161 45 138 59 90 118 156
16 134 112 61 123 162 46 136 60 91 117 155
17 135 113 62 124 163 47 101 140 92 105 154
18 136 114 63 125 164 48 102 149 93 106 153
19 138 35 64 126 165 49 103 147 94 115 152
20 139 36 65 127 166 50 104 48 95 129 53
21 150 152 66 128 167 51 116 4 96 130 54
22 132 144 67 137 168 52 135 5 97 131 55
23 133 18 68 147 145 53 134 6 98 142 156
24 134 37 69 146 129 54 133 33 99 143 57
25 135 51 70 145 57 55 132 34 100 145 160
26 136 58 71 143 56 56 45 38 107 146 161
27 138 59 72 142 55 57 44 151 108 147 162
28 139 60 73 131 54 58 43 35 109 110 163
29 116 39 74 130 53 59 42 36 110 130 164
30 150 140 75 129 169 60 14 52 117 107 165
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2 

2.1 . 

2.1.1  

, 
, .  VI-V . . 

, ,
, .

, 
 (460-370 . .), . 

, . 
.

 XVIII ., 

, , . 

, .
, 

, , 
 – . 

, .
,

, ».

2.1.2 , 

 XIX . , , 
, 

.
. 

, 
 1836 , . 

1897 .  ( -). 
19106021, ,  «-1».

281019,me .
 (p+) – 

,  1800 . 
, 

 – «+1». p+

mp+ = 1,00728 .
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 –  (n0) – 
 1920 . 

 1932 . . , 
. , ,

mn0 = 1,00866 .
, 

 ( ) 
 ( - ).

, 
, 

.

2.1.3 , 

 – ,  – 
.

 1911 , 
. 

. 
. , , ,

, . 

, 
. 

. . -
, , 

. 
. , 

. -
. , 

, , 
.

, 
.

 1913 
, , 

.
,  1900 

 1905 , , 
, 
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 – . 

h

h ( ) – 
,  6,626 10-34 . ,

, 
, , 

, 
 – . 

, , « ». , 
. 

.

.
1. , 

. 
.

2. , 
.

3.

. 

.
, , 

. , 
: . ,

, 
, . 

. , 
, .

h  = E .- E .

 – .
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2.1.4 

, .
 20- . XX . 

 – , 
. 

, , .

E = h ,

. 

,

. 
, .

, 

hcE .

m, 

E = mc2.

, 

mc2 = hc ,
h/mc

, 
, .

 1924 , -
, 

h/mv

, 
m v . ,
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, , 
.
 1924 .  ( ),  ( ) 

 ( ), 
, , 
. , 

.
. -

 (1927 .) :
 (  = m V) .

,  1926 .
, 

, 
.

2.1.5  , 

,
.  ,  

, 
,  (

), :
n = 1, 2, 3, 4, 5, 6, 7 …  - ;
l = 0, 1, 2, 3 … (n-1) –   ;
ml = -l … 0 … +l – .

, 
 ( ) , 

.
n – 

. , , 
. n

. 
n  = 1; n . 

, 
, : 

n = 1 , n = 2 –
, . 

, n  1  7.

:
n = 1   2  3  4  5 6  7

K L M N O P Q
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 ( ) l
0 (n-1).

n l. ,
n  = 1  –
(l=0); n  = 2 l 0 1; n  = 3

l, 0, 1 2. 
n n

.
, 

l, . 
:
l: 0; 1; 2; 3;

s,  p, d,  f.
l =  0 s – ;

l =  1 – p – ; l  = 2 – d – 
4-

s- p- d-

. 2.1  s-, p-  d-

 ml
, 

 ( . 2.2).

. 2.2 .

–l 0
+l ( . 2.1).

Y

Y
YY

Z

Z

Z
Z

X

XX X

2s, m=0

2PZ, m=02PY, m=1 2PX, m=-1
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 2.1.
l l - ml = - l…0…+ l

ml = 2 l+1
0 s 0 1
1 p -1, 0, +1 3
2 d -2, -1, 0, +1, +2 5
3 f -3, -2, -1, 0, +1, +2, +3 7

 ms . 
, , 

.   « ». ,
. 

 +
2
1  -

2
1 .

, 
,  - .

, 
:  (n) 

 ( ); ,  (l) –
;  (ml) – 

,  (ms) – .

2.1.6 

1.
, ?

2. ?
3. ?
4.

?
5.  «n» 

?
6.  ( , ) 

?
7.  «ml» ?
8. , 

?
9.

?
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2.1.7  

.  …3p64s23d5

 4 
.

. 
, . ,

Mn –  4.   –  3d
 10 . Mn  3d  5

, . 
Mn - …3d54s2  …4s23d5

-2 -1 0 +1 +2
- 

3d Mn
4s

n l ml ms
3d1 3 2 -2 -1/2
3d2 3 2 -1 -1/2
3d3 3 2 0 -1/2
3d4 3 2 +1 -1/2
3d5 3 2 +2 -1/2
4s1 4 0 0 -1/2
4s2 4 0 0 +1/2

: n – , l –
, ml –  ms – .  (n)

.  3d1 – 3d5

 3,  4s1, 4s2  –
.

 (l) 
: s, p, d, f, 

–  0,  1,  2,  3. l d  – 2, s-
 – 0.

ml = 2l + 1 s  – 1, 
p –  3,  d –  5,  f – 7 . 

, ml =  -l…0…+ l.
, s  – , 

 «0».
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p  – 3 , 
ml – «-1», «0», «+1». d  – 5 ml –«-2», «-1»,
«0», «+1», «+2». f ml  «-3», «-2»,
«-1», «0», «+1», «+2», «+3».

,  3d1  ml  «-2»,  4s1 – «0».
 (ms) 

. 
 +1/2  –1/2. 
:  3d1-3d5  4s1  “-1/2”,  4s2 – 
 – «+1/2».

2.1.8 

1. .
2.  4 
.

:

  1 … 2p63s23p1 16 … 3p63d34s2

2 … 4p65s24d4 17 … 3p63d104s2

3 … 4s23d104p2 18 … 3p63d14s2

4 … 5s24d105p2 19 … 4p64d35s2

5 … 3p64s23d10 20 … 5p65d16s2

6 … 3p64s23d2 21 … 4p64d105s25p3

7 … 4s23d104p3 22 … 4p65s24d105p5

8 … 4p65s24d1 23 … 4p65s24d2

9 … 4p65s2 24 … 6s24f145d4

10 … 4s23d104p5 25 … 4p65s14d10

11 … 5s24d105p1 26 … 4p65s24d10

12 … 4s23d104p4 27 … 6s24f145d10

13 … 2p63s23p4 28 … 6s24f145d106p2

14 … 2p63s23p6 29 … 6s24f145d106p3

15 … 1s22s22p4 30 … 6s24f145d106p1
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2.2  

2.2.1 

, 
n, l, ml, , 

, .

, 

. , , 
n, l m, 

, . 

 ( )
.  ( )    ,

 – , 
. , 

 ( . 2.2).

 2.2 - 
                        

- -

, ml

ms

ml

K(n=1) s(l=0) 0 21 1 1 2 2
s(l=0) 0 21 1 2L(n=2) p(l=1) -1,0,+1 21 3 4 6 8
s(l=0) 0 21 1 2
p(l=1) -1,0,+1 21 3 9 6 18M(n=3)
d(l=2) -2,-1, 0,+1,

+2
21 5 10

s(l=0) 0 21 1 2
p(l=1) -1,0,+1 21 3 16 6 32
d(l=2) -2,-1, 0,+1,

+2
21 5 10N(n=4)

f(l=3) -3,-2,-1,0,
+1,+2,+3

21 7 14

n l ml ms 2l+1 n2 2(2l+1) 2 n2



81

, ml
l 2l+1. x l

, ml
.

,

xl = 2(2l+1).

, 
n

xl =
1-n

0
2(2l+1) = {2+2[2(n-1)+1]}n/2=2 n2 .

. 
,  8  – 

,  18  – , 32 – 
.

, 
n , l –

, 
, . , s

 2           .
p , 

                      . d , 
.

. 2.1, 
, . 

 (s) – 2  (
1s2);   –   (s p) – 8  (2s22p6); 

 –  (s,  p,  d) – 18  (3s23p63d10)  .  
 (n = 5)  (l = 0,1,2,3,4),

 (108 ) 
 3, 

 (s, p, d, f).

:

, . ,
.

. , 
, , 

. 
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, 
, .

. 
, , 

 (n)  (l) . 

                
. ,  1961 . 

( ):

(n+l) .
 (n+l) 

:
 (n+l) 

 n.
 (n+l) , 

 ( )

1s22s22p63s23p64s23d104p65s24d105p66s24f145d106p67s25f146d10…

, 
, 

, ,
. , 

1s22s22p63s23p63d104s1. « » s-
d- -

 – . 
, 

.
4s 3d

d-
.

.
 « » 4s 3d-

, 
1s22s22p63s23p64s13d5 3d .

2.2.2 

. 
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,  ( ), 
. .

, 
.

,  25 ( )  25 , 

25 Mn 1s22s22p63s23p64s23d5

 35 : 35 Br 1s22s22p63s23p64s23d104p5.
, 

, s-, p-, d- f- . , 
d- , p- ,  (11Na 1s22s22p63s1)

–s- .

2.2.3  

. , 
. 

. , , 
, , . 

.
, 

16S 1s22s22p63s23p4.
d , 

p- s-

S … 3s23p4 + h  S* … 3s23p33d1

S0   +h S*

   3d 3d
3p 3p

3s =2 3s   =4
)

16S* 1s22s22p63s23p33d1

, 3s
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S**    
3d

3p
3s     =6

16S** 1s22s22p63s13p33d2.

.

2.2.4 

. , 
, , . 

, 

p  s  d  f

d d- s- ,
s-

, d- , 
, d- .

, :

Fe0
-
e2- Fe2+

e1-

3d   3d
4s 4s

e1- Fe3+

3d
4s

s- p-
.

. ,
, , 

17Cl0 1s22s22p63s23p5  +1e -
17Cl -1 1s22s22p63s23p6
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+ 1e -
17Cl0

3p
17Cl 1

3p
3s 3s

,  17 , 
 18 .

2.2.5 

1.
?

2. ,
?

3. ?
4.

?
5. ?
6.

?
7.

?
8. ?
9. d-

, f-  – ?

2.2.6 

 1. Mn.
 1. Mn :

1s22s22p63s23p64s23d5,

  1, 2, 3, 4, 3 – ; s, p, d – .

 2.
.

 2.
. 

,  (n)  (l) 
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1s2 2s2 2p6 3s2 3p6 4s2 3d5

n 1 2 2 3 3 4 3
l 0 0 1 0 1 0 2
n+l 1 2 3 3 4 4 5

s-, p-, d-, f  0, 1, 2, 3.
: 

(n+l) 
n. n+l

2p6  3s2  3p6  4s2  2p  3p,  3s
4s.

 3. .
 3.

, , - .
Mn  …  4s23d5  – 

 4.
.

 4. Mn  …3d54s2

  Mn0 +h Mn*

3d   3d   4p
4s 4s =7

, 4s  2 . 
, , 

. 4p
. 

4s
Mn*

Mn0 …3d54s2 +  h  Mn* …3d54s14p1.
. 

. Mn*  7.
. 

.

 5.
.

 5.
. Mn , 

4s  –  2 .  3d ,
 5 ,  –
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»  4s  - . Mn
. , 

  Mn0 -2e- Mn2+

3d   3d
4s 4s

Mn0 …3d54s2 -2e -  Mn2+ …3d54s0

-3e -  Mn3+ …3d44s0

-4e -  Mn4+ …3d34s0

-5e -  Mn5+ …3d24s0

-6e -  Mn6+ …3d14s0

-7e -  Mn7+ …3d04s0

, Mn  7 : Mn0,
Mn+2, Mn+3, Mn+4, Mn+5, Mn+6, Mn+7.

2.2.7 

1. .
2. 

.
3. .
4. 

.
5. 

.

: 1. Si  Y 11. Pb  F 21.  Ag
2. Sc  Cl 12. In  Se 22. Sr  As
3. Zn  S 13. Ge O 23. Cr In
4. Al I 14. As Cd 24. Nb S
5. Cu  C 15. Co  B 25. K  Zr
6. Ca Re 16. Ti Br 26. Mo  Li
7. Sn P 17. Ga Kr 27. Hg  Rb
8. Sb N 18. V Xe 28. Ag Ti
9. Tl Ar 19. Ag Mg 29. Te  Ba

10. Te Fe 20. Au  Ne 30. Cs  As
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3 . 

3.1 . 

, 
.  1869 . 
:

, 

.

, 

, . 
, ,

, 
.

3.2 , 

.  1914 . 

bza1 ,

 – 
, -1; a, b – ; z – 

.

. 
, 

. 
. , 

 (Ar K; Co Ni;
Te I; Th Pa; U Np) , 

.
, , 

.
:
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.

3.3 . .
, , 

, ,
. , 

Li, Na, K . Ne, Ar, Kr .
, 

, . 
, 

.

n s- p- , 
.  2  (H, He),  

 –  8 ,  –  18,  – 32 
, ,  20 , 

14 .
, 

, . 
. 

.  – .
s- p- ,

d-
f- . , , 

B, Al, Ga, In, Tl,  – Sc, Y, La, Ac.

,  (Ce - Lu), 
. , 

, , 
. 14 

f- , 
4f- .

, ,
.  VII 

 VI .
,  1 

108 
. 
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, 
. .

3.4 

, ,
,  ( ), ,

, 
. 

, , 
, . , 

, .

 (  1  2 –  I
 1  8  II  III ), 

:  (  I ) ,

. 
ns2np6.

.
 2

 1  (s- ) 
d- . 

, d- . 
d-

p- np6. 
, .

 VI  VII 
, d-

f-  ( ), 
. f d-

p- .

. 
,  (

,  VII  – ).
, 

.
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s-  (
s- ), p-  ( p- ). 

d- f-  (d-, f- ). 
4f- 5f- .

, 
. 

, . 
, 
. 

.  7-
 – , 

 ( )  ( ) – ,
 5 

.
. 

 ( )  7 
. , 

 – .
. , 

, , 
.

:
–  – 

;
;

 - 

;
.

, , , 
. 

, ,
. .

.

: 12
6 C – 1s22s22p2

…2s22p2 - 
   

C0 …2s22p2 – 2e-  C+2 …2s22p0

 2- ,  4 
, p- .
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C0 …2s22p2 – 4e-  C+4 …2s02p0

C0 …2s22p2 + 4e-  C-4 …2s22p6

 ( )
:

C+2, C+4, C-4;
           CO, CO2, CH4.

 – : CO2 - .
 – , Be, Zn, Al, Cr,

.
, , 

. , ,
. 

. CO, SO, NO.
d :

: +1, +2, +3                 +4               +5, +6, +7
: , ,      

Be, Zn, Al, Cr Be, Zn, Al, Cr

 +5, +6, +7
 – ,  – 

 – .

: 
?

S0 …3s23p4 S+4 …3s23p0 S+6 …3s03p0

, SO2 SO3

, H2SO3 H2SO4

Mn0 …4s23d5 Mn+2 …4s03d5 Mn+4 …4s03d3 Mn+7 …4s03d0

, MnO MnO2 Mn2O7

, Mn(OH)2 Mn(OH)4=H2MnO3
 - 

HMnO4
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3.5 . .

; , , 
. , 

, 

, 
 ( ), 

 ( )  ( ).

. 
, , , 

. , 
,  ( )
. 

 ( , ) ,
. 

 ( ) , ,  ( )

Be – Mg – Ca – Sr – Ba – Ra

, .
, ,

 ( )
 ( ).

, , EH = 0,75 ,        EO = 1,47 ,          EF = 3,52 .
, , 

. , 
. 

, 
. 

 ( ) 
.

, , 
 (EH), 

:
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EH=
2
1 +E).

, . 
 ( )   0,8  Cs  4 F.

. 
 – ; 

 – , 
. 

. , 
, ; 

, .

3.6 

1. . 
. .

2. .
3. , ?
4. .
5. ?
6. ?
7. ?
8.

? 
?

3.7 

 1. , 
 …3p63d54s2. 

: .
 1.

: …3p64s23d5.
d . d . 

s-,d, f , . 
.



95

 2. , , 
 – 1s22s22p63s23p3. 

: .
 2.  – , 

, 
.

 – 3s23p3;
– 2p6 – . : …3s23p3. 

p . p .
, 

p : p B-At, .
p B-At , 

.  – . 
B-At, .

 3. 
.  ...4s23d104p65s24d6.

 3. : …5s24d6.  5 
,  – 5. 

: 2 + 6 = 8  – 8. 
d . s- p

, d- f  – .
: ,  …5s24d6

 5 , 8 , .
.  - Ru - .

 4. , 
, , 

.
 4.  …5s24d2.

:

4d

5s

, d . ,
.

Zr0 …4d25s2 – 2e-  Zr+2…4d25s0

    … 4d25s2 – 3e-  Zr+3…4d15s0

  … 4d25s2 – 4e-  Zr+4…4d05s0



96

d :

+1, +2, +3 +4 +5, +6, +7

:

ZrO,      Zr(OH)2
Zr2O3,   Zr(OH)3

ZrO2,    Zr(OH)4=H2ZrO3 - 

 3.1 –   ( ) .

I II III IV V VI VII VIII
1 H

2.1
He
-

2 Li
1.0

Be
1.5

B
2.0

C
2.5

N
3.0

O
3.5

F
4.0

Ne
-

3 Na
0.9

Mg
1.2

Al
1.5

Si
1.8

P
2.1

S
2.6

Cl
3.0

Ar
-

K
0.8

Ca
1.0

Sc
1.3

Ti
1.5

V
1.6

Cr
1.6

Mn
1.5

Fe
1.8

Co
1.9

Ni
1.9

4

Cu
1.9

Zn
1.6

Ga
1.6

Ge
1.8

As
2.0

Se
2.4

Br
2.8

Kr
-

Rb
0.8

Sr
1.0

Y
1.2

Zr
1.4

Nb
1.6

Mo
1.8

Tc
1.9

Ru
2.2

Rh
2.2

Pd
2.2

5

Ag
1.9

Cd
1.7

In
1.7

Sn
1.8

Sb
1.9

Te
2.1

I
2.5

Xe
-

Cs
0.7

Ba
0.9

La*
1.08

Hf
1.3

Ta
1.5

W
1.7

Re
1.9

Os
2.2

Ir
2.2

Pt
2.2

6

Au
2.4

Hg
1.9

Tl
1.8

Pb
1.9

Bi
2.0

Po
2.0

At
2.2

Rn
-

7 Fr
0.7

Ra
0.9

Ac**
1.1

 1.08-1.14
**  1.11-1.2
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3.8 

 1.

, -

,

(Me Me)

 2.
-

 ( , ,
, 

)

 3.

-
, -

, 
-

, 

1 2 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
27
28
29
30

…1s22s22p3

…2p63s23p5

…4p65s24d3

…4s23d104p1

…2p63s23p6

…4p65s24d4

…3p64s23d2

…4s24p65s24d1

…3p64s23d104p4

…2p63s23p3

…4s23d104p2

…6s24f145d106p1

…3s23p64s23d1

…4p65s24d105p2

…3p64s23d3

…1s22s22p4

…6s24f145d106p3

…5s24d105p5

…4d105s2

…3p64s23d4

…4s23d104p5

…4p65s24d105p3

…4s23d104p3

…2p63s23p1

…5s24d105p1

…3p64s23d5

…3s23p6

…5s24d5

…6s24f145d106p2

…4p65s24d10

…5p66s25d1

…4s23d104p3

…6s25d106p2

…4p65s24d10

…3p64s23d104p5

…4p65s24d105p3

…4s23d3

…3p64s23d1

…6s25d106p1

…2p63s23p1

…3p64s23d4

…6s25d10

…4p65s24d105p1

…2p63s23p4

…5p66s25d106p3

…3p64s23d5

…4s23d104p2

…2s22p3

…6s24f145d2

…5s24d105p2

…4p65s24d1

…4p65s24d4

…2p63s23p2

…3p64s23d6

…4s23d104p1

…3p64s23d104p6

…4p65s24d105p3

…6s24f145d4

…4p65s24d10

…4s13d5

As
Zn
Ga
Ti
Br
Mn
Hg
Ag
Se
Bi
Mo

Sn
Cu
Y
In
Sn
V

Ge
S
Br
Fe
Al
Pb
In
I
P

Cd
Sc
Te
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4. 

4.1 

, 
.

 – . 
.

, , 
, 

.
.

:
 ( );  ( ).

, 
.

, :
1.

 +  ––––

2.

 + ––––

3.
   «+»   +   «–»   ( )

4. , 
.

:

  +    =  2  = – 436  

, 1s – . 
, 

. 
, 

.
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. 
, 

; 

.

: (  = -436 ) 
 – d.

 ( )
 74  (1  = 1 10-12 ).  

H – F H - Cl H – Br H – I

d = 92  128 142 162 

.
, 

.
,  1 

,  ( ., ).

4.2 

 – , , 
. 

. :
, , , . 

, ,  =  0,
. 0  <  1,7

,  > 1,7, 
.

4.2.1 

’   
.

1s – 
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  +
  1s            1s             H – H

 –  – 

   p        p Cl – Cl

HCl s-  i p-

        s       p    H – Cl

 (
), , , :

, .
: .

, 
, 
, , 

    H2     Cl2    O2     N2

H : H Cl : Cl O :: O N  N

:Cl
..

..
:H :Cl

..

..
:S

..

..
:Cl

..

..
:

, .
.

1 D= 3,33 10–30 .

, 
.
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.
, ,  –

 ( ).

. , 
. 

.

-, .
.

.
, 

, .
d-d-   

.
- , , 

.

4.2.2 

, ,
, 

. , 
. , .

,

, .

, .
s1 –  s1 –

 ( , 2) s1 –  p1

 ( , l) p1– p1– 
l2), .
s     s     s   p     p            p

  H     H H  Cl      Cl        Cl
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, 
. BeCl2. 

 +2,  –1. 
 (Be 1s22s2) ,  –

. 
.

Be  +   h Be*
1s22s2 1s22s12p1   … 2q2

sp1 – ,
 1800. sp – 

 II , .

 III sp2 – .  –
,  – 120 .

AlCl3
- 

Cl … 3s23p5

3s 3p

. 
. , 

. 
, , .

   p`      Be

         sp`    q2

 s`
 s`  p`

1800

 q2

1800

 Cl                 Cl
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Al + h   – Al*

1s22s22p63s23p1    … 3s13p2      …3q3 .

 sp2 –  120

4
 – sp3- .

C + h   – C*
1s22s22p2 1s22s12p3      …2q4

4 sp3- 
 109 28`,

. NH3
 3 . 

.

 s`  p`
1200

 q3

 y

 x 1200

Cl Cl

Cl

 Al

 s1

 p2

 q3

 s1

 p3

 q4

 s`p3

109028`

 q4

 y

 x
 z` 109028`

 H  H

 H

 H C
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N + h   –
1s22s22p3 sp3 – 

 2s- .
, , 

, 2s- , 
 107 18 . 

.  V .

s- . 
,  –

.

2
 2   /1s22s22p4/ 

s

O … 2s22p4

– sp3- 
                           2s 2p

s- , 
 104 30 . 

 VIA .

 H

N

 H

 H

 H

 H

 H

 H
p

 H

p

900 104030’ H  H
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4.2.3 

-
.

, , , 
, ,  – .

-
.

NH4
+ :

                  N – 1s22s22p3 NH3 + H+  NH4
+

2s        2p :
..

..
: N

H

H

H ,:
..

..
: HN

H

H

HH

N   – ; H+ – .
BH3:

B – 1s22s22p1 + h   – B* – 1s22s12p2

2s 2p
  + h    –

2s 2p

BH3 ( ) . ,
H – .

B

H

H

H
..

..
: ,:

..

..
:: HB

H

H

HH

BH3 + H – – BH4
–
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4.2.4 

, 
. , 

, 
. 

, 
NaCl, LiF.

.
,

, 
.

4.2.5 

.

, 
, 

. 
.

. 
.

4.2.6 

, 
 – , , ,  –

, . 
, 

. 
,

. , , 
.

, 
, 

. .
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. 

 –  …   – F –  +  HF   F – … HF   HF2
–

        |                |
       H              H H2F2   H6F6
             (H2 )2

 100 C 
(H2S,  H2Se,  H2Te). 

.

 (  19,5 ) H2F2 H6F6.
HF2

–.

4.3 

-
, ,

.
.

, .
 (AlCl3)n,

(BeF2)n,  (BeCl2)n . 
. 

: 
.

 (10-9 ) 
 ( ). 

. , , 
.

, 
.  – 

 – 
. 

, 
 ( HF, HCl, H2O ).

, CO2,
, . 
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, . , 
, 

.

. 
, 

. 
, .

4.4 

, , 
: , , .

.
 – 

. , 
. 

, , 
, . , 

 ( , , ) -
.

, , ) . 
,   

, 
.

, , – 
, 

.
, 

, . 
– , , 

.  – 
 – .

, , 
:

, , . 
 ( ) 

SiC), 
. 4.1. ).



109

, . 
NaCl NH4Cl ( . 4.1. ).

. 4.1. :  – ;  – ;  – ;
 – .

 ( ) 
, , - .

. , ,
.

, 
. 

 ( ) 
. 

, 
 12,  8 

. . 4.1 .).
,

, 
, 

, 
 ( . 4.1. ).

N – H, O – H, F – H,  (H2O, NH3, HF,
CH3OH, CH3COH), 

. 
. , 

(I2),  ( .) – 12.
 ( ),  .   4.

,

, .

.  - , 

–   +   –   +   –
+   –   +   –  +
–   +   –   +   –
+   –   +   –  +
–   +   –   +   –

+     +     +
    –     –      –
+     +     +
    –     –      –
+     +     +

+  –           +  –

         +  –

+  –           +  –
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, 
.

4.5 

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

?
6. ?
7. , 

?
8. ?
9. 

?
10. -, ?
11. ?
12. ?
13. ? 

?

4.6 

 1.
AlI3,  H2S, PH3, 

.
.

, 
. 

.

AlI3 A1 = 1.6 1 = 2.6  = 1.0
H2S H  = 2.1 S = 2.6  = 0.5

3 H  = 2.1 P = 2.2  = 0.1

, AlI3 = 1, 
.
 2. AlI3, H2S, 3.

.
, 2, , 2, 2 , 3 , 2, 3
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4  (  - 
,  – 

). 2, 2, ,  
.

,  
:

1. :
lI3, l,  III;
2S, S,  II;

3, ,  III.
2. 

, 
.

l, S, – , 
.

13Al…3s23p1, 16S…3s23p4, 15P…3s23p3

3. 
.    

, 
, , – .

lI3. l
,  – III. l

: 13Al*…3s13p2

s- 
, . 

s- , 2-
l. 

 120°.
2S. 

2S. 
,

2S  90°.
3, 

.  3 
, 

.



112

4.7 

-
, 

, -
-

, , 
, -

.
1 3 3 4

2 l3 H2 l2

3 Si 4 l2 GeI4

4 r2 Si l4 AlCl3

5 2 3 l2

6 MgF2 O2 CH4

7 H2O 1F3 BI3

8 l2 NO l2

9 SbH3 Si r4 P2O5

10 r Cl2 H2Se
11 l4 SO2 l2

12 l4 r2 BF3

13 I2 3 Si 2

14 CF4 r2 2O
15 l3 N2 2

16 lF3 NO2 PH3

17 Si r4 H2S SnCl2

18 l2 SiO2 H2S
19 FeO l3 l4

20 BeF2 CuI2 NO
21 r2 l4 2 e
22 GeF4 l3 O2

23 I3 gCl2 SO2

24 2 r2

25 AlCl3 O2 CuI2

26 CuI2 F2 HBr
27 P2O5 F2 MgF2

28 H2Se Cl2 AsH3

29 N2 P2O5 AlCl3

30 AsH3 CaI2 HCl
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5 

5.1.  – 

, .
 « » 

. , 

. : FeO –  ( ), Fe2O3  ( ).
. :

1) .

4Al +3O2 = 2Al2O3
S + O2 = SO2
2 SO2 + O2 = 2 SO3
2H2S + 3O2 = 2 SO2 +2H2O

2) , 
:

)                     2Mn2O7
t

4MnO2 +3O2

)                        2Al(OH)3
t

Al2O3 + 2H2O

) H2SiO3
t

SiO2 + H2O

) NH4NO3
t

N2O + 2H2O

)              2BaO2
t

2BaO +O2

3) 

Cu + 4HNO3
t

Cu(NO3)2 +2NO2 +2H2O

CO2 +C
t

2CO

 (
  ) .

Na2O                                                                Cr2O3

    Na  O  Na                                          O  =   Cr  O  Cr =  O

. 
 ( ) .

, . 
 ( ). 
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, 
, .

                P2O5 SO3 Mn2O7

    O = P  O  P = O                 O  S  O                 O                  O
                                                                                                     
           O              O                                 O                  O= Mn  O  Mn = O

                 
                                                                                            O                 O

, , 
. 

). , 
. , :  ( ) N2O,  ( ) NO, 

 ( ) CO.
, , ,

.

.
 – , . 

,  (
), 

.  – . 
.

.

1. .

  : CaO +H2O  Ca(OH)2 BaO +H2O Ba(OH)2
:      CaO +H2O Ca2+ +2OH –       BaO +H2O Ba2+ +2OH –

Ca(OH)2 . , 
 – . 

. 
. , 

, , 
.
2. .

.
CaO + 2HCl  CaCl2 +H2O
CaO +2H +  Ca2+ + H2O
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    CuO +H2SO4  CuSO4 + H2O
CuO +2H +  Cu2+ + H2O

3. .  .

CaO + CO2 = CaCO3

4. .

. .
CaO + Al2O3

t
 Ca(AlO2)2

CaO + ZnO
t

 CaZnO2

.
Al2O3 ZnO . 

:

Al(OH)3 Al2O3  H3AlO3  H lO2 + H2O
                 
Zn( )2 ZnO H2ZnO2

            

, Al2O3
 (

Ca(AlO2)2).
ZnO  (

CaZnO2).

.
, , 

 – . , 
 ( , ) 

. 
.

. 
. :

P2O5, CrO3, Mn2O7; : N2O5; : SO2, CO2.

1. .

SO2 + H2O  H2SO3
SO3 + H2O  H2SO4
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. . 
, , , 
, , .

: S O2. , 
, , O2

 :                                     S O2 + H2O  .

:

NO2 + H2O  HNO3 + HNO2
                              

2.  ( ).
.

SO3 + 2NaOH  Na2SO4 + H2O
SO3 + 2OH –  SO4

2–+ H2O

SO2 + 2NaOH  Na2SO3 + H2O
SO2 + 2OH –  SO3

2 – + H2O

P2O5 +3Ca(OH)2  Ca3(PO4)2 + 3H2O
      P2O5 +3Ca 2++ 6OH –  Ca3(PO4)2 + 3H2O

3. .

P2O5 +3Ca  Ca3(PO4)2

P2O5 +Al2O3 2AlPO4  ( )

4.  ( )
.

2Na CO3 + SiO2
t

Na2SiO3 + 2CO2 + H2O

2Na CO3 + P2O5
t

2NaPO3 + 2CO2 + H2O

CO2 SiO2 –
 ( ); P2O5

.

5.  ( ) .
, , 

 ( ) . 
.

P2O5 + 4Na3PO4  + 3 H2O  6Na2HPO4

 P2O5 + Na3PO4  + 3 H2O  3NaH2PO4
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.
, 

. 
 ( , ) 

. 
 – . 

.

1. , .
2.  ( ). 

.

Al2O3 + 6HCl 2AlCl3 + 3H2O
Al2O3 + 6H + 2Al3+ + 3H2O

ZnO +H2SO4  ZnSO4 + H2O
ZnO +2H +  Zn2+ + H2O

3. ). 

ZnO + 2NaOH
t

Na2ZnO2 + H2O.

. 
:

Al2O3 + Na2CO3
t

2NaAlO2 + CO2

Cr2O3 + 2NaHCO3
t

2NaCrO2 + H2O+ 2CO2

5.1.1 

 1. .
. Na2O, Al2O3, 

Li3N, AlN.
. , 

, , .
 (

).

Na  O  Na                            O  Al  O  Al  O

Na–O–Na                             O=Al–O–Al=O
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, 
.

Li– N –Li               Al  N

                                                 Li

 2.
H2S, PH3, H2O, 

.
.

 ( )  ,  
. , .

H2S ) = 2,1 (S) = 2,6 EH = 2,6  2,1 = 0,5
PH3  ) = 2,1 ) = 2,1 EH = 2,1  2,1 = 0
H2O ) = 2,1 ) = 3,5 EH = 3,5 – 2,1 =1,4

(H2S)=0,5 – ; (PH3) = 0 –
; (H2O) = 1,4 –  0,7, 

1,7 –  .

 3.  ( ) 
 LiH, CaH2, NH3, PH3, .

. 
 ( )

) = 2,1 (Li) = 1        (Ca) = 1,04
( ) = 3,07 (P) = 2,2

 ( ).

                      LiH (Li – H) = 2,1  1 = 1,1
                      CaH2 (Ca – H) = 2,1  1,04 = 1,06
                      NH3 (N – H) = 3,07  2,1 = 0,97
                      PH3 (P – H) = 2,2  2,1 = 0,1

LiH, CaH2, NH3

0,7–1,4 – PH3
0,7 – .

 – . 
.

2LiH + 2H2O = 2LiOH + 2H2                         LiOH, Ca(OH)2 .
CaH2+2H2O = Ca(OH)2 + 2H2
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LiH + HCl = LiCl + H2
CaH2 + H2SO4 = CaSO4 + 2H2

 NH3 , 

NH3 + H2O = NH3 HOH = NH4
+ + OH .

 NH3 HOH  1,76 105, 
, ,
.

:
, :

NH3  H2O + HNO3 = NH4NO3 + H2O

.

2NH3 + H2SO4 = (NH4)2SO4 – .
H3  ( ).

.
. H3

 (HClO4, HI, HCl)
PH3 + HI = PH4I .

PH4I + H2O = PH3 + I  + H3O +

.  – . 
, 

:
NH4NO3 = NH4

+ + NO3                         (NH4)2HPO4 = 2NH4
+ + HPO4

2

(NH4)3PO4 = 3NH4
+ + PO4

3

:  LiH, CaH2, NH3 – , H3 –
.

5.1.2 
, , 

1.  ( , , ).
2. .
3.  ( , %) .
4.  (

).
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5.  ( ) , 
.

1 F        Ca 11 Se    Mg 21 Ca      P
2 Na      P 12 Li     Zn 22 Te      Be
3 Cs      S 13 Be     P 23 B        P
4 B        Br 14 Te     Sr 24 Si        Cl
5 Ba      Te 15 W      Na 25 Ge       F
6 K        N 16 P       Sr 26 Sn        I
7 Sn      Cl 17 S       Be 27 C         Na
8 Rb      Si 18 Mg    F 28 K         S
9 I         Al 19 Br     Ca 29 As        Cl
10 Ga      S 20 Cs     S 30 Sb        Br

5.2

.
: 

, 
, . 

:

5.2.1 

, 
, , ,

.  (
),  ( ) , 

 – .
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5.2.1.1   – 

, 
. -

. 
 – , 
:  -  ( ).

.

. , 

, .
, , 

. : NaOH, KOH, LiOH – ; Ca(OH)2,
Sr(OH)2, Ba(OH)2 – ; Bi(OH)3 , La(OH)3 – ; Sn(OH)4
– . -  .

. 
:  ( ) .

 (
)  ( , 

).  – . 
-

. .

1.  
:

NaOH  Na + + OH
Ba(OH)2  BaOH + + OH ;  Ba(OH)+ Ba2+ + OH

, 
.

2.

                                  Ca(OH)2 + HCl = CaOHCl + H2O

                                  Ca2+ + 2OH + H + = CaOH + + H2O

Ca(OH)2 + 2HCl =CaCl2 + 2H2O
OH  + H + = H2O

NaOH + Al(OH)3 = Na[Al(OH)4 ]
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OH + Al(OH)3 = [Al(OH) 4]

:

NaOH + Al(OH)3
t

 NaAlO2 + 2H2

- 
.

3NaOH + Al(OH)3
t

 Na3AlO3 + 3H2

. 
, 

, .

: , 
 – .

3. .

Ca(OH)2 + CO2  CaCO3 + H2O
Ca2+ +2  + 2  C O3 + H2O

Ca(OH)2 + N2O5  C (NO3)2 + H2O
2OH  + N2O5 2NO3  + H2O

2Ba(OH)2 + 4NO2  Ba(NO3)2 + Ba(NO2)2 + 2H2O
4OH  +4NO2 2NO3  + 2 NO2 + 2H2O

4. :

2NaOH + Cr2O3 2NaCrO2 + H2O
                                        

6NaOH + Cr2O3 2Na3CrO3 + 3H2O
                                                 

5. , 
.

Fe2(SO4) 3 + 2KOH 2FeOHSO4  + K2SO4
                                                  )

SO4
2 +Fe3++OH  FeOHSO4

Fe2(SO4)3 + 4KOH [Fe(OH)2]2SO4  + 2K2 4
                                          )
2Fe3++4OH +SO4

2  [Fe(OH)2] 2SO4

Fe2(SO4)3 + 6KOH 2Fe(OH)3 + 3K2SO4
                                      ( )

Fe3++3OH  Fe(OH)3
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6. .

NaOH + NaHCO3  Na2CO3 + H2O
OH + HCO3  CO3

2  + H2O

NaOH + NaH2PO4  Na2HPO4 + H2O
OH  + H2PO4  HPO4

2 + H2O

NaOH + Na2HPO4  Na3PO4 + H2O
OH  + HPO4

2  PO4
3  + H2O

2NaOH + NaH2PO4  Na3PO4 + 2H2O
2OH  + H2PO4  PO4

3  + 2H2O

, .
7. , , 

, . 
:

)2
t

 + 2

)2
t

 + 2

, 
, 

, , 
. , 

, 
.

:

1.

La(OH)3 + 3HCl  LaCl3 + 3H2O
La(OH)3 + 3H+  La3+ + 3H2O

2. .
.

Mg(OH)2
t

MgO + H2O

2La(OH)3
t

La2O3 + 3H2O

.
 ( ) :
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) :

2Na + 2H2O 2NaOH + H2
Ba + 2H2O  Ba(OH)2 + H2

) :

2  + 2 2
 + 2 )2

 – :
      ) 

Bi2O3 + 6HCl 2BiCl3 + 3H2O
i2O3 + 6H+  2Bi3+ + 3H2O

NiO + H2SO4  NiSO4 + H2O
NiO + 2H +  Ni2+ + H2O

      ) , , , :

BiCl3 + 3KOH   Bi(OH)3  + 3KCl
Bi3+ + 3OH  Bi(OH)3

NiSO4 + 2NaOH   Ni(OH)2 + Na2SO4
Ni2+ + 2OH  Ni(OH)2

:
) ;  ) 

NaOH                                 Ca(OH) 2                              Fe(OH) 3
Na—O—H           H—O—Ca—O—H    H—O—Fe—O—H

                                                                                                          O

                                                                                                          H
, .

5.2.1.2  

, 
,  ( ) –

, 
, 

+:

HCl   H ++ Cl



125

:
1.  – :
) , 

: H2S,  H2Se,  H2Te, H
 = F ,Cl, Br, ), HCN i HSCN;

)  ( )
, 

(+5, +6, +7)
2 + 2 2 3

SO3 + H2O  H2SO4

CrO3 + H2O H2CrO4 .
2. . , 

, 
.

HCl, HNO3, C 3COO ;
H2SO4, H2SO3 ;
H3PO4; H3AsO4 – .
3. :
)  – 

: , , 
: HNO3 – , ;

H2SO4 – ;
)  – 
: H2SO3, H2 O3, Cl, H2SO4 .

 „ ”, „ ”,  (
). 

 „ ”, „ ”, „ ”.

: 4OClH
7

 – , 3OClH
5

– ,

2OClH
3

 – , OClH
1

;

43 OAsH
5

– , 33 OAsH
3

 – .

, 
„ -“,  – „ -“.

: 3 4 – , 3 – 
.

, 
, :

H2Cr2O7 – , H2B4O7 – .
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 „ ”  „ ”, : HCl – 
, HCN – .

 ( H3BO3, H2SiO3) 
 ( H2SO4, HNO3). 

. 
 (HCl,  H2S). 

. 
 – , 

. 
, 

.

1.  – 
 ( ) ,  – 

Cl + + Cl
H2SO4  H + + SO4 ;   HSO4  H + + SO4

2 ;
3 4 H + + 2 O4 ;  2 O4  H + + O4

2 ;  O4  H + + O4
3

, 
+, .

2.

NaOH + HCl  NaCl + H2O
OH  + H+  H2O

. 

+  + 2 .

, :

Ni(OH) 2 + 2HCl   NiCl2 + 2H2O
Ni(OH)2 + 2H +  Ni2+  + 2H2O

, :

Zn(OH) 2 + 2HCl  ZnCl2 + 2H2O
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, , 
.

Ga(OH)3 + HCl  Ga(OH)2Cl + H2O
Ga(OH)3 + H + [Ga(OH) 2] + + H2O

Ga(OH)3 + 2HCl  GaOHCl2 + H2O
Ga(OH)3 + 2H + (GaOH)  2+ + 2H2O

Ga(OH)3 + 3HCl  GaCl3 + 3H2O
                                             
Ga(OH)3 + 3H+ Ga3+ + 3H2O

Ga(OH)3+3H2SO4 Ga(HSO4)3+3H2O
                                                
Ga(OH)3 + 3H + Ga3+ + 3H2O

+ :
 – ,  – 

3.

BaO + 2HCl  BaCl2 + H2O
BaO + 2H +  Ba2+ + H2O
Al2O3 + 3H2SO4  Al2(SO4)3 + H2O
Al2O3 + 6H + 2Al3+ + 3H2O

4.

Zn + 2HCl  ZnCl2 + H2
Zn + 2H +  Zn 2+ + H2

, 
, 

 ( ), , 
(Cu, Hg, Ag, Au, Pt) .

: H2SO4 ( ), HNO3
 ( Au, Pt) , 

 ( , ).

Cu + 4HNO3 .  Cu(NO3)2 + 2NO2  + 2H2O
Cu + 4H + + 2NO3  Cu2+ + 2NO2 + 2H2O

Cu + 2H2SO4 .  CuSO4 + SO2  + 2H2O
Cu + 4H + + S 4

2  Cu2+ + SO2  + 2H2O

5.
)  ( )
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NaCl . + H2SO4 .  NaHSO4 + HCl
2NaCl . + H2SO4 .  Na2SO4 + 2HCl
2KNO . + H2SO4 .  K2SO4 + 2HNO3

. 
.

, , , 
:

H2O
Na2CO3 + H2SO4  Na2SO4 + H2CO3

                                                             CO2
CO3

2  + 2H +  CO2  + H2O

NaHCO3 + HCl  NaCl + CO2 + H2O
HCO3 + H +  CO2 + H2O

) 

Na2S + H2S  NaHS
S2  + H2S 2HS

CaCO3 + H2CO3  Ca(HCO3)2
CaCO3 + H2CO3  Ca2+ + 2HCO3

Ca3(PO4)2 + H3PO4 3CaHPO4
Ca3(PO4)2+H3PO4 3Ca2++3HPO4

2

) 

2NaAlO2 + 4H2SO4 = Na2SO4 + Al2(SO4)3 + 4H2O
Na[Al(OH)4] + 4HCl = NaCl + AlCl3 + 4H2O
[Al(OH)4]  + 4H +  Al3+ + 4H2O

6.
.

1. 

SO2 + H2O   H2SO3
SO3 + H2O  H2SO4

2NO2 + H2O 23 ONHONH
35

, 
,   (  (V)   (III)).  
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, . 
, , , 

.
SiO2 + 2KOH  K2SiO3 + H2O
SiO2 + 2OH  SiO3

 2  + H2O
K2SiO3+ 2HCl = H2SiO3 + 2KCl
SiO3

 2  + 2H +  H2SiO3

2. 

PCl5 + 4H2O = H3PO4 + 5HCl
2 2  + SO2Cl2 H2SO4 + 2HCl

PCl5 –  – .
SO2Cl2 –  (VI) – .

3. 
. 

H2 + Cl2 2HCl H2 + Br2 2HBr
                 

4. 
, .

2CH3COONa + H2SO4 . 2CH3COO + Na2SO4
FeS + 2HCl   FeCl2 + H2
Na2SiO3 + 2HCl  H2SiO3 + 2NaCl

,  (
) :

HCl H2S
H — Cl        H — S  H

, 
, ;

4

5

3 OH 3

3

3 OH 4

6

2 OSH
                   O                        H—O—P—O -H                   H—O—S—O—H
                   
      H—O—P—O—H                       O                                           O   O

       O — H                             
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 « » 
.

.

3

5
ONH 2

3
ONH

          O  N—O—H                                         O  N—O—H
                 
                 O

5.2.1.3 

 – , 
 – 

, .
 ( , ),

. 
. 

 – . 
.

1.  – .
Me  -  O O  -  H , 

H + OH

Al(OH)3 [Al(OH)2]++ OH [AlOH]2++ 2OH  Al3++ 3OH
                                          -                      -
                                             –                              - 

H3AlO3  = 3H + + AlO3
3 = HAlO2 +H2O = H + + AlO2  +H2O

                 -                   -           -                          
                                        -                                              

.
2. . 

, 
.

Al(OH)3 + HCl = Al(OH)2Cl + H2O
Al(OH)3 + H += [Al(OH)2]+ + H2O
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Al(OH)3 + 2HCl = AlOHCl2 + 2H2O
Al(OH)3 +2H + = AlOH2++ 2H2O
Al(OH)3 +3HCl = AlCl3 +3H2O
Al(OH)3 + 3H + = Al3+ + 3H2O
Zn(OH)2 +H2SO4 = ZnSO4 + 2H2O
Zn(OH)2 +2H += Zn2+ + 2H2O

 – , 
. 

: -   .

Al(OH)3 + NaOH
t

 NaAlO2 +H2O
                                                    -

Al(OH)3 + 3NaOH
t

 Na3AlO3 +3H2O
                                                        -

Zn(OH)2 +2NaOH
t

 Na2ZnO2 + H2O
                                                               

 ( ) 
OH .

Zn(OH)2 +2NaOH  Na2 [Zn(OH)4]
Zn(OH)2  +2OH [Zn(OH)4] 2

Al(OH)3 +KOH  K[Al(OH)4]
Al(OH)3 +OH [Al(OH)4]

Al(OH)3 +3KOH K3[Al(OH)6]
Al(OH)3 +3OH [Al(OH)6] 3

, , 
. 

, 
.

Zn(NO3)2 +2NaOH  Zn(OH)2 +2NaNO3
Zn2+ +2OH  Zn(OH)2

2CrCl3 +3Ba(OH)2 2Cr(OH)3 +3BaCl2
Cr3+ +3OH Cr(OH)3

AlCl3 +3KOH  Al(OH)3 +KCl
Al3+ +3OH Al(OH)3
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5.2.2  

.  – 

 (
) – . 

, 

.
, , .

– 
.

2Na + H2SO4  Na2SO4 +H2
Fe + 2CH2COOH Fe(CH3COO)2 + H2
Ca(OH)2 + 2HCl  CaCl2 + H2O
Fe(OH)3 + 3 lO4  Fe(ClO4)3 + 3H2O

, , .

 – NaCl, Na2CO3 . 
(Na3N),   (Ba3P2),  (CaC2) . 
(Fe3O4, Pb3O4) – 

.

Fe3O4 OFe
2

 • 32
3

OFe                  , 

Pb3O4  2 OPb
2

• 2OPb
4

               

Pb2O3 OPb
2

• 2OPb
4

                               

Fe2O3  HFeO2 – ,  ( ) 
PbO2  H2PbO3 – ,  (IV) 

H2SiO3 ).
PbO2  H4PbO4 – ,  (IV) 

H4SiO4 ).

 ( H2O2
– ), BaO2, CaO2 .

, 
 – KAl(SO4)2,  – Ca(OCl)Cl.

:
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KAl(SO4)2 = K+ + Al3+ + 2SO4
2         Ca(O l)Cl = Ca2+ + OCl  + Cl

 – , .
K4[Fe(CN)6]  [Fe(CN)6]4 , Na3[Al(OH)6] [Al(OH)6]3 ,
Na3[Co(NO2)6] [Co(NO2)6] 3 .

 – -

Al(OH)3 + HCl  Al(OH)2Cl + H2O
Al(OH)3 + 2HCl  AlOHCl2 + 2H2O
Cr(OH)3 + H2SO4  CrOHSO4 + 2H2O
3Ca(OH)2 + H3PO4  (CaOH)3PO4 + 3H2O

 – 
.

2Na + 2H2CO3 2NaHCO3 + H2              NaHCO3 .

. , 
. :

.
Kx

+mAy
-n(m • x) = (n • y)

K – , – , m,  n – , x,  y –
.

Bax(PO4 ) y        Ba  Ba2+,  PO4 PO4 2x = 3y, x = 3, y = 2
Cax(H2PO4 ) y     Ca  Ca2+,  H2PO4  H2PO4  2x = 1y,             x = 1, y = 2
               Ba3(PO4 )2 ;  Ca(H2PO4 )2

.
: MgCl2 – , Na2S – , Ca(HS)2 –

, (MgOH)2SO4 – ,
Fe(OH)2CH3COO –  ( ) ( ). 

: KAl(SO4)2 – , CaCl(OCl) –
 ( )- .

 – . 
, , . 

. 
.



134

1. .

CaCl2 + NaOH  CaOHCl + NaCl
Ca2+ + OH  CaOH +

CaCl2 + 2NaOH  Ca(OH)2 + 2NaCl
Ca2+ + 2OH  Ca(OH)2

NaHCO3 + NaOH  Na2CO3 + H2O
HCO3  + OH  CO3

2 + H2O

 ( , , ) 
 (

).
2. .

).

)  :

FeS + 2HCl = FeCl2 + H2S
FeS + 2H + = Fe2+ + H2S
Ba(NO3)2 + H2SO4 = BaSO4 + 2HNO3

Ba2+ + SO4
2 = BaSO4

CuOHCl + H2SO4 = CuSO4 + HCl + H2O
(CuOH)+ + H += Cu 2+ + H2O
NaHCO3 + HCl =  NaCl + CO2  + H2O
HCO3  +H +   CO2 + H2O

)  :

CaCO3 + H2CO3  Ca(HCO3)2
CaCO3+ H2CO3  Ca2+ + 2HCO3

K2S + H2S 2KHS
S2  + H2S 2HS

) :

CuOHCl + HCl  CuCl2 + H2O
[CuOH]+ + H +  Cu2+ + H2O
2Na[Al(OH)4]+4H2SO4  Na2SO4+Al2(SO4)3 + 8H2O
[Al(OH)4 ]  +4H +  Al3+ + 4H2O
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Na[Al(OH)4]
:

2Na[Al(OH)4] + H2SO4  Na2SO4 + 2Al( )3 + 2H2O
[Al(OH)4]  + 4H +  Al( )3 +H2O

3. :

BaCl2 + Na2SO4  BaSO4 + 2NaCl
Ba2+ + SO4

2  BaSO4

AgNO3 + NaCl  AgCl  + NaNO3
Ag++ Cl  AgCl 

. 
, .

, 
, :

Na3PO4 + NaH2PO4  = 2Na2HPO4
PO4

3 + H2PO4 2HPO4
2

Na3PO4 + Na2HPO4
PO4

3 +  HPO4
2

FeCl3 + Fe(OH)2Cl 2FeOHCl2
Fe3++ [Fe(OH)2] + 2(FeOH)2+

FeCl3 + Fe(OH)Cl2
Fe3++ (FeOH)2+

4. .

CuSO4 + Fe  FeSO4 + Cu
Cu2+ + Fe  Fe2++ Cu

, 

, :

FeSO4 + Cu .

,  (K, Ba, Ca, Na, ), 
, 

, 
.
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CuSO4 + Ca + 2H2O  Cu(OH)2 + CaSO4 + H2
Cu2+ + Ca + 2H2O  Ca2++ H2  + Cu(OH)2

5.  ( ) 
.

Na2CO3 + SiO2
t

 Na2SiO3 + CO2

4NaNO3 + 2Al2O3
t

4NaAlO2 + 4NO2  + O2

, 
) .

6. . 
:

CaCO3
t

 CaO + CO2

Ca(HCO3)2
t

CaCO3 +CO2  + H2O

2NaHCO3
t

 Na2CO3 +CO2  + H2O

Ca(H2PO4)2
t

 Ca(PO3)2 + 2H2O

Na2CO3, Ca3(PO4).

:

1) 

3Ca + 2P  Ca3P2
2Fe + 3Cl2  2FeCl3

2) 

Cl2 + 2KOH  KCl + KClO + H2O
Cl2 + 2OH  Cl  + ClO  + H2O
Si + 2NaOH + H2O  Na2SiO3 + 2H2
Si + 2OH   + H2O  SiO3

2 + 2H2

3) 

Cl2 + 2KI 2KCl + I2
Cl2 + 2I 2Cl  + I2

4) 

CaO +CO2 CaCO3
3CaO + P2O5  Ca3(PO4)2
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5) 

Cl2O7 + Ca(OH)2  Ca(ClO4)2 + H2O
l2O7 + 2OH 2ClO4 + H2O

CO2 + 2NaOH  Na2CO3 + H2O
CO2 + 2OH  CO3

2  + H2O

6) 

Na2CO3 + SiO2
t

 Na2SiO3 + 2
CO3

2  + SiO2  SiO3
2 + CO2

7) 

Fe + H2SO4( .)  FeSO4 + H2
Fe + 2H +  Fe2+ + H2

4Zn + 10HNO3( .) 4Zn(NO3)2 + NH4NO3 + 3 2
Zn + 10H ++NO3  Zn2+ + NH4

++ 3 2

8) 

CaO + 2HCl  CaCl2+ 2
CaO + 2H +  Ca2+ + 2

3Na2O + 2H3PO4 2Na3PO4 + 2H2O
Na2O + 2H + 2Na+ + H2O

9) 

2Ca(OH)2 +H2SO4  (CaOH)2SO4 + 2H2O
Ca(OH)2 + H+  (CaOH)+ + H2O

Al(OH)3 + 3HCl  AlCl3 + 3H2O
Al(OH)3 + 3H +  Al3+ + 3H2O

10) 

CH3COONa + HCl  CH3COOH  + NaCl
CH3COO  + H +  CH3COOH

11) 

Hg(NO3)2 + Cu  Cu(NO3)2 + Hg
Hg2++ Cu  Cu2+ + Hg
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12) 

CuSO4 + 2KOH  Cu(OH)2  + K2SO4
Cu2+ + 2OH  Cu(OH)2

13) 

Ba(NO3)2 + Na2SO4  BaSO4  + 2NaNO3
Ba2+ + SO4

2  BaSO4

14) 

Zn + 2NaOH + 2H2O  Na2[Zn(OH)4] + H2
Zn + 2OH + 2H2O [Zn(OH)4]2 + H2

2Al + 2NaOH + 6H2O 2Na[Al(OH)4] + 3H2
2Al + 2OH + 6H2O 2[Al(OH)4] + 3H2
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 5.1 -

1 2 3 4 5 6
- . -

-

HCl
,

, ClH 1 Cl

HBr
,

BrH 1 Br

HI
,

IH 1 I

SH 2
, HSH 2 HS

-

HClO
,

,
 ( )

ClOH 1 ClO
,

 ( )-

2HClO ,
 ( ) OClOH 1 2ClO ,

 ( )-

3HClO ,
 (V) 1 3ClO ,

 (V)-

4HClO ,
 (VI ) 1 4ClO ,

(VI )-

32 SOH ,
 ( V) 2 SO3

SO3
2

-
,

V)-
,

V)-

42 SOH , 2 SO4
SO4

-

2HNO
,
,

 ( )
ONOH 1 2NO

,
 ( )-

3HNO , 1 3NO
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 5.1

1 2 3 4 5 6

3HPO 1 3PO -

43POH
,
,

, 3
3
4

2
4

42

PO

HPO

POH

-

-
,

32COH , 2 2
3

3

CO

HCO

4HMnO
,

,
 (VI )

1 4MnO
-

, 
(VI )-

COOHCH3 , 1 COOCH3
,

33POH
)

H—O

H—O
2

2
3

32

HPO

POH
-

-

724 OPH , 4

4
72

3
72

2
722

723

OP

OHP

OPH

OPH -

-

42CrOH 2 2
4CrO

722 OCrH 2 2
72OCr
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, 
: 42SONa

H2SO4

H - O
H - O S

O
O

H   Na Na - O
Na - O S

O
O

243 POCa , 43POH
H - O - P=O
H - O

H - O

.

O = P - O - Ca - O - P = O
O - Ca - O

O - Ca - O

342 SOAl 42 SOH

:
34HSOFe

O

O - H
S

O - H

O

O - H
O - HS

O

O - H
O
O

O - H
S

O
O

Al
O
OS

O
O

Al

O
S

O
O

O
OS

O
O

Al

  

H - O - S - O - H
O

O

H - O - S - O - H
O

O

H - O - S - O - H
O

O

Fe O - S - O - H
O

O
O

O
O

O

Fe - O - S - O - H

O - S - O - H
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:
432 POOHFe

O

H

O O

H

H

O
HO

O

Fe

O

H

O

H

5.3  

 1. .
. :

Ni  NiCl2  Ni(OH)2  (NiOH)2SO4  Ni(NO3)2  NiO.

.  Ni  NiCl2, 
, . Cl:

Ni + 2HCl  NiCl2 +H2
Ni + 2H +  Ni2+ +H2

NiCl2 Ni(OH)2
:

NiCl2 + 2NaOH  Ni(OH)2 + 2NaCl
Ni2+ + 2OH  Ni(OH)2

Ni(OH)2  (NiOH)2SO4

2SO4 :
2 Ni(OH)2,  1 2SO4:

2Ni(OH)2 + 2SO4  (NiOH)2SO4+ 2H2
Ni(OH)2 + +  NiOH ++ H2

:

(NiOH)2SO4 + 2SO4 2NiSO4 + 2H2
NiOH ++ +  Ni2++ H2

Ni(OH)2 + 2SO4  NiSO4 + 2H2
Ni(OH)2 + 2 +  N 2++ 2H2

O - H
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(NiOH)2SO4 Ni(NO3)2 AgNO3.
Ni(NO3)2 , Ag2SO4-

.
(NiOH)2SO4 + 2SO4 2NiSO4 + 2H2
NiSO4 + 2AgNO3.  Ni(NO3)2 + Ag2SO4
2Ag2+ + SO4  Ag2SO4

:

                    Mg MeNO2 + O2
         MeNO3                  Mg – Cu          MeO + NO2 + O2

 Cu
                                                                MeO + NO2 + O2

 (
). Ni

Mg Cu
.

2Ni(NO3)2
t

2NiO + 4NO2 + O2

 ( ).

 2.
.

. , 

Ni  NiCl2  Ni(OH)2  (NiOH)2SO4  Ni(NO3)2  NiO.

. : .  –
Ni ( ).

 – , , . NiO  – ; Ni(OH)2 –
 – ; (NiOH)2SO4 – ,

; NiCl2 Ni(NO3)2 – : 
.

 3. , .
. , NiCl2,

Ni(OH)2, (NiOH)2SO4 , Ni(NO3)2 , NiO.
.

Cl — Ni — Cl  -  ( ) Ni = O
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                        O  O  Ni  O   H – 
                        
                  O—N=O
      Ni

   O N =O
                        
                        O

O
                                
H   O Ni  O  S O Ni H

                                ( )
O

 4. . .
.

Ni  NiCl2  Ni(OH)2  (NiOH)2SO4  Ni(NO3)2  NiO.

. Ni(OH)2
 ( ), , .

 +2, , 
. 

, , 
, , 

. , .

Ni(OH)2
t

 NiO + H2O

Ni(OH)2 – .
Ni(OH)2 –  – , 

, .
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5.4  
5.4.1  « »

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

1 CdO  Cd  Cd(NO3)2  Cd(OH)2 [Cd(NH3)6](OH)2
2 B  H3BO3  Na2B4O7  H3BO3
3 Mg2Si  SiH4  SiO2  K2SiO3  H2SiO3
4 Cu  CuCl2  CuO  Cu(OH)2  (CuOH)2SO4
5 Al  Al2O3  Al2(SO4)3  Al(OH)3  Na3[Al(OH)6]
6 ZnO  Zn  Na2[Zn(OH)4]  ZnSO4 [Zn(NH3)4]SO4
7 HgS  Hg  Hg(NO3)2  HgI2  K2[HgI4]
8 CuSO4  Cu  CuCl2 CuCl
9 AgNO3  Ag  AgNO3  Ag2S Ag  Ag2SO4
10 Co2O3  Co  Co(NO3)2  Co(OH)2  Co(OH)3  CoCl2
11 FeS  Fe2O3  Fe  FeCl2  Fe(CN)2
12 NiO  Ni  Ni(NO3)2  Ni(OH)2  Ni(OH)3
13 H3PO4  (C OH)3PO4  Ca3(PO4)2  H3PO4 P2O5
14 P2O3  Na3PO4  Ba3(PO4)2  Ba (H2PO4)2
15 Zn(OH)2 ZnOHNO3  Zn(NO3)2  ZnSO4 Zn(OH)2 Na2ZnO2
16 Al2O3  NaAlO2  Al(OH)3  AlOHCl2  AlCl3
17 SO3  H2SO4  CuSO4  Cu(HSO4)2  CuSO4  (CuOH)2SO4
18 SO2  K2SO3  KHSO3  SO2  CaSO3  Ca(HSO3)2
19 Sn(OH)2  Na2SnO2  SnSO4  Sn(HSO4)2  SnS
20 Be  BeO  BeSO4  Be(HSO4)2  BeSO4
21 Be(OH)2  BeOHNO3  Be(NO3)2  BeO
22 C  CO2  CaCO3  CaO  Ca(OH)2  CaOHNO3
23 Cu  CuSO4  (CuOH)2SO4  Cu(OH)2  CuO
24 CaO  Ca  Ca(OH)2  CaOHCl  CaCl2
25 FeS  Fe(HS)2  Fe(OH)2  FeO  Fe2O3
26 N2  NO  HNO3  Pb(NO3)2  Pb SO4  Pb(HSO4)2
27 CuS  CuO  CuSO4  Cu(HSO4 )2  Cu(OH)2
28 KHCO3  K2CO3 OH  KH SO4  K2 SO4
29 Mg(NO3)2 MgOHNO3  Mg(OH)2  MgO  Mg(HCO3)2
30 Zn(OH)2  ZnSO4  Zn(HSO4 )2  ZnSO4  Na2ZnO2
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5.4.2  « »

1. , .
2. , 

.
3. , , 

, .
4. 

.
5. ,  (%).

1 Li Mn S 16 Fe Be Br
2 Be P Co 17 Hf I C
3 B Fe As 18 Bi Cr Cs
4 Na N F 19 Ba F Cl
5 K V Si 20 Zn V Ni
6 Cu C Co 21 Pt Al Ge
7 Zn Se Al 22 Sb I Ni
8 Sn Mg Cl 23 Mg Se Cl
9 Cu S Sr 24 Na Ge Tc
10 Ge As Ni 25 Zn B Br
11 Ag C Te 26 Pb Cu Cl
12 Cd Rb P 27 Sn Ca Br
13 Te W Co 28 Te I Rb
14 B Hg Cl 29 Co Re S
15 Al N Fe 30 Ba Sn S
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5.4.3  « »

1. , , .
2. .
3.  (

, ).
4. .

1 Al Mn 16 N Ba
2 Mg Sb 17 Ge S
3 Ag V 18 Au As
4 Be Cl 19 Cr Mg
5 I Zn 20 Fe Cu
6 Cd Co 21 Co Sb
7 Sn Br 22 Ni Cs
8 F La 23 As Na
9 Li W 24 Ba Ge

10 K S 25 Pb Hg
11 Si Rb 26 Bi S
12 C Mg 27 Ag Ca
13 Hg F 28 Tc Sn
14 P Zn 29 Al Tl
15 Ti I 30 Sc Se
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6        

6.1 

,

. , , 
, , . 

. 
. 

,  – . 
:

          -  + 2 = 2 + Q.
       - 3 =  + 2 – Q.
      -           2Mg + 2 = 2MgO + h .

   -           2AgBr + h  = 2Ag + Br2.
      - Zn + CuSO4 = ZnSO4 + Cu

                                                         ( ).
   -           2 2  = 2 2 + 2

                                                         ( ).

, .
, 

, .

. 
Q . 

«terme» –  «dinamic» – , .

, 
, . 

.
:

- .
-

.
- , 

.
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6.1.1  

 – , 

.

,  – . 
.

 ( ) 
 ( ).

, ,

, .
, , .

. 
,  – , ,

, ,  - .
, , 

, –  (U),  ( ),  (S),
 (G,  F) – . 

, 
, ,

V (C).
 4 

:
1.  – 
 (  = const,  = 0).
2.  (V = const, V = 0).
3.  (  = const,

 = 0).
4.  – , 

 (Q = const, Q = 0).

6.1.2 

. 
, 

, 
. , 

.
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, 
, 

.  ( ) – 
, 
.  ( ). 

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

.

, 

:

2 + Cl2 = 2 Cl + 184,6 

, 

:

1/2N2 + 1/2 2 = N  – 90,4 

, 

„+”
, , .

” , 
, .

, 
. 

1/2N2 + 1/2 2 =  – 90,4 ,

, ,  90,4 , 

N2 + 2 = 2  – 180,8 .

2 ( ) + 1/2 2 ( ) = 2  ( ) + 246 .
2 ( ) + 1/2 2 ( ) = 2  ( ) + 286 .
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, 
 1 :

286 – 246 = 40 ( ).

10-23  ( ) 
1010  ( ).

:
10 103 .

 « »  «
».

 – , 

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

2 ( ) + 1/2 2 ( ) = 2  ( ) + 286 .

, 
1

,  1300 

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

 – , 
.

6.1.3 

, 
 (U).

). ,
, 

, , ,
, .

, 
: V – ,  – 

 – :

U = f (V, , )
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, 
, 

. , 
, 

U = U2 – U1

.
, U

.
 (1845) , 

, 
 ( ).

 – . 
, .

. 
.

 = V (  = const),

V – .
 (V = const), V = 0,  = 0

.
 Q – , 

.
, Q

.

6.1.4  .

. 
, , 

. 
Q, 

, , 
U . 

Q = U + 
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, , 

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

U +  V  ( ) :

 = U +  V

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

 – , , ,
V, . 

. :

 = 2 – 1

, 
, :

 = - Q ..

 = 0  ( V) :

QV = U.

.

:

Q  = QV  - RT(n2 – n1),

n2  n1 – .

QV Q n.
.
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   (1784 ):

 ( ), 

0
.298

0
298

           (1840 ):

 (
) 

, 
, 

U
, .

, 
, .

:

1. :

:

0
.298

0
298

2.

, 
, 

:

.)(.)(. nn

. :
, ,

.
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 –  ,  
 1 

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

 1 
0
298 , 0 .

, 
. 0

298 .
,

 – .

.  ,  
.

, , ,
.

 –  ,  
, 

, 
.

..  ( ). 

. 
10 103 .

, 
, .

, 
. 

. :
:

2 ( ) + 1/2 2 ( ) = 2  ( ) + 286 .

2 ( ) + 1/2 2 ( ) = 2  ( ),  =   286 .

:  – ;  – ; . ( .) –
 ( ).

:

4 ( ) + 2 2 ( ) = 2 2 ) + 2 ( );  = 890 .
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 – , , .
.

.

, 
, 

. 
, .

, :

) + 2 ( ) = 2 ( ) + 393,51 ,
) + 2 ( ) = 2 ( ) + 395,34 ,

) - ) = 1,83 .

6.1.5 

. 
, 

 (1850 ):

,
Q

QQ
T

TT
Q
A

2

21

1

21

Q1 – , 1,
Q2 – , 

2,
Q1 – Q2 =  – , ,

Q
, , 

.
:

.0Q
T
Q

2

2

1

1
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.
 1865 . „S”, 

 - ). , 
. S /( )

,
T
Q

=S

, , 
, , .

 (U = const), 
(V = const), U = 0.

.
 – ,  = const.

 – U,  
. 

S, S – .

 – , 

S = K lnW.

 (W),
. – 

,
N
RK

A

R – ,
N  – .

, . 
S, .

, V,
.

, 
, .

.

:

, S  S  S .
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:

S V

, 
 ( ) :

S  0, ;
S  0, ;
S = 0 – , .

.... SnSnS

6.1.6 

, , 
:

 ( );
 (

).
 ( , )

:

 = S,
    

                 

: S = G
-

.

        G = S;                 G = f( , )

. G –
. G – , 

.
 – 
.

G ,  = -
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 = S

U + p V = T S

 (V = const, V = 0) –  (  = const) 

U = T S

:

U T S = F

 „ ”
, :

F = U T  S;                    F = f (V, T)

.
, 

, ,
.

0
298

,  1 
. ,

 ( G . = 0).
 (

) .
, 

, :

.... GnGnG

G = S , 
.

G  0,  ( );
G  >  0, 

; G = 0 , 

 = S.
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. 
 « ». 

, 
.

H S (
).

 6.1 -

H S G
 +  

+   +
 ±

+ + ±

 6.2. – °298, S°298
G°298  298  (25° )

H0
298 S0

298

/( )
G0

298

1 2 3 4
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
2 6 .) -89,7 229,5 -167,9
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
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 6.2
H0

298 S0
298

/( )
G0

298

1 2 3 4
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
NH4Cl ( ) -314,2 95,8 -203,2
N2  ( .) 82,0 219,9 104,1
NO ( .) 90,3 210,6 86,6

N2 3 .) 83,3 307,0 140,5
N2 4 .) 9,65 304,0 99,56

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
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 6.2

H0
298 S0

298
/( )

G0
298

1 2 3 4
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
Ni2+ -53,2 -1261 -45,6
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
Sn2+ ( ) -10,5 -22,7 -27,3
Sn4+ ( ) -2,43 -226,1 -2,4

SnCl4 ( ) -528,9 299,6 -257,7
Zn2+ -153,74 -110,67 -127,3

PbCO3 ( ) -699,6 131,0 -625,9
PbSO4 ( ) -920,6 148,7 -813,8
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6.1.7 

:
1) ;
2) 

;
3) ;
4) , ;
5) :
6) .

 1.
. 6.2.

:

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

.
    H . :

1. , 
:

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

2. :

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

3. :

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

4. 0
298

,  6.2.
5. :

0
..298

0
..298. nn

6. :



164

)(NO)(H)(Fe

O)(H(NO))(Fe

3
2

2
3

.

43

23

7. 0
298 H .:

4,154)=3,470(7,624=
=)5,206+(04)+9,87(3)286(2+4,90)+7,47(3.

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

 2.

:

) + 3 2 ( ) = 4 ( )  + 2  ( )

.

.... GnGnG

G . = [ G( 4) + G( 2 )] [ G(CO) + 3 G( 2)]
                                               -50,8          -228,6              -137,1                0

0
298G . 6.2

G . = [-50,8 + (-228,6)] [-137,1 + 3 0] =
= -279,4 – (-137,1) = -142,3 .

: G . <  0,
 ( ).

 3.

, , 
:

2NO2 N2O4
                                                              

.
)(NO2)O(N 2

0
29842

0
298. ;

H = (9650  2 33820) = 57990 .
S . = (304,01  2 240,18) = 176,35 .
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G = S
G = -57990 + 298 176,35 = 5437,5 .

, G < 0 . 
G = 0,  = S

K8,328
35,176

57990
S

:  30  (328 – 298), 
 5,44 . 

. 
NO2 ( G > 0) .

 4.
 4 Fe2O3.

.

:

mV
Vn

M
mn .

, 0
298

 1 , 

= n 0
298 =

M
m 0

298 .
0
298 (Fe2O3) =  322,2 

 (Fe2O3) = 160 

=
160
4000 (-822,2) =   20555 .

:  4 Fe2O3  -20555 .

 5.
 112 .

.
 ( . . 4)

.
V
Vn

m
5

422
112

,
 5 3:



166

0
298 ( 3) = 46,2 .

= 5  46,2) = 231 .

= ., .= 231 .
:  112  231 .

 6.
, 

2,1  3,77 .
:

Fe + S  FeS

 (Fe) = 56 .
, 

03750
56

12 ,,
M
mn .

 1  1 FeS.
:

 0,0375 Fe –  3,77 
                           1 Fe       .

.100,5=
0,0375
3,77

:
Fe + S  FeS + 100,5 ,

Fe + S  FeS;  = -100,5 ,
 = - Q.

: 
:

Fe + S  FeS + 100,5 .

 7.
:

3  + 2; H = 157 .

 325 3?
.

3  + 2;
 ( 3) = 100 .
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, :

.3,25
100
325

)M(
)m(n

3

3

= n 0 = 3,25 157 = 510,25 .
:  325 3  510,25 .

 8.
:

4 ( ) + 3 2 ( ) = 2 + 2 2 ); .= -890,2 .

, 
2 2 ): )( 2

0
298 = -393,5 ;

)2
0
298 ) = -285,8 .

.
, 

:
) + 2 2 ( ) = 4 ( ); H = ?,

:

1)             4 ( ) + 2 2 ( ) = 2 ) + 2 2 ); H . = -890,2 .
2)             ) + 2 ( ) = 2 ( ); H .  = -393,5 .
3)            2 ( ) + 1/2 2 ( ) = 2 ); H .  = -285,8 .

.
 (3) 2,  

 (2)  (3)  (1):

4 ( ) + 2 2 ( ) - ) - 2 2 ( ) - 2 2 ( ) = 2 ) + 2 2 ) - 2 ) - 2 2 )

H = -890,2 + 393,5 + 571,6.
4 ( ) = ) + 2 2 ( ); H = +74,9 .

= .,
( 4) = 74,9 .

, :

H .  = H( 2 ( )) + 2 H( 2 )) H( 4 ( ))  2 H( 2( )),
H( 4 ( )) = H . H( 2 ( ))  2 H( 2 ))
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, 
, 

H( 4 ( )) = -890,2  + 393,5 + 2285,6 = -74,9 .

: ( 4) = 74,9 .

 9.

-47,70 , SrCl2 6H2O
+30,96 . SrCl2 (

).
.

:

1)                   SrCl2 + aq = SrCl2 aq; H = 47,70 .
2)                  SrCl2 6H2O + aq = SrCl2 aq; H = +30,96 .

 (2)  (1):

SrCl2 + aq  SrCl2 6H2O  aq =0 H = 47,70  30,96 =  78,66 .
SrCl2 + 6H2O = SrCl2 6H2O.

: SrCl2 6H2O  78,66 .

 10.

?
2 6 ( ) + 1,5 2 ( ) = 2 .) + 3 2  ( ).

.
0

T,G .
:

G . = [2 G( ) .) + 3 G( 2 ) )] [ G( 2 6) ) + 1,5 G( 2) )].

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

G .6.2.
G . = 3(-237,3) (-32,9) = -744,8 .

:  G . <  0,
.
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6.1.8  

 1.

H
:

-

1 H2O (p) + SO3 ( )  H2SO4 (p)
2 CaCl2 ( ) + Na2CO3 (p)  CaCO3  ) + NaCl (p)

3 Na2SO4 (p) + H2O (p)  H2SO4 (p) + NaOH (p)
4 Fe(OH)3 ( ) + HCl (p)  FeCl3 (p) + H2O (p)

5 SnCl2 (p) + 2FeCl3 (p) 2FeCl2 (p) + SnCl4 (p)
6 8HI ) + H2SO4 (p) 4I2 ( ) + H2S ) + 4H2O )

7 NO2 ( ) + H2SO3(p)  H2SO4 (p) + NO )
8 Ca(OH)2 ( ) + CO2 ( )  CaCO3 ( ) + H2O )

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 )
14 I2 ) + H2SO3 (p) + H2O (p)  H2SO4 (p) + 2HI )

15 Zn ) + HCl (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 Na2CO3 (p) + Ca(OH)2 ( )  CaCO3 ( ) + NaOH (p)
21 3Hg (p) + 8HNO3 (p) = 3Hg(NO3)2 (p) + 2NO ) + 4H2O(p)
22 2NO2 ( ) + 2NaOH (p) = NaNO3 (p) + NaNO2 (p) + H2O(p)
23 16HCl (p) + 2KMnO4 (p) = 2MnCl2 (p) + 5Cl2 ( ) + 2KCl (p) + 8H2O(p)

24 3H2SO4 (p) + 2Cu ) 2CuSO4 (p) + SO2 ( )  + 2H2O(p)
25 FeCl3 (p) + Ag ) =  AgCl ) + FeCl2 (p)
26 CH3OH (p) + 3/2O2 ) = CO2 ) + 2H2O (p)
27 CuCl2 (p) + NaOH (p)  Cu(OH)2 ( ) + NaCl )

28 8KOH (p) + 4S ) = K2SO4 (p) +3K2S (p) + 4H2O (p)
29 Cu ) + FeSO4 (p) = Fe ) + CuSO4 (p)
30 4Mg ) + 10HNO3 (p) 4Mg(NO3)2 (p) + N2O ) + 5H2O )
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 2.

.

-

1 Fe3O4 ( ) + CO ( ) = 3FeO ) + CO2 ( )
2 CO ) + 3H2 ( ) = CH4 ( ) + H2O )
3 Fe2O3 ( ) + Al )  Al2O3 ) + Fe )

4 FeO ) + H2 ( ) = Fe ) + H2O )
5 NH3 ( ) + HCl ) = NH4Cl )
6 C2H6 ) + O2 )  CO2 ) + H2O )

7 CO ) + H2O ) = CO2 ( ) + H2 ( )
8 Fe2O3 ( ) + 3H2 ) = 2Fe ) + 3H2O )
9 CH4 ) + CO2 ( ) = 2CO ) + 2H2 ( )
10 C2H2 ) +5/2O2 ) = 2CO2 ) + H2O )
11 2NO ) + O2 ( ) = 2NO2 ( )

12 4NH3 ( ) + 5O2 ( ) = 4NO ) + 6H2O )
13 PbO ( ) + CO2( ) = PbCO3 ( )
14 CaO ( ) + CO2( ) = CaCO3 ( )
15 Ca(NO3)2 ( )  = Ca(NO2)2 ( ) + O2 ( )
16 CO2 ( ) + 4H2 ) = CH4 ( ) + 2H2O )
17 C2H4 ( ) + 3O2 ( ) = 2CO2 ( ) + 2H2 )

18 2CO ) + SO2 ) = S ) + 2CO2 )
19 C6H6 ( ) + 7,5O2 ( ) = 6CO2 ( ) + 3H2O )
20 NH4NO3 ) = N2O ) + 2H2O )
21 2HNO3 ( ) + 3H2S ) = 2NO ) + 3S ) + 4H2O )
22 NiO ( ) + CO ) = Ni ) + CO2 ( )
23 8Al ) + 3Fe3O4 ) = 9Fe ) + 4Al2O3 ( )

24 C2H6 )  =  C2H4 ) + H2 )
25 C2H5OH ) = C2H4 ) + H2O )
26 Fe2O3 ) + 3CO ) = 2Fe ) + 3CO2 ( )
27 CO2 ( ) + ) = 2CO )
28 SO2 ( ) + 2CO ) = 2CO2 ( ) + S )
29 PbO ( ) + CO ) = Pb ) + CO2 ( )
30 Zn ) + PbO ) = Pb ) + ZnO )
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 3.

1. , 
:

PCl5 ) = PCl3 ) + Cl2 ); H = -92,6 .

2. :

4HCl ) + O2 ) 2H2O ) + 2Cl2 )

3. , 
:

a(NO3)2  ( )  = a(NO2)2 ( )  + 2 ( ).

4. CuSO4

CuSO4 5 2  -66,1  +11,7 . 
CuSO4.

: H = -77,8 .
5. Fe2O3     :

Fe2O3 ( ) + 3H2 ) = 2Fe ) + 3H2O ); H = +96,6 .

, 
S = 0,1387 ? 

Fe2O3?
6. , 

:

(NH4)2 O3 ( )  = 2 3 ( ) + 2  ( ) + 2 ( ).

7.
  :

CH4 ) + CO2 ( ) 2CO ) + 2H2 ( ); H = +247,4 .

, .
8. :

2 ) + 2 ) = ) + 2 ); H = -2,85 .

9.

3( ) = ) + 2 ) – 157 

 1 ?
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10. , 
:

2 u(NO3)2 ( )  = 2 uO ( )  + 2 ( ) + 4NO2 ( ).

11. , :

) + 2 ) = )2 ); H = -65 .

12. , 
:

2NaNO3 ( )  = 2NaNO2 ( )  + 2 ( ).

13. , :

FeO ) +  ( ) = Fe ) + 2 ); H = -13,2 .

14. , :

2 4 ) + 2 ) = C2H5OH ); H = -47,5 .

15. , :

CaCO3 ( )  CaO ( ) + CO2( ); H = +157 .

16. , :

N2 ) + O2 ( ) = 2NO ( ); H = +180,5 .

17. , 
:

NH4NO3 ( )  = 2 2  ( ) + N2O ( ).

18. , :

PCl3 ) + Cl2 ) = PCl5 ); H = -137,2 .

19. , 
:

2 O3 ( )  = 2 O3 ( )+ 2  ( ) + 2 ( ).

20. , :

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

21.

4 + 2 2 = 2 + 2 2  + 878 
 67,2 4 .)?



173

22. , :

TiO2 ( ) + C ) = Ti ) + CO2 ( ); H = +594,5 .

23. Na2CO3

Na2CO3 10 2       –25,1   
+66,9 . Na2CO3

: H = -92 

24. , :

CO ) + 2H2 ( )  CH3  ( ); H = -128 .

25. , 
:

2AgNO3 ( )  = 2Ag ( )  + 2 ( ) + 2NO2 ( ).

26. , :

CH4 ( ) + 2O2 ( ) = CO2 ( ) + 2H2 ); H = -890,3 .

27. :

4  + 5 2 = 2 2 5 + 3010 
 31 ?

28. , 
:

NH4NO2 ( )  = 2 2  ( ) + N2 ( ).

29.

2 2 2 + 5 2 = 4 2 + 2 2  + 2610 

, , :
) 13 2 2;     ) 1,12  ( .) 2 2;     ) 1 2 2?

30.   

2 2 4 + 3 2 = 2 2 + 2 2  + 1400 

, , :
) 1 2;     ) 336  ( .) 2;     ) 16 2?
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 4.

.

1 10,2  Al2O3 11 190  MgCl2 21 3  C6H6
2 6,72 4 12 5  N2O 22 3,4  H2S
3 250 

3

13 285  AgCl 23 1   PbO

4 32 
NH4NO3

14 6  HF 24 8  CuO

5 11,2 2 4 15 48 Fe2O3 25 7 
CaCl2

6 100  MgO 16 0,5 3 CO2 26 64 SO2
7 1,5  NiO 17 1,5  Fe3O4 27 312  CaF2
8 168 

MgCO3

18 10 ZnO 28 48  CH3OH

9 1 3 H2O 19 90  H2S 29 2,5  NH3
10 200  NH3 20 11,2 30 134,4  NO2
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6.2. 

6.2.1. 

 – , 
.

. 
:

2 2 ) + 2 ) = 2 2 ),

 –  (700 ) –
.

2NO ) + 2 ( ) = 2NO2 ( )

.
:

2 ( ) + F2 ( ) = 2 F )

  .
.

, , 
, , , 

.
.

. 

. ,
:

VM
mC;

V
n .

t0 0, t
, :

t
C

tt
CCV

0

0 ,

dt
dCV .

 „ ” ,  .
 „+” , 

.
V .
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S

dtS
dCV

tS
CV .

. 
, , ,

,  – 
, .

. 
, 

.  – .
, , 

, , , , .

6.2.2. .

. 

. 
, .  1865 

. 
: «...

».
 1867 . . 

:

,
  

:

 +  =  + d D

:
ba BAKV    b

B
a
A CCKV ,

, b – ;
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 – , 
.

 =  = 1 ,  = const, V = .
 – 

 1 .
, 

, 
.

. , 
, 

. , 

) + 2 ) = 2 )

2
'

2 OKOconstKV

' = const.

6.2.3. 

.

.

. 
. 

,  –
. , 

.
  , 

, –  – , .
 ( < 40 ), 

2 ( ) + F2 ( ) = 2 F ).

,  (  120 ), 

N2 + 3 2 2 3.
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 40  120 , 

Na2S2O3 + H2SO4 = Na2SO4 +  + SO2 + H2O.

. 

. 
, 

.

, .
, 

. .

. 6.1. .

 - .

          I                             I          H – I
       +                                    
          I                             I          H – I
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   6.2.4. 

, 
. 
. 

:

,eZ RT
E

 = Z  e ,RT
E

 – ; Z – ;

 – ;  =
R
S

e  - 

.

:

10
 2 – 4 

10
12

12

TT

TT VV      10
12

1

2

TT

T

T

V
V

,

 -  2-4, ,
. 

.

6.2.5  .

. , , , 
, 

. , , 
.

, 
.

:             +  – ,
 +  +  +  – 

                                       1.  +  ... , V1 >> V
                                       2.  ...  +  + , V2 >> V

 +  +  + .
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. 6.2. 
) , ) .

 ( )

2SO2 ) + 2 ) = 2SO3 ), NO ( )

. 
, 

.
 – . 

  30000. .
, . 
 ( , ), 

. ,
.

,  – 
.

6.2.6  

, , , . 
, .

.
2 + I2 = 2 I
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.

2+ + SO4
2  = SO4

+ +  = 2 .

. 
 –

.

: :,Cl, .

, , , ,
.

, 
. h

.
:

2AgBr + 2 h  2Ag + Br2

 –  – .
, 

. .
.

, 2 +  l2 =  2 l
. 

. 

2 + l2 = 2 l
l2 + h  = 2Cl
2 + h  = 2

:

     2 + Cl l + 
                                         + l2 l + Cl
                                                                          + 2 l + 
                                                                                                        + ......

, 
.
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, 

 + Cl : l

: 

. 
 105.

. , 
. 

.

. .  1964 
.

6.3  

, 
; , 

 ( ).
:

2NaOH + H2SO4 = Na2SO4 + 2H2O
BaCl2 + Na2SO4 = BaSO4  + 2NaCl
Na2CO3 + 2HCl  2NaCl + H2O + 2

.
 – , 

  . 
:

2 + I2 2 I 221 IHKV ; 2HIKV 2
2 2 + 2 2 2 221 HK 2V ; 2V HK 22

3 2 + N2 2NH3
3

221 HNKV ; 2V 32 NHK

V
V , .

, 
 ( ), , 
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 ( ) 
. 

, , 
.  –

G  = 0.

.

2 2( ) + O2( ) 2 2 ) ; 0; S  0.

 (  0)  ( S  0). 
 ( ) . 

 (  0) 
) – S  0. 
. 

 = T S, G = 0.

. 
, . 

. , 
,  [ ] 
.

6.3.1  

.

) + NO2 ( ) 2( ) + NO ) .

, 

V1 = K1 [CO] [NO2],

V2 = K2 [CO2] [NO].
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V1 V2 , 
, 

, 

V1 = V2 ,

K1 [CO] [NO2] = K2 [CO2] [NO],

PK
NOO
NOCO

K
K

2

2

2

1 .

. 

.

m A + n B  p C + q D ,

nm

qp

P BA
DCK .

.
,

, 
, 

, .

, 
.

  , 
, 

CO2( ) + C ) 2CO ) ;
2

2

K P ,

CaCO3( )  CaO ) + CO2( ) ; 2K P .

 (
, ) . 

. 
.
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 ( ) 
  ( ) :

pT KTRG lg3,2 ,
F = 2,3 · R · T ·  lgK

 298 
pp Klg69,5-Klg29831,83,2-TG , .

F = - 2,3· 8,31· 298 lgK  = 5,69 lgK ,

G 0 , 

lgKp > 0, Kp < 1,

a G > 0 lgKp < 0, Kp > 1.
, G, 

. 
G  .

 ( ) 
G, 298G .

6.3.2   . 

   (
, , ) 

.

, . 
, , 

. 

. ,
 – 

(1884 .):

, , 
, ), 

, 

. 
, , 

, , , 
.
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.

.

: )  ( ); )  ( V).

SnCl2 + 2FeCl3 SnCl4 + 2FeCl2.

SnCl2, 
, , .

2SnClC   .

, 
3FeClC .

 (IV) 
, 

SnCl4. 4SnClC     .

, 

 .

. , 

2NO2 ( ) N2O4 );  0
                                                                           

 – ,  – .

2NO2 ( ) N2O4 );  0

, 
,   NO2:

 ( ).
, 

N2O4:
 ( ).

,  – 
.
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.

. ,
 ( ) 

.
, 

N2 ( ) + 3H2 )  2NH3 )

 ( ) – 2 NH3 ,
 – 4  (

).  ( ) 
,  – 

NH3 ( ).
 ( ), 

 (N2  3H2), 
 ( ). , , , 

.
:

 (
)  

6.3.3  

 1
 2NO + O2 =  2NO2

 [NO] = 0,2 3,
[O2] = 0,3 3,  [NO2] = 1,2 3. 

.

2NO + O2 = 2NO2

120
0120
441

3020
21

2

2

2
2

2
2

,
,

,,
,

O
K P
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 2 NO  1 2
2 NO2.  1,2 NO2  1,2  NO
0,6 2

  NO =  [NO] + 1,2 = 0,2 + 1,2 = 1,4 3

O2 =  [O2] + 0,6 = 0,3 + 0,6 = 0,9 3

 2.

,  3 
2 ( ) + ) = 2 )

:
, 

:

22 COK'constV

 3 ,  3 , 
2  3 

22 33 CO'K''V

33
2

2

CO'
CO'

V
'V

,  3 .
:

2''V

2''2'' 9KV'

99
2

2

CO''
CO''

V
'V

,  9 .

 3.

 80  20 ,  = 2?
:

,VV
TT

10
12

12

V1, V2 – 1, 2.
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.
V
V TT

64
122 610

8020
10

1

2
12

:  64 .

 4.

: , , 3

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

.

,  – ,  –

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

 ( ), .
, 

: 3  2 . 

, : .
 – NOCl,

 (
), NOCl .
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6.3.4 

:
1.

.
2.

.
3. .
4.

: 1 , 3 ;
; .

5.
1 2, …

1.          2SO2 ( ) + 2 ( )  2SO3 ( ); H  0
3 ) = ) + 2 ); H > 0

3) 3;  5) 1 = 40 C, 2 = 60 C,  = 2

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

3) 3;  5) 1 = 50 C, 2 = 80 C,  = 2

3. 2 O ( ) + 2 2 ( ) = 4 ) + O2 ( ); H  0
Fe2O3 ( ) + O ) = 2FeO ( ) + O2 ( ); H  0

3) 4;  5) 1 = 50 C, 2 = 10 C,  = 3

4.          2WO3 ( ) + 3  ( ) = 2W ) + 3 O2 ( ); H > 0
2  ( ) + Cl2 ) = 2N Cl ( ); H  0

3) 2;  5) 1 = 10 C, 2 = 60 C,  = 3

5.          2 O2 ( ) + 2 ( ) = 2 ) + 2O ( ); H > 0
3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4H2 ); H < 0

3) 4;  5) 1 = 20 C, 2 = 80 C,  = 3

6.          2NO2 ( ) = 2NO )+ O2 ( ); H > 0
SrO ( ) + O2 ) = SrCO3 ( ); H  0

3) 2;  5) 1 = 60 C, 2 = 20 C,  = 3

7. FeO ( ) +  ( ) = Fe ) + O2 ( ); H > 0
4NH3 ( ) + 5O2 ) = 4 ) + 6H2O ); H <0

3) 3;  5) 1 = 100 C, 2 = 50 C,  = 2
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8.          2  ( ) + 2 ( ) = 2 O2 ( ); H  0
 ( ) + 2N2O ) = 2N2 ( ) + O2 ); H  0

3) 3;  5) 1 = 40 C, 2 = 70 C,  = 3

9. N2 ( ) + 3 2 ( ) = 2NH3 ( ); H  0
 ( ) + O2 ) = 3 ); H > 0

3) 4;  5) 1 = 30 C, 2 = 70 C,  = 3

10. 4 ( ) + 2 ) = ) + 3 2 ( ); H < 0
WO3 ( ) + 3 2 ) = W ( ) + 3H2O ); H > 0

3) 3;  5) 1 = 100 C, 2 = 70 C,  = 2

11.        2 2S ( ) = 2 2 ) + S2 ( ); H > 0
Fe2O3 ( ) + 3 2 ) = 2Fe ( ) + 3H2O ); H < 0

3) 4;  5) 1 = 10 C, 2 = 50 C,  = 2

12. N2 ( ) + 2 ( ) = 2NO ( ); H < 0
 ( ) + 2 2 ) = 4 ( ); H > 0

3) 3;  5) 1 = 65 C, 2 = 105 C,  = 3

13. 4 l ( ) + 2 ( )  2Cl2 ) + 2 2O ( ); H  0
 ( ) + O2 ) = 2 O ); H > 0

3) 4;  5) 1 = 75 C, 2 = 35 C,  = 2

14. O ( ) + l2 ( ) = OCl2 ( ); H  0
2Hg ( ) + O2 ) = 2 gO ); H > 0

3) 3;  5) 1 = 25 C, 2 = 55 C,  = 3

15. 2H2 ( ) + 2 ( ) = 2 2O ( ); H  0
4 3 ( ) = 4NO2 ) + 2 ) + 2H2O ); H > 0

3) 2;  5) 1 = 45 C, 2 = 75 C,  = 4

16.        2Mg ( ) + 2 ( ) = 2MgO ); H  0
2 H3 ( ) + 4 2 ) = 2 5  ( ) + 3H2O ); H  0

3) 3;  5) 1 = 110 C, 2 = 160 C,  = 2

17.        4 l ( ) + 2 ( ) = 2 2 ) + 2 l2 ( ); H  0
Fe2O3 ( ) + 3 O ) = 2Fe ( ) + 3 O2 );, H > 0

3) 2;  5) 1 = 20 C, 2 = 70 C,  = 2

18. 3Fe ( ) + 4H2O ) = Fe3O4 ( ) + 4 2 ( ); H > 0
 ( ) + 2O ) = 2 ( ) + H2 ); H  0

3) 4;  5) 1 = 170 C, 2 = 220 C,  = 2



192

19.        2NH3 ( ) + 3N2  ( ) = 4N2 ) + 3H2O ); H > 0
2WO3 ( ) + 3 ) = 2W ( ) + 3 O2 ( ) ; H > 0

3) 3;  5) 1 = 120 C, 2 = 180 C,  = 2

20. 2NO2 ( ) = 2NO ) + O2 ( ); H < 0
3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4 2 ( ); H > 0

3) 2;  5) 1 = 100 C, 2 = 150 C,  = 2
21. 4NH3 ( ) + 5O2 ) = 4  ( ) + 6H2O ); H  0

WO3 ( ) + 3 2 ( ) = W ) + 3H2O ); H > 0
3) 2;  5) 1 = 60 C, 2 = 100 C,  = 3

22. 3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4 2 ( ); H < 0
2 ) = 2 ( ) + ); H > 0

3) 4;  5) 1 = 70 C, 2 = 140 C,  = 3

23.        2 O2 ( ) = 2 ) + O2 ( ); H < 0
Fe2 3 ( ) + 3 2 ) = 2Fe ( ) + 3 2 ); H > 0

3) 4;  5) 1 = 30 C, 2 = 70 C,  = 4
24. O ( ) + 2 ( ) = O3 ( ); H > 0

2  ( ) + O2 ) = 2 2 ( ); H  0
3) 3;  5) 1 = 40 C, 2 = 80 C,  = 3

25. FeO ( ) +  ( ) = Fe ) + O2 ( ); H < 0
2SO3 ( ) = 2SO2 ( ) + 2 ); H > 0

3) 4;  5) 1 = 20 C, 2 = 90 C,  = 2

26. Fe2 3 ( ) + 3 2 ) = 2Fe ( ) + 3 2O ); H  0
H4 ( ) + 2O ), =  ( ) + 3H2 ); H < 0

3) 3;  5) 1 = 70 C, 2 = 110 C,  = 3
27.  ( ) + 2N2  ( ) = ) + 2N2 ( ); H  0

4HCl ( ) + 2 ) = 2Cl2 ( ) + 2H2O ); H   0
3) 4;  5) 1 = 60 C, 2 = 90 C,  = 2

28. 2 O ) + 2 2 ( ) = 4 ) + O2 ( ); H  0
 ( ) + O2 ) = 2 O ); H > 0

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

29.  ( ) + 2N2  ( ) = ) + 2N2 ( ); H  0
2N2  ( ) = 2N2 ( ) + 2 ); H > 0

3) 3;  5) 1 = 40 C, 2 = 80 C,  = 4
30. 2NH3 ( ) + 3N2  ( ) = 4N2 ( ) + 3H2O ); H > 0

Fe3O4 ( ) + O ) = 3FeO ( ) + O2 ); H  0
3) 2;  5) 1 = 60 C, 2 = 110 C,  = 2
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7. 

7.1  

 ( ) , 
 ( ) .

.

 – , 
 – .

 –  (
), , .

.

7.1.1  

( )
:

V
m;

mm
m

m
m B

S

B

; mB

; m ; mS ;
, 3; V .

, .
, 

 0,05  5%. ,  100 
 5  95 .

%)  100 

% =  100%.

 (Ni)  (nB) 
, ,

.

21

2
2

21

1
1 nn

nN;
nn

nN
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n1 n2 ,
Ni .

 ( , m)
)  (1  = 1000 ) .

,
mM

1000m;
m
n

S
m

S

B
m

m mS ;
. 

.
 ( , )

(m ),  (V):

V
mB

B .

7.1.2  

( )

,
VV

V;
V
V

S
B

B
B

; V
; V  ( ) ; VS .

, 

(% .) =  100%

 ( , )

 1 3  (1 3 = 1 ).

B

B
M

B

B
M VM

m=(B);
V
n=(B) .

3 .
:  (HCl) = 0,1 ;

 (NH4
+) = 3 .

.
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 1  0,1 , 
; 0,01 ; 0,001 .

. , 0,01 NaOH
,  1  0,01  NaOH

0,01  40  = 0,4 NaOH.
 (

, , )

 1 3

.
VM

m(B);
V
n(B)

B)

B

B
3

. :

 (H2SO4) = 1 ;  (Ca(OH)2) = 0,5 .

 “ ”, .
 1   1  , 

; 0,1 ;
0,01 . , 0,1  (H2SO4)

,  1 
 0,1 :

0,1  (H2SO4) = 0,1 49  = 4,9  H2SO4.

V . 
, :

 ( )  V(B)=  ( )  V (A).

 ( ) , 
,  1 3  (1 3 =  1  ).

, ( ;  3):

1000
C;

1000
C;

V
m

B

B ,

m/M  =  n( ) , T V  =  m;  T V/  = m/  =  n

 ( ).
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V
1000mC;1000C .

V
1000mC;1000C MM .

7.1.3 ,

 ( ) 
, 

, 
 ( , 3).

:

,1000C
100%

C%1000C MM

3; 1000  1 ;
1000  1 .

.1000=C
100%

C%1000=C

7.1.4  

7.1.4.1  

 1.
120 l 0,04.

 .
, 

:

= m /m
m(KCl)= m (KCl) = 120  0,04 = 4,8 

m(H2O)= m  m(KCl) = 120  4,8 = 115,2 .

 2.
50 CuSO4 0,03

CuSO4 5H2O.
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.

CuSO4 ( ).

m(CuSO4) = m  (CuSO4 ) = 50  0,03 = 1,5 

CuSO4 5H2O, 
CuSO4.

          1  CuSO4 5H2O  1 CuSO4

         249,5  CuSO4 5H2O -         159,5 CuSO4

m  CuSO4 5H2O -         1,5  CuSO4

m (CuSO4  5H2O) = (249,5  1,5)/159,5 = 2,34 

            mK = m uSO4)+ maq

maq , 

maq = m  - m( uSO4) = 2,34 - 1,50 = 0,84 .

m  = mK + m(H2O)= mB + maq + m(H2O),

m(H2O) , 

m(H2O)= m  mK  = 50,00 - 2,34 = 47,66 .

m(H2O)= m  - m(CuSO4) - maq = 50,00 -1,50 - 0,84 = 47,66 .

: 
,

.

 3.
300 0,2 K2Cr2O7.

.
K2Cr2O7,  300  0,2 ,

:

V
mCM .

, ,  300  – 0,3 .
m(K2Cr2O7) = M(K2Cr2O7)  CM  V = 294  0,2  0,3 = 17,6 .

 4.
200 0,1 CuSO4

CuSO4 5H2O.



198

.

m(CuSO4) = (CuSO4) CM V =  159,5 0,1 0,2 = 3,19 .

CuSO4 5H2O, 
:

1  CuSO4 5H2O  1 CuSO4

 249,5  CuSO4 5H2O        -      159,5  CuSO4

        m  CuSO4 5H2O        -          3,19  CuSO4

m (CuSO4 5H2O) = (249,5  3,19)/159,5 = 4,98 .

: 

, 
, . 

.

 5.
250 0,2 CaCl2.

.
CaCl2,  250  0,2 ,

:

V
mC

m( aCl2) = (CaCl2)  CH  V = M(CaCl2)/2  CH  V;
m( aCl2) = 111/2  0,2  0,25 = 2,78 .

 6.
200 0,4  Na2SO4

Na2SO4 10H2O.
.

Na2SO4,  200  0,4 :

m(Na2SO4) =  (Na2SO4)  CH  V = M(Na2SO4)/2  CH  V;
m(Na2SO4) = 71 04 0,2 = 5,68 

 (Na2SO4) = M/2 = 142/2 = 71 

Na2SO4 10H2O, 
:

1  Na2SO4 10H2O  1 Na2SO4

322  Na2SO4 10H2O         -     142   Na2SO4

m  Na2SO4 10H2O        -  5,68     Na2SO4

m(Na2SO4 10H2O) = (5,68  322)/142 = 12,88 .
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: 

, , 
. .

7.1.4.2  

, 
. 

.

, .
.

 1.
200 20% H2SO4

 (96% ). 
.

.

 « ». 
 96,  0  (H2O),  

, 
 20 : 76  =  5 : 19 

.  ,  200  20%-
 41,65  96% H2SO4 (5 )  158,35 

H2O (19 ).

m(H2SO4)= 200
195

5  = 41,65 ;

m(H2O)= 200  1
195

19  = 158,35 

H2SO4
(1,84 ), :

 20  96%-

 0
H2SO4 96 20H2O 76 H2O
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m =  V
mV

41.65V  23,2  96%- H2SO4,

 158,35 ,  200  20%
H2SO4. , 

.
, 

, 
, , 

 (  20%- H2SO4 = 1,14 ).

 2.
300 3%- KMnO4, 

8% 2%- .
.

 « »,

                                          +

                                           =
6  300 ,  1  = 50 .

,  300  3%- KMnO4
 50  8%- KMnO4 (1 )  250  2%-

KMnO4 (5 ), 

m1 = 300
51

1 = 50  8%-

    m2 = 300
51

5 = 250  2%-

 3.
100 0,5 l, 

0,8 0,3 .
.

» 

.

KMnO4

8

2
3

1  8%-

5  2%-
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                                +

                                                  =
                                        0,5

,  0,8 HCl  0,3 HCl
 2 : 3 (  40  0,8  60  0,3 ),

 100  0,5 HCl.

V1 = 100  0,2/(0,2+0,3)= 40  0,8 l
V2 = 100  0,3/0,5 = 60  0,3 HCl

 4.
10 25% 5 40%-

. .
..

 ( %,
%)  (%) 

 ( , ) :

 +  = (  + )

:
10  0,25 + 5  0,40 = (10 + 5)

 = (10  0,25 + 5  0,40)/(10 + 5) = 4,5/15 = 0,30

NH4NO3  0,30 
 30%.

 5.
3 48% H2SO4 1,38 3

2,5 20%- H2SO4 1,14 3. 
.

.
, 

, , 
:

 +  = (  + )
m1A + m2B = (m1 + m2)x

m =  V
:

m1 = 3  1,38 = 4,14 ,                m2 = 2,5  1,14 = 1,85 

     HCl
0,8

0,3
0,5

0,2   0,8 

 0,3   0,3 
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m = (3  1,38  48 + 2,5  1,14  20) = (4,14 + 2,85)
255,72 = 6,99

 = 36,58

H2SO4  36,58%.
 1 

:
5,5 H2SO4  255,72/98  H2SO4

    1  H2SO4           -    H2SO4
 = 0,474 

,  0,474 .

7.1.4.3 

 ( ), 
 ( ),  ( m)  ( ) 17 % 

,  1,12 3.
.

, 

CM
1000 , C 1000

 (H2SO4) = 98 
 (H2SO4) = f  = 1/2 98 = 49 

31,94
98

0,1710001,12
MC

:

33,88
49

0,1710001,12C

:

S
m mM

m 1000

m, ms – 

ms = m  – m . = 100 – 17 = 83 .
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2,09
17)(10098

100017
m

:

1000
C

1000
C

33 0,1901
1000

493,880,1901
1000

981,94)SO( 42

: 3
42 1,94)SO(CM , 3

42 3,88)SO(C ;
2,09m ; .)SO( 3

42 0,1901

7.1.5  

1. .
2. ?
3. , 
.

4. 
? 

.
5. ?
6. , 

?
7. 

, ?
8.  28%  1% ,

 7% ?
9.  20%- ,

 1,1 3?
10.  2 ,  0,4
?

11. ,  300 
 10,5 ?

12. 
 10  50%,  800 ,

 =25%?
13. ? 

?
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14.  (  « ») 

?
15. ? 

?
16. 

?
17. ?
18. ?
19. 

?
20. ?
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7.1.6  

 1  2
 3

, , m, T:
1 2 3 4

1  8% K3PO4
250 ?

11,2 ,  200 .

.

8% 
K2SO4,

 1,065 3

2  0,12  40 ?
, 

 42,6 
 300 , 

 1,12 .

30% 
HNO3, 

 1,184 3

3

 200 
40 . 

, 
 1 *.

 128 
 40 

 0,8 
, 

 0,97 .

12% 
l, 

 1,059 3

4

 170 
 1,8 . 

0,88 . 
.

, 
 2,8 , .

 500 . 

 1 ?

16% 
NaOH, 

 1,180 3

*1  = 1 3

  1  = 1 3
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 7.1.6

1 2 3 4

5 Na2SO4
.10H2O. 

 200 
 15%,

 1,14 ?

 300  0,15 
KCl?

21% 
H2SO4, 

 1,151 3

6

CuSO4 5H2O

 40 
CuSO4 2%?

 0,2, 
1,22 .

30% 
Pb(NO3)2

1,326 3

7

 40  
FeSO4 7H2O  3,5 . 

 (II) 
.

 1 
NaNO3 40%, 

1,32 ?

9% 
HNO3, 

 1,05 3

8
 1,8 H2SO4

88% 
 300  1,3 

H2SO4 40%?

 1,4 CaCl2
 1,12 .

35% 
NaOH, 

 1,383 3

9

 400 ,
 1,1 , 

H2SO4 0,15,  60 .

.

 9,3% (  1,05 )

0,35 H2SO4  40 ?

6% 
KMnO4, 

 1,041 3



207

 7.1.6

1 2 3 4

10

 30%, 
1,33 . 

250 
 14%  1,15 ?

 5 

0,6  259 ?

80% 
H2SO4, 

 1,732 3

11

 250 , 
 10%, 

150 . 
.

 0,15 (  1,16 )

0,45 Na2CO3  120 ?

19% 
HCl, 

 1,094 3

12

 200 ,

 20%. 
 150 . 

.

 3 KCl. 
, 

 200 
 KCl 8% 

1,05 .

10% 
K2Cr2O7, 

 1,070 3

13

 600 
 560  ( ). 

.

 200 
2  KCl  40 
1,09 . 

KCl
.

13% 
, 
 1,109 3

14
10% . 

200  0,96 ?

 3 NaCl
1,12 
200 , 

NaCl 10%?

10% 
FeCl3, 

 1,085 3
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 7.1.6

1 2 3 4

15

 400 
 12  ( ). 

.

 3,5 NH4Cl  80 
 1,05 

40  (
1 ). 

55% 
H2SO4, 

 1,447 3

16
 40% 

 500 
K2CO3 15%?

 11 2 5 ,
 0,9 . 

 0,79 ,
 - 1 .

10% 
Na2CO3, 

 1,102 3

17  20% 
 40 

 6%?

 2  6 HCl
 500  3

?

17% 
H2SO4, 

 1,120 3

18

 1,33 
 30%

 200 

NaOH 8%?

 20  0,1 
 8 

NaOH. NaOH  1  
?

20% 
aCl2, 

 1,178 3

19  10  20%. 

 12%  300 ?

NaNO3, 
 300  0,2 .

21,75% 
NH3 H2O,

0,920 3
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 7.1.6

1 2 3 4

20

 60% (  1,5 )  

30% (  1,2 ) 
H2SO4  240  

 50%?

Na2CO3
500  0,25 ?

65,3% 
HNO3, 

 1,400 3

21
 0,1 

Na2CO3 10H2O,  
   540 

Na2CO3 0,15

 0,1 
8 CuSO4?

49,4% 
, 
 1,530 3

22
Cr2(SO4)3 18H2O

Cr2(SO4)3 0,15, 

 (III) 0,2  795 .

 30  0,1 
 12 .

.

39% 
HCl, 

 1,200 3

23 CuSO4 10% , 
 500 

CuSO4 2%

 36,2%-  ( )
HCl,  1,18 .

6% 
Al2(SO4)3,

1,061 3

24  0,2 

MgCl2 0,04  300 ?

 0,5 H2SO4
 15  2,5 

?

26% 
, 
 1,241 3
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 7.1.6

1 2 3 4

25
 32 

0,8  80 . 
.

 0,1 H3PO4
 75  0,75 ?

86% 
HNO3, 

 1,480 3

26

 50 
1  70 

 0,8 
0,9 . 

.

 6,0 HCl
 25  2,5 

HCl

31,75% 
NH3, 

 0,890 3

27

. 
1,27 

 50 
 30 %.

 40%-  ( ) HNO3
 1,25 . 

.

48% 
H2SO4, 

 1,380 3

28

 40  100
 0,88 .

,
  0,79 .

 0,05 
 100  1 ?

4% 
BaCl2, 

 1,034 3

29
25 , 

 6,3%, 
 40 . 

.

 2 Na2CO3
 1  0,25  

?

28% 
, 
 1,263 3

30 , 
50  1,2 .

( )
 (

1,18 ),  36,5% ( .) HCl

94% 
HNO3, 

 1,500 3
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7.2 

, ,
, , 

.

.
 – , 

. 
. 

.

 (1882 .) .

:

p0 – p = p,

21

2
0

21

2

0
2

0 nn
npp;

nn
n

p
p;N

p0,  p – 
;
p – ;

N2 – ;
n2,  n1 – 

.

:

 =  – 0;  = m

 = 0 – ;  = m

0,   –  ( ) 
;
m – .
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s
m mM

m 1000 , 

 = 
smM

m 1000 ;  = 
smM

m 1000 .

m, ms – ;
–  (ebullire – . « »);

 –  (crios – . « »).

, 
 ( 86,1;52,0 22 ).

.

sm
m 1000 ;

sm
mK 1000 .

.
– 

.
 (1886 .) 

:

, 

 =  RT

 – , ;
R – , R = 8,31 /( );

 – , .
   , 

 = 1000  RT

VM
m ,     

RT
M
mVP , RT

M
mVP 1000

.
, , 

, .
.
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, :

VP
RTmM     

VP
RTmM 1000 .

7.3 

, 
. , , 

, . 
, , 

 – .
, 

.
, 

, 
.

,
),

. 
.

,
:

 = 0  N2;  = m ;  = m ;

 =  RT
, .

, .
, ,

, , , , 
:

...

:
 = 1 + (n - 1) ,

 - , n – .
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7.3.1  

,

. . 
(1883 .) , 

. . 
.

 – 

.
. 

. ,

 (  – ).
, . 

.
 (1857 – 1942 .), .  (1865 – 1952 .).

:

-  ( ) 
 – 

;
-

;
-  ( G  < 0). 

 ( )
. 

( ) , 
;

-
;

-  – , 
, , 

, .

.
 ( ) – ,

, 
:
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N
n .

 ( ) , 
.

, 
, .

.

,  30 %. 
, HClO4, H2SO4, HNO3, HCl,

HBr, HI, NaOH, KOH, Ca(OH)2, Ba(OH)2.

(  3%). 
. 

,  – HClO, H2S,  H2SO3,  H2CO3,  H2SiO3,
, , NH4OH.

,  3%
- H3PO4, HNO2, Mg(OH)2 – .

: .

:

1
1

n
,

n – , .

7.3.2 

, 
.

.

H-O               
  H2SO4                     S
                          H-O              

 ( ) :

) = 2,1;   ) = 3,5; (S) = 2,5.



216

. 
 = 0 – ; 0 <  <  1,7  –  

;  1,7 – .
 –  – S

 –  = 3,5 – 2,1 = 1,3;
 – S = 3,5 – 2,5 = 1,0.

 –  – S , 
 – , 

. 

H2SO4 H + + HSO4  2H + + SO4
2

H3PO4 H + + H2PO4

H2PO4 H + + HPO4
2

HPO4
2 H + + PO4

3 .

 – , 
 – + ( ). 

.  – 3
+, 

+.

.
NaOH Na – O – H

EHNa = 0,9; EHH – O = 3,5 – 2,1 = 1,2; EHNa – O = 3,5 – 0,9 = 2,4.
 – , 

NaOH  Na+ + OH
NH4OH  NH4

+ + OH

.

Ca(OH)2  CaOH + + OH
CaOH+ Ca2+ + OH .

 – , 
 ( ).

. 

. 
 –  –  
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. 

Zn2+ + 2OH Zn(OH)2 = H2ZnO2 2H + + ZnO2
2

Al(OH)2
+ + OH Al(OH)3 = H3AlO3 H2O + HAlO2 H + + AlO2 .

.  – )2,
Ga(OH)3, Cr(OH)3, Ge(OH)2, Pb(OH)2, Sn(OH)4. 

2
+ + .

.  ( , ) –
 – . 

Na2SO4 2Na + + SO4
2

KAl(SO4)2  K + + Al3+ + 2SO4
2

CaOCl2  Ca2+ + Cl  + ClO .

NaHCO3  Na + + HCO3

HCO3  H + + CO3
2

FeOHCl  (FeOH)+ + Cl
(FeOH)+  Fe2+ + OH .

+ .
.

, , 
, 

HCO3 + OH  CO3
2  + H2O

FeOH + + H +  Fe2+ + H2O.

.
:

, %  0,1 
H3PO4  H + + H2PO4             26
H2PO4  H + + HPO4

2          0,11
HPO4

2  H + + PO4
3               0,001
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 – , , 

HAuCl4  H + + [AuCl4]
[AuCl4]  Au3+ + 4Cl  – II .

[ u(NH3)4](OH)2 [ u(NH3)4]2+ + 2OH
[ u(NH3)4]2+ u2+ + 4NH3 – II .

K2[HgI4] 2K + + [HgI4]2

[HgI4]2  Hg2+ + 4I  – II .

. 
.

7.3.3 . 

3  H + + 3 .

, 

.
]

]]
3

3

+ + 

.
][

][][

, ,
, . 

, 
. , 

. , 
, .

3 3  + H +.

 – ,  – ,
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 –  [ 3 ]  =  [H +],  (1 - )  – 
3 , .

.
)( 11

222

<< 1, ,  1 -  1. 

 = 2 , .

 (
).

7.3.4 . 

. 
. 

, 
. , 

. 
 –

 ( ).  ( ) – 

 = f    .

f <  1, 
.

,
, .

, 
 ( ), , 

(n),  ( ),  ( ) :

 f ) = n  .

, , 
 ( ):

I = 1/2   (C1Z1
2 + C2Z2

2 + … + CiZi
2).

, ,

.
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7.4  . 

, 
:

2
+ + 2 3

+ + .

:

.,
][

][][ 16

2
1081

 – 55,55 
:

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

2  = [ +] [ ] = 1 10 14

2  –  –  22
. , 

[ +] = [ ] = 10 7

.
 – [ +]  >  10 7 ,  [ ]  >  10 7

 [ +]  <  [ ].
 ( ) 

, 
. , 

:

 = lg [H +].

 –  – 
, 

 = lg [ H ].

 14

 +  = 14.

,  0   14.  
 = 7, ,  < 7, 

 > 7.
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: 
. 

.
-

 – , 
.

HInd
Ind , 

HInd + + Ind
Ind Ind + + .

 – 

HInd.
 – 

Ind +, .
 –  – .

 –  – , 
.

 7.1 – 

<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

7.5  

. 
. , 

:
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HCNS + + CNS .

 – NH4CNS,
, 

.

.
, 

, .
, +  –

.

:

AgCl  Ag + + Cl .
           

:

.
]AgCl[

]Cl[]Ag[

 [AgCl] = const, :

[Ag+]  [Cl ] = const = .

, 
, , 

, 

 ( ).

 ( )

[Ag +]  [Cl ]  > AgCl – .

.
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, 
, 

, 

[Ag +]  [Cl ]  < AgCl – .

, 
.

7.6 

,
.

:
,  – .

.
 4 ,

.

, , ,
.

:

BaCl2 + Na2SO4 = BaSO4  + 2NaCl
)

, ,
,  – :

Ba2+ + 2Cl + 2Na + + SO4
2  = BaSO4  + 2Na + + 2Cl

)

:

Ba2+ + SO4
2  = BaSO4

:

NaCl + H2SO4 = HCl  + NaHSO4
.     .                       
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Na + + Cl  + H + + SO4 = HCl  + Na + + SO4

Cl  + H + = HCl

 – .

:
 – .

:

2Na + H2SO4 = 2 2  + Na2SO4

2Na + + 2 + 2H + + SO4
2 = 2 2  + 2Na + + SO4

2

2  + 2H + = 2 2

 – 
 – .

2KCN + H2SO4 = K2SO4 + 2HCN
2K + +2CN + 2H + + SO4

2 = 2K + + SO4
2 + 2HCN

2CN + 2H+ = 2HCN – .

:

ZnCl2 + 4NH3  [Zn(NH3)4]Cl2

Zn2+ + 2Cl  + 4NH3  [Zn(NH3)4]2+ + 2Cl
Zn2+ + 4NH3  [Zn(NH3)4]2+

, 
.

,  ( ,
)  (

).

7.7 

.
, , , , .

.

.

.
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 4 :

1. .
 –

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

Cl2, Ca( )2
 HCl, , 

 (H + )

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

, 
 – 2 :

Cl2 + 2  Ca( )2 + 2HCl

, .
 –  = 7.

2. , 
(H2S, 3

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

 ( ).
, 

 –  > 7.
, CH3COONa.

CH3COONa + CH3COO  + Na
CH3COO  + Na + + CH3COO  + Na + + 

CH3COO + CH3COO  + - ,  > 7

   ( +) 
 – 

– - . , 
,  -  > 7.

Na2S + Na S + NaOH
2Na + + S2  + Na + + S  + Na + + OH
S2  + S  + OH  ( )
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Na S + 2S + NaOH
N a+ + S  + 2S + Na + + OH

S  + 2S + OH )
,  > 7

, ,
. 

 -  > 7.
, .

3. , 
(Al3+, Zn2+, Mn2+, NH4

+ .).
. 

, 
+.  –  –

 < 7.
NH4Cl +  NH4  + HCl
NH4

+ + Cl  +  NH4  + H + + Cl
NH4

+ +  NH4  + H + - ,  < 7.

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. , .
.

CH3COONH4 + CH3COO  + NH4

CH3COO +NH4
+ + CH3COO  + NH4
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:

CH3COO + CH3COO  + 
5

3 101,8

NH4
+ + NH4  + +

5
OH4NH 101,8

, . 
,  –  7. 

, 
 –  ( = 7).

,
, :

Al2S3 + 6  2Al( )3  + 3H2S
Cr2S3 + 6  2Cr( )3  + 3H2S

Al2 3)3 + 6  2Al( )3  + 3H2 3

                                                             3 2          3 2

.

7.7.1 . 

 - , 
 – .

 – , ,

,

 – ,
 – .

.
:

 +  + 
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 [ 2 ]  55,5 . 

2 ] = const

2
-

-

2 - ; 2 = 1 10 14.

2

2

 – :
 ( ), , 

.
 ( )  ( )

,  ( ) – 
.

.
2

1
<<1,  = 2 ,

.

, , 
.
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 ( , ) 
 ( , ).

 -  – . 
. ,  –

 – . 
. 

.

7.8 

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. , , 

.
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7.9 

 1.  ( ) 
 ( , ), 

 ( ). (Fe(OH)2) = 4.8 10 16.
.

Fe(OH)2 Fe2+ + 2
                S          2S

 - S.
Fe(OH)2

(Fe(OH)2) = Fe2+ 2 = S (2S)2 = 4S3.

:

S = ;3
4

    S = .103,21012
4
108,4 53 153

16

:

S = S (Fe(OH)2)
S = 2,3 10-5  90  = 2,07 10 3 .

Fe2+

/103,2
4
108,4 53

16

2Fe

:

/106,42 5
2Fe

:  ( )  2,3 10 5

2,07 10 3 ; Fe2+  2,3 10 5 ,
- 4,6 10 5 .

 2. , 
Fe(OH)3,  1,9 10 10 .

.
Fe(OH)3
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Fe(OH)3 Fe3+ + 3

Fe3+ - 1,9 10 10 .
—- :

= /107,5109,133 1010
3Fe

Fe(OH)3

(Fe(OH)3) = Fe3+ 3 = 1,9 10 10 (5,7 10 10)3 =
= 1,9 10 10 185 10 30 = 3,5 10 38

: Fe(OH)3 (Fe(OH)3) = 3,5 10 38.

 3. 10 2

MnSO4  2 10 1 (NH4)2S.
.

MnSO4 + (NH4)2S  MnS  + (NH4)2SO4

MnS, :

(MnS) = 5,6 10 16

:
(MnSO4) = 10 2 ,  (MnSO4) = 1/2  = 1/2 10 2 =

0,5 10 2 =  5  10 3 ; ((NH4)2S)  = 2 10 1 ,  ((NH4)2S)  =
1 10 1

, 
Mn2+ S2 :

/105,21052/1 33
2Mn

/1051012/1 21
2S

Mn2+ S2  = 2,5 10 3 5 10 2 =
= 12,5 10 5 = 1,25 10 4

Mn2+ S2-  > (MnS), 

1,25 10-4 > 5,6 10-16

: MnSO4 (NH4)2S
, 

MnS.
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 4.  ( +),
 ( ), ,  7,4.

:
 – , 

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

 -1 +1
 = - lg +  = -7,4 = -8 +0,6

+  = 4 10 8

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

-1 +1
 = - lg  = -6,6 = -7 + 0,4

:  = 2,5 10 7 .

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

4 10 8 ,  = 2,5 10 7 .

 5.
1,4 10-3 . , 

.
:

+  = 1,4 10 3

:

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

(* . .  4).
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 = 14 – = 14 – 2,85 = 11,15

    -1  +1
 = - lg  = -11,15 = -12 + 0,85

 = 7,1 10 12 .

: +  = 10 14

/101,71071,0
104,1

1010 1211
3

1414

:  1,4 10 3

 2,85;  – 11,15; 
 = 7,1 10 12 .

 6. , 
 AgNO3,  ( ),

 ( ) .
:

AgNO3 – , .
, 

 – .
, 

. 
 –  < 7.

AgNO3 +  AgO  + NO3

Ag + + NO3  +  AgO  + + + NO3

Ag+ +  AgO  + + - ,  < 7
 –

. .

12
3

14

AgOH

O2H 102
105

10
K

2

AgO  5,0 10-3 ( . . 7.2)
: AgO ,

 (  < 7), 
. 

 2,0 10 12.
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 7. , 
2SO3,  ( ),

 ( ) 
.

:
2SO3 – , .

. 
 - 2SO3.  – , 

. 
:

2SO3 + SO3 + 
2 + + SO3

2  + + + SO3  + + + 
SO3

2  + SO3  +  -

SO3
2

 ( ),  
 (  > 7). 

, 
.

:

][SO
][OH][HSO

3

3
1

3SO2H

O2H

K
K

1

2SO3 :

1( 2SO3) = 1,4 10 2

12
2

14

1071,0
104,1

10
1

SO3 + 2SO3 + 
+ + SO3  + 2SO3 + + + 

SO3  + 2SO3 + - ,  > 7

.
:

]SO
][OH]SO[H

3

32
2

3SO2H

O2H

K
K

2
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2SO3 :

2( 2SO3) = 6,2 10-8

6
8

14

1016,0
102,6

10
2

:  (
)  ( ). 

 (  > 7). 
1 = 0,71 10-12; 2 = 016 10-6.

 8. NH4NO2
:

NH4NO2 – .
.

NH4NO2 + NH4  + NO2

NH4
+ + NO2  +  NH4  + NO2

, 
 (  7). 

, 

(NH4 ) = 1,76 10 5 ( NO2) = 6,9 10 4

. 
 (  7).

35
45

14

1081008,0
109,61076,1

102

:  

.
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7.10 

7.10.1  « », « »

 1  2  3
, -

. -
, ,

 ( ),
, -

-

-

,
,

,

,

,
-

-
   ( )

1 SnCl2, Na2S 6,8 0,01
2 AlCl3, CH3COOK 7,2 0,2
3 Li2CO3, MgCl2 4,0 0,003
4 RbCl, CuSO4 3,7 0,5
5 NiSO4, NaH2PO4 3,1 0,06
6 K2SO3, TiCl2 2,4 0,007
7 K2SnO3, FeCl3 1,2 0,04
8 Mg(HCO3)2, NiCl2 6,9 0,0016
9 Ca3(PO4)2, CrCl2 11,5 0,0007

10 CoCl2, K2S 7,8 1,6
11 (NH4)2CO3, KCl 2,2 0,08
12 FeSO4, Na2SO3 8,3 0,25
13 Hg(NO3)2, NaNO3 10,1 0,002
14 NaHCO3, NiCl2 6,3 0,0016
15 ZnCl2, CaS 9,4 0,004
16 NaNO3, FeCl2 8,7 0,0005
17 NH4Br, CuCl2 2,8 0,06
18 CaCl2, NaNO2 9,8 0,003
19 Na3PO4, CrCl2 10,5 0,0007
20 MgSO4, Na2S 11,7 0,0025
21 Ca(NO3)2, KCNS 1,9 0,014
22 Zn(NO3)2, CaCO3 12,3 0,002
23 NaCN, NH4NO2 5,6 0,009
24 K2CO3, Cr(NO3)2 13,1 0,08
25 NH4Cl, NaF 2,9 0,006
26 Na2HPO4, ZnBr2 12,7 0,0014
27 FeCl2, CH3COONa 6,5 0,05
28 CH3COONH4, CoCl2 7,8 0,07
29 MnSO4, KI 5,4 0,0009
30 SnCl2, Na2SO4 12,3 0,1
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7.10.2   « »

 1.  ( ) 
; ), .

1
2)OH(Mg = 3,2 10 11 11 SCu2 = 2,0 10 47 21

3)OH(Fe = 3,8 10 38

2
3CaCO = 4,8 10 9 12

3CoCO = 1,0 10 12 22
43 AsOAg = 1,0 10 19

3
2CaF = 3,2 10 11 13

32 SSb = 3,0 10 27 23
4PbSO = 2,2 10 8

4
4BaSO = 1,0 10 10 14

4SrSO = 2,8 10 7 24
42SOAg = 7,0 10 5

5 AgCl = 1,7 10 10 15 FeS = 3,7 10 19 25
2)4(PO3Ca = 1,7 10 10

6
2TiCl = 1,5 10 4 16 AgI = 1,5 10 16 26

4BaCrO = 2,0 10 8

7
32COAg = 5,0 10 12 17

4CaSO = 6,1 10 5 27
2)OH(Fe = 4,8 10 16

8
3(OH) = 1,0 10 28 18

4SrSO = 2,8 10 7 28
3)OH(Sb = 4,0 10 42

9
2)OH(Ni = 1,6 10 14 19

43POAg = 1,8 10 18 29
2PbI = 8,7 10 9

10
3CdCO = 2,5 10 14 20

2)OH(Fe = 4,8 10 16 30 SAg2 = 1,0 10 51

 2. , 
 ( )

1 MnS = 2,36 10 8 11 PbCl2 = 1,65 10 2 21 BaCO3 = 8,9 10 5

2 Fe(OH)2 = 0,5 10 5 12 Fe(OH)3 = 1,9 10 10 22 PbSO4 = 1,5 10 4

3 Co(OH)3 = 0,4 10 5 13 AgI = 1,2 10 8 23 Mg(OH)2 = 2,0 10 4

4 Pb3(PO4)2 = 1,7 10 7 14 PbBr 2= 2,7 10 2 24 PbI2 = 1,5 10 3

5 Ag3PO4 = 1,55 10 5 15 Ag2CrO4 = 7,5 10 5 25 Sb2S3 = 2,0 10-6

6 SrSO4 = 5,3 10 4 16 CaC2O4 = 5,1 10 5 26 Co(OH)2 = 0,4 10 5

7 FeS = 6,4 10 10 17 AgBr = 0,6 10 6 27 FeS = 6,4 10 10

8 CuS = 2,0 10 19 18 CaCrO4 = 0,15 28 AgBr = 0,6 10 6

9 CaCO3 = 0,7 10 4 19 BaCrO4 = 1,15 10 5 29 MnS = 2,36 10 8

10 SrSO4 = 5,3 10 4 20 AgCl = 1,25 10 5 30 SrSO4 = 5,3 10 4
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 3. .

1 CaCl2, 2 10 2 ; Na2SO4, 2 10 2 , 4CaSO = 6,1 10 5

2 LaCl3, 2 10 2 ; NaOH, 3 10 2 , 3)OH(La = 5,0 10 21

3 Sr(NO3)2, 2 10 3 ; K2SO4, 2 10 3 , 4SrSO = 3,6 10 7

4 CuSO4, 1 10 2 ; (NH4)2S, 2 10 2 , CuS = 4,0 10 38

5 MnSO4, 2 10 2 M; (NH4)2S, 1 10 2 M, MnS = 5,6 10 16

6 AgNO3, 2 10 2 ; H2SO4, 2 10 2 , 42SOAg = 7,0 10 5

7 AgNO3, 1 10 3 ; KCl, 1 10 2 , AgCl = 1,7 10 10

8 AgNO3, 1 10 2 ; K2Cr2O7, 1 10 2 , 722 OCrAg = 2,0 10 7

9 MnSO4, 10 1 ; (NH4)2S, 2 10 1 , MnS = 5,6 10 16

10 Pb(NO3)2, 2 10 1 ; NaCl, 2 10 1 , 2PbCl = 1,7 10 5

11 CaCl2, 2 10 1 ; 2SO4, 2 10 1 , 4CaSO = 6,1 10 5

12 Mg(NO3)2, 4 10 3 ; Na2S, 6 10 4 , MgS = 2,0 10 15

13 AgNO3, 5 10 2 ; Na2Cr2O7, 5 10 2 , 722 OCrAg = 2,0 10 7

14 Ca(NO3)2, 1 10 2 ; H2SO4, 4 10 3 , 4CaSO = 6,1 10 5

15 Cd(NO3)2, 1 10 1 ; Na2S, 1 10 1 , CdS = 6,1 10 5

16 FeCl3, 6 10 3 ; KOH, 4 10 4 , 3)OH(Fe = 3,8 10 38

17 Pb(NO3)2, 1 10 1 ; CaCl2, 4 10 1 , 2PbCl = 1,7 10 5

18 AgNO3, 2 10 2 M; Na2SO4, 2 , 42SOAg = 7,0 10 5

19 AgNO3, 1 10 4 ; HCl, 1 10 3 , AgCl = 1,7 10 10

20 AgNO3, 1 10 2 M; Na3PO4, 1 10 4 , 43POAg = 1,8 10 18

21 Pb(NO3)2, 1 10 3 M; KI, 4 10 3 M, 2PbI = 8,7 10 9

22 MnSO4, 2 10 2 ; K2S, 1 10 2 , MnS = 5,6 10 16

23 FeCl3, 6 10 3 ; NaOH, 4 10 4 , 3)OH(Fe = 3,8 10 38

24 CaCl2, 2 10 3 ; Na3PO4, 6 10 3 , 43POCa = 1,0 10 25

25 CuCl2, 2 10 3 ; K2SO4, 1 10 3 , 4CuSO = 2,4 10 10

26 AgNO3, 1 10 3 M; KBr, 1 10 3 M, AgBr = 3,3 10 13

27 AgNO3, 1 10 3 M; KI, 1 10 3 M, AgI = 1,5 10 16

28 BaCl2, 5 10 3 M; K2Cr2O7, 5 10 3 M, 7O2BaCr = 2,0 10 10

29 NiCl2, 1 10 3 M; Na , 1 10 2 M, 2)OH(Ni = 7,0 10 14

30 CdCl2, 1 10 3 M; Na2SO4, 1 10 2 M, 4CdSO = 1,2 10 14
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7.10.3   « »

 1.  ( ) 
 0,1 

0,01 , .

1 HNO2 -  = 6,9 10 4;
Cr(OH)3 - 3 = 1,0 10 10;

2 H3BO3 -  = 7 10 4;
Pb(OH)2 - 1 = 9,5 10 4;

3 HBrO -  = 2,3 10 9;
Zn(OH)2 - 2 = 4 10 5;

4 H4GeO4 - 1 = 7,9 10 10;
Pb(OH)2 - 1 = 9,5 10 4;

5 H5IO4 - 1 = 2,45 10 2;
Cu(OH)2 - 2 = 3,4 10 7;

6 HIO -  = 2,3 10 11;
Ca(OH)2 - 2 = 4 10 2;

7 H4SiO4 - 2 = 1,6 10 12;
NH4OH -  = 1,7 10 5;

8 H2MnO4 - 2 = 7,1 10 11;
Ba(OH)2 - 2 = 2,3 10 1;

9 H3AsO4 - 1 = 5,6 10 3;
 ( ) Fe(OH)2 - 2 = 1,3 10 4;

10 H3AsO3 -  = 5,9 10 10;
 ( ) Fe(OH)3 - 2 = 1,8 10 11;

11 HCNS -  = 10;
LiOH -  = 6,8 10 1;

12 H2SeO3 1 = 1,8 10 3
2 = 3,2 10 9;

Mg(OH)2 - 2 = 2,5 10 3;
13 H2Se - 1 = 1,3 10 4; 2 = 1 10 11;

Pb(OH)2 - 2 = 3 10 8;
14 H2SeO4 - 1 = 1 103; 2 = 1,2 10 2;

 ( ) Mn(OH)2 - 2 = 5 10 4;
15 H2SO4 - 1 = 1 103; 2 = 1,15 10 2;

NaOH -  = 5,9;
16 H2SO3 - 1 = 1,4 10 2; 2 = 6,2 10 8;

Sr(OH)2 - 2 = 1,5 10 1;
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17 H2S - 1 = 1 10 7; 2 = 2,5 10 13;
AgOH -  = 5,0 10 3;

18 H2TeO3 - 1 = 2,7 10 3; 2 = 1,8 10 8;
Al(OH)3 - 3 = 1,4 10 9;

19 H2Te - 1 = 2,3 10 3
2 =6,9 10 13;

Ba(OH)2 - 2 = 2,3 10 1;
20 H6TeO4 - 1 =2,45 10 8

2=1,1 10 11;
 ( ) Fe(OH)3 - 3 = 1,35 10 12;

21 H2S2O3 - 1 = 2,5 10 1; 2 = 1,9 10 2;
Cr(OH)3 - 3 = 1,0 10 10;

22 H2CO3 1 = 4,5 10 7; 2 =4,8 10 11;
Mg(OH)2 - 2 = 2,5 10 3;

23 CH3COOH -  = 1,74 10 5;
Ca(OH)2 - 2 = 4 10 2;

24 H3PO3 - 1 = 3,1 10 2; 2 = 1,6 10 7;
LiOH -  = 6,8 10 1;

25 H3PO4 - 2 = 6,2 10 8; 3 = 5 10 13;
AgOH -  = 5,0 10 3;

26 H3PO4 - 1 = 7,1 10 3;
Al(OH)3 - 3 = 1,4 10 9;

27 H3AsO4 2 = 1,7 10 7; 3=2,95 10 12;
 ( ) Mn(OH)2 - 2 = 5 10 4;

28 H2Cr2O7 - 1 = 1,6 10 1; 2 = 3,2 10 7;
Cu(OH)2 - 2 = 3,4 10 7;

29 HCN -  = 5 10 10;
NaOH -  = 5,9;

30 H2SeO4 - 1 = 1 103; 2 = 1,2 10 2;
NH4OH -  = 1,7 10 5.
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 2  3

( f)  ,
-

 ( ), 
 ( ), -

 ( ):

1 CaCl2 + Na2CO3  CaCO3 + NaCl Na2CO3 2 0,7 0,5
2 Fe(OH)3 + HCl  FeCl3 + H2O HNO3 0,35 0,84 2,0
3 Pb(NO3)2 + KI  PbI2 + KNO3 Ca(OH)2 0,2 0,9 1,0
4 FeS + H2SO4  FeSO4 + H2S Ba(NO3)2 0,6 0,76 0,75
5 BiCl3 + H2S  Bi2S3 + HCl CuSO4 0,125 0,64 1,0
6 2CuSO4+Na2CO3+H2 (CuOH)2SO4+CO2+Na2SO4 ZnBr2 0,6 0,83 0,5
7 AlCl3 + Na2CO3 + H2O  Al(OH)3 + CO2 + NaCl K2Cr2O7 0,3 0,65 0,3
8 4Mg + 10HNO3  4Mg(NO3)2 + N2O + 5H2O KClO4 0,04 0,75 0,5
9 NiSO4 + NaOH  Ni(OH)2 + Na2SO4 TiCl4 0,5 0,6 0,7

10 NaHCO3 + NaOH  Na2CO3 + H2O BaCl2 0,05 0,72 1,0
11 BaCl2 + Na2SO4  BaSO4 + NaCl Na3AsO4 0,1 0,61 1,0
12 MgOHCl + HCl  MgCl2 + H2O Na2S 0,1 0,6 1,0
13 8HI + H2SO4  4I2 + H2S + 4H2O K2SiO3 0,3 0,7 0,8
14 BaCl2 + Na2CrO4  BaCrO4 + 2NaCl KClO3 0,04 0,75 0,5
15 Pb(CH3COO)2 + HNO3  Pb(NO3)2 + CH3COOH K2Cr2O7 0,1 0,7 1,0
16 CaCl2+AgNO3  Ca(NO3)2+AgCl Cr(NO3)2 0,2 0,8 0,5
17 CH2COOH + NaOH  CH3COONa+H2O K2S 0,3 0,7 0,8
18 Cu + 4HNO3  Cu(NO3)2+2NO2+2H2O MnCl2 0,4 0,8 1,0
19 NiSO4 + NaOH  Ni(OH)2 + Na2SO4 TiCl2 0,5 0,6 0,7
20 NaHCO3 + H2SO4  Na2SO4 + H2O + CO2 AlCl3 0,5 0,8 1,0
21 Na2SiO3 + HCl  H2SiO3 + NaCl K2SO3 0,3 0,6 1,0
22 Al2(SO4)3 + NaOH  Al(OH)3 + Na2SO4 FeSO4 0,2 0,7 0,7
23 Ca(OH)2 + HNO3  Ca(NO3)2 + H2O NaNO3 0,5 0,9 0,8
24 FeCl3 + NaOH  Fe(OH)3 + NaCl LiCl 0,1 0,75 1,0
25 Na2S + H2SO4  Na2SO4 + H2S Cd(NO3)2 0,3 0,6 0,75
26 NH4Cl + Ca(OH)2  CaCl2 + NH4OH Mn(NO3)2 0,2 0,7 0,9
27 K2CO3 + HCl  KCl + H2O + CO2 Co(NO3)2 0,3 0,6 0,8
28 AlBr3 + AgNO3  Al(NO3)3 + AgBr NiSO4 0,02 0,8 1,0
29 CaCO3 + HCl  CaCl2 + H2O + CO2 CuCl2 0,2 0,7 0,5
30 Pb(NO3)2 + Na2S  NaNO3 + PbS Zn(NO3)2 0,5 0,6 1,0
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 7.2 – 
 = 298 )

 = - lg 
1 2 3 4

HNO2 6,9 10-4 3,16
3 3 7,1 10-10 9,15

            1

2
H4GeO4

7,9 10-10

2,0 10-13
9,10
12,7

HIO 2,3 10-11 10,64
             1

2

3

H4SiO4

1,3 10-10

1,6 10-12

2,0 10-14

9,9
11,8
13,7

           1

2

3

H3AsO4

5,6 10-3

1,7 10-7

2,95 10-12

2,25
6,77
11,53

H3AsO3 5,9 10-10 9,23
     1

2
H2Se 1,3 10-4

1,0 10-11
3,89
11,0

                1

2
H2 3

1,4 10-2

6,2 10-8
1,85
7,20

        1

2
H2S

1,0 10-7

2,5 10-13
6,99
12,60

                1

2
2 ( )+ 2

4,5 10-7

4,8 10-11
6,35
10,32

3 1,74 10-5 4,76
          1

2
3 3

3,1 10-2

1,6 10-7
1,51
6,79

2,95 10-8 7,53
HCN 5,0 10-10 9,30

          3 Al(OH)3 1,38 10-9 8,86
NH3  H2O 1,76 10-5 4,755

 ( )            2 Fe(OH)2 1,3 10-4 3,89
 ( )           2

3
Fe(OH)3

1,82 10-11

1,35 10-12
10,74
11,87

              2 Mg(OH)2 2,5 10-3 2,6
 ( )    2 Mn(OH)2 5,0 10-4 3,30

 ( ) Cu(OH)2 3,4 10-7 6,47
 ( )        1

2
Pb(OH)2

9,55 10-4

3,0 10-8
3,02
7,52

AgOH 5,0 10-3 2,30
                2 Zn(OH)2 4,0 10-5 4,4
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8 

8.1 . 

 2 : , 
, , 

:

) HCl + NaOH  NaCl + H2O

) 2
1

2
0

2
01

2 ClKBrClBrK

 –  ( ).

, 
.

 (
, ).

,  („+” .) 
(„ ” .).

:
1. , 

„-2”,  „+1”.
2. .
3.

.
4.

.
:

22
2

00
22 OMgOMg

2
0

2 MgeMg
                            

-2O 242
0

                            

. 
. , 
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. 
. , 
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 + 

 – .
. 

, 
.

8.2 

:
- 

.
- 

, , 
, .

.

:
1) ;
2) .

. 
. ,

.
, NH3:

4
2

2
122

2
0

3
13

645
0

OHONOHN
t

   4 N 3 – 5 N +2 – 
           5 2

0 + 4  2 2 – 

, 
.
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8.3 

 ( )

1. .
2.  (

, , ).
3.  (

).
4.

 (  ( +),  ( 2 ),  ( ))
.

5.
, ,  ( +,  2 ,

) . , 
 ( )

) , , 
+

2
+

2 );
) , , 

: 2

                                      2 .
.

6. . , 
,

, .
7.

. 
.

8. . 
.

9. .
.

:

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

2 MnO4  + 8 + + 5 -  Mn2+ + 4 2   
5 NO2  + 2  – 2 -  NO3   + 2 +
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                       6                                                    3
2MnO4  + 16 + + 5NO2  + 5 2  = 2Mn2+ + 8 2  + 5NO3   + 10 +

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

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

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

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

2 MnO4  + - = MnO4
2                         

1 NO2  + 2 – 2 - = NO3  + H2O   

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

MnO4  MnO4
2  MnO2 Mn 2+

                               .         .                 .
                                                  7         7          7

.

, 
.

8.4 

, 
1 .

1  ( ) 1 :

1/2 2
+ 1/2 2 + 

 ( ) 
,  ( ) 1 .

 ( ) 
, :

      = f
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 ( ) 
,  ( ) 1 

).

MnO4 2MnO4  MnO2 Mn 2+

                                                    7         7         7

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

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

1 158 = 31,6 ( )

 ( MnO4) = 158 .

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

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

1 158 = 52,7 ( ).

MnO4  + - = MnO4
2 ,                   7

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

NO2  + 2  + 2 - = NO3  + 2 +

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

1 69 = 34,5 ( ).

 (NaNO2) = 69 .

8.5 .

, , -
. , , ; 

, . ,
, ; 

, .

:

1.  –  VI  VII : Br + Br
2. :

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

Cr2O7
 2 , MnO4 , NO3 , SO4

 2-.
4.  – Na2O2, BaO2.
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:
1.  – Zn – 2 Zn2+.
2. , 

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

 – Cl . S2 , SO3
2 , NO2 , .

4.  – CaH2, NaH, SiH4, CH4.
5. , , ,  – 2,  ,  ,  S – 

.
, , 

, 
, .

, 
 – .

.

3

3
HN 3

2
2

0
ONHONHONN

5

2

3

                      -               
                                      

8.6 

: ,
, 

).
 – , 

, :

OHON)(NOCuONHCu 22233

5
224

420

 – , 
:

2
-15

OClKOClK
0

3
2

322

3KClO
5

Cl ;  -
2

O .
 – , 

:
11

22
0 -

ClHOClHOHCl

.
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:
) 

OHO)Cu(NOHNOCu 2233 42383 N
OHNONH)Mg(NOOHMg 234233 34104 N

Mg – .
) 

2442 HZnSOSOHZn
.

2HSOZnSOSO2HZn 224
.

42

)  ( 0
1

0
2 tt )

OHS3ZnSOSO4H3Zn 24

t

42

1

4
.

OHSH4ZnSOSO5H4Zn 224

t

42

2

4
.

)  ( ) 
MnO4 , 

, 
.

8.7 

 1.
, 

, , .
 1.

.
KI + NaNO2 + H2SO4  I2 + NO + K2SO4 + Na2SO4 + H2O

.
1) :

K ++I +Na++NO2  +2H ++SO4
2 I2+ NO + 2K++ SO4

2  + 2Na++ SO4
2  +H2O

I2 – , NO – , ,
H2O – . 

.
2) : 

, .
I + NO2  + 2H +  I2 + NO + H2O
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3) . 
+ . 

 – . 
. 

 – +.
4) :

I                      I2

 NO2  NO

5) :

OHNOeHNO

IeI

22

2

12

22

NO2
+

NO 2 , , NO2 .
I2,  ,  

 2I ,  2 , I .
6)  – 2 (2

), , 
:

2
1

12

22

OHNOeHNO

IeI

22

2

7) 

2I + 2NO2  + 4H +  I2 + 2NO + 2H2O

8) 

2KI + 2NaNO2 + 2H2SO4  I2 + 2NO + K2SO4 + Na2SO4 + 2H2O

2K   2K; 2I      I2; 2Na   2Na;
2N   2N; 12    12 ; 4    4 ; 2S   2S.

: , 
I  – ; 

NO2 ; I ; NO2
.
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 2.
.

2 + Cl2 + H2O = HIO3 + HCl
:

1) 2 + Cl2 + H2O = H ++ IO3  + H + + Cl
2) 
3) 
4) 2                   IO3

                                  Cl2                 Cl

5)
CleCl

eI

2

-
32

22

1221062

6)
5
1

22

1221062

CleCl

eI

2

-
32

7) 2 + 5Cl2 + 6H2O = 2IO3  + 12H+ + 10Cl
8) 2 +5Cl2 + 6H2O = 2HIO3 + 10HCl

I2      2I; 5Cl2   10Cl; 12H   12H; 6    6 .

: , 
, ; Cl2

0, 2
0
.

 3.
.

Mn(OH)2 + Br2 + NaOH  Mn(OH)4 + NaBr
:

Mn(OH)2 + Br2 + Na ++OH  Mn(OH)4 + Na++Br
Mn(OH)2, Mn(OH)4 – , Br2 – .

Mn(OH)2 + Br2 + OH  Mn(OH)4 + Br
                                                         

Mn(OH)2             Mn(OH)4

Br2              Br

BreBr
Mn(OH)eOHMn(OH)

22
22

1
1

2

42

Mn(OH)2 + Br2 + 2OH  Mn(OH)4 + 2Br

Mn(OH)2 + Br2 + 2NaOH = Mn(OH)4 + 2NaBr
: ; 

, ; Br2, Mn(OH)2.
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8.8 

:
; , ;

, .

1. NaBr + H2SO4  Na2SO4 + Br2 + SO2 + H2O
Ce(SO4)2 + H2O2 + NaOH  Ce2(SO4)3 + Na2SO4 + O2 + H2O
Ca(OCl)Cl + NaBr + H2O  CaCl2 + Br2 + NaOH

2.               SnS2 + HNO3  H2SnO3  + NO2
Al + NaNO3 + H2O +NaOH  Na3[Al(OH)6] + NH3
SO2  + NaIO3 + H2O  I2 + Na2SO4 + H2SO4

3. As + H2SO4  H3AsO3 + SO2
NaCrO2 + H2O2 + NaOH  Na2CrO4+ H2O
SO2  +SeO2 + H2O  Se + H2SO4

4. C + Na2Cr2O7 + H2SO4  CO  + Na2SO4 + Cr2(SO4)3 + H2O
K2FeO4 + NH4OH  Fe(OH)3  + N2 + KOH
Na2S2O3 + SeO2 + H2O  Se + Na2S4O6 + NaOH

5. PbO2  + Mn(NO3)2 + HNO3  Pb(NO3)2 + HMnO4 + H2O
Cl2 + NaCrO2 + NaOH  Na2CrO4 + NaCl+ H2O
H3PO3 + CuSO4 + H2O  Cu + H3PO4 + H2SO4

6. KNO3 + FeSO4 + H2SO4  NO  + Fe2(SO4)3 + K2SO4 + H2O
NaIO3 + P + NaOH  Na3PO4 + NaI + H2O
Cl2 + H2S + H2O  H2SO4 + HCl

7. Ta + HNO3 + HF  H2[TaF7] + NO  + H2O
HOCl + CrCl3 + NaOH  Na2CrO4 + NaCl + H2O
Br2 + H2SO3 + H2O  H2SO4 + HBr

8. Nb + HNO3 + HF  H2[NbF7] + NO  + H2O
AsH3 + AuCl3 + NaOH  Au + Na3AsO3 + H2O
HClO3 + S + H2O  H2SO4 + HCl

9. Zn + KNO3 + HCl  ZnCl2 + KCl + NO  + H2O
KMnO4 + Na2SO3 + KOH  K2MnO4 + Na2SO4 +H2O
H3PO3 + AgNO3 + H2O  Ag + H3PO4 + HNO3

10. K2Cr2O7 + Al + H2SO4  Cr2(SO4)3 + K2SO4 + Al2(SO4)3 + H2O
Cl2 + Na2SeO3 + NaOH  Na2SeO4 + NaCl + H2O
Al + NaOH + H2O  Na[Al(OH)4] + H2
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11.             KI + NaOCl + H2SO4  NaCl + I2 + K2SO4 + H2O
KClO3 + MnO2 + KOH  K2MnO4 + KCl + H2O
Na2SnO2 + AgNO3 + H2O  Na2SnO3 + Ag + HNO3

12. H2O2 + MgI2 + H2SO4  MgSO4 + I2 + H2O
Cl2 + NaIO3 + NaOH  NaIO4 + NaCl + H2O
HOCl + Pb(CH3COO)2 + H2O  PbO2  + HCl + CH3COOH

13. SO2  + FeCl2 + HCl  S + FeCl3 + H2O
H2O2 + Cr2(SO4)3 + NaOH  Na2CrO4 + Na2SO4 + H2O
KMnO4 + MnSO4 + H2O  MnO2 + K2SO4 + H2SO4

14.            Au + HNO3 + HCl  H[AuCl4] + NH4Cl + H2O
Br2 + NaNO2 + NaOH  NaNO3 + NaBr + H2O
NO  + MoCl3 + H2O  H2MoO4 + NH4Cl + HCl

15. V + HNO3 + HF  H[VF6] + NO  + H2O
K3[Fe(CN)6] + H2O2 + KOH  K4[Fe(CN)6] + O2 + H2O
NaBrO3 + XeF2 + H2O  Xe + NaBrO4 + HF

16.             Zn + H3PO3 + H2SO4  ZnSO4 + PH3  + H2O
Cl2 + NaNO2 +NaOH  NaNO3 + NaBr + H2O
PdCl2 + CO  + H2O  Pd + CO2  + HCl

17. W + HNO3 + HF  H2[WF6] + NO  + H2O
Br2 + Cr2(SO4)3 + NaOH  Na2CrO4 + NaBr + Na2SO4 + H2O
MnS  + Fe2(SO4)3 + H2O  MnSO4 + FeSO4 + H2SO4

18. H2  + K2Cr2O7 + H2SO4  S + K2SO4 + Cr2(SO4)3 + H2O
Fe2(SO4)3 + KNO3 + KOH  K2FeO4 + KNO2 + K2SO4 + H2O
KMnO4 + Sb2(SO4)3 + H2O  MnSO4 + H3SbO4 + K2SO4 + H2SO4

19. NaBr + H2SO4  Na2SO4 + SO2  + Br2 + H2O
NaCrO2 + PbO2  + NaOH + H2O  Na2CrO4 + Na2[Pb(OH)4]
AgNO3 + AsH3 +H2O  Ag + H3AsO4 + HNO3

20.             K2CrO4 + FeSO4 + H2SO4  Fe2(SO4)3 + K2SO4 + Cr2(SO4)3 + H2O
AgNO3 + NH3  + NaOH  Ag + N2 + NaNO3 + H2O
Se + AuCl3 + H2O  Au + H2SeO3 + HCl

21. FeSO4 + KClO3 + H2SO4  Fe2(SO4)3 + K2SO4 +Cl2 + H2O
I2 + NH3  + NaOH  N2 + NaI + H2O
NaBrO + Fe(OH)2  + H2O  Fe(OH)3  + NaBr

22.             KMnO4 + FeCl2 + HCl  MnCl2 + FeCl3 + KCl + H2O
Mn(OH)2  + Cl2 + KOH  MnO2  + KCl + H2O
NO  + Fe(OH)2  + H2O  NH3  + Fe(OH)3
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23. MnS  + HNO3 Mn(NO3)2 + NO  + S + H2O
K2[Sn(OH)4] + Br2 + KOH  K2[Sn(OH)6] + KBr + H2O
FeCl3 + H2SO3 + H2O  FeCl2 + H2SO4 + HCl

24.             K2Cr2O7 + SnCl2 + HCl  H2[SnCl6] + CrCl3 + KCl + H2O
Br2 + Sb2O3 + KOH  KSbO3 + KBr + H2O
As2S3 + HNO3 + H2O  H3AsO4 + H2SO4 + NO

25.             Fe + H2SO4  Fe2O3 + SO2  + H2O
K[Cr(OH)4] + Cl2 + KOH  K2CrO4 + KBr + H2O
K2Cr2O7 + Na2S + H2O  Cr(OH)3  + Na2SO4 + KOH

26.             MnO2  + KBr + H2SO4  Br2 + K2SO4 + MnSO4 + H2O
KClO3 + CrCl3 + KOH  K2CrO4 + KCl + H2O
KMnO4 + SO2  + H2O  H2SO4 + MnO2  + KOH

27.             K2MnO4 + K2S + H2SO4  S + K2SO4 + MnSO4 + H2O
CrCl3 + NaClO + NaOH  Na2CrO4 + NaCl + H2O
Br2 + H2SO3 + H2O  H2SO4 + HBr

28.             Al + HNO3  Al2O3 + NO2 + H2O
KClO3 + MnSO4 + KOH  K2MnO4 + KCl + K2SO4 + H2O
I2 + KNO2 + H2O  KNO3 + HI

29.             HI + H2SO4  H2S + I2 + H2O
KClO3 + Cr2O3  + NaOH  Na2CrO4 + KCl + H2O
KMnO4 + NO2  + H2O  KNO3 + Mn(OH)4  + HNO3

30.             Al + KClO4 + H2SO4  Al2(SO4)3 + KCl + H2O
MnCl2 + KBrO + KOH  MnO2 + KBr + KCl + H2O
K2CrO4 + H2SO3 + H2O  Cr(OH)3  + H2SO4 + KOH
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9.1 

9.1.1  
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, 
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.

.

.
 2 :

1)  (
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2)  (
).
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 2- , 
. . 

.

9.1.2  

. 

( en++n
)

. 
. 

. 
. 
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. 
.

. , 
.

 (  <  .), . 
:

 – n e- n+

 (  >  ), 
 ( ):

 n+ + n e- 0

9.1.3  .

, 
. 

.
. 

, . 
, 

(  = 101325 ,  =  298  ,  = 1 ). 
:

2
2

22

0
22 /

, 

.

. 
, .

.

:
 n+ +

2 (Pt)
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,

 –) Zn Zn 2+ +
2 (Pt) (K +)

, 
,  (  – ),

 – ) Zn – 2  Zn2+

 + )          2 + +2 2

 ( +) .
,  –

 ( +),  ( ).

+) Cu Cu 2+ +
2 (Pt) )

 – ) 2  2 2 +

+) Cu2+ + 2  Cu0.

, 
, 

. ,
, 

. 
. .

,
, ,  ( ).

 ( ) 

Clg
nF

RT,320

, 0 – ;
2,3 – ;
R –  – 8,314 ;

 – , ;
n – , ;
F –  – 96484 ;

 – , .

 (  =  1  ,  =  298  ,  =  1  )
:

Clg
n

,05900
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9.1.4  

.
 298 

,
)(H
)(Halg,

2

2

22 2
0590

2) – 2;
+) – + , lg a(H +) =  pH.

,,)H(lg,
/

059002950 2
22

 = 1  = 7, ,,,
/

410705900
22

                           = 14, .8301405900
22

,,
/

.

2 + 2 2  + 4  4

,
)(a

)H(a)(lg,
// 4

2
2

20

4
0590

2
2

2 ) = const, 2
0

/ .

,
)(a

)(lg,// 4
20 014702

2

)H(a
K)( w

.,)(lg,,
/

059001470231 22

 = 1 2 = 0,21  = 7

.,,,lg,,
/

8007059021001470231
2

.
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9.1.5  .

 – -
,

,  ( )
 ( ).

.
:

 -) Zn ZnSO4 Zn2+ + SO4
2 CuSO4 Cu2+ + SO4

2 Cu   (  +)
76020 ,

Zn/Zn
34020 ,

Cu/Cu

.9.1. 

, 
 ( ), . 

 – ) Zn – 2  Zn2+  1

Cu2+

 + ) Cu2+ + 2  Cu0  1
Zn + Cu2+ = Zn2+ + Cu0

Zn + CuSO4 = ZnSO4 + Cu.

 =
 = +0,34  – (-0,76 ) = 1,1 .

. 
– .
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 – 

. , 
,  ( ).

:

) Zn 2SO4  2 + + SO4
2 Cu   (  +)

 – ) Zn – 2  Zn2+       1
 + )          2 + + 2 2      1

Zn + 2 +  Zn2+ + 2
Zn + 2SO4  ZnSO4 + 2

, 
 –  ( ). 

, 
. .

Zn2+, Cu2+,
.

. 
.

.  –
, .

 – Au3+, Cu2+, Ag+, Cr2O7
2+ + 14 +.

 –  –
PbO2, MnO2.

9.1.6  

: 
 ( ) 

 ( ).
1. 

.
2. , 

.
3. +, , 2 , 

.
4.  – ,  – .
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, , 
. 

 0, , 
.

9.1.7

 1.

: Ni|NiCl2, (NiCl2) = 0,05 3.
:

2Ni/Ni
0 = -0,25 .

Clg
n

,05900

 0,05 :

288,0)3,1(0295,025,005,0lg
2
059,025,0

 = 0,05 3

 = 0,05 3 = 5 10 2 3

lg 5 10 2 = lg 5 + lg 10 2 = 0,7 + (-2) = -1,3

:  0,05 
2Ni/Ni

= 0,288 .

 2.

. 

Zn | ZnCl2 || CoCl2 | Co.
:

 -) Zn | ZnCl2 || CoCl2 | Co   (  +)
2Zn/Zn

0 = -0,76 2Co/Co
0 = -0,277 

, 
, .
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, 
.

 – ) Zn – 2  Zn2+          1
 + )       2+ + 2 0      1

Zn + 2+  Zn2+ + 0 – 
Zn + CoCl2  ZnCl2 + 0 – 

 ( ) =  -
 = -0,277 – (-0,76) = 0,453 .

: 
,  – . 

 0,453 .

 3.

; 
(  ( )) .

. , 
Cd Ni :

Cd | CdSO4 || NiSO4 | Ni

:
1.  ( . 9.1)

Cd Ni
 -) Cd | CdSO4 || NiSO4 | Ni   (  +)

2Cd/Cd
0 = -0,40 2Ni/Ni

0 = -0,25 
 –  (Cd) 

 (Ni). 
.

2.
:

Cd – ,  – 
Cd2+;  – Ni2+

 – Ni0.
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 -) Cd | CdSO4 || NiSO4 | Ni   (  +)

 – ) Cd – 2  Cd 2+       1      - 
 + ) Ni 2+ + 2  Ni 0       1      - 

Cd + Ni 2+  Cd 2+ + Ni 0 – 
Cd + NiSO4  CdSO4 + Ni 0 – 

 ( )

 ( ) =  -

 = -0,25 – (-0,40) = 0,15 .

: Cd – , Ni2+ – .
Cd Ni  0,15 .

 4.

2Fe
= 0,03 .

:

Clg
n

,05900

 ( 0) . 9.1

2Fe/Fe
0 = -0,44 

lg  ( . 232)
 = 0,03 .

lg 0,03 = lg 3 10 2 = lg 3 + lg 10 2 = 0,48 + (-2) = -1,52

.485,0)045,0(44,0)52,1(
2
059,044,0Fe

:
2Fe/Fe

= -0,485 .
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 5.

Co | CoCl2 || CoCl2 | Co
=0,1 ; =2 

.

:
1. . 9.1  –
20 = -0,28 .

2. 
:

.31,0)03,0(28,0)1(
2
059,028,01

lg 0,1 = lg 10 1 = -1

.271,0009,028,0)3,0(
2
059,028,02

lg 2 = 0,3
3.  ( 31,01 ;   = 10 1 ) 

,  ( 271,02 ;   =  2  )  
.

                                                   2
) | CoCl2 || CoCl2 | C    ( +)

=0,1 ; =2 

 (  –) 
 (  +).
4. 

 ( ) =  -
 ( ) = -0,271 – (-0,31) = 0,039 

: 
2 =0,1  (  –) , 2 =2  (  +).

 0,039 .
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 9. 1 – 
                          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
Ca2+/Ca Ca2++ 2e = Ca -2,866 Sb3+/Sb Sb3++ 3e = Sb +0,20
Na+/Na Na++ e = Na -2,714 Bi3+/Bi Bi3++ 3e = Bi +0,23
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
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 Hg2+/Hg Hg2++ 2e = Hg +0,854
Zn2+/Zn Zn2++ 2e = Zn -0,763 Pd2+/Pd Pd2++ 2e = Pd +0,987
Cr3+/Cr Cr3++ 3e = Cr -0,744 Br2/Br- 1/2Br2 + e = Br- +1,065
S0/S2- S0+ 2e = S2- -0,51 Pt2+/Pt Pt2++ 2e = Pt +1,2

Fe2+/Fe Fe2++ 2e = Fe -0,440 Cl2/Cl- 1/2Cl2 + e = Cl- +1,359
Cd2+/Cd Cd2++ 2e = Cd -0,403 Au3+/Au Au3++ 3e = Au +1,498
Tl+/Tl Tl++ e =Tl -0,336 Au+/Au Au++ e = Au +1,691

Co2+/Co Co2++ 2e = Co -0,277 H2/H- 1/2H2 + e = H- +2,2
Ni2+/Ni Ni2++ 2e = Ni -0,250 F2/F- 1/2F2 + e = F- +2,87

Mo3+/Mo Mo3++ 3e = Mo -0,20
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9.1.8  

”

:
1.  ……… 

 [     ]  ( ).
2.  …… , 
. , . 
) .
3.

 ……., 
. 

.
4. , 
),  ( ) ……
5. , 

. 
 ( ).

   1. 1 ;            2. 0,01 ;                3. 10-4 ;                      4. 0,00001 .

          
1. 1. Mg2+, 0,01 

0
Mg/Mg

2+= -2,363 .
2. Au - Ni
3. Zn | ZnSO4 || FeSO4 | Fe
4. , Cd
5. .

4. 1. Al3+, 0,0001 ,
0
Al/Al

3 += -1,662 
2. Sn – Ni
3. Zn | ZnSO4 || AgNO3 | Ag
4. ,  Al
5. .

2. 1. 2+, 0,01 
0
Be/Be

2+= -1,847 
2. Sn - Cr
3.Pb | Pb(NO3)2 || Cu(NO3)2  Cu
4. , Sn
5. .

5. 1. Au3+,  10-3 ,
0
Au/Au

3 += +1.5 B
2. Fe-Mn
3.Cu | Cu(NO3)2 || AgNO3 | Ag
4. , Mn

5. 

3. 1. Cr3+,  0,001 ,
0
Cr/Cr

3 += -0,744 
2. Sn – Pt
3. Fe | FeSO4 || MgSO4 | Mg
4. , Cu
5. .

6. 1. 2+,  0,01 .
0
Ca/Ca

2 += -2,87 B
2. Al-Pb
3.Mn | Mn(NO3)2 ||Pb(NO3)2|Pb
4. , Ni

5. 
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7. 1. Fe,  0,001 

0
Fe/Fe

3 += -0,036 B
2. Au - Zn
3. Mg | MgSO4 || Al2(SO4)3 | Al
4. , Ag
5. 

13. 1. Ge2+,   0,01 ,
0
Ge/Ge

2+ = +0,01 
2. Cr-Zn
3. Ni | NiSO4 || Al2 (SO4)3 | Al
4. , Cu
5. .

8. 1. Zn2+,  0,1
0
Zn/Zn

2 += -0,76 B
2. Cr – Ni
3. Pb |Pb(NO3)2 || Ni(NO3)2 | Ni
4. , Ti
5. .

14. 1. Cd2+,  0,001 ,
0
Cd/Cd

2+ = +0,40 B
2. Ag-Cu
3. Fe | FeSO4 || CuSO4 | Cu
4. , Cd
5. 

9. 1. Mn,  0,001 ,
0
Mn/Mn

2+ = -1,18 
2. Hg-Ni
3. Pt | Pt(NO3)2 || AgNO3 | Ag
4. , Zn
5. 

15. 1. Cu,   0,01 ,
0
Cu/Cu

2+ = +0,34 B
2. Ti-Pb
3. Fe |FeSO4 || CuSO4 | Cu
4. , Zn
5. 

10. 1. Sn2+,   0,1 ,
0
Sn/Sn

2+= -0,136 
2. Ag-Cr
3. Mg | MgSO4 || FeSO4 | Fe
4. , 
5. 

16. 1. 2+,   0,01 M,
8722 ,

/

2. Mn - Zn
3. Pb | Pb(NO3)2 || Zn(NO3)2 |Zn
4. , Zn
5. 

11. 1. 2+, 0,01 ,
0
Ti/Ti

2+ =-1,628 
2. Mn-Ni
3. Fe |FeSO4 || CuSO4 | Cu
4. , V.
5. 

17. 1. Al3+,  0,001 M,
6613 ,

Al/Al

2. Ti-Cr
3. Fe | FeCl2 || SnCl2 | Sn
4. , Cd
5. 

12. 1. La3+,   0,0001  ,
0
La/La

3+ = -2,714 
2. Fe-Pt
3.Fe | (Fe2(SO4)3 || Au2(SO4)3|Au.
4.  ,  

5. .

18. 1. Sn2+, 0,02 M,
13602 ,

Sn/Sn

2. Zn-Cd
3. Ti | TiSO4 || CoSO4 | Co
4. , Cr
5. 
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19. 1. Fe2+, 0,5 M,

4402 ,
Fe/Fe

2. d-Ni
3. Sn | SnCl2 || NiCl2 | Ni
4. , Fe
5. 

25. 1. 2+,   0,2 M,
27702 ,

/

2. Cd-Pb
3. Zn | ZnSO4 || Ni(NO3)2 | Ni
4. , Fe
5. 

20. 1. Zn2+,   0,4 M,
7602 ,

Zn/Zn

2. Fe-Cr
3. Al | AlCl3 || MgCl2 | Mg
4. , Zn
5. 

26. 1. 2+,   2 M,
6312 ,

/

2. Cu-Ag
3. Cr | Cr2(SO4)3|| ZnSO4 | Zn
4. , Cu
5. 

21. 1. Ag+,  0,002 M,
7990,

Ag/Ag

2. Mg-Cu
3. Ni | NiSO4 || MnSO4 | Mn
4. , 
5. .

27. 1. 2+,   3 M, 2502 ,
/

2. Fe-Mo
3. Mg | MgCl2 || CuCl2 | Cu
4. , 
5. 

22. 1. Pb2+,   0,05 M,
12602 ,

Pb/Pb

2. Fe-Cd
3. Ni | NiSO4 || 2SO4| 2 (Pt)
4. , Cr
5. 

28. 1. 3+,   0,2 M,
2203 ,

/

2. Fe-Mo
3. Fe | FeCl2 || CrCl3 | Cr
4. , Cd
5. 

23. 1. Fe2+,   0,07 M,
4402 ,

Fe/Fe

2. Mg-Ti
3.  | Cl2 || FeCl2 | Fe
4. , Ni
5. 

29. 1. Cu2+,   0,5 M,
3402 ,

Cu/Cu

2. Mn- Fe
3. Zn | ZnCl2 || CuCl2 | Cu
4. , Fe
5. 

24. 1. Cr2+,  0,003 M,
9102 ,

Cr/Cr

2. Sn-Cd
3. Ag | AgNO3 || Ni(NO3)2 | Ni
4. , Cd
5. 

30. 1. Pb2+,   0,06 M,
12602 ,

Pb/Pb

2. Fe-Pt
3. Cr | CrSO4 || FeSO4 | Sn
4. , Sn
5. .
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9.2  

9.2.1  

.
 – , 

.

.

.

 ( ),  –  (  +). 
. , , 

,  – .
:

 –  – ;  – 
 – . :

) n+, 2 , +

) . 
, 

 n+ + n e- 0       
2 2  + 2 e-

2 + 2
2 + + 2 -

2

:
 +) n , 2 , 

,

n  - ne-

2Cl  2 Cl2

2 2  4e-
2 + 4 +

 ne-  n+

, . 
,  –

 ( ) , 
( , Pt, Ir, ).
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, 
, .

, 
) . .

:
)  ( ) .

9.2.2  .

: ,
; , ;

; . 
.

, ,
. , 

.
, 
.

                                2 + + 2 2 ; 0
22 /

             = 0

:
2 2  + 2 e-

2 + 2

14830
7410

2222
,
,

/

:
1)  0, 

;
2)  -1 , 

.  – Zn, Cr,
Fe, Cd, Ni.

3)  -1,66 , , 

, + .
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, ,
. 

.

,,
22

0231

                781,00

 -
.,

/
1440

2224

 ( ) :
1)  – Cl ,    Br ,    I ,      S 2

 = 1,36;   1,06;  0,54;  -0,52 .
HF, 882

22
,

F/F
)

2) 
2 2  – 4 2 + 4 +;  = +1,23 .

        4  2 2  + 2;  = +0,4 .
3) 

, .
 – , ,

.
, , ,

, 

2 2  – 4 2 + 4 +

:

4  – 4  2 2  + 2;
2SO4

2  – 4  2SO3 + 2.

9.2.3  .
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, 
. 

.
. 

, 
.

, ,

. 
 ( 6312 ,

/
), 

. , 
,  = -0,41 , 
 ( Zn Sn). 

.

.
 – 

 1 2  – 
. 

.

 9.2 – 2 2
*

, 
2 2

Pt 0 +0,44
 ( ) -0,14 -

Fe -0,17 +0,24
Cu -0,19 +0,25
Pb -0,40 +0,30
Hg -0,57 -

:
0

2222
410,

/

,  – 
. 

, 
.

* .: : . - .: , 1989. – . 230.
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:
0

4222
231,

/
.

, , 
 ( 361

22
,

Cl/Cl
) .

( 0) .

, , 

, , 
.

; ; 
; , . 

, 
, 

) .  – 
, .

9.2.4  

, 
, , 

 (1791 – 1867 .).

, , 
, 

,Qkm

 =
F

M ,  – ;

F –  – 96484 )/  – 26,8 ;
Q = I  t; I – ; t – .

I = 1 , t = 1 ., Q = 1 

,m
 – , 

 1  1 
 1 .
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.

:

.

F
tIMm

F
tIVV

, , 
,  100, .

100
.

.
i m

m

F
tIMm , 

tIm
Fm

.

.
i .

9.2.5  

. 

 1,66 .
  -

. 
,  – . 

. 
. , .

.  –
, 

.
: 

; , ; . 
, , , , 

.
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9.2.6  

 1. , 
. 

.

. CaI2 NiSO4.
.

.

CaI2 Ca2+ + 2I
NiSO4 Ni2+ + SO4

2-

, 

                                 +                                      
B540

22
,

I/I
I                   Ca2+ B822 ,

/

B0522
82

2
42

,
OS/SO

SO4
2-              Ni2+ B2502 ,

Ni/Ni

231
4222

,
/ 2                2 410

2222
,

/

, , 
, , 

.

1
2

02
2
Ni2eNi)K

I2e2I)

.
:

2I  + Ni2+ I2 + Ni0

 = . -
 = 0,54 – (-0,25) = 0,79 .

2
1

2e)K
4e)

22

22

2 2  +4 2 2 + 2 2 + 4 + + 4 –

4 2

2 2 2 + 2 2

 = . –  = 1,23 – (-0,41) = 1,64 .
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: :
) , , 

: 1) 2I I2 ; 2) 2 2 2 + 4 +; 3) SO4
2-

.
) , , 

: 1) Ni2+  Ni0; 2) 2 2 2 + 2 -;
3) 2+ .

 2. , 
.

. , 

           ) ;     ) .
.

Cd(NO3)2  Cd 2+ + 2NO3

2

                                            +                                      
NO3     Cd2+ B4002 ,

d/d
0231

42 22
,

/ 2      2
0

22
410

22
,

/

 (NO3 ) , 
) 

   +)   2 2  – 4 2 + 4 +     |1

Cd2+, 

) Cd2+ + 2 Cd0                  |  2

:   2 2  + 2Cd2+
2 + 4 + + 2Cd0.

) Cd, 
. 

 +) Cd0 - 2 Cd2+

) Cd2+ + 2 Cd0

Cd0 + Cd2+  Cd2+ + Cd0

: )  ( ) 
. Cd2+.

) 
) .
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0
Cd

, .

 3.
.

.
 2,5

I = 6 .
.

AgNO3 Ag+ + NO3

    +) NO3 , 2
01,23

/ 4222

, 
NO3 .

 +)   2 2  – 4 2 + 4 +

: 

133
826

52665
2 ,

,
,,

F
tIVV

65422
4
1

2 ,,Vf)V

484
826

5268 ,
,

,
F

tIMm

832
4
1

2 f)

                 ) Ag+, 2

0,80
Ag/Ag 0

0
2222

0,41

Ag+.
) Ag+ + 1  Ag0

,  2,5 
I = 6 .

560
96500

90006108 ,
F

tIMm .

t = 2,5·60·60 = 9000 .
(Ag) = f ·  = 1 · 108 .

:  3,13 ,  60,5 .
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9.2.7  

:
1.  – , 

.
2.  – , 

.
3.  – .

, 
. , 

.

.  –
MnO2.

) Zn | NH4Cl  NH4
+ + Cl | C (MnO2)   ( +)

                                        - 
) Zn – 2e Zn2+                            2

          Zn2+ + 4NH3  [Zn(NH3)4]2+

K+)    4NH4
+ + 4e  4NH3 + 2H2

          2MnO2 + 2H2  2Mn(OH)2

2Zn + 4NH4
+ + 2MnO2 = [Zn(NH3)4]2+ + Zn2+ +2Mn(OH)2

2Zn + 4NH4Cl + 2MnO2 = [Zn(NH3)4]Cl2 + ZnCl2 +2Mn(OH)2

 – 1,4 – 1,6 .

,

.

) Zn  K2Cr2O7 2K+ + Cr2O7
2      C    ( +)

H2SO4  2H+ + SO4
2-

) Zn – 2e Zn2+                                              3
K+)    14H + + Cr2O7

2  + 6e  2Cr3+ + 7H2O 1

3Zn + 14H+ + Cr2O7
2  3Zn2++ 2Cr3+ + 7H2O

3Zn + 7H2SO4 + K2Cr2O7 3ZnSO4+ Cr2(SO4)3 + 7H2O +K2SO4

= .222760461232
72 2

,),(,
Zn/ZnCr/Or
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 – , ,
, 

«+»  «+»,  « »  « ».

.
, 

, . 
, . 

 30%  (H2SO4), 
. , .

, 
.

+) Pb | H2SO4  2H+ + SO4
2 | PbO2     ( )

30% 
B3550

4
2
4

,
PbSO/SOPb

B6931
24

2
42 24

,
OHPbSO/SOHPbO

 – 

 -) Pb – 2e + SO4
2- PbSO4

K+) PbO2 + 4H+ + SO4
2- + 2e PbSO4 + 2H2O

 – 

K -) PbSO4 + 2e Pb + SO4
2-

+) PbSO4 +2H2O – 2e PbO2 + 4H+ + SO4
2-

:

Pb + PbO2 + 2H2SO4 2PbSO4 +2H2O

 2,1 .
 – ,

, ,
.

 – , , , 
.

Pb + H2SO4  PbSO4 +H2

Pb + PbO2 2PbO
PbO + H2SO4  PbSO4 +H2
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, 
, , ,

. 
), , 

.

-) Fe | KOH, H2O | NiOOH  (K+)

:      A-) Fe – 2e + 2OH Fe(OH)2

K+)  2NiOOH + 2H2O + 2e  2Ni(OH)2 + 2OH

:         K-) Fe(OH)2 + 2e Fe0 + 2OH
A+)  2Ni(OH)2 + 2OH  - 2e  2NiOOH + 2H2O

:

Fe + 2NiOOH + 2H2O Fe(OH)2 + 2Ni(OH)2

-) Cd | KOH, H2O | NiOOH  (K+)

Cd + 2NiOOH + 2H2O Cd(OH)2 + 2Ni(OH)2

, , 
.

-) Zn | KOH, H2O | Ag2O  (K+)

:       A-) Zn – 2e + 2OH Zn(OH)2

 K+) Ag2O + 2H2O + 2e  2Ag + 2OH

:         K-) Zn(OH)2 + 2e Zn0 + 2OH
A+)  2Ag + 2OH  - 2e Ag2O + H2O

Zn + Ag2O + 2H2O Zn(OH)2 + 2Ag

.
. 

, 
,  –

, 
. 

. 
, , ,

 (Pt, Pd, Ag) – . 
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. ,
.

: -
. ,

.
,  (N2H4), 

( 3 ), ,  ( ), ,  ( ), .
 – , , .

.

-) 2 | KOH + +  | 2  (K+)
A-) 2 – 2e + 2OH  2H2O        2 - 
K+) 2 + 2H2O + 4e  4OH  1 – 

2 2 + 4OH  + 2 + 2H2O  4H2O + 4OH
2 2 + 2  2H2O

-) 2 | + +  | 2  (K+)
A-)  2 2 – 4e  4 +                  - 
K+) 2 + 4 + + 4e H2O  - 

2 2 + 2  2H2O
.

:- ; 
(  80%);  (25  2000 ), 
(101,3–5067 ); , ;

, ; 
– .

 ( ), 
 ( ).

:

231
5962

2270
2980 ,

,nF
G

, 
; ; 

.
 10  1000 .

,
, .
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9.2.8 

”

.

1.
I … t … m… .

.
2. , 

 …
.

3.
 ( , ). 

:  …?
4. ,  ( ) 

 (…) 
 …

5.
 … 

 2  4 .

1. 1) I = 2 ; t = 40 ; m = 5,18 
2) Ni(NO3)2; CdCl2
3) pH ; CaCl2; Ni(NO3)2; CuSO4
4) Cd; Cd(NO3)2
5) MgSO4

4. 1) I = 2 ; t = 2 ; m = 8,43 
2) Na2SO4; MoCl3
3) pH ; Cu(NO3)2; NaCl; CdI2
4) Ni; NiSO4
5) AgNO3

2. 1) I = 4 ; t = 2 ; m = 9,60 
2) FeCl3; NaI
3) pH ; AuCl3; CuSO4; NaCl
4) Zn; ZnCl2
5) SrBr2

5. 1) I = 4 ; t = 40 ; m = 10,80 
2) TiCl2; ZnSO4
3) pH ; NaBr; Sn(NO3)2; ZnCl2
4) Sn; Sn(NO3)2
5) KBr

3. 1) I = 8 ; t = 30 ; m = 4,42 
2) CaI2; Cr(NO3)2
3) pH ; NaNO3; CuCl2; ZnCl2
4) Co; Co(NO3)2
5) Al2(SO4)3

6. 1) I = 11 ; t = 15 ; m = 6,57 
2) CuSO4; VCl2
3) pH ; Zn(NO3)2; CuCl2; KI
4) Sb; Sb(NO3)2
5) NaNO3
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7. 1) I = 2 ; t = 4 ; m = 8,80 
2) CoCl2; Mg(NO3)2
3) pH ; FeBr2; CaSO4; NiI2
4) Fe; FeCl3
5) Sb(NO3)2

14. 1) I = 2 ; t = 40 ; m = 3,07 
2) MoCl3; CdSO4
3) pH ; KCl; Cu(NO3)2; NaBr
4) Sn; Sn(NO3)2
5) HBr

8. 1) I = 11 ; t = 15 ; m = 2,80 
2) Pb(NO3)2; MnCl2
3) pH ; CoF2; ZnCl2; CuBr2
4) Al; Al2(SO4)3
5) NiCl2

15. 1) I = 11 ; t = 15 ; m = 5,53 
2) Al2(SO4)3; MgI2
3) pH ; BaCl2; CuSO4; MnI2
4) Sb; Sb(SO4)3
5) CrCl3

9. 1) I = 4 ; t = 1 ; m = 1,59 
2) Cr2(SO4)3; MnI2
3) pH ; LiCl; Cu(NO3)2; CdBr2
4) Zn; ZnSO4
5) K2SO4

16. 1) I = 4 ; t = 2 ; m = 9,80 
2) MgSO4; CuCl2
3) pH ; CaSO4; AuCl3; ZnBr2
4) Pb; Pb(NO3)2
5) Ba(NO3)2

10. 1) I = 2 ; t = 2 ; m = 9,85
2) Ba(NO3)2; SnCl2
3) pH ; Cu(NO3)2; SnCl2; FeCl2
4) Cd; CdSO4
5) W(NO3)2

17. 1) I = 3 ; t = 1 ; m = 11,60 
2) AgNO3; NaCl
3) pH ; KNO3; CuSO4; AgNO3
4) Cd; CdCl2
5) TiSO4

11. 1) I = 3 ; t = 1 ; m = 4,06 
2) Cd(NO3)2; Na2SO4
3) pH ; RbCl; MoCl3; MnSO4
4) V; V(NO3)3
5) FeCl3

18. 1) I = 8 ; t = 30 ; m = 5,45
2) MnCl2; Pb(NO3)2
3) pH ; NaBr; FeSO4; ZnCl2
4) Ti; TiCl2
5) Bi(NO3)3

12. 1) I = 15 ; t = 11 ; m = 5,95
2) Cu(NO3)2; VCl2
3) pH ; Cu(NO3)2; SnCl2; FeCl2
4) Cd; CdSO4
5) W(NO3)2

19. 1) I = 2 ; t = 40 ; m = 5,40 
2) CdCl2; NaBr
3) pH ; Sr(NO3)2; CuBr2; AgF
4) W; W(NO3)3
5) VCl2

13. 1) I = 8 ; t = 30 ; m = 8,90 
2) ZnSO4; BaCl2
3) pH ; AgCl; CuSO4; NaCl
4) Ag; AgNO3
5) NiSO4

20. 1) I = 6 ; t = 1 ; m = 12,60 
2) BaCl2; NiSO4
3) pH ; NaCl; Ni(NO3)2; CdCl2
4) Co; CoCl2
5) KBr
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21. 1) I = 4 ; t = 15 ; m = 1,19 
2) BaCl2; Sb2(SO4)3
3) pH ; Bi(NO3)3; KF; Ca(NO3)2
4) Cd; CdI2
5) MnCl2

26. 1) I = 6 ; t = 1 ; m = 12,14 
2) CaCl2; Cd(NO3)2
3) pH ; PtCl2; FeSO4; CuBr2
4) Al; AlI3
5) CuCl2

22. 1) I = 3 ; t = 2 ; m = 5,90 
2) ZnCl2; Sn(NO3)2
3) pH ; NaF; NaBr; KI
4) Pb; Pb(NO3)2
5) CoCl2

27. 1) I = 4 ; t = 45 ; m = 22,05 
2) Ba(NO3)2; ZnCl2
3) pH ; MnBr2; MgSO4; CoCl2
4) Cu; CuCl2
5) CaSO4

23. 1) I = 2 ; t = 40 ; m = 2,97 
2) Pb(NO3)2; NaCl
3) pH ; CaCl2; Cu(NO3)2; MnI2
4) Cr; Cr(NO3)3
5) ZnCl2

28. 1) I = 2 ; t = 2 ; m = 1,40 
2) CuSO4; CoCl2
3) pH ; FeCl2; CdSO4; ZnI2
4) Sn; Sn(NO3)2
5) Cr2(SO4)3

24. 1) I = 8 ; t = 30 ; m = 9,19 
2) ZnCl2; Mg(NO3)2
3) pH ; FeBr2; MgSO4; AlCl3
4) Ni; NiI2
5) CdSO4

29. 1) I = 8 ; t = 30 ; m = 4,90 
2) AlBr3; Ni(NO3)2
3) pH ; NiCl2; CaCl2; CuCl2
4) Fe; FeSO4
5) LiCl

25. 1) I = 2 ; t = 3 ; m = 6,60 
2) NaNO3; MoCl3
3) pH ; BaCl2; NiSO4; CrI3
4) Zn; ZnSO4
5) Fe2(SO4)3

30. 1) I = 2 ; t = 45 ; m = 3,68 
2) NaI; CuSO4
3) pH ; Co(NO3)2; SnCl2; NiBr2
4) V; VCl3
5) Pb(NO3)2
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9.3  

9.3.1  

– ,
. 

. 
, 

.  – , 
, G < 0.  – n e- n+

.  10%
. 

, ,
, , , . 

, , ,
.

: 1) ;
2) ; 3) ; 4) ; 5) ; 6) ;
7) ; 8) .

 9.2 – .

, 
, , :

,  – 
, .

m
 (t)  (S):

tS
mV
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9.3.2  

, 
. 

 –  ( , ,
, ).

,
, 

, .

, 
 ( ,

.) – 
.

4Fe + 3 2  2Fe2 3

nMe + m n m

, , .
.

. 9.3 – 

1. , 
 – 

.
2. , 

 – , Ni, Ti, Mn.
, , 

.
3.     .  

.
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. 
. Al,  Zn,  Cr

, .
. , ,

, , , 
(t > 100 ).

9.3.3  

,
 ( ) 

.
: , , .

. 
.

.
: 

Fe3  – , , . , ,
Mn,  Cr,  Ni,  ,  Se . 
, , 

,  – 2, S 2, N 2, 2:

2  + 2 2 3
+ + 3

2  + S 2 2 3
+ + 3

, 
.

) Fe 2 , 2, +, 3 , 3  C    ( +)

, ,  – , 
.

A-) Fe – 2e Fe2+                        2
K+) 2 + 2H2O + 4e  4OH  1 
2Fe + 2 + 2H2O  2Fe2+ + 4OH  2Fe( )2

Fe( )2 Fe  + 2

4Fe( )2 + 2 + 2H2O  4Fe( )3
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4Fe( )3  2Fe2 3 + 6 2

 -         nFe m Fe2 3 q 2 .

, 
.

, 
.

) HCl.

) Al Cl H+ + Cl  Cu    ( +)
B6613 ,

Al/Al
B3402 ,

Cu/Cu

A-) Al – 3e Al3+           2
K+)  2H+ + 2e H2          3
2Al + 6H+ 2Al 3+ + 3H2

.
) HCl.

+) Al Cl H+ + Cl  Mg    ( )
B6613 ,

Al/Al
B3622 ,

Mg/Mg

A-) Mg – 2e Mg2+

K+)  2H+ + 2e H2

Mg + 2H+  Mg2+ + H2

.
:

) ;
) , 

;
) , 

 (Cu Al- Cu, Al Mg- Al).
) H+,  

 – .

H2S, CO2, SO2,
SO3, Cl2, HCl, SO4

2 .
, , 

.
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, :
- , ;
- ;
- ;
- , , , 

, .

. , , 
.

 –  – 
, 

. 
, , . 

 – ,  – 
. ,  – 

:
2H+ + 2e H2,

 – 2 + 2H2O + 4e  4OH .
, 

.
, 

, , 
. , , , ,

.

9.3.4.  

 2
:

-  ( ) 
;

- .
.

, 
.

 – .  – ,

. ,
. 
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: , ,
, , .

– 2, 2, r.
, , , .

. :
1)  – , , , , ,

;
2) :
-  – ;  – ;
-  – 

– NO3 , Cr2O7
 2-, CrO4

 2-.

2Fe + 6 NO3 . = Fe2O3 + 6NO2 +3 2

-  –  –  –
Mn( 2 4)2;

-  –  –  - Fe , 
;

3)  – 
 – Cr, , , . , 

: Cr – 18%,  – 8%.
4) : , 

 – Al, Zn, Cr, , Sn  – Cu, Ag, Au, Pt.
, 

, 
. 

.

) Zn 2 , 2, +, 3  Fe    ( +)
B7602 ,

Zn/Zn
B4402 ,

Fe/Fe

A-) Zn – 2e Zn2+                        2
K+) 2 + 2H2O + 4e  4OH  1

2Zn + 2 + 2H2O  2Zn 2+ + 4OH  2Zn( )2

Zn, Fe.  – .
, 

. 
.
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) Fe 2 , 2, +, 3  Sn    ( +)
B4402 ,

Fe/Fe
B1402 ,

Sn/Sn

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

2Fe + 2 + 2H2O  2Fe2+ + 4OH  2Fe( )2

, 
.

5) , , 
, 

. , 

. 
, .

9.3.5  

 1.

, Fe – Mn.

.
, 

, 

+) Fe 2 + 2H2O  4OH n    ( -)
B4402 ,

Fe/Fe
B1812 ,

n/ n

 ( ) .

A-) Mn – 2e Mn2+                        2
K+) 2 + 2H2O + 4e  4OH  1

2Mn + 2 + 2H2O  2Mn 2+ + 4OH  2Mn( )2
                                                                           

.
, 

,  – Mn.
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 2.
Zn  –  Cd.

, , 
.

.
, 

:

-) Zn Cl H+ + Cl  Cd    ( +)
B7602 ,

Zn/Zn
B4002 ,

Cd/Cd

(Zn)  (Cd).
:

A-) Zn – 2e Zn 2+

K+)  2H++ 2e  2H2

Zn + 2H+  2H2 + Zn 2+

:  – Zn,
, 

.

 3.

,
.
:

, 
:

+) Fe 2 + 2H2O  4OH  Cr    ( -)
B4402 ,

Fe/Fe
B9102 ,

Cr/Cr

 (Cr) 
 (Fe). :

A-) Cr – 2e Cr 2+                        2
K+) 2 + 2H2O + 4e  4OH 1

2Cr + 2 + 2H2O  2Cr 2+ + 4OH  2Cr( )2

: , . 
(Cr)  – . , 

 (Fe), , Cr .
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9.3.6  

”

1. , 

.

                                                           

1. B866,22Ca/Ca

B337,02Cu/Cu

B44,02Fe/Fe

B2,12Pt/Pt

7. B847,12Be/Be

2+ = +0,987 B
Pd/Pd

3+ = +0,23 B
Bi/Bi

B866,22Ca/Ca

13. B9970,
Ag/Ag

B186,12V/V

B744,03Cr/Cr

B363,22Mg/Mg

2. B2,02Sb/Sb

B9970,
Ag/Ag

B403,02Cd/Cd

B906,22Ba/Ba

8. B691,1
Au/Au

B180,12Mn/Mn

B126,02Pb/Pb

B522,23La/La

14. B866,22Ca/Ca

B01,02Ge/Ge

B763,02Zn/Zn

2+ = +0,987 B
Pd/Pd

3. 3+ = +0,23 B
Bi/Bi

B363,22Mg/Mg

B1,6282Ti/Ti

B987,03Pd/Pd

9. B866,22Ca/Ca

B2,12Pt/Pt

B20,03Sb/Sb

B186,12V/V

15. B20,03Mo/Mo

B126,02Pb/Pb

B691,1
Au/Au

B913,02Cr/Cr

4. B854,02Hg/Hg

B1,6623Al/Al

B045,3
Li/Li

B01,02Ge/Ge

10. B180,12Mn/Mn

B9970,
Ag/Ag

3+ = +0,23 B
Bi/Bi

B363,22Mg/Mg

16. B522,23La/La

B1,6282Ti/Ti

B20,03Mo/Mo

B916,22Ra/Ra

5. B363,22Mg/Mg

B,5210
Cu/Cu

B522,23La/La

B25,02Ni/Ni

11. 2+ = +0,987 B
Pd/Pd

B20,03Sb/Sb

B363,22Mg/Mg

B744,03Cr/Cr

17. B403,02Cd/Cd

B,5210
Cu/Cu

3+ = +0,23 B
Bi/Bi

B,27702Co/Co

6. B036,03Fe/Fe

B3630,
Tl/Tl

B854,02Hg/Hg

B363,22Mg/Mg

12. B44,02Fe/Fe

B136,02Sn/Sn

B522,23La/La

B2,12Pt/Pt

18. B20,03Mo/Mo

B363,22Mg/Mg

B05,03W/W

B9970,
Ag/Ag
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19. B402,02Te/Te

B036,03Fe/Fe

B906,22Ba/Ba

B,27702Co/Co

23. 3+ = +0,23 B
Bi/Bi

B854,02Hg/Hg

B522,23La/La

B1,6623Al/Al

27. B180,12Mn/Mn

B180,12Mn/Mn

B402,02Te/Te

B20,03Mo/Mo

20. B763,02Zn/Zn

3+ = +0,23 B
Bi/Bi

B363,22Mg/Mg

2+ = +0,987 B
Pd/Pd

24. B9970,
Ag/Ag

B916,22Ra/Ra

B186,12V/V

B403,02Cd/Cd

28. B763,02Zn/Zn

B126,02Pb/Pb

B522,23La/La

B,5210
Cu/Cu

21. B337,02Cu/Cu

B906,22Ba/Ba

B854,02Hg/Hg

B186,12V/V

25. 2+ = +0,987 B
Pd/Pd

B363,22Mg/Mg

B1,6282Ti/Ti

B136,02Sn/Sn

29. B498,13Au/Au

B1,6282Ti/Ti

B744,03Cr/Cr

B906,22Ba/Ba

22. B363,22Mg/Mg

B402,02Te/Te

B913,02Cr/Cr

B01,02Ge/Ge

26. B05,03W/W

B20,03Mo/Mo

B2,12Pt/Pt

B847,12Be/Be

30. B363,22Mg/Mg

B186,12V/V

B403,02Cd/Cd

B05,03W/W

2. … …
. 

.

                                                           
1. Fe – Mo 11. Zn – Cd 21. Mn – Fe
2. Cd – Fe 12. Ag – Fe 22. Sn – Fe
3. Cu – Zn 13. Bi – Sn 23. Cd – Sn
4. Cr – Fe 14. Fe – Mg 24. Fe – Au
5. Fe – Ni 15. Sn – Fe 25. Fe – Bi
6. Fe – Mn 16. Fe – Cr 26. Al – Fe
7. Cd – Ni 17. Cu – Ag 27. Pb – Ni
8. Zn – Fe 18. Cd – Zn 28. Cd – Co
9. Ni – Sn 19. Fe – Co 29. V – Ni
10. Al - Mo 20. Mn – Cd 30. W - Fe
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3. , … - …
 ( ) 

.

                                                           
1. Ni – Cu 11. Ni – Mn 21. Pb – Mn
2. Ag – Zn 12. Fe –Cd 22. Au – Cu
3. Hg – Au 13. Sn – Fe 23. Zn – Cd
4. Hg – Ni 14. Cr – Zn 24. Ti – Ni
5. Co – Fe 15. Ni – Fe 25. Co – Ag
6. Cu – Al 16. Fe – Cr 26. Ni – Cd
7. Fe – Ni 17. Pb – Ag 27. Fe – Co
8. Sn – Bi 18. Cr – Cd 28. Ti – Fe
9. Zn –Sb 19. Ti – Fe 29. Pb – Zn
10. Cr - Co 20. Mn - Co 30. Ni - Mg

4. -… … , 
.

                                                      
1. Fe  Mg, Ni, Ag 11. Fe  Zn, Sn, Ag 21. Cu  Ag, Co, W
2. Al Zn, Sn, Cu 12. Ni  Bi, Cu, Cd 22. Pb  Ni, Sb, Hg
3. Cd  Fe, Co, Sb 13. Co  Ni, Al, Ag 23. V  Sn, Ge, Cd
4. Mn  V, Sn, Bi 14. Fe  Mo, Cd, Cu 24. Cr  Fe, Sn, V
5. Pb  Cu, Bi, Ag 15. Zn  Sn, Ni, W 25. Fe  Cr, Pb, Cd
6. Ti  Zn, Co, Cu 16. Sn  Fe, Ni, Ag 26. Mo  Cd, Bi, Hg
7. V  Cr, Fe, Ge 17. Mn  Fe, Cd, Cu 27. Zn  Cr, Ni, Cu
8. Be  Cd, Sn, Cu 18. Cu  Ni, Hg, Au 28. Ti  Cu, Cd, Pb
9. Sn  Pb, Ge, Bi 19. Cr  Fe, Mn, Ge 29. Fe  Co, Sn, Au
10. Zn  Cd, Fe, Ag 20. Fe  Bi, W, Co 30. Mn  Fe, Zn, Cr

5. . 
, .

                                                           
1. Al, Cd, Cu, Co, Fe 11. Na, Mn, Cr, Sn, Ag 21. Cu, Zn, Pt, Sb, K
2. Fe, Sn, Ni, Na, Ag 12. Bi, Cu, Ge, Cr, Ti 22. Fe, Cd, Pb, Cr, Mn
3. Pb, Mg, Fe, Mo, Cr 13. Pb, Fe, Co, Cr, V 23. Co, W, Pb, Al, Na
4. Ni, Zn, Ti, Fe, Mg 14. Be, Ca, Sn, Fe, Al 24. Be, Sn, V, Ag, Zn
5. Li, Pt, Bi, Ni, Zn 15. Ni, Fe, Mn, V, Au 25. Ag, Cu, Fe, Co, Cr
6. Ba, Mn, V, Bi, Pd 16. Cd, Bi, Pb, Fe, Zn 26. Mn, V, Be, Ge, Ni
7. Be, Na, W, Pb, Fe 17. Ti, Mo, Mg, Al, Co 27. Co, Sn, W, Zn, Ti
8. Ti, Al, Sn, Ge, Cu 18. Ba, V, Fe, Na, Ag 28. Bi, Fe, Cr, Pb, Mo
9. Co, Tl, Hg, Zn, Au 19. Ni, Zn, Pd, Mn, Fe 29. Au, Co, Cu, Mn, Zn
10. Pb, Cd, Fe, Zn, La 20. V, Al, Hg, Bi, Mn 30. Bi, Al, Mn, Cd, Fe



 1
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 2

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  - -

:  – ;  –  ( );  – ; “–“ 
, .
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