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3 2 3  1/3 , 2 5
– 1/5 .

, 
.

  ( 3)   = ( ) + ( )  = 10,3 + 1 = 11,3 ;
( 2 3)  = ( ) + ( )  = 10,3 + 8 = 18,3 ;
( 2 5)  = ( ) + ( )  = 6,2 + 8 = 14,2 .
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:

.

(2)

(1)M
m
m

2

1 .

,  ( ):

(2)

2

(1)

1 mm
      n1 = n2.

 A + B = C + D 
nA = nB = nC = nD

, , 
.

,

)V
VV ,

 V  – . 
.

 (n) :

n = .

( 2) = 2 ;
( 2) = 1 .

, 2  n = 2/1 = 2 
.

,  ( .)
 = 273 ,  = 101,325 )  22,4 3. , 

 22,4 3,  2 
, 

V ( 2) = 22,4 / 2 = 11,2 3.

( 2) = 32 
( 2) = 8 .

2

n = 32 / 8 = 4 .
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V ( 2) = 22,4 / 4 = 5,6 3.

 ( ),
, . .

1. ?
2. ?
3.

?
4. HCl PCl3?
5.

?
6.

, . .
7.

, .
8.

, , .
9. .
10. .

. 

.

: -

 ( );
-

;
-

.
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:
-  ( ). 

. , .  (25-50 3), 
 (250 3), .

-  (Zn,  Mg,  Fe,  Al) ~ 0,07-0,12 . 
 (2 ).

 ( g, Zn, Fe, Al) 
, .

, 

Me + 2HCl = MeCl2 + H2            (Me Mg, Zn, Fe)
2Al + 6HCl = 2AlCl3 + 3H2

-
. , 

.
, 

:
22

22
. . 3.1.

 3.1 – .

, ,
103 . .)

, ,
103 . .)

0 0,61 (4,58) 19 2,20 (16,48)
5 0,87 (6,54) 20 2,37 (17,53)

10 1,23 (9,20) 21 2,48 (18,65)
15 1,70 (12,79) 22 2,64 (19,82)
16 1,82 (13,63) 23 2,80 (21,09)
17 1,93 (14,53) 24 2,98 ((22,37)
18 2,06 (15,47) 25 3,16 (23,75)

1. 

. . 3.1).
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. 3.1
: 1 ; 2 – ; 3 ;

4 – .

. 
. .  1 2 

, . 
. 

 (2) .
 15 20 3

, . 
, .

0,01 . .

2. .
, ,

, 
. 

, . 
 ( , 

). 
 10 15 

. 
. 

.
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3. , .
 t C 

( 0 + t C). , . 
 3.1 

(
2

, ). 
.

 3.2 – 

mMe, T, , 2 )

,

2

2
2HV , V0, 2Hm

K (273 + t C) a 3 3

1. .

.
H VVV

2
.

2. .
. 
:

0

00

T
pV

=
T

pV ;        
Tp

TVpp
)(HV

0

0OH
2

2
0

,

C273325,101
273

0
OH

20 t
Vpp

)(HV 2 .

OH2
pp

, 
.

22
.

3.  .

 0,0001 .

pV =
)M(
)m(

2

2 RT,
TR

)M(HVp)m(H 2
2

R – , R= 8,314 ;

2) – , 2 ;
V – , 3.
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4. 
).

 0,01 .
) 

)m(H
m(Me)

2
=

)(H
MeM

2
;     M (H2) = 1 .

) 

)=
)(HV

)(HVm(Me)

20

2 , V (H2) = 11,2 3

)  0,01 .
5. .

) =
B
MeM ,

. .
6. .

 0,1% 
:

%100

7. .
. 

, 
.

 3.1.  7,09 
+2  2,24 3  ( . .). 

. ?
: .

, 

)V
Vm

,
)) 2

2

V
Vm

.
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,  1  11,2 3

.), 

) = 45,35
24,2

2,1109,7   .

.  – 
, 

) = ) + ).

) = ) – ) = 35,45 – 8 = 27,45 .

) =
|o.c.|
,

 = ) · .  = 27,45·2 = 54,9 .

) = 35,45 ;
) = 27,45 ;

) = 54,9 .
 3.2. , 

68,42 % ( .) .
:  100%, 

:
100 – 68,42 = 31,58%

 68,42  31,58 
 68,42  31,58 .

,  8 ,

:

(O)M
m(O)

(Cr)M
m(Cr)

;

(Cr) = 3,17
58,31

842,68)O(
m(O)

m(Cr)
.

(Cr) = |o.c.|
M(Cr)

    |c.o.| = 3
3,17

52
(Cr)

M(Cr)
.
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1. : 64,9% 
35,1% .  35,45 .

( : 3).

2. 2 5 , 
:
2 5 + 3MgO = Mg3(PO4)2                                            (1)

P2O5 + MgO = Mg(PO3)2.                                               (2)
( : 23,7 ; 71 ; 1/6 2 5; 1/2 2 5).

3. , 
 5,6 3 ?

( : 0,5 ).

4.  0,943 3 3  1,291 
. .

( : 41 ).

5. ,  8,34 
 0,68 3  ( .). 

 +2.                                                          ( : 68,7 ).

6. ,  1 
 0,1544 .                                                     ( : 4).

7. Al(OH)3
, :
Al(OH)3 + 3HCl = AlCl3 + 3H2O                                   (1)
Al(OH)3 + 2HCl = AlOHCl2 + 2H2O                              (2)
Al(OH)3 + HCl = Al(OH)2Cl + H2O                                (3)

8.  (III) , 
0,2  0,3  (III).

 (III) ?
( : 7,13 ).

9.  22 . 8,4 3 .
. 3

?
( : 29,33 ; 4,2 3).
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10. , 
 1  1,07 . 

16 .                                                                                   ( : 5).

11. 3 4
, :
3 4 +  = 2 4 + 2                                      (1)
3 4 + 2  = 2 4 + 2 2                                  (2)
3 4 + 3  = 3 4 + 3 2 .                                   (3)

12. ,  2,98 
,  2,2 . 

.                                                   ( : 39 ).

13.  56,2 . 
.                            ( : 87,54%).

14. , 
7,2  28,2 . 

 35,45 .      ( : 12,15 ).

15. 0,43 . 123,3 3

. 1,555  1,415 
. .

( : 35,5 )
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 4
« »

: - , 
;

  - 

.

 – , 

.
.

, 
. , ,

. 

: - . 
, . 

, 
. - 

, ; -  –
.

.
 ( )

, 
, : p, V, T, n,

. Q, 
.

:
pV = n · RT.

:

p =
V
n  · RT,

 =
V
n , 

p =  · RT. (4.1)
, , 

U, , 
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, .
, 

, 
, . 

, , 
, , 

.
, 

:
Q = U + A. (4.2)

, Q,
U

. :
U = U1  U2, (4.3)

  U1 – ;
U2 – .

, 
, : , 

. .. , 
, :

 = · V. (4.4)
  V = V2  V1 ;

 – .
, 

, , 
:

H = U + pV. (4.5)

, 
, , 

, 
.

 =  2 1) 
 ( ):

H = U + p V. (4.6)
, 

Qv = U,
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.

Q  = ,
.

, 
, 

, ( )

, 
.

 1 
 (  298 ,  101325 ) 

, . , 
, : °298 (

, °).
, 

, 
° > 0, ,  

: ° < 0.
, .

, 
, .

. :

2  + 1/2 2 2 ; °298 = 285,5 .  (4.7)

 ( ° )
 ( .

 (4.7) .. 4.1). , 
:

°  = 0.

 1 
2 2

. °  .
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 4.1 – 0
298 ,  S0

298
        G0

298

0
298,  S0

298, G0
298, 

Al ( ) – 28,32 –
Al2O3 ( ) –1676 50,9 –1580

) – 5,7 –
O ( ) –110,5 197,5 –137,1
O2 ( ) –393,5 213,7 –394,4
H4 ( ) –74,9 186,2 –50,8
2H2 ( ) 226,8 200,8 209,2
2H4 ( ) 52,3 219,4 68,1
H3OH ( ) –238,6 126,8 –166,23
2H5OH ( ) –235,3 278 –167,4
aCO3 ( ) –1207,1 92,9 –1128,7
aO ( ) –635,5 39,7 –604,4
aC2 ( ) –62,7 70,3 –67,8
a(OH)2 ) –986,2 83,4 –898,5
uO ( ) –162 42,6 –129,4

Fe ( ) – 27,2 –
FeO ( ) –264,8 58,8 –244,3
Fe2O3 ) –822,2 89,9 –740,8

2 ) – 130,6 –
H2O ( ) –241,8 188,7 –228,6
H2O ( ) –285,8 70,1 –237,3
H3PO4 ( ) –1279,9 110,5 –1119,9
NH3 ( ) – 46,2 192,6 –16,7
NH4NO3 ( ) –365,7 151,1 –183,9
NO ( ) 90,3 210,6 86,7
NO2 ( ) 33,5 240,4 51,84
N2O ) 82,1 220 104,2
O2 ( ) – 205 –

l3 ( ) –277 311,7 –286,3
l5 ( ) –369,4 324,6 –362,9

P2O5 ( ) –1492 114,5 –1348,8
Pb ( ) – 64,9 –
PbO ( ) –217,3 69,5 –188,5
PbO2 ( ) –276,6 76,4 –219

, 
.
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 ( ) 
:

, 

.
, :

º  = – º  . (4.8)
, :

, .
, 

, , , 
.

 ( ) :
, 

, ,
, 

,
.

:
 = 1 + 2 + 3 + … + (4.9)

, , 
.

.
:

.
, 

 + b c  + dD
:

º = (c  + d ºD)  (a ºA + b ºB). (4.10)

:

 = . . º . – . . º . , (4.11)

. . . . – ,
.

:

.
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, 
 + b c  + dD

:
º = (a ºA + b ºB)  (c  + d ºD). (4.12)

:
º  = . º . . – . º . . (4.13)

, 
, 

.

. 
:

 = d( H)/dT. (4.14)

 = . .  , (4.15)
.
, 

.
, 

1

:

1 =  + · T, (4.16)
T = 1 – 0..

, -
º, 

:
 = º + · T. (4.17)

, ,
: , 

, .
. ,

, ,
 ( ):

NaCl Na+  + l– ;     ° . = +777,26 .   (4.18)
, 

, 
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°  = –777,26 .

Na+ l– , 
, 

.
. 4.2 

° .

, 
, , 

, 
, 

.
,

. ,

 ( ) 
,  ( ). 

.
,

.4.1 
, .

 4.2 –
°

, ° ,
LiCl 836,0 NO3

–
q –306,7

NaCl 777,3 I–
aq –307,3

HNO3 . 752,1 –
q –330,0

NaNO 747,3 Cl– q –353,7
NaI 670,0 Na+

q –420,1
KI 653,5 K+

q –435,5
KOH 621,4 3

+
q –477,8

H–OH 459,8 Li+
q –518,3

, 
:

NaCl Na+
aq + l–

aq, (4.19)
° . = ° (Na+

aq) + ° (Cl–
aq) – [ °  (NaCl )]

° . =  420,1  353,7  (  777,3) = + 3,5 .  (4.20)
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, 

.
, 

 1  1 
.  1 .
, 

 ( , OH  K )  ( , l
H2SO4) . 

, , 
. 

, :
H3

+
aq

–
q:

1/2H3
+

aq + 1/2 –
q 2 , (4.21)

°  = °  ( –O ) – (1/2)×[ °  (H3
+

aq) + °  (OH–
aq)]

°  = – 459,8 – (1/2)×(– 477,8 –– 330,0 ) = – 55,9 .  (4.22)

, 

.

1. ?
2. : ; 

; , .
3.

;
4. .
5.

?
6.

?
7. ?
8. ?
9. . 

?
10.

?
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. 

. .

: - ;
- ;
- ;

: ; 
 –  250 3; 

0,1 (0,2) ° ; ;  100  50 3;
, , .

: :  (H2SO4)   = 0,2 3;
 (NaOH)   = 1,2 /3; : 

 (Na2CO3·10H2O)  (Na2S2O3·5H2O);
;

 1.
(H2SO4)  (NaOH).

:  100 3  75 3

 ( (H2SO4) = 0,2 3; = 1,012 3);
 ( .4.1) 

 (t0).
 50 3 –  25  3

 ( (NaOH) = 1,2 3; = 1,044 3).
NaOH , , 

 ( ) . 
, 

,  10 
. , 

, 
.  4.3.

 4.3 – .

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

 4.3
.4.2)  (t, ° )  ( , ). 

,  (t0) 
 ( . 4.2).
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. 4.1 – :
1- ; 2 – ; 3 – ; 4 – .

 ( . 4.2) , b
–  ( ), bc – 

 ( ), cd – 
).

t , 
b cd , bc.

. 4.2 – t:
b – , bc – , cd – 

 4.4 
, , 

. , 
.

 4.4 – 
H2SO4 NaOH , °

V
3

V
3

,
3 3

V
3

V
3

,
3 3 t0 t t= t - t0 t

, , , 
.
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1. 
.

, 
H2SO4 NaOH :

Q . =   m t
: m   - ;

  -  (  4,18 );
t   - .

, 
, :

H  = -Q

H . = n

0

:

H H2SO4) =
4242

4242

SOHSOH

NaOHNaOHSOHSOHp

VC
tVVC

2.
:

( H) H2SO4 =
t
t2

V
V

V
V

NaOH

NaOH

SOH

SOH

42

42

3. :
:

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

4. :

H . H2SO4 = H . ( H)

:  ( - 
) .

 2. .

:  5 
Na2S2O3·5H2O Na2 O3·10H2O).

. 
 100 3  50  3

 ( . 4.1). 
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 (t0). 
. , 

, 
 (

10 ). , 
.  4.5.

 4.5 – .

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

 4.5
 (t,0 )  ( , )

 (t ).
t , 

b cd , bc
.4.2.).

 4.6 
, , , 

. , 
, 

, .

 4.6 – .

H2O , 0

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

1

, , , 
.

.

1.
.

 ( ) 

,
cm

tM)cmO2H(m
1000

Q

– ,  4,184 ;
m OH 2

 – , ;
 – , ;

m  – , .
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:

H . = -Q .
2.

:

( H) =
t
t2

m
m

V
V

O2H

O2H

3. :
:

| H . - H .| ( H),

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

4. :

H . = H . ( H)
:  ( - 

) .

  

. 4.1.

 4.1.
, 

.  10 3

 ( .)?
: :

2 2 ) + 5½ 2 ) = 2 2 ) + 2 )

.4.1, :
0

. = (2 0
2 + 0

2 ) – ( 0C2H2 + 5½ 0O2)
0

. = [2(-393,5)+ (-241,8)] – (226,8 + 5½ 0)= – 1255,6 
:

2 2 ) + 5½ 2 ) = 2 2 ) + 2 ), 0
. = –1255,6 

. ,
 1 2 2  1255,6 . , 

 10 3 , 
n = 10/22,4 = 0,446 2 2
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 22,4 3  – .
,  0,446  (10 3) 2 2

0,446×(–1255,6) = –560 .

 4.2. :
Fe2O3 + 2Al = 2Fe + Al2O3.

 48 Fe2O3  256,1 .

Fe2O3.
: Fe2O3,  48 Fe2O3, 

n = 48/160 = 0,3 
 160  – Fe2O3.

 1 , 

0
. = –256,1/0,3 = –853,8 .

Fe2O3 + 2Al = 2Fe + Al2O3, 0
.= –853,8 

:
0

. = (2 0Fe + 0Al2O3) – ( 0Fe2O3 + 2 0Al),
0Fe2O3

0Fe2O3 = 2 0Fe + 0Al2O3 – 2 0Al – 0
.

.4.1. 
0Fe2O3 = 2×0 – 1676 – 2×0 + 853,8 = –822,2 

,  –853,8 , 
0Fe2O3  –822,2 .

 4.3.

2 ) + 2 ) = 2 2 ), 0
(1) = –187                 (1)

2 2 ) + 2 ) = 2 2 ), 0
(2) = –297                   (2)

2 ) = 2 ), 0
(3)= – 44 ,                  (3)

2 ).
: , 

:
2 ) + ½ 2 )  = 2 ), 0 = ? (4)

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

(3) 2 :
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2 ) + 2 ) + 2 2 )+ 2 ) + 2 2 ) = 2 2 ) + 2 2 ) + 2 2 )     (5)

 (5) 2
 (4). :

0(3)0(2)0(1)0

2
2 .

:

286
2

244297187 ;
0

2 )   –286 .

1.
)  2 ), 4 ) 2 ).

,  100 3

)?                              ( : 206,2 ; 920, 5 ).
2.

2 4 ) + 3 2 ) = 2 2 ) + 2 2 )
 1 3

2 4 ( .)  59,06 .
.

( : 52,3 ).
3. H2O ) , 

. ? 
?                                                                         ( : 5,2).

4. ,  165 3 ( .)
, .

( : 9248,8 ).
5. 2 5

2 4 ) . 
. , 

 100 3  ( .)?
( : 45,8 ;    204,5 ).

6. , Fe2O3
,  335,1 .

( : 2554,5 ).
7.  16 2  31,27 .

)2.
( : –986,2 ).

8.  12,7  (II)  ( )
 8,24 . 

.                                                                   ( : –162 ).
9.  (II)

, :
FeO ) + CO ) = Fe ) + O2 ( ),          0

(1) = –19,2 (1)
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O ) + ½O2 ( ) = O2 ( ),                    0
(2) = –283 (2)

H2 ( ) + ½O2 ( ) = H2O ),                     0
(3) = –241,8 (3)

( : 22 ).
10. NO ,

:
4NH3 ) + 5 2 ) = 4NO ) + 6 2 ),   0

(1) = –1168,80   (1)
4NH3 ) + 3 2 ) = 2N2 ) + 6 2 ),    0

(2) = –1530,28   (2)
: 90,37 ).

11. ,  50 

2 5 ) + H2O ) = 2HPO3 ),

      
2 ) + 5½O2 )  = 2 5 ),

0 = –1492 
2 ) + H2 ) + 3O2 )  = 2HPO3 ),

0 = –1964,8 
( : 65,8 ).

12.
, :

2  + 3 l2 = 2 l3,           0
(1) = –554,0 (1)

l3 + l2 = l5,            0
(2) = –92,4 (2)

( : –369,4 )
13. C2H5OH ), CO2 ) H2O ) 

 –235, –393,8  –241,8 –1 .
H .C2H5OH )

( : –1278 )
14. C2H5OH ), 

 ( –1):
EC–H = 412; EC–C = 348; EC–O = 360; EO–H = 460; EO–O = 490; EC–O = 790.

( : –1222 )
15.  C=C, 

:
C2H4( ) + H2( ) = C2H6( ), H = –137 –1

: EC–H = 412 –1; EC–C = 348 –1;
EH–H = 430 –1.

( : 605 )
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5
« »

: -  
: , ,

;
- , 

.

 – , 
.

.
 ( c) 

 (  «+») 
 (  «–»)  ( ):

 = ± c/  , (5.1)

3  (

2 ). .

, , 
:

 = ±dc/  . (5.2)

,
, , 

.

,
 (

)  ( ).
, 

, , .

. . ):

.

n  + m  = g
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 = k n
B

m , (5.3)

   – ;
– ;

n, m – ;
k – .

, .
, 

, 
.

, 

) + 2( ) = 2 )

:
 = k 2

. :
 10 

 2-4 

1

2 10
12

, (5.4)

  2 1 – 2 1;
 – , , 

 10 .

.

 ( ), , 
.

, 
 – . 

 – : 
, 

.
,  ( ) 

, , .
,

a . , ,
:

2 + I2 = 2 I,          = 167,4 ,
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2 I = 2 + I2,           = 186,2 .

. 
 ( .5.1.):

2 + 2 = 2 .

. 5.1 – 

, 
 – :

) ) )

2 2 , 
.

, . 

, 
 ( ), 

.

, .
 – 

2 2:
 = 2 + 2.
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2 2, , 
 ( . . 5.1.):

HEaEa
H – .

.
. 5.1.  (H ) 

(H ) :
H = H  – H .

:

RT
EaexpAk , (5.5)

  k –  ( , 
);

 – 
;

R – ;
T – .

, 

, , .

 ( ).

,  – 
:

A
klnRTEa . (5.6)

1 2 ( 2 > 1) 
:

12

21
1

2

TT

TT
k
k

lgR2,3
Ea (5.7)

:
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12

21
1

2

TT

TT
v
v

lgR2,3
Ea (5.8)

 ( ) 
. , 

2 – 1 = 10
 ( ) :

1

2

k
k

,

.
T
1

T
1

2,3R
Ealg

21

(5.9)

 (5.9) , , 
2 – 4, 

 = 57 114             1 = 300 
 = 236 472           2 = 500 .

, 
, 

, .

1. . 
?

2. :
) ;
) ;
) ?

3.
:

) CH3COOC2H5 ( ) + NaOH ( ) CH3COONa + C2H5OH
) CH3OCH3 ) CH4 + H2 + CO
) 2A ) + ) 2
) 3 ) ) + 2 )
) 2 ) + ) 2

,  – 
?

4.
?
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5.
, ?

6. ? ?
7.

?
8.

?
9. , 

:
) ;
) ;
) ;
) ;
) ?

10. ?

:
1. :
- 

;
- ;
- 

;
- ;
2.

.

: ,  5 3.
:  (0,01 ; 0,02  0,5 ),  (0,01

; 0,02 ),  (0,5 ),  ( ) (0,5 ), 
 (1 ).

 1.
.

:
Na2S2O3 + H2SO4 = NaSO4 + S + SO2 + 2

, 
.
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:  4  (  8
).  5 3

 5.1.

.
.

. 
.

:

32242

4242
42

OSNaSOH

SOHSOH
SOH VV

VC
'C

32242

322322
322

OSNaSOH

OSNaOSNa
OSNa VV

VC
'C

3224232242 OSNaSOHOSNaSOH V,V,C,C - 

.
 5.1.

 5.1 – 
H2SO4 Na2S2O3

C,
3

V,
3

C',
3

C,
3

V,
3

C',
3 32242 OSNaSOH 'C'C , =

p

1
,

1

1 0,01 5 0,01 5
2 0,01 5 0,02 5
3 0,02 5 0,01 5
4 0,02 5 0,02 5

 ( ) Na2S2O3 ( ).
.

. 
.

 2. . 
).

:  10  0,5 
KSCN  1  0,5  ( ) FeCl3.

, ?  1  1 
CuSO4.  10 
Na2S2O3. 

,  ( ) 
) .
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. . 
 [Fe(SCN)3] –  ( ).

FeCl3 + 3KSCN = [Fe(SCN)3] + 3KCl;

 ( )  ( ) 
:

2[Fe(SCN)3]+ 2Na2S2O3 = Na2S4O6 + 2[Fe(SCN)2] + 2NaSCN
:  [Fe(SCN)2] 

.

 5.1.
 +  = D.

:  = 5 3;
 = 3,5 3.  0,4.

,
 60% .

:
 = 2k .

1 = 0,4  52  3,5 = 35.
 60%

, 

5 · 0,6 = 3 3.

, 

5 – 3 = 2 3.

 2:1, 
 1 

3,5 – 1 = 2,5 3.

2 = 0,4 · 32 · 2,5 = 9.

 5.2.  323  30 . , 
 283 , 

 2.
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: , 
:

1

2 10
12

 = 10
323283

2 = 2–4 =
16
1 .

 16 . 
. , 

 16 

30 · 16 = 480  = 8 .

1. ) ) :
 +  = ;

]0 = 7 3; [ ]0 = 6 3; k = 0,4 2/( 2 ).

,  50%.
2. 2NO ( ) + O2 )  2NO2 ), :

)  2 
)  2 
) NO  2 
) 2  2 ?

3. ) + ) 2 , 
) 
)  2 
)  2 ?

4.  3. 
 20° ?

5.  400,  39 .
.

6. 2 +  2,
 40° ? 

 4  3.
7. 1 = 333 ,  ( 1)  =   30  .  

2 = ?) 2 = 283 ,  = 3.
8.

?
9.  + 2  = D.

:  = 0,3 3;   = 0,4 3.
 0,8.

, , 
 0,1 .

( : 6,4·10–3).



78

10. , 
70 ,  – 50 . 

 400 ?
11.

 = 2 + 2.
 2·10–4. 

 = 0,32 3. 
,  50% .

( : 2,05·10–5; 5,12·10–6).
12. , 

 30°, 
64 ?

( : 4).
13.  100°  10 . 

 3, ,
, 

 60° ;
 150° .

( : 810 ; 2,47 ).
14.  (II) :

) C ) + 2 ) = 2 );
) 2 ) + 2 )  = 2 2 ).

, 
 3 ?

( : 3;  27).
15.  40 ,  30 . 

 ( )
: 54,4 .
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 6
« »

: -
, ;

- , 

.

.
 – 

. 
 ( 3)  

 ( l):

3 .) + l .) l2 .) + 2 .)  + 2 .),

 ( 2)  ( ) 
, 

.
, 

.

,  ( , ).
:

3/2 2 ) + 1/2N2 ) NH3 )

, , . 
 ( , .) 

.
,  ( )  

 ( ) , :

 = 

, 
, . 

 « », , 
, 

nn A][ ,

:
aA + bB dD + fF
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 = k  [A]a×[B]b

 = k  [D]d×[F]f.

:

k  [A]a×[B]b = k  [D]d×[F]f

ba

fd

BA
FD

k
k

][][
][][ . (6.1)

:
,

, 
, 

, 
k
k

.
,

 ( , 
, ):

ba

fd

B][[A]
F][D][ . (6.2)

, 
, 

.

b
B

a
A

f
F

d
D

PP
PP

       (6.3)

K :
 =  (RT) n,        (6.4)

  R – ,  8,314 / ;
 – ;
n – 

.
, 

N2 + 3H2 = 2NH3
n = 2– 4 = –2
 =  (RT)–2

, 
 = .
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, 
, 

.

, 
, , .

. 
, 

, 
.

.
:

, , 
, , 

.

.

.
, 

.
,

, ;
, 

, .

,  – .
, 

.

.

1. ,  – ? 
?

2. ? ?
3. , 

?
4. ?
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5. :
4NH3 )+ 5O2 )  4NO )+ 6H2O )
Fe3O4 )+ 4H2 )  3Fe )+ 4H2O ).

6. , 
 1?

7. , 
?

8. 2SO2 +  O2  2SO3
. .

9. , 
.

10. ? 
,  – ?

. 

.

: - 
;

- 
;

- 
.

: - 
 ( . 6.1)  U- ;  300-500 3;

; .
- ;  ( ) ;

; ; 
 ( ) (0,1 ; .),  (0,1 ; .).

 1. .

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

 (FeCl3,
NH4SCN)  (NH4Cl) 

:
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, 
.

). 
 [Fe(SCN)3], 

.
:  5-10 

FeCl3 NH4SCN. . 
. .

 ( ), 
 – NH4SCN,   –  

NH4Cl. 

.
 6.1; 

.
 6.1 – 

, ) , )

1

2 FeCl3
3 NH4SCN
4 NH4Cl

.
: )  ( ), ) , ) 

. 

.

 2. .

-
:

, 
.

 ( H = -Q).

2NO2 N2O4 + 62,76 
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NO2 – , N2O4 – .

, 
.

:  U-  ( . 6.1.) 
, Pb(NO3)2

Pb(NO3)2
0t 2PbO + 4NO2 + O2

.

. 6.1 – 
2NO2  N2O4

. 
,   – .

. 
;   , 

, . 

.  6.2. 
.

 6.2 –  

, ) , )
1
2

.
. , 

.
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 6.1.
N2 )+ 3 2 )  2NH3 )

 ( 3):  [N2]=  1,5;  [H2] = 1,7;
[NH3] = 2,6.

.
:

3
22

2
3

]][H[N
][NH

.

, 

92,0
)7,1(5,1

)6,2(
3

2

.

.  2 NH3
1 N2.  2,6 NH3,  

 1,3 N2. ,

(N2) = 1,5 + 1,3 = 2,8 3.

 2 NH3  3 H2, 
 2,6 NH3

3×2,6/2 = 3,9 H2.

2) = 1,7 + 3,9 = 5,6 3.
                           = 0,92

(N2) = 2,8 3,
(H2) = 5,6 3.

 6.2.
 +  D + F.

, 
 2 

1,2 3,  = 1.
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:
, 

x.  D
 F 

[D] = x;
[F] = x.

,

[A] = 2 – x;
[B] = 1,2 – x.

 =
[B][A]
[F][D] ;

1=
))(1,2(2
;

= 0,75.
:

[D] = 0,75 3;
[F] = 0,75 3;
[A] = 2 – 0,75 = 1,25 3;
[B] = 1,2 – 0,75 = 0,45 3.

 6.3.

 2  + D
: 89% ; 7% ; 4% D. , 

 900  105 .
: , , 

. 
, , 

.  
.

 = 0,89 105 ,
 = 0,07 105 ,

D=0,04 105 .
:

2
A

D
2

P
PP

24,74
)10(0,89

100,04)10(0,07
25

525

:
  = (RT)n.
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n = 3 – 2 = 1,

 =
RT

 =
3103,30033,0

900314,8
74,24

.

 = 24,74;
 = 3,310–3.

 6.4.
2SO2 + O2  2SO3.

, 
 3 ?

:
:

 =
22 O

2
SO1 CCk

 =
2
SO2 3

Ck .
 3 

 3 . 

 = k1 (3
2SO )2 (3

2OC ) = k1  9 2
SO 2

C  3
2OC = 27k1

2
SO2

C
2OC ,

 27 ; 

 = k2  (3
3SO )2 = k2  9 2

SO3
= 9k2

2
SO3

,

 9 . , 
).

 6.5.
 +  D

 30° ? 
 2  3.

:  30°

82310
.1

2

 8 , 

273310
1

2
.
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 27 , 
 8 , 

 ( ).

 6.6. , 

2NO ) + 2 )  2NO2 )
 2 ? ? 

, ?
:

:
= k1

2O
2
NOC

= k2
2
NO 2

C

 2 
 2 , 

2 .

22 O
2
NO1O

2
NO1 CC

8
1C

2
1)C

2
1( k)(k'

2
NO2

2
NO2 22

C
4
1)

2
1( kk' .

 8 ,  4 . , 
 2 , 

, NO2.

1.
: )+ ) 2 ),  

3 ?
2.  30°  0,01 3 . 

 60° ,  10°
 3 ?

3. NiO )+ 2 ) Ni )+ H2O )
 ( 3): ( 2) = 0,5; ( 2 )= 1,7.

, 
 = 5,66.                                    ( : 0,33 3; 1,87 3).

4.
FeO ) + CO ) Fe ) + CO2 ), 

 2 3, = 0,6.
( : 1,25 3;  0,75 3).



89

5.
 2NO2  2NO + O2

: [NO2] = 0,4 3;  [NO]  =  1  3;  [O2] = 0,5
3. 

.
( : 3,125; 1,4 3).

6. 3

3 2 )  2 3 )
2  24 , 2

 0,6 3.
( : 0,1 3; 0,046).

7.

2 + 2  + 2 .
, 

( 2) = 2,15 3, ( 2)= 1,25 3, 
 60% 2.

( : 0,8).
8. PCl5 ) PCl3 ) + Cl2 )  500 , 

 54% PCl5, 
PCl5  1 3.

( : 2,64·103; 0,634).
9.  +  2 2 +  2..

 0,8 3. , 2

2, 2  0,3 3.
.

( : 0,5 3; 0,5 3; 0,3 3; 0,36).
10.  +  . 

1 ,  20 3,
 0,6 . .

( : 0,045).
11. N2O4  2NO2  0,16  375 .

NO2  0,09 3. 
N2O4.   (  %) N2O4

?
( : 0,051 3; 0,096 3; 46,9%).

12.
) + 3 2 ) 4 ) + H2O ),

2 ? ?             ( : 16; 4).
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13.
PCl5 PCl3 + Cl2.

 30% Cl2 . 
, 

 100 .
( : 30 ; 30 ; 40 ; 22,5).

14. . 4.1., ° , 

2NO2 )  2NO )+ O2 )
, 

.
15. , 

CO2 ) + 4 2 ) 4 ) + 2 2 )
     :

) ;
) .

) H° ., 
. 4.1.
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7
« »

: -   « »;
-

;
-

 « », 
,

.

 –  ( ) , 
. , .

 ( ), , 
.

, 
. , , 
 - . 

,  – , 
.

. 
.

 ( )
 ( . . 7.1.).

 7.1 – 

Cm

 ( )  –
 (n), 

 1000  (ms).
m = n/ms

CM

 ( )  –
 (n), 

 1  (V).
 = n/V

CN –
 (n ),  1 .

N = n /V

 –  i-
 ni ni ,

.
 = ni ni

 –  i-
 (mi)  ( mi). i = mi mi

T  –  ( )  1  = /1000
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, 
. 

.  7.2.  7.3.
. 

, , , 
:

–  ( );
M –  ( )  ( );
n –  1 ;

–  ( 3);
– ,  100 

 ( /100 );
, 

, . 7.1.

 7.2 – 

m ( ) CM ( 3) CN ( 3)

1000
MC

C
M
M

1000MC
1000C

m

m
1000M

1000nC

m

m

1000
MCn

C
N

N N
n M nC

)N1(M
1000N

)N1(MMN
1000N

)N1(MMN
1000nN

)T(M
1000T

M
1000T 1000T

)100(M
1000

M
10 10P

M
10P

)100P(M
1000P

)100P(
1000P

, 
. 

. 
, 

 « » , , «
»).
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 7.3 – 

N ( ) T ( 3)  ( )

M
1000C

C
m

m

MC
10001

m
1000M
100MC

m

m

M
)MC1000(C

C
MM

M

1000
MCM

10
MCM

M
)EC1000(C

C
NN

N

1000
ECN

10
ECN

M
M)T(T

T

M
M)N1(N

N

M
M)N1(N

N100

M
M)100(

100
T100

M
M100P

P

P100
P

P100
P100

, ,
,

. , m1,  
 – m2, 

. 
 – 1,  – 2,  – 3.

:

m1· 1 + m2· 2 = 3·(m1 + m2).

m1( 1 – 3) = m2( 3 – 2)

31

23

2

1
m
m .

, 

.

 (« »). 
,
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 – , 
, :

1 3 - 2

3

2 1 - 3

, .

 « » .

 7.1. , 
 150  30%-  250  10%- .

:
1-  ( ).

:

m3 = m1 + m2 = 150 + 250 = 400 .

,
: , 

100 :

100  30%-  – 30 
150  30%-  –

 =
100

30150 = 45 .

:
100  10%-  – 10 
250  10%-  –

 =
100

10250  = 25 .

, 400 
45 + 25 = 70 

.
:

400  – 70 
100  – z

z =
400

70100 = 17,5 , 17,5%.

2-  ( ).
, 

m1· 1 + m2· 2 = 3(m1 + m2)
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3 =
21

2211
mm
mm

:

3 = 250150
1025030150  = 17,5%.

3-  ( ).
:

30% ( 3 – 10% ) – 150 
3

10% (30% - 3) – 250 

3

3
30

10  =
250
150 .

:
(30 – 3)·150 = ( 3 – 10)·250
4500 – 150 3 = 250 3 – 2500
4500 – 2500 = 250 3 – 150 3

7000 = 400 3

3 = 400
7000  = 17,5%.

.
3 = 17,5%.

 7.2. 2 3 10%-
Na2CO3·10H2O, 

 540  15%- .
:

1-  ( ).
2 3  540  15%- :

100  15%-  – 15 
540  15%-  – z

z =
100

15540  = 81 .

, , 
 10%-

Na2CO3·10H2O

540mm
81yx

21
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:
M(Na2CO3·10H2O)= 106 + 180 = 286 .

:

m2 = 106
y286 ;

100  10%-  – 10 
m1  10%-  –

m1 = 100 /10 = 10 .
 m2  m1 :

540
106

y286x10

81yx

, 
 = 81 – 

:

10(81 – ) +
106

y286  = 540.

 =
3,7

270  = 37 .

m2 = 286y/106 = 2,7·37 = 100 
– Na2 3·10H2O.

 10%- :
 = 81 –  = 81 – 37 = 44 

 10%- :
100  10%-  – 10 
m1  10%-  – 44 

m1 = 100·44/10 = 440 .

, , , , 
 ( ). 

. 
.

2-  ( ).
, Na2 3·10H2O –  « » ( )
 « ». , 
:
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M(Na2 3·10H2O) = 106 + 180 = 286 

286  –  106 
100  – 

 = 100·106/286 = 37 ,  37%.
:

10% (37% – 15% ) = 22%
15% 27 

37% (15% - 10%) = 5%

:
540/27 = 20 

m1 = 20·22 = 440 
m2 = 20·5 = 100 .

.  540 Na2CO3 15%-
 440  10%-  100 .

, 
. 

.
, 

. 
.

 7.3.  250 
 45%  10%?

: , , ,
– 2 = 0%. .

45% (10% – 0% ) = 10%
10% 45 

0% (45% - 10%) = 35%

:
m1 = 250/10 = 25 .

:
m2 = 25·35 = 875 .

.
:

m3 = 250 + 875 = 1125 .
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:
250  45%-  –
100  45%-  – 45 

 = 250·45/100 = 112,5 .
3:

1125  – 112,5 
100  –

 = 100·112,5/1125 = 10 ,  10%.
: m2 = 875 .
 7.4.  250  10%-

 45%?
: ,  – 2 = 100%.

:

10% (100% – 45% ) = 55%
45% 90 

100% (45% - 10%) = 35%

:
250/55 = 4,5 .

:
m( . .) = 4,5·35 = 158 .

.
:

m3 = 250 + 158 = 408 .
:

100  10%-  – 10 
250  10%-  –

 = 250·10/100 = 25 .
:

25 + 158 = 183 .
:
408  – 183 
100  –

 = 100·183/408 = 45 ,  45%.
: m( . .) = 158 .

,  « » 
, 

 (  10 %).
, 

.
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 – 

. 
, 

. , 
. ,

 (
 1 %).

1. , 
?

2. ?
3. ?
4. , .
5. , , 

?
6. , 

?
7. , 

?
8. , 

?
9. , 

?
10. , 

? ?

. 

.  – 
.

: - 
, 
;

- ,

;
- 

.
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:  200-250 3,  100,
200, 250 3,  50, 100  250 3, 

; : NaCl, KCl,
K2Cr2O7; : 

CuSO4·5H2O, Na2SO4·10H2O, 
Na2CO3·10H2O.

 1.
.

:
1. 180  9% NaCl;
2. 125  1,5% CuSO4 CuSO4 5H2O;
3. 150  5% K2Cr2O7;
4. 205  3% KCl;
5.190  8% Na2CO3 Na2CO3 10H2O;
6. 145  7%  NH4Cl.

:
, 

,  0,01 .
-  (

), . 
, 

. .
-

 200  250 3.
-

. , 
(H2O) = 1 3, 

. 
, , .

- :

.

 – , 
, , 

.
. , 

, 
, .

, 
.  50-100 3

,
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. ,
.

, ,
 (%). 

, , 
, 

 (
).
 7.1 –

 ( 3),
% NaCl Cl Na2SO4 K2SO4 K2Cr2O7 CuSO4 MgSO4 NH4Cl
1 1,007 1,005 1,007 1,006 1,005 1,009 - 1,001
2 1,014 1,011 1,016 1,015 1,012 1,019 1,018 1,004
3 1,022 1,017 1,026 1,023 1,019 - - 1,008
4 1,029 1,024 1,035 1,031 1,026 1,040 1,039 1,011
5 1,036 1,030 1,044 1,039 1,034 - - 1,014
6 1,044 1,037 1,053 1,048 1,041 1,062 1,060 1,017
7 1,051 1,043 1,063 1,053 1,049 - - 1,020
8 1,058 1,050 1,072 1,065 1,056 1,084 1,082 1,023
9 1,065 1,056 1,082 1,073 - - - 1,026

10 1,073 1,063 1,091 1,082 - 1,107 1,104 1,029
12 1,089 1,077 1,111 - - 1,131 1,126 1,034
14 1,104 1,090 1,131 - - 1,155 1,148 1,040
16 1,119 1,104 1,141 - - 1,180 1,172 1,046
18 1,135 1,113 - - - 1,206 1,196 1,051
20 1,151 1,133 - - - - 1,220 1,057

- .
 7.2 –

,
3,

% , 
-

, 
,

. . m

-  ( ) 
 ( ) :

 = [(  - )/ ]  100%,
                         = [(  - )/ ]  100%.

-  ( ), 
 ( ),  ( m)   ( ) 

.  7.2.
- , .
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 2.  (%) 

. 
 1 ,

:
1. 250  5%- NaCl
2. 200  4%- CuSO4
3. 250  3%- K2Cr2O7
4. 250  1%- l
5. 200  5%- Na2 O3
6. 250  3%- NH4Cl

:
-  « ». 

.
- 

 (  1),  200 
250 3 .
- , 

 – .
- 
6.1. – .
-  7.3.

 7.3 –

V . ,
3

,
3

,
3

m

-  ( .) 
 ( .) :

 = [(  - )/ ]  100%.
-  ( ), 

 ( ),  ( m)   ( ) 
.  7.3.

- , .

 3.

.
:

1. 250  0,05 K2Cr2O7;
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2. 200  0,1 Na2SO4 Na2SO4 10H2O;
3. 200  0,2 NaCl;
4. 250  0,05 CuSO4  CuSO4 5H2O;
5. 100  0,05 K2Cr2O7;
6. 250  0,15 KCl.

:
- , ,

, 
. .

- ,
.

- 
. 

, , 

. .
- 

.
- ( )

( )  :

 = [(  - )/ ]  100%.
- , ,  (%),  – , , (%)
-  7.4.

 7.4 –

, 
. .

,
V -

,
3

,
3

,( ) (%)

, 
.

1.  4 3  64 . 
3).

2. B  5 3  22 2. 
3?

3. 3)  0,1 K[Ag(CN)2].
4.  ( 3)  0,5 K2[HgI4].
5. 3) 0,2  [Cu(NH3)4]SO4.
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6. 3) 0,4
Na2[ (CN)4].

7.  ( 3)  0,1 K2[Cd(CN)4].
8. m, , ,  N , (%) 

:
(%) , 3

H2SO4

2
10
18

1,013
1,069
1,127

HNO3

6
16
28

1,033
1,093
1,171

HCl
14
22
32

1,069
1,110
1,163

9. m,  ,  ,  N , (%) 
:

(%) , 3

4
8
14

1,033
1,065
1,118

OH
10
20
36

1,115
1,225
1,395

10. m,  ,  ,   N  ,  (%) 
:

(%) , 3

NaCl 1 1,005
CuSO4 2 1,019

KCl 4 1,023
MgCl2 14 1,119
MnSO4 16 1,171
Na2O3 17,7 1,190

Ni(NO3)2 18 1,169
CaCl2 20 1,177

11.  100 3 0,025 Na2SO4, 
Na2SO4·10H2O. 

 « ».
12.  2000 3 0,25 CuSO4, 

CuSO4·5H2O.
13.  250 3 0,125 CuSO4, 

CuSO4·5H2O.
14.

: 1,134 3, 1,136 3, 1,133 3. 
, 

 1,135 3.
15. :

7,63 3, 7,58 3, 7,60 3. ,
 7,59 3.
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8
«

( )»

: -  ;
-

.

:
 +  + 2 .

 – . , 
, , 

, 
:

 + 2  + .
.  (  –

») , 

, . 
; , 

, . 
,  – .

. 
, . 

;
. 

 – .
, 

, 
.

, , , 
, :

Cr2S3,   Al2(CO3)3,   (NH4)2SiO3.
, 
, .

, 
.

, , :
l,   NaClO4,   KNO3,
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, 
, 

 = 7).
, :

BaSO4,   CaCO3,   Mg3(PO4)2
.

, , :
) ;
) ;
) .

.
.

 («+»)  («–»))  ( – +

) . 
, 

, , .

. , , 
.

 – .
, ,

, 
,  ( –), 

 (  7). 
3 Na.

 - 3 Na –  
OH 3 .

3 Na
Na+

3
–. + – , 

OH – . 3
–

, 3 . ,
.

:
3

– + HOH 3  + H–

, , 
:

3
– + Na+ + HOH 3  + Na+ + H– .

3 Na + HOH 3  + Na H.
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–, 3 Na  (  > 7).

 (  – 3
–), 

 (
 – –, OH).

, , 
. ,
. , ,

, 
.

2  = const = 10-14.
+ , 

:
H2O H+ + OH– .

. , 
. , , 

.
, , 

. 
). 

2Si 3.
. 2Si 3 – 

H2Si 3. 
2Si 3

+ Si 3
2–. +

– ,  – .
Si 3

2– , 
Si 3

–. H2Si 3 ,
Si 3

– , H2Si 3.
. . ,

, -
, , 

.
 –  (Si 3

2–) – «2–»,
.

:
1) Si 3

2– + HOH Si 3
– + H–;

+ + Si 3
2– + HOH + + Si 3

– + + + H–;
2Si 3 + HOH Si 3 + OH;

2) Si 3
– + HOH 2Si 3 + H–;

+ + Si 3
– + HOH 2Si 3 + + + H–;

Si 3 + HOH 2Si 3 + OH.
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–, 2Si 3  (  > 7).
 – . , 

, ,  
, 

, . 
NH4Cl.

. NH4Cl – 
NH4OH HCl. 

NH4Cl NH4
+ Cl–.

Cl– + , HCl – 
. NH4

+ , 
NH4 . , 

. 
:

NH4
+ + HOH  NH4OH + H+;

NH4
+ + Cl– + HOH  NH4OH + H+ + Cl–;
NH4Cl + HOH  NH4OH + HCl.

+, NH4Cl  (  < 7).

 – NH4
+, 

 – , 
HCl.

, 
, . 

ZnCl2.
. ZnCl2 – 

Zn(OH)2 HCl. 
ZnCl2 Zn2+ Cl–. 

Cl– + , HCl – .
Zn2+ , 

ZnOH+. Zn(OH)2 ,
, ZnOH+. 

. .
, , , ZnOH+

 ( ).
 –  (Zn2+) – «2+»,

.

:
1) Zn2+ + HOH  ZnOH+ + H+;
Zn2+ + 2Cl– + HOH  ZnOH+ + Cl– + H+ + Cl–;
ZnCl2 + HOH  ZnOHCl + HCl;



109

2) ZnOH+ + HOH  Zn(OH)2 + H+;
ZnOH+ + Cl– + HOH  Zn(OH)2 + H+ + Cl–;
ZnOHCl + HOH  Zn(OH)2 + HCl.

+

– ZnCl2  (  < 7).
,

.
. Al2(SO4)3 – 

Al(OH)3 H2SO4. 
Al2(SO4)3 Al3+

SO4
2–. SO4

2– + , 
H2SO4 – . Al3+ ,

AlOH2+. Al(OH)2+

Al(OH)3 , 
, AlOH2+.  

. . , 
, , AlOH2+

 ( ).
 –  (Al3+)  –

«3+», .

:
1) Al3+ + HOH  AlOH2+ + H+;
2Al3+ + 3SO4

2– + 2HOH  2AlOH2+ + 2SO4
2– + 2H+ + SO4

2–

Al2(SO4)3 + 2HOH  2AlOHSO4 + H2SO4;
2) AlOH2+ + HOH Al(OH)2

+ + H+;
2AlOH2+ + 2SO4

2– + 2HOH  2Al(OH)2
+ + SO4

2– + 2H+ + SO4
2–;

2AlOHSO4 + 2HOH  [Al(OH)2]2SO4 + H2SO4;
3) Al(OH)2

+ + HOH  Al(OH)3 + H+;
2Al(OH)2

+ + SO4
2– + 2HOH  2Al(OH)3 + 2H+ + SO4

2–;
[Al(OH)2]2SO4 + 2HOH  2Al(OH)3 + H2SO4.

+, Al2(SO4)3  (  < 7).
,  – 

 –  (
, ).

. (
.)
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 – .
,

. , 
, . 

, ,  (  7).
.

.  – , 
NH4OH

CH3COOH. CH3COONH4 NH4
+

CH3COO–. , -
 – , :

CH3COO– + NH4
+ + H2O CH3COOH + NH4OH;

CH3COONH4 + H2O CH3COOH + NH4OH.
, 

, .
, 

, , , 
, , , 

 (KD):
 KD ( ) > KD ( ),  pH > 7;
 KD ( ) < KD ( ),  pH < 7.
CH3COONH4 ( . . 8.2.)

KD(NH4OH) = 6,3·10–5;
KD(CH3COOH) = 1,8·10–5

, 
 (pH  7)

. 
, 

, 
. 

, 
. , 

. . 8.2. .
 8.1 – 

:

0,13 0,5
 < 3,1 4,0

4,5 8,3
< 6,0 7,0
< 8,2 10,0
< 12,2 14,0
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 8.1 – 
 25°C.

KD
HNO2 4·10 4

NH4OH 6,3·10 5

 ( ) 3 3

K1

2

3

5,8·10 10

1,8·10 13

1,6·10 4

rO 2,1·10 9

2 1,8·10 16

2 2 2,6·10 12

H2Si 3
1

2

2,2·10 10

1,6·10 12

1,8·10 4

H2SeO3
1

2

3,5·10 3

5·10 8

H2Se K1

2

1,7·10 4

1·10 11

H2SO4 2 1,2·10 2

H2SO3
1

2

1,6·10 2

6,3·10 8

H2S
K1

2

6·10 8

1·10 14

2 3
K1

2

3·10 3

2·10 8

2
1

2

1·10 3

1·10 11

2 3
K1

2

4,5·10 7

4,7·10 11

 ( ) 3 1,8·10 5

l 5,0·10 8

CH2ClCOOH 1,4·10 3

 ( ) 3 4

K1

2

3

7,5·10 3

6,3·10 8

1,3·10 12

HF 6,6·10 4

HCN 7,9·10 10

2 2 4
K1

2

5,4·10 3

5,4·10 5
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.
h  – , 

), 
:

h . = [C] ./[C] .

:
h . = ([C] ./[C] .)·100%.

 ( ), , , 
 ( ) .

K  – – ,
, .

:

CH3COONH4 + H2O  CH3COOH + NH4OH
K =

OHCOONHCH
OHNHCOOHCH

243

43

, 
, :

K · [H2O] =
43

43
COONHCH

OHNHCOOHCH

K · [H2O] = K

 h ., :
K  =  × h2

.,
 – .

,  h .  K

h . = K .

, 

.
1 , 

 10–7.
2 

 10–8.
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3 , , 
, 

, 
.

Al2S3.
. Al2S3 – 

Al(OH)3 H2S. 
Al3+ S2–. 

Al 2+,

S–. 
 ( , , 

).

:
2Al3+ + 3S2– + 6HOH  2Al(OH)3  + 3H2 ;

Al2S3 + 6HOH  2Al(OH)3  + 3H2 .
 (  7).

,
 « », , 

:
2Al + 3S  Al2S3

, 
, .

, 
 ( ),  – 

), 
.

Al2(SO4)3 Na2S

.
. Al2(SO4)3 – 

Al(OH)3 H2SO4.
Al2(SO4)3

Al3+ SO4
2–. SO4

2– + , 
H2SO4 – . Al3+ ,

AlOH2+. 
. :

Al3+ + HOH AlOH2+ + H+ .
Na2S – OH

H2S. Na2S
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+ S2–. +

– , OH – .
S2– , 

S–. . 
:
S2– + HOH S– + H– .

, , 
, + –

2 . 

Al(OH)3 H2S.
:

2Al3+ + 3S2– + 6HOH  2Al(OH)3 + 3H2S;
2Al3+ + 3SO4

2– + 6Na+ + 3S2– + 6HOH  2Al(OH)3 + 3H2S + 6Na+ + 3SO4
2–.

:
Al2(SO4)3 + 3Na2S + 6HOH  2Al(OH)3 + 3H2S + 3Na2SO4.

.
– .

. , 
, 

, . :
NH4

+ + HOH  NH4OH + H+;
NH4Cl + HOH  NH4OH + HCl.

, 
, :

HCl + + Cl–,
, 

, 
, 

NH4Cl .
, , 

, .
:

3
– + HOH 3  + H–;

3 Na + HOH 3  + Na H.
, 

, :
NaOH  Na+ + –,

, 
, 
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, 
3 .

. , 
. , 

, 
.

.  (
) 

. , 
, .

.
, 

, H 
. , , 

.

1. ? 
?

2. : NaCl , Na2SiO3, AlCl3,
Na2SO4, l2S3, ZnSO4? ?

3. , , 
? .

4. ?
5. ?
6. ?
7.  (  < 7, H > 7 

 = 7) : NH4NO3, CH3COONa, Cr2(SO4)3, Cl2, MgCl2.
8. : ) Na2CO3 Na2SiO3; ) MgCl2 l3;

) ZnCl2 Cd l2 ? ?
9.

: ) , ) , ) ?
10. ? 

:
a) NaClO4  NaClO; ) BaCl2  ZnCl2; ) BaCl2  BeCl2;

) K2CO3 12(S 4)3; ) Al2(SO3)3  K2SO4; ) NaClO  NH4Cl?

. 

.
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: - ;
- 

; ;
- , 

.

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

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

Cl (1:1), ; :
, ; 

, ,  200 3, .

 1. , .
) Na2 O3.

 2  2-3 3 0,1 Na2 O3.

. 
.

 8.3.
, 

 – . 
.  ( ).

,  – 
; ; 

 (<  >7); .

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

. 
.

 8.3.
, 

Na3 O4 –  3- . 
.  ( ).

,  – 
; ; 

 (<  >7) .

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

; 
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. 
 8.3.

, 
Al2(SO4)3 – . 

.  ( ).
,  – 

; 
;  (<  >7); , 

.

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

,  –
, 

. 
 8.3.

, 
.  ( ).

,  ;   (<   >
 =7); , .

 8.3 –  1.

1
2…

 2. .
 2-3 3 ) FeCl3

 4-5 . 
, 

.  5 
, .

, .
, 

FeCl3 ). 
.  (  <  >7); 

.
, 

.
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 3. .
 2-3 3 SbCl2

 4-5 3 . , .
, 

SbCl2 ). 
.  (  <  >7) 

.
, 

.

 4. .
 2-3 SnCl2 (

)  2 3 . 
).

, 
SnCl2. .

 (  ) .
 2-3 

Cl (1:1) .
. .

, 
SnCl2.

1.
.  (> 7; < 7; = 7).

2.  (Na3 4).
.

 (> 7; < 7; = 7). 
?

3.  (Ca(H2PO4)2) 
.  (> 7; < 7; = 7).

4.  ( ) 
. , , 

 1- .
5.  ( ).

. , ?
6. :  ((NH4)2HPO4)   (NH4H2PO4) – 

? 
 ( . . 8.2).

7. :  (NH4H2PO4)  (NH4NO3) – 
? 
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. 
.

8.  (Ca(H2PO4)2)  
 (CaHPO4) .

9. . 
, ,

. 
(> 7; < 7; = 7).

10. : NaNO2, NH4NO3, Na2SO4
? , , 

 ( ) 
.

11. , : 3,
(N 4)2SO4, 2 3. , , 

, 
 ( ).

12. Na2SO4, KCl,
NH4Cl, Na2S? 

.
13.

. . 8.1.), : NH4CN,
NH4F, (NH4)2S. 

.
14. NH4H2PO4 , Na3PO4 – 

. -
.

15. Cl, NaNO3, Na3PO4, Na2CO3, 
? 

.
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