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 1
. . »

1.1 

1.1.1 

, 
, .

, 
 (460-370 . .), . 

, . 
.

, 
. «

, , ”».
 XIX . , , 

, .
, 

,  1836 , 
.  1897 .  ( ). 

1910602,1 , 
“-1”. 28

e 101,9m .
 (p+) – 

,  1800 . 
, 

 – “+1”. p+ .
mp+=1.00728 .

 –  (n0) – 
 1920 . 

 1932 . . , 
. , ,

mn0=1.00866 .

, , .
 1924 , -

, -

h/mv
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, 
m v . ,

, , 
.

,  1926 .
, 

, 
.

, , 
, 

), :
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  7.
 ( ) l

0 (n-1).
n l.

, 
l, . 

:
l: 0; 1; 2; 3;

s, p, d, f.
l = 0 s – ; l = 1 –

p – ; l  = 2 – d – 4
 ( . 1).

s- p- d-

. 1 – s-, p- d .
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ml
, 

.

 –l 0
 +l ( . 1).

 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).

.
.

, 
), 

. . , 
.

,  25 ( )  25 , 

25 Mn 1s22s22p63s23p64s23d5
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 35 : 35Br 1s22s22p63s23p64s23d104p5.  
, 

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

– s .

.

. 
, 

. . 
, , , 

, . 
. , 

16S 1s22s22p63s23p4.
d , 

p- s

S … 3s23p4 + h  S* … 3s23p33d1

S0      +h S*    
   3d   3d

3p 3p
3s     = 2 3s      =  4

       ( )

:
16S* 1s22s22p63s23p33d1

 ( )  4 (
).

, 3s :

S**

3d
3p

3s  = 6

 6.
16S** 1s22s22p63s13p33d2.
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.
.

. 
, , ,

. , 

p  s  d  f

d d
s , 
s , d , 

, d .
, 

Fe0
-2
 Fe2+

3d   3d
4s 4s

-1
 Fe3+

3d
4s

s- p-
p- .

. ,
, , 

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

17Cl0

 3p
17Cl 1

 3p
3s 3s

,  17 , 
 18 .
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1.1.2 

1.
, ?

2. ?
3. ?
4.

?
5.  «n» 

?
6.  ( , ) 

?
7.  «ml» ?
8. , 

?
9.

?

1.1.3  

 1. Mn.
 1. Mn :

1s22s22p63s23p64s23d5,

1, 2, 3, 4, 3 – ;
s, p, d – .

 2.
.

 2.
. 

,  (n)   (l) 

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.
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 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 ,  –

» 4s . Mn
. 

  Mn0 -2 Mn2+

3d   3d
4s 4s
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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,  6 

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

1.1.4  

1. .
2. 

.
3. .
4. 

.
5. 

.

:
1. Si  Y 6. Ca  Re
2. Sc  Cl 7. Sn  P
3. Zn  S 8. Sb  N
4. Al  I 9. Tl  Ar
5. Cu  C 10. Te  Fe

1.2  . 

1.2.1  

, 
.  1869 . 
:

, 

  .
, 

, . 
, , 
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, .

, .
.  1914 . 

bza1 ,

 – 
, -1;

a, b – ;
z – .

, 
.

, , 
.

:

.

, ,
. , 

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

, . 
, 

.

n s- p , 
.

, , 
, . 

. 
.  – .

s- p ,
d- 

f . , , 
B, Al, Ga, In, Tl, Sc, Y, La, Ac.
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, 
. 

.

.
, ,

,  ( ), ,

, 
. 

, , 
, . , 

, .

 (  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 

d- .
. 

 ( )  7 
. , 

 – .
. , 

, , 
.

:
1.  – 

;
;

2.

;
.

, , , 
. 

, ,
. .

:
.

12
6 C – 1s22s22p2

…2s22p2 - 

C0 …2s22p2 – 2e-  C+2 …2s22p0

,  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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, , 
 ( ), 

( )  ( ).

. 
, , , 

. , 
,  ( ) 

. 

, ) , 
. 

) , ,  ( )

Be – Mg – Ca – Sr – Ba – Ra

, .
, ,

 ( ) 
 ( ).

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

, ,
 (EH),  

EH=
2
1 +E).

, . 
 ( )  0,8 Cs  4 F.

1.2.2  

1. . 
. .

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

? 
?
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1.2.3  

 1. , 
 …3p63d54s2. 

: .
 1. 

: …3p64s23d5.
d . 

d . s-, f-, d , 
. .

 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.
:
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4d
5s

, d . ,
.

Zr0 …4d25s2 – 2e-  Zr+2…4d25s0

      …4d25s2 – 3e-  Zr+3…4d15s0

…4d25s2 – 4e-  Zr+4…4d05s0

d :

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

:

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

ZrO2,    Zr(OH)4=H2ZrO3 - 

1.2.4  

 1.

,

, 

(Me Me)

 2.  3.

, 
,

, 

1 2 3 4
1
2
3
4
5
6
7
8
9

10

    1s22s22p3

…2p63s23p5

…4p65s24d3

…4s23d104p1

…2p63s23p6

…4p65s24d4

…3p64s23d2

…4s24p65s24d1

…3p64s23d104p4

…2p63s23p3

…5p66s25d1

…4s23d104p3

…6s25d106p2

…4p65s24d10

…3p64s23d104p5

…4p65s24d105p3

…4s23d3

…3p64s23d1

…6s25d106p1

…2p63s23p1

As
Zn
Ga
Ti
Br
Mn
Hg
Ag
Se
Bi
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 2 – .

I II III IV V VI VII VIII

1 H
2,1

He
-

2 Li
0,97

Be
1,47

B
2,01

C
2,50

N
3,07

O
3,5

F
4,10

Ne
-

3 Na
1,01

Mg
1,23

Al
1,47

Si
1,74

P
2,1

S
2,6

Cl
2,83

Ar
-

K
0,91

Ca
1,04

Sc
1,20

Ti
1,32

V
1,45

Cr
1,56

Mn
1,60

Fe
1,64

Co
1,70

Ni
1,754 Cu

1,75
Zn

1,66
Ga

1,82
Ge

2,02
As

2,20
Se

2,48
Br

2,74
Kr
-

Rb
0,89

Sr
0,99

Y
1,11

Zr
1,22

Nb
1,23

Mo
1,30

Tc
1,36

Ru
1,42

Rh
1,45

Pd
1,355 Ag

1,42
Cd

1,46
In

1,49
Sn

1,72
Sb

1,82
Te

2,01
I

2,21
Xe
-

Cs
0,86

Ba
0,97

La*
1,08

Hf
1,23

Ta
1,33

W
1,40

Re
1,46

Os
1,52

Ir
1,55

Pt
1,446 Au

1,42
Hg

1,44
Tl

1,44
Pb

1,55
Bi

1,67
Po

1,76
At

1,90
Rn
-

7 Fr
0,86

Ra
0,97

Ac**
1,00

 1,08 – 1,14
**  1,11 – 1,2
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 2

2.1 « . »

2.1.1 

 – , 
.
.  – 

,  ( ,
, , . .)  0,012 

-12 (12 ) – 6,02 1023 ( ).
 ( ) –  (m ), 

 (n )

B

B

n
m . (1)

, .
 „ ” ,

, , .
, OH2

=18 , M Na =23 ,  = 0,5486 10 3 .

.
 – 

,  1 
+) .

 ( )  1
:

.f (2)

f  – ;  – .

,VfV m (3)

22,4 3
mV .

 ( ):

M
m)(n .  (4)

.
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, 
:

BVBAV ,  (5)

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

 ( ) , 
 ( ) .

.

 – , 
 – .

 –  (
), , .

.

(  - )
:

V
m;

mm
m

m
m B

S

B                            (6)

; mB

; m ; mS ;
, 3; V .

, .
, 

 0,05  5%. ,  100 
 5  95 .

%)  100 

% =  100%.

 (Ni)  (nB) 
, ,

.
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21

2
2

21

1
1 nn

nN;
nn

nN                              (7)

n1 n2 ,
Ni .

 ( , m)
)  (1  = 1000 ) .

,
mM

1000m;
m
n

S
m

S

B
m  ( ),                (8)

m mS ;
. 

.

(m ),  (V):

V
mB

B ,  ( 3).                                          (9)

( )

,
VV

V;
V
V

S
B

B
B                              (10)

; V
; V  ( ) ; VS .

, 

(% .) =  100%

 ( , )

3  (1 3 = 1 ).

,B
M

B
M VM

m(B);
V

n(B)  ( ; 3).      (11)

3 .
:  (HCl) = 0,1 3;

 (NH4Cl) = 3 3 (0,1 ; 3 ).
.
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 (
, )

 1 3

.
M

m(B);
V
n(B)

)

B  .               (12)

3

. :

 (H2SO4) = 1 3;  (Ca(OH)2) = 0,5 3.
                                1  H2SO4                       0,5 )2

 “ ”, 3.

V . 
, 

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

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

1000
C;

1000
C;

V
mB , ;  3)         (13)

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

 ( )

V
1000mC;1000C .

V
1000mC;1000C MM .

,

 ( ) 
, ,

, 
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 ( , 3).
:

3C
%
C%C MM

1000
100

1000        (14)

3; 1000  1 3 ;
1000  1 3 .

3C
%

C%C 1000
100

1000        (15)

2.1.2 

1. .
2. ?
3. , .
4.

? 
.

5. , 
?

6. ,
?

7. ? 
?

8.  (  « ») 

?
9. ? 

?
10.

?

2.1.3  

 1.
120 l 0,04.

 .
, 

:
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= 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.
.

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 3 0,2 K2Cr2O7.

.
K2Cr2O7,  300 3 0,2 ,

:
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V
mCM .

, 3,  300 3 3 –
0,3 3.

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

 4.

250 3 0,2 CaCl2.
.

CaCl2,  250 3 0,2 ,
:

V
mC

m( aCl2) = (CaCl2)  CH  V = M (CaCl2)/2  CH  V;

(CaCl2) = /2 = 111/2 = 55,5 

m( aCl2) = 111/2  0,2  0,25 = 2,78 .

 5.
200 3 0,4 Na2SO4

Na2SO4 10H2O.
.

Na2SO4,  200 3 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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, 
. 

.

, .
.

 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 3), 

m =  V
mV

41.65V  23,2 3 96- H2SO4,

 20  96-

 0
H2SO4 96 20H2O 76 H2O
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 158,35 3 ,  200 
20- H2SO4. , 

.
, 

, 
, ,

 ( 20-
H2SO4 = 1,14 3).

 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-

 ( ), 
 ( ),  ( m)  ( ) 17-

,  1,12 3.
.

, 

CM
1000 , C 1000

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

KMnO4

8

2
3

1  8-

5  2-
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:

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 .

2,09
17)(10098

100017
m .

10001000
CC .

33 0,1901
1000

981,940,1901
1000

493,88

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

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

42 0,1901
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2.1.4 

1.  28-
1- ,  7- ?

2.  20-
,  1,1 3?

3.  2 ,  0,4
?

4. ,  300 3

 10,5 ?
5.

 10  50%,  800 ,
 =25%?

6. )  ( )
8- K2SO4,  1,065 3.

7. m)  ( )
30- HNO3,  1,184 3.

8. ) m)
12- l,  1,059 3.

9. ) )  16-
NaOH,  1,180 3.

10.
 0,12  40 ?
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 3

3.1  « . »

3.1.1 

. .  (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 – , .

, 
.

.
 – , 

 – + ( ). 
.  – 3

+, 
+. 

:
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:

        
HNO3 H+ + NO3 H2SO4  H+ + HSO4 H3PO4 H+ + H2PO4

HSO4  H+ + SO4
2 H2PO4 H++ HPO4

2

HPO4
2 H+ + PO4

3 .
.

 – , 
). 

.
. 

. 
–  ( )

,  

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          - .

+ .
.
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, , 
, 

HCO3  + OH  CO3
2  + H2O

FeOH+ + H+  Fe2+ + H2O.

 – , , 

HAuCl4  H+ + [AuCl4] – I .
[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 .

. 
.

.
, , , , .

.

.

.

 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
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, 
 – 2 :

Cl2 + 2  Ca( )2 + 2HCl

, 
.  –  = 7.

2. , 
(H2S, 3

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

 ( ). 
,  –

 > 7.
, CH3COONa  CH3COO  + Na+

CH3COO + CH3COO  + -
 - ,  > 7

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

 ( +) 
 – – .

, ,
 -  > 7.

Na2S 2Na+ + S2

S2 + S  + OH  ( )
2Na+ + S2  + Na+ + S  + Na+ + OH

Na2S + Na S + NaOH

Na S Na+ + S
S + 2S + OH )

,  > 7
Na+ + S  + 2S + Na+ + OH

Na S + 2S + NaOH

, ,
. 

 -  > 7.
, .
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3. , 
(Al3+, Zn2+, Mn2+, NH4

+ .).
. 

, 
+.  –  –

 < 7.

NH4Cl  NH4
+ + Cl

NH4
+ + NH4  + H+ - ,  < 7.

NH4
+ + Cl  +  NH4  + H+ + Cl
NH4Cl +  NH4  + HCl

Zn(NO3)2 Zn2+ + 2NO3

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

Zn(NO3)2 + ZnOHNO3 + HNO3

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

ZnOHNO3 + Zn(OH)2 + HNO3

 – 
 < 7.

, .

4. , .
.

CH3COONH4 CH3COO +NH4
+

CH3COO +NH4
+ + CH3COO  + NH4

CH3COONH4 + CH3COO  + NH4

:

CH3COO + CH3COO  + 
5

3 101,8

NH4
+ + NH4  + +

5
OH4NH 101,8
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, , . 
,  –  7. 

, 
 –  (  = 7).

, :

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

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

                                                             3 2          3 2

.

. 

 - , 
 – .

 – , ,

,

 – ,
 – .

.

 +  + 

 [ 2 ]  55,5 3,

2 ] = const
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2
-

-

2  - ; 2 = 1 10 14.

2

2

 – :
 ( ), , 

.
 ( )  ( )

,  ( ) –
.

.
2

1
<<1,

 = 2 ,

.

, , 
.

 ( , ) 
 ( , ).

 -  – . 
. ,  –

 – . 
. 

.
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3.1.2  

1. . 
?

2. . 
?

3. .
4. ? 

?
5. , .
6. ?
7. ? ?
8. ?
9. ?
10. ?
11. , ?
12. , 

?
13. ? ?
14. ?
15. , , 

.

3.1.3  

 1. , 
 AgNO3,  ( ),

 ( ) .
:

AgNO3 – , .
, 

 – . 
, 

. 
 –  < 7.

AgNO3  Ag + + NO3

Ag+ +  AgO  + + - ,  < 7
Ag + + NO3  +  AgO  + + + NO3

AgNO3 +  AgO  + NO3

 –
. .
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12
3

14

AgOH

O2H 102
105

10
K

2

AgO  5,0 10 3 ( . . 2).

: AgO ,
 (  < 7), 

. 
 2,0 10 12.

 2. , 
2SO3,  ( ),

 ( ) 
.

: 2SO3 – , 
. . 

2SO3.  – , 
. 

:

2SO3 2 + + SO3
2

SO3
2  + SO3  +  -
2 + + SO3

2  + + + SO3  + + + 

2SO3 + SO3 + 

SO3
2

 ( -),  
 (  > 7). 

, 
.

:

][SO
][OH][HSO

2
3

3
1

3SO2H

O2H

K
K

1

2SO3 :

1( 2SO3) = 1,4 10 2

12
2

14

1071,0
104,1

10
1
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SO3  + 2SO3 +  - ,  > 7
+ + SO3  + 2SO3 + + + 

SO3 + 2SO3 + 

.
:

]SO[
]OH[]SOH[

3

32
2

3SO2H

O2H

K
K

2

2SO3

1( 2SO3) = 6,2 10 8

6
8

14

1016,0
102,6

10
1

:  (
)  ( ). 

 (  > 7). 
1 = 0,71 10 12; 2 = 0,16 10 6.

 8. NH4NO3
:

NH4NO2 – .
.

NH4NO2  NH4
+ + NO2

NH4
+ + NO2  +  NH4  + NO2

NH4NO2 +  NH4  + NO2

, 
 (  7). 

, 

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

. 
 (  7).
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35
45

14

1081008,0
109,61076,1

102

:  

.

3.1.4  

 1
, 

. , ,
 ( ), , 

1 SnCl2,    Na2S                                          NaNO3,   FeCl2
2 AlCl3,    CH3COOK                                NH4Br, CuCl2
3 Li2CO3,    MgSO4 CaCl2,   NaNO2
4 RbCl,    CuSO4 SnCl2,   Na2SO4
5 NiSO4,   NaH2PO4 Na3PO4,   CrCl2
6 K2SO3,    TiCl3 MgSO4,   Na2S
7 K2SnO3,    FeCl3 NaNO3,   KCNS
8 Mg(HCO3)2,    NiCl2 Zn(NO3)2,   CaCO3
9 Ca3(PO4)3,   CrCl2 NaCN,   NH4NO2

10 CoCl2,   K2S                                           K2CO3,   Cr(NO3)2
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 4
. »

4.1  « »

4.1.1 

. .
 2 : , 

, ,  ( .) 
.

 ( ) 
, 

. 

 ( , ).

,  („+” .) 
(„ ” .).

:
1. ,  „-2”,

 „+1”.
2. .
3. .
4.

.
:

2
2

1
2

24
2

02

2 OHOSOSH

2
4

SeS 6
2

       

3 2-O 242
0

      
2H2S + 3O2  2SO2 + 2H2

. 
. , 
. , 
.

. 
. , 
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, . , 
.

 + 
 – .

. 
, 

.

:
- 

.
- 

, , 
, .

.

:
1) ;
2) .

. 
. ,

.

, 
.

. 

, , -
. , , ; 

, . ,
, ; 

, .

:

1.  –  VI  VII : Br2
0 + 2e  2Br

S0+ 2e S 2
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2. :

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

3. ,  –

-2
72 OCr

6
, -

4
7

OMn , -
3

5
ON , -2

4
6

OS .
4.  – Na2O2, BaO2.

:
1.  – Zn – 2e Zn2+.
2. , 

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

 – Cl , S2 , -2
3

4
OS , -

2
3
ON .

4.  – CaH2, NaH, SiH4, CH4.
5. , , ,  – 2,  ,  ,  S – 

.
, , 

, 
, .

, 
 – .

.
2

2 SH 4
6

23
6

3
4

22 OSHOSOSHOSS
40

                                
                                

, 
1 .

1  ( ) 1 :

1/2 2 e + 1/2 2 + e

 ( ) 
,  ( ) 1 .

 ( ) 
, :
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 = f

 ( ) 
,  ( ) 1 

).

, :
) 

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 , 

, 
.

4.1.2  

1.
?

2. ?
3. -

? ?
4. ?
5. ?
6. , 

?
7. ?
8. , 

?
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9. ?
10.

, 
?

11. ?
?

4.1.3  

 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

3) . 
+ . 

 – . 
. 

 – +.
4) :

I                      I2

 NO2  NO

5) :

2I                      I2

 NO2  NO
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6) 
 ( ) 

OHNOeHNO

IeI

22

2

12

22

I2, ,
 2I ,  2 , I .

NO2
+

NO 2 , , NO2 .
7)  – 2 (2

), , 
:

2
1

e12

e22

OHNOHNO

II

22

2

8) 

2I + 2NO2  + 4H +  I2 + 2NO + 2H2O

9) 

2KI + 2NaNO2 + 2H2SO4  I2 + 2NO + K2SO4 + Na2SO4 + 2H2O

2K   2K; 2I   I2; 2Na   2Na;
2N   2N; 12    12 ; 4    4 ; 2S   2S.

10) 
:

M = f M

f  – , f  =
n
1 ;

n – , 
.

M (KI)= 83166
2
1

M (NaNO3)= 69691

: , 
I  – ; 

NO2 ; I ; NO2
. M (KI) = 83 , M (NaNO3) = 69 .
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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) 2                  2IO3

                                  Cl2                2Cl

6)
CleCl

eI

2

-
32

22

1221062

7)
5
1

22

1221062

CleCl

eI

2

-
32

8) 2 + 5Cl2 + 6H2O = 2IO3  + 12H+ + 10Cl

9) 2 +5Cl2 + 6H2O = 2HIO3 + 10HCl

I2      2I; 5Cl2   10Cl; 12H   12H; 6    6 .

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

                      M (Cl2)= f M = 5,3571
2
1

: , 
, ; Cl2

0, 2
0

.
M (I2) = 25,4 , M (Cl2)= 35,5 .
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 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             2Br

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

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

M (Br2)= f M = 80160
2
1

: ; 
, ; Br2, Mn(OH)2.

M (Mn( )2) = 44,5 , M (Br2)= 80
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4.1.4 

:
; , ;

, . 

1. MnO2 + HCl  MnCl2 + H2O

2.               Pb + KNO3  KNO2 + PbO

3. H2SO4  + C  CO2 + SO2 + H2O

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

5. Fe + H2SO4 ( )  FeSO4 + H2

6. C + Na2CrO4 + NaOH  CO + Na3CrO3 + H2O

7. HI + KMnO4 +H2SO4  I2 + K2SO4 + MnSO4  + H2O

8. KMnO4 +HCl  MnCl2 + KCl + Cl2 + H2O

9. MnO2 + Br2 + KOH  K2MnO4 + KBr +H2O

10. H2SO3 + Cl2 + H2O  H2SO4 + HCl
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4.2   « »

4.2.1 

.
, 

.

, 
, 

.

.

.
 2 :

1)  (
);

2)  (
).

:
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 .
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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 ); , ;

, ; 
– .

 ( ), 
 ( ).

 1,23 .

, 
; ; 

.
 10  1000 .

,
, .
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 4.1 – 
                               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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4.2.2  

1. ?
2. ?
3.

: ?
4.  (

) ?
5.

?
 4.1 

 ( 0) :
6. .
7. .
8. .
9. ?
10. ,  ( 0) 

,  – ?
) Fe – Zn; ) Cu – Cr; ) Ni – Pb.

4.2.3  

1.

) Zn(NO3)2 + Pb; ) AlCl3 + Mg;
2.

) Pb(NO3)2 + Ag; ) H2SO4 ) + Ni;
3.

) Zn(NO3)2 + Cu; ) Bi(NO3)3 + Fe;
4.

) Al2(SO4)3 + Mn; ) HNO3 ( ) + V;
5.

) AgNO3 + Cu; ) FeSO4 + Zn.
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6.

) HCl ) + Cu; ) Na2SO4 + Al.
7.

) CdSO4 + Ti; ) Ni(NO3)2 + Fe.
8.

) ZnSO4 + Ti; ) MoCl3 + Cr.
9. .

 (Pb(NO3)2) 
. . 

.
10.

) AgNO3 + Sn; ) CuSO4 + Mn.



62

   

 1
1.1  «

»

, 
;

, 
;

.

1.1.1  

 ( ) , 
 ( ) .

 –  (
), , .

.

(  - )
:

V
m;

mm
m

m
m B

S

B

;
mB ;
m ;
mS ;

, 3;
V .

, .
%)  100 

% =  100%.
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 (Ni)  (nB) 
, ,

.

21

2
2

21

1
1 nn

nN;
nn

nN

n1 n2 ,
Ni .

 ( , m)
)  (1  = 1000 ) .

,
mM

1000m;
m
n

S
m

S

B
m  ( ),

m mS ;
.

.

(m ),  (V):

V
mB

B ,  ( 3).

( )

,
VV

V;
V
V

S
B

B
B

;
V ;
V  ( ) ;
VS .

, 

(% .) =  100%.

 ( , )

3  (1 3 = 1 ).
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,
VM

m)B(;
V
n)B(

B

B
M

B

B
M  ( ; 3).

 (
, , )

 1 3

.
VM

m)(;
V
n)(

B)(

B

B
BB  ( ; 3)

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

1000
C;

1000
C;

V
m

B

B , ;  3)

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

 ( )

V
1000mC;1000C .

V
1000mC;1000C MM .

:

3C
%
C%C MM

1000
100

1000 ,

3;
1000  1 3 ;
1000  1 3 .

3C
%

C%C 1000
100

1000
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1.1.2  

:  200-250 3,  100,
200, 250 3; : , , , 

, ; : , ,
, .

 0,01 .

.

, , 
.

, , 
. 

. 
, 

. 
, , 

.
.

, , , 
, . 

, , 
.

, 
,  ( ).

, . 
 0,01 .

, 
, , 

.
. , 

, ,
.

, 
.  50-100 3
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, , ,
 ( ). 

.
, 

 (%) . 
, ,

, 
 (

).

 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 1,029 - 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

 1.  (%)
.

:
1. 160  3- NaCl
2. 120  40- CuSO4 CuSO4 5H2O
3. 130  6- K2SO4
4. 165  3- K2Cr2O7

5. 140  5- Na2SO4 Na2SO4 10H2
6. 205  5- KCl
7. 90  8- NH4Cl
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 (
), 

. , 
. .

 300 3. 
. , 

(H2O) = 1 3, 
. 

, , 
. . 

.

.

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

.

 2 -

,
3

, 
, ,

. .

 ( ), 
 ( ),  ( ) .

, .

 2.  (%)
                    

.
 1 , :

1. 240  1- K2Cr2O7
2. 70  3- CuSO4
3. 175  2- NaCl
4. 150  4- NH4Cl

.
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 (%) 
 ( . ).

,  (V),
. 

.

, 
.

 (
) .

.

 3 -

 (%)

. . . .

V ,
3

,
3

V ,
3

 (C ), 
 ( )  ( ) .

 3.
                              

.
:

1. 100 3 0,05 K2Cr2O7
2. 200 3 0,2 NaCl
3. 100 3 0,2 K2SO4

, 
. .

, 
, 

. 
, , 

. . 
. 

, ,  (%),  - ,  (%)
.
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 4 -

, 
. .

, V ,
3

,
3

,( ) (%)

, 
.

1.1.3 

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

?
6.

?
7. ?

.
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 2

2.1  «
»

: 
- ;
- ;

;
- , .

2.1.1  

, -

2
+ +

 – . 
.

, 
 – .

, 

, .
, :

1. , Na2CO3;
2. , Zn(NO3)2;
3. , (NH4)2S.

 (KCl,
NaNO3, K2SO4) .

 – , 
 –  

. 

As2S3 + 6HOH  2Al(OH)3  + 3H2S

:
- , ;
- ;
- .

.
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, 

MnCl2 Mn2+ + 2Cl
Mn2+ + HOH MnOH+ + H+ - pH < 7  - .

MnCl2 + HOH MnOHCl + HCl

 ( ) 
 ( ),  – .

MnOH+ + HOH Mn(OH)2 + H+ - pH < 7   - .
MnOHCl + HOH Mn(OH)2 + HCl

, 

Na2S Na+ + S2

S2  + HOH HS  + OH- pH > 7 - .
Na2S + HOH NaHS + NaOH

,  – 
.  – , -

HS   + HOH H2S + OH pH > 7 - .
NaHS + HOH H2S + NaOH

, 
. 

 –  – .

CH3COONH4 CH3COO +NH4
+

CH3COONH4 + CH3COO  + NH4

CH3COO +NH4
+ + CH3COO  + NH4

5
3 101,8 5

OH4NH 101,8

,

,  +   + ,
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 [HOH] – .

: n
2 .

1410
2

.

: nA
OHHA

2 .

: 2

 – .

2.1.2  

: 
- ;
- ;
- ;
- , .

:

- : 3 Na, AlCl3, 
Na2SiO3, KCl, Na2CO3, 

Na2SO3;
- : , , 

, ,  ( ) ,  ( ) , 
, ;

- : ; 
;

- : , , , 
.

1.
 5 . 

. : 3 Na, AlCl3,
Na2SiO3, KCl,

. , , .

.
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2. .
,

. 
 –  –

Al(OH)2 3 .
. 

.

3. .

, .  –
. 

.

4. .
 1-2 3  ( ) ,

, . 
,  –  – (NH4)2S. 

. 
. 

.

5. , .
) , 

 2 . 
Na2CO3, Na2SO3.  

.  – 
. 

1 2CO3 2SO3. 
.

) .
,

 1-2  – . 
.

 – .

.

) .
 1-2 3

 4-5 . 
. , , 

Bi( )2NO3.
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, 
; 

Bi( )2Cl, Bi( )2NO3.

) .
Bi( )2NO3 (Bi( )2Cl)  (1:1)

HCl. 
. 

 ( +).

. :
- ;
- ;
- ;
- , .

2.1.3  

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

2.1.4  

 1
, 

. , , 
), , 

1 (NH4)2CO3, KCl
2 FeSO4, Na2SO3
3 Hg(NO3)2, NaNO3
4 NaHCO3, NiCl2
5 ZnCl2, CaS
6 NaNO3, FeCl2
7 NH4Br, CuCl2
8 CaCl2, NaNO2
9 Na3PO4, CrCl2

10 MgSO4, Na2S
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 2
3.1  « »

- 
;

:

- 
;

3.1.1  

– ,
. 

. 
, 

.  – , 
, G < 0.

 – n e n+

, 
, , :

,  – 
, .

, 
. 

 –  ( , ,
, ).

,
, 

, .

, 
 ( ,

.) – 
.

4Fe + 3 2  2Fe2 3

nMe + m n m

, , .
.

,
 ( ) 

.
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: , , .

. 
.

.
, :

- , ;
- ;
- ;
- , , , 

, .

. , , 
.

1) ;
2) , 

;
3) , 

.
4) H+,  

 – .

 –  – 
,

. 
, , .

 – ,  – 
. ,  – 

:

2H+ + 2e H2,
 – 2 + 2H2O + 4e  4OH .

, 
.

, 
, , 
. , , , ,

.
.  2 :

-  ( ) 
;
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- .
.

 – .

: , , , ,
.

. :
-  – , , , , ,

;
- : , , .
-  – 

 – Cr, ,  , . , 
: Cr – 18%,  – 8%.

- : , 
 – Al, Zn, Cr, , Sn  – Cu, Ag, Au, Pt.

- , , 
, 

. , 
. 

, .

3.1.1.1  

 1.

, Fe – Ni.

.
, 

, 

-) Fe 2 + 2H2O  4OH  Ni    ( +)
B4402 ,

Fe/Fe
B25,02Ni/Ni

 ( ) .

A-) Fe – 2e Fe2+                     2
K+) Ni 2 + 2H2O + 4e  4OH 1

2Fe + 2 + 2H2O  2Fe 2+ + 4OH  2Fe( )2
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.
, 

,  – Fe.

 2.
Zn – Cd.

, , 
.

.
, 

:

-) Zn Cl H+ + Cl  Cd    ( +)
B7602 ,

Zn/Zn
B4002 ,

Cd/Cd

(Zn)  (Cd).
:

A-) Zn – 2e Zn 2+

K+)  2H++ 2e H2

Zn + 2H+ H2 + Zn 2+

: Zn + 2HCl H2 + ZnCl2

:  – Zn,
, 

.

 3.

,
.

:
, 

:

+) Fe 2 + 2H2O  4OH  Ti    ( -)
B4402 ,

Fe/Fe
B63,12Ti/Ti

 (Ti) 
 (Fe). :
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A-) Ti – 2e Ti 2+                         2
K+) 2 + 2H2O + 4e  4OH 1

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

: , . 
(Ti)  – . , 

 (Fe), , Ti .

3.1.1.2  

1. ? ?
2. : )

; )  (
?). .

3. ?
4. ?
5. ? 

.
6. ?, ? .
7. ? 

?
8. ?

3.1.2  

- 
;

:

- 
;

: , . 
, );  ( );  ( ); 
);  ( );  ( ); 

. , .
: CH3COONa (0,5 ); CdSO4 (0,5 );

) K3[Fe(CN)6]; H SO4 (0,2 ,
2 , 10 %); CH3COOH (10 %); ) Hg(NO3)2
(0,5 ); CuSO4 (0,5 );  (10 %); 

HCl (2 );  (40 %); KI (0,5 ); 
NaOH (10 %).



80

 1. .
 2  ½ 

2-3  2 H SO4  ( )
K3[Fe(CN)6],  ( ), 

 « »
- Fe3[Fe(CN)6]2.

. 
,  – . 

.
, 

. Fe2+

. ?
.

, 
, , . 

?

?

 2. .
 2  5-7  2  ( )

HCl . 
 ( , ), 

2-3 3  ( ). 
.

 3. .
 3  5-7  0,2 HCl

 ( ) K3[Fe(CN)6]. 
3 , ,

 – . 
 (2-3 3 40 % )  2-3 3 .

, 
 –  3 .

. ?  ( ) 
?
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 4. .
CH3COOH (10  %)

 0,5 KI.

. . I–

Pb2+, 
PbI2 .

PbI2. 
, 

Pb – Zn. ?

 5. .
 2 . 

, 
. , 

. 
. 

H2SO4.
? 

, 
, . 

.

 6.
.

 ( B66,13Al/Al )
.
, 

. 
1  (II) . 

:

2Al + 3Hg2+ 2Al3+ + 3Hg

 – 
. 

.

. . 
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Al – Hg. , 
.

3.1.3  

1.  – …                   ….
. 

.

                             
1. Cd – Fe 6. Ag – Fe
2. Cr – Fe 7. Fe – Mg
3. Fe – Mn 8. Fe – C
4. Zn – Fe 9. Cd – Zn
5. Al - Mo 10. Mn – Cd

2. -… … , 
.

                          
1. Al Zn, Sn, Cu 6. Ni  Bi, Cu, Cd
2. Mn  V, Sn, Bi 7. Fe  Mo, Cd, Cu
3. Ti  Zn, Co, Cu 8. Sn  Fe, Ni, Ag
4. Be  Cd, Sn, Cu 9. Cu  Ni, Hg, Au
5. Zn  Cd, Fe, Ag 10. Fe  Bi, W, Co

3. . 
, .

                               
1. Al, Cd, Cu, Co, Fe 6. Na, Mn, Cr, Sn, Ag
2. Pb, Mg, Fe, Mo, Cr 7. Pb, Fe, Co, Cr, V
3. Li, Pt, Bi, Ni, Zn 8. Ni, Fe, Mn, V, Au
4. Be, Na, W, Pb, Fe 9. Ti, Mo, Mg, Al, Co
5. Co, Tl, Hg, Zn, Au 10. Ni, Zn, Pd, Mn, Fe
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 4
4.1   « , »

- 
;

- 
;

:

- .

4.1.1   

.  – disperses) , 
 ( ) 
 ( ).

.
, 

 1·10–9

, .
) .

.
(D) – , 

 (d l):

d
D 1 ,

l
D 1 (1)

d – ,
l – .

, , 
.

) – , 
,  – 

 10–7 - 10–9 .
:

) 
;

) (d = 10–7 - 10–9 );
) , 

,  ( ).

 ( ). 
, 
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. -
:

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

. 1 – 
:

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

.
.

, 

.

.

,  ( , 
).

.
, . 

: ,
, , . 

. 
.
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, :
) ;
) , ;
) 

(d = 10–7–10–9 ).

, ,
, .

. , 
.

. 
, 

. 
, , .

– 
.

, 
. , 

. 
.

:
1.

.
, 1 3 ,

) 
( ).

: 
, . 

:

VV
CVC (2)

V –  ( 3), ;
 – , 3;

V  – , 3.
, , 

(V ):

C
V 1 , (3)
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 – , 
 1 .

2. , 
, . 

.
.  1900 .

3. , , 
.

, .

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

3–)

(z) :

= 6z
1 (4)

-, - 
:

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

2
1:

1
1

666321 C:C:C

4.  ( ) 

.

Li+ – Na+ – K+ – Rb+ – Cs+

Cl – – Br – – I – – CNS –

,

, 
.

.
5.

. , 

. ,

.
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4.1.1.1   

 1. AgI
 AgN 3.

) AgN 3 . ,
AgN 3, , . 

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

.
, 

 – .
) , , ,

.
: ,

.

 ( ) AgI, 
) :

(mAgI) – .

, - , 
, 

. 
).

AgNO3, 
(mAgI) Ag+

). , ,
:

[(mAgI) nAg+]n+ – .

 ( , 3
–), 

. (n-x)N 3
–,

, , 

. 
 – ,

:

{[(mAgI) nAg+]n+ (n-x)N 3
–} + – .
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3
–, 

,  (
), 

.
, 

. 
,

. , AgN 3,
:

{[(mAgI) nAg+]n+ (n-x)N 3
–} + xN 3

–.

 2. AgI  KI.

, AgI
:

{[(mAgI) nI–]n– (n-x)K+} – xK+.

, 
, 

. 
. 2.

. 2 –  ( )
 ( ) 



89

4.1.1.2  

1. . 
? ?

?
2.

; ? 
?

3. ? 
? 

.
4. ?
5. ? 

.
6.  ( ) 

.

4.2.2   

- 
;

- 
;

:

- .

: , ,
.

:  (20%);  (0,5%, ); Na2SiO3
 =  1,16  3);  (III) FeCl3 (2%); 

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

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

 1.  (III) .
 10-20 3 . 

 2-  ( ) 
FeCl3  (III) 

.
.  (III) ,

, 
 (III) .
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, , 
FeCl3.

 7.

 2.
.

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

.

.
,  1 3 0,05 

AgNO3,  5-10  0,05 
KI.
. 

, AgNO3 KI.
 3, 6.

 3.
.

)
,  2 AgNO3 KI, 
 1 .

, 
 ( , , , .) 

. 
, 

 ( ).
, 

.
, .

) 
.

,
, , 

.  6.
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. 

 4. .
, 

 1.  – , 
.

. 
. 

.

 5. .
 4  (III), 

 2. NaCl, 
– Na2SO4,  – Na3PO4.

? .

 6. .
 (  5-6

),  3 AgNO3  KI.
.

. ?

 7. .
, 

2-3  0,1  2-3 
2 . 
2 .  10  0,5% 

.  2  0,1 
. , 

.
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4.1.3  

. , 
,  

 – . 
,  –  – 

.

1. CdSO4 Na2S
2. ZnCl2 KOH
3. Pb(NO3)2 KI
4. CaCl2 Na2CO3
5. FeCl3 NaOH
6 AlCl3 KOH
7. BaCl2 Na2SO4
8. Ni(NO3)2 H2S
9. CuSO4 NaOH
10. Na2S FeCl2
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 1



94

 2
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 3

 ( )

 ( ) + n  (Red)
0, B

F2 2F– 2,87
O3 + 2H+ O2 + H2O 2,07

S2O8
2– 2SO4

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

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

2ClO3
–+ 12H+ 10 Cl2 + 6H2O 1,47

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

– + 8H+ Cl– + 4H2O 1,39
Cl2 2Cl– 1,36

Cr2O7
2– + 14 H+ 2Cr3+ + 7H2O 1,35

2NO3
– + 12H+ 10 N2 + 6H2O 1,24

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

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

NO2
– + 2H+ NO + H2O 1,00

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

O2 + 2H+ H2O2 0,68
MnO4

–+ 2H2O MnO2 + 4OH– 0,57
MnO4

– MnO4
2– 0,54

I2 2I– 0,54
O2 +2H+ 4OH– 0,40

SO4
2– + 2H+ SO3

2–+ H2O 0,20
Sn4+ Sn2+ 0,15

SO4
2– + 8H+ S2–+ 4H2O 0,15

S + 2H+ H2S 0,14
CrO4

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

H2O2 2OH– -0,28
Cr3+ Cr2+ -0,41

S S2– -0,45
2CO2 + 2H+ H2C2O4 -0,49

SO4
2– + 2H2O SO3

2–+ 2OH– -0,93
ZnO2

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

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

….
: «……………………………………»

.

: . 
………..

: . 

 – 20__
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 5

m
kg
s
A
K
Cd
mol

2 m2

, 3 m3

m/s
2 m/s2

Hz
3 kg/m3

3 m3/kg

, N
3 N/m3

Pa
, , J

W
N/m

, C

2 A/m2

C·m
, V

V/m
Q
S

J/K
- /( ) J/(kg·K)

/( ) W/(m·K)
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 6

, 
,  ( , ,

). , 
 0,1  1000.

, 

1012

109 G
106 M
103 K
102 ) h
10 ) da

10 1 ) d
10 2 ) c
10 3 m
10 6

10 9 n
10 12 p

 7

.
.

1 1 107 0,238846 0,624146·1019

1 10 7 1 2,38846·10 8 0,624146·1012

1 
 ( .
)

1,00019 1,00019·107 0,238891 0,624332·1019

1 3,60000·106 3,60000·1013 8,5985·105 2,24693·1025

1 
 ( .
)

4,1868 4,1868·107 1 2,58287·1019

1 
 ( ) 4,18400 4,18400·107 0,99933 2,58143·1019

1 -
 ( ) 1,60219·10 19 1,60219·10 12 3,92607·10 20 1
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 8

. . 2

1 1 7,50064·10 2 10 0,986923·10 5

1 2 0,1 7,50064·10 3 1 0,986923·10 6

1 
 ( ) 1,01325·105 760,000 1,01325·106 1

1 
 ( ) 9,80665·104 735,561 9,380665·105 0,967841

1 . . 9,80665 0,0735561 98,0665 9,678141·10 4

1 . . 133,322 1 1333,22 1,31579·10 3

 9

 (Å) 10 10

,  ( ) 10 3 3

,  ( ) 10 5

) 10 3

 (D) 3,33·10 30

 (%) 10 2

 (‰) 10 3
*

1) 10 6

* 
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 10

2,99792458·108 1

h 6,626176·10 34

G 6,6720·10 11 2 2

931,5016 ·( . . .) 1

-273,15 °
1,6021892·10 19

 ( . . .) 1,6605655·10 27

m 9,109534·10 31

5,4858026·10 4 . .  .
m 1,6726485·10 27

1,007276470 . . .
mn 1,6749543·10 27

1,008665012 . . .
1 1,007825036 . . .

4 4,002603267 . . .
N 6,022045·1023 1

F 9,648456·104 1

R 8,31441 1 1

* V0
22,41393·10 3 3 1

273,16  (0,01 ° )

*  0 ° ,  101,325 .
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ЗБІРНИК МЕТОДИЧНИХ ВКАЗІВОК  

ДО ПРАКТИЧНИХ ТА ЛАБОРАТОРНИХ РОБІТ  

З ДИСЦИПЛІНИ «ЗАГАЛЬНА ХІМІЯ» 

 

Спеціальність: 103 «Науки про Землю» 

Рівень вищої освіти: бакалавр 
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