
  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

5/26   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

, 2025 



2 
 

 

. 3 
 ......................................................................................................................... 3 

 ................................................................................................. 4 
 ............................................. 9 

 .... 10 
 ....................................... 12 

 .................................................................................................. 14 
15 

 ................................................................................................................................ 15 
 ................................................................................................................................ 17 
 ................................................................................................................................ 18 
 ................................................................................................................................ 19 
 ................................................................................................................................ 20 
 ................................................................................................................................ 21 
 ................................................................................................................................ 21 

 5/26 
.. 23 

2.1.  ...................................................................................................................... 23 
 ............................................................................................................................... 35 

 .................................................................................................................................... 44 
 .................................................................................................................................. 53 

 ............................................................................................................................. 58 
 .................................................................. 120 

 ...................................................................................................................... 127 
 .................................................................................................................................... 136 

 ................................................................................................................... 140 
 ..................................................................................................................... 153 

 ............................................................................................................................ 173 
 ........................................................................................................................... 177 

 ...................................................................................................................... 181 
 ................................................................................................................... 194 

............................................................................ 197 
 ...................................................................................................................................... 208 

 ......................................................................................................................... 216 
) ................................................................................................................. 220 

 ................................................................................................................................... 248 
 ............................................................................................................ 280 

 ................................................................................................................ 286 
 ..................................................................................................................................... 295 

 ................................................................................................................................ 312 
 ............................................................................................................................. 319 

 



3 
 

 

1.1. 

 

  

  

 

 

  

 

 

 

 

  

  

 

1.3. 

 

1.4.   

-

-

 

 



4 
 

- -

-

-

 

1.5. -

 

 

 

 

 

 

 

 

   

 

 

 

 

  

 

 

 

2.1. 

 

2.2. 

-



5 
 

2.3.

 

 

 

 

 

 

 

2.4. 

 

2.5. 

 

 

2.6.  -

 

2.7.  -

 

-  

-  



6 
 

2.8. 

 

-

 

2.9. 

-

 

2.10. 

 

2.11. 

 

2.12. 

  

2.13. 

 

 

  

 

 



7 
 

 

 

 

 

 

 

 

 

2.18. 

 

 

  

   

  

  

  

  

 

 



8 
 

  

 

 

2.19. 

 

 

 

 - - -

 

 

  

  

 

 

2.20. 

 

 

 



9 
 

3.1. 

 

3.2. 

 

 

 

 

 

 

3.3. 

. 

3.4. 

-01, 10-01, 11-01), 

 

3.5. 

 

3.6. 

 

3.7. 



10 
 

3.8. 

-01_1, 10- -

 

-

 

3.9. 

 

3.10.  

 

3.11. 

 

 

 

4.1. 



11 
 

-  

- -  

4.2. 

 

4.3. 

 

4.4. 

 

4.5. 

-

  

 

  

  

  

  

  

  

  

4.6. 



12 
 

 

4.7. 

- 

-

 

4.8. 

 

4.9. 

 

 

 

5.1. 

 

 

5.2. 

 



13 
 

 

5.3. 

 

5.4. 

 

5.5. 

 

5.6. 

 

5.7. 

 

5.8.  

  

 

 

  

5.9. 

 

5.10. 

 

5.11. 

 

5.12. 

 

5.13. 

 



14 
 

5.14.

  

  

5.15. 

 

 

 

6.1. 

 

 

6.2. 

 

6.3. 

 

 

-

 



15 
 

 

1

  
 

 
 
 

________________________________________________________________________________ 
 

 
________________________________________________________________________________
________________________________________________________________________________ 

 
 

________________________________________________________________________________ 
 

 
 

 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 
 
 

 
   

 
 

 
 
__________________________________________________ 

 
__________________________________________________ 
__________________________________________________ 
__________________________________________________ 

 
________________________ 

 
 
  



16 
 

2

 

 
 
 

________________________________________________________________________________ 
 

________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________ 

 
 

________________________________________________________________________________ 
 

____________________________________________________________ 
 

 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 
 
 

 
 
__________________________________________________ 

) 
__________________________________________________ 
__________________________________________________ 
__________________________________________________ 

) 
________________________ 

 
 
 

. 
 
 

 
                ________________ 

                                                                           
 

___                  ________________ 
                                                                    

 
  



17 
 

3

________________ 

 

____________________________________________________ 

 ___________________________________________________ 

____________________________________________________ 

 

____________________________________________________ 

____________________________________________________ 

 

 

 

 

,  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

_________________                                                                                        ___________________ 

                                    



18 
 

4
 

 

 
 

________________________________________________________________________________ 
 

________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________ 

 
__________________________________________ 

________________________________________________________________________________ 
(  

____________________________________________________________ 
 

 __________________________________________ 
 

: 
________________________________________________________________________________ 
________________________________________________________________________________ 
 

 
________________________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________ 
 

 
 

______ 
________________________________________________________________________________ 
________________________________________________________________________________ 

__ 
________________________________________________________________________________ 
________________________________________________________________________________ 
________________________________________________________________________________ 

 
 

___________________________________
    

 
 

 
____________________________________   ____________________________ 
                       

 
 

___________________________________________ 
 

 

  __________________________________ 
                            

___________________________________________ 
 

  __________________________________ 
                            



19 
 

5

 
 

 

6 
 

  
 

   
_______________________________________.  

 
 

________________________________________________________________________________ 

________________________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________ 

 
  

           ____  
 ____  

 
 

  
 
 
 

                ________________ 
                                                                           

 
      ________________ 

                                                                    
 

 

  



20 
 

6

 
 

5/26   
   

 
________________________________________________ 

 
 

 

 

 

 

 

  

 

 / 

 / 

 

1 2 3 4 5 7 8 

 

1       

2       

 

1       

2       

 

1       

2       

 

                                                                             

 



21 
 

7
 

 
 

 
  

 
-  

   
 

  
 

  
  

 
  

  
-  

  
 

  
 

  
 _______; 

 
  _

  
 

 
 

 

 

   
 

    
 

    
 

    
 
 

 
                                                                    



22 
 

8

 
 

 
   

 
________________________________________________ 

 
 

   

 

  

  / 

 /  

1 2 3 4 5 7 

 

1      

2      

 

1      

2      

 

1      

2      

___________________________                        ________________ 

                                                       

 

  



295 

-   11 

 15.10.2025  

 

 

    

 

chem.olymp@mail.ru -

 

 

 

 

 

 

 

   

   

2.4.   

 

10  

235  

235  

 



296 

 

 

  

-

 

 5  

 

 

 

  

  

 

 

 

  

 

1  

 

 

1)  

2)  



297 

a)

b)

3) 

 

4) 

 

5)  

6) 

 

 

 

 

 

 

 

  

  

 

  

  

 

2.7.7.  

 



298 

2.8. 

 

  

  

 

 

 

 

 

 

 

 

 

 



299 

2.8.4. 

 

 

 

 

 

 

 

 

 

 

 

2.9  

  

  

  

 

 

 



300 

 

 

  

 

-1, 9- -1, 10- -1, 11-2, 

 

  

 

 

  

 

-

 

  

 

 

 



301 

 

 

  

.  

 

 

. 

-

 

 

 

 

   

  

 

 

4.4.7  

 



302 

 

  

 

 

 

 

 

 

 

  

 

 

 

  . 

4.6.1.  

 

 

 3-

 

, 

  

 -



303 

 

   

 

 
5.  

 

 

 

 

  

 

 

 

  

 

 

 



304 

 

 

-

  

-

-

 

 

 

 

 
6.  -

  

-  

 

 

 

 

-



305 

 -  

 

  -  
1. A4) 

 
 

2.  1-  

3.  1-
 

4.  1-  

5.  1-  

6.   

7.   

8.    

9.   

10.   

11.   

12.   

13.   

14.   

 

 

 

  



306 

 

 
  

1 HCl   
2 HNO3   
3 H2SO4   
4 H3PO4 (75 %)  
5 H3BO3  
6 H2C2O4  
7 HCOOH (85 %)  
8 CH3COOH (70 %)  
9 Na2C2O4  

10 CH3COONa  
11 NaOH  
12 KOH  
13 Ca(OH)2  
14 NH3 H2O (25 %)  
15 NH4Cl  
16 (NH4)2CO3  
17 (NH4)2SO4  
18 NaCl  
19 NaBr  
20 KI  
21 Na2CO3  
22 NaHCO3  
23 Na2SO3  
24 Na2SO4  
25 KHSO4  
26 Na3PO4  
27 Na2HPO4  
28 NaH2PO4  
29 Na4P2O7  
30 Na2S2O3  
31 KNO2  
32 KNO3  
33 KBrO3  
34 K2CO3  
35 K2Cr2O7  
36 KMnO4  
37 KNaC4H4O6  
38 BaCl2  
39 BaCO3  
40 Ba(NO3)2  
41 CaCl2  
42 CaCO3  
43 ZnCl2  
44 ZnSO4  



307 

 
45 AlCl3  
46 Al2(SO4)3  
47 FeCl3  
48 FeSO4  
49 K3[Fe(CN)6]  
50 K4[Fe(CN)6]  
51 CuCl2  
52 CuSO4  
53 PbCl2  
54 Pb(NO3)2  
55 MgCl2  
56 MgSO4  
57 MnCl2  
58 MnSO4  
59 Cr2(SO4)3  
60 NiCl2  
61 CoSO4  
62 Zn   
63   
64   
65   
66   
67   
68 AgNO3  
69   
70   
71 -2-   
72   
73   
74   
75   
76   
77   
78   
79  0.1  
80 1-(2- -2-   
81   
82  5  
83  5  
84 -  5  

85 
 

 
 

86   
87   
88   
89   
90   
91  . 



308 

 
92   
93   
94   
95   
96   
97   
98   
99   
100  -  
101  -  
102   
103   
104   
105   
106   
107   
108   
109   
110   
111   
112   
113   
114   
115   
116   
117   
118   
 

 - HCl, H2C2O4, 

Na2C2O4

 
 



30
9 

 

 
 

 
 

 
1 

2 
3 

 
4 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
15

 
16

 
17

 
18

 
1 

1 H
 

1.
00

8 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
2 H
e

4.
00

26
2 

3 L
i 

6.
94

1 

4 B
e 

9.
01

22
 

 
 

 
 

 
 

 
 

 
 

 
5 B

 
10

.8
11

 

6 C
 

12
.0

11
 

7 N
 

14
.0

07
 

8 O
 

15
.9

99
 

9 F 
18

.9
98

 

10
 

N
e

20
.1

80
3 

11
 

N
a 

22
.9

90
 

12
 

M
g 

24
.3

05
 

 
 

 
 

 
 

 
 

 
 

 
13

 
A

l 
26

.9
82

 

14
 

Si
 

28
.0

86
 

15
 

P 
30

.9
74

 

16
 

S 
32

.0
66

 

17
 

C
l 

35
.4

53
 

18
 

A
r

39
.9

48
4 

19
 

K
 

39
.0

98
 

20
 

C
a 

40
.0

78
 

21
 

Sc
 

44
.9

56
 

 
22

 
T

i 
47

.8
67

 

23
 

V
 

50
.9

42
 

24
 

C
r 

51
.9

96
 

25
 

M
n 

54
.9

38
 

26
 

Fe
 

55
.8

45
 

27
 

C
o 

58
.9

33
 

28
 

N
i 

58
.6

93
 

29
 

C
u 

63
.5

46
 

30
 

Z
n 

65
.3

9 

31
 

G
a 

69
.7

23
 

32
 

G
e 

72
.6

1 

33
 

A
s 

74
.9

22
 

34
 

Se
 

78
.9

6 

35
 

B
r 

79
.9

04
 

36
 

K
r

83
.8

0
5 

37
 

R
b 

85
.4

68
 

38
 

Sr
 

87
.6

2 

39
 

Y
 

88
.9

06
 

 
40

 
Z

r 
91

.2
24

 

41
 

N
b 

92
.9

06
 

42
 

M
o 

95
.9

4 

43
 

T
c 

98
.9

06
 

44
 

R
u 

10
1.

07
 

45
 

R
h 

10
2.

91
 

46
 

Pd
 

10
6.

42
 

47
 

A
g 

10
7.

87
 

48
 

C
d 

11
2.

41
 

49
 

In
 

11
4.

82
 

50
 

Sn
 

11
8.

71
 

51
 

Sb
 

12
1.

75
 

52
 

T
e 

12
7.

60
 

53
 

I 
12

6.
91

 

54
 

X
e

13
1.

29
6 

55
 

C
s 

13
2.

91
 

56
 

B
a 

13
7.

33
 

57
 

L
a 

13
8.

91
 

* 
72

 
H

f 
17

8.
49

 

73
 

T
a 

18
0.

9 

74
 

W
 

18
3.

84
 

75
 

R
e 

18
6.

21
 

76
 

O
s 

19
0.

23
 

77
 

Ir
 

19
2.

22
 

78
 

Pt
 

19
5.

08
 

79
 

A
u 

19
6.

97
 

80
 

H
g 

20
0.

59
 

81
 

T
l 

20
4.

38
 

82
 

Pb
 

20
7.

20
 

83
 

B
i 

20
8.

98
 

84
 

Po
 

[2
09

] 

85
 

A
t 

[2
10

] 

86
 

R
n

[2
22

]
7 

87
 

Fr
 

[2
23

] 

88
 

R
a 

[2
26

] 

89
 

A
c 

[2
27

] 

**
 

10
4 

R
f 

[2
65

] 

10
5 

D
b 

[2
68

] 

10
6 

Sg
 

[2
71

] 

10
7 

B
h 

[2
70

] 

10
8 

H
s 

[2
77

] 

10
9 

M
t 

[2
76

] 

11
0 

D
s 

[2
81

] 

11
1 

R
g 

[2
80

] 

11
2 

C
n 

[2
85

] 

11
3 

N
h 

[2
84

] 

11
4 

Fl
 

[2
89

] 

11
5 

M
c 

[2
88

] 

11
6 

L
v 

[2
93

] 

11
7 

T
s 

[2
94

] 

11
8 

O
g 

[2
94

]
 

* 
58

 
C

e 
14

0.
12

 

59
 

Pr
 

14
0.

91
 

60
 

N
d 

14
4.

24
 

61
 

Pm
 

[1
45

] 

62
 

Sm
 

15
0.

36
 

63
 

E
u 

15
1.

96
 

64
 

G
d 

15
7.

25
 

65
 

T
b 

15
8.

93
 

66
 

D
y 

16
2.

50
 

67
 

H
o 

16
4.

93
 

68
 

E
r 

16
7.

26
 

69
 

T
m

 
16

8.
93

 

70
 

Y
b 

17
3.

04
 

71
 

L
u 

17
4.

97
 

* * 
90

 
T

h 
23

2.
04

 

91
 

Pa
 

23
1.

04
 

92
 

U
 

23
8.

02
9 

93
 

N
p 

[2
37

] 

94
 

Pu
 

[2
42

] 

95
 

A
m

 
[2

43
] 

96
 

C
m

 
[2

47
] 

97
 

B
k 

[2
47

] 

98
 

C
f 

[2
51

] 

99
 

E
s 

[2
52

] 

10
0 

Fm
 

[2
57

] 

10
1 

M
d 

[2
58

] 

10
2 

N
o 

[2
59

] 

10
3 

L
r 

[2
62

] 



 

31
0 

 
L

i, 
 R

b
,  

K
,  

C
s,

  B
a,

  S
r,

  C
a,

  N
a,

  M
g,

  B
e,

  A
l, 

 M
n

,  
Z

n,
  C

r,
  F

e,
  C

d,
  C

o,
  N

i, 
 P

b,
   

 (
H

),
   

 B
i, 

 C
u

,  
H

g,
  A

g,
  P

d
,  

P
t,

  A
u 

 

 
 

 
 

O
H

 
N

O
3

 
F

 
C

l
 

B
r

 
I

 
S

2
 

SO
32

 
SO

42
 

C
O

32
 

 
H

P
O

42-
 

P
O

43
 

C
H

3C
O

O
 

C
2O

42
 

H
+
 

 
 

 
 

 
 

 
 

 
 

P
 

 
 

 
N

H
4+

 
 

 
 

 
 

 
 

 
 

 
P

 
 

 
 

L
i+

 
 

 
M

 
 

 
 

 
 

 
M

 
P

 
M

 
P

 
P

 
N

a+
, K

+
 

 
 

 
 

 
 

 
 

 
 

P
 

 
 

 
A

g+
 

 
 

 
H

 
H

 
H

 
H

 
H

 
M

 
H

 
 

H
 

 
H

 
M

g2+
 

H
 

 
H

 
 

 
 

 
M

 
 

M
 

M
 

H
 

 
M

 
C

a2+
 

M
 

 
H

 
 

 
 

 
H

 
M

 
H

 
H

 
H

 
 

H
 

B
a2+

 
 

 
M

 
 

 
 

 
H

 
H

 
H

 
H

 
H

 
 

H
 

M
n2+

 
H

 
 

 
 

 
 

H
 

 
 

H
 

H
 

 
 

M
 

F
e2+

 
 

 
 

 
 

 
H

 
 

 
H

 
 

 
 

M
 

C
o2+

 
H

 
 

 
 

 
 

H
 

 
 

H
 

 
 

 
H

 
C

u2+
 

H
 

 
 

 
 

 
H

 
 

 
 

 
 

 
H

 
Z

n
2+

 
H

 
 

H
 

 
 

 
H

 
 

 
 

 
 

 
H

 
P

b
2+

 
H

 
 

M
 

M
 

M
 

M
 

H
 

 
H

 
H

 
H

 
H

 
 

H
 

H
g2+

 
 

 
 

 
 

 
H

 
 

 
 

 
 

 
 

F
e3+

 
H

 
 

 
 

 
 

 
 

 
 

 
H

 
 

 
A

l3+
 

H
 

 
 

 
 

 
 

 
 

 
 

H
 

 
 

C
r3+

 
H

 
 

 
 

 
 

 
 

 
 

 
H

 
 

 
 

 
 

 
 

3  
 -

 

 

 
 



311 
 

    

    

1.     

    

    

    

    

 

 

 
   

 

1      

2      

      

 

 

 

 

   

    

    

    

    

    

    

 

 

  


