
ʅʆɺʆʉʀɹʀʈʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ  

ɸɻʈɸʈʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 
 

 
ʀʅʉʊʀʊʋʊ ɿɸʆʏʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʇʆɺʓʐɽʅʀʗ 

ʂɺɸʃʀʌʀʂɸʎʀʀ 

 

 

 

 

 

 

ʍʀʄʀʗ 

 
ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ ʠ  

ʚʳʧʦʣʥʝʥʠ ʁʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ 
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ʋɼʂ 543 (076.1) 

ɹɹʂ 24.4, ʷ 7 

 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ 

 

 

ʉʦʩʪʘʚʠʪʝʣʠ:  

ʖ.ʀ. ʂʦʚʘʣʴ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ. 

ʅ.ɸ. ʂʫʩʘʢʠʥʘ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʜʦʮ.  

 

 

ʈʝʮʝʥʟʝʥʪ: ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʬ. ʊ.ʀ. ɹʦʢʦʚʘ 

 

ʍʠʤʠʷ: ʤʝʪʦʜ. ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ ʠ 

ʚʳʧʦʣʥʝʥʠ ʁʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ / ʅʦʚʦʩʠʙ. ʛʦʩ. ʘʛʨʘʨ. ʫʥ-ʪ; 

ɸʛʨʦʥʦʤ. ʬʘʢ.; ʩʦʩʪ.: ʖ.ʀ. ʂʦʚʘʣʴ, ʅ.ɸ. ʂʫʩʘʢʠʥʘ. ï ʅʦʚʦʩʠ-

ʙʠʨʩʢ: ʀʎ çɿʦʣʦʪʦʡ ʢʦʣʦʩè, 2016. ï 164ʩ. 

 
ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʩʦʜʝʨʞʘʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʟʘʜʘʥʠʷ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ ʜʠʩʮʠʧʣʠʥ r

çʍʠʤʠʷè.  

ʇʨʝʜʥʘʟʥʘʯʝʥ rʜʣʷ ʩʪʫʜʝʥʪʦʚ ɹʠʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴ-

ʪʝʪʘ ʟʘʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦ-

ʪʦʚʢʠ:  

36.03.02 ɿʦʦʪʝʭʥʠʷ,  

35.03.07 ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

ʋʪʚʝʨʞʜʝʥʳ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʢ ʠʟʜʘʥʠʶ ʤʝʪʦʜʠʯʝ-

ʩʢʦʡ ʢʦʤʠʩʩʠʝʡ ʀʥʩʪʠʪʫʪʘ ʟʘʦʯʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝ-

ʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ (ʧʨʦʪʦʢʦʣ ˉ 2 ʦʪ 24 ʬʝʚʨʘʣʷ 2016 ʛ.)  

 

 

 
É ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2016 
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ɺɺɽɼɽʅʀɽ 

 

ʅʘʩʪʦʷʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʩʦʩʪʘʚʣʝʥ rʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʨʘʙʦʯʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʭʠ-

ʤʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʟʘʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠ-

ʷʤ ʧʦʜʛʦʪʦʚʢʠ: 
36.03.02 ɿʦʦʪʝʭʥʠʷ,  

35.03.07 ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 

ʋʢʘʟʘʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ rʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʩʪʫʜʝʥʪʦʚ ʟʘʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢʫʨʩʦʚ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ 

ʜʠʩʮʠʧʣʠʥ r çʍʠʤʠʷè. ɺ ʥʠʭ ʚʢʣʶʯʝʥ r ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ 

ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ ʠʟʫʯʘʝʤʦʡ ʜʠʩʮʠʧʣʠ-

ʥr, ʘ ʪʘʢ ʞʝ ʟʘʜʘʯʠ ʠ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʨʘʙʦʪ ʚ 1 ʩʝʤʝʩʪʨʝ (ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ˉ1) ʠ ʚʦ 2 ʩʝ-

ʤʝʩʪʨʝ (ʢʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ˉ2).  

ɺ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʚʝʜʝʥ rʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʜʘʥʠʡ.  

ʇʨʝʜʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

 

ʂ ʥʘʧʠʩʘʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʧʨʠʩʪʫʧʘʪʴ 

ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʜʝʣʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʢʫʨʩʘ. ɺʳʧʦʣʥʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʙʷʟʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʫʩʢʘ ʢ ʵʢʟʘʤʝʥʫ (ʟʘ-

ʯʝʪʫ).  
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ʅʆʄɽʈɸ ɿɸɼɸʅʀʁ  

ɼʃʗ ʂʆʅʊʈʆʃʔʅʓʍ ʈɸɹʆʊ 

 
ʇʨʝʜ-

ʧʦʩ 

ʣʝʜʥʷʷ 

ʮʠʬʨʘ 

ʰʠʬʨʘ 

ʇʦʩʣʝʜʥʷʷ ʮʠʬʨʘ ʰʠʬʨʘ 

0 1 2 3 4 5 6 7 8 9 

0 

6,18,26, 

40,41, 

55,65, 

75,81 

3,15,29 

37,48, 

58,67, 

78,82 

10,11,22 

31,45, 

51,70, 

71,83 

1,13,21 

35,46 

59,69, 

80,84 

5,17,27 

39,50, 

56,65, 

76,85 

7,19,25 

34,42 

54,63, 

74,86 

9,12,23 

32,44, 

52,61, 

72,87 

4,16,28 

38,49, 

57,66, 

77,88 

 

2,14,30 

36,47, 

60,68, 

79,89 

8,20,24 

33,43, 

53,62, 

73,90 

1 

7,17,24 

35,47, 

53,65, 

74,91 

4,14,27 

38,44, 

60,68, 

77,92 

1,11,30 

33,41, 

55,61, 

80,93 

2,12,29 

40,42, 

58,70, 

79,94 

 

6,16,25 

36,46, 

52,66, 

75,95 

8,18,23 

34,48, 

52,64, 

73,96 

10,20,21 

31,50, 

51,62, 

71,97 

5,15,26 

37,45, 

51,67, 

76,98 

3,13,28 

39,43, 

59,69, 

78,99 

9,19,22 

32,49 

54,63, 

72,100 

2 

8,16,25 

34,50, 

52,64, 

73,101 

5,13,28 

37,47, 

59,70, 

76,102 

2,20,21 

32,44, 

56,62, 

79,103 

3,11,30 

39,45, 

57,68, 

78,104 

7,15,26 

35,49, 

51,67, 

74,105 

9,17,24 

33,44, 

53,65, 

72,106 

1,19,22 

33,43, 

54,63, 

80,107 

6,14,27 

36,48, 

60,66, 

75,108 

4,12,29 

38,46, 

58,69, 

77,109 

10,18, 

23,31, 

42,55, 

61,71, 

110 

3 

9,20,28 

33,46, 

51,70,72

, 

111 

6,17,23 

36,42, 

58,65, 

75,112 

3,12,27 

32,50, 

54,64, 

78,113 

4,15,22 

38,44, 

56,67, 

77,114 

 

8,18,29 

34,45, 

60,69, 

73,115 

10,14, 

24,31, 

47,55, 

61,71, 

116 

2,11,26 

40,49, 

53,63, 

79,117 

7,18,30 

35,41, 

59,68, 

74,118 

5,16,21 

37,43, 

57,66, 

76,119 

1,13,25 

39,48, 

52,62, 

80,120 

4 

10,17, 

25,31, 

35,60, 

61,71, 

121 

7,14,21 

35,41, 

57,64, 

74,122 

4,20,29 

40,49, 

53,70, 

71,123 

5,18,23 

37,43, 

55,66 

76,124 

9,16,30 

33,47, 

56,62, 

72,125 

1,12,26 

32,46, 

54,67, 

80,126 

3,11,28 

39,48, 

52,69, 

78,127 

8,15,24 

34,44, 

58,63, 

73,128 

6,13,22 

36,42, 

56,65, 

75,129 

2,19,27 

38,50, 

51,68, 

79,130 

5 

1,14,21 

32,48, 

59,69, 

80,131 

8,17,30 

34,43, 

56,63, 

73,132 

5,11,25 

39,48, 

58,67, 

76,133 

6,20,28 

36,42, 

54,65, 

75,134 

10,15, 

26,31, 

44,58, 

61,75, 

135 

2,13,22 

40,45, 

60,68, 

79,136 

4,12,24 

38,49, 

53,66, 

77,137 

9,18,29 

33,46, 

57,62, 

72,138 

7,16,27 

35,41, 

55,64, 

74,139 

3,19,23 

37,47, 

53,70, 

78,140 

6 

2,14,27 

39,49, 

58,69, 

79,141 

9,13,22 

33,50, 

55,62, 

72,142 

6,20,28 

38,47, 

57,66, 

75,143 

7,11,24 

35,41, 

53,64, 

74,144 

1,15,21 

32,48, 

57,70, 

80,145 

3,17,25 

36,44, 

59,69, 

78,146 

5,19,29 

37,46, 

58,65, 

76,147 

10,16, 

27,31, 

43,56, 

61,71, 

148 

8,12,23 

34,42, 

54,63, 

73,149 

4,18,26 

40,45, 

60,67, 

77,150 

7 

3,13,23 

36,42, 

57,62, 

78,151 

10,19, 

28,39, 

49,54, 

61,71, 

152 

7,11,26 

31,46, 

58,65, 

74,153 

8,14,30 

34,47, 

52,63, 

73,154 

2,12,22 

37,43, 

56,61, 

79,155 

4,16,27 

35,41, 

58,63, 

77,156 

6,18,25 

32,44, 

60,66 

75,157 

1,20,21 

38,50, 

55,70, 

80,158 

9,15,29 

40,48, 

53,62, 

72,159 

5,17,24 

33,45, 

59,64, 

76,160 

8 

4,15,26 

37,45, 

56,67, 

77,161 

1,18,24 

39,50, 

53,66, 

80,162 

8,19,30 

36,41, 

60,68, 

73,163 

9,12,25 

33,48, 

51,62, 

72,164 

3,14,23 

38,46, 

55,63, 

78,165 

5,20,21 

39,44, 

57,70, 

76,166 

7,13,27 

35,42, 

59,64, 

74,167 

2,17,22 

32,47, 

54,64, 

79,168 

10,11, 

29,31, 

49,52, 

61,71, 

169 

6,16,28 

34,43, 

58,65, 

75,170 

 

9 

5,18,22 

38,45, 

55,66, 

76,171 

2,16,25 

40,48, 

58,69, 

79,172 

9,15,23 

33,44, 

51,62, 

72,173 

10,13, 

30,32, 

49,60, 

61,71, 

174 

4,11,28 

40,47, 

56,67, 

77,175 

6,19,29 

37,41, 

54,65, 

75,176 

8,14,30 

36,43, 

52,63, 

73,177 

3,20,28 

39,46, 

57,68, 

78,178 

1,17,24 

31,50, 

59,70, 

80,179 

7,12,21 

35,42, 

53,64, 

74,180 

 

 

 

.  
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ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ɺʓʇʆʃʅɽʅʀʖ  

ʀ ʆʌʆʈʄʃɽʅʀʖ ʈɸɹʆʊ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ: 

 

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʚʪʦʨʠʪʴ (ʠʟʫʯʠʪʴ) ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝ-

ʨʠʘʣ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʝ, ʠʩʧʦʣʴʟʫʷ ʢʦʥʩʧʝʢʪʳ ʣʝʢʮʠʡ, 

ʫʯʝʙʥʠʢʠ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ. 

2. ʂʦʥʪʨʦʣʴʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪ ʚ ʦʪʜʝʣʴʥʳʭ ʪʝʪʨʘʜʷʭ, 

ʯʝʪʢʦ ʫʢʘʟʳʚʘʶʪ ʬʘʤʠʣʠʶ, ʠʤʷ ʠ ʦʪʯʝʩʪʚʦ ʩʪʫʜʝʥʪʘ, ʥʘʟʚʘ-

ʥʠʝ ʬʘʢʫʣʴʪʝʪʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ, ʢʫʨʩ, ʥʦʤʝʨ ʛʨʫʧʧʳ 

ʠ ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

3. ʇʨʠ ʦʬʦʨʤʣʝʥʠʠ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʦʨʷʜʦʢ 

ʙʣʦʢʦʚ ʠ ʟʘʜʘʥʠʡ, ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʧʠʩʳʚʘʪʴ ʟʘʜʘʥʠʷ ʠ ʜʘʚʘʪʴ 

ʯʝʪʢʠʝ ʨʘʟʚʝʨʥʫʪʳʝ ʦʪʚʝʪʳ. ʋʢʘʟʳʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʩʭʝʤʳ ʭʠ-

ʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʠ ʥʘʟʚʘʥʠʷʤʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʝʱʝʩʪʚ. 

 

 

 

ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ 

 

çɿʘʯʪʝʥʦè ï ʚʳʧʦʣʥʝʥʦ 60ï100% ʟʘʜʘʥʠʡ (6ï9 ʟʘʜʘʥʠʡ)*; 

çʅʝ ʟʘʯʪʝʥʦè < 60 % (< 6 ʟʘʜʘʥʠʡ)*. 

 
 

 

 

 

 

 

 

 

 

* ʂʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʧʨʠʚʝʜʝʥʦ ʩ 

ʫʯʝʪʦʤ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʠ ʛʨʘʤʦʪʥʦʛʦ ʦʪʚʝʪʘ. 



 6 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ çʍʠʤʠʷè 

 

ʆʙʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʜʠʩʮʠʧʣʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 4 ʟʘʯʝʪʥʳʭ 

ʝʜʠʥʠʮʳ, 144 ʯʘʩʘ. 

 

ʊʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʳ  

 

ɿʘʦʯʥʘʷ / ʟʘʦʯʥʘʷ ʫʩʢʦʨʝʥʥʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʨʘʟʜʝʣʦʚ ʠ ʪʝʤ 

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ 

ʃʝʢʮʠʠ 

(ʃ) 

ɺʠʜ ʟʘʥʷʪʠʷ 

(ʃʈ, ʇɿ) 

ʉʘʤʦʩʪʦʷʪʝʣʴ-

ʥʘʷ ʨʘʙʦʪʘ (ʉʈ) 

ɺʩʝʛʦ ʧʦ 

ʪʝʤʝ 

1 2 3 4 5 6 

ʉʝʤʝʩʪʨ ˉ 1, 2 

 ʇʨʝʜʤʝʪ ʠ ʟʘʜʘʯʠ 

ʭʠʤʠʠ. ʆʩʥʦʚʥʳʝ 

ʧʦʥʷʪʠʷ ʠ ʟʘʢʦʥʳ 

ʭʠʤʠʠ. ʆʩʥʦʚʥʳʝ 

ʢʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

- - 5 5 

ʈʘʟʜʝʣ 1. ʍʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

1.1 ʇʝʨʠʦʜʠʯʝʩʢʠʡ 

ʟʘʢʦʥ ʠ ʧʝʨʠʦʜʠʯʝ-

ʩʢʘʷ ʩʠʩʪʝʤʘ ʵʣʝ-

ʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝ-

ʣʝʝʚʘ. 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝ-

ʥʠʝ ʘʪʦʤʘ 

0,5 1 / 0,5 4,5 / 5 6 

1.2 ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ. 

ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ 

0,5 1/ 0,5 4,5 / 5 6 

ʈʘʟʜʝʣ 2. ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘ 

2.1 ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʘ. ʉʢʦʨʦʩʪʴ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ. ʍʠʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʠ ʫʩʣʦ-

ʚʠʷ ʝʛʦ ʩʤʝʱʝʥʠʷ 

1 /0,5 1/ 0,5 4 / 5 7 
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ʈʘʟʜʝʣ 3. ʆʩʥʦʚʳ ʦʙʱʝʡ ʭʠʤʠʠ 

3.1 ʈʘʩʪʚʦʨʳ. ʂʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. 

ʉʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ. 

ʂʦʣʣʠʛʘʪʠʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ 

1 / 0,5 1 / 0,5 6 / 7 8 

3.2 ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʣʠ-

ʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘ-

ʮʠʠ ʢʠʩʣʦʪ, ʦʩʥʦʚʘ-

ʥʠʡ ʠ ʩʦʣʝʡ. ʈʝʘʢ-

ʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

ɻʠʜʨʦʣʠʟ ʩʦʣʝʡ 

1 / 0,5 1 / 0,5 8 / 9 10 

3.3 ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ 

0,5 1 / 0,5 6,5 / 7 8 

ʈʘʟʜʝʣ 4. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

4.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʠ. ʍʠ-

ʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʪʦʢʘ 

0,5 1 / 0,5 2,5 / 3 4 

4.2 ʕʣʝʢʪʨʦʣʠʟ. ʂʦʨʨʦ-

ʟʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʦ-

ʩʦʙʳ ʟʘʱʠʪʳ ʦʪ ʥʝʝ 

0,5 / - 1 / 0,5 3,5 / 4,5 5 

ʈʘʟʜʝʣ 5. ʍʠʤʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. ʆʩʥʦʚʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

5.1 ʄʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ 

0,5 - 5,5 4 

5.2 ʄʝʪʦʜʳ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

0,5 1 / 0,5 6,5 / 7 8 

5.3 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

0,5 1 / 0,5 5,5 / 6 7 

ʈʘʟʜʝʣ 6. ʆʩʥʦʚʳ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ 

6.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. 

ɼʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝ-

ʤʳ. ʊʝʦʨʠʷ ʤʠʮʝʣ-

ʣʦʦʙʨʘʟʦʚʘʥʠʷ 

0,5 1 / 0,5 6,5 / 7 8 

ʈʘʟʜʝʣ 7. ʆʩʥʦʚʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

7.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

0,5 1 / 0,5 3,5 /4 5 

7.2 ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ 

ɺʄʉ 

- 1 / 0,5 4 / 4,5 5 

ɺʳʧʦʣʥʝʥʠʝ  

ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

- - 18 18 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʟʘʯʝʪʫ - - 4 4 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʵʢʟʘʤʝʥʫ - - 9 9 

ʀʪʦʛʦ 8 / 6 12 / 6 124 / 134 144 
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ʉʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʠ ʪʝʤ 

ɺʚʝʜʝʥʠʝ. ʇʨʝʜʤʝʪ ʠ ʟʘʜʘʯʠ ʭʠʤʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʥʷ-

ʪʠʷ ʠ ʟʘʢʦʥʳ ʭʠʤʠʠ. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. 

ʈʘʟʜʝʣ 1. ʍʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ  

ʊʝʤʘ 1.1 ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥ ʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝ-

ʤʘ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʟʘʢʦʥ ʠ ʧʝʨʠ-

ʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. ʀʟʤʝʥʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ. ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ. ʉʦ-

ʚʨʝʤʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʘʪʦʤʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʧʦʥʷʪʠʷ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. ɿʘʧʨʝʪ ʇʘʫʣʠ. ʇʨʘʚʠʣʦ ʍʫʥʜʘ. ʇʨʘʚʠʣʦ 

ʂʣʝʯʢʦʚʩʢʦʛʦ. ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ. 

ʊʝʤʘ 1.2 ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ. ʇʨʠʨʦʜʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷ-

ʟʠ. ʄʝʪʦʜ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʠ ʝʝ ʚʠʜʳ. ʀʦʥʥʘʷ ʩʚʷʟʴ. ɺʦʜʦʨʦʜʥʘʷ 

ʩʚ̫ʟʴ. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ. ɺʘʣʝʥʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʪʦʤʦʚ. 

ɻʠʙʨʠʜʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʊʠʧʠʠ ʛʠʙʨʠʜʠʟʘʮʠʠ. 

ʈʘʟʜʝʣ 2. ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘ  

ʊʝʤʘ 2.1 ʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. ʇʦʥʷʪʠʷ ʭʠʤʠ-

ʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʕʥʪʘʣʴʧʠʷ. ɿʘʢʦʥ ɻʝʩʩʘ. ʇʦʥʷʪʠʝ ʵʥ-

ʪʨʦʧʠʠ. ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʨʝ-

ʘʢʮʠʠ. ʉʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɿʘʢʦʥ ʜʝʡʩʪʚʠʷ ʤʘʩʩ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʨʘʚʠʣʦ ɺʘʥʪ-ɻʦʬʬʘ. 

ʂʘʪʘʣʠʟ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʍʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ ʫʩʣʦʚʠʷ ʝʛʦ 

ʩʤʝʱʝʥʠʷ. ʍʠʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʩʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠʥʮʠʧ ʃʝ -ʐʘʪʝʣʴʝ. 

ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ʈʘʟʜʝʣ 3. ʆʩʥʦʚʳ ʦʙʱʝʡ ʭʠʤʠʠ  

ʊʝʤʘ 3.1 ʈʘʩʪʚʦʨʳ. ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. ʉʧʦʩʦ-

ʙʳ ʚʳʨʘʞʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩʪʚʦʨʦʚ 

ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʩʦʜʝʨʞʘʥʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ. ʈʘʩʪʚʦʨʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʠ ʨʘʟʙʘʚʣʝʥʥʳʝ. ʈʘʩ-
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ʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚ. ʉʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩ-

ʪʚʦʨʦʚ. ʂʦʣʣʠʛʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ. ʆʩʤʦʩ, ʦʩʤʦʪʠ-

ʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ. ɿʘʢʦʥ ɺʘʥʪ-ɻʦʬʬʘ. ɿʘʢʦʥʳ ʈʘʫʣʷ. ʂʨʠʦʩʢʦ-

ʧʠʷ, ʵʙʫʣʣʠʦʩʢʦʧʠʷ. 

ʊʝʤʘ 3.2 ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩ-

ʣʦʪ, ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʣʝʡ ʉʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʂʠʩʣʦʪʳ, ʦʩʥʦʚʘʥʠʷ, ʩʦʣʠ. ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦ-

ʮʠʘʮʠʠ. ʉʪʝʧʝʥʴ ʠ ʢʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ. ʉʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ 

ʵʣʝʢʪʨʦʣʠʪʳ. ʈʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ɻʠʜʨʦʣʠʟ ʩʦʣʝʡ ʀʦʥ-

ʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʦʜʳ. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ɻʠʜʨʦʣʠʟ 

ʩʦʣʝʡ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʛʠʜʨʦʣʠʟʘ. ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ. ʈʝ-

ʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ. 

ʊʝʤʘ 3.3 ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʳʡ ʙʘʣʘʥʩ. 

ɺʠʜʳ ʆɺʈ. ʆʢʠʩʣʠʪʝʣʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ. 

ʈʘʟʜʝʣ 4. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʊʝʤʘ 4.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʵʣʝʢʪʨʦʭʠʤʠʠ. ɺʠʜʳ 

ʵʣʝʢʪʨʦʜʦʚ. ʍʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ  

ʊʝʤʘ 4.2 ʕʣʝʢʪʨʦʣʠʟ. ʂʦʨʨʦʟʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʦʩʦʙʳ 

ʟʘʱʠʪʳ ʦʪ ʥʝʝ  

ʈʘʟʜʝʣ 5. ʍʠʤʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. ʆʩʥʦʚʳ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʊʝʤʘ 5.1 ʄʝʪʦʜʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʘʯʝʩʪʚʝʥ-

ʥʳʝ ʨʝʘʢʮʠʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ɼʨʦʙʥʳʡ ʠ ʩʠʩʪʝʤʘʪʠ-

ʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʊʝʤʘ 5.2 ʄʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʣʘʩʩʠ-

ʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ.  

ʊʝʤʘ 5.3 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʍʨʦʤʘ-

ʪʦʛʨʘʬʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʈʘʟʜʝʣ 6. ʆʩʥʦʚʳ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ  

ʊʝʤʘ 6.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. ɼʠʩ-

ʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ. ʊʝʦʨʠʷ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʠʩʧʝʨʩʠʦʥ-
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ʥʘʷ ʩʨʝʜʘ ʠ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ. ʊʝʦʨʠʷ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɸʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. 

ʈʘʟʜʝʣ 7. ʆʩʥʦʚʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʊʝʤʘ 7.1 ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʆʩ-

ʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʪʨʦʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʩ-

ʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  

ʊʝʤʘ 7.2 ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ ɺʄʉ. ʈʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʠ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

ʉʧʠʩʦʢ ʦʩʥʦʚʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ɻʣʠʥʢʘ, ʀ.ʃ. ʆʙʱʘʷ ʭʠʤʠʷ / ʀ.ʃ. ɻʣʠʥʢʘ. ï ʄ.: 

ʖʨʘʡʪ, 2012. ï 898ʩ. (ʙʘʟʦʚʳʡ ʫʯʝʙʥʠʢ). 

 

ʉʧʠʩʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ʍʠʤʠʷ: ʤʝʪʦʜ. ʫʢʘʟʘʥʠʷ / ʅʦʚʦʩʠʙ. ʛʦʩ. ʘʛʨʘʨ. ʫʥ-ʪ; 

ʩʦʩʪ.: ɽ.ɻ. ʄʝʜʷʢʦʚ, ʖ.ʀ. ʂʦʚʘʣʴ, ʅ.ʇ. ʇʦʣʷʢʦʚʘ. ï 2-ʝ ʠʟʜʘ-

ʥʠʝ, ʠʩʧʨʘʚ-ʣʝʥʥʦʝ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅɻɸʋ, 2015. ï 96 

ʩ. (ʕʋʈ http://nsau.edu.ru/file/3989/). 

2. ʍʠʤʠʷ: ʟʘʜʘʯʠ ʠ ʫʧʨʘʞʥʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʨʘʙʦʪ / ʅʦʚʦʩʠʙ. ʛʦʩ. ʘʛʨʘʨ. ʫʥ-ʪ; ʩʦʩʪ.: ʄʝʜʷʢʦʚ 

ɽ.ɻ., ʖ.ʀ. ʂʦʚʘʣʴ. ï 2-ʝ ʠʟʜʘʥʠʝ, ʠʩʧʨʘʚʣʝʥʥʦʝ. ï ʅʦʚʦʩʠ-

ʙʠʨʩʢ, 2015. ï 47 ʩ. (ʕʋʈ http://nsau.edu.ru/file/9992/). 

3. ʎʠʪʦʚʠʯ, ʀ.ʂ. ʂʫʨʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ / ʀ.ʂ. 

ʎʠʪʦʚʠʯ. ï ʄ.: ʃʘʥʴ, 2009. ï 495 ʩ. 
  

http://nsau.edu.ru/file/3989/
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ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ ʇʆ ʀɿʋʏɽʅʀʖ 

ɼʀʉʎʀʇʃʀʅʓ ʀ ɺʓʇʆʃʅɽʅʀʖ  

ʂʆʅʊʈʆʃʔʅʆʁ ʈɸɹʆʊʓ ˉ 1 (1 ʉɽʄɽʉʊʈ) 

 

ʈʘʟʜʝʣ 1.  

ʂʃɸʉʉʓ ʅɽʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 

 

ɺʩʝ ʚʝʱʝʩʪʚʘ ʜʝʣʷʪʩʷ ʥʘ ʧʨʦʩʪʳʝ (ʵʣʝʤʝʥʪʘʨʥʳʝ) ʠ 

ʩʣʦʞʥʳʝ. ʇʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ 

ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ ʚʭʦʜʠʪ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʩʪʳʝ 

ʚʝʱʝʩʪʚʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʝʪʘʣʣʳ ʠ ʥʝʤʝ-

ʪʘʣʣʳ. 

ʄʝʪʘʣʣʳ ʦʪʣʠʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ çʤʝʪʘʣʣʠʯʝʩʢʠʤè 

ʙʣʝʩʢʦʤ, ʢʦʚʢʦʩʪʴʶ, ʪʷʛʫʯʝʩʪʴʶ, ʤʦʛʫʪ ʧʨʦʢʘʪʳʚʘʪʴʩʷ ʚ ʣʠ-

ʩʪʳ ʠʣʠ ʚʳʪʷʛʠʚʘʪʴʩʷ ʚ ʧʨʦʚʦʣʦʢʫ, ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʇʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʩʝ ʤʝʪʘʣʣʳ (ʢʨʦʤʝ ʨʪʫʪʠ) ʥʘʭʦʜʷʪʩʷ ʚ ʪʚʝʨ-

ʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʅʝʤʝʪʘʣʣʳ ʥʝ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʝʪʘʣʣʦʚ 

ʙʣʝʩʢʦʤ, ʭʨʫʧʢʠ, ʦʯʝʥʴ ʧʣʦʭʦ ʧʨʦʚʦʜʷʪ ʪʝʧʣʦʪʫ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʪʚʦ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʛʘʟʦʦʙʨʘʟʥʳ. 

ʉʣʦʞʥʳʝ ʚʝʱʝʩʪʚʘ ʜʝʣʷʪ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʥʝʦʨʛʘʥʠʯʝ-

ʩʢʠʝ ʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʝ. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʣʘʩʩʳ ʣʠʙʦ 

ʧʦ ʩʦʩʪʘʚʫ (ʜʚʫʭʵʣʝʤʝʥʪʥʳʝ, ʠʣʠ ʙʠʥʘʨʥʳʝ ʠ ʤʥʦʛʦʵʣʝʤʝʥʪ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ; ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ, ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʠ 

ʪ.ʧ.), ʣʠʙʦ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʪ.ʝ. ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʧʨʠʟʥʘʢʘʤ (ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ʀʟ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʦʢʩʠʜʳ. 

ʉʨʝʜʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʘʞʥʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚ-

ʣʷʶʪ ʛʠʜʨʦʢʩʠʜʳ ï ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ -

ʆʅ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ʦʩʥʦʚʥʳʝ ʛʠʜʨʦʢʩʠʜʳ) ʧʨʦʷʚʣʷʶʪ 

ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʡ ï NaOH, Ba(OH)2 ʠ ʪ.ʧ.; ʜʨʫʛʠʝ (ʢʠʩʣʦʪ-
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ʥʳʝ ʛʠʜʨʦʢʩʠʜʳ) ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʢʠʩʣʦʪ ï HNO3, H3PO4 

ʠ ʜʨʫʛʠʝ; ʘʤʬʦʪʝʨʥʳʝ ʛʠʜʨʦʢʩʠʜʳ ʩʧʦʩʦʙʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʷʪʴ ʢʘʢ ʦʩʥʦʚʥʳʝ, ʪʘʢ ʠ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ï Zn(OH)2, Al (OH)3 ʠ ʪ.ʧ. 

ʂ ʚʘʞʥʝʡʰʠʤ ʢʣʘʩʩʘʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʥʦʛʦʵʣʝʤʝʥʪ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʜʝʣʷʝʤʳʤ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʠʟʥʘ-

ʢʘʤ, ʦʪʥʦʩʷʪʩʷ ʢʠʩʣʦʪʳ, ʦʩʥʦʚʘʥʠʷ ʠ ʩʦʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʘʞʜʳʡ ʢʣʘʩʩ ʦʙʲʝʜʠʥʷʝʪ ʚʝʱʝʩʪʚʘ, ʩʭʦʜʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʧʦ 

ʩʚʦʡʩʪʚʘʤ (ʧʨʠʣʦʞ. 2, 3). 

 

ʆʢʩʠʜʳ 

ʆʢʩʠʜʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʩʣʦʞʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʢʠʩʣʦʨʦʜ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝ-

ʥʠʷ -2. 

ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʦʢʩʠʜʦʚ: ʕmʆn, ʛʜʝ: ʕ-ʵʣʝʤʝʥʪ, m ʠ  

n-ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʢʠʩʣʦʨʦʜʘ. ɺ ʦʢʩʠ-

ʜʘʭ ʢʠʩʣʦʨʦʜ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʪʦʣʴʢʦ ʢ ʘʪʦʤʘʤ ʜʨʫʛʠʭ ʵʣʝ-

ʤʝʥʪʦʚ  

(Na-O-Na, Mg=O, O=C=O, ʆ=ɸl-ʆ-ɸl=ʆ ʠ ʜʨ.) 

ɿʘ ʥʝʙʦʣʴʰʠʤ ʠʩʢʣʶʯʝʥʠʝʤ (He, Ne ʠ Ar), ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʙʨʘʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʢʠʩʣʦʨʦʜʦʤ, ʪ.ʝ. ʦʙʨʘʟʫʶʪ ʦʢʩʠʜʳ, ʢʦʪʦʨʳʝ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʚʘʶʪ ʚ ʪʚʝʨʜʦʤ, ʨʝʞʝ ï ʞʠʜʢʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʷʭ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʦʢʩʠʜʦʚ 

ʇʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʩʝ ʦʢʩʠʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʩʦʣʝʦʙʨʘʟʫʶʱʠʝ ʠ ʥʝʩʦʣʝʦʙʨʘʟʫʶʱʠʝ. 

ʅʝʩʦʣʝʦʙʨʘʟʫʶʱʠʝ ʦʢʩʠʜʳ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʠʭ ʥʘʟʚʘʥʠʷ, 

ʥʝ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʦʩʥʦʚʘʥʠʷ-

ʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʦʣʝʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ N2O, NO, SiO, 

CO ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʦʢʩʠʜʳ. 

ʉʦʣʝʦʙʨʘʟʫʶʱʠʝ ʦʢʩʠʜʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷ-

ʶʪʩʷ ʥʘ ʦʩʥʦʚʥʳʝ, ʢʠʩʣʦʪʥʳʝ ʠ ʘʤʬʦʪʝʨʥʳʝ. 
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ʆʩʥʦʚʥʳʤʠ ʥʘʟʳʚʘʶʪ ʦʢʩʠʜʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʢʠʩʣʦʪʘʤʠ (ʠʣʠ ʩ ʢʠʩʣʦʪʥʳʤʠ ʦʢʩʠʜʘʤʠ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦ-

ʣʝʡ. ʆʩʥʦʚʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʢʩʠʜʳ ʪʦʣʴʢʦ ʪʠʧʠʯʥʳʭ ʤʝʪʘʣ-

ʣʦʚ: Na2O, K2O, CaO, SrO ʠ ʜʨ. ʇʨʠʩʦʝʜʠʥʷʷ (ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʠʣʠ ʢʦʩʚʝʥʥʦ) ʚʦʜʫ, ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʳ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʘ-

ʥʠʷ. 

ʂʠʩʣʦʪʥʳʤʠ ʥʘʟʳʚʘʶʪ ʦʢʩʠʜʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʦʩʥʦʚʘʥʠʷʤʠ (ʠʣʠ ʩ ʦʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʣʝʡ. ʇʨʠʩʦʝʜʠʥʷʷ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʢʦʩʚʝʥʥʦ) ʚʦʜʫ, 

ʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʦʙʨʘʟʫʶʪ ʢʠʩʣʦʪʳ. ʂʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʦʙ-

ʨʘʟʫʶʪ ʥʝʤʝʪʘʣʣʳ: SO2, SO3, P2O5, N2O5, CO2, ʘ ʪʘʢʞʝ ʥʝʢʦ-

ʪʦʨʳʝ ʤʝʪʘʣʣʳ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

(+5 ʠ ʚʳʰʝ), ʥʘʧʨʠʤʝʨ, CrO3, Mn2O7. ʆʢʩʠʜ ʢʨʝʤʥʠʷ (IV) 

SiO2 ï ʪʦʞʝ ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ, ʭʦʪʷ ʦʥ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʚʦʜʦʡ, ʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʝʤʥʠʝʚʘʷ ʢʠʩʣʦʪʘ H2SiO2, ʢʦʪʦ-

ʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ SiO2 ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ. ʆʜʠʥ ʠʟ ʩʧʦ-

ʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ ï ʦʪʥʷʪʠʝ ʚʦʜʳ ʦʪ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ, ʧʦʵʪʦʤʫ ʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʘʥʛʠʜʨʠʜʘʤʠ ʢʠʩʣʦʪ. 

ɸʤʬʦʪʝʨʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʦʢʩʠʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʩʦʣʠ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʩ ʢʠʩʣʦʪʘʤʠ (ʢʠʩʣʦʪʥʳʤʠ ʦʢʩʠʜʘʤʠ), 

ʪʘʢ ʠ ʩ ʦʩʥʦʚʘʥʠʷʤʠ (ʦʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ). ɸʤʬʦʪʝʨʥʳʤʠ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ, ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʩʦ ʩʪʝʧʝʥʷʤʠ 

ʦʢʠʩʣʝʥʠʷ +3, +4, ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ 

+2. ɸʤʬʦʪʝʨʥʳʝ ʦʢʩʠʜʳ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʥʦʚ-

ʥʳʭ ʠ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʛʠʜʨʦʢʩʠʜʳ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʤʬʦʪʝʨʥʳʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʘʤ-

ʬʦʪʝʨʥʳʝ ʦʢʩʠʜʳ ʚ ʚʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ, ʧʦʵʪʦʤʫ 

ʠʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ. ʅʘʠʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʳʤʠ ʘʤʬʦʪʝʨʥʳʤʠ ʦʢʩʠʜʘʤʠ ʷʚʣʷʶʪʩʷ: ZnO, BeO, SnO, 

PbO, Al 2O3, Cr2O3 ʠ ʜʨ. 

ʉʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ ʩʫʱʝʩʪʚʫʶʪ 

ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʢ ʦʢʩʠʜʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦʣʴʢʦ ʧʦ ʩʦʩʪʘ-

ʚʫ, ʘ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʩʚʦʡʩʪʚʘʤ ʢ ʩʦʣʷʤ. ʂ ʪʘʢʠʤ ʚʝʱʝʩʪʚʘʤ 

ʦʪʥʦʩʷʪʩʷ ʧʝʨʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 
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ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʘ -1, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʢʩʠʜʦʚ, ʚ ʧʝʨʦʢʩʠʜʘʭ ʘʪʦ-

ʤʳ ʢʠʩʣʦʨʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʧʝʨʦʢʩʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʣʠ 

ʦʯʝʥʴ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ ï ʧʝʨʦʢʩʠʜʘ (ʧʝʨʝʢʠʩʠ) ʚʦʜʦʨʦʜʘ ʅ2ʆ2. 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ 

ɼʝʣʝʥʠʝ ʩʦʣʝʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ ʥʘ ʦʩʥʦʚʥʳʝ, ʢʠʩ-

ʣʦʪʥʳʝ ʠ ʘʤʬʦʪʝʨʥʳʝ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝʤ ʚ ʠʭ ʭʠʤʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. 

1. ʆʩʥʦʚʥʳʝ ʦʢʩʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʠʩʣʦʪʘʤʠ (a) ʠ 

ʢʠʩʣʦʪʥʳʤʠ ʦʢʩʠʜʘʤʠ (ʙ): 

a) CuO + H2SO4 = CuSO4 + H2O;  

Na2O + 2HCl = 2NaCl + H2O; 

ʙ) 3K2O + P2O5 = 2K3PO4;  

CaO + CO2 = CaCO3. 

2. ʆʩʥʦʚʥʳʝ ʦʢʩʠʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʱʝʣʦʯʥʳʤʠ ʠ ʱʝ-

ʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʦʡ 

ʦʙʨʘʟʫʶʪ ʨʘʩʪʚʦʨʠʤʳʝ ʦʩʥʦʚʘʥʠʷ ï ʱʝʣʦʯʠ: 

Na2O + H2O = 2NaOH; 

CaO + H2O = Ca(OH)2. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. 

3. ʂʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʩʥʦʚʘʥʠʷʤʠ 

(ʘ) ʠ ʦʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ (ʙ): 

ʘ) SO3 + 2NaOH = Na2SO4 + H2O; 

CO2 + Ca(OH)2 = CaCO3Ź + H2O; 

SiO2 + 2NaOH = Na2SiO3; 

ʙ) SO3 + Na2O = Na2SO4; 

CO2 + CaO = CaCO3; 

SiO2 + CaO = CaSiO3. 

4. ɺʩʝ ʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ, ʢʨʦʤʝ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (IV) 

SiO2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪ: 

SO3 + H2O = H2SO4; 

CO2 + H2O = H2CO3; 

N2O5 + H2O = 2HNO3. 
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5. ɸʤʬʦʪʝʨʥʳʝ ʦʢʩʠʜʳ, ʩʦʯʝʪʘʷ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚ-

ʥʳʭ ʠ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʠ ʩ ʢʠʩʣʦʪʘʤʠ (ʘ) 

ʠ ʩʦ ʱʝʣʦʯʘʤʠ (ʙ): 

ʘ) Al2O3 + 6HNO3 =2Al(NO3)3 + 3H2O; 

ZnO + 2HCl = ZnCl2 + H2O; 

ʙ) Al2O3 + 2NaOH 

t

= 2NaAlO2 + H2O; 
                                ʘʣʶʤʠʥʘʪ ʥʘʪʨʠʷ 

ZnO + 2KOH 

t

= K2ZnO2 + H2O. 
                            ʮʠʥʢʘʪ ʢʘʣʠʷ 

6. ɸʤʬʦʪʝʨʥʳʝ ʦʢʩʠʜʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʦʛʫʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʠʩʣʦʪʥʳʤʠ ʠ ʦʩʥʦʚʥʳʤʠ ʦʢʩʠʜʘʤʠ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʩʦʣʝʡ: 

Cr2O3 + 3SO3 

t

= Cr2(SO4)3; 

SnO + Na2O 

t

= Na2SnO2. 

ʆʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʥʝʩʢʦʣʴʢʦ. 

1. ʆʢʠʩʣʝʥʠʝ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʢʠʩʣʦʨʦʜʦʤ: 

4Li  + O2 = 2Li 2O; 

2Cu + O2 

t

= 2CuO; 

S + O2 

t

=SO2. 

2. ʈʘʟʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʠʡ (ʘ), ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʢʠʩʣʦʪ (ʙ) ʠ ʠʭ ʩʦʣʝʡ (ʚ): 

ʘ) Cu(OH)2 

t

= CuO + H2O; 

Mg(OH)2 

t

= MgO + H2O; 

ʙ) H2SO3 

t

= SO2 + H2O; 

4HNO3 

t

= 4NO2ŷ+ 2H2O +O2ŷ;  

(ʥʝʢʦʪʦʨʳʝ ʢʠʩʣʦʪʳ ʨʘʟʣʘʛʘʶʪʩʷ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ:  
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ʅ2ʉʆ3 = ʅ2ʆ + ʉʆ2ŷ); 

ʚ) ʉʘʉʆ3 

t

= ʉʘʆ + ʉʆ2ŷ; 

2ʉu(NO3)2 

t

= 2CuO + 4NO2ŷ+ O2ŷ. 

3. ɻʦʨʝʥʠʝ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ: 

2ʅ2S + 3O2 

t

= 2SO2 +2H2O; 

ʉʅ4 + ʆ2 

t

= ʉʆ2 + 2ʅ2ʆ. 

4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ, ʦʙʣʘʜʘʶʱʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʤʝʪʘʣʣʘʤʠ ʠ ʥʝʤʝʪʘʣʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝ-

ʣʝʡ ʦʙʨʘʟʫʝʪ ʦʢʩʠʜʳ, ʚ ʢʦʪʦʨʳʭ ʩʝʨʘ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʥʠʟ-

ʢʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʯʝʤ ʚ ʢʠʩʣʦʪʝ: 
   +6                                                      +4 

ʉu + 2 H2SO4 (ʢʦʥʮ.) = CuSO4 + SO2ŷ + 2 H2O. 
 

   +6                                                      +4 

ʉ + 2 H2SO4 (ʢʦʥʮ.) = ʉʆ2 ŷ+ 2 SO2ŷ + 2H2O; 

 

 

ʆʩʥʦʚʘʥʠʷ 

ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʦʩʥʦʚʘʥʠʡ ï ʄe(ʆʅ)n. ʇʨʠ ʛʨʘʬʠʯʝ-

ʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʬʦʨʤʫʣ ʦʩʥʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʦʜʥʦʡ ʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʩʦʝʜʠʥʝʥ ʩ ʘʪʦʤʦʤ 

ʚʦʜʦʨʦʜʘ, ʘ ʜʨʫʛʦʡ ï ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ (ʠʣʠ ʛʨʫʧʧʦʡ ʘʪʦʤʦʚ 

NH4). 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʦʩʥʦʚʘʥʠʡ 

ʇʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ: ʦʩʥʦʚʘʥʠʷ, ʦʙʨʘ-

ʟʦʚʘʥʥʳʝ ʱʝʣʦʯʥʳʤʠ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ï ʙʝ-

ʣʳʝ; ʛʠʜʨʦʢʩʠʜʳ ʤʥʦʛʠʭ d ï ʤʝʪʘʣʣʦʚ ʦʢʨʘʰʝʥʳ (Cu(OH)2 ï 

ʛʦʣʫʙʦʡ, Fe(OH)3 ï ʙʫʨʳʡ, Ni(OH)2 ï ʟʝʣʝʥʳʡ). 

ʇʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʜʝʣʷʪʩʷ ʥʘ ʨʘʩ-

ʪʚʦʨʠʤʳʝ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ. ʂ ʨʘʩʪʚʦʨʠʤʳʤ ʚ ʚʦʜʝ ʦʩʥʦʚʘʥʠ-
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ʷʤ ʦʪʥʦʩʷʪʩʷ ʛʠʜʨʦʢʩʠʜʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʠʭ ʥʘʟʳʚʘʶʪ ʱʝʣʦʯʘʤʠ ʠ ʛʠʜʨʦʢʩʠʜ ʘʤʤʦʥʠʷ 

(NH4OH). ʉʨʝʜʠ ʱʝʣʦʯʝʡ ʭʫʞʝ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ 

LiOH ʠ Ca(OH)2. ɻʠʜʨʦʢʩʠʜʳ ʦʩʪʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ: Cu(OH)2, Fe(OH)3, Mg(OH)2 ʠ ʜʨ. 

ʅʘʟʚʘʥʠʷ ʦʩʥʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʦʤʝʥ-

ʢʣʘʪʫʨʝ ʩʦʩʪʘʚʣʷʶʪʩʷ ʠʟ ʩʣʦʚʘ çʛʠʜʨʦʢʩʠʜè ʠ ʥʘʟʚʘʥʠʷ ʤʝ-

ʪʘʣʣʘ ʚ ʨʦʜʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ. ʅʘʧʨʠʤʝʨ: NaOH ïʛʠʜʨʦʢʩʠʜ 

ʥʘʪʨʠʷ; Ba(OH)2 ï ʛʠʜʨʦʢʩʠʜ ʙʘʨʠʷ; Ca(OH)2 ï ʛʠʜʨʦʢʩʠʜ 

ʢʘʣʴʮʠʷ. ɽʩʣʠ ʤʝʪʘʣʣ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ, ʦʥ ʤʦ-

ʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʘʥʠʡ. ɺ ʥʘʟʚʘʥʠʠ ʢʘʞʜʦʛʦ 

ʠʟ ʥʠʭ ʫʢʘʟʳʚʘʝʪʩʷ ʨʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ ʚ ʩʢʦʙʢʘʭ ʚʘʣʝʥʪʥʦʩʪʴ 

ʤʝʪʘʣʣʘ. ʅʘʧʨʠʤʝʨ: Fe(OH)2 ï ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ (II); Fe(OH)3 

ï ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ (III ). 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ  

ʦʩʥʦʚʘʥʠʡ 

1. ʆʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʦʩʥʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʠʩ-

ʣʦʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ ʠ ʚʦʜʳ Ÿ ʨʝ-

ʘʢʮʠʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ: 

NaOH + HNO3 = NaNO3 + H2O; 

Cu(OH)2 + H2SO4 = CuSO4 + 2H2O. 

2. ʈʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʦʩʥʦʚʘʥʠʷ ï ʱʝʣʦʯʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʪ ʩ ʢʠʩʣʦʪʥʳʤʠ (ʘ) ʠ ʘʤʬʦʪʝʨʥʳʤʠ (ʙ) ʦʢʩʠʜʘʤʠ: 

ʘ) 2NaOH + CO2 = Na2CO3 + H2O, 

6KOH + P2O5 = 2K3PO4 + 3H2O; 

ʙ) 2NaOH + Al2O3 + 3H2O = 2Na[Al(OH)4] 

(ʠʣʠ ʫʧʨʦʱʝʥʥʦ: 2KOH + Al2O3 = 2KAlO2 + H2O) 

2KOH + ZnO +H2O = K2[Zn(OH)4] 

(ʠʣʠ ʫʧʨʦʱʝʥʥʦ: ZnO + 2KOH = K2ZnO2 + H2O). 

3. ʈʘʩʪʚʦʨʳ ʱʝʣʦʯʝʡ ʚʩʪʫʧʘʶʪ ʚ ʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ ʩ 

ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢ-

ʮʠʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʣʠʙʦ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʦʩʥʦʚʘʥʠʝ, ʣʠʙʦ ʥʝ-

ʨʘʩʪʚʦʨʠʤʘʷ ʩʦʣʴ: 
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2KOH + CuSO4 = Cu(OH)2Ź+ K2SO4; 

Ba(OH)2 + Na2SO4 = 2NaOH + BaSO4Ź. 

4. ʈʘʩʪʚʦʨʳ ʱʝʣʦʯʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʠʩʣʳʤʠ ʩʦ-

ʣʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʨʤʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ʚʦʜʳ: 

NaOH + NaHCO3 = Na2CO3 + H2O. 

5. ʈʘʩʪʚʦʨʳ ʱʝʣʦʯʝʡ ʨʘʩʪʚʦʨʷʶʪ ʤʝʪʘʣʣʳ, ʦʢʩʠʜʳ ʠ 

ʛʠʜʨʦʢʩʠʜʳ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪ ʘʤʬʦʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʄʝ-

ʪʘʣʣʳ, ʦʙʨʘʟʫʶʱʠʝ ʘʤʬʦʪʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (Al, Zn, Be ʠ 

ʜʨ.), ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʦ ʩ ʚʦʜʦʡ ʥʝ ʨʝʘʛʠʨʫ-

ʶʪ, ʪ.ʢ. ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ 

ʪʦʥʢʘʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ ʜʘʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʨʝʜʦʭʨʘʥʷʶʱʘʷ ʝʛʦ 

ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ, ʚ ʨʘʩʪʚʦʨʝ ʱʝʣʦʯʠ ʵʪʘ ʧʣʝʥʢʘ 

ʨʘʩʪʚʦʨʷʝʪʩʷ: 

Al 2O3 + 2KOH +3H2O = 2K[Al(OH)4], 

ʄʝʪʘʣʣ, ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʦʪ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ, ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ ʩ ʚʦʜʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ: 

Zn + H2O = Zn(OH)2 + H2ŷ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʵʪʦʤ ʘʤʬʦʪʝʨʥʳʡ ʛʠʜʨʦʢʩʠʜ ʨʘʩ-

ʪʚʦʨʷʝʪʩʷ ʚ ʱʝʣʦʯʠ: 

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

Cʫʤʤʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ: 

Zn + 2NaOH +2H2O = Na2[Zn(OH)4] + H2ŷ  

(ʠʣʠ ʫʧʨʦʱʝʥʥʦ: Zn + 2NaOH = Na2ZnO2 + H2ŷ). 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʘʣʶʤʠʥʠʷ: 

2Al  + 2KOH +6H2O = 2K[Al (OH)4] +3H2ŷ  

(ʠʣʠ ʫʧʨʦʱʝʥʥʦ: 2Al + 2KOH +2H2O = 2KAlO2 + 3H2ŷ). 

6. ɺ ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ ʥʝʢʦʪʦʨʳʝ ʥʝʤʝʪʘʣʣʳ ʜʠʩʧʨʦ-

ʧʦʨʮʠʦʥʠʨʫʶʪ, ʪ.ʝ. ʧʨʦʷʚʣʷʶʪ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠ ʚʦʩʩʪʘʥʦ-

ʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ: 
  0                                                     -1                 +1 

Cl2 +2 NaOH Ÿ NaCl +NaClO + H2O . 

7. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ: 

Cu(OH)2 

t

= CuO + H2O; 
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2Al(OH)3 

t

= Al 2O3 +3H2O. 

ɻʠʜʨʦʢʩʠʜʳ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ 

ʦʙʳʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: 

2AgOH = Ag2O + H2O; 

2CuOH = Cu2O + H2O. 

8. ɻʠʜʨʦʢʩʠʜʳ, ʚ ʢʦʪʦʨʳʭ d-ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʥʠʟʢʠʝ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫ-

ʭʘ: 
     +2                                                                     +3 

4 Fe(OH)2 + O2 + 2H2O = 4 Fe(OH)3 
 

       +2                                                                        +4 

2 Mn(OH)2 + O2 + 2H2O = 2 Mn(OH)4 

 

ʆʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʥʝʩʢʦʣʴʢʦ. 

1. ʈʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʦʩʥʦʚʘʥʠʷ, ʪ.ʝ. ʱʝʣʦʯʠ, ʧʦʣʫʯʘ-

ʶʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʱʝʣʦʯʥʳʭ ʠʣʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʘ) ʠʣʠ ʠʭ ʦʢʩʠʜʦʚ (ʙ) ʩ ʚʦʜʦʡ: 

ʘ) 2Na + 2H2O = 2NaOH + H2ŷ;  

ʙ) Na2O + H2O = 2NaOH; 

Ca + 2H2O = Ca(OH)2 + H2ŷ;  

CaO + H2O = Ca(OH)2. 

2. ʑʝʣʦʯʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʪʚʦʨʦʚ 

ʩʦʣʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʱʝʣʦʯʥʳʤʠ ʠʣʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʠ ʙʝʩʢʠʩʣʦʨʦʜʥʳʤʠ ʢʠʩʣʦʪʘʤʠ: 
                        ɻʣʝʢʪʨʦʣʠʟ 

2KCl +2H2O Ÿ 2KOH + H2ŷ + Cl2ŷ 

3. ɼʝʡʩʪʚʠʝʤ ʱʝʣʦʯʠ ʥʘ ʨʘʩʪʚʦʨʠʤʫʶ ʩʦʣʴ ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʥʦʚʫʶ ʩʦʣʴ ʠ ʥʦʚʫʶ ʱʝʣʦʯʴ: 

Na2SO4 + Ba(OH)2 = BaSO4Ź + 2NaOH. 

4. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʫʯʘʶʪ, ʧʨʦʚʦʜʷ 

ʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠ  ʤʝʞʜʫ ʨʘʩʪʚʦʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦ-

ʣʝʡ ʠ ʱʝʣʦʯʘʤʠ: 

CuSO4 + 2KOH = Cu(OH)2Ź + K2SO4; 

MnCl2 + 2NaOH = Mn(OH)2Ź + 2NaCl. 
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ʂʠʩʣʦʪʳ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʢʠʩʣʦʪ 

ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʢʠʩʣʦʪ: ʅʭɸʩ, ʛʜʝ ɸʩ ï ʢʠʩʣʦʪʥʳʡ 

ʦʩʪʘʪʦʢ (ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ çacidè- ʢʠʩʣʦʪʘ); ʭ ï ʯʠʩʣʦ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʨʘʚʥʦʝ ʚʘʣʝʥʪʥʦʩʪʠ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʠ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ. 

ʅʘʧʨʠʤʝʨ: HNO3 ï ʦʜʥʦʦʩʥʦʚʥʘʷ ʢʠʩʣʦʪʘ, 

H2SO4 ï ʜʚʫʭʦʩʥʦʚʥʘʷ ʢʠʩʣʦʪʘ, 

H3PO4 ï ʪʨʝʭʦʩʥʦʚʥʘʷ ʢʠʩʣʦʪʘ. 

ʇʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʙʦʣʴʰʠʥʩʪʚʦ ʢʠʩʣʦʪ ʷʚʣʷ-

ʶʪʩʷ ʞʠʜʢʦʩʪʷʤʠ (HNO3, H2SO4, HClO4 ʠ ʜʨ.). ʅʝʢʦʪʦʨʳʝ 

ʢʠʩʣʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨʳ ʛʘʟʦʚ ʚ ʚʦʜʝ (HCl, H2S, 

H2CO3, H2SO3 ʠ ʜʨ.). ʂʠʩʣʦʪʳ H3PO4 (ʦʨʪʦʬʦʩʬʦʨʥʘʷ), H3BO3 

(ʙʦʨʥʘʷ), HIO4 (ʡʦʜʥʘʷ) ï ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ. 

ʇʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʧʦʯʪʠ ʚʩʝ ʢʠʩʣʦʪʳ ʦʪʥʦʩʷʪʩʷ 

ʢ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʤ ʚʝʱʝʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʩʤʝʰʠʚʘʶʪʩʷ ʩ 

ʚʦʜʦʡ ʚ ʣʶʙʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (ʥʝ ʨʘʩʪʚʦʨʠʤʘ ʚ ʚʦʜʝ ʢʨʝʤʥʠ-

ʝʚʘʷ ʢʠʩʣʦʪʘ H2SiO3).  

ʄʦʣʝʢʫʣʳ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʠʜʨʘʪʘʤʠ ʢʠʩ-

ʣʦʪʥʳʭ ʦʢʩʠʜʦʚ, ʩʦʜʝʨʞʘʪ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʧʦʵʪʦʤʫ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʪʠʧʫ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ (HNO3, H2SO4, 

H2CO3 ʠ ʜʨ.). ʆʥʠ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʦʢʩʦʢʠʩʣʦʪʘʤʠ. ʂʠʩʣʦ-

ʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʛʠʜʨʘʪʘʤʠ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ ʠ ʥʝ 

ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʦʪʥʦʩʷʪʩʷ ʢ ʙʝʩ-

ʢʠʩʣʦʨʦʜʥʳʤ ʢʠʩʣʦʪʘʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 

ʥʝʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ: HCl, H2S ʠ ʜʨ. 

ʅʘʟʚʘʥʠʷ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ ʩʦʩʪʘʚʣʷʶʪ, ʜʦʙʘʚʣʷʷ 

ʢ ʢʦʨʥʶ ʨʫʩʩʢʦʛʦ ʥʘʟʚʘʥʠʷ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

(ʠʣʠ ʢ ʥʘʟʚʘʥʠʶ ʛʨʫʧʧʳ ʘʪʦʤʦʚ, ʥʘʧʨʠʤʝʨ CN
-
 ï ʮʠʘʥ) ʩʫʬ-

ʬʠʢʩ çʦè ʠ ʦʢʦʥʯʘʥʠʝ çʚʦʜʦʨʦʜè: HCl ï ʭʣʦʨʦʚʦʜʦʨʦʜ, H2Se ï 

ʩʝʣʝʥʦʚʦʜʦʨʦʜ, H2S ï ʩʝʨʦʚʦʜʦʨʦʜ, HCN ï ʮʠʘʥʦʚʦʜʦʨʦʜ. 

ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʵʪʠʭ ʢʠʩʣʦʪ ʥʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʭʣʦ-

ʨʦʚʦʜʦʨʦʜʥʘʷ, ʩʝʣʝʥʦʚʦʜʦʨʦʜʥʘʷ, ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʠ ʮʠʘʥʦʚʦ-
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ʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠʚʠʘʣʴʥʳʝ ʥʘʟʚʘʥʠʷ: HF ï ʧʣʘʚʠʢʦ-

ʚʘʷ; HCN ï ʩʠʥʠʣʴʥʘʷ; HCl ï ʩʦʣʷʥʘʷ. 

ʅʘʟʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚʩʝʭ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ 

ʢʠʩʣʦʪ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʦʢʦʥʯʘʥʠʷ ç-ʠʜè. 

ʅʘʟʚʘʥʠʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʪʘʢʞʝ ʦʙʨʘʟʫ-

ʶʪʩʷ ʦʪ ʨʫʩʩʢʦʛʦ ʥʘʟʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩ 

ʩʫʬʬʠʢʩʦʤ çʥè, çʦʚè ʠ ʨʝʜʢʦ çʝʚè ʠ ʦʢʦʥʯʘʥʠʝʤ ï ʘʷ, ʝʩʣʠ 

ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʤʝʨʫ ʛʨʫʧʧʳ, ʩ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʩʣʦʚʘ çʢʠʩʣʦʪʘè. ʅʘʧʨʠʤʝʨ: 

HNO3 ï ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ; 

H2CrO4 ï ʭʨʦʤʦʚʘʷ ʢʠʩʣʦʪʘ; 

H2SO4 ï ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ;  

H2MoO4 ï ʤʦʣʠʙʜʝʥʦʚʘʷ ʢʠʩʣʦʪʘ; 

H2CO3 ï ʫʛʦʣʴʥʘʷ ʢʠʩʣʦʪʘ; 

H2SiO2 ï ʢʨʝʤʥʠʝʚʘʷ ʢʠʩʣʦʪʘ. 

ʅʘʟʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʦʙʨʘʟʫʶʪʩʷ ʦʙʳʯʥʦ ʠʟ 

ʣʘʪʠʥʩʢʠʭ ʥʘʟʚʘʥʠʡ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʜʦʙʘʚ-

ʣʝʥʠʝʤ ʦʢʦʥʯʘʥʠʡ ç-ʘʪè (ʜʣʷ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʩ ʙʦʣʴʰʝʡ 

ʚʘʣʝʥʪʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ) ʠʣʠ ç-ʠʪè (ʩ ʤʝʥʴʰʝʡ ʚʘʣʝʥʪʥʦʩʪʴʶ). 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ ʙʦʣʝʝ ʜʚʫʭ ʢʠʩʣʦʨʦʜʦʩʦ-

ʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʥʘʟʚʘʥʠʷ ʠʭ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚʢʣʶʯʘʶʪ 

ʧʨʝʬʠʢʩʳ çʧʝʨ-è (ʜʣʷ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʘ-

ʣʝʥʪʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ ʠ çʛʠʧʦ-è (ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʘʣʝʥʪʥʦ-

ʩʪʴʶ). 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʠʩʣʦʪ 

ʅʘʣʠʯʠʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ H
+
 

(ʪʦʯʥʝʝ ʠʦʥʦʚ ʛʠʜʨʦʢʩʦʥʠʷ H3O
+
) ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʙʱʠʝ ʜʣʷ 

ʚʩʝʭ ʢʠʩʣʦʪ ʩʚʦʡʩʪʚʘ. 

1. ʂʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʣʶʙʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

(ʨʘʩʪʚʦʨʠʤʳʤʠ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʠ 

ʩʨʝʜʥʝʡ (ʘ), ʦʩʥʦʚʥʦʡ (ʙ) ʠʣʠ ʢʠʩʣʦʡ (ʚ) ʠ ʚʦʜʳ (ʨʝʘʢʮʠʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ): 
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ʘ) HCl + NaOH = NaCl + H2O; 

ʙ) 2HCl + Fe(OH)3 = Fe(OH)Cl2 + 2H2O; 

ʚ) H2SO4 + NaOH = NaHSO4 + H2O. 

2. ʂʠʩʣʦʪʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʦʩʥʦʚʥʳʤʠ (ʘ) ʠ ʘʤ-

ʬʦʪʝʨʥʳʤʠ (ʙ) ʦʢʩʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʠ ʠ ʚʦʜʳ: 

ʘ) 2HCl + BaO = BaCl2 + H2O, 

Na2O + H2SO4 = Na2SO4 + H2O; 

ʙ) Al2O3 + 6HNO3 = 2Al(NO3)3 + 3H2O, 

ZnO + 2HCl = ZnCl2 + H2O. 

3. ʂʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʤʬʦʪʝʨʥʳʤʠ ʛʠʜʨʦʢ-

ʩʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʠ ʠ ʚʦʜʳ: 

3HNO3 + Al(OH)3 = Al(NO3)3 + 3H2O, 

H2SO4 + Zn(OH)2 = ZnSO4 + 2H2O. 

4. ʂʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʠ ʦʩʥʦʚ-

ʥʳʤʠ ʩʦʣʷʤʠ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪ ʩ ʥʦʨʤʘʣʴʥʦʡ ʩʦ-

ʣʴʶ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʨʫʛʦʡ ʢʠʩʣʦʪʦʡ, ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʘʷ ʩʦʣʴ ʠ 

ʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʈʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʘʷ ʩʦʣʴ ʠʣʠ ʝʩʣʠ ʦʙʨʘ-

ʟʫʶʱʘʷʩʷ ʢʠʩʣʦʪʘ ʙʦʣʝʝ ʩʣʘʙʘʷ, ʯʝʤ ʢʠʩʣʦʪʘ, ʚʩʪʫʧʘʶʱʘʷ ʚ 

ʨʝʘʢʮʠʶ. 

ʅʘʧʨʠʤʝʨ: 

H2SO4 + BaCl2 = BaSO4Ź + 2HCl, 

2HNO3 + Na2SiO3 = 2NaNO3 + H2SiO3Ź. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʥʦʛʦʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʳ ʩ ʥʦʨ-

ʤʘʣʴʥʦʡ ʩʦʣʴʶ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʵʪʦʡ ʞʝ ʢʠʩʣʦʪʦʡ, ʦʙʨʘʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʦʜʫʢʪ ï ʢʠʩʣʘʷ ʩʦʣʴ. 

ʅʘʧʨʠʤʝʨ: 

H2S + Na2S = 2NaHS, 

H2O + CO2 + CaCO3 = Ca(HCO3)2 

 

H2CO3 
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ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʩ ʦʩʥʦʚʥʦʡ ʩʦʣʴʶ ʵʪʦʡ 

ʞʝ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʩʦʣʴ ʠ ʚʦʜʘ. 

ʅʘʧʨʠʤʝʨ: 

HCl + ʉuOHCl = CuCl2 + H2O. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʩ ʦʩʥʦʚʥʦʡ ʩʦʣʴʶ ʜʨʫʛʦʡ 

ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʥʦʨʤʘʣʴʥʳʝ ʩʦʣʠ ʠ ʚʦʜʘ. 

ʅʘʧʨʠʤʝʨ: 

2HNO3 + 2CuOHCl = Cu(NO3)2 + CuCl2 + 2H2O. 

6. ʂʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʝʪʘʣʣʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʦʣʴ ʠ ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ. ʏʪʦʙʳ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʚʩʪʫʧʘʝʪ ʣʠ ʜʘʥʥʳʡ ʤʝʪʘʣʣ ʚ ʨʝʘʢʮʠʶ ʩ ʢʠʩʣʦʪʦʡ, ʥʫʞ-

ʥʦ ʟʥʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʘ. ɺʩʪʫʧʘʶʱʠʡ ʚ ʨʝʘʢʮʠʶ ʤʝʪʘʣʣ 

ʜʦʣʞʝʥ ʙʳʪʴ ʘʢʪʠʚʥʝʝ ʚʦʜʦʨʦʜʘ, ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʚʳ-

ʪʝʩʥʠʪ ʝʛʦ ʠʟ ʢʠʩʣʦʪʳ. ɸʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʧʦʣʦʞʝʥʠʝʤ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʨʷʜʫ ʥʘʧʨʷʞʝʥʠʡ ʤʝʪʘʣ-

ʣʦʚ: Li, K, Ba, Ca, Na, Mg, Al , Mn, Zn, Cr, Fe, Ni, Sn, Pb, H2, 

Cu, Hg, Ag, Pt, Au. ɺʩʝ ʤʝʪʘʣʣʳ, ʩʪʦʷʱʠʝ ʧʦʩʣʝ ʚʦʜʦʨʦʜʘ, 

ʠʤʝʶʪ ʤʘʣʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʠʦʥʳ ʚʦʜʦʨʦʜʘ ʠʟ ʢʠʩʣʦʪ ʥʝ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʶʪ. 

ʅʘʧʨʠʤʝʨ: 

Zn + H2SO4 = ZnSO4 + H2ŷ 

2Al  + 6HCl = 2AlCl 3 + 3H2ŷ 

Ag + HCl Í 

Cu + HCl Í 

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʠʩʣʦʪʘʤ, ʚ ʢʦʪʦ-

ʨʳʭ ʘʥʠʦʥʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʠʦʥʳ ʚʦʜʦʨʦʜʘ. ʂ ʪʘʢʠʤ ʢʠʩʣʦʪʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ H2SO4, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʘʷ ʠ ʨʘʟʙʘʚʣʝʥʥʘʷ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ HNO3. ʇʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʠʭ ʩ ʤʝʪʘʣʣʘʤʠ ʚʦʜʦʨʦʜ ʥʝ ʚʳʜʝʣʷʝʪʩʷ. 

ʉʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʠʩʣʦʪ ʥʝʩʢʦʣʴʢʦ. 

1. ɹʝʩʢʠʩʣʦʨʦʜʥʳʝ ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʠʥʪʝʟʦʤ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ-ʥʝʤʝʪʘʣʣʦʚ ʠ ʚʦʜʦʨʦʜʘ 

ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʘʟʦʦʙʨʘʟʥʳʭ 
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ʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʝ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʢʠʩʣʦʪʳ HCl, HI, HBr, HF, H2S. ʅʘʧʨʠʤʝʨ: 

H2 + I2 = 2HI, ʨʘʩʪʚʦʨ ʚ ʚʦʜʝ ï ʡʦʜʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ; 

H2 + Cl2 = 2HCl, ʨʘʩʪʚʦʨ ʚ ʚʦʜʝ ï ʭʣʦʨʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩ-

ʣʦʪʘ. 

2. ɹʝʩʢʠʩʣʦʨʦʜʥʳʝ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʣʝʡ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳ-

ʤʠ ʢʠʩʣʦʪʘʤʠ.  

ʅʘʧʨʠʤʝʨ: 

FeS + 2HCl = FeCl2 + H2Sŷ, ʨʘʩʪʚʦʨ H2S ʚ ʚʦʜʝ ï ʩʝʨʦ-

ʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ. 

3. ʂʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʢʠʩʣʦʪʳ ʧʦʣʫʯʘʶʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ (ʢʨʦʤʝ SiO2) c ʚʦʜʦʡ: 

SO3 + H2O = H2SO4 

P2O5 +3H2O = 2H3PO4. 

4. ɽʩʣʠ ʢʠʩʣʦʪʥʳʝ ʦʢʩʠʜʳ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʠʩʣʦʪʳ ʧʦʣʫʯʘʶʪ ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ: ʜʝʡ-

ʩʪʚʠʝʤ ʜʨʫʛʦʡ ʢʠʩʣʦʪʳ (ʯʘʱʝ ʚʩʝʛʦ ʩʝʨʥʦʡ) ʥʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʫʶ ʩʦʣʴ. ʅʘʧʨʠʤʝʨ: 

Na2SiO3 +H2SO4 = Na2SO4 + H2SiO3Ź 

 

ɸʤʬʦʪʝʨʥʳʝ ʛʠʜʨʦʢʩʠʜʳ 

ʂ ʘʤʬʦʪʝʨʥʳʤ ʛʠʜʨʦʢʩʠʜʘʤ ʦʪʥʦʩʷʪʩʷ Al(OH)3, 

Zn(OH)2, Sn(OH)2, Be(OH)2, Pb(OH)2, Cr(OH)3 ʠ ʜʨ.  

ʇʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʤʬʦʪʝʨʥʳʝ ʛʠʜʨʦʢʩʠʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʮʚʝʪʦʤ, ʥʘʧʨʠʤʝʨ, Zn(OH)2 ʠ Al(OH)3 ï ʙʝʣʦʛʦ ʮʚʝʪʘ, 

Cr(OH)3 ï ʟʝʣʝʥʦʛʦ, Fe(OH)3 ï ʙʫʨʦʛʦ ʠ ʪ.ʜ. 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ  

ʘʤʬʦʪʝʨʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ 

1. ʇʨʦʷʚʣʷʷ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʘʤʬʦʪʝʨʥʳʝ ʛʠʜʨʦʢʩʠ-

ʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʢʠʩʣʦʪʘʤʠ, ʥʘʧʨʠʤʝʨ: 

Cr(OH)3 + 3HCl = CrCl3 + 3H2O; 
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Sn(OH)2 + H2SO4 = SnSO4 + 2H2O. 

2. ʇʨʦʷʚʣʷʷ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʘʤʬʦʪʝʨʥʳʝ ʛʠʜʨʦʢ-

ʩʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʱʝʣʦʯʘʤʠ: 

ʘ) ʩʧʣʘʚʣʝʥʠʝ ʪʚʝʨʜʳʭ ʘʤʬʦʪʝʨʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʩ 

ʪʚʝʨʜʳʤʠ ʱʝʣʦʯʘʤʠ: 

Sn(OH)2 + KOH 

t

= K2SnO2 + 2H2O, 

(H2SnO2)                      ʩʪʘʥʥʠʪ ʢʘʣʠʷ 

Al(OH)3 + NaOH 

t

= NaAlO2 + 2H2O; 

(H3AlO3)   ʥʝʜʦʩʪʘʪʦʢ    ʤʝʪʘʘʣʶʤʠʥʘʪ 

                                        ʥʘʪʨʠʷ 

Al(OH)3 + 3NaOH 

t

= Na3AlO3 + 3H2O 

(H3AlO3)     ʠʟʙʳʪʦʢ    ʦʨʪʦʘʣʶʤʠʥʘʪ 

                                      ʥʘʪʨʠʷ 

ʙ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ: 

Zn(OH)2 + 2NAOH = Na2[Zn(OH)4] 

                                   ʪʝʪʨʘʛʠʜʨʦʢʩʦʮʠʥʢʘʪ 

                                     ʥʘʪʨʠʷ 

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

                   ʥʝʜʦʩʪʘʪʦʢ   ʪʝʪʨʘʛʠʜʨʦʢʩʦʘʣʶʤʠʥʘʪ 

                                     ʢʘʣʠʷ 

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

                    ʠʟʙʳʪʦʢ     ʛʝʢʩʘʛʠʜʨʦʢʩʦʘʣʶʤʠʥʘʪ 

                                     ʢʘʣʠʷ 

3. ʂʘʢ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʦʩʥʦʚʘʥʠʷ, ʘʤʬʦʪʝʨʥʳʝ ʛʠʜ-

ʨʦʢʩʠʜʳ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʦʢʩʠʜ ʠ ʚʦʜʫ, ʥʘʧʨʠ-

ʤʝʨ: 

2Cr(OH)3 

t

= Cr2O3 +3H2O. 

 

ɸʤʬʦʪʝʨʥʳʝ ʛʠʜʨʦʢʩʠʜʳ ʧʦʣʫʯʘʶʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩʣʘ-

ʙʳʝ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʦʩʥʦʚʘʥʠʷ, ʪ.ʝ. ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩʦʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʩʦ ʱʝʣʦʯʴʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʩ-

ʧʦʣʴʟʫʶʪ ʩʪʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʱʝʣʦʯʠ, ʪʘʢ ʢʘʢ ʚ 
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ʠʟʙʳʪʢʝ ʱʝʣʦʯʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʩʘʜʢʠ ʘʤʬʦʪʝʨʥʳʭ ʛʠʜʨʦʢ-

ʩʠʜʦʚ ʨʘʩʪʚʦʨʷʶʪʩʷ. 

ʅʘʧʨʠʤʝʨ:       

AlCl 3 +3NaOH = Al (OH)3Ź +3NaCl; 

Cr2(SO4)3 +6KOH = 2Cr(OH)3Ź + 3K2SO4. 

 

ʉʦʣʠ 

ʂ ʩʦʣʷʤ ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʜʠʩʩʦʮʠʠʨʫʶʱʠʝ ʚ ʨʘʩ-

ʪʚʦʨʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ, ʦʪ-

ʣʠʯʥʳʭ ʦʪ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ 

ʠʦʥʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ. ʉʦʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʪʝ 

ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ (ʠʣʠ ʛʨʫʧʧʘʤʠ ʘʪʦʤʦʚ, ʥʘʧʨʠʤʝʨ, ʛʨʫʧʧʦʡ 

ʘʪʦʤʦʚ NH4) ʠʣʠ ʢʘʢ ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʛʠʜʨʦʢʩʠʜʥʳʭ 

ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ ʦʩʥʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʦʣʝʡ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʘʶʪ ʩʦʣʠ: ʩʨʝʜʥʠʝ (ʠʣʠ 

ʥʦʨʤʘʣʴʥʳʝ); ʢʠʩʣʳʝ; ʦʩʥʦʚʥʳʝ; ʩʤʝʰʘʥʥʳʝ; ʜʚʦʡʥʳʝ; ʢʦʤ-

ʧʣʝʢʩʥʳʝ. 

ʉʨʝʜʥʠʝ (ʠʣʠ ʥʦʨʤʘʣʴʥʳʝ) ʩʦʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫ-

ʣʝ ʢʠʩʣʦʪʳ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ (ʠʣʠ ʛʨʫʧʧʦʡ ʘʪʦʤʦʚ NH4), ʣʠ-

ʙʦ ʢʘʢ ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʠʜʨʦʢʩʠʜʥʳʭ ʛʨʫʧʧ ʚ 

ʤʦʣʝʢʫʣʝ ʦʩʥʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʅʘʟʚʘʥʠʷ ʩʨʝʜʥʠʭ (ʠʣʠ ʥʦʨʤʘʣʴʥʳʭ ʩʦʣʝʡ) ʧʦ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʥʘʟʚʘʥʠʷ ʢʠʩʣʦʪʥʦʛʦ 

ʦʩʪʘʪʢʘ ʠ ʥʘʟʚʘʥʠʷ ʤʝʪʘʣʣʘ (ʠʣʠ ʛʨʫʧʧʳ ʘʪʦʤʦʚ NH4) (ʚ ʨʦʜ. 

ʧʘʜʝʞʝ). ɽʩʣʠ ʚ ʩʦʩʪʘʚ ʩʦʣʠ ʚʭʦʜʠʪ ʤʝʪʘʣʣ, ʠʤʝʶʱʠʡ ʧʝʨʝ-

ʤʝʥʥʫʶ ʚʘʣʝʥʪʥʦʩʪʴ, ʪʦ ʦʥʘ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʥʘʟʚʘʥʠʠ ʨʠʤʩʢʠ-

ʤʠ ʮʠʬʨʘʤʠ (ʚ ʩʢʦʙʢʘʭ). ʅʘʧʨʠʤʝʨ: NaCl ï ʭʣʦʨʠʜ ʥʘʪʨʠʷ, 

Fe(NO3)3 ï ʥʠʪʨʘʪ ʞʝʣʝʟʘ (III ), FeSO4 ï ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ (II), 

K2SO3 ï ʩʫʣʴʬʠʪ ʢʘʣʠʷ, NH4Cl ï ʭʣʦʨʠʜ ʘʤʤʦʥʠʷ, (NH4)3PO4 

ï ʬʦʩʬʘʪ ʘʤʤʦʥʠʷ. 
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ʉʦʛʣʘʩʥʦ ʨʫʩʩʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʥʘʟʚʘʥʠʷ ʩʦʣʝʡ ʦʙʨʘ-

ʟʫʶʪʩʷ ʦʪ ʥʘʟʚʘʥʠʷ ʢʠʩʣʦʪʳ ʩ ʦʢʦʥʯʘʥʠʝʤ ï ʢʠʩʣʳʡ ʠ ʥʘʟʚʘ-

ʥʠʷ ʤʝʪʘʣʣʘ. ʅʘʧʨʠʤʝʨ, Na2SO4 ï ʩʝʨʥʦʢʠʩʣʳʡ ʥʘʪʨʠʡ. ɽʩʣʠ 

ʤʝʪʘʣʣ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʪʦ ʜʣʷ ʩʦʣʝʡ ʩ 

ʚʳʩʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠʙʘʚʣʷʶʪ ʩʣʦʚʦ 

ʦʢʠʩʥʦʝ(ʘʷ), ʘ ʜʣʷ ʩʦʣʝʡ ʩ ʥʠʟʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ï ʩʣʦ-

ʚʦ ʟʘʢʠʩʥʦʝ(ʘʷ). ʅʘʧʨʠʤʝʨ: Fe2(SO4)3 ï ʩʝʨʥʦʢʠʩʣʦʝ ʞʝʣʝʟʦ 

ʦʢʠʩʥʦʝ; FeSO4 ï ʩʝʨʥʦʢʠʩʣʦʝ ʞʝʣʝʟʦ ʟʘʢʠʩʥʦʝ. 

ʅʘʟʚʘʥʠʷ ʩʨʝʜʥʠʭ ʩʦʣʝʡ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ ʩʦ-

ʩʪʘʚʣʷʶʪ ʦʪ ʥʘʟʚʘʥʠʡ ʥʝʤʝʪʘʣʣʘ ʩ ʦʢʦʥʯʘʥʠʝʤ ï ʠʩʪʳʡ ʠ ʤʝ-

ʪʘʣʣʘ. ʅʘʧʨʠʤʝʨ: ʂʉl - ʭʣʦʨʠʩʪʳʡ ʢʘʣʠʡ. ʉʦʣʠ ʤʝʪʘʣʣʦʚ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʧʦ ʦʢʦʥʯʘʥʠʶ 

ʧʨʠʣʘʛʘʪʝʣʴʥʦʛʦ.  

ʂʠʩʣʳʝ ʩʦʣʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʜʫʢʪʳ ʥʝ-

ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʘʭ ʤʥʦʛʦʦʩ-

ʥʦʚʥʳʭ ʢʠʩʣʦʪ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ (ʠʣʠ ʛʨʫʧʧʦʡ ʘʪʦʤʦʚ NH4), 

ʥʘʧʨʠʤʝʨ: 

Ca(OH)2 + 2H2SO4 = Ca(HSO4)2 + 2H2O, 

NaOH + H3PO4 = NaH2PO4 + H2O 

2NaOH + H3PO4 = Na2HPO4 + 2H2O 

ʇʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʥʘʟʚʘʥʠʷ ʢʠʩʣʳʭ ʩʦ-

ʣʝʡ ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʪʝʤ ʞʝ ʦʙʱʠʤ ʧʨʘʚʠʣʘʤ, ʯʪʦ ʠ ʥʘʟʚʘʥʠʷ 

ʩʨʝʜʥʠʭ ʩʦʣʝʡ, ʥʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʢʠʩʣʦʪʥʦʤʫ ʦʩʪʘʪʢʫ ʧʨʠ-

ʩʪʘʚʢʠ ʛʠʜʨʦ-, ʫʢʘʟʳʚʘʶʱʫʶ ʥʘ ʥʘʣʠʯʠʝ ʥʝʟʘʤʝʱʝʥʥʳʭ ʘʪʦ-

ʤʦʚ ʚʦʜʦʨʦʜʘ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʘʶʪ ʛʨʝʯʝʩʢʠʤʠ ʯʠʩʣʠ-

ʪʝʣʴʥʳʤʠ (ʜʠ, ʪʨʠ, ʪʝʪʨʘ ʠ ʪ.ʜ.), ʥʘʧʨʠʤʝʨ: NaHCO3 ï ʛʠʜʨʦ-

ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, K2HPO4 ï ʛʠʜʨʦʬʦʩʬʘʪ ʢʘʣʠʷ, KH2PO4 ï ʜʠ-

ʛʠʜʨʦʬʦʩʬʘʪ ʢʘʣʠʷ, Ca(H2PO4)2 ï ʜʠʛʠʜʨʦʬʦʩʬʘʪ ʢʘʣʴʮʠʷ. 

 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʞʥʝʡʰʠʤʠ  

ʢʣʘʩʩʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʠʟ ʚʝʱʝʩʪʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʢʣʘʩʩʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʫʱʝ-

ʩʪʚʫʝʪ ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ. 
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ʉʚʷʟʴ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦ-

ʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʫʯʝʥʠʠ ʚʝʱʝʩʪʚ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʠʟ ʚʝ-

ʱʝʩʪʚ ʜʨʫʛʦʛʦ ʢʣʘʩʩʘ, ʥʘʟʳʚʘʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʦʡ (ʨʠʩ. 1). 

 

ʄʝʪʘʣʣ 

ʆʩʥʦʚʥʦʡ ʦʢʩʠʜ

ʆʩʥʦʚʘʥʠʝ 

ʉʦʣʴ

ʅʝʤʝʪʘʣʣ

ʂʠʩʣʦʪʥʳʡ ʦʢʩʠʜ

ʂʠʩʣʦʪʘ

+ʆ2 +ʆ2

+ʅʆ2 +ʅʆ2

 

 

ʈʠʩ. 1. ɻʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʞʥʝʡʰʠʤʠ ʢʣʘʩʩʘʤʠ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

 

ʉʭʦʜʷʱʠʝʩʷ ʩʪʨʝʣʢʠ ʚ ʵʪʦʡ ʩʭʝʤʝ ʧʦʢʘʟʳʚʘʶʪ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʩʦʣʝʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʝʭ ʚʝʱʝʩʪʚ, ʦʪ ʢʦʪʦʨʳʭ ʦʥʠ 

ʥʘʧʨʘʚʣʝʥʳ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʝ, ʪʠʧʠʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝ-

ʱʝʩʪʚ. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

1. ʅʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʘʥʠʷ: Mg(OH)2, LiOH, Fe(OH)3, Bi(OH)3, 

Cu(OH)2. 

2. ʅʘʧʠʰʠʪʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʤ ʦʢʩʠʜʘʤ: NiO, K2O, Co2O3, CuO. 
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3. ʏʪʦ ʪʘʢʦʝ ʦʜʥʦʢʠʩʣʦʪʥʳʝ, ʜʚʫʭʢʠʩʣʦʪʥʳʝ, ʪʨʝʭʢʠʩ-

ʣʦʪʥʳʝ, ʤʥʦʛʦʢʠʩʣʦʪʥʳʝ ʦʩʥʦʚʘʥʠʷ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ. 

4. ɺ ʢʘʢʠʭ ʬʦʨʤʘʭ ʤʦʞʥʦ ʟʘʧʠʩʳʚʘʪʴ ʬʦʨʤʫʣʳ ʘʤʬʦ-

ʪʝʨʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ. 

5. ʉ ʢʘʢʠʤʠ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʝʱʝʩʪʚ ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ 

ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (IV): Al , H2O, MgO, NaCl, AgNO3, NaOH, 

ZnO? 

6. ʉ ʢʘʢʠʤʠ ʠʟ ʩʣʝʜʫʶʱʠʭ ʚʝʱʝʩʪʚ ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ 

ʦʢʩʠʜ ʮʠʥʢʘ: SO3, P2O5, H3PO4, CaO, Ba(OH)2, N2, NO? 

7. ʉ ʢʘʢʠʤʠ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʢʩʠʜʦʚ ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ 

ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ Hʉl: SiO2, CuO, SO2, Fe2O3, P2O5, CO2? 

8. ʉ ʧʦʤʦʱʴʶ ʢʘʢʠʭ ʨʝʘʢʮʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʢʩʠʜ 

ʥʠʢʝʣʷ (II) NiO ʠʟ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (II) NiSO4? 

9 ʄʦʛʫʪ ʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʩʪʚʦʨʝ: LiOH 

ʠ NaOH, KOH ʠ SO2, Sr(OH)2 ʠ NO2, NaOH ʠ P2O5, Ba(OH)2 ʠ 

CO2, Ca(OH)2 ʠ HCl, NaCl ʠ NaOH, CaCO3 ʠ CO2? 

10. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-

ʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʢʩʠʜʘ ʩ ʚʦʜʦʡ: 

KOH, NaOH, Cu(OH)2, Ca(OH)2, LiOH, Fe(OH)3, Ni(OH)2? 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ. 

11. ʂʘʢʠʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʛʠʜʨʦʢʩʠʜʦʚ ʨʘʩʪʚʦʨʷ-

ʶʪʩʷ ʚ ʱʝʣʦʯʘʭ: Mg(OH)2, Ni(OH)2, Zn(OH)2, Cd(OH)2, 

Fe(OH)2, Fe(OH)3, Al (OH)3, Ca(OH)2, Sn(OH)2? 

12. ʄʦʞʥʦ ʣʠ ʧʨʠʛʦʪʦʚʠʪʴ ʨʘʩʪʚʦʨʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘ-

ʣʠ ʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ: AlCl 3 ʠ NaOH; KAlO2 ʠ HCl? ʆʪʚʝʪ ʤʦ-

ʪʠʚʠʨʫʡʪʝ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 

13. ʂʘʪʠʦʥʳ ʢʘʢʠʭ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʶʪ ʨʘʩʪʚʦʨʠʤʳʝ ʚ 

ʚʦʜʝ ʩʦʣʠ ʩ ʘʥʠʦʥʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʢʠʩʣʦʪ? 

14. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʢʠʩʣʦʪʘʤʠ ʠ 

ʦʩʥʦʚʘʥʠʷʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʩʦʣʠ: Ni(NO3)2, K2S, NaHCO3, Na2HPO4. 

15. ʂʘʢʠʝ ʩʦʣʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʥʦʛʦ ʟʘ-

ʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʘʭ ʤʥʦʛʦʦʩʥʦʚʥʳʭ ʢʠʩ-

ʣʦʪ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ? 
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16. ɼʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: K2O, HCǎ, FeBr3, 

Cu(OH)2, (CuOH)3PO4, HNO3, KI, MnSO4, NaHS. ɺʳʧʠʰʠʪʝ 

ʬʦʨʤʫʣʳ ʩʦʣʝʡ, ʫʢʘʞʠʪʝ ʪʠʧ ʢʘʞʜʦʡ ʩʦʣʠ. 

17. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ:  

a) Al Ÿ Na[Al(OH)4] Ÿ Al(OH)3 Ÿ Al2O3 Ÿ Al2(SO4)3 

Ÿ BaSO4; 

ʙ) Mg Ÿ MgO Ÿ Mg(NO3)2 Ÿ Mg(OH)2 Ÿ MgCl2 Ÿ 

MgCO3 Ÿ CO2 Ÿ KHCO3; 

18. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ:  

ʘ) Zn Ÿ ZnSO4 Ÿ Zn(OH)2 Ÿ Na2ZnO2 Ÿ ZnCl2 Ÿ 

ZnCO3 Ÿ ZnO; 

ʙ) Cu Ÿ CuO Ÿ Cu(NO3)2 Ÿ Cu(OH)2 Ÿ CuO; 

19. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ:  

ʘ) Na Ÿ NaOH Ÿ NaHSO4 Ÿ Na2SO4 Ÿ BaSO4; 

ʙ) Cl2 Ÿ HCl Ÿ NaCl Ÿ AgCl; 

20. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ:  

ʘ) S Ÿ SO2 Ÿ SO3 Ÿ H2SO4 Ÿ K2SO4 Ÿ BaSO4; 

ʙ) P Ÿ P2O5 Ÿ H3PO4 Ÿ NaH2PO4 Ÿ Na2HPO4 Ÿ 

Na3PO4; 

21. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠʷ:  

ʘ) N2O5 Ÿ HNO3 Ÿ Cu(NO3)2 Ÿ Cu(OH)2 Ÿ CuO; 

ʙ) N2 Ÿ NH3 Ÿ (NH4)2SO4 Ÿ NH3 Ÿ NO. 

22. ʇʨʝʜʣʦʞʠʪʝ 8 ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

NaCl. 

23. ɼʘʥʳ ʚʝʱʝʩʪʚʘ: Zn, Cu, BaO, CO2, Al2O3, Ca(OH)2, 

Be(OH)2, K2SO4, CH3COONH4, AgNO3, KHCO3, H2S. ɺʳʙʝʨʠ-

ʪʝ ʩʨʝʜʠ ʥʠʭ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʩ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʪʘʢ ʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ. 
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ʈʘʟʜʝʣ 2.  

ʉʊʈʆɽʅʀɽ ɸʊʆʄɸ ʀ ʍʀʄʀʏɽʉʂɸʗ ʉɺʗɿʔ.  

ʇɽʈʀʆɼʀʏɽʉʀʁ ɿɸʂʆʅ ɼ.ʀ. ʄɽʅɼɽʃɽɽɺɸ 

 

 

 

ʈʠʩ. 2. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʧʦ 

ʪʝʤʝ: çʉʪʨʦʝʥʠʝ ʘʪʦʤʘ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʟʘʢʦʥ ɼ.ʀ. ʄʝʥʜʝʣʝʝ-

ʚʘè 

 

ʈʝʰʝʥʠʝ ʪʠʧʦʚʳʭ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ ʛʝ-

ʣʠʷ.  

ʈʝʰʝʥʠʝ: ɻʣʘʚʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ n =1, ʦʨʙʠʪʘʣʴʥʦʝ 

ʯʠʩʣʦ l = n-1=0, ʯʪʦ ʦʪʚʝʯʘʝʪ s-ʩʦʩʪʦʷʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ ʘʪʦʤʘ ʛʝʣʠʷ (ʅʝ) 1s
2
, ʛʜʝ ʠʥʜʝʢʩ 2 ʫʢʘ-

ʟʳʚʘʝʪ ʥʘ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 1s ʦʨʙʠʪʘʣʠ. 

 

ʇʨʠʤʝʨ 2. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʠʦʥʘ Mg
2+

. 

ʈʝʰʝʥʠʝ: ɸʪʦʤ ʤʘʛʥʠʷ ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ 
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1s
2
2s

2
2p

6
3s

2
, ʦʪʜʘʚʘʷ 2 ʵʣʝʢʪʨʦʥʘ ʩ ʧʦʜʫʨʦʚʥʷ 3s

2
, ʘʪʦʤ ʤʘʛ-

ʥʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʦʥ MgÁ- 2 e Ÿ Mg
2+

.  

ʕʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ ʠʦʥʘ Mg
2+

 1s
2
2s

2
2p

6
.
 

 

 

ʇʨʠʤʝʨ 3. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ ʞʝ-

ʣʝʟʘ. ʂʘʢ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʥʝʤ ʵʣʝʢʪʨʦʥʳ d-ʧʦʜʫʨʦʚʥʷ, ʢʘ-

ʢʦʚʘ ʚʳʩʰʘʷ ʚʘʣʝʥʪʥʦʩʪʴ ʞʝʣʝʟʘ? 

ʈʝʰʝʥʠʝ: ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ n ʵʣʝʢʪʨʦʥʳ ʚ 

ʘʪʦʤʝ ʞʝʣʝʟʘ ʧʦ ʩʣʦʷʤ K,L,M,N ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ: 2, 8, 14, 

2 (ʟʘʨʷʜ ʷʜʨʘ ʘʪʦʤʘ ʨʘʚʝʥ 26). ʕʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ 

1s
2
2s

2
2p

6
3s

2
3p

6
3d

7
4s

2
 . ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ d-ʵʣʝʢʪʨʦʥʦʚ 

 

3d
6
 Źŷ Ź Ź Ź Ź 

 

 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 4s
2
 ʧʦʜʫʨʦʚʥʷ ʦʜʠʥ s-ʵʣʝʢʪʨʦʥ ʧʝʨʝ-

ʭʦʜʠʪ ʥʘ 4ʨ-ʧʦʜʫʨʦʚʝʥʴ, ʦʙʱʝʝ ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦ-

ʥʦʚ ʨʘʚʥʦ 6, ʯʪʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʰʝʡ ʚʘʣʝʥʪʥʦʩʪʠ ʞʝʣʝʟʘ. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

24. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʩ ʧʦʨʷʜʢʦ-

ʚʳʤʠ ʥʦʤʝʨʘʤʠ 7, 16, 24, 25. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ 

ʦʙʲʷʩʥʠʪʴ ʧʦʥʷʪʠʷ çʧʦʣʥʳʝè, çʥʝʧʦʣʥʳʝè ʘʥʘʣʦʛʠ. 

25. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʠ 

ʪʠʪʘʥʘ. ʂ ʢʘʢʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ ʦʪʥʦʩʠʪʩʷ ʢʘʞʜʳʡ 

ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ? 

26. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʩ ʧʦʨʷʜʢʦ-

ʚʳʤʠ ʥʦʤʝʨʘʤʠ 10 ʠ 22. ʂ ʢʘʢʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʝʤʝʡʩʪʚʫ 

(ʧʦ ʬʦʨʤʠʨʫʶʱʝʤʫʩʷ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʣʦʶ) ʦʪʥʦʩʠʪʩʷ ʢʘʞʜʳʡ 

ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ? 

27. ʂʘʢʦʚʳ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʨʘʜʠʷ ʠ ʛʝʨ-

ʤʘʥʠʷ? ʉʢʦʣʴʢʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʤʝʝʪ ʢʘʞʜʳʡ ʠʟ 
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ʵʪʠʭ ʘʪʦʤʦʚ? ʆʙʲʷʩʥʠʪʴ ʧʝʨʝʤʝʥʥʦʩʪʴ ʚʘʣʝʥʪʥʦʩʪʠ ʛʝʨʤʘʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʫʣʘʪʘ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʘʪʦʤʦʚ. 

28. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʩʝ-

ʨʳ. ʉʢʦʣʴʢʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʤʝʝʪ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʘʪʦʤʦʚ? ʂʘʢʠʝ ʩʧʠʥ-ʚʘʣʝʥʪʥʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʘʪʦʤ ʩʝʨʳ? 

29. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʤʘʨʛʘʥʮʘ ʠ 

ʤʳʰʴʷʢʘ. ʂʘʢʦʝ ʧʨʘʚʠʣʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʢʦʣʠ-

ʯʝʩʪʚʘ  ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʫ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʘʪʦʤʦʚ? 

30. ʅʘʟʦʚʠʪʝ ʘʪʦʤʳ d-ʵʣʝʤʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʧʨʦʚʘʣ s-ʵʣʝʢʪʨʦʥʦʚ ʥʘ d-ʧʦʜʫʨʦʚʝʥʴ. 

31. ʉʦʩʪʘʚʠʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʘʪʦʤʦʚ ʩʢʘʥʜʠʷ ʠ 

ʛʘʣʣʠʷ. ʗʚʣʷʶʪʩʷ ʣʠ ʦʥʠ ʘʥʘʣʦʛʘʤʠ? 

32. ʅʘʡʪʠ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʳ, ʵʣʝʢ-

ʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʳʭ nʨ
3
.ʅʘʧʠʰʠʪʝ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʟʥʘ-

ʢʠ ʠ ʧʦʣʥʫʶ ʬʦʨʤʫʣʫ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

33. ʅʘʡʪʠ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪ, ʚ ʘʪʦʤʝ 

ʢʦʪʦʨʦʛʦ ʟʘʚʝʨʰʘʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʪʨʝʪʴʝʛʦ ʢʚʘʥ-

ʪʦʚʦʛʦ ʫʨʦʚʥʷ. ʅʘʧʠʩʘʪʴ ʧʦʣʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦ-

ʤʦʚ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. 

34. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ ʢʦʙʘʣʴʪʘ ʠ 

ʠʦʥʘ ʉʦ
2+

 

35. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ ʭʨʦʤʘ ʠ 

ʠʦʥʦʚ ʉr 
3+ 
ʠ  ʉʛ

+6
. 

36. ʅʘʡʪʠ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪ, ʚ ʘʪʦʤʝ 

ʢʦʪʦʨʦʛʦ ʟʘʚʝʨʰʘʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʚʪʦʨʦʛʦ ʢʚʘʥ-

ʪʦʚʦʛʦ ʫʨʦʚʥʷ. ʅʘʧʠʩʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫʣʫ ʘʪʦʤʘ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

37. ʉʢʦʣʴʢʦ ʠ ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʤʘʛ-

ʥʠʪʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ m1 ʧʨʠ ʦʨʙʠʪʘʣʴʥʦʤ ʢʚʘʥʪʦʚʦʤ ʯʠʩʣʝ 

l=0, 1, 2, 3? 

38. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʘʟʳʚʘ-

ʶʪʩʷ s, p, d, f-ʵʣʝʤʝʥʪʘʤʠ? ʇʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ. 

39. ʂʘʢʠʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ? 

40. ʉʪʨʦʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ ʘʪʦʤʘ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 
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3d
5
4s

2
, a ʜʨʫʛʦʛʦ - 4s

2 
4ʨ

5
.ʅʘʧʠʩʘʪʴ ʧʦʣʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨ-

ʤʫʣʳ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʘʥʘʣʦʛʠʷ ʚ ʩʚʦʡʩʪʚʘʭ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ? 

41. ʇʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʠ. ʆʙʲʷʩʥʠʪʴ ʧʦʨʷʜʦʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʫʨʦʚʥʝʡ: ʘ) 3d ʠ 4s; ʙ) 3d ʠ 4ʨ. 

42. ʂʘʢʦʡ ʧʦʜʫʨʦʚʝʥʴ ʟʘʧʦʣʥʷʝʪʩʷ ʚ ʘʪʦʤʝ ʧʦʩʣʝ ʟʘʧʦʣ-

ʥʝʥʠʷ ʧʦʜʫʨʦʚʥʝʡ 5ʨ ʠ 5d? 

 

 

 

ʈʠʩ. 3. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʧʦ ʪʝʤʝ:  

çʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴè 

 

ʈʝʰʝʥʠʝ ʪʠʧʦʚʳʭ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1. ʂʘʢʫʶ ʢʦʚʘʣʝʥʪʥʦʩʪʴ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ ʙʨʦʤ 

ʚ ʩʚʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ? 

ʈʝʰʝʥʠʝ: ʕʣʝʢʪʨʦʥʥʘʷ ʬʦʨʤʫʣʘ ʘʪʦʤʘ ʙʨʦʤʘ 4s
2
 4p

5
. 

ʂʦʚʘʣʝʥʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 
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(ʧʦ ʤʝʪʦʜʫ ɺʉ). ʂʦʚʘʣʝʥʪʥʦʩʪʴ ʨʘʚʥʘ 1. ʅʦ ʙʨʦʤ ʤʦʞʝʪ ʧʨʦ-

ʷʚʣʷʪʴ ʢʦʚʘʣʝʥʪʥʦʩʪʴ, ʨʘʚʥʫʶ 3 ʠ ʚʳʰʝ. ʋ ʘʪʦʤʘ ʙʨʦʤʘ ʝʩʪʴ 

ʩʚʦʙʦʜʥʳʝ d-ʦʨʙʠʪʘʣʠ ʥʘ ʯʝʪʚʝʨʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʜʥʦʛʦ ʠʟ  ʨ-ʵʣʝʢʪʨʦʥʦʚ ʥʘ d-ʧʦʜʫʨʦʚʝʥʴ ʚ ʥʝ-

ʩʧʘʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʘʞʫʪʩʷ ʪʨʠ ʵʣʝʢʪʨʦʥʘ. ʇʨʠ ʧʝʨʝʚʦʜʝ 

ʚʪʦʨʦʛʦ ʨ-ʵʣʝʢʪʨʦʥʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʥʝʩʧʘʨʝʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʘʞʫʪʩʷ ʧʷʪʴ ʵʣʝʢʪʨʦʥʦʚ. ʂʦʚʘʣʝʥʪʥʦʩʪʴ, 

ʨʘʚʥʫʶ ʩʝʤʠ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʥʦ ʪʘʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ ʥʝʠʟʚʝʩʪʥʦ.  

 

4s 4p 4p 4p 4d 4d 4d 4d 4d 

ŷŹ ŷŹ ŷŹ ŷ      

 

ʕʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʙʨʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝ-

ʥʠʷʤ ʢʦʚʘʣʝʥʪʥʦʩʪʠ: 

 

1... ..4s
2
4p

5
 

3 .... 4s
2
4p

4
4d

1
                     ʈʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ 

5 ... 4s
2
4p

3
4d

2 

7 .... 4s
1
4p

3
4d

3
 

 

ʇʨʠʤʝʨ 2. ʂʘʢʘʷ ʠʟ ʩʚʷʟʝʡ ʅ- N, ʅ - S, ʅ - ʊʝ, ʅ - Li  

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʷʨʥʦʡ? ʂ ʢʘʢʦʤʫ ʠʟ ʘʪʦʤʦʚ ʩʤʝʱʝʥʦ 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʧʨʠʤʝʨʦʚ? 

ʈʝʰʝʥʠʝ: ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʥʘʡʪʠ ʨʘʟʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦ-

ʩʪʝʡ (æʆʕʆ) ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʭ, ʠʩʧʦʣʴʟʫʷ ʪʘʙʣʠʯʥʳʝ 

ʜʘʥʥʳʝ (ʧʨʠʣʦʞ. 18): 

ʘ) æʆʕʆ ʅ - N = 3,0 - 2,1 = 0,9; 

ʙ) æʆʕʆ ʅ - S = 2,5 - 2,1 = 0,4; 

ʚ) æʆʕʆ ʅ - ʊʝ= 2,1 - 2,1 = 0,0;  

ʛ) æʆʕʆ ʅ- Li=2,1-1,0=1,1. 

ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ, ʪʝʤ 

ʙʦʣʝʝ ʧʦʣʷʨʥʘ ʩʚʷʟʴ. ʅʘʠʙʦʣʝʝ ʧʦʣʷʨʥʘ ʩʚʷʟʴ ʅ - Li. ʄʦʣʝʢʫ-
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ʣʷʨʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʩ ʙʦʣʴʰʝʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ, ʪ.ʝ. ʢ ʘʟʦʪʫ ʚ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʅ Ÿ 

N; ʢ ʩʝʨʝ ʅ ŸS; ʢ ʚʦʜʦʨʦʜʫ ʅ Ÿ Li. ʄʦʣʝʢʫʣʷʨʥʦʝ ʵʣʝʢʪʨʦʥ-

ʥʦʝ ʦʙʣʘʢʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʅ ʠ ʦʪ ʊʝ. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

43. ʀʩʭʦʜʷ ʠʟ ʤʝʪʦʜʘ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʩʜʝʣʘʡʪʝ ʚʳ-

ʚʦʜ ʦ ʚʦʟʤʦʞʥʳʭ ʚʘʣʝʥʪʥʦʩʪʷʭ ʤʘʨʛʘʥʮʘ, ʢʦʙʘʣʴʪʘ ʚ ʥʦʨ-

ʤʘʣʴʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

44. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʧʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧ-

ʪʦʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʲʷʩ-

ʥʠʪʝ ʤʝʭʘʥʠʟʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

45. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʤʦʣʝʢʫʣ, ʚ ʘʪʦʤʘʭ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ sp
2
-ʛʠʙʨʠʜʠʟʘʮʠʷ. ʂʘʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʦʣʝ-

ʢʫʣ? 

46. sp
3
-ʛʠʙʨʠʜʠʟʘʮʠʷ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ. ʇʨʠʚʝʜʠʪʝ 

ʧʨʠʤʝʨʳ ʤʦʣʝʢʫʣ, ʚ ʘʪʦʤʘʭ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ sp
3
 -

ʛʠʙʨʠʜʠʟʘʮʠʷ. ʂʘʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʦʣʝʢʫʣ? 

47. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʜʠʧʦʣʷ 

ʤʦʣʝʢʫʣʳ? ʂʘʢʘʷ ʠʟ ʤʦʣʝʢʫʣ ʅ2ʆ, H2S, H2Se ʠʤʝʝʪ ʥʘʠʙʦʣʴ-

ʰʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ? 

48. ʂʘʢ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʦʙʲʷʩʥʠʪʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʤʦʣʝ-

ʢʫʣ HF, ʅʉl, HBr, HI? 

49. ɺ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʭʘʨʘʢʪʝʨ ʭʠ-

ʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʦ ʨʷʜʫ NaCl Ÿ MgCl2 ŸAlCl 3 Ÿ SiCl4 Ÿ 

PCl5  Ÿ SCl2 ŸCl2? 

50. ɺ ʢʘʢʠʭ ʬʪʦʨʠʜʘʭ ʩʚʷʟʴ ʵʣʝʤʝʥʪ - ʬʪʦʨ ʙʫʜʝʪ ʥʦʩʠʪʴ 

ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ: NaF, A1F3, CF4, BaF2, NF3, F2ʆ? 

51. ʂʘʢʘʷ ʠʟ ʩʚʷʟʝʡ ʉʘ - H, ʉ - S, I - Cl ʷʚʣʷʝʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʧʦʣʷʨʥʦʡ? ʂ ʢʘʢʦʤʫ ʠʟ ʘʪʦʤʦʚ ʩʤʝʱʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦʝ 

ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ? 

52. ʂʘʢʫʶ ʬʦʨʤʫ ʤʦʛʫʪ ʠʤʝʪʴ ʪʨʝʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ 

ʪʠʧʘ ɸɺ2? ʈʘʩʩʤʦʪʨʠʪʝ ʥʘ ʧʨʠʤʝʨʘʭ ʤʦʣʝʢʫʣ ɺʝʉ12, ZnBr2, 
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ʉʆ2, ʅ2ʆ. 

53. ʅʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʬʦʨʤʫʣʳ ʬʪʦʨʘ ʠ ʭʣʦʨʘ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʦʨ-

ʤʘʣʴʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

54. ʂʘʢʫʶ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʥʘʟʳʚʘʶʪ ů -ʩʚʷʟʴʶ, ʢʘ-

ʢʫʶ ˊ -ʩʚʷʟʴʶ? ʆʪʚʝʪ ʧʦʜʪʚʝʨʜʠʪʝ ʢʦʥʢʨʝʪʥʳʤ ʧʨʠʤʝʨʦʤ. 

55. sp
1
-ʛʠʙʨʠʜʠʟʘʮʠʷ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʤʦʣʝʢʫʣ, ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ sp
1
 -ʛʠʙʨʠʜʠʟʘʮʠʷ ʘʪʦʤʥʳʭ 

ʦʨʙʠʪʘʣʝʡ. ʂʘʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʦʣʝʢʫʣ? 

56. ʆʧʨʝʜʝʣʠʪʝ ʪʠʧ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ 

ʤʦʣʝʢʫʣʘʭ CH4, H2S. ʂʘʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʦʣʝʢʫʣ? ɺ ʢʘʢʦʡ 

ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ? 

57. ɺ ʢʘʢʦʤ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ LiF, BeF2, BF3, 

CF4 ʩʚʷʟʴ ʕ-F ʙʦʣʴʰʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʦʚʘʣʝʥʪʥʦʡ? 

58. ʂʘʢʠʝ ʵʣʝʢʪʨʦʥʳ (ʈʭ, ʈʫ, Pz) ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘ-

ʥʠʠ ů- ʠ ˊ -ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʘʟʦʪʘ? 

59. ʆʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʤʦʣʝ-

ʢʫʣʝ ʚʦʜʳ. ʏʝʤ ʦʙʲʷʩʥʠʪʴ ʦʪʣʠʯʠʝ ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ ʚ ʚʦʜʝ 

(104,5
0
) ʦʪ ʧʨʷʤʦʛʦ? 

60. ʂʘʢ ʦʙʨʘʟʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʘʭ NH3 

ʠ ɺʉl3, ʢʘʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʤʦʣʝʢʫʣ? 

61. ʈʘʟʤʝʩʪʠʪʴ ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʷʭ ʚ 

ʤʦʣʝʢʫʣʝ N2. ʀʟʦʙʨʘʟʠʪʴ ʩʭʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʙʠʪʘʣʝʡ ʚ ʤʦ-

ʣʝʢʫʣʝ ʠʟ ʘʪʦʤʦʚ ʘʟʦʪʘ. 

62. ʆʧʨʝʜʝʣʠʪʴ ʪʠʧʳ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʅ2ʆ, ʅ3ʆ
+
, 

HNO3, O2, ʉʆ, ʉʆ2. 

 

ʈʘʟʜʝʣ 3.  

ʆʉʅʆɺʅʓɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ  

ʍʀʄʀʏɽʉʂʀʍ ʇʈɽɺʈɸʑɽʅʀʁ 

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʡ ʵʥʝʨʛʠʠ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʠʩʩʣʝʜʫʝʪ ʭʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. ʆʥʘ ʠʟʫʯʘʝʪ 

ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʠʭ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʚʦʟ-
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ʤʦʞʥʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʪʘʢʞʝ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʨʦʛʠʭ ʧʦʥʷʪʠʷʭ: çʩʠʩʪʝ-

ʤʘè, çʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳè, çʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳè. 

ʉʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʘʚʣʝʥʠʝʤ (ʨ), ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ), ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ (ʉ). ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʥʷʝʪʩʷ ʩʦʩʪʦʷ-

ʥʠʝ ʩʠʩʪʝʤʳ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ: ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨ-

ʛʠʷ (U), ʵʥʪʘʣʴʧʠʷ (H), ʵʥʪʨʦʧʠʷ (S), ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ (G), 

ʥʘʟʳʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ.  

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ (U) ʚʢʣʶʯʘʝʪ ʚʩʝ ʚʠʜʳ ʵʥʝʨʛʠʠ ʩʠ-

ʩʪʝʤʳ: ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ, ʷʜʝʨ ʠ ʜʨʫʛʠʭ ʯʘ-

ʩʪʠʮ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ.  

ʕʥʪʘʣʴʧʠʝʡ ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʶ ʩʦʩʪʦʷʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ʨʘʚʥʦ ʪʝʧʣʦʪʝ, ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚ ʠʟʦʙʘʨʥʦʤ 

ʧʨʦʮʝʩʩʝ: 

QP = ʅ ʧʨʦʜʫʢʪʦʚ ï ʅ ʨʝʘʛʝʥʪʦʚ = æʅ 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʪʝʨʤʦʭʠʤʠʯʝ-

ʩʢʠʤʠ. 

ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩ-

ʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʩʠʩʪʝʤʳ (æʅr<0) ʠ ʚʦ ʚʥʝʰʥʶʶ 

ʩʨʝʜʫ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʪʘ, ʥʘʟʳʚʘʶʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ. 

ʈʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʵʥʪʘʣʴʧʠʷ ʚʦʟʨʘʩʪʘʝʪ 

(æʅr >0) ʠ ʩʠʩʪʝʤʘ ʧʦʛʣʦʱʘʝʪ ʪʝʧʣʦʪʫ Qʨ ʠʟʚʥʝ, ʥʘʟʳʚʘʶʪʩʷ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤʠ.  

ʕʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʦʩʪʦʷ-

ʥʠʷ ʩʠʩʪʝʤʳ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. 

ʃʶʙʦʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʠʟʦʣʠ-

ʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʠ; ʚ ʨʘʚʥʦʚʝʩʠʠ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ 

ʧʦʩʪʦʷʥʥʘ: æS Ó 0. ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ (æSr) ʨʘʚʥʦ ʩʫʤʤʝ ʵʥʪʨʦʧʠʡ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʟʘ ʚʳʯʝʪʦʤ ʵʥʪʨʦʧʠʡ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʫʯʝʪʦʤ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ʕʥʪʘʣʴʧʠʡʥʳʡ ʠ ʵʥʪʨʦʧʠʡʥʳʡ ʬʘʢʪʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʝ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʚʟʷʪʳʝ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʢʨʠʪʝʨʠʷʤʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʪʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɼʣʷ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʬʫʥʢʮʠʷ, ʥʘʟʳʚʘʝʤʘʷ ʵʥʝʨʛʠʝʡ ɻʠʙ-

ʙʩʘ:  

æG = æH ī TæS 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʩʣʫʞʠʪ ʢʨʠʪʝʨʠʝʤ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʘ, ʝʩʣʠ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦ 

ʝʩʪʴ æG<0. ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʥʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʦ, ʝʩʣʠ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʚʦʟʨʘʩʪʘʝʪ, ʪʦ ʝʩʪʴ æG>0. 

ɽʩʣʠ æG=0, ʪʦ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʦ ʝʩʪʴ ʨʝʘʢʮʠʷ ʦʙʨʘʪʠʤʘ. 

 

ʈʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1. ɺʳʯʠʩʣʠʪʝ ʵʥʪʘʣʴʧʠʶ ʨʝʘʢʮʠʠ:  

4NH3(ʛ) + 5O2(ʛ) = 4NO(ʛ) + 6H2O(ʛ) 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ æʅ ʨʝʘʢʮʠʠ = ʅ ʧʨʦʜʫʢʪʦʚ ï ʅ ʨʝʘ-
ʛʝʥʪʦʚ 

æʅʨ
0
 = 6æʅ

0
(H2O) + 4æʅ

0
(NO) ī 4æʅ

0
(NH3) 

ʇʦʣʴʟʫʷʩʴ ʪʘʙʣʠʮʝʡ (ʧʨʠʣʦʞ. 16), ʥʘʭʦʜʠʤ æHÜ ʠ ʧʦʜ-

ʩʪʘʚʣʷʝʤ: 

æHʨ
0
 = 6Ā(ī242) + 4Ā90 ī 4Ā(ī46) = ī908 ʢɼʞ 

æʅʨ
0
 < 0, ʨʝʘʢʮʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ. 

 

ʇʨʠʤʝʨ 2. ʆʧʨʝʜʝʣʠʪʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ, ʩʯʠ-

ʪʘʷ, ʯʪʦ ʚʩʝ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ: 

ʉ2ʅ5ʆʅ + ʉʅ3ʉʆʆʅ = ʉʅ3ʉʆʆʉ2ʅ5 + ʅ2ʆ 

ɼʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʝʥʳ æʅ
0
. ʕʥʪʘʣʴʧʠʷ 

ʨʝʘʢʮʠʠ: 
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æʅʨ
0
 = æʅ

0
 (ʉ2ʅ5ʆʅ) + æʅ

0
 (ʉʅ3ʉʆʆʅ) ī  

æʅ
0
 (ʉʅ3ʉʆʆʉ2ʅ5) ī æʅ

0
 (ʅ2ʆ) 

ʇʦʣʴʟʫʷʩʴ ʪʘʙʣʠʮʝʡ (ʧʨʠʣʦʞ. 16), ʥʘʭʦʜʠʤ æʅ
0 
ʠ ʧʦʜ-

ʩʪʘʚʣʷʝʤ:  

æʅʨ
0
 = ī1367 ï 874 + 2254 = 13 ʢɼʞ 

æʅʨ
0
 > 0, ʨʝʘʢʮʠʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʘʷ. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

63. ɺʳʯʠʩʣʠʪʝ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ 

ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ Fe2O3 ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʣʶʤʠʥʠʝʤ, ʝʩʣʠ 

ʧʦʣʫʯʝʥʦ 336,1 ʛ ʞʝʣʝʟʘ. 

64. ɺʳʯʠʩʣʠʪʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (II) ʚʦʜʦʨʦʜʦʤ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʝʨ-

ʤʦʭʠʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ: 

FeO(ʢ) + ʉʆ(ʛ) = Fe(ʢ) + ʉO2(ʛ) + 13,18 ʢɼʞ; 

ʉʆ(ʛ) + 1/2ʆ2(ʛ) = ʉʆ2(ʛ) 283,0 ʢɼʞ; 

ʅ2(ʛ) + ʉʆ2(ʛ) = ʅ2ʆ(ʛ) + 241,83 ʢɼʞ. 

65. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (IV) ʦʙʨʘʟʫʶʪʩʷ ʧʘʨʳ ʚʦʜʳ ʠ ʩʝʨʦʫʛʣʝʨʦʜʘ 

CS2(ʛ). ʅʘʧʠʰʠʪʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʨʝʘʢʮʠʠ, 

ʚʳʯʠʩʣʠʪʝ ʝʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

66. ɺʳʯʠʩʣʠʪʝ, ʩʢʦʣʴʢʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʩʛʦʨʘ-

ʥʠʠ 4,48 ʣ ʵʪʠʣʝʥʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

67. ʇʨʠ ʩʛʦʨʘʥʠʠ 23 ʛ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚʳʜʝʣʠʣʦʩʴ  

622,6 ʢɼʞ ʪʝʧʣʦʪʳ. ɺʳʯʠʩʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʉ2ʅ5ʆʅ. 

68. ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ 3N2O(ʛ) + 2NH3(ʛ) = 

4N2(ʛ) + 3ʅ2O(ʛ) ʨʘʚʝʥ 878,64 ʢɼʞ. ɺʳʯʠʩʣʠʪʝ ȹȼ
Á
(N2O). 

69. ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʚʳʜʝʣʠʪʩʷ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 1 ʤʦʣʷ ʢʘʣʠʷ ʩ ʚʦʜʦʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

70. ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʝʨʦʫʛʣʝʨʦʜʘ CS2, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ CS2(ʞ) + 3ʆ2(ʛ) = ʉʆ2(ʛ) 

+ 2SO2(ʛ) ï 1075 ʢɼʞ. 
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71. ɺʳʯʠʩʣʠʪʝ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʡ ʩʛʦʨʘʥʠʷ 10 

ʛ ʩʣʝʜʫʶʱʠʭ ʚʝʱʝʩʪʚ: ʉ (ʛʨʘʬʠʪ), ʅ2(ʛ), ʈ(ʢ), ʄg(ʢ), ʅ2S(ʛ), 

ʉ2ʅ5ʆʅ(ʞ), ʉ6ʅ12ʆ6(ʢ). 

72. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 16 ʛ ʉʘʉ2 ʚ ʚʦʜʝ ʚʳʜʝʣʷʝʪʩʷ 31,5 

ʢɼʞ ʪʝʧʣʦʪʳ. ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʉʘ(ʆʅ)2. 

 

ʍʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ - ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʠ 

ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʉʠʩʪʝʤʘ ï ʵʪʦ ʚʝʱʝʩʪʚʦ ʠʣʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʱʝʩʪʚ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʜʥʠʤ ʦʙʲʝʤʦʤ. 

ʌʘʟʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʜʥʦʨʦʜʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ, 

ʦʙʣʘʜʘʶʱʠʭ ʦʜʠʥʘʢʦʚʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʦʪʜʝʣʝʥ-

ʥʳʭ ʦʪ ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ. 

ʅ2ʆ Ÿ ʚʦʜʘ (ʞ.) + ʣʝʜ (ʪʚ.). 

ʂʘʞʜʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʦʙʨʘʟʫʝʪ ʦʜʥʫ ʬʘʟʫ. 

 

ɻʦʤʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ï ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʬʘʟʳ. 

ɻʝʪʝʨʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ï ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ. 

ʈʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʜʥʦʬʘʟʥʦʡ ʩʠʩʪʝʤʝ, ʥʘʟʳʚʘ-

ʶʪʩʷ ʛʦʤʦʛʝʥʥʳʤʠ. 

ʅ2 (ɻ.) + ʉl2 (ɻ.) = 2ʅʉl(ɻ.) 

ʈʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʟʳ-

ʚʘʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ. ʆʥʠ ʧʨʦʪʝʢʘʶʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ. 

FeO(ʊ.) + ʉʆ(ɻ.) = Fe(ʊ.) + ʉʆ2 (ɻ.) 

ʉʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ï ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʉ) ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʝʜʠ-

ʥʠʮʫ ʚʨʝʤʝʥʠ (Ű). 

ɡ = ȹC/ȹŰ , ʠʣʠ ɡ = 12

12

tt-

-ʉʉ
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1) ɼʣʷ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ: ʉ =V

n

, [ʤʦʣʴ/ʣ];  

ʛʜʝ n - ʯʠʩʣʦ ʤʦʣʝʡ; 

V ï ʦʙʲʸʤ. 

ɡɻʆʄʆɻ. = V

n

ÖD

D

t  [ʤʦʣʴ/ʣ Āʩ] 

ʅʘ ʩʢʦʨʦʩʪʴ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚʣʠʷʝʪ: 

1) ʇʨʠʨʦʜʘ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ 

ʅ2 + F2 = 2HF ʠʜʝʪ ʩʦ ʚʟʨʳʚʦʤ 

ʅ2 + I2 = 2HI ʠʜʝʪ ʤʝʜʣʝʥʥʦ, ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

2) ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ 

ɺ 1864 ʛʦʜʫ ʅ.ʅ. ɹʝʢʝʪʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʣ, ʘ ʚ 1867 ʛʦʜʫ 

ʧʦʜʪʚʝʨʜʠʣʠ ʥʦʨʚʝʞ. ʫʯ. ʂ. ɻʫʣʴʜʙʝʨʛ ʠ ʇ. ɺʘʘʛʝ ʟʘʢʦʥ ʜʝʡ-

ʩʪʚʫʶʱʠʭ ʤʘʩʩ: 

ʉʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʊ,P=const, ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʠʨʫʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʚ ʩʪʝʧʝʥʷʭ, ʨʘʚʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘʤ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ. 

ʘɸ + bɺ = ʩʉ + dD 

ɡ = k[CA]
a
[CB]

b
 

ʛʜʝ a, b ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

k ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ,  

ʝʩʣʠ ʉɸ = ʉɺ = 1 ʤʦʣʴ/ʣ, ʪʦ  ɡ = k. 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ k ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʨʠʨʦʜʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʥʝ ʚʭʦʜʷʪ ʚ ʫʨʘʚʥʝʥʠʷ 

ʟʘʢʦʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ, ʉʊɺ.= const. 

ɿʘʢʦʥʫ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʧʦʜʯʠʥʷʶʪʩʷ ʨʝʘʢʮʠʠ ʠʜʫ-

ʱʠʝ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʩʪʘʜʠʶ. 

ɺ 1889 ʛʦʜʫ ʰʚʝʜ. ʫʯ. ʉ. ɸʨʨʝʥʠʫʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʳʚʝʣ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ k 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

k = AĿe
-Ea/RT

, 
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ʛʜʝ ɸ ï ʤʥʦʞʠʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʤʦʣʝʢʫʣ; 

ʝ ï ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ; 

R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ (R = 8,31 ɼʞ/ʤʦʣʴĿʂ); 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ 

ɽʘ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ. 

 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ɽʘ ï ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʠʟʙʳʪʦʢ 

ʵʥʝʨʛʠʠ ʫ ʤʦʣʝʢʫʣ, ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ ʠʭ 

ʩʪʦʣʢʥʦʚʝʥʠʠ ʧʨʦʠʟʦʰʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʪʥʝʩʝʥʥʦʝ ʢ ʦʜ-

ʥʦʤʫ ʤʦʣʶ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

 

3) ʊʝʤʧʝʨʘʪʫʨʘ 

ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʣ ʥʠʜʝʨ. ʫʯ.  

ʗ.ʍ. ɺʘʥʪ-ɻʦʬʬ. 

ʇʨʘʚʠʣʦ ɺʘʥʪ-ɻʦʬʬʘ: 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʘʞʜʳʝ 100 ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2-4  ʨʘʟʘ. 

V 2T = V 1TĀɔ
10

12 ʊʊ-

 ʠʣʠ 1

2

ʊ

ʊ

V

V

= ɔ
10

12 ʊʊ-

; 

ʛʜʝ ɔ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʘʞʜʳʝ 10
0
. 

 

ʉʢʦʨʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ: 

1. ʧʨʠʨʦʜʳ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ; 

2. ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ; 

3. ʜʠʬʬʫʟʠʠ ʞʠʜʢʦʛʦ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʚ. ʬʘʟʳ; 

4. ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʜʢʦʛʦ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

Zn (ʊɺ.) + 2HCl (ɾ.) = ZnCl2 (ɾ.)+ H2 (ɻ.) 

[ʉZn] = const, ʪʦʛʜʘ  ɡ = kĿ[ʉʅʉl]
2
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ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʊ, P=const ʧʨʦʪʝʢʘ-

ʶʪ ʢʘʢ ʚ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʘʟʳʚʘʶʪʩʷ 

ʦʙʨʘʪʠʤʳʤʠ. 

mA + nB ź pC + qD 
­

u
ʧʨʷʤʦʡ = k1Ŀ[A]

m
Ŀ[B]

n
 

«

u
ʦʙʨʘʪʥʦʡ = k2Ŀ[C]

p
Ŀ[D]

q 

 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ, ʥʘʟʳʚʘʶʪʩʷ ʨʘʚʥʦʚʝʩʥʳʤʠ, ʧʨʠ ʵʪʦʤ 

­

u
ʧʨʷʤʦʡ = 

«

u

ʦʙʨʘʪʥʦʡ ʪʦʛʜʘ: 

k1Ŀ[A]
m
Ŀ[B]

n
 = k2Ŀ[C]

p
Ŀ[D]

q
, ʪʦʛʜʘ 

2

1

k

k

 = 
nm

qp

BA

DC

][][

][][

 = kʨ 

kʨ ï ʵʪʦ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ, ʦʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʨʠʨʦʜʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ 1884 ʛʦʜʫ ʬʨ. ʫʯ. ɸ. ʃʝ-ʐʘʪʝʣʴʝ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. 

ʇʨʠʥʮʠʧ ʃʝ-ʐʘʪʝʣʴʝ: 

ɽʩʣʠ ʥʘ ʩʠʩʪʝʤʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ ʩʤʝʩʪʠʪʴʩʷ 

ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʣʝʜʩʪʚʠʷ: 

1. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʦʚʝʩʠʝ ʩʤʝʱʘʝʪʩʷ 

ʚ ʩʪʦʨʦʥʫ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʪ.ʝ. ʠʜʫʱʝʡ ʩ ʧʦʛʣʦʱ. 

ʪʝʧʣʘ). 

2. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʨʘʚʥʦʚʝʩʠʝ ʩʤʝʱʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ (ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʥʴʰʝʛʦ 

ʯʠʩʣʘ ʤʦʣʝʡ). 

3. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʚʝʱʝʩʪʚ, 

ʨʘʚʥʦʚʝʩʠʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʪʦʛʦ ʚʝʱʝ-

ʩʪʚʘ. 
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3ʅ2 +N2 ź 2NH3 +Q, 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʘʤʤʠʘʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠ-

ʯʠʪʴ ʜʘʚʣʝʥʠʝ ʠ ʧʦʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘʟʳʚʘʝʪʩʷ ʢʘʪʘʣʠʟʦʤ. 

ʂʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʟʤʝ-

ʥʷʶʪ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʦ ʩʘʤʠ ʥʝ ʠʩʧʳʪʳʚʘʶʪ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʦʩʪʘʶʪʩʷ ʚ ʪʦʤ ʞʝ ʢʦʣʠʯʝʩʪʚʝ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʨʝʘʢʮʠʠ, ʚ 

ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʚʝʜʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʂʘʪʘʣʠʟ ʛʦʤʦʛʝʥʥʳʡ - ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʨʝʘʛʠʨʫʶʱʠʝ ʚʝ-

ʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. 
                                                          ʅ2ʆ(ɻ.) 

2ʉʆ(ɻ.) + ʆ2 (ɻ.) Ÿ 2ʉʆ2 (ɻ.) 

ʂʘʪʘʣʠʟ ʛʝʪʝʨʦʛʝʥʥʳʡ - ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʨʝʘʛʠʨʫʶʱʠʝ 

ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. 
                                                       Fe(ʊ.) 

N2 + 3H2 Ÿ 2NH3 

 

ʈʝʰʝʥʠʝ ʪʠʧʦʚʳʭ ʟʘʜʘʯ 

ʇʨʠʤʝʨ 1. ʈʝʘʢʮʠʷ ʠʜʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ:  

4ɸ(ɻ) + 3ɺ(ɻ)ź2D(ɻ) + F(ɻ). 

ʀʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ:  

ʉ
)(ʠʩʭ

ɸ = 2 ʤʦʣʴ/ʣ, ʉ
)(ʠʩʭ

ɺ  = 1,5 ʤʦʣʴ/ʣ. 

ʈʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʥʘʩʪʫʧʘʝʪ, ʢʦʛʜʘ ʠʟʨʘʩʭʦʜʫʝʪʩʷ 

60% ʚʝʱʝʩʪʚʘ ɸ. ʆʧʨʝʜʝʣʠʪʴ: 

ʘ) ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʮʝʩʩʘ; 

ʙ) ʢʘʢ ʠ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʢ ʤʦʤʝʥʪʫ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ; 

ʚ) ʢʘʢ ʠʟʤʝʥʷʪʩʷ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʡ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ 2 ʨʘʟʘ ʠ ʢʫʜʘ ʧʨʠ ʵʪʦʤ ʩʤʝʩʪʠʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ; 
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ʈʝʰʝʥʠʝ: 

ʘ)
34

2

][][

][][

BA

FD
ʂʩ

Ö

Ö
=

, 

ʥʘʭʦʜʠʤ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢ-

ʮʠʠ  
)(ʠʟʨ

AC = 0,6 Ā 2 = 1,2 ʤʦʣʴ/ʣ; 

[A] = ʉ
)(ʠʩʭ

ɸ  - 
)(ʠʟʨ

AC  = 2 - 0,6 Ā 2 = 0,8 ʤʦʣʴ/ʣ; 

[B] = ʉ
)(ʠʩʭ

ɺ  - ʉ
)(ʠʟʨ

ɺ ; ʥʘ 4
)(ʠʟʨ

AC  ʥʘʜʦ 3ʉ
)(ʠʟʨ

ɺ ;  

ʉ 
)(ʠʟʨ

ɺ  = 4

3

 
)(ʠʟʨ

AC . 

[ɺ] = 1,5 - 4

3

 (0,6 Å 2) = 1,5 - 0,9 = 0,6 ʤʦʣʴ/ʣ. 

ʀʟ ʯʝʪʳʨʝʭ 
)(ʠʟʨ

AC  ʧʦʣʫʯʘʝʪʩʷ ʜʚʘ [D],  

ʧʦʵʪʦʤʫ [D]= 2

1

 
)(ʠʟʨ

AC  = 2

1

. 
1,2 = 0,6 ʤʦʣʴ/ʣ. 

[F] =  2

1

 [D]= 2

1

. 
0,6 = 0,3   ʤʦʣʴ/ʣ. 

ɿʥʘʷ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [ɸ] = 0,8; [ɺ] = 0,6; [D] 

= 0,6; [F] = 0,3, ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ: 

34

2

][][

][][

BA

FD
ʂʩ

Ö

Ö
=

=

22,1
)6,0()8,0(

3,0)6,0(
34

2

=
Ö

Ö

. 

ʙ) ʥʘʭʦʜʠʤ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʧʦ ʟʘ-

ʢʦʥʫ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ (
34

BA CkCV Ö= ): 

ʢʢʉʉʢV ʠʩʭ

ɺ

ʠʩʭ

ɸʥʘʯ 64)5,1()2()()( 3434 =Ö=Ö=
. 

ʅʘʭʦʜʠʤ ʩʢʦʨʦʩʪʴ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝ-

ʩʠʷ: 

V(ʨ)= ʢ[A]
4 . 
[ɺ]

3
= ʢ(0,8)

4
 Ā (0,6)

3 
= 0,8856 ʢ., 

ʨʘʟʘ
ʢ

ʢ

Vʨ

Vʥʘʯ 72
8856,0

64
==

. 
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ʚ) ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʣʷ ʛʘʟʦʚ ʦʟʥʘʯʘʝʪ ʫʤʝʥʴʰʝ-

ʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

Vʧʨ= ʢ [2

1

A] 
.
 [ 2

1

B]=( 2

1

)
7
k[A]

4.
[B]

3
=128

V

, ʛʜʝ Vʧʨï ʩʢʦ-

ʨʦʩʪʴ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ, 

Vʦʙʨ= ʢ [2

1

D] 
.
 [ 2

1

F]=( 2

1

)
3
k[D]

4.
[F]= 8

V

, ʛʜʝ Vʦʙʨï ʩʢʦ-

ʨʦʩʪʴ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ. 

ʈʘʚʥʦʚʝʩʠʝ ʚ ʩʠʩʪʝʤʝ ʩʜʚʠʛʘʝʪʩʷ ʚʣʝʚʦ ï ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ. 

ʆʪʚʝʪ: 

ʘ) ʂʨ = 1,22, 

ʙ) ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʚ 

72 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʚ) ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ 2 ʨʘʟʘ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ 

ʨʝʘʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 128 ʨʘʟ, ʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʡ ï ʚ 8 ʨʘʟ. 

 

ʇʨʠʤʝʨ 2. ʈʝʘʢʮʠʷ ʧʨʠ 20Áʉ ʠʜʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ V(20) = 

2,4 k, ʘ ʧʨʠ 80Áʉ - ʩʦ ʩʢʦʨʦʩʪʴʶ V(80) = 1240k. 

ʆʧʨʝʜʝʣʠʪʴ: 

ʘ) ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ (g); 

ʙ) ʟʘ ʢʘʢʦʝ ʚʨʝʤʷ ʧʨʦʡʜʝʪ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʠ 20Áʉ ʠ 50Áʉ, 

ʝʩʣʠ ʧʨʠ 80Áʉ ʦʥʘ ʧʨʦʭʦʜʠʪ ʟʘ Ű(80)=10 ʩ. 

 

ʈʝʰʝʥʠʝ:  

ʘ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ɺʘʥʪ-ɻʦʬʬʘ1

2

V

V

= 
10

tD

g ,
 

;518
4,2

1240610

2080

20

80 ====

-

gg
V

V

      
6g =518, 

ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʦʨʤʝ 
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61g(g)=lg 518=2,714; lg(g) = 6

714,2

=0,45. 

ʇʦ ʪʘʙʣʠʮʝ ʘʥʪʠʣʦʛʘʨʠʬʤʦʚ ʥʘʭʦʜʠʤ g = 2,83. 

ʆʪʚʝʪ: a) g = 2,83; 

ʙ) ʪʘʢ ʢʘʢ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ, ʪʦ ʧʨʠ 20
0
ʉ ʨʝʘʢʮʠʷ ʙʫʜʝʪ ʠʜʪʠ ʚ 

(1240:2,14) 518 ʨʘʟ ʜʦʣʴʰʝ, ʯʝʤ ʧʨʠ 800ʉ, ʪ.ʝ. Ű20= 518,  Ű80= 

518 
.
 10 = 5180 ʩ = 1 ʯ 26 ʤʠʥ 20 ʩ. 

)(7,2283,2
10

5080
)83,2( 3

20

80

80

50 ʨʘʟʘ
V

V
==

-
===

t

t

; 

Ű50=22,7ʭ,  t80=22,7 
.
 10 = 227 c = 3 ʤʠʥ  47 c. 

ʆʪʚʝʪ: ʙ) ʵʪʘ ʨʝʘʢʮʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʧʨʠ 80
0
ʉ ʟʘ 10 ʩ, 

ʧʨʠ 50
0
ʉ ʙʫʜʝʪ ʠʜʪʠ 3 ʤʠʥ 47 ʩ, ʘ ʧʨʠ 20

0
 ʉ ï 1ʯ 26 ʤʠʥ 20ʩ. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

73. ɺʳʨʘʟʠʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʩʣʝʜʫʶʱʠʭ ʨʝ-

ʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʛʦʤʦʛʝʥʥʦʡ ʩʨʝʜʝ: 

ʘ) ɸ + ɺ źɸɺ;                    ʛ)2NO + ʆ2 ź2NO2. 

ʙ) ɸ + 2ɺ ź ɸɺ2;               ʜ) N2 + 3H2 ź 2NH3. 

ʚ) N2 + ʆ2 ź 2NO; 

74. ʅʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʣʝ-

ʜʫʶʱʠʭ ʦʙʨʘʪʠʤʳʭ ʨʝʘʢʮʠʡ: 

a) N2 + O2 ź 2NO;             ʚ) ʅ2 + ʉ12 ź 2ʅʉ1; 

ʙ) N2 + ɿʅ2 ź 2Nʅ3;          ʛ) ʉʆ2 + H2 ź ʉʆ + ʅ2ʆ. 

75. ʂʘʢ ʧʦʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʠʩʪʝʤʳ: 

ʘ) N2 + ɿʅ2 ź 2NH3, æʅ298
0
 = -46,36 ʢɼʞ/ʤʦʣʴ; 

ʙ) N2 + ʆ2 ź 2Nʆ, æʅ298
0
 = 10,97 ʢɼʞ/ʤʦʣʴ. 

76. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ ɸ2 + ɺ2 ź 2ɸɺ. 

ʆʧʨʝʜʝʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ, ʝʩʣʠ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʨʘʚʥʳ: [ɸ2] = 0,2 ʤʦʣʴ/ʣ, [ɺ2] = 0,3 ʤʦʣʴ/ʣ, [ɸɺ] = 0,25 

ʤʦʣʴ/ʣ. 

77. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ ɸ + ɺ = 2ʉ. ʂʦʥ-
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ʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʘʚʥʘ 4. ʆʧʨʝʜʝʣʠʪʝ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʝʩʣʠ ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʚʥʳ 

(ʤʦʣʴ/ʣ): ʉɸ = 5; ʉʚ=4. 

78. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 2NO + ʆ2 ź 2NO2, 

ʝʩʣʠ ʫʚʝʣʠʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ NO2 ʚ 2 ʨʘʟʘ; ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʚ 3 ʨʘʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ NO ʠ ʆ2? 

79. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʝʩʣʠ 

ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 30Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʢʦʨʦʩʪʠ ʨʘʚʝʥ 2? 

80. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʨʝʘʢʮʠʷ ʛʦʨʝʥʠʷ ʚ ʯʠʩʪʦʤ ʢʠʩʣʦʨʦʜʝ 

ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʚʦʟʜʫʭʝ? 

81. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦ-

ʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 10 ʜʦ 100Áʉ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 2? 

82. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʝʨʥʠʩʪʳʤ 

ʘʥʛʠʜʨʠʜʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ 2Sʆ2 + ʆ2 ź 2SO3, ʝʩʣʠ ʫʤʝʥʴ-

ʰʠʪʴ ʦʙʲʝʤ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ 3 ʨʘʟʘ? 

83. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 2. ʂʘʢ ʠ ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʦʭʣʘ-

ʞʜʝʥʠʠ ʩʠʩʪʝʤʳ ʦʪ 100 ʜʦ 60Áʉ? 

84. ʂʫʜʘ ʩʤʝʩʪʠʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ: 

ʘ) ʉʆ2 (ʛʘʟ) + ʉ (ʪʚ) ź 2ʉʆ (ʛʘʟ); 

ʙ) ʉʘʉʆ3 (ʪʚ) ź ʉʘʆ (ʪʚ)  + ʉʆ2  (ʛʘʟ)? 

85. ʈʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 2SO2 + ʆ2 ź 2SO3 ʫʩʪʘʥʦʚʠ-

ʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ: 

[SO2] = 0,03 ʤʦʣʴ/ʣ, [ʆ2] = 0,03 ʤʦʣʴ/ʣ, [Sʆ3] = 0,01 ʤʦʣʴ/ʣ. 

ɺʳʯʠʩʣʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ. 

86. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 2Sʆ2 + ʆ2 ź 2Sʆ3, 

ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ, ʝʩʣʠ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʛʘ-

ʟʦʚʦʡ ʩʤʝʩʠ ʚ 4 ʨʘʟʘ? 

87. ʇʦʯʝʤʫ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ 2 ʨʘʟʘ ʩʤʝʱʘʝʪ ʨʘʚ-

ʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 2NO + ʆ2ź 2NO2 ʠ ʥʝ ʩʤʝʱʘʝʪ ʨʘʚʥʦʚʝʩʠʷ 

ʨʝʘʢʮʠʠ N2 + O2ź2NO? ɼʦʢʘʞʠʪʝ ʵʪʦ ʨʘʩʯʝʪʦʤ, ʚʳʯʠʩʣʠʚ 

ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʧʦʚʳ-
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ʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ 2 ʨʘʟʘ. 

88. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʝʩʣʠ 

ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 30Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʨʘʚʝʥ 3? 

89. ʈʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ 2NO + O2 ź 2NO2 ʧʨʠ ʥʝʢʦʪʦ-

ʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʩʪʘʥʦʚʠʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠ-

ʷʭ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ: [NO2] = 0,1 ʤʦʣʴ/ʣ, [ʆ2] = 0,1 

ʤʦʣʴ/ʣ, [NO] =  

0,2 ʤʦʣʴ/ʣ. ʋʢʘʞʠʪʝ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʢʠʩʠ 

ʘʟʦʪʘ. 

90. ʅʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʣʝ-

ʜʫʶʱʠʭ ʩʠʩʪʝʤ: 

ʘ) 2ʅ2 + O2 ź 2H2O(ʧʘʨ); 

ʙ) ʉ02 + ʉ(ʪʚ) ź 2ʉʆ; 

ʚ) ʉʘʉʆ3 (ʪʚ) ź ʉʘʆ (ʪʚ) + ʉʆ2. 

91. ʕʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ (ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ) 

ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 190Áʉ ʟʘ 10 ʤʠʥ. ʏʝʨʝʟ ʩʢʦʣʴʢʦ 

ʤʠʥʫʪ ʦʥʘ ʟʘʢʦʥʯʠʪʩʷ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʳʩʠʪʴ ʜʦ 220Áʉ, 

ʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 3? 

92. ʈʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʫʛʣʝʤ 

ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʉʆ2 + ʉʪʚ ź 2ʉʆ. ʅʘʨʫʰʠʪʩʷ ʣʠ 

ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ? ʅʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ. 

93. ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ N2 + ɿʅ2 ź 2NH3 

ʨʘʚʥʘ 0,1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ. ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

[ʅ2] = 0,2 ʤʦʣʴ/ʣ, [Nʅ3]= 0,08 ʤʦʣʴ/ʣ. ɺʳʯʠʩʣʠʪʴ ʨʘʚʥʦʚʝʩ-

ʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ. 

94. ʉʠʩʪʝʤʘ 2NO2 ź N2O4 ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ʂʫ-

ʜʘ ʩʜʚʠʥʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ? 

95. ʂʘʢ ʠʟʤʝʥʷʪʩʷ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʡ 

ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ N2 + 3ʅ2= 2Nʅ3 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ 3 ʨʘʟʘ? 

96. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150Áʉ ʨʝʘʢʮʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ 16 

ʤʠʥ. ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʢʮʠʠ ʨʘʚʝʥ 2, ʯʝ-

ʨʝʟ ʩʢʦʣʴʢʦ ʤʠʥʫʪ ʟʘʢʦʥʯʠʣʘʩʴ ʙʳ ʵʪʘ ʞʝ ʨʝʘʢʮʠʷ ʧʨʠ ʪʝʤʧʝ-
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ʨʘʪʫʨʝ 200Áʉ? ʇʨʦʮʝʩʩ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ. 

97. ʈʘʚʥʦʚʝʩʠʝ ʨʝʘʢʮʠʠ ʅ2+ I2 ź2HI ʫʩʪʘʥʦʚʠʣʦʩʴ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʚʝʱʝʩʪʚ: [ʅ2] 

= 0,25 ʤʦʣʴ/ʣ, [I2] = 0,05 ʤʦʣʴ/ʣ, [HI] = 0,9 ʤʦʣʴ/ʣ. ʆʧʨʝʜʝʣʠʪʝ 

ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. 

98. ɻʘʟʦʚʘʷ ʩʤʝʩʴ ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʦʨʦʜʘ ʠ ʭʣʦʨʘ. ʈʝʘʢʮʠʷ 

ʠʜʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: ʅ2+ʉ12 ź 2ʅʉ1. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʫʚʝʣʠʯʠʪʴ ʚ 3 ʨʘʟʘ? 

 

ʈʘʟʜʝʣ 4. ʈɸʉʊɺʆʈʓ. ʈɽɸʂʎʀʀ ɺ ʈɸʉʊɺʆʈɸʍ 

ʕʃɽʂʊʈʆʃʀʊʆɺ. ɻʀɼʈʆʃʀɿ ʉʆʃɽʁ 

 

ʈʘʩʪʚʦʨ ï ʵʪʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʛʦʤʦʛʝʥʥʘʷ ʩʠʩʪʝ-

ʤʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝ-

ʱʝʩʪʚʦ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩʪʚʦʨʦʚ: 

1. ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ (ʞʠʜʢʠʝ, ʛʘʟʦʚʳʝ, ʪʚʝʨʜʳʝ); 

2. ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʳʝ, ʨʘʟʙʘʚʣʝʥʥʳʝ); 

3. ʧʦ ʥʘʩʳʱʝʥʠʶ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ (ʥʘʩʳʱʝʥʥʳʝ, 

ʥʝʥʘʩʳʱʝʥʥʳʝ, ʧʝʨʝʥʘʩʳʱʝʥʥʳʝ). 

 

ʂʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝ-

ʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʠʣʠ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʳʨʘʞʘʶʪʩʷ ʤʥʦʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ: 

1. ʇʨʦʮʝʥʪʥʘʷ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʝʱʝʩʪʚʘ) ʚʳʨʘʞʘʝʪʩʷ ʯʠʩʣʦʤ 

ʛʨʘʤʤʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 100 ʛ ʨʘʩ-

ʪʚʦʨʘ: 

%100
m

m
(%) 

ʨʘ-ʨ

ʚʘ-ʚʝʱ  ʨ.

 

 
  ³=w

, 

 
m ʨʘʩʪʚʦʨʘ = m ʨʘʩʪʚʦʨʠʪʝʣʷ + m ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 
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2. ʄʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʯʠʩʣʦʤ ʤʦʣʝʡ ʨʘʩʪʚʦ-

ʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 1 ʣ ʨʘʩʪʚʦʨʘ; 

 

 ʨʘ-ʨ V  ʚʘ-ʨ.ʚʝʱ  M

ʚʘ-ʚʝʱ ʨ. m

Ö
=Cm

, (ʤʦʣʴ/ʣ) 

 

3. ʄʦʣʷʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʯʠʩʣʦʤ ʤʦʣʴ ʨʘʩʪʚʦ-

ʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 1 ʢʛ ʨʘʩʪʚʦʨʠʪʝʣʷ; 

 ʣʷ-ʨ  m  ʚʘ-ʨ.ʚʝʱ  M

ʚʘ-ʚʝʱ ʨ.  m

Ö
=Cʤ

, (ʤʦʣʴ/ʢʛ) 

 

4. ʄʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʘ ʚʳʨʘʞʘʝʪʩʷ ʯʠʩʣʦʤ 

ʤʦʣʴ ʵʢʚʠʚʘʣʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʚ 1 ʣ ʨʘʩʪʚʦʨʘ (ʧʨʠʣʦʞ. 5); 

 ʨʘ-ʨ V  ʚʘ-ʨ.ʚʝʱ ʵʢʚ. M

ʚʘ-ʚʝʱ ʨ. m

Ö
=Cm

, (ʤʦʣʴ-ʵʢʚ/ʣ) 

 

5. ʊʠʪʨ ʚʳʨʘʞʘʝʪʩʷ ʯʠʩʣʦʤ ʛʨʘʤʤʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ  

1 ʤʣ ʨʘʩʪʚʦʨʘ:  

ʨʘʨ V

ʚʘʨ.ʚʝʱ m

-

-
=ʊ

, (ʛ/ʤʣ) 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʠʥʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʦʜʠʪʴ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʨʘʩʪʚʦʨʘ ʚ ʦʙʲʝʤʥʳʝ, 

ʠ ʥʘʦʙʦʨʦʪ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʧʦʤʥʠʪʴ ʬʦʨʤʫʣʫ ʧʣʦʪʥʦʩʪʠ ʨʘʩ-

ʪʚʦʨʘ: 

m = ɟV,  

ʛʜʝ m ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʘ, ʛ 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʛ/ʤʣ 

V ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʤʣ. 
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ʂ ʢʦʣʣʠʛʘʪʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ ʨʘʩʪʚʦʨʦʚ ʦʪʥʦʩʷʪʩʷ 

ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ: ʧʦʥʠʞʝʥʠʝ ʜʘʚ-

ʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʜ ʨʘʩʪʚʦʨʦʤ ʠ ʧʦ-

ʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ ʠ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ.  

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʈʘʫʣʷ ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥ-

ʥʦʛʦ ʧʘʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ɸ ʥʘʜ ʨʘʩʪʚʦʨʦʤ æʨɸ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʦ ʤʦʣʷʨʥʦʡ ʜʦʣʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʥʝʣʝʪʫʯʝʛʦ ʚʝʱʝʩʪʚʘ ɢB::  

ʨ0
ɸ ï ʨɸ = æʨɸ = ʨ

0 ɢB, 

ʛʜʝ ʨ0
ɸ, ʨɸ ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʥʘʜ ʯʠʩʪʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʥʘʜ ʨʘʩʪʚʦʨʦʤ;  

æʨɸ ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʥʘʜ 

ʨʘʩʪʚʦʨʦʤ (ʨɸ) ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʨ
0
ɸ).  

ʉʣʝʜʩʪʚʠʷ ʟʘʢʦʥʘ ʈʘʫʣʷ:  

1. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ 

t1 ʠ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ t0  (ætʢʠʧ  = t1 ī t0) ʥʘʟʳʚʘʝʪʩʷ ʧʦʚr-

ʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ætʢʠʧ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʣʷʣʴʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ:  

ætʢʠʧ = ʂʕʉm, 

ʛʜʝ ʂʕ ï ʵʙʫʣʠʦʩʢʦʧʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʛʨʘʜĀʢʛ/ʤʦʣʴ; 

t1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ; 

t0  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ; 

ʉm ï ʤʦʣʷʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  

mʚ ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ;  

Mʚ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʛ/ʤʦʣʴ; 

mʨ-ʣ ̫ï ʤʘʩʩʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʛ. 

 

2. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʠʷ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʨʘʩʪʚʦʨʘ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʘʟ-

ʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ t0 ʠ ʥʘʯʘʣʘ 

ʟʘʤʝʨʟʘʥʠʷ ʨʘʩʪʚʦʨʘ t1 (ætʟʘʤ = t0 - t1) ʥʘʟʳʚʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʨʘʩʪʚʦʨʘ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʟʘʤʝʨʟʘʥʠʷ æʊʟʘʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʣʷʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʘʩʪʚʦʨʘ: 

ætʟʘʤ = ʂʂʉm, 

ʛʜʝ      ʂʢ  ï ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ;  

t1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʠʷ ʨʘʩʪʚʦʨʘ; 

t0  ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʧʝʨʝʭʦʜ ʨʘʩʪʚʦʨʠʪʝʣʷ ʯʝʨʝʟ ʧʦʣʫ-

ʧʨʦʥʠʮʘʝʤʫʶ ʤʝʤʙʨʘʥʫ, ʨʘʟʜʝʣʷʶʱʫʶ ʨʘʩʪʚʦʨ ʠ ʨʘʩʪʚʦʨʠ-

ʪʝʣʴ ʠʣʠ ʜʚʘ ʨʘʩʪʚʦʨʘ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʝʥ-

ʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʟʳʚʘʝʪʩʷ ʦʩʤʦʩʦʤ. ʆʩʤʦʩ ʦʙʫʩʣʦʚʣʝʥ ʜʠʬ-

ʬʫʟʠʝʡ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʧʝʨʝ-

ʛʦʨʦʜʢʫ, ʢʦʪʦʨʘʷ ʧʨʦʧʫʩʢʘʝʪ ʪʦʣʴʢʦ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʩʤʦʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʤʦʪʠʯʝʩʢʠʤ 

ʜʘʚʣʝʥʠʝʤ, ʨʘʚʥʳʤ ʩʠʣʝ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʩʪʘʚʣʷʶʱʝʡ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʥʠ-

ʢʘʪʴ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʧʝʨʝʛʦʨʦʜʢʫ: 

ˊ = ʉRT, 

ʛʜʝ  ˊ ï ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ; 

ʉ ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ; 

R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

 

ʈʘʩʪʚʦʨʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʦʩʤʦʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ 

ʥʘʟʳʚʘʶʪ ʠʟʦʪʦʥʠʯʝʩʢʠʤʠ. ɽʩʣʠ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚʳ-

ʰʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ, ʪʦ ʦʥʦ ʥʘʟʳʚʘʝʪʩʷ ʛʠʧʝʨʪʦʥʠʯʝʩʢʠʤ, 

ʝʩʣʠ ʥʠʞʝ ï ʛʠʧʦʪʦʥʠʯʝʩʢʠʤ. 

 

ʈʝʰʝʥʠʝ ʪʠʧʦʚʳʭ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ NaOH ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ 3 ʣ 10%-ʛʦ ʨʘʩʪʚʦʨʘ? 

ʈʝʰʝʥʠʝ. ʇʦ ʪʘʙʣʠʮʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʥʘʡʜʝʤ 

ʧʣʦʪʥʦʩʪʴ 10%-ʛʦ ʨʘʩʪʚʦʨʘ NaOH (ɟ = 1,115 ʛ/ʤʣ). ɺʳʯʠʩʣʠʤ 
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ʤʘʩʩʫ 3 ʣ ʨʘʩʪʚʦʨʘ:  

m = p V = 3000 ʤʣ   1,115 ʛ/ʤʣ = 3345 ʛ. 

100 ʛ ʨʘʩʪʚʦʨʘ  ʩʦʜʝʨʞʠʪʩʷ  10 ʛ NaOH 

3345 ʛ ʨʘʩʪʚʦʨʘ  -  X ʛ NaOH 

ʍ = 334,5 (ʛ) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 3 ʣ 10%-ʛʦ ʨʘʩʪʚʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ 334,5 ʛ NaOH. 

 

ʇʨʠʤʝʨ 2. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʂʆʅ ʥʫʞʥʦ ʚʟʷʪʴ ʜʣʷ ʧʨʠ-

ʛʦʪʦʚʣʝʥʠʷ 500 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ? 

ʈʝʰʝʥʠʝ. 1 ʤʦʣʴ ʂʆʅ ʠʤʝʝʪ ʤʘʩʩʫ 56 ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ 0,1 ʤʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 5,6 ʛ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 1000 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ - 5,6 ʛ ʂʆʅ;  

500 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ - 2,8 ʛ ʂʆʅ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 500 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ ʥʫʞʥʦ ʚʟʷʪʴ 

2,8 ʛ ʂʆʅ, ʧʦʤʝʩʪʠʪʴ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʠ ʜʦʚʝʩʪʠ ʦʙʲʝʤ ʜʦ 500 

ʤʣ. 

 

ʅʦʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʆʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʦʜʠʥʘʢʦʚʦʡ ʥʦʨʤʘʣʴ-

ʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʨʘʚʥʳʤʠ ʦʙʲʝʤʘʤʠ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜ-

ʥʠʝ ʩʦʜʝʨʞʘʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝ-

ʱʝʩʪʚ. ɽʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʥʝ ʨʘʚʥʳ, ʠʭ ʨʘʩʭʦʜʫʝ-

ʤʳʝ ʦʙʲʝʤʳ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʨʝʘ-

ʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʋʢʘʟʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʧʨʦʧʦʨʮʠʝʡ:  

V1 Ā H1 = V2 Ā H2, 

ʛʜʝ V1 ʠ V2 ï ʦʙʲʝʤʳ ʨʘʩʪʚʦʨʦʚ, ʤʣ, 

H1 ʠ H2 ï ʥʦʨʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʤʦʣʴ-ʵʢ/ʣ. 

 

ʇʨʠʤʝʨ 3. ʆʧʨʝʜʝʣʠʪʝ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʅ2Sʆ4, 

15 ʤʣ ʢʦʪʦʨʦʛʦ ʨʝʘʛʠʨʫʝʪ ʙʝʟ ʦʩʪʘʪʢʘ ʩ 30 ʤʣ 0,5 ʥ ʨʘʩʪʚʦʨʘ 

ɺʘʉl2. 
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ʈʝʰʝʥʠʝ. ʆʙʦʟʥʘʯʠʤ ʥʦʨʤʘʣʴʥʦʩʪʴ ʅ2Sʆ4 ʯʝʨʝʟ ʅ,  

ʪʦʛʜʘ 15 
.
 ʅ ʅ2Sʆ4= 30 

.
 0,5, 

ʅ ʅ2Sʆ4 = 
0,1

15

5,030
=

Ö

(ʤʦʣʴ-ʵʢ/ʣ). 

ʈʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʦʜʥʦʥʦʨʤʘʣʴʥʳʡ.  

ʇʦ ʠʟʚʝʩʪʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʠʪʨ.  

ʊ=1000

ʕHÖ

 

ʊʠʪʨ 1 ʥ ʨʘʩʪʚʦʨʘ H2SO4 ʨʘʚʝʥ ʊ= 1000

491Ö

 = 0,049 ʛ/ʤʣ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 1 ʤʣ 1 ʥ ʨʘʩʪʚʦʨʘ 0,049 ʛ H2SO4. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

99. ʉʢʦʣʴʢʦ ʚʦʜʳ ʥʫʞʥʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 20%-ʛʦ 

ʨʘʩʪʚʦʨʘ, ʝʩʣʠ ʠʤʝʝʪʩʷ 200 ʛ ʩʫʭʦʡ ʩʦʣʠ? 

100. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ CuSO4 ʩʦʜʝʨʞʠʪʩʷ ʚ 500 ʤʣ 4 ʄ 

ʨʘʩʪʚʦʨʘ? 

101. ʈʘʩʪʚʦʨ ʂʆʅ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 15% ʠʤʝʝʪ ʧʣʦʪ-

ʥʦʩʪʴ  

1,12 ʛ/ʤʣ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʱʝʣʦʯʠ ʩʦʜʝʨʞʠʪʩʷ ʚ 200 ʤʣ ʵʪʦ-

ʛʦ ʨʘʩʪʚʦʨʘ? 

102. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʦʩʪʴ, ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʪʠʪʨ ʨʘʩʪʚʦʨʘ, 2 ʣ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʪ 9,8 ʛ 

ʅ3ʈʆ4. 

103. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ H2SO4 ʥʫʞʥʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

300 ʤʣ 1,5 ʄ ʨʘʩʪʚʦʨʘ? 

104. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ 20%-ʛʦ ʨʘʩʪʚʦʨʘ ʅʉl ʥʫʞʥʦ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ 3 ʣ 3 ʥ ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʪʳ? 

105. ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʩʦʜʳ (Na2CO3) ʩ ʢʦʥʮʝʥʪʨʘʮʠ-

ʝʡ 2 ʄ - 1,14 ʛ/ʤʣ. ʆʧʨʝʜʝʣʠʪʝ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ. 

106. ɺ 0,5 ʣ ʨʘʩʪʚʦʨʘ ʩʦʜʝʨʞʠʪʩʷ 0,053 ʢʛ ʂʉ1, ʧʣʦʪ-
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ʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʨ = 1,063 ʛ/ʤʣ. ʆʧʨʝʜʝʣʠʪʝ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥ-

ʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʢʘʣʠʷ. 

107. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ CuSO4 
. 
5ʅ2ʆ 

ʥʫʞʥʦ ʚʟʷʪʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 1 ʢʛ 8%-ʛʦ ʨʘʩʪʚʦʨʘ, ʩʯʠʪʘʷ 

ʥʘ ʙʝʟʚʦʜʥʫʶ ʩʦʣʴ? 

108. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 1,22 ʛ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 

ʉ6ʅ5ʉʆʆʅ ʚ 100 ʛ ʩʝʨʦʫʛʣʝʨʦʜʘ, ʢʠʧʠʪ ʧʨʠ 46,8
ʦ
ʉ. ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʢʠʧʝʥʠʷ ʩʝʨʦʫʛʣʝʨʦʜʘ 46,53
ʦ
ʉ. ɺʳʯʠʩʣʠʪʴ ʵʙʫʣʠʦʩʢʦʧʠ-

ʯʝʩʢʫʶ ʢʦʥʩʪʘʥʪʫ ʩʝʨʦʫʛʣʝʨʦʜʘ. 

109. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 11,04 ʛ ʛʣʠʮʝʨʠʥʘ ʠ 800 ʛ ʚʦ-

ʜʳ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -0,28
ʦ
ʉ. ɺʳʯʠʩʣʠʪʝ ʤʦ-

ʣʷʨʥʫʶ ʤʘʩʩʫ ʛʣʠʮʝʨʠʥʘ, ʝʩʣʠ ʜʣʷ ʚʦʜʳ ʟʥʘʯʝʥʠʝ ʢʨʠʦʩʢʦʧʠ-

ʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦ 1,86. 

110. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʉ12ʅ22ʆ11 ʨʘʩʪʚʦʨʝʥʦ ʚ 1600 ʛ 

ʚʦʜʳ, ʝʩʣʠ ʨʘʩʪʚʦʨ ʟʘʢʠʧʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100,04
ʦ
ʉ 

(ʂɻ=0,52
ʦ
ʉ)?  

111. ɺʳʯʠʩʣʠʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 5%-ʛʦ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʉ2ʅ4(ʆʅ)2 (ʂʢ=1,86
ʦ
ʉ). 

112. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 3,05 ʛ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʉ6ʅ5ʉʆʆʅ ʚ 125 ʛ ʭʣʦʨʦʬʦʨʤʘ, ʨʘʚʥʘ 

61,88
ʦ
ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʭʣʦʨʦʬʦʨʤʘ 61,12

ʦ
ʉ. ɺʳʯʠʩ-

ʣʠʪʝ ʵʙʫʣʠʦʩʢʦʧʠʯʝʩʢʫʶ ʢʦʥʩʪʘʥʪʫ ʭʣʦʨʦʬʦʨʤʘ. 

113. ʆʧʨʝʜʝʣʠʪʝ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦ-

ʨʘ NaOH, ʚ 300 ʤʣ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ 0,24 ʛ ʚʝʱʝʩʪʚʘ. 

114. 3 ʥ ʨʘʩʪʚʦʨ CuSO4 ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 1,22 ʛ/ʤʣ. 

ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʦʩʪʴ, ʪʠʪʨ ʠ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ. 

115. ʆʧʨʝʜʝʣʠʪʝ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 200 ʛ ʚʦʜʳ ʠ 50 ʛ ʩʦʣʠ. 

116. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥʪʘ 

ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʪʳ, ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 18 ʤʣ ʢʦʪʦʨʦʛʦ ʧʦʪʨʝ-

ʙʦʚʘʣʦʩʴ 24 ʤʣ 0,1 ʥ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ. 

117. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ NaOH, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 200 ʤʣ 

0,2 ʥ ʨʘʩʪʚʦʨʘ. 

118. ɼʣʷ ʙʦʨʴʙʳ ʩʦ ʩʚʝʢʣʦʚʠʯʥʳʤ ʜʦʣʛʦʥʦʩʠʢʦʤ ʧʨʠ-
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ʤʝʥʷʶʪ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʠʟ ʨʘʩʯʝʪʘ 500 ʛ ɺʘʉ12 
.
 2ʅ2ʆ 

ʥʘ 10 ʣ ʚʦʜʳ. ɺʳʯʠʩʣʠʪʝ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ɺʘʉ12 

ʨʘʩʪʚʦʨʝ. 

119. 1 ʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ 1,31 ʛ/ʤʣ, 

ʩʦʜʝʨʞʘʱʝʡ 50% ʅNʆ3 ʨʘʟʙʘʚʣʝʥ 690 ʤʣ ʅ2ʆ. ʂʘʢʦʚʘ ʧʨʦ-

ʮʝʥʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ? 

120. ʇʨʠʛʦʪʦʚʴʪʝ 1 ʣ 20%-ʛʦ ʨʘʩʪʚʦʨʘ H2SO4, ʠʤʝʶʱʝʡ 

ʧʣʦʪʥʦʩʪʴ 1,14 ʛ/ʤʣ, ʠʟ 93,6%-ʡ ʢʠʩʣʦʪʳ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ 

1,83 ʛ/ʤʣ. ʉʢʦʣʴʢʦ ʜʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʪʩʷ 6%-ʡ ʢʠʩʣʦʪʳ ʠ ʚʦ-

ʜʳ? 

121. ʏʝʤʫ ʨʘʚʥʘ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ, ʚ 3 ʣ 

ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ 175,5 ʛ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ? 

122. ɺʳʯʠʩʣʠʪʝ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ 

ʉ12ʅ22ʆ11, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ ʨʘʚʥʘ -

0,465
ʦ
ʉ. ʂʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʚʦʜʳ 1,86

ʦ
ʉ. 

123. ɺʳʯʠʩʣʠʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʤʦʯʝʚʠʥʳ (NH4)2CO, ʩʦʜʝʨʞʘʱʝʛʦ 8 ʛ ʤʦʯʝʚʠʥʳ ʚ 100 ʛ ʚʦʜʳ 

(ʂʢ=1,86
ʦ
ʉ). 

124. ɺʳʯʠʩʣʠʪʝ ʧʨʦʮʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʛʣʶʢʦʟʳ ʉ6ʅ12ʆ6, ʝʩʣʠ ʵʪʦʪ ʨʘʩʪʚʦʨ ʢʠʧʠʪ ʧʨʠ 

100,26
ʦ
ʉ (ʂ=ɻ0,52

ʦ
ʉ). 

125. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʩʝʨʳ, ʝʩʣʠ ʨʘʩʪʚʦʨ 

0,324 ʛ ʝʝ ʚ 40 ʛ ʙʝʥʟʦʣʘ ʢʠʧʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 0,081
ʦ
ʉ 

ʚʳʰʝ, ʯʝʤ ʯʠʩʪʳʡ ʙʝʥʟʦʣ (ʂ=ɻ2,61
ʦ
ʉ). ʂʘʢʦʡ ʬʦʨʤʫʣʝ ʦʪʚʝ-

ʯʘʝʪ ʵʪʘ ʚʝʣʠʯʠʥʘ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ? 

 

ʕʣʝʢʪʨʦʣʠʪ - ʭʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʚ ʨʘʩʪʚʦʨʝ ʧʦʷʚʣʷʶʪʩʷ ʠʦʥʳ. 

ʇʨʦʮʝʩʩ ʨʘʩʧʘʜʘ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʠʦʥʳ ʚ ʨʘʩʪʚʦʨʝ 

ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ. 

ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʵʪʘ-

ʧʦʚ: ʩʦʣʴʚʘʪʘʮʠʠ, ʠʦʥʠʟʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ. 

ʉʪʘʜʠʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ: 
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1. ʈʘʟʨʳʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʨʘʩʪʚʦʨʷʝʤʦʤ ʚʝʱʝʩʪʚʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʠʜʝʪ 

ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ, ȹʅ>0. 

2.ʆʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ. ʕʢʟʦʪʝʨʤʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ, ʠʜʝʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ȹʅ<0. 

ʕʣʝʢʪʨʦʣʠʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ 

(ʧʨʠʣʦʞ. 8) 

ʉʠʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʚ ʨʘʩʪʚʦʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦ-

ʩʪʴʶ ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʘ ʠʦʥʳ: 

ʅʉl Ÿ ʅ
+
 + ʉl

-
. 

ʉʣʘʙʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ, ʪ.ʝ. ʜʠʩʩʦʮʠʘʮʠʷ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ: 

ʉʅ3ʉʆʆʅ ź ʅ
+
 + ʉʅ3ʉʆʆ

-
. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ: 

1. ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ Ŭ (% ʠʣʠ ʜʦʣʠ ʝʜʠʥʠʮʳ) ï ʚʝ-

ʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʯʘʩʪʴ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʘʩ-

ʪʚʦʨʝʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʧʘʣʘʩʴ ʥʘ ʠʦʥʳ (ʧʨʠʣʦʞ. 9). 

Ŭ= N

N I

Ŀ100%, 

ʛʜʝ N
I
 ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ, ʨʘʩʧʘʚʰʠʭʩʷ ʥʘ ʠʦʥʳ; 

 N ï ʦʙʱʝʝ ʯʠʩʣʦ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʦʣʝʢʫʣ. 

 

2. ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ Kd ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʠʚʥʦ-

ʩʪʷʤʠ ʢʘʪʠʦʥʦʚ , ʘʥʠʦʥʦʚ ʠ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʧʨʠʣʦʞ. 10): 

 

 

ɿʥʘʯʝʥʠʝ Kd ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ (Ŭ) ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʨʠ ʣʶʙʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ: 

http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B8%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B8%D0%BE%D0%BD
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, 

ʛʜʝ  ï ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ (ʧʨʠ-

ʣʦʞ.11, 12). 

 

ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. 

 

ʂʠʩʣʦʪʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʜʠʩʩʦʮʠʠʨʫʶʱʠʝ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʘʥʠʦ-

ʥʦʚ ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʅnɸʩ ź nʅ
+
 + ɸʩ

-n
 

ʆʜʥʦʦʩʥʦʚʥʳʝ ʢʠʩʣʦʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦ: 

ʅʉl = ʅ
+
 + ʉl

-
. 

ʄʥʦʛʦʦʩʥʦʚʥʳʝ ʢʠʩʣʦʪʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʩʪʫʧʝʥʯʘʪʦ. 

ʏʠʩʣʦ ʩʪʫʧʝʥʝʡ ʜʠʩʩʦʮʠʘʮʠʠ n ʨʘʚʥʦ ʦʩʥʦʚʥʦʩʪʠ ʢʠʩʣʦʪʳ, 

ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʫ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ. 

ʅ2ʉʆ3  

ʅ2ʉʆ3 ź ʅ
+
 + ʅʉʆ3

-
     I ʩʪ. 

ʅʉʆ3
-
 ź ʅ

+
 + ʉʆ3

2-
      II  ʩʪ. 

ʅ2ʉʆ3  ź  2ʅ
+
 +ʉʆ3

2-
 

 

ʂɼI = 
][

]][[

32COH

HCOH -+

= 4,5Ŀ10
-7

 

 

ʂɼII = 
][

]][[

3

2

3

-

-+

HCO

COH

= 4,8Ŀ10
-11

. 

 

ʂɼI > ʂɼII 

ʂɼ = ʂɼIĿʂɼII = 
][

][][

32

2

3

2

COH

COH -+ Ö

. 
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ʆʩʥʦʚʘʥʠʷ (ʦʩʥʦʚʥʳʝ ʛʠʜʨʦʢʩʠʜʳ) - ʵʪʦ ʵʣʝʢʪʨʦʣʠʪʳ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ ʦʜʠʥ ʚʠʜ ʘʥʠʦʥʦʚ 

ï ʛʠʜʨʦʢʩʠʜ-ʠʦʥʳ ʆʅ
-
. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʦʩʥʦʚʘʥʠʡ ï 

ʄ(ʆʅ)n. 

ʄe(ʆʅ)n ź ʄe
+n

 + nʆʅ
-
 

ʆʜʥʦʢʠʩʣʦʪʥʳʝ ʦʩʥʦʚʘʥʠʷ ʜʠʩʩʦʮʠʠʨʫʶʪ ʦʜʥʦʩʪʫʧʝʥ-

ʯʘʪʦ: 

ʂʆʅ = ʂ
+
 + ʆʅ

-
. 

ʄʥʦʛʦʢʠʩʣʦʪʥʳʝ ʦʩʥʦʚʘʥʠʷ ʜʠʩʩʦʮʠʠʨʫʶʪ ʩʪʫʧʝʥʯʘʪʦ, 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ n ʨʘʚʥʦ ʢʠʩʣʦʪʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʪ.ʝ. ʢʦ-

ʣʠʯʝʩʪʚʫ ʛʨʫʧʧ ʆʅ
-
. 

Cu(OH)2 ź CuOH
+
 + OH

-
    I  ʩʪ.    KɼI = 8,3Ŀ10

-4
, 

CuOH
+
 ź Cu

2+
 + OH

-
           II ʩʪ.    ʂɼII = 3,4Ŀ10

-7
, 

Cu(OH)2 ź Cu
2+

 + 2ʆʅ
-
 

 

KɼI > ʂɼII 

 

ɸʤʬʦʪʝʨʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ: 

 

ʅ
+
 + ʄʝʆ

-
 Ŷ ʄʝʆʅ Ÿ ʄʝ

+
 + ʆʅ

-
. 

ʧʦ ʪʠʧʫ ʢʠʩʣʦʪʳ                        ʧʦ ʪʠʧʫ ʦʩʥʦʚʘʥʠʷ 

 

ɸʤʬʦʪʝʨʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ: ɸl(ʆʅ)3, Pb(OH)2, Cr(OH)3, 

Sn(OH)2, Zn(OH)2, Be(OH)2 ʠ ʜʨ. 

 

ʉʦʣʠ - ʵʪʦ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʣʦʪʳ ʩ ʦʩʥʦʚʘ-

ʥʠʝʤ. 

ʊʠʧʳ ʩʦʣʝʡ: 

1. ʉʦʣʠ ʩʨʝʜʥʠʝ ʠʣʠ ʥʦʨʤʘʣʴʥʳʝ (ʧʨʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ): 

ʉʘ(ʆʅ)2 + ʅ2SO4 = CaSO4 + 2H2O 

Cʨʝʜʥʠʝ ʠʣʠ ʥʦʨʤʘʣʴʥʳʝ ʩʦʣʠ ʜʠʩʩʦʮʠʠʨʫʶʪ ʦʜʥʦʩʪʫ-

ʧʝʥʯʘʪʦ: 

CaSO4 ź Ca
2+

 + SO
-2

4 . 
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2. ʂʠʩʣʳʝ ʩʦʣʠ (ʧʨʠ ʠʟʙʳʪʢʝ ʢʠʩʣʦʪʳ): 

ʉʘ(ʆʅ)2 + 2H2SO4 = Ca(HSO4)2 + 2H2O 

ʂʠʩʣʳʝ ʩʦʣʠ ʜʠʩʩʦʮʠʠʨʫʶʪ ʩʪʫʧʝʥʯʘʪʦ: 

ʉʘ(ʅSO4)2 ź Ca
2+

 + 2HSO
-

4  I ʩʪ.
 

2HSO
-

4  ź 2H
+
 + 2SO

-2

4        II ʩʪ. 

3. ʆʩʥʦʚʥʳʝ ʩʦʣʠ (ʧʨʠ ʠʟʙʳʪʢʝ ʱʝʣʦʯʠ): 

2ʉʘ(ʆʅ)2 + ʅ2SO4 = (CaOH)2SO4 + 2H2O 

ʆʩʥʦʚʥʳʝ ʩʦʣʠ ʜʠʩʩʦʮʠʠʨʫʶʪ ʩʪʫʧʝʥʯʘʪʦ: 

(CaOH)2SO4 ź 2(ʉaOH)
+
 + SO

-2

4   I ʩʪ. 

2(ʉʘʆʅ)
+
 ź 2ʉʘ

2+
 + 2ʆʅ

-
            II  ʩʪ. 

ʈʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʨʦʪʝʢʘʶʱʠʝ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʦʚ ʠʦʥʦʚ, ʥʘʟʳʚʘʶʪʩʷ ʨʝʘʢʮʠʷʤʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. 

ʂ1ɸ1 + ʂ2ɸ2 ź ʂ1ɸ2 + ʂ2ɸ1 

ʋʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʤʦʣʝ-

ʢʫʣʷʨʥʦʤ, ʧʦʣʥʦʤ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʩʦʢʨʘʱʝʥʥʦʤ ʠʦʥ-

ʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʘʭ. 

ʋʩʣʦʚʠʷ ʥʝʦʙʨʘʪʠʤʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ: 

1. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ (ʦʩʘʜʢʘ); 

FeCl3 + 3NaOH = 3NaCl + Fe(OH)3Ź 

Fe
3+

 +3Cl
-
 +3Na

+
 +3OH

-
 = 3Na

+
 + 3Cl

-
 + Fe(OH)3Ź 

Fe
3+

 + 3OH
-
 = Fe(OH)3Ź 

2. ʆʙʨʘʟʦʚʘʥʠʝ ʣʝʛʢʦʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ (ʛʘʟʘ); 

Na2CO3 + 2HCl = 2NaCl + H2CO3 (CO2ŷ + H2O) 

2Na
+
 + CO3

2-
 + 2H

+
 + 2Cl

-
 = 2Na

+
 + 2Cl

-
 + CO2ŷ + H2O 

CO3
2-

 + 2H
+
 = CO2ŷ + H2O. 

3. ʆʙʨʘʟʦʚʘʥʠʝ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʅ2ʆ, NH4OH, 

CH3COOH ʠ ʜʨ.) 

2KOH + H2SO4 = K2SO4 + 2H2O 

2K
+
 + 2OH

-
 +2H

+
 + SO

+2

4 = 2K
+
 + SO

+2

4  + 2H2O 

2OH
-
 + 2H

+
= 2H2O 

4. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ. 
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BiJ3 + KJ = K[BiJ4] 

Bi
3+

 +3J
-
 + K

+
 + J

-
 = K

+
 + [BiJ4]

-
 

Bi
3+

 +3J
-
 + J

-
 = [BiJ4]

- 

ɺ ʫʨʘʚʥʝʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʠʦʥʥʦʤ ʚʠʜʝ ʟʘʧʠ-

ʩʳʚʘʶʪʩʷ ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʩʣʘʙʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ. 

ʌʦʨʤʫʣʳ ʚʝʱʝʩʪʚ, ʤʘʣʦʜʠʩʩʦʮʠʠʨʫʶʱʠʭ, ʚʳʧʘʜʘʶ-

ʱʠʭ ʚ ʦʩʘʜʦʢ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʭ, ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ; 

ʚ) ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ 

ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ ʠʦʥʳ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʠ (ʵʪʠ ʠʦʥʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʦʙʝʠʭ ʯʘʩʪʷʭ ʨʘʚʝʥʩʪʚʘ ʚ 

ʦʜʠʥʘʢʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ), ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ (ʫʩʣʦʚʥʦ) ʠʭ ʤʦʞ-

ʥʦ ʧʝʨʝʯʝʨʢʥʫʪʴ; 

ʛ) ʚʳʧʠʩʘʪʴ ʬʦʨʤʫʣʳ ʪʦʣʴʢʦ ʪʝʭ ʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ, ʢʦ-

ʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʠ. 

 

ʇʨʠʤʝʨ 1. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ ɸl(ʆʅ)3: 

 

ʜʠʩʩʦʮʠʘʮʠʷ ʧʦ ʪʠʧʫ ʦʩʥʦʚʘʥʠʷ:   

ɸl(ʆʅ)3 ź 3ʆʅ
-
 + ɸl

3+
; 

ɸl(ʆʅ)3 + 3ʅʉl = ɸlʉl3 + 3ʅ2ʆ 

ʜʠʩʩʦʮʠʘʮʠʷ ʧʦ ʪʠʧʫ ʢʠʩʣʦʪʳ: 

ɸl(ʆʅ)3 ź 3ʅ
+
 + ɸlʆ

-3

3 . 

ɸl(ʆʅ)3 +3NaOH = Na3AlO3 + 3H2O. 

 

Na3[Al (OH)6]. 

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʜʠʩʩʦʮʠʠʨʫʶʱʠʤ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 

ʅ2ʆ ź ʅ
+
+ ʆʅ

-
. 

ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ ʦʯʝʥʴ ʤʘʣʘ: 

ʂ= 

=
-

Ö
+

O]
2

[H

][OH][H

1,8 Ā 10
-16

 (22
0
ʉ). 
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ʇʨʠʥʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʳ [ʅ2ʆ] ʚʝʣʠʯʠʥʦʡ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

 

ʂ [ʅ2ʆ] = [ʅ
+
] Ā [ʆʅ

-
] =1,8 Ā 10

-16
. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ ʨʘʚʥʘ 
56,55

18

1000
=

ʤʦʣʴ/ʣ. 

 

ʆʪʩʶʜʘ [ʆʅ
-
] Ā [H

+
] = 1,8 Ā 10 

-16 Ā 55,56 = 1 Ā 10 
-14

 = ʂʥ2ʦ. 

 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠ ʛʠʜʨʦʢ-

ʩʠʜ-ʠʦʥʦʚ ʥʘʟʳʚʘʝʪʩʷ ʠʦʥʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʦʜʳ. ɺ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ [ʅ
+
] Ā [ʆʅ

-
]= 10

-7 ʤʦʣʴ/ʣʠʪʨ, ʚ ʢʠʩʣʦʡ - 

[H
+
]>[ʆʅ

-
], ʘ ʚ ʱʝʣʦʯʥʦʡ - [ʅ

+
]<[ʆʅ

-
]. 

ʇʨʠ ʵʪʦʤ ʚ ʣʶʙʳʭ ʩʨʝʜʘʭ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʦʨʦʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠʦʥʦʚ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(220ʉ) ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʳʤ 10 
-14

 ʤʦʣʴ/ʣʠʪʨ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ (ʢʠʩʣʦʡ, 

ʱʝʣʦʯʥʦʡ) ʦʙʳʯʥʦ ʧʨʠʚʦʜʷʪ ʥʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʥʳʭ 

ʠʦʥʦʚ, ʘ ʧʨʠʤʝʥʷʶʪ ʫʩʣʦʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʯʝ-

ʨʝʟ ʨʅ ʠ ʥʘʟʳʚʘʝʤʳʡ ʚʦʜʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʨʅ =-lg[H
+
]. ʊʦʛʜʘ ʨʅ ʨʘʟʣʠʯ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʢʠʩʣʳʡ 

ʨʅ<7, ʱʝʣʦʯʥʦʡ ʨʅ>7, ʥʝʡʪʨʘʣʴʥʳʡ ʨʅ=7 (ʧʨʠʣʦʞ. 13). 

 

ʇʨʠʤʝʨ 2. [H
+
] = 10 

-4
 ʤʦʣʴ/ʣʠʪʨ. ɺʳʯʠʩʣʠʪʴ [ʆʅ

-
]. 

ʈʝʰʝʥʠʝ. [OH
-
] = 

10

4

14

10
10

10 -

-

-

=
 ʤʦʣʴ/ʣ; 

 

ʇʨʠʤʝʨ 3. ɺʳʯʠʩʣʠʪʴ ʨʅ 0,01 ʥ ʨʘʩʪʚʦʨʘ ʂʆʅ (ʩʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠʥʷʪʴ ʟʘ 100%). 

ʈʝʰʝʥʠʝ. ʂʆʅ ź ʂ
+
 + ʆʅ

-
; [ʆʅ

-
 ] =0,01 = 10

-2
 ʤʦʣʴ/ʣ; 



 66 

[H
+
] = 

12

2

14

10
10

10 -

-

-

=
 ʛ-ʠʦʥ/ʣ; 

ʨʅ = -lg[H
+
] = -lg[10

-12
] = 12, ʩʨʝʜʘ ʱʝʣʦʯʥʘʷ. 

 

ɻʠʜʨʦʣʠʟʦʤ ʩʦʣʝʡ ʥʘʟʳʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ 

ʨʘʩʪʚʦʨʝʥʥʦʡ ʩʦʣʠ ʩ ʠʦʥʘʤʠ ʚʦʜʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʠʟʤʝ-

ʥʝʥʠʝʤ ʨʅ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʛʠʜʨʦʣʠʟʝ ʩʦʣʠ ʩʤʝʱʘʝʪʩʷ ʠʦʥʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʚʦʨʳ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʩʦʣʝʡ ʠʤʝʶʪ ʢʠʩʣʫʶ ʠʣʠ ʱʝʣʦʯʥʫʶ ʨʝʘʢʮʠʶ. 

 

ɻʠʜʨʦʣʠʟʫ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ: 

ʘ) ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ (Na2CO3, 

K2S, K2SO3, ʠ ʜʨ.); 

ʙ) ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ (NH4C1, 

Zn(NO3)2 ʠ ʜʨ.); 

ʚ) ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ ((NH4)2S, 

ɸ12(ʉʆ3)3 ʠ ʜʨ.). 

 

ʉʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʠʣʴʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʛʠʜʨʦʣʠʟʫ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ (K2SO4, NaNO3, NaCl, 

KNO3).  

 

ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʩʦʣʝʡ ʧʠʰʫʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʜʨʫ-

ʛʠʤ ʠʦʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ: ʤʘʣʦʜʠʩʩʦʮʠʠʨʫʶʱʠʝ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʚʦʜʘ), ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ, ʘ ʪʘʢʞʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ, ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ - ʚ ʚʠʜʝ 

ʠʦʥʦʚ. 

ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʩʦʣʝʡ ʤʥʦʛʦʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ ʠ 

ʤʥʦʛʦʢʠʩʣʦʪʥʳʭ ʦʩʥʦʚʘʥʠʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦ ʩʪʫʧʝʥʷʤ ʘʥʘ-

ʣʦʛʠʯʥʦ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. 
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ʇʨʠʤʝʨ 4. ɻʠʜʨʦʣʠʟ ʂ2ʉʆ3 

 

I ʩʪ. 

ʉʆ3 
2-
 +HOH źHCO3 

-
 + ʆʅ

- 

(ʩʦʢʨʘʱʝʥʥʦʝ ʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ) 

2ʂ
+
 + ʉʆ3 

2-
 + ʅʆʅ ź2ʂ

+
 + ʅʉʆ3

-
 + ʆʅ

-
 

(ʧʦʣʥʦʝ ʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ) 

ʂ2ʉʆ
-

3 3+ ʅʆʅ ź ʂʅʉʆ3 + ʂʆʅ  

(ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ)  

II  ʩʪ. 

ʅʉʆ3
-
 + ʅʆʅ ź ʅ2ʉʆ3 + ʆʅ

- 

ʂ
+
 + ʅʉʆ3

-
 +ʅʆʅ ź ʅ2ʉʆ3 + ʂ

+
 + ʆʅ

- 

ʂʅʉʆ3 + ʅʆʅ ź ʅ2ʉʆ3 + ʂʆʅ 

 

ɻʠʜʨʦʣʠʟ ʜʘʥʥʦʡ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘ-

ʥʠʝʤ ʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ, ʩʚʦʜʠʪʩʷ ʢ ʛʠʜʨʦʣʠʟʫ ʘʥʠʦʥʘ ʩʣʘʙʦʡ 

ʢʠʩʣʦʪʳ, ʘ ʥʘʢʦʧʣʝʥʠʝ ʠʦʥʦʚ ʛʠʜʨʦʢʩʠʣʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʨʅ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 7.  

 

ʇʨʠʤʝʨ 5. ɻʠʜʨʦʣʠʟ ɸ1ʉ13 

 

I ʩʪ. 

ɸl
3+

 + ʅʆʅ ź ɸlʆʅ
2+

 + ʅ
+
 

Al 3+
 +3Cl

- 
+ ʅʆʅ ź ɸlʆʅ2+ + 2ʉl

-
 + H

+
 +ʉl

- 

ɸlʉ13+ʅʆʅ ź ɸlOʅʉl2 + ʅʉl 

 

II  ʩʪ. 

ɸlOʅ2+ + ʅʆʅ źɸl(ʆʅ)2
+ +H

+ 

ɸlOʅ
2+

 + 2ʉl
-
 +ʅʆʅ ź ɸl(ʆʅ) 2

+
 + ʉl 

-
 +H

+
+ʉl

- 

ɸlʆʅʉl2 + ʅʆʅ ź ɸl(ʆʅ)2ʉl + ʅʉl. 

 

ʇʦ III -ʡ ʩʪʫʧʝʥʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸl(ʆʅ)3 ʛʠʜʨʦʣʠʟ ʵʪʦʡ 

ʩʦʣʠ ʥʝ ʠʜʝʪ ʚʩʣʝʜʩʪʚʠʝ ʥʘʢʦʧʣʝʥʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʭ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʘ ʩʧʨʘʚʘ ʥʘʣʝʚʦ (ʠʜʝʪ ʨʘʩʪʚʦ-



 68 

ʨʝʥʠʝ ɸl(ʆʅ)3 ʚ ʢʠʩʣʦʪʝ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʠʜʨʦʣʠʟ ʩʦʣʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ, ʩʚʦ-

ʜʠʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥʘ ʩʣʘʙʦʛʦ ʦʩʥʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʩʥʦʚʥʘʷ ʩʦʣʴ, ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʠʦʥʳ ʚʦʜʦʨʦʜʘ, ʨʅ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 7. 

 

ʇʨʠʤʝʨ 6. ɻʠʜʨʦʣʠʟ NH4(CH3COO) 

 

NH
+

4  + ʉʅ3ʉʆʆ
-
 + ʅʆʅ ź NH4OH + ʉʅ3ʉʆʆʅ 

NH4CH3COO + HOH ź NH4OH + ʉʅ3ʉʆʆʅ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʩʦʣʠ ʦʙʨʘʟʫʝʪ-

ʩʷ ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ (ʉʅ3ʉʆʆʅ) ʠ ʩʣʘʙʦʝ ʦʩʥʦʚʘʥʠʝ (NH4OH). 

ʅʘʢʦʧʣʝʥʠʷ [H
+
] ʠʣʠ [ʆʅ

-
] ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦ-

ʮʠʘʮʠʡ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ ʦʯʝʥʴ ʙʣʠʟʢʠ ʧʦ 

ʚʝʣʠʯʠʥʝ ʢ 7.  

ʉʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʯʝʥʴ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʣʘʙʳʤ 

ʦʩʥʦʚʘʥʠʝʤ, ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʫʶʪʩʷ. 

 

ʇʨʠʤʝʨ 7. ɻʠʜʨʦʣʠʟ (NH4)2S  

 

I ʩʪ. 

NH4
+ + S2- + ʅʆʅ ź NH4OH + HS

-
 

2NH4
+ + S2- + ʅʆʅ ź NH4OH + NH4

+ + HS
-
 

(NH4)2S +HOH ź NH4OH + NH4HS 

 

II ʩʪ. 

NH4
+ + HS

-
 +HOH ź NH4 OH + H2S 

NH4HS + ʅʆʅ ź NH4OH + H2S 
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ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

126. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʦʪʝʢʘʶʪ ʜʦ ʢʦʥʮʘ? ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʞʜʫ ʚʝʱʝ-

ʩʪʚʘʤʠ: Pb(NO3)2 ʠ K2SO4; Na2CO3 ʠ ʅʉ1; ɺʘ(ʆʅ)2 ʠ HNO3; 

ɺʘʉ12 ʠ Na2SO4. 

127. ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦ-

ʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

ʉʘ2+ + ʉʆ3
2-  = ʉʘʉʆ3; 

Fe
3+

 + 3ʆʅ
-
 = Fe(OH)3; 

ʅ
+
 + ʆʅ

-
 = ʅ2ʆ 

128. ʇʦʯʝʤʫ ʨʝʘʢʮʠʠ, ʚʳʨʘʞʝʥʥʳʝ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚ-

ʥʝʥʠʷʤʠ, ʧʨʦʪʝʢʘʶʪ ʩʣʝʚʘ ʥʘʧʨʘʚʦ? 

ɺʘ(Nʆ3)2 + K2SO4 = BaSO4Ź + 2KNO3,  

ɺʘ(ʆʅ)2 + 2ʅʉl = ɺʘʉ12 + 2ʅ2ʆ;  

(NH4)2S + H2SO4 = (NH4)2SO4 + H2Sŷ 

ʉʦʩʪʘʚʴʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

129. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʦʥʦʚ: Fe
2+

; SO3
2-, ʆʅ

-
, 

FeOH
+
 ï ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʛʠʜʨʦʢʩʦʩʫʣʴʬʠʪʘ 

ʞʝʣʝʟʘ (II)? 

130. ʅʘ ʢʘʢʠʝ ʠʦʥʳ ʜʠʩʩʦʮʠʠʨʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʣʠ: 

(NH4)2S, FeSO4, (CuOH)2CO3, NaHCO3, ZnOHCl, Na3PO4? ʉʦ-

ʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʠʭ ʩʦʣʝʡ ʠ ʟʘʧʠʰʠʪʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ. 

131. ʏʝʤʫ ʨʘʚʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ [ʅ
+
], ʝʩʣʠ ʨʅ=7, 

ʨʅ=10? 

132. ʏʝʤʫ ʨʘʚʝʥ ʨʅ 0,001 ʥ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 

(ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʨʘʚʥʘ 100%)? 

133. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʥʘʜʦ ʠʟʤʝʥʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦʙʳ ʨʅ ʝʛʦ ʠʟʤʝʥʠʪʴ ʥʘ ʝʜʠʥʠ-

ʮʫ? 

134. ɺʳʯʠʩʣʠʪʝ ʨʅ ʨʘʩʪʚʦʨʘ, ʚ ʢʦʪʦʨʦʤ [ʆʅ
-
]=10

-5
 

ʤʦʣʴ/ʣʠʪʨ. 

135. ɺʝʣʠʯʠʥʘ ʨʅ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʦʪʚʝʪ-
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ʩʪʚʝʥʥʦ ʨʘʚʥʘ 3, 7, 12. ʏʝʤʫ ʨʘʚʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚʦʜʦ-

ʨʦʜʘ ʠ ʛʠʜʨʦʢʩʠʣʘ ʚ ʢʘʞʜʦʤ ʨʘʩʪʚʦʨʝ? ʂʘʢʦʡ ʨʘʩʪʚʦʨ ʢʠʩʣʳʡ, 

ʱʝʣʦʯʥʦʡ, ʥʝʡʪʨʘʣʴʥʳʡ? 

136. ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ ʨʅ (ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ 7) ʠʤʝʶʪ 

ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʄnʉl2, Na2CO3, Ni(NO3)2? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ 

ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʩʦʣʝʡ. 

137. ʂʘʢʠʝ ʠʟ ʩʦʣʝʡ A12(SO4)3, K2S, KC1 ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʛʠʜʨʦʣʠʟʫ? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʛʠʜʨʦʣʠʟʘ ʩʦʣʝʡ. 

138. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ A12(SO4)3 ʠ Na2S ʦʙʨʘ-

ʟʫʶʪʩʷ ɸ1(ʆʅ)3 ʠ H2S. ɺʳʨʘʟʠʪʝ ʵʪʦʪ ʛʠʜʨʦʣʠʟ ʠʦʥʥʳʤ ʠ ʤʦ-

ʣʝʢʫʣʷʨʥʳʤ ʫʨʘʚʥʝʥʠʷʤʠ. 

139. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜ-

ʨʦʣʠʟʘ ʩʦʣʝʡ: FeSO4, NaCN, Pb(NO3)2. 

140. ʂʘʢʠʝ ʠʟ ʩʦʣʝʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ: K2SiO3, 

FeCl3, K2SO4, NaNO3, ZnSO4? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʩʦʣʝʡ. 

141. ʂ ʨʘʩʪʚʦʨʘʤ NaOH, Na2S, AgNO3, KNO3 (ʢ ʢʘʞʜʦ-

ʤʫ ʚ ʦʪʜʝʣʴʥʦʩʪʠ) ʧʨʠʙʘʚʠʣʠ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ. ɺ ʢʘʢʠʭ ʩʣʫ-

ʯʘʷʭ ʧʨʦʠʟʦʰʣʠ ʨʝʘʢʮʠʠ? ɺʳʨʘʟʠʪʝ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ 

ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

142. ʇʦʜʙʝʨʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʝʘʢʮʠʡ, 

ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

Cu
2+

 + 2ʆH
-
 = Cu(OH)2; 

ʈb2+ + 2I
-
 = ʈbI2; 

ɺʘ
2+

 + ʉʆ3
2- = ɺʘʉʆ3. 

143. ʂ ʢʘʞʜʦʤʫ ʠʟ ʚʝʱʝʩʪʚ NaCl, NiSO4, Be(OH)2, 

KHCO3 ʧʨʠʙʘʚʠʣʠ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ɺ ʢʘʢʠʭ ʩʣʫ-

ʯʘʷʭ ʧʨʦʠʟʦʰʣʠ ʨʝʘʢʮʠʠ? ɺʳʨʘʟʠʪʝ ʠʭ ʠʦʥʥʳʤʠ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

144. ʉʦʩʪʘʚʴʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʢʦʪʦ-

ʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʠʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

Fe(OH)3 + ɿʅ
+
 = Fe

3+
+ ɿʅ2ʆ;  

NO2
-
 + ʅ

+
 = ʅNʆ2;  

Mg
2+

 + 2ʆʅ
-
 = Mg(OH)2. 
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145. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ, ʝʩ-

ʣʠ  

[ʆʅ
-
] =10

-4
 ʤʦʣʴ/ʣʠʪʨ. 

146. ʨʅ ʨʘʩʪʚʦʨʘ ʨʘʚʝʥ 11. ɺʳʯʠʩʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. 

147. ɺʝʣʠʯʠʥʘ ʨʅ = 4. ʏʪʦ ʥʫʞʥʦ ʧʨʠʙʘʚʠʪʴ ʢ ʨʘʩʪʚʦʨʫ 

- ʢʠʩʣʦʪʫ ʠʣʠ ʱʝʣʦʯʴ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʨʅ ʜʦ 6? 

148. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜ-

ʨʦʣʠʟʘ ʩʦʣʝʡ Pb(NO3)2, ʉʦʉ12, Na2S. ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʠʤʝ-

ʶʪ ʨʘʩʪʚʦʨʳ ʵʪʠʭ ʩʦʣʝʡ? 

149. ʂʘʢʠʝ ʠʟ ʩʦʣʝʡ KNO3, CrCl3, NaI, Cu(NO3)2 ʧʦʜʚʝʨ-

ʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʩʦʣʝʡ. 

150. ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ ʨʅ (ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ 7) ʠʤʝʶʪ 

ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ K2S, KCN, CuSO4? ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʣʠʟʘ ʵʪʠʭ ʩʦʣʝʡ. 

151. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʦʝ ʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜ-

ʨʦʣʠʟʘ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʉr(Nʆ3)3 ʠ 

(NH4)2S (ʦʙʨʘʟʫʶʪʩʷ H2S ʠ ʉr(ʆʅ)3. 

152. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜ-

ʨʦʣʠʟʘ ʩʦʣʝʡ: Na2S, CrCl3, Cu(NO3)2. 

153. ʉʦʩʪʘʚʴʪʝ ʠʦʥʥʳʝ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜ-

ʨʦʣʠʟʘ ʩʦʣʝʡ: NiCl2, Pb(CH3COO)2, NH4C1. 

154. ɿʘʧʠʰʠʪʝ ʢʦʥʩʪʘʥʪʳ ʛʠʜʨʦʣʠʟʘ ʧʦ 1 ʩʪʫʧʝʥʠ ʩʣʝ-

ʜʫʶʱʠʭ ʩʦʣʝʡ: K2SiO3, FeCl3, K2SO4, NaNO3, ZnSO4. 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  

 

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ï ʭʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʚ ʩʦ-

ʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʠʮʘ ï ʩʣʦʞʥʘʷ ʯʘʩʪʠʮʘ, ʩʧʦʩʦʙʥʘʷ ʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʢʨʠʩʪʘʣʣʝ ʠʣʠ ʨʘʩʪʚʦʨʝ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʠʟ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʯʘʩʪʠʮ, ʪʘʢʞʝ ʩʧʦ-

ʩʦʙʥʳʭ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʩʫʱʝʩʪʚʦʚʘʥʠʶ. 
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ʅʘʧʨʠʤʝʨ, ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʠʦʥ ʤʝʜʠ [Cu(H2O)4]
2+

 ï 

ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʠʮʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩ-

ʪʚʦʨʘʭ ʠ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘʭ, ʦʙʨʘʟʦʚʘʥʘ ʠʟ ʠʦʥʦʚ 

Cu
2+

 ʠ ʤʦʣʝʢʫʣ H2O, ʤʦʣʝʢʫʣʳ ʚʦʜʳ ï ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶ-

ʱʠʝ ʤʦʣʝʢʫʣʳ, ʘ ʠʦʥʳ Cu
2+

 ʩʫʱʝʩʪʚʫʶʪ ʚ ʢʨʠʩʪʘʣʣʘʭ ʤʥʦʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ. ʅʘʧʨʦʪʠʚ, ʠʦʥ SO4
2- ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ-

ʥʦʡ ʯʘʩʪʠʮʝʡ, ʪʘʢ ʢʘʢ, ʭʦʪʴ ʠʦʥʳ O
2-

 ʚ ʢʨʠʩʪʘʣʣʘʭ ʚʩʪʨʝʯʘʶʪ-

ʩʷ, ʠʦʥ S
6+

 ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʇʨʠʤʝʨʳ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ: [Zn(OH)4]
2+

, 

[Al(H 2O)6]
3+

, [Cu(H2O)2Br2], [HgI4]
2-

. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʢ ʢʦʤʧʣʝʢʩʥʳʤ ʯʘʩʪʠʮʘʤ ʦʪʥʦʩʷʪ ʠʦʥʳ 

NH4
+
 ʠ H3O

+
, ʭʦʪʷ ʠʦʥʳ H

+
 ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʩʫʱʝ-

ʩʪʚʫʶʪ. 

ʇʦ ʟʘʨʷʜʫ ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʪʠʦʥʘ-

ʤʠ, ʘʥʠʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʂʦʤʧʣʝʢʩ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʪʘʢʠʝ ʯʘʩʪʠʮʳ, ʤʦʛʫʪ ʦʪʥʦ-

ʩʠʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʢʠʩʣʦʪʘʤ, 

ʦʩʥʦʚʘʥʠʷʤ, ʩʦʣʷʤ). ʇʨʠʤʝʨʳ: (H3O)[AuCl4] ï ʢʠʩʣʦʪʘ, 

[Ag(NH3)2]OH ï ʦʩʥʦʚʘʥʠʝ, NH4Cl ʠ K3[Fe(CN)6] ï ʩʦʣʠ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ï ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ. 

ʆʙʳʯʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ ï ʘʪʦʤ ʵʣʝʤʝʥʪʘ, ʦʙʨʘ-

ʟʫʶʱʝʛʦ ʤʝʪʘʣʣ, ʥʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ, 

ʩʝʨʳ, ʡʦʜʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʥʝʤʝʪʘʣʣʳ. ʉʪʝ-

ʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʡ, ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʣʠ ʨʘʚʥʦʡ ʥʫʣʶ; ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʦʥʘ ʥʝ 

ʤʝʥʷʝʪʩʷ. 

ʃʠʛʘʥʜʳ ï ʘʪʦʤʳ ʠʣʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʛʨʫʧʧʳ ʘʪʦʤʦʚ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚʦʢʨʫʛ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʃʠʛʘʥʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʯʘʩʪʠʮʳ, ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʚʰʠʝ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ (H2O, 

CO, NH3 ʠ ʜʨ.), ʘʥʠʦʥʳ (OH
-
, Cl

-
, PO4

3-
 ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʢʘʪʠʦʥ 

ʚʦʜʦʨʦʜʘ. ʈʘʟʣʠʯʘʶʪ ʫʥʠʜʝʥʪʘʪʥʳʝ ʠʣʠ ʤʦʥʦʜʝʥʪʘʪʥʳʝ ʣʠ-

ʛʘʥʜʳ (ʩʚʷʟʘʥʥʳʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʯʝʨʝʟ ʦʜʠʥ ʠʟ ʩʚʦʠʭ 
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ʘʪʦʤʦʚ, ʪʦ ʝʩʪʴ, ʦʜʥʦʡ -ʩʚʷʟʴʶ), ʙʠʜʝʥʪʘʪʥʳʝ (ʩʚʷʟʘʥʥʳʝ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʯʝʨʝʟ ʜʚʘ ʩʚʦʠʭ ʘʪʦʤʘ, ʪʦ ʝʩʪʴ, ʜʚʫʤʷ -

ʩʚʷʟʷʤʠ), ʪʨʠʜʝʥʪʘʪʥʳʝ ʠ ʪ. ʜ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ (ʂʏ) ï ʯʠʩʣʦ ů-ʩʚʷʟʝʡ, ʦʙʨʘʟʫ-

ʝʤʳʭ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʩ ʣʠʛʘʥʜʘʤʠ. 

ɽʩʣʠ ʣʠʛʘʥʜʳ ʫʥʠʜʝʥʪʘʪʥʳʝ, ʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩ-

ʣʦ ʨʘʚʥʦ ʯʠʩʣʫ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ.  

ʂʏ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ, ʦʪ ʝʛʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ, ʨʘʟʤʝʨʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦ-

ʤʘ ʠ ʣʠʛʘʥʜʦʚ, ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʂʏ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ ʦʪ 2 ʜʦ 12. ʏʘʱʝ ʚʩʝʛʦ ʦʥʦ ʨʘʚʥʦ ʰʝʩʪʠ, ʥʝʩʢʦʣʴʢʦ 

ʨʝʞʝ ï ʯʝʪʳʨʝʤ. 

ʉʫʱʝʩʪʚʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ ʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ.  

ɺʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʮʝʥ-

ʪʨʘʣʴʥʳʡ ʘʪʦʤ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤ ʣʠʛʘʥʜʘʤʠ, ʪʦ ʝʩʪʴ, ʩʦʙ-

ʩʪʚʝʥʥʦ ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʠʮʘ. 

ɺʥʝʰʥʷʷ ʩʬʝʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʦʩʪʘʣʴʥʳʝ 

ʯʘʩʪʠʮʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʝʡ ʠʦʥʥʦʡ ʠʣʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʚʷʟʷʤʠ, ʚʢʣʶʯʘʷ ʚʦʜʦʨʦʜʥʳʝ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʂʘʢ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝ-

ʣʷʪʩʷ ʥʘ ʠʦʥʥʳʝ (ʠʭ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʠʦʥʦʛʝʥʥʳʤʠ) ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʝ (ʥʝʠʦʥʦʛʝʥʥʳʝ) ʩʦʝʜʠʥʝʥʠʷ. ʀʦʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʟʘʨʷʞʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ ï 

ʠʦʥʳ ï ʠ ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʪʘʤʠ, ʦʩʥʦʚʘʥʠʷʤʠ ʠʣʠ ʩʦʣʷʤʠ. ʄʦ-

ʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʥʝʟʘʨʷʞʝʥ-

ʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʠʮ (ʤʦʣʝʢʫʣ), ʥʘʧʨʠʤʝʨ: [Fe(CO)5] ʠʣʠ 

[Cr(C6H6)2] ï ʦʪʥʝʩʝʥʠʝ ʠʭ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʦʩʥʦʚʥʦʤʫ ʢʣʘʩʩʫ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ.  

ɺʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʯʘʩʪʠʮʳ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 
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ʧʨʠʟʥʘʢʦʚ: ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʪʠʧ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠ-

ʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʜʨʫʛʠʝ. 

ʆʩʥʦʚʳ ʥʦʤʝʥʢʣʘʪʫʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʌʦʨʤʫʣʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ, 

ʢʘʢ ʠ ʬʦʨʤʫʣʘ ʣʶʙʦʛʦ ʠʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ: ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘ ʢʘʪʠʦʥʘ, ʥʘ ʚʪʦʨʦʤ ï ʘʥʠʦʥʘ. 

ʌʦʨʤʫʣʘ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʢʚʘʜ-

ʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʥʘ ʧʝʨʚʦʤ 

ʤʝʩʪʝ ʩʪʘʚʠʪʩʷ ʩʠʤʚʦʣ ʵʣʝʤʝʥʪʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʜʘ-

ʣʝʝ ï ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ, ʙʳʚʰʠʭ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʢʘʪʠʦʥʘʤʠ, ʟʘʪʝʤ ï ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ, ʙʳʚʰʠʭ ʜʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʢʦʤʧʣʝʢʩʘ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʠ ʧʦʩʣʝ ʥʠʭ ï 

ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ, ʙʳʚʰʠʭ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʘʥʠʦ-

ʥʘʤʠ. 

ʅʘʟʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʠʪʩʷ ʪʘʢʞʝ, ʢʘʢ 

ʠ ʥʘʟʚʘʥʠʝ ʣʶʙʦʡ ʩʦʣʠ ʠʣʠ ʦʩʥʦʚʘʥʠʷ (ʢʦʤʧʣʝʢʩʥʳʝ ʢʠʩʣʦʪʳ 

ʥʘʟʳʚʘʶʪʩʷ ʩʦʣʷʤʠ ʚʦʜʦʨʦʜʘ ʠʣʠ ʦʢʩʦʥʠʷ). ɺ ʥʘʟʚʘʥʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʚʭʦʜʠʪ ʥʘʟʚʘʥʠʝ ʢʘʪʠʦʥʘ ʠ ʥʘʟʚʘʥʠʝ ʘʥʠʦʥʘ. 

ɺ ʥʘʟʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ ʚʭʦʜʠʪ ʥʘʟʚʘʥʠʝ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʘʟʚʘʥʠʷ ʣʠʛʘʥʜʦʚ (ʥʘʟʚʘʥʠʝ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ, ʥʦ ʩʧʨʘʚʘ ʥʘʣʝʚʦ. ɼʣʷ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʢʘʪʠʦʥʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʫʩʩʢʠʝ 

ʥʘʟʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʘ ʚ ʘʥʠʦʥʘʭ ï ʣʘʪʠʥʩʢʠʝ. 

 

ʇʨʠʤʝʨ 1. ʅʘʟʦʚʠʪʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʦʥʳ 

[Zn(H2O)4]
2+ ï ʠʦʥ ʪʝʪʨʘʘʢʚʘʮʠʥʢʘ 

[Fe(H2O)5Cl]2+ ï ʠʦʥ ʭʣʦʨʦʧʝʥʪʘʘʢʚʘʞʝʣʝʟʘ(III)  

[Ag(NH3)2]
+
 ï ʠʦʥ ʜʠʘʤʤʠʥʩʝʨʝʙʨʘ(I)  

[Al(H 2O)4(OH)2]
+
 ï ʠʦʥ ʜʠʛʠʜʨʦʢʩʦʪʝʪʨʘʘʢʚʘʘʣʶʤʠʥʠʷ 

[Zn(OH)4]
2- ï ʪʝʪʨʘʛʠʜʨʦʢʩʦʮʠʥʢʘʪ-ʠʦʥ 

[Ag(S2O3)2]
3-

 ï ʜʠ(ʪʠʦʩʫʣʴʬʘʪʦ)ʘʨʛʝʥʪʘʪ(I)-ʠʦʥ 

[Cr(CN)6]
3- ï ʛʝʢʩʘʮʠʘʥʦʭʨʦʤʘʪ(III)-ʠʦʥ 

[Al(H 2O)2(OH)4]
-
 ï ʪʝʪʨʘʛʠʜʨʦʢʩʦʜʠʘʢʚʘʘʣʶʤʠʥʘʪ-ʠʦʥ 

[Co(NH3)2(NO2)4]
-
 ï ʪʝʪʨʘʥʠʪʨʦʜʠʘʤʤʠʥʢʦʙʘʣʴʪʘʪ(III)-

ʠʦʥ 
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[Fe(H2O)(CN)5]
3-
 ï ʧʝʥʪʘʮʠʘʥʦʘʢʚʘʬʝʨʨʘʪ(II)-ʠʦʥ 

[Fe(CO)5] ï ʧʝʥʪʘʢʘʨʙʦʥʠʣʞʝʣʝʟʦ 

[Cr(C6H6)2] ï ʜʠʙʝʥʟʦʣʭʨʦʤ[ 

Co(NH3)Cl3] ï ʪʨʠʭʣʦʨʦʘʤʤʠʥʢʦʙʘʣʴʪ 

 

ʇʨʠʤʝʨ 2.  

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ Fe(CN)3 Ā 3KCN ʟʘʧʠ-

ʩʳʚʘʝʪʩʷ ʪʘʢ: K3[Fe(CN)6], 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ Fe3+
;  

ʣʠʛʘʥʜʳ CN
- 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 6; 

ʚʥʫʪʨʝʥʥʷʷ ʩʬʝʨʘ [Fe(CN)6
3-

];  

ʚʥʝʰʥʷʷ ʩʬʝʨʘ ɿʂ
+
. 

 

ʇʨʠʤʝʨ 3. ɺʳʯʠʩʣʠʪʝ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʦʙʨʘ-

ʟʦʚʘʥʥʦʛʦ ʧʣʘʪʠʥʦʡ, ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +4 [Pt(NH3)4Cl2]. 

ʈʝʰʝʥʠʝ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ Pt = +4, ʟʘʨʷʜ NH3 ʨʘʚʝʥ 

ʥʫʣʶ, ʘ ʟʘʨʷʜ ʜʚʫʭ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʨʘʚʝʥ -2, ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ 

ʩʫʤʤʘ ʟʘʨʷʜʦʚ: +4 + (-2) = +2. 

 

ɼʠʩʩʦʮʠʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʥʝʰʥʶʶ ʠ 

ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʧʨʦʪʝʢʘʝʪ ʧʦʣʥʦʩʪʴʶ - ʧʝʨʚʠʯʥʘʷ ʜʠʩʩʦ-

ʮʠʘʮʠʷ. ɼʠʩʩʦʮʠʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʧʨʦʪʝʢʘʝʪ ʚ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ - ʚʪʦʨʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ, ʢ ʢʦʪʦʨʦʡ ʧʨʠ-

ʤʝʥʠʤ ʟʘʢʦʥ ʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʠ ʥʘʟʳʚʘ-

ʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʥʝʩʪʦʡʢʦʩʪʠ (ʧʨʠʣʦʞ. 21). 

ʇʨʠʤʝʨ 4. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [Ag(NH3)2]Cl, K[Ag(CN)2]. 

 

ʈʝʰʝʥʠʝ.  

[Ag(NH3)2]Cl ź [Ag(NH3)2]
+
 + ʉl

-
 ʧʝʨʚʠʯʥʘʷ ʜʠʩʩʦʮʠʘ-

ʮʠʷ 

K[Ag(CN)2] ź ʂ
+
 + [Ag(CN)2]

-
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[Ag(NH3)2]
+
 ź Ag

+
 + 2NH3 ʚʪʦʨʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ 

[Ag(CN)2] ź Ag
+
 + 2ʉN

- 

 

ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʠʦʥʦʚ: 

KH[Ag(NH3)2]+ =

8

23

2

3 108,6
}])({[

][][ -

+

+

Ö=
Ö

NHAg

NHAg

 

KH[Ag(CN)2]=

21

2

2

100,1
}])({[

][][ -

-

-+

Ö=
Ö

CNAg

CNAg

 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʢʦʤʧʣʝʢʩ [Ag(CN)2] 
-
ʙʦʣʝʝ 

ʧʨʦʯʝʥ, ʯʝʤ ʢʦʤʧʣʝʢʩ [Ag(NH3)2]
+
. 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

155. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʥʠʞʝ ʩʦʝʜʠʥʝʥʠʡ: ʘ) ʜʘʡʪʝ ʥʘʟʚʘ-

ʥʠʝ; ʙ) ʨʘʟʣʦʞʠʪʝ ʧʦ ʪʝʦʨʠʠ ɺʝʨʥʝʨʘ; ʚ) ʥʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ 

ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʚʳʨʘʞʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 

ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ: [Zn(NH3)4](NO3)2, 

ʂ[Cr(NH3)2(NCS)4].  

155. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ: a) K4[Fe(CN)6]; ʙ) [Cr(NH3)4Cl2]Cl; ʚ) K2[HgI4]. 

156. ʆʧʨʝʜʝʣʠʪʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʚ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʘʭ: a) [Co(NH3)2(Nʆ2)4];  

ʙ) [ʉʛ(ʅ2ʆ)4ɺʛ2]
+
; ʚ) [Hg(CN)4]

2-
. 

157. ʅʘʟʦʚʠʪʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ: a) 

[Pd(H2ʆ)(NH3)2Cl]Cl; ʙ) (NH4)3[RhCl6]; ʚ) [Co(NH3)3Cl3]. 

158. ʅʘʧʠʰʠʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʩʣʝʜʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʘ) ʥʠʪʨʘʪ ʜʠʘʢʚʘʪʝʪʨʘʘʤʤʠʥʥʠʢʝʣʷ 

(II); ʙ) ʪʨʠʬʪʦʨʦʛʠʜʨʦʢʩʦʙʝʨʠʣʣʘʪ ʤʘʛʥʠʷ; ʚ) ʜʠʘʤʤʠʥʪʝʪʨʘʭ-

ʣʦ-ʨʦʧʣʘʪʠʥʘ. 

159. ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ 

[Cd(NH3)4]
2+

, [Zn(NH3)4]
2+

, [Cu(NH3)4]
2+

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 



 77 

1,0 
. 
10

-7
; 2,6 

. 
10

-11
; 4,6 

. 
10

-14
. ʂʘʢʦʡ ʠʟ ʵʪʠʭ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʧʨʦʯʥʳʤ? ʏʝʤʫ ʨʘʚʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʟʘʨʷʜ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ? 

160 ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ ʠʦʥʳ ʩʣʝʜʫ-

ʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: KA1(SO4)2, Na3[Ag(S2O3)2], [Cd(NH3)4]Cl2. 

ʋʢʘʞʠʪʝ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʠʯʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʠʦʥʦʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

161. ʅʘʧʠʩʘʪʴ ʬʦʨʤʫʣʳ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʤʝʶʱʠʭ ʩʦʩʪʘʚ AgCl   2NH3, AgCN   KCN, ʉʦʉ13   3ʂʉ1. 

ʋʢʘʞʠʪʝ ʟʘʨʷʜ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘ-

ʪʝʣʷ, ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ. 

162. ɹʝʟʚʦʜʥʳʡ ʭʣʦʨʠʜ ʭʨʦʤʘ ʉrʉ13, ʧʨʠʩʦʝʜʠʥʷʷ ʘʤ-

ʤʠʘʢ, ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴ ʜʚʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ: CrCl3 Ā 5NH3 

ʠ ʉrʉ13 Ā 6Nʅ3. ʅʘʧʠʰʠʪʝ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʫʣʳ ʵʪʠʭ ʩʦʣʝʡ 

ʠ ʫʨʘʚʥʝʥʠʷ ʠʭ ʧʝʨʚʠʯʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ ʠʦʥʳ, ʟʥʘʷ, ʯʪʦ ʠʟ 

ʨʘʩʪʚʦʨʘ ʦʜʥʦʡ ʩʦʣʠ ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ ʦʩʘʞʜʘʝʪ ʚʝʩʴ ʩʦʜʝʨʞʘ-

ʱʠʡʩʷ ʚ ʥʝʡ ʭʣʦʨ, ʘ ʠʟ ʜʨʫʛʦʡ ï ʪʦʣʴʢʦ 2/3 ʚʭʦʜʷʱʝʛʦ ʚ ʝʝ ʩʦ-

ʩʪʘʚ ʭʣʦʨʘ. 

163. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ 

ʠʦʥʳ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʢʦʙʘʣʴʪʘ, ʟʘʢʣʶʯʠʚ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ: Co(NO3)3 Ā 3KNO3, 

Co(NO2)3 Ā KNO2 Ā 2NH3. 

164. ʂʦʤʧʣʝʢʩʥʘʷ ʩʦʣʴ ʠʤʝʝʪ ʩʦʩʪʘʚ CoClSO4 Ā 5NH3. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʝʝ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ ʦʩʘʜʢʘ ʥʝ ʦʙʨʘ-

ʟʫʝʪʩʷ, ʘ ʭʣʦʨʠʜ ʙʘʨʠʷ ʦʩʘʞʜʘʝʪ ʠʟ ʨʘʩʪʚʦʨʘ BaSO4. ʅʘʧʠʰʠ-

ʪʝ ʫʨʘʚʥʝʥʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʵʪʦʡ ʩʦʣʠ ʥʘ ʠʦʥʳ, ʟʘʢʣʶʯʠʚ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʠʦʥ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ. 

165. ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ 

[Co(NH3)6]
3+

. [Fe(CN)6]
4-

 [Fʝ(ʉN)6]
3- 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ  

6,2 Ā 10
-36
; 1 Ā 10 

-37
; 1 Ā 10

-44
. ʂʘʢʦʡ ʠʟ ʵʪʠʭ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʙʦ-

ʣʝʝ ʧʨʦʯʥʳʤ? ʋʢʘʞʠʪʝ ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

166 ʂʘʢʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ CuCl2+4NH3? ʏʝʤʫ ʨʘʚʝʥ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʠʦʥʘ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ? 
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ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʦʥʘ. 

167. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʅ[ɸuʉ14]. 

ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

168. ʀʟ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ Pt(NH3)6Cl4 ʥʠʪʨʘʪ 

ʩʝʨʝʙʨʘ ʦʩʘʞʜʘʝʪ ʚʝʩʴ ʭʣʦʨ ʚ ʚʠʜʝ AgCl, ʘ ʠʟ ʨʘʩʪʚʦʨʘ ʩʦʣʠ 

Pt(NH3)3Cl4, - ʪʦʣʴʢʦ 1/4 ʯʘʩʪʴ ʚʭʦʜʷʱʝʛʦ ʚ ʝʝ ʩʦʩʪʘʚ ʭʣʦʨʘ. 

ʅʘʧʠʩʰʠʪʝ ʬʦʨʤʫʣʳ ʫʢʘʟʘʥʥʳʭ ʩʦʣʝʡ, ʟʘʢʣʶʯʠʚ ʢʦʤʧʣʝʢʩ-

ʥʳʝ ʠʦʥʳ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ, ʫʢʘʞʠʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ʧʣʘʪʠʥʳ. 

169. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤ-

ʧʣʝ-ʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ [Ag(NH3)2]Cl, ʂ4[TiCl8], 

K[Ag(CN)2], Fe3[Fe(CN)6]2. 

170. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʂ4[Fe(CN)6], [ʉr(Nʅ3)6]ʉ13, K2[HgI4]. 

171. ʆʧʨʝʜʝʣʠʪʝ ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ʟʘʨʷʜʘ ʫ ʩʣʝʜʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ: [ʉr(ʅ2ʆ)4ʉ12], [Pt(NH3)3 
. 
Cl3], [Ag(CN)2], 

[Co(NO2)6], ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʷʚʣʷ-

ʶʪʩʷ ʠʦʥʳ Cr
3+

, Pt
4+

, Ag
+
, Co

3+
? 

172. ʅʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʩʪʘʥʪ ʥʝʩʪʦʡʢʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ [Cu(CN)4]
2-

, [Zn(NH3)4]
2+

, [Pt(NH3)4]
2+ 

.
 

ʏʝʤʫ ʨʘʚʝʥ ʟʘʨʷʜ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ ʚ ʵʪʠʭ ʠʦʥʘʭ? 

173. ʋʢʘʞʠʪʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʅ2[ʈtʉ16], 

[Ag(NH3)2]Cl, [Cu(NH3)4]S04, K[A1(OH)4], Na3[Al (OH)6] ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʣʠʛʘʥʜʳ. 

174. ʅʘʧʠʰʠʪʝ ʬʦʨʤʫʣʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʤ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ, ʨʘʚ-

ʥʳʤ 4, ʷʚʣʷʝʪʩʷ ʠʦʥ Cu
2+

, a ʣʠʛʘʥʜʘʤʠ ï ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʅʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʵʪʦʛʦ ʠʦʥʘ. 

175 ʅʘʧʠʰʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝ-

ʘʢʮʠʡ ʦʙʤʝʥʘ ʤʝʞʜʫ ʩʣʝʜʫʶʱʠʤʠ, ʚʟʷʪʳʤʠ ʧʦʧʘʨʥʦ, ʩʦʣʷʤʠ: 
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CuSO4 ʠ K4 [Fe(CN)6], FeSO4 ʠ Na3[Co(CN)]6, AgNO3 ʠ 

K3[Fe(CN)6]. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩ-

ʥʳʝ ʩʦʣʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. 

176. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ ʠʦʥʳ ʩʣʝʜʫ-

ʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ, ʟʘʢʣʶʯʠʚ ʬʦʨʤʫʣʳ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʦʥʦʚ ʚ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ: ʉr(Nʅ3)5ʉ13, Cr(NH3)4 Ā ʅ2ʆ  

Ā3Cl, Co(NH3)5(NO2)3. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʭʨʦʤʘ ʠ ʢʦ-

ʙʘʣʴʪʘ ʨʘʚʥʦ 6. 

177. ʏʝʤʫ ʨʘʚʝʥ ʟʘʨʷʜ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Pb[SbBr6], K[SbCl6], 

Na[Sb(SO4)2]? 

178 ʅʘʧʠʰʠʪʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝ-

ʘʢʮʠʠ ʤʝʞʜʫ ʂʉ1 ʠ Na2[PtCl6], K2SO4 ʠ Na3[Co(NO2)6]. ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʶʪʩʷ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

179. ʆʧʨʝʜʝʣʠʪʝ ʚʝʣʠʯʠʥʫ, ʟʥʘʢ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʦʥʘ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʩʦ-

ʝʜʠʥʝʥʠʷʭ ʂ[ɸ1ʉ14], Na3[AlF6], H[BF4].  

180. ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ 

[Ni(CN)4]
2-

, [Hg(CN)4]
2-
, [Cd(CN)4]

2-
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 3,0 

Ā 10
-16
; 4,0 Ā 10

-14
; 1,4 Ā 10

17
. ʂʘʢʦʡ ʠʟ ʵʪʠʭ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʙʦ-

ʣʝʝ ʧʨʦʯʥʳʤ? ʋʢʘʞʠʪʝ ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ʟʘʨʷʜʘ ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʦʚʘʪʝʣʷ ʚ ʵʪʠʭ ʠʦʥʘʭ. ʅʘʧʠʰʠʪʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥʩʪʘʥʪ 

ʥʝʩʪʦʡʢʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ. 
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ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ ʇʆ ʀɿʋʏɽʅʀʖ 

ɼʀʉʎʀʇʃʀʅʓ ʀ ɺʓʇʆʃʅɽʅʀʖ  

ʂʆʅʊʈʆʃʔʅʆʁ ʈɸɹʆʊʓ ˉ 2 (2 ʉɽʄɽʉʊʈ) 

 

 

ʈʘʟʜʝʣ 5. ʆʂʀʉʃʀʊɽʃʔʅʆ- 

ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓɽ ʇʈʆʎɽʉʉʓ 

 

ʆʢʠʩʣʠ͕ʪʝʣɹʥʦ-ʚʦʩʩʪʘʥʦʚʠ͕ʪʝʣɹʥrʝ ʨʝʘ͕ʢʮʠʠ ï ʵʪʦ ʭʠ-

ʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʧʫʪʸʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ 

ʘʪʦʤʦʤ-ʦʢʠʩʣʠʪʝʣʝʤ ʠ ʘʪʦʤʦʤ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʦʪʜʘʸʪ ʵʣʝʢʪʨʦʥʳ, ʪʦ ʝʩʪʴ ʦʢʠʩʣʷʝʪʩʷ; ʦʢʠʩ-

ʣʠʪʝʣʴ ʧʨʠʩʦʝʜʠʥʷʝʪ ʵʣʝʢʪʨʦʥʳ, ʪʦ ʝʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʇʨʠʯʸʤ ʣʶʙʘʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʩʪʚʦ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʨʝ-

ʚʨʘʱʝʥʠʡ ï ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʠ ʙʝʟ ʦʪʨʳʚʘ ʦʜʥʦʛʦ ʦʪ ʜʨʫʛʦʛʦ (ʧʨʠʣʦʞ. 19, 20). 

 

ɺʠʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ: 

1. ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ï ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʢʠʩʣʷʶ ʠɦ-

ʝʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʤʦʣʝʢʫʣʘʭ 

ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ:  

ʅ2S + Cl2 Ÿ S + 2HCl 

2. ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ï ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʢʠʩʣʷ-

ʶʱʠʝʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʤʦʣʝʢʫ-

ʣʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ:  

NH4NO3 Ÿ N2O + 2H2O 

3. ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ï ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ 

ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʵʢʚʠ-

ʤʦʣʷʨʥʫʶ ʩʤʝʩʴ ʘʪʦʤʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʝ-

ʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ:  

Cl2 + H2O Ÿ HClO + HCl 

http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D1%8C_%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D1%8C_%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D0%B6%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
http://ru.wikipedia.org/w/index.php?title=%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B8%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%8B%D0%B5&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D1%82%D1%80%D0%B0%D1%82_%D0%B0%D0%BC%D0%BC%D0%BE%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0(II)
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BF%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%86%D0%B8%D0%BE%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%BD%D0%BE%D0%B2%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B0%D1%8F_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4


 81 

4. ʢʦʤʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ï ʚ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚʘʭ 

ʨʘʟʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ, ʚ ʧʨʦ-

ʜʫʢʪʘʭ ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ: 

Cu
0
 + Cu

+2
Cl2 Ÿ 2Cu

+1
Cl 

 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʩʦʝʜʠʥʝʥʠʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ: 1) ʩʪʝʧʝʥʴ ʦʢʠʩ-

ʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʩʪʦʤ ʚʝʱʝʩʪʚʝ ʨʘʚʥʘ ʥʫʣʶ; 2) ʘʣʛʝʙʨʘʠ-

ʯʝʩʢʘʷ ʩʫʤʤʘ ʚʩʝʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ 

ʨʘʚʥʘ ʥʫʣʶ; 3) ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʩʝʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝ-

ʥʠʷ ʘʪʦʤʦʚ ʚ ʩʣʦʞʥʦʤ ʠʦʥʝ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʵʣʝ-

ʤʝʥʪʘ ʚ ʧʨʦʩʪʦʤ ʦʜʥʦʘʪʦʤʥʦʤ ʠʦʥʝ ʨʘʚʥʘ ʟʘʨʷʜʫ ʠʦʥʘ; 4) ʦʪ-

ʨʠʮʘʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʚ ʩʦʝʜʠʥʝʥʠʠ 

ʘʪʦʤʳ ʵʣʝʤʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʥʘʠʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴ-

ʥʦʩʪʴ; 5) ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ) ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʝʨʫ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥ ʵʣʝʤʝʥʪ ʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ ɼ.ʀ. ʄʝʥʜʝʣʝ-

ʝʚʘ. 

 

ʄʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝ-

ʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʤʝʞʜʫ ʛʘʟʘʤʠ, ʪʚʝʨʜʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʚ 

ʨʘʩʧʣʘʚʘʭ.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʩʣʝʜʫʶʱʘʷ: 

1. ɿʘʧʠʩʳʚʘʶʪ ʬʦʨʤʫʣʳ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢ-

ʮʠʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ: 

FeCl3 + H2S ­ FeCl2 + S + HCl; 

2. ʆʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ, ʤʝʥʷʶʱʠʭ 

ʝʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ: 
3

Fe
+

Cl3 + H2

-2

S  ­ 

2

Fe
+

Cl2 + 

0

S  + HCl; 

3. ʇʦ ʠʟʤʝʥʝʥʠʶ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʦʪʜʘʚʘʝʤʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʠ ʯʠʩʣʦ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʥʠʤʘʝʤʳʭ ʦʢʠʩʣʠʪʝʣʝʤ, ʠ ʩʦʩʪʘʚʣʷʶʪ ʵʣʝʢ-
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ʪʨʦʥʥʳʡ ʙʘʣʘʥʩ ʩ ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʘ ʨʘʚʝʥʩʪʚʘ ʯʠʩʣʘ ʦʪʜʘʚʘʝ-

ʤʳʭ ʠ ʧʨʠʥʠʤʘʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ: 

2Ā¼

3

Fe
+

 +1e = 

2

Fe
+

 

1Ā¼

-2

S  ï 2e = 

0

S  

4. ʄʥʦʞʠʪʝʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʟʘʧʠʩʳʚʘʶʪ ʚ 

ʫʨʘʚʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʢʘʢ ʦʩ-

ʥʦʚʥʳʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

2FeCl3 + H2S ­ 2FeCl2 + S + HCl 

5. ʇʦʜʙʠʨʘʶʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ: 

2FeCl3 + H2S = 2FeCl2 + S + 2HCl. 

 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʦʢʠʩʣʠʪʝʣʴ (ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ) ʤʦʛʫʪ ʨʘʩʭʦʜʦʚʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʦʩʥʦʚʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, 

ʥʦ ʠ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʪ.ʝ. 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʨʝʜʳ ʠ ʩʦʣʝʦʙʨʘʟʦʚʘʪʝʣʷ.  

 

ʇʨʠʤʝʨ 1. ʆʢʠʩʣʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʦʡ: 

Cu + HNO3(ʨʘʟʙ) ­ ... 

Cu + NO3
-
 + H

+
 ­ ... 

 

3Ā¼Cu ï 2e= Cu
2+

 

2Ā¼NO3
-
 + 4H

+
 + 3e = NO + 2H2O 

 

3Cu + 2NO3
-
 + 8H

+
 = 3Cu

2+
 + 2NO + 4H2O 

3Cu + 2HNO3(ʦʢ-ʣ)ɹ + 6HNO3(ʩʨʝʜʘ) = 3Cu(NO3)2 + 2NO + 4H2O 

ʠʣʠ 

3Cu + 8HNO3(ʨʘʟʙ) = 3Cu(NO3)2 + 2NO + 4H2O. 

 

ʇʨʠʤʝʨ 2. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝ-

ʜʦʡ: 

HCl + K2Cr2O7 ­ CrCl3 + Cl2 + KCl + H2O 
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H

-1

Cl  + K2

6

Cr
+

2O7 + HCl ­

3

Cr
+

Cl3 + lC
0

2 + KCl + H2O 

6Ā¼

-1

Clï 1e = lC
0

 

2Ā¼

6

Cr
+

 + 3e = 

3

Cr
+

 

 

6HCl(ʚ-ʣ)ɹ + K2Cr2O7 + HCl(ʩʨʝʜʘ) ­ 2CrCl3 + 3Cl2 + KCl + H2O 

6HCl + K2Cr2O7 + 8HCl = 2CrCl3 + 3Cl2 +2 KCl  + 7H2O 

ʠʣʠ 

14HCl + K2Cr2O7  = 2CrCl3 + 3Cl2 +2 KCl  + 7H2O  

 

ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ, ʤʘʩʩʦʚʳʭ ʠ ʦʙʲʝʤʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʫʯʘʩʪʥʠʢʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ, ʠʩʧʦʣʴʟʫʶʪ ʦʩʥʦʚʥʳʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʢʦʥʳ 

ʭʠʤʠʠ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʢʦʥ ʵʢʚʠʚʘʣʝʥʪʦʚ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʯʠʩʣʦ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʷ ʨʘʚʥʦ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʝʪ ʦʜʥʘ ʬʦʨʤʫʣʴʥʘʷ ʝʜʠʥʠʮʘ ʦʢʠʩʣʠʪʝʣʷ, ʘ 

ʯʠʩʣʦ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʨʘʚʥʦ ʯʠʩʣʫ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʘʝʪ ʦʜʥʘ ʬʦʨʤʫʣʴʥʘʷ ʝʜʠʥʠʮʘ ʚʦʩʩʪʘʥʦʚʠʪʝ-

ʣʷ.  

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

1. ɺ ʢʘʢʦʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʝʧʝʥʴ ʦʢʠʩ-

ʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʨʘʚʥʘ +4: ʅ2ʄnʆ4; ʅʄnʆ4; ʅ2ʄnʆ3; ʄnʆ3. 

2. ɺ ʢʘʢʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠ-

ʞʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ: ʉr
3+ 
Ÿ ʉrʆ4

2-
; ClO3

- 
Ÿ 

ʉl
-
; ʄnʆ2 Ÿ ʄnʆ4

-
; 2HBrŸBr2; CuS ŸSO4

2-
 ; As2 S3Ÿ 

2H3AsO4; CaH2 Ÿ H2; ʉ12 Ÿ 2ʉlO3
-
. 

3. ɺ ʢʘʢʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳ-

ʰʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ: ʄnʆ4
-
 Ÿ ʄn

2+
; ʄnʆ2 

Ÿ ʄn
2+

;  

ɺr2 Ÿ 2ɺr
-
; 2ʉr

3+
 Ÿ ʉr2O7

2-
; ʉ1

-
Ÿ ʉ1ʆ3

-
; SO3

2-
Ÿ SO4

2-
 

;Cr2O7
2-

 Ÿ 2Cr
3+

; 2IO3
-
 ŸI2. 

4. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʦʥʦʚ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ 
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ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʧʦʯʝʤʫ: Cu
2+

; S
2-

; Br
-
; Fe

3+
; ɸ1

3+
; ʉl

-
; ʉlO4

-
; 

ʄnʆ4
-
; Cr2ʆ7

2-
; ʉrO4

2-
; NO3

-
. 

5. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʷʤʠ ʠ ʧʦʯʝʤʫ? HNO3, H2S, NH3, HNO2, H2SO4, 

H2SO3, KMnO4,  K2Cr2O7, PbO2. 

10. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ 

ʦʢʠʩʣʠʪʝʣʷʤʠ ʠ ʧʦʯʝʤʫ? ʅ3ʈʆ4, ʄnʆ2, ʈʅ3, ʉʆ, HNO2, ʅ2ʆ2, 

ʆ2, ʅ2, H2S. 

11. ʂʘʢʠʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʘʢʮʠʡ ʷʚʣʷ-

ʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʠ ʧʦʯʝʤʫ? 

ZnO + H2SO4 = ZnSO4 +H2O; 

ʉ + H2SO4 = ʉʆ2 + 2SO2 + 2ʅ2ʆ; 

ɺʘʆ + Sʆ3 = BaSO4; 

S + 2HNO3 = H2SO4 + 2NO; 

K2Cr2O7 + H2SO4 = 2ʉrʆ3 + ʂ2Sʆ4 + ʅ2ʆ; 

3PbS + 8HNO3 = 3S+3Pb(NO3)2 + 2NO + 4H2O; 

2ʂ2ʉrO4 + 2ʅʉ1 = K2Cr2O7 + 2KCl + H2O. 

12. ʇʦʣʴʟʫʷʩʴ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʜʙʝʨʠʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ ʨʝʘʢʮʠʡ: 

FeSʆ4 + ʂʄnʆ4 + H2SO4 Ÿ Fe2(SO4)3 + MnSO4 + K2SO4 + 

H2O; 

HgS + HNO3 + HC1 Ÿ HgCl2 + S + NO + H2O; 

CrCl3 + Br2 + ʂʆʅ Ÿ ʂ2ʉrO4 +KBr + KC1 + H2O. 

ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʢʠʩʣʠʪʝ-

ʣʝʡ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʚ ʜʘʥʥʳʭ ʨʝʘʢʮʠʷʭ. 

13. ɺ ʢʘʢʦʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ ʭʣʦʨʘ ʨʘʚʥʘ + 1: ʅʉlO4; ʂClO3; ʂʉlʆ; ʂʉl? 

14. ɺ ʢʘʢʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩ-

ʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ: SO3
2-

 Ÿ SO4
2-

; Sn
4+
Ÿ Sn

2+
; Nʆ3

-
 Ÿ NH4

+
; I2 

Ÿ2IO3
-
; 2HBr Ÿ Br2; NO2ŸNO3

-
. 

15. ɺ ʢʘʢʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ: NH3 Ÿ NO; ʄnʆ4
-
 Ÿ ʄnʆ4

2-
; S

2-
 Ÿ 

S
+6

; PbO2 Ÿ Pb
2+
; ʄnʆ 4

-
 Ÿ MnO2; Ag Ÿ Ag

+
. 

16. ʂʘʢʠʝ ʠʟ ʚʝʱʝʩʪʚ: a) HNO3; ʙ) NH3; ʚ) HNO2; ʛ) 

H2SO4;  
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ʜ) H2SO3; ʝ) ʂ2ʉʛ2O7 ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʠ ʧʦʯʝʤʫ? 

17. ʋʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʠ ʦʧʨʝʜʝʣʠʪʝ 

ʪʠʧ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ:  

ʘ) 2ɸ1 + 6ʅʉ1 = 2ɸ1ʉ13 + 3ʅ2;  

ʙ) 2ʂʉlʆ3 = 2ʂʉ1 + 3ʆ2;  

ʚ) 3Fe2ʆ3 + ʉʆ = 2Fe304 + ʉʆ2;  

ʛ) 3S + 6ʂʆʅ = 2K2S + K2SO3 + 3H2ʆ;  

ʜ) NH4Nʆ3 = N2ʆ + 2ʅ2ʆ.  

18. ʆʧʨʝʜʝʣʠʪʝ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʟʦʪʘ ʚ ʩʣʝʜʫʶʱʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ: N2H4, NH3, N2O, KNO3. 

19 ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜ ʠʦʥʘ ʚʠʩʤʫʪʘ ʚ ʩʦʩʪʘʚʝ ʩʣʦʞʥʦʛʦ 

ʠʦʥʘ: (BiO2)
-
; (BiO3)

-
. 

20. ʈʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ, ʫʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʴ:  

PbS+HNO3 = S+Pb(NO3)2+NO+H2O;  

KMnO4 +H2O +Na2SO3 = MnO2Ź + Na2SO4 + ʂʆʅ. 

21. ʈʘʩʩʪʘʚʴʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠ-

ʷʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ, ʫʢʘʞʠʪʝ ʦʢʠʩʣʠʪʝʣʴ ʠ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʴ:  

K2Cr2O7 + H2SO4 = ʉrʆ3 + ʂ2Sʆ4 + ʅ2ʆ;  

ʂʄnʆ4 + ʂʆʅ + Na2SO3 = K2MnO4 + Na2SO4 + ʅ2ʆ. 

22. ʇʦʣʴʟʫʷʩʴ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʜʙʝʨʠʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ ʨʝʘʢʮʠʡ: 

Ag + H2S + O2 Ÿ Ag S + H2O 

Fe(CrO2)2 + K2CO3 + O2 Ÿ Fe2O3 + ʂ2ʉrO4 + CO2; 

23. ʇʦʣʴʟʫʷʩʴ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʜʙʝʨʠʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ ʨʝʘʢʮʠʡ: 

Na2MoO4 +HC1 +A1 Ÿ MoCl2 + A1C13 + NaCl + H2O; 

PbS + H2O2 Ÿ PbSO4 + H2O; 

24. ʇʦʣʴʟʫʷʩʴ ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʧʦʜʙʝʨʠʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷʭ ʨʝʘʢʮʠʡ: 

Fe2O3 + Na2CO3 + KNO3 Ÿ Na2FeO4 + CO2 + KNO2;  

SnCl2 + K2Cr2O7 + H2SO4 Ÿ Sn(SO4)2 +SnCl4 +Cr2(SO4)3 

+K2SO4 +H2O; 
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ʈʘʟʜʝʣ 6. ʆʉʅʆɺʓ ʌʀɿʀʏɽʉʂʆʁ ʍʀʄʀʀ 

 

ʕʣʝʢʪʨʦʭʠʤʠʷ ï ʵʪʦ ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʚʝʱʝʩʪʚʘʤʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʠ ʯʨʝʟʚʳʯʘʡʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʦ: ʦʪ ʤʠʥʠʘʪʶʨʥʳʭ ʙʘʪʘʨʝʝʢ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʩʝʨʜʮʝʙʠʝʥʠʝ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʩʝʨʜʝʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷ-

ʤʠ, ʜʦ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʢʦʩʤʠʯʝʩʢʠʝ ʢʦʨʘʙʣʠ. ʕʣʝʢʪʨʦʭʠʤʠʷ ʥʘʭʦ-

ʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʦʨʶʯʠʭ ʪʦʧʣʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʩ ʧʦ-

ʤʦʱʴʶ çʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡè ʩʠʩʪʝʤʳ, ʜʣʷ ʦʯʠʩʪʢʠ ʚʦ-

ʜʳ, ʘʥʘʣʠʟʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘ-

ʥʠʷ ʚ ʤʦʟʛʦʚʳʭ ʪʢʘʥʷʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʟʥʴ 

ʇʘʨʢʠʥʩʦʥʘ. ʕʣʝʢʪʨʦʭʠʤʠʷ ï ʵʪʦ ʵʣʝʢʪʨʦʘʚʪʦʤʦʙʠʣʠ, ʨʘʜʠʦ-

ʧʨʠʝʤʥʠʢʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʥʘʨʫʯʥʳʝ ʠ ʫʣʠʯʥʳʝ ʯʘʩʳ, ʧʦʨʪʘ-

ʪʠʚʥʳʝ ʤʘʛʥʠʪʦʬʦʥʳ. ɼʘʞʝ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʨʫʞʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʦʪ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʙʘ-

ʪʘʨʝʝʢ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦʪʦʢ ʟʘʨʷ-

ʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʧʨʦʚʦʜʥʠʢʫ. ʇʨʦ-

ʚʦʜʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʜʚʫʭ ʚʠʜʦʚ: 

1. ʇʨʦʚʦʜʥʠʢʠ I ʨʦʜʘ (ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ). ʀʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʪʦʢ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʳ. 

2. ʇʨʦʚʦʜʥʠʢʠ II ʨʦʜʘ (ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ, ʠʦʥʥʳʝ) ï 

ʵʪʦ ʨʘʩʪʚʦʨʳ ʠʣʠ ʨʘʩʧʣʘʚʳ ʵʣʝʢʪʨʦʣʠʪʦʚ. ɺ ʨʘʩʪʚʦʨʘʭ ʠ ʨʘʩ-

ʧʣʘʚʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠʦʥʦʚ ʢ ʵʣʝʢʪʨʦʜʘʤ. ʂʘʪʠʦʥʳ (ʂt
+
) 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʤʫ ʵʣʝʢʪʨʦʜʫ (ʢʘʪʦ-

ʜʫ). ɸʥʠʦʥʳ (ɸn
ī
) ï ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʤʫ ʵʣʝʢʪʨʦʜʫ 

(ʘʥʦʜʫ). 
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ʇʨʦʪʝʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʮʝʧʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʨʘʟʥʦʩʪʠ ʧʦ-

ʪʝʥʮʠʘʣʦʚ, ʠʟʤʝʨʷʝʪʩʷ ʚ ʚʦʣʴʪʘʭ (ɺ). 

ʉʠʣʘ ʪʦʢʘ (I) ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʨʦʭʦʜʷʱʠʡ ʯʝ-

ʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʚ 1 ʩʝʢʫʥʜʫ. ʆʩʥʦʚʥʦʡ 

ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʉʀ ʷʚʣʷʝʪʩʷ ʘʤʧʝʨ 

(ɸ). 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ (Q) (ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ) 

ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʫʣʦʥʘʭ (ʂʣ). 

ʂʫʣʦʥ ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʧʝʨʝʥʦʩʠ-

ʤʦʛʦ ʪʦʢʦʤ ʩʠʣʦʡ ʚ 1 ʘʤʧʝʨ ʟʘ 1 ʩʝʢʫʥʜʫ: Q = I Ĭ t, 1ʂʣ = 1ɸ Ĭ 

1ʩ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ ʚʝʣʠʯʠʥʦʡ ʚ 1 ʢʫʣʦʥ ʤʝʞʜʫ ʪʦʯ-

ʢʘʤʠ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 1 ʚʦʣʴʪ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʙʦʪʘ 

ʚ 1 ɼʞʦʫʣʴ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ (ʥʘʧʨʷʞʝʥʠʝ) ʩʚʷʟʘʥʘ ʩ ʩʠ-

ʣʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʟʘʢʦʥʦʤ ʆʤʘ: U = I Ĭ R. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ (R) ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʦ-

ʪʠʚʦʜʝʡʩʪʚʠʝ ʮʝʧʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ. ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝ-

ʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 0ʤ.  

1 0ʤ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, ʤʝʞʜʫ ʢʦʥʮʘʤʠ ʢʦ-

ʪʦʨʦʛʦ ʧʨʠ ʩʠʣʝ ʪʦʢʘ ʚ 1 ʘʤʧʝʨ ʚʦʟʥʠʢʘʝʪ ʥʘʧʨʷʞʝʥʠʝ  

1 ʚʦʣʴʪ (ɺ): 1 0ʤ = 1ɺ Ĭ ɸ
1-
 (R = U/I). 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʜʣʠʥʝ ʧʨʦʚʦʜʥʠʢʘ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʝʛʦ 

ʩʝʯʝʥʠʷ:  

R = ɟ Ĭ l / s, 

ʛʜʝ  ɟ ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʆʤ Ĭ ʤ); 

 l ï ʜʣʠʥʘ ʧʨʦʚʦʜʥʠʢʘ, ʤ;  

 s ī ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, ʤ
2
. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ (ʦʙʱʘʷ) ʧʨʦʚʦʜʠʤʦʩʪʴ (G) ï ʵʪʦ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠ-

ʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʦʙʨʘʪʥʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʶ:  
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G = R

1

 = l

S

³r  = ʤʤʆʤ

ʤ

³³

2

 = ʆʤ

1

 = ʆʤ
1-
 ʩʠʤʤʝʥʩ 

(ʉʤ) 

ʆʙʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠ-

ʥʦʡ ʥʝʩʪʘʥʜʘʨʪʥʦʡ, ʧʦʵʪʦʤʫ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʫʜʝʣʴʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. 

 

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ Þ:  

Þ = 1 / ɟ, 

ʛʜʝ ɟ ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʝʜʠʥʠ-

ʮʘ ʠʟʤʝʨʝʥʠʷ  

Þ = ʤOʤÖ

1

 = ʤ

Cʤ

 = ʉʤ Ĭ ʤ
1-
 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʩʠʣʝ ʪʦʢʘ (I), ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʠʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʙʲʝʤʝ 1ʤ
3
 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

1ɺ.  

ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʟʘʚʠʩʠʪ: 

1) ʦʪ ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʣʠʪʘ: ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 

ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʷʜʘ ʠʦʥʦʚ, ʯʝʤ ʦʥ ʚʳʰʝ, ʪʝʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʝʨʝʥʦʩʠʪ ʠʦʥ;  

2) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ Þ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʟʘʪʝʤ 

ʧʘʜʘʝʪ; 

3) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʚʷʟ-

ʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (ɚv) ï ʵʪʦ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʤʝʞʜʫ 

ʦʜʠʥʘʢʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

1ʤ; ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʜʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ 

ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʜʝʨʞʘʣʘʩʴ 1 ʤʦʣʷʨ-

ʥʘʷ ʤʘʩʩʘ ʵʢʚʠʚʘʣʝʥʪʘ ʚʝʱʝʩʪʚʘ ʄʵʢ (ɺ). 

lv = Þ Ĭ V, 
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ʛʜʝ V ï ʨʘʟʚʝʜʝʥʠʝ, ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʦʙʲʝʤ ʨʘʩ-

ʪʚʦʨʘ (ʤ
3
), ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʝʥʘ ʦʜʥʘ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʢʚʠ-

ʚʘʣʝʥʪʦʚ ʚʝʱʝʩʪʚʘ. 

V = ʵʢʉ

310-

 = ʤʦʣʴ

ʤ3

 

ʊʦʛʜʘ:                ɚv = Þ Ĭ V = Þ Ĭ ʵʢC

310-

 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ (Ŭ). 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʙʝʩ-

ʢʦʥʝʯʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ (ɚ¤). 

ʇʨʠ ʦʯʝʥʴ ʩʠʣʴʥʦʤ (ʙʝʩʢʦʥʝʯʥʦʤ) ʨʘʟʙʘʚʣʝʥʠʠ ʩʪʝʧʝʥʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʫ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʨʘʚʥʘ 

ʝʜʠʥʠʮʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʝʝ ʥʘʟʳʚʘʶʪ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ 

(ɚ¤). 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ. ɽʩʣʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʪʴ ʧʨʠ t = tmax, ʪʦ ʤʦʞʥʦ 

ʫʩʪʨʘʥʠʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ 1879 ʛ. ʌʨʠʜʨʠʭ ɺʠʣʴʛʝʣʴʤ ɻʝʦʨʛ ʂʦʣʴʨʘʫʰ ʫʩʪʘʥʦ-

ʚʠʣ ʟʘʢʦʥ:  

ɚ¤ = ɚʢ + ɚʘ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʣʝʢʪʨʦ-

ʣʠʪʘ ʧʨʠ ʙʝcʢʦʥʝʯʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʚʥʘ ʩʫʤʤʝ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʠʦʥʦʚ: ʢʘʪʠʦʥʦʚ ɚʢ ʠ ʘʥʠ-

ʦʥʦʚ ɚʘ. ɚʢ ʠ ɚʘ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʧʦʜʚʠʞʥʦʩʪʷʤʠ ʠʦʥʦʚ. ɼʣʷ 

ʤʥʦʛʠʭ ʠʦʥʦʚ ʧʦʜʚʠʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʘʙʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ: 

CH3COOH ź CH3COO
-
 + H

+
 

ɚ¤ (CH3COOH) = ɚ +H + ɚ
-COOCH3  
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ɚH
+
 = 315 ʤʦʣʴ

ʤCʤ 2Ö

                 ɚ
-COOCH3  = 35 ʤʦʣʴ

ʤCʤ 2Ö

  

ɚ¤ (CH3 COOH) = 315+35= 350 ʤʦʣʴ

ʤCʤ 2Ö

 

ʇʨʠ ʙʝʩʢʦʥʝʯʥʦʤ  ʨʘʟʙʘʚʣʝʥʠʠ lv = ɚ¤Ŭ. 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʝʧʝʥʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

ʕʣʝʢʪʨʦʜʳ ʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʕʣʝʢʪʨʦʜʘʤʠ ʥʘʟʳʚʘʶʪ ʧʨʦʚʦʜʥʠʢʠ, ʠʤʝʶʱʠʝ ʵʣʝʢ-

ʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ (ʤʝʪʘʣʣʳ, ʛʨʘʬʠʪ) ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʠʦʥʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ (ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʨʘʩʧʣʘʚʦʤ 

ʵʣʝʢʪʨʦʣʠʪʘ). 

 

ʀʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ 

ʀʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ ï ʵʪʦ ʤʝʪʘʣʣ, ʧʦʛʨʫ-

ʞʝʥʥʳʡ ʚ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʩʦʙʩʪʚʝʥʥʳʝ ʢʘʪʠʦʥʳ (ʄʝ
z+

). 

ʉʭʝʤʘ ʠʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ: ʄʝÜ¼ʄʝ
z+ 
ʉ(ʄʝ

z+
), 

ʛʜʝ ʚʝʨʪʠʢʘʣʴʥʘʷ ʯʝʨʪʘ ʦʙʦʟʥʘʯʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʬʘʟ 

ʤʝʪʘʣʣ-ʨʘʩʪʚʦʨ; ʉ(ʄʝ
z+

) ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʠʦʥʦʚ 

ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ, ʤʦʣʴ/ʣ. 

ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨ ʢʘʪʠʦʥʳ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʣʷʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʣʣʘ, ʠ 

ʝʛʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʠʦʥʳ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ, ʘ ʵʣʝʢʪʨʦʥʳ 

ʦʩʪʘʶʪʩʷ ʚ ʤʝʪʘʣʣʝ: ʄʝ ï ZǛ ­  ʄʝ
z+

. 

ʕʪʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʥʦʚʝʩʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʠʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ű(ʄʝ), ʚʝʣʠʯʠʥʘ ʢʦʪʦ-

ʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ űÜ(ʄʝ), ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʝʛʦ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ, ʂ). ʕʪʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʅʝʨʥʩʪʘ ʠ ʧʨʠ ʊ = 298ʂ 

ʠʤʝʝʪ ʚʠʜ: 
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ű(ʄʝ) = űÜ(ʄʝ) + Z

059,0

 lg C(ʄʝ
+z
), ɺ (ʚʦʣʴʪ) 

ʛʜʝ űÜ( ʄʝ) ï ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠʦʥʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʘ 

(Me
2+
), ʨʘʚʥʦʡ 1ʤʦʣʴ/ʣ ʠ ʊ=298ʂ, űÜ(ʄʝ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʢʠʩ-

ʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ; 

Z ï ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʵʣʝʢ-

ʪʨʦʜʥʦʡ ʨʝʘʢʮʠʠ. 

 

ɻʘʟʦʚʳʝ ʵʣʝʢʪʨʦʜʳ 

ʉʦʩʪʦʷʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ (ʯʘʱʝ ʚʩʝʛʦ 

ʧʣʘʪʠʥʳ), ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʘʟʦʤ ʠ ʵʣʝʢ-

ʪʨʦʣʠʪʦʤ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ʥʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ 

ʵʣʝʢʪʨʦʜʥʦʡ ʨʝʘʢʮʠʠ, ʘ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʦʚ ʢ 

ʠʦʥʘʤ ʚ ʨʘʩʪʚʦʨʝ ʠ ʥʘʦʙʦʨʦʪ.  

ɺʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ ï ʵʪʦ ʠʥʝʨʪʥʳʡ ʤʝʪʘʣʣ (ʯʘʱʝ 

ʚʩʝʛʦ ʧʣʘʪʠʥʠʨʦʚʘʥʥʘʷ ʧʣʘʪʠʥʘ), ʩʦʧʨʠʢʘʩʘʶʱʠʡʩʷ ʩ ʥʠʤ 

ʵʣʝʢʪʨʦʣʠʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʅ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʚʦʜʦʨʦʜ (ʅ2), 

ʦʤʳʚʘʶʱʠʡ ʤʝʪʘʣʣ ʚ ʚʠʜʝ ʧʫʟʳʨʴʢʦʚ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ Pt, ʅ2¼ʨʘʩʪʚʦʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ:  

a) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʨʅ < 7): 2ʅ
+
 + 2Ǜ ź ʅ2.  

ʉʭʝʤʘ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ Pt, ʅ2 ¼ʅ
+
. 

b) ʚ ʱʝʣʦʯʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʘʭ (ʨʅ Ó 7): 2ʅ2ʆ
 

+ 2Ǜ ź ʅ2 + 2ʆʅ
ī 
. 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ű(ʅ2) ʟʘ-

ʚʠʩʠʪ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ ʠ ʧʨʠ ʊ = 289ʂ ű(ʅ2) = ī0,059 ʨʅ.  

ʂʠʩʣʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ ï ʵʪʦ ʤʝʪʘʣʣ, ʩʦʧʨʠʢʘʩʘʶʱʠʡ-

ʩʷ ʩ ʥʠʤ ʵʣʝʢʪʨʦʣʠʪ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʅ ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʢʠʩ-

ʣʦʨʦʜ, ʦʤʳʚʘʶʱʠʡ ʤʝʪʘʣʣ ʚ ʚʠʜʝ ʧʫʟʳʨʴʢʦʚ. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟ-

ʜʝʣʘ ʬʘʟ Pt,ʆ2¼ʨʘʩʪʚʦʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ:  

a) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʨʅ < 7): ʆ2 + 4 ʅ
+  
+ 4Ǜ ź 2ʅ2ʆ. 

ʉʭʝʤʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ: Pt, ʆ2ƅʅ
+
. 
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b) ʚ ʱʝʣʦʯʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʘʭ (ʨʅ ² 7): 

ʆ2 + 2ʅ2ʆ
 
+ 4Ǜ ź 4ʆʅ

ī 

ʉʭʝʤʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ: Pt, ʆ2¼ʆʅ
ī
. 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ű(ʆ2) 

ʧʨʠ ʊ = 289ʂ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦ-

ʜʝ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ ʉ(ʆ2) = 2,6 Ö 10
-4

 ʄ, ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ű(ʆ2) = 1,213 ï 0,059 ʨʅ 

 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ï ʭʠʤʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, 

ʚ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟ-

ʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶ-

ʱʝʡ ʚ ʥʝʤ. ɼʚʘ ʤʝʪʘʣʣʘ, ʧʨʦʛʨʫʞʝʥʥʳʝ ʚ ʨʘʩʪʚʦʨʳ ʠʭ ʩʦʣʝʡ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʚʦʜʥʠʢʦʤ, ʦʙʨʘʟʫʶʪ ʛʘʣʴʚʘʥʠ-

ʯʝʩʢʠʡ ʵʣʝʤʝʥʪ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʪʘʢʦʡ ʵʣʝʤʝʥʪ ʠʟʦʙʨʘʞʘʝʪʩʷ 

ʪʘʢ: 

(ɸ) ʄʝ1 ¼ ʄʝ1 
z+

 (ʉ1) ¼¼ ʄʝ2
 z+

 (ʉ2) ¼ ʄʝ2 (ʂ), 

ʛʜʝ ʜʚʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʯʝʨʪʳ ʦʙʦʟʥʘʯʘʶʪ ʛʨʘʥʠʮʫ ʨʘʟ-

ʜʝʣʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʣʠʪʘʤʠ. ɽʩʣʠ ű1(ʄʝ2) < ű2(ʄʝ2), ʪʦ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʄʝ1 ʠ ʄʝ2 ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʚʦʜ-

ʥʠʢʦʤ ʵʣʝʢʪʨʦʥʳ ʧʦ ʵʪʦʤʫ ʧʨʦʚʦʜʥʠʢʫ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʝ-

ʨʝʡʜʫʪ ʦʪ ʵʣʝʢʪʨʦʜʘ ʩ ʤʝʥʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʄʝ1) ʢ ʵʣʝʢ-

ʪʨʦʜʫ ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʄʝ2). ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ 

ʧʨʦʠʟʦʡʜʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʄʝ1 ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʨʘʩʪʚʦʨ ʢʘ-

ʪʠʦʥʦʚ ʄʝ
+Z

1  ʠ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʠʟ ʨʘʩʪʚʦʨʘ
 

ʥʘ ʄʝ2. 

ʇʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʘʥʦʜʥʳʤ, ʘ ʵʣʝʢʪʨʦʜ, ʥʘ 

ʢʦʪʦʨʦʤ ʦʥ ʧʨʦʠʩʭʦʜʠʪ, - ʘʥʦʜʦʤ (ɸ); ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʢʘʪʦʜʥʳʤ, ʘ ʵʣʝʢʪʨʦʜ, ʥʘ ʢʦʪʦʨʦʤ ʦʥ ʧʨʦʠʩ-

ʭʦʜʠʪ, - ʢʘʪʦʜʦʤ (ʂ). 

ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ, 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘʥʦʜʥʳʡ ʧʨʦʮʝʩʩ: ʄʝ1 ï ZǛ ­ ʄʝ

+Z

1  (ʦʢʠʩʣʝʥʠʝ); 
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ʢʘʪʦʜʥʳʡ ʧʨʦʮʝʩʩ: ʄʝ
+Z

2  + ZǛ ­ ʄʝ2 (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ). 

ʊʦʢʦʦʙʨʘʟʫʶʱʘʷ ʨʝʘʢʮʠʷ: ʄʝ1 + ʄʝ
+Z

2  ź ʄʝ

+Z

1  + ʄʝ2. 

ʊʦʢʦʦʙʨʘʟʫʶʱʘʷ ʨʝʘʢʮʠʷ ʧʦʣʫʯʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʯʠʩʣʦ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦ. ʇʨʠʯʠ-

ʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ 

ʵʣʝʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʟʘ ʩʯʝʪ 

ʢʦʪʦʨʦʡ ʩʦʚʝʨʰʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʘʙʦʪʘ (W )ɻ: 

W  ɻ= zĬFEɻ.ʕ., 

ʛʜʝ  F ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ, F=96500 ʂʣ; 

 z ï ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ; 

 ɽɻ.ʕ. ï ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʕɼʉ), ɺ.  

 

ʕɼʉ ʵʣʝʤʝʥʪʘ - ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʧʨʠ ʨʘʙʦʪʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ: 

ɽɻ.ʕ. = űʢ ï űʘ, 

ʛʜʝ űʢ, űʘ ï ʨʘʚʥʦʚʝʩʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʢʘʪʦʜʘ ʠ ʘʥʦʜʘ ʛʘʣʴʚʘ-

ʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ɺ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʘ 

(Wx.p.), ʢʦʪʦʨʫʶ ʩʦʚʝʨʰʘʝʪ ʩʠʩʪʝʤʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝ-

ʥʠʠ, ʨʘʚʥʘ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʪʦʢʦʦʙʨʘʟʫʶʱʝʡ ʨʝʘʢ-

ʮʠʠ:  

Wx.p. = æG
A
f  (ʄʝ

+Z

1 ) ī æG
A
f  (Me

+Z

2 ), ɼʞ, 

ʛʜʝ æG
A
f  (ʄʝ

+Z

1 ), æG
A
f  (Me

+Z

2 ), ï ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʥʦʚ, ɼʞ/ʤʦʣʴ (ʟʥʘʯʝʥʠʷ æG
A
f  ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʧʨʘʚʦʯʥʠʢʘʭ).  

ʊʘʢ ʢʘʢ W  ɻ= Wx.p., ʪʦ ɽ ɻ.ʕ. = ī zF

Gr

AD

. 
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ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʨʘʙʦʪʳ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ:  

ɽɻ.ʕ. > 0 ʠʣʠ űʢ > űʘ 
 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (ɻʕ) ʩʦ-

ʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʜʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʝʪʘʣʣʘ, ʧʦʛʨʫʞʝʥʥʳʭ 

ʚ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʉʭʝʤʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ɻʕ: 

ʄʝ1 ¼ ʄʝ
Z+
(ʉ1) ¼¼ ʄʝ

Z+
(ʉ2) ¼ ʄʝ 

ɽʩʣʠ ʉ1(ʄʝ
Z+
) < ʉ2(ʄʝ

Z+
), ʪʦ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

ʅʝʨʝʩʪʘ, ű1 < ű2 ʠ ʵʣʝʢʪʨʦʜ 1 ʙʫʜʝʪ ʘʥʦʜʦʤ, ʘ ʵʣʝʢʪʨʦʜ 2 ï ʢʘ-

ʪʦʜʦʤ. ʕʣʝʢʪʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ:  

ʘʥʦʜʥʳʡ: ʄʝ ï zǛ Ÿ ʄʝ
z+

 

ʢʘʪʦʜʥʳʡ: ʄʝ
z+

 + zǛ Ÿ ʄʝ  

ɽɻ.ʕ. = űʨ (ʄʝ) = űʢ ï űa = z

059,0

 lg )(

)(
+

+

Z

a

Z

K

MeC

MeC

. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ɻʕ ʨʘʙʦʪʘʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʫ ʢʘʪʦʜʘ ʠ ʘʥʦʜʘ ʥʝ ʩʨʘʚʥʷʶʪʩʷ. 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ 

ʄʝʪʦʜʳ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʦʪ ʢʦʨʨʦʟʠʠ 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ï ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ.  

ʇʨʠʯʠʥʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʷʚʣʷʶʪʩʷ: 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʥʘʣʠʯʠʝ ʥʘ ʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʥʳʭ ʠ ʘʥʦʜʥʳʭ ʫʯʘʩʪʢʦʚ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʤʠʢʨʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ, 

ʢʘʢ ʠ ʚ ɻʕ, űʢ > űa ʋʩʣʦʚʠʝʤ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ:  

ɸ. ɸʥʦʜʥʦʛʦ ï ʧʝʨʝʭʦʜ ʤʝʪʘʣʣʘ ʩ ʘʥʦʜʥʳʭ ʫʯʘʩʪʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʠʦʥʦʚ: 
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ʄʝ ï zǛ Ÿ ʄʝ
z+

 (ʦʢʠʩʣʝʥʠʝ, ʢʦʨʨʦʟʠʷ). 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʦʩʪʘʝʪʩʷ ʚ ʤʝ-

ʪʘʣʣʝ ʠ ʧʝʨʝʭʦʜʠʪ ʢ ʢʘʪʦʜʥʳʤ ʫʯʘʩʪʢʘʤ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʦʪʝʥ-

ʮʠʘʣ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʵʣʝʢ-

ʪʨʦʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢʦʨʨʦʜʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ:  

űɸ = ű
Ü 
(ʄʝ) 

ɹ. ʂʘʪʦʜʥʦʛʦ ï ʩʚʷʟʳʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʚ ʘʥʦʜʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʘʢʠʤ-ʣʠʙʦ ʚʝʱʝʩʪʚʦʤ ï ʦʢʠʩʣʠʪʝʣʝʤ 

(ʆʭ), ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʨʝʜʝ ʵʣʝʢʪʨʦʣʠʪ: 

ʆʭ + ZǛ ­ Red (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) 

ʇʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘʟʳʚʘʝʪʩʷ ʜʝʧʦʣʷʨʠ-

ʟʘʮʠʝʡ, ʘ ʚʝʱʝʩʪʚʘ-ʦʢʠʩʣʠʪʝʣʠ ï ʜʝʧʦʣʷʨʠʟʘʪʦʨʘʤʠ. ɼʝʧʦʣʷ-

ʨʠʟʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʢʘʪʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ-

ʪʝʥʮʠʘʣ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʦʤ ʦʢʠʩ-

ʣʠʪʝʣʷ (ʜʝʧʦʣʷʨʠʟʘʪʦʨʘ): 

űʢ = ű(ʆʭ) 

 

ʄʝʭʘʥʠʟʤ ʢʦʨʨʦʟʠʠ 

ɺ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭ, ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ ʚʦʟʜʫʭʦʤ, ʦʩ-

ʥʦʚʥʳʤʠ ʜʝʧʦʣʷʨʠʟʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʆ2, ʠʦʥʳ H
+
 ʠ ʚʦʜʘ. 

ɼʝʧʦʣʷʨʠʟʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʢʦʨʨʦʟʠʠ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ. ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʢʦʨʨʦʟʠʠ: 

ɸ. ʂʦʨʨʦʟʠʷ ʩ ʢʠʩʣʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʡ ï ʵʪʦ ʢʦʨʨʦ-

ʟʠʷ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ. ʂʘʪʦʜʥʳʡ ʧʨʦʮʝʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ pH ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

a) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (pH < 7): ʆ2 + 4H
+
 + 4Ǜ Ÿ 2H2O, 

b) ʚ ʱʝʣʦʯʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʘʭ (pH ² 7): 

ʆ2 + 2H2O + 4Ǜ Ÿ 4OH
- 

ʇʦʪʝʥʮʠʘʣ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʥʮʠ-

ʘʣʦʤ ʢʠʩʣʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ: űʢ = ű(ʆ2). 

ʉʭʝʤʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ɻʕ:  

ʄʝ ¼ H2O, pH, ʆʭ : ʆ2 ¼ ʄʝ. 

ɹ. ʂʦʨʨʦʟʠʷ ʩ ʚʦʜʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʡ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜʥʳʭ ʫʯʘʩʪʢʘʭ. 

ʂʘʪʦʜʥʳʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 
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a) ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (pH < 7): 2H
+
 + 2Ǜ Ÿ H2¬ 

b) ʚ ʱʝʣʦʯʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʘʭ (pH ² 7): 

2H2O + 2Ǜ Ÿ H2¬ + 2OH
ī 

ʇʦʪʝʥʮʠʘʣ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʥʮʠ-

ʘʣʦʤ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ: űʢ = ű(H2). 

ʉʭʝʤʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ɻʕ: 

ʄʝ ¼ H2O, pH, ʆʭ : H
+
, H2O ¼ ʄʝ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ ʚʦʟʤʦʞʥʘ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʩ ʘʥʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʪʝʢʘʶʪ ʥʘ 

ʢʘʪʦʜʥʳʝ, ʘ ʟʘʪʝʤ ʫʜʘʣʷʶʪʩʷ ʩ ʥʠʭ ʦʢʠʩʣʠʪʝʣʝʤ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʧʨʦʪʝʢʘʥʠʷ ʢʦʨʨʦʟʠʠ űɸ 

< űʂ ʠʣʠ ű(Me) < ű(Ox). 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʢʦʨʨʦʟʠʠ:  

ɸ. ɽʩʣʠ űÁ(Me) > ű(ʆ2) ï ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ ʥʝʚʦʟʤʦʞ-

ʥʘ. 

ɹ. ɽʩʣʠ ű(ʅ2) < űÁ(Me) < űÁ(ʆ2), ʚʦʟʤʦʞʥʘ ʢʦʨʨʦʟʠʷ 

ʤʝʪʘʣʣʘ ʩ ʢʠʩʣʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ. 

ɺ. ɽʩʣʠ űÁ(Me) < ű(ʅ2), ʚʦʟʤʦʞʥʘ ʢʦʨʨʦʟʠʷ ʩʦ ʩʤʝ-

ʰʘʥʥʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʠ ʚʦʜʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠʟʘʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

ɽʩʣʠ ʢʠʩʣʦʨʦʜ ʚ ʩʠʩʪʝʤʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʥʝʪ ʜʨʫʛʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʪʦ ʚʦʟʤʦʞʥʘ ʢʦʨʨʦʟʠʷ ʩ ʚʦʜʦʨʦʜʥʦʡ ʜʝʧʦʣʷʨʠ-

ʟʘʮʠʝʡ ʧʨʠ ʫʩʣʦʚʠʠ űÁ(Me) < ű(ʅ2). 

 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʦʪ ʢʦʨʨʦʟʠʠ 

ʇʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣ-

ʣʦʚ ʥʝʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʧʦʩʦʙʦʚ ʠʭ ʟʘʱʠʪʳ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ (ʦʢʩʠʜ-

ʥʳʝ, ʬʦʩʬʘʪʥʳʝ, ʭʨʦʤʘʪʥʳʝ), ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

(ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ) ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ. ʅʝʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʟʘʱʠʱʘʶʪ ʤʝʪʘʣʣʳ ʦʪ ʢʦʨʨʦʟʠʠ, ʠʟʦʣʠʨʫʷ 

ʠʭ ʦʪ ʢʦʥʪʘʢʪʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ 
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ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʝʣʷʪʩʷ ʥʘ ʘʥʦʜʥʳʝ ʠ ʢʘ-

ʪʦʜʥʳʝ. 

ɸʥʦʜʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʢʨʳʪʠʝ, ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥʮʠ-

ʘʣ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʟʘʱʠʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠ ʥʘʨʫ-

ʰʝʥʠʠ ʩʣʦʷ ʘʥʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦʟʥʠʢʘʶʪ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣ ʧʦʢʨʳʪʠʷ ʠʛʨʘʝʪ 

ʨʦʣʴ ʘʥʦʜʘ ʠ ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʥʘ ʟʘʱʠʱʘʝʤʦʤ ʤʝʪʘʣʣʝ ï ʢʘʪʦʜʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴ. ʅʘʧʨʠʤʝʨ, ʧʦʢʨʳʪʠʝ ʞʝʣʝʟʘ 

ʮʠʥʢʦʤ (ʦʮʠʥʢʦʚʘʥʥʦʝ ʞʝʣʝʟʦ). 

ʂʘʪʦʜʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʢʨʳʪʠʝ, ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʟʘʱʠʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠ 

ʥʘʨʫʰʝʥʠʠ ʢʘʪʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʫʝʪʩʷ ɻʕ, ʚ ʢʦʪʦʨʦʤ ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʙʫʜʝʪ ʢʘʪʦʜʦʤ, ʘ ʟʘʱʠʱʘʝʤʳʡ ʤʝʪʘʣʣ 

ï ʘʥʦʜʦʤ. ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʩʣʦʷ ʢʘʪʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʨʘʟʨʫ-

ʰʘʝʪʩʷ ʠʟʜʝʣʠʝ. ʅʘʧʨʠʤʝʨ, ʧʦʢʨʳʪʠʝ ʞʝʣʝʟʘ ʦʣʦʚʦʤ (ʙʝʣʘʷ 

ʞʝʩʪʴ). 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

25. ɺʳʯʠʩʣʠʪʝ ʧʦʪʝʥʮʠʘʣ ʥʠʢʝʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦ-

ʛʨʫʞʝʥʥʦʛʦ ʚ 200 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,12 ʛ ʥʠʪʨʘʪʘ 

ʥʠʢʝʣʷ. E
0 

Ni
2+

/Ni = - 0,23B. 

26. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦ-

ʷʱʝʛʦ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʮʠʥʢʦʚʦʛʦ ʠ ʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ, 

ʝʩʣʠ E
0
Zn

2+
/Zn = - 0,763B, ʘ E

0
Ag

+
/Ag = 0,799B. ʅʘʧʠʰʠʪʝ ʩʭʝʤʫ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʨʝʘʢʮʠʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. 

27. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦ-

ʷʱʝʛʦ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʚʦʜʦʨʦʜʥʦʛʦ ʠ ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ. 

ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢ-

ʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ E
0 

Zn
2+

/Zn 

= ī0,763B. 

28. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʛʦ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʧʠʰʠʪʝ ʨʝʘʢʮʠʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʨʘʩʩʯʠʪʘʡ-

ʪʝ ʕɼʉ, ʝʩʣʠ E
0
Zn

2+
/Zn = - 0,763B, E

0 
Pb

2+
/Pb = - 0,126B, ʘ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ [ʈb
2+

] = 0,01 ʤʦʣʴ/ʣ; [Zn
2+
] = 0,05 ʤʦʣʴ/ʣ. 
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29. ɺʳʯʠʩʣʠʪʝ ʧʦʪʝʥʮʠʘʣ ʩʚʠʥʮʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦ-

ʛʨʫʞʝʥʥʦʛʦ ʚ 200 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,1 ʛ ʈb(NO3)2 

(E
0 

Pb
2+

/Pb = - 0,126B). 

30. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠ 

ʨʘʙʦʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ Ni + ʈb(Nʆ3)2 = Ni(NO3)2 

+ ʈb. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʵʣʝʢ-

ʪʨʦʜʘʭ, ʨʘʩʩʯʠʪʘʡʪʝ ʕɼʉ, ʝʩʣʠ [Ni
2+
] = 0,01 ʤʦʣʴ/ʣ; [ʈb

2+
] = 

0,01 ʤʦʣʴ/ʣ (E
0 

Pb
2+

/Pb = - 0,126B, E
0 

Ni
2+

/Ni == - 0,23B). 

31. ʈʘʩʩʯʠʪʘʡʪʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ Fʝ - ʈb ʛʘʣɹ-

ʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Fʝ(Nʆ3)2 ʠ 

ʈb(Nʆ3)2 ʨʘʚʥʳ 0,1M. 

32. ʀʤʝʝʪʩʷ Ni - ʉʦ ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʉʦ
2+

 ʨʘʚʥʘ 1M. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʶ Ni
2+

 ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʥʠʢʝʣʷ ʨʘʚʝʥ ʥʦʨʤʘʣʴ-

ʥʦʤʫ ʵʣʝʢʪʨʦʜʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʢʦʙʘʣʴʪʘ. 

(E
0 

Co
2+

/Co =-0,276B, E
0 

Ni
2+

/Ni =-0,23B).  

33. ʕʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʉu - Zn ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ 1,04ɺ. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʤʝʜʠ 

ʚ ʤʝʜʥʦʤ ʵʣʝʢʪʨʦʣʠʪʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

0,1M. E
0
Zn

2+
/Zn = - 0,763B, E

0 
Cu

2+
/Cu = 0,34B.  

34. ʈʘʩʩʯʠʪʘʡʪʝ ʧʦʪʝʥʮʠʘʣ ʥʠʢʝʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦ-

ʛʨʫʞʝʥʥʦʛʦ ʚ 400 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,24ʛ ʥʠʪʨʘʪʘ 

ʥʠʢʝʣʷ; (E
0 

Ni
2+

/Ni = - 0,23B). 

35. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ Ni(NO3)2, ʝʩʣʠ 

ʕɼʉ Ni - ʉʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ 0. ʂʦʥʮʝʥʪʨʘ-

ʮʠʷ ʉʦ(Nʆ3)2 ʩʦʩʪʘʚʣʷʝʪ 0,1M.  

(E
0 

Ni
2+

/Ni = - 0,23B, E
0 

Co
2+

/Co =-0,276B). 

36. ʇʨʠ ʨʘʙʦʪʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʵʣʝʢʪʨʦ-

ʜʘʭ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ: Zn
0
 - 2e Ÿ Zn

+2
; ʈb

2+ 
+ 2e Ÿ ʈb

0
. 

ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʨʘʩʩʯʠʪʘʡʪʝ 

ʕɼʉ, ʝʩʣʠ [Zn
2+
] = 0,05ʄ, ʘ [ʈb

2+
] = 0,01ʄ. 

(E
0 

Zn
2+

/Zn = ī0,763B, E
0 

Pb
2+

/Pb =ī0,126B). 

37. ɺʳʯʠʩʣʠʪʝ ʧʦʪʝʥʮʠʘʣ ʩʚʠʥʮʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦ-

ʛʨʫʞʝʥʥʦʛʦ ʚ 200 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,1 ʛ ʈb(Nʆ3)2, 

(E
0 

Pb
2+

/Pb = - 0,126B). 
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38. ɺʳʯʠʩʣʠʪʝ ʧʦʪʝʥʮʠʘʣ ʘʣʶʤʠʥʠʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ 120 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,1 ʛ ɸ1ʉ13; 

(E
0 

Al
3+

/Al  = - 1,66B). 

39. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠ 

ʨʘʙʦʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʉu
0
 ī 2e Ÿ ʉu

2+
; ɸg

+ 
+ 

e Ÿ ɸg. ʈʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ [ʉu
2+
] = [ɸg

+
] 

= 0,001 ʤʦʣʴ/ʣ. 

40. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦ-

ʷʱʝʛʦ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʚʦʜʦʨʦʜʥʦʛʦ ʠ ʤʝʜʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ, 

ʝʩʣʠ [ʉuSʆ4] = 0,001ʄ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝ-

ʢʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. 

41. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ: ʈb|0,001ʄ 

ʈb(NO3)2||1ʄ ʈb(NO3)2|ʈʔ; E
0
Pb

2+
/Pb = ï 0,126B. ʈʘʩʩʯʠʪʘʡʪʝ 

ʕɼʉ. 

42. ɺʳʯʠʩʣʠʪʝ ʧʦʪʝʥʮʠʘʣ ʮʠʥʢʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦ-

ʛʨʫʞʝʥʥʦʛʦ ʚ 150 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,2ʛ ZnSʆ4. (E
0 

Zn
2+

/Zn =-0,763B). 

43. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʤʝʜʥʦ-ʪʘʣʣʠʝʚʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦ-

ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ. E
0 

Tl
+

/Tl = 

= - 0,005B, E
0 

Cu
2+

/Cu = 0,34B. 

44. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʙʨʘ-

ʟʦʚʘʥʥʦʛʦ ʥʠʢʝʣʝʚʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʧʦʛʨʫʞʝʥʥʳʤ ʚ 0,05ʄ ʨʘʩ-

ʪʚʦʨ NiSʆ4, ʠ ʤʝʜʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʧʦʛʨʫʞʝʥʥʳʤ ʚ 0,02ʄ 

ʨʘʩʪʚʦʨ ʉuSʆ4. (E
0 

Cu
2+

/Cu = 0,34B, E
0
Ni

2+
/Ni = ī 0,23B). 

45. ɺʳʯʠʩʣʠʪʝ ʧʦʪʝʥʮʠʘʣ ʤʘʛʥʠʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦ-

ʛʨʫʞʝʥʥʦʛʦ ʚ 150 ʤʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 0,16 ʛ ʄgSO4; E
0 

Mg
2+

/Mg = ī 2,38B.  

46. ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʳ ʜʚʫʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʢʘʜʤʠʡ ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ, ʘ ʚ ʜʨʫʛʦʤ - ʢʘʪʦ-

ʜʦʤ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦ-

ʜʘʭ. 

47. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦ-

ʷʱʝʛʦ ʠʟ ʢʘʜʤʠʝʚʦʛʦ ʠ ʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ, ʝʩʣʠ [ʉd
+2

] = 

[ɸg
+
] = 0,001ʄ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶ-
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ʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. 

48. ʏʪʦ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʘ ʯʪʦ ʦʢʠʩʣʠʪʝʣʝʤ ʚ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʤʝʜʠ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ 

ʨʘʩʪʚʦʨ ʉuSʆ4, ʠ ʩʝʨʝʙʨʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨ ɸgNO3. 

ʉʦʩʪʘʚʴʪʝ ʩʭʝʤʫ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʫʨʘʚʥʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝ-

ʢʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ʈʘʩʩʯʠʪʘʡʪʝ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩ-

ʣʠ [ʉu
2+
] = [ɸg

+
] = 1M. (E

0 
Cu

2+
/Cu = = 0,34B, E

0 
Ag

+
/Ag = + 

0,80B). 

49. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʤʘʛʥʠʡ - ʥʠʢʝʣʝʚʦʛʦ ʛʘʣʴʚʘʥʠʯʝ-

ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʝʩʣʠ [ʄg
2+

] = [Ni
2+

] =1M. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝ-

ʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ʀʟʤʝʥʠʪʩʷ ʣʠ 

ʚʝʣʠʯʠʥʘ ʕɼʉ, ʝʩʣʠ [ʄg
2+
] ʠ [Ni

2+
] ʧʦʥʠʟʠʪʴ ʜʦ 0,01M. ʆʪʚʝʪ 

ʤʦʪʠʚʠʨʫʡʪʝ. 

50. ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʩʪʦ-

ʷʱʝʛʦ ʠʟ ʩʝʨʝʙʨʷʥʦʛʦ ʠ ʢʦʙʘʣʴʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʦʚ, ʝʩʣʠ [ɸg
+
] 

= 0,1M, ʘ [ʉʦ
2+

] = 0,001M. 

(E
0 

Co
2+

/Co = ī0,277B, E
0 

Ag
+

/Ag = 0,80B). 

 

ʕʣʝʢʪʨʦʣʠʟ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷ-

ʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝ-

ʨʝʟ ʨʘʩʪʚʦʨ ʠʣʠ ʨʘʩʧʣʘʚ ʵʣʝʢʪʨʦʣʠʪʘ.  

ʕʣʝʢʪʨʦʣʠʪʳ ï ʧʨʦʚʦʜʥʠʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ.  

ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʢʘʪʦʜ ʩʣʫʞʠʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ (ʦʪ-

ʜʘʝʪ ʵʣʝʢʪʨʦʥʳ ʢʘʪʠʦʥʘʤ), ʘ ʘʥʦʜ ï ʦʢʠʩʣʠʪʝʣʝʤ (ʧʨʠʥʠʤʘʝʪ 

ʵʣʝʢʪʨʦʥʳ ʦʪ ʘʥʠʦʥʦʚ). 

ʉʫʱʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʟʘ ʩʦʩʪʦʠʪ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʟʘ 

ʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ï ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ (ʂ) ʠ ʦʢʠʩʣʝʥʠʷ ʥʘ ʘʥʦʜʝ (ɸ). ʕʪʠ ʧʨʦʮʝʩ-

ʩʳ ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʮʝʩʩʘʤʠ (ʨʝʘʢʮʠʷʤʠ) ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʠ ʦʢʠʩʣʠʪʝʣʴ-

ʥʦʝ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʩʠʣʴʥʝʝ ʜʝʡ-

ʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ.  

ʈʘʟʣʠʯʘʶʪ ʵʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʦʚ ʠ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦ-

ʣʠʪʦʚ. 

  



 101 

ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ: 

1) ɺʩʝ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ: 

ʂ(-): Zn
2+

 + 2e
-
 Ÿ Zn

0
;    Na

+
 + 1e

-
 Ÿ Na

0
 

2) ɸʥʠʦʥʳ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ ʦʢʠʩʣʷʶʪʩʷ ʥʘ 

ʘʥʦʜʝ: 

ɸ(+): 2Clľ ï 2e
-
ŸCl2 

3) ɸʥʠʦʥʳ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʦʙʨʘʟʫʶʪ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʠʩʣʦʪʥʳʡ ʦʢʩʠʜ ʠ ʢʠʩʣʦʨʦʜ: 

ɸ(+): 2SO4
2
Ė ï 4e

- 
Ÿ 2SO3 + O2 

ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʅʘ ʭʦʜ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʣʠʟʘ ʠ ʭʘʨʘʢʪʝʨ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ 

- ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ,  

- ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ,  

- ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʥʠʭ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ.  

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʢʨʦʤʝ ʛʠʜʨʘʪʠʨʦ-

ʚʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ 

ʦʢʠʩʣʝʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ. 

ʂʘʢʠʝ ʠʤʝʥʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ 

ʧʨʦʪʝʢʘʪʴ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ, ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝ-

ʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʘʪʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ ʪʝʤ ʣʝʛʯʝ, ʯʝʤ ʤʝʥʝʝ ʘʢʪʠʚʝʥ ʤʝʪʘʣʣ, 

ʯʝʤ ʜʘʣʴʰʝ ʚʧʨʘʚʦ ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʷʜʫ ʥʘʧʨʷʞʝʥʠʡ. 

1) ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʝ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠ-

ʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʡ, ʯʝʤ ʫ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʅ
+ 
(ʚ ʨʷʜʫ ʥʘʧʨʷʞʝ-

ʥʠʡ ʵʪʠ ʤʝʪʘʣʣʳ ʩʪʦʷʪ ʧʦʩʣʝ ʅ2), ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ: 

Cu
2+ 

+ 2e
-
 Ÿ Cu

0
 

2) ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʝ ʥʠʟʢʫʶ ʚʝʣʠʯʠʥʫ 

ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʦʪ ʥʘʯʘʣʘ ʨʷʜʘ ʥʘʧʨʷʞʝʥʠʷ ʧʦ 

ʘʣʶʤʠʥʠʡ ʚʢʣʶʯʠʪʝʣʴʥʦ), ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ ʠ 
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ʦʩʪʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʥʘ ʢʘʪʦʜʝ ʠʜʝʪ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ: 

2H2O + 2e
-
 Ÿ H2 + 2OHľ 

3) ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʤʝʶʱʠʝ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠ-

ʘʣ ʥʠʞʝ, ʯʝʤ ʫ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ (ʅ
+
), ʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʠʦʥʦʚ 

ʘʣʶʤʠʥʠʷ (Al
3+
), ʪ.ʝ ʩʪʦʷʱʠʭ ʤʝʞʜʫ Zn

2+
Ÿ Me

n+
ŶH2, ʧʨʠ 

ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʚʦʜʦʨʦʜʦʤ. 

Fe
3+

 + 3e
-
 Ÿ Fe

0
 

2H2O + 2e
-
Ÿ H2 + 2OHľ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʵʣʝʢ-

ʪʨʦʣʠʟʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞ-

ʜʝ ʚʩʝʛʦ, ʧʦʣʦʞʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʚ ʨʷʜʫ 

ʥʘʧʨʷʞʝʥʠʷ. 

ɸʥʦʜʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʝʨʪʥʳʝ, ʥʝ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʘʥʦʜʳ (ʛʨʘʬʠʪʦʚʳʝ, 

ʧʣʘʪʠʥʦʚʳʝ) ʠ ʨʘʩʪʚʦʨʠʤʳʝ ʘʥʦʜʳ, ʦʢʠʩʣʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʣʝʢʪʨʦʣʠʟʘ ʣʝʛʯʝ, ʯʝʤ ʘʥʠʦʥʳ (ʠʟ ʮʠʥʢʘ, ʥʠʢʝʣʷ, ʩʝʨʝʙʨʘ, 

ʤʝʜʠ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ). 

1) ɸʥʠʦʥʳ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʢʠʩʣʦʪ (S
2
Ė, Iľ, Brľ, Clľ) 

ʧʨʠ ʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʜʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ. 

2) ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʱʝʣʦʯʝʡ, ʢʠʩʣʦ-

ʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʠ ʠʭ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩ-

ʣʦʪʳ ʠ ʬʪʦʨʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 

ʚʦʜʳ ʩ ʚʳʜʝʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ: 

ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ: 4OHľ ï 4e
-
Ÿ O2 + 2H2O 

ʚ ʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ: 2H2O ï 4e
-
Ÿ O2 + 

4H
+ 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

51. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʧʣʘʚʦʚ:  

ʘ) MgCl2, LiOH, CaBr2, Ba(OH)2, NaF ʠ LiH; 

ʙ) ʩʤʝʩʠ KF ʠ KCl. 
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52. ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ:  

ʘ) NaClO4, KNO3;  

ʙ) HClO4, HNO3;  

ʚ) NaOH, LiOH.  

ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

53. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ:  

ʘ) MgI2, BaCl2 ʠ KF; ʙ) ʩʤʝʩʠ  NaOH ʠ NaCl. 

54. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʝʨʝʙʨʠʪʴ ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʢʫ. ɹʫʜʝʪ 

ʦʥʘ ʢʘʪʦʜʦʤ ʠʣʠ ʘʥʦʜʦʤ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ? 

55. ɺ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʜʦʣʞʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʢʘʪʦʜʝ 

ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫ-

ʶʱʠʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ? 

56. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʠʜʫʪ ʥʘ ʢʘʪʦʜʝ ʠ ʘʥʦʜʝ, ʝʩʣʠ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʤʝʜʠ ʧʦʜʚʝʨʛʥʫʪʴ ʵʣʝʢʪʨʦʣʠʟʫ? 

57. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʤʝʜʠ ʚʳʜʝʣʠʪʩʷ ʥʘ ʢʘʪʦʜʝ ʧʨʠ ʧʨʦ-

ʧʫʩʢʘʥʠʠ ʪʦʢʘ ʚ 4 ɸ  ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ ʚ ʪʝʯʝ-

ʥʠʝ 18 ʤʠʥ? 

58. ʊʦʢ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʢʠʩʣʦʪʳ, ʚʳʜʝʣʷʝʪ ʟʘ 6 

ʤʠʥ. 120 ʩʤ
3
 ʚʦʜʦʨʦʜʘ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 17

ʦ
ʉ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

98910 ʇʘ. ɺʳʯʠʩʣʠʪʝ ʩʠʣʫ ʪʦʢʘ. 

59. ʉʦʩʪʘʚʴʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘ-

ʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NiCl2: 

ʘ) ʥʘ ʫʛʦʣʴʥʦʤ ʘʥʦʜʝ; ʙ) ʥʘ ʥʠʢʝʣʝʚʦʤ ʘʥʦʜʝ. 

60. ɽʩʣʠ ʤʝʪʘʣʣ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʷʜʫ ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʢ-

ʪʨʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦ ʚʦʜʦʨʦʜʘ, ʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʠ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʝʛʦ ʩʦʣʠ ʥʘ ʢʘ-

ʪʦʜʝ ʜʦʣʞʝʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚʦʜʦʨʦʜ. ʇʦʯʝʤʫ, ʪʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʦʝ ʥʠʢʝʣʠʨʦʚʘʥʠʝ, ʭʨʦʤʠʨʦʚʘʥʠʝ?  

61. ʂʘʢʦʡ ʦʙʲʝʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 22
ʦ
ʉ ʠ ʜʘʚʣʝʥʠʠ 101325 

ʇʘ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʟʘ 4 ʤʠʥ 30 ʩ 

ʪʦʢʦʤ ʚ 2,6 ɸ? 

62. ʇʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ ʙʳʣʦ ʧʦ-

ʣʫʯʝʥʦ 400 ʩʤ
3
 ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 18 ʛ NaOH. ɿʘ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʚ ʢʫʣʦʥʦʤʝʪʨʝ ʚʳʜʝʣʠʣʦʩʴ 20,20 ʛ ʤʝʜʠ ʠʟ ʨʘʩʪʚʦʨʘ 

ʩʝʨʥʦ-ʢʠʩʣʦʡ ʤʝʜʠ. ɺʳʯʠʩʣʠʪʝ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (%) ʧʦ  ʪʦʢʫ.  

 

 

ʈʘʟʜʝʣ 7. ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ 

ɸʅɸʃʀʊʀʏɽʉʂʆʁ ʍʀʄʀʀ 

 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ï ʵʪʦ ʥʘʫʢʘ ʦ ʤʝʪʦʜʘʭ ʢʘʯʝ-

ʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩ-

ʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʩʦʩʪʘʚʘ ʚʦʟ-

ʜʫʭʘ, ʚʦʜʳ, ʧʦʯʚ, ʫʜʦʙʨʝʥʠʡ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ ʯʘʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʥʠ 

ʦʜʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʤʦʞʝʪ ʚʳʧʫʩʢʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦ-

ʜʫʢʮʠʶ, ʦʪʚʝʯʘʶʱʫʶ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʙʝʟ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ. 

ɸʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥ-

ʪʦʚ, ʠʦʥʦʚ, ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɿʘʜʘʯʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ï ʦʧʨʝʜʝʣʠʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʩʤʝʩʷʭ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʰʝʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʤʫ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʶʪ-

ʩʷ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʱʝʡ, ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠ-

ʤʠʠ ʠʤʝʶʪ ʟʥʘʥʠʷ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʭʠʤʠʠ, ʧʦʥʷʪʠʡ ʦ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ, ʟʘʢʦʥʘ ʜʝʡʩʪʚʠʷ ʤʘʩʩ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ, ʠʦʥʥʳʭ 

ʨʝʘʢʮʠʡ, ʛʠʜʨʦʣʠʟʘ ʩʦʣʝʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʩʧʦʤʥʠʪʴ ʠʟ 

ʢʫʨʩʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʘʥʥʳʝ ʪʝʤʳ. 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʜʨʫʛʠʤʠ ʥʘʫʢʘ-

ʤʠ: ʬʠʟʠʢʦʡ, ʤʘʪʝʤʘʪʠʢʦʡ, ʙʠʦʣʦʛʠʝʡ. ʕʪʠ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ 

ʩʣʦʞʥʳʤʠ, ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ ʛʨʘʥʴ 
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ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʥʘʫʢʘʤʠ. ʕʪʦ ʝʱʝ ʙʦʣʝʝ ʫʩʠʣʠʚʘʝʪ 

ʟʥʘʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʥʘʫʯʥʦʤ ʦʙ-

ʱʝʩʪʚʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʛʨʘʤʦʪʥʳʭ ʩʧʝʮʠ-

ʘʣʠʩʪʦʚ, ʚʣʘʜʝʶʱʠʭ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʝʛʦʜʥʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷ-

ʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʫʞʥʳ ʙʳʩʪʨʳʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʪʣʠʯʘʶʪʩʷ ʚʳ-

ʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʪʦʡ ʚʳʧʦʣʥʝʥʠʷ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ï ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ. ʄʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ: ʧʦʩʪʘ-

ʥʦʚʢʘ ʟʘʜʘʯʠ, ʚʳʙʦʨ ʤʝʪʦʜʘ ʠ ʩʭʝʤʳ ʘʥʘʣʠʟʘ, ʦʪʙʦʨ ʧʨʦʙʳ, 

ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʙʳ ʢ ʘʥʘʣʠʟʫ, ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʷ, ʦʙʨʘʙʦʪ-

ʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʜʝʣʝʥʠʝ ʫʩʣʦʚʥʦ: ʢʘʞʜʳʡ ʵʪʘʧ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʳʤ ʠ ʩʦʩʪʦʷʪʴ ʠʟ ʤʥʦʛʠʭ ʦʪ-

ʜʝʣʴʥʳʭ ʩʪʘʜʠʡ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨ ʤʝʪʦʜʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʵʪʘʧʘ çʠʟʤʝʨʝʥʠʷè. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʧʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʨʘʩ-

ʩʤʦʪʨʝʥʠʶ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ, ʫʩʣʦʚʠʤʩʷ ʦ ʝʜʠʥʠʮʘʭ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʱʝʩʪʚʘ ʠ ʩʧʦʩʦʙʘʭ ʚʳʨʘʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʙʫ-

ʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʪʦʡ ʢʥʠʛʝ.  

 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ, ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʠʦʥʦʚ ʠʣʠ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʝ ʚʝʱʝʩʪʚʦ, ʠʣʠ ʩʤʝʩʴ ʚʝʱʝʩʪʚ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʤʫ. 

ʊʝʨʤʠʥʳ ʠ ʧʦʥʷʪʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

1. ɸʥʘʣʠʪʠʯʝʩʢʘʷ (ʢʘʯʝʩʪʚʝʥʥʘʷ) ʨʝʘʢʮʠʷ ï ʵʪʦ ʨʝʘʢ-

ʮʠʷ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʚʥʝʰʥʠʤ ʵʬʬʝʢʪʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦ-
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ʜʠʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʦʩʘʜʢʘ, ʠʟʤʝʥʝʥʠʝʤ 

ʦʢʨʘʩʢʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʚʝʱʝʩʪʚ.  

2. ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ï ʵʪʦ ʨʝʘʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟ-

ʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʠʦʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʠʦʥʦʚ. 

3. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ï ʩʚʦʡʩʪʚʦ ʨʝʘʢʮʠʠ ʦʙʥʘ-

ʨʫʞʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚ ʤʠʥʠʤʘʣʴʥʦʤ 

ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʜʚʫʤʷ ʚʝʣʠʯʠʥʘʤʠ: ʦʙʥʘʨʫʞʠʚʘʝʤʳʤ ʤʠʥʠ-

ʤʫʤʦʤ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 

4. ʆʙʥʘʨʫʞʠʚʘʝʤʳʡ ʤʠʥʠʤʫʤ ï ʥʘʠʤʝʥʴʰʘʷ ʤʘʩʩʘ 

ʠʦʥʘ, ʢʦʪʦʨʫʶ ʫʜʘʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʝʡ, ʚʳʨʘʞʘ-

ʝʪʩʷ ʚ ʤʠʢʨʦʛʨʘʤʤʘʭ (1ʤʢʛ=10
-6
ʛ). 

5. ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʧʨʠ ʢʘʢʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʝʱʝ ʜʘʝʪ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

6. ɻʨʫʧʧʦʚʦʡ ʨʝʘʢʪʠʚ ï ʨʝʘʢʪʠʚ, ʜʝʡʩʪʚʫʶʱʠʡ ʚʥʝʰʥʝ 

ʦʜʠʥʘʢʦʚʦ ʥʘ ʛʨʫʧʧʫ ʠʦʥʦʚ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʜʝʣʠʪʴ ʵʪʫ 

ʛʨʫʧʧʫ ʠʟ ʩʣʦʞʥʦʡ ʩʤʝʩʠ. 

7. ʄʝʰʘʶʱʠʝ ʠʦʥʳ ï ʵʪʦ ʠʦʥʳ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ 

ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʚʥʝʰʥʠʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʦʪ 

ʜʝʡʩʪʚʠʷ ʨʝʘʢʪʠʚʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʦʥ. 

8. ʋʜʘʣʠʪʴ ʠʦʥ ʠʟ ʨʘʩʪʚʦʨʘ ï ʧʦʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʠʦʥʘ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

9. ʇʨʦʚʝʨʠʪʴ ʧʦʣʥʦʪʫ ʦʩʘʞʜʝʥʠʷ ï ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʠʦʥʘ ʠʟ ʨʘʩʪʚʦʨʘ ʫʙʝʜʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʜʘʣʷʝʤʦʛʦ ʠʦʥʘ ʧʫ-

ʪʝʤ ʧʦʚʪʦʨʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʘ ï ʦʩʘʜʠʪʝʣʷ. 

 

ɼʚʘ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ: 

1. ɼʨʦʙʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ï ʦʙʥʘʨʫʞʝʥʠʝ ʠʦʥʦʚ ʩ ʧʦ-

ʤʦʱʴʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʨʮʠʷʭ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʚʦʜʠʤʦʝ ʚ ʣʶʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ. 

2.  ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʠ 
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ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʠʦʥ ʦʪʢʨʳʚʘʝʪʩʷ ʣʠʰʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ 

ʦʪʢʨʳʪʳ ʠ ʫʜʘʣʝʥʳ ʚʩʝ ʜʨʫʛʠʝ ʠʦʥʳ, ʤʝʰʘʶʱʠʝ ʝʛʦ ʦʙʥʘʨʫ-

ʞʝʥʠʶ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʪʠʦʥʦʚ 

ʇʨʠʤʝʥʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘ-

ʪʠʦʥʦʚ: 

- ʩʝʨʦʚʦʜʦʨʦʜʥʳʡ; 

- ʢʠʩʣʦʪʥʦ- ʝɦʣʦʯʥʦʡ. 

ɺ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ (ʩʫʣʴʬʠʜʥʦʡ) 

ʩʠʩʪʝʤʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʝʞʠʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʫʣʴ-

ʬʠʜʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʦʥʦʚ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʢʘʪʠʦʥʳ ʩ S
2-

 ʜʘʶʪ ʮʚʝʪʥʳʝ ʦʩʘʜʢʠ. ʅʦ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʨʦʚʦʜʦʨʦʜ ʩ ʨʝʟʢʠʤ ʫʜʫʰʣʠ-

ʚʳʤ ʟʘʧʘʭʦʤ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʡ ʩ ʤʦʱʥʦʡ  ʚʳʪʷʞʥʦʡ ʩʠʩʪʝʤʦʡ. ɺ ʫʯʝʙʥʳʭ ʣʘʙʦ-

ʨʘʪʦʨʠʷʭ ʅ2S ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʷ ʧʦʯʪʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ʂʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʩʚʦʝ 

ʚʨʝʤʷ ʉ.ɼ. ɹʝʩʢʦʚʳʤ ʠ ʆ.ɸ. ʉʣʠʟʢʦʚʩʢʦʡ, ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟ-

ʣʠʯʥʦʤ ʦʪʥʦʰʝʥʠʠ ʢʘʪʠʦʥʦʚ ʢ ʢʠʩʣʦʪʘʤ, ʱʝʣʦʯʘʤ ʠ ʚʦʜʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʘʤʤʠʘʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʠʥʮʠʧʦʤ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʚʩʝ ʢʘʪʠʦʥʳ ʜʝʣʷʪʩʷ ʥʘ ʰʝʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʆʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʥʠʦʥʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʈʘʟ-

ʥʳʤʠ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʠʭ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʚʩʝ ʘʥʠʦʥʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ 

ʙʘʨʠʷ ʠ ʩʝʨʝʙʨʘ, ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ. 
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ɺʦʧʨʦʩʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

63. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʇʨʠʤʝʨʳ ʫʨʘʚʥʝʥʠʡ ʪʘʢʠʭ 

ʨʝʘʢʮʠʡ. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʘʢ-

ʮʠʷʤ. ʂʘʢʠʝ ʘʥʠʦʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧ-

ʧʝ? ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʠʭ ʩʚʦʡʩʪʚʘ. ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʠ ʦʪʢʨʳ-

ʪʠʷ ʩʫʣʴʬʘʪ - ʠʦʥʘ. 

64. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʪʠʦʥʦʚ ʧʝʨʚʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʘʪʠʦʥʦʚ. ʇʨʠʚʝʜʠʪʝ 

ʧʨʠʤʝʨʳ ʦʩʥʦʚʥʳʭ ʯʘʩʪʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʢʘʪʠʦʥʳ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ. ʋʩʣʦʚʠʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢ-

ʮʠʡ. ʇʨʠʚʝʜʠʪʝ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʥʘ ʦʜʠʥ ʠʟ ʠʦʥʦʚ 

ʵʪʦʡ ʛʨʫʧʧʳ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

65. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʪʠʦʥʦʚ ʚʪʦʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ. ʋʢʘʟʘʪʴ ʛʨʫʧʧʦʚʦʡ ʨʝʘʢʪʠʚ ʠ ʧʨʠʚʝʩʪʠ ʫʨʘʚʥʝʥʠʷ ʨʝ-

ʘʢʮʠʡ ʜʝʡʩʪʚʠʷ ʝʛʦ ʥʘ ʢʘʪʠʦʥʳ ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʠʦʥʥʦʤ ʚʠʜʝ. ʇʨʠʚʝʩʪʠ ʫʨʘʚʥʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘ 

ʠʦʥ Pb
2+ 
ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ ʩ ʦʧʠʩʘʥʠʝʤ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

66. ʇʝʨʝʯʠʩʣʠʪʝ ʢʘʪʠʦʥʳ ʪʨʝʪʴʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧ-

ʧʳ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʢʘʪʠʦʥʦʚ 

(ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʭ ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʣʝʡ). ɼʝʡʩʪʚʠʝ ʛʨʫʧʧʦʚʦʛʦ 

ʨʝʘʢʪʠʚʘ ʥʘ ʢʘʪʠʦʥʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. ʉʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ (ʧʦ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

67. ʇʝʨʝʯʠʩʣʠʪʝ ʢʘʪʠʦʥʳ ʯʝʪʚʝʨʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʢʘʪʠʦʥʦʚ 

(ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʭ ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʣʝʡ). ɼʝʡʩʪʚʠʝ ʛʨʫʧʧʦʚʦʛʦ 

ʨʝʘʢʪʠʚʘ ʥʘ ʢʘʪʠʦʥʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. ʉʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷ 

ʨʝʘʢʮʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ (ʧʦ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

68. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʥʠʦʥʦʚ. ʂʘʢʠʝ ʘʥʠʦʥʳ ʦʪʥʦʩʷʪʩʷ 

ʢʦ ʚʪʦʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʝ? ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʠʭ ʩʚʦʡ-

ʩʪʚʘ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʠʭ ʦʪʢʨʳʪʠʷ (ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ). 
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69. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʨʫʧʧʦʚʦʤʫ ʨʝʘʢʪʠʚʫ. ʇʝʨʝ-

ʯʠʩʣʠʪʝ ʛʨʫʧʧʦʚʳʝ ʨʝʘʢʪʠʚʳ ʥʘ ʢʘʪʠʦʥʳ V, VI ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʅʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʣʷ ʜʘʥʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ 

ʠʦʥʥʦʡ ʬʦʨʤʝ. 

70. ɺʠʜʳ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ. 

ɼʨʦʙʥʳʡ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʂʘʢʠʝ ʨʝʘʢʮʠʠ ʣʝʞʘʪ ʚ 

ʦʩʥʦʚʝ ʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʫʨʘʚʥʝʥʠʡ ʪʘ-

ʢʠʭ ʨʝʘʢʮʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. ʆʧʠʰʠʪʝ ʭʦʜ 

ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʤʝʩʠ ʢʘʪʠʦʥʦʚ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ). 

71. ʇʝʨʝʯʠʩʣʠʪʝ ʢʘʪʠʦʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ IV ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʡ ʛʨʫʧʧʝ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʫʢʘʞʠ-

ʪʝ ʛʨʫʧʧʦʚʦʡ ʨʝʘʢʪʠʚ, ʝʛʦ ʜʝʡʩʪʚʠʝ, ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʚʦʡ-

ʩʪʚʘ ʵʪʠʭ ʢʘʪʠʦʥʦʚ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʯʘʩʪʥʳʭ ʨʝʘʢʮʠʡ 

ʜʣʷ ʠʦʥʘ Zn
2+

. 

72. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʪʠʦʥʦʚ ʧʷʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɼʝʡʩʪʚʠʝ 

ʛʨʫʧʧʦʚʦʛʦ ʨʝʘʢʪʠʚʘ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʤʦʣʝ-

ʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. ʂʘʢʦʡ ʨʝʘʢʪʠʚ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʥʘ Fe
2+
? ʇʨʝʜʩʪʘʚʴʪʝ ʜʝʡʩʪʚʠʝ ʝʛʦ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ, ʫʢʘʟʘʚ ʚʥʝʰʥʠʡ ʵʬʬʝʢʪ, ʠ ʜʘʡ-

ʪʝ ʥʘʟʚʘʥʠʝ ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʚʝʱʝʩʪʚʫ.  

73. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʥʠʦʥʦʚ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʘʥʠʦʥʦʚ ʠ ʜʝʡʩʪʚʠʝ ʥʘ ʥʠʭ ʛʨʫʧʧʦʚʳʭ ʨʝʘʢ-

ʪʠʚʦʚ. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʣʷ ʘʥʠʦʥʦʚ ʧʝʨʚʦʡ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ (ʧʦ ʢʠʩ-

ʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

74. ʏʪʦ ʪʘʢʦʝ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ? ʇʨʠʚʝʜʠʪʝ 

ʧʨʠʤʝʨʳ ʫʨʘʚʥʝʥʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʣʷ ʢʘʪʠʦʥʦʚ 

ʧʷʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ (Fe
3+

, Fe
2+

, Mn
2+
). ʆʧʠʰʠʪʝ 

ʚʥʝʰʥʠʝ ʵʬʬʝʢʪʳ. ɼʘʡʪʝ ʥʘʟʚʘʥʠʷ ʦʙʨʘʟʫʶʱʠʤʩʷ ʚʝʱʝʩʪʚʘʤ 

(ʠʩʧʦʣʴʟʫʡʪʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ). 
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75. ʆʧʠʰʠʪʝ ʭʦʜ ʘʥʘʣʠʟʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʤʝʩʠ ʢʘʪʠ-

ʦʥʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧ, ʠʩʧʦʣʴʟʫʷ ʢʠʩ-

ʣʦʪʥʦ-ʦʩʥʦʚʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. ʏʪʦ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ. ɺ ʯʝʤ ʩʫʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ? ʅʘ ʯʝʤ ʦʩʥʦʚʘʥʦ ʦʪʜʝʣʝʥʠʝ ʠʦʥʦʚ ʧʝʨʚʦʡ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʡ ʛʨʫʧʧʳ ʦʪ ʚʪʦʨʦʡ. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʨʝʘʢʮʠʡ. 

76. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʠʦʥʦʚ ʪʨʝʪʴʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʧʠʰʠʪʝ ʨʝ-

ʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʜʘʥʥʳʭ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʫʩʣʦʚʠʷ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ 

ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. 

77. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʏʪʦ ʪʘʢʦʝ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʷ? ʈʘʩʩʤʦʪʨʠʪʝ ʛʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ (ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʜʨ.) ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʢʘ-

ʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʜʣʷ ʢʘʪʠʦʥʘ Fe
3+

.  

78. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʋʢʘ-

ʞʠʪʝ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʥʘ ʘʥʠʦʥ ʡʦʜʘ. ʂ ʢʘʢʦʡ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʥʦ-

ʩʠʪʩʷ ʜʘʥʥʳʡ ʘʥʠʦʥ? ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʵʪʫ ʛʨʫʧʧʫ. 

79. ʏʪʦ ʪʘʢʦʝ ʛʨʫʧʧʦʚʦʡ ʨʝʘʢʪʠʚ? ʇʝʨʝʯʠʩʣʠʪʝ ʛʨʫʧ-

ʧʦʚʳʝ ʨʝʘʢʪʠʚʳ ʥʘ ʢʘʪʠʦʥʳ ʚʪʦʨʦʡ, ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʛʨʫʧʧʦʚʦʛʦ ʨʝʘʢʪʠʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʳ ʩ ʠʦʥʘ-

ʤʠ Pb
2+

, Ba
2+

, Al
3+
(ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

80. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʇʨʠʤʝʨʳ. ʊʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ. ʅʘʧʠʰʠʪʝ ʧʨʠʤʝ-

ʨʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʥʦʚ ʤʝʜʠ, ʮʠʥ-

ʢʘ, ʩʚʠʥʮʘ. ʂ ʢʘʢʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʦʪʥʦʩʷʪʩʷ ʜʘʥ-

ʥʳʝ ʢʘʪʠʦʥʳ. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʵʪʠ ʛʨʫʧʧʳ. 

81. ʏʪʦ ʪʘʢʦʝ ʤʝʰʘʶʱʠʝ ʠʦʥʳ? ʆʧʠʰʠʪʝ ʧʦʨʷʜʦʢ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʠʦʥʦʚ ʚʪʦʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʠ ʘʤʤʦʥʠʷ (ʨʘʩʩʤʘʪ-

ʨʠʚʘʡʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʦʥʦʚ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʤʫ ʤʝʪʦ-
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ʜʫ). ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ 

ʚʠʜʝ. ʋʢʘʞʠʪʝ ʫʩʣʦʚʠʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. 

82. ʆʧʠʰʠʪʝ ʧʦʨʷʜʦʢ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʠ ʧʦʜʨʦʙʥʦ ʦʧʠʰʠʪʝ ʦʧʝʨʘʮʠʠ ʘʥʘʣʠʟʘ 

(ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʩʧʳʪʘʥʠʝ, ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʙʳ, ʦʪʢʨʳʪʠʝ 

ʢʘʪʠʦʥʦʚ, ʦʪʢʨʳʪʠʝ ʘʥʠʦʥʦʚ). 

83. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʦʜ ʘʥʘʣʠʟʘ. 

ʆʧʠʰʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʩʤʝʩʠ ʢʘʪʠʦʥʦʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ (ʧʦ ʢʠʩ-

ʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). 

84. ʂʘʢʦʡ ʨʝʘʢʪʠʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʬʦʩʬʘʪ- ʠʦʥʘ? ʂ ʢʘʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʨʫʧʧʝ 

ʘʥʠʦʥʦʚ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʦʪʥʦʩʠʪʩʷ 

ʜʘʥʥʳʡ ʠʦʥ. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʠʦʥʥʦʤ ʚʠʜʝ. 

85. ʏʪʦ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ ʵʬʬʝʢʪʦʤ ʦʪ ʜʝʡʩʪʚʠʷ ʛʨʫʧ-

ʧʦʚʦʛʦ ʨʝʘʢʪʠʚʘ ʥʘ ʢʘʪʠʦʥʳ ʧʷʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ  ʛʨʫʧʧʳ (ʧʦ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ)? ʅʘ ʢʘʢʠʭ ʩʚʦʡʩʪʚʘʭ  

ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʦʩʥʦʚʘʥʦ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ? 

ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ ʚ ʤʦʣʝʢʫ-

ʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. 

86. ʇʝʨʝʯʠʩʣʠʪʝ ʢʘʪʠʦʥʳ ʯʝʪʚʝʨʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). ʆʭʘʨʘʢʪʝʨʠ-

ʟʫʡʪʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʘʪʠʦʥʦʚ. ʋʢʘʞʠʪʝ ʛʨʫʧʧʦʚʦʡ ʨʝʘʢʪʠʚ ʥʘ 

ʢʘʪʠʦʥʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠ ʧʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʝʡ-

ʩʪʚʠʷ ʜʘʥʥʦʛʦ ʨʝʘʢʪʠʚʘ ʥʘ ʢʘʪʠʦʥʳ ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʠʦʥʥʦʤ ʚʠʜʝ.  

87. ɼʘʡʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʥʷʪʠʶ çʤʝʰʘʶʱʠʝ ʠʦ-

ʥʳè. ʏʪʦ ʦʟʥʘʯʘʝʪ ʪʝʨʤʠʥ çʫʜʘʣʠʪʴ ʠʦʥ ʠʟ ʨʘʩʪʚʦʨʘè? ʆʧʠ-

ʰʠʪʝ ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʘ ʢʘʣʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʘ 

ʘʤʤʦʥʠʷ. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. 

88. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʋʢʘ-

ʞʠʪʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ ʘʥʠʦʥ ʡʦʜʘ, ʥʠʪʨʘʪ-ʠʦʥ. ʂ 
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ʢʘʢʠʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʜʘʥʥʳʝ ʘʥʠʦʥʳ? 

89. ʇʝʨʝʯʠʩʣʠʪʝ ʢʘʪʠʦʥʳ ʯʝʪʚʝʨʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). ʆʭʘʨʘʢʪʝʨʠ-

ʟʫʡʪʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʘʪʠʦʥʦʚ. ʂʘʢʦʝ ʠʟ ʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʦʜʥʫ ʛʨʫʧʧʫ? ʋʢʘʞʠʪʝ ʛʨʫʧʧʦʚʦʡ ʨʝʘʢʪʠʚ ʥʘ 

ʢʘʪʠʦʥʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠ ʧʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʝʡ-

ʩʪʚʠʷ ʜʘʥʥʦʛʦ ʨʝʘʢʪʠʚʘ ʥʘ ʢʘʪʠʦʥʳ ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ 

ʠʦʥʥʦʤ ʚʠʜʝ.  

90. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʘʥʠʦʥʳ ʧʝʨʚʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʧʠʰʠʪʝ ʨʝ-

ʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʜʘʥʥʳʭ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʠ ʫʩʣʦʚʠʷ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ. ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ 

ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ.  

91. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʘʥʠʦʥʳ ʚʪʦʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). ʇʨʠʚʝʜʠʪʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʦʚʦʛʦ ʨʝʘʢʪʠʚʘ ʚ ʤʦʣʝʢʫ-

ʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. 

92. ʂʘʢʘʷ ʛʨʫʧʧʘ ʘʥʠʦʥʦʚ (ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ) ʥʝ ʠʤʝʝʪ ʛʨʫʧʧʦʚʦʛʦ ʨʝʘʢʪʠʚʘ? ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝ-

ʤʫ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʠʪʨʘʪ ï ʠʦʥʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʠ ʠʦʥʥʦʤ ʚʠʜʝ. 

 

ʄʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʘ ʠʣʠ ʚʝʱʝʩʪʚʘ (ʠʣʠ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʝʡ) ʠ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʝʣʷʪʩʷ ʥʘ 

ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ. ʂʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʦʥʠ ʧʦ ʠʟʤʝ-

ʨʷʝʤʳʤ ʬʠʟʠʯʝʩʢʠʤ ʚʝʣʠʯʠʥʘʤ 

  

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ (ʚʝʩʦʚʦʡ) ʘʥʘʣʠʟ 

ɻʨʘʚʠʤʝʪʨʠʷ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɿʜʝʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʘʯʘʣʴʥʦʡ (ʧʨʦʤʝʞʫʪʦʯʥʦʡ), ʥʦ ʠ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʝʡ ʦʧʨʝʜʝ-
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ʣʝʥʠʷ (ʧʨʦʮʝʜʫʨʘ ʚʟʚʝʰʠʚʘʥʠʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʧʝʨʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʤʝʪʦʜʘʭ ʘʥʘʣʠʟʘ). 

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʝ ʚʝʩʳ, ʪʦʯʥʦʩʪʴ ʠʭ ʠʟʤʝʨʝʥʠʷ (ʚʟʚʝʰʠʚʘʥʠʷ) 10
-5
ï10

-6
. 

ʊʦʯʥʦʩʪʴ ʚʝʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʦ 0,01. 

 

ʅʘʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʚʠʤʝʪʨʠʠ: 

ʘ) ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ (ʧʨʠ-

ʤʝʩʝʡ) ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʘʥʘ-

ʣʠʟʘ; 

ʙ) ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠʣʠ ʤʠʥʝ-

ʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ; 

ʚ) ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʠʣʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ (ʧʨʠʤʝ-

ʩʝʡ) ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʀʟ ʯʘ-

ʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʳ (ʥʘʚʝʩʢʘ) ʦʧʨʝ-

ʜʝʣʷʝʤʳʡ ʢʦʤʧʦʥʝʥʪ ʚʳʜʝʣʷʶʪ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʚʠ-

ʜʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʦʝʜʠʥʝʥʠʷ. ɺʳʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘʚʝʩʢʠ ʠ ʜʝʡ-

ʩʪʚʠʷ ʥʘ ʨʘʩʪʚʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʨʝʘʛʝʥʪʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʚʝʱʝʩʪʚʦ (ʬʦʨʤʘ ʦʩʘʞʜʝʥʠʷ). ʆʩʘʜʦʢ 

ʦʪʜʝʣʷʶʪ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʜʝʢʘʥʪʘʮʠʝʡ ʠʣʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦ-

ʙʘʤʠ, ʦʪʤʳʚʘʶʪ ʦʪ ʩʣʝʜʦʚ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʘ-

ʩʪʦ ʧʝʨʝʦʩʘʞʜʘʶʪ. ɿʘʪʝʤ ʚʟʚʝʰʠʚʘʶʪ ʠ ʧʨʦʢʘʣʠʚʘʶʪ ʜʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ (ʚʝʩʦʚʘʷ ʬʦʨʤʘ), ʤʘʩʩʫ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʶʪ (ʟʘʚʝʰʠʚʘ-

ʶʪ). 

ʈʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʠʟʦʚʘʥ-

ʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠʣʠ ʤʠʥʝʨʘʣʴ-

ʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ. ʏʘʩʪʴ ʠʩʩʣʝʜʫ-
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ʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʳ (ʥʘʚʝʩʢʘ) ʩʞʠʛʘʶʪ (ʦʟʦʣʷʶʪ) 

ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

 

ʈʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: 

ʘ) ʚʳʯʠʩʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

(ʦʪʥʝʩʝʥʠʝ ʤʘʩʩʳ ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʩʞʠʛʘʥʠʷ ʢ ʤʘʩʩʝ ʚʟʷʪʦʡ 

ʥʘʚʝʩʢʠ); 

ʙ) ʚʳʯʠʩʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ (ʦʪʥʝʩʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʦʩʣʝ ʦʙʞʠʛʘ ʢ ʤʘʩʩʝ ʚʟʷʪʦʡ 

ʥʘʚʝʩʢʠ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʚ ʚʝʱʝʩʪʚʘʭ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝ-

ʛʦ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʦʜʳ (ʚʣʘʞ-

ʥʦʩʪʴ) ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʚʭʦʜʷʱʝʡ ʚ 

ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ. ɺ ʵʪʠʭ ʮʝʣʷʭ ʙʝʨʝʪʩʷ ʪʦʯʥʘʷ 

ʥʘʚʝʩʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʥʝʡ ʧʨʦʙʳ ʤʘʩʩʦʡ 1-3 ʛ ʠ ʚʳʩʫʰʠ-

ʚʘʝʪʩʷ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʰʢʠ 100...110Áʉ (ʜʣʷ ʚʦ-

ʣʦʢʥʠʩʪʳʭ ʚʝʱʝʩʪʚ 100... 102Áʉ, ʜʣʷ ʧʦʯʚ ʦʢʦʣʦ 105Áʉ, ʜʣʷ 

ʠʟʚʝʩʪʥʷʢʘ 108...110Áʉ, ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ - ʜʦ270Áʉ). 

 

ɿʘʜʘʯʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

93. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʘʜʢʫ. ʆʪʣʠʯʠʝ ʦʩʘʞʜʘʝʤʦʡ ʬʦʨʤʳ ʦʪ ʚʝʩʦʚʦʡ. 

ʉʢʦʣʴʢʦ ʤʣ 0,5ʥ ʨʘʩʪʚʦʨʘ ʦʢʩʘʣʘʪʘ ʘʤʤʦʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ 

ʦʩʘʞʜʝʥʠʷ ʠʦʥʘ ʢʘʣʴʮʠʷ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʩ-

ʪʚʦʨʝʥʠʠ 0,7 ʛ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ?  

94. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʛʨʘʚʠʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʧʨʝʜʝʣʠʪʝ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʚ ʦʙʨʘʟʮʝ ʭʠ-

ʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ BaCl2 Ā 2H2 O, ʝʩʣʠ ʥʘʚʝʩʢʘ ʯʠʩʪʦʛʦ BaCl2 Ā 

2H2 O ʨʘʚʥʘ 0,4872 ʛ. ʄʘʩʩʘ ʦʩʘʜʢʘ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʧʦʩʣʝ 

ʧʨʦʢʘʣʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,4644 ʛ. 

95. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠ-

ʟʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 
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96. ʆʧʝʨʘʮʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʨʝʙʦʚʘʥʠʷ 

ʢ ʦʩʘʜʠʪʝʣʶ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʘ ʙʘʨʠʷ 

ʨʘʩʪʚʦʨʠʣʠ ʥʘʚʝʩʢʫ BaCl2 Ā 2H2O ʚ 0.4526 ʛ. ʂʘʢʦʡ ʦʙʲʝʤ 2ʥ 

ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʠʦʥʘ ʙʘʨʠʷ? 

97. ɺʝʩʦʚʦʡ ʘʥʘʣʠʟ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʚʝʩʦʚʦʛʦ ʘʥʘ-

ʣʠʟʘ. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʦʩʘʜʢʘʤ (ʘʤʦʨʬʥʳʤ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ). ʉʢʦʣʴʢʦ ʤʣ 1ʥ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʧʦ-

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʫʣʴʬʘʪ - ʠʦʥʘ, ʝʩʣʠ ʨʘʩʪʚʦʨʝʥʦ 2 ʛ 

ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 5% ʧʨʠʤʝʩʝʡ? ʋʯʪʠʪʝ ʠʟʙʳ-

ʪʦʢ ʦʩʘʜʠʪʝʣʷ. 

98. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ çʥʘʚʝʩ-

ʢʦʡè?  ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ ʥʘʚʝʩʢʠ ʘʥʘʣʠʟʠʨʫ-

ʝʤʦʛʦ ʚʝʱʝʩʪʚʘ? ʅʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʦʪʚʝʩʠʣʠ ʥʘʚʝʩʢʫ ʚ  

0,7178 ʛ ʭ.ʯ. ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ. ʇʨʠʛʦʪʦʚʠʣʠ ʠʟ ʥʝʝ 250 ʤʣ 

ʨʘʩʪʚʦʨʘ. ʆʧʨʝʜʝʣʠʪʝ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʪʠʪʨ 

ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

99. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʚʝʩʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

100. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ (ʧʨʠʤʝʩʝʡ) ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. 

101. ʆʧʠʰʠʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ 

ʚ ʤʝʜʥʦʤ ʢʫʧʦʨʦʩʝ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

102. ɺʝʩʦʚʦʡ ʘʥʘʣʠʟ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥ-

ʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʞʝʣʝʟʘ ʚʝʩʦʚʳʤ ʤʝʪʦ-

ʜʦʤ ʠʟ 1,5 ʛ ʚʝʱʝʩʪʚʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 0,48 ʛ Fe2O3. ʏʝʤʫ ʨʘʚʥʘ 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʮʝ? 

103. ɻʨʘʚʠʤʝʪʨʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ. 

ɿʘʜʘʯʘ: ʧʨʠ ʘʥʘʣʠʟʝ 0,8105 ʛ ʩʧʣʘʚʘ ʧʦʣʫʯʝʥʦ 0,5008 ʛ Al2O3. 

ʆʧʨʝʜʝʣʠʪʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʩʧʣʘʚʝ. 

104. ɺʝʩʦʚʦʡ ʘʥʘʣʠʟ. ʇʝʨʝʯʠʩʣʠʪʝ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʚʝʱʝʩʪʚ. ʏʪʦ ʪʘʢʦʝ ʬʦʨʤʘ ʦʩʘ-

ʞʜʝʥʠʷ ʠ ʚʝʩʦʚʘʷ (ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ) ʬʦʨʤʘ? ʂʘʢʫʶ ʥʘʚʝʩʢʫ 

ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ FeSO4Ā 7H2O ʩʣʝʜʫʝʪ ʚʟʷʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʚ ʥʝʤ ʞʝʣʝʟʘ ʚ ʚʠʜʝ Fe2O3 (ʩʯʠʪʘʷ ʥʦʨʤʫ ʦʩʘʜʢʘ ʨʘʚʥʦʡ ʧʨʠ-

ʤʝʨʥʦ 0,2 ʛ). 

105. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟ. ʏʪʦ 

ʥʘʟʳʚʘʝʪʩʷ çʥʘʚʝʩʢʦʡè? ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ 

ʥʘʚʝʩʢʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ? ɼʣʷ ʘʥʘʣʠʟʘ ʚʟʷʪʦ 0,5850 

ʛ ʭʣʦʨʠʜʘ ʙʘʨʠʷ. ʇʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʦ-

ʚʘʣʩʷ ʦʩʘʜʦʢ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5642 ʛ. ʉʢʦʣʴʢʦ 

ʛʨʘʤʤʦʚ ʙʘʨʠʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʩʘʜʢʘ? ʆʧʨʝʜʝʣʠʪʴ ʧʨʦʮʝʥʪ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʚʦ ʚʟʷʪʦʡ ʥʘʚʝʩʢʝ. 

106. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. 

ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ çʥʘʚʝʩʢʦʡè?  ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨ ʚʝʣʠ-

ʯʠʥʳ ʥʘʚʝʩʢʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ? ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ 

ʚʝʩʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

107. ʆʧʝʨʘʮʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʊʨʝʙʦʚʘ-

ʥʠʷ ʢ ʦʩʘʜʢʫ ʠ ʦʩʘʜʠʪʝʣʶ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʦʥʘ ʙʘʨʠʷ ʨʘʩʪʚʦʨʠʣʠ ʥʘʚʝʩʢʫ BaCl2 Ā 2H2 O ʚ 0.5241 ʛ. ʂʘʢʦʡ 

ʦʙʲʝʤ 1,5ʥ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʠʦʥʘ ʙʘʨʠʷ? 

108. ʆʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʤ ʛʨʘʚʠʤʝʪʨʠʠ. ʇʝʨʝʯʠʩʣʠʪʝ 

ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʚʝʱʝʩʪʚ. 

ʏʪʦ ʪʘʢʦʝ ʬʦʨʤʘ ʦʩʘʞʜʝʥʠʷ ʠ ʚʝʩʦʚʘʷ (ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ) 

ʬʦʨʤʘ? ʂʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʥʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ? 

109. ʂʘʢʦʡ ʦʙʲʝʤ 0,8ʥ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʧʦʪʨʝ-

ʙʫʝʪʩʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʫʣʴʬʘʪ- ʠʦʥʘ, ʝʩʣʠ ʨʘʩʪʚʦʨʝʥʦ 2,4 ʛ 

ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 10% ʧʨʠʤʝʩʝʡ? 

110. ʂʘʢʦʡ ʦʙʲʝʤ 0,15ʥ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦ-

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʙʘʨʠʷ ʠʟ ʥʘʚʝʩʢʠ ʥʠʪʨʘʪʘ ʙʘ-

ʨʠʷ ʚʝʣʠʯʠʥʦʡ 0,55 ʛ? 

111. ɻʨʘʚʠʤʝʪʨʠʷ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦ-

ʜʘ. ʇʝʨʝʯʠʩʣʠʪʝ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʘʤʦʨʬʥʳʭ ʚʝʱʝʩʪʚ, ʥʦʨʤʳ ʠʭ ʜʣʷ ʘʥʘʣʠʟʘ. ʏʪʦ ʪʘʢʦʝ ʬʦʨʤʘ 

ʦʩʘʞʜʝʥʠʷ ʠ ʚʝʩʦʚʘʷ (ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ) ʬʦʨʤʘ? ɼʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʠʟ 3,5 ʛ ʦʙʨʘʟʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʫʣʴʬʘʪ ʢʘʣʠʷ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ 
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3,12 ʛ ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʩʫʣʴʬʘʪʘ 

ʢʘʣʠʷ ʚ ʦʙʨʘʟʮʝ. 

112. ɺʝʩʦʚʦʡ ʘʥʘʣʠʟ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝ-

ʪʦʜʘ. ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 

ʚʦʜʳ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ? ʆʧʠʰʠʪʝ ʭʦʜ ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝ-

ʥʠʷ. ɿʘʜʘʯʘ: ʚʳʯʠʩʣʠʪʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʤʝʜʥʦʤ ʢʫʧʦʨʦʩʝ ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʘʥʥʳʤ: 

ʤʘʩʩʘ ʧʫʩʪʦʛʦ ʪʠʛʣʷ 3,52456ʛ, ʤʘʩʩʘ ʪʠʛʣʷ ʩ ʥʘʚʝʩʢʦʡ 

4,74115ʛ, ʤʘʩʩʘ ʪʠʛʣʷ ʩ ʥʘʚʝʩʢʦʡ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

4,30355ʛ.  

113.ɺʝʩʦʚʦʡ ʘʥʘʣʠʟ. ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʚʝʩʦʚʦʛʦ ʘʥʘ-

ʣʠʟʘ. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʦʩʘʜʢʘʤ (ʘʤʦʨʬʥʳʤ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ). ʉʢʦʣʴʢʦ ʤʣ 1ʥ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʧʦ-

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʫʣʴʬʘʪ - ʠʦʥʘ, ʝʩʣʠ ʨʘʩʪʚʦʨʝʥʦ 2 ʛ 

ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 5% ʧʨʠʤʝʩʝʡ? ʋʯʪʠʪʝ ʠʟʙʳ-

ʪʦʢ ʦʩʘʜʠʪʝʣʷ. 

114. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʥʘʚʝʩʢʦʡ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝ-

ʩʪʚʘ? ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ ʥʘʚʝʩʢʠ? ʅʘ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʦʪʚʝʩʠʣʠ ʥʘʚʝʩʢʫ ʚ 0,6985 ʛ ʭ.ʯ. ʭʣʦʨʠʜʘ ʢʘʣʴ-

ʮʠʷ. ʇʨʠʛʦʪʦʚʠʣʠ ʠʟ ʥʝʝ 200 ʤʣ ʨʘʩʪʚʦʨʘ. ʆʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨ-

ʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥʪʘ ʠ 

ʪʠʪʨ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ.  

115. ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ ʥʘʚʝʩʢʠ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ? ɼʣʷ ʘʥʘʣʠʟʘ ʚʟʷʪʦ 0,5850 ʛ ʭʣʦʨʠʜʘ ʙʘ-

ʨʠʷ. ʇʨʠ ʝʛʦ ʦʙʨʘʙʦʪʢʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʦʚʘʣʩʷ ʦʩʘʜʦʢ 

ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5642 ʛ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʙʘʨʠʷ 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʩʘʜʢʘ? ʆʧʨʝʜʝʣʠʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʘʨʠʷ ʚʦ ʚʟʷʪʦʡ  ʥʘʚʝʩʢʝ. 

116. ʂʘʢʦʡ ʦʙʲʝʤ 0,6ʥ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʧʦʪʨʝ-

ʙʫʝʪʩʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʩʫʣʴʬʘʪ - ʠʦʥʘ, ʝʩʣʠ ʨʘʩʪʚʦʨʝʥʦ 3,8 ʛ 

ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ 12% ʧʨʠʤʝʩʝʡ? 

117. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʧʝʨʘʮʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʠʚʝʜʠʪʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʘʜʢʫ ʠ ʦʩʘʜʠʪʝʣʶ. ɼʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʘ ʙʘʨʠʷ ʨʘʩʪʚʦʨʠʣʠ ʥʘʚʝʩʢʫ 
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BaCl2 Ā 2H2 O ʚ 0.6542 ʛ. ʂʘʢʦʡ ʦʙʲʝʤ 1,2ʥ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʦʥʘ ʙʘʨʠʷ? 

118. ʇʝʨʝʯʠʩʣʠʪʝ ʫʩʣʦʚʠʷ ʦʩʘʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʠ ʘʤʦʨʬʥʳʭ ʚʝʱʝʩʪʚ. ʏʪʦ ʪʘʢʦʝ ʬʦʨʤʘ ʦʩʘʞʜʝʥʠʷ ʠ ʚʝʩʦʚʘʷ 

(ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ) ʬʦʨʤʘ? ʂʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʥʠ ʜʦʣʞʥʳ 

ʦʪʚʝʯʘʪʴ? 

119. ʂʘʢ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠ-

ʦʥʥʦʡ ʚʦʜʳ ʚ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʝ? ʆʧʠʰʠʪʝ ʭʦʜ ʜʘʥʥʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ. ɿʘʜʘʯʘ: ʚʳʯʠʩʣʠʪʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʤʝʜʥʦʤ ʢʫʧʦʨʦʩʝ ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʘʥ-

ʥʳʤ: ʤʘʩʩʘ ʧʫʩʪʦʛʦ ʪʠʛʣʷ 3,52456ʛ, ʤʘʩʩʘ ʪʠʛʣʷ ʩ ʥʘʚʝʩʢʦʡ 

4,74115ʛ, ʤʘʩʩʘ ʪʠʛʣʷ ʩ ʥʘʚʝʩʢʦʡ ʧʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ 

4,30355ʛ. 

 

ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ (ʦʙʲʝʤʥʳʡ) ʘʥʘʣʠʟ 

 

ɿʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʦʙʲʸʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʆʙʲʝʤʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ ʪʦʯʥʦʤ ʠʟʤʝʨʝʥʠʠ ʦʙʲʝ-

ʤʘ ʨʘʩʪʚʦʨʘ ʨʝʘʢʪʠʚʘ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʨʝʘʢʮʠʶ ʩ ʦʧʨʝʜʝʣʷʝ-

ʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. ɿʘʜʘʯʘ ʦʙʲʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ 

ʠʟʚʝʩʪʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʜʨʫʛʦʛʦ ʚʝ-

ʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʣʝʞʘʱʠʭ ʚ ʦʩ-

ʥʦʚʝ ʤʝʪʦʜʘ, ʠʭ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ (ʧʨʠʣʦ-

ʞʝʥʠʝ, ʪʘʙʣ. 3).  

ɺ ʦʩʥʦʚʝ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʚ ʦʙʲʝʤʥʦʤ ʘʥʘʣʠʟʝ ʣʝʞʠʪ ʟʘ-

ʢʦʥ ʵʢʚʠʚʘʣʝʥʪʦʚ ʜʣʷ ʨʝʘʛʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ.  

ʉɻ ʢʚ1¶V1 = ʉɻʢʚ2¶V2, 

ʛʜʝ ʉɻ ʢʚ1 - ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʚʦʛʦ ʨʘʩ-

ʪʚʦʨʘ, ʤʦʣʴ-ʵʢʚ / ʣ; V1 ð ʦʙʲʝʤ ʧʝʨʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʣ; 

Côʵʢʚ1 Ā V1= nʵʢʚ ï ʯʠʩʣʦ ʤʦʣʴ-ʵʢʚ ʧʝʨʚʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

ʤʦʣʴ-ʵʢʚ / ʣĿ[ʣ]=[ʤʦʣʴ-ʵʢʚ] 
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ʉ ɻʢʚ2V2 ï ʯʠʩʣʦ ʤʦʣʴ-ʵʢʚ .ʚʪʦʨʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ.  

ʈʘʚʝʥʩʪʚʦ nʵʢʚ1 = ʧɻ ʢʚ2 ʥʘʟʳʚʘʶʪ ʪʦʯʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦ-

ʩʪʠ ʠʣʠ ʤʦʤʝʥʪʦʤ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ. ɺ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦ-

ʩʪʠ ʯʠʩʣʦ ʤʦʣʴ-ʵʢʚ. ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʚʥʦ ʯʠʩʣʫ 

ʤʦʣʴ-ʵʢʚ. ʧʘʨʪʥʝʨʘ ʧʦ ʨʝʘʢʮʠʠ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙ-

ʭʦʜʠʤʦ, ʯʪʦʙʳ: 

1. ʈʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʨʝʘʛʠʨʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʨʝʘʢʮʠʠ ʙʳʣʠ ʥʝʦʙʨʘʪʠʤʳ 

(ʧʨʠ ʨʝʘʢʮʠʷʭ, ʠʤʝʶʱʠʭ ʥʝʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʚʝʩʴʤʘ ʪʨʫʜ-

ʥʦ, ʘ ʯʘʩʪʦ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʝʮ ʪʠʪʨʦʚʘʥʠʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʙʫʜʝʪ ʧʝʨʝʪʠʪʨʦʚʘʥ); 

2. ʄʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ (ʪʦʯʢʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ) 

ʯʝʪʢʦ ʠ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʣʩʷ. ɺ ʤʝʪʦʜʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʜʣʷ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚ ʨʘʩʪʚʦʨ ʚʚʦʜʠʪʩʷ ʠʥ-

ʜʠʢʘʪʦʨ; 

3. ʆʙʲʝʤ ʨʘʩʪʚʦʨʦʚ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʙʳʣ ʠʟʤʝ-

ʨʝʥ ʦʯʝʥʴ ʪʦʯʥʦ; 

4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʦʚ ʙʳʣʘ ʠʟʚʝʩʪʥʘ 

(ʪʘʢʦʡ ʨʘʩʪʚʦʨ ʥʘʟʳʚʘʝʪʩʷ ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʪʠʪʨʘʥ-

ʪʦʤ). 

 

ɿʘʜʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

120. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʉʢʦʣʴʢʦ ʛʨʘʤ-

ʤʦʚ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʪʨʝʙʫʝʪʩʷ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ 0,5 

ʤʦʣʴ-ʵʢʚ ʢʠʩʣʦʪʳ? 

121. ʆʙʲʝʤʥʳʡ (ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ) ʘʥʘʣʠʟ: ʩʫʱʥʦʩʪʴ 

ʘʥʘʣʠʟʘ, ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʲʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. 

122. ʄʝʪʦʜ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝ-

ʪʦʜʘ. ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ. ʊʦʯʢʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʝʝ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ. ʆʧʨʝʜʝʣʠʪʝ ʩʨʝʜʫ ʨʘʩʪʚʦʨʘ ʠ  ʚʝʣʠʯʠʥʫ 

ʨʅ ʚ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦ-
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ʪʳ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ. ʋʢʘʞʠʪʝ ʠʥʜʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʩ-

ʧʦʣʴʟʫʶʪ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ. ʉʦʩʪʘʚʴʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ. 

123. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʚ ʨʘʩʪʚʦʨʝ, 

ʝʩʣʠ ʥʘ ʝʛʦ ʪʠʪʨʦʚʘʥʠʝ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 15,4 ʤʣ ʩʝʨʥʦʡ ʢʠʩʣʦ-

ʪʳ ʩ ʪʠʪʨʦʤ = 0,002656 ʛ/ʤʣ. 

124. ʏʪʦ ʪʘʢʦʝ ʠʥʜʠʢʘʪʦʨʳ? ʂʘʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʷʭ ʤʝʪʦʜʦʤ ʥʝʡʪʨʘʣʠʟʘʮʠʠ? ʏʪʦ ʪʘʢʦʝ 

ʦʙʣʘʩʪʴ ʧʝʨʝʭʦʜʘ ʠʥʜʠʢʘʪʦʨʘ? ʂʘʢʫʶ ʦʢʨʘʩʢʫ ʠʤʝʝʪ ʤʝʪʠʣʦ-

ʨʘʥʞ ʧʨʠ ʨʅ Ò 3,1; ʧʨʠ ʨʅ Ó 4,4? ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʪʠʪʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʠʥʜʠʢʘʪʦʨ? 

125. ʊʠʧʠʯʥʳʝ ʩʣʫʯʘʠ ʪʠʪʨʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ʥʝʡʪʨʘʣʠ-

ʟʘʮʠʠ. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʛʠʜʨʦʢʩʠʜʘ ʙʘʨʠʷ ʙʳʣʦ ʚ ʨʘʩʪʚʦʨʝ, 

ʝʩʣʠ ʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 25 ʤʣ 

0.8ʥ ʨʘʩʪʚʦʨʘ ʅCl? 

126. ʏʪʦ ʪʘʢʦʝ ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʦʣʷʨʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʦʚ ʠ ʪʠʪʨ ʨʘʩʪʚʦʨʘ? ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨ-

ʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥʪʦʚ ʠ 

ʪʠʪʨ ʨʘʩʪʚʦʨʘ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʝʩʣʠ ʚ 3-ʭ ʣ ʝʛʦ ʩʦ-

ʜʝʨʞʠʪʩʷ 19,6 ʛ ʝʝ. 

127. ʉʫʪʴ ʟʘʢʦʥʘ ʵʢʚʠʚʘʣʝʥʪʦʚ. ɿʘʢʦʥ ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʜʣʷ ʨʝʘʛʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. ʆʧʨʝʜʝʣʠʪʝ ʦʙʲʝʤ 0,5ʥ ʨʘʩʪʚʦʨʘ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 150 ʤʣ 0,1ʥ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ. 

128. ʂʘʢʠʝ ʨʘʩʪʚʦʨʳ ʥʘʟʳʚʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ, ʩʪʘʥ-

ʜʘʨʪʠʟʠʨʦʚʘʥʥʳʤʠ? ʏʪʦ ʪʘʢʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʩʧʦʩʦʙʳ ʪʠʪʨʦʚʘ-

ʥʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʪʦʯʢʘ ʪʠʪʨʦʚʘʥʠʷ? ʌʠʢʩʠʨʦʚʘʥʠʝ ʪʦʯʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ. 

129. ʅʘ ʪʠʪʨʦʚʘʥʠʝ 25 ʤʣ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʟʘ-

ʪʨʘʯʝʥ 22 ʤʣ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʪʠʪʨʦʤ 0,003588 

ʛ/ʤʣ. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʭʣʦʨʠʜ - ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. 

130. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʩʣʫʯʘʠ ʪʠʪʨʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʏʪʦ ʪʘʢʦʝ ʢʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ, ʢʘʢ ʠʭ ʧʦʣʫʯʘ-

ʶʪ? ʂʘʢ, ʠʩʧʦʣʴʟʫʷ ʢʨʠʚʫʶ ʪʠʪʨʦʚʘʥʠʷ, ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ 
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ʠʥʜʠʢʘʪʦʨ? ʆʧʨʝʜʝʣʠʪʝ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʪʠʪʨ 

ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʥʝʡʪʨʘʣʠʟʘ-

ʮʠʶ 0,09 ʤʦʣʴ-ʵʢʚ ʱʝʣʦʯʠ ʧʨʠ ʪʠʪʨʦʚʘʥʠʠ ʙʳʣʦ ʠʟʨʘʩʭʦʜʦ-

ʚʘʥʦ 20 ʤʣ ʨʘʩʪʚʦʨʘ ʵʪʦʡ ʢʠʩʣʦʪʳ. 

132. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʢʩʠʜʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘ-

ʣʠʟʘ. ʈʝʘʢʮʠʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ? ʋʨʘʚʥʷʡʪʝ ʨʝʘʢʮʠʶ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʳʝ ʤʘʩ-

ʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ: 

KMnO4 + Cr2(SO4)3 + KOH = K2CrO4 + MnO2 + K2SO4 + H2O 

133. ʅʘ ʦʢʠʩʣʝʥʠʝ 25 ʤʣ 0,02ʥ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʄʦʨʘ 

ʪʨʝʙʫʝʪʩʷ 40 ʤʣ ʨʘʩʪʚʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ. ʆʧʨʝʜʝʣʠʪʝ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʪʠʪʨ ʨʘʩʪʚʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʘ 

ʢʘʣʠʷ. 

134. ʄʝʪʦʜ ʧʝʨʤʘʥʛʘʥʘʪʦʤʝʪʨʠʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘ. 

ʇʨʠ ʪʠʪʨʦʚʘʥʠʠ ʩʦʣʠ ʄʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʧʨʦʪʝʢʘʝʪ 

ʨʝʘʢʮʠʷ: 

FeSO4 + KMnO4 + H2SO4 = MnSO4 + Fe2(SO4)3 +K2SO4 + H2O. 

ʋʨʘʚʥʷʡʪʝ ʨʝʘʢʮʠʶ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʙʘʣʘʥʩʘ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʢʠʩʣʠ-

ʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

135. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʧʝʨʤʘʥʛʘʥʘ-

ʪʦʤ ʢʘʣʠʷ ʠ ʩʫʣʴʬʠʪʦʤ ʥʘʪʨʠʷ ʚ ʢʠʩʣʦʡ, ʱʝʣʦʯʥʦʡ ʠ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥ-

ʪʦʚ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

136. ʂʘʢʦʡ ʦʙʲʝʤ 0,02ʥ ʨʘʩʪʚʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 0,1 ʤʦʣʴ-ʵʢʚ ʩʦʣʠ ʄʦʨʘ? ʉʦʩʪʘʚʴʪʝ 

ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʠʪʨʦ-

ʚʘʥʠʷ. 

137. ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʩ ʩʫʣʴʬʘʪʦʤ ʞʝʣʝʟʘ(II) ʚ ʩʝʨʥʦʢʠʩʣʦʤ 

ʨʘʩʪʚʦʨʝ ʠ ʨʘʩʩʯʠʪʘʡʪʝ, ʩʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 20 ʛ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ(II) ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

138. ʉʢʦʣʴʢʦ ʛʨʘʤʤʦʚ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʧʦʪʨʝʙʫʝʪʩʷ 

ʥʘ ʦʢʠʩʣʝʥʠʝ 0,3 ʤʦʣʴ-ʵʢʚ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʠʩʣʦʡ ʩʨʝ-
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ʜʝ? ʉʦʩʪʘʚʴʪʝ ʫʨʘʚʥʝʥʠʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ʤʦ-

ʣʷʨʥʳʝ ʤʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʢʠʩʣʠʪʝʣʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

139. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥ-

ʪʦʚ ʨʘʩʪʚʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʠ ʪʠʪʨ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ 

ʧʦ ʞʝʣʝʟʫ, ʝʩʣʠ ʥʘ ʪʠʪʨʦʚʘʥʠʝ ʥʘʚʝʩʢʠ 0,1228 ʛ ʭʠʤʠʯʝʩʢʠ 

ʯʠʩʪʦʡ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ H2C2O4Ĭ2H2O ʨʘʩʭʦʜʫʝʪʩʷ 30,0 ʤʣ 

ʨʘʩʪʚʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ.  

140. ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʢʚʠʚʘʣʝʥ-

ʪʦʚ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʠ ʝʛʦ ʪʠʪʨ, ʝʩʣʠ ʥʘ 

ʪʠʪʨʦʚʘʥʠʝ 10 ʤʣ ʵʪʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 9,5 ʤʣ 

0,1514ʥ ʨʘʩʪʚʦʨʘ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ. 

 

ʈʘʟʜʝʣ 8. ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ  

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀʍ  

ʄɽʊʆɼʆɺ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦ-

ʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ, ʢʦʥʝʮ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʦʚ, ʧʦʵʪʦʤʫ ʵʪʠ ʤʝʪʦʜʳ ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʤʠ. ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ɺʘʞʥʝʡʰʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ 

ʷʚʣʷʶʪʩʷ: 

1) ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ; 

2) ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ; 

3) ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

 

ʍʨʦʤʘʪʦʛʨʘʬʠʷ ï ʵʪʦ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʩʤʝ-

ʩʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘ-

ʟʘʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʦʜʚʠʞʥʘ, ʘ ʜʨʫʛʘʷ ï ʧʦʪʦʢ, ʜʚʠʞʫ-

ʱʠʡʩʷ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʫʶ ʬʘʟʫ. ʍʨʦʤʘʪʦʛʨʘʬʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ ʘʢʪʦʚ ʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʚʝ-

ʱʝʩʪʚ ʧʨʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʧʦʪʦʢʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʚʜʦʣʴ 

ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʦʨʙʝʥʪʘ. ɼʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝ-

ʥʠʷ ʩʤʝʩʝʡ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʣʶʙʦʡ ʤʝʭʘ-
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ʥʠʟʤ ʩʦʨʙʮʠʠ.  

ɺ ʛʨʫʧʧʫ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʚʭʦʜʷʪ 

ʤʝʪʦʜʳ ʛʘʟʦʚʦʡ ʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʞʠʜʢʦʩʪ-

ʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʜʨ. 

ʅʘʠʙʦʣʝʝ ʦʙʰʠʨʥʦʡ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʜʨʫʛʠʭ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʘʷ ʤʝʪʦʜʳ 

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʜʨ.  

ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʩʚʷʟʴ ʤʝʞʜʫ ʘʥʘʣʠʟʠ-

ʨʫʝʤʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʝʛʦ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʦʩʥʦʚʘʥʳ ʥʘ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʨʝʥʠʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ, 

ʚʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ, ʧʦʣʷʨʦ-

ʛʨʘʬʠʠ, ʢʫʣʦʥʦʤʝʪʨʠʠ ʠ ʜʨ. 

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʧʦʩʣʝ ʠʭ 

ʨʘʟʜʝʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʄʘʩʩ- ʩʧʝʢʪʨʦʤʝʪʨ ʨʘʟʜʝʣʷʝʪ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʫʯʢʠ ʟʘʨʷʞʝʥ-

ʥʳʭ ʯʘʩʪʠʮ (ʦʙʳʯʥʦ ʠʦʥʦʚ) ʩ ʨʘʟʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʯʘ-

ʩʪʠʮʳ ʪ ʢ ʝʝ ʟʘʨʷʜʫ ʝ. 

ʄʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ʕʇʈ) ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʝʢʦʪʦ-

ʨʳʤʠ ʘʪʦʤʘʤʠ, ʤʦʣʝʢʫʣʘʤʠ ʠʣʠ ʨʘʜʠʢʘʣʘʤʠ ʵʥʝʨʛʠʠ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʄʝʪʦʜ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʠʩʧʦʣʴ-

ʟʫʝʪ ʷʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʝʱʝ-

ʩʪʚʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʝ ʤʘʛʥʝʪʠʟʤʦʤ ʘʪʦʤʥʳʭ ʷʜʝʨ. ʗʄʈ ʦʩʥʦʚʘʥ ʥʘ ʩʫʱʝ-
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ʩʪʚʦʚʘʥʠʠ ʫ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ. ʗʄʈ ʧʦ ʩʚʦ-

ʝʡ ʧʨʠʨʦʜʝ ʧʦʜʦʙʝʥ ʕʇʈ. 

ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʠ ʠʟʤʝʨʝʥʠʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

 

ɿʘʜʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

141. ʄʝʪʦʜʳ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʫʱʥʦʩʪʴ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ ʷʚ-

ʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ, 

ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ 

ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ). 

142. ʄʝʪʦʜʳ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

143. ʄʝʪʦʜʳ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

144. ʄʝʪʦʜʳ ʧʣʦʩʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

145. ʄʝʪʦʜʳ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-
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ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

146. ʄʝʪʦʜʳ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʉʫʱʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ  

(ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥ-

ʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘ-

ʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). 

147. ʄʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

148. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʉʫʱʥʦʩʪʴ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ 

ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

149. ʄʝʪʦʜʳ ʥʝʬʝʣʦʤʝʪʨʠʠ ʠ ʪʫʨʙʠʜʠʤʠʝʪʨʠʠ. ʉʫɦ-

ʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, 

ʟʘʢʦʥʳ ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ 

ʦʪʢʨʳʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ʉʫʱʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝ-

ʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ 

ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). 

150. ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

151. ʂʫʣʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 



 126 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

152. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʉʫɦ-

ʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, 

ʟʘʢʦʥʳ ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ 

ʦʪʢʨʳʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). 

153. ʂʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʉʫʱʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ 

ʠ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʪʦʨʠʷ ʦʪʢʨʳ-

ʪʠʷ, ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ). ɺʠʜʳ ʘʥʘʣʠʟʘ, ʚʭʦʜʷʱʠʝ ʚ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʛʨʫʧʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʨʘʪʢʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ). 

 

ʈʘʟʜʝʣ 9. ʆʉʅʆɺʓ ʂʆʃʃʆʀɼʅʆʁ ʍʀʄʀʀ 

 

ʇʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʷʚʣʷʶʪʩʷ ʚr -

ʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʪʚʝʨʜʦʡ, 

ʞʠʜʢʦʡ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ. ɼʠʩʧʝʨʩʥʘʷ 

ʬʘʟʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʯʝʤ ʤʝʣʴʯʝ ʯʘʩʪʠʮʳ, 

ʪʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʉʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ ï ʵʪʦ 

ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʨʘʟʤʝʨʫ (ʜʠʘʤʝʪʨʫ) ʜʠʩʧʝʨʩʥʦʡ ʯʘʩʪʠʮʳ. 

ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

D =1/a,  

ʛʜʝ  D ï ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʤ
-1

;  

 a ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʶ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ: ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʘʛʨʝʛʘʪʥʦʛʦ ʩʦ-
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ʩʪʦʷʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ. 

ʇʦ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ 

ʪʨʠ ʪʠʧʘ: 

1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʠʣʠ ʠʦʥʥʳʝ ʨʘʩʪʚʦʨʳ: ʘ < 10 
-9

 ʤ. 

ʏʘʩʪʠʮʳ ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ 

ʠʣʠ ʠʦʥʳ, ʘ ʩʘʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʠʩʪʠʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴʶ. 

2. ʂʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ: ʘ =10 
-7

 - 10 
-9

 ʤ. 

ʕʪʦ ʩʠʩʪʝʤʳ ʩ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ 

ʤʝʞʜʫ ʬʘʟʘʤʠ. ʀʭ ʯʘʩʪʠʮʳ ʥʝ ʦʩʝʜʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ, ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʙʫʤʘʞʥʳʝ ʬʠʣʴʪʨʳ, ʥʦ ʟʘʜʝʨʞʠʚʘ-

ʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʠ ʞʠʚʦʪʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ. ɹʣʘʛʦʜʘʨʷ 

ʤʘʣʦʤʫ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ʠ ʠʭ ʥʝʧʨʝʨʳʚʥʦʤʫ ʜʚʠʞʝʥʠʶ, ʵʪʠ 

ʩʠʩʪʝʤʳ ʢʠʥʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʣ-

ʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʘʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ 

ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʕʪʦʪ ʪʠʧ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ 

ʜʚʦʡʥʦʛʦ ʠʦʥʥʦʛʦ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʩʦʣʴʚʘʪʥʦʛʦ ʩʣʦʝʚ. ʇʝʨ-

ʚʳʡ ʠʟ ʥʠʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ 

ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ ʚʪʦʨʦʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʦ-

ʧʨʠʢʦʩʥʦʚʝʥʠʶ ʯʘʩʪʠʮ ʠ ʠʭ ʩʣʠʧʘʥʠʶ.  

ʆʜʥʘʢʦ, ʷʚʣʷʷʩʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ ʬʘʟ, ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʠʟʙʳʪʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. ʂʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ 

ʧʨʦʟʨʘʯʥʳ, ʨʘʩʩʝʠʚʘʶʪ ʩʚʝʪ (ʦʧʘʣʝʩʮʠʨʫʶʪ). 

3. ɻʨʫʙʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ: ʘ >10 
-7

 ʤ. 

ʕʪʠ ʩʠʩʪʝʤʳ ʢʠʥʝʪʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ  ʨʘʩʩʣʘʠʚʘʶʪʩʷ ʥʘ ʜʚʝ ʬʘʟʳ. ʂ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ 

ʦʪʥʦʩʷʪ: ʘ) ʩʫʩʧʝʥʟʠʠ - ʚʟʚʝʩʠ ʛʣʠʥʳ, ʢʨʘʭʤʘʣʘ, ʤʫʢʠ, 

ʜʨʦʞʞʝʡ ʚ ʚʦʜʝ, ʭʦʣʦʜʥʦʝ ʤʦʣʦʢʦ; ʙ) ʵʤʫʣʴʩʠʠ - ʤʘʩʣʦ ʚ ʚʦ-

ʜʝ, ʚʦʜʘ ʚ ʥʝʬʪʠ; ʚ) ʧʝʥʳ ï ʧʠʚʥʘʷ, ʤʳʣʴʥʘʷ, ʧʨʦʪʠʚʦʧʦʞʘʨ-

ʥʘʷ; ʛ) ʜʳʤʳ; ʜ) ʧʳʣʠ ï ʩʘʭʘʨʥʘʷ, ʤʫʯʥʘʷ, ʮʝʤʝʥʪʥʘʷ ʠ ʜʨ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʟʳʚʘʝʤʳʝ 

ʠʥʘʯʝ ʟʦʣʷʤʠ, ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʠʩʪʠʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠ ʛʨʫʙʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ.  

ʇʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʜʠʩ-

ʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʜʠʩ-

ʧʝʨʩʥʳʭ ʩʠʩʪʝʤ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ  

ʩʦʩʪʦʷʥʠʶ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ 
ɸʛʨʝʛʘʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 

ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ 

ɸʛʨʝʛʘʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʨʝʜʳ 

ʋʩʣʦʚʥʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ 

ʇʨʠʤʝʨʳ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠ-

ʩʪʝʤ 

ʊʚʝʨʜʘʷ 

ɻʘʟʦʦʙʨʘʟʥʘʷ 
ʊ/ɻ 

ʘʵʨʦʟʦʣʠ 

ʉʘʭʘʨʥʘʷ ʠ ʤʫʯ-

ʥʘʷ ʧʳʣʴ, ʪʘʙʘʯ-

ʥʳʡ ʜʳʤ, ʮʝ-

ʤʝʥʪʥʘʷ ʧʳʣʴ 

ɾʠʜʢʘʷ 
ʊ/ɾ 

ʵʤʫʣʴʩʠʠ 

ʍʦʣʦʜʥʦʝ ʤʦʣʦ-

ʢʦ, ʢʦʣʣʦʠʜʥʳʝ 

ʨʘʩʪʚʦʨʳ  ʤʝʪʘʣ-

ʣʦʚ 

ʊʚʝʨʜʘʷ 

ʊ/ʊ 

ʪʚʝʨʜʳʝ ʨʘʩ-

ʪʚʦʨʳ 

ʉʧʣʘʚʳ ʤʝʪʘʣ-

ʣʦʚ, ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʝ ʜʨʘʛʦʮʝʥʥʳʝ 

ʢʘʤʥʠ, ʮʚʝʪʥʳʝ 

ʩʪʝʢʣʘ 

ɾʠʜʢʘʷ 

ɻʘʟʦʦʙʨʘʟʥʘʷ 
ɾ/ɻ 

ʘʵʨʦʟʦʣʠ 

ɸʵʨʦʟʦʣʠ: ʪʫʤʘʥ, 

ʦʙʣʘʢʘ, ʙʳʪʦʚʘʷ 

ʭʠʤʠʷ 

ɾʠʜʢʘʷ 
ɾ/ɾ 

ʵʤʫʣʴʩʠʠ 

ɻʦʨʷʯʝʝ ʤʦʣʦʢʦ, 

ʢʨʝʤʘ, ʤʘʟʠ 

ʊʚʝʨʜʘʷ ɾ/ʊ 
ʆʧʘʣ, ʞʝʤʯʫʛ ʠ 

ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ 

ɻʘʟ 

ɾʠʜʢʘʷ 
ɻ/ɾ 

ʧʝʥʳ 

ʄʫʩʩʳ ʜʣʷ ʚʦ-

ʣʦʩ, ʧʠʚʦ 

ʊʚʝʨʜʘʷ ɻ/ʊ 

ʇʝʥʦʧʣʘʩʪ, ʧʝʤ-

ʟʘ, ʘʢʪʠʚʠʨʦʚʘʥ-

ʥʳʡ ʫʛʦʣʴ 
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ʇʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʜʠʩ-

ʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

1) ʩʚʦʙʦʜʥʦʜʠʩʧʝʨʩʥʳʝ ï ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʤʦʛʫʪ ʩʚʦʙʦʜʥʦ 

ʧʝʨʝʤʝʱʘʪʴʩʷ (ʣʠʦʟʦʣʠ, ʩʫʩʧʝʥʟʠʠ, ʵʤʫʣʴʩʠʠ); 

2) ʩʚʷʟʘʥʦʜʠʩʧʝʨʩʥʳʝ ï ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʘ ʠʟ 

ʬʘʟ ʟʘʢʨʝʧʣʝʥʘ ʠ ʥʝ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩʚʦʙʦʜʥʦ (ʛʝʣʠ, 

ʩʪʫʜʥʠ, ʧʝʥʳ). 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘ-

ʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʜʝʣʷʪ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʣʠʦʬʠʣʴʥʳʝ ʠ ʣʠʦʬʦʙʥʳʝ. ʃʠʦʬʦʙʥʳʤʠ ʥʘʟʳʚʘʶʪ 

ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʫ ʢʦʪʦʨʳʭ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʩʣʘʙʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʟʦʣʠ 

ʩʫʣʴʬʠʜʦʚ ʤʳʰʴʷʢʘ, ʩʫʨʴʤʳ, ʢʘʜʤʠʷ, ʟʦʣʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝ-

ʪʘʣʣʦʚ. ʃʠʦʬʠʣʴʥʳʤʠ ʥʘʟʳʚʘʶʪ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦ-

ʪʦʨʳʭ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʩʧʝʨʩʠ-

ʦʥʥʦʡ ʩʨʝʜʦʡ. ʃʠʦʬʠʣʴʥʳʝ ʢʦʣʣʦʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʙʝʣʢʦʚ, ʮʝʣ-

ʣʶʣʦʟʳ, ʢʨʘʭʤʘʣʘ, ʨʘʩʪʚʦʨʳ ʢʘʫʯʫʢʦʚ ʚ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦ-

ʜʘʭ. 

 

ʂʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ ʷʚ-

ʣʷʝʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʚʝʱʝʩʪʚʦ, ʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ 

ʞʠʜʢʦʩʪʴ ʥʘʟʳʚʘʶʪ ʟʦʣʷʤʠ. ʉʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʜʠʩʧʝʨʩ-

ʥʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʤʠʮʝʣʣʘ, ʯʘʩʪʠʮʘ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʟʦʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʦʝʥʠʝ ʢʦʣʣʦʠʜʥʳʭ 

ʯʘʩʪʠʮ (ʤʠʮʝʣʣ) ʩʫʣʴʬʘʪʘ ʙʘʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʘʢʮʠʠ ʦʙ-

ʤʝʥʘ ʤʝʞʜʫ ʩʫʣʴʬʘʪʦʤ ʢʘʣʠʷ ʠ ʭʣʦʨʠʜʦʤ ʙʘʨʠʷ: 

Na2SO4 + BaCl2 = BaSO4 + 2 NaCl 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʟʦʣʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʦʜʠʥ ʠʟ ʵʣʝʢʪʨʦʣʠʪʦʚ Na2SO4 ʠʣʠ BaCl2 ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʚ ʠʟ-

ʙʳʪʢʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝʨʘʩʪʚʦ-

ʨʠʤʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ, ʘ ʧʝʨʝʭʦʜʠʪ ʚ ʢʦʣʣʦ-

ʠʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ʦʙʨʘʟʫʝʪʩʷ ʟʦʣʴ. ʅʝʨʘʩʪʚʦʨʠʤʦʝ ʚʝʱʝ-
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ʩʪʚʦ, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʥʘʟʳʚʘʶʪ ʟʘʨʦ-

ʜʳʰʝʤ ʠʣʠ ʘʛʨʝʛʘʪʦʤ ʠ ʦʙʦʟʥʘʯʘʶʪ m BaSO4 . ʂʦʵʬʬʠʮʠʝʥʪ 

m ʫʢʘʟʳʚʘʝʪ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ. 

ʅʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʚʟʷʪʦʛʦ ʠ 

ʠʟʙʳʪʢʝ, ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʨʦʜʫ ʧʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ 

(ʇʆʀ), ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʘʨʦʜʳ-

ʰʝ ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʇʝʩʢʦʚʘ ï ʌʘʷʥʩʘ: ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʠʦʥʳ, ʠʤʝʶʱʠʝ ʦʙʱʫʶ 

ʩ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʪʦʤʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ. ɼʨʫʛʦʡ ʠʦʥ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʠʦʥʦʤ (ʇʀ). 

ʅʘʧʨʠʤʝʨ, Na2SO4 = 2 Na
+

 + SO4
2-

 

                                      ʇʀ    ʇʆʀ 

ʇʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʝ ʠʦʥʳ, ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫ-

ʶʪʩʷ ʥʘ ʟʘʨʦʜʳʰʝ, ʦʙʦʟʥʘʯʘʶʪʩʷ n SO4
2-
. ɿʘʨʦʜʳʰ ʩ ʧʦʪʝʥʮʠ-

ʘʣʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʦʥʘʤʠ ʦʙʨʘʟʫʶʪ ʷʜʨʦ ʤʠʮʝʣʣʳ. ʏʘʩʪʴ 

ʧʨʦʪʠʚʦʠʦʥʦʚ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʷʜʨʝ ʠ ʩʦ-

ʩʪʘʚʣʷʝʪ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ ʧʨʦʪʠʚʦʠʦʥʦʚ, ʝʛʦ ʦʙʦʟʥʘʯʘʶʪ 

2 (n-ʭ) Na
+
. 

ʗʜʨʦ ʩ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʩʣʦʝʤ ʧʨʦʪʠʚʦʠʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʛʨʘʥʫʣʫ ʤʠʮʝʣʣʳ ʠʣʠ ʢʦʣʣʦʠʜʥʫʶ ʯʘʩʪʠʮʫ. ɻʨʘʥʫʣʘ ʠʤʝʝʪ 

ʟʘʨʷʜ, ʟʥʘʢ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʢʦʤ ʟʘʨʷʜʘ ʧʦʪʝʥʮʠʘʣʦ-

ʧʨʝʜʝʣʷʶʱʠʭ ʠʦʥʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʝʛʦ ʦʙʦʟʥʘʯʘʶʪ 2ʭ
ī
. 

ɿʘʨʷʜ ʛʨʘʥʫʣʳ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʜʠʬ-

ʬʫʟʥʦʛʦ ʩʣʦʷ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʪ 2ʭNa
+
. ɻʨʘʥʫʣʘ ʚʤʝʩʪʝ 

ʩ ʜʠʬʬʫʟʥʳʤ ʩʣʦʝʤ ʩʦʩʪʘʚʣʷʝʪ ʤʠʮʝʣʣʫ ʟʦʣʷ, ʢʦʪʦʨʘʷ ʥʝ 

ʠʤʝʝʪ ʟʘʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ ʤʠʮʝʣʣʳ ʟʦʣʷ 

BaSO4, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʠʟʙʳʪʢʝ  Na2SO4, ʠʤʝʝʪ ʚʠʜ: 

{[m BaSO4] n SO4
2-

   2 (n-ʭ) Na
+ 
}

-2ʭ
           2ʭNa

+ 

ʘʛʨʝʛʘʪ
           
ʇʆʀ     ʘʜʩʦʨʙʮʠʦʥʥʳʡ       ʜʠʬʬʫʟʥʳʡ  

                                           ʩʣʦʡ ʇʀ              ʩʣʦʡ    ʇʀ 

{   Ŷ     ʷʜʨʦ     Ÿ   }               

{   Ŷ                ʛʨʘʥʫʣʘ           Ÿ         }               

{   Ŷ                       ʤʠʮʝʣʣʘ                                 Ÿ     } 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʩʪʨʦʝʥʠʷ ʤʠʮʝʣʣʳ BaSO4, ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʨʠʩʪʘʣʣʘ BaSO4 ʦʙʨʘʟʦʚʘʣʩʷ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 
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ʩʣʦʡ (ɼʕʉ). ʇʦʪʝʥʮʠʘʣʦʧʨʝʜʝʣʷʶʱʠʝ ʠʦʥʳ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʩʣʦʷ (n SO4
2-
) ʦʙʨʘʟʫʶʪ ʧʝʨʚʳʡ ʩʣʦʡ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʩʣʦʷ, ʘ ʚʩʝ ʧʨʦʪʠʚʦʠʦʥʳ ï ʝʛʦ ʚʪʦʨʦʡ ʩʣʦʡ, ʠʦʥʳ ʢʦʪʦʨʦʛʦ 

ʜʝʣʷʪʩʷ ʥʘ ʧʣʦʪʥʳʡ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ  

2 (n-ʭ) Na
+ 
 ʠ ʧʦʜʚʠʞʥʳʡ ʜʠʬʬʫʟʥʳʡ ʩʣʦʡ (2ʭ Na

+
). 

ʈʘʩʩʫʞʜʘʷ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʦʨʤʫ-

ʣʫ ʤʠʮʝʣʣʳ ʚ ʠʟʙʳʪʢʝ BaCl2. 

ɼʠʩʩʦʮʠʘʮʠʷ BaCl2 = Ba
2+

 + 2 Cl
- 

{[ m BaSO4 ]n Ba
2+

      2 (n-ʭ) Cl
-
}
+2ʭ

     2ʭ Cl
- 

{   Ŷ                ʛʨʘʥʫʣʘ           Ÿ      }               

{   Ŷ                             ʤʠʮʝʣʣʘ               Ÿ    }          

 

ʄʠʮʝʣʣʳ ʟʦʣʝʡ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳ. ʏʠʩʣʘ m,n,x ʠʟʤʝ-

ʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫ-

ʯʝʥʠʷ ʟʦʣʷ. ʗʜʨʦ ʚʤʝʩʪʝ ʩ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʩʣʦʷ ʦʙʨʘʟʫʶʪ ʢʦʣʣʦʠʜʥʫʶ ʯʘʩʪʠʮʫ ʠʣʠ ʛʨʘʥʫʣʫ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʡ ʤʠʮʝʣʣʳ ʢʦʣʣʦʠʜʥʘʷ ʯʘʩʪʠʮʘ ʠʤʝʝʪ 

ʟʘʨʷʜ. 

 

ʇʦʜ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʧʦʥʠʤʘʶʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʚʦ ʚʨʝʤʝʥʠ ʝʝ ʩʦʩʪʦʷʥʠʷ ʠ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ: 

ʜʠʩʧʝʨʩʥʦʩʪʠ, ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩ-

ʥʦʡ ʬʘʟʳ ʚ ʦʙʲʝʤʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʅ.ʇ. ʇʝʩʢʦʚ ʚʚʝʣ ʧʦʥʷʪʠʝ ʦ ʜʚʫʭ 

ʚʠʜʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ: ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 

(ʢʠʥʝʪʠʯʝʩʢʦʡ) ʠ ʘʛʨʝʛʘʪʠʚʥʦʡ. ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘ-

ʩʪʠʮ ʚ ʦʙʲʝʤʝ. ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʪʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚ-

ʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʫʯʘʩʪʠʝ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ 

ʬʘʟʳ ʚ ʙʨʦʫʥʦʚʩʢʦʤ ʜʚʠʞʝʥʠʠ. ɸʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ 

ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʪʠʧʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʜʠʥʘʢʦʚʦʛʦ ʟʘʨʷʜʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ. 

ɺʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʟʘʥʠʤʘʶʪ 

ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ. ʆʙʣʘʜʘʷ ʙʦʣʴʰʦʡ ʩʫʤ-
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ʤʘʨʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ, ʜʠʩʧʝʨʩʥʳʝ ʩʠ-

ʩʪʝʤʳ ʠʤʝʶʪ ʠʟʙʳʪʦʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ  

G= ů S, 

ʛʜʝ  ů ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ; 

 S ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ. 

 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʪʝʨʤʦʜʠʥʘʤʠ-

ʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳ ʠ ʩʪʨʝʤʷʪʩʷ ʧʝʨʝʡʪʠ ʚ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ G. ʕʪʦ ʚʦʟʤʦʞʥʦ ʣʠʙʦ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ů, ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʷ S (ʫʢʨʫʧʥʝʥʠʷ ʯʘʩʪʠʮ). 

ʇʨʦʮʝʩʩ ʦʙʲʝʜʠʥʝʥʠʷ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ ʙʦʣʝʝ ʢʨʫʧ-

ʥʳʝ ʘʛʨʝʛʘʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʳʧʘʜʝʥʠʝʤ ʦʩʘʜʢʘ ʪʨʫʜ-

ʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʟʳʚʘʶʪ ʢʦʘʛʫʣʷʮʠʝʡ. 

ʂʦʘʛʫʣʷʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ, ʪ.ʢ. ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ,ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠ-

ʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ. ʌʘʢʪʦʨʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ 

ʢʦʘʛʫʣʷʮʠʶ, ʤʦʛʫʪ ʙʳʪʴ: ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʝʡʩʪʚʠʝ 

ʩʚʝʪʘ, ʨʘʟʣʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʆʜ-

ʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦ-

ʣʠʪʦʚ. ʕʣʝʢʪʨʦʣʠʪʳ, ʜʦʙʘʚʣʝʥʥʳʝ ʢ ʟʦʣʷʤ, ʙʳʩʪʨʦ ʠ ʨʝʟʢʦ 

ʚʣʠʷʶʪ ʥʘ ʚʝʣʠʯʠʥʫ ű ʠ ɕ ï ʧʦʪʝʥʮʠʘʣʦʚ,ʚʳʟʳʚʘʷ ʩʞʘʪʠʝ 

ɼʕʉ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʧʨʦʮʝʩʩʳ 

ʢʦʘʛʫʣʷʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʐʫʣʴʮʝ ʠ ɻʘʨʜʠ ʠ ʠʟʚʝʩʪʥʳ ʢʘʢ 

ʧʨʘʚʠʣʦ ʐʫʣʴʮʝ ï ɻʘʨʜʠ: ʢʦʘʛʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝ ʦʙʣʘʜʘʝʪ 

ʪʦʪ ʠʦʥ ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʟʘʨʷʜ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʟʘʨʷʜʫ ʛʨʘʥʫʣʳ; ʢʦʘʛʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʚʳʰʝ ʟʘʨʷʜ ʠʦʥʘ- ʢʦʘʛʫʣʷʪʦʨʘ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʚʳʟʳʚʘʝʪ ʢʦʘʛʫʣʷʮʠʶ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦ-

ʛʦʤ ʢʦʘʛʫʣʷʮʠʠ.  

ɽʛʦ ʨʘʩʩʯʠʪʳʚʘʶʪ: 

ʉʢ = (ʉʵʢ Ĭ V) ʵʣʝʢʪʨʦʣʠʪʘ / (V ʟʦʣʷ + V ʵʣʝʢʪʨʦʣʠʪʘ) 

(ʤʦʣʴ/ʣ), 

ʛʜʝ  ʉʵʢ ï ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʢʚʠʚʘʣʝʥʪʦʚ ʵʣʝʢʪʨʦʣʠʪʘ; 

 V ʟʦʣʷ - ʦʙʲʝʤ ʟʦʣʷ (ʣ);  
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 V ʵʣʝʢʪʨʦʣʠʪʘ ï ʦʙʲʝʤ ʵʣʝʢʪʨʦʣʠʪʘ (ʣ). 

ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʧʦʨʦʛʫ ʢʦʘʛʫʣʷʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʢʦ-

ʘʛʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ:  

Vʢ = 1/ ʉʢ                           (ʣ/ʤʦʣʴ) 

ʂʦʘʛʫʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʚʥʘ ʦʙʲʝʤʫ ʟʦʣʷ ʚ ʣʠʪ-

ʨʘʭ, ʩʢʦʘʛʫʣʠʨʦʚʘʥʥʦʛʦ ʦʜʥʠʤ ʤʦʣʝʤ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʆʪʥʦʰʝʥʠʝ ʧʦʨʦʛʦʚ ʢʦʘʛʫʣʷʮʠʠ ʜʣʷ ʠʦʥʦʚ ʨʘʟʥʳʭ ʟʘ-

ʨʷʜʦʚ ʙʳʣʦ ʥʘʡʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ɹ.ɺ.ɼʝʨʷʛʠʥʳʤ ʠ ʃ.ɼ. 

ʃʘʥʜʘʫ, ʠ ʥʘʟʚʘʥʦ ʟʘʢʦʥʦʤ ʰʝʩʪʦʡ ʩʪʝʧʝʥʠ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ɼʝʨʷʛʠʥʘ- ʃʘʥʜʘʫ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʨʦʛʦʚ ʢʦʘʛʫʣʷʮʠʠ ʦʜʥʦ-, 

ʜʚʫʭ - ʠ ʪʨʝʭʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʠʤʝʝʪ ʚʠʜ:   

ʉʢ
I
: ʉʢ 

II
: ʉʢ

 III  
= (1/1)

6
= (1/2)

6 
= (1/3)

6
 =730:11: 1 

ʇʨʘʚʠʣʦ ʐʫʣʴʮʝ ï ɻʘʨʜʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʥʳʭ ʜʘʥ-

ʥʳʭ ʜʘʝʪ ʜʣʷ ʪʝʭ ʞʝ ʠʦʥʦʚ ʩʦʦʪʥʦʰʝʥʠʝ 500: 25: 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʨʷʜʦʚ ʠʦʥʦʚ ï ʢʦʘʛʫ-

ʣʷʪʦʨʦʚ ʧʦʨʦʛ ʢʦʘʛʫʣʷʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʢʦʘʛʫʣʠʨʫʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. 

 

ɿʘʜʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

ɺ ʟʘʜʘʥʠʷʭ 154ï174 ʥʘʧʠʰʠʪʝ ʩʪʨʦʝʥʠʝ ʤʠʮʝʣʣʳ ʟʦʣʷ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʢʘʟʘʥʥʳʭ ʚʝ-

ʱʝʩʪʚ (ʠʟʙʳʪʢʘ ʦʜʥʦʛʦ, ʟʘʪʝʤ ʜʨʫʛʦʛʦ ʚʝʱʝʩʪʚʘ). ʅʘʟʦʚʠʪʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʠʮʝʣʣʳ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʟʦʣʷ. ʋʢʘʞʠʪʝ, ʢ ʢʘʢʦʤʫ 

ʵʣʝʢʪʨʦʜʫ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʛʨʘʥʫʣʳ ʵʪʦʛʦ ʟʦʣʷ ʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʤ ʧʦʣʝ. 

 

155. CuSO4 + NaOH Ÿ 

156. Na2S + CdCl2 Ÿ 

157. Na2S + MnCl2 Ÿ 

158. Na2SO4 + BaCl2 Ÿ 

159. BaCl2 + H2SO4 Ÿ 

160. Mn (NO3)2 + K2S Ÿ 

161. ZnCl2 + NaOH Ÿ 

162. K2S + Zn (NO3)2 Ÿ 

164. FeCl3 + Na2SiO3 Ÿ 

165. SnCl2 + K2S Ÿ 

166. CdSO4 + H2S Ÿ 

167. K2SO3 + CuCl2 Ÿ 

168. Cr (NO3)3 + NaOH Ÿ 

169. Ba (NO3)2 + Zn SO4 Ÿ 

170. NaCl + AgNʆ3 Ÿ 

171. Cu (NO3)2 + Na3PO4 Ÿ 
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163. KBr + AgNo3 Ÿ 

10. NiCl2 + NaOH Ÿ 

11. Fe(NO3)2 + K2SO4 Ÿ 

172. CaCl2 + Na2CO3 Ÿ 

173. Pb(N03)2 + Na2SO4 Ÿ 

174. MgCl2 + K2SiO3 Ÿ 

 

 

ʈʘʟʜʝʣ 9. ʆʉʅʆɺʓ ʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ 

 
 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʊʨʠʚʠʘʣʴʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ (ʪ.ʥ.): ʚ ʦʩʥʦʚʝ ʝʝ ʣʝʞʠʪ 

ʥʘʟʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʤʝʩʪʦʤ ʥʘʭʦʞʜʝ-

ʥʠʷ ʠʣʠ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ:  

 

H - C - OH             H3C - CH - C - OH

¼

OH

¼¼ ¼¼

O O

 
ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ                 ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 
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ʈʘʮʠʦʥʘʣʴʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ (ʨ.ʥ.): ʚʳʙʠʨʘʝʪʩʷ ʥʝʢʦʪʦ-

ʨʘʷ ʦʩʥʦʚʘ (ʯʘʱʝ ʚʩʝʛʦ ʧʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʩʘ), ʟʘʪʝʤ 

ʥʘʟʳʚʘʶʪʩʷ ʨʘʜʠʢʘʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʦʢʨʫʛ ʦʩʥʦʚʳ. ɺ ʥʘʟʚʘ-

ʥʠʠ ʚ ʥʘʯʘʣʝ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʚʩʝ ʨʘʜʠʢʘʣʳ, ʘ ʧʦʪʦʤ ï ʦʩʥʦʚʘ. 

H3C - CH2 - C - OH
¼¼

O

     ʤʝʪʠʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

 

H3C - CH2 - CH2 - CH3                ʤʝʪʠʣʵʪʠʣʵʪʘʥ 

 

 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ (ʤ.ʥ.): ʚʳʙʠʨʘʝʪʩʷ ʩʘ-

ʤʘʷ ʜʣʠʥʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʮʝʧʴ, ʩʦʜʝʨʞʘʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʅʦʤʝʨʫʝʪʩʷ ʩ ʪʦʛʦ ʢʦʥʮʘ, ʢ 

ʢʦʪʦʨʦʤʫ ʙʣʠʞʝ ʨʘʩʧʦʣʦʞʝʥʘ ʩʪʘʨʰʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧ-

ʧʘ, ʟʘʪʝʤ ʥʘʟʳʚʘʶʪʩʷ ʨʘʜʠʢʘʣʳ ʩ ʫʢʘʟʘʥʠʝʤ ʥʦʤʝʨʘ ʠʭ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ, ʧʦʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʝʨʦʜʥʘʷ ʮʝʧʦʯʢʘ ʧʦ ʢʦʣʠʯʝ-

ʩʪʚʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʦʢʦʥʯʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʝ ʥʘʣʠʯʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʢʣʘʩʩʦʚʦʡ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ.  

 

ɺʠʜʳ ʠʟʦʤʝʨʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

1. ʠʟʦʤʝʨʠʷ ʦʩʥʦʚʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ:  

 

ʉ4ʅ10                                   

H3C - CH2 - CH2 - CH3
H3C - CH2 - CH3

¼

CH3  
                                                      

                        ʙʫʪʘʥ                           ʠʟʦʙʫʪʘʥ 

 

2. ʠʟʦʤʝʨʠʷ ʧʦʣʦʞʝʥʠʷ ʜʚʦʡʥʳʭ ʠʣʠ ʪʨʦʡʥʳʭ (ʢʨʘʪ-

ʥʳʭ) ʩʚʷʟʝʡ: 
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H3C - CH = CH - CH3 H2C = CH - CH2 - CH3  
 

ʙʫʪʝʥ - 2                ʙʫʪʝʥ - 1  

 

3. ʠʟʦʤʝʨʠʷ ʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ: 

 

H2C - CH2 - CH3 H2C - CH - CH3

¼

OH

¼

OH  
 

ʧʨʦʧʘʥʦʣ-1 (ʧʝʨʚʠʯʥʳʡ ʩʧʠʨʪ)        ʧʨʦʧʘʥʦʣ-2 (ʚʪʦ-

ʨʠʯʥʳʡ ʩʧʠʨʪ) 

 

4. ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʦʤʝʨʠʷ (ʦʧʪʠʯʝʩʢʘʷ ʠʣʠ 

çʮʠʩ-ʪʨʘʥʩè): 

 

HC   =   CH
¼ ¼
CH3 CH3

HC = CH

¼

¼

CH3

CH3
 

 

ʮʠʩ-ʠʟʦʤʝʨ              ʪʨʘʥʩ-ʠʟʦʤʝʨ  

5. ʤʝʞʢʣʘʩʩʦʚʘʷ ʠʟʦʤʝʨʠʷ: 

 

H3C - C ¹ C - CH3       H2C = CH - CH = CH3  
ʙʫʪʠʥ-2                ʙʫʪʘʜʠʝʥ -1,3 

 

 

ʄʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ:  

1) ʟʘʤʝʱʝʥʠʝ;  
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2) ʧʨʠʩʦʝʜʠʥʝʥʠʝ;  

3) ʦʪʱʝʧʣʝʥʠʝ (ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ);  

4) ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ. 

ʀʥʦʛʜʘ ʩʣʦʞʥʘʷ ʩʫʤʤʘʨʥʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚʳʭ ʨʝʘʢʮʠʡ, ʦʜʥʘʢʦ ʦʪʜʝʣʴʥʳʝ ʩʪʘʜʠʠ ʩʫʤ-

ʤʘʨʥʦʡ ʨʝʘʢʮʠʠ ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʤʫ ʠʟ ʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʪʠʧʦʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʫʯʘʩʪ-

ʚʫʶʱʝʝ ʨʝʘʢʮʠʠ, ʥʘʟʳʚʘʶʪ çʩʫʙʩʪʨʘʪʦʤè, ʪʦʛʜʘ ʜʨʫʛʦʡ ʢʦʤ-

ʧʦʥʝʥʪ ʨʝʘʢʮʠʠ ʦʙʳʯʥʦ ʫʩʣʦʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ çʨʝʘ-

ʛʝʥʪè. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʨʝʘʛʠʨʫʶʱʝʡ 

ʤʦʣʝʢʫʣʝ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʨʝʘʛʝʥʪʘ, ʩ ʢʦʪʦʨʳʤ ʦʩʥʦʚʥʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʩʫʙʩʪʨʘʪ) ʙʫʜʝʪ ʨʝʘʛʠʨʦʚʘʪʴ. ʊʘʢ, ʚ 

ʙʨʦʤʠʩʪʦʤ ʵʪʠʣʝ ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʘʪʦʤʦʤ ʙʨʦ-

ʤʘ ʠ ʠʤʝʶʱʠʡ ʥʠʟʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʙʫʜʝʪ ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʘʪʘʢʝ ʯʘʩʪʠʮʘʤʠ, ʥʝʩʫʱʠʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘ-

ʨʷʜ (Nʉ
-
, ʅʆ

-
), ʠʣʠ ʤʦʣʝʢʫʣʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʮʝʥʪʨʳ ʩ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (:Nʅ3, :NR3): 

 

            ŭ+    ŭ- 

ʉʅ3  - ʉʅ2Ÿɺr + ʆʅ
-
 Ÿ ʉʅ3 - ʉʅ2 - ʆʅ + ɺr

-  

ʉʫʙʩʪʨʘʪ               ʥʫʢʣʝʦʬʠʣ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʛʝʥʪ ʥʘʟʳʚʘʶʪ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʨʝʘ-

ʛʝʥʪʦʤ ʠʣʠ ʥʫʢʣʝʦʬʠʣʦʤ, ʘ ʨʝʘʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴ-

ʥʦʡ ʨʝʘʢʮʠʝʡ. 

ʅʘʧʨʦʪʠʚ, ʨʝʘʛʝʥʪ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʜʝʬʠʮʠʪʦʤ (ʯʠʩʪʳʡ 

ʢʘʪʠʦʥ ʅ
+
, 

+
Nʆ2, ʉ6ʅ5N2

+
)
 
ʠʣʠ ʤʦʣʝʢʫʣʘ, ʠʤʝʶʱʘʷ ʮʝʥʪʨ ʩ 

ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ - Sʆ3 ʠ ɺF3) ʙʫʜʝʪ ʨʝʘʛʠʨʦ-

ʚʘʪʴ ʩ ʩʫʙʩʪʨʘʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʮʝʥʪʨʳ ʩ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ/ 

ʈʝʘʛʝʥʪ ʪʘʢʦʛʦ ʪʠʧʘ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʨʝʘ-

ʛʝʥʪʦʤ ʠʣʠ ʵʣʝʢʪʨʦʬʠʣʦʤ, ʘ ʨʝʘʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦ-

ʬʠʣʴʥʦʡ ʨʝʘʢʮʠʝʡ. 

ʀ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ, ʠ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʨʝʘʢʮʠʠ ʥʘʟʳ-

ʚʘʶʪʩʷ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ. 
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ʉʫʱʝʩʪʚʫʶʪ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʛʝʥʪ ʷʚʣʷʝʪʩʷ ʨʘ-

ʜʠʢʘʣʴʥʦʡ ʯʘʩʪʠʮʝʡ, ʥʝʩʫʱʝʡ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ. ʊʘʢʠʝ 

ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʨʘʜʠʢʘʣʴʥʳʤʠ ʠʣʠ ʛʦʤʦʣʠʪʠʯʝʩʢʠʤʠ 

ʨʝʘʢʮʠʷʤʠ.  

 

ɿʘʜʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ 

 

175. ʅʘʟʦʚʠʪʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʨʘʮʠʦ-

ʥʘʣʴʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ: 
1) H3C ½ CH2 ½ CH2 ½ CH2 ½  CH3

2) H3C ½ CH ½ CH2 ½ CH3

¼

CH3

3) H3C ½ CH ½ CH ½ CH3

¼

CH3

¼

CH3

4) H3C ½ CH ½ CH3

¼

CH3

5) H3C ½ C ½ CH3

¼

CH3

¼

CH3

 
176. ɸʣʢʝʥ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʬʦʨʤʫʣʫ C5H10. ʇʨʠ-

ʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ: 

ʩʪʨʫʢʪʫʨʥʳʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʤʝʞʢʣʘʩʩʦʚʳʭ, ʠʟʦʤʝʨʦʚ ʧʦ-

ʣʦʞʝʥʠʷ. ʅʘʟʦʚʠʪʝ ʚʩʝ ʠʟʦʤʝʨʳ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʨʘʮʠʦ-

ʥʘʣʴʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ. 

177. ʅʘʟʦʚʠʪʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʦʤʝʥ-

ʢʣʘʪʫʨʝ, ʢʣʘʩʩʠʬʠʮʠʨʫʡʪʝ ʜʠʝʥ: 

H3C ½CH ½ CH = CH ½ CH = CH2

¼
CH2 ½CH3

¼

CH3 ½CH ½ CH3

H3C ½ CH2 ½ HC = C = CH ½ CH2 ½ Cl

178. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ  

4,5-ʜʠʤʝʪʠʣʛʝʢʩʠʥ-2, 2,2,5-ʪʨʠʤʝʪʠʣʛʝʢʩʠʥ-3. 

179. ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʚʘʤ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʦʘʣʢʘʥʦʚ, ʥʘʟʦʚʠʪʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. 

180. ʅʘʧʠʰʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʘʨʘ-

ʜʠʤʝʪʠʣʙʝʥʟʦʣʘ, ʤʝʪʘ-ʢʩʠʣʦʣʘ, ʦʨʪʦ-ʜʠʭʣʦʨʙʝʥʟʦʣʘ. ʅʘʟʦ-

ʚʠʪʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ.  
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ʇʈʀʃʆɾɽʅʀɽ 

ʇʨʠʣʦʞʝʥʠʝ 1 

 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ 

 

ʇʦʩʪʦʷʥʥʘʷ ʆʙʦʟʥʘʯʝʥʠʝ ɿʥʘʯʝʥʠʝ 

ɸʪʦʤʥʘʷ ʝʜʠʥʠʮʘ 

ʤʘʩʩʳ 
ʘ. ʝ. ʤ. 1,6606Ĭ10

-27
 ʢʛ 

ʄʦʣʷʨʥʳʡ ʦʙʲʝʤ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 
Vo = RT0/ɟ0 22,4138 ʣ/ʤʦʣʴ 

ʅʦʨʤʘʣʴʥʘʷ ʘʪʤʦ-

ʩʬʝʨʘ 
ʈ 101325 ʇʘ 

ʇʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜ-

ʨʦ 
 6,02204 Ĭ10

23
 ʤʦʣʴ

-1
 

ʇʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮ-

ʤʘʥʘ 
k = R/NA 1,38066 Ĭ10

-23
ɼʞ/ʂ 

ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ h 6,62618 Ĭ10
-34

 ɼʞĬʩ 

ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ F 9,6484 Ĭ 10
4
 ʣ/ʤʦʣʴ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦ-

ʩʪʦʷʥʥʘʷ 
Ůo 8,85419 Ĭ10

-12
 ʌĬʤ

-1
 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦ-

ʚʘʷ ʧʦʩʪʦʷʥʥʘʷ  

ʅʝʩʠʩʪʝʤʥʳʝ ʝʜʠʥʠ-

ʮ  r

R 

8,31441 ɼʞ/(ʂĬʤʦʣʴ) 

0,82057ʣĬʘʪʤ/(ʛʨʘʜĬʤʦʣʴ) 

1,9872 ʢʘʣ/( ʂĬʤʦʣʴ) 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘ-

ʢʫʫʤʝ 
 2,997925ʤ/ʩ 
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ʇʨʠʣʦʞʝʥʠʝ 2 

 

ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʇʨʠʣʦʞʝʥʠʝ 3 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʢʠʩʣʦʪ ʠ ʩʨʝʜʥʠʭ ʩʦʣʝʡ 

ʘʟʚʘʥʠʝ ʢʠʩʣʦʪʳ ʌʦʨʤʫʣʘ 

ʅʘʟʚʘʥʠʝ ʩʦʣʠ 

ʪʨʠʚʠʘʣʴʥʘʷ 

ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʦʤʝʥʢʣʘʪʫʨʘ 

ɸʟʦʪʠʩʪʘʷ  ʅNʆ2  ɸʟʦʪʠʩʪʦ-ʢʠʩʣʳʝ  ʅʠʪʨʠʪʳ  

ɸʟʦʪʥʘʷ  ʅNʆ3 ɸʟʦʪʥʦ-ʢʠʩʣʳʝ  ʅʠʪʨʘʪʳ  

ɹʦʨʥʘʷ (ʦʨʪʦ)  ʅ3ɺʆ3 ɹʦʨʥʦ-ʢʠʩʣʳʝ  ɹʦʨʘʪʳ  

ɹʨʦʤʠʩʪʦ-ʚʦʜʦʨʦʜʥʘʷ  ʅɺr  ɹʨʦʤʠʩʪʳʝ  ɹʨʦʤʠʜʳ  

ɼʚʫʭʨʦʤʦʚʘʷ  ʅ2ʉʛ2O7  ɼʚʫʭʨʦʤʦʚʦʢʠʩʣʳʝ  ɼʠʭʨʦʤʘʪʳ  

ʀʦʜʦʚʦʜʦʨʦʜʥʘʷ  HI ʁʦʜʠʩʪʳʝ  ʀʦʜʠʜʳ  

ʂʨʝʤʥʝʚʘʷ  H2SiO3  ʂʨʝʤʥʝʢʠʩʣʳʝ  ʉʠʣʠʢʘʪʳ  

ʄʘʨʛʘʥʮʦʚʘʷ  HMnO4  ʄʘʨʛʘʥʮʦʚʦ-ʢʠʩʣʳʝ  ʇʝʨʤʘʥʛʘʥʘʪʳ  

ʉʝʨʥʘʷ  H2SO4  ʉʝʨʥʦ-ʢʠʩʣʳʝ  ʉʫʣʴʬʘʪʳ  

ʉʝʨʥʠʩʪʘʷ  H2SO3  ʉʝʨʥʠʩʪʦ-ʢʠʩʣʳʝ  ʉʫʣʴʬʠʪʳ  

ʉʝʨʦʚʦʜʦʨʦʜʥʘʷ  H2S  ʉʝʨʥʠʩʪʳʝ  ʉʫʣʴʬʠʜʳ  

ʍʣʦʨʦʚʦʜʦʨʦʜʥʘʷ(ʩʦʣʷʥʘʷ)  HC1  ʍʣʦʨʠʩʪʳʝ  ʍʣʦʨʠʜʳ  

ʋʛʦʣʴʥʘʷ  H2CO3  ʋʛʣʝʢʠʩʣʳʝ  ʂʘʨʙʦʥʘʪʳ  

ʋʢʩʫʩʥʘʷ  ʉʅ3ʉʆʆʅ  ʋʢʩʫʩʥʦ-ʢʠʩʣʳʝ  ɸʮʝʪʘʪʳ  

ʌʦʩʬʦʨʥʘʷ (ʦʨʪʦ)  H3PO4  
ʌʦʩʬʦʨʥʦ-ʢʠʩʣʳʝ 

(ʦʨʪʦ)  
ʌʦʩʬʘʪʳ (ʦʨʪʦ)  

ʌʦʩʬʦʨʥʘʷ (ʤʝʪʘ)  ʅʈʆ3  
ʌʦʩʬʦʨʥʦ-ʢʠʩʣʳʝ 

(ʤʝʪʘ)  
ʌʦʩʬʘʪʳ (ʤʝʪʘ)  

ʌʪʦʨʦʚʦʜʦʨʦʜʥʘʷ  

(ʧʣʘʚʠʢʦʚʘʷ) 
ʅF ʌʪʦʨʠʩʪʳʝ ʌʪʦʨʠʜʳ 

ʍʣʦʨʥʦʚʘʪʠʩʪʘʷ ʅʉlʆ 
ʍʣʦʨʥʦʚʘʪʠʩʪʦ-

ʢʠʩʣʳʝ 
ɻʠʧʦʭʣʦʨʠʪʳ 

ʍʣʦʨʠʩʪʘʷ ʅʉlʆ2 ʍʣʦʨʠʩʪʦ-ʢʠʩʣʳʝ ʍʣʦʨʠʪʳ 

ʍʣʦʨʥʦʚʘʪʘʷ ʅʉlʆ3 ʍʣʦʨʥʦʚʘʪʦ-ʢʠʩʣʳʝ ʍʣʦʨʘʪʳ 

ʍʣʦʨʥʘʷ ʅʉlʆ4 ʍʣʦʨʥʦ-ʢʠʩʣʳʝ ʇʝʨʭʣʦʨʘʪʳ 

ʍʨʦʤʦʚʘʷ ʅ2ʉrO4 ʍʨʦʤʦʚʦ-ʢʠʩʣʳʝ ʍʨʦʤʘʪʳ 

ʎʠʘʥʠʩʪʦ-ʚʦʜʦʨʦʜʥʘʷ  

(ʩʠʥʠʣʴʥʘʷ) 
ʅʉN ʎʠʘʥʠʩʪʳʝ ʎʠʘʥʠʜʳ 

ʑʘʚʝʣʝʚʘʷ ʅ2ʉ2ʆ4 ʑʘʚʝʣʝʚʦ-ʢʠʩʣʳʝ ʆʢʩʘʣʘʪʳ 
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ʇʨʠʣʦʞʝʥʠʝ 4  

 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ, ʢʠʩʣʦʪ ʠ ʛʠʜʨʦʢʩʠʜʦʚ  

(ʦʩʥʦʚʘʥʠʡ) ʚ ʚʦʜʝ 

 

ʂʘʪʠʦ-

ʥ  r

ɸʥʠʦʥʳ 

ʆ
ʅï

 

C
l 
ï
 

ɺ
ʛï 

Iï
 

S
2
ï
 

S
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2
-  
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2
-  
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4
3
-  

ʉ
O

 3
2
-  

S
iO

3
2
-  

N
O

3
-  

C
ʅ

3
C

O
O
ï
 

H
+ 

 ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʥ ʨ ʨ 

Na
+
  ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ 

NH4
+
  ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ ʨ - ʨ ʨ 

ɺʘ
2+

  ʨ ʨ ʨ ʨ ʥ ʥ ʥ ʥ ʥ ʥ ʨ ʨ 

ʉʘ
2+

  ʤ ʨ ʨ ʨ ʤ ʥ ʤ ʥ ʥ ʥ ʨ ʨ 

Mg
2+

  ʥ ʨ ʨ ʨ ʤ ʥ ʨ ʥ ʥ - ʨ ʨ 

ɸ1
3+

  ʥ ʨ ʨ ʨ - - ʨ ʥ - - ʨ ʤ 

ʄn
2+

  ʥ ʨ ʨ ʨ ʥ ʥ ʨ ʥ ʥ - ʨ ʨ 

Zn
2+

 ʥ ʨ ʨ ʨ ʥ ʥ ʨ ʥ ʥ - ʨ ʨ 

ʉʛ
2+

 ʥ ʨ ʨ ʨ - - ʨ ʥ - - ʨ ʨ 

Fe
2+

  ʥ ʨ ʨ ʨ ʥ ʥ ʨ ʠ ʥ - ʨ ʨ 

Fe
3+

  ʥ ʨ ʨ ʨ ʥ - ʨ ʥ - - ʨ ʨ 

ʉʦ
2+

  ʥ ʨ ʨ ʨ ʥ ʥ ʨ ʥ ʥ - ʨ ʨ 

Ni
2+

  ʥ ʨ ʨ ʨ ʥ ʥ ʨ ʥ ʥ - ʨ ʨ 

Sn
2+ 

 ʥ ʨ ʨ ʥ ʥ - ʨ ʥ - - ʨ ʨ 

ʈb
2+

  ʥ ʤ ʤ ʥ ʥ ʥ ʥ ʥ ʥ - ʨ ʨ 

Cu
2+

  ʥ ʨ ʨ - ʥ ʥ ʨ ʥ - - ʨ ʨ 

Ag
+
  - ʥ ʥ ʥ ʥ ʥ ʤ ʥ ʥ - ʨ ʨ 

Hg
+
  . ʥ ʥ ʥ ʥ - ʤ ʥ ʥ - ʨ ʤ 

Hg
2+

  - ʨ ʥ ʥ ʥ - ʨ ʥ - - ʨ ʨ 

 

ʆʙʦʟʥʘʯʝʥʠʷ: ʨ ð ʨʘʩʪʚʦʨʠʤʦʝ ʚʝʱʝʩʪʚʦ; ʥ ð ʥʝʨʘʩʪʚʦʨʠ-

ʤʦʝ; ʤ ð ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʝ; ç-è ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ 

ʚʩʣʝʜʩʪʚʠʝ ʛʠʜʨʦʣʠʟʘ ʠʣʠ ʥʝ ʧʦʣʫʯʝʥʦ. 
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ʕʢʚʠʚʘʣʝʥʪʦʤ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ, ʢʦʪʦ-

ʨʦʝ ʩʦʝʜʠʥʷʝʪʩʷ ʙʝʟ ʦʩʪʘʪʢʘ ʩ 1 ʤʦʣʝʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠʣʠ ʟʘʤʝʱʘʝʪ ʪʦ 

ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ.  

ʄʘʩʩʘ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʘʩʩʦʡ 

ʠʣʠ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʵʢʚʠʚʘʣʝʥʪʘ. ɺʳʨʘʞʘʝʪʩʷ ʚ ʛ/ʤʦʣʴ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ ʦʢʩʠʜʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʟʥʘʯʝʥʠʡ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʭ ʤʘʩʩ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʢʩʠʜ ʵʣʝʤʝʥʪʦʚ.  

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ ʢʠʩʣʦʪʳ ʨʘʚʥʘ ʝʸ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ, ʜʝʣʝʥ-

ʥʦʡ ʥʘ ʦʩʥʦʚʥʦʩʪʴ ʢʠʩʣʦʪʳ (ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʢʠʩʣʦʪʳ). 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ ʦʩʥʦʚʘʥʠʷ ʨʘʚʥʘ ʝʛʦ ʤʦʣʷʨʥʦʡ ʤʘʩʩʝ, ʜʝ-

ʣʝʥʥʦʡ ʥʘ ʚʘʣʝʥʪʥʦʩʪʴ ʤʝʪʘʣʣʘ; ʦʙʨʘʟʫʶʱʝʛʦ ʦʩʥʦʚʘʥʠʝ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʘʩʩʘ ʩʦʣʠ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʝʸ ʤʦʣʷʨʥʦʡ ʤʘʩʩʳ 

ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʘʣʝʥʪʥʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʯʠʩʣʦ ʝʛʦ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʘʩʩ ʢʣʘʩʩʦʚ  

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 
ˉ 

ʧ/

ʧ 

ʊʠʧ  

ʩʦʝʜʠʥʝ-

ʥʠʷ 

ʌʦʨʤʫʣʘ ʜʣʷ  

ʨʘʩʯʝʪʘ 
ʇʨʠʤʝʨ 

1. ʂʠʩʣʦʪʳ 
nH

ʄ
ʵʢʚ M =

 

ʵʢʚʛ67,32
98

)ʈʆ(ʅ ʵʢʚ M
343

-==

 

2. 
ɻʠʜʨʦʢʩʠ-

ʜ  r nOH

ʄ
ʵʢʚ M =

 

ʵʢʚ37ʛ
2

74
)ʵʢʚ(ʉʘ(ʆʅ) ʄ 2 -==

 

3. ʆʢʩʠʜʳ 
ʵʣʵʣ  ʚʘʣ  n 

ʄ
ʵʢʚ M

Ö
=

 

ʵʢʚʛ11
41

44
 )

2
(ʉ ʵʢʚ ʄ -=

Ö
=O

 

4. ʉʦʣʠ ʄʝ ʚʘʣ  ʄʝn 

ʄ
ʵʢʚ M

Ö
=

 

ʵʢʚʛ48
12

96
 )COʵʢʚ(Na ʄ

32
-=

Ö
=
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ʇʣʦʪʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠ 

20Áʉ 

 

ʇʣʦʪʥʦʩʪʴ 
r, ʛ/ʤʣ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

% (ʤʘʩʩ.) ʤʦʣʴ/ʣ ʛ/ʣ 

1,005 1 0,1720 10,05 

1,012 2 0,3464 20,24 

1,027 4 0,7026 41,06 

1,041 6 1,060 62,48 

1,056 8 1,445 84,47 

1,071 10 1,831 107,0 

1,086 12 2,228 130,2 

1,100 14 2,636 154,1 

1,116 16 3,055 178,5 

1,132 18 3,485 203,7 

1,148 20 3,927 229,5 

1,164 22 4,380 256,0 

1,180 24 4,846 283,2 

1,197 26 5,325 311,2 
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ʂʨʠʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʵʙʫʣʠʦʩʢʦʧʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ 

 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʂʢ tÁ ʟʘʤ ʉ ʂ ɻ tÁ ʢʠʧ ʉ 

ɸʥʠʣʠʥ 5,87 -5,96 3,22 +184,4 

ɸʮʝʪʦʥ 2,40 -94,60 1,48 +56,0 

ɹʝʥʟʦʣ 5,10 +5,40 2,57 +80,2 

ɺʦʜʘ 1,85 0 0,52 +100,0 

ɼʠʦʢʩʘʥ 4,63 +11,70 3,27 +100,3 

ʂʠʩʣʦʪʘ ʤʫʨʘʚʴʠʥʘʷ 2,77 +8,40 2,40 +100,8 

ʂʠʩʣʦʪʘ ʫʢʩʫʩʥʘʷ 3,90 +16,50 3,07 +118,5 

ʇʠʨʠʜʠʥ 4,97 -40,00 2,69 +115,8 

ʉʝʨʦʫʛʣʝʨʦʜ - - 2,29 +46,30 

ʍʣʦʨʦʬʦʨʤ 4,90 -63,20 3,88 +61,20 

ʏʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ 

ʫʛʣʝʨʦʜ 
2,98 -23,00 5,30 +76,70 

ʕʪʠʣʘʮʝʪʘʪ - - 2,79 +75,50 

 

ʇʨʠʤʝʯʘʥʠʷ: 

ʂʢ - ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ; 

ʂɻ - ʵʙʫʣʠʦʩʢʦʧʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ; 

tÁ ʟʘʤ - ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ; 

tÁ ʢʠʧ - ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
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ɼʝʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʦ ʩʠʣʝ 

 

ʉʠʣʴʥʳʝ 

Ŭ Ó 30% 

ʉʨʝʜʥʝʡ ʩʠʣʳ 

3% < Ŭ < 30% 

ʉʣʘʙʳʝ 

Ŭ < 3% 

ʅ2ʆ 

ʂʠʩʣʦʪʳ 

HCl, HBr, HJ, 

HNO3, H2SO4, 

HClO3, HClO4, 

HMnO4, H2CrO4 

HF, 

HClO2, 

H3PO4 

H2S, H2SO3, 

H2CO3, H2SiO3, 

HCN, HNO2, 

CH3COOH, HClO, 

H3BO3 

ʆʩʥʦʚʘʥʠʷ 

NaOH, KOH, 

RbOH, Ca(OH)2, 

Sr(OH)2, Ba(OH)2, 

CsOH 

LiOH, 

Mg(OH)2 

NH4OH, Cu(OH)2, 

Fe(OH)3 ʠ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʛʠʜʨʦʢ-

ʩʠʜʳ 

ʉʦʣʠ 

NaCl, Al 2(SO4)3 ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩ 

ʠʦʥʥʦʡ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʦʡ ʨʝʰʝʪ-

ʢʦʡ 

ʈʘʟʣʠʯʥʳʝ ʩʦʣʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟ-

ʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ 

Mg(CN)2, ZnCl2, 

HgCl2, Fe(SNC)3 ʠ 

ʜʨʫʛʠʝ ʩʦʣʠ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ 

ʠʦʥʦʚ 
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ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪ, ʦʩʥʦʚʘʥʠʡ ʠ ʩʦʣʝʡ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 18Áʉ 

ʕʣʝʢʪʨʦʣʠʪ ʌʦʨʤʫʣʘ 

ʉʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ 

ʚ 1 ʥ ʨʘʩʪʚʦʨʘʭ ʚ 0,1 ʥ ʨʘʩʪʚʦʨʘʭ 

ʂʠʩʣʦʪʳ 

ɸʟʦʪʥʘʷ  ʅNO3 82 92 

ʉʦʣʷʥʘʷ  HCl 78 91 

ɹʨʦʤʠʩʪʦʚʦʜʥʘʷ  HBr - 90 

ʀʦʜʠʩʪʦʚʦʜʥʘʷ  HI - 90 

ʉʝʨʥʘʷ  H2SO4 51 58 

ʑʘʚʝʣʝʚʘʷ  ʅ2ʉ2ʆ4 - 31 

ʌʦʩʬʦʨʥʘʷ (ʦʨʪʦ)  ʅ3ʈʆ4 - 26 

ʌʪʦʨʦʚʦʜʦʨʦʜʥʘʷ  HF - 15 

ʋʢʩʫʩʥʘʷ  ʉʅ3ʉʆʆʅ 0.4 1.3 

ʋʛʦʣʴʥʘʷ  ʅ2ʉʆ3 - 0.17 

ʉʝʨʦʚʦʜʦʨʦʜʥʘʷ  H2S - 0.07 

ɹʦʨʥʘʷ  ʅ3ɺʆ3 - 0.01 

ʉʠʥʠʣʴʥʘʷ  HCN - 0.007 

ʆʩʥʦʚʘʥʠʷ 

ɻʠʜʨʦʢʩʠʜ ʢʘʣʠʷ  ʂʆʅ 77 89 

ɻʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ  NaOH 73 84 

ɻʠʜʨʦʢʩʠʜ ʘʤʤʦʥʠʷ  NH4OH 0.4 1,3 

ʉʦʣʠ  

ʊʠʧʘ ʄe+ An- KCI, KNO3  86 

ʊʠʧʘ ʄe2 An2-  ʂ2ʉʆ3, Na2S  74 

ʊʠʧʘ ʄe2+ A  BaCI2  73 

ʊʠʧʘ ʄe3 An3-  ʂ3PO4  65 

ʊʠʧʘ ʄe3+ An3-  ʉʛ(NO3)3, ɸ1ʉl3  60 

ʊʠʧʘ ʄe2+ An2+  CuSO4, ZnSO4   40 

 

ʇʨʠʤʝʯʘʥʠʝ. ɼʣʷ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʢʘʞʫʱʝʡʩʷ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ. 
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ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ 
ɺʝʱʝʩʪʚʦ ʂʜ 

HN3 2,0 Ĭ105 

HNO2 6,9 Ĭ10-4 

ʅɺʆ2 7,5 Ĭ10-10 

ʅ3ɺʆ3 

I 7,1Ĭ 10-10 

II  1,8 Ĭ10-13 

III  l,6 Ĭ10-14 

ʅ2ɺ4ʆ7 
I 1,8 Ĭ10-4 

II  2,0 Ĭ10-8 

ʅ2ʆ2 
I 2,6Ĭ 10-12 

II  å10-25 

H2WO4 
I 6,3 Ĭ10-3 

II  2,0Ĭ 10-4 

H2S2O4 
I 5,0Ĭ 10-1 

II  3,2 Ĭ10-3 

H2S2O6 
I 6,3 Ĭ10-1 

II  4,0 Ĭ10-4 

H4[Fe(CN)6] 
III  5,6 Ĭ10-3 

IV  6,0 Ĭ10-5 

H5IO6 

I 2,5 Ĭ10-2 

II  4,3 Ĭ10-9 

III  1,0 Ĭ10-15 

HIO3 1,7 Ĭ10-1 

H2Siʆ3 
I 2,2 Ĭ10-10 

II  1,6 Ĭ10-12 

H2Mnʆ4 
I 10-1 

II  7,1 Ĭ10-11 

H2MoO4 
I 2,9Ĭ 10-3 

II  1,4 Ĭ10-4 

H3Asʆ4 

I 5,6 Ĭ10-3  

II  1,7 Ĭ10-7 

III  3,0 Ĭ10-12 

H3Asʆ3 I 5,9 Ĭ10-10 

H2Snʆ3 I 4 Ĭ10-10 

H2Seʆ3 
I 1,8 Ĭ10-3 

II  3,2Ĭ 10-9 

H2Seʆ4 
I 1 Ĭ10-3 

II  1,2 Ĭ10-2 

H2Se I 1,3 Ĭ10-4 
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 II  1,0 Ĭ10-11 

H2SO3 
I 1,4 Ĭ10-2 

II  6,2 Ĭ10-8 

H2S 
I l,0 Ĭ10-7  

II  2,5 Ĭ10-18 

HCN 5,0 Ĭ10-10 

H3Sbʆ4 I 4,0 Ĭ10-5 

HSbO2 1,0 Ĭ10-11 

H2Te 
I 2,3Ĭ 10-3 

II  6,9 Ĭ10-13 

H2S2O3 
I 2,5Ĭ 10-1 

II  l,9 Ĭ10-2 

H2CO3 
I 4,5 Ĭ10-7 

II  4,7 Ĭ10-11 

H3PO4 

I 7,l Ĭ10-3 

II  6,2 Ĭ10-8  

III  5,0Ĭ 10-13 

HF 6,2 Ĭ10-4 

HC1ʆ2 1,1 Ĭ10-2 

HClO 3,0 Ĭ10-8 

HOCN 2,7 10-4 

A1(OH)3 III  l,4 Ĭ10-9 

NH4OH 1,7 Ĭ10-5 

Ba(OH)2 II  2,3 Ĭ10-1 

Ga(OH)3 
II  1,6 Ĭ10-11 

III  4 Ĭ10-12 

Fe(OH)2 II  1,3 Ĭ 10-4 

Fe(OH)3 
II  1,8 Ĭ10-11 

III  1,4 Ĭ 10-12 

Cd(OH)2 II  5,0 Ĭ10-3 

Ca(OH)2 II  4,0 Ĭ10-2 

Co(OH)2 II  4,0 10-5 

LiOH 6,8 Ĭ10-' 

Mg(OH)2 II  2,5 Ĭ10-3 

Mn(OH)2 II  5,0 Ĭ10-4 

Cu(OH)2 II  3,4 Ĭ 10-7 

Ni(OH)2 II  2,5 Ĭ 10-5 

Pb(OH)2 
I 9,6 Ĭ10-4  

II  3,0 Ĭ10-8 

AgOH 5,0 Ĭ 10-3 

Se(OH)3 III  7,6 Ĭ10-10 

Sr(OH)2 II  1,5 Ĭ10-1 

Th(OH)4 IV  2,0 Ĭ10-10 

Cr(OH)3 III  1,0 Ĭ10-10 
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Zn(OH)2 II  4 Ĭ10

-5
 

NH2OH 8,9 Ĭ 10
-9
 

ʃʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ 

(HOOCCH2)2C(OH)COOH 

 

I 7,4 Ĭ10
-4
 

II  2,2 Ĭ10
-5
 

III  4,0 Ĭ10
-7 

 

IV 1,0 Ĭ10
-6
 

ʄʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 

CH3CH(OH)COOH  
I 1,5 Ĭ10

-4
 

ʄʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ 

ʅʉʆʆʅ  
1,8 Ĭ 10

-4
 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʉʅ3ʉʆʆʅ  
1,7Ĭ 10

-5
 

ʑʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ ʅʆ-

ʆʉʉʆʆʅ 

I 5,6 Ĭ10
-2
 

II  5,4Ĭ 10
-5
 

ʗʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ʅʆ-

ʆʉʉʅ2ʉʅ2ʉʆʆʅ 
I 1,6 Ĭ10

-5
 

 

 

ʇʨʠʣʦʞʝʥʠʝ 11 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ  

ʚ ʨʘʩʪʚʦʨʘʭ (ʧʨʠ 298ʂ) 

 
ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʦʣʴ/1000ʛ 

ʅ2ʆ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʦʚ 

NaCl KCl NaOH KOH HCl H2SO4 CaCl2 

0,001 0,965 0,966 0,966 0,966 0,966 0,830 0,840 

0,01 0,874 0,901 0,900 0,900 0,904 0,544 0,580 

0,1 0,778 0,769 0,776 0,766 0,796 0,265 0,518 

0,5 0,681 0,651 0,693 0,712 0,758 0,156 0,448 

1,0 0,657 0,607 0,679 0,735 0,809 0,132 0,500 

2,0 0,668 0,576 0,700 0,683 1,010 0,128 0,792 

5,0 0,874 - 1,060 1,670 2,380 0,208 0,890 
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ʇʨʠʣʦʞʝʥʠʝ 12 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

(ʧʨʠ 298ʂ) 

 

ʀʦʥʳ 
ʂʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʠʦʥʥʦʡ ʩʠʣʳ 

0,001 0,01 0,02 0,05 0,07 0,1 

ʆʜʥʦʟʘʨʷʜʥʳʝ 0,98 0,92 0,89 0,85 0,83 0,80 

ɼʚʫʭʟʘʨʷʜʥʳʝ 0,77 0,58 0,50 0,40 0,36 0,30 

ʊʨʝʭʟʘʨʷʜʥʳʝ 0,73 0,47 0,37 0,28 0,25 0,21 

 

 

ʇʨʠʣʦʞʝʥʠʝ 13 

 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ,  

ʨʅ ʠ ʨʆʅ ʜʣʷ ʨʘʟʙʘʚʣʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ  

ʢʠʩʣʦʪ, ʦʩʥʦʚʘʥʠʡ, ʩʦʣʝʡ 

 

ʉʨʝʜʘ [H
+ 
] pH [ʆʅ

-
] pOH 

ʉʠʣʴʥʦʢʠʩʣʘʷ 

10
0
 0 10

-14
 14 

10
-1

 1 10
-13

 13 

10
-2

 2 10
-12

 12 

ʂʠʩʣʘʷ 
10

-3
 3 10

-11
 11 

10
-4

 4 10
-10

 10 

ʉʣʘʙʦʢʠʩʣʘʷ 
10

-5
 5 10

-9
 9 

10
-6

 6 10
-8

 8 

ʅʝʡʪʨʘʣʴʥʘʷ 10
-7

 7 10
-7

 7 

ʉʣʘʙʦʱʝʣʦʯʥʘʷ 
10

-8
 8 10

-6
 6 

10
-9

 9 10
-5

 5 

ʑʝʣʦʯʥʘʷ 
10

-10
 10 10

-4
 4 

10
-11

 11 10
-3

 3 

ʉʠʣʴʥʦʱʝʣʦʯʥʘʷ 

10
-12 

12 10
-2 

2 

10
-13 

13 10
-1 

1 

10
-14 

14 10
0 

0 
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ʇʨʠʣʦʞʝʥʠʝ 14 

 

ɺʘʞʥʝʡʰʠʝ ʠʥʜʠʢʘʪʦʨʳ 

 

ʅʘʟʚʘʥʠʝ 

ʠʥʜʠʢʘʪʦʨʘ 

ʎʚʝʪ ʠʥʜʠʢʘʪʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ 

ʚ ʢʠʩʣʦʡ 
ʚ ʥʝʡʪʨʘʣʴ-

ʥʦʡ 
ʚ ʱʝʣʦʯʥʦʡ 

ʄʝʪʠʣʦʚʳʡ 

ʦʨʘʥʞʝʚʳʡ 

ʂʨʘʩʥʳʡ 

(ʨʅ < 3,1) 

ʆʨʘʥʞʝʚʳʡ 

(3,1 < ʨʅ < 

4,4) 

ɾʝʣʪʳʡ 

(ʨʅ > 4,4) 

ʄʝʪʠʣʦʚʳʡ 

ʢʨʘʩʥʳʡ 

ʂʨʘʩʥʳʡ 

(ʨʅ < 4,2) 

ʆʨʘʥʞʝʚʳʡ 

(4,2 < ʨʅ < 

6,3) 

ɾʝʣʪʳʡ 

(ʨʅ > 6,3) 

ʌʝʥʦʣʬʪʘʣʝʠʥ 
ɹʝʩʮʚʝʪʥʳʡ 

(ʨʅ < 8,0) 

ɹʣʝʜʥʦ-

ʤʘʣʠʥʦʚʳʡ 

(8,0 < ʨʅ < 

9,8) 

ʄʘʣʠʥʦʚʳʡ 

(ʨʅ > 9,8) 

ʃʘʢʤʫʩ 
ʂʨʘʩʥʳʡ 

(ʨʅ < 5,0) 

ʌʠʦʣʝʪʦʚʳʡ 

(5,0 < ʨʅ < 

8,0) 

ʉʠʥʠʡ 

(ʨʅ > 8,0) 

 

ʇʨʠʣʦʞʝʥʠʝ 15 

 

ʉʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ 0,1 ʄ ʨʘʩʪʚʦʨʦʚ ʥʝʢʦʪʦʨʳʭ ʩʦʣʝʡ  

ʧʨʠ 25Áʉ 
ʌʦʨʤʫʣʘ ʩʦʣʠ ʉʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ, % ʌʦʨʤʫʣʘ ʩʦʣʠ ʉʪʝʧʝʥʴ ʛʠʜʨʦʣʠʟʘ, % 

NaHSO3  0,0002 CH3COONH4  0,5 

NaH2PO4  0,0004 KCN  1,2 

NaHCO3  0,005 A12(S04)3  3,5 

NH4C1  0,007 Na2CO3  5,0 

CH3COONa  0,007 NH4HS  7,0 

NaHS  0,1 Fʝ(ʉʅ3ʉʆʆ)3 32,0 

Na2CO3  0,13 Nʘ3ʈ04  34,0 

Na2HC03  0,13 Al(Cʅ3COO)3 40,0 

NaCIO  0,18 Na2S  99,0 

Na2B4O7  0,5 (NH4)2S  99,0 
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ʇʨʠʣʦʞʝʥʠʝ 16 

 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ 

(ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ) 

 

ɺʝʱʝʩʪʚʦ 

æʅ 
0
 

ʦʙʨʘʟʦʚʘʥʠʷ, 

ʢɼʞ/ʤʦʣʴ 

S 
0
 

ɼʞ/ʂĀʤʦʣʴ 

H2 

O2 

N2 

C (ʛʨʘʬʠʪ) 

ʅ2ʆ (ʞʠʜʢ.) 

ʅ2ʆ (ʧʘʨ) 

ʉʆ2 

ʉʆ 

ʉ2ʅ2 

ʉʅ4 

ʉʅ3ʉʆʆʅ 

ʉʅ3ʆʅ 

Al 2O3 

CaO 

Ca(OH)2  

Fe2O3 

SO3 

NH3 

NO 

NO2 

CI2 

Br2 

J2 

C6H12O6 

0 

0 

0 

0 

-285,0 

-241,82 

-393,51 

-110,53 

226,75 

-74,85 

-484,2 

-201,17 

-1676,8 

-635,5 

-1368,36 

-822,10 

-396,1 

-46,10 

90,25 

33,18 

0 

0 

0 

-2820,1 

130,52 

205,18 

- 

5,21 

70,08 

188,78 

213,65 

195,57 

200,08 

186,19 

160,44 

126,8 

50,92 

- 

- 

84,96 

256,65 

192,7 

210,66 

239,95 

222,95 

152,21 

116,15 

- 
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ʇʨʠʣʦʞʝʥʠʝ 17 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ  

ʵʣʝʤʝʥʪʦʚ (ʧʦ ʇʦʣʠʥʛʫ) 

 

ɻʨʫʧʧʘ 

1 2 3 4 5 6 7 8 

ʅ 2.1                

Li 1.0  Be 1.5  ɺ 2.0  ʉ 2.5  N 3.0  ʆ 3.5  F 4.0    

Na 0.9  Mg 1.2  Al 1. 5  Si 1.8  P 2.1  S 2.6  C1 3.0    

ʂ 0.9  Ca 1.0  Sc 1.3  Ti 1. 5  V 1.6  Cr 1.6  Mn 1.7  Pe 1.9 

Co 1.9 

Ni 1.9  

ʉu 1.9  Zn l.6  Ga l.6  Ge l.8  As 2.0  Se 2.4  Br 2.8    

Rb 0.8  Sr l.0 Y 1.2  Zr l.6  Nb l.6  Mo 1.8  Tc l.9  Ru 2.2  

Rh 2.2  

Pd 2.2  

Ag 1.9  Cd l.7  In 1.7  Sn l.8  Sb 1.9  ʊʝ 2.1  J 2.5  Xe 2.6  

Cs 0.7  Ba 0.9  La-Li 

1.0-1.2  

Hf l.3  ʊʘ 1.5  W 1.7  Re 1.9  Os 2.2  

Ir 2.2  

Pt 2.2  

ɸu 2.4  Hg l.9  T1 1.9  Pb 1.9  Bi 1.9  Po 2.0  At 2.2   

Fr 0.7  Ra 0.9  Ac-Md  

1.1-1.2  

         

 



 155 

ʇʨʠʣʦʞʝʥʠʝ 18 

 

ʕʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 25Áʉ ʠ 

ʧʨʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʦʚ, ʨʘʚʥʦʤ ʥʦʨʤʘʣʴʥʦʤʫ  

ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠʶ 

 

ʕʣʝʢʪʨʦʜʥʳʡ ʧʨʦʮʝʩʩ 
ɿʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ɽÁ), ɺ 

Li
+
 + ʝ = Li  - 3,045 

ʂ
+
 + ʝ = ʂ - 2,925 

ʉʘ
2+

 + 2ʝ = ʉʘ - 2,866 

Na
+
 + ʝ = Na - 2,714 

Mg
2+ 

+ 2e = Mg - 2,363 

ɸl
3+

 + 3ʝ = ɸ1 - 1,662 

Ti
2+

 + 2ʝ = Ti - 1,628 

ʄn
2+

 + 2ʝ = ʄn - 1,180 

Zn
2+

 + 2ʝ = Zn - 0,763 

ʉʛ
3+

 + 3ʝ = ʉʛ - 0,744 

Fe
2+

 + 2ʝ = Fe - 0,44 

Cd
2+

 + 2ʝ = Cd - 0,40 

ʉʦ
2+

 + 2ʝ = ʉʦ - 0,28 

Ni
2+

 + 2ʝ = Ni - 0,25 

Sn
2+

 + 2e=Sn - 0,14 

ʈb
2+

 + 2e = Pb - 0,13 

Fe
3+

 + 3e = Fe - 0,036 

2H
+
 + 2e = H2 0,00 

Cu
2+

 + 2e = Cu 0,34 

Hg2
2+

 + 2e = 2Hg 0,79 

Ag
+
 + e = Ag 0,80 

Hg
2+

 + 2e = Hg 0,85 

Pt
2+

 + 2e = Pt 1,20 

A4 + 3e = A4 1,50 
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ʇʨʠʣʦʞʝʥʠʝ 19 

 

ʅʝʢʦʪʦʨʳʝ ʦʢʠʩʣʠʪʝʣʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

 
ʌʦʨʤʫʣʘ, ʥʘʟʚʘʥʠʝ ʇʨʦʜʫʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʷ 

ɻʘʣʦʛʝʥʳ: F2, Cl2, Br2, I2 ɻʘʣʦʛʝʥʠʜ-ʠʦʥʳ: F-,Cl-, Br-, I-- 

ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ 

ʅ2SO4 

SO2 - ʤʘʣʦʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ: Cu, Pb - 

ʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ: 

Zn, Fe, Al , H2S  - ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ: 

ʉa, Mg 

ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ 

ʅNO3 

NO2 ï ʤʝʪʘʣʣʳ; 

NO ï ʥʝʤʝʪʘʣʣʳ 

ʈʘʟʙʘʚʣʝʥʥʘʷ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʅNO3 

ʆ ï ʤʘʣʦʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ: Cu,Pb, ʆ2 - 

ʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ: 

Zn, Fe, Al , NH3,  NH4
+, NO2  - ʘʢʪʠʚʥʳʝ 

ʤʝʪʘʣʣʳ: ʉa, Mg 

ʇʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʂMnO4 

Mn2+ - ʢʠʩʣʦʪʥʘʷ ʩʨʝʜʘ 

MnO
+2

2  - ʥʝʡʪʨʘʣʴʥʘʷ, ʩʣʘʙʦʱʝʣʦʯʥʘʷ 

ʩʨʝʜʘ; 

ʂ2MnO4 ï ʩʠʣʴʥʦʱʝʣʦʯʥʘʷ ʩʨʝʜʘ 

ɹʠʭʨʦʤʘʪ ʢʘʣʠʷ ʂ2ʉr2O7 Cr3+ - ʢʠʩʣʦʪʥʘʷ ʩʨʝʜʘ 

ʍʨʦʤʘʪ ʢʘʣʠʷ ʂ2ʉrO4 [Cr(OH)6]
3- -ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ 

ʆʢʩʠʜ ʩʚʠʥʮʘ (4) ʆʢʩʠʜ ʩʚʠʥʮʘ (2) 

Cʦʣʠ Fe (3) Cʦʣʠ Fe(2) 

ʉʦʣʠ ɺi(3) Bi0 

ʁʦʜʘʪ ʢʘʣʠʷ ʂJʆ3 I2 

ʍʣʦʨʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʅʉlO,  

ɻʠʧʦʭʣʦʨʠʪʳ (ʂʉlO) 
Cl2, Cl- 

ɹʝʨʪʦʣʝʪʦʚʘ ʩʦʣʴ (ʂʉlO3) Cl2, Cl- 

ʇʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ (ʅ2ʆ2) ʅ2ʆ 
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ʅʝʢʦʪʦʨʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʦʢʠʩʣʝʥʠʷ 

 

ɺʦʩʩʪʘʥʦʚʠ-

ʪʝʣʴ 

ʇʨʦʜʫʢʪ  

ʦʢʠʩʣʝʥʠʷ  

ʚʦʩʩʪʘʥʦʚʠʪʝ-

ʣ ̫

ʆʢʠʩʣʠ-

ʪʝʣʴ 

ʉʨʝʜʘ ʠʣʠ  

ʨʝʘʛʝʥʪ 

ʇʨʦʜʫʢʪ  

ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʦʢʠʩʣʠʪʝ-

ʣ ̫

ʄʝʪʘʣʣʳ ʄʝ n+ 
ɻʘʣʦʛʝʥʳ 

F2, Cl2, Br2 
 

ʀʦʥʳ ʛʘʣʦʛʝ-

ʥʦʚ 2F-, 2Cl-, 

2Br- 

ʅ2 2ʅ+ 

H2SO4 ʢʦʥʮ. 

ʉ ʘʢʪʠʚʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ 
H2S 

ʅCl, ʅBr, HF, 

HI ʠ ʠʭ ʩʦʣʠ 
Cl2, Br2, F2, I2 

ʉ ʤʝʪʘʣʣʘʤʠ 

ʩʨʝʜʥʝʡ ʘʢ-

ʪʠʚʥʦʩʪʠ 

S0 

H2S ʠ  

ʩʫʣʴʬʠʜʳ 
S0 

ʉ ʤʘʣʦʘʢʪʠʚ-

ʥʳʤʠ ʤʝʪʘʣ-

ʣʘʤʠ 

SO2 

H2SO3 ʠ  

ʩʫʣʴʬʠʪʳ 

H2SO4 ʠ  

ʩʫʣʴʬʘʪʳ 
HNO3 ʢʦʥʮ. 

ʉ ʤʝʪʘʣʣʘʤʠ NO2 

ʉ ʥʝʤʝʪʘʣʣʘʤʠ NO 

HNO2 ʠ  

ʥʠʪʨʠʪʳ 

HNO3 ʠ ʥʠʪ-

ʨʘʪʳ 

HNO3 ʨʘʟʙ. 

ʉ ʘʢʪʠʚʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ 
NH3 

ʉ ʤʝʪʘʣʣʘʤʠ 

ʩʨʝʜʥʝʡ ʘʢ-

ʪʠʚʥʦʩʪʠ 

N2O 

ʉʦʣʠ ʩ ʠʦʥʦʤ 

Fe+2 

ʉʦʣʠ ʩ ʠʦʥʦʤ 

Fe+3 

ʉ ʤʘʣʦʘʢʪʠʚ-

ʥʳʤʠ ʤʝʪʘʣ-

ʣʘʤʠ 

NO 

KMnO4 

ʂʠʩʣʘʷ ʩʨʝʜʘ 

(H2SO4) 
Mn+2SO4 

ʉʦʣʠ ʩ ʠʦʥʦʤ 

Cr+3 

ʑʝʣʦʯʥʘʷ 

ʩʨʝʜʘ ï  

CrO2 
-2 

ʅʝʡʪʨʘʣʴʥʘʷ 

ʩʨʝʜʘ 
MnO2 

ʂʠʩʣʘʷ ʩʨʝʜʘ 

ï CrO7 
-2 

ʑʝʣʦʯʥʘʷ 

ʩʨʝʜʘ (ʂʆʅ, 

Naʆʅ) 

K2MnO4, 

Nʘ2MnO4 

ʉʦʣʠ ʩ ʠʦʥʦʤ 

Sn+2 
Sn+4 K2Cr2O7 

ʂʠʩʣʘʷ ʩʨʝʜʘ 

(H2SO4) 
Cr2(SO4)3 

ʑʝʣʦʯʥʘʷ 

ʩʨʝʜʘ 
KCrO2 
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ʂʦʥʩʪʘʥʪʳ ʥʝʩʪʦʡʢʦʩʪʠ ʥʝʢʦʪʦʨʳʭ  

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʂʦʤʧʣʝʢʩʥʳʡ 

ʠʦʥ 

ɿʥʘʯʝʥʠʝ ʢʦʥ-

ʩʪʘʥʪʳ ʥʝʩʪʦʡ-

ʢʦʩʪʠ, Kʥ 

ʂʦʤʧʣʝʢʩʥʳʡ 

ʠʦʥ 

ɿʥʘʯʝʥʠʝ ʢʦʥ-

ʩʪʘʥʪʳ ʥʝʩʪʦʡ-

ʢʦʩʪʠ, Kʥ 

[Ag(NH3)2]
+
  9Ā10

-8 
[Zn(CN)4]

2-
  2Ā10

-17 

[Cd(NH3)4]
2+ 

8Ā10
-8 

[Fe(CN)6]
4-
  1Ā10

-37 

[ʉʦ(NH3)6]
3+

  8Ā10
-6 

[Fe(CN)6]
3-
  1Ā10

-44 

[ʉu(Nʅ3)4]
2+

  6Ā10
-36 

[Hg(CN)4]
2-
  4Ā10

-41 

[Ni(NH3)4]
2+ 

5Ā10
-14 

[Fe(CNS)6]
3-
 5Ā10

-3 

[Zn(NH3)4]
2+ 

2Ā10
-9 

[Hg(CNS)4]
2-
  1Ā10

-22 

[Ag(CN)2]
- 
 4Ā10

-9 
[CdCl4]

2-
  9Ā10

-3 

[Cd(CN)4]
2- 

1Ā10 
-21

 [CdJ4]
2- 

5Ā10
-7 

[ʉʦ(ʉN)4]
2-
  8 10

-20
 [NgC14] 

2-
  6Ā10

-17 

[Cu(CN)4]
2- 

5Ā10
-28

 [HgBr 4]
2-
  2Ā10

-22 

[Ni(CN)4]
2- 

3Ā10
-16

 [HgJ4]
2- 

 5Ā10
-31 
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʥʠʦʥʦʚ 

 

ɻʨʫʧʧʘ ɸʥʠʦʥʳ ɻʨʫʧʧʦʚʦʡ ʨʝʘʛʝʥʪ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʳ 

1 
Cl

-
, Br

-
, I

-
 

 

ɸgNʆ3  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅNʆ3 

ʉʦʣʠ ʩʝʨʝʙʨʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʝ 

2 

SO4
2-
, 

SO3
2-
, 

CO3
2-
, 

PO4
3-
, 

BO2
-
, 

B4O7
2-
, 

AsO3
3-
, 

AsO4
3-
 

ɺʘʉl2 ʚ ʥʝʡʪʨʘʣʴʥʦʤ 

ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʦʤ 

ʨʘʩʪʚʦʨʝ 

ʉʦʣʠ ʙʘʨʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ 

3 

NO3
-
, 

NO2
-
,  

CH3COO
-
 

ɻʨʫʧʧʦʚʦʛʦ ʨʝʘʛʝʥʪʘ 

ʥʝʪ 

ʉʦʣʠ ʙʘʨʠʷ ʠ ʩʝʨʝʙʨʘ ʨʘʩ-

ʪʚʦʨʠʤʳ ʚ ʚʦʜʝ 
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ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʪʠʦʥʦʚ 

 

ɻʨʫʧʧʘ 
ʈʘʩʪʚʦʨʠʤʘʷ 

K
+
, Na

+
, NH4

+
 

ʍʣʦʨʠʜʥʘʷ 

 Ag
+
, Pb

2+
, Hg2

2+
 

ʉʫʣʴʬʘʪʥʘʷ 

Ba
2+

, Sr
2+

, Ca
2+

 

(Pb
2+

) 

ɸʤʬʦʣʠʪʥʘʷ 

Al
3+

,Cr
3+

, 

Zn
2+

,Sn
2+

, 

Sn
4+

,As
5+

, As
3+

 

ɻʠʜʨʦʢʩʠʜʥʘʷ 

Mn
2+

, Mg
2+

, 

Fe
2+

, Fe
3+

, Bi
3+

, 

Sb
3+

, Sb
5+

 

ɸʤʤʠʘʢʘʪʥʘʷ 

Cu
2+

, Hg
2+

, Cd
2+

, 

Co
2+

, Ni
2+

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʨʫʧʧʳ 

ʍʣʦʨʠʜʳ, 

ʩʫʣʴʬʘʪʳ ʠ 

ʛʠʜʨʦʢʩʠʜʳ 

ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ 

ʍʣʦʨʠʜʳ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ ʠ ʨʘʟʙʘʚ-

ʣʝʥʥʳʭ ʢʠʩʣʦ-

ʪʘʭ 

ʉʫʣʴʬʘʪʳ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ ʠ ʢʠʩʣʦʪʘʭ 

ɻʠʜʨʦʢʩʠʜʳ 

ʘʤʬʦʪʝʨʥʳ, 

ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʠʟʙʳʪʢʝ ʱʝʣʦ-

ʯʠ 

ɻʠʜʨʦʢʩʠʜʳ, ʥʝ 

ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʠʟʙʳʪʢʝ ʱʝʣʦ-

ʯʠ 

ɻʠʜʨʦʢʩʠʜʳ 

ʦʙʨʘʟʫʶʪ ʨʘʩ-

ʪʚʦʨʠʤʳʝ ʘʤ-

ʤʠʘʢʘʪʳ 

ɻʨʫʧʧʦʚʦʡ  

ʨʝʘʛʝʥʪ 
ʅʝ ʠʤʝʝʪ 

2 ʥ ʨʘʩʪʚʦʨ 

NaCl 

2 ʥ ʨʘʩʪʚʦʨ 

ʅ2Sʆ4 

ʀʟʙʳʪʦʢ 4 ʥ ʨ-

ʨʘ NaOH ʠʣʠ 

KOH 

ʀʟʙʳʪʦʢ 25%-

ʛʦ ʨ-ʨʘ NH4OH 

ʀʟʙʳʪʦʢ  

25% -ʛʦ ʨ-ʨʘ 

NH4OH 

ʍʘʨʘʢʪʝʨ 

ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

ʈʘʩʪʚʦʨ 

K
+
, 

Na
+
, NH4

+
 

ʆʩʘʜʦʢ 

ɸgCl 

ʈbʉl2 

Hg2Cl2 

ʆʩʘʜʦʢ 

BaSO4, 

SrSʆ4 ʉaSʆ4 

(ʈbSʆ4) 

ʈʘʩʪʚʦʨ 

AlO2
-
, CrO2

-
, 

ZnO2
2-
, SnO3

2-
, 

AsO3
2-
 

ʆʩʘʜʦʢ 

ʄg(ʆʅ)2, 

ʄn(ʆʅ)2, 

Fʝ(ʆʅ)2, 

Fʝ(ʆʅ)3, 

Bi(OH)3 

HSbO2 

HSbO3 

ʈʘʩʪʚʦʨ 

[Cu(NH3)4]
2+

  

[Hg(NH3)4]
2+

 

[Cd(NH3)4]
2+

 

[Co(NH3)4]
2+

 

[Ni(NH 3)4]
2+
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

 

ʄʝʪʦʜ ʪʠʪʨʦʚʘʥʠʷ, 

ʪʠʧ ʨʝʘʢʮʠʠ 
ʇʦʜʛʨʫʧʧʳ ʤʝʪʦʜʦʚ 

ɺʝʱʝʩʪʚʘ, 

ʧʨʠʤʝʥʷʝʤʳʝ 

ʜʣʷ ʧʨʠʛʦʪʦʚ-

ʣʝʥʠʷ ʪʠʪʨʘʥ-

ʪʦʚ 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ 

ʅ3ʆ
+
 + ʆʅ

-
 = 2ʅ2ʆ 

ɸʮʠʜʠʤʝʪʨʠʷ (ʅ3ʆ
+
) 

ɸʣʢʘʣʠʤʝʪʨʠʷ (ʆʅ
-
) 

HCl 

NaOH, Na2CO3 

ʆʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

aOx1 + bRed2 = 

= aRed1 + bOx2 

ʇʝʨʤʘʥʛʘʥʘʪʦʤʝʪʨʠʷ 

ʀʦʜʦʤʝʪʨʠʷ 

ɼʠʭʨʦʤʘʪʦʤʝʪʨʠʷ 

ɹʨʦʤʘʪʦʤʝʪʨʠʷ 

ʀʦʜʘʪʦʤʝʪʨʠʷ 

ɺʘʥʘʜʘʪʦʤʝʪʨʠʷ 

ʊʠʪʘʥʦʤʝʪʨʠʷ 

ʍʨʦʤʦʤʝʪʨʠʷ 

KMnO4 

I2 

K2Cr2O7 

KBrO3 

KIO3 

NH4VO3 

TiCl3 

CrCl2 

ʆʩʘʜʠʪʝʣʴʥʦʝ 

ɸʨʛʝʥʪʦʤʝʪʨʠʷ 

ʈʦʜʘʥʠʜʦʤʝʪʨʠʷ 

ʄʝʨʢʫʨʦʤʝʪʨʠʷ 

AgNO3 

NH4CNS 

Hg2(NO3)2 

ʂʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʝ ʂʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʷ ʕɼʊɸ 
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ʀʥʜʠʢʘʪʦʨʳ ʤʝʪʦʜʘ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

 

ʀʥʜʠʢʘʪʦʨ 

ʎʚʝʪ ʆʙʣʘʩʪʴ  

ʧʝʨʝʭʦʜʘ 

ʨʅ - ʠʥʜʠʢʘ-

ʪʦʨʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 

ʪʠʪʨʦʚʘʥʠʷ, 

ʨʊ 

ʂʦʣ-ʚʦ  

ʢʘʧʝʣʴ  

ʠʥʜʠʢʘʪʦʨʘ 

ʥʘ 20ʤʣ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʠʥʜʠʢʘʪʦʨʘ, %. 

ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʚ ʢʠʩʣʦʪʝ ʚ ʱʝʣʦʯʠ 

ʄʝʪʠʣʦʨʘʥʞ ʂʨʘʩʥʳʡ ɾʝʣʪʳʡ 3,1-4,4 4 1-2 0,05-0,1. ɺʦʜʘ 

ʄʝʪʠʣʨʦʪ ʂʨʘʩʥʳʡ ɾʝʣʪʳʡ 4,4-6,2 5,5 1-2 0,2-60. ʉʧʠʨʪ 

ʃʘʢʤʫʩ ʂʨʘʩʥʳʡ ʉʠʥʠʡ 5,0-8,0 7,0 1-2 1. ɺʦʜʘ 

ʌʝʥʦʣʬʪʘʣʝʠʥ ɹʝʩʮʚʝʪʥʳʡ ʄʘʣʠʥʦʚʳʡ 8,0-10,0 9,0 2-3 1-79. ʉʧʠʨʪ 
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ʉʆɼɽʈɾɸʅʀɽ 
ɺʚʝʜʝʥʠʝééééééééééééééééééééé 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʠ ʦʬʦʨʤʣʝʥʠʶ ʨʘʙʦʪé.. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ éééééééééééé. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ ʠ 

ʚʳʧʦʣʥʝʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ˉ1ééééééé... 

ʈʘʟʜʝʣ 1. ʂʣʘʩʩʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡééééé... 

ʈʘʟʜʝʣ 2. ʉʪʨʦʝʥʠʝ ʘʪʦʤʘ. ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ. ʇʝʨʠʦʜʠʯʝ-

ʩʢʠʡ ʟʘʢʦʥ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘééééééééééééé. 

ʈʘʟʜʝʣ 3. ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚéééééééééééééééééé... 

ʈʘʟʜʝʣ 4. ʈʘʩʪʚʦʨʳ. ʈʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ɻʠʜʨʦʣʠʟ ʩʦʣʝʡéééééééééééééééééé.. 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ ʠ 

ʚʳʧʦʣʥʝʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ ˉ2ééééééé... 

ʈʘʟʜʝʣ 5. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳéé 

ʈʘʟʜʝʣ 6. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠééééééééé.. 

ʈʘʟʜʝʣ 7. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠéé 

ʈʘʟʜʝʣ 8. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡééé 

ʈʘʟʜʝʣ 9. ʆʩʥʦʚʳ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠééééééééé.. 

ʈʘʟʜʝʣ 10. ʆʩʥʦʚʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠéééééééé. 

 

ʇʨʠʣʦʞʝʥʠʷééééééééééééééééééé.. 

3 

5 

11 

 

 

12 

12 

 

32 

 

38 

 

52 

 

 

80 

80 

86 

104 

122 

126 

134 

 

139 
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ʂʦʚʘʣʴ ʖʣʠʷ ʀʚʘʥʦʚʥʘ 

ʂʫʩʘʢʠʥʘ ʅʘʪʘʣʴʷ ɸʣʝʢʩʝʝʚʥʘ 

 

 

 

 

 

 

 

ʍʠʤʠʷ 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ ʠ 

ʚʳʧʦʣʥʝʥʠ ʁʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ  

 

 

 

 

ʀʟʜʘʝʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ 

 

 

 

 


