
 ɑɚɫɬɶ 3. ɏɢɦɢɹ ɩɟɪɟɯɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ 

Ƚɥɚɜɚ 1. ɏɢɦɢя ɷɥɟɦɟɧɬɨɜ 4-ɣ ɝɪɭɩɩɵ 

 1. Ɉɛщɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

 ȼ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɨɦɵ ɷɥɟɦɟɧɬɨɜ 4-ɨɣ ɝɪɭɩɩɵ ɢɦɟɸɬ ɷɥɟɤɬɪɨɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ (n-1)d
2
ns

2 
 (ɬɚɛɥ. 1). Эɥɟɦɟɧɬ ɝɚɮɧɢɣ ɢɦɟɟɬ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɧɭɸ 4f-

ɨɛɨɥɨɱɤɭ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɟɣ. ɇɟɦɨɧɨɬɨɧɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ 

ɢɨɧɢɡɚɰɢɢ ɨɛɴɹɫɧɹɟɬɫɹ ɫɭɦɦɚɪɧɵɦ ɞɟɣɫɬɜɢɟɦ ɞɜɭɯ ɮɚɤɬɨɪɨɜ: ɪɨɫɬɨɦ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɡɚɪɹɞɚ ɹɞɟɪ ɢ ɷɤɪɚɧɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ 4d- ɢ 4f-ɚɬɨɦɧɵɯ ɨɪɛɢɬɚɥɟɣ. 

Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 4-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 

 Ti Zr Hf 

Аɬɨɦɧɵɣ ɧɨɦɟɪ 22 40 72 

Эɥɟɤɬɪɨɧɧɚя 

 ɤɨɧɮɢɝɭɪɚɰɢя 

[Ar] 3d
2
4s

2
 [Kr] 4d

2
5s

2
 [Xe] 4f

14
5d

2
6s

2
 

Аɬɨɦɧɵɣ ɪɚɞɢɭɫ, ɩɦ 145 160 160 

ɉɟɪɜɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

6,82 6,84 6,78 

ȼɬɨɪɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

13,58 13,13 14,90 

Чɟɬɜɟɪɬɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

43,3 34,3 33,3 

Эɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 

1,32 1,22 1,23 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя (+2), +3, +4 (+2), (+3), 4 (+3), 4 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɩɥɚɜɥɟɧɢя. 

°C 

1800 1857 2227 

Ɍɟɦɩɟɪɚɬɭɪɚ 3330 4340 4625 



 ɤɢɩɟɧɢя, 

°C 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 4,51 6,50 13,09 

E
0
 (МɈ2+

 / М0), ȼ -0,88 -1,57 -0,17 

 

ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɷɥɟɤɬɪɨɧɧɵɯ ɫɥɨɟɜ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɪɨɫɬɭ ɚɬɨɦɧɵɯ 

ɪɚɞɢɭɫɨɜ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɬɢɬɚɧɚ ɤ ɰɢɪɤɨɧɢɸ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɚɬɨɦɧɨɝɨ 

ɪɚɞɢɭɫɚ, ɫɜɹɡɚɧɧɵɣ ɫ ɡɚɩɨɥɧɟɧɢɟɦ ɜ ɚɬɨɦɟ ɝɚɮɧɢɹ ɲɟɫɬɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ, 

ɧɢɜɟɥɢɪɭɟɬɫɹ ɫɠɚɬɢɟɦ ɷɥɟɤɬɪɨɧɧɵɯ ɫɥɨɟɜ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ 4f-ɨɛɨɥɨɱɤɢ. Ɍɚɤɨɟ ɹɜɥɟɧɢɟ 

ɧɚɡɜɚɧɨ ɥɚɧɬɚɧɢɞɧɵɦ ɫɠɚɬɢɟɦ. Ɉɧɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɚɬɨɦɧɵɟ ɪɚɞɢɭɫɵ ɰɢɪɤɨɧɢɹ ɢ 

ɝɚɮɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɫɯɨɞɫɬɜɨ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɣ ɷɬɢɯ 

ɷɥɟɦɟɧɬɨɜ ɢ ɬɪɭɞɧɨɫɬɢ ɢɯ ɪɚɡɞɟɥɟɧɢɹ. 

 Ⱦɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4. Ɉɞɧɚɤɨ, 

ɢɨɧɵ Ɇ4+
 ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɭɫɬɨɣɱɢɜɵ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ, ɞɚɠɟ ɜ 

ɛɢɧɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɫ ɤɢɫɥɨɪɨɞɨɦ ɢ ɮɬɨɪɨɦ ɡɚɦɟɬɟɧ ɤɨɜɚɥɟɧɬɧɵɣ ɜɤɥɚɞ. ɉɨ ɦɟɪɟ 

ɪɨɫɬɚ ɚɬɨɦɧɨɝɨ ɪɚɞɢɭɫɚ ɫɬɟɩɟɧɶ ɢɨɧɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɧɟɫɤɨɥɶɤɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Эɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɜɨɡɪɚɫɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɜɵɫɲɢɯ ɨɤɫɢɞɨɜ, 

ɭɦɟɧɶɲɟɧɢɟ ɥɟɬɭɱɟɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɝɢɞɪɨɥɢɡɭ ɬɟɬɪɚɝɚɥɨɝɟɧɢɞɨɜ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ɋɤɥɨɧɧɨɫɬɶ ɤ ɩɪɨɹɜɥɟɧɢɸ ɧɢɡɲɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ +3, +2 

ɭ ɬɢɬɚɧɚ ɜɵɲɟ, ɱɟɦ ɭ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ. ɇɢɡɲɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ 

ɫɜɹɡɹɦɢ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. 

 Ⱦɥɹ ɬɢɬɚɧɚ ɬɢɩɢɱɧɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 6, ɚ ɞɥɹ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ - 7 ɢ 8, 

ɯɨɬɹ ɢɡɜɟɫɬɧɵ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɟ. 

ɋɪɟɞɢ ɷɥɟɦɟɧɬɨɜ ɱɟɬɜɟɪɬɨɣ ɝɪɭɩɩɵ ɜ ɩɪɢɪɨɞɟ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɬɢɬɚɧ (0.63 

% ɦɚɫ), ɨɧ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɜɢɞɟ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɨɦɵɲɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ 

ɪɭɬɢɥ TiO2 ɢ ɢɥɶɦɟɧɢɬ FeTiO3. ɐɢɪɤɨɧɢɣ (0.02 % ɦɚɫ) ɢ ɝɚɮɧɢɣ (0,004 % ɦɚɫ) – ɪɟɞɤɢɟ 

ɷɥɟɦɟɧɬɵ. Ƚɚɮɧɢɣ ɪɚɫɫɟɹɧ ɜ ɡɟɦɧɨɣ ɤɨɪɟ, ɨɧ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɛɪɚɡɭɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ 

ɦɢɧɟɪɚɥɨɜ. 

 

2. ɉɪɨɫɬɵɟ ɜɟщɟɫɬɜɚ 

 2.1 Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ  

 Ɍɢɬɚɧ, ɰɢɪɤɨɧɢɣ ɢ ɝɚɮɧɢɣ – ɬɜɟɪɞɵɟ ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɵɟ ɦɟɬɚɥɥɵ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ. ȼ ɱɢɫɬɨɦ ɜɢɞɟ ɨɧɢ ɤɨɜɤɢɟ ɢ ɩɥɚɫɬɢɱɧɵɟ, ɨɞɧɚɤɨ ɞɚɠɟ 



ɧɟɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɞɟɥɚɟɬ ɢɯ ɬɜɟɪɞɵɦɢ ɢ ɯɪɭɩɤɢɦɢ.  ɋɪɟɞɢ ɬɭɝɨɩɥɚɜɤɢɯ 

ɦɟɬɚɥɥɨɜ ɬɢɬɚɧ – ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɥɟɝɤɢɯ. ȼ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɜɹɡɢ ɜ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜɚɯ 

ɜɧɨɫɹɬ ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɵɟ d-ɨɪɛɢɬɚɥɢ, ɩɟɪɟɤɪɵɜɚɧɢɟ ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 

ɪɨɫɬɨɦ ɝɥɚɜɧɨɝɨ ɤɜɚɧɬɨɜɨɝɨ ɱɢɫɥɚ. Эɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɭɩɪɨɱɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. 

 2.2 ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

 Ɍɢɬɚɧ, ɰɢɪɤɨɧɢɣ ɢ ɝɚɮɧɢɣ ɩɪɢ ɤɨɦɩɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɫɬɨɣɱɢɜɵ ɧɚ ɜɨɡɞɭɯɟ 

ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɧɤɨɣ ɩɥɟɧɤɢ ɨɤɫɢɞɚ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ 

ɩɨɪɨɲɤɢ ɦɟɬɚɥɥɨɜ ɫɝɨɪɚɸɬ, ɪɚɡɛɪɚɫɵɜɚɹ ɨɫɥɟɩɢɬɟɥɶɧɵɣ ɫɧɨɩ ɢɫɤɪ – ɪɚɫɤɚɥɟɧɧɵɯ 

ɱɚɫɬɢɱɟɤ, ɤɨɬɨɪɵɟ ɩɨɦɢɦɨ ɞɢɨɤɫɢɞɨɜ ɫɨɞɟɪɠɚɬ ɧɢɬɪɢɞɵ (ZrN) ɢ ɨɤɫɨɧɢɬɪɢɞɵ (Zr2ON2). 

Ɋɟɚɤɰɢɹ ɫ ɝɚɥɨɝɟɧɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɟɬɪɚɝɚɥɨɝɟɧɢɞɨɜ.  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɭɝɥɟɦ ɩɪɢɜɨɞɢɬ ɤ ɤɚɪɛɢɞɚɦ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɩɪɨɫɬɵɟ 

ɜɟɳɟɫɬɜɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɤɨɤɫɨɦ. 

 ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɢɫɥɨɬɚɦ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ 

ɝɪɭɩɩɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɧɵɟ ɩɨɬɟɧɰɢɚɥɵ, de facto ɪɟɚɝɢɪɭɟɬ ɫ 

ɪɚɡɛɚɜɥɟɧɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɥɢɲɶ ɬɢɬɚɧ: 

  2Ti + 6HCl = 2TiCl3 + 3H2. 

ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɮɢɨɥɟɬɨɜɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɚɤɜɚɤɨɦɩɥɟɤɫɵ ɢɥɢ ɫɦɟɲɚɧɧɵɟ 

ɚɤɜɚɝɚɥɨɝɟɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɬɢɬɚɧɚ (+3). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɢɬɚɧɚ ɫ ɩɥɚɜɢɤɨɜɨɣ 

ɤɢɫɥɨɬɨɣ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɟɥɟɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ ɩɪɢ ɫɬɨɹɧɢɢ ɧɚ ɜɨɡɞɭɯɟ 

ɩɨɫɬɟɩɟɧɧɨ ɨɛɟɫɰɜɟɱɢɜɚɟɬɫɹ.  ɋɭɦɦɚɪɧɨ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ ɭɪɚɜɧɟɧɢɟɦ: 

Ti + 6HF + Ɉ2 = H2[TiF6] + 2ɇ2Ɉ. 

Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ ɧɚ ɯɨɥɨɞɟ ɩɨɜɵɲɚɟɬ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ 

ɦɟɬɚɥɥɨɜ, ɫɩɨɫɨɛɫɬɜɭɹ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ, ɨɞɧɚɤɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɢɬɚɧ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɧɟɣ: 

Ti + 4HNO3= TiO2·H2OĻ+ 4NO2+ H2O.  

Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɜ ɪɚɫɬɜɨɪ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɫɦɟɫɶ ɚɡɨɬɧɨɣ ɢ ɩɥɚɜɢɤɨɜɨɣ 

ɤɢɫɥɨɬ. Ɋɨɥɶ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɤɚɤ ɜ ɫɧɹɬɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ 

ɩɭɬɟɦ ɪɚɫɬɜɨɪɟɧɢɹ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ, ɬɚɤ ɢ ɜ ɭɜɟɥɢɱɟɧɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɦɟɬɚɥɥɚ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɟɤɬɪɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ: 

Hf+ 4HNO3+ 8HF = H4[HfF8] + 4NO2+ 4H2O. 



Ɋɟɚɤɰɢɢ ɫ ɝɨɪɹɱɢɦ ɨɥɟɭɦɨɦ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢɜɨɞɹɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɥɶɮɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ H2[Ɇ(SO4)3], ɤɨɬɨɪɵɟ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɜɨɞɨɣ 

ɥɟɝɤɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɝɪɭɩɩɵ ɬɢɬɚɧ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 

ɪɚɫɬɜɨɪɚɯ ɢ ɪɚɫɩɥɚɜɚɯ ɳɟɥɨɱɟɣ: 

Ti + 2NaOH + H2O = Na2TiO3 + 2H2. 

2.3. ɉɨɥɭɱɟɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ 

 Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɚɥɥɨɬɟɪɦɢɟɫɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɝɚɥɨɝɟɧɢɞɨɜ, ɤɨɬɨɪɵɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɤɫɢɞɨɜ, ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɷɧɟɪɝɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɢ. Ɍɚɤ, ɬɢɬɚɧ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɬɟɬɪɚɯɥɨɪɢɞɚ 

ɦɚɝɧɢɟɦ: 

TiCl4+ 2Mg = Ti + 2MgCl2. 

Иɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɯɥɨɪɢɪɨɜɚɧɢɟɦ ɪɭɬɢɥɚ ɢɥɢ 

ɢɥɶɦɟɧɢɬɚ: 

2FeTiO3+ 6C + 7Cl2= 2TiCl4+ 2FeCl3+ 6CO 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɚɝɧɢɣɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɢɬɚɧ ɨɛɪɚɡɭɟɬɫɹ ɜ ɜɢɞɟ 

ɫɩɟɤɲɟɣɫɹ ɩɨɪɢɫɬɨɣ ɦɚɫɫɵ («ɬɢɬɚɧɨɜɚɹ ɝɭɛɤɚ»), ɤɨɬɨɪɭɸ ɩɨɞɜɟɪɝɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɨɱɢɫɬɤɢ ɦɟɬɨɞɨɦ ɢɨɞɢɞɧɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɢɡɦɟɥɶɱɟɧɧɭɸ ɝɭɛɤɭ ɧɚɝɪɟɜɚɸɬ ɜ 

ɜɚɤɭɭɦɢɪɨɜɚɧɧɨɦ ɫɨɫɭɞɟ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɣɨɞɚ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ 

ɝɚɥɨɝɟɧɢɞ 

                                                         200 °C 

Ti(ɬɜ) + 2I2(ɝɚɡ) ļ TiI4 (ɝɚɡ) 

ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 350 – 400°C ɩɟɪɟɯɨɞɢɬ ɜ ɩɚɪ. ɉɚɪɵ ɫɨɩɪɢɤɚɫɚɸɬɫɹ ɫ ɪɚɫɤɚɥɟɧɧɨɣ ɞɨ 

1400 °C ɬɢɬɚɧɨɜɨɣ (ɜɨɥɶɮɪɚɦɨɜɨɣ) ɧɢɬɶɸ ɢ ɪɚɡɥɚɝɚɸɬɫɹ. Ɍɢɬɚɧ ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɧɢɬɢ ɜ 

ɜɢɞɟ ɤɪɭɩɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɚ ɜɵɞɟɥɢɜɲɢɣɫɹ ɣɨɞ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɧɨɜɵɦɢ ɩɨɪɰɢɹɦɢ 

ɦɟɬɚɥɥɚ. ȼ ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɢɨɞ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɫɯɨɞɭɟɬɫɹ, ɚ ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ 

ɩɟɪɟɧɨɫɱɢɤɚ ɦɟɬɚɥɥɚ ɢɡ ɯɨɥɨɞɧɨɣ ɡɨɧɵ ɜ ɝɨɪɹɱɭɸ (ɪɢɫ. 1). Ɍɚɤɢɟ ɪɟɚɤɰɢɢ ɧɚɡɵɜɚɸɬ 

ɯиɦиɱеɫкиɦи ɬɪаɧɫɩɨɪɬɧыɦи ɪеакɰияɦи. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɱɢɳɚɸɬ ɰɢɪɤɨɧɢɣ ɢ ɝɚɮɧɢɣ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɷɬɢɯ ɦɟɬɚɥɥɨɜ 

ɩɪɢɛɟɝɚɸɬ ɤ ɧɚɬɪɢɣɬɟɪɦɢɱɟɫɤɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɮɬɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ: 

K2[ZrF6] + 4Na = Zr+ 4NaF + 2KF. 

Ɍɢɬɚɧ, ɛɥɚɝɨɞɚɪɹ ɫɨɱɟɬɚɧɢɸ ɥɟɝɤɨɫɬɢ, ɬɜɟɪɞɨɫɬɢ ɢ ɤɨɪɪɨɡɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, 

ɜɯɨɞɢɬ ɜ ɱɢɫɥɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɟɬɚɥɥɨɜ. ȿɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɟ, ɫɭɞɨɫɬɪɨɟɧɢɢ, ɷɥɟɤɬɪɨɧɢɤɟ. Иɡ-ɡɚ 



ɛɢɨɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢ ɧɢɡɤɨɣ ɬɨɤɫɢɱɧɨɫɬɢ ɢɡɞɟɥɢɹ ɢɡ ɬɢɬɚɧɚ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɦɟɞɢɰɢɧɟ, ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɐɢɪɤɨɧɢɣ - ɤɨɦɩɨɧɟɧɬ ɧɟɤɨɬɨɪɵɯ ɠɚɪɨɩɪɨɱɧɵɯ 

ɫɩɥɚɜɨɜ. Иɧɬɟɪɟɫɧɨ, ɱɬɨ ɯɢɦɢɱɟɫɤɢ ɫɯɨɞɧɵɟ ɰɢɪɤɨɧɢɣ ɢ ɝɚɮɧɢɣ ɨɛɥɚɞɚɸɬ ɪɚɡɧɵɦɢ 

ɹɞɟɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤ, ɰɢɪɤɨɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɜ ɹɞɟɪɧɨɣ ɬɟɯɧɢɤɟ ɜ ɤɚɱɟɫɬɜɟ 

ɨɬɪɚɠɚɬɟɥɹ ɧɟɣɬɪɨɧɨɜ, ɚ ɝɚɮɧɢɣ – ɜ ɤɚɱɟɫɬɜɟ ɩɨɝɥɨɬɢɬɟɥɹ. 

 

3. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +4 

 3.1 Ⱦɢɨɤɫɢɞɵ 

 

 Ⱦɢɨɤɫɢɞɵ ɆɈ2 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɟɥɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɬɭɝɨɩɥɚɜɤɢɟ 

ɩɨɪɨɲɤɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɶɸ. Эɬɨ ɜɚɠɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ 

ɦɚɬɟɪɢɚɥɵ. Ⱦɢɨɤɫɢɞ ɬɢɬɚɧɚ TiO2 ɫɭɳɟɫɬɜɭɟɬ ɜ ɜɢɞɟ ɬɪɟɯ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ – 

ɪɭɬɢɥɚ, ɚɧɚɬɚɡɚ ɢ ɛɪɭɤɢɬɚ, ɤɨɬɨɪɵɟ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɪɢɪɨɞɟ ɜ ɜɢɞɟ ɦɢɧɟɪɚɥɨɜ. Иɡ ɧɢɯ 

ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɪɭɬɢɥ, ɜ ɤɨɬɨɪɵɣ ɛɪɭɤɢɬ ɢ ɚɧɚɬɚɡ ɩɟɪɟɯɨɞɹɬ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ. ȼɫɟ 

ɨɧɢ ɩɨɫɬɪɨɟɧɵ ɢɡ ɨɤɬɚɷɞɪɨɜ [TiO6], ɫɨɱɥɟɧɟɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ ɜ ɬɪɟɯɦɟɪɧɵɣ ɤɚɪɤɚɫ. 

ȼ ɦɨɧɨɤɥɢɧɧɨɦ ɞɢɨɤɫɢɞɟ ɰɢɪɤɨɧɢɹ (ɛɚɞɞɟɥɟɢɬ) ɚɬɨɦɵ ɰɢɪɤɨɧɢɹ ɢɦɟɸɬ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 7 (ɪɢɫ. 2). Иɡɜɟɫɬɧɚ ɬɚɤɠɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɭɛɢɱɟɫɤɚɹ 

ɦɨɞɢɮɢɤɚɰɢɹ ɞɢɨɤɫɢɞɚ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɮɥɸɨɪɢɬɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ 

ɞɜɭɯ- ɢ ɬɪɟɯɡɚɪɹɞɧɵɦɢ ɤɚɬɢɨɧɚɦɢ ɫ ɛɨɥɶɲɢɦɢ ɪɚɞɢɭɫɚɦɢ. 

Ⱦɢɨɤɫɢɞɵ ɆɈ2 ɧɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ. Иɯ ɩɟɪɟɜɨɞɹɬ ɜ 

ɪɚɫɬɜɨɪ ɫɩɥɚɜɥɟɧɢɟɦ ɫ ɳɟɥɨɱɧɵɦɢ (ɨɫɧɨɜɧɵɦɢ ɨɤɫɢɞɚɦɢ, ɳɟɥɨɱɚɦɢ, ɤɚɪɛɨɧɚɬɚɦɢ) ɢɥɢ 

ɤɢɫɥɨɬɧɵɦɢ (ɩɢɪɨɫɭɥɶɮɚɬɚɦɢ, ɝɢɞɪɨɮɬɨɪɢɞɚɦɢ) ɪɟɚɝɟɧɬɚɦɢ, ɚ ɬɚɤɠɟ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɯɥɨɪɢɪɨɜɚɧɢɟɦ: 

ZrO2 + 2K2S2O7 = K2Zr(SO4)3 + K2SO4, 

ZrO2 + 4C + 2Cl2 = ZrCl4 + 4CO. 

Ɉɤɫɢɞɵ ɬɢɬɚɧɚ ɢ ɰɢɪɤɨɧɢɹ ɫɥɭɠɚɬ ɜɚɠɧɵɦɢ ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ.  

 3.2. Ƚɢɞɪɨɤɫɢɞɵ 

Ƚɢɞɪɨɤɫɢɞɵ ɢ ɨɤɫɨɝɢɞɪɨɤɫɢɞɵ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ ɬɢɬɚɧɚ ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɸɬ 

ɤɢɫɥɨɬɚɦɢ. ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɟɥɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɢɥɢ ɚɦɨɪɮɧɵɟ ɩɨɪɨɲɤɢ, 

ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. Ɏɨɪɦɚɥɶɧɚɹ ɡɚɩɢɫɶ ɜ ɜɢɞɟ ЭɈ2ɯɇ2Ɉ ɧɟ ɨɬɪɚɠɚɟɬ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɬɪɨɟɧɢɹ, ɚ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɧɨɣ. Ɋɚɫɫɦɨɬɪɢɦ ɷɬɢ ɜɟɳɟɫɬɜɚ ɧɚ ɩɪɢɦɟɪɟ ɬɢɬɚɧɚ. ɇɚɢɛɨɥɟɟ 

ɛɨɝɚɬɚɹ ɜɨɞɨɣ ɮɨɪɦɚ TiɈ22ɇ2Ɉ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɢɞɪɨɤɫɢɞɭ Ti(OH)4, ɧɚɡɵɜɚɟɦɨɦɭ 

αɬɢɬɚɧɨɜɨɣ ɤɢɫɥɨɬɨɣ. ȼɨ ɜɫɟɯ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɭɫɬɨɣɱɢɜɵɯ ɜ ɤɢɫɥɨɬɧɨɣ 



ɫɪɟɞɟ, ɬɢɬɚɧ ɢɦɟɟɬ ɨɤɬɚɷɞɪɢɱɟɫɤɨɟ ɨɤɪɭɠɟɧɢɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɢɦɟɪɭ ɢɡ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɨɤɬɚɷɞɪɨɜ [TiO6] ɫ ɦɨɫɬɢɤɨɜɵɦɢ ɝɢɞɪɨɤɫɢɥɚɦɢ (ɨɤɫɢ-ɦɨɫɬɢɤɢ, 

«ɨɥɹɰɢɹ»). ɇɚɥɢɱɢɟ ɦɨɫɬɢɤɨɜɵɯ Ɉɇ-ɝɪɭɩɩ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɵɫɨɤɭɸ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɢɦɟɪɚ ɜ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɪɟɚɤɰɢɹɯ: αɬɢɬɚɧɨɜɚɹ ɤɢɫɥɨɬɚ ɥɟɝɤɨ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ, ɚ ɜ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ  (100ɋ) ɪɟɚɝɢɪɭɟɬ ɢ ɫ ɳɟɥɨɱɚɦɢ: 

α-TiO2·2H2O+ H2SO4= TiOSO4+ 3H2O  

α-TiO2·2H2O + 2KOH = K2[Ti(OH)6]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɫɨ ɳɟɥɨɱɶɸ ɨɛɪɚɡɭɸɬɫɹ ɝɟɤɫɚɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɵ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɢɡ ɪɚɫɬɜɨɪɨɜ ɜ ɜɢɞɟ ɫɨɥɟɣ ɫ ɤɪɭɩɧɵɦɢ ɤɚɬɢɨɧɚɦɢ ɳɟɥɨɱɧɵɯ 

ɦɟɬɚɥɥɨɜ. 

ɋɩɟɤɚɧɢɟ ɪɭɬɢɥɚ ɫ ɳɟɥɨɱɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɬɢɬɚɧɚɬɚɦ. Ɉɫɨɛɟɧɧɨ 

ɭɫɬɨɣɱɢɜɵ ɬɢɬɚɧɚɬɵ ɞɜɭɯɡɚɪɹɞɧɵɯ ɤɚɬɢɨɧɨɜ ɫɨ ɫɬɪɭɤɬɭɪɚɦɢ ɩɟɪɨɜɫɤɢɬɚ (CaTiO3), 

ɢɥɶɦɟɧɢɬɚ (FeTiO3, MgTiO3) ɢ ɲɩɢɧɟɥɢ (Mg2TiO4). Ɍɢɬɚɧɚɬɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ 

ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɞɨ ɬɢɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ. 

ɉɪɢ ɫɬɨɹɧɢɢ (ɛɵɫɬɪɟɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ) αɬɢɬɚɧɨɜɚɹ ɤɢɫɥɨɬɚ ɜɫɥɟɞɫɬɜɢɟ 

ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɬɟɪɹɟɬ ɜɨɞɭ, ɩɪɢ ɷɬɨɦ ɦɨɫɬɢɤɨɜɵɟ Ɉɇ-ɝɪɭɩɩɵ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ 

ɤɢɫɥɨɪɨɞɧɵɟ ɨɤɫɨ-ɦɨɫɬɢɤɢ. Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɸɬ ɨɤɫɨɥɹɰɢɟɣ: 

 

 β-Ɍɢɬɚɧɨɜɚɹ ɤɢɫɥɨɬɚ ɜ ɨɬɥɢɱɢɟ ɨɬ αɮɨɪɦɵ ɫɨɞɟɪɠɢɬ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ 

ɢ ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ - ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ ɢ ɳɟɥɨɱɚɯ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɧɚ ɩɟɪɟɯɨɞɢɬ ɜ ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ αɬɢɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɰɟɫɫ ɝɢɞɪɨɥɢɡɚ 

ɬɟɬɪɚɯɥɨɪɢɞɚ ɬɢɬɚɧɚ ɜ ɨɯɥɚɠɞɟɧɧɨɦ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɚɦɦɢɚɤɚ. Ɉɫɚɞɨɤ ɤɢɫɥɨɬɵ 

ɩɨɥɭɱɚɸɬ ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ. Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɟɟ ɜ ɪɚɫɬɜɨɪ ɬɪɟɛɭɟɬɫɹ ɫɢɥɶɧɨɤɢɫɥɚɹ ɫɪɟɞɚ 

(ɪɇ < 0.5). ɇɨ ɞɚɠɟ ɩɪɢ ɬɚɤɨɦ ɧɢɡɤɨɦ ɪɇ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɥɢɦɟɪɚ – 

ɜ ɪɚɫɬɜɨɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɥɢɹɞɟɪɧɵɟ ɤɚɬɢɨɧɧɵɟ ɨɤɫɨ- ɢ ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɵ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɮɪɚɝɦɟɧɬɵ ɪɚɡɪɭɲɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ (ɪɢɫ. 3). Ɏɨɪɦɚɥɶɧɨ ɷɬɢ 

ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɨɥɢ ɬɢɬɚɧɢɥɚ TiO
2+, ɯɨɬɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɚɤɢɯ 



ɤɚɬɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ. ɋɭɥɶɮɚɬ ɬɢɬɚɧɢɥɚ TiOSO4H2O, ɤɨɬɨɪɵɣ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɦɟɪ, ɜ ɤɨɬɨɪɨɦ ɚɬɨɦɵ ɬɢɬɚɧɚ 

ɧɚɯɨɞɹɬɫɹ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɨɤɪɭɠɟɧɢɢ ɢɡ ɲɟɫɬɢ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɨɤɫɨ-ɝɪɭɩɩ, ɫɭɥɶɮɚɬ-

ɚɧɢɨɧɨɜ  ɢ ɜɨɞɵ. 

Ƚɢɞɪɨɤɫɢɞɵ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ ɫɯɨɞɧɵ ɫ ɬɢɬɚɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ 

ɩɨ ɝɪɭɩɩɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɭɫɢɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ, ɱɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ 

ɭɜɟɥɢɱɟɧɢɢ ɪɇ ɨɫɚɠɞɟɧɢɹ ɢ ɨɫɥɚɛɥɟɧɢɢ ɝɢɞɪɨɢɡɚ ɤɚɬɢɨɧɧɵɯ ɮɨɪɦ.  Ɉɫɨɛɟɧɧɨɫɬɶɸ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ ɹɜɥɹɟɬɫɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɰɢɤɥɢɱɟɫɤɢɯ ɤɚɬɢɨɧɧɵɯ ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɫɨɥɟɣ 

ɰɢɪɤɨɧɢɥɚ (ZrOCl28H2O) ɜ ɜɨɞɟ: 

. 

Иɡ ɫɢɥɶɧɨɤɢɫɥɨɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɢ ɫɪɟɞɧɢɟ ɫɨɥɢ ɰɢɪɤɨɧɢɹ ɢ 

ɝɚɮɧɢɹ, ɧɚɩɪɢɦɟɪ, Zr(SO4)24H2O. Эɬɢ ɜɟɳɟɫɬɜɚ ɢɦɟɸɬ ɩɨɥɢɦɟɪɧɨɟ ɫɬɪɨɟɧɢɟ ɛɥɚɝɨɞɚɪɹ 

ɦɨɫɬɢɤɨɜɵɦ ɫɭɥɶɮɚɬɧɵɦ ɝɪɭɩɩɚɦ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ, ɫɭɥɶɮɚɬ ɬɢɬɚɧɚ (+4) Ti(SO4)2, 

ɩɨɥɭɱɚɟɦɵɣ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɬɟɬɪɚɯɥɨɪɢɞ ɬɢɬɚɧɚ ɫɟɪɧɵɦ ɚɧɝɢɞɪɢɞɨɦ, ɜ ɜɨɞɟ ɧɟɨɛɪɚɬɢɦɨ 

ɝɢɞɪɨɥɢɡɭɟɬɫɹ.  

Ⱦɥɹ ɨɬɞɟɥɟɧɢɹ ɬɢɬɚɧɚ ɨɬ ɰɢɪɤɨɧɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɨɜɨɞɹɬ ɨɫɚɠɞɟɧɢɟ 

ɝɢɞɪɨɤɫɢɞɨɜ, ɧɚ ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɚɥɢɰɢɥɚɬɨɦ ɧɚɬɪɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɚɥɢɰɢɥɨɜɨɣ ɤɢɫɥɨɬɵ. Ɍɢɬɚɧɨɜɚɹ ɤɢɫɥɨɬɚ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɯɨɞɢɬ ɜ 

ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɤɨɦɩɥɟɤɫɚ. 

 Ⱦɥɹ ɬɢɬɚɧɚ ɢ ɟɝɨ ɚɧɚɥɨɝɨɜ ɯɚɪɚɤɬɟɪɧɵ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɪɨɥɶ 

ɥɢɝɚɧɞɚ ɢɝɪɚɟɬ ɢɨɧ ɩɟɪɨɤɫɢɞɚ Ɉ2
2-. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɇ2Ɉ2 ɤ ɩɨɞɤɢɫɥɟɧɧɵɦ 

ɪɚɫɬɜɨɪɚɦ ɫɨɥɟɣ ɬɢɬɚɧɢɥɚ ɩɨɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɚɹ ɠɟɥɬɨ-ɨɪɚɧɠɟɜɚɹ ɨɤɪɚɫɤɚ, 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ ɪɇ ɫɪɟɞɵ: ɫɢɥɶɧɨ ɤɢɫɥɵɟ ɪɚɫɬɜɨɪɵ ɨɤɪɚɲɟɧɵ ɜ 

ɨɪɚɧɠɟɜɨ-ɤɪɚɫɧɵɣ ɰɜɟɬ, ɫɥɚɛɨɤɢɫɥɵɟ ɢ ɧɟɣɬɪɚɥɶɧɵɟ – ɜ ɠɟɥɬɵɣ. Эɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 



ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ Ti(IV) ɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ. ɉɨɹɜɥɟɧɢɟ 

ɨɤɪɚɫɤɢ ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɩɟɪɨɤɫɨɤɨɦɩɥɟɤɫɨɜ:  

[TiO(H2O)5]
2+

 + H2O2  [Ti(O2)(H2O)4]
2+

 + 2H2O, K  10
3
 – 10

4
 

ɉɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɪɚɫɬɜɨɪɟ ɚɧɢɨɧɵ ɬɚɤɠɟ ɫɩɨɫɨɛɧɵ ɜɯɨɞɢɬɶ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ 

ɫɮɟɪɭ ɬɢɬɚɧɚ. Эɬɚ ɬɟɧɞɟɧɰɢɹ ɭɫɢɥɢɜɚɟɬɫɹ ɩɪɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ. Ɍɚɤ, ɜ 

ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɪɟɞɟ ɨɛɪɚɡɭɟɬɫɹ ɨɪɚɧɠɟɜɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɬɟɬɪɚɯɥɨɪɨ(2-

ɩɟɪɨɤɫɨ)ɬɢɬɚɧɚɬ-ɢɨɧɵ, ɢɦɟɸɳɢɟ ɨɤɬɚɷɞɪɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ: 

TiOCl2+ HCl+ H2O2= H2[Ti(O2)Cl4] + H2O. 

 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɪɇ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɩɟɪɨɤɫɨ-ɝɪɭɩɩɢɪɨɜɨɤ ɜ ɫɨɟɞɢɧɟɧɢɢ ɡɚ ɫɱɟɬ 

ɞɪɭɝɢɯ ɝɪɭɩɩ. ȼ ɫɪɟɞɚɯ ɛɥɢɡɤɢɯ ɤ ɧɟɣɬɪɚɥɶɧɵɦ ɨɫɚɠɞɚɟɬɫɹ ɠɟɥɬɵɣ ɨɫɚɞɨɤ 

ɝɢɞɪɨɩɟɪɨɤɫɢɞɚ Ti(OH)3(OOH), ɫɬɪɨɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɟɢɡɜɟɫɬɧɨ. ȼ ɫɢɥɶɧɨ-ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ 

ɜɨɡɦɨɠɧɨ ɜɯɨɠɞɟɧɢɟ ɱɟɬɵɪɟɯ 2-ɩɟɪɨɤɫɨ-ɝɪɭɩɩɢɪɨɜɨɤ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ 

ɬɢɬɚɧɚ: 

H2[Ti(O)2(SO4)2]+ 8KOH + 3H2O2= K4[Ti(O2)4] + 8H2O + 2K2SO4. 

Ɋɚɫɬɜɨɪ ɩɪɢ ɷɬɨɦ ɨɛɟɫɰɜɟɱɢɜɚɟɬɫɹ. 

 

3.3. Ƚɚɥɨɝɟɧɢɞɵ 

 Ɍɟɬɪɚɮɬɨɪɢɞ ɬɢɬɚɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɥɵɣ ɩɨɪɨɲɨɤ, ɩɨɥɭɱɚɟɦɵɣ ɩɪɢ 

ɮɬɨɪɢɪɨɜɚɧɢɢ ɬɢɬɚɧɚ ɮɬɨɪɨɦ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɵɦ ɮɬɨɪɨɜɨɞɨɪɨɞɨɦ. Ɉɧ ɢɦɟɟɬ ɩɨɥɢɦɟɪɧɨɟ 

ɫɬɪɨɟɧɢɟ ɢ ɫɨɫɬɨɢɬ ɢɡ ɫɜɹɡɚɧɧɵɯ ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɨɤɬɚɷɞɪɨɜ [TiF6]. Ɍɟɬɪɚɯɥɨɪɢɞ 

ɬɢɬɚɧɚ ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɮɬɨɪɢɪɨɜɚɧɢɟɦ ɪɭɬɢɥɚ ɢɥɢ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. 

Эɬɨ ɛɟɫɰɜɟɬɧɚɹ ɠɢɞɤɨɫɬɶ, ɤɢɩɹɳɚɹ ɩɪɢ 136ɋ.  

Ƚɚɥɨɝɟɧɢɞɵ ɬɢɬɚɧɚ – ɤɨɜɚɥɟɧɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɷɧɟɪɝɢɱɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɫ 

ɜɨɞɨɣ: 

TiCl4 + (2+ɯ)H2O = 4HCl + TiO2ɯH2Ɉ. 



 ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɫɦɟɫɢ ɩɚɪɨɜ ɬɟɬɪɚɯɥɨɪɢɞɚ ɬɢɬɚɧɚ ɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɱɟɪɟɡ 

ɧɚɝɪɟɬɭɸ ɮɚɪɮɨɪɨɜɭɸ ɬɪɭɛɤɭ ɧɚ ɟɟ ɫɬɟɧɤɚɯ ɨɫɟɞɚɸɬ ɛɥɟɫɬɹɳɢɟ ɡɨɥɨɬɢɫɬɵɟ ɱɟɲɭɣɤɢ 

ɞɢɫɭɥɶɮɢɞɚ TiS2: 

TiCl4 + 2H2S = TiS2 + 4HCl. 

Эɬɨ ɜɟɳɟɫɬɜɨ ɧɟɪɚɫɬɜɨɪɢɦɨ ɜ ɜɨɞɟ ɢ ɪɚɡɛɚɜɥɟɧɧɵɯ ɤɢɫɥɨɬɚɯ. 

 ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɟɬɪɚɯɥɨɪɢɞɚ ɬɢɬɚɧɚ ɜ ɬɨɤɟ ɚɦɦɢɚɤɚ ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɵɣ, ɫ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɛɥɟɫɤɨɦ ɩɨɪɨɲɨɤ ɧɢɬɪɢɞɚ TiN. ȿɝɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɚɫɨɤ 

ɢ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ, ɢɦɢɬɢɪɭɸɳɢɯ ɡɨɥɨɬɨ. 

 Ȼɥɚɝɨɞɚɪɹ ɜɚɤɚɧɬɧɵɦ d-ɨɪɛɢɬɚɥɹɦ ɦɟɬɚɥɥɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɵɲɟɧɢɹ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ ɬɟɬɪɚɝɚɥɨɝɟɧɢɞɵ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɤɢɫɥɨɬ Ʌɶɸɢɫɚ. Эɬɢɦ 

ɨɛɴɹɫɧɹɟɬɫɹ ɨɫɚɠɞɟɧɢɟ ɝɟɤɫɚɮɬɨɪɨɬɢɬɚɧɚɬɨɜ M2[TiF6] ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ TiF4 ɜ ɪɚɫɬɜɨɪɚɯ 

ɮɬɨɪɢɞɧɵɯ ɫɨɥɟɣ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɚɞɞɭɤɬɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ ɫ 

ɚɦɦɢɚɤɨɦ, ɬɪɢɯɥɨɪɢɞɨɦ ɮɨɫɮɨɪɚ: TiCl4PCl3. Ʌɶɸɢɫɨɜɚ ɤɢɫɥɨɬɧɨɫɬɶ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ 

ɜɨɡɪɚɫɬɚɟɬ ɨɬ ɮɬɨɪɢɞɚ ɤ ɢɨɞɢɞɭ. 

 ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ TiCl4 ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɵɣ 

ɪɚɫɬɜɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɢɨɧɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 

ɜɵɞɟɥɹɸɬɫɹ ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɝɟɤɫɚɯɥɨɪɨɬɢɬɚɧɚɬɨɜ M2[TiCl6]. Ʌɭɱɲɟ ɜɫɟɝɨ 

ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɫɨɥɢ ɫ ɤɪɭɩɧɵɦɢ ɤɚɬɢɨɧɚɦɢ. ɉɪɟɩɚɪɚɬɢɜɧɨ ɢɯ ɩɨɥɭɱɚɸɬ ɩɪɢ 

ɩɪɨɩɭɫɤɚɧɢɢ ɫɦɟɫɢ ɯɥɨɪɨɜɨɞɨɪɨɞɚ ɢ ɩɚɪɨɜ ɯɥɨɪɢɞɚ ɬɢɬɚɧɚ ɧɚɞ ɬɜɟɪɞɵɦ ɯɥɨɪɢɞɨɦ 

ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ. 

 ȼ ɜɨɞɧɨɣ ɫɪɟɞɟ ɝɟɤɫɚɯɥɨɪɨɬɢɬɚɧɚɬɵ ɝɢɞɪɨɥɢɡɭɸɬɫɹ, ɫɧɚɱɚɥɚ ɩɪɟɜɪɚɳɚɹɫɶ ɜ 

ɚɧɢɨɧɧɵɟ ɪɚɡɧɨɥɢɝɚɧɞɧɵɟ ɤɨɦɩɥɟɤɫɵ M2[Ti(OH)4Cl2], ɤɨɬɨɪɵɟ ɭɞɚɟɬɫɹ ɜɵɞɟɥɢɬɶ ɜ 

ɬɜɟɪɞɨɦ ɜɢɞɟ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɧɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɛɟɡɜɨɞɧɵɟ ɬɟɬɪɚɯɥɨɪɨɨɤɫɨɬɢɬɚɧɚɬɵ 

M2TiOCl4. 

 Ɍɟɬɪɚɝɚɥɨɝɟɧɢɞɵ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɞɨɥɢ ɤɨɜɚɥɟɧɬɧɨɫɬɢ 

ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ. Иɡ ɜɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɬɟɬɪɚɯɥɨɪɢɞɚ ɰɢɪɤɨɧɢɹ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɨɤɫɨɯɥɨɪɢɞ ZrOCl28H2O. Иɯ 

ɥɶɸɢɫɨɜɚ ɤɢɫɥɨɬɧɨɫɬɶ ɧɢɠɟ, ɱɟɦ ɭ ɝɚɥɨɝɟɧɢɞɨɜ ɬɢɬɚɧɚ. 

 

 4. ɋɨɟɞɢɧɟɧɢя ɜ ɧɢɡɤɢɯ ɫɬɟɩɟɧяɯ ɨɤɢɫɥɟɧɢя 

 ɇɢɡɲɢɟ ɨɤɫɢɞɵ ɢ ɝɚɥɨɝɟɧɢɞɵ ɬɢɬɚɧɚ ɩɨɥɭɱɚɸɬ ɬɜɟɪɞɨɮɚɡɧɨ. Ɍɚɤ, ɩɪɢ 

ɩɪɨɤɚɥɢɜɚɧɢɢ ɫɦɟɫɢ ɩɨɪɨɲɤɨɜ ɪɭɬɢɥɚ ɢ ɬɢɬɚɧɚ ɜ ɜɚɤɭɭɦɟ ɩɪɢ 1000ɋ ɨɛɪɚɡɭɟɬɫɹ ɛɭɪɵɣ 

ɩɨɪɨɲɨɤ ɨɤɫɢɞɚ TiO ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɝɚɥɢɬɚ. Ɏɢɨɥɟɬɨɜɨ-ɱɟɪɧɵɣ ɨɤɫɢɞ Ti2O3 (ɫɬɪɭɤɬɭɪɚ 



ɤɨɪɭɧɞɚ) ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɪɭɬɢɥɚ ɜɨɞɨɪɨɞɨɦ ɩɪɢ 1000ɋ. Ɉɛɚ ɜɟɳɟɫɬɜɚ 

ɩɪɨɹɜɥɹɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɥɟɝɤɨ ɨɤɢɫɥɹɸɬɫɹ. 

Ɍɪɢɯɥɨɪɢɞ ɬɢɬɚɧɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɫɦɟɫɢ ɩɚɪɨɜ ɬɟɬɪɚɯɥɨɪɢɞɚ ɫ 

ɜɨɞɨɪɨɞɨɦ ɱɟɪɟɡ ɪɚɫɤɚɥɟɧɧɭɸ ɞɨɤɪɚɫɧɚ ɬɪɭɛɤɭ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɲɟ 

500ɋ ɪɟɚɤɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɞɢɯɥɨɪɢɞɭ ɬɢɬɚɧɚ ɜɫɥɟɞɫɬɜɢɟ ɞɢɫɩɪɨɩɪɨɰɢɨɧɢɪɨɜɚɧɢɹ ɬɨɝɨ, 

ɱɬɨ ɬɪɢɯɥɨɪɢɞɚ.  

ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɨɥɟɣ ɢ ɝɢɞɪɨɤɫɢɞɨɜ ɷɥɟɦɟɧɬɨɜ ɜ ɧɢɡɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

ɭɦɟɧɶɲɚɟɬɫɹ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɭɞɚɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɶ ɞɨ +3 ɬɨɥɶɤɨ 

ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ. Ɍɚɤ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɥɢ ɬɢɬɚɧɢɥɚ ɰɢɧɤɨɦ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ 

ɨɛɪɚɡɭɟɬɫɹ ɮɢɨɥɟɬɨɜɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɢɨɧɵ [Ti(H2O)6]
3+

: 

2TiOSO4 + Zn + 2H2SO4 = Ti2(SO4)3 + ZnSO4 + H2Ɉ 

 ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɟɝɨ ɳɟɥɨɱɢ ɜɵɩɚɞɚɟɬ ɬɟɦɧɨ-ɛɭɪɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ Ti(Ɉɇ)3. Ɉɧ ɧɟ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɳɟɥɨɱɚɯ, ɬɨ ɟɫɬɶ ɩɪɨɹɜɥɹɟɬ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ.  

Ⱦɥɹ ɬɢɬɚɧɚ(III) ɯɚɪɚɤɬɟɪɧɵ ɥɚɛɢɥɶɧɵɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ (K3[Ti(CN)6], 

K3[TiCl6]), ɤɨɬɨɪɵɟ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɛɪɚɡɭɸɬ ɱɚɫɬɢɱɧɨ ɡɚɦɟɳɚɸɬ ɥɢɝɚɧɞɵ ɧɚ 

ɦɨɥɟɤɭɥɵ ɜɨɞɵ. Иɯ ɨɤɪɚɫɤɚ ɜɵɡɜɚɧɚ ɧɚɥɢɱɢɟɦ ɨɞɧɨɝɨ d-ɷɥɟɤɬɪɨɧɚ ɧɚ t2g-ɨɪɛɢɬɚɥɢ. 

ɋɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ(III) – ɫɢɥɶɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ, ɩɪɢɱɟɦ ɢɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɇ. Ɍɚɤ, ɝɢɞɪɨɤɫɢɞ ɬɢɬɚɧɚ(III) ɦɟɞɥɟɧɧɨ 

ɜɵɬɟɫɧɹɟɬ ɜɨɞɨɪɨɞ ɢɡ ɜɨɞɵ 

2Ti(OH)3 + (x – 2)H2O = 2TiO2ɯH2O + H2. 

ɚ ɧɚ ɜɨɡɞɭɯɟ ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ. 

ɋɭɥɶɮɚɬ ɬɢɬɚɧɚ(+3) ɨɛɟɫɰɜɟɱɢɜɚɟɬ ɩɨɞɤɢɫɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ: 

5Ti2(SO4)3 + 2KMnO4 +2H2Ɉ = 10TiOSO4 + K2SO4 + 2MnSO4 + 2H2SO4. 

 ɋɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ(II) ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɪɚɡɥɚɝɚɸɬ ɜɨɞɭ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ  

2TiCl2+ 2HCl (ɪ-ɪ) = 2TiCl3+ H2  

 ɋɨɟɞɢɧɟɧɢɹ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɧɢɠɟ +4 

ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ. ɇɢɡɲɢɟ ɝɚɥɨɝɟɧɢɞɵ ɷɬɢɯ 

ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɥɚɫɬɟɪɵ (ɪɢɫ. 4). Ȼɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɫɜɹɡɢ ɦɟɬɚɥɥ-

ɦɟɬɚɥɥ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɜɵɲɚɟɬɫɹ. Ɍɚɤ, ɢɨɞɢɞ ɰɢɪɤɨɧɢɹ (+1) ZrI ɧɟɝɢɝɪɨɫɤɨɩɢɱɟɧ 

ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɩɪɨɱɧɵɯ ɫɜɹɡɟɣ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ.  

 



 

Ɋɢɫ. 1. ɋɯɟɦɚ ɚɩɩɚɪɚɬɚ ɞɥɹ ɢɨɞɢɞɧɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɬɢɬɚɧɚ 

 

 



Ɋɢɫ. 2. ɋɬɪɨɟɧɢɟ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɰɢɤɚɰɢɣ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ (ɚ – ɪɭɬɢɥ, b – ɚɧɚɬɚɡ, ɫ – ɛɪɭɤɢɬ) ɢ 

ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ (ɛɚɞɞɟɥɟɢɬɚ, d) 

 

Ɋɢɫ. 3. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɮɨɪɦ ɜ ɜɨɞɧɨɦ 0,01 Ɇ ɪɚɫɬɜɨɪɚɯ ɯɥɨɪɢɞɚ ɬɢɬɚɧɚ(III) (ɚ) ɢ 

ɫɭɥɶɮɚɬɚ ɬɢɬɚɧɢɥɚ (ɛ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɇ ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ 

 

Ɋɢɫ. 4. ɋɬɪɨɟɧɢɟ ɯɥɨɪɢɞɨɜ ɰɢɪɤɨɧɢɹ: (ɚ) ZrCl4, (ɛ) ZrCl 

 



 Гɥɚɜɚ 2. ɏɢɦɢя эɥɟɦɟɧɬɨɜ 5-ɣ ɝɪɭɩɩы 

 

1. Ɉɛɳɚя хɚɪɚɤɬɟɪɢɫɬɢɤɚ 

 

Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 5-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 V Nb Ta 

Ⱥɬɨɦɧɵɣ ɧɨɦɟɪ 23 41 73 

Эɥɟɤɬɪɨɧɧɚɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ 

3d
3
4s

2
 4d

4
5s

1
 4f

14
5d

3
6s

2 

Ⱥɬɨɦɧɵɣ ɪɚɞɢɭɫ, 

ɩɦ 

134 147 147 

ɉɟɪɜɚɹ ɷɧɟɪɝɢɹ 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

6,75 6,76 7,55 

ȼɬɨɪɚɹ ɷɧɟɪɝɢɹ 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

14,71 14,30 16,20 

ɉɹɬɚɹ ɷɧɟɪɝɢɹ 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

63,30 50,50 45,00 

Эɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 
1,45 1,23 1,33 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ (2),3,4,5 (2),(3),(4),5 (3),(4),5 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɩɥɚɜɥɟɧɢɹ. 

°C 

1920 2470 2996 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɤɢɩɟɧɢɹ, 

°C 

3400 4760 5500 



ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 6,11 8,57 16,65 

E
0
 (Ɇ5+

 / Ɇ0), ȼ -0,25 -0,65 -0,81 

 

ȼ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɨɦɵ ɜɚɧɚɞɢɹ ɢ ɬɚɧɬɚɥɚ ɢɦɟɸɬ ɷɥɟɤɬɪɨɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ (n-1)d
3
ns

2, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɬɨɦ ɧɢɨɛɢɹ - (n-1)d
4
ns

1, ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɥɢɡɨɫɬɶɸ  ɷɧɟɪɝɢɣ 4d- и 5s –ɨɪɛɢɬɚɥɟɣ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɚɧɚɞɢɹ ɤ 

ɬɚɧɬɚɥɭ ɷɥɟɤɬɪɨɧɧɵɟ ɨɛɨɥɨɱɤɢ ɭɩɥɨɬɧɹɸɬɫɹ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɬɟɧɞɟɧɰɢɹ 

ɤ ɪɨɫɬɭ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ ɢ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɚɬɨɦɧɵɯ ɪɚɞɢɭɫɨɜ. Ɂɞɟɫɶ, ɤɚɤ 

ɢ ɭ ɷɥɟɦɟɧɬɨɜ 4 ɝɪɭɩɩɵ, ɪɚɞɢɭɫ ɚɬɨɦɚ ɪɚɫɬɟɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 3d- ɤ 4d-ɪɹɞɭ, ɚ 

ɡɚɬɟɦ (ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 4d- ɤ 5d-) ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɜɫɥɟɞɫɬɜɢɟ ɥɚɧɬɚɧɢɞɧɨɝɨ 

ɫɠɚɬɢɹ (ɬɚɛɥ. 1). Ȼɥɢɡɨɫɬɶ ɚɬɨɦɧɵɯ ɢ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ, 

ɫɯɨɞɧɨɟ ɷɥɟɤɬɪɨɧɧɨɟ ɫɬɪɨɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɛɥɢɡɨɫɬɢ ɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɢ, 

ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɯɨɞɧɨɣ ɝɟɨɯɢɦɢɢ ɢ ɤ ɬɪɭɞɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 

ɯɢɦɢɹ ɷɬɢɯ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɯɢɦɢɢ ɜɚɧɚɞɢɹ.  

Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɣ ɜɚɧɚɞɢɹ ɯɚɪɚɤɬɟɪɧɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 6, ɚ ɜ 

ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ - 4.  Ⱥɬɨɦɵ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ, ɢɦɟɸɳɢɟ ɛɨɥɶɲɢɟ ɪɚɞɢɭɫɵ, 

ɩɪɟɞɩɨɱɢɬɚɸɬ ɜɵɫɨɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ, ɜɩɥɨɬɶ ɞɨ 9.  

Ⱦɥɹ ɜɚɧɚɞɢɹ ɜ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɜɵɫɨɤɢɟ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ: +4 ɜ ɤɢɫɥɨɬɧɨɣ, ɢ +5 ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɢ ɳɟɥɨɱɧɨɣ ɫɪɟɞɚɯ. Ⱦɥɹ 

ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ, ɤɚɤ ɢ ɞɥɹ ɞɪɭɝɢɯ 4d- ɢ 5d-ɷɥɟɦɟɧɬɨɜ, ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ 

ɜɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ. Ȼɨɥɟɟ ɧɢɡɤɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɭ ɚɧɚɥɨɝɨɜ ɜɚɧɚɞɢɹ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɵ ɜ ɤɥɚɫɬɟɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɫɨ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. Ɍɚɤ, ɜ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɥɚɫɬɟɪɵ (ɧɚɩɪɢɦɟɪ, 

[M6X12]
n+,ɝɞɟ Ɇ = Nb, Ta; n – ɝɚɥɨɝɟɧ), ɧɟ ɧɚɯɨɞɹɳɢɟ ɚɧɚɥɨɝɨɜ ɫɪɟɞɢ 

ɫɨɟɞɢɧɟɧɢɣ ɜɚɧɚɞɢɹ.  

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɜɨɡɪɚɫɬɚɟɬ ɞɨɥɹ 

ɤɨɜɚɥɟɧɬɧɨɫɬɢ ɫɜɹɡɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɟɩɟɧɧɨɣ ɫɦɟɧɟ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ 

ɚɦɮɨɬɟɪɧɵɦɢ ɢ ɤɢɫɥɨɬɧɵɦɢ. Ɍɚɤ, ɨɤɫɢɞ VO ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ, ɚ ɜɵɫɲɢɣ 

ɨɤɫɢɞ ɜɚɧɚɞɢɹ V2O5 ɩɪɨɹɜɥɹɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ.  

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ. ɇɚɢɛɨɥɟɟ ɫɢɥɶɧɵɦɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ 

ɜɚɧɚɞɢɹ(II): ɢɨɧɵ V2+
 ɫɩɨɫɨɛɧɵ ɜɵɬɟɫɧɹɬɶ ɜɨɞɨɪɨɞ ɢɡ ɜɨɞɵ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ 



ɦɨɥɟɤɭɥɹɪɧɵɣ ɚɡɨɬ ɞɨ ɚɦɦɢɚɤɚ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɫɨɟɞɢɧɟɧɢɹ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ 

ɞɨɥɠɧɵ ɛɵɥɢ ɛɵ ɨɛɥɚɞɚɬɶ ɟɳɟ ɛɨɥɟɟ ɫɢɥɶɧɵɦɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɧɨ ɢɨɧɵ Nb2+
 ɢ Ta2+

 ɨɛɪɚɡɭɸɬ ɤɥɚɫɬɟɪɵ ɢ ɬɟɦ ɫɚɦɵɦ ɩɪɢɨɛɪɟɬɚɸɬ 

ɛɨɥɶɲɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ ɨɫɥɚɛɟɜɚɸɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɚɧɚɞɢɹ ɤ ɧɢɨɛɢɸ ɢ ɬɚɧɬɚɥɭ. Ɍɚɤ, 

ɜɚɧɚɞɢɣ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧ ɜɨɞɨɪɨɞɨɦ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɞɨ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ +2, ɧɢɨɛɢɣ – ɞɨ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3, ɫɨɟɞɢɧɟɧɢɹ ɬɚɧɬɚɥɚ ɜ 

ɪɟɚɤɰɢɸ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɫɬɭɩɚɸɬ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɜɨɡɪɚɫɬɚɟɬ ɬɚɤɠɟ ɫɬɟɩɟɧɶ ɢɨɧɧɨɫɬɢ ɫɜɹɡɢ, 

ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜɨɡɪɚɫɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɜɵɫɲɢɯ ɨɤɫɢɞɨɜ, 

ɩɨɜɵɲɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɝɢɞɪɨɤɫɢɞɨɜ, ɭɦɟɧɶɲɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɜɵɫɲɢɯ 

ɮɬɨɪɢɞɨɜ ɤ ɝɢɞɪɨɥɢɡɭ. 

Ʉɚɤ ɢ ɷɥɟɦɟɧɬɵ 4-ɣ ɝɪɭɩɩɵ, ɜɚɧɚɞɢɣ, ɧɢɨɛɢɣ ɢ ɬɚɧɬɚɥ ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɠɟɫɬɤɢɦɢ ɤɢɫɥɨɬɚɦɢ ɢ ɫɩɨɫɨɛɧɵ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɤɨɦɩɥɟɤɫɨɜ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɠɟɫɬɤɢɦɢ O- ɢ F-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ. 

ɂɡɜɟɫɬɟɧ ɪɹɞ ɤɨɦɩɥɟɤɫɨɜ Э+5, ɜ ɱɚɫɬɧɨɫɬɢ, ɮɬɨɪɢɞɧɵɟ. ɋɤɥɨɧɧɨɫɬɶ ɤ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɨɜɵɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɡɚɪɹɞɚ 

ɤɚɬɢɨɧɚ ɜɚɧɚɞɢɹ, ɬɨ ɟɫɬɶ ɜ ɪɹɞɭ VO2
+
 – VO

2+
 – V

3+
. 

ȼɚɧɚɞɢɣ – ɨɞɢɧ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɢ ɨɞɢɧ ɢɡ 

ɧɚɢɛɨɥɟɟ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȿɝɨ ɫɨɛɫɬɜɟɧɧɵɟ ɦɢɧɟɪɚɥɵ ɟɝɨ (ɜɚɧɚɞɢɧɢɬ 

Pb5(VO4)3Cl, ɤɚɪɧɨɬɢɬ K2(UO2)2(VO4)2·3H2O) ɪɟɞɤɢ ɢ ɧɟ ɨɛɪɚɡɭɸɬ ɦɨɳɧɵɯ 

ɦɟɫɬɨɪɨɠɞɟɧɢɣ. ɋɨɟɞɢɧɟɧɢɹ ɜɚɧɚɞɢɹ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɫɢ ɜ 

ɪɚɡɥɢɱɧɵɯ ɪɭɞɚɯ: ɛɨɤɫɢɬɚɯ, ɬɢɬɚɧɨɦɚɝɧɟɬɢɬɚɯ, ɛɭɪɵɯ ɠɟɥɟɡɧɹɤɚɯ, ɫɜɢɧɰɨɜɵɯ ɢ 

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɭɥɶɮɢɞɧɵɯ ɪɭɞɚɯ. 

Ʉɨɥɢɱɟɫɬɜɚ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɡɟɦɧɨɣ ɤɨɪɟ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ 

ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɚɡɨɬɚ, ɧɨ, ɩɨɞɨɛɧɨ ɜɚɧɚɞɢɸ, ɨɧɢ ɬɚɤɠɟ ɪɚɫɫɟɹɧɵ. 

2. ɉɪɨɫɬыɟ ɜɟɳɟɫɬɜɚ 

2.1 Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

Ɇɟɬɚɥɥɵ 5 ɝɪɭɩɩɵ ɩɨ ɰɜɟɬɭ ɧɚɩɨɦɢɧɚɸɬ ɫɬɚɥɶ, ɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɟɟ ɩɨ 

ɬɜɟɪɞɨɫɬɢ. Эɬɨ ɬɭɝɨɩɥɚɜɤɢɟ ɜɟɳɟɫɬɜɚ ɫɨ ɫɬɪɭɤɬɭɪɨɣ -ɠɟɥɟɡɚ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ ɢ ɬɜɟɪɞɨɫɬɶ ɜɨɡɪɚɫɬɚɸɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɭɫɢɥɟɧɢɟɦ 

d-d ɩɟɪɟɤɪɵɜɚɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɨɪɛɢɬɚɥɟɣ. Ɉɬɩɨɥɢɪɨɜɚɧɧɵɟ ɢ 

ɨɬɲɥɢɮɨɜɚɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɧɚ ɜɨɡɞɭɯɟ ɧɟ ɬɟɪɹɸɬ ɛɥɟɫɤ. ɇɢɨɛɢɣ ɢ 



ɬɚɧɬɚɥ ɫɩɨɫɨɛɧɵ ɨɛɪɚɬɢɦɨ ɩɨɝɥɚɳɚɬɶ ɛɨɥɶɲɢɟ ɨɛɴɟɦɵ ɜɨɞɨɪɨɞɚ, ɨɬɚɞɚɜɚɹ ɟɝɨ 

ɩɨɥɧɨɫɬɶɸ ɥɢɲɶ ɩɪɢ ɩɥɚɜɥɟɧɢɢ. 

2.2. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɨɦɩɚɤɬɧɵɟ ɦɟɬɚɥɥɵ ɭɫɬɨɣɱɢɜɵ ɤ ɞɟɣɫɬɜɢɸ 

ɤɢɫɥɨɪɨɞɚ, ɢɯ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ ɩɨɪɨɲɤɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɚɦɨɪɚɫɤɚɥɹɸɬɫɹ ɢ 

ɷɧɟɪɝɢɱɧɨ ɫɝɨɪɚɸɬ ɜ ɤɢɫɥɨɪɨɞɟ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɜɵɫɲɢɟ ɨɤɫɢɞɵ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ 

ɨɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɬɚɤɠɟ ɫ ɝɚɥɨɝɟɧɚɦɢ, ɫɟɪɨɣ, ɚɡɨɬɨɦ, ɚ ɜ ɷɥɟɤɬɪɨɩɟɱɢ ɫ 

ɭɝɥɟɪɨɞɨɦ ɢ ɤɪɟɦɧɢɟɦ: 

2Ta + 5Cl2= 2TaCl5 

V + 2Cl2= VCl4 

V + I2= VI2 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɩɚɪ 

Ɇn+
/M

0, ɜɨɞɚ, ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɳɟɥɨɱɟɣ, ɫɨɥɹɧɚɹ ɢ ɪɚɡɛɚɜɥɟɧɧɚɹ ɫɟɪɧɚɹ 

ɤɢɫɥɨɬɵ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɜɚɧɚɞɢɟɦ. Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɫɟɪɧɚɹ ɢ 

ɩɥɚɜɢɤɨɜɚɹ ɤɢɫɥɨɬɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ, ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ ɢ ɰɚɪɫɤɚɹ ɜɨɞɤɚ ɧɚ ɯɨɥɨɞɟ 

ɪɚɫɬɜɨɪɹɸɬ ɜɚɧɚɞɢɣ, ɨɛɪɚɡɭɹ ɪɚɫɬɜɨɪɵ ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ: 

2V + 12HF = 2H3[VF6] + 3H2. 

V + 3H2SO4 (ɤɨɧɰ) = VOSO4 + 2SO2 + 3H2O. 

ɇɢɨɛɢɣ ɢ ɨɫɨɛɟɧɧɨ ɬɚɧɬɚɥ ɫ ɬɪɭɞɨɦ ɪɚɫɬɜɨɪɹɸɬɫɹ ɞɚɠɟ ɜ ɤɢɫɥɨɬɚɯ-

ɨɤɢɫɥɢɬɟɥɹɯ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɦɟɫɢ ɩɥɚɜɢɤɨɜɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ: 

3Nb + 5HNO3 + 21HF = 3H2[NbF7] + 5NO + 10H2O 

Ɉɞɧɚɤɨ, ɟɫɥɢ ɬɚɧɬɚɥ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɢ ɫ ɩɥɚɬɢɧɨɣ, ɟɝɨ 

ɪɟɚɤɰɢɹ  ɫ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɨɣ ɩɪɨɬɟɤɚɟɬ ɷɧɟɪɝɢɱɧɨ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ 

ɛɥɚɝɨɞɚɪɹ ɨɛɪɚɡɨɜɚɧɢɸ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɩɚɪɵ ɢ ɫɧɹɬɢɸ ɤɢɧɟɬɢɱɟɫɤɢɯ 

ɡɚɬɪɭɞɧɟɧɢɣ: 

2Ta/Pt + 14HF = 2H3[TaF7] + 5H2 

Ɋɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɜ ɪɟɚɤɰɢɹɯ ɫ ɤɢɫɥɨɬɚɦɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɢɯ ɩɪɢɦɟɫɟɣ: ɱɟɦ ɱɢɳɟ ɦɟɬɚɥɥ, ɬɟɦ 

ɛɨɥɟɟ ɨɧ ɢɧɟɪɬɟɧ.  

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɚɧɚɞɢɣ ɦɟɞɥɟɧɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɨɤɢɫɥɢɬɟɥɶɧɵɯ 

ɳɟɥɨɱɧɵɯ ɪɚɫɩɥɚɜɚɯ (KOH + KNO3, KOH + KClO3), ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɜɚɧɚɞɚɬɵ. 

ɇɢɨɛɢɣ ɢ ɬɚɧɬɚɥ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɞɟɣɫɬɜɢɸ ɳɟɥɨɱɟɣ, ɱɟɦ ɜɚɧɚɞɢɣ.  



ȼ ɰɟɥɨɦ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɚɤɬɢɜɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. 

2.3. ɉɨɥɭɱɟɧɢɟ 

ɋɵɪɶɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɚɧɚɞɢɹ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɫɥɭɠɚɬ ɬɢɬɚɧɨɦɚɝɧɟɬɢɬɵ 

ɢ ɞɨɦɟɧɧɵɟ ɲɥɚɤɢ, ɝɞɟ ɜɚɧɚɞɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɮɨɪɦɟ ɜɚɧɚɞɚɬɚ 

ɠɟɥɟɡɚ(III) FeV2O4, ɚ ɬɚɤɠɟ ɢɡ ɨɬɯɨɞɵ ɬɢɬɚɧɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɇɚɝɧɟɬɢɬɨɜɵɣ 

ɢ ɢɥɶɦɟɧɢɬɨɜɵɣ ɤɨɧɰɟɧɬɪɚɬɵ ɫɨɞɟɪɠɚɬ ɧɟ ɛɨɥɟɟ 1% ɜɚɧɚɞɢɹ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 

ɨɤɫɢɞ V2O5. Ⱦɨɦɟɧɧɵɣ ɲɥɚɤ ɫɦɟɲɢɜɚɸɬ ɫ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɶɸ ɢ ɩɪɨɤɚɥɢɜɚɸɬ ɧɚ 

ɜɨɡɞɭɯɟ, ɞɨɛɢɜɚɹɫɶ ɩɟɪɟɯɨɞɚ ɜɚɧɚɞɢɹ ɜ ɜɚɧɚɞɚɬ NaVO3, ɤɨɬɨɪɵɣ ɩɨ ɨɛɦɟɧɧɨɣ 

ɪɟɚɤɰɢɢ ɩɟɪɟɜɨɞɹɬ ɜ ɜɚɧɚɞɚɬ ɚɦɦɨɧɢɹ: 

 

800 C 

4FeV2O4 + 8NaCl + 7O2  8NaVO3 + 2Fe2O3 + 4Cl2 . 

NaVO3 + NH4Cl = NH4VO3 + NaCl. 

ɉɪɨɤɚɥɢɜɚɧɢɟɦ ɜɚɧɚɞɚɬɚ ɚɦɦɨɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɩɨɥɭɱɚɸɬ ɜɵɫɲɢɣ ɨɤɫɢɞ, ɤɨɬɨɪɵɣ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɤɚɥɶɰɢɟɦ: 

V2O5 + 5Ca = 2V + 5CaO. 

ɉɨɥɭɱɟɧɧɵɣ ɦɟɬɚɥɥ ɨɱɢɳɚɸɬ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɦ ɪɚɮɢɧɢɪɨɜɚɧɢɟɦ ɢɥɢ 

ɢɨɞɢɞɧɵɦ ɦɟɬɨɞɨɦ. 
Ɋɭɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɢɨɛɢɣ ɢ ɬɚɧɬɚɥ ɜ ɪɭɞɚɯ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɨɝɚɳɚɸɬ, 

ɚ ɡɚɬɟɦ ɜɫɤɪɵɜɚɸɬ ɝɨɪɹɱɟɣ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɨɣ:  

4FeNb2O6 + 64HF + O2 =  4H3FeF6 + 8H2NbOF5 + 18H2O, 

4FeTa2O6 + 80HF + O2 =  4H3FeF6 + 8H2TaF7 + 26H2O. 

ɇɚɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɭɸ ɫɬɚɞɢɸ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɞɟɥɟɧɢɟ 

ɫɨɟɞɢɧɟɧɢɣ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ, ɬɚɤ ɤɚɤ ɨɧɢ ɨɛɥɚɞɚɸɬ ɨɱɟɧɶ ɛɥɢɡɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. Ʉɥɚɫɫɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɢɱɧɨɦ ɩɨɜɟɞɟɧɢɢ ɜ ɪɚɫɬɜɨɪɟ 

ɮɬɨɪɨɦɟɬɚɥɥɚɬɨɜ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ: ɝɟɩɬɚɮɬɨɪɨɧɢɨɛɚɬ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ 

ɝɢɞɪɨɥɢɡɭɟɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɨɤɫɨɮɬɨɪɢɞɧɵɣ ɤɨɦɩɥɟɤɫ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɝɢɞɪɨɮɬɨɪɢɞɚ ɤɚɥɢɹ ɨɤɫɨɮɬɨɪɨɧɢɨɛɚɬ ɨɫɬɚɟɬɫɹ ɜ ɪɚɫɬɜɨɪɟ, ɚ 

ɝɟɩɬɚɮɬɨɪɨɬɚɧɬɚɥɚɬ ɤɚɥɢɹ K2[TaF7] ɜɵɩɚɞɚɟɬ ɜ ɨɫɚɞɨɤ.  

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɧɢɨɛɢɣ ɢ ɬɚɧɬɚɥ ɩɨɥɭɱɚɸɬ ɦɟɬɚɥɥɨɬɟɪɦɢɱɟɫɤɢɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɮɬɨɪɢɞɨɜ 

K2[TaF7] + 5 Na = 2 KF + 5 NaF + Ta 



ɢɥɢ ɨɤɫɢɞɨɜ 

3Nb2O5 + 10Al = 6Nb + 5Al2O3. 

ɉɨɥɭɱɟɧɧɵɟ ɦɟɬɚɥɥɵ ɨɱɢɳɚɸɬ ɡɨɧɧɨɣ ɩɥɚɜɤɨɣ.       

Ɉɤɨɥɨ 85% ɜɫɟɝɨ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɜɚɧɚɞɢɹ ɢɞɟɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ «ɛɪɨɧɟɜɨɣ ɫɬɚɥɢ», ɫɨɱɟɬɚɸɳɟɣ ɜ ɫɟɛɟ 

ɬɜɟɪɞɨɫɬɶ, ɭɩɪɭɝɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ. Ɉɤɫɢɞ ɜɚɧɚɞɢɹ (V) ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɯɢɦɢɱɟɫɤɢɯ 

ɢɫɬɨɱɧɢɤɚɯ ɬɨɤɚ ɢ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪ. 

ɇɢɨɛɢɣ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɫɜɟɪɯɩɪɨɱɧɵɯ ɢ ɭɩɪɭɝɢɯ ɫɩɥɚɜɨɜ, ɤɚɬɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɫɭɩɟɪɦɚɝɧɢɬɨɜ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɬɚɧɬɚɥɚ ɢɞɟɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɨɤɫɢɞɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɤɨɪɪɨɡɢɰɢɨɧɧɨ ɫɬɨɣɤɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɯɢɪɭɪɝɢɱɟɫɤɢɯ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɢɦɩɥɚɧɬɚɬɨɜ.  

 

3. Кɢɫɥɨɪɨɞɧыɟ ɫɨɟɞɢɧɟɧɢя ɜ ɜыɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя 

ȼɵɫɲɢɣ ɨɤɫɢɞ ɜɚɧɚɞɢɹ V2O5 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɪɚɧɠɟɜɨ-ɠɟɥɬɵɣ 

ɩɨɪɨɲɨɤ, ɤɨɬɨɪɵɣ ɩɪɢ 674ɋ ɩɥɚɜɢɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɬɟɦɧɭɸ ɠɢɞɤɨɫɬɶ, ɩɪɢ 

ɨɯɥɚɠɞɟɧɢɢ ɡɚɫɬɵɜɚɸɳɭɸ ɜ ɜɢɞɟ ɛɥɟɫɬɹɳɢɯ ɤɪɚɫɧɵɯ ɪɨɦɛɢɱɟɫɤɢɯ ɢɝɥ.  ȼ 

ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɵ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɥɟɠɚɬ ɢɫɤɚɠɟɧɧɵɟ ɤɜɚɞɪɚɬɧɵɟ ɩɢɪɚɦɢɞɵ 

VO5, ɩɨɩɟɪɟɦɟɧɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɪɟɛɪɚɦɢ ɜ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɟ ɰɟɩɢ, 

ɩɚɪɚɥɥɟɥɶɧɵɟ ɞɪɭɝ ɞɪɭɝɭ (Ɋɢɫ. 1) .  

Ɉɤɫɢɞ ɜɚɧɚɞɢɹ (V) ɦɚɥɨɪɚɫɬɜɨɪɢɦ ɜ ɜɨɞɟ, ɡɧɚɱɢɬɟɥɶɧɨ ɥɭɱɲɟ – ɜ 

ɷɬɚɧɨɥɟ. Ɉɧ ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɨɫɬɶ, ɜɫɬɭɩɚɹ ɜ ɪɟɚɤɰɢɸ ɫ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ ɢ 

ɳɟɥɨɱɟɣ: 

V2O5+ 6KOH = 2K3VO4+ 3H2O 

V2O5+ HNO3= VO2NO3+ H2O  

V2O5 ɩɪɨɹɜɥɹɟɬ ɫɥɚɛɵɟ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɝɨɪɹɱɟɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ: 

V2O5 + 6HCl = 2VOCl2 + Cl2 + 3H2O. 

ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɫɭɯɨɝɨ ɯɥɨɪɨɜɨɞɨɪɨɞɚ ɧɚɞ ɧɚɝɪɟɬɵɦ ɨɤɫɢɞɨɦ ɜɚɧɚɞɢɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ: 

V2O5+ 6HCl (ɝɚɡ) = 2VOCl3+ 3H2O 

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɨɤɫɨɯɥɨɪɢɞ VOCl3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɥɬɭɸ ɠɢɞɤɨɫɬɶ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɬɪɨɟɧɢɹ. ȿɟ ɩɪɟɩɚɪɚɬɢɜɧɨ ɩɨɥɭɱɚɸɬ ɯɥɨɪɢɪɨɜɚɧɢɟɦ ɫɦɟɫɢ 



V2O5 ɫ ɭɝɥɟɦ ɢɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ(V) ɫ 

ɯɥɨɪɢɫɬɵɦ ɬɢɨɧɢɥɨɦ:  

V2O5 + 3SOCl2 = 2VOCl3 + 3SO2 

ȼ ɜɨɞɟ ɨɤɫɨɯɥɨɪɢɞ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɟɬɫɹ: 

VOCl3+ 2H2O = HVO3 + 3HCl 

Ɉɞɧɚɤɨ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ VOCl3 ɪɚɫɬɜɨɪɹɟɬɫɹ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɟɬɪɚɯɥɨɪɨɨɤɫɨɜɚɧɚɞɚɬɨɜ [VOCl4]
-, ɢɦɟɸɳɢɯ ɮɨɪɦɭ ɩɢɪɚɦɢɞɵ 

(ɪɢɫ. 2). 

ȿɳɟ ɨɞɢɧ ɨɤɫɨɯɥɨɪɢɞ VO2Cl ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɩɨ ɪɟɚɤɰɢɢ  

2VOCl3+ Cl2O = 2VO2Cl + 3Cl2 

 

ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɜɵɫɲɢɣ ɨɤɫɢɞ ɜɚɧɚɞɢɹ ɩɨɥɭɱɚɸɬ ɪɚɡɥɨɠɟɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ 

ɦɟɬɚɜɚɧɚɞɚɬɚ ɚɦɦɨɧɢɹ: 

                                               200 °C 

2 NH4VO3 → V2O5 + 2 NH3 + H2O. 

ȿɫɥɢ ɪɚɡɥɨɠɟɧɢɟ ɩɪɨɜɨɞɢɬɶ ɜ ɡɚɤɪɵɬɨɦ ɬɢɝɥɟ, ɬɨ ɜɵɞɟɥɹɸɳɢɣɫɹ ɚɦɦɢɚɤ 

ɱɚɫɬɢɱɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɜɚɧɚɞɢɟɜɵɣ ɚɧɝɢɞɪɢɞ. Ⱥɧɚɥɨɝɧɢɱɧɵɟ ɩɪɨɰɟɫɫɵ 

ɩɪɨɬɟɤɚɸɬ ɢ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ V2O5 ɜ ɜɚɤɭɭɦɟ ɢɥɢ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ: 

3V2O5 = V6O13 + O2 

2V6O13= 12VO2 + O2  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜɨɞɨɪɨɞɨɦ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ(III): 

V2O5 + 2H2 = V2O3 + 2H2O. 

Ɋɚɫɫɦɨɬɪɢɦ ɮɨɪɦɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ 

ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɪɇ. ȼ ɫɢɥɶɧɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɤɫɢɞ ɜɚɧɚɞɢɹ ɨɛɪɚɡɭɟɬ ɨɪɬɨ-

ɜɚɧɚɞɚɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɬɟɬɪɚɷɪɢɱɟɫɤɢɟ ɢɨɧɵ VO4
3-, ɧɚɩɨɦɢɧɚɸɳɢɟ 

ɨɪɬɨɮɨɫɮɚɬ. ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɪɇ ɨɧɢ ɩɪɨɬɨɧɢɪɭɸɬɫɹ ɢ 

ɤɨɧɞɟɫɢɪɭɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɥɢɧɟɣɧɵɯ (V2O7
4-) ɢ ɰɢɤɥɢɱɟɫɤɢɯ (V3O9

3-
, 

V4O12
4-

, V5O15
5-

 ) ɮɨɪɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɦɟɬɚɮɨɫɮɚɬɚɦ: 

VO4
3−

+ H2O = HVO4
2−

+ OH
−
 

2HVO4
2−

= V2O7
4−

+ H2O 

3V2O7
4−

+ 6H
+
 = 2V3O9

3−
+ 3H2O  

ȼ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜɚɧɚɞɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɦ ɨɤɪɭɠɟɧɢɢ, 

ɩɨɞɨɛɧɨ ɚɬɨɦɭ ɮɨɫɮɨɪɚ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɧɢɠɟɧɢɢ ɪɇ ɩɪɨɢɫɯɨɞɢɬ 

ɫɬɪɭɤɬɭɪɧɚɹ ɩɟɪɟɫɬɪɨɣɤɚ: ɭɫɬɨɣɱɢɜɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɮɨɪɦɵ ɫ 



ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ 6. ɂɡɦɟɧɟɧɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɤɨɧɞɟɧɫɚɰɢɢ, ɩɪɢɜɨɞɹɳɢɦɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɫɬɤɨ 

ɫɜɹɡɚɧɧɵɯ ɩɨɥɢɹɞɟɪɧɵɯ ɮɨɪɦ. Ȼɥɚɝɨɞɚɪɹ -ɩɟɪɟɤɪɵɜɚɧɢɸ ɪ-ɨɪɛɢɬɚɥɟɣ 

ɤɢɫɥɨɪɨɞɚ ɢ d-ɨɪɛɢɬɚɥɟɣ ɜɚɧɚɞɢɹ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɚɰɢɹ ɫɜɹɡɢ Ɉ-ɇ, 

ɡɚɜɟɪɲɚɸɳɚɹɫɹ ɩɨɥɧɵɦ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɟɦ ɦɨɫɬɢɤɨɜɵɯ Ɉɇ-ɝɪɭɩɩ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɢɨɤɫɨɚɧɢɨɧɨɜ. ɋɪɟɞɢ ɧɢɯ ɩɪɟɨɛɥɚɞɚɟɬ ɞɟɤɚɜɚɧɚɞɚɬ V10O28
6-

, 

ɭɫɬɨɣɱɢɜɵɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɪɇ ɨɬ 2 ɞɨ 8: 

10V3O9
3−

+ 16H
+
 = 3V10O28

6−
+ 6H2O  

ɋɬɪɭɤɬɭɪɚ ɷɬɨɝɨ ɚɧɢɨɧɚ, ɩɪɢɞɚɸɳɚɹ ɪɚɫɬɜɨɪɭ ɨɪɚɧɠɟɜɵɣ ɰɜɟɬ, ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɤɨɦɛɢɧɚɰɢɢ 10 ɨɤɬɚɷɞɪɨɜ [VO6] ɫɨɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ 

ɝɪɚɧɹɦɢ (ɪɢɫ. 3). 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɇ ɜɨɡɦɨɠɧɨ ɩɪɨɬɨɧɢɪɨɜɚɧɢɟ ɨɞɧɨɝɨ ɢɥɢ ɞɜɭɯ ɤɨɧɰɟɜɵɯ 

ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ Ɉɇ-ɝɪɭɩɩ: 

V10O28
6−

+ H
+
 = HV10O28

5−
, 

HV10O28
5−

+ H
+
 = H2V10O28

4−
. 

 ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɬɚɤɢɯ ɝɪɭɩɩ ɜ ɷɬɢɯ ɱɚɫɬɢɰɚɯ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɡɚɪɹɞ 

ɭɦɟɧɶɲɚɸɬɫɹ: ɨɬɞɟɥɶɧɵɟ ɞɟɤɚɜɚɧɚɞɚɬ-ɢɨɧɵ ɧɚɱɢɧɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 

ɦɟɠɞɭ ɫɨɛɨɣ, ɨɛɪɚɡɭɹ ɥɟɧɬɵ ɢɡ ɫɜɹɡɚɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ 

ɨɤɬɚɷɞɪɨɜ [VO6], ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɜɵɩɚɞɟɧɢɸ ɨɫɚɞɤɚ ɝɢɞɪɨɤɫɢɞɚ: 

H2V10O28
4−

+ 4H
+
 = 5V2O50,6H2O  

 ȼ ɫɢɥɶɧɨɤɢɫɥɨɣ ɫɪɟɞɟ ɩɨɥɢɦɟɪɧɵɣ ɝɢɞɪɨɤɫɢɞ ɪɚɡɪɭɲɚɟɬɫɹ, ɩɟɪɟɯɨɞɹ ɜ 

ɪɚɫɬɜɨɪ ɜ ɮɨɪɦɟ ɦɨɧɨɹɞɟɪɧɵɯ ɤɚɬɢɨɧɨɜ ɞɢɨɤɫɨɜɚɧɚɞɢɹ VO2
+, ɢɧɨɝɞɚ 

ɧɚɡɵɜɚɟɦɵɯ ɢɨɧɚɦɢ ɜɚɧɚɞɢɧɚ: 

5V2O50,6H2O  + 10H
+
 = 10VO2

+ 
+ 8H2O. 

ɀɟɥɬɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɢɨɧɵ [ɰɢɫ-VO2(H2O)4]
+, ɭɫɬɨɣɱɢɜɵ, ɧɨ 

ɩɪɢ ɩɨɩɵɬɤɟ ɜɵɞɟɥɟɧɢɹ ɬɜɟɪɞɵɯ ɫɨɥɟɣ ɪɚɡɥɚɝɚɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ(V). ȼ ɫɪɟɞɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɫɟɪɧɨɣ ɢ 

ɯɥɨɪɧɨɣ ɤɢɫɥɨɬ ɢɨɧɵ ɞɢɨɤɫɨɜɚɧɚɞɢɹ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ, ɢ ɪɚɫɬɜɨɪ ɩɪɢɨɛɪɟɬɚɟɬ 

ɬɟɦɧɨ-ɤɪɚɫɧɵɣ ɰɜɟɬ: 

2[VO2(H2O)4]
+
 + 2H

+
 = [V2O3(H2O)8]

4+
 + H2O 

Ȼɟɡɜɨɞɧɵɣ ɧɢɬɪɚɬ ɞɢɨɤɫɨɜɚɧɚɞɢɹ(V) ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɟɧɢɟɦ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɜɚɧɚɞɢɹ ɞɢɨɤɫɢɞɨɦ ɚɡɨɬɚ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ: 

V + 2N2O4 = VO2NO3 + 3NO. 



ɉɪɨɞɭɤɬ ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɢɪɩɢɱɧɨ-ɤɪɚɫɧɵɣ ɩɨɪɨɲɨɤ, 

ɪɚɡɥɚɝɚɸɳɢɣɫɹ ɜɨɞɨɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɩɨɞɤɢɫɥɟɧɢɢ ɪɚɫɬɜɨɪɚ ɨɪɬɨɜɚɧɚɞɚɬɚ ɨɤɪɚɫɤɚ 

ɩɨɫɬɟɩɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɛɟɫɰɜɟɬɧɨɣ (ɨɪɬɨɜɚɧɚɞɚɬ, ɦɟɬɚɜɚɧɚɞɚɬɵ) ɞɨ 

ɨɪɚɧɠɟɜɨɣ (ɞɟɤɚɜɚɧɚɞɚɬ ɢ ɞɪɭɝɢɟ ɢɡɨɩɨɥɢɚɧɢɨɧɵ), ɨɪɚɧɠɟɜɨ-ɤɪɚɫɧɨɣ 

(ɤɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ V2Ɉ5) ɢ, ɧɚɤɨɧɟɰ, ɠɟɥɬɨɣ ɢ ɤɪɚɫɧɨɣ, 

ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɤɚɬɢɨɧɧɵɯ ɨɤɫɨɮɨɪɦ ɜɚɧɚɞɢɹ (V). ȼ ɫɢɥɶɧɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ 

ɩɪɟɨɛɥɚɞɚɟɬ ɨɪɬɨ-ɮɨɪɦɚ ɜɚɧɚɞɚɬɚ VO4
3-, ɜ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ - ɩɪɨɞɭɤɬɵ ɟɟ 

ɱɚɫɬɢɱɧɨɝɨ ɩɪɨɬɨɧɢɪɨɜɚɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ (ɦɟɬɚ-ɮɨɪɦɵ), ɜ ɫɥɚɛɨɳɟɥɨɱɧɨɣ, 

ɧɟɣɬɪɚɥɶɧɨɣ ɢ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɚɯ ɨɛɪɚɡɭɸɬɫɹ ɢɡɨɩɨɥɢɜɚɧɚɞɚɬɵ, ɤɨɬɨɪɵɟ ɩɪɢ 

ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɤɢɫɥɟɧɢɢ ɩɟɪɟɯɨɞɹɬ ɜ ɤɚɬɢɨɧɧɵɟ ɨɤɫɨ-ɮɨɪɦɵ (ɫɨɥɢ 

«ɜɚɧɚɞɢɧɚ») ɱɟɪɟɡ ɨɛɥɚɫɬɶ ɧɟɣɬɪɚɥɶɧɵɯ ɮɨɪɦ («ɜɚɧɚɞɢɟɜɚɹ ɤɢɫɥɨɬɚ»). ɋɯɨɞɧɚɹ 

ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɥɸɛɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɩɟɪɟɯɨɞɧɨɝɨ ɦɟɬɚɥɥɚ, ɧɨ ɡɞɟɫɶ ɨɧɚ 

ɨɫɥɨɠɧɟɧɚ ɩɪɨɰɟɫɫɚɦɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɩɨɥɢɚɧɢɨɧɨɜ. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɚɦɮɨɬɟɪɧɨɫɬɶ ɝɢɞɪɨɤɫɢɞɚ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɩɨɫɨɛɧɨɫɬɢ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɤɚɤ ɤɚɬɢɨɧɧɵɟ, ɬɚɤ ɢ ɚɧɢɨɧɧɵɟ ɮɨɪɦɵ, ɚ ɨ 

ɩɪɟɨɛɥɚɞɚɧɢɢ ɤɢɫɥɨɬɧɵɯ ɢɥɢ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɢɧɬɟɪɜɚɥɭ ɪɇ, 

ɜ ɤɨɬɨɪɨɦ ɫɭɳɟɫɬɜɭɟɬ ɧɟɣɬɪɚɥɶɧɚɹ ɮɨɪɦɚ. Чɟɦ ɫɢɥɶɧɟɟ ɫɦɟɳɟɧ ɷɬɨɬ ɢɧɬɟɪɜɚɥ ɜ 

ɳɟɥɨɱɧɭɸ ɨɛɥɚɫɬɶ, ɬɨ ɟɫɬɶ, ɱɟɦ ɲɢɪɟ ɨɛɥɚɫɬɶ ɤɚɬɢɨɧɧɵɯ ɮɨɪɦ, ɬɟɦ ɨɫɧɨɜɧɟɟ 

ɨɤɚɡɵɜɚɟɬɫɹ ɝɢɞɪɨɤɫɢɞ (ɪɢɫ. 4). 

ȼɚɧɚɞɚɬɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɬɜɟɪɞɨɮɚɡɧɨɦ ɫɩɥɚɜɥɟɧɢɢ V2O5 ɫ 

ɝɢɞɪɨɤɫɢɞɨɦ ɢɥɢ ɤɚɪɛɨɧɚɬɨɦ ɦɟɬɚɥɥɚ, ɧɚɩɪɢɦɟɪ, KVO3, CaV2O6 ɫɨɞɟɪɠɚɬ ɜ 

ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɰɟɩɢ ɢɡ ɫɜɹɡɚɧɧɵɯ ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɬɟɬɪɚɷɞɪɨɜ ɢɥɢ 

ɤɜɚɞɪɚɬɧɵɯ ɩɢɪɚɦɢɞ. 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɤ ɪɚɫɬɜɨɪɭ ɫɨɥɢ ɜɚɧɚɞɢɧɚ ɜ 

ɫɢɥɶɧɨɤɢɫɥɨɣ ɫɪɟɞɟ ɜɨɡɧɢɤɚɟɬ ɢɧɬɟɧɫɢɜɧɨ-ɤɪɚɫɧɨɟ ɨɤɪɚɲɢɜɚɧɢɟ, ɜɵɡɜɚɧɧɨɟ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɪɨɤɫɨɜɚɧɚɞɢɧɤɚɬɢɨɧɚ VO(O–O)(H2O)3+, ɤɨɬɨɪɵɣ ɫɨɤɪɚɳɟɧɧɨ 

ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ VO3
+
:  

VO2NO3 + H2O2 = VO3NO3 + H2O 

ɉɪɢ ɪɇ ɨɬ 3 ɞɨ 9 ɩɪɟɨɛɥɚɞɚɸɬ ɞɢɩɟɪɨɤɫɨɦɨɧɨɚɤɜɚɜɚɧɚɞɚɬ-ɢɨɧɵ VO(O–

O)2(H2O)–, ɩɪɢɞɚɸɳɢɟ ɪɚɫɬɜɨɪɭ ɠɟɥɬɵɣ ɰɜɟɬ: 

KVO3 + 2H2O2 = KH2VO6 + H2O 



 ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɜɨɡɦɨɠɧɨ ɜɯɨɠɞɟɧɢɟ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ 

ɜɚɧɚɞɢɹ ɟɳɟ ɞɜɭɯ ɩɟɪɨɤɫɨ-ɝɪɭɩɩ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɨɤɪɚɫɤɢ ɫ ɠɟɥɬɨɣ ɧɚ ɡɟɥɟɧɭɸ ɢ ɬɟɦɧɨ-ɫɢɧɸɸ. Ɍɟɦɧɨ-ɫɢɧɢɣ 

ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɢɬ ɬɟɬɪɚɩɟɪɨɤɫɨɜɚɧɚɞɚɬ-ɢɨɧɵ V(O–O)43–, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ 

ɫɨɫɬɚɜɟ  ɬɟɬɪɚɩɟɪɨɤɫɨɜɚɧɚɞɚɬɚ ɤɚɥɢɹ K3VO8. ɉɪɟɩɚɪɚɬɢɜɧɨ ɟɝɨ ɩɨɥɭɱɚɸɬ 

ɞɨɛɚɜɥɟɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɪɬɨɜɚɧɚɞɚɬɚ ɤ 30%-ɧɨɦɭ 

ɩɟɪɨɤɫɢɞɭ ɜɨɞɨɪɨɞɚ: 

K3VO4 + 4H2O2 = K3VO8 + 4H2O. 

  ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɪɚɡɥɚɝɚɟɬɫɹ ɫ ɜɡɪɵɜɨɦ. 

ɋɪɟɞɢ ɜɵɫɲɢɯ ɝɚɥɨɝɟɧɢɞɨɜ ɜɚɧɚɞɢɹ ɢɡɜɟɫɬɟɧ ɥɢɲɶ ɮɬɨɪɢɞ VF5, 

ɩɨɥɭɱɚɟɦɵɣ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɭɸ ɠɢɞɤɨɫɬɶ 

ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɱɭɬɶ ɧɢɠɟ ɤɨɦɧɚɬɧɨɣ (20ɋ).  ȼ ɝɚɡɨɨɛɪɚɡɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɨɧ ɫɨɫɬɨɢɬ ɢɡ ɦɨɥɟɤɭɥ ɜ ɮɨɪɦɟ ɬɪɢɝɨɧɚɥɶɧɨɣ ɛɢɩɢɪɚɦɢɞɵ, ɚ ɜ 

ɤɪɢɫɬɚɥɥɟ - ɢɡ ɨɤɬɚɷɞɪɨɜ [VF6], ɫɜɹɡɚɧɧɵɯ ɜ ɛɟɫɤɨɧɟɱɧɵɟ ɰɟɩɢ ɨɛɳɢɦɢ 

ɜɟɪɲɢɧɚɦɢ.  

ȼɵɫɲɢɟ ɯɥɨɪɢɞɵ ɢ ɛɪɨɦɢɞɵ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ ɨɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɢɡ 

ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɢɥɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɝɚɥɨɝɟɧɢɪɨɜɚɧɢɟɦ: 

Nb2O5+ 5C + 5Cl2 = 2NbCl5  + 5CO  

Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɢɯ ɜ ɢɨɞɢɞɵ ɢɫɩɨɥɶɡɭɸɬ ɪɟɚɤɰɢɢ ɨɛɦɟɧɚ: 

3TaCl5 + 5BI3 = 3TaI5+ 5BCl3 

ȼɵɫɲɢɟ ɝɚɥɨɝɟɧɢɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ, ɥɟɝɤɨ 

ɝɢɞɪɨɥɢɡɭɸɳɢɟɫɹ ɜ ɜɨɞɟ ɢ ɜ ɪɚɫɬɜɨɪɚɯ ɳɟɥɨɱɟɣ: 

2NbCl5 + 6H2O = Nb2O5·H2O + 10HCl  

VF5 + 6NaOH = NaVO3 + 5NaF + 3H2O 

ɇɚɥɢɱɢɟ ɜɚɤɚɧɬɧɵɯ d-ɨɪɛɢɬɚɥɟɣ ɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɚɹ ɧɟɧɚɫɵɳɟɧɧɨɫɬɶ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɯ ɥɶɸɢɫɨɜɭ ɤɢɫɥɨɬɧɨɫɬɶ, ɩɪɨɹɜɥɹɸɳɭɸɫɹ 

ɜ ɪɟɚɤɰɢɹɯ ɫ ɞɨɧɨɪɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɵ: 

VF5+ KF = K[VF6] 

NbF5 + BrF3 = [BrF2][NbF6] 

TaF5 + 3KF = K3[TaF8] 

ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɬɨɤɚ ɜɨɡɞɭɯɚ ɧɚɞ ɧɚɝɪɟɬɵɦ ɩɟɧɬɚɯɥɨɪɢɞɨɦ ɧɢɨɛɢɹ ɨɛɪɚɡɭɟɬɫɹ 

ɨɤɫɨɯɥɨɪɢɞ NbOCl3 (ɯɥɨɪɢɫɬɵɣ ɧɢɨɛɢɥ): 

2NbCl5+ O2= 2NbOCl3 + 2Cl2  



Эɬɨ ɜɟɳɟɫɬɜɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɢɡ ɷɮɢɪɚ ɜ ɜɢɞɟ ɛɟɥɵɯ ɲɟɥɤɨɜɢɫɬɵɯ ɢɝɥ, 

ɤɨɬɨɪɵɟ ɧɟɨɛɪɚɬɢɦɨ ɪɚɡɥɚɝɚɸɬɫɹ ɜɨɞɨɣ: 

2NbOCl3 + 4H2O = Nb2O5·H2O + 6HCl 

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɛɟɥɵɣ ɚɦɨɪɮɧɵɣ ɨɫɚɞɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ 

ɨɤɫɢɞ ɧɢɨɛɢɹ. Ɉɧ ɪɚɫɬɜɨɪɢɦ ɤɚɤ ɜ ɤɢɫɥɨɬɚɯ, ɬɚɤ ɢ ɜ ɳɟɥɨɱɚɯ, ɬɨ ɟɫɬɶ ɩɨɞɨɛɧɨ 

«ɜɚɧɚɞɢɟɜɨɣ ɤɢɫɥɨɬɟ» ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ. ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ 

ɨɛɟɡɜɨɠɢɜɚɧɢɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɩɪɨɢɫɯɨɞɢɬ ɜɧɟɡɚɩɧɨɟ ɫɢɥɶɧɨɟ 

ɪɚɡɨɝɪɟɜɚɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ Nb2O5. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɷɬɨ ɜɟɳɟɫɬɜɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɣ ɮɨɪɦɵ, 

ɭɫɬɨɣɱɢɜɨ ɤ ɞɟɣɫɬɜɢɸ ɪɚɫɬɜɨɪɨɜ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ. ɋɩɥɚɜɥɟɧɢɟɦ ɨɤɫɢɞɚ 

ɧɢɨɛɢɹ (V) ɫ ɳɟɥɨɱɚɦɢ ɢɥɢ ɤɚɪɛɨɧɚɬɚɦɢ ɩɨɥɭɱɚɸɬ ɧɢɨɛɚɬɵ, ɧɚɩɪɢɦɟɪ, KNbO3 

ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɩɟɪɨɜɫɤɢɬɚ.  Ⱦɚɥɶɧɟɣɲɟɟ ɧɚɝɪɟɜɚɧɢɟ ɞɨ 1300ɋ ɫ ɢɡɛɵɬɤɨɦ 

ɳɟɥɨɱɧɨɝɨ ɪɟɚɝɟɧɬɚ ɩɪɢɜɨɞɢɬ ɤ ɨɪɬɨ-ɮɨɪɦɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ 

ɚɧɢɨɧɨɜ: 

KNbO3 + K2CO3 = K3NbO4 + CO2 

Ⱥɧɨɦɚɥɶɧɨ ɧɢɡɤɨɟ ɞɥɹ ɧɢɨɛɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɜ ɨɪɬɨɧɢɨɛɚɬɟ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɢɦ ɢɡɛɵɬɤɨɦ ɳɟɥɨɱɢ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɜɨɞɨɣ ɧɢɨɛɚɬɵ 

ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɇ ɨɛɪɚɡɭɹ ɪɚɡɥɢɱɧɵɟ ɨɤɫɨ- ɢ ɝɢɞɪɨɤɫɨ-

ɚɧɢɨɧɵ: 

NbO4
3–

+ 2H2O = [NbO2(OH)4]
3–

 

ȼ ɫɢɥɶɧɨɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ ɩɪɟɨɛɥɚɞɚɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɢɨɧɵ 

[NbO2(OH)4]
3–, ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ 

ɲɟɫɬɢɹɞɟɪɧɵɟ ɢɡɨɩɨɥɢɚɧɢɨɧɵ [Nb6O19]
8–, ɨɛɪɚɡɨɜɚɧɧɵɟ ɢɡ ɲɟɫɬɢ ɨɤɬɚɷɞɪɨɜ 

ɆɈ6, ɫɨɱɥɟɧɟɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ ɜ ɟɞɢɧɵɣ ɨɤɬɚɷɞɪ (ɪɢɫ. 5): 

6[NbO2(OH)4]
3–

+ 10H
+
 =Nb6O19

8–
+ 17H2O 

Ɉɧɢ ɫɩɨɫɨɛɧɵ ɫɨɯɪɚɧɹɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɩɪɢɫɨɟɞɢɧɹɹ ɨɬ ɨɞɧɨɝɨ ɞɨ ɬɪɟɯ 

ɩɪɨɬɨɧɨɜ, ɩɨɫɥɟɞɭɸɳɟɟ ɩɨɞɤɢɫɥɟɧɢɟ ɞɨ ɪɇ = 5 ɩɪɢɜɨɞɢɬ ɤ ɨɫɚɠɞɟɧɢɸ 

ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ. ɉɨ ɫɪɚɜɧɢɟɧɢɸ ɫ ɜɚɧɚɞɚɬɚɦɢ ɨɫɚɠɞɟɧɢɟ ɧɟɣɬɪɚɥɶɧɨɣ 

ɮɨɪɦɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɟɧɟɟ ɤɢɫɥɨɣ ɫɪɟɞɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɢɥɟɧɢɢ 

ɨɫɧɨɜɧɨɫɬɢ ɝɢɞɪɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ɉɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ 

ɢɡɨɩɨɥɢɧɢɨɛɚɬɵ ɢ ɬɚɧɬɚɥɚɬɵ ɩɟɪɟɯɨɞɹɬ ɜ ɦɟɬɚɮɨɪɦɭ: 

K8Nb6O1912H2O = 6KNbO3 + 2KOH + 11H2O. 

Ɍɚɧɬɚɥ ɨɛɪɚɡɭɟɬ ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. 



 

 

4. ɋɨɟɞɢɧɟɧɢɹ ɜɚɧɚɞɢɹ ɜ ɧɢɡɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɜɚɧɚɞɚɬɚ ɰɢɧɤɨɦ ɢɥɢ ɚɦɚɥɶɝɚɦɨɣ ɧɚɬɪɢɹ ɜ 

ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɦɟɧɟ ɨɤɪɚɫɤɢ. Ȼɟɫɰɜɟɬɧɵɣ 

ɜɧɚɱɚɥɟ ɪɚɫɬɜɨɪ ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɫɬɚɧɨɜɢɬɫɹ ɠɟɥɬɵɦ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɨɜ 

ɞɢɨɤɫɨɜɚɧɚɞɢɹ, ɡɚɬɟɦ ɨɤɪɚɫɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɦɟɧɹɟɬɫɹ ɠɟɥɬɨ-ɡɟɥɟɧɨɣ, ɫɢɧɟɣ, 

ɫɢɧɟ-ɡɟɥɟɧɨɣ ɢ, ɧɚɤɨɧɟɰ, ɫɬɚɧɨɜɢɬɫɹ ɮɢɨɥɟɬɨɜɨɣ. Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɭɩɟɧɱɚɬɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɞɢɨɤɫɨɜɚɧɚɞɢɹ VO2
+
 ɞɨ 

ɨɤɫɨɜɚɧɚɞɢɹ(IV) VO
2+

 (ɫɢɧɢɣ ɪɚɫɬɜɨɪ), ɜɚɧɚɞɢɹ(III) V3+
 (ɫɢɧɟ-ɡɟɥɟɧɵɣ ɪɚɫɬɜɨɪ) 

ɢ ɜɚɧɚɞɢɹ(II) V2+ (ɮɢɨɥɟɬɨɜɵɣ ɪɚɫɬɜɨɪ). ɇɚɛɥɸɞɚɟɦɚɹ ɜɧɚɱɚɥɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɠɟɥɬɨ-ɡɟɥɟɧɚɹ ɨɤɪɚɫɤɚ ɪɚɫɬɜɨɪɚ ɨɛɴɹɫɧɹɟɬɫɹ ɨɩɬɢɱɟɫɤɢɦ ɫɦɟɲɟɧɢɟɦ ɨɤɪɚɫɨɤ 

ɞɜɭɯ ɮɨɪɦ – ɞɢɨɤɫɨɜɚɧɚɞɢɹ ɢ ɨɤɫɨɜɚɧɚɞɢɹ. ɉɨɞɨɛɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɩɟɪɩɚɪɚɬɢɜɧɨ ɩɨɥɭɱɢɬɶ ɥɢɲɶ ɫɨɥɢ ɜɚɧɚɞɢɹ(II): 

NaVO3+ 3Na/Hg + 6HCl = VCl2 + 4NaCl + 3Hg + 3H2O 

Ⱦɥɹ ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɫɨɥɟɣ ɜɚɧɚɞɢɹ(III) ɩɪɨɜɨɞɹɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɨɞɢɞɨɦ: 

NaVO3 + 2NaI + 6HCl = VCl3 + I2 + 3NaCl + 3H2O  

ɉɨɥɭɱɟɧɢɟ ɫɨɥɟɣ ɨɤɫɨɜɚɧɚɞɢɹ(IV) ɨɫɭɳɟɫɬɜɥɹɸɬ, ɞɨɛɚɜɥɹɹ ɤ 

ɩɨɞɤɢɫɥɟɧɧɨɦɭ ɪɚɫɬɜɨɪɭ ɜɚɧɚɞɚɬɚ ɷɬɚɧɨɥ, ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɢ 

ɝɢɞɪɚɡɢɧɚ ɢɥɢ ɩɪɨɩɭɫɤɚɹ ɱɟɪɟɡ ɧɟɝɨ ɫɟɪɧɢɫɬɵɣ ɝɚɡ: 

4NaVO3 + N2H4 + 6H2SO4 = 4VOSO4 + N2 + 2Na2SO4 + 8H2O 

Ɉɤɫɢɞ ɜɚɧɚɞɢɹ(IV) VO2, - ɜɟɳɟɫɬɜɨ ɬɟɦɧɨ-ɫɢɧɟɝɨ ɢɥɢ ɩɨɱɬɢ ɱɟɪɧɨɝɨ 

ɰɜɟɬɚ, ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ ɚɬɨɦɵ ɜɚɧɚɞɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɢɫɤɚɠɟɧɧɵɯ 

ɨɤɬɚɷɞɪɚɯ [VO6], ɩɨɩɚɪɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ (V–V 0.265 ɧɦ) ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɹɡɢ.  Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɟɩɚɪɚɬɢɜɧɨ ɩɨɥɭɱɚɸɬ ɧɚɝɪɟɜɚɧɢɟɦ ɫɦɟɫɢ 

ɜɵɫɲɟɝɨ ɨɤɫɢɞɚ ɫ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ: 

 V2O5 + H2C2O4 = 2VO2 + 2CO2 + H2O  

Ⱦɥɹ ɞɢɨɤɫɢɞɚ ɜɚɧɚɞɢɹ ɯɚɪɚɤɬɟɪɧɵ ɚɦɮɨɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɟɝɨ ɫ ɤɢɫɥɨɬɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ 

ɞɢɨɤɫɨɜɚɧɚɞɢɹ(IV) (ɜɚɧɚɞɢɥɚ), ɧɚɩɪɢɦɟɪ, VOSO4 (ɫɭɥɶɮɚɬ ɜɚɧɚɞɢɥɚ ɢɥɢ 

ɨɤɫɨɜɚɧɚɞɢɹ (IV)). ɋɢɧɸɸ ɨɤɪɚɫɤɭ ɷɬɢɦ ɫɨɥɹɦ ɩɪɢɞɚɸɬ ɢɨɧɵ [VO(H2O)5]
2+, ɜ 

ɤɨɬɨɪɵɯ  ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɜɨɣɧɚɹ ɫɜɹɡɶ V=O. Ɍɜɟɪɞɨɮɚɡɧɵɦ ɫɩɥɚɜɥɟɧɢɟɦ 

ɞɢɨɤɫɢɞɚ ɜɚɧɚɞɢɹ ɫ ɳɟɥɨɱɚɦɢ ɢɥɢ ɤɚɪɛɨɧɚɬɚɦɢ ɩɨɥɭɱɚɸɬ ɜɚɧɚɞɚɬɵ ɪɚɡɧɨɝɨ 



ɫɨɫɬɚɜɚ (ɧɚɩɪɢɦɟɪ, CaV3O7, CaV4O9, CaVO3, CaV2O5), ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɵɯ 

ɤɜɚɞɪɚɬɧɵɟ ɩɢɪɚɦɢɞɵ [VO5] ɢɥɢ ɨɤɬɚɷɞɪɵ ɫɨɟɞɢɧɟɧɵ ɜ ɫɥɨɢ ɥɢɛɨ ɤɚɪɤɚɫɵ. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɳɟɥɨɱɟɣ ɨɛɪɚɡɭɸɬɫɹ ɠɟɥɬɨ-ɤɨɪɢɱɧɟɜɵɟ 

ɪɚɫɬɜɨɪɵ ɢɡɨɩɨɥɢɜɚɧɚɞɚɬɨɜ (IV), ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬɫɹ ɩɨɥɢɹɞɟɪɧɵɟ 

ɨɤɫɨɚɧɢɨɧɵ V18O42
12–, ɨɛɪɚɡɨɜɚɧɧɵɟ ɤɜɚɞɪɚɬɧɵɦɢ ɩɢɪɚɦɢɞɚɦɢ [VO5], 

ɫɨɟɞɢɧɟɧɧɵɦɢ ɪɟɛɪɚɦɢ ɢ ɜɟɪɲɢɧɚɦɢ ɜ ɡɚɦɤɧɭɬɭɸ ɫɮɟɪɢɱɟɫɤɭɸ ɨɛɨɥɨɱɤɭ (ɪɢɫ. 

6). ɉɪɢ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɣ ɪɟɚɤɰɢɣ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɫɬɟɣɲɭɸ ɮɨɪɦɭɥɭ 

«V3O7
2-

»:   

VO2+ 2KOH = K2V3O7 + H2O. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɜ ɪɚɫɬɜɨɪɚɯ ɫɨɥɟɣ 

ɜɚɧɚɞɢɹ (IV) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɇ ɜ ɨɛɳɢɯ ɱɟɪɬɚɯ ɫɯɨɞɧɨ ɫ ɯɢɦɢɟɣ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɜɚɧɚɞɚɬɨɜ(V): ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɚɬɢɨɧɵ ɜɚɧɚɞɢɥɚ VO2+, 

ɩɪɢ ɪɇ 4 – 9 ɜɵɞɟɥɹɟɬɫɹ ɧɟɣɬɪɚɥɶɧɚɹ ɮɨɪɦɚ ɝɢɞɪɨɤɫɢɞɚ ɜɚɧɚɞɢɥɚ VO(OH)2 

ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ, ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɢɡɨɩɨɥɢɜɚɧɚɞɚɬɵ (IV) 

V18O42
12–. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɚɧɚɞɢɟɦ ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɨɛɥɚɫɬɶ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɧɟɣɬɪɚɥɶɧɨɣ ɮɨɪɦɵ ɫɦɟɳɟɧɚ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɪɇ, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɢɥɟɧɢɢ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɝɢɞɪɨɤɫɢɞɨɜ ɩɪɢ ɩɨɧɢɠɟɧɢɢ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. 

ȼ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɜɚɧɚɞɢɥɚ ɭɫɬɨɣɱɢɜɵ ɤ 

ɨɤɢɫɥɟɧɢɸ, ɨɞɧɚɤɨ ɳɟɥɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɩɨɥɢɨɤɫɨɜɚɧɚɞɚɬɨɜ (IV) ɫɨ ɜɪɟɦɟɧɟɦ 

ɨɛɟɫɰɜɟɱɢɜɚɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ. 

Хɥɨɪɢɞ ɜɚɧɚɞɢɹ (IV) VCl4 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɭɫɬɭɸ ɛɭɪɭɸ ɠɢɞɤɨɫɬɶ, 

ɨɛɪɚɡɭɸɳɭɸɫɹ ɩɪɢ ɯɥɨɪɢɪɨɜɚɧɢɢ ɜɚɧɚɞɢɹ. Ɉɧɚ ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɭɠɟ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɬɳɟɩɥɹɹ ɯɥɨɪ ɢ ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɬɪɢɯɥɨɪɢɞ, ɩɨɷɬɨɦɭ ɟɟ 

ɜɵɞɟɥɟɧɢɟ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɫɨɩɪɹɠɟɧɨ ɫ ɛɨɥɶɲɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ. ɇɚ ɜɥɚɠɧɨɦ 

ɜɨɡɞɭɯɟ ɜɟɳɟɫɬɜɨ ɞɵɦɢɬ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɨɤɫɨɯɥɨɪɢɞ ɜɚɧɚɞɢɹ – ɯɥɨɪɢɫɬɵɣ 

ɜɚɧɚɞɢɥ VOCl2. Ɉɧ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ ɛɥɟɫɬɹɳɢɯ ɩɥɚɫɬɢɧɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ 

ɬɪɚɜɹɧɢɫɬɨ-ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ, ɨɱɟɧɶ ɝɢɝɪɨɫɤɨɩɢɱɧɵɯ. Ʌɶɸɢɫɨɜɚ ɤɢɫɥɨɬɧɨɫɬɶ ɷɬɨɝɨ 

ɜɟɳɟɫɬɜɚ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɯɥɨɪɢɞɚɦɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 

ɢɥɢ ɫɨɥɹɧɨɤɢɫɥɵɦ ɩɢɪɢɞɢɧɨɦ ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ: 

VOCl2 + 2pyHCl = (pyH)2[VOCl4] 

Ɉɤɫɢɞ ɢ ɝɢɞɪɨɤɫɢɞ ɜɚɧɚɞɢɹ (III) ɥɢɲɶ ɫɥɚɛɨɚɦɮɨɬɟɪɧɵ ɫ ɡɚɦɟɬɧɵɦ 

ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɨɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜ. ɉɨɞɨɛɧɨ ɞɪɭɝɢɦ ɬɪɟɯɡɚɪɹɞɧɵɦ ɤɚɬɢɨɧɚɦ 3d-

ɦɟɬɚɥɥɨɜ, ɜ ɪɚɫɬɜɨɪɟ ɫɨɥɢ ɜɚɧɚɞɢɹ (III) ɫɢɥɶɧɨ ɝɢɞɪɨɥɢɡɨɜɚɧɵ, ɡɟɥɟɧɵɣ ɰɜɟɬ ɢɯ 



ɪɚɫɬɜɨɪɨɜ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɜɯɨɠɞɟɧɢɹ ɚɧɢɨɧɨɜ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ 

ɫɮɟɪɭ ɦɟɬɚɥɥɚ. ɇɟɝɢɞɪɨɥɢɡɨɜɚɧɧɵɟ ɝɟɤɜɚɚɤɜɚɢɨɧɵ [V(H2O)6]3+ ɜ ɫɨɫɬɚɜɟ 

ɰɟɡɢɣɜɚɧɚɞɢɟɜɵɯ ɤɜɚɫɰɨɜ CsV(SO4)212H2O, ɩɪɢɞɚɸɬ ɢɦ ɤɪɚɫɧɨ-ɮɢɨɥɟɬɨɜɭɸ 

ɨɤɪɚɫɤɭ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɥɢ ɜɚɧɚɞɢɹ (III) ɚɦɦɢɚɤɚ ɢɥɢ ɳɟɥɨɱɟɣ ɜɵɩɚɞɚɟɬ 

ɚɦɨɪɮɧɵɣ ɡɟɥɟɧɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ V(OH)3, ɤɨɬɨɪɵɣ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ 

ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ. ɇɚ ɜɨɡɞɭɯɟ ɨɧ ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪ ɫɨɥɢ ɜɚɧɚɞɢɹ(III) ɢɡɛɵɬɤɨɦ ɨɤɫɚɥɚɬɚ ɤɚɥɢɹ 

ɜɵɩɚɞɚɟɬ ɫɜɟɬɥɨ-ɡɟɥɟɧɵɣ ɨɫɚɞɨɤ ɬɪɢɫɨɤɫɚɥɚɬɚɜɚɧɚɞɚɬɚ(III) ɤɚɥɢɹ K3[V(C2O4)3]. 

ȼɫɟ ɤɨɦɩɥɟɤɫɵ ɜɚɧɚɞɢɹ (+3) ɥɚɛɢɥɶɧɵ (t2g
2
 ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɩɨɥɟ), ɢɯ 

ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɡɚɦɟɳɟɧɢɹ ɥɢɝɚɧɞɨɜ ɢɥɢ ɬɜɟɪɞɨɮɚɡɧɨ. ɋɢɧɬɟɡ 

ɝɟɤɫɚɮɬɨɪɨɜɚɧɚɞɚɬɚ (III) ɚɦɦɨɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɭɬɟɦ ɫɩɥɚɜɥɟɧɢɹ ɨɤɫɢɞɚ 

ɜɚɧɚɞɢɹ (III) ɫ ɢɡɛɵɬɤɨɦ ɝɢɞɪɨɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ: 

V2O3 + 6NH4HF2 = 2(NH4)3VF6 + 3H2O 

Ɉɤɫɢɞ ɢ ɝɢɞɪɨɤɫɢɞ ɜɚɧɚɞɢɹ (II) ɨɫɧɨɜɧɵ, ɨɧɢ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɤɢɫɥɨɬɚɯ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɮɢɨɥɟɬɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ. ɋɨɥɢ ɜɚɧɚɞɢɹ ɧɚɫɬɨɥɶɤɨ ɫɢɥɶɧɵɟ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ, ɱɬɨ ɩɨɫɬɟɩɟɧɧɨ ɪɚɡɥɚɝɚɸɬ ɜɨɞɭ, ɜɵɞɟɥɹɹ ɢɡ ɧɟɟ ɜɨɞɨɪɨɞ. 

ɋɭɥɶɮɚɬ ɜɚɧɚɞɢɹ (II) VSO47H2O ɢɡɨɦɨɪɮɟɧ ɫ ɠɟɥɟɡɧɵɦ ɤɭɩɨɪɨɫɨɦ, ɨɛɪɚɡɭɹ ɫ 

ɧɢɦ ɫɦɟɲɚɧɧɵɟ ɤɪɢɫɬɚɥɥɵ. Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ ɨɤɚɡɵɜɚɟɬɫɹ ɞɜɨɣɧɚɹ ɫɨɥɶ ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ ɲɟɧɧɢɬɚ (NH4)2V(SO4)26H2O – ɚɧɚɥɨɝ ɫɨɥɢ Ɇɨɪɚ. ɉɪɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɬɪɢɯɥɨɪɢɞɚ ɜɚɧɚɞɢɹ ɜɨɞɨɪɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɞɢɯɥɨɪɢɞ VCl2 ɜ 

ɜɢɞɟ ɫɜɟɬɥɨɡɟɥɟɧɵɯ ɛɥɟɫɬɹɳɢɯ ɱɟɲɭɟɤ, ɤɨɬɨɪɵɟ ɦɝɧɨɜɟɧɧɨ ɪɚɫɩɥɵɜɚɸɬɫɹ ɧɚ 

ɜɨɡɞɭɯɟ.  

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɤɫɢɞɨɜ ɢ 

ɝɢɞɪɨɤɫɢɞɨɜ ɱɟɪɟɡ ɚɦɮɨɬɟɪɧɵɟ ɫɦɟɧɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ, ɚ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ. 

  

5. ɋɨɟɞɢɧɟɧɢɹ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ ɜ ɧɢɡɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

ɍ 4d- ɢ 5d-ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ ɜɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɚ, ɱɟɦ ɭ ɜɚɧɚɞɢɹ. ɇɢɡɲɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɭ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ 

ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ ɡɚ ɫɱɟɬ ɩɟɪɟɤɪɵɜɚɧɢɹ d-ɨɪɛɢɬɚɥɟɣ, ɬɨ ɟɫɬɶ ɩɭɬɟɦ ɨɛɪɚɡɨɜɚɧɢɹ 

ɫɜɹɡɟɣ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ Nb2O5 ɜɨɞɨɪɨɞɨɦ ɩɪɢ 1000 ɋ ɩɪɢɜɨɞɢɬ 

ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɱɟɪɧɨɝɨ ɞɢɨɤɫɢɞɚ NbO2 ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɪɭɬɢɥɚ. Ⱦɚɥɶɧɟɣɲɟɟ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ (H2, 1700 °ɋ) ɩɪɢɜɨɞɢɬ ɤ ɨɤɫɢɞɭ NbO ɫɟɪɨɝɨ 



ɰɜɟɬɚ, ɢɦɟɸɳɢɣ ɤɭɛɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɬɢɩ ɩɪɨɜɨɞɢɦɨɫɬɢ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ NbO (ɪɢɫ. 7) ɹɜɥɹɟɬɫɹ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɤɢɫɥɨɪɨɞɧɵɯ 

ɜɚɤɚɧɫɢɣ. ȼ ɧɟɦ ɚɬɨɦɵ ɧɢɨɛɢɹ ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɥɚɫɬɟɪɵ, ɜ 

ɤɨɬɨɪɵɯ ɪɚɫɫɬɨɹɧɢɟ Nb-Nb (0,298 ɧɦ) ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɚɧɚɥɨɝɢɱɧɨɦɭ 

ɪɚɫɫɬɨɹɧɢɸ ɜ ɦɟɬɚɥɥɟ (0,285 ɧɦ). Эɬɨ ɞɟɥɚɟɬ ɫɬɪɭɤɬɭɪɭ ɧɚɫɬɨɥɶɤɨ ɩɪɨɱɧɨɣ, ɱɬɨ 

ɜɟɳɟɫɬɜɨ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɤɢɫɥɨɬɚɦɢ. 

ɉɪɢ ɫɩɟɤɚɧɢɢ ɨɤɫɢɞɨɜ SrO ɢ NbO2 (1200 
ɨɋ) ɢɥɢ SrɋO3 ɢ Nb2O5 ɜ ɬɨɤɟ ɇ2 

(1150 
ɨɋ) ɨɛɪɚɡɭɸɬɫɹ ɱɚɫɬɢɱɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɧɢɨɛɚɬɵ(IV) ɫɨ ɫɬɪɭɤɬɭɪɨɣ 

ɩɟɪɨɜɫɤɢɬɚ SrɯNbO3, ɤɨɬɨɪɵɟ ɡɚ ɹɪɤɭɸ ɨɤɪɚɫɤɭ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚɡɵɜɚɸɬ 

ɧɢɨɛɢɟɜɵɦɢ ɛɪɨɧɡɚɦɢ. ɋ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɫɬɪɨɧɰɢɹ ɰɜɟɬ ɛɪɨɧɡ ɢɡɦɟɧɹɟɬɫɹ 

ɢɡ ɬɟɦɧɨɫɢɧɟɝɨ (ɯ = 0,8) ɜ ɤɪɚɫɧɵɣ (ɯ = 1). Ȼɪɨɧɡɵ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ 

ɤɢɫɥɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɜ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɧɢɨɛɚɬɨɦ ɰɢɧɤɨɦ ɜ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɪɟɞɟ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɧɢɨɛɢɹ(IV): 

2KNbO3+ Zn + 4HCl = 2NbO2·H2O + 2KCl + ZnCl2  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ NbCl5 ɧɢɨɛɢɟɦ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɯɥɨɪɢɞɚ Nb3Cl8. 

Эɬɨ ɜɟɳɟɫɬɜɨ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɭɝɨɥɶɧɵɯ ɤɥɚɫɬɟɪɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ Nb3Cl4, ɜ 

ɤɨɬɨɪɵɯ ɨɞɢɧ ɚɬɨɦ ɯɥɨɪɚ ɥɟɠɢɬ ɜ ɰɟɧɬɪɟ ɬɪɟɭɝɨɥɶɧɢɤɚ ɢ ɫɜɹɡɚɧ ɫ ɬɪɟɦɹ 

ɚɬɨɦɚɦɢ ɧɢɨɛɢɹ. Ʉɚɠɞɚɹ ɝɪɭɩɩɢɪɨɜɤɚ ɩɪɢ ɩɨɦɨɳɢ ɞɟɜɹɬɢ ɦɨɫɬɢɤɨɜɵɯ ɚɬɨɦɨɜ 

ɯɥɨɪɚ ɫɜɹɡɚɧɚ ɫ ɲɟɫɬɶɸ ɞɪɭɝɢɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɨɤɪɭɝ ɧɟɟ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ 

ɜ ɜɢɞɟ ɦɨɬɢɜɚ, ɧɚɩɨɦɢɧɚɸɳɟɝɨ ɩɥɨɬɧɟɣɲɢɣ ɫɥɨɣ. 

ɉɨɦɢɦɨ ɬɪɟɭɝɨɥɶɧɵɯ ɤɥɚɫɬɟɪɨɜ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɯɢɦɢɢ ɚɧɚɥɨɝɨɜ ɜɚɧɚɞɢɹ 

ɢɝɪɚɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɥɚɫɬɟɪɵ. ȿɫɥɢ ɫɦɟɫɶ NbCl5 c ɩɨɪɨɲɤɨɦ ɧɢɨɛɢɹ ɢ 

ɯɥɨɪɢɞɨɦ ɧɚɬɪɢɹ ɧɚɝɪɟɜɚɬɶ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɜ ɡɚɩɚɹɧɧɨɣ ɚɦɩɭɥɟ ɩɪɢ 850ɋ, ɧɚ 

ɫɬɟɧɤɚɯ ɚɦɩɭɥɵ ɨɛɪɚɡɭɸɬɫɹ ɤɪɢɫɬɚɥɥɵ Na4Nb6Cl18. ɉɪɢ ɢɯ ɪɚɫɬɜɨɪɟɧɢɢ ɜ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ ɨɛɪɚɡɭɟɬɫɹ ɡɟɥɟɧɵɣ ɪɚɫɬɜɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ ɫ ɩɨɦɨɳɶɸ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɦɨɠɧɨ ɜɵɫɚɥɢɬɶ ɱɟɪɧɵɟ ɤɪɢɫɬɚɥɥɵ 

ɫɨɫɬɚɜɚ Nb6Cl148H2O. ɇɢɬɪɚɬ ɫɟɪɟɛɪɚ ɨɫɚɠɞɚɟɬ ɢɡ ɪɚɫɬɜɨɪɚ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ 

ɥɢɲɶ ɨɞɧɭ ɫɟɞɶɦɭɸ ɱɚɫɬɶ ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɧɟɣ ɯɥɨɪɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ 

ɤɥɚɫɬɟɪɧɨɦ ɫɬɪɨɟɧɢɢ. Ƚɚɥɨɝɟɧɢɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɚɬɢɨɧɧɵɣ ɤɥɚɫɬɟɪ 

[Nb6Cl12]
2+, ɡɚɪɹɞ ɤɨɬɨɪɨɝɨ ɧɟɣɬɪɚɥɢɡɨɜɚɧ ɯɥɨɪɢɞ-ɚɧɢɨɧɚɦɢ. Ɇɨɥɟɤɭɥɵ ɜɨɞɵ 

ɧɚɯɨɞɹɬɫɹ ɦɟɠɞɭ ɤɥɚɫɬɟɪɧɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ.  Ⱥɧɚɥɨɝɢɱɧɵɟ ɤɥɚɫɬɟɪɧɵɟ 

ɝɚɥɨɝɟɧɢɞɵ ɢɡɜɟɫɬɧɵ ɢ ɞɥɹ ɬɚɧɬɚɥɚ. 



Ʉɥɚɫɬɟɪɧɵɟ ɝɪɭɩɩɢɪɨɜɤɢ ɫɨɯɪɚɧɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɪɟɚɤɰɢɹɯ ɨɛɦɟɧɚ 

ɚɧɢɨɧɨɜ, ɧɨ ɢ ɭɫɬɨɣɱɢɜɵ ɤ ɷɥɟɤɬɪɨɧɧɨɦɭ ɩɟɪɟɧɨɫɭ: 

 

ɡɟɥɟɧɵɣ              ɠɟɥɬɵɣ                 ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɣ. 

Ɍɚɤ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪ [Ta6Cl12]Cl3 ɯɥɨɪɧɵɦ ɠɟɥɟɡɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɨɞɧɨɷɥɟɤɬɪɨɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ: 

Ta6Cl15 + FeCl3 = Ta6Cl16 + FeCl2 

Ʉɥɚɫɬɟɪɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɜ ɪɟɚɤɰɢɹɯ ɫ ɨɫɧɨɜɚɧɢɹɦɢ Ʌɶɸɢɫɚ (ɪɢɫ. 

8):  

Ta6Cl15+ 3CsCl = Cs3[Ta6Cl18] 

 

 

 

Ɋɢɫ.1 ɋɬɪɨɟɧɢɟ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ (V) 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 2 ɋɬɪɨɟɧɢɟ ɚɧɢɨɧɚ [VOCl4]
-
 



 

 

 

 

 

Ɋɢɫ. 3 

ɋɬɪɨɟɧɢɟ 

ɞɟɤɚɜɚɧɚɞɚɬ-ɚɧɢɨɧɚ V10O28
6- 

 

 

 

 

 

 

 

 

 

 

 

 



Ɋɢɫ. 4 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɜɚɧɚɞɢɹ (V) ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5 ɋɬɪɨɟɧɢɟ [Ɇ6O19]
8–

 (Ɇ = Nb, Ɍɚ) 

 

 



Ɋɢɫ. 6 ɋɬɪɨɟɧɢɟ ɩɨɥɢɹɞɟɪɧɨɝɨ ɨɤɫɨɚɧɢɨɧɚ V18O42
12–

 

Ɋɢɫ. 7 ɋɬɪɭɤɬɭɪɚ ɨɤɫɢɞɚ ɧɢɨɛɢɹ NbO 

 

Ɋɢɫ. 8 ɋɬɪɨɟɧɢɟ ɤɥɚɫɬɟɪɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ [Ta6Cl18]
3-
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 Ƚɥɚɜɚ 3. ɏɢɦɢя ɷɥɟɦɟɧɬɨɜ ɲɟɫɬɨɣ ɝɪɭɩɩɵ – ɯɪɨɦ, ɦɨɥɢɛɞɟɧ, ɜɨɥɶɮɪɚɦ 

 

1. Ɉɛɳɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

 ɍ ɷɥɟɦɟɧɬɨɜ ɲɟɫɬɨɣ ɝɪɭɩɩɵ d-ɩɨɞɭɪɨɜɟɧɶ ɛɥɢɡɨɤ ɤ ɩɨɥɨɜɢɧɧɨɦɭ ɡɚɜɟɪɲɟɧɢɸ, 

ɩɨɷɬɨɦɭ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɡɚɡɨɪ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦ ɢ ɩɟɪɜɵɦ ɜɨɡɛɭɠɞɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 

ɧɟɛɨɥɶɲɨɣ. ȼ ɫɥɭɱɚɟ ɯɪɨɦɚ ɢ ɦɨɥɢɛɞɟɧɚ ɛɨɥɟɟ ɧɢɡɤɢɦ ɩɨ ɷɧɟɪɝɢɢ ɨɤɚɡɵɜɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ 

(n-1)d
5
ns

1, ɤɨɬɨɪɨɟ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ. Ɏɨɪɦɚɥɶɧɨ ɟɝɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɪɟɡɭɥɶɬɚɬ 

«ɩɟɪɟɫɤɨɤɚ» ɷɥɟɤɬɪɨɧɚ ɫ ns- ɧɚ (n-1)d-ɩɨɞɭɪɨɜɟɧɶ. ȼ ɚɬɨɦɟ ɜɨɥɶɮɪɚɦɚ ɨɫɧɨɜɧɨɟ ɫɨɫɬɨɹɧɢɟ 

ɢɦɟɟɬ ɤɨɧɮɢɝɭɪɚɰɢɸ 5d
4
6s

2
. 

 Ɋɚɞɢɭɫɵ ɚɬɨɦɨɜ ɢ ɢɨɧɨɜ (ɬɚɛɥ. 1) ɜɨɡɪɚɫɬɚɸɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɯɪɨɦɚ ɤ ɦɨɥɢɛɞɟɧɭ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɟɪɟɯɨɞɟ ɤ ɜɨɥɶɮɪɚɦɭ, ɢɯ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ 

ɭ  ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɥɚɧɬɚɧɨɢɞɧɨɝɨ ɫɠɚɬɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, 

ɪɚɡɧɢɰɚ ɜ ɫɜɨɣɫɬɜɚɯ ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ ɷɥɟɦɟɧɬɚɦɢ ɛɨɥɟɟ ɡɚɦɟɬɧɚ, ɱɟɦ ɦɟɠɞɭ 4d- ɢ 5d-

ɷɥɟɦɟɧɬɚɦɢ ɱɟɬɜɟɪɬɨɣ ɢ ɩɹɬɨɣ ɝɪɭɩɩ: ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɟɪɢɨɞɭ ɜɥɢɹɧɢɟ ɥɚɧɬɚɧɢɞɧɨɝɨ 

ɫɠɚɬɢɹ ɧɚ ɫɜɨɣɫɬɜɚ ɚɬɨɦɨɜ ɨɫɥɚɛɟɜɚɟɬ. ȼɟɥɢɱɢɧɵ ɩɟɪɜɵɯ ɷɧɟɪɝɢɣ ɢɨɧɢɡɚɰɢɢ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɯɪɨɦɚ ɤ ɜɨɥɶɮɪɚɦɭ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. 

Эɮɮɟɤɬ ɨɪɛɢɬɚɥɶɧɨɝɨ d-ɫɠɚɬɢɹ, ɯɨɬɹ ɢ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɪɚɞɢɭɫɵ ɚɬɨɦɨɜ 

ɷɥɟɦɟɧɬɨɜ 6 ɝɪɭɩɩɵ ɨɤɚɡɵɜɚɸɬɫɹ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɷɥɟɦɟɧɬɨɜ 4 ɢ 5 ɝɪɭɩɩ, ɜɫɟ ɠɟ ɧɟ 

ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɪɚɞɢɭɫɚ d-ɨɪɛɢɬɚɥɟɣ. Ⱥɬɨɦ ɥɟɝɤɨ ɨɬɞɚɟɬɫɹ 

ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɧɢɯ ɷɥɟɤɬɪɨɧɵ, ɱɬɨ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɜɵɫɨɤɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. Ɉɫɨɛɟɧɧɨ 

ɷɬɨ ɡɚɦɟɬɧɨ ɭ 4d- ɢ 5d-ɦɟɬɚɥɥɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ. ɋɥɟɞɫɬɜɢɟɦ ɨɪɛɢɬɚɥɶɧɨɝɨ ɫɠɚɬɢɹ ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ ɯɪɨɦɚ(VI) ɜ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɞɨ 4, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɩɪɨɳɚɟɬ ɯɢɦɢɸ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ. Ⱦɥɹ ɯɪɨɦɚ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɜɚɧɚɞɢɹ, ɧɟ 

ɢɡɜɟɫɬɧɵ ɩɨɥɢɨɤɫɨɦɟɬɚɥɥɚɬɵ. ȼ ɯɢɦɢɢ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ ɢɝɪɚɸɬ 

ɡɚɦɟɬɧɭɸ ɪɨɥɶ.  

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɭɫɢɥɢɜɚɸɬɫɹ ɤɢɫɥɨɬɧɵɟ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɟ 

ɫɜɨɣɫɬɜɚ. Ɍɚɤ, ɝɢɞɪɨɤɫɢɞ Cr(OH)2 ɩɪɨɹɜɥɹɟɬ ɬɨɥɶɤɨ ɨɫɧɨɜɧɵɟ, Cr(OH)3 – ɚɦɮɨɬɟɪɧɵɟ, ɚ 

H2CrO4 – ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ. Ⱦɥɹ ɯɪɨɦɚ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ +3, ɚ ɞɥɹ ɬɹɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ – ɜɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +6. 

ɋɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 6 ɝɪɭɩɩɵ ɜ ɧɢɡɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɱɚɫɬɨ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɤɥɚɫɬɟɪɵ ɫɨ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɩɭɬɟɦ d-d ɩɟɪɟɤɪɵɜɚɧɢɹ. ɉɪɢ 

ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɩɢɪɫɨɧɨɜɫɤɚɹ ɤɢɫɥɨɬɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɛɨɝɚɬɨɣ ɯɢɦɢɢ ɫɭɥɶɮɢɞɨɜ ɢ ɬɢɨɤɨɦɩɥɟɤɫɨɜ ɭ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ. ɍɫɬɨɣɱɢɜɨɫɬɶ 
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ɤɥɚɫɬɟɪɨɜ ɜ ɧɢɡɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɬɚɤɠɟ ɭɫɢɥɢɜɚɟɬɫɹ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫ ɦɹɝɤɢɦɢ 

ɨɫɧɨɜɚɧɢɹɦɢ ɉɢɪɫɨɧɚ (ɮɨɫɮɢɞ, ɢɨɞɢɞ, ɤɚɪɛɢɞ). 

Эɥɟɦɟɧɬɵ 6 ɝɪɭɩɩɵ ɨɛɪɚɡɭɸɬ ɤɚɪɛɨɧɢɥɵ Ɇ(ɋɈ)6. Ɍɚɤɚɹ ɫɬɟɯɢɨɦɟɬɪɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ 18-ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɢ. ɋɢɧɬɟɡ ɤɚɪɛɨɧɢɥɨɜ ɩɪɨɜɨɞɹɬ ɧɟ 

ɩɪɹɦɵɦ ɫɢɧɬɟɡɨɦ, ɚ ɤɨɫɜɟɧɧɵɦ ɩɭɬɟɦ, ɧɚɩɪɢɦɟɪ 

                                        THF 

CrCl3(ɬɜ) + Al(ɬɜ) + 6CO = Cr(CO)6 + AlCl3 

Кɚɪɛɨɧɢɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɵɟ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɫɬɪɨɟɧɢɹɟ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɨɧɢ ɪɚɡɥɚɝɚɸɬɫɹ, ɨɛɪɚɡɭɹ ɦɟɥɤɢɣ 

ɩɨɪɨɲɨɤ ɦɟɬɚɥɥɚ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɚɪɟɧɚɦɢ ɬɪɢ ɦɨɥɟɤɭɥɵ ɋɈ ɜ ɤɚɪɛɨɧɢɥɚɯ 

ɡɚɦɟɳɚɸɬɫɹ ɧɚ ɦɨɥɟɤɭɥɭ ɚɪɟɧɚ (ɪɢɫ. 1). ɋɜɹɡɶ ɚɪɟɧɚ ɫ ɦɟɬɚɥɥɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɫɱɟɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɪɨɦɚɬɢɱɟɫɤɨɣ -ɫɢɫɬɟɦɵ ɫ d-ɨɪɛɢɬɚɥɹɦɢ ɦɟɬɚɥɥɚ. Ⱥɧɚɥɨɝɢɱɧɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɦɟɟɬ ɦɟɫɬɨ ɢ ɜ ɞɢɛɟɧɡɨɥɯɪɨɦɟ (ɪɢɫ. 1), ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɵɟ ɤɪɢɫɬɚɥɥɵ 

ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɯɥɨɪɢɞɚ ɯɪɨɦɚ(III) ɚɥɸɦɢɧɢɟɦ ɜ ɛɟɧɡɨɥɟ. 

Ⱦɢɛɟɧɡɨɥɯɪɨɦ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɥɟɝɤɨ ɜɨɡɝɨɧɹɟɬɫɹ, ɚ 

ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɚɡɥɚɝɚɟɬɫɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɯɪɨɦɚ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɤɚɪɛɨɧɢɥɨɜ ɩɨɥɭɱɚɸɬ 

ɤɚɪɛɨɧɢɥɚɬɵ, ɫɨɞɟɪɠɚɳɢɟ ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, 

ɧɚɩɪɢɦɟɪ, Na2[Cr(CO)5]. 

ɏɪɨɦ – ɫɪɟɞɧɢɣ ɩɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɷɥɟɦɟɧɬ (0.012 ɦɚɫ. %), ɜɫɬɪɟɱɚɸɳɢɣɫɹ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ + 3 (FeCr2O4 

ɯɪɨɦɢɫɬɵɣ ɠɟɥɟɡɧɹɤ), ɯɨɬɹ ɢɡɜɟɫɬɧɵ ɢ ɦɢɧɟɪɚɥɵ – ɯɪɨɦɚɬɵ(VI), ɧɚɩɪɢɦɟɪ, ɨɪɚɧɠɟɜɨ-

ɤɪɚɫɧɵɣ ɤɪɨɤɨɢɬ PbCrO4. Ɇɨɥɢɛɞɟɧ ɢ ɜɨɥɶɮɪɚɦ ɨɬɧɨɫɹɬ ɤ ɱɢɫɥɭ ɪɟɞɤɢɯ ɷɥɟɦɟɧɬɨɜ (~10–3
 

ɦɚɫ. %), ɢɯ ɜɚɠɧɟɣɲɢɟ ɦɢɧɟɪɚɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɢɫɥɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ (CaWO4 

ɲɟɟɥɢɬ, (Fe,Mn)WO4 ɜɨɥɶɮɪɚɦɢɬ) ɢɥɢ ɫɭɥɶɮɢɞɵ (ɦɨɥɢɛɞɟɧɢɬ MoS2). 

Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 6-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 Cr Mo W 

Аɬɨɦɧɵɣ ɧɨɦɟɪ 24 42 77 

Эɥɟɤɬɪɨɧɧɚя 

ɤɨɧɮɢɝɭɪɚɰɢя 

3d
5
4s

1
 4d

5
5s

1
 4f

14
5d

4
6s

2 

Аɬɨɦɧɵɣ ɪɚɞɢɭɫ, 

ɩɦ 

127 139 140 

ɉɟɪɜɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

6,77 7,10 7,98 
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ɷȼ 

ȼɬɨɪɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

15,50 16,15 17,70 

Шɟɫɬɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

90,60 68,00 60,90 

Эɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 
1,56 1,30 1,40 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя?? ?? ?? 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɩɥɚɜɥɟɧɢя. 

°C 

1860 2620 3410 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɤɢɩɟɧɢя, 

°C 

2680 4630 5700 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 7,23 10,22 19,30 

E
0
 (М3+

 / М0), ȼ -0,74 -0,20 -0,11 

 

 

 

 

 

 

2. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ 

 2.1. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ  

 

 ɏɪɨɦ, ɦɨɥɢɛɞɟɧ ɢ ɜɨɥɶɮɪɚɦ – ɫɜɟɬɥɨ-ɫɟɪɵɟ ɬɭɝɨɩɥɚɜɤɢɟ ɦɟɬɚɥɥɵ, ɢɦɟɸɳɢɟ 

ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ. Ɇɧɨɝɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ 

ɦɟɬɚɥɥɨɜ, ɜɤɥɸɱɚɹ ɬɜɟɪɞɨɫɬɶ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɢɯ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜ 

ɭɝɥɟɪɨɞɚ, ɚɡɨɬɚ ɢ ɤɢɫɥɨɪɨɞɚ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɢɡɦɟɧɹɬɶ ɢɯ ɫɬɪɭɤɬɭɪɭ. ɉɨɷɬɨɦɭ ɦɟɬɚɥɥɵ 

ɬɟɯɧɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɩɨ ɬɜɟɪɞɨɫɬɢ ɩɪɟɜɨɫɯɨɞɹɬ ɫɬɚɥɶ, ɰɚɪɚɩɚɸɬ ɫɬɟɤɥɨ. ȼɧɢɡ ɩɨ ɝɪɭɩɩɟ 
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ɩɪɨɱɧɨɫɬɶ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɟɬɚɥɥɨɜ ɪɚɫɬɟɬ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ 

ɩɟɪɟɤɪɵɜɚɧɢɹ ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɟɧɧɵɯ (n-1)d-ɨɪɛɢɬɚɥɟɣ. 

 

 2.2. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 

 ɏɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɭɦɟɧɶɲɚɟɬɫɹ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. Ɉɞɧɚɤɨ, 

ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɫɟ ɬɪɢ ɦɟɬɚɥɥɚ ɭɫɬɨɣɱɢɜɵ ɤ ɤɨɪɪɨɡɢɢ ɛɥɚɝɨɞɚɪɹ ɬɨɧɤɨɣ 

ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɟ ɨɤɫɢɞɚ Cr2O3 ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɤɨɪɭɧɞɚ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɦɟɬɚɥɥɵ 

ɪɟɚɝɢɪɭɸɬ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɨɛɪɚɡɭɹ ɨɤɫɢɞɵ (Cr2O3, MoO3, WO3), ɯɥɨɪɨɦ (CrCl3, MoCl5, 

WCl6) ɢ ɞɪɭɝɢɦɢ ɝɚɥɨɝɟɧɚɦɢ, ɫɟɪɨɣ, ɚɡɨɬɨɦ, ɮɨɫɮɨɪɨɦ ɢ ɦɧɨɝɢɦɢ ɧɟɦɟɬɚɥɥɚɦɢ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɢɧɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɇɧɨɝɢɟ ɢɡ ɧɢɯ (ɧɚɩɪɢɦɟɪ, CrN ɫɨ ɫɬɪɭɤɬɭɪɨɣ NaCl) 

ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɭɩɪɨɱɧɟɧɢɹ ɪɟɠɭɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɫɬɚɥɶɧɵɯ ɢɡɞɟɥɢɣ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ WC ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɩɪɨɰɟɫɫ 

ɩɪɨɜɨɞɹɬ ɱɟɪɟɡ ɝɚɡɨɜɭɸ ɫɪɟɞɭ. Ⱦɥɹ ɷɬɨɝɨ ɫɦɟɫɶ ɩɨɪɨɲɤɨɜ ɜɨɥɶɮɪɚɦɚ ɢ ɭɝɥɹ ɧɚɝɪɟɜɚɸɬ ɞɨ 

1300 ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞɚ. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɭɝɥɹ ɭɝɥɟɜɨɞɨɪɨɞɵ (C2H4, 

C2H2) ɪɚɡɥɚɝɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɶɮɪɚɦɚ, ɨɛɪɚɡɭɹ ɮɚɡɭ ɤɚɪɛɢɞɚ. 

ɏɪɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɝɪɭɩɩɵ, ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ-

ɧɟɨɤɢɫɥɢɬɟɥɹɯ. ȿɫɥɢ ɪɟɚɤɰɢɸ ɩɪɨɜɨɞɢɬɶ ɛɟɡ ɞɨɫɬɭɩɚ ɜɨɡɞɭɯɚ, ɨɛɪɚɡɭɟɬɫɹ ɫɢɧɟ-ɝɨɥɭɛɨɣ 

ɪɚɫɬɜɨɪ ɫɨɥɢ ɯɪɨɦɚ(II):  

Cr + 2HCl = CrCl2 + H2 

ɇɚ ɜɨɡɞɭɯɟ ɝɨɥɭɛɨɟ ɨɤɪɚɲɢɜɚɧɢɟ ɪɚɫɬɜɨɪɨɜ ɫɦɟɧɹɟɬɫɹ ɧɚ ɡɟɥɟɧɨɟ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɨɤɢɫɥɟɧɢɟɦ ɢɨɧɨɜ ɯɪɨɦɚ(II) ɞɨ ɯɪɨɦɚ(III): 

4CrCl2 + O2 + 4HCl = 4CrCl3 + 2H2O. 

ɋ ɤɢɫɥɨɬɚɦɢ-ɨɤɢɫɥɢɬɟɥɹɦɢ: ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɢ ɚɡɨɬɧɨɣ – ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɯɪɨɦ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ, ɧɨ ɝɨɪɹɱɢɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɤɢɫɥɨɬɵ ɩɟɪɟɜɨɞɹɬ 

ɦɟɬɚɥɥ ɜ ɫɨɥɢ ɯɪɨɦɚ(III).  

Ɇɨɥɢɛɞɟɧ ɢ ɨɫɨɛɟɧɧɨ ɜɨɥɶɮɪɚɦ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɞɟɣɫɬɜɢɸ ɤɢɫɥɨɬ, ɱɟɦ 

ɯɪɨɦ. Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɢɯ ɜ ɪɚɫɬɜɨɪ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɦɟɫɶ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 

ɩɥɚɜɢɤɨɜɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ: 

W + 8HF + 2HNO3 = H2WF8 + 2NO + 4H2O. 

 ȼ ɨɬɥɢɱɢɟ ɨɬ ɜɨɥɶɮɪɚɦɚ, ɦɨɥɢɛɞɟɧ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦ ɜ ɝɨɪɹɱɢɯ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɚɡɨɬɧɨɣ ɢɥɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ.  

ȼɫɟ ɬɪɢ ɦɟɬɚɥɥɚ ɦɨɝɭɬ ɛɵɬɶ ɨɤɢɫɥɟɧɵ ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ ɜ ɳɟɥɨɱɧɨɦ ɪɚɫɩɥɚɜɟ: 

5Mo + 6KNO3 + 4KOH = 5К2MoO4 + 3N2 + 2H2O. 

 2.3. ɉɨɥɭɱɟɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ 
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 ɉɪɨɦɵɲɥɟɧɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɯɪɨɦɚ ɫɥɭɠɢɬ ɯɪɨɦɢɫɬɵɣ ɠɟɥɟɡɧɹɤ 

FeCr2O4. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɟɝɨ ɤɨɤɫɨɦ ɜ ɷɥɟɤɬɪɨɩɟɱɚɯ 

FeCr2O4 + 4C = Fe + 2Cr + 4CO, 

ɨɛɪɚɡɭɟɬɫɹ ɮɟɪɪɨɯɪɨɦ – ɫɩɥɚɜ, ɫɨɞɟɪɠɚɳɢɣ ɞɨ 35% ɠɟɥɟɡɚ ɢ ɞɨ 5% ɭɝɥɟɪɨɞɚ.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɯɪɨɦɚ ɯɪɨɦɢɫɬɵɣ ɠɟɥɟɡɧɹɤ ɩɨɞɜɟɪɝɚɸɬ 

ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɩɥɚɜɥɟɧɢɸ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ: 

4FeCr2O4 + 10Na2CO3 + 7O2 = 8Na2CrO4 + 4NaFeO2 + 10CO2. 

ɉɨɥɭɱɟɧɧɵɣ ɬɜɟɪɞɵɣ ɫɩɟɤ ɜɵɳɟɥɚɱɢɜɚɸɬ ɜɨɞɨɣ, ɩɪɢ ɷɬɨɦ ɠɟɥɟɡɨ ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɝɢɞɪɨɤɫɢɞɚ. Ɋɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɯɪɨɦɚɬ ɧɚɬɪɢɹ, ɩɨɞɤɢɫɥɹɸɬ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ 

ɤɚɥɢɹ ɢɡ ɧɟɝɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɞɢɯɪɨɦɚɬ ɤɚɥɢɹ, ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɬɨɪɨɝɨ ɧɢɠɟ, ɱɟɦ ɭ 

ɧɚɬɪɢɟɜɨɣ ɫɨɥɢ: 

2Na2CrO4 + 2H2SO4 + 2KCl = K2Cr2O7 + 2NaHSO4 + 2NaCl + H2O.  

Ⱦɢɯɪɨɦɚɬ ɤɚɥɢɹ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɤɨɤɫɨɦ ɞɨ ɨɤɫɢɞɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɚɥɸɦɨɬɟɪɦɢɟɣ ɩɨɥɭɱɚɸɬ 

ɯɪɨɦ: 

K2Cr2O7 + 2C = Cr2O3 + K2CO3 + CO. 

ɋr2O3 + 2Al = 2Cr + Al2O3. 

ɇɚɢɛɨɥɟɟ ɱɢɫɬɵɣ ɯɪɨɦ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɥɭɱɚɸɬ ɷɥɟɤɬɪɨɥɢɡɨɦ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɨɛɨɝɚɳɟɧɧɵɟ ɪɭɞɵ ɩɟɪɟɜɨɞɹɬ ɜ ɬɪɢɨɤɫɢɞɵ, 

ɤɨɬɨɪɵɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɜɨɞɨɪɨɞɨɦ. Ɍɪɢɨɤɫɢɞ ɦɨɥɢɛɞɟɧɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ 

ɦɨɥɢɛɞɟɧɢɬɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɥɶɮɪɚɦɚ ɜɨɥɶɮɪɚɦɢɬ ɩɨɞɜɟɪɝɚɸɬ ɳɟɥɨɱɧɨɦɭ ɜɫɤɪɵɬɢɸ 

ɫɩɥɚɜɥɟɧɢɟɦ ɫ ɫɨɞɨɣ, ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɫɩɟɤɚ ɨɫɚɠɞɚɸɬ ɜɨɥɶɮɪɚɦɨɜɭɸ ɤɢɫɥɨɬɭ, ɤɨɬɨɪɭɸ 

ɧɚɝɪɟɜɚɧɢɟɦ ɩɟɪɟɜɨɞɹɬ ɜ ɨɤɫɢɞ: 

(Fe,Mn)WO4+ 4Na2CO3  + O2 =  4Na2WO4  +  4CO2 +  2(Fe,Mn)2O3 

Na2WO4+ 2HCl = WO3 + 2NaCl + H2O 

WO3+ 3H2 = W + 3H2O 

ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɵ ɩɨɥɭɱɚɸɬɫɹ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ. ɂɡ-ɡɚ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɩɪɨɫɬɨɟ ɫɩɥɚɜɥɟɧɢɟ ɩɨɪɨɲɤɚ ɜɨɥɶɮɪɚɦɚ ɜ ɫɥɢɬɨɤ ɬɪɟɛɭɟɬ 

ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ. ɉɨɷɬɨɦɭ ɩɨɪɨɲɨɤ ɧɟ ɩɥɚɜɹɬ, ɚ ɩɪɟɫɫɭɸɬ ɢ ɫɩɟɤɚɸɬ ɩɪɢ 1400ºɋ, ɚ ɡɚɬɟɦ 

ɧɚɝɪɟɜɚɸɬ ɞɨ 3000 ºɋ, ɩɪɨɩɨɩɭɫɤɚɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɉɪɢ ɷɬɨɦ ɨɧ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 

ɲɬɚɛɢɤ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɮɨɪɦɨɜɚɬɶ. Кɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɥɢɬɤɢ ɜɨɥɶɮɪɚɦɚ ɢ 

ɦɨɥɢɛɞɟɧɚ ɩɨɥɭɱɚɸɬ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɩɥɚɜɤɨɣ ɜ ɜɚɤɭɭɦɟ ɩɪɢ 3000-3500 
ɨɋ. 

ȿɠɟɝɨɞɧɨɟ ɦɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɯɪɨɦɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 0,75 ɦɥɧ. ɬɨɧɧ. 

Ȼɨɥɶɲɨɟ ɤɨɥɱɢɱɟɫɬɜɨ ɯɪɨɦɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ, 

ɨɛɥɚɞɚɸɳɢɯ ɭɧɢɤɚɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɤɨɪɪɨɡɢɢ. ɂɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 

ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɥɨɩɚɬɤɢ ɬɭɪɛɢɧ, ɤɨɪɩɭɫɚ ɩɨɞɜɨɞɧɵɯ ɥɨɞɨɤ, ɚ ɬɚɤɠɟ ɬɪɭɛɵ, 
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ɦɟɬɚɥɥɨɱɟɪɟɩɢɰɭ, ɫɬɨɥɨɜɵɟ ɩɪɢɛɨɪɵ. Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɢ ɫ ɞɟɤɨɪɚɬɢɜɧɨɣ ɰɟɥɶɸ 

ɢɡɞɟɥɢɹ ɢɡ ɫɬɚɥɢ ɯɪɨɦɢɪɭɸɬ, ɩɨɤɪɵɜɚɹ ɢɯ ɩɥɟɧɤɨɣ ɯɪɨɦɚɬɨɥɳɢɧɨɣ ɧɟ ɛɨɥɟɟ 5 ɦɤɦ. 

Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɯɪɨɦɨɜɵɟ ɩɨɤɪɵɬɢɹ ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɡɟɪɤɚɥ, ɩɪɨɠɟɤɬɨɪɨɜ. ɇɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ 20 % ɯɪɨɦɚ 

(ɧɢɯɪɨɦɵ) ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɨɤɚ ɫɢɥɶɧɨ 

ɧɚɝɪɟɜɚɸɬɫɹ. ɂɡ ɧɢɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɩɟɱɟɣ.  ɋɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɢɝɦɟɧɬɨɜ, ɢɧɝɢɛɢɬɨɪɨɜ ɤɨɪɪɨɡɢɢ, ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

Ɉɫɧɨɜɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɫɜɹɡɚɧɨ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ 

ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɠɚɪɨɩɪɨɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ ɫɩɥɚɜɨɜ, ɭɫɬɨɣɱɢɜɵɯ ɜ 

ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ (ɢɡ ɧɢɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɬɨɪɵ). ɋɨɟɞɢɧɟɧɢɹ ɦɨɥɢɛɞɟɧɚ 

ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚ ɞɢɫɭɥɶɮɢɞ ɦɨɥɢɛɞɟɧɚ – ɜ ɤɚɱɟɫɬɜɟ ɬɜɟɪɞɨɣ 

ɫɦɚɡɤɢ. 

 

3. Кɢɫɥɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +6 

 Ɉɤɫɢɞ ɯɪɨɦɚ(VI), ɢɥɢ ɯɪɨɦɨɜɵɣ ɚɧɝɢɞɪɢɞ CrO3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɦɧɨ-ɤɪɚɫɧɵɟ 

ɥɟɝɤɨɩɥɚɜɤɢɟ ɤɪɢɫɬɚɥɥɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɬɟɬɪɚɷɞɪɨɜ CrO4, ɫɜɹɡɚɧɧɵɯ ɜɟɪɲɢɧɚɦɢ ɜ ɰɟɩɢ 

(ɪɢɫ. 2).  

 ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɟɝɨ ɜ ɜ ɜɨɞɟ ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɨ-ɨɪɚɧɠɟɜɵɣ ɪɚɫɬɜɨɪ, ɜ ɤɨɬɨɪɨɦ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɯɪɨɦɚɬ- ɢ ɝɢɞɪɨɯɪɨɦɚɬ-ɢɨɧɵ, ɚ ɬɚɤɠɟ ɢ ɩɪɨɞɭɤɬɵ ɢɯ ɤɨɧɞɟɧɫɚɰɢɢ, Эɬɢ 

ɩɪɨɰɟɫɫɵ ɨɩɢɫɵɜɚɸɬɫɹ ɪɚɜɧɨɜɟɫɢɹɦɢ: 

H2CrO4  H
+

 + HCrO4
–
 , pK = 5,9 

HCrO4
–
  H

+
 + CrO4

2–
 , pK = –0,61 

2HCrO4
–
  Cr2O7

2–
 + H2O, pK = –2,2 

CrO4
2–

 + 2H
+
  Cr2O7

2–
 + H2O,  pK = –13,7. 

ɉɪɢ ɫɢɥɶɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɚ ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɯɪɨɦɚɬ-ɢɨɧɨɜ, ɚ ɩɪɢ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ – ɜ ɫɬɨɪɨɧɭ ɞɢɯɪɨɦɚɬɚ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ ɩɨɥɢɤɨɧɞɟɫɚɰɢɢ. Кɨɧɟɱɧɵɦ 

ɬɚɤɢɦ ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɟɬɫɹ ɫɚɦ ɯɪɨɦɨɜɵɣ ɚɧɝɢɞɪɢɞ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɨ ɜɟɳɟɫɬɜɨ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɚɧɝɢɞɪɢɞ ɯɪɨɦɨɜɨɣ ɢ ɛɟɫɤɨɧɟɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɢɯɪɨɦɨɜɵɯ ɤɢɫɥɨɬ, 

ɧɢ ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɧɟ ɜɵɞɟɥɟɧɚ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɜ ɫɢɥɭ ɜɵɫɨɤɨɣ ɥɚɛɢɥɶɧɨɫɬɢ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɚɦɢɯ ɤɢɫɥɨɬ ɩɨɥɭɱɢɬɶ ɢɯ ɫɨɥɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɢɤɚɤɨɝɨ ɬɪɭɞɚ. 

ɏɪɨɦɚɬɵ ɢ ɞɢɯɪɨɦɚɬɵ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ. Ɉɛɟ ɷɬɢ ɮɨɪɦɵ ɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɟ, ɩɪɢɱɟɦ ɪɇ ɢɯ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɛɥɢɡɨɤ ɤ ɧɟɣɬɪɚɥɶɧɨɦɭ. ȼɡɚɢɦɧɵɟ ɩɟɪɟɯɨɞɵ ɦɟɠɞɭ ɯɪɨɦɚɬ- ɢ 

ɞɢɯɪɨɦɚɬ-ɢɨɧɚɦɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ. ȼ ɤɢɫɥɵɯ 

ɪɚɫɬɜɨɪɚɯ ɭɫɬɨɣɱɢɜɵ ɞɢɯɪɨɦɚɬɵ, ɚ ɜ ɳɟɥɨɱɧɨɣ – ɯɪɨɦɚɬɵ. Ɉ ɜɡɚɢɦɧɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ 

ɷɬɢɯ ɫɨɥɟɣ ɥɟɝɤɨ ɫɭɞɢɬɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɨɤɪɚɫɤɢ: ɯɪɨɦɚɬɵ ɢɦɟɸɬ ɠɟɥɬɵɣ ɰɜɟɬ, ɚ 
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ɞɢɯɪɨɦɚɬɵ – ɨɪɚɧɠɟɜɵɣ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɠɟɥɬɨɝɨ ɪɚɫɬɜɨɪɚ K2CrO4 

ɨɛɪɚɡɭɟɬɫɹ ɨɪɚɧɠɟɜɨ-ɤɪɚɫɧɵɣ ɪɚɫɬɜɨɪ ɛɢɯɪɨɦɚɬɚ K2Cr2O7: 

2K2Cr2O4 + 2H2SO4  K2Cr2O7 + 2KHSO4 + H2O. 

ɉɪɢ ɛɨɥɟɟ ɫɢɥɶɧɨɦ ɩɨɞɤɢɫɥɟɧɢɢ ɨɪɚɧɠɟɜɵɟ ɞɢɯɪɨɦɚɬɵ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɤɪɚɫɧɵɟ 

ɬɪɢɯɪɨɦɚɬɵ Cr3O10
2-

 ɢ ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɟ ɬɟɬɪɚɯɪɨɦɚɬɵ Cr4O13
2, ɢ, ɧɚɤɨɧɟɰ, ɜ ɚɥɵɣ 

ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɬɪɢɨɤɫɢɞ ɯɪɨɦɚ, ɤɨɬɨɪɵɣ ɜɵɩɚɞɚɟɬ ɢɡ ɪɚɫɬɜɨɪɚ ɩɪɢ ɞɟɣɫɬɜɢɢ 

ɰɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ: 

3Cr2O7
2–

 + 2H+ = 2Cr3O10
2–

 + H2O 

4Cr3O10
2–

 + 2H
+
 = 3Cr4O13

2–
 + H2O 

Cr4O13
2–

 + 2H
+
 = 4CrO3↓ + H2O 

ȼɫɟ ɨɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɟɬɪɚɷɞɪɵ [CrO4] (ɪɢɫ. 3), ɫɨɟɞɢɧɟɧɧɵɟ ɜ ɰɟɩɢ ɨɛɳɢɦɢ 

ɜɟɪɲɢɧɚɦɢ. ȼ ɫɪɟɞɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɨɫɚɞɨɤ ɯɪɨɦɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɯɪɨɦ ɜ ɤɚɬɢɨɧɧɨɣ ɮɨɪɦɟ – ɜ ɜɢɞɟ 

ɢɨɧɨɜ ɞɢɨɤɫɨɯɪɨɦɚ(+6) ɢɥɢ ɯɪɨɦɢɥɚ CrO2
2+. Ɉɞɧɚɤɨ ɩɨɥɭɱɟɧɧɵɟ ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ «ɫɨɥɢ» 

ɧɟ ɫɨɞɟɪɠɚɬ ɬɚɤɢɯ ɢɨɧɨɜ, ɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɜɚɥɟɧɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ 

ɤ ɞɟɣɫɬɜɢɸ ɜɥɚɝɢ ɢ ɜ ɟɟ ɩɪɢɫɭɬɫɬɜɢɢ ɩɪɟɬɟɪɩɟɜɚɸɳɢɟ ɧɟɨɛɪɚɬɢɦɵɣ ɝɢɞɪɨɥɢɡ. ɋɪɟɞɢ ɧɢɯ 

ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɟɧ ɯɥɨɪɢɫɬɵɣ ɯɪɨɦɢɥ CrO2Cl2,  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɯɥɨɪɢɞɚ ɯɪɨɦɢɥɚ ɫ ɫɟɪɧɵɦ ɚɧɝɢɞɪɢɞɨɦ ɜ ɯɥɨɪɢɫɬɨɦ ɫɭɥɶɮɭɪɢɥɟ 

ɨɛɪɚɡɭɟɬɫɹ ɨɤɫɨɫɭɥɶɮɚɬ ɯɪɨɦɚ(VI): 

CrO2Cl2 + 2SO3 = CrO(SO4)2 + Cl2.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɜɚɧɚɞɢɹ(+5), ɯɪɨɦ(+6), ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɟɦɭ d-ɫɠɚɬɢɸ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦɭ 

ɡɚɪɹɞɭ ɢɦɟɟɬ ɦɟɧɶɲɢɣ ɪɚɞɢɭɫ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ ɞɨ 

5 ɢɥɢ 6. 

əɪɤɚɹ ɨɤɪɚɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɯɪɨɦɚ(+6) ɨɛɭɫɥɨɜɥɟɧɚ ɩɨɥɨɫɨɣ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ, ɬɨ ɟɫɬɶ 

ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɚ ɫɨ ɫɜɹɡɵɜɚɸɳɢɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɨɪɛɢɬɚɥɟɣ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɚɬɨɦɚɯ ɤɢɫɥɨɪɨɞɚ, ɧɚ ɪɚɡɪɵɯɥɹɸɳɢɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɨɪɛɢɬɚɥɢ, 

ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɧɚ ɚɬɨɦɟ ɯɪɨɦɚ.  

Ɋɚɜɧɨɜɟɫɢɟ ɯɪɨɦɚɬ-ɞɢɯɪɨɦɚɬ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɦɨɠɟɬ ɛɵɬɶ ɫɦɟɳɟɧɨ ɩɭɬɟɦ 

ɨɫɚɠɞɟɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɯɪɨɦɚɬɨɜ ɧɟɤɨɬɨɪɵɯ ɞɜɭɯɡɚɪɹɞɧɵɯ ɤɚɬɢɨɧɨɜ: ɧɚɩɪɢɦɟɪ, 

2K2Cr2O7 + 2BaCl2 + H2O = 2BaCrO4 + 4KCl + H2Cr2O7. 

ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɚɦɨɩɨɞɤɢɫɥɟɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɱɚɫɬɶ ɞɢɯɪɨɦɚɬ-ɢɨɧɨɜ 

ɭɞɟɪɠɢɜɚɟɬɫɹ ɜ ɪɚɫɬɜɨɪɟ. ɉɨɷɬɨɦɭ ɞɚɠɟ ɫ ɩɨɦɨɳɶɸ ɞɨɛɚɜɥɟɧɢɹ ɢɡɛɵɬɤɚ ɫɨɥɢ ɛɚɪɢɹ 

ɧɟɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɨɥɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɯɪɨɦɚ - ɪɚɫɬɜɨɪ ɫɨɯɪɚɧɹɟɬ ɠɟɥɬɨ-ɨɪɚɧɠɟɜɵɣ 

ɰɜɟɬ. Чɬɨɛɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɫɚɞɢɬɶ ɜɟɫɶ ɯɪɨɦ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɪɚɫɬɜɨɪɟ, ɜɜɨɞɹɬ ɚɰɟɬɚɬ 
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ɧɚɬɪɢɹ. Ⱦɜɭɯɪɨɦɨɜɚɹ ɤɢɫɥɨɬɚ ɩɨ ɫɢɥɟ ɩɪɟɜɨɫɯɨɞɢɬ ɭɤɫɭɫɧɭɸ, ɢ ɩɨɷɬɨɦɭ ɜɵɬɟɫɧɹɟɬ ɟɟ ɢɡ 

ɫɨɥɟɣ: 

K2Cr2O7 + 2BaCl2 + H2O + 2CH3COONa = 2BaCrO4 + 2KCl + + 2NaCl + 2CH3COOH. 

 ɋɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ(+6) – ɬɢɩɢɱɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɚɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ 

ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ. Чɟɦ ɧɢɠɟ ɪɇ ɪɚɫɬɜɨɪɚ, ɬɟɦ ɜɵɲɟ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ ɢ ɬɟɦ 

ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɨɬɟɤɚɟɬ ɨɤɢɫɥɟɧɢɟ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ ɨɤɢɫɥɢɬɟɥɶɧɵɟ 

ɫɜɨɣɫɬɜɚ ɜɵɪɚɠɟɧɵ ɭ ɫɨɥɟɣ ɯɪɨɦɢɥɚ ɢ ɯɪɨɦɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ 

ɜɨɫɩɥɚɦɟɧɹɬɶ ɦɧɨɝɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ: 

4CrO3+ C2H5OH = 2Cr2O3 + 2CO2 + 3H2O. 

ȼ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɚɤɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɟɣ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɢɯɪɨɦɚɬɵ, ɯɨɬɹ ɩɨ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɜɢɧɨɫɬɢ ɨɧɢ ɭɫɬɭɩɚɸɬ ɩɟɪɦɚɧɝɚɧɚɬɚɦ. Ɍɚɤ, ɞɢɯɪɨɦɚɬ ɤɚɥɢɹ ɫɩɨɫɨɛɟɧ 

ɨɤɢɫɥɢɬɶ ɥɢɲɶ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ, ɚ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ 1Ɇ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɟɚɝɟɧɬɨɜ ɪɟɚɤɰɢɹ  

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

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɚ. 

 Ƚɢɞɪɨɯɪɨɦɚɬɵ ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ ɧɟ ɩɨɥɭɱɟɧɵ, ɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɪɚɫɬɜɨɪɚɯ ɯɪɨɦɚɬɨɜ 

ɢ ɞɢɯɪɨɦɚɬɨɜ ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ. ɉɪɢ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɢɨɧɨɜ, ɜɵɫɬɭɩɚɸɳɢɯ ɜ 

ɪɨɥɢ ɥɢɝɚɧɞɨɜ, ɧɚɩɪɢɦɟɪ, ɯɥɨɪɢɞ- ɢɥɢ ɝɢɞɪɨɫɭɥɶɮɚɬ-ɢɨɧɨɜ, ɜɨɡɦɨɠɧɨ ɡɚɦɟɳɟɧɢɟ ɧɚ ɧɢɯ 

Ɉɇ-ɝɪɭɩɩɵ ɜ ɝɢɞɪɨɯɪɨɦɚɬɟ: 

HCrO4
–
 + Cl

–
 + H

+
  CrO3Cl

–
 + H2O, 

Ɍɚɤ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɨɯɥɚɠɞɟɧɧɵɣ ɪɚɫɬɜɨɪ ɞɢɯɪɨɦɚɬɚ ɤɚɥɢɹ ɤɪɟɩɤɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ 

ɨɛɪɚɡɭɸɬɫɹ ɨɪɚɧɠɟɜɵɟ ɩɪɢɡɦɚɬɢɱɟɫɤɢɟ ɤɪɢɫɬɚɥɥɵ ɯɥɨɪɨɯɪɨɦɚɬɚ ɤɚɥɢɹ: 

K2Cr2O7 + 2HCl = 2KCrO3Cl + H2O 

Ɉɧɢ ɪɚɡɥɚɝɚɸɬɫɹ ɜɨɞɨɣ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɞɢɯɪɨɦɚɬ, ɧɨ ɦɨɝɭɬ ɛɵɬɶ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɵ ɢɡ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢɥɢ ɢɡ ɚɰɟɬɨɧɚ.  

ȼɵɫɲɢɟ ɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɜɟɬɥɨ-ɠɟɥɬɵɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ, ɤɨɬɨɪɵɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɯɪɨɦɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ ɥɢɲɶ ɜ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ. ɉɪɢ ɩɨɞɤɢɫɥɟɧɧɢɢ ɪɚɫɬɜɨɪɨɜ ɦɨɥɢɛɞɚɬɨɜ ɢ 

ɜɨɥɶɮɪɚɦɚɬɨɜ ɞɨ ɪɇ 2 – 3 ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɨɫɚɞɨɤ ɞɢɝɢɞɪɚɬɚ 

[ɆɈ3(H2O)]H2O, ɫɨɫɬɨɹɳɢɣ ɢɡ ɨɤɬɚɷɞɪɨɜ MO5(H2O) ɫɨɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɜ 

ɫɥɨɢ. ɂɡ ɝɨɪɹɱɢɯ ɪɚɫɬɜɨɪɨɜ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɦɨɧɨɝɢɞɪɚɬɵ. ȼ ɫɢɥɶɧɨ ɪɚɡɛɚɜɥɟɧɧɵɯ 

ɪɚɫɬɜɨɪɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟɣɬɪɚɥɶɧɵɟ ɱɚɫɬɢɰɵ [M(OH)6] ɢ ɢɨɧɵ [M(OH)5H2O]
+
. 

Ƚɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɚɦɮɨɬɟɪɧɵ, ɯɨɬɹ ɤɢɫɥɨɬɧɵɟ 

ɫɜɨɣɫɬɜɚ ɭ ɧɢɯ ɩɪɟɨɛɥɚɞɚɸɬ. ɂɦɟɧɧɨ ɫ ɷɬɢɦ ɫɜɹɡɚɧɨ ɬɪɢɜɢɚɥɶɧɨɟ ɧɚɡɜɚɧɢɟ ɷɬɢɯ ɜɟɳɟɫɬɜ – 

ɦɨɥɢɛɞɟɧɨɜɚɹ ɢ ɜɨɥɶɮɪɚɦɨɜɚɹ ɤɢɫɥɨɬɵ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɨɛɥɚɫɬɶ ɪɇ, ɩɪɢ 
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ɤɨɬɨɪɨɣ ɜ ɪɚɫɬɜɨɪɟ ɫɭɳɟɫɬɜɭɟɬ ɧɟɣɬɪɚɥɶɧɚɹ ɮɨɪɦɚ, ɫɞɜɢɝɚɟɬɫɹ ɜɩɪɚɜɨ. Эɬɨ ɫɜɢɞɟɥɶɫɬɜɭɟɬ 

ɨɛ ɨɫɥɚɛɥɟɧɢɢ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɯɪɨɦɚ ɤ ɜɨɥɶɮɪɚɦɭ. 

ɋɜɨɣɫɬɜɚ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɦɨɥɢɛɞɟɧɚ(VI) ɢ ɜɨɥɶɮɪɚɦɚ(VI) ɧɚɯɨɞɹɬ ɚɧɚɥɨɝɢɢ ɜ 

ɯɢɦɢɢ ɦɟɬɚɥɥɨɜ V ɝɪɭɩɩɵ. ȼ ɫɢɥɶɧɨɤɢɫɥɨɣ ɫɪɟɞɟ, ɩɪɢ ɪɇ<1, ɷɬɢ ɷɥɟɦɟɧɬɵ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɜ ɪɚɫɬɜɨɪɟ ɜ ɜɢɞɟ ɢɨɧɨɜ ɦɨɥɢɛɞɟɧɢɥɚ ɢ ɜɨɥɶɮɪɚɦɢɥɚ MoO2
2+

, WO2
2+, ɜ ɤɨɬɨɪɵɯ ɦɨɥɟɤɭɥɵ 

ɜɨɞɵ ɞɨɩɨɥɧɹɸɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ ɦɟɬɚɥɥɚ ɞɨ ɲɟɫɬɢ ([MoO2(H2O)4]
2+). Ⱦɜɟ ɫɜɹɡɢ 

Ɇ=Ɉ ɧɚɯɨɞɹɬɫɹ ɜ ɷɬɢɯ ɢɨɧɚɯ ɜ ɰɢɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɥɹ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɞɜɟ ɪɚɡɥɢɱɧɵɟ t2g-ɨɪɛɢɬɚɥɢ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɚɧɢɨɧɨɜ, ɫɩɨɫɨɛɧɵɯ 

ɜɵɫɬɭɩɚɬɶ ɜ ɪɨɥɢ ɥɢɝɚɧɞɨɜ, ɢɡ ɪɚɫɬɜɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɨɤɫɨɤɨɦɩɥɟɤɫɵ 

([MoO2Cl2(H2O)2]), ɤɨɬɨɪɵɟ ɜ ɫɪɟɞɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɨɛɪɚɡɭɸɬ ɫɨɥɢ, 

ɧɚɩɪɢɦɟɪ, Cs2[MoO2Cl4]. 

ȼ ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ ɦɨɥɢɛɞɟɧ ɢ ɜɨɥɶɮɪɚɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɪɚɫɬɜɨɪɟ ɜ ɮɨɪɦɟ ɨɤɫɨ-

ɚɧɢɨɧɨɜ MO4
2-, ɢɦɟɸɳɢɯ ɮɨɪɦɭ ɬɟɬɪɚɷɞɪɚ. ɂɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɨɫɬɵɟ ɦɨɥɢɛɞɚɬɵ ɢ 

ɜɨɥɶɮɪɚɦɚɬɵ, ɧɚɩɪɢɦɟɪ, Na2MO4, K2WO4.  

ɉɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɬɟɬɪɚɷɞɪɵ MoO4
2-

 ɱɚɫɬɢɱɧɨ ɩɪɨɬɨɧɢɪɭɸɬɫɹ, ɫɧɚɱɚɥɚ 

ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ ɩɨɞɨɛɧɨ ɯɪɨɦɚɬɚɦ, ɨɛɪɚɡɭɹ ɞɢ- ɢ ɬɪɢ-ɦɨɥɢɛɞɚɬɵ (Mo2O7
2-

 ɢ Mo3O10
2-)

. 

Ɂɚɬɟɦ ɨɧɢ ɩɟɪɟɫɬɪɚɢɜɚɸɬɫɹ ɜ ɨɤɬɚɷɞɪɵ ɆɨɈ6 ɢ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ 

ɪɚɡɥɢɱɧɵɟ ɢɡɨɩɨɥɢɚɧɢɨɧɵ. ȼ ɪɚɫɬɜɨɪɚɯ ɦɨɥɢɛɞɚɬɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɵɲɟ 0,001 Ɇ 

ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ ɩɪɢ ɪɇ 5 – 6 ɨɤɚɡɵɜɚɟɬɫɹ ɝɟɩɬɚɦɨɥɢɛɞɚɬ Mo7O24
6– , ɨɛɪɚɡɨɜɚɧɢɟ 

ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ  

7HMoO4
–
 + H

+
 = Mo7O24

6–
 + 2H2O.  

ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ, ɛɟɡɭɫɥɨɜɧɨ, ɦɧɨɝɨɫɬɚɞɢɟɧ, ɨɞɧɚɤɨ ɜ 

ɪɚɫɬɜɨɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɞɚɟɬɫɹ ɨɛɧɚɪɭɠɢɬɶ ɢɡɨɩɨɥɢɚɧɢɨɧɵ, ɫɨɞɟɪɠɚɳɢɟ 

ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɱɢɫɥɨ ɚɬɨɦɨɜ ɦɨɥɢɛɞɟɧɚ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɜɵɫɨɤɢɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɢ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 

ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɤɢɫɥɟɧɢɢ ɞɨ ɪɇ 4 – 5 ɜ ɪɚɫɬɜɨɪɟ ɩɪɟɨɛɥɚɞɚɟɬ 

ɨɤɬɚɦɨɥɢɛɞɚɬ, ɤɨɬɨɪɵɣ ɩɪɟɩɚɪɚɬɢɜɧɨ ɩɨɥɭɱɚɸɬ, ɪɚɫɬɜɨɪɹɹ ɜ ɝɨɪɹɱɟɦ ɪɚɫɬɜɨɪɟ 

ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ ɦɨɥɢɛɞɟɧɨɜɵɣ ɚɧɝɢɞɪɢɞ: 

2(NH4)6Mo7O24 + 10MoO3 = 3(NH4)4Mo8O26. 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɤɢɫɥɟɧɢɢ ɨɛɪɚɡɭɸɬɫɹ ɟɳɟ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɚɧɢɨɧɵ (ɪɢɫ.4), 

ɤɨɬɨɪɵɟ ɩɪɢ ɪɇ  1 ɨɛɪɚɡɭɸɬ ɨɫɚɞɨɤ ɦɨɥɢɛɞɟɧɨɜɨɣ ɤɢɫɥɨɬɵ. ɋɯɟɦɚɬɢɱɧɨ ɷɬɨɬ ɩɪɨɰɟɫɫ 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ 
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Ƚɟɩɬɚɦɨɥɢɛɞɚɬ-ɢɨɧ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɢɡ ɫɟɦɢ ɨɤɬɚɷɞɪɨɜ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɵɜɟɫɬɢ ɢɡ ɞɟɤɚɜɚɧɚɞɚɬɚ ɩɭɬɟɦ ɭɞɚɥɟɧɢɹ 

ɞɜɭɯ ɫɦɟɠɧɵɯ ɨɤɬɚɷɞɪɨɜ ɫɪɟɞɧɟɝɨ ɫɥɨɹ. ȼɵɫɨɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɧɢɨɧɚ Mo7O24
6– 

ɨɛɴɹɫɧɹɸɬ ɬɟɦ, ɱɬɨ ɩɪɢ ɬɚɤɨɣ ɝɟɨɦɟɬɪɢɢ ɤɚɠɞɵɣ ɢɡ ɨɤɬɚɷɞɪɨɜ ɆɨɈ6 ɫɨɞɟɪɠɢɬ ɩɨ ɞɜɟ 

ɫɜɹɡɢ Ɇɨ=Ɉ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɰɢɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɬɨ ɟɫɬɶ ɩɨɞ ɭɝɥɨɦ, ɛɥɢɡɤɢɦ ɤ 

90º. ɂɦɟɧɧɨ ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ -ɫɜɹɡɵɜɚɧɢɸ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɦɭ 

ɩɪɢ ɩɟɪɟɤɪɵɜɚɧɢɢ ɜɚɤɚɧɬɧɵɯ t2g-ɨɪɛɢɬɚɥɟɣ ɦɨɥɢɛɞɟɧɚ, ɭɝɨɥ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɤɚɤ ɪɚɡ ɢ 

ɪɚɜɟɧ ɩɪɹɦɨɦɭ, ɫ ɡɚɩɨɥɧɟɧɧɵɦɢ p-ɨɪɛɢɬɚɥɹɦɢ ɤɢɫɥɨɪɨɞɚ.   

ɂɨɧɵ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ ɩɪɨɳɟ ɜɫɟɝɨ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɢɡ ɪɚɫɬɜɨɪɚ ɜ ɜɢɞɟ 

ɚɦɦɨɧɢɣɧɨɣ ɫɨɥɢ. Ƚɟɩɬɚɦɨɥɢɛɞɚɬ ɚɦɦɨɧɢɹ (NH4)6Mo7O244H2O ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɛɟɫɰɜɟɬɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 400ɋ ɜɟɳɟɫɬɜɨ 

ɪɚɡɥɚɝɚɟɬɫɹ: 

(NH4)6Mo7O24  = 6NH3 + 7MoO3 + 3H2O 

ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɜ ɨɛɪɚɬɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. ȼɜɟɞɟɧɢɟ ɜ ɪɚɫɬɜɨɪɵ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ ɞɜɭɯɡɚɪɹɞɧɵɯ ɤɚɬɢɨɧɨɜ M2+
 (Mn, Co ɢ 

ɞɪ) ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, (NH4)2H2M4Mo4O18, 

ɤɨɬɨɪɵɟ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɨɛɪɚɡɭɸɬ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ ɦɨɥɢɛɞɚɬɵ MMoO4. Ɉɛɪɚɡɨɜɚɧɢɟ 

ɨɪɬɨɦɨɥɢɛɞɚɬɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. 

 ɉɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɪɚɫɬɜɨɪɨɦ ɫɪɟɞɧɢɯ ɜɨɥɶɮɪɚɦɚɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɣ 

ɚɧɢɨɧ WO4
2–, ɭɫɬɨɣɱɢɜɵɣ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɹɬ ɩɪɨɰɟɫɫɵ 

ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ, ɧɨ ɨɛɪɚɡɭɸɬɫɹ ɢɡɨɩɨɥɢɚɧɢɨɧɵ ɞɪɭɝɨɝɨ ɫɨɫɬɚɜɚ (ɪɢɫ. 5). ȼ ɫɥɚɛɨɤɢɫɥɨɣ 

ɫɪɟɞɟ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɞɨɞɟɤɚɜɨɥɶɮɪɚɦɚɬ H2W12O42
10–, ɧɚɡɵɜɚɟɦɵɣ ɩɚɪɚɜɨɥɶɮɪɚɦɚɬɨɦ. 

ɇɚɬɪɢɟɜɚɹ ɫɨɥɶ Na10H2W12O4227H2O ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ, 

ɧɟɣɬɪɚɥɢɡɨɜɚɧɧɵɯ ɜɨɥɶɮɪɚɦɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ ɞɨ ɪɇ 6. 

ɉɚɪɚɜɨɥɶɮɪɚɦɚɬ-ɢɨɧ ɢɦɟɟɬ ɡɚɦɤɧɭɬɭɸ ɫɬɪɭɤɬɭɪɭ ɢɡ ɫɲɢɬɵɯ ɪɟɛɪɚɦɢ ɢ ɜɟɪɲɢɧɚɦɢ 

ɨɤɬɚɷɞɪɨɜ, ɜ ɰɟɧɬɪɟ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɚ ɩɨɥɨɫɬɶ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ, ɟɝɨ 

ɫɬɪɭɤɬɭɪɚ ɛɨɥɟɟ ɤɨɧɞɟɫɢɪɨɜɚɧɚ: ɨɤɬɚɷɞɪɵ WɈ6 ɢɦɟɸɬ ɧɟ ɞɜɟ ɫɜɨɛɨɞɧɵɟ ɜɟɪɲɢɧɵ, 

ɡɚɧɹɬɵɟ ɫɜɹɡɹɦɢ W=Ɉ, ɚ ɬɨɥɶɤɨ ɨɞɧɭ. Эɬɚ ɫɬɪɭɤɬɭɪɚ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ ɞɜɭɦɹ ɩɪɨɬɨɧɚɦɢ, 

ɜɯɨɞɹɳɢɦɢ ɜ ɫɨɫɬɚɜ ɞɜɭɯ Ɉɇ-ɝɪɭɩɩ, ɧɚɯɨɞɹɳɢɯɫɹ ɜɧɭɬɪɢ ɩɨɥɨɫɬɢ ɢ ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɨɛɪɚɡɨɜɚɧɢɢ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɫ ɞɪɭɝɢɦɢ ɚɬɨɦɚɦɢ 

ɤɢɫɥɨɪɨɞɚ. ȼ ɛɨɥɟɟ ɤɢɫɥɵɯ ɫɪɟɞɚɯ ɩɚɪɚɜɨɥɶɮɪɚɦɚɬ ɩɟɪɟɯɨɞɢɬ ɜ ɦɟɬɚɜɨɥɶɮɪɚɦɚɬ (pH  3), 

ɬɚɤɠɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɞɜɭɦɹ ɩɪɨɬɨɧɚɦɢ, ɚ ɡɚɬɟɦ ɜ ɞɟɤɚɜɨɥɶɮɪɚɦɚɬ (pH  2): 

12WO4
2-

 + 14H
+
 = H2W12O42

10-
 + 6H2O 

H2W12O42
10-

 + 4H
+
 = H2W12O40

6-
 + 2H2O 
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5H2W12O40
6-

 + 6H
+
 = 6W10O32

4-
 + 8H2O 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ ɦɨɥɢɛɞɚɬɵ ɢ ɜɨɥɶɮɪɚɦɚɬɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ 

ɪɚɫɬɜɨɪɟ ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɢɡɨɩɨɥɢɚɧɢɨɧɨɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɞɪɭɝ ɫ 

ɞɪɭɝɨɦ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɷɬɢɯ ɢɨɧɨɜ ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ, ɫɩɨɫɨɛɧɭɸ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ 

ɫɬɪɭɤɬɭɪɧɵɣ ɮɪɚɝɦɟɧɬ [XO4] ɢɥɢ [XO6], ɝɞɟ ɏ – ɷɬɨ ɝɟɬɟɪɨɚɬɨɦ, ɧɚɩɪɢɦɟɪ, ɛɨɪ, ɤɪɟɦɧɢɣ, 

ɮɨɫɮɨɪ, ɚ ɬɚɤɠɟ ɦɧɨɝɢɟ 3d-ɦɟɬɚɥɥɵ – ɯɪɨɦ, ɦɚɪɝɚɧɟɰ, ɠɟɥɟɡɨ, ɤɨɛɚɥɶɬ. Ɍɚɤɢɟ ɱɚɫɬɢɰɵ 

ɧɚɡɵɜɚɸɬ ɝɟɬɟɪɨɩɨɥɢɚɧɢɨɧɚɦɢ, ɚ ɜɟɳɟɫɬɜɚ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɨɧɢ ɜɯɨɞɹɬ – 

ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɹɦɢ. ȼ ɝɟɬɟɪɨɩɨɥɢɚɧɢɨɧɚɯ ɝɟɬɟɪɨɚɬɨɦ ɪɚɫɩɨɥɨɠɟɧ ɜ 

ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ ɢɥɢ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɩɨɥɨɫɬɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɫɨɫɟɞɧɢɯ 

ɨɤɬɚɷɞɪɨɜ.  

Ɉɛɪɚɡɨɜɚɧɢɟ ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɨɥɢɛɞɚɬɨɜ 

ɢɥɢ ɜɨɥɶɮɪɚɦɚɬɨɜ ɫ ɪɚɫɬɜɨɪɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɢɨɧɵ ɝɟɬɟɪɨɚɬɨɦɨɜ – ɜ ɫɥɭɱɚɟ ɧɟɦɟɬɚɥɥɨɜ 

- ɷɬɨ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɨɤɫɨɚɧɢɨɧɵ, ɚ ɜ ɫɥɭɱɚɟ ɦɟɬɚɥɥɨɜ – ɝɟɤɫɚɚɤɜɚɤɨɦɩɥɟɤɫɵ. ɇɚɩɪɢɦɟɪ, 

ɠɟɥɬɵɣ ɨɫɚɞɨɤ 12-ɦɨɥɢɛɞɨɮɨɫɮɚɬɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɨɫɮɚɬ-ɢɨɧɨɜ ɫ 

ɦɨɥɢɛɞɟɧɨɜɨɣ ɠɢɞɤɨɫɬɶɸ – ɪɚɫɬɜɨɪɨɦ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ ɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ: 

7H3PO4 + 12(NH4)6Mo7O24 + 51 HNO3 = 7(NH4)3[PMo12O40]nH2O + 51NH4NO3 + 

+ (3b-7n)H2O. 

Эɬɚ ɪɟɚɤɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɮɨɫɮɚɬ-ɢɨɧɨɜ. 

12-Ɇɨɥɢɛɞɨɮɨɫɮɚɬ-ɚɧɢɨɧ ɢɦɟɸɬ ɫɬɪɨɟɧɢɟ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɫɬɪɭɤɬɭɪɧɵɣ 

ɷɥɟɦɟɧɬ Mo3O10, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɬɪɢ ɨɤɬɚɷɞɪɚ ɆɨɈ6, ɫɨɟɞɢɧɟɧɧɵɟ ɨɛɳɢɦɢ 

ɪɟɛɪɚɦɢ ɜ ɰɢɤɥ. ȼɫɹ ɫɬɪɭɤɬɭɪɚ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɮɪɚɝɦɟɧɬɨɜ Ɇɨ3Ɉ10, ɫɨɟɞɢɧɟɧɧɵɯ 

ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɜ ɡɚɦɤɧɭɬɵɣ ɩɨɥɢɷɞɪ. ȼ ɰɟɧɬɪɟ ɟɝɨ ɧɚɯɨɞɢɬɫɹ ɬɟɬɪɚɷɞɪɢɱɟɫɤɚɹ 

ɩɨɥɨɫɬɶ, ɡɚɧɢɦɚɟɦɚɹ ɝɟɬɟɪɨɚɬɨɦɨɦ. Эɬɚ ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɚ Ⱦɠ. 

Кɟɝɝɢɧɵɦ ɞɥɹ 12-ɦɨɥɢɛɞɨɮɨɫɮɚɬɚ ɚɦɦɨɧɢɹ ɢ ɧɨɫɢɬ ɟɝɨ ɢɦɹ. ɋɨɟɞɢɧɟɧɢɹ ɫɨ ɫɬɪɭɤɬɭɪɨɣ 

Кɟɝɝɢɧɚ ɭɫɬɨɣɱɢɜɵ ɢ ɧɟ ɪɚɡɥɚɝɚɸɬɫɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɤɢɫɥɨɬɚɦɢ, 

ɩɨɫɤɨɥɶɤɭ ɜɜɨɞɢɦɵɟ ɩɪɨɬɨɧɵ ɧɟ ɪɚɡɪɭɲɚɸɬ ɫɜɹɡɟɣ Ɇ–Ɉ–Ɇ, ɚ ɝɟɬɟɪɨɚɬɨɦ ɧɚɞɟɠɧɨ 

ɡɚɳɢɳɟɧ ɨɬ ɜɧɟɲɧɟɝɨ ɜɡɞɟɣɫɬɜɢɹ. ɋɢɧɬɟɡ ɢɯ ɜɟɞɭɬ ɜ ɫɢɥɶɧɨɤɢɫɥɨɣ ɫɪɟɞɟ. ɋɨɟɞɢɧɟɧɢɹ ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ Кɟɝɝɢɧɚ ɢɡɜɟɫɬɧɵ ɢ ɞɥɹ ɜɨɥɶɮɪɚɦɚ. ɉɪɢɦɟɪɨɦ ɫɥɭɠɢɬ 12-ɜɨɥɶɮɪɚɦɨɫɢɥɢɤɚɬ 

ɧɚɬɪɢɹ (ɪɢɫ. 6), ɜɵɞɟɥɹɸɳɢɣɫɹ ɜ ɜɢɞɟ ɛɟɫɰɜɟɬɧɵɯ ɩɪɢɡɦɚɬɢɱɟɫɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɢɡ 

ɪɚɫɬɜɨɪɨɜ ɜɨɥɶɮɪɚɦɚɬɚ ɧɚɬɪɢɹ ɢ ɫɢɥɢɤɚɬɚ ɧɚɬɪɢɹ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ:  

12Na2WO4 + Na2SiO3 + 22HNO3 = Na4[SiW12O40] + 11H2O + 22NaNO3 

ɂɡɜɟɫɬɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɭɤɬɭɪ, ɩɪɨɢɡɜɨɞɧɵɯ ɨɬ ɫɬɪɭɤɬɭɪɵ Кɟɝɝɢɧɚ. 

ɉɪɢɦɟɪɨɦ ɫɥɭɠɢɬ ɫɬɪɭɤɬɭɪɚ Ⱦɨɭɫɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɞɜɚ ɮɪɚɝɦɟɧɬɚ ɫɬɪɭɤɬɭɪɵ Кɟɝɝɢɧɚ 

ɫɨɟɞɢɧɟɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɧɚɩɪɹɦɭɸ (ɪɢɫ. 7). Ɍɚɤɭɸ ɫɬɪɭɤɬɭɪɭ ɢɦɟɟɬ, ɧɚɩɪɢɦɟɪ, 18-

ɜɨɥɶɮɪɚɦɨɞɢɮɨɫɮɚɬ ɚɦɦɨɧɢɹ. Ɂɟɥɟɧɨɜɚɬɨ-ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɨɛɪɚɡɭɸɬɫɹ 
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ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 1 ɦɨɥɶ ɜɨɥɶɮɪɚɦɚɬɚ ɚɦɦɨɧɢɹ ɢ 4 ɦɨɥɹ 

ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ, ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ: 

18Na2WO4 + 32H3PO4 = Na6[P2W18O62] + 30NaH2PO4 + 18H2O 

ɋɬɪɭɤɬɭɪɭ Ⱦɨɭɫɨɧɚ ɦɨɠɧɨ ɨɩɢɫɚɬɶ, ɤɚɤ ɞɜɚ ɚɧɢɨɧɚ ɫɨ ɫɬɪɭɤɬɭɪɨɣ Кɟɝɝɢɧɚ, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɥɢɲɟɧ ɨɞɧɨɝɨ ɢɡ ɮɪɚɝɦɟɧɬɨɜ Ɇ3Ɉ10, ɫɪɨɳɟɧɧɵɟ ɜ ɟɞɢɧɨɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɬɟɥɨ.  

Ɇɧɨɝɢɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɝɟɬɟɪɨɩɨɥɢɦɟɬɚɥɥɚɬɵ ɪɹɞɚ 1:6 ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ 

Ⱥɧɞɟɪɫɨɧɚ, ɤɨɬɨɪɭɸ ɭɱɟɧɵɣ ɨɲɢɛɨɱɧɨ ɩɪɢɩɢɫɵɜɚɥ ɝɟɩɬɚɦɨɥɢɛɞɚɬɭ. ɋɨɟɞɢɧɟɧɢɹ ɬɚɤɨɝɨ 

ɫɬɪɨɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨɡɞɧɟɟ. ɂɯ ɫɢɧɬɟɡ ɩɪɨɜɨɞɹɬ ɢɡ ɫɥɟɝɤɚ ɩɨɞɤɢɫɥɟɧɧɵɯ (ɪɇ = 4-5) 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ƚɟɬɟɪɨɚɬɨɦ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ ɤɨɥɶɰɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɢɡ 

ɲɟɫɬɢ ɨɤɬɚɷɞɪɨɜ [ɆɈ6], ɫɜɹɡɚɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ. Ɍɚɤ ɤɚɤ ɤɚɬɢɨɧ ɝɟɬɟɪɨɚɬɨɦɚ-ɦɟɬɚɥɥɚ 

ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɰɟɧɬɪɟ ɨɤɬɚɷɞɪɚ ɢɡ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ, ɨɤɪɚɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɩɪɚɤɬɢɱɟɫɤɢ 

ɢɞɟɧɬɢɱɧɚ ɨɤɪɚɫɤɟ ɝɟɤɫɚɚɤɜɚɤɨɦɩɥɟɤɫɨɜ ɷɬɢɯ ɦɟɬɚɥɥɨɜ. ɉɪɨɡɜɨɞɧɨɣ ɨɬ ɫɬɪɭɤɬɭɪɵ 

Ⱥɧɞɟɪɫɨɧɚ (ɪɢɫ. 7), ɜ ɤɨɬɨɪɨɣ ɝɟɬɟɪɨɚɬɨɦ ɧɚɞɟɠɧɨ ɢɡɨɥɢɪɨɜɚɧ ɜ ɰɟɧɬɪɟ ɚɧɢɨɧɚ, ɹɜɥɹɟɬɫɹ 

ɫɬɪɭɤɬɭɪɚ 9-ɦɨɥɢɛɞɨɧɢɤɟɥɚɬɚ(IV) ɚɦɦɨɧɢɹ (NH4)6[MnMo9O32]6H2O (ɪɢɫ.), ɬɟɦɧɨ-ɤɪɚɫɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɢɨɧɨɜ ɧɢɤɟɥɹ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ 

ɪɚɫɬɜɨɪɟ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ ɩɪɢ ɪɇ 4 – 4,5: 

9(NH4)6Mo7O24 + 7NiSO4 + 7H2O2=7(NH4)6[NiMo9O32] + H2SO4 + 6(NH4)2SO4 + 6H2O 

ȼɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɟɬɟɪɨɩɨɥɢɚɧɢɨɧɚ ɢ ɫɢɥɶɧɨɟ ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɝɟɬɟɪɨɚɬɨɦɚ ɜ 

ɫɬɪɭɤɬɭɪɟ ɩɨɡɜɨɥɹɸɬ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɢɤɟɥɶ ɜ ɧɟɭɫɬɨɣɱɢɜɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +4 ɢ 

ɭɜɢɞɟɬɶ ɨɤɪɚɫɤɭ ɝɟɤɫɚɚɤɚɜɚɢɨɧɚ [Ni(H2O)6]
4+, ɧɟ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɜ ɪɚɫɬɜɨɪɟ.  

 ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ 

ɷɥɟɦɟɧɬɨɜ ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɭɛɵɜɚɸɬ. Ɇɨɥɢɛɞɚɬɵ ɢ ɨɫɨɛɟɧɧɨ ɜɨɥɶɮɪɚɦɚɬɵ – 

ɨɱɟɧɶ ɫɥɚɛɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ. Ɍɚɤ, ɜɨɞɨɪɨɞ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɫɩɨɫɨɛɟɧ ɜɨɫɫɬɚɧɨɜɢɬɶ 

ɯɪɨɦ ɞɨ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2, ɦɨɥɢɛɞɟɧ ɞɨ +3, ɚ ɜɨɥɶɮɪɚɦ ɬɨɥɶɤɨ ɞɨ +5. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ 

ɝɨɪɹɱɢɯ ɪɚɫɬɜɨɪɨɜ ɦɟɬɚɥɥɚɬɨɜ(+6) ɫ ɦɨɱɟɜɢɧɨɣ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɯɪɨɦ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɨɤɫɨɝɢɞɪɨɤɫɢɞ: 

2Na2CrO4 + (NH2)2CO = N2 + 2CrOOH + 2NaOH + Na2CO3 

ȼɵɫɨɤɚɹ ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɯɪɨɦɚ(+6) ɩɪɨɹɜɥɹɟɬɫɹ ɢ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ 

ɩɟɪɨɤɫɨɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɡɛɚɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɯɪɨɦɚɬɚ ɢɥɢ ɞɢɯɪɨɦɚɬɚ 

ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɧɟɧɢɟ ɨɤɪɚɫɤɢ, ɫɜɹɡɚɧɧɨɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɞɢɩɟɪɨɤɫɨɤɨɦɩɥɟɤɫɚ ɯɪɨɦɚ(VI). ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢɥɢ ɩɪɨɫɬɨ ɩɪɢ ɫɬɨɹɧɢɢ 

ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ, ɜɵɞɟɥɹɹ ɤɢɫɥɨɪɨɞ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɪɨɦ(VI) ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ 

ɝɨɦɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɚɡɥɨɠɟɧɢɹ ɩɟɪɟɤɢɫɢ: 

HCrO4
-
 + 2H2O2 = [CrO(O2)2(OH)]

-
 + 2H2O 

[CrO(O2)2(OH)]
-
 + 2H2O = HCrO4

-
 + 2H2O + O2 
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ȼ ɩɟɪɨɤɫɨɯɪɨɦɚɬɟ(VI) ɯɪɨɦ ɨɤɚɡɵɜɚɚɟɬɫɹ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨ ɦɨɤɪɭɠɟɧɢɢ ɢɡ ɞɜɭɯ 2-

ɩɟɪɨɤɫɨ-ɝɪɭɩɩɢɪɨɜɨɤ, ɝɢɞɪɨɤɫɢɥɚ ɢ ɨɤɫɨ-ɝɪɭɩɩɵ, ɫ ɤɨɬɨɪɨɣ ɨɧ ɫɜɹɡɚɧ ɤɪɚɬɧɨɣ ɫɜɹɡɶɸ. 

ȿɫɥɢ ɨɩɵɬ ɩɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɞɢɯɪɨɦɚɬɚ ɫ ɩɟɪɟɤɢɫɶɸ ɩɪɨɜɨɞɢɬɶ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ, ɬɨ ɷɮɢɪɧɵɣ ɫɥɨɹ ɨɤɪɚɲɢɜɚɟɬɫɹ ɜ ɹɪɤɨ-ɫɢɧɢɣ ɰɜɟɬ. Ɍɚɤɚɹ ɨɤɪɚɫɤɚ 

ɫɜɨɣɫɬɜɟɧɧɚ ɨɛɪɚɡɭɸɳɟɦɭɫɹ ɞɢɩɟɪɨɤɫɨɫɨɟɞɢɧɟɧɢɸ [CrO(O2)2(Et2O)], ɤɨɬɨɪɨɟ ɩɟɪɟɯɨɞɢɬ ɜ 

ɷɮɢɪɧɵɣ ɫɥɨɣ. ɉɪɢ ɪɇ < 1 ɩɟɪɨɤɫɨɤɨɦɩɥɟɤɫɵ ɨɤɢɫɥɹɸɬ ɩɟɪɟɤɢɫɶ ɞɨ ɤɢɫɥɨɪɨɞɚ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɤɚɬɢɨɧɵ ɯɪɨɦɚ(III). ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ 

ɡɚɦɟɳɟɧɢɟ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɜ ɯɪɨɦɚɬɟ ɩɟɪɨɤɫɨ-ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɢ 

ɨɞɧɨɷɥɟɤɬɪɨɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɯɪɨɦɚ: 

2K2CrO4 + 9H2O2 + 2KOH = 2K3CrO8 + O2 + 10H2O 

Ɍɜɟɪɞɵɣ ɬɟɬɪɚɩɟɪɨɤɫɨɯɪɨɦɚɬ(V) ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧ ɜ ɜɢɞɟ ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɯ 

ɤɪɢɫɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɧɟɭɫɬɨɣɱɢɜɵ ɞɚɠɟ ɤ ɫɥɚɛɨɦɭ ɧɚɝɪɟɜɚɧɢɸ. ɉɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɨɧ 

ɩɟɪɟɯɨɞɢɬ ɜ ɞɢɩɟɪɨɤɫɨɯɪɨɦɚɬ(VI), ɤɨɬɨɪɵɣ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɟɪɟɤɢɫɢ 

ɜɧɨɜɶ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɬɟɬɪɚɩɪɟɨɤɫɨɯɪɨɦɚɬɚ(V). Эɬɢ ɩɪɟɜɪɚɳɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 

ɢɡɦɟɧɟɧɢɟɦ ɨɤɪɚɫɤɢ ɢ ɱɚɫɬɢɱɧɵɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɪɚɡɥɨɠɟɧɢɟɦ ɩɟɪɟɤɢɫɢ: 

4[Cr
V
(O2)4]

3-
 + 8H

+
 + (4 – 2n)H2O = 4[Cr

VI
(O)(O2)2(OH)]

-
 + (6-2n)H2O2 + nO2 

4[Cr
VI

(O)(O2)2(OH)]
-
 + (6-2n)H2O2 + 8OH

-
 = 4 [Cr

V
(O2)4]

3-
 + (12 + 2n)H2O + nO2 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɚɦɦɢɚɤɚ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɯɪɨɦɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɪɢɱɧɟɜɵɯ ɤɪɢɫɬɚɥɥɨɜ ɞɢɩɟɪɨɤɫɨɬɪɢɚɦɦɢɧɯɪɨɦɚ(III) (ɪɢɫ. 8): 

K2CrO4 + 3H2O2 + 3NH3 = Cr(O2)2(NH3) + O2 + 2H2O + 2KOH 

 

Ɇɨɥɢɛɞɟɧ ɢ ɜɨɥɶɮɪɚɦ, ɩɨɞɨɛɧɨ ɯɪɨɦɭ, ɨɛɪɚɡɭɸɬ ɩɟɪɨɤɫɨɫɨɟɞɢɧɟɧɢɹ, ɨɞɧɚɤɨ ɞɚɠɟ ɜ 

ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɧɢ ɫɨɯɪɚɧɹɸɬ ɜɵɫɲɭɸ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ: 

MoO3 + 2KOH + 4H2O2 = K2Mo(O2)4 + 5H2O 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɪɨɦɨɦ ɦɨɥɢɛɞɟɧ ɢ ɜɨɥɶɮɪɚɦ ɢɦɟɸɬ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɫɟɪɟ ɢ 

ɨɛɪɚɡɭɸɬ ɬɢɨɩɪɨɢɡɜɨɞɧɵɟ, ɭɫɬɨɣɱɢɜɵɟ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ. ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ 

ɫɟɪɨɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɚɦɦɢɚɱɧɵɣ ɪɚɫɬɜɨɪ ɦɨɥɢɛɞɚɬɚ ɢɥɢ ɜɨɥɶɮɪɚɦɚɬɚ ɚɦɦɨɧɢɹ ɨɛɪɚɡɭɟɬɫɹ 

ɬɟɦɧɨ-ɤɪɚɫɧɵɣ ɪɚɫɬɜɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɬɢɨɦɟɬɚɥɥɚɬ (NH4)2MS4. 

Ɍɢɨɦɨɥɢɛɞɚɬ ɢ ɬɢɨɜɨɥɶɮɪɚɦɚɬ-ɚɧɢɨɧɵ ɢɦɟɸɬ ɮɨɪɦɭ ɬɟɬɪɚɷɞɪɚ ɢ ɫɥɭɠɚɬ ɢɫɯɨɞɧɵɦɢ 

ɪɟɚɝɟɧɬɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɪɭɝɢɯ ɬɢɨɩɪɨɢɡɜɨɞɧɵɯ. ɇɚɩɪɢɦɟɪ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɬɪɢɫɭɥɶɮɢɞɚ ɚɦɦɨɧɢɹ ɨɤɪɚɫɤɚ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɬɢɨɦɨɥɢɛɞɚɬɚ ɧɚɬɪɢɹ ɫɬɚɧɨɜɢɬɫɹ ɬɟɦɧɨ-

ɤɨɪɢɱɧɟɜɨɣ, ɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɪɭɩɧɨɝɨ ɨɞɧɨɡɚɪɹɞɧɨɝɨ ɤɚɬɢɨɧɚ ɚɥɤɢɥɚɦɨɧɢɹ ɢɡ ɧɟɝɨ 

ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɫɨɥɶ, ɜ ɚɧɢɨɧɟ ɤɨɬɨɪɨɣ ɚɬɨɦ ɦɨɥɢɛɞɟɧɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧ ɱɟɬɵɪɶɦɹ 2-

ɛɢɞɟɧɬɚɬɧɵɦɢ ɬɟɬɪɚɫɭɥɶɮɢɞɧɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɢ ɨɞɧɢɦ ɚɬɨɦɨɦ ɫɟɪɵ (ɪɢɫ. 9): 

2NEt4Cl + (NH4)2MoS4 + 2(NH4)2S3 = (NEt4)2[MoS(S4)2] + 2NH4Cl + NH4HS + 3NH3 
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Ɍɢɨɦɟɬɚɥɥɚɬɵ ɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɢ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɚ 

ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɪɚɡɪɭɲɚɸɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɬɪɢɫɭɥɶɮɢɞɵ. 

 

4. Кɢɫɥɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ +4, +5 

ɋɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ +4 ɢ +5 ɩɨɞɨɛɧɨ ɯɪɨɦɭ ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ – ɬɢɩɢɱɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɫɩɨɫɨɛɧɵɟ ɤ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ. Ɍɟɦɧɨ-ɡɟɥɟɧɵɟ 

ɩɨɪɨɲɤɢ ɯɪɨɦɚɬɨɜ(V) ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɬɟɪɦɨɥɢɡɟ ɯɪɨɦɚɬɨɜ(VI) ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɪɛɨɧɚɬɨɜ, ɨɤɫɢɞɨɜ ɢ ɝɢɞɪɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ: 

4K2CrO4 + 4KOH = 4K3CrO4 + O2 + 2H2O 

ɉɪɢ ɫɩɟɤɚɧɢɢ ɫ ɨɤɫɢɞɨɦ ɯɪɨɦɚ(III) ɨɧɢ ɩɟɪɟɯɨɞɹɬ ɜ ɢɡɭɦɪɭɞɧɨ-ɡɟɥɟɧɵɟ 

ɯɪɨɦɚɬɵ(IV), ɧɚɩɪɢɦɟɪ, Ba2CrO4. Ɉɧɢ ɪɚɡɥɚɝɚɸɬɫɹ ɜɨɞɨɣ ɢ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ. 

Ɉɤɫɢɞ ɯɪɨɦɚ(IV) CrO2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɟɪɧɵɣ ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɪɭɬɢɥɚ ɢ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ, ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɝɧɢɬɧɨɝɨ ɪɚɛɨɱɟɝɨ 

ɜɟɳɟɫɬɜɚ ɜ ɡɚɩɢɫɵɜɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. Ɉɧ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɬɟɪɦɨɥɢɡɟ ɫɨɟɞɢɧɟɧɢɣ ɯɪɨɦɚ 

(ɞɢɯɪɨɦɚɬ ɚɦɦɨɧɢɹ ɧɚ ɜɨɡɞɭɯɟ, ɧɢɬɪɚɬ ɯɪɨɦɚ(III), ɯɪɨɦɨɜɵɣ ɚɧɝɢɞɪɢɞ ɢ ɞɪ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 400ɋ. ɉɪɢ ɛɨɥɟɟ ɫɢɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ Cr2O3. ɉɪɢ ɜɧɟɫɟɧɢɢ ɟɝɨ ɜ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ ɜɵɞɟɥɹɟɬɫɹ ɯɥɨɪ: 

2CrO2 + 2HCl = Cr2O3 + Cl2 + H2O 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɨɥɢɛɞɚɬɨɜ ɢ ɜɨɥɶɮɪɚɦɚɬɨɜ ɞɨ ɧɢɡɤɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ 

ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɪɇ < 6, ɬɨ ɟɫɬɶ ɜ ɨɛɥɚɫɬɢ ɢɡɨɩɨɥɢɫɨɟɞɢɧɟɧɢɣ. Ⱥ ɩɪɢ ɞɟɣɫɬɜɢɢ ɪɚɡɧɵɯ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ (ɫɟɪɨɜɨɞɨɪɨɞ, ɯɥɨɪɢɞ ɨɥɨɜɚ(II), ɝɥɸɤɨɡɚ, ɫɟɪɧɢɫɬɵɣ ɝɚɡ) ɨɛɪɚɡɭɸɬɫɹ 

ɤɨɥɥɨɢɞɧɵɟ ɪɚɫɬɜɨɪɵ ɪɚɡɧɵɯ ɨɬɬɟɧɤɨɜ ɫɢɧɟɝɨ ɰɜɟɬɚ – ɦɨɥɢɛɞɟɧɨɜɵɟ ɢ ɜɨɥɶɮɪɚɦɨɜɵɟ 

«ɫɢɧɢ». Ɋɚɫɬɜɨɪɢɦɵɟ ɮɨɪɦɵ «ɫɢɧɟɣ» ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɜ 

ɝɢɝɚɧɬɫɤɢɟ ɤɨɥɶɰɚ, ɱɚɫɬɢɱɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɢɡɨɩɨɥɢɦɨɥɢɛɞɚɬɵ ɢ ɜɨɥɶɮɪɚɦɚɬɵ, 

ɧɚɩɪɢɦɟɪ, [Mo154O448(OH)14(H2O)70]
14−

. ɋɨ ɜɪɟɦɟɧɟɦ ɨɧɢ ɚɝɪɟɝɢɪɭɸɬɫɹ, ɨɛɪɚɡɭɹ ɚɦɨɮɪɧɵɟ 

ɨɤɫɨɝɢɞɪɨɤɫɢɞɵ Ɇ(V, VI) (ɱɚɫɬɢɱɧɵɣ ɡɚɪɹɞ ɨɬɞɟɥɶɧɵɯ ɦɚɤɪɨɰɢɤɥɨɜ ɤɨɦɩɟɧɫɢɪɨɜɚɧ 

ɢɨɧɚɦɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ) ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɟ ɭɫɥɨɜɧɨ ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ 

«M5O14»: 

5Na2MoO4 + SnCl2 + 12HCl = Mo5O14 + Na2SnCl6 + 8NaCl + 6H2O 

ɋɢɧɢ ɭɫɬɨɣɱɢɜɵ ɧɚ ɜɨɡɞɭɯɟ ɢ ɥɟɝɤɨ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɩɪɢɪɨɞɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, 

ɨɤɪɚɲɢɜɚɹ ɢɯ ɜ ɫɢɧɢɣ ɰɜɟɬ. «ɋɢɧɢ» ɨɛɪɚɡɭɸɬɫɹ ɬɚɤɠɟ ɢ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɣ. Ȼɨɥɟɟ ɝɥɭɛɨɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɦɟɫɬɨ ɰɢɧɤɚ 

ɚɦɚɥɶɝɚɦɵ ɧɚɬɪɢɹ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɰɜɟɬɚ «ɫɢɧɟɣ» ɧɚ ɨɥɢɜɤɨɜɵɣ, ɚ ɡɚɬɟɦ ɢ ɧɚ 

ɤɪɚɫɧɵɣ, ɤɨɬɨɪɵɣ ɫɨɨɜɟɬɫɬɜɭɟɬ, ɧɚɩɪɢɦɟɪ, ɨɤɫɨɝɢɞɪɨɤɫɢɞɭ Mo5O7(OH)8. 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɜɨɥɶɮɪɚɦɚɬɨɜ ɜɨɞɨɪɨɞɨɦ ɢɥɢ ɳɟɥɨɱɧɵɦ ɦɟɬɚɥɥɨɦ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɜɟɳɟɫɬɜ, ɧɚɡɵɜɚɟɦɵɯ ɜɨɥɶɮɪɚɦɨɜɵɦɢ ɛɪɨɧɡɚɦɢ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
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ɱɚɫɬɢɱɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɜɨɥɶɮɪɚɦɚɬɵ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɩɟɪɨɜɫɤɢɬɚ MxWO3, ɝɞɟ x < 1, M - 

ɳɟɥɨɱɧɨɣ ɦɟɬɚɥɥ: 

2Na6H2W12O40 + 8H2 = 24Na0.5WO3 + 8H2O 

WO3 + 0.3Na = Na0.3WO3 

Ɉɤɪɚɫɤɚ ɛɪɨɧɡ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ: ɩɪɢ ɯ ~ 0.9 ɨɧɢ ɡɨɥɨɬɢɫɬɨ-

ɠɟɥɬɵɟ, ɩɪɢ ɯ ~ 0.4 – 0.6 ɤɪɚɫɧɵɟ, ɩɪɢ ɯ ~ 0.26 – 0.4 ɮɢɨɥɟɬɨɜɨ-ɫɟɪɵɟ. ɀɟɥɬɵɟ ɢ ɤɪɚɫɧɵɟ 

ɛɪɨɧɡɵ ɨɛɥɚɞɚɸɬ ɧɟ ɬɨɥɶɤɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɛɥɟɫɤɨɦ, ɧɨ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. 

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɛɪɨɧɡɵ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɵ – ɨɧɢ ɧɟ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ ɢ ɧɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɚɠɟ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɩɥɚɜɢɤɨɜɨɣ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɨɧɢ ɨɤɢɫɥɹɸɬɫɹ ɞɨ ɜɨɥɶɮɪɚɦɚɬɚ ɧɚɬɪɢɹ. Ⱦɥɹ 

ɦɨɥɢɛɞɟɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɛɪɨɧɡ ɦɟɧɟɟ ɯɚɪɚɤɬɟɪɧɨ. Ɉɧɢ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵ ɢ ɩɨɥɭɱɟɧɵ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɦɨɥɢɛɞɚɬɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ. 

 ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ ɢɨɞɢɞɨɦ ɚɦɦɨɧɢɹ ɜ ɫɨɥɹɧɨɤɢɫɥɨɦ ɪɚɫɬɜɨɪɟ 

ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɫɜɟɬɥɨ-ɡɟɥɟɧɵɣ ɨɤɫɨɯɥɨɪɨɩɟɧɬɚɦɨɥɢɛɞɚɬ(V) (ɪɢɫ. 10): 

(NH4)6Mo7O24 + 8NH4I + 35HCl = 7(NH4)2[MoOCl5] + 7/2I2 +  HI + 17H2O 

ȼ ɜɨɞɟ ɨɧ ɝɢɞɪɨɥɢɡɭɟɬɫɹ, ɨɛɪɚɡɭɹ ɠɟɥɬɨ-ɨɪɧɚɠɟɜɵɣ ɪɚɫɬɜɨɪ, ɜ ɤɨɬɨɪɨɦ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɢɨɧɵ ɩɪɢɫɭɬɫɬɜɭɟɬ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɢɨɧɵ [Mo2(-O)2O2]
2+. Ⱦɢɚɦɚɝɧɟɬɢɡɦ ɷɬɢɯ ɱɚɫɬɢɰ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ ɫɜɹɡɢ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. Ⱦɢɦɟɪɵ Mo2O4
2+

 ɫɨɯɪɚɧɹɸɬɫɹ ɢ ɜɨ ɦɧɨɝɢɯ 

ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɦɨɥɢɛɞɟɧɚ(V), ɧɚɩɪɢɦɟɪ, [Mo2O4(C2O4)2(H2O)2]
2–

. 

Ⱦɟɣɫɬɜɢɟ ɧɚ ɪɚɫɬɜɨɪ ɨɤɫɨɯɥɨɪɨɩɟɧɬɚɦɨɥɢɛɞɚɬɚ(V) ɫɟɪɨɜɨɞɨɪɨɞɨɦ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɬɢɨɦɨɥɢɛɞɟɧɢɥ-ɤɚɬɢɨɧɨɜ [Mo2(-S)2O2]
2+, ɚ ɡɚɬɟɦ ɤ ɜɵɩɚɞɟɧɢɸ ɤɨɪɢɱɧɟɜɨɝɨ 

ɨɫɚɞɤɚ ɫɭɥɶɮɢɞɚ ɦɨɥɢɛɞɟɧɚ(V): 

2K2[MoOCl5] + 5H2S = Mo2S5 + 4KCl + 6HCl + 2H2O 

 ȼ 2011 ɝɨɞɭ ɩɨɹɜɢɥɨɫɶ ɫɨɨɛɳɟɧɢɟ ɨ ɫɢɧɬɟɡɟ ɹɪɤɨ-ɫɢɧɢɯ ɤɪɢɫɬɚɥɥɨɜ ɫɟɪɧɨɤɢɫɥɨɝɨ 

ɩɪɨɢɡɜɨɞɧɨɝɨ ɨɤɫɨɦɨɥɢɛɞɟɧɚ(V) MoO(HSO4)(SO4) ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɤɚɪɛɨɧɢɥɚ 

ɦɨɥɢɛɞɟɧɚ Mo(CO)6 ɜ ɫɟɪɧɨɦ ɚɧɝɢɞɪɢɞɟ. Ⱥɬɨɦɵ ɦɨɥɢɛɞɟɧɚ ɜ ɧɟɦ ɧɚɯɨɞɹɬɫɹ ɜ 

ɢɫɤɚɠɟɧɧɵɯ ɨɤɬɚɷɞɪɚɯ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɫɪɟɞɫɬɜɨɦ ɫɭɥɶɮɚɬɧɵɯ ɢ ɝɢɞɪɨɫɭɥɶɮɚɬɧɵɯ 

ɦɨɫɬɢɤɨɜ ɜ ɫɥɨɢ. 

Ⱦɢɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ MO2 ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ ɪɭɬɢɥɚ, ɤɨɬɨɪɚɹ ɢɫɤɚɠɟɧɚ 

ɡɚ ɫɱɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. ɂɯ ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɬɪɢɨɤɫɢɞɨɜ 

ɜɨɞɨɪɨɞɨɦ ɩɪɢ 400 - 500ɋ.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɨɥɢɛɞɚɬɨɜ ɜɨɞɨɪɨɞɨɦ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɢ ɞɪɭɝɢɦɢ ɫɢɥɶɧɵɦɢ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɹɦɢ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɚɫɧɵɯ ɪɚɫɬɜɨɪɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ [Mo3O4(H2O)9]
4+. ȼ ɫɬɪɭɤɬɭɪɟ ɬɚɤɨɣ ɱɚɫɬɢɰɵ ɚɬɨɦɵ ɦɨɥɢɛɞɟɧɚ 

ɧɚɯɨɞɹɬɫɹ ɜ ɭɝɥɚɯ ɬɪɟɭɝɨɥɶɧɢɤɚ ɢ ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɨɤɫɨ-ɦɨɫɬɢɤɚɦɢ. Ⱥɧɚɥɨɝɢɱɧɚɹ 
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ɝɪɭɩɩɢɪɨɜɤɚ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɧɚɩɪɢɦɟɪ, ɜ 

ɨɤɫɚɥɚɬɨɦɨɥɢɛɞɚɬɟ(IV), ɨɛɪɚɡɭɸɳɟɦɫɹ ɩɪɢ ɜɧɟɫɟɧɢɢ ɞɢɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɜ ɪɚɫɬɜɨɪ 

ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɵ ɢ ɨɤɫɚɥɚɬɚ ɤɚɥɢɹ: 

3MoO2 + 2H2C2O4 + K2C2O4 + H2O = K2[Mo3O4(C2O4)3(H2O)3] 

ɉɪɢɦɟɪɨɦ ɦɨɧɨɹɞɟɪɧɨɝɨ ɚɧɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɨɥɢɛɞɟɧɚ(IV) ɫɥɭɠɢɬ 

ɨɤɬɚɰɢɚɧɨɦɨɥɢɛɞɚɬ(IV) ɤɚɥɢɹ, ɜɵɞɟɥɹɸɳɢɣɫɹ ɜ ɮɨɪɦɟ ɡɨɥɨɬɢɫɬɨ-ɠɟɥɬɵɯ ɩɥɚɫɬɢɧɱɚɬɵɯ 

ɤɪɢɫɬɚɥɥɨɜ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɦɨɥɢɛɞɟɧɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ ɝɢɞɪɚɡɢɧɨɦ ɜ ɫɪɟɞɟ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ: 

2MoO3 + 16KCN + N2H5Cl + 7HCl = 2K4[Mo(CN)8] + N2 + 8KCl + 6H2O 

Ⱥɬɨɦ ɦɨɥɢɛɞɟɧɚ ɪɚɫɩɨɥɨɠɟɧ ɜ ɰɟɧɬɪɟ ɞɨɞɟɤɚɷɞɪɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɜɨɫɟɦɶɸ ɰɢɚɧɢɞɧɵɦɢ 

ɝɪɭɩɩɚɦɢ. Ⱦɜɚ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɚ ɦɨɥɢɛɞɟɧɚ ɫɩɚɪɟɧɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɞɢɚɦɚɝɧɟɬɢɡɦ 

ɜɟɳɟɫɬɜɚ. 

 ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɜɨɥɶɮɪɚɦɚɬɨɜ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɪɚɫɬɜɨɪɵ, 

ɫɨɞɟɪɠɚɳɢɟ ɢɨɧɵ [W3O4(H2O)9]
4+, ɫɯɨɞɧɵɟ ɩɨ ɫɬɪɨɟɧɢɸ ɫ ɚɤɜɚ-ɢɨɧɚɦɢ ɦɨɥɢɛɞɟɧɚ(IV). 

Ⱦɢɫɭɥɶɮɢɞɵ ɦɨɥɢɛɞɟɧɚ (ɪɢɫ. 11) ɢ ɜɨɥɶɮɪɚɦɚ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɬɟɪɦɨɥɢɡɟ 

ɬɟɬɪɚɬɢɨɦɟɬɚɥɥɚɬɨɜ(VI) ɚɦɦɨɧɢɹ, ɜɧɟɲɧɟ ɩɨɯɨɠɢ ɧɚ ɝɪɚɮɢɬ. Эɬɢ ɜɟɳɟɫɬɜɚ ɢɦɟɸɬ 

ɫɥɨɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. Кɚɠɞɵɣ ɫɥɨɣ ɨɛɪɚɡɨɜɚɧ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ [MS6]. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɫɥɨɹɦɢ 

ɨɱɟɧɶ ɫɥɚɛɨɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɥɟɝɤɨɦɭ ɫɦɟɳɟɧɢɸ ɨɞɧɨɝɨ ɫɥɨɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ. 

Ⱦɢɫɭɥɶɮɢɞ ɦɨɥɢɛɞɟɧɚ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɫɭɯɨɣ ɫɦɚɡɤɢ ɜ ɞɜɢɝɚɬɟɥɹɯ. 

 5. Кɢɫɥɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 

 Ⱦɥɹ ɯɪɨɦɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3 ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟɝɨ ɨɤɪɭɠɟɧɢɹ, ɷɬɨ ɬɨɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɢɧɢɦɭɦ, ɤ ɤɨɬɨɪɨɦɭ ɫɬɪɟɦɹɬɫɹ 

ɫɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ ɜ ɥɸɛɵɯ ɞɪɭɝɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ. ɋɨɟɞɢɧɟɧɢɹ ɦɨɥɢɛɞɟɧɚ ɢ 

ɜɨɥɶɮɪɚɦɚ ɜ ɷɬɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɩɪɨɹɜɥɹɸɬ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. ɋɬɚɛɢɥɢɡɚɰɢɹ ɡɞɟɫɶ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɥɢɲɶ ɩɭɬɟɦ 

ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɟɣ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ, ɬɨ ɟɫɬɶ ɜ ɤɥɚɫɬɟɪɚɯ. 

Ɉɤɫɢɞ ɯɪɨɦɚ (III) Cr2O3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɪɹɡɧɨ-ɡɟɥɟɧɵɣ ɬɭɝɨɩɥɚɜɤɢɣ ɩɨɪɨɲɨɤ 

ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɤɨɪɭɧɞɚ. ɉɨɞɨɛɧɨ ɤɨɪɭɧɞɭ, ɨɧ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɫɬɜɨɪɢɦ ɜ ɪɚɫɬɜɨɪɚɯ 

ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ, ɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪɢɦɨɟ ɫɨɫɬɨɹɧɢɟ ɥɢɲɶ ɩɪɢ ɤɢɫɥɨɬɧɨɦ (ɫɩɥɚɜɥɟɧɢɟ 

ɜ ɝɢɞɪɨɫɭɥɶɮɚɬɚɦɢ) ɢɥɢ ɳɟɥɨɱɧɨɦ (ɫɩɥɚɜɥɟɧɢɟ ɫ ɳɟɥɨɱɚɦɢ, ɤɚɪɛɨɧɚɬɚɦɢ) ɜɫɤɪɵɬɢɢ. ȼ 

ɥɚɛɨɪɚɬɨɪɢɢ ɟɝɨ ɩɨɥɭɱɚɸɬ ɫɩɥɚɜɥɟɧɟɦ ɞɢɯɪɨɦɚɬɨɜ ɫ ɫɟɪɨɣ: 

K2Cr2O7 + S 

o
t

= Cr2O3 + K2SO4. 

ɏɪɨɦ(III) ɭɞɚɱɧɨ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɜɵɫɨɤɭɸ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɫ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɶɸ. ȼ ɟɝɨ ɯɢɦɢɢ ɩɪɟɨɛɥɚɞɚɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ 
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ɤɨɦɩɥɟɤɫɵ ɫ ɬɪɟɦɹ ɧɟɫɩɚɪɟɧɧɵɦɢ ɷɥɟɤɬɪɨɧɚɦɢ ɧɚ t2g-ɨɪɛɢɬɚɥɹɯ. Эɥɟɤɬɪɨɧɧɵɟ ɩɟɪɟɯɨɞɵ 

ɧɚ ɜɚɤɚɧɬɧɵɟ eg-ɨɪɛɢɬɚɥɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɨɤɪɚɫɤɭ ɜɫɟɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɨɬɫɭɬɫɬɜɢɟ 

ɜɚɤɚɧɬɧɨɣ t2g ɨɪɛɢɬɚɥɢ ɨɛɴɹɫɧɹɟɬ ɢɯ ɢɧɟɪɬɧɨɫɬɶ. ɋɤɨɪɨɫɬɶ ɨɛɦɟɧɚ ɜɨɞɵ ɜ ɢɨɧɟ 

[Cr(H2O)6]
3+

 ɩɪɢ 25 °C ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 4,510
–7

 ɫ–1. ɋɥɟɞɫɬɜɢɟɦ ɢɧɟɪɬɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɢɡɨɦɟɪɨɜ, ɧɚɩɪɢɦɟɪ, ɝɢɞɪɚɬɨɜ ɯɥɨɪɢɞɚ ɯɪɨɦɚ 

CrCl36H2O. ɂɨɧ [Cr(H2O)6]
3+

 ɢɦɟɟɬ ɮɢɨɥɟɬɨɜɭɸ ɨɤɪɚɫɤɭ, ɤɨɬɨɪɭɸ ɦɵ ɧɚɛɥɸɞɚɟɦ, 

ɧɚɩɪɢɦɟɪ, ɜ ɯɪɨɦɨɤɚɥɢɟɜɵɯ ɤɜɚɫɰɚɯ KCr(SO4)212H2O. ȼ ɤɚɱɟɫɬɜɚ ɪɟɚɤɬɢɜɚ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɡɟɥɟɧɭɸ ɫɨɥɶ ɬɪɚɧɫ-[Cr(H2O)4Cl2]ClH2O. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɟɟ ɜ ɜɨɞɟ 

ɨɛɪɚɡɭɟɬɫɹ ɡɟɥɟɧɵɣ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ ɦɟɧɹɟɬ ɨɤɪɚɫɤɭ ɧɚ 

ɮɢɨɥɟɬɨɜɭɸ ɜɫɥɟɞɫɬɜɢɟ ɡɚɦɟɳɟɧɢɹ ɯɥɨɪɢɞ-ɢɨɧɚ ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɫɮɟɪɟ 

ɧɚ ɦɨɥɟɤɭɥɭ ɜɨɞɵ. ɉɪɢ ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɤɢɩɹɱɟɧɢɢ 

ɡɟɥɟɧɚɹ ɨɤɪɚɫɤɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ: 

 [Cr(H2O)6]
3+

 + 2Cl
–
  [Cr(H2O)4Cl2]

2+
 + 2H2O 

ɏɪɨɦ(III) ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ. ɉɨ ɩɪɢɱɢɧɟ ɢɧɟɪɬɧɨɫɬɢ 

ɫɢɧɬɟɡ ɦɧɨɝɢɯ ɢɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟ ɭɞɚɟɬɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɩɭɬɟɦ ɡɚɦɟɳɟɧɢɹ ɨɞɧɢɯ 

ɥɢɝɚɧɞɨɜ ɞɪɭɝɢɦɢ. Ɍɚɤ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɢɡɛɵɬɤɚ ɚɦɦɢɚɤɚ ɧɚ ɝɢɞɪɨɤɫɢɞ ɯɪɨɦɚ(III) ɥɢɲɶ 

ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɢɨɧɨɜ ɯɪɨɦɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɚɦɦɢɚɤɚɬɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 

ɤɚɪɦɢɧɨɜɨ-ɤɪɚɫɧɨɝɨ ɯɥɨɪɢɞɚ ɯɥɨɪɨɩɟɧɬɚɦɦɢɧɯɪɨɦɚ(III) [Cr(NH3)5Cl]Cl2 ɢɫɩɨɥɶɡɭɸɬ ɥɢɛɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɡɜɨɞɧɨɝɨ ɯɥɨɪɢɞɚ ɯɪɨɦɚ ɫ ɠɢɞɤɢɦ ɚɦɦɢɚɤɨɦ, ɥɢɛɨ ɢɫɩɨɥɶɡɭɸɬ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɟɚɤɰɢɣ ɡɚɦɟɳɟɧɢɹ, ɧɟ 

ɢɦɟɸɬ ɤɢɧɟɬɢɱɟɫɤɢɯ ɡɚɬɪɭɞɧɟɧɢɣ. Ⱦɨɛɚɜɥɹɹ ɤ ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɦɭ ɪɚɫɬɜɨɪɭ ɯɥɨɪɢɞɚ 

ɯɪɨɦɚ(II) ɢɡɛɵɬɨɤ ɚɦɦɢɚɤɚ ɩɨɥɭɱɚɸɬ ɚɦɦɢɚɤɚɬ ɯɪɨɦɚ(II), ɤɨɬɨɪɵɣ ɡɚɬɟɦ ɨɤɢɫɥɹɸɬ 

ɜɨɡɞɭɯɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ: 

4[Cr(NH3)6]Cl2 + O2 + 4NH4Cl  = 2[(NH3)5Cr(OH)Cr(NH3)5]Cl5 + 8NH3 + H2O. 

ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɤɪɚɫɧɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɚɦɦɢɚɤɚɬɚ – ɪɨɞɨɯɪɨɦɯɥɨɪɢɞɚ. 

Кɢɩɹɱɟɧɢɟɦ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɟɝɨ ɩɟɪɟɜɨɞɹɬ ɜ ɤɨɧɟɱɧɵɣ ɩɪɨɞɭɤɬ: 

[(NH3)5Cr(OH)Cr(NH3)5]Cl5 + HCl = 2[Cr(NH3)5Cl]Cl2 + H2O. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɯɪɨɦɨɤɚɥɢɟɜɵɯ ɤɜɚɫɰɨɜ ɫ ɢɡɛɵɬɤɨɦ ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɦ 

ɭɩɚɪɢɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɨɛɪɚɡɭɟɬɫɹ ɬɟɦɧɨ-ɤɪɚɫɧɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɦɚɫɫɚ, ɫɨɞɟɪɠɚɳɚɹ 

ɝɟɤɫɚɪɨɞɚɧɨɯɪɨɦɚɬ(III) ɤɚɥɢɹ K3[Cr(NCS)6]. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɚɦɦɢɚɤɚ ɩɪɨɢɫɯɨɞɢɬ 

ɡɚɦɟɳɟɧɢɟ ɞɜɭɯ ɬɢɨɰɢɚɧɚɬɧɵɯ ɥɢɝɚɧɞɨɜ ɢ ɨɛɪɚɡɭɟɬɫɹ ɬɪɚɧɫ-

ɬɟɬɪɚɪɨɞɚɧɨɞɢɚɦɦɢɧɯɪɨɦɚɬ(III) ɚɦɦɨɧɢɹ NH4[Cr(NCS)4(NH3)2] (ɫɨɥɶ Ɋɟɣɧɟɤɟ) ɜ ɜɢɞɟ 

ɛɥɟɫɬɹɳɢɯ ɪɭɛɢɧɨɜɨ-ɤɪɚɫɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ.  
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ɍɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɯɪɨɦ(III) ɨɛɪɚɡɭɟɬ ɫ ɯɟɚɥɬɢɪɭɸɳɢɦɢ ɛɢ- ɢ 

ɩɨɥɢɞɟɧɬɚɬɧɵɦɢ ɥɢɝɚɧɞɚɦɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɪɢɫɨɤɫɚɥɚɬɨɯɪɨɦɚɬɚ(III) ɤɚɥɢɹ ɬɚɤɠɟ 

ɢɫɩɨɥɶɡɭɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɪɟɚɤɰɢɸ: 

K2Cr2O7 + 2K2C2O4 + 7H2C2O4 = 2K3[Cr(C2O4)3] + 3CO2 + 7H2O. 

ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢɡ ɪɚɫɬɜɨɪɚ ɫɨɥɶ ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɬɟɦɧɨ-ɡɟɥɟɧɵɯ, ɩɨɱɬɢ ɱɟɪɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ, ɜ ɬɨɧɤɨɦ ɫɥɨɟ ɧɚ ɩɪɨɫɜɟɬ ɤɚɠɭɳɢɯɫɹ ɮɢɨɥɟɬɨɜɵɦɢ. 

ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɞɢɯɪɨɦɚɬɚ ɤɚɥɢɹ ɢɡɛɵɬɤɨɦ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɤɚɥɢɹ ɨɛɪɚɡɭɟɬɫɹ ɬɟɦɧɨ-ɤɪɚɫɧɵɣ ɪɚɫɬɜɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ 

ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɩɭɪɩɭɪɧɨ-ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɵ ɬɪɚɧɫ-ɢɡɨɦɟɪɚ: 

K2Cr2O7 + 7H2C2O4 = 2K[Cr(C2O4)2(H2O)2] + 3CO2 + 7H2O. 

ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ ɢɥɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɚɫɬɜɨɪɵ ɛɢɫɨɤɫɚɥɚɬɨɯɪɨɦɚɬɨɜ ɦɟɧɹɸɬ 

ɰɜɟɬ, ɫɬɚɧɨɜɹɫɶ ɫɢɧɟ-ɡɟɥɟɧɵɦɢ, ɢɡ ɧɢɯ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɬɪɢɫɨɤɫɚɥɚɬɨɯɪɨɦɚɬɵ. ȼ ɪɚɫɬɜɨɪɟ 

ɛɢɫ-ɨɤɫɚɥɚɬɨɯɪɨɦɚɬɚɨɜ(III) ɰɢɫ- ɢ ɬɪɚɧɫ-ɮɨɪɦɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɪɚɜɧɨɜɟɫɢɢ. ɉɨɷɬɨɦɭ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɤ ɪɚɫɬɜɨɪɭ ɬɪɚɧɫ-ɢɡɨɦɟɪɚ ɳɟɥɨɱɢ ɨɛɪɚɡɭɟɬɫɹ ɞɢɹɞɟɪɧɵɣ ɤɨɦɩɥɟɤɫ, ɜ ɤɨɬɨɪɨɦ 

ɦɨɫɬɢɤɨɜɵɟ Ɉɇ-ɝɪɭɩɩɵ ɧɚɯɨɞɹɬɫɹ ɜ ɰɢɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ (ɪɢɫ. 12) :  

2K[Cr(C2O4)2(H2O)2] + 2KOH = K4[Cr2(OH)2(C2O4)4] + 2H2O 

 ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɫɨɥɹɦ ɯɪɨɦɚ(III) ɳɟɥɨɱɧɵɯ ɪɟɚɝɟɧɬɨɜ (NH3H2O, Na2CO3, NaOH) 

ɜɵɩɚɞɚɟɬ ɨɛɴɟɦɧɵɣ ɝɪɹɡɧɨ-ɮɢɨɥɟɬɨɜɵɣ ɨɫɚɞɨɤ  ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ Cr2O3xH2O, 

ɤɨɬɨɪɵɣ ɡɚɯɜɚɬɵɜɚɟɬ ɢɡ ɪɚɫɬɜɨɪɚ ɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɧɢɨɧɨɜ. ȼ ɭɱɟɛɧɨɣ ɥɢɬɟɪɚɬɭɪɟ 

ɟɝɨ ɭɫɥɨɜɧɨ ɡɚɩɢɫɵɜɚɸɬ ɤɚɤ Cr(OH)3. Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ, 

ɥɟɝɤɨ ɪɚɫɬɜɨɪɹɹɫɶ ɤɚɤ ɜ ɤɢɫɥɨɬɧɵɯ, ɬɚɤ ɢ ɜ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɝɢɞɪɨɤɫɢɞɚ ɜ ɟɞɤɢɯ ɳɟɥɨɱɚɯ ɢɡɭɦɪɭɞɧɨ-ɡɟɥɟɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɞɟɪɠɚɬ ɚɧɢɨɧɵ 

[Cr(OH)6]
3–, ɫɨ ɜɪɟɦɟɧɟɦ ɢɡ ɧɢɯ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɵ, ɧɚɩɪɢɦɟɪ, 

ɝɟɤɫɚɝɢɞɪɨɤɫɨɯɪɨɦɚɬ(III) ɧɚɬɪɢɹ Na3[Cr(OH)6]. ɏɢɦɢɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɯɪɨɦɚ(+3) 

ɧɚɯɨɞɢɬ ɛɥɢɡɤɢɟ ɩɚɪɚɥɥɟɥɢ ɫ ɯɢɦɢɟɣ ɚɥɸɦɢɧɢɹ ɫ ɬɨɣ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɯɪɨɦ ɫɨɯɪɚɧɹɟɬ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 6 ɞɚɠɟ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ.  

ɍ ɝɢɞɪɨɤɫɢɞɚ ɯɪɨɦɚ(III) ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɜɵɪɚɠɟɧɵ ɫɢɥɶɧɟɟ ɤɢɫɥɨɬɧɵɯ, ɩɨɷɬɨɦɭ 

ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɡɛɚɜɥɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɝɢɞɪɨɤɫɨɯɪɨɦɚɬɨɜ(III) ɩɨɥɧɨɫɬɶɸ ɝɢɞɪɨɥɢɡɭɸɬɫɹ, 

ɢ ɢɡ ɧɢɯ ɜɵɩɚɞɚɟɬ ɨɫɚɞɨɤ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɯɪɨɦɚ(III). ȼ ɷɬɨɦ ɫɨɫɬɨɢɬ ɢɯ ɨɬɥɢɱɢɟ 

ɨɬ ɚɥɸɦɢɧɚɬɨɜ. Ɉɞɧɚɤɨ ɭɞɨɛɧɟɟ ɜɫɟɝɨ ɪɚɫɬɜɨɪɵ ɯɪɨɦɚɬɨɜ(III) ɪɚɡɪɭɲɚɬɶ ɩɪɨɩɭɫɤɚɧɢɟɦ 

ɫɟɪɨɜɨɞɨɪɨɞɚ, ɫɟɪɧɢɫɬɨɝɨ ɢɥɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ: 

2Na3[Cr(OH)6] + 6CO2 = 2Cr(OH)3 + 6NaHCO3 + 3H2O. 

ɋɩɥɚɜɥɟɧɢɦ ɨɤɫɢɞɚ ɯɪɨɦɚ(III) ɫ ɳɟɥɨɱɚɦɢ, ɤɚɪɛɨɧɚɬɚɦɢ ɢɥɢ ɨɤɫɢɞɚɦɢ ɩɨɥɭɱɚɸɬ 

ɯɪɨɦɢɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɨɫɛɨɣ ɫɦɟɲɚɧɧɵɟ ɨɤɫɢɞɵ. ɏɪɨɦɢɬɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 

MCrO2 ɫɨɫɬɨɹɬ ɢɡ ɨɤɬɚɷɞɪɨɜ CrO6, ɨɛɴɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ ɜ ɟɞɢɧɵɣ ɤɚɪɤɚɫ, ɜ 
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ɩɭɫɬɨɬɚɯ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɵ ɢɨɧɵ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ. Ɇɧɨɝɢɟ ɯɪɨɦɢɬɵ 

ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ M
II
(CrO2)2 ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ ɲɩɢɧɟɥɢ. ȼ ɧɢɯ ɚɬɨɦɵ M(II) 

ɧɚɯɨɞɹɬɫɹ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɦ, ɚ ɚɬɨɦɵ Cr(III) – ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɨɤɪɭɠɟɧɢɢ ɚɬɨɦɨɜ 

ɤɢɫɥɨɪɨɞɚ. Ɍɚɤɨɟ ɫɬɪɨɟɧɢɟ ɢɦɟɟɬ ɢ ɩɪɢɪɨɞɧɵɣ ɦɢɧɟɪɚɥ ɯɪɨɦɚ – ɯɪɨɦɢɫɬɵɣ ɠɟɥɟɡɧɹɤ 

FeCr2O4. 

ɂɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɟ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɫɨɥɢ ɯɪɨɦɚ (III) ɫ ɚɧɢɨɧɚɦɢ ɫɥɚɛɵɯ 

ɤɢɫɥɨɬ, ɬɚɤ ɤɚɤ ɩɪɢ ɫɦɟɲɟɧɢɢ ɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɯɪɨɦɚ(III) ɢ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɨɜ 

ɤɚɪɛɨɧɚɬɚ ɢɥɢ ɫɭɥɶɮɢɞɚ, ɢɥɢ ɫɭɥɶɮɢɬɚ ɧɚɬɪɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɧɨɟ ɭɫɢɥɟɧɢɟ ɝɢɞɪɨɥɢɡɚ:  

CrCl3+ 3Na2CO3 + 3H2O = 2Cr(OH)3 + 3CO2 + 6NaCl. 

 ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɯɪɨɦɚ(III) ɚɰɟɬɚɬɨɦ ɧɚɬɪɢɹ ɨɛɪɚɡɭɸɬɫɹ ɪɚɫɬɜɨɪɵ, 

ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧ ɨɤɫɨɚɰɟɬɚɬ, ɩɨɫɬɪɨɟɧɧɵɣ ɚɧɚɥɨɝɢɱɧɨ ɨɤɫɨɚɰɟɬɚɬɭ 

ɚɥɸɦɢɧɢɹ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ d-ɦɟɬɚɥɥɨɜ (ɠɟɥɟɡɚ, ɦɚɪɝɚɧɰɚ): 

3CrCl3 + 9CH3COONa + 4H2O = Cr3O(CH3COO)7*3H2O + 9NaCl + 2CH3COOH 

ɋɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ(III) ɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɤɚɤ ɤ ɨɤɢɫɥɟɧɢɸ, ɬɚɤ ɢ ɤ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ. ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɶɧɵɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɢ ɜ ɨɬɫɭɬɫɬɜɢɟ 

ɜɨɡɞɭɯɚ ɨɧɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɫɨɥɢ ɯɪɨɦɚ(II). Эɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɰɢɚɥ ɩɚɪɵ Cr(VI)/Cr(III) 

ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ, ɩɨɷɬɨɦɭ ɨɤɢɫɥɟɧɢɟ ɫɨɥɟɣ ɯɪɨɦɚ(III) ɞɨ 

ɯɪɨɦɚɬɨɜ ɢ ɞɢɯɪɨɦɚɬɨɜ ɩɪɨɳɟ ɨɫɭɳɟɫɬɜɢɬɶ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɳɟɥɨɱɢ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɪɟɚɤɰɢɢ ɜ ɳɟɥɨɱɧɵɯ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɯɥɨɪ, ɛɪɨɦ, 

ɝɢɩɨɯɥɨɪɢɬ ɧɚɬɪɢɹ, ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, ɨɤɫɢɞ ɫɜɢɧɰɚ(IV): 

2Cr(OH)3 + 3Br2 + 10NaOH = 2Na2CrO4 + 6NaBr + 8H2O, 

ɚ ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ ɨɤɫɢɞɚ ɯɪɨɦɚ(III) – ɩɟɪɨɤɫɢɞɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɧɢɬɪɚɬɵ, ɯɥɨɪɚɬɵ, 

ɤɢɫɥɨɪɨɞ: 

2Cr2O3 + 4Na2O2 + O2 = 4Na2CrO4, 

Cr2O3 + KClO3 + 2K2CO3 = 2K2CrO4 + 2CO2 + KCl. 

ɉɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɫɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɯɪɨɦɚɬ(IV) ɢ ɯɪɨɦɚɬ(V)-ɢɨɧɨɜ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɯɪɨɦɚ, ɫɨɟɞɢɧɟɧɢɹ ɦɨɥɢɛɞɟɧɚ(III) ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵ, ɚ 

ɜɨɥɶɮɪɚɦɚ(III) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɜɟɫɬɧɵ. Ɍɚɤ, ɦɨɥɢɛɞɟɧ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɯɪɨɦɭ ɧɟ 

ɨɛɪɚɡɭɟɬ ɩɪɨɫɬɵɯ ɫɨɥɟɣ, ɚ ɚɤɜɚɢɨɧɵ [Mo(H2O)6]
3+

 ɢɡɜɟɫɬɧɵ ɥɢɲɶ ɜ ɪɚɫɬɜɨɪɚɯ, 

ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɤɢɫɥɨɬɧɨɦ ɝɢɞɪɨɥɢɡɟ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɩɨɦɨɳɢ ɫɭɥɶɮɚɬɚ 

ɰɟɡɢɹ ɢɡ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɚ ɭɞɚɥɨɫɶ ɜɵɞɟɥɢɬɶ ɫɜɟɬɥɨ-ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɰɟɡɢɣ-

ɦɨɥɢɛɞɟɧɨɜɵɯ ɤɜɚɫɰɨɜ CsMo(SO4)212H2O. ɋɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɢɯ ɢɨɧɵ [Mo(H2O)6]
3+

 

ɢɦɟɸɬ ɬɪɢ ɧɟɫɩɚɪɟɧɧɵɯ ɷɥɟɤɬɪɨɧɚ ɢ, ɩɨɞɨɛɧɨ ɢɨɧɚɦ [Cr(H2O)6]
3+, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɩɪɚɜɢɥɶɧɵɣ ɨɤɬɚɷɞɪ. ɇɚ ɜɨɡɞɭɯɟ ɤɪɢɫɬɚɥɥɵ ɤɜɚɫɰɨɜ ɛɭɪɟɸɬ ɢɡ-ɡɚ ɨɤɢɫɥɟɧɢɹ ɦɨɥɢɛɞɟɧɚ.  
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 ɂɫɯɨɞɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɞɥɹ ɫɢɧɬɟɡɚ ɛɨɥɶɲɢɧɫɬɜɚ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɦɨɥɢɛɞɟɧɚ(III) ɫɥɭɠɚɬ ɯɥɨɪɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɦɨɥɢɛɞɚɬɨɜ ɜɨɞɨɪɨɞɨɦ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɢɥɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢ: 

2Na2MoO4 + 22HCl + 3Zn = 2H3[MoCl6] + 3ZnCl2 + 4NaCl + 8H2O. 

ȿɫɥɢ ɪɟɚɤɰɢɸ ɜɟɫɬɢ ɜ ɫɪɟɞɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɬɨ ɨɛɪɚɡɭɟɬɫɹ ɜɢɲɧɟɜɨ-

ɤɪɚɫɧɵɣ ɪɚɫɬɜɨɪ ɝɟɤɫɚɯɥɨɪɨɦɨɥɢɛɞɚɬɚ(III) [MoCl6]
3. ɋɨɥɶ ɥɟɝɤɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɮɨɪɦɟ 

ɤɚɥɢɣɧɨɣ ɢɥɢ ɚɢɢɨɧɢɣɧɨɣ ɫɨɥɢ (NH4)3MoCl6. Эɬɨ ɜɟɳɟɫɬɜɨ ɭɫɬɨɣɱɢɜɨ ɩɪɢ ɯɪɚɧɟɧɢɢ ɜ 

ɫɭɯɨɣ ɚɬɦɨɫɮɟɪɟ, ɧɨ ɧɚ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɝɢɞɪɨɥɢɡɭ ɢ ɨɤɢɫɥɟɧɢɸ.  

 

6. Кɢɫɥɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2. 

  ɋɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɢɨɧɵ M
2+, ɯɚɪɚɤɬɟɪɧɵ ɥɢɲɶ ɞɥɹ ɯɪɨɦɚ. Ɇɨɥɢɛɞɟɧ ɢ 

ɜɨɥɶɮɪɚɦ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 ɨɛɪɚɡɭɸɬ ɤɥɚɫɬɟɪɵ. Кɚɬɢɨɧ [Cr(H2O)6]
2+, ɨɛɪɚɡɭɸɳɢɣɫɹ  

ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɯɪɨɦɚ ɫ ɤɢɫɥɨɬɚɦɢ-ɧɟɨɤɢɫɥɢɬɟɥɹɦɢ ɢɥɢ ɩɪɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɩɨɞɤɢɫɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɯɪɨɦɚ(III) ɰɢɧɤɨɦ, ɩɪɢɞɚɟɬ ɪɚɫɬɜɨɪɚɦ 

ɹɪɤɨ-ɫɢɧɢɣ ɰɜɟɬ. ɏɪɨɦ ɜ ɧɟɦ ɢɦɟɟɬ ɤɨɧɮɢɝɭɪɚɰɢɸ t2g
3
eg

1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɜɵɫɨɤɨɫɩɢɧɨɜɵɦ ɤɨɦɩɥɟɤɫɚɦ. əɧ-ɬɟɥɥɟɪɨɜɫɤɨɟ ɢɫɤɚɠɟɧɢɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɩɨɧɢɠɟɧɢɢ 

ɫɢɦɦɟɬɪɢɢ ɨɤɬɚɷɞɪɢɱɟɫɤɨɝɨ ɨɤɪɭɠɟɧɢɹ. Ɉɞɢɧ ɢɡ d-ɷɥɟɤɬɪɨɧɨɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ 

ɪɚɡɪɵɯɥɹɸɳɟɣ (eg) ɨɪɛɢɬɚɥɢ, ɩɨɷɬɨɦɭ ɟɝɨ ɩɨɬɟɪɹ ɜɵɝɨɞɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢ, ɬɚɤ ɤɚɤ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɹ 3 o
g2gt е . ɂɦɟɧɧɨ 

ɷɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ(II) – ɫɢɥɶɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ (Eo
 (Cr

3+
 

/Cr
2+

   = 0.41 ȼ)). ɂɯ ɫɢɧɢɟ ɪɚɫɬɜɨɪɵ ɦɝɧɨɜɟɧɧɨ ɨɤɢɫɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ: 

4[Cr(H2O)6]
2+

 + O2 + 4H
+
 = 4[Cr(H2O)6]

3+
 + 2H2O, 

ɚ ɜ ɨɬɫɭɬɫɬɜɢɢ ɨɤɢɫɥɢɬɟɥɹ ɦɟɞɥɟɧɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɜɨɞɭ: 

2CrSO4 + 2H2O = 2Cr(OH)SO4 + H2. 

ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɯɪɨɦɚ(II) ɟɳɟ ɛɨɥɟɟ ɭɫɢɥɢɜɚɟɬɫɹ ɜ 

ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. ɀɟɥɬɨ-ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ ɯɪɨɦɚ Cr(OH)2, ɩɨɥɭɱɚɟɦɵɣ ɜ 

ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ ɞɟɣɫɬɜɢɟɦ ɚɦɦɢɚɤɚ ɢɥɢ ɳɟɥɨɱɢ ɧɚ ɫɨɥɢ ɯɪɨɦɚ(II), ɧɟ ɨɛɪɚɡɭɟɬ ɚɧɢɨɧɧɵɯ 

ɮɨɪɦ, ɬɨ ɟɫɬɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ. Эɬɨ ɦɨɳɧɵɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ 

ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɯɪɨɦɚ(II) ɫɭɥɶɮɢɞɨɜ, ɤɚɪɛɨɧɚɬɨɜ, ɫɭɥɶɮɢɬɨɜ ɜɵɩɚɞɚɸɬ ɫɪɟɞɧɢɟ ɫɨɥɢ.  

 ɇɢɡɤɨɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɯɪɨɦ (II) ɨɛɪɚɡɭɟɬ ɫ ɥɢɝɚɧɞɚɦɢ ɫɢɥɶɧɨɝɨ ɩɨɥɹ – 

ɰɢɚɧɢɞɨɦ, ɞɢɢɦɢɧɚɦɢ. Эɬɢ ɤɨɦɩɥɟɤɫɵ ɢɧɬɟɧɫɢɜɧɨ ɨɤɪɚɲɟɧɵ, ɢɯ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ 

ɫɨɫɬɚɜɥɹɟɬ 2.74-3.40 ɦȻ, ɚ ɫɜɹɡɶ Cr – ɥɢɝɚɧɞ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɣ ɞɨɥɟɣ -

ɫɜɹɡɵɜɚɧɢɹ. ɉɪɢɦɟɪɨɦ ɫɥɭɠɢɬ ɰɢɚɧɢɞɧɵɣ ɤɨɦɩɥɟɤɫ K4[Cr(CN)6], ɬɟɦɧɨ-ɫɢɧɢɟ ɤɪɢɫɬɚɥɥɵ 

ɤɨɬɨɪɨɝɨ ɜɵɫɚɥɢɜɚɸɬɫɹ ɫɩɢɪɬɨɦ ɢɡ ɪɚɫɬɜɨɪɚ ɚɰɟɬɚɬɚ ɯɪɨɦɚ(II) ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ 

ɪɚɫɬɜɨɪɟ ɰɢɚɧɢɞɚ ɤɚɥɢɹ.  
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ɜɵɞɟɥɹɸɳɢɣɫɹ ɜ ɜɢɞɟ ɤɪɚɫɧɨɝɨ ɨɫɚɞɤɚ ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɯɪɨɦɚ(II) 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ ɨɛɪɚɡɭɟɬɫɹ ɤɪɚɫɧɵɣ ɨɫɚɞɨɤ ɚɰɟɬɚɬɚ ɯɪɨɦɚ: 

2CrCl2 + 4NaCH3COO + 4H2O = Cr2(CH3COO)4(H2O)2 + 4NaCl. 

 Эɬɨ ɜɟɳɟɫɬɜɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ ɫɨɥɟɣ ɯɪɨɦɚ(II) ɧɟ ɬɨɥɶɤɨ ɰɜɟɬɨɦ, ɧɨ ɢ 

ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ – ɨɧɨ ɞɢɚɦɚɝɧɢɬɧɨ, ɬɨ ɟɫɬɶ ɧɟ ɫɨɞɟɪɠɢɬ ɧɟɫɩɚɪɟɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɜ. ȼɫɟ ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɤɥɚɫɬɟɪɧɨɦ ɫɬɪɨɟɧɢɢ. Чɟɬɜɟɪɧɚɹ ɫɜɹɡɶ Cr-Cr 

ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɴɟɞɢɧɟɧɢɹ ɧɟɫɩɚɪɟɧɧɵɯ 3d-ɷɥɟɤɬɪɨɧɨɜ ɞɜɭɯ ɢɨɧɨɜ ɯɪɨɦɚ ɜ 

ɱɟɬɵɪɟ ɷɥɟɤɬɪɨɧɧɵɟ ɩɚɪɵ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɫɨɜɦɟɫɬɧɨ ɨɛɨɢɦ ɚɬɨɦɚɦ (ɪɢɫ. 13). Эɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ Cr – Cr ɜ ɚɰɟɬɚɬɟ ɨɤɚɡɵɜɚɟɬɫɹ ɤɨɪɨɱɟ, ɱɟɦ ɜ 

ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɯɪɨɦɟ. ȼɚɤɚɧɬɧɵɟ ɨɪɛɢɬɚɥɢ ɢɨɧɨɜ Cr
2+

 ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɚɤɰɟɩɬɨɪɨɜ 

ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɹɬɢ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ ɫ ɱɟɬɵɪɶɦɹ ɛɢɞɟɧɬɚɬɧɵɦɢ ɦɨɫɬɢɤɨɜɵɦɢ 

ɚɰɟɬɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ ɢ ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ. ȼ ɨɛɪɚɡɭɸɳɟɣɫɹ ɱɚɫɬɢɰɟ ɜɫɟ ɷɥɟɤɬɪɨɧɵ 

ɫɩɚɪɟɧɵ, ɬɨ ɟɫɬɶ ɨɧɚ ɹɜɥɹɟɬɫɹ ɞɢɚɦɚɝɧɢɬɧɨɣ. Ⱥɧɚɥɨɝɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢɦɟɟɬ ɢ ɚɰɟɬɚɬ 

ɦɨɥɢɛɞɟɧɚ(II), ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɝɟɤɫɚɤɚɪɛɨɧɢɥ ɦɨɥɢɛɞɟɧɚ Ɇɨ(ɋɈ)6 

ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ.  

Эɬɨ ɫɨɟɞɢɧɟɧɢɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɰɟɬɚɬɚ ɯɪɨɦɚ(II) ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɧɚ 

ɯɨɥɨɞɟ ɨɧ ɨɛɪɚɡɭɟɬ ɮɢɨɥɟɬɨɜɵɣ ɪɚɫɬɜɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ ɤɪɭɩɧɵɟ ɤɚɬɢɨɧɵ ɨɫɚɠɞɚɸɬ 

ɬɟɬɪɚɯɥɨɪɨɞɢɦɨɥɢɛɞɚɬ(II) [Mo2Cl8]
4-

: 

Mo2(CH3COO)4 + 4KCl + 4HCl = K4[Mo2Cl8] + 4CH3COOH 

Ⱥɬɨɦɵ ɦɨɥɢɛɞɟɧɚ ɜ ɷɬɨɦ ɤɥɚɫɬɟɪɟ ɬɚɤɠɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɬɜɟɪɧɨɣ ɫɜɹɡɶɸ, 

ɧɨ ɛɨɥɟɟ ɩɪɨɱɧɨɣ, ɱɟɦ ɜ ɚɰɟɬɚɬɟ ɯɪɨɦɚ. Ȼɥɚɝɨɞɚɪɹ ɤɥɚɫɬɟɪɧɨɦɭ ɫɬɪɨɟɧɢɸ, ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ, 

ɚ ɬɚɤɠɟ ɚɰɟɬɚɬɵ ɯɪɨɦɚ(II) ɢ ɦɨɥɢɛɞɟɧɚ(II) ɥɢɲɶ ɦɟɞɥɟɧɧɨ ɨɤɢɫɥɹɸɬɫɹ ɧɚ ɜɨɡɞɭɯɟ. 

  

7. Ƚɚɥɨɝɟɧɢɞɵ ɢ ɨɤɫɨɝɚɥɨɝɟɧɢɞɵ  

 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɚɥɥɨɜ 6 ɝɪɭɩɩɵ ɫɨ ɮɬɨɪɨɦ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ CrF4 (ɚ ɩɪɢ 

ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ CrF5), MoF6 ɢ WF6. Эɬɨ ɤɨɜɚɥɟɧɬɧɵɟ ɝɚɥɨɝɟɧɢɞɵ, ɥɟɝɤɨ 

ɝɢɞɪɨɥɢɡɭɸɳɢɟɫɹ ɜɨɞɨɣ. ȼ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɯɪɨɦ ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɟ 

ɨɤɫɨɮɬɨɪɢɞ ɢ ɨɤɫɨɯɥɨɪɢɞ. Ɉɤɫɨɯɥɨɪɢɞ ɯɪɨɦɚ(VI) ɢɥɢ ɯɥɨɪɢɫɬɵɣ ɯɪɨɦɢɥ CrO2Cl2 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɦɧɨ- ɤɪɚɫɧɭɸ ɥɟɝɤɨ ɥɟɬɭɱɭɸ ɠɢɞɤɨɫɬɶ (ɬ. ɤɢɩ. 117 °C), ɞɵɦɹɳɭɸ ɧɚ 

ɜɨɡɞɭɯɟ, ɪɚɫɬɜɨɪɢɦɭɸ ɜ ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɨɦ ɭɝɥɟɪɨɞɟ. Эɬɨ ɜɟɳɟɫɬɜɨ ɫɨɫɬɨɢɬ ɢɡ ɦɨɥɟɤɭɥ, ɜ 

ɤɨɬɨɪɵɯ ɚɬɨɦ ɯɥɨɪɚ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ ɬɟɬɪɚɷɞɪɚ. ȿɝɨ ɢɧɬɟɧɫɢɜɧɚɹ ɨɤɪɚɫɤɚ ɨɛɭɫɥɨɜɥɟɧɚ 

ɩɨɥɨɫɨɣ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ. ɉɨɞɨɛɧɨ ɞɪɭɝɢɦ ɤɨɜɚɥɟɧɬɧɵɦ ɝɚɥɨɝɟɧɢɞɚɦ, ɨɧ ɷɧɟɪɝɢɱɧɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɜɨɞɨɣ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɫɦɟɫɶ ɤɢɫɥɨɬ: 

CrO2Cl2 + 2H2O = H2CrO4 + 2HCl. 

ɏɥɨɪɢɫɬɵɣ ɯɪɨɦɢɥ – ɷɬɨ ɫɢɥɶɧɵɣ ɨɤɢɫɥɢɬɟɥɶ. ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɟɝɨ ɩɨɥɭɱɚɸɬ ɞɟɣɫɬɜɢɟɦ ɧɚ 

ɫɦɟɫɶ ɞɢɯɪɨɦɚɬɚ ɢ ɯɥɨɪɢɞɚ ɤɚɥɢɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ: 
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K2Cr2O7 + 4KCl + 3H2SO4 = 2CrO2Cl2 + 3K2SO4 + 3H2O, 

Ⱥ ɬɚɤɠɟ ɩɪɨɩɭɫɤɚɧɢɟɦ ɬɨɤɚ ɯɥɨɪɨɜɨɞɨɪɨɞɚ ɧɚɞ ɯɪɨɦɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ: 

CrO3 + 2HCl = CrO2Cl2 + H2Ɉ. 

 ɏɥɨɪɢɞ ɯɪɨɦɚ(III) CrCl3 ɨɛɪɚɡɭɟɬ ɮɢɨɥɟɬɨɜɵɟ ɤɪɢɫɬɚɥɥɵ, ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ, ɚ ɬɚɤɠɟ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ 

ɛɟɡɜɨɞɧɨɝɨ ɝɚɥɨɝɟɧɢɞɚ ɢɦɟɟɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɢɧɟɪɬɧɨɫɬɶɸ. ȼ 

ɫɬɪɭɤɬɭɪɟ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɚɬɨɦɵ ɯɪɨɦɚ ɧɚɯɨɞɹɬɫɹ ɜ ɰɟɧɬɪɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɨɤɬɚɷɞɪɨɜ 

[CrCl6], ɨɛɪɚɡɭɸɳɢɯ ɬɪɟɯɦɟɪɧɵɣ ɤɚɪɤɚɫ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɟɳɟɫɬɜɨ ɫɭɛɥɢɦɢɪɭɟɬɫɹ, 

ɩɪɢɱɟɦ ɜ ɬɨɤɟ ɯɥɨɪɚ ɟɝɨ ɭɞɚɟɬɫɹ ɜɨɡɨɝɧɚɬɶ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɟɦ ɜ ɬɨɤɟ 

ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɯɪɨɦ ɩɟɪɟɯɨɞɢɬ ɜ ɩɚɪ ɜ ɜɢɞɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 

ɬɟɬɪɚɯɥɨɪɢɞɚ, ɤɨɬɨɪɵɣ ɭɫɬɨɣɱɢɜ ɬɨɥɶɤɨ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢ ɪɚɡɥɚɝɚɟɬɫɹ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫɨ 

ɫɬɟɧɤɨɣ ɪɟɚɤɬɨɪɚ.  

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɯɪɨɦɚ(III) ɜ ɜɨɞɭ ɬɪɟɛɭɟɬɫɹ ɞɨɛɚɜɢɬɶ 

ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɢ ɯɪɨɦɚ(II), ɥɢɛɨ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ, ɧɚɩɪɢɦɟɪ, ɰɢɧɤɚ. 

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɷɬɨɦ ɢɨɧɵ ɯɪɨɦɚ(II) ɜɫɬɭɩɚɸɬ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɯɪɨɦɨɦ(III), 

ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɭɡɥɚɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. Ɉɛɦɟɧ ɷɥɟɤɬɪɨɧɚɦɢ ɦɟɠɞɭ ɢɨɧɚɦɢ 

Cr
2+(ɪɚɫɬɜɨɪ) ɢ Cr

3+
 (ɤɪɢɫɬɚɥɥ CrCl3) ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɜɨɞɟ ɨɤɚɡɵɜɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢ 

ɢɧɟɪɬɧɵɣ ɢɨɧ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɯɪɨɦɚ, ɚ ɜ ɭɡɥɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ – ɥɚɛɢɥɶɧɵɣ Cr
2+

, 

ɤɨɬɨɪɵɣ ɛɟɡ ɬɪɭɞɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ.  

ɇɢɡɲɢɟ ɝɚɥɨɝɟɧɢɞɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɨɟɞɢɧɟɧɢɣ ɯɪɨɦɚ ɢɦɟɸɬ 

ɤɥɚɫɬɟɪɧɨɟ ɫɬɪɨɟɧɢɟ, ɤɪɚɬɧɨɫɬɶ ɫɜɹɡɢ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ ɜ ɧɢɯ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɱɢɫɥɚ d-ɷɥɟɤɬɪɨɧɨɜ, ɬɨ ɟɫɬɶ ɩɨ ɦɟɪɟ ɩɨɧɢɠɟɧɢɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɥɥɚ.  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɨɥɢɛɞɟɧɚ ɫ ɮɨɫɝɟɧɨɦ ɨɛɪɚɡɭɸɬɫɹ ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ, 

ɤɨɬɨɪɵɟ ɥɢɲɶ ɮɨɪɦɚɥɶɧɨ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɞɢɯɥɨɪɢɞɨɦ ɦɨɥɢɛɞɟɧɚ (ɪɢɫ. 15): 

6Mo + 6COCl2 = [Mo6Cl8]Cl4 + 12CO 

ɂɡɭɱɟɧɢɟ ɫɬɪɨɟɧɢɹ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɧɨ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 

ɲɟɫɬɢɹɞɟɪɧɵɟɯ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟɯ ɤɥɚɫɬɟɪɵ [Ɇo6Cl8]
4+. Кɚɠɞɚɹ ɤɥɚɫɬɟɪɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ 

ɫɨɞɟɪɠɢɬ ɩɨ ɞɜɚ ɤɨɧɰɟɜɵɯ, ɢ ɩɨ ɱɟɬɵɪɟ ɦɨɫɬɢɤɨɜɵɯ ɚɬɨɦɚ ɯɥɨɪɚ, ɤɨɬɨɪɵɟ ɢ ɫɜɹɡɵɜɚɸɬ ɢɯ 

ɜ ɤɚɪɤɚɫ. ɉɪɨɱɧɨɫɬɶ ɤɚɪɤɚɫɚ ɧɟɜɟɥɢɤɚ: ɨɧ ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜɟɳɟɫɬɜɚ ɜ ɫɩɢɪɬɟ 

ɢɥɢ ɷɮɢɪɟ. Кɥɚɫɬɟɪ [Ɇo6Cl8]
4+, ɧɚɩɪɨɬɢɜ, ɭɫɬɨɣɱɢɜ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɩɪɨɱɧɵɯ ɫɜɹɡɟɣ 

ɦɟɬɚɥɥ–ɦɟɬɚɥɥ, ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɸɬ 24 ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɚ. Эɬɢ 

ɷɥɟɤɬɪɨɧɵ ɧɚɡɵɜɚɸɬ ɤɥɚɫɬɟɪɧɵɦɢ ɫɤɟɥɟɬɧɵɦɢ ɷɥɟɤɬɪɨɧɚɦɢ (КɋЭ), ɱɬɨɛɵ ɨɬɥɢɱɢɬɶ ɢɯ ɨɬ 

ɷɥɟɤɬɪɨɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɫɜɹɡɟɣ Mo–Cl. ȼ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ 

ɤɥɚɫɬɟɪɧɵɣ ɢɨɧ, ɧɟ ɢɡɦɟɧɹɹɫɶ, ɦɨɠɟɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ. Ɍɚɤ, ɧɢɬɪɚɬɚ 

ɫɟɪɟɛɪɚ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɞɢɯɥɨɪɢɞ ɦɨɥɢɛɞɟɧɚ ɨɫɚɠɞɚɟɬ ɥɢɲɶ ɜɧɟɲɧɟɫɮɟɪɧɵɟ ɚɧɢɨɧɵ Cl
–
, 

ɧɨ ɧɟ ɡɚɬɪɚɝɢɜɚɟɬ ɤɥɚɫɬɟɪɧɭɸ ɝɪɭɩɩɢɪɨɜɤɭ: 
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6MoCl2 + 4AgNO3 = [Mo6Cl8](NO3)4 + 4AgCl 

Ⱦɢɯɥɨɪɢɞ ɦɨɥɢɛɞɟɧɚ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɜɨɞɟ, ɧɨ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɜɟɞɟɧ ɜ ɪɚɫɬɜɨɪ 

ɞɟɣɫɬɜɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɤɪɭɩɧɵɯ ɤɚɬɢɨɧɨɜ ɢɡ 

ɪɚɫɬɜɨɪɚ ɜɵɞɟɥɹɸɬɫɹ ɫɨɥɢ, ɚɧɢɨɧ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɣ ɨɤɬɚɷɞɪɢɱɟɫɤɢɣ 

ɤɥɚɫɬɟɪ [Ɇo6Cl8]
4+, ɤɚɠɞɵɣ ɚɬɨɦ ɦɨɥɢɛɞɟɧɚ ɜ ɤɨɬɨɪɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɢɬ ɩɨ 

ɨɞɧɨɦɭ ɤɨɧɰɟɜɨɦɭ ɚɬɨɦɭ ɯɥɨɪɚ: 

6MoCl2 + 2CsCl = Cs2Mo6Cl14 

ɏɥɨɪɢɞ ɜɨɥɶɮɪɚɦɚ WCl2 ɩɨɫɬɪɨɟɧ ɚɧɚɥɨɝɢɱɧɨ ɞɢɯɥɨɪɢɞɭ ɦɨɥɢɛɞɟɧɚ. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɫ ɯɥɨɪɨɦ ɩɪɢ 100ɋ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɞɭɤɬ ɫɨɫɬɚɜɚ WCl3(ɪɢɫ. 

16). ȼ ɫɬɪɭɤɬɭɪɟ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɥɚɫɬɟɪɵ [W6Cl12]
6+, ɭɠɟ 

ɨɩɢɫɚɧɧɵɟ ɪɚɧɟɟ ɧɚ ɩɪɢɦɟɪɟ ɧɢɨɛɢɹ ɢ ɬɚɧɬɚɥɚ, ɫɨɟɞɢɧɟɧɧɵɟ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɲɟɫɬɶɸ 

ɦɨɫɬɢɤɨɜɵɦɢ ɚɬɨɦɚɦɢ ɯɥɨɪɚ. Ⱥɧɚɥɨɝɢɱɧɨɟ ɫɬɪɨɟɧɢɟ ɢɦɟɟɬ ɢ ɬɪɢɛɪɨɦɢɞ ɜɨɥɶɮɪɚɦɚ, 

ɩɨɥɭɱɚɟɦɵɣ ɩɨ ɪɟɚɤɰɢɢ: 

6WBr5 + 6H2 = [W6Br12]Br6 + 12HBr 

 

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɬɪɢɛɪɨɦɢɞ ɦɨɥɢɛɞɟɧɚ (ɪɢɫ. 16), ɧɚɩɪɨɬɢɜ, 

ɢɦɟɟɬ ɞɪɭɝɨɟ ɫɬɪɨɟɧɢɟ. ȿɝɨ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɨɜɚɧɚ ɢɡ ɰɟɩɟɣ ɨɤɬɚɷɞɪɨɜ [MoBr6], 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɨɛɳɢɦɢ ɝɪɚɧɹɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɞɨɩɨɥɧɟɧɨ ɫɜɹɡɶɸ 

ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. 
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Ɋɢɫ. 1 ɋɬɪɨɟɧɢɟ ɛɟɧɡɨɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɯɪɨɦɚ 

 

 

Ɋɢɫ. 2 ɋɬɪɨɟɧɢɟ ɯɪɨɦɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ CrO3 

 

 

   

 

Ɋɢɫ. 3 ɋɬɪɨɟɧɢɟ ɚɧɢɨɧɨɜ ɩɨɥɢɯɪɨɦɨɜɵɯ ɤɢɫɥɨɬ 

 

 

               

Ɋɢɫ. 4 ɋɬɪɨɟɧɢɟ ɢɡɨɩɨɥɢɦɨɥɢɛɞɚɬɨɜ 
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Ɋɢɫ. 5 ɋɬɪɨɟɧɢɟ ɩɚɪɚɜɨɥɶɮɪɚɦɚɬɚ (ɫɥɟɜɚ), ɦɟɬɚɮɨɥɶɮɪɚɦɚɬɚ (ɫɩɪɚɜɚ) ɢ ɞɟɤɚɜɨɥɶɮɪɚɦɚɬɚ 

(ɜɧɢɡɭ) 

 

 

Ɋɢɫ. 6 ɋɬɪɨɟɧɢɟ ɫɬɪɭɤɬɭɪ Кɟɝɝɢɧɚ 
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Ɋɢɫ. 7 ɋɬɪɨɟɧɢɟ ɫɬɪɭɤɬɭɪ Ⱦɨɭɫɨɧɚ ɢ Ⱥɧɞɟɪɫɨɧɚ 

 

Ɋɢɫ. 8 ɋɬɪɨɟɧɢɟ ɩɟɪɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɯɪɨɦɚ 

  

Ɋɢɫ. 9 ɋɬɪɨɟɧɢɟ [MoS(S4)2]
2- 

 

Ɋɢɫ. 10 ɋɬɪɨɟɧɢɟ [MoOCl5]
2- 
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Ɋɢɫ. 11 ɋɬɪɨɟɧɢɟ ɞɢɫɭɥɶɮɢɞɚ ɦɨɥɢɛɞɟɧɚ 

 

Ɋɢɫ. 12 ɋɬɪɨɟɧɢɟ [Cr2(OH)2(C2O4)4]
4- 

 

Ɋɢɫ. 13 Ɉɛɪɚɡɨɜɚɧɢɟ ɫɜɹɡɢ Cr-Cr ɜ Cr2(CH3COO)4(H2O)2 
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Ɋɢɫ. 14 ɋɬɪɨɟɧɢɟ Cr2(CH3COO)4 

 

Ɋɢɫ. 15 ɋɬɪɨɟɧɢɟ ɯɥɨɪɢɞɧɵɯ ɫɟɨɞɢɧɟɧɢɣ ɦɨɥɢɛɞɟɧɚ(II) 
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Ɋɢɫ. 16 ɋɬɪɨɟɧɢɟ ɬɪɢɯɥɨɪɢɞɚ ɜɨɥɶɮɪɚɦɚ ɢ ɬɪɢɛɪɨɦɢɞɚ ɦɨɥɢɛɞɟɧɚ 
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Ƚɥɚɜɚ 4.    ɏɢɦɢя ɷɥɟɦɟɧɬɨɜ ɫɟɞɶɦɨɣ ɝɪɭɩɩɵ. 

 

4.1. Ɉɛщɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɍ ɷɥɟɦɟɧɬɨɜ 7 ɝɪɭɩɩɵ d-ɩɨɞɭɪɨɜɟɧɶ ɡɚɩɨɥɧɟɧ ɧɚɩɨɥɨɜɢɧɭ, ɱɬɨ 

ɫɨɨɫɬɜɟɬɫɬɜɭɟɬ ɤɨɧɮɢɝɭɪɚɰɢɢ (n-1)d
5
ns

2. Эɧɟɪɝɢɹ 3d-ɨɪɛɢɬɚɥɟɣ ɡɚɦɟɬɧɨ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɷɧɟɪɝɢɢ ɫɨɫɟɞɧɢɯ ɩɨɞɭɪɨɜɧɟɣ, ɱɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɤɨɧɮɢɝɭɪɚɰɢɸ 3d
5.  ɂɦɟɧɧɨ ɷɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɚɪɝɚɧɰɚ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2, ɤɨɬɨɪɚɹ ɜɵɲɟ, ɱɟɦ ɭ ɟɝɨ 

ɫɨɫɟɞɟɣ ɩɨ ɩɟɪɢɨɞɭ. ȼ ɫɥɭɱɚɟ ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦɢ 

ɨɤɚɡɵɜɚɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ ɜ ɜɵɫɲɟɣ ɫɬɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. ɋɠɚɬɢɟ d-ɩɨɞɭɪɨɜɧɹ 

ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟɪɨɜ d-ɨɪɛɢɬɚɥɟɣ ɢ ɨɫɥɚɛɥɟɧɢɸ ɢɯ 

ɩɟɪɟɤɪɵɜɚɧɢɹ. Ɍɚɤ, ɦɚɪɝɚɧɟɰ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2, ɜ ɨɬɥɢɱɢɟ ɨɬ ɯɪɨɦɚ, ɧɟ 

ɨɛɪɚɡɭɟɬ ɤɥɚɫɬɟɪɨɜ. ɋɨɟɞɢɧɟɧɢɹ ɫɨ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ ɢɝɪɚɸɬ 

ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɥɢɲɶ ɜ ɯɢɦɢɢ ɬɹɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɚɬɨɦɧɵɟ ɪɚɞɢɭɫɵ ɡɚɦɟɬɧɨ ɜɨɡɪɚɫɬɚɸɬ 

ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɚɪɝɚɧɰɚ ɤ ɬɟɯɧɟɰɢɸ ɢ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ 

ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɟɪɟɯɨɞɟ ɤ ɪɟɧɢɸ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɥɚɧɬɚɧɢɞɧɵɦ ɫɠɚɬɢɟɦ.  

ɇɟɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ 

ɫɥɟɞɫɬɜɢɟɦ ɜɥɢɹɧɢɹ ɞɜɭɯ ɮɚɤɬɨɪɨɜ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɪɚɡɦɟɪɚ ɚɬɨɦɚ ɢ ɭɞɚɥɟɧɢɹ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɹɞɪɚ ɷɧɟɪɝɢɹ ɢɨɧɢɡɚɰɢɢ 

ɭɦɟɧɶɲɚɟɬɫɹ (ɷɬɨ ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɚɪɝɚɧɰɚ ɤ ɬɟɯɧɟɰɢɸ). ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭ ɪɟɧɢɹ, ɤɚɤ ɷɥɟɦɟɧɬɚ 6 ɩɟɪɢɨɞɚ, ɩɪɨɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬ 

«ɢɧɟɪɬɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɵ», ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ 

ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɬɟɯɧɟɰɢɹ ɤ ɪɟɧɢɸ.  

ȼ ɫɨɟɞɢɧɟɧɢɹɯ ɦɚɪɝɚɧɟɰ ɩɪɨɹɜɥɹɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɫɬɟɩɟɧɟɣ 

ɨɤɢɫɥɟɧɢɹ: ɨɬ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɪɚɜɧɨɣ ɧɨɦɟɪɭ ɝɪɭɩɩɵ. ȼ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɭɫɬɨɣɱɢɜɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2, ɜ 

ɧɟɣɬɪɚɥɶɧɨɣ ɢ ɳɟɥɨɱɧɨɣ +3.  ȼ ɯɢɦɢɢ ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ, ɧɚɨɛɨɪɨɬ, 

ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɜɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ.  Эɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɦɚɪɝɚɧɟɰ(VII) ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɫɢɥɶɧɵɣ ɨɤɢɫɥɢɬɟɥɶ 
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ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɨɢɦɢ ɚɧɚɥɨɝɚɦɢ. ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɨɧ ɞɚɠɟ ɩɪɟɜɨɫɯɨɞɢɬ 

ɫɨɫɟɞɧɢɣ ɷɥɟɦɟɧɬ ɯɪɨɦ(VI). 

Ⱦɥɹ ɦɚɪɝɚɧɰɚ ɯɚɪɚɤɬɟɪɧɵ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ 4 ɢ 6, ɜ ɯɢɦɢɢ 

ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ ɜɵɫɨɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ ɜɫɬɪɟɱɚɸɬɫɹ ɛɨɥɟɟ ɱɚɫɬɨ, 

ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɪɨɫɬɨɦ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ. 

Эɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɮɨɪɦɵ ɢ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ 4d- ɢ 5d-ɷɥɟɦɟɧɬɨɜ 7 

ɝɪɭɩɩɵ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɦɚɪɝɚɧɰɚ. ȼɧɢɡ ɩɨ ɝɪɭɩɩɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɧɢɡɤɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ. Ɉɞɧɚɤɨ ɛɥɚɝɨɞɚɪɹ d-d ɩɟɪɟɤɪɵɜɚɧɢɸ ɦɧɨɝɢɟ 

cɨɟɞɢɧɟɧɢɹ Tc(III) ɢ Re(III) ɨɤɚɡɵɜɚɸɬɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɵ ɤɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ 

M–M, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɢɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ.  

 ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɯɥɨɪɢɞɚ ɦɚɪɝɚɧɰɚ(II) ɭɝɚɪɧɵɦ ɝɚɡɨɦ ɜ ɦɟɬɚɧɨɥɟ 

ɨɛɪɚɡɭɟɬɫɹ ɪɚɫɬɜɨɪ, ɢɡ ɤɨɬɨɪɨɝɨ ɜɵɞɟɥɹɸɬɫɹ ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɤɚɪɛɨɧɢɥɚ. 

ɉɪɨɫɬɟɣɲɚɹ ɮɨɪɦɭɥɚ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ Mn(CO)5 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɛɨɞɧɨɦɭ 

ɪɚɞɢɤɚɥɭ, ɱɬɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɚɜɢɥɭ ɋɢɞɠɜɢɤɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜ 

ɤɚɪɛɨɧɢɥɚɯ ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ ɫɬɪɟɦɢɬɫɹ ɩɪɢɨɛɪɟɫɬɢ 18-ɷɥɟɤɬɪɨɧɧɭɸ 

ɨɛɨɥɨɱɤɭ. ɉɨɷɬɨɦɭ ɦɨɥɟɤɭɥɚ ɤɚɪɛɨɧɢɥɚ ɦɚɪɝɚɧɰɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɞɜɭɯɹɞɟɪɧɵɣ ɤɥɚɫɬɟɪ ɫɨ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ (ɪɢɫ. 1). Ⱥɧɚɥɨɝɢɱɧɨ 

ɩɨɫɬɪɨɟɧɵ ɤɚɪɛɨɧɢɥɵ ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ. 

Ɇɚɪɝɚɧɟɰ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜ ɡɟɦɧɨɣ ɤɨɪɟ 

ɩɟɪɟɯɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɧ ɭɫɬɭɩɚɟɬ ɥɢɳɶ ɠɟɥɟɡɭ ɢ ɬɢɬɚɧɭ. Ɇɢɧɟɪɚɥɵ 

ɦɚɪɝɚɧɰɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɤɫɢɞɵ, ɨɤɫɨɝɢɞɪɨɤɫɢɞɵ ɢ ɫɨɥɢ, ɜ ɤɨɬɨɪɵɯ 

ɦɚɪɝɚɧɟɰ ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɨɬ +2 ɞɨ +4: ɩɢɪɨɥɸɡɢɬ MnO2, 

ɝɚɭɫɦɚɧɢɬ Mn3O4, ɛɪɚɭɧɢɬ Mn2O3, ɪɨɞɨɯɪɨɡɢɬ MnCO3. Ɋɟɧɢɣ, ɧɚɩɪɨɬɢɜ, 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɞɤɢɣ ɢ ɪɚɫɫɟɹɧɧɵɣ ɷɥɟɦɟɧɬ, ɚ ɬɟɯɧɟɰɢɣ ɜɨɨɛɳɟ ɧɟ 

ɢɦɟɟɬ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ. ɇɚɢɛɨɥɟɟ ɞɨɥɝɨɠɢɜɭɳɢɣ ɟɝɨ ɢɡɨɬɨɩ (98Ɍɫ) 

ɹɜɥɹɟɬɫɹ ȕ-ɢɡɥɭɱɚɬɟɥɟɦ ɫ ɩɟɪɢɨɞɨɦ ɩɨɥɭɪɚɫɩɚɞɚ 4,2.106 ɥɟɬ.  
Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 7-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟщɟɫɬɜ 

 Mn Tc Re 
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Аɬɨɦɧɵɣ ɧɨɦɟɪ 25 43 78 

Эɥɟɤɬɪɨɧɧɚя 

ɤɨɧɮɢɝɭɪɚɰɢя 

3d
5
4s

2
 4d

5
5s

2
 4f

14
5d

5
6s

2 

Аɬɨɦɧɵɣ ɪɚɞɢɭɫ, 

ɩɦ 

130 136 137 

ɉɟɪɜɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

7,44 7,28 7,88 

ȼɬɨɪɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

15,64 15,26 16,71 

Эɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 
1,60 1,36 1,46 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя2,3,4,(5),6,7 (2),3,4,5,(6),7 (2),3,4,5,6,7 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɩɥɚɜɥɟɧɢя. 

°C 

1245 2200 3180 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɤɢɩɟɧɢя, 

°C 

2080 4600 5900 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 7,43 11,49 21,03 

E
0
 (Мn+

 / М0), ȼ -1,18 (n = 2) +0,40 (n = 2) +0,3 (n = 3) 

 

 

2. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ 

2.1 Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

Ɇɚɪɝɚɧɟɰ, ɬɟɯɧɟɰɢɣ ɢ ɪɟɧɢɣ – ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɵɟ ɬɭɝɨɩɥɚɜɤɢɟ ɦɟɬɚɥɥɵ 

ɂɯ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɪɟɡɤɨ ɩɨɜɵɲɚɸɬɫɹ ɨɬ ɦɚɪɝɚɧɰɚ ɤ ɪɟɧɢɸ, ɱɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɭɫɢɥɟɧɢɟɦ ɤɨɜɚɥɟɧɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɨɜ d-

ɨɪɛɢɬɚɥɟɣ.  
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Ɍɟɯɧɟɰɢɣ ɢ ɪɟɧɢɣ ɢɦɟɸɬ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɪɟɲɟɬɤɭ ɚɧɚɥɨɝɢɱɧɨ ɦɚɝɧɢɸ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ, ɦɚɪɝɚɧɟɰ ɨɛɪɚɡɭɟɬ ɱɟɬɵɪɟ ɩɨɥɢɦɨɪɮɧɵɟ ɤɭɛɢɱɟɫɤɢɟ 

ɦɨɞɢɮɢɤɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɯɨɞɹɬ ɨɞɧɚ ɜ ɞɪɭɝɭɸ ɩɪɢ 

ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɫɬɨɣɱɢɜ α-Mn ɫɨ 

ɫɥɨɠɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɫɨɞɟɪɠɚɳɟɣ 58 ɚɬɨɦɨɜ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɹɱɟɣɤɟ (ɪɢɫ. 2).  

Эɬɚ ɦɨɞɢɮɢɤɚɰɢɹ ɫɬɚɛɢɥɶɧɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ȕ-Mn ɫ 

ɩɪɢɦɢɬɢɜɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ. Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɢ ɛɵɫɬɪɨɦ 

ɨɯɥɚɠɞɟɧɢɢ ɦɨɠɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɚɥɶɧɟɣɲɢɣ 

ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɪɟɲɟɬɤɢ ɧɚ 

ɤɭɛɢɱɟɫɤɭɸ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɢ ɨɛɴɟɦɨ-ɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɭɛɢɱɟɫɤɭɸ.  

ɉɥɨɬɧɨɫɬɶ ɦɚɪɝɚɧɰɚ ɛɥɢɡɤɚ ɤ ɩɥɨɬɧɨɫɬɢ ɠɟɥɟɡɚ, ɬɟɯɧɟɰɢɣ ɧɟɦɧɨɝɨ 

ɬɹɠɟɥɟɟ ɫɜɢɧɰɚ, ɚ ɪɟɧɢɣ ɭɫɬɭɩɚɟɬ ɩɨ ɩɥɨɬɧɨɫɬɢ ɬɨɥɶɤɨ ɩɥɚɬɢɧɨɜɵɦ ɦɟɬɚɥɥɚɦ 

ɲɟɫɬɨɝɨ ɩɟɪɢɨɞɚ. 

 

2.2. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ  

ɉɨ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɚɪɝɚɧɟɰ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ 

ɬɟɯɧɟɰɢɣ ɢ ɪɟɧɢɣ. Ȼɥɚɝɨɞɚɪɹ ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ d5-ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɨ 

ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɧ ɨɤɚɡɵɜɚɟɬɫɹ ɛɥɢɠɟ ɤ ɦɟɬɚɥɥɚɦ 2 ɝɪɭɩɩɵ, ɱɟɦ ɤ 

ɞɪɭɝɢɦ ɩɟɪɟɯɨɞɧɵɦ ɷɥɟɦɟɧɬɚɦ. Ɍɚɤ, ɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɪɹɞɭ ɧɚɩɪɹɠɟɧɢɣ 

ɦɚɪɝɚɧɟɰ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɦɚɝɧɢɟɦ ɢ ɰɢɧɤɨɦ. Ɇɟɥɤɢɣ ɩɨɪɨɲɨɤ ɦɟɬɚɥɥɚ 

ɫɚɦɨɜɨɫɩɥɚɦɟɧɹɟɬɫɹ ɧɚ ɜɨɡɞɭɯɟ ɭɠɟ ɩɪɢ 450 ɨɋ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɨɤɫɢɞ Mn3O4. 

Ɇɚɪɝɚɧɟɰ ɜɵɬɟɫɧɹɟɬ ɜɨɞɨɪɨɞ ɢɡ ɜɨɞɵ, ɥɟɝɤɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ ɢ ɞɚɠɟ ɜ 

ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ, ɩɪɢ ɷɬɨɦ ɤɢɫɥɨɬɵ-ɨɤɢɫɥɢɬɟɥɢ ɩɟɪɟɜɨɞɹɬ 

ɟɝɨ ɥɢɲɶ ɜ ɫɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ(II): 

2Mn + 2NH4Cl = 2MnCl2 + 2NH3 + H2 

Mn + 4HNO3 (ɤɨɧɰ) = Mn(NO3)2 + 2NO2↑ + 2H2O. 

ȼ ɩɪɨɞɭɤɬɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɪɝɚɧɰɚ ɫ ɪɚɡɛɚɜɥɟɧɧɨɣ ɚɡɨɬɧɨɣ 

ɤɢɫɥɨɬɨɣ ɫɨɞɟɪɠɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ 

ɰɢɚɧɢɞɨɜ ɦɚɪɝɚɧɟɰ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɤɨɦɩɥɟɤɫɨɜ. ȿɫɥɢ ɪɟɚɤɰɢɸ 
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ɩɪɨɜɨɞɢɬɶ ɧɚ ɜɨɡɞɭɯɟ, ɬɨ ɨɛɪɚɡɭɸɬɫɹ ɠɟɥɬɵɟ ɪɚɫɬɜɨɪɵ 

ɝɟɤɫɚɰɢɚɧɨɦɚɧɝɚɧɚɬɚ(II), ɚ ɜ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɟɝɨ ɨɤɢɫɥɢɬɟɥɹ ɧɚɛɥɸɞɚɟɬɫɹ 

ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ: 

Mn + 6NaCN + H2O = Na5[Mn(CN)6] + NaOH + 1/2H2 

ȼ ɛɟɫɰɜɟɬɧɨɦ ɪɚɫɬɜɨɪɟ ɦɚɪɝɚɧɟɰ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ 

ɤɨɦɩɥɟɤɫɵ ɦɚɪɝɚɧɰɚ(+1). Эɬɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɧɟɬɢɩɢɱɧɚ ɞɥɹ 3d-ɦɟɬɚɥɥɨɜ. 

C ɧɟɦɟɬɚɥɥɚɦɢ ɦɚɪɝɚɧɟɰ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɥɢɲɶ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ: ɫ 

ɚɡɨɬɨɦ ɨɧ ɨɛɪɚɡɭɟɬ ɧɢɬɪɢɞ Mn3N2, ɫ ɫɟɪɨɣ ɫɭɥɶɮɢɞ MnS, ɫ ɭɥɟɪɨɞɨɦ – 

ɤɚɪɛɢɞɵ Mn7C3, Mn3C, Mn5C2, ɫ ɯɥɨɪɨɦ, ɛɪɨɦɨɦ ɢ ɢɨɞɨɦ - ɞɢɝɚɥɨɝɟɧɢɞɵ 

Mnɏ2, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɮɬɨɪɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɫɦɟɫɶ ɮɬɨɪɢɞɨɜ MnF2 ɢ MnF3. 

Ɏɨɫɮɢɞ ɦɚɪɝɚɧɰɚ MnP4, ɨɛɪɚɡɭɸɳɢɣɫɹ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɫɨɫɬɨɢɬ ɢɡ 

ɫɥɨɟɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɦɢ ɨɤɬɚɷɞɪɚɦɢ [MnP6]. 

Ɍɟɯɧɟɰɢɣ ɢ ɪɟɧɢɣ ɩɨ ɫɜɨɣɫɬɜɚɦ ɛɥɢɡɤɢ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɧɨ ɝɨɪɚɡɞɨ ɦɟɧɟɟ 

ɚɤɬɢɜɧɵ, ɱɟɦ ɦɚɪɚɝɧɟɰ. Ɍɚɤ, ɨɧɢ ɭɫɬɨɣɱɢɜɵ ɤ ɞɟɣɫɬɜɢɸ ɜɨɞɵ, ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɤɢɫɥɨɬ-ɧɟɨɤɢɫɥɢɬɟɥɟɣ ɢ ɳɟɥɨɱɟɣ. Ʉɢɫɥɨɬɵ-ɨɤɢɫɥɢɬɟɥɢ, ɚ ɬɚɤɠɟ 

ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɩɟɪɟɜɨɞɹɬ ɢɯ ɜ ɜɵɫɲɢɟ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɤɢɫɥɨɬɵ:  

Ɍɫ + 7HNO3 (ɤɨɧɰ)  = HTcO4 + 7NO2↑ + 32H2O, 

2Re + 7H2O2 = 2HReO4 + 6H2O. 

Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɫɩɥɚɜɥɟɧɢɟ ɫ ɳɟɥɨɱɚɦɢ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɦɚɤɫɢɦɚɥɶɧɨ 

ɩɨɥɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɦɟɬɚɥɥɨɜ: 

4Re + 4KOH + 7O2 = 4KReO4 + 2H2O 

ɉɪɢ ɫɝɨɪɚɧɢɢ ɧɚ ɜɨɯɞɭɯɟ ɬɟɯɧɟɰɢɣ ɢ ɪɟɧɢɣ ɨɛɪɚɡɭɸɬ ɜɵɫɲɢɟ ɨɤɫɢɞɵ 

Ɇ2Ɉ7, ɚ ɜɨ ɮɬɨɪɟ - ɝɟɤɫɚɮɬɨɪɢɞɵ ɆF6. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɯɥɨɪɟ ɬɟɯɧɟɰɢɣ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ TcCl4, ɪɟɧɢɣ – ɜ ReCl5. Ɋɟɚɤɰɢɹ ɪɟɧɢɹ ɫ ɫɟɪɨɣ ɩɪɢɜɨɞɢɬ ɤ 

ɞɢɫɭɥɶɮɢɞɭ, ɢɡɨɦɨɪɮɧɨɦɭ ɦɨɥɢɛɞɟɧɢɬɭ.  
 

2.3. ɉɨɥɭɱɟɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ 

Ɂɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɦɚɪɝɚɧɰɚ ɩɪɨɢɡɜɨɞɹɬ ɜ ɜɢɞɟ ɫɩɥɚɜɚ ɫ ɠɟɥɟɡɨɦ 

(>30% Mn) – ɮɟɪɪɨɦɚɪɝɚɧɰɚ. ȿɝɨ ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɦɟɫɢ 

ɩɢɪɨɥɸɡɢɬɚ ɢ ɝɟɦɚɬɢɬɚ ɤɨɤɫɨɦ: 
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MnO2 + Fe2O3 + 5C = Mn + 2Fe + 5CO 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɨɝɨ ɦɚɪɝɚɧɰɚ ɢɫɩɨɥɶɡɭɸɬ ɚɥɸɦɨɬɟɪɦɢɸ: 

3Mn3O4 + 8Al = 9Mn + 4Al2O3 

Ⱦɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɦɚɪɝɚɧɟɰ ɩɟɪɟɜɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɞɟɣɫɬɜɢɟɦ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɚ ɡɚɬɟɦ ɜɵɞɟɥɹɸɬ ɧɚ ɤɚɬɨɞɟ ɷɥɟɤɬɪɨɥɢɡɨɦ. Ɉɫɨɛɨ ɱɢɫɬɵɣ 

ɦɟɬɚɥɥ ɩɨɥɭɱɚɸɬ ɜɚɤɭɭɦɧɨɣ ɫɭɛɥɢɦɚɰɢɟɣ. Ɍɟɯɧɟɰɢɣ ɧɟ ɢɡɜɥɟɤɚɸɬ ɢɡ 

ɩɪɢɪɨɞɧɵɯ ɦɢɧɟɪɚɥɨɜ, ɚ ɜɵɞɟɥɹɸɬ ɢɡ ɨɬɯɨɞɨɜ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ – ɨɧ 

ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 6 % ɜ ɩɪɨɞɭɤɬɚɯ ɞɟɥɟɧɢɹ ɭɪɚɧɚ.  

Ɋɟɧɢɣ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɞɨɪɨɝɢɯ ɢ ɧɚɢɦɟɧɟɟ 

ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɦɟɬɚɥɥɨɜ. ȿɝɨ ɟɠɟɝɨɞɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 60 

ɬɨɧɧ. ɂɫɬɨɱɧɢɤɨɦ ɪɟɧɢɹ ɫɥɭɠɚɬ ɦɨɥɢɛɞɟɧɨɜɵɟ ɫɭɥɶɮɢɞɧɵɟ ɪɭɞɵ. ɉɪɢ 

ɨɛɠɢɝɟ ɬɚɤɨɣ ɪɭɞɵ ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɧɟɣ ɪɟɧɢɣ ɩɟɪɟɯɨɞɢɬ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɜ 

ɜɢɞɟ ɜɵɫɲɟɝɨ ɨɤɫɢɞɚ, ɤɨɬɨɪɵ ɭɥɚɜɥɢɜɚɸɬ, ɩɟɪɟɜɨɞɹɬ ɜ ɩɟɪɪɟɧɚɬ ɚɦɦɨɧɢɹ ɢ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɜɨɞɨɪɨɞɨɦ: 

4ReS2 + 15O2 = 2Re2O7 + 8SO2 

Re2O7 + 2NH3 + H2O = 2NH4ReO4 

2NH4ReO4 + 4H2 = 2Re + N2 + 8H2O 

Ɏɟɪɪɨɦɚɪɝɚɧɟɰ ɢɞɟɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ ɜɵɫɨɤɨɣ ɭɞɚɪɧɨɣ ɫɬɨɣɤɨɫɬɢ ɞɥɹ ɧɭɠɞ ɬɹɠɟɥɨɝɨ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. ȼ ɬɟɯɧɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɢ ɦɚɪɝɚɧɰɟɜɵɟ ɛɪɨɧɡɵ – ɫɩɥɚɜɵ 

ɦɚɪɝɚɧɰɚ ɫ ɰɜɟɬɧɵɦɢ ɦɟɬɚɥɥɚɦɢ. ɋɨɥɢ ɦɚɪɝɚɧɰɚ(II) ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ 

ɦɢɤɪɨɭɞɨɛɪɟɧɢɣ. Ⱦɢɨɤɫɢɞ ɦɚɪɚɝɧɰɚ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚɯ, ɩɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɹ – ɤɚɤ ɩɪɨɦɵɲɥɟɧɧɵɣ 

ɨɤɢɫɥɢɬɟɥɶ. 

ɋɨɟɞɢɧɟɧɢɹ ɬɟɯɧɟɰɢɹ ɧɟɨɛɯɨɞɢɦɵ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɟ. Ⱦɥɹ 

ɷɬɢɯ ɰɟɥɟɣ ɫɥɭɠɢɬ ɢɡɨɬɨɩ 99m
Tc, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɬɟɯɧɟɰɢɹ-

99 ɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɝɨ, ɢɡɥɭɱɚɸɳɢɣ Ȗ-ɥɭɱɢ. Ɂɚ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ ɨɧ ɩɟɪɟɯɨɞɢɬ 

ɜ ɬɟɯɧɟɰɢɣ-99, ɹɜɥɹɸɳɢɣɫɹ ɱɢɫɬɨ ȕ-ɢɡɥɭɱɚɬɟɥɟɦ, ɢ ɩɨɫɬɟɩɟɧɧɨ ɜɵɜɨɞɢɬɫɹ ɢɡ 

ɨɪɝɚɧɢɡɦɚ. ɇɚ ɨɫɧɨɜɟ ɪɟɧɢɹ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɥɹ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Чɢɫɬɵɣ ɦɟɬɚɥɥ ɫɥɭɠɢɬ ɤɨɦɩɨɧɟɧɬɨɦ 
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ɠɚɪɨɩɪɨɱɧɵɯ ɢ ɬɭɝɨɩɥɚɜɤɢɯ ɫɩɥɚɜɨɜ ɞɥɹ ɪɟɚɤɬɢɜɧɵɯ ɢ ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ 

ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ ɢ 

ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɚɯ. 

 

3. Ɉɛɳɢɣ ɨɛɡɨɪ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɚɪɝɚɧɰɚ. Ɉɤɫɢɞɵ  

ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɭɫɬɨɣɱɢɜɵ ɫɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ ɜɨ ɜɫɟɯ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɨɬ +1 (ɰɢɚɧɢɞɧɵɣ ɤɨɦɩɥɟɤɫ) ɞɨ +7 

(ɩɟɪɦɚɧɝɚɧɚɬ). ɋɪɚɜɧɟɧɢɟ ɢɯ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ 

ɨɬɫɭɬɫɬɜɢɟ ɥɢɝɚɧɞɨɜ ɫɢɥɶɧɨɝɨ ɩɨɥɹ ɧɚɝɥɹɞɧɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3 ɜ ɜɢɞɟ 

ɞɢɚɝɚɪɚɦɦɵ ɜɨɥɶɬ-ɷɤɜɢɜɚɥɟɧɬ – ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ 

ɮɨɪɦɚɦ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɢɧɢɦɭɦɵ ɢɥɢ ɬɨɱɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ 

ɧɢɠɟ ɩɪɹɦɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɫɨɫɟɞɧɢɟ ɮɨɪɦɵ. Ɍɚɤ, ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɭɫɬɨɣɱɢɜɵ 

ɫɨɥɢ ɦɚɪɝɚɧɰɚ(II), ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɪɇ ɩɪɢɨɛɪɟɬɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤ 

ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ ɢ ɨɤɢɫɥɟɧɢɸ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ. ȼ ɳɟɥɨɱɧɨɣ 

ɫɪɟɞɟ ɭɫɬɨɣɱɢɜɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɮɨɪɦɵ, ɫɨɞɟɪɠɚɳɢɟ ɦɚɪɝɚɧɟɰ ɜ ɛɨɥɟɟ 

ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ: +3, +4, +6. ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +5 ɩɪɢ ɥɸɛɨɦ 

ɪɇ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ ɤ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ. Ɉɤɢɫɥɢɬɟɥɶɧɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɦɚɪɝɚɧɰɚ ɜ ɥɸɛɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɨɬ +3 ɞɨ +7 

ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ. ɋ ɩɨɜɵɲɟɧɢɟɦ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɮɨɪɦɵ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 

ɬɟɧɞɟɧɰɢɸ ɤ ɭɜɟɥɢɱɟɧɢɸ. 

Ɇɚɪɝɚɧɟɰ ɨɛɪɚɡɭɟɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɨɟɞɢɧɟɧɢɣ ɫ ɤɢɫɥɨɪɨɞɨɦ: ɩɨɦɢɦɨ 

ɨɤɫɢɞɨɜ ɦɚɪɝɚɧɰɚ, ɜ ɤɨɬɨɪɵɯ ɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ +2, +3, +4, 

+7, ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɫɦɟɲɚɧɧɵɯ (Mn3O4). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɤɨɜɚɥɟɧɬɧɵɣ ɯɚɪɚɤɬɟɪ ɫɜɹɡɢ Mn-O, ɩɪɨɢɫɯɨɞɢɬ 

ɨɫɥɚɛɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɢ ɭɫɢɥɟɧɢɟ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ, ɭɦɟɧɶɲɟɧɢɟ 

ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ɍɚɤ, ɨɤɫɢɞ ɦɚɪɝɚɧɰɚ(II) ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɨɫɧɨɜɧɵɣ, ɚ ɜɵɫɲɢɣ ɨɤɫɢɞ ɦɚɪɝɚɧɰɚ – ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɢɫɥɨɬɧɵɣ 

ɯɚɪɚɤɬɟɪ. Ɉɤɫɢɞɵ ɦɚɪɝɚɧɰɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

ɚɦɮɨɬɟɪɧɵ.  
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ȼɵɫɲɢɣ ɨɤɫɢɞ ɦɚɪɝɚɧɰɚ, ɢɥɢ ɦɚɪɝɚɧɰɟɜɵɣ ɚɧɝɢɞɪɢɞ, Mn2O7 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɭɫɬɭɸ ɥɟɬɭɱɭɸ ɝɢɝɪɨɫɤɨɩɢɱɧɭɸ ɦɚɫɥɹɧɢɫɬɭɸ ɠɢɞɤɨɫɬɶ 

ɬɟɦɧɨ-ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ, ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɤɚɠɭɳɭɸɫɹ ɡɟɥɟɧɨɣ ɫ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɛɥɟɫɤɨɦ. ȼɟɳɟɫɬɜɨ ɨɱɟɧɶ ɧɟɭɫɬɨɣɱɢɜɨ: ɨɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɫɨ 

ɜɡɪɵɜɨɦ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɵɲɟ 55 °C, ɧɨ ɢ  ɩɪɢ ɫɨɬɪɹɫɟɧɢɢ, ɚ ɬɚɤɠɟ 

ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ. Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɟɞɤɢɣ ɩɪɢɦɟɪ ɨɤɫɢɞɚ ɦɟɬɚɥɥɚ, ɢɦɟɸɳɢɣ ɦɨɥɟɤɭɥɹɪɧɨɟ ɫɬɪɨɟɧɢɟ. 

Ⱦɢɨɤɫɢɞ ɦɚɪɝɚɧɰɚ MnO2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɟɪɧɨ-ɤɨɪɢɱɧɟɜɵɣ 

ɩɨɪɨɲɨɤ, ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ. Ɉɧ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɦɨɞɢɮɢɤɚɰɢɣ, 

ɩɨɫɬɪɨɟɧɧɵɯ ɢɡ ɨɤɬɚɷɞɪɨɜ [MnO6], ɫɨɟɞɢɧɟɧɧɵɯ ɜɟɪɲɢɧɚɦɢ ɢ ɪɟɛɪɚɦɢ ɜ 

ɥɟɧɬɵ. ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɟ ɫɬɪɨɟɧɢɟ ɢɦɟɟɬ ɩɢɪɨɥɸɡɢɬ (-ɦɨɞɢɮɢɤɚɰɢɹ), 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɫɨɱɥɟɧɟɧɢɹ 

ɨɞɢɧɚɪɧɵɯ ɥɟɧɬ ɢɡ ɨɤɬɚɷɞɪɨɜ [MnO6], ɨɛɪɚɡɭɸɳɢɯ ɩɭɫɬɵɟ ɤɚɧɚɥɵ ɫɟɱɟɧɢɟɦ 

ɜ ɨɞɢɧ ɨɤɬɚɷɞɪ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɧɨɦɭ ɬɢɩɭ ɪɭɬɢɥɚ  ɂɞɟɚɥɶɧɚɹ 

ɫɬɪɭɤɬɭɪɚ Ȗ-ɦɨɞɢɮɢɤɚɰɢɢ (ɪɚɦɫɞɟɥɥɢɬ) ɫɨɞɟɪɠɢɬ  ɞɜɨɣɧɵɟ ɥɟɧɬɵ ɢɡ 

ɨɤɬɚɷɞɪɨɜ [MnO6], ɨɛɪɚɡɭɸɳɢɯ ɤɚɧɚɥɵ ɪɚɡɦɟɪɨɦ ɜ ɞɜɚ ɨɤɬɚɷɞɪɚ. 

ɋɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɪɚɫɞɟɥɥɢɬɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɝɢɞɪɨɤɫɨɝɪɭɩɩɵ, 

ɭɞɟɪɠɢɜɚɸɳɢɟ ɨɤɬɚɷɞɪɵ ɜɨɤɪɭɝ ɰɟɧɬɪɚɥɶɧɨɣ ɩɨɥɨɫɬɢ. ɂɦɟɧɧɨ ɷɬɨ ɢ 

ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɨɬɤɥɨɧɟɧɢɟ ɫɨɫɬɚɜɚ ɩɪɢɪɨɞɧɨɝɨ ɦɢɧɟɪɚɥɚ ɪɚɦɫɞɟɥɥɢɬɚ ɨɬ 

ɫɬɟɯɢɨɦɟɬɪɢɢ: ɢɡɜɟɫɬɧɵ ɦɨɞɢɮɢɤɚɰɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɟɟ ɪɚɡɜɢɬɵɟ ɤɚɧɚɥɵ, 

ɭɞɟɪɠɢɜɚɟɦɵɟ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɧɢɯ ɩɨɫɬɨɪɨɧɧɢɦɢ ɢɨɧɚɦɢ ɢ ɦɨɥɟɤɭɥɚɦɢ 

ɜɨɞɵ. ȼɫɟ ɨɧɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɟɪɟɯɨɞɹɬ ɜ ɩɢɪɨɥɸɡɢɬ, ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɟɪ 

ɤɚɧɚɥɨɜ ɧɚɢɦɟɧɶɲɢɣ. 

 ȼ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɭɫɬɨɣɱɢɜ ɨɤɫɢɞ Mn3O4 – ɱɟɪɧɵɣ 

ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɲɩɢɧɟɥɢ Mn
2+

Mn2
3+

O4 (ɦɢɧɟɪɚɥ ɝɚɭɫɦɚɧɢɬ). 

ɋɬɪɭɤɬɭɪɭ ɲɩɢɧɟɥɢ ɢɦɟɟɬ ɢ ɨɞɧɚ ɢɡ ɦɨɞɢɮɢɤɚɰɢɣ ɨɤɫɢɞɚ ɦɚɪɝɚɧɰɚ(III) 

Mn2O3.  

ɇɢɡɲɢɣ ɨɤɫɢɞ MnO, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɬɭɝɨɩɥɚɜɤɢɣ ɫɟɪɨ-ɡɟɥɟɧɵɣ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ NaCl, ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɚɪɚɦɚɝɧɢɬɟɧ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ 120 Ʉ ɦɚɝɧɢɬɧɵɟ ɦɨɦɟɧɬɵ ɢɨɧɨɜ 
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ɦɚɪɝɚɧɰɚ ɫɬɚɧɨɜɹɬɫɹ ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɵɦɢ, ɷɥɟɤɬɪɨɧɧɵɟ ɫɩɢɧɵ ɫɨɫɟɞɧɢɯ 

ɚɬɨɦɨɜ ɫɩɚɪɢɜɚɸɬɫɹ, ɢ ɜɟɳɟɫɬɜɨ ɫɬaɧɨɜɢɬɫɹ ɚɧɬɢɮɟɪɪɨɦɚɝɧɟɬɢɤɨɦ. 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤɚɟɬ ɦɚɝɧɢɬɧɨɟ ɭɩɨɪɹɞɨɱɟɧɢɟ, ɧɚɡɵɜɚɸɬ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɇɟɟɥɹ. 

ȼɡɚɢɦɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɨɤɫɢɞɨɜ ɦɚɪɝɚɧɰɚ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɵ ɧɚ ɪɢɫ. 

4. 

 

4. Ʉɢɫɥɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +7 ɜ ɯɢɦɢɢ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɨɜ 7 

ɝɪɭɩɩɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɫɲɢɦɢ ɨɤɫɢɞɚɦɢ, ɨɤɫɨɮɬɨɪɢɞɚɦɢ, 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɦɢ ɤɢɫɥɨɬɚɦɢ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɦɢ. ȼɫɟ ɷɥɟɦɟɧɬɵ ɝɪɭɩɩɵ 

ɜ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɧɚɯɨɞɹɬɫɹ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɦ ɨɤɪɭɠɟɧɢɢ ɢɡ ɱɟɬɵɪɟɯ 

ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ, ɤɨɬɨɪɨɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɨ -ɫɜɹɡɵɜɚɧɢɟɦ. ɉɪɢ ɷɬɨɦ ɞɥɹ 

ɪɟɧɢɹ ɢɡɜɟɫɬɧɵ ɩɪɨɢɡɜɨɞɧɵɟ, ɜ ɤɨɬɨɪɵɯ ɨɧ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ, ɧɚɩɪɢɦɟɪ, ɧɚɩɪɢɦɟɪ, ɨɪɬɨɩɟɪɪɟɧɚɬ ɧɚɬɪɢɹ Na5ReO6 

ɢɡɨɫɬɪɭɤɬɭɪɧɵɣ ɨɪɬɨɩɟɪɢɨɞɚɬɭ. 

Ɇɚɪɝɚɧɰɟɜɚɹ, ɬɟɯɧɟɰɢɟɜɚɹ ɢ ɪɟɧɢɟɜɚɹ ɤɢɫɥɨɬɵ HMO4 ɢɡɜɟɫɬɧɵ ɬɨɥɶɤɨ 

ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɧɨ ɝɢɞɪɚɬɵ ɜɵɞɟɥɟɧɵ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. Ɉɧɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɥɶɧɵɟ ɦɢɧɟɪɚɥɶɧɵɟ ɤɢɫɥɨɬɵ, ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ 

ɤɨɬɨɪɵɯ ɩɨɥɭɱɚɸɬ ɩɨ ɨɛɦɟɧɧɵɦ ɪɟɚɤɰɢɹɦ: 

2KMnO4 + H2SiF6 = K2SiF6↓ + 2HMnO4. 

ɋɨɥɢ ɜɵɫɲɢɯ ɤɢɫɥɨɪɨɞɧɵɯ ɤɢɫɥɨɬ ɜɵɞɟɥɟɧɵ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. 

ɂɧɬɟɧɫɢɜɧɚɹ ɮɢɨɥɟɬɨɜɚɹ ɨɤɪɚɫɤɚ ɩɟɪɦɚɧɝɚɧɚɬɨɜ ɢ ɬɟɦɧɨ-ɤɪɚɫɧɚɹ ɨɤɪɚɫɤɚ 

ɩɟɪɬɟɯɧɟɬɚɬɨɜ ɨɛɴɫɹɧɹɟɬɫɹ ɩɨɥɨɫɨɣ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ, ɤɪɚɣ ɤɨɬɨɪɨɣ ɩɨɩɚɞɚɟɬ 

ɜ ɜɢɞɢɦɭɸ ɱɚɫɬɶ ɫɩɟɤɬɪɚ. ɉɟɪɪɟɧɚɬɵ ɛɟɫɰɜɟɬɧɵ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɫɨɥɟɣ 

ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɪɚɞɢɭɫɚ ɤɚɬɢɨɧɚ (ɪɢɫ. 5 ) 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɟɪɬɟɯɧɟɬɚɬɨɜ ɢ ɩɟɪɪɟɧɚɬɨɜ (KReO4 ɢɦɟɬ ɬ. ɤɢɩ. 1370ɋ) 

ɩɟɪɦɚɧɝɚɧɚɬɵ ɧɟɭɫɬɨɣɱɢɜɵ ɤ ɧɚɝɪɟɜɚɧɢɸ. Ɉɞɧɢɦ ɢɡ ɩɪɨɞɭɤɬɨɦ ɬɟɪɦɨɥɢɡɚ 

ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɩɪɢ 200ɋ ɹɜɥɹɟɬɫɹ ɦɚɧɝɚɧɚɬ(VI) ɤɚɥɢɹ: 

2KMnO4 = K2MnO4 + MnO2 + Ɉ2↑ 
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Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦɭ 

ɨɛɪɚɡɨɜɚɧɢɸ ɦɚɧɝɚɧɚɬɨɜ(V) ɢ (IV). 

  ɉɟɪɦɚɧɝɚɧɚɬ-ɢɨɧɵ – ɫɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ. ɇɚɢɛɨɥɟɟ ɫɢɥɶɧɵɦɢ 

ɨɤɢɫɥɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɧɢ ɨɛɥɚɞɚɸɬ ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ, ɝɞɟ 

ɜɨɫɫɬɚɧaɜɥɢɜɚɸɬɫɹ ɞɨ ɢɨɧɨɜ Mn
2+

: 

MnO4
–
 + 8H

+
 + 5e

–
  Mn

2+
  + 4H2O,  E

0
 = 1,51 B (pH = 0). 

ȼ ɧɟɣɬɪɚɥɶɧɨɣ ɢ ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɟɪɦɚɧɝɚɧɚɬ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 

ɞɢɨɤɫɢɞ ɦɚɪɝɚɧɰɚ, ɜɵɩɚɞɚɸɳɢɣ ɢɡ ɪɚɫɬɜɨɪɚ ɜ ɜɢɞɟ ɛɭɪɨɝɨ ɨɫɚɞɤɚ 

MnO4
–
 + 2H2O + 3e

–
  MnO2  + 4OH

–
,  E

0
 = 1,15 B (pH = 7). 

ɚ ɜ ɫɢɥɶɧɨɳɟɥɨɱɧɨɣ (ɪɇ > 12,5) ɨɛɪɚɡɭɟɬɫɹ ɢɡɭɦɪɭɞɧɨ-ɡɟɥɟɧɵɣ ɦɚɧɝɚɧɚɬ, 

ɭɫɬɨɣɱɢɜɵɣ ɩɪɢ ɪɇ > 14: 

MnO4
–
 + e

–
  MnO4

2–
 ,  E

0
 = 0,56 B (pH = 14). 

ɇɟɣɬɪɚɥɶɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɦɚɧɝɚɧɚɬɚ ɩɪɢ ɯɪɚɧɟɧɢɢ ɩɨɫɬɟɩɟɧɧɨ ɨɤɢɫɥɹɟɬ 

ɜɨɞɭ, ɜɵɞɟɥɹɹ ɢɡ ɧɟɟ ɤɢɫɥɨɪɨɞ ɢ ɩɪɟɪɜɳɚɹɫɶ ɜ ɞɢɨɤɢɫɞ ɦɚɪɝɚɧɰɚ. Эɬɨɬ 

ɩɪɨɰɟɫɫ ɚɤɬɢɜɢɪɭɟɬɫɹ ɮɨɬɨɯɢɦɢɱɟɫɤɢ, ɩɨɷɬɨɦɭ ɞɥɹ ɟɝɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɪɚɫɬɜɨɪɵ ɩɟɪɦɚɧɝɚɧɚɬɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɯɪɚɧɹɬ ɜ ɡɚɬɟɦɧɟɧɧɵɯ ɫɤɥɹɧɤɚɯ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɟɪɦɚɧɝɚɧɚɬɨɜ ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɤɢɫɥɟɧɢɟ ɜɨɞɵ, ɧɨ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɭɫɬɨɣɱɢɜɵɦ ɨɤɚɡɵɜɚɟɬɫɹ ɦɚɧɝɚɧɚɬ(VI): 

4KMnO4 + 4KOH = 4K2MnO4 + 2H2O + O2 

ȼ ɛɟɡɜɨɞɧɵɯ ɫɟɪɧɨɣ ɢ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɚɯ ɩɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɹ ɢ ɨɤɫɢɞ 

ɦɚɪɝɚɧɰɚ(VII) ɨɛɪɚɡɭɟɬ ɨɥɢɜɤɨɜɨ-ɡɟɥɟɧɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɤɚɬɢɨɧɵ 

ɬɪɢɨɤɫɨɦɚɪɝɚɧɰɚ(VII) MnO3
+, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɟ ɚɧɢɨɧɚɦɢ HS3O10

– ɢ ɞɪ. 

Ʉɚɬɢɨɧɧɭɸ ɮɨɪɦɭ ɭɞɚɟɬɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɜɜɟɞɟɧɢɟɦ ɜ ɪɚɫɬɜɨɪ ɮɬɨɪɢɞ-

ɢɨɧɨɜ. Ȼɟɡɜɨɞɧɵɣ ɨɤɫɨɮɬɨɪɢɞ MnO3F ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ ɭɞɚɥɨɫɶ ɜɵɞɟɥɢɬɶ ɢɡ 

ɮɬɨɪɫɭɥɶɮɨɧɨɜɨɣ ɤɢɫɥɨɬɵ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɹɞɭ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɨɤɫɨɚɧɢɨɧɨɜ 3d-ɦɟɬɚɥɥɨɜ ɜ 

ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɟɪɢɨɞɭ (VO4
3-

, CrO4
2-

, MnO4
-
) 

ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɪɚɞɢɭɫɚ ɦɟɬɚɥɥɚ ɢ ɭɜɟɥɢɱɟɧɢɹ ɟɝɨ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɞɨɥɢ -ɫɜɹɡɵɜɚɧɢɹ, ɤɨɬɨɪɨɟ 

ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɫɢɥɵ ɤɢɫɥɨɬ ɢ ɫɦɟɳɟɧɢɸ ɨɛɥɚɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
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ɤɚɬɢɨɧɧɵɯ ɮɨɪɦ ɜ ɫɬɨɪɨɧɭ ɜɫɟ ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɪɇ. Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 

ɨɤɫɨɚɧɢɨɧɨɜ ɜ ɷɬɨɦ ɪɹɞɭ ɜɨɡɪɚɫɬɚɟɬ, ɞɨɫɬɢɝɚɹ ɦɚɤɫɢɦɭɦɚ ɧɚ ɩɟɪɦɚɧɝɚɧɚɬɟ.  

ɉɟɪɬɟɯɧɟɬɚɬɵ ɢ ɩɟɪɪɟɧɚɬɵ ɜ ɨɬɥɢɱɢɟ ɨɬ ɢɨɧɚ ɩɟɪɦɚɧɝɚɧɚɬɚ, ɭɫɬɨɣɱɢɜɵ 

ɜ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɚɛɵɦɢ ɨɤɢɫɥɢɬɟɥɶɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɩɨɞɤɢɫɥɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɩɟɪɬɟɯɧɟɬɚɬɨɜ ɢ 

ɩɟɪɪɟɧɚɬɨɜ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜɵɩɚɞɚɸɬ ɱɟɪɧɵɟ ɨɫɚɞɤɢ ɜɵɫɲɢɯ ɫɭɥɶɮɢɞɨɜ: 

2NaReO4 + 7H2S + H2SO4 =  Re2S7 + Na2SO4 + 8H2O. 

ȼɨɞɨɪɨɞ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɜ ɳɟɥɨɱɧɨɦ ɷɬɚɧɨɥɶɧɨɦ ɪɚɫɬɜɨɪɟ 

ɩɪɟɜɪɚɳɚɟɬ ɩɟɪɪɟɧɚɬ ɜ ɝɢɞɪɢɞɧɵɣ ɤɨɦɩɥɟɤɫ ɪɟɧɢɹ(VII).  

Ȼɟɫɰɜɟɬɧɵɟ ɞɢɚɦɚɝɧɢɬɧɵɟ ɤɪɢɫɬɚɥɥɵ Na2Reɇ9 ɩɨɥɭɱɚɸɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɩɟɪɪɟɧɚɬɚ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɧɚɬɪɢɟɦ ɜ ɷɬɚɧɨɥɟ ɛɟɡ ɞɨɫɬɭɩɚ 

ɜɨɡɞɭɯɚ: 

NaReO4 + 18Na + 13EtOH = Na2Reɇ9 + 4NaOH + 13EtONa. 

ɇɨɧɚɝɢɞɪɢɞɨɪɟɧɚɬ(VII) ɧɚɬɪɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɵɟ 

ɤɪɢɫɬɚɥɥɵ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ, ɧɨ ɭɫɬɨɣɱɢɜɵɟ ɜ ɪɚɫɬɜɨɪɟ ɥɢɲɶ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɳɟɥɨɱɢ. Ʉɨɦɩɥɟɤɫɧɵɣ ɢɨɧ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ ɬɪɢɝɨɧɚɥɶɧɨɣ 

ɩɪɢɡɦɵ, ɧɚɞ ɤɚɠɞɨɣ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɝɪɚɧɶɸ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɵ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ. ɋɜɹɡɢ Re–H ɜ ɤɨɦɩɥɟɤɫɟ ɤɨɜɚɥɟɧɬɧɵɟ, ɬɚɤ 

ɤɚɤ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɤɪɵɜɚɧɢɹ ɡɚɩɨɥɧɟɧɧɵɯ ɨɪɛɢɬɚɥɟɣ ɝɢɞɪɢɞ-

ɢɨɧɚ ɫ ɜɚɤɚɧɬɧɵɦɢ d-ɨɪɛɢɬɚɥɹɦɢ ɪɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɢɡɜɟɫɬɧɨ ɢ 

ɞɥɹ ɬɟɯɧɟɰɢɹ, ɧɨ ɨɧɨ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɨ. 

ȼɧɢɡ ɩɨ ɝɪɭɩɩɟ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ 

ɨɤɫɨɦɟɬɚɥɥɚɬ(VII) ɢɨɧɚ ɫ ɪɨɫɬɨɦ ɚɬɨɦɧɨɝɨ ɪɚɞɢɭɫɚ ɩɪɨɢɫɯɨɞɢɬ ɨɫɥɚɛɥɟɧɢɟ -

ɫɜɹɡɵɜɚɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɫɥɚɛɥɟɧɢɸ ɫɢɥɵ ɜɵɫɲɢɯ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ 

ɤɢɫɥɨɬ ɢ ɭɦɟɧɶɲɟɧɢɸ ɢɯ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. 

Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɟɪɬɟɯɧɚɬɨɜ ɢ ɩɟɪɪɟɧɚɬɨɜ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 

ɩɪɨɹɜɥɹɸɬɫɹ ɥɢɲɶ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɶɧɵɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ: 

2KReO4 + 6KI + 16HCl = 2K2ReCl6 + 4KCl + 3I2 + 8H2O, 

2HReO4 + 7SnCl2 + 28HCl  = 2Re + 7H2SnCl6 + 8H2O. 
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5. ɋɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ +5 ɢ +6 

 Ɉɤɫɢɞɵ ɢ ɝɢɞɪɨɤɫɢɞɵ ɦɚɪɝɚɧɰɚ +5 ɢ +6 ɧɟɢɡɜɟɫɬɧɵ. Ɇɚɪɝɚɧɟɰ ɜ ɷɬɢɯ 

ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɜ ɮɨɪɦɟ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɝɨ 

ɬɟɬɪɚɨɤɫɨɦɚɧɝɚɧɚɬ-ɢɨɧɚ MnO4
n–, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ -ɫɜɹɡɵɜɚɧɢɟɦ. 

Ɇɚɧɝɚɧɚɬɵ(V), ɧɚɩɪɢɦɟɪ, K3MnO4 ɢɫɬɨɪɢɱɟɫɤɢ ɧɚɡɵɜɚɸɬ ɝɢɩɨɦɚɧɝɚɧɚɬɚɦɢ, 

ɚ ɦɚɧɝɚɧɚɬɵ(VI) (K2MnO4) – ɦɚɧɝɚɧɚɬɚɦɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɦɚɧɝɚɧɚɬɨɜ(VII) 

(KMnO4) – ɩɟɪɦɚɧɝɚɧɚɬɨɜ. ɋɬɟɩɟɧɶ π-ɫɜɹɡɵɜɚɧɢɹ ɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 

ɤɪɚɬɧɨɫɬɶ ɫɹɡɢ Mn–O ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 

ɦɚɪɝɚɧɰɚ. ȼɫɟ ɨɤɫɨɦɚɧɝɚɧɚɬɵ ɢɦɟɸɬ ɹɪɤɭɸ ɨɤɪɚɫɤɭ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ: ɝɢɩɨɦɚɧɝɚɧɚɬɵ – ɫɢɧɢɟ, ɦɚɧɝɚɧɚɬɵ – ɡɟɥɟɧɵɟ. ɏɨɬɹ ɜ ɨɛɨɢɯ ɢɨɧɚɯ 

ɫɨɞɟɪɠɚɬɫɹ ɧɟɫɩɚɪɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ, ɨɤɪɚɫɤɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɭɫɥɨɜɥɟɧɚ 

ɧɟ d-d ɩɟɪɟɯɨɞɚɦɢ, ɚ ɢɧɬɟɧɫɢɜɧɨɣ ɩɨɥɨɫɨɣ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ, ɩɨɞɨɛɧɨ 

ɩɟɪɦɚɧɝɚɧɚɬɚɦ. 

 Ɇɚɧɝɚɧɚɬɵ(VI) ɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɢ ɪɚɫɩɥɚɜɟ ɜ ɫɢɥɶɧɨ-

ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ, ɩɨɷɬɨɦɭ ɢɦɟɧɧɨ ɨɧɢ ɨɤɚɡɵɜɚɸɬɫɹ ɤɨɧɟɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ 

ɳɟɥɨɱɧɨɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ ɨɤɫɢɞɨɜ ɦɚɪɝɚɧɰɚ ɩɪɢ ɧɟɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ: 

Mn3O4 + 6KOH + 5/2O2 = 3K2MnO4 + 3H2O. 

3MnO2 + 6KOH + KClO3 = 3K2MnO4 + KCl + 3H2O,  

 ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɨɤɢɫɥɟɧɢɟ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɚ ɫɬɚɞɢɢ 

ɝɢɩɨɦɚɧɝɚɧɢɬɚ ɜɫɥɟɞɫɬɜɢɟ ɬɟɪɦɨɥɢɡɚ ɦɚɧɝɚɧɚɬɨɜ(VI): 

   500-850 
ɨɋ: 

3K2MnO4 = 2K3MnO4 + MnO2 + O2↑. 

Ɍɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɤɫɨɦɚɧɚɝɚɧɚɬɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɦɚɪɝɚɧɰɚ. 

Ɍɜɟɪɞɵɟ ɫɨɥɢ ɭɫɬɨɣɱɢɜɵ ɩɪɢ ɯɪɚɧɟɧɢɢ, ɨɞɧɚɤɨ ɧɚ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ ɢɥɢ ɜ 

ɜɨɞɟ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ: 

3K2MnO4 + 2H2O = 2KMnO4 + MnO2 + 4KOH, 

ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɨɤɪɚɫɤɢ ɫ ɡɟɥɟɧɭɸ ɧɚ ɮɢɨɥɟɬɨɜɭɸ. ɉɪɨɰɟɫɫ 

ɭɫɤɨɪɹɟɬɫɹ ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ: 
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3K2MnO4 + 2CO2 = 2KMnO4 + MnO2 + 2K2CO3 

Ɋɚɫɱɟɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɚɧɝɚɧɚɬ ɭɫɬɨɣɱɢɜ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɢ ɪɇ > 

14, ɚ ɝɢɩɨɦɚɧɝɚɧɚɬ –  ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢ ɟɳɟ ɜ ɛɨɥɟɟ ɫɢɥɶɧɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. 

Ⱦɚɠɟ ɫɢɥɶɧɨ ɳɟɥɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɝɢɩɨɦɚɧɚɝɚɧɚɬɨɜ ɧɟɭɫɬɨɣɱɢɜɵ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɦɟɧɧɨ ɜɫɥɟɞɫɬɜɢɟ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ, 

ɩɪɨɬɟɤɚɸɳɟɝɨ ɫ ɭɱɚɫɬɢɟɦ ɦɨɥɟɤɭɥ ɜɨɞɵ. ɉɨɷɬɨɦɭ ɞɚɠɟ ɫɬɚɛɢɥɢɡɚɰɢɹ 

ɝɢɞɪɨɤɫɢɞ-ɚɧɢɨɧɚɦɢ, ɧɚɩɪɢɦɟɪ, ɜ ɜɢɞɟ ɫɨɥɢ Na3MnO40,25NaOH12H2O, 

ɫɢɧɬɟɡ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɭɤɨɜɨɞɫɬɜɚɯ: 

2KMnO4 + 2Na2SO3 + 6NaOH + 2H2O = 2Na3MnO4 + 2Na2SO4 + 2KOH 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɨɞɭɤɬ, ɭɫɬɨɣɱɢɜɵɣ ɤ ɞɫɢɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ ɥɢɲɶ ɜ 

ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. 

Ɇɚɧɝɚɧɚɬɵ ɢɡɨɦɨɪɮɧɵ ɫɭɥɶɮɚɬɚɦ ɢ ɯɪɨɦɚɬɚɦ, ɩɨɷɬɨɦɭ ɫɨɥɢ ɛɚɪɢɹ ɢ 

ɫɜɢɧɰɚ ɢɦɟɸɬ ɧɢɡɤɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ.  Ɂɟɥɟɧɵɣ ɨɫɚɞɨɤ ɦɚɧɝɚɧɚɬɚ ɛɚɪɢɹ ɥɟɝɤɨ 

ɨɛɪɚɡɭɟɬɫɹ ɩɨ ɨɛɦɟɧɧɨɣ ɪɟɚɤɰɢɢ. 

 Ɇɚɧɝɚɧɚɬɵ –ɨɤɢɫɥɢɬɟɥɢ, ɩɨ ɫɢɥɟ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɟ ɩɟɪɦɚɧɝɚɧɚɬɚɦ: 

4K2MnO4 + K2S + 4H2O = 4MnO2 + 8KOH + K2SO4 

 ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɨɧɢ ɩɪɨɹɜɥɹɸɬ ɬɨɥɶɤɨ ɜ ɪɟɚɤɰɢɹɯ ɫ 

ɝɚɥɨɝɟɧɚɦɢ (ɯɥɨɪɨɦ, ɛɪɨɦɨɦ), ɱɬɨ ɪɚɧɶɲɟ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɩɟɪɦɚɧɝɚɧɚɬɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ: 

 K2MnO4 + Cl2 = 2KMnO4 + KCl 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɦɚɧɝɚɧɚɬ ɩɨɥɭɱɚɸɬ ɚɧɨɞɧɵɦ ɨɤɢɫɥɟɧɢɟɦ 

ɦɚɧɝɚɧɚɬɨɜ ɢɥɢ ɦɚɪɝɚɧɰɚ. 

 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɪɚɫɬɜɨɪɚ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɜ ɯɥɨɪɫɭɥɶɮɨɧɨɜɨɣ 

ɤɢɫɥɨɬɟ ɫɟɪɧɢɫɬɵɦ ɝɚɡɨɦ ɩɨɥɭɱɢɥɢ ɯɥɨɪɚɧɝɢɞɪɢɞ ɦɚɪɝɚɧɰɟɜɨɣ ɤɢɫɥɨɬɵ – 

ɨɤɫɨɯɥɨɪɢɞ ɦɚɪɝɚɧɰɚ(VI). Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɪɢɱɧɟɜɭɸ 

ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɟɬ ɜ ɜɨɞɟ ɩɨɞɨɛɧɨ ɦɚɧɝɚɧɚɬɚɦ: 

2KMnO4 + SO2 + 4HSO3Cl = 2KHS2O7 + H2SO4 + 2MnO2Cl2 

3MnO2Cl2 + 4H2O = MnO2 + 2HMnO4 + 6HCl 

 

5. ɋɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ +4 
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ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɧɚ ɦɚɪɝɚɧɰɟ ɬɪɟɛɭɟɬ ɫɜɨɢɯ ɩɨɞɯɨɞɨɜ ɤ 

ɫɬɚɛɢɥɢɡɚɰɢɢ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɬɟɬɪɚɨɤɫɨɦɚɧɝɚɧɚɬ(+4)-ɢɨɧ, ɬɨ ɟɫɬɶ ɮɨɪɦɚ, 

ɬɩɢɱɧɚɹ ɞɥɹ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ ɦɚɪɝɚɧɰɚ, ɨɤɚɡɵɜɚɟɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɨɣ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɥɚɛɨɝɨ -

ɫɜɹɡɵɜɚɧɢɹ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɤɚɬɢɨɧɧɵɟ ɮɨɪɦɵ ɬɚɤɠɟ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɤ 

ɝɢɞɪɨɥɢɡɭ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɝɨ ɡɚɪɹɞɚ, ɢ ɤ ɨɤɢɫɥɟɧɢɸ ɜɨɞɵ. ɉɨɷɬɨɦɭ 

ɫɨɟɞɢɧɟɧɢɣ ɦɚɪɚɝɧɰɚ(IV) ɢɡɜɟɫɬɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɦɧɨɝɨ – ɷɬɨ ɪɚɡɥɢɱɧɵɟ 

ɮɨɪɦɵ ɞɢɨɤɫɢɞɚ MnO2, ɚ ɬɚɤɠɟ ɤɨɦɩɥɟɤɫɵ ɢ ɝɟɬɟɪɨɩɨɥɢɨɤɫɨɦɟɬɚɥɥɚɬɵ. 

ɇɚɥɢɱɢɟ ɭ ɦɚɪɝɚɧɰɚ(+4) ɬɪɟɯ d-ɷɥɟɤɬɪɨɧɨɜ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɢɧɟɪɬɧɨɫɬɶ ɟɝɨ 

ɫɨɟɞɢɧɟɧɢɣ, ɬɨ ɟɫɬɶ ɩɪɢɞɚɟɬ ɢɦ ɤɢɧɟɬɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ. ɉɨ ɷɬɨɣ ɠɟ 

ɩɪɢɱɢɧɟ ɫɢɧɬɟɡ ɤɨɦɩɥɟɤɫɨɜ ɦɚɪɝɚɧɰɚ(IV) ɥɢɲɶ ɜ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɭɞɚɟɬɫɹ 

ɩɪɨɜɟɫɬɢ ɩɨ ɨɛɦɟɧɧɵɦ ɪɟɚɤɰɢɹɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɷɬɨɝɨ ɬɪɟɛɭɸɬɫɹ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ. Ȼɨɥɶɲɢɧɫɬɜɨ ɤɨɦɩɥɟɤɫɨɜ 

ɹɜɥɹɸɬɫɹ ɨɤɬɚɷɞɪɢɱɟɫɤɢɦɢ ɢ ɜɵɫɨɤɨɫɩɢɧɨɜɵɦɢ. 

ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɦɚɪɝɚɧɰɚ(IV), ɛɟɡɭɫɥɨɜɧɨ, ɹɜɥɹɟɬɫɹ 

ɞɢɨɤɫɢɞ MnO2, ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɟɧ ɡɚɯɜɚɬɵɜɚɬɶ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɧɟ ɨɛɪɚɡɭɹ 

ɝɢɞɪɨɤɫɢɞɚ. Ɉ ɟɝɨ ɚɦɮɨɬɟɪɧɨɫɬɢ ɦɨɠɧɨ ɫɭɞɢɬɶ ɤɨɫɜɟɧɧɨ ɩɨ ɧɚɥɢɱɢɸ ɤɚɤ 

ɤɚɬɢɨɧɧɵɯ, ɬɚɤ ɢ ɚɧɢɨɧɧɵɯ ɮɨɪɦ. ɂɨɧɵ ɝɟɤɫɚɚɤɜɚɦɚɪɝɚɧɰɚ(IV) [Mn(H2O)6]
4+

, 

ɩɨɞɨɛɧɨ ɞɪɭɝɢɦ ɱɟɬɵɪɟɯɡɚɪɹɞɧɵɦ ɝɟɤɫɚɚɤɜɚɤɚɬɢɨɧɚɦ 3d-ɦɟɬɚɥɥɨɜ, ɜ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɚɯ ɧɟɭɫɬɨɣɱɢɜɵ ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɛɪɚɬɢɦɨɝɨ ɝɢɞɪɨɥɢɡɚ ɢ ɜɵɫɨɤɨɣ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ɉɞɧɚɤɨ ɨɛ ɢɯ ɨɤɪɚɫɤɟ ɦɵ ɦɨɠɟɦ ɫɭɞɢɬɶ ɩɨ 

ɞɪɭɝɢɦ ɫɨɟɞɢɧɟɧɢɹɦ, ɫɨɞɟɪɠɚɳɢɦ ɦɚɪɝɚɧɟɰ(IV) ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɩɨɥɟ, 

ɨɛɪɚɡɨɜɚɧɧɨɦ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ. ɉɪɢɦɟɪɚɦɢ ɫɥɭɠɚɬ ɩɟɪɢɨɞɚɬ, 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɫɭɥɶɮɚɬɚ ɦɚɪɝɚɧɰɚ(II) ɤ ɩɨɞɤɢɫɥɟɧɧɨɦɭ 

ɪɚɫɬɜɨɪɭ ɬɪɢɝɢɞɪɨɩɟɪɢɨɞɚɬɚ ɧɚɬɪɢɹ: 

MnSO4 + 2Na2H3IO6 = NaMnIO6↓ + NaIO3 + Na2SO4 + 3H2O 

ɥɢɛɨ 9-ɦɨɥɢɛɞɨɦɚɧɝɚɧɚɬ(IV) ɚɦɦɨɧɢɹ (ɪɢɫ. 6) (NH4)6MnMo9O326H2O, 

ɩɨɥɭɱɚɟɦɵɣ ɢɡ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ, ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ. 

Эɬɢ ɜɟɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɪɚɧɠɟɜɨ-ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 

ɩɨɪɨɲɤɢ. 
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 ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɥɢ ɦɚɪɝɚɧɰɚ(IV) ɤɪɚɣɧɟ ɧɟɭɫɬɨɣɱɢɜɵ. Ɍɚɤ, ɫɭɥɶɮɚɬ 

ɦɚɪɝɚɧɰɚ(IV) Mn(SO4)2, ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɱɟɪɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢɡ ɞɨɫɬɚɬɨɱɧɨ 

ɤɪɟɩɤɢɯ ɫɟɪɧɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɧɢɯ ɫɭɥɶɮɚɬɚ ɦɚɪɝɚɧɰɚ(II) 

ɢ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ: 

3MnSO4 + 2KMnO4 + 8H2SO4 = 5Mn(SO4)2 + K2SO4 + 8H2O. 

 Ɉɧ ɪɚɫɬɜɨɪɢɦ ɜ 70%-ɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɟɦɧɨɝɨ ɪɚɫɬɜɨɪɚ, 

ɧɨ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɜɨɞɨɣ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɟɬɫɹ: 

Mn(SO4)2 + 2H2O = MnO2 + 2H2SO4. 

Ɍɚɤ, ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ ɩɢɪɨɥɸɡɢɬɚ ɫ ɨɫɧɨɜɧɵɦɢ ɨɤɫɢɞɚɦɢ ɢ ɳɟɥɨɱɚɦɢ 

ɨɛɪɚɡɭɸɬɫɹ ɦɚɧɝɚɧɚɬɵ(IV) ɢɥɢ ɦɚɧɝɚɧɢɬɵ, ɧɚɩɪɢɦɟɪ, CaMnO3, Ca2MnO4 

(ɪɢɫ. 7). ɉɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɦɚɧɝɚɧɢɬɚɯ ɚɬɨɦ ɦɚɪɝɚɧɰɚ ɧɚɯɨɞɢɬɫɹ ɜ 

ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɨɤɪɭɠɟɧɢɢ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɧɢ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ: 

                                                          500°C 

2K2MnO3 = K3MnO4 + KMnO2. 

Ƚɢɞɪɨɤɫɨɦɚɧɚɝɧɚɬɚɬ(IV)-ɢɨɧ ɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶ ɜ ɪɚɫɬɜɨɪɟ, ɧɨ ɨɧ ɢɡɜɟɫɬɟɧ ɜ 

ɩɪɢɪɨɞɧɨɦ ɦɢɧɟɪɚɥɟ ɠɭɪɚɜɫɤɢɬɟ Ca3[Mn(OH)6](CO3)(SO4).13H2O ɹɪɤɨ-

ɠɟɥɬɨɝɨ ɰɜɟɬɚ. 

Ⱦɥɹ ɫɢɧɬɟɡɚ ɤɨɦɩɥɟɤɫɨɜ ɦɚɪɝɚɧɰɚ(+4) ɢɫɩɨɥɶɡɭɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ. Ɍɚɤ, ɮɬɨɪɢɞɧɵɣ ɤɨɦɩɥɟɤɫ (ɪɢɫ. 7) 

ɩɨɥɭɱɚɸɬ ɥɢɛɨ ɨɤɢɫɥɟɧɢɟɦ ɞɢɮɬɨɪɢɞɚ ɦɚɪɝɚɧɰɚ ɮɬɨɪɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɮɬɨɪɢɞɚ ɤɚɥɢɹ ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɩɟɪɦɚɧɝɚɧɚɬɚ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɨɣ: 

4KMnO4 + 20HF + 4KF  = 4K2[MnF6] + 3O2 + 10H2O. 

ȼ ɩɪɨɞɭɤɬɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɝɟɤɫɚɯɥɨɪɨɦɚɧɝɚɧɚɬ(IV) ɤɚɥɢɹ K2[MnCl6]. Чɟɪɧɵɟ ɤɪɢɫɬɚɥɥɵ 

ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɟɩɚɪɚɬɢɜɧɨ ɩɨɥɭɱɚɸɬ ɨɯɥɚɠɞɟɧɢɟɦ ɪɚɫɬɜɨɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ 

ɞɟɣɫɬɜɢɟɦ ɧɚ ɷɤɜɢɦɨɥɹɪɧɭɸ ɫɦɟɫɶ ɩɟɪɦɚɧɝɚɧɝɚɧɚɬɚ ɢ ɯɥɨɪɢɞɚ ɤɚɥɢɹ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɮɬɨɪɢɞɧɨɝɨ ɚɧɚɥɨɝɚ, ɜ 

ɜɨɞɟ ɨɧ ɩɨɞɜɟɪɝɚɟɬɫɹ ɧɟɨɛɪɚɬɢɦɨɦɭ ɝɢɞɪɨɥɢɡɭ, ɬɚɤ ɤɚɤ ɫɪɨɞɫɬɜɨ ɦɚɪɝɚɧɰɚ ɤ 

ɯɥɨɪɭ ɝɨɪɚɡɞɨ ɧɢɠɟ. ɉɚɪɚɥɥɟɥɶɧɨ ɫ ɝɢɞɪɨɥɢɡɨɦ ɩɪɨɢɫɯɨɞɢɬ ɢ ɨɤɢɫɥɟɧɢɟ 

ɯɥɨɪɢɞ-ɢɨɧɨɜ. 
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6. ɋɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ +3. 

Ɇɚɪɝɚɧɟɰ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 ɦɨɠɟɬ ɛɵɬɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧ ɜ 

ɫɢɥɢɤɚɬɧɵɯ, ɮɨɫɮɚɬɧɵɯ ɢ ɛɨɪɚɬɧɵɯ ɫɬɟɤɥɚɯ, ɜ ɜɢɞɟ ɮɬɨɪɢɞɚ, ɨɤɫɢɞɚ ɢ 

ɝɢɞɪɨɤɫɢɞɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ, ɚ ɬɚɤɠɟ ɜ ɮɨɪɦɟ 

ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
 

ɂɨɧ Mn
3+

 ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ d
4
 ɢɦɟɟɬ ɢɫɤɚɠɟɧɧɨɟ ɨɤɬɚɷɞɪɢɱɟɫɤɨɟ 

ɨɤɪɭɠɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɷɮɮɟɤɬɚ əɧɚ-Ɍɟɥɥɟɪɚ. Ɉɛɵɱɧɨ ɨɧɨ ɜɵɪɚɠɚɟɬɫɹ ɜ 

ɭɞɥɢɧɟɧɢɢ ɞɜɭɯ ɫɜɹɡɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ 

(ɪɢɫ. 8).  

 Ƚɟɤɫɚɚɤɜɚɢɨɧ [Mn(H2O)6]
3+

 ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɧɟɤɨɬɨɪɵɯ ɫɨɥɟɣ, ɧɚɩɪɢɦɟɪ 

ɤɨɪɚɥɥɨɜɨ-ɤɪɚɫɧɵɯ ɰɟɡɢɣ-ɦɚɪɝɚɧɰɟɜɵɯ ɤɜɚɫɰɚɯ [Cs(H2O)6][Mn(H2O)6](SO4)2. 

ɂɯ ɩɨɥɭɱɚɸɬ ɚɧɨɞɧɵɦ ɨɤɢɫɥɟɧɢɟɦ ɫɨɥɟɣ ɦɚɪɝɚɧɰɚ(II). Ⱦɚɠɟ ɪɚɡɛɚɜɥɟɧɧɵɟ 

ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ [Mn(H2O)6]
3+

 ɧɟɭɫɬɨɣɱɢɜɵ ɜɫɥɟɞɫɬɜɢɟ 

ɩɪɨɬɟɤɚɸɳɢɯ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɰɟɫɫɨɜ ɨɤɢɫɥɟɧɢɹ ɢɦ ɜɨɞɵ ɢ 

ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ: 

4[Mn(H2O)6]
 3+

 + 2H2O = 4[Mn(H2O)6]
2+

 + 4H
+
 + O2. 

2[Mn(H2O)6]
 3+ 

= [Mn(H2O)6]
 2+

 + MnO2 + 4H
+
 + 4H2O. 

Ƚɢɞɪɨɤɫɢɞ ɦɚɪɝɚɧɰɚ(III) ɨɛɪɚɡɭɟɬɫɹ ɜ ɜɢɞɟ ɛɭɪɨɝɨ ɨɫɚɞɤɚ ɩɟɪɟɦɟɧɧɨɝɨ 

ɫɨɫɬɚɜɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɝɢɞɪɨɤɫɢɞɚ ɦɚɪɝɚɧɰɚ(II) ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɨɛɪɚɡɭɸɳɢɣɫɹ ɫɦɟɲɚɧɧɵɣ ɝɢɞɪɨɤɫɢɞ ɦɚɪɝɚɧɰɚ(+2, +3) 

ɩɨɫɬɟɩɟɧɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɮɨɪɦɭ ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ MnOOH, ɞɜɟ 

ɦɨɞɢɮɢɤɚɰɢɢ ɤɨɬɨɪɨɝɨ ɫɯɨɞɧɵ ɫ ɛɟɦɢɬɨɦ ɢ ɞɢɚɫɩɨɪɨɦ.  

 ɉɪɟɩɚɪɚɬɢɜɧɨ ɨɤɫɨɝɢɞɪɨɤɫɢɞ ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɟɧɢɟɦ ɫɨɥɢ ɦɚɪɝɚɧɰɚ 3 

%-ɧɵɦ ɪɚɫɬɜɨɪɨɦ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɜ ɚɦɦɢɚɱɧɨɣ ɫɪɟɞɟ: 

2MnSO4 + H2O2 + 4NH3 + 2H2O = 2MnOOH + 2(NH4)2SO4 

Ɉɤɫɨɝɢɞɪɨɤɫɢɞ ɦɚɪɝɚɧɰɚ(III) ɚɦɮɨɬɟɪɟɧ. ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɫɨ ɳɟɥɨɱɚɦɢ 

ɨɛɪɚɡɭɟɬ ɤɪɚɫɧɵɟ ɪɚɫɬɜɨɪɵ, ɢɡ ɤɨɬɨɪɵɯ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ 
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ɝɢɞɪɨɤɫɨɦɚɧɝɚɧɚɬɵ(III), ɧɚɩɪɢɦɟɪ, Na3[Mn(OH)6]. ȼ ɬɜɟɪɞɨɣ ɮɚɡɟ ɩɨɥɭɱɟɧɵ 

ɦɚɧɝɚɧɢɬɵ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ, ɧɚɩɪɢɦɟɪ, NaMnO2, Na4Mn2O5, Ca2Mn2O5. 

ɋɨɥɢ ɦɚɪɚɝɧɰɚ(III) ɢ ɤɢɫɥɨɪɨɞɧɵɯ ɤɢɫɥɨɬ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ 

ɜɵɞɟɥɟɧɵ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɨɫɚɞɨɤ ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ 

MnOOH ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ ɩɪɨɢɫɯɨɞɢɬ ɷɥɟɤɬɪɨɧɧɵɣ ɩɟɪɟɧɨɫ: 

2MnOOH + 6HCl = 2MnCl2 + Cl2 + 4H2O 

4MnOOH + 4H2SO4(20%) = 4MnSO4 + O2 + 6H2O. 

Ʌɢɲɶ ɜ ɫɪɟɞɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɦɚɪɝɚɧɟɰ(+3) 

ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɨɜ ɫɭɥɶɮɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ  [Mn(SO4)2]
–, ɢɡ 

ɤɨɬɨɪɵɯ ɫɨ ɜɪɟɦɟɧɟɦ ɜɵɞɟɥɹɸɬɫɹ ɝɢɝɪɨɫɤɨɩɢɱɧɵɟ ɬɟɦɧɨ-ɡɟɥɟɧɵɟ 

ɢɝɨɥɶɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ ɫɭɥɶɮɚɬɚ Mn2(SO4)3. Эɬɨ ɜɟɳɟɫɬɜɨ ɪɚɫɬɜɨɪɢɦɨ ɜ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ, ɧɨ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɚ 

ɜɨɞɨɣ. ɉɪɢɦɟɪɨɦ ɭɫɬɨɣɱɢɜɨɣ ɧɚ ɜɨɡɞɭɯɟ ɫɨɥɢ ɦɚɪɚɝɧɰɚ(III) ɹɜɥɹɟɬɫɹ 

ɨɤɫɨɚɰɟɬɚɬ [Mn3O(CH3COO)6(H2O)6]
+
CH3COO

–, ɩɨɫɬɪɨɟɧɧɵɣ ɚɧɚɥɨɝɢɱɧɨ 

ɞɪɭɝɢɦ ɨɤɫɨɚɰɟɬɚɬɚɦ ɬɪɟɯɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ. Ʉɨɪɢɱɧɟɜɵɟ, ɫ ɲɟɥɤɨɜɢɫɬɵɦ 

ɛɥɟɫɤɨɦ ɤɪɢɫɬɚɥɥɵ ɷɬɨɣ ɫɨɥɢ ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɟɧɢɟɦ ɚɰɟɬɚɬɚ ɦɚɪɝɚɧɰɚ(II) ɜ 

ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ ɩɟɪɦɚɧɝɚɧɚɬɨɦ: 

3KMnO4 + 12Mn(CH3COO)2 + 14CH3COOH + 23H2O = 

5Mn3O(CH3COO)7(H2O)6 + 3CH3COOK. 

ȼɟɳɟɫɬɜɨ ɭɫɬɨɣɱɢɜɨ ɩɪɢ ɯɪɚɧɟɧɢɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɜɥɚɝɢ, ɧɨ ɜ ɜɨɞɟ 

ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɟɬɫɹ.  

 ȼ ɯɢɦɢɢ ɦɚɪɚɝɧɰɚ(+3) ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɤɨɦɩɥɟɤɫɵ, ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɢɥɵ ɥɢɝɚɧɞɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɷɬɢɯ 

ɤɨɦɩɥɟɤɫɨɜ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɢ ɜɵɫɨɤɨɫɩɢɧɨɜɵɟ. Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɯɟɥɚɬɵ, 

ɩɪɢɦɟɪɨɦ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɪɢɫɨɤɫɚɥɚɬɨɦɚɧɝɚɧɚɬ(III). Ʉɪɚɫɧɨ-ɮɢɨɥɟɬɨɜɵɟ 

ɤɪɢɫɬɚɥɥɵ ɷɬɨɝɨ ɤɨɦɩɥɟɤɫɚ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɨɤɫɚɥɚɬɚ ɦɚɪɝɚɧɰɚ(II) 

ɩɟɪɦɚɧɝɚɧɚɬɨɦ ɤɚɥɢɹ ɜ ɳɚɜɟɥɟɜɨɤɢɫɥɨɣ ɫɪɟɞɟ ɢɥɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ ɦɚɪɝɚɧɰɚ(III) ɫ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɨɣ: 

4MnC2O4 + 7K2C2O4 + KMnO4 + 4H2C2O4 = 5K3[Mn(C2O4)3] + 4H2O 

2MnOOH + 3H2C2O4 + 3K2C2O4 = 2K3[Mn(C2O4)3] + 4H2O 
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 Ɉɤɫɚɥɚɬ ɤɚɥɢɹ ɜ ɨɛɟɢɯ ɪɟɚɤɰɢɹɯ ɫɥɭɠɢɬ ɢɫɬɨɱɧɢɤɨɦ ɢɨɧɨɜ ɤɚɥɢɹ. 

ɉɨɥɭɱɟɧɧɵɣ ɤɨɦɩɥɟɤɫ ɧɚ ɫɜɟɬɭ ɪɚɡɥɚɝɚɟɬɫɹ  

2K3[Mn(C2O4)3]  = 2MnC2O4 + 3K2C2O4 + 2CO2 

ɩɨɷɬɨɦɭ ɟɝɨ ɫɢɧɬɟɡ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɬɟɦɧɨɬɟ.  

 ɉɪɢɦɟɪɨɦ ɢɧɟɪɬɧɨɝɨ ɧɢɡɤɨɫɩɢɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɚɪɝɚɧɰɚ(III) ɹɜɥɹɟɬɫɹ  

ɝɟɤɫɚɰɢɚɧɨɦɚɧɝɚɧɚɬ(III) ɤɚɥɢɹ. Ɍɟɦɧɨ-ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɵ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ 

ɥɟɝɤɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɥɢɝɚɧɞɨɜ ɜ ɥɚɛɢɥɶɧɵɯ ɜɵɫɨɤɨɫɩɢɧɨɜɵɯ 

ɤɨɦɩɥɟɤɫɚɯ ɦɚɪɝɚɧɰɚ(III): 

K3[MnF6] + 6KCN = K3[Mn(CN)6] + 6KF 

ɢɥɢ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɰɢɚɧɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɚɪɝɚɧɰɚ(II): 

2K4[Mn(CN)6] + H2O2 = 2K3[Mn(CN)6] + 2KOH 

ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɫɹ ɪɟɡɤɢɦ ɢɡɦɟɧɟɧɢɟɦ ɨɤɪɚɫɤɢ ɪɚɫɬɜɨɪɚ ɫ ɫɢɧɟɣ ɧɚ 

ɤɪɚɫɧɭɸ. 

ȼɫɟ ɫɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ(III), ɨɫɨɛɟɧɧɨ ɨɛɪɚɡɨɜɚɧɧɵɟ ɥɢɝɚɧɞɚɦɢ 

ɫɥɚɛɨɝɨ ɩɨɥɹ ɢ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ, ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ 

ɨɤɢɫɥɢɬɟɥɹɦɢ.  

 

7. ɋɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ +2. 

Ɇɚɪɝɚɧɟɰ(+2) ɢɦɟɟɬ ɷɥɟɤɬɪɨɧɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ d5, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɟɧɧɨɦɭ d-ɩɨɞɭɪɨɜɧɸ. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ 

ɨɤɚɡɵɜɚɸɬɫɹ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ, ɧɭɥɟɜɚɹ ɷɧɟɪɝɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɤɨɬɨɪɵɯ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɨɬ ɫɩɚɪɢɜɚɧɢɹ 

ɷɥɟɤɬɪɨɧɨɜ.  

Ɇɧɨɝɢɟ ɫɨɥɢ ɦɚɪɚɝɧɰɚ(II) ɢɦɟɸɬ ɛɥɟɞɧɨ-ɪɨɡɨɜɭɸ ɨɤɪɚɫɤɭ, 

ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɢɨɧɨɦ [Mn(H2O)6]
2+. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɢɯ ɳɟɥɨɱɢ ɢɥɢ 

ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ ɜɵɞɟɥɹɟɬɫɹ ɛɟɥɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ Mn(OH)2, 

ɢɡɨɫɬɪɭɤɬɭɪɧɵɣ ɝɢɞɪɨɤɫɢɞɭ ɦɚɝɧɢɹ. ɋɯɨɞɫɬɜɨ ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ 

ɜɟɳɟɫɬɜɚɦɢ ɧɟ ɬɨɥɶɤɨ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɨɟ. Ɉɛɚ ɨɧɢ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɚɧɢɹɦɢ 

ɫɪɟɞɧɟɣ ɫɢɥɵ, ɬɨ ɟɫɬɶ ɢɦɟɸɬ ɤɨɧɫɬɚɧɬɵ ɨɫɧɨɜɧɨɫɬɢ ɜɵɲɟ, ɱɟɦ ɭ ɜɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ (pKb Mn(OH)2 3,3; Mg(OH)2 2,6). ȼ ɫɬɪɨɟɧɢɢ ɢ ɫɜɨɣɫɬɜɚɯ 
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ɝɢɞɪɨɤɫɢɞɨɜ ɢ ɫɨɥɟɣ ɷɬɢɯ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɦɧɨɝɨ ɨɛɳɟɝɨ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɛɥɢɡɨɫɬɶɸ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ (Mn
2+

 79 ɩɦ, Mg
2+

 72 ɩɦ) ɢ ɠɟɫɬɤɨɫɬɶɸ 

ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɢ, ɜɨɡɪɚɫɬɚɟɬ ɭ ɦɚɪɝɚɧɰɚ(+2) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɟɞɧɢɦɢ 

ɩɟɪɟɯɨɞɧɵɦɢ ɦɟɬɚɥɥɚɦɢ ɛɥɚɝɨɞɚɪɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɟɧɧɨɝɨ ɩɨɞɭɪɨɜɧɹ. 

ɉɨɞɨɛɧɨ ɝɢɞɪɨɤɫɢɞɭ ɦɚɝɧɢɹ, ɝɢɞɪɨɤɫɢɞ ɦɚɪɝɚɧɰɚ(II) ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ 

ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ: 

Mn(OH)2 + 2NH4Cl (aq) = MnCl2 + 2NH3 H2O, 

ɚ ɜ ɫɢɥɶɧɨɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɨɜ 

[Mn(OH)4]
2–, ɥɟɝɤɨ ɪɚɡɪɭɲɚɸɳɢɯɫɹ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɥɢ ɦɚɪɝɚɧɰɚ ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɢɹ ɩɨɥɭɱɚɸɬ ɫɪɟɞɧɢɣ 

ɤɚɪɛɨɧɚɬ, ɥɟɝɤɨ ɩɟɪɟɯɨɞɹɳɢɣ ɜ ɪɚɫɬɜɨɪ ɜ ɮɨɪɦɟ ɤɢɫɥɨɣ ɫɨɥɢ: 

MnCl2 + 2NaHCO3 = MnCO3 + 2NaCl + CO2 + H2O, 

MnCO3 + CO2 + H2O = Mn(HCO3)2 

  ɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɨɮɨɫɮɚɬɚ ɚɦɦɨɧɢɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ 

ɞɜɨɣɧɨɣ ɮɨɫɮɚɬ, ɢɡɨɫɬɪɭɤɬɭɪɧɵɣ ɦɚɝɧɢɣɚɦɦɨɧɢɣɮɨɫɮɚɬɭ: 

MnSO4 + (NH4)2HPO4 + NH3*H2O = NH4MnPO4·H2O + (NH4)SO4 

ɋɯɨɞɫɬɜɨ ɯɢɦɢɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɷɬɢɯ ɦɟɬɚɥɥɨɜ, ɤɨɧɟɱɧɨ, ɧɟɥɶɡɹ 

ɜɨɡɜɨɞɢɬɶ ɜ ɚɛɫɨɥɸɬ. ɋɭɥɶɮɢɞ ɦɚɪɝɚɧɰɚ MnS, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɭɥɶɮɢɞɚ ɦɚɝɧɢɹ, 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɢɡ ɪɚɫɬɜɨɪɚ ɨɫɚɠɞɟɧɢɟɦ, ɯɨɬɹ ɜ ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ 

ɫɭɥɶɮɢɞɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ ɞɚɠɟ ɪɚɡɛɚɜɥɟɧɧɵɦɢ 

ɤɢɫɥɨɬɚɦɢ. 

 Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ ɫɨɟɞɢɧɟɧɢɣ ɷɬɢɯ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɪɝɚɧɰɚ(+2) ɨɤɢɫɥɹɬɶɫɹ. ȿɫɥɢ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɦɚɪɚɝɧɰɚ 

ɜ ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ ɤɢɫɥɨɪɨɞɦ, ɬɨ ɨɫɚɞɨɤ 

ɝɢɞɪɨɤɫɢɞɚ ɦɚɪɝɚɧɰɚ(II), ɧɚ ɜɨɡɞɭɯɟ ɛɵɫɬɪɨ ɬɟɦɧɟɟɬ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ 

ɨɤɫɨɝɢɞɪɨɤɫɢɞ ɦɚɪɝɚɧɰɚ(+3): 

4Mn(OH)2 + O2 = 4MnOOH + 2H2O, 

Ȼɨɥɟɟ ɫɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɬɚɤɢɟ ɤɚɤ ɛɪɨɦɧɚɹ ɜɨɞɚ, ɝɢɩɨɯɥɨɪɢɬ, ɩɟɪɟɜɨɞɹɬ 

ɟɝɨ ɜ ɩɢɪɨɥɸɡɢɬ: 
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Mn(OH)2 + Br2 + 2NaOH = MnO2 + 2NaBr + 2H2O 

ɉɪɢ ɬɟɪɦɨɥɢɡɟ ɫɨɥɟɣ ɦɚɪɝɚɧɰɚ(II) ɢ ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ (ɧɢɬɪɚɬɚ, 

ɫɭɥɶɮɚɬɚ, ɩɟɪɯɥɨɪɚɬɚ) ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɦɚɪɝɚɧɰɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɩɢɪɨɥɸɡɢɬɚ ɢɥɢ (ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ) ɝɚɭɫɦɚɧɢɬɚ: 

Mn(NO3)2H2O  MnO2 + 2NO2 + H2O. 

 ɋɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɬɚɤɢɟ ɤɚɤ ɜɢɫɦɭɬɚɬ, ɩɟɪɫɭɥɶɮɚɬ, ɞɢɨɤɫɢɞ ɫɜɢɧɰɚ 

ɜ ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ ɫɩɨɫɨɛɧɵ ɨɤɢɫɥɢɬɶ ɢɨɧ Mn
2+

 ɞɨ ɩɟɪɦɚɧɝɚɧɚɬɚ, ɨ ɱɟɦ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɟ ɦɚɥɢɧɨɜɨɣ ɨɤɪɚɫɤɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɚɠɧɨ 

ɩɨɧɢɦɚɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɩɪɟɩɚɪɚɬɢɜɧɵɣ 

ɜ ɫɢɥɭ ɩɪɨɬɟɤɚɧɢɹ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɨɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ, ɜ ɤɨɧɟɱɧɨɦ 

ɫɱɟɬɟ ɩɪɢɜɨɞɹɳɢɯ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɢɪɨɥɸɡɢɬɚ. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɜɵɫɨɤɨɫɩɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɦɚɪɝɚɧɰɚ(II) ɧɢɠɟ, ɱɟɦ ɭ 

ɚɧɚɥɨɝɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɚɪɝɚɧɰɚ(III) ɜ ɫɢɥɭ ɧɭɥɟɜɨɣ ЭɋɄɉ. Ɍɚɤ, ɨɤɫɚɥɚɬ 

ɦɚɪɝɚɧɰɚ ɥɢɲɶ ɫ ɬɪɭɞɨɦ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ. ɉɨ ɷɬɨɣ ɠɟ 

ɩɪɢɱɢɧɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ ɦɚɪɝɚɧɰɚ(II) ɧɟ ɜɫɟɝɞɚ 

ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɩɨɥɨɠɟɧɢɟɦ ɥɢɝɚɧɞɚ ɜ ɫɩɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɪɹɞɭ. 

Ɉɩɪɟɞɟɥɹɸɳɢɦ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɤɚɡɵɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɞɭɤɬɚ ɨɤɢɫɥɟɧɢɹ 

– ɤɨɦɩɥɟɤɫɚ ɦɚɪɝɚɧɰɚ(+3), ɚ ɨɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɚ ɫ ɩɚɪɚɦɟɬɪɨɦ 

ɪɚɫɳɟɩɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɝɚɧɞɨɦ. ɉɨɷɬɨɦɭ, ɱɟɦ ɜ ɛɨɥɟɟ 

ɫɢɥɶɧɨɦ ɩɨɥɟ ɪɚɫɩɨɥɨɠɟɧ ɥɢɝɚɧɞ, ɬɟɦ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵɦ ɤ ɨɤɢɫɥɟɧɢɸ 

ɨɤɚɡɵɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫ ɦɚɪɝɚɧɰɚ(II). Ɍɚɤ, ɤɨɦɩɥɟɤɫɵ ɫ ɥɢɝɚɧɞɚɦɢ ɫɥɚɛɨɝɨ 

ɩɨɥɹ, ɧɚɩɪɢɦɟɪ, [Mn(H2O)6]
2+

, [Mn(C2O4)2(H2O)2]
2-

 ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ 

ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɦɦɢɚɤɚɬ [Mn(NH3)6]
2+

 ɢ ɰɢɚɧɢɞ 

[Mn(CN)6]
4-

 ɧɚ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ ɛɵɫɬɪɨ ɨɤɢɫɥɹɸɬɫɹ.  

 Ⱦɪɭɝɢɦ ɫɥɟɞɫɬɜɢɟɦ ɜɵɫɨɤɨɫɩɢɧɨɜɨɣ d
5
-ɤɨɧɮɢɝɭɪɚɰɢɢ ɹɜɥɹɟɬɫɹ 

ɨɬɫɭɬɫɬɜɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ЭɋɄɉ ɨɬ ɝɟɨɦɟɬɪɢɢ ɤɨɦɩɥɟɤɫɚ, ɤɨɬɨɪɨɣ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɫɬɟɪɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɬɨ ɟɫɬɶ ɪɚɡɦɟɪɨɦ 

ɥɢɝɚɧɞɚ. Чɟɦ ɤɪɭɩɧɟɟ ɥɢɝɚɧɞ, ɬɟɦ ɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫ ɫ ɟɝɨ 

ɭɱɚɫɬɢɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɬɪɚɷɞɪ, ɧɚɩɪɢɦɟɪ, [MnCl4]
2–

. d-d ɩɟɪɟɯɨɞɵ ɜ 

ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɚɯ ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ d
5
 ɛɨɥɟɟ ɜɟɪɨɹɬɧɵ, ɱɟɦ ɜ 
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ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ, ɬɚɤ ɤɚɤ ɬɟɬɪɚɷɞɪ ɧɟ ɢɦɟɟɬ ɰɟɧɬɪɚ ɫɢɦɦɟɬɪɢɢ, ɩɨɷɬɨɦɭ ɞɥɹ 

ɧɢɯ ɯɚɪɚɤɬɟɪɧɚ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɚɹ ɨɤɪɚɫɤɚ, ɨɛɵɱɧɨ ɠɟɥɬɚɹ ɢɥɢ ɡɟɥɟɧɚɹ.  

 

8. Ƚɚɥɨɝɟɧɢɞɵ ɦɟɬɚɥɥɨɜ 7 ɝɪɭɩɩɵ. ɋɨɟɞɢɧɟɧɢɹ ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ ɜ ɧɢɡɤɢɯ 

ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

ȼ ɯɢɦɢɢ ɝɚɥɨɝɟɧɢɞɨɜ ɩɪɨɫɥɟɠɢɜɚɸɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɭɠɟ 

ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɧɚɦɢ ɧɚ ɩɪɢɦɟɪɟ ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ȼɵɫɲɚɹ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɭɫɬɨɣɱɢɜɨɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. Эɬɨ 

ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɨɥɶɤɨ ɞɥɹ ɪɟɧɢɹ ɢɡɜɟɫɬɟɧ ɝɟɩɬɚɮɬɨɪɢɞ ReF7, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɦɚɪɚɝɧɰɚ – ɥɢɲɶ ɧɟɭɫɬɨɣɱɢɜɵɣ ɬɟɬɪɚɮɬɨɪɢɞ MnF4. ȼɵɫɲɢɣ 

ɯɥɨɪɢɞ ɪɟɧɢɹ ɧɟɢɡɜɟɫɬɟɧ, ɯɨɬɹ ɫɭɳɟɫɬɜɭɟɬ ɨɤɫɨɯɥɨɪɢɞ ReɈ3Cl. Ɉɧ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɭɸ ɥɟɝɤɨ ɥɟɬɭɱɭɸ ɠɢɞɤɨɫɬɶ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ 

ɯɥɨɪɢɪɨɜɚɧɢɢ ɪɟɧɢɟɜɨɝɨ ɚɧɝɢɞɪɢɞɚ: 
2ReO3 + Cl2 = 2ReO3Cl. 

ȼɨ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ ɨɧ ɞɵɦɢɬ, ɛɵɫɬɪɨ ɝɢɞɪɨɥɢɡɭɹɫɶ.  

ɋɬɚɛɢɥɢɡɚɰɢɹ ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ, ɧɢɠɟ +7, ɱɚɫɬɨ 

ɫɜɹɡɚɧɚ ɫ ɩɟɪɟɤɪɵɜɚɧɢɟɦ d-ɨɪɛɢɬɚɥɟɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɜɹɡɟɣ 

ɦɟɬɚɥɥ-ɦɟɬɚɥɥ.  Ɍɪɢɨɤɫɢɞ ɪɟɧɢɹ ReO3, ɧɚɡɵɜɚɟɦɵɣ ɪɟɧɢɫɬɵɦ ɚɧɝɢɞɪɢɞɨɦ, 

ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɜɵɫɲɟɝɨ ɨɤɫɢɞɚ ɭɝɚɪɧɵɦ ɝɚɡɨɦ: 

Re2O7 + CO = 2ReO3 + CO2 

Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɪɚɫɧɵɣ ɩɨɪɨɲɨɤ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɛɥɟɫɤɨɦ ɢ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɨɛɴɹɫɧɹɟɬɫɹ ɞɟɥɨɤɚɥɢɡɚɰɢɟɣ d-

ɷɥɟɤɬɪɨɧɨɜ ɚɬɨɦɨɜ ɪɟɧɢɹ. ɋɬɪɭɤɬɭɪɚ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɬɪɟɯɦɟɪɧɨɝɨ ɤɚɪɫɤɚɫɚ ɢɡ ɨɤɬɷɞɪɨɜ [ReO6], ɫɨɟɞɢɧɟɧɧɵɯ 

ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ.  (ɪɢɫ. 9). 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɬɟɯɧɟɰɢɹ ɧɟɭɫɬɨɣɱɢɜɨ ɢɡ-ɡɚ ɦɟɧɟɟ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɟɪɟɤɪɵɜɚɧɢɹ 4d-ɨɪɛɢɬɚɥɟɣ. Ɋɟɧɢɫɬɵɣ ɚɧɝɢɞɪɢɞ ɧɟɪɚɫɬɜɨɪɢɦ 

ɜ ɜɨɞɟ, ɧɨ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɟɬ ɜ ɪɚɫɬɜɨɪɚɯ ɳɟɥɨɱɟɣ:  

3ReO3 + 2KOH = 2KReO4 + ReO2 + H2O 
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Ɉɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ ɱɟɪɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɨɤɫɢɞɚ ɪɟɧɢɹ ReO2 ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ ɪɭɬɢɥɚ, ɤɚɤ ɢ ɚɧɚɥɨɝɢɱɧɵɣ ɨɤɫɢɞ ɬɟɯɧɟɰɢɹ, ɭɫɬɨɣɱɢɜ ɤ ɞɟɣɫɬɜɢɸ 

ɪɚɫɬɜɨɪɨɜ ɳɟɥɨɱɟɣ. Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɨɫɧɨɜɧɨɫɬɢ 

ɞɢɨɤɫɢɞɨɜ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ MnO2 ɞɢɨɤɫɢɞɵ 

ɬɟɯɧɟɰɢɹ ɢ ɪɟɧɢɹ – ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɫɥɚɛɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ, ɩɪɢɜɨɞɹɳɟɟ ɧɟ ɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 

ɩɟɪɟɯɨɞɧɨɝɨ ɦɟɬɚɥɥɚ, ɚ ɤ ɯɥɨɪɢɞɧɵɦ ɤɨɦɩɥɟɤɫɚɦ Ɇ(+4): 

ReO2 + 6HCl = ɇ2ReCl6 + 2H2O. 

ɉɪɢ ɫɩɥɚɜɥɟɧɢɢ ReO2 ɫ ɩɟɪɪɟɧɚɬɚɦɢ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ 

ɪɟɧɚɬɵ(V), ɤɨɬɨɪɵɟ ɧɟɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ: 

3NaReO3 + H2O = 2ReO2 + NaReO4 + 2NaOH 

Чɟɪɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɯɥɨɪɢɞ ɪɟɧɢɹ(V) ɩɨɥɭɱɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 

ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. ȼ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɨɧ ɫɨɫɬɨɢɬ ɢɡ ɞɢɦɟɪɨɜ Cl4Re(μ-

Cl)2ReCl4, ɜ ɤɨɬɨɪɵɯ ɞɜɚ ɨɤɬɚɷɞɪɚ [ReCl6] ɫɨɟɞɢɧɟɧɵ ɞɜɭɦɹ ɦɨɫɬɢɤɨɜɵɦɢ 

ɚɬɨɦɚɦɢ ɯɥɨɪɚ. ȼ ɜɨɞɟ ɨɧ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɟɬ ɫ ɨɫɚɠɞɟɧɢɟɦ ɞɢɨɤɫɢɞɚ: 

3ReCl5 + 8ɇ2Ɉ = ɇReɈ4 + 2ReɈ2 + l5ɇCl, 

ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɩɟɪɪɟɧɚɬɨɜ ɢɨɞɢɞɨɦ ɤɚɥɢɹ ɜ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɪɟɞɟ 

ɨɛɪɚɡɭɸɬɫɹ ɞɢɹɞɟɪɧɵɟ ɨɤɫɨɝɚɥɨɝɟɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɪɟɧɢɹ(IV) (ɪɢɫ. 10): 

2KReO4 + 10HCL + 6KI = K4[Re2(μ-O)Cl10] + 3I2 + 7H2 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɮɨɫɮɨɪɧɨɜɚɬɢɫɬɨɣ ɤɢɫɥɨɬɵ 

ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ: 

2KReO4 + 2H3PO2 + 8HCl = K2[Re2Cl8] + 2H3PO4 + 4H2O 

ɉɪɢ ɷɬɨɦ ɨɤɪɚɫɤɚ ɪɚɫɬɜɨɪɚ ɫɬɚɧɨɜɢɬɫɹ ɹɪɤɨ-ɫɢɧɟɣ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɧɟɦ ɞɢɹɞɟɪɧɵɯ ɝɚɥɨɝɟɧɢɞɧɵɯ ɤɥɚɫɬɟɪɨɜ ɫ ɱɟɬɜɟɪɧɨɣ ɫɜɹɡɶɸ 

ɦɟɬɚɥɥ-ɦɟɬɚɥɥ (Re-Re 224 ɩɦ). Ʉɥɚɫɬɟɪɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ  ɧɚɫɬɨɥɶɤɨ 

ɭɫɬɨɣɱɢɜɚ, ɱɬɨ ɫɨɯɪɚɧɹɟɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɣ ɩɪɢ ɡɚɦɟɧɟ ɝɚɥɨɝɟɧɢɞɧɵɯ 

ɥɢɝɚɧɞɨɜ ɧɚ ɤɚɪɛɨɤɫɢɥɚɬɵ, ɮɨɫɮɢɧɵ ɢ ɬ.ɞ.: 

K2Re2Cl8 + PEt3 = Re2(PEt3)2Cl6 + 2KCl 

K2Re2Cl8 + 4CH3COOK = Re2(CH3COO)4Cl2 + 6KCl 
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ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɤɥɚɫɬɟɪɧɨɣ 

ɝɪɭɩɩɢɪɨɜɤɢ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɪɚɬɧɨɫɬɢ ɫɜɹɡɢ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. Ɍɚɤ, ɜ 

ɤɥɚɫɬɟɪɟ ɪɟɧɢɹ(II) Re2Cl4(PMe4)4 ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɪɟɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɬɪɨɣɧɚɹ 

ɫɜɹɡɶ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɨɟɞɢɧɟɧɢɣ ɦɚɪɝɚɧɰɚ ɞɚɠɟ ɤɥɚɫɬɟɪɧɵɟ ɝɚɥɨɝɟɧɢɞɵ 

ɪɟɧɢɹ(II) ɪɚɡɥɚɝɚɸɬ ɜɨɞɭ, ɜɵɞɟɥɹɹ ɜɨɞɨɪɨɞ: 

Re2Cl4(PMe3)4 + 2H2O + 6NaOH = 2NaReO4 + 4NaCl + 5H2 + 4PMe3 

Ɍɪɢɯɥɨɪɢɞ ɪɟɧɢɹ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɵɫɲɢɯ ɝɚɥɨɝɟɧɢɞɨɜ 

ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɦɧɨ-ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɵ, 

ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. ɋ ɟɝɨ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɧɢɬɪɚɬ ɫɟɪɟɛɪɚ ɧɟ ɞɚɟɬ ɨɫɚɞɤɚ, 

ɬɚɤ ɤɚɤ ɜɟɳɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɚɫɬɟɪ. ȼ ɤɪɢɫɬɚɥɥɟ ɬɪɟɭɝɨɥɶɧɵɟ 

ɮɪɚɝɦɟɧɬɵ Re3Cl9 ɫ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ ɫɜɹɡɚɧɵ ɜ ɩɨɥɢɦɟɪ 

ɦɨɫɬɢɤɨɜɵɦɢ ɚɬɨɦɚɦɢ ɯɥɨɪɚ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɫɜɹɡɢ ɦɟɠɞɭ 

ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɪɚɡɪɵɜɚɸɬɫɹ, ɨɫɜɨɛɨɞɢɜɲɟɟɫɹ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɦɨɥɟɤɭɥɵ 

ɜɨɞɵ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɪɚɫɬɜɨɪɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɯɥɨɪɢɞ-ɢɨɧɨɜ ɨɛɪɚɡɭɸɬɫɹ 

ɬɪɢɹɞɟɪɧɵɟ ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ: 

Re3Cl9 + 3KCl = K3[Re3Cl12] 

ȼ ɢɯ ɫɬɪɭɤɬɭɪɟ ɫɨɯɪɚɧɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɚɹ ɤɥɚɫɬɟɪɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ ɫ 

ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ (248 ɩɦ). ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɚɹ ɫɨɥɶ 

ɢɦɟɟɬ ɬɚɤɭɸ ɠɟ ɩɪɨɫɬɟɣɲɭɸ ɮɨɪɦɭɥɭ, ɤɚɤ ɢ ɞɢɹɞɟɪɧɵɣ ɯɥɨɪɢɞɧɵɣ ɤɥɚɫɬɟɪ 

K2[Re2Cl8]. Ɉɛɚ ɜɟɳɟɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɢɩɢɱɧɵɣ ɩɪɢɦɟɪ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɩɨɥɢɦɟɪɢɢ. 

ɋɜɹɡɶ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɬɟɯɧɟɰɢɣ ɢ ɪɟɧɢɣ ɜ ɧɢɡɤɢɯ 

ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ, ɧɨ ɧɟ ɥɢɲɚɟɬ ɢɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ. ɉɨɞ 

ɞɟɣɫɬɜɢɟɦ ɨɤɢɫɥɢɬɟɥɟɣ (HNO3, H2O2, ɛɪɨɦɧɚɹ ɜɨɞɚ) ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɜɫɟ 

ɷɬɢ ɜɟɳɟɫɬɜɚ ɩɟɪɟɯɨɞɹɬ ɜ ɪɟɧɢɟɜɭɸ ɤɢɫɥɨɬɭ: 

ReO2 + HNO3(30%) = HReO4 + NO 
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Ɋɢɫ. 1 ɋɬɪɨɟɧɢɟ ɤɚɪɛɨɧɢɥɚ ɦɚɪɝɚɧɰɚ 

 

 

Ɋɢɫ. 2 ɉɨɥɢɦɨɪɮɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɦɚɪɝɚɧɰɚ 
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Ɋɢɫ. 3 Ⱦɢɚɝɪɚɦɦɚ Ɏɪɨɫɬɚ ɞɥɹ ɦɚɪɝɚɧɰɚ 
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Ɋɢɫ. 4 Ɉɤɫɢɞ ɦɚɪɝɚɧɰɚ 

 

 

Ɋɢɫ. 5 Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɨɥɟɣ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɤɢɫɥɨɬ 

ɷɥɟɦɟɧɬɨɜ 7 ɝɪɭɩɩɵ ɜ ɜɵɫɲɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

 

 

 

Ɋɢɫ. 6 ɋɬɪɨɟɧɢɟ 9-ɦɨɥɢɛɞɨɦɚɧɝɚɧɚɬ(IV) – ɚɧɢɨɧɚ  
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Ɋɢɫ. 7 ɋɬɪɨɟɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɦɚɪɝɚɧɰɚ +4 

 

 

 

Ɋɢɫ. 8 ɋɬɪɨɟɧɢɟ ɮɬɨɪɢɞɚ ɦɚɪɝɚɧɰɚ(III) 

 

 

Ɋɢɫ. 9 Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ReO3 
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Ɋɢɫ. 10 ɋɬɪɨɟɧɢɟ [Re2(μ-O)Cl10]
4- 

 



Ƚɥаɜа  . Хɢɦɢя ɷɥɟɦɟɧɬɨɜ 8 – 10 ɝɪɭɩɩ 

 

1. Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɥɟɦɟɧɬɨɜ 8 – 10 ɝɪɭɩɩ 

Эɥɟɦɟɧɬɵ ɜɨɫɶɦɨɣ, ɞɟɜɹɬɨɣ ɢ ɞɟɫɹɬɨɣ ɝɪɭɩɩ ɜ ɢɫɬɨɪɢɱɟɫɤɨɦ 

ɤɨɪɨɬɤɨɩɟɪɢɨɞɧɨɦ ɜɚɪɢɚɧɬɟ ɬɚɛɥɢɰɵ ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɞɧɭ, ɜɨɫɶɦɭɸ, ɝɪɭɩɩɭ.  

ɒɟɫɬɶ ɬɹɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ ɷɬɨɣ ɝɪɭɩɩɵ ɨɛɴɟɞɢɧɹɸɬ ɜ ɫɟɦɟɣɫɬɜɨ ɩɥɚɬɢɧɨɜɵɯ 

ɦɟɬɚɥɥɨɜ ɧɚ ɨɫɧɨɜɟ ɢɯ ɫɯɨɞɧɨɣ ɝɟɨɯɢɦɢɢ ɢ ɧɢɡɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

3d-ɦɟɬɚɥɥɵ 8 – 10 ɝɪɭɩɩ ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ ɬɪɢɚɞɨɣ ɠɟɥɟɡɚ, ɱɬɨ ɨɬɱɚɫɬɢ 

ɨɛɭɫɥɨɜɥɟɧɨ ɛɥɢɡɨɫɬɶɸ ɚɬɨɦɧɵɯ ɪɚɞɢɭɫɨɜ ɤɨɛɚɥɶɬɚ ɢ ɧɢɤɟɥɹ, ɚ ɬɚɤɠɟ 

ɜɵɬɟɤɚɸɳɢɦɢ ɨɬɫɸɞɚ ɩɪɨɛɥɟɦɚɦɢ ɪɚɡɞɟɥɟɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɫɬɨɪɢɱɟɫɤɢ 

ɩɪɢɧɹɬɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɟɞɢɧɨɦ ɤɥɸɱɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɫɜɹɡɵɜɚɸɳɢɟ 3d-ɦɟɬɚɥɥɵ 8 – 10 ɝɪɭɩɩ ɫ ɢɯ ɬɹɠɟɥɵɦɢ 

ɚɧɚɥɨɝɚɦɢ ɢɡ ɱɢɫɥɚ ɩɥɚɬɢɧɨɢɞɨɜ. Ɍɚɤ, ɦɧɨɝɢɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ 

ɤɨɛɚɥɶɬɚ(III) ɧɚɯɨɞɹɬ ɩɪɹɦɵɟ ɚɧɚɥɨɝɢɢ ɜ ɯɢɦɢɢ ɪɨɞɢɹ(III) ɢ ɢɪɢɞɢɹ(III), ɚ 

ɤɨɦɩɥɟɤɫɵ ɧɢɤɟɥɹ(II) ɫ ɥɢɝɚɧɞɚɦɢ ɫɢɥɶɧɨɝɨ ɩɨɥɹ ɢɦɟɸɬ ɬɨ ɠɟ ɫɬɪɨɟɧɢɟ, ɱɬɨ ɢ 

ɤɨɦɩɥɟɤɫɵ ɩɚɥɥɚɞɢɹ(II), ɩɥɚɬɢɧɵ(II). ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɯɢɦɢɢ ɷɥɟɦɟɧɬɨɜ 8 – 

10 ɝɪɭɩɩ ɢɯ ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

ɩɪɢɜɟɞɟɧɵ ɜ ɟɞɢɧɨɦ ɪɚɡɞɟɥɟ, ɚ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɢ 

ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɩɢɫɚɧɵ ɩɨ ɝɪɭɩɩɚɦ.  

 ɍ ɷɥɟɦɟɧɬɨɜ ɜɨɫɶɦɨɣ ɝɪɭɩɩɵ ɨɛɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɜ 

ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ (n – 1)d
6
ns

2
. Ɉɧɚ ɧɚɪɭɲɟɧɚ ɭ ɪɭɬɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ «ɩɪɨɫɤɨɤɚ 

ɷɥɟɤɬɪɨɧɚ». Ⱥɧɚɥɨɝɢɱɧɵɟ ɹɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɜ ɚɬɨɦɟ ɪɨɞɢɹ, ɜɯɨɞɹɳɟɝɨ ɜ 

ɫɨɫɬɚɜ ɞɟɜɹɬɨɣ ɝɪɭɩɩɵ, ɫ ɨɛɳɟɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɷɥɟɤɬɪɨɧɨɜ (n – 1)d
7
ns

2
. ɋɪɟɞɢ 

ɷɥɟɦɟɧɬɨɜ ɞɟɫɹɬɨɣ ɝɪɭɩɩɵ ɤɨɧɮɢɝɭɪɚɰɢɹ (n – 1)d
8
ns

2
 ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɲɶ ɜ ɚɬɨɦɟ 

ɧɢɤɟɥɹ: ɭ ɩɥɚɬɢɧɵ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɨɢɫɯɨɞɢɬ «ɩɪɨɫɤɨɤ» ɨɞɧɨɝɨ 

ɷɥɟɤɬɪɨɧɚ, ɚ ɭ ɩɚɥɥɚɞɢɹ – ɞɜɭɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɧɨɦɭ ɡɚɜɟɪɲɟɧɢɸ d-

ɨɛɨɥɨɱɤɢ. 

 Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɷɥɟɦɟɧɬɨɜ 8 – 10 ɝɪɭɩɩ ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɩɨ ɩɟɪɢɨɞɭ ɢ ɩɨ ɝɪɭɩɩɟ ɩɨɞɱɢɧɹɸɬɫɹ ɨɛɳɢɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ, ɨɛɫɭɠɞɟɧɧɵɦ ɜ 



ɩɪɟɞɵɞɭɳɢɯ ɝɥɚɜɚɯ. ɉɟɪɜɵɟ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ ɜ ɜɨɫɶɦɨɣ ɢ ɞɟɜɹɬɨɣ ɝɪɭɩɩɚɯ 

ɭɛɵɜɚɸɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 3d-ɦɟɬɚɥɥɚ ɤ 4d, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɚɬɨɦɧɨɝɨ 

ɪɚɞɢɭɫɚ ɢ ɭɞɚɥɟɧɢɟɦ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɹɞɪɚ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ E1 ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɤ d-ɦɟɬɚɥɥɚɦ ɲɟɫɬɨɝɨ ɩɟɪɢɨɞɚ ɨɛɴɹɫɧɹɟɬɫɹ ɷɮɮɟɤɬɚɦɢ 

ɷɤɪɚɧɢɪɨɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɡɚɩɨɥɧɟɧɢɟɦ 4f-ɩɨɞɭɪɨɜɧɹ. Ɉɛɳɚɹ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɷɥɟɦɟɧɬɵ ɞɟɫɹɬɨɣ ɝɪɭɩɩɵ ɩɨ ɩɪɢɱɢɧɟ 

ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ d-ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɚ ɩɚɥɥɚɞɢɹ, ɜɵɡɜɚɧɧɵɯ ɞɜɨɣɧɵɦ 

«ɩɪɨɫɤɨɤɨɦ» ɷɥɟɤɬɪɨɧɨɜ.  
 



Ɇɟɬɚɥɥɵ ɬɪɢɚɞɵ ɠɟɥɟɡɚ, ɩɨɞɨɛɧɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ 3d-ɪɹɞɚ, ɢɦɟɹ 

ɧɟɛɨɥɶɲɨɣ ɚɬɨɦɧɵɣ ɪɚɞɢɭɫ, ɨɛɥɚɞɚɸɬ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɬɢɧɨɜɵɦɢ ɦɟɬɚɥɥɚɦɢ. ɋɪɚɜɧɢɬɟɥɶɧɨ 

ɧɟɛɨɥɶɲɨɣ ɪɚɡɦɟɪ d-ɨɪɛɢɬɚɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɥɟɦɟɧɬɚɦɢ ɧɚɱɚɥɚ ɪɹɞɚ, 

ɹɜɥɹɸɳɢɣɫɹ ɫɥɟɞɫɬɜɢɟɦ ɨɪɛɢɬɚɥɶɧɨɝɨ ɫɠɚɬɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ 

ɫɬɟɩɟɧɶ d-d ɩɟɪɟɤɪɵɜɚɧɢɹ.  ɉɨɷɬɨɦɭ ɞɥɹ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɧɟ ɯɚɪɚɤɬɟɪɧɵ 

ɤɥɚɫɬɟɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ.  

ɉɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ ɜ ɰɟɥɨɦ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɧɚɢɦɟɧɟɟ ɚɤɬɢɜɧɵɟ 

ɜ ɯɢɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɦɟɬɚɥɥɵ, ɛɥɚɝɨɞɚɪɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɦɭ (ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ d-ɷɥɟɦɟɧɬɚɦɢ ɧɚɱɚɥɚ ɩɟɪɟɯɨɞɧɵɯ ɪɹɞɨɜ) ɚɬɨɦɧɨɦɭ ɪɚɞɢɭɫɭ ɢ 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɩɟɪɟɤɪɵɜɚɧɢɹ d-ɨɪɛɢɬɚɥɟɣ. ɂɡ ɧɢɯ ɥɢɲɶ ɨɫɦɢɣ ɫɩɨɫɨɛɟɧ 

ɧɚɩɪɹɦɭɸ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɤɢɫɥɨɪɨɞɨɦ ɢ ɥɢɲɶ ɩɚɥɥɚɞɢɣ ɜɫɬɭɩɚɟɬ ɜ 

ɪɟɚɤɰɢɸ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ. Ⱦɥɹ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɜ 

ɰɟɥɨɦ ɯɚɪɚɤɬɟɪɧɵ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɤɥɸɱɚɹ ɤɨɦɩɥɟɤɫɵ ɫ π-

ɚɤɰɟɩɬɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ (ɦɨɧɨɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ, ɚɥɤɟɧɚɦɢ, ɚɥɤɚɞɢɟɧɚɦɢ), 

ɝɢɞɪɢɞɵ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ ɭɫɬɨɣɱɢɜɵ ɞɚɠɟ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ, ɤɥɚɫɬɟɪɵ. ɉɨɞɨɛɧɨ 

ɞɪɭɝɢɦ ɬɹɠɟɥɵɦ ɩɟɪɟɯɨɞɧɵɦ ɦɟɬɚɥɥɚɦ, ɩɥɚɬɢɧɨɢɞɵ ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɢɟ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, ɜɩɥɨɬɶ ɞɨ +8 (OsO4). ɍɫɬɨɣɱɢɜɨɫɬɶ ɜɵɫɲɢɯ ɫɬɟɩɟɧɟɣ 

ɨɤɢɫɥɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɚɦ. 

 ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɟɪɢɨɞɭ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɜɚɥɟɧɬɧɵɯ 

ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɯ ɫɩɚɪɢɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫɬɚɛɢɥɢɡɚɰɢɹ d-ɩɨɞɭɪɨɜɧɹ, ɩɨɧɢɠɟɧɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɫɲɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ. Ɍɚɤ, ɠɟɥɟɡɨ ɦɨɠɟɬ ɛɵɬɶ ɨɤɢɫɥɟɧɨ ɜ 

ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɞɨ ɮɟɪɪɚɬɚ FeO4
2–, ɫɨɞɟɪɠɚɳɟɝɨ ɚɬɨɦ ɦɟɬɚɥɥɚ ɜ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ +6, ɤɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢɨɛɪɟɬɚɸɬ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ +3. ȼɵɫɲɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɭ ɷɥɟɦɟɧɬɨɜ 

ɜɨɫɶɦɨɣ ɝɪɭɩɩɵ – ɠɟɥɟɡɚ (+6), ɪɭɬɟɧɢɹ (+8) ɢ ɨɫɦɢɹ (+8). ɇɢɡɲɢɟ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ ɷɬɢ ɦɟɬɚɥɥɵ ɩɪɨɹɜɥɹɸɬ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɫ π-ɚɤɰɟɩɬɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ, 

ɧɚɩɪɢɦɟɪ, ɜ ɤɚɪɛɨɧɢɥɚɯ: K2[Fe
–2

(CO)4], K[Rh
–1

(CO)4]. ȼɟɥɢɱɢɧɚ ɧɚɢɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɟɪɢɨɞɭ ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɟɬ: 



ɞɥɹ ɠɟɥɟɡɚ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3, ɤɨɛɚɥɶɬ ɜ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɚɯ ɫɭɳɟɫɬɜɭɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2, ɚ ɜ 

ɤɨɦɩɥɟɤɫɚɯ ɜ +3, ɧɢɤɟɥɶ – ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2. ɂɨɧɵ Ni
2+

 

ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɩɪɢ ɥɸɛɨɦ ɪɇ, ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) 

ɭɫɬɨɣɱɢɜɵ ɜ ɤɢɫɥɨɣ ɢ ɧɟɣɬɪɚɥɶɧɨɣ ɫɪɟɞɚɯ, ɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ɉɇ-ɢɨɧɨɜ 

ɨɤɢɫɥɹɸɬɫɹ, ɠɟɥɟɡɨ(II) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɠɟɥɟɡɨ(III) ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɪɨɞɚ 

(E
0
(O2/H2O) = 1.229 B ɩɪɢ pH = 0 ɢ 0.401 B ɩɪɢ pH = 14) ɩɪɢ ɥɸɛɨɦ ɪɇ. 

ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɟɬɚɥɥɨɜ ɬɪɢɚɞɵ ɬɚɤɠɟ ɭɛɵɜɚɟɬ ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɩɨ 3d-ɪɹɞɭ. 

ɂɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ, ɭɫɬɨɣɱɢɜɵɯ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɯɟɦɵ ɧɚ ɪɢɫ. 1.   

 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɚɬɨɦɧɵɯ ɢ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɩɨ ɩɟɪɢɨɞɭ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɱɢɫɟɥ ɨɬ 10 ɭ ɠɟɥɟɡɚ ɞɨ 7 ɭ ɧɢɤɟɥɹ. Ɍɹɠɟɥɵɟ ɚɧɚɥɨɝɢ ɠɟɥɟɡɚ: 

ɪɭɬɟɧɢɣ ɢ ɨɫɦɢɣ - ɬɚɤɠɟ ɪɟɞɤɨ ɨɛɥɚɞɚɸɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ ɜɵɲɟ ɲɟɫɬɢ. 

Ⱦɥɹ ɩɥɚɬɢɧɵ(II) ɢ ɩɚɥɥɚɞɢɹ(II), ɢɦɟɸɳɢɯ ɷɥɟɤɬɪɨɧɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ d
8
, 

ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ 

4.  

 ɍɦɟɧɶɲɟɧɢɟ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɟɪɢɨɞɭ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɢ ɷɧɟɪɝɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɝɢɞɪɨɤɫɢɞɨɜ, ɫɭɥɶɮɢɞɨɜ, 

ɤɚɪɛɨɧɚɬɨɜ. Ɍɚɤ, ɫɭɥɶɮɢɞ ɠɟɥɟɡɚ(II) ɥɟɝɤɨ ɪɚɡɥɚɝɚɟɬɫɹ ɞɚɠɟ ɪɚɡɛɚɜɥɟɧɧɵɦɢ 

ɤɢɫɥɨɬɚɦɢ, ɚ ɤɚɪɛɨɧɚɬ ɠɟɥɟɡɚ(II) ɩɨɞɨɛɧɨ ɤɚɪɛɨɧɚɬɚɦ ɦɚɝɧɢɹ ɢ ɳɟɥɨɱɧɨ-

ɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɮɨɪɦɟ 

ɤɢɫɥɨɣ ɫɨɥɢ. ȼ ɰɟɥɨɦ, ɧɚ ɷɬɨɦ ɨɫɧɨɜɚɧɢɢ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨɛ ɨɫɥɚɛɥɟɧɢɢ 

ɨɫɧɨɜɧɨɫɬɢ ɝɢɞɪɨɤɫɢɞɨɜ(II) ɜ ɪɹɞɭ ɠɟɥɟɡɨ-ɤɨɛɚɥɶɬ-ɧɢɤɟɥɶ. Ɉɞɧɚɤɨ, ɧɚ ɩɪɚɤɬɢɤɟ 

ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɤɢɫɥɨɬɧɵɟ ɫɜɨɣɫɬɜɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ (ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɨɫɬɶ 

ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɳɟɥɨɱɚɯ) ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧɵ ɭ ɝɢɞɪɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ(II), ɥɟɝɤɨ 

ɨɛɪɚɡɭɸɳɟɝɨ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɚɧɢɨɧɧɵɟ ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɵ. Эɬɨ ɨɛɴɹɫɹɧɹɟɬɫɹ 

ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɢɦɟɧɧɨ ɧɚ d
7
-



ɤɨɧɮɢɝɪɚɰɢɢ. ȼɨɡɪɚɫɬɚɧɢɟ ɫɪɨɞɫɬɜɚ ɤ ɫɟɪɟ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ 3 ɩɟɪɢɨɞɭ ɦɨɠɟɬ 

ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɫ ɩɨɡɢɰɢɣ ɭɜɟɥɢɱɟɧɢɹ ɩɢɪɫɨɧɨɜɫɤɨɣ ɦɹɝɤɨɫɬɢ ɤɚɬɢɨɧɚ ɩɨ ɦɟɪɟ 

ɡɚɩɨɥɧɟɧɢɹ d-ɩɨɞɭɪɨɜɧɹ. 

Ɍɚɤ, ɦɚɪɝɚɧɟɰ ɢ ɠɟɥɟɡɨ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɪɢɪɨɞɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ 

ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɫɥɟɞɭɸɳɢɟ ɡɚ ɧɢɦɢ ɠɟɥɟɡɨ, ɤɨɛɚɥɶɬ, ɧɢɤɟɥɶ,  ɦɟɞɶ 

ɢ ɰɢɧɤ – ɜ ɩɨɥɢɫɭɥɶɮɢɞɧɵɯ ɪɭɞɚɯ. 

ɉɨ ɫɨɞɟɪɠɚɧɢɸ ɜ ɡɟɦɧɨɣ ɤɨɪɟ ɠɟɥɟɡɨ ɫɬɨɢɬ ɧɚ ɱɟɬɜɟɪɬɨɦ ɦɟɫɬɟ (4,1 %), 

ɭɫɬɭɩɚɹ ɥɢɲɶ ɤɢɫɥɨɪɨɞɭ, ɤɪɟɦɧɢɸ ɢ ɚɥɸɦɢɧɢɸ, ɚɬɨɦɨɜ ɤɨɛɚɥɶɬɚ ɢ ɧɢɤɟɥɹ ɜ 

ɡɟɦɧɨɣ ɤɨɪɟ ɩɪɢɦɟɪɧɨ ɧɚ 3 ɩɨɪɹɞɤɚ ɦɟɧɶɲɟ, ɚ ɩɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ ɹɜɥɹɸɬɫɹ 

ɪɟɞɤɢɦɢ. ȼ ɡɟɦɧɨɣ ɤɨɪɟ ɠɟɥɟɡɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɝɟɦɚɬɢɬɨɦ 

Fe2O3 (ɤɪɚɫɧɵɣ ɠɟɥɟɡɧɹɤ), ɦɚɝɧɟɬɢɬɨɦ Fe3O4 (ɦɚɝɧɢɬɧɵɣ ɠɟɥɟɡɧɹɤ), ɥɢɦɨɧɢɬɨɦ 

Fe2O3xH2O (ɛɭɪɵɣ ɠɟɥɟɡɧɹɤ), ɫɢɞɟɪɢɬɨɦ FeCO3 (ɠɟɥɟɡɧɵɣ ɲɩɚɬ, ɲɩɚɬɨɜɵɣ 

ɠɟɥɟɡɧɹɤ), ɢɥɶɦɟɧɢɬɨɦ FeTiO3 ɢ ɫɟɪɨɫɨɞɟɪɠɚɳɢɦ ɦɢɧɟɪɚɥɨɦ ɩɢɪɢɬɨɦ FeS2 

(ɠɟɥɟɡɧɵɣ ɤɨɥɱɟɞɚɧ). Ɂɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɟɡɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 

ɪɚɡɥɢɱɧɵɯ ɫɢɥɢɤɚɬɨɜ ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɝɨɪɧɵɟ ɩɨɪɨɞɵ. ɉɪɢ 

ɢɯ ɜɵɜɟɬɪɢɜɚɧɢɢ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɤɫɢɞ ɢ ɨɤɫɨɝɢɞɪɨɤɫɢɞ 

ɠɟɥɟɡɚ(III), ɩɨɩɚɞɚɸɬ ɜ ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ, ɝɥɢɧɵ ɢ ɩɨɱɜɭ, ɩɪɢɞɚɜɚɹ ɢɦ ɠɟɥɬɨ-

ɤɨɪɢɱɧɟɜɵɣ, ɡɟɦɥɢɫɬɵɣ ɰɜɟɬ. ȼ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ ɧɚ ɡɟɦɥɟ ɜɫɬɪɟɱɚɟɬɫɹ ɠɟɥɟɡɨ 

ɦɟɬɟɨɪɢɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɱɚɫɬɨ ɜ ɜɢɞɟ ɫɩɥɚɜɚ ɫ ɧɢɤɟɥɟɦ. ɂɡɜɟɫɬɧɨ ɢ 

ɫɚɦɨɪɨɞɧɨɟ ɠɟɥɟɡɨ ɜ ɜɢɞɟ ɱɟɲɭɟɤ ɢɥɢ ɦɟɥɤɢɯ ɥɢɫɬɨɱɤɨɜ, ɜɤɪɚɩɥɟɧɧɵɯ ɜ 

ɛɚɡɚɥɶɬɵ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɠɟɥɟɡɨ  ɫ ɩɪɢɦɟɫɶɸ ɧɢɤɟɥɹ ɢ ɫɟɪɵ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɱɚɫɬɶɸ ɡɟɦɧɨɝɨ ɹɞɪɚ.  

Ʉɨɛɚɥɶɬ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɩɪɢɪɨɞɟ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜ ɜɢɞɟ ɫɨɟɞɢɧɟɧɢɣ ɫ 

ɦɵɲɶɹɤɨɦ, ɫɦɚɥɶɬɢɬɚ CoAs2 (ɤɨɛɚɥɶɬɨɜɨɝɨ ɲɩɟɣɫɚ) ɢ ɤɨɛɚɥɶɬɢɬɚ CoAsS 

(ɤɨɛɚɥɶɬɨɜɨɝɨ ɛɥɟɫɤɚ), ɨɞɧɚɤɨ ɷɬɢ ɦɢɧɟɪɚɥɵ ɫɥɢɲɤɨɦ ɪɟɞɤɢ ɢ ɧɟ ɨɛɪɚɡɭɸɬ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. Ɍɚɤɠɟ ɨɧ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɧɵɯ 

ɦɟɞɧɨ-ɤɨɛɚɥɶɬɨɜɨ-ɧɢɤɟɥɟɜɵɯ ɢ ɦɟɞɧɨ-ɤɨɛɚɥɶɬɨɜɵɯ ɫɭɥɶɮɢɞɧɵɯ ɪɭɞ, ɜ 

ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɫɨɞɟɪɠɢɬɫɹ ɜ ɝɥɢɧɚɯ ɢ ɫɥɚɧɰɚɯ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɚɥɢɫɶ 

ɜ ɭɫɥɨɜɢɹɯ ɧɟɞɨɫɬɚɬɤɚ ɤɢɫɥɨɪɨɞɚ.  



ɇɢɤɟɥɶ, ɩɨɞɨɛɧɨ ɤɨɛɚɥɶɬɭ, ɬɹɝɨɬɟɟɬ ɧɟ ɤ ɤɢɫɥɨɪɨɞɭ, ɚ ɤ ɦɵɲɶɹɤɭ ɢ ɫɟɪɟ 

(ɦɢɧɟɪɚɥ ɦɢɥɥɟɪɢɬ NiS), ɩɪɢɱɟɦ ɢɡ-ɡɚ ɛɥɢɡɨɫɬɢ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ ɨɧ ɱɚɫɬɨ 

ɡɚɦɟɳɚɟɬ ɤɨɛɚɥɶɬ, ɠɟɥɟɡɨ, ɢ ɦɟɞɶ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɛɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɢɤɟɥɹ 

ɜ ɥɢɬɨɫɮɟɪɟ ɫɜɹɡɚɧɵ ɜ ɩɨɥɢɫɭɥɶɮɢɞɧɵɟ ɦɟɞɧɨ-ɧɢɤɟɥɟɜɵɟ ɪɭɞɵ, ɫɨɞɟɪɠɚɳɢɟ 

ɩɟɧɬɥɚɧɞɢɬ (Fe, Ni)9S8 ɢ ɯɥɨɚɧɬɢɬ NiAs2. Ⱦɪɭɝɢɦ ɜɚɠɧɵɦ ɧɢɤɟɥɟɜɵɦ ɫɵɪɶɟɦ 

ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɫɢɥɢɤɚɬɵ (ɫɟɪɩɟɧɬɢɧɨɜɵɟ ɩɨɪɨɞɵ). ȼ ɧɟɛɨɥɶɲɢɯ 

ɤɨɥɢɱɟɫɬɜɚɯ ɫɨɟɞɢɧɟɧɢɹ ɧɢɤɟɥɹ ɫɨɞɟɪɠɚɬɫɹ ɜ ɢɫɤɨɩɚɟɦɵɯ ɭɝɥɹɯ, ɫɥɚɧɰɚɯ, 

ɧɟɮɬɢ. 

ɉɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ ɪɟɞɤɨ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɪɢɪɨɞɟ. ȼ ɡɟɦɧɨɣ ɤɨɪɟ 

ɫɨɞɟɪɠɢɬɫɹ ɨɤɨɥɨ 10-5% ɩɥɚɬɢɧɵ ɢ ɪɭɬɟɧɢɹ, 210
-6% ɨɫɦɢɹ ɢ ɪɨɞɢɹ, 810

-6
% 

ɩɚɥɥɚɞɢɹ ɢ 10-6% ɢɪɢɞɢɹ. ȼɫɟ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɢɪɨɞɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ 

ɫɚɦɨɪɨɞɧɨɦ ɜɢɞɟ: ɜ ɮɨɪɦɟ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɫɩɥɚɜɨɜ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɞɪɭɝɢɦɢ 

ɛɥɚɝɨɞɨɪɨɞɧɵɦɢ ɦɟɬɚɥɥɚɦɢ. ȼ ɨɱɟɧɶ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɨɧɢ ɜɯɨɞɹɬ ɜ 

ɫɨɫɬɚɜ ɧɟɤɨɬɨɪɵɯ ɩɨɥɢɫɭɥɶɮɢɞɧɵɯ ɪɭɞ, ɤɪɚɣɧɟ ɪɟɞɤɢ ɧɚɯɨɞɤɢ ɢɯ ɫɨɛɫɬɜɟɧɧɵɯ 

ɫɭɥɶɮɢɞɧɵɯ ɦɢɧɟɪɚɥɨɜ, ɧɚɩɪɢɦɟɪ, ɥɚɭɪɢɬɚ RuS2, ɤɭɩɟɪɢɬɚ PtS. ɋɪɟɞɧɟɟ 

ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɜ ɭɪɚɥɶɫɤɢɯ ɫɭɥɶɮɢɞɧɵɯ ɪɭɞɚɯ 

ɫɨɫɬɚɜɥɹɟɬ 2 – 5 ɝɪɚɦɦɨɜ ɧɚ ɬɨɧɧɭ.  

2. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ 

2. 1Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ɀɟɥɟɡɨ – ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɵɣ, ɤɨɜɤɢɣ ɢ ɩɥɚɫɬɢɱɧɵɣ ɬɭɝɨɩɥɚɜɤɢɣ ɦɟɬɚɥɥ, 

ɫɭɳɟɫɬɜɭɸɳɢɣ ɜ ɮɨɪɦɟ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ. ɇɢɠɟ 917 °C 

ɭɫɬɨɣɱɢɜɚ ɫɬɪɭɤɬɭɪɚ ɫ ɨɛɴɟɦɧɨ-ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (α-

Fe), ɨɧɚ ɨɛɥɚɞɚɟɬ ɮɟɪɪɨɦɚɝɧɟɬɢɡɦɨɦ. ɉɪɢ 769 °C ɞɨɦɟɧɧɚɹ ɫɬɪɭɤɬɪɚ 

ɪɚɡɪɭɲɚɟɬɫɹ, ɮɟɪɪɨɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɢɫɱɟɡɚɸɬ, ɢ ɠɟɥɟɡɨ ɫɬɚɧɨɜɢɬɫɹ 

ɩɚɪɚɦɚɝɧɟɬɢɤɨɦ (ȕ-Fe). Эɬɨɬ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɥɢɲɶ 

ɧɟɛɨɥɶɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɪɟɡɤɢɦ 

ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɪɭɪɵ ɩɪɢ ɷɬɨɦ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. Ⱦɚɥɶɧɟɣɲɟɟ ɧɚɝɪɟɜɚɧɢɟ ɞɨ 917 °C 

ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ (Ȗ-Fe) ɫ ɤɭɛɢɱɟɫɤɨɣ 



ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɨɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ α-Fe, ɨɧɨ ɫɩɨɫɨɛɧɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɥɭɱɲɟ ɪɚɫɬɜɨɪɹɬɶ ɭɝɥɟɪɨɞ – ɞɨ 2 % ɩɨ ɦɚɫɫɟ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ 

ɨɞɧɨɪɨɞɧɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɜɧɟɞɪɟɧɢɹ ɧɚɡɵɜɚɸɬ ɚɭɫɬɟɧɢɬɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɮɟɪɪɢɬɚ – ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɭɝɥɟɪɨɞɚ ɜ α-ɠɟɥɟɡɟ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɤɨɬɨɪɨɝɨ ɞɨɫɬɢɝɚɟɬ 0,14 %. ɉɪɢ 1400 °C ɠɟɥɟɡɨ ɜɧɨɜɶ ɩɪɢɨɛɪɟɬɚɟɬ ɤɭɛɢɱɟɫɤɭɸ 

ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɪɟɲɟɬɤɭ, ɩɟɪɟɯɨɞɹ ɜ ɧɨɜɭɸ ɩɨɥɢɦɨɪɮɧɭɸ 

ɦɨɞɢɮɢɤɚɰɢɸ (δ-Fe), ɤɨɬɨɪɚɹ ɫɨɯɪɚɧɹɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ.  

δ-ɀɟɥɟɡɨ ɫɥɚɛɨ ɪɚɫɬɜɨɪɹɟɬ ɭɝɥɟɪɨɞ, ɩɨɞɨɛɧɨ α-ɠɟɥɟɡɭ, ɨɛɪɚɡɭɹ ɬɜɟɪɞɵɣ 

ɪɚɫɬɜɨɪ (δ-ɮɟɪɪɢɬ). Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɭɝɥɟɪɨɞɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɚɡɵɜɚɟɬɫɹ 

ɧɚɢɛɨɥɶɲɟɣ ɜ ɚɭɫɬɟɧɢɬɟ (Ȗ-Fe).  

ɋɢɫɬɟɦɚ ɠɟɥɟɡɨ-ɭɝɥɟɪɨɞ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɱɭɝɭɧɨɜ ɢ ɫɬɚɥɟɣ. 

ɉɨɦɢɦɨ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɨɧɚ ɫɨɞɟɪɠɢɬ ɤɚɪɛɢɞ ɠɟɥɟɡɚ – ɰɟɦɟɧɬɢɬ Fe3C. 

ɑɭɝɭɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɥɚɜ ɠɟɥɟɡɚ ɫ ɭɝɥɟɪɨɞɨɦ (ɨɬ 2 ɞɨ 6 % ɋ), 

ɫɨɞɟɪɠɚɳɢɣ ɭɝɥɟɪɨɞ ɜ ɜɢɞɟ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɤɪɢɫɬɚɥɥɵ ɝɪɚɮɢɬɚ ɢ 

ɰɟɦɟɧɬɢɬɚ. ɋɬɚɥɶ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɱɭɝɭɧɚ, ɫɨɞɟɪɠɢɬ ɭɝɥɟɪɨɞ (ɨɬ 0.5 ɞɨ 2 % ɋ), 

ɬɨɥɶɤɨ ɜ ɜɢɞɟ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ɋɬɚɥɶ ɬɜɟɪɠɟ ɠɟɥɟɡɚ, ɬɪɭɞɧɟɟ ɝɧɟɬɫɹ, ɛɨɥɟɟ 

ɭɩɪɭɝɚ, ɥɟɝɱɟ ɥɨɦɚɟɬɫɹ, ɯɨɬɹ ɢ ɧɟ ɬɚɤ ɯɪɭɩɤɚ, ɤɚɤ ɱɭɝɭɧ. ɑɟɦ ɛɨɥɶɲɟ ɜ ɧɟɣ 

ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ, ɬɟɦ ɨɧɚ ɬɜɟɪɠɟ. 

ɋɬɚɥɶ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɚɭɫɬɟɧɢɬɚ. ȼ ɪɚɫɩɥɚɜɚɯ, ɫɨɞɟɪɠɚɳɢɯ 

ɛɨɥɟɟ 1,75 % ɋ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɞɨ 1150 ɨɋ, ɤɪɨɦɟ ɬɜɟɪɞɨɝɨ ɚɭɫɬɟɧɢɬɚ, 

ɨɫɬɚɟɬɫɹ ɠɢɞɤɚɹ ɷɜɬɟɤɬɢɤɚ. ɉɪɢ ɡɚɫɬɵɜɚɧɢɢ  ɨɧɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɦɟɥɤɢɟ 

ɤɪɢɫɬɚɥɥɵ, ɡɚɩɨɥɧɹɸɳɢɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɚɦɢ ɚɭɫɬɟɧɢɬɚ. 

ɉɨɥɭɱɚɸɳɢɟɫɹ ɬɜɟɪɞɵɟ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɭɝɭɧ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɫɥɨɜɢɣ ɷɜɬɟɤɬɢɤɚ ɦɨɠɟɬ ɤɪɢɫɬɚɥɥɢɡɨɜɚɬɶɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. ɉɪɢ ɛɵɫɬɪɨɦ 

ɨɯɥɚɠɞɟɧɢɢ ɡɚɬɜɟɪɞɟɜɲɚɹ ɷɤɬɟɤɬɢɤɚ ɫɨɫɬɨɢɬ ɢɡ ɤɪɢɫɬɚɥɥɨɜ ɚɭɫɬɟɧɢɬɚ ɢ 

ɧɟɭɫɬɨɣɱɢɜɵɯ ɤɪɢɫɬɚɥɥɨɜ Fe3C, ɧɚɡɵɜɚɟɦɵɯ ɰɟɦɟɧɬɢɬɨɦ. ɉɪɢ ɦɟɞɥɟɧɧɨɦ ɠɟ 

ɨɯɥɚɠɞɟɧɢɢ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɤɪɢɫɬɚɥɥɨɜ ɚɭɫɬɟɧɢɬɚ ɢ ɭɫɬɨɣɱɢɜɨɝɨ ɝɪɚɮɢɬɚ. 

ɑɭɝɭɧ, ɫɨɞɟɪɠɚɳɢɣ ɰɟɦɟɧɬɢɬ, ɧɚɡɵɜɚɸɬ ɛɟɥɵɦ, ɚ ɫɨɞɟɪɠɚɳɢɣ ɝɪɚɮɢɬ – ɫɟɪɵɦ. 



Ɂɚɬɜɟɪɞɟɜɲɚɹ ɷɜɬɟɤɬɢɤɚ ɢɡ ɚɭɫɬɟɧɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ ɧɚɡɵɜɚɟɬɫɹ ɥɟɞɟɛɭɪɢɬɨɦ, 

ɩɪɢɱɟɦ ɢɡ ɪɚɫɩɥɚɜɚ, ɫɨɞɟɪɠɚɳɟɝɨ 4,3 % ɋ, ɜɵɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɥɟɞɟɛɭɪɢɬ. 

ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɚɭɫɬɟɧɢɬɚ ɧɢɠɟ 1150 ɨɋ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. ɂɡ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɟɧɟɟ 0,9 ɦɚɫɫ. % ɋ, ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜɵɞɟɥɹɟɬɫɹ ɮɟɪɪɢɬ α- Fe, ɚ ɢɡ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɛɨɥɟɟ 0,9 

ɦɚɫɫ. % C, ɩɟɪɜɢɱɧɨ ɜɵɞɟɥɹɟɬɫɹ ɰɟɦɟɧɬɢɬ. ȼ ɬɨɱɤɟ ɷɜɬɟɤɬɢɤɢ ɩɪɨɢɫɯɨɞɢɬ 

ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɮɟɪɪɢɬɚ ɢ ɰɟɦɟɧɬɢɬɚ ɜ ɜɢɞɟ ɬɨɧɤɨɣ 

ɫɦɟɫɢ, ɧɚɡɵɜɚɟɦɨɣ ɩɟɪɥɢɬɨɦ. Ɋɚɫɩɥɚɜ, ɫɨɞɟɪɠɚɳɢɣ 0,9 % ɋ, ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶ ɱɢɫɬɵɣ ɩɟɪɥɢɬ, ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɜɵɞɟɥɢɜɲɢɟɫɹ ɪɚɧɟɟ ɤɪɭɩɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɮɟɪɪɢɬɚ ɢɥɢ ɰɟɦɟɧɬɢɬɚ. 

Ɋɟɝɭɥɢɪɭɹ ɫɨɫɬɚɜ ɢɫɯɨɞɧɨɝɨ ɪɚɫɩɥɚɜɚ, ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɢ ɜɪɟɦɹ 

ɧɚɝɪɟɜɚɧɢɹ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɨ ɞɢɚɝɪɚɦɦɟ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɫɩɥɚɜɵ ɫ ɪɚɡɧɵɦɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ, ɫɨɫɬɚɜɨɦ, ɨɪɢɟɧɬɚɰɢɟɣ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɜ 

ɤɪɢɫɬɚɥɥɚɯ. ɉɪɢ ɡɚɤɚɥɤɟ ɫɨɡɞɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɨɯɪɚɧɹɟɬɫɹ, ɯɨɬɹ ɨɤɚɡɵɜɚɟɬɫɹ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɭɫɬɨɣɱɢɜɨɣ. Эɬɨ ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɫɨɪɬɨɜ ɫɬɚɥɟɣ.  

 Ʉɨɛɚɥɶɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɪɨɜɚɬɨ-ɛɟɥɵɣ ɦɟɬɚɥɥ, ɤɨɜɤɢɣ ɢ ɬɹɝɭɱɢɣ. 

ɉɨ ɬɜɟɪɞɨɫɬɢ ɨɧ ɩɪɟɜɨɫɯɨɞɢɬ ɫɬɚɥɶ ɢ ɬɪɭɞɧɟɟ ɩɨɞɞɚɟɬɫɹ ɩɥɚɫɬɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɟ. ɇɢɠɟ 427 °C ɭɫɬɨɣɱɢɜɚ ɝɟɤɫɚɝɨɧɚɥɶɧɚɹ α-ɦɨɞɢɮɢɤɚɰɢɹ, ɤɨɬɨɪɚɹ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɩɟɪɟɯɨɞɢɬ ɜ ɤɭɛɢɱɟɫɤɭɸ ɫ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɹɱɟɣɤɨɣ (ȕ-Co).  

 ɉɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɢ ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɧɢɤɟɥɶ ɧɚɩɨɦɢɧɚɟɬ ɤɨɛɚɥɶɬ. 

Ɉɧ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɤɭɛɢɱɟɫɤɨɣ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɹɱɟɣɤɟ, ɯɨɬɹ ɧɟɤɨɬɨɪɵɟ 

ɩɪɢɦɟɫɢ ɫɩɨɨɫɛɧɵ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɦɟɬɚɫɬɚɛɢɥɶɧɭɸ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ 

ɫɬɪɭɤɬɭɪɭ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɠɟɥɟɡɚ ɢ ɤɨɛɚɥɶɬɚ, ɨɧ ɯɭɠɟ ɧɚɦɚɝɧɢɱɢɜɚɟɬɫɹ ɢ ɬɟɪɹɟɬ 

ɮɟɪɪɨɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (358 °C).  

ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɫɬɶ ɠɟɥɟɡɭ, ɤɨɛɚɥɶɬɭ ɢ ɧɢɤɟɥɸ, ɩɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ 

ɨɱɟɧɶ ɬɭɝɨɩɥɚɜɤɢ. Ɇɟɬɚɥɥɵ ɜɨɫɶɦɨɣ ɢ ɞɟɜɹɬɨɣ ɝɪɭɩɩ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɬɜɟɪɞɵɟ ɯɪɭɩɤɢɟ ɫɟɪɨɜɚɬɨ-ɛɟɥɵɟ ɜɟɳɟɫɬɜɚ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɧɚɢɛɨɥɶɲɟɣ 

ɬɜɟɪɞɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɨɫɦɢɣ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɢɦɢ ɩɥɚɬɢɧɚ ɢ ɩɚɥɥɚɞɢɣ ɦɹɝɤɢɟ: 



ɨɧɢ ɥɟɝɤɨ ɤɭɸɬɫɹ ɢ ɜɵɬɹɝɢɜɚɸɬɫɹ ɜ ɩɪɨɜɨɥɨɤɭ. ɉɨ ɰɜɟɬɭ ɩɥɚɬɢɧɚ ɨɬɞɚɥɟɧɧɨ 

ɧɚɩɨɦɢɧɚɟɬ ɫɟɪɟɛɪɨ, ɧɟɞɚɪɨɦ ɧɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ ɜ ɩɟɪɟɜɨɞɟ ɫ ɢɫɩɚɧɫɤɨɝɨ 

ɨɡɧɚɱɚɟɬ «ɫɟɪɟɛɪɢɲɤɨ». ɑɟɪɟɡ ɪɚɫɤɚɥɟɧɧɭɸ ɩɥɚɬɢɧɭ ɢ ɩɚɥɥɚɞɢɣ ɜɨɞɨɪɨɞ 

ɛɵɫɬɪɨ ɞɢɮɮɭɧɞɢɪɭɟɬ. Ɉɛɚ ɦɟɬɚɥɥɚ ɫɩɨɫɨɛɧɵ ɩɨɝɥɨɳɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ 

ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɨɪɨɞɚ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɝɚɡɨɜ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɚɤ, ɨɞɢɧ ɨɛɴɟɦ ɝɭɛɱɚɬɨɝɨ ɩɚɥɥɚɞɢɹ ɭɞɟɪɠɢɜɚɟɬ ɞɨ 900 ɨɛɴɟɦɨɜ 

ɜɨɞɨɪɨɞɚ, ɩɪɢ ɷɬɨɦ ɩɚɪɚɦɟɬɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜɨɡɪɚɫɬɚɸɬ ɛɨɥɟɟ ɱɟɦ 

ɧɚ 5%. ȼɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ d-ɨɪɛɢɬɚɥɹɦɢ ɦɟɬɚɥɥɚ, ɦɨɥɟɤɭɥɵ ɜɨɞɨɪɨɞɚ 

ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ ɚɬɨɦɵ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɵɫɨɤɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɦɟɬɚɥɥɨɜ 10 ɝɪɭɩɩɵ ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɢɪɨɜɚɧɢɹ/ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ. ɇɚɢɛɨɥɶɲɟɣ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɣ ɦɟɬɚɥɥ, ɧɚɩɪɢɦɟɪ, 

ɝɭɛɱɚɬɚɹ ɩɥɚɬɢɧɚ, ɩɨɥɭɱɚɟɦɚɹ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ(IV) 

ɚɦɦɨɧɢɹ (NH4)2PtCl6. 

 

2.2. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ  

 ɀɟɥɟɡɨ, ɤɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɩɨ ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɪɟɡɤɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 

ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ. ȼ ɪɹɞɭ ɧɚɩɪɹɠɟɧɢɣ ɨɧɢ ɪɚɫɩɨɥɨɠɟɧɵ ɩɪɚɜɟɟ ɜɨɞɨɪɨɞɚ, 

ɩɪɢɱɟɦ, ɢɯ ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɭɛɵɜɚɟɬ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɩɟɪɢɨɞɭ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɟɣɫɬɜɭɸɬ 

ɫɨɝɥɚɫɨɜɚɧɧɨ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɜɵɫɨɤɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɠɟɥɟɡɚ ɧɟ 

ɬɨɥɶɤɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɬɢɧɨɜɵɦɢ ɦɟɬɚɥɥɚɦɢ, ɧɨ ɢ ɜ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɫ 

ɤɨɛɚɥɶɬɨɦ ɢ ɧɢɤɟɥɟɦ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɤɨɦɩɚɤɬɧɨɦ ɜɢɞɟ ɨɧɨ ɧɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɧɢ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɧɢ ɫ ɜɨɞɨɣ, ɨɞɧɚɤɨ ɜɨ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ 

ɦɟɞɥɟɧɧɨ ɪɠɚɜɟɟɬ, ɩɨɤɪɵɜɚɹɫɶ ɤɨɪɢɱɧɟɜɨɣ ɤɨɪɤɨɣ ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ 

(«ɪɠɚɜɱɢɧɵ») 

 

 Ɋɟɚɤɰɢɹ ɫ ɩɟɪɟɝɪɟɬɵɦ ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɠɟɥɟɡɧɨɣ 

ɨɤɚɥɢɧɵ Fe3O4. Эɬɢɦ ɫɩɨɫɨɛɨɦ ɪɚɧɶɲɟ ɩɨɥɭɱɚɥɢ ɜɨɞɨɪɨɞ, ɢɫɩɨɥɶɡɭɹ ɜ ɤɚɱɟɫɬɜɟ 



ɫɵɪɶɹ ɠɟɥɟɡɧɵɣ ɥɨɦ. ɀɟɥɟɡɨ ɥɟɝɤɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ ɤɢɫɥɨɬɚɯ – 

ɧɟɨɤɢɫɥɢɬɟɥɹɯ: 

Fe + 2HCl = FeCl2 + H2. 

Ɉɱɟɧɶ ɪɚɡɛɚɜɥɟɧɧɭɸ (1 – 3%) ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ ɧɚ ɯɨɥɨɞɟ ɠɟɥɟɡɨ ɦɟɞɥɟɧɧɨ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɞɨ ɧɢɬɪɚɬɚ ɚɦɦɨɧɢɹ. ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɚɬɦɨɫɮɟɪɚ, 

ɨɛɟɫɩɟɱɢɜɚɟɦɚɹ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢɥɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɨɧɨɜ ɚɦɦɨɧɢɹ, 

ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɠɟɥɟɡɨ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2: 

4Fe + 10HNO3 (1%) = 4Fe(NO3)2 + NH4NO3 + 3H2O 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɪɚɫɬɜɨɪɚɯ ɚɡɨɬɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ ɫɪɟɞɧɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɠɟɥɟɡɨ ɨɤɢɫɥɹɟɬɫɹ ɞɨ ɫɨɥɟɣ ɠɟɥɟɡɚ(III): 

10Fe + 36HNO3(ɪɚɡɛ) = 10Fe(NO3)3 + 3N2 + 18H2O  

ɏɨɥɨɞɧɵɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɪɚɫɬɜɨɪɵ ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ – ɫɟɪɧɨɣ ɢ 

ɚɡɨɬɧɨɣ, ɚ ɬɚɤɠɟ ɯɪɨɦɨɜɚɹ ɫɦɟɫɶ, ɩɚɫɫɢɜɢɪɭɸɬ ɦɟɬɚɥɥ.  

 ɀɟɥɟɡɨ ɭɫɬɨɣɱɢɜɨ ɤ ɞɟɣɫɬɜɢɸ ɞɚɠɟ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɳɟɥɨɱɟɣ, ɨɞɧɚɤɨ ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɩɨɪɨɲɤɚ ɦɟɬɚɥɥɚ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɳɟɥɨɱɢ ɜ 

ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɨɛɪɚɡɭɸɬɫɹ ɫɢɧɢɟ ɪɚɫɬɜɨɪɵ, ɢɡ ɤɨɬɨɪɵɯ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ 

ɬɟɬɪɚɝɢɞɪɨɤɫɨɮɟɪɪɚɬɵ(II): 

Fe + 2NaOH + 2H2O = Na2[Fe(OH)4] + H2. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɠɟɥɟɡɨ ɚɤɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫɨ ɦɧɨɝɢɦɢ 

ɧɟɦɟɬɚɥɥɚɦɢ. ȼ ɤɢɫɥɨɪɨɞɟ ɨɧɨ ɫɝɨɪɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɠɟɥɟɡɧɨɣ ɨɤɚɥɢɧɵ 

Fe3O4, ɫ ɯɥɨɪɨɦ ɞɚɟɬ ɯɥɨɪɢɞ FeCl3, ɫ ɫɟɪɨɣ – ɫɭɥɶɮɢɞ FeS, ɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ 

ɞɚɜɥɟɧɢɢ – ɩɢɪɢɬ FeS2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɟɥɟɡɚ ɫ ɛɪɨɦɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɬɪɢɛɪɨɦɢɞɚ FeBr3 ɩɪɨɜɨɞɹɬ ɩɪɢ 200 °C, ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɡɵɜɚɟɬ 

ɱɚɫɬɢɱɧɭɸ ɬɟɪɦɢɱɟɫɤɭɸ ɞɢɫɫɨɰɢɸ ɩɪɨɞɭɤɬɚ ɞɨ ɛɪɨɦɢɞɚ ɠɟɥɟɡɚ(II). ɂɨɞɢɞ 

ɠɟɥɟɡɚ(III) ɩɪɹɦɵɦ ɫɢɧɬɟɡɨɦ ɩɨɥɭɱɢɬɶ ɧɟ ɭɞɚɟɬɫɹ, ɪɟɚɤɰɢɹ ɩɪɢɜɨɞɢɬ ɤ FeI2, ɚ 

ɩɪɢ ɢɡɛɵɬɤɟ ɢɨɞɚ – ɤ ɫɦɟɲɚɧɧɨɦɭ ɢɨɞɢɞɭ ɠɟɥɟɡɚ(II, III) Fe3I8.  

 ȼ ɨɬɥɢɱɢɟ ɨɬ ɠɟɥɟɡɚ, ɤɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɤɨɪɪɨɡɢɢ ɞɚɠɟ ɩɪɢ 

ɯɪɚɧɟɧɢɢ ɧɚ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɫɬɪɭɠɤɚ ɦɟɬɚɥɥɨɜ 

ɫɧɚɱɚɥɚ ɦɟɞɥɟɧɧɨ ɨɤɢɫɥɹɟɬɫɹ, ɚ ɩɪɢɦɟɪɧɨ ɩɪɢ 1000 °C ɫɝɨɪɚɟɬ, ɨɛɪɚɡɭɹ ɨɤɫɢɞɵ 



– NiO ɢ Co3O4. ɉɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɚ ɦɟɬɚɥɥɚ ɥɟɝɤɨ ɫɨɟɞɢɧɹɸɬɫɹ ɫ 

ɫɟɪɨɣ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɫɭɥɶɮɢɞɵ CoS, NiS, ɪɟɚɝɢɪɭɸɬ ɫ ɤɪɟɦɧɢɟɦ, ɮɨɫɮɨɪɨɦ, 

ɭɝɥɟɪɨɞɨɦ.  

ȼ ɤɢɫɥɨɬɚɯ ɤɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɪɚɫɬɜɨɪɢɦɵ ɡɧɚɱɢɬɟɥɶɧɟɟ ɬɪɭɞɧɟɟ ɠɟɥɟɡɚ: 

ɪɟɚɤɰɢɹ ɨɛɨɢɯ ɦɟɬɚɥɥɨɜ ɫ ɫɨɥɹɧɨɣ ɢ ɪɚɡɛɚɜɥɟɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɚɦɢ ɩɪɨɬɟɤɚɟɬ 

ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɥɟɣ ɞɜɭɯɡɚɪɹɞɧɵɯ ɤɚɬɢɨɧɨɜ. 

ɉɪɨɳɟ ɜɫɟɝɨ ɢɯ ɩɟɪɟɜɟɫɬɢ ɜ ɪɚɫɬɜɨɪɢɦɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɡɜɟɞɟɧɧɨɣ ɚɡɨɬɧɨɣ 

ɤɢɫɥɨɬɨɣ: 

3Ni + 8HNO3(30 %) = 3Ni(NO3)2 + 2NO + 4H2O 

ɢɥɢ ɝɨɪɹɱɟɣ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ. Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɚɡɨɬɧɚɹ 

ɤɢɫɥɨɬɚ ɩɚɫɫɢɜɢɪɭɟɬ ɨɛɚ ɦɟɬɚɥɥɚ. ɓɟɥɨɱɢ ɫ ɧɢɦɢ ɧɟ ɪɟɚɝɢɪɭɸɬ. 

 ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥɥɚɦɢ ɬɪɢɚɞɵ ɠɟɥɟɡɚ ɩɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɢɡɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ȼɫɟ ɨɧɢ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɪɭɬɟɧɢɹ ɢ ɨɫɦɢɹ ɭɫɬɨɣɱɢɜɵ ɤ ɞɟɣɫɬɜɢɸ ɤɢɫɥɨɪɨɞɚ. ɉɨɪɨɲɨɤ ɨɫɦɢɹ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɫɝɨɪɚɟɬ, ɨɛɪɚɡɭɹ ɥɟɬɭɱɢɣ ɬɟɬɪɚɨɤɫɢɞ OsO4, ɪɭɬɟɧɢɣ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ 

ɧɚɝɪɟɜɚɧɢɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɨɤɪɵɜɚɟɬɫɹ ɫɥɨɟɦ ɞɢɨɤɫɢɞɚ RuO2. Ɏɬɨɪ 

ɩɟɪɟɜɨɞɢɬ ɢɯ ɜ ɝɟɤɫɚɮɬɨɪɢɞɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɦɟɧɧɨ ɷɬɢ ɩɥɚɬɢɧɨɢɞɵ 

ɨɤɚɡɵɜɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɤ ɞɟɣɫɬɜɢɸ ɤɢɫɥɨɬ, ɜɤɥɸɱɚɹ ɰɚɪɫɤɭɸ 

ɜɨɞɤɭ.  

Ɋɨɞɢɣ ɢ ɢɪɢɞɢɣ ɥɢɲɶ ɫ ɬɪɭɞɨɦ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ, ɯɨɬɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɣ ɪɨɞɢɣ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɜɟɞɟɧ ɜ 

ɪɚɫɬɜɨɪ ɞɥɢɬɟɥɶɧɵɦ ɤɢɩɹɱɟɧɢɟɦ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ. Ⱦɥɹ 

ɨɤɢɫɥɟɧɢɹ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ 8 ɢ 9 ɝɪɭɩɩ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɳɟɥɨɱɧɨɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɫɩɥɚɜɥɟɧɢɟ ɫ ɧɢɬɪɚɬɚɦɢ ɢɥɢ ɯɥɨɪɚɬɚɦɢ: 

5Ru + 6NaNO3 + 4NaOH = 5Na2RuO4 + 3N2 + 2H2O. 

Ⱦɥɹ ɨɤɢɫɥɟɧɢɹ ɩɚɥɥɚɞɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ: 

Pd + 4HNO3 = Pd(NO3)2 + 2NO2 + 2H2O 

ɉɥɚɬɢɧɭ ɩɟɪɟɜɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɞɟɣɫɬɜɢɟɦ ɰɚɪɫɤɨɣ ɜɨɞɤɢ ɢɥɢ ɨɤɢɫɥɟɧɢɟɦ 

ɯɥɨɪɨɦ ɜ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɪɟɞɟ: 



3Pt + 4HNO3 + 18HCl = 3H2[PtCl6] + 4NO + 8H2O 

Ɍɚɤɠɟ ɩɥɚɬɢɧɚ ɧɟɭɫɬɨɣɱɢɜɚ ɤ ɞɟɣɫɬɜɢɸ ɨɤɢɫɥɢɬɟɥɟɣ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ. 

ɇɚɩɪɢɦɟɪ, ɩɥɚɬɢɧɨɜɵɣ ɬɢɝɟɥɶ ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɜ ɧɟɦ ɤɚɥɢɣɧɨɣ 

ɫɟɥɢɬɪɵ, ɧɚɝɪɟɜɚɧɢɢ ɩɟɪɨɤɫɢɞɚ ɤɚɥɢɹ. ɇɟ ɫɥɟɞɭɟɬ ɩɥɚɜɢɬɶ ɜ ɩɥɚɬɢɧɨɜɨɣ ɩɨɫɭɞɟ 

ɬɚɤɠɟ ɫɭɪɶɦɭ ɢ ɫɜɢɧɟɰ, ɬɚɤ ɤɚɤ ɩɥɚɬɢɧɚ ɨɛɪɚɡɭɟɬ ɫ ɧɢɦɢ ɥɟɝɤɨɩɥɚɜɤɢɟ ɫɩɥɚɜɵ. 

ɏɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɢɯ 

ɞɢɫɩɟɪɫɧɨɫɬɢ, ɧɨ ɢ ɨɬ ɫɬɟɩɟɧɢ ɱɢɫɬɨɬɵ. Ɍɚɤ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɱɢɫɬɨɝɨ ɪɭɬɟɧɢɹ ɟɝɨ 

ɫɥɩɚɜ ɫ ɩɥɚɬɢɧɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɜɟɞɟɧ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ 

ɝɟɤɫɚɯɥɨɪɨɦɟɬɚɥɥɚɬɨɜ(IV). 

 2.3. ɉɨɥɭɱɟɧɢɟ 

ɉɪɨɦɵɲɥɟɧɧɨɟ ɩɨɥɭɱɟɧɢɟ ɠɟɥɟɡɚ ɨɫɧɨɜɚɧɨ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɠɟɥɟɡɧɨɣ 

ɪɭɞɵ ɤɨɤɫɨɦ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɹɬ ɜ ɞɨɦɟɧɧɵɯ ɩɟɱɚɯ, ɩɪɢ ɷɬɨɦ ɪɚɫɩɥɚɜɥɟɧɧɨɟ 

ɠɟɥɟɡɨ ɨɬɱɚɫɬɢ ɪɟɚɝɢɪɭɟɬ ɫ ɭɝɥɟɪɨɞɨɦ, ɨɛɪɚɡɭɹ ɤɚɪɛɢɞ ɠɟɥɟɡɚ Fe3C (ɰɟɦɟɧɬɢɬ), 

ɢ ɱɚɫɬɢɱɧɨ ɪɚɫɬɜɨɪɹɟɬ ɟɝɨ. ɉɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɪɚɫɩɥɚɜɚ ɨɛɪɚɡɭɟɬɫɹ ɱɭɝɭɧ. Ⱦɥɹ 

ɩɟɪɟɜɨɞɚ ɱɭɝɭɧɚ ɜ ɫɬɚɥɶ ɧɟɨɛɯɨɞɢɦɨ ɭɞɚɥɢɬɶ ɢɡ ɫɩɥɚɜɚ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ 

ɭɝɥɟɪɨɞɚ. Эɬɨɝɨ ɞɨɛɢɜɚɸɬɫɹ, ɩɪɨɩɭɫɤɚɹ ɧɚɞ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɱɭɝɭɧɨɦ ɜɨɡɞɭɯ, 

ɨɛɨɝɚɳɟɧɧɵɣ ɤɢɫɥɨɪɨɞɨɦ.  

ɋɭɳɟɫɬɜɭɟɬ ɢ ɩɪɹɦɨɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɠɟɥɟɡɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɤɚɬɵɲɟɣ ɦɚɝɧɢɬɧɨɝɨ ɠɟɥɟɡɧɹɤɚ ɩɪɢɪɨɞɧɵɦ ɝɚɡɨɦ ɢɥɢ 

ɜɨɞɨɪɨɞɨɦ: 

Fe3O4 + CH4 = 3Fe + CO2 + 2H2O. 

Ɉɱɟɧɶ ɱɢɫɬɨɟ ɠɟɥɟɡɨ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɩɨɥɭɱɚɸɬ ɪɚɡɥɨɠɟɧɢɟɦ ɤɚɪɛɨɧɢɥɚ 

Fe(CO)5. 

Ƚɥɚɜɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɛɚɥɶɬɚ ɢ ɧɢɤɟɥɹ ɫɥɭɠɚɬ ɩɨɥɢɫɭɥɶɮɢɞɧɵɟ 

ɪɭɞɵ. Ɉɱɢɳɟɧɧɵɟ ɫɭɥɶɮɢɞɵ («ɲɬɟɣɧ») ɩɪɟɜɪɚɳɚɸɬ ɜ ɨɤɫɢɞɵ ɩɭɬɟɦ ɨɛɠɢɝɚ ɜ 

ɬɨɤɟ ɜɨɡɞɭɯɚ, ɚ ɡɚɬɟɦ ɩɟɪɟɜɨɞɹɬ ɢɯ ɜ ɪɚɫɬɜɨɪ ɨɛɪɚɛɨɬɤɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɢɥɢ 

ɩɪɢɛɟɝɚɹ ɤ ɚɧɨɞɧɨɦɭ ɨɤɢɫɥɟɧɢɸ. 



Ʉɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɨɛɥɚɞɚɸɬ ɛɥɢɡɤɢɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ⱦɥɹ ɢɯ 

ɪɚɡɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪ ɩɨɞɳɟɥɚɱɢɜɚɸɬ ɢ ɨɛɪɚɛɚɬɵɜɚɸɬ ɯɥɨɪɚɬɨɦ ɧɚɬɪɢɹ, ɤɬɨɪɵɣ 

ɨɤɢɫɥɹɟɬ ɥɢɲɶ ɢɨɧɵ ɤɨɛɚɥɶɬɚ: 

 2CoSO4 + Cl2 + 3Na2CO3 + 3H2O = 2Co(OH)3 + 2NaCl + 3CO2 + 2Na2SO4. 

ȼ ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ ɤɨɛɚɥɶɬ ɨɫɬɚɟɬɫɹ ɜ ɨɫɚɞɤɟ ɜ ɮɨɪɦɟ ɝɢɞɪɨɤɫɢɞɚ, ɚ ɧɢɤɟɥɶ 

ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɫɨɥɢ, ɤɨɬɨɪɭɸ ɩɟɪɟɜɨɞɹɬ ɜ ɝɢɞɪɨɤɫɢɞ. Ɉɤɫɢɞɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɨɜ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɭɝɥɟɦ: 

Co3O4 + 4C = 3CO + 4CO, 

NiO + C = Ni + CO. 

ɋɵɪɶɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ ɫɥɭɠɚɬ ɨɛɨɝɚɳɟɧɧɵɟ 

ɲɥɚɦɵ, ɨɫɬɚɜɲɢɟɫɹ ɨɬ ɦɟɞɧɵɯ ɢ ɧɢɤɟɥɟɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɩɨɥɭɱɟɧɧɵɟ 

ɪɚɫɬɜɨɪɟɧɢɟɦ ɥɨɦɚ ɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɞɪɚɝɨɰɟɧɧɵɟ ɦɟɬɚɥɥɵ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɨɬɪɚɛɨɬɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɒɥɚɦɵ ɫɨɞɟɪɠɚɬ ɩɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ, 

ɚ ɬɚɤɠɟ ɡɨɥɨɬɨ, ɫɟɪɟɛɪɨ, ɦɟɞɶ, ɠɟɥɟɡɨ. Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɤɪɟɦɧɟɡɟɦɚ ɢ 

ɧɟɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɩɪɢɛɟɝɚɸɬ ɤ 

ɩɥɚɜɥɟɧɢɸ ɲɥɚɦɚ ɫɨ ɫɜɢɧɰɨɜɵɦ ɝɥɟɬɨɦ ɢ ɞɪɟɜɟɫɧɵɦ ɭɝɥɟɦ. ɉɪɢ ɷɬɨɦ 

ɧɟɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɲɥɚɦɟ, ɨɤɢɫɥɹɸɬɫɹ ɫɜɢɧɰɨɜɵɦ 

ɝɥɟɬɨɦ ɞɨ ɨɤɫɢɞɨɜ, ɚ ɨɛɪɚɡɭɸɳɢɣɫɹ ɫɜɢɧɟɰ ɤɨɧɰɟɧɬɪɢɪɭɟɬ ɜ ɫɟɛɟ ɫɟɪɟɛɪɨ, 

ɡɨɥɨɬɨ ɢ ɦɟɬɚɥɥɵ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. ɉɨɥɭɱɟɧɧɵɣ ɫɜɢɧɰɨɜɵɣ ɤɨɪɨɥɟɤ 

ɩɨɞɜɟɪɝɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɩɥɚɜɥɟɧɢɸ ɧɚ ɤɚɩɟɥɢ – ɩɨɪɢɫɬɨɦ ɫɨɫɭɞɟ ɢɡ 

ɤɨɫɬɹɧɨɣ ɡɨɥɵ, ɦɚɝɧɟɡɢɬɚ ɢ ɩɨɪɬɥɚɧɞɰɟɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɫɜɢɧɰɚ 

ɨɤɢɫɥɹɟɬɫɹ ɢ ɩɨɝɥɨɳɚɟɬɫɹ ɦɚɬɟɪɢɚɥɨɦ ɤɚɩɟɥɢ.  ɉɨɫɥɟ ɤɭɩɟɥɢɪɨɜɚɧɢɹ ɫɩɥɚɜ 

ɨɛɪɚɛɚɬɵɜɚɸɬ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɟɪɟɛɪɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɨɧ ɫɨɞɟɪɠɢɬ 

ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ. ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɫ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɜ ɪɚɫɬɜɨɪ ɩɟɪɟɯɨɞɢɬ 

ɩɚɥɥɚɞɢɣ. Ⱦɚɥɶɧɟɣɲɟɣ ɨɩɟɪɚɰɢɟɣ ɚɮɮɢɧɚɠɚ (ɬɨ ɟɫɬɶ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɵɯ 

ɦɟɬɚɥɥɨɜ) ɹɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɫɩɥɚɜɚ ɰɚɪɫɤɨɣ ɜɨɞɤɨɣ, ɧɚɫɵɳɟɧɧɨɣ ɯɥɨɪɨɦ: 

Rh + HNO3 + 4HCl + Cl2 = H3[RhCl6] + NO2 + H2O 

Ir + 2HNO3 + 4HCl + Cl2 = H2[IrCl6] + 2NO2 + 2H2O {+Pt} 



ȼ ɷɬɢɯ ɭɫɥɨɜɢɹ ɜ ɪɚɫɬɜɨɪ ɩɟɪɟɯɨɞɢɬ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɥɚɬɢɧɵ, ɪɨɞɢɹ ɢ 

ɢɪɢɞɢɹ, ɚ ɬɚɤɠɟ ɡɨɥɨɬɨ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɪɭɬɟɧɢɣ ɢ ɨɫɦɢɣ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɨɫɬɚɸɬɫɹ ɜ ɨɫɚɞɤɟ. Ⱦɥɹ ɨɬɞɟɥɟɧɢɹ ɡɨɥɨɬɚ ɨɬ ɩɥɚɬɢɧɵ ɧɚ ɪɚɫɬɜɨɪ ɞɟɣɫɬɜɭɸɬ 

ɠɟɥɟɡɧɵɦ ɤɭɩɨɪɨɫɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɡɨɥɨɬɚ ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ. 

ɉɥɚɬɢɧɭ ɜɵɞɟɥɹɸɬ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɜɢɞɟ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ ɚɦɦɨɧɢɹ 

(NH4)2[PtCl6], ɚ ɪɨɞɢɣ ɨɫɚɠɞɚɸɬ ɢɡ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɮɨɪɦɟ 

ɝɟɤɫɚɯɥɨɪɨɪɨɞɚɬɚ(III) (NH4)3[RhCl6]. 

Ɋɭɬɟɧɢɣ, ɢ ɨɫɦɢɣ ɢ ɢɪɢɞɢɣ, ɭɫɬɨɣɱɢɜɵɟ ɤ ɤɢɫɥɨɬɧɨɦɭ ɜɫɤɪɵɬɢɸ, 

ɩɨɞɜɟɪɝɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɫɩɥɚɜɥɟɧɢɸ ɫɨ ɳɟɥɨɱɶɸ. Ɋɚɫɬɜɨɪ, ɩɨɥɭɱɟɧɧɵɣ 

ɩɪɢ ɜɵɳɟɥɚɱɢɜɚɧɢɢ ɩɥɚɜɚ, ɫɨɞɟɪɠɢɬ ɪɭɬɟɧɚɬɵ ɢ ɨɫɦɚɬɵ. Ɉɬɞɟɥɟɧɢɟ ɪɭɬɟɧɢɹ ɨɬ 

ɨɫɦɢɹ ɨɫɧɨɜɚɧɨ ɧɚ ɜɨɡɝɨɧɤɟ ɜɵɫɲɢɯ ɨɤɫɢɞɨɜ ɫ ɭɥɚɜɥɢɜɚɧɢɟɦ ɢɯ ɪɚɫɬɜɨɪɨɦ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. ɉɪɢ ɷɬɨɦ ɨɤɫɢɞ ɪɭɬɟɧɢɹ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ ɩɟɪɟɯɨɞɢɬ ɜ 

ɪɚɫɬɜɨɪ, ɚ ɨɫɦɢɟɜɵɣ ɚɧɝɢɞɪɢɞ ɩɟɪɟɯɨɞɢɬ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɢ ɱɚɫɬɢɱɧɨ ɭɯɨɞɢɬ ɜ 

ɚɬɦɨɫɮɟɪɭ. Ɍɨɱɧɚɹ ɫɯɟɦɚ ɚɮɮɢɧɚɠɚ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨɞ ɤɨɧɤɪɟɬɧɨɟ ɫɵɪɶɟ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɦ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ. 

 

2.4. ɉɪɢɦɟɧɟɧɢɟ 

 ɑɢɫɬɨɟ ɠɟɥɟɡɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɧɚɯɨɞɢɬ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 

Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ ɬɟɯɧɢɤɟ, ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɛɵɬɭ ɢɦɟɸɬ ɫɩɥɚɜɵ ɠɟɥɟɡɚ ɫ 

ɭɝɥɟɪɨɞɨɦ – ɱɭɝɭɧɵ ɢ ɫɬɚɥɢ. ɋɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɤɚɱɟɫɬɜɟ ɩɢɝɦɟɧɬɨɜ, ɦɚɝɧɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɬɫɶ 

ɤɨɛɚɥɶɬɚ ɢ ɧɢɤɟɥɹ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɜɢɞɟ ɦɚɝɧɢɬɧɵɯ ɫɩɥɚɜɨɜ, 

ɫɩɟɰɢɚɥɶɧɵɯ ɫɨɪɬɨɜ ɫɬɚɥɟɣ. ɀɚɪɨɫɬɨɣɤɢɣ ɯɪɨɦɨ-ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ ɧɢɯɪɨɦ (70  

– 83 % Ni), ɢɞɟɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɩɢɪɚɥɟɣ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɣ.

 Ɇɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɤɨɛɚɥɶɬ ɢ ɧɢɤɟɥɶ ɜɚɠɧɵ ɜ ɤɚɬɚɥɢɡɟ. ɇɢɤɟɥɶ ɢɞɟɬ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɳɟɥɨɱɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ɋɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɤɚɱɟɫɬɜɟ ɩɢɝɦɟɧɬɨɜ.  

ȿɠɟɝɨɞɧɨ ɜ ɦɢɪɟ ɩɪɨɢɡɜɨɞɹɬ ɛɨɥɟɟ 200 ɬɨɧɧ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ, ɢɡ 

ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɚ ɩɥɚɬɢɧɚ, ɚ ɧɚɢɦɟɧɟɟ – ɨɫɦɢɣ (ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɨ 



ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ ɤɢɥɨɝɪɚɦɦɨɜ). ɋɪɟɞɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɥɚɬɢɧɵ, ɪɨɞɢɹ 

ɢ ɩɚɥɥɚɞɢɹ ɧɚ ɩɟɪɜɨɦ ɦɟɫɬɟ ɫɬɨɢɬ ɚɜɬɨɦɨɛɢɥɶɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ 

ɲɢɪɨɤɨ ɜɧɟɞɪɹɟɬ ɫɞɟɥɚɧɧɵɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɞɨɠɢɝɚɧɢɹ ɜɵɯɥɨɩɧɵɯ 

ɝɚɡɨɜ. ɋɨɟɞɢɧɟɧɢɹ ɪɨɞɢɹ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜ ɝɨɦɨɝɟɧɧɨɦ 

ɤɚɬɚɥɢɡɟ. ɉɪɟɩɚɪɚɬɵ ɩɥɚɬɢɧɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɯɟɦɢɨɬɟɪɚɩɢɢ ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ 

ɨɩɭɯɨɥɟɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ. 

 

3. ɋɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 8 ɝɪɭɩɩɵ 

Ɍɚɛɥɢɰɚ 2. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 8-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 Fe Ru Os 

Аɬɨɦɧɵɣ ɧɨɦɟɪ 26 44 76 

Эɥɟɤɬɪɨɧɧая 

 ɤɨɧɮɢɝɭɪаɰɢя 

3d
6
4s

2 
4d

7
5s

1
 4f

14
5d

6
6s

2 

Аɬɨɦɧɵɣ ɪаɞɢɭɫ, ɩɦ 126 134 135 

ɉɟɪɜая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

7.87 7.37 8.70 

ȼɬɨɪая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

16.18 16.76 17.00 

Эɥɟɤɬɪɨɨɬɪɢɰаɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 

1.64 1.42 1.52 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя 2, 3, (4), (5), 6 (2), 3, 4, 6, 8 (3), 4, 6, 8 

Ɍɟɦɩɟɪаɬɭɪа 

 ɩɥаɜɥɟɧɢя. 

°C 

   

Ɍɟɦɩɟɪаɬɭɪа 

 ɤɢɩɟɧɢя, 

°C 

   

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
    

E
0
 (М2+

 / М0), ȼ    



 

3.1. ɋɨɟɞɢɧɟɧɢɹ ɜ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ. 

 ȼɵɫɲɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ, ɪɚɜɧɚɹ ɧɨɦɟɪɭ ɝɪɭɩɩɵ, ɜ ɫɥɭɱɚɟ ɠɟɥɟɡɚ ɞɨ 

ɫɢɯ ɩɨɪ. Ɋɭɬɟɧɢɣ ɢ ɨɫɦɢɣ ɨɛɪɚɡɭɸɬ ɬɟɬɪɚɨɤɫɢɞɵ ɆɈ4, ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɬɨɪɵɯ 

ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ȼɵɫɲɢɣ ɨɤɫɢɞ ɨɫɦɢɹ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɩɨɪɨɲɤɚ ɦɟɬɚɥɥɚ ɜ ɤɢɫɥɨɪɨɞɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɟɝɨ ɪɭɬɟɧɢɟɜɨɝɨ 

ɚɧɚɥɨɝɚ ɩɪɢɛɟɝɚɸɬ ɤ ɨɤɢɫɥɟɧɢɸ ɪɭɬɟɧɚɬɨɜ(VI) ɯɥɨɪɨɦ: 

Na2RuO4+ Cl2 = RuO4 + 2NaCl 

 Ɍɟɬɪɚɨɤɫɢɞɵ ɪɭɬɟɧɢɹ ɢ ɨɫɦɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɥɟɝɤɨɩɥɚɜɤɢɟ ɥɟɬɭɱɢɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɫ ɧɟɩɪɢɹɬɧɵɦ ɡɚɩɚɯɨɦ, ɩɨɫɬɪɨɟɧɧɵɟ ɢɡ ɦɨɥɟɤɭɥ 

ɆɈ4, ɢɦɟɸɳɢɯ ɮɨɪɦɭ ɩɪɚɜɢɥɶɧɨɝɨ ɬɟɬɪɚɷɞɪɚ. Ɉɧɢ ɭɦɟɪɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵ ɜ 

ɜɨɞɟ ɢ ɨɱɟɧɶ ɯɨɪɨɲɨ – ɜ ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɨɦ ɭɝɥɟɪɨɞɟ, ɫɨɯɪɚɧɹɹ ɦɨɥɟɤɭɥɹɪɧɨɟ 

ɫɬɪɨɟɧɢɟ. Ɉɤɫɢɞ ɨɫɦɢɹ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɜɨɞɨɣ, 

ɨɛɪɚɡɭɹ ɫɥɚɛɵɣ ɪɚɫɬɜɨɪ ɩɟɪɨɫɦɢɟɜɨɣ ɤɢɫɥɨɬɵ H2[OsO4(H2O)2].  

 ȼ ɳɟɥɨɱɚɯ ɨɧ ɨɛɪɚɡɭɟɬ ɫɨɥɢ – ɬɟɦɧɨ-ɤɪɚɫɧɵɟ ɩɟɪɨɫɦɚɬɵ, ɧɚɩɪɢɦɟɪ, 

Ʉ2[OsO4(OH)2]. Ȼɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɦɭ ɪɚɞɢɭɫɭ ɚɬɨɦɚ ɭɫɬɨɣɱɢɜɨɣ ɨɤɚɡɵɜɚɟɬɫɹ 

ɚɧɢɨɧ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɞɜɭɦɹ Ɉɇ-ɝɪɭɩɩɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɬɪɚɧɫ-

ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɮɬɨɪɢɞ-ɢɨɧɨɜ ɨɛɪɚɡɭɸɬɫɹ 

ɨɤɫɨɮɬɨɪɨɨɫɦɚɬɵ Ʉ2[OsO4F2], ɚ ɜ ɚɦɦɢɚɱɧɨɣ ɫɪɟɞɟ – ɧɢɬɪɢɞɨɨɫɦɚɬɵ 

(ɨɫɦɢɚɦɚɬɵ), ɚɧɢɨɧ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɮɨɪɦɭ ɢɫɤɚɠɟɧɧɨɝɨ ɬɟɬɪɚɷɞɪɚ, 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ -ɫɜɹɡɵɜɚɧɢɟɦ: 

OsO4 + NH3 + KOH = K[OsO3N] 

ɋɨɟɞɢɧɟɧɢɹ ɨɫɦɢɹ, ɢ, ɨɫɨɛɟɧɧɨ, ɪɭɬɟɧɢɹ, ɜ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, 

ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ ɨɤɢɫɥɢɬɟɥɹɦɢ. Ɍɚɤ, ɬɟɬɪɚɨɤɫɢɞ ɪɭɬɟɧɢɹ ɜ ɫɨɥɹɧɨɤɢɫɥɨɣ 

ɫɪɟɞɟ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɦɧɨ-ɤɪɚɫɧɵɟ ɨɤɫɨɯɥɨɪɭɬɟɧɚɬɵ(IV): 

RuO4 + 14HCl + 4KCl = K4[Ru2OCl10] + 7H2O + 4Cl2 

ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ RuO4 ɨɤɢɫɥɹɟɬ ɜɨɞɭ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɪɨɹɜɥɟɧɢɸ ɢɦ 

ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ: 

2Ru
VIII

O4 + 4KOH = 2K2Ru
VI

O4 + O2 + 2H2O 



Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɭɪɩɭɪɧɨ-ɤɪɚɫɧɵɯ ɨɫɦɚɬɨɜ(VI) ɬɪɟɛɭɟɬɫɹ ɜɜɟɞɟɧɢɟ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ, ɧɚɩɪɢɦɟɪ, ɷɬɚɧɨɥɚ: 

2Os
VIII

O4 + C2H5OH + 5KOH = 2K2[Os
VI

O2(OH)4] + CH3COOK 

Ⱦɟɣɫɬɜɢɟɦ ɧɚ ɨɫɦɚɬɵ(VI) ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɩɨɥɭɱɚɸɬ ɯɥɨɪɢɞɧɵɟ 

ɤɨɦɩɥɟɤɫɵ: 

K2[OsO2(OH)4] + 4HCl = K2[OsO2Cl4] + 4H2O, 

ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɥɚɛɵɟ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɚɯ ɨɫɦɚɬɵ(VI) ɦɟɞɥɟɧɧɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ, ɚ ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ 

ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ ɧɚ ɬɟɬɪɚɨɤɫɢɞ ɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɞɢɨɤɫɢɞ ɨɫɦɢɹ. 

ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɯɥɨɪɚ ɱɟɪɟɡ ɤɪɚɫɧɵɟ ɪɚɫɬɜɨɪɵ ɪɭɬɟɧɚɬɨɜ(VI) ɨɤɪɚɫɤɚ 

ɫɬɚɧɨɜɢɬɫɹ ɡɟɥɟɧɨɣ ɜɫɥɟɞɫɬɜɢɟ ɨɞɧɨɷɥɟɤɬɪɨɧɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɚɧɢɨɧɚ. 

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɟɪɪɭɬɟɧɚɬɵ(VII) ɩɨ ɧɟɤɨɬɨɪɵɦ ɫɜɨɣɫɬɜɚɦ ɧɚɩɨɦɢɧɚɸɬ 

ɩɟɪɦɚɧɝɚɧɚɬɵ. Ɍɚɤ, ɩɟɪɪɭɬɟɧɚɬ(VII) ɤɚɥɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɟɪɧɵɟ 

ɤɪɢɫɬɚɥɥɵ, ɦɚɥɨɪɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. ɉɨɞɨɛɧɨ ɩɟɪɦɚɧɝɚɧɚɬɭ ɤɚɥɢɹ, ɜ 

ɫɢɥɶɧɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɢɥɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɧ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɪɭɬɟɧɚɬɚ, 

ɜɵɞɟɥɹɹ ɤɢɫɥɨɪɨɞ: 

4KRuO4 + 4KOH = 4K2RuO4 + O2 + 2H2O 

200 °C 

2KRuO4    K2RuO4 + O2 

ɉɪɢ ɩɨɞɤɢɫɥɟɧɢɢ ɪɭɬɟɧɚɬɵ(VI) ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ: 

3K2RuO4 + HNO3 = 2KRuO4 + RuO2 + 4KNO3 + 2H2O   

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɞɥɹ ɨɫɦɢɹ. ɋɨɟɞɢɧɟɧɢɹ 

ɪɭɬɟɧɢɹ(IV) ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɥɟɝɤɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ, ɢɧɨɝɞɚ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɬɟɬɪɚɨɤɫɢɞɚ ɪɭɬɟɧɢɹ 

ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɜɵɩɚɞɚɟɬ ɱɟɪɧɵɣ ɨɫɚɞɨɤ 

ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ RuO2xH2O, ɤɨɬɨɪɵɣ ɥɟɝɤɨ ɨɬɳɟɩɥɹɟɬ ɜɨɞɭ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɞɢɨɤɫɢɞ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɪɭɬɢɥɚ. 

 



ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɟɝɨ ɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ ɨɛɪɚɡɭɸɬɫɹ ɤɪɚɫɧɵɟ ɪɚɫɬɜɨɪɵ, 

ɫɨɞɟɪɠɚɳɢɟ ɪɚɡɥɢɱɧɵɟ ɤɚɬɢɨɧɧɵɟ ɮɨɪɦɵ, ɧɚɩɪɢɦɟɪ, [RuO(H2O)5]
2+

,  

[Ru4O6(H2O)12]
4+. ɇɢ ɨɞɧɨɣ ɫɨɥɢ ɪɭɬɟɧɢɹ(IV) ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ ɜɵɞɟɥɢɬɶ ɧɟ 

ɭɞɚɥɨɫɶ ɢɡ-ɡɚ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɚɧɢɨɧɨɦ. 

Ɍɚɤ, ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ ɪɟɚɝɢɪɭɟɬ ɫ ɞɢɨɤɫɢɞɨɦ ɪɭɬɟɧɢɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɯɥɨɪɚ: 

2RuO2 + 8HCl(ɤɨɧɰ) = 2RuCl3 + Cl2 + 4H2O 

ɋɬɚɛɢɥɢɡɚɰɢɹ ɪɭɬɟɧɢɹ(IV) ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɜ ɮɨɪɦɟ ɪɭɬɟɧɚɬɨɜ(IV), 

ɧɚɩɪɢɦɟɪ, Na2RuO3 ɢ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɝɚɥɨɝɟɧɢɞɧɵɯ.  

 ɏɢɦɢɹ ɨɫɦɢɹ(IV) ɩɪɟɞɫɬɚɜɥɟɧɚ, ɜ ɨɫɧɨɜɧɨɦ, ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ ɚɡɨɬɨɦ ɢ 

ɝɚɥɨɝɟɧɚɦɢ. ɉɪɨɫɬɵɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɟɣ ɨɫɦɢɣ ɧɟ ɨɛɪɚɡɭɟɬ. ɑɟɪɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɬɟɬɪɚɯɥɨɪɢɞɚ OsCl4, ɨɛɪɚɡɭɸɳɢɟɫɹ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɩɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ ɩɟɪɟɯɨɞɹɬ ɜ ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɟ 

ɝɟɤɫɚɯɥɨɪɨɨɫɦɚɬɵ. ɂɡ ɷɬɢɯ ɪɚɫɬɜɨɪɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɢɨɧɨɜ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ 

ɫɨɥɢ. ȼɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɚɡɨɬɭ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɥɟɝɤɨɫɬɢ ɡɚɦɟɳɟɧɢɹ ɞɜɭɯ 

ɯɥɨɪɢɞ-ɢɨɧɨɜ ɧɚ ɷɬɢɥɟɧɞɢɚɦɢɧ: 

OsCl4 + 2KCl = K2[OsCl6] 

K2[OsCl6] + en = [OsCl4(en)] + 2KCl 

ɋɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ +4, +5 ɢ +6 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɮɟɪɪɚɬɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɢɨɧɵ FeO4
n–, ɝɞɟ 

n = 2 – 4. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɠɟɥɟɡɚ ɩɪɨɢɫɯɨɞɢɬ ɭɩɪɨɱɧɟɧɢɟ 

ɫɜɹɡɢ Fe-O ɡɚ ɫɱɟɬ ɭɫɢɥɟɧɢɹ π-ɫɜɹɡɵɜɚɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ.  ɋɪɟɞɢ 

ɷɬɢɯ ɚɧɢɨɧɨɜ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ (ɪɇ > 8) ɫɭɳɟɫɬɜɭɟɬ ɥɢɲɶ ɮɟɪɪɚɬ(VI), 

ɨɛɪɚɡɭɸɳɢɣ ɤɪɚɫɧɨ-ɮɢɨɥɟɬɨɜɵɟ ɪɚɫɬɜɨɪɵ. Ɏɟɪɪɚɬɵ(VI) ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɟɧɢɟɦ 

ɝɢɞɪɨɤɫɢɞɚ ɠɟɥɟɡɚ(III) ɝɢɩɨɯɥɨɪɢɬɨɦ, ɛɪɨɦɨɦ ɢɥɢ ɯɥɨɪɨɦ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ: 

2Fe(OH)3 + 3Br2 + 10KOH = 2K2FeO4 + 6KBr + 8H2O.  

Ɍɜɟɪɞɵɟ ɫɨɥɢ ɩɪɢ ɫɢɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ: 

                                                                700 °C 

2K2FeO4  K3FeO4 + KFeO2 + O2 



ɉɪɢ ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɬɜɨɪ ɮɟɪɪɚɬɚ(VI) ɢɨɧɨɜ ɛɚɪɢɹ ɜɵɩɚɞɚɟɬ ɤɪɚɫɧɵɣ 

ɨɫɚɞɨɤ BaFeO4H2O, ɤɨɬɨɪɵɣ ɩɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɨɛɟɡɜɨɠɢɜɚɟɬɫɹ. Ɏɟɪɪɚɬɵ 

– ɫɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɨɫɨɛɟɧɧɨ – ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ. Ⱦɚɠɟ ɧɚ ɯɨɥɨɞɟ ɨɧɢ 

ɨɤɢɫɥɹɸɬ ɚɦɦɢɚɤ ɞɨ ɚɡɨɬɚ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ(III): 

2K2FeO4 + 2NH3 = 2FeO(OH) + N2 + 4KOH 

Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ ɪɟɚɝɢɪɭɟɬ ɫ ɧɢɦɢ ɫ ɜɵɞɟɥɟɧɢɟɦ ɯɥɨɪɚ: 

2K2FeO4 + 16HCl = 2FeCl3 + 3Cl2 + 4KCl + 8H2O 

ȼɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɮɟɪɪɚɬɨɜ ɫɨ ɜɪɟɦɟɧɟɦ ɪɚɡɥɚɝɚɸɬɫɹ, ɜɵɞɟɥɹɹ ɤɢɫɥɨɪɨɞ. 

ɉɪɨɰɟɫɫ ɫɢɥɶɧɨ ɭɫɤɨɪɹɟɬɫɹ ɞɚɠɟ ɩɪɢ ɫɥɚɛɨɦ ɩɨɞɤɢɫɥɟɧɢɢ: 

4K2FeO4 + 10H2SO4 = 2Fe2(SO4)3 + 3O2 + 4K2SO4 + 10H2O. 

ɑɟɪɧɵɟ ɩɨɪɨɲɤɢ ɮɟɪɪɚɬɨɜ(IV) ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɟɧɢɟɦ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ 

ɩɟɪɨɤɫɢɞɚɦɢ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ: 

12KO2 + Fe3O4 = 3K4FeO4 + 8O2  

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɧɢ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ: 

3Na4FeO4 + 5H2O = Na2FeO4 + Fe2O3 + 10NaOH 

 

3.2. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3 ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɠɟɥɟɡɚ. Ɉɧɚ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 3d
5, ɬɨ ɟɫɬɶ ɧɚɩɨɥɨɜɢɧɭ 

ɡɚɩɨɥɧɟɧɧɨɦɭ d-ɩɨɞɭɪɨɜɧɸ. ȼ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɹɯ ɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɪɟɚɥɢɡɭɟɬɫɹ ɜɵɫɨɤɨɫɩɢɧɨɜɨɟ ɫɨɫɬɨɹɧɢɟ t2g
3
eg

2
 ɫ ɩɹɬɶɸ 

ɧɟɫɩɚɪɟɧɧɵɦɢ ɷɥɟɤɬɪɨɧɚɦɢ. ɉɨɜɵɲɟɧɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɢɡɤɭɸ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɷɥɟɤɬɪɨɧɨɜ ɫ ɨɞɧɨɣ ɨɪɛɢɬɚɥɢ ɧɚ 

ɞɪɭɝɭɸ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɥɚɛɭɸ ɨɤɪɚɫɤɭ. ɂɨɧ [Fe(H2O)6]
3+

 ɩɪɢɞɚɟɬ ɫɨɥɹɦ 

(ɧɚɩɪɢɦɟɪ, ɠɟɥɟɡɨɚɦɦɨɧɢɣɧɵɦ ɤɜɚɫɰɚɦ NH4Fe(SO4)212H2O) ɛɥɟɞɧɨ-

ɚɦɟɬɢɫɬɨɜɵɣ ɰɜɟɬ. 

ɋɦɟɲɚɧɧɵɣ ɨɤɫɢɞ ɠɟɥɟɡɚ(+2, +3) ɦɚɝɧɟɬɢɬ Fe3O4 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɱɟɪɧɵɣ ɮɟɪɪɨɦɚɝɧɢɬɧɵɣ ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɨɛɪɚɳɟɧɧɨɣ ɲɩɢɧɟɥɢ. ȼ ɧɟɦ 

ɜɫɟ ɢɨɧɵ Fe
2+

 ɢ ɩɨɥɨɜɢɧɚ ɢɨɧɨɜ Fe
3+

 ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɩɭɫɬɨɬɚɯ 



ɚɧɢɨɧɧɨɣ ɩɨɞɪɟɲɟɬɤɢ, ɚ ɨɫɬɚɜɲɚɹɫɹ ɩɨɥɨɜɢɧɚ ɢɨɧɨɜ Fe
3+

 - ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ: 

Fe
3+

[Fe
2+

Fe
3+

]O4. Ɉɧ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ, ɨɛɪɚɡɭɹ ɫɨɥɢ 

ɠɟɥɟɡɚ(II) ɢ (III): 

Fe3O4 + 8HCl = FeCl2 + 2FeCl3 + 4H2O. 

Ɉɤɫɢɞ ɠɟɥɟɡɚ(III) ɨɛɪɚɡɭɟɬ ɩɹɬɶ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ, ɢɡ ɤɨɬɨɪɵɯ 

ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɝɟɦɚɬɢɬ -Fe2O3 ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɤɨɪɭɧɞɚ. ɉɨɞɨɛɧɨ ɤɨɪɭɧɞɭ, 

ɨɧ ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɝɨ, 

ɩɚɪɚɦɚɝɧɢɬɟɧ. Ƚɟɦɚɬɢɬ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ 

ɠɟɥɟɡɚ(III), ɪɚɡɥɨɠɟɧɢɢ ɠɟɥɟɡɧɨɝɨ ɤɭɩɨɪɨɫɚ ɩɪɢ 700 – 800 °C. ɉɪɢ ɨɤɢɫɥɟɧɢɢ 

ɦɚɝɧɟɬɢɬɚ ɤɢɫɥɨɪɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɮɟɪɪɨɦɚɝɧɢɬɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɨɤɫɢɞɚ 

ɠɟɥɟɡɚ(III), ɤɨɬɨɪɚɹ ɫɨɯɪɚɧɹɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɞɥɹ ɦɚɝɧɟɬɢɬɚ ɫɬɪɭɤɬɭɪɭ ɲɩɢɧɟɥɢ, 

ɧɨ ɢɦɟɟɬ ɞɟɮɢɰɢɬ ɚɬɨɦɨɜ ɠɟɥɟɡɚ. Эɬɚ ɮɚɡɚ ɢɡɨɫɬɪɭɤɬɭɪɧɚ Ȗ-Al2O3 ɢ ɩɨɞɨɛɧɨ 

ɟɦɭ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ȼ ɩɪɢɪɨɞɟ ɨɧɚ ɜɫɬɪɟɱɚɟɬɫɹ ɜ 

ɜɢɞɟ ɦɢɧɟɪɚɥɚ ɦɚɝɝɟɦɢɬɚ (Ȗ-Fe2O3). ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 600 – 700 °C ɦɚɝɝɟɦɢɬ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɝɟɦɚɬɢɬ.  

Ɇɚɝɝɟɦɢɬ ɥɟɝɤɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɢ ɦɟɞɥɟɧɧɨ – ɜ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɳɟɥɨɱɚɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ ɚɦɮɨɬɟɪɧɨɫɬɢ ɫ 

ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ: 

Fe2O3 + 6HCl = 2FeCl3 + 3H2O 

Fe2O3 + 6KOH(ɤɨɧɰ) + 6H2O = 2K3[Fe(OH)6] 

Ƚɟɦɚɬɢɬ ɩɟɪɟɜɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɫɩɥɚɜɥɟɧɢɟɦ ɫ ɳɟɥɨɱɚɦɢ ɢɥɢ ɤɚɪɛɨɧɚɬɚɦɢ:  

t° 

Fe2O3 + Na2CO3 = 2NaFeO2 + CO2 . 

Ɉɛɪɚɡɭɸɳɢɟɫɹ ɮɟɪɪɢɬɵ ɩɪɢ ɜɵɳɟɥɚɱɢɜɚɧɢɢ ɜɨɞɨɣ ɩɨɥɧɨɫɬɶɸ ɝɢɞɪɨɥɢɡɭɸɬɫɹ. 

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫɨ 

ɜɪɟɦɟɧɟɦ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɨɤɫɨɝɢɞɪɨɤɫɢɞ FeOOH, ɤɨɬɨɪɵɣ ɬɚɤɠɟ, ɩɨɞɨɛɧɨ 

ɚɥɸɦɢɧɢɸ, ɨɛɪɚɡɭɟɬ - ɢ Ȗ-ɮɨɪɦɵ. 

 ɋɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ(+3) ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ. ɋɨɥɢ ɠɟɥɟɡɚ(+3) ɜ ɪɚɫɬɜɨɪɚɯ ɫɢɥɶɧɨ ɝɢɞɪɨɥɢɡɨɜɚɧɵ. ɉɪɨɰɟɫɫ 



ɝɢɞɪɨɥɢɡɚ ɫɜɹɡɚɧ ɫ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɟɦ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɜɨɞɵ ɢɥɢ 

ɡɚɦɟɳɟɧɢɟɦ ɢɯ ɧɚ ɦɨɫɬɢɤɨɜɵɟ Ɉɇ-ɝɪɭɩɩɵ, ɬɨ ɟɫɬɶ ɫ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɟɣ. ȼɫɟ 

ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɫɢɦɦɟɬɪɢɢ ɨɤɪɭɠɟɧɢɹ ɢ ɩɨɹɜɥɟɧɢɸ ɨɤɪɚɫɤɢ, 

ɜɵɡɜɚɧɧɨɣ ɩɨɥɨɫɨɣ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ: 

[Fe(H2O)6]
3+

 + H2O = [Fe(OH)(H2O)5]
2+

 pK = 2.7  

2[Fe(OH)(H2O)5]
2+

 = [(H2O)5FeOFe(H2O)5]
4+

 + H2O  pK = 3.0 

ɉɪɨɰɟɫɫ ɱɚɫɬɨ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɨɥɹ ɝɢɞɪɨɤɫɢɞɚ ɠɟɥɟɡɚ. ɂɦɟɧɧɨ 

ɩɨɷɬɨɦɭ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɦɧɨɝɢɯ ɫɨɥɟɣ ɠɟɥɟɡɚ(III) ɢɦɟɸɬ ɯɚɪɚɤɬɟɪɧɵɣ ɠɟɥɬɨ-

ɤɨɪɢɱɧɟɜɵɣ ɰɜɟɬ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɚɰɟɬɚɬ ɢɨɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɨɤɫɨɚɰɟɬɚɬ 

[Fe3O(CH3COO)6](CH3COO), ɨɩɢɫɚɧɧɵɣ ɧɚ ɩɪɢɦɟɪɟ ɚɥɸɦɢɧɢɹ. 

ɋɨɥɢ ɫɥɚɛɵɯ ɤɢɫɥɨɬ (ɫɭɥɶɮɢɞ, ɤɚɪɛɨɧɚɬ, ɫɭɥɶɮɢɬ, ɫɟɥɟɧɢɬ) ɧɟ ɦɨɝɭɬ ɛɵɬɶ 

ɜɵɞɟɥɟɧɵ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɫɥɟɞɫɬɜɢɟ ɩɨɥɧɨɝɨ ɧɟɨɛɪɚɬɢɦɨɝɨ ɝɢɞɪɨɥɢɡɚ: 

Fe2(SO4)3 + 3Na2S + 4H2O = 2FeOOH + 3Na2SO4 + 3H2S 

 Ɉɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ(+3) ɩɪɨɹɜɥɹɸɬɫɹ ɜ 

ɤɢɫɥɨɬɧɨɣ ɫɪɟɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɥɶɧɵɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ – ɢɨɞɢɞɚ, ɫɭɥɶɮɢɬɚ, 

ɫɭɥɶɮɢɞɚ, ɝɢɞɪɚɡɢɧɚ, ɚ ɬɚɤɠɟ ɦɚɥɨ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ (ɦɟɞɢ, ɫɜɢɧɰɚ): 

2Fe2(SO4)3 + 2(NH3OH)HSO4 = 4FeSO4 + N2O + 4H2SO4 + H2O 

Fe2(SO4)3 + 2KI = 2FeSO4 + K2SO4 + I2 

Fe2(SO4)3 + Cu = 2FeSO4 + CuSO4 

 ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɨɧɨɜ Fe
3+

 ɫ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɫɭɥɶɮɢɞɨɜ 

ɩɨɦɢɦɨ ɝɢɞɪɨɥɢɡɚ ɜɚɠɧɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɟɪɟɧɨɫɚ. 

ɋɤɨɪɨɫɬɶ ɜɡɚɢɦɧɨ ɭɫɢɥɢɜɚɸɳɟɝɨ ɝɢɞɪɨɥɢɡɚ ɩɨɧɢɠɚɟɬɫɹ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ pH 

ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɢɞɚ, ɩɨɷɬɨɦɭ ɩɪɢ ɡɚɦɟɧɟ ɫɭɥɶɮɢɞɚ ɧɚɬɪɢɹ ɧɚ ɫɭɥɶɮɢɞ ɚɦɦɨɧɢɹ 

ɜɵɩɚɞɚɟɬ ɱɟɪɧɵɣ ɨɫɚɞɨɤ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɭɥɶɮɢɞɚ ɠɟɥɟɡɚ: 

Fe2(SO4)3 + 3(NH4)2S = 2FeS + S + 3(NH4)2SO4. 

 ɀɟɥɟɡɨ(+3) ɬɹɝɨɬɟɟɬ ɤ ɯɟɥɚɬɢɪɭɸɳɢɦ ɤɢɫɥɨɪɨɞ-ɞɨɧɨɪɧɵɦ ɥɢɝɚɧɞɚɦ, 

ɬɚɤɢɦ ɤɚɤ ɚɰɟɬɢɥɚɰɟɬɨɧɚɬ ɢɥɢ ɨɤɫɚɥɚɬ. Ɂɟɥɟɧɵɟ ɤɪɢɫɬɚɥɥɵ 

ɬɪɢɫɨɤɫɚɥɚɬɨɮɟɪɪɚɬɚ(III) ɤɚɥɢɹ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɠɟɥɟɡɚ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɢɡɛɵɬɤɚ ɨɤɚɫɚɥɚɬ-ɢɨɧɨɜ: 



FeCl3 + 3K2C2O4 = K3[Fe(C2O4)3] + 3KCl. 

ɇɚ ɫɜɟɬɭ ɜɟɳɟɫɬɜɨ ɠɟɥɬɟɟɬ ɜɫɥɟɞɫɬɜɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ:  

                                                                       hν 

K3[Fe(C2O4)3]   K2[Fe(C2O4)2] + CO2. 

Ʉɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɩɨɧɢɠɚɟɬ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɠɟɥɟɡɚ(+3), ɬɚɤ 

ɤɚɤ ɤɨɦɩɥɟɤɫɵ ɠɟɥɟɡɚ(+2) ɫ d6
-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɨɤɚɡɵɜɚɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 

ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ. ɇɚɩɪɢɦɟɪ, ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɬɪɢɫɨɤɫɚɥɚɬɨɮɟɪɪɚɬɚ, ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɫɬɵɯ ɫɨɥɟɣ ɠɟɥɟɡɚ(+3), ɧɟ ɜɵɞɟɥɹɟɬ ɢɨɞ ɢɡ ɢɨɞɢɞɚ ɤɚɥɢɹ. 

 Ⱥɦɦɢɚɤɚɬɵ ɠɟɥɟɡɚ(III) ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɦɨɝɭɬ ɛɵɬɶ 

ɩɨɥɭɱɟɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɛɟɡɜɨɞɧɵɯ ɝɚɥɨɝɟɧɢɞɨɜ ɫ ɚɦɦɢɚɤɨɦ. ɂɧɬɟɧɫɢɜɧɚɹ 

ɤɪɚɫɧɚɹ ɨɤɪɚɫɤɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɪɨɞɚɧɢɞɚ ɧɚ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ 

ɠɟɥɟɡɚ(+3), ɫɜɹɡɚɧɚ ɫ ɡɚɦɟɳɟɧɢɟɦ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ 

ɫɮɟɪɟ ɠɟɥɟɡɚ ɧɚ ɦɨɧɨɞɟɧɬɚɬɧɵɣ ɪɨɞɚɧɢɞ-ɚɧɢɨɧ: 

[Fe(H2O)6]
3+

 + SCN
-
 = [FeSCN(H2O)5]

2+
 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɮɬɨɪɢɞ-ɢɨɧɨɜ ɪɚɫɬɜɨɪ ɦɝɧɨɜɟɧɧɨ ɨɛɟɫɰɜɟɱɢɜɚɟɬɫɹ, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɛɨɥɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɬɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 

 Ȼɨɥɶɲɢɧɫɬɜɨ ɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ(III) ɜɵɫɨɤɨɫɩɢɧɨɜɵɟ. ɉɪɢɦɟɪɨɦ 

ɧɢɡɤɨɫɩɢɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɥɭɠɢɬ ɤɪɚɫɧɚɹ ɤɪɨɜɹɧɚɹ ɫɨɥɶ – 

ɝɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬ(+3) ɤɚɥɢɹ. Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɟɩɚɪɚɬɢɜɧɨ ɩɨɥɭɱɚɸɬ ɩɨ 

ɨɛɦɟɧɧɨɣ ɪɟɚɤɰɢɢ: 

Fe2(SO4)3 + Ba(CN)2 + 6KCN = 2K3[Fe(CN)6] + 3BaSO4 

Ʉɪɚɫɧɚɹ ɤɪɨɜɹɧɚɹ ɫɨɥɶ ɩɪɨɹɜɥɹɟɬ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɯɨɬɹ ɟɟ ɫɬɚɧɞɚɪɬɧɵɣ 

ɩɨɬɟɧɰɢɚɥ ɩɨɱɬɢ ɜ ɞɜɚ ɪɚɡɚ ɧɢɠɟ, ɱɟɦ ɭ ɚɤɜɚɢɨɧɚ ɠɟɥɟɡɚ(III) (ɪɢɫ.2).  

ɉɪɟɢɦɭɳɟɫɬɜɨ ɷɬɨɣ ɫɨɥɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɛɟ ɮɨɪɦɵ – ɨɤɢɫɥɟɧɧɚɹ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ – ɢɧɟɪɬɧɵ ɢ ɧɟ ɩɪɟɬɟɪɩɟɜɚɸɬ ɢɡɦɟɧɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɩɨɬɟɧɰɢɚɥ ɦɧɨɝɢɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɪɇ 

ɡɚɜɢɫɢɦ. ɉɨɷɬɨɦɭ, ɫɢɥɶɧɨ ɩɨɜɵɲɚɹ ɳɟɥɨɱɧɨɫɬɶ ɫɪɟɞɵ, ɭɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ 

ɩɨɧɢɡɢɬɶ ɩɨɬɟɧɰɢɚɥ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɢ ɨɤɢɫɥɢɬɶ ɜɨɞɭ: 



4K3[Fe(CN)6] + 4KOH(ɤɨɧɰ) = 4K4[Fe(CN)6] + O2 + 2H2O 

Ƚɚɥɨɝɟɧɢɞɵ ɠɟɥɟɡɚ(+3) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ, 

ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. ɂɯ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɢɧɬɟɧɫɢɜɧɨ ɨɤɪɚɲɟɧɵ ɜɫɥɟɞɫɬɜɢɟ 

ɜɯɨɠɞɟɧɢɹ ɝɚɥɨɝɟɧɢɞ-ɢɨɧɨɜ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ ɠɟɥɟɡɚ ɢ ɝɢɞɪɨɥɢɡɚ, 

ɤɨɬɨɪɵɣ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɤɢɩɹɱɟɧɢɢ ɫɬɚɧɨɜɢɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 

ɛɟɡɜɨɞɧɵɯ ɝɚɥɨɝɟɧɢɞɨɜ ɩɪɨɜɨɞɹɬ ɫɢɧɬɟɡ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤɠɟ 

ɝɚɥɨɝɟɧɢɪɨɜɚɧɢɟ ɫɦɟɫɢ ɝɟɦɚɬɢɬɚ ɫ ɭɝɥɟɦ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɝɚɥɨɝɟɧɢɞɨɜ ɤ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɦɭ ɷɥɟɤɬɪɨɧɧɨɦɭ ɩɟɪɟɧɨɫɭ ɩɨɧɢɠɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɝɚɥɨɝɟɧɚ. Ɇɟɯɚɧɢɡɦ ɷɬɨɝɨ ɩɟɪɟɧɨɫɚ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ, ɩɨɷɬɨɦɭ ɢɨɞɢɞ ɠɟɥɟɡɚ FeI3 ɜ ɜɨɞɧɨɦ 

ɪɚɫɬɜɨɪɟ ɧɟɭɫɬɨɣɱɢɜ. Ɉɧ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɚɪɛɨɧɢɥɚ 

ɠɟɥɟɡɚ ɫ ɢɨɞɨɦ ɜ ɝɟɤɫɚɧɟ ɧɚ ɫɜɟɬɭ: 

2Fe(CO)4I2 + I2 = 2FeI3 + 8CO. 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3 ɞɥɹ ɪɭɬɟɧɢɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚɹ. Ȼɟɡɜɨɞɧɵɣ 

ɯɥɨɪɢɞ ɪɭɬɟɧɢɹ RuCl3 ɩɨɥɭɱɚɸɬ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɚ ɩɪɟɩɚɪɚɬɢɜɧɵɣ ɫɢɧɬɟɡ 

ɬɪɢɨɞɢɞɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɭɬɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɵɫɲɟɝɨ ɨɤɫɢɞɚ 

ɢɨɞɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɨɣ: 

2RuO4 + 16HI(aq) = 2RuI3 + 5I2 + 8H2O 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɪɟɚɤɰɢɹ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɤɪɚɫɧɨɝɨ ɝɢɝɪɨɫɤɨɩɢɱɧɨɝɨ ɩɨɪɨɲɤɚ «ɬɪɢɯɥɨɪɢɞɚ ɪɭɬɟɧɢɹ» RuCl33H2O, 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɫɦɟɫɶ ɝɚɥɨɝɟɧɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. ȿɟ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɜ ɩɪɟɩɚɪɚɬɢɜɧɵɯ ɫɢɧɬɟɡɚɯ.  

Ɋɭɬɟɧɢɣ(III) ɨɛɪɚɡɭɟɬ ɧɢɡɤɨɫɩɢɧɨɜɵɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ, 

ɧɚɩɪɢɦɟɪ, ɬɟɦɧɨ-ɡɟɥɟɧɵɣ ɬɪɢɫɨɤɫɚɥɚɬɨɪɭɬɟɧɚɬ(III) ɢɥɢ ɤɪɚɫɧɵɣ 

ɩɟɧɬɚɯɥɨɪɨɚɤɜɚɪɭɬɟɧɚɬ(III): 

RuCl3*3H2O + 2NaCl = Na2[RuCl5(H2O)] + 2H2O 

RuCl3*3H2O + 3K2C2O4 = K3[Ru(C2O4)3] + 3KCl + 3H2O 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɧɚ ɫɜɟɬɭ ɨɤɫɚɥɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɨɤɢɫɥɹɟɬɫɹ ɤɢɫɥɨɪɨɞɨɦ 

ɜɨɡɞɭɯɚ ɜ ɤɨɪɢɱɧɟɜɵɣ ɤɨɦɩɥɟɤɫ ɪɭɬɟɧɢɹ(IV): 



4K3[Ru(C2O4)3] + O2 + 2H2O = 4K2[Ru(C2O4)3] + 4KOH. 

ɋɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, ɧɚɩɪɢɦɟɪ, ɝɢɩɨɯɥɨɪɢɬ, ɩɟɪɟɜɨɞɹɬ ɟɝɨ ɜ RuO4. 

ɋɨɟɞɢɧɟɧɢɹ ɨɫɦɢɹ(III) ɜ ɰɟɥɨɦ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵ ɢ ɢɡɭɱɟɧɵ ɝɨɪɚɡɞɨ ɯɭɠɟ 

ɫɨɟɞɢɧɟɧɢɣ ɪɭɬɟɧɢɹ. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɫɦɚɬɨɜ(VI) ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɨɛɪɚɡɭɟɬɫɹ ɤɪɚɫɧɵɣ ɝɟɤɫɚɯɥɨɪɨɨɫɦɚɬ(III) K3[OsCl6]: 

/2K2[OsO2(OH)4] + 16HCl(ɤɨɧɰ) + 2KCl = 2K3[OsCl6] + 3Cl2 + 12H2O 

Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɨɹɜɥɹɟɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. 

 

3.3. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 

 Ⱦɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɚ ɞɥɹ ɠɟɥɟɡɚ ɢ ɧɟɭɫɬɨɣɱɢɜɚ ɭ 

ɟɝɨ ɬɹɠɟɥɵɯ ɚɧɚɥɨɝɨɜ.  

Ɉɤɫɢɞ ɠɟɥɟɡɚ(II) ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɩɪɢɪɨɞɟ ɜ ɜɢɞɟ ɦɢɧɟɪɚɥɚ ɜɸɫɬɢɬɚ. Эɬɨ 

ɬɟɦɧɵɣ ɩɨɪɨɲɨɤ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ Fe1-xO (0,05 < x < 0,16) ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ ɝɚɥɢɬɚ. Ɉɧ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ, ɧɨ ɭɫɬɨɣɱɢɜ ɜ ɳɟɥɨɱɧɵɯ 

ɪɚɫɬɜɨɪɚɯ. ɋɥɚɛɭɸ ɚɦɮɨɬɟɪɧɨɫɬɶ ɫ ɹɜɧɵɦ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ 

ɢɥɥɸɫɬɪɢɪɭɸɬ ɟɝɨ ɪɟɚɤɰɢɢ ɫ ɨɤɫɢɞɚɦɢ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ. Ɍɚɤ, ɩɪɢ 

ɫɩɥɚɜɥɟɧɢɢ ɫ ɨɤɫɢɞɨɦ ɧɚɬɪɢɹ, ɨɛɪɚɡɭɟɬɫɹ ɮɟɪɪɢɬ(II) Na4FeO3, ɜ ɫɬɪɭɤɬɭɪɟ 

ɤɨɬɨɪɨɝɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɥɨɫɤɨ-ɬɪɟɭɝɨɥɶɧɵɟ ɢɨɧɵ FeO3
4–. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ 

ɜɨɡɞɭɯɟ ɷɬɨ ɜɟɳɟɫɬɜɨ ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɦɚɝɧɟɬɢɬ ɢɥɢ ɜ ɝɟɦɚɬɢɬ. 

Ɇɟɥɤɨɞɢɫɩɟɪɫɧɵɣ ɜɸɫɬɢɬ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɤɫɚɥɚɬɚ ɠɟɥɟɡɚ(II) 

Fe2C2O4 = FeO + CO + CO2 

ɫɚɦɨɪɚɫɤɚɥɹɟɬɫɹ ɧɚ ɜɨɡɞɭɯɟ. 

ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɠɟɥɟɡɚ ɜ ɪɚɡɛɚɜɥɟɧɧɨɣ ɫɟɪɧɨɣ ɢɥɢ ɯɥɨɪɧɨɣ ɤɢɫɥɨɬɚɯ 

ɨɛɪɚɡɭɸɬɫɹ ɛɥɟɞɧɨ-ɡɟɥɟɧɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɝɟɤɫɚɚɤɜɚ-ɢɨɧɵ [Fe(H2O)6]
2+

 

ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ t2g
4
eg

2. Ȼɥɚɝɨɞɚɪɹ ɪɚɡɥɢɱɧɨɦɭ ɱɢɫɥɭ ɷɥɟɤɬɪɨɧɨɜ ɧɚ t2g-

ɨɪɛɢɬɚɥɹɯ, ɢɨɧ ɝɟɤɫɚɚɤɜɚɠɟɥɟɡɚ(II) ɩɪɢɬɟɪɩɟɜɚɟɬ ɫɥɚɛɨɟ ɹɧ-ɬɟɥɥɟɪɨɜɫɤɨɟ 

ɢɫɤɚɠɟɧɢɟ. 

Ⱦɪɭɝɢɟ ɫɨɥɢ ɠɟɥɟɡɚ(II) ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɨɥɟɣ ɠɟɥɟɡɚ(III) 

ɠɟɥɟɡɨɦ ɢɥɢ ɩɨ ɪɟɚɤɰɢɹɦ ɨɛɦɟɧɚ. ɂɨɧ [Fe(H2O)6]
2+

 ɥɢɲɶ ɜ ɫɥɚɛɨɣ ɫɬɟɩɟɧɢ 



ɩɨɞɜɟɪɠɟɧ ɝɢɞɪɨɥɢɡɭ (Kɝ,1 = 3,210
–10), ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜɵɩɚɞɟɧɢɟ ɨɫɚɞɤɚ 

ɫɪɟɞɧɟɝɨ ɤɚɪɛɨɧɚɬɚ ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɨɞɵ: 

FeSO4 + Na2CO3 = FeCO3 + Na2SO4. 

Ƚɢɞɪɨɤɫɢɞ ɠɟɥɟɡɚ(II), ɜɵɩɚɞɚɸɳɢɣ ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɳɟɥɨɱɟɣ ɤ ɪɚɫɬɜɨɪɚɦ ɫɨɥɟɣ ɠɟɥɟɡɚ(II), ɩɨɥɭɱɚɸɬ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɝɚɡɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɧɟ ɫɨɞɟɪɠɚɳɟɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 

ɤɢɫɥɨɪɨɞɚ. ȿɝɨ ɪɇ ɨɫɚɠɞɟɧɢɹ ɛɥɢɡɨɤ ɤ ɧɟɣɬɪɚɥɶɧɨɦɭ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɜɵɫɨɤɨɣ ɨɫɧɨɜɧɨɫɬɢ (ɪKb = 3,9), ɩɪɢɛɥɢɠɚɸɳɟɣɫɹ ɤ ɝɢɞɪɨɤɫɢɞɭ ɦɚɝɧɢɹ. 

ɋɥɚɛɚɹ ɚɦɮɨɬɟɪɧɨɫɬɶ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɨɹɜɥɹɟɬɫɹ ɥɢɲɶ ɜ ɨɱɟɧɶ ɤɪɟɩɤɢɯ 

ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɝɞɟ ɩɪɢ ɪɇ >13,5, ɨɧ ɧɚɱɢɧɚɟɬ ɦɟɞɥɟɧɧɨ ɪɚɫɬɜɨɪɹɬɶɫɹ, 

ɨɛɪɚɡɭɹ ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɵ [Fe(OH)4]
2–

,  [Fe(OH)6]
4–

.  

ȼɫɟ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ(II) ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹɦɢ ɢ ɧɚ 

ɜɨɡɞɭɯɟ ɥɟɝɤɨ ɨɤɢɫɥɹɸɬɫɹ. Ȼɟɥɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ 

ɬɟɦɧɟɟɬ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɝɪɹɡɧɨ-ɡɟɥɟɧɵɣ ɨɫɚɞɨɤ, ɫɨɞɟɪɠɚɳɢɣ ɚɬɨɦɵ ɠɟɥɟɡɚ(II) ɢ 

ɠɟɥɟɡɚ(III): 

12Fe(OH)2 + 3O2 + ( ɯ – 12)H2O = 4Fe3O4 xH2O 

ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɫɬɨɹɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɰɜɟɬ ɨɫɚɞɤɚ ɫɬɚɧɨɜɢɬɫɹ ɛɭɪɵɦ ɢɡ-ɡɚ 

ɩɨɥɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɠɟɥɟɡɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɩɨɯɥɨɪɢɬɚ, ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ 

ɢɥɢ ɛɪɨɦɧɨɣ ɜɨɞɵ ɫɪɚɡɭ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɤɫɨɝɢɞɪɨɤɫɢɞ ɠɟɥɟɡɚ(III): 

2Fe(OH)2 + Br2 + 2NaOH = 2FeOOH + 2NaBr +  2H2O . 

ȼ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɢɞɪɨɤɫɢɞ ɠɟɥɟɡɚ(II) 

ɩɨɫɬɟɩɟɧɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɦɚɝɧɟɬɢɬ Fe3O4 ɢ ɜɨɞɨɪɨɞ, ɩɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɟɜɚɧɢɢ 

ɞɨ 200 °C ɨɛɟɡɜɨɠɢɜɚɟɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɜɸɫɬɢɬ FeO. 

 ɀɟɥɟɡɨ(II) ɨɛɪɚɡɭɟɬ ɫɨɥɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨ ɜɫɟɦɢ ɤɢɫɥɨɬɚɦɢ, ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɧɢɬɪɢɬɚ, ɤɨɬɨɪɵɣ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɨɧɨɦ Fe
2+

 ɞɨ NO ɭɠɟ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɢɨɧɵ ɠɟɥɟɡɚ(II) ɨɤɢɫɥɹɸɬɫɹ 

ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɟ ɠɟɥɬɨ-ɤɨɪɢɱɧɟɜɨɣ 

ɨɤɪɚɫɤɢ: 

4FeSO4 + O2 + 2H2O = 4Fe(OH)SO4. 



 Ʉɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɨɥɢ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ. ɋɪɟɞɢ ɧɢɯ 

ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɚ ɫɨɥɶ Ɇɨɪɚ (NH4)2Fe(SO4)26H2O – ɞɜɨɣɧɨɣ ɫɭɥɶɮɚɬ 

ɠɟɥɟɡɚ(II) ɚɦɦɨɧɢɹ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɲɟɧɢɬɚ. ȼɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɥɢ Ɇɨɪɚ ɤ 

ɨɤɢɫɥɟɧɢɸ ɢ ɜɵɜɟɬɪɢɜɚɧɢɸ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɜɢɬɨɣ ɫɢɫɬɟɦɨɣ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ 

ɦɟɠɞɭ ɢɨɧɚɦɢ ɚɦɦɨɧɢɹ ɢ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ, ɜɯɨɞɹɳɢɦɢ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ 

ɫɮɟɪɭ ɠɟɥɟɡɚ.  

ɒɢɪɨɤɨ ɭɩɨɬɪɟɛɥɹɟɦɵɦ ɪɟɚɤɬɢɜɨɦ ɫɥɭɠɢɬ ɫɭɥɶɮɚɬ ɠɟɥɟɡɚ(II), ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɣɫɹ ɢɡ ɪɚɫɬɜɨɪɚ ɜ ɜɢɞɟ ɝɟɩɬɚɝɢɞɪɚɬɚ 

FeSO47H2O, ɧɚɡɵɜɚɟɦɨɝɨ ɠɟɥɟɡɧɵɦ ɤɭɩɨɪɨɫɨɦ. Эɬɨ ɜɟɳɟɫɬɜɨ ɨɛɪɚɡɭɟɬ 

ɤɪɚɫɢɜɵɟ ɛɥɟɞɧɨ-ɝɨɥɭɛɵɟ ɤɪɢɫɬɚɥɥɵ, ɤɨɬɨɪɵɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɨɥɢ Ɇɨɪɚ, ɩɪɢ 

ɯɪɚɧɟɧɢɢ ɜɵɜɟɬɪɢɜɚɸɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɛɟɥɵɣ ɩɨɪɨɲɨɤ, ɚ ɧɚ ɜɨɡɞɭɯɟ 

ɩɨɫɬɟɩɟɧɧɨ ɠɟɥɬɟɸɬ ɜɫɥɟɞɫɬɜɢɟ ɨɤɢɫɥɟɧɢɹ. ȼɵɜɟɬɪɢɜɚɧɢɟ ɠɟɥɟɡɧɨɝɨ ɤɭɩɨɪɨɫɚ 

ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɨɥɢ Ɇɨɪɚ, ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ 

[Fe(H2O)6]SO4H2O ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɜɧɟɲɧɟɫɮɟɪɧɨɣ ɜɨɞɵ, ɤɨɬɨɪɚɹ 

ɥɟɝɤɨ ɩɨɤɢɞɚɟɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ.  

 ɋɨɥɢ ɠɟɥɟɡɚ(II) – ɷɬɨ ɫɢɥɶɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ. Ɉɧɢ ɨɛɟɫɰɜɟɱɢɜɚɸɬ 

ɩɨɞɤɢɫɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ, ɯɥɨɪɧɭɸ ɢ ɛɪɨɦɧɭɸ ɜɨɞɭ, 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɞɢɯɪɨɦɚɬ ɞɨ ɫɨɥɟɣ ɯɪɨɦɚ(III). Ⱦɥɹ ɢɯ ɨɤɢɫɥɟɧɢɹ ɭɞɨɛɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ: 

6FeSO4 + 3H2SO4 + 2HNO3 = 3Fe2(SO4)3 + 2NO + 2H2O. 

Ⱦɥɹ ɠɟɥɟɡɚ(II) ɯɚɪɚɤɬɟɪɧɵ ɥɚɛɢɥɶɧɵɟ ɜɵɫɨɤɨɫɩɢɧɨɜɵɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ 

ɤɨɦɩɥɟɤɫɵ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɜɵɲɟ ɝɟɤɫɚɚɤɜɚ-ɢɨɧ. ɉɪɢ 

ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɥɢ ɠɟɥɟɡɚ(II) ɢɡɛɵɬɤɨɦ ɚɦɦɢɚɤɚ ɨɫɚɠɞɚɟɬɫɹ ɥɢɲɶ ɝɢɞɪɨɤɫɢɞ 

ɠɟɥɟɡɚ. Ⱥɦɦɢɚɤɚɬɵ ɠɟɥɟɡɚ(II) ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɥɢɲɶ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɚ 

ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɧɢ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ: 

FeCl2(ɛ/ɜ) + 6NH3 = [Fe(NH3)6]Cl2 

[Fe(NH3)6]Cl2 + 2H2O = Fe(OH)2 + 2NH4Cl + 4NH3 

ɇɢɡɤɨɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɠɟɥɟɡɨ ɨɛɪɚɡɭɟɬ ɥɢɲɶ ɫ ɥɢɝɚɧɞɚɦɢ ɫɢɥɶɧɨɝɨ 

ɩɨɥɹ –  ɰɢɚɧɢɞɨɦ, ɞɢɩɢɪɢɞɢɥɨɦ ɢ ɮɟɧɚɧɬɪɨɥɢɧɨɦ. Ȼɥɚɝɨɞɚɪɹ ɤɨɧɮɢɝɭɪɚɰɢɢ t2g
6
  



ɫ ɩɨɥɧɨɫɬɶɸ ɡɚɫɟɥɟɧɧɵɦɢ t2g-ɨɪɛɢɬɚɥɹɦɢ ɨɧɢ  ɫɨɱɟɬɚɸɬ ɜɵɫɨɤɭɸ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɤɢɧɟɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ƚɟɤɫɚɰɢɚɧɨɮɟɪɪɚɬ(II) ɤɚɥɢɹ 

ɢɡɜɟɫɬɟɧ ɤɚɤ ɠɟɥɬɚɹ ɤɪɨɜɹɧɚɹ ɫɨɥɶ. ɉɨ ɬɨɤɫɢɱɧɨɫɬɢ ɨɧɚ ɩɪɟɜɨɫɯɨɞɢɬ 

ɚɧɚɥɨɝɢɱɧɵɣ ɤɨɦɩɥɟɤɫ ɠɟɥɟɡɚ(III) ɜ ɫɢɥɭ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟɣ ɥɚɛɢɥɶɧɨɫɬɢ, 

ɜɵɡɜɚɧɧɨɣ ɦɟɧɶɲɟɣ ɜɟɥɢɱɢɧɨɣ ɩɚɪɚɦɟɬɪɚ ɪɚɫɳɟɩɥɟɧɢɹ ɨ.  Эɬɨ ɜɟɳɟɫɬɜɨ, ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɫɬɵɯ ɫɨɥɟɣ ɠɟɥɟɡɚ(II) ɭɫɬɨɣɱɢɜɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ, ɧɨ 

ɦɨɠɟɬ ɛɵɬɶ ɨɤɢɫɥɟɧɨ ɯɥɨɪɨɦ: 

2K4[Fe(CN)6] + Cl2 = 2K3[Fe(CN)6] + 2KCl 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɠɟɥɟɡɚ(II) ɫ ɚɧɢɨɧɚɦɢ ɤɪɚɫɧɨɣ ɤɪɨɜɹɧɨɣ ɫɨɥɢ ɢɥɢ 

ɢɨɧɨɜ ɠɟɥɟɡɚ(III) ɫ ɚɧɢɨɧɚɦɢ ɠɟɥɬɨɣ ɤɪɨɜɹɧɨɣ ɫɨɥɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɫɢɧɢ ɫɨɫɬɚɜɚ KFeFe(CN)6nH2O. Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɤɚɪɤɚɫɧɵɣ ɩɨɥɢɦɟɪ, ɜ ɤɨɬɨɪɨɦ ɚɬɨɦɵ ɠɟɥɟɡɚ(II) ɢ ɠɟɥɟɡɚ(III) 

ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɰɢɚɧɢɞɧɵɦɢ ɦɨɫɬɢɤɚɦɢ. ɂɧɬɟɧɫɢɜɧɚɹ ɨɤɪɚɫɤɚ ɷɬɨɝɨ 

ɜɟɳɟɫɬɜɚ ɨɛɴɹɫɧɹɟɬɫɹ ɩɟɪɟɯɨɞɚɦɢ ɷɥɟɤɬɪɨɧɨɜ ɨɬ Fe
2+

 ɤ Fe
3+

 ɩɨ ɰɢɚɧɢɞɧɵɦ 

ɦɨɫɬɢɤɚɦ. 

ɂɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɜɵɫɨɤɨɫɩɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɠɟɥɟɡɚ(II), 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɝɚɥɨɝɟɧɢɞɧɵɯ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ: 

2CsCl + FeCl2 = Cs2[FeCl4] 

 Ƚɚɥɨɝɟɧɢɞɵ ɠɟɥɟɡɚ(II) ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɫɬɟɩɟɧɶ ɢɨɧɧɨɫɬɢ, ɱɟɦ 

ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ(III). Ɏɬɨɪɢɞ ɠɟɥɟɡɚ(II) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɛɟɥɵɣ ɬɭɝɨɩɥɚɜɤɢɣ ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɪɭɬɢɥɚ, ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ. 

Ⱦɪɭɝɢɟ ɝɚɥɨɝɟɧɢɞɵ ɢɦɟɸɬ ɫɥɨɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɨɧɢ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ ɢ 

ɝɢɝɪɨɫɤɨɩɢɱɧɵ. 

ɉɪɢɦɟɪɨɦ ɦɟɬɚɥɥɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ(II) ɫɥɭɠɢɬ ɮɟɪɪɨɰɟɧ 

Fe(Cp)2, ɠɟɥɬɨ-ɨɪɚɧɠɟɜɵɟ ɤɪɢɫɬɚɥɥɵ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ(II) ɫ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɦ HCp ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɚɧɢɹ: 

FeCl2 + 2Na(cp) = Fe(cp)2 + 2NaCl 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɜɟɳɟɫɬɜɨ ɜɨɡɝɨɧɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ 

ɟɝɨ ɦɨɥɟɤɭɥɹɪɧɨɦɭ ɫɬɪɨɟɧɢɸ. Ɇɨɥɟɤɭɥɚ ɮɟɪɪɨɰɟɧɚ ɧɚɩɨɦɢɧɚɟɬ «ɛɭɬɟɪɛɪɨɞ», ɜ 



ɰɟɧɬɪɟ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧ ɚɬɨɦ ɠɟɥɟɡɚ, ɚ ɫɜɟɪɯɭ ɢ ɫɧɢɡɭ ɨɬ ɧɟɝɨ 

ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɢɥɶɧɵɟ ɤɨɥɶɰɚ, ɩɚɪɚɥɥɟɥɶɧɵɟ ɞɪɭɝ ɞɪɭɝɭ, ɧɨ ɧɚɯɨɞɹɳɢɟɫɹ ɜ 

ɚɧɬɢɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɤɨɧɮɨɪɦɚɰɢɢ (Ɋɢɫ. 3). Ʉɚɠɞɵɣ ɥɢɝɚɧɞ ɨɛɪɚɡɭɟɬ ɫ ɚɬɨɦɨɦ 

ɠɟɥɟɡɚ ɩɨ ɩɹɬɶ ɫɜɹɡɟɣ ɩɪɢ ɩɨɦɨɳɢ ɩɹɬɢ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɬɚɤɨɣ ɬɢɩ 

ɤɨɨɪɞɢɧɚɰɢɢ ɨɛɨɡɧɚɱɚɸɬ η5. ɐɢɤɥɨɩɟɧɬɚɞɢɟɧɢɥɶɧɵɟ ɝɪɭɩɩɵ ɧɚɞɟɠɧɨ 

ɡɚɳɢɳɚɸɬ ɚɬɨɦ ɠɟɥɟɡɚ ɨɬ ɨɤɢɫɥɟɧɢɹ: ɜɟɳɟɫɬɜɨ ɨɤɚɡɵɜɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ ɧɟ 

ɬɨɥɶɤɨ ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ ɜɨɡɞɭɯɟ, ɧɨ ɢ ɨɛɪɚɛɨɬɤɟ ɝɨɪɹɱɢɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ 

ɪɚɫɬɜɨɪɨɦ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. 

ɏɢɦɢɹ ɪɭɬɟɧɢɹ(II) ɢ ɨɫɦɢɹ(II) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɢɡɤɨɫɩɢɧɨɜɵɦɢ 

ɤɨɦɩɥɟɤɫɚɦɢ. ɉɪɟɨɛɥɚɞɚɸɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɫ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ 

ɱɢɫɥɨɦ ɲɟɫɬɶ (t2g
6). Ɋɨɡɨɜɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ [Ru(H2O)6]

2+, ɩɨɥɭɱɚɸɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɬɟɬɪɚɨɤɫɢɞɚ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɜɢɧɰɨɦ. ɂɨɧɵ 

ɝɟɤɫɚɚɤɜɚɪɭɬɟɧɢɹ(II) ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹɦɢ, ɧɚ ɜɨɡɞɭɯɟ ɨɧɢ 

ɛɵɫɬɪɨ ɨɤɢɫɥɹɸɬɫɹ ɞɨ [Ru(H2O)6]
3+, ɰɜɟɬ ɪɚɫɬɜɨɪɚ ɩɪɢ ɷɬɨɦ ɫɬɚɧɨɜɢɬɫɹ ɠɟɥɬɵɦ. 

ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɫɨɥɢ ɪɭɬɟɧɢɹ(II) ɫ ɛɨɥɶɲɢɧɫɬɜɨɦ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ, 

ɚɧɢɨɧɵ ɤɨɬɨɪɵɯ ɫɩɨɫɨɛɧɵ ɩɪɨɹɜɥɹɬɶ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɧɟ ɩɨɥɭɱɟɧɵ. 

Ʉɚɬɢɨɧ ɝɟɤɫɚɚɤɜɚɪɭɬɟɧɢɹ(II)  ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɩɨɫɨɛɟɧ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɞɚɠɟ 

ɩɟɪɯɥɨɪɚɬ, ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɢɧɞɢɮɮɟɪɟɧɬɧɵɯ ɢɨɧɨɜ. 

 Ⱥɦɦɢɚɱɧɵɣ ɤɨɦɩɥɟɤɫ ɪɭɬɟɧɢɹ(II) ɫɩɨɫɨɛɟɧ ɨɛɪɚɬɢɦɨ ɫɜɹɡɵɜɚɬɶ 

ɦɨɥɟɤɭɥɹɪɧɵɣ ɚɡɨɬ: 

[Ru(NH3)5(H2O)]Cl2 + N2 = [Ru(NH3)5(N2)]Cl2 + H2O 

ɏɢɦɢɹ ɨɫɦɢɹ(II) ɨɝɪɚɧɢɱɟɧɚ ɜ ɨɫɧɨɜɧɨɦ ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ π-ɚɤɰɟɩɬɨɪɧɵɦɢ 

ɥɢɝɚɧɞɚɦɢ – ɰɢɚɧɢɞɨɦ, ɞɢɩɢɪɢɞɢɥɨɦ, ɮɨɫɮɢɧɚɦɢ. ɇɟɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨ 

ɫɬɪɨɟɧɢɸ ɧɚɩɨɦɢɧɚɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɤɨɦɩɥɟɤɫɵ ɪɭɬɟɧɢɹ, ɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ 

ɭɫɬɨɣɱɢɜɵ. ȼɫɟ ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ +2 ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. 

 

4. ɋɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 9 ɝɪɭɩɩɵ 



Ɍɚɛɥɢɰɚ 3. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 9-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 Co Rh Ir 

Аɬɨɦɧɵɣ ɧɨɦɟɪ 27 45 77 

Эɥɟɤɬɪɨɧɧая 

 ɤɨɧɮɢɝɭɪаɰɢя 

3d
7
4s

2
 4d

8
5s

1
 4f

14
5d

7
6s

2
 

Аɬɨɦɧɵɣ ɪаɞɢɭɫ, ɩɦ 125 134 136 

ɉɟɪɜая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

7.86 7.46 9.10 

ȼɬɨɪая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

17.06 18.01 17.00 

Эɥɟɤɬɪɨɨɬɪɢɰаɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 

1.70 1.45 1.55 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя 2, 3, (4) (1), 2, 3, 4, (6) (1), 2, 3, 4, 5, (6) 

Ɍɟɦɩɟɪаɬɭɪа 

 ɩɥаɜɥɟɧɢя. 

°C 

1490 2237 2719 

Ɍɟɦɩɟɪаɬɭɪа 

 ɤɢɩɟɧɢя, 

°C 

3100 3730 4405 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 8.90 12.41 22.56 

E
0
 (Мn+

 / М0), ȼ -0.28 (n=2) +0.76 (n=3) +1.00 (n=3) 

 

4.1. ɋɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ, ɪɨɞɢɹ ɢ ɢɪɢɞɢɹ ɜ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ 

ɨɤɢɫɥɟɧɢɹ 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ 

ɨɤɢɫɥɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. Ⱦɥɹ ɤɨɛɚɥɶɬɚ ɦɚɤɫɢɦɚɥɶɧɨ 

ɞɨɫɬɢɝɧɭɬɨɣ ɫɬɟɩɟɧɶɸ ɨɤɢɫɥɟɧɢɹ ɹɜɥɹɟɬɫɹ +4, ɚ ɟɝɨ ɬɹɠɟɥɵɟ ɚɧɚɥɨɝɢ 

ɨɛɪɚɡɭɸɬ ɝɟɤɫɚɮɬɨɪɢɞɵ. ȿɫɥɢ ɫɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ(IV) ɢ ɪɨɞɢɹ(IV) 

ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɩɪɨɹɜɥɹɸɬ ɫɜɨɣɫɬɜɚ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ, ɬɨ ɫɬɟɩɟɧɶ 



ɨɤɢɫɥɟɧɢɹ +4 ɞɥɹ ɢɪɢɞɢɹ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɫɬɚɛɢɥɶɧɨɣ.  

Ƚɟɤɫɚɮɬɨɪɢɞɵ ɪɨɞɢɹ ɢ ɢɪɢɞɢɹ ɩɨɥɭɱɚɸɬ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɩɪɢ 

ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɥɟɬɭɱɢɟ 

ɜɟɳɟɫɬɜɚ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɷɧɟɪɝɢɱɧɨ ɨɤɢɫɥɹɸɳɢɟ ɜɨɞɭ: 

2IrF6 + 10H2O = 2IrO2*2H2O + O2 + 12HF 

ɢ ɝɨɪɹɳɢɟ ɜ ɯɥɨɪɟ: 

2RhF6 + 3Cl2 = 2RhF3 + 6ClF 

ɉɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɝɟɤɫɚɬɨɪɢɞɵ ɨɬɳɟɩɥɹɸɬ ɮɬɨɪ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ 

ɩɟɧɬɚɮɬɨɪɢɞɵ(ɪɢɫ.4), ɫɨɫɬɨɹɳɢɟ ɢɡ ɬɟɬɪɚɹɞɟɪɧɵɯ ɦɨɥɟɤɭɥ ɫ ɦɨɫɬɢɤɨɜɵɦɢ 

ɚɬɨɦɚɦɢ ɮɬɨɪɚ. 

ɉɟɧɬɚɮɬɨɪɢɞɵ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ ɜɟɞɭɬ ɫɟɛɹ ɤɚɤ ɤɢɫɥɨɬɵ Ʌɶɸɢɫɚ: 

RhF5 + KF = K[RhF6] (ɜ ɠɢɞɤɨɦ HF) 

ɚ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɜɨɞɭ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ: 

4IrF5 + 18H2O = 4IrO2*2H2O + O2 + 20HF 

ɏɢɦɢɹ ɫɨɟɞɢɧɟɧɢɣ ɤɨɛɚɥɶɬɚ(IV) ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɚ. ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɫɨɥɟɣ 

ɤɨɛɚɥɶɬɚ ɜ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɝɢɩɨɯɥɨɪɢɬɨɦ ɢɥɢ ɨɡɨɧɨɦ ɨɛɪɚɡɭɟɬɫɹ ɱɟɪɧɵɣ 

ɩɨɪɨɲɨɤ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ: 

Co(OH)2 + O3 = CoO2 + O2 + H2O 

Ɉɧ ɩɪɨɹɜɥɹɟɬ ɫɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɥɟɝɤɨ 

ɨɬɞɚɟɬ ɤɢɫɥɨɪɨɞ. Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɟ ɤɨɛɚɥɶɬɚɬɵ(IV), 

ɹɜɥɹɸɳɢɟɫɹ ɩɪɨɞɭɤɬɚɦɢ ɳɟɥɨɱɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɤɨɛɚɥɶɬɚ 

ɧɚɞɩɟɪɨɤɫɢɞɚɦɢ ɢɥɢ ɤɢɫɥɨɪɨɞɨɦ: 

12KO2 + Co3O4 = 3K4CoO4 + 8O2 

Эɬɢ ɜɟɳɟɫɬɜɚ ɫɨɫɬɨɹɬ ɢɡ ɨɬɞɟɥɶɧɵɯ ɬɟɬɪɚɷɞɪɨɜ ɋɨɈ4 ɢɥɢ ɢɡ ɨɤɬɚɷɞɪɨɜ ɋɨɈ6, 

ɫɜɹɡɚɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ ɜ ɛɟɫɤɨɧɟɱɧɵɟ ɰɟɩɢ. Ʉɨɛɚɥɶɬɚɬɵ(IV) ɪɚɡɥɚɝɚɸɬɫɹ 

ɜɨɞɨɣ ɢ ɤɢɫɥɨɬɚɦɢ, ɜɵɞɟɥɹɹ ɤɢɫɥɨɪɨɞ: 

2K4CoO4 + 6H2SO4 = 2CoSO4 + 4K2SO4 + O2 + 6H2O 

Ʉɨɛɚɥɶɬ(IV) ɦɨɠɟɬ ɛɵɬɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧ ɜ ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɢ  



K6CoMo9O326H2O ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɦɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II) 

ɩɟɪɫɭɥɶɮɚɬɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ, ɚ ɬɚɤɠɟ ɜɨ ɮɬɨɪɢɞɧɨɦ 

ɤɨɦɩɥɟɤɫɟ, ɨɛɪɚɡɭɸɳɟɦɫɹ ɜ ɜɢɞɟ ɠɟɥɬɨɝɨ ɩɨɪɨɲɤɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɯɥɨɪɢɞɚ 

ɤɨɛɚɥɶɬɚ(II) ɮɬɨɪɨɦ: 

CoCl2 + 2CsCl + 3F2 = Cs2[CoF6] + 2Cl2 

Эɬɨɬ ɤɨɦɩɥɟɤɫ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɜ ɟɝɨ ɫɨɫɬɚɜɟ ɥɢɝɚɧɞɨɜ ɫɥɚɛɨɝɨ ɩɨɥɹ, 

ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɫɩɢɧɨɜɵɦ (t2g
5
 ɤɨɧɮɢɝɭɪɚɰɢɹ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜɵɫɨɤɢɦ 

ɩɚɪɚɦɟɬɪɨɦ ɪɚɫɳɟɩɥɟɧɢɹ ɨ. 

ɋɪɟɞɢ ɧɟɦɧɨɝɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɨɞɢɹ(IV) ɢɡɜɟɫɬɧɵ ɯɥɨɪɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ, 

ɧɚɩɪɢɦɟɪ, ɡɟɥɟɧɵɣ Cs2[RhCl6], ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ 

ɝɟɤɫɚɯɥɨɪɨɪɨɞɚɬɚ(III) ɫɭɥɶɮɚɬɨɦ ɰɟɪɢɹ(IV) ɢ ɯɥɨɪɨɦ. ȼɨɞɨɣ ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ ɫ 

ɜɵɞɟɥɟɧɢɟɦ ɯɥɨɪɚ. ɉɪɢ ɫɩɥɚɜɥɟɧɢɢ ɩɨɪɨɲɤɚ ɪɨɞɢɹ ɫɨ ɳɟɥɨɱɚɦɢ ɦɨɝɭɬ ɛɵɬɶ 

ɩɨɥɭɱɟɧɵ ɪɨɞɚɬɵ, ɧɚɩɪɢɦɟɪ, Na2RhO3. ȼɫɟ ɫɨɟɞɢɧɟɧɢɹ ɪɨɞɢɹ(IV) – ɫɢɥɶɧɵɟ 

ɨɤɢɫɥɢɬɟɥɢ. 

Ⱦɥɹ ɢɪɢɞɢɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ, ɱɟɦ ɭ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ 

ɝɪɭɩɩɵ. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɧɚɩɪɢɦɟɪ, 

ɝɟɤɫɚɯɥɨɪɨɢɪɢɞɚɬ(IV), ɨɛɪɚɡɭɳɢɣɫɹ ɩɪɢ ɯɥɨɪɢɪɨɜɚɧɢɢ ɫɦɟɫɢ ɩɨɪɨɲɤɚ ɢɪɢɞɢɹ ɫ 

ɯɥɨɪɢɞɨɦ ɤɚɥɢɹ: 

             625 °C 

2KCl + Ir + 2Cl2  K2IrCl6 

ɋɨɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɦɧɨ-ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. ȼ 

ɨɬɥɢɱɢɟ ɨɬ ɚɧɚɥɨɝɢɱɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɪɨɞɢɹ(IV) ɷɬɨ ɫɥɚɛɵɣ ɨɤɢɫɥɢɬɟɥɶ, ɯɨɬɹ ɢ 

ɜɵɬɟɫɧɹɸɳɢɣ ɢɨɞ ɢɡ ɪɚɫɬɜɨɪɚ ɢɨɞɢɞɚ ɤɚɥɢɹ: 

K2[IrCl6] + 2KI = K3[IrCl6] + 1/2I2 

Ⱦɟɣɫɬɜɢɟɦ ɳɟɥɨɱɢ ɧɚ ɯɥɨɪɨɢɪɢɞɚɬɵ(IV) ɩɨɥɭɱɚɸɬ ɱɟɪɧɵɣ ɨɫɚɞɨɤ 

ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ IrO22H2O, ɥɟɝɤɨ ɪɚɫɬɜɨɪɢɦɵɣ ɤɚɤ ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ, 

ɬɚɤ ɢ ɜ ɢɡɛɵɬɤɟ ɳɟɥɨɱɢ: 

IrO2 + 6HCl  = H2[IrCl6] + 2H2O, 

IrO2 + 2KOH + 2H2O = K2[Ir(OH)6]. 



Ⱦɢɨɤɫɢɞ IrO2 ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɡɜɟɫɬɧɵɦ ɨɤɫɢɞɨɦ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ. 

ɋɩɥɚɜɥɟɧɢɟɦ ɟɝɨ ɫɨ ɳɟɥɨɱɚɦɢ ɩɨɥɭɱɟɧɵ ɢɪɢɞɚɬɵ(IV), ɧɚɩɪɢɦɟɪ, Na2IrO3, 

CaIrO3, ɚ ɬɚɤɠɟ Cs4IrO4, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɚɬɫɹ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɚɧɢɨɧɵ IrO4
4–

.  

4.2. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3. 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ d
6
, 

ɤɨɬɨɪɚɹ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɤɚɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ, ɬɚɤ ɢ 

ɤɢɧɟɬɢɱɟɫɤɢ ɜ ɧɢɡɤɨɫɩɢɧɨɜɵɯ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɚɯ (t2g
6) ɜɫɟ 

ɤɨɦɩɥɟɤɫɵ ɧɢɡɤɨɫɩɢɧɨɜɵɟ, ɞɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɨɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɤɨɛɚɥɶɬɚ ɟɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɥɢɲɶ ɥɢɝɚɧɞɵ 

ɫɢɥɶɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɨɥɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɫɥɭɱɚɟ ɥɢɝɚɧɞɨɜ ɫɥɚɛɨɝɨ ɩɨɥɹ, ɫ 

ɤɨɬɨɪɵɦɢ ɤɨɛɚɥɶɬ(III) ɜɵɧɭɠɞɟɧ ɨɛɪɚɡɨɜɵɜɚɬɶ ɜɵɫɨɤɨɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ, 

ɞɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɫɬɚɛɢɥɶɧɨɣ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ 

ɩɪɨɫɬɵɟ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(III) ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ 

ɨɤɢɫɥɢɬɟɥɹɦɢ. 

Ɋɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɢɨɧɵ ɝɟɤɫɚɚɤɜɚɤɨɛɚɥɶɬɚ(III), ɢɦɟɸɬ ɫɢɧɸɸ 

ɨɤɪɚɫɤɭ. Ɉɧɢ ɨɱɟɧɶ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɪɚɡɥɚɝɚɸɬɫɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɤɢɫɥɨɪɨɞɚ: 

4[Co(H2O)6]
3+ 

+ 2H2O = 4[Co(H2O)6]
2+ 

+ 4H
+
 + O2 

ɋɢɧɢɟ ɩɥɚɫɬɢɧɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ Co2(SO4)318H2O ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɚɧɨɞɧɨɦ 

ɨɤɢɫɥɟɧɢɢ ɫɟɪɧɨɤɢɫɥɨɝɨ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɤɨɛɚɥɶɬɚ(II) ɢ ɩɨɫɥɟɞɭɸɳɟɦ 

ɨɯɥɚɠɞɟɧɢɢ ɞɨ 0 °C. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɫɭɥɶɮɚɬɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ 

ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɬɟɦɧɨ-ɫɢɧɢɟ ɤɜɚɫɰɵ CsCo(SO4)212H2O. ɂɡɜɟɫɬɧɵ ɢ ɞɪɭɝɢɟ 

ɫɨɥɢ ɤɨɛɚɥɶɬɚ(III). ȼɫɟ ɨɧɢ ɪɚɡɥɚɝɚɸɬɫɹ ɜɨɞɨɣ ɢ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ 

ɨɤɢɫɥɢɬɟɥɹɦɢ. 

ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɤɨɛɚɥɶɬɚ(II) ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ, 

ɝɢɩɨɯɥɨɪɢɬɨɦ, ɛɪɨɦɧɨɣ ɜɨɞɨɣ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɛɪɚɡɭɟɬɫɹ ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ 

ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ ɋɨɈɈɇ: 

. 



Ɉɧ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɡɟɥɟɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɝɢɞɪɨɫɭɥɶɮɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ ɤɨɛɚɥɶɬɚ. ȼ 

ɤɢɫɥɨɣ ɫɪɟɞɟ ɨɤɫɨɝɢɞɪɨɤɫɢɞ ɤɨɛɚɥɶɬɚ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɫɢɥɶɧɵɣ ɨɤɢɫɥɢɬɟɥɶ, 

ɜɵɬɟɫɧɹɹ ɤɢɫɥɨɪɨɞ ɢɡ ɜɨɞɵ: 

 

ɉɪɢ ɫɩɥɚɜɥɟɧɢɢ ɫ ɳɟɥɨɱɚɦɢ ɨɧ ɞɚɟɬ ɤɨɛɚɥɶɬɚɬɵ(III), ɧɚɩɪɢɦɟɪ, NaCoO2, 

Na5CoO4, ɬɨ ɟɫɬɶ ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɨɫɬɶ. 

Ⱦɥɹ ɤɨɛɚɥɶɬɚ(III) ɯɚɪɚɤɬɟɪɧɵ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɧɢɡɤɨɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ. 

ɇɚɥɢɱɢɟ ɩɨɥɧɨɫɬɶɸ ɡɚɫɟɥɟɧɧɵɯ t2g-ɨɪɛɢɬɚɥɟɣ ɞɟɥɚɟɬ ɢɯ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɵɦɢ 

ɢ ɭɫɥɨɠɧɹɟɬ ɫɢɧɬɟɡ ɩɨ ɪɟɚɤɰɢɹɦ ɨɛɦɟɧɚ. Ɉɛɳɢɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɤɨɛɚɥɶɬɚ(III) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɤɢɫɥɟɧɢɢ ɫɨɥɟɣ ɤɨɛɚɥɶɬɚ(II) ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɥɢɝɚɧɞɚ. Ɍɚɤ, ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɚɦɦɢɚɱɧɵɣ ɪɚɫɬɜɨɪ 

ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ(II) ɩɨɹɜɥɹɟɬɫɹ ɤɪɚɫɧɨɟ ɨɤɪɚɲɢɜɚɧɢɟ, ɜɵɡɜɚɧɧɨɟ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɦɢɚɤɚɬɚ ɤɨɛɚɥɶɬɚ(III): 

4CoCl2 + 16NH3 + 4NH4Cl + O2 = 4[Co(NH3)5Cl]Cl2 + 2H2O. 

Ɉɤɢɫɥɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɜ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ ɱɟɪɟɡ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɪɢɱɧɟɜɨɝɨ 

ɢɧɬɟɪɦɟɞɢɚɬɚ ɫ ɦɨɫɬɢɤɨɜɨɣ ɩɟɪɨɤɫɨ-ɝɪɭɩɩɨɣ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧ ɜ 

ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ. 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɚɦɦɢɚɱɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɤɨɛɚɥɶɬɚ(II) ɨɛɪɚɡɭɟɬɫɹ ɝɟɤɫɚɦɦɢɧ, ɜɵɩɚɞɚɸɳɢɣ ɜ ɜɢɞɟ ɜɢɧɧɨ-ɤɪɚɫɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ:  

             ɋɚɤɬ 

4CoCl2 + 20NH3 + 4NH4Cl + O2 = 4[Co(NH3)6]Cl3 + 2H2O. 

Ɍɟɬɪɚɦɦɢɧɵ ɤɨɛɚɥɶɬɚ(III) ɩɨɥɭɱɚɸɬ, ɜɜɨɞɹ ɜ ɫɢɧɬɟɡ ɧɚɪɹɞɭ ɫ ɚɦɦɢɚɤɨɦ 

ɤɚɪɛɨɧɚɬ-ɢɨɧɵ – ɛɢɞɟɧɬɚɬɧɵɟ ɥɢɝɚɧɞɵ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɭɞɚɥɹɸɬɫɹ 

ɩɪɨɬɨɧɢɪɨɜɚɧɢɟɦ: 

4CoSO4 + 4(NH4)2CO3 + 8NH3 + O2 = 4[Co(NH3)4CO3]SO4 + 2H2O. 

ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢɡ ɪɚɫɬɜɨɪɚ ɜɵɞɟɥɹɸɬɫɹ ɝɪɚɧɚɬɨɜɨ-ɤɪɚɫɧɵɟ ɩɪɢɡɦɚɬɢɱɟɫɤɢɟ 

ɤɪɢɫɬɚɥɥɵ. Ɉɛɪɚɛɨɬɤɚ ɢɯ ɪɚɫɬɜɨɪɨɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɪɢɜɨɞɢɬ ɤ ɰɢɫ-



ɞɢɚɤɜɚɬɟɬɪɚɦɦɢɧɭ [Co(NH3)4(ɇ2Ɉ)2]SO4, ɢɡ ɤɨɬɨɪɨɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɨɛɪɚɛɨɬɤɨɣ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɚɦɢ ɩɨɥɭɱɚɸɬ ɡɟɥɟɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɬɪɚɧɫ-[Co(NH3)4Cl2]Cl. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɤɨɛɚɥɶɬɚ, ɩɨɞɤɢɫɥɟɧɧɨɝɨ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ, ɫ 

ɢɡɛɵɬɤɨɦ ɧɢɬɪɢɬɚ ɤɚɥɢɹ ɜɵɩɚɞɚɟɬ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɝɟɤɫɚɧɢɬɪɨɤɨɛɚɥɶɬɚɬɚ ɤɚɥɢɹ: 

Co(NO3)2 + 7KNO2 + 2CH3COOH = K3[Co(NO2)6] + NO + 2CH3COOK + 

2KNO3 + H2O. 

Ɋɨɡɨɜɨ-ɤɪɚɫɧɵɣ ɨɫɚɞɨɤ ɧɢɬɪɢɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɚɬɨɦɚ 

ɯɥɨɪɚ ɜ ɢɨɧɟ ɩɟɧɬɚɦɦɢɧɤɨɛɚɥɶɬɚ(III) ɧɚ ɧɢɬɪɢɬɧɭɸ ɝɪɭɩɩɭ: 

[Co(NH3)5Cl]Cl2 + NaNO2 = [Co(NH3)5(ONO)]Cl2 + NaCl. 

ȼ ɫɥɚɛɨɤɢɫɥɨɣ ɫɪɟɞɟ ɨɧ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɠɟɥɬɵɣ ɧɢɬɪɨ-ɤɨɦɩɥɟɤɫ: 

H
+
 

[Co(NH3)5(ONO)]Cl2  [Co(NH3)5(NO2)]Cl2 

ɪɨɡɨɜɨ-ɤɪɚɫɧɵɣ                            ɠɟɥɬɵɣ 

ȼ ɬɜɟɪɞɨɦ ɫɨɟɞɢɧɟɧɢɢ ɢɡɨɦɟɪɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫɩɨɧɬɚɧɧɨ, ɧɨ ɡɚ ɛɨɥɟɟ 

ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ – ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɧɟɞɟɥɶ (ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ 10–4
 ɫ–1

 

ɩɪɢ 58 °C). Ɉɛɪɚɬɧɵɣ ɩɟɪɟɯɨɞ ɜɨɡɦɨɠɟɧ ɥɢɲɶ ɩɪɢ ɮɨɬɨɯɢɦɢɱɟɫɤɨɣ 

ɚɤɬɢɜɚɰɢɢ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬ ɧɢɬɪɢɬɧɵɣ ɤɨɦɩɥɟɤɫ ɪɚɡɪɭɲɚɟɬɫɹ. 

ɋɪɟɞɢ ɤɨɦɩɥɟɤɫɨɜ ɫ ɯɟɥɚɬɢɪɭɸɳɢɦɢ ɤɢɫɥɨɪɨɞ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ 

ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɟɧ ɡɟɥɟɧɵɣ ɬɪɢɫɨɤɫɚɥɚɬɨɤɨɛɚɥɶɬɚɬ(III) K3[Co(C2O4)3]. ȿɝɨ 

ɫɢɧɬɟɡɢɪɭɸɬ, ɞɟɣɫɬɜɭɹ ɧɚ ɧɢɬɪɚɬ ɤɨɛɚɥɶɬɚ ɨɤɫɚɥɚɬɨɦ ɤɚɥɢɹ ɢ ɩɟɪɨɤɫɢɞɨɦ 

ɜɨɞɨɪɨɞɚ: 

2Co(NO3)2  +  5K2C2O4  +  H2C2O4  +  H2O2  =  2K3[Co(C2O4)3]  +  4KNO3  + 

2H2O. 

ɉɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɫɨɥɟɣ ɤɨɛɚɥɶɬɚ(II) ɤɢɫɥɨɪɨɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɥɢɝɚɧɞɨɜ 

ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɬɚɞɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɹɞɟɪɧɵɯ ɫɭɩɟɪɨɤɫɨɤɨɦɩɥɟɤɫɨɜ, 

ɧɟɤɨɬɨɪɵɟ ɢɡ ɤɨɬɨɪɵɯ ɭɞɚɟɬɫɹ ɜɵɞɟɥɢɬɶ ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ: 

2CoCl2 + O2 + 10KCN = K6[Co2(O2)(CN)10] + 4KCl 



Ɉɞɧɢɦ ɢɡ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɢɦɟɪɨɜ ɜɵɫɨɤɨɫɩɢɧɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɤɨɛɚɥɶɬɚ(III) ɹɜɥɹɟɬɫɹ ɝɟɤɫɚɮɬɨɪɨɤɨɛɚɥɶɬɚɬ(III), ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ 

ɮɬɨɪɢɞɚ ɤɨɛɚɥɶɬɚ ɮɬɨɪɨɦ: 

2CoF2 + F2 + 6CsF = 2Cs3[CoF6]. 

Эɬɨɬ ɤɨɦɩɥɟɤɫ, ɛɭɞɭɱɢ ɥɚɛɢɥɶɧɵɦ, ɦɝɧɨɜɟɧɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɜɨɞɨɣ. 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3 ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɞɥɹ ɩɥɚɬɢɧɨɜɵɯ 

ɦɟɬɚɥɥɨɜ 9 ɝɪɭɩɩɵ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɢɫɥɨɬɚɦɢ ɨɤɫɢɞɚ ɪɨɞɢɹ(III) 

ɨɛɪɚɡɭɸɬɫɹ ɠɟɥɬɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɞɢɚɦɚɝɧɢɬɧɵɟ (t2g
6) ɢɨɧɵ 

[Rh(H2O)6]
3+. ɂɡ ɧɢɯ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɫɨɥɢ, ɧɚɩɪɢɦɟɪ, ɫɭɥɶɮɚɬ 

Rh2(SO4)318H2O ɢɥɢ ɤɜɚɫɰɵ CsRh(SO4)212H2O.  Ʉɨɦɩɥɟɤɫɵ ɪɨɞɢɹ(III) ɢ 

ɢɪɢɞɢɹ(III) ɜɨ ɦɧɨɝɨɦ ɧɚɩɨɦɢɧɚɸɬ ɤɨɦɩɥɟɤɫɵ ɤɨɛɚɥɶɬɚ(III): ɨɧɢ 

ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɢ ɧɢɡɤɨɫɩɢɧɨɜɵɟ, ɞɚɠɟ ɫ ɥɢɝɚɧɞɚɦɢ ɫɥɚɛɨɝɨ ɩɨɥɹ. ȼɫɟ ɨɧɢ 

ɞɢɚɦɚɝɧɢɬɧɵ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɹɜɥɹɸɬ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ. ɋɯɨɞɫɬɜɨ 

ɫ ɤɨɛɚɥɶɬɨɦ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɢ ɧɚ ɜɚɠɧɟɣɲɢɟ ɬɢɩɵ ɤɨɦɩɥɟɤɫɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɩɟɧɬɚ- ɢ ɝɟɤɫɚɦɦɢɧɵ, ɰɢɚɧɢɞɧɵɟ ɢ ɨɤɫɚɥɚɬɧɵɟ 

ɤɨɦɩɥɟɤɫɵ. ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɢ ɦɨɫɬɢɤɨɜɵɟ ɫɭɩɟɪɨɤɫɨ-ɞɢɦɟɪɵ.  

 ȼ ɯɢɦɢɢ ɪɨɞɢɹ(III) ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɤɨɦɩɥɟɤɫɧɵɟ ɯɥɨɪɢɞɵ, ɤɨɬɨɪɵɟ, 

ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɬɢɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɥɚɛɢɥɶɧɨɫɬɶ. 

Ƚɟɤɫɚɯɥɨɪɨɪɨɞɚɬ(III) ɧɚɬɪɢɹ Na3[RhCl6] ɩɨɥɭɱɚɸɬ ɧɚɝɪɟɜɚɧɢɟɦ ɫɦɟɫɢ 

ɛɟɡɜɨɞɧɨɝɨ ɬɪɢɯɥɨɪɢɞɚ ɪɨɞɢɹ ɢ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɬɨɤɟ ɯɥɨɪɚ ɩɪɢ 300 °C. ɉɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɢ ɭɩɚɪɢɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɜɟɳɟɫɬɜɨ ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɝɢɞɪɚɬɚ ɢɧɬɟɧɫɢɜɧɨ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɳɟɥɨɱɢ ɧɚ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɝɟɤɫɚɯɥɨɪɨɪɨɞɚɬɨɜ ɢɥɢ ɫɨɥɟɣ 

ɪɨɞɢɹ(III) ɜɵɞɟɥɹɟɬɫɹ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ Rh2O3nH2O. 

Ɉɧ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ, ɚ ɫ ɳɟɥɨɱɚɦɢ ɪɟɚɝɢɪɭɟɬ ɥɢɲɶ ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ, 

ɨɛɪɚɡɭɹ ɪɨɞɢɬɵ, ɧɚɩɪɢɦɟɪ, NaRhO2 (ɪɢɫ. 5). 

  ɋɨɟɞɢɧɟɧɢɹ ɢɪɢɞɢɹ(III) ɩɨ ɫɬɪɨɟɧɢɸ ɢ ɭɱɚɫɬɢɸ ɜ ɪɟɚɤɰɢɹɯ 

ɡɚɦɟɳɟɧɢɹ ɧɚɩɨɦɢɧɚɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɤɨɦɩɥɟɤɫɵ ɪɨɞɢɹ(III), ɨɞɧɚɤɨ, ɜ ɨɬɥɢɱɢɟ 

ɨɬ ɧɢɯ, ɩɪɨɹɜɥɹɸɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ (ɪɢɫ. 6). 



ɀɟɥɬɵɣ ɞɢɦɚɝɧɢɬɧɵɣ ɝɟɤɫɚɚɤɜɚɢɨɧ ɢɪɢɞɢɹ(III) ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ 

ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ ɜ ɯɥɨɪɧɨɣ ɤɢɫɥɨɬɟ, ɜ ɬɜɟɪɞɨɦ 

ɜɢɞɟ ɨɧ ɢɡɜɟɫɬɟɧ ɜ ɤɜɚɫɰɚɯ CsIr(SO4)212H2O. ɉɪɢ ɞɟɣɫɬɜɢɢ ɳɟɥɨɱɟɣ ɧɚ 

ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɢɪɢɞɢɹ(III) ɨɛɪɚɡɭɟɬɫɹ ɡɟɥɟɧɵɣ ɨɫɚɞɨɤ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ 

ɨɤɫɢɞɚ Ir2O3xH2O, ɪɚɫɬɜɨɪɢɦɵɣ ɧɟ ɬɨɥɶɤɨ ɜ ɤɢɫɥɨɬɚɯ, ɧɨ ɢ ɜ ɳɟɥɨɱɚɯ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɟɤɫɚɝɢɞɪɨɤɫɨɢɪɢɞɚɬɨɜ(III) [Ir(OH)6]
3–.  ɋɨɥɢ ɢɪɢɞɢɹ(III), ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɚɧɚɥɨɝɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɨɛɚɥɶɬɚ ɢ ɪɨɞɢɹ, ɧɚ ɜɨɡɞɭɯɟ ɥɟɝɤɨ 

ɨɤɢɫɥɹɸɬɫɹ ɞɨ ɢɪɢɞɢɹ(IV).  

4.3. ɋɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2.  

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2 ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɞɥɹ ɤɨɛɚɥɶɬɚ. Эɥɟɤɬɪɨɧɧɚɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ d7, ɤɨɬɨɪɭɸ ɨɧ ɩɪɢɨɛɪɟɬɚɟɬ ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ, ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɧɢɡɤɚɹ ɷɧɟɪɝɢɹ ɪɚɫɳɟɩɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɩɚɪɚɦɚɝɧɢɬɧɵɯ 

ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ t2g
5
eg

2
. 

 

ɇɢɡɤɚɹ ɷɧɟɪɝɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɨɤɬɚɷɞɪɢɱɟɫɤɢɦ ɨɤɪɭɠɟɧɢɟɦ ɩɪɢɜɨɞɢɬ ɤ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɛɥɢɡɨɫɬɢ ɦɟɠɞɭ ɨɤɬɚɷɞɪɢɱɟɫɤɢɦɢ ɢ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɦɢ 

ɤɨɦɩɥɟɤɫɚɦɢ, ɨɛɴɹɫɧɹɟɬ ɥɟɝɤɨɫɬɶ ɜɡɚɢɦɧɵɯ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɧɢɦɢ. ȼɚɠɧɭɸ 

ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɝɟɨɦɟɬɪɢɢ ɨɛɪɚɡɭɸɳɟɣɫɹ ɤɨɦɩɥɟɤɫɧɨɣ ɱɚɫɬɢɰɵ 

ɢɝɪɚɟɬ ɫɬɟɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ: ɨɛɴɟɦɧɵɟ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɥɢɝɚɧɞɵ, 

ɬɚɤɢɟ ɤɚɤ Cl
–
, Br

–
, I

–
, SO3

2–
, CO3

2–
, C2O4

2–
 ɫɩɨɫɨɛɫɬɜɭɸɬ ɨɛɪɚɡɨɜɚɧɢɸ 

ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ, ɚ ɤɨɦɩɚɤɬɧɵɟ ɦɨɥɟɤɭɥɵ H2O, NH3 – 

ɨɤɬɚɷɪɢɱɟɫɤɢɯ. ȼ ɫɥɭɱɚɟ ɧɟɤɨɬɨɪɵɯ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɥɢɝɚɧɞɨɜ 

(OH
–
, NCS

–
, F

–) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ 

ɤɨɦɩɥɟɤɫɵ ɪɚɡɥɢɱɧɨɣ ɝɟɨɦɟɬɪɢɢ. ɑɚɫɬɨ ɨɛ ɢɡɦɟɧɟɧɢɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ 

ɱɢɫɥɚ ɦɟɬɚɥɥɚ ɥɟɝɤɨ ɫɭɞɢɬɶ ɩɨ ɩɟɪɟɯɨɞɭ ɨɞɧɨɣ ɨɤɪɚɫɤɢ ɜ ɞɪɭɝɭɸ. 

 Ʉɚɬɢɨɧ ɝɟɤɫɚɚɤɜɚɤɨɛɚɥɶɬɚ(II) [Co(H2O)6]
2+

 ɩɪɢɞɚɟɬ ɬɜɟɪɞɵɦ ɫɨɥɹɦ ɢ 

ɪɚɫɬɜɨɪɚɦ ɪɨɡɨɜɭɸ ɨɤɪɚɫɤɭ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɳɟɥɨɱɢ ɢɡ ɪɚɫɬɜɨɪɨɜ 

ɜɵɞɟɥɹɟɬɫɹ ɨɫɧɨɜɧɚɹ ɫɨɥɶ, ɚ ɡɚɬɟɦ ɢ ɛɥɟɞɧɨ-ɪɨɡɨɜɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ 

Co(OH)2, ɤɨɬɨɪɵɣ (pKb = 4,4) ɚɦɮɨɬɟɪɟɧ, ɧɨ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɨɫɧɨɜɧɵɯ 



ɫɜɨɣɫɬɜ. ȼ ɢɡɛɵɬɤɟ ɳɟɥɨɱɢ ɨɧ ɨɛɪɚɡɭɟɬ ɬɟɦɧɨ-ɫɢɧɢɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ 

ɬɟɬɪɚɝɢɞɪɨɤɫɢɤɨɛɚɥɶɬɚɬɵ(II) [Co(OH)4]
2–

. 

ɇɚ ɜɨɡɞɭɯɟ ɪɨɡɨɜɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ(II) ɩɨɫɬɟɩɟɧɧɨ ɫɬɚɧɨɜɢɬɫɹ 

ɤɨɪɢɱɧɟɜɵɦ ɜɫɥɟɞɫɬɜɢɟ ɨɤɢɫɥɟɧɢɹ: 

4Co(OH)2 + O2 = 4CoOOH + 2H2O. 

ɉɨɬɟɧɰɢɚɥ ɨɤɢɫɥɟɧɢɹ ɤɨɛɚɥɶɬɚ(II) ɜ ɤɨɛɚɥɶɬ(III) ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ 

ɤɢɫɥɨɬɧɨɫɬɢ ɫɪɟɞɵ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɨɥɟɣ ɠɟɥɟɡɚ(II) ɫɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ(II) 

ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ ɤɢɫɥɨɪɨɞɨɦ ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɢ ɤɢɫɥɨɣ ɫɪɟɞɚɯ. 

 ɉɪɨɞɭɤɬɨɦ ɩɪɨɤɚɥɢɜɚɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɝɢɞɪɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ(II) ɢ ɟɝɨ ɫɨɥɟɣ 

(ɧɢɬɪɚɬɚ, ɫɭɥɶɮɚɬɚ, ɤɚɪɛɨɧɚɬɚ) ɹɜɥɹɟɬɫɹ ɱɟɪɧɵɣ ɩɨɪɨɲɨɤ ɫɦɟɲɚɧɧɨɝɨ 

ɨɤɫɢɞɚ Co3O4 ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɧɨɪɦɚɥɶɧɨɣ ɲɩɢɧɟɥɢ: 

6Co(NO3)3 = 2Co3O4 + 18NO2 + 5O2 

Ȼɥɚɝɨɞɚɪɹ ɩɪɢɫɭɬɫɬɜɢɸ ɢɨɧɨɜ Co
3+

 ɷɬɨ ɜɟɳɟɫɬɜɨ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ 

ɨɤɢɫɥɢɬɟɥɹ: 

Co3O4 + 8HCl = 3CoCl2 + Cl2 + 4H2O 

Ɉɤɫɢɞ ɋɨɈ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɬɟɪɦɨɥɢɡɟ ɤɚɪɛɨɧɚɬɚ ɤɨɛɚɥɶɬɚ ɜ ɢɧɟɪɬɧɨɣ 

ɚɬɦɨɫɮɟɪɟ, ɩɨɞɨɛɧɨ ɜɸɫɬɢɬɭ, ɩɪɨɹɜɥɹɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɫɧɨɜɧɵɟ 

ɫɜɨɣɫɬɜɚ. 

 Ʉɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ(II) ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵ, ɱɟɦ ɤɨɦɩɥɟɤɫɵ 

ɤɨɛɚɥɶɬɚ(III). Ɉɧɢ ɥɚɛɢɥɶɧɵ ɢ ɩɨɷɬɨɦɭ ɥɟɝɤɨ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɢ 

ɡɚɦɟɳɟɧɢɹ. Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɪɚɫɬɜɨɪɟ ɞɜɭɯ ɥɢɝɚɧɞɨɜ, ɨɞɢɧ ɢɡ 

ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ, ɚ 

ɞɪɭɝɨɣ – ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ, ɩɪɢɜɨɞɢɬ ɤ ɪɚɜɧɨɜɟɫɢɸ, ɤɨɬɨɪɵɦ ɥɟɝɤɨ ɭɩɪɚɜɥɹɬɶ, 

ɢɡɦɟɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɸ ɪɟɚɝɟɧɬɨɜ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ. Ɍɚɤ, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɤ ɪɨɡɨɜɨɦɭ ɪɚɫɬɜɨɪɭ ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ ɨɤɪɚɫɤɚ ɫɬɚɧɨɜɢɬɫɹ 

ɫɢɧɟɣ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɯɥɨɪɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ: 

[Co(H2O)6]
2+

 + 4Cl
–
 [CoCl4]

2–
 + 6H2O. 

                                         ɪɨɡɨɜɵɣ                             ɫɢɧɢɣ 



ɉɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɜɨɞɨɣ ɪɚɫɬɜɨɪ ɜɧɨɜɶ ɩɪɢɨɛɪɟɬɚɟɬ ɪɨɡɨɜɵɣ ɰɜɟɬ, ɚ 

ɩɨɫɥɟɞɭɸɳɟɟ ɧɚɝɪɟɜɚɧɢɟ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɥɟɧɢɟ ɫɩɢɪɬɚ ɢɥɢ ɚɰɟɬɨɧɚ ɨɩɹɬɶ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɫɢɧɟɣ ɨɤɪɚɫɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɨɜɚɧɢɸ 

ɯɥɨɪɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɡɛɵɬɨɤ ɯɥɨɪɢɞ-ɢɨɧɨɜ, ɩɨɜɵɲɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɡɚɦɟɳɟɧɢɟ ɜɨɞɵ ɧɚ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɥɢɛɨ ɟɟ 

ɭɞɚɥɟɧɢɟ ɢɡ ɫɮɟɪɵ ɪɟɚɤɰɢɢ.  

Ɇɧɨɝɢɟ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ(II) ɥɟɝɤɨ ɦɨɝɭɬ ɛɵɬɶ ɨɤɢɫɥɟɧɵ 

ɞɨ ɫɨɟɞɢɧɟɧɢɣ ɤɨɛɚɥɶɬɚ(III). Эɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɞɚɥɟɧɢɟɦ ɷɥɟɤɬɪɨɧɚ ɫ 

ɪɚɡɪɵɯɥɹɸɳɟɣ eg-ɨɪɛɢɬɚɥɢ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ЭɋɄɉ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ 

ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɛɥɚɝɨɩɪɢɹɬɧɵɦ. ɑɟɦ ɫɢɥɶɧɟɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 

ɩɨɥɟ ɥɢɝɚɧɞɚ, ɬɟɦ ɜɵɲɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɦɩɥɟɤɫɚ 

ɤɨɛɚɥɶɬɚ(II). 

 Ⱥɦɦɢɧɨɤɨɦɩɥɟɤɫɵ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɢɡɛɵɬɤɚ ɚɦɦɢɚɤɚ ɤ 

ɪɚɫɬɜɨɪɭ ɫɨɥɢ ɤɨɛɚɥɶɬɚ(II). ȼɵɩɚɞɚɸɳɢɣ ɫɧɚɱɚɥɚ ɫɢɧɢɣ ɨɫɚɞɨɤ ɨɫɧɨɜɧɨɝɨ 

ɯɥɨɪɢɞɚ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɛɚɜɥɟɧɢɢ ɚɦɦɢɚɤɚ ɪɚɫɬɜɨɪɹɟɬɫɹ, ɨɛɪɚɡɭɹ 

ɝɪɹɡɧɨ-ɠɟɥɬɵɣ ɪɚɫɬɜɨɪ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɨɥɢ 

ɝɟɤɫɚɚɦɦɢɧɤɨɛɚɥɶɬɚ ɩɪɨɜɨɞɹɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɡɜɨɞɧɨɝɨ ɝɚɥɨɝɟɧɢɞɚ ɫ 

ɝɚɡɨɨɛɪɚɡɧɵɦ ɚɦɦɢɚɤɨɦ:  

CoCl2 + 6NH3 = [Co(NH3)6]Cl2 

Ⱥɦɦɢɚɤɚɬ ɨɛɥɚɞɚɟɬ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɢ ɩɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɱɚɫɬɶ ɦɨɥɟɤɭɥ ɚɦɦɢɚɤɚ ɡɚɦɟɳɚɟɬɫɹ ɧɚ ɜɨɞɭ. ɉɨɞɨɛɧɨ 

ɛɨɥɶɲɢɧɫɬɜɭ ɞɪɭɝɢɯ ɤɨɦɩɥɟɤɫɨɜ ɤɨɛɚɥɶɬɚ(II) ɨɧ ɧɟɭɫɬɨɣɱɢɜ ɤ ɨɤɢɫɥɟɧɢɸ, ɧɚ 

ɜɨɡɞɭɯɟ ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɚɦɦɢɚɱɧɵɟ ɤɨɦɩɥɟɤɫɵ ɤɨɛɚɥɶɬɚ(III).  

ɉɪɢ ɞɟɣɫɬɜɢɢ ɰɢɚɧɢɞɨɦ ɤɚɥɢɹ ɧɚ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɤɨɛɚɥɶɬɚ(II) ɨɛɪɚɡɭɸɬɫɹ 

ɡɟɥɟɧɵɟ ɪɚɫɬɜɨɪɵ, ɢɡ ɤɨɬɨɪɵɯ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɩɭɪɩɭɪɧɵɟ ɫɨɥɢ, 

ɫɨɞɟɪɠɚɳɢɟ ɞɢɚɦɚɝɧɢɬɧɵɣ ɢɨɧ [Co2(CN)10]
6–

 ɫ ɬɟɪɦɢɧɚɥɶɧɵɦɢ ɰɢɚɧɢɞɧɵɦɢ 

ɝɪɭɩɚɦɢ ɢ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. ȼ ɪɚɫɬɜɨɪɟ ɨɧ ɪɚɫɳɟɩɥɹɟɬɫɹ ɧɚ ɞɜɚ 

ɩɟɧɬɚɰɢɚɧɚɬɚ, ɚ ɲɟɫɬɨɟ ɦɟɫɬɨ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ ɡɚɧɢɦɚɟɬ ɦɨɥɟɤɭɥɚ 

ɜɨɞɵ. ɉɟɧɬɚɰɢɚɧɨɚɤɜɚɤɨɛɚɥɶɬɚɬ(II) [Co(CN)5(H2O)]
3–

 ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɱɢɫɥɭ 



ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɧɢɡɤɨɫɩɢɧɨɜɵɯ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɤɨɛɚɥɶɬɚ(II) 

ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ t2g
6
eg

1. ɉɨɬɟɪɹ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ 

ɧɚ ɪɚɡɪɵɯɥɹɸɳɟɣ eg-ɨɪɛɢɬɚɥɢ, ɧɚɫɬɨɥɶɤɨ ɛɥɚɝɨɩɪɢɹɬɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢ, ɱɬɨ 

ɤɨɦɩɥɟɤɫ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɫɢɥɶɧɵɦ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ: ɨɧ ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɟɬ 

ɜɨɞɭ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ: 

2[Co(CN)5(H2O)]
3–

 + 2CN
–
 =  2[Co(CN)6]

4–
 + 2OH

–
 + H2. 

ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2, ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɭ ɤɨɛɚɥɶɬɚ, ɞɥɹ 

ɪɨɞɢɹ ɢ ɨɫɨɛɟɧɧɨ ɢɪɢɞɢɹ, ɧɚɩɪɨɬɢɜ, ɧɟ ɯɚɪɚɤɬɟɪɧɵ. ɋɬɚɛɢɥɢɡɚɰɢɹ d
7
 

ɤɨɧɮɢɝɚɰɢɢ ɜ ɤɨɦɩɥɟɤɫɚɯ ɪɨɞɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɹɞɟɪɧɵɯ 

ɤɥɚɫɬɟɪɨɜ ɫɨ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. ɋɪɟɞɢ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɢɛɨɥɟɟ 

ɢɡɭɱɟɧɵ ɞɢɹɞɟɪɧɵɟ ɤɚɪɛɨɤɫɢɥɚɬɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɚɧɚɥɨɝɢɱɧɨ ɚɰɟɬɚɬɚɦ 

ɯɪɨɦɚ(II) ɢ ɦɨɥɢɛɞɟɧɚ(II).  

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɬɪɢɯɥɨɪɢɞɚ ɪɨɞɢɹ ɫ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ ɜ ɷɬɚɧɨɥɟ ɪɚɫɬɜɨɪ 

ɩɪɢɨɛɪɟɬɚɟɬ ɡɟɥɟɧɵɣ ɰɜɟɬ, ɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢɡ ɧɟɝɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɫɢɧɟ-

ɡɟɥɟɧɵɟ ɤɪɢɫɬɚɥɥɵ ɚɰɟɬɚɬɚ Rh2(CH3COO)4. Ⱦɢɚɦɚɝɧɟɬɢɡɦ ɤɨɦɩɥɟɤɫɚ 

ɞɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɫɢɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɪɨɞɢɹ. 

ȼɟɳɟɫɬɜɨ ɥɟɝɤɨ ɩɪɢɫɨɟɞɢɧɹɟɬ ɧɟɣɬɪɚɥɶɧɵɟ ɥɢɝɚɧɞɵ L, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɸɬ 

ɜɚɤɚɧɬɧɵɟ ɩɨɡɢɰɢɢ ɭ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ: Rh2(CH3COO)4L2. Ɍɚɤɢɦ ɩɭɬɟɦ ɦɨɝɭɬ 

ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɝɢɞɪɚɬ, ɤɨɦɩɥɟɤɫɵ ɫɨ ɫɩɢɪɬɚɦɢ ɢ ɮɨɫɮɢɧɚɦɢ. 

ɉɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɞɢɝɢɞɪɚɬɚ ɢɡ ɩɢɪɢɞɢɧɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɧɨɦɭ 

ɡɚɦɟɳɟɧɢɸ ɦɨɥɟɤɭɥ ɜɨɞɵ: 

[Rh2(CH3COO)4]
.
2H2O + 2py = [Rh2(CH3COO)4]

.
2py + 2H2O 

Ɇɹɝɤɨɟ ɨɞɧɨɷɥɟɤɬɪɨɧɧɨɟ ɨɤɢɫɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɤɚɪɛɨɤɫɢɥɚɬɚ ɫɨɥɶɸ 

ɰɟɪɢɹ(IV) ɜ ɯɥɨɪɧɨɤɢɫɥɨɣ ɫɪɟɞɟ ɧɟ ɧɚɪɭɲɚɟɬ ɫɬɪɨɟɧɢɟ ɤɥɚɫɬɟɪɧɨɣ ɱɚɫɬɢɰɵ, 

ɚ ɥɢɲɶ ɢɡɦɟɧɹɟɬ ɤɪɚɬɧɨɫɬɶ ɫɜɹɡɢ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ: 

                                      Ce
4+

, HClO4 

[Rh2(CH3COO)4]
.
2H2O   =    [Rh2(CH3COO)4(H2O)2]

+
          



ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɬɪɢɥɚ ɷɬɢɥɟɧɬɟɬɪɚɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɤɚɱɟɫɬɜɟ 

ɬɟɬɪɚɞɟɧɬɚɬɧɨɝɨ ɦɨɫɬɢɤɨɜɨɝɨ ɥɢɝɚɧɞɚ ɩɨɡɜɨɥɢɥɨ ɫɜɹɡɚɬɶ ɞɢɹɞɟɪɧɵɟ 

ɚɰɟɬɚɬɧɵɟ ɤɥɚɫɬɟɪɵ ɪɨɞɢɹ ɜ ɩɨɥɢɦɟɪɧɭɸ ɰɟɩɶ: 

2 Rh2(CH3COO)4 + ɋ2(ɋN)4 = 2Rh2(CH3COO)4
.
C2(CN)4 

ɏɨɬɹ ɯɢɦɢɹ ɢɪɢɞɢɹ(+2) ɢɡɭɱɟɧɚ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ, ɞɢɹɞɪɧɵɟ ɤɚɪɛɨɤɫɢɥɚɬɵ, 

ɨɩɢɫɚɧɧɵɟ ɧɚ ɩɪɢɦɟɪɟ ɪɨɞɢɹ, ɜ ɧɟɣ ɫɨɜɫɟɦ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ.  

4.4. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +1. 

ɏɢɦɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɞɚɧɧɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɨɦɩɥɟɤɫɚɦɢ ɫ π-ɚɤɰɟɩɬɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ, ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɦɟɪɨɜ d-

ɨɪɛɢɬɚɥɟɣ. Ɉɛɳɢɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɨɫɧɨɜɚɧ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɨɟɞɢɧɟɧɢɣ, 

ɧɚɩɪɢɦɟɪ, ɭɝɚɪɧɵɦ ɝɚɡɨɦ, ɤɨɬɨɪɨɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɫɬɭɩɚɟɬ ɢ ɜ ɤɚɱɟɫɬɜɟ 

ɥɢɝɚɧɞɚ: 

2RhCl33H2O + 6CO = Rh2(CO)4Cl2 + 2COCl2 + 6H2O. 

ɋɨɟɞɢɧɟɧɢɹ ɪɨɞɢɹ(I) ɢ ɢɪɢɞɢɹ(I) ɫ ɮɨɫɮɢɧɚɦɢ, ɚɥɤɟɧɚɦɢ, ɰɢɤɥɨɚɥɤɚɞɢɟɧɚɦɢ 

ɜ ɫɭɯɨɦ ɜɢɞɟ ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ, ɯɨɪɨɲɨ 

ɪɚɫɬɜɨɪɢɦɵ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. Ɉɧɢ ɢɦɟɸɬ ɩɥɨɫɤɨ-

ɤɜɚɞɪɚɬɧɭɸ ɝɟɨɦɟɬɪɢɸ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ d
8
. 

ɏɚɪɚɤɬɟɪɧɵɦ ɬɢɩɨɦ ɪɟɚɤɰɢɣ ɹɜɥɹɟɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ, 

ɨɫɭɳɟɫɬɜɢɦɨɟ ɩɪɢ ɢɯ ɝɢɞɪɢɪɨɜɚɧɢɢ, ɝɢɞɪɨɯɥɨɪɢɪɨɜɚɧɢɢ, ɚ ɢɧɨɝɞɚ ɩɪɨɫɬɨ 

ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɚɩɪɢɦɟɪ, ɯɥɨɪɨɮɨɪɦɟ 

ɢɥɢ ɞɢɯɥɨɪɦɟɬɚɧɟ: 



Rh

Ph3P CO

PPh3Cl

Rh

Ph3P CO

PPh3Cl

Cl

H

Rh

Ph3P CO

PPh3Cl

CH2Cl

Cl

CH2Cl2

HCl

+1

+3

+3

 

Ȼɥɚɝɨɞɚɪɹ ɥɟɝɤɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ - ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ 

ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ - ɦɧɨɝɢɟ ɢɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɚɤɬɢɜɧɨ ɤɚɬɚɥɢɡɢɪɭɸɬ 

ɝɢɞɪɢɪɨɜɚɧɢɟ ɢ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɟ ɨɥɟɮɢɧɨɜ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɬɪɢɫ(ɬɪɢɮɟɧɢɥɮɨɫɮɢɧ)ɪɨɞɢɣ(I) ɯɥɨɪɢɞ Rh(PPh3)3Cl, ɤɚɬɚɥɢɡɚɬɨɪ 

ɍɢɥɤɢɧɫɨɧɚ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ ɰɢɤɥ ɜɤɥɸɱɚɟɬ ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɜɨɞɨɪɨɞɚ, ɪɟɚɤɰɢɢ ɡɚɦɟɳɟɧɢɹ ɨɞɧɨɝɨ ɢɡ ɮɨɫɮɢɧɨɜ ɚɥɤɟɧɨɦ, ɦɢɝɪɚɰɢɸ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɥɤɟɧɚ ɢ ɟɝɨ ɜɧɟɞɪɟɧɢɟ ɩɨ ɫɜɹɡɢ Rh-H, 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ (Ɋɢɫ.7). ɋɦɟɲɚɧɧɵɟ ɢɨɞɢɞɨ-

ɤɚɪɛɨɧɢɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ ɪɨɞɢɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɬɪɢɯɥɨɪɢɞɚ ɪɨɞɢɹ ɫ ɋɈ ɢ ɢɨɞɨɜɨɞɨɪɨɞɨɦ ɜ ɦɟɬɚɧɨɥɟ, ɹɜɥɹɸɬɫɹ 

ɢɧɬɟɪɦɟɞɢɚɬɚɦɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɪɚɡɪɚɛɨɬɚɧɧɨɦ 

ɚɦɟɪɢɤɚɧɫɤɨɣ ɤɨɦɩɚɧɢɟɣ Monsanto Industry ɜ 1970-ɟ ɝɨɞɵ: 

                           RhCl3, I
–
 

CH3OH + CO  CH3COOH 

                       180 °C, 40 ɚɬɦ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɢɲɟɞɲɟɣ ɧɚ ɫɦɟɧɭ ȼɚɤɟɪ-

ɩɪɨɰɟɫɫɭ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɨɥɟɟ ɦɢɥɥɢɨɧɚ ɬɨɧɧ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɜ ɝɨɞ.  

   

 

5. ɋɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ 10 ɝɪɭɩɩɵ. 



Ɍɚɛɥɢɰɚ 3. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 10-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 Ni Pd Pt 

Аɬɨɦɧɵɣ ɧɨɦɟɪ 28 46 78 

Эɥɟɤɬɪɨɧɧая 

 ɤɨɧɮɢɝɭɪаɰɢя 

3d
8
4s

2 
4d

10
5s

0
 4f

14
5d

9
6s

1 

Аɬɨɦɧɵɣ ɪаɞɢɭɫ, ɩɦ 125 137 139 

ɉɟɪɜая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

7.46 8.34 9.0 

ȼɬɨɪая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

18.17 18.34 18.60 

Эɥɟɤɬɪɨɨɬɪɢɰаɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 

1.75 1.35 1.44 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя 2, (3), (4) 2, 4 2, 4, (6) 

Ɍɟɦɩɟɪаɬɭɪа 

 ɩɥаɜɥɟɧɢя. 

°C 

1453 1828 2100 

Ɍɟɦɩɟɪаɬɭɪа 

 ɤɢɩɟɧɢя, 

°C 

2900 3410 4200 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 8.90 12.02 21.45 

E
0
 (М2+

 / М0), ȼ -0.26 +0.92 +0.98 

 

ɋɬɚɛɢɥɢɡɚɰɢɹ d-ɩɨɞɭɪɨɜɧɹ, ɜɵɡɜɚɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ 

ɪɚɡɦɟɪɚ d-ɨɪɛɢɬɚɥɟɣ, ɩɪɢɜɨɞɢɬ ɤ ɨɫɥɚɛɥɟɧɢɸ ɢɯ ɭɱɚɫɬɢɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɫɜɹɡɟɣ 

ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɩɟɪɟɧɨɫɟ. Эɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 

+2, ɤɨɬɨɪɚɹ ɫɬɚɧɨɜɢɬɫɹ ɜɚɠɧɟɣɲɟɣ ɜ ɯɢɦɢɢ ɧɟ ɬɨɥɶɤɨ ɧɢɤɟɥɹ, ɧɨ ɢ ɟɝɨ ɬɹɠɟɥɵɯ 

ɚɧɚɥɨɝɨɜ. Ⱦɥɹ ɧɢɤɟɥɹ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɞɨɫɬɢɝɚɸɬɫɹ ɫ ɬɪɭɞɨɦ, 

ɯɢɦɢɹ ɩɚɥɥɚɞɢɹ ɢ ɨɫɨɛɟɧɧɨ ɩɥɚɬɢɧɵ(+4) ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɨɛɲɢɪɧɚ, ɚ ɜ ɫɥɭɱɚɟ 

ɩɥɚɬɢɧɵ ɢɡɜɟɫɬɧɵ ɟɞɢɧɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ (ɮɬɨɪɢɞɵ Pt4F20, PtF6) ɢ ɜ ɛɨɥɟɟ 



ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ. ȼɵɫɲɢɣ ɮɬɨɪɢɞ ɩɥɚɬɢɧɵ – ɷɧɟɪɝɢɱɧɵɣ 

ɨɤɢɫɥɢɬɟɥɶ, ɫɩɨɫɨɛɧɵɣ ɢɨɧɢɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɦɨɥɟɤɭɥɵ NO, O2, ClF3, ɧɨ ɢ 

ɢɧɟɪɬɧɵɣ ɝɚɡ ɤɫɟɧɨɧ: 

NO + PtF6 = NO[PtF6] 

5.1. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +4 

ȼ ɰɟɥɨɦ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ ɧɢɤɟɥɹ ɜ ɞɚɧɧɨɣ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɵ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɥɚɝɨɩɪɢɹɬɧɭɸ d
6
 ɤɨɧɮɢɝɭɪɚɰɢɸ ɫ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɢɧɟɪɬɧɵɯ ɧɢɡɤɨɫɩɢɧɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ. ɏɢɦɢɹ 

ɧɢɤɟɥɹ(+4) ɩɪɟɞɫɬɚɜɥɟɧɚ ɟɞɢɧɢɱɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɤɫɢɞ 

NiO2, ɩɨɫɬɪɨɟɧɧɵɣ ɢɡ ɩɪɚɜɢɥɶɧɵɯ ɨɤɬɚɷɞɪɨɜ NiO6, ɫɜɹɡɚɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ 

ɜ ɞɜɨɣɧɵɟ ɰɟɩɢ. Ɉɧ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɨɤɢɫɥɟɧɢɢ ɦɨɧɨɨɤɫɢɞɚ 

ɧɢɤɟɥɹ. Ɉɤɢɫɥɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɧɢɤɟɥɹ(II) ɢɡɛɵɬɤɨɦ ɝɢɩɨɯɥɨɪɢɬɚ ɢɥɢ 

ɩɟɪɫɭɥɶɮɚɬɨɦ ɩɪɢɜɨɞɢɬ ɤ ɱɟɪɧɨɦɭ ɨɫɚɞɤɭ ɩɪɢɦɟɪɧɨɝɨ ɫɨɫɬɚɜɚ NiO2xH2O. ɋɨɥɢ 

ɧɢɤɟɥɹ(+4) ɧɟɢɡɜɟɫɬɧɵ, ɨɞɧɚɤɨ ɨɤɪɚɫɤɭ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨ ɤɚɬɢɨɧɚ [Ni(H2O)6]
4+

 

ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɩɨ ɝɟɬɟɪɨɩɨɥɢɫɨɟɞɢɧɟɧɢɸ (NH4)6(NiMo9O32)6.5H2O, 

ɢɦɟɸɳɟɦɭ ɬɟɦɧɨ-ɤɪɚɫɧɵɣ ɰɜɟɬ. Ɉɧɨ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɢɨɧɨɜ 

ɧɢɤɟɥɹ(II) ɩɟɪɫɭɥɶɮɚɬɨɦ ɚɦɦɨɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɩɬɚɦɨɥɢɛɞɚɬɚ: 

9(NH4)6Mo7O24 + 7NiSO4 + 7H2O2 = 7(NH4)4[NiMo9O32] + H2SO4 + 

6(NH4)2SO4 + 6H2O 

Ɉɩɢɫɚɧɵ ɬɚɤɠɟ ɢ ɧɢɤɟɥɚɬɵ(+4), ɧɚɩɪɢɦɟɪ, BaNiO3 ɫɨ ɫɬɪɭɤɬɭɪɨɣ 

ɩɟɪɨɜɫɤɢɬɚ. ɇɢɤɟɥɶ ɧɟ ɨɛɪɚɡɭɟɬ ɬɟɬɪɚɮɬɨɪɢɞɚ, ɨɞɧɚɤɨ ɨɤɢɫɥɟɧɢɟ ɞɢɮɬɨɪɢɞɚ 

ɮɬɨɪɨɦ ɢɥɢ ɮɬɨɪɢɞɚɦɢ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɟɣ ɳɟɥɨɱɧɵɯ 

ɦɟɬɚɥɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɮɬɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ: 

NiF2 + 2KF + XeF2 = K2[NiF6] + Xe 

NiF2 + 4XeF2 + 9KrF2 = [Xe2F11]2[NiF6] + 9Kr 

Эɬɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ ɫɨɞɟɪɠɚɬ 

ɝɟɤɫɚɮɬɨɪɨɧɢɤɟɥɚɬ(+4) ɢɨɧ ɩɪɚɜɢɥɶɧɨɣ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɢɡɤɨɫɩɢɧɨɜɨɦɭ (t2g
6) ɤɨɦɩɥɟɤɫɭ. Ƚɟɤɫɚɮɬɨɪɨɧɢɤɟɥɚɬ(+4) ɤɚɥɢɹ 

ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ (350ɋ) ɩɟɪɟɯɨɞɢɬ ɜ ɤɨɦɩɥɟɤɫ ɧɢɤɟɥɹ(+3), ɜɵɞɟɥɹɹ ɮɬɨɪ: 



2K2[NiF6] = K3[NiF6] + NiF2 + 2F2 

ȼ ɜɨɞɟ ɨɧɢ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ. 

Ⱦɥɹ ɩɚɥɥɚɞɢɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɧɟɯɚɪɚɤɬɟɪɧɚ, ɯɨɬɹ ɨɧɚ ɢ ɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɚ, ɱɟɦ ɭ ɧɢɤɟɥɹ. ɉɨɦɢɦɨ ɝɟɤɫɚɮɬɨɪɨɩɚɥɥɚɞɚɬɨɜ(+4), ɤɨɬɨɪɵɟ ɛɥɢɡɤɢ 

ɫɨɟɞɢɧɟɧɢɹɦ ɧɢɤɟɥɹ ɢ ɩɥɚɬɢɧɵ (ɜɫɟ ɨɧɢ ɧɟɨɛɪɚɬɢɦɨ ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɜɨɞɨɣ), 

ɢɡɜɟɫɬɧɵ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɯɥɨɪɢɞɧɵɟ ɢ ɰɢɚɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ. Ɍɚɤ, ɩɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɩɚɥɥɚɞɢɹ ɜ ɰɚɪɫɤɨɣ ɜɨɞɤɟ ɨɛɪɚɡɭɟɬɫɹ ɤɪɚɫɧɵɣ ɪɚɫɬɜɨɪ, 

ɫɨɞɟɪɠɚɳɢɣ ɢɨɧɵ [PdCl6]
2-. Ƚɟɤɫɚɯɥɨɪɨɩɚɥɚɞɚɬɵ(+4) – ɫɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ: 

H2[PdCl6] + 2NaI = H2[PdCl4] + I2 + 2NaCl 

ɏɢɦɢɹ ɩɥɚɬɢɧɵ(+4) ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɚɥɨɝɟɧɢɞɚɦɢ, ɨɤɫɢɞɨɦ ɢ 

ɤɨɦɩɥɟɤɫɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. Ʉɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɬɟɬɪɚɯɥɨɪɢɞ ɩɥɚɬɢɧɵ PtCl4 

ɨɛɪɚɡɭɟɬɫɹ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɨɧ ɝɢɞɪɚɬɢɪɭɟɬɫɹ, ɩɪɢ 

ɷɬɨɦ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɦɨɥɟɤɭɥɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɢɫɯɨɞɧɨɦ ɜɟɳɟɫɬɜɟ, 

ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ: 

PtCl4 + 5H2O = [PtCl4(H2O)2]
.
3H2O 

ȼ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ ɧɟɣɬɪɚɥɶɧɵɯ ɦɨɥɟɤɭɥ ɜɨɞɵ 

ɯɥɨɪɢɞɧɵɦɢ ɥɢɝɚɧɞɚɦɢ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬ-ɢɨɧɚɦ: 
[PtCl4(H2O)2]

.
3H2O + 2HCl = H2[PtCl6] + 5H2O 

Эɬɨ ɜɟɳɟɫɬɜɨ, ɧɚɡɵɜɚɟɦɨɟ, ɩɥɚɬɢɧɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɨɣ, ɩɨɥɭɱɚɸɬ 

ɪɚɫɬɜɨɪɟɧɢɟɦ ɩɥɚɬɢɧɵ ɜ ɰɚɪɫɤɨɣ ɜɨɞɤɟ ɢɥɢ ɯɥɨɪɢɪɨɜɚɧɢɟɦ ɩɥɚɬɢɧɵ ɜ 

ɫɨɥɹɧɨɤɢɫɥɨɦ ɪɚɫɬɜɨɪɟ. ɇɚ ɩɪɚɤɬɢɤɟ, ɩɪɨɰɟɫɫ ɩɪɨɜɨɞɹɬ, ɤɨɦɛɢɧɢɪɭɹ 

ɨɤɢɫɥɢɬɟɥɢ: ɧɚɫɵɳɚɸɬ ɰɚɪɫɤɭɸ ɜɨɞɤɭ ɯɥɨɪɨɦ. ɉɪɢ ɜɵɩɚɪɢɜɚɧɢɢ ɪɚɫɬɜɨɪɚ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢ ɫɚɦɚ ɤɢɫɥɨɬɚ ɜ ɜɢɞɟ ɨɪɚɧɠɟɜɨ-ɠɟɥɬɵɯ ɩɪɢɡɦɚɬɢɱɟɫɤɢɯ 

ɤɪɢɫɬɚɥɥɨɜ (H3O)2[PtCl6]2H2O. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɨɜ(IV) 

ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɩɨɧɢɠɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɤɚɬɢɨɧɚ: ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ 

ɜ ɜɨɞɟ ɥɢɲɶ ɥɢɬɢɟɜɚɹ ɢ ɧɚɬɪɢɟɜɚɹ ɫɨɥɢ. ɉɥɚɬɢɧɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɚɹ ɤɢɫɥɨɬɚ 

ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨɣ, ɩɨɷɬɨɦɭ ɟɟ ɫɨɥɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɝɢɞɪɨɥɢɡɭɸɬɫɹ. Ʉɚɥɢɣɧɚɹ 

ɫɨɥɶ ɨɛɪɚɡɭɟɬ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɬɜɨɪ ɤɢɫɥɨɬɵ ɢɨɧɨɜ ɤɚɥɢɹ: 

H2[PtCl6] + 2KCl = K2[PtCl6] + 2HCl 



Ɉɧɚ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ ɚɧɬɢɮɥɸɨɪɢɬɚ, ɜ ɤɨɬɨɪɨɣ ɨɤɬɚɷɞɪɵ [PtCl6]
2–

 ɨɛɪɚɡɭɸɬ 

ɬɪɟɯɫɥɨɣɧɭɸ ɩɥɨɬɧɟɣɲɭɸ ɭɩɚɤɨɜɤɭ, ɚ ɤɚɬɢɨɧɵ Ʉ+
 ɡɚɧɢɦɚɸɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ 

ɩɭɫɬɨɬɵ. Ƚɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬ ɚɦɦɨɧɢɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɚɡɥɚɝɚɟɬɫɹ, ɨɛɪɚɡɭɹ 

ɦɟɥɤɨɞɢɫɩɟɪɫɧɭɸ ɩɥɚɬɢɧɭ: 

(NH4)2[PtCl6] = Pt + Cl2 + 2HCl + 2NH3 

Ʉɨɦɩɥɟɤɫɵ ɩɥɚɬɢɧɵ(+4) ɢɧɟɪɬɧɵɟ, ɩɨɷɬɨɦɭ ɫɤɨɪɨɫɬɶ ɡɚɦɟɳɟɧɢɹ ɥɢɝɚɧɞɨɜ ɜ 

ɧɢɯ ɧɢɡɤɚɹ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɚɦɦɢɚɤɚɬɚ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬ ɨɛɪɚɛɚɬɵɜɚɸɬ 

ɠɢɞɤɢɦ ɚɦɦɢɚɤɨɦ: 

(NH4)2[PtCl6] + 6NH3 (ɠ) = [Pt(NH3)6]Cl4 + 2NH4Cl 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɯɥɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɚɥɥɚɞɢɹ(IV), ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɵ(IV) – 

ɫɥɚɛɵɟ ɨɤɢɫɥɢɬɟɥɢ. Ɍɚɤ, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɩɥɚɬɢɧɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ 

ɤɢɫɥɨɬɟ ɢɨɞɢɞɚ ɤɚɥɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɥɚɬɢɧɵ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɚ ɜ ɨɫɚɞɨɤ 

ɜɵɩɚɞɚɟɬ ɬɟɬɪɚɢɨɞɢɞ: 

H2[PtCl6] + 4KI = PtI4 + 4KCl + 2HCl 

Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ ɢɫɩɨɥɶɡɭɸɬ ɝɢɞɪɚɡɢɧ, ɯɥɨɪɢɞ 

ɨɥɨɜɚ(II), ɫɟɪɧɢɫɬɵɣ ɝɚɡ: 

H2[PtCl6] + SO2 + 2H2O = H2[PtCl4] + H2SO4 + 2HCl 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪɵ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɨɜ(IV) ɢɡɛɵɬɤɨɦ ɳɟɥɨɱɢ  

ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ: 

Na2[PtCl6] + 4NaOH + 2H2O = PtO24H2O + 6NaCl  

Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɨɤɬɚɷɪɨɜ [Pt(OH)6], ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɜɨɞɨɪɨɞɧɵɦɢ 

ɫɜɹɡɹɦɢ ɫ ɭɱɚɫɬɢɟɦ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ, ɬɨ ɟɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  

ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫ H2[Pt(OH)6]. ȼɟɳɟɫɬɜɨ ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ, 

ɪɚɫɬɜɨɪɹɹɫɶ ɤɚɤ ɜ ɢɡɛɵɬɤɟ ɳɟɥɨɱɢ, ɬɚɤ ɢ ɜ ɤɢɫɥɨɬɟ: 

PtO2
.
2H2O + 2NaOH = Na2[Pt(OH)6] 

PtO2
.
2H2O + 6HCl (ɤɨɧɰ) = H2[PtCl6] + 4H2O 

 ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɨɤɫɢɞ ɱɚɫɬɢɱɧɨ ɨɛɟɡɜɨɠɢɜɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɫɬɚɪɟɧɢɹ ɭɫɢɥɢɜɚɟɬɫɹ ɟɝɨ ɨɤɪɚɫɤɚ, ɚ ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɤɢɫɥɨɬɚɦ ɢ ɳɟɥɨɱɚɦ ɫɧɢɠɚɟɬɫɹ. Ʉɨɪɢɱɧɟɜɵɣ ɩɨɪɨɲɨɤ ɞɢɨɤɫɢɞɚ 



ɩɨɥɭɱɚɸɬ ɫɩɥɚɜɥɟɧɢɟɦ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɨɜ ɫ ɧɢɬɪɚɬɨɦ ɢɥɢ ɤɚɪɛɨɧɚɬɨɦ 

ɧɚɬɪɢɹ: 

Na2[PtCl6] + 2Na2CO3 = PtO2 + 6NaCl + 2CO2 

ȼɫɟ ɫɨɟɞɢɧɟɧɢɹ ɩɥɚɬɢɧɵ ɬɟɪɦɢɱɟɫɤɢ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɩɪɢ ɫɢɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ 

ɪɚɡɥɚɝɚɸɬɫɹ ɞɨ ɦɟɬɚɥɥɚ. 

5.2. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 

 Эɬɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɧɮɢɝɭɪɚɰɢɢ d
7, ɢɡɜɟɫɬɧɚ 

ɬɨɥɶɤɨ ɞɥɹ ɧɢɤɟɥɹ. ɋɨɟɞɢɧɟɧɢɹ ɧɢɤɟɥɹ(III) ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵ. ɂɯ ɫɬɚɛɢɥɢɡɚɰɢɹ 

ɞɨɫɬɢɝɚɟɬɫɹ ɨɤɪɭɠɟɧɢɟɦ ɢɡ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɮɬɨɪɚ. Ɏɬɨɪɢɪɨɜɚɧɢɟ 

ɯɥɨɪɢɞɚ ɧɢɤɟɥɹ(II) ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɦɩɥɟɤɫɧɨɝɨ ɮɬɨɪɨɧɢɤɟɥɚɬɚ(III): 

2NiCl2 + 6KCl + 6F2 = 2K3[NiF6] + 5Cl2 

ȼɵɫɨɤɚɹ ɷɧɟɪɝɢɹ ɪɚɫɳɟɩɥɟɧɢɹ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɧɢɡɤɨɫɩɢɧɨɜɭɸ ɨɤɬɚɷɞɪɢɱɟɫɤɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ t2g
6
eg

1
 ɫ ɬɟɬɪɚɝɨɧɚɥɶɧɵɦ ɢɫɤɚɠɟɧɢɟɦ. Ɍɪɢɮɬɨɪɢɞ ɧɢɤɟɥɹ 

ɩɨɥɭɱɚɸɬ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬɵ Ʌɶɸɢɫɚ ɧɚ ɮɬɨɪɢɞɧɵɣ 

ɤɨɦɩɥɟɤɫ ɧɢɤɟɥɹ(+4): 

K2[NiF6] + AsF5 = NiF3 + F2 + K[AsF6] 

ɉɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ, ɜɵɞɟɥɹɹ ɮɬɨɪ ɢ ɨɛɪɚɡɭɹ ɮɬɨɪɢɞ 

ɧɢɤɟɥɹ(+2). 

ȼɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɢɤɟɥɹ(+2) ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɫɢɧɬɟɡ 

ɤɢɫɥɨɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɢɤɟɥɹ(+3) ɥɢɲɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɶɧɵɯ 

ɨɤɢɫɥɢɬɟɥɟɣ: ɛɪɨɦɚ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɝɢɩɨɯɥɨɪɢɬɚ, ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɬɨɤɚ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɛɪɨɦɚ ɧɚ ɳɟɥɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɧɢɤɟɥɹ(II) ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɭɟɬɫɹ ɱɟɪɧɵɣ ɨɫɚɞɨɤ ɨɤɫɨɝɢɞɪɨɤɫɢɞɚ NiOOH: 

2NiSO4 + 6NaOH + Br2 = 2NiOOH + 2NaBr + 2Na2SO4 + 2H2O. 

Эɬɨ ɜɟɳɟɫɬɜɨ ɭɫɬɨɣɱɢɜɨ ɬɨɥɶɤɨ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɧɨ ɪɚɡɥɚɝɚɟɬɫɹ 

ɤɢɫɥɨɬɚɦɢ: 

2NiOOH + 6HCl = 2NiCl2 + Cl2 + 4H2O, 

ȼɡɚɢɦɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɝɢɞɪɨɤɫɢɞɨɜ ɧɢɤɟɥɹ(III) ɢ ɧɢɤɟɥɹ(II) ɢɫɩɨɥɶɡɭɸɬ 

ɜ ɫɨɡɞɚɧɢɢ ɳɟɥɨɱɧɵɯ ɢ ɦɟɬɚɥɥ-ɝɢɞɪɢɞɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. 



Ɉɤɢɫɥɟɧɢɟ ɨɤɫɢɞɚ ɧɢɤɟɥɹ(II) ɩɟɪɨɤɫɢɞɚɦɢ ɢɥɢ ɤɢɫɥɨɪɨɞɨɦ ɜ ɳɟɥɨɱɧɨɣ 

ɫɪɟɞɟ ɩɪɢɜɨɞɢɬ ɤ ɧɢɤɟɥɚɬɚɦ(III) (NaNiO2, Na5NiO4). Ɉɫɨɛɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ 

ɨɛɥɚɞɚɟɬ ɧɢɤɟɥɚɬ ɥɚɧɬɚɧɚ, ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɬɨɪɨɝɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɨɛɚɜɥɟɧɢɟ 

ɨɤɢɫɥɢɬɟɥɹ: 

La(NO3)3 + Ni(NO3)2 = LaNiO3 + 5NO2 + O2 

ȼɫɟ ɧɢɤɟɥɚɬɵ(+3) ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɜɨɞɭ ɢɥɢ ɪɚɫɬɜɨɪɵ ɤɢɫɥɨɬ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɤɢɫɥɨɪɨɞɚ.  

5.3. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2 ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɷɥɟɦɟɧɬɨɜ, ɟɫɥɢ 

ɧɟ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɥɚɬɢɧɨɜɵɟ ɦɟɬɚɥɥɵ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵ ɜ 

ɮɨɪɦɟ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. ɂɨɧɵ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɢɦɟɸɬ ɷɥɟɤɬɪɨɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ d8, ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɢ ɜɵɫɨɤɨɦ ɡɧɚɱɟɧɢɢ ɷɧɟɪɝɢɢ ɪɚɫɳɟɩɥɟɧɢɹ Δ 

ɨɤɚɡɵɜɚɸɬɫɹ ɭɫɬɨɣɱɢɜɵɦɢ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ. Ɍɚɤ ɤɚɤ ɷɬɚ ɷɧɟɪɝɢɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɜ ɪɹɞɭ Ni-Pd-Pt, ɩɚɥɥɚɞɢɣ ɢ ɩɥɚɬɢɧɚ ɨɛɪɚɡɭɸɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɞɚɠɟ ɫ ɥɢɝɚɧɞɚɦɢ ɫɥɚɛɨɝɨ ɩɨɥɹ. 

Ⱦɥɹ ɧɢɤɟɥɹ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɝɟɨɦɟɬɪɢɣ, ɜɵɛɨɪ ɤɨɬɨɪɵɯ 

ɡɚɜɢɫɢɬ ɨɬ ɫɨɜɦɟɫɬɧɨɝɨ ɜɥɢɹɧɢɹ ɫɬɟɪɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɮɚɤɬɨɪɨɜ.  

 Ɇɧɨɝɢɟ ɫɨɟɞɢɧɟɧɢɹ ɧɢɤɟɥɹ(II) ɩɨ ɫɬɪɨɟɧɢɸ, ɮɢɡɢɱɟɫɤɢɦ ɢ ɧɟɤɨɬɨɪɵɦ 

ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɧɚɩɨɦɢɧɚɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤɨɛɚɥɶɬɚ(II), ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɥɢɡɨɫɬɶɸ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ. Ɉɞɧɚɤɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɨɛɚɥɶɬɚ, 

ɫɨɟɞɢɧɟɧɢɹ ɧɢɤɟɥɹ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ ɨɤɢɫɥɟɧɢɸ, ɢ ɧɚ ɜɨɡɞɭɯɟ 

ɫɭɳɟɫɬɜɭɸɬ ɞɚɠɟ ɜ ɫɢɥɶɧɨ ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ. 

 Ƚɚɥɨɝɟɧɢɞɵ ɧɢɤɟɥɹ(+2) ɫɬɪɭɤɬɭɪɧɨ ɫɯɨɞɧɵ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ 

ɫɨɟɞɢɧɟɧɢɹɦɢ ɠɟɥɟɡɚ ɢ ɤɨɛɚɥɶɬɚ. ɂɯ ɩɨɥɭɱɚɸɬ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. Ɉɤɫɢɞ 

NiO – ɫɟɪɨ-ɡɟɥɟɧɵɣ ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɝɚɥɢɬɚ. ȿɝɨ ɩɨɥɭɱɚɸɬ ɪɚɡɥɨɠɟɧɢɟɦ 

ɝɢɞɪɨɤɫɢɞɚ ɢ ɫɨɥɟɣ (ɤɚɪɛɨɧɚɬɚ, ɧɢɬɪɚɬɚ, ɫɭɥɶɮɚɬɚ): 

Ni(NO3)2 = NiO + NO2 + O2 

ɂɨɧ ɝɟɤɫɚɚɤɜɚɧɢɤɟɥɹ(II) ɩɪɢɞɚɟɬ ɪɚɫɬɜɨɪɚɦ ɫɨɥɟɣ ɢ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚɦ ɹɪɤɭɸ 

ɡɟɥɟɧɭɸ ɨɤɪɚɫɤɭ. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɝɟɤɫɚɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɧɢɤɟɥɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ 



ɯɥɨɪɢɞɚ ɤɨɛɚɥɶɬɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɬɪɚɧɫ-ɤɨɦɩɥɟɤɫ 

[Ni(H2O)4Cl2]2H2O, ɨɞɧɚɤɨ, ɜ ɪɚɫɬɜɨɪɟ ɚɬɨɦɵ ɯɥɨɪɚ ɡɚɦɟɳɚɸɬɫɹ ɦɨɥɟɤɭɥɚɦɢ 

ɜɨɞɵ. ɏɨɬɹ ɫɤɨɪɨɫɬɶ ɨɛɦɟɧɚ ɜɨɞɵ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ [Ni(H2O)6]
2+

 ɧɚ ɞɜɚ 

ɩɨɪɹɞɤɚ ɧɢɠɟ, ɱɟɦ ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɢɨɧɨɜ ɠɟɥɟɡɚ ɢ ɤɨɛɚɥɶɬɚ, ɜ ɰɟɥɨɦ 

ɤɨɦɩɥɟɤɫɵ ɧɢɤɟɥɹ(II) ɹɜɥɹɸɬɫɹ ɥɚɛɢɥɶɧɵɦɢ. 

 ɉɪɢ ɞɟɣɫɬɜɢɢ ɳɟɥɨɱɟɣ ɧɚ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɧɢɤɟɥɹ ɜɵɩɚɞɚɟɬ 

ɹɛɥɨɱɧɨ-ɡɟɥɟɧɵɣ ɫɬɭɞɟɧɢɫɬɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ Ni(OH)2. ɇɟɫɦɨɬɪɹ ɧɚ 

ɨɫɥɚɛɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɜ ɪɹɞɭ ɠɟɥɟɡɨ-ɤɨɛɚɥɶɬ-ɧɢɤɟɥɶ, ɜɵɪɚɠɚɟɦɨɟ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɤɨɧɫɬɚɧɬɵ ɨɫɧɨɜɧɨɫɬɢ, ɨɧ, ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɝɢɞɪɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ(II), ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɞɚɠɟ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɳɟɥɨɱɚɯ 

(ɪɢɫ. 8 ) ɇɢɤɟɥɚɬɵ(+2), ɧɚɩɪɢɦɟɪ, BaNiO2, Ba3NiO4, ɩɨɥɭɱɟɧɵ ɬɜɟɪɞɨɮɚɡɧɨ.  

ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɧɢɤɟɥɹ ɤɚɪɛɨɧɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ 

ɨɫɚɞɨɤ ɜɵɩɚɞɚɟɬ ɨɫɧɨɜɧɚɹ ɫɨɥɶ: 

4NiSO4 + 7Na2CO3 + 10H2O = Ni4(OH)6CO3
.
4H2O + 4Na2SO4 + 6NaHCO3  

Эɬɨ ɨɬɥɢɱɚɟɬ ɧɢɤɟɥɶ (ɚ ɬɚɤɠɟ ɤɨɛɚɥɶɬ) ɨɬ ɠɟɥɟɡɚ, ɨɛɪɚɡɭɸɳɟɝɨ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ 

ɫɪɟɞɧɢɣ ɤɚɪɛɨɧɚɬ. 

Ⱦɥɹ ɯɢɦɢɢ ɧɢɤɟɥɹ(II) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɯɚɪɚɤɬɟɪɧɵ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 

ɫɜɨɣɫɬɜɚ, ɨ ɱɟɦ ɝɨɜɨɪɢɬ, ɧɚɩɪɢɦɟɪ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɫɨɥɢ ɫ ɬɚɤɢɦ ɫɢɥɶɧɵɦ ɨɤɢɫɥɢɬɟɥɟɦ, ɤɚɤ ɩɟɪɛɪɨɦɚɬ. Ƚɢɞɪɨɤɫɢɞ ɧɢɤɟɥɹ(II), ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɝɢɞɪɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ, ɧɟ ɨɤɢɫɥɹɟɬɫɹ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ, ɚ 

ɪɟɚɝɢɪɭɟɬ ɥɢɲɶ ɫ ɛɨɥɟɟ ɫɢɥɶɧɵɦɢ ɨɤɢɫɥɢɬɟɥɹɦɢ, ɧɚɩɪɢɦɟɪ, ɝɢɩɨɯɥɨɪɢɬɨɦ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɥɢ ɧɢɤɟɥɹ ɢɡɛɵɬɤɨɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ 

ɚɦɦɢɚɤɚ ɨɛɪɚɡɭɟɬɫɹ ɮɢɨɥɟɬɨɜɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɝɟɤɫɚɚɦɦɢɧɨɤɨɦɩɥɟɤɫɵ: 

[Ni(H2O)6]
2+

 + 6NH3 [Ni(NH3)6]
2+

  + 6H2O, K = 1.0210
8
 

ɇɢɤɟɥɶ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɨɪɚɡɞɨ ɥɟɝɱɟ ɨɛɪɚɡɭɟɬ ɚɦɦɢɚɤɚɬɵ, ɱɟɦ ɦɚɪɝɚɧɟɰ, 

ɠɟɥɟɡɨ ɢ ɤɨɛɚɥɶɬ: ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɦɦɢɧɨɤɨɦɩɥɟɤɫɨɜ 

ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɸɬ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ 3d-ɪɹɞɭ. Эɬɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɩɢɪɫɨɧɨɜɫɤɨɣ ɦɹɝɤɨɫɬɢ ɤɚɬɢɨɧɚ ɩɨ ɦɟɪɟ ɡɚɩɨɥɧɟɧɢɹ d-ɨɛɨɥɨɱɤɢ 

ɷɥɟɤɬɪɨɧɚɦɢ. Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɰɚ 3d-ɪɹɞɚ ɯɚɪɚɤɬɟɪɧɨ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ 



«ɦɹɝɤɢɦ» ɰɟɧɬɪɚɦ, ɬɚɤɢɦ ɤɚɤ ɫɟɪɚ ɢ ɚɡɨɬ. Ƚɟɤɫɚɚɦɦɢɚɤɚɬɵ ɥɟɝɤɨ 

ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɪɚɫɬɜɨɪɟ ɨɛɴɟɦɧɨɝɨ ɚɧɢɨɧɚ, ɧɚɩɪɢɦɟɪ, ɢɨɞɢɞɚ. 

ɂɨɧ ɝɟɫɤɚɦɦɢɧɧɢɤɟɥɹ(+2) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɚɜɢɥɶɧɵɣ ɨɤɬɚɷɞɪ (ɪɢɫ. 9) 

ɋ ɨɛɴɟɦɧɵɦɢ ɥɢɝɚɧɞɚɦɢ ɫɥɚɛɨɝɨ ɩɨɥɹ ɧɢɤɟɥɶ(+2) ɨɛɪɚɡɭɟɬ 

ɜɵɫɨɤɨɫɩɢɧɨɜɵɟ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ. ɋɪɟɞɢ ɧɢɯ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɵ 

ɝɚɥɨɝɟɧɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɨɛɴɟɦɧɵɯ ɤɚɬɢɨɧɨɜ: 

NiBr2 + 2KBr = K2[NiBr4] 

ɉɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ (ɪɢɫ. 10) ɧɢɤɟɥɹ ɫɭɳɟɫɬɜɭɸɬ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɥɢɝɚɧɞɚɦɢ ɫɢɥɶɧɨɝɨ ɩɨɥɹ, ɜɵɡɵɜɚɸɳɢɦɢ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɪɚɫɳɟɩɥɟɧɢɟ. ɉɪɢɦɟɪɚɦɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɠɟɥɬɵɣ ɬɟɬɪɚɰɢɚɧɨɧɢɤɟɥɚɬ(II) 

K2[Ni(CN)4]. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɷɬɨɝɨ ɤɨɦɩɥɟɤɫɚ ɚɦɚɥɶɝɚɦɨɣ ɧɚɬɪɢɹ, ɚ ɡɚɬɟɦ 

ɤɚɥɢɟɦ ɜ ɠɢɞɤɨɦ ɚɦɦɢɚɤɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ 

ɧɢɤɟɥɹ ɞɨ ɧɢɡɤɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ: 

                      Na/Hg                     K/NH3 (ɠ) 

K2[Ni
+2

(CN)4] = K4[Ni2
+1

(CN)6] = K4[Ni
0
(CN)4] 

Ʉɨɦɩɥɟɤɫ ɧɢɤɟɥɹ(+1) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɹɞɟɪɧɵɣ ɤɥɚɫɬɟɪ ɫɨ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-

ɦɟɬɚɥɥ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 

ɩɨɫɬɟɩɟɧɧɨ ɩɨɧɢɠɚɟɬɫɹ. ȿɫɥɢ ɞɥɹ ɩɚɥɥɚɞɢɹ ɨɧɚ ɩɨ-ɩɪɟɠɧɟɦɭ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɨɣ ɢ ɫɨɟɞɢɧɟɧɢɹ ɩɚɥɥɚɞɢɹ(II) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɹɜɥɹɸɬ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɬɨ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɥɚɬɢɧɵ ɥɟɝɤɨ ɦɨɝɭɬ 

ɛɵɬɶ ɨɤɢɫɥɟɧɵ ɞɨ +4. ȼ ɪɹɞɭ Ni-Pd-Pt ɭɦɟɧɶɲɚɟɬɫɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɩɪɨɫɬɵɯ ɤɚɬɢɨɧɧɵɯ ɮɨɪɦ, ɜɵɪɚɠɚɸɳɚɹɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɨɥɢ ɩɥɚɬɢɧɵ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟɢɡɜɟɫɬɧɵ. 

ȼ ɨɤɫɢɞɚɯ PdO ɢ PtO ɚɬɨɦɵ ɦɟɬɚɥɥɚ ɧɚɯɨɞɹɬɫɹ ɜ ɨɤɪɭɠɟɧɢɢ ɢɡ ɱɟɬɵɪɟɯ 

ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɜɟɪɲɢɧɚɯ ɩɥɨɫɤɨɝɨ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤɚ. ɂɯ 

ɩɨɥɭɱɚɸɬ ɬɜɟɪɞɨɮɚɡɧɵɦ ɫɩɥɚɜɥɟɧɢɟɦ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɬɚɤ ɤɚɤ 

ɫɢɥɶɧɨɟ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɨɠɟɧɢɸ: 



                       600 ɋ 

PdCl2 + 4NaNO3 = PdO + Na2O + 2NaCl + 2N2 + 5O2 

 

ɋɪɟɞɢ ɞɢɝɚɥɨɝɟɧɢɞɨɜ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ 

ɞɢɯɥɨɪɢɞɵ ɩɚɥɥɚɞɢɹ ɢ ɩɥɚɬɢɧɵ. ɏɥɨɪɢɪɨɜɚɧɢɟ ɩɚɥɥɚɞɢɹ ɩɪɢ 500ɋ 

ɩɪɢɜɨɞɢɬ ɤ ɤɥɚɫɬɟɪɧɨɦɭ ɝɚɞɨɝɟɧɢɞɭ Pd6Cl12, ɩɪɟɞɫɬɚɜɥɹɸɳɟɦɭ ɫɨɛɨɣ 

ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɛɟɧɡɨɥɟ. ȼ ɫɬɪɭɤɬɭɪɟ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ 

ɚɬɨɦɵ ɦɟɬɚɥɥɚ ɧɚɯɨɞɹɬɫɹ ɜ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɨɦ ɨɤɪɭɠɟɧɢɢ ɢɡ ɱɟɬɵɪɟɯ 

ɚɬɨɦɨɜ ɯɥɨɪɚ, ɜɵɫɬɭɩɚɸɳɢɯ ɜ ɪɨɥɢ ɦɨɫɬɢɤɨɜɵɯ ɥɢɝɚɧɞɨɜ (ɪɢɫ. 11). 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɫɬɪɨɟɧɢɟ ɢɦɟɟɬ ɞɢɯɥɨɪɢɞ ɩɥɚɬɢɧɵ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ 

ɪɚɡɥɨɠɟɧɢɢ ɬɟɬɪɚɯɥɨɪɢɞɚ. 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɯɥɨɪɢɞɵ ɩɚɥɥɚɞɢɹ 

ɢ ɩɥɚɬɢɧɵ ɦɟɞɥɟɧɧɨ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ, ɨɛɪɚɡɭɹ ɬɟɬɪɚɝɚɥɨɝɟɧɢɞɧɵɟ 

ɤɨɦɩɥɟɤɫɵ [MCl4]
2-. ɍɝɚɪɧɵɣ ɝɚɡ, ɜɨɞɨɪɨɞ, ɷɬɢɥɟɧ, ɩɚɪɵ ɷɬɚɧɨɥɚ ɥɟɝɤɨ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɢɯ ɞɨ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ: 

PdCl2 + CO + H2O = Pd + CO2 + 2HCl 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɛɪɨɦɢɞ- ɢ ɢɨɞɢɞ-ɢɨɧɨɜ ɢɡ ɪɚɫɬɜɨɪɨɜ ɯɥɨɪɢɞɚ ɩɚɥɥɚɞɢɹ 

ɜɵɩɚɞɚɸɬ ɨɫɚɞɤɢ ɞɢɝɚɥɨɝɟɧɢɞɨɜ: 

PdCl2 + 2KI = PdI2 + 2KCl 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɳɟɥɨɱɢ ɧɚ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɩɚɥɥɚɞɢɹ ɨɛɪɚɡɭɟɬɫɹ 

ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ, ɩɪɨɹɜɥɹɸɳɟɝɨ ɚɦɮɨɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ: 

PdCl2 + 2KOH = Pd(OH)2 + 2KCl 

ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɤɢɫɥɨɬɚɯ ɨɧ ɨɛɪɚɡɭɟɬ ɫɨɥɢ, ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ 

ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬ ɢɨɧɵ [Pd(H2O)4]
2+

 ɫ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɨɣ ɝɟɨɦɟɬɪɢɟɣ. 

ɉɨɧɢɠɟɧɧɨɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ, ɧɟɬɢɩɢɱɧɨɟ ɞɥɹ 4d-ɦɟɬɚɥɥɨɜ 

ɨɛɴɹɫɧɹɟɬɫɹ ɜɵɫɨɤɢɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɜɵɢɝɪɵɲɟɦ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɩɥɨɫɤɨ-

ɤɜɚɞɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. ȼ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɵ [Pd(OH)4]
2-

 ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɝɟɨɦɟɬɪɢɟɣ. 



ɉɥɚɬɢɧɚ ɢɦɟɟɬ ɤɪɚɣɧɟ ɧɢɡɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɤɢɫɥɨɪɨɞɭ, ɢ ɩɨɷɬɨɦɭ ɧɟ 

ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɯ ɚɤɜɚ-ɢɨɧɨɜ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɳɟɥɨɱɟɣ ɧɚ ɪɚɫɬɜɨɪɵ 

ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɢɬɨɜ ɨɛɪɚɡɭɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɣ ɛɟɥɵɣ ɨɫɚɞɨɤ 

ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ, ɤɨɬɨɪɵɣ ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

ɩɚɥɥɚɞɢɹ, ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ ɧɚ ɜɨɡɞɭɯɟ ɞɨ ɱɟɪɧɨɝɨ PtO2: 

H2[PtCl4] + 4KOH = PtO
.
2H2O + 4KCl + H2O 

ɏɢɦɢɹ ɩɚɥɥɚɞɢɹ ɢ ɩɥɚɬɢɧɵ(+2), ɩɪɟɞɫɬɚɜɥɟɧɚ, ɜ ɨɫɧɨɜɧɨɦ, ɤɨɦɩɥɟɤɫɧɵɦɢ 

ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ ɝɚɥɨɝɟɧɢɞɚɦɢ (Cl, Br, I), ɚ ɬɚɤɠɟ ɫ ɚɡɨɬ, ɭɝɥɟɪɨɞ, ɫɟɪɚ, 

ɮɨɫɮɨɪ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ.  Ʉɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɚɥɥɚɞɢɹ(II) ɢ 

ɩɥɚɬɢɧɵ(II) ɫ ɷɬɢɦɢ ɥɢɝɚɧɞɚɦɢ, ɩɨɞɨɛɧɨ ɤɨɦɩɥɟɤɫɚɦ ɧɢɤɟɥɹ(II) ɫ ɥɢɝɚɧɞɚɦɢ 

ɫɢɥɶɧɨɝɨ ɩɨɥɹ, ɧɢɡɤɨɫɩɢɧɨɜɵɟ, ɞɢɚɦɚɝɧɢɬɧɵɟ ɢ ɢɦɟɸɬ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɭɸ 

ɝɟɨɦɟɬɪɢɸ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɟɪɝɢɢ 

ɪɚɫɳɟɩɥɟɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ȼɚɠɧɵɦ ɢɯ ɫɜɨɣɫɬɜɨɦ ɹɜɥɹɟɬɫɹ 

ɤɢɧɟɬɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ, ɨɫɨɛɟɧɧɨ ɹɪɤɨ ɜɵɪɚɠɟɧɧɚɹ ɭ ɩɥɚɬɢɧɵ. Эɬɨ 

ɩɨɡɜɨɥɢɥɨ ɬɳɚɬɟɥɶɧɨ ɢɡɭɱɢɬɶ ɦɟɯɚɧɢɡɦ ɡɚɦɟɳɟɧɢɹ ɜ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɯ 

ɤɨɦɩɥɟɤɫɚɯ ɩɥɚɬɢɧɵ(II) ɢ ɜɵɹɜɢɬɶ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ 

ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. Ʉɨɦɩɥɟɤɫɵ ɩɥɚɬɢɧɨɜɵɯ ɦɟɬɚɥɥɨɜ 10 ɝɪɭɩɩɵ 

ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɩɥɚɬɢɧɵ. 

 ȼɚɠɧɟɣɲɢɦ ɢɫɯɨɞɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɞɥɹ ɢɯ ɫɢɧɬɟɡɚ ɹɜɥɹɟɬɫɹ 

ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɢɬ (ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɚɬ(II)), ɤɚɥɢɹ K2[PtCl4]), ɤɪɚɫɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɤɨɬɨɪɨɝɨ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɢɡ ɪɚɫɬɜɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ(VI) ɫɟɪɧɢɫɬɵɦ ɝɚɡɨɦ, ɝɢɞɪɚɡɢɧɨɦ ɢɥɢ 

ɨɤɫɚɥɚɬɨɦ ɤɚɥɢɹ: 

K2[PtCl6] + SO2 + 2H2O = K2[PtCl4] + 2HCl + H2SO4 

 ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɷɬɢɥɟɧɚ ɱɟɪɟɡ ɫɨɥɹɧɨɤɢɫɥɵɣ ɪɚɫɬɜɨɪ 

ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɢɬɚ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɨɛɪɚɡɭɸɬɫɹ ɠɟɥɬɵɟ ɢɝɨɥɶɱɚɬɵɟ 

ɤɪɢɫɬɚɥɥɵ ɫɨɥɢ ɐɟɣɡɟ, ɜ ɚɧɢɨɧ ɤɨɬɨɪɨɣ ɜɯɨɞɢɬ 2-ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɚɹ ɦɨɥɟɤɭɥɚ 

ɷɬɢɥɟɧɚ: 

K2[PtCl4] + C2H4 = K[PtCl3(C2H4)] + KCl 



ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɢɬ ɧɚɫɵɳɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɰɢɚɧɢɞɚ ɤɚɥɢɹ 

ɨɛɪɚɡɭɸɬɫɹ ɝɨɥɭɛɵɟ ɤɪɢɫɬɚɥɥɵ ɰɢɚɧɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ: 

K2[PtCl4] + 4KCN = K2[Pt(CN)4] + 4KCl 

ɚ ɜ ɢɡɛɵɬɤɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɚ –ɛɟɫɰɜɟɬɧɵɟ ɪɚɫɬɜɨɪɵ ɬɟɬɪɚɦɦɢɧɚ 

K2[PtCl4] + 4NH3 = [Pt(NH3)4]Cl2 + 2KCl. 

ɏɥɨɪɢɞ ɬɟɬɪɚɦɦɢɧɩɥɚɬɢɧɵ(II) [Pt(NH3)4]Cl2 ɢɫɬɨɪɢɱɟɫɤɢ ɧɚɡɵɜɚɸɬ ɯɥɨɪɢɞɨɦ 

ɩɟɪɜɨɝɨ ɨɫɧɨɜɚɧɢɹ Ɋɟɣɡɟ. Ⱦɟɣɫɬɜɢɟɦ ɧɚ ɧɟɝɨ ɜɥɚɠɧɵɦ ɨɤɫɢɞɨɦ ɫɟɪɟɛɪɚ(I) 

ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɫɚɦɨ ɨɫɧɨɜɚɧɢɟ Ɋɟɣɡɟ [Pt(NH3)4](OH)2.  

ɋɥɢɜɚɧɢɟ ɪɚɫɬɜɨɪɨɜ ɯɥɨɪɢɞɚ ɬɟɬɪɚɦɦɢɧɩɥɚɬɢɧɵ(II) ɢ 

ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ(II) ɩɪɢɜɨɞɢɬ ɤ ɜɵɩɚɞɟɧɢɸ ɬɟɦɧɨ-ɡɟɥɟɧɵɯ ɤɪɢɫɬɚɥɥɨɜ 

ɫɨɥɢ Ɇɚɝɧɭɫɚ: 

[Pt(NH3)4]Cl2 + K2[PdCl4] = [Pt(NH3)4][PtCl4] + 2 KCl, 

 ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ ɱɟɪɟɞɭɸɬɫɹ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɢɨɧɵ [Pt(NH3)4] ɢ [PtCl4] 

ɏɚɪɚɤɬɟɪɧɵɣ ɰɜɟɬ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɧɚɥɨɠɟɧɢɟ 

ɨɤɪɚɫɨɤ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɬɨɦɨɜ ɩɥɚɬɢɧɵ, 

ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ ɩɭɬɟɦ ɱɚɫɬɢɱɧɨɝɨ ɩɟɪɟɤɪɵɜɚɧɢɹ d-

ɨɪɛɢɬɚɥɟɣ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɨɥɶ Ɇɚɝɧɭɫɚ ɢ ɯɥɨɪɢɞ ɬɟɬɪɚɦɦɢɧɩɥɚɬɢɧɵ(II) 

ɪɚɡɥɚɝɚɸɬɫɹ, ɨɛɪɚɡɭɹ ɫɜɟɬɥɨ-ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɬɪɚɧɫ-ɞɢɚɦɦɢɧɞɢɯɥɨɪɨɩɥɚɬɢɧɵ 

ɬɪɚɧɫ-Pt(NH3)2Cl2, ɧɚɡɵɜɚɟɦɵɦɢ ɯɥɨɪɢɞɨɦ ɜɬɨɪɨɝɨ ɨɫɧɨɜɚɧɢɹ Ɋɟɣɡɟ: 

                           250 °C 

[Pt(NH3)4]Cl2  ɬɪɚɧɫ-Pt(NH3)2Cl2 +2NH3. 

Ⱦɪɭɝɢɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɫɥɭɠɢɬ ɪɟɚɤɰɢɹ ɦɟɠɞɭ ɬɟɬɪɚɦɦɢɧɨɦ ɢ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ: 
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Ⱦɟɣɫɬɜɢɟɦ ɧɚ ɬɪɚɧɫ-ɞɢɚɦɦɢɧɞɢɯɥɨɪɨɩɥɚɬɢɧɭ(II) ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɟɣ 

ɨɤɫɢɞɚ ɫɟɪɟɛɪɚ(I) ɩɨɥɭɱɚɸɬ ɜɬɨɪɨɟ ɨɫɧɨɜɚɧɢɟ ɐɟɣɡɟ ɬɪɚɧɫ-Pt(NH3)2(OH)2. 



ɐɢɫ-ɞɢɚɦɦɢɧɞɢɯɥɨɪɨɩɥɚɬɢɧɚ, ɧɚɡɵɜɚɟɦɚɹ ɫɨɥɶɸ ɉɟɣɪɨɧɟ, ɨɛɪɚɡɭɟɬɫɹ 

ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɚɬɨɦɨɜ ɯɥɨɪɚ ɜ ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɚɬɟ(II) ɧɚ ɦɨɥɟɤɭɥɵ ɚɦɦɢɚɤɚ: 
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Ɉɧɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɩɪɟɩɚɪɚɬɚ ɰɢɫɩɥɚɬɢɧɚ.  

 ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɩɨɱɟɦɭ ɫɢɧɬɟɡ ɞɢɚɦɦɢɧɞɢɯɥɨɪɨɩɥɚɬɢɧɵ, ɩɪɨɜɟɞɟɧɧɵɣ 

ɢɡ ɬɟɬɪɚɚɦɢɧɚ ɢ ɢɡ ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɢɬɚ, ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɧɵɦ ɢɡɨɦɟɪɚɦ. Ʉɚɤ 

ɩɨɤɚɡɚɥ ɪɭɫɫɤɢɣ ɯɢɦɢɤ ɂ. ɂ. ɑɟɪɧɹɟɜ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɡɚɦɟɳɟɧɢɹ ɥɢɝɚɧɞɨɜ 

ɜ ɤɨɦɩɥɟɤɫɚɯ ɩɥɚɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɥɢɹɧɢɟɦ ɬɨɝɨ ɥɢɝɚɧɞɚ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ 

ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɤ ɭɯɨɞɹɳɟɣ ɝɪɭɩɩɟ. Ɍɚɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɥɢɝɚɧɞɚ ɧɚ ɩɪɨɰɟɫɫ 

ɡɚɦɟɳɟɧɢɹ ɩɨɥɭɱɢɥɨ ɜɥɢɹɧɢɟ ɷɮɮɟɤɬɚ ɬɪɚɧɫ-ɜɥɢɹɧɢɹ. ɉɨ ɫɢɥɟ ɬɪɚɧɫ-ɜɥɢɹɧɢɹ 

ɥɢɝɚɧɞɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɪɹɞ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚ ɤɨɦɩɥɟɤɫɚɯ 

ɩɥɚɬɢɧɵ(II): 

CO, CN
-
, C2H4 > H

-
 > CH3 > NO2

-
> I

-
 > Br

-
 > Cl

-
 > NH3 > H2O 

ȼ ɷɬɨɦ ɪɹɞɭ ɫɥɟɜɚ ɧɚɩɪɚɜɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɥɚɛɢɥɢɡɢɪɭɸɳɟɝɨ 

ɞɟɣɫɬɜɢɹ ɧɚ ɬɪɚɧɫ-ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɥɢɝɚɧɞ. Ɍɚɤ, ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɦɨɥɟɤɭɥɵ 

ɚɦɦɢɚɤɚ ɜ ɤɚɬɢɨɧɟ ɬɟɬɪɚɦɦɢɧɩɥɚɬɢɧɵ(II) ɧɚ ɯɥɨɪɢɞ-ɢɨɧ ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫ 

[Pt(NH3)3Cl]
+, ɜ ɤɨɬɨɪɨɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɚ ɬɢɩɚ ɥɢɝɚɧɞɨɜ. ɂɡ ɧɢɯ ɛɨɥɶɲɢɦ 

ɬɪɚɧɫ-ɜɥɢɹɧɢɟɦ ɨɛɥɚɞɚɟɬ ɚɬɨɦ ɯɥɨɪɚ, ɩɨɷɬɨɦɭ ɧɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ ɦɨɥɟɤɭɥɵ ɚɦɦɢɚɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ 

ɤ ɚɬɨɦɭ ɯɥɨɪɚ, ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɚɧɫ-ɢɡɨɦɟɪɚ. ȿɫɥɢ ɢɫɯɨɞɢɬɶ ɢɡ 

K2[PtCl4], ɬɨ ɜ ɨɛɪɚɡɭɸɳɟɦɫɹ ɜɧɚɱɚɥɟ ɚɧɢɨɧɟ [Pt(NH3)Cl3]
–
 ɜ ɫɢɥɭ ɛɨɥɶɲɟɝɨ 

ɬɪɚɧɫ-ɜɥɢɹɧɢɟ ɯɥɨɪɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɰɢɫ-ɞɢɯɥɨɪɨɞɢɚɦɦɢɧɩɥɚɬɢɧɚ(II).  

Ɋɹɞ ɬɪɚɧɫ-ɜɥɢɹɧɢɹ ɩɪɢɦɟɧɢɦ ɬɨɥɶɤɨ ɤ ɩɪɨɰɟɫɫɚɦ ɡɚɦɟɳɟɧɢɹ ɜ ɩɥɨɫɤɨ-

ɤɜɚɞɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɩɥɚɬɢɧɵ(+2) ɢ ɫ ɧɟɤɨɬɨɪɵɦɢ ɨɝɨɜɨɪɤɚɦɢ, 

ɩɚɥɥɚɞɢɹ(+2). ȼɥɢɹɧɢɟ ɬɪɚɧɫ-ɥɢɝɚɧɞɚ ɧɚ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɡɚɦɟɳɟɧɢɹ 

ɨɛɴɹɫɧɹɟɬɫɹ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ 



ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ 5. ȼ ɷɬɨɦ ɩɟɪɟɯɨɞɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɥɢɝɚɧɞ, ɧɚɯɨɞɢɜɲɢɣɫɹ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɤ ɭɯɨɞɹɳɟɣ ɝɪɭɩɩɟ, 

ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜ ɷɤɜɚɬɨɪɢɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɬɪɢɝɨɧɚɥɶɧɨɣ 

ɛɢɩɢɪɚɦɢɞɵ, ɝɞɟ ɧɚɯɨɞɢɬɫɹ ɬɚɤɠɟ ɢ ɭɯɨɞɹɳɚɹ ɝɪɭɩɩɚ. ɂɦɟɧɧɨ ɛɥɚɝɨɞɚɪɹ ɷɬɨɦɭ, 

ɧɚ ɥɟɝɤɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɡɚɦɟɳɟɧɢɹ ɜɥɢɹɟɬ ɢɦɟɧɧɨ ɬɨɬ ɥɢɝɚɧɞ, ɤɨɬɨɪɵɣ ɜ 

ɢɫɯɨɞɧɨɦ ɤɨɦɩɥɟɤɫɟ ɧɚɯɨɞɢɬɫɹ ɜ ɬɪɚɧɫ-ɩɨɥɨɠɟɧɢɢ ɤ ɭɯɨɞɹɳɟɣ ɝɪɭɩɩɟ. ɇɚ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɩɪɟɜɪɚɳɟɧɢɹ ɢɧɬɟɪɦɟɞɢɚɬ ɜɧɨɜɶ ɩɪɢɨɛɪɟɬɚɟɬ ɤɜɚɞɪɚɬɧɨ-

ɩɢɪɚɦɢɞɚɥɶɧɭɸ ɮɨɪɦɭ, ɧɨ ɜ ɚɤɫɢɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɬɟɩɟɪɶ ɨɤɚɡɵɜɚɟɬɫɹ 

ɭɯɨɞɹɳɚɹ ɝɪɭɩɩɚ. ȿɟ ɨɬɳɟɩɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɨɝɨ ɩɥɨɫɤɨ-

ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ.  

ɑɚɫɬɢɱɧɨɟ ɨɤɢɫɥɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɥɚɬɢɧɵ(+2) ɩɪɢɜɨɞɢɬ ɤ 

ɢɧɬɟɪɟɫɧɵɦ ɝɟɬɟɪɨɜɚɥɟɧɬɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ, ɧɟɤɨɬɨɪɵɟ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɸɬ 

ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɇɚɩɪɢɦɟɪ, ɜɟɳɟɫɬɜɨ, ɨɛɪɚɡɭɸɳɟɟɫɹ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ 

ɩɥɚɬɢɧɢɫɬɨɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ ɜ ɬɨɤɟ ɯɥɨɪɚ 

2H2[PtCl4] + Cl2 = 2PtCl3 + 4HCl 

ɦɨɠɟɬ ɛɵɬɶ ɧɚɡɜɚɧɨ ɬɪɢɯɥɨɪɢɞɨɦ ɩɥɚɬɢɧɵ ɥɢɲɶ ɮɨɪɦɚɥɶɧɨ. Ɉɧɨ ɫɨɞɟɪɠɢɬ ɜ 

ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɮɪɚɝɦɟɧɬɵ ɫɬɪɭɤɬɭɪ ɬɟɬɪɚ- ɢ ɞɢɯɥɨɪɢɞɚ ɩɥɚɬɢɧɵ, ɬɨ ɟɫɬɶ ɫɨɫɬɨɢɬ 

ɢɡ ɤɥɚɫɬɟɪɨɜ Pt6Cl12 ɢ ɨɤɬɚɷɞɪɨɜ PtCl6, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɰɟɩɢ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɝɟɤɫɚɯɥɨɪɨɩɥɚɬɢɧɚɬɚ ɢ 

ɬɟɬɪɚɯɥɨɪɨɩɥɚɬɢɧɢɬɚ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɲɚɧɧɨɜɚɥɟɧɬɧɨɦɭ ɞɢɹɞɟɪɧɨɦɭ ɤɨɦɩɥɟɤɫɭ, 

ɜ ɤɨɬɨɪɨɦ ɚɬɨɦɵ ɩɥɚɬɢɧɵ ɜ ɪɚɡɧɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɫɨɟɞɢɧɟɧɵ ɦɨɫɬɢɤɨɜɵɦ 

ɯɥɨɪɢɞɧɵɦ ɥɢɝɚɧɞɨɦ (ɪɢɫ. 12): 

K2[PtCl6] + K2[PtCl4] + KCl = K5[Pt2Cl11] 

Ⱥ ɩɪɨɞɭɤɬɨɦ ɱɚɫɬɢɱɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɛɪɨɦɨɦ ɬɟɬɪɚɰɢɚɧɨɩɥɚɬɢɧɚɬɚ(+2) ɤɚɥɢɹ 

ɹɜɥɹɟɬɫɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɩɨɥɢɦɟɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɯ ɛɥɨɤɨɜ 

[Pt(CN)4], ɫɜɹɡɚɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɨɞɧɨɦɟɪɧɭɸ ɭɩɚɤɨɜɤɭ ɡɚ ɫɱɟɬ 

ɩɟɪɟɤɪɵɜɚɧɢɹ ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɵɯ d-ɨɪɛɢɬɚɥɟɣ ɩɥɚɬɢɧɵ: 

K2[Pt(CN)4] + 0.15 Br2 = K2[Pt(CN)4]Br0.3 



ȼ ɩɭɫɬɨɬɚɯ ɦɟɠɞɭ ɷɬɢɦɢ ɛɟɫɤɨɧɟɱɧɵɦɢ ɰɟɩɹɦɢ ɪɚɫɩɨɥɨɠɟɧɵ ɤɚɬɢɨɧɵ ɤɚɥɢɹ ɢ 

ɛɪɨɦɢɞ-ɚɧɢɨɧɵ. Ȼɥɚɝɨɞɚɪɹ ɷɮɮɟɤɬɢɜɧɨɦɭ d-d ɩɟɪɟɤɪɵɜɚɧɢɸ ɜɟɳɟɫɬɜɨ 

ɩɪɢɨɛɪɟɬɚɟɬ ɡɨɥɨɬɢɫɬɨ-ɠɟɥɬɵɣ ɰɜɟɬ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ 

ɰɟɩɟɣ. Ɏɨɪɦɚɥɶɧɨ ɟɝɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɞɧɨɦɟɪɧɵɣ ɦɟɬɚɥɥɢɱɟɫɤɢɣ 

ɩɪɨɜɨɞɧɢɤ. ɏɢɦɢɹ ɩɪɨɜɨɞɹɳɢɯ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɩɨɥɭɱɢɥɚ ɛɭɪɧɨɟ ɪɚɡɜɢɬɢɟ. 

 

6. Ʉɚɪɛɨɧɢɥɵ ɢ ɤɚɪɛɨɧɢɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɟɬɚɥɥɨɜ 8 – 10 ɝɪɭɩɩ 

3d-Ɇɟɬɚɥɥɵ 8 – 10 ɝɪɭɩɩ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ 18-ɷɥɟɤɬɪɨɧɧɨɣ 

ɨɛɨɥɨɱɤɢ (ɩɪɚɜɢɥɨɦ ɋɢɞɠɜɢɤɚ) ɨɛɪɚɡɭɸɬ ɩɪɨɫɬɟɣɲɢɟ ɤɚɪɛɨɧɢɥɵ Fe(CO)5, 

Co2(CO)9, Ni(CO)4 (ɪɢɫ. 13).  

Ʉɚɪɛɨɧɢɥ ɠɟɥɟɡɚ Fe(CO)5 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɥɬɭɸ ɠɢɞɤɨɫɬɶ, ɨɛɪɚɡɭɸɳɭɸɫɹ 

ɩɪɢ ɜɵɞɟɪɠɢɜɚɧɢɢ ɩɨɪɨɲɤɚ ɠɟɥɟɡɚ ɜ ɚɬɦɨɫɮɟɪɟ ɭɝɚɪɧɨɝɨ ɝɚɡɚ ɩɪɢ ɧɟɛɨɥɶɲɨɦ 

ɧɚɝɪɟɜɚɧɢɢ ɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ. ɉɪɢ ɍɎ ɨɛɥɭɱɟɧɢɢ ɷɬɨ ɜɟɳɟɫɬɜɨ 

ɜɵɞɟɥɹɟɬ ɦɨɥɟɤɭɥ ɋɈ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɡɨɥɨɬɢɫɬɵɟ ɤɪɢɫɬɚɥɥɵ ɞɢɤɚɪɛɨɧɢɥɚ 

Fe2(CO)9, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ.  ȼ ɦɨɥɟɤɭɥɟ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɚɬɨɦɵ ɠɟɥɟɡɚ ɧɟ 

ɬɨɥɶɤɨ ɨɛɪɚɡɭɸɬ ɫɜɹɡɶ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ, ɧɨ ɢ ɫɨɟɞɢɧɟɧɵ ɬɪɟɦɹ ɦɨɫɬɢɤɨɜɵɦɢ 

ɤɚɪɛɨɧɢɥɶɧɵɦɢ ɥɢɝɚɧɞɚɦɢ. 

 ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɤɚɪɛɨɧɢɥ Fe(CO)5 ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɪɟɯɴɹɞɟɪɧɵɣ 

ɚɧɢɨɧɧɵɣ ɤɚɪɛɨɧɢɥɶɧɵɣ ɤɥɚɫɬɟɪ, ɜ ɤɨɬɨɪɨɦ ɠɟɥɟɡɨ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ: 

3Fe(CO)5 + 4NaOH = Na2[Fe3(CO)11] + Na2CO3 + 3CO + 2H2O 

ɂɡ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɟɦɧɨ-ɡɟɥɟɧɵɟ ɤɪɢɫɬɚɥɥɵ 

ɬɪɟɯɴɹɞɟɪɧɨɝɨ ɤɚɪɛɨɧɢɥɚ Fe3(CO)12. 

Ʉɨɛɚɥɶɬ ɧɟ ɨɛɪɚɡɭɟɬ ɦɨɧɨɹɞɟɪɧɨɝɨ ɤɚɪɛɨɧɢɥɚ: ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɨɪɨɲɤɚ 

ɦɟɬɚɥɥɚ ɫ ɦɨɧɨɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɨɛɪɚɡɭɸɬɫɹ 

ɨɪɚɧɠɟɜɨ-ɤɪɚɫɧɵɟ ɤɪɢɫɬɚɥɥɵ ɤɥɚɫɬɟɪɧɨɝɨ ɞɢɤɚɪɛɨɧɢɥɚ Co2(CO)8, ɫɨɞɟɪɠɚɳɢɟ 

ɞɜɟ ɦɨɫɬɢɤɨɜɵɟ ɋɈ-ɝɪɭɩɩɵ (ɪɢɫ. 14). 



ɉɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɷɬɨ ɜɟɳɟɫɬɜɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɱɟɪɧɵɣ ɬɟɬɪɚɹɞɟɪɧɵɣ 

ɤɥɚɫɬɟɪ Co4(CO)12. Ƚɢɞɪɢɞɧɵɣ ɤɨɦɩɥɟɤɫ ɤɨɛɚɥɶɬɚ HCo(CO)4, ɩɨɥɭɱɚɟɦɵɣ 

ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɨɛɚɥɶɬɚ ɢɥɢ ɤɚɪɛɨɧɢɥɚ Co2(CO)8 ɫ ɜɨɞɨɪɨɞɨɦ ɩɪɢ 

ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɋɈ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɫɥɭɠɢɬ ɷɮɮɟɤɬɢɜɧɵɦ 

ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɝɢɞɪɨɮɨɪɦɢɥɢɪɨɜɚɧɢɹ. 

 Ʉɚɪɛɨɧɢɥ ɧɢɤɟɥɹ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɭɝɚɪɧɨɝɨ ɝɚɡɚ ɧɚɞ 

ɧɚɝɪɟɬɵɦ ɞɨ 50ɋ ɩɨɪɨɲɤɨɦ ɦɟɬɚɥɥɚ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɭɸ 

ɹɞɨɜɢɬɭɸ ɥɟɬɭɱɭɸ ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 200ɋ ɪɚɡɥɚɝɚɟɬɫɹ 

ɧɚ ɩɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ. Эɬɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɬɟɯɧɢɤɟ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɧɢɤɟɥɹ ɨɬ 

ɤɨɛɚɥɶɬɚ ɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ. 
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Ɋɢɫ. 1 ɂɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ, ɭɫɬɨɣɱɢɜɵɯ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɭ 

ɷɥɟɦɟɧɬɨɜ 8-10 ɝɪɭɩɩ 

 

 

 



 

   

Ɋɢɫ. 2 Ɉɤɢɫɥɢɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɝɟɤɫɚɚɤɜɚ- ɢ ɝɟɤɫɚɰɢɚɧɨ- ɤɨɦɩɥɟɤɫɚ ɠɟɥɟɡɚ(III) 

 

 

 

Ɋɢɫ. 3 ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɮɟɪɪɨɰɟɧа 

  

 Ɋɢɫ. 4 ɋɬɪɨɟɧɢɟ ɩɟɧɬɚɮɬɨɪɢɞɚ ɢɪɢɞɢɹ 

 



 

 

Ɋɢɫ. 5 ȼɡɚɢɦɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɪɨɞɢɹ (III) 

 

 

Ɋɢɫ. 6 Ɋɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɢɪɢɞɢɹ (III) 

 

 

 

Ɋɢɫ. 7 ɋɯɟɦɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɝɢɞɪɢɪɨɜɚɧɢɹ ɨɥɟɮɢɧɨɜ ɫ ɩɨɦɨɳɶɸ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɍɢɥɤɢɧɫɨɧɚ 

 



 

Ɋɢɫ. 8 Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɝɢɞɪɨɤɫɢɞɨɜ ɷɥɟɦɟɧɬɨɜ 8-10 ɝɪɭɩɩɵ 4 ɩɟɪɢɨɞɚ 

 

 

  

Ɋɢɫ. 9 Эɥɟɤɬɪɨɧɧɨɟ ɫɬɪɨɟɧɢɟ Ni
2+

 ɜ ɢɨɧɟ ɝɟɤɫɚɚɦɦɢɧɧɢɤɟɥɹ(II) 

 

 

 

Ɋɢɫ. 10 ɋɯɟɦɚ ɪɚɫɳɟɩɥɟɧɢɹ ɨɪɛɢɬɚɥɟɣ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɦ ɢ ɩɥɨɫɤɨ-

ɤɜɚɞɪɚɬɧɨɦ ɤɨɦɩɥɟɤɫɚɯ ɧɢɤɟɥɹ(+2) 

 

 

 



 

Ɋɢɫ. 11 ɋɬɪɨɟɧɢɟ Pd6Cl12 

 

 

 

Ɋɢɫ. 12 ɋɬɪɨɟɧɢɟ [Pt2Cl11]
5- 

 

 

 



Ɋɢɫ. 13 Эɥɟɤɬɪɨɧɧɨɟ ɫɬɪɨɟɧɢɟ ɤɚɪɛɨɧɢɥɨɜ ɧɢɤɟɥɹ ɢ ɠɟɥɟɡɚ 
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Ɋɢɫ. 14 ɋɬɪɨɟɧɢɟ ɞɢɤɚɪɛɨɧɢɥɚ ɤɨɛɚɥɶɬɚ 



Ƚɥɚɜɚ 6. ɏɢɦɢɹ ɷɥɟɦɟɧɬɨɜ 11 ɝɪɭɩɩɵ. 

 

1. Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Эɥɟɤɬɪɨɧɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ  ɚɬɨɦɨɜ ɷɥɟɦɟɧɬɨɜ 11-

ɨɣ ɝɪɭɩɩɵ (n-1)d
10

ns
1
 ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɧɭɸ d-

ɨɛɨɥɨɱɤɭ ɢ ɨɞɢɧ ɜɧɟɲɧɢɣ s-ɷɥɟɤɬɪɨɧ. Ɉɞɧɚɤɨ, ɛɥɢɡɨɫɬɶ ɷɧɟɪɝɢɣ (n-1)d ɢ ns-

ɩɨɞɭɪɨɜɧɟɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɥɟɝɤɨɫɬɶ ɩɨɬɟɪɢ d-ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɢɨɧɢɡɚɰɢɢ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɧɨɨɛɪɚɡɢɸ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɷɥɟɤɬɪɨɧ, 

ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɜɧɟɲɧɟɣ s-ɨɪɛɢɬɚɥɢ, ɫɢɥɶɧɨ ɷɤɪɚɧɢɪɨɜɚɧ ɡɚɩɨɥɧɟɧɧɵɦ d-

ɩɨɞɭɪɨɜɧɟɦ, ɫɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ ɢ ɧɢɡɤɚɹ 

ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ.  

 Ⱥɬɨɦɧɵɣ ɪɚɞɢɭɫ ɪɚɫɬɟɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɟɞɢ ɤ ɫɟɪɟɛɪɭ, ɚ ɡɚɬɟɦ 

ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ, ɜɫɥɟɞɫɬɜɢɟ ɥɚɧɬɚɧɢɞɧɨɝɨ ɫɠɚɬɢɹ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɩɟɪɜɵɣ ɩɨɬɟɧɰɢɚɥ ɢɨɧɢɡɚɰɢɢ ɫɧɚɱɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɞɨɫɬɢɝɚɹ ɦɢɧɢɦɭɦɚ ɧɚ 

ɫɟɪɟɛɪɟ, ɚ ɡɚɬɟɦ (ɭ ɚɬɨɦɚ ɡɨɥɨɬɚ) ɜɧɨɜɶ ɜɨɡɪɚɫɬɚɟɬ ɜɫɥɟɞɫɬɜɢɟ ɷɤɪɚɧɢɪɨɜɚɧɢɹ 

6s-ɷɥɟɤɬɪɨɧɚ d- ɢ f-ɨɪɛɢɬɚɥɹɦɢ. ȼɬɨɪɚɹ ɷɧɟɪɝɢɹ ɢɨɧɢɡɚɰɢɢ ɨɤɚɡɵɜɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɭ ɫɟɪɟɛɪɚ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ +1. 

Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ ɦɟɞɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ 

ɩɪɟɜɵɲɚɟɬ ɧɨɦɟɪ ɝɪɭɩɩɵ. ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɞɥɹ ɦɟɞɢ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ 

ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2, ɞɥɹ ɫɟɪɟɛɪɚ +1 ɢ ɞɥɹ ɡɨɥɨɬɚ +3, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɣ ɢɨɧɢɡɚɰɢɢ ɜ ɝɪɭɩɩɟ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɢɚɝɪɚɦɦɵ Ɏɪɨɫɬɚ (ɪɢɫ. 1), ɢɨɧɵ M3+, ɚ ɬɚɤɠɟ ɢɨɧ Ag
2+

 ɜ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɫɬɚɛɢɥɶɧɵ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɝɨ ɷɥɟɤɬɪɨɞɧɨɝɨ 

ɩɨɬɟɧɰɢɚɥɚ, ɬɨ ɟɫɬɶ ɜɵɫɬɭɩɚɸɬ ɤɚɤ ɦɨɳɧɵɟ ɨɤɢɫɥɢɬɟɥɢ. ɂɨɧɵ Cu
+
 ɢ Au

+
 

ɧɟɭɫɬɨɣɱɢɜɵ ɤ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɬɫɭɬɫɬɜɢɟ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɩɨɫɨɛɧɵ ɤ ɭɫɬɨɣɱɢɜɨɦɭ 

ɫɭɳɟɫɬɜɨɜɚɧɢɸ ɥɢɲɶ ɢɨɧɵ Ag
+
 ɢ Cu

2+
.  

ȼɧɢɡ ɩɨ ɝɪɭɩɩɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɪɨɞɫɬɜɨ ɤ ɷɥɟɤɬɪɨɧɭ, ɞɨɫɬɢɝɚɹ ɧɚ ɚɬɨɦɟ 

ɡɨɥɨɬɚ ɡɧɚɱɟɧɢɣ, ɫɪɚɜɧɢɦɵɯ ɫ ɜɟɥɢɱɢɧɚɦɢ ɞɥɹ ɝɚɥɨɝɟɧɨɜ. ȼɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ 



ɤ ɷɥɟɤɬɪɨɧɭ ɚɬɨɦɚ ɡɨɥɨɬɚ, ɜɵɡɜɚɧɧɨɟ ɜɵɝɨɞɧɨɫɬɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ 6s
2
-

ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɵ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ 

ɚɧɢɨɧɵ Au
–. Ɍɚɤ, ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɡɨɥɨɬɚ ɜ ɠɢɞɤɨɦ ɚɦɦɢɚɤɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɯɥɨɪɢɞɚ ɰɟɡɢɹ ɨɛɪɚɡɭɟɬɫɹ ɫɨɥɶɜɚɬ ɚɭɪɢɞɚ ɰɟɡɢɹ, ɤɨɬɨɪɵɣ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ – 50 °C ɨɬɞɚɟɬ ɚɦɦɢɚɤ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɚɭɪɢɞ(ɪɢɫ. 2): 

2CsCl + 2Au + NH3(ɠ) = CsAu
.
NH3 + Cs[AuCl2] 

CsAu
.
NH3 = CsAu + NH3 

ɉɨɥɭɱɟɧɵ ɬɚɤɠɟ ɨɤɫɨɚɭɪɢɞɵ, ɧɚɩɪɢɦɟɪ, Cs3AuO, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɭɪɢɞɚ ɢ ɨɤɫɢɞɚ ɰɟɡɢɹ. 

 Ɇɟɞɶ(II) ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɛɪɚɡɭɟɬ ɫɨɟɞɢɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɨɞɢɧ ɢɡ 

ɷɥɟɤɬɪɨɧɨɜ ɧɚɯɨɞɢɬɫɹ ɧɚ dx2-y2-ɨɪɛɢɬɚɥɢ, ɢɦɟɸɳɟɣ ɧɚɢɛɨɥɶɲɭɸ ɷɧɟɪɝɢɸ.  

ɋɬɚɛɢɥɢɡɚɰɢɹ d-ɩɨɞɭɪɨɜɧɹ ɩɨ ɦɟɪɟ ɟɝɨ ɡɚɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɧɚɦɢ 

ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +1 ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ (n-1)d
10

. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɧɢɯ ɯɚɪɚɤɬɟɪɧɵ ɧɢɡɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ – ɞɜɚ ɢ ɬɪɢ.  

Ⱦɥɹ ɦɟɞɢ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2 ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ 3d
9
, 

ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɬɪɚɝɨɧɚɥɶɧɨ ɢɫɤɚɠɟɧɧɵɟ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ 

ɤɨɦɩɥɟɤɫɵ ɢɥɢ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɚɹ ɝɟɨɦɟɬɪɢɹ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ 

ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɢɢ dx2-y2-ɨɪɛɢɬɚɥɢ ɢ ɪɨɫɬɚ ɩɚɪɚɦɟɬɪɚ 

ɪɚɫɳɟɩɥɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɟ ɢɨɧɨɜ Ag
2+

 ɢ Au
2+

 ɫɬɚɧɨɜɢɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢ 

ɧɟɜɵɝɨɞɧɵɦ. ȼ ɯɢɦɢɢ ɡɨɥɨɬɚ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ +3, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 5d
8
 ɤɨɧɮɢɝɭɪɚɰɢɢ, ɭɠɟ ɨɩɢɫɚɧɧɨɣ ɧɚɦɢ ɧɚ 

ɩɪɢɦɟɪɟ ɩɥɚɬɢɧɵ(+2). Ⱦɥɹ ɨɛɨɢɯ ɷɥɟɦɟɧɬɨɜ ɭɫɬɨɣɱɢɜɵ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ 

ɧɢɡɤɨɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɦɟɧɬɵ ɝɪɭɩɩɵ ɦɟɞɢ 

ɩɪɨɹɜɥɹɸɬ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɱɢɫɟɥ ɜ ɤɨɦɩɥɟɤɫɚɯ. 

ɇɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɥɢɧɟɣɧɚɹ ɤɨɨɪɞɢɧɚɰɢɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɫ d10
, 

ɢɫɤɚɠɟɧɧɚɹ ɨɤɬɚɷɞɪɢɱɟɫɤɚɹ ɞɥɹ d9, ɤɜɚɞɪɚɬɧɚɹ ɞɥɹ d8
-ɤɨɧɮɢɝɭɪɚɰɢɢ. 

Ⱦɥɹ Ɇ(+1) ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤɨɦɩɥɟɤɫɵ ɫ «ɦɹɝɤɢɦɢ» ɞɨɧɨɪɧɵɦɢ 

ɥɢɝɚɧɞɚɦɢ (CɈ, Pɏ3, S
2-

, I
-), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ Cu(+2), Au(+3) ɬɹɝɨɬɟɸɬ ɤ ɛɨɥɟɟ 

ɠɟɫɬɤɢɦ ɞɨɧɨɪɧɵɦ ɰɟɧɬɪɚɦ (Cl, N, O). 



ȼ ɩɪɢɪɨɞɟ ɦɟɞɶ ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ ɫɨɟɞɢɧɟɧɢɣ ɫ 

ɤɢɫɥɨɪɨɞɨɦ (Cu2(OH)2CO3 ɦɚɥɚɯɢɬ, Cu2O ɤɭɩɪɢɬ) ɢ ɫɟɪɨɣ (Cu2S «ɦɟɞɧɵɣ 

ɛɥɟɫɤ», ɢɥɢ ɯɚɥɶɤɨɡɢɧ, CuFeS2 ɯɚɥɶɤɨɩɢɪɢɬ), ɫɟɪɟɛɪɨ ɜ ɜɢɞɟ ɫɭɥɶɮɢɞɚ Ag2S 

(ɦɢɧɟɪɚɥ «ɫɟɪɟɛɪɹɧɵɣ ɛɥɟɫɤ», ɢɥɢ ɚɪɝɟɧɬɢɬ), ɚ ɡɨɥɨɬɨ – ɜ ɫɚɦɨɪɨɞɧɨɦ ɜɢɞɟ, 

ɱɚɫɬɨ ɜ ɮɨɪɦɟ ɫɩɥɚɜɚ ɜ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɚɦɢ ɝɪɭɩɩɵ. ɂɡɜɟɫɬɧɵ ɢ ɩɪɢɪɨɞɧɵɟ 

ɦɢɧɟɪɚɥɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ, 

ɫɢɥɶɜɚɧɢɬ (Au, Ag) Te2.  

 

2. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ 

2.1. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

Ɍɚɛɥɢɰɚ 1. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 11-ɣ ɝɪɭɩɩɵ ɢ ɢɦɢ ɨɛɪɚɡɨɜɚɧɧɵɯ 

ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 

 Cu Ag Au 

Ⱥɬɨɦɧɵɣ ɧɨɦɟɪ 29 47 79 

Эɥɟɤɬɪɨɧɧɚɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ 

3d
10

4s
1
 4d

10
5s

1
 4f

14
5d

10
6s

1 

Ⱥɬɨɦɧɵɣ ɪɚɞɢɭɫ, 

ɩɦ 

128 144 144 

ɉɟɪɜɚɹ ɷɧɟɪɝɢɹ 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

7,73 7,58 9,23 

ȼɬɨɪɚɹ ɷɧɟɪɝɢɹ 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

20,29 21,49 20,5 

Ɍɪɟɬɶɹ ɷɧɟɪɝɢɹ 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

36,8 34,8 43,5 

Эɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 
1,75 1,42 1,42 



ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 1,2,(3) 1,(2),(3) (-1),1,(2),3,(5) 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɩɥɚɜɥɟɧɢɹ. 

°C 

1083 961 1047 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɤɢɩɟɧɢɹ, 

°C 

2540 2175 2947 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 8,94 10,50 19,32 

E
0
 (Ɇ1+

 / Ɇ0), ȼ +0,52 +0,80 +1,69 

 

 

ȼɫɟ ɦɟɬɚɥɥɵ 11 ɝɪɭɩɩɵ ɢɦɟɸɬ ɤɭɛɢɱɟɫɤɭɸ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɪɟɲɟɬɤɭ, 

ɩɨɷɬɨɦɭ ɥɟɝɤɨ ɨɛɪɚɡɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɡɚɦɟɳɟɧɢɹ. ɇɚɥɢɱɢɟ 

ɩɨɥɧɨɫɬɶɸ ɡɚɫɟɥɟɧɧɵɯ d-ɨɪɛɢɬɚɥɟɣ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɨɫɥɚɛɥɟɧɢɸ 

ɷɧɟɪɝɢɢ ɪɟɲɟɬɤɢ, ɱɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ, 

ɭɦɟɧɶɲɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥɥɚɦɢ 10 ɝɪɭɩɩɵ. Чɢɫɬɵɟ ɦɟɞɶ, 

ɫɟɪɟɛɪɨ ɢ ɡɨɥɨɬɨ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɦɹɝɤɨɫɬɶɸ, ɤɨɜɤɨɫɬɶɸ, ɩɥɚɫɬɢɱɧɨɫɬɶɸ, 

ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ.  

ɏɚɪɚɤɬɟɪɧɚɹ ɨɤɪɚɫɤɚ ɦɟɬɚɥɥɨɜ – ɪɨɡɨɜɨ-ɤɪɚɫɧɚɹ ɭ ɦɟɞɢ, ɫɟɪɟɛɪɢɫɬɨ-

ɛɟɥɚɹ ɭ ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɢɫɬɨ-ɠɟɥɬɚɹ ɭ ɡɨɥɨɬɚ – ɨɛɭɫɥɨɜɥɟɧɚ ɪɚɡɧɨɣ ɷɧɟɪɝɢɟɣ 

ɩɟɪɟɯɨɞɚ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɡɚɩɨɥɧɟɧɧɨɣ d-ɡɨɧɵ ɜ ɡɨɧɭ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɬɨ ɟɫɬɶ 

ɩɟɪɟɯɨɞɚɦɢ (n-1)d
10

ns
1
  (n-1)d

9
ns

2. Ⱦɥɹ ɦɟɞɢ ɷɬɚ ɜɟɥɢɱɢɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɩɨɝɥɨɳɟɧɢɸ ɜ ɡɟɥɟɧɨɣ ɢ ɝɨɥɭɛɨɣ ɨɛɥɚɫɬɹɯ ɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ, ɞɥɹ ɡɨɥɨɬɚ - ɜ 

ɫɢɧɟ-ɮɢɨɥɟɬɨɜɨɣ, ɚ ɞɥɹ ɫɟɪɟɛɪɚ – ɜ ɛɥɢɠɧɟɦ ɭɥɶɬɪɚɮɢɨɥɟɬɟ. Ʌɟɝɤɨɫɬɶ 

ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ (n-1)d- ɢ ns-ɡɨɧɚɦɢ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 

ɦɟɞɢ ɤ ɫɟɪɟɛɪɭ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɪɨɫɬɨɦ ɚɬɨɦɧɨɝɨ ɪɚɞɢɭɫɚ ɢ 

ɭɦɟɧɶɲɟɧɢɟɦ ɩɟɪɜɨɣ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɫɟɪɟɛɪɚ ɤ ɡɨɥɨɬɭ 

ɚɬɨɦɧɵɣ ɪɚɞɢɭɫ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɚ ɡɚɪɹɞ ɹɞɪɚ ɢ ɷɧɟɪɝɢɹ ɢɨɧɢɡɚɰɢɢ 

ɜɨɡɪɚɫɬɚɸɬ: ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɛɥɢɠɟɧɢɸ ɷɧɟɪɝɢɣ (n-1)d- ɢ ns-ɩɨɞɭɪɨɜɧɟɣ, 



ɩɟɪɟɯɨɞɵ ɦɟɠɞɭ ɧɢɦɢ ɜɧɨɜɶ ɫɬɚɧɨɜɹɬɫɹ ɜɨɡɦɨɠɧɵɦɢ. Эɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ 

ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɨɤɪɚɫɤɢ.  

 

2.2. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

Ɇɟɞɶ, ɫɟɪɟɛɪɨ ɢ ɡɨɥɨɬɨ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɪɹɞɭ ɧɚɩɪɹɠɟɧɢɣ ɩɪɚɜɟɟ 

ɜɨɞɨɪɨɞɚ ɢ ɧɟ ɜɵɬɟɫɧɹɸɬ ɟɝɨ ɢɡ ɜɨɞɵ ɢ ɤɢɫɥɨɬ-ɧɟɨɤɢɫɥɢɬɟɥɟɣ ɜ ɨɬɫɭɬɫɬɜɢɟ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ.  Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɡɧɚɱɟɧɢɣ ɫɬɚɧɞɚɪɬɧɵɯ ɷɥɟɤɬɪɨɞɧɵɯ 

ɩɨɬɟɧɰɢɚɥɨɜ, ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɟɬɚɥɥɨɜ ɩɨɧɢɠɚɟɬɫɹ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. 

Ⱦɥɹ ɢɯ ɩɟɪɟɜɨɞɚ ɜ ɪɚɫɬɜɨɪɢɦɨɟ ɫɨɫɬɨɹɧɢɟ ɢɫɩɨɥɶɡɭɸɬ ɤɢɫɥɨɬɵ-ɨɤɢɫɥɢɬɟɥɢ 

ɢɥɢ ɫɢɥɶɧɵɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɢ, ɬɚɤɠɟ ɱɚɫɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɢɫɥɢɬɟɥɹ.  

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɡɧɚɱɟɧɢɹɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɦɟɞɶ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɧɚɢɦɟɧɟɟ 

ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦ ɢɡ ɦɟɬɚɥɥɨɜ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɪɹɞɚ. Ɉɞɧɚɤɨ, ɧɚ 

ɜɨɡɞɭɯɟ ɭɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɚɥɥɚ ɛɵɫɬɪɨ ɬɟɪɹɟɬ 

ɪɨɡɨɜɨ-ɤɪɚɫɧɵɣ ɰɜɟɬ, ɩɨɤɪɵɜɚɹɫɶ ɱɟɪɧɨɣ ɩɥɟɧɤɨɣ ɨɤɫɢɞɚ. Ɇɟɞɧɵɟ ɢɡɞɟɥɢɹ 

ɥɟɝɤɨ ɩɨɞɜɟɪɠɟɧɵ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɩɨɤɪɵɜɚɹɫɶ ɡɟɥɟɧɨɣ ɤɨɪɤɨɣ 

ɨɫɧɨɜɧɵɯ ɫɭɥɶɮɚɬɨɜ ɢ ɤɚɪɛɨɧɚɬɨɜ. 

Ɋɟɚɤɰɢɹ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ 

ɪɚɡɥɢɱɧɵɦ ɩɪɨɞɭɤɬɚɦ: 

              700 °C 

2Cu + O2 = 2CuO; 

             1000 °C 

2CuO = Cu2O + 1/2O2 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɞɢ ɫ ɝɚɥɨɝɟɧɚɦɢ ɨɛɪɚɡɭɸɬɫɹ ɞɢɝɚɥɨɝɟɧɢɞɵ, ɥɢɲɶ ɢɨɞ 

ɩɪɟɜɪɚɳɚɟɬ ɦɟɞɶ ɜ ɢɨɞɢɞ CuI.  ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɦɟɞɶ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ 

ɯɚɥɶɤɨɝɟɧɚɦɢ, ɚ ɬɚɤɠɟ ɫ ɮɨɫɮɨɪɨɦ, ɤɪɟɦɧɢɟɦ, ɛɨɪɨɦ. 

Ɇɟɞɶ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ (ɚɡɨɬɧɨɣ, 

ɫɟɪɧɨɣ, ɯɥɨɪɧɨɜɚɬɨɣ): 

6Cu + 12HClO3 = 5Cu(ClO3)2 + CuCl2 + 6H2O. 

Ɋɟɚɤɰɢɹ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɷɧɟɪɝɢɱɧɨ ɩɪɨɬɟɤɚɟɬ ɥɢɲɶ 

ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɩɟɫɱɚɧɨɣ ɛɚɧɟ: 



> 270 °C 

Cu + 2H2SO4, ɤɨɧɰ.  CuSO4 + SO2 + 2H2O. 

ɉɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɨɢɫɯɨɞɢɬ ɦɟɞɥɟɧɧɨ, ɢ ɜ 

ɩɪɨɞɭɤɬɚɯ ɪɟɚɤɰɢɢ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɟɪɧɨɝɨ ɨɫɚɞɤɚ 

ɫɭɥɶɮɢɞɚ ɦɟɞɢ(I): 

< 270 °C 

5Cu + 4H2SO4, ɤɨɧɰ.  3CuSO4 + Cu2S + 4H2O. 

ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɦɟɞɢ ɭɞɚɟɬɫɹ ɩɨɜɵɫɢɬɶ, ɫɜɹɡɵɜɚɹ 

ɩɪɨɞɭɤɬɵ ɟɟ ɨɤɢɫɥɟɧɢɹ ɜ ɤɨɦɩɥɟɤɫɵ: ɱɟɦ ɜɵɲɟ ɤɨɧɫɬɚɧɬɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɤɨɦɩɥɟɤɫɚ, ɬɟɦ ɧɢɠɟ ɫɬɚɧɨɜɢɬɫɹ ɜɟɥɢɱɢɧɚ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɦɟɞɢ. 

ɍɱɢɬɵɜɚɹ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɦɟɞɢ ɤ «ɦɹɝɤɢɦ» ɞɨɧɨɪɧɵɦ ɰɟɧɬɪɚɦ, ɥɟɝɤɨ 

ɨɛɴɹɫɧɢɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɞɢ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɢɨɞɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɟ ɢ ɜ 

ɪɚɫɬɜɨɪɟ ɰɢɚɧɢɞɚ ɤɚɥɢɹ: 

2ɋu + 2HI = 2H[CuI2] + ɇ2 , 

Cu + 3KCN + 2H2O = K2[Cu(CN)3] + 2KOH + H2. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ ɦɟɞɶ ɤɪɚɣɧɟ ɦɟɞɥɟɧɧɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɞɚɠɟ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ, ɯɨɬɹ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɯɥɨɪɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɢɨɞɢɞɧɨɝɨ. 

 ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ ɦɟɞɶ ɦɟɞɥɟɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ 

ɞɚɠɟ ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɟ ɹɪɤɨ-

ɫɢɧɟɝɨ ɨɤɪɚɲɢɜɚɧɢɹ: 

Cu + 4NH3 + 1/2O2 + 3H2O = [Cu(NH3)4(H2O)2](OH)2. 

 ɋ ɜɨɞɨɪɨɞɨɦ, ɚɡɨɬɨɦ ɢ ɭɝɥɟɪɨɞɨɦ ɦɟɞɶ (ɢ ɞɪɭɝɢɟ ɦɟɬɚɥɥɵ 11-ɣ 

ɝɪɭɩɩɵ) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɞɚɠɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. 

Ƚɢɞɪɢɞɵ, ɧɢɬɪɢɞɵ ɢ ɤɚɪɛɢɞɵ ɩɨɥɭɱɚɸɬ ɤɨɫɜɟɧɧɵɦɢ ɩɭɬɹɦɢ. Ɍɚɤ, 

ɧɟɭɫɬɨɣɱɢɜɵɣ ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɝɢɞɪɢɞɚ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ 

ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɦɟɞɢ(II) 

ɮɨɫɮɨɪɧɨɜɚɬɢɫɬɨɣ ɤɢɫɥɨɬɨɣ: 

4CuSO4 + 3H3PO2 + 6H2O = 4CuH + 3H3PO4 + 4H2SO4. 



 ɏɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɟɬɚɥɥɨɜ ɩɨɧɢɠɚɟɬɫɹ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ɋɟɪɟɛɪɨ 

ɢ ɡɨɥɨɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɦɟɞɢ, ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟ ɨɤɢɫɥɹɸɬɫɹ 

ɤɢɫɥɨɪɨɞɨɦ, ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟ ɬɟɪɹɟɬ ɛɥɟɫɤ. ȼ 2016 ɝ ɩɨɹɜɢɥɨɫɶ ɫɨɨɛɳɟɧɢɟ 

ɨ ɩɨɥɭɱɟɧɢɢ ɨɤɫɢɞɚ ɡɨɥɨɬɚ AuO ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɩɪɢ ɞɚɜɥɟɧɢɢ ɤɢɫɥɨɪɨɞɚ 

2,5 Ƚɉɚ. Ɋɟɚɤɰɢɢ ɫ ɝɚɥɨɝɟɧɚɦɢ, ɫɟɪɨɣ, ɮɨɫɮɨɪɨɦ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɛɢɧɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

 ɇɚ ɜɨɡɞɭɯɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɥɟɞɨɜ ɫɟɪɨɜɨɞɨɪɨɞɚ ɫɟɪɟɛɪɨ ɦɟɞɥɟɧɧɨ 

ɬɟɦɧɟɟɬ, ɩɨɤɪɵɜɚɹɫɶ ɩɥɟɧɤɨɣ ɫɭɥɶɮɢɞɚ: 

4Ag + 2H2S + O2 = 2Ag2S + 2H2O 

ɋɟɪɟɛɪɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɤɢɫɥɨɬɚɦɢ-ɨɤɢɫɥɢɬɟɥɹɦɢ ɚɧɚɥɨɝɢɱɧɨ ɦɟɞɢ, ɧɨ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɥɟɣ ɫɟɪɟɛɪɚ(+1). Ʌɭɱɲɢɦ ɫɩɨɫɨɛɨɦ ɞɥɹ ɩɟɪɟɜɨɞɚ ɫɟɪɟɛɪɚ ɜ 

ɪɚɫɬɜɨɪ ɫɥɭɠɢɬ ɪɟɚɤɰɢɹ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ: 

Ag + 2HNO3, ɤɨɧɰ. = AgNO3 + NO2 + H2O. 

 Ɂɨɥɨɬɨ ɭɫɬɨɣɱɢɜɨ ɤ ɞɟɣɫɬɜɢɸ ɚɡɨɬɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ, ɧɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɜ ɫɦɟɫɢ ɫ ɨɤɢɫɥɢɬɟɥɟɦ(ɰɚɪɫɤɚɹ ɜɨɞɤɚ), 

ɝɢɩɨɯɥɨɪɢɬɨɦ ɧɚɬɪɢɹ, ɯɥɨɪɨɦ, ɚ ɬɚɤɠɟ ɫ ɫɟɥɟɧɨɜɨɣ ɤɢɫɥɨɬɨɣ: 

Au + HNO3  + 4HCl = H[AuCl4] + NO + 2H2O 

2Au + 6HCl + Cl2 = 2H[AuCl4]. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɟɞɢ, ɫɟɪɟɛɪɨ ɢ ɡɨɥɨɬɨ ɧɟ ɪɟɚɝɢɪɭɸɬ ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 

ɚɦɦɢɚɤɚ ɢ ɝɚɥɨɝɟɧɨɜɨɞɨɪɨɞɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. Ɋɟɚɤɰɢɹ ɫ ɰɢɚɧɢɞɚɦɢ ɩɪɨɬɟɤɚɟɬ 

ɥɢɲɶ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɢɫɥɢɬɟɥɹ – ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɢɥɢ ɤɢɫɥɨɪɨɞɚ: 

4M + 8NaCN + 2H2O + O2 = 4Na[M(CN)2] + 4NaOH, M = Ag, Au. 

Эɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɨɬ ɩɭɫɬɨɣ ɩɨɪɨɞɵ, ɚ 

ɬɚɤɠɟ ɩɪɢɦɟɫɟɣ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɦɟɞɢ.  

 

2.3. ɉɨɥɭɱɟɧɢɟ 

Ɇɟɞɶ ɢɡ ɯɚɥɶɤɨɩɢɪɢɬɚ CuFeS2, ɤɨɬɨɪɵɣ ɩɨɞɜɟɪɝɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨɦɭ 

ɨɛɠɢɝɭ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɪɟɦɧɟɡɟɦɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɠɟɥɟɡɨ ɜ ɫɢɥɢɤɚɬ: 

2CuFeS2 + 4O2 + 2SiO2 = Cu2S + 2FeSiɈ3 + 3SO2 



ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɨɤɢɫɥɟɧɢɢ ɤɢɫɥɨɪɨɞɨɦ ɱɚɫɬɶ ɫɭɥɶɮɢɞɚ ɦɟɞɢ ɩɟɪɟɯɨɞɢɬ ɜ 

ɨɤɫɢɞ, ɚ ɡɚɬɟɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ ɦɟɬɚɥɥɚ: 

Cu2S + 3O2 = 2Cu2O + 2SO2, 

2Cu2O + Cu2S = 6Cu + SO2. 

Ɉɱɢɫɬɤɭ ɦɟɞɢ ɩɪɨɜɨɞɹɬ ɩɭɬɟɦ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɜ ɪɚɫɬɜɨɪɟ 

ɦɟɞɧɨɝɨ ɤɭɩɨɪɨɫɚ, ɝɞɟ ɱɟɪɧɨɜɚɹ ɦɟɞɶ ɫɥɭɠɢɬ ɚɧɨɞɨɦ: 

 

 ɋɟɪɟɛɪɨ ɩɨɥɭɱɚɸɬ ɤɚɤ ɩɨɛɨɱɧɵɣ ɩɪɨɞɭɤɬ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɞɧɵɯ ɢ 

ɫɜɢɧɰɨɜɨ-ɰɢɧɤɨɜɵɯ ɫɭɥɶɮɢɞɧɵɯ ɪɭɞ, ɧɨ ɨɫɧɨɜɧɨɣ ɢɫɬɨɱɧɢɤ – ɷɬɨ ɲɥɚɦɵ 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɮɢɧɢɪɨɜɚɧɢɹ ɦɟɞɢ. ɉɪɨɦɵɲɥɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɡɨɥɨɬɚ ɫɥɭɠɚɬ ɡɨɥɨɬɨɫɨɞɟɪɠɚɳɢɟ ɩɟɫɤɢ. ɉɨɥɭɱɟɧɢɟ ɡɨɥɨɬɚ ɢ ɫɟɪɟɛɪɚ ɢɡ 

ɲɥɚɦɨɜ ɢ ɨɛɨɝɚɳɟɧɧɵɯ ɩɟɫɤɨɜ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɫɬɚɞɢɢ ɜɫɤɪɵɬɢɹ, 

ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ.  

 ȼɫɤɪɵɬɢɟ ɩɪɨɜɨɞɹɬ ɪɚɫɬɜɨɪɨɦ ɰɢɚɧɢɞɚ ɧɚɬɪɢɹ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɬɜɨɪɹɸɬɫɹ 

ɤɚɤ ɦɟɬɚɥɥɵ, ɬɚɤ ɢ ɫɭɥɶɮɢɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɰɢɚɧɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 

 ɂɡ ɰɢɚɧɢɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ ɜɵɞɟɥɹɸɬ ɰɢɧɤɨɜɨɣ 

ɩɵɥɶɸ: 

2Na[Ɇ(CN)2] + Zn = Na2[Zn(CN)4] + 2Ɇ. 

 Ⱦɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɱɢɫɬɤɭ ɡɨɥɨɬɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɯɢɦɢɱɟɫɤɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɟɝɨ ɩɟɪɟɜɨɞɹɬ ɜ ɥɟɬɭɱɢɣ ɯɥɨɪɢɞ, ɬɟɦ 

ɫɚɦɵɦ ɨɬɞɟɥɹɹ ɨɬ ɩɪɢɦɟɫɟɣ, ɚ ɡɚɬɟɦ ɪɚɡɥɚɝɚɸɬ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɨɧɟ 

ɪɟɚɤɬɨɪɚ: 

  

 

2.4. ɉɪɢɦɟɧɟɧɢɟ 

 Ɇɟɞɶ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, ɚ ɦɟɞɧɵɟ ɫɩɥɚɜɵ (ɥɚɬɭɧɢ, 

ɛɪɨɧɡɵ, ɦɟɥɶɯɢɨɪɵ) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɲɬɚɦɩɨɜɤɢ ɢ ɥɢɬɶɹ ɢɡɞɟɥɢɣ 

ɫɚɦɨɝɨ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɋɨɟɞɢɧɟɧɢɹ ɦɟɞɢ ɫɥɭɠɚɬ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ, 

ɮɭɧɝɢɰɢɞɚɦɢ. Ɇɟɞɶ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 



ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜ. ɋɟɪɟɛɪɨ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɬɚɥɢɡɟ, ɮɨɬɨɝɪɚɮɢɢ, 

ɦɟɞɢɰɢɧɟ. Ȼɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ ɡɨɥɨɬɚ ɢɫɩɨɥɶɡɭɸɬ ɜ ɷɥɟɤɬɪɨɧɢɤɟ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɤɨɧɬɚɤɬɨɜ, ɜ ɤɨɫɦɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɟɩɥɨɜɵɯ ɨɬɪɚɠɚɬɟɥɟɣ. 

 3. ɋɨɟɞɢɧɟɧɢɹ ɜ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +5 ɞɨɫɬɢɝɧɭɬɚ ɬɨɥɶɤɨ ɜɨ 

ɮɬɨɪɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɡɨɥɨɬɚ. ɉɟɧɬɚɮɬɨɪɢɞ ɡɨɥɨɬɚ ɨɛɪɚɡɭɟɬɫɹ ɜ ɜɢɞɟ 

ɤɪɚɫɧɨ-ɤɨɪɢɱɧɟɜɵɯ ɤɪɢɫɬɚɥɥɨɜ ɩɪɢ ɮɬɨɪɢɪɨɜɚɧɢɢ ɩɨɪɨɲɤɚ ɦɟɬɚɥɥɚ ɨɞɧɢɦ 

ɢɡ ɫɚɦɵɯ ɦɨɳɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ – ɞɢɮɬɨɪɢɞɨɦ ɤɪɢɩɬɨɧɚ: 

2Au + 5KrF2 = 2AuF5 + 5K 

Ȼɭɞɭɱɢ ɫɢɥɶɧɨɣ ɤɢɫɥɨɬɨɣ Ʌɶɸɢɫɚ, ɫɨɟɞɢɧɟɧɢɟ ɥɟɝɤɨ ɨɛɪɚɡɭɟɬ 

ɝɟɤɫɚɮɬɨɪɨɚɭɪɚɬɵ, ɫɬɚɛɢɥɢɡɢɪɭɹ ɧɟ ɬɨɥɶɤɨ ɤɚɬɢɨɧɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɧɨ 

ɢ ɢɨɧ ɨɤɫɢɝɟɧɢɥɚ: 

2Au + 5XeF2 + 2KF = 2K[AuF6] + 5Xe 

Au + O2 + 3F2 = O2[AuF6] 

Ƚɟɤɫɚɮɬɨɪɨɚɭɪɚɬ(+5) ɤɚɥɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɢɡɤɨɫɩɢɧɨɜɵɣ ɮɬɨɪɢɞɧɵɣ 

ɤɨɦɩɥɟɤɫ ɫ t2g
6
 ɤɨɧɮɢɝɭɪɚɰɢɟɣ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɦɭ ɤɢɧɟɬɢɱɟɫɤɭɸ ɢ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ. Эɬɨ ɜɟɳɟɫɬɜɨ ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ 

ɨɤɢɫɥɢɬɟɥɟɦ, ɫɩɨɫɨɛɧɵɦ ɨɤɢɫɥɢɬɶ ɜɨɞɭ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ. 

 ɋɟɪɟɛɪɨ ɧɟ ɨɛɪɚɡɭɟɬ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɜɵɲɟ +3. 

ɂɡɜɟɫɬɧɵ ɮɬɨɪɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɦɟɞɢ(+4), ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ 

ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ(+3) ɮɬɨɪɢɞɚɦɢ ɤɫɟɧɨɧɚ: 

2CsCuCl4 + 3XeF2 = Cs2[CuF6] + CuCl2 + 3 Xe + 3Cl2 

Эɬɨ ɧɢɡɤɨɫɩɢɧɨɜɵɟ ɤɨɦɩɥɟɤɫɵ ɫ t2g
6
eg

1
 ɤɨɧɮɢɝɭɪɚɰɢɟɣ. ɇɚɥɢɱɢɟ ɨɞɧɨɝɨ 

ɷɥɟɬɤɪɨɧɚ ɧɚ eg-ɨɪɛɢɬɚɥɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɯ ɧɢɡɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɜɵɫɨɤɭɸ 

ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ: ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɟɤɫɚɮɬɨɪɨɚɭɪɚɬɚ(+5) ɨɧɢ 

ɫɩɨɫɨɛɧɵ ɨɤɢɫɥɢɬɶ ɮɬɨɪɨɜɨɞɨɪɨɞ  ɞɨ ɮɬɨɪɚ  ɭɠɟ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

 

5. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 



 ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ 

ɝɪɭɩɩɟ, ɱɬɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɩɨɪɹɞɨɤ ɢɡɦɟɧɟɧɢɹ ɬɪɟɬɶɢɯ ɩɨɬɟɧɰɢɚɥɨɜ 

ɢɨɧɢɡɚɰɢɢ. Ⱦɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɚ ɞɥɹ ɦɟɞɢ ɢ ɫɟɪɟɛɪɚ, ɧɨ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɡɨɥɨɬɚ. ȿɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɮɢɝɭɪɚɰɢɹ 

d
8, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɤɬɚɷɞɪɢɱɟɫɤɢɦ ɢɥɢ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɦ 

ɤɨɦɩɥɟɤɫɚɦ. 
ɏɢɦɢɹ ɩɟɪɜɵɯ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ ɧɚɢɛɨɥɟɟ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ: ɤɢɫɥɨɪɨɞɨɦ ɢ ɮɬɨɪɨɦ,  

ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɢɯ ɜɵɫɨɤɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. 

 Ȼɢɧɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɞɢ(+3) ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɭɫɬɨɣɱɢɜɵɦɢ 

ɮɬɨɪɢɞɨɦ CuF3 ɢ ɨɤɫɢɞɨɦ Cu2O3. ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɝɚɥɨɝɟɧɢɞɨɜ ɦɟɞɢ(+2) 

ɮɬɨɪɨɦ ɨɛɪɚɡɭɸɬɫɹ ɫɜɟɬɥɨ-ɡɟɥɟɧɵɟ ɤɪɢɫɬɚɥɥɵ ɝɟɤɫɚɮɬɨɪɨɤɭɩɪɚɬɚ(+3): 

2CuCl2 + 6KCl + 6F2 = 2K3[CuF6] + 5Cl2 

 ȼɟɳɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɤɬɚɷɞɪɢɱɟɫɤɢɣ ɜɵɫɨɤɨɫɩɢɧɨɜɵɣ ɤɨɦɩɥɟɤɫ. 

ɋɬɚɛɢɥɢɡɚɰɢɢɢ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɜ 

ɞɢɩɟɪɢɨɞɚɬɧɵɯ ɢ ɞɢɨɪɬɨɬɟɥɥɭɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ([Cu(IO5OH)2]
5

 (ɪɢɫ. 3) ɢ 

[Cu(TeO4(OH)2]
5), ɫɨɡɞɚɸɳɢɯ ɢɞɟɚɥɶɧɨɟ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɨɟ ɨɤɪɭɠɟɧɢɟ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ. ɂɯ ɫɢɧɬɟɡɢɪɭɸɬ ɨɤɢɫɥɟɧɢɟɦ ɤɭɩɪɚɬɨɜ (II) ɩɟɪɫɭɥɶɮɚɬɨɦ 

K2S2O8 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɟɪɢɨɞɚɬɨɜ ɢɥɢ ɨɪɬɨɬɟɥɥɭɪɚɬɨɜ.  

Щɟɥɨɱɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɞɢ(+2) ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɤɪɚɫɧɵɯ ɝɢɞɪɨɤɫɢɤɭɩɪɚɬɨɜ(+3) 

2Cu(OH)2 + KOCl + 2KOH + H2O = 2K[Cu(OH)4] + KCl. 

Ɉɧɢ ɪɚɡɪɭɲɚɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɪɇ ɞɨ ɧɟɣɬɪɚɥɶɧɨɝɨ, ɧɨ ɢ ɩɪɨɫɬɨ 

ɩɪɢ ɯɪɚɧɟɧɢɢ. Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɨɤɫɨɤɭɩɪɚɬɵ (NaCuO2), ɩɨɥɭɱɚɟɦɵɟ 

ɬɜɟɪɞɨɮɚɡɧɨ. 

ɂɡ ɩɪɨɫɬɵɯ ɫɨɥɟɣ ɫɟɪɟɛɪɚ(III) ɢɡɜɟɫɬɟɧ ɥɢɲɶ ɬɪɢɮɬɨɪɢɞ AgF3, 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ AgF ɮɬɨɪɢɞɚɦɢ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɤɫɟɧɨɧɚ. Ɉɧ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɩɨɱɟɱɧɵɣ ɩɨɥɢɦɟɪ, ɫɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɤɜɚɞɪɚɬɨɜ [AgF4], 

ɫɨɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɜ ɰɟɩɢ (ɪɢɫ. 4).  

Эɬɨ ɜɟɳɟɫɬɜɨ – ɬɢɩɢɱɧɵɣ ɨɤɢɫɥɢɬɟɥɶ, ɜɵɞɟɥɹɸɳɢɣ ɤɢɫɥɨɪɨɞ ɢɡ ɜɨɞɵ: 



AgF3 + H2O = AgF + 2HF + 1/2O2 

ɉɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɜɟɳɟɫɬɜɨ ɪɚɡɥɚɝɚɟɬɫɹ: 

AgF3 = AgF2  + 1/2F2 

Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɠɟɥɬɵɟ ɮɬɨɪɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ, 

ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɯɥɨɪɢɞɚ ɫɟɪɟɛɪɚ ɮɬɨɪɨɦ: 

AgCl + KCl + F2 = K[AgF4] + Cl2 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɮɬɨɪɨɤɭɩɪɚɬɨɜ(+3) ɢɯ ɚɧɢɨɧ ɞɢɚɦɚɝɧɢɬɟɧ ɢ ɢɦɟɟɬ 

ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɨɟ ɫɬɪɨɟɧɢɟ.  

ɉɪɢ ɨɤɢɫɥɟɧɢɢ ɫɨɥɟɣ ɫɟɪɟɛɪɚ(I) ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɟɪɨɤɫɨɞɢɫɭɥɶɮɚɬɨɦ 

ɨɛɪɚɡɭɟɬɫɹ ɱɟɪɧɵɣ ɨɫɚɞɨɤ ɫɨɫɬɚɜɚ AgO: 

2AgNO3 + 4KOH + K2S2O8 
Со90

==  2AgO + 2K2SO4 + 2KNO3 + 2H2O. 

Ⱦɢɚɦɚɝɧɟɬɢɡɦ ɫɨɟɞɢɧɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɜ ɧɟɦ ɢɨɧɨɜ 

ɫɟɪɟɛɪɚ(II). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɢɡɭɱɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɤɚɡɚɥɨ, 

ɱɬɨ ɜ ɧɟɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɚɬɨɦɵ ɫɟɪɟɛɪɚ ɜ ɞɜɭɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ +1 ɢ +3. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɭ ɜɟɳɟɫɬɜɚ ɩɪɚɜɢɥɶɧɟɟ ɡɚɩɢɫɵɜɚɬɶ ɜ ɜɢɞɟ Ag
+1

Ag
+3

O2. 

ɂɨɧɵ ɫɟɪɟɛɪɚ +3 ɧɚɯɨɞɹɬɫɹ ɜ ɰɟɧɬɪɟ ɩɥɨɫɤɢɯ ɤɜɚɞɪɚɬɨɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ 

ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ, ɚ ɢɨɧɵ ɫɟɪɟɛɪɚ +1 ɢɦɟɸɬ ɥɢɧɟɣɧɭɸ ɝɟɨɦɟɬɪɢɸ ɫ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ ɞɜɚ. Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 

ɫɨɟɞɢɧɟɧɢɹ ɪɚɫɬɜɨɪɨɦ ɩɟɪɢɨɞɚɬɚ ɤɚɥɢɹ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɫɟɪɟɛɪɨ(III) ɜ 

ɭɫɬɨɣɱɢɜɵɣ ɩɟɪɢɨɞɚɬɧɵɣ ɤɨɦɩɥɟɤɫ: 

4AgO + 6KOH + 4KIO4 = 2K5H2[Ag(IO6)2] + Ag2O + H2O. 

ɋɨɥɢ ɫɟɪɟɛɪɚ(+3) ɢ ɤɢɫɥɨɪɨɞɧɵɯ ɤɢɫɥɨɬ ɧɟɢɡɜɟɫɬɧɵ, ɨɞɧɚɤɨ ɩɪɢ 

ɚɧɨɞɧɨɦ ɨɤɢɫɥɟɧɢɢ ɫɨɥɟɣ ɫɟɪɟɛɪɚ(+1) ɨɛɪɚɡɭɸɬɫɹ ɱɟɪɧɵɟ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ 

ɛɥɟɫɤɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɫɚɞɤɢ ɫɦɟɲɚɧɧɵɯ ɨɤɫɨɫɨɥɟɣ ɫɟɪɟɛɪɚ(+2, +3) 

ɨɛɳɟɣ ɮɨɪɦɭɥɵ Ag7O8X, ɝɞɟ ɏ – ɨɞɧɨɡɚɪɹɞɧɵɣ ɚɧɢɨɧ (NO3
-
, HSO4

-
, HF2

-
, 

BF4
-
): 

                                            ɷɥ. ɬɨɤ 

7AgNO3 + 8H2O  Ag7O8NO3  + 5H2 + 6HNO3 



ȼɫɟ ɷɬɢ ɜɟɳɟɫɬɜɚ ɫɨɞɟɪɠɚɬ ɡɚɦɤɧɭɬɵɟ ɤɥɟɬɤɢ [Ag6O8], ɜ ɤɨɬɨɪɵɯ ɫɪɟɞɧɹɹ 

ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɫɟɪɟɛɪɚ ɪɚɜɧɚ 2,67, ɚ ɬɚɤɠɟ ɚɧɢɨɧɵ (ɧɢɬɪɚɬ) ɢ ɢɨɧɵ Ag
+
. 

ɂɧɬɟɧɫɢɜɧɚɹ ɨɤɪɚɫɤɚ ɨɛɭɫɥɨɜɥɟɧɚ ɩɟɪɟɤɪɵɜɚɧɢɟɦ d-ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɨɜ 

ɫɟɪɟɛɪɚ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɬɚɤɨɣ ɤɥɟɬɤɢ. ȼ ɝɨɪɹɱɟɣ ɜɨɞɟ ɜɟɳɟɫɬɜɨ 

ɪɚɡɥɚɝɚɟɬɫɹ, ɜɵɞɟɥɹɹ ɤɢɫɥɨɪɨɞ: 

Ag7O8NO3 = AgNO3 + 3Ag2O2 + O2. 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3 ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɡɨɥɨɬɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɢɡɤɨɫɩɢɧɨɜɵɦɢ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɦɢ ɚɧɢɨɧɧɵɦɢ 

ɤɨɦɩɥɟɤɫɚɦɢ. ɂɫɯɨɞɧɵɦ ɜɟɳɟɫɬɜɨɦ ɞɥɹ ɦɧɨɝɢɯ ɫɢɧɬɟɡɨɜ ɫɥɭɠɢɬ 

ɡɨɥɨɬɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɚɹ ɤɢɫɥɨɬɚ H[AuCl4], ɜɵɞɟɥɹɸɳɚɹɫɹ ɜ ɜɢɞɟ ɫɜɟɬɥɨ-

ɠɟɥɬɵɯ ɪɚɫɩɥɵɜɚɸɳɢɯɫɹ ɧɚ ɜɨɡɞɭɯɟ ɢɝɨɥɶɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɬɟɬɪɚɝɢɞɪɚɬɚ 

ɩɪɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɡɨɥɨɬɚ ɫ 

ɰɚɪɫɤɨɣ ɜɨɞɤɨɣ ɢɥɢ ɯɥɨɪɨɦ ɜ ɫɨɥɹɧɨɤɢɫɥɨɣ ɫɪɟɞɟ. ȼɟɳɟɫɬɜɨ ɪɚɫɬɜɨɪɢɦɨ ɧɟ 

ɬɨɥɶɤɨ ɜ ɜɨɞɟ, ɧɨ ɢ ɜ ɫɩɢɪɬɟ, ɷɮɢɪɟ.  ɉɪɢ ɩɨɞɳɟɥɚɱɢɜɚɧɢɢ ɨɛɪɚɡɭɸɬɫɹ ɫɨɥɢ – 

ɠɟɥɬɵɟ ɬɟɬɪɚɯɥɨɪɨɚɭɪɚɬɵ: 

H[AuCl4] + NaHCO3 = Na[AuCl4] + CO2 + H2O 

ɂɯ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɢɨɧɧɨɝɨ ɪɚɞɢɭɫɚ ɳɟɥɨɱɧɨɝɨ 

ɦɟɬɚɥɥɚ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪ ɡɨɥɨɬɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ 

ɧɢɬɪɚɬɨɦ ɫɟɪɟɛɪɚ ɨɛɪɚɡɭɟɬɫɹ ɨɫɚɞɨɤ ɫɟɪɟɛɪɹɧɨɣ ɫɨɥɢ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɨɣ 

ɩɥɨɫɤɨɤɜɚɞɪɚɬɧɵɟ ɬɟɬɪɚɯɥɨɪɨɚɭɪɚɬ-ɢɨɧɵ ɫɜɹɡɚɧɵ ɚɬɨɦɚɦɢ ɫɟɪɟɛɪɚ, 

ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɰɟɧɬɪɟ ɢɫɤɚɠɟɧɧɵɯ ɨɤɬɚɷɞɪɨɜ ɢɡ ɚɬɨɦɨɜ ɯɥɨɪɚ (ɪɢɫ. 5): 

H[AuCl4] + AgNO3 = Ag[AuCl4] + HNO3 

Ʉɪɚɫɧɵɣ ɬɪɢɯɥɨɪɢɞ ɡɨɥɨɬɚ AuCl3, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɡɨɥɨɬɨɣ ɮɨɥɶɝɢ ɜ ɯɥɨɪɟ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɜɚɥɟɧɬɧɵɣ ɝɚɥɨɝɟɧɢɞ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɢɹɞɟɪɧɵɯ ɦɨɥɟɤɭɥ. Чɚɫɬɢɰɚ Au2Cl6 ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɤɚɤ 

ɞɜɚ ɩɥɨɫɤɢɯ ɤɜɚɞɪɚɬɚ, ɫɨɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦ ɪɟɛɪɨɦ, ɨɛɪɚɡɨɜɚɧɧɵɦ ɞɜɭɦɹ 

ɦɨɫɬɢɤɨɜɵɦɢ ɚɬɨɦɚɦɢ ɯɥɨɪɚ (ɪɢɫ. 6).  

ɉɪɢ ɜɧɟɫɟɧɢɢ ɬɪɢɯɥɨɪɢɞɚ ɡɨɥɨɬɚ ɜ ɫɨɥɹɧɭɸ ɤɢɫɥɨɬɭ ɨɛɪɚɡɭɟɬɫɹ 

ɡɨɥɨɬɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɚɹ ɤɢɫɥɨɬɚ, ɚ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɟɝɨ ɜ ɜɨɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɝɢɞɪɨɥɢɡ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɝɢɞɪɨɤɫɢɬɪɢɯɥɨɪɨɚɭɪɚɬɚɦ: 



AuCl3 + H2O = H[AuCl3OH] 

Эɬɨɬ ɚɧɢɨɧ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɚɠɞɟɧ ɜ ɮɨɪɦɟ ɫɟɪɟɛɪɹɧɨɣ ɫɨɥɢ. 

ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɬɪɢɯɥɨɪɢɞɚ ɡɨɥɨɬɚ ɜ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜɵɞɟɥɹɟɬɫɹ 

ɠɟɥɬɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɨɫɚɞɤɚ ɝɢɞɪɨɤɫɢɞɚ: 

2AuCl3 + 3Na2CO3 + 3H2O = 2Au(OH)3 + 3CO2 + 6NaCl 

ɂɡ-ɡɚ ɹɜɧɨɝɨ ɩɪɟɨɛɥɚɞɚɧɢɹ ɤɢɫɥɨɬɧɵɯ ɫɜɨɣɫɬɜ ɷɬɨ ɜɟɳɟɫɬɜɨ ɧɚɡɵɜɚɸɬ 

«ɡɨɥɨɬɨɣ ɤɢɫɥɨɬɨɣ». ɉɪɢ ɞɟɣɫɬɜɢɢ ɳɟɥɨɱɟɣ ɨɧɚ ɨɛɪɚɡɭɟɬ ɫɨɥɢ - ɠɟɥɬɵɟ 

ɬɟɬɪɚɝɢɞɪɨɤɫɨɚɭɪɚɬɵ(III): 

Au(OH)3 + KOH = K[Au(OH)4]. 

 Ɋɟɚɤɰɢɹ ɝɢɞɪɨɤɫɢɞɚ ɡɨɥɨɬɚ(III) ɫ ɫɢɥɶɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɯ ɚɧɢɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ: 

Au(OH)3 + 4HNO3 = H[Au(NO3)4] + 3H2Ɉ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɪɟɞɧɢɟ 

ɫɨɥɢ ɡɨɥɨɬɚ ɢ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ 

ɚɤɜɚɢɨɧɨɜ ɡɨɥɨɬɚ ɤ ɩɪɨɰɟɫɫɚɦ ɝɢɞɪɨɥɢɡɚ. d-ɨɪɛɢɬɚɥɢ ɚɬɨɦɚ ɡɨɥɨɬɚ ɭɱɚɫɬɜɭɸɬ 

ɜ ɚɤɬɢɜɚɰɢɢ Ɉ-ɇ ɫɜɹɡɟɣ, ɨɛɥɟɝɱɚɹ ɨɬɪɵɜ ɩɪɨɬɨɧɚ ɨɬ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ ɜɨɞɵ.  

 ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɡɨɥɨɬɚɹ ɤɢɫɥɨɬɚ ɪɚɡɥɚɝɚɟɬɫɹ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɨɤɫɢɞ Au2O3 (ɩɪɢ 60ɋ), ɚ ɩɪɢ 160ɋ ɢ ɜ ɡɨɥɨɬɨ. 

ɋɨɟɞɢɧɟɧɢɹ ɡɨɥɨɬɚ(III) ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ ɨɤɢɫɥɢɬɟɥɹɦɢ, ɯɨɬɹ 

ɢɧɟɪɬɧɨɫɬɶ ɦɧɨɝɢɯ ɤɨɦɩɥɟɤɫɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɤɢɧɟɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 

ɉɪɢ ɞɟɣɫɬɜɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɧɚ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɫɬɜɨɪɨɜ ɫɨɟɞɢɧɟɧɢɣ 

ɡɨɥɨɬɚ(III) ɜɵɞɟɥɹɟɬɫɹ ɡɨɥɨɬɨ ɜ ɮɨɪɦɟ ɤɨɥɥɨɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɥɢ ɨɫɚɞɤɚ: 

H[AuCl4] + 3FeSO4 = Au + Fe2(SO4)3 + FeCl3 + HCl. 

ȿɫɥɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɡɨɥɨɬɚ(+1), ɩɪɨɰɟɫɫ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭɞɚɟɬɫɹ ɨɫɬɚɧɨɜɢɬɶ ɧɚ ɷɬɨɣ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɫɬɚɞɢɢ:  

H[Au(NO3)4] + 4 KI = AuI + HI + 4KNO3 + I2 

2Au(OH)3 + 3Na2S = Au2S + 6 NaOH + 2S 

AuCl3 + 4NaCN = Na[Au(CN)2] + (CN)2 + 3NaCl 



 

6. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 

ȼ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 ɷɥɟɦɟɧɬɵ ɝɪɭɩɩɵ ɦɟɞɢ ɢɦɟɸɬ ɷɥɟɤɬɪɨɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ d
9, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɹɧ-ɬɟɥɥɟɪɨɜɫɤɨɦɭ ɢɨɧɭ ɫ ɢɫɤɚɠɟɧɧɨɣ 

ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɟɣ. ɋɨɟɞɢɧɟɧɢɹ ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɚ ɜ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ +2 ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵ ɢ ɥɟɝɤɨ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɞɥɹ ɦɟɞɢ ɞɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɣ. ɂɨɧ Cu
2+

 ɜ 

ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɩɨɥɟ ɨɛɵɱɧɨ ɩɪɟɬɟɪɩɟɜɚɟɬ ɭɞɥɢɧɟɧɢɟ ɞɜɭɯ ɫɜɹɡɟɣ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɨɫɢ z, ɩɪɢɨɛɪɟɬɚɹ ɝɟɨɦɟɬɪɢɸ ɤɜɚɞɪɚɬɧɨɣ ɛɢɩɢɪɚɦɢɞɵ ɫ 

ɱɟɬɵɪɶɦɹ ɥɢɝɚɧɞɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɧɚ ɪɚɜɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɜ 

ɷɤɜɚɬɨɪɢɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɢ ɞɜɭɦɹ ɛɨɥɟɟ ɭɞɚɥɟɧɧɵɦɢ, ɡɚɧɢɦɚɸɳɢɦɢ 

ɚɤɫɢɚɥɶɧɵɟ ɩɨɡɢɰɢɢ. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɚɥɶɧɨ 

ɪɚɜɧɨ ɲɟɫɬɢ, ɧɨ ɱɚɫɬɨ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ (4 + 2) ɫ ɰɟɥɶɸ ɩɨɞɱɟɪɤɧɭɬɶ 

ɬɟɬɪɚɝɨɧɚɥɶɧɨɟ ɢɫɤɚɠɟɧɢɟ ɢ ɭɞɚɥɟɧɧɨɫɬɶ ɞɜɭɯ ɥɢɝɚɧɞɨɜ. ɉɪɢ ɩɨɥɧɨɦ 

ɭɞɚɥɟɧɢɢ ɷɬɢɯ ɥɢɝɚɧɞɨɜ ɜɨɡɧɢɤɚɟɬ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɚɹ ɝɟɨɦɟɬɪɢɹ - 

ɩɪɟɞɟɥɶɧɵɣ ɫɥɭɱɚɣ ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ ɢɫɤɚɠɟɧɢɹ.  

ɂɨɧ ɝɟɤɫɚɚɤɜɚɦɟɞɢ(II) [Cu(H2O)6]
2+

 ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɦɧɨɝɢɯ 

ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ, ɩɪɢɞɚɜɚɹ ɢɦ ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ(II) ɫɢɧɢɣ 

ɰɜɟɬ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɫɨɥɢ ɦɟɞɢ(II) ɳɟɥɨɱɟɣ ɫɧɚɱɚɥɚ ɨɛɪɚɡɭɟɬɫɹ ɨɫɧɨɜɧɚɹ 

ɫɨɥɶ, ɚ ɡɚɬɟɦ ɜɵɩɚɞɚɟɬ ɨɛɴɟɦɢɫɬɵɣ ɫɢɧɢɣ ɨɫɚɞɨɤ ɚɦɨɪɮɧɨɝɨ ɝɢɞɪɨɤɫɢɞɚ 

Cu(OH)2, ɤɨɬɨɪɵɣ ɩɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ ɨɬɳɟɩɥɹɟɬ ɜɨɞɭ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ 

ɨɤɫɢɞ CuO. Ʌɟɝɤɨɫɬɶ ɞɟɝɢɞɪɚɬɚɰɢɢ ɨɛɭɫɥɨɜɥɟɧɚ ɛɥɢɡɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 

ɫɬɪɭɤɬɭɪɵ ɷɬɢɯ ɞɜɭɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɫɬɪɨɟɧɧɨɣ ɢɡ ɫɨɱɥɟɧɟɧɧɵɯ ɨɛɳɢɦɢ 

ɪɟɛɪɚɦɢ ɤɜɚɞɪɚɬɨɜ [CuO4], ɧɚ ɩɟɪɟɫɬɪɨɣɤɭ ɤɨɬɨɪɨɣ ɬɪɟɛɭɸɬɫɹ ɦɢɧɢɦɚɥɶɧɵɟ 

ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ (ɪɢɫ. 7). 

Ƚɢɞɪɨɤɫɢɞ ɦɟɞɢ(II) ɚɦɮɨɬɟɪɟɧ: ɨɧ ɥɟɝɤɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ, ɢ 

ɧɟɫɤɨɥɶɤɨ ɬɪɭɞɧɟɟ ɜ ɳɟɥɨɱɚɯ, ɨɛɪɚɡɭɹ ɹɪɤɨ-ɫɢɧɢɟ ɬɟɬɪɚɝɢɞɪɨɤɫɨɤɭɩɪɚɬɵ (II):  

Cu(OH)2 + 2HCl = CuCl2 + 2H2Ɉ. 

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



 ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɢ ɨɤɫɨɤɭɩɪɚɬɵ (Ba2CuO3), ɩɨɥɭɱɚɟɦɵɟ ɬɜɟɪɞɨɮɚɡɧɵɦ 

ɫɢɧɬɟɡɨɦ. ɇɟɤɨɬɨɪɵɟ ɫɦɟɲɚɧɧɵɟ ɤɭɩɪɚɬɵ(II,III) ɛɚɪɢɹ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ  ɨɛɥɚɞɚɸɬ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɠɢɞɤɨɝɨ ɚɡɨɬɚ. 

ɋɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶɸ ɧɚɡɵɜɚɸɬ ɹɜɥɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɱɟɪɟɡ ɩɪɨɜɨɞɧɢɤ 

ɛɟɡ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɩɨɥɧɵɦ ɜɵɬɚɥɤɢɜɚɧɢɟɦ ɩɪɨɜɨɞɧɢɤɚ ɢɡ ɜɧɟɲɧɟɝɨ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ левитации, ɬɨ ɟɫɬɶ «ɩɚɪɟɧɢɸ» ɩɥɚɫɬɢɧɵ ɢɡ 

ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɚ ɛɟɡ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɫ ɜɧɟɲɧɢɦ ɦɚɝɧɢɬɨɦ. ɋɚɦɵɣ 

ɢɡɜɟɫɬɧɵɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɭɩɪɚɬ 

ɢɬɬɪɢɹ-ɥɚɧɬɚɧɚ ɫɨɫɬɚɜɚ YBa2Cu3O7–δ, ɝɞɟ δ = 0 – 1, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ 

ɫɩɟɤɚɧɢɢ ɨɤɫɢɞɨɜ ɢɥɢ ɫɨɥɟɣ ɢɬɬɪɢɹ, ɛɚɪɢɹ ɢ ɦɟɞɢ: 

950 °C 

Y2O3 + 6CuO + 4BaCO3  2YBa2Cu3O6.5 + 4CO2 

YBa2Cu3O6.5 + 1/4O2  YBa2Cu3O7 

ɉɪɢ δ=1 ɜɟɳɟɫɬɜɨ YBa2Cu
+2

2Cu
+3

O7 ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ ɩɟɪɨɜɫɤɢɬɚ (ɪɢɫ. 8), ɢɡ 

ɤɨɬɨɪɨɣ ɭɞɚɥɟɧɚ ɱɚɫɬɶ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ. ȼ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɵ ɥɟɠɚɬ ɩɚɪɧɵɟ 

ɫɥɨɢ ɤɜɚɞɪɚɬɧɵɯ ɩɢɪɚɦɢɞ Cu
+2

O5, ɫɜɹɡɚɧɧɵɟ ɤɜɚɞɪɚɬɚɦɢ Cu
+3

O4 ɱɟɪɟɡ ɨɛɳɢɟ 

ɜɟɪɲɢɧɵ. ɉɨɬɟɪɹ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ, ɨɤɪɭɠɚɸɳɢɯ ɦɟɞɶ(+3), ɩɪɢɜɨɞɢɬ ɤ ɟɟ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ. Ɂɧɚɱɟɧɢɟ δ = 0.5 ɮɨɪɦɚɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ ɦɟɞɢ ɜ ɷɬɨɦ ɫɥɨɟ +2. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ 

ɧɟɫɬɟɯɢɨɦɟɬɪɢɢ ɜɟɳɟɫɬɜɨ ɦɟɧɹɟɬ ɫɬɪɭɤɬɭɪɭ ɢ ɬɟɪɹɟɬ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ (ɮɚɡɚ YBa2Cu
+2

2Cu
+1

O6). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜ 

ɫɨɟɞɢɧɟɧɢɢ ɚɬɨɦɨɜ ɦɟɞɢ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3, ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɫɥɨɢ 

ɩɨɫɪɟɞɫɬɜɨɦ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ. Ɇɟɬɚɥɥɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɜɵɡɜɚɧɚ 

ɩɟɪɟɤɪɵɜɚɧɢɟɦ ɜɚɤɚɧɬɧɵɯ dx2-y2-ɨɪɛɢɬɚɥɟɣ ɢɨɧɚ Cu
3+

 ɢ ɡɚɩɨɥɧɟɧɧɵɯ 2ɪ-

ɨɪɛɢɬɚɥɟɣ, ɤɨɬɨɪɨɟ ɨɤɚɡɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɦ ɜɞɨɥɶ ɥɢɧɟɣɧɵɯ ɫɜɹɡɟɣ Ɉ–

Cu–O. 

ɋɪɟɞɢ ɫɨɥɟɣ ɦɟɞɢ(II) ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɦɟɞɧɵɣ ɤɭɩɨɪɨɫ 

CuSO45H2Ɉ, ɜɵɞɟɥɹɸɳɢɣɫɹ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɭɥɶɮɚɬɚ ɦɟɞɢ(II) ɜ ɜɢɞɟ 

ɤɪɭɩɧɵɯ ɫɢɧɟ-ɝɨɥɭɛɵɯ ɤɪɢɫɬɚɥɥɨɜ. ȼ ɫɬɪɭɤɬɭɪɟ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɥɨɫɤɨ-



ɤɜɚɞɪɚɬɧɵɟ ɝɪɭɩɩɢɪɨɜɤɢ [Cu(H2O)4]
2+

 ɫɨɟɞɢɧɟɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ η-

ɦɨɫɬɢɤɨɜɵɦɢ ɫɭɥɶɮɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɫɜɟɪɯɭ ɢ ɫɧɢɡɭ ɨɬ 

ɩɥɨɫɤɨɫɬɢ ɤɚɠɞɨɝɨ ɤɜɚɞɪɚɬɚ (ɪɢɫ. 9). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ 

ɦɟɞɧɨɝɨ ɤɭɩɨɪɨɫɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɯɟɦɚ: 

 

 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɨɥɢ ɦɟɞɢ ɝɢɞɪɨɥɢɡɨɜɚɧɵ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ 

ɩɨɥɭɱɟɧɢɸ ɫɨɥɟɣ ɧɟɤɨɬɨɪɵɯ ɫɥɚɛɵɯ ɤɢɫɥɨɬ, ɧɚɩɪɢɦɟɪ, ɤɚɪɛɨɧɚɬɚ. ɉɨɷɬɨɦɭ 

ɩɪɢ ɫɥɢɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ ɫɭɥɶɮɚɬɚ ɦɟɞɢ(II) ɢ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ 

ɨɛɪɚɡɭɟɬɫɹ ɫɜɟɬɥɨ-ɡɟɥɟɧɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɨɤɚɪɛɨɧɚɬɚ ɦɟɞɢ(II) Cu2(OH)2CO3: 

2CuSO4 + 4NaHCO3 = Cu2(OH)2CO3 + 2Na2SO4 + 3CO2 + H2O. 

 Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɟɡɜɨɞɧɵɯ ɫɨɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɧɢɬɪɚɬ ɢɥɢ ɯɥɨɪɢɞ, ɧɟɥɶɡɹ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚɝɪɟɜɚɧɢɟɦ ɢɯ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɧɟɨɛɪɚɬɢɦɵɣ ɝɢɞɪɨɥɢɡ. Ƚɢɞɪɚɬ ɯɥɨɪɢɞɚ ɦɟɞɢ(II) ɨɛɟɡɜɨɠɢɜɚɸɬ ɧɚɝɪɟɜɚɧɢɟɦ 

ɫ ɯɥɨɪɢɫɬɵɦ ɬɢɨɧɢɥɨɦ, ɚ ɛɟɡɜɨɞɧɵɣ ɧɢɬɪɚɬ ɩɨɥɭɱɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɞɢ 

ɫ ɠɢɞɤɢɦ ɞɢɨɤɫɢɞɨɦ ɚɡɨɬɚ, ɪɚɫɬɜɨɪɟɧɧɵɦ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ: 

Cu + 2N2O4 = Cu(NO3)2 + 2NO 

ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɚɧɢɨɧɨɜ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɢɨɞɢɞ, ɫɭɥɶɮɢɬ, 

ɬɢɨɫɭɥɶɮɚɬ ɢ ɫɭɥɶɮɢɞ, ɦɟɞɶ(+2) ɩɪɟɬɟɪɩɟɜɚɟɬ ɱɚɫɬɢɱɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ: 

2Cu
2+

 + 2S2O3
2–

 + 2H2O = Cu2S + 2HSO4
–
 + 2H

+
 + S. 

 Ʉ ɱɢɫɥɭ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɮɨɪɦɚɥɶɧɨ ɦɨɠɟɬ ɛɵɬɶ 

ɨɬɧɟɫɟɧɚ ɞɚɠɟ ɪɟɚɤɰɢɹ  

CuSO4 + 2Na2S = CuS + Na2SO4 

ɬɚɤ ɤɚɤ ɨɛɪɚɡɭɸɳɢɣɫɹ ɱɟɪɧɵɣ ɨɫɚɞɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɥɶɮɢɞ-

ɞɢɫɭɥɶɮɢɞ ɦɟɞɢ(+2) ɦɟɞɢ(+1): (Cu
+1

)2(Cu
2+

)(S2
2-

)S
2-. ɋɭɥɶɮɢɞ CuS ɩɟɪɟɯɨɞɢɬ 

ɜ ɪɚɫɬɜɨɪ ɥɢɲɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ: 

CuS + 4H2SO4(ɤɨɧɰ) = CuSO4 + 4SO2 + 4H2O 



Ɇɟɞɶ(+2) ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɛɨɥɶɲɢɧɫɬɜɨ 

ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɢɫɤɚɠɟɧɧɭɸ ɨɤɬɚɷɞɪɢɱɟɫɤɭɸ ɝɟɨɦɟɬɪɢɸ, ɜɵɡɜɚɧɧɭɸ 

ɷɮɮɟɤɬɨɦ əɧɚ-Ɍɟɥɥɟɪɚ. Ɍɚɤ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɚɦɦɢɚɤɚ ɧɚ ɝɢɞɪɨɤɫɢɞ ɦɟɞɢ(+2) 

ɨɛɪɚɡɭɟɬɫɹ ɜɚɫɢɥɶɤɨɜɨ-ɫɢɧɢɣ ɪɚɫɬɜɨɪ ɬɟɬɪɚɦɦɢɧɚ. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 

ɦɟɞɢ ɞɨɩɨɥɧɹɸɬ ɞɨ ɲɟɫɬɢ ɞɜɟ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɬɪɚɧɫ-

ɩɨɥɨɠɟɧɢɢ ɞɪɭɝ ɤ ɞɪɭɝɭ 

Cu(OH)2 + 4NH3 + 2H2O = [Cu(NH3)4(H2O)2](OH)2 

  ɉɨɥɭɱɟɧɧɵɣ ɚɦɦɢɚɤɚɬ ɭɫɬɨɣɱɢɜ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɧɨ 

ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢɥɢ ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ, ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɦɟɞɢ ɤ ɚɡɨɬɭ ɢ ɫɟɪɟ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɨɫɬɶɸ 

ɚɦɦɢɚɤɚ ɢ ɧɢɡɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɫɭɥɶɮɢɞɚ. 

ȼɯɨɠɞɟɧɢɟ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ ɦɟɞɢ ɩɹɬɨɣ ɢ ɲɟɫɬɨɣ ɦɨɥɟɤɭɥ 

ɚɦɦɢɚɤɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɨ.  

Ɇɟɞɶ(+2) ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɯɟɥɚɬɢɪɭɸɳɢɦɢ 

ɥɢɝɚɧɞɚɦɢ. Ɍɚɤ, ɤɨɦɩɥɟɤɫ ɫ ɷɬɢɥɟɧɞɢɚɦɢɧɨɦ [Cu(en)2(H2O)2](OH)2 ɦɨɠɟɬ 

ɛɵɬɶ ɩɨɥɭɱɟɧ ɢɡ ɚɦɦɢɚɤɚɬɚ. 

Ʉɪɭɩɧɵɟ ɚɧɢɨɧɧɵɟ ɥɢɝɚɧɞɵ, ɬɚɤɢɟ ɤɚɤ ɯɥɨɪɢɞ ɢ ɨɫɨɛɟɧɧɨ ɛɪɨɦɢɞ, ɫɩɨɫɨɛɧɵ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɫ ɦɟɞɶɸ(II) ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ [CuX4]
2–

.  

 ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 ɪɟɡɤɨ ɩɨɧɢɠɚɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 

ɦɟɞɢ ɤ ɫɟɪɟɛɪɭ ɢ ɞɚɥɟɟ ɤ ɡɨɥɨɬɭ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɷɧɟɪɝɢɢ ɪɚɫɳɟɩɥɟɧɢɹ ɬɟɬɪɚɝɨɧɚɥɶɧɨ-ɢɫɤɚɠɟɧɧɚɹ ɨɤɬɚɷɞɪɢɱɟɫɤɚɹ ɝɟɨɦɟɬɪɢɹ ɫ 

ɤɨɧɮɢɝɭɪɚɰɢɟɣ d9
 ɫɬɚɧɨɜɢɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ. ȼɫɟ ɷɬɢ ɜɟɳɟɫɬɜɚ – ɫɢɥɶɧɵɟ 

ɨɤɢɫɥɢɬɟɥɢ.  

 ɇɟɭɫɬɨɣɱɢɜɵɟ ɫɨɥɢ ɫɟɪɟɛɪɚ(+2) ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɨɤɫɢɞɚ 

Ag
I
Ag

III
O2 ɜ ɤɢɫɥɨɬɚɯ ɜ ɨɬɫɭɬɫɬɜɢɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ: 

AgO + 2HClO4 + 3H2O = Ag(ClO4)2
.
4H2O 

Ʉɨɪɢɱɧɟɜɵɣ ɰɜɟɬ ɪɚɫɬɜɨɪɭ ɩɪɢɞɚɸɬ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɵɟ ɩɚɪɚɦɚɝɧɢɬɧɵɟ 

ɢɨɧɵ [Ag(H2O)4]
2+. Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜ ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɞɢɮɬɨɪɢɞ ɫɟɪɟɛɪɚ, 

ɩɨɥɭɱɚɟɦɵɣ ɨɤɢɫɥɟɧɢɟɦ AgF ɝɚɡɨɨɛɪɚɡɧɵɦ ɮɬɨɪɨɦ.  



ɉɪɢ ɞɟɣɫɬɜɢɢ ɨɫɧɨɜɚɧɢɣ Ʌɶɸɢɫɚ ɞɢɮɬɨɪɢɞ ɫɟɪɟɛɪɚ ɩɪɨɹɜɥɹɟɬ ɫɟɛɹ ɤɚɤ 

ɤɢɫɥɨɬɚ, ɨɛɪɚɡɭɹ ɮɬɨɪɨɚɪɝɟɧɬɚɬɵ(+2): 

AgF2 + KF = K[AgF3] 

AgF2 + 2BaF2 = Ba2[AgF6] 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬ Ʌɶɸɢɫɚ ɨɧ ɨɛɪɚɡɭɟɬ ɫɨɥɢ, ɧɚɩɪɢɦɟɪ, 

ɝɟɤɫɚɮɬɨɪɨɚɧɬɢɦɨɧɚɬ, ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ ɢɨɧɚ ɫɟɪɟɛɪɚ ɧɚɯɨɞɢɬɫɹ ɜ 

ɢɫɤɚɠɟɧɧɨɦ ɨɤɬɚɷɞɪɟ ɢɡ ɚɬɨɦɨɜ ɮɬɨɪɚ: 

AgF2 + 2SbF5 = Ag[SbF6]2 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɦɟɧɧɨɣ ɪɟɚɤɰɢɢ ɫ ɫɭɥɶɮɚɬɨɦ ɤɚɥɢɹ ɜ ɛɟɡɜɨɞɧɨɦ 

ɮɬɨɪɨɜɨɞɨɪɨɞɟ ɩɨɥɭɱɟɧɵ ɤɪɢɫɬɚɥɥɵ ɫɭɥɶɮɚɬɚ ɫɟɪɟɛɪɚ(+2), ɜ ɫɬɪɭɤɬɭɪɟ 

ɤɨɬɨɪɵɯ ɚɬɨɦɵ ɫɟɪɟɛɪɚ ɧɚɯɨɞɹɬɫɹ ɜ ɩɥɨɫɤɨ-ɤɜɚɞɪɚɬɧɨɦ ɤɢɫɥɨɪɨɞɧɨɦ 

ɨɤɪɭɠɟɧɢɢ 4-ɫɭɥɶɮɚɬɧɵɯ ɝɪɭɩɩ, ɫɜɹɡɵɜɚɸɳɢɯ ɢɯ ɜ ɤɚɪɤɚɫ: 

Ag[SbF6]2 + K2SO4 = AgSO4 + 2K[SbF6]. 

 ɏɢɦɢɹ ɡɨɥɨɬɚ(+2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɟɞɢɧɢɱɧɵɦɢ ɩɪɢɦɟɪɚɦɢ, ɫɪɟɞɢ 

ɤɨɬɨɪɵɯ ɢɧɬɟɪɟɫɟɧ ɫɭɥɶɮɚɬ (ɪɢɫ. 10), ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ 

ɫɨɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɢ Au(+3) ɢ Au(+1) ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɟ: 

2H[Au(SO4)2] + Au = 3AuSO4 + H2SO4 

Ɉɧ ɬɨɥɶɤɨ ɮɨɪɦɚɥɶɧɨ ɧɚɩɨɦɢɧɚɟɬ ɫɟɪɟɛɪɹɧɭɸ ɫɨɥɶ: ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɢɹɞɟɪɧɵɟ ɤɥɚɫɬɟɪɵ ɫɨ ɫɜɹɡɶɸ Au-Au (d = 249 ɩɦ), 

ɫɨɟɞɢɧɟɧɧɵɟ ɞɜɭɦɹ 2-ɦɨɫɬɢɤɨɜɵɦɢ ɫɭɥɶɮɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

 

7. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +1 

ȼ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +1 ɷɥɟɦɟɧɬɵ ɝɪɭɩɩɵ ɦɟɞɢ ɢɦɟɸɬ ɷɥɟɤɬɪɨɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ d
10, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɧɨɦɭ d-ɭɪɨɜɧɸ. 

Эɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬ ɢɯ ɨɬ ɚɧɚɥɨɝɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɯɨɞɧɵɯ 

ɦɟɬɚɥɥɨɜ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɝɪɭɩɩ. Ƚɟɨɦɟɬɪɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɨɤɪɭɠɟɧɢɹ 

ɢɨɧɨɜ M
+
 ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɜɵɝɨɞɧɨɫɬɶɸ ɪɚɫɳɟɩɥɟɧɢɹ ɨɪɛɢɬɚɥɟɣ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɩɨɥɟɦ, ɚ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɡɚɢɦɧɵɦ ɨɬɬɚɥɤɢɜɚɧɢɟɦ 

ɥɢɝɚɧɞɨɜ. ɂɦ ɫɜɨɣɫɬɜɟɧɧɵ ɧɢɡɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ (2, 3, 4) ɢ 



ɥɢɧɟɣɧɚɹ, ɬɪɟɭɝɨɥɶɧɚɹ, ɬɟɬɪɚɷɞɪɢɱɟɫɤɚɹ ɝɟɨɦɟɬɪɢɹ ɱɚɫɬɢɰ. ɇɟɜɨɡɦɨɠɧɨɫɬɶ d-

d ɩɟɪɟɯɨɞɨɜ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɨɤɪɚɫɤɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɚ 

ɥɢɲɶ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ ɨɬ ɚɧɢɨɧɚ ɤ ɤɚɬɢɨɧɭ (Cu2O, Cu2S, Ag2S). 

 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +1 ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɞɥɹ ɜɫɟɯ ɬɪɟɯ 

ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ. Ɉɧɨ ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɨ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɡɨɥɨɬɚ(I) ɢ 

ɦɟɞɢ(I) ɢ ɫɨɜɫɟɦ ɧɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɟɪɟɛɪɚ(I), ɞɥɹ ɤɨɬɨɪɨɝɨ ɞɚɧɧɚɹ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɜ ɪɚɫɬɜɨɪɚɯ. 

Ɉɤɫɢɞɵ Ɇ2O ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɫɬɪɭɤɬɭɪɟ ɚɧɬɢɮɥɸɨɪɢɬɚ, ɝɞɟ ɚɬɨɦ 

ɤɢɫɥɨɪɨɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɬɟɬɪɚɷɞɪɟ ɢɡ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬ ɞɜɟ ɫɜɹɡɢ Ɇ–Ɉ.  Ɍɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɤɫɢɞɨɜ ɪɟɡɤɨ 

ɩɨɧɢɠɚɟɬɫɹ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ: Cu2O ɩɥɚɜɢɬɫɹ ɩɪɢ 1236ɋ, ɚ ɦɨɧɨɨɤɫɢɞɵ 

ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɚ ɪɚɡɥɚɝɚɸɬɫɹ ɭɠɟ ɩɪɢ ɫɥɚɛɨɦ ɧɚɝɪɟɜɚɧɢɢ.  

 Ⱦɥɹ ɦɨɧɨɨɤɫɢɞɨɜ ɯɚɪɚɤɬɟɪɧɵ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ: ɨɧɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɯɥɨɪɢɞɨɜ, ɚ ɫ ɢɡɛɵɬɤɨɦ 

ɯɥɨɪɢɞ-ɢɨɧɨɜ – ɯɥɨɪɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ: 

Cu2O + HCl = H[CuCl2] + H2O. 

Ag2O + H2O = 2Ag
+
 + 2OH

-
  pKb=2.3 

ɋɥɚɛɨ ɚɦɮɨɬɟɪɧɵɣ ɯɚɪɚɤɬɟɪ ɦɨɨɤɫɢɞɨɜ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɢɯ ɫɩɥɚɜɥɟɧɢɢ ɫ 

ɨɤɫɢɞɚɦɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. 

Ɍɚɤɠɟ ɨɧɢ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɪɭɝɢɯ ɥɢɝɚɧɞɨɜ, ɞɚɸɳɢɯ 

ɩɪɨɱɧɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɤɚɬɢɨɧɚɦɢ, ɢɦɟɸɳɢɦɢ d10
-ɤɨɧɮɢɝɭɪɚɰɢɸ: 

Cu2O + 2NH3 + H2O = 2[Cu(NH3)2]OH, 

Ag2O + 4KI + H2O = 2K[AgI2] + 2KOH. 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +1 ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɬɨɥɶɤɨ ɞɥɹ ɫɟɪɟɛɪɚ, ɩɨɷɬɨɦɭ 

ɪɚɫɬɜɨɪɟɧɢɟ ɨɤɫɢɞɚ Ag2O ɜ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬɚɯ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ. Ɉɤɫɢɞɵ ɦɟɞɢ(+1) ɢ 

ɡɨɥɨɬɚ(+1) ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɸɬ: 

Cu2O + H2SO4 = CuSO4 + Cu + H2O 

Au2O + 2H2SO4 = H[Au(SO4)2] + Au + H2O 



 Ɋɚɜɧɨɜɟɫɢɟ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ 

2Cu
+
 Cu

2+ 
+ Cu 

ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɫɢɥɶɧɨ ɫɦɟɳɟɧɨ ɜɥɟɜɨ – ɜ ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɬɢɨɧɨɜ 

ɦɟɞɢ(I). ɇɚ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɦɨɥɟɤɭɥɵ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɚɧɢɨɧɵ. Ɍɚɤ, ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɟɣ ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜɩɪɚɜɨ ɢɡ-ɡɚ ɪɚɡɧɢɰɵ ɜ 

ɷɧɟɪɝɢɹɯ ɫɨɥɶɜɚɬɚɰɢɢ ɢɨɧɨɜ Cu
2+

 ɢ Cu
+. ȼ ɦɟɧɟɟ ɞɨɧɨɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, 

ɧɚɩɪɢɦɟɪ, ɚɰɟɬɨɧɟ, ɩɪɟɨɛɥɚɞɚɸɬ ɢɨɧɵ ɦɟɞɢ(+1). ɏɟɥɚɬɢɪɭɸɳɢɟ ɥɢɝɚɧɞɵ, 

ɬɚɤɢɟ ɤɚɤ ɷɬɢɥɟɧɞɢɚɦɢɧ, ɚ ɬɚɤɠɟ ɮɬɨɪɢɞ-ɢɨɧɵ ɫɦɟɳɚɸɬ ɪɚɜɧɨɜɟɫɢɟ ɜɩɪɚɜɨ: 

2CuCl + 2en = [Cuen2]
2+

 + 2Cl
–
 + Cu 

2H[CuCl2] + 2NaF = CuCl2 + 2NaCl + Cu + 2HF 

Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ ɫɨɥɶɜɚɬɚɰɢɢ ɢɨɧɚ Cu2+ ɫɨɥɢ ɤɢɫɥɨɪɨɞɧɵɯ 

ɤɢɫɥɨɬ ɦɟɞɢ(+1) ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɬɚɤɠɟ ɧɟɭɫɬɨɣɱɢɜɵ: 

Cu2SO4 = CuSO4 + Cu 

ɂɯ ɫɢɧɬɟɡ ɜɟɞɭɬ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ. 

ɋɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɜ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ ɫɩɨɫɨɛɫɬɜɭɸɬ ɥɢɝɚɧɞɵ, 

ɨɛɪɚɡɭɸɳɢɟ ɥɢɧɟɣɧɵɟ ɢɥɢ ɬɪɟɭɝɨɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɬɚɤɢɟ ɤɚɤ ɝɚɥɨɝɟɧɢɞɵ 

(ɤɪɨɦɟ ɮɬɨɪɢɞɚ), ɪɨɞɚɧɢɞ, ɚɡɢɞ, ɰɢɚɧɢɞ. Ɍɚɤ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ 

ɩɪɨɢɫɯɨɞɢɬ ɫɨɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ: 

CuCl2 + Cu + 2HCl = 2[HCuCl2]. 

Ɉ ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɢɫɱɟɡɧɨɜɟɧɢɟ ɨɤɪɚɫɤɢ ɪɚɫɬɜɨɪɚ, 

ɜɵɡɜɚɧɧɨɣ ɢɨɧɚɦɢ ɦɟɞɢ(+2). ɉɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɜɨɞɨɣ ɤɨɦɩɥɟɤɫ ɦɟɞɢ(+1) 

ɪɚɡɪɭɲɚɟɬɫɹ, ɨɛɪɚɡɭɹ ɛɟɥɵɣ ɨɫɚɞɨɤ ɯɥɨɪɢɞɚ CuCl. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɟɞɢ(+2) 

ɞɨ ɦɟɞɢ(+1) ɱɚɫɬɨ ɩɪɨɜɨɞɹɬ, ɢɫɩɨɥɶɡɭɹ ɫɟɪɧɢɫɬɵɣ ɝɚɡ: 

2CuSO4 + SO2 + 2 KSCN + 2H2O = 2CuSCN + K2SO4 + 2H2SO4 

ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɥɢɝɚɧɞ ɨɛɥɚɞɚɟɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 

(ɢɨɞɢɞ, ɰɢɚɧɢɞ, ɬɢɨɫɭɥɶɮɚɬ), ɜɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɧɟ 

ɬɪɟɛɭɟɬɫɹ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɢɨɞɢɞɚ ɤ ɪɚɫɬɜɨɪɭ ɫɨɥɢ ɦɟɞɢ(+2) ɫɪɚɡɭ ɜɵɩɚɞɚɟɬ 

ɜ ɨɫɚɞɨɤ CuI, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɰɢɚɧɢɞɚ ɢɥɢ ɬɢɨɫɭɥɶɮɚɬɚ ɫɧɚɱɚɥɚ ɨɛɪɚɡɭɸɬɫɹ 

ɤɨɦɩɥɟɤɫɵ ɦɟɞɢ(+2), ɤɨɬɨɪɵɟ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ. 



ɋɪɨɞɫɬɜɨ ɦɟɞɢ(+1) ɤ ɚɡɨɬ- ɢ ɭɝɥɟɪɨɞ-ɞɨɧɨɪɧɵɦ ɥɢɝɚɧɞɚɦ ɨɤɚɡɵɜɚɟɬɫɹ 

ɜɵɲɟ, ɱɟɦ ɤ ɯɥɨɪɢɞ-ɢɨɧɚɦ. Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɪɚɫɬɜɨɪɟɧɢɟ ɨɫɚɞɤɚ 

ɯɥɨɪɢɞɚ ɦɟɞɢ(+1) ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɚɦɦɢɚɤɚ ɢ ɰɢɚɧɢɞɚ ɤɚɥɢɹ: 

CuCl + 2KCN = K[Cu(CN)2] + KCl 

ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɥɢɧɟɣɧɵɟ ɞɢɰɢɚɧɨɤɭɩɪɚɬ(+1)-ɢɨɧɵ ɨɛɪɚɡɭɸɬ 

ɛɟɫɤɨɧɟɱɧɵɟ ɩɥɨɫɤɢɟ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɟ ɰɟɩɢ ɫ ɩɥɨɫɤɨ-ɬɪɟɭɝɨɥɶɧɵɦɢ 

ɮɪɚɝɦɟɧɬɚɦɢ Cu(CN)3, ɫɜɹɡɚɧɧɵɦɢ ɦɨɫɬɢɤɨɜɵɦɢ ɰɢɚɧɢɞɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɦɟɞɢ ɢ ɰɢɚɧɢɞɧɵɯ ɝɪɭɩɩ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɱɚɫɬɢɱɧɨɟ ɩɟɪɟɤɪɵɜɚɧɢɟ ɡɚɩɨɥɧɟɧɧɵɯ d-ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɨɜ ɦɟɞɢ ɢ 

ɜɚɤɚɧɬɧɵɯ ɪɚɡɪɵɯɥɹɸɳɢɯ π*-ɨɪɛɢɬɚɥɟɣ ɰɢɚɧɢɞ-ɢɨɧɨɜ. 

 ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɭɝɚɪɧɨɝɨ ɝɚɡɚ ɱɟɪɟɡ ɫɨɥɹɧɨɤɢɫɥɵɣ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ 

ɦɟɞɢ(I) ɨɛɪɚɡɭɟɬɫɹ ɤɚɪɛɨɧɢɥɶɧɵɣ ɤɨɦɩɥɟɤɫ Cu(CO)Cl, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɞɟɥɟɧ ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ 

ɪɚɫɬɜɨɪɢɬɟɥɟ. Ɍɜɟɪɞɵɣ ɤɚɪɛɨɧɢɥɯɥɨɪɢɞ ɦɟɞɢ(I) ɭɫɬɨɣɱɢɜ ɬɨɥɶɤɨ ɩɨɞ 

ɞɚɜɥɟɧɢɟɦ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɚ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɭɞɟ ɩɪɢ ɯɪɚɧɟɧɢɢ ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ 

CuCl ɢ ɋɈ. ɇɚɝɪɟɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ 

ɜɵɞɟɥɟɧɢɸ ɋɈ. ɋɨɥɹɧɨɤɢɫɥɵɣ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɦɟɞɢ(I), ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɵɦ ɪɟɚɝɟɧɬɨɦ ɞɥɹ ɨɛɪɚɬɢɦɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɭɝɚɪɧɨɝɨ ɝɚɡɚ. 

 ɇɚ ɜɨɡɞɭɯɟ ɛɨɥɶɲɢɧɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ(+1) ɛɵɫɬɪɨ ɨɤɢɫɥɹɸɬɫɹ: 

2CuCl + 4HCl + O2 = 2CuCl2 + 2H2O 

ɂɫɤɥɸɱɟɧɢɹ ɫɨɫɬɚɜɥɹɸɬ ɥɢɲɶ ɨɤɫɢɞ Cu2O ɢ ɫɭɥɶɮɢɞ Cu2S, 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɪɨɢɡɜɟɞɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. 

Ⱦɥɹ ɫɟɪɟɛɪɚ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +1 ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɨɥɟɣ 

ɫɟɪɟɛɪɚ ɦɚɥɨ ɪɚɫɬɜɨɪɢɦɨ ɜ ɜɨɞɟ – ɢɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɸɬ ɧɢɬɪɚɬ, ɯɥɨɪɚɬ, 

ɩɟɪɯɥɨɪɚɬ ɢ ɮɬɨɪɢɞ.  

ȼɫɟ ɫɨɥɢ ɫɟɪɟɛɪɚ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɫɜɟɬɭ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɝɨ ɨɧɢ 

ɱɟɪɧɟɸɬ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɹɫɶ ɞɨ ɫɟɪɟɛɪɚ. 

 Ȼɥɚɝɨɞɚɪɹ ɫɢɥɶɧɵɦ ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ ɢɨɧɚ Ag
+
 (E°(Ag

+
/Ag) = 

0.799B), ɫɨɟɞɢɧɟɧɢɹ ɫɟɪɟɛɪɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ (ɰɢɧɤ, 

ɦɭɪɚɜɶɢɧɚɹ ɤɢɫɥɨɬɚ, ɫɭɥɶɮɚɬ ɠɟɥɟɡɚ(II)) ɱɟɪɧɟɸɬ, ɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 



ɪɚɡɥɚɝɚɸɬɫɹ, ɨɤɢɫɥɹɹ ɚɧɢɨɧ. ɉɪɨɰɟɫɫ ɪɚɡɥɨɠɟɧɢɹ ɥɟɝɤɨ ɚɤɬɢɜɢɪɭɟɬɫɹ 

ɮɨɬɨɯɢɦɢɱɟɫɤɢ, ɬɨ ɟɫɬɶ ɩɨɫɬɟɩɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɫɜɟɬɭ. 

ȼ ɪɚɫɬɜɨɪɚɯ ɫɨɥɟɣ ɫɟɪɟɛɪɚ ɩɪɟɨɛɥɚɞɚɸɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɚɤɜɚ-

ɤɨɦɩɥɟɤɫɵ [Ag(H2O)4]
+, ɤɨɬɨɪɵɟ ɥɢɲɶ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɢɞɪɨɥɢɡɭ. Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɧɟ ɫɭɳɟɫɬɜɭɸɳɢɣ 

ɝɢɞɪɨɤɫɢɞ AgOH ɩɨ ɫɢɥɟ ɩɪɟɜɨɫɯɨɞɢɬ ɝɢɞɪɨɤɫɢɞɵ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ. 

ɉɨɩɵɬɤɚ ɜɵɞɟɥɟɧɢɹ ɝɢɞɪɨɤɫɢɞɚ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɦɝɧɨɜɟɧɧɨɣ ɞɟɝɢɞɪɚɬɚɰɢɢ, 

ɜɵɡɜɚɧɧɨɣ ɧɢɡɤɢɦ ɫɪɨɞɫɬɜɨɦ ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɤ ɤɢɫɥɨɪɨɞɞɨɧɨɪɧɵɦ ɥɢɝɚɧɞɚɦ: 

2AgNO3 + 2NaOH = Ag2O + 2NaNO3 + H2O. 

Ȼɭɪɵɣ ɨɫɚɞɨɤ ɨɤɫɢɞɚ ɫɟɪɟɛɪɚ ɧɚɱɢɧɚɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɥɢɲɶ ɜ ɧɟɣɬɪɚɥɶɧɨɣ 

ɫɪɟɞɟ, ɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɫɚɠɞɚɟɬɫɹ ɩɪɢ ɪɇ 11. ȼɨɞɧɚɹ ɫɭɫɩɟɧɡɢɹ ɨɤɫɢɞɚ 

ɫɟɪɟɛɪɚ, ɩɨɞɨɛɧɨ ɟɞɤɢɦ ɳɟɥɨɱɚɦ, ɩɨɝɥɨɳɚɟɬ ɢɡ ɜɨɡɞɭɯɚ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɤɚɪɛɨɧɚɬ Ag2CO3, ɢ ɪɚɫɬɜɨɪɹɟɬ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ. 

ȼɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɫɟɪɟɛɪɚ ɤ ɫɟɪɟ ɢ ɞɪɭɝɢɦ ɯɚɥɶɤɨɝɟɧɚɦ ɨɛɴɹɫɧɹɟɬ ɧɟ 

ɬɨɥɶɤɨ ɨɛɪɚɡɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɵɯ ɯɚɥɶɤɨɝɟɧɢɞɨɜ Ag2X, ɧɨ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɢɯ 

ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɩɨɥɢɦɟɪɵ, ɩɨɥɢɤɚɬɢɨɧ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɤɨɧɟɱɧɵɣ 3D-ɤɚɪɤɚɫ. Ɍɚɤ, ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ 

ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ ɱɟɪɧɵɣ ɨɫɚɞɨɤ Ag2S ɩɨɫɬɟɩɟɧɧɨ ɠɟɥɬɟɟɬ: 

AgNO3 + Ag2S = [Ag3S](NO3) 

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɧɢɬɪɚɬ ɫɭɥɶɮɢɞɨɬɪɢɫɟɪɟɛɪɚ ɩɨɫɬɪɨɟɧ ɢɡ ɫɨɟɞɢɧɟɧɧɵɯ 

ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɫɢɥɶɧɨ ɢɫɤɚɠɟɧɧɵɯ ɨɤɬɚɷɞɪɨɜ [Ag6S], ɜ ɩɭɫɬɨɬɚɯ ɦɟɠɞɭ 

ɤɨɬɨɪɵɦɢ ɪɚɫɩɨɥɨɠɟɧɵ ɚɧɢɨɧɵ (ɪɢɫ. 11). 

ɉɪɟɩɚɪɚɬɢɜɧɵɣ ɫɢɧɬɟɡ ɷɬɨ ɜɟɳɟɫɬɜɚ ɩɪɨɜɨɞɹɬ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ ɫ ɫɟɪɨɭɝɥɟɪɨɞɨɦ ɜ ɚɡɨɬɧɨɤɢɫɥɨɣ ɫɪɟɞɟ: 

6AgNO3 + CS2 + 2H2O = CO2 + 2[Ag3S](NO3) + 4HNO3 

Ⱦɥɹ ɫɟɪɟɛɪɚ(I) ɯɚɪɚɤɬɟɪɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɥɢɧɟɣɧɵɟ ɤɨɦɩɥɟɤɫɵ, 

ɧɚɩɪɢɦɟɪ, [Ag(CN)2]

, [Ag(NH3)2]

+. Ɉɧɢ ɥɚɛɢɥɶɧɵɟ, ɪɚɡɪɭɲɚɸɬɫɹ ɤɢɫɥɨɬɚɦɢ 

ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɟɪɨɜɨɞɨɪɨɞɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɫɟɪɟɛɪɨ ɜ ɫɭɥɶɮɢɞ: 

[Ag(NH3)2]2SO4 + 2H2S = 2Ag2S + 2(NH4)2SO4 



ɍɫɬɨɣɱɢɜɨɫɬɶ ɝɚɥɨɝɟɧɢɞɨɜ ɫɟɪɟɛɪɚ, ɚ ɬɚɤɠɟ ɝɚɥɨɝɟɧɢɞɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 

ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɝɚɥɨɝɟɧɚ, ɬɨ ɟɫɬɶ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɦɹɝɤɨɫɬɢ ɚɧɢɨɧɚ. Ȼɟɥɵɣ ɨɫɚɞɨɤ ɯɥɨɪɢɞɚ ɫɟɪɟɛɪɚ ɥɟɝɤɨ ɩɟɪɟɯɨɞɢɬ 

ɜ ɪɚɫɬɜɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɦɦɢɚɤɚ, ɛɪɨɦɢɞ ɫɟɪɟɛɪɚ ɪɚɫɬɜɨɪɹɟɬɫɹ ɬɪɭɞɧɟɟ, ɚ 

ɢɨɞɢɞ ɜ ɚɦɦɢɚɤɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɫɬɜɨɪɢɦ. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɦɭ ɫɪɨɞɫɬɜɭ 

ɫɟɪɟɛɪɚ ɤ ɫɟɪɟ ɜɫɟ ɝɚɥɨɝɟɧɢɞɵ ɥɟɝɤɨ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɜ ɮɨɪɦɟ 

ɬɢɨɫɭɥɶɮɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. ɂɡ ɪɚɫɬɜɨɪɨɜ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɫɨɥɢ ɫ ɚɧɢɨɧɚɦɢ 

[Ag(S2O3)4]
4-

 ɢ [Ag2(S2O3)6]
10-, ɜ ɤɨɬɨɪɵɯ ɜɫɟ ɬɢɨɫɭɥɶɮɚɬɧɵɟ ɝɪɭɩɩɵ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɵ ɤɨɧɰɟɜɵɦ ɚɬɨɦɨɦ ɫɟɪɵ 

 ɋɨɥɢ ɫɟɪɟɛɪɚ ɥɟɝɤɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ ɦɟɬɚɥɥɚ ɦɟɞɶɸ, ɝɢɞɪɚɡɢɧɨɦ, 

ɮɨɦɚɥɢɧɨɦ, ɝɨɪɹɱɟɣ ɦɭɪɚɜɶɢɧɨɣ ɤɢɫɥɨɬɨɣ: 

AgNO3 + HCOOH = Ag + CO2 + H2O + HNO3 

ɏɢɦɢɹ ɡɨɥɨɬɚ(I) ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɢɧɚɪɧɵɦɢ ɝɚɥɨɝɟɧɢɞɚɦɢ ɢ 

ɩɫɟɜɞɨɝɚɥɨɝɟɧɢɞɚɦɢ, ɚ ɬɚɤɠɟ ɤɨɦɩɥɟɤɫɚɦɢ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɚɢɨɧɧɵɦɢ. 

Ⱥɤɜɚ-ɢɨɧ ɡɨɥɨɬɚ(+1) ɧɟɭɫɬɨɣɱɢɜ ɤ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ.  

ɍɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɭɫɥɨɜɥɟɧɚ π-ɞɚɬɢɜɧɵɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɠɞɭ ɡɚɩɨɥɧɟɧɧɵɦɢ d-ɨɪɛɢɬɚɥɹɦɢ ɦɟɬɚɥɥɚ ɢ ɜɚɤɚɧɬɧɵɦɢ 

π*-ɨɪɛɢɬɚɥɹɦɢ ɥɢɝɚɧɞɚ. Ɍɚɤ ɤɚɤ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ ɩɪɨɢɫɯɨɞɢɬ 

ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ d-ɨɪɛɢɬɚɥɟɣ, ɫɬɟɩɟɧɶ ɢɯ ɩɟɪɟɤɪɵɜɚɧɢɹ ɫ π*-ɨɪɛɢɬɚɥɹɦɢ 

ɥɢɝɚɧɞɚ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɰɢɚɧɢɞɧɵɯ 

ɤɨɦɩɥɟɤɫɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɫɥɭɱɚɟ ɥɢɝɚɧɞɨɜ, ɧɟ ɫɩɨɫɨɛɧɵɯ π-ɫɜɹɡɵɜɚɧɢɸ 

(ɜɨɞɚ, ɚɦɦɢɚɤ), ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ ɩɨɧɢɠɚɟɬɫɹ ɩɨ ɦɟɪɟ ɨɫɥɚɛɥɟɧɢɹ σ-

ɫɜɹɡɢ ɦɟɬɚɥɥ-ɥɢɝɚɧɞ, ɬɨ ɟɫɬɶ ɜ ɪɹɞɭ Cu-Ag-Au. Ɍɚɤ, ɚɦɦɢɚɱɧɵɣ ɪɚɫɬɜɨɪ 

ɨɤɫɢɞɚ ɡɨɥɨɬɚ ɛɵɫɬɪɨ ɪɚɡɪɭɲɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɹ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ. 

Ƚɚɥɨɝɟɧɢɞɵ ɡɨɥɨɬɚ(+1) ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɧɚɥɨɝɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ ɢ 

ɫɟɪɟɛɪɚ ɫɨɫɬɨɹɬ ɢɡ ɛɟɫɤɨɧɟɱɧɵɯ ɰɟɩɟɣ (ɪɢɫ. 12). Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ 

ɤɨɜɚɥɟɧɬɧɨɫɬɢ. 



ɏɥɨɪɢɞ AuCl ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɟɬɥɨ-ɠɟɥɬɵɣ ɩɨɪɨɲɨɤ, 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɬɟɪɦɨɥɢɡɟ ɬɪɢɯɥɨɪɢɞɚ. ȼ ɜɨɞɟ ɨɧ ɩɨɫɬɟɩɟɧɧɨ ɪɚɡɥɚɝɚɟɬɫɹ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɤɨɥɥɨɢɞɧɨɟ ɡɨɥɨɬɨ ɢ ɤɨɦɩɥɟɤɫɵ ɡɨɥɨɬɚ(+3): 

3AuCl + H2O = H[Au(OH)Cl3] + 2Au 

Ȼɭɞɭɱɢ ɬɢɩɢɱɧɨɣ ɦɹɝɤɨɣ ɤɢɫɥɨɬɨɣ, ɢɨɧ Au
+
 ɨɛɪɚɡɭɟɬ ɩɪɨɱɧɵɟ 

ɯɢɦɢɱɟɫɤɢɟ ɫɜɹɡɢ ɫ ɭɝɥɟɪɨɞ-, ɫɟɪɚ- ɢ ɮɨɫɮɨɪ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ (ɪɢɫ. 

13): 

AuI + 2PMe3 = [Au(PMe3)2]I 

ȼɨ ɢɡɛɟɠɚɧɢɟ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɢɧɬɟɡ 

ɦɧɨɝɢɯ ɤɨɦɩɥɟɤɫɨɜ ɡɨɥɨɬɚ(I) ɩɪɨɜɨɞɹɬ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ. Ɍɚɤ, ɚɦɦɢɚɤɚɬ 

ɡɨɥɨɬɚ [Au(NH3)2]
+
 ɩɨɥɭɱɚɸɬ ɜ ɧɢɬɪɢɥɟ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɢɥɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɠɢɞɤɢɦ ɚɦɦɢɚɤɨɦ. 

 ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɟɛɪɚ(+1) ɤɨɦɥɩɟɤɫɵ ɡɨɥɨɬɚ ɥɟɝɤɨ 

ɨɤɢɫɥɹɸɬɫɹ ɞɨ ɫɨɟɞɢɧɟɧɢɣ ɡɨɥɨɬɚ(+3). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɝɚɥɨɝɟɧɚɦɢ ɜ 

ɞɢɯɥɨɪɨɦɟɬɚɧɟ ɩɪɨɬɟɤɚɟɬ ɤɚɤ ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ: 

[(PPh3)AuBr] + Br2 = [(PPh3)AuBr3] 

 Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɪɟɞɟ ɷɬɚɧɨɥɚ ɢɥɢ ɞɪɭɝɢɯ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ.  

 

 

 

 



Ɋɢɫ. 1 Ⱦɢɚɝɪɚɦɦɚ Ɏɪɨɫɬɚ ɞɥɹ ɷɥɟɦɟɧɬɨɜ 11 ɝɪɭɩɩɵ  

 

 

Ɋɢɫ. 2 ɋɬɪɨɟɧɢɟ ɫɨɥɶɜɚɬɚ ɢ ɱɢɫɬɨɝɨ ɚɭɪɢɞɚ ɰɟɡɢɹ  

 

 

Ɋɢɫ. 3 ɋɬɪɨɟɧɢɟ ɞɢɩɟɪɢɨɞɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɟɞɢ (+3) 

 

 

Ɋɢɫ. 4 ɫɬɪɨɟɧɢɟ ɬɪɢɮɬɨɪɢɞɚ ɫɟɪɟɛɪɚ 

 



 

Ɋɢɫ. 5 ɋɬɪɨɟɧɢɟ ɬɟɬɪɚɯɥɨɪɚɭɪɚɬɚ ɫɟɪɟɛɪɚ 

 

 

Ɋɢɫ. 6 ɋɬɪɨɟɧɢɟ ɬɪɢɯɥɨɪɢɞɚ ɡɨɥɨɬɚ 

 

 

Ɋɢɫ. 7 ɋɬɪɨɟɧɢɟ ɨɤɫɢɞɚ ɦɟɞɢ (II) 

 



 

Ɋɢɫ. 8 ɋɬɪɨɟɧɢɟ YBa2Cu3O7–δ  

 

 

 

Ɋɢɫ. 9 ɋɬɪɨɟɧɢɟ ɫɭɥɶɮɚɬɚ ɦɟɞɢ (II) ɢ ɟɝɨ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ  

 

 



Ɋɢɫ. 10 ɋɬɪɨɟɧɢɟ ɫɭɥɶɮɚɬɚ ɡɨɥɨɬɚ(II) 

 

 

Ɋɢɫ. 11 ɋɬɪɨɟɧɢɟ ɧɢɬɪɚɬɚ ɫɭɥɶɮɢɞɨɬɪɢɫɟɪɟɛɪɚ  

 

 

Ɋɢɫ. 12 ɋɬɪɨɟɧɢɟ ɢɨɞɢɞɚ ɡɨɥɨɬɚ (I) 
 

 



Ɋɢɫ. 13 ɋɬɪɨɟɧɢɟ [Au(PMe3)2]
+ 



Ƚɥɚɜɚ 7. Эɥɟɦɟɧɬɵ 12-ɨɣ ɝɪɭɩɩɵ  
 

1 Ɉɛщɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Ɍɚɛɥɢɰɚ 1. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 12-ɣ ɝɪɭɩɩɵ ɢ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɢɦɢ 
ɨɛɪɚɡɨɜɚɧɧɵɯ 

 Zn Cd Hg 

Аɬɨɦɧɵɣ ɧɨɦɟɪ    

Эɥɟɤɬɪɨɧɧɚя 

 ɤɨɧɮɢɝɭɪɚɰɢя 

[Ar] 3d
10

4s
2
 [Kr] 4d

10
5s

2
 [Xe] 4f

14
5d

10
6s

2
 

Аɬɨɦɧɵɣ ɪɚɞɢɭɫ, ɩɦ 133 154 157 

ɉɟɪɜɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

9.39 8.99 10.44 

ȼɬɨɪɚя ɷɧɟɪɝɢя 

ɢɨɧɢɡɚɰɢɢ, 

ɷȼ 

17.96 16.91 18.76 

Эɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 

1.66 1.46 1.44 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя 2 (1), 2 1, 2, (4) 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɩɥɚɜɥɟɧɢя. 

°C 

419 321 -39 

Ɍɟɦɩɟɪɚɬɭɪɚ 

 ɤɢɩɟɧɢя, 

°C 

906 770 357 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3
 7.13 8.65 13.55 

E
0
 (М2+

 / М0), ȼ -0.76 -0.40 +0.84 

 

 Эɥɟɤɬɪɨɧɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɷɥɟɦɟɧɬɨɜ 12-ɨɣ ɝɪɭɩɩɵ ɜ ɨɫɧɨɜɧɨɦ 

ɫɨɫɬɨɹɧɢɢ (n-1)d
10

ns
2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɧɨɦɭ d-ɩɨɞɭɪɨɜɧɸ. 

Эɥɟɤɬɪɨɧɵ d-ɨɛɨɥɨɱɤɢ ɮɚɤɬɢɱɟɫɤɢ ɫɬɚɧɨɜɹɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ, ɧɚɩɪɹɦɭɸ ɧɟ 

ɭɱɚɫɬɜɭɹ ɜ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ. ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɜɵɲɟ +2 ɞɥɹ ɞɚɧɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɭɠɟ ɧɟɞɨɫɬɢɠɢɦɵ. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɞɥɹ ɧɢɯ ɨɤɚɡɵɜɟɬɫɹ 



ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2 ɫ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ (n-1)d
10. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 

ɧɚɥɢɱɢɟ ɡɚɩɨɥɧɟɧɧɨɝɨ d-ɩɨɞɭɪɨɜɧɹ ɩɪɢɜɨɞɢɬ ɤ ɭɫɢɥɟɧɢɸ ɞɨɥɢ 

ɤɨɜɚɥɟɧɬɧɨɫɬɢ ɫɜɹɡɢ, ɜɨɡɪɚɫɬɚɸɳɟɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. Ɉɫɨɛɟɧɧɨ 

ɷɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɪɬɭɬɢ: ɧɟ ɤɨɥɶɤɨ ɟɟ ɝɚɥɨɝɟɧɢɞɵ, ɧɨ ɢ ɤɨɦɩɥɟɤɫɵ – 

ɬɢɩɢɱɧɵɟ ɤɨɜɚɥɟɧɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɥɚɛɵɟ ɷɥɟɤɬɪɨɥɢɬɵ.  

 ɉɟɪɜɵɟ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ ɷɥɟɦɟɧɬɨɜ 12-ɣ ɝɪɭɩɩɵ ɡɚɦɟɬɧɨ ɜɵɲɟ, ɱɟɦ 

ɭ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɢɦ d-ɦɟɬɚɥɥɨɜ. Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɦ 

ɷɤɪɚɧɢɪɭɸɳɟɦ ɞɟɣɫɬɜɢɢ ɞɨ ɩɪɟɞɟɥɚ ɫɠɚɬɨɣ ɡɚɩɨɥɧɟɧɧɨɣ d-ɨɛɨɥɨɱɤɢ, 

ɫɬɟɩɟɧɶ ɤɨɬɨɪɨɝɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ, ɞɨɫɬɢɝɚɹ ɫɜɨɟɝɨ 

ɚɩɨɝɟɹ ɧɚ ɪɬɭɬɢ. ɇɚɢɛɨɥɶɲɟɦɭ ɷɤɪɚɧɢɪɨɜɚɧɢɸ ɩɨɞɜɟɪɠɟɧɚ 6s
2
 ɨɪɛɢɬɚɥɶ 

ɪɬɭɬɢ, ɧɚɯɨɞɹɳɭɸɫɹ ɧɚ ɧɟɣ ɷɥɟɤɬɪɨɧɧɭɸ ɩɚɪɭ ɩɨɷɬɨɦɭ ɧɚɡɵɜɚɸɬ ɢɧɟɪɬɧɨɣ. 

Ɉɧɚ ɫɥɭɠɢɬ ɩɪɢɱɢɧɨɣ ɚɧɨɦɚɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ, ɧɨ 

ɢ ɟɝɨ ɧɟɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. Ⱦɥɹ ɪɬɭɬɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɫɬɚɥɶɧɵɯ 

ɦɟɬɚɥɥɨɜ ɝɪɭɩɩɵ, ɬɢɩɢɱɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɥɢɧɟɣɧɵɯ ɤɥɚɫɬɟɪɨɜ (Hg2
2+

, Hg3
2+

 ɢ 

Hg4
2+), ɜ ɤɨɬɨɪɵɯ ɤɨɜɚɥɟɧɬɧɵɟ ɫɜɹɡɢ Hg-Hg, ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɢ ɭɱɚɫɬɢɢ sp-

ɝɢɛɪɢɞɧɵɯ ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɨɜ ɪɬɭɬɢ. ȼɫɟ ɷɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬ ɪɬɭɬɶ ɨɬ 

ɩɟɪɜɵɯ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ. Ʉɚɞɦɢɣ ɩɨ ɫɜɨɣɫɬɜɚɦ ɫɬɨɢɬ ɝɨɪɚɡɞɨ ɛɥɢɠɟ ɤ 

ɰɢɧɤɭ. Ɉɛɚ ɦɟɬɚɥɥɚ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɜ ɫɨɟɞɢɧɟɧɢɹɯ 

ɩɪɨɹɜɥɹɸɬ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2.  

Ⱦɥɹ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɯɚɪɚɤɬɟɪɧɵ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ 

ɱɢɫɥɚ ɱɟɬɵɪɟ ɢ ɲɟɫɬɶ, ɩɪɢɱɟɦ ɭ ɤɚɞɦɢɹ, ɢɦɟɸɳɟɝɨ ɛɨɥɶɲɢɣ ɢɨɧɧɵɣ ɪɚɞɢɭɫ, 

ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɩɪɟɨɛɥɚɞɚɸɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɪɬɭɬɶ, ɧɟɦɨɬɪɹ ɧɚ 

ɟɳɟ ɛɨɥɶɲɢɣ ɢɨɧɧɵɣ ɪɚɞɢɭɫ, ɨɛɵɱɧɨ ɩɪɟɞɩɨɱɢɬɚɟɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɟ 

ɨɤɪɭɠɟɧɢɟ. ɇɟɪɟɞɤɢ ɫɨɟɞɢɧɟɧɢɹ ɢ ɫ ɛɨɥɟɟ ɧɢɡɤɢɦɢ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦɢ 

ɱɢɫɥɚɦɢ – 2 ɢ 3. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɦɟɧɬɵ 12 ɝɪɭɩɩɵ, ɮɨɪɦɚɥɶɧɨ ɨɬɧɨɫɢɦɵɟ ɤ ɱɢɫɥɭ d-

ɦɟɬɚɥɥɨɜ, ɡɚɧɢɦɚɸɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɩɟɪɟɯɨɞɧɵɦɢ 

ɦɟɬɚɥɥɚɦɢ ɢ ɫɥɟɞɭɸɳɢɦɢ ɡɚ ɧɢɦɢ p-ɷɥɟɦɟɧɬɚɦɢ. 

Ʉɚɬɢɨɧɵ ɪɬɭɬɢ ɹɜɥɹɸɬɫɹ ɬɢɩɢɱɧɵɦɢ «ɦɹɝɤɢɦɢ» ɤɢɫɥɨɬɚɦɢ ɢ ɜ ɷɬɨɦ 

ɫɦɵɫɥɟ ɛɥɢɡɤɢ ɫɨɫɟɞɧɢɦ ɩɨ ɩɟɪɢɨɞɭ ɷɥɟɦɟɧɬɚɦ – ɩɥɚɬɢɧɟ, ɡɨɥɨɬɭ ɢ ɬɚɥɥɢɸ. 



ɉɨɞɨɛɧɨ ɢɦ, ɪɬɭɬɶ ɯɚɥɶɤɨɮɢɥɶɧɚ, ɨɛɪɚɡɭɟɬ ɭɫɬɨɣɱɢɜɵɟ ɫɭɥɶɮɢɞɵ ɢ 

ɫɭɥɶɮɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɵɟ ɦɟɬɚɥɥ-ɨɪɝɚɧɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ. ȼɚɠɧɟɣɲɢɣ ɦɢɧɟɪɚɥ ɪɬɭɬɢ – ɤɢɧɨɜɚɪɶ HgS. Ȼɥɚɝɨɞɚɪɹ ɧɢɡɤɨɣ 

ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɬɭɬɶ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɩɪɢɪɨɞɟ ɢ ɜ ɫɚɦɨɪɨɞɧɨɦ ɜɢɞɟ. 

Ʉɚɞɦɢɣ ɢ ɰɢɧɤ ɬɹɝɨɬɟɸɬ ɧɟ ɬɨɥɶɤɨ ɤ ɫɟɪɟ, ɧɨ ɢ ɤ ɤɢɫɥɨɪɨɞɭ, ɜ ɩɪɢɪɨɞɟ ɨɧɢ 

ɧɚɯɨɞɹɬɫɹ ɜ ɜɢɞɟ ɫɭɥɶɮɢɞɨɜ (ZnS ɫɮɚɥɟɪɢɬ, CdS ɝɪɢɧɨɤɢɬ) ɨɤɫɢɞɨɜ ɢ ɫɨɥɟɣ 

ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬ – ɫɢɥɢɤɚɬɨɜ, ɤɚɪɛɨɧɚɬɨɜ (ZnCO3 ɫɦɢɬɫɨɧɢɬ, 

CdCO3 ɨɬɚɜɢɬ). ɉɟɪɜɵɣ ɢɡ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ – ɰɢɧɤ – ɩɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ 

ɛɥɢɡɨɤ ɤ ɦɟɞɢ. Ʉɚɞɦɢɣ – ɬɢɩɢɱɧɵɣ ɪɟɞɤɢɣ ɷɥɟɦɟɧɬ, ɱɚɫɬɨ ɫɨɩɭɬɫɬɜɭɸɳɢɣ 

ɰɢɧɤɭ, ɟɝɨ ɦɢɧɟɪɚɥɵ ɧɟ ɢɦɟɸɬ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɋɬɭɬɶ, ɧɚɩɪɨɬɢɜ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɫɜɨɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɪɟɞɤɢɦ ɷɥɟɦɟɧɬɚɦ, ɨɛɪɚɡɭɟɬ ɦɢɧɟɪɚɥɵ, 

ɥɟɝɤɨ ɩɨɞɞɚɸɳɢɟɫɹ ɨɛɨɝɚɳɟɧɢɸ. 

 

2. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ 

2.1. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɐɢɧɤ ɢ ɤɚɞɦɢɣ – ɦɹɝɤɢɟ ɥɟɝɤɨɩɥɚɜɤɢɟ ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɵɟ ɦɟɬɚɥɥɵ ɫ 

ɝɨɥɭɛɨɜɚɬɵɦ ɢ ɫɢɧɟɜɚɬɵɦ ɨɬɬɟɧɤɨɦ. Ɉɧɢ ɢɦɟɸɬ ɢɫɤɚɠɟɧɧɭɸ 

ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ ɦɚɝɧɢɹ. Ʉɚɞɦɢɣ ɦɹɝɱɟ ɰɢɧɤɚ ɢ 

ɥɟɝɱɟ ɜɨɡɝɨɧɹɟɬɫɹ. 

Ɋɬɭɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɹɠɟɥɭɸ ɥɟɬɭɱɭɸ ɞɢɚɦɚɝɧɢɬɧɭɸ ɠɢɞɤɨɫɬɶ ɫ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɰɜɟɬɨɦ ɢ ɛɥɟɫɤɨɦ, ɨɛɥɚɞɚɸɳɭɸ ɜɵɫɨɤɢɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. ɉɪɢ –39 °C ɪɬɭɬɶ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ, ɨɛɪɚɡɭɹ 

ɪɨɦɛɨɷɞɪɢɱɟɫɤɢɟ ɤɪɢɫɬɚɥɥɵ ɨɫɨɛɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 

ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɫɠɚɬɢɹ ɤɭɛɢɱɟɫɤɨɣ ɩɥɨɬɧɟɣɲɟɣ ɭɩɚɤɨɜɤɢ ɜɞɨɥɶ ɨɛɴɟɦɧɨɣ 

ɞɢɚɝɨɧɚɥɢ. Ʉɚɠɞɵɣ ɚɬɨɦ ɪɬɭɬɢ ɨɤɪɭɠɟɧ 12 ɞɪɭɝɢɦɢ, ɲɟɫɬɶ ɢɡ ɤɨɬɨɪɵɯ 

ɧɚɯɨɞɹɬɫɹ ɧɚ ɛɨɥɟɟ ɛɥɢɡɤɨɦ ɪɚɫɫɬɨɹɧɢɢ, ɱɟɦ ɨɫɬɚɥɶɧɵɟ. ɉɪɢ ɧɢɡɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɭɫɬɨɣɱɢɜɚ ɬɟɬɪɚɝɨɧɚɥɶɧɚɹ β-ɦɨɞɢɮɢɤɚɰɢɹ 

ɪɬɭɬɢ ɫ ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɨɣ. 

ɋɨ ɦɧɨɝɢɦɢ ɦɟɬɚɥɥɚɦɢ ɪɬɭɬɶ ɨɛɪɚɡɭɟɬ ɠɢɞɤɢɟ ɢ ɬɜɟɪɞɵɟ ɫɩɥɚɜɵ – 

ɚɦɚɥɶɝɚɦɵ.  



 

2.3. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

 Ʉɚɤ ɢ ɜ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɝɪɭɩɩɚɯ d-ɦɟɬɚɥɥɨɜ ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 

ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ ɡɚɪɹɞɚ ɹɞɪɚ. ɐɢɧɤ ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ 

ɜɨɡɞɭɯɟ ɬɭɫɤɧɟɟɬ, ɩɨɤɪɵɜɚɹɫɶ ɬɨɧɤɢɦ ɫɥɨɦ ɨɤɫɢɞɚ ZnO. Ʉɚɞɦɢɣ ɢ ɪɬɭɬɶ ɧɚ 

ɜɨɡɞɭɯɟ ɭɫɬɨɣɱɢɜɵ ɢ ɧɟ ɭɬɪɚɱɢɜɚɸɬ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɛɥɟɫɤɚ. ȼ ɪɟɚɤɰɢɸ ɫ 

ɤɢɫɥɨɪɨɞɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɨɜ MO ɨɧɢ ɜɫɬɭɩɚɸɬ ɥɢɲɶ ɩɪɢ 350 °C.  

 ɉɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɰɢɧɤ ɢ ɤɚɞɦɢɣ ɪɟɚɝɢɪɭɸɬ ɬɚɤɠɟ ɫ 

ɝɚɥɨɝɟɧɚɦɢ, ɫɟɪɨɣ, ɮɨɫɮɨɪɨɦ. Ɋɬɭɬɶ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɝɚɥɨɝɟɧɚɦɢ ɢ 

ɫɟɪɨɣ ɭɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɪɚɡɭɹ ɝɚɥɨɝɟɧɢɞɵ HgX2 ɢ ɫɭɥɶɮɢɞ 

HgS, ɨɞɧɚɤɨ ɫ ɮɨɫɮɨɪɨɦ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ.  

ɐɢɧɤ ɢ ɤɚɞɦɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɤɢɫɥɨɬɚɦɢ-ɧɟɨɤɢɫɥɢɬɟɥɹɦɢ, ɚ ɰɢɧɤ 

– ɢ ɫ ɩɟɪɟɝɪɟɬɵɦ ɜɨɞɹɧɵɦ ɩɚɪɨɦ: 

Cd + 2HCl = CdCl2 + H2. 

ȼɫɟ ɦɟɬɚɥɥɵ 12 ɝɪɭɩɩɵ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬ-

ɨɤɢɫɥɢɬɟɥɟɣ: 

 M + 4HNO3(ɤɨɧɰ) = M(NO3)2 + 2NO2 + 2H2O 

ɋ ɪɚɡɛɚɜɥɟɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɪɬɭɬɶ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ, ɦɨɠɟɬ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɨɥɢ ɪɬɭɬɢ(+1). Ⱦɥɹ ɷɬɨɝɨ ɪɬɭɬɶ ɛɟɪɭɬ ɜ ɢɡɛɵɬɤɟ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɤɢɫɥɨɬɟ: 

6Hg(ɢɡɛ) + 8HNO3(ɪɚɡɛ) = 3Hg2(NO3)2 + 2NO + 4H2O 

Ɋɬɭɬɶ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɪɹɞɭ ɧɚɩɪɹɠɟɧɢɣ ɩɪɚɜɟɟ ɜɨɞɨɪɨɞɚ, ɢ ɧɟ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɢɨɧɵ H+
. 

 ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɫɬɚɥɶɧɵɯ ɦɟɬɚɥɥɨɜ ɝɪɭɩɩɵ ɰɢɧɤ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɚɯ ɳɟɥɨɱɟɣ ɢ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ ɚɦɦɢɚɤɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɨɜ: 

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

Zn + 4NH3 + 2H2O = [Zn(NH3)4](OH)2 + H2 



ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɪɟɚɤɰɢɣ ɫɨɡɞɚɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɫɪɟɞɚ ɡɚ ɫɱɟɬ 

ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ. ɇɚ ɷɬɨɦ ɨɫɧɨɜɚɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɚɧɢɨɧɨɜ – ɧɢɬɪɚɬɚ, 

ɧɢɬɪɢɬɚ, ɫɭɥɶɮɢɬɚ: 

3Zn + NaNO2 + 5NaOH + 5H2O = 3Na2[Zn(OH)4] + NH3  

 Ɉɛɪɚɡɨɜɚɧɢɟ ɚɦɚɥɶɝɚɦ – ɫɥɨɠɧɵɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɜ 

ɤɨɬɨɪɨɦ ɪɚɫɬɜɨɪɟɧɢɟ ɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɞɪɭɝɨɦ ɱɚɫɬɨ ɞɨɩɨɥɧɹɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɪɬɭɬɢ ɜ 

ɚɦɚɥɶɝɚɦɟ ɡɚɦɟɬɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ ɦɟɬɚɥɥɨɦ. ɇɟɤɨɬɨɪɵɟ 

ɦɟɬɚɥɥɵ, ɬɚɤɢɟ ɤɚɤ ɫɜɢɧɟɰ, ɜɢɫɦɭɬ, ɰɢɧɤ, ɧɟ ɨɛɪɚɡɭɸɬ ɫ ɪɬɭɬɶɸ ɯɢɦɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɩɨɷɬɨɦɭ ɪɬɭɬɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ ɷɬɢɯ ɦɟɬɚɥɥɨɜ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ, ɚɦɚɥɶɝɚɦɚ ɧɚɬɪɢɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɨɟɝɨ ɫɨɫɬɚɜɚ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɮɚɡɵ Na5Hg8, Na3Hg, NaHg, 

Na3Hg2, NaHg2, Na11Hg52 ɢ ɞɪ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɚɦɚɥɶɝɚɦɵ ɦɨɝɭɬ ɛɵɬɶ ɠɢɞɤɢɦɢ ɢ ɬɜɟɪɞɵɦɢ. Ɍɚɤ, ɚɦɚɥɶɝɚɦɚ ɧɚɬɪɢɹ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɬɚɧɨɜɢɬɫɹ ɬɜɟɪɞɨɣ, ɟɫɥɢ ɫɨɞɟɪɠɢɬ ɛɨɥɟɟ 2% ɧɚɬɪɢɹ. 

ȼ ɜɨɞɟ ɚɦɚɥɶɝɚɦɚ ɧɚɬɪɢɹ ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɟɬɫɹ, ɜɵɞɟɥɹɹ ɜɨɞɨɪɨɞ. ȿɟ 

ɢɫɩɨɥɶɡɭɸɬ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɚɤɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ. 

ȼ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ ɚɦɚɥɶɝɚɦɚ ɧɚɬɪɢɹ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɦɧɨ-ɫɟɪɭɸ ɩɨɪɢɫɬɭɸ ɦɚɫɫɭ, ɧɚɡɵɜɚɟɦɭɸ ɚɦɚɥɶɝɚɦɨɣ 

ɚɦɦɨɧɢɹ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɨɧɨɜ ɚɦɦɨɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɚɦɚɥɶɝɚɦɵ 

ɧɚɬɪɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢɨɧɵ Na
+
 ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ, ɚ ɜ ɫɨɫɬɚɜ 

ɚɦɚɥɶɝɚɦɵ ɜɯɨɞɹɬ ɱɚɫɬɢɰɵ NH4, ɤɨɬɨɪɵɟ ɞɢɮɮɭɧɞɢɪɭɸɬ ɜɧɭɬɪɶ: 

Na/Hg + NH4
+
 = {NH4/Hg} + Na

+
 

ȼ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ ɚɦɚɥɶɝɚɦɚ ɚɦɦɨɧɢɹ ɪɚɡɥɚɝɚɟɬɫɹ ɢ 

ɜɫɩɥɵɜɚɟɬ, ɜɵɬɚɥɤɢɜɚɟɦɚɹ ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɜɜɟɪɯ ɝɚɡɚɦɢ: 

{NH4/Hg} = NH3 + ½H2 + Hg 

ȿɟ ɪɚɡɥɨɠɟɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɤɚɤ ɪɟɚɤɰɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɨɧɫɬɚɧɬɨɣ 

ɫɤɨɪɨɫɬɢ 0,6 ɫ-1. ɋɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ ɩɚɪɵ 

NH4
+
(aq)/NH4(Hg) ɫɨɫɬɚɜɥɹɟɬ –1,72 ȼ (A. Baranski, W. Lu, Voltammetric study 



of ammonium amalgam // Journ. of Electroanalyt. Chem. 1993, V.355, pp. 205-

217). 

Ɋɚɫɬɜɨɪɟɧɢɟɦ ɚɦɚɥɶɝɚɦɵ ɦɚɝɧɢɹ ɜ ɠɢɞɤɨɦ ɚɦɦɢɚɤɟ ɩɨɥɭɱɟɧɵ 

ɤɪɢɫɬɚɥɥɵ ɢɧɬɟɪɤɚɥɹɬɚ Mg(NH3)6Hg22, ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ ɨɤɬɚɷɞɪ 

[Mg(NH3)6] ɧɚɯɨɞɹɬɫɹ ɩɨɥɨɫɬɹɯ ɤɚɪɤɚɫɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɚɬɨɦɚɦɢ ɪɬɭɬɢ (ɪɢɫ. 

1). 

2.3. ɉɨɥɭɱɟɧɢɟ 

Ɉɫɧɨɜɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɥɭɱɟɧɢɹ ɰɢɧɤɚ ɫɥɭɠɚɬ ɫɭɥɶɮɢɞɧɵɟ 

ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɟ ɪɭɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɨɬ 1 ɞɨ 3% ɰɢɧɤɚ ɜ ɜɢɞɟ ɫɭɥɶɮɢɞɚ. 

Ɉɛɨɝɚɳɟɧɧɵɣ ɤɨɧɰɟɧɬɪɚɬ ɩɨɞɜɟɪɝɚɸɬ ɨɛɠɢɝɭ ɜ ɩɟɱɚɯ ɤɢɩɹɳɟɝɨ ɫɥɨɹ: 

700 °C 

2ZnS + 3O2  2ZnO + 2SO2 

ɉɪɢ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɫɩɨɫɨɛɟ ɩɟɪɟɪɚɛɨɬɤɢ ɨɛɪɚɡɭɸɳɢɣɫɹ ɨɝɚɪɨɤ 

ɩɟɪɟɜɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɞɟɣɫɬɜɢɟɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɢɡ ɤɨɬɨɪɨɝɨ ɨɫɚɠɞɚɸɬ 

ɩɪɢɦɟɫɢ ɦɟɧɟɟ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ ɞɨɛɚɜɥɟɧɢɟɦ ɰɢɧɤɨɜɨɣ ɩɵɥɢ. 

ȼɵɞɟɥɹɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ ɨɫɚɞɨɤ («ɦɟɞɧɨ-ɤɚɞɦɢɟɜɵɣ ɤɟɤ») ɢɫɩɨɥɶɡɭɸɬ ɜ 

ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɚɞɦɢɹ. ɐɢɧɤ ɜɵɞɟɥɹɸɬ ɢɡ ɪɚɫɬɜɨɪɚ ɩɪɢ 

ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɥɢɡɚ.  

 ɉɢɪɨɦɟɬɚɥɥɭɪɝɢɹ ɰɢɧɤɚ ɨɫɧɨɜɚɧɚ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɝɚɪɤɚ ɭɝɥɟɦ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɦɟɬɚɥɥɚ: 

                 1000 °C 

ZnO + C  Zn + CO 

Ʉɚɞɦɢɣ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɢɫɯɨɞɧɨɣ ɪɭɞɟ, ɩɟɪɟɯɨɞɢɬ ɜ ɩɚɪ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɦɟɞɶ ɨɫɬɚɟɬɫɹ ɜ ɩɟɱɢ. 

 ɐɢɧɤ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɩɨɥɭɱɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɟɪɟɝɨɧɤɨɣ ɜ 

ɜɚɤɭɭɦɟ ɢɥɢ ɡɨɧɧɨɣ ɩɥɚɜɤɨɣ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ. 

Ɋɬɭɬɶ ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɨɛɠɢɝɨɦ ɤɢɧɨɜɚɪɢ ɜ ɲɚɯɬɧɵɯ ɩɟɱɚɯ: 

600 °C 

HgS + O2  Hg + SO2 

2.4. ɉɪɢɦɟɧɟɧɢɟ 



 Ȼɨɥɟɟ 45% ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɰɢɧɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɰɢɧɤɨɜɤɢ ɠɟɥɟɡɚ ɫ 

ɰɟɥɶɸ ɡɚɳɢɬɵ ɟɝɨ ɨɬ ɤɨɪɪɨɡɢɢ. ȿɳɟ 20% ɢɞɟɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɥɚɬɭɧɟɣ. 

ɐɢɧɤ ɢɫɩɨɥɶɡɭɸɬ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚɯ ɢ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɜ ɤɚɱɟɫɬɜɟ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ – ɜ ɦɟɬɚɥɥɭɪɝɢɢ ɡɨɥɨɬɚ, ɫɟɪɟɛɪɚ, ɢɧɞɢɹ, ɤɚɞɦɢɹ. Ɉɤɫɢɞ ɰɢɧɤɚ 

ɩɪɢɦɟɧɹɸɬ ɜ ɤɚɱɟɫɬɜɟ ɛɟɥɨɝɨ ɩɢɝɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ 

ɩɥɚɫɬɦɚɫɫ, ɜ ɦɟɞɢɰɢɧɟ, ɜ ɤɚɬɚɥɢɡɟ. 

 Ʉɚɞɦɢɣ ɢ ɨɫɨɛɟɧɧɨ ɪɬɭɬɶ ɧɚɯɨɞɹɬ ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɜɢɞɭ ɢɯ 

ɬɨɤɫɢɱɧɨɫɬɢ. Ʉɚɞɦɢɪɨɜɚɧɢɟ ɫɬɚɥɶɧɵɯ ɢɡɞɟɥɢɣ, ɬɨ ɟɫɬɶ ɩɨɤɪɵɬɢɟ ɢɯ ɫɥɨɟɦ 

ɤɚɞɦɢɹ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɶɲɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ. ɋɭɥɶɮɢɞɵ ɢ 

ɫɟɥɟɧɢɞɵ ɤɚɞɦɢɹ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɤɪɚɫɧɵɟ ɢ ɠɟɥɬɵɟ ɩɢɝɦɟɧɬɵ. ȿɳɟ ɨɞɧɚ 

ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɤɚɞɦɢɹ ɫɜɹɡɚɧɚ ɫ ɫɨɡɞɚɧɢɟ ɥɟɝɤɨɩɥɚɜɤɢɯ ɫɩɥɚɜɨɜ. 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɬɭɬɶ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ, ɚ ɬɚɤɠɟ ɜ ɚɦɚɥɶɝɚɦɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ – ɩɪɢ 

ɢɡɜɥɟɱɟɧɢɢ ɝɚɥɥɢɹ, ɢɧɞɢɹ, ɬɚɥɥɢɹ, ɤɚɞɦɢɹ. 

 

3. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 

Ⱦɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɚ ɜ ɯɢɦɢɢ ɜɫɟɯ ɦɟɬɚɥɥɨɜ 12-ɣ 

ɝɪɭɩɩɵ. Ɉɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ (n-1)d
10

 ɤɨɧɮɢɝɭɪɚɰɢɢ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɰɢɧɤɚ ɤ 

ɤɚɞɦɢɸ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɢɨɧɧɨɝɨ ɪɚɞɢɭɫɚ ɭɫɢɥɢɜɚɟɬɫɹ ɨɫɧɨɜɧɵɣ ɯɚɪɚɤɬɟɪ 

ɝɢɞɪɨɤɫɢɞɚ, ɭɦɟɧɶɲɚɟɬɫɹ ɫɬɟɩɟɧɶ ɝɢɞɪɨɥɢɡɚ ɫɨɥɟɣ, ɪɚɫɬɟɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ 

ɱɢɫɥɨ. Ɋɬɭɬɶ ɫɬɨɢɬ ɜ ɷɬɨɦ ɪɹɞɭ ɧɟɫɤɨɥɶɤɨ ɨɫɨɛɧɹɤɨɦ, ɧɚɪɭɲɚɹ ɦɨɧɬɨɧɧɨɫɬɶ ɜ 

ɢɡɦɟɧɟɧɢɢ ɫɜɨɣɫɬɜ. 

Ɉɤɫɢɞɵ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɭɝɨɩɥɚɜɤɢɟ ɩɨɪɨɲɤɢ ɛɟɥɨɝɨ ɢ 

ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ, ɫɨ ɫɬɪɭɤɬɭɪɵɦ ɬɢɩɨɦ ɜɸɪɰɢɬɚ ɢ ɝɚɥɢɬɚ, ɫɨɨɬɜɟɫɬɜɟɧɧɨ. 

Ɉɧɢ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɦɟɬɚɥɥɨɜ ɧɚ ɜɨɡɞɭɯɟ, ɚ ɬɚɤɠɟ ɩɪɢ 

ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɢɯ ɫɨɥɟɣ. Ʉɪɚɫɧɵɣ ɨɤɫɢɞ ɪɬɭɬɢ ɩɨɫɬɪɨɟɧ ɢɡ 

ɩɥɨɫɤɢɯ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɯ ɰɟɩɟɣ. Ɉɧ ɬɟɪɦɢɱɟɫɤɢ ɧɟɭɫɬɨɣɱɢɜ ɢ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɜɵɲɟ 400 °C ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɪɬɭɬɶ ɢ ɤɢɫɥɨɪɨɞ.  

Ɉɤɫɢɞɵ ɷɥɟɦɟɧɬɨɜ 12-ɨɣ ɝɪɭɩɩɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ. 

Ȼɟɥɵɟ ɨɫɚɞɤɢ ɝɢɞɪɨɤɫɢɞɨɜ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ M(OH)2 ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ 



ɳɟɥɨɱɟɣ ɧɚ ɫɨɥɢ ɷɬɢɯ ɦɟɬɚɥɥɨɜ. Ƚɢɞɪɨɤɫɢɞ ɪɬɭɬɢ(+2) ɢɡɜɟɫɬɟɧ ɬɨɥɶɤɨ ɜ 

ɫɢɥɶɧɨ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɜɫɥɟɞɫɬɜɢɟ 

ɞɟɝɢɞɪɚɬɚɰɢɢ: ɢɡ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɪɬɭɬɢ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɫɚɠɞɚɟɬɫɹ 

ɦɟɥɤɨɞɢɫɩɟɪɫɧɚɹ ɮɨɪɦɚ ɨɤɫɢɞɚ HgO ɠɟɥɬɨɝɨ ɰɜɟɬɚ. Ɉɫɧɨɜɧɨɫɬɶ ɝɢɞɪɨɤɫɢɞɨɜ 

ɦɟɧɹɟɬɫɹ ɜ 12 ɝɪɭɩɩɟ ɧɟɪɚɜɧɨɦɟɪɧɨ: ɡɧɚɱɟɧɢɹ pKb ɞɥɹ M(OH)2 cɨɫɬɚɜɥɹɸɬ 5,1 

(Zn), 3,0 (Cd) ɢ 8,1 (Hg). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɶɲɟɣ ɨɫɧɨɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ 

ɝɢɞɪɨɤɫɢɞ ɤɚɞɦɢɹ, ɚ ɧɚɢɦɟɧɶɲɟɣ – ɪɬɭɬɢ. ɋɨɥɢ ɪɬɭɬɢ(+2) ɜ ɪɚɫɬɜɨɪɚɯ 

ɝɢɞɪɨɥɢɡɨɜɚɧɵ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɪɬɭɬɶ ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ 

ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ ɧɟ ɨɛɪɚɡɭɟɬ ɝɢɞɪɨɤɫɢ-ɚɧɢɨɧɨɜ, ɬɨ ɟɫɬɶ ɟɟ ɨɤɫɢɞ ɜ ɜɨɞɧɨɦ 

ɪɚɫɬɜɨɪɟ ɧɟ ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɨɫɬɢ: ɨɧ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɳɟɥɨɱɚɯ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ. ɍ ɪɬɭɬɢ ɷɬɨɬ ɩɪɨɰɟɫɫ ɡɚɬɪɭɞɧɟɧ ɜ ɫɜɹɡɢ ɫ 

ɷɤɪɚɧɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ 5d-ɨɛɨɥɨɱɤɢ, ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 

ɝɢɞɪɨɤɫɢɦɟɪɤɭɪɚɬɨɜ. ɇɚɩɪɨɬɢɜ, ɝɢɞɪɨɤɫɢɞ ɰɢɧɤɚ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɥɟɝɤɨ 

ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɨɰɢɧɤɚɬɨɜ [Zn(OH)3]
–
 ɢ [Zn(OH)4]

2–
. 

Ɉɤɫɢɞ ɤɚɞɦɢɹ ɨɛɪɚɡɭɟɬ ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɵ [Cd(OH)6]
4– ɥɢɲɶ ɜ ɨɱɟɧɶ 

ɤɪɟɩɤɢɯ ɳɟɥɨɱɧɵɯ ɪɚɫɬɜɨɪɚɯ. ɐɢɧɤɚɬɵ ɢ ɤɚɞɦɚɬɵ, ɩɨɥɭɱɚɟɦɵɟ ɫɩɥɚɜɥɟɧɢɟɦ 

ɨɤɫɢɞɨɜ ɢɥɢ ɤɚɪɛɨɧɚɬɨɜ (ɧɚɩɪɢɦɟɪ, Na2MO2, Na2M2O3) ɫɨɞɟɪɠɚɬ ɬɟɬɪɚɷɞɪɵ 

[MO4], ɨɛɴɟɞɢɧɟɧɧɵɟ ɜ ɰɟɩɢ ɢ ɫɟɬɤɢ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɤɚɞɦɚɬɵ 

ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɞɨ ɝɢɞɪɨɤɫɢɞɚ, ɚ ɰɢɧɤɚɬɵ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ 

ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɨɜ. Ȼɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɦɟɪɤɭɪɚɬɵ, ɧɚɩɪɢɦɟɪ, BaHgO2, 

ɩɨɥɭɱɚɟɦɵɟ ɬɜɟɪɞɨɮɚɡɧɨ. 

ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɨɥɟɣ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɟɨɛɥɚɞɚɸɬ 

ɝɟɤɫɚɚɤɜɚ-ɢɨɧɵ [M(H2O)6]
2+. Эɬɢ ɪɚɫɬɜɨɪɵ ɛɟɫɰɜɟɬɧɵ. Ɉɬɫɭɬɫɬɜɢɟ ɨɤɪɚɫɤɢ 

ɫɜɹɡɚɧɨ ɫ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɧɵɦ d-ɩɨɞɭɪɨɜɧɟɦ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ d-d 

ɩɟɪɟɯɨɞɨɜ.  

 əɪɤɚɹ ɨɤɪɚɫɤɚ ɫɭɥɶɮɢɞɚ ɤɚɞɦɢɹ ɨɛɴɹɫɧɹɟɬɫɹ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ.  

           Ȼɟɡɜɨɞɧɵɟ ɤɚɪɛɨɧɚɬɵ, ɫɭɥɶɮɚɬɵ, ɧɢɬɪɚɬɵ ɬɟɪɦɢɱɟɫɤɢ ɪɚɡɥɚɝɚɸɬɫɹ ɞɨ 

ɨɤɫɢɞɨɜ.  



ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɢɹ 

ɜɵɩɚɞɚɸɬ ɛɟɥɵɟ ɨɫɚɞɤɢ ɨɫɧɨɜɧɵɯ ɫɨɥɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɟ ɫɨ 

ɜɪɟɦɟɧɟɦ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ. ɉɪɢ ɡɚɦɟɧɟ ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɧɚ ɤɚɪɛɨɧɚɬ 

ɚɦɦɨɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɫɚɞɤɢ ɝɢɞɪɨɤɫɢɤɚɪɛɨɧɚɬɨɜ: 

5ZnSO4 + 5(NH4)2CO3 + 3H2O = Zn5(OH)6(CO3)2 + 5(NH4)2SO4 + 3CO2 

ȼ ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ ɨɧɢ ɪɚɫɬɜɨɪɹɸɬɫɹ, ɩɟɪɟɯɨɞɹ ɜ ɚɦɦɢɚɱɧɵɟ ɤɨɦɩɥɟɤɫɵ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɨɧɢ ɪɚɡɪɭɲɚɸɬɫɹ, ɞɚɜɚɹ ɨɫɚɞɤɢ ɤɚɪɛɨɧɚɬɨɜ: ɫɪɟɞɧɟɝɨ ɜ 

ɫɥɭɱɚɟ ɤɚɞɦɢɹ ɢ ɨɫɧɨɜɧɨɝɨ ɭ ɰɢɧɤɚ. ɋɪɟɞɧɢɣ ɤɚɪɛɨɧɚɬ ɰɢɧɤɚ ɨɫɚɠɞɚɸɬ 

ɪɚɫɬɜɨɪɨɦ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ, ɤɨɬɨɪɵɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɫɵɳɚɸɬ 

ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ. 

 Ⱥɰɟɬɚɬɵ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ M(CH3COO)22H2O ɩɨɥɭɱɚɸɬ ɞɟɣɫɬɜɢɟɦ 

ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɧɚ ɤɚɪɛɨɧɚɬɵ. Ɉɛɚ ɜɟɳɟɫɬɜɚ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, 

ɫɩɢɪɬɟ, ɚɰɟɬɨɧɟ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɧɢ ɪɚɡɥɚɝɚɸɬɫɹ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ 

ɨɤɫɨɚɰɟɬɚɬɵ M4O(CH3COO)6, ɩɨɫɬɪɨɟɧɧɵɟ ɚɧɚɥɨɝɢɱɧɨ ɨɤɫɨɚɰɟɬɚɬɚɬɭ 

ɛɟɪɢɥɥɢɹ,  

4M(CH3COO)2   M4O(CH3COO)6 + (CH3CO)2O 

ɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɝɨ ɥɟɝɤɨ ɝɢɞɪɨɥɢɡɭɸɳɢɟɫɹ ɜɨɞɨɣ. 

Ʌɟɝɤɨɫɬɶ ɝɢɞɪɨɥɢɡɚ ɨɛɭɫɥɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶɸ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɩɨɜɵɲɚɬɶ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɞɨ ɲɟɫɬɢ.  

Ɉɤɫɨɚɰɟɬɚɬ ɰɢɧɤɚ ɥɟɬɭɱ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɱɢɳɟɧ ɫɭɛɥɢɦɚɰɢɟɣ, ɚ 

ɨɤɫɨɚɰɟɬɚɬ ɤɚɞɦɢɹ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɪɚɡɥɚɝɚɟɬɫɹ ɞɨ ɨɤɫɢɞɚ. 

 Ɍɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɮɪɚɝɦɟɧɬɵ [Zn4O(CO2)6] ɜɯɨɞɹɬ ɜ ɫɬɪɭɤɬɭɪɭ 

ɤɚɪɤɚɫɧɵɯ ɦɟɬɚɥɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ. ɋɚɦɵɣ ɢɡɜɟɫɬɧɵɣ ɢɡ ɧɢɯ, MOF-5, 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɤɫɨɬɟɪɟɮɬɚɥɚɬ ɰɢɧɤɚ (Ɋɢɫ. 2) . ȿɝɨ ɫɬɪɭɤɬɭɪɭ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɤɚɪɤɚɫ ɢɡ ɚɬɨɦɨɜ ɰɢɧɤɚ, ɨɤɪɭɠɟɧɧɵɯ ɤɚɪɛɨɤɫɢɥɚɬɧɵɦɢ 

ɝɪɭɩɩɢɪɨɜɤɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɦɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɩɪɢ ɩɨɦɨɳɢ ɩɚɪɚ-ɮɟɧɢɥɟɧɨɜɵɯ 

ɪɚɞɢɤɚɥɨɜ. Ȼɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɩɭɫɬɨɬ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɟ, MOF-5 ɫɩɨɫɨɛɟɧ ɨɛɪɚɬɢɦɨ ɩɨɝɥɨɳɚɬɶ ɜɨɞɨɪɨɞ. ɉɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 

ɞɚɜɥɟɧɢɢ ɢ 77Ʉ ɷɬɨ ɜɟɳɟɫɬɜɨ ɫɩɨɫɨɛɧɨ ɭɞɟɪɠɢɜɚɬɶ ɞɨ 1,32 % (ɦɚɫɫ) 



ɜɨɞɨɪɨɞɚ. ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɢ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 

ɜɨɞɨɪɨɞɚ ɜ ɤɚɪɤɚɫɧɵɯ ɩɨɥɢɦɟɪɚɯ ɡɚɦɟɬɧɨ ɩɚɞɚɟɬ. 

ɉɨɞɨɛɧɨ ɞɪɭɝɢɦ d-ɷɥɟɦɟɧɬɚɦ ɰɢɧɤ ɢ ɤɚɞɦɢɣ ɨɛɪɚɡɭɸɬ ɭɫɬɨɣɱɢɜɵɟ 

ɤɨɦɩɥɟɤɫɵ. Ȼɥɚɝɨɞɚɪɹ ɦɟɧɶɲɟɦɭ ɚɬɨɦɧɭɸ ɪɚɞɢɭɫɭ ɢ ɛɨɥɶɲɟɣ ɤɨɜɚɥɟɧɬɧɨɫɬɢ 

ɤɨɦɥɩɟɤɫɵ ɰɢɧɤɚ ɜ ɰɟɥɨɦ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ, ɱɟɦ ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 

ɤɚɞɦɢɹ. ȼɫɟ ɨɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɥɚɛɢɥɶɧɨɫɬɶɸ, ɩɨɞɨɛɧɨ ɤɨɦɩɥɟɤɫɚɦ ɪ-

ɦɟɬɚɥɥɨɜ. 

Ɉɫɞɚɤɢ ɝɢɞɪɨɤɫɢɞɨɜ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɥɟɝɤɨ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɰɢɚɧɢɞɚ ɤɚɥɢɹ ɢɥɢ ɚɦɦɢɚɤɚ: 

Zn(OH)2 + 4NH3 = [Zn(NH3)4](OH)2, 

Cd(OH)2 + 6NH3 = [Cd(NH3)6](OH)2, 

Ɉɞɧɚɤɨ ɤɚɞɦɢɟɜɵɣ ɚɦɦɢɚɱɧɵɣ ɤɨɦɩɥɟɤɫ ɜ ɨɬɥɢɱɢɟ ɨɬ ɰɢɧɤɨɜɨɝɨ ɥɟɝɤɨ 

ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ ɢɥɢ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɟɝɨ ɜɨɞɨɣ. 

 ɉɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɝɚɥɨɝɟɧɢɞ-ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɝɚɥɨɝɟɧɢɞɨɜ 

ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɩɪɟɨɛɥɚɞɚɸɬ ɚɧɢɨɧɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɧɚɩɪɢɦɟɪ, [ZnCl3(H2O)]
-
, 

[Zn2Br6]
2-

, [CdCl6]
4-

, [CdBr4]
2-. Иɯ ɨɛɪɚɡɨɜɚɧɢɟ ɭɦɟɧɶɲɚɟɬ ɷɥɟɤɬɪɨɞɧɵɣ 

ɩɨɬɟɧɰɢɚɥ ɩɚɪɵ E(M
2+

)/M
0, ɬɟɦ ɫɚɦɵɦ ɫɩɨɫɨɛɫɬɜɭɹ ɛɨɥɟɟ ɷɧɟɪɝɢɱɧɨɦɭ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɦɟɬɚɥɥɚ ɫ ɤɢɫɥɨɬɨɣ. 

 Ȼɟɥɵɣ ɫɭɥɶɮɢɞ ɰɢɧɤɚ ZnS ɫɭɳɟɫɬɜɭɟɬ ɜ ɜɢɞɟ ɞɜɭɯ ɩɨɥɢɦɨɪɮɧɵɯ 

ɦɨɞɢɮɢɤɚɰɢɣ: ɫɮɚɥɟɪɢɬɚ ɢ ɜɸɪɰɢɬɚ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɭɯɫɥɨɣɧɵɟ 

ɉШɍ ɫɭɥɶɮɢɞ-ɢɨɧɨɜ ɫ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɦɢ ɩɭɫɬɨɬɚɦɢ, ɡɚɩɨɥɧɟɧɧɵɦɢ 

ɤɚɬɢɨɧɚɦɢ ɰɢɧɤɚ. ɋɮɚɥɟɪɢɬ ɢɦɟɟɬ ɤɭɛɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ, ɚ ɜɸɪɰɢɬ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɝɨ ɝɟɤɫɚɝɨɧɚɥɶɧɵɣ ɚɧɚɥɨɝ. Ɉɛɚ ɜɟɳɟɫɬɜɚ ɥɟɝɤɨ 

ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɩɪɢ ɩɨɞɤɢɫɥɟɧɢɢ, ɚ ɬɚɤɠɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɳɟɥɨɱɟɣ 

ɋɭɥɶɮɢɞɭ ɤɚɞɦɢɹ CdS ɬɚɤɠɟ ɫɜɨɣɫɬɜɟɧɟɧ ɩɨɥɢɦɨɪɮɢɡɦ, ɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɫɭɥɶɮɢɞɚ ɰɢɧɤɚ ɟɝɨ ɪɟɲɟɬɤɚ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ. Ɉɧ ɩɟɪɟɯɨɞɢɬ ɜ 

ɪɚɫɬɜɨɪ ɥɢɲɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢɥɢ 

ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ. 

 ɋɨɥɢ ɪɬɭɬɢ(II), ɩɨɞɨɛɧɨ ɫɨɟɞɢɧɟɧɢɹɦ ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ, ɛɟɫɰɜɟɬɧɵ, ɧɨ ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɢɥɶɧɨ ɝɢɞɪɨɥɢɡɨɜɚɧɵ. ɋ ɰɟɥɶɸ 



ɩɨɞɚɜɥɟɧɢɹ ɝɢɞɪɨɥɢɡɚ ɢ ɢɡɛɟɠɚɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɨɫɚɞɤɨɜ ɨɫɧɨɜɧɵɯ ɫɨɥɟɣ 

ɪɚɫɬɜɨɪɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɤɢɫɥɹɸɬ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɫɟ ɫɨɥɢ 

ɤɢɫɥɨɪɨɞɧɵɯ ɤɢɫɥɨɬ ɪɚɡɥɚɝɚɸɬɫɹ ɞɨ ɨɤɫɢɞɚ, ɚ ɜɵɲɟ 400 °C – ɢ ɞɨ ɦɟɬɚɥɥɚ. 

ȼ ɫɢɥɶɧɨ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɟɨɛɥɚɞɚɸɬ ɢɨɧɵ [Hg(H2O)6]
2+, ɩɪɢ 

ɩɨɞɳɟɥɚɱɢɜɚɧɢɢ ɭɫɢɥɢɜɚɟɬɫɹ ɝɢɞɪɨɥɢɡ, ɡɚɜɟɪɲɚɸɳɢɣɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɠɟɥɬɨɝɨ ɨɫɚɞɤɚ ɨɤɫɢɞɚ HgO. ɋɪɟɞɧɢɟ ɫɨɥɢ ɫɥɚɛɵɯ ɤɢɫɥɨɬ – ɭɝɨɥɶɧɨɣ, 

ɤɪɟɦɧɢɟɜɨɣ ɢ ɫɟɪɧɢɫɬɨɣ – ɦɚɥɨ ɭɫɬɨɣɱɢɜɵ ɢɥɢ ɜɨɨɛɳɟ ɧɟɢɡɜɟɫɬɧɵ. Ɋɬɭɬɶ 

ɢɫɩɵɬɵɜɚɟɬ ɜɵɫɨɤɨɟ ɫɪɨɞɫɬɜɨ ɤ ɝɚɥɨɝɟɧɚɦ ɧɚɱɢɧɚɹ ɫ ɯɥɨɪɚ, ɚ ɬɚɤɠɟ ɤ ɫɟɪɟ, 

ɮɨɫɮɨɪɭ, ɭɝɥɟɪɨɞɭ. ɋɪɟɞɢ ɝɚɥɨɝɟɧɢɞɨɜ ɧɚɢɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵɦ ɨɤɚɡɵɜɚɟɬɫɹ 

ɮɬɨɪɢɞ, ɤɨɬɨɪɵɣ ɧɟɨɛɪɚɬɢɦɨ ɪɚɡɥɚɝɚɟɬɫɹ ɜɨɞɨɣ: 

HgF2 + H2O = HgO + 2HF 

ɏɥɨɪɢɞ ɪɬɭɬɢ(+2) HgCl2 ɧɚɡɵɜɚɸɬ ɫɭɥɟɦɨɣ. Эɬɨ ɜɟɳɟɫɬɜɨ ɫɨɫɬɨɢɬ ɢɡ 

ɥɢɧɟɣɧɵɯ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɥɢɲɶ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɢɪɭɸɬ. Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɫɬɪɨɟɧ ɛɪɨɦɢɞ. Ƚɢɞɪɨɥɢɡ ɷɬɢɯ ɫɨɥɟɣ 

ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɢ ɩɪɢɜɨɞɢɬ ɤ ɛɟɥɵɦ ɨɫɚɞɤɚɦ ɨɤɫɨɝɚɥɨɝɟɧɢɞɨɜ: 

3HgCl2 + 2H2O = Hg3O2Cl2 + 4HCl 

Иɨɞɢɞ ɪɬɭɬɢ(+2) ɜɵɩɚɞɚɟɬ ɜ ɜɢɞɟ ɤɪɚɫɧɨɝɨ ɨɫɚɞɤɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɢɨɞɢɞ-ɢɨɧɨɜ. ȼ ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɠɟɥɬɨɝɨ 

ɬɟɬɪɚɢɨɞɨɦɟɪɤɭɪɚɬɚ [HgI4]
2-, ɢɨɧɵ ɤɨɬɨɪɨɝɨ ɢɦɟɸɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɭɸ 

ɝɟɨɦɟɬɪɢɸ. 

ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɚɰɟɬɢɥɟɧɚ ɱɟɪɟɡ ɳɟɥɨɱɧɨɣ ɪɚɫɬɜɨɪ 

ɬɟɬɪɚɢɨɞɨɦɟɪɤɭɪɚɬɚ ɨɛɪɚɡɭɟɬɫɹ ɛɟɥɵɣ ɜɡɪɵɜɱɚɬɵɣ ɨɫɚɞɨɤ ɚɰɟɬɢɥɟɧɢɞɚ 

3HgC2H2O. Ɏɚɤɬ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɥɟɝɤɨɫɬɢ 

ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɹ «ɦɹɝɤɨɝɨ» ɭɝɥɟɪɨɞ-ɞɨɧɨɪɧɨɝɨ ɥɢɝɚɧɞɚ. Эɬɨ ɹɜɥɹɟɬɫɹ 

ɫɥɟɞɫɬɜɢɟɦ ɚɤɬɢɜɚɰɢɢ ɫɜɹɡɢ ɋ-ɇ ɩɨɞ ɜɥɢɹɧɢɟɦ ɡɚɩɨɥɧɟɧɧɵɯ 5d-ɨɪɛɢɬɚɥɟɣ 

ɪɬɭɬɢ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢɜɨɞɹɬ ɢ ɤ ɥɟɝɤɨɫɬɢ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɹ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ. 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤ ɪɚɫɬɜɨɪɭ ɫɭɥɟɦɵ ɜɨɞɧɨɝɨ ɚɦɦɢɚɤɚ ɜ ɨɫɚɞɨɤ ɜɵɩɚɞɚɟɬ 

ɛɟɥɵɣ ɯɥɨɪɢɞ ɚɦɢɞɨɪɬɭɬɢ(+2) – ɧɟɩɥɚɜɤɢɣ ɛɟɥɵɣ ɩɪɟɰɢɩɢɬɚɬ: 

HgCl2 + 2NH3 = HgNH2Cl +NH4Cl 



ȿɝɨ ɨɛɪɚɡɨɜɚɧɢɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɚɦɦɨɧɨɥɢɡɚ – 

ɩɪɨɰɟɫɫɚ, ɚɧɚɥɨɝɢɱɧɨɝɨ ɝɢɞɪɨɥɢɡɭ. Ⱦɥɹ ɟɝɨ ɩɨɞɚɜɥɟɧɢɹ ɬɪɟɛɭɟɬɫɹ 

ɩɨɞɤɢɫɥɟɧɢɟ – ɜɜɟɞɟɧɢɟ ɢɨɧɨɜ ɚɦɦɨɧɢɹ. Ɍɚɤ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɦɟɠɞɭ 

ɪɚɫɬɜɨɪɨɦ ɫɭɥɟɦɵ ɢ ɚɦɦɢɚɤɨɦ ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ 

ɨɛɪɚɡɭɟɬɫɹ ɛɟɥɵɣ ɨɫɚɞɨɤ ɚɦɦɢɚɤɚɬɚ – ɩɥɚɜɤɢɣ ɛɟɥɵɣ ɩɪɟɰɢɩɢɬɚɬ: 

NH4
+
 

HgCl2 + 2NH3    [Hg(NH3)2]Cl2. 

«ɇɟɩɥɚɜɤɢɣ» ɩɪɟɰɢɩɢɬɚɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɚɡɥɚɝɚɟɬɫɹ ɟɳɟ ɞɨ ɧɚɱɚɥɚ 

ɩɥɚɜɥɟɧɢɹ: 

6[HgNH2]Cl = 3Hg2Cl2 + 4NH3 + N2  

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɥɟɣ ɚɦɦɨɧɢɹ ɨɧ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ «ɩɥɚɜɤɢɣ». ȼ ɩɪɢɫɭɬɫɬɜɢɢ 

ɨɫɧɨɜɚɧɢɹ, ɜ ɪɨɥɢ ɤɨɬɨɪɨɝɨ ɜɵɫɬɭɩɚɟɬ ɨɤɫɢɞ ɪɬɭɬɢ(II) ɚɦɦɨɧɨɥɢɡ ɩɪɨɬɟɤɚɟɬ 

ɝɥɭɛɠɟ ɢ ɩɪɢɜɨɞɢɬ ɤ ɢɦɢɞɧɨɦɭ ɩɪɨɢɡɜɨɞɧɨɦɭ: 

HgCl2 + 2NH3 + HgO    Hg2NHCl2 + NH3 + H2O 

Ʉɨɧɟɱɧɵɦ ɟɝɨ ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɚɧɢɟ Ɇɢɥɥɨɧɚ, ɠɟɥɬɵɟ ɤɪɢɫɬɚɥɥɵ 

ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɨɤɫɢɞɚ ɪɬɭɬɢ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ 

ɚɦɦɢɚɤɚ: 

2HgO + NH3 + 2H2O = [Hg2N](OH)2H2O. 

ȼɨɞɹɳɚɹ ɜ ɟɝɨ ɫɨɫɬɚɜ Ɉɇ-ɝɪɭɩɩɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɳɟɧɚ ɧɚ ɪɚɡɥɢɱɧɵɟ 

ɚɧɢɨɧɵ. ɋɨɥɢ ɨɫɧɨɜɚɧɢɹ Ɇɢɥɥɨɧɚ ɩɨɥɭɱɚɸɬ, ɡɚɦɟɳɚɹ Ɉɇ-ɝɪɭɩɩɭ ɧɚ ɚɧɢɨɧ 

ɤɢɫɥɨɬɧɨɝɨ ɨɫɬɚɬɤɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɛɭɪɨɝɨ ɨɫɚɞɤɚ ɢɨɞɢɞɚ ɨɫɧɨɜɚɧɢɹ Ɇɢɥɥɨɧɚ 

ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɚɫɬɜɨɪɚ ɬɟɬɪɚɢɨɞɨɦɟɪɤɭɪɚɬɚ(II) ɤɚɥɢɹ (ɪɟɚɤɬɢɜɚ 

ɇɟɫɫɥɟɪɚ) ɫ ɚɦɦɢɚɤɨɦ ɫɥɭɠɢɬ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɟɚɤɰɢɟɣ ɧɚ ɚɦɦɢɚɤ ɢ ɢɨɧɵ 

ɚɦɦɨɧɢɹ. 

K2[HgI4] + 3KOH + NH3 = [Hg2N]IH2O + 7KI + 2H2O. 

«ɉɥɚɜɤɢɣ ɛɟɥɵɣ ɩɪɟɰɢɩɢɬɚɬ» ɫɨɫɬɨɢɬ ɢɡ ɥɢɧɟɣɧɵɯ ɤɚɬɢɨɧɨɜ [H3N-Hg-

NH3]
2+

 ɢ ɯɥɨɪɢɞ-ɢɨɧɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɦɢɞɧɵɣ ɤɨɦɩɥɟɤɫ HgNH2Cl ɩɨɫɬɪɨɟɧ 

ɢɡ ɚɧɢɨɧɨɜ Cl
-
 ɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɯ ɰɟɩɟɣ …NH2-

Hg-NH2-Hg…, ɩɚɪɚɥɥɟɥɶɧɵɯ ɞɪɭɝ ɞɪɭɝɭ. ɋɬɪɨɟɧɢɟ ɢɦɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɬɨɱɧɨ ɧɟɢɡɜɟɫɬɧɨ, ɧɨ ɚɧɚɥɨɝɢɱɧɵɣ ɛɪɨɦɢɞ Hg2NHBr2 cɨɫɬɨɢɬ ɢɡ ɫɥɨɟɜ 



[Hg3(NH)2]n
2n+, ɫɥɨɟɜ [HgBr3]

-
 ɢ ɚɧɢɨɧɨɜ Br

-. Ɉɫɧɨɜɚɧɢɟ Ɇɢɥɥɨɧɚ ɢ ɟɝɨ ɫɨɥɢ 

ɩɨɫɬɪɨɟɧɵ ɢɡ ɬɟɬɪɚɷɞɪɨɜ [NHg4], ɨɛɴɟɞɢɟɧɧɵɯ ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ ɜ ɟɞɢɧɵɣ 

ɬɪɟɯɦɟɪɧɵɣ ɤɚɪɤɚɫ, ɜ ɩɭɫɬɨɬɚɯ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɵ ɚɧɢɨɧɵ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɞɟɩɪɨɬɨɧɢɪɨɜɚɧɢɟ ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ 

ɩɪɢɜɨɞɢɬ ɤ ɭɫɥɨɠɧɟɧɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ – ɨɬ ɨɫɬɪɨɜɧɨɣ ɤ 

ɰɟɩɨɱɟɱɧɨɣ, ɫɥɨɢɫɬɨɣ ɢ, ɧɚɤɨɧɟɰ, ɤɚɪɤɚɫɧɨɣ (ɪɢɫ. 3). 

 Ʉɚɬɢɨɧ ɪɬɭɬɢ(II) – ɯɨɪɨɲɢɦ ɷɥɟɤɬɪɨɮɢɥ, ɥɟɝɤɨ ɨɛɪɚɡɭɸɳɢɣ - ɢ -

ɫɜɹɡɢ ɫ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ. Иɡɜɟɫɬɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɬɭɬɶ-ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɥɢɧɟɣɧɵɟ ɮɪɚɝɦɟɧɬɵ C-Hg-C ɢɥɢ C-Hg-X, ɝɞɟ X – 

ɚɬɨɦ ɝɚɥɨɝɟɧɚ. ɉɪɢɦɟɪɨɦ ɫɥɭɠɢɬ ɞɢɷɬɢɥɪɬɭɬɶ Hg(Et)2 – ɬɹɠɟɥɚɹ ɹɞɨɜɢɬɚɹ 

ɠɞɤɨɫɬɶ, ɭɫɬɨɣɱɢɜɚɹ ɧɚ ɜɨɡɞɭɯɟ ɢ ɜ ɜɨɞɟ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɨɧɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ EtHgCl. 

 ɋɭɥɶɮɢɞ ɪɬɭɬɢ HgS ɨɛɪɚɡɭɟɬ ɞɜɟ ɩɨɥɢɦɨɪɮɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ. ɉɪɢ 

ɨɫɚɠɞɟɧɢɢ ɫɟɪɨɜɨɞɨɪɨɞɨɦ ɢɡ ɪɚɫɬɜɨɪɨɜ ɨɛɪɚɡɭɟɬɫɹ ɱɟɪɧɵɣ ɩɨɪɨɲɨɤ ɫɨ 

ɫɬɪɭɤɬɪɨɣ ɫɮɚɥɟɪɢɬɚ. Ʉɢɧɨɜɚɪɶ ɩɨɥɭɱɚɸɬ ɫɩɥɚɜɥɟɧɢɟɦ ɪɬɭɬɢ ɫ ɫɟɪɨɣ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ. Ɉɧɚ ɩɨɫɬɪɨɟɧɚ ɢɡ ɫɩɢɪɚɥɟɜɢɞɧɵɯ 

ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɯ ɰɟɩɟɣ …-Hg-S-Hg-S-…. Ɉɛɚ ɜɟɳɟɫɬɜɚ ɢɦɟɸɬ ɧɢɡɤɨɟ 

ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɬɨɥɶɤɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɰɚɪɫɤɨɣ ɜɨɞɤɢ ɢɥɢ ɤɪɟɩɤɢɯ ɪɚɫɬɜɨɪɨɜ ɫɭɥɶɮɢɞɨɜ: 

3HgS + 8HNO3 + 12HCl = 3H2[HgCl4] + 8NO + 3H2SO4 + 4H2O 

HgS + K2S = K2[HgS2] 

 ɋɨɟɞɢɧɟɧɢɹ ɪɬɭɬɢ(II) ɩɪɨɹɜɥɹɸɬ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɫɨɥɢ ɪɬɭɬɢ(I) ɢɥɢ 

ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɪɬɭɬɶ: 

Hg + 2FeSO4 = Fe2(SO4)3 + Hg, 

2HgCl2 + SnCl2 + 2HCl = H2[SnCl6] + Hg2Cl2, 

Hg(NO3)2 + Hg = Hg2(NO3)2 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +1. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +1 ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. Ⱦɥɹ 

ɰɢɧɤɚ ɢ ɤɚɞɦɢɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +1 ɧɟɯɚɪɚɤɬɟɪɧɚ, ɯɨɬɹ ɬɚɤɢɟ ɫɨɟɞɢɧɟɧɢɹ 



ɢɡɜɟɫɬɧɵ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɚɞɦɢɹ ɫ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɦɟɬɚɥɥɨɦ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɛɟɡɜɨɞɧɨɝɨ ɯɥɨɪɢɞɚ ɚɥɸɦɢɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫɧɚɹ ɫɨɥɶ, 

ɫɨɞɟɪɠɚɳɚɹ ɢɨɧ Cd2
2+

: 

CdCl2 + Cd + AlCl3 = Cd2[AlCl4]2 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɜɟɳɟɫɬɜɨ ɧɟɭɫɬɨɣɱɢɜɨ ɢ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɟɬ. 

ɋɨɟɞɢɧɟɧɢɹ ɪɬɭɬɢ(+1) ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ ɞɢɹɞɟɪɧɵɟ ɤɚɬɢɨɧɵ Hg2
2+

 ɫ 

ɨɞɢɧɚɪɧɨɣ ɫɜɹɡɶɸ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ. ȿɟ ɨɛɪɚɡɨɜɚɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɶɸ 6s
2
 ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɵ ɢ ɫɬɪɟɦɥɟɧɢɟɦ ɚɬɨɦɚ ɪɬɭɬɢ ɩɪɢ 

ɨɤɢɫɥɟɧɢɢ ɫɨɯɪɚɧɢɬɶ ɷɬɭ ɩɚɪɭ ɯɨɬɹ ɛɵ ɜ ɜɢɞɟ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ, 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɨɛɨɢɦ ɚɬɨɦɚɦ (ɪɢɫ. 4). 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɪɬɭɬɢ ɜ ɤɥɚɫɬɟɪɟ ɨɤɚɡɵɜɚɟɬɫɹ ɞɚɠɟ ɦɟɧɶɲɟ, ɱɟɦ ɜ 

ɦɟɬɚɥɥɟ. 

Ʉɥɚɫɬɟɪɧɵɣ ɤɚɬɢɨɧ ɧɟ ɫɨɞɟɪɠɢɬ ɧɟɫɩɚɪɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɩɨɷɬɨɦɭ ɜɫɟ 

ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɨɧ ɜɯɨɞɢɬ, ɞɢɚɦɚɝɧɢɬɧɵɟ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɷɥɟɤɬɪɨɧɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ Hg
+1

 5d
10

6s
1. Иɨɧ ɞɢɪɬɭɬɢ(I) ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ 

ɭɫɥɨɜɢɹɯ ɭɫɬɨɣɱɢɜ ɤ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ, ɨɞɧɚɤɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɚɧɢɨɧɨɜ, ɫɜɹɡɵɜɚɸɳɢɯ ɢɨɧɵɯ Hg
2+

 ɜ ɤɨɦɩɥɟɤɫɵ ɢɥɢ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɪɚɜɧɨɜɟɫɢɟ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ ɫɦɟɳɚɟɬɫɹ ɜɩɪɚɜɨ. Эɬɨ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚ ɫɨɥɢ ɪɬɭɬɢ(I) ɢɨɧɨɜ OH
–
, S

2–
, CN

–
, SCN

–
, F

–
, I

–
, 

ɦɨɥɟɤɭɥ ɚɦɦɢɚɤɚ, ɚɦɢɧɨɜ, ɧɚɩɪɢɦɟɪ: 

Hg2(NO3)2 + 2NaOH = Hg + HgO + 2NaNO3 + H2O, 

Hg2Cl2 + 4KI(ɢɡɛ.) = Hg + K2[HgI4] + 2KCl 

Hg2(NO3)2 + K2S = HgS + Hg + 2KNO3 

Hg2(NO3)2 + NH3 = [HgNH2]NO3 + Hg + NH4NO3 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɥɢ ɪɬɭɬɢ(I) ɭɫɬɨɣɱɢɜɵ ɥɢɲɶ ɫ ɚɧɢɨɧɚɦɢ ɤɢɫɥɨɪɨɞ-

ɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ ɫ ɯɥɨɪɢɞɨɦ ɢ ɛɪɨɦɢɞɨɦ. 

Иɡ ɫɨɥɟɣ ɪɬɭɬɢ(+1) ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵ ɧɢɬɪɚɬ ɢ ɯɥɨɪɢɞ. ɇɢɬɪɚɬ 

ɪɬɭɬɢ(+1) Hg2(NO3)22H2O ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɫɰɜɟɬɧɵɟ ɦɨɧɨɤɥɢɧɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɫɨ ɫɥɚɛɵɦ ɡɚɩɚɯɨɦ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɣɫɹ ɢɡ-ɡɚ 

ɝɢɞɪɨɥɢɡɚ. Ɉɧɢ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɥɢɧɟɣɧɵɟ ɢɨɧɵ [H2O-Hg-Hg-



OH2]
2+, ɤɨɬɨɪɵɟ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɦɝɧɨɜɟɧɧɨ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɠɟɥɬɵɣ 

ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɫɨɥɢ: 

2Hg2(NO3)2 + H2O = Hg4(OH)(NO3)3 + HNO3 

ȼɨ ɢɡɛɟɠɚɧɢɟ ɝɢɞɪɨɥɢɡɚ ɫɨɥɶ ɪɚɫɬɜɨɪɹɸɬ ɜ ɪɚɡɛɚɜɥɟɧɧɨɣ ɚɡɨɬɧɨɣ 

ɤɢɫɥɨɬɟ.  

ɏɥɨɪɢɞ ɪɬɭɬɢ(+1), ɢɥɢ ɤɚɥɨɦɟɥɶ Hg2Cl2 – ɛɟɥɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 

ɩɨɪɨɲɨɤ ɛɟɡ ɜɤɭɫɚ ɢ ɡɚɩɚɯɚ, ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ ɢ ɫɩɢɪɬɟ. ɉɨɞɨɛɧɨ ɞɪɭɝɢɦ 

ɝɚɥɨɝɟɧɢɞɚɦ Hg2X2 ɤɚɥɨɦɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɥɢɧɟɣɧɵɯ ɞɢɹɞɟɪɧɵɯ ɦɨɥɟɤɭɥ ɫɨ 

ɫɜɹɡɶɸ Hg-Hg. Ⱥɬɨɦɵ ɝɚɥɨɝɟɧɚ ɫɨɫɟɞɧɢɯ ɦɨɥɟɤɭɥ ɞɨɩɨɥɧɹɸɬ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɭɸ ɫɮɟɪɭ ɪɬɭɬɢ ɞɨ ɫɢɥɶɧɨ ɢɫɤɚɠɟɧɧɨɝɨ ɨɤɬɚɷɞɪɚ. Ʉɚɥɨɦɟɥɶ 

ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɭɥɟɦɵ ɪɬɭɬɶɸ ɢɥɢ ɫɟɪɧɢɫɬɵɦ ɝɚɡɨɦ: 

HgCl2 + Hg = Hg2Cl2 

2 HgCl2  + SO2 + 2 H2O  =   Hg2Cl2  + H2SO4  + 2 HCl. 

Ɋɬɭɬɶ(+1) ɨɛɪɚɡɭɟɬ ɤɨɦɩɥɟɤɫɵ ɥɢɲɶ ɫ ɚɡɨɬ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ 

ɧɢɡɤɨɣ ɨɫɧɨɜɧɨɫɬɢ, ɬɚɤɢɦɢ ɤɚɤ ɞɢɩɢɪɢɞɢɥ, ɩɢɪɢɞɢɧ. Ⱥɦɦɢɚɤ, ɚɦɢɧɵ, ɢɨɞɢɞ- 

ɢ ɮɬɨɪɢɞ-ɢɨɧɵ ɜɵɡɵɜɚɸɬ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɟ. 

ɋɨɟɞɢɧɟɧɢɹ ɪɬɭɬɢ(I) ɦɨɝɭɬ ɛɵɬɶ ɨɤɢɫɥɟɧɵ ɞɨ ɪɬɭɬɢ(+2): 

Hg2(NO3)2 + 4HNO3(ɤɨɧɰ) = 2Hg(NO3)2 + 2NO2 + 2H2O. 

Ɋɚɫɬɜɨɪ ɧɢɬɪɚɬɚ ɪɬɭɬɢ(I) ɦɟɞɥɟɧɧɨ ɨɤɢɫɥɹɟɬɫɹ ɞɚɠɟ ɤɢɫɥɨɪɨɞɨɦ 

ɜɨɡɞɭɯɚ, ɩɨɷɬɨɦɭ ɜɨ ɢɡɛɟɠɚɧɢɟ ɨɤɢɫɥɟɧɢɹ ɟɝɨ ɯɪɚɧɹɬ ɧɚɞ ɫɥɨɟɦ ɪɬɭɬɢ. 

ȼɨɫɫɬɚɧɨɜɢɬɟɥɢ, ɬɚɤɢɟ ɤɚɤ ɯɥɨɪɢɞ ɨɥɨɜɚ(II), ɢɥɢ ɛɨɥɟɟ ɚɤɬɢɜɧɵɟ, ɱɟɦ 

ɪɬɭɬɶ, ɦɟɬɚɥɥɵ, ɧɚɩɪɢɦɟɪ, ɦɟɞɶ ɜɵɞɟɥɹɸɬ ɢɡ ɫɨɥɟɣ Hg2
2+

 ɫɜɨɛɨɞɧɭɸ ɪɬɭɬɶ. 

ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɪɬɭɬɢ ɜ ɫɢɥɶɧɨɤɢɫɥɵɯ ɧɟɜɨɞɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɪɹɞɚ ɚɧɢɨɧɨɜ ɨɛɪɚɡɭɸɬɫɹ ɥɢɧɟɣɧɵɟ ɤɚɬɢɨɧɵ Hgn
2+

 ɢɡ ɫɜɹɡɚɧɧɵɯ 

ɦɟɠɞɭ ɫɨɛɨɣ ɚɬɨɦɨɜ ɪɬɭɬɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɞɪɨɛɧɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ. ɉɨ 

ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ n ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɜɟɳɟɫɬɜ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɦɟɬɚɥɥɢɱɟɫɤɢɦ, 

ɩɪɢɱɟɦ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɡɚɪɹɞɚ ɧɚ ɚɬɨɦɟ ɪɬɭɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 

ɪɚɫɫɬɨɹɧɢɹ Hg-Hg. Ɍɚɤ, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɪɚɫɬɜɨɪɨɦ ɜɵɫɲɟɝɨ ɮɬɨɪɢɞɚ 

ɦɵɲɶɹɤɚ ɜ ɠɢɞɤɨɦ ɫɟɪɧɢɫɬɨɦ ɝɚɡɟ ɪɬɭɬɶ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɡɨɥɨɬɢɫɬɭɸ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɦɚɫɫɭ ɢɡ ɤɪɢɫɬɚɥɥɨɜ Hg2.86AsF6. ȼ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɢ 



ɫɨɞɟɪɠɚɬɫɹ ɛɟɫɤɨɧɟɱɧɵɟ ɰɟɩɨɱɤɢ ɢɡ ɚɬɨɦɨɜ ɪɬɭɬɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ 

ɝɢɝɚɧɬɫɤɢɟ ɩɨɥɢɤɚɬɢɨɧɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɦɟɠɞɭ ɨɤɬɚɷɞɪɚɦɢ 

ɝɟɤɫɚɮɬɨɪɨɚɪɫɟɧɚɬɚ. ȼ ɫɟɪɟɛɪɢɫɬɵɯ ɤɪɢɫɬɚɥɥɚɯ Hg3NbF6 ɚɬɨɦɵ ɪɬɭɬɢ 

ɨɛɴɟɞɢɧɟɧɵ ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɵɟ ɫɥɨɢ (ɪɢɫ. 5). 

 

 

 

Ɋɢɫ. 1 Cɬɪɨɟɧɢɟ ɚɦɚɥɶɝɚɦɵ ɧɚɬɪɢɹ ɢ ɚɦɚɥɶɝɚɦɵ ɝɟɤɫɚɦɦɢɧɦɚɝɧɢɹ 

 

Ɋɢɫ. 2. ɋɬɪɨɟɧɢɟ ɤɚɪɤɚɫɧɨɝɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɩɨɥɢɦɟɪɚ ɧɚ ɨɫɧɨɜɟ 

ɨɤɫɨɚɰɟɬɚɬɚ ɰɢɧɤɚ 



 

Ɋɢɫ. 3. Ⱥɦɦɢɧɨ ɢ ɚɦɢɞɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɪɬɭɬɢ 
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Ɋɢɫ. 4 Ɉɛɪɚɡɨɜɚɧɢɟ ɤɥɚɫɬɟɪɚ Hg2
2+

 

 



 

 

Ɋɢɫ. 5. Ʉɥɚɫɬɟɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɪɬɭɬɢ 



Ƚɥаɜа 8. Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

 ȼ ɬɪɟɬɶɸ ɝɪɭɩɩɭ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨɦɢɦɨ ɫɤɚɧɞɢɹ, ɢɬɬɪɢɹ, ɥɚɧɬɚɧɚ 

ɢ ɚɤɬɢɧɢɹ ɜɯɨɞɹɬ ɞɜɚ ɫɟɦɟɣɫɬɜɚ f-ɷɥɟɦɟɧɬɨɜ – ɥɚɧɬɚɧɨɢɞɵ (4f-ɷɥɟɦɟɧɬɵ) ɢ 

ɚɤɬɢɧɨɢɞɵ (5f-ɷɥɟɦɟɧɬɵ). ɗɥɟɦɟɧɬ ɥɚɧɬɚɧ ɝɟɧɟɬɢɱɟɫɤɢ ɫɜɹɡɚɧ ɫ ɫɟɦɟɣɫɬɜɨɦ 

4f-ɷɥɟɦɟɧɬɨɜ, ɫɥɟɞɭɸɳɢɯ ɡɚ ɧɢɦ ɢ ɧɚɡɵɜɚɟɦɵɯ ɥɚɧɬɚɧɨɢɞɚɦɢ. Ɍɹɝɨɬɟɟɬ ɤ 

ɥɚɧɬɨɧɢɞɚɦ ɢ ɢɬɬɪɢɣ – ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɟɝɨ ɢɨɧɧɵɣ ɪɚɞɢɭɫ ɫɨɜɩɚɞɚɟɬ 

ɫ ɪɚɞɢɭɫɚɦɢ f-ɷɥɟɦɟɧɬɨɜ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɵ 4f-ɪɹɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɚɧɞɢɣ, 

ɢɬɬɪɢɣ, ɥɚɧɬɚɧ ɢ 14 ɥɚɧɬɚɧɨɢɞɨɜ ɫɯɨɞɧɵ ɩɨ ɫɜɨɣɫɬɜɚɦ, ɜ ɩɪɢɪɨɞɟ ɜɫɬɪɟɱɚɸɬɫɹ 

ɜɦɟɫɬɟ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɦɢɧɟɪɚɥɚɯ, ɚ ɪɚɡɞɟɥɟɧɢɟ ɢɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɟɪɶɟɡɧɭɸ ɩɪɨɛɥɟɦɭ. ȼɫɟ ɷɬɢ 17 ɷɥɟɦɟɧɬɨɜ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ 

ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ (ɊɁɗ). ɗɬɨ ɧɚɡɜɚɧɢɟ ɭɬɜɟɪɠɞɟɧɨ ɂɘɉȺɄ. 

 

1. Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 3 ɝɪɭɩɩɵ 

ɋɤɚɧɞɢɣ, ɢɬɬɪɢɣ ɢ ɥɚɧɬɚɧ ɨɬɧɨɫɹɬ ɤ d-ɷɥɟɦɟɧɬɚɦ: ɭ ɧɢɯ ɧɚɱɢɧɚɟɬɫɹ 

ɡɚɩɨɥɧɟɧɢɟ d-ɩɨɞɭɪɨɜɧɹ. əɜɥɹɹɫɶ ɩɨɥɧɵɦɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɚɧɚɥɨɝɚɦɢ ɫ 

ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ (n-1)d
1
ns

2
, d-ɷɥɟɦɟɧɬɵ ɬɪɟɬɶɟɣ ɝɪɭɩɩɵ ɢɦɟɸɬ 

ɦɧɨɝɨ ɨɛɳɟɝɨ ɜ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɞɥɹ ɧɢɯ ɜɵɫɲɚɹ 

ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɮɢɝɚɰɢɢ 

ɛɥɢɠɚɣɲɟɝɨ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɫ ɜɨɫɶɦɢɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɨɣ. ɗɬɨ ɨɛɴɹɫɧɹɟɬ 

ɦɨɧɨɬɨɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɚɬɨɦɧɵɯ ɢ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ, ɩɨɫɬɟɩɟɧɧɨɟ 

ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɬɪɟɬɶɟɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢɥɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɜ ɪɹɞɭ Al-Sc-Y-La, 

ɜɤɥɸɱɚɸɳɢɦ ɚɥɸɦɢɧɢɣ – ɪ-ɷɥɟɦɟɧɬ 13-ɣ ɝɪɭɩɩɵ. ɏɢɦɢɹ ɚɥɸɦɢɧɢɹ ɢ ɫɤɚɧɞɢɹ 

ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 ɢɦɟɸɬ ɦɧɨɝɨ ɨɛɳɟɝɨ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɧɢɡɲɢɟ 

ɝɚɥɨɝɟɧɢɞɵ ɷɥɟɦɟɧɬɨɵ 3 ɝɪɭɩɩɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɥɚɫɬɟɪɵ, ɩɨɞɨɛɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹɦ d-ɷɥɟɦɟɧɬɨɜ ɧɚɱɚɥɚ ɪɹɞɚ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɫɤɚɧɞɢɣ ɢ ɟɝɨ ɚɧɚɥɨɝɢ 

ɩɪɨɹɜɥɹɸɬ ɫɟɛɹ ɤɚɤ ɬɢɩɢɱɧɵɟ d-ɦɟɬɚɥɥɵ. ɇɚɥɢɱɢɟ ɜɚɤɚɧɬɧɨɝɨ d-ɩɨɞɭɪɨɜɧɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 



ɚɥɸɦɢɧɢɟɦ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ 

ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. 

ɀɟɫɬɤɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɨɛɨɥɨɱɤɚ ɢɨɧɨɜ M
3+

 ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɵɫɨɤɭɸ ɞɨɥɸ 

ɢɨɧɧɨɫɬɢ ɫɜɹɡɢ, ɤɨɬɨɪɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ. ɇɚɢɛɨɥɟɟ 

ɢɨɧɧɚɹ ɫɜɹɡɶ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɨɤɫɢɞɚɯ M2O3 ɢ ɮɬɨɪɢɞɚɯ Ɇɏ3. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɬɭɝɨɩɥɚɜɤɢɟ ɜɟɳɟɫɬɜɚ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. 

Ȼɨɥɶɲɨɣ ɪɚɞɢɭɫ ɚɬɨɦɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɵɫɨɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ. ȼ 

ɫɨɟɞɢɧɟɧɢɹɯ ɫɤɚɧɞɢɹ ɩɪɟɨɛɥɚɞɚɟɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ 6, ɬɢɩɢɱɧɨɟ ɞɥɹ 

ɦɟɬɚɥɥɨɜ 3d-ɪɹɞɚ. ɋɥɟɞɭɸɳɢɟ ɡɚ ɧɢɦ ɷɥɟɦɟɧɬɵ ɝɪɭɩɩɵ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ – 7, 8, 9. ɉɪɢɦɟɪɨɦ ɫɥɭɠɢɬ ɨɤɫɚɥɚɬɧɵɣ ɤɨɦɩɥɟɤɫ 

((CH3)2NH)[Y(C2O4)2(H2O)], ɩɨɥɭɱɟɧɧɵɣ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɦ ɫɢɧɬɟɡɨɦ. Ɉɧ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɩɨɥɢɦɟɪ, ɨɛɪɚɡɨɜɚɧɧɵɣ 

ɬɟɬɪɚɞɟɧɬɚɬɧɵɦɢ ɨɤɫɚɥɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɫɜɹɡɵɜɚɸɳɢɦɢ ɚɬɨɦɵ ɢɬɬɪɢɹ ɜ 

ɤɚɪɤɚɫ. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɢɬɬɪɢɹ ɜ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɢ ɪɚɜɧɨ 9, ɚ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɩɨɥɢɷɞɪ - ɬɪɟɯɲɚɩɨɱɧɚɹ ɬɪɢɝɨɧɚɥɶɧɚɹ ɩɪɢɡɦɚ.  

ɋɤɚɧɞɢɣ – ɬɢɩɢɱɧɵɣ ɪɚɫɫɟɹɧɧɵɣ ɷɥɟɦɟɧɬ. ɇɟɫɦɨɬɪɹ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɡɟɦɧɨɣ ɤɨɪɟ (ɟɝɨ ɜ 120 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɪɬɭɬɢ), ɨɧ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɫɢɥɢɤɚɬɚɯ ɢ ɮɨɫɮɚɬɚɯ, ɝɞɟ ɫɨɩɭɬɫɬɜɭɟɬ 

ɞɪɭɝɢɦ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ, ɚ ɬɚɤɠɟ ɰɢɪɤɨɧɢɸ ɢ ɝɚɮɧɢɸ. ɋɢɥɢɤɚɬ 

ɫɤɚɧɞɢɹ Sc2Si2O7 (ɦɢɧɟɪɚɥ ɬɨɪɬɜɟɣɬɢɬ) ɜ ɩɪɢɪɨɞɟ ɤɪɚɣɧɟ ɪɟɞɨɤ.  

ɂɬɬɪɢɣ ɢ ɥɚɧɬɚɧ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɪɢɪɨɞɟ ɜɦɟɫɬɟ ɫ ɥɚɧɬɚɧɢɞɚɦɢ. Ⱥɤɬɢɧɢɣ 

ɪɚɞɢɨɚɤɬɢɜɟɧ. ɗɬɨ ɨɞɢɧ ɢɡ ɧɚɢɦɟɧɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜ ɩɪɢɪɨɞɟ ɷɥɟɦɟɧɬɨɜ. 

Ɉɧ ɫɨɩɭɬɫɬɜɭɟɬ ɭɪɚɧɨɜɵɦ ɪɭɞɚɦ. 

 

2. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ ɢ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 3 ɝɪɭɩɩɵ 

ȼ ɱɢɫɬɨɦ ɜɢɞɟ ɫɤɚɧɞɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɟɝɤɢɣ ɫɟɪɟɛɪɢɫɬɵɣ ɦɟɬɚɥɥ ɫ 

ɯɚɪɚɤɬɟɪɧɵɦ ɠɟɥɬɵɦ ɨɬɥɢɜɨɦ, ɦɹɝɤɢɣ ɢ ɥɟɝɤɨ ɩɨɞɞɚɸɳɢɣɫɹ ɨɛɪɚɛɨɬɤɟ. 

ɂɬɬɪɢɣ, ɥɚɧɬɚɧ ɢ ɚɤɬɢɧɢɣ – ɦɹɝɤɢɟ ɦɟɬɚɥɥɵ ɫɜɟɬɥɨ-ɫɟɪɨɝɨ ɰɜɟɬɚ, ɧɚ ɜɨɡɞɭɯɟ 

ɩɨɫɬɟɩɟɧɧɨ ɩɨɤɪɵɜɚɸɳɢɣɫɹ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɨɣ. Ɉɫɨɛɟɧɧɨ ɛɵɫɬɪɨ ɨɤɢɫɥɹɸɬɫɹ 



ɥɚɧɬɚɧ ɢ ɚɤɬɢɧɢɣ – ɢɯ, ɩɨɞɨɛɧɨ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɦ ɦɟɬɚɥɥɚɦ, ɯɪɚɧɹɬ ɜ ɦɚɫɥɟ. 

ȼɫɥɟɞɫɬɜɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ ɚɤɬɢɧɢɣ ɫɜɟɬɢɬɫɹ ɜ ɬɟɦɧɨɬɟ ɯɚɪɚɤɬɟɪɧɵɦ 

ɝɨɥɭɛɵɦ ɰɜɟɬɨɦ. 

Ɍɚɛɥɢɰɚ 1. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ 3-ɣ ɝɪɭɩɩɵ 
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Эɥɟɤɬɪɨɧɧая 

 ɤɨɧɮɢɝɭɪаɰɢя 
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ɉɟɪɜая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

6.54 6.38 5.58 5.17 

ȼɬɨɪая ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

12.80 12.24 11.06 12.13 

Ɍɪɟɬɶя ɷɧɟɪɝɢя 

ɢɨɧɢɡаɰɢɢ, 

ɷȼ 

24.74 20.52 19.18 19.70 

Эɥɟɤɬɪɨɨɬɪɢɰаɬɟɥɶɧɨɫɬɶ 

(Ɉɥɥɪɟɞ-Ɋɨɯɨɜ) 

1.20 1.11 1.08 1.00 

ɋɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢя 3 3 3 3 

Ɍɟɦɩɟɪаɬɭɪа 

 ɩɥаɜɥɟɧɢя. 

°C 

1541 1528 920 1227 

E
0
 (М3+

 / М0), ȼ -2.03 -2.37 -2.38 -2.13 

 

 Ʉɚɠɞɵɣ ɢɡ ɦɟɬɚɥɥɨɜ ɬɪɟɬɶɟɣ ɝɪɭɩɩɵ ɢɦɟɟɬ ɩɨ ɧɟɫɤɨɥɶɤɨ ɩɨɥɢɦɨɪɮɧɵɯ 

ɦɨɞɢɮɢɤɚɰɢɣ. ɉɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɫɤɚɧɞɢɣ, ɢɬɬɪɢɣ ɢ ɥɚɧɬɚɧ ɨɛɪɚɡɭɸɬ 

ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɩɥɨɬɧɟɣɲɭɸ ɭɩɚɤɨɜɤɭ, ɚ ɚɤɬɢɧɢɣ – ɤɭɛɢɱɟɫɤɭɸ. 



 Ɇɟɬɚɥɥɵ ɬɪɟɬɶɟɣ ɝɪɭɩɩɵ, ɩɨɞɨɛɧɨ ɚɥɸɦɢɧɢɸ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 

ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɤ ɚɤɬɢɧɢɸ. 

Ɋɟɚɤɰɢɢ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɝɚɥɨɝɟɧɚɦɢ, ɫɟɪɨɣ ɩɪɢɜɨɞɹɬ ɤ ɫɨɟɞɢɧɟɧɢɹɦ ɜ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ +3. Ɇɧɨɝɢɟ ɧɢɬɪɢɞɵ ɢ ɮɨɫɮɢɞɵ ɦɟɬɚɥɥɨɜ 3 ɝɪɭɩɩɵ (ScN, LaP) 

ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ ɝɚɥɢɬɚ. ɋɤɚɧɞɢɣ ɭɫɬɨɣɱɢɜ ɜ ɜɨɞɟ ɢ ɦɟɞɥɟɧɧɨ ɩɟɪɟɯɨɞɢɬ ɜ 

ɪɚɫɬɜɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɢɫɥɨɬ. Ɉɧ ɦɟɞɥɟɧɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɢ ɜ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɳɟɥɨɱɚɯ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɫɤɚɧɞɢɚɬɨɜ: 

2Sc + 6NaOH + 6H2O = 2Na3[Sc(OH)6] + 3H2 

ɂɬɬɪɢɣ ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɜ ɤɢɩɹɳɟɣ ɜɨɞɟ ɢ ɛɵɫɬɪɨ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ, ɚ ɞɪɭɝɢɟ ɦɟɬɚɥɥɵ ɜɵɬɟɫɧɹɸɬ ɜɨɞɨɪɨɞ ɢɡ ɜɨɞɵ ɭɠɟ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ: 

2La + 6H2O = 2La(OH)3 + 3H2 

ɋɤɚɧɞɢɣ ɜɵɞɟɥɹɸɬ ɢɡ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜ ɬɢɬɚɧɚ, ɰɢɪɤɨɧɢɹ, 

ɜɨɥɶɮɪɚɦɚ, ɨɥɨɜɚ, ɭɪɚɧɚ. ɉɨɫɥɟ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɫɤɚɧɞɢɣ 

ɨɫɚɠɞɚɸɬ ɢɡ ɪɚɫɬɜɨɪɚ ɨɤɫɚɥɚɬɨɦ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɫɢ ɞɪɭɝɢɯ 

ɦɟɬɚɥɥɨɜ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɱɢɫɬɤɢ ɟɝɨ ɜɫɤɪɵɜɚɸɬ ɤɢɫɥɨɬɨɣ ɢ ɜɧɨɜɶ ɨɫɚɠɞɚɸɬ 

ɜ ɜɢɞɟ ɮɬɨɪɢɞɚ: 

Sc2(C2O4)3 + 6HCl + 6NaF = 2ScF3 + 6NaCl + 3H2C2O4 

Ɇɟɬɚɥɥ ɩɨɥɭɱɚɸɬ ɦɟɬɚɥɥɨɬɟɪɦɢɱɟɫɤɢ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ: 

2ScF3 + 3Ca = 3CaF2 + 2Sc.  

Ɇɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɤɚɧɞɢɹ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 50 ɤɝ ɜ ɝɨɞ, ɱɬɨ 

ɨɛɴɹɫɧɹɟɬ ɢ ɜɵɫɨɤɭɸ ɰɟɧɭ ɧɚ ɦɟɬɚɥɥ: ɨɧ ɞɨɪɨɠɟ ɡɨɥɨɬɚ. ɋɤɚɧɞɢɣ ɢɫɩɨɥɶɡɭɸɬ 

ɜ ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɜ ɦɚɝɧɢɟɜɵɯ ɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɚɯ. 

ɋɨɞɟɪɠɚɳɢɟ ɟɝɨ ɫɦɟɲɚɧɧɵɟ ɨɤɫɢɞɵ – ɝɪɚɧɚɬɵ – ɩɪɢɦɟɧɹɸɬ ɜ ɥɚɡɟɪɧɨɣ 

ɬɟɯɧɢɤɟ. 

 Ɉɤɫɢɞ ɫɤɚɧɞɢɹ(III) – ɛɟɥɵɣ ɬɭɝɨɩɥɚɜɤɢɣ ɩɨɪɨɲɨɤ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ, ɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫ ɤɨɧɰɟɧɬɪɨɜɚɧɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ 

ɤɢɫɥɨɬ ɢ ɪɚɫɩɥɚɜɚɦɢ ɳɟɥɨɱɟɣ. ɉɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɫ ɤɢɫɥɨɬɚɦɢ ɹɜɥɹɸɬɫɹ 



ɫɨɥɢ, ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɟɫɹ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ ɜɢɞɟ ɝɢɞɪɚɬɨɜ. ɂɨɧ Sc
3+

, 

ɩɨɞɨɛɧɨ ɢɨɧɚɦ ɚɥɸɦɢɧɢɹ ɢ ɝɚɥɥɢɹ, ɚ ɬɚɤɠɟ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ 3d-ɪɹɞɚ, 

ɩɪɢɫɭɫɬɜɭɟɬ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜ ɮɨɪɦɟ ɝɟɤɫɚɚɤɜɚɢɨɧɨɜ [Sc(H2O)6]
3+

. 

Ȼɥɚɝɨɞɚɪɹ ɦɟɧɶɲɟɦɭ ɪɚɞɢɭɫɭ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ, ɨɧ 

ɝɢɞɪɨɥɢɡɨɜɚɧ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɢɨɧɵ ɊɁɗ. ɂɦɟɧɧɨ ɷɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɬɨɬ 

ɮɚɤɬ, ɱɬɨ ɢɡ ɪɚɫɬɜɨɪɨɜ ɱɚɫɬɨ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɨɫɧɨɜɧɵɟ ɫɨɥɢ. ɉɪɢ ɞɟɣɫɬɜɢɢ 

ɧɚ ɫɨɥɢ ɫɤɚɧɞɢɹ ɳɟɥɨɱɟɣ ɢɥɢ ɚɦɦɢɚɤɚ ɜɵɩɚɞɚɟɬ ɛɟɥɵɣ ɚɦɨɪɮɧɵɣ 

ɫɬɭɞɟɧɢɫɬɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ Sc(OH)3, ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɫɬɚɧɨɜɹɳɢɣɫɹ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ. Ɉɧ ɪɚɫɬɜɨɪɢɦ ɜ ɳɟɥɨɱɚɯ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɝɢɞɪɨɤɫɨɫɤɚɧɞɢɚɬɨɜ, ɧɚɩɪɢɦɟɪ, K3[Sc(OH)6]. ɋɩɥɚɜɥɟɧɢɟ ɨɤɫɢɞɚ ɫɤɚɧɞɢɹ ɫ 

ɳɟɥɨɱɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɫɤɚɧɞɢɚɬɚɦ: NaScO2, CaSc2O4. Ɉɤɫɢɞ ɢ ɝɢɞɪɨɤɫɢɞ 

ɫɤɚɧɞɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɦɮɨɬɟɪɧɵ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ Sc(OH)3 ɩɟɪɟɯɨɞɢɬ ɜ 

ɨɤɫɨɝɢɞɪɨɤɫɢɞ ScOOH (ɩɨɞɨɛɧɨ ɚɧɚɥɨɝɢɱɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɚɥɸɦɢɧɢɹ, 

ɫɭɳɟɫɬɜɭɸɳɟɦɭ ɜ ɜɢɞɟ ɞɜɭɯ ɮɨɪɦ (α- ɢ β-)), ɚ ɡɚɬɟɦ ɜ ɨɤɫɢɞ Sc2O3. 

 Ƚɢɞɪɨɤɫɢɞɵ ɢɬɬɪɢɹ, ɥɚɧɬɚɧɚ ɢ ɚɤɬɢɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɟɥɵɟ ɩɨɪɨɲɤɢ, 

ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɤɚɧɞɢɹ, ɨɧɢ ɧɟ 

ɩɪɨɹɜɥɹɸɬ ɚɦɮɨɬɟɪɧɨɫɬɢ. ɋɢɥɚ ɝɢɞɪɨɤɫɢɞɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɬɟɬ ɜɧɢɡ ɩɨ 

ɝɪɭɩɩɟ (pKb La(OH)3  3,3), ɜɨɡɪɚɫɬɚɟɬ ɢ ɪɇ ɢɯ ɨɫɚɠɞɟɧɢɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ 

(4,9 – Sc, 6,8 – Y, 7,9 La, 10 – Ac).  

 ɏɢɦɢɹ ɫɤɚɧɞɢɹ(III) ɜɨ ɦɧɨɝɨɦ ɧɚɩɨɦɢɧɚɟɬ ɯɢɦɢɸ ɚɥɸɦɢɧɢɹ – ɷɬɨ 

ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɪɚɫɬɜɨɪɢɦɨɫɬɹɯ ɫɨɥɟɣ, ɫɤɥɨɧɧɨɫɬɢ ɤ ɝɢɞɪɨɥɢɡɭ, ɫɩɨɫɨɛɚɦ 

ɩɨɥɭɱɟɧɢɹ ɛɟɡɜɨɞɧɵɯ ɝɚɥɨɝɟɧɢɞɨɜ. Ɉɞɧɚɤɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɥɸɦɢɧɢɹ ɫɤɚɧɞɢɣ 

ɨɛɪɚɡɭɟɬ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɟ ɤɨɦɩɥɟɤɫɵ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ 

ɤɢɫɥɨɪɨɞɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ. Ɍɚɤ, ɨɛɴɟɦɢɫɬɵɣ ɛɟɥɵɣ ɨɫɚɞɨɤ ɨɫɧɨɜɧɨɝɨ 

ɤɪɚɛɨɧɚɬɚ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪ ɫɨɥɢ ɫɤɚɧɞɢɹ ɤɚɪɛɨɧɚɬɨɦ 

ɧɚɬɪɢɹ ɜ ɢɡɛɵɬɤɟ ɪɟɚɝɟɧɬɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ, ɜ 

ɤɨɬɨɪɵɯ ɚɬɨɦ ɦɟɬɚɥɥɚ ɨɤɪɭɠɟɧ ɱɟɬɵɪɶɫɹ ɛɢɞɟɧɬɚɬɧɵɦɢ ɤɚɪɛɨɧɚɬɧɵɦɢ 

ɝɪɭɩɩɚɦɢ: 

2ScCl3 + 3Na2CO3 + H2O = 2Sc(OH)CO3 + CO2 + 6NaCl 



Sc(OH)CO3 + 3Na2CO3 = Na5[Sc(CO3)4] + NaOH 

 ȼ ɷɬɨɦ ɤɨɦɩɥɟɤɫɟ ɫɤɚɧɞɢɣ ɢɦɟɟɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɜɨɫɟɦɶ, ɱɬɨ ɞɥɹ 

ɚɥɸɦɢɧɢɹ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɜɨɡɦɨɠɧɨ. Ʉɚɤ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɶ 

ɫɤɚɧɞɢɣ(III) ɛɥɚɝɨɞɚɪɹ ɧɢɡɤɨɦɭ ɪɚɞɢɭɫɭ ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ 

ɷɥɟɦɟɧɬɵ. ɋɩɨɫɨɛɧɨɫɬɶ ɤ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɩɨɧɢɠɚɟɬɫɹ ɜɧɢɡ ɩɨ ɝɪɭɩɩɟ.  

ɋɨɥɢ ɢɬɬɪɢɹ ɢ ɥɚɧɬɚɧɚ ɛɟɫɰɜɟɬɧɵ ɢ ɩɨ ɫɜɨɣɫɬɜɚɦ ɛɥɢɡɤɢ ɤ ɫɨɥɹɦ 

ɥɚɧɬɚɧɨɢɞɨɜ. ɋɨɥɢ ɫɢɥɶɧɵɯ ɤɢɫɥɨɪɨɞɧɵɯ ɤɢɫɥɨɬ ɢ ɝɚɥɨɝɟɧɢɞɵ (ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɮɬɨɪɢɞɨɜ) ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɚ ɮɬɨɪɢɞɵ, ɮɨɫɮɚɬɵ, 

ɤɚɪɛɨɧɚɬɵ ɨɛɪɚɡɭɸɬ ɨɫɚɞɤɢ. 

ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɝɚɥɨɝɟɧɢɞɨɜ 3 ɝɪɭɩɩɵ ɨɛɪɚɡɭɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ, 

ɢɦɟɸɳɢɟ ɤɥɚɫɬɟɪɧɨɟ ɫɬɪɨɟɧɢɟ. Ɇɨɧɨɯɥɨɪɢɞɵ ɆCl ɢɦɟɟɬ ɫɥɨɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, 

ɢɡɜɟɫɬɧɵ ɬɚɤɠɟ M2Cl3, M2Br3, ɫɨɫɬɨɹɳɢɟ ɢɡ ɰɟɩɟɣ ɨɤɬɚɷɞɪɨɜ M6X8, 

ɫɨɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ. ȼɫɟ ɷɬɢ ɜɟɳɟɫɬɜɚ ɪɚɡɥɚɝɚɸɬ ɜɨɞɭ, ɜɵɞɟɥɹɹ ɢɡ 

ɧɟɟ ɜɨɞɨɪɨɞ. 

 

3. Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɥɚɧɬɚɧɨɢɞɨɜ 

 ȼ ɚɬɨɦɚɯ f-ɷɥɟɦɟɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɨɥɧɟɧɢɟ ɷɥɟɤɬɪɨɧɚɦɢ f-

ɩɨɞɭɪɨɜɧɹ. Ɍɚɤ, 4f-ɩɨɞɭɪɨɜɟɧɶ ɡɚɩɨɥɧɹɟɬɫɹ ɭ 14 ɷɥɟɦɟɧɬɨɜ, ɫɥɟɞɭɸɳɢɯ ɡɚ 

ɥɚɧɬɚɧɨɦ (Ce - Lu).  ɂɯ ɧɚɡɵɜɚɸɬ 4f-ɷɥɟɦɟɧɬɚɦɢ, ɢɥɢ ɥɚɧɬɚɧɨɢɞɚɦɢ (Ln). 

ɗɥɟɦɟɧɬɵ-ɥɚɧɬɚɧɨɢɞɵ, ɤɚɤ ɢ d-ɷɥɟɦɟɧɬɵ 3 – 12 ɝɪɭɩɩ, ɨɬɧɨɫɹɬ ɤ ɩɟɪɟɯɨɞɧɵɦ 

ɦɟɬɚɥɥɚɦ. ȼ ɚɧɝɥɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɧɹɬ ɬɟɪɦɢɧ «ɜɧɭɬɪɟɧɧɢɟ» (inner) 

ɩɟɪɟɯɨɞɧɵɟ ɷɥɟɦɟɧɬɵ, ɨɡɧɚɱɚɸɳɢɣ, ɱɬɨ ɜɚɥɟɧɬɧɵɣ ɷɥɟɤɬɪɨɧ ɧɚɯɨɞɢɬɫɹ ɧɚ f-

ɨɪɛɢɬɚɥɢ ɩɪɟɞɩɪɟɞɜɧɟɲɧɟɝɨ ɫɥɨɹ. Ɉɫɨɛɟɧɧɨɫɬɶ ɫɬɪɨɟɧɢɹ ɚɬɨɦɨɜ ɷɬɢɯ 

ɷɥɟɦɟɧɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɜ ɤɨɬɨɪɵɯ ɨɧɢ 

ɧɚɯɨɞɹɬɫɹ ɜ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ, d-ɷɥɟɤɬɪɨɧɵ ɨɬɫɭɬɫɬɜɭɸɬ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɢɯ ɯɢɦɢɸ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɫɜɨɣɫɬɜɚ ɷɬɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɬɢɩɢɱɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. 

Ʌɢɲɶ ɜ ɫɥɭɱɚɟ ɩɟɪɜɨɝɨ ɢɡ ɥɚɧɬɚɧɨɢɞɨɜ – ɰɟɪɢɹ – 5d-ɨɪɛɢɬɚɥɢ, ɛɥɢɡɤɢɟ ɩɨ 



ɷɧɟɪɝɢɢ ɤ 4f-ɩɨɞɭɪɨɜɧɸ, ɩɪɢɧɢɦɚɸɬ ɡɚɦɟɬɧɨɟ ɭɱɚɫɬɢɟ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɫɜɹɡɟɣ. 

ɗɬɨ ɩɪɢɛɥɢɠɚɟɬ ɯɢɦɢɸ ɰɟɪɢɹ ɤ d-ɩɟɪɟɯɨɞɧɵɦ ɦɟɬɚɥɥɚɦ. 

 Ʉɨɝɞɚ ɫɬɚɥɢ ɪɚɡɜɢɜɚɬɶɫɹ ɦɟɬɨɞɵ ɪɚɡɞɟɥɟɧɢɹ ɪɟɞɤɨɟɡɟɦɟɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ, ɡɚɦɟɬɢɥɢ, ɱɬɨ ɩɨ ɫɜɨɣɫɬɜɚɦ ɥɟɝɤɢɟ ɥɚɧɬɚɧɢɞɵ ɬɹɝɨɬɟɸɬ ɤ ɥɚɧɬɚɧɭ, 

ɚ ɬɹɠɟɥɵɟ - ɤ ɢɬɬɪɢɸ. ɇɚ ɷɬɨɦ ɨɫɧɨɜɚɧɨ ɜɫɬɪɟɱɚɸɳɟɟɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ 

ɨɬɧɟɫɟɧɢɟ ɥɚɧɬɚɧɚ, ɚ ɬɚɤɠɟ ɩɟɪɜɵɯ ɲɟɫɬɢ ɥɚɧɬɚɧɢɞɨɜ (Ce - Eu) ɤ цɟɪɢɟɜɨɣ 

ɩɨɞɝɪɭɩɩɟ, ɚ ɢɬɬɪɢɹ ɢ “ɬɹɠɟɥɵɯ” ɥɚɧɬɚɧɢɞɨɜ (Gd - Lu) - ɤ ɢɬɬɪɢɟɜɨɣ 

ɩɨɞɝɪɭɩɩɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɬɬɪɢɣ ɨɤɚɡɵɜɚɟɬɫɹ ɛɥɢɠɟ ɩɨ ɫɜɨɣɫɬɜɚɦ ɤ 

ɷɥɟɦɟɧɬɚɦ, ɫɬɨɹɳɢɦ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ ɪɟɞɤɨɡɟɦɟɥɶɧɨɝɨ ɪɹɞɚ. Ɉɞɧɚɤɨ 

ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɫɜɨɣɫɬɜɚɦɢ ɷɥɟɦɟɧɬɨɜ ɢɬɬɪɢɟɜɨɣ ɢ ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩ ɧɟ 

ɨɱɟɧɶ ɫɭɳɟɫɬɜɟɧɧɵ. ȼ ɰɟɥɨɦ, ɥɚɧɬɚɧɨɢɞɵ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ 

ɫɟɦɟɣɫɬɜɨ ɢɡ 14 ɷɥɟɦɟɧɬɨɜ ɫ ɧɟɨɛɵɱɚɣɧɨ ɛɥɢɡɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

ɍ ɩɟɪɜɨɝɨ ɢɡ ɥɚɧɬɚɧɨɢɞɨɜ – ɰɟɪɢɹ – ɜ ɧɟɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɟɳɟ 

ɫɨɯɪɚɧɹɟɬɫɹ ɨɞɢɧ d-ɷɥɟɤɬɪɨɧ, ɚ, ɧɚɱɢɧɚɹ ɫ ɩɪɚɡɟɨɞɢɦɚ, 5d-ɩɨɞɭɪɨɜɟɧɶ ɨɫɬɚɟɬɫɹ 

ɜɚɤɚɧɬɧɵɦ, ɩɪɢɱɟɦ ɱɢɫɥɨ f-ɷɥɟɤɬɪɨɧɨɜ ɭ ɷɥɟɦɟɧɬɨɜ ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ 

ɜɨɡɪɚɫɬɚɟɬ ɨɬ 1 (Ce) ɞɨ 7 (Eu).  ɉɨɜɵɲɟɧɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɩɨɥɨɜɢɧɭ 

ɡɚɩɨɥɧɟɧɧɨɝɨ ɩɨɞɭɪɨɜɧɹ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɭ ɚɬɨɦɚ ɫɥɟɞɭɸɳɟɝɨ ɡɚ 

ɟɜɪɨɩɢɟɦ ɝɚɞɨɥɢɧɢɹ (Gd) ɫɨɯɪɚɧɹɟɬɫɹ f
7
-ɤɨɧɮɢɝɭɪɚɰɢɹ, ɚ ɧɨɜɵɣ ɷɥɟɤɬɪɨɧ 

ɩɟɪɟɯɨɞɢɬ ɧɚ 5d-ɩɨɞɭɪɨɜɟɧɶ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɭ ɰɟɪɢɹ. ɇɚɱɢɧɚɹ ɫ ɬɟɪɛɢɹ 5d-

ɩɨɞɭɪɨɜɟɧɶ ɜɧɨɜɶ ɫɬɚɧɨɜɢɬɫɹ ɜɚɤɚɧɬɧɵɦ, ɚ ɱɢɫɥɨ f-ɷɥɟɤɬɪɨɧɨɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 7 ɞɨ 14 (Yb). ȼ ɚɬɨɦɟ ɩɨɫɥɟɞɧɟɝɨ ɢɡ 

ɥɚɧɬɚɧɢɞɨɜ, ɥɸɬɟɰɢɹ (Lu), ɷɥɟɤɬɪɨɧ ɜɧɨɜɶ ɢɞɟɬ ɧɚ ɡɚɩɨɥɧɟɧɢɟ 5d-ɩɨɞɭɪɨɜɧɹ: 

ɝɚɞɨɥɢɧɢɣ ɢ ɥɸɬɟɰɢɣ ɜ ɧɟɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɭɠɟ ɧɟ ɹɜɥɹɸɬɫɹ f-

ɷɥɟɦɟɧɬɚɦɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɬɨɪɚɹ ɩɨɥɨɜɢɧɚ ɫɟɦɟɣɫɬɜɚ ɥɚɧɬɚɧɨɢɞɨɜ (Tb - Lu) ɜ 

ɡɚɩɨɥɧɟɧɢɢ ɷɥɟɤɬɪɨɧɚɦɢ f-ɩɨɞɭɪɨɜɧɹ ɤɚɤ ɛɵ ɩɨɜɬɨɪɹɟɬ ɩɟɪɜɭɸ (Ce- Gd). 

Ɍɚɛɥɢɰɚ 2. ɋɜɨɣɫɬɜɚ ɥɚɧɬɚɧɚ ɢ ɥɚɧɬɚɧɨɢɞɨɜ 

Z ɇɚɡɜɚɧɢɟ ɋɢɦɜɨɥɗɥɟɤɬɪɨɧɧɚɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ

Ɇɟɬɚɥɥ. 

Ɋɚɞɢɭɫ, ɩɦ

ɂɨɧɧɵɣ 

ɪɚɞɢɭɫ Ɇ

ȿ0
 (Ɇ3+/Ɇ),

ȼ 

Ɉɤɪɚɫɤɚ 

Ln
3+ 



ɩɦ 

57 Ʌɚɧɬɚɧ La 5d
1
6s

2 
920 187 106 -2.52 Ȼɟɫɰɜ. 

58 ɐɟɪɢɣ Ce 4f
1
5d

1
6s

2
 804 183 103 -2.48 Ȼɟɫɰɜ. 

59 ɉɪɚɡɟɨɞɢɦ Pr 4f
3
6s

2
 932 182 101 -2.46 Ɂɟɥɟɧ. 

60 ɇɟɨɞɢɦ Nd 4f
4
6s

2
 1016 181 100 -2.43 Ɏɢɨɥ. 

61 ɉɪɨɦɟɬɢɣ Pm 4f
5
6s

2
 1170 - 98 -2.42 ɀёɥɬ. 

62 ɋɚɦɚɪɢɣ Sm 4f
6
6s

2
 1072 179 96 -2.41 ɀёɥɬ. 

63 ȿɜɪɨɩɢɣ Eu 4f
7
6s

2
 826 204 95 -2.41 Ȼɥ.-ɪɨɡɨɜ. 

64 Ƚɚɞɨɥɢɧɢɣ Gd 4f
7
5d

1
6s

2
 1312 180 94 -2.40 Ȼɟɫɰɜ. 

65 Ɍɟɪɛɢɣ Tb 4f
9
6s

2
 1357 178 92 -2.39 Ȼɥɟɞ.-ɪɨɡɨɜ. 

66 Ⱦɢɫɩɪɨɡɢɣ Dy 4f
10

6s
2
 1409 177 91 -2.35 ɀёɥɬ. 

67 Ƚɨɥɶɦɢɣ Ho 4f
11

6s
2
 1470 176 89 -2.32 ɀёɥɬ. 

68 ɗɪɛɢɣ Er 4f
12

6s
2
 1520 175 88 -2.30 Ɋɨɡɨɜ. 

69 Ɍɭɥɢɣ Tm 4f
13

6s
2
 1545 174 87 -2.28 Ȼɥ.-ɡɟɥёɧ. 

70 ɂɬɬɟɪɛɢɣ Yb 4f
14

6s
2
 824 194 86 -2.27 Ȼɟɫɰɜ. 

71 Ʌɸɬɟɰɢɣ Lu 4f
14

5d
1
6s

2
 1660 174 85 -2.26 Ȼɟɫɰɜ. 

 

Ⱦɥɹ ɜɫɟɯ ɛɟɡ ɢɫɤɥɸɱɟɧɢɹ ɥɚɧɬɚɧɨɢɞɨɜ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ +3, ɪɟɚɥɢɡɭɟɦɚɹ ɩɭɬɟɦ ɩɟɪɟɯɨɞɚ ɨɞɧɨɝɨ f-ɷɥɟɤɬɪɨɧɚ ɧɚ d-

ɩɨɞɭɪɨɜɟɧɶ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɬɟɪɟɣ ɬɪɟɯ ɷɥɟɤɬɪɨɧɨɜ (d1
s

2). Ɉɫɬɚɥɶɧɵɟ f-

ɷɥɟɤɬɪɨɧɵ ɧɚɯɨɞɹɬɫɹ ɩɨɞ ɷɤɪɚɧɨɦ ɜɧɟɲɧɟɝɨ ɢ ɩɪɟɞɜɧɟɲɧɟɝɨ ɫɥɨɹ ɢ ɩɨɷɬɨɦɭ 

ɫɥɚɛɨ ɜɥɢɹɸɬ ɧɚ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɨɛɭɫɥɚɜɥɢɜɚɹ ɯɢɦɢɱɟɫɤɨɟ ɫɯɨɞɫɬɜɨ 

ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ.  

ɇɟɤɨɬɨɪɵɟ ɥɚɧɬɚɧɨɢɞɵ ɩɪɨɹɜɥɹɸɬ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, ɨɬɥɢɱɧɵɟ ɨɬ +3. 

ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɬɟɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɜɦɟɫɬɟ 

ɫ ɩɨɬɟɪɟɣ ɱɟɬɜɟɪɬɨɝɨ ɷɥɟɤɬɪɨɧɚ ɩɪɢɨɛɪɟɬɚɸɬ ɭɫɬɨɣɱɢɜɭɸ ɷɥɟɤɬɪɨɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ (ɬɨ ɟɫɬɶ f
0
, f

7
, f

14) ɢɥɢ ɛɥɢɡɤɭɸ ɤ ɧɟɣ. ɗɬɨ ɰɟɪɢɣ (Ce
+4

, f
0) ɢ 

ɬɟɪɛɢɣ (Tb
+4

, f
7), ɪɟɠɟ - ɩɪɚɡɟɨɞɢɦ (Pr

+4
, f

1), ɞɢɫɩɪɨɡɢɣ (Dy
+4

, f
8), ɝɨɥɶɦɢɣ 

(Ho
+4

, f
9) ɢ ɬɭɥɢɣ (Tm

+4
, f

13). ȼ ɯɢɦɢɹ ɰɟɪɢɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɢɝɪɚɟɬ 

ɜɚɠɧɭɸ ɪɨɥɶ. ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2 ɨɫɨɛɟɧɧɨ ɭɫɬɨɣɱɢɜɚ ɭ ɟɜɪɨɩɢɹ (Eu
+2

, f
7
), 



ɫɚɦɚɪɢɹ (Sm
2+

, f
6) ɢ ɢɬɬɟɪɛɢɹ (Yb

+2
, f

14), ɯɨɬɹ ɢɡɜɟɫɬɧɚ ɢ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ 

ɥɚɧɬɚɧɨɢɞɨɜ.  

 ɉɪɨɰɟɫɫ ɨɪɛɢɬɚɥɶɧɨɝɨ ɫɠɚɬɢɹ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ 

ɚɬɨɦɧɵɯ ɢ ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ ɥɚɧɬɚɧɢɨɞɨɜ ɧɚ 0.021 ɧɦ. Ɉɧ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦ, ɱɬɨ 

ɚɬɨɦɵ ɫɥɟɞɭɸɳɢɯ ɡɚ ɥɚɧɬɚɧɨɢɞɚɦɢ 5d-ɩɟɪɟɯɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ ɱɟɬɜɟɪɬɨɣ 

(ɝɚɮɧɢɣ) ɢ ɩɹɬɨɣ (ɬɚɧɬɚɥ) ɝɪɭɩɩ ɨɤɚɡɵɜɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɵɦɢ ɪɚɞɢɭɫɚɦ 

ɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɚɧɚɥɨɝɨɜ ɢɡ ɩɹɬɨɝɨ ɩɟɪɢɨɞɚ – ɰɢɪɤɨɧɢɹ ɢ ɧɢɨɛɢɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɯɢɦɢɹ ɬɹɠɟɥɵɯ 4d- ɢ 5d-ɦɟɬɚɥɥɨɜ ɢɦɟɟɬ ɦɧɨɝɨ ɨɛɳɟɝɨ. 

Ⱦɪɭɝɢɦ ɫɥɟɞɫɬɜɢɟɦ f-ɫɠɚɬɢɹ ɹɜɥɹɟɬɫɹ ɛɥɢɡɨɫɬɶ ɢɨɧɧɨɝɨ ɪɚɞɢɭɫɚ ɢɬɬɪɢɹ 

ɪɚɞɢɭɫɚɦ ɬɹɠɟɥɵɯ f-ɷɥɟɦɟɧɬɨɜ – ɞɢɫɩɪɨɡɢɹ, ɝɨɥɶɦɢɹ ɢ ɷɪɛɢɹ. 

 ɍɫɬɨɣɱɢɜɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɢ ɩɨɜɵɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ 

ɷɥɟɤɬɪɨɧɨɜ, ɤɨɬɨɪɵɟ ɧɚ ɧɟɣ ɧɚɯɨɞɹɬɫɹ. ɋ ɷɬɢɦ ɫɜɹɡɚɧɚ ɨɛɳɚɹ ɬɟɧɞɟɧɰɢɹ ɤ 

ɪɨɫɬɭ ɩɟɪɜɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢɨɧɢɡɚɰɢɢ ɩɨ ɪɹɞɭ 4f-ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ, ɬɚɤɨɟ 

ɢɡɦɟɧɟɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ ɦɨɧɨɬɨɧɧɵɦ. Ɇɚɤɫɢɦɭɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɚɤɚɧɬɧɨɦɭ 

(f
0), ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɟɧɧɨɦɭ (f7) ɢ ɡɚɜɟɪɲɟɧɧɨɦɭ (f14

) 4f-ɩɨɞɭɪɨɜɧɸ, 

ɨɛɥɚɞɚɸɳɟɦɭ ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ. ɋɯɨɞɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɸɬɫɹ 

ɜɬɨɪɚɹ I2 ɢ ɬɪɟɬɶɹ I3 ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ.  

Ⱦɨɥɹ ɭɱɚɫɬɢɹ 4f-ɨɪɛɢɬɚɥɟɣ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ 

ɦɚɤɫɢɦɚɥɶɧɚ ɭ ɷɥɟɦɟɧɬɨɜ ɧɚɱɚɥɚ ɪɹɞɚ ɢ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 

ɧɟɨɞɢɦɚ (z=60) ɤ ɩɪɨɦɟɬɢɸ (z=61). Ɍɚɤ, ɭɠɟ ɜ ɚɬɨɦɟ ɝɚɞɨɥɢɧɢɹ 4f-ɨɪɛɢɬɚɥɢ 

ɹɜɥɹɸɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɲɶ ɭ ɰɟɪɢɹ ɢ ɜ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ 

ɩɪɚɡɟɨɞɢɦɚ f-ɨɪɛɢɬɚɥɢ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɭɱɚɫɬɜɭɸɬ 

ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɯɢɦɢɢ ɰɟɪɢɹ ɜɚɠɧɭɸ 

ɪɨɥɶ ɢɝɪɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɚɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɠɞɭ 

ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ +3 ɢ +4 – ɷɬɨ ɪɨɞɧɢɬ ɟɝɨ ɫ d-ɦɟɬɚɥɥɚɦɢ ɢ 

ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬ ɨɬ ɞɪɭɝɢɯ ɥɚɧɬɚɧɨɢɞɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɚɧɬɚɧɨɢɞɵ ɨɛɪɚɡɭɸɬ 

ɫɨɟɞɢɧɟɧɢɹ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɨɧɧɵɦ ɬɢɩɨɦ ɫɜɹɡɢ (ɚɧɚɥɨɝɢɱɧɨ 

ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ).  



 Ⱥɬɨɦɚɦ ɥɚɧɬɚɧɨɢɞɨɜ ɫɜɨɣɫɬɜɟɧɧɵ ɜɵɫɨɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ – 

ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬ ɫɟɦɢ ɞɨ ɞɜɟɧɚɞɰɚɬɢ. ɂɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɨɠɧɵɟ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɩɨɥɢɷɞɪɵ – ɨɤɬɚɷɞɪ ɫ ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɝɪɚɧɶɸ (Ʉɑ=7), 

ɞɜɭɯɲɚɩɨɱɧɚɹ ɬɪɢɝɨɧɚɥɶɧɚɹ ɩɪɢɡɦɚ, ɚɪɯɢɦɟɞɨɜɚ ɚɧɬɢɩɪɢɡɦɚ, ɤɭɛ, ɞɨɞɟɤɚɷɞɪ 

(Ʉɑ = 8), ɬɪɟɯɲɚɩɨɱɧɚɹ ɬɪɢɝɨɧɚɥɶɧɚɹ ɩɪɢɡɦɚ (Ʉɑ = 9), ɢɤɨɫɚɷɞɪ (Ʉɑ = 12)  

 Ʌɚɧɬɚɧɨɢɞɵ, ɤɚɤ ɢ ɥɚɧɬɚɧ, ɨɬɧɨɫɹɬ ɤ ɪɟɞɤɢɦ ɷɥɟɦɟɧɬɚɦ, ɬɨ ɟɫɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜ ɩɪɢɪɨɞɟ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɚɬɨɦɨɜ ɰɟɪɢɹ - 

ɫɚɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɢɡ ɥɚɧɬɚɧɢɞɨɜ - ɜ ɩɪɢɪɨɞɟ ɫɨɞɟɪɠɢɬɫɹ ɜ 5 ɪɚɡ 

ɛɨɥɶɲɟ, ɱɟɦ ɚɬɨɦɨɜ ɫɜɢɧɰɚ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɬɭɥɢɹ, ɫɚɦɨɝɨ ɪɟɞɤɨɝɨ ɢɡ 

ɊɁɗ, ɩɪɟɜɨɫɯɨɞɢɬ ɱɢɫɥɨ ɚɬɨɦɨɜ ɢɨɞɚ. ȿɞɢɧɫɬɜɟɧɧɵɦ ɢɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ 

ɷɥɟɦɟɧɬ ɩɪɨɦɟɬɢɣ, ɤɨɬɨɪɵɣ ɧɟ ɨɛɪɚɡɭɟɬ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ, ɩɟɪɢɨɞ 

ɩɨɥɭɪɚɫɩɚɞɚ (T1/2) ɫɚɦɨɝɨ ɞɨɥɝɨɠɢɜɭɳɟɝɨ ɢɡɨɬɨɩɚ (145
Pm) ɫɨɫɬɚɜɥɹɟɬ 26 ɥɟɬ . ȼ 

ɩɪɢɪɨɞɟ ɨɧ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɫɥɟɞɨɜɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɜ ɭɪɚɧɨɜɵɯ ɪɭɞɚɯ, ɹɜɥɹɹɫɶ 

ɨɞɧɢɦ ɢɡ ɩɪɨɞɭɤɬɨɜ ɪɚɫɩɚɞɚ ɭɪɚɧɚ-238. 

 

4. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ ɥɚɧɬɚɧɨɢɞɵ 

4.1. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ - ɬɭɝɨɩɥɚɜɤɢɟ ɦɟɬɚɥɥɵ ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɨɝɨ ɰɜɟɬɚ 

(ɬɟɦɩ. ɩɥɚɜɥɟɧɢɹ 800 - 1600ɋ); ɩɪɚɡɟɨɞɢɦ ɢ ɧɟɨɞɢɦ ɢɦɟɸɬ ɠɟɥɬɨɜɚɬɵɣ 

ɨɬɬɟɧɨɤ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɦɧɨɝɢɟ ɥɚɧɬɚɧɨɢɞɵ ɢɦɟɸɬ 

ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɩɥɨɬɧɟɣɲɭɸ ɭɩɚɤɨɜɤɭ. ɂɡɦɟɧɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɞɢɭɫɨɜ ɜ 

ɪɹɞɭ 4f-ɷɥɟɦɟɧɬɨɜ (Ɋɢɫ.1)  ɜ ɨɛɳɟɦ ɫɥɟɞɭɟɬ ɨɛɳɟɣ ɬɟɧɞɟɧɰɢɢ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɚɬɨɦɧɨɝɨ ɪɚɞɢɭɫɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɥɚɧɬɚɧɚ ɤ ɥɸɬɟɰɢɸ. Ɉɞɧɚɤɨ, ɜ ɞɜɭɯ ɫɥɭɱɚɹɯ 

ɦɨɧɨɬɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɪɭɲɚɟɬɫɹ: ɧɚ ɟɜɪɨɩɢɢ ɢ ɢɬɬɟɪɛɢɢ ɧɚɛɥɸɞɚɸɬɫɹ 

ɨɬɱɟɬɥɢɜɵɟ ɦɚɤɫɢɦɭɦɵ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɢ ɜɵɫɨɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢɨɧɢɡɚɰɢɢ: ɚɬɨɦɵ ɷɬɢɯ 

ɷɥɟɦɟɧɬɨɜ ɩɪɨɱɧɟɟ ɭɞɟɪɠɢɜɚɸɬ ɫɜɨɢ ɜɚɥɟɧɬɧɵɟ ɷɥɟɤɬɪɨɧɵ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ 

ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɢɯ ɜ ɨɛɳɟɟ ɩɨɥɶɡɨɜɚɧɢɟ (ɨɬɞɚɸɬ ɜ ɡɨɧɭ 

ɩɪɨɜɨɞɢɦɨɫɬɢ), ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɜɹɡɶ ɦɟɠɞɭ ɧɢɦɢ ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɟɟ ɩɪɨɱɧɨɣ, 



ɚ ɚɬɨɦɵ - ɭɞɚɥɟɧɧɵɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɛɨɥɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ. ɂɦɟɧɧɨ ɭ ɷɬɢɯ 

ɦɟɬɚɥɥɨɜ ɫɥɚɛɟɟ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɫɜɹɡɶ ɢ ɧɢɠɟ ɷɧɟɪɝɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɢ, ɬɨ ɟɫɬɶ ɦɟɧɶɲɟ ɩɥɨɬɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢ 

ɤɢɩɟɧɢɹ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɥɚɧɬɚɧɨɢɞɨɜ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɢɬɬɟɪɛɢɹ ɢ ɥɸɬɟɰɢɹ, 

ɢɦɟɸɳɢɯ ɡɚɩɨɥɧɟɧɧɵɣ f-ɩɨɞɭɪɨɜɟɧɶ) ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɥɚɞɚɸɬ 

ɩɚɪɚɦɚɝɧɟɬɢɡɦɨɦ. Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɨɜ ɢɬɬɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ (Gd, Tb, 

Dy, Ho, Er, Tm) ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɜ 

ɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ɍɚɤ, ɝɚɞɨɥɢɧɢɣ ɫɬɚɧɨɜɢɬɫɹ ɮɟɪɪɨɦɚɝɧɟɬɢɤɨɦ ɩɪɢ 

20°C, ɬɨ ɟɫɬɶ ɮɚɤɬɢɱɟɫɤɢ ɭɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɇɚɢɛɨɥɟɟ ɫɢɥɶɧɨ 

ɮɟɪɪɨɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɜɵɪɚɠɟɧɵ ɭ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ, 

ɜ ɤɨɬɨɪɵɯ ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɪɭɝɨɣ ɮɟɪɪɨɦɚɝɧɢɬɧɵɣ ɦɟɬɚɥɥ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ SmCo5. ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɢ ɩɨɞɨɛɧɵɯ ɟɦɭ ɫɩɥɚɜɨɜ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɝɨɬɨɜɥɟɧɵ ɦɨɳɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ. ɂɧɬɟɪɦɟɬɚɥɥɢɞɵ 

ɧɚ ɨɫɧɨɜɟ ɊɁɗ, ɧɚɩɪɢɦɟɪ, LaNi5 ɫɩɨɫɨɛɧɵ ɩɨɝɥɨɳɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɜɨɞɨɪɨɞɚ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɢɤɟɥɶ-ɦɟɬɚɥɥɝɢɞɪɢɞɧɵɯ 

ɚɤɤɭɦɭɥɹɬɨɪɚɯ. ɉɪɢ ɡɚɪɹɞɟ ɚɤɤɭɦɭɥɹɬɨɪɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɧɨɫɬɢ 

ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɧɢɤɟɥɹ(+2), ɨɛɪɡɚɭɸɳɢɣɫɹ ɩɪɢ ɷɬɨɦ 

ɜɨɞɨɪɨɞ ɚɤɤɭɦɭɥɢɪɭɟɬɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɦ. ɉɪɨɰɟɫɫ ɪɚɡɪɹɞɚ ɩɪɨɬɟɤɚɟɬ 

ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ: 

LaNi5 + 6Ni(OH)2 = LaNi5H6 + 6NiOOH 

 

4.2.  ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ȼ ɮɨɪɦɟ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɥɟɝɤɨ ɜɫɬɭɩɚɸɬ ɜ 

ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ: ɫɨɝɥɚɫɧɨ ɡɧɚɱɟɧɢɹɦ E
0
 ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɯɢɦɢɱɟɫɤɢ 

ɛɨɥɟɟ ɚɤɬɢɜɧɵ, ɱɟɦ ɦɚɝɧɢɣ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ ɢ 

ɜɥɚɝɨɣ ɜɨɡɞɭɯɚ ɦɧɨɝɢɟ ɢɡ ɧɢɯ ɯɪɚɧɹɬ ɜ ɦɚɫɥɟ.  

ɉɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɊɁɗ ɥɟɝɤɨ ɨɤɢɫɥɹɸɬɫɹ: 

4Gd + 3O2 = 2Gd2O3 



Ce + O2 = CeO2 

12Pr + 11O2 = 2Pr6O11 

8Tb + 7O2 = 2Tb4O7 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɨɛɪɚɡɭɟɬ ɨɤɫɢɞɵ Ln2O3. ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɰɟɪɢɣ, 

ɩɪɟɜɪɚɳɚɸɳɢɣɫɹ ɜ ɤɨɪɢɱɧɟɜɨ-ɛɭɪɵɣ ɞɢɨɤɫɢɞ CeO2, ɚ ɬɚɤɠɟ ɬɟɪɛɢɣ ɢ 

ɩɪɚɡɟɨɞɢɦ ɨɛɪɚɡɭɸɳɢɟ ɫɦɟɲɚɧɧɵɟ ɨɤɫɢɞɵ Pr6O11 ɢ Tb4O7, ɜ ɤɨɬɨɪɵɯ ɱɚɫɬɶ 

ɚɬɨɦɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ (+4). ɉɪɢ ɫɩɥɚɜɥɟɧɢɢ ɥɚɧɬɚɧɢɞɨɜ ɫ 

ɫɟɪɨɣ ɨɛɪɚɡɭɸɬɫɹ ɫɭɥɶɮɢɞɵ Ln2S3, ɩɪɢ ɜɡɚɢɦɨɞɟɫɬɜɢɢ ɫ ɝɚɥɨɝɟɧɚɦɢ - 

ɬɪɢɝɚɥɨɝɟɧɢɞɵ Lnɏ3, ɫ ɚɡɨɬɨɦ – ɧɢɬɪɢɞɵ LnN. 

 Ɋɟɚɤɰɢɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɜɨɞɨɪɨɞɨɦ ɩɪɢɜɨɞɢɬ ɤ ɫɟɪɵɦ 

ɩɨɪɨɲɤɚɦ ɝɢɞɪɢɞɨɜ, ɦɧɨɝɢɟ ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ: 

2Lu + 3H2= 2LuH3 

2Yb + 2.67H2 = 2YbH2.67 

Eu + H2 = EuH2 

 Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ ɥɟɝɤɨ ɜɵɬɟɫɧɹɸɬ ɜɨɞɨɪɨɞ ɢɡ ɪɚɡɛɚɜɥɟɧɧɵɯ 

ɤɢɫɥɨɬ: 

2Er 9 6HCl = ErCl3 + 3H2,  

ɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ - ɢ ɢɡ ɜɨɞɵ: 

2Tb + 6H2O = 2Tb(OH)3 + 3H2 

ɋ ɪɚɫɬɜɨɪɚɦɢ ɳɟɥɨɱɟɣ ɥɚɧɬɚɧɨɢɞɵ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ. 

 

4.3. ɉɨɥɭɱɟɧɢɟ 

 Ƚɥɚɜɧɵɟ ɦɢɧɟɪɚɥɵ ɥɚɧɬɚɧɨɢɞɨɜ - ɦɨɧɚɰɢɬ (La,Ln,Th)PO4 ɢ ɛɚɫɬɧɟɡɢɬ 

LnCO3F. Ʉɚɠɞɵɣ ɢɡ ɧɢɯ ɫɨɞɟɪɠɢɬ ɫɪɚɡɭ ɜɫɟ ɢɥɢ ɩɨɱɬɢ ɜɫɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ 

ɷɥɟɦɟɧɬɵ, ɜɤɥɸɱɚɹ ɢɬɬɪɢɣ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɦɨɧɚɰɢɬɟ ɫɨɞɟɪɠɢɬɫɹ ɨɬ 49 ɞɨ 

74% “ɰɟɪɢɟɜɵɯ ɡɟɦɟɥɶ”, ɨɬ 1 ɞɨ 4% “ɢɬɬɪɢɟɜɵɯ ɡɟɦɟɥɶ”, ɨɬ 5 ɞɨ 12% ɞɢɨɤɫɢɞɚ 

ɬɨɪɢɹ ɢ ɧɟɦɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ. ɂɡ-ɡɚ ɩɪɢɫɭɬɫɬɜɢɹ ɬɨɪɢɹ, ɚ ɬɚɤɠɟ ɫɥɟɞɨɜ ɞɪɭɝɢɯ 

ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɨɧɚɰɢɬɨɜɚɹ ɪɭɞɚ (ɱɟɪɧɵɣ ɦɨɧɚɰɢɬɨɜɵɣ ɩɟɫɨɤ) 



ɪɚɞɢɨɚɤɬɢɜɧɚ. Ɇɨɧɚɰɢɬ ɫɥɭɠɢɬ ɨɫɧɨɜɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɊɁɗ 

ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ. ɂɫɬɨɱɧɢɤɨɦ ɷɥɟɦɟɧɬɨɜ ɢɬɬɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ ɫɥɭɠɢɬ 

ɛɥɢɡɤɢɣ ɟɦɭ ɩɨ ɫɨɫɬɚɜɭ ɦɢɧɟɪɚɥ ɤɫɟɧɨɬɢɧ – ɮɨɫɮɚɬ ɢɬɬɪɢɹ ɢ ɞɪɭɝɢɯ ɊɁɗ. 

 ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɪɭɞɵ ɢɫɩɨɥɶɡɭɸɬ ɤɢɫɥɨɬɧɨɟ ɢɥɢ ɳɟɥɨɱɧɨɟ 

ɜɫɤɪɵɬɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɢɫɥɨɬɧɨɝɨ ɜɵɫɤɪɵɬɢɹ, ɬɨ ɟɫɬɶ ɞɥɢɬɟɥɶɧɨɝɨ ɤɢɩɹɱɟɧɢɹ 

ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ, ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɫɭɥɶɮɚɬɨɜ 

ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȿɟ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɢɬɬɪɢɟɜɭɸ ɢ ɰɟɪɢɟɜɭɸ 

ɩɨɞɝɪɭɩɩɵ ɨɫɧɨɜɚɧɨ ɧɚ ɪɚɡɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɞɜɨɣɧɵɯ ɫɭɥɶɮɚɬɨɜ. Ɍɚɤ, ɩɪɢ 

ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɤɚɬɢɨɧɵ Ln3+, ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ 

ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ, ɨɫɚɠɞɚɸɬɫɹ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɟ ɫɭɥɶɮɚɬɵ ɥɟɝɤɢɯ ɊɁɗ 

(ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ), ɚ ɫɭɥɶɮɚɬɵ ɢɬɬɪɢɹ ɢ ɬɹɠɟɥɵɯ ɊɁɗ (ɢɬɬɪɢɟɜɨɣ 

ɩɨɞɝɪɭɩɩɵ) ɨɫɬɚɸɬɫɹ ɜ ɪɚɫɬɜɨɪɟ.  

 Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɞɟɥɟɧɢɟ ɜɤɥɸɱɚɟɬ ɰɟɥɵɣ ɤɨɦɩɥɟɤɫ ɨɩɟɪɚɰɢɣ, ɜɤɥɸɱɚɸɳɢɯ 

ɷɤɫɬɪɚɤɰɢɸ ɢɡ ɚɡɨɬɧɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ ɬɪɢɛɭɬɢɥɮɨɫɮɚɬɨɦ (ɌȻɎ) - ɫɥɨɠɧɵɦ 

ɷɮɢɪɨɦ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɧ-ɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 

ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɥɚɧɬɚɧɨɢɞɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɦɩɥɟɤɫɚ Ln(NO3)3
.
3ɌȻɎ 

ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɟɝɨ ɩɟɪɟɯɨɞ ɜ ɧɟɩɨɥɹɪɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ. Ɂɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɞɟɥɟɧɢɹ ɫɥɨɠɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɡɨɬɧɨɣ 

ɤɢɫɥɨɬɵ ɜ ɪɚɫɬɜɨɪɟ.  

 ɉɨɥɭɱɟɧɧɵɟ ɜ ɢɯ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɥɟɤɫɵ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɊɁɗ 

ɨɛɪɚɛɚɬɵɜɚɸɬ ɪɚɫɬɜɨɪɨɦ ɨɤɫɚɥɚɬɚ ɚɦɦɨɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɪɚɫɬɜɨɪɢɦɵɯ 

ɨɤɫɚɥɚɬɨɜ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɪɚɡɥɚɝɚɸɬ: 

Ln2(C2O4)3 = Ln2O3 + 3CO + 3CO2 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɚɥɥɨɬɟɪɦɢɹ.  

Ɉɤɫɢɞɵ ɫɩɟɰɢɚɥɶɧɨ ɩɟɪɟɜɨɞɹɬ ɜɨ ɮɬɨɪɢɞɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ 

ɝɢɞɪɨɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ (ɩɪɢ 250 - 300ɋ): 

Ln2O3 + 6NH4HF2 = 2LnF3 + 6NH4F + 3H2O, 

ɚ ɡɚɬɟɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɞɨ ɦɟɬɚɥɥɨɬɟɪɦɢɱɟɫɤɢ: 

2LnF3 + 3Ca = 2Ln + 3CaF2. 



 

4.4. ɉɪɢɦɟɧɟɧɢɟ 

 Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ. Ʌɚɧɬɚɧ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ ɧɚ ɟɝɨ ɨɫɧɨɜɟ – ɩɟɪɫɩɟɤɬɢɜɧɵɟ 

ɚɤɤɭɦɭɥɹɬɨɪɵ ɜɨɞɨɪɨɞɚ. Ɉɤɫɢɞɵ ɊɁɗ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɤɪɟɤɢɧɝɚ ɧɟɮɬɢ, ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɧɟɨɞɢɦɚ ɢ ɫɚɦɚɪɢɹ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɫɚɦɵɟ 

ɦɨɳɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ (SmCo5, Nd2Fe14B). Ʉɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɢɬɚ 

ɥɚɧɬɚɧɚ LaCrO3 ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ ɢ ɢɞɟɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɟɱɟɣ, ɰɟɪɚɬ ɛɚɪɢɹ ɹɜɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥɨɦ ɫ 

ɩɪɨɬɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. ɋɨɟɞɢɧɟɧɢɹ ɊɁɗ ɧɚ ɨɫɧɨɜɟ ɫɭɥɶɮɢɞɨɜ ɢ 

ɨɤɫɢɫɭɥɶɮɢɞɨɜ ɊɁɗ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɥɸɦɢɧɨɮɨɪɨɜ ɞɥɹ ɰɜɟɬɧɨɝɨ 

ɬɟɥɟɜɢɞɟɧɢɹ. Ʌɸɦɢɧɨɮɨɪɵ ɧɚ ɨɫɧɨɜɟ ɢɨɞɢɞɨɜ ɥɚɧɬɚɧɢɞɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 

“ɝɚɥɨɝɟɧɧɵɯ” ɥɚɦɩɚɯ.  

 

5. Cɨɟɞɢɧɟɧɢɹ ɥɚɧɬɚɧɨɢɞɨɜ (+3) 

ȼɫɟ ɊɁɗ ɨɛɪɚɡɭɸɬ ɭɫɬɨɣɱɢɜɵɟ ɨɤɫɢɞɵ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3. Ɉɧɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɭɝɨɩɥɚɜɤɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ, ɦɟɞɥɟɧɧɨ 

ɩɨɝɥɨɳɚɸɳɢɟ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɢ ɩɚɪɵ ɜɨɞɵ. Ɉɤɫɢɞɵ ɛɨɥɶɲɢɧɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 

ɩɨɥɭɱɚɸɬ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ ɝɢɞɪɨɤɫɢɞɨɜ, ɤɚɪɛɨɧɚɬɨɜ, ɧɢɬɪɚɬɨɜ, 

ɨɤɫɚɥɚɬɨɜ ɩɪɢ 800 – 1000°C. Ƚɢɞɪɨɤɫɢɞɵ ɢ ɫɨɥɢ ɰɟɪɢɹ(III) ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ 

ɨɤɢɫɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɞɨ ɞɢɨɤɫɢɞɚ CeO2, ɚ ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 

ɩɪɚɡɟɨɞɢɦɚ ɢ ɬɟɪɛɢɹ – ɞɨ ɫɦɟɲɚɧɧɵɯ ɨɤɫɢɞɨɜ (III, IV). ɋɢɧɬɟɡ ɨɤɫɢɞɨɜ ɷɬɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +3 ɩɪɨɜɨɞɹɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɜɵɫɲɢɯ ɨɤɫɢɞɨɜ 

ɜɨɞɨɪɨɞɨɦ ɢɥɢ ɪɚɡɥɨɠɟɧɢɟɦ ɤɚɪɛɨɧɚɬɨɜ ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ: 

                           1250°C 

2CeO2 + 2H2  Ce2O3 + 2H2O 

Ɉɤɫɢɞɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜɨ ɦɧɨɝɨɦ ɧɚɩɨɦɢɧɚɸɬ ɨɤɫɢɞ ɦɚɝɧɢɹ: 

ɨɧɢ ɨɫɧɨɜɧɵ, ɩɥɨɯɨ ɪɚɬɫɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɧɨ ɥɟɝɤɨ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɫɨɥɹɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ.  



 Ƚɢɞɪɨɤɫɢɞɵ Ln(OH)3 ɜɵɞɟɥɹɸɬɫɹ ɜ ɜɢɞɟ ɚɦɨɪɮɧɵɯ ɫɬɭɞɟɧɢɫɬɵɯ ɨɫɚɞɤɨɜ 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɚɦɦɢɚɤɨɦ ɢɥɢ ɳɟɥɨɱɶɸ. Ɉɧɢ 

ɩɪɨɹɜɥɹɸɬ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɣ, ɩɨ ɫɢɥɟ ɩɪɢɛɥɢɠɚɸɳɢɯɫɹ ɤ ɝɢɞɪɨɤɫɢɞɭ 

ɦɚɝɧɢɹ. ȼɫɟ ɨɧɢ ɛɨɥɟɟ ɫɢɥɶɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ, 

ɩɨɷɬɨɦɭ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɫɚɠɞɟɧɵ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɟɣ ɚɦɦɨɧɢɹ. 

ɋ ɪɨɫɬɨɦ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɩɨ 4f-ɪɹɞɭ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɢɨɧɧɨɝɨ 

ɪɚɞɢɭɫɚ ɨɫɧɨɜɧɨɫɬɶ ɝɢɞɪɨɤɫɢɞɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɨɧɢɠɚɸɬɫɹ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ 

ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɟɥɢɱɢɧɵ ɪɇ ɨɫɚɠɞɟɧɢɹ ɝɢɞɪɨɤɫɢɞɨɜ ɥɚɧɬɚɧɚ (7,41), 

ɰɟɪɢɹ (7,35), ɧɟɨɞɢɦɚ (6,95), ɝɚɞɨɥɢɧɢɹ (6,75), ɬɭɥɥɢɹ (6,21), ɥɸɬɟɰɢɹ (6,18). 

Ƚɢɞɪɨɤɫɢɞɵ ɷɥɟɦɟɧɬɨɜ ɤɨɧɰɚ 4f-ɪɹɞɚ ɜ ɫɢɥɶɧɨɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɫɩɨɫɨɛɧɵ 

ɨɛɪɚɡɨɜɵɜɚɬɶ ɝɢɞɪɨɤɫɨɤɨɦɩɥɟɤɫɵ (ɧɚɩɪɢɦɟɪ, [Yb(OH)7]
4–

), ɬɨ ɟɫɬɶ ɩɪɨɹɜɥɹɸɬ 

ɫɥɚɛɭɸ ɚɦɮɨɬɟɪɧɨɫɬɶ ɫ ɹɜɧɵɦ ɩɪɟɨɛɥɚɞɚɧɢɟ ɦɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ.  

ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɤɚɬɢɨɧɵ ɥɚɧɬɚɧɨɢɞɨɜ ɝɢɞɪɚɬɢɪɨɜɚɧɵ ɢ ɢɦɟɸɬ 

ɜɵɫɨɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ: ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɟɜɹɬɶ, ɧɚɩɪɢɦɟɪ, 

[La(H2O)9]
3+, ɢɦɟɸɳɢɣ ɝɟɨɦɟɬɪɢɸ ɬɪɟɯɲɚɩɨɱɧɨɣ ɬɪɢɝɨɧɚɥɶɧɨɣ ɩɪɢɡɦɵ (Ɋɢɫ. 

2).  

Ɉɤɪɚɫɤɚ ɢɨɧɨɜ ɥɚɧɬɚɧɨɢɞɨɜ ɨɛɭɫɥɨɜɥɟɧɚ f-f ɩɟɪɟɯɨɞɚɦɢ. ȿɫɥɢ ɫɨɥɢ 

ɫɤɚɧɞɢɹ, ɢɬɬɪɢɹ ɢ ɥɚɧɬɚɧɚ, ɢɨɧɵ ɤɨɬɨɪɵɯ ɧɟ ɫɨɞɟɪɠɚɬ d-ɢ f-ɷɥɟɤɬɪɨɧɨɜ, 

ɛɟɫɰɜɟɬɧɵ, ɬɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɦɧɨɝɢɯ ɥɚɧɬɚɧɨɢɞɨɜ 

ɨɤɪɚɲɟɧɵ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɨɤɪɚɫɤɚ ɫɜɹɡɚɧɚ ɫ 

ɱɢɫɥɨɦ ɧɟɫɩɚɪɟɧɧɵɯ f-ɷɥɟɤɬɪɨɧɨɜ. Ɍɚɤ ɤɚɤ ɱɢɫɥɨ f-ɷɥɟɤɬɪɨɧɨɜ ɩɨ ɪɹɞɭ 4f-

ɷɥɟɦɟɧɬɨɜ ɫɧɚɱɚɥɚ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 0 (ɭ La), ɞɨɫɬɢɝɚɹ ɦɚɤɫɢɦɭɦɚ (7 ɭ 

Gd), ɚ ɡɚɬɟɦ ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɟɬ ɞɨ 0 (ɭ Lu), ɬɨ ɢ ɨɤɪɚɫɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɚɤɜɚɢɨɧɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɨɞɢɧɚɤɨɜɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɪɹɞɚ 

ɢ ɫɨɞɟɪɠɚɳɢɯ ɨɞɢɧɚɤɨɜɨɟ ɱɢɫɥɨ ɧɟɫɩɚɪɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɫɨɜɩɚɞɚɟɬ. Ɍɚɤ, 

ɧɚɩɪɢɦɟɪ, ɫɨɥɢ ɩɪɚɡɟɨɞɢɦɚ ɢ ɬɭɥɢɹ ɨɤɪɚɲɟɧɵ ɜ ɡɟɥɟɧɵɣ ɰɜɟɬ, ɷɪɛɢɹ ɢ 

ɧɟɨɞɢɦɚ ɢɦɟɸɬ ɪɨɡɨɜɨ-ɮɢɨɥɟɬɨɜɭɸ ɝɚɦɦɭ. 



ɋɨɥɢ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ (ɫɭɥɶɮɚɬɵ, ɧɢɬɪɚɬɵ, ɯɥɨɪɢɞɵ, ɩɟɪɯɥɨɪɚɬɵ) 

ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ ɢ ɢɯ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɥɢɲɶ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɝɢɞɪɨɥɢɡɨɜɚɧɵ (ɫɬɟɩɟɧɶ ɝɢɞɪɨɥɢɡɚ ɧɟɫɤɨɥɶɤɨ ɜɨɡɪɚɫɬɚɟɬ ɫ 

ɭɦɟɧɶɲɟɧɢɟɦ ɢɨɧɧɨɝɨ ɪɚɞɢɭɫɚ ɦɟɬɚɥɥɚ, ɬɨ ɟɫɬɶ ɜ ɪɹɞɭ La-Lu). ȼɵɞɟɥɢɬɶ ɠɟ ɢɡ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɢɬɪɢɬɵ, ɰɢɚɧɢɞɵ ɢɥɢ ɫɭɥɶɮɢɞɵ ɥɚɧɬɚɧɢɞɨɜ ɧɟ ɭɞɚɟɬɫɹ ɩɨ 

ɩɪɢɱɢɧɟ ɧɟɨɛɪɚɬɢɦɨɝɨ ɝɢɞɪɨɥɢɡɚ, ɫɢɧɬɟɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ 

ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɧɚɩɪɢɦɟɪ, ɜ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɟ. Ʉɚɪɛɨɧɚɬɵ, ɨɤɫɚɥɚɬɵ, 

ɮɨɫɮɚɬɵ ɢ ɮɬɨɪɢɞɵ ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ ɢ ɜ ɢɡɛɵɬɤɟ ɨɫɚɞɢɬɟɥɹ. 

 Ɋɚɡɥɨɠɟɧɢɟ ɫɨɥɟɣ ɰɟɪɢɹ(III) ɢ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɩɪɢɜɨɞɢɬ ɤ ɞɢɨɤɫɢɞɭ: 

Ce2(C2O4)3 = 2CeO2 + 4CO + 2CO2 

 ȼ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɥɚɧɬɚɧɨɢɞɨɜ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɢɨɧɧɵɣ ɬɢɩ ɫɜɹɡɢ, ɩɨɷɬɨɦɭ ɜɟɥɱɢɧɚ ɤɨɧɫɬɚɧɬɵ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɨɧɨɬɨɧɧɨ 

ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɢɨɧɧɨɝɨ ɪɚɞɢɭɫɚ ɦɟɬɚɥɥɚ, ɬɨ ɟɫɬɶ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 

La ɤ Lu (ɪɢɫ. 3). ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɨɦɩɥɟɤɫɨɜ d-ɦɟɬɚɥɥɨɜ ɜɫɟ ɨɧɢ ɥɚɛɢɥɶɧɵ, ɚ ɢɯ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɩɢɪɫɨɧɨɜɫɤɨɣ ɠɟɫɬɤɨɫɬɢ ɥɢɝɚɧɞɚ. 

ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɤɨɦɩɥɟɤɫɵ ɫ ɮɬɨɪɢɞɧɵɦɢ ɢɥɢ 

ɤɢɫɥɨɪɨɞɨɦɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ (ɨɤɫɚɥɚɬ, ɤɚɪɛɨɧɚɬ, ɤɚɪɛɨɤɫɢɥɚɬ, 

ɞɢɤɟɬɨɧɚɬ). Ʉɨɦɩɥɟɤɫɵ ɫ ɚɡɨɬ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ, ɧɚɩɪɢɦɟɪ, ɚɦɦɢɚɤɚɬɵ,  

ɧɚɩɪɨɬɢɜ, ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɦɝɧɨɜɟɧɧɨ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ 

ɚɤɜɚɤɨɦɩɥɟɤɫɵ.  

 Ɉɫɨɛɟɧɧɨ ɭɫɬɨɣɱɢɜɵ ɤɨɦɩɥɟɤɫɵ ɫ ɩɨɥɢɞɟɧɬɚɬɧɵɦɢ ɯɟɥɚɬɢɪɭɸɳɢɦɢ 

ɤɢɫɥɨɪɨɞ-ɞɨɧɨɪɧɵɦɢ ɥɢɝɚɧɞɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɚɦɢɧɨɩɨɥɢɤɚɪɛɨɧɨɜɵɦɢ 

ɤɢɫɥɨɬɚɦɢ (ɤɨɦɩɥɟɤɫɨɧɚɦɢ), ɧɚɩɪɢɦɟɪ, ɫ ɷɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɨɣ (ɗȾɌȺ). Ɇɧɨɝɢɟ ɢɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ ɢɨɧɧɵɦɢ ɢ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ (ɪɢɫ. 4).  

 

 

6. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ (+4) 



 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +4 ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɭ ɰɟɪɢɹ. Ⱦɢɨɤɫɢɞ CeO2 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɪɢɱɧɟɜɵɣ ɩɨɪɨɲɨɤ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɮɥɸɨɪɢɬɚ, 

ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ ɢ ɪɚɫɬɜɨɪɚɯ ɛɨɥɶɲɢɧɫɬɜɚ ɤɢɫɥɨɬ. Ⱦɢɬɟɥɶɧɵɦ 

ɤɢɩɹɱɟɧɢɟɦ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɥɫɨɬɨɣ ɟɝɨ ɭɞɚɟɬɫɹ ɩɟɪɟɜɟɫɬɢ ɜ 

ɫɭɥɶɮɚɬ ɰɟɪɢɹ(+4). Ɋɟɚɤɰɢɹ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɨɣ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɭɸɬɫɹ ɫɨɥɢ ɰɟɪɢɹ(+3): 

2CeO2 + 8HCl + 2KI = 2KCl + 2CeCl3 + I2 + 4H2O. 

ɋɩɥɚɜɥɟɧɢɟ ɨɤɫɢɞɚ ɰɟɪɢɹ ɫ ɳɟɥɨɱɚɦɢ ɢɥɢ ɨɤɫɢɞɚɦɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɰɟɪɚɬɵ(+4), ɧɚɩɪɢɦɟɪ, Na2CeO3. ɗɬɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ, ɱɬɨ 

ɨɤɫɢɞ CeO2 ɜ ɨɬɥɢɱɢɟ ɨɬ Ce2O3 ɨɛɥɚɞɚɟɬ ɚɦɮɨɬɟɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

 ɋɪɟɞɢ ɞɢɨɤɫɢɞɨɜ ɞɪɭɝɢɯ ɊɁɗ ɢɡɜɟɫɬɧɵ ɥɢɲɶ PrO2 ɢ TbO2. ɂɯ ɭɞɚɟɬɫɹ 

ɜɵɞɟɥɢɬɶ ɤɢɩɹɱɟɧɢɟɦ ɫɦɟɲɚɧɧɨɝɨ ɨɤɫɢɞɚ Tb4O7 ɢɥɢ Pr6O11 ɫ ɤɢɫɥɨɬɨɣ, 

ɩɨɥɶɡɭɹɫɶ ɬɟɦ, ɱɬɨ Ln(+4) ɦɟɞɥɟɧɧɟɟ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ, ɱɟɦ Ln(+3). ɋɪɟɞɢ 

ɬɟɬɪɚɝɚɥɨɝɟɧɢɞɨɜ ɧɚɞɟɠɧɨ ɢɡɜɟɫɬɧɵ ɥɢɲɶ ɮɬɨɪɢɞɵ ɰɟɪɢɹ CeF4 ɩɪɚɡɟɨɞɢɦɚ 

PrF4 ɢ ɬɟɪɛɢɹ TbF4 – ɛɟɥɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ 

ɨɤɢɫɥɟɧɢɢ ɬɪɢɮɬɨɪɢɞɨɜ ɮɬɨɪɨɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɂɡɜɟɫɬɧɵ ɢ 

ɮɬɨɪɢɞɧɵɟ ɤɨɦɩɥɟɤɫɵ ɷɬɢɯ ɥɚɧɬɚɧɨɢɞɨɜ, ɧɚɩɪɢɦɟɪ, Cs3DyF7, Na2PrF6, 

(NH4)4NdF8. 

 ɏɢɦɢɹ ɫɨɥɟɣ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɤɢɫɥɨɬ ɥɚɧɬɚɧɨɢɞɨɜ(+4) ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɢɹɦɢ ɰɟɪɢɹ. ɋɪɟɞɢ ɫɨɥɟɣ ɞɪɭɝɢɯ 

ɦɟɬɚɥɥɨɜ ɢɦɟɟɬɫɹ ɭɩɨɦɢɧɚɧɢɟ ɥɢɲɶ ɨ ɦɚɥɨɭɫɬɨɣɱɢɜɨɦ ɧɢɬɪɚɬɟ ɩɪɚɡɟɨɞɢɦɚ 

Pr(NO3)4, ɨɛɪɚɡɭɸɳɟɦɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ PrO2 ɫ ɚɡɨɬɧɵɦ ɚɧɝɢɞɪɢɞɨɦ. 

 ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɩɨɞɤɢɫɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɫɨɥɢ ɰɟɪɢɹ(+3) ɩɟɪɫɭɥɶɮɚɬɨɦ, 

ɞɢɨɤɫɢɞɨɦ ɫɜɢɧɰɚ, ɜɢɫɦɭɬɚɬɨɦ ɧɚɬɪɢɹ ɢ ɞɪɭɝɢɦɢ ɨɤɢɫɥɢɬɟɥɹɦɢ ɩɨɹɜɥɹɟɬɫɹ 

ɠɟɥɬɚɹ ɨɤɪɚɫɤɚ, ɫɜɨɣɫɬɜɟɧɧɚɹ ɫɨɟɞɢɧɟɧɢɹɦ ɰɟɪɢɹ(+4): 

Ce2(SO4)3 + (NH4)2S2O8 = 2Ce(SO4)2 + (NH4)2SO4 

Ʌɟɝɱɟ ɜɫɟɝɨ ɨɤɢɫɥɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ: ɝɢɞɪɨɤɫɢɞ ɰɟɪɢɹ(+3) 

ɦɟɞɥɟɧɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɫɜɟɬɥɨ-ɠɟɥɬɵɣ ɨɫɚɞɨɤ 

ɝɢɞɪɨɤɫɢɞɚ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ:  



4Ce(OH)3 + O2 + (4x – 6)H2O = 4CeO2xH2O 

 ɉɪɨɰɟɫɫ ɦɨɠɧɨ ɭɫɤɨɪɢɬɶ ɞɨɛɚɜɥɟɧɢɟɦ ɯɥɨɪɧɨɣ (ɛɪɨɦɧɨɣ) ɜɨɞɵ, ɪɚɫɬɜɨɪɚ 

ɝɢɩɨɯɥɨɪɢɬɚ. 

 Ɉɛɪɚɡɨɜɚɧɢɟ ɤɪɚɫɧɨɜɚɬɨ-ɛɭɪɨɝɨ ɨɫɚɞɤɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɝɢɞɪɨɤɫɢɞɚ 

ɰɟɪɢɹ(+3) ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ  

ɢɨɧɨɜ ɰɟɪɢɹ:  

2Ce(OH)3 + H2O2 = 2Ce(OH)3(OOH).  

 Ⱥɤɜɚ-ɢɨɧɵ [Ce(H2O)n]
4+

 ɭɫɬɨɣɱɢɜɵ ɥɢɲɶ ɜ ɫɢɥɶɧɨɤɢɫɥɨɣ ɫɪɟɞɟ. ȼɨɞɧɵɟ 

ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɰɟɪɢɹ(+4) (ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɨɟɞɢɧɟɧɢɣ ɰɟɪɢɹ(+3)) ɫɢɥɶɧɨ 

ɝɢɞɪɨɥɢɡɨɜɚɧɵ. ɉɪɨɰɟɫɫ ɝɢɞɪɨɥɢɡɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɟɣ, 

ɩɪɢɜɨɞɹɳɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɥɢɹɞɟɪɧɵɯ ɝɢɞɪɨɤɫɢɤɚɬɢɨɧɨɜ. Ɍɚɤ, ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ Ce(SO4)2
.
8H2O ɨɛɪɚɡɭɟɬɫɹ ɨɫɚɞɨɤ 

ɨɫɧɨɜɧɨɣ ɫɨɥɢ: 

6Ce(SO4)2 + 8H2O = Ce6O4(OH)4(SO4)6 + 6H2SO4 

ɂɫɯɨɞɧɭɸ ɫɨɥɶ ɩɨɥɭɱɚɸɬ ɪɚɫɬɜɨɪɟɧɢɟɦ ɝɢɞɪɨɤɫɢɞɚ ɰɟɪɢɹ(+4) CeO2xH2O ɜ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɋɪɟɞɧɢɣ ɧɢɬɪɚɬ ɰɟɪɢɹ(+4), ɧɚɩɪɨɬɢɜ, 

ɭɫɬɨɣɱɢɜ ɥɢɲɶ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɇɟɣɬɪɚɥɢɡɚɰɢɹ ɝɢɞɪɨɤɫɢɞɚ 

ɰɟɪɢɹ(+4) ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɨɣ ɫɪɚɡɭ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɞɭɤɬɭ ɟɝɨ ɝɢɞɪɨɥɢɡɚ – 

ɨɤɫɨɫɨɥɢ Ce2Ɉ(NO3)6. ȼ ɢɡɛɵɬɤɟ ɤɢɫɥɨɬɵ ɨɤɫɨɫɨɥɶ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ, 

ɨɪɚɧɠɟɜɚɹ ɨɤɪɚɫɤɚ, ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɢɫɭɬɫɬɜɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɚɧɢɨɧɨɜ 

[Ce(NO3)6]
2-. Ɉɧɢ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɚɦɦɨɧɢɹ ɜ ɜɢɞɟ 

ɧɢɬɪɚɬɧɨɝɨ ɤɨɦɥɩɟɤɫɚ, ɤɨɬɨɪɵɣ ɪɚɧɶɲɟ ɮɨɪɦɚɥɶɧɨ ɩɪɟɞɫɬɚɜɥɹɥɢ ɤɚɤ ɞɜɨɣɧɭɸ 

ɫɨɥɶ (2NH4NO3Ce(NO3)4): 

Ce(OH)4 + 4HNO3 + 2NH4NO3 = (NH4)2[Ce(NO3)6] + 4H2O 

 ɏɥɨɪɢɞ ɰɟɪɢɹ(IV) ɧɟɢɡɜɟɫɬɟɧ, ɯɨɬɹ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɯɥɨɪɚ ɱɟɪɟɡ ɪɚɫɬɜɨɪ 

ɯɥɨɪɢɞɚ ɰɟɪɢɹ(III) ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ ɨɛɪɚɡɭɟɬɫɹ ɬɟɦɧɨ-ɤɪɚɫɧɵɣ ɪɚɫɬɜɨɪ, 

ɫɨɞɟɪɠɚɳɢɣ ɤɨɦɩɥɟɤɫɧɭɸ ɤɢɫɥɨɬɭ: 

 2CeCl3 + Cl2 + 4HCl = 2H2[CeCl6] 

ȿɟ ɫɨɥɢ ɦɨɠɧɨ ɨɫɚɞɢɬɶ ɜɜɟɞɟɧɢɟɦ ɤɪɭɩɧɵɯ ɤɚɬɢɨɧɨɜ.  



 Ʉɨɦɥɩɟɤɫɵ ɰɟɪɢɹ(+4) ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ, ɱɟɦ ɰɟɪɢɣ(+3) ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɟɦɭ 

ɤɨɜɚɥɟɧɬɧɨɦɭ ɜɤɥɚɞɭ. ȿɫɥɢ ɛɟɥɵɣ ɨɤɫɚɥɚɬ ɰɟɪɢɹ(+3) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɢɡɛɵɬɤɚ ɪɟɚɝɟɧɬɚ, ɬɨ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɨɤɫɚɥɚɬɚ 

Ce(C2O4)2 ɛɵɫɬɪɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɵ, ɩɟɪɟɯɨɞɹ ɜ 

ɬɟɬɪɚɨɤɫɚɥɚɬɧɵɣ ɤɨɦɩɥɟɤɫ [Ce(C2O4)4]
4-

.  

 Ƚɢɞɪɨɤɫɢɞ ɰɟɪɢɹ(+4) ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɪɛɨɧɚɬɨɜ ɜ ɜɢɞɟ 

ɤɚɪɛɨɧɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɜ ɤɨɬɨɪɨɦ ɰɟɧɬɪɚɥɶɧɵɣ ɚɬɨɦ ɨɤɪɭɠɟɧ ɩɹɬɶɸ 

ɛɢɞɟɧɬɚɬɧɵɦɢ ɤɚɪɛɨɧɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ (ɪɢɫ. 5): 

Ce(OH)4 + 5Na2CO3 = Na6[Ce(CO3)5] + 4NaOH 

ɂɨɧɵ ɰɟɪɢɹ(+4) ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ – ɫɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɢ, 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɫɩɨɫɨɛɧɵɟ ɜɵɬɟɫɧɹɬɶ ɤɢɫɥɨɪɨɞ ɢɡ ɜɨɞɵ. ɇɚ ɩɪɚɤɬɢɤɟ, ɷɬɨɝɨ 

ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɤɢɧɟɬɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɨɟɞɢɧɟɧɢɹ 

ɰɟɪɢɹ(+4) ɪɟɚɝɢɪɭɸɬ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɫ ɜɵɞɟɥɟɧɢɟɦ ɯɥɨɪɚ, ɨɤɢɫɥɹɸɬ 

ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, ɫɟɪɧɢɫɬɵɣ ɝɚɡ, ɠɟɥɟɡɨ(+2): 

2Ce(SO4)2 + SO2 + H2O = Ce2(SO4)3 + H2SO4. 

2Ce(OH)4 + H2O2 + 3H2SO4 = Ce2(SO4)3 + O2 + 8H2O 

 

7. ɋɨɟɞɢɧɟɧɢɹ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ (+2) 

 ɋɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +2 ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɚ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɟɜɪɨɩɢɹ Eu
2+

. 

ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɟɧɧɨɣ 4f-ɨɛɨɥɨɱɤɨɣ, ɨɛɥɚɞɚɸɳɟɣ 

ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ.  

Ɍɟɦɧɨ-ɮɢɨɥɟɬɨɜɵɣ ɬɭɝɨɩɥɚɜɤɢɣ ɩɨɪɨɲɨɤ ɨɤɫɢɞɚ ɟɜɪɨɩɢɹ EuO ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ ɝɚɥɢɬɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɨɤɫɢɞɚ ɟɜɪɨɩɢɹ(+3): 

Eu2O3 + Eu = 3EuO 

Eu2O3 + H2 = 2EuO + H2O 

ɗɬɨ ɜɟɳɟɫɬɜɨ ɩɨ ɨɫɧɨɜɧɨɫɬɢ ɧɚɩɨɦɢɧɚɟɬ ɨɤɫɢɞɵ ɳɟɥɨɱɧɨɡɟɥɶɧɵɯ 

ɦɟɬɚɥɥɨɜ: ɨɧɨ ɧɟ ɬɨɥɶɤɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ, ɧɨ ɢ ɠɚɞɧɨ ɩɨɝɥɨɳɚɟɬ ɢɡ 

ɜɨɡɞɭɯɚ ɜɨɞɹɧɵɟ ɩɚɪɵ ɢ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ: 

EuO + H2O = Eu(OH)2. 



Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɥɵɣ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɣ ɜ ɜɨɞɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 

ɩɨɪɨɲɨɤ, ɭɫɬɨɣɱɢɜɵɣ ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ ɜɨɡɞɭɯɟ.  

ɂɨɧ Eu
2+

 ɧɚɩɨɦɢɧɚɟɬ ɢɨɧ Ba
2+, ɢɦɟɸɳɢɣ ɨɞɢɧɚɤɨɜɵɣ ɫ ɧɢɦ ɡɚɪɹɞ ɢ 

ɛɥɢɡɤɢɣ ɢɨɧɧɵɣ ɪɚɞɢɭɫ. Ɍɚɤ, ɤɚɪɛɨɧɚɬ ɢ ɫɭɥɶɮɚɬ ɟɜɪɨɩɢɹ(II) ɛɟɫɰɜɟɬɧɵ, 

ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɚ ɝɢɞɪɨɤɫɢɞ ɟɜɪɨɩɢɹ(+2) ɩɪɨɹɜɥɹɟɬ ɫɜɨɣɫɬɜɚ ɳɟɥɨɱɟɣ.  

ɋɭɥɶɮɚɬ ɟɜɪɨɩɢɹ ɩɨɥɭɱɚɸɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɨɥɢ ɟɜɪɨɩɢɹ(+3) ɰɢɧɤɨɦ ɜ 

ɫɟɪɧɨɤɢɫɥɨɣ ɫɪɟɞɟ: 

Eu2(SO4)3 + Zn = 2EuSO4 + ZnSO4 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɷɥɟɦɟɧɬɨɜ 2 ɝɪɭɩɩɵ ɫɨɟɞɢɧɟɧɢɹ ɟɜɪɨɩɢɹ(+2) – ɬɢɩɢɱɧɵɟ 

ɨɞɧɨɷɥɟɤɬɪɨɧɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ:  

2EuSO4 + Fe2(SO4)3 = Eu2(SO4)3 + 2FeSO4 

 

 Ⱦɜɭɯɡɚɪɹɞɧɵɟ ɤɚɬɢɨɧɵ ɞɪɭɝɢɯ ɥɚɧɬɚɧɨɢɞɨɜ ɧɟɭɫɬɨɣɱɢɜɵ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ 

ɜ ɫɢɥɭ ɢɯ ɜɵɫɨɤɨɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ.  

 



 

Ɋɢɫ. 1. ɂɡɟɧɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɫɜɨɣɫɬɜ ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɨɫɬɵɯ ɫɜɨɣɫɬɜ ɜ ɪɹɞɭ 

ɥɚɧɬɚɧɨɢɞɨɜ 

 

 

Ɋɢɫ. 2. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɩɨɥɢɷɞɪɵ ɥɚɧɬɚɧɨɢɞɨɜ: (ɚ) ɩɟɧɬɚɝɨɧɚɥɶɧɚɹ 

ɛɢɩɢɪɚɦɢɞɚ (Ʉɑ = 7), (ɛ) ɚɪɯɢɦɟɞɨɜɚ ɚɧɬɢɩɪɢɡɦɚ (Ʉɑ = 8), ɬɪɟɯɲɚɩɨɱɧɚɹ 

ɬɪɢɝɨɧɚɥɶɧɚɹ ɩɪɢɡɦɚ (Ʉɑ = 9). 



 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɦɩɥɟɤɫɨɜ [Ln(EDTA)(H2O)3]
-
 

 

 

Ɋɢɫ. 4. ɗɬɢɥɟɧɞɢɚɦɢɧɬɟɬɪɚɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ (H4EDTA) ɢ ɫɬɪɭɤɬɭɪɚ 

[La(EDTA)(H2O)3]
-
 

 



 

Ɋɢɫ. 5. ɋɬɪɨɟɧɢɟ ɤɚɪɛɨɧɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɰɟɪɢɹ 



Гɥава 9. Аɤтиɧɨиды 

 

1. Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ  

 Ʉ ɫɟɦɟɣɫɬɜɭ ɚɤɬɢɧɨɢɞɨɜ (An) ɨɬɧɨɫɹɬ 14 ɷɥɟɦɟɧɬɨɜ, ɫɥɟɞɭɸɳɢɯ ɡɚ ɚɤɬɢɧɢɟɦ 

(Th - Lr).  Ɂɞɟɫɶ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɥɚɧɬɚɧɨɢɞɨɜ, ɮɨɪɦɚɥɶɧɵɣ ɩɨɞɯɨɞ ɬɪɟɛɭɟɬ ɧɟ 

ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɩɨɧɹɬɢɟ "f-ɷɥɟɦɟɧɬ" ɧɚ ɬɨɪɢɣ ɢ ɥɨɭɪɟɧɫɢɣ, ɜ ɚɬɨɦɚɯ ɤɨɬɨɪɵɯ 

ɡɚɫɬɪɚɢɜɚɟɬɫɹ d-ɩɨɞɭɪɨɜɟɧɶ. 

 ȼ ɨɬɥɢɱɢɟ ɨɬ ɥɚɧɬɚɧɨɢɞɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ ɧɟ ɢɦɟɟɬ 

ɥɢɲɶ ɩɪɨɦɟɬɢɣ, ɜɫɟ 5f-ɷɥɟɦɟɧɬɵ ɪɚɞɢɨɚɤɬɢɜɧɵɟ. ɂ ɟɫɥɢ ɭ ɬɨɪɢɹ ɢ ɭɪɚɧɚ ɟɫɬɶ 

ɧɭɤɥɢɞɵ, ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ ɤɨɬɨɪɵɯ ɢɡɦɟɪɹɟɬɫɹ ɦɢɥɥɢɚɪɞɚɦɢ ɥɟɬ, ɬɨ 

ɧɟɤɨɬɨɪɵɟ ɬɪɚɧɫɭɪɚɧɨɜɵɟ ɷɥɟɦɟɧɬɵ ɠɢɜɭɬ ɥɢɲɶ ɞɨɥɢ ɫɟɤɭɧɞɵ. ɉɟɪɢɨɞɵ 

ɩɨɥɭɪɚɫɩɚɞɚ ɧɚɢɛɨɥɟɟ ɞɨɥɝɨɠɢɜɭɳɢɯ ɢɡɨɬɨɩɨɜ ɚɤɬɢɧɨɢɞɨɜ, ɜ ɰɟɥɨɦ, ɢɦɟɸɬ 

ɬɟɧɞɟɧɰɢɸ ɤ ɪɟɡɤɨɦɭ ɭɛɵɜɚɧɢɸ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ. 

Ɏɨɪɦɚɥɶɧɨ ɚɤɬɢɧɨɢɞɵ ɩɪɢɧɹɬɨ ɪɚɡɞɟɥɹɬɶ ɧɚ ɩɨɞɝɪɭɩɩɵ ɤɸɪɢɹ (Th – Cm) ɢ 

ɛɟɪɤɥɢɹ (Bk – Lr). Эɥɟɦɟɧɬɵ, ɫɥɟɞɭɸɳɢɟ ɜ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɡɚ ɭɪɚɧɨɦ, 

ɧɚɡɵɜɚɸɬ ɬɪɚɧɫɭɪɚɧɨɜɵɦɢ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬ ɧɟ ɬɨɥɶɤɨ 5f-ɷɥɟɦɟɧɬɵ, ɧɚɱɢɧɚɹ ɫ 

ɧɟɩɬɭɧɢɹ, ɧɨ ɢ d-ɦɟɬɚɥɥɵ ɫɟɞɶɦɨɝɨ ɩɟɪɢɨɞɚ.  

ȼ ɚɬɨɦɚɯ ɚɤɬɢɧɨɢɞɨɜ, ɤɚɤ ɢ ɭ ɥɚɧɬɚɧɨɢɞɨɜ, ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɩɨɥɧɟɧɢɟ f-

ɩɨɞɭɪɨɜɧɹ. Ɉɞɧɚɤɨ, ɭ ɬɨɪɢɹ, ɤɚɤ ɢ ɭ ɰɟɪɢɹ ɷɥɟɤɬɪɨɧ ɡɚɩɨɥɧɹɟɬ d-ɨɪɛɢɬɚɥɶ 

ɩɪɟɞɜɧɟɲɧɟɝɨ ɫɥɨɹ. ɍ ɫɥɟɞɭɸɳɢɯ ɡɚ ɧɢɦ ɷɥɟɦɟɧɬɨɜ ɱɢɫɥɨ f-ɷɥɟɤɬɪɨɧɨɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɞɨɫɬɢɝɚɹ 14 ɭ ɚɬɨɦɚ ɧɨɛɟɥɢɹ. Ɇɨɧɨɬɨɧɧɨɟ 

ɜɨɡɪɚɫɬɚɧɢɟ ɱɢɫɥɚ f-ɷɥɟɤɬɪɨɧɨɜ ɧɚɪɭɲɚɟɬɫɹ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɥɚɧɬɚɧɨɢɞɨɜ, ɜ 

ɫɟɪɟɞɢɧɟ ɪɹɞɚ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɧɚɩɨɥɨɜɢɧɭ 

ɡɚɩɨɥɧɟɧɧɨɝɨ ɩɨɞɭɪɨɜɧɹ. ɉɨɞɨɛɧɨ 4f-ɷɥɟɦɟɧɬɚɦ, ɚɤɬɢɧɨɢɞɵ ɢɦɟɸɬ ɛɨɥɶɲɨɣ 

ɪɚɡɦɟɪ ɚɬɨɦɚ ɢ ɜɵɫɨɤɢɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ (ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬ 7 ɞɨ 10, 

ɦɚɤɫɢɦɚɥɶɧɨ 14). Ɍɟɧɞɟɧɰɢɹ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟɪɚ 5f-ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɢ ɫ 

ɪɨɫɬɨɦ ɡɚɪɹɞɚ ɹɞɪɚ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɢɨɧɧɨɝɨ 

ɪɚɞɢɭɫɚ, ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɚɤɬɢɧɨɢɞɧɨɝɨ ɫɠɚɬɢɹ. Ɉɧɨ ɚɧɚɥɨɝɢɱɧɨ ɥɚɧɬɚɧɨɢɞɧɨɦɭ 

ɫɠɚɬɢɸ, ɨɩɢɫɚɧɧɨɦɭ ɧɚ ɩɪɢɦɟɪɟ 4f-ɷɥɟɦɟɧɬɨɜ. 



Ɍɚɛɥɢɰɚ 1. Эɥɟɤɬɪɨɧɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ 

ɚɤɬɢɧɢɹ ɢ ɚɤɬɢɧɨɢɞɨɜ 
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ɂɡɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɢɨɧɢɡɚɰɢɢ ɢ ɨɪɛɢɬɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ ɩɨɞɱɢɧɹɟɬɫɹ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ, ɧɚɛɥɸɞɚɟɦɵɦ ɭ ɥɚɧɬɚɧɨɢɞɨɜ. Ɉɞɧɚɤɨ ɩɪɢ ɜɧɟɲɧɟɦ ɩɨɞɨɛɢɢ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ 4f- ɢ 5f-ɷɥɟɦɟɧɬɨɜ ɦɟɠɞɭ ɧɢɦɢ ɫɭɳɟɫɬɜɭɸɬ ɢ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ ɪɚɡɥɢɱɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɛɨɥɶɲɢɦ ɪɚɡɦɟɪɨɦ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɷɧɟɪɝɢɟɣ 5f-ɨɪɛɢɬɚɥɟɣ, ɚ ɬɚɤɠɟ ɛɥɢɡɨɫɬɶɸ ɷɧɟɪɝɢɣ 6d ɢ 5f-ɩɨɞɭɪɨɜɧɟɣ. ȼ ɨɬɥɢɱɢɟ 

ɨɬ 4f-ɨɪɛɢɬɚɥɟɣ ɥɚɧɬɚɧɨɢɞɨɜ, 5f- ɨɪɛɢɬɚɥɢ ɚɤɬɢɧɨɢɞɨɜ ɧɟ ɹɜɥɹɸɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ, 

ɱɬɨ ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɜɵɪɚɠɟɧɨ ɭ ɷɥɟɦɟɧɬɨɜ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɵ ɪɹɞɚ (ɭ 

ɥɚɧɬɚɧɨɢɞɨɜ ɷɬɨ ɨɬɧɨɫɢɥɨɫɶ ɤ ɰɟɪɢɸ ɢ ɨɬɱɚɫɬɢ ɤ ɩɪɚɡɟɨɞɢɦɭ). Эɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɬɨɦɭ, ɱɬɨ ɭ ɷɥɟɦɟɧɬɨɜ ɤɸɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ 5f-ɨɪɛɢɬɚɥɢ ɭɱɚɫɬɜɭɸɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 

ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. Эɬɢ ɷɥɟɦɟɧɬɵ, ɩɨɞɨɛɧɨ d-ɦɟɬɚɥɥɚɦ, ɩɪɨɹɜɥɹɸɬ ɪɚɡɥɢɱɧɵɟ, 

ɡɚɱɚɫɬɭɸ ɜɵɫɨɤɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, (ɧɚɩɪɢɦɟɪ, +7 ɭ ɧɟɩɬɭɧɢɹ), ɚ ɯɢɦɢɱɟɫɤɚɹ 

ɫɜɹɡɶ ɜ ɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢɦɟɟɬ ɡɚɦɟɬɧɵɣ ɤɨɜɚɥɟɧɬɧɵɣ ɜɤɥɚɞ. Ɍɚɤ, ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɩɨ 5f-ɪɹɞɭ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ f-ɷɥɟɤɬɪɨɧɨɜ ɧɚɛɨɪ ɜɨɡɦɨɠɧɵɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ 

ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɲɢɪɹɟɬɫɹ: ɚɤɬɢɧɢɣ ɩɪɨɹɜɥɹɟɬ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ +3, ɬɨɪɢɣ +4, 

ɩɪɨɬɚɤɚɬɢɧɢɣ +5, ɯɨɬɹ ɜ ɜɨɞɧɨɦ ɪɚɬɜɨɪɟ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧ ɞɨ +4, ɭɪɚɧ +4 

ɢ +6, ɧɟɩɬɭɧɢɣ ɢ ɩɥɭɬɨɧɢɣ - ɨɬ +3 ɞɨ +7. Ɉɞɧɚɤɨ ɞɚɠɟ ɭ ɧɟɩɬɭɧɢɹ ɢ ɩɥɭɬɨɧɢɹ 



ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɧɟ ɜɵɫɲɚɹ, ɚ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ (+3, +4). Ɍɚɤ, ɩɪɢ ɫɝɨɪɚɧɢɢ ɜ ɤɢɫɥɨɪɨɞɟ ɩɥɭɬɨɧɢɣ ɩɟɪɟɯɨɞɢɬ ɜ ɞɢɨɤɫɢɞ 

PuO2, ɚ ɜ ɯɥɨɪɟ – ɜ ɬɪɢɯɥɨɪɢɞ PuCl3.  

ɇɚɱɢɧɚɹ ɫ ɚɦɟɪɢɰɢɹ, ɱɢɫɥɨ ɜɨɡɦɨɠɧɵɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ ɧɚɱɢɧɚɟɬ 

ɫɨɤɪɚɳɚɬɶɫɹ. ɍ ɚɬɨɦɨɜ ɚɤɬɢɧɨɢɞɨɜ ɧɚɱɢɧɚɹ ɫ ɛɟɪɤɥɢɹ 5f-ɨɪɛɢɬɚɥɢ ɫɬɚɧɨɜɹɬɫɹ 

ɜɧɭɬɪɟɧɧɢɦɢ ɢ ɩɨɱɬɢ ɧɟ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. 

Эɬɢ ɷɥɟɦɟɧɬɵ ɩɨ ɫɜɨɣɫɬɜɚɦ ɛɥɢɡɤɢ ɥɚɧɬɚɧɨɢɞɚɦ. Ɍɚɤ, ɞɥɹ ɧɢɯ ɯɚɪɚɤɬɟɪɧɵ 

ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ +2 ɢ +3, ɯɢɦɢɱɟɫɤɚɹ ɫɜɹɡɶ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɢɦɟɟɬ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. Ʌɢɲɶ ɛɟɪɤɥɢɣ ɩɪɨɹɜɥɹɟɬ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ 

+4, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɧɚɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɟɧɧɨɝɨ 5f-ɩɨɞɭɪɨɜɧɹ.  

ȼ ɯɢɦɢɢ ɚɤɬɢɧɨɢɞɨɜ ɩɨɞɝɪɭɩɩɵ ɤɸɪɢɹ ɫɭɳɟɫɬɜɭɸɬ ɮɨɪɦɚɥɶɧɵɟ ɚɧɚɥɨɝɢɢ ɫ 

5d-ɦɟɬɚɥɥɚɦɢ 4 – 10 ɝɪɭɩɩ ɫ ɬɟɦ ɠɟ ɱɢɫɥɨɦ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. Ɍɚɤ, ɬɨɪɢɣ 

ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɚɧɚɥɨɝɨɦ ɝɚɮɧɢɹ ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ (n-1)d
2
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. 

Ʉɨɧɮɢɝɭɪɚɰɢɢ ɩɪɨɬɚɤɬɢɧɢɹ 5f
2
6d

1
7s

2
 ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɷɥɟɦɟɧɬɨɜ ɩɹɬɨɣ ɝɪɭɩɩɵ (n-1)d
3
ns

2, ɨɞɧɚɤɨ ɷɬɢ ɪɚɡɥɢɱɢɹ ɧɟɫɭɳɟɫɬɜɟɧɧɵɟ, ɬɚɤ ɤɚɤ 

5f- ɢ 6d-ɷɥɟɤɬɪɨɧɵ ɛɥɢɡɤɢ ɩɨ ɷɧɟɪɝɢɹɦ ɢ ɦɨɝɭɬ ɥɟɝɤɨ ɩɟɪɟɯɨɞɢɬɶ ɫ ɨɞɧɨɣ 

ɨɪɛɢɬɚɥɢ ɧɚ ɞɪɭɝɭɸ. ȼ ɜɵɫɲɟɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɷɬɢ ɷɥɟɦɟɧɬɵ ɨɤɚɡɵɜɚɸɬɫɹ 

ɩɨɥɧɵɦɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɚɧɚɥɨɝɚɦɢ. ɉɨɞɨɛɧɨɟ ɠɟ ɫɯɨɞɫɬɜɨ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ 

ɦɟɠɞɭ ɷɥɟɤɬɪɨɧɧɵɦɢ ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ ɭɪɚɧɚ ɢ ɷɥɟɦɟɧɬɨɜ ɝɪɭɩɩɵ ɯɪɨɦɚ, 

ɧɟɩɬɭɧɢɹ ɢ ɷɥɟɦɟɧɬɚɦɢ 7 ɝɪɭɩɩɵ ɢ ɬ.ɞ. Ɉɞɧɚɤɨ ɪɟɚɥɶɧɨɟ ɫɯɨɞɫɬɜɨ ɧɚ ɭɪɨɜɧɟ 

ɫɬɪɨɟɧɢɹ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɲɶ ɜ ɯɢɦɢɢ 

ɜɵɫɲɢɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ ɬɨɪɢɹ, ɮɨɪɦɚɥɶɧɨ ɡɚɜɟɪɲɚɸɳɟɝɨ 4 ɝɪɭɩɩɭ. ɇɢ ɨ 

ɤɚɤɨɦ ɩɪɢɧɰɢɩɢɚɥɶɧɨɦ ɫɯɨɞɫɬɜɟ ɯɢɦɢɢ ɜɨɥɶɮɪɚɦɚ ɢ ɭɪɚɧɚ, ɢɥɢ ɪɟɧɢɹ ɢ ɧɟɩɬɭɧɢɹ 

ɝɨɜɨɪɢɬɶ ɧɟɥɶɡɹ! 

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ d-ɦɟɬɚɥɥɨɜ, ɧɢɡɤɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ (+2, +3, +4) ɚɤɬɢɧɨɢɞɨɜ ɜ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɚɬɢɨɧɧɵɦɢ ɮɨɪɦɚɦɢ, 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɤɨɬɨɪɵɯ ɫɩɨɨɫɨɛɫɬɜɭɟɬ ɛɨɥɶɲɨɣ ɪɚɞɢɭɫ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ 

(ɪɢɫ.1). Ⱦɥɹ ɭɪɚɧɚ, ɧɟɩɬɭɧɢɹ ɢ ɩɥɭɬɨɧɢɹ ɜ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ 

ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɥɢɧɟɣɧɵɯ ɨɤɫɨɤɚɬɢɨɧɨɜ AnO2
m+

 (ɭɪɚɧɢɥ UO2
2+, ɩɥɭɬɨɧɢɥ 



PuO2
2+

 ɢ ɞɪ), ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ -ɫɜɹɡɵɜɚɧɢɟɦ. Ɍɚɤɢɟ ɝɪɭɩɩɢɪɨɜɤɢ, ɩɨɞɨɛɧɨ 

ɜɚɧɚɞɢɥɭ [V=O], ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟ ɬɨɥɶɤɨ ɜ ɜɢɞɟ ɚɤɜɚɤɨɦɩɥɟɤɫɨɜ [VO(H2O)5]
2+, ɧɨ 

ɢ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ 

ɨɤɢɫɥɟɧɢɹ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ d-ɦɟɬɚɥɥɨɜ, ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɜɨɡɪɚɫɬɚɟɬ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɧɢɨɧɧɵɯ ɮɨɪɦ, ɬɚɤɢɯ ɤɚɤ ɭɪɚɧɚɬɵ, ɩɥɭɬɨɧɚɬɵ, ɧɟɩɬɭɧɚɬɵ ɢ ɬ.ɞ. ɂɯ 

ɩɨɥɭɱɚɸɬ ɨɤɢɫɥɟɧɢɟɦ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ: 

Pu + 3K2S2O8 + 4H2O = K2PuO4 + 2K2SO4 + 4H2SO4 

 Ɉɤɪɚɫɤɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɭɫɥɨɜɥɟɧɚ ɩɟɪɟɯɨɞɚɦɢ ɷɥɟɤɬɪɨɧɨɜ ɫ ɭɱɚɫɬɢɟɦ d- 

ɢ f-ɨɪɛɢɬɚɥɟɣ. ɋɢɥɶɧɵɟ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɨɹɜɥɹɸɬ ɧɟɩɬɭɧɚɬɵ(+7): 

3K3[NpO4(OH)2] + K3[Cr(OH)6] = 3K2NpO4 + K2CrO4 + 4KOH + 4H2O 

 ȼɫɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɪɚɫɬɜɨɪɚɯ ɫɨɥɟɣ ɚɤɬɢɧɨɢɞɨɜ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɨɫɥɨɠɧɟɧɵ ɪɚɫɩɚɞɨɦ ɢɯ ɹɞɟɪ. ȼɵɞɟɥɹɸɳɢɟɫɹ ɩɪɢ ɷɬɨɦ ɱɚɫɬɢɰɵ ɫ ɜɵɫɨɤɨɣ 

ɷɧɟɪɝɢɟɣ ɜɵɡɵɜɚɸɬ ɪɚɞɢɨɥɢɡ ɜɨɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɞɢɤɚɥɨɜ OH ɢ ɩɟɪɨɤɫɢɞɚ 

ɜɨɞɨɪɨɞɚ. 

 ɂɡ ɜɫɟɝɨ ɫɟɦɟɣɫɬɜɚ ɚɤɬɢɧɢɞɨɜ ɜ ɩɪɢɪɨɞɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ 

ɜɫɬɪɟɱɚɸɬɫɹ ɥɢɲɶ ɬɨɪɢɣ ɢ ɭɪɚɧ. Эɬɨ ɪɟɞɤɢɟ ɢ ɪɚɫɫɟɹɧɧɵɟ ɷɥɟɦɟɧɬɵ. Ɉɫɧɨɜɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɬɨɪɢɹ ɫɨɞɟɪɠɢɬɫɹ ɜ ɦɨɧɚɰɢɬɟ (Ln, Th)PO4 ɢ ɬɨɪɢɬɟ Th(SiO4)2, ɚ ɭɪɚɧ 

ɩɨɦɢɦɨ ɦɨɧɚɰɢɬɚ ɫɨɞɟɪɠɢɬɫɹ ɜɨ ɮɬɨɪɚɩɚɬɢɬɟ, ɝɥɢɧɚɯ,  ɝɪɚɧɢɬɚɯ. Ȼɨɥɶɲɨɟ 

ɡɧɚɱɟɧɢɟ ɜ ɬɟɯɧɨɥɨɝɢɢ ɭɪɚɧɚ ɢɦɟɟɬ ɭɪɚɧɨɜɚɹ ɫɦɨɥɹɧɚɹ ɪɭɞɚ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ 

ɜɯɨɞɢɬ ɭɪɚɧɢɧɢɬ U3O8 – ɫɦɟɲɚɧɧɵɣ ɨɤɫɢɞ, ɨɛɪɚɡɨɜɚɜɳɢɣɫɹ ɢɡ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɚɫɬɢɱɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ. Ɇɢɧɟɪɚɥɵ ɭɪɚɧɚ, ɧɚɩɪɢɦɟɪ, 

ɤɚɪɧɨɬɢɬ K2O2UO3V2O53H2O, ɨɱɟɧɶ ɪɟɞɤɢ. ȼ ɭɪɚɧɨɜɵɯ ɪɭɞɚɯ ɜɫɟɝɞɚ ɫɨɞɟɪɠɢɬ 

ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɬɚɤɬɢɧɢɹ ɢ ɚɤɬɢɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɚɫɩɚɞɚ ɹɞɟɪ ɭɪɚɧɚ, ɢ ɬɚɤɠɟ ɭɥɶɬɪɚɦɢɤɪɨɤɨɥɢɱɟɫɬɜɚ ɧɟɩɬɭɧɢɹ ɢ ɩɥɭɬɨɧɢɹ, 

ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɨɦɛɚɪɞɢɪɨɜɤɢ ɹɞɟɪ ɭɪɚɧɚ ɤɨɫɦɢɱɟɫɤɢɦɢ ɥɭɱɚɦɢ. ȼɫɟ 

ɨɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɪɢ ɛɨɦɛɚɪɞɢɪɨɜɤɟ ɹɞɟɪ 

ɧɟɣɬɪɨɧɚɦɢ ɢɥɢ ɹɞɪɚɦɢ ɥɟɝɤɢɯ ɷɥɟɦɟɧɬɨɜ: 
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Ȼɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɫɢɧɬɟɡ ɚɤɬɢɧɨɢɞɨɜ ɜɧɟɫɬɢ ɜɵɞɚɸɳɢɣ ɫɨɜɟɬɫɤɢɣ ɭɱɟɧɵɣ Ƚ. 

Ɏɥɟɪɨɜ ɢ ɚɦɟɪɢɤɚɧɫɤɢɣ ɮɢɡɢɤ Ƚ. ɋɢɛɨɪɝ. 

ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ ɚɤɬɢɧɨɢɞɵ – ɷɬɨ ɬɹɠɟɥɵɟ ɬɭɝɨɩɥɚɜɤɢɟ ɦɟɬɚɥɥɵ 

ɫɟɪɟɛɪɢɫɬɨɝɨ ɰɜɟɬɚ, ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɧɚɩɨɦɢɧɚɸɳɢɟ ɫɬɚɥɶ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ d-

ɦɟɬɚɥɥɚɦɢ ɨɧɢ ɩɥɨɯɨ ɩɪɨɜɨɞɹɬ ɬɟɩɥɨ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. Ɇɧɨɝɢɦ ɢɡ 

ɚɤɬɢɧɨɢɞɨɜ ɫɜɨɣɫɬɜɟɧ ɩɨɥɢɦɨɪɮɢɡɦ. Ɍɚɤ, ɭɪɚɧ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɪɚɡɭɟɬ 

ɪɨɦɛɢɱɟɫɤɭɸ ɦɨɞɢɮɢɤɚɰɢɸ, ɤɨɬɨɪɚɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɯɨɞɢɬ 

ɜ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɢ, ɧɚɤɨɧɟɰ, ɜ ɤɭɛɢɱɟɫɤɭɸ. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ 

ɩɪɨɬɚɤɚɬɢɧɢɹ, ɭɪɚɧɚ, ɧɟɩɬɭɧɢɹ ɢ ɩɥɭɬɨɧɢɹ ɩɨ ɫɜɨɟɣ ɫɥɨɠɧɨɫɬɢ ɧɟ ɢɦɟɸɬ 

ɚɧɚɥɨɝɨɜ ɫɪɟɞɢ ɥɚɧɬɚɧɨɢɞɨɜ ɢ ɛɨɥɟɟ ɩɨɯɨɞɢ ɧɚ 3d-ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ. ɏɨɪɨɲɨ 

ɢɡɭɱɟɧɚ ɯɢɦɢɹ ɚɤɬɢɧɨɢɞɨɜ ɨɬ ɬɨɪɢɹ ɞɨ ɤɸɪɢɹ, ɯɢɦɢɹ ɩɨɫɥɟɞɧɟɝɨ ɢɡ 5f-ɷɥɟɦɟɧɬɨɜ 

(ɥɨɭɪɟɧɫɢɹ) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɫɥɟɞɨɜɚɧɚ. 

 Ⱥɤɬɢɧɨɢɞɵ – ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɦɟɬɚɥɥɵ, ɨɧɢ ɩɨɫɬɟɩɟɧɧɨ ɨɤɢɫɥɹɸɬɫɹ ɧɚ 

ɜɨɡɞɭɯɟ, ɪɟɚɝɢɪɭɸɬ ɫ ɩɚɪɚɦɢ ɜɨɞɵ, ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ. Ɍɚɤ, ɩɥɭɬɨɧɢɣ ɪɟɚɝɢɪɭɟɬ ɫ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɟɥɟɧɵɯ ɪɚɫɬɜɨɪɨɜ ɯɥɨɪɢɞɚ ɩɥɭɬɨɧɢɹ(+3): 

2Pu + 6HCl = 2PuCl3 + 3H2 

ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɩɪɨɬɚɤɬɢɧɢɣ, ɤɨɬɨɪɵɣ (ɩɨɞɨɛɧɨ ɧɢɨɛɢɸ ɢ ɬɚɧɬɚɥɭ) 

ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɬɨɥɶɤɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɦɟɫɟɣ ɤɢɫɥɨɬ-ɨɤɢɫɥɢɬɟɥɟɣ. 

Ⱥɤɬɢɧɨɢɞɵ ɨɛɪɚɡɭɸɬ ɨɱɟɧɶ ɭɫɬɨɣɱɢɜɵɟ ɨɤɫɢɞɵ ɢ ɮɬɨɪɢɞɵ, ɩɨɷɬɨɦɭ ɞɥɹ ɢɯ 

ɜɵɞɟɥɟɧɢɹ ɜ ɜɢɞɟ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɧɟɨɛɯɨɞɢɦɵ ɫɢɥɶɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ ɢ 

ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ: 

800 
ɨɋ 

PuF4 + 2Ca ------> Pu + 2CaF2. 

ɋɪɟɞɢ ɚɤɬɢɧɨɢɞɨɜ ɧɚɢɛɨɥɶɲɟɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɭɪɚɧ ɢ ɩɥɭɬɨɧɢɣ. 

ɂɡɨɬɨɩɵ ɭɪɚɧɚ 235
U ɢ ɩɥɭɬɨɧɢɹ 239

Pu ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɹɞɟɪɧɨɝɨ 

ɝɨɪɸɱɟɝɨ. ɇɭɤɥɢɞɵ 238
Pu ɢ 242

Cm ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ ɢɡɨɬɨɩɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ, 

ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɤɨɫɦɢɱɟɫɤɢɯ ɤɨɪɚɛɥɹɯ. ɂɡɨɬɨɩ ɚɦɟɪɢɰɢɹ 241
Am ɩɪɢɦɟɧɹɸɬ ɜ 



ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɧɟɤɨɬɨɪɵɯ ɬɢɩɚɯ ɞɟɬɟɤɬɨɪɨɜ 

ɞɵɦɚ ɢ ɜ ɦɟɞɢɰɢɧɟ. 

 ɏɢɦɢɹ ɤɚɠɞɨɝɨ ɢɡ ɚɤɬɢɧɨɢɞɨɜ ɧɚɫɬɨɥɶɤɨ ɢɧɞɢɜɢɞɭɚɥɶɧɚ, ɱɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ ɯɢɦɢɢ ɨɬɞɟɥɶɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ 

ɫɟɦɟɣɫɬɜɚ. 

 

2.  ɏɢɦɢɹ ɬɨɪɢɹ 

Ɍɨɪɢɣ ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɚɤɬɢɧɨɢɞɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ d-ɦɟɬɚɥɥ: ɜ 

ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɧ ɧɟ ɫɨɞɟɪɠɢɬ f-ɷɥɟɤɬɪɨɧɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨ ɫɜɨɣɫɬɜɚɦ 

ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɬɨɪɢɣ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɷɥɟɤɬɪɨɧɧɵɯ ɚɧɚɥɨɝɨɜ ɢɡ 4 ɝɪɭɩɩɵ, 

ɞɟɦɨɧɫɬɪɢɪɭɹ ɫɜɨɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɚɤɬɢɧɨɢɞɚɦ.  

ɉɨɞɨɛɧɨ f-ɷɥɟɦɟɧɬɚɦ, ɬɨɪɢɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɢɫɥɨɪɨɞɨɦ ɢ ɩɟɪɟɝɪɟɬɵɦ ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɨɧ ɨɛɪɚɡɭɟɬ ɞɢɨɤɫɢɞ 

ThO2, ɫ ɯɥɨɪɨɦ – ɬɟɬɪɚɯɥɨɪɢɞ ThCl4, ɫ ɜɨɞɨɪɨɞ –ɝɢɞɪɢɞ ThH2 (ɪɢɫ. 2). Ɍɨɪɢɣ 

ɦɟɞɥɟɧɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ ɤɢɫɥɨɬɚɯ, ɧɨ ɩɚɫɫɢɜɢɪɭɟɬɫɹ ɜ 

rɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ: 

Th + 4HClɤɨɧɰ = ThCl4 + 2H2 

Ⱦɥɹ ɬɨɪɢɹ, ɤɚɤ ɢ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɱɟɬɜɟɪɬɨɣ ɝɪɭɩɩɵ, ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɫɬɟɩɟɧɶ 

ɨɤɢɫɥɟɧɢɹ +4. ɂɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ 6d- ɢ 4f-ɨɪɛɢɬɚɥɹɯ ɫɨɟɞɢɧɟɧɢɹ 

ɬɨɪɢɹ(IV) ɧɟ ɢɦɟɸɬ ɨɤɪɚɫɤɢ. 

 Ɉɤɫɢɞ ThO2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɥɵɣ ɬɭɝɨɩɥɚɜɤɢɣ ɩɨɪɨɲɨɤ, ɤɨɬɨɪɵɣ, 

ɩɨɞɨɛɧɨ ɞɢɨɤɫɢɞɚɦ ɦɟɬɚɥɥɨɜ ɱɟɬɜɟɪɬɨɣ ɝɪɭɩɩɵ, ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɥɢɲɶ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɫɦɟɫɢ ɚɡɨɬɧɨɣ ɢ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬ ɢɥɢ ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ ɫ ɩɟɪɨɤɫɢɞɚɦɢ 

ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ: 

ThO2 + Na2O2 = Na2ThO3 + 1/2O2 

Ɉɧ ɭɫɬɨɣɱɢɜ ɜ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ, ɫɥɭɠɢɬ ɯɨɪɨɲɢɦ ɨɝɧɟɭɩɨɪɨɦ.  

ɏɥɨɪɢɞ ɬɨɪɢɹ(+4) ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɨɛɪɚɡɭɟɬ ɛɟɫɰɜɟɬɧɵɣ ɪɚɫɬɜɨɪ, 

ɢɦɟɸɳɢɣ ɫɥɚɛɨɤɢɫɥɭɸ ɪɟɚɤɰɢɸ ɫɪɟɞɵ ɜɫɥɟɞɫɬɜɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɝɢɞɪɨɥɢɡɚ. 



 ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɬɨɪɢɹ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɟɨɛɥɚɞɚɸɬ (ɪɢɫ.2) ɚɤɜɚ-

ɤɚɬɢɨɧɵ Th(H2O)n
4+

 (n = 8 – 10), ɭɫɬɨɣɱɢɜɵɟ ɤ ɝɢɞɪɨɥɢɡɭ ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɛɵɱɚɣɧɨ 

ɛɨɥɶɲɨɝɨ ɪɚɞɢɭɫɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɇ ɨɛɪɚɡɭɸɬɫɹ ɤɚɬɢɨɧɧɵɟ 

ɝɢɞɪɨɤɫɢɤɨɦɩɥɟɤɫɵ, ɚ ɡɚɬɟɦ ɜɵɩɚɞɚɟɬ ɛɟɥɵɣ ɫɬɭɞɟɧɢɫɬɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞɚ: 

ThCl4 + 4NH3 + 4H2O = Th(OH)4 + 4NH4Cl 

  Ɉɧ ɩɪɨɹɜɥɹɟɬ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɣ: 

Th(OH)4 + 4HNO3 = Th(NO3)4 + 4H2O 

Th(OH)4 +CO2  = ThOCO3+ 2H2O 

 Ⱦɥɹ ɬɨɪɢɹ ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɚɧɢɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ 

ɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɥɢɝɚɧɞɚɦɢ. 

 Ɍɚɤ, ɫɭɥɶɮɚɬ ɬɨɪɢɹ, ɜɵɞɟɥɹɸɳɢɣɫɹ ɢɡ ɪɚɫɬɜɨɪɚ ɜ ɜɢɞɟ ɨɤɬɚɝɢɞɪɚɬɚ 

Th(SO4)28H2O, ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɧɢɬɪɚɬɨɜ ɳɟɥɨɱɧɯ ɦɟɬɚɥɥɨɜ ɨɛɪɚɡɭɟɬ 

ɚɧɢɨɧɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɧɚɩɪɢɦɟɪ,  K4[Th(SO4)4]
.
2H2O. Ȼɟɥɵɣ ɨɫɚɞɨɤ ɨɤɫɚɥɚɬɚ ɬɨɪɢɹ 

ɬɚɤɠɟ ɪɚɫɬɜɨɪɢɦ ɜ ɪɚɫɬɜɨɪɟ ɨɤɫɚɥɚɬɚ ɚɦɦɨɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɨɜ: 

Th(C2O4)2 + 2(NH4)2C2O4 = (NH4)4[Th(C2O4)4]. 

Ȼɟɥɵɣ ɨɫɚɞɨɤ ɮɬɨɪɢɞɚ ɬɨɪɢɹ ɬɚɤɠɟ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪ ɜ ɜɢɞɟ ɮɬɨɪɨɬɨɪɚɬɨɜ 

[ThF8]
4-

 ɢ [ThF7]
3-, ɧɚɯɨɞɹɳɢɯ ɩɪɹɦɵɟ ɚɧɚɥɨɝɢɢ ɜ ɯɢɦɢɢ ɰɢɪɤɨɧɢɹ ɢ ɝɚɮɧɢɹ. 

Ƚɚɥɨɝɟɧɢɞɵ ɬɨɪɢɹ ɦɨɝɭɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɬɨɪɢɟɦ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɜ ɜɚɤɭɭɦɟ. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɨɞɭɤɬɵ ɢɦɟɸɬ ɤɥɚɫɬɟɪɧɨɟ ɫɬɪɨɟɧɢɟ, ɤɚɤ 

ɢ ɧɢɡɲɢɟ ɝɚɥɨɝɟɧɢɞɵ ɦɟɬɚɥɥɨɜ 4 ɝɪɭɩɩɵ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɠɟɥɟɡɚ ɩɨɥɭɱɟɧ 

ɨɤɬɚɷɞɪɢɱɟɫɤɢɣ ɤɥɚɫɬɟɪ, ɜ ɰɟɧɬɪɟ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧ ɚɬɨɦ ɠɟɥɟɡɚ (ɪɢɫ. 3): 

3ThI4 + Th = 4ThI3 

15ThBr4 + 9Th = 4Th6Br15 

15ThBr4 + 9Th + 4Fe = 4Th6(Fe)Br15 

 

 

3. ɏɢɦɢɹ ɭɪɚɧɚ 

 Ⱦɥɹ ɭɪɚɧɚ, ɤɚɤ ɢ ɞɥɹ ɦɧɨɝɢɯ d-ɷɥɟɦɟɧɬɨɜ, ɯɚɪɚɤɬɟɪɧɵ ɧɟɫɤɨɥɶɤɨ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɚ ɜɵɫɲɚɹ ɫɬɟɩɟɧɶ 



ɨɤɢɫɥɟɧɢɹ +6. ȼ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ɭɪɚɧ - ɩɨɥɧɵɣ ɷɥɟɤɬɪɨɧɧɵɣ ɚɧɚɥɨɝ ɷɥɟɦɟɧɬɨɜ 

ɲɟɫɬɨɣ ɝɪɭɩɩɵ, ɯɨɬɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɜ ɢɨɧɧɵɯ ɪɚɞɢɭɫɚɯ ɞɟɥɚɟɬ ɫɯɨɞɫɬɜɨ 

ɯɢɦɢɢ ɷɥɟɦɟɧɬɨɜ ɥɢɲɶ ɮɨɪɦɚɥɶɧɵɦ. 

3.1. ɋɜɨɣɫɬɜɚ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ 

ɍɪɚɧ – ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɣ ɦɟɬɚɥɥ. ɇɚ ɜɨɡɞɭɯɟ ɨɧ ɛɵɫɬɪɨ ɨɤɢɫɥɹɟɬɫɹ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɤɪɵɜɚɹɫɶ ɱɟɪɧɨɣ ɩɥɟɧɤɨɣ ɨɤɫɢɞɚ, ɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɝɨɪɚɟɬ, 

ɩɪɟɜɪɚɳɚɹɫɶ ɜ U3O8. 

ɉɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɪɚɧ ɥɟɝɤɨ ɪɟɚɝɢɪɭɟɬ ɫ ɜɨɞɹɧɵɦ ɩɚɪɨɦ, 

ɜɨɞɨɪɨɞɨɦ, ɝɚɥɨɝɟɧɚɦɢ, ɞɟɦɨɧɫɬɪɢɪɭɹ ɜɫɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɫɬɟɩɟɧɟɣ ɨɤɢɫɥɟɧɢɹ ɨɬ +3 

ɞɨ +6 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɢɥɵ ɨɤɢɫɥɢɬɟɥɟɣ, ɷɧɟɪɝɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ 

ɩɪɨɞɭɤɬɚ ɢ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ: 

U + 2H2O = UO2 + 2H2 

2U + 3H2 = 2UH3 

U + 3F2 = UF6 

U + 5/2Cl2 = UCl5 

U + 2Br2 = UBr4 

U + 3/2I2 = UI3 

Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɭɪɚɧ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɚɤɠɟ ɪɟɚɝɢɪɭɟɬ ɫ ɫɟɪɨɣ, ɭɝɥɟɪɨɞɨɦ, 

ɚɡɨɬɨɦ, ɮɨɫɮɨɪɨɦ, ɛɨɪɨɦ.  Ʉɢɫɥɨɬɵ ɨɤɢɫɥɢɬɟɥɢ ɩɟɪɟɜɨɞɹɬ ɟɝɨ ɜ ɫɨɥɢ ɭɪɚɧɢɥɚ: 

U +4HNO3 = UO2(NO3)2 +2NO + 2H2O 

Ɋɟɚɤɰɢɹ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɥɢ ɭɪɚɧɚ(+4): 

U + 4HClɤɨɧɰ. =  UCl4 + 2H2. 

 

3.2 ɋɨɟɞɢɧɟɧɢɹ ɭɪɚɧɚ (+6)  

 Ⱦɚɧɧɚɹ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ ɞɥɹ ɭɪɚɧɚ ɹɜɥɹɟɬɫɹ ɜɵɫɲɟɣ ɢ ɧɚɢɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɨɣ. Ɉɤɫɢɞ ɭɪɚɧɚ(VI) UO3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɥɬɨ-ɨɪɚɧɠɟɜɵɣ 

ɩɨɪɨɲɨɤ, ɤɨɬɨɪɵɣ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 500 ɨɋ ɬɟɦɧɟɟɬ, ɩɪɟɜɪɚɳɚɹɫɶ ɜ ɨɤɫɢɞ U3O8. 

ȼ ɚɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞɚ ɢɥɢ ɭɝɚɪɧɨɝɨ ɝɚɡɚ ɨɧ ɥɟɝɤɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨ UO2, ɚ ɫ 

ɜɨɞɨɣ ɞɚɟɬ ɝɢɞɪɨɤɫɢɞ: 



UO3 + H2O = UO2(OH)2, 

  ɫɨɫɬɨɹɳɢɣ ɢɡ ɝɪɭɩɩɢɪɨɜɨɤ UO2, ɫɨɟɞɢɧɟɧɧɵɯ ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɦɨɫɬɢɤɚɦɢ. 

 Ⱦɥɹ ɜɵɫɲɟɝɨ ɨɤɫɢɞɚ ɭɪɚɧɚ ɯɚɪɚɤɬɟɪɧɵ ɚɦɮɨɬɟɪɧɵɟ ɫɜɨɣɫɬɜɚ: ɩɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɤɢɫɥɨɬɚɯ ɨɛɪɚɡɭɸɬɫɹ ɫɨɥɢ ɭɪɚɧɢɥɚ: 

UO3 + 2H
+
 = UO2

2+
 + H2O, 

  ɚ ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ ɫ ɳɟɥɨɱɚɦɢ – ɭɪɚɧɚɬɵ.  

 Ɇɟɠɞɭ ɮɚɡɚɦɢ UO2 ɢ UO3 ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɤɫɢɞɨɜ, 

ɫɨɟɞɪɠɚɳɢɯ ɭɪɚɧ ɜ ɞɜɭɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ: +4 ɢ +6. Ɇɧɨɝɢɟ ɢɡ ɧɢɯ 

ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɧɵ ɢ ɢɦɟɸɬ ɲɢɪɨɤɢɟ ɨɛɥɚɫɬɢ ɝɨɦɨɝɟɧɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɟɧ 

ɫɦɟɲɚɧɧɵɣ ɨɤɫɢɞ U3O8, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɩɨɪɨɲɨɤ ɱɟɪɧɨɝɨ ɰɜɟɬɚ. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɟɝɨ ɫ ɤɢɫɥɨɬɚɦɢ ɛɟɡ ɞɨɫɬɭɩɚ ɜɨɡɞɭɯɚ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɫɨɥɟɣ 

ɭɪɚɧɚ(+4) ɢ ɭɪɚɧɢɥɚ: 

U3O8 + 4H2SO4 = 2UO2SO4 + U(SO4)2 + 4H2O. 

 Ʉɢɫɥɨɬɵ-ɨɤɢɫɥɢɬɟɥɢ ɩɟɪɟɜɨɞɹɬ ɟɝɨ ɜ ɫɨɥɢ ɭɪɚɧɢɥɚ: 

3U3O8 + 18HCl + 2HNO3 = 9UO2Cl2 + 2NO + 10H2O. 

Ƚɪɭɩɩɢɪɨɜɤɚ UO2
2+

 ɢɦɟɟɬ ɥɢɧɟɣɧɨɟ ɫɬɪɨɟɧɢɟ, ɱɬɨ ɫɥɭɠɢɬ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ sf-

ɝɢɛɪɢɞɢɡɚɰɢɢ ɚɬɨɦɚ ɭɪɚɧɚ. Ȼɥɚɝɨɞɚɪɹ ɩɟɪɟɤɪɵɜɚɧɢɸ ɜɚɤɚɧɬɧɵɯ f-ɨɪɛɢɬɚɥɟɣ 

ɭɪɚɧɚ ɫ p-ɨɪɛɢɬɚɥɹɦɢ ɤɢɫɥɨɪɨɞɚ, ɜɨɡɧɢɤɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɜɹɡɵɜɚɧɢɟ, ɩɪɢɱɟɦ 

ɧɚɫɬɨɥɶɤɨ ɫɢɥɶɧɨɟ, ɱɬɨ ɤɪɚɬɧɨɫɬɶ ɫɜɹɡɢ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɬɪɟɦ: 

U OO

 

 ȼ ɪɚɫɬɜɨɪɟ ɥɢɧɟɣɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ UO2
2+ ɞɨɩɨɥɧɟɧɚ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɞɨ 

ɩɟɧɬɚɝɨɧɚɥɶɧɨɣ ɢɥɢ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ (ɪɢɫ.4) ɛɢɩɢɪɚɦɢɞɵ [UO2(H2O)n]
2+

 

ɂɨɧ ɭɪɚɧɢɥɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɫɨɥɟɣ, ɩɪɢɞɚɜɚɹ ɢɦ ɯɚɪɚɤɬɟɪɧɭɸ 

ɥɸɦɢɧɟɫɰɢɪɭɸɳɭɸ ɠɟɥɬɭɸ ɨɤɪɚɫɤɭ. ȼ ɤɪɢɫɬɚɥɥɚɯ ɧɢɬɪɚɬɚ ɭɪɚɧɢɥɚ 

UO2(NO3)2
.
6H2O ɱɚɫɬɶ ɦɨɥɟɤɭɥ ɜɨɞɵ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ ɭɪɚɧɚ ɡɚɦɟɳɟɧɚ ɧɚ 

ɛɢɞɟɧɬɚɬɧɵɟ ɧɢɬɪɚɬɧɵɟ ɝɪɭɩɩɵ. Эɬɨ ɫɨɟɞɢɧɟɧɢɟ, ɢɦɟɸɳɟɟ ɦɨɥɟɤɭɥɹɪɧɨɟ 



ɫɬɪɨɟɧɢɟ [UO2(NO3)2(H2O)2]
.
4H2O, ɪɚɫɬɜɨɪɢɦɨ ɧɟ ɬɨɥɶɤɨ ɜ ɜɨɞɟ, ɧɨ ɢ ɜ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢ ɦɨɠɟɬ ɛɵɬɶ ɷɤɫɬɪɚɝɢɪɨɜɚɧɨ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ 

ɬɪɢɛɭɬɢɥɮɨɫɮɚɬɨɦ. ɇɚ ɷɬɨɦ ɨɫɧɨɜɚɧɨ ɨɬɞɟɥɟɧɢɟ ɭɪɚɧɚ ɨɬ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. 

ɋɨɥɢ ɭɪɚɧɢɥɚ ɜ ɪɚɫɬɜɨɪɚɯ ɝɢɞɪɨɥɢɡɨɜɚɧɵ: 

2UO2
2+

 + 2H2O = [(UO2)2(OH)2]
2+

 + 2H
+
. 

Ʉɨɧɟɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɝɢɞɪɨɥɢɡɚ ɹɜɥɹɟɬɫɹ ɫɜɟɬɥɨ-ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɝɢɞɪɨɤɫɢɞ 

ɚɭɪɚɧɢɥɚ UO2(OH)2, ɩɨɫɬɪɨɟɧɧɵɣ ɢɡ ɫɥɨɟɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɝɪɭɩɩɢɪɨɜɤɚɦɢ 

ɭɪɚɧɢɥɚ, ɫɜɹɡɚɧɧɵɦɢ ɝɢɞɪɨɤɫɨ-ɦɨɫɬɢɤɚɦɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɤɚɠɞɵɣ ɚɬɨɦ ɭɪɚɧɚ 

ɢɦɦɟɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɜɨɫɟɦɶ. Эɬɨ ɜɟɳɟɫɬɜɨ ɩɪɨɹɜɥɹɟɬ ɚɦɮɨɬɟɪɧɵɟ 

ɫɜɨɣɫɬɜɚ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɛɵɬɤɚ ɳɟɥɨɱɢ ɨɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɭɪɚɧɚɬɵ: 

2UO2(NO3)2 + 6KOH = K2U2O7 + 4KNO3 + 3H2O 

Ɉɪɚɧɠɟɜɵɣ ɨɫɚɞɨɤ ɞɢɭɪɚɧɚɬɚ ɤɚɥɢɹ ɬɨɥɶɤɨ ɩɨ ɫɨɫɬɚɜɭ ɢ ɨɤɪɚɫɤɟ ɧɚɩɨɦɢɧɚɟɬ 

ɞɢɯɪɨɦɚɬ. ȼ ɟɝɨ ɫɬɪɭɤɬɭɪɟ ɧɟɬ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɢɭɪɚɧɚɬ-ɢɨɧɨɜ. ȼɫɟ ɭɪɚɧɚɬɵ 

ɫɨɫɬɨɹɬ ɢɡ ɨɤɬɚɷɞɪɨɜ UO6 ɫ ɞɜɭɦɹ ɫɢɥɶɧɨ ɭɤɨɪɨɱɟɧɧɵɦɢ ɫɜɹɡɹɦɢ U-O, 

ɨɛɴɟɞɢɧɟɧɧɵɯ ɨɛɳɢɦɢ ɪɟɛɪɚɦɢ ɢɥɢ ɜɟɪɲɢɧɚɦɢ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɚɫɬɜɨɪɚ ɧɢɬɪɚɬɚ ɭɪɚɧɢɥɚ ɫ ɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ 

ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɨ-ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɮɬɨɪɢɞɚ ɭɪɚɧɢɥɚ: 

UO2(NO3)2  + 2NH4F  = UO2F2  + 2NH4NO3 

 ȼ ɜɨɞɟ ɧɟɪɚɫɬɜɨɪɢɦɵ ɬɚɤɠɟ ɤɨɪɢɱɧɟɜɵɣ ɫɭɥɶɮɢɞ UO2S, ɛɥɟɞɧɨ-ɠɟɥɬɵɟ 

ɝɢɞɪɨɮɨɫɮɚɬ  UO2HPO4 ɢ ɤɚɪɛɨɧɚɬ UO2CO3.  

 ɉɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɨɫɚɠɞɚɟɬ ɢɡ ɪɚɫɬɜɨɪɨɜ ɭɪɚɧɢɥɧɢɬɪɚɬɚ ɫɜɟɬɥɨ-ɠɟɥɬɵɣ 

ɨɫɚɞɨɤ ɝɢɞɪɚɬɚ ɩɟɪɨɤɫɢɞɚ ɭɪɚɧɢɥɚ: 

UO2(NO3)2 + 2H2O2 = UO2(O2)
.
H2O + 2HNO3 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 400 ɋ ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ, ɨɛɪɚɡɭɹ ɨɤɫɢɞ ɭɪɚɧɚ (VI): 

2UO4
.
2H2O = 2UO3 + O2 + 2H2O. 

Ƚɪɭɩɩɢɪɨɜɤɚ ɭɪɚɧɢɥɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɨɦɩɥɟɤɫɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ. Ɋɚɫɬɜɨɪɟɧɢɟɦ ɫɨɥɟɣ ɭɪɚɧɢɥɚ ɢɥɢ ɭɪɚɧɚɬɨɜ ɜ ɢɡɛɵɬɤɟ ɪɚɫɬɜɨɪɚ 

ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ ɩɨɥɭɱɚɸɬ ɤɚɪɛɨɧɚɬɧɵɟ ɤɨɦɩɥɟɤɫɵ (ɪɢɫ. 5), ɢɝɪɚɸɳɢɟ ɜɚɠɧɭɸ 

ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɚɯ ɜɵɞɟɥɟɧɢɹ ɭɪɚɧɚ ɢɡ ɪɭɞɵ: 



K2U2O7 + 6K2CO3 + 3H2O = 2K4[UO2(CO3)3] + 6KOH. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɚɸɬ ɢ ɬɢɨɰɢɚɧɚɬɧɵɣ ɤɨɦɩɥɟɤɫ, ɜ ɤɨɬɨɪɨɦ ɚɬɨɦ 

ɭɪɚɧɚ ɤɨɨɪɞɢɧɢɪɨɜɚɧ ɚɬɨɦɨɦ ɚɡɨɬɚ ɬɢɨɰɢɚɧɚɬɧɵɯ ɝɪɭɩɩ (ɪɢɫ. 5): 

K2U2O7 + 10KNCS + 3H2O = 2K3[UO2(NCS)5] + 6KOH 

ɀɟɥɬɵɣ ɪɚɫɬɜɨɪ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɰɟɬɚɬɚ ɰɢɧɤɚ ɢ ɭɪɚɧɢɥɚ (ɰɢɧɤ-ɭɪɚɧɢɥɚɰɟɬɚɬ) 

ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɚɰɟɬɚɬɨɜ ɰɢɧɤɚ ɢ ɭɪɚɧɢɥɚ: 

UO2(CH3COO)2 + Zn(CH3COO)2 = Zn[UO2(CH3COO)3]2. 

Эɬɨ ɫɨɟɞɢɧɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟɧɧɨɦ ɚɧɚɥɢɡɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɬɪɢɹ: 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɧɚɬɪɢɹ ɜɵɩɚɞɚɟɬ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɧɚɬɪɢɣ-ɰɢɧɤ-

ɭɪɚɧɢɥɚɰɟɬɚɬɚ: 

3Zn[UO2(CH3COO)3]2 + 2NaCl = 2NaZn[UO2(CH3COO)3]3
.
6H2O  + ZnCl2. 

ȼ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɨɥɢ ɭɪɚɧɢɥɚ ɭɫɬɨɣɱɢɜɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɬɨɥɶɤɨ 

ɫɢɥɶɧɵɦɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɜɨɞɨɪɨɞ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ, ɯɥɨɪɢɞɵ 

ɨɥɨɜɚ (II), ɜɚɧɚɞɢɹ(II) ɢɥɢ ɯɪɨɦɚ(II): 

UO2SO4 + Zn + 2H2SO4 = U(SO4)2 + ZnSO4 + 2H2O 

Ɉ ɩɪɨɬɟɤɚɧɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ ɪɚɫɬɜɨɪɚ ɫ 

ɠɟɥɬɨɣ ɧɚ ɡɟɥɟɧɭɸ. 

 

3.3. ɋɨɟɞɢɧɟɧɢɹ ɭɪɚɧɚ(+4) ɢ ɭɪɚɧɚ(+3) 

Ⱦɢɨɤɫɢɞ ɭɪɚɧɚ UO2 - ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɩɨɪɨɲɨɤ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ 

ɫɨɫɬɚɜɚ, ɩɨɫɬɪɨɟɧɧɵɣ ɩɨ ɬɢɩɭ ɮɥɸɨɪɢɬɚ. ȼɵɫɨɤɚɹ ɤɨɪɪɨɡɢɰɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ 

ɩɨɡɜɨɥɹɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ. ȿɝɨ ɩɨɥɭɱɚɸɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɜɵɫɲɟɝɨ ɨɤɫɢɞɚ ɜɨɞɨɪɨɞɨɦ ɢɥɢ ɭɝɚɪɧɵɦ ɝɚɡɨɦ: 

350 °C 

UO3 + CO  UO2 + CO2 

Ⱦɥɹ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɯɚɪɚɤɬɟɪɧɵ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ – ɨɧ ɧɟ ɪɟɚɝɢɪɭɟɬ ɫ 

ɳɟɥɨɱɚɦɢ, ɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɤɢɫɥɨɬɚɯ: 

UO2 + 2H2SO4 = U(SO4)2 + 2H2O. 



ȼ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɨɥɟɣ ɭɪɚɧɚ(+4) ɩɪɢɫɭɬɫɬɜɭɸɬ ɚɤɜɚɢɨɧɵ [U(H2O)8]
4+

, 

ɩɪɢɞɚɸɳɢɟ ɢɦ ɡɟɥɟɧɭɸ ɨɤɪɚɫɤɭ. Ɉɧɢ ɝɢɞɪɨɥɢɡɨɜɚɧɵ ɧɟɫɤɨɥɶɤɨ ɫɢɥɶɧɟɟ, ɱɟɦ 

ɚɧɚɥɨɝɢɱɧɵɟ ɫɨɥɢ ɬɨɪɢɹ(+4), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɚɤɬɢɧɨɢɞɧɵɦ ɫɠɚɬɢɟɦ. ȼ 

ɩɪɢɫɭɬɫɬɜɢɢ ɳɟɥɨɱɟɣ ɨɫɚɠɞɚɟɬɫɹ ɡɟɥɟɧɵɣ ɝɢɞɪɨɤɫɢɞ ɭɪɚɧɚ (IV), ɨɛɥɚɞɚɸɳɢɣ 

ɨɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ:  

U(SO4)2 + 4NaOH + (x – 2)H2O =   UO2xH2O    + 2Na2SO4 

ȼɜɟɞɟɧɢɟ ɮɬɨɪɢɞ-ɢɨɧɨɜ ɤɚɥɢɹ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɫɜɟɬɥɨ-ɡɟɥɟɧɨɝɨ 

ɬɟɬɪɚɮɬɨɪɢɞɚ ɭɪɚɧɚ ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɜ ɜɨɞɟ: 

U(SO4)2 + 4KF = UF4 + 2K2SO4. 

Ɇɚɥɨɪɚɫɬɜɨɪɢɦɵ ɬɚɤɠɟ ɮɨɫɮɚɬɵ U(PO3)4, UP2O7, ɫɭɥɶɮɢɞ US2. 

 ɋɨɟɞɢɧɟɧɢɹ ɭɪɚɧɚ(+4) ɩɪɨɹɜɥɹɸɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɧɚɩɪɢɦɟɪ, 

ɥɟɝɤɨ ɨɤɢɫɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ 

2UCl4 + O2 + 2H2O = 2UO2Cl2 + 4HCl, 

   ɨɛɟɫɰɜɟɱɢɜɚɸɬ ɩɨɞɤɢɫɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ:  

5U(SO4)2 + 2KMnO4 + 2H2O = 5UO2SO4 + K2SO4 + 2MnSO4  +2H2SO4. 

 Ʉɚɬɨɞɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɨɥɟɣ ɭɪɚɧɢɥɚ ɢɥɢ ɭɪɚɧɚ(+4) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɢɨɧɵ ɭɪɚɧɚ(+3): 

2U(SO4)2 + H2O = U2(SO4)3 + 1/2O2 + H2SO4 

ɉɭɪɩɭɪɧɵɟ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɨɧɚɚɤɜɚɢɨɧɵ [U(H2O)9]
3+, ɩɨɫɬɟɩɟɧɧɨ 

ɪɚɡɥɚɝɚɸɬ ɜɨɞɭ, ɜɵɞɟɥɹɹ ɢɡ ɧɟɟ ɜɨɞɨɪɨɞ. ȼ ɫɟɪɧɨɤɢɫɥɨɣ ɫɪɟɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɢɨɧɨɜ ɚɦɦɨɧɢɹ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɞɜɨɣɧɨɣ ɫɭɥɶɮɚɬ (NH4)U(SO4)24H2O, ɜ ɤɨɬɨɪɨɦ 

ɚɬɨɦ ɭɪɚɧɚ ɢɦɟɟɬ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɞɟɜɹɬɶ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɭɪɚɧɚ ɫ ɫɭɯɢɦ ɯɥɨɪɨɜɨɞɨɪɨɞɨɦ ɩɨɥɭɱɟɧ ɨɥɢɜɤɨɜɨ-ɡɟɥɟɧɵɣ 

ɬɪɢɯɥɨɪɢɞ UCl3. Ɉɧ ɢɦɟɟɬ ɩɨɥɢɦɟɪɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ ɚɬɨɦɵ ɭɪɚɧɚ 

ɫɨɟɞɢɧɟɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɤɚɪɤɚɫ ɦɨɫɬɢɤɨɜɵɦɢ ɚɬɨɦɚɦɢ ɯɥɨɪɚ. Ʉɚɠɞɵɣ ɚɬɨɦ 

ɭɪɚɧɚ ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɨɤɪɭɠɟɧɢɢ ɢɡ 9 ɚɬɨɦɨɜ ɯɥɨɪɚ, ɧɚɯɨɞɹɳɢɯ ɜ ɜɟɪɲɢɧɚɯ 

ɬɪɢɝɨɧɚɥɶɧɨɣ ɬɪɟɯɲɚɩɨɱɧɨɣ ɩɪɢɡɦɵ. ȼ ɫɬɪɭɤɬɭɪɧɨɦ ɬɢɩɟ UCl3 ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ 

ɦɧɨɝɢɟ ɬɪɢɝɚɥɨɝɟɧɢɞɵ 4f- ɢ 5f-ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɛɨɥɶɲɢɧɫɬɜɨ ɝɢɞɪɨɤɫɢɞɨɜ 

ɥɚɧɬɚɧɨɢɞɨɜ. ɋɨɟɞɢɧɟɧɢɹ ɭɪɚɧɚ(+3) – ɦɨɳɧɵɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ. 
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