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ɉɊȿɈȻɊȺɁɈȼȺɇɂȿ ȽȿɆȺɌɂɌȺ ɂ ȽȿɌɂɌȺ ȼ ɆȺȽɇȿɌɂɌ 
ȼ ɋȼəɁɂ ɋ ɊȿɒȿɇɂȿɆ ɉɊɈȻɅȿɆɕ 

ɈȻɈȽȺɓȿɇɂə ȻȿȾɇɕɏ ȽȿɆȺɌɂɌɈȼɕɏ ɊɍȾ 
 

 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɡɭɱɟɧɢɹ ɩɪɟɨɛ-
ɪɚɡɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ, 
ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɛɟɞɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ. Ɉɩɢɫɚɧɵ ɫɩɨɫɨɛɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɝɟɦɚɬɢ-
ɬɨɜɵɯ ɪɭɞ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ, ɫɭɯɨɝɨ ɨɦɚɝɧɢɱɢɜɚɧɢɹ, ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɜɨɫɫɬɚ-
ɧɨɜɢɬɟɥɶɧɵɯ ɝɚɡɨɜ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ɋɚɫɫɦɨɬɪɟɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɪɭɞ ɞɥɹ ɩɨɜɵ-
ɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ɢɡ 
ɛɟɞɧɨɝɨ ɝɟɦɚɬɢɬɨɜɨɝɨ ɫɵɪɶɹ. 

 

 

ȼɜɟɞɟɧɢɟ. ȼ Ʉɪɢɜɨɪɨɠɫɤɨɦ ɛɚɫɫɟɣɧɟ ɩɪɨ-
ɢɡɜɨɞɢɬɫɹ ɞɨɛɵɱɚ ɞɜɭɯ ɜɢɞɨɜ ɠɟɥɟɡɨɪɭɞɧɨɝɨ 
ɫɵɪɶɹ: ɛɨɝɚɬɵɯ ɝɟɦɚɬɢɬɨɜɵɯ ɪɭɞ ɢ ɛɟɞɧɵɯ 
ɦɚɝɧɟɬɢɬɨɜɵɯ ɪɭɞ (ɦɚɝɧɟɬɢɬɨɜɵɯ ɤɜɚɪɰɢɬɨɜ). 
ȼ ɫɜɹɡɢ ɫ ɢɫɬɨɳɟɧɢɟɦ ɢɯ ɡɚɩɚɫɨɜ ɜɟɞɟɬɫɹ ɩɨ-
ɢɫɤ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɨɛɨɝɚɳɟɧɢɹ ɟɳɟ 
ɨɞɧɨɝɨ ɜɢɞɚ ɛɟɞɧɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɫɵɪɶɹ – 

ɛɟɞɧɵɯ ɝɟɦɚɬɢɬɨɜɵɯ ɪɭɞ (ɝɟɦɚɬɢɬɨɜɵɯ ɤɜɚɪ-
ɰɢɬɨɜ). Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮ-
ɮɟɤɬɢɜɧɵ. ɇɨ ɛɨɥɶɲɢɟ ɡɚɩɚɫɵ ɢ ɪɟɫɭɪɫɵ ɷɬɨɝɨ 
ɜɢɞɚ ɫɵɪɶɹ, ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɝɟɦɚɬɢɬɨ-
ɜɵɯ ɤɜɚɪɰɢɬɨɜ, ɧɚɤɨɩɥɟɧɧɵɟ ɜ ɫɤɥɚɞɚɯ, ɨɬɜɚ-
ɥɚɯ, ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚɯ ɨɩɪɟɞɟɥɹɸɬ ɧɚɭɱɧɭɸ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ, ɷɤɨɧɨɦɢɱɟɫɤɭɸ, ɷɤɨɥɨɝɢɱɟ-
ɫɤɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɢɯ ɨɛɨ-
ɝɚɳɟɧɢɹ. ɗɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɣ ɨɛɨɝɚɳɟɧɢɹ ɛɟɞɧɨɝɨ ɝɟɦɚɬɢɬɨɜɨɝɨ 
ɫɵɪɶɹ Д2]. 

Ɉɞɢɧ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɭɫɨɜɟɪɲɟɧɫɬɜɨ-
ɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡ ɧɟɝɨ ɜɵɫɨ-
ɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ 

ɫɜɹɡɚɧ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ (ɡɚ ɫɱɟɬ ɱɚɫɬɢɱɧɨɝɨ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɠɟɥɟɡɚ) ɫɥɚɛɨɦɚɝɧɢɬ-
ɧɵɯ ɨɤɫɢɞɨɜ ɢ ɝɢɞɪɨɤɫɢɞɨɜ ɠɟɥɟɡɚ (ɝɟɦɚɬɢɬɚ, 

ɝɟɬɢɬɚ) ɜ ɫɢɥɶɧɨɦɚɝɧɢɬɧɵɣ ɦɚɝɧɟɬɢɬ Д4]. 

ɂɡɭɱɟɧɢɸ ɩɪɨɰɟɫɫɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ 
ɠɟɥɟɡɚ, ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɪɚɡɧɵɯ ɠɟɥɟɡɨ-

ɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ, ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɧɢɯ ɚɧɚɥɢɡɢ-
ɪɭɸɬɫɹ ɩɪɨɰɟɫɫɵ ɩɨɥɭɱɟɧɢɹ ɠɟɥɟɡɚ ɢɡ ɠɟɥɟɡɨ-

ɫɨɞɟɪɠɚɳɢɯ ɨɤɫɢɞɨɜ ɜ ɦɟɬɚɥɥɭɪɝɢɢ. ɇɨ ɜɨ-
ɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɦɚɝɧɢɱɢɜɚɧɢɟɦ ɠɟɥɟɡɧɵɯ 
ɪɭɞ ɞɥɹ ɰɟɥɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ, ɜ 
ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɤɪɚɬɤɨɟ 
ɨɩɢɫɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɧɵɯ ɚɜɬɨɪɚɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɦɚɝɧɢɱɢɜɚɧɢɟɦ 
ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ ɢ ɫ ɩɟɪɫɩɟɤɬɢ-
ɜɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɣ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ. 

1. Ɉɛɴɟɤɬɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɥɹ 
ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢɫɶ ɪɚɡɧɨɝɨ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɛɟɞɧɵɟ 
ɠɟɥɟɡɧɵɟ ɪɭɞɵ ɪɚɡɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɪɢ-
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ɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. ɀɟɥɟɡɨ-ɫɨɞɟɪɠɚɳɢɟ 
ɦɢɧɟɪɚɥɵ ɜ ɫɨɫɬɚɜɟ ɪɭɞ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ, ɜ 
ɨɫɧɨɜɧɨɦ, ɝɟɦɚɬɢɬɨɦ ɢɥɢ ɝɟɬɢɬɨɦ. Ƚɥɚɜɧɨɣ 
ɧɟɪɭɞɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɪɭɞ ɛɵɥ ɤɜɚɪɰ. ɏɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɤ ɢɫɯɨɞɧɵɯ (ɞɨ ɨɦɚɝɧɢɱɢɜɚ-
ɧɢɹ), ɬɚɤ ɢ ɨɦɚɝɧɢɱɟɧɧɵɯ ɪɭɞ ɛɵɥɢ ɢɡɭɱɟɧɵ 
ɦɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ȾɊɈɇ-

3), ɦɚɝɧɢɬɨɦɟɬɪɢɢ (ɦɚɝɧɢɬɨɦɟɬɪ ɫ ɞɚɬɱɢɤɨɦ 
ɏɨɥɥɚ), ɬɟɪɦɨɦɚɝɧɢɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɫɨɡɞɚɧɧɵɟ 
ɜ ɂȽɆɊ ɇȺɇ ɍɤɪɚɢɧɵ ɷɥɟɤɬɪɨɧɧɵɟ ɦɚɝɧɢɬ-
ɧɵɟ ɦɢɤɪɨɜɟɫɵ) ɢ ɹɞɟɪɧɨɝɨ ɝɚɦɦɚ-ɪɟɡɨɧɚɧɫɚ 
(ɭɫɬɚɧɨɜɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɫɬɨɱɧɢɤɚ 57ɋɨ ɜ 
ɦɚɬɪɢɰɟ ɯɪɨɦɚ). 

2. Ɉɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɢ 
ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ƚɟɬɢɬ (α-FeɈɈɇ) ɢ 
ɝɟɦɚɬɢɬ (α-Fe2O3) ɹɜɥɹɸɬɫɹ ɚɧɬɢɮɟɪɪɨɦɚɝɧɟ-
ɬɢɤɚɦɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɥɚɛɨɦɚɝɧɢɬɧɵɦɢ 
ɦɢɧɟɪɚɥɚɦɢ. ɂɨɧɵ ɠɟɥɟɡɚ ɤɚɤ ɜ ɝɟɬɢɬɟ, ɬɚɤ ɢ ɜ 
ɝɟɦɚɬɢɬɟ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ 
Fe

3+. Ɇɚɝɧɟɬɢɬ (Fe3O4 ɢɥɢ FeOFe2O3) ɹɜɥɹɟɬɫɹ 
ɮɟɪɪɢɦɚɝɧɟɬɢɤɨɦ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɢɥɶɧɨ-
ɦɚɝɧɢɬɧɵɦ ɦɢɧɟɪɚɥɨɦ. ȼ ɫɨɫɬɚɜɟ ɦɚɝɧɟɬɢɬɚ 

1/3 ɱɚɫɬɶ ɢɨɧɨɜ ɠɟɥɟɡɚ ɧɚɯɨɞɢɬɫɹ ɜ ɡɚɪɹɞɨɜɨɦ 
ɫɨɫɬɨɹɧɢɢ Fe

2+
, 2/3 – ɜ ɫɨɫɬɨɹɧɢɢ Fe

3+. Ⱦɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɟɬɢɬɚ ɢɥɢ ɝɟɦɚɬɢɬɚ ɜ ɦɚɝɧɟ-
ɬɢɬ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɱɚɫɬɶ ɢɨɧɨɜ Fe

3+
 ɷɬɢɯ 

ɦɢɧɟɪɚɥɨɜ ɩɟɪɟɲɥɚ ɜ ɡɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹɧɢɟ Fe
2+

 

ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɱɬɨɛɵ ɢɦɟɥɚ ɦɟɫɬɨ ɩɟɪɟɫɬɪɨɣɤɚ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɝɟɬɢɬɚ ɢɥɢ ɝɟɦɚɬɢɬɚ 
ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɦɚɝɧɟɬɢɬɚ. 

2.1. Ɉɦɚɝɧɢɱɢɜɚɧɢɟ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ. ɉɪɨ-
ɰɟɞɭɪɚ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɫɥɚɛɨɦɚɝɧɢɬɧɨɝɨ ɠɟɥɟ-
ɡɨɪɭɞɧɨɝɨ ɫɵɪɶɹ (ɨɤɫɢɞɵ ɢɥɢ ɝɢɞɪɨɤɫɢɞɵ ɠɟ-
ɥɟɡɚ, ɝɟɦɚɬɢɬɨɜɵɟ ɤɜɚɪɰɢɬɵ, ɝɟɦɚɬɢɬ- ɢ ɝɟɬɢɬ-

ɫɨɞɟɪɠɚɳɢɟ ɠɟɥɟɡɨɪɭɞɧɵɟ ɨɬɯɨɞɵ ɢ ɞɪ.) ɜ 
ɜɨɞɧɨɣ ɫɪɟɞɟ ɜɤɥɸɱɚɟɬ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ Д4]. 

ȼɧɚɱɚɥɟ ɢɡɦɟɥɶɱɟɧɧɵɣ ɞɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɦɟ-
ɧɟɟ 0,1 ɦɦ ɨɛɪɚɡɟɰ ɩɨɦɟɳɚɸɬ ɜ ɪɚɫɬɜɨɪ 5% 
ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ (II) ɜ ɜɨɞɟ (ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱ-
ɧɢɤɚ ɷɥɟɤɬɪɨɧɨɜ ɦɨɠɧɨ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɪɭɝɢɟ ɫɨɥɢ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɫɟɪɵ). ɉɨɥɭɱɟɧɧɚɹ ɫɦɟɫɶ 
ɢɦɟɟɬ ɤɪɚɫɧɨɜɚɬɨ-ɛɭɪɵɣ ɨɬɬɟɧɨɤ. ɑɟɪɟɡ 5 ɦɢ-
ɧɭɬ ɤ ɪɚɫɬɜɨɪɭ ɞɨɛɚɜɥɹɸɬ ɪɚɫɬɜɨɪ ɤɨɧɰɟɧɬɪɢ-
ɪɨɜɚɧɧɨɝɨ ɚɦɦɢɚɤɚ, ɞɨɜɨɞɹɬ pH ɞɨ ɡɧɚɱɟɧɢɣ 
10-12, ɧɚɝɪɟɜɚɸɬ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɪɢɦɟɪɧɨ 95°ɋ ɢ ɢɧɤɭɛɢɪɭɸɬ ɫɦɟɫɶ 
ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 30 ɦɢɧ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɩɪɨɰɟɞɭɪ ɜɡɜɟɫɶ 

ɩɪɢɨɛɪɟɬɚɟɬ ɬɟɦɧɭɸ ɨɤɪɚɫɤɭ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ 
ɞɥɹ ɱɚɫɬɢɰ ɦɚɝɧɟɬɢɬɚ.  

ɋ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɦɵ ɨɦɚɝ-
ɧɢɬɢɥɢ ɤɚɤ ɝɟɦɚɬɢɬɨɜɵɟ, ɬɚɤ ɢ ɝɟɬɢɬɨɜɵɟ ɪɭɞɵ 
ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɢɥɢ ɦɚɝɧɢɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɮɚ-
ɡɨɜɵɣ ɫɨɫɬɚɜ ɪɭɞ ɤɚɤ ɞɨ, ɬɚɤ ɢ ɩɨɫɥɟ ɨɦɚɝɧɢ-
ɱɢɜɚɧɢɹ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɞɚɧ-
ɧɵɦɢ, ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɧɚɫɵɳɟɧɢɹ ɢɫɯɨɞɧɨɣ 
ɝɟɦɚɬɢɬɨɜɨɣ ɪɭɞɵ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɤɪɢɜɨɣ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ (ɡɚɜɢɫɢɦɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ 
ɦɨɦɟɧɬɚ ɨɛɪɚɡɰɚ Ɇ ɨɬ ɜɟɥɢɱɢɧɵ ɢɧɞɭɤɰɢɢ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ȼ (ɪɢɫ. 1), ɫɨɫɬɚɜɥɹɟɬ ɩɪɢ-
ɛɥɢɡɢɬɟɥɶɧɨ 2 Ⱥ∙ɦ2/ɤɝ. 
 

 
Ɋɢɫ. 1. Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɝɟɦɚɬɢ-

ɬɨɜɨɣ ɪɭɞɵ ɞɨ ɨɦɚɝɧɢɱɢɜɚɧɢɹ. 
 

 

Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɨɦɚɝɧɢɱɟɧɧɨɣ ɝɟ-
ɦɚɬɢɬɨɜɨɣ ɪɭɞɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2. ɂɡ ɫɪɚɜ-
ɧɟɧɢɹ ɤɪɢɜɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 1 ɢ ɪɢɫ. 
2, ɜɢɞɧɨ, ɱɬɨ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɧɚɫɵɳɟɧɢɹ ɪɭ-
ɞɵ ɩɨɫɥɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢɛɥɢɡɢ-
ɬɟɥɶɧɨ ɜ 15 ɪɚɡ ɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 33 
Ⱥɦ2/ɤɝ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɧɚɫɵ-
ɳɟɧɢɹ ɩɪɨɛ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɬɨɥɶɤɨ ɦɚɝɧɟɬɢ-
ɬɨɦ (ɛɟɡ ɩɪɢɦɟɫɟɣ ɞɪɭɝɢɯ ɦɢɧɟɪɚɥɶɧɵɯ ɮɚɡ), 
ɪɚɜɧɚ 92 Ⱥ∙ɦ2/ɤɝ. Ɉɩɪɟɞɟɥɹɹ ɫɨɨɬɧɨɲɟɧɢɟ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɩɨɥɧɨɫɬɶɸ ɨɦɚɝɧɢɱɟɧɧɨɣ 
ɠɟɥɟɡɧɨɣ ɪɭɞɵ ɢ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɦɨɧɨɦɢɧɟ-
ɪɚɥɶɧɵɯ ɩɪɨɛ ɦɚɝɧɟɬɢɬɚ, ɦɨɠɧɨ ɷɤɫɩɪɟɫɫɧɨ 
ɨɰɟɧɢɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɪɭɞɧɵɯ ɢ 
ɧɟɪɭɞɧɵɯ ɦɢɧɟɪɚɥɨɜ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɪɭɞɟ. 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ 
ɢɫɯɨɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɦɢ ɪɭɞɚɯ ɨɫɧɨɜ-
ɧɵɦɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɮɚɡɚɦɢ ɹɜɥɹɸɬɫɹ ɤɜɚɪɰ ɢ 
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ɝɟɦɚɬɢɬ, ɥɢɛɨ ɤɜɚɪɰ ɢ ɝɟɬɢɬ. ɉɨɫɥɟ ɨɦɚɝɧɢɱɢ-
ɜɚɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɝɟɦɚɬɢɬɚ, ɢɥɢ ɝɟɬɢɬɚ ɜ ɪɭɞɚɯ 
ɭɦɟɧɶɲɚɟɬɫɹ, ɧɨ ɩɨɹɜɥɹɟɬɫɹ ɮɚɡɚ ɦɚɝɧɟɬɢɬɚ. 
ɉɨ ɷɬɨɦ ɢɦɟɸɬ ɦɟɫɬɨ ɩɥɚɜɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɨ-
ɥɨɠɟɧɢɹ ɢ ɲɢɪɢɧɵ ɪɟɮɥɟɤɫɨɜ ɦɢɧɟɪɚɥɨɜ, ɩɟ-
ɪɟɫɬɪɚɢɜɚɸɳɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ. 
ɂɡɦɟɪɹɹ ɫɞɜɢɝɢ ɢ ɲɢɪɢɧɵ ɪɟɮɥɟɤɫɨɜ, ɫɜɹɡɚɧ-
ɧɵɯ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟ-
ɲɟɬɤɢ ɦɢɧɟɪɚɥɨɜ, ɢ ɩɪɨɜɨɞɹ ɤɨɦɩɶɸɬɟɪɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟ-
ɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɨɬ ɬɢɩɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɞɟɮɟɤ-
ɬɨɜ ɜ ɪɟɲɟɬɤɢ, ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɞɟɬɚɥɶɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɰɟɫɫɚɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɟ-
ɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ. 

 

 
 

Ɋɢɫ. 2. Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɝɟɦɚɬɢ-
ɬɨɜɨɣ ɪɭɞɵ ɩɨɫɥɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɜ ɜɨɞɧɨɣ 

ɫɪɟɞɟ. 
 

 

ɉɪɢ ɨɦɚɝɧɢɱɢɜɚɧɢɢ ɫɬɟɩɟɧɶ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ, ɤɚɤ ɝɟɬɢɬɚ, ɬɚɤ ɢ ɝɟɦɚɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ ɡɚ-
ɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɢ ɨɬ ɭɫɥɨɜɢɣ ɩɪɨɜɟ-
ɞɟɧɢɹ ɨɩɵɬɨɜ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɚ ɱɚ-
ɫɬɢɰ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɩɨɥɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ 
ɧɚ ɬɨ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɟɦɚɬɢɬɚ 
ɢ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ ɧɚɱɢɧɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ, ɚ ɡɚɬɟɦ, ɡɚ ɫɱɟɬ ɩɪɨɰɟɫɫɨɜ ɞɢɮɮɭɡɢɢ, ɪɚɫ-
ɩɪɨɫɬɪɚɧɹɸɬɫɹ ɬɚɤɠɟ ɢ ɧɚ ɜɧɭɬɪɟɧɧɢɟ ɨɛɥɚɫɬɢ 
ɱɚɫɬɢɰ. 

Ɇɟɯɚɧɢɡɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɦɚɝ-
ɧɢɱɢɜɚɧɢɹ ɭɩɪɨɳɟɧɧɨ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭ-
ɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɪɚɛɨɬɟ Д6Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ FО2+

 ɫ ɝɟɬɢ-
ɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɦɟɧ ɷɥɟɤɬɪɨɧɚɦɢ ɦɟɠɞɭ 

ɢɨɧɚɦɢ ɠɟɥɟɡɚ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɢ ɜ ɪɚɫɬɜɨɪɟ. 
Ȼɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɤɨɧɰɟɩɬɭɚɥɶɧɚɹ ɦɨɞɟɥɶ, 
ɜɤɥɸɱɚɸɳɚɹ ɫɨɪɛɰɢɸ FО2+

 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɝɟɬɢɬɚ, ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɧɚ ɫ FО2+
 ɤ FО3+

 ɢ ɩɪɨ-
ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɜɧɭɬɪɶ ɤɪɢɫɬɚɥɥɚ. ɗɬɚ 
ɤɨɧɰɟɩɬɭɚɥɶɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ Д3Ж, ɱɬɨ 
ɫɭɳɟɫɬɜɭɟɬ ɝɪɚɞɢɟɧɬ ɩɨɬɟɧɰɢɚɥɚ ɦɟɠɞɭ ɞɜɭɦɹ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ ɝɪɚɧɹɦɢ ɤɪɢɫɬɚɥɥɚ ɨɤɫɢɞɚ 
ɠɟɥɟɡɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɨɡɦɨɠɟɧ ɨɛɴɟɦɧɵɣ 
ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɧɨɜ ɫɤɜɨɡɶ ɦɢɧɟɪɚɥ. ɉɨɞɨɛɧɵɟ 
ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɚɤɠɟ ɩɪɢ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ FО2+

 ɫ ɝɟɦɚɬɢ-
ɬɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɫɧɨɜɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ 
ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɥɟɠɢɬ ɩɟɪɟɧɨɫ 
ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɢɨɧɨɜ ɠɟɥɟɡɚ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨ-
ɫɬɨɹɧɢɢ FО2+

 ɤ ɢɨɧɚɦ ɠɟɥɟɡɚ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨ-
ɫɬɨɹɧɢɢ FО3+

. 

Ɇɟɯɚɧɢɡɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɦɚɝ-
ɧɢɱɢɜɚɧɢɹ ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ ɭɩɪɨɳɟɧɧɨ ɦɨɠ-
ɧɨ ɩɨɹɫɧɢɬɶ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɢ 
ɭɤɚɡɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ pH ɜ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ 
ɜɨɞɧɨɣ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ ɢɨɧɵ ɠɟɥɟɡɚ Fe

2+
, 

ɨɛɪɚɡɭɸɬɫɹ ɝɢɞɪɨɤɫɢɞɵ Fe(OH)2, ɜ ɤɨɬɨɪɵɯ 
ɢɨɧɵ ɠɟɥɟɡɚ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ 
Fe

2+. ɗɬɢ ɝɢɞɪɨɤɫɢɞɵ ɨɫɟɞɚɸɬ ɧɚ ɱɚɫɬɢɰɚɯ ɝɟ-
ɬɢɬɚ ɢɥɢ ɝɟɦɚɬɢɬɚ, ɜ ɤɨɬɨɪɵɯ ɢɨɧɵ ɠɟɥɟɡɚ 
ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ Fe

3+. ɋɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɧɭɬɪɢ ɨɦɚɝɧɢ-
ɱɢɜɚɟɦɵɯ ɱɚɫɬɢɰ ɩɨɹɜɥɹɟɬɫɹ ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɢɨɧɨɜ ɠɟɥɟɡɚ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ 
ɪɚɡɧɨɦ ɡɚɪɹɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ ɫɬɢɦɭɥɢɪɭɟɬ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. Ƚɪɚɞɢɟɧɬ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɜɟɞɟɬ ɤ ɩɨɹɜɥɟɧɢɸ ɞɢɮɮɭɡɢɢ ɷɥɟɤ-
ɬɪɨɧɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɜɧɭɬɪɶ ɱɚɫɬɢɰ, ɱɬɨ ɫɨ-
ɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɝɪɚɞɢɟɧɬɚ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɠɟɥɟɡɚ, ɢɦɟɸɳɢɯ ɡɚɪɹɞɨɜɨɟ 
ɫɨɫɬɨɹɧɢɟ Fe

2+
 (ɩɨɜɟɪɯɧɨɫɬɶ ɱɚɫɬɢɰɵ) ɢ Fe

3+
 

(ɜɧɭɬɪɟɧɧɹɹ ɱɚɫɬɶ ɱɚɫɬɢɰɵ). ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɞɢɮɮɭɡɢɢ ɷɥɟɤɬɪɨɧɨɜ, ɜɧɭɬɪɢ ɱɚɫɬɢɰɵ, ɤɪɨɦɟ 
ɢɨɧɨɜ ɠɟɥɟɡɚ ɜ ɫɨɫɬɨɹɧɢɢ Fe

3+, ɩɨɹɜɥɹɸɬɫɹ 
ɬɚɤɠɟ ɢɨɧɵ ɠɟɥɟɡɚ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ 
Fe

2+. ȼ ɫɜɹɡɢ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɨɯɪɚɧɟɧɢɹ 
ɡɚɪɹɞɨɜɨɣ ɧɟɣɬɪɚɥɶɧɨɫɬɢ, ɤɪɨɦɟ ɱɚɫɬɢɱɧɨɣ 
ɩɟɪɟɡɚɪɹɞɤɢ ɢɨɧɨɜ ɠɟɥɟɡɚ ɜɧɭɬɪɢ ɱɚɫɬɢɰɵ, 
ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɭɞɚɥɟɧɢɟ ɢɨɧɨɜ ɤɢɫɥɨɪɨɞɚ 
ɢɡ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ 
ɦɢɧɟɪɚɥɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟ-
ɲɟɬɤɚ ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ ɦɢɧɟɪɚɥɨɜ ɫɬɚɧɨɜɢɬɫɹ 
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ɧɟɭɫɬɨɣɱɢɜɨɣ ɢ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɭɸ ɪɟɲɟɬɤɭ ɦɚɝɧɟɬɢɬɚ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ 
ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɮɚɤ-
ɬɨɪɨɜ. Ɉɞɢɧ ɢɡ ɧɢɯ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɜ ɪɚɫɬɜɨ-
ɪɟ, ɢɫɩɨɥɶɡɭɟɦɨɦ ɞɥɹ ɨɦɚɝɧɢɱɢɜɚɧɢɹ, ɤɪɨɦɟ 
ɢɨɧɨɜ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ Fe

2+, ɤɚɤ ɩɪɚɜɢ-
ɥɨ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɤɨɥɢɱɟ-
ɫɬɜɨ ɢɨɧɨɜ Fe

3+. ɗɬɨ ɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɢ ɭɤɚ-
ɡɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ pH ɨɛɪɚɡɭɸɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɝɢɞɪɨɤɫɢɞɵ Fe(OH)2, ɧɨ ɢ ɝɢɞɪɨɤɫɢɞɵ 
Fe(OH)3. ɋɨɜɦɟɫɬɧɨɟ ɨɫɚɠɞɟɧɢɟ ɷɬɢɯ ɞɜɭɯ 
ɝɢɞɪɨɤɫɢɞɨɜ ɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ ɱɚɫɬɢɰ ɦɚɝɧɟɬɢɬɨ-

ɩɨɞɨɛɧɵɯ ɫɬɪɭɤɬɭɪ (ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɭɤɚɡɚɧɧɵɯ 
ɜɵɲɟ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɝɪɚɞɢɟɧɬɨɦ ɤɨɧ-
ɰɟɧɬɪɚɰɢɣ ɢɨɧɨɜ ɠɟɥɟɡɚ ɢɦɟɸɳɢɯ ɪɚɡɧɵɣ ɡɚ-
ɪɹɞ). Ɉɛɪɚɡɨɜɚɧɢɟ ɬɚɤɢɦ ɩɭɬɟɦ ɦɚɝɧɟɬɢɬɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɦɚɝɧɢɬɧɵɯ ɱɚɫɬɢɰ ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɵɦ ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɪɭɝɨɣ ɮɚɤɬɨɪ, ɜɥɢɹɸɳɢɣ ɧɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɝɟ-
ɬɢɬɚ ɢ ɝɟɦɚɬɢɬɚ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ, ɫɜɹɡɚɧ ɫ ɬɟɦ, 
ɱɬɨ ɩɪɨɰɟɫɫɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɛɨɢɯ ɦɢɧɟɪɚ-
ɥɨɜ ɜ ɦɚɝɧɟɬɢɬ ɦɨɝɭɬ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɢɧ-
ɬɟɧɫɢɮɢɰɢɪɨɜɚɧɵ, ɟɫɥɢ ɧɚ ɪɚɫɫɦɨɬɪɟɧɧɭɸ 
ɜɵɲɟ ɫɦɟɫɶ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɦɢɤɪɨɜɨɥɧɨɜɵɦ 
ɢɥɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨ-
ɥɟɦ. ɗɬɨ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ 
ɫɜɹɡɚɧɨ ɫ ɢɡɛɢɪɚɬɟɥɶɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ (ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɦɟɧɟɧɢɟɦ ɫɜɨɣɫɬɜ) ɦɨɥɟɤɭɥ 
ɜɨɞɵ ɢ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɵɦɢ ɩɨɥɹɦɢ, ɚ ɬɚɤɠɟ ɫ ɢɡɛɢɪɚɬɟɥɶɧɵɦ (ɥɨ-
ɤɚɥɶɧɵɦ) ɧɚɝɪɟɜɨɦ ɦɢɤɪɨɜɨɥɧɨɜɵɦɢ ɩɨɥɹɦɢ 
ɧɚɧɨɱɚɫɬɢɰ ɦɚɝɧɟɬɢɬɚ ɡɚ ɫɱɟɬ ɩɟɪɟɧɨɫɚ ɷɥɟɤ-
ɬɪɨɧɨɜ ɦɟɠɞɭ ɢɨɧɚɦɢ Fe

2+
 ɢ Fe

3+
 ɜ ɫɬɪɭɤɬɭɪɟ 

ɦɚɝɧɟɬɢɬɚ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɮɚɤɬɨɪɵ ɢɧɬɟɧɫɢ-
ɮɢɰɢɪɭɸɬ ɩɪɨɰɟɫɫɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɥɚɛɨ-
ɦɚɝɧɢɬɧɵɯ ɱɚɫɬɢɰ ɜ ɫɢɥɶɧɨɦɚɝɧɢɬɧɵɟ. 

ɂɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɜɨɞ-
ɧɨɣ ɫɪɟɞɟ ɫɢɥɶɧɨɦɚɝɧɢɬɧɵɯ ɱɚɫɬɢɰ, ɤɪɨɦɟ 
ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɠɟɥɟɡɧɵɦɢ ɪɭɞɚɦɢ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ 

ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ 

ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ. 
2.2. ɋɭɯɨɟ ɨɦɚɝɧɢɱɢɜɚɧɢɟ. ɉɪɨɰɟɞɭɪɚ 

ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɫɥɚɛɨɦɚɝɧɢɬɧɨɝɨ ɠɟɥɟɡɨɪɭɞ-
ɧɨɝɨ ɫɵɪɶɹ (ɨɤɫɢɞɵ/ɝɢɞɪɨɤɫɢɞɵ ɠɟɥɟɡɚ, ɨɤɢɫ-

ɥɟɧɧɵɟ ɠɟɥɟɡɧɵɟ ɪɭɞɵ, ɨɬɯɨɞɵ ɞɨɛɵɱɢ ɢ ɨɛɨ-
ɝɚɳɟɧɢɹ ɠɟɥɟɡɧɵɯ ɪɭɞ ɢ ɞɪ.) ɜ ɫɭɯɨɦ ɜɢɞɟ 
ɜɤɥɸɱɚɟɬ ɞɜɟ ɫɬɚɞɢɢ Д3Ж. ȼɧɚɱɚɥɟ ɢɡɦɟɥɶɱɟɧ-
ɧɭɸ ɪɭɞɭ ɫɦɟɲɢɜɚɸɬ ɫ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ (ɜ 
ɧɚɲɟɦ ɫɥɭɱɚɟ, ɜ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢɪɨɞɧɵɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɟ 
ɢɫɬɨɱɧɢɤɢ ɫɵɪɶɹ – ɭɝɥɟɜɨɞɵ). ɉɨɫɥɟ ɷɬɨɝɨ, 
ɫɦɟɫɶ ɧɚɝɪɟɜɚɸɬ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 
300-600°ɋ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɩɪɢɦɟɪɧɨ 15 ɦɢɧɭɬ. 
ȼ ɬɟɱɟɧɢɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɩɪɨɛ ɜɨɡɪɚɫɬɚɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ ɞɨ-
ɫɬɢɝɚɟɬ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

ɋɭɯɨɟ ɨɦɚɝɧɢɱɢɜɚɧɢɟ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ ɫ 
ɩɨɦɨɳɶɸ ɫɨɡɞɚɧɧɨɣ ɚɜɬɨɪɚɦɢ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 
ɬɟɪɦɨɦɚɝɧɢɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ-
ɧɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɦɚɝɧɢɬɧɵɟ ɬɟɪɦɨɜɟɫɵ ɫ ɜɵ-
ɜɨɞɨɦ ɞɚɧɧɵɯ ɧɚ ɦɨɧɢɬɨɪ ɤɨɦɩɶɸɬɟɪɚ). ɂɡ-
ɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɟɦɚɬɢɬɚ ɜ 
ɦɚɝɧɟɬɢɬ ɜ ɤɚɱɟɫɬɜɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɪɚɯɦɚɥ Д5Ж. ȼ ɧɚɲɢɯ ɨɩɵɬɚɯ 
ɧɚɝɪɟɜɚɧɢɟ ɫɦɟɫɢ ɪɭɞɵ ɫ ɤɪɚɯɦɚɥɨɦ ɩɪɨɢɫɯɨ-
ɞɢɥɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ (ɢɥɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɞɨ-
ɫɬɭɩɟ) ɤɢɫɥɨɪɨɞɚ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɨɣ ɦɟ-
ɬɨɞɢɤɢ ɧɚɦɢ ɛɵɥɢ ɨɦɚɝɧɢɱɟɧɵ ɤɚɤ ɝɟɦɚɬɢɬɨ-
ɜɵɟ, ɬɚɤ ɢ ɝɟɬɢɬɨɜɵɟ ɪɭɞɵ. Ɍɟɪɦɨɦɚɝɧɢɬɧɵɟ 
ɤɪɢɜɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɵɯ 
ɦɚɝɧɢɬɧɵɯ ɦɢɤɪɨɜɟɫɨɜ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3 
(ɞɥɹ ɨɛɪɚɡɰɚ ɝɟɦɚɬɢɬɨɜɨɣ ɪɭɞɵ) ɢ ɧɚ ɪɢɫ. 4 
(ɞɥɹ ɨɛɪɚɡɰɚ ɝɟɬɢɬɨɜɨɣ ɪɭɞɵ). 

Ʉɚɤ ɜɢɞɧɨ, ɪɨɫɬ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɩɪɢ 
ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɫɜɹɡɚɧ ɫ ɩɨɹɜɥɟɧɢɟɦ ɮɚ-
ɡɵ ɦɚɝɧɟɬɢɬɚ, ɚ ɭɦɟɧɶɲɟɧɢɟ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 
ɩɨɫɥɟ ɷɤɫɬɪɟɦɭɦɚ, ɨɛɭɫɥɨɜɥɟɧɨ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɦɚɝɧɟɬɢɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɬɟɦɩɟɪɚɬɭɪɟ Ʉɸɪɢ, ɩɪɢ ɤɨɬɨ-
ɪɨɣ ɦɚɝɧɟɬɢɬ ɩɟɪɟɯɨɞɢɬ ɜ ɩɚɪɚɦɚɝɧɢɬɧɭɸ ɮɚ-
ɡɭ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɛɪɚɡɰɚ ɦɚɝɧɟɬɢɬ ɜɧɨɜɶ 
ɩɟɪɟɯɨɞɢɬ ɜ ɦɚɝɧɢɬɨɭɩɨɪɹɞɨɱɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɝɧɢɬɧɨɝɨ ɦɨ-
ɦɟɧɬɚ ɨɛɪɚɡɰɚ. ɂɡ ɬɟɪɦɨɦɚɝɧɢɬɧɵɯ ɤɪɢɜɵɯ 
ɜɢɞɧɨ ɬɚɤɠɟ, ɱɬɨ ɧɚɱɚɥɨ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟ-
ɧɢɹ ɝɟɦɚɬɢɬɚ ɤɪɚɯɦɚɥɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 400°ɋ, ɚ ɝɟɬɢɬɚ – ɭɠɟ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 250°ɋ. ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɱɚɫɬɢɰɵ ɝɟɬɢɬɚ ɜɨ-

ɩɟɪɜɵɯ ɛɨɥɟɟ ɩɨɥɧɨ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɦɚɝ-
ɧɟɬɢɬ, ɚ ɜɨ-ɜɬɨɪɵɯ ɬɚɤɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɩɪɨ-
ɢɫɯɨɞɢɬ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɝɟɦɚɬɢɬɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɟɬɢ-
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ɬɨɜɵɟ ɪɭɞɵ ɦɨɠɧɨ ɨɦɚɝɧɢɱɢɜɚɬɶ ɛɨɥɟɟ ɩɨɥɧɨ 
ɢ ɛɨɥɟɟ ɩɪɨɫɬɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɟɦɚɬɢɬɨɜɵɦɢ. 

 

 
 

Ɋɢɫ. 3. Ɍɟɪɦɨɦɚɝɧɢɬɧɚɹ ɤɪɢɜɚɹ ɞɥɹ ɫɦɟɫɢ 
ɝɟɦɚɬɢɬɨɜɨɣ ɪɭɞɵ ɢ ɤɪɚɯɦɚɥɚ. 

ɋɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɜɛɥɢɡɢ 
ɮɚɡɨɜɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɟɪɟɯɨɞɚ ɱɚɫɬɢɰ ɦɚɝ-
ɧɟɬɢɬɚ. 

 

 

 
 

Ɋɢɫ. 4. Ɍɟɪɦɨɦɚɝɧɢɬɧɚɹ ɤɪɢɜɚɹ ɞɥɹ ɫɦɟɫɢ 
ɝɟɬɢɬɨɜɨɣ ɪɭɞɵ ɢ ɤɪɚɯɦɚɥɚ. 

 

 

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɝɟɦɚɬɢɬɚ ɩɨɫɥɟ ɫɭɯɨɝɨ ɨɦɚɝ-
ɧɢɱɢɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɪɟɞɧɟɦ ɜ 20-30 ɪɚɡ ɢ 
ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 50 Ⱥ∙ɦ2/ɤɝ, ɚ ɧɚɦɚɝɧɢɱɟɧ-
ɧɨɫɬɶ ɝɟɬɢɬɚ ɩɨɫɥɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɞɨɫɬɢɝɚɟɬ 
ɡɧɚɱɟɧɢɣ ɨɤɨɥɨ 80 Ⱥ∙ɦ2/ɤɝ, ɬ.ɟ. ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 
ɡɧɚɱɟɧɢɹɦ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɦɚɝɧɟɬɢɬɚ. 

Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ (ɡɚɜɢɫɢɦɨɫɬɶ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ Ɇ ɨɬ ɜɟɥɢɱɢɧɵ ɢɧɞɭɤɰɢɢ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ȼ), ɞɥɹ ɨɛɪɚɡɰɚ ɨɦɚɝɧɢɱɟɧ-
ɧɨɣ ɝɟɦɚɬɢɬɨɜɨɣ ɪɭɞɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 5. 
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Ɋɢɫ. 5. Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɝɟɦɚɬɢ-
ɬɨɜɨɣ ɪɭɞɵ, ɨɦɚɝɧɢɱɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɪɚɯɦɚɥɚ. 

 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɹɞɟɪɧɨɝɨ ɝɚɦɦɚ-ɪɟɡɨɧɚɧɫɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ 
ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɚɯ ɢɡɭɱɟɧɧɵɯ ɪɭɞ ɠɟɥɟɡɨ-

ɫɨɞɟɪɠɚɳɢɟ ɦɢɧɟɪɚɥɵ ɩɪɟɞɫɬɚɜɥɟɧɵ, ɜ ɨɫɧɨɜ-
ɧɨɦ, ɝɟɦɚɬɢɬɨɦ ɢɥɢ ɝɟɬɢɬɨɦ. ȼ ɨɦɚɝɧɢɱɟɧɧɵɯ 
ɨɛɪɚɡɰɚɯ ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɦɢɧɟɪɚɥɶɧɵɯ ɮɚɡ 
ɭɦɟɧɶɲɚɟɬɫɹ, ɧɨ ɩɨɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɮɚɡɵ ɦɚɝɧɟɬɢɬɚ. 

Ɇɟɯɚɧɢɡɦ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢ-
ɬɚ ɫ ɩɨɦɨɳɶɸ ɤɪɚɯɦɚɥɚ ɭɩɪɨɳɟɧɧɨ (ɨɩɭɫɤɚɹ 
ɜɨɩɪɨɫ ɨ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɦɨɥ, ɫɥɨɠɧɵɯ ɭɝɥɟ-
ɜɨɞɨɪɨɞɨɜ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɝɚɡɨɜ) ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ʉɪɚɯɦɚɥ ɜ 
ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɧɚɧɨɭɝɥɟɪɨɞ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɟ-
ɥɟɦ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɢɨɧɵ 
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 ɞɨ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ FО2+. Ɉɞɢɧ ɚɬɨɦ 

ɭɝɥɟɪɨɞɚ ɦɨɠɟɬ ɨɬɞɚɬɶ ɱɟɬɵɪɟ ɷɥɟɤɬɪɨɧɚ ɢ, 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɫɫɬɚɧɨɜɢɬɶ ɱɟɬɵɪɟ ɢɨɧɚ FО3+

 

ɞɨ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ FО2+
. ɗɬɨɬ ɩɪɨɰɟɫɫ 

ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɨɛɳɟɣ ɪɟɚɤɰɢɟɣ: 
36Fe2O3+C6(H2O)5→24FО3O4+6CO2+5H2O    (1). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɚɤɰɢɟɣ (1) ɢɡ ɤɪɚɯɦɚɥɚ 
ɜɵɞɟɥɹɸɬɫɹ ɩɹɬɶ ɦɨɥɟɤɭɥ ɜɨɞɵ ɢ ɲɟɫɬɶ ɦɨɥɟ-
ɤɭɥ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬɫɹ ɡɚ 



ǛǼǱǺǭǼǬǳǺǮǬǹǴǱ ǯǱǸǬǾǴǾǬчǴчǯǱǾǴǾǬчǮчǸǬǯǹǱǾǴǾ ǮчǽǮȋǳǴчǽчǼǱȄǱǹǴǱǸчǻǼǺǭǷǱǸȇ ǺǭǺǯǬȅǱǹǴȋчǭǱǰǹȇȁ… 

10 ǏǱǺǷǺǯǺ-ǸȑǹǱǼǬǷǺǯȑȃǹǴǵчǮȑǽǹǴǶчǖǼǴǮǺǼȑǳȈǶǺǯǺчǹǬȂȑǺǹǬǷȈǹǺǯǺчǿǹȑǮǱǼǽǴǾǱǾǿі– №ч1-2 (31-32).– 2014 Ǽі 

ɫɱɟɬ ɩɨɬɟɪɢ ɤɢɫɥɨɪɨɞɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟ-
ɲɟɬɤɨɣ ɝɟɦɚɬɢɬɚ ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɦɚɝɧɟɬɢɬɚ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɩɨɫɨɛɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ 
ɜɦɟɫɬɨ ɤɪɚɯɦɚɥɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɧɚɩɪɢ-
ɦɟɪ, ɭɝɨɥɶ, ɚ ɬɚɤɠɟ ɲɢɪɨɤɢɣ ɤɪɭɝ ɞɪɭɝɢɯ ɪɚɫ-
ɬɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɭɝɥɹ ɨɛɳɚɹ ɪɟɚɤ-
ɰɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɝɟɦɚɬɢɬɚ ɞɨ ɦɚɝɧɟɬɢɬɚ 
ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

6Fe2O3 + C → 4Fe3O4 + CO2                  (2). 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ ɩɪɨɢɫ-
ɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: ɭɝɥɟɪɨɞ ɜɨɫɫɬɚ-
ɧɚɜɥɢɜɚɟɬ ɚɬɨɦɵ FО3+

 ɞɨ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
Fe

2+, ɚ ɬɚɤɠɟ ɨɛɪɚɡɭɟɬ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɡɚ ɫɱɟɬ 
ɤɢɫɥɨɪɨɞɚ, ɬɟɪɹɟɦɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬ-
ɤɨɣ ɨɦɚɝɧɢɱɢɜɚɟɦɨɝɨ ɝɟɬɢɬɚ. Ɉɞɧɚɤɨ ɩɪɢ 
ɨɦɚɝɧɢɱɢɜɚɧɢɢ ɝɟɬɢɬɚ ɩɪɨɯɨɞɹɬ ɬɚɤɠɟ ɩɪɨɰɟɫ-
ɫɵ ɞɟɝɢɞɪɨɤɫɢɥɚɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɬɟɪɟɣ ɜɨ-
ɞɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɰɚ. Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟ-
ɧɨ ɜɵɲɟ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɝɟɦɚɬɢɬɨɦ, ɬ.ɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɪɟɲɟɬɤɚ ɝɟɬɢɬɚ ɛɨɥɟɟ ɥɟɝɤɨ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ 
ɪɟɲɟɬɤɭ ɦɚɝɧɟɬɢɬɚ. ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡ-
ɪɭɲɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɝɟɬɢɬɚ ɜ 
ɩɪɨɰɟɫɫɟ ɞɟɝɢɞɪɨɤɫɢɥɚɰɢɢ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɤɚɤ ɝɟɬɢɬ, ɬɚɤ ɢ ɝɟɦɚɬɢɬ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ-
ɝɞɚ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɜɨɞɭ, ɤɨɬɨɪɚɹ 
ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɚɯ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ ɷɬɢɯ ɦɢɧɟɪɚɥɨɜ ɜ ɦɚɝɧɟɬɢɬ. 

2.3. Ɉɦɚɝɧɢɱɢɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ. Ɉɩɢɫɚɧɧɵɣ ɜɵɲɟ ɫɩɨɫɨɛ ɫɭɯɨɝɨ ɨɦɚɝ-
ɧɢɱɢɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɪɭɞɵ 
ɫ ɤɪɚɯɦɚɥɨɦ ɢɥɢ ɫ ɤɚɤɢɦ-ɥɢɛɨ ɞɪɭɝɢɦ ɦɚɬɟɪɢ-
ɚɥɨɦ. ɉɪɢ ɷɬɨɦ ɪɭɞɚ ɢ ɦɚɬɟɪɢɚɥ, ɤɨɬɨɪɵɣ ɩɪɨ-
ɞɭɰɢɪɭɟɬ ɝɚɡɵ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɢ, ɧɟɢɡɛɟɠɧɨ 
ɧɚɝɪɟɜɚɸɬɫɹ ɞɨ ɨɞɢɧɚɤɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɇɚɦɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɥɚɛɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɜ 
ɤɨɬɨɪɨɣ ɝɟɧɟɪɚɬɨɪ ɝɚɡɚ, ɩɪɨɞɭɰɢɪɭɸɳɢɣ ɝɚɡ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ (ɢɥɢ ɬɨɱɧɟɟ ɫɦɟɫɶ ɝɚɡɨɜ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ) ɢ ɪɟɚɤɬɨɪ, ɜ ɤɨɬɨɪɵɣ ɩɨɦɟ-
ɳɚɟɬɫɹ ɪɭɞɚ, ɪɚɡɧɟɫɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɪɢ 
ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨ ɤɨɬɨɪɵɯ ɧɚɝɪɟɜɚɸɬɫɹ 
ɝɟɧɟɪɚɬɨɪ ɝɚɡɚ ɢ ɪɟɚɤɬɨɪ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨ-
ɞɢɬ ɨɦɚɝɧɢɱɢɜɚɧɢɟ ɦɢɧɟɪɚɥɨɜ, ɹɜɥɹɸɬɫɹ ɧɟɡɚ-
ɜɢɫɢɦɵɦɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɧɵɦɢ. 

ɋ ɩɨɦɨɳɶɸ ɫɨɡɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚɦɢ 
ɩɪɨɜɟɞɟɧɨ ɨɦɚɝɧɢɱɢɜɚɧɢɟ ɪɚɡɧɵɯ ɠɟɥɟɡɧɵɯ 
ɪɭɞ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɝɚɡɨɜ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɪɚɯɦɚɥ ɢɥɢ 
ɭɝɨɥɶ. Ɋɟɡɭɥɶɬɚɬɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɛɵɥɢ ɩɨ-
ɞɨɛɧɵ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɫ ɩɨɦɨɳɶɸ 
ɫɭɯɨɝɨ ɨɦɚɝɧɢɱɢɜɚɧɢɹ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɭɫɬɚɧɨɜ-
ɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɦɚɝɧɢɱɢɜɚɬɶ ɪɭɞɭ ɫ ɩɨɦɨ-
ɳɶɸ ɝɚɡɨɜ, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 
ɪɟɠɢɦɵ ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ 
ɝɚɡɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ 
ɬɚɤɠɟ ɧɟɡɚɜɢɫɢɦɨ ɨɩɪɟɞɟɥɹɬɶ ɨɩɬɢɦɚɥɶɧɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɬɨɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɯɨɞɹɬ ɩɪɨɰɟɫɫɵ ɨɦɚɝɧɢɱɢɜɚ-
ɧɢɹ ɪɚɡɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ. 

ɋɪɟɞɢ ɝɚɡɨɜ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɧɚɢɛɨɥɟɟ 
ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɦɨɧɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɋɈ 
ɢ ɜɨɞɨɪɨɞ ɇ2 [1Ж. Ɇɟɯɚɧɢɡɦ ɨɦɚɝɧɢɱɢɜɚɧɢɹ 
ɪɭɞɵ ɫ ɩɨɦɨɳɶɸ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɦɨɠɧɨ 
ɭɩɪɨɳɟɧɧɨ ɩɨɹɫɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɪɟɚɤɰɢɢ, ɤɨ-
ɬɨɪɚɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɟɬɚɥɥɭɪɝɢɢ ɩɪɢ 
ɨɩɢɫɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɩɨɥɭɱɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨ-
ɝɨ ɠɟɥɟɡɚ ɢɡ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ Д1]: 

3 (Fe2O3) + CЇ → 2 (FОЇFe2O3) + CO2     (3). 

ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɠɟɥɟɡɚ ɪɟ-
ɚɤɰɢɹ (3) ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɷɬɚɩɨɦ ɜɨɫɫɬɚɧɨɜ-
ɥɟɧɢɹ ɠɟɥɟɡɚ ɫ ɩɨɦɨɳɶɸ CO ɜ ɪɹɞɭ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɣ: 

Fe2O3 → Fe3O4 → FeO → Fe                       (4). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɹɦɢ (3) ɢ (4), ɦɨ-
ɥɟɤɭɥɚ ɋɈ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟ-
ɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɬɟɦɩɟɪɚɬɭɪɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɋɈ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ), ɦɨɠɟɬ ɜɨɫɫɬɚɧɚɜ-
ɥɢɜɚɬɶ ɝɟɦɚɬɢɬ (Fe2O3) ɜɧɚɱɚɥɟ ɞɨ ɦɚɝɧɟɬɢɬɚ 
(Fe3O4), ɚ ɡɚɬɟɦ ɞɨ ɜɸɫɬɢɬɚ (FeO) ɢ ɠɟɥɟɡɚ 

(Fe). ȼ ɪɹɞɭ (4) ɡɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɢɨɧɨɜ ɠɟ-
ɥɟɡɚ ɢɡɦɟɧɹɟɬɫɹ ɨɬ Fe

3+
 ɞɨ Fe

0
. 

Ⱦɥɹ ɭɩɪɨɳɟɧɧɨɝɨ ɩɨɹɫɧɟɧɢɹ ɦɟɯɚɧɢɡɦɚ 
ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɝɟɦɚɬɢɬɚ, ɩɪɨɰɟɫɫɵ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɟ ɪɟɚɤɰɢɢ (3), ɩɪɟɞɫɬɚɜɢɦ ɜ ɞɪɭɝɨɦ 
ɜɢɞɟ: 

Fe2O3 + CO → 2 FeO + CO2                         (5). 

ȼ ɭɪɚɜɧɟɧɢɢ (5) ɫɨɟɞɢɧɟɧɢɟ FeO ɫɥɟɞɭɟɬ 
ɩɨɧɢɦɚɬɶ ɤɚɤ ɮɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɵ ɦɚɝɧɟɬɢɬɚ 
(FeOFe2O3) ɉɪɢ ɭɩɪɨɳɟɧɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
ɦɟɯɚɧɢɡɦɚ ɨɦɚɝɧɢɱɢɜɚɧɢɹ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢ-
ɦɚɧɢɟ ɭɪɚɜɧɟɧɢɟ (5), ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɦɨɥɟ-
ɤɭɥɚ ɋɈ, ɹɜɥɹɸɳɚɹɫɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ, ɨɬɞɚɟɬ 
ɞɜɚ ɷɥɟɤɬɪɨɧɚ ɞɜɭɦ ɚɬɨɦɚɦ ɠɟɥɟɡɚ ɜ ɫɨɫɬɚɜɟ 
ɝɟɦɚɬɢɬɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɝɥɟɪɨɞ ɢɡ ɡɚɪɹɞɨ-
ɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɋ2+

 ɩɟɪɟɯɨɞɢɬ ɜ ɡɚɪɹɞɨɜɨɟ ɫɨ-
ɫɬɨɹɧɢɟ ɋ4+, ɚ ɞɜɚ ɢɨɧɚ ɠɟɥɟɡɚ ɢɡ ɡɚɪɹɞɨɜɨɝɨ 
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ɫɨɫɬɨɹɧɢɹ Fe
3+

 ɩɟɪɟɯɨɞɹɬ ɜ ɡɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹ-
ɧɢɟ Fe

2+. ɉɪɢ ɷɬɨɦ ɦɨɥɟɤɭɥɚ CO2 ɮɨɪɦɢɪɭɟɬɫɹ 
ɡɚ ɫɱɟɬ ɢɫɯɨɞɧɨɣ ɦɨɥɟɤɭɥɵ CO ɢ ɢɨɧɚ ɤɢɫɥɨ-
ɪɨɞɚ, ɤɨɬɨɪɵɣ ɬɟɪɹɟɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬ-
ɤɚ ɝɟɦɚɬɢɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɣ (3) ɢ (5) ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɝɟɦɚɬɢɬɚ ɨɛɪɚɡɭɸɬ-
ɫɹ ɜɚɤɚɧɫɢɢ ɤɢɫɥɨɪɨɞɚ ɢ ɢɨɧɵ ɠɟɥɟɡɚ ɜ ɡɚɪɹ-
ɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ Fe

2+. ɉɨɫɥɟ ɬɚɤɢɯ ɢɡɦɟɧɟɧɢɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɝɟɦɚɬɢɬɚ ɨɤɚɡɵɜɚɟɬ-
ɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ ɢ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɲɟɬɤɭ ɦɚɝɧɟ-
ɬɢɬɚ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɢɫɯɨɞɹɬ 
ɜɧɚɱɚɥɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɝɟɦɚɬɢɬɚ, ɚ ɡɚ-
ɬɟɦ, ɛɥɚɝɨɞɚɪɹ ɩɪɨɰɟɫɫɚɦ ɞɢɮɮɭɡɢɢ, ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɝɟɦɚɬɢɬɚ ɜ 
ɪɟɲɟɬɤɭ ɦɚɝɧɟɬɢɬɚ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɚɤɠɟ 
ɢ ɜɧɭɬɪɢ ɱɚɫɬɢɰ. 

ȿɫɥɢ ɜɦɟɫɬɨ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɋɈ ɪɨɥɶ 
ɝɚɡɚ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɢɝɪɚɟɬ ɜɨɞɨɪɨɞ ɇ2, ɬɨ ɪɚɫ-
ɫɦɨɬɪɟɧɧɚɹ ɫɯɟɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɠɟɥɟ-
ɡɚ ɫɨɯɪɚɧɹɟɬɫɹ, ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɣ 
ɛɭɞɟɬ ɜɵɞɟɥɹɬɶɫɹ ɧɟ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ CO2, ɚ 
ɜɨɞɚ ɇ2Ɉ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɨɦɚɝɧɢɱɢɜɚɧɢɢ ɝɚɡɨ-
ɜɨɣ ɫɦɟɫɶɸ ɬɟɦɩɟɪɚɬɭɪɵ ɝɟɧɟɪɚɬɨɪɚ ɝɚɡɚ ɢ 
ɪɟɚɤɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɧɟ ɨɞɢɧɚɤɨɜɵɦɢ, ɩɪɨɰɟɫ-
ɫɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɞɥɹ ɦɟɬɨɞɨɜ ɫɭɯɨɝɨ ɨɦɚɝ-
ɧɢɱɢɜɚɧɢɹ ɢ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɝɚɡɨɜ 
ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɦɵɲ-
ɥɟɧɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɠɟɥɟɡɨɪɭɞɧɵɯ ɤɨɧɰɟɧ-
ɬɪɚɬɨɜ ɢɡ ɛɟɞɧɵɯ ɨɤɢɫɥɟɧɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ, 
ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ 
ɨɦɚɝɧɢɱɢɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɝɚɡɨɜɵɟ ɫɦɟɫɢ. 
ɋɦɟɫɢ ɝɚɡɨɜ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ 
ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ (ɢɥɢ ɧɟɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ) 
ɨɱɟɧɶ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɦɚɬɟɪɢɚɥɨɜ ɧɟɜɵɫɨɤɨɣ 

ɫɬɨɢɦɨɫɬɢ ɢ ɞɨɫɬɭɩɧɵɯ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟ-
ɫɬɜɟ. Ɍɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ 
ɷɮɮɟɤɬɢɜɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɝɚɡɨɜ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɜɵɫɨɤɨɣ, ɷɬɨ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ. ɋɪɟɞɢ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɤɨɬɨɪɵɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɩɟɪɟɱɢɫɥɟɧɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ, ɧɚɩɪɢɦɟɪ, ɛɭ-
ɪɵɣ ɭɝɨɥɶ, ɬɨɪɮ, ɨɬɯɨɞɵ ɞɪɟɜɟɫɢɧɵ ɢ ɞɪɭɝɢɯ 
ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɪɚɡɧɨɝɨ ɪɨ-
ɞɚ ɨɬɯɨɞɵ, ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭ-
ɸɬ ɫɠɢɝɚɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɨɜ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɚɡɵ, 

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦ ɢɥɢ ɩɨɛɨɱɧɵɦ 
ɩɪɨɞɭɤɬɨɦ ɪɚɡɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ (ɤɨɤɫɨɜɵɣ, 
ɜɨɞɹɧɨɣ, ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɞɪɭɝɢɟ ɝɚɡɵ). 

ɗɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɪɭɞɵ 
ɜ ɩɪɨɰɟɫɫɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɝɚɡɚɦɢ, ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɚ ɨɬ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɨɞɭɰɢɪɭɸɳɟɝɨ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɝɚɡɵ), ɤɨɬɨɪɵɣ ɧɚɝɪɟɜɚɟɬɫɹ 
ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɭɝɥɹ ɢɥɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚ-
ɥɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɨɦɚɝɧɢɱɢɜɚɧɢɹ 
ɪɭɞɵ ɝɚɡɚɦɢ ɧɟ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚ-
ɬɪɚɬ ɷɧɟɪɝɢɢ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɪɭɞɵ. ɇɟɨɛɯɨɞɢɦ 
ɬɨɥɶɤɨ ɦɚɬɟɪɢɚɥ (ɧɚɩɪɢɦɟɪ, ɭɝɨɥɶ), ɤɨɬɨɪɵɣ ɜ 
ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ (ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ ɞɨɫɬɭɩɟ 
ɤɢɫɥɨɪɨɞɚ) ɩɪɨɢɡɜɨɞɢɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 
ɝɚɡɵ, ɚ ɡɚɨɞɧɨ, ɛɥɚɝɨɞɚɪɹ ɬɟɩɥɨɜɨɦɭ ɤɨɧɬɚɤɬɭ 
ɤɨɧɫɬɪɭɤɰɢɢ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ ɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɟɚɤɬɨɪɚ (ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɨɦɚɝɧɢɱɢɜɚ-
ɧɢɟ) ɧɚɝɪɟɜɚɟɬ ɪɭɞɭ ɞɨ ɧɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɍɩɪɨɳɟɧɧɵɟ ɨɰɟɧɨɱɧɵɟ ɪɚɫɱɟɬɵ (ɩɪɢ 
ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ) 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɩɨɥɧɨɝɨ ɨɦɚɝɧɢɱɢɜɚɧɢɹ 
ɨɞɧɨɣ ɬɨɧɧɵ ɝɟɦɚɬɢɬɨɜɨɣ ɪɭɞɵ, ɫɨɞɟɪɠɚɳɟɣ 
ɩɪɢɦɟɪɧɨ ɬɪɢɞɰɚɬɶ ɩɪɨɰɟɧɬɨɜ ɝɟɦɚɬɢɬɚ, ɬɪɟ-
ɛɭɟɬɫɹ ɦɟɧɟɟ ɞɟɫɹɬɢ ɤɢɥɨɝɪɚɦɦɨɜ ɭɝɥɹ. 

2.4. Ɇɟɯɚɧɨɯɢɦɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɨɦɚɝɧɢ-
ɱɢɜɚɧɢɹ. Ⱥɜɬɨɪɵ ɚɩɪɨɛɢɪɨɜɚɥɢ ɬɚɤɠɟ ɞɪɭɝɢɟ 
ɫɩɨɫɨɛɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɠɟɥɟɡɧɵɯ ɪɭɞ, ɜ ɬɨɦ 
ɱɢɫɥɟ, ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɨɯɢɦɢɢ. ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɢɡɦɟɥɶɱɟɧɢɟ (ɢɥɢ ɪɚɫɬɢɪɚ-
ɧɢɟ) ɪɭɞɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɚɬɟɪɢɚ-
ɥɨɜ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ, ɧɚɩɪɢɦɟɪ, ɭɝɥɹ ɢɥɢ 
ɤɪɚɯɦɚɥɚ. ȼ ɩɪɨɰɟɫɫɟ ɢɡɦɟɥɶɱɟɧɢɹ ɪɭɞɵ ɩɪɨ-
ɢɫɯɨɞɢɬ ɥɨɤɚɥɶɧɵɣ ɧɚɝɪɟɜ ɱɚɫɬɢɰ ɢ ɦɚɬɟɪɢɚ-
ɥɚ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ, ɱɬɨ ɜɟɞɟɬ ɤ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɸ ɝɟɦɚɬɢɬɚ ɢɥɢ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ (ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɜɵɲɟ ɩɪɨɰɟɫɫɚ-
ɦɢ). ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɦɚɝɧɢ-
ɱɢɜɚɧɢɟ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɞɢɫ-
ɩɟɪɫɧɨɣ ɮɪɚɤɰɢɢ ɢɡɦɟɥɶɱɚɟɦɵɯ ɠɟɥɟɡɨ-

ɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɦɟɯɚ-
ɧɨɯɢɦɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɨɤɢɫ-
ɥɟɧɧɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɫɵɪɶɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɨɧɢ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨ ɦɨɝɭɬ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ 
ɬɪɚɞɢɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟ-
ɡɨɪɭɞɧɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

3. Ɋɚɡɞɟɥɟɧɢɟ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɦɢɧɟ-
ɪɚɥɨɜ. ɉɨɫɤɨɥɶɤɭ ɤɨɧɟɱɧɨɣ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨ-
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ɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɵɯ ɤɨɧɰɟɧɬɪɚ-
ɬɨɜ, ɬɨ ɜɚɠɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ 
ɦɟɬɨɞɨɜ ɫɟɩɚɪɚɰɢɢ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɦɢɧɟ-
ɪɚɥɨɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɫɨɫɬɚɜɟ ɨɦɚɝɧɢɱɟɧ-
ɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ. ɍɫɩɟɯ ɫɟɩɚɪɚɰɢɢ, ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟ-
ɥɟɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɧɚɫɤɨɥɶɤɨ ɤɨɧɬɪɚɫɬɧɵ ɪɭɞ-
ɧɵɟ ɢ ɧɟɪɭɞɧɵɟ ɦɢɧɟɪɚɥɵ ɩɨ ɬɟɦ ɢɥɢ ɢɧɵɦ 

ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ [2Ж. ɉɪɨɰɟɫɫɵ ɨɦɚɝɧɢ-
ɱɢɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɦɚɝɧɢɬ-
ɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɦɢɧɟ-
ɪɚɥɨɜ (ɧɟɪɭɞɧɵɦ ɦɢɧɟɪɚɥɨɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ ɞɢɚɦɚɝɧɢɬɧɵɣ ɤɜɚɪɰ). ɋɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɨɦɚɝɧɢɱɢɜɚɧɢɟ ɨɤɢɫɥɟɧɧɵɯ ɠɟ-
ɥɟɡɧɵɯ ɪɭɞ ɨɬɤɪɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɛɨɥɟɟ 
ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɦɚɝɧɢɬɧɨɣ 
ɫɟɩɚɪɚɰɢɢ ɨɦɚɝɧɢɱɟɧɧɵɯ ɪɭɞ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɫɯɨɞɧɵɦɢ ɫɥɚɛɨɦɚɝɧɢɬɧɵɦɢ ɪɭɞɚɦɢ. 

ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞ-
ɥɨɠɟɧɧɵɯ ɧɚɦɢ ɫɩɨɫɨɛɨɜ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɱɚ-
ɫɬɢɰɵ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ ɨɦɚɝɧɢɱɢɜɚɸɬɫɹ ɜ ɪɚɡ-
ɧɨɣ ɫɬɟɩɟɧɢ (ɫɬɟɩɟɧɶ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɭɜɟɥɢɱɢ-
ɜɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ). 
ɗɬɨɬ ɮɚɤɬ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɞɥɹ ɪɚɡɪɚ-
ɛɨɬɤɢ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɦɚɝɧɢɬɧɨɣ ɫɟɩɚɪɚɰɢɢ 
ɨɦɚɝɧɢɱɟɧɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ 
ɜɵɞɟɥɟɧɢɹ ɜ ɤɨɧɰɟɧɬɪɚɬ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɞɢɫ-
ɩɟɪɫɧɵɯ ɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɩɚɞɚɸɬ ɜ ɲɥɚɦɨ-
ɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɩɪɨɞɭɤɬɨɜ ɢɡɦɟɥɶɱɟɧɢɹ ɢ 

ɫɛɪɚɫɵɜɚɸɬɫɹ ɜ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ. ȼɨɡɦɨɠ-
ɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɱɚ-
ɫɬɢɰ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɪɚɡɦɟɪɚ, ɨɬɤɪɵɜɚɟɬ 
ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ 
ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ ɪɚɡɞɟɥɟɧɢɹ ɪɭɞɧɨɣ ɢ 

ɧɟɪɭɞɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɠɟɥɟɡɧɵɯ ɪɭɞ ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɪɭɞɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɜ ɨɬɯɨɞɚɯ ɨɛɨɝɚɳɟɧɢɹ. 

Ɂɚɤɥɸɱɟɧɢɟ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɫɩɨɫɨɛɵ 
ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ ɦɨɠɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɧɵɯ ɡɚɞɚɱ, ɫɜɹɡɚɧ-
ɧɵɯ ɤɚɤ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ-
ɦɢ, ɬɚɤ ɢ ɫ ɪɟɲɟɧɢɟɦ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɛɥɟɦ. 
ɋɪɟɞɢ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɛɥɟɦ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶ-
ɧɵ ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɫɜɹɡɢ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ 
ɤɨɧɰɟɧɬɪɚɬɚ ɢɡ ɛɟɞɧɵɯ ɨɤɢɫɥɟɧɧɵɯ ɠɟɥɟɡɧɵɯ 
ɪɭɞ ɢ ɢɡ ɨɬɯɨɞɨɜ ɝɨɪɧɨɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɤɨɦɛɢ-
ɧɚɬɨɜ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɢɨɧɨɜ ɠɟɥɟɡɚ ɜ ɦɟɬɚɥɥɭɪɝɢɢ 
(ɩɨɥɭɱɟɧɢɟ ɠɟɥɟɡɚ ɢɡ ɨɤɫɢɞɨɜ ɩɭɬɟɦ ɩɨɥɧɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɠɟɥɟɡɚ) ɢ ɫɜɹɡɚɧɧɵɟ ɫ 
ɨɦɚɝɧɢɱɢɜɚɧɢɟɦ ɨɤɢɫɥɟɧɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ 
(ɩɭɬɟɦ ɱɚɫɬɢɱɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɠɟ-
ɥɟɡɚ ɜ ɫɨɫɬɚɜɟ ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ ɨɤɫɢɞɨɜ ɢ ɝɢɞ-
ɪɨɤɫɢɞɨɜ) ɢɦɟɸɬ ɪɚɡɧɵɟ ɰɟɥɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧ-
ɧɨ, ɹɜɥɹɸɬɫɹ ɪɚɡɧɵɦɢ. Ɋɚɡɥɢɱɢɹ ɨɛɭɫɥɨɜɥɟɧɵ 
ɫɜɨɣɫɬɜɚɦɢ ɤɚɤ ɢɫɯɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ (ɛɟɞɧɚɹ ɨɤɢɫɥɟɧɧɚɹ ɠɟɥɟɡɧɚɹ ɪɭɞɚ ɢ ɛɨɝɚ-
ɬɵɣ ɠɟɥɟɡɨɦ ɤɨɧɰɟɧɬɪɚɬ), ɬɚɤ ɢ ɤɨɧɟɱɧɨɝɨ 
ɩɪɨɞɭɤɬɚ (ɛɟɞɧɚɹ ɠɟɥɟɡɧɚɹ ɪɭɞɚ, ɫɨɞɟɪɠɚɳɚɹ 
ɫɢɥɶɧɨɦɚɝɧɢɬɧɵɟ ɨɤɫɢɞɵ ɠɟɥɟɡɚ, ɢ ɦɟɬɚɥɥɢ-
ɱɟɫɤɨɟ ɠɟɥɟɡɨ). ɐɟɥɶɸ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɛɟɞɧɵɯ 
ɨɤɢɫɥɟɧɧɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɩɪɟɞɩɨɫɵɥɨɤ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɨɧɰɟɧɬɪɚɬɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ. 

ȼ ɪɹɞɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɨɩɢɫɵɜɚɟɦɵɯ 
ɭɪɚɜɧɟɧɢɟɦ (4), ɩɟɪɜɵɣ ɷɬɚɩ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɢɨɧɨɜ ɠɟɥɟɡɚ Fe2O3 → Fe3O4 ɜɚɠɟɧ ɤɚɤ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɠɟɥɟɡɨɪɭɞɧɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ, ɬɚɤ ɢ 
ɞɥɹ ɰɟɥɟɣ ɦɟɬɚɥɥɭɪɝɢɢ. ȼɬɨɪɨɣ ɷɬɚɩ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɠɟɥɟɡɚ Fe3O4 → FeO, ɤɨɬɨɪɵɣ 
ɬɪɟɛɭɟɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɨɱɟɧɶ ɜɚɠɟɧ ɞɥɹ ɦɟɬɚɥ-
ɥɭɪɝɢɢ, ɧɨ ɹɜɥɹɟɬɫɹ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɩɪɢ ɪɟɲɟ-
ɧɢɢ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɠɟɥɟ-
ɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, 
ɱɬɨ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɜɸɫɬɢɬɚ (FeO) ɩɨɱɬɢ 
ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɦɟɧɶɲɟ ɱɟɦ ɭ ɦɚɝɧɟɬɢɬɚ 
(Fe3O4). Ⱦɥɹ ɰɟɥɟɣ ɫɨɡɞɚɧɢɹ ɠɟɥɟɡɨɪɭɞɧɵɯ 
ɤɨɧɰɟɧɬɪɚɬɨɜ ɧɚɢɛɨɥɟɟ ɜɚɠɧɨ ɱɬɨɛɵ ɪɟɚɥɢɡɚ-
ɰɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɠɟɥɟ-
ɡɚ Fe2O3 → Fe3O4 ɧɟ ɬɪɟɛɨɜɚɥɚ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ 
ɷɧɟɪɝɢɢ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. 

ɉɨɫɥɟ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɢɫɯɨɞɧɨɣ ɠɟɥɟɡɧɨɣ 
ɪɭɞɵ, ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɨɝɨ 

ɤɨɧɰɟɧɬɪɚɬɚ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɫɥɟɞɭɸɳɭɸ 
ɡɚɞɚɱɭ, ɫɜɹɡɚɧɧɭɸ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɪɭɞɧɵɯ ɢ 
ɧɟɪɭɞɧɵɯ ɦɢɧɟɪɚɥɨɜ. Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɪɟɲɟɧɢɹ 
ɷɬɨɣ ɡɚɞɚɱɢ ɜɨɜɫɟ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɩɨɥɧɨɫɬɶɸ 
ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɝɟɬɢɬ ɢɥɢ ɝɟɦɚɬɢɬ ɜ ɦɚɝɧɟɬɢɬ 
(ɜ ɨɬɥɢɱɢɟ ɨɬ ɡɚɞɚɱ ɦɟɬɚɥɥɭɪɝɢɢ). ɗɬɨ ɮɚɤɬ 
ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨ-
ɫɬɵɟ ɫɩɨɫɨɛɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ 
ɩɪɟɞɴɹɜɥɹɸɬ ɠɟɫɬɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɢɫɩɨɥɶɡɭ-
ɟɦɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɡɚɬɪɚɬɚɦ ɷɧɟɪɝɢɢ ɢ ɤ 
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ɧɟɨɛɯɨɞɢɦɵɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚ-
ɥɚɦ. ɋɬɟɩɟɧɶ ɨɦɚɝɧɢɱɢɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɱɚ-
ɫɬɢɰ ɠɟɥɟɡɨ-ɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ ɦɨɠɟɬ 
ɛɵɬɶ ɬɨɥɶɤɨ ɱɚɫɬɢɱɧɨɣ ɢ ɞɨɥɠɧɚ ɛɵɬɶ ɞɨɫɬɚ-
ɬɨɱɧɨɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɫɩɟɲɧɨɝɨ ɪɚɡɞɟɥɟ-
ɧɢɹ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɱɚɫɬɢɰ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɨɜ ɫɭɯɨɣ ɢɥɢ ɦɨɤɪɨɣ ɦɚɝɧɢɬɧɨɣ ɫɟɩɚɪɚ-
ɰɢɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɞɟɥɟ-
ɧɢɟɦ ɧɟɪɭɞɧɵɯ ɢ ɪɭɞɧɵɯ ɦɢɧɟɪɚɥɨɜ, ɩɨɫɥɟ ɢɯ 
ɨɦɚɝɧɢɱɢɜɚɧɢɹ, ɤɪɨɦɟ ɩɪɢɦɟɧɟɧɢɹ ɬɪɚɞɢɰɢ-
ɨɧɧɵɯ ɦɟɬɨɞɨɜ ɦɚɝɧɢɬɧɨɣ ɫɟɩɚɪɚɰɢɢ, ɜɚɠɧɨ 
ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɧɨɜɵɟ ɦɟɬɨɞɵ ɢ ɩɨɞɯɨɞɵ, ɨɫɧɨ-
ɜɚɧɧɵɟ ɧɚ ɧɨɜɵɯ ɢɞɟɹɯ ɢ ɩɪɢɧɰɢɩɚɯ. 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɧɵ 
ɘ.Ⱥ.Ⱥɥɟɤɫɟɣɰɟɜɭ, ɘ.ɂ.ɑɟɪɟɜɤɨ ɢ 
Ⱥ.Ⱥ.Ʉɭɥɶɱɢɰɤɨɣ ɡɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɡɧɵɯ ɪɚɛɨɬ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɩɨɥɧɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ 
ɇȺɇ ɍɤɪɚɢɧɵ, ɩɪɨɟɤɬ 15-05-14 (ɭ), ɢ Ɋɨɫɫɢɣ-
ɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 
ɩɪɨɟɤɬ 14-05-90403. 
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ɡɚɥɿɡɧɢɯ ɪɭɞ ɿ ɡɚɥɿɡɨɪɭɞɧɢɯ ɜɿɞɯɨɞɿɜ ɞɥɹ ɦɚɝɧɿ-
ɬɧɨʀ ɫɟɩɚɪɚɰɿʀ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɿɞɧɨɜɥɸɜɚɥɶ-
ɧɢɯ ɞɠɟɪɟɥ ɫɢɪɨɜɢɧɢ // ɉɚɬɟɧɬ ɧɚ ɤɨɪɢɫɧɭ 
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4. ɉɨɧɨɦɚɪɟɧɤɨ Ɉ.Ɇ., Ȼɪɢɤ Ɉ.Ȼ., Ⱦɭɞɱɟɧɤɨ 
ɇ.Ɉ., əɧɢɲɩɨɥɶɫɶɤɢɣ ȼ.ȼ., ɘɲɢɧ Ɉ.Ɉ. ɋɩɨ-
ɫɿɛ ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɨɝɨ ɨɦɚɝɧɿɱɭɜɚɧɧɹ ɫɥɚɛɨ-
ɦɚɝɧɿɬɧɢɯ ɨɤɢɫɧɟɧɢɯ ɡɚɥɿɡɧɢɯ ɪɭɞ ɞɥɹ ɦɚɝɧɿɬ-
ɧɨʀ ɫɟɩɚɪɚɰɿʀ // ɉɚɬɟɧɬ ɍɤɪɚʀɧɢ ɧɚ ɤɨɪɢɫɧɭ 
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ɉɈɇɈɆȺɊȿɇɄɈ Ɉ.Ɇ., ȻɊɂɄ Ɉ.Ȼ., ɘɒɂɇ Ɉ.Ɉ., ȾɍȾɑȿɇɄɈ ɇ.Ɉ., ЄȼɌЄɏɈȼ ȼ.Ⱦ., 
ȻȿɋɉɈəɋɄɈ ȿ.Ɉ., ɅɘɌɈЄȼ ȼ.ɉ. ɉɟɪɟɬɜɨɪɟɧɧɹ ɝɟɦɚɬɢɬɭ ɿ ɝɟɬɢɬɭ ɧɚ ɦɚɝɧɟɬɢɬ ɭ 
ɡɜ’ɹɡɤɭ ɡ ɜɢɪɿɲɟɧɧɹɦ ɩɪɨɛɥɟɦɢ ɡɛɚɝɚɱɟɧɧɹ ɛɿɞɧɢɯ ɝɟɦɚɬɢɬɨɜɢɯ ɪɭɞ. 

Ɋɟɡɸɦɟ. ȼɢɜɱɚɥɚɫɶ ɦɨɠɥɢɜɿɫɬɶ ɩɟɪɟɬɜɨɪɟɧɧɹ ɫɥɚɛɨɦɚɝɧɿɬɧɢɯ ɨɤɫɢɞɿɜ ɿ ɝɿɞɪɨɤɫɢɞɿɜ ɡɚɥɿɡɚ 
(ɝɟɦɚɬɢɬɭ, ɝɟɬɢɬɭ) ɧɚ ɫɢɥɶɧɨɦɚɝɧɿɬɧɢɣ ɦɚɝɧɟɬɢɬ ɭ ɡɜ’ɹɡɤɭ ɡ ɜɢɪɿɲɟɧɧɹɦ ɩɪɨɛɥɟɦɢ ɜɞɨɫɤɨɧɚ-
ɥɟɧɧɹ ɬɟɯɧɨɥɨɝɿɣ ɜɢɪɨɛɧɢɰɬɜɚ ɡɚɥɿɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɭ ɡ ɛɿɞɧɢɯ ɨɤɢɫɥɟɧɢɯ ɪɭɞ (ɝɟɦɚɬɢɬɨɜɢɯ 
ɤɜɚɪɰɢɬɿɜ) Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɛɚɫɟɣɧɭ. ȼɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɱɨɬɢɪɢ ɫɩɨɫɨɛɢ ɨɦɚɝɧɿɱɭɜɚɧɧɹ ɜɢɯɿɞɧɨɝɨ 
ɦɚɬɟɪɿɚɥɭ: 1) ɨɦɚɝɧɿɱɭɜɚɧɧɹ ɭ ɜɨɞɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ; 2) ɫɭɯɟ ɨɦɚɝɧɿɱɭɜɚɧɧɹ; 3) ɨɦɚɝɧɿɱɭɜɚɧɧɹ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɦɿɲɿ ɝɚɡɿɜ-ɜɿɞɧɨɜɥɸɜɚɥɶɧɢɤɿɜ (ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ, ɋɈ ɿ ɇ2), 4) ɦɟɯɚɧɨɯɿɦɿɱɧɿ ɫɩɨ-
ɫɨɛɢ ɨɦɚɝɧɿɱɭɜɚɧɧɹ. Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɫɿɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ, ɧɚɦɚɝɧɢɱɟɧɿɫɬɶ ɧɚɫɢɱɭɜɚɧɧɹ ɨɤɢɫɥɟ-
ɧɢɯ ɪɭɞ ɡɪɨɫɬɚɥɚ ɜ 15-20 ɪɚɡɿɜ ɿ ɞɨɫɹɝɚɥɚ 30-50 Ⱥɦ2/ɤɝ, ɚ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɤɪɟɦɢɯ ɞɨɫɥɿɞɿɜ – 80 

Ⱥɦ2/ɤɝ, ɬɨɛɬɨ ɧɚɛɥɢɠɚɥɚɫɶ ɞɨ ɡɧɚɱɟɧɶ ɧɚɦɚɝɧɿɱɟɧɨɫɬɿ ɦɚɝɧɟɬɢɬɭ. Ɂɪɨɛɥɟɧɢɣ ɜɢɫɧɨɜɨɤ ɩɪɨ ɬɟ, 
ɳɨ ɜɿɞɧɨɜɥɟɧɧɹ ɝɟɦɚɬɢɬɨɜɢɯ ɿ ɝɟɬɢɬɨɜɢɯ ɪɭɞ ɜɢɤɥɢɤɚє ɡɪɨɫɬɚɧɧɹ ɤɨɧɬɪɚɫɬɧɨɫɬɿ ɦɚɝɧɿɬɧɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɭɞɧɢɯ ɿ ɧɟɪɭɞɧɢɯ ɦɿɧɟɪɚɥɿɜ (ɧɟɪɭɞɧɢɦ ɦɿɧɟɪɚɥɨɦ ɭ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ є ɞɿɚɦɚɝ-
ɧɿɬɧɢɣ ɤɜɚɪɰ) ɿ, ɬɚɤɢɦ ɱɢɧɨɦ, ɫɩɪɢɹє ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɨɦɭ ɜɢɤɨɪɢɫɬɚɧɧɸ ɦɟɬɨɞɿɜ ɦɚɝɧɿɬɧɨʀ ɫɟ-
ɩɚɪɚɰɿʀ ɨɦɚɝɧɿɱɟɧɢɯ ɪɭɞ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɜɢɯɿɞɧɢɦɢ ɫɥɚɛɨɦɚɝɧɿɬɧɢɦɢ ɪɭɞɚɦɢ. 

Кɥɸɱɨɜɿ ɫɥɨɜɚ: ɡɚɥɿɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɚ ɮɨɪɦɚɰɿɹ, ɛɿɞɧɿ ɝɟɦɚɬɢɬɨɜɿ ɪɭɞɢ, ɝɟɦɚɬɢɬ, ɝɟɬɢɬ, ɦɚɝɧɟ-
ɬɢɬ, ɦɚɝɧɿɬɨɦɟɬɪɿɹ, ɪɟɧɬɝɟɧɨɮɚɡɨɜɢɣ ɚɧɚɥɿɡ, ɡɚɥɿɡɨɪɭɞɧɿ ɤɨɧɰɟɧɬɪɚɬɢ. 
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ɉɈɇɈɆȺɊȿɇɄɈ Ⱥ.ɇ., ȻɊɂɄ Ⱥ.Ȼ., ɘɒɂɇ Ⱥ.Ⱥ., ȾɍȾɑȿɇɄɈ ɇ.Ⱥ., ȿȼɌȿɏɈȼ ȼ.Ⱦ., 
ȻȿɋɉɈəɋɄɈ ɗ.Ⱥ., ɅɘɌɈȿȼ ȼ.ɉ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɝɟɦɚɬɢɬɚ ɢ ɝɟɬɢɬɚ ɜ ɦɚɝɧɟɬɢɬ ɜ 
ɫɜɹɡɢ ɫ ɪɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɨɛɨɝɚɳɟɧɢɹ ɛɟɞɧɵɯ ɝɟɦɚɬɢɬɨɜɵɯ ɪɭɞ. 

Ɋɟɡɸɦɟ. ɂɡɭɱɚɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ ɨɤɫɢɞɨɜ ɢ ɝɢɞɪɨɤɫɢɞɨɜ 
ɠɟɥɟɡɚ (ɝɟɦɚɬɢɬɚ, ɝɟɬɢɬɚ) ɜ ɫɢɥɶɧɨɦɚɝɧɢɬɧɵɣ ɦɚɝɧɟɬɢɬ ɜ ɫɜɹɡɢ ɫ ɪɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɫɨɜɟɪ-
ɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ɢɡ ɛɟɞɧɵɯ ɨɤɢɫɥɟɧɧɵɯ ɪɭɞ 
(ɝɟɦɚɬɢɬɨɜɵɯ ɤɜɚɪɰɢɬɨɜ) Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɱɟɬɵɪɟ ɫɩɨɫɨɛɚ ɨɦɚɝɧɢɱɢ-
ɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ: 1) ɨɦɚɝɧɢɱɢɜɚɧɢɟ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ; 2) ɫɭɯɨɟ ɨɦɚɝɧɢɱɢɜɚɧɢɟ; 3) ɨɦɚɝ-
ɧɢɱɢɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɦɟɫɢ ɝɚɡɨɜ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ (ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɋɈ ɢ ɇ2), 4) ɦɟɯɚ-
ɧɨɯɢɦɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ ɨɦɚɝɧɢɱɢɜɚɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ 
ɧɚɫɵɳɟɧɢɹ ɨɤɢɫɥɟɧɧɵɯ ɪɭɞ ɜɨɡɪɚɫɬɚɥɚ ɜ 15-20 ɪɚɡ ɢ ɞɨɫɬɢɝɚɥɚ 30-50 Ⱥɦ2/ɤɝ, ɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɨɬɞɟɥɶɧɵɯ ɨɩɵɬɨɜ – 80 Ⱥɦ2/ɤɝ, ɬ.ɟ. ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ ɡɧɚɱɟɧɢɹɦ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɦɚɝɧɟɬɢɬɚ. 
ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɝɟɦɚɬɢɬɨɜɵɯ ɢ ɝɟɬɢɬɨɜɵɯ ɪɭɞ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɧɬɪɚɫɬɧɨɫɬɢ ɦɚɝɧɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɦɢɧɟɪɚɥɨɜ (ɧɟɪɭɞɧɵɦ ɦɢɧɟɪɚ-
ɥɨɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ ɞɢɚɦɚɝɧɢɬɧɵɣ ɤɜɚɪɰ) ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨ-
ɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɦɟɬɨɞɨɜ ɦɚɝɧɢɬɧɨɣ ɫɟɩɚɪɚɰɢɢ ɨɦɚɝɧɢɱɟɧɧɵɯ ɪɭɞ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɢɫɯɨɞɧɵɦɢ ɫɥɚɛɨɦɚɝɧɢɬɧɵɦɢ ɪɭɞɚɦɢ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɚɹ ɮɨɪɦɚɰɢɹ, ɛɟɞɧɵɟ ɝɟɦɚɬɢɬɨɜɵɟ ɪɭɞɵ, ɝɟɦɚɬɢɬ, ɝɟ-
ɬɢɬ, ɦɚɝɧɟɬɢɬ, ɦɚɝɧɢɬɨɦɟɬɪɢɹ, ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ, ɠɟɥɟɡɨɪɭɞɧɵɟ ɤɨɧɰɟɧɬɪɚɬɵ. 

 

 

PONOMARENKO O.M., BRIK O.B., YUSHYN O.O., DUDCHENKO N.O., EVTEKHOV 
V.D., BESPOYASKO E.O., LUTOYEV V.P. Converting hematite and goethite into magnet-
ite in terms of dealing with issue of low quality hematite ores concentration. 

Summary. Converting feebly magnetic iron oxides and hydroxides (hematite and goethite) into high-

magnetic magnetite by partial iron ions reduction is one of ways for technologies improvement to pro-

duce high quality iron ore concentrate from low quality hematite ores (hematite quartzites) of Kryvyi 

Rih basin. Authors have carried out experiments for magnetizing ground low quality hematite and goe-

thite ores from various deposits of the basin. Four ways of initial material magnetizing were utilized. 

1. Water medium magnetizing was fulfilled using ferrous iron salt aqueous solutions with subsequent 

adding high-concentration ammonia and heating the mixture to 95
ɨ
C temperature. As the result, ore 

saturation magnetization increased fifteenfold and made up approximately about 33 A∙m2
/kg. 

2. Dry magnetizing was fulfilled by adding reducing agent (carbohydrates were used) into hematite 

ore while grinding and subsequent heating the mixture to 300-600
ɨ
C temperature during 15 minutes. 

Hematite ore magnetization increased twentyfold-thirtyfold and made up about 50 A∙Ц2
/kg, one of goe-

thite ore reached 80 A∙Ц2
/kg, i.e. approached values of magnetite magnetization intensity. Goethite ore 

magnetization started at the temperature of about 250
ɨ
C, the one of hematite ore made up about 400

ɨ
C. 

3. Magnetizing with the use of mixture of gases restorers (mainly CO and H2) obtained by partial 

combustion of carbohydrates of various composition or coal in laboratory installation created by au-

thors. Ground ore and heated gas were mixed in reactor where magnetizing of initial material took 

place. Obtained results were similar to ones of dry magnetizing. Rude calculations showed the fact that 

complete magnetizing of one ton of hematite ore containing about thirty percents of hematite needs less 

than ten kilograms of coal. 

4. Mechanochemical ways of magnetizing consisted in use of heat generated during the process of 

grinding (comminuting) hematite ore at presence of reducing materials such as coal or starch. Hema-

tite or goethite transformation into magnetite took place in a similar way to above mentioned processes. 

The most significant magnetizing was particular for the finest fraction of initial ores. Advantage of 
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mechanochemical ways is the possibility of their simplest involving into iron ore concentrate produc-

tion technologies in use. 

Reduction of hematite and goethite ores contributes to the growth of magnetic characteristics con-

trasts of ore and non ore minerals (diamagnetic quartz is considered to be non ore mineral in most cas-

es) and, thus, offers the challenge for more successful use of magnetic separation methods of magnet-

ized ores comparing to initial feebly magnetic ores, for development of new technics of diminishing ore 

material losses in concentration wastes. 

Key words: banded iron formation, low grade hematite ores, hematite, goethite, magnetite, magne-

tometry, X-ray phase analysis, iron ore concentrate. 

 

 

 

ɇɚɞɿɣɲɥɚ ɞɨ ɪɟɞɚɤɰɿʀ 30 ɜɟɪɟɫɧɹ 2014 ɪ. 
ɉɪɟɞɫɬɚɜɢɜ ɞɨ ɩɭɛɥɿɤɚɰɿʀ ɩɪɨɮɟɫɨɪ Ȼ.І.ɉɢɪɨɝɨɜ. 

 


