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«Ʉɨɝɞɚ ɜɚɪɜɚɪ, ɩɪɨɞɜɢɝɚɹɫɶ ɜɩɟɪɟɞ, ɲɚɝ ɡɚ ɲɚɝɨɦ, ɨɬɤɪɵɥ 

ɫɚɦɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ ɢ ɧɚɭɱɢɥɫɹ ɩɥɚɜɢɬɶ ɢɯ ɜ ɬɢɝɥɟ ɢ ɨɬɥɢɜɚɬɶ ɜ 

ɮɨɪɦɵ; ɤɨɝɞɚ ɨɧ …ɫɨɡɞɚɥ ɛɪɨɧɡɭ; ɢ, ɧɚɤɨɧɟɰ, ɤɨɝɞɚ ɟɳɟ 

ɛɨɥɶɲɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɦɵɫɥɢ ɨɧ ɢɡɨɛɪɟɥ ɝɨɪɧ ɢ ɞɨɛɵɥ ɢɡ ɪɭɞɵ 

ɠɟɥɟɡɨ – ɞɟɜɹɬɶ ɞɟɫɹɬɵɯ ɛɨɪɶɛɵ ɡɚ ɰɢɜɢɥɢɡɚɰɢɸ ɛɵɥɨ 

ɜɵɢɝɪɚɧɨ».  

Ƚɟɧɪɢ Ʌɶɸɢɫ Ɇɨɪɝɚɧ 

Ƀɬɭɩɫɣɺ ɧɠɭɛɦɦɮɫɞɣɣ 

Ɇɟɬɚɥɥɭɪɝɢɹ – ɷɬɨ ɨɛɥɚɫɬɶ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɨɬɪɚɫɥɶ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ʉ ɧɟɣ ɨɬɧɨɫɹɬɫɹ: 
•ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɟɬɚɥɥɨɜ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ ɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɫɨɞɟɪɠɚɳɢɯ ɩɪɨɞɭɤɬɨɜ; 
•ɩɨɥɭɱɟɧɢɟ ɫɩɥɚɜɨɜ; 
•ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ ɜ ɝɨɪɹɱɟɦ ɢ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ; 
•ɫɜɚɪɤɚ; 
•ɧɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ ɢɡ ɦɟɬɚɥɥɨɜ; 
•ɨɛɥɚɫɬɶ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, ɢɡɭɱɚɸɳɚɹ ɮɢɡɢɱɟɫɤɨɟ ɢ ɯɢɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɦɟɬɚɥɥɨɜ. 
 

Ʉ ɦɟɬɚɥɥɭɪɝɢɢ ɩɪɢɦɵɤɚɟɬ ɪɚɡɪɚɛɨɬɤɚ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɹ ɦɚɲɢɧ, ɚɩɩɚɪɚɬɨɜ, 
ɚɝɪɟɝɚɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

 

Ɇɟɬɚɥɥɭɪɝɢɹ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɱёɪɧɭɸ ɢ ɰɜɟɬɧɭɸ.  

 

ɋɚɦɵɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɦɟɬɚɥɥɚɦɢ ɹɜɥɹɸɬɫɹ: ɚɥɸɦɢɧɢɣ, ɠɟɥɟɡɨ, ɦɟɞɶ, ɰɢɧɤ, 

ɦɚɝɧɢɣ. 
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Ƀɬɭɩɫɣɺ ɧɠɭɛɦɦɮɫɞɣɣ 

ɉɟɪɜɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɦɟɬɚɥɥɭɪɝɢɢ – 5-6 ɬɵɫ. ɥ. 
ɞɨ ɧ. ɷ. ɜ ɋɟɪɛɢɢ, Ȼɨɥɝɚɪɢɢ, ɉɨɪɬɭɝɚɥɢɹ, ɂɫɩɚɧɢɢ, 
ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ. 
Ⱦɨɛɵɱɚ ɦɟɞɢ ɢ ɨɥɨɜɚ ɢɡ ɝɨɪɧɨɣ ɩɨɪɨɞɵ ɢ 

ɩɨɥɭɱɟɧɢɟ ɛɪɨɧɡɵ, 3500 ɝɨɞɵ ɞɨ ɧ. ɷ. -  

Ȼɪɨɧɡɨɜɵɣ ɜɟɤ. 

ɉɨɥɭɱɟɧɢɟ ɠɟɥɟɡɚ ɢɡ ɪɭɞɵ ɢɡɨɛɪɟɬɟɧɚ 

ɯɟɬɬɚɦɢ ɩɪɢɦɟɪɧɨ ɜ 1200 ɝɨɞɭ ɞɨ ɧ. ɷ. -  

ɀɟɥɟɡɧɵɣ ɜɟɤ. 

ɋɟɪɟɞɢɧɚ 14 ɜɟɤɚ - ɩɟɪɜɵɟ ɞɨɦɟɧɧɵɟ ɩɟɱɢ. 

Ⱥɧɝɥɢɹ 1740 ɝ. - ɬɢɝɟɥɶɧɚɹ ɩɥɚɜɤɚ ɢ ɩɭɞɥɢɧɝɨɜɚɧɢɟ.  

1856 ɝɨɞɭ - ɛɟɫɫɟɦɟɪɨɜɫɤɢɣ ɩɪɨɰɟɫɫ. 

1864 ɝɨɞɭ – ɦɚɪɬɟɧɨɜɫɤɢɣ ɩɪɨɰɟɫɫ.  

1878 - ɬɨɦɚɫɨɜɫɤɢɣ ɩɪɨɰɟɫɫ.  

Cɟɪɟɞɢɧɚ 20 ɜɟɤɚ - ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɬɚɥɢ ɩɨɬɟɫɧɢɥɨ 

ɱɭɝɭɧ ɜ ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ. 
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Ɍɩɝɫɠɧɠɨɨɩɠ ɧɠɭɛɦɦɮɫɞɣɲɠɬɥɩɠ ɪɫɩɣɢɝɩɟɬɭɝɩ ɣ ɠɞɩ ɪɫɩɟɮɥɱɣɺ 

ɋɯɟɦɚ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ  
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

ɋɵɪɵɟ ɦɚɬɟɪɢɚɥɵ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ: 

• ɪɭɞɵ,  

• ɬɨɩɥɢɜɨ, 
• ɮɥɸɫɵ. 

1.1 Ɍɶɫɶɠ ɧɛɭɠɫɣɛɦɶ ɟɦɺ ɟɩɧɠɨɨɩɞɩ ɪɫɩɣɢɝɩɟɬɭɝɛ 

ɣ ɣɰ ɪɩɟɞɩɭɩɝɥɛ 

Ɋɭɞɚ – ɷɬɨ ɦɢɧɟɪɚɥɵ + ɩɭɫɬɚɹ ɩɨɪɨɞɚ. 

Ɋɭɞɵ ɦɨɝɭɬ ɛɵɬɶ:  
• ɠɟɥɟɡɧɵɟ,  

• ɦɟɞɧɵɟ,  

• ɚɥɸɦɢɧɢɟɜɵɟ, 
• ɦɚɪɝɚɧɰɟɜɵɟ, 
• ɦɟɞɧɨ-ɧɢɤɟɥɟɜɵɟ, 
• ɦɟɞɧɨ-ɤɨɛɚɥɶɬɨ-ɧɢɤɟɥɟɜɵɟ 

ɢ ɞɪ. 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ɂɠɦɠɢɨɶɠ ɫɮɟɶ 

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɜ ɡɟɦɧɨɣ ɤɨɪɟ 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

ɀɟɥɟɡɧɵɦɢ ɪɭɞɚɦɢ ɫɥɟɞɭɟɬ ɧɚɡɵɜɚɬɶ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɢɡ ɤɨɬɨɪɵɯ 

ɩɪɢ ɞɚɧɧɨɦ ɭɪɨɜɧɟ ɪɚɡɜɢɬɢɹ ɬɟɯɧɢɤɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ: 

ɢɡɜɥɟɤɚɬɶ ɠɟɥɟɡɨ. 

ɀɟɥɟɡɧɵɟ ɪɭɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ Fe ɞɟɥɹɬɫɹ ɧɚ: 

• ɛɟɞɧɵɟ (ɦɟɧɟɟ 30 % Fe),  

• ɫɪɟɞɧɢɟ (30–50 % Fe), 

• ɛɨɝɚɬɵɟ (ɛɨɥɟɟ 50 % Fe).  

ɉɭɫɬɚɹ ɩɨɪɨɞɚ ɫɨɫɬɨɢɬ ɢɡ: 

• ɤɪɟɦɧɟɡɟɦɚ (SiO2),  

• ɝɥɢɧɨɡɟɦɚ (Al2O3),  

• ɢɡɜɟɫɬɢ ɢ ɦɚɝɧɟɡɢɬɚ, ɨɛɪɚɡɭɸɳɢɯ ɫɥɨɠɧɵɟ ɦɢɧɟɪɚɥɵ.  

ɉɨɥɟɡɧɵɟ ɩɪɢɦɟɫɢ: (ɨɛɵɱɧɨ ɜ ɜɢɞɟ ɨɤɫɢɞɨɜ) Mg, Cr, Ni, V, W, Mo ɢ ɞɪ. 

 

ȼɪɟɞɧɵɟ ɩɪɢɦɟɫɢ: S, P, As, Zn, Pb ɢ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, Cu. 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

ɉɪɨɦɵɲɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɢɟ ɦɢɧɟɪɚɥɵ, ɜ 

ɤɨɬɨɪɵɯ ɠɟɥɟɡɨ ɜ ɨɫɧɨɜɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɨ: 

• ɦɚɝɧɢɬɧɵɦ ɨɤɫɢɞɨɦ Fe3Ɉ4 (72,4 % Fe), 

• ɛɟɡɜɨɞɧɵɦ ɨɤɫɢɞɨɦ Fe2Ɉ3 (70 % Fe), 

• ɜɨɞɧɵɦɢ ɨɤɫɢɞɚɦɢ mFe2Ɉ3·nɇ2Ɉ ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ 
(52,3-62,9 % Fe), 

• ɤɚɪɛɨɧɚɬɨɦ ɠɟɥɟɡɚ FeCɈ3 (48,3 % Fe). 

ɉɨ ɜɢɞɭ ɫɨɟɞɢɧɟɧɢɣ ɠɟɥɟɡɚ ɠɟɥɟɡɧɵɟ ɪɭɞɵ ɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ 
ɨɫɧɨɜɧɵɟ ɬɢɩɵ: 

• ɦɚɝɧɟɬɢɬɨɜɚɹ ɪɭɞɚ ɢɥɢ ɦɚɝɧɢɬɧɵɣ ɠɟɥɟɡɧɹɤ (ɦɚɝɧɟɬɢɬ), 

• ɝɟɦɚɬɢɬɨɜɚɹ ɪɭɞɚ ɢɥɢ ɤɪɚɫɧɵɣ ɠɟɥɟɡɧɹɤ (ɝɟɦɚɬɢɬ), 

• ɛɭɪɵɣ ɠɟɥɟɡɧɹɤ, 
• ɲɩɚɬɨɜɵɣ ɠɟɥɟɡɧɹɤ ɢɥɢ ɠɟɥɟɡɧɵɣ ɲɩɚɬ, 
• ɬɢɬɚɧɨɦɚɝɧɟɬɢɬ. 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ɇɚɝɧɟɬɢɬɨɜɚɹ ɪɭɞɚ ɢɥɢ ɦɚɝɧɢɬɧɵɣ ɠɟɥɟɡɧɹɤ (ɦɚɝɧɟɬɢɬ) 

Ʉɪɟɩɤɢɟ, ɩɥɨɬɧɵɟ ɤɭɫɤɨɜɵɟ ɪɭɞɵ. 

ɇɨɫɢɬɟɥɶ ɠɟɥɟɡɚ: Fe3O4=FeO·Fe2O3.  

ɋɨɞɟɪɠɢɬ 50–60 % Fɟ, ɩɭɫɬɭɸ ɩɨɪɨɞɭ 
SiO2, Al2O3, ɱɚɫɬɨ ɛɵɜɚɸɬ ɡɚɝɪɹɡɧɟɧɵ S, 

P. 

ɉɥɨɬɧɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɥɨɠɟɧɢɹ, 
ɛɥɟɫɬɹɳɟɝɨ ɱɟɪɧɨ-ɫɢɧɟɝɨ ɰɜɟɬɚ.  

Ɇɚɝɧɟɬɢɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ 
ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶɸ, ɢ ɩɨɷɬɨɦɭ 
ɦɚɝɧɢɬɧɵɟ ɠɟɥɟɡɧɹɤɢ ɩɪɢɝɨɞɧɵ ɞɥɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɨɛɨɝɚɳɟɧɢɹ.  

Ɂɚɥɟɠɢ ɦɚɝɧɟɬɢɬɚ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜ 
ɋɨɤɨɥɨɜɫɤɨɦ, Ʉɭɪɫɤɨɦ ɢ ɞɪ. 
ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ƚɟɦɚɬɢɬɨɜɚɹ ɪɭɞɚ ɢɥɢ ɤɪɚɫɧɵɣ ɠɟɥɟɡɧɹɤ (ɝɟɦɚɬɢɬ) 

ɇɨɫɢɬɟɥɶ ɠɟɥɟɡɚ: Fe2O3.  

ɋɨɞɟɪɠɢɬ 50–70 % Fɟ, ɩɭɫɬɭɸ ɩɨɪɨɞɭ 
SiO2, Al2O3, ɛɨɝɚɬɵɟ ɪɭɞɵ, ɦɚɥɨ S, P. 

Ɉɬ ɩɥɨɬɧɨɝɨ, ɤɭɫɤɨɜɚɬɨɝɨ ɫɥɨɠɟɧɢɹ ɞɨ 
ɩɵɥɟɜɨɝɨ. ɐɜɟɬ ɨɬ ɤɪɚɫɧɨɝɨ ɞɨ ɫɜɟɬɥɨ-

ɫɟɪɨɝɨ ɢ ɞɚɠɟ ɱɟɪɧɨɝɨ. 

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɟ ɡɚɥɟɠɢ ɷɬɨɣ ɪɭɞɵ 
ɧɚɯɨɞɹɬɫɹ ɜ Ʉɪɢɜɨɦ Ɋɨɝɟ, Ʉɭɪɫɤɨɣ 
ɦɚɝɧɢɬɧɨɣ ɚɧɨɦɚɥɢɢ ɢ ɞɪ. 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ȼɭɪɵɣ ɠɟɥɟɡɧɹɤ  

ɇɨɫɢɬɟɥɢ ɠɟɥɟɡɚ:  

• ɥɢɦɨɧɢɬ 2Fɟ2Ɉ3·3ɇ2Ɉ  
• ɝɟɬɢɬ Fɟ2Ɉ3·ɇ2Ɉ.  

ɋɨɞɟɪɠɢɬ 25–50 % Fɟ, ɩɭɫɬɭɸ ɩɨɪɨɞɭ 
ɝɥɢɧɚ ɢ SiO2, ɛɟɞɧɵɟ ɪɭɞɵ, 
ɡɚɝɪɹɡɧɟɧɧɵɟ As, S, P. 

Ɋɵɯɥɵɟ, ɩɨɪɨɲɤɨɜɚɬɵɟ ɡɟɦɥɢɫɬɨɝɨ 
ɫɬɪɨɟɧɢɹ, ɥɟɝɤɨ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɩɵɥɶ, 
ɜɫɬɪɟɱɚɸɬɫɹ ɢ ɩɥɨɬɧɵɟ, ɤɭɫɤɨɜɚɬɵɟ; 

ɩɨɪɢɫɬɵɟ, ɫɨɞɟɪɠɚɬ ɜɥɚɝɭ. 

ɐɜɟɬ ɛɭɪɵɣ ɢɥɢ ɠɟɥɬɵɣ.  

Ʉɪɭɩɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɛɭɪɨɝɨ 
ɠɟɥɟɡɧɹɤɚ - Ʉɟɪɱɟɧɫɤɨɟ, Ʌɢɫɚɤɨɜɫɤɨɟ ɢ 
ɞɪ. 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

ɒɩɚɬɨɜɵɣ ɠɟɥɟɡɧɹɤ ɢɥɢ ɠɟɥɟɡɧɵɣ ɲɩɚɬ 

ɇɨɫɢɬɟɥɶ ɠɟɥɟɡɚ - ɫɢɞɟɪɢɬ FɟɋɈ3. 

 

ɋɨɞɟɪɠɢɬ 30–40 % Fɟ, ɝɥɢɧɭ ɢ SiO2, 

ɛɟɞɧɵɟ ɪɭɞɵ, ɦɚɥɨ S, P. 

 

ɉɥɨɬɧɵɟ ɢ ɤɪɟɩɤɢɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ ɢɥɢ 
ɝɥɢɧɢɫɬɵɟ ɠɟɥɟɡɧɹɤɢ. 

ɐɜɟɬ ɠɟɥɬɨɜɚɬɨ-ɫɟɪɵɣ ɢ ɠɟɥɬɨɜɚɬɨ-

ɛɭɪɵɣ ɫ ɩɟɪɥɚɦɭɬɪɨɜɵɦ ɢɥɢ 
ɫɬɟɤɥɹɧɧɵɦ ɛɥɟɫɤɨɦ.   

Ɉɫɧɨɜɧɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ – 

Ʉɪɢɜɨɪɨɠɫɤɨɟ, Ȼɚɣɤɚɥɶɫɤɨɟ ɢ ɞɪ. 
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Ɍɢɬɚɧɨɦɚɝɧɟɬɢɬ 

ɇɨɫɢɬɟɥɶ ɠɟɥɟɡɚ - ɢɥɶɦɟɧɢɬ FeTiɈ3 ɢ 
ɦɚɝɧɟɬɢɬ. 
 

Ɇɟɫɬɨɪɨɠɞɟɧɢɹ: Ʉɚɱɤɚɧɚɪɫɤɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ (ɘɠɧ. ɍɪɚɥ), 
Ⱥɮɪɢɤɚɧɞɚ (Ʉɨɥɶɫɤɢɣ ɩɨɥɭɨɫɬɪɨɜ) ɢ ɞɪ. 
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ɉɪɢɦɟɫɢ ɠɟɥɟɡɧɵɯ ɪɭɞ 

Вɪɟɞɧɵɟ ɩɪɢɦɟɫɢ  - S, Zn ɢ As. 

ɉɨɥɟɡɧɵɟ ɩɪɢɦɟɫɢ  - V ɢ Ti.  

ɉɭɫɬɚɹ ɩɨɪɨɞɚ ɪɭɞ - SiɈ2, Al2Ɉ3, ɋɚɈ ɢ MgO, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ 

ɧɚɯɨɞɹɬɫɹ ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

 

Ⱦɥɹ ɞɨɦɟɧɧɨɣ ɩɥɚɜɤɢ ɠɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɨɬɧɨɲɟɧɢɟ 

(ɋɚɈ+MgO)/(SiO2+Ⱥl2Ɉ3)≈1. Ɍɨɝɞɚ ɧɟ ɬɪɟɛɭɸɬɫɹ ɮɥɸɫɵ.  

 

Ɍɚɤɭɸ ɪɭɞɭ ɧɚɡɵɜɚɸɬ ɫɚɦɨɩɥɚɜɤɨɣ, ɨɞɧɚɤɨ ɜɫɬɪɟɱɚɟɬɫɹ ɨɱɟɧɶ 

ɪɟɞɤɨ.  

 

ɑɚɳɟ ɜɫɟɝɨ ɭɤɚɡɚɧɧɨɟ ɨɬɧɨɲɟɧɢɟ <<1, ɬ.ɟ. ɩɭɫɬɚɹ ɩɨɪɨɞɚ ɪɭɞ 

ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɣ. 
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ɇɛɫɞɛɨɱɠɝɶɠ ɫɮɟɶ 

ɉɪɢɦɟɧɟɧɢɟ: 

• ɨɫɧɨɜɧɨɟ - ɞɥɹ ɜɵɩɥɚɜɤɢ ɮɟɪɪɨɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ 10-82% Ɇn, 

• ɢɧɨɝɞɚ ɞɨɛɚɜɥɹɸɬ ɜ ɲɢɯɬɭ ɞɨɦɟɧɧɨɣ ɩɥɚɜɤɢ ɩɪɢ ɜɵɩɥɚɜɤɟ 

ɩɟɪɟɞɟɥɶɧɵɯ ɱɭɝɭɧɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜ ɧɢɯ ɩɨɜɵɲɟɧɧɨɝɨ (ɞɨ 0,6-0,8 %) 

ɫɨɞɟɪɠɚɧɢɹ Mn. 

ɉɨɞɪɚɡɞɟɥɹɸɬ ɧɚ: 

ɚ) ɨɤɫɢɞɧыɟ ɪɭɞы, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɦɢɧɟɪɚɥɵ — ɩɢɪɨɥɸɡɢɬ (ɆnɈ2), 

ɛɪɚɭɧɢɬ (Ɇn2Ɉ3), ɩɫɢɥɨɦɟɥɚɧ (mMnO2·ɆnɈ+ɇ2O), ɝɚɭɫɦɚɧɢɬ (Ɇn3O4), 

ɦɚɧɝɚɧɢɬ (Ɇn2Ɉ3·ɇ2O); 

ɛ) ɤɚɪɛɨɧɚɬɧыɟ ɪɭɞы, ɫɨɞɟɪɠɚɳɢɟ ɦɚɪɝɚɧɰɟɜɵɣ ɲɩɚɬ ɢɥɢ ɪɨɞɨɯɪɨɡɢɬ 

(ɆnɋO3); 

ɜ) ɫɢɥɢɤɚɬɧыɟ ɪɭɞы, ɫɨɞɟɪɠɚɳɢɟ ɪɨɞɨɧɢɬ (MnSiO3); 

ɝ) ɨɤɢɫɥɟɧɧыɟ ɪɭɞы, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɩɪɨɞɭɤɬ ɨɤɢɫɥɟɧɢɹ ɤɚɪɛɨɧɚɬɧɵɯ ɢ 

ɫɢɥɢɤɚɬɧɵɯ ɪɭɞ. 

ɉɭɫɬɚɹ ɩɨɪɨɞɚ ɚɧɚɥɨɝɢɱɧɚ ɠɟɥɟɡɧɵɦ ɪɭɞɚɦ: ɜ ɨɫɧɨɜɧɨɦ ɤɪɟɦɧɟɡɟɦ ɢ ɜ 

ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɝɥɢɧɨɡɟɦ. ɂɡɜɟɫɬɤɨɜɚɹ ɩɭɫɬɚɹ ɩɨɪɨɞɚ ɜɫɬɪɟɱɚɟɬɫɹ 

ɞɨɜɨɥɶɧɨ ɪɟɞɤɨ. 
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ɐɫɩɧɩɝɶɠ ɫɮɟɶ 

ɉɪɢɦɟɧɟɧɢɟ: 

• ɩɪɨɢɡɜɨɞɫɬɜɨ ɮɟɪɪɨɯɪɨɦɚ, 
• ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɯɪɨɦɚ,  
• ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ - ɯɪɨɦɨɦɚɝɧɟɡɢɬɨɜ. 

ɋɨɞɟɪɠɚɬ ɫɥɨɠɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ: 
ɯɪɨɦɢɬ (FɟɈ, ɋr2Ɉ3), ɦɚɝɧɨɯɪɨɦɢɬ (ɆР, Fɟ) ɋr2Ɉ4 ɢ ɞɪ. 

Ʌɩɧɪɦɠɥɬɨɶɠ ɫɮɟɶ 

ɉɪɢɦɟɧɟɧɢɟ: 

• ɞɥɹ ɜɵɩɥɚɜɤɢ ɩɪɢɪɨɞɧɨ-ɥɟɝɢɪɨɜɚɧɧɵɯ ɱɭɝɭɧɨɜ. 

ȼɢɞɵ: 
• ɠɟɥɟɡɨɦɚɪɝɚɧɰɟɜɵɟ ɪɭɞɵ, ɫɨɞɟɪɠɚɳɢɟ, ɤɪɨɦɟ ɠɟɥɟɡɚ, ɞɨ 20 % Ɇn,  

• ɯɪɨɦɨɧɢɤɟɥɟɜɵɟ ɪɭɞɵ ɫ 37-47 % Fɟ, ɞɨ 2% ɋɝ, ɞɨ 1 % Ni, 

•  ɠɟɥɟɡɨɜɚɧɚɞɢɟɜɵɟ ɪɭɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ 0,17-0,35 % V. 
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ɏɦɹɬɶ ɣ ɩɭɰɩɟɶ ɪɫɩɣɢɝɩɟɬɭɝɛ 

Фɥɸɫɵ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɟɪɟɜɨɞɚ ɩɭɫɬɨɣ ɩɨɪɨɞɵ ɪɭɞɵ ɢ ɡɨɥɵ ɤɨɤɫɚ ɜ 

ɲɥɚɤɢ ɬɪɟɛɭɟɦɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. # CaCO3, MgCO3 

Ɍɪɟɛɭɟɦɵɣ ɫɨɫɬɚɜ ɲɥɚɤɚ: 
���+������మ+��మ�య ≈ 1 

ɉɭɫɬɚɹ ɩɨɪɨɞɚ ɠɟɥɟɡɧɵɯ ɪɭɞ: 
• Ⱥl2Ɉ3 – 2040 °ɋ, 
• ɋɚɈ – 2570 °ɋ, 
• ɆgɈ - 2800 °ɋ.  

Ʌɟɝɤɨɩɥɚɜɤɢɟ ɫɨɟɞɢɧɟɧɢɹ - шɥаɤи - 

Ɍɩɥ≤1300 °ɋ ɢ ɫ ɯɨɪɨɲɟɣ ɬɟɤɭɱɟɫɬɶɸ ɩɪɢ 
1450-1600 °ɋ 

Ʉɢɫɥɵɣ ɲɥɚɤ - ɩɪɟɨɛɥɚɞɚɸɬ ɤɢɫɥɨɬɧɵɟ ɨɤɢɫɥɵ (SiO2, Ɋ2Ɉ3). 

Ɉɫɧɨɜɧɨɣ ɲɥɚɤ - ɩɪɟɨɛɥɚɞɚɸɬ ɨɫɧɨɜɧɵɟ ɨɤɢɫɥɵ (ɋɚɈ, ɆgɈ, FɟO ɢ ɬ. ɞ.). 

ɉɨɷɬɨɦɭ ɜ ɩɟɱɚɯ ɫ ɤɢɫɥɨɣ ɮɭɬɟɪɨɜɤɨɣ ɩɪɢɦɟɧɹɸɬ ɤɢɫɥɵɟ ɲɥɚɤɢ, ɚ ɜ 

ɩɟɱɚɯ ɫ ɨɫɧɨɜɧɨɣ ɮɭɬɟɪɨɜɤɨɣ – ɨɫɧɨɜɧɵɟ. 

Ɂɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: ȿɫɥɢ ɤɚɤɨɟ-ɥɢɛɨ ɜɟɳɟɫɬɜɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɞɜɭɯ 

ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ, ɧɨ ɧɟ ɫɦɟɲɢɜɚɸɳɢɯɫɹ ɠɢɞɤɨɫɬɹɯ, ɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɜɟɳɟɫɬɜɚ ɦɟɠɞɭ ɷɬɢɦɢ ɠɢɞɤɨɫɬɹɦɢ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɭɫɬɚɧɨɜɥɟɧɢɹ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ, ɩɨɫɬɨɹɧɧɨɝɨ ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ.  
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ɋɩɟɞɩɭɩɝɥɛ ɡɠɦɠɢɨɶɰ ɫɮɟ ɥ ɟɩɧɠɨɨɩɤ ɪɦɛɝɥɠ 

Шɢɯɬɚ: 

•ɨɮɥɸɫɨɜɚɧɧɨɟ ɠɟɥɟɡɨɪɭɞɧɨɟ ɫɵɪɶё (> 5-8 ɦɦ), 
•ɤɨɤɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɭɫɤɨɜɚɬɨɫɬɢ (> 20-30 ɦɦ). 

ɋɯɟɦɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɜ ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɟɣ ɱɚɫɬɢ ɲɢɯɬɵ 

Ɉɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ Fe ɜ 

ɤɨɧɰɟɧɬɪɚɬɚɯ ɞɥɹ ɞɨɦɟɧɧɨɣ 

ɩɥɚɜɤɢ – 64-67 %. 
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ȿɫɩɜɦɠɨɣɠ ɣ ɣɢɧɠɦɷɲɠɨɣɠ 

Ʉɪɭɩɧɨɫɬɶ ɞɨɛɵɜɚɟɦɵɯ ɪɭɞ: 

•ɩɪɢ ɨɬɤɪɵɬɨɣ ɞɨɛɵɱɟ 1000-1200 ɦɦ, 
•ɩɪɢ ɩɨɞɡɟɦɧɨɣ 300-800 ɦɦ. 

Дɪɨɛɥɟɧɢɟ – ɩɪɨɰɟɫɫ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɚ ɤɭɫɤɨɜ ɬɜɟɪɞɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɩɭɬɟɦ ɟɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɫɢɥ ɫ 

ɰɟɥɶɸ ɩɪɢɞɚɧɢɹ ɤɭɫɤɚɦ ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɪɭɩɧɨɫɬɢ. 

ɋɬɚɞɢɢ ɞɪɨɛɥɟɧɢɹ: 
• ɤɪɭɩɧɨɟ ɞɪɨɛɥɟɧɢɟ — ɨɬ ɤɭɫɤɨɜ 

ɪɚɡɦɟɪɨɦ 1200 ɦɦ ɞɨ ɩɨɥɭɱɟɧɢɹ 
ɤɭɫɤɨɜ ɪɚɡɦɟɪɨɦ 100-350 ɦɦ;  

• ɫɪɟɞɧɟɟ ɞɪɨɛɥɟɧɢɟ — ɨɬ 100-350 ɞɨ 
40-60 ɦɦ  

•  ɦɟɥɤɨɟ ɞɪɨɛɥɟɧɢɟ - ɨɬ 40-60 ɞɨ 6-25 

ɦɦ;  
• ɢɡɦɟɥɶɱɟɧɢɟ — ɨɬ 6-25 ɞɨ 1 ɦɦ;  
• ɬɨɧɤɨɟ ɢɡɦɟɥɶɱɟɧɢɟ — ɦɟɧɟɟ 1 ɦɦ.  

ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ ɞɪɨɛɥɟɧɢɹ: 

ɚ - ɪɚɡɞɚɜɥɢɜɚɧɢɟ; ɛ - ɢɫɬɢɪɚɧɢɟ; ɜ - 
ɪɚɫɤɚɥɵɜɚɧɢɟ; ɝ - ɭɞɚɪ 
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Ɇɟɥɶɧɢɰɚ ɞɥɹ 
ɛɟɫɲɚɪɨɜɨɝɨ ɩɨɦɨɥɚ 
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ɒɚɪɨɜɚɹ ɦɟɥɶɧɢɰɚ  
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Ɍɩɫɭɣɫɩɝɥɛ 

Ɋɚɡɞɟɥɟɧɢɟ ɢɥɢ ɫɨɪɬɢɪɨɜɤɚ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɥɚɫɫы ɤɪɭɩɧɨɫɬɢ: 
• ɩɪɢ ɩɨɦɨɳɢ ɪɟɲɟɬɨɤ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɬ - ɝɪɨɯɨɱɟɧɢɟ, 

• ɪɚɡɞɟɥɟɧɢɟ ɜ ɜɨɞɟ ɢɥɢ ɜɨɡɞɭɯɟ ɧɚ ɨɫɧɨɜɟ ɪɚɡɧɨɫɬɢ ɫɤɨɪɨɫɬɟɣ ɩɚɞɟɧɢɹ 
ɡɟɪɟɧ ɪɚɡɥɢɱɧɨɣ ɤɪɭɩɧɨɫɬɢ – ɝɢɞɪɚɜɥɢɱɟɫɤɚя ɢɥɢ ɜɨɡɞɭɲɧɚя 
ɤɥɚɫɫɢɮɢɤɚɰɢя.  
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ɉɜɩɞɛщɠɨɣɠ 

ɉɨɞ ɨɛɨɝɚɳɟɧɢɟɦ ɪɭɞ ɩɨɧɢɦɚɸɬ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɩɨɥɟɡɧɵɯ 

ɢɫɤɨɩɚɟɦɵɯ, ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 

ɩɨɥɟɡɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɭɬɟɦ ɨɬɞɟɥɟɧɢɹ ɪɭɞɧɨɝɨ ɦɢɧɟɪɚɥɚ ɨɬ ɩɭɫɬɨɣ 

ɩɨɪɨɞɵ ɢɥɢ ɨɬɞɟɥɟɧɢɹ ɨɞɧɨɝɨ ɰɟɧɧɨɝɨ ɦɢɧɟɪɚɥɚ ɨɬ ɞɪɭɝɨɝɨ. 

ɉɨɥɭɱɚɸɬ: 

• ɝɨɬɨɜɵɣ ɩɪɨɞɭɤɬ – ɤɨɧɰɟɧɬɪɚɬ, ɛɨɥɟɟ ɛɨɝɚɬɵɣ ɩɨ 

ɫɨɞɟɪɠɚɧɢɸ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɱɟɦ ɢɫɯɨɞɧɚɹ ɪɭɞɚ,  
• ɨɫɬɚɬɨɱɧыɣ ɩɪɨɞɭɤɬ – ɯɜɨɫɬы, ɛɨɥɟɟ ɛɟɞɧɵɣ, ɱɟɦ 

ɢɫɯɨɞɧɚɹ ɪɭɞɚ. 

ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ (ε, %) ɩɨɥɟɡɧɨɝɨ ɷɥɟɦɟɧɬɚ: 
ε = (Ȗ•ȕ)/α,  

ɝɞɟ Ȗ - ɜɵɯɨɞ ɤɨɧɰɟɧɬɪɚɬɚ (% ɨɬ ɦɚɫɫɵ ɢɫɯɨɞɧɨɣ ɪɭɞɵ), 

α ɢ ȕ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɞɟɪɠɚɧɢɟ ɢɡɜɥɟɤɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɜ 

ɢɫɯɨɞɧɨɣ ɪɭɞɟ ɢ ɜ ɤɨɧɰɟɧɬɪɚɬɟ, %. 



ɋɯɟɦɚ ɚɝɥɨɦɟɪɚɰɢɨɧɧɨɣ ɦɚɲɢɧɵ: 
1 — ɩɚɥɥɟɬɵ;  
2 — ɲɢɯɬɨɜɵɣ ɛɭɧɤɟɪ; 
3 — ɝɨɪɟɥɤɚ;  
4 — ɜɚɤɭɭɦ-ɤɚɦɟɪɵ (ɷɤɫɝɚɭɫɬɟɪɵ);  
5 — ɚɝɥɨɦɟɪɚɬ 
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ɉɜɩɞɛщɠɨɣɠ 

Ɍɚɪɟɥɶɱɚɬɵɣ ɨɤɨɦɤɨɜɚɬɟɥɶ:  

1 —  ɤɨɧɜɟɣɟɪ  ɭɛɨɪɤɢ ɨɤɚɬɵɲɟɣ;   
2 — ɱɚɲɚ;    
3 —   ɤɨɧɜɟɣɟɪ   ɩɨɞɚɱɢ   ɲɢɯɬɵ;  
4 — ɫɤɪɟɛɤɢ 
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ɍɩɪɦɣɝɩ 

Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɬɨɩɥɢɜɚ: 
• ɤɨɤɫ,  

• ɩɪɢɪɨɞɧɵɣ ɝɚɡ,  
• ɦɚɡɭɬ,  
• ɞɨɦɟɧɧɵɣ (ɤɨɥɨɲɧɢɤɨɜɵɣ) ɝɚɡ.  

ȼ ɤɨɤɫɟ ɫɨɞɟɪɠɢɬɫɹ, ɜ %: 
• 80-88 ɋ;  

• 8-12 ɡɨɥɵ;  

• 2-5 ɜɥɚɝɢ;  

• 0,5-1,8 S;  

• 0,02-0,2 Ɋ;  
• 1,2 ɥɟɬɭɱɢɯ ɩɪɨɞɭɤɬɨɜ.  

ɋɭɯɚɹ ɩɟɪɟɝɨɧɤɚ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ 

ɤɨɤɫɭɸɳɢɯɫɹ ɫɨɪɬɨɜ ɜ ɤɨɤɫɨɜɵɯ ɩɟɱɚɯ 

ɩɪɢ 1000…1200°ɋ (ɛɟɡ ɞɨɫɬɭɩɚ 

ɜɨɡɞɭɯɚ) ɜ ɬɟɱɟɧɢɟ 15-20 ɱ.  

ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɤɨɤɫɚ: 
• ɡɨɥɶɧɨɫɬɶ, 
• ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ, 
• ɤɭɫɤɨɜɚɬɨɫɬɶ (25-60 ɦɦ). 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

1.2 ȿɩɧɠɨɨɶɤ ɪɫɩɱɠɬɬ 

Дɨɦɟɧɧɚɹ ɩɟɱɶ 

XIII ɜɟɤ 

XXI ɜɟɤ 

ɋɨɜɪɟɦɟɧɧɚɹ ɞɨɦɟɧɧɚɹ ɩɟɱɶ ɟɠɟɫɭɬɨɱɧɨ: 
• ɪɚɫɯɨɞɭɟɬ:  

23 000 ɬ ɲɢɯɬɵ, 
18 000 ɬ ɞɭɬɶɹ, 
1700 ɬ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ; 

• ɜɵɞɚɟɬ: 
12 000 ɬ ɱɭɝɭɧɚ,  
4000 ɬ ɲɥɚɤɚ, 
27 000 ɬ ɤɨɥɨɲɧɢɤɨɜɨɝɨ ɝɚɡɚ. 
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Ⱦɨɦɟɧɧɚɹ ɩɟɱɶ ɲɚɯɬɧɨɝɨ ɬɢɩɚ ɞɜɭɯɤɨɧɭɫɧɵɦ ɡɚɫɵɩɧɵɦ ɚɩɩɚɪɚɬɨɦ  

ɋɯɟɦɚ ɞɨɦɟɧɧɨɣ ɩɟɱɢ 
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Ɂɚɝɪɭɡɤɚ ɲɢɯɬɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɨɥɨɲɧɢɤɟ 

ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ ɞɨɦɟɧɧɨɣ ɩɟɱɢ: 
•ɦɚɬɟɪɢɚɥɨɜ — 4-6 ɱ,  
• ɝɚɡɨɜ — 3-12 ɫ. 

Ƚɚɡɵ ɜɫɟɝɞɚ ɞɜɢɠɭɬɫɹ ɩɨ ɡɨɧɚɦ ɫ 

ɦɟɧɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɲɢɯɬɵ. 

ɋɥɨɣ ɚɝɥɨɦɟɪɚɬɚ ɦɟɧɟɟ 
ɝɚɡɨɩɪɨɧɢɰɚɟɦ, ɱɟɦ ɫɥɨɣ ɤɨɤɫɚ. ɉɪɢ ɡɚɝɪɭɡɤɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ: 

• ɞɭɬɶɟ ɩɨɫɬɭɩɚɟɬ ɜ ɩɟɱɶ ɭ ɫɬɟɧ, 
• ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɚɦ ɭ ɝɥɚɞɤɢɯ ɫɬɟɧ 

ɦɟɧɶɲɟ, ɱɟɦ ɜ ɨɛɴɟɦɟ ɲɢɯɬɵ. 

ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ: 

• ɭ ɫɬɟɧ — ɬɨɥɳɟ ɫɥɨɢ ɦɟɧɟɟ 

ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɝɨ ɚɝɥɨɦɟɪɚɬɚ, 
• ɜ ɰɟɧɬɪɟ — ɬɨɥɳɟ ɫɥɨɢ ɤɨɤɫɚ.  

ɗɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɤ ɰɟɧɬɪɭ. 

ɉɨɞɚɱɚ 

4 ɫɤɢɩɚ 

(ɢɧɨɝɞɚ 3, 5, 6) 

ɪɭɞɧɚɹ ɱɚɫɬɶ 

(ɚɝɥɨɦɟɪɚɬɚ) ɤɨɤɫ 

Ɂɚɫɵɩɧɨɣ ɚɩɩɚɪɚɬ: 
• ɞɜɭɯɤɨɧɭɫɧɵɣ, 

• ɛɟɫɤɨɧɭɫɧɵɣ. 
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ȼɢɞɵ ɩɨɞɚɱ: 

• ɫɨɜɦɟɫɬɧɚɹ - ɜɫɟ ɫɤɢɩɵ ɚɝɥɨɦɟɪɚɬɚ ɢ 

ɤɨɤɫɚ ɧɚɤɚɩɥɢɜɚɸɬ ɧɚ ɛɨɥɶɲɨɦ 

ɤɨɧɭɫɟ ɩɭɬɟɦ ɨɩɭɫɤɚɧɢɣ ɦɚɥɨɝɨ 

ɤɨɧɭɫɚ ɛɟɡ ɟɝɨ ɜɪɚɳɟɧɢɹ ɢ ɡɚɬɟɦ 

ɡɚɝɪɭɠɚɸɬ ɜ ɩɟɱɶ ɡɚ ɨɞɧɨ ɨɩɭɫɤɚɧɢɟ 

ɛɨɥɶɲɨɝɨ ɤɨɧɭɫɚ (ȺȺɄɄĻ); 
• ɪɚɡɞɟɥɶɧɚɹ - ɚɝɥɨɦɟɪɚɬ ɡɚɝɪɭɠɚɸɬ 

ɨɞɧɢɦ ɨɩɭɫɤɚɧɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɧɭɫɚ, ɚ 

ɤɨɤɫ — ɜɬɨɪɵɦ (ȺȺĻɄɄĻ); 
• ɪɚɫɳɟɩɥɟɧɧɚɹ - ɩɨɞɚɱɚ ɡɚɝɪɭɠɚɟɬɫɹ 

ɜ 2 ɩɪɢɟɦɚ, ɧɨ ɜ ɤɚɠɞɨɣ ɩɨɥɭɩɨɞɚɱɟ 

ɟɫɬɶ ɢ ɤɨɤɫ ɢ ɚɝɥɨɦɟɪɚɬ (ȺȺɄĻɄɄȺĻ). 

Ɂɚɫɵɩɧɨɣ ɚɩɩɚɪɚɬ ɞɜɭɯɤɨɧɭɫɧɵɣ  
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ɒɢɯɬɭ ɡɚɝɪɭɠɚɸɬ ɜ ɩɟɱɶ ɱɟɪɟɡ ɞɜɚ 

ɩɨɨɱɟɪɟɞɧɨ ɨɬɤɪɵɜɚɟɦɵɯ ɲɥɸɡɨɜɵɯ 

ɛɭɧɤɟɪɚ. 

Ɂɚɫɵɩɧɨɣ ɚɩɩɚɪɚɬ ɛɟɫɤɨɧɭɫɧɵɣ  

1 - ɤɨɧɜɟɣɟɪ 
ɲɢɯɬɨɩɨɞɚɱɢ; 

2 - ɩɪɢɟɦɧɚɹ 
ɜɨɪɨɧɤɚ;  

3 - ɡɚɬɜɨɪ;  

4 - ɜɟɪɯɧɢɣ 
ɝɚɡɨɨɬɫɟɤɚɸɲɢɣ 

ɤɥɚɩɚɧ; 

5 - ɛɭɧɤɟɪ;  

6 - ɡɚɬɜɨɪ ɛɭɧɤɟɪɚ;  

7 - ɧɢɠɧɢɣ 
ɝɚɡɨɨɬɫɟɤɚɸɳɢɣ 

ɤɥɚɩɚɧ;  

8 - ɬɪɭɛɤɚ;  

9 - ɨɬɫɟɱɧɚɹ 
ɡɚɞɜɢɠɤɚ;  

10 - ɦɟɯɚɧɢɡɦ 
ɜɪɚɳɟɧɢɹ ɥɨɬɤɚ;  

11 - ɜɪɚɳɚɸɳɢɣɫɹ 
ɥɨɬɨɤ. 

Ⱦɥɹ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɡɚɝɪɭɡɤɢ ɢɫɩɨɥɶɡɭɸɬ 

ɧɟ ɬɟɪɦɢɧ "ɩɨɞɚɱɚ", ɚ "ɰɢɤɥ ɡɚɝɪɭɡɤɢ". 

Ɉ ɩɪɨɰɟɫɫɚɯ ɜ  ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɫɭɞɹɬ ɩɨ: 

• ɬɟɦɩɟɪɚɬɭɪɟ, 
• ɫɨɫɬɚɜɭ ɝɚɡɚ ɩɨ ɫɟɱɟɧɢɸ. 

 

ɇɚ ɩɨɥɧɨɬɭ ɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɩɟɱɢ ɭɤɚɡɵɜɚɸɬ: 

• ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɋɈ2 ɜ ɝɚɡɚɯ, 
• ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ.  
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ɋɛɬɪɫɠɟɠɦɠɨɣɠ ɭɠɧɪɠɫɛɭɮɫ ɝ ɪɠɲɣ 

Ɍɟɩɥɨ ɜɧɨɫɢɬɫɹ ɜ ɩɟɱɶ: 
• ɧɚɝɪɟɬɵɦ ɞɭɬɶɟɦ, 
• ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ. 

Ɍɟɩɥɨ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ: 

• ɧɚɝɪɟɜ ɲɢɯɬɵ ɢ ɝɚɡɨɜ, 

• ɪɚɫɩɥɚɜɥɟɧɢɟ ɱɭɝɭɧɚ ɢ ɲɥɚɤɚ, 

• ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, 

• ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɩɥɨɩɨɬɟɪɶ.  

ɋɯɟɦɚ ɞɨɦɟɧɧɨɣ ɩɟɱɢ 

1400-1600°ɋ  

200-350°ɋ  

ȼ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɩɟɱɢ ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɟ ɩɨɫɬɨɹɧɧɚ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ 

ɩɨ ɜɵɫɨɬɟ ɢ ɫɟɱɟɧɢɸ 

ɞɨɦɟɧɧɨɣ ɩɟɱɢ (ɨɞɢɧ 

ɢɡ ɜɚɪɢɚɧɬɨɜ) 
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ɉɥɚɫɬɢɱɧɚɹ ɡɨɧɚ – ɡɨɧɚ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɦɹɝɱɟɧɢɟ ɢ ɩɥɚɜɥɟɧɢɟ 

ɠɟɥɟɡɨɫɨɞɟɪɠɚɳɟɣ ɱɚɫɬɢ ɲɢɯɬɵ (ɚɝɥɨɦɟɪɚɬɚ ɢ ɨɤɚɬɵɲɟɣ), 1000-1250°ɋ.  

Ɏɨɪɦɵ ɩɥɚɫɬɢɱɧɨɣ ɡɨɧɵ ɜ ɞɨɦɟɧɧɨɣ ɩɟɱɢ 

Ʌ-ɨɛɪɚɡɧɵɟ V-ɨɛɪɚɡɧɚɹ  W-ɨɛɪɚɡɧɚɹ 
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Ɏɟɛɦɠɨɣɠ ɝɦɛɞɣ 

ɒɢɯɬɚ ɫɨɞɟɪɠɢɬ: 
• ɝɢɝɪɨɫɤɨɩɢɱɟɫɤɭɸ ɜɥɚɝɭ (ɩɨɝɥɨɳɟɧɧɭɸ ɢɡ ɜɨɡɞɭɯɚ, # ɜ ɤɨɤɫɟ 0,5-5%), 

• ɝɢɞɪɚɬɧɭɸ ɜɥɚɝɭ (ɫɜɹɡɚɧɧɭɸ ɫ ɦɢɧɟɪɚɥɶɧɨɣ ɦɚɫɫɨɣ, # Fɟ2Ɉ3·ɇ2Ɉ, 

Ⱥl2O3•2SТO2•2ɇ2Ɉ).  

ɋɛɢɦɩɡɠɨɣɠ ɥɛɫɜɩɨɛɭɩɝ 

Ʉɚɪɛɨɧɚɬɵ (ɭɝɥɟɤɢɫɥɵɟ ɫɨɟɞɢɧɟɧɢɹ) ɩɨɫɬɭɩɚɸɬ ɜ ɞɨɦɟɧɧɭɸ ɩɟɱɶ: 
•ɜ ɜɢɞɟ ɢɡɜɟɫɬɧɹɤɚ ɋɚɋɈ3 (ɢɧɨɝɞɚ ɫɨɞɟɪɠɢɬ ɧɟɦɧɨɝɨ ɋɚɋɈ3•MgCɈ3), 

•ɫ ɤɚɪɛɨɧɚɬɧɨɣ ɠɟɥɟɡɧɨɣ ɪɭɞɨɣ (FeCɈ3), 

•ɫ ɦɚɪɝɚɧɰɟɜɨɣ ɪɭɞɨɣ (ɆnɋɈ3). 

Ʉɚɪɛɨɧɚɬɵ ɧɚɝɪɟɜ 

ɋɈ2 

ɨɤɫɢɞ ɦɟɬɚɥɥɚ 

‒ Q 

ɩɪɢ 1000°ɋ     ɋɚɋɈ3=ɋɚɈ+ɋɈ2–178500 Ⱦɠ 

>1000°ɋ     ɋɈ2+ɋ=2ɋɈ 
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ɀɟɥɟɡɨ ɩɨɫɬɭɩɚɟɬ ɜ ɞɨɦɟɧɧɭɸ ɩɟɱɶ ɜ ɜɢɞɟ ɨɤɫɢɞɨɜ: 

• ɚɝɥɨɦɟɪɚɬ – Fe3Ɉ4 ɢ ɧɟɦɧɨɝɨ Fe2Ɉ3 ɢ FeO, 

• ɨɤɚɬɵɲɢ – Fe2Ɉ3 ɢ Fe3Ɉ4, 
• ɠɟɥɟɡɧɚɹ ɪɭɞɚ – Fe2Ɉ3 ɢ Fe3Ɉ4. 

Ɋɫɩɱɠɬɬɶ ɝɩɬɬɭɛɨɩɝɦɠɨɣɺ 

1. Ƚɩɬɬɭɛɨɩɝɦɠɨɣɠ ɡɠɦɠɢɛ 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɞɨɦɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ – ɨɛɟɫɩɟɱɟɧɢɟ ɤɚɤ ɦɨɠɧɨ ɛɨɥɟɟ 

ɩɨɥɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɠɟɥɟɡɚ ɢɡ ɨɤɫɢɞɨɜ ɩɭɬɟɦ ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ - ɨɬɧɹɬɢɟ ɤɢɫɥɨɪɨɞɚ ɨɬ ɨɤɫɢɞɚ ɢ ɩɨɥɭɱɟɧɢɟ ɢɡ ɧɟɝɨ 

ɷɥɟɦɟɧɬɚ (ɢɥɢ ɨɤɫɢɞɚ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ).  

МО + В = Ɇ + ВɈ ɨɤɫɢɞ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɣ 
ɦɟɬɚɥɥ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɣ 
ɨɤɫɢɞ 
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 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɩɪɨɬɟɤɚɟɬ ɫɬɭɩɟɧɱɚɬɨ ɨɬ ɜɵɫɲɢɯ ɤ ɧɢɡɲɢɦ 
(ɚɤɚɞ. Ⱥ.Ⱥ. Ȼɚɣɤɨɜ): 

Fe2Ɉ3ĺFe3Ɉ4ĺFeOĺFe 

ɬ.ɤ. ɧɢɠɟ 570°ɋ ɨɤɫɢɞ FeO ɧɟɭɫɬɨɣɱɢɜ (Fe3Ɉ4 ɢ Fe), ɫɯɟɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ: 
Fe2Ɉ3ĺFe3Ɉ4ĺFe 

ȼɨɫɫɬɚɧɨɜɢɬɟɥɢ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ ɜ 
ɞɨɦɟɧɧɨɣ ɩɟɱɢ: 

•ɭɝɥɟɪɨɞ, 
•ɨɤɫɢɞ ɋɈ, 
•ɜɨɞɨɪɨɞ. 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ  

ɩɪɹɦɵɦ 

(ɭɝɥɟɪɨɞɨɦ)  
ɤɨɫɜɟɧɧɵɦ 

(ɝɚɡɚɦɢ) 
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Ɋɟɚɤɰɢɢ ɤɨɫɜɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ: 

Ɍ > 570 °ɋ 

l) 3Fe2Ɉ3 + ɋɈ=2Fe3Ɉ4 + ɋɈ2 + 53740 Ⱦɠ; 
2) Fe3Ɉ4 + ɋɈ = 3FeO + ɋɈ2 + 36 680 Ⱦɠ; 

3) FeO + ɋɈ = Fe + ɋɈ2 + 16 060 Ⱦɠ; 

Ɍ< 570 °ɋ 

1) 3Fe2Ɉ3 + ɋɈ=2Fe3Ɉ4 + ɋɈ2+ 53740 Ⱦɠ; 

4) l/4Fe3Ɉ4 + ɋɈ = 3/4Fe + ɋɈ2 + 2870 Ⱦɠ. 

Ɋɟɚɤɰɢɢ ɩɪɹɦɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɭɝɥɟɪɨɞɨɦ: 

FeO + C = Fe + CO – 152 670 Ⱦɠ 

FeO + ɋɈ = Fe + ɋɈ2 

ɋɈ2 + ɋ = 2ɋɈ 

Ɍ.ɟ. ɪɚɡɜɢɬɢɟ ɪɟɚɤɰɢɣ ɩɪɹɦɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɤɪɚɳɚɟɬ 
ɤɨɥɢɱɟɫɬɜɨ ɋ, ɞɨɫɬɢɝɚɸɳɟɝɨ ɮɭɪɦ. 

ɉɪɹɦɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ 

ɨɬ ɤɨɫɜɟɧɧɨɝɨ ɪɚɫɯɨɞɨɜɚɧɢɟɦ ɋ.  

Ⱦɨɦɟɧɧɭɸ ɩɟɱɶ ɭɫɥɨɜɧɨ ɞɟɥɹɬ ɧɚ ɡɨɧɵ : 
• ɤɨɫɜɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

(<900-1000°ɋ), 
• ɩɪɹɦɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

(>900-1000°ɋ). 

КВ 

ɉВ 
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Ɋɟɚɤɰɢɢ ɤɨɫɜɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɜɨɞɨɪɨɞɨɦ: 

l) 3Fe2Ɉ3 + ɇ2=2Fe3Ɉ4 + ɇ2Ɉ – 4200 Ⱦɠ; 
2) Fe3Ɉ4 + ɇ2=3FeO + ɇ2Ɉ – 62410 Ⱦɠ; 

3) FeO + ɇ2 = Fe + ɇ2Ɉ – 27 800 Ⱦɠ. 

ɉɪɢ Ɍ>810°ɋ H ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 

ɫɢɥɶɧɵɦ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ, ɱɟɦ ɋɈ. 

ɉɪɢ Ɍ<810°ɋ – ɋɈ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 

ɫɢɥɶɧɵɦ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ, ɱɟɦ H. 

H ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɟɩɟɧɶ ɤɨɫɜɟɧɧɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɠɟɥɟɡɚ, ɬ.ɤ.: 

1) ɛɥɚɝɨɞɚɪɹ ɦɚɥɵɦ ɦɚɫɫɟ ɢ ɪɚɡɦɟɪɚɦ 
ɦɨɥɟɤɭɥɵ ɇ2 ɛɨɥɟɟ ɩɨɞɜɢɠɧɵ, ɱɟɦ ɋɈ 
— ɷɬɨ ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɩɨɜɟɪɯɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

2) ɦɨɥɟɤɭɥɵ ɇ2 ɦɧɨɝɨɤɪɚɬɧɨ ɭɱɚɫɬɜɭɸɬ 
ɜ ɩɪɨɰɟɫɫɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 

ɉɪɢ Ɍ≥850-1000°ɋ: 
ɇ2Ɉ + ɋ = ɇ2 + ɋɈ;  

ɩɪɢ T<810°ɋ: 
ɇ2O + ɋɈ = ɇ2 + ɋO2. 

КВ 

CO ɢ ɇ2 

ɉВ 

ɋ 

ɋɬɟɩɟɧɶ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɠɟɥɟɡɚ η=0,99-0,998 
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ɉɪɹɦɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ: 

• ɩɪɨɬɟɤɚɟɬ ɫ ɡɚɬɪɚɬɨɣ ɬɟɩɥɚ; 

• ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ 

ɤɨɤɫɚ, ɞɨɫɬɢɝɚɸɳɟɝɨ ɮɭɪɦ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɩɪɢɯɨɞɚ ɬɟɩɥɚ ɜ ɝɨɪɧɟ. 

Ʉɨɫɜɟɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ: 

• ɧɟ ɬɪɟɛɭɸɬ ɡɚɬɪɚɬ ɬɟɩɥɚ. 

• ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɝɨ 

ɪɚɫɯɨɞɚ ɭɝɥɟɪɨɞɚ, ɱɟɦ ɩɪɹɦɨɟ. 

Ⱦɨɥɹ ɩɪɹɦɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɩɟɱɚɯ: 

• ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢɥɢ ɦɚɡɭɬɚ - 40-60%, 

• ɫ ɩɪɢɦɟɧɢɟɦ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɞɨɛɚɜɤɢ – 20-40%. 
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ɉɪɢ ɜɵɩɥɚɜɤɟ ɩɟɪɟɞɟɥɶɧɵɯ ɱɭɝɭɧɨɜ ɢ ɮɟɪɪɨɦɚɪɝɚɧɰɚ 

Mn ɩɨɩɚɞɚɟɬ ɜ ɞɨɦɟɧɧɭɸ ɩɟɱɶ: 

• ɫ ɚɝɥɨɦɟɪɚɬɨɦ (MnO·SiO2, (MnO)2·SiO2), 

• ɫ ɦɚɪɝɚɧɰɟɜɵɦɢ ɪɭɞɚɦɢ (MnO2, Mn2O3, Mn3O4). 

Ɋɫɩɱɠɬɬɶ ɝɩɬɬɭɛɨɩɝɦɠɨɣɺ 

1. Ƚɩɬɬɭɛɨɩɝɦɠɨɣɠ ɧɛɫɞɛɨɱɛ 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ Mn ɢɡ ɨɤɫɢɞɨɜ ɩɪɨɬɟɤɚɟɬ ɫɬɭɩɟɧɱɚɬɨ ɨɬ ɜɵɫɲɢɯ ɤ ɧɢɡɲɢɦ: 
MnO2 ĺ Mn2O3 ĺ Mn3O4 ĺ MnO ĺ Mn. 

Ʉɨɫɜɟɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ: 
• ɜɵɫɲɢɯ ɨɤɫɢɞɨɜ (ɩɪɢ Ɍ=200-500ɨɋ) 

1) 2MnO2 + ɋɈ = Mn2O3 + ɋɈ2 + 227 560 Ⱦɠ 

2) 3Mn2O3 + ɋɈ = 2Mn3O4 + ɋɈ2 + 170 770 Ⱦɠ 

3) Mn3O4 + ɋɈ = 3MnO + ɋɈ2 + 52 080 Ⱦɠ 

• ɧɢɡɲɟɝɨ ɨɤɫɢɞɚ (ɩɪɢ Ɍ>1200ɨɋ) 
MnO + ɋ = Mn + ɋɈ – 288 290 Ⱦɠ 

• ɧɢɡɲɟɝɨ ɨɤɫɢɞɚ (ɩɪɢ Ɍ=1100-1300ɨɋ) 

MnO·SiO2+CaO+C=Mn+CaO·SiO2+CO- 229070 Ⱦɠ 
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Ɋɫɩɱɠɬɬɶ ɝɩɬɬɭɛɨɩɝɦɠɨɣɺ 

Ⱦɥɹ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Mn ɧɟɨɛɯɨɞɢɦɨ: 
• ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɝɨɪɧɟ, 
• ɭɜɟɥɢɱɟɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɬɟɩɥɚ ɜ ɝɨɪɧ, 
• ɩɨɜɵɲɟɧɧɚɹ ɨɫɧɨɜɧɨɫɬɶ ɲɥɚɤɚ. 

ɋɬɟɩɟɧɶ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Mn 

η=0,55-0,65 

Ɏɟɪɪɨɦɚɪɝɚɧɟɰ – ɦɚɪɝɚɧɰɨɜɢɫɬɵɣ 

ɱɭɝɭɧ, ɜɵɩɥɚɜɥɹɟɦɵɣ ɜ ɞɨɦɟɧɧɵɯ 

ɩɟɱɚɯ: 

• 70-78% Mn,  

• 6-7% C,  

• ɨɫɬɚɥɶɧɨɟ Fe.  

Ƚɶɪɦɛɝɥɛ ɯɠɫɫɩɧɛɫɞɛɨɱɛ  
ɒɢɯɬɚ:  

•ɦɚɪɝɚɧɰɟɜɵɟ ɪɭɞɵ (ɦɚɪɝɚɧɰɟɜɵɣ 
ɚɝɥɨɦɟɪɚɬ), 

•ɤɨɤɫ. 

ɉɪɨɰɟɫɫ ɜɟɞɭɬ ɩɪɢ: 
• ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɟɧɧɨɦ ɪɚɫɯɨɞɟ ɤɨɤɫɚ (ɜ 3-

4 ɪɚɡɚ),  
• ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɭɬɶɹ, 
• ɨɛɨɝɚɳɟɧɧɨɦ ɤɢɫɥɨɪɨɞɨɦ ɞɭɬɶɟ,  
• ɩɨɜɵɲɟɧɧɨɣ ɨɫɧɨɜɧɨɫɬɢ ɲɥɚɤɚ (ɞɨ 1,4-1,6). 
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Ɋɫɩɱɠɬɬɶ ɝɩɬɬɭɛɨɩɝɦɠɨɣɺ 

1. Ƚɩɬɬɭɛɨɩɝɦɠɨɣɠ ɥɫɠɧɨɣɺ 

Ʉɪɟɦɧɢɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɪɭɞɚɯ ɜ ɜɢɞɟ: 

• ɤɪɟɦɧɟɡɟɦɚ, 
ɜ ɚɝɥɨɦɟɪɚɬɟ – ɜ ɜɢɞɟ: 

• ɫɢɥɢɤɚɬɨɜ ɠɟɥɟɡɚ ɢ ɤɚɥɶɰɢɹ 

• ɫɢɥɢɤɚɬɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɚɜɚ – ɨɥɢɜɢɧɨɜ 
ɋɚɈɯ•FeO(2-x)•SiɈ2. 

Si ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɟɱɢ ɬɨɥɶɤɨ ɩɪɹɦɵɦ ɩɭɬɟɦ: 

SiO2 + 2ɋ = Si + 2ɋɈ – 636 760 Ⱦɠ 

SiɈ2 + ɋ ĺ SiO + ɋɈ 

SiO + ɋ ĺ Si + ɋɈ 
1500°ɋ 

SiɈ2+ 2C + Fe= FeSi + 2CO  

ȼ ɩɪɢɫɭɬɫɬɜɢɢ Fe: 

ɋɩɨɫɨɛɫɬɜɭɟɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɤɪɟɦɧɢɹ: 
• ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɪɚɣɨɧɟ ɝɨɪɧɚ, 
• ɤɢɫɥɵɟ ɲɥɚɤɢ, ɬ.ɟ. ɫɨɞɟɪɠɚɳɢɟ ɦɚɥɨ ɋɚɈ. 

ɉɪɢ ɜɵɩɥɚɜɤɟ 
ɩɟɪɟɞɟɥɶɧɨɝɨ ɱɭɝɭɧɚ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ  

2-8% Si ɲɢɯɬɵ  
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ɋɫɩɱɠɬɬɶ ɝɩɬɬɭɛɨɩɝɦɠɨɣɺ 

1. Ƚɩɬɬɭɛɨɩɝɦɠɨɣɠ ɯɩɬɯɩɫɛ 

Ɏɨɫɮɨɪ ɩɨɫɬɭɩɚɟɬ ɜ ɩɟɱɶ ɜ ɜɢɞɟ 3ɋɚɈ•P2O5 ɢ 3FeO•P2O5•8ɇ2Ɉ: 

• ɫ ɚɝɥɨɦɟɪɚɬɨɦ, 
• ɫ ɠɟɥɟɡɧɵɦɢ ɪɭɞɚɦɢ ɜ ɜɢɞɟ ɮɨɫɮɚɬɚ. 

ɉɪɹɦɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ Ɋ (1000-1200°ɋ): 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɱɭɝɭɧɚ ɫ ɧɢɡɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɮɨɫɮɨɪɚ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɢɫɬɵɟ ɩɨ ɮɨɫɮɨɪɭ 

ɪɭɞɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

ɉɟɪɟɞɟɥɶɧɵɟ ɱɭɝɭɧɵ  <0,15-0,30% Ɋ; 
ɢɧɨɝɞɚ 1,0-2,0%. 

3ɋɚɈ•P2O5 + 5ɋ = 2Ɋ + 3ɋɚɈ + 5ɋɈ – 1 634 000 Ⱦɠ 

Ʉɨɫɜɟɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ Ɋ (900-1000°ɋ): 

2(3FeO•P2O5) + 16ɋɈ = 3Fe2P + Ɋ + 16ɋɈ2 
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1 ɊɋɉɃɂȽɉȿɌɍȽɉ ЧɎȾɎɈА Ƀ ɁɀɆɀɂА 

Ɋɫɩɱɠɬɬɶ ɝɩɬɬɭɛɨɩɝɦɠɨɣɺ 

1. Ƚɩɬɬɭɛɨɩɝɦɠɨɣɠ ɟɫɮɞɣɰ ɸɦɠɧɠɨɭɩɝ 

ɗɥɟɦɟɧɬɵ ɞɨɦɟɧɧɨɣ ɲɢɯɬɵ : 
ɋЮ, As, Ni, Fe, P, Zn, Mn, V, Cr, Si, Ti, Al, Mg, Ca 

ɫɬɟɩɟɧɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɪɨɫɬ ɫɪɨɞɫɬɜɚ ɤ ɤɢɫɥɨɪɨɞɭ  

ɉɨɜɟɞɟɧɢɟ ZnO ɜ ɞɨɦɟɧɧɨɣ ɩɟɱɢ: 
•ɥɟɝɤɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɢ Ɍ>950°ɋ: ZnO+ɋ=Zn+ɋɈ, ɢɫɩɚɪɹɟɬɫɹ ɢ 
ɩɨɞɧɢɦɚɟɬɫɹ ɫ ɝɚɡɚɦɢ ɜɜɟɪɯ; 

•ɜ ɡɨɧɚɯ ɫ ɭɦɟɪɟɧɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ Zn ĺ ZnO, ɪɟɚɝɢɪɭɹ ɫ ɋɈ2 ɢ 
ɨɤɫɢɞɚɦɢ ɠɟɥɟɡɚ; 

•ɱɚɫɬɶ ZnO (10-30%) ɭɧɨɫɢɬɫɹ ɢɡ ɩɟɱɢ ɞɨɦɟɧɧɵɦ ɝɚɡɨɦ; 
•ɱɚɫɬɶ ZnO ɜ ɫɦɟɫɢ ɫ ɫɚɠɢɫɬɵɦ ɭɝɥɟɪɨɞɨɦ ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɫɬɟɧɤɚɯ ɩɟɱɢ, 
ɨɛɪɚɡɭɹ ɛɨɥɶɲɢɟ ɧɚɫɬыɥɢ; 

•ɱɚɫɬɶ ZnO ɨɫɚɠɞɚɟɬɫɹ ɜ ɲɜɚɯ ɢ ɩɨɪɚɯ ɮɭɬɟɪɨɜɤɢ, ɜɵɡɵɜɚɹ ɭɜɟɥɢɱɟɧɢɟ ɟɟ 
ɨɛɴɟɦɚ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɵɜɚ ɤɨɠɭɯɚ ɩɟɱɢ; 

•ɱɚɫɬɶ ZnO ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɤɭɫɤɚɯ ɲɢɯɬɵ, ɨɩɭɫɤɚɟɬɫɹ ɜɧɢɡ, ɝɞɟ ɜɧɨɜɶ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɫɨɡɞɚɜɚɹ ɰɢɪɤɭɥɹɰɢɸ ɰɢɧɤɚ ɜ ɩɟɱɢ, ɫɩɨɫɨɛɫɬɜɭɹ ɟɝɨ 
ɧɚɤɨɩɥɟɧɢɸ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɞɧɵɯ ɨɬɥɨɠɟɧɢɣ. 


