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Ƚɟɤɫɚɮɬɨɪɢɞ ɜɨɥɶɮɪɚɦɚ ɨɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɮɬɨɪɢɪɨɜɚɧɢɟɦ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɜɨɥɶɮɪɚɦɚ ɷɥɟɦɟɧɬɚɪɧɵɦ ɮɬɨɪɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ Д1Ж. Ɉɞɧɚɤɨ ɜ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɪɚɛɨɬɟ 
ɞɨɫɬɢɝɚɥɚɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɩɨɥɧɨɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɬɨɪɚ, ɱɬɨ ɩɪɢ 
ɩɪɨɦɵɲɥɟɧɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɬɪɟɛɭɟɬ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɝɚɡɨɜ, 
ɜɵɯɨɞɹɳɢɯ ɢɡ ɰɟɩɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɡɪɚɛɨɬɤɭ ɮɢɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɮɬɨɪɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɜɨɥɶɮɪɚɦɚ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɫɥɨɟ, ɜ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɩɨɥɧɨɬɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɬɨɪɚ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɟ ɬɪɟɛɭɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪ ɩɨ ɢɯ ɨɛɟɡɜɪɟɠɢɜɚɧɢɸ. 

Ɂɚɩɢɫɵɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ 
ɜ ɛɟɡɪɚɡɦɟɪɧɨɦ ɜɢɞɟ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɩɪɨɰɟɫɫɨɦ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ 
ɛɚɪɛɨɬɚɠɧɨɦ ɪɟɚɤɬɨɪɟ Д2Ж, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɱɢɫɥɨ 
ɒɟɪɜɭɞɚ Sh =  2 dP/(3D(1-P)), ɝɞɟ d - ɯɚɪɚɤɬɟɪɧɵɣ ɞɢɚɦɟɬɪ ɡɟɪɧɚ 
ɩɨɪɨɲɤɚ ɜɨɥɶɮɪɚɦɚ,  - ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɢɡ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ 
ɝɚɡɨɨɛɪɚɡɧɭɸ, P – ɩɨɪɢɫɬɨɫɬɶ ɫɥɨɹ ɩɨɪɨɲɤɚ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɜɨɥɶɮɪɚɦɚ, D 
– ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ 

ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» (ɎȽȺɈɍ ȼɈ ɇɂ Ɍɉɍ) 
 

ȼɨɥɶɮɪɚɦ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɦɟɬɚɥɥɨɜ 
ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɭɧɢɤɚɥɶɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. ɉɪɢɪɨɞɧɵɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɜɨɥɶɮɪɚɦɢɬɚ, ɨɞɧɨɝɨ ɢɡ ɨɫɧɨɜɧɵɯ ɦɢɧɟɪɚɥɨɜ ɜɨɥɶɮɪɚɦɚ, 
ɫɨɞɟɪɠɚɬ ɞɨ 2,5% ɰɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢ, ɜ ɨɫɧɨɜɧɨɣ ɦɚɫɫɟ – ɩɭɫɬɭɸ 
ɩɨɪɨɞɭ. ɉɪɢ ɷɬɨɦ ɮɢɡɢɱɟɫɤɨɟ ɨɛɨɝɚɳɟɧɢɟ ɧɢɡɤɨɫɨɪɬɧɨɝɨ ɜɨɥɶɮɪɚɦɨɜɨɝɨ 
ɫɵɪɶɹ ɫɜɹɡɚɧɨ ɫ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɡɚɬɪɚɬɚɦɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ 
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ɯɢɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɨɛɨɝɚɳɟɧɢɹ ɧɢɡɤɨɫɨɪɬɧɵɯ ɜɨɥɶɮɪɚɦɢɬɨɜɵɯ ɪɭɞ ɫ 
ɩɨɦɨɳɶɸ ɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ. 

ȼɨɥɶɮɪɚɦɢɬ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɤɪɟɦɧɢɣ ɢ ɠɟɥɟɡɨ ɜ ɤɚɱɟɫɬɜɟ 
ɦɚɤɪɨɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɭɫɬɭɸ ɩɨɪɨɞɭ ɞɨ 98,5 %. Ɏɬɨɪɢɞ ɚɦɦɨɧɢɹ ɫɜɹɡɵɜɚɟɬ 
ɦɚɪɝɚɧɟɰ, ɠɟɥɟɡɨ ɢ ɤɪɟɦɧɢɣ ɜ ɪɚɫɬɜɨɪɢɦɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɫɨɟɞɢɧɟɧɢɹД1Ж, ɜ 
ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɤɫɢɞ ɜɨɥɶɮɪɚɦɚ ɫ ɮɬɨɪɢɞɨɦ ɚɦɦɨɧɢɹ ɧɟ ɪɟɚɝɢɪɭɟɬ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ȾɌȺ ɢ ɌȽȺ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɩɪɨɦɟɠɭɬɤɟ 125-200°ɋ ɜ ɫɦɟɫɢ АO3-NH4F ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɪɚɡɥɨɠɟɧɢɟ 
ɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɬɞɟɥɢɬɶ ɩɭɫɬɭɸ ɩɨɪɨɞɭ ɢ 
ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, ɩɪɨɜɟɞɹ ɫɩɟɤɚɧɢɟ ɫ NH4F.  

 
Ɋɢɫ. 1 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɛɨɝɚɳɟɧɢɹ ɧɢɡɤɨɫɨɪɬɧɨɝɨ ɜɨɥɶɮɪɚɦɢɬɚ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɮɬɨɪɢɪɨɜɚɧɢɹ ɩɪɨɬɟɤɚɸɬ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɰɢɢ: 
FeO + NH4F ĺ (NH4)2FeF4 

MnO + NH4F ĺ MЧF2 
SiO2 + NH4F ĺ (NH4)2SiF6 

WO3 + NH4F ≠ 
ɋɨɟɞɢɧɟɧɢɹ ɦɚɪɝɚɧɰɚ, ɠɟɥɟɡɚ ɢ ɤɪɟɦɧɢɹ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɩɨɷɬɨɦɭ 

ɜ ɮɚɡɟ ɜɨɞɧɨɝɨ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɨɧɢ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ.  
ɉɨɫɥɟ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɮɢɥɶɬɪɚɰɢɹ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɠɢɞɤɨɣ 

ɢ ɬɜɟɪɞɨɣ ɮɚɡ. ȼ ɬɜɟɪɞɨɣ ɮɚɡɟ ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ АO3. ɉɨɥɭɱɟɧɧɵɣ 
ɤɨɧɰɟɧɬɪɚɬ ɩɨɡɜɨɥɹɟɬ ɞɚɥɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɢɤɢ 
ɩɨɥɭɱɟɧɢɹ ɜɨɥɶɮɪɚɦɚ ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ. 

 
 ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ: 
Д1Ж Ⱥ.ɇ. Ⱦɶɹɱɟɧɤɨ, Ɋ.ɂ. Ʉɪɚɣɞɟɧɤɨ. Ɋɚɡɞɟɥɟɧɢɟ ɤɪɟɦɧɢɣ-ɠɟɥɟɡɨ-

ɦɟɞɧɨ-ɧɢɤɟɥɟɜɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ɮɬɨɪɨɚɦɦɨɧɢɣɧɵɦ ɦɟɬɨɞɨɦ ɧɚ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɨɤɫɢɞɵ // ɂɡɜɟɫɬɢɹ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2007. – Ɍ. 311. – ȼɵɩ. ʋ3. – ɋ. 38-41. 
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