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ɊȺɋɑȿɌ ɗɄɋȿɊȽɂɂ ɆɂɇȿɊȺɅɈȼ ɀȿɅȿɁɇɕɏ ɊɍȾ 
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ɊȿȺɄɐɂɂ ȾȿȼȺɅɖȼȺɐɂɂ 
 

 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɢɧɟɪɚɥɨɜ ɩɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɪɟɚɤɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɪɟ-
ɚɤɰɢɹ ɞɟɜɚɥɶɜɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜɚ, 
ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɷɤɫɟɪɝɢɢ ɪɭɞɵ ɢ ɩɪɨɞɭɤɬɨɜ ɟɟ ɪɚɡɞɟɥɟ-
ɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɥɧɨɝɨ ɷɧɟɪɝɨɛɚɥɚɧɫɚ ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɝɨɪɧɨɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɤɨɦɛɢɧɚɬɚ. 
 

 

ɉɪɨɛɥɟɦɚ ɢ ɟɟ ɫɜɹɡɶ ɫ ɧɚɭɱɧɵɦɢ ɢ ɩɪɚɤ-
ɬɢɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ. Ⱦɟɮɢɰɢɬ ɢ ɜɵɫɨɤɢɟ ɰɟ-
ɧɵ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɧɚ ɦɢɪɨɜɨɦ 
ɪɵɧɤɟ ɡɚɫɬɚɜɥɹɸɬ ɦɧɨɝɢɟ ɝɨɫɭɞɚɪɫɬɜɚ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɍɤɪɚɢɧɭ ɪɟɡɤɨ ɫɧɢɠɚɬɶ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟ-
ɧɢɟ. ɋɨɜɪɟɦɟɧɧɵɣ ɦɢɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨ-
ɪɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɬɟɧɞɟɧɰɢɣ ɜ ɷɤɨɧɨɦɢɱɟ-
ɫɤɨɦ ɪɚɡɜɢɬɢɢ ɜɫɟɯ ɫɬɪɚɧ, ɩɟɪɟɯɨɞɨɦ ɤ ɩɪɢɧ-
ɰɢɩɚɦ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɪɟɫɭɪɫɨ- ɢ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɵ ɧɚ ɡɚɤɨ-
ɧɨɦɟɪɧɨɫɬɹɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
[5, 11, 12, 14Ж. Ɂɚ ɩɪɨɲɟɞɲɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɪɨ-
ɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟɪɢɚɥɶ-
ɧɵɯ ɪɟɫɭɪɫɨɜ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ ɢ ɫɮɟɪɚɯ ɫɨɰɢɚɥɶɧɨɣ ɠɢɡɧɢ ɨɛɳɟ-
ɫɬɜɚ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɨɜɪɟɦɟɧɧɨɝɨ ɧɚɭɱɧɨɝɨ ɢ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɫɧɢ-
ɠɟɧɢɹ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ 
ɹɜɥɹɟɬɫɹ ɫɬɪɟɦɥɟɧɢɟ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɛɚɥɚɧɫɚ 
ɷɧɟɪɝɢɢ ɤɨɦɩɥɟɤɫɧɨ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɜɢɞɨɜ ɪɟ-
ɫɭɪɫɨɜ ɢ ɚɧɚɥɢɡɨɦ ɜɥɢɹɧɢɹ ɧɚ ɫɦɟɠɧɵɟ ɨɬɪɚɫ-
ɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɷɤɨɥɨɝɢɸ. 

Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ. Ɉɫ-
ɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨ ɪɟɫɭɪɫɨ- ɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɸ ɹɜɥɹɟɬɫɹ ɪɟ-

ɲɟɧɢɟ ɱɚɫɬɧɵɯ ɡɚɞɚɱ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɟɡɟɪ-
ɜɨɜ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɜ ɤɨɧ-
ɤɪɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢ ɭɫɬɚ-
ɧɨɜɤɚɯ, ɨɩɪɟɞɟɥɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɢɯ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ, ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɷɧɟɪ-
ɝɨɫɛɟɪɟɝɚɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 

ɨɛɳɟɝɨ ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ 
ɡɚɞɚɱ ɪɟɫɭɪɫɨ- ɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ, ɷɧɟɪɝɨ-
ɫɛɟɪɟɠɟɧɢɹ ɢ ɫɨɡɞɚɧɢɢ ɧɚ ɷɬɨɣ ɨɫɧɨɜɟ ɧɚɭɱɧɨ-

ɦɟɬɨɞɢɱɟɫɤɨɣ ɛɚɡɵ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɢɯ, ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

Ƚɨɪɧɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ (ȽɆɄ) 
ɍɤɪɚɢɧɵ ɹɜɥɹɟɬɫɹ ɥɢɞɟɪɨɦ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɩɪɨɢɡɜɨɞɹɳɢɦ ɛɨɥɟɟ 30% ȼȼɉ, ɩɪɢ ɷɬɨɦ ɨɧ 
ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɤɪɭɩɧɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɷɧɟɪ-
ɝɨɪɟɫɭɪɫɨɜ. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚ-
ɡɵɜɚɸɬ, ɱɬɨ ɨɛɳɢɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ 
ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ 1 ɬ ɝɨɬɨɜɨɝɨ ɩɪɨɤɚ-
ɬɚ ɜ ɫɬɨɢɦɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɹɯ (ɛɟɡ ɭɱɟɬɚ ɷɤɨ-
ɥɨɝɢɱɟɫɤɢɯ ɡɚɬɪɚɬ) ɜ ɍɤɪɚɢɧɟ ɧɚ 30-50 ɞɨɥɥɚ-
ɪɨɜ ɋɒȺ ɜɵɲɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɩɟɪɟɞɨɜɵɯ ɡɚɪɭɛɟɠɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ [1, 5]. 

Ƚɨɪɧɨɨɛɨɝɚɬɢɬɟɥɶɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ȽɆɄ, 
ɤɨɬɨɪɨɟ ɩɨɬɪɟɛɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
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ɪɚɡɧɵɯ ɜɢɞɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ 
ɪɟɫɭɪɫɨɜ. ɉɨ ɞɚɧɧɵɦ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɧɫɬɢɬɭ-
ɬɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɇɂɗɂ) 
(http://www.ier.kiev.ua/), ɞɨɥɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟ-
ɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɫɵɪɶɹ ɤ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦɭ 
ɩɟɪɟɞɟɥɭ ɞɨɫɬɢɝɚɟɬ 11-22% ɨɛɳɟɝɨ ɨɛɴɟɦɚ 
ɷɧɟɪɝɨɡɚɬɪɚɬ ɩɨ ȽɆɄ Д4Ж. Ɏɚɤɬɢɱɟɫɤɢ ɜɫɥɟɞ-
ɫɬɜɢɟ ɩɪɹɦɨɝɨ ɜɥɢɹɧɢɹ ɤɚɱɟɫɬɜɚ ɫɵɪɶɹ ɧɚ ɩɨ-
ɫɥɟɞɭɸɳɢɟ ɩɟɪɟɞɟɥɵ ɷɬɚ ɜɟɥɢɱɢɧɚ ɨɤɚɡɵɜɚɟɬ-
ɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ. ɉɨ ɨɛɴɟɦɚɦ ɩɨɬɪɟɛɥɟ-
ɧɢɹ ɬɨɩɥɢɜɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɠɟɥɟɡɨɪɭɞɧɚɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɡɚɧɢɦɚɟɬ ɜɬɨɪɨɟ ɦɟɫɬɨ ɩɨɫɥɟ 
ɚɥɸɦɢɧɢɟɜɨɣ Д3]. 

ɍɪɨɜɟɧɶ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɧɚ 
ɝɨɪɧɨɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɡɚɜɢɫɢɬ ɨɬ 
ɤɚɱɟɫɬɜɚ ɪɭɞ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ, 
ɜɟɥɢɱɢɧɵ ɢɡɧɨɫɚ ɨɫɧɨɜɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɪɨɜɧɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɩɨɞ-
ɝɨɬɨɜɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ ɢ ɜɟɞɭ-
ɳɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɟɦ. ɋɨɜɪɟɦɟɧɧɵɣ ɝɨɪɧɨ-

ɨɛɨɝɚɬɢɬɟɥɶɧɵɣ ɤɨɦɛɢɧɚɬ (ȽɈɄ) ɡɚ ɝɨɞ ɩɨ-
ɬɪɟɛɥɹɟɬ 1,5-2,0 ɦɥɪɞ. ɤȼɬ·ɱɚɫ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɨɬ 100 ɞɨ 200 ɦɥɧ. ɦ3

 ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, 15-30 

ɬɵɫ. ɬɨɧɧ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɞɪɭɝɢɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ. Ⱦɥɹ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ȽɈɄ ɡɚɤɭɩɚɟɬ ɢ ɪɚɫ-
ɯɨɞɭɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɪɚɡɧɨɝɨ 
ɚɫɫɨɪɬɢɦɟɧɬɚ. ɇɚ ɩɪɟɞɩɪɢɹɬɢɢ ɬɪɭɞɢɬɫɹ 7-15 

ɬɵɫ. ɬɪɭɞɹɳɢɯ ɪɚɡɧɵɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ɢ ɤɜɚ-
ɥɢɮɢɤɚɰɢɢ. 

Ʉɨɧɬɪɨɥɶ ɪɚɫɯɨɞɨɜɚɧɢɹ ɢ ɭɱɟɬ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɢɯ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɋɚɫɯɨɞ ɜɡɪɵɜɱɚɬɵɯ ɜɟ-
ɳɟɫɬɜ, ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 
ɱɟɪɟɡ ɧɨɪɦɵ ɪɚɫɯɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɚ 

ɜɵɩɨɥɧɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɛɨɬ. Ɋɚɫɯɨɞ 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ – ɩɪɢɦɟɧɟɧɢɟɦ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɵ ɭɱɟɬɚ ɧɚ ɨɫɧɨɜɟ ɩɨɤɚɡɚɬɟɥɟɣ 
ɫɱɟɬɱɢɤɨɜ ɚɛɫɨɥɸɬɧɨɝɨ ɪɚɫɯɨɞɚ. ɉɪɢ ɚɧɚɥɢɡɟ 
ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɪɭɞɨɨɛɨɝɚɬɢ-
ɬɟɥɶɧɵɯ ɮɚɛɪɢɤɚɯ ɭɱɢɬɵɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɨɬɞɟɥɶɧɵɯ ɫɟɤ-
ɰɢɹɯ. ɍɱɟɬ ɪɚɫɯɨɞɨɜɚɧɢɹ ɦɢɧɟɪɚɥɶɧɵɯ ɪɟɫɭɪ-
ɫɨɜ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɩɨ ɨɬɞɟɥɶɧɵɦ ɦɟɬɨɞɢɤɚɦ, ɤɨɬɨɪɵɟ ɧɟ 

ɫɜɹɡɚɧɵ ɫ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨ-
ɰɟɫɫɚ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɪɚɫ-
ɯɨɞɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɶɧɵɯ ɢ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɧɟ 
ɢɦɟɸɬ ɨɛɳɟɣ ɦɟɬɨɞɢɤɢ ɢ ɦɟɬɨɞɨɥɨɝɢɢ. ɋɬɚɬɢ-
ɫɬɢɱɟɫɤɚɹ ɨɬɱɟɬɧɨɫɬɶ ɨ ɡɚɬɪɚɬɚɯ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɨɬɜɟɬɢɬɶ ɧɚ ɨɫɧɨɜɧɵɟ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ Д2, 8, 14]. 

ȼ ɪɚɛɨɬɚɯ Д6, 7, 10, 13Ж ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɨ-
ɥɨɝɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɧɟɪɝɨɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɜ 
ɪɚɛɨɬɟ Д9] – ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ȽɈɄɚ ɦɟɬɨɞɚɦɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 

ɗɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɢɡɭɱɟɧɢɹ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɥɟɤɫɧɨ ɢ 
ɛɨɥɟɟ ɬɨɱɧɨ ɨɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɜɵ-
ɹɜɢɬɶ ɜɨɡɦɨɠɧɵɟ ɪɟɡɟɪɜɵ ɢɯ ɷɤɨɧɨɦɢɢ Д4, 8Ж ɢ 
ɹɜɥɹɟɬɫɹ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɨɞɧɢɦ ɢɡ 
ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɧɚɭɱɧɵɯ ɦɟɬɨɞɨɜ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɬɟɯɧɢɱɟ-
ɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɥɹ ɚɧɚɥɢɡɚ 
ɩɭɬɟɣ ɫɨɤɪɚɳɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. 
ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫɱɟɬɟ ɦɚɤ-
ɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ, ɤɨɬɨ-
ɪɭɸ ɦɨɠɟɬ ɜɵɩɨɥɧɢɬɶ ɢɡɨɥɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 
ɜ ɨɛɪɚɬɢɦɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɪɚɜɧɨ-
ɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɧɭɬɪɢ ɫɢɫɬɟɦɵ ɞɨ ɪɚɜɧɨ-
ɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ, ɨɛɴɟɦɚ (P0, V0, T0). ȼ 
ɩɨɥɧɨɦ ɷɧɟɪɝɨɛɚɥɚɧɫɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɚɪɚɦɟɬ-
ɪɵ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟ-
ɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ, 
ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ, ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɬɪɭɞɨɜɵɯ ɪɟɫɭɪɫɨɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɷɤɫɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɩɪɟɞ-
ɩɪɢɹɬɢɹ ɹɜɥɹɟɬɫɹ ɷɤɫɟɪɝɢɹ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵ-
ɪɶɹ. Ⱦɥɹ ɟɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨ-
ɬɚɬɶ ɦɟɬɨɞɢɤɭ ɪɚɫɱɟɬɚ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɦɢɧɟɪɚɥɨɜ, ɫɥɚɝɚɸɳɢɯ ɪɭɞɭ, ɚ ɞɥɹ 
ɚɧɚɥɢɡɚ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ȽɈɄɚ – ɷɤɫɟɪɝɟ-
ɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɤɪɵɲɧɵɯ ɢ ɩɨɩɭɬ-
ɧɨ ɞɨɛɵɜɚɟɦɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɚ ɬɚɤɠɟ ɜɫɩɨ-
ɦɨɝɚɬɟɥɶɧɨɝɨ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ. 

ɂɡɥɨɠɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɪɟɡɭɥɶɬɚɬɵ. Ⱥɜ-
ɬɨɪɵ ɩɪɨɜɟɥɢ ɨɰɟɧɤɭ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤ-
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ɬɟɪɢɫɬɢɤ ɦɢɧɟɪɚɥɨɜ ɠɟɥɟɡɧɵɯ ɪɭɞ ɩɨ ɬɟɪɦɨ-
ɞɢɧɚɦɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɪɟɚɤɰɢɢ ɞɟ-
ɜɚɥɶɜɚɰɢɢ. Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɹɥɢɫɶ ɞɥɹ ɦɢɧɟɪɚ-
ɥɨɜ ɪɭɞ ɋɟɜɟɪɧɨɝɨ ɝɨɪɧɨɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɤɨɦ-
ɛɢɧɚɬɚ (ɋɟɜȽɈɄɚ, ɝ. Ʉɪɢɜɨɣ Ɋɨɝ). 

Ɉɫɧɨɜɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɪɚɫɱɟɬɚ ɷɤɫɟɪɝɢɢ 
ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨ ɬɟɩɥɨɜɨɦɭ ɷɮɮɟɤɬɭ ɪɟɚɤ-
ɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɪɟɚɤɰɢɹ 
ɞɟɜɚɥɶɜɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɩɪɨ-
ɰɟɫɫɚ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ 
ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. Ⱦɥɹ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɚɪɚɦɟɬɪɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ 
ɪɚɛɨɬɟ Д13]: 

 – ɷɧɬɚɥɶɩɢɹ ɞɟɜɚɥɶɜɚɰɢɢ ɢɥɢ ɯɢɦɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ ɷɥɟɦɟɧɬɚ  

 
 – ɷɧɬɪɨɩɢɹ ɞɟɜɚɥɶɜɚɰɢɢ  

 
 – ɷɤɫɟɪɝɢɹ ɞɟɜɚɥɶɜɚɰɢɢ ɢɥɢ ɫɜɨɛɨɞɧɚɹ 

ɷɧɟɪɝɢɹ ɞɟɜɚɥɶɜɚɰɢɢ 

. 
 

ɉɚɪɚɦɟɬɪɚɦɢ ∆H
0
, S

0
, ∆G

0
 ɨɛɨɡɧɚɱɟɧɵ 

ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɹ, ɷɧɬɪɨɩɢɹ, ɫɜɨɛɨɞɧɚɹ 
ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ. ɂɧɞɟɤɫɚɦɢ ɷ, j, k ɨɛɨɡɧɚɱɟɧɵ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɥɟɦɟɧɬ (ɢɥɢ ɫɨɟɞɢɧɟɧɢɟ), ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɷɤɫɟɪɝɢɹ, ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɟ ɜɟɳɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ 
ɜ ɪɟɚɤɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ, ɤɨɧɟɱɧɨɟ ɜɟɳɟɫɬɜɨ 
ɪɟɚɤɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ. 

ɏɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɢ ɷɤɫɟɪɝɢɹ ɫɥɨɠɧɵɯ 
ɦɢɧɟɪɚɥɨɜ ɢ ɢɯ ɫɦɟɫɟɣ (z) ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ 
ɮɨɪɦɭɥɚɦ: 

, 

 

, 

 

ɝɞɟ: 
iz ɢ ez – ɯɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɢ ɷɤɫɟɪɝɢɹ j-ɝɨ 

ɷɥɟɦɟɧɬɚ ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɜɟɳɟɫɬɜɚ z; 

mj – ɤɨɥɢɱɟɫɬɜɨ j-ɝɨ ɷɥɟɦɟɧɬɚ (ɜɟɳɟɫɬɜɚ) ɜ 
ɦɨɥɹɯ; 

∆ɇ0
z – ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ, ɬ. ɟ. ɢɡɦɟɧɟɧɢɟ 

ɷɧɬɚɥɶɩɢɢ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɜɟɳɟɫɬɜɚ z ɢɡ ɩɪɨ-
ɫɬɵɯ ɜɟɳɟɫɬɜ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɫɨɫɬɨɹɧɢɢ; 

∆G
0

z – ɫɬɚɧɞɚɪɬɧɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɢɛ-
ɛɫɚ, ɬ. ɟ. ɢɡɦɟɧɟɧɢɟ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɜɟɳɟɫɬɜɚ z ɢɡ 
ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

 

Ⱦɥɹ ɫɥɨɠɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɢɧɢɦɚɹ ɢɯ ɜ ɩɟɪ-
ɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚ ɫɦɟɫɢ, imix ɢ emix, ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɮɨɪɦɭɥɚɦ: 

, 
 

, 
ɝɞɟ: 

νz – ɞɨɥɹ z-ɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɢɥɢ ɫɨ-
ɟɞɢɧɟɧɢɹ ɜ ɟɞɢɧɢɰɟ ɢɡɦɟɪɟɧɢɹ; 

iz ɢ ez, – ɭɞɟɥɶɧɚɹ ɯɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɢ ɷɤ-
ɫɟɪɝɢɹ z-ɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ ɩɪɢ ɜɵɩɨɥɧɟ-
ɧɢɢ ɪɚɛɨɬɵ ɫɨɫɬɨɹɥɢ ɜ ɬɨɦ, ɱɬɨ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɞɥɹ ɦɧɨɝɢɯ ɫɥɨɠɧɵɯ ɫɢɥɢɤɚɬɧɵɯ ɦɢɧɟɪɚɥɨɜ 
ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɤɚɤ ɩɨ ɜɟɥɢɱɢɧɚɦ ɷɤɫɟɪ-
ɝɢɢ, ɬɚɤ ɢ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɬɟɪɦɨɞɢɧɚɦɢ-
ɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ (ɷɧɬɚɥɶɩɢɹ, ɷɧɬɪɨɩɢɹ, 
ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ). Ⱦɥɹ ɦɧɨɝɢɯ ɦɢɧɟ-
ɪɚɥɨɜ ɷɬɢ ɜɟɥɢɱɢɧɵ ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɦ ɩɭ-
ɬɟɦ ɢ ɢɯ ɡɧɚɱɟɧɢɹ, ɩɨ ɞɚɧɧɵɦ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ, 
ɨɬɥɢɱɚɸɬɫɹ. Ɉɬɫɭɬɫɬɜɭɸɬ ɬɚɤɠɟ ɢ ɜɵɪɚɠɟɧ-
ɧɵɟ ɜ ɨɛɴɟɦɧɵɯ ɩɪɨɰɟɧɬɚɯ ɬɨɱɧɵɟ ɞɚɧɧɵɟ ɨ 
ɫɬɟɩɟɧɢ ɡɚɦɟɳɟɧɢɹ ɨɫɧɨɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɦɢɧɟɪɚɥɨɜ ɢɡɨɦɨɪɮɧɵɦɢ ɩɪɢɦɟ-
ɫɹɦɢ. ȼ ɫɥɭɱɚɟ ɪɚɫɱɟɬɚ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɪɭɞ ɢ ɩɪɨɞɭɤɬɨɜ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ, ɷɬɨ 
ɦɨɠɟɬ ɢɫɤɚɠɚɬɶ ɞɚɧɧɵɟ ɨɛ ɢɯ ɯɢɦɢɱɟɫɤɨɦ ɫɨ-
ɫɬɚɜɟ, ɜɵɪɚɠɟɧɧɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɨɤɫɢɞɨɜ 
ɷɥɟɦɟɧɬɨɜ. ɉɪɢ ɬɚɤɨɦ ɩɟɪɟɫɱɟɬɟ ɩɨɥɭɱɟɧɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɦɚɤɪɨɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɦɚɫɫɨɜɵɯ ɞɨɥɹɯ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɪɟɞɧɟɣ 
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ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɩɪɟ-
ɞɟɥɟɧɢɣ ɧɚ ɧɟɫɤɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɪɨɰɟɧ-
ɬɨɜ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɷɬɢɯ ɮɚɤɬɨɪɨɜ 
ɧɚ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɧɚɢɛɨɥɟɟ ɞɨ-

ɫɬɨɜɟɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɦɢ ɛɵɥɢ ɩɪɢɧɹɬɵ 
ɡɧɚɱɟɧɢɹ ɢɫɯɨɞɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɩɨɥɭɱɟɧɧɵɟ 
ɩɭɬɟɦ ɭɫɪɟɞɧɟɧɢɹ ɞɚɧɧɵɯ 59 ɨɩɪɟɞɟɥɟɧɢɣ 

(ɬɚɛɥ. 1). 

Ɍɚɛɥɢɰɚ 1. 

Ɏɢɡɢɱɟɫɤɢ ɫɜɨɣɫɬɜɚ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɷɤɫɟɪɝɢɢ ɦɢɧɟɪɚɥɨɜ ɠɟɥɟɡɧɨɣ ɪɭɞɵ ɋɟɜȽɈɄɚ 

Ɇɢɧɟɪɚɥ ɏɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ 
ɉɥɨɬɧɨɫɬɶ, 

ɤɝ/ɦ3∙10
-3 

Ɇɨɥɹɪɧɚɹ 
ɦɚɫɫɚ, 
ɝ/ɦɨɥɶ 

ɗɤɫɟɪɝɢɹ, xe  

ɤȾɠ/ɦɨɥɶ ɤȾɠ/ɝ 
ɦɚɝɧɟɬɢɬ FО''O∙FО'''2O3

 5,15 231,54 121,6 0,52518 

ɝɟɦɚɬɢɬ Fe'''2O3
 5,20 159,69 16,5 0,10332 

ɞɢɫɩɟɪɫɧɵɣ 
ɝɟɦɚɬɢɬ 

Fe'''2O3∙H2O 5,05 177 17,4 0,09792 

ɝɟɬɢɬ Fe'''OOH 4,25 88,85 8,7 0,09792 

ɞɢɫɩɟɪɫɧɵɣ ɝɟɬɢɬ FО'''OOH∙H2O 4,05 106,87 9,6 0,08983 

ɤɜɚɪɰ SiO2
 

2,65 60,085 1,9 0,03162 

ɯɚɥɰɟɞɨɧ SiO2
 

2,60 60,085 1,9 0,03162 

ɨɩɚɥ SiO2∙H2O
 

2,10 78,10 2,8 0,03585 

ɤɭɦɦɢɧɝɬɨɧɢɬ Fe''5Mg2[Si4O11]2(OH)2
 3,35 938,55 855,3 0,91130 

ɛɢɨɬɢɬ KMgFe''2[AlSi3O10](OH)2
 

3,10 480,35 421,6 0,87769 

ɯɥɨɪɢɬ MgFe''3AlFe'''[Al2Si2O10](OH)8∙nH2O
 

3,2 83,62 673,75 0,78923 

ɝɪɚɧɚɬ 
(ɚɥɶɦɚɧɞɢɧ) Fe3Al2[SiO4]3

 
4,25 497,75 413,3 0,83034 

ɫɬɢɥɶɩɧɨɦɟɥɚɧ KMgFe''AlFe'''[AlSi3O10](OH)6∙nH2O
 

2,65 430,18 194,0 0,45097 

ɫɟɥɚɞɨɧɢɬ K(Mg, Fe'')Fe'''[Si4O10](OH)2∙nH2O
 

2,75 459,40 314,1 0,69896 

ɷɝɢɪɢɧ NaFe'''[Si2O6]
 

3,55 231,00 44,0 0,19524 

ɪɢɛɟɤɢɬ, 
ɦɚɝɧɟɡɢɨɪɢɛɟɤɢɬ 

Na2Fe''2MgFe'''Al[Si4O11]2(OH)2
 3,25 852,31 312,0 0,36606 

ɚɥɶɛɢɬ Na[AlSi3O8]
 

2,65 262,22 105,5 0,40233 

ɬɟɬɪɚɮɟɪɪɢɛɢɨɬɢɬ KFe'''2[Fe'''Si3O10](OH)2
 

3,40 484,84 99,35 0,20491 

ɩɚɥɵɝɨɪɫɤɢɬ Mg2,5[Si4O10](OH)(H2O)2∙2H2O
 

2,20 415,32 38,3 0,09222 

Fe-ɬɚɥɶɤ Mg2Fe''[Si4O10](OH)2
 

2,90 410,80 241,3 0,58739 

ɤɚɪɛɨɧɚɬ CaMgFe''[CO3]3
 

3,50 300,26 141,0 0,43252 

ɩɢɪɢɬ Fe''[S2] 5,10 119,98 1428,7 11,90782 

ɩɢɪɪɨɬɢɧ Fe''S 4,60 87,91 885,6 10,07394 

ɚɩɚɬɢɬ Ca5[PO4]3(OH)
 

3,20 502,30 55,95 0,11139 

 

 

Ʉɥɚɫɫɢɱɟɫɤɢɦ ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞ, ɤɨɝɞɚ ɢɡ-
ɜɟɫɬɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɪɟɚɤɰɢɢ (ɷɧɬɚɥɶɩɢɹ, ɷɧɬɪɨɩɢɹ, ɫɜɨɛɨɞɧɚɹ 
ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ) ɢ ɷɤɫɟɪɝɢɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟ-
ɦɟɧɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɦɢɧɟɪɚɥ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɟɝɨ ɷɤɫɟɪɝɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭ-
ɥɟ: 
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ȼ ɪɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟ-
ɧɢɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɨɬɞɟɥɶɧɵɟ ɨɤɫɢɞɵ, ɟɫɥɢ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɦɟɠɞɭ ɧɢɦɢ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ 
ɷɧɟɪɝɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɩɪɢ ɨɛɪɚɡɨ-

ɜɚɧɢɢ ɦɢɧɟɪɚɥɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ 
ɱɚɫɬɶ ɨɬ ɫɭɦɦɚɪɧɨɣ ɬɟɩɥɨɬɵ ɨɛɪɚɡɨɜɚɧɢɹ ɦɢ-
ɧɟɪɚɥɚ. 

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦ ɪɟɚɤɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ ɢɡ Д13] 

ɦɵ ɜɵɛɪɚɥɢ ɢɦɟɸɳɟɟɫɹ ɬɚɦ ɡɧɚɱɟɧɢɟ ɷɤɫɟɪ-
ɝɢɢ ɧɟɤɨɬɨɪɵɯ ɦɢɧɟɪɚɥɨɜ. Ⱥ ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɫɢɥɢɤɚɬɨɜ (ɤɭɦɦɢɧɝɬɨɧɢɬ, ɛɢɨɬɢɬ, ɯɥɨɪɢɬ, 
ɝɪɚɧɚɬ, ɫɬɢɥɶɩɧɨɦɟɥɚɧ, ɫɟɥɚɞɨɧɢɬ, ɷɝɢɪɢɧ, 
ɬɟɬɪɚɮɟɪɪɢɛɢɨɬɢɬ, ɦɚɝɧɟɡɢɨɪɢɛɟɤɢɬ ɢ ɞɪ.) 
ɪɚɫɫɱɢɬɚɥɢ ɷɤɫɟɪɝɢɢ ɤɚɤ ɫɭɦɦɭ ɷɤɫɟɪɝɢɣ ɫɨ-
ɫɬɚɜɥɹɸɳɢɯ ɢɯ ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

(ɬɚɛɥ. 1). Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɷɤɫɟɪɝɢɢ ɢɦɟɸɬ 
ɫɭɥɶɮɢɞɵ – ɩɢɪɢɬ ɢ ɩɢɪɨɬɢɧ – 11,9 ɢ 10,7 
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ɤȾɠ/ɝ. ɗɤɫɟɪɝɢɹ ɠɟɥɟɡɨ-ɫɨɞɟɪɠɚɳɢɯ ɨɤɫɢɞɨɜ 
– ɦɚɝɧɟɬɢɬɚ ɢ ɝɟɦɚɬɢɬɚ – 0,53 ɢ 0,1 ɤȾɠ/ɝ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɞɚɧɧɵɟ ɪɚɫɱɟɬɚ ɷɤɫɟɪɝɢɢ ɦɢɧɟɪɚɥɨɜ ɩɨɡɜɨɥɹ-
ɸɬ ɪɚɫɫɱɢɬɚɬɶ ɩɨɥɧɭɸ ɷɤɫɟɪɝɢɸ ɪɭɞ, ɜɦɟɳɚ-
ɸɳɢɯ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɩɪɨɞɭɤɬɨɜ ɢɯ ɪɚɡɞɟɥɟɧɢɹ 
ɩɪɢ ɨɛɨɝɚɳɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɧɨɝɨ ɷɧɟɪɝɨ-
ɛɚɥɚɧɫɚ ɥɸɛɨɝɨ ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɨ-
ɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ Д9]. 

 

ȼɵɜɨɞɵ 

1. ɗɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ 
ɢɡ ɨɛɳɟɩɪɢɧɹɬɵɯ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɝɨ ɛɚɥɚɧɫɚ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɭɬɟɣ ɫɨɤɪɚɳɟ-
ɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɧɚ ɩɪɨɢɡɜɨɫɬɜɟ. 

2. Ɉɰɟɧɤɚ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɢ-
ɧɟɪɚɥɨɜ ɠɟɥɟɡɧɵɯ ɪɭɞ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɪɟɚɤɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ ɜɵɩɨɥ-
ɧɹɥɚɫɶ ɧɚ ɩɪɢɦɟɪɟ ɪɭɞ ɋɟɜɟɪɧɨɝɨ ȽɈɄɚ (ɝ. 
Ʉɪɢɜɨɣ Ɋɨɝ). Ɉɫɧɨɜɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɪɚɫɱɟɬɚ 
ɷɤɫɟɪɝɢɢ ɦɢɧɟɪɚɥɨɜ ɹɜɥɹɥɫɹ ɪɚɫɱɟɬ ɩɨ ɬɟɩɥɨ-
ɜɨɦɭ ɷɮɮɟɤɬɭ ɪɟɚɤɰɢɢ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɪɟ-
ɚɤɰɢɹ ɞɟɜɚɥɶɜɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ 
ɩɪɨɰɟɫɫɚ ɞɨ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɟ-
ɝɨɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 

3. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɦɢɧɟɪɚɥɨɝɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɞɚɧɧɵɯ ɨɛ ɷɤɫɟɪɝɢɢ ɦɢɧɟɪɚɥɨɜ 
ɜɨɡɦɨɠɟɧ ɪɚɫɱɟɬ ɷɤɫɟɪɝɢɢ ɪɭɞɵ, ɩɪɨɞɭɤɬɨɜ ɟɟ 
ɪɚɡɞɟɥɟɧɢɹ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɥɧɨɝɨ ɷɧɟɪɝɨɛɚɥɚɧɫɚ 
ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 
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ɌɄȺɑ ȼ.ȼ., ЄɊɆȺɄ Ʌ.Ⱦ. ЄȼɌЄɏɈȼ ȼ.Ⱦ., ɈɊȿɅ Ɍ.ȼ. Ɋɨɡɪɚɯɭɧɨɤ ɟɤɫɟɪɝɿʀ ɦɿɧɟɪɚɥɿɜ 
ɡɚɥɿɡɧɢɯ ɪɭɞ ɡɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɪɟɚɤɰɿʀ ɞɟɜɚɥɶɜɚɰɿʀ. 

Ɋɟɡɸɦɟ. ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ є ɨɞɧɢɦ ɡ ɜɢɡɧɚɧɢɯ ɦɟɬɨɞɿɜ ɪɨɡɪɚɯɭɧɤɭ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ 

ɬɟɯɧɿɱɧɢɯ ɿ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɫɢɫɬɟɦ ɡ ɦɟɬɨɸ ɜɢɡɧɚɱɟɧɧɹ ɧɚɩɪɹɦɤɿɜ ɫɤɨɪɨɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɢɯ 
ɜɬɪɚɬ ɧɚ ɜɢɪɨɛɧɢɰɬɜɿ. Ⱥɜɬɨɪɢ ɜɢɤɨɧɚɥɢ ɪɨɡɪɚɯɭɧɨɤ ɟɤɫɟɪɝɟɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 24 ɪɭɞɨɭɬɜɨɪɸ-
ɜɚɥɶɧɢɯ, ɞɪɭɝɨɪɹɞɧɢɯ ɿ ɚɤɰɟɫɨɪɧɢɯ ɦɿɧɟɪɚɥɿɜ ɡɚɥɿɡɧɢɯ ɪɭɞ ɉɿɜɧɿɱɧɨɝɨ ɝɿɪɧɢɱɨɡɛɚɝɚɱɭɜɚɥɶɧɨɝɨ ɤɨɦ-
ɛɿɧɚɬɭ (ɦ. Ʉɪɢɜɢɣ Ɋɿɝ) ɡɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɪɟɚɤɰɿʀ ɞɟɜɚɥɶɜɚɰɿʀ. Ɉɫɧɨɜɧɢɦ 
ɚɥɝɨɪɢɬɦɨɦ ɜɢɡɧɚɱɟɧɧɹ ɟɤɫɟɪɝɿʀ ɦɿɧɟɪɚɥɿɜ ɛɭɜ ɪɨɡɪɚɯɭɧɨɤ ɡɚ ɬɟɩɥɨɜɢɦ ɟɮɟɤɬɨɦ ɪɟɚɤɰɿʀ ʀɯ ɭɬɜɨ-
ɪɟɧɧɹ. ȼɪɚɯɨɜɭɜɚɥɨɫɶ, ɳɨ ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡ ɪɟɚɤɰɿєɸ ɞɟɜɚɥɶɜɚɰɿʀ, ɩɪɨɰɟɫ ɦɿɧɟɪɚɥɨɭɬɜɨɪɟɧɧɹ ɜɿɞ-
ɛɭɜɚєɬɶɫɹ ɞɨ ɮɨɪɦɭɜɚɧɧɹ ɦɿɧɟɪɚɥɭ, ɹɤɢɣ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɪɿɜɧɨɜɚɡɿ ɡ ɨɬɨɱɭɸɱɢɦ ɫɟɪɟɞɨɜɢɳɟɦ. Ɂɚ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɢɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ ɦɿɧɟɪɚɥɿɜ ɭ ɫɤɥɚɞɿ ɪɭɞɢ ɬɚ ɡɚ ɞɚɧɢɦɢ ɩɪɨ ɟɤɫɟɪɝɿɸ ɦɿɧɟɪɚɥɿɜ, 
ɦɨɠɧɚ ɪɨɡɪɚɯɭɜɚɬɢ ɟɤɫɟɪɝɿɸ ɪɭɞɢ ɬɚ ɩɪɨɞɭɤɬɿɜ ʀʀ ɪɨɡɞɿɥɟɧɧɹ ɩɪɢ ɡɛɚɝɚɱɟɧɧɿ, ɚ ɬɚɤɨɠ ɜɢɤɨɪɢɫ-
ɬɚɬɢ ɨɞɟɪɠɚɧɿ ɩɨɤɚɡɧɢɤɢ ɩɪɢ ɚɧɚɥɿɡɿ ɩɨɜɧɨɝɨ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ ɨɫɧɨɜɧɨɝɨ ɚɛɨ ɩɪɨɦɿɠɧɢɯ 

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ. 
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ɦɿɧɟɪɚɥɿɜ. 
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Ɋɟɡɸɦɟ. ɗɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɢɡɧɚɧɧɵɯ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɷɧɟɪɝɟɬɢ-
ɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨ-
ɤɪɚɳɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ⱥɜɬɨɪɵ ɜɵɩɨɥɧɢɥɢ ɪɚɫɱɟɬ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ 24 ɪɭɞɨɨɛɪɚɡɭɸɳɢɯ, ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɢ ɚɤɰɟɫɫɨɪɧɵɯ ɦɢɧɟɪɚɥɨɜ ɠɟɥɟɡɧɵɯ ɪɭɞ ɋɟ-
ɜɟɪɧɨɝɨ ɝɨɪɧɨɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɤɨɦɛɢɧɚɬɚ (ɝ. Ʉɪɢɜɨɣ Ɋɨɝ) ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦ ɪɟɚɤɰɢɢ ɞɟɜɚɥɶɜɚɰɢɢ. Ɉɫɧɨɜɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɫɟɪɝɢɢ ɦɢɧɟɪɚɥɨɜ ɹɜɥɹɥɫɹ 
ɪɚɫɱɟɬ ɩɨ ɬɟɩɥɨɜɨɦɭ ɷɮɮɟɤɬɭ ɪɟɚɤɰɢɢ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ. ɍɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɟɚɤɰɢɟɣ ɞɟɜɚɥɶɜɚɰɢɢ, ɩɪɨɰɟɫɫ ɦɢɧɟɪɚɥɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɢɧɟɪɚɥɚ, 
ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ 
ɦɢɧɟɪɚɥɨɜ ɜ ɫɨɫɬɚɜɟ ɪɭɞɵ ɢ ɩɨ ɞɚɧɧɵɦ ɨɛ ɷɤɫɟɪɝɢɢ ɦɢɧɟɪɚɥɨɜ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɷɤɫɟɪɝɢɸ ɪɭ-
ɞɵ ɢ ɩɪɨɞɭɤɬɨɜ ɟɟ ɪɚɡɞɟɥɟɧɢɹ ɩɪɢ ɨɛɨɝɚɳɟɧɢɢ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɥɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɧɬɚɥɶɩɢɹ ɞɟɜɚɥɶɜɚɰɢɢ, ɷɧɬɪɨɩɢɹ ɞɟɜɚɥɶɜɚɰɢɢ, ɷɤɫɟɪɝɢɹ ɞɟɜɚɥɶɜɚɰɢɢ, ɷɤ-
ɫɟɪɝɢɹ ɦɢɧɟɪɚɥɨɜ. 

 

 

TKACH V.V., ERMAK L.D., EVTEKHOV V.D., OREL T.V. Calculation of iron ore miner-
als exergy after thermodynamic characteristics of devaluation reaction. 

Summary. Exergy analysis is one of recognized methods for calculating energy balance between 

engineering and technological systems in order to determine directions of reducing energy losses at 

production site. Authors have made calculations of exergy parameters for 24 ore forming, minor and 

accessory minerals of Severnyi Iron Ore Mining and Processing Works iron ores (Kryvyi Rih) after 

thermodynamic characteristics of devaluation reaction. Major algorithm for minerals exergy determin-

ing was calculation of their formation reaction heat. It was taken into account that according to deval-

uation reaction, mineral formation process takes place before formation of mineral being in balance 

with the environment. Basing on the results of determining mineral content in ore and data on minerals 

exergy it is possible to calculate exergy of ore and products of its separation when processing as well 
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as to use received showings when analyzing complete energy balance of major or intermediate techno-

logical processes. 

Key words: enthalpy of devaluation, entropy of devaluation, exergy of devaluation, exergy of min-

erals. 
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