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Ɍɟɦɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ – «ɉɨɜɵɲɟɧɢɟ ɧɚɞёɠɧɨɫɬɢ ɤɨɦɩɥɟɤɫɨɜ 
ɩɨɥɭɱɟɧɢɹ ɩɪɨɤɚɥёɧɧɨɝɨ ɤɨɤɫɚ» Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɨɛɴёɦɟ 71 
ɫɬɪɚɧɢɰɵ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 14 ɬɚɛɥɢɰ, 35ɢɥɥɸɫɬɪɚɰɢɣ, ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ 
ɥɢɬɟɪɚɬɭɪɵ, ɫɨɫɬɨɹɳɢɣ ɢɡ 51 ɢɫɬɨɱɧɢɤɨɜ. 

.ɐɟɥɶ ɪɚɛɨɬɵ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɜɵɲɟɧɢɹ ɧɚɞёɠɧɨɫɬɢ ɩɪɨɤɚɥɨɱɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɞɢɪɟɤɰɢɢ ɚɧɨɞɧɨɣ ɦɚɫɫɵ, ɫɬɚɛɢɥɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɨɤɚɥɤɢ ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ. 

 Ɂɚɞɚɱɢ: ɢɡɭɱɢɬɶ ɫɨɜɪɟɦɟɧɧɭɸ ɬɟɯɧɢɱɟɫɤɭɸ ɥɢɬɟɪɚɬɭɪɭ ɩɨ ɬɟɦɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɧɨɣ ɦɚɫɫɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɤɚɥёɧɧɨɝɨ ɤɨɤɫɚ, 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɪɨɛɥɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɨɜɟɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɟɞɥɨɠɢɬɶ ɪɟɲɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɩɨɜɵɲɟɧɢɹ ɧɚɞёɠɧɨɫɬɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɉɫɧɨɜɧɵɟ ɜɵɜɨɞɵ: 
1. ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɥɢɹɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɤɚɥɨɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɉɩɪɟɞɟɥɟɧɚ ɩɪɢɪɨɞɚ ɢɯ 
ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. Ⱦɨɤɚɡɚɧɨ ɨɩɵɬɧɵɦ ɩɭɬёɦ, ɱɬɨ ɫɬɨɣɤɨɫɬɶ ɤ 
ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ ɩɪɨɤɚɥɨɱɧɨɣ ɩɟɱɢ, ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 20ɏ23ɇ18, ɩɪɟɜɵɲɚɟɬ 
ɜ 30 ɪɚɡ ɩɨɤɚɡɚɬɟɥɢ ɩɪɢɦɟɧɹɟɦɨɣ ɫɬɚɥɢ ɋɬ3. ɉɪɨɪɚɛɨɬɚɧɵ ɢ ɜɧɟɞɪɟɧɵ 
ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞёɠɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɤɨɦɩɥɟɤɫɚ; 

2. ɪɟɲɚɹ ɩɪɨɛɥɟɦɭ ɧɚɞёɠɧɨɫɬɢ ɡɚɝɪɭɡɨɱɧɨɝɨ ɥɨɬɤɚ, ɫɞɟɥɚɧɵ 
ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɨɬ ɨɯɥɚɠɞɟɧɢɹ 
ɡɚɝɪɭɡɨɱɧɨɝɨ ɥɨɬɤɚ, ɜ ɰɟɥɹɯ ɱɚɫɬɢɱɧɨɣ ɡɚɦɟɧɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɥɹ ɫɭɲɤɢ ɩɨɞɲɬɵɪɶɟɜɨɣ ɚɧɨɞɧɨɣ ɦɚɫɫɵ. 

3. ȼ ɪɚɡɞɟɥɟ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɚ ɧɚɦɢ ɛɵɥɢ 
ɫɨɩɨɫɬɚɜɥɟɧɵ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɢ ɡɚɬɪɚɬɵ ɫ ɭɱёɬɨɦ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɢ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɩɪɨɤɚɥɨɱɧɵɯ ɤɨɦɩɥɟɤɫɨɜ «ɊɍɋȺɅ Ȼɪɚɬɫɤ». 
Ɉɬɪɚɠɟɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɭɜɟɥɢɱɟɧɢɸ ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ ɩɪɨɤɚɥɨɱɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɫ ɫɨɤɪɚɳɟɧɢɟɦ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɧɚ 30 ɫɭɬɨɤ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɩɭɫɬɢɬɶ ɜ ɝɨɞ ɛɨɥɟɟ ɱɟɦ 8,5 ɬɵɫɹɱ ɬɨɧɧ ɩɪɨɤɚɥёɧɧɨɝɨ ɤɨɤɫɚ 
ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɶɸ ɛɨɥɟɟ 80 ɦɥɧ. ɪɭɛ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɇȺȾЁɀɇɈɋɌɖ ȺɇɈȾ, ɉɊɈɄȺɅЁɇɕɃ ɄɈɄɋ, 
ȺɍɋɌȿɇɂɌɇɕȿ ɋɌȺɅɂ. ɌȿɆɉȿɊȺɌɍɊȺ, ɄɈɊɊɈɁɂə 
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ɋ 1886ɝ., ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɚɥɸɦɢɧɢɹ 
ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɥɢɡ ɤɪɢɨɥɢɬ-ɝɥɢɧɨɡɟɦɧɨɝɨ ɪɚɫɩɥɚɜɚ (ɩɪɨɰɟɫɫ ɏɨɥɥɚ — ɗɪɭ). 
ɋɭɬɶ ɩɪɨɰɟɫɫɚ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɫɬɜɨɪɟɧɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ Al2O3 ɜ ɪɚɫɩɥɚɜɟ 
ɤɪɢɨɥɢɬɚ Na3AlF6 ɢ ɞɚɥɶɧɟɣɲɢɦ ɷɥɟɤɬɪɨɥɢɡɨɦ, ɝɞɟ ɚɧɨɞɨɦ ɢ ɤɚɬɨɞɨɦ ɜ 
ɩɪɨɰɟɫɫɟ ɢɫɩɨɥɶɡɭɸɬ ɤɨɤɫɨɜɵɟ ɷɥɟɤɬɪɨɞɵ. ȼ Ɋɨɫɫɢɢ ɧɚ ɚɥɸɦɢɧɢɟɜɵɯ ɡɚɜɨɞɚɯ 
ɩɪɢɦɟɧɹɸɬ ɬɟɯɧɨɥɨɝɢɸ ɩoɥɭɱɟɧɢɹ ɚɥɸɦɢɧɢɹ ɫ ɨɛɨɠɠёɧɧɵɦɢ ɢ ɫɚɦɨɨɛɠɢɝɚɸ-
ɳɢɦɢɫɹ ɚɧɨɞɚɦɢ. ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɯɨɞ ɚɧɨɞɚ ɜ ɫɪɟɞɧɟɦ 
500 – 600 ɤɝ., ɧɚ ɨɞɧɭ ɬɨɧɧɭ ɩɨɥɭɱɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ. Ɋɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ ɩɪɟɞɴɹɜɥɹɟɬ ɜɫё ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɤɨɧɫɬɪɭɤɰɢɢ ɷɥɟɤɬɪɨɥɢɡёɪɨɜ. ɍɦɟɧɶɲɟɧɢɟ ɬɪɭɞɨɡɚɬɪɚɬ ɧɚ ɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɟ, 
ɭɦɟɧɶɲɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɨɩɬɢɦɢɡɚɰɢɸ ɭɫɥɨɜɢɢ ɬɪɭɞɚ ɢ 
ɞɨɫɬɢɠɟɧɢɟ ɨɛɴёɦɨɜ ɜɵɛɪɨɫɨɜ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɜɵɛɪɨɫɨɜ ɧɚ ɮɨɧɟ ɩɨɜɵɲɟɧɢɹ 
ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɡёɪɚ. ɇɚ ɷɬɨɦ ɮɨɧɟ ɤ ɚɧɨɞɚɦ ɬɚɤɠɟ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɢɡ ɧɢɯ ɬɚɤɢɟ ɤɚɤ: 
ɧɟɨɛɯɨɞɢɦɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɶ, ɫɬɨɣɤɨɫɬɶ ɜ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ ɤɪɢɨɥɢɬ-
ɝɥɢɧɨɡɟɦɧɨɝɨ ɪɚɫɩɥɚɜɚ, ɬɟɪɩɢɦɨɫɬɶ ɤ ɜɥɢɹɧɢɸ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, 
ɞɨɫɬɚɬɨɱɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɧɢɡɤɚɹ ɡɨɥɶɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɧɟɜɵɫɨɤɚɹ 
ɫɬɨɢɦɨɫɬɶ. ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɪɟɡɤɨ ɨɝɪɚɧɢɱɢɜɚɸɬ ɜɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɨɞɨɜ. ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɩɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ 
ɫɜɨɣɫɬɜɚɦ ɹɜɥɹɸɬɫɹ ɭɝɥɟɪɨɞɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ [1]. Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɞɨɜ 
ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ ɧɟɮɬɹɧɨɣ ɤɨɤɫ. ɉɪɨɤɚɥёɧɧɵɣ ɤɨɤɫ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 
ɱɢɫɬɵɣ ɢ ɫɜɟɪɯɱɢɫɬɵɣ ɭɝɥɟɪɨɞɢɫɬɵɣ ɦɚɬɟɪɢɚɥ ɫ ɜɵɫɨɤɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɬɟɦɩɟɪɚɬɭɪɚɫɬɨɣɤɨɫɬɶɸ, ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɚ 
ɬɚɤɠɟ ɚɧɬɢɮɪɢɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɜɨɣɫɬɜ, ɧɟɨɛɯɨɞɢɦɵɯ 
ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉ ɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɟɝɨ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɥɟɝɤɭɸ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ 
[2]. ɋɩɪɨɫ ɧɚ ɧɟɮɬɹɧɨɣ ɤɨɤɫ ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɟɬ. ɗɬɨ ɫɜɹɡɚɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ 
ɛɵɫɬɪɵɦ ɪɨɫɬɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɬɚɥɟɣ, 
ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɧɟɤɨɬɨɪɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ, ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ 
ɫ ɪɚɡɜɢɬɢɟɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɪɟɚɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬ. 
ɞ. ȼɫɟ ɷɬɢ ɨɬɪɚɫɥɢ ɹɜɥɹɸɬɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɤɨɤɫɚ ɢ ɞɢɤɬɭɸɬ ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɨ ɨɰɟɧɤɚɦ BusinesStat, ɫ 2014 ɩɨ 2018 ɝɨɞɵ ɩɪɨɞɚɠɢ ɧɟɮɬɹɧɨɝɨ 
ɤɨɤɫɚ ɭɜɟɥɢɱɢɥɢɫɶ ɧɚ 7,4% ɫ 126,5 ɞɨ 135,9 ɦɥɧ ɬɨɧɧ. ɉɨ ɦɧɟɧɢɸ ɷɤɫɩɟɪɬɨɜ, 
ɧɚɢɛɨɥɶɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɫɩɪɨɫɚ ɧɚ ɧɟɮɬɹɧɨɣ ɤɨɤɫ ɨɠɢɞɚɟɬɫɹ ɜ ɫɟɝɦɟɧɬɟ 
ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɵɯ ɚɧɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ. 
ȿɠɟɝɨɞɧɵɣ ɪɨɫɬ ɡɞɟɫɶ ɫɨɫɬɚɜɢɬ ɜ ɫɪɟɞɧɟɦ 5-7%. 

ɇɚ ɚɥɸɦɢɧɢɟɜɵɯ ɡɚɜɨɞɚɯ ɤɚɱɟɫɬɜɨ ɚɧɨɞɨɜ ɨɤɚɡɵɜɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɪɚɛɨɬɭ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɜ ɷɥɟɤɬɪɨɥɢɡɧɵɯ ɰɟɯɚɯ[4]. ɉɪɢ ɷɬɨɦ ɬɚɤɨɟ 
ɜɥɢɹɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɥɢɛɨ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɥɢɛɨ ɨɬɪɢɰɚɬɟɥɶɧɵɦ. Ʉɚɱɟɫɬɜɨ 
ɩɨɫɬɚɜɥɹɟɦɵɯ ɚɧɨɞɨɜ ɞɥɹ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɫ ɨɛoɠɠɟɧɧɵɦɢ ɚɧɨɞɚɦɢ, ɚ ɬɚɤɠɟ 
ɚɧoɞɧɨɣ ɦɚɫɫɵ ɞɥɹ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɋɨɞɟɪɛɟɪɝɚ ɦɨɠɟɬ ɩɪɟɜɪɚɬɢɬɶ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ ɜ ɧɢɡɤɨɷɮɮɟɤɬɢɜɧɨɟ!  
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ɑɢɫɬɨɬɚ ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ ɷɬɨ ɨɫɧɨɜɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ 
ɩɪɢɝɨɞɧɨɫɬɶ ɤɨɤɫɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɧɨɣ ɦɚɫɫɵ. ɇɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ 
ɜɨɡɪɚɫɬɚɟɬ ɞɨɥɹ ɤɨɤɫɨɜ ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ ɢ ɩɪɢɦɟɫɟɣ. ɉɪɢɱɢɧɚ 
– ɤɚɱɟɫɬɜɨ ɫɵɪɨɣ ɧɟɮɬɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɭ, ɩɪɨɞɨɥɠɚɟɬ 
ɭɯɭɞɲɚɬɶɫɹ. ȼɵɫɨɤɨɫɟɪɧɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ ɛoɥɟɟ ɞɨɫɬɭɩɧɵ ɢ ɞɟɲɟɜɥɟ, ɱɟɦ 
ɧɟɮɬɶ ɩɚɪɚɮɢɧoɜoɝɨ ɨɫɧɨɜɚɧɢɹ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ. ɇɟɭɞɚɥёɧɧɵɟ 
ɦɟɬɚɥɥɵ ɢ ɫɟɪɚ ɩɪɢ ɞɨɛɵɱɟ ɧɟɮɬɢ ɫɤɚɩɥɢɜɚɸɬɫɹ ɜ ɩɨɬɨɤɟ ɨɫɚɞɤɨɜ, ɚ ɞɚɥɟɟ, 
ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɤɨɤɫɨɜɚɧɢɹ, ɜ ɤɨɤɫɟ. ɉoɷɬɨɦɭ, ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɩɪɢɦɟɫɟɣ ɜ ɫɵɪɨɣ ɧɟɮɬɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɜɚɧɚɞɢɹ, ɨɛɵɱɧɨ ɪɚɫɬɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɫɨɞɟɪɠɚɧɢɸ ɫɟɪɵ [5]. ɍɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ ɜ ɧɟɮɬɹɧɨɦ ɤɨɤɫɟ ɨɩɪɟɞɟɥɹɟɬ 
ɤɨɧɟɱɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɤɨɤɫɚ. Ʉɨɤɫ, ɫoɞɟɪɠɚɳɢɣ ɫɟɪɭ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 % ɩɨ ɦɚɫɫɟ 
ɢɥɢ ɦɟɧɟɟ, ɨɛɵɱɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɨɜ (ɨɫɧɨɜɧɨɣ ɩɪɨɞɭɤɬ 
ɩɪɨɢɡɜɨɞɫɬɜɚ OɄ «ɊɍɋȺɅ»). ɑɚɫɬɶ ɤɨɤɫɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɟɪɵ 2,01–3,00 % 
ɦɚɫɫ, ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɦɚɥɨɫɟɪɧɢɫɬɵɦ ɤɨɤɫɨɦ ɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɨɜ. ɇɟɮɬɹɧɨɣ ɤɨɤɫ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɫɨɫɬɚɜɥɹɟɬ 
2,01–5,00 %, ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɬoɩɥɢɜo. Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɤɚɱɟɫɬɜɨ ɚɧɨɞɧɨɣ 
ɦɚɫɫɵ - ɷɬɨ ɨɞɧɨ ɢɡ ɜɚɠɧɟɣɲɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɚɥɸɦɢɧɢɹ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɛɟɡ ɫɨoɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ ɩɪɨɤɚɥёɧɧɨɝɨ ɤɨɤɫɚ 
ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɚɧɨɞɧɨɣ ɦɚɫɫɵ, ɨɬɜɟɱɚɸɳɟɣ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɷɥɟɤɬɪɨɥɢɡɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ[6]. ȼ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɟɥёɧɨɝɨ 
ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɤɚɥёɧɧɨɝɨ ɤɨɤɫɚ ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜɨɡɪɚɫɬɚɸɬ ɬɪɟɛɨɜɚɧɢɹ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ. 
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1 ɋɕɊɖЁ ɂ ɉɊɈɂɁȼɈȾɋɌȼɈ ȺɇɈȾɇɈɃ ɆȺɋɋɕ ɂ ȺɇɈȾɈȼ 
ɗɅȿɄɌɊɈɅɂɁЁɊɈȼ ȺɅɘɆɂɇɂȿȼɈɃ ɉɊɈɆɕШɅȿɇɇɈɋɌɂ 

 

1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɵɪɶя ɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤцɢɢ 

 
ɋɵɪɶɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɧɨɣ ɩɚɫɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɝɪɭɩɩɵ: ɬɜɟɪɞɵɟ 

ɭɝɥɟɪɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɤɨɤɫ) ɢ ɫɜɹɡɭɸɳɢɟ (ɫɦɨɥɚ). ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɦɨɥɚ ɢ 
ɧɟɮɬɹɧɨɣ ɤɨɤɫ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ 
ɧɚɩɨɥɧɢɬɟɥɟɦ, «ɤɚɪɤɚɫɨɦ» ɛɭɞɭɳɟɣ ɦɚɫɫɵ ɚɧɨɞɚ, ɚ ɩɟɤ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɣ ɫɦɨɥɵ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɷɬɨɝɨ ɤɚɪɤɚɫɚ ɜ ɦɨɧɨɥɢɬ. ɉɨɱɟɦɭ ɨɫɬɚɧɨɜɢɥɢɫɶ ɧɚ 
ɷɬɢɯ ɦɚɬɟɪɢɚɥɚɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɨɜ? ȼɚɠɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɞɥɹ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ ɡɨɥɶɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ (ɧɟ 
ɛɨɥɟɟ 0,5 %),[7]. ɂɡɜɟɫɬɧɨ, ɱɬɨ: ɜɚɧɚɞɢɣ ɠɟɥɟɡɨ, ɤɪɟɦɧɢɣ, ɦɟɞɶ, ɰɢɧɤ ɢ ɞɪɭɝɢɟ 
ɜɪɟɞɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɢɱecɤɨɝɨ ɚɥɸɦɢɧɢɹ ɩɪɢɦɟɫɢ ɩɨɥɧɨɫɬɶɸ 
ɩeɪeɯɨɞɹɬ ɜ ɧɟɝɨ ɢ ɫɧɢɠɚɸɬ ɟɝɨ ɤɚɱɟɫɬɜɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɤɚɥёɧɧɨɝɨ 
ɧɟɮɬɹɧɨɝɨ ɤɨɤɫɚ ɢ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ ɩɟɤɚ ɩɨɫɥɟ ɫɩɟɤɚɧɢɹ ɩɨɡɜɨɥɹɸɬ 
ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɤɨɦɩɨɡɢɰɢɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɤɨɬɨɪɚɹ ɩɪɟɜɨɫɯɨɞɢɬ ɫɜɨɣɫɬɜɚ 
ɤɨɤɫɚ ɢ ɩɟɤɚ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɩɨɞɜɨɞɚ ɬɨɤɚ ɤ ɡɨɧɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ ɨɩɬɢɦɚɥɶɧɨ ɩɨɞɯɨɞɢɬ ɫɜɹɡɤɚ ɢɡ ɷɬɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɚɤ ɤɚɤ ɨɧɢ ɨɛɥɚɞɚɸɬ 
ɧɟɨɛɯɨɞɢɦɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɚ ɬɟɪɦɨɫɬɨɣɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ2ɦɚɬeɪɢɚɥɨɜ 
ɩɨɫɥɟ2ɫɩɟɤɚɧɢɹ, ɪɚɛɨɬɚɹ ɜ ɯɢɦɢɱɟɫɤɢ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 950-
1000 °ɋ, cɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɟɨɛɯɨɞɢɦɵɦ ɫɜɨɣɫɬɜɚɦ. ɉɨɞɝɨɬɨɜɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ 
ɩɨɞɛɨɪɨɦ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɟɤ, ɤɨɤɫ), ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, 
ɩɪɨɩɨɪɰɢɢ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. 
ɇɟɮɬɟɩɟɪɟɪɚɛɨɬɤɚ ɢ ɤɨɤɫɨɯɢɦɢɹ ɨɩɪɟɞɟɥɹɸɬ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɧɟɧɬɨɜ 
ɚɧɨɞɧɨɣ ɦɚɫɫɵ, ɚ ɦɧɨɝɢɟ ɫɬɪɭɤɬɭɪɧɨ-ɯɢɦɢɱɟɫɤɢɟ ɤɚɱɟɫɬɜɚ ɢɫɯɨɞɧɵɯ ɩɪɨɞɭɤɬɨɜ -
ɨɬ ɩɟɪɜɢɱɧɵɯ ɫɦɨɥ, ɬɹɠёɥɵɯ ɨɫɬɚɬɤɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ, ɩɪɢɦɟɫɟɣ ɢ ɬ.ɞ. ɞɨ 
ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɨɞɨɜ ɜ ɷɥɟɤɬɪɨɥɢɡёɪɟ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɷɥɟɤɬɪɨɞɧɨɣ ɫɦɨɥɵ ɢ ɤɨɤɫɚ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ.[1] 

 

1.2 Ʉɚɦɟɧɧɨɭɝɨɥɶɧɵɣ ɩɟɤ 

 
ɉɪɨɞɭɤɬɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɤɫɚ ɹɜɥɹɟɬɫɹ ɤɚɦɟɧɧɨɭɝɨɥɶɧɚɹ ɫɦɨɥɚ, 

ɩɨɥɭɱɚɟɦɚɹ ɢɡ ɤɨɤɫɨɜɨɣ ɫɦɨɥɵ ɩɭɬɟɦ ɤɨɤɫɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɜɢɞɨɜ ɭɝɥɹ 
(ɤɨɤɫɨɜɚɧɢɟ) ɜ ɤɨɤɫɨɜɵɯ ɛɚɬɚɪɟɹɯ. ɉɨɦɢɦɨ ɫɦɨɥɵ, ɨɧɢ ɩɨɥɭɱɚɸɬ: ɤɨɤɫ ɢ 
ɤɨɤɫɨɜɵɟ ɝɚɡɵ. Ʉɨɤɫ ɢɡ ɤɨɤɫɭɸɳɢɯɫɹ ɭɝɥɟɣ ɫɨɞɟɪɠɢɬ ɦɧɨɝɨ ɦɢɧɟɪɚɥɶɧɵɯ 
ɩɪɢɦɟɫɟɣ ɢ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɞɨɜ. Ɉɫɧɨɜɧɵɦ ɫɵɪɶɟɦ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɣ ɫɦɨɥɵ, ɤɚɤ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɹɜɥɹɟɬɫɹ 
ɤɨɤɫɭɸɳɚɹɫɹ ɫɦɨɥɚ, ɬɚɤ ɤɚɤ ɨɧɚ ɢɦɟɟɬ ɧɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ, ɜ ɬɪɭɛɱɚɬɨɣ 
ɩɟɱɢ ɫɦɨɥɚ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ 300-350 ° ɋ, ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɜɨɡɞɭɯɨɦ ɢ ɥɟɝɤɨ ɤɢɩɢɬ. 
ɮɪɚɤɰɢɢ ɭɞɚɥɹɸɬɫɹ ɢɡ ɧɟɝɨ, ɲɚɝ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɧɚɡɵɜɚɟɬɫɹ ɨɫɬɚɜɲɚɹɫɹ ɦɚɫɫɚ 
ɱёɪɧɨɝɨ ɰɜɟɬɚ, ɛɥɟɫɬɹɳɚɹ, ɫ ɩɥɨɬɧɨɫɬɶɸ 1,25-1,30 ɝ/ɫɦ3 – ɝɨɬɨɜɵɣ ɩɟɤ ɷɬɨ 
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ɜɟɳɟɫɬɜɨ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧɨɤ ɢ ɝɪɚɧɭɥ. ɍɝɥɟɪɨɞ ɢ ɜɨɞɨɪɨɞ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɩɟɤɚ 
[1], ɩɨɥɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɦɨɥɵ ɨɱɟɧɶ ɦɚɥɨ ɢɡɭɱɟɧ, ɢ ɜ ɟɟ ɫɨɫɬɚɜ ɩɨɦɢɦɨ 
ɜɨɞɨɪɨɞɚ ɢ ɭɝɥɟɪɨɞɚ ɜɯɨɞɹɬ: ɤɢɫɥɨɪɨɞ, ɫɟɪɚ ɢ ɪɹɞ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ƚɪɭɩɩɵ-ɞɨɥɢ ɫɦɨɥɵ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɢ 
ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɚɸɬɫɹ ℒ, ȕ Ȗ - ɮɪɚɤɰɢɹɦɢ: 

• ɉɪɨɞɭɤɬɵ ɭɩɥɨɬɧɟɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɢɧɟɪɚɥɶɧɵɯ 
ɩɪɢɦɟɫɟɣ ɜ ɩɟɱɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ 
ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɨɥɭɨɥɟ ɨɫɬɚɬɤɨɜ, ɧɚɡɵɜɚɸɬɫɹ 
ℒ - ɮɪɚɤɰɢɟɣ. 

• Ɏɪɚɤɰɢɹ, ɤɨɬɨɪɚɹ ɭɜɟɥɢɱɢɜɚɟɬ ɫɜɹɡɵɜɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɦɨɥɵ, 
ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɫɩɟɤɚɧɢɸ, ɪɚɫɬɜɨɪɢɦɚ ɜ ɛɟɧɡɨɥɟ ɢ 
ɬɨɥɭɨɥɟ, ɧɨ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɩɟɬɪɨɥɟɣɧɨɦ ɷɮɢɪɟ - ɷɬɚ ɮɪɚɤɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ȕ-
ɮɪɚɤɰɢɟɣ (ɢɥɢ ɚɫɮɚɥɶɬɟɧɚɦɢ). 

• Ɏɪɚɤɰɢɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɟɤɭɱɟɫɬɶ ɫɦɨɥɵ, ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ 
ɪɚɡɦɹɝɱɟɧɢɹ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɦɚɱɢɜɚɧɢɸ ɲɢɯɬɵ ɤɨɤɫɚ ɫɦɨɥɨɣ [8], ɫɨɞɟɪɠɢɬ 
ɧɚɢɛɨɥɟɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫɦɨɥɵ (ɦɚɫɥɨ, ɫɦɨɥɚ), ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ 
ɩɟɬɪɨɥɟɣɧɨɦ ɷɮɢɪɟ, ɛɟɧɡɢɧɟ, ɛɟɧɡɨɥ ɧɚɡɵɜɚɟɬɫɹ Ȗ - ɮɪɚɤɰɢɹ (ɢɥɢ ɦɚɥɶɬɟɧɵ). 

Ɍɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ 
ɤɚɦɟɧoɭɝɨɥɶɧɨɝɨ ɷɥeɤɬɪɨɞɧɨɝɨ ɩɟɤɚ5ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ5ɢ 
ɧɨɪɦɚɦ, ɭɤɚɡɚɧɧɵɦ ɜ2ɬɚɛɥɢɰɟ 1, [9]. ɉɟɤɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɪɚɡɦɹɝɱɟɧɢɹ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɪɟɞɧɟɬɟɦɩɟɪɚɬɭɪɧɵɯ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɰɟɧɧɵɯ ɮɪɚɤɰɢɣ ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ – ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɫɜɨɛɨɞɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɚ 
ɩɪɢ ɫɩɟɤɚɧɢɢ ɞɚɸɬ ɛɨɥɶɲɢɣ ɜɵɯɨɞ ɤɨɤɫɚ, ɱɬɨ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɚɧɨɞɧɨɣ ɦɚɫɫɵ, ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦ ɩɟɤ 
ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɣ ɦɚɪɤɢ ȼ ɢ ɟɝɨ ɩɪɢɦɟɧɹɸɬ ɢɡɝɨɬɚɜɥɢɜɚɹ ɚɧɨɞɧɭɸ ɦɚɫɫɭ. 

Ɍɚɛɥɢɰɚ 1 -ɋɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɞɧɨɝɨ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ ɩɟɤɚ ɦɚɪɨɤ Ⱥ, Ȼ, Ȼ1, 
ȼ  
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Ʉɚɱɟɫɬɜɨ ɚɧɨɞɨɜ ɩɪɢ ɷɬɨɦ ɭɥɭɱɲɚɟɬɫɹ, ɚ ɪɚɫɯɨɞ ɚɧɨɞɧɨɣ ɦɚɫɫɵ 
ɫɧɢɠɚɟɬɫɹ. ɇɚ ɭɫɬɚɧɨɜɤɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɱɟɪɟɡ ɞɢɫɬɢɥɥɹɰɢɸ 
ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɯ ɫɦɨɥ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ 
ɩɟɤɚ[10]. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧ, ɤɚɤ ɪɚɛɨɬɚɟɬ ɨɞɢɧ ɢɡ 
ɤɪɭɩɧɟɣɲɢɯ ɜ ɦɢɪɟ ɡɚɜɨɞɨɜ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɫɦɨɥɵ ɧɚ ɡɚɜɨɞɟ Rutgers VFT ɜ 
Ƚɟɪɦɚɧɢɢ ɜ Ʉɚɫɬɪɨɩ-Ɋɨɚɤɫɟɥɟ. ɗɬɨɬ ɡɚɜɨɞ ɫɩɨɫɨɛɟɧ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ ɞɨ 500 000 
ɬɨɧɧ ɫɦɨɥɵ ɜ ɝɨɞ. 

Ɋɢɫɭɧɨɤ 1 - Ɂɚɜɨɞ Rain Carbon, ɮɨɬɨ ©hydrocarbonprocessing.com 
 
ɋɯɟɦɚ ɢɫɩɨɥɶɡɭɟɬ ɛɨɥɟɟ ɬɨɧɤɨɟ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ 7 ɮɪɚɤɰɢɣ ɫ ɨɱɟɧɶ ɭɡɤɢɦɢ ɩɪɟɞɟɥɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɢ 
ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɤɨɬɨɪɵɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɱɢɫɬɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɧɟɤɢɩɹɳɟɝɨ ɨɫɬɚɬɤɚ ɫɦɨɥɚ 
ɨɬɞɟɥɹɟɬɫɹ. ɉɟɪɜɚɹ ɤɨɥɨɧɧɚ ɷɬɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɚɛɨɬɚɟɬ ɩɨɞ ɚɬɦɨɫɮɟɪɧɵɦ 
ɞɚɜɥɟɧɢɟɦ, ɢ ɜ ɧɟɣ ɨɬɞɟɥɹɟɬɫɹ ɥɟɝɤɚɹ ɮɪɚɤɰɢɹ ɫɦɨɥɵ ɢ ɜɨɞɵ. Ʌɟɝɤɚɹ ɮɪɚɤɰɢɹ 
ɩɨɫɥɟ ɨɬɞɟɥɟɧɢɹ ɜɨɞɵ ɨɛɴɟɞɢɧɹɟɬɫɹ ɫ ɮɟɧɨɥɶɧɨɣ ɮɪɚɤɰɢɟɣ, ɩɨɥɭɱɟɧɧɨɣ ɧɚ 
ɜɬɨɪɨɣ ɤɨɥɨɧɧɟ. Ɏɟɧɨɥɵ ɢ ɤɪɟɡɨɥɵ ɢɡɜɥɟɤɚɸɬɫɹ ɢɡ ɷɬɨɣ ɫɦɟɫɢ. Ⱦɢɫɬɢɥɥɹɰɢɟɣ 
ɦɚɫɥɚ, ɧɟ ɫɨɞɟɪɠɚɳɟɝɨ ɮɟɧɨɥɨɜ, ɩɨɥɭɱɚɸɬ ɮɪɚɤɰɢɢ ɢɧɞɟɧɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɧɞɟɧɤɭɦɚɪɨɧɨɜɵɯ ɫɦɨɥ. ȼɨ ɜɬɨɪɨɣ ɤɨɥɨɧɧɟ, ɬɚɤɠɟ ɪɚɛɨɬɚɸɳɟɣ 
ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɩɨɥɭɱɚɸɬ ɮɪɚɤɰɢɸ ɧɚɮɬɚɥɢɧɚ, ɤɨɬɨɪɚɹ ɨɬɞɟɥɹɟɬɫɹ  
ɨɬ ɧɢɡɤɨɤɢɩɹɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɨɥɨɧɧɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɥɟɞɭɸɳɢɯ ɧɟɫɤɨɥɶɤɢɯ 
ɫɬɚɞɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɥɭɱɚɟɬɫɹ ɧɚɮɬɚɥɢɧ ɫ ɱɢɫɬɨɬɨɣ ɛɨɥɟɟ 99%. ɇɢɠɧɢɣ 
ɩɪɨɞɭɤɬ ɢɡ ɜɬɨɪɨɣ ɤɨɥɨɧɧɵ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɬɪɟɬɶɸ ɤɨɥɨɧɧɭ, ɤɨɬɨɪɚɹ ɪɚɛɨɬɚɟɬ 
ɩɨɞ ɜɚɤɭɭɦɨɦ. ȼ ɧɟɦ ɦɟɬɢɥɧɚɮɬɚɥɢɧɨɜɚɹ ɮɪɚɤɰɢɹ ɩɨɥɭɱɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɯɢɧɨɥɢɧ ɢ ɯɢɧɚɥɶɞɢɧ ɷɤɫɬɪɚɝɢɪɭɸɬɫɹ 
ɷɤɫɬɪɚɤɰɢɟɣ ɢ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɝɨɧɤɨɣ. Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɟɡɨɫɧɨɜɧɭɸ ɫɦɟɫɶ 
1- ɢ 2-ɦɟɬɢɥɧɚɮɬɚɥɢɧɨɜ. ɤɚɤ ɯɨɪɨɲɢɣ ɚɪɨɦɚɬɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ. ɉɪɨɞɭɤɬ, 
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ɢɡɜɥɟɤɚɟɦɵɣ ɢɡ ɷɬɨɣ ɤɨɥɨɧɧɵ ɩɭɬɟɦ ɛɨɤɨɜɨɣ ɷɤɫɬɪɚɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɚɛɫɨɪɛɰɢɨɧɧɨɟ ɦɚɫɥɨ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɛɟɧɡɨɥɚ ɢɡ ɤɨɤɫɨɜɨɝɨ ɝɚɡɚ. 
ɉɭɬɟɦ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɝɨɧɤɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɬɨɣ ɮɪɚɤɰɢɢ ɚɰɟɧɚɮɬɟɧ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. 

ɑɟɬɜɟɪɬɚɹ ɤɨɥɨɧɧɚ, ɬɚɤɠɟ ɪɚɛɨɬɚɸɳɚɹ ɜ ɜɚɤɭɭɦɟ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɚɧɬɪɚɰɟɧ; ɡɞɟɫɶ ɚɧɬɪɚɰɟɧɨɜɨɟ ɦɚɫɥɨ ɭɞɚɥɹɟɬɫɹ ɤɚɤ ɜɟɪɯɧɢɣ ɩɪɨɞɭɤɬ. ɉɨɦɢɦɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɨɣ ɫɚɠɢ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ, ɚɧɬɪɚɰɟɧɨɜɨɟ 
ɦɚɫɥɨ ɫɨɞɟɪɠɢɬ ɚɧɬɪɚɰɟɧ ɢ ɤɚɪɛɚɡɨɥ, ɤɨɬɨɪɵɟ ɷɤɫɬɪɚɝɢɪɭɸɬɫɹ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɪɚɫɢɬɟɥɟɣ. ɉɨɫɥɟɞɧɢɣ ɫɬɨɥɛɟɰ - ɫɦɨɥɚ - ɪɚɛɨɬɚɟɬ ɜ ɨɱɟɧɶ 
ɜɵɫɨɤɨɦ ɜɚɤɭɭɦɟ ɢ ɫɥɭɠɢɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɦɨɥɵ ɫ ɜɵɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɪɚɡɦɹɝɱɟɧɢɹ. ɋ ɜɟɪɯɚ ɷɬɨɣ ɤɨɥɨɧɧɵ ɢɡɜɥɟɤɚɟɬɫɹ ɫɚɦɨɟ ɜɵɫɨɤɨɤɢɩɹɳɟɟ 
ɩɢɪɟɧɨɜɨɟ ɦɚɫɥɨ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɜɥɟɤɚɟɬɫɹ ɩɢɪɟɧ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɤɪɚɫɢɬɟɥɟɣ. ɂɧɬɟɧɫɢɜɧɨɟ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɜɤɥɸɱɚɸɳɟɟ ɰɢɪɤɭɥɹɰɢɸ ɱɟɪɟɡ 
ɧɚɝɪɟɜɚɬɟɥɶ, ɪɟɤɭɩɟɪɚɰɢɸ ɬɟɩɥɚ ɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɩɚɧɧɵɯ ɬɚɪɟɥɨɤ ɧɚ 
ɤɨɥɨɧɧɚɯ, ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɵɦ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 90% ɜɵɯɨɞ 
ɧɚɮɬɚɥɢɧɚ ɫ ɱɢɫɬɨɬɨɣ ɜɵɲɟ 90%. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɢɫɬɢɥɥɹɰɢɢ 
ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ ɩɟɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
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1.3 ɗɥɟɤɬɪɨɞɧɵɣ ɤɨɤɫ 

 
Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɨɞɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɧɟɮɬɹɧɨɣ ɤɨɤɫ 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɵɪɶɟɦ, ɤɚɱɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɥɸɦɢɧɢɹ. 
ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɧɨɞɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɮɬɹɧɨɣ ɤɨɤɫ, ɢ ɟɝɨ ɤɚɱɟɫɬɜɨ ɹɜɥɹɟɬɫɹ 
ɛɟɡɭɫɥɨɜɧɵɦ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ. Ʉɨɤɫ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɥɟɞɭɸɳɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ: 
- ɦɢɧɢɦɚɥɶɧɚɹ ɡɨɥɶɧɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ; 
- ɜɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɢɫɥɨɪɨɞɭ ɢ ɋɈ2; 
- ɧɢɡɤɚɹ ɩɨɪɢɫɬɨɫɬɶ ɢ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬ 460 ɞɨ 540 
ɦɤɈɦ • ɦ; 
- ɩɪɢɟɦɥɟɦɚɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɯɨɪɨɲɚɹ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, [11]. 
ɇɟɮɬɹɧɨɣ ɤɨɤɫ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɩɟɪɟɝɨɧɤɢ ɧɟɮɬɢ, ɧɨ ɧɟ ɜɟɫɶ ɤɨɤɫ 
ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɞɨɦ. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɫɮɚɥɶɬɟɧɨɜ ɜ ɬɹɠɟɥɨɣ ɧɟɮɬɢ ɢ 
ɷɬɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ ɫɵɪɶё ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɤɫɚ. ɗɥɟɤɬɪɨɞɧɵɣ ɤɨɤɫ 
ɩɨɥɭɱɚɸɬ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ (ɍɁɄ), ɦɚɪɤɢ ɄɁ-8 ɢ ɄɁ-0. 
ɋɵɪɶɟ ɝɨɬɨɜɹɬ ɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɝɥɭɛɨɤɨɦɭ ɬɟɪɦɢɱɟɫɤɨɦɭ ɪɚɡɥɨɠɟɧɢɸ ɧɚ 
ɭɫɬɚɧɨɜɤɚɯ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ ɍɁɄ6. ɍɡɟɥ ɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ, 
ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3, ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɤɚɦɟɪ ɯɨɥɨɞɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ (ɜɵɫɨɬɚ 
30 ɦ, ɞɢɚɦɟɬɪ ɞɨ 8 ɦ), ɤɚɦɟɪɵ ɪɚɡɥɨɠɟɧɢɹ, ɬɪɭɛɱɚɬɨɣ ɩɟɱɢ, ɧɚɫɨɫɨɜ, 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɬɨɤ ɪɚɡɨɝɪɟɬɨɝɨ ɜ ɬɪɭɛɱɚɬɨɣ ɩɟɱɢ ɫɵɪɶɹ 
(490-510 °ɋ) ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɤɚɦɟɪɭ ɤɨɤɫoɜɚɧɢɹ. ɂɡ-ɡɚ ɜɵɫoɤɨɣ 
ɫɤɨɪoɫɬɢ ɩɨɬoɤɚ ɫɵɪɶɹ ɤɨɤɫɨɜɚɧɢɟ ɧɚ ɫɬɟɧɤɚɯ ɬɪɭɛ ɧɟ ɩɪɨɢɫɯoɞɢɬ. ɉɨ ɦɟɪɟ 
ɡɚɩoɥɧɟɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɣ ɪɚɫɳɟɩɥɟɧɢɹ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɭɝɥɟɜɨɞoɪɨɞɨɜ 
(«ɩɪɨɰɟɫɫ ɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ»), ɡɚɩɭɫɤɚɟɬɫɹ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ. Ʉɚɦɟɪɚ 
ɫɧɢɡɭ ɡɚɩɨɥɧɹɟɬɫɹ, ɷɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɤɫɨɜɚɧɢɹ ɛɥɚɝɨɞɚɪɹ 
ɧɟɩɪɟɪɵɜɧɨɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɩɨɥɭɱɚɟɦɨɝɨ ɤɨɤɫɚ ɫ ɩɨɬɨɤɨɦ ɫɜɟɠɟɝɨ ɝɨɪɹɱɟɝɨ 
ɫɵɪɶɹ. Ɇɚɬɟɪɢɚɥ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɚɦɟɪɵ ɫɮɨɪɦɢɪɨɜɚɧ ɜ ɜɢɞɟ ɝɭɛɱɚɬɨɣ 
ɫɬɪɭɤɬɭɪɵ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɯɨɞɹɬ ɠɢɞɤɢɟ ɩɪɨɞɭɤɬɵ ɢ ɝɚɡɵ, ɩɨɜɵɲɚɹ ɫɬɟɩɟɧɶ 
ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɜ ɤɨɤɫɟ. 

 
 

Ɋɢɫɭɧɨɤ 3 - ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɨɰɟɫɫɚ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ 



11 

 

Ʉɨɤɫ ɨɛɪɚɡɭɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ~ 1 ɦ / ɱ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 450 ° ɋ ɢ ɞɚɜɥɟɧɢɢ ɜ 
ɧɟɫɤɨɥɶɤɨ ɚɬɦɨɫɮɟɪ. Ʌɟɬɭɱɢɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɣ ɪɚɡɥɨɠɟɧɢɹ ɩɨɤɢɞɚɸɬ ɤɚɦɟɪɭ ɢ 
ɫɛɪɚɫɵɜɚɸɬɫɹ ɜ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ, ɝɞɟ ɨɧɢ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɩɨɬɨɤɚ: 
ɬɨɩɥɢɜɧɵɣ ɝɚɡ, ɠɢɞɤɨɟ ɬɨɩɥɢɜɨ ɢ ɬɹɠɟɥɵɟ ɧɟɮɬɟɩɪɨɞɭɤɬɵ. Ɍɹɠɟɥɵɟ 
ɤɨɦɩɨɧɟɧɬɵ, ɤɨɬɨɪɵɟ ɧɟ ɭɫɩɟɜɚɸɬ ɩɨɥɧɨɫɬɶɸ ɩɪɨɪɟɚɝɢɪɨɜɚɬɶ ɜ ɨɞɧɨɦ ɰɢɤɥɟ 
ɤɨɤɫɨɜɚɧɢɹ, ɫɦɟɲɢɜɚɸɬɫɹ ɫɨ ɫɜɟɠɢɦ ɫɵɪɶɟɜɵɦ ɩɨɬɨɤɨɦ ɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɧɚ 
ɩɟɪɟɪɚɛɨɬɤɭ ɜ ɤɚɦɟɪɭ ɤɨɤɫɨɜɚɧɢɹ. Ʉɨɝɞɚ ɤɚɦɟɪɚ ɡɚɩɨɥɧɟɧɚ 75-80 %, ɩɨɬɨɤ ɫɵɪɶɹ 
ɩɟɪɟɤɥɸɱɚɸɬ ɧɚ ɡɚɝɪɭɡɤɭ ɜɬɨɪɨɣ ɤɚɦɟɪɵ. ɋɜɟɠɢɣ ɤɨɤɫ ɨɯɥɚɠɞɚɸɬ ɜ ɞɜɚ ɷɬɚɩɚ, 
ɫɧɚɱɚɥɚ ɩɚɪɨɦ, ɡɚɬɟɦ ɜɨɞɨɣ, ɩɪɨɤɚɱɢɜɚɹ ɱɟɪɟɡ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɤɨɤɫɚ. ȼ 
ɰɟɧɬɪɟ ɤɨɤɫɨɜɨɝɨ ɩɢɪɨɝɚ ɜɨɞɹɧɨɣ ɫɬɪɭёɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɪɟɡɚɟɬɫɹ 
ɩɢɥɨɬɧɚɹ ɫɤɜɚɠɢɧɚ. Ⱦɚɥɟɟ ɩɢɪɨɝ ɪɟɠɟɬɫɹ ɢ ɪɚɡɝɪɭɠɚɟɬɫɹ ɜ ɛɚɫɫɟɣɧ ɫ ɜɨɞɨɣ. 

Ⱦɥɹ ɤɚɱɟɫɬɜɚ ɛɭɞɭɸɳɟɝɨ ɤɨɤɫɚ ɤɪɚɣɧɟ ɜɚɠɧɚ ɝɥɭɛɢɧɚ ɩɟɪɟɝɨɧɤɢ ɜ 
ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɟ ɥёɝɤɢɯ ɮɪɚɤɰɢɣ ɜ ɨɫɬɚɬɤɚɯ. ɑɟɦ ɝɥɭɛɠɟ ɫɬɟɩɟɧɶ 
ɨɬɝɨɧɚ, ɬɟɦ ɜɵɲɟ ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɤɨɤɫɚ, ɜɵɲɟ ɫɨɞɟɪɠɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ, ɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ  ɩɪɢɦɟɫɟɣ ɜ ɡɨɥɟ. Ɉɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɚ ɧɚɡɵɜɚɟɬɫɹ 
ɝɭɛɱɚɬɨɣ (Sponge Coke), ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɦɟɫɶ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɢ ɢɡɨɬɪɨɩɧɨɝɨ 
ɭɝɥɟɪɨɞɚ (ɪɢɫɭɧɨɤ 4ɚ).  

   
Ɋɢɫɭɧɨɤ ɫɬɚɜɤɚ 4 ɪɚɫɯɨɞ – ɝɨɥɨɫɚ ɫɬɪɭɤɬɭɪɚ  ɮɨɧɞ ɤɨɤɫɚ: ɚ - ɪɚɫɯɨɞ ɝɭɛɱɚɬɵɣ  ɨɮɟɪɬɚ ɤɨɤɫ(Sponge ɫɛɨɪ Coke),  ɡɚɟɦ ɛ - ɤɪɢɜɚɹ ɢɝɨɥɶɱɚɬɵɣ  ɷɦɢɫɫɢɹ 

ɤɨɤɫ, ɜ - ɱɟɬɵɪɟ ɲɨɬ-ɤɨɤɫ  ɷɦɢɫɫɢɹ 
 
Ȼɨɥɟɟ ɛɚɧɤ ɥɟɝɤɢɟ  ɪɟɝɢɫɬɪ ɨɫɬɚɬɤɢ ɪɢɫɤ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ  ɦɢɤɫ ɤɪɟɤɢɧɝɚ, ɰɟɧɧɚɹ ɤɨɬɨɪɵɟ  ɛɢɪɠɚ ɫɨɞɟɪɠɚɬ 

ɝɨɥɨɫɚ ɦɢɧɢɦɭɦ  ɛɥɢɰ ɚɫɮɚɥɶɬɟɧɨɜ, ɧɟ ɦɢɤɫ ɫɨɞɟɪɠɚɬ ɨɪɞɟɪ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɨɜɵɣ ɡɚɝɪɹɡɧɟɧɢɣ,  ɩɨɬɨɤ ɧɨ ɷɦɢɫɫɢɹ ɤɨɤɫ  ɪɟɧɬɚ ɧɚ ɢɯ 
ɛɢɪɠɚ ɨɫɧɨɜɟ  ɦɢɤɫ ɢɦɟɟɬ ɢɡɜɧɟ ɧɢɡɤɭɸ ɥɢɫɬ ɨɛɴɟɦɧɭɸ ɥɢɫɬɵ ɩɥɨɬɧɨɫɬɶ ɚɜɚɧɫ ɢ ɤɚɪɬɚ ɚɧɢɡɨɬɪɨɩɧɭɸ ɡɧɚɤɢ ɫɬɪɭɤɬɭɪɭ. ɂɯ 
ɚɜɚɧɫ ɧɚɡɜɚɧɢɟ  ɞɨɯɨɞ - ɷɦɢɫɫɢɹ ɢɝɨɥɶɱɚɬɵɣ  ɱɟɬɵɪɟ ɤɨɤɫ – ɩɚɟɜɨɣ (ɪɢɫɭɧɨɤ ɛɥɢɰ 4.ɛ), ɨɧ ɦɢɤɫ ɦɚɥɨɩɪɢɝɨɞɟɧ  ɱɟɬɵɪɟ ɞɥɹ ɞɨɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ  ɛɚɥɚɧɫ 
ɚɧɨɞɨɜ ɩɪɚɜɨ (ɜɵɫɨɤɚɹ  ɤɚɪɬɚ ɩɨɪɢɫɬɨɫɬɶ, ɩɥɚɬɟɠ ɫɥɚɛɚɹ  ɪɚɫɯɨɞ ɫɬɪɭɤɬɭɪɧɚɹ ɫɩɨɪ ɩɪɨɱɧɨɫɬɶ).  ɥɢɡɢɧɝ ȼ ɬɪɚɫɬ ɧɢɠɧɟɣ ɦɨɧɨ ɱɚɫɬɢ 
ɬɚɪɢɮ ɤɨɤɫɨɜɚɧɢɹ  ɬɪɭɞ ɦɨɠɟɬ ɩɪɚɜɨ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ  ɦɨɧɨ ɬɚɤ ɬɚɛɭ ɧɚɡɵɜɚɟɦɵɣ  ɫɬɨɩ ɲɨɬ-ɤɨɤɫ – ɨɮɟɪɬɚ (ɪɢɫɭɧɨɤ ɪɟɧɬɚ 4.ɜ), ɭ 
ɡɚɥɨɝ ɧɟɝɨ  ɚɝɟɧɬ ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɡɧɚɤɢ ɡɟɪɧɢɫɬɚɹ  ɩɚɟɜɨɣ ɨɩɥɚɜɥɟɧɧɚɹ ɫɩɨɬ ɢɡɨɬɪɨɩɧɚɹ  ɤɚɪɬɚ ɫɬɪɭɤɬɭɪɚ, ɟɝɨ 
ɬɪɚɫɬ ɨɛɪɚɡɨɜɚɧɢɟ  ɩɥɚɬɟɠ ɫɜɹɡɚɧɨ ɫ ɡɚɣɦ ɜɵɫɨɤɢɦ  ɩɚɟɜɨɣ ɫɨɞɟɪɠɚɧɢɟɦ ɮɢɪɦɚ ɚɫɮɚɥɶɬɟɧɨɜ.  ɩɟɧɹ ɉɪɚɜɢɥɶɧɨ 
ɡɚɥɨɝ ɜɵɛɪɚɧɧɵɣ ɱɟɬɵɪɟ ɢ ɦɚɪɠɚ ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ  ɫɛɨɪ ɩɪɨɰɟɫɫ ɚɝɟɧɬ ɩɪɨɢɡɜɨɞɫɬɜɚ  ɥɢɫɬ ɤɨɤɫɚ ɫɩɨɬ ɩɨɡɜɨɥɹɟɬ  ɷɦɢɫɫɢɹ 
ɨɛɟɫɩɟɱɢɬɶ ɬɚɣɧɚ ɚɥɸɦɢɧɢɟɜɭɸ ɫɟɣɮ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɬɪɚɫɬ ɤɨɤɫɨɦ  ɫɟɣɮ ɧɟɨɛɯɨɞɢɦɨɝɨ ɱɟɬɵɪɟ ɤɚɱɟɫɬɜɚ  ɝɨɥɨɫɚ 
ɬɚɛɥɢɰɚ 2. ɛɚɧɤ [12].  ɱɟɬɵɪɟ Ʉɚɤ ɦɵ ɤɚɪɬɚ ɜɢɞɢɦ  ɛɥɢɰ ɢɡ ɷɦɢɫɫɢɹ ɬɚɛɥɢɰɵ ɚɤɰɟɩɬ 2, ɦɢɤɫ ɫɨɞɟɪɠɚɧɢɟ  ɤɥɟɪɤ ɜ ɥɢɫɬ ɤɨɤɫɟ  ɚɤɰɢɢ ɡɨɥɵ ɢ ɫɩɨɬ ɫɟɪɵ  ɢɡɜɧɟ 
ɞɨɥɠɧɨ ɤɥɟɪɤ ɛɵɬɶ ɮɨɪɦ ɦɢɧɢɦɚɥɶɧɵɦ, ɬɚɤ ɤɚɤ ɤɪɟɞɢɬ ɯɢɦɢɱɟɫɤɢɟ  ɞɨɯɨɞ ɷɥɟɦɟɧɬɵ, ɢɡ ɞɨɯɨɞ ɤɨɬɨɪɵɯ ɰɟɧɚ ɫɨɫɬɨɢɬ 
ɡɨɥɚ, ɛɭɦɚɝ ɩɪɢ ɬɨɜɚɪ ɷɥɟɤɬɪɨɥɢɡɟ ɡɚɥɨɝ ɤɪɢɨɥɢɬɨɝɥɢɧɨɡɟɦɧɵɯ ɹɪɤɨ ɪɚɫɩɥɚɜɨɜ ɬɨɪɝɢ ɩɟɪɟɯɨɞɹɬ ɹɪɤɨ ɜ ɚɤɰɟɩɬ ɦɟɬɚɥɥ  ɞɨɥɝ ɢ 

ɛ ɚ ɜ 
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ɛɚɧɤ ɭɯɭɞɲɚɸɬ ɪɚɫɯɨɞ ɟɝɨ ɩɥɚɬɟɠ ɤɚɱɟɫɬɜɨ.  ɬɨɜɚɪ ɋɨɫɬɚɜ ɨɮɟɪɬɚ ɡɨɥɵ  ɫɥɭɠɛ ɩɪɨɤɚɥɟɧɧɵɯ ɬɚɪɢɮ ɩɟɤɨɜɵɯ ɤɪɢɜɚɹ ɢ ɦɚɤɪɨ ɧɟɮɬɹɧɵɯ ɚɜɚɧɫ ɤɨɤɫɨɜ 
ɞɪɨɛɶ ɥɟɠɢɬ ɪɢɫɤɢ ɜ ɡɚɥɨɝ ɲɢɪɨɤɢɯ  ɦɚɤɪɨ ɩɪɟɞɟɥɚɯ, %: ɡɚɥɨɝ 4-24 ɜɨɩɪɨɫ SiO2; ɤɪɟɞɢɬ 8-30 ɡɧɚɤɢ Fe2O3; ɫɟɣɮ 5-15 ɪɟɝɢɫɬɪ Ⱥ12Ɉ3; ɫɪɨɤɢ 6-12 ɛɢɪɠɚ ɋɚɈ; 3-
8 ɤɚɪɬɚ MgO; ɬɚɣɧɚ 2-18 ɤɚɪɬɚ Na2O; ɫɩɨɬ 0,03-0,16 ɛɭɦɚɝɚ Ɋ2Ɉ5; ɪɢɫɤ 1,0-17 ɜɯɨɞ V2O5; ɫɭɞɚ 1,5-3,0 ɰɟɧɚ SO42.  ɫɱɟɬɚ 

ɇɚɢɛɨɥɟɟ ɤɪɢɜɚɹ ɜɪɟɞɧɵɦɢ  ɫɟɣɮ ɩɪɢɦɟɫɹɦɢ ɩɪɢ ɮɨɧɞ ɷɥɟɤɬɪɨɥɢɡɟ  ɥɢɡɢɧɝ ɚɥɸɦɢɧɢɹ ɪɭɛɥɶ ɹɜɥɹɸɬɫɹ:  ɰɟɧɧɚɹ 
ɜɚɧɚɞɢɣ, ɮɢɪɦɚ ɠɟɥɟɡɨ,  ɷɦɢɫɫɢɹ ɤɪɟɦɧɢɣ ɢ ɪɢɫɤɢ ɧɢɤɟɥɶ.  ɨɮɟɪɬɚ Ɉɤɫɢɞɵ ɛɭɦɚɝɚ ɷɬɢɯ ɦɚɪɠɚ ɦɟɬɚɥɥɨɜ ɤɪɢɜɚɹ ɹɜɥɹɸɬɫɹ  ɜɯɨɞ ɨɫɧɨɜɨɣ 
ɞɨɥɝɢ ɨɫɬɚɬɤɨɜ ɮɨɪɦɚ ɤɨɤɫɨɜɨɣ ɡɚɥɨɝ ɡɨɥɵ.  ɡɚɟɦ ɇɚɩɪɹɠɟɧɢɟ ɪɢɫɤ ɪɚɡɥɨɠɟɧɢɹ  ɤɥɟɪɤ ɷɬɢɯ ɚɜɚɧɫ ɨɤɫɢɞɨɜ ɹɪɤɨ ɧɢɠɟ, ɱɟɦ ɭ 
ɫɱɟɬɚ ɨɤɫɢɞɚ  ɬɚɣɧɚ ɚɥɸɦɢɧɢɹ, ɢ ɨɧɢ ɡɧɚɤɢ ɩɨɥɧɨɫɬɶɸ ɫɬɨɩ ɜɧɟɞɪɹɸɬɫɹ ɜ ɩɪɚɜɨ ɚɥɸɦɢɧɢɣ.  ɱɟɬɵɪɟ Ʉɪɨɦɟ ɦɢɤɪɨ ɬɨɝɨ,  ɫɪɨɤɢ SiO2 
ɬɨɪɝ ɦɨɠɟɬ ɤɥɟɪɤ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɮɢɪɦɚ ɮɬɨɪɧɵɦ  ɱɟɬɵɪɟ ɷɥɟɤɬɪɨɥɢɬɨɦ ɩɨ ɪɢɫɤ ɪɟɚɤɰɢɢ: ɡɧɚɤɢ 

3 ɪɟɝɢɫɬɪ SiO2 ɬɪɟɬɶ + 4 ɬɚɣɧɚ A1F3  ɪɟɝɢɫɬɪ = 3 ɛɭɦɚɝɚ SiF4  ɦɢɤɪɨ + ɫɩɨɪ 2Ⱥ12Ɉ3  ɜɨɩɪɨɫ (1.1) 
ɋɨɟɞɢɧɟɧɢɟ ɮɨɪɦɚ SiF4  ɩɚɟɜɨɣ ɹɜɥɹɟɬɫɹ ɫɱɟɬɚ ɥɟɬɭɱɢɦ,  ɫɭɞɚ ɱɬɨ ɫɩɨɪ ɩɪɢɜɨɞɢɬ ɞɪɨɛɶ ɤ ɜɵɩɭɫɤ ɩɨɬɟɪɟ  ɛɢɪɠɚ ɮɬɨɪɚ. 

ɚɜɚɧɫ ȼɥɢɹɧɢɟ  ɨɪɞɟɪ ɫɟɪɧɵɯ ɡɚɥɨɝ ɩɪɢɦɟɫɟɣ  ɢɡɜɧɟ ɬɚɤɠɟ ɞɨɥɝɢ ɜɪɟɞɧɨ.  ɦɢɤɪɨ ȼɨ ɹɪɤɨ ɜɪɟɦɹ  ɮɨɧɞ ɚɧɨɞɧɨɝɨ ɨɩɥɚɬɚ ɩɪɨɰɟɫɫɚ  ɨɪɞɟɪ ɫɟɪɚ 
ɩɚɟɜɨɣ ɨɤɢɫɥɹɟɬɫɹ  ɤɪɟɞɢɬ ɞɨ ɚɤɰɢɢ ɞɢɨɤɫɢɞɚ  ɚɝɟɧɬ ɫɟɪɵ, ɨɪɞɟɪ ɤɨɬɨɪɵɣ ɰɟɧɧɚɹ ɚɤɬɢɜɧɨ ɪɟɝɢɫɬɪ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ  ɜɯɨɞ ɫ ɪɢɫɤ ɠɟɥɟɡɨɦ  ɩɪɚɜɨ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɡɚɣɦ ɤɨɧɫɬɪɭɤɰɢɣ  ɨɩɰɢɨɧ ɷɥɟɤɬɪɨɥɢɡɟɪɚ ɫɬɚɜɤɚ (ɫɟɤɰɢɢ ɫɱɟɬɚ ɫɛɨɪɚ ɰɟɧɚ ɝɚɡɚ,  ɨɮɟɪɬɚ ɫɬɚɥɶɧɵɟ 
ɫɭɞɚ ɲɬɢɮɬɵ,  ɦɚɤɪɨ ɧɢɩɩɟɥɢ ɷɦɢɫɫɢɹ ɞɟɪɠɚɬɟɥɟɣ  ɞɪɨɛɶ ɚɧɨɞɚ ɢ ɬ. ɡɚɥɨɝ Ⱦ.). ɫɬɨɩ ɉɨɥɭɱɚɸɳɚɹɫɹ ɜ ɞɨɥɝɢ ɪɟɡɭɥɶɬɚɬɟ  ɪɟɧɬɚ 
ɨɤɚɥɢɧɚ ɛɢɪɠɚ ɩɨɩɚɞɚɟɬ ɬɪɟɬɶ ɜ ɛɢɪɠɚ ɷɥɟɤɬɪɨɥɢɬ,  ɦɚɪɠɚ ɚ ɪɢɫɤɢ ɡɚɬɟɦ  ɡɚɥɨɝ ɭɯɨɞɢɬ ɜ ɪɟɧɬɚ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɢɣ  ɪɭɛɥɶ ɚɥɸɦɢɧɢɣ 
ɜ ɡɚɣɦ ɜɢɞɟ  ɹɪɤɨ ɩɪɢɦɟɫɢ ɡɚɣɦ ɠɟɥɟɡɚ.  ɡɚɟɦ ɉɪɢ ɧɨɜɵɣ ɪɟɝɟɧɟɪɚɰɢɢ  ɦɚɪɠɚ ɮɬɨɪɢɞɧɵɯ ɬɟɦɵ ɫɨɥɟɣ  ɩɨɬɨɤ ɢɡ ɬɨɜɚɪ ɝɚɡɨɜ,  ɪɟɝɢɫɬɪ ɜɵɯɨɞɹɳɢɯ 
ɢɡ ɨɩɰɢɨɧ ɷɥɟɤɬɪɨɥɢɡɟɪɚ,  ɛɚɥɚɧɫ ɫɟɪɚ ɫɟɣɮ ɧɚɤɚɩɥɢɜɚɟɬɫɹ  ɛɭɦɚɝ ɜ ɱɟɬɵɪɟ ɫɨɞɨɜɵɯ ɚɝɟɧɬ ɪɚɫɬɜɨɪɚɯ ɬɪɟɬɶ ɨɱɢɫɬɤɢ ɩɟɧɹ ɜɥɚɠɧɵɯ 
ɦɢɤɫ ɝɚɡɨɜ ɤɪɢɜɚɹ ɜ ɦɨɧɨ ɜɢɞɟ  ɚɤɰɟɩɬ ɫɭɥɶɮɚɬɨɜ, ɢ ɞɥɹ ɢɯ ɪɭɛɥɶ ɭɞɚɥɟɧɢɹ  ɞɢɫɤ ɢɡ ɛɭɦɚɝ ɩɪɨɰɟɫɫɚ  ɤɪɢɜɚɹ ɬɪɟɛɭɸɬɫɹ 
ɮɨɪɦɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ  ɱɟɬɵɪɟ ɡɚɬɪɚɬɵ. ɬɨɪɝɢ ȼɚɧɚɞɢɣ  ɜɨɩɪɨɫ ɹɜɥɹɟɬɫɹ ɚɝɟɧɬ ɫɟɪɧɵɦ  ɚɤɰɢɢ ɤɨɦɩɚɧɶɨɧɨɦ, ɪɚɫɯɨɞ ɤɨɬɨɪɵɣ ɫɬɨɩ ɩɪɢ 
ɪɚɫɯɨɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ  ɬɚɣɧɚ ɜ ɚɤɰɟɩɬ ɦɟɬɚɥɥ  ɬɚɛɭ ɫɧɢɠɚɟɬ ɞɨɯɨɞ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ  ɛɚɥɚɧɫ Al ɡɚɥɨɝ ɢ ɬɟɦɵ ɫɧɢɠɚɟɬ 
ɬɨɪɝɢ ɜɨɡɦɨɠɧɨɫɬɶ ɛɢɪɠɚ ɟɝɨ ɬɨɪɝ ɩɪɢɦɟɧɟɧɢɹ  ɛɚɥɚɧɫ ɜ ɫɪɨɤɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ  ɰɟɧɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ⱦɥɹ 
ɤɚɪɬɚ ɭɞɚɥɟɧɢɹ  ɡɚɟɦ ɜɚɧɚɞɢɹ ɩɚɟɜɨɣ ɫɨɟɞɢɧɟɧɢɹ  ɡɚɥɨɝ ɛɨɪɚ ɞɨɯɨɞ ɜɜɨɞɹɬ ɦɨɧɨ ɜ ɩɟɧɹ ɚɥɸɦɢɧɢɟɜɵɟ  ɬɨɜɚɪ ɷɥɟɤɬɪɨɥɢɡɟɪɵ, 
ɦɢɤɫ ɤɨɬɨɪɵɟ  ɩɨɥɢɫ ɨɛɪɚɡɭɸɬ ɤɚɪɬɚ ɥɟɬɭɱɢɟ  ɤɥɟɪɤ ɫɨɟɞɢɧɟɧɢɹ ɫ ɫɬɚɜɤɚ ɜɚɧɚɞɢɟɦ.  ɤɪɢɜɚɹ ɋɬɨɥɶ ɰɟɧɧɚɹ ɨɛɲɢɪɧɵɣ  ɜɨɩɪɨɫ ɪɹɞ 
ɤɪɢɜɚɹ ɬɪɟɛɨɜɚɧɢɣ  ɞɨɥɝ ɢ ɮɨɧɞ ɨɝɪɚɧɢɱɟɧɢɣ,  ɷɦɢɫɫɢɹ ɤɚɫɚɸɳɢɯɫɹ ɚɤɰɢɢ ɤɚɱɟɫɬɜɚ  ɤɚɪɬɚ ɷɥɟɤɬɪɨɞɧɵɯ ɞɨɥɝ ɤɨɤɫɨɜ,  ɫɪɨɤɢ 
ɜɵɡɵɜɚɟɬ ɫɭɞɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ  ɛɭɦɚɝ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɢɯ ɫ ɬɚɣɧɚ ɩɨɡɢɰɢɢ ɬɨɪɝ ɩɪɢɝɨɞɧɨɫɬɢ ɞɥɹ 
ɪɚɫɯɨɞ ɢɫɩɨɥɶɡɨɜɚɧɢɹ  ɜɵɩɭɫɤ ɜ ɩɨɥɢɫ ɩɪɨɢɡɜɨɞɫɬɜɟ  ɨɮɟɪɬɚ ɚɧɨɞɧɨɣ ɩɥɚɬɟɠ ɦɚɫɫɵ ɪɭɛɥɶ ɢ ɱɟɬɵɪɟ ɚɧɨɞɨɜ.  ɡɧɚɤɢ Ɍɚɤɚɹ ɬɪɭɞ ɤɥɚɫɫɢɮɢɤɚɰɢɹ  ɬɪɭɞ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɚɤɰɢɢ ɬɚɛɥɢɰɟ  ɰɟɧɚ 3. 
 

Ɍɚɛɥɢɰɚ ɦɢɤɫ 2 ɛɚɥɚɧɫ - ɜɨɩɪɨɫ ɉɨɤɚɡɚɬɟɥɢ  ɨɩɰɢɨɧ ɤɚɱɟɫɬɜɚ ɹɪɤɨ ɤɨɤɫɚ  ɜɯɨɞ ɢ ɢɯ ɪɟɧɬɚ ɜɥɢɹɧɢɟ  ɫɱɟɬɚ ɧɚ ɪɢɫɤ ɬɟɯɧɨɥɨɝɢɸ  ɜɚɥɸɬɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɨɜɚɪ ɚɥɸɦɢɧɢɹ  ɤɭɪɫɭ 
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 ɞɪɨɛɶ Ɉɧɚ  ɡɚɥɨɝ ɨɫɧɨɜɚɧɚ ɧɟ ɫɱɟɬɚ ɬɨɥɶɤɨ ɮɨɪɦ ɧɚ ɬɚɪɢɮ ɞɟɬɚɥɶɧɨɦ  ɥɢɫɬ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɭɪɫɭ ɪɚɡɥɢɱɧɵɯ  ɪɟɝɢɫɬɪ ɜɢɞɨɜ 
ɪɟɝɢɫɬɪ ɤɨɤɫɨɜ,  ɢɡɜɧɟ ɧɨ ɢ ɧɚ ɞɨɯɨɞ ɦɧɨɝɨɥɟɬɧɟɦ  ɧɨɜɵɣ ɨɩɵɬɟ ɢɯ ɫɨɥɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ  ɮɨɪɦ ɩɪɢɦɟɧɟɧɢɹ ɜ 
ɤɭɪɫɭ ɚɥɸɦɢɧɢɟɜɨɦ  ɬɪɟɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟ. ȼ ɪɢɫɤ ɞɚɧɧɨɣ ɦɚɤɪɨ ɬɚɛɥɢɰɟ ɢɡɜɧɟ ɤɨɤɫ  ɛɢɪɠɚ ɪɚɡɞɟɥɟɧ ɧɚ ɩɨɬɨɤ ɱɟɬɵɪɟ  ɷɦɢɫɫɢɹ ɝɪɭɩɩɵ 
ɬɨɜɚɪ [1].Ʉɨɤɫɵ  ɹɪɤɨ I ɬɨɪɝ ɝɪɭɩɩɵ,  ɦɚɤɪɨ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɤɪɟɞɢɬ ɦɚɬɟɪɢɚɥɚɦ  ɞɨɥɝɢ ɫ ɬɪɟɧɞɵ ɚɧɢɡɨɬɪɨɩɧɨɣ  ɛɢɪɠɚ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ, ɞɪɨɛɶ ɦɚɥɨɩɪɢɝɨɞɧɵ  ɡɚɟɦ ɞɥɹ ɜɵɩɭɫɤ ɚɧɨɞɧɨɝɨ  ɜɚɥɸɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɫɛɨɪ ɫɢɥɭ ɬɪɟɧɞɵ 
ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɚɤɰɢɢ ɮɢɡɢɱɟɫɤɢɯ ɞɢɫɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɮɟɪɬɚ ɡɟɪɟɧ ɛɢɪɠɚ ɤɨɤɫɚ, ɨ ɱɟɦ 
ɥɢɡɢɧɝ ɭɩɨɦɢɧɚɥɨɫɶ ɡɚɥɨɝ ɜɵɲɟ. ɞɨɥɝɢ Ⱥɧɨɞɵ,  ɫɩɨɬ ɤɚɤ ɨɩɰɢɨɧ ɨɛɨɠɠɟɧɧɵɟ,  ɮɨɪɦ ɬɚɤ ɢ ɪɟɧɬɚ ɫɚɦɨɨɛɠɢɝɚɸɳɢɟɫɹ,  ɫɬɨɩ ɧɟ 
ɤɪɢɜɚɹ ɜɵɞɟɪɠɢɜɚɸɬ ɞɨɤɢ ɬɟɪɦɢɱɟɫɤɢɯ ɩɚɟɜɨɣ ɧɚɩɪɹɠɟɧɢɣ,  ɪɢɫɤ ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɤɚɪɬɚ ɨɛɠɢɝɟ  ɫɩɨɪ ɢ 
ɞɨɯɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ,  ɮɨɧɞ ɢ ɦɢɤɪɨ ɞɚɸɬ ɬɨɜɚɪ ɨɛɳɢɣ ɡɚɥɨɝ ɨɬɪɢɰɚɬɟɥɶɧɵɣ  ɚɜɚɧɫ ɪɟɡɭɥɶɬɚɬ.   

 
Ɍɚɛɥɢɰɚ ɬɨɜɚɪ 3 ɬɚɣɧɚ - ɜɵɩɭɫɤ Ʉɥɚɫɫɢɮɢɤɚɰɢɹ  ɞɨɥɝɢ ɤɨɤɫɚ [1]  
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ɇɟ ɪɟɧɬɚ ɩɪɢɝɨɞɧɵ ɮɨɪɦɚ ɜ ɛɚɧɤ ɱɢɫɬɨɦ  ɧɨɜɵɣ ɜɢɞɟ ɞɥɹ ɮɢɧɚɧɫ ɚɧɨɞɧɨɝɨ  ɜɵɩɭɫɤ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɞɢɫɤ ɤɨɤɫɵ  ɞɢɫɤ IV 

ɤɪɟɞɢɬ ɝɪɭɩɩɵ,  ɫɩɨɬ ɤɚɤ ɦɚɪɠɚ ɧɟɮɬɹɧɨɝɨ,  ɝɨɥɨɫɚ ɬɚɤ ɡɚɟɦ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ  ɞɢɫɤ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ ɤɥɟɪɤ ɫɢɥɭ ɤɚɪɬɚ ɜɵɫɨɤɨɣ 
ɬɪɚɫɬ ɩɢɪɨɥɢɡɨɜɚɧɧɨɫɬɢ  ɥɢɫɬ ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɯ ɬɪɟɧɞɵ ɫɦɨɥ,  ɡɚɣɦ ɧɟɮɬɹɧɵɯ ɥɢɫɬɵ ɩɢɪɨɥɢɡɧɵɯ ɩɨɥɢɫ ɨɫɬɚɬɤɨɜ 
«ɠɟɫɬɤɨɝɨ» ɨɩɰɢɨɧ ɪɟɠɢɦɚ  ɞɨɤɢ ɩɢɪɨɥɢɡɚ. ɜɚɥɸɬɚ Ʉɨɷɮɮɢɰɢɟɧɬ  ɦɚɤɪɨ ɥɢɧɟɣɧɨɝɨ ɢɡɜɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ  ɚɜɚɧɫ (ɄɌɊ), 
ɬɟɦɵ ɪɚɫɲɢɪɟɧɢɹ  ɮɨɪɦɚ ɤɨɤɫɨɜ ɢɡ ɜɵɩɭɫɤ ɷɬɢɯ ɤɪɢɜɚɹ ɛɚɡɨɜɵɯ ɬɚɣɧɚ ɩɪɨɞɭɤɬɨɜ ɤɚɪɬɚ ɞɨɫɬɢɝɚɟɬ ɪɢɫɤɢ (6-7,5) ɬɪɟɧɞɵ -10⁻⁶/°C, ɱɬɨ 
ɰɟɧɚ ɩɪɢɜɨɞɢɬ ɷɦɢɫɫɢɹ ɤ ɤɪɢɜɚɹ ɪɚɡɪɵɜɭ ɛɥɢɰ ɫɜɹɡɟɣ ɧɚ ɹɪɤɨ ɝɪɚɧɢɰɟ  ɫɬɨɩ ɤɨɤɫ ɰɟɧɧɚɹ ɧɚɩɨɥɧɢɬɟɥɹ  ɪɢɫɤɢ — ɢ ɪɚɫɯɨɞ ɤɨɤɫ  ɩɟɧɹ ɫɜɹɡɭɸɳɟɝɨ 
ɦɢɤɫ ɩɪɢɜɨɞɢɬ ɞɪɨɛɶ ɤ ɤɪɢɜɚɹ ɞɟɮɟɤɬɚɦ  ɦɨɧɨ ɢ ɬɚɣɧɚ ɪɚɡɪɭɲɟɧɢɸ ɨɪɞɟɪ ɚɧɨɞɚ. Ʉ ɡɚɥɨɝ ɷɬɨɣ ɤɭɪɫɭ ɠɟ ɰɟɧɚ ɝɪɭɩɩɟ  ɫɩɨɪ ɨɬɧɨɫɢɬɫɹ ɛɚɧɤ ɲɨɬ-
ɤɨɤɫ  ɮɨɪɦɚ ɨ ɨɩɰɢɨɧ ɤɨɬɨɪɨɦ  ɤɪɢɜɚɹ ɝɨɜɨɪɢɥɢ ɚɝɟɧɬ ɜɵɲɟ.  ɩɥɚɬɟɠ ɗɬɨɬ ɜɚɥɸɬɚ ɤɨɤɫ  ɬɪɚɫɬ ɢɦɟɟɬ ɤɪɟɞɢɬ ɫɬɪɭɤɬɭɪɭ  ɫɩɨɬ ɦɟɥɤɨɡɟɪɧɢɫɬɵɯ 
ɮɨɪɦɚ ɝɪɚɧɭɥ  ɡɚɟɦ ɪɚɡɦɟɪɨɦ 2-6 ɦɦ, ɩɪɚɜɨ ɩɨɤɪɵɬɵɯ ɞɨɤɢ ɩɥɨɬɧɨɣ ɤɚɤ ɫɬɚɜɤɚ ɫɬɟɤɥɨ,  ɡɚɥɨɝ ɨɛɨɥɨɱɤɨɣ. ɷɦɢɫɫɢɹ ȼɧɭɬɪɢ  ɜɚɥɸɬɚ 
ɝɪɚɧɭɥɹɬɚ ɫɭɞɚ ɧɚɯɨɞɢɬɫɹ  ɞɪɨɛɶ ɚɦɨɪɮɧɚɹ ɷɦɢɫɫɢɹ ɩɥɨɬɧɚɹ  ɜɚɥɸɬɚ ɫɬɪɭɤɬɭɪɚ ɫɨ ɡɚɥɨɝ ɫɥɟɞɚɦɢ  ɷɦɢɫɫɢɹ ɭɫɵɯɚɸɳɢɯ 
ɩɨɥɢɫ ɦɢɤɪɨɬɪɟɳɢɧ,  ɬɪɭɞ ɤɨɬɨɪɵɟ ɤɚɪɬɚ ɜɨɡɧɢɤɚɸɬ ɬɚɪɢɮ ɜɨ ɦɚɪɠɚ ɜɪɟɦɹ  ɫɨɥɨ ɤɨɤɫɨɜɚɧɢɹ. 

ɋɜɨɣɫɬɜɚ ɥɢɫɬ ɲɨɬ-ɤɨɤɫɚ  ɬɪɟɬɶ ɭɧɢɤɚɥɶɧɵ. ɹɪɤɨ Ɉɛɨɥɨɱɤɚ  ɞɢɫɤ ɜ ɥɢɫɬ ɫɢɥɭ ɫɩɨɬ ɫɜɨɟɣ ɛɚɧɤ ɢɧɟɪɬɧɨɣ  ɞɨɥɝɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɩɪɨɫ ɩɥɨɯɨ ɩɥɚɬɟɠ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɩɪɢ ɮɨɧɞ ɫɦɟɲɢɜɚɧɢɢ  ɪɢɫɤ ɫɨ ɫɪɨɤɢ ɫɜɹɡɭɸɳɢɦ,  ɬɨɪɝɢ ɚ ɞɢɫɤ ɫɩɟɤɚɹɫɶ  ɱɟɬɵɪɟ 
ɫ ɝɨɥɨɫɚ ɤɨɤɫɨɦ,  ɫɥɭɠɛ ɧɟ ɜɵɩɭɫɤ ɨɛɪɚɡɭɟɬ ɬɪɭɞ ɨɛɳɟɣ ɬɪɭɞ ɫɬɪɭɤɬɭɪɵ.  ɮɨɪɦ ȼ ɬɨɪɝɢ ɷɥɟɤɬɪɨɥɢɡёɪɟ  ɛɚɧɤ ɲɨɬ-ɤɨɤɫ 
ɨɩɰɢɨɧ ɩɪɨɜɨɰɢɪɭɸɬ ɬɚɣɧɚ ɪɚɡɪɭɲɟɧɢɟ ɷɦɢɫɫɢɹ ɚɧɨɞɚ  ɬɪɟɧɞɵ ɫ ɥɢɫɬ ɪɨɫɬɨɦ  ɡɚɥɨɝ ɭɝɨɥɶɧɨɣ ɞɪɨɛɶ ɩɟɧɵ.  ɫɭɞɚ 
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