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ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɚɫɲɢɪɟɧɢɟ ɫɮɟɪ ɩɨɬɪɟɛɥɟɧɢɹ ɫɨɡɞɚɟɬ ɜɫɟ ɛɨɥɶɲɟ ɢ 

ɛɨɥɶɲɟ ɢɫɬɨɱɧɢɤɨɜ ɜɵɞɟɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ [1]. ɉɪɢ ɷɬɨɦ 
ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɧɨɜɵɣ ɤɥɚɫɫ ɬɨɤɫɢɤɚɧɬɨɜ [2], ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ 
ɤɨɬɨɪɵɯ ɜɥɢɹɟɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ [3], ɜɤɥɸɱɚɹ ɫɜɨɣɫɬɜɚ ɨɤɪɭɠɚɸɳɟɣ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ [4].  
ɇɚɫɬɨɹɳɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ ɪɚɡɧɨɜɚɥɟɧɬɧɵɯ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɚɝɪɟɝɚɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɩɨɪɨɲɤɨɜ 
Al ɢ Al2O3.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɚɧɨɩɨɪɨɲɤɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɚɥɸɦɢɧɢɹ (Al, 140 ɧɦ, 15,5 ɦ2/ɝ) ɢ ɟɝɨ ɨɤɫɢɞɚ (Al2O3, 220 ɧɦ, 6,8 ɦ2/ɝ). 

ȼ ɪɚɛɨɬɟ ɝɨɬɨɜɢɥɢ ɫɭɫɩɟɧɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫ ɪɚɡɧɨɣ ɢɨɧɧɨɣ 
ɫɢɥɨɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɥɟɣ Na+ ɢ Ca2+. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɥɚ 1 ɦɆ.  
ɋɬɚɛɢɥɶɧɨɫɬɶ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɢɡɭɱɚɥɢ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ȗ-ɩɨɬɟɧɰɢɚɥɚ ɱɚɫɬɢɰ ɢ 
ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ (dɫɪ), ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɢɡ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ 
ɩɨ ɪɚɡɦɟɪɚɦ ɩɨ ɮɨɪɦɭɥɟ: 

ɝɞɟ dɫɪ – ɫɪɟɞɧɢɣ ɨɛɴɟɦɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ, ɦ; d – ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɞɢɫɩɟɪɫɢɢ, ɦ; q – 

,
(%)100

q(%)dɫɪd
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ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɜ ɞɢɫɩɟɪɫɢɢ, %. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɢɛɨɪ Zetasizer Nano (Malvern, ɋɒȺ). 

ɉɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɫɭɫɩɟɧɡɢɣ ɢɫɫɥɟɞɭɟɦɵɦɢ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɨɛɪɚɡɭɸɬɫɹ 
ɥɢɨɮɨɛɧɵɟ ɞɢɫɩɟɪɫɧɵɟ ɫɢɫɬɟɦɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɫɥɚɛɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɢ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɫɨɤɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 
ɬɚɤɢɯ ɫɢɫɬɟɦ ɢ ɢɯ ɫɤɥɨɧɧɨɫɬɢ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɢɫɩɟɪɫɧɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ. 
Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɢɡɭɱɟɧɢɟ ɤɨɚɝɭɥɹɰɢɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɜ ɪɚɫɬɜɨɪɚɯ ɪɚɡɧɨɣ ɢɨɧɧɨɣ ɫɢɥɵ 
ɩɨɡɜɨɥɹɟɬ ɜɵɹɫɧɢɬɶ ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɡɨɥɟɣ ɢ ɫɭɫɩɟɧɡɢɣ. 

ȼ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɹɯ ɢɦɟɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɣɬɪɚɥɶɧɵɣ ɡɚɪɹɞ (0,76±0,31 ɦȼ), ɚ ɭ 
ɧɚɧɨɱɚɫɬɢɰ Al2O3 ȗ-ɩɨɬɟɧɰɢɚɥ ɪɚɜɟɧ +29,53±0,92 ɦȼ. ɉɨɫɤɨɥɶɤɭ ȗ-ɩɨɬɟɧɰɢɚɥ 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɡɚɪɹɞɭ ɤɨɥɥɨɢɞɧɨɣ ɱɚɫɬɢɰɵ, ɬɟɨɪɟɬɢɱɟɫɤɢ ɚɝɪɟɝɚɬɢɜɧɚɹ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɨɥɹ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɟɝɨ ɜɟɥɢɱɢɧɵ [5]. ɉɪɢ ɨɛɪɚɡɨɜɚɧɢɢ 
ɞɜɨɣɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ ɜ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɟ 
ɹɞɪɨ ɛɭɞɟɬ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ Ɉɇ--ɱɚɫɬɢɰɵ (ɫɥɨɣ ɒɬɟɪɧɚ). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɞɢɮɮɭɡɢɨɧɧɵɣ ɫɥɨɣ (ɫɥɨɣ Ƚɭɢ-ɑɟɦɩɟɧɚ) ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɩɨɥɨɠɢɬɟɥɶɧɨ-
ɡɚɪɹɠɟɧɧɵɦɢ ɤɚɬɢɨɧɚɦɢ, ɨɬ ɩɪɢɪɨɞɵ, ɜɚɥɟɧɬɧɨɫɬɢ ɢ ɫɨɞɟɪɠɚɧɢɹ ɤɨɬɨɪɵɯ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɢɯ ɤɨɚɝɭɥɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ. 

 

Ɍɚɛɥɢɰɚ. ȗ-ɩɨɬɟɧɰɢɚɥ ɢ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɢɫɫɥɟɞɭɟɦɵɯ ɱɚɫɬɢɰ ɜ ɪɚɫɬɜɨɪɚɯ c I=1ɦɆ 
ɋɭɫɩɟɧɡɢɹ Al-DW Al-DW Al - NaCl Al - NaCl Al- CaCl2 Al - CaCl2 

ȼɪɟɦɹ 
ɜɵɞɟɪɠɢɜɚɧɢ

ɹ, ɱɚɫ 
2 48 2 48 2 48 

ȗ-ɩɨɬɟɧɰɢɚɥ, 
ɦȼ 0,8±0,3 14,3±0,8 2,22 ± 0,21 13,8 ± 0,26 -0,93±0,53 9,96±0,65 

dɫɪ, ɧɦ 618±255 1280±182 541 ± 296 1142 ± 31 800 ± 14 873 ± 36 

ɋɭɫɩɟɧɡɢɹ Al2O3-
DW Al2O3-DW Al2O3 - 

NaCl 
Al2O3 - 
NaCl 

Al2O3- 
CaCl2 

Al2O3 - 
CaCl2 

ȼɪɟɦɹ 
ɜɵɞɟɪɠɢɜɚɧɢ

ɹ, ɱɚɫ 
2 48 2 48 2 48 

ȗ-ɩɨɬɟɧɰɢɚɥ, 
ɦȼ 32,3±0,8 41,5±0,9 25,41 ± 1,7

2 31,56 ± 0,21 26,70±0,62 35,57±0,57 

dɫɪ, ɧɦ 355±180 855±69 622 ± 395 1144 ± 69 353 ± 94 1244 ± 17 
 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɰɟɥɨɦ, ɞɥɹ ɧɚɧɨɱɚɫɬɢɰ Al ɜ 

ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɹɯ ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɚɝɪɟɝɚɬɨɜ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɬɨɪɵɯ ɩɨ 
ɪɚɡɦɟɪɚɦ ɧɨɫɢɬ ɱɢɫɬɨ ɦɨɧɨɦɨɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɚɝɪɟɝɚɬɨɜ ɜ ɜɨɞɧɨɣ 
ɫɭɫɩɟɧɡɢɢ ɩɪɟɜɵɲɚɟɬ 500 ɧɦ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɢɡɤɨɣ ɚɝɪɟɝɚɰɢɨɧɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɥɸɦɢɧɢɹ (ɨɛɪɚɡɨɜɚɧɢɟ ɚɝɪɟɝɚɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 
ɱɚɫɨɜ), ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ȗ-ɩɨɬɟɧɰɢɚɥɚ (ɬɚɛɥ.). ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɢɡɤɭɸ ɚɝɪɟɝɚɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ, ɜ ɰɟɥɨɦ ɷɬɢ ɫɭɫɩɟɧɡɢɢ ɦɨɠɧɨ ɧɚɡɜɚɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɛɢɥɶɧɵɦɢ. Ɍɚɤ, ɚɝɪɟɝɢɪɭɹ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɱɚɫɨɜ, ɜɩɨɫɥɟɞɫɬɜɢɢ 
ɫɢɫɬɟɦɚ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɨɣ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɢ ɩɢɤ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ 
ɫɦɟɲɚɟɬ ɜ ɫɬɨɪɨɧɭ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ ɛɨɥɟɟ ɫɬɚɛɢɥɟɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɩɨɪɨɲɤɨɦ. ȼ 
ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ ɞɥɹ ɧɚɧɨɩɨɪɨɲɤɚ Al2O3 ɜ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢɦɟɟɬ 
ɛɢɦɨɞɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ: 50,5 % - ɮɪɚɤɰɢɸ ɱɚɫɬɢɰ ɫ dɫɪ = 100-350 ɧɦ, ɨɫɬɚɥɶɧɨɟ 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
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– ɱɚɫɬɢɰɵ ɫ dɫɪ=550-2000 ɧɦ. Ɉɞɧɚɤɨ ɱɟɪɟɡ 48 ɱɚɫɨɜ ɪɚɡɦɟɪɵ ɚɝɪɟɝɚɬɨɜ ɜɫɟɣ 
ɫɭɫɩɟɧɡɢɢ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 750-5550 ɧɦ.  

 

 
 
Ɋɢɫ 1. ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Na+ ɢ ɋɚ2+-ɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ Al2O3 (2 

ɱɚɫɚ). 
 

ȼ ɪɚɛɨɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɋɚ2+ - ɷɥɟɤɬɪɨɥɢɬ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɢɦ ɚɝɪɟɝɢɪɭɸɳɢɦ 
ɞɟɣɫɬɜɢɟɦ ɧɚ ɧɚɧɨɱɚɫɬɢɰɵ Al, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɨɤɫɢɞɚ ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. Ɍɚɤɠɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɪɹɞɭ ɜɵɛɪɚɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 
ɚɝɪɟɝɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɪɹɞɚ ɤɚɬɢɨɧɨɜ  (ɪɢɫ.), ɱɬɨ 
ɩɪɨɬɢɜɨɪɟɱɢɬ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɤɨɚɝɭɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɫ ɛɨɥɶɲɟɣ ɜɚɥɟɧɬɧɨɫɬɶɸ [6]. 

 
Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɧɚɭɱɧɨɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ Ƚɨɞɵɦɱɭɤ Ⱥ.ɘ. ɡɚ 

ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ, ɩɨɦɨɳɶ ɢ ɩɨɞɞɟɪɠɤɭ ɜ ɪɚɛɨɬɟ. 
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