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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɨɬɞɟɥɶɧɵɯ эɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ 
ɨɫɧɨɜɟ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ 
ɞɨɫɬɚɬɨɱɧɨ ɬɟɪɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɯ ɦɨɠɧɨ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 
ɫɵɪɶɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɉɪɢɜɟɞɟɧɵ ɫɬɚɞɢɢ ɨɛɪɚɛɨɬɤɢ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 
ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɇɚɣɞɟɧɵ 
ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɵɪɶɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɱɚɥɶɧɵɣ 
ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɡɧɚɱɟɧɢɹ 
ɤɥɸɱɟɜɵɯ эɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɝɨ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. 
 

Ʉɥɸɱɟвɵɟ ɫɥɨвɚμ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ, ɪɚɞɢɨɧɭɤɥɢɞɵ, ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ 
ɰɟɡɢɸ, ɫɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ, ɬɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɭɥɶɬɪɚɡɜɭɤ, 
ɩɪɨɩɚɪɢɜɚɧɢɟ. 
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ȼȼȿȾȿɇɂȿ 

 

ɉɪɨɛɥɟɦɚ ɢɡɨɥɹɰɢɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ – ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɨɫɬɪɵɯ ɧɟɪɟɲɟɧɧɵɯ 
ɡɚɞɚɱ ɧɚɭɤɢ. Ɉɛɳɢɟ ɩɪɢɧɰɢɩɵ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ 
ɛɵɥɢ ɫфɨɪɦɭɥɢɪɨɜɚɧɵ ɆȺȽȺɌɗ – эɬɨ ɨɬɜɟɪɠɞɟɧɢɟ ɠɢɞɤɢɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ 
ɩɭɬɟɦ ɜɤɥɸɱɟɧɢɹ ɢɯ ɜ ɫɨɫɬɚɜ ɯɢɦɢɱɟɫɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢ ɫɬɨɣɤɢɯ ɦɚɬɪɢɰ ɢ ɩɨɫɥɟɞɭɸɳɟɟ 
ɡɚɯɨɪɨɧɟɧɢɟ ɢɯ ɜ ɝɥɭɛɨɤɢɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ фɨɪɦɚɰɢɹɯ.  

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɩɪɢɧɰɢɩɨɜ, ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨ ɭɫɬɨɣɱɢɜɵɯ ɦɚɬɪɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɞɥɢɬɟɥɶɧɨɣ 
ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ Д1Ж. ɗɬɢ ɦɚɬɪɢɰɵ ɞɨɥɠɧɵ ɦɢɧɢɦɚɥɶɧɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɜɦɟɳɚɸɳɟɣ ɩɨɪɨɞɨɣ ɢ ɧɟ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɩɨɪɨɜɵɯ ɢ ɬɪɟɳɢɧɧɵɯ 
ɪɚɫɬɜɨɪɚɯ. Ɍɚɤɢɦɢ ɦɚɬɪɢɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɦɢɧɟɪɚɥɵ ɢ ɢɯ ɬɜɟɪɞɵɟ 
ɪɚɫɬɜɨɪɵ. 
                                                             
1
 Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ фɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ ɫɨɞɟɣɫɬɜɢɹ ɪɚɡɜɢɬɢɸ ɦɚɥɵɯ фɨɪɦ ɩɪɟɞɩɪɢɹɬɢɣ ɜ 
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Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ эɬɢɯ ɰɟɥɹɯ ɩɪɢɦɟɧɹɟɬɫɹ ɛɟɧɬɨɧɢɬ. ɇɚɩɪɢɦɟɪ, ɟɝɨ ɩɥɚɧɢɪɭɸɬ 
ɩɪɢɦɟɧɹɬɶ ɜ ɯɪɚɧɢɥɢɳɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ OЧФКХШ ДβЖ – ɝɥɭɛɨɤɨɦ 
ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɡɚɯɨɪɨɧɟɧɢɢ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɡɚɯɨɪɨɧɟɧɢɹ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɹɞɟɪɧɨɝɨ 
ɬɨɩɥɢɜɚ, ɩɟɪɜɨɦ ɯɪɚɧɢɥɢɳɟ ɬɚɤɨɝɨ ɪɨɞɚ ɜ ɦɢɪɟ. ɉɪɨɰɟɫɫ ɭɬɢɥɢɡɚɰɢɢ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ 
ɩɨɦɟɳɟɧɢɟ ɞɜɟɧɚɞɰɚɬɢ ɬɨɩɥɢɜɧɵɯ ɫɛɨɪɨɤ ɜ ɤɚɧɢɫɬɪɭ ɢɡ ɛɨɪɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ ɢ ɟɺ 
ɡɚɩɟɱɚɬɵɜɚɧɢɟ ɜ ɦɟɞɧɭɸ ɤɚɩɫɭɥɭ. Ʉɚɠɞɭɸ ɤɚɩɫɭɥɭ ɡɚɬɟɦ ɩɨɦɟɫɬɹɬ ɜ ɨɬɞɟɥɶɧɨɟ 
ɨɬɜɟɪɫɬɢɟ ɜ ɨɬɜɟɬɜɥɟɧɢɢ ɯɪɚɧɢɥɢɳɚ ɢ ɡɚɥɶɸɬ ɛɟɧɬɨɧɢɬɨɦ. ɏɪɚɧɢɥɢɳɟ OЧФКХШ, ɤɚɤ 
ɨɠɢɞɚɟɬɫɹ, ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ, ɱɬɨɛɵ ɩɪɢɧɢɦɚɬɶ ɩɟɧɚɥɵ ɫ ɨɬɪɚɛɨɬɚɧɧɵɦ 
ɬɨɩɥɢɜɨɦ ɨɤɨɥɨ ɫɬɚ ɥɟɬ, ɬɨ ɟɫɬɶ ɩɪɢɦɟɪɧɨ ɞɨ β1β0 ɝɨɞɚ. Ɍɨɝɞɚ, ɩɨɫɥɟ ɩɨɫɥɟɞɧɟɣ 
ɢɧɤɚɩɫɭɥɹɰɢɢ ɢ ɡɚɯɨɪɨɧɟɧɢɹ, ɜɯɨɞ ɜ ɬɭɧɧɟɥɶ ɛɭɞɟɬ ɡɚɛɟɬɨɧɢɪɨɜɚɧ ɢ ɡɚɫɵɩɚɧ ɝɪɭɧɬɨɦ.  

Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɛɟɧɬɨɧɢɬɚ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜɵɡɵɜɚɟɬ ɫɟɪɶɟɡɧɵɟ ɫɨɦɧɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɫɬɜɨɪɟɧɢɹ ɱɚɫɬɢ ɛɟɧɬɨɧɢɬɚ ɩɪɢ ɜɟɪɨɹɬɧɨɦ ɤɨɧɬɚɤɬɟ ɫ ɝɪɭɧɬɨɜɵɦɢ 
ɜɨɞɚɦɢ Дγ, 4Ж. 

ɉɪɨɜɨɞɢɦɵɟ ɜ ɩɨɫɥɟɞɧɢɟ 15-20 ɥɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɪɚɛɨɬɵ ɜ ɋɒȺ, Ʉɚɧɚɞɟ, 
Ȼɨɥɝɚɪɢɢ, Ɏɪɚɧɰɢɢ, ɎɊȽ, ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ, əɩɨɧɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ 
ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢɪɨɞɧɵɟ ɰɟɨɥɢɬɵ. Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɢ ɜ ɹɞɟɪɧɨɣ эɧɟɪɝɟɬɢɤɟ, ɬɚɤ ɤɚɤ ɨɧɢ ɭɫɬɨɣɱɢɜɵ ɤ ɹɞɟɪɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɢ 
ɞɟɲɟɜɥɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɦɨɥ Д5Ж. ɐɟɨɥɢɬɵ ɛɵɫɬɪɨ ɪɟɚɝɢɪɭɸɬ ɫ ɰɟɦɟɧɬɨɦ 
ɢ ɫɬɟɤɥɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɧɚɞɟɠɧɵɟ ɛɟɬɨɧɧɵɟ ɯɪɚɧɢɥɢɳɚ ɞɥɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ Д6Ж. 

ɐɟɨɥɢɬɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ  ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
Ɋɨɫɫɢɢ. Ȼɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɵɦ ɢɨɧɨɨɛɦɟɧɧɵɦ ɫɜɨɣɫɬɜɚɦ, ɨɧɢ ɢɦɟɸɬ ɭɫɩɟɲɧɭɸ 
ɢɫɬɨɪɢɸ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɛɟɧɬɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɩɪɢ 
ɨɱɢɫɬɤɟ ɪɚɡɧɵɯ ɬɢɩɨɜ ɠɢɞɤɨɫɬɟɣ.  

Ɉɞɧɚɤɨ ɩɪɚɤɬɢɱɟɫɤɢɦ ɜɨɩɪɨɫɨɦ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɫɵɪɶɹ ɢɦɟɧɧɨ ɜ 
ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ, ɢɦɦɨɛɢɥɢɡɢɪɭɸɳɟɣ ɪɚɞɢɨɧɭɤɥɢɞɵ, ɪɚɧɟɟ ɧɟ ɡɚɧɢɦɚɥɢɫɶ, ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ, ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɫɨɝɥɚɫɨɜɚɧɧɨɣ ɤɨɧɰɟɩɰɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
ɭɫɥɨɜɢɹɯ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɡɚɞɟɥɚ. 

ȼ ɫɜɹɡɢ ɫ эɬɢɦ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɬɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɤɨɬɨɪɵɯ 
эɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɫɨɡɞɚɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ 
ɰɟɨɥɢɬɚ. 

 

ɆȿɌɈȾɈɅɈȽɂə 

 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɥɢ ɥɚɛɨɪɚɬɨɪɧɵɟ ɨɛɪɚɡɰɵ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɰɟɨɥɢɬ 
ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ 0-40 ɦɤɦ (Ɍɍ β16γ-001-27860096-β016)) (ɩɪɨɢɡɜɨɞɢɬɟɥɶ – ɈɈɈ 
«ɐɟɨɥɢɬɵ ɉɨɜɨɥɠɶɹ»), ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɰɟɨɥɢɬ фɪɚɤɰɢɣ 0-80 ɦɤɦ ɢ 100-

γ00 ɦɤɦ (ɩɪɨɢɡɜɨɞɢɬɟɥɶ – ɈɈɈ «Ʉɟɪɚɦɡɢɬ»). 
Ʌɚɛɨɪɚɬɨɪɧɵɟ ɨɛɪɚɡɰɵ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 

ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɩɨɥɭɱɚɥɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ. Ʉ ɨɛɪɚɡɰɭ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ 
ɩɨɪɨɞɵ ɞɨɛɚɜɥɹɥɢ ɜɨɞɭ ɜ ɫɨɨɬɧɨɲɟɧɢɢ Ɍμɀ=1μ5. Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɭɸ ɜɨɞɧɭɸ ɫɭɫɩɟɧɡɢɸ 
ɧɚɝɪɟɜɚɥɢ ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ, ɩɨɫɥɟ ɱɟɝɨ ɧɚ ɭɫɬɚɧɨɜɤɟ «Ɇɨɥɨɬ» βȼ ɩɪɢ 
ɱɚɫɬɨɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ β0±β ɤȽɰ  ɫɭɫɩɟɧɡɢɸ ɩɨɞɜɟɪɝɚɥɢ ɜɨɡɞɟɣɫɬɜɢɸ ɭɥɶɬɪɚɡɜɭɤɚ. 
ȼɚɪɶɢɪɨɜɚɥɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫɬɚɧɨɜɤɟμ 0, γ0, 45 ɢ 60 ɦɢɧɭɬ. Ɂɚɬɟɦ 
ɨɛɪɚɛɨɬɚɧɧɭɸ ɭɥɶɬɪɚɡɜɭɤɨɦ ɫɭɫɩɟɧɡɢɸ ɨɬɦɭɱɢɜɚɥɢ, ɨɫɚɞɨɤ ɩɨɞɫɭɲɢɜɚɥɢ ɢ  
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ɩɟɪɟɫɵɩɚɥɢ ɜ ɫɢɬɨ γβ5 εОЬС ɩɨ Ɍɚɣɥɟɪɭ, ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɦɟɳɟɧɧɵɣ ɜ ɧɟɦ 
ɜɵɪɟɡɚɧɧɵɣ ɩɨ ɪɚɡɦɟɪɭ ɫɢɬɚ ɤɪɭɝ ɩɨɪɢɫɬɨɣ фɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɢ, ɜɵɫɨɬɨɣ ɫɥɨɹ ɜ 1 

ɫɦ. ɋɢɬɨ ɩɨɦɟɳɚɥɢ ɧɚ ɜɨɞɹɧɭɸ ɛɚɧɸ, ɨɛɪɚɡɟɰ ɜ ɫɢɬɟ ɧɚɝɪɟɜɚɥɢ ɢ ɩɪɨɩɚɪɢɜɚɥɢ ɜ 
ɬɟɱɟɧɢɟ ɱɚɫɚ ɩɨɫɥɟ ɡɚɤɢɩɚɧɢɹ ɜɨɞɵ. Ɂɚɬɟɦ ɫɢɬɨ ɜɵɧɢɦɚɥɢ, ɩɪɨɫɭɲɢɜɚɥɢ ɜ ɫɭɲɢɥɶɧɨɦ 
ɲɤɚфɭ ɩɪɢ 105°ɋ. Ⱦɚɥɟɟ ɫɢɬɨ ɫ ɨɛɪɚɡɰɨɦ ɨɯɥɚɠɞɚɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɝɨɬɨɜɵɣ ɥɚɛɨɪɚɬɨɪɧɵɣ ɨɛɪɚɡɟɰ ɢɡ ɫɢɬɚ ɩɟɪɟɫɵɩɚɥɢ ɜ ɱɢɫɬɭɸ, ɫɭɯɭɸ ɟɦɤɨɫɬɶ. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɨɩɪɟɞɟɥɹɥɢ ɫ 
ɩɨɦɨɳɶɸ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨфɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ARδ OPTIε’Б. 
Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɰɟɨɥɢɬɨɜ ɜɵɩɨɥɧɹɥɢ ɧɚ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɟ SDT Q600. 

Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ 
ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ FЫТЭЬМС AЧКХвЬОЭЭО ββ.  

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ – ɫɭɦɦɚɪɧɭɸ ɫɨɪɛɰɢɨɧɧɭɸ ɺɦɤɨɫɬɶ ɢ 
ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ, ɨɩɪɟɞɟɥɹɥɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ʉ ɧɚɜɟɫɤɟ ɨɛɪɚɡɰɚ 
ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ CsOH, ɡɚɬɟɦ ɱɟɪɟɡ 6 ɱɚɫɨɜ ɬɢɬɪɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɨɦ HCl ɨɩɪɟɞɟɥɹɥɢ ɜ 
ɧɚɞɨɫɚɞɨɱɧɨɣ ɠɢɞɤɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɫɬɚɜɲɢɯɫɹ ɜ ɪɚɫɬɜɨɪɟ ɢɨɧɨɜ Cs

+
.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɭɦɦɚɪɧɭɸ ɫɨɪɛɰɢɨɧɧɭɸ 
ɺɦɤɨɫɬɶ, ɦɝ/100 ɝ ɨɛɪɚɡɰɚ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɩɨɝɥɨɳɟɧɢɟ ɤɚɬɢɨɧɨɜ Cs+ ɫɨɫɬɚɜɥɹɟɬ ɜ 
ɫɪɟɞɧɟɦ 6,5% ɨɬ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɨɛɪɚɡɰɚ ɰɟɨɥɢɬɚ.  

Ɂɚɬɟɦ ɨɫɬɨɪɨɠɧɨ ɭɞɚɥɹɥɢ ɩɢɩɟɬɤɨɣ ɧɚɞɨɫɚɞɨɱɧɭɸ ɠɢɞɤɨɫɬɶ, ɨɫɚɞɨɤ ɫɭɲɢɥɢ, 
ɞɨɛɚɜɥɹɥɢ ɤ ɧɟɦɭ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ. ɑɟɪɟɡ 6 ɱɚɫɨɜ ɜ ɧɚɞɨɫɚɞɨɱɧɨɣ ɠɢɞɤɨɫɬɢ 
ɬɢɬɪɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɨɦ HCХ ɨɩɪɟɞɟɥɹɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜ ɪɚɫɬɜɨɪɟ ɢɨɧɨɜ Cs

+
.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɵɜɚɥɢ ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ 
ɰɟɡɢɸ. 

Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Microsoft Excel. 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɚɫɫɱɢɬɵɜɚɥɢ 
ɤɨэффɢɰɢɟɧɬ ɉɢɪɫɨɧɚ ɢ ɨɩɪɟɞɟɥɹɥɢ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ 
εТМЫШЬШПЭ EбМОХ ɢ ɬɚɛɥɢɰɵ ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɤɨэффɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ 
(Ы) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɡɧɚɱɢɦɨɫɬɢ ɢ ɪɚɡɥɢɱɧɨɝɨ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (ɪɚɡɦɟɪɨɜ 
ɜɵɛɨɪɤɢ). 

 

ɈɋɇɈȼɇȺə ɑȺɋɌɖ 

 

ɐɟɨɥɢɬɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɢ ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ – ɩɪɢɪɨɞɧɵɟ ɫɨɪɛɟɧɬɵ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɜ ɪɚɜɧɨɣ ɦɟɪɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɰɟɨɥɢɬɵ (ɜ ɜɢɞɟ ɤɥɢɧɨɩɬɢɥɨɥɢɬɚ), ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɵ (ɝɥɢɧɢɫɬɵɟ ɦɢɧɟɪɚɥɵ ɫ ɨɬɥɢɱɧɨɣ 
ɩɨɝɥɨɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (700 – 840 ɦ2/ɝ Д7Ж)), 
ɨɩɚɥ-ɤɪɢɫɬɨɛɚɥɢɬ-ɬɪɢɞɢɦɢɬɨɜɚɹ фɚɡɚ (ɜ ɨɫɧɨɜɧɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɝɥɨɛɭɥɚɦɢ ɨɩɚɥɚ 
Д8Ж), ɚ ɬɚɤɠɟ ɤɜɚɪɰ ɢ ɤɚɥɶɰɢɬ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ фɪɚɤɰɢɢ 0-40 ɦɤɦ 
(Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ), 0-80 ɢ 100-γ00 ɦɤɦ (ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ).  

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɪɚɡɥɢɱɚɟɬɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɬɚɛɥ. 1). 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɧɚɱɢɦɨɟ ɪɚɡɥɢɱɢɟ ɩɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɦɟɠɞɭ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɦɢ ɩɨɪɨɞɚɦɢ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ 
ɢ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɤɨɥɢɱɟɫɬɜɟ Al2O3 (6,60±0,16 % – Ɍɚɬɚɪɫɤɨ-

ɒɚɬɪɚɲɚɧɫɤɨɟ, 5,44±0,γγ % – ɘɲɚɧɫɤɨɟ), ɜ ɤɨɥɢɱɟɫɬɜɟ Fe2O3 (1,80±0,02 % – Ɍɚɬɚɪɫɤɨ-

ɒɚɬɪɚɲɚɧɫɤɨɟ, β,γ7±0,1γ % – ɘɲɚɧɫɤɨɟ), ɜ ɤɨɥɢɱɟɫɬɜɟ CКO (1γ,85±1,74 % – Ɍɚɬɚɪɫɤɨ-

ɒɚɬɪɚɲɚɧɫɤɨɟ, 15,β1±1,β1 % – ɘɲɚɧɫɤɨɟ), ɜ ɤɨɥɢɱɟɫɬɜɟ εРO (β,04±0,04 % – 

Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɟ, 1,γ0±0,09 % – ɘɲɚɧɫɤɨɟ), ɜ ɤɨɥɢɱɟɫɬɜɟ Na2O (0,25±0,02 % – 
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Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɟ, 0,15±0,02 % – ɘɲɚɧɫɤɨɟ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɘɲɚɧɫɤɨɣ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɟ ɛɨɥɶɲɟ  CКO ɢ Fe2O3, ɦɟɧɶɲɟ Al2O3, MgO, Na2O. 

 

Ɍɚɛɥɢɰɚ 1. – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɢ 

ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɣ [Chemical composition of zeolite-bearing rocks 

of the Tatar-Shatrashan and Yushan deposits] 

Ɉɤɫɢɞɵ ɜ ɫɨɫɬɚɜɟ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ 

Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɟ ɘɲɚɧɫɤɨɟ 

SiO2 57,33±1,65 56,35±2,90 

Al2O3 6,60±0,16 5,44±0,33 

Fe2O3 1,80±0,02 2,37±0,13 

CaO 13,85±1,74 15,21±1,21 

MgO 2,04±0,04 1,30±0,09 

ɌТO2 0,31±0,04 0,31±0,04 

K2O 1,66±0,24 1,26±0,09 

Na2O 0,25±0,02 0,15±0,02 

ɩ.ɩ.ɩ. 17,62±0,60 16,18±0,49 

 

Ɋɚɡɥɢɱɢɟ ɜ ɯɢɦɢɱɟɫɤɢɯ  ɫɨɫɬɚɜɚɯ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ 
ɜɥɢɹɧɢɟ ɧɚ ɤɥɸɱɟɜɵɟ эɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ ɰɟɨɥɢɬɚ. ɇɚɩɪɢɦɟɪ, ɚɜɬɨɪɵ ɪɚɛɨɬɵ ДλЖ 
ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɩɨɫɥɟ  ɨɛɪɚɛɨɬɤɢ ɩɪɢɪɨɞɧɨɝɨ ɰɟɨɥɢɬɚ, ɛɨɝɚɬɨɝɨ ɤɚɥɶɰɢɟɦ, ɪɚɫɬɜɨɪɨɦ 
ɫɨɥɢ ɧɚɬɪɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɰɟɨɥɢɬɚ ɨɬ 150 ɞɨ 400 °ɋ. 

Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ фɪɚɤɰɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɰɟɨɥɢɬɵ ɞɚɧɧɵɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢɦɟɸɬ ɫɯɨɠɢɟ эɤɡɨɬɟɪɦɢɱɟɫɤɢɟ эффɟɤɬɵ (ɩɪɢ λγ1,β7°ɋ, 14β7,68°ɋ 

(0-40 ɦɤɦ (Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ)ν ɩɪɢ λ18,γ6°ɋ, 1406,16°ɋ 

(0-80 ɦɤɦ (ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ)ν ɩɪɢ λ18,γ4 °ɋν 1406,16 °ɋ (100-γ00 ɦɤɦ 
(ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ)), ɫɯɨɠɢɟ эɧɞɨɬɟɪɦɢɱɟɫɤɢɟ эффɟɤɬɵ (ɩɪɢ 740,46 °ɋ, 
11β0,65 °ɋ (0-40 ɦɤɦ (Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ))ν ɩɪɢ 7β4,68°ɋ, 
1110,61 °ɋ (0-80 ɦɤɦ (ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ)ν ɩɪɢ 7βγ,70 °ɋν 1110,61 °ɋ (100-300 

ɦɤɦ (ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ)).  
Ɉɞɧɚɤɨ ɟɫɬɶ ɨɬɥɢɱɢɹ – ɤɪɢɜɵɟ ɌȽȺ фɪɚɤɰɢɣ 0-80 ɢ 100-γ00 ɦɤɦ ɘɲɚɧɫɤɨɝɨ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɭɤɚɡɵɜɚɸɬ ɧɚ эɧɞɨɬɟɪɦɢɱɟɫɤɢɣ эффɟɤɬ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ ɩɨɪɨɞɵ ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 1β00-1γ55 °ɋ.  Ⱦɚɧɧɵɣ эɧɞɨɬɟɪɦɢɱɟɫɤɢɣ эффɟɤɬ ɦɨɠɟɬ ɛɵɬɶ 
ɫɜɹɡɚɧ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɚ ɤɚɥɶɰɢɹ ɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɟ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɉɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɨɝɨ ɨɤɫɢɞɚ ɜ ɩɨɪɨɞɟ ɩɪɢɜɨɞɢɬ 
ɤ ɫɧɢɠɟɧɢɸ ɟɟ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ, ɬɚɤ ɤɚɤ эɜɬɟɤɬɢɤɢ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ Al2O3–CaO ɢ 

SiO2–CaO ɩɥɚɜɹɬɫɹ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (1400 ɢ 1445 °ɋ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɱɢɫɬɵɦɢ ɨɤɫɢɞɚɦɢ Al2O3

 (β050 °ɋ), SiO2 (1710 °ɋ) ɢ CaO (β570 °ɋ) Д10Ж. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɢɫɫɥɟɞɭɟɦɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ ɞɨɫɬɚɬɨɱɧɨ ɬɟɪɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɦɨɠɧɨ 
ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ 
ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
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ɨɫɧɨɜɧɵɯ ɫɬɚɞɢɣμ 
ǿ ɫɬɚɞɢɹ – ɦɨɞɢфɢɤɚɰɢɹ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɭɥɶɬɪɚɡɜɭɤɨɦ ɫ ɰɟɥɶɸ 

ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢν 
ǿǿ ɫɬɚɞɢɹ – ɦɨɞɢфɢɤɚɰɢɹ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɭɥɶɬɪɚɡɜɭɤɨɦ ɰɟɨɥɢɬɚ ɩɪɨɩɚɪɢɜɚɧɢɟɦ ɫ 

ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ 
ɢɡ ɰɟɨɥɢɬɚ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɭɥɶɬɪɚɡɜɭɤɨɦ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɩɪɨɢɫɯɨɞɢɬ ɨɱɢɫɬɤɚ ɩɨɪ 
ɤɚɪɤɚɫɧɵɯ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɨɬ ɩɪɢɦɟɫɟɣ, ɪɚɡɞɟɥɟɧɢɟ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ, 
ɜɨɡɪɚɫɬɚɟɬ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɚɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɚ ɫ 
ɟɝɨ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ. ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɭɥɶɬɪɚɡɜɭɤɚ ɧɚ 
ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɰɟɨɥɢɬɚ ɨɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ Д11].   

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɩɚɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɟɚɥɸɦɢɧɢɪɨɜɚɧɢɟ ɰɟɨɥɢɬɚ, ɤɚɤ эɬɨ ɨɩɢɫɚɧɨ ɜ 
ɡɚɹɜɤɟ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ Д1βЖ. Ⱦɟɚɥɸɦɢɧɢɪɨɜɚɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢɡ ɰɟɨɥɢɬɚ. ɉɪɨɩɚɪɢɜɚɧɢɟ 
ɰɟɨɥɢɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɰɟɨɥɢɬɨɜ ɜ β ɪɚɡɚ (ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɜɨɞɵ 1,5 ɦɦɨɥɹ ɧɚ 1 ɝ ɰɟɨɥɢɬɚ) Д1γЖ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ – ɩɪɨɬɨɧɨɜ, ɜ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɦ ɤɚɪɤɚɫɟ. Ɉɛɪɚɛɨɬɤɚ ɩɚɪɨɦ 
ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɨɣɤɨɫɬɶ ɰɟɨɥɢɬɨɜ ɤ ɜɵɳɟɥɚɱɢɜɚɧɢɸ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɤɚɬɢɨɧɨɜ, ɬɚɤ ɤɚɤ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɬɨɧɨɜ ɢ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɤɚɬɢɨɧɨɜ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨ 
ɡɚɪɹɠɟɧɧɨɦ ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɦ ɤɚɪɤɚɫɟ ɩɨɡɜɨɥɹɟɬ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɪɚɞɢɨɚɤɬɢɜɧɵɟ 
ɤɚɬɢɨɧɵ, ɭɞɟɪɠɢɜɚɹ ɢɯ ɜ ɰɟɨɥɢɬɟ. ȼ ɪɚɛɨɬɟ Д14Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɩɨɥɢɡɚɪɹɞɧɵɟ ɤɚɬɢɨɧɵ 
ɛɨɥɟɟ эффɟɤɬɢɜɧɨ ɤɨɦɩɟɧɫɢɪɭɸɬ ɨɛɳɢɣ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɩɪɢɡɦɵ 
ɫɬɪɭɤɬɭɪɵ ɰɟɨɥɢɬɚ, ɢ ɰɟɨɥɢɬ, ɫɨɞɟɪɠɚɳɢɣ ɬɚɤɢɟ ɢɨɧɵ, ɛɭɞɟɬ ɫɩɨɫɨɛɟɧ ɜɵɞɟɪɠɢɜɚɬɶ 
ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢɱɟɦ, ɱɟɦ ɜɵɲɟ ɡɚɪɹɞ ɤɚɬɢɨɧɚ, ɬɟɦ ɫɬɚɛɢɥɶɧɟɟ ɰɟɨɥɢɬ. 
ȼ ɪɚɛɨɬɟ Д15Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɞɚɥɟɧɢɸ ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɢɡ ɤɚɪɤɚɫɚ ɰɟɨɥɢɬɚ, ɱɬɨ ɜɟɞɟɬ ɤ ɟɝɨ 
ɩɟɪɟɫɬɪɨɣɤɟ, ɚ ɬɚɤ ɠɟ ɤ ɢɡɦɟɧɟɧɢɸ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ 
ɰɟɧɬɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɨɛɴɟɦɟ ɰɟɨɥɢɬɚ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɫɢɥɢɤɚɬɧɨɝɨ 
ɦɨɞɭɥɹ ɧɨɫɢɬɟɥɹ. ɋɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɢɥɢɤɚɬɧɨɝɨ ɦɨɞɭɥɹ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 
эффɟɤɬɢɜɧɨɫɬɢ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɤɚɬɢɨɧɧɨɝɨ ɨɛɦɟɧɚ. 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɨɫɧɨɜɟ фɪɚɤɰɢɣ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ 0-40 

ɦɤɦ (Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ), 0-80 ɢ 100-γ00 ɦɤɦ (ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ) ɜɚɪɶɢɪɨɜɚɥɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ 
– 0, γ0, 45 ɢ 60 ɦɢɧɭɬ. 

Ⱦɥɹ фɪɚɤɰɢɢ 0-40 ɦɤɦ (Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ) ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ. 

ȼ ɬɚɛɥɢɰɟ β ɩɪɢɜɟɞɟɧ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-40 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ. 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. β, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦ  γ0 ɦɢɧ, ɤɨɥɢɱɟɫɬɜɨ 
фɪɚɤɰɢɢ ɦɟɧɟɟ 5 ɦɤɦ (6γ,84 %) ɢ ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ (ββ481,γ1 
ɫɦ2/ɫɦ3) ɦɚɤɫɢɦɚɥɶɧɵ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɚ ɫɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɭɸ ɺɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ 
ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-40 ɦɤɦ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ. 
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Ɍɚɛɥɢɰɚ 2. – Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-

ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-40 ɦɤɦ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɭɫɬɚɧɨɜɤɟ ДTСО РЫКЧЮХШЦОЭЫТМ МШЦЩШЬТЭТШЧ ШП Tatar-Shatrashan deposit  

zeolite-bearing rock of initial fraction is 0-40 μЦ, НОЩОЧНТЧР ШЧ ЭСО ЭТЦО ШП 
the material being in the ultrasonic unit] 

 

Ʉɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ, % 

ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɭɫɬɚɧɨɜɤɟ, ɦɢɧ 

0 30 45 60 

ɦɟɧɟɟ 5 ɦɤɦ 52,91 63,84 45,44 60,90 

5-45 ɦɤɦ 47,09 36,16 54,56 39,10 

ɛɨɥɟɟ 45 ɦɤɦ 0,00 0,00 0,00 0,00 

ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɫɦ2/ɫɦ3

 
19120,22 22481,31 17179,23 21577,33 

 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 1, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɪɟɛɵɜɚɧɢɢ 
ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɭɦ 
ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ (111,1 ɦɝ-эɤɜ/100 ɝ) (ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢμ 
y = 0,2796x3  −  2,0945x2  +  4,6803x +  107,88 , ɜɟɥɢɱɢɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ R2 

= 1). 

 

 
Ɋɢɫ. 1.  – ɋɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɺɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-40 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ДTСО ЭШЭКХ ЬШЫЩЭТШЧ МКЩКМТЭв ШП Tatar-Shatrashan deposit zeolite-bearing rock of 

initial fraction of 0-40 μЦ, НОЩОЧНТЧР ШЧ ЭСО ЭТЦО ШП ЭСО ЦКЭОЫТКХ ЛОТЧР ТЧ ЭСО ЮХЭЫКЬШЧТМ ЮЧТЭЖ 
 

Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɢɡ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ фɪɚɤɰɢɢ 0-40 ɦɤɦ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ 
ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɢ ɪɚɜɧɚ 0 ɦɝ/ɫɦ2*ɫɭɬ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɫɵɪɶɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ – 



54  ɍȻȺɋɖɄɂɇȺ ɢ ɞɪ. 
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ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ фɪɚɤɰɢɢ 0-40 

ɦɤɦ, ɩɨɜɵɲɚɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦ γ0 ɦɢɧ. 

Ⱦɥɹ фɪɚɤɰɢɢ 0-80 ɦɤɦ (ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ) ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ. 

ȼ ɬɚɛɥɢɰɟ γ ɩɪɢɜɟɞɟɧ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ. 
 

Ɍɚɛɥɢɰɚ 3. – Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ДTСО РЫКЧЮХШЦОЭЫТМ 
composition of Yushan deposit  zeolite-bearing rock of initial fraction is 0-80 

μЦ, НОЩОЧНТЧР ШЧ ЭСО ЭТЦО ШП ЭСО ЦКЭОЫТКХ ЛОТЧР ТЧ ЭСО ЮХЭЫКЬШЧТМ ЮЧТЭЖ 
 

Ʉɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ, % 

ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɭɫɬɚɧɨɜɤɟ, ɦɢɧ 

0 30 45 60 

ɦɟɧɟɟ 5 ɦɤɦ 48,33 67,79 64,90 71,08 

5-45 ɦɤɦ 45,16 32,21 35,10 28,92 

ɛɨɥɟɟ 45 ɦɤɦ 6,51 0,00 0,00 0,00 

ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɫɦ2/ɫɦ3

 
20522,15 25362,07 24267,82 26798,64 

 

Ⱦɚɧɧɵɟ ɬɚɛɥɢɰɵ γ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɤɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ ɦɟɧɟɟ 5 ɦɤɦ ɢ 
ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨɜɵɲɚɸɬɫɹ. 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɢɜɟɞɟɧɚ ɫɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɺɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ 
ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ. 

 
 

Ɋɢɫ. 2. – ɋɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɺɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 

ɭɫɬɚɧɨɜɤɟ  ДTСО ЭШЭКХ ЬШЫЩЭТШЧ МКЩКМТЭв ШП ВЮЬСКЧ НОЩШЬТЭ гОШХТЭО-bearing rock of initial fraction of 0-80 μЦ, 
depending on the time of the material being in the ultrasonic unit] 
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Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. β, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ 
ɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɨɜɵɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ (ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢμ y =  0,1414x3 −  1,1568x2  +

 2,9867x +  106,63, ɜɟɥɢɱɢɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ R2
 = 1). 

Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ (ɪɢɫ. γ). 

 
 

Ɋɢɫ. 3. – ɋɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 

ɭɫɬɚɧɨɜɤɟ  ДTСО МОЬТЮЦ ХОКМСТЧР ЫКЭО ПШЫ ВЮЬСКЧ НОЩШЬТЭ гОШХТЭО-bearing rock of initial fraction is 0-80 μЦ, 
depending on the time of the material being in the ultrasonic unit] 

 

Ⱦɚɧɧɵɟ ɪɢɫɭɧɤɚ γ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ 
ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟμ ɫɤɨɪɨɫɬɶ 
ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ γ0 ɢ 60 ɦɢɧ, ɧɨ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬɫɹ ɩɪɢ 45 
ɦɢɧ (ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɡɚɜɢɫɢɦɨɫɬɢμ y =  10−6x3–10−5 x2 +  3 × 10−5x + 0,001 , 

ɜɟɥɢɱɢɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ R2 
= 1). 

ɉɪɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦɭ 45 ɦɢɧ, 
ɫɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɫɨɫɬɚɜɥɹɟɬ 10λ,0 ɦɝ-

эɤɜ./100 ɝ ɫɨɪɛɟɧɬɚ (ɪɢɫ. β), ɱɬɨ ɫɪɚɜɧɢɦɨ ɫ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ фɪɚɤɰɢɢ 0-40 

ɦɤɦ (111,1 ɦɝ-эɤɜ/100 ɝ). ȼ ɫɜɹɡɢ ɫ эɬɢɦ, ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 
ɩɪɟɛɵɜɚɧɢɹ ɜ  ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɨɪɛɢɪɭɸɳɟɝɨ 
ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ 45 ɦɢɧ.  

Ⱦɥɹ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ 
ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ. 

ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ. 
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Ɍɚɛɥɢɰɚ 4. – Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ  ДTСО 
granulometric composition of Yushan deposit  zeolite-bearing rock of initial 

fraction is 100-γ00 μЦ, НОЩОЧНТЧР ШЧ ЭСО ЭТЦО ШП ЭСО ЦКЭОЫТКХ ЛОТЧР ТЧ ЭСО 
ultrasonic unit] 

 

Ʉɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ, % 

ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɭɫɬɚɧɨɜɤɟ, ɦɢɧ 

0 30 45 60 

ɦɟɧɟɟ 5 ɦɤɦ 22,61 55,70 67,93 65,75 

5-45 ɦɤɦ 21,53 33,90 32,07 27,55 

ɛɨɥɟɟ 45 ɦɤɦ 55,86 10,40 0 6,7 

ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɫɦ2/ɫɦ3
 10747,46 22091,04 23912,86 24628,23 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɬɨɦ, ɱɬɨ ɩɪɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦ 45 ɦɢɧ, 
ɤɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ ɦɟɧɟɟ 5 ɦɤɦ ɦɚɤɫɢɦɚɥɶɧɨ. ɉɪɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦ 60 ɦɢɧ, ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 
ɦɚɤɫɢɦɚɥɶɧɚ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɢɡɦɟɧɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɵɯ фɪɚɤɰɢɣ 0-80 ɢ 100-γ00 ɦɤɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɭɥɶɬɪɚɡɜɭɤɚ, ɦɨɠɧɨ ɜɵɹɜɢɬɶ ɫɥɟɞɭɸɳɢɟ ɬɟɧɞɟɧɰɢɢ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ фɪɚɤɰɢɢ 0-80 ɦɤɦ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɤɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ 5-45 

ɦɤɦ ɜ ɧɟɣ ɩɨɧɢɠɚɟɬɫɹ (ɬɚɛɥ. γ). Ⱦɥɹ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɤɨɥɢɱɟɫɬɜɨ фɪɚɤɰɢɢ 5-45 

ɦɤɦ ɫɧɚɱɚɥɚ ɩɨɜɵɲɚɟɬɫɹ, ɡɚɬɟɦ ɩɨɧɢɠɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟɦ 
ɚɝɪɟɝɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɥɶɬɪɚɡɜɭɤɚ (ɬɚɛɥ. 4). ɋɪɚɜɧɟɧɢɟ ɞɚɧɧɵɯ 
ɬɚɛɥɢɰ 3 ɢ 4 ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɵɯ фɪɚɤɰɢɣ 0-80 ɢ 100-γ00 ɦɤɦ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɭɫɬɚɧɨɜɤɟ ɫ ɩɨɜɵɲɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫɬɚɧɨɜɤɟ ɤɨɥɢɱɟɫɬɜɨ 
фɪɚɤɰɢɢ 5-45 ɦɤɦ ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɦ ɞɥɹ ɨɛɟɢɯ ɧɚɱɚɥɶɧɵɯ фɪɚɤɰɢɣ – 

0-80 ɢ 100-γ00 ɦɤɦ (ɤɨэффɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ r = 0,99, Щ  < 0,001, Ч = 6). ɇɚ 
ɪɢɫɭɧɤɟ 4 ɩɪɢɜɟɞɟɧɚ ɫɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɺɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ. 

 
Ɋɢɫ. 4. – ɋɭɦɦɚɪɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɺɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɭɫɬɚɧɨɜɤɟ  ДTСО ЭШЭКХ ЬШЫЩЭТШЧ МКЩКМТЭв ШП ВЮЬСКЧ НОЩШЬТЭ гОШХТЭО-bearing rock of initial fraction of 100-γ00 μЦ, 

depending on the time of the material being in the ultrasonic unit] 
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Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 4, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɭɦɦɚɪɧɚɹ 
ɫɨɪɛɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ 
ɩɪɟɛɵɜɚɧɢɢ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ, ɡɚɬɟɦ ɧɚɱɢɧɚɟɬ 
ɫɧɢɠɚɬɶɫɹ  (ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢμ y =  0,1658x3 −  1,4423x2  +  3,8614x +  106,09 , 

ɜɟɥɢɱɢɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ R2
 = 1).  

Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ (ɪɢɫ. 4). 

Ⱦɚɧɧɵɟ ɪɢɫɭɧɤɚ 5 ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 

100-γ00 ɦɤɦ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟμ 
ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ γ0 ɦɢɧ, ɡɚɬɟɦ ɧɚɱɢɧɚɟɬ ɫɧɢɠɚɬɶɫɹ 
(ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢμ y = 2 × 10−6x3– 10−5 x2 +  4 × 10−5x + 0,001 , ɜɟɥɢɱɢɧɚ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ R2 

= 1). 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ ɪɢɫɭɧɤɨɜ 4 ɢ 5, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɫɥɨɜɢɢ 
ɩɪɟɛɵɜɚɧɢɹ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ 
фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɬɟɱɟɧɢɟ 45 ɦɢɧ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɚ 
ɩɪɢɟɦɥɟɦɚɹ ɜɟɥɢɱɢɧɚ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ (10λ,β ɦɝ-эɤɜ./100 ɝ ɫɨɪɛɟɧɬɚ). 
ɗɬɚ ɜɟɥɢɱɢɧɚ ɫɪɚɜɧɢɦɚ ɫ ɫɭɦɦɚɪɧɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɶɸ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ 
ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ фɪɚɤɰɢɢ 0-40 ɦɤɦ 

(111,1 ɦɝ-эɤɜ/100 ɝ). ɉɪɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦ 
45 ɦɢɧ,  ɫɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɨɫɬɚɟɬɫɹ ɧɟɜɵɫɨɤɨɣ – 1,02*10

-3
 ɦɝ/ɫɦ2*ɫɭɬ. 

ȼ ɫɜɹɡɢ ɫ эɬɢɦ, ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ  
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɬɚɤɠɟ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ 45 ɦɢɧ. 

 

 

 
Ɋɢɫ. 5. – ɋɤɨɪɨɫɬɶ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɩɨ ɰɟɡɢɸ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɧɚɱɚɥɶɧɨɣ фɪɚɤɰɢɢ 100-γ00 ɦɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 

ɭɫɬɚɧɨɜɤɟ  ДTСО МОЬТЮЦ ХОКМСТЧР ЫКЭО ПШЫ ВЮЬСКЧ НОЩШЬТЭ гОШХТЭО-bearing rock of initial fraction is 100-γ00 μЦ, 
depending on the time of the material being in the ultrasonic unit] 



58  ɍȻȺɋɖɄɂɇȺ ɢ ɞɪ. 
 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(25) 2017 

ɁȺɄɅɘɑȿɇɂȿ 

 

Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɬɞɟɥɶɧɵɟ эɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɨɛɪɚɡɰɨɜ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɢ 
ɘɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. ɂɫɫɥɟɞɨɜɚɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɬɟɪɦɢɱɟɫɤɚɹ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ. ɇɚɣɞɟɧɨ, ɱɬɨ ɜ ɘɲɚɧɫɤɨɣ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ 
ɩɨɪɨɞɟ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɟ  CКO ɢ FО2O3, ɦɟɧɶɲɟ AХ2O3, MgO, Na2O, ɱɟɦ ɜ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɟ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɞɚɧɧɵɟ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ ɞɨɫɬɚɬɨɱɧɨ ɬɟɪɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɢɯ ɦɨɠɧɨ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɪɛɢɪɭɸɳɟɝɨ 
ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɉɪɢɜɟɞɟɧɵ ɫɬɚɞɢɢ 
ɨɛɪɚɛɨɬɤɢ ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɞ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɫɵɪɶɹ 
ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɪɛɢɪɭɸɳɟɝɨ ɦɚɬɪɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɦɦɨɛɢɥɢɡɚɰɢɢ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ – ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ Ɍɚɬɚɪɫɤɨ-ɒɚɬɪɚɲɚɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
фɪɚɤɰɢɢ 0-40 ɦɤɦ, ɩɨɜɵɲɚɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ ɩɪɨɩɚɪɢɜɚɧɢɟɦ, 
ɞɨɫɬɢɝɚɹ ɨɩɬɢɦɭɦɚ ɩɪɢ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɚɜɧɨɦ γ0 
ɦɢɧ. ɇɚɣɞɟɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɭɥɶɬɪɚɡɜɭɤɨɦ ɘɲɚɧɫɤɨɣ 
ɰɟɨɥɢɬɫɨɞɟɪɠɚɳɟɣ ɩɨɪɨɞɵ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ фɪɚɤɰɢɣ, 
ɫɨɫɬɚɜɥɹɟɬ 45 ɦɢɧ. 
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Abstract – The work is devoted to the research of selected operational properties of the sorbing 

matrix material laboratory samples for the immobilization of radionuclides on the basis of local 

zeolite-containing rocks. It is shown that zeolite-containing rocks are sufficiently thermally stable 

for use as a raw material for producing of the sorbent matrix material for immobilizing 

radionuclides. The stages of processing zeolite-containing rocks for the purpose of sorbing matrix 

material obtaining for the immobilization of radionuclides are given. Optimum parameters of 

ultrasonic processing of raw materials are found. It is shown that the initial particle size of zeolite-

containing rocks practically does not influence the values of the main operational properties of the 

produced sorbing matrix material for the immobilization of radionuclides. 

 

Keywords: zeolite-bearing rocks, radionuclides, cesium leaching rate, total sorption capacity, 

thermal stability, ultrasound, steaming. 
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