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ɂ Ɂ ȼ ȿ ɋ Ɍ ɂ ə 

ɂɪɤɭɬɫɤɨɝɨ 

 ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

 ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɍȾɄ 550.4: 552.4 (1-925.16) 
Ʌɢɬɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɚɹ 
ɩɪɢɪɨɞɚ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ 
ɫɜɢɬ (ȼɨɫɬɨɱɧɨɟ Ɂɚɛɚɣɤɚɥɶɟ) 
ɘ. ȼ. ɇɨɫɤɨɜɚ, ɋ. ɂ. Ⱦɪɢɥɶ  
ɂɧɫɬɢɬɭɬ ɝɟɨɯɢɦɢɢ ɢɦ. Ⱥ. ɉ. ȼɢɧɨɝɪɚɞɨɜɚ ɋɈ ɊȺɇ 

ɋ. Ⱥ. ɋɚɫɢɦ  
ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  

ɂɧɫɬɢɬɭɬ ɝɟɨɯɢɦɢɢ ɢɦ. Ⱥ. ɉ. ȼɢɧɨɝɪɚɞɨɜɚ ɋɈ ɊȺɇ 

Ɉ. ȼ. Ɂɚɪɭɛɢɧɚ  
ɂɧɫɬɢɬɭɬ ɝɟɨɯɢɦɢɢ ɢɦ. Ⱥ. ɉ. ȼɢɧɨɝɪɚɞɨɜɚ ɋɈ ɊȺɇ 

Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɟɬɪɨɝɪɚɮɢɱɟɫɤɢɟ ɢ ɥɢɬɨɝɟɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɜɨɫɬɨɱɧɨɡɚɛɚɣɤɚɥɶɫɤɨɝɨ ɫɟɝ-
ɦɟɧɬɚ Ɇɨɧɝɨɥɨ-Ɉɯɨɬɫɤɨɝɨ ɫɤɥɚɞɱɚɬɨɝɨ ɩɨɹɫɚ. ɉɨɪɨɞɵ ɞɚɧɧɵɯ ɫɜɢɬ ɫɥɚɝɚɸɬ ɨɫɧɨɜ-
ɧɨɣ ɨɛɴɟɦ Ɉɧɨɧɫɤɨɝɨ ɚɤɤɪɟɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ⱥɤɤɪɟɰɢɨɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɹɜɥɹ-
ɸɬɫɹ ɜɚɠɧɟɣɲɢɦɢ ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɫɬɪɭɤɬɭɪɚɦɢ, ɢɡɭɱɟɧɢɟ ɤɨɬɨɪɵɯ ɩɪɨɥɢɜɚɟɬ ɫɜɟɬ 
ɧɚ ɨɬɞɟɥɶɧɵɟ ɷɬɚɩɵ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɷɜɨɥɸɰɢɢ ɨɪɨɝɟɧɧɵɯ ɩɨɹɫɨɜ, ɢ ɧɟɫɭɬ ɜ ɫɟɛɟ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɢɪɨɞɟ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɢɯ ɫɬɪɨɟɧɢɢ. ɇɚ 
ɨɫɧɨɜɟ ɩɟɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ Ⱥ. ɇ. ɇɟɟɥɨɜɚ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɜɟɪɨɹɬ-
ɧɵɟ ɩɪɨɬɨɥɢɬɵ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ: ɞɥɹ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɬɚɤɨɜɵɦɢ ɹɜɥɹɥɢɫɶ ɦɨɧɨ-
ɦɢɤɬɨɜɵɟ ɩɫɚɦɦɢɬɨɥɢɬɵ ɢ ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ, ɚɥɟɜɪɨɥɢɬɵ; ɞɥɹ ɱɢɧɞɚɧɬɫɤɨɣ 
ɫɜɢɬɵ – ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ ɢ ɚɥɟɜɪɨɥɢɬɵ, ɚɪɝɢɥɥɢɬɵ. Ȼɨɥɟɟ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ 
ɝɢɞɪɨɥɢɡɚɬɧɨɝɨ ɢ ɚɥɸɦɨɤɪɟɦɧɢɟɜɨɝɨ ɦɨɞɭɥɟɣ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɟɡɟɦɚ, ɫ ɞɪɭɝɨɣ, ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞɚɯ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɪɨ-
ɜɨɞɭɠɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ), ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɵ ɫ ɧɚɥɢɱɢɟɦ ɜ ɢɯ ɩɪɨɬɨɥɢɬɚɯ ɩɟɥɚɝɢɱɟ-
ɫɤɢɯ ɨɫɚɞɤɨɜ. Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɭɱɟɧɧɵɯ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ 
ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɨɬɨɥɢɬɚ ɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɩɪɟɞɟɥɹɸ-
ɳɭɸ ɪɨɥɶ ɢɝɪɚɥɢ ɞɜɚ ɬɢɩɚ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɬɟɪɪɢɝɟɧɧɵɣ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ 
ɧɚ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦ ɫɤɥɨɧɟ, ɢ ɛɢɨɝɟɧɧɵɣ (ɤɪɟɦɧɢɫɬɵɣ), ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɩɟɥɚɝɢɚ-
ɥɶɧɨɣ ɡɨɧɵ ɨɤɟɚɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢ 
ɝɟɨɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɝɟɨɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɨɛɫɬɚɧɨɜɤɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡɭɱɟɧɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ 
ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɹɜɥɹɥɚɫɶ ɚɤɬɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ ɫ ɭɱɚɫɬɢɟɦ ɩɟɥɚɝɢ-
ɱɟɫɤɢɯ ɨɫɚɞɤɨɜ. ɉɨɞɨɛɧɵɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɪɟɚɥɢ-
ɡɭɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɚɤɤɪɟɰɢɨɧɧɨɝɨ ɤɥɢɧɚ, ɮɨɪɦɢɪɭɸɳɟɝɨɫɹ ɩɟɪɟɞ ɡɨɧɨɣ ɫɭɛɞɭɤɰɢɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɇɨɧɝɨɥɨ-Ɉɯɨɬɫɤɢɣ ɩɨɹɫ, ȼɨɫɬɨɱɧɨɟ Ɂɚɛɚɣɤɚɥɶɟ, ɚɤɤɪɟɰɢɨɧɧɚɹ 
ɩɪɢɡɦɚ, ɫɭɛɞɭɤɰɢɹ, ɦɟɬɚɨɫɚɞɨɱɧɵɟ ɩɨɪɨɞɵ, ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɝɟɨ-
ɯɢɦɢɹ ɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ. 
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ȼɜɟɞɟɧɢɟ 

Ⱥɤɤɪɟɰɢɨɧɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɢɥɢ ɚɤɤɪɟɰɢɨɧɧɵɟ ɩɪɢɡɦɵ, ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɦɚɫɲɬɚɛɧɵɟ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ, ɮɨɪɦɢɪɭɸɳɢɟɫɹ ɧɚ ɤɨɧɜɟɪ-
ɝɟɧɬɧɵɯ ɝɪɚɧɢɰɚɯ ɥɢɬɨɫɮɟɪɧɵɯ ɩɥɢɬ, ɩɟɪɟɞ ɮɪɨɧɬɨɦ ɨɫɬɪɨɜɧɵɯ ɞɭɝ ɢɥɢ 
ɚɤɬɢɜɧɵɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ ɨɤɪɚɢɧ Д9; 13Ж. ȼ ɚɤɤɪɟɰɢɨɧɧɵɯ ɩɪɢɡɦɚɯ ɩɪɨɢɫ-
ɯɨɞɢɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɫɨɜɦɟɳɟɧɢɟ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ 
ɜ ɝɥɭɛɨɤɨɜɨɞɧɵɣ ɠɟɥɨɛ ɫ ɧɚɞɫɭɛɞɭɤɰɢɨɧɧɨɝɨ ɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɩɨɹɫɚ ɢ ɩɪɢ-
ɥɟɝɚɸɳɢɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ ɬɟɪɪɢɬɨɪɢɣ, ɚ ɬɚɤɠɟ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɟ-
ɪɟɧɨɫɢɦɨɝɨ ɫɭɛɞɭɰɢɪɭɟɦɨɣ ɨɤɟɚɧɢɱɟɫɤɨɣ ɩɥɢɬɨɣ, ɜɤɥɸɱɚɹ ɮɪɚɝɦɟɧɬɵ ɦɚɝ-
ɦɚɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɨɤɟɚɧɢɱɟɫɤɨɣ ɤɨɪɵ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɤɤɪɟ-
ɰɢɨɧɧɨɣ ɩɪɢɡɦɵ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɪɟɦɟɧɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɨɩɪɹ-
ɠɟɧɧɨɣ ɫɭɛɞɭɤɰɢɨɧɧɨɣ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ Д7; 13Ж. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɫɬɪɭɤɬɭɪɧɨ-ɜɟɳɟɫɬɜɟɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɚɤɤɪɟɰɢɨɧɧɵɯ ɩɪɢɡɦ ɧɟɫɭɬ ɜ ɫɟɛɟ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɢɪɨɞɟ ɢɫɬɨɱɧɢɤɨɜ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ 
ɫɨɜɪɟɦɟɧɧɵɟ ɨɤɟɚɧɢɱɟɫɤɢɟ ɛɚɫɫɟɣɧɵ, ɢ ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɢɦɢ ɢɧɞɢɤɚɬɨɪɚɦɢ 
ɭɫɥɨɜɢɣ ɧɚɤɨɩɥɟɧɢɹ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɚɥɟɨɨɤɟɚɧɢɱɟɫɤɢɯ ɛɚɫɫɟɣɧɚɯ, ɧɚ 
ɦɟɫɬɟ ɤɨɬɨɪɵɯ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɜɧɭɬɪɢɤɨɧɬɢɧɟɧɬɚɥɶɧɵɟ ɨɪɨɝɟɧɧɵɟ ɩɨɹɫɚ Д3]. 

ɋɨɝɥɚɫɧɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ Д5; 8Ж, Ɇɨɧɝɨɥɨ-Ɉɯɨɬɫɤɢɣ 
ɨɪɨɝɟɧɧɵɣ ɩɨɹɫ (ɆɈɉ) ɧɚ ɜɫɟɦ ɫɜɨɟɦ ɩɪɨɬɹɠɟɧɢɢ ɢɡ ɋɟɜɟɪɧɨɣ Ɇɨɧɝɨɥɢɢ 
ɜɩɥɨɬɶ ɞɨ Ɍɢɯɨɝɨ ɨɤɟɚɧɚ ɦɚɪɤɢɪɭɟɬɫɹ ɬɟɪɪɟɣɧɚɦɢ ɚɤɤɪɟɰɢɨɧɧɵɯ ɤɥɢɧɶɟɜ, 
ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɦɚɫɲɬɚɛɧɵɯ ɩɪɨɰɟɫɫɚɯ ɫɭɛɞɭɤɰɢɢ, ɢɦɟɜɲɢɯ ɦɟɫɬɨ ɩɨ 
ɩɟɪɢɮɟɪɢɢ Ɇɨɧɝɨɥɨ-Ɉɯɨɬɫɤɨɝɨ ɩɚɥɟɨɨɤɟɚɧɚ. ȼ ɡɚɛɚɣɤɚɥɶɫɤɨɦ ɫɟɝɦɟɧɬɟ 
ɆɈɉ ɜ ɫɨɫɬɚɜɟ Ɉɧɨɧɫɤɨɝɨ ɬɟɪɪɟɣɧɚ ɚɤɤɪɟɰɢɨɧɧɨɝɨ ɤɥɢɧɚ ɨɛɴɟɞɢɧɟɧɵ ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɱɟɬɵɪɟɯ ɜɭɥɤɚɧɨɝɟɧɧɨ-ɨɫɚɞɨɱɧɵɯ ɫɜɢɬ – ɤɭɥɢɧɞɢɧɫɤɨɣ, ɨɧɨɧɫɤɨɣ, 
ɱɢɧɞɚɧɬɫɤɨɣ ɢ ɭɫɬɶ-ɛɨɪɡɢɧɫɤɨɣ Д8]. ɉɨɪɨɞɵ ɫɜɢɬ ɦɟɬɚɦɨɪɮɢɡɨɜɚɧɵ ɜ ɮɚɰɢɢ 
ɡɟɥɟɧɵɯ ɫɥɚɧɰɟɜ ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ – ɜ ɚɦɮɢɛɨɥɢɬɨɜɨɣ ɮɚɰɢɢ. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɩɪɢɪɨɞɵ 
ɩɪɨɬɨɥɢɬɚ ɢ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɡɢɰɢɢ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ 
ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɧɚ ɨɫɧɨɜɟ ɥɢɬɨɯɢɦɢɱɟɫɤɢɯ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɉɨ-
ɪɨɞɵ ɞɚɧɧɵɯ ɫɜɢɬ ɫɥɚɝɚɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɨɛɴɟɦɚ Ɉɧɨɧɫɤɨɝɨ ɬɟɪɪɟɣɧɚ ɚɤ-
ɤɪɟɰɢɨɧɧɨɝɨ ɤɥɢɧɚ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɨɥɢɪɨɜɚɧɧɵɟ ɲɥɢɮɵ ɝɨɪɧɵɯ ɩɨɪɨɞ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ «ɉɈɅȺɆ-Ⱦ-213». 

ɋɨɞɟɪɠɚɧɢɟ ɩɟɬɪɨɝɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɪɟɞɤɨɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɨ-
ɪɨɞ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɧɚ ɲɢɪɨɤɢɣ ɤɪɭɝ ɝɥɚɜɧɵɯ ɢ 
ɪɟɞɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ ɂɧɫɬɢɬɭɬɚ ɝɟɨɯɢɦɢɢ ɢɦ. Ⱥ. ɉ. ȼɢɧɨɝɪɚɞɨ-
ɜɚ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɂȽɏ ɋɈ ɊȺɇ). ɋɢɥɢ-
ɤɚɬɧɵɣ ɚɧɚɥɢɡ ɩɨɪɨɞ ɩɪɨɜɨɞɢɥɫɹ ɦɟɬɨɞɨɦ ɊɎȺ ɧɚ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɦ 
ɫɩɟɤɬɪɨɦɟɬɪɟ «ɋɊɆ-25» (ɚɧɚɥɢɬɢɤ – Ⱥ. Ʌ. Ɏɢɧɤɟɥɶɲɬɟɣɧ). Ɇɢɤɪɨɷɥɟɦɟɧɬ-
ɧɵɣ ɫɨɫɬɚɜ ɩɨɪɨɞ (TТ, ГЫ, REE, TС, U) ɩɪɨɜɨɞɢɥɫɹ ɦɟɬɨɞɨɦ ɷɥɟɦɟɧɬɧɨɣ ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ (ICP MS) ɧɚ ɩɪɢɛɨɪɟ Ele-

ment-2 (ɚɧɚɥɢɬɢɤ – ȼ. ɂ. Ʌɨɠɤɢɧ). 
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ȼɨɡɪɚɫɬ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɨɩɨɪɧɵɯ  
ɭɱɚɫɬɤɨɜ ɨɩɪɨɛɨɜɚɧɢɹ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ 

Ɉɬɥɨɠɟɧɢɹ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɞɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɜ 
ɫɬɪɚɬɨɬɢɩɢɱɟɫɤɢɯ ɦɟɫɬɧɨɫɬɹɯ ɷɬɢɯ ɨɬɥɨɠɟɧɢɣ – ɜ ɪɚɣɨɧɟ ɩɨɫ. Ɉɥɨɜɹɧɧɚɹ ɢ 
ɩɚɞɢ Ʉɭɥɢɧɞɚ, ɚ ɬɚɤɠɟ ɜ ɪɚɣɨɧɟ ɫɬ. Ⱥɝɚ. Ɉɬɥɨɠɟɧɢɹ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɢɫ-
ɫɥɟɞɨɜɚɥɢɫɶ ɩɨ ɥɟɜɨɛɟɪɟɠɶɸ ɪ. Ɉɧɨɧ ɜ ɪɚɣɨɧɟ ɩɨɫ. ɑɢɧɞɚɧɬ-1. Ɍɢɩɢɱɧɵɟ 
ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɨɬɥɨɠɟɧɢɣ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɩɨɤɚɡɚɧɵ ɧɚ ɝɟɨɥɨ-
ɝɢɱɟɫɤɨɣ ɫɯɟɦɟ ɩɨɫ. Ɉɥɨɜɹɧɧɚɹ ɢ ɩɚɞɢ Ʉɭɥɢɧɞɚ ɜ ȼɨɫɬɨɱɧɨɦ Ɂɚɛɚɣɤɚɥɶɟ 
(ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. Ƚɟɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɱɚɫɬɤɨɜ ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɪɨɞ ɨɧɨɧ-
ɫɤɨɣ ɫɜɢɬɵ ȼɨɫɬɨɱɧɨɝɨ Ɂɚɛɚɣɤɚɥɶɹ ɜ ɪɚɣɨɧɟ ɩɨɫ. Ɉɥɨɜɹɧɧɚɹ ɢ ɩɚɞɢ Ʉɭɥɢɧɞɚ: 1 – 

ɨɬɥɨɠɟɧɢɹ ɤɭɥɢɧɞɢɧɫɤɨɣ ɫɜɢɬɵ (S?-D1), 2 – ɨɬɥɨɠɟɧɢɹ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ (S?-D1), 3 – 

ɨɬɥɨɠɟɧɢɹ ɢɤɚɝɢɣɫɤɨɣ (J1) ɢ ɚɤɚɬɭɟɜɫɤɨɣ ɫɜɢɬ (J1-2), 4 – ɱɟɬɜɟɪɬɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ, 
5 – ɩɪɨɫɥɨɢ ɦɟɬɚɛɚɡɢɬɨɜ ɜ ɫɨɫɬɚɜɟ ɤɭɥɢɧɞɢɧɫɤɨɣ ɢ ɨɧɨɧɫɤɨɣ ɫɜɢɬ, 6 – ɪɚɡɥɨɦɵ, 7 – 

ɦɚɪɲɪɭɬɵ ɨɩɪɨɛɨɜɚɧɢɹ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ 

 

ȼ ɩɪɟɞɟɥɚɯ ɩɚɞɢ Ʉɭɥɢɧɞɚ ɨɬɥɨɠɟɧɢɹ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɢɦɟɸɬ ɜ ɰɟɥɨɦ 
ɦɨɧɨɤɥɢɧɚɥɶɧɨɟ ɡɚɥɟɝɚɧɢɟ ɫ ɭɝɥɚɦɢ ɩɚɞɟɧɢɹ 20–25° ɜ ɸɝɨ-ɡɚɩɚɞɧɵɯ ɪɭɦɛɚɯ, 
ɚ ɜ ɪɚɣɨɧɟ ɫɬ. Ⱥɝɚ ɨɧɢ ɡɚɥɟɝɚɸɬ ɫ ɭɝɥɨɦ ɩɚɞɟɧɢɹ 5–50° ɜ ɸɠɧɵɯ ɪɭɦɛɚɯ. Ɉɬ-
ɥɨɠɟɧɢɹ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɜɫɟɝɞɚ ɡɚɥɟɝɚɸɬ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢ ɜɵɲɟ ɨɬɥɨɠɟ-
ɧɢɣ ɤɭɥɢɧɞɢɧɫɤɨɣ ɫɜɢɬɵ. 



ɘ. ȼ. ɇɈɋɄɈȼȺ, ɋ. ɂ.  ȾɊɂɅɖ ɂ ȾɊ.  
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Ʉɨɪɟɧɧɵɟ ɜɵɯɨɞɵ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɱɟɪɟɞɨɜɚɧɢɟɦ 
ɫɟɪɵɯ ɢ ɫɟɪɟɛɪɢɫɬɨ-ɫɟɪɵɯ ɤɜɚɪɰ-ɯɥɨɪɢɬ-ɫɟɪɢɰɢɬɨɜɵɯ ɢ ɯɥɨɪɢɬ-

ɫɟɪɢɰɢɬɨɜɵɯ ɫɥɚɧɰɟɜ (ɩɪɟɨɛɥɚɞɚɸɬ ɜ ɪɚɡɪɟɡɟ), ɛɭɪɨɜɚɬɨ-ɫɟɪɵɯ ɤɜɚɪɰɢɬɨɜ, 
ɫɟɪɵɯ ɦɟɬɚɚɥɟɜɪɨɥɢɬɨɜ, ɫɟɪɵɯ ɤɜɚɪɰɢɬɨɜɢɞɧɵɯ ɩɟɫɱɚɧɢɤɨɜ. ɉɨɪɨɞɵ ɡɚɥɟ-
ɝɚɸɬ ɜ ɜɢɞɟ ɩɪɨɫɬɵɯ ɫɤɥɚɞɨɤ (5–10 ɦ), ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɫɥɨɠɧɟɧɧɵɯ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɦɢ ɡɟɪɤɚɥɚɦɢ ɩɥɨɣɱɚɬɨɫɬɢ (ɩɟɪɜɵɟ ɫɚɧɬɢɦɟɬɪɵ). ɇɚɩɪɚɜɥɟɧɢɟ 
ɩɚɞɟɧɢɹ ɩɨɪɨɞ – ɸɝɨ-ɡɚɩɚɞɧɨɟ, ɫ ɭɝɥɨɦ ɩɚɞɟɧɢɹ 30–50°. ɋɥɚɧɰɟɜɚɬɨɫɬɶ ɩɨ-
ɪɨɞ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɥɨɢɫɬɨɫɬɶɸ. 

ɉɨɪɨɞɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɧɚ ɥɟɜɨɦ ɛɟɪɟɝɭ ɪ. Ɉɧɨɧ 
ɧɚɩɪɨɬɢɜ ɫ. ɑɢɧɞɚɧɬ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɪɟɧɧɵɦɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɥɚɧɰɟɜɚ-
ɬɵɦɢ ɫɜɟɬɥɨ-ɡɟɥɟɧɨɜɚɬɨ-ɫɟɪɵɦɢ ɞɨ ɫɜɟɬɥɨ-ɛɭɪɨɜɚɬɨ-ɫɟɪɵɯ ɩɥɢɬɱɚɬɵɦɢ 
ɦɢɤɪɨɩɥɨɣɱɚɬɵɦɢ ɤɜɚɪɰ-ɫɟɪɢɰɢɬɨɜɵɦɢ ɫɥɚɧɰɚɦɢ ɦɨɳɧɨɫɬɶɸ 2–4 ɦ ɫ ɪɟɞ-
ɤɢɦɢ ɤɜɚɪɰɟɜɵɦɢ ɩɪɨɠɢɥɤɚɦɢ ɞɨ 10–15 ɫɦ. ɇɢɠɟ ɩɨ ɪɚɡɪɟɡɭ ɡɚɥɟɝɚɟɬ ɫɥɨɣ 
ɬɟɦɧɨ-ɛɭɪɨɜɚɬɨ-ɫɟɪɵɯ ɦɟɬɚɚɥɟɜɪɨɥɢɬɨɜ ɝɪɭɛɨɩɥɢɬɱɚɬɵɯ, ɩɨɱɬɢ ɤɨɦɤɨɜɚ-
ɬɵɯ, ɦɨɳɧɨɫɬɶɸ 2–3 ɦ, ɡɚɥɟɝɚɸɳɢɣ ɧɚ ɫɥɨɟ ɫɟɪɵɯ, ɠɟɥɬɨɜɚɬɨ-ɫɟɪɵɯ ɦɢɤɪɨ-
ɡɟɪɧɢɫɬɵɯ ɩɨɥɢɦɢɤɬɨɜɵɯ ɦɟɬɚɩɟɫɱɚɧɢɤɨɜ. ȼɢɞɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɥɨɹ – 30–50 ɦ. 
ɗɬɨɬ ɬɢɩ ɩɨɪɨɞ ɫɨɫɬɚɜɥɹɟɬ 70–80 % ɪɚɡɪɟɡɚ. Ʉ ɜɨɫɬɨɤɭ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɟɨɛ-
ɥɚɞɚɧɢɟ ɜ ɪɚɡɪɟɡɟ ɩɟɪɟɫɥɚɢɜɚɸɳɢɯɫɹ ɡɟɥɟɧɨɜɚɬɨ-ɫɟɪɵɯ ɦɟɬɚɩɟɫɱɚɧɢɤɨɜ ɢ 
ɦɟɬɚɚɥɟɜɪɨɥɢɬɨɜ (ɞɨɦɢɧɢɪɭɸɬ) ɫ ɩɥɢɬɱɚɬɨɣ ɢ ɨɫɤɨɥɶɱɚɬɨɣ ɨɬɞɟɥɶɧɨɫɬɶɸ, 
ɧɟɪɟɞɤɨ ɨɠɟɥɟɡɧɟɧɧɵɯ ɩɨ ɬɪɟɳɢɧɚɦ ɢ ɜɢɞɢɦɨɣ ɦɨɳɧɨɫɬɶɸ ɞɨ 100 ɦ.  
ȼ ɩɚɱɤɟ ɩɟɪɟɫɥɚɢɜɚɸɳɢɯɫɹ ɦɟɬɚɩɟɫɱɚɧɢɤɨɜ ɢ ɦɟɬɚɚɥɟɜɪɨɥɢɬɨɜ ɧɚɛɥɸɞɚɸɬ-
ɫɹ ɪɟɞɤɢɟ ɬɨɧɤɢɟ ɩɪɨɠɢɥɤɢ ɦɨɥɨɱɧɨ-ɛɟɥɨɝɨ ɤɜɚɪɰɚ. ȼɵɲɟ ɩɨ ɪɚɡɪɟɡɭ ɡɚɥɟ-
ɝɚɟɬ ɫɥɨɣ ɝɪɭɛɨɩɥɢɬɱɚɬɵɯ ɞɨ ɤɨɦɤɨɜɚɬɵɯ ɬɟɦɧɨ-ɡɟɥɟɧɨ-ɫɟɪɵɯ ɤɜɚɪɰ-

ɯɥɨɪɢɬ-ɷɩɢɞɨɬɨɜɵɯ ɫɥɚɧɰɟɜ ɦɨɳɧɨɫɬɶɸ 3–4 ɦ. ɋɥɨɠɟɧɢɟ ɩɨɪɨɞ ɦɚɫɫɢɜɧɨɟ, 
ɤɜɚɪɰɟɜɵɯ ɩɪɨɠɢɥɤɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬ. Ɉɧɢ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɫɥɨɟɦ ɩɥɢɬɱɚ-
ɬɵɯ ɬɨɧɤɨɫɥɨɢɫɬɵɯ ɫɢɪɟɧɟɜɨ-ɫɟɪɵɯ ɦɟɬɚɚɥɟɜɪɨɥɢɬɨɜ ɦɨɳɧɨɫɬɶɸ 50 ɦ. ȼɵ-
ɲɟ ɩɨ ɪɚɡɪɟɡɭ ɨɬɦɟɱɚɟɬɫɹ ɩɟɪɟɫɥɚɢɜɚɧɢɟ ɫɢɪɟɧɟɜɵɯ ɧɟɹɫɧɨɫɥɨɢɫɬɵɯ ɚɥɟɜ-
ɪɨɥɢɬɨɜ, ɢɦɟɸɳɢɯ ɥɢɧɡɨɜɢɞɧɭɸ ɨɬɞɟɥɶɧɨɫɬɶ ɫ ɡɟɥɟɧɵɦɢ ɫɥɚɧɰɚɦɢ. 

ɉɟɬɪɨɝɪɚɮɢɹ 

ɉɟɬɪɨɝɪɚɮɢɱɟɫɤɢɦɢ ɪɚɡɧɨɜɢɞɧɨɫɬɹɦɢ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɢɫɫɥɟɞɭɟ-
ɦɵɯ ɫɜɢɬ ɹɜɥɹɸɬɫɹ ɫɬɢɥɶɩɧɨɦɟɥɚɧ-ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɟ, ɯɥɨɪɢɬ-ɫɟɪɢɰɢɬ-

ɤɜɚɪɰɟɜɵɟ, ɤɜɚɪɰ-ɫɟɪɢɰɢɬɨɜɵɟ ɫɥɚɧɰɵ ɢ ɦɢɤɪɨɤɜɚɪɰɢɬɵ. 
ȼ ɫɨɫɬɚɜɟ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɥɸɞɢɫɬɵɟ ɫɥɚɧɰɵ ɢ ɫɥɸɞɢ-

ɫɬɵɟ ɤɜɚɪɰɢɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɢɞɟɪɨɮɢɥɥɢɬ-ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɦɢ, ɯɥɨ-
ɪɢɬ-ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɦɢ ɢ ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɦɢ ɪɚɡɧɨɫɬɹɦɢ ɫ ɦɢɤɪɨɡɟɪɧɢ-
ɫɬɨɣ ɥɟɩɢɞɨɝɪɚɧɨɛɥɚɫɬɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɥɨɢɫɬɨɣ ɬɟɤɫɬɭɪɨɣ (ɪɢɫ. 2). 

Ⱦɥɹ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵ ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɟ ɢ ɯɥɨ-
ɪɢɬ-ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɟ ɩɚɪɚɝɟɧɟɡɢɫɵ ɤɪɢɫɬɚɥɥɨɫɥɚɧɰɟɜ, ɜ ɤɨɬɨɪɵɯ ɱɚɫɬɨ 
ɨɬɦɟɱɚɸɬɫɹ ɪɟɥɢɤɬɨɜɵɟ ɨɛɥɨɦɨɱɧɵɟ ɡɟɪɧɚ ɤɜɚɪɰɚ ɢ ɩɥɚɝɢɨɤɥɚɡɚ, ɫɨɯɪɚɧɢɜ-
ɲɟɝɨ ɫɥɟɞɵ ɩɟɪɜɢɱɧɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ. 
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Ɋɢɫ. 2. Ɏɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɫɬɢɥɶɩɧɨɦɟɥɚɧ-ɫɟɪɢɰɢɬ-ɤɜɚɪɰɟɜɵɯ ɫɥɚɧɰɟɜ 

ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ. Ⱥ, Ȼ – ɭɜɟɥɢɱɟɧɢɟ 20ɯ: Ⱥ – ɜ ɩɚɪɚɥɥɟɥɶɧɵɯ ɧɢɤɨɥɹɯ, Ȼ – ɜ ɫɤɪɟ-
ɳɟɧɧɵɯ ɧɢɤɨɥɹɯ. ɇɚ ɮɨɬɨɝɪɚɮɢɹɯ ɨɬɱɟɬɥɢɜɨ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɥɟɩɢɞɨɝɪɚɧɨɛɥɚɫɬɨ-
ɜɚɹ ɫɬɪɭɤɬɭɪɚ. ȼ, Ƚ – ɭɜɟɥɢɱɟɧɢɟ 80ɯ: ȼ – ɜ ɩɚɪɚɥɥɟɥɶɧɵɯ ɧɢɤɨɥɹɯ, Ƚ – ɜ ɫɤɪɟɳɟɧ-

ɧɵɯ ɧɢɤɨɥɹɯ. Ɏɨɬɨɝɪɚɮɢɢ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹ ɢ ɜɵɞɟɥɟɧɢɹ 
ɫɟɪɢɰɢɬɚ ɢ ɫɬɢɥɶɩɧɨɦɟɥɚɧɚ 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ  
ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ 
ɋɨɞɟɪɠɚɧɢɟ ɩɟɬɪɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɨɬɞɟɥɶɧɵɯ ɪɟɞɤɢɯ ɷɥɟ-

ɦɟɧɬɨɜ ɜ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ. Ⱦɥɹ ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɪɜɢɱɧɨɝɨ ɫɨɫɬɚɜɚ (ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɩɪɢɪɨɞɵ ɦɟɬɚɦɨɪ-
ɮɢɱɟɫɤɢɯ ɩɨɪɨɞ) ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɟɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ Ⱥ. ɇ. ɇɟɟɥɨɜɚ 
Д6Ж, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɚ–b (Al/Si – 

Fe + Mn + Mg + Ca), ɪɚɫɫɱɢɬɚɧɧɵɯ ɜ ɚɬɨɦɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ. Ⱥɥɸɦɨɤɪɟɦɧɢɟ-
ɜɵɣ ɦɨɞɭɥɶ ɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɞɚɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɨɬɪɚɠɚɟɬ (ɜ ɩɟɪɜɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ) ɝɥɢɧɢɫɬɨɫɬɶ ɨɛɥɨɦɨɱɧɵɯ ɩɨɪɨɞ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟ-
ɥɹɬɶ ɧɚ ɞɢɚɝɪɚɦɦɟ ɩɨɥɹ ɩɟɫɱɚɧɢɤɨɜ, ɚɥɟɜɪɨɥɢɬɨɜ ɢ ɩɟɥɢɬɨɜ, ɝɪɚɧɢɰɵ ɤɨɬɨ-
ɪɵɯ ɜ ɨɫɧɨɜɧɨɦ ɫɨɜɩɚɞɚɸɬ ɫ ɥɢɬɨɥɨɝɢɱɟɫɤɢɦɢ. ɉɚɪɚɦɟɬɪ b ɨɩɪɟɞɟɥɹɟɬ ɨɛ-
ɳɭɸ ɦɟɥɚɧɨɤɪɚɬɨɜɨɫɬɶ ɩɨɪɨɞɵ, ɜɤɥɸɱɚɹ CaO ɜ ɫɨɫɬɚɜɟ ɩɨɥɟɜɵɯ ɲɩɚɬɨɜ. ɇɚ 
ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ 
ɩɨɥɹɯ ɩɟɫɱɚɧɢɤɨɜ (ɝɪɚɭɜɚɤɤ), ɚɥɟɜɪɨɥɢɬɨɜ ɢ ɚɪɝɢɥɥɢɬɨɜ (ɩɨɥɹ III, IV ɢ V). 

ɉɨɪɨɞɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɨɛɥɚɫɬɢ 
ɩɨɥɢɦɢɤɬɨɜɵɯ ɚɥɟɜɪɨɥɢɬɨɜ. Ɉɬɞɟɥɶɧɵɟ ɫɨɫɬɚɜɵ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ 
ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɨɬɜɟɱɚɸɬ, ɫɨɝɥɚɫɧɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɇɟɟɥɨɜɚ, ɦɨɧɨɦɢɤɬɨɜɵɦ 
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ɩɫɚɦɦɢɬɨɥɢɬɚɦ, ɩɨɥɢɦɢɤɬɨɜɵɦ ɩɟɫɱɚɧɢɤɚɦ ɢ ɩɨɥɢɦɢɤɬɨɜɵɦ ɩɟɫɱɚɧɢɤɚɦ 
ɩɨɜɵɲɟɧɧɨɣ ɮɟɦɢɱɧɨɫɬɢ. 

ɋɨɫɬɚɜɵ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɨɛɪɚɡɭɸɬ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɨɛɨɫɨɛɥɟɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɮɢɝɭɪɚɬɢɜɧɵɯ ɬɨɱɟɤ ɜ ɨɛɥɚɫɬɹɯ ɩɨɥɢ-
ɦɢɤɬɨɜɵɯ ɩɟɫɱɚɧɢɤɨɜ, ɩɨɥɢɦɢɤɬɨɜɵɯ ɚɥɟɜɪɨɥɢɬɨɜ (ɫ ɩɪɹɦɨɣ ɤɨɪɪɟɥɹɰɢɟɣ 
ɩɚɪɚɦɟɬɪɨɜ a–b ɩɪɢ ɡɧɚɱɟɧɢɹɯ a ɨɬ 0,18 ɞɨ 0,28 ɢ b ɨɬ 0,05 ɞɨ 0,12) ɢ ɚɥɟɜ-
ɪɨɩɟɥɢɬɨɜɵɯ ɚɪɝɢɥɥɢɬɨɜ (ɫ ɨɛɪɚɬɧɨɣ ɤɨɪɪɟɥɹɰɢɟɣ ɩɚɪɚɦɟɬɪɨɜ a–b ɩɪɢ ɡɧɚ-
ɱɟɧɢɹɯ a – 0,30–0,38 ɢ b – 0,14–0,26). 

ɉɚɪɚɦɟɬɪ b ɜ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,02 ɞɨ 0,21 (ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɨɬ 0,08 ɞɨ 0,14) ɩɪɢ ɩɚɪɚɦɟɬɪɟ a ɨɬ 0,20 ɞɨ 0,33. ȼ ɟɞɢɧɢɱɧɨɣ 
ɩɪɨɛɟ, ɥɢɬɨɥɨɝɢɱɟɫɤɢ ɨɬɜɟɱɚɸɳɟɣ ɦɢɤɪɨɤɜɚɪɰɢɬɭ (Ʉɭ 19-3), ɜɟɥɢɱɢɧɚ ɩɚ-
ɪɚɦɟɬɪɚ a ɞɨɫɬɢɝɚɟɬ 0,02 ɩɪɢ ɩɚɪɚɦɟɬɪɟ b = 0,06. 

 

Ɋɢɫ. 3. Ⱦɢɚɝɪɚɦɦɚ a–b (Al/Si – Fe + Mn + Mg + Ca; ɚɬɨɦɧɵɟ ɤɨɥɢɱɟɫɬɜɚ) ɩɨ Д6]  
ɞɥɹ ɦɟɬɚɬɟɪɪɢɝɟɧɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ȼɨɫɬɨɱɧɨɝɨ Ɂɚɛɚɣɤɚɥɶɹ. 
ɉɨɥɹ ɫɨɫɬɚɜɨɜ ɩɨɪɨɞ: I – ɦɨɧɨɦɢɤɬɨɜɵɟ ɩɫɚɦɦɢɬɨɥɢɬɵ ɢ ɭɥɶɬɪɚɫɢɥɢɰɢɬɵ: Іa – ɫɥɚ-
ɛɨɤɚɪɛɨɧɚɬɢɫɬɵɟ (ɫɥɚɛɨɠɟɥɟɡɢɫɬɵɟ), Ib – ɤɚɪɛɨɧɚɬɢɫɬɵɟ (ɠɟɥɟɡɢɫɬɵɟ); ІІ – ɨɥɢɝɨ-

ɦɢɤɬɨɜɵɟ ɩɫɚɦɦɢɬɨɥɢɬɵ ɢ ɫɢɥɢɰɢɬɵ: IІa – ɫɥɚɛɨɤɚɪɛɨɧɚɬɢɫɬɵɟ (ɫɥɚɛɨɠɟɥɟɡɢɫɬɵɟ), 
IIb – ɤɚɪɛɨɧɚɬɢɫɬɵɟ (ɠɟɥɟɡɢɫɬɵɟ); ІІІ – ɩɟɫɱɚɧɢɤɢ: IIIɚ – ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ, 
IIIb – ɝɪɚɭɜɚɤɤɨɜɵɟ, ɤɚɪɛɨɧɚɬɢɫɬɵɟ ɢ ɠɟɥɟɡɢɫɬɵɟ ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ, ɬɭɮɮɢ-
ɬɵ ɫɪɟɞɧɟɝɨ ɢ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɚɜɚ; ІV – ɚɥɟɜɪɨɥɢɬɵ: IVɚ – ɩɨɥɢɦɢɤɬɨɜɵɟ ɚɥɟɜɪɨɥɢ-
ɬɵ, IVb – ɝɪɚɭɜɚɤɤɨɜɵɟ ɚɥɟɜɪɨɥɢɬɵ, ɩɟɥɢɬ-ɚɥɟɜɪɨɥɢɬɨɜɵɟ ɚɪɝɢɥɥɢɬɵ, ɬɭɮɮɢɬɵ ɨɫ-
ɧɨɜɧɨɝɨ ɫɨɫɬɚɜɚ, ɝɥɢɧɨɡɟɦɢɫɬɵɟ ɝɪɚɭɜɚɤɤɢ, ɤɚɪɛɨɧɚɬɢɫɬɵɟ ɢ ɠɟɥɟɡɢɫɬɵɟ ɚɥɟɜɪɨɥɢ-
ɬɵ; V – ɚɪɝɢɥɥɢɬɵ: Va – ɚɥɟɜɪɨɩɟɥɢɬɨɜɵɟ ɚɪɝɢɥɥɢɬɵ, Vb – ɤɚɪɛɨɧɚɬɢɫɬɵɟ ɢ ɠɟɥɟ-

ɡɢɫɬɵɟ ɚɪɝɢɥɥɢɬɵ, Vɫ – ɤɚɪɛɨɧɚɬɧɵɟ ɚɪɝɢɥɥɢɬɵ; VIa – ɩɟɥɢɬɨɜɵɟ ɚɪɝɢɥɥɢɬɵ. Ɍɨɱɤɢ 
ɫɨɫɬɚɜɨɜ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɩɨɤɚɡɚɧɵ ɫɟɪɵɦɢ ɤɜɚɞɪɚɬɚɦɢ, ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ – 

ɱɟɪɧɵɦɢ ɤɪɭɠɤɚɦɢ 
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Ɇɟɬɚɨɫɚɞɨɱɧɵɟ ɩɨɪɨɞɵ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɧɚ ɞɢɚɝɪɚɦɦɟ 
Ⱦɠ. Ɏ. ɉɟɬɬɢɞɠɨɧɚ Д17Ж ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜ ɨɛɥɚɫɬɢ ɩɨɥɟɣ 
ɝɪɚɭɜɚɤɤ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɩɨɫɬɭɩɥɟɧɢɢ ɜ ɛɚɫɫɟɣɧ ɨɫɚɞɤɨɧɚ-
ɤɨɩɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɪɚɡɦɵɜɚ ɜɭɥɤɚɧɢɬɨɜ ɨɫɧɨɜɧɨɝɨ – ɫɪɟɞɧɟɝɨ ɫɨɫɬɚɜɚ, ɚ 
ɟɞɢɧɢɱɧɵɟ ɬɨɱɤɢ ɫɨɫɬɚɜɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɝɪɚɧɢɰɟ ɝɪɚɭɜɚɤɤ ɢ ɥɢɬɢɬɨɜ ɢ ɜ 
ɨɛɥɚɫɬɢ ɩɨɫɥɟɞɧɢɯ (ɪɢɫ. 4). 

 

 

Ɋɢɫ. 4. Ʉɥɚɫɫɢɮɢɤɚɰɢɨɧɧɚɹ ɞɢɚɝɪɚɦɦɚ Ⱦɠ. Ɏ. ɉɟɬɬɢɞɠɨɧɚ Д17Ж  
ɞɥɹ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ. ȼɵɞɟɥɟɧɧɵɟ ɩɪɨɬɨɥɢɬɵ 

ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɩɨ Д6Ж: 1 – ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 2 – ɚɥɟɜ-
ɪɨɥɢɬɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 3 – ɚɪɝɢɥɥɢɬɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 4 – ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚ-

ɧɢɤɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ; 5 – ɚɥɟɜɪɨɥɢɬɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ; 6 – ɚɪɝɢɥɥɢɬɵ 
ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ. ɇɚ ɞɢɚɝɪɚɦɦɭ ɧɟ ɧɚɧɟɫɟɧɵ ɞɜɟ ɬɨɱɤɢ ɫɨɫɬɚɜɨɜ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ 

ɫɜɢɬɵ ɢɡ ɝɪɭɩɩɵ ɫɢɥɢɰɢɬɨɜ 

 

ɇɚ ɤɥɚɫɫɢɮɢɤɚɰɢɨɧɧɨɣ ɞɢɚɝɪɚɦɦɟ Ɇ. Ɇ. ɏɢɪɨɧɚ Д16Ж ɩɨɪɨɞɵ ɨɧɨɧɫɤɨɣ 
ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɥɨɤɚɥɢɡɭɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɨɛɥɚɫɬɹɯ ɜɚɤɤ ɢ ɝɥɢ-
ɧɢɫɬɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ Fe-ɝɥɢɧɢɫɬɵɯ ɫɥɚɧɰɟɜ (ɪɢɫ. 5). Ɉɬɞɟɥɶɧɵɟ ɫɨɫɬɚɜɵ ɦɟ-
ɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ (ɩɪɨɬɨɥɢɬɵ ɤɨɬɨɪɵɯ ɨɬɜɟɱɚɸɬ ɚɥɟɜɪɨ-
ɥɢɬɚɦ ɢ ɩɫɚɦɦɢɬɨɥɢɬɚɦ) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɛɥɚɫɬɢ ɚɪɤɨɡɨɜ, ɱɬɨ ɦɨɠɟɬ ɭɤɚ-
ɡɵɜɚɬɶ ɧɚ «ɡɪɟɥɵɣ» ɯɚɪɚɤɬɟɪ ɢɯ ɩɪɨɬɨɥɢɬɚ. 

Ⱦɥɹ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ 
ɩɨɜɟɞɟɧɢɢ ɩɟɬɪɨɝɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɉɨɪɨɞɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɚɪɢɚɰɢɹɦɢ ɝɥɚɜɧɵɯ ɩɟɬɪɨɝɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɜ 
ɦɚɫ. %): SiO2 – 64,63–74,70; TТO2 – 0,04–0,72; AХ2O3 – 13,24–17,86; FОOɨɛɳ – 

0,81–4,42; MРO – 0,12–2,23; MЧO – 0,04–0,33; CКO – 0,18–1,87; NК2O – 2,07–

4,42; K2O – 2,18–4,37; P2O5 – 0,02–0,17. ȼ ɨɬɞɟɥɶɧɨɣ ɩɪɨɛɟ ɦɢɤɪɨɤɜɚɪɰɢɬɚ 

ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ (ɩɪɨɬɨɥɢɬ ɤɨɬɨɪɨɝɨ ɨɬɜɟɱɚɟɬ, ɩɨ Ⱥ. ɇ. ɇɟɟɥɨɜɭ, ɩɫɚɦɦɢɬɨ-
ɥɢɬɭ) ɨɬɦɟɱɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɩɟɬɪɨɝɟɧ-
ɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɫɦ. ɬɚɛɥ., ɩɪɨɛɚ 19-3). 



ɘ. ȼ. ɇɈɋɄɈȼȺ, ɋ. ɂ.  ȾɊɂɅɖ ɂ ȾɊ.  
 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
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Ɋɢɫ. 5. Ⱦɢɚɝɪɚɦɦɚ Ɇ. Ɇ. ɏɢɪɨɧɚ Д16Ж  
ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɟɬɚɬɟɪɪɢɝɟɧɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ.  

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɫɦ. ɧɚ ɪɢɫ. 4. ɇɚ ɞɢɚɝɪɚɦɦɭ ɧɟ ɧɚɧɟɫɟɧɵ ɞɜɟ ɬɨɱɤɢ ɫɨɫɬɚɜɨɜ 
ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɢɡ ɝɪɭɩɩɵ ɫɢɥɢɰɢɬɨɜ 

 

ȼ ɩɨɪɨɞɚɯ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɫɨɞɟɪɠɚɧɢɹ ɩɟɬɪɨɝɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɢɡɦɟɧɹɸɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɩɪɟɞɟɥɚɯ (ɜ ɦɚɫ. %): SТO2  – 57,39–77,31; TТO2 – 

0,31–0,83; AХ2O3 – 12,12–19,40; FОOɨɛɳ – 1,80–12,51; MРO – 0,57–1,80; MЧO –

0,04–1,39; CКO – 0,33–1,68; NК2O – 0,70–4,12; K2O – 1,9–5,81; P2O5 – 0,11–0,31. 

ɇɚɝɥɹɞɧɨ ɩɨɜɟɞɟɧɢɟ ɩɟɬɪɨɝɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ ɧɚ 
ɪɢɫ. 6. ɇɚ ɜɚɪɢɚɰɢɨɧɧɵɯ ɞɢɚɝɪɚɦɦɚɯ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢ-
ɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɩɟɬɪɨɝɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɤɪɟɦɧɟɤɢɫɥɨɬɧɨɫɬɢ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞɚɯ ɤɚɤ ɱɢɧɞɚɧɬɫɤɨɣ, ɬɚɤ ɢ ɨɧɨɧ-
ɫɤɨɣ ɫɜɢɬ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɨɫɬɚɜɟ ɩɨɪɨɞ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɩɪɢɫɭɬ-
ɫɬɜɭɸɬ ɚɪɝɢɥɥɢɬɵ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɧɚɢɦɟɧɨɜɚɧɢɟ ɩɨɪɨɞ (ɩɪɨɬɨɥɢɬɨɜ) ɜɵɩɨɥ-
ɧɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɧɵɦɢ ɨɛɨɡɧɚɱɟɧɢɹɦɢ, ɫɦ. ɪɢɫ. 4), ɫɨɞɟɪɠɚɧɢɟ 
ɤɪɟɦɧɟɡɟɦɚ ɜ ɤɨɬɨɪɵɯ ɛɨɥɟɟ ɧɢɡɤɨɟ (ɜ ɫɪɟɞɧɟɦ ɧɚ 3–8 ɦɚɫ. %) ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɚɪɝɢɥɥɢɬɚɦɢ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ. ɗɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɜɚɪɢɚɰɢɨɧɧɵɯ 
ɞɢɚɝɪɚɦɦɚɯ ɚɪɝɢɥɥɢɬɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɨɛɪɚɡɭɸɬ ɜ ɰɟɥɨɦ ɨɛɨɫɨɛɥɟɧɧɨɟ 
ɩɨɥɟ ɫɨɫɬɚɜɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɢɦɟɸɬ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɜɚɪɢɚɰɢɢ ɫɨ-
ɞɟɪɠɚɧɢɣ K2O, FeOɨɛɳ, MnO ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɤ ɞɪɭɝɢɯ ɥɢɬɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡ-
ɧɨɫɬɟɣ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ, ɬɚɤ ɢ ɚɪɝɢɥɥɢɬɨɜ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ (ɪɢɫ. 6). ȼ ɩɨ-
ɜɟɞɟɧɢɢ ɫɨɞɟɪɠɚɧɢɣ Na2O ɢ ɋɚO ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɟɦɧɟɡɟɦɚ ɜ ɦɟɬɚɨɫɚɞɨɱ-
ɧɵɯ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɧɟ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧ-
ɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɫɜɹɡɟɣ. ɇɟɨɞɧɨɡɧɚɱɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɨɬɦɟɱɚɟɬɫɹ ɦɟɠɞɭ 
K2O ɢ SiO2 ɜ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ. 



ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɂ ɉɊɂɊɈȾȺ ɆȿɌȺɈɋȺȾɈɑɇɕɏ ɉɈɊɈȾ  
 

117 

 
 

Ɋɢɫ. 6. ȼɚɪɢɚɰɢɨɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɦɟɬɚɬɟɪɪɢɝɟɧɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ  
ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ȼɨɫɬɨɱɧɨɝɨ Ɂɚɛɚɣɤɚɥɶɹ. ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɫɦ. ɧɚ ɪɢɫ. 4 

 



ɘ. ȼ. ɇɈɋɄɈȼȺ, ɋ. ɂ.  ȾɊɂɅɖ ɂ ȾɊ.  
 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
2016. Ɍ. 18. ɋɟɪɢɹ «ɇɚɭɤɢ ɨ Ɂɟɦɥɟ». ɋ. 105–127 

118 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɞɪɨɥɢɡɚɬɧɨɝɨ ɦɨɞɭɥɹ (ȽɆ = Al2O3 + TiO2 + FeOɨɛɳ/SТO2) 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɞɟɥɹɬɶ ɩɨɪɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɥɢɛɨ ɩɪɨɞɭɤɬɵ ɝɢɞɪɨɥɢɡɚ, 
ɧɚɩɪɢɦɟɪ ɤɚɨɥɢɧɢɬ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɥɭɛɨɤɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɜɵ-
ɜɟɬɪɢɜɚɧɢɹ ɤɚɥɢɟɜɵɯ ɩɨɥɟɜɵɯ ɲɩɚɬɨɜ, ɥɢɛɨ ɡɪɟɥɵɟ ɨɫɚɞɤɢ, ɨɛɨɝɚɳɟɧɧɵɟ 
ɤɜɚɪɰɟɦ Д2Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ȽɆ ɜɨɡɪɚɫɬɚɟɬ ɫɬɟɩɟɧɶ 
ɯɢɦɢɱɟɫɤɨɝɨ ɜɵɜɟɬɪɢɜɚɧɢɹ ɩɨɪɨɞ, ɚ ɫ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɣ ɤɪɟɦɧɟɡɟɦɚ ɨɬɦɟ-
ɱɚɟɬɫɹ ɪɨɫɬ «ɡɪɟɥɨɫɬɢ» ɨɫɚɞɨɱɧɨɣ ɩɨɪɨɞɵ, ɨɛɨɝɚɳɚɸɳɟɣɫɹ ɨɛɥɨɦɨɱɧɵɦ 
ɤɜɚɪɰɟɦ. Ɂɧɚɱɟɧɢɟ ɝɢɞɪɨɥɢɡɚɬɧɨɝɨ ɦɨɞɭɥɹ ɜ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞɚɯ ɨɧɨɧ-
ɫɤɨɣ ɫɜɢɬɵ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,21 ɞɨ 0,36 (ɜ ɨɬɞɟɥɶɧɨɣ ɩɪɨɛɟ, ɨɬɜɟɱɚɸɳɟɣ ɦɢɤɪɨ-
ɤɜɚɪɰɢɬɭ, ɫɨɫɬɚɜɥɹɟɬ 0,04). ɉɨɪɨɞɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ 
ɲɢɪɨɤɨɣ ɜɚɪɢɚɰɢɟɣ ɡɧɚɱɟɧɢɣ ɝɢɞɪɨɥɢɡɚɬɧɨɝɨ ɦɨɞɭɥɹ (ȽɆ – 0,19–0,51), ɱɬɨ 
ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɫɨɱɟɬɚɧɢɢ ɜ ɢɯ ɢɫɬɨɱɧɢɤɟ ɩɨɪɨɞ, ɩɪɟɬɟɪɩɟɜɲɢɯ 
ɪɚɡɥɢɱɧɭɸ ɫɬɟɩɟɧɶ ɜɵɜɟɬɪɢɜɚɧɢɹ (ɪɢɫ. 7). ȼ ɰɟɥɨɦ ɦɟɬɚɨɫɚɞɨɱɧɵɟ ɩɨɪɨɞɵ 
ɤɚɤ ɨɧɨɧɫɤɨɣ, ɬɚɤ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɥɨɤɚɥɢɡɭɸɬɫɹ ɜ ɩɨɥɹɯ ɡɧɚɱɟɧɢɣ  
ȽɆ – 0,20–0,35 ɢ ȽɆ – 0,30–0,50, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɥɢɧɢɫɬɨ-ɤɪɟɦɧɢɫɬɵɦ ɢ 
ɤɪɟɦɧɢɫɬɨ-ɝɥɢɧɢɫɬɵɦ ɫɥɚɧɰɚɦ. 

Ⱥɥɸɦɨɤɪɟɦɧɢɟɜɵɣ ɦɨɞɭɥɶ (ȺɆ = AХ2O3/SТO2) ɩɨɡɜɨɥɹɟɬ ɪɚɡɥɢɱɚɬɶ 
ɝɥɢɧɢɫɬɵɟ (ȺɆ – 0,22–0,35) ɢ ɩɟɫɱɚɧɵɟ ɩɨɪɨɞɵ (ȺɆ – 0,10–0,22), ɭɱɢɬɵɜɚɹ 
ɫɬɟɩɟɧɶ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɜɵɜɟɬɪɢɜɚɧɢɹ (ɫɦ. ɪɢɫ. 7). ȼ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɫɜɢ-
ɬɵ ɜɟɥɢɱɢɧɵ ȺɆ ɜɚɪɶɢɪɭɸɬ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,18 ɞɨ 0,28 (ɜ ɦɢɤɪɨɤɜɚɪɰɢɬɟ 
ɫɨɫɬɚɜɥɹɟɬ 0,01), ɬɨɝɞɚ ɤɚɤ ɩɨɪɨɞɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɡɧɚɱɟɧɢɹɦɢ ȺɆ – 0,16–0,32, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɹ ɨ ɧɚɥɢɱɢɢ 
ɦɚɬɟɪɢɚɥɚ ɜ ɫɨɫɬɚɜɟ ɩɪɨɬɨɥɢɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɜɵɜɟ-
ɬɪɟɥɨɫɬɢ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ ɝɢɞɪɨɥɢɡɚɬɧɵɦ ɦɨɞɭɥɟɦ. 

  
 

Ɋɢɫ. 7. Ⱦɢɚɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɚɥɸɦɨɤɪɟɦɧɢɟɜɨɝɨ (AХ2O3/SТO2) 
ɢ ɝɢɞɪɨɥɢɡɚɬɧɨɝɨ (AХ2O3 + TiO2 + FeOɨɛɳ/SТO2) ɦɨɞɭɥɟɣ ɨɬ ɤɪɟɦɧɟɤɢɫɥɨɬɧɨɫɬɢ ɦɟ-
ɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ. ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɩɪɨɬɨɥɢɬɵ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɩɨ Д6Ж: 1 – ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 2 – ɚɥɟɜɪɨ-
ɥɢɬɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 3 – ɚɪɝɢɥɥɢɬɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 4 – ɫɢɥɢɰɢɬɵ (ɦɢɤɪɨɤɜɚɪɰɢ-
ɬɵ) ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 5 – ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ; 6 – ɚɥɟɜɪɨ-

ɥɢɬɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ; 7 – ɚɪɝɢɥɥɢɬɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ 



ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɂ ɉɊɂɊɈȾȺ ɆȿɌȺɈɋȺȾɈɑɇɕɏ ɉɈɊɈȾ  
 

119 

Ƚɟɨɯɢɦɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ  
ɚɤɤɪɟɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɆɈɉ 

ɋɨɞɟɪɠɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɊɁɗ), ɧɟɤɨɬɨɪɵɯ ɪɟɞɤɢɯ ɷɥɟ-
ɦɟɧɬɨɜ (Th, U, ГЫ, Sc), ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɵ ɨɬɞɟɥɶɧɵɯ ɢɧɞɢɤɚɬɨɪɧɵɯ ɪɟɞɤɨ-
ɷɥɟɦɟɧɬɧɵɯ ɨɬɧɨɲɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɜ ɦɟɬɚɨɫɚɞɨɱ-
ɧɵɯ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ, ɩɨɞɪɚɡɞɟɥɟɧɧɵɯ ɩɨ ɬɢɩɚɦ ɩɪɨ-
ɬɨɥɢɬɨɜ ɩɨ Д6Ж ɧɚ ɩɫɚɦɦɢɬɨɥɢɬɵ, ɚɥɟɜɪɨɥɢɬɵ ɢ ɚɪɝɢɥɥɢɬɵ. 

ɋɩɟɤɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɜ ɩɫɚɦɦɢɬɨɥɢɬɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ 
ɫɜɢɬ (ɪɢɫ. 8, Ⱥ) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɥɢɡɤɢɦɢ ɤ ɫɨɫɬɚɜɭ ɜɟɪɯɧɟɣ ɤɨɧɬɢɧɟɧɬɚɥɶ-
ɧɨɣ ɤɨɪɵ (ȼɄɄ) ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ, ɨɞɧɚɤɨ ɜ ɞɜɭɯ ɩɪɨɛɚɯ ɨɬɦɟɱɚɸɬɫɹ ɛɨɥɟɟ 
ɨɛɟɞɧɟɧɧɵɟ ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɜ ɨɛɥɚɫɬɢ ɥɟɝɤɢɯ ɢ ɬɹɠɟɥɵɯ ɥɚɧɬɚɧɨɢɞɨɜ, ɚ ɬɚɤɠɟ 
ɧɚɥɢɱɢɟɦ ɜ ɨɞɧɨɣ ɢɡ ɧɢɯ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɟɜɪɨɩɢɟɜɨɣ ɚɧɨɦɚɥɢɢ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɊɁɗ ɜ ɚɥɟɜɪɨɥɢɬɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ – ɪɟɡɤɨ 
ɨɬɥɢɱɧɨɟ (ɪɢɫ. 8, Ȼ). ɉɨ ɫɩɟɤɬɪɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɊɁɗ ɫɪɟɞɢ ɚɥɟɜɪɨɥɢɬɨɜ 
ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɬɢɩɚ ɚɥɟɜɪɨɥɢɬɨɜ: 1) ɜ ɤɨɬɨ-
ɪɵɯ ɫɩɟɤɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɥɢɡɤɢ ɤ ɚɥɟɜɪɨɥɢɬɚɦ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɢ 
ɫɯɨɠɢ ɫ ɬɚɤɨɜɵɦɢ ɜ ȼɄɄ; 2) ɫ ɛɨɥɟɟ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɫɨɞɟɪɠɚɧɢɹ ɊɁɗ ɜ ɰɟ-
ɥɨɦ ɢ ɫɭɳɟɫɬɜɟɧɧɵɦ ɞɟɮɢɰɢɬɨɦ ɥɟɝɤɢɯ ɢ ɫɪɟɞɧɢɯ ɥɚɧɬɚɧɨɢɞɨɜ, ɚ ɬɚɤɠɟ ɹɪ-
ɤɨ ɜɵɪɚɠɟɧɧɨɣ ɰɟɪɢɟɜɨɣ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɚɧɨɦɚɥɢɟɣ. 

ȼ ɚɪɝɢɥɥɢɬɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ (ɪɢɫ. 8, ȼ) ɧɚɛɥɸɞɚɟɬɫɹ ɜ 
ɰɟɥɨɦ ɛɥɢɡɤɨɟ ɤ ȼɄɄ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɊɁɗ. Ɉɞɧɚɤɨ ɩɨɪɨɞɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ 
ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɧɚɤɨɩɥɟɧɢɹ ɥɚɧɬɚɧɨɢɞɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ȼɄɄ 
ɢ ɫɥɚɛɨ ɜɵɪɚɠɟɧɧɭɸ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɰɟɪɢɟɜɭɸ ɚɧɨɦɚɥɢɸ, ɚ ɩɨɪɨɞɵ 
ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ – ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɧɚɤɨɩɥɟɧɢɹ ɊɁɗ ɢ ɫɥɚ-
ɛɨ ɜɵɪɚɠɟɧɧɭɸ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɟɜɪɨɩɢɟɜɭɸ ɚɧɨɦɚɥɢɸ. 

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɥɨɠɟɧɢɣ ɜ ɪɚɡɪɟɡɚɯ ɨɧɨɧɫɤɨɣ ɢ 

ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɹɜɥɹɟɬɫɹ ɱɟɪɟɞɨɜɚɧɢɟ ɫɥɨɟɜ ɦɟɬɚɛɚɡɢɬɨɜ, 
ɦɟɬɚɤɪɟɦɧɢɫɬɵɯ ɢ ɦɟɬɚɬɟɪɪɢɝɟɧɧɵɯ ɩɨɪɨɞ, ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɯɨɞɫɬɜɨ ɫ ɩɪɢɧ-
ɰɢɩɢɚɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɬɪɨɟɧɢɹ ɪɚɡɪɟɡɚ ɚɤɤɪɟɰɢɨɧɧɨɣ ɩɪɢɡɦɵ Д9Ж. 
ɂɡɜɟɫɬɧɨ Д1; 4; 9Ж, ɱɬɨ ɬɚɤɢɟ ɫɬɪɭɤɬɭɪɵ, ɤɚɤ ɚɤɤɪɟɰɢɨɧɧɵɟ ɩɪɢɡɦɵ, ɩɪɢɭɪɨ-
ɱɟɧɵ ɤ ɤɨɧɜɟɪɝɟɧɬɧɵɦ ɝɪɚɧɢɰɚɦ ɥɢɬɨɫɮɟɪɧɵɯ ɩɥɢɬ (ɨɫɬɪɨɜɧɵɦ ɞɭɝɚɦ, ɚɤ-
ɬɢɜɧɵɦ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɦ ɨɤɪɚɢɧɚɦ) ɢ ɫɨɫɬɨɹɬ ɢɡ ɜɭɥɤɚɧɨɝɟɧɧɨ-ɨɫɚɞɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. Ⱥɤɤɪɟɰɢɨɧɧɵɟ ɩɪɢɡɦɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɢɫɯɨɞɹ 
ɢɡ ɫɨɫɬɚɜɚ ɩɨɪɨɞ ɧɚ ɚɤɤɪɟɰɢɨɧɧɵɟ ɩɪɢɡɦɵ, ɤɨɬɨɪɵɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɥɨ-
ɠɟɧɵ ɬɭɪɛɢɞɢɬɚɦɢ, (ɬɢɩ Ⱥ) ɢ ɚɤɤɪɟɰɢɨɧɧɵɟ ɩɪɢɡɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɤɟɚɧɢ-
ɱɟɫɤɢɯ ɨɛɪɚɡɨɜɚɧɢɣ, (ɬɢɩ Ȼ) Д5Ж. 

Ɇɢɧɟɪɚɥɨɝɨ-ɩɟɬɪɨɝɪɚɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ 
ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ – ɧɚɥɢɱɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɞɟɤɫ-ɦɢɧɟɪɚɥɨɜ, ɦɢɧɟ-
ɪɚɥɶɧɵɯ ɩɚɪɚɝɟɧɟɡɢɫɨɜ ɜ ɰɟɥɨɦ, ɬɢɩɨɦɨɪɮɧɵɯ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɤɫɬɭɪɧɵɯ ɩɪɢ-
ɡɧɚɤɨɜ – ɩɨɡɜɨɥɹɸɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɬɢɩɢɱɧɵ ɞɥɹ 
ɡɟɥɟɧɨɫɥɚɧɰɟɜɨɣ ɮɚɰɢɢ ɦɟɬɚɦɨɪɮɢɡɦɚ. 
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Ɋɢɫ. 8. ɋɩɟɤɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɣ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ  
ɜ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞɚɯ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ, ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɤ ɫɪɟɞɧɟ-
ɦɭ ɫɨɫɬɚɜɭ ɩɨɫɬɚɪɯɟɣɫɤɨɝɨ ɫɥɚɧɰɚ Ⱥɜɫɬɪɚɥɢɢ (PAAS) ɉɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɩɨɤɚɡɚɧ 
ɫɨɫɬɚɜ ɜɟɪɯɧɟɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɤɨɪɵ (ȼɄɄ) ɩɨ Д10Ж. ɋɟɪɵɦ ɰɜɟɬɨɦ ɩɨɤɚɡɚɧɵ ɩɨ-

ɪɨɞɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ, ɱɟɪɧɵɦ – ɱɢɧɞɚɧɬɫɤɨɣ 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɩɪɨɹɜɥɹɸɳɭɸɫɹ ɜ ɦɟɬɚɨɫɚɞɨɱɧɵɯ 
ɩɨɪɨɞɚɯ ɤɚɤ ɨɧɨɧɫɤɨɣ, ɬɚɤ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ. ȼ ɩɨɪɨɞɚɯ, ɩɪɟɞɩɨɥɚɝɚɟɦɵ-
ɦɢ ɩɪɨɬɨɥɢɬɚɦɢ ɤɨɬɨɪɵɯ ɹɜɥɹɥɢɫɶ ɩɫɚɦɦɢɬɨɥɢɬɵ, ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɭɸ 
ɪɨɥɶ ɢɝɪɚɥɢ ɩɪɨɞɭɤɬɵ ɪɚɡɪɭɲɟɧɢɹ ɜɭɥɤɚɧɢɱɟɫɤɢɯ ɞɭɝ – ɜ ɧɢɯ ɡɧɚɱɟɧɢɹ 
K2O/Na2O < 1. ȼ ɩɨɪɨɞɚɯ, ɩɪɨɬɨɥɢɬɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɥɟɜɪɨɥɢɬɚɦɢ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨɥɹ ɦɚɬɟɪɢɚɥɚ ɨɛɥɚɫɬɟɣ ɫɧɨɫɚ ɤɚɤ ɜɭɥɤɚɧɢɱɟɫɤɢɯ ɞɭɝ, ɬɚɤ 
ɩɪɨɞɭɤɬɨɜ ɪɚɡɪɭɲɟɧɢɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɤɨɪɵ, ɚ ɫɨɨɬɧɨɲɟɧɢɹ ɨɤɫɢɞɨɜ ɤɚ-
ɥɢɹ ɢ ɧɚɬɪɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɤɚɤ K2O/Na2O < 1, ɬɚɤ ɢ K2O/Na2O > 1 (ɩɪɟɨɛ-
ɥɚɞɚɸɬ), ɩɪɟɞɩɨɥɚɝɚɹ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɤɚɥɢɟɜɨɝɨ ɩɨɥɟɜɨɝɨ ɲɩɚɬɚ ɜ 
ɩɪɨɞɭɤɬɚɯ ɪɚɡɪɭɲɟɧɢɹ. ɇɚɢɛɨɥɟɟ «ɛɨɝɚɬɵɦɢ» ɩɪɨɞɭɤɬɚɦɢ ɪɚɡɪɭɲɟɧɢɹ ɝɪɚ-
ɧɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɤɨɪɵ ɨɛɥɚɞɚɸɬ ɩɨɪɨɞɵ, ɩɪɨɬɨɥɢɬɵ ɤɨ-
ɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɪɝɢɥɥɢɬɚɦɢ, – ɜ ɧɢɯ ɡɧɚɱɟɧɢɹ K2O/Na2O > 1. 

ȼɚɠɧɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɩɨɥɢɦɢɤɬɨɜɵɯ ɩɨɪɨɞ ɹɜɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɜ 
ɧɢɯ ɨɛɥɨɦɤɨɜ ɜɭɥɤɚɧɢɬɨɜ ɨɫɧɨɜɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɫɨɫɬɚɜɚ. Ⱦɥɹ ɨɫɬɪɨɜɧɵɯ ɞɭɝ, 
ɫ ɤɨɬɨɪɵɦɢ ɫɜɹɡɚɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɤɤɪɟɰɢɨɧɧɵɯ ɩɪɢɡɦ, ɚɤɤɭɦɭɥɢɪɭɸɳɢɯ 
ɨɝɪɨɦɧɵɣ ɨɛɴɟɦ ɬɟɪɪɢɝɟɧɧɵɯ ɨɫɚɞɤɨɜ, ɩɨɫɬɚɜɳɢɤɚɦɢ ɬɚɤɨɝɨ ɨɛɥɨɦɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɫɥɭɠɚɬ ɜɭɥɤɚɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɨɣ ɫɩɟɰɢ-
ɮɢɤɢ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɭɦɟɫɬɧɨ ɫɪɚɜɧɢɜɚɬɶ ɜɟɳɟɫɬɜɟɧɧɵɟ ɢ ɝɟɧɟɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɫ ɫɨɫɬɚɜɚɦɢ ɨɫɬɪɨɜɧɵɯ ɞɭɝ ɢɥɢ ɚɤɬɢɜ-
ɧɵɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ ɨɤɪɚɢɧ ɜ ɤɚɱɟɫɬɜɟ ɜɟɪɨɹɬɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫɧɨɫɚ ɬɟɪɪɢ-
ɝɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɗɬɚɥɨɧɧɵɦ ɨɛɴɟɤɬɨɦ ɫɪɚɜɧɟɧɢɹ ɧɚ ɪɹɞ ɞɢɚɝɪɚɦɦ ɧɚɧɟ-
ɫɟɧɨ ɩɨɥɟ ɢɡɜɟɫɬɤɨɜɨ-ɳɟɥɨɱɧɵɯ ɜɭɥɤɚɧɢɱɟɫɤɢɯ ɩɨɪɨɞ ɨɫɧɨɜɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ 
ɫɨɫɬɚɜɚ Ʉɭɪɢɥɨ-Ʉɚɦɱɚɬɫɤɨɣ ɨɫɬɪɨɜɧɨɣ ɞɭɝɢ Д11; 12]. 

Ɋɚɡɦɟɳɟɧɢɟ ɮɢɝɭɪɚɬɢɜɧɵɯ ɬɨɱɟɤ ɫɨɫɬɚɜɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɧɚ ɞɢɚ-
ɝɪɚɦɦɚɯ ɚɥɸɦɨɤɪɟɦɧɢɟɜɨɝɨ ɢ ɝɢɞɪɨɥɢɡɚɬɧɨɝɨ ɦɨɞɭɥɟɣ (ɫɦ. ɪɢɫ. 7) ɩɪɟɢɦɭ-
ɳɟɫɬɜɟɧɧɨ ɜ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɨɜ ɜɭɥɤɚɧɢɬɨɜ Ʉɭɪɢɥɨ-Ʉɚɦɱɚɬɫɤɨɣ ɨɫɬɪɨɜɧɨɣ 
ɞɭɝɢ, ɚ ɬɚɤɠɟ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɨɛɨɢɦɢ ɦɨɞɭɥɹɦɢ ɢ ɤɪɟɦɧɟ-
ɡɟɦɨɦ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɫɧɨɫɚ ɦɨɝɥɢ 
ɫɥɭɠɢɬɶ ɩɪɨɞɭɤɬɵ ɪɚɡɪɭɲɟɧɢɹ ɩɨɪɨɞ ɨɫɬɪɨɜɧɨɣ ɞɭɝɢ (ɢɥɢ ɚɤɬɢɜɧɨɣ ɤɨɧɬɢ-
ɧɟɧɬɚɥɶɧɨɣ ɨɤɪɚɢɧɵ). Ɉɞɧɚɤɨ ɨɬɞɟɥɶɧɵɟ ɫɨɫɬɚɜɵ ɩɨɪɨɞ ɜ ɨɛɳɟɦ ɤɨɪɪɟɥɹ-
ɰɢɨɧɧɨɦ ɬɪɟɧɞɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɝɢɞɪɨɥɢɡɚɬɧɨ-
ɝɨ ɢ ɚɥɸɦɨɤɪɟɦɧɢɟɜɨɝɨ ɦɨɞɭɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɪɨɜɨɞɭɠɧɵɦɢ ɢɫɬɨɱɧɢ-
ɤɚɦɢ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɢɯ ɤɪɟɦɧɟɡɟɦɚ, ɱɬɨ, ɧɚɢɛɨɥɟɟ 
ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜ ɩɪɨɬɨɥɢɬɚɯ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɩɟɥɚɝɢɱɟ-
ɫɤɢɯ ɨɫɚɞɤɨɜ. əɪɤɢɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɷɬɨɝɨ ɫɥɭɠɢɬ ɧɚɥɢɱɢɟ ɦɢɤɪɨɤɜɚɪɰɢ-
ɬɨɜ ɢ ɹɲɦɨɢɞɨɜ ɜ ɪɚɡɪɟɡɟ ɢɫɫɥɟɞɭɟɦɵɯ ɫɜɢɬ. Ɋɟɞɤɨɡɟɦɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ɬɚɤ-
ɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɨɬɨɥɢɬɚ ɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ 
ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɢɝɪɚɥɢ ɞɜɚ ɬɢɩɚ ɨɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɬɟɪɪɢɝɟɧɧɵɣ, 
ɩɪɢɫɭɬɫɬɜɭɸɳɢɣ ɧɚ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦ ɫɤɥɨɧɟ, ɢ ɛɢɨɝɟɧɧɵɣ (ɤɪɟɦɧɢɫɬɵɣ), 
ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɩɟɥɚɝɢɚɥɶɧɨɣ ɡɨɧɵ ɨɤɟɚɧɚ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɞɨɛɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɠɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɜɹɡɵɜɚɬɶ ɫ 
ɞɪɭɝɢɦ ɩɪɟɞɩɨɥɚɝɚɟɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɫɧɨɫɚ – ɚɤɬɢɜɧɨɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɨɤɪɚ-
ɢɧɨɣ. ɇɟɥɶɡɹ ɬɚɤɠɟ ɢɫɤɥɸɱɚɬɶ ɢ ɧɚɥɢɱɢɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɨɜ ɪɚɡɪɭɲɟɧɢɹ 
ɨɫɬɪɨɜɧɨɣ ɞɭɝɢ (ɫɢɚɥɢɱɟɫɤɨɝɨ ɬɢɩɚ) ɛɨɥɟɟ ɤɢɫɥɵɯ ɩɨɪɨɞ, ɧɚɩɪɢɦɟɪ ɪɢɨɥɢɬɨɜ. 



ɘ. ȼ. ɇɈɋɄɈȼȺ, ɋ. ɂ.  ȾɊɂɅɖ ɂ ȾɊ.  
 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
2016. Ɍ. 18. ɋɟɪɢɹ «ɇɚɭɤɢ ɨ Ɂɟɦɥɟ». ɋ. 105–127 

122 

Ʉ ɩɨɞɨɛɧɵɦ ɜɵɜɨɞɚɦ ɩɪɢɜɨɞɢɬ ɚɧɚɥɢɡ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɨɜ ɩɨɪɨɞ 
ɱɢɧɞɚɧɬɫɤɨɣ ɢ ɨɧɨɧɫɤɨɣ ɫɜɢɬ ɧɚ ɞɢɫɤɪɢɦɢɧɚɰɢɨɧɧɵɯ ɞɢɚɝɪɚɦɦɚɯ Ɇ. Ɋ. 
Ȼɯɚɬɢɹ (ɪɢɫ. 9, 10, 11). ɇɚ ɛɢɧɚɪɧɨɣ ɞɢɚɝɪɚɦɦɟ Al2O3/SiO2 – Fe2O3*+ MgO 

(ɫɦ. ɪɢɫ. 9) ɢ ɬɪɟɭɝɨɥɶɧɨɣ ɞɢɚɝɪɚɦɦɟ Th-La-Sc (ɪɢɫ. 10) ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɫɨ-
ɫɬɚɜɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɪɨɞ ɥɨɤɚɥɢɡɨɜɚɧɚ ɜ ɨɛɥɚɫɬɢ B, ɨɬɜɟɱɚɸɳɟɣ ɤɨɧɬɢ-
ɧɟɧɬɚɥɶɧɵɦ ɨɫɬɪɨɜɧɵɦ ɞɭɝɚɦ, ɚ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ 
ɮɢɝɭɪɚɬɢɜɧɵɯ ɬɨɱɟɤ ɜ ɰɟɥɨɦ ɨɬɜɟɱɚɟɬ ɨɛɥɚɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɨɫɬɚɜɨɜ 
ɨɤɟɚɧɢɱɟɫɤɢɯ ɨɫɬɪɨɜɧɵɯ ɞɭɝ (ɫɦ. ɪɢɫ. 9). 

ɇɚ ɞɢɚɝɪɚɦɦɟ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɢɧɞɢɤɚɬɨɪɧɵɟ ɝɟɨɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
Ti/ГЫ ɢ La/Sc, ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɨɛɥɚɫɬɢ 
ɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɨɤɪɚɢɧɟ, ɬɨɝɞɚ ɤɚɤ ɩɨɪɨɞɵ 
ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɨɛɥɚɫɬɢ B, ɨɬɜɟɱɚɸɳɟɣ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɨɫɬɪɨɜɧɨɣ ɞɭɝɟ. 

 

 
 

Ɋɢɫ. 9. Ⱦɢɫɤɪɢɦɢɧɚɰɢɨɧɧɚɹ ɞɢɚɝɪɚɦɦɚ Ɇ. Ɋ. Ȼɯɚɬɢɹ Д14Ж  
ɞɥɹ ɬɟɪɪɢɝɟɧɧɵɯ ɩɨɪɨɞ ɢɡ ɪɚɡɥɢɱɧɵɯ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɫɬɚɧɨɜɨɤ: 1 – ɩɫɚɦɦɢɬɨ-
ɥɢɬɵ (ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ) ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 2 – ɚɥɟɜɪɨɥɢɬɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 
3 – ɚɪɝɢɥɥɢɬɵ ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 4 – ɫɢɥɢɰɢɬɵ (ɦɢɤɪɨɤɜɚɪɰɢɬɵ) ɨɧɨɧɫɤɨɣ ɫɜɢɬɵ; 5 – 

(ɩɫɚɦɦɢɬɨɥɢɬɵ) ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ; 6 – ɚɥɟɜɪɨɥɢɬɵ 
ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ; 7 – ɚɪɝɢɥɥɢɬɵ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬɵ. ɉɨɥɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 

ɩɟɫɱɚɧɢɤɢ ɢɡ ɪɚɡɥɢɱɧɵɯ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɨɛɫɬɚɧɨɜɨɤ: A – ɨɤɟɚɧɢɱɟɫɤɢɟ ɨɫɬɪɨɜɧɵɟ 
ɞɭɝɢ, B – ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɟ ɨɫɬɪɨɜɧɵɟ ɞɭɝɢ, C – ɚɤɬɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ, 

D – ɩɚɫɫɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ 
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Ɋɢɫ. 10. Ɍɪɟɭɝɨɥɶɧɚɹ ɞɢɚɝɪɚɦɦɚ Ɇ. Ɋ. Ȼɯɚɬɢɹ Д14Ж ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ  

ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɨɛɫɬɚɧɨɜɨɤ ɧɚɤɨɩɥɟɧɢɹ ɝɪɚɭɜɚɤɤ: Ⱥ – ɨɤɟɚɧɢɱɟɫɤɢɟ ɨɫɬɪɨɜɧɵɟ ɞɭɝɢ; 
B – ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɟ ɨɫɬɪɨɜɧɵɟ ɞɭɝɢ; ɋ – ɚɤɬɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ; D – 

ɩɚɫɫɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ 

 

 
Ɋɢɫ. 11. Ⱦɢɫɤɪɢɦɢɧɚɰɢɨɧɧɚɹ ɞɢɚɝɪɚɦɦɚ TТ/ГЫ-LК/SМ ɩɨ Д15Ж.  

ɉɨɥɹ ɫɨɫɬɚɜɨɜ ɩɨɪɨɞ: Ⱥ – ɨɤɟɚɧɢɱɟɫɤɢɟ ɨɫɬɪɨɜɧɵɟ ɞɭɝɢ; B – ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɟ ɨɫɬ-
ɪɨɜɧɵɟ ɞɭɝɢ; ɋ – ɚɤɬɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ; D – ɩɚɫɫɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶ-
ɧɚɹ ɨɤɪɚɢɧɚ. ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɩɪɨɬɨɥɢɬɨɜ: 1–3 – ɨɧɨɧɫɤɚɹ ɫɜɢɬɚ (1 – ɩɨɥɢ-

ɦɢɤɬɨɜɵɟ ɩɟɫɱɚɧɢɤɢ, 2 – ɚɥɟɜɪɨɥɢɬɵ, 3 – ɚɪɝɢɥɥɢɬɵ), 4–6 – ɱɢɧɞɚɧɬɫɤɚɹ ɫɜɢɬɚ (4 – 

ɩɨɥɢɦɢɤɬɨɜɵɟ ɩɟɱɚɧɢɤɢ, 5 – ɚɥɟɜɪɨɥɢɬɵ, 6 – ɚɪɝɢɥɥɢɬɵ) 



ɘ. ȼ. ɇɈɋɄɈȼȺ, ɋ. ɂ.  ȾɊɂɅɖ ɂ ȾɊ.  
 

ɂɡɜɟɫɬɢɹ ɂɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
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ȼɵɜɨɞɵ 
Ⱥɧɚɥɢɡ ɥɢɬɨɯɢɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ 

ɢ ɱɢɧɞɚɧɬɫɤɨɣ ɫɜɢɬ ȼɨɫɬɨɱɧɨɝɨ Ɂɚɛɚɣɤɚɥɶɹ ɩɨɡɜɨɥɢɥ ɜɵɹɫɧɢɬɶ, ɱɬɨ 
ɝɪɚɭɜɚɤɤɨɜɵɟ ɢ ɚɪɤɨɡɨɜɵɟ ɪɚɡɧɨɫɬɢ ɬɟɪɪɢɝɟɧɧɵɯ ɩɨɪɨɞ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɪɢ-
ɦɟɪɧɨ ɜ ɪɚɜɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɜ ɨɛɟɢɯ ɫɜɢɬɚɯ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ 
ɩɨɫɬɭɩɥɟɧɢɢ ɜ ɛɚɫɫɟɣɧ ɨɫɚɞɤɨɧɚɤɨɩɥɟɧɢɹ ɤɚɤ ɦɚɬɟɪɢɚɥɚ ɪɚɡɦɵɜɚ ɜɭɥɤɚɧɢ-
ɬɨɜ ɨɫɧɨɜɧɨɝɨ – ɫɪɟɞɧɟɝɨ ɫɨɫɬɚɜɚ, ɬɚɤ ɢ ɩɪɨɞɭɤɬɨɜ ɪɚɡɪɭɲɟɧɢɹ ɩɨɪɨɞ ɡɪɟɥɨɣ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɣ ɤɨɪɵ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɜɟɳɟɫɬɜɟɧɧɵɯ ɢ ɝɟɨɯɢɦɢɱɟɫɤɢɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɜɨɞɢɬ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɨɛɫɬɚɧɨɜɤɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɬɚɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɧɨɧɫɤɨɣ ɢ ɱɢɧɞɚɧɬɫɤɨɣ 
ɫɜɢɬ ɹɜɥɹɥɚɫɶ ɚɤɬɢɜɧɚɹ ɤɨɧɬɢɧɟɧɬɚɥɶɧɚɹ ɨɤɪɚɢɧɚ ɫ ɭɱɚɫɬɢɟɦ ɩɟɥɚɝɢɱɟɫɤɢɯ 
ɨɫɚɞɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɨɛɧɵɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɧɚɢɛɨɥɶɲɟɣ 
ɫɬɟɩɟɧɢ ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɚɤɤɪɟɰɢɨɧɧɨɝɨ ɤɥɢɧɚ, ɮɨɪɦɢɪɭɸɳɟɝɨɫɹ 
ɩɟɪɟɞ ɡɨɧɨɣ ɫɭɛɞɭɤɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɞɟɪɠɚɧɵ ɝɪɚɧɬɚɦɢ ɊɎɎɂ 15-05-05079 ɢ 14-05-00887. 
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RoМФЬ oП OЧoЧЬФКвК КЧН TМСТЧНКЧЭЬФКвК SЮТЭЬ  
(EКЬЭ TЫКЧЬЛКТФКХТК) 
ВЮ. V. NШЬФШЯК, S. I. Dril 

A. P. VТЧШРrКНШЯ IЧsЭТЭЮЭО ШП GОШМСОЦТsЭrв SB RAS 

S. A. Sasim 

Irkutsk State University  

A. P. VТЧШРrКНШЯ IЧsЭТЭЮЭО ШП GОШМСОЦТsЭrв SB RAS 

O. V. ГКЫЮЛТЧК 

A. P. VТЧШРrКНШЯ IЧsЭТЭЮЭО ШП GОШМСОЦТsЭrв SB RAS 

AЛЬЭЫКМЭ. Accretionary complexes are the important geological structures as their study 

allows insights regarding the individual stages of geodynamic evolution of orogenic belts 

and the nature of the sedimentary material involved. The Ononsky accretionary complex 

of the East Transbaikalia mainly consists of metasedimentary rocks of ononskaya and 

tchindantskaya suits. The article considers the petrography, lithochemical and geochemi-

cal characteristics of metasedimentary rocks from the ononskaya and tchindantskaya suits. 

Based on petrochemical classification by Neelov A. N. we reconstructed the probable 

ЩЫШЭШХТЭСЬ ПШЫ ЭСОЬО ЫШМФЬ: ЦШЧШЦТМЭ ЩЬКЦЦТЭШХТЭОЬ КЧН ЩШХТЦТМЭ ЬКЧНЬЭШЧОЬ КЧН ЬТХЭЬЭШЧОЬ 
for the ononskaya suite and polimict sandstones, siltstones and argillites for the tchindant-

skaya suite. Petrochemical modules demonstrate island arc sources that are likely associ-

ated with the presence of pelagic deposits in their protoliths. Rare earth characteristics of 

the studied metasedimentary rocks also confirm that two types of the sedimentary material 

played an importaЧЭ ЫШХО ТЧ ЭСО ЩЫШЭШХТЭС: ЭОЫЫТРОЧШЮЬ, ЩЫОЬОЧЭ ШЧ МШЧЭТЧОЧЭКХ ЬХШЩОЬ КЧН 
ЛТШРОЧТМ (ЬТХТМК) ЭвЩТМКХ ШП ЭСО ЩОХКРТМ гШЧО ТЧ ЭСО ШМОКЧ. Thus, on the basis of both petro-

chemical and geochemical characteristics it was found that the most probable geodynamic 

setting for the formation of sedimentary rocks from the studied ononskaya and tchindant-

skaya suites was an active continental margin with the participation of pelagic deposits. 

Similar geodynamic conditions are the case within the accretionary wedge formed in front 

of the subduction zone. 
KОваoЫНЬ: Mongolia-Okhotsk fold belt, East Transbaikalia, accretion prism, subduction, 

metasedimentary rocks, geodynamic reconstruction, geochemistry of sedimentary rocks. 
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