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ȼȼȿȾȿɇɂȿ 

 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. ɋɨɡɞɚɧɢɟ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ 

ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɍɫɢɥɟɧɢɟ ɪɨɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɦɟɪɧɵɟ ɷɮɮɟɤɬɵ ɞɥɹ ɪɹɞɚ ɨɛɴɟɤɬɨɜ ɩɨɡɜɨ-

ɥɹɸɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɚ ɜ ɧɟɤɨɬɨ-

ɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢɜɨɞɹɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɯ ɮɢɡɢɱɟɫɤɢɯ ɹɜ-

ɥɟɧɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɫɬɟɤɥɨɤɟɪɚ-

ɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɫɯɨɞɧɨɣ 

ɚɦɨɪɮɧɨɣ ɮɚɡɵ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɚɤɫɢɦɭɦɵ ɪɨɫɬɚ 

ɱɢɫɥɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɪɨɞɵɲɟɣ ɢ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɪɚɡɦɟɪɨɜ ɧɟ ɫɨɜɩɚɞɚɸɬ 

ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ Д1Ж. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɞɛɨɪ ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬ-

ɤɢ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɞɥɹ 

ɤɨɬɨɪɵɯ ɜɟɫɶ ɨɛɴɟɦ ɢɥɢ ɡɧɚɱɢɬɟɥɶɧɚɹ ɟɝɨ ɱɚɫɬɶ ɡɚɧɹɬɵ ɭɩɨɪɹɞɨɱɟɧɧɵɦɢ 

ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɨɛɥɚɫɬɹɦɢ. ɉɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜɨɡɦɨɠɧɨ ɫɬɚɛɢɥɢ-

ɡɢɪɨɜɚɬɶ ɩɨɞɨɛɧɵɟ ɞɢɫɩɟɪɫɧɵɟ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢɚɥɵ, ɫɜɨɣɫɬɜɚ 

ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɨɞɧɨɪɨɞɧɵɯ ɫɪɟɞ. ɋɢɧɬɟɡ ɢ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɦɧɨ-

ɝɨɮɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɢ ɨɩɪɟɞɟɥɹɟɬ ɨɞɧɨ ɢɡ 

ɫɬɪɚɬɟɝɢɱɧɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɢ ɩɪɢɤɥɚɞɧɨɣ ɮɢɡɢɤɢ 

ɬɜɟɪɞɨɝɨ ɬɟɥɚ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɨɥɭ-

ɱɟɧɢɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɫ ɜɵɫɨɤɢɦ ɢɨɧɧɵɦ ɜɤɥɚɞɨɦ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɜɨɞɢ-

ɦɨɫɬɶ. ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɬɜɟɪɞɵɯ ɷɥɟɤ-

ɬɪɨɥɢɬɚɯ ɩɨɡɜɨɥɹɟɬ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɨɥɭɱɢɬɶ ɩɟɪɟ-

ɯɨɞ ɨɬ ɧɟɩɪɨɜɨɞɹɳɟɝɨ ɤ ɩɪɨɜɨɞɹɳɟɦɭ ɬɨɤ ɫɨɫɬɨɹɧɢɸ, ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɩɟɪɟ-

ɯɨɞ ɜ ɫɭɩɟɪɢɨɧɧɭɸ ɮɚɡɭ, ɢɡɦɟɧɢɬɶ ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɨɬ ɚɧɢɨɧɧɨɝɨ ɤ 

ɤɚɬɢɨɧɧɨɦɭ, ɨɬ ɦɟɠɞɨɭɡɟɥɶɧɨɝɨ ɤ ɜɚɤɚɧɫɢɨɧɧɨɦɭ Дβ, γЖ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 

ɜɨɡɪɚɫɬɚɟɬ ɢɧɬɟɪɟɫ ɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɧɟɨɞɧɨɪɨɞɧɵɦ ɬɜɟɪɞɵɦ ɷɥɟɤɬɪɨɥɢɬɚɦ, 

ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɛɨɥɟɟ ɱɟɦ ɢɡ ɨɞɧɨɣ ɮɚɡɵ Дβ, γ]. ȼ ɤɚɱɟɫɬɜɟ ɮɚɡ ɪɚɫɫɦɚɬɪɢ-
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ɜɚɸɬɫɹ ɨɛɥɚɫɬɢ ɪɚɡɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɧɵɟ ɮɚɡɵ ɢɥɢ ɩɨ-

ɪɚɡɧɨɦɭ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɤɪɢɫɬɚɥɥɢɬɵ ɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɨɦɢɦɨ ɯɢɦɢɱɟ-

ɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɮɚɡ, ɞɥɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɟɧɧɵɦɢ 

ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɢ ɪɚɡɦɟɪɵ ɨɞɧɨɪɨɞɧɵɯ ɨɛɥɚɫɬɟɣ, 

ɯɚɪɚɤɬɟɪ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɫɬɟɤɥɨɤɟɪɚ-

ɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜɚɪɶɢɪɨɜɚɧɢɟ ɫɬɟɯɢɨɦɟɬɪɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ ɩɨɡ-

ɜɨɥɹɸɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɭ ɢ ɦɨɪɮɨɥɨɝɢɸ ɭɩɨɪɹ-

ɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɢ ɦɟɠɮɚɡɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɫ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɟɪɫɩɟɤ-

ɬɢɜɧɵ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɫɟɦɟɣɫɬɜɚ ɥɢɬɢɟɜɵɯ ɝɟɪɦɚɧɚɬɨɜ Li2O-xGeO2. Ɋɚɧɟɟ ɛɵ-

ɥɨ ɩɨɤɚɡɚɧɨ Д4-θЖ, ɱɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɤɪɢɫɬɚɥɥɨɜ ɫɟɦɟɣɫɬɜɚ Li2O-ɯGeO2 ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɞɜɢɠɟɧɢɟɦ ɦɟɠɞɨɭɡɟɥɶɧɵɯ ɢɨɧɨɜ δТ ɜɞɨɥɶ ɤɚɧɚɥɨɜ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɤɫɢɞ ɝɟɪɦɚɧɢɹ GОτ2 ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɫɬɟɤ-

ɥɨɨɛɪɚɡɨɜɚɬɟɥɟɦ Д1Ж ɢ ɫɬɟɤɥɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨ-

ɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ. ɋ ɭɱɟɬɨɦ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɩɨ ɢɡɭɱɟɧɢɸ 

ɤɪɢɫɬɚɥɥɨɜ Д4-6], ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɩɨɥɭɱɢɬɶ ɫɬɟɤɥɨɤɟɪɚɦɢɤɭ ɥɢɬɢɟɜɵɯ 

ɝɟɪɦɚɧɚɬɨɜ, ɢɫɫɥɟɞɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɚɜ, ɦɨɪɮɨɥɨɝɢɸ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɫɬɟɤɥɚ ɢ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚ-

ɰɢɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2. 

ɋɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. Ⱦɢɫɫɟɪ-

ɬɚɰɢɹ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɩɪɨɝɪɚɦɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫ-

ɫɥɟɞɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɤɚɮɟɞɪɟ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɨɩɬɨ-

ɷɥɟɤɬɪɨɧɢɤɢ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ɉɥɟɫɹ 

Ƚɨɧɱɚɪɚ ɜ ɩɟɪɢɨɞ ɫ β010 ɩɨ β01η ɝɝ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɜ ɯɨɞɟ 

ɜɵɩɨɥɧɟɧɢɹ ɝɨɫɛɸɞɠɟɬɧɵɯ ɬɟɦμ «Ɏɭɧɤɰɿɨɧɚɥɶɧɿ ɧɟɨɞɧɨɪɿɞɧɨɫɬɿ ɭ ɤɪɢɫɬɚɥɚɯ 

ɚɤɬɢɜɧɢɯ ɞɿɟɥɟɤɬɪɢɤɿɜ» (β009-11 ɝɝ., ɆɈɇ ɍɤɪɚɢɧɵ, ʋ ɝɨɫ. ɪɟɝɢɫɬɪɚɰɢɢ 

0109U000162); «Ɏɿɡɢɱɧɿ ɩɪɢɧɰɢɩɢ ɩɿɞɜɢɳɟɧɧɹ ɨɩɬɢɱɧɨʀ ɹɤɨɫɬɿ ɤɪɢɫɬɚɥɿɜ ɞɥɹ 

ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɟɥɟɤɬɪɨɧɿɤɢ» (2012-14 ɝɝ., ɆɈɇ ɍɤɪɚɢɧɵ, ʋ ɝɨɫ. ɪɟɝɢɫɬɪɚ-

ɰɢɢ 0114U006333); «Ɇɿɤɪɨ- ɬɚ ɧɚɧɨɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɿ ɤɪɢɫɬɚɥɢ ɡ ɩɪɨɫɬɨɪɨ-

ɜɨɸ ɧɟɨɞɧɨɪɿɞɧɿɫɬɸ. Ɇɨɧɨɤɪɢɫɬɚɥɢ, ɫɤɥɨ-ɤɟɪɚɦɿɤɚ, ɬɨɧɤɿ ɩɥɿɜɤɢ ɡ ɨɫɨɛɥɢɜɢ-
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ɦɢ ɟɥɟɤɬɪɨɮɿɡɢɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ» (β01η-17 ɝɝ., ɆɈɇ ɍɤɪɚɢɧɵ, ʋ ɝɨɫ. 

ɪɟɝɢɫɬɪɚɰɢɢ 011ηU002389). 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ – ɭɫɬɚɧɨ-

ɜɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ, ɜɵɹɜɢɬɶ 

ɦɟɯɚɧɢɡɦɵ ɜɥɢɹɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɦɨɪɮɨɥɨɝɢɢ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣ-

ɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɨɩɪɟ-

ɞɟɥɟɧɵ ɢ ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɧɢɹ: 

– ɩɪɨɜɟɫɬɢ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ             

Li2O-xGeO2; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ          

Li2O-xGeO2; 

– ɢɫɫɥɟɞɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɢ ɦɨɪɮɨɥɨɝɢɸ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ, ɤɨɬɨɪɵɟ ɜɨɡɧɢ-

ɤɚɸɬ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ; 

– ɢɡɭɱɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɦɨɪɮɧɵɯ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ; 

– ɢɫɫɥɟɞɨɜɚɬɶ ɞɢɧɚɦɢɤɭ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ, ɫɬɟɤɥɟ ɢ ɫɬɟɤɥɨɤɟɪɚ-

ɦɢɤɟ Li2O-ɯGeO2; 

– ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧ-

ɧɵɯ ɩɪɢ ɢɡɭɱɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫ ɞɚɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɥɨ-

ɤɚɥɶɧɨɣ ɞɢɧɚɦɢɤɢ ɢɨɧɨɜ ɥɢɬɢɹ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɜ ɚɦɨɪɮɧɵɯ 

ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɞɢɷɥɟɤɬɪɢɤɚɯ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɢ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɚɹ ɩɨɥɹɪɢ-

ɡɚɰɢɹ ɜ ɚɦɨɪɮɧɵɯ ɢ ɝɟɬɟɪɨɮɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ Li2O-xGeO2. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɨɰɟɫɫɵ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ 

(ȾɋɄ). ɋɬɪɭɤɬɭɪɚ ɮɚɡ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

ɫɬɟɤɨɥ, ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɊɎȺ). Ɇɨɪɮɨ-

ɥɨɝɢɹ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡɭɱɚɥɚɫɶ ɦɟɬɨɞɨɦ ɚɬɨɦɧɨɣ ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨ-

ɩɢɢ (ȺɋɆ). ɉɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɢɫ-

ɫɥɟɞɨɜɚɥɢɫɶ ɦɟɬɨɞɚɦɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
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ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ ɨɩɢɫɚɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚ-

ɦɟɳɟɧɢɹ. Ʌɨɤɚɥɶɧɚɹ ɞɢɧɚɦɢɤɚ ɢ ɩɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ ɥɢɬɢɹ ɢɫɫɥɟɞɨɜɚɧɵ ɩɨ 

ɫɩɟɤɬɪɚɦ ɹɞɟɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ (əɆɊ) ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɡɚɜɢɫɢɦɨ-

ɫɬɹɦ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɞɢɫɫɟɪɬɚɰɢɢ ɜɩɟɪɜɵɟμ 

– ɨɩɪɟɞɟɥɟɧɚ ɦɨɪɮɨɥɨɝɢɹ ɝɟɬɟɪɨɮɚɡɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ Li2O-7GeO2 

– ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɥɚ ɢɡ ɬɜɟɪɞɨɣ ɮɚɡɵ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɨɛɴɟɦɟ ɨɛɪɚɡɰɨɜ ɢ ɩɨɞɚɜɥɟɧɚ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɥɚɫɬɹɯ; 

– ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɬɟɤɨɥ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɨɟɞɢɧɟ-

ɧɢɹ Li2O-xGeO2 (ɯ=7, 11.η) ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨ-

ɹɧɢɢ, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɚɦɨɪɮɧɨɣ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɚɦɢ. ɇɚɧɨɤɪɢɫɬɚɥɥɢ-

ɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɦɨɠɧɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɩɭɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɢɠɟ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ Tg; 

– ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɭɩɨɪɹɞɨɱɟɧ-

ɧɵɯ ɨɛɥɚɫɬɹɯ ɢ ɚɦɨɪɮɧɨɦ ɦɟɠɮɚɡɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2. Ɂɚɮɢɤɫɢɪɨɜɚɧɵ ɷɮɮɟɤɬɵ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɨɣ ɩɨ-

ɥɹɪɢɡɚɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɤɨɩɥɟɧɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɝɪɚɧɢɰɚɯ ɭɩɨɪɹ-

ɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ; 

– ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɨɜ əɆɊ ɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɹɞɟɪ 7Li 

ɢɡɭɱɟɧɚ ɬɟɪɦɢɱɟɫɤɚɹ ɚɤɬɢɜɚɰɢɹ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ δТ+, ɩɟɪɟɦɟɳɟɧɢɹ ɤɨ-

ɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɫɨɟɞɢɧɟɧɢɹɯ Li2O-xGeO2. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɬɟɤɨɥ ɢ ɩɨɥɭɱɟɧɢɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 

Li2O-xGeO2 ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɫɪɟɞ, 

ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-

ɧɨ-ɨɞɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɬɨɝɨ ɠɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ.  

ɇɚ ɩɪɢɦɟɪɟ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2 ɩɨɤɚɡɚɧɚ ɷɮɮɟɤ-

ɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɝɟɬɟɪɨɮɚɡɧɵɯ ɫɪɟɞ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
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ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɨɜ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɥɢɬɢɟɜɨ-

ɝɟɪɦɚɧɢɟɜɵɟ ɨɤɫɢɞɵ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ 

ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɢɩɢɱɧɵ ɞɥɹ ɹɜɥɟɧɢɣ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢ ɨɛɴɟɦ-

ɧɨ-ɡɚɪɹɞɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɧɟɨɞɧɨɪɨɞɧɵɯ ɞɢɷɥɟɤɬɪɢɤɚɯ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɢɫɫɟɪɬɚɰɢɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɥɟɤɰɢɨɧɧɵɯ 

ɤɭɪɫɚɯ «Ɏɢɡɢɤɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ», «Ɏɢɡɢɤɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɢɫɬɟɦ», «Ɏɭɧɤɰɢɨ-

ɧɚɥɶɧɵɟ ɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ», ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɜ ɩɪɨɝɪɚɦɦɭ ɩɨɞɝɨ-

ɬɨɜɤɢ ɛɚɤɚɥɚɜɪɨɜ ɢ ɦɚɝɢɫɬɪɨɜ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ «Ɏɢɡɢɤɚ» ɢ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

«Ɏɢɡɢɤɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ» ɜ Ⱦɇɍ ɢɦ. Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ. ɇɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɥɨɠɢɥ ɧɚɭɱ-

ɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɩɪɨɮ. Ɍɪɭɛɢɰɵɧ Ɇ.ɉ. Ɉɛɪɚɡɰɵ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15 

ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɩɪɨɮ. ȼɨɥɧɹɧɫɤɢɦ Ɇ.Ⱦ. Ɉɛɪɚɡɰɵ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 

ɩɨɥɭɱɟɧɵ ɚɜɬɨɪɨɦ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬɚɯ, ɩɪɨɜɟɞɟɧɵ ɚɜɬɨɪɨɦ ɥɢɱɧɨ ɢɥɢ ɩɪɢ 

ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɭɱɚɫɬɢɢ.  

Ⱥɜɬɨɪɨɦ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɤɨɧɬɪɨɥɢ-
ɪɭɟɦɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɜɵɯ ɫɜɨɣɫɬɜ [7-11Ж ɩɪɨɜɨ-
ɞɢɥɨɫɶ ɧɚ ɉɚɜɥɨɝɪɚɞɫɤɨɦ ɯɢɦɢɱɟɫɤɨɦ ɡɚɜɨɞɟ ɫɨɜɦɟɫɬɧɨ ɫ ɡɚɜ. ɥɚɛ. Ɇɚɣɨɪ-
ɫɤɨɣ Ɍ.Ⱥ. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ Д9, 12, 13Ж ɩɨɥɭɱɟɧɵ ɩɪɢ ɭɱɚɫɬɢɢ ɢɧɠ. Ƚɨɥɨɜ-
ɤɨ ȼ.Ⱥ. ɢ ɞɨɰ. Ɋɹɛɰɟɜɚ ɋ.ɂ. ɧɚ ɤɚɮɟɞɪɟ ɦɟɬɚɥɥɨɮɢɡɢɤɢ Ⱦɇɍ ɢɦ. Ɉɥɟɫɹ Ƚɨɧɱɚ-
ɪɚ. Ɇɨɪɮɨɥɨɝɢɹ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɢɡɭɱɚɥɚɫɶ ɦɟɬɨɞɨɦ ȺɋɆ Д14Ж ɜ 
Ʉɇɍ ɢɦ. Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɨ, ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɮ. ɇɟɞɟɥɶɤɨ ɋ.Ƚ. ɗɥɟɤɬɪɨɩɪɨɜɨɞ-
ɧɨɫɬɶ [8, 11, 15, 16Ж ɢ ɫɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ [17-19] ɢɡɭɱɚɥɢɫɶ ɚɜɬɨɪɨɦ ɫɨɜɦɟɫɬɧɨ 
ɫ ɩɪɨɮ. ȼɨɥɧɹɧɫɤɢɦ Ɇ.Ⱦ. ɢ ɞɨɰ. ɉɥɹɤɨɣ ɋ.ɇ. ɧɚ ɤɚɮɟɞɪɟ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟ-
ɥɚ ɢ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ Ⱦɇɍ ɢɦ. Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ. ɂɡɭɱɟɧɢɟ əɆɊ Д20Ж ɩɪɨɜɟɞɟɧɨ 

ɜ Ɍɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɝ. Ⱦɚɪɦɲɬɚɞɬ (Ƚɟɪɦɚɧɢɹ) ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɮ. Ɏɨ-
ɝɟɥɟɦ Ɇ. ɢ ɤ. ɯ. ɧ. ɉɟɬɪɨɜɵɦ Ɉ.ȼ. Ɉɛɪɚɛɨɬɤɚ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɨɫɭɳɟɫɬɜɥɟɧɚ ɥɢɱɧɨ ɚɜɬɨɪɨɦ. ȼɦɟɫɬɟ ɫ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɢ ɫɨɚɜɬɨɪɚɦɢ 
ɩɭɛɥɢɤɚɰɢɣ ɫɨɢɫɤɚɬɟɥɶ ɩɪɢɧɢɦɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɨɛɫɭɠɞɟɧɢɢ ɢ 
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ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɮɨɪɦɭɥɢɪɨɜɤɟ ɜɵɜɨɞɨɜ ɢ ɧɚɩɢɫɚɧɢɢ 
ɫɬɚɬɟɣ. 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭ-

ɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫ-

ɫɥɟɞɨɜɚɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ, ɫɨ-

ɝɥɚɫɨɜɚɧɧɨɫɬɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɢɦɟɸɳɢɯ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɢ 

ɥɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɚ ɧɚ ɨɫ-

ɧɨɜɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

Ɋɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧ-

ɧɵɦɢ, ɩɪɨɲɥɢ ɚɩɪɨɛɚɰɢɸ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ, ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 

ɪɟɮɟɪɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪ-
ɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɢɯ ɤɨɧɮɟɪɟɧ-
ɰɢɹɯ: ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɮɢɡɢɤɟ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɨɜ (ȼɄɋ-XIX, 

Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ, 20-βγ ɢɸɧɹ β011 ɝ.); 11-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɫɢɦɩɨɡɢɭɦ ɩɨ ɫɟ-
ɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɞɨɦɟɧɚɦ, ɦɢɤɪɨ- ɢ ɧɚɧɨɫɤɨɩɢɱɟɫɤɢɦ ɫɬɪɭɤɬɭɪɚɦ (ISFD-

11, ȿɤɚɬɟɪɢɧɛɭɪɝ, Ɋɨɫɫɢɹ, β0-β4 ɚɜɝɭɫɬɚ β01β ɝ.); ɍɤɪɚɢɧɫɤɨ-ɉɨɥɶɫɤɨ-

Ʌɢɬɨɜɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɮɢɡɢɤɟ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɨɜ (UPL-2012, Ʌɶɜɨɜ, 
ɍɤɪɚɢɧɚ, 10-1γ ɫɟɧɬɹɛɪɹ β01β); 13-ɹ ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɫɟɝɧɟ-
ɬɨɷɥɟɤɬɪɢɤɚɦ (IMF-13, Ʉɪɚɤɨɜ, ɉɨɥɶɲɚ, β-θ ɫɟɧɬɹɛɪɹ β01γ); Ʉɨɧɮɟɪɟɧɰɢɹ ɩɨ 
ɩɪɢɦɟɧɟɧɢɸ ɩɨɥɹɪɧɵɯ ɞɢɷɥɟɤɬɪɢɤɨɜ (ECAPD-2014, ȼɢɥɶɧɸɫ, Ʌɢɬɜɚ, 7-11 

ɢɸɥɹ β014); Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɫɢɦɩɨɡɢɭɦ ɩɨ ɩɶɟɡɨɨɬɤɥɢɤɭ ɜ ɫɢɥɨɜɨɣ ɦɢɤɪɨ-
ɫɤɨɩɢɢ ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɦ ɹɜɥɟɧɢɹɦ ɜ ɩɨɥɹɪɧɵɯ ɦɚɬɟɪɢɚɥɚɯ (PFM-β014, ȿɤɚ-
ɬɟɪɢɧɛɭɪɝ, Ɋɨɫɫɢɹ, 14-17 ɢɸɥɹ β014); 7-ɹ ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɸ ɢ ɮɢɡɢɤɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (MSCMP-14, 

ɑɢɫɢɧɚɭ, Ɇɨɥɞɨɜɚ, 1θ-1λ ɫɟɧɬɹɛɪɹ β014); Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɦ (FM&NT-β01η, ȼɢɥɶɧɸɫ, 
Ʌɢɬɜɚ, η-8 ɨɤɬɹɛɪɹ β01η); ɢɬɨɝɨɜɵɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ Ⱦɇɍ ɢɦ. Ɉɥɟɫɹ 

Ƚɨɧɱɚɪɚ (2010-1η ɝɝ.). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 14 ɩɟɱɚɬɧɵɯ 
ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ θ ɫɬɚɬɟɣ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ, 4 ɢɡ 
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ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɜ ɧɚɭɤɨɦɟɬɪɢɱɟɫɤɭɸ ɛɚɡɭ ɞɚɧɧɵɯ «Scopus», ɚ ɬɚɤɠɟ ɬɟɡɢɫɵ 8 
ɞɨɤɥɚɞɨɜ ɜ ɫɛɨɪɧɢɤɚɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ.  

ɋɬɪɭɤɬɭɪɚ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɪɚɡ-
ɞɟɥɨɜ, ɡɚɤɥɸɱɟɧɢɹ ɢ ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ. Ɉɛɳɢɣ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɚɜ-
ɥɹɟɬ 133 ɫɬɪ., ɜɤɥɸɱɚɹ ɨɫɧɨɜɧɨɣ ɬɟɤɫɬ ɧɚ 118 ɫɬɪ., 42 ɪɢɫɭɧɤɨɜ, 7 ɬɚɛɥɢɰ ɢ 
ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɢɡ 132 ɧɚɢɦɟɧɨɜɚɧɢɣ. 

Ɋɚɡɞɟɥ 1 ɜɤɥɸɱɚɟɬ ɨɛɡɨɪɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɚɦɨɪɮɧɵɯ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɚ 

ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɫɨɟɞɢɧɟɧɢɹɯ Li2O-xGeO2. 

ȼ ɪɚɡɞɟɥɟ β ɤɪɚɬɤɨ ɨɩɢɫɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɫɬɟɤɨɥɶɧɵɯ, ɱɚɫɬɢɱ-
ɧɨ ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ, ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡ-
ɰɨɜ. Ⱦɚɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɦɟɬɨɞɢɤɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ. 

ȼ ɪɚɡɞɟɥɟ γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɫɬɟɤɨɥ Li2O-xGeO2. Ɉɩɪɟɞɟɥɟɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. 

ɋɞɟɥɚɧ ɜɵɜɨɞ ɨɛ ɨɛɴɟɦɧɨɦ ɯɚɪɚɤɬɟɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɂɡɭɱɟɧɚ ɦɨɪɮɨɥɨɝɢɹ 

ɚɦɨɪɮɧɵɯ ɢ ɝɟɬɟɪɨɮɚɡɧɵɯ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. 

ȼ ɪɚɡɞɟɥɟ 4 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤ-
ɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɬɟɤɨɥ Li2O-xGeO2. ɂɡɭɱɟɧɵ ɨɫɨ-
ɛɟɧɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɪɚɫɫɬɟɤɥɨɜɚ-
ɧɢɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ. Ɉɛɫɭɠɞɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɩɪɢɱɢɧɵ ɭɜɟɥɢɱɟɧɢɹ ɡɧɚɱɟ-
ɧɢɣ ı ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ.  

ȼ ɪɚɡɞɟɥɟ 5 ɢɫɫɥɟɞɭɸɬɫɹ ɦɟɯɚɧɢɡɦɵ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ ɫɨɟɞɢɧɟɧɢɹɯ 
Li2O-xGeO2. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɢɦɩɟɞɚɧɫɚ ɞɥɹ ɜɫɟɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ 
ɩɥɨɫɤɨɫɬɢ (ȡ'-ȡ"). ɋɩɟɤɬɪɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɦɨɞɟɥɢɪɭɸɬɫɹ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ. Ʌɨɤɚɥɶɧɚɹ ɞɢɧɚɦɢɤɚ ɢɨɧɨɜ 
ɥɢɬɢɹ ɨɛɫɭɠɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ əɆɊ ɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ 
ɪɟɥɚɤɫɚɰɢɢ ɹɞɟɪ ɢɡɨɬɨɩɚ 7Li. ɋɨɩɨɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɭɞɟɥɶɧɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɞɚɧɧɵɯ əɆɊ. 
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ɊȺɁȾȿɅ 1  

ɋɈȿȾɂɇȿɇɂə ɅɂɌɂȿȼɈ-ȽȿɊɆȺɇɂȿȼɕɏ ɈɄɋɂȾɈȼ 

 

1.1. ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɨɜ ɥɢɬɢɟɜɵɯ ɝɟɪɦɚɧɚɬɨɜ 

 

ɋɟɦɟɣɫɬɜɨ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ ɧɚɫɱɢɬɵɜɚɟɬ ɨɞɢɧɧɚɞɰɚɬɶ ɫɨ-

ɟɞɢɧɟɧɢɣ [21-23], ɱɬɨ ɞɟɥɚɟɬ ɫɢɫɬɟɦɭ Li2O-xGeO2 ɧɚɢɛɨɥɟɟ ɦɧɨɝɨɱɢɫɥɟɧɧɨɣ 

ɫɪɟɞɢ Ⱥ-ɝɟɪɦɚɧɚɬɨɜ/ɫɢɥɢɤɚɬɨɜ (ɝɞɟ Ⱥ-δТ, σК, Ʉ, Rb, Cs) [21]. ɋɨɨɬɧɨɲɟɧɢɹ 

ɥɢɬɢɣ/ɝɟɪɦɚɧɢɣ ɜ ɞɚɧɧɨɦ ɫɟɦɟɣɫɬɜɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ – ɨɬ 8μ1 

ɞɨ βμ7. Ʉ ɤɪɢɫɬɚɥɥɚɦ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ ɨɬɧɟɫɟɧɵ ɫɨɟɞɢɧɟɧɢɹ, ɜ 

ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɨɫɧɨɜɧɨɟ ɤɥɚɫɫɢɮɢɤɚɰɢɨɧɧɨɟ ɭɫɥɨɜɢɟ ɜɵɞɟɥɟɧɢɹ ɤɢɫ-

ɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɨɥɟɣ, ɚ ɢɦɟɧɧɨ, ɧɚɥɢɱɢɟ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɯ ɬɟɬɪɚ-

ɷɞɪɨɜ [GeO4]. Ɇɧɨɝɨɨɛɪɚɡɢɟ ɧɚɛɥɸɞɚɟɦɵɯ ɫɬɪɭɤɬɭɪ ɫɜɹɡɚɧɨ c ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɚɬɨɦɨɜ ɝɟɪɦɚɧɢɹ ɜ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ [GeO6Ж ɢ 

ɬɟɬɪɚɷɞɪɚɷɞɪɢɱɟɫɤɢɯ [GeO4] ɩɨɥɢɷɞɪɚɯ, ɢ ɛɨɥɶɲɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɜɚɪɢɚɧɬɨɜ 

ɢɯ ɪɚɡɦɟɳɟɧɢɹ ɜ ɬɪɟɯɦɟɪɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪɚɯ Д21Ж. ȼ ɩɪɢɪɨɞɧɵɯ 

ɭɫɥɨɜɢɹɯ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɟ ɨɤɫɢɞɵ ɧɟ ɨɛɧɚɪɭɠɟɧɵ. ȼɫɟ ɚɧɚɥɢɡɢɪɭɟɦɵɟ 

ɫɨɟɞɢɧɟɧɢɹ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɚɦɢ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ 

ɧɢɡɤɨ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɪɚɫ-

ɩɥɚɜɚ Д21]. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɤɪɢɫɬɚɥɥɵ ɫɟɦɟɣɫɬɜɚ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤ-

ɫɢɞɨɜ. ɉɨɥɭɱɟɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge4O9 ɹɜɥɹɟɬɫɹ 

ɱɪɟɡɜɵɱɚɣɧɨ ɫɥɨɠɧɨɣ ɢ ɩɥɨɯɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɣ ɡɚɞɚɱɟɣ. ɉɨɥɧɨɟ ɫɬɪɭɤɬɭɪ-

ɧɨɟ ɪɟɲɟɧɢɟ ɩɨɥɭɱɟɧɨ ɬɨɥɶɤɨ ɞɥɹ ɫɨɫɬɚɜɚ LiNaGe4O9. Ɍɟɬɪɚɝɟɪɦɚɧɚɬ ɥɢɬɢɹ 

ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ Pbcn, ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɨɦɛɢɱɟɫɤɨɣ ɪɟ-

ɲɟɬɤɢμ ɚ=λ.γ1 й, b=4.68 й, c=1η.88 й. Ɇɨɧɨɤɪɢɫɬɚɥɥ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɤɪɢ-

ɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ-ɧɟɡɚɜɢɫɢɦɵɣ ɧɚɛɨɪ ɩɪɨɫɬɟɣɲɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰμ 

ɨɞɢɧ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɣ ɨɤɬɚɷɞɪ, ɬɪɢ ɬɟɬɪɚɷɞɪɚ, ɨɞɢɧ ɚɬɨɦ ɥɢɬɢɹ, ɨɞɢɧ 

ɚɬɨɦ ɧɚɬɪɢɹ (LiNaGeVIGe3
IVO9). ɋɬɪɭɤɬɭɪɚ LiNaGe4O9 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢ-
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ɱɢɟɦ ɨɤɬɚɷɞɪɨɜ [GeO6] ɢ ɛɟɫɤɨɧɟɱɧɵɯ ɰɟɩɨɱɟɤ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɟɬɪɚɷɞɪɨɜ 

[GeO4]. ɉɨɥɢɷɞɪɵ ɫɜɹɡɚɧɵ ɨɛɳɢɦɢ ɜɟɪɲɢɧɚɦɢ (ɬɟɬɪɚɷɞɪ-ɬɟɬɪɚɷɞɪ) ɢɥɢ ɝɪɚ-

ɧɹɦɢ (ɬɟɬɪɚɷɞɪ-ɨɤɬɚɷɞɪ) (ɪɢɫ. 1.1). 

 

Ɋɢɫ. 1.1. ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɚ LiNaGeVIGe3
IVO9 ɜ ɩɪɨɟɤɰɢɢ ɧɚ ɩɥɨɫɤɨɫɬɶ XZ 

[21] 

 

Ʉɪɢɫɬɚɥɥɵ ɢɦɟɸɬ ɫɥɨɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭμ ɜ ɩɥɨɫɤɨɫɬɢ XZ ɚɬɨɦɵ δТ, Na, 

GeVI ɨɛɪɚɡɭɸɬ ɫɥɨɢ ɩɪɢ ɭ=0.η. Ɇɟɠɞɭ ɫɥɨɹɦɢ ɪɚɫɩɨɥɨɠɟɧɵ ɛɟɫɤɨɧɟɱɧɵɟ 

ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɟ ɰɟɩɨɱɤɢ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɬɟɬɪɚɷɞɪɚɦɢ [GeO4]. ɍɫɬɚ-

ɧɨɜɥɟɧɨ [21], ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɦɛɢɱɟɫɤɨɝɨ LiNaGe4O9 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɥɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɪɚɫɫɬɨɹɧɢɣ Ge-O ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ 

ɫɜɹɡɟɣ. ɑɟɬɤɨ ɪɚɡɧɟɫɟɧɵ ɩɨ ɜɟɥɢɱɢɧɟ ɞɥɢɧɵ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɯ ɫɜɹɡɟɣ 
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ɜ ɫɥɭɱɚɟ ɤɨɧɰɟɜɵɯ (1.71θ-1.7η8 й) ɢ ɦɨɫɬɢɤɨɜɵɯ (1.7η7-1.78λ й) ɚɬɨɦɨɜ ɜ 

ɬɟɬɪɚɷɞɪɚɯ. 

ɋɪɟɞɢ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɪɢɫɬɚɥɥɨɜ ɫɟɦɟɣɫɬɜɚ Li2O-xGeO2 ɜɧɢɦɚɧɢɟ ɢɫ-

ɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɜɥɟɤɚɟɬ ɝɟɩɬɚɝɟɪɦɚɧɚɬ ɥɢɬɢɹ Li2Ge7O15, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 

ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɨɦ ɫ ɚɧɨɦɚɥɶɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ ɫɩɨɧɬɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ 

[24, 25], ɜɨɡɧɢɤɚɸɳɟɣ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Ɍɫ=β8γ.η Ʉ. 

ɋɬɪɭɤɬɭɪɚ Li2Ge7O15 ɬɚɤɠɟ ɫɱɢɬɚɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ ɟɟ ɨɫ-

ɧɨɜɟ ɫɭɩɟɪɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ [26].  

Ⱥɜɬɨɪɵ Дβ7, 28] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɩɚɪɚɮɚɡɟ ɫɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɨɜ 

Li2Ge7O15 ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɨɣ ɫɢɦɦɟɬɪɢɢ D2h
14. ɉɚɪɚɦɟɬɪɵ ɪɟɲɟɬɤɢ ɫɨɫɬɚɜɥɹɸɬ 

ɚ=7.γθ й, b=16.76 й, c=9.69 й. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ-ɧɟɡɚɜɢɫɢɦɵɣ ɧɚɛɨɪ 

ɩɪɨɫɬɟɣɲɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ ɫɨɞɟɪɠɢɬ 1 ɨɤɬɚɷɞɪ, ɲɟɫɬɶ ɬɟɬɪɚɷɞɪɨɜ ɢ 2 

ɚɬɨɦɚ ɥɢɬɢɹ (Li2GeVIGe6
IVO15). ɗɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɮɨɪ-

ɦɭɥɶɧɵɯ ɟɞɢɧɢɰ. 

Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɚ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫ 1.β. Ⱥɬɨɦɵ Li1, Li2 ɢ Ge ɜ ɲɟɫɬɢɤɨɨɪɞɢɧɚɰɢɨɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɪɚɡɭɸɬ 

ɰɟɩɨɱɟɱɧɵɟ ɫɭɛɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɜ ɩɥɨɫɤɨɫɬɢ YZ ɧɚ ɜɵɫɨɬɟ ɯ=0.η. 

ɂɡɨɥɢɪɨɜɚɧɧɵɟ ɨɤɬɚɷɞɪɵ [GeO6Ж ɫɨɟɞɢɧɟɧɵ ɧɟɩɪɟɪɵɜɧɵɦɢ ɰɟɩɨɱɤɚɦɢ, ɫɨ-

ɫɬɨɹɳɢɦɢ ɢɡ ɬɟɬɪɚɷɞɪɨɜ ДGОɈ4], ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɩɨɡɢɰɢɹɯ ɫ ɯ=0.78 ɢ 

ɯ=0.7β (ɠɢɪɧɵɟ ɥɢɧɢɢ).  

ȼ ɤɚɪɤɚɫɟ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15 ɢɦɟɸɬɫɹ ɫɤɜɨɡɧɵɟ ɤɚɧɚɥɵ – ɛɨɥɟɟ ɩɪɨ-

ɫɬɨɪɧɵɟ ɜɞɨɥɶ ɨɫɢ ɚ ɢ ɦɟɧɟɟ ɲɢɪɨɤɢɟ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɫ. ȼ ɤɚɧɚɥɚɯ ɪɚɫɩɨ-

ɥɚɝɚɸɬɫɹ ɢɨɧɵ Li+, ɤɨɬɨɪɵɟ ɤɨɦɩɟɧɫɢɪɭɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɝɟɪɦɚɧɢɟɜɨ-

ɤɢɫɥɨɪɨɞɧɨɝɨ ɨɫɬɨɜɚ ɢ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɞɜɭɯ ɫɬɪɭɤɬɭɪɧɨ-ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɩɨɡɢɰɢɹɯ. ɂɨɧɵ ɜ ɭɡɥɚɯ Li1 ɨɛɥɚɞɚɸɬ ɫɢɦɦɟɬɪɢɟɣ ɋi, ɜ ɛɥɢɠɚɣɲɟɦ ɨɤɪɭɠɟ-

ɧɢɢ ɪɚɫɩɨɥɨɠɟɧɵ ɱɟɬɵɪɟ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɜ ɜɟɪɲɢɧɚɯ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɨɤɬɚɷɞ-

ɪɨɜ. ɂɨɧɵ Li2 ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɭɡɥɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɫɬɪɭɤ-

ɬɭɪɧɵɯ ɤɚɧɚɥɨɜ, ɩɪɨɯɨɞɹɳɢɯ ɜɞɨɥɶ ɨɫɟɣ ɚ ɢ ɫ [28, 29Ж ɢ ɨɛɥɚɞɚɸɬ ɦɨɧɨɤɥɢɧ-

ɧɨɣ ɫɢɦɦɟɬɪɢɟɣ ɋ2. Ȼɥɢɠɚɣɲɢɦɢ ɫɨɫɟɞɹɦɢ ɞɥɹ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɭɡɥɚɯ Li2 ɹɜ-
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ɥɹɸɬɫɹ ɞɜɚ ɢɨɧɚ ɤɢɫɥɨɪɨɞɚ Ɉ2-. ɂɨɧɵ ɥɢɬɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɷɬɨɣ ɩɨɡɢɰɢɢ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɚɛɟɟ ɫɜɹɡɚɧɵ ɫ ɤɚɪɤɚɫɨɦ ɪɟɲɟɬɤɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ [30], ɧɚɥɢɱɢɟ 

ɤɚɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ 

ɫɜɨɣɫɬɜ ɫɭɩɟɪɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ.  

 

 

Ɋɢɫ. 1.β. ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɚ Li2GeVIGe6
IVO15 ɜ ɩɪɨɟɤɰɢɢ ɧɚ ɩɥɨɫɤɨɫɬɶ YZ 

[21] 

 

ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɨɜ ɥɢɬɢɟɜɵɯ ɝɟɪɦɚɧɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɚ ɞɨɫɬɚɬɨɱɧɨ 

ɩɨɞɪɨɛɧɨ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɫɬɢ ɢ ɤɚɱɟɫɬɜɟɧɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 

ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɟɤɨɥ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭ-

ɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2.  
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1.2. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɫɥɚɛɨɩɨɥɹɪɧɨɟ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɬɜɨ ɜ 
ɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 

 

ɂɧɬɟɪɟɫ ɤ ɤɪɢɫɬɚɥɥɚɦ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɜɹɡɚɧ ɫ 

ɧɚɥɢɱɢɟɦ ɫɥɚɛɨɩɨɥɹɪɧɨɝɨ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Дβ4, 25] 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍɫ=β8γ.η Ʉ, ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɚɜɬɨɪɚɦɢ Д31, 32Ж. ȼ ɬɟ-

ɱɟɧɢɟ ɩɨɫɥɟɞɭɸɳɢɯ ɥɟɬ ɛɵɥɨ ɨɩɭɛɥɢɤɨɜɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɪɚɛɨɬ, ɩɨ-

ɫɜɹɳɟɧɧɵɯ ɢɡɭɱɟɧɢɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɨɩɬɢɱɟɫɤɢɯ, ɩɶɟɡɨ- ɢ ɩɢɪɨɷɥɟɤɬɪɢɱɟ-

ɫɤɢɯ, ɚ ɬɚɤɠɟ ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15. Ɋɹɞ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧ ɞɢ-

ɧɚɦɢɤɟ ɪɟɲɟɬɤɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɨɫɧɨɜɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣ-

ɫɬɜɚɯ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɨɛɡɨɪɧɵɯ ɪɚɛɨɬɚɯ [26, 33, 34]. 

Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɜ ɨɤɪɭɠɟɧɢɢ ɩɪɢɦɟɫ-

ɧɵɯ ɰɟɧɬɪɨɜ Mn2+ ɢ Cr3+, ɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ Ɍɫ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟ-

ɬɨɞɚɦɢ ɗɉɊ Д35-38Ж ɢ əɆɊ Д39-42], ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ⱥɜɬɨɪɵ Дβ8, 43Ж ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ 

ɧɟɣɬɪɨɧɧɨɣ ɞɢɮɪɚɤɰɢɢ ɪɚɡɪɚɛɨɬɚɥɢ ɦɨɞɟɥɶ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɤɪɢɫɬɚɥɥɚɯ 

ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. ɉɚɪɚɷɥɟɤɬɪɢɱɟɫɤɚɹ ɮɚɡɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɚɧɢɡɨɬɪɨɩ-

ɧɵɦ ɬɟɩɥɨɜɵɦ ɞɜɢɠɟɧɢɟɦ ɚɬɨɦɨɜ, ɩɪɢ ɤɨɬɨɪɨɦ ɝɥɚɜɧɵɟ ɨɫɢ ɤɨɥɟɛɚɧɢɣ ɩɪɨ-

ɯɨɞɹɬ ɦɟɠɞɭ ɞɜɭɦɹ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ. ɉɪɢ ɩɨɧɢɠɟ-

ɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɱɚɫɬɶ ɤɚɪɤɚɫɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɯ ɩɨ-

ɥɢɷɞɪɨɜ, ɩɪɟɬɟɪɩɟɜɚɟɬ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɬɢɩɚ ɫɦɟɳɟɧɢɹ ɡɚ ɫɱɟɬ ɩɪɟɤɪɚɳɟɧɢɹ 

ɧɚɤɥɨɧɧɨ-ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɟɬɪɚɷɞɪɨɜ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɞɟɥɢ 

ɦɹɝɤɨɣ ɦɨɞɵ, ɧɚɛɥɸɞɚɟɦɨɣ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ Д44-46]. Ɂɚɮɢɤɫɢɪɨ-

ɜɚɧɧɨɟ ɫɦɟɳɟɧɢɟ ɚɬɨɦɨɜ ɜ ɭɡɥɚɯ Li2, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɛɨɥɟɟ ɲɢɪɨɤɢɯ 

ɫɬɪɭɤɬɭɪɧɵɯ ɤɚɧɚɥɚɯ, ɩɪɢ ɮɚɡɨɜɨɦ ɩɟɪɟɯɨɞɟ ɥɭɱɲɟ ɨɩɢɫɵɜɚɟɬɫɹ ɦɨɞɟɥɶɸ 

ɬɢɩɚ ɩɨɪɹɞɨɤ-ɛɟɫɩɨɪɹɞɨɤ Д47-49Ж, ɱɟɦ ɦɨɞɟɥɶɸ ɚɧɨɦɚɥɶɧɨ ɛɨɥɶɲɢɯ ɬɟɩɥɨɜɵɯ 

ɤɨɥɟɛɚɧɢɣ (ɦɨɞɟɥɶ ɬɢɩɚ ɫɦɟɳɟɧɢɹ). ɋɨɫɬɨɹɧɢɟ ɚɬɨɦɨɜ ɜ ɩɨɡɢɰɢɢ Li1 ɫɨɯɪɚ-

ɧɹɟɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɣ.  
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ȼ ɪɚɛɨɬɟ [50] ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɢɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɜɟɤɬɨɪ 

ɫɩɨɧɬɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɢɡɦɟɧɹɟɬ ɡɧɚɤ ɩɪɢ Ɍ=184 Ʉ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɨɡ-

ɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɩɨɧɬɚɧɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ Li2Ge7O15 ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɤɥɚɞɨɦ ɞɜɭɯ (ɢɥɢ ɛɨɥɟɟ) ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɞɪɟɲɟɬɨɤ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ 

ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɵɦɢ ɞɢɩɨɥɶɧɵɦɢ ɦɨɦɟɧɬɚɦɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɹɪɧɨɟ ɫɨ-

ɫɬɨɹɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɢɦɟɬɶ ɮɟɪɪɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɢɪɨ-

ɞɭ. Ⱥɬɨɪɚɦɢ Дη0Ж ɛɵɥɨ ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɨɞɧɚ ɢɡ ɩɨɞɪɟɲɟɬɨɤ ɫ 

ɪɟɡɨɧɚɧɫɧɵɦ ɬɢɩɨɦ ɞɢɫɩɟɪɫɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɨɦɭ 

ɫɬɪɭɤɬɭɪɧɨɦɭ ɤɚɪɤɚɫɭ, ɬɨɝɞɚ ɤɚɤ ɞɪɭɝɚɹ ɩɨɞɪɟɲɟɬɤɚ ɫ ɞɟɛɚɟɜɫɤɢɦ ɬɢɩɨɦ ɞɢɫ-

ɩɟɪɫɢɢ ɦɨɠɟɬ ɛɵɬɶ ɫɨɩɨɫɬɚɜɥɟɧɚ ɫ ɫɢɫɬɟɦɨɣ ɢɨɧɨɜ ɥɢɬɢɹ.  

ɂɡɭɱɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɩɚɪɚɮɚɡɟ ɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ 

ɥɢɬɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɪɚɛɨɬɚɯ Д4-6, 2θЖ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɜɵɲɟ η00 Ʉ ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɚɧɢɡɨɬɪɨɩɢɹ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨ-

ɜɨɞɧɨɫɬɢ ı. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɨɫɨɛɟɧɧɨ-

ɫɬɹɦɢ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ı ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɢɠɟɧɢɟɦ ɦɟɠ-

ɞɨɭɡɟɥɶɧɵɯ ɢɨɧɨɜ ɥɢɬɢɹ ɜɞɨɥɶ ɤɚɧɚɥɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. Ʉɜɚ-

ɡɢɭɫɬɨɣɱɢɜɵɟ ɩɨɡɢɰɢɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬ ɧɨɫɢɬɟɥɟɣ 

ɡɚɪɹɞɚ, ɪɚɡɞɟɥɟɧɵ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɛɚɪɶɟɪɨɦ ɜɵɫɨɬɨɣ 1.04 ɷȼ. 

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɝɟɬɟɪɨɜɚɥɟɧɬɧɵɯ ɩɪɢɦɟɫɟɣ Д26, 51, 52Ж ɫɭ-

ɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ ı. Ʌɟɝɢɪɨɜɚɧɢɟ ɢɨɧɚɦɢ ɯɪɨɦɚ Li2Ge7O15:Cr3+ 

(0.1% ɜɟɫ.) ɧɚ ɩɨɪɹɞɨɤ ɩɨɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. ɂɨɧɵ Cr3+ 

ɡɚɦɟɳɚɸɬ Ge4+ ɜ ɰɟɧɬɪɟ ɤɢɫɥɨɪɨɞɧɵɯ ɨɤɬɚɷɞɪɨɜ, ɱɬɨ ɜɧɨɫɢɬ ɢɡɛɵɬɨɱɧɵɣ ɨɬ-

ɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɜ ɢɨɧɧɵɣ ɨɫɬɨɜ. Ʉɨɦɩɟɧɫɚɰɢɹ ɷɬɨɝɨ ɡɚɪɹɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬ-

ɫɹ ɢɡɛɵɬɨɱɧɵɦɢ ɦɟɠɞɨɭɡɟɥɶɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ. Ɉɧɢ ɫɥɚɛɨ ɫɜɹɡɚɧɵ ɫ ɪɟɲɟ-

ɬɨɱɧɵɦ ɤɚɪɤɚɫɨɦ, ɥɟɝɤɨ ɩɨɤɢɞɚɸɬ ɫɜɨɢ ɩɨɡɢɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɧɨɫɹɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɷɥɟɤ-

ɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. 

Ɉɛɪɚɬɧɵɣ ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɡɚɦɟɳɟɧɢɢ ɢɨɧɨɜ Li+ ɧɚ Mn2+, ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ ɥɢɬɢɟɜɵɟ ɜɚɤɚɧɫɢɢ ɢ ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 
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ɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɫɧɢɠɚɟɬɫɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɮɚɤɬɚ ɜ [26] 

ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 500-700 Ʉ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ 

ɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 ɫɨɨɬɜɟɫɬɜɭɟɬ ɦɟɯɚɧɢɡɦɭ ɧɟɫɨɛɫɬɜɟɧɧɨɣ (ɢɥɢ ɩɪɢɦɟɫ-

ɧɨɣ) ɩɪɨɜɨɞɢɦɨɫɬɢ Д53Ж. ɉɨɜɵɲɟɧɢɟ ı ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɭɫɥɨɜ-

ɥɟɧɨ ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɟɣ ɩɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ.  

 

1.3. Ʌɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɟ ɫɬɟɤɥɚ 

 

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɨɞɧɨ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɮɢ-

ɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɫɜɹɡɚɧɨ ɫ ɫɨɡɞɚɧɢɟɦ ɝɟɬɟɪɨɝɟɧɧɵɯ ɦɧɨɝɨɮɚɡɧɵɯ ɦɚɬɟɪɢɚ-

ɥɨɜ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɧɟɨɞɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ 

ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ. ɋɬɟɤɥɨɤɟɪɚɦɢɤɚ – ɷɬɨ ɦɧɨɝɨɮɚɡɧɚɹ ɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɮɚɡɭ ɢ ɫɬɟɤɥɨ. Ɉɛɵɱɧɨ ɫɬɟɤɥɨɤɟɪɚɦɢɤɭ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ 

ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɢɡɦɟɧɟɧɢɹ ɮɢ-

ɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɣ ɜ 

ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɢɡɭɱɟɧɢɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɢ-

ɫɬɟɦ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɯ 

ɤɪɢɫɬɚɥɥɢɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ (ɫɦ. ɩ. 1.1. ɢ 1.β.), ɧɨ ɢ ɨ 

ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɯ ɫɚɦɨɝɨ ɫɬɟɤɥɚ. ȼ ɫɥɭɱɚɟ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞ-

ɧɵɯ ɫɬɟɤɨɥ, ɫɬɪɭɤɬɭɪɚ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɵ ɬɪɟɛɭɟɬ ɨɬɞɟɥɶɧɨɝɨ ɨɛɫɭɠɞɟɧɢɹ ɜ 

ɫɜɹɡɢ ɫ ɢɦɟɸɳɟɣɫɹ ɚɧɨɦɚɥɢɟɣ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɥɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ «ɝɟɪ-

ɦɚɧɚɬɧɨɣ ɚɧɨɦɚɥɢɟɣ».  

əɜɥɟɧɢɟ ɝɟɪɦɚɧɚɬɧɨɣ ɚɧɨɦɚɥɢɢ ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɨ ɂɜɚɧɨɜɵɦ ɢ ȿɜ-

ɫɬɪɨɩɢɟɜɵɦ Д54Ж ɜ ɧɚɬɪɢɣ- ɢ ɤɚɥɢɣ-ɝɟɪɦɚɧɚɬɧɵɯ ɚɦɨɪɮɧɵɯ ɫɢɫɬɟɦɚɯ ɢ ɩɨɡɞ-

ɧɟɟ Ɇɭɪɬɢ ɢ ɂɩ Д55Ж ɜ ɥɢɬɢɣ-, ɪɭɛɢɞɢɣ- ɢ ɰɟɡɢɣ- ɫɨɞɟɪɠɚɳɢɯ ɝɟɪɦɚɧɚɬɧɵɯ 

ɫɬɟɤɥɚɯ. ɋɦɵɫɥ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬɧɵɦ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɜɟɞɟ-

ɧɢɹ ɳɟɥɨɱɧɨ-ɝɟɪɦɚɧɚɬɧɵɯ ɫɬɟɤɨɥ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɫɢɥɢɤɚɬɧɵɦɢ ɚɧɚɥɨ-

ɝɚɦɢ. Ɍɚɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɨɡɦɨɠɧɨ, ɩɨɫɤɨɥɶɤɭ ɫɬɪɭɤɬɭɪɚ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɨɤ-

ɫɢɞɚ ɝɟɪɦɚɧɢɹ ɧɚɩɨɦɢɧɚɟɬ ɫɬɪɭɤɬɭɪɭ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ Д56], 

ɟɟ ɨɫɧɨɜɭ ɫɨɫɬɚɜɥɹɸɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɩɨɥɢɷɞɪɵ. Ⱦɢɚɦɟɬɪ ɢɨɧɚ ɝɟɪɦɚɧɢɹ 
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ɛɨɥɶɲɟ ɞɢɚɦɟɬɪɚ ɢɨɧɚ ɤɪɟɦɧɢɹ ɢ ɞɥɢɧɚ ɫɜɹɡɢ GО-Ɉ ɬɚɤɠɟ ɛɨɥɶɲɟ, ɨɞɧɚɤɨ, 

ɭɝɨɥ GО-O-Gɟ ɦɟɧɶɲɟ ɭɝɥɚ SТ-Ɉ-Si [56]. ɂɬɚɤ, ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ, ɬɚɤɨɝɨ ɤɚɤ σК2τ ɢɥɢ K2τ ɜ ɤɪɟɦɧɟɡɟɦ (SТτ2) ɩɥɨɬɧɨɫɬɶ 

ɩɨɥɭɱɟɧɧɨɝɨ ɫɬɟɤɥɚ ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɞɨ-

ɛɚɜɥɟɧɧɨɝɨ ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ Д57Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɛɥɸɞɚɟɦɵɟ ɬɟɧɞɟɧɰɢɢ 

ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɜɜɟɞɟɧɢɢ Na2τ ɢ K2O ɜ SТτ2 ɫɯɨɠɢ, ɨɬɥɢɱɢɟ ɢɦɟɟɬ 

ɦɟɫɬɨ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɳɟɥɨɱɢ. Ɉɞɧɚɤɨ, ɩɪɢ ɞɨɛɚɜɥɟ-

ɧɢɢ ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ ɤ GeO2, ɩɥɨɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɟɤɥɚ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢ-

ɪɨɞɵ ɞɨɛɚɜɥɹɟɦɨɝɨ ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ. Ⱥɧɨɦɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ ɜɨɡɧɢɤɚɸɬ 

ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ β0% Li2O, 15% Na2O, 9% Ʉ2Ɉ, 15% Rb2τ ɢ 17,η ɦɨɥɹɪɧɵɯ % 

Cs2O [58, 59], ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɳɟɥɨɱɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɥɨɬɧɨ-

ɫɬɢ ɫɬɟɤɨɥ. Ɍɚɤɨɟ ɧɟɥɢɧɟɣɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɫɨɫɬɚɜɨɦ ɫɬɟɤɥɚ ɢ ɫɜɨɣ-

ɫɬɜɚɦɢ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ «ɝɟɪɦɚɧɚɬɧɨɣ ɚɧɨɦɚɥɢɢ» ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɪɹɞɚ 

ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɟɤɨɥμ ɩɥɨɬɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, ɦɢɤɪɨɬɜɟɪ-

ɞɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. 

ɉɪɢ ɷɬɨɦ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ (ɢɥɢ ɦɢɧɢɦɭɦɚ) ɚɧɨɦɚɥɢɢ ɜɫɟɝɞɚ ɡɚɜɢɫɢɬ ɨɬ 

ɩɪɢɪɨɞɵ ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ, ɤɨɬɨɪɵɣ ɞɨɛɚɜɥɹɸɬ. 

ɉɪɢɱɢɧɵ «ɝɟɪɦɚɧɚɬɧɨɣ ɚɧɨɦɚɥɢɢ», ɨɱɟɜɢɞɧɨ, ɫɜɹɡɚɧɵ ɫɨ ɫɬɪɭɤɬɭɪɨɣ 

ɫɬɟɤɨɥ. Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬ [54, 55], ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɫɟɬɤɚ ɚɦɨɪɮ-

ɧɨɣ ɮɚɡɵ, ɜ ɪɚɡɥɢɱɧɵɯ ɳɟɥɨɱɧɨ-ɝɟɪɦɚɧɚɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɫɨɫɬɨɢɬ ɢɡ ɬɟɬɪɚ-

ɷɞɪɨɜ [GeO4], ɜ ɰɟɧɬɪɟ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ 4-ɯ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɢɨɧɵ 

GeIV, ɢ ɨɤɬɚɷɞɪɨɜ [GeO6] ɝɞɟ ɰɟɧɬɪɚɥɶɧɵɣ ɚɬɨɦ GeVI ɧɚɯɨɞɢɬɫɹ ɜ ɨɤɪɭɠɟɧɢɢ 

ɲɟɫɬɢ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ. Ɋɨɫɬ ɨɛɴɟɦɚ ɳɟɥɨɱɢ, ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ 

ɬɟɬɪɚɷɞɪɨɜ [GeO4] ɜ ɨɤɬɚɷɞɪɵ [GeO6]. ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɜ ɮɢɡɢ-

ɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ GeVI ɜ GeIV. Ɍɚɤɨɟ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɩɨɥɢɦɨɪɮɢɡɦɨɦ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ GeO2 ɜ ɞɜɭɯ ɫɬɪɭɤɬɭɪɚɯ – ɪɭɬɢɥɨɩɨɞɨɛɧɨɣ ɢ Į-ɤɜɚɪɰɚ. 

ȼ ɫɬɟɤɥɚɯ ɨɤɬɚɷɞɪɵ ɢɡɨɥɢɪɨɜɚɧɵ, ɤɢɫɥɨɪɨɞɵ ɜ ɜɟɪɲɢɧɚɯ ɨɤɬɚɷɞɪɨɜ ɹɜ-

ɥɹɸɬɫɹ ɨɛɳɢɦɢ ɫ ɬɟɬɪɚɷɞɪɚɦɢ [GeO4]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɛɵɬɨɤ ɤɢɫɥɨɪɨɞɚ, 
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ɞɨɛɚɜɥɟɧɧɨɝɨ ɜ ɚɦɨɪɮɧɭɸ ɮɚɡɭ ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɹ ɜɜɟɞɟɧɢɟɦ ɫɬɟɤɥɨɦɨɞɢ-

ɮɢɤɚɬɨɪɚ, ɫɜɹɡɵɜɚɟɬɫɹ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɦɨɫɬɢɤɨɜɨɝɨ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ, ɩɭ-

ɬɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɷɞɪɨɜ [GeO6]. ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɨɬɪɢɰɚ-

ɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɫɢɫɬɟɦɵ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɞɜɭɦɹ ɳɟɥɨɱɧɵɦɢ ɢɨɧɚɦɢ. Ɉɛɪɚɬ-

ɧɵɣ ɩɟɪɟɯɨɞ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɯ ɩɨɥɢɷɞɪɨɜ ɜ ɬɟɬɪɚɷɞ-

ɪɢɱɟɫɤɢɟ, ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɞɨɛɚɜɥɟɧɢɢ ɫɬɟɤɥɨɦɨɞɢɮɢɤɚɬɨɪɚ, ɩɪɨɢɫɯɨɞɢɬ ɫ 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɧɟɦɨɫɬɢɤɨɜɨɝɨ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ.  

«Ƚɟɪɦɚɧɚɬɧɚɹ ɚɧɨɦɚɥɢɹ» ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɚɜɬɨɪɚɦɢ Д58Ж, ɤɨɬɨɪɵɟ 

ɩɪɟɞɥɨɠɢɥɢ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ ɝɢɩɨɬɟɡɭ ɟɟ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɍɞɥɢɧɟɧɢɟ ɫɜɹɡɟɣ 

Ge-τ, ɤɨɬɨɪɨɟ ɚɜɬɨɪɵ Д54, 55Ж ɨɛɴɹɫɧɹɸɬ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɬɚɷɞɪɨɜ [GeO6], 

ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɟɫɟɧɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɯɱɥɟɧɧɵɯ ɤɨɥɟɰ ɜɦɟɫɬɨ 4-ɯ ɢ θ-

ɱɥɟɧɧɵɯ ɤɨɥɟɰ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɟɬɪɚɷɞɪɨɜ [GeO4], ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɬɟɤɥɨ-

ɦɨɞɢɮɢɤɚɬɨɪɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɬɚɤɢɯ ɰɢɤɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɭɫɬɨɬ ɜ 

ɦɚɬɪɢɰɟ ɫɬɟɤɥɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɩɥɨɬɧɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ γ-ɯ ɱɥɟɧɧɵɯ ɰɢɤɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɥɢɧɟɣɧɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ. Ɋɨɫɬ ɨɛɴɟɦɚ ɫɬɟɤɥɨɦɨɞɢɮɢɤɚɬɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɦɚɬɪɢɰɵ 

ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɜɨɡɜɪɚɳɟɧɢɸ 4-ɯ ɢ θ-ɢ ɱɥɟɧɧɵɯ ɰɢɤɥɨɜ ɬɟɬɪɚɷɞɪɨɜ. 

Ʉɨɥɶɰɟɜɚɹ ɦɨɞɟɥɶ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɞɚɧɧɵɦɢ Ɋɚɦɚɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɞɥɹ 

ɳɟɥɨɱɧɨ-ɝɟɪɦɚɧɚɬɧɵɯ ɢ ɳɟɥɨɱɧɨ-ɝɟɪɦɚɧɨɮɨɫɮɚɬɧɵɯ ɚɦɨɪɮɧɵɯ ɫɪɟɞ [60]. 

Ɋɹɞ ɚɜɬɨɪɨɜ Д60-62Ж ɜ ɤɚɱɟɫɬɜɟ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɭɱɚɫɬɧɢɤɚ ɝɟɪɦɚɧɚɬɧɨɣ 

ɚɧɨɦɚɥɢɢ ɩɪɟɞɥɨɠɢɥɢ ɩɹɬɢɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ GeV, ɩɪɢɫɭɬɫɬɜɢɟ ɤɨɬɨɪɨɝɨ ɛɵ-

ɥɨ ɨɛɧɚɪɭɠɟɧɨ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɢɡ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɳɟɥɨɱɧɨ-ɝɟɪɦɚɧɚɬɧɵɯ 

ɤɪɢɫɬɚɥɥɨɜ (K2Ge8O17) [63Ж, ɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ [GeO5] ɧɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ 

ɫɬɟɤɥɚɯ. Ɍɪɭɞɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ GeV ɜ ɫɬɟɤɥɚɯ ɫɜɹɡɚɧɚ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɨɞɧɨ-

ɡɧɚɱɧɨɣ ɞɨɤɚɡɚɬɟɥɶɧɨɣ ɛɚɡɵ, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɵɟ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɝɥɨɳɟ-

ɧɢɹ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ, ɚ ɬɚɤɠɟ ɧɟɣɬɪɨɧɧɨɟ ɪɚɫɫɟɹɧɢɟ ɢ ɪɚɫɫɟɹɧɢɟ ɪɟɧɬɝɟ-

ɧɨɜɫɤɢɯ ɥɭɱɟɣ ɧɟ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɥɢɱɢɬɶ ɚɬɨɦɵ GО ɪɚɡɧɨɣ ɤɨɨɪɞɢɧɚ-

ɰɢɢ. Ȼɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɳɟɥɨɱɢ, ɨɛɪɚɡɭɸɬɫɹ ɨɛɥɚɫɬɢ, ɜ 

ɤɨɬɨɪɵɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɭɞɥɢɧɟɧɧɵɟ ɫɜɹɡɢ GО-τ, ɱɬɨ ɢ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢ-

ɱɢɟɦ GО ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɨɪɞɢɧɚɰɢɢ. Ɍɚɤ ɤɚɤ ɦɟɬɨɞ əɆɊ ɧɟ ɹɜɥɹɟɬɫɹ ɢɧ-
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ɮɨɪɦɚɬɢɜɧɵɦ ɜ ɫɥɭɱɚɟ ɢɡɨɬɨɩɨɜ ɝɟɪɦɚɧɢɹ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɚɡɥɢɱɢɬɶ 

[GОɈ4], [GОɈ6] ɢ [GОɈ5] ɬɪɭɞɧɨ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɨɞɧɢɦ ɢɡ ɧɟɦɧɨɝɨɱɢɫ-

ɥɟɧɧɵɯ ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɩɪɢɫɭɬɫɬɜɢɹ GeV ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ БAσES ɫɩɟɤɬɪɨɜ 

ɫɬɟɤɨɥ σК2Ɉ-GОɈ2 ɢ Ʉ2Ɉ-GОɈ2 [64Ж, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɩɪɢɫɭɬɫɬɜɢɟ GeV ɡɚ-

ɦɟɬɧɨ ɞɥɹ ɫɨɫɬɚɜɨɜ ɫ 15% Na2Ɉ ɢɥɢ 10% Ʉ2Ɉ ɩɪɢ ɦɚɤɫɢɦɭɦɟ ɚɧɨɦɚɥɢɢ. 

ɋɬɪɭɤɬɭɪɚ ɪɭɬɢɥɚ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɳɟɥɨɱɧɨɝɨ ɨɤɫɢɞɚ > γη%. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ 

ɳɟɥɨɱɧɨ-ɝɟɪɦɚɧɚɬɧɵɯ ɫɬɟɤɨɥ ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɩɪɨɜɟɞɟɧɧɨɟ 

ɚɜɬɨɪɚɦɢ Д65] ɧɚ ɫɬɟɤɥɚɯ ɫɢɫɬɟɦɵ Na2O-GeO2, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɨɤɫɢɞɚ ɧɚɬɪɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɪɟɯɨɞ [GeO4] ɜ [GeO5], ɱɚɫɬɶ ɬɟɬɪɚɷɞɪɨɜ ɩɪɟɨɛ-

ɪɚɡɭɸɬɫɹ ɜ ɩɢɪɚɦɢɞɭ ɢɥɢ ɬɪɢɝɨɧɚɥɶɧɭɸ ɛɢɩɢɪɚɦɢɞɭ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɦɨ-

ɫɬɢɤɨɜɵɯ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ. ɂɨɧɵ ɧɚɬɪɢɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɩɭɫɬɨɬɚɯ ɫɟɬɢ. ɉɨ 

ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɚ ɧɚɬɪɢɹ, ɩɭɫɬɨɬɵ ɪɚɫɬɭɬ, ɢ ɧɚɱɢɧɚɟɬɫɹ 

ɪɚɡɪɭɲɟɧɢɟ ɛɟɫɤɨɧɟɱɧɨɣ ɫɟɬɢ. Ʉɨɝɞɚ ɦɚɬɪɢɰɚ ɫɬɟɤɥɚ ɛɥɢɡɤɚ ɤ ɪɚɡɪɭɲɟɧɢɸ, 

ɢɨɧɵ ɫɬɚɧɨɜɹɬɫɹ ɨɱɟɧɶ ɩɨɞɜɢɠɧɵɦɢ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɵɣ ɩɟ-

ɪɟɯɨɞ ɤɨɨɪɞɢɧɚɰɢɢ ɝɟɪɦɚɧɢɹ ɨɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤ ɛɨɥɟɟ ɧɢɡɤɨɣ. Ɉɞɧɚɤɨ ɩɨɞ-

ɬɜɟɪɞɢɬɶ ɤɨɥɶɰɟɜɭɸ ɦɨɞɟɥɶ «ɝɟɪɦɚɧɚɬɧɨɣ ɚɧɨɦɚɥɢɢ» ɞɚɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢ-

ɹɦɢ ɧɟ ɭɞɚɥɨɫɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɬɚɜɢɬɶ ɬɨɱɤɭ ɜ ɞɢɫɤɭɫɫɢɢ ɩɨ ɜɨɩɪɨɫɭ «ɝɟɪɦɚ-

ɧɚɬɧɨɣ ɚɧɨɦɚɥɢɢ» ɟɳɟ ɪɚɧɨ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɫɬɪɨɟɧɢɟ ɫɟɬɨɤ ɳɟɥɨɱɧɨ-

ɝɟɪɦɚɧɚɬɧɵɯ ɫɬɟɤɨɥ ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɞɨɫɬɚɬɨɱɧɨ ɬɳɚɬɟɥɶɧɨ, ɢ ɤɚɤɚɹ-ɬɨ ɞɨɥɹ 

ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɜ ɷɬɨɦ ɜɨɩɪɨɫɟ ɫɭɳɟɫɬɜɭɟɬ. ɍɫɬɚɧɨɜɥɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɞɢɨɤɫɢɞ 

ɝɟɪɦɚɧɢɹ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɟɦ ɢ ɫɬɟɤɥɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɨɛ-

ɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ. ɋɭɦɦɢɪɭɹ ɜɵɲɟ-

ɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ, ɩɨɥɭɱɟɧɧɵɟ 

ɧɚ ɨɫɧɨɜɟ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ, ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɪɹɞɨɦ ɫɜɨɣɫɬɜ, ɨɬ-

ɥɢɱɧɵɯ ɨɬ ɞɪɭɝɢɯ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɤ ɩɪɢɦɟɪɭ, ɥɢɬɢɟɜɵɯ ɫɢ-

ɥɢɤɚɬɨɜ. 
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1.4. ɂɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɥɢɬɢɣ-ɢɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɚɤɬɢɜɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɜ 

ɫɨɟɞɢɧɟɧɢɹɯ ɫɟɦɟɣɫɬɜɚ ɥɢɬɢɟɜɵɯ ɝɟɪɦɚɧɚɬɨɜ Li2O-xGeO2, ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ 

ɫɨɫɬɚɜɚ ɯ=7. Ɍɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 ɯɨɪɨɲɨ ɢɡɭɱɟ-

ɧɵ ɢ ɨɫɜɟɳɟɧɵ ɜ ɪɚɛɨɬɚɯ Д4-6]. ɂɫɯɨɞɹ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɦɨɧɨɤɪɢ-

ɫɬɚɥɥɭ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚ-

ɦɢɤɚ ɧɚ ɨɫɧɨɜɟ Li2Ge7O15 ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ.  

Ɋɚɧɟɟ, ɜ ɪɚɛɨɬɚɯ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15 [4-6], ɛɵɥ 

ɭɫɬɚɧɨɜɥɟɧ ɩɪɵɠɤɨɜɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ. ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɫɬɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ [53] 

 

qnȝı  ,      (1.1) 

 

ɝɞɟ q – ɡɚɪɹɞ, n – ɤɨɧɰɟɧɬɪɚɰɢɹ, ȝ – ɩɨɞɜɢɠɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ɉɨɞɜɢɠ-

ɧɨɫɬɶ µ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ Д53] 
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ɝɞɟ l – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɩɨɡɢɰɢɹɦɢ, ȣ0 – ɩɨɩɵɬɨɱɧɚɹ ɱɚɫɬɨɬɚ, U – 

ɜɵɫɨɬɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ, kB – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ. Ʉɨɧɰɟɧɬɪɚɰɢɹ 

ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢ ɚɤɬɢɜɢɪɭɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɢɡɦɟɧɟɧɢɟ n ɨɬ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ 
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ɝɞɟ g – ɷɧɟɪɝɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɚ, n0 – ɢɫɯɨɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ 

ɡɚɪɹɞɚ. Ɍɨɝɞɚ ɞɥɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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ɝɞɟ N – ɩɨɥɧɨɟ ɱɢɫɥɨ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɡɢɰɢɣ, ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɧɨɫɢɬɟɥɟɣ ɡɚ-

ɪɹɞɚ. ȼɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬɪɚ (1–n/N) [66] ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɱɟɬɚ ɬɨɝɨ, ɱɬɨ ɤɨɝɞɚ 

ɜɫɟ ɩɨɡɢɰɢɢ, ɩɨ ɤɨɬɨɪɵɦ ɜɨɡɦɨɠɧɨ ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ, ɡɚɧɹɬɵ (n=N), ɩɪɨɜɨ-

ɞɢɦɨɫɬɶ ɨɬɫɭɬɫɬɜɭɟɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɪɦɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɟ ɭɜɟɥɢɱɟ-

ɧɢɟ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɢɨɧɧɵɯ ɤɪɢɫɬɚɥɥɚɯ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (1.4). Ɂɧɚɱɟɧɢɹ ı ɢ ȿɚ=U+g/2 ɦɨɠɧɨ ɥɟɝɤɨ ɧɚɣɬɢ ɢɡ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ. 

1 .4 .1 .  ɋɭɩɟɪɢɨɧɧɵɟ ɤɪɢɫɬɚɥɥɵ . Ʉ ɫɭɩɟɪɢɨɧɧɵɦ ɩɪɨɜɨɞɧɢɤɚɦ 

(ɋɂɉ) ɩɪɢɱɢɫɥɹɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɢɨɧɧɵɣ ɜɤɥɚɞ ɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞ-

ɧɨɫɬɶ ɩɪɟɜɵɲɚɟɬ ~10-3 Ɉɦ-1ɫɦ-1. ɍɤɚɡɚɧɧɵɟ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨ-

ɜɨɞɧɨɫɬɢ ɧɚɯɨɞɹɬɫɹ ɜ ɬɨɦ ɠɟ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ, ɱɬɨ ɢ ı ɞɥɹ ɪɚɫɩɥɚɜɨɜ ɢ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ. ɉɨɷɬɨɦɭ ɋɂɉ ɬɚɤɠɟ 

ɧɚɡɵɜɚɸɬɫɹ ɬɜɟɪɞɵɦɢ ɷɥɟɤɬɪɨɥɢɬɚɦɢ (ɌɗɅ). Ⱦɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ 

ɝɢɛɪɢɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ – ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɭɩɪɭɝɨɫɬɶɸ ɬɜɟɪɞɨɝɨ 

ɬɟɥɚ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɠɢɞɤɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ.  

ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɦɧɨɠɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɥɚ-

ɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. ɇɨɫɢɬɟɥɹɦɢ ɬɨɤɚ ɜ ɷɬɢɯ ɦɚɬɟɪɢɚ-

ɥɚɯ ɫɥɭɠɚɬ ɤɚɬɢɨɧɵ ɤɚɥɢɹ, ɥɢɬɢɹ, ɧɚɬɪɢɹ, ɚɧɢɨɧɵ ɤɢɫɥɨɪɨɞɚ ɢ ɝɚɥɨɝɟɧɢɞɨɜ 

[30, 66-68], ɩɪɨɬɨɧɵ Д69]. ɋɭɳɟɫɬɜɭɸɬ ɦɚɬɟɪɢɚɥɵ, ɝɞɟ ɩɨɞɜɢɠɧɵɦɢ ɹɜɥɹɸɬɫɹ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɨɧɵ ɧɟɫɤɨɥɶɤɢɯ ɫɨɪɬɨɜ. ɗɥɟɤɬɪɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɋɂɉ, 

ɨɛɵɱɧɨ, ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ.  

Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɭɩɟɪɢɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɨɣ ɩɨ-

ɞɜɢɠɧɨɫɬɶɸ ɢɨɧɨɜ ɨɞɧɨɝɨ ɫɨɪɬɚ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɠɟɫɬɤɨɦ ɤɚɪɤɚɫɟ, ɫɨ-

ɫɬɨɹɳɟɦ ɢɡ ɢɨɧɨɜ ɞɪɭɝɨɝɨ ɫɨɪɬɚ. Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɨɫɭɳɟɫɬɜɢɦ ɜ ɫɥɭɱɚɟ ɜɵ-

ɩɨɥɧɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɭɫɥɨɜɢɣ Дηγ, 66]: 
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1) ɧɚɥɢɱɢɟ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɚɤɚɧɬɧɵɯ, ɷɧɟɪɝɟ-

ɬɢɱɟɫɤɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɡɢɰɢɣ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɦɨɛɢɥɶɧɵɯ 

ɢɨɧɨɜ; 

2) ɦɚɥɚɹ ɜɵɫɨɬɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɩɨɡɢɰɢɹɦɢ 

ɜ ɫɪɚɜɧɟɧɢɢ ɫ kBɌ; 

3) ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɫɜɹɡɧɨɣ ɫɟɬɤɢ «ɤɚɧɚɥɨɜ», ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɞɜɢɠɟɧɢɹ 

ɢɨɧɨɜ. 

Ɍɜɟɪɞɵɟ ɷɥɟɤɬɪɨɥɢɬɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɢɩɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɡɧɚɱɟɧɢ-

ɟɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ: ɩɟɪɜɵɣ ɬɢɩ – ɤɪɢ-

ɫɬɚɥɥɵ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɩɟɪɜɨɝɨ ɪɨɞɚ, ɜɬɨɪɨɣ ɬɢɩ – ɦɚɬɟɪɢɚɥɵ, ɨɛɥɚɞɚ-

ɸɳɢɟ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ı ɡɚ ɫɱɟɬ ɜɧɟɞɪɟɧɢɹ ɝɟɬɟɪɨɜɚɥɟɧɬɧɵɯ ɩɪɢɦɟɫɟɣ 

ɢ ɬɪɟɬɢɣ ɬɢɩ – ɫɬɟɤɥɨɨɛɪɚɡɧɵɟ ɬɟɥɚ, ɨɛɥɚɞɚɸɳɢɟ ɡɚɦɟɬɧɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢ-

ɦɨɫɬɶɸ. Ʉ ɩɟɪɜɨɦɭ ɬɢɩɭ ɨɬɧɨɫɹɬɫɹ ɤɪɢɫɬɚɥɥɵ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦ ɪɚɡɭɩɨɪɹɞɨɱɟ-

ɧɢɟɦ Д66]. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɋɂɉ ɩɟɪɜɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɨɩɪɟ-

ɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ [30, 67]. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ ɮɢɤɫɢɪɭɸɬɫɹ ɚɧɨɦɚɥɢɢ 

ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɩɨɜɟɞɟɧɢɢ ɪɹɞɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ 

ɨɞɧɨɣ ɢɡ ɩɨɞɪɟɲɟɬɨɤ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɚɬɨɦɚɦɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɪɬɚ. ɀɟɫɬ-

ɤɨɫɬɶ ɜɬɨɪɨɣ ɩɨɞɪɟɲɟɬɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɛɢɥɶɧɵɟ ɢɨɧɵ ɜ 

ɤɚɪɤɚɫɟ ɫɜɨɛɨɞɧɨ ɞɜɢɠɭɬɫɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɫɪɟɞɵ. Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɷɬɢ ɢɨ-

ɧɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɞɜɢɠɟɧɢɹ. ɂɡɦɟɧɟɧɢɟ ı ɧɚɛɥɸɞɚɟɬɫɹ, ɤɚɤ ɫɥɟɞ-

ɫɬɜɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɟɪɜɨɝɨ ɪɨɞɚ ɢ ɫɜɹɡɚɧɨ ɫ ɩɨɞɩɥɚɜɥɟɧɢɟɦ ɨɞɧɨɣ ɢɡ 

ɩɨɞɪɟɲɟɬɨɤ ɦɨɧɨɤɪɢɫɬɚɥɥɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ 

(Li4GeO4, Li2GeO3, Li2Ge7O15) ɫɢɫɬɟɦɵ Li2O-GeO2 ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɨ ɜ ɪɚɛɨ-

ɬɟ [70]. ɂɡ ɬɪɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɢɛɨɥɶɲɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 

ɢɦɟɟɬ ɨɪɬɨɝɟɪɦɚɧɚɬ ɥɢɬɢɹ Li4GeO4, ɩɪɢ ɷɬɨɦ ɞɥɹ ɧɟɝɨ ɨɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢ-

ɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ λ70-

10β0 Ʉ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟ-



24 
 

ɯɨɞɚ ɜ ɫɨɫɬɨɹɧɢɟ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ n/N (ɫɦ. ɮɨɪɦɭɥɚ 

1.4) ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɜɚɤɚɧɫɢɣ ɧɚ ɨɞɧɭ ɷɥɟɦɟɧɬɚɪɧɭɸ ɹɱɟɣɤɭ [70]. 

ȼ ɞɪɭɝɢɯ ɝɟɪɦɚɧɚɬɚɯ ɥɢɬɢɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɡɚɦɟɬɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɨɪɬɨ-

ɝɟɪɦɚɧɚɬɟ. Ⱥɜɬɨɪɵ Д70] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɡɚɪɹɞɚ ɹɜɥɹɸɬ-

ɫɹ ɢɨɧɵ ɥɢɬɢɹ ɢ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɧɚɩɪɹɦɭɸ ɡɚ-

ɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɚɪɤɚɫɚ GeO2, ɧɨ ɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ 

Li+. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ [70] ɛɵɥɨ ɩɨɤɚɡɚɧɨ, 

ɱɬɨ ɷɥɟɤɬɪɨɧɧɵɣ ɜɤɥɚɞ ɜ ı ɫɨɫɬɚɜɥɹɟɬ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɭɸ ɱɚɫɬɶ ɨɬ ɨɛ-

ɳɟɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ı ɜ ɦɟɬɚɝɟɪɦɚ-

ɧɚɬɟ Li2GeO3 ɧɢɠɟ ɧɚ ɩɨɪɹɞɨɤ, ɱɟɦ ɜ ɨɪɬɨɝɟɪɦɚɧɚɬɟ ɥɢɬɢɹ Li4GeO4, ɬɨɝɞɚ ɤɚɤ 

ɞɥɹ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge7O15 ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɧɚ ɬɪɢ 

ɩɨɪɹɞɤɚ. Ɉɞɧɚɤɨ ɞɚɠɟ ɞɥɹ ɨɪɬɨɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɟ ɹɜɥɹ-

ɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɬɚɬɭɫɚ ɫɭɩɟɪɢɨɧɧɢɤɚ. ɗɬɨ ɨɡɧɚɱɚ-

ɟɬ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɝɟɪɦɚɧɚɬɨɜ ɯɚɪɚɤɬɟ-

ɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ.  

Ɋɚɛɨɬɚ Д70] ɩɨɥɨɠɢɥɚ ɧɚɱɚɥɨ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɫɨɟɞɢɧɟɧɢɣ ɫɢɫɬɟɦɵ Li2O-

GeO2, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɫɧɨɜɧɨɣ ɢɧɬɟɪɟɫ ɭɞɟɥɹɥɫɹ ɨɪɬɨɝɟɪɦɚɧɚɬɭ ɥɢɬɢɹ, ɤɚɤ 

ɩɪɨɜɨɞɧɢɤɭ ɫ ɫɭɩɟɪɢɨɧɧɵɦ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ.  

Ɉɪɬɨɝɟɪɦɚɧɚɬ ɥɢɬɢɹ Li4GeO4, ɷɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬ 

ɜɨɫɟɦɶ ɚɬɨɦɨɜ Li, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɩɨɡɢɰɢɹɯ, ɢɦɟɟɬ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɧɢɡɤɭɸ ɢɨɧɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ ı=8.7 10-5 Ɉɦ-1ɫɦ-1 ɩɪɢ 700 Ʉ [70]. ɉɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1000 Ʉ ɩɪɨɢɫɯɨɞɢɬ ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɜ Ȗ-

ɮɚɡɭ ɜɵɡɵɜɚɸɳɢɣ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɨ 

ı=10-1 Ɉɦ-1ɫɦ-1 [70]. ȼ ɦɚɬɟɪɢɚɥɚɯ ɧɚ ɨɫɧɨɜɟ Li4GeO4 ɩɪɢ ɞɨɩɢɪɨɜɚɧɢɢ ɦɚɬ-

ɪɢɰɵ ɞɜɭɯ- (Zn2+) [71Ж, ɬɪɟɯ- (Al3+, Ga3+, Fe3+) [66], ɩɹɬɢ- (P5+, V5+) [72Ж ɢ ɲɟ-

ɫɬɢɜɚɥɟɧɬɧɵɦɢ ɤɚɬɢɨɧɚɦɢ (Mo6+, Se6+, W6+, Cr6+) [66], ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɨɛ-

ɪɚɡɨɜɚɧɢɟ Ȗ-ɫɬɪɭɤɬɭɪ. ȼɜɟɞɟɧɢɟ ɩɪɢɦɟɫɟɣ ɩɪɢɜɨɞɢɬ ɤ ɫɞɜɢɝɭ ɫɭɩɟɪɢɨɧɧɨɝɨ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɫɬɨɪɨɧɭ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɜɧɟɫɟ-

ɧɢɟɦ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɣ ɤɚɪɤɚɫ ɢɫɤɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɬɚ-

ɛɢɥɢɡɢɪɨɜɚɬɶ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ Ȗ-ɮɚɡɭ.  
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ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ Li4GeO4, ɞɨɩɢɪɨɜɚɧ-

ɧɵɟ ɰɢɧɤɨɦ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɭɠɟ 

ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɜɵɞɟɥɟɧɵ ɜ ɨɬɞɟɥɶɧɵɣ ɤɥɚɫɫ LISICON 

(ɧɚɡɜɚɧɢɟ ɨɛɪɚɡɨɜɚɧɧɨ ɢɡ ɩɟɪɜɵɯ ɛɭɤɜ ɚɧɝɥɢɣɫɤɨɝɨ ɫɥɨɜɨɫɨɱɟɬɚɧɢɹ Li-Super 

Ionic CONductor). Ⱦɚɧɧɨɟ ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ Li2+2xZn1-xGeO4 ɞɥɹ x=0.75 

[30, 67] ɨɛɥɚɞɚɟɬ ɪɟɤɨɪɞɧɨ ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɩɨ ɥɢɬɢɸ (ı≈0.1γ 

Ɉɦ-1ɫɦ-1 ɩɪɢ θ70 Ʉ). 

ȼ ɫɟɪɢɢ ɪɚɛɨɬ Д73-75Ж ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɝɟɪɦɚɧɚɬ ɥɢɬɢɹ, ɫɨɫɬɚɜɚ 

Li6Ge2O7 ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ 

ɩɨ Li+, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɟɧɚ ɡɚ ɫɱɟɬ ɜɜɟɞɟɧɢɹ ɝɟɬɟɪɨ-

ɜɚɥɟɧɬɧɵɯ ɩɪɢɦɟɫɟɣ. Ɉɛɪɚɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɚɤɚɧɫɢɣ ɦɨɠɟɬ ɩɪɨɢɫ-

ɯɨɞɢɬɶ ɡɚ ɫɱɟɬ ɡɚɦɟɳɟɧɢɹ ɤɚɤ ɱɚɫɬɢ ɥɢɬɢɹ ɢɨɧɚɦɢ ɞɜɭɯ- (Zn, Mg) ɢ ɬɪɟɯɜɚ-

ɥɟɧɬɧɵɯ (Al) ɷɥɟɦɟɧɬɨɜ Д74-76Ж, ɬɚɤ ɢ ɱɚɫɬɢ ɝɟɪɦɚɧɢɹ ɧɚ ɩɹɬɢ- (V) ɢɥɢ ɲɟ-

ɫɬɢɜɚɥɟɧɬɧɵɟ (S, Se, Cr, Mo, W) ɷɥɟɦɟɧɬɵ Д77, 78Ж. ȼɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɷɬɨɦ 

ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ Li6-(z+1)xMz+
xGe2O7 (ɝɞɟ z – ɜɚɥɟɧɬɧɨɫɬɶ M-ɢɨɧɚ) ɢɦɟɸɬ ɨɛ-

ɥɚɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ Ȗ - ɫɬɪɭɤɬɭɪɵ. ɍɫɬɚɧɨɜɥɟɧɨ [78], ɱɬɨ 

ɢɨɧɧɵɣ ɩɟɪɟɧɨɫ ɜ ɦɚɬɟɪɢɚɥɚɯ ɧɚ ɨɫɧɨɜɟ Li6Ge2O7 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɨɧɚɦɢ ɥɢ-

ɬɢɹ, ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɦɢ ɫ ɠɟɫɬɤɢɦ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɦ ɤɚɪɤɚɫɨɦ. 

Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɩɨ-

ɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ Li2Ge7O15 [70], ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢ-

ɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɢ ı(Ɍ) ɨɬ ɫɬɪɭɤɬɭɪɵ [43] ɢ ɜɵɹɜɢɬɶ ɪɨɥɶ ɫɬɪɭɤ-

ɬɭɪɧɵɯ ɤɚɧɚɥɨɜ ɜ ɩɪɨɰɟɫɫɚɯ ɢɨɧɧɨɝɨ ɩɟɪɟɧɨɫɚ. ȼ ɪɚɛɨɬɚɯ [4, 5] ɢɡɭɱɟɧɵ 

ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ Li2Ge7O15. ɗɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɢɡɦɟɪɟɧɧɵɟ ɜɞɨɥɶ ɨɫɟɣ a, b ɢ c ɤɪɢɫɬɚɥɥɚ ɧɚ ɱɚɫɬɨɬɟ 

f=1 ɤȽɰ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1.γ ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɪɢɫ 1.γ) ɭɫɬɚɧɨɜɥɟɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɚɧɢ-

ɡɨɬɪɨɩɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ı ɧɚɛɥɸɞɚɸɬɫɹ 

ɩɪɢ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɥɹ ȿ ɜɞɨɥɶ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɨɫɢ ɚ. ɋɨɝɥɚɫɧɨ ɧɟɣɪɨɧɨ-

ɝɪɚɮɢɱɟɫɤɢɦ ɞɚɧɧɵɦ [43] ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɚ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɢɞɚ ɤɚɧɚɥɨɜ, ɨɛ-

ɪɚɡɨɜɚɧɧɵɯ Ge-O ɩɨɥɢɷɞɪɚɦɢ. Ɂɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ 
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ɩɨɪɹɞɨɤ ɧɢɠɟ ɜɞɨɥɶ ɨɫɢ ɫ, ɝɞɟ ɭɫɬɚɧɨɜɥɟɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɨɞɧɨɝɨ ɜɢɞɚ ɤɚɧɚ-

ɥɨɜ. ȼɞɨɥɶ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɫɢ b ɤɚɧɚɥɵ ɜ ɫɬɪɭɤɬɭɪɟ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ 

ɥɢɬɢɹ ɨɬɫɭɬɫɬɜɭɸɬ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɧɢɠɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 ɬɪɚɧɫɩɨɪɬ ɧɨɫɢɬɟɥɟɣ ɡɚ-

ɪɹɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɞɨɥɶ ɤɚɧɚɥɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɟɠɞɨɭɡɟɥɶ-

ɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ. 

 

 

Ɋɢɫ. 1.3. Ɂɚɜɢɫɢɦɨɫɬɶ ı(Ɍ) ɨɬ 1000/Ɍ ɞɥɹ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15. ɂɡɦɟɪɢɬɟɥɶ-

ɧɨɟ ɩɨɥɟ ȿ ɧɚɩɪɚɜɥɟɧɨ ɜɞɨɥɶ ɨɫɟɣ: ɚ(1), b(β) ɢ ɫ(3) [4] 

 

1.4.β. ɋɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ.  ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 

ɫɪɟɞ ɤ ɫɬɟɤɥɚɦ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɞɟɮɟɤɬɨɜ, ɭɜɟɥɢɱɢ-

ɜɚɟɬɫɹ ɱɢɫɥɨ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɯ ɢɨɧɨɜ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɨɡɪɚɫɬɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ n ɢ ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ı Д66]. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ 

ɷɬɢɦ ɚɦɨɪɮɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɩɨɥɭ-

ɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ, ɦɚɥɨɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɧɟɛɨɥɶɲɢɦ ɞɨɛɚɜɤɚɦ ɩɨɫɬɨɪɨɧɧɢɯ 
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ɜɟɳɟɫɬɜ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɜɧɨ ɢɡɦɟɧɹɸɬ ɫɜɨɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɟɯɨɞ ɨɬ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɚɦɨɪɮɧɵɦ ɫɢɫɬɟɦɚɦ ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɶ 

ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ı ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬɶ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɩɪɨɜɨɞɹ-

ɳɢɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɋɬɟɤɥɨɨɛɪɚɡɧɵɟ ɬɟɥɚ, ɨɛɥɚɞɚɸɳɢɟ ɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ı ɛɥɚɝɨɞɚɪɹ 

ɧɚɥɢɱɢɸ ɷɧɟɪɝɨɚɤɬɢɜɧɵɯ ɩɪɢɦɟɫɟɣ Д7λЖ, ɬɚɤɠɟ ɩɪɢɱɢɫɥɹɸɬ ɤ ɋɂɉ. Ɂɧɚɱɟɧɢɹ 

ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɜɹɡɚɧɨ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɩɟɪɟɫɤɨɤɚɦɢ ɩɨɞɜɢɠ-

ɧɵɯ ɢɨɧɨɜ, ɬɚɤɢɯ ɤɚɤ Li+, ɫɤɜɨɡɶ ɪɚɡɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ, ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɭɸ 

ɫɬɪɭɤɬɭɪɭ ɨɤɫɢɞɧɵɯ ɫɬɟɤɨɥ. ɋ ɰɟɥɶɸ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ, ɜ ɫɨɫɬɚɜ ɫɬɟɤɥɚ ɜɜɨ-

ɞɹɬ «ɫɬɟɤɥɨɦɨɞɢɮɢɤɚɬɨɪɵ» – ɳɟɥɨɱɧɵɟ ɨɤɫɢɞɵ (Li2O, Na2O, K2O ɢ ɬ.ɩ.). Ɉɫ-

ɧɨɜɨɣ ɫɬɟɤɥɚ ɹɜɥɹɟɬɫɹ «ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɶ», ɧɚɩɪɢɦɟɪ, SiO2, B2O3, P2O5, 

GeO2 ɢ ɬ.ɩ. ɋɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɶ ɮɨɪɦɢɪɭɟɬ ɫɟɬɤɭ ɫɬɟɤɥɚ, ɚ ɦɨɞɢɮɢɤɚɬɨɪɵ ɟɟ 

ɪɚɡɪɭɲɚɸɬ, ɧɚɪɭɲɚɹ ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɦɚɬɪɢɱɧɵɦɢ ɤɚɬɢɨɧɚɦɢ ɢ ɚɬɨɦɚɦɢ 

ɤɢɫɥɨɪɨɞɚ. ɓɟɥɨɱɧɵɟ ɤɚɬɢɨɧɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɫɜɨɛɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɦɟɠɞɭ ɦɨɫɬɢɤɨɜɵɦɢ ɢ ɧɟɦɨɫɬɢɤɨɜɵɦɢ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ, ɹɜɥɹɸɬɫɹ ɫɥɚ-

ɛɨɫɜɹɡɚɧɧɵɦɢ ɫ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɣ ɦɚɬɪɢɰɟɣ ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɹ ɢ, ɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ, ɦɨɝɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ. Ʉɥɚɫɫɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ɷɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1.4. 

 

Ɋɢɫ.1.4. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɛɥɢɠɧɟɝɨ ɩɨɪɹɞɤɚ ɨɤɫɢɞ-

ɧɵɯ ɫɬɟɤɨɥ, ɫɨɞɟɪɠɚɳɢɯ ɳɟɥɨɱɧɨɣ ɫɬɟɤɥɨɦɨɞɢɮɢɤɚɬɨɪ [79] 
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ɍɫɬɚɧɨɜɥɟɧɨ [80Ж, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɳɟɥɨɱɧɵɯ ɨɤɫɢ-

ɞɨɜ, ɢɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ. ɑɚɫɬɢɱɧɨ, ɩɪɢɱɢɧɭ 

ɷɬɨɝɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ, ɢɫɯɨɞɹ ɢɡ ɫɯɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɚ ɪɢɫ.1.4. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɫɬɟɤɥɨɦɨɞɢɮɢɤɚɬɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɤɚɬɢɨɧɧɵɦɢ ɩɨɡɢɰɢɹɦɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɦɢɝɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɨɬ 

ɨɞɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤ ɞɪɭɝɨɦɭ ɭɩɪɨɳɚɟɬɫɹ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɜɟ-

ɞɟɧɢɟ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɩɪɢɦɟɫɢ ɭɯɭɞɲɚɟɬ ɫɨɡɞɚɧɧɭɸ ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɟɦ 

ɦɚɬɪɢɰɭ ɢ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɫɬɟɤɥɨɜɚɧɢɸ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɟɤɨɥ ɫɢɫɬɟɦɵ Li2O-GeO2, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦɵ 

Na2O-GeO2, ɢɡɭɱɚɥɢɫɶ ɜ ɪɚɛɨɬɟ [81] ɚɜɬɨɪɚɦɢ M.N. Khan ɢ E.E. Khawaja. ȼ 

ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɫɢɫɬɟɦɚ Li2O-ɯGeO2, ɜɡɹɬɚɹ ɜ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ ɯ= 2, 3, 

4, 6, 1γ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫ.1.η. 

 

Ɋɢɫ. 1.η. Ɂɚɜɢɫɢɦɨɫɬɢ ı(1/Ɍ) ɞɥɹ ɫɬɟɤɨɥμ GeO2 – ɧɟ ɡɚɤɪɚɲɟɧɧɵɟ ɤɪɭɝɢ, Na2O-

GeO2 – ɡɚɤɪɚɲɟɧɧɵɟ ɤɪɭɝɢ, ɤɪɟɫɬɵ – Li2O-GeO2 [81] 
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ȼɢɞɧɨ (ɪɢɫ.1.5), ɱɬɨ ɞɥɹ ɜɫɟɯ ɫɨɫɬɚɜɨɜ ɫɬɟɤɥɚ ɩɪɨɹɜɥɹɟɬɫɹ Ⱥɪɪɟɧɢɭɫɨɜ-
ɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɢɫɫɥɟɞɭɟ-
ɦɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɨɤɧɟ. ɋɧɢɠɟɧɢɟ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ 
Ea, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɫɬɟɤɥɟ, ɝɨɜɨɪɢɬ ɨ ɩɪɟɜɚɥɢɪɭ-
ɸɳɟɣ ɪɨɥɢ Li+ ɜ ɬɪɚɧɫɩɨɪɬɟ ɡɚɪɹɞɚ. ɇɚɛɥɸɞɚɸɬɫɹ (ɪɢɫ. 1.η) ɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɡɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɥɹ ɥɢɬɢɣ ɫɨɞɟɪɠɚɳɟɝɨ ɫɨɫɬɚɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɚɬɪɢɣ ɫɨɞɟɪɠɚɳɢɦ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ [81], ɱɬɨ ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɦɟɧɶɲɢɦ ɢɨɧɧɵɦ ɪɚɞɢɭɫɨɦ Li+.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɫ ɩɨɜɵɲɟɧɧɨɣ ɢɨɧɧɨɣ ɩɪɨ-
ɜɨɞɢɦɨɫɬɶɸ. ɗɮɮɟɤɬ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɚɯ ɜ ɥɢɬɟɪɚɬɭɪɟ ɜɫɬɪɟɱɚɟɬɫɹ ɪɟɞɤɨ [82-90], ɟɞɢɧɨɣ ɬɟɨɪɢɢ, ɨɩɢɫɵ-
ɜɚɸɳɟɣ ɩɨɞɨɛɧɵɟ ɹɜɥɟɧɢɹ, ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɨ. ɂɫɫɥɟ-
ɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɱɚɫɬɢɱɧɨ-

ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ. 
ȼ 1λλ4 ɝɨɞɭ ɛɵɥɚ ɨɩɭɛɥɢɤɨɜɚɧɚ ɪɚɛɨɬɚ Ⱥɞɚɦɫɚ [82], ɜ ɤɨɬɨɪɨɣ ɢɡɭɱɚɥɢ 

ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ AgI-Ag2O-MxOy (M=V, Mo, P, B), ɜ ɬɨɦ 
ɱɢɫɥɟ, ɦɟɬɨɞɨɦ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ. ȼ ɯɨɞɟ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɧɚɛɥɸɞɚɥɨɫɶ ɚɧɨɦɚɥɶɧɨɟ ɩɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ – ɪɟɡɤɨɟ ɭɜɟ-
ɥɢɱɟɧɢɟ, ɡɚɬɟɦ ɩɚɞɟɧɢɟ. Ʉɨɦɛɢɧɚɰɢɟɣ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɜɟɥɢɱɢɧɚ ı ɢɡɦɟɧɹɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɥɨɳɚɞɢ ɪɚɡɞɟɥɚ ɫɬɟɤ-
ɥɨ/ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ. ɉɨɡɞɧɟɟ, Ɇɨɧɟɣ ɢ ɏɚɪɢɯɚɪɚɧ [83] ɨɛɧɚɪɭɠɢɥɢ ɩɨ-
ɞɨɛɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫɬɟɤɥɚ Li2O-

P2O5, ɤɨɬɨɪɨɟ ɨɛɴɹɫɧɢɥɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɜɵɫɨɤɨɞɟɮɟɤɬɧɵɯ ɨɛɥɚɫɬɟɣ ɜɞɨɥɶ 
ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɫɬɟɤɥɨ/ɡɟɪɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ.  

Ⱥɜɬɨɪɵ [84] ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Li3PS4. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɫɬɟɤɥɨ-
ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɜ ɨɛɪɚɡɰɚɯ 
ɫ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɚɦɨɪɮɧɨɣ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡ. 
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ (ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟ-
ɪɟɧ) ɩɪɟɨɛɥɚɞɚɟɬ ɜ ɞɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɡɚ ɫɱɟɬ ɧɚɥɢɱɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɥɢɬɢɟ-
ɜɵɯ ɜɚɤɚɧɫɢɣ.  
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ɋ. Li, L. Gu ɢ J. Maier ɜ ɪɚɛɨɬɟ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɫɨɫɬɚɜɚ 
LiF, ɧɚɧɟɫɟɧɧɵɯ ɧɚ ɩɨɞɥɨɠɤɭ SiO2 [85], ɨɬɦɟɬɢɥɢ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ ɜ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɤɨɥɶɧɵ-
ɦɢ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɜɹɡɵɜɚɸɬ ɫ ɜɥɢɹɧɢɟɦ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɬɟɤ-
ɥɨ/ɤɟɪɚɦɢɤɚ. 

ȼ ɪɚɛɨɬɚɯ [86, 87] ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟ-
ɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɢɫɬɟɦɵ Li2S-P2S5. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɝɪɟɜɚ ɜɨɡ-
ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɤɥɨɦ 
ɢ ɤɟɪɚɦɢɤɨɣ. ɉɨɜɵɲɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɚɜɬɨɪɵ [86] ɫɜɹɡɵɜɚɸɬ ɫ ɨɛɪɚ-
ɡɨɜɚɧɢɟɦ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɫɭɩɟɪɢɨɧɧɵɯ ɡɚɪɨɞɵɲɟɣ ɜ ɦɚɬɪɢɰɟ ɫɬɟɤɥɚ, ɨɛɥɚ-
ɞɚɸɳɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɬɢɩɚ LISICON. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɵɟ 
ɧɟɫɬɚɛɢɥɶɧɵɟ ɮɚɡɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ, ɚ ɬɨɥɶ-
ɤɨ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɥɚ. 

Ɋɹɞ ɪɚɛɨɬ [88-90] ɩɨɫɜɹɳɟɧ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɚɦ, ɩɨɥɭɱɟɧ-
ɧɵɦ ɧɚ ɛɚɡɟ ɫɬɟɤɨɥ ɫɭɩɟɪɢɨɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ Li1+xAlxGe2-x(PO4)3, ɯ=0.η (ɞɚ-
ɥɟɟ LAGP). Ɋɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ [90], ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ, ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ ɜ ɦɚɬɟɪɢɚɥɟ ɮɨɪɦɢɪɭɸɬɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ AlPO4, ɨɛɪɚ-
ɡɭɸɳɢɟɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɡɟɪɧɚɦɢ ɢ ɡɚɯɜɚɬɵɜɚɸɳɢɟ ɢɨɧɵ Li+. Ɍɚɤɢɟ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɰɟɧɬɪɵ ɫɬɚɧɨɜɹɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɩɨɥɹ ɢ ɩɨɥɨɠɢ-
ɬɟɥɶɧɨ ɜɥɢɹɸɬ ɧɚ ɩɪɨɜɨɞɢɦɨɫɬɶ, ɩɨɤɚ ɢɯ ɪɚɡɦɟɪ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɧɚɧɨ-
ɦɟɬɪɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ. ȿɫɥɢ ɰɟɧɬɪɵ AlPO4:Li+ ɦɚɥɵ, ɢɨɧɵ ɥɢɬɢɹ ɦɨɝɭɬ ɥɟɝɤɨ 
ɞɜɢɝɚɬɶɫɹ «ɜɨɤɪɭɝ» ɧɢɯ, ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɨɛɥɚɫɬɟɣ 
ɩɪɢɜɨɞɢɬ ɤ ɛɥɨɤɢɪɭɸɳɟɦɭ ɷɮɮɟɤɬɭ, ɫ ɤɨɬɨɪɵɦ ɫɜɹɡɚɧɨ ɞɚɥɶɧɟɣɲɟɟ ɩɚɞɟɧɢɟ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ LAGP. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɨɬɦɟɬɢɦ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ 
ɞɥɹ ɌɗɅ ɢ ɋɂɉ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı. ɇɚɢɛɨ-
ɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɜɵɲɟɧɢɹ ı, ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɜɚ-
ɤɚɧɫɢɣ ɢɥɢ ɩɨɞɜɢɠɧɵɯ ɢɨɧɨɜ, ɹɜɥɹɟɬɫɹ ɞɨɩɢɪɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɝɟɬɟɪɨɜɚ-
ɥɟɧɬɧɵɦɢ ɩɪɢɦɟɫɹɦɢ. ɂɦɟɧɧɨ ɷɬɨɣ ɬɟɦɚɬɢɤɟ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ 
ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɦɨɧɨɤɪɢ-
ɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɛɚɡɟ Li2O-xGeO2 [30, 66, 67, 71-78]. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɨɩɢɫɚɧɧɚɹ ɫɢɫɬɟɦɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɹɦ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨ-
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ɜɨɞɧɨɫɬɢ, ɚ ɢɦɟɧɧɨ, ɧɚɥɢɱɢɸ ɫɬɪɭɤɬɭɪɧɵɯ ɤɚɧɚɥɨɜ ɞɥɹ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜ ɥɢ-
ɬɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɚɤɚɧɬɧɵɯ ɩɨɡɢɰɢɣ. Ɉɞ-
ɧɚɤɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɭɱɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ ɯ=β.7, 7, 11.η, 18 ɢ 
ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɸɬ ɪɚɛɨɬɵ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɜɵɫɨ-
ɤɨɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɛɚɡɟ ɧɨɦɢɧɚɥɶɧɨ ɱɢɫɬɨɣ ɫɢɫɬɟɦɵ Li2O-xGeO2. 

ɍɫɬɚɧɨɜɥɟɧɨ [66], ɱɬɨ ɩɟɪɟɯɨɞ ɤ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɦ ɫɬɟɤɥɨɨɛɪɚɡɧɵɦ ɫɢɫɬɟ-
ɦɚɦ ɦɨɠɟɬ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɩɨɜɵɫɢɬɶ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɡɚ ɫɱɟɬ ɞɟɮɟɤɬɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ, ɫɨɡɞɚɸɳɟɣ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɥɚ-
ɛɨɫɜɹɡɚɧɧɵɯ ɢɨɧɨɜ ɢ ɧɟɡɚɧɹɬɵɯ ɜɚɤɚɧɫɢɣ ɩɨ ɥɢɬɢɸ. ɂɡ ɫɤɚɡɚɧɧɨɝɨ ɜɵɲɟ 

ɫɥɟɞɭɟɬ, ɱɬɨ ɚɤɬɭɚɥɶɧɵɦ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɤɚɤ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢ-
ɤɢ, ɬɚɤ ɢ ɩɪɢɤɥɚɞɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɦɨɪɮɨɥɨɝɢɢ, ɫɬɪɭɤɬɭɪɵ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɟɤɨɥɶɧɵɯ ɢ ɫɬɟɤɥɨɤɟɪɚ-
ɦɢɱɟɫɤɢɯ ɨɤɫɢɞɧɵɯ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
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ɊȺɁȾȿɅ 2 

ɌȿɏɇɈɅɈȽɂə ɉɈɅɍɑȿɇɂə ɋɌȿɄɅɈɄȿɊȺɆɂɄɂ ɂ  
ɆȿɌɈȾɂɄɂ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏ ɂɁɆȿɊȿɇɂɃ  

  

ɋɬɟɤɥɚ ɫɨɫɬɚɜɨɜ Li2O-xGeO2 ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɢɡ ɪɚɫɩɥɚɜɚ ɦɟɬɨɞɨɦ 

ɛɵɫɬɪɨɣ ɡɚɤɚɥɤɢ ɦɟɠɞɭ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɩɥɚɫɬɢɧɚɦɢ. ɉɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɩɨɥɭɱɚɥɢ ɱɚɫɬɢɱɧɨ ɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɢɟ-

ɫɹ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ. 

Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɨɥ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɢɡɭɱɚɥɚɫɶ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɢɧɬɟɪɜɚɥɟ 300-900 Ʉ ɦɟɬɨɞɨɦ ȾɋɄ ɢ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ (ɌȽ). Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ 

ɝɟɬɟɪɨɝɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɩɪɟɞɟɥɹɥɫɹ 

ɦɟɬɨɞɨɦ ɊɎȺ. ɏɚɪɚɤɬɟɪ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɪɚɡɦɟɪɵ ɡɚɪɨ-

ɞɵɲɟɣ ɨɩɪɟɞɟɥɹɥɢɫɶ ɦɟɬɨɞɨɦ ȺɋɆ. 

ɂɡɦɟɪɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı ɫɬɟɤɨɥ, ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɢ ɩɨɥɢɤɪɢ-

ɫɬɚɥɥɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɦɨɫɬɨɜɵɦ ɦɟɬɨɞɨɦ ɜ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ. Ɇɟɯɚɧɢɡɦɵ ɩɟ-

ɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦ-

ɩɟɞɚɧɫɚ ɜ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ 10–5105 Ƚɰ ɢ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ θ00-

700 Ʉ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɧɨɫɢɬɟɥɹɯ ɡɚɪɹɞɚ ɢ ɥɨɤɚɥɶɧɨɣ ɞɢɧɚɦɢɤɟ 

ɢɨɧɨɜ ɥɢɬɢɹ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɨɜ əɆɊ ɢ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-

ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɹɞɟɪ ɢɡɨɬɨɩɚ 7Li. 

 

2.1. ɉɨɥɭɱɟɧɢɟ ɢ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɬɟɤɥɚ 

 

ȼɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɪɟɚɤɬɢ ɫɨɫɬɚɜɚ Li2CO3 ɢ GeO2 ɛɪɚɥɢɫɶ ɜ ɩɪɨɩɨɪ-

ɰɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɯ=β.7, 7, 11.η ɢ 18 ɜ ɫɨɨɬɜɟɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ  

 

     (2.1) 
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Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɨɥ ɫɨɫɬɚɜɚ Li2O-xGeO2 ɢɫɯɨɞɧɵɟ ɯɢɦɢɱɟ-

ɫɤɢɟ ɪɟɚɤɬɢɜɵ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɚɝɚɬɨɜɨɣ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ 

ɱɚɫɨɜ. ɉɨɥɭɱɟɧɧɚɹ ɫɦɟɫɶ ɩɟɪɟɫɵɩɚɥɚɫɶ ɜ ɩɥɚɬɢɧɨɜɵɣ ɬɢɝɟɥɶ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɝɨ ɨɛɴɟɦɚ, ɤɨɬɨɪɵɣ ɩɨɦɟɳɚɥɫɹ ɜ ɩɟɱɶ ɢ ɩɨɞɜɟɪɝɚɥɫɹ ɬɜɟɪɞɨɮɚɡɧɨɦɭ ɫɢɧ-

ɬɟɡɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 Ʉ ɜ ɬɟɱɟɧɢɟ 1β ɱɚɫɨɜ. ɉɨɥɭɱɟɧɧɭɸ ɲɢɯɬɭ ɩɨɜɬɨɪ-

ɧɨ ɩɟɪɟɦɚɥɵɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɱɚɫɨɜ ɜ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ ɢ ɧɚɝɪɟɜɚɥɢ ɜ 

ɩɥɚɬɢɧɨɜɨɦ ɬɢɝɥɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ=1ηη0 Ʉ, ɱɬɨ ɧɚ β00 ɝɪɚɞɭɫɨɜ ɜɵɲɟ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. Ɋɚɫɩɥɚɜ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɱɚɫɚ ɩɪɢ ɮɢɤ-

ɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ, ɦɟɬɨɞɨɦ ɛɵɫɬɪɨɣ ɡɚɤɚɥɤɢ 

ɦɟɠɞɭ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɩɥɚɫɬɢɧɚɦɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɝɨɬɨɜɢɥɢɫɶ ɨɛ-

ɪɚɡɰɵ ɫɬɟɤɥɚ, ɫɨɫɬɚɜɨɜ Li2O-xGeO2, ɝɞɟ ɯ=2.7, 7, 11.η ɢ 18. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɨɞɧɨɪɨɞɧɵɟ, ɛɟɫɰɜɟɬɧɵɟ, ɩɪɨɡɪɚɱɧɵɟ ɩɥɚɫɬɢɧɵ ɫɬɟɤɥɚ ɪɚɡɥɢɱɧɨɣ 

ɬɨɥɳɢɧɵ ɛɟɡ ɩɭɡɵɪɶɤɨɜ ɢ ɞɪɭɝɢɯ ɜɢɞɢɦɵɯ ɜɤɥɸɱɟɧɢɣ. 

ɋ ɰɟɥɶɸ ɫɧɹɬɢɹ ɜɧɭɬɪɟɧɧɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɥɭɱɟɧɧɵɟ ɨɛ-

ɪɚɡɰɵ ɫɬɟɤɥɚ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ 8 ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ η00 Ʉ, ɱɬɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ. 

Ʉɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɨɝɨ ɫɬɟɤɥɚ ɤɨɧɬɨɥɢɪɨɜɚɥɨɫɶ ɦɟɬɨɞɨɦ ɊɎȺ. 

Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɨɛɪɚɡɰɨɜ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɭɬɟɦ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɋɟɝɭɥɢɪɨɜɤɚ ɢ ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭ-

ɪɵ ɩɟɱɢ ɢ ɨɛɪɚɡɰɚ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɛɥɨɤɚ ɜɵɫɨɤɨɬɨɱɧɨɣ ɪɟɝɭɥɢ-

ɪɨɜɤɢ ɬɟɦɩɟɪɚɬɭɪ (ȼɊɌ) ɢ ɜɨɥɶɬɦɟɬɪɚ DIGITALMULTIMETR, ɢɫɩɨɥɶɡɨɜɚ-

ɥɢɫɶ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɶɧɵɟ ɬɟɪɦɨɩɚɪɵ, ɨɲɢɛɤɚ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɚɜɥɹɥɚ ±0.η Ʉ. 

ɉɪɢɦɟɧɹɥɢɫɶ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ:  

1) ɧɚɝɪɟɜ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪ Ɍ=8θ0 Ʉ; 935 Ʉ ɫ ɩɨɫɥɟɞɭɸ-

ɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ; 

β) ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɜɵɞɟɪɠɤɚ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

Ɍan=81η Ʉ ɜ ɬɟɱɟɧɢɟ 0.0η; 1; 4; 14 ɱɚɫɨɜ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ.  
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2.2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

β.β.1. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ . ɂɫɫɥɟ-

ɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ Li2O-xGeO2 ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɨɜ ȾɋɄ ɢ ɬɟɪɦɨɝɪɚ-

ɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɌȽȺ) ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɞɚɸɬ ɜɨɡ-

ɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɷɧɟɪɝɢɸ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɤɢɧɟɬɢɤɟ ɩɪɨɰɟɫɫɚ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ. 

Ɇɟɬɨɞ ȾɋɄ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɬɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨɫɪɟɞ-

ɫɬɜɨɦ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɢɡ ɚɦɨɪɮ-

ɧɨɣ ɮɚɡɵ ɩɪɨɢɫɯɨɞɢɬ ɫ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ). ɂɡɦɟ-

ɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ, ɜɵɡɜɚɧɧɵɟ ɮɢɡɢɱɟɫɤɢɦɢ ɩɟɪɟɯɨɞɚɦɢ ɢɥɢ ɯɢɦɢ-

ɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ, ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ. 

ɂɡɦɟɪɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɨɫɶ 

ɧɚ ɩɪɢɛɨɪɟ MettlerSTAReSW (ɪɢɫ.β.1). ɉɪɢɛɨɪ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɨɞɧɨ-

ɜɪɟɦɟɧɧɨɟ ɢɡɦɟɪɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ dH/dt ɢ ɦɚɫɫɵ ɨɛɪɚɡɰɚ, ɬ.ɟ. ɫɨɱɟɬɚɟɬ ɜ 

ɫɟɛɟ ɦɟɬɨɞɵ ȾɋɄ ɢ ɌȽȺ. 

 

 

Ɋɢɫ. β.1. Ɉɛɳɢɣ ɜɢɞ ɩɪɢɛɨɪɚ MettlerSTAReSW 
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ɉɪɢɛɨɪ ȾɋɄ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɞɢɧɵɣ ɧɚɫɬɨɥɶɧɵɣ ɦɨɞɭɥɶ, ɫɨɞɟɪ-

ɠɚɳɢɣ ɩɟɱɶ ɢ ɷɥɟɤɬɪɨɧɧɵɣ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ. Ƚɥɚɜɧɵɦɢ ɷɥɟɦɟɧ-

ɬɚɦɢ ɩɪɢɛɨɪɚ ɹɜɥɹɸɬɫɹμ ɩɟɱɶ ɢɥɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɜɟɫɵ ɫ ɞɟɪɠɚɬɟ-

ɥɹɦɢ ɨɛɪɚɡɰɚ ɢ ɷɬɚɥɨɧɚ, ɭɫɢɥɢɬɟɥɶ ɦɚɥɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 

ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢɛɨɪ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɱɢ ɩɨ ɡɚɞɚɧ-

ɧɨɣ ɩɪɨɝɪɚɦɦɟ, ɫɚɦɨɩɢɫɟɰ ɢ ɚɩɩɚɪɚɬɭɪɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɫɨɫɬɚɜɚ ɚɬɦɨɫɮɟɪɵ ɜ ɩɟɱɢ ɢ ɞɟɪɠɚɬɟɥɟ ɨɛɪɚɡɰɚ. 

ɉɪɢɧɰɢɩ ɢɡɦɟɪɟɧɢɹ ɜɵɞɟɥɟɧɧɨɣ ɢɥɢ ɩɨɝɥɨɳɟɧɧɨɣ ɨɛɪɚɡɰɨɦ ɬɟɩɥɨɬɵ 

ɨɫɧɨɜɚɧ ɧɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɜɨ ɜɪɟɦɟɧɢ ɫɢɝɧɚɥɚ ɞɚɬɱɢɤɚ, ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ 

ɪɚɡɧɨɫɬɶ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɦɟɠɞɭ β-ɦɹ ɱɚɲɤɚɦɢ ɜɟɫɨɜ. ɇɚ ɨɞɧɨɣ ɱɚɲɟ ɜɟɫɨɜ 

ɧɚɯɨɞɢɬɫɹ ɨɛɪɚɡɟɰ, ɧɚ ɞɪɭɝɨɣ – ɷɬɚɥɨɧ. Ɉɛɟ ɱɚɲɢ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɢɧɚɤɨɜɵɯ 

ɭɫɥɨɜɢɹɯ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɚɬɱɢɤɨɦ ɊɌ100. ɉɪɢɧɰɢɩ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɨɫɧɨɜɚɧ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɧɚ ɤɪɢ-

ɜɨɣ «ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ – ɬɟɦɩɟɪɚɬɭɪɚ» ɬɨɱɤɢ ɧɚɱɚɥɚ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɦɨɧɨɬɨɧɧɨ-

ɫɬɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟɦ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɜɟɬɜɢ ɩɢɤɚ ɤɪɢɜɨɣ ɫ ɛɚɡɨɜɨɣ ɥɢɧɢɟɣ (ɷɬɚɥɨɧɨɦ).  

ɉɪɢɛɨɪ MettlerSTAReSW ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɝɪɚɦɦ-

ɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ STARe6.10, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸ-

ɬɟɪ, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɟɧ ɫ ɷɥɟɤɬɪɨɧɧɵɦ ɛɥɨɤɨɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ. ɉɪɨ-

ɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɚɥɢɛɪɨɜɤɭ ȾɋɄ, ɡɚɞɚɧɢɟ ɩɚ-

ɪɚɦɟɬɪɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɪɟɝɢɫɬɪɚɰɢɸ, ɨɛɪɚɛɨɬɤɭ ɢ ɯɪɚɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɚ 

ɬɚɤɠɟ ɢɯ ɜɵɜɨɞ ɧɚ ɩɟɱɚɬɶ. 

Ɉɛɪɚɡɰɵ ɫɬɟɤɥɚ Li2O-ɯGeO2 ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚ-

ɰɢɢ ɜ ɯɨɞɟ ɧɚɝɪɟɜɚ ɦɟɬɨɞɨɦ ȾɋɄ ɢɡɦɟɥɶɱɚɥɢɫɶ ɜ ɚɝɚɬɨɜɨɣ ɫɬɭɩɤɟ. ɉɨɥɭɱɟɧ-

ɧɵɣ ɩɨɪɨɲɨɤ ɪɚɡɞɟɥɹɥɢ ɧɚ ɝɪɚɧɭɥɵ ɛɨɥɟɟ 1 ɦɦ ɢ ɦɟɧɟɟ 0.1 ɦɦ ɜ ɞɢɚɦɟɬɪɟ. 

Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɟ ɫɢɬɨ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɚɡɦɟ-

ɪɨɦ ɹɱɟɟɤ. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɜ ɞɢɚɩɚɡɨɧɟ 

ɬɟɦɩɟɪɚɬɭɪ γ00-1βη0 Ʉ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɢɝɥɢ ɢɡ Al2O3 ɫ ɤɪɵɲɤɨɣ. Ɉɫɭ-

ɳɟɫɬɜɥɹɥɚɫɶ ɧɟɩɪɟɪɵɜɧɚɹ ɩɪɨɞɭɜɤɚ ɚɪɝɨɧɨɦ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. ɋɤɨɪɨɫɬɢ 

ɧɚɝɪɟɜɚ ɫɨɫɬɚɜɥɹɥɢ 10, β0 ɢ η0 Ʉ/ɦɢɧ. Ⱦɟɪɢɜɚɬɨɝɪɚɮ ɤɨɦɦɭɬɢɪɨɜɚɥ ɫ ɩɟɪɫɨ-
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ɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ, ɧɚ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨ-

ɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɜ ɬɨɦ ɱɢɫɥɟ STARe ɜɟɪɫɢɢ θ.10. Ɍɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨ-

ɜɚɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɪɢɜɵɯ. ɗɧɟɪɝɢɹ ɚɤɬɢ-

ɜɚɰɢɢ (Ecr) ɪɨɫɬɚ ɨɛɴɟɦɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɵɜɚ-

ɥɚɫɶ ɢɫɯɨɞɹ ɢɡ ɫɞɜɢɝɚ ɬɨɱɟɤ T1, T2 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ. Ɋɚɫɱɟɬ 

ɩɪɨɜɨɞɢɥɫɹ ɩɨ ɦɟɬɨɞɭ ɢɬɟɪɚɰɢɣ, ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɯɨ-

ɞɢɥɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹμ k0 = ȕEcrexp(-Ecr/RT)/RT
2 ɝɞɟ ȕ – ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɜ 

K/ɦɢɧ; T – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ K. 

β.β.β. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɧɟɪɚɡɪɭɲɚɸɳɢɦ 

ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɚɦɨɪɮɧɵɯ ɜɟ-

ɳɟɫɬɜ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ ɦɟɬɨɞ ɊɎȺ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟ-

ɞɟɥɢɬɶ ɫɬɪɭɤɬɭɪɭ ɮɚɡ ɢ ɨɰɟɧɢɬɶ ɪɚɡɦɟɪɵ ɡɚɪɨɞɵɲɟɣ. 

ɊɎȺ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɫɨɫɬɚɜɚ Li2O-xGeO2 ɩɪɨɜɨɞɢɥ-

ɫɹ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ-2, ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɢɡɥɭɱɟɧɢɟ Cu-KĮ (ɞɥɢɧɚ ɜɨɥɧɵ 

Ȝ=1,η4β й), ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ ɪɚɫɫɟɹɧɢɹ βș ɨɬ η ɞɨ 

7η°. Ɉɛɳɢɣ ɜɢɞ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ȾɊɈɇ-2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. β.β. Ɋɟɝɢɫɬɪɚ-

ɰɢɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɛɪɚɡɰɵ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɩɨɦɨɥɚ ɢ ɩɟɪɟɬɢɪɚɧɢɹ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨ-

ɤɟɪɚɦɢɤɢ Li2O-xGeO2 ɜ ɩɨɪɨɲɨɤ ɜ ɚɝɚɬɨɜɨɣ ɫɬɭɩɤɟ. ɉɨɥɭɱɟɧɧɵɟ ɞɢɮɪɚɤɬɨ-

ɝɪɚɦɵ ɨɰɢɮɪɨɜɵɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ GetData-

GraphDigitizer 2.22. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɢ ɩɨ 

ɧɚɛɨɪɭ ɯɚɪɚɤɬɟɪɧɵɯ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɪɟɮɥɟɤɫɨɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɠɞɭɧɚ-

ɪɨɞɧɨɣ ɛɚɡɵ ɩɨɪɨɲɤɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ ASTM. ɇɚɥɢɱɢɟ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɢɞɟɧ-

ɬɢɮɢɰɢɪɨɜɚɥɢ ɩɨ ɯɚɪɚɤɬɟɪɧɨɦɭ ɝɚɥɨ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ. 

Ɋɚɡɦɟɪɵ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɈɄɊ) ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ 

ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚμ Dhkl=dȜ/ĳМШЬș, ɝɞɟ d – ɤɨɷɮɮɢɰɢɟɧɬ ɛɥɢɡɤɢɣ ɤ 

ɟɞɢɧɢɰɟ, Ȝ – ɞɥɢɧɚ ɜɨɥɧɵ, ĳ – ɩɨɥɭɲɢɪɢɧɚ ɩɢɤɚ ɧɚ ɩɨɥɭɜɵɫɨɬɟ, ș – ɩɨɥɨɠɟ-

ɧɢɟ ɩɢɤɚ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɢɮɪɚɤɬɨɝɪɚɦɵ ɨɛɪɚɛɚɬɵ-

ɜɚɥɢɫɶ ɜ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɵ Origin 8.5. Ⱦɢɮɪɚɤɰɢɨɧɧɵɟ ɥɢɧɢɢ ɨɩɢɫɵɜɚɥɢ ɫ 

ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ Ʌɨɪɟɧɰɚ 
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ɝɞɟ y0 – ɛɚɡɨɜɚɹ ɥɢɧɢɹ, F – ɢɧɬɟɝɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɯɫ – ɩɨɥɨɠɟɧɢɹ ɦɚɤ-

ɫɢɦɭɦɚ, ĳ – ɩɨɥɭɲɢɪɢɧɚ ɥɢɧɢɢ ɧɚ ɩɨɥɭɜɵɫɨɬɟ. 

 

 

Ɋɢɫ.β.β. Ɉɛɳɢɣ ɜɢɞ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ȾɊɈɇ-2. 1 – ɗɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ ɗȼɍ-1-4; 2 – ɛɥɨɤ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; γ – ɫɬɨɣ-

ɤɚ ɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɚɹ ɫ ɝɨɧɢɨɦɟɬɪɨɦ ȽɍɊ-η ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 

ɬɪɭɛɤɨɣ; 4 – ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ȼɂɉ-2-50-θ0Ɇ; η – 

ɭɫɬɪɨɣɫɬɜɨ ɜɵɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ ɍȼɂ-γɆ-1 ɫ ɰɢɮɪɨɩɟɱɚɬɚɸɳɟɣ ɦɚ-

ɲɢɧɤɨɣ ɢ ɩɟɪɮɨɪɚɬɨɪɨɦ [91] 

 

2.2.3. Ⱥɬɨɦɧɚɹ  ɫɢɥɨɜɚɹ  ɦɢɤɪɨɫɤɨɩɢɹ.  ɋɤɚɧɢɪɭɸɳɚɹ ɡɨɧɞɨɜɚɹ 

ɦɢɤɪɨɫɤɨɩɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ ɪɚɡɦɟɪɨɜ, 

ɮɨɪɦɵ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɪɨɞɵɲɟɣ 

[92].  
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Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɫɨɫɬɚɜɚ Li2O-xGeO2 

ɦɟɬɨɞɨɦ ȺɋɆ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ β×2 ɦɦ2. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟ-

ɪɨɜ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɪɨɞɵɲɟɣ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ ɛɵɥɢ 

ɩɪɢɝɨɬɨɜɥɟɧɵ ɫɤɨɥɵ ɨɛɪɚɡɰɨɜ ɫ ɩɥɨɳɚɞɤɨɣ 4 ɦɦ2. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ 

ɩɪɢ ɩɨɦɨɳɢ ɦɢɤɪɨɫɤɨɩɚ IЧЭОРЫКPЫТЦКBКЬТМ (NT-MDT), ɛɥɨɤ-ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2.3. Ⱦɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨ-

ɝɪɚɦɦɨɣ NOVA 1.0.26 ɢ Origin 8.5. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬ-

ɦɨɫɮɟɪɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɥɨɳɚɞɶ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ-

ɫɬɚɜɥɹɥɚ 1η×1η ɦɤɦ2, 4×4 ɦɤɦ2 ɢ 1×1 ɦɤɦ2.  

 

 

Ɋɢɫ. β.γ. Ɉɫɧɨɜɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɢɤɪɨɫɤɨɩɚ IntegraPrimaBasic: 1 – ɨɩɬɢɱɟ-

ɫɤɢɣ ɦɢɤɪɨɫɤɨɩ; 2 – ɡɚɳɢɬɧɵɣ ɤɨɥɩɚɤ; γ – ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɝɨɥɨɜɤɚ; 4 

– ɨɛɪɚɡɟɰ; η – ɫɤɚɧɟɪ; θ – ɨɫɧɨɜɚ; 7 – ɛɚɡɨɜɵɣ ɛɥɨɤ [92] 

 

Ɋɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɦɢɤɪɨɫɤɨɩɚ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɜɵɫɨɬɵ ɧɚɧɨ-

ɨɛɴɟɤɬɨɜ ɫɨɫɬɚɜɥɹɟɬ з0.0η ɧɦ, ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɩɪɨɞɨɥɶɧɵɯ ɪɚɡɦɟɪɨɜ з10 ɧɦ. 

2.2.4. ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ (ɫɦ. ɩ. β.1), ɩɪɢ ɩɨɦɨɳɢ ɚɥɦɚɡ-

ɧɨɣ ɲɬɪɢɩɫɨɜɨɣ ɩɢɥɵ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɨɛɪɚɡɰɵ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ 

η×η×1 ɦɦ3. Ɍɨɥɳɢɧɚ d ɨɛɪɚɡɰɨɜ ɞɨɜɨɞɢɥɚɫɶ ɞɨ ɧɭɠɧɨɝɨ ɪɚɡɦɟɪɚ ɩɭɬɟɦ ɲɥɢ-

ɮɨɜɤɢ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɦɢɤɪɨɦɟɬɪɨɦ, ɜɟɥɢɱɢɧɚ ɲɥɢɮɨɜɚɥɶɧɵɯ ɝɪɚɧɭɥ 
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ɩɨɪɨɲɤɚ ɫɨɫɬɚɜɥɹɥɚ η, β0 ɢ 40 ɦɤɦ (ɤɨɪɭɧɞ Ɇη, Ɇβ0, Ɇ40). Ɇɟɬɨɞɨɦ ɤɚɬɨɞ-

ɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɜ ɜɚɤɭɭɦɟ ɧɚ ɝɥɚɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɧɚɧɨɫɢɥɢɫɶ ɩɥɚɬɢɧɨɜɵɟ ɷɥɟɤɬɪɨɞɵ ɞɢɚɦɟɬɪɨɦ 4 ɦɦ. 

ȼ ɯɨɞɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟ-

ɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɟɤɨɥ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2. ɂɡɦɟɪɟ-

ɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɦɨɫɬɨɜɵɦ ɦɟɬɨɞɨɦ ɜ ɩɟɪɟɦɟɧɧɨɦ ɜɧɟɲɧɟɦ ɩɨɥɟ ɫ ɮɢɤɫɢɪɨ-

ɜɚɧɧɨɣ ɱɚɫɬɨɬɨɣ f=1 ɤȽɰ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300-λη0 Ʉ (ɛɥɨɤ-ɫɯɟɦɚ 

ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. β.4). Ʉɨɦɩɥɟɤɫɧɵɣ ɢɦɩɟɞɚɧɫ ɢɡɦɟɪɹɥɫɹ ɞɥɹ 

ɢɧɬɟɪɜɚɥɚ ɱɚɫɬɨɬ f=101-105 Ƚɰ ɜ ɪɟɠɢɦɟ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ 

ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɛɪɚɡɟɰ 

(1) ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɜ ɞɟɪɠɚɬɟɥɟ (β) ɢ ɩɨɦɟɳɚɥɢ ɜɧɭɬɪɶ ɤɚɦɟɪɵ ɧɚɝɪɟɜɚ (3). 

Ʉɚɦɟɪɚ ɢɦɟɟɬ ɜɧɟɲɧɸɸ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɨɛɲɢɜɤɭ ɫ ɡɚɡɟɦɥɟɧɢɟɦ ɞɥɹ ɭɦɟɧɶ-

ɲɟɧɢɹ ɩɚɪɚɡɢɬɧɵɯ ɲɭɦɨɜ, ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɰɢɥɢɧɞɪɨɜ – ɜɧɭɬɪɟɧɧɟɝɨ ɢ 

ɧɚɪɭɠɧɨɝɨ. ȼɧɭɬɪɟɧɧɢɣ ɰɢɥɢɧɞɪ ɫɞɟɥɚɧ ɢɡ ɨɝɧɟɭɩɨɪɧɨɣ ɤɟɪɚɦɢɤɢ ɢ ɢɡɨɥɢ-

ɪɭɟɬ ɞɟɪɠɚɬɟɥɶ ɨɬ ɧɚɝɪɟɜɚɬɟɥɶɧɨɣ ɫɩɢɪɚɥɢ ɩɟɱɢ. Ɇɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦ ɢ ɜɧɟɲ-

ɧɢɦ ɰɢɥɢɧɞɪɚɦɢ ɧɚ ɤɟɪɚɦɢɱɟɫɤɭɸ ɨɫɧɨɜɭ ɧɚɦɨɬɚɧɚ ɧɢɯɪɨɦɨɜɚɹ ɩɪɨɜɨɥɨɤɚ 

(4). 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɩɟɱɢ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɪɟɝɭɥɹɬɨɪɚ 

ɊɂɎ-101 (η), ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɛɥɨɤɚ ɪɟɝɭɥɹɬɨɪɚ (ȻɊ) (5.ɚ) ɢ ɫɢɥɨɜɨɝɨ ɛɥɨɤɚ 

(Ȼɋ) (η.ɛ). Ɍɨɱɧɨɫɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɥɚ ±0.1 Ʉ ɜɨ ɜɫɟɦ 

ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɩɟɱɢ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨ-

ɦɚɬɢɡɢɪɨɜɚɧ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɨɛɪɚɡɰɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɚɦɩɟɪɜɨɥɶ-

ɬɦɟɬɪɚ Ɏ-γ0 (7) ɩɨ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɣ ɬɟɪɦɨɩɚɪɟ 

(8).  

ȿɦɤɨɫɬɶ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡɦɟɪɹɥɢɫɶ ɦɨɫɬɨɜɵɦ ɦɟɬɨ-

ɞɨɦ ɩɪɢ ɩɨɦɨɳɢ ɦɨɫɬɚ ɟɦɤɨɫɬɟɣ ȿ7-10 (λ). Ɍɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɟɦɤɨɫɬɢ ɫɨ-

ɫɬɚɜɥɹɥɚ 10-2 ɩɎ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 10-8 Ɉɦ-1ɦ-1.  
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Ɋɢɫ β.4. Ȼɥɨɤ-ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ G(Ɍ) ɢ ɟɦɤɨɫɬɢ C(Ɍ). 1 – ɨɛɪɚɡɟɰ; β – ɞɟɪɠɚɬɟɥɶ; 

3 – ɤɚɦɟɪɚ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 4 – ɩɟɱɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; η – ɬɟɪ-

ɦɨɪɟɝɭɥɹɬɨɪ ɊɂɎ-101; 6, 8 – ɪɟɝɭɥɢɪɨɜɨɱɧɚɹ ɢ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɬɟɪ-

ɦɨɩɚɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 7 – ɚɦɩɟɪɜɨɥɶɬɦɟɬɪ Ɏ-30; 9 – ɦɨɫɬ ɟɦɤɨɫɬɟɣ 

ȿ7-10; 10 – ɫɨɫɭɞ Ⱦɶɸɚɪɚ ɫɨ ɫɦɟɫɶɸ ɜɨɞɵ ɢ ɥɶɞɚ ɧɚɯɨɞɹɳɢɯɫɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ Ɍ=β7γ Ʉ. 

 

Ɋɚɫɱɟɬ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɨ-

ɢɡɜɨɞɢɥɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɧɨɲɟɧɢɣ 
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ɝɞɟ d – ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ, S – ɩɥɨɳɚɞɶ ɷɥɟɤɬɪɨɞɨɜ ɧɚ ɨɛɪɚɡɰɟ, ɋ ɢ G – ɢɡɦɟɪɹ-

ɟɦɚɹ ɟɦɤɨɫɬɶ ɢ ɩɨɥɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɪɚɡɰɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɢɷɥɟɤ-

ɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ İ0=8,8η4ā10-12 Ɏ/ɦ. 

ɋɩɟɤɬɪɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɫɨɟɞɢɧɟ-

ɧɢɣ Li2O-xGeO2 ɢɡɦɟɪɟɧɵ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɱɚɫɬɨɬ 101-105 Ƚɰ ɩɪɢ ɩɨɫɬɨ-

ɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɬɨɪɚɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ θ00-700 Ʉ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɝɨ ɢɦɩɟɞɚɧɫɚ Z ɨɛɪɚɡɰɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɪɢɛɨɪ 

TESLA IMPEDANCEMETER-BM 507, ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. β.η. ɉɪɢɛɨɪ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ Z ɜ ɩɪɟɞɟɥɚɯ 

γā100÷γā106 Ɉɦ, ɭɝɨɥ ɩɨɬɟɪɶ ĳ ɨɬ -λ0º ɞɨ +λ0º. 

 

 

Ɋɢɫ. 2.5. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɥɧɨɝɨ ɢɦɩɟɞɚɧɫɚ Г ɢ 

ɭɝɥɚ ĳ. 1 – TESLA IMPEDANCEMETER-BM 507; 2 – ɩɟɱɶ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ; γ – ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɚɹ ɬɟɪɦɨɩɚɪɚ; 4 – ɨɛɪɚɡɟɰ; η –

ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ 

 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɱɚɫɬɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ Z*=Zƍ+iZƍƍ 

ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɮɨɪɦɭɥɚɦ 

  

Zƍ =Zācos(ĳ),     (2.5) 

Zƍƍ=Zāsin(ĳ).     (2.6) 

 

ɋɜɹɡɶ ɦɟɠɞɭ ɢɦɩɟɞɚɧɫɨɦ Z*, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ G* ɢ ɟɦɤɨɫɬɶɸ C* 

ɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ 
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*Z

1
G* ,      (2.7) 

*Zi

1
C*

Ȧ
 ,      (2.8) 

 

ɝɞɟ Ȧ=βʌf – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɨɥɹ. 

β.β.η. əɞɟɪɧɵɣ ɦɚɝɧɢɬɧɵɣ ɪɟɡɨɧɚɧɫ . ɂɡɨɬɨɩ 7Li ɢɦɟɟɬ ɹɞɟɪɧɵɣ 

ɫɩɢɧ I=γ/β ɢ ɤɜɚɞɪɭɩɨɥɶɧɵɣ ɦɨɦɟɧɬ Q=-4*10-26 ɫɦ2. ȿɫɬɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚ-

ɧɢɟ ɜ ɩɪɢɪɨɞɟ ɢɡɨɬɨɩɚ 7Li ɫɨɫɬɚɜɥɹɟɬ зλθ%. ȼɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɜɚɞ-

ɪɭɩɨɥɶɧɵɯ ɹɞɟɪ ɤ ɧɟɛɨɥɶɲɢɦ ɢɡɦɟɧɟɧɢɹɦ ɥɨɤɚɥɶɧɨɝɨ ɨɤɪɭɠɟɧɢɹ ɞɟɥɚɟɬ 

ɫɩɟɤɬɪɨɫɤɨɩɢɸ əɆɊ ɭɧɢɤɚɥɶɧɵɦ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɩɪɢ ɢɡɭɱɟɧɢɢ 

ɫɬɪɭɤɬɭɪɵ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɟɤɬɪɨɜ əɆɊ ɝɨɬɨɜɢɥɢɫɶ ɨɛɪɚɡɰɵ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨ-

ɤɟɪɚɦɢɤɢ ɫɨɟɞɢɧɟɧɢɣ Li2O-7GeO2, ɚ ɬɚɤɠɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 ɜ ɮɨɪɦɟ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɜ ɫ ɪɟɛɪɚɦɢ β×β×η ɦɦ3. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡ-

ɰɵ ɩɨɦɟɳɚɥɢɫɶ ɜ ɫɬɚɧɞɚɪɬɧɭɸ ɬɨɧɤɨɫɬɟɧɧɭɸ əɆɊ - ɚɦɩɭɥɭ ɢɡ ɛɨɪɨɫɢɥɢɤɚɬ-

ɧɨɝɨ ɫɬɟɤɥɚ ɫ ɜɧɟɲɧɢɦ ɞɢɚɦɟɬɪɨɦ η ɦɦ. 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɜɵɪɚ-

ɳɟɧɵ ɩɪɨɮ. ȼɨɥɧɹɧɫɤɢɦ Ɇ.Ⱦ. ɧɚ ɤɚɮɟɞɪɟ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɨɩɬɨɷɥɟɤ-

ɬɪɨɧɢɤɢ Ⱦɇɍ ɩɨ ɦɟɬɨɞɭ ɑɨɯɪɚɥɶɫɤɨɝɨ [34]. 

ɋɩɟɤɬɪɵ əɆɊ ɢɡɦɟɪɹɥɢɫɶ ɜ ɩɨɫɬɨɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ B0=8.45 Tɥ ɢ 

ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɨɣ Ȧ=360 MȽɰ, ɥɚɪɦɨɪɨɜɫɤɚɹ ɱɚɫɬɨɬɚ ȦL=139.9 MȽɰ. Ⱦɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ γ00 ɞɨ λ00 Ʉ ɛɵɥ ɪɚɡ-

ɪɚɛɨɬɚɧ ɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɚɬɱɢɤ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨ-

ɛɨɣ ɫɬɚɧɞɚɪɬɧɵɣ ɞɟɪɠɚɬɟɥɶ, ɩɨɦɟɳɟɧɧɵɣ ɜ ɜɵɫɨɤɨɨɦɧɭɸ ɩɟɱɶ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɧɚɦɨɬɤɢ ɜɞɨɥɶ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɦɚɝɧɢɬɚ. ɋɩɟɤɬɪɵ əɆɊ 

ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɢɤɢ ɢɦɩɭɥɶɫɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɫɬɟɣ [93]. ɋ ɰɟɥɶɸ ɢɡɛɚɜɥɟɧɢɹ ɨɬ ɦɟɪɬɜɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢɟɦɧɢɤɚ ɩɪɢɦɟɧɹɥɚɫɶ 

ɞɟɬɟɤɬɢɪɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ «ɤɜɚɞɪɭɩɨɥɶɧɨɟ ɷɯɨ». Ⱦɥɹ 

ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɫɚɬɟɥɥɢɬɧɵɯ ɥɢɧɢɣ ɩɪɢɦɟɧɹɥɚɫɶ ɢɦ-
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ɩɭɥɶɫɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 90x-ǻ-64y [94]. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɟɬɟɤɬɢɪɭ-

ɸɳɟɝɨ ɫɢɝɧɚɥɚ ɫɨɫɬɚɜɥɹɥɚ β.7 ɦɤɫ, ɡɚɞɟɪɠɤɚ ɦɟɠɞɭ ɢɦɩɭɥɶɫɚɦɢ ǻ=20 ɦɤɫ. 

Ɇɧɨɝɨɤɪɚɬɧɵɦ ɧɚɤɨɩɥɟɧɢɟɦ ɫɢɝɧɚɥɚ ɫɩɚɞɚ ɫɜɨɛɨɞɧɨɣ ɢɧɞɭɤɰɢɢ ɩɨɥɭ-

ɱɟɧɵ ɫɩɟɤɬɪɵ əɆɊ ɫ ɨɬɧɨɲɟɧɢɟɦ (ɫɢɝɧɚɥμ ɲɭɦ)>10. 

Ȼɥɨɤ-ɫɯɟɦɵ ɫɩɟɤɬɪɨɦɟɬɪɚ əɆɊ ɢ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɝɨ ɦɚɝɧɢɬɚ ɩɪɟɞɫɬɚɜ-

ɥɟɧɵ ɧɚ ɪɢɫ. β.θ.ɚ. ɢ β.θ.ɛ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ‘DAεARIS’, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɚ 

ɤɚɮɟɞɪɟ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ Ⱦɚɪɦɲɬɚɞɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, 

ɡɚɞɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɢɦɩɭɥɶɫɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ 

ɝɟɧɟɪɚɬɨɪ ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɢɦɩɭɥɶɫɨɜ. Ⱦɚɥɟɟ ɢɦɩɭɥɶɫ ɪɚɡɞɜɚɢɜɚɟɬɫɹμ ɩɟɪɜɵɣ 

ɫɢɝɧɚɥ ɢɞɟɬ ɱɟɪɟɡ ɭɫɢɥɢɬɟɥɶ ɧɚ ɨɛɪɚɡɟɰ ɢ ɫɥɟɞɨɦ ɧɚ ɞɟɬɟɤɬɨɪ, ɝɞɟ ɮɚɡɢɪɭɟɬɫɹ 

ɢ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫɨ ɜɬɨɪɵɦ ɢɦɩɭɥɶɫɨɦ. Ɉɛɪɚɛɨɬɚɧɧɵɣ ɫɢɝɧɚɥ ɨɬɪɚɠɚɟɬɫɹ ɧɚ 

ɤɨɦɩɶɸɬɟɪɟ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɢ ɬɚɛɥɢɰ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɨɥɶɡɨ-

ɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɵ ORIGIN 8.5 ɢ NMRnotebook 2.70. 

ȼɪɟɦɹ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ (Ɍ1) ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɧɚ ɬɨɦ ɠɟ ɨɛɨ-

ɪɭɞɨɜɚɧɢɢ, ɱɬɨ ɢ ɫɩɟɤɬɪɵ əɆɊ. Ɍ1 ɨɩɪɟɞɟɥɹɥɨɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɟɝɨ 

ɜɵɪɚɠɟɧɢɹ 

 

))tau/Texp((1MM 10Z  ,    (2.9) 

 

ɝɞɟ Mz – ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɤɬɨɪɚ ɩɪɨɞɨɥɶɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ, 

M0 – ɪɚɜɧɨɜɟɫɧɨɟ ɡɧɚɱɟɧɢɟ Mz, tau – ɜɚɪɶɢɪɭɟɦɨɟ ɜɪɟɦɹ ɦɟɠɞɭ ɫɟɪɢɟɣ ɧɟɪɚɜ-

ɧɨɦɟɪɧɵɯ ɢɦɩɭɥɶɫɨɜ ɢ ɞɟɬɟɤɬɢɪɭɸɳɟɣ ɫɟɪɢɟɣ ɢɦɩɭɥɶɫɨɜ. 

ɇɚ ɪɢɫ. β.7 ɩɨɤɚɡɚɧɚ ɢɦɩɭɥɶɫɧɚɹ ɞɢɚɝɪɚɦɦɚ, ɢɫɩɨɥɶɡɨɜɚɜɲɚɹɫɹ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɤɬɨɪɚ ɩɪɨɞɨɥɶɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 

ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɟɝɨ ɧɟɪɚɜɧɨɦɟɪɧɨɣ ɫɟɪɢɢ ɢɦɩɭɥɶɫɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɨɥɨɝɢɟɣ ɢɦɩɭɥɶɫɧɨɝɨ ɫɭɠɟɧɢɹ ɥɢɧɢɣ əɆɊ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ДλγЖ.
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Ɋɢɫ. 2.6. Ȼɥɨɤ-ɫɯɟɦɵ ɫɩɟɤɬɪɨɦɟɬɪɚ əɆɊ (ɚ) ɢ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɝɨ ɦɚɝɧɢɬɚ (ɛ) 

1 2 

3 

4 

5 6 3 3 

ɛ) 

1 – ɝɟɧɟɪɚɬɨɪ ɪɚ-
ɞɢɨɱɚɫɬɨɬɧɵɯ ɢɦ-
ɩɭɥɶɫɨɜ 

2 – ɤɨɧɬɪɨɥɶ ɢɦ-
ɩɭɥɶɫɚ 

3 – ɡɚɦɨɤ 

4 – ɨɛɪɚɡɟɰ 

5 – ɞɟɬɟɤɬɨɪ 

6 – ɫɨɥɟɧɨɢɞ ɦɚɝɧɢ-
ɬɚ 

7 – ɪɚɞɢɨɱɚɫɬɨɬɧɚɹ 
ɤɚɬɭɲɤɚ 

8 – ɤɨɪɪɢɝɢɪɭɸɳɢɟ 
ɤɚɬɭɲɤɢ

ɚ) 
ɇɚɩɪɚɜɥɟɧɢɟ 
ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ 
6 

4 

5 

7 

2 8 

3 

1 

1. Ɉɛɪɚɡɟɰ 
2. ɒɢɦɵ, ɞɥɹ ɩɨɞɫɬɪɨɣ-

ɤɢ ɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɥɹ 
3. ȼɚɤɭɭɦɧɚɹ ɩɪɨɫɥɨɣɤɚ 
4. Ʉɨɧɬɭɪ ɜ ɫɜɟɪɯɩɪɨɜɨ-

ɞɹɳɟɦ ɫɨɫɬɨɹɧɢɢ 
5. ɀɢɞɤɢɣ ɝɟɥɢɣ 
6. ɀɢɞɤɢɣ ɚɡɨɬ 
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Ɋɢɫ. 2.7. ɂɦɩɭɥɶɫɧɚɹ ɞɢɚɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ Ɍ1(t) 

 

«Ʉɜɚɞɪɭɩɨɥɶɧɨɟ ɷɯɨ» ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɟɤɬɢɪɭɸɳɟɣ ɢɦ-

ɩɭɥɶɫɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 



46 
 

 

ɊȺɁȾȿɅ 3  

ɄɊɂɋɌȺɅɅɂɁȺɐɂə ɋɌȿɄɈɅ Li2O-xGeO2 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ ɧɚ ɨɫɧɨɜɟ Li2O-ɯGeO2, 

ɯ=3, 4, 5, 6, 19 ɢɡ ɢɫɯɨɞɧɨɣ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɦɟɬɨɞɚɦɢ ȾɋɄ ɢ ɊɎȺ ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɪɚɧɟɟ ɜ ɪɚɛɨɬɚɯ [95-98]. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟ-

ɧɢɣ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɢɨɤɫɢɞɚ ɝɟɪɦɚɧɢɹ [95], ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɬɨɜ ɩɪɨɢɫ-

ɯɨɞɢɬ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɪɨɞɵɲɟɨɛɪɚɡɭɸɳɢɯ ɚɝɟɧɬɨɜ. ȼ ɡɚ-

ɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ «x» ɜ ɫɨɨɬɧɨɲɟɧɢɢ Li2O-xGeO2 ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨ-

ɢɫɯɨɞɢɬ ɜ ɨɞɢɧ (ɯ<4, Ɍ1з8γ0 Ʉ), ɞɜɚ (ɯ≥4, ɦɚɤɫɢɦɭɦɵ ɩɪɢ Ɍ1 ɢ Ɍ2зλ00 Ʉ) ɢɥɢ 

ɬɪɢ (ɯ>7, ɦɚɤɫɢɦɭɦɵ ɩɪɢ Ɍ1, Ɍ2 ɢ Ɍ3з1100 Ʉ) ɷɬɚɩɚ. Ɋɚɡɥɢɱɧɵɟ ɷɬɚɩɵ ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ ɩɪɨɹɜɥɹɸɬɫɹ ɤɚɤ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ ɦɚɤɫɢɦɭɦɵ ɧɚ ɤɪɢɜɨɣ ȾɋɄ. 

Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɟɪɜɨɦɭ ɦɚɤɫɢɦɭɦɭ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

ɩɨɤɚɡɵɜɚɸɬ ɥɢɲɶ ɨɞɢɧ ɫɢɥɶɧɵɣ ɪɟɮɥɟɤɫ ɧɚ ɮɨɧɟ ɝɚɥɨ. ȼɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨ-

ɠɟɧɢɟ [95], ɱɬɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɟ ɦɢɤɪɨ-

ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge4O9. ȼɬɨɪɨɣ ɷɬɚɩ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɚɜɬɨɪɚɦɢ Д95-98] ɤ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

Li2Ge4O9 ɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬ ɥɢɬɢɹ Li2Ge7O15. ɂɡɛɵɬɨɤ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟ-

ɯɢɨɦɟɬɪɢɟɣ Li2Ge7O15, ɞɢɨɤɫɢɞɚ ɝɟɪɦɚɧɢɹ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨ-

ɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɚɤɫɢɦɭɦ ɩɪɢ Ɍ3).  

ȼ ɪɚɛɨɬɚɯ [99, 100] ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɭɱɟɧɢɹ ɪɚɦɚɧɨɜɫɤɢɯ ɢ ɞɢɷɥɟɤɬɪɢɱɟ-

ɫɤɢɯ ɫɩɟɤɬɪɨɜ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ Li2O-7GeO2 

ɢ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɯɨɞɧɨɟ ɫɬɟɤɥɨ, ɩɨɥɭɱɟɧɧɨɟ ɦɟɬɨɞɨɦ 

ɛɵɫɬɪɨɣ ɡɚɤɚɥɤɢ, ɹɜɥɹɟɬɫɹ ɝɨɦɨɝɟɧɧɵɦ. ȼ ɛɥɢɠɧɟɦ ɩɨɪɹɞɤɟ ɫɬɺɤɥɚ ɨɛɥɚɞɚɸɬ 

ɫɬɪɭɤɬɭɪɧɵɦ ɦɨɬɢɜɨɦ ɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ.  

Ⱥɜɬɨɪɚɦɢ [100, 101], ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡɭɱɟɧɢɹ ɪɚɦɚɧɨɜɫɤɢɯ ɫɩɟɤ-

ɬɪɨɜ ɢ ɫɩɟɤɬɪɨɜ ɦɚɥɨ-ɭɝɥɨɜɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɩɪɢ ɧɚɝɪɟɜɟ ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ Li2O-7GeO2 ɞɨ Ɍan=7λ0 Ʉ (ɧɚ 40 ɝɪɚɞɭɫɨɜ ɧɢɠɟ 

ɬɟɦɩɟɪɚɬɭɪɵ Ɍ1 ɩɟɪɜɨɝɨ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ ȾɋɄ), ɨɛɪɚɡɭɸɬɫɹ 



47 
 

ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ɉɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɨɥɝɨɠɢɜɭɳɢɯ 

ɨɛɥɚɫɬɟɣ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge4O9. ȼ ɞɚɧɧɨɦ ɪɟ-

ɠɢɦɟ ɢɫɯɨɞɧɨɟ ɫɬɟɤɥɨ, ɩɪɨɡɪɚɱɧɨɟ ɜɧɚɱɚɥɟ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠ-

ɤɢ ɧɚɱɢɧɚɟɬ ɨɩɚɥɟɫɰɢɪɨɜɚɬɶ, ɚ ɡɚɬɟɦ ɫɧɨɜɚ ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɡɪɚɱɧɵɦ. Ɍɚɤɨɟ 

ɩɨɜɟɞɟɧɢɟ ɨɬɪɚɠɚɟɬ ɧɟɦɨɧɨɬɨɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɚɪɨɞɵɲɟɣ 

ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ.  

ȼɵɞɟɪɠɤɚ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɬɠɢɝɚ Ɍan=810 K [102], ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɪɨɫɬɭ ɨɛɴɟɦɚ ɤɪɢɫɬɚɥɥɢ-

ɱɟɫɤɨɣ ɮɚɡɵ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ, ɮɚɡɚ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɚɜɬɨɪɚɦɢ 

[102] ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɚ. 

ɍɱɢɬɵɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ [95, 100-102], ɨɬɦɟɬɢɦ ɱɪɟɡɜɵɱɚɣɧɨ ɫɢɥɶ-

ɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɤɢɧɟɬɢɤɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɢɬɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍan ɢ ɜɪɟɦɟɧɢ ɨɬɠɢɝɚ tan ɨɛɪɚɡɰɨɜ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɢ Ɍg ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɦɹɝɱɟɧɢɟ ɫɬɟɤɥɚ, ɚ ɩɢɤ ɩɪɢ Ɍ1 ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɪɨɫɬ ɨɛɴɟɦɚ ɡɚɪɨɞɵɲɟɣ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚɡɵ, ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɬɨɱɤɚ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɱɢɫɥɚ ɡɚɪɨɞɵɲɟɣ ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ Ɍg ɢ Ɍ1. ȼ ɬɚɤɨɦ 

ɫɥɭɱɚɟ, ɩɨɞɛɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɜ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ Ɍg ɢ 

Ɍ1 ɜɨɡɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɞɨɥɸ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚɡɵ ɜ ɨɛɪɚɡɰɟ ɢ ɫɪɟɞɧɢɣ 

ɪɚɡɦɟɪ ɡɚɪɨɞɵɲɟɣ. Ɉɛɫɭɠɞɚɟɦɵɟ ɜɵɲɟ ɮɚɤɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ 

Li2O-xGeO2. 

 

3.1. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ ɩɪɨɰɟɫɫɨɜ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ Li2O-ɯGeO2 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɟ ɨɫɜɟɳɟɧɢɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ Дλη-98], ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥ-

ɥɢɡɚɰɢɢ ɫɨɫɬɚɜɨɜ Li2O-ɯGeO2, ɝɞɟ ɯ=2.7, 11.η ɢ 18, ɪɚɧɟɟ ɧɟ ɨɛɫɭɠɞɚɥɢɫɶ. ȼ 

ɞɚɧɧɨɦ ɩɭɧɤɬɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɬɚɤɢɦ ɹɜɥɟɧɢɹɦ ɤɚɤ ɪɚɫɫɬɟɤɥɨɜɚɧɢɟ ɢ 
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ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ. Ɍɚɤɠɟ ɨɫɜɟɳɟɧɚ ɤɢɧɟɬɢɤɚ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨ-

ɜɚɧɢɹ ɢ ɪɚɫɫɦɨɬɪɟɧ ɦɟɯɚɧɢɡɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ.  

3.1.1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɚɧɨɦɚɥɢɢ . ɋɬɟɤɥɚ ɫɨɫɬɚɜɨɜ Li2O-xGeO2, ɝɞɟ 

x=2.67, 7, 11.5 ɢ 18, ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɌȽȺ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ 

ɧɚɝɪɟɜɚ 10, β0 ɢ η0 Ʉ/ɦɢɧ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɢɤɚɤɢɯ ɚɧɨɦɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ 

ɧɚ ɤɪɢɜɨɣ ɌȽȺ ɧɟ ɨɛɧɚɪɭɠɟɧɨ, ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɢɡɦɟɧɟɧɢɹ 

ɦɚɫɫɵ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɧɟ 

ɧɚɛɥɸɞɚɟɬɫɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɨɛɧɚɪɭɠɟɧɧɨɟ ɧɚ 

ɤɪɢɜɵɯ ȾɋɄ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ ɜ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɨɜ.  

ȼ ɩɟɪɜɨɦ ɰɢɤɥɟ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɧɚ ɤɪɢɜɵɯ ȾɋɄ ɡɚ-

ɮɢɤɫɢɪɨɜɚɧɵ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ ɦɚɤɫɢɦɭɦɵ (ɪɢɫ.γ.1), ɤɨɬɨɪɵɟ ɢɫɱɟɡɚɸɬ ɩɪɢ 

ɩɨɫɥɟɞɭɸɳɢɯ ɰɢɤɥɚɯ ɨɯɥɚɠɞɟɧɢɹ ɢ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ.  
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Ɋɢɫ. 3.1. Ʉɪɢɜɵɟ ȾɋɄ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɬɟɤɨɥ Li2O-xGeO2. Ⱥɧɨ-

ɦɚɥɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ Ɍg=780(5) K, Ɍ1=842(5) K, Ɍ2=915(5) K ɢ 

Ɍ3=1088(5) K. ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ β0 K/ɦɢɧ 
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ɇɚ ɤɪɢɜɵɯ ȾɋɄ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ ɚɧɨɦɚɥɢɢ, ɫɜɢɞɟɬɟɥɶ-

ɫɬɜɭɸɳɢɟ ɨ ɪɚɫɫɬɟɤɥɨɜɚɧɢɢ ɩɪɢ Ɍg ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮ-

ɧɨɣ ɮɚɡɵ. ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɫɨɫɬɚɜɚ ɯ=β.7 ɧɚ ɤɪɢɜɨɣ ȾɋɄ ɢɦɟɟɬ ɦɟɫɬɨ ɨɞɢɧ ɩɢɤ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1, ɬɨɝɞɚ ɤɚɤ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɨɥ ɫɨɫɬɚɜɨɜ ɯ=7, 11.5 ɢ 18 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɷɬɚɩɧɨ. Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɫ ɯ=7 ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɚ ɩɢɤɚ ȾɋɄ ɩɪɢ Ɍ1 

ɢ Ɍ2, ɞɥɹ ɫɨɫɬɚɜɨɜ ɫ ɯ=11.η, 18 ɩɨɹɜɥɹɟɬɫɹ ɬɪɟɬɢɣ ɩɢɤ ȾɋɄ ɩɪɢ Ɍ3. ɇɚɛɥɸɞɚ-

ɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɪɚɡɥɢɱɢɟ ɜ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɚɤɫɢɦɭɦɨɜ Ɍ1, Ɍ2 ɢ Ɍ3 ɜ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɯ (ɫɦ. ɬɚɛɥ. 3.1). 

 

Ɍɚɛɥɢɰɚ γ.1 

Ɍɟɦɩɟɪɚɬɭɪɵ ɚɧɨɦɚɥɢɣ ȾɋɄ Ɍ1, Ɍ2, Ɍ3 ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2. ɋɤɨ-
ɪɨɫɬɶ ɧɚɝɪɟɜɚ 20 Ʉ/ɦɢɧ 

Li2O-xGeO2 T1 (K) T2 (K) T3 (K) 

x=2.7 842 (1) -- -- 

x=7 838 (1) 904 (1) -- 

x=11.5 844 (1) 912 (1) 1090 (1) 

x=18 844 (1) 911 (1) 1086 (1) 

 

Ɏɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ Li2O-GeO2 [103] ɩɨ-

ɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɫɩɥɚɜ ɫɦɟɫɢ ɫ ɯ=7 ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ 

ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɫɨɟɞɢɧɟɧɢɟ ɫɨ ɫɬɟɯɢɨɦɟɬɪɢɟɣ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. Ⱦɥɹ 

ɫɨɫɬɚɜɨɜ ɫ ɯ=11.η ɢ 18 ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɬɟɯɢɨɦɟɬɪɢɢ Li2Ge7O15 (ɯ=7) ɜ ɫɬɨɪɨɧɭ 

ɮɚɡɵ GeɈ2, ɨɠɢɞɚɟɦɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɛɵɬɤɭ ɞɢɨɤɫɢɞɚ ɝɟɪɦɚɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶ-

ɧɨ, ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ3 (ɪɢɫ. 3.1) ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɟɫɟɧ ɤ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ GɟɈ2 [95]. 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2, ɝɞɟ ɯ=7, 11.η, ɩɨɥɭɱɟɧɧɵɣ ɩɭ-

ɬɟɦ ɧɚɝɪɟɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ Ɍ1 ɢ Ɍ2, ɢ ɜɵɲɟ Ɍ2 ɧɟ ɢɡɜɟɫɬɟɧ. ɋ ɰɟɥɶɸ 

ɢɡɭɱɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ: ɨɛɪɚɡɰɵ ɢɫ-

ɯɨɞɧɨɝɨ ɫɬɟɤɥɚ; ɨɛɪɚɡɰɵ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɧɚɝɪɟɬɵɟ ɞɨ ɬɟɦɩɟɪɚ-
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ɬɭɪ ɦɟɠɞɭ Ɍ1 ɢ Ɍ2 ɢ ɡɚɬɟɦ ɨɯɥɚɠɞɟɧɧɵɟ; ɨɛɪɚɡɰɵ, ɧɚɝɪɟɬɵɟ ɜɵɲɟ Ɍ2 (ɛɟɡ ɩɟ-

ɪɟɝɪɟɜɚ ɜɵɲɟ Ɍ3 ɞɥɹ ɫɨɫɬɚɜɚ ɯ=11.η) ɢ ɡɚɬɟɦ ɨɯɥɚɠɞɟɧɧɵɟ. 

3.1.2. Ɇɟɯɚɧɢɡɦɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ . Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɨɥ ɢɡ 

ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɛɵɜɚɟɬ ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ 

[1]:  

- ɩɨɥɢɦɨɪɮɧɚɹ – ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ, ɤɨɝɞɚ ɚɦɨɪɮ-

ɧɚɹ ɮɚɡɚ ɩɟɪɟɯɨɞɢɬ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɭɸ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɭɸ ɮɚɡɭ (ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɢɧ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɚɤɫɢɦɭɦ ɧɚ ɤɪɢɜɨɣ ȾɋɄ); 

- ɷɜɬɟɤɬɢɱɟɫɤɚɹ – ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɮɨɪɦɢɪɭɸɬɫɹ ɞɜɟ ɷɜɬɟɤɬɢɱɟɫɤɢɟ 

ɮɚɡɵ ɢ ɩɨɫɥɟ ɩɨɥɧɨɣ ɞɟɜɢɬɪɢɮɢɤɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɨɛɟ ɮɚɡɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɜɢɞɟ (ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɚ ɷɤɫɬɪɟɦɭɦɚ ɧɚ ɤɪɢɜɨɣ ȾɋɄ); 

- ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ – ɜɵɞɟɥɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚ-

ɡɵ, ɫɬɪɭɤɬɭɪɚ ɢ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɤɪɭɠɚɸɳɟɣ ɚɦɨɪɮɧɨɣ 

ɦɚɬɪɢɰɵ, ɡɚɬɟɦ ɩɪɢ ɩɨɥɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟ-

ɫɬɪɨɣɤɚ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɵ ɢ ɩɟɪɜɨɣ ɜɵɞɟɥɢɜɲɟɣɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤ-

ɬɭɪɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɮɚ-

ɡɭ (ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɚ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɷɤɫɬɪɟɦɭɦɚ ɧɚ ɤɪɢɜɵɯ ȾɋɄ). 

ȼɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ, ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɞɜɚ ɷɬɚɩɚμ  

1) ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɡɚɪɨɞɵɲɟɣ). 

2) Ɋɨɫɬ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɡɚɪɨɞɵɲɟɣ ɢ ɩɪɟɜɪɚɳɟɧɢɟ ɢɯ ɜ ɤɪɢɫɬɚɥɥɢ-

ɬɵ. 

ȿɫɥɢ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɨɫɬ ɡɚɪɨɞɵɲɟɣ ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɜɫɟɦɭ 

ɨɛɴɟɦɭ ɨɛɪɚɡɰɚ, ɬɚɤɨɣ ɦɟɯɚɧɢɡɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɝɨɦɨɝɟɧɧɵɦ ɢɥɢ 

ɨɛɴɟɦɧɵɦ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡ-

ɞɟɥɚ ɢ ɧɚɡɵɜɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ.  

Ɇɟɯɚɧɢɡɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ ɧɚ ɨɫɧɨɜɟ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɪɚ-

ɧɟɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ. ɋɜɨɣɫɬɜɚ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨ ɦɧɨɝɨɦ 

ɡɚɜɢɫɹɬ ɨɬ ɞɨɥɢ ɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɟɣɫɹ ɮɚɡɵ, ɟɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɫɬɪɭɤɬɭɪ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɹɜ-
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ɥɹɟɬɫɹ ɜɚɠɧɵɦ ɭɫɥɨɜɢɟɦ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɫɜɨɣɫɬɜ ɫɬɟɤɥɨɤɟɪɚ-

ɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ.  

Ⱦɚɥɟɟ (ɫɦ. ɩ. γ.β), ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɊɎȺ ɨɩɪɟɞɟɥɟɧ ɬɢɩ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɢ ɤɚɤ «ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ». Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɫɬɚɜɥɟɧ ɪɹɞ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

 

 

Ɋɢɫ. γ.β. Ʉɪɢɜɵɟ ȾɋɄ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ Li2O-xGeO2 ɝɞɟ x=7, ɩɪɢɝɨɬɨɜ-

ɥɟɧɧɵɟ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɢ ɝɪɚɧɭɥ. ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ 10 Ʉ/ɦɢɧ [7] 

 

Ɇɟɬɨɞɨɦ ȾɋɄ ɢɡɭɱɟɧɨ ɩɨɜɟɞɟɧɢɟ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ Li2O-xGeO2 x=7, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɜ ɜɢɞɟ ɝɪɚɧɭɥ ɫ ɥɢɧɟɣɧɵɦ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ 1 ɦɦ 

ɢ ɩɨɪɨɲɤɚ ɫ ɱɚɫɬɢɰɚɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ 0.1 ɦɦ. ɉɨɥɭɱɟɧɧɵɟ ɤɪɢɜɵɟ ȾɋɄ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɧɚ η ɢ 1γ%, ɜɵɞɟɥɟɧɧɨɣ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ1 ɢ Ɍ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɪɨɲ-

ɤɨɨɛɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ (ɪɢɫ.γ.β). Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɢɦɟɟɬ ɦɟɫɬɨ, ɜ ɨɫɧɨɜɧɨɦ ɜ ɨɛɴɟɦɟ 

ɨɛɪɚɡɰɚ, ɚ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɭɩɨɪɹɞɨɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɡɚɬɪɭɞɧɟɧɨ. 

granules 

powder 
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Ⱦɚɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɨɞɧɚɤɨ, ɹɜɥɹɟɬɫɹ ɥɢɲɶ ɨɰɟɧɨɱɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɚɜ-

ɬɨɪɚɦɢ Д104Ж ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɨɳɚɞɶ ɩɢɤɚ ɧɚ ɤɪɢɜɨɣ ȾɋɄ ɨɛɪɚɬɧɨ ɩɪɨ-

ɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɩɥɨɬɧɨɫɬɢ ɢɯ ɭɩɚ-

ɤɨɜɤɢ.  

Ȼɨɥɟɟ ɧɚɞɟɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɦɟɯɚɧɢɡɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɠɧɨ ɦɟɬɨɞɨɦ 

ȺɋɆ. ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɪɚɡɦɹɝɱɟɧɢɟ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɩɪɨɢɫɯɨ-

ɞɢɬ ɥɢɲɶ ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ ɬɨɱɤɢ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ Ɍg=780 Ʉ 

(ɪɢɫ.γ.1). ɉɪɢ ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (γ00 Ʉ) ɚɦɨɪɮɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɬɚɛɢɥɶɧɨ 

ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɞɨɫɬɭɩɧɵɯ ɜɪɟɦɟɧ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɋ ɭɱɟ-

ɬɨɦ ɷɬɨɝɨ, ɪɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɚɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɠɧɨ ɜɵɹɜɢɬɶ, 

ɢɡɦɟɧɹɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɞɝɨɬɨɜɤɢ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɧɢɦɤɨɜ 

ȺɋɆ, ɤɨɬɨɪɨɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɚɧɧɵɣ ɷɤɫɩɟɪɢ-

ɦɟɧɬ ɛɵɥ ɩɪɨɜɟɞɟɧ ɞɥɹ ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ ɯ=7, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟ-

ɧɵ ɧɚ ɪɢɫ. γ.γ.  

Ɋɚɡɥɢɱɢɟ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɨɛɴɟɦɟ 

ɨɛɪɚɡɰɚ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫ. γ.γ, ɝɞɟ «ɫɜɟɬɥɵɟ» ɩɹɬɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɩɨɪɹɞɨ-

ɱɟɧɧɵɦ ɨɛɥɚɫɬɹɦ (ɤɪɢɫɬɚɥɥɢɬɚɦ). Ɉɛɪɚɡɰɵ ɫɬɟɤɥɚ, ɜɡɹɬɵɟ ɢɡ ɨɞɧɨɣ ɨɬɥɢɜɤɢ, 

ɨɬɥɢɱɚɥɢɫɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ ɩɨɞɝɨɬɨɜɤɢ ɤ ɢɡɭɱɟɧɢɸ ȺɋɆ 

(ɫɨɡɞɚɧɢɟ ɫɤɨɥɚ) ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (ɩɟɪɟɜɨɞ ɨɛɪɚɡɰɚ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 

ɫɨɫɬɨɹɧɢɟ).  

Ⱦɥɹ ɩɟɪɜɨɝɨ ɨɛɪɚɡɰɚ ɫɧɚɱɚɥɚ ɝɨɬɨɜɢɥɫɹ ɫɤɨɥ, ɚ ɡɚɬɟɦ ɨɛɪɚɡɟɰ ɧɚɝɪɟɜɨɦ 

ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ Ɍ1 ɢ Ɍ2 (ɪɢɫ. γ.1) ɩɟɪɟɜɨɞɢɥɫɹ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 

ɫɨɫɬɨɹɧɢɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɥɚɫɬɶ ɫɤɨɥɚ ɜɨ ɜɪɟɦɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɟɞɫɬɚɜ-

ɥɹɥɚ ɫɨɛɨɣ ɨɞɧɭ ɢɡ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɚ ɢ ɫɧɢɦɨɤ ȺɋɆ ɨɬɪɚɠɚɟɬ ɪɟɡɭɥɶɬɚɬ 

ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. γ.γ, ɫɧɢɦɨɤ ɫɥɟɜɚ). Ⱦɥɹ 

ɨɛɪɚɡɰɚ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɬɚɤɨɦ ɪɟɠɢɦɟ, ɤɪɢɫɬɚɥɥɢɬɵ ɡɚɧɢɦɚɸɬ ɨɤɨɥɨ β0% 

ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɪɟɞɧɢɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ ɤɪɢ-

ɫɬɚɥɥɢɡɨɜɚɜɲɢɯɫɹ ɨɛɥɚɫɬɟɣ ɫɨɫɬɚɜɥɹɟɬ з40 ɧɦ. 
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Ɋɢɫ. γ.γ. ɋɧɢɦɤɢ ȺɋɆ, ɨɬɪɚɠɚɸɳɢɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɫɬɟɤɥɚ Li2O-7GeO2 

ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ (ɫɥɟɜɚ) ɢ ɜ ɨɛɴɟɦɟ ɨɛɪɚɡɰɚ (ɫɩɪɚɜɚ). 

ɉɥɨɳɚɞɶ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 1η×1η ɦɤɦ2 

 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɨɛɪɚɡɰɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɦɟɧɹɥɚɫɶ ɧɚ 

ɨɛɪɚɬɧɭɸ – ɜɧɚɱɚɥɟ ɩɪɨɜɨɞɢɥɚɫɶ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ, ɡɚɬɟɦ ɫɨɡɞɚɜɚɥɫɹ ɫɤɨɥ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɥɚɫɬɶ ɫɤɨɥɚ ɜɨ ɜɪɟɦɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɧɚɯɨɞɢɥɚɫɶ ɜɧɭɬɪɢ ɨɛ-

ɪɚɡɰɚ. ɉɪɚɜɵɣ ɫɧɢɦɨɤ ȺɋɆ ɧɚ ɪɢɫ. 3.3, ɩɨɥɭɱɟɧɧɵɣ ɞɥɹ ɜɬɨɪɨɝɨ ɨɛɪɚɡɰɚ, ɨɬ-

ɪɚɠɚɟɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɜ ɨɛɴɟɦɟ ɫɪɟɞɵ. Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɜ ɨɛɴɟɦɟ ɩɪɨɢɫ-

ɯɨɞɢɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɭɩɨɪɹɞɨɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥ-

ɥɢɬɵ ɫɨ ɫɪɟɞɧɢɦ ɥɢɧɟɣɧɵɦ ɪɚɡɦɟɪɨɦ 300 ɧɦ ɡɚɧɢɦɚɸɬ ɛɨɥɟɟ λ0% ɨɛɳɟɣ 

ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. γ.γ, ɫɧɢɦɨɤ ɫɩɪɚɜɚ).  

ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɛɥɚɫɬɟɣ ɫ ɭɩɨɪɹ-

ɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞɚɜɥɟɧɧɵɦ. 

Ɇɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɨɥ Li2O-xGeO2 ɩɪɨɢɫɯɨɞɢɬ, ɩɪɟ-

ɢɦɭɳɟɫɬɜɟɧɧɨ, ɜ ɨɛɴɟɦɟ ɫɪɟɞɵ. 

3.1.3. Ɂɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬ  ɤɪɢɫɬɚɥɥɢɬɨɜ . ɂɡɜɟɫɬɧɨ 

[105], ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ dT/dt, ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɧɚ ɤɪɢɜɵɯ ȾɋɄ ɫɦɟɳɚɸɬɫɹ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ. Ɏɪɚɝ-
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ɦɟɧɬɵ ɬɟɪɦɨɝɪɚɦɦ ɫɬɟɤɨɥ ɫɨɫɬɚɜɚ Li2O-7GeO2 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ 

ɧɚɝɪɟɜɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ.γ.4.  

 

 

Ɋɢɫ. γ.4. Ʉɪɢɜɵɟ ȾɋɄ ɫɬɟɤɨɥ ɫɨɟɞɢɧɟɧɢɣ Li2O-7GeO2 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨ-

ɫɬɹɯ ɧɚɝɪɟɜɚ 

 

Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ [106] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɬɟɤɥɨɜɚɧɢɹ ɨɬ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ (Į) ɩɨɞɱɢɧɹɟɬɫɹ ɷɦɩɢɪɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸμ 

Tg=Tgo+BХЧĮ, ɝɞɟ Tg – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ; Tgo – ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨ-

ɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɟ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɨɛɨɡɪɢɦɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ; ȼ – 

ɷɦɩɢɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ. ȼ ɩɨɥɭɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɧɧɚɹ ɡɚ-

ɜɢɫɢɦɨɫɬɶ ɥɢɧɟɣɧɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. γ.η ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ Li2O-

7GeO2, ɟɟ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɧɚ ɨɫɶ ɨɪɞɢɧɚɬ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɚ-

ɟɬ ɡɧɚɱɟɧɢɟ Tgo=7βη Ʉ. Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ – ɷɬɚ ɝɪɚɧɢɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɧɚɝɪɟɜ ɜɵɲɟ ɤɨɬɨɪɨɣ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɨɛɪɚɬɢɦɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɫɬɪɭɤɬɭɪɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɬɟ-

ɤɨɥɶɧɨɝɨ ɢɥɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ. 
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Ɋɢɫ. γ.η. Ɂɚɜɢɫɢɦɨɫɬɶ Tg(Į) ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ Li2O-7GeO2 

 

ȼ ɪɚɛɨɬɟ [107] ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ 

ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ ɫɬɟɤɥɚɯ, ɢɫɯɨɞɹ ɢɡ ɤɪɢɜɵɯ ȾɋɄ, ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɫɞɜɢɝɚ 

ɦɚɤɫɢɦɭɦɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ. 

ɍɫɬɚɧɨɜɥɟɧɨ [107], ɱɬɨ ɦɟɯɚɧɢɡɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠ-

ɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ.  

ɉɪɢ ɧɚɝɪɟɜɟ ɫɬɟɤɥɚ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɡɚɪɨɞɵɲɢ ɤɪɢɫɬɚɥɥɚ ɮɨɪ-

ɦɢɪɭɸɬɫɹ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ Tg. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ 

ɤɪɢɫɬɚɥɥɢɬɵ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ ɨɛɴɟɦɟ ɛɟɡ ɪɨɫɬɚ ɢɯ ɱɢɫɥɚ [1Ж. Ⱦɨɥɹ ɤɪɢɫɬɚɥ-

ɥɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɫɬɟɤɥɚɯ, ɜɵɪɚɠɚɟɬɫɹ ɤɚɤ [107] 

 

,    (3.1) 

 

ɝɞɟ z – ɨɛɴɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ, L – ɤɨɧɫɬɚɧɬɚ, Į – ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ, 

n, k ɢ m ɹɜɥɹɸɬɫɹ ɱɢɫɥɚɦɢ, ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɦɟɯɚɧɢɡɦɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ȿc – 

ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ. ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɤɪɢɫɬɚɥ-
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ɥɢɱɟɫɤɨɣ ɮɪɚɤɰɢɢ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1 (ɬɚɤɠɟ Ɍ2 

ɢ Ɍ3, ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2 ɝɞɟ ɯ>4 ɢ ɯ>7, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɍɪɚɜɧɟɧɢɟ 

(γ.1) ɞɥɹ (d/dt)(dx/dt)=0, ɢɦɟɟɬ ɫɥɟɞɭɸɳɟɟ ɪɟɲɟɧɢɟ 

 

,    (3.2) 

 

ɝɞɟ z0 –ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɮɪɚɤɰɢɢ, ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɣɫɹ ɩɪɢ Ɍ1. ɋɨɝɥɚɫɧɨ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹɦ [108], ɜ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ k=1 ɢ ɱɥɟɧ 

(1-z0)k-1 ɬɚɤɠɟ ɜɫɟɝɞɚ ɪɚɜɟɧ ɟɞɢɧɢɰɟ. Ɍɨɝɞɚ (γ.β) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ, ɫ ɭɱɟɬɨɦ 

ɜɵɜɨɞɨɜ, ɫɞɟɥɚɧɧɵɯ ɜ ɩ. γ.1.β, ɤɚɤ 

 

    (3.3) 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɤɥɨɧ ɤɪɢɜɨɣ ɩɨɫɬɪɨɟɧɧɨɣ ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ 

ln(Įn/T1
2) ɨɬ 1/Ɍ ɞɚɟɬ ɡɧɚɱɟɧɢɟ mEɫ/R. Ⱦɥɹ ɨɛɴɟɦɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɬɪɟɯ-

ɦɟɪɧɵɦ ɪɨɫɬɨɦ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɤɨɬɨɪɚɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜ ɫɬɟɤɥɚɯ Li2O-ɯGeO2, 

ɜ ɪɚɛɨɬɟ [108] ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ n=4 ɢ m=3. 

ɂɡ ɫɨɨɬɧɨɲɟɧɢɹ (3.3) ɩɨɥɭɱɟɧɵ ɨɰɟɧɤɢ ɞɥɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫ-

ɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɦɚɤɫɢɦɭɦɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ T1 ɢ T2 ɫɨɟɞɢɧɟɧɢɹ 

Li2O-7GeO2μ ȿɫr13.0±0.4 ɷȼ ɢ ȿɫr24.4±0.4  ɷȼ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɩɪɨɬɟɤɚɟɬ ɜ ɞɜɚ ɷɬɚɩɚ, ɩɟɪɜɵɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɛɨɥɟɟ ɜɵ-

ɝɨɞɧɵɦ, ɱɟɦ ɜɬɨɪɨɣ. ȼ ɪɚɛɨɬɟ [109] ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɚɧɚɥɨɝɢɱɧɵɟ ɢɡɦɟɪɟ-

ɧɢɹ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ ɜ ɫɢɫɬɟɦɟ Li2O-7GeO2, ɩɨɥɭ-

ɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɡɨɥɶ-ɝɟɥɶ ɬɟɯɧɨɥɨɝɢɢ. Ⱦɥɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ Ɍ1 ɡɧɚɱɟ-

ɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɫɨɫɬɚɜɢɥɨμ ȿɫr1≈η.8±0.γ ɷȼ, ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɪɢ Ɍ2 – 

ȿɫr2≈η.γ±0.β ɷȼ. ɋɭɳɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ [109], ɜɟɪɨ-

ɹɬɧɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɢɤɚɦɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ 

ɫɬɟɤɥɚ.  
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3.2. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɫɬɟɤɨɥ ɢ ɫɨɫɬɨɹɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɯ 

ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ 

 

Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2, ɝɞɟ ɯ=7 ɢ 11.η, ɢɡɦɟɪɟɧɧɵɟ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ, ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ ɢ ɨɛ-

ɪɚɡɰɨɜ ɧɚɝɪɟɬɵɯ ɜɵɲɟ Ɍ2, ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫ. 3.6. Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɞɥɹ 

ɫɬɟɤɨɥ ɧɚɛɥɸɞɚɟɬɫɹ ɬɢɩɢɱɧɨɟ ɝɚɥɨ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɫɥɚɛɵɟ ɪɟɮɥɟɤɫɵ ɤɪɢɫɬɚɥ-

ɥɢɱɟɫɤɨɣ ɮɚɡɵ ɮɢɤɫɢɪɭɸɬɫɹ ɭɠɟ ɜ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɚɯ. 

 

 

Ɋɢɫ. 3.6. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɞɥɹ Li2O-ɯGeO2, ɯ=7 (ɫɥɟɜɚ) ɢ ɯ=11.η (ɫɩɪɚɜɚ) ɜ ɮɚɡɟ 

ɫɬɟɤɥɚ (ɚ), ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ (b) ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ (c) ɫɨɫɬɨɹɧɢ-

ɹɯ Д9] 

 

ɇɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɨɛɪɚɡɰɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ ɧɚ ɮɨɧɟ ɝɚɥɨ ɩɪɢ-

ɫɭɬɫɬɜɭɸɬ ɫɥɟɞɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ Li2Ge7O15, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɪɟɮɥɟɤɫɵ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ ɫ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧ-

ɫɢɜɧɵɦ ɩɢɤɨɦ ɩɪɢ βș = 1λ.1°, ɤɨɬɨɪɵɟ ɢɫɱɟɡɚɸɬ ɩɨɫɥɟ ɩɨɥɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚ-

ɰɢɢ ɨɛɪɚɡɰɨɜ (ɧɚɝɪɟɜ ɜɵɲɟ Ɍ2). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɛɚɡɚɦɢ 
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ASTM ɨɛɧɚɪɭɠɟɧɧɵɟ ɪɟɮɥɟɤɫɵ ɦɨɝɭɬ ɩɪɢɧɚɞɥɟɠɚɬɶ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤ-

ɬɭɪɟ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge4O9, c ɧɚɛɨɪɨɦ ɝɥɚɜɧɵɯ ɪɟɮɥɟɤɫɨɜ ɧɚ ɭɝɥɚɯ 

βș = 1λ.1°, ββ.β°, β4.β° ɢ γθ.θ°, ɥɢɛɨ ɫɬɪɭɤɬɭɪɟ Li6Ge8O19 ɫ ɝɥɚɜɧɵɦɢ ɪɟɮɥɟɤ-

ɫɚɦɢ ɧɚ ɭɝɥɚɯ βș = 1λ.0°, 1λ.γ°, ββ.β° ɢ βθ.γ°. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɧɬɝɟ-

ɧɨɜɫɤɢɟ ɩɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ, ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɢɧɬɟɧɫɢɜɧɟɟ ɞɥɹ ɫɨɫɬɚɜɚ ɯ=7 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɬɚɜɨɦ ɯ=11.5. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ, ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ 

ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ Li2O-2.7GeO2, ɤɨɬɨɪɵɟ ɬɨɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɫɬɟɯɢɨɦɟɬɪɢɢ Li6Ge8O19. Ɋɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɨ (ɫɦ. ɩ. γ.1.1), ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɫɬɟɤɨɥ ɫɨɫɬɚɜɚ Li2O-2.7GeO2 ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɨɞɢɧ ɷɬɚɩ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

Ɍ1=842 Ʉ. Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ ɞɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟ-

ɬɵɯ ɜɵɲɟ Ɍ1 ɢ ɡɚɬɟɦ ɨɯɥɚɠɞɟɧɧɵɯ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɞɟɪɠɢɬ ɪɟ-

ɮɥɟɤɫɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ Li2Ge4O9 ɫɨ ɫɥɟɞɚɦɢ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚ-

ɡɵ Li2GeO3 (ɪɢɫ. γ.7). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɧɚɝɪɟɜɟ ɫɬɟɤɨɥ ɫɨɫɬɚɜɨɜ Li2O-

ɯGeO2 ɯ=7, 11.5 ɜɵɲɟ Ɍ1 ɞɥɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɚ ɮɨɧɟ ɝɚɥɨ ɜɢɞɧɵ 

ɪɟɮɥɟɤɫɵ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɩɨɹɜɥɟɧɢɢ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge4O9 ɢ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge7O15. 

ɉɨɹɜɥɟɧɢɟ ɮɚɡɵ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ Li6Ge8O19 ɦɟɠɞɭ ɷɤɡɨɬɟɪɦɢ-

ɱɟɫɤɢɦɢ ɦɚɤɫɢɦɭɦɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ1 ɢ Ɍ2 ɧɟ ɩɨɞɬɜɟɪɠɞɟɧɨ.  

ɇɚɝɪɟɜ ɜɵɲɟ Ɍ2 ɫɬɟɤɨɥ ɫɨɫɬɚɜɨɜ Li2O-ɯGeO2 ɯ=7, 11.5 ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɢɫɱɟɡɧɨɜɟɧɢɟɦ ɡɚɪɨɞɵɲɟɣ Li2Ge4O9 ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 

ɭɫɬɨɣɱɢɜɨɣ ɮɚɡɵ Li2Ge7O15. Ɍɪɚɧɫɮɨɪɦɚɰɢɹ Li2Ge4O9 ɜ Li2Ge7O15 ɜɨɡɦɨɠɧɚ, 

ɩɨɫɤɨɥɶɤɭ ɫɨɝɥɚɫɧɨ Д28], ɤɪɢɫɬɚɥɥɵ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɢ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ 

ɨɬɧɨɫɹɬɫɹ ɤ ɝɪɭɩɩɟ «ɝɟɪɦɚɧɨɝɟɪɦɚɧɚɬɨɜ», ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɮɨɪɦɢɪɭɟɬɫɹ 

ɨɤɬɚɷɞɪɢɱɟɫɤɢɦɢ ɢ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɦɢ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɦɢ ɩɨɥɢɷɞɪɚ-

ɦɢ. ɋɯɨɠɟɫɬɶ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɫɬɪɭɤɬɭɪɧɭɸ ɪɟ-

ɨɪɝɚɧɢɡɚɰɢɸ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬ ɥɢɬɢɹ. Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɚ ɯ=7 

ɩɪɢ ɧɚɝɪɟɜɟ ɜɵɲɟ Ɍ2 ɩɟɪɟɯɨɞɹɬ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɮɚɡɭ.  
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Ɋɢɫ. γ.7. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɫɨɟɞɢɧɟɧɢɹ Li2O-2.7GeO2, ɧɚɝɪɟɜ ɜɵɲɟ Ɍ1 [9] 

 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɬɪɟɬɢɣ ɩɢɤ ȾɋɄ ɩɪɢ Ɍ3 ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɫɨɫɬɚɜɨɜ, ɢɦɟ-

ɸɳɢɯ ɢɡɛɵɬɨɤ GeO2, ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɯɢɨɦɟɬɪɢɢ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ 

(ɯ=7). ɉɨɷɬɨɦɭ ɚɧɨɦɚɥɢɹ ɩɪɢ Ɍ3 ɩɪɢɩɢɫɚɧɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɤɫɢɞɚ ɝɟɪɦɚɧɢɹ 

[95]. Ɍ.ɨ., ɫɬɟɤɥɨ ɫɨɫɬɚɜɚ ɯ=11.η, ɧɚɝɪɟɬɨɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ Ɍ2 ɢ Ɍ3, 

ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɫɬɟɤɥɨɤɟɪɚɦɢɤɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɤɪɢɫɬɚɥɥɢɬɨɜ Li2Ge7O15, 

ɨɤɪɭɠɟɧɧɵɯ ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ GeO2. 

ɊɎȺ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɡɰɵ ɜ ɮɚɡɟ ɫɬɟɤɥɚ ɢɦɟɸɬ ɚɦɨɪɮɧɭɸ ɫɬɪɭɤɬɭɪɭ, 

ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɮɚɡɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ, ɧɚ ɮɨɧɟ ɝɚɥɨ, ɭɩɨɪɹɞɨɱɟɧ-

ɧɵɯ ɨɛɥɚɫɬɟɣ ɫɨ ɫɬɪɭɤɬɭɪɚɦɢ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ Li2Ge4O9 ɢ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢ-

ɬɢɹ Li2Ge7O15. ȼ ɨɛɪɚɡɰɚɯ, ɧɚɝɪɟɬɵɯ ɜɵɲɟ Ɍ2, ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɚɹ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɹ ɮɚɡɵ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɢ ɢɫɱɟɡɧɨɜɟɧɢɟ ɡɚɪɨɞɵɲɟɣ ɫɨ ɫɬɪɭɤɬɭɪɨɣ 

ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. 

Ɇɟɬɨɞ ɊɎȺ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ 

(ɈɄɊ), ɤɨɬɨɪɵɟ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɫɨɨɬɧɨɫɹɬɫɹ ɫɨ ɫɪɟɞɧɢɦ ɥɢɧɟɣɧɵɦ ɪɚɡ-

ɦɟɪɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɪɨɞɵɲɟɣ. Ɇɟɬɨɞ ɨɰɟɧɤɢ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɚɧɚɥɢɡɟ 

ɲɢɪɢɧɵ ɢ ɩɨɥɨɠɟɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɥɢɧɢɣ. Ɋɚɡɦɟɪ ɈɄɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚ (ɫɦ. ɩ. β.β.β). ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ 
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ɦɟɬɨɞ ɨɰɟɧɤɢ ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɢɬɨɜ ɹɜɥɹɟɬɫɹ ɝɪɭɛɵɦ, ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɚɩɪɨɤ-

ɫɢɦɚɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɜɵɛɢɪɚɸɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɲɢɪɢɧɵ ɥɢ-

ɧɢɢ ɜ ɩɪɨɝɪɚɦɦɟ ORIGIN, ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɜɢɞɟ ɝɚɭɫɫɨɜɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɍɲɢɪɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ, ɤɪɨɦɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɧɚɥɢɱɢɟɦ 

ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɢɡɦɟɥɶɱɟɧɢɟɦ ɛɥɨɤɨɜ ɦɨɡɚɢɤɢ ɞɨ ɪɚɡɦɟɪɨɜ ɦɟɧɶ-

ɲɟ 10-7 ɦ [110]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɡɦɨɠɧɨ ɨɰɟɧɢɜɚɬɶ ɥɢɲɶ ɨɬɧɨɫɢɬɟɥɶɧɵɟ 

ɢɡɦɟɧɟɧɢɹ ɞɢɫɩɟɪɫɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɤɨɝɨ-ɥɢɛɨ ɮɚɤɬɨɪɚ, ɚ ɧɟ ɚɛɫɨ-

ɥɸɬɧɵɟ ɜɟɥɢɱɢɧɵ.  

Ɉɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɟɞɢ-

ɧɟɧɢɣ Li2O-xGeO2 ɯ=7 ɢ 11.5 ɜ ɢɫɯɨɞɧɨɣ ɫɬɟɤɨɥɶɧɨɣ, ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɢ ɩɨɥɢ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ (ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɨɣ ɞɥɹ ɯ=11.5) ɮɚɡɚɯ. Ⱦɥɹ ɫɬɟɤɥɚ ɦɚɤɫɢ-

ɦɭɦɵ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɨɬɞɟɥɢɦɵ ɨɬ ɝɚɥɨ ɢ ɚɧɚɥɢɡɭ ɧɟ ɩɨɞ-

ɥɟɠɚɬ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈɄɊ, ɧɚɣɞɟɧɧɵɣ ɩɨ ɝɚɥɨ, ɫɨɫɬɚɜɥɹɟɬ з 1 ɧɦ. Ɇɨɠɧɨ ɫ 

ɭɜɟɪɟɧɧɨɫɬɶɸ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɞɚɧɧɵɟ ɨɛɪɚɡɰɵ ɧɚɯɨɞɹɬɫɹ ɜ ɚɦɨɪɮɧɨɦ ɮɚɡɨ-

ɜɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɋɚɧɟɟ ɨɛɫɭɠɞɚɥɨɫɶ, ɱɬɨ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ 

ɮɚɡɵ: ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɫɨ ɫɬɪɭɤɬɭɪɚɦɢ Li2Ge4O9, Li2Ge7O15 ɢ ɨɤɪɭɠɚ-

ɸɳɚɹ ɢɯ ɚɦɨɪɮɧɚɹ ɦɚɬɪɢɰɚ. ɂɡ-ɡɚ ɫɯɨɠɟɫɬɢ ɫɬɪɭɤɬɭɪɧɵɯ ɦɨɬɢɜɨɜ Li2Ge4O9 ɢ 

Li2Ge7O15 ɛɨɥɶɲɢɧɫɬɜɨ ɦɚɤɫɢɦɭɦɨɜ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ 

ɤ ɨɛɟɢɦ ɫɬɪɭɤɬɭɪɚɦ, ɱɬɨ ɧɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦ ɤɨɧɤɪɟɬɧɨɣ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. Ɉɞɧɚɤɨ ɩɨ ɝɥɚɜɧɵɦ, ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɢɦ ɩɢɤɚɦ (βș= 

1λ.1° ɢ β1.γ°) ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈɄɊ, ɤɚɤ з10 ɧɦ ɞɥɹ ɨɛɨɢɯ ɮɚɡ 

Li2Ge4O9 ɢ Li2Ge7O15. Ⱦɥɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɠ-

ɧɨ ɪɚɡɥɢɱɢɬɶ ɝɚɥɨ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈɄɊ ɡɞɟɫɶ ɫɨɫɬɚɜɥɹɟɬ з1 ɧɦ.  

Ⱦɥɹ ɨɛɪɚɡɰɨɜ Li2O-xGeO2 (ɯ=7) ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, 

ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈɄɊ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ з1η ɧɦ. ɇɚɛɥɸɞɚɟɬɫɹ ɨɞɧɨɮɚɡɧɚɹ 

ɫɢɫɬɟɦɚ, ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ 

ɥɢɬɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɩɨɷɬɚɩɧɨɦ ɦɟɯɚɧɢɡɦɟ ɤɪɢɫɬɚɥɥɢɡɚ-

ɰɢɢ. 
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ɊɎȺ ɞɚɟɬ ɝɪɭɛɭɸ ɤɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɈɄɊ. Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟ-

ɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɪɢɫɬɚɥɥɢɬɨɜ ɧɟɨɛɯɨ-

ɞɢɦɨ ɩɪɢɜɥɟɱɟɧɢɟ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ, ɬɚɤɢɯ ɤɚɤ ȺɋɆ. 

 

3.3. Ɇɨɪɮɨɥɨɝɢɹ ɫɬɟɤɨɥ, ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ 

 

ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɡɚɪɨɞɵɲɟɣ ɢ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɟ. Ɇɨɪɮɨɥɨɝɢɹ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɞɥɹ ɫɨɫɬɚɜɚ ɯ=7 ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ 

ɦɟɬɨɞɨɦ ȺɋɆ (ɪɢɫ. 3.8). ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯ-

ɧɨɫɬɶ ɫɤɨɥɚ ɛɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɚ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ, ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɢ ɩɨɥɢ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡ. Ɉɛɪɚɛɨɬɤɚ ɫɧɢɦɤɨɜ ȺɋɆ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪ-

ɦɚɰɢɸ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɮɚɡ, ɝɟɨɦɟɬɪɢɢ ɢ ɫɪɟɞɧɟɦ ɪɚɡɦɟɪɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 

ɨɛɥɚɫɬɟɣ (ɪɢɫ. 3.8). ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɢɫ. γ.θ ɢ γ.8 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɚɥɵɟ ɤɪɢ-

ɫɬɚɥɥɢɬɵ ɫɨ ɫɪɟɞɧɢɦ ɥɢɧɟɣɧɵɦ ɪɚɡɦɟɪɨɦ ɞɨ 0.4 ɦɤɦ ɫɭɳɟɫɬɜɭɸɬ ɜ ɢɫɯɨɞɧɨɦ 

ɫɬɟɤɨɥɶɧɨɦ ɨɛɪɚɡɰɟ. ɉɥɨɳɚɞɶ, ɤɨɬɨɪɭɸ ɡɚɧɢɦɚɸɬ ɞɚɧɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, 

ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ β% ɨɬ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɚ ɨɛɪɚɡɰɚ. ɇɟɛɨɥɶɲɭɸ 

ɱɚɫɬɶ ɨɛɴɟɦɚ ɨɛɪɚɡɰɨɜ ɜ ɮɚɡɟ ɫɬɟɤɥɚ ɡɚɧɢɦɚɸɬ ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɢ ɫɪɟɞɧɢɦ ɥɢɧɟɣɧɵɦ ɪɚɡɦɟɪɨɦ d=3515 

ɧɦ. ȼ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɪɚɡɦɟɪ ɡɚɪɨɞɵɲɟɣ ɫɨɫɬɚɜɥɹɟɬ d=7530 ɧɦ 

(ɪɢɫ. γ.8.b), ɩɪɢ ɷɬɨɦ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɡɚɧɢɦɚɸɬ ɨɤɨ-

ɥɨ 7η% ɨɛɴɟɦɚ ɨɛɪɚɡɰɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɨɠɧɨ 

ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ. ȼ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛ-

ɪɚɡɰɚɯ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ Li2Ge7O15 ɧɚɯɨɞɢɬɫɹ ɜ ɦɢɤɪɨɦɟɬɪɨɜɨɣ 

ɨɛɥɚɫɬɢ (d=0.30.12 ɦɤɦ) (ɪɢɫ. γ.8.c), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɷɬɭ ɮɚɡɭ ɤɚɤ 

ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ. Ɉɩɢɫɚɧɧɵɟ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɵ ȺɋɆ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɜɧɚɱɚɥɟ ɩɪɨɜɨɞɢɥɚɫɶ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɨɛɪɚɡɰɨɜ, ɚ ɡɚɬɟɦ ɝɨ-

ɬɨɜɢɥɢɫɶ ɩɥɨɫɤɨɫɬɢ ɫɤɨɥɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɢɦɤɢ ȺɋɆ ɨɬɪɚɠɚɸɬ ɦɨɪɮɨɥɨ-

ɝɢɸ ɜ ɨɛɴɟɦɟ ɨɛɪɚɡɰɚ.  
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Ɋɢɫ. γ.8. ɋɧɢɦɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ȺɋɆ ɞɥɹ Li2O-7GeO2μ ɫɬɟɤɥɨ (ɚ), ɩɪɨ-

ɦɟɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ (b), ɩɨɥɢɤɪɢɫɬɚɥɥ (ɫ) 

 

ȼɵɜɨɞɵ ɤ ɝɥɚɜɟ 3 

 

1. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɨɥ Li2O-xGeO2 (ɯ=7, 11.η, 18) ɩɪɨ-

ɢɫɯɨɞɢɬ ɩɨɷɬɚɩɧɨ. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ ɩɨɹɜɥɟɧɢɟ 

ɡɚɪɨɞɵɲɟɣ ɮɚɡɵ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ δТ2Ge4O9 ɢ ɨɛɥɚɫɬɟɣ ɫɨ ɫɬɪɭɤɬɭɪɨɣ 

ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ δТ2Ge7O15 ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɍɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɮɚɡɚ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɢ ɢɫɱɟɡɚɟɬ ɩɪɢ ɩɨɥ-

ɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɛɪɚɡɰɨɜ. 

 ,nm 

,, nm 

, nm 
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β. ɇɚ ɨɫɧɨɜɚɧɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɬɟɦ-

ɩɟɪɚɬɭɪ Ɍg ɨɬ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ (ɦɟɬɨɞ ȾɋɄ), ɞɥɹ ɫɢɫɬɟɦɵ Li2O-xGeO2 ɯ=7, 

ɭɫɬɚɧɨɜɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ Tg0=7βηɄ, ɩɪɢ ɤɨɬɨɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɟ ɪɟɚɥɢɡɭ-

ɟɬɫɹ ɡɚ ɨɛɨɡɪɢɦɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ.  

3. ɇɚ ɤɪɢɜɵɯ ȾɋɄ ɡɚɮɢɤɫɢɪɨɜɚɧ ɫɞɜɢɝ ɦɚɤɫɢɦɭɦɨɜ ɩɪɢ Ɍ1 ɢ Ɍ2 ɩɪɢ ɢɡ-

ɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ. ɉɨ ɜɟɥɢɱɢɧɟ ɫɞɜɢɝɚ ɨɩɪɟɞɟɥɟɧɚ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚ-

ɰɢɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɪɨɞɵɲɟɣ ȿɫr13.0 ɷȼ ɢ ȿɫr24.4 ɷȼ. ɉɨɤɚɡɚɧɨ, 

ɱɬɨ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ ɮɚɡɚ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɹɜɥɹɟɬɫɹ ɤɢɧɟɬɢɱɟɫɤɢ ɛɨɥɟɟ 

ɜɵɝɨɞɧɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɟɩɬɚɝɟɪɦɚɧɚɬɨɦ ɥɢɬɢɹ. 

4. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɨɟɞɢɧɟɧɢɹ Li2O-7GeO2 ɩɨɞɚɜɥɟɧɚ ɜ 

ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɥɚɫɬɹɯ ɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɛɴɟɦɟ ɫɪɟɞɵ. 

5. Ɇɟɬɨɞɨɦ ȺɋɆ ɢ ɊɎȺ ɢɫɫɥɟɞɨɜɚɧɚ ɦɨɪɮɨɥɨɝɢɹ ɝɟɬɟɪɨɮɚɡɧɵɯ ɫɢɫɬɟɦ 

Li2O-7GeO2. Ɉɩɪɟɞɟɥɟɧɵ ɫɪɟɞɧɢɟ ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɥɚɫɬɟɣ ɫ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜ ɨɛɪɚɡɰɚɯ ɫɬɟɤɥɚ 

(d=3515 ɧɦ), ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ (d=7530 ɧɦ) ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

(d=0.30.12 ɦɤɦ) ɮɚɡɚɯ. 
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ɊȺɁȾȿɅ 4. 
ɗɅȿɄɌɊɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɋɈȿȾɂɇȿɇɂɃ Li2O-xGeO2 

 
ɉɪɨɛɥɟɦɵ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɚ ɬɚɤɠɟ ɲɢ-

ɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟ-

ɞɨɜɚɬɟɥɟɣ ɤ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɫɬɟɤɥɚɯ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚ-

ɥɚɯ. ɋɟɝɨɞɧɹ ɦɚɬɟɪɢɚɥɵ ɫ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ 

ɩɪɚɤɬɢɤɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɜɬɨɧɨɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ, ɷɧɟɪɝɨɧɚɤɨɩɢɬɟɥɶ-

ɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, ɫɟɧɫɨɪɨɜ ɢ ɞɪ. [30, 67-68]. 

ɋɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ, ɩɪɢ ɧɟɫɨɛɫɬɜɟɧɧɨɦ ɦɟɯɚɧɢɡɦɟ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨ-

ɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı, ɱɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɫɬɟɤɥɚ, ɚ 

ɢɦɟɧɧɨ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɞɟɮɟɤɬɨɜ ɢ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ 

ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ [66]. ɋɬɪɭɤɬɭɪɧɵɟ ɭɫɥɨɜɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɯɨɪɨɲɢɯ 

ɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɤɚɤ ɞɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ, ɬɚɤ ɢ 

ɞɥɹ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɬɟɤɨɥɶɧɵɯ ɫɢɫɬɟɦ (ɫɦ. ɩ. 1.4):  

- ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ ɱɢɫɥɚ ɜɚ-

ɤɚɧɬɧɵɯ ɩɨɡɢɰɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɡɚɧɹɬɵ ɩɨɞɜɢɠɧɵɦɢ ɢɨɧɚɦɢ. ȼ ɩɪɨ-

ɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɤɨɧɤɭɪɟɧɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚ ɫɜɨɛɨɞɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɢɯ ɩɨɞɜɢɠɧɨɫɬɶ;  

- ɷɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢɡ ɨɞɧɨɝɨ ɤɜɚɡɢɪɚɜɧɨɜɟɫ-

ɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɞɪɭɝɨɟ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟɜɟɥɢɤɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 

ɜɟɪɨɹɬɧɨɫɬɶ ɬɚɤɨɝɨ ɩɟɪɟɯɨɞɚ;  

- ɢɨɧɧɵɣ ɬɪɚɧɫɩɨɪɬ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɤɜɚɡɢɭɫɬɨɣɱɢ-

ɜɵɟ ɩɨɡɢɰɢɢ ɫɜɹɡɚɧɵ «ɤɚɧɚɥɚɦɢ ɩɪɨɜɨɞɢɦɨɫɬɢ», ɩɪɨɧɢɡɵɜɚɸɳɢɦɢ ɫɬɪɭɤ-

ɬɭɪɧɵɣ ɤɚɪɤɚɫ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɩɨɞɜɢɠɧɵɟ ɢɨɧɵ ɛɭɞɭɬ ɤɨɥɟɛɚɬɶɫɹ 

ɜɛɥɢɡɢ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ [30, 66-68]. 

ȼ ɩ. 1.4. ɨɛɫɭɠɞɚɥɨɫɶ, ɱɬɨ ɨɞɧɢɦɢ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɭɩɟɪɢɨɧɧɵɯ ɩɪɨ-

ɜɨɞɧɢɤɨɜ ɹɜɥɹɸɬɫɹ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɥɢɬɢɟɜɵɯ ɝɟɪɦɚɧɚɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɣ 
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ɝɥɚɜɟ ɢɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɭɟɬɫɹ ɜ ɫɬɟɤɥɚɯ, ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɧɚɧɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɚɯ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 ɯ=7, 

11.η ɢ 18. 

 

4.1. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɬɟɤɨɥ Li2O-xGeO2 

 

Ɋɚɧɟɟ ɨɛɫɭɠɞɚɥɨɫɶ ɩɨɜɟɞɟɧɢɟ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (ı) ɫɨɟɞɢ-

ɧɟɧɢɣ Li2O-xGeO2 ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶɸ. ɉɨɤɚɡɚɧɨ, 

ɱɬɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı ɨɬ 1/Ɍ ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ ɢɦɟɟɬ ɥɢɧɟɣ-

ɧɵɣ ɜɢɞ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ η00 Ʉ. ɉɪɢ ɷɬɨɦ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ı ɬɟɦ 

ɜɵɲɟ, ɱɟɦ ɜɵɲɟ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɨɧɨɜ Li+ ɜ ɨɛɪɚɡɰɟ. ɍɫɬɚɧɨɜɥɟɧɨ [4, 

5, 52, 111], ɱɬɨ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚ-

ɟɬɫɹ ɦɨɛɢɥɶɧɵɦɢ ɦɟɠɞɨɭɡɟɥɶɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ, ɞɜɢɝɚɸɳɢɦɢɫɹ ɜɧɭɬɪɢ ɤɚ-

ɧɚɥɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. ɉɪɢɧɢɦɚɸɳɢɟ ɭɱɚɫɬɢɟ ɜ ɬɪɚɧɫɩɨɪɬɟ ɡɚɪɹɞɚ, 

ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ ɢɨɧɵ ɥɢɬɢɹ ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɢ Ɏɪɟɧɤɟɥɟɜɫɤɨɝɨ ɬɢɩɚ. ɉɨɬɟɧɰɢɚɥɶɧɵɣ ɪɟɥɶɟɮ ɤɪɢɫɬɚɥɥɚ Li2Ge7O15 

ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɠɞɨɭɡɟɥɶɧɵɯ ɢɨɧɨɜ Li+. Ɉɛ ɷɬɨɦ ɝɨɜɨɪɹɬ 

ɪɚɜɧɵɟ, ɜ ɩɪɟɞɟɥɚɯ ɨɲɢɛɤɢ, ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɧɨɦɢɧɚɥɶɧɨ ɱɢɫɬɨ-

ɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɨɫɟɣ, ɚ 

ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ȿɚ ɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15 ɞɨɩɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɜɚɥɟɧɬɧɵɦɢ 

ɩɪɢɦɟɫɹɦɢ ɢɨɧɨɜ Cr ɢ Mn [52]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɟ ɝɟɩɬɚɝɟɪɦɚ-

ɧɚɬɚ ɥɢɬɢɹ ɛɨɥɶɲɢɧɫɬɜɨ ɢɨɧɨɜ Li+ ɧɚɯɨɞɹɬɫɹ ɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɨɡɢɰɢɹɯ ɢ ɧɟ 

ɭɱɚɫɬɜɭɸɬ ɜ ɩɟɪɟɧɨɫɟ ɡɚɪɹɞɚ. ɇɟɫɤɨɥɶɤɨ ɢɧɚɱɟ ɜɵɝɥɹɞɢɬ ɫɢɬɭɚɰɢɹ ɜ ɚɦɨɪɮ-

ɧɵɯ ɨɛɪɚɡɰɚɯ ɫɢɫɬɟɦɵ Li2O-xGeO2, ɞɥɹ ɯ=β, γ, 4, θ, 1γ ɨɩɢɫɚɧɧɚɹ ɜ ɪɚɛɨɬɟ 

[81]. Ⱥɜɬɨɪɚɦɢ [81] ɩɨɤɚɡɚɧɨ, ɱɬɨ ı ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɨɧɚɦɢ ɥɢɬɢɹ ɢ ɡɚɜɢɫɢɬ ɨɬ 

ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɨɞɧɚɤɨ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ȿɚ, ɢɥɢ ɢɧɵɦɢ ɫɥɨɜɚɦɢ ɩɨɬɟɧɰɢ-

ɚɥɶɧɵɣ ɪɟɥɶɟɮ ɫɬɟɤɥɚ, ɢɡɦɟɧɹɟɬɫɹ ɨɬ ȿɚ=0.65 ɷȼ ɞɥɹ ɯ=β, ɞɨ ȿɚ=0.91 ɷȼ ɞɥɹ 

ɯ=13. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ, ɢɫɯɨɞɹ ɢɡ ɫɬɪɭɤɬɭɪɵ ɫɬɟɤɨɥ (ɫɦ. 

ɩ.1.4.2). Ʉɚɠɞɵɣ ɢɨɧ ɥɢɬɢɹ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɦ ɤɚɪɤɚɫɨɦ 
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ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɯ ɩɨɥɢɷɞɪɨɜ, ɫɨɡɞɚɟɬ «ɞɟɮɟɤɬ» ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɟɤɥɨɨɛ-

ɪɚɡɨɜɚɬɟɥɹ ɢɡɦɟɧɹɹ ɨɤɪɭɠɚɸɳɢɣ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɪɟɥɶɟɮ. ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ 

ɞɟɮɟɤɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɢɫɬɚɧɰɢɢ ɦɟɠɞɭ ɤɚɬɢɨɧɧɵɦɢ ɩɨɡɢɰɢɹɦɢ, 

ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɟɪɟɧɨɫɚ ɢɨɧɨɜ ɥɢɬɢɹ ɦɟɠɞɭ ɩɨɡɢɰɢɹ-

ɦɢ, ɭɦɟɧɶɲɚɟɬɫɹ. 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɷɥɟɤɬɪɢɱɟ-

ɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɟɤɨɥ ɫɨɫɬɚɜɚ Li2O-xGeO2 ɞɥɹ ɯ=7, 11.5 ɢ 18. ɂɡɜɟɫɬɧɨ, ɱɬɨ 

ɬɟɪɦɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ (Ɍ) ɩɪɢ ɧɚɝɪɟɜɟ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚ-

ɠɟɧɢɟɦ 
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ɝɞɟ Eɚ – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ, kȼ – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶ-

ɰɦɚɧɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ Ⱥ ɜ (4.1) ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ  

 

( )B
22 zknqA  ,     (4.2) 

 

ɝɞɟ n – ɤɨɧɰɟɧɬɪɚɰɢɹ, q – ɡɚɪɹɞ,  – ɞɥɢɧɚ “ɩɪɵɠɤɚ” ɧɨɫɢɬɟɥɟɣ,  – ɱɚɫɬɨɬɚ 

ɪɟɲɟɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ, z – ɱɢɫɥɨ ɛɥɢɠɚɣɲɢɯ ɞɨɫɬɭɩɧɵɯ ɤɜɚɡɢɭɫɬɨɣɱɢɜɵɯ 

ɩɨɡɢɰɢɣ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ (Ɍ) ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ Li2O-xGeO2 ɯ=7, 11.5, 

18 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4.1, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (4.1) ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ. 

ɇɚɛɥɸɞɚɟɬɫɹ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ Ɍ>η00 Ʉ. Ɂɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ȿɚ ɢ 

ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ 

(4.1) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4.1. 
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Ɋɢɫ. 4.1. Ɂɚɜɢɫɢɦɨɫɬɢ ı(1/Ɍ) ɞɥɹ ɫɬɟɤɨɥ Li2O-xGeO2, ɱɚɫɬɨɬɚ ɩɨɥɹ f=1 ɤȽɰ [8] 

 

Ɍɚɛɥɢɰɚ. 4.1 

ɉɚɪɚɦɟɬɪɵ Ea ɢ ı (ɩɪɢ Ɍ=500 Ʉ) ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 

ɯ Ea, ɷȼ ı, Ɉɦ-1ɦ-1 

x=7 0.94(1) 1.1ā10-5 

x=11.5 0.92(3) 7ā10-6 

x=18 0.96(1) γ.ηā10-6 

 

ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɞɥɹ ɫɨɟɞɢ-

ɧɟɧɢɹ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɥɟɣ ɨɤɫɢɞɚ ɥɢɬɢɹ (ɯ=7), ɤɨɬɨɪɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɪɢɫɬɚɥɥɚ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge7O15. 

ɇɚ ɩɪɢɦɟɪɟ ɫɬɟɤɨɥ Li2O-xGeO2 ɯ=7, 11.5, 18 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨ-

ɜɨɞɧɨɫɬɶ  ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɡɚɦɟɬɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ ɩɨɜɵɲɟ-

ɧɢɟɦ ɞɨɥɢ ɨɤɫɢɞɚ ɥɢɬɢɹ ɜ ɫɬɟɯɢɨɦɟɬɪɢɢ. Ɍɚɤɚɹ ɫɜɹɡɶ ɩɨɞɬɜɟɪɠɞɚɟɬ ɡɚɤɥɸɱɟ-

ɧɢɟ ɨ ɞɨɦɢɧɢɪɭɸɳɟɦ ɜɤɥɚɞɟ ɦɨɛɢɥɶɧɵɯ ɢɨɧɨɜ Li+ ɜ ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɡɚ-

ɪɹɞɚ ɜ ɫɬɟɤɥɚɯ ɥɢɬɢɟɜɵɯ ɝɟɪɦɚɧɚɬɨɜ, ɫɞɟɥɚɧɧɨɟ ɜ ɪɚɛɨɬɟ [81]. 
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4.2. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɚɦɨɪɮɧɨɣ ɮɚɡɵ 

 

ȼ ɪɚɛɨɬɚɯ [30, 66, 67] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ı ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɬɶɫɹ 

ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪɧɨɝɨ ɭɩɨ-

ɪɹɞɨɱɟɧɢɹ ɫɪɟɞɵ. ɗɬɨ ɫɜɹɡɚɧɨ, ɤ ɩɪɢɦɟɪɭ, ɫ ɧɚɥɢɱɢɟɦ ɤɚɧɚɥɨɜ ɜ ɤɪɢɫɬɚɥɥɢ-

ɱɟɫɤɨɣ ɪɟɲɟɬɤɟ, ɱɢɫɥɨɦ ɦɟɠɞɨɭɡɟɥɶɧɵɯ ɜɚɤɚɧɬɧɵɯ ɩɨɡɢɰɢɣ, ɚ ɬɚɤɠɟ ɤɨɧɰɟɧ-

ɬɪɚɰɢɟɣ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ ɦɨɛɢɥɶɧɵɯ ɢɨɧɨɜ.  

Ɂɚɜɢɫɢɦɨɫɬɶ (1/Ɍ) ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ Li2O-xGeO2 ɯ=7, 11.5 

ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɧɚɝɪɟɜɚɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ (ɪɢɫ. 4.2) ɜ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɜɤɥɸɱɚɸɳɟɦ ɚɧɨɦɚɥɢɢ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɨɦ 

ȾɋɄ (ɜɫɬɚɜɤɚ ɪɢɫ. 4.2.ɚ). ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɨɛɪɚɡɰɟ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɤɨ-

ɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ ɫɩɪɹɦɥɹɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍg (ɡɚɜɢɫɢɦɨɫɬɶ 1 ɧɚ 

ɪɢɫ. 4.2). ȼɛɥɢɡɢ Ɍg ɧɚɤɥɨɧ ɝɪɚɮɢɤɚ ı(1/Ɍ) ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɧɚɱɢɧɚɟɬɫɹ 

ɩɪɨɰɟɫɫ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ (ɫɦ. ɜɫɬɚɜɤɭ ɧɚ ɪɢɫ. 4.β.ɚ). ɉɪɢ ɧɚɝɪɟɜɟ 

ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ Ɍ1 ɢ Ɍ2 ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɜ ɩɪɨɦɟɠɭɬɨɱɧɭɸ ɧɚɧɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɭɸ ɮɚɡɭ (ɫɦ. Ɋɚɡɞɟɥ γ) ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ β (ɪɢɫ. 4.2), ɤɨɬɨɪɚɹ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛяɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ . ɇɚ ɩɪɢɦɟɪɟ ɫɨɟɞɢɧɟɧɢɹ Li2O-

11.5GeO2 (ɪɢɫ. 4.β.ɛ) ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɭɸ ɦɟɬɚɫɬɚɛɢɥɶɧɭɸ ɮɚɡɭ ɫ ɩɨɜɵɲɟɧ-

ɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɧɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɩɭ-

ɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɢɠɟ Ɍg0. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɰɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ Ɍ2 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢ ɧɟɨɛɪɚɬɢɦɨɟ ɭɦɟɧɶɲɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, 

ɩɨɜɟɞɟɧɢɟ (1/Ɍ) ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɚɜɢɫɢɦɨɫɬɶɸ γ 

ɧɚ ɪɢɫ. 4.2. Ɋɟɡɤɨɟ ɭɦɟɧɶɲɟɧɢɟ  ɨɬɪɚɠɚɟɬ ɡɚɜɟɪɲɟɧɢɟ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɦɢɤɪɨɤɪɢɫɬɚɥɥɨɜ δТ2Ge7O15, ɤɨɬɨɪɵɟ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ3 ɜ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚ-

ɜɚ ɯ=11.5 ɨɤɪɭɠɟɧɵ ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ GeO2 (ɫɦ. ɪɚɡɞɟɥ γ).  
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ɛ 

ɚ 

1 

2 

3 

Ɋɢɫ. 4.β. Ɂɚɜɢɫɢɦɨɫɬɢ ı(1/Ɍ), ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2 ɝɞɟ ɯ=7 (ɚ), ɯ=11.5 

(ɛ)μ 1 – ɫɬɟɤɥɨ; β – ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ; 

3 – ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ 



70 
 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɢɧɬɟɪɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪ ɨɬ η00 K 

ɞɨ Ɍg ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

(ɡɚɜɢɫɢɦɨɫɬɶ β ɧɚ ɪɢɫ. 4.β) ɧɚ ɩɨɪɹɞɨɤ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ  ɞɥɹ ɫɬɟɤɥɚ (ɡɚ-

ɜɢɫɢɦɨɫɬɶ 1) ɢ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɜɵɲɟ  ɞɥɹ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ, ɜ 

ɤɨɬɨɪɵɯ ɩɪɨɢɡɨɲɥɚ ɩɨɥɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɡɵ δТ2Ge7O15 (ɡɚɜɢɫɢɦɨɫɬɶ 3, 

ɫɦ. ɬɚɛɥ. 4.2).  

Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ Li2O-

ɯGeO2 ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɜɩɟɪɜɵɟ. Ɂɚɦɟɬɢɦ ɬɚɤɠɟ, ɱɬɨ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɷɥɟɤ-

ɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɦɟɬɧɨ ɧɢɠɟ ɜɟɥɢɱɢɧ 

Eɚ ɞɥɹ ɫɬɟɤɥɚ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ (ɫɦ. ɬɚɛɥ. 4.β). ɉɨ-

ɜɢɞɢɦɨɦɭ, ɭɩɨɪɹɞɨɱɟɧɢɟ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɩɨɪɹɞɤɚ ɞɥɢɧɧɵ ”ɩɪɵɠɤɚ“ ɧɨɫɢɬɟ-

ɥɟɣ  ɜ ɫɬɟɤɥɟ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɚɯ δТ2Ge7O15 ɹɜɥɹɟɬɫɹ ɩɨɞɨɛɧɵɦ, ɢ ɧɨɫɢɬɟɥɢ 

ɡɚɪɹɞɚ ɞɜɢɠɭɬɫɹ ɜ ɫɯɨɠɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɪɟɥɶɟɮɟ. ɍɱɢɬɵɜɚɹ ɪɟɡɭɥɶɬɚɬɵ 

ɢɡɭɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ δТ2Ge7O15 [4-6], ɦɨɠɧɨ 

ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ ɫɬɟɤɥɟ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ ɨɫɧɨɜɧɵɦɢ ɧɨɫɢɬɟ-

ɥɹɦɢ ɡɚɪɹɞɚ ɹɜɥɹɸɬɫɹ ɢɨɧɵ δТ+, ɦɢɝɪɢɪɭɸɳɢɟ ɩɨ ɩɭɫɬɨɬɚɦ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɤɚɪɤɚɫɚ, ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɢɡ Ge-Ɉ ɩɨɥɢɷɞɪɨɜ. ɉɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɢ-

ɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɟɨɞɨɥɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɛɚɪɶɟɪɨɜ 

ɦɟɧɶɲɟɣ ɜɵɫɨɬɵ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɡɚɦɟɬɧɨɦ ɨɬɥɢɱɢɢ ɫɬɪɭɤɬɭɪɵ ɩɪɨɦɟɠɭɬɨɱɧɨɣ 

ɮɚɡɵ ɨɬ ɫɬɪɨɟɧɢɹ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ. Ɉɛɨɫɧɨɜɚɧɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɩɟ-

ɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɨɧɚɦɢ δТ+.  

ȼ ɪɚɛɨɬɚɯ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɡɭɱɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɪɢɫɬɚɥɥɨɜ 

ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge7O15 [26, 4-6, 111] ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ, ɱɬɨ ɜ ɢɫɫɥɟɞɭ-

ɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ η00-800 Ʉ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɠɞɨ-

ɭɡɟɥɶɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ, ɤɨɬɨɪɵɟ ɜɵɫɬɭɩɚɸɬ ɜ ɪɨɥɢ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɫɬɪɭɤɬɭɪɵ.  
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Ɍɚɛɥɢɰɚ 4.β 

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɪɚɠɟɧɢɹ (4.1) ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɥɢɧɟɣɧɵɯ ɭɱɚɫɬ-
ɤɨɜ ɡɚɜɢɫɢɦɨɫɬɟɣ ı(1/Ɍ) (ɪɢɫ. 4.2, 4.3), ɢ ɜɟɥɢɱɢɧɵ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ LТ2O−ɯGeO2 

Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɚ Li2O-xGeO2 

ɗɧɟɪɝɢɹ ɚɤɬɢ-

ɜɚɰɢɢ Eɚ, ɷȼ 

Ʉɨɷɮɮɢɰɢɟɧɬ 

Ⱥ, ā105 

(Ɉɦ-1ɦ-1)K 

ɗɥɟɤɬɪɨɩɪɨɜɨɞ-

ɧɨɫɬɶ , Ɉɦ-1ɦ-1 

Ɍ=η00 K 

x=7 x=11.5 x=7 x=11.5 x=7 x=11.5 

ɂɫɯɨɞɧɨɟ ɫɬɟɤɥɨ 0,90(1) 0.94 179.2 104.9 2,1ā10-5 1.8ā10-5 

ɇɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ: 

- ɧɚɝɪɟɜ ɜɵɲɟ Ɍ1=840 K 

- ɜɵɞɟɪɠɤɚ ɩɪɢ Ɍan=81η K ɜ 

ɬɟɱɟɧɢɟμ 

 γ ɦɢɧ 

 1 ɱ 

 4 ɱ 

 

0.72 

 

0.79 

 

 

0.67 

0.67 

0.68 

 

10.6 

 

29.2 

 

 

11.0 

12.1 

7.9 

 

β.λā10-4 

 

γ.λā10-4 

 

 

γ.ηā10-4 

4.ηā10-4 

β.0ā10-4 

Ɇɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ: 

- ɧɚɝɪɟɜɨɦ ɜɵɲɟ Ɍ2=915 K 

- ɜɵɞɟɪɠɤɨɣ ɩɪɢ Ɍan=81η K ɜ 

ɬɟɱɟɧɢɟ 14 ɱ 

 

0.94 

 

1.03 

0.97 

 

1.3 

 

6.1 

2.3 

 

η.λā10-7 

 

γ.0ā10-7 

β.βā10-7 

 

Ⱦɚɧɧɚɹ ɩɨɡɢɰɢɹ ɨɫɧɨɜɚɧɚ ɤɚɤ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ 

ɤɪɢɫɬɚɥɥɚ Li2Ge7O15 [4], ɬɚɤ ɢ ɧɚ ɢɡɭɱɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ «ɱɢɫɬɵɯ» ɢ 

ɥɟɝɢɪɨɜɚɧɧɵɯ Cr ɢ Mn ɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ [52]. ɍɱɢɬɵɜɚɹ ɞɚɧ-

ɧɵɟ Ɋɚɦɚɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ Дλλ, 100Ж, ɤɨɬɨɪɵɟ ɝɨɜɨɪɹɬ ɨɛ ɨɬɥɢɱɢɢ 

ɫɬɪɭɤɬɭɪ ɤɪɢɫɬɚɥɥɚ ɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɥɢɲɶ ɜ ɞɚɥɶɧɟɦ ɩɨɪɹɞɤɟ, ɥɨɝɢɱɧɨ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɬɟɤɨɥ, ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɬɚɤɠɟ ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɥɚɫɬɢ ɧɟɫɨɛɫɬɜɟɧ-

ɧɨɣ (ɢɥɢ ɩɪɢɦɟɫɧɨɣ) ɩɪɨɜɨɞɢɦɨɫɬɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ ДηγЖ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɡɧɚ-
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ɱɟɧɢɣ ı ɩɪɢ ɧɚɝɪɟɜɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ȝ ɫɥɚɛɨɫɜɹɡɚɧ-

ɧɵɯ ɢɨɧɨɜ δТ+, ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ Ч ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ Ⱥ ɜ (4.β), ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɚɧ ɢɫɯɨ-

ɞɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɪɢɫ. 4.β, 4.γ) ɢ ɩɪɢɜɟɞɟɧ ɜ Ɍɚɛɥɢɰɟ 4.β, ɡɚ-

ɜɢɫɢɬ ɨɬ ɬɚɤɢɯ ɜɟɥɢɱɢɧ ɤɚɤ ɤɨɧɰɟɧɬɪɚɰɢɹ Ч, ɡɚɪɹɞ q, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɨ-

ɫɬɭɩɧɵɦɢ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɵɦɢ ɩɨɡɢɰɢɹɦɢ , ɱɢɫɥɚ ɛɥɢɠɚɣɲɢɯ ɩɨɡɢɰɢɣ г, 

«ɩɨɩɵɬɨɱɧɨɣ» ɱɚɫɬɨɬɵ . ɋɱɢɬɚɹ, ɱɬɨ q ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɚ , г ɢ  ɢɡɦɟɧɹɸɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ) ɜ ɯɨɞɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɥɚ, 

ɦɨɠɧɨ ɝɪɭɛɨ ɨɰɟɧɢɬɶ, ɤɚɤ ɢɡɦɟɧɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ Ч ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɢɡ ɨɞɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, ɚ ɬɚɤɠɟ ɫɪɚɜɧɢɬɶ ɫ ɢɡɜɟɫɬ-

ɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚɦ Li2Ge7O15 [26]. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Ⱥ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɱɢɫɥɨ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɯ ɢɨɧɨɜ ɥɢɬɢɹ ɮɢɤɫɢɪɭɟɬ-

ɫɹ ɜ ɫɬɟɤɥɚɯ, ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɟɳɟ ɧɚ ɩɨɪɹ-

ɞɨɤ ɦɟɧɶɲɟ ɜ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ (ɫɦ. ɬɚɛɥ. 4.β). Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ 

ɬɨɦ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, 

ɪɚɫɫɱɢɬɚɧɵ ɨɰɟɧɨɱɧɵɟ ɡɧɚɱɟɧɢɹ n, ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟ-

ɦɵ Li2O-xGeO2 (ɫɦ. ɬɚɛɥ.4.3).  

Ɍɚɛɥɢɰɚ 4.γ 

Ɉɰɟɧɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ Li+ (n) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  
ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ Li2O-7GeO2 

Ɏɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ n, ɫɦ-3 

Ⱥɦɨɪɮɧɨɟ 1021 

ɇɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 1020 

Ɇɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 1019 

Ɇɨɧɨɤɪɢɫɬɚɥɥ* 1018 

* Ɂɧɚɱɟɧɢɟ ɜɡɹɬɨ ɢɡ [26] 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɨɞɝɨɧɨɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ Ⱥ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹ-

ɟɬɫɹ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɢɡɦɟɧɟɧɢɹɯ ɜ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɷɧɟɪɝɢɢ ȿɚ, ɩɨɥɭɱɟɧɧɵɣ 

ɪɟɡɭɥɶɬɚɬ ɥɟɝɤɨ ɨɛɴɹɫɧɢɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɰɨɜ ɜ ɯɨɞɟ ɪɚɫɫɬɟɤ-
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ɥɨɜɚɧɢɹ. ɉɨɬɟɧɰɢɚɥɶɧɵɣ ɪɟɥɶɟɮ ɜ ɫɬɟɤɥɟ ɧɚɢɛɨɥɟɟ ɫɝɥɚɠɟɧ, ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ ɢɨɧɨɜ ɥɢɬɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɩɪɨ-

ɢɫɯɨɞɢɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɨɛɪɚɡɰɨɜ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɪɚɡɨɜɚɧɢ-

ɟɦ ɛɨɥɟɟ ɝɥɭɛɨɤɢɯ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɹɦ ɞɥɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ȼ ɱɢɫɬɵɯ ɦɨɧɨ-

ɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 ɱɢɫɥɨ ɦɟɠɞɨɭɡɟɥɶɧɵɯ ɢɨɧɨɜ ɥɢɬɢɹ ɧɚɢɦɟɧɶɲɟɟ, ɩɨ-

ɫɤɨɥɶɤɭ ɢɯ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɫɢɥɶɧɨ ɫɜɹɡɚɧɚ ɫ ɝɟɪɦɚɧɢɟɜɨ-ɤɢɫɥɨɪɨɞɧɵɦɢ ɩɨɥɢ-

ɷɞɪɚɦɢ.  

ɇɚ ɩɪɢɦɟɪɟ ɫɨɫɬɚɜɚ ɯ=11.η ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɡɵ 

Li2Ge7O15 ɜ ɫɬɟɤɥɚɯ Li2O-ɯGeO2 ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɚ ɤɚɤ ɧɚɝɪɟɜɨɦ ɜɵɲɟ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɬɚɤ ɢ ɩɭɬɟɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɜ ɢɧɬɟɪɜɚ-

ɥɟ ɦɟɠɞɭ Ɍg ɢ Ɍ1. ɉɨɫɤɨɥɶɤɭ ɞɨɫɬɢɠɟɧɢɟ Ɍg ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɦɹɝɱɟɧɢɸ ɫɬɟɤɥɚ, 

ɚ ɩɢɤ ɩɪɢ Ɍ1 ɭɤɚɡɵɜɚɟɬ ɧɚ ɪɨɫɬ ɨɛɴɟɦɚ ɡɚɪɨɞɵɲɟɣ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚɡɵ, 

ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɬɨɱɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɱɢɫɥɚ ɡɚɪɨɞɵɲɟɣ ɧɚɯɨɞɢɬɫɹ 

ɦɟɠɞɭ Ɍg ɢ Ɍ1 [1]. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɩɨɞɛɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠ-

ɤɢ ɜ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ Ɍg ɢ Ɍ1 ɜɨɡɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɞɨɥɸ ɭɩɨɪɹɞɨɱɟɧɧɨɣ 

ɮɚɡɵ ɜ ɨɛɪɚɡɰɟ ɢ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɚɪɨɞɵɲɟɣ. Ɍɚɤ, ɜ [102] ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɮɚɡɵ δТ2Ge7O15 ɜ ɫɬɟɤɥɚɯ Li2O-ɯGeO2 ɩɭɬɟɦ ɢɡɨɬɟɪɦɢ-

ɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ Ɍ1. 

ɍɱɢɬɵɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɚɜɬɨɪɨɜ [102], ɧɚɦɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫɟɪɢɹ ɨɛɪɚɡ-

ɰɨɜ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɩɪɨɜɟɞɟɧɚ ɢɡɨɬɟɪɦɢɱɟɫɤɢ. Ɉɛɪɚɡɰɵ ɢɫɯɨɞɧɨɝɨ 

ɫɬɟɤɥɚ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ Э=γ ɦɢɧ, 1, 4 ɢ 14 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-

ɪɟ Ɍan=815 K (ɫɦ. ɩ. β.1), ɤɨɬɨɪɚɹ ɧɚ βη K ɧɢɠɟ ɬɨɱɤɢ Ɍ1 ɩɟɪɜɨɝɨ ɷɤɡɨɬɟɪɦɢ-

ɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚ ɤɪɢɜɨɣ ȾɋɄ (ɜɫɬɚɜɤɚ ɧɚ ɪɢɫ. 4.3). Ɂɚɬɟɦ ɨɛɪɚɡɰɵ 

ɨɯɥɚɠɞɚɥɢɫɶ ɞɨ γ00 K, ɩɨɫɥɟ ɱɟɝɨ ɢɡɦɟɪɹɥɢɫɶ ɡɧɚɱɟɧɢɹ (1/Ɍ) ɜ ɩɪɨɰɟɫɫɟ 

ɧɚɝɪɟɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ Ɍg0. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɢ ɢɡɦɟ-

ɪɟɧɢɢ (1/Ɍ) ɜ ɭɤɚɡɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɫɨɫɬɨɹɧɢɟ ɨɛɪɚɡɰɨɜ ɨɫɬɚɟɬɫɹ 

ɧɟɢɡɦɟɧɧɵɦ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫ. 4.3. 

ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɜɵɞɟɪɠɤɚ ɩɪɢ Ɍan ɧɚ ɩɪɨɬɹɠɟɧɢɢ Э=γ ɦɢɧ, 1 ɱ ɢ 4 ɱ 

ɩɟɪɟɜɨɞɢɬ ɨɛɪɚɡɰɵ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɚɛɥɸɞɚɟɬɫɹ 
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ɡɚɦɟɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ı ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɫɬɟɤɥɨɦ. ɉɨ ɜɟɥɢɱɢɧɟ ɢ ɯɚ-

ɪɚɤɬɟɪɭ ɩɨɜɟɞɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɨɬ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɩɨɞɨɛɧɚ ɚɧɚɥɨɝɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ (ɡɚɜɢɫɢɦɨɫɬɢ β ɧɚ ɪɢɫ. 4.2), ɩɨɥɭɱɟɧɧɵɯ ɩɨ-

ɫɥɟ ɧɚɝɪɟɜɚ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ ɜɵɲɟ Ɍ1. ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɞɨ 

14 ɱ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɛɪɚɡɰɵ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɬɨɪɵɯ ɩɨɧɢɠɚɟɬɫɹ 

ɧɚ ɞɜɚ-ɬɪɢ ɩɨɪɹɞɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɨɫɬɨɹɧɢɟɦ (ɪɢɫ. 4.3). 

Ⱦɥɹ ɨɛɪɚɡɰɨɜ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɢɡɨɬɟɪɦɢɱɟɫɤɢ, ɞɥɢ-

ɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɨɣ ɩɪɢ Ɍan (ɪɢɫ. 4.3) ɜ ɬɟɱɟɧɢɢ 14 ɱ ɢ ɧɚɝɪɟɜɨɦ ɜɵɲɟ ɬɟɦɩɟ-

ɪɚɬɭɪɵ Ɍ2, ɩɨɥɭɱɟɧɵ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. Ɂɧɚɱɟɧɢɹ ɩɚɪɚ-

ɦɟɬɪɨɜ ɜ ɭɪɚɜɧɟɧɢɢ (4.1), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɩɢɫɚɧɢɢ ɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɡɚ-

ɜɢɫɢɦɨɫɬɟɣ (1/Ɍ) ɧɚ ɪɢɫ. 4.γ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4.2.  

 

 

Ɋɢɫ. 4.γ. Ɂɚɜɢɫɢɦɨɫɬɢ ı(1/Ɍ), ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ Li2O-11.5GeO2, Ɍan=815 K, 

f=1 ɤȽɰ [15]  

T
an
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɛɚ ɫɩɨɫɨɛɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, – ɧɚɝɪɟɜ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ 

ɜɵɞɟɪɠɤɚ, ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɨɛɪɚɡɰɵ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɫ ɛɥɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ.  

 

4.3. ɉɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɢɦɵɦ ɦɟɬɨɞɨɦ ɩɨɜɵɲɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɥɢɬɢɣ-ɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩ 

ɯɢɦɢɱɟɫɤɨɝɨ ɭɫɥɨɠɧɟɧɢɹ – ɥɟɝɢɪɨɜɚɧɢɹ ɢɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɨɣ 

ɦɚɬɪɢɰɵ ɡɚ ɫɱɟɬ ɜɜɟɞɟɧɢɹ ɩɪɢɦɟɫɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ ɢ ɜɥɢɹɸɬ ɬɟɦ ɫɚɦɵɦ ɧɚ ɜɟɥɢɱɢɧɭ ı 

ɢɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ [66]. ɉɨɜɵɲɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɛɟɫɩɪɢɦɟɫɧɵɯ 

ɞɜɭɯɮɚɡɧɵɯ ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦɚɯ ɡɚ ɫɱɟɬ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɜɵɫɨɤɨɩɪɨɜɨɞɹɳɟɣ ɮɚɡɵ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɪɨɞɵɲɟɣ ɢɥɢ 

ɭɫɢɥɟɧɢɹ ɪɨɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɫɭɠɞɚɸɬɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ (ɫɦ. ɩ. 1.4) ɢ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɪɚɡɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ Д82-88]. 

ȼɵɫɨɤɚɹ ı ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɚ ɢ ɨɩɢɫɚɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɜ ɫɢɫɬɟɦɚɯ AРI-Ag2O-MxOy (M=V, Mo, P, B) [82], ɢ 

ɩɨɡɞɧɟɟ ɜ ɪɹɞɟ ɥɢɬɢɣɫɨɞɟɪɠɚɳɢɯ ɦɚɬɟɪɢɚɥɨɜ Li2O-P2O5, Li2S-P2S5, 

Li1+xAlxGe2-x(PO4)3 [82-90]. 

Ɉɛɫɭɞɢɦ ɜɨɡɦɨɠɧɵɟ ɩɪɢɱɢɧɵ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡ-

ɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɍɚɤ ɤɚɤ ɧɚɛɥɸɞɚɟɦɨɟ ɭɜɟɥɢɱɟɧɢɟ  ɢɦɟɟɬ 

ɦɟɫɬɨ ɞɥɹ ɨɛɪɚɡɰɨɜ ɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɬɨ ɩɪɢɱɢɧɵ ɩɨɜɵɲɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɭɠɧɨ ɢɫɤɚɬɶ ɜ ɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɹɯ. Ɉɞɧɨ ɢɡ 

ɨɛɴɹɫɧɟɧɢɣ ɩɨɜɵɲɟɧɢɹ ı ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 

ɩɪɢɫɭɬɫɬɜɢɟɦ ɨɛɥɚɫɬɟɣ ɫɨ ɫɬɪɭɤɬɭɪɨɣ Li2Ge4O9 (ɯ=4), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ 

ɩɪɢ ɩɨɫɬɚɞɢɣɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɥɚ Li2O-ɯGeO2 (ɫɦ. Ɋɚɡɞɟɥ γ). Ʉɚɤ ɭɩɨ-

ɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɷɤɫɬɪɟɦɭɦ ɧɚ ɤɪɢɜɨɣ ȾɋɄ ɩɪɢ Ɍ1 ɫɜɹɡɵɜɚɸɬ ɫ ɜɨɡɧɢɤɧɨɜɟ-

ɧɢɟɦ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ, ɛɥɢɡɤɢɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɤ ɬɟɬɪɚɝɟɪɦɚɧɚɧɬɭ ɥɢ-

ɬɢɹ δТ2Ge4O9 (ɯ=4) [4]. ɂɫɯɨɞɹ ɢɡ ɫɨɫɬɚɜɚ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɷɬɨ ɨɡɧɚ-
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ɱɚɟɬ, ɱɬɨ ɜ ɦɚɬɪɢɰɟ ɚɦɨɪɮɧɨɣ ɮɚɡɵ GОτ2 ɮɨɪɦɢɪɭɸɬɫɹ ɤɥɚɫɬɟɪɵ, ɨɛɨɝɚɳɟɧ-

ɧɵɟ ɩɨ ɥɢɬɢɸ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɬɟɯɢɨɦɟɬɪɢɟɣ ɯ=7 ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ 

Li2Ge7O15. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚɦ ɧɟɢɡɜɟɫɬɧɵ ɪɚɛɨɬɵ ɩɨ ɢɡɭɱɟ-

ɧɢɸ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɤɪɢɫɬɚɥɥɚɯ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ δТ2Ge4O9. Ɉɞɧɚɤɨ, ɫɨ-

ɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ Д112] ɩɪɨɜɨɞɢɦɨɫɬɶ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛ-

ɪɚɡɰɚɯ ɪɹɞɚ ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɪɤɚɫɧɨɣ ɫɬɪɭɤɬɭ-

ɪɨɣ ɛɟɫɤɨɧɟɱɧɵɯ ɰɟɩɨɱɟɤ, ɫɨɫɬɨɹɳɢɯ ɢɡ GО-τ ɩɨɥɢɷɞɪɨɜ, ɢ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɞɨɥɢ δТ2τ. ɗɬɨ ɡɚɤɥɸɱɟɧɢɟ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɢɡɭɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɫɬɟɤɥɚɯ Li2O-ɯGeO2 ɜ Д8, 81Ж. ɇɚ ɨɫɧɨɜɚɧɢɢ ɭɩɨɦɹ-

ɧɭɬɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɥɚɫɬɟɣ ɫɨ 

ɫɬɪɭɤɬɭɪɨɣ δТ2Ge4O9 ɞɨɥɠɧɚ ɛɵɬɶ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ, ɱɟɦ ɡɚɪɨɞɵɲɟɣ ɮɚɡɵ 

Li2Ge7O15. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɨɬɞɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥɥɢ-

ɡɚɰɢɢ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. ɍɬɜɟɪɠɞɟɧɢɟ ɚɜɬɨɪɨɜ Д99, 

100Ж ɨ ɬɨɦ, ɱɬɨ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ Li2O-7GeO2 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɨɥɶɤɨ ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɨɛɥɚɫɬɢ δТ2Ge4O9, ɪɚɡɞɟɥɟɧɧɵɟ 

ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ GОτ2, ɜɢɞɢɦɨ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɟɫɟɧɨ ɤ ɨɛɪɚɡɰɚɦ, ɩɨɥɭ-

ɱɟɧɧɵɦ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɧɵɯ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɜ Д102Ж, ɤɢɧɟɬɢɤɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɟ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍan, ɤɨɬɨɪɚɹ ɜɵɛɢɪɚɟɬɫɹ ɦɟɠɞɭ Ɍg ɢ Ɍ1. 

Ⱥɜɬɨɪɚɦɢ Д102Ж ɪɚɫɫɦɨɬɪɟɧɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɢɫɬɟɦɵ Li2O-xGeO2 ɞɥɹ ɯ=11.5, 

ɩɭɬɟɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍan=808 K ɦɟɬɨɞɚɦɢ ɪɟɧɬ-

ɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɊɎȺ) ɢ ɦɚɥɨɭɝɥɨɜɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ 

(ɊɆɍ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɚ 17 ɱɚɫɨɜ ɫɬɟɤɥɨ ɫɨɫɬɚɜɚ Li2O-11.5GeO2 ɩɨɥɧɨɫɬɶɸ 

ɩɟɪɟɯɨɞɢɬ ɜ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɚɦɨɪɮɧɭɸ ɮɚɡɭ 

ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ GОτ2 ɢ ɤɪɢɫɬɚɥɥɢɬɵ Li2Ge7O15 ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɭɩɨɪɹɞɨ-

ɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ 220 ɧɦ. Ɂɚɪɨɞɵɲɟɣ ɮɚɡɵ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢ-

ɬɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɪɭɩɧɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ Li2Ge4O9 ɜ ɯɨɞɟ 

ɧɚɝɪɟɜɚ ɫɬɟɤɥɚ ɚɜɬɨɪɵ [102Ж ɧɟ ɨɛɧɚɪɭɠɢɥɢ. Ɉɞɧɚɤɨ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟ-

ɪɚɬɭɪɚɯ ɨɬɠɢɝɚ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɨɥɝɨɠɢɜɭɳɢɯ ɨɛɥɚɫɬɟɣ ɦɟɬɚɫɬɚ-
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ɛɢɥɶɧɨɣ ɮɚɡɵ δТ2Ge4O9 (ɫɦ. [99, 100Ж). Ʉɚɤ ɨɛɫɭɠɞɚɟɬɫɹ ɜ Д100Ж ɢ ɰɢɬɢɪɭɟɦɨɣ 

ɬɚɦ ɪɚɛɨɬɟ Д101Ж, ɩɪɢ ɬɚɤɨɦ ɪɟɠɢɦɟ ɩɪɨɡɪɚɱɧɨɟ ɜɧɚɱɚɥɟ ɢɫɯɨɞɧɨɟ ɫɬɟɤɥɨ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɧɚɱɢɧɚɟɬ ɨɩɚɥɟɫɰɢɪɨɜɚɬɶ, ɚ ɡɚɬɟɦ ɫɧɨɜɚ ɫɬɚ-

ɧɨɜɢɬɫɹ ɩɪɨɡɪɚɱɧɵɦ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɨɬɪɚɠɚɟɬ ɧɟɦɨɧɨɬɨɧɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɚɪɨɞɵɲɟɣ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ [102Ж. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 

Ɍan ɭɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɪɨɫɬɭ ɨɛɴɟɦɚ 

ɮɚɡɵ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ δТ2Ge7O15 [11, 102]. 

Ɇɟɬɚɫɬɚɛɢɥɶɧɚɹ ɮɚɡɚ δТ2Ge4O9, ɪɟɝɢɫɬɪɢɪɭɟɦɚɹ ɩɨ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜ-

ɧɨɦɭ ɛɪɷɝɨɜɫɤɨɦɭ ɪɟɮɥɟɤɫɭ β=19.1°, ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢɫɭɬ-

ɫɬɜɭɟɬ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɢɫɱɟɡɚɟɬ ɩɨɫɥɟ ɩɨɥɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

Li2Ge7O15. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ, ɭɫɥɨɜɢɹ ɢɡɨ-

ɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɫɨɫɬɚɜɚ δТ2O-11.5GeO2 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɦɟɧɧɨ ɷɬɨɣ 

ɫɢɬɭɚɰɢɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɦɭɬ-

ɧɟɸɬ ɢ ɞɥɹ Э=14 ɱ ɫɬɚɧɨɜɹɬɫɹ ɩɨɥɧɨɫɬɶɸ ɧɟɩɪɨɡɪɚɱɧɵɦɢ ɢ ɩɪɢɨɛɪɟɬɚɸɬ ɛɟ-

ɥɵɣ ɰɜɟɬ. ɉɨɬɟɪɹ ɩɪɨɡɪɚɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɦɟɟɬ ɦɟɫɬɨ, ɨɱɟɜɢɞɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɨɫɬɚ ɨɛɴɟɦɚ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ δТ2Ge7O15 ɫ ɪɚɡɦɟɪɚɦɢ, ɫɨɩɨ-

ɫɬɚɜɢɦɵɦɢ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɜ ɨɩɬɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ. ɋɬɨɢɬ ɞɨɛɚɜɢɬɶ, ɱɬɨ ɩɟ-

ɪɟɯɨɞ ɨɬ ɫɢɫɬɟɦɵ Li2O-ɯGeO2 ɝɞɟ ɯ=7 ɤ ɯ=11.η ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɩɨɜɥɢɹɥ ɧɚ 

ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɯɨɬɹ 

ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɎȺ (ɫɦ. ɩ. γ.β) ɨɛɴɟɦ ɮɚɡɵ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɜ ɨɛɪɚɡ-

ɰɚɯ Li2O-11.5GeO2 ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ.  

ȼ ɡɚɤɥɸɱɟɧɢɢ ɨɬɦɟɬɢɦ, ɱɬɨ ɨɛɚ ɫɨɟɞɢɧɟɧɢɹ δТ2Ge4O9 ɢ Li2Ge7O15 ɨɛɥɚ-

ɞɚɸɬ ɩɨɞɨɛɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɦɨɬɢɜɨɦ, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚ-

ɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɨɛɥɚɫɬɟɣ δТ2Ge4O9 ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɟ ɡɚɪɨ-

ɞɵɲɢ δТ2Ge7O15 ɩɪɢ ɧɚɝɪɟɜɟ ɜɵɲɟ T2. ɂɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɫɱɢ-

ɬɚɬɶ, ɱɬɨ ɤɪɢɫɬɚɥɥɵ Li2Ge4O9 ɢ δТ2Ge7O15 ɨɛɥɚɞɚɸɬ ɛɥɢɡɤɨɣ ɩɨ ɜɟɥɢɱɢɧɟ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɰɟɧɤɢ, ɫɞɟɥɚɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ 

ɊɎȺ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɡɚɪɨɞɵɲɢ ɮɚɡ δТ2Ge7O15 ɢ δТ2Ge4O9 ɡɚɧɢɦɚɸɬ ɫɨɩɨɫɬɚɜɢ-

ɦɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ. ɉɨɷɬɨɦɭ ɧɟɬ ɞɨɫɬɚɬɨɱɧɵɯ ɨɫɧɨɜɚɧɢɣ ɩɪɢɩɢɫɵ-



78 
 

ɜɚɬɶ ɭɜɟɥɢɱɟɧɢɟ  ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ ɧɚɥɢɱɢɸ 

ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. 

Ⱦɪɭɝɨɟ ɨɛɴɹɫɧɟɧɢɟ ɭɜɟɥɢɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɱɚ-

ɫɬɢɱɧɨ-ɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɢɯɫɹ ɦɚɬɟɪɢɚɥɚɯ ɞɚɟɬ ɩɟɪɤɨɥɹɰɢɨɧɧɚɹ ɦɨɞɟɥɶ Д2, 3, 

66Ж. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɝɢɩɨɬɟɡɵ, ɤɨɬɨɪɚɹ ɜɟɪɨɹɬɧɨ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɧɟɤɨɬɨɪɵɯ 

ɫɢɫɬɟɦɚɯ Д85], ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɡɚɪɨɞɵɲɟɣ ɜɵɫɨɤɨɩɪɨɜɨɞɹɳɟɣ ɮɚɡɵ ɢ ɩɪɨ-

ɧɢɡɵɜɚɟɬ ɜɟɫɶ ɨɛɴɟɦ ɨɛɪɚɡɰɚ. Ɉɞɧɚɤɨ ɧɚ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɧɢɦɤɚɯ, ɫɞɟɥɚɧ-

ɧɵɯ ɦɟɬɨɞɨɦ ȺɋɆ (ɫɦ. ɩ. γ.γ) ɜɵɫɬɪɚɢɜɚɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɫɜɹɡɚɧɧɵɯ ɰɟɩɨɱɟɤ 

ɢɥɢ ɤɨɧɫɬɪɭɤɰɢɣ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ. 

ɂɡɜɟɫɬɧɨ Д53Ж, ɱɬɨ ɨɛɴɟɦɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɪɟɞ ɫɭɳɟ-

ɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ı ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨ-

ɞɟɪɠɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɚɧɧɵɟ ɪɚɛɨɬ Д11, 95, 102Ж, ɚ ɬɚɤɠɟ 

ɭɫɥɨɜɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɫɦ. ɩ. γ.γ), ɩɨɡɜɨɥɹɸɬ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɪɨɦɟ-

ɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɡɚɪɨɞɵɲɟɣ 

ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚɡɵ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ. ȿɫɥɢ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɬɚɤɢɯ ɡɚɪɨɞɵɲɟɣ 

ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɪɹɞɤɚ ɢɥɢ ɦɟɧɟɟ ɯɚɪɚɤɬɟɪɧɨɣ ɬɨɥɳɢɧɵ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

ɫɥɨɹ, ɬɨ ɫɜɨɣɫɬɜɚ ɩɨɞɨɛɧɵɯ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ-

ɜɟɪɯɧɨɫɬɧɵɦɢ ɹɜɥɟɧɢɹɦɢ ɢ ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɪɚɡɦɟɪɧɵɣ ɷɮɮɟɤɬ. Ɉɞɧɨɜɪɟ-

ɦɟɧɧɨ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶ-

ɬɚɬɟ ɩɚɪɚɦɟɬɪɨɜ, ɫɨɛɪɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 4.β ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɟɬ ɬɟɧɞɟɧɰɢɸ ɤ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨ ɝɪɚɧɢɰɟ ɡɟɪɟɧ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɝɪɚɧɢɱɧɵɟ ɨɛɥɚɫɬɢ ɦɟɠɞɭ 

ɤɪɢɫɬɚɥɥɢɬɚɦɢ ɫɢɥɶɧɨ ɢɫɤɚɠɟɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɨɣ [53Ж. Ɂɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɱɢɫɥɨ ɜɚɤɚɧɫɢɣ, 

ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨ ɥɢɬɢɸ (ɫɦ. ɩ. 1.4). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɢɨɧɨɜ ɜ ɨɛɥɚɫɬɢ ɝɪɚɧɢɰ 

ɡɟɪɟɧ ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɢɨɧɨɜ ɢ ɜɚ-

ɤɚɧɫɢɣ ɜɧɭɬɪɢ ɡɟɪɟɧ ɤɪɢɫɬɚɥɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɟɧ ɪɚɫɩɨɥɨɠɟɧɨ 

ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɢɨɧɨɜ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬ Ⱥ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɬɟɤɥɨɦ, ɞɨɥɠɟɧ ɭɦɟɧɶɲɢɬɶɫɹ, ɱɬɨ ɦɵ ɢ ɧɚɛɥɸɞɚɟɦ ɞɥɹ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭ-
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ɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɱɢɧɵ ɭɜɟɥɢɱɟɧɢɹ  ɩɪɟɞ-

ɩɨɥɚɝɚɟɬɫɹ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɧɚɧɨɦɟɬɪɨɜɨɝɨ 

ɪɚɡɦɟɪɚ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɢɥɟɧɢɟ ɪɨɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɧɨɫɚ 

ɡɚɪɹɞɚ. 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɫɤɚɡɚɧɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚ-

ɧɢɡɦɚ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ, ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɢɧɚɦɢɤɟ ɢɨɧɨɜ ɥɢɬɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɥɟɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɬɚɤɢɯ ɤɚɤ 

ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɢ əɆɊ. Ⱦɚɧɧɨɦɭ ɜɨɩɪɨɫɭ ɩɨɫɜɹɳɟɧ 

η ɪɚɡɞɟɥ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

 

ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 4 

 

1. ȼɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɟɤɨɥ ɫɨɫɬɚɜɨɜ Li2O-

xGeO2 ɝɞɟ ɯ=7, 11.η ɢ 18. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɬɟɤɨɥ ɫɢ-

ɫɬɟɦɵ Li2O-xGeO2 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɞɨɥɢ ɨɤɫɢɞɚ ɥɢɬɢɹ. 

2. ɇɚɝɪɟɜ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɬɟɤɨɥ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ 

ɫɨɟɞɢɧɟɧɢɹ Li2O-xGeO2 (ɯ=7, 11.η) ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 

ɫɨɫɬɨɹɧɢɢ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɧɚ ɨɞɢɧ-ɞɜɚ ɩɨɪɹɞɤɚ ɜɵɲɟ, ɱɟɦ ɞɥɹ 

ɫɬɟɤɥɚ ɢ ɧɚ ɞɜɚ-ɬɪɢ ɩɨɪɹɞɤɚ ɩɪɟɜɵɲɚɟɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 

ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. 

γ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɟ c 

ɩɨɜɵɲɟɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɩɭɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ Tg0. 

4. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɩɪɨ-

ɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɚɞɚɟɬ. 

5. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɦɟɠɭ-

ɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɜɹɡɚɧɨ ɫ ɧɚɧɨɦɟɬɪɨɜɦ ɪɚɡɦɟɪɨɦ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ 

ɢ ɭɫɢɥɟɧɢɟɦ ɪɨɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ. 
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ɊȺɁȾȿɅ 5 

ɆȿɏȺɇɂɁɆ ɉȿɊȿɇɈɋȺ ɁȺɊəȾȺ ȼ ɋɂɋɌȿɆȿ Li2O-xGeO2 

 

5.1. Ʉɨɦɩɥɟɤɫɧɵɣ ɢɦɩɟɞɚɧɫ ɫɬɟɤɨɥ,  
ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ, ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ Li2O-ɯGeO2 

 

ɋɩɟɤɬɪɨɫɤɨɩɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɜɤɥɚɞɵ 

ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɦɚɬɟɪɢɚɥɟ ɩɭɬɟɦ ɢɡɦɟ-

ɪɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɭɝɥɚ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɬɨɤɨɦ ɢ ɧɚɩɪɹɠɟɧɢɟɦ 

ɩɪɢ ɭɫɥɨɜɢɢ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ 

ɞɚɧɧɵɯ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɦɩɟɞɚɧɫɚ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡ'-ȡ") ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɞɟɥɢɬɶ ɩɪɨɰɟɫɫɵ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɷɮɮɟɤɬɵ ɧɚɤɨɩɥɟɧɢɹ ɧɨ-

ɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɝɪɚɧɢɰɚɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ [66, 113-115]. 

ɉɨɥɧɨɟ ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (ɢɦɩɟɞɚɧɫ) Z*ɨɛɪɚɡɰɚ ɨɩɪɟɞɟɥɹɟɬ-

ɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɨɛɳɟɧɧɵɦ ɡɚɤɨɧɨɦ Ɉɦɚ 

 

,     (5.1) 

 

ɝɞɟ U* – ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɤ ɨɛɪɚɡɰɭ 

 

,    (5.2) 

 

I* – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɨɛɪɚɡɟɰ. Ɏɚɡɚ ɬɨɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɫɞɜɢɧɭɬɚ ɧɚ ɭɝɨɥ ĳ 

 

.    (5.3) 

 

ɋɨɩɨɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɹ (5.1)-(η.γ) ɩɨɥɭɱɚɟɦ 

 

. (5.4) 
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Ɂɞɟɫɶ Zƍ, ZƎ – ɚɤɬɢɜɧɚɹ ɢ ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɦɩɟɞɚɧɫɚ. ɉɟɪɟɯɨɞɹ ɤ 

ɭɞɟɥɶɧɵɦ ɜɟɥɢɱɢɧɚɦ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ  

 

,    (5.5) 

 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɷɥɟɤɬɪɨɞɨɜ, ɧɚɧɟɫɟɧɧɵɯ ɧɚ ɝɥɚɜɧɵɟ ɩɥɨɫɤɨɫɬɢ ɨɛɪɚɡɰɚ, d – 

ɬɨɥɳɢɧɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɤɨɬɨɪɵɣ ɝɨɬɨɜɢɬɫɹ ɜ ɜɢɞɟ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶ-

ɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ. Ƚɨɞɨɝɪɚɮɨɦ ɢɦɩɟɞɚɧɫɚ ɢɥɢ ɫɩɟɤɬɪɨɦ ɧɚɡɵɜɚɸɬ ɞɚɧɧɵɟ 

ɢɡɦɟɪɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɢ ȡ*(Ȧ), 

ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɤɥɚɞɵɜɚɸɬ ɪɟɚɥɶɧɭɸ ɱɚɫɬɶ ȡƍ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ ɦɧɢɦɭɸ ȡƎ. 

ɗɬɢ ɤɨɨɪɞɢɧɚɬɵ ɬɚɤɠɟ ɧɨɫɹɬ ɧɚɡɜɚɧɢɟ «ɤɨɨɪɞɢɧɚɬɵ ɇɚɣɤɜɢɫɬɚ» [66]. 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢ 

ɱɟɪɟɡ ɞɪɭɝɢɟ ɜɟɥɢɱɢɧɵ, ɬɚɤɢɟ ɤɚɤ ɚɞɦɢɬɬɚɧɫ Y*=1/Z*, ɬɚɧɝɟɧɫ ɭɝɥɚ ɞɢɷɥɟɤ-

ɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ЭРį=-ZƎ/Zƍ, ɦɨɞɭɥɶ ɨɬɤɥɢɤɚ Ɇ*=iȦC0Z* [66]. ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɝɨɞɨɝɪɚɮɵ ɩɨɫɬɪɨɢɧɧɵɟ ɜ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡ'-ȡ"), 

ɤɨɬɨɪɵɟ ɧɟɫɭɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢ ɩɨɥɹɪɢɡɚɰɢɢ.  

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɩɪɨɜɨɞɢɬɫɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɪɚɫɱɟɬ-

ɧɵɯ ɝɨɞɨɝɪɚɮɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɪɚɫɱɟɬɧɵɯ ɝɨɞɨɝɪɚ-

ɮɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɫɬɟɣɲɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɰɟɩɨɱɤɢ, ɤɨɬɨɪɵɦ ɫɨɩɨɫɬɚɜɥɹ-

ɟɬɫɹ ɬɨɬ ɢɥɢ ɢɧɨɣ ɮɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɜ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɟ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɫɬɟɣɲɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ.  

Ⱦɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R ɢ ɟɦɤɨɫɬɢ ɋ ɢɦ-

ɩɟɞɚɧɫ (ɫɦ. ɫɯɟɦɚ ɧɚ ɪɢɫ η.1) ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 

 

.  (5.6) 

 

Ƚɨɞɨɝɪɚɮ ɬɚɤɨɝɨ ɢɦɩɟɞɚɧɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɹɦɭɸ ɥɢɧɢɸ (ɪɢɫ η.1.ɚ).  
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Ɋɢɫ. η.1. Ⱦɢɚɝɪɚɦɦɵ ɜ ɤɨɦɩɥɟɤɫɧɵɯ ɩɥɨɫɤɨɫɬɹɯ (ȡƍ–ȡƎ) ɞɥɹ ɚ) ɩɨɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨɣ ɢ ɛ) ɩɚɪɚɥɥɟɥɶɧɨɣ RC-ɰɟɩɨɱɟɤ 

 

ɉɪɨɜɟɞɟɦ ɚɧɚɥɨɝɢɸ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɡɚɪɹɞɤɢ-ɪɚɡɪɹɞɤɢ ɜ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨɣ RC-ɰɟɩɨɱɤɟ ɢ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɦɢ ɹɜɥɟɧɢɹɦɢ ɜ ɞɢɷɥɟɤɬɪɢɤɟ. ȼ ɩɪɟ-

ɞɟɥɚɯ ɧɢɡɤɢɯ ɱɚɫɬɨɬ (ȦĲ<<1, Ĳ=RC) ɡɚ ɩɨɥɩɟɪɢɨɞɚ ɜɧɟɲɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɤɨɧɞɟɧɫɚɬɨɪ ɭɫɩɟɜɚɟɬ ɡɚɪɹɞɢɬɶɫɹ ɩɨɥɧɨɫɬɶɸ. Ɂɚɪɹɞ ɧɚ ɨɛɤɥɚɞɤɚɯ ɢ ɟɦɤɨɫɬɶ 

ɰɟɩɨɱɤɢ ɦɚɤɫɢɦɚɥɶɧɵ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɞɢ-

ɷɥɟɤɬɪɢɤɟ ɫɦɟɳɚɸɳɢɟɫɹ ɱɚɫɬɢɰɵ ɡɚ ɩɨɥɩɟɪɢɨɞɚ ɭɫɩɟɜɚɸɬ ɞɨɫɬɢɱɶ ɩɨɥɨɠɟ-

ɧɢɹ ɥɨɤɚɥɢɡɚɰɢɢ. ɇɨɫɢɬɟɥɢ ɡɚɪɹɞɚ ɧɚɯɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɢ ɥɢɲɶ ɦɚɥɭɸ ɱɚɫɬɶ 

ɩɟɪɢɨɞɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɤɥɚɞ ɜ ɩɪɨɜɨɞɢɦɨɫɬɶ ı ɧɟɡɧɚɱɢɬɟɥɟɧ. ɉɪɢ ɩɨɜɵ-

ɲɟɧɢɢ ɱɚɫɬɨɬɵ, ɤɨɧɞɟɧɫɚɬɨɪ ɧɟ ɭɫɩɟɜɚɟɬ ɡɚɪɹɞɢɬɶɫɹ ɩɨɥɧɨɫɬɶɸ. ȼ ɦɢɤɪɨɫɤɨ-

ɩɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɦɟɳɚɸɳɢɟɫɹ ɱɚɫɬɢɰɵ ɧɚɱɢɧɚɸɬ ɨɬɫɬɚɜɚɬɶ ɨɬ ɜɧɟɲɧɟɝɨ 

ɩɨɥɹ. ɉɨɫɤɨɥɶɤɭ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɩɟɪɢɨɞɚ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɢ, ɜɤɥɚɞ ɜ 

ɩɪɨɜɨɞɢɦɨɫɬɶ ıƍ ɪɚɫɬɟɬ.  

ɉɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ ȦĲ=1 ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ RC-ɰɟɩɨɱɤɟ ɩɚɞɟ-

ɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ ɢ ɧɚ ɟɦɤɨɫɬɢ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɫɦɟɳɚɸɳɢɟɫɹ ɱɚɫɬɢɰɵ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɢ ɛɟɡ ɮɢɤɫɚɰɢɢ ɩɨɥɨ-

ɠɟɧɢɹ, ɩɪɢɱɟɦ ɞɜɢɠɭɬɫɹ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɨɣ. 

ɚ) ɛ) 



83 
 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɱɚɫɬɨɬɵ Ȧ ɤɨɧɞɟɧɫɚɬɨɪ ɧɟ ɭɫɩɟɜɚɟɬ ɡɚɪɹ-

ɞɢɬɶɫɹ ɡɚ ɩɨɥɩɟɪɢɨɞɚ ɢ ɡɚɪɹɞ ɧɚ ɨɛɤɥɚɞɤɚɯ ɭɦɟɧɶɲɚɟɬɫɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɚɦɩɥɢɬɭɞɚ ɫɦɟɳɟɧɢɹ ɱɚɫɬɢɰ, ɞɜɢɠɭɳɢɯɫɹ ɛɟɡ ɮɢɤɫɚɰɢɢ ɩɨɥɨɠɟɧɢɹ, ɭɦɟɧɶ-

ɲɚɟɬɫɹ. ȼ ɩɪɟɞɟɥɟ, ɤɨɝɞɚ ȦĲ>>1, ɩɪɨɢɫɯɨɞɢɬ ɧɚɫɵɳɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 

ıƍ(Ȧ)ĺconst. 

ȼ ɫɥɭɱɚɟ ɩɚɪɚɥɥɟɥɶɧɨɣ RC-ɰɟɩɨɱɤɢ (ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ η.1.ɛ) 

ɬɨɤ ɜ ɰɟɩɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 

 

,   (5.7) 

 

ɝɞɟ ɤɨɦɩɥɟɤɫɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɡɚɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

 

.     (5.8) 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ı*=(d/S)×G*=(ȡ*)-1, ɩɨɥɭɱɚɟɦ 

 

,     (5.9) 

 

ɝɞɟ Ĳ=RC.  

ɂɡ η.λ ɜɢɞɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɧɵɣ ɢɦɩɟɞɚɧɫ ɩɚɪɚɥɥɟɥɶɧɨɣ RC-ɰɟɩɨɱɤɢ 

ɢɦɟɟɬ ɱɚɫɬɨɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɛɚɟɜɫɤɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɚɹ ɝɪɚɮɢɱɟɫɤɢ ɞɚɟɬ 

ɞɢɚɝɪɚɦɦɵ ɜ ɜɢɞɟ ɩɨɥɭɨɤɪɭɠɧɨɫɬɟɣ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡ'-ȡ"). Ⱦɚɧ-

ɧɨɣ ɫɯɟɦɨɣ (ɪɢɫ η.1.ɛ) ɦɨɠɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɪɟɚɥɶɧɵɣ ɞɢɷɥɟɤɬɪɢɤ ɫ ɭɬɟɱɤɨɣ, 

ɢɥɢ «ɞɟɮɟɤɬɧɵɣ ɤɪɢɫɬɚɥɥ», ɝɞɟ ɩɨɦɢɦɨ ɬɨɤɨɜ ɫɦɟɳɟɧɢɹ, ɫɬɚɧɨɜɹɬɫɹ ɫɭɳɟ-

ɫɬɜɟɧɧɵɦɢ ɬɨɤɢ ɩɪɨɜɨɞɢɦɨɫɬɢ. Ⱥɧɚɥɨɝɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɩɚɪɚɥɥɟɥɶɧɨɣ RC-

ɰɟɩɨɱɤɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɩɪɟɞɟɥɟ ɧɢɡɤɢɯ ɱɚɫɬɨɬ 

(ȦĲ<<1) ɬɨɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 

ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɦɚɥɚ. ȼ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɷɬɨ ɫɨɨɬ-

ɜɟɬɫɬɜɭɟɬ ɫɦɟɳɟɧɢɸ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ, ɱɬɨ ɨɛɭɫɥɚɜ-

ɥɢɜɚɟɬ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɩɪɨɜɨɞɢɦɨɫɬɶ, ɬɨɝɞɚ ɤɚɤ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɷɮɮɟɤɬɵ 
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ɧɟɡɧɚɱɢɬɟɥɶɧɵ. ɋ ɪɨɫɬɨɦ ɱɚɫɬɨɬɵ ɭɦɟɧɶɲɚɟɬɫɹ ɚɤɬɢɜɧɚɹ ɢ ɜɨɡɪɚɫɬɚɟɬ ɪɟɚɤ-

ɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɉɪɢ ȦĲ=1 ɷɬɢ ɜɟɥɢɱɢɧɵ ɪɚɜɧɵ ɞɪɭɝ 

ɞɪɭɝɭ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɜɨɡɪɚɫɬɚɧɢɢ Ȧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɦɟɧɶɲɟɧɢɹ ɟɦɤɨɫɬɧɨɝɨ 

ɢɦɩɟɞɚɧɫɚ, ɪɟɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɫɬɚɧɨɜɢɬɫɹ ɞɨɦɢɧɢɪɭɸɳɟɣ.  

Ƚɥɚɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ ɌɗɅ 

ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɞɧɨɦɭ ɝɨɞɨ-

ɝɪɚɮɭ ɦɨɠɧɨ ɫɨɩɨɫɬɚɜɢɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ. Ɉɞɧɚ-

ɤɨ, ɫ ɭɱɟɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚ-

ɬɟɪɢɚɥɨɜ, ɢɯ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɯ, ɜɵɛɨɪ ɚɞɟɤɜɚɬɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɧɨɡɧɚɱɟɧ.  

ɉɪɨɰɟɫɫɵ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 

ɢɫɫɥɟɞɨɜɚɧɵ ɜ [5]. ɉɪɨɜɟɞɟɧɨ ɢɡɦɟɪɟɧɢɟ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ 

ȡ*(Ȧ) ɜ ɢɧɬɟɪɜɚɥɟ ɱɚɫɬɨɬ 101-105 Ƚɰ, ɩɪɢ ɧɚɩɪɚɜɥɟɧɢɢ ɜɧɟɲɧɟɝɨ ɩɨɥɹ ȿ ɩɚ-

ɪɚɥɥɟɥɶɧɨ ɨɫɢ ɚ, ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɤɚɧɚɥɵ, ɫɨɞɟɪ-

ɠɚɳɢɟ ɢɨɧɵ Li+
 [43]. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ Ɍ>500 Ʉ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɞɨɦɢɧɢɪɭɟɬ ɢɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨ ɥɢɬɢɸ [4, 116].  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦ ɧɚ ɤɨɦɩɥɟɤɫ-

ɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡ'-ȡ") (ɪɢɫ 5.2). Ɉɛɳɢɣ ɜɢɞ ɝɨɞɨɝɪɚɮɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɧɚɥɢɱɢɢ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɨɞɧɨɦɭ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɭ-

ɨɤɪɭɠɧɨɫɬɶ, ɚ ɞɪɭɝɨɦɭ – ɥɭɱ ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɟɪɟ-

ɧɨɫ ɡɚɪɹɞɚ ɢ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɚɹ ɩɨɥɹɪɢɡɚɰɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɨɞɧɢɦ ɬɢɩɨɦ 

ɧɨɫɢɬɟɥɟɣ (ɦɟɠɞɨɭɡɟɥɶɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ), ɥɭɱ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɤɨɩɥɟ-

ɧɢɢ ɨɛɴɟɦɧɨɝɨ ɡɚɪɹɞɚ ɜ ɩɪɢɷɥɟɤɬɪɨɞɧɵɯ ɨɛɥɚɫɬɹɯ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ, ɚɜɬɨɪɚɦɢ [5] ɢɫɩɨɥɶ-

ɡɨɜɚɥɚɫɶ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ η.γ. 

ɍɞɟɥɶɧɵɣ ɢɦɩɟɞɚɧɫ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. η.γ. ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ 

ɨɛɵɱɧɨɦ ɜɢɞɟ .  
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Ɋɢɫ. η.β. Ⱦɢɚɝɪɚɦɦɵ (ȡ'-ȡ"), ɞɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15. ɋɢɦɜɨɥɵ ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ, ɩɭɧɤɬɢɪ – ɪɚɫɱɟɬ ɞɥɹ ɷɤɜɢ-

ɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɞɧɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ RC-

ɰɟɩɨɱɤɟ (ɫɦ. ɪɢɫ. η.1). ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ ɪɚɫɫɱɢɬɚɧɵ ɞɥɹ ɷɤɜɢɜɚ-

ɥɟɧɬɧɨɣ ɫɯɟɦɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ η.γ (ɫɦ. ɧɢɠɟ) [5] 

 

 

Ɋɢɫ. η.γ. ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 [5] 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɚɜɬɨɪɚɦɢ [5] ɨɩɪɟɞɟɥɟɧ ɩɚɪɚɦɟɬɪ 

Ĳh=RC. ɉɪɢ ɩɪɵɠɤɨɜɨɦ ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ Ĳh=Ĳ0exp(ȿɚ/kT) ɦɨɠɧɨ 

ɬɪɚɤɬɨɜɚɬɶ ɤɚɤ ɜɪɟɦɹ ɥɨɤɚɥɢɡɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɤɜɚɡɢɭɫɬɨɣɱɢɜɨɦ ɩɨ-

ɥɨɠɟɧɢɢ ɩɪɢ ɭɫɥɨɜɢɢ ɦɝɧɨɜɟɧɧɨɝɨ ɩɟɪɟɛɪɨɫɚ. ɇɚ ɪɢɫ η.4 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢ-

ɦɨɫɬɶ Ĳh(1/Ɍ) ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ.  
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Ɋɢɫ. η.4. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɩɪɵɠɤɨɜɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ Ĳh
-1(1/Ɍ) ɞɥɹ ɦɨɧɨ-

ɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ДηЖ 
 

ȼ ɪɚɛɨɬɟ ДηЖ ɞɚɧɚ ɨɰɟɧɤɚ ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɦɧɨɠɢɬɟɥɹ 

Ĳ0=(γ±1) 10-13 ɫ, ɤɨɬɨɪɵɣ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɨɛɪɚɬɧɨɣ ɪɟɲɟɬɨɱɧɨɣ ɱɚɫɬɨɬɨɣ 

(η±β) 10-13 ɫ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɜ Д111Ж ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɟɪɟɨɪɢɟɧɬɚɰɢɢ ɰɟɧɬɪɨɜ 

Cr3+-Li+ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 ɦɟɬɨɞɨɦ ɗɉɊ. ɉɨ ɧɚɤɥɨɧɭ ɡɚɜɢɫɢɦɨɫɬɢ 

ɧɚ ɪɢɫ. η.4 ɨɩɪɟɞɟɥɟɧɚ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ȿɚ=1.08±0.0γ ɷȼ, 

ɤɨɬɨɪɚɹ ɛɥɢɡɤɚ ɤ ɜɟɥɢɱɢɧɟ (ȿɚ=1.04 ɷȼ), ɩɨɥɭɱɟɧɧɨɣ ɜ Д4, 116Ж ɩɪɢ ɧɟɡɚɜɢɫɢ-

ɦɵɯ ɢɡɦɟɪɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ı(Ɍ) ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15.  

ɋɞɟɥɚɧ ɜɵɜɨɞ ДηЖ, ɱɬɨ ɩɨɥɭɨɤɪɭɠɧɨɫɬɶ ɧɚ ɞɢɚɝɪɚɦɦɚɯ (ɪɢɫ η.β) ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɬ ɩɪɨɰɟɫɫɚɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɦɟɠɞɨɭɡɟɥɶɧɵɦɢ ɢɨɧɚɦɢ Li+. Ʌɭɱɢ ɜ 

ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɱɚɫɬɢ ɝɨɞɨɝɪɚɮɚ ɦɨɠɧɨ ɩɪɢɩɢɫɚɬɶ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɨɣ ɩɨɥɹ-

ɪɢɡɚɰɢɢ ɢ ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɬɨɤɭ, ɤɨɬɨɪɵɣ ɩɪɢ ɧɚɥɢɱɢɢ ɛɥɨɤɢɪɭɸɳɢɯ ɷɥɟɤ-

ɬɪɨɞɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ı ɫɨ ɜɪɟɦɟɧɟɦ. 

ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ ɫɬɟɤɨɥ, ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɢ ɦɢɤɪɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɚɯ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɵ-

ɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɞɨɝɪɚɮɚɦɢ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɢɡ-ɡɚ 

ɧɚɥɢɱɢɹ ɦɧɨɝɨɮɚɡɧɨɫɬɢ (ɫɦ. Ɋɚɡɞɟɥ γ). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɩɟɤɬɪɵ *(Ȧ) ɞɥɹ ɝɟɬɟ-
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ɪɨɝɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚɜɢɫɹɬ ɨɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɚɡ Д66, 113, 114Ж. ȿɫɥɢ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɮɚɡ Т=1,…Ц, ɤɨɬɨ-

ɪɵɟ ɨɛɥɚɞɚɸɬ ɩɪɨɜɨɞɹɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɨɛɪɚɡɭɸɬ ɧɟɩɪɟɪɵɜɧɵɟ ɤɥɚɫɬɟɪɵ 

ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɬɨ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 

ɜɢɞɟ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɱɢɫɥɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɰɟ-

ɩɨɱɟɤ RiCi. Ƚɨɞɨɝɪɚɮ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɭ ɩɨɥɭɨɤɪɭɠ-

ɧɨɫɬɶ, ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɣ ɨɬɪɚɠɚɸɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɦɟɸɳɢɯɫɹ 
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. Ⱦɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ Li2O-

xGeO2 ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɞɪɭɝɚɹ ɦɨɪɮɨɥɨɝɢɹ, ɤɨɝɞɚ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɭɩɨɪɹɞɨ-

ɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɥɢɛɨ ɤɪɢɫɬɚɥɥɢɬɵ ɪɚɡɞɟɥɟɧɵ ɦɚɬɪɢɰɟɣ ɫɬɟɤɥɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, 

ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ, ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɦɧɨɝɨɮɚɡɧɵɯ ɬɜɟɪɞɵɯ ɬɟɥ 

ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɨɞɧɨɣ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ. Ɇɨɞɟɥɢɪɭɸɬ ɬɚɤɢɟ ɝɨɞɨɝɪɚɮɵ 

ɞɜɭɦɹ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ RC 

ɰɟɩɨɱɤɚɦɢ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɩɪɨɰɟɫɫɭ, 

ɧɚɩɪɢɦɟɪ, ɩɟɪɟɧɨɫɭ ɡɚɪɹɞɚ ɜ ɡɟɪɧɚɯ ɢ ɦɟɠɡɟɪɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ [66, 113, 

114].  

ɂɡɭɱɟɧɢɟ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 ɦɟɬɨɞɨɦ ɤɨɦ-

ɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɩɨɧɢɦɚɧɢɢ ɩɪɢɪɨɞɵ 

ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɩɪɨɰɟɫɫɨɜ ɩɨɥɹɪɢɡɚɰɢɢ. Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨ-

ɞɨɦ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ, ɩɨɡɜɨɥɹɸɬ, ɫɪɟɞɢ ɩɪɨɱɟɝɨ, ɪɚɡ-

ɞɟɥɢɬɶ ɜɤɥɚɞɵ ɧɟɨɞɧɨɪɨɞɧɵɯ ɮɚɡ ɜ ɭɞɟɥɶɧɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɱɬɨ ɨɫɨɛɨ 

ɚɤɬɭɚɥɶɧɨ ɜ ɫɥɭɱɚɟ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ. ɋɩɟɤɬɪɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ 

ȡ*(Ȧ)=(ı*(Ȧ))-1 ɢɡɦɟɪɹɥɢɫɶ ɦɨɫɬɨɜɵɦ ɦɟɬɨɞɨɦ ɜ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ 101-105 

Ƚɰ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ θ00-θ7η Ʉ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ȡ*() ɨɛɪɚɡɰɵ ɫɨɫɬɚ-

ɜɨɜ ɯ=7, 11.5 ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɜ ɬɪɟɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɹɯ ɩɭɬɟɦ ɛɵɫɬɪɨɝɨ 

ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ (ɫɬɟɤɥɨ), ɚ ɬɚɤɠɟ ɧɚɝɪɟɜɨɦ ɫɬɟɤɥɚ ɞɨ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ Ɍ1 ɢ Ɍ2 (ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 

ɫɨɫɬɨɹɧɢɟ) ɢ ɜɵɲɟ Ɍ2 (ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ). ɉɪɨɰɟɞɭɪɚ ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɞɝɨɬɨɜɤɢ ɨɛɪɚɡɰɨɜ ɨɩɢɫɚɧɚ ɜ ɩ. 2.1.  
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Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɢɡɦɟɪɟɧɢɣ θ00-675 K ɛɵɥ ɨɝɪɚɧɢɱɟɧ ɩɨ ɫɥɟ-

ɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ. ȼɨ-ɩɟɪɜɵɯ, ɭɫɬɚɧɨɜɥɟɧɨ Д4, η, 11, 116], ɱɬɨ ɩɪɢ Ɍ>η00 Ʉ 

ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ Li2Ge7O15, ɚ ɬɚɤɠɟ ɫɬɟɤɨɥ ɧɚ ɨɫɧɨɜɟ ɝɟɩɬɚɝɟɪ-

ɦɚɧɚɬɚ ɥɢɬɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɨɧɧɵɦ ɩɟɪɟɧɨɫɨɦ ɩɨ δТ. ȼɟɪɯɧɢɣ ɩɪɟɞɟɥ ɭɤɚ-

ɡɚɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɵɛɢɪɚɥɫɹ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɛɟɫɤɨ-

ɧɟɱɧɨ ɦɟɞɥɟɧɧɨɦ ɧɚɝɪɟɜɟ Ɍg0, ɨɩɪɟɞɟɥɟɧɧɨɣ ɜ ɩ. 3.1.3.  

5.1.1. ɋɨɫɬɚɜ ɯ=7. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɢɦɩɟɞɚɧɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɜɢɞɟ ɞɢɚɝɪɚɦɦ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡƍ-ȡƎ). Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɝɟɬɟɪɨ-

ɝɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɹɯ ɞɟɣ-

ɫɬɜɢɬɟɥɶɧɚɹ ƍ ɢ ɦɧɢɦɚɹ Ǝ ɱɚɫɬɢ ɭɞɟɥɶɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɷɮɮɟɤɬɢɜɧɵɟ ɜɟɥɢɱɢɧɵ, ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɨɛɴɟɦɭ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɢ 

ɦɟɠɡɟɪɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɉɨɞɱɟɪɤɧɟɦ ɬɚɤɠɟ, ɱɬɨ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 

ɮɚɡɚ ɞɥɹ ɫɨɫɬɚɜɚ ɯ=7 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɤɪɢɫɬɚɥɥ δТ2Ge7O15. Ƚɨɞɨɝɪɚɮɵ 

ɞɥɹ ɚɦɨɪɮɧɨɣ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡ ɫɨɫɬɚɜɨɜ ɯ=7 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɞɭɝɭ ɨɞɧɨɣ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ (ɪɢɫ. η.η), ɰɟɧɬɪ ɤɨɬɨɪɨɣ ɫɦɟɳɟɧ ɜɧɢɡ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɨɫɢ ɚɛɫɰɢɫɫ ȡ'. ɍɤɚɡɚɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɨɩɢɫɚɧɵ ɢɦɩɟɞɚɧɫɨɦ ɨɞɧɨɣ ɩɚ-

ɪɚɥɥɟɥɶɧɨɣ RC-ɰɟɩɨɱɤɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟ-

ɧɢɹ (ɜɫɬɚɜɤɚ ɪɢɫ. 5.5.ɛ). 

ɇɚɥɢɱɢɟ ɨɞɧɨɣ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɫɬɟ-

ɫɬɜɟɧɧɵɦ ɞɥɹ ɫɬɟɤɥɚ Li2O-7GeO2 ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɚ Li2Ge7O15 (ɪɢɫ. 5.5), ɝɞɟ 

ɨɞɧɨɪɨɞɧɨɟ ɚɦɨɪɮɧɨɟ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɞ-

ɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɊɎȺ [11]. ɇɚ ɫɩɟɤɬɪɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɨɜ 

ɞɭɝ ɜɧɢɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ƍ, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ ɢ 

ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɛɪɨɫɨɦ ɜɪɟɦɟɧ ɪɟɥɚɤɫɚɰɢɢ =RC. Ɉɩɢɫɵɜɚɟɬɫɹ ɞɚɧɧɵɣ ɷɮ-

ɮɟɤɬ ɡɚɦɟɧɨɣ ɜ RC ɰɟɩɨɱɤɚɯ ɟɦɤɨɫɬɟɣ C ɧɚ ɨɛɨɛɳɟɧɧɵɟ ɟɦɤɨɫɬɢ Cn
*=ȼ(i)n-

1, ɝɞɟ  – ɰɢɤɥɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɜɧɟɲɧɟɝɨ ɩɨɥɹ, 0n1. ɂɦɩɟɞɚɧɫ ɨɬɞɟɥɶɧɨɣ 

RCn
* ɰɟɩɨɱɤɢ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ  

 

( ) ( ) ( )( ) 1n1 iBRdS*
  .    (5.10) 
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Ɋɢɫ. η.η. ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ ȡ*(Ȧ) ɫɨɟɞɢɧɟɧɢɹ Li2O-7GeO2: a – ɫɬɟɤɥɨ, ɛ – 

ɩɨɥɢɤɪɢɫɬɚɥɥ. Ɍɨɱɤɚɦɢ ɢɡɨɛɪɚɠɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, 

ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɜɫɬɚɜɤɟ  

 

ɂɧɬɟɪɟɫɧɵɟ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɫɩɟɤɬɪɨɜ ȡ*() ɞɥɹ ɩɪɨ-

ɦɟɠɭɬɨɱɧɨɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɪɢɫ. η.θ). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶ-

ɧɵɟ ɝɨɞɨɝɪɚɮɵ ɫɨɞɟɪɠɚɬ ɞɜɟ ɞɭɝɢ ɢ ɨɩɢɫɵɜɚɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɨɣ, ɫɨ-

ɚ 

ɛ 
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ɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɚɪɚɥɥɟɥɶɧɵɯ RC ɰɟɩɨɱɟɤ 

(ɜɫɬɚɜɤɚ ɧɚ ɪɢɫ. η.θ) 
 

 

Ɋɢɫ. η.6. ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ ȡ*(Ȧ) ɫɨɟɞɢɧɟɧɢɹ Li2O-7GeO2 ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ 

ɮɚɡɟ [18]  

 

ɉɪɢ ɨɩɢɫɚɧɢɢ ɝɨɞɨɝɪɚɮɚ ɢɡ ɞɜɭɯ ɞɭɝ (ɪɢɫ. η.θ) ɢɦɩɟɞɚɧɫ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 

ɫɯɟɦɵ (ɜɫɬɚɜɤɚ ɧɚ ɪɢɫ. η.θ) ɩɪɢɧɢɦɚɥɫɹ ɜ ɜɢɞɟ ȡ*()=ȡ1
*()+ȡ2

*()  

 

( ) ( ) ( )( ) ( )( ) ]i BRi BR[dSȦ*ȡ
11

2

11
1

21
  nnȦ .  (5.11) 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɢɡɨɛɪɚɠɟɧɵ ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɪɢɫ. η.θ. Ɉɛ-

ɳɢɣ ɜɢɞ ɫɩɟɤɬɪɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɜɨɞɚɦɢ ɪɚɛɨɬɵ [5], ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɩɪɵɠɤɨɜɵɣ ɦɟɯɚɧɢɡɦ ɩɪɨɜɨɞɢɦɨɫɬɢ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɩɟɤɬɪɵ * ɞɥɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚɜɢɫɹɬ ɨɬ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɚɡ. ɋɨɝɥɚɫɧɨ ɞɚɧ-

ɧɵɦ ȺɋɆ ɢ ɊɎȺ (ɫɦ. Ɋɚɡɞɟɥ γ), ɨɛɪɚɡɰɵ Li2O-ɯGeO2 (ɯ=7, 11.η) ɜ ɩɪɨɦɟɠɭ-

ɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɨɞɟɪɠɚɬ ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɨɛɥɚɫɬɢ δТ2Ge7O15 ɢ δТ2Ge4O9, 

ɪɚɡɞɟɥɟɧɧɵɟ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟɣ. Ɋɚɧɟɟ ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɨɥɢ- ɢ ɦɨɧɨɤɪɢɫɬɚɥ-

ɥɨɜ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2 ɨɩɪɟɞɟɥɹɟɬɫɹ 
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ɦɨɛɢɥɶɧɵɦɢ ɢɨɧɚɦɢ δТ. ɉɨɷɬɨɦɭ ɝɨɞɨɝɪɚɮɵ ɧɚ ɪɢɫ. η.θ ɨɛɫɭɠɞɚɸɬɫɹ ɫ ɭɱɟ-

ɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ δТ ɜ ɨɛɴɟɦɟ ɝɟɬɟɪɨɮɚɡɧɨɝɨ ɩɪɨ-

ɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

ȼ ɫɨɫɬɚɜɟ ɯ=7 ɧɚɧɨɨɛɥɚɫɬɢ ɫɬɪɭɤɬɭɪ δТ2Ge7O15 ɢ δТ2Ge4O9 ɨɤɪɭɠɟɧɵ 

ɚɦɨɪɮɧɨɣ ɫɪɟɞɨɣ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɢɨɧɵ δТ ɜ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɣ ɫɬɟɯɢɨɦɟɬɪɢɢ ɢɡ-ɡɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɡɚɪɨɞɵ-

ɲɟɣ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ (δТ2O-7GeO2Li2Ge4O9+3GeO2). ɍɱɢɬɵɜɚɹ, ɱɬɨ 

ɝɟɩɬɚɝɟɪɦɚɧɚɬ ɢ ɬɟɬɪɚɝɟɪɦɚɧɚɬ ɥɢɬɢɹ ɢɦɟɸɬ ɩɨɞɨɛɧɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɦɨɬɢɜ, 

ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɨɞɧɚ ɢɡ ɞɭɝ ɧɚ ɝɨɞɨɝɪɚɮɟ ɪɢɫ. η.θ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɩɟ-

ɪɟɧɨɫɨɦ ɡɚɪɹɞɚ ɜɧɭɬɪɢ ɡɚɪɨɞɵɲɟɣ, ɚ ɜɬɨɪɚɹ ɞɭɝɚ – ɫ ɥɢɬɢɟɜɨɣ ɩɪɨɜɨɞɢɦɨ-

ɫɬɶɸ ɜ ɨɤɪɭɠɚɸɳɟɣ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ.  

ɋ ɰɟɥɶɸ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɫɤɚɡɚɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɢ ɩɨɥɭɱɟɧɢɹ ɞɨ-

ɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɤɥɚɞɚɯ ɮɚɡ ɡɚɪɨɞɵɲɟɣ Li2Ge7O15 ɢ δТ2Ge4O9 ɜ 

ɫɩɟɤɬɪɵ * ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ Li2O-xGeO2, ɝɞɟ ɯ=11.5. ɉɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɯ=7, ɜ ɯ=11.5 ɨɛɥɚɫɬɢ ɦɟɬɚɫɬɚ-

ɛɢɥɶɧɨɣ ɮɚɡɵ δТ2Ge4O9 ɡɚɧɢɦɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɨɛɴ-

ɟɦ, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɧɚɦɢ ɜ ɪɚɛɨɬɟ Д11], ɚ ɦɟɠɡɟɪɟɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɛɟɞ-

ɧɟɧɨ ɢɨɧɚɦɢ ɥɢɬɢɹ. 

5.1.2. ɋɨɫɬɚɜ ɯ=11.5. Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɚ Li2O-xGeO2 ɫ ɯ=11.η ɛɵɥɢ 

ɩɪɢɝɨɬɨɜɥɟɧɵ ɚɧɚɥɨɝɢɱɧɨ ɨɛɪɚɡɰɚɦ ɫɨɫɬɚɜɚ ɯ=7 ɜ ɬɪɟɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɹɯμ 

ɫɬɟɤɥɟ, ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ. ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ 

ȡ*(Ȧ)=(ı*(Ȧ))-1 ɢɡɦɟɪɹɥɢɫɶ ɩɨ ɬɨɣ ɠɟ ɦɟɬɨɞɢɤɟ, ɱɬɨ ɢ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɯ=7. Ɉɬ-

ɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɯ=11.η ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ ɫɨɫɬɨɢɬ ɢɡ ɤɪɢɫɬɚɥɥɨɜ 

Li2Ge7O15 ɜ ɨɤɪɭɠɟɧɢɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ GОτ2 ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɟɤɥɨɤɟ-

ɪɚɦɢɤɭ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ȡ* ɞɥɹ ɨɛ-

ɪɚɡɰɨɜ ɫɬɟɤɥɚ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. η.7 ɜ ɜɢɞɟ 

ɞɢɚɝɪɚɦɦ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡƍ-ȡƎ). 
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Ɋɢɫ. η.7. ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ ȡ*(Ȧ) ɫɨɟɞɢɧɟɧɢɹ Li2O-11.5GeO2: a – ɫɬɟɤɥɨ, ɛ – 

ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ (ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ) [17]  

 

ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɢɡɭɱɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɱɚɫɬɨɬ ɢ ɬɟɦɩɟɪɚɬɭɪ, ɤɚɤ ɢ ɜ 

ɫɥɭɱɚɟ ɫɬɟɤɥɚ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɚ ɫɨɫɬɚɜɚ ɯ=7, ɝɨɞɨɝɪɚɮɵ ɚɦɨɪɮɧɨɣ ɢ ɦɢɤɪɨ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡ ɫɨɟɞɢɧɟɧɢɹ Li2O-11.5GeO2 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɭ 

ɩɨɥɭɨɤɪɭɠɧɨɫɬɶ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ Д66, 

113, 114Ж ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡƍ-ȡƎ), ɨɩɢɫɚɧɵ ɩɚɪɚɥ-

ɥɟɥɶɧɨɣ RC-ɰɟɩɨɱɤɨɣ (ɜɫɬɚɜɤɚ ɪɢɫ. η.η.ɛ), ɢɦɩɟɞɚɧɫ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɥɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (5.10). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɩɨɫɬɪɨɟɧɵ ɫɩɟɤɬɪɵ, ɤɨɬɨɪɵɟ ɢɡɨɛ-

ɪɚɠɟɧɵ ɧɚ ɪɢɫ. 5.7 ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ. Ɍɨɱɤɚɦɢ ɢɡɨɛɪɚɠɟɧɵ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɟ ɞɚɧɧɵɟ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫɨɫɬɚɜɚ ɯ=7, ɧɚɥɢɱɢɟ ɨɞɧɨɣ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ 

ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɹɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɞɥɹ ɫɬɟɤɥɚ Li2O-11.5GeO2 (ɪɢɫ. 5.7.ɚ), 

ɝɨɦɨɝɟɧɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɦɟɬɨɞɨɦ ɊɎȺ [11].  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫɨɟɞɢɧɟɧɢɹ Li2O-11.5GeO2 ɜ ɩɪɨ-

ɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. η.8. 

ɇɚ ɝɨɞɨɝɪɚɮɚɯ ɪɢɫ. η.8. ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɧɚ ɞɭɝɚ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɢ ɧɢɡ-

ɤɨɱɚɫɬɨɬɧɵɣ ɥɭɱ. ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɜɫɬɚɜɤɟ, ɤɨɦɩɥɟɤɫ-

ɧɵɣ ɢɦɩɟɞɚɧɫ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɜɵɪɚɠɟɧɢɹ  
 

( ) ( ) ( ) ( )( ) ( ) ]iiBiK[dSȦ*ȡ 11 
 scC nm   .   (5.12) 
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Ɋɢɫ. η.8. ɋɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ ȡ*(Ȧ) ɫɨɟɞɢɧɟɧɢɹ Li2O-11.5GeO2 ɜ ɩɪɨɦɟɠɭɬɨɱ-

ɧɨɣ ɮɚɡɟ  

 

ɇɚɥɢɱɢɟ ɨɞɧɨɣ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɧɚ ɝɨɞɨɝɪɚɮɚɯ (ɪɢɫ. η.7.ɛ, ɪɢɫ. 5.8) ɜ 

ɫɥɭɱɚɟ ɦɧɨɝɨɮɚɡɧɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɪɚɡɰɨɜ δТ2O-11.5GeO2 

ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢɨɧɨɜ δТ+. ɋɨɫɬɚɜ 

ɯ=11.η ɫɨɞɟɪɠɢɬ ɢɡɛɵɬɨɤ GОτ2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɯɢɨɦɟɬɪɢɢ ɯ=7 ɭɫɬɨɣɱɢɜɨɣ 

ɫɬɪɭɤɬɭɪɵ δТ2Ge7O15. ɉɨɷɬɨɦɭ ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɪɨɞɵɲɟɣ δТ2Ge7O15 ɢ δТ2Ge4O9 ɜ 

ɫɬɟɤɥɟ Li2O-11.5GeO2 ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɢɨɧɨɜ Li 

ɜɧɭɬɪɢ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ (ɪɢɫ. η.λ). ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ δТ ɜɧɭɬɪɢ 

ɡɚɪɨɞɵɲɟɣ ɧɢɠɟ, ɱɟɦ ɜ ɦɟɠɡɟɪɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɞɜɢɠɟɧɢɟ ɢɨɧɨɜ ɥɢɬɢɹ 

ɨɤɚɡɵɜɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ ɜɧɭɬɪɢ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ. Ⱥɦɨɪɮɧɚɹ ɮɚɡɚ, 

ɨɤɪɭɠɚɸɳɚɹ ɡɚɪɨɞɵɲɢ, ɜ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɚ ɯ=11.η ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɢɬ 

ɢɨɧɨɜ δТ ɢ ɧɟ ɞɚɟɬ ɜɤɥɚɞɚ ɜ ɫɩɟɤɬɪɵ ɢɦɩɟɞɚɧɫɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɞɢɧɫɬɜɟɧɧɚɹ 

ɩɨɥɭɨɤɪɭɠɧɨɫɬɶ ɧɚ ɝɪɚɮɢɤɟ ɪɢɫ. η.8 ɨɬɪɚɠɚɟɬ ɞɜɢɠɟɧɢɟ ɢɨɧɨɜ δТ+ ɜɧɭɬɪɢ 

ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɬɟɬɪɚɝɟɪɦɚɧɚɬɚ ɢ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ.  

Ƚɨɞɨɝɪɚɮɵ ɞɥɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨ-

ɟɞɢɧɟɧɢɣ ɯ=7 ɢ 11.η ɫɨɩɨɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. η.10.  
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Ɋɢɫ. η.λ. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɟɥɶɟɮɚ ɨɛɪɚɡɰɨɜ ɜ 

ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɥɹ ɫɨɫɬɚɜɨɜ ɯ=7 ɢ 11.η. I – ɭɱɚɫɬɤɢ ɦɟɠ-

ɡɟɪɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, G – ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɨɛɥɚɫɬɢ 

 

 

Ɋɢɫ. η.10. ɋɪɚɜɧɟɧɢɟ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ȡ*(Ȧ) ɩɪɨɦɟɠɭɬɨɱɧɨ-
ɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2, ɯ=7, 

11.η ɞɥɹ Ɍ=θ00 Ʉ. ɋɢɦɜɨɥɵ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɥɢɧɢɢ 
ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɣ (5.10) ɢ (5.11) 

 

ȼɢɞɧɨ, ɱɬɨ ɟɞɢɧɫɬɜɟɧɧɚɹ ɞɭɝɚ ɧɚ ɞɢɚɝɪɚɦɦɚɯ ɪɢɫ. η.8 (ɫɨɫɬɚɜ ɯ=11.5) 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɞɭɝɟ ɝɨɞɨɝɪɚɮɨɜ ɧɚ ɪɢɫ. η.θ (ɫɨɫɬɚɜ ɯ=7). Ʉɚɤ 

ɨɛɫɭɠɞɚɥɨɫɶ ɜɵɲɟ, ɷɬɭ ɞɭɝɭ ɦɨɠɧɨ ɫɨɩɨɫɬɚɜɢɬɶ ɫ ɞɜɢɠɟɧɢɟɦ ɢɨɧɨɜ δТ ɜɧɭɬ-

ɪɢ ɡɚɪɨɞɵɲɟɣ ɫ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɟ ɫɨɟɞɢɧɟ-

ɧɢɣ ɯ=7 ɢ 11.η. Ɍɨɝɞɚ ɧɢɡɤɨɱɚɫɬɨɬɧɭɸ ɞɭɝɭ, ɤɨɬɨɪɚɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚ 

ɝɨɞɨɝɪɚɮɚɯ ɫɨɫɬɚɜɚ ɯ=7 (ɪɢɫ. η.θ, η.10), ɫɥɟɞɭɟɬ ɩɪɢɩɢɫɚɬɶ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢ-

ɦɨɫɬɢ ɜ ɚɦɨɪɮɧɨɦ ɦɟɠɡɟɪɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɨɛɪɚɡɰɚɯ 
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ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɯ=7 ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɡɚɪɨɞɵɲɚɦɢ ɫɨɞɟɪɠɢɬ 

ɢɨɧɵ ɥɢɬɢɹ, ɚ ɜ ɨɛɪɚɡɰɚɯ ɯ=11.5 – ɧɟɬ. Ɍ.ɨ., ɧɚɥɢɱɢɟ ɞɜɭɯ ɞɭɝ ɧɚ ɝɨɞɨɝɪɚɮɚɯ 

ɪɢɫ. η.θ ɢ ɨɞɧɨɣ ɞɭɝɢ ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɪɢɫ. 5.8 ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɝɟɬɟɪɨɮɚɡɧɵɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɫɨɫɬɨɹɧɢɹɯ ɫɨɫɬɚɜɨɜ ɯ=7 ɢ 11.η. ɋɪɚɜɧɟɧɢɟ ɪɚɞɢɭɫɨɜ ɩɨɥɭɨɤɪɭɠɧɨɫɬɟɣ ɧɚ ɝɨ-

ɞɨɝɪɚɮɚɯ ɪɢɫ. η.θ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɡɚɪɨɞɵɲɟɣ ɫɭɳɟ-

ɫɬɜɟɧɧɨ ɜɵɲɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɠɡɟɪɟɧɧɵɦ ɚɦɨɪɮɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ. 

Ɍɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɩɨɥɭɨɤɪɭɠɧɨɫɬɟɣ ɫ ɨɫɶɸ ɚɛɫɰɢɫɫ ɧɚ ɞɢɚɝɪɚɦɦɚɯ 

ɪɢɫ. 5.5-η.8 ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɢɦɩɟɞɚɧɫ ȡƍ(=0) ɜ ɩɨɫɬɨɹɧɧɨɦ ɩɨɥɟ. 

Ɉɩɪɟɞɟɥɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɟɥɢɱɢɧɚ (=0)=1/ȡƍ(=0) ɮɚɤɬɢɱɟɫɤɢ ɞɚɟɬ 
ɩɪɨɜɨɞɢɦɨɫɬɶ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨ-

ɜɨɞɧɨɫɬɢ (=0), ɪɚɫɫɱɢɬɚɧɧɵɟ ɷɬɢɦ ɫɩɨɫɨɛɨɦ, ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ɯ=11.5 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ ɧɚ ɪɢɫ. 5.11. 
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Ɋɢɫ. 5.11. Ɂɚɜɢɫɢɦɨɫɬɢ ı(Ȧ=0) ɨɬ ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɨ-

ɞɨɝɪɚɮɨɜ (ɪɢɫ. η.8). Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɚ Li2O-11.5GeO2: 1 – ɢɫɯɨɞɧɨɟ 

ɫɬɟɤɥɨ, β – ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ, γ – ɫɬɟɤɥɨɤɟ-

ɪɚɦɢɤɚ 
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ɉɨɥɭɱɟɧɧɵɟ ɜɟɥɢɱɢɧɵ (=0) ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨ δТ+ ɛɟɡ 

ɭɱɟɬɚ ɧɚɤɨɩɥɟɧɢɹ ɡɚɪɹɞɚ ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ ɢɥɢ ɜɛɥɢɡɢ 

ɛɥɨɤɢɪɭɸɳɢɯ Pt ɷɥɟɤɬɪɨɞɨɜ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɨɫɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚ 

ɫɱɟɬ ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ, ɤɚɤ ɨɛɫɭɠɞɚɥɨɫɶ ɜɵɲɟ (ɫɦ. ɩ. 4.1), ɨɩɢɫɵɜɚɟɬɫɹ 

ɜɵɪɚɠɟɧɢɟɦ (4.1). ȼɟɥɢɱɢɧɵ A ɢ Eɚ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 5.11, ɩɪɢ-

ɜɟɞɟɧɵ ɜ ɬɚɛɥ. 5.1. ȼɢɞɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚ-

ɫɬɟɣ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɫɬɟɤɥɚ ɤ ɩɪɨɦɟɠɭɬɨɱɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɢ, ɞɚɥɟɟ, ɤ ɩɨɥɢ-

ɤɪɢɫɬɚɥɥɭ, ɤɨɷɮɮɢɰɢɟɧɬ A ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫɨ ɫɧɢɠɟɧɢɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɛɢɥɶɧɵɯ ɢɨɧɨɜ. 
 

Ɍɚɛɥɢɰɚ η.1 

ȼɟɥɢɱɢɧɵ ɩɚɪɚɦɟɬɪɨɜ ɜ (4.1), ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ (=0) ɨɬ 1/Ɍ 

(ɪɢɫ. 5.11) ɞɥɹ LТ2O-11.5GeO2  

Ɏɚɡɨɜɵɟ ɫɨɫɬɨɹɧɢɹ  Ĳ, ɫ (T=650K) A, (Ɉɦ-1ɦ-1)āK ȿɚ, ɷȼ 

ɋɬɟɤɥɨ 7ā10-6 ηηā107 1.3 

ɇɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ θā10-7 γ0ā107 1.1 

Ɇɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ βā10-4 θā107 1.4 

 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɚɧɧɵɟ ɧɚ ɪɢɫ. 5.11 ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚ-

ɬɚɦɢ ɢɡɦɟɪɟɧɢɣ  ɜ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ (ɫɦ. ɩ. 4.β). Ⱦɥɹ ɬɟɦɩɟɪɚɬɭɪ θ00-700 K 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ (=0) ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚ ɬɪɢ ɩɨ-

ɪɹɞɤɚ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ ɢ ɧɚ ɩɨɪɹɞɨɤ ɜɵ-

ɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɬɟɤɥɟ. ȼɟɥɢɱɢɧɵ ȿɚ ɞɥɹ ɫɬɟɤɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɛɥɢɡɤɢ 

ɢ ɡɚɦɟɬɧɨ ɩɪɟɜɵɲɚɸɬ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ȿɚ ɞɥɹ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 

ɫɨɫɬɨɹɧɢɢ (ɬɚɛɥ. 4.β). ȼɦɟɫɬɟ ɫ ɬɟɦ, ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ (=0) ɢ ȿɚ, ɩɨɥɭ-

ɱɟɧɧɵɟ ɢɡ ɫɩɟɤɬɪɨɜ *, ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɜɟɥɢɱɢɧ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 4.β. ɉɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɡɧɚɱɟɧɢɹɦɢ , ɢɡɦɟɪɟɧɧɵɦɢ ɜ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ (ɬɚɛɥ. 4.2), ɨɛ-

ɪɚɛɨɬɤɚ ɝɨɞɨɝɪɚɮɨɜ ɫɢɫɬɟɦɵ Li2O-ɯGeO2, ɝɞɟ ɯ=11.η (ɪɢɫ. η.8) ɞɚɟɬ ɦɟɧɶɲɢɟ 

ɜɟɥɢɱɢɧɵ (=0), ɢ, ɧɚɩɪɨɬɢɜ, ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ȿɚ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨ-

ɞɨɛɧɨɟ ɪɚɡɥɢɱɢɟ ɧɚɛɥɸɞɚɥɨɫɶ ɬɚɤɠɟ ɢ ɞɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ δТ2Ge7O15 ɜ Д5]. 
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ɉɨ-ɜɢɞɢɦɨɦɭ, ɟɝɨ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ – ɜɟɥɢɱɢɧɵ 

(=0), ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɨɞɨɝɪɚɮɨɜ, ɨɬɪɚɠɚɸɬ ɦɢɝɪɚɰɢɸ δТ+ ɜ ɩɨɫɬɨɹɧɧɨɦ 

ɩɨɥɟ, ɬɨɝɞɚ ɤɚɤ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɩ. 4.2. ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɭɦ-

ɦɚɪɧɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ () ɜ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɜɟɥɢɱɢɧ A ɢ  (ɬɚɛɥ. 5.1) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɵɫɨɤɚɹ ɷɥɟɤ-

ɬɪɨɩɪɨɜɨɞɧɨɫɬɶ (=0) ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɢɫ. 5.11), ɜ ɨɫɧɨɜɧɨɦ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ . ɉɨɥɚɝɚɹ, ɱɬɨ ɜɪɟɦɹ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɵɠɤɨɜɵɣ 

ɦɟɯɚɧɢɡɦ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɭɜɟɥɢɱɟɧɢɟ (=0) ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɩɨɞɜɢɠɧɨɫɬɶɸ ɢɨɧɨɜ δТ+ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɤ-

ɥɨɦ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɨɣ. ȼɪɟɦɟɧɧɨɣ ɩɚɪɚɦɟɬɪ Ĳ, ɪɚɫɫɱɢɬɚɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɦɟɬɨɞɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɫɨɩɨɫɬɚɜɥɟɧ ɫ ɜɪɟɦɟɧɟɦ 

ɥɨɤɚɥɢɡɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɵɯ ɩɨɥɨɠɟɧɢɹɯ. Ɍɟɦɩɟɪɚɬɭɪ-

ɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɩɪɵɠɤɨɜ ɧɨɫɢɬɟɥɟɣ Ĳ-1(1/Ɍ) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɚɡɨ-

ɜɵɯ ɫɨɫɬɨɹɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. η.12.  

ɂɡ ɝɪɚɮɢɤɚ 5.12 ɜɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɨɫɢɬɟɥɟɣ 

ɡɚɪɹɞɚ ɧɚɛɥɸɞɚɸɬɫɹ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ, ɧɚɧɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. ɇɚ ɩɨɪɹɞɨɤ ɧɢɠɟ Ĳ-1 ɞɥɹ ɫɬɟɤɨɥ ɢ ɧɚ ɞɜɚ-ɬɪɢ ɩɨɪɹɞ-

ɤɚ ɧɢɠɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ.  

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɪɟɦɹ ɥɨɤɚɥɢɡɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɩɪɹɦɨ ɫɜɹɡɚɧɨ ɫ 

ɩɨɞɜɢɠɧɨɫɬɶɸ µ, ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɪɚɠɟɧɢɹ 
 

,      (5.13) 
 

ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ ɥɢɬɢɹ. 
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Ɋɢɫ. η.12. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɩɪɵɠɤɨɜ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ Ĳ-1(1/Ɍ) ɞɥɹ ɮɚɡɨ-

ɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɨɫɬɚɜɨɜ ɯ=7 (ɡɚɤɪɚɲɟɧɧɵɟ ɫɢɦɜɨɥɵ) ɢ ɯ=11.5 (ɧɟɡɚ-

ɤɪɚɲɟɧɧɵɟ ɫɢɦɜɨɥɵ). ɋɢɧɢɦɢ ɤɪɭɠɤɚɦɢ ɞɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɨɥɭ-

ɱɟɧɧɚɹ ɞɥɹ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɞɭɝɢ ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɪɢɫ. η.θ, ɯ=7. 
 

Ɍɚɤɠɟ ɨɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɧɚɥɢɱɢɟ ɧɚɤɥɨɧɧɵɯ ɥɭɱɟɣ (Ɍ623 K) ɜ 
ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɝɨɞɨɝɪɚɮɨɜ ɞɥɹ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ (ɪɢɫ. η.8). ɉɨɞɨɛɧɵɟ ɥɭɱɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɤɨɩɥɟɧɢɢ ɡɚɪɹɞɚ ɧɚ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɞɢɮɮɭɡɢɢ, ɤɨɬɨɪɚɹ 
ɧɚɩɪɚɜɥɟɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɞɪɟɣɮɨɜɨɦɭ ɬɨɤɭ [66, 113, 114]. Ⱦɥɹ ɨɩɢɫɚɧɢɹ 
ɧɚɤɥɨɧɧɵɯ ɥɭɱɟɣ ɜ ɩɚɪɚɥɥɟɥɶɧɨɣ RCn* ɰɟɩɨɱɤɟ ɪɟɡɢɫɬɨɪ R ɧɟɨɛɯɨɞɢɦɨ ɡɚ-

ɦɟɧɢɬɶ ɧɚ ɞɢɮɮɭɡɢɨɧɧɵɣ ɢɦɩɟɞɚɧɫ ZW=K(i)-m (0m1) ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɤ ɧɟɣ ɩɨɞɤɥɸɱɢɬɶ ɟɦɤɨɫɬɶ Csc, ɤɨɬɨɪɚɹ ɦɨɞɟɥɢɪɭɟɬ ɩɪɨɰɟɫɫ ɧɚɤɨɩɥɟɧɢɹ ɡɚɪɹ-
ɞɚ (ɜɫɬɚɜɤɚ ɧɚ ɪɢɫ. η.8). ɇɚ ɪɢɫ.5.8 ɨɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɨɛɴɟɦɧɨ- ɡɚɪɹɞɨ-
ɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɨɹɜɥɹɸɬɫɹ ɞɥɹ ɱɚɫɬɨɬ ɧɢɠɟ 
~1 ɤȽɰ. ȼɢɞɧɨ ɬɚɤɠɟ, ɱɬɨ ɞɥɹ ɫɬɟɤɥɚ (ɪɢɫ. η.7.ɚ) ɢ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɥɢɤɪɢɫɬɚɥ-
ɥɚ (ɪɢɫ. η.7.ɛ) ɥɭɱɢ ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɨɛɥɚɫɬɹɯ ɝɨɞɨɝɪɚɮɨɜ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ.  

ɂɡ ɫɪɚɜɧɟɧɢɹ ɪɢɫ. η.6 ɢ η.8 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɯ=7 ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɥɭɱɟɣ ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɧɟɬ, 
ɬ.ɟ. ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɚɹ ɩɨɥɹɪɢɡɚɰɢɹ ɨɬɫɭɬɫɬɜɭɟɬ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɫɨɫɬɚɜɚ 
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ɯ=7 ɢɨɧɵ δТ ɫɨɞɟɪɠɚɬɫɹ ɤɚɤ ɜ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɹɯ, ɬɚɤ ɢ ɜ ɚɦɨɪɮɧɨɣ 
ɦɟɠɡɟɪɟɧɧɨɣ ɫɪɟɞɟ. Ɉɱɟɜɢɞɧɨ, ɷɧɟɪɝɢɹ ɦɨɛɢɥɶɧɵɯ ɢɨɧɨɜ ɥɢɬɢɹ ɜɧɭɬɪɢ ɡɚɪɨ-
ɞɵɲɟɣ ɢ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɵ ɫɨɫɬɚɜɚ ɯ=7 ɨɛɥɚɞɚɟɬ ɛɥɢɡɤɢɦ ɪɟɥɶɟɮɨɦ, ɤɨɬɨ-
ɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚɥɢɱɢɟɦ ɥɢɛɨ ɨɬɫɭɬɫɬɜɢɟɦ ɞɚɥɶɧɟɝɨ ɩɨɪɹɞɤɚ. Ⱦɥɹ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɝɪɚɧɢɰɵ ɡɚɪɨɞɵɲɟɣ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɨɫɬɚɜɚ 
ɯ=7 ɧɟ ɫɨɡɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɛɚɪɶɟɪɚ ɢ ɢɨɧɵ δТ ɦɨɝɭɬ ɩɟɪɟɯɨɞɢɬɶ ɢɡ ɡɚɪɨ-
ɞɵɲɟɣ ɜ ɚɦɨɪɮɧɭɸ ɦɚɬɪɢɰɭ ɢ ɨɛɪɚɬɧɨ ɛɟɡ ɧɚɤɨɩɥɟɧɢɹ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ 
ɮɚɡ. Ⱦɥɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɯ=11.η ɫɢɬɭɚɰɢɹ ɢɧɚɹ, ɩɨ-
ɫɤɨɥɶɤɭ ɢɨɧɵ δТ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɹɯ ɢ ɨɬɫɭɬɫɬɜɭɸɬ ɜ 
ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ. ɍɱɢɬɵɜɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɨɧɨɜ δТ 
(ɪɢɫ. η.λ), ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɥɭɱɢ ɧɚ ɝɨɞɨɝɪɚɮɚɯ ɫɨɫɬɚɜɚ ɯ=11.η (ɪɢɫ. η.8) 

ɧɟ ɫɜɹɡɚɧɵ ɫ ɩɪɢɷɥɟɤɬɪɨɞɧɵɦɢ ɹɜɥɟɧɢɹɦɢ, ɚ ɨɬɪɚɠɚɸɬ ɨɛɴɟɦɧɨ-ɡɚɪɹɞɨɜɭɸ 
ɩɨɥɹɪɢɡɚɰɢɸ ɧɚ ɝɪɚɧɢɰɚɯ ɡɚɪɨɞɵɲɟɣ. ɇɚ ɝɨɞɨɝɪɚɮɚɯ ɩɨɥɢɤɪɢɫɬɚɥɥɚ 
(ɪɢɫ. η.7.ɛ) ɩɨɞɨɛɧɵɯ ɥɭɱɟɣ ɧɟɬ, ɩɨɫɤɨɥɶɤɭ ɧɚɤɨɩɥɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɡɚɪɹɞɚ ɧɚ 
ɝɪɚɧɢɰɚɯ ɤɪɢɫɬɚɥɥɢɬɨɜ δТ2Ge7O15 ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɫɪɚɜ-
ɧɟɧɢɟ ɜɟɥɢɱɢɧ Ĳ (ɬɚɛɥ.η.1) ɢ ɞɚɧɧɵɯ ɧɚ ɪɢɫ. 5.12 ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɞɜɢɠ-
ɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɞɥɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ ɧɢɠɟ, ɱɟɦ ɞɥɹ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ⱦɚɧɧɵɟ ɧɚ ɪɢɫ.η.8 ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
ɧɢɡɤɨɱɚɫɬɨɬɧɵɣ ɥɭɱ ɧɚ ɝɨɞɨɝɪɚɮɟ ɞɥɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ (ɪɢɫ. η.7.ɛ, Ɍ=θλ8 K) 

ɦɨɠɟɬ ɩɨɹɜɢɬɶɫɹ ɞɥɹ ɱɚɫɬɨɬ ɧɢɠɟ 1 ɤȽɰ.  

Ⱦɚɧɧɵɟ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-

ɯGeO2, ɯ=7 ɢ 11.η, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ 
ɱɚɫɬɨɬ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɢɡɭɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɚɦɨɪɮɧɨɣ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɮɚɡ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɞɧɢɦ ɩɪɨɰɟɫɫɨɦ. ɏɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɟɣ ȡ*(), ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɵɣ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (ȡƍ-ȡƎ), ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɩɪɵɠɤɨɜɨɦ ɦɟɯɚɧɢɡɦɟ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɝɨɞɨɝɪɚɮɨɜ ɫɨ-
ɫɬɚɜɚ ɯ=11.η ɩɨɡɜɨɥɢɥɨ ɩɪɢɩɢɫɚɬɶ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɧɚ ɫɩɟɤɬɪɚɯ ɢɦɩɟɞɚɧɫɚ 
ɫɨɫɬɚɜɚ ɯ=7 ɩɟɪɟɧɨɫɭ ɡɚɪɹɞɚ ɜ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɹɯ (ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɞɭ-
ɝɚ) ɢ ɚɦɨɪɮɧɨɦ ɦɟɠɡɟɪɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ (ɧɢɡɤɨɱɚɫɬɨɬɧɚɹ ɞɭɝɚ). ɍɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ı ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɦɟɧɶɲɟɧɢɟɦ ɜɪɟɦɟɧɢ Ĳ ɥɨɤɚɥɢɡɚɰɢɢ ɱɚɫɬɢɰɵ ɜ ɩɨɥɨɠɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ, ɬ.ɟ. 
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ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ɋɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2, ɯ=7 ɢ 11.η. Ɂɚɮɢɤɫɢɪɨɜɚɧ 
ɷɮɮɟɤɬ ɧɚɤɨɩɥɟɧɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɝɪɚɧɢɰɚɯ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ 
ɫɨɫɬɚɜɚ ɯ=11.5. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɫɞɟɥɚɧɧɵɟ ɜ ɩ.4.γ. 
ɉɨɜɵɲɟɧɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɴ-
ɹɫɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɶɸ ɫɪɟɞɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɫɢɥɟɧɢɸ ɪɨɥɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ДηγЖ. ɍɜɟɥɢɱɟɧɢɟ ɡɚɪɨɞɵɲɟɣ ɞɨ 
ɪɚɡɦɟɪɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ δТ2Ge7O15 ɢ ɡɚɜɟɪɲɟɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɤɪɢɫɬɚɥɥɚ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ. ɉɨɤɚɡɚ-
ɧɨ, ɱɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɚɦɨɪɮɧɨɝɨ 
ɦɟɠɡɟɪɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɱɬɨ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɵɫɤɚɡɚɧɧɭɸ ɪɚɧɟɟ ɝɢ-
ɩɨɬɟɡɭ. 
 

5.2. əɆɊ 7Li ɜ ɫɨɟɞɢɧɟɧɢɹɯ Li2O-7GeO2 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ (ɪɚɡɞɟɥ 4) 

ɢ ɫɩɟɤɬɪɨɜ ɢɦɩɟɞɚɧɫɚ (ɩ. η.1) ɨɬɪɚɠɚɸɬ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɭ-

ɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɫɤɚɡɚɧɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɬɪɟɛɭɟɬ-

ɫɹ ɩɪɢɜɥɟɱɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ, ɞɚɸɳɢɯ ɢɧɮɨɪɦɚɰɢɸ ɦɢɤɪɨ-

ɫɤɨɩɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ ɨ ɧɨɫɢɬɟɥɹɯ ɡɚɪɹɞɚ ɢ ɬɢɩɟ ɢɯ ɞɜɢɠɟɧɢɹ. ȿɫɬɟɫɬɜɟɧ-

ɧɨɟ ɫɨɞɟɪɠɚɧɢɟ (λβ.θ%) ɢ ɧɚɥɢɱɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɭ 

ɹɞɟɪ ɢɡɨɬɨɩɚ 7Li (I=γ/β) ɨɩɪɟɞɟɥɹɸɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 

əɆɊ ɩɪɢ ɢɡɭɱɟɧɢɢ ɥɨɤɚɥɶɧɨɝɨ ɨɤɪɭɠɟɧɢɹ ɢ ɞɢɧɚɦɢɤɢ ɚɬɨɦɨɜ ɥɢɬɢɹ ɜ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞɚɯ.  

ɋɩɟɤɬɪɵ əɆɊ ɢɡɨɬɨɩɚ 7Li ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ 

Li2Ge7O15 ɪɚɧɟɟ ɢɡɭɱɚɥɢɫɶ ȼɚɲɦɚɧɨɦ Ⱥ.Ⱥ. ɢ ɂɥɶɢɧɵɦ ȿ.Ƚ. ɜ [39-42]. ȼɧɢɦɚ-

ɧɢɟ ɚɜɬɨɪɨɜ ɛɵɥɨ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚ ɷɮɮɟɤɬɟ ɢɡɦɟɧɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɨɤɪɭɠɟ-

ɧɢɹ ɢɨɧɨɜ 7Li ɩɪɢ ɩɟɪɟɯɨɞɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 ɢɡ ɩɚɪɚɮɚɡɵ ɜ ɫɟɝɧɟɬɨ-

ɮɚɡɭ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 1θ0-γβ0 Ʉ.  
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ȼ ɪɚɛɨɬɚɯ [39-42] ɨɩɪɟɞɟɥɟɧɵ ɦɚɝɧɢɬɧɨ-ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɨɡɢɰɢɢ ɢɨɧɨɜ 

ɥɢɬɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢ-

ɱɟɫɤɢɦɢ ɩɨɡɢɰɢɹɦɢ ɢɨɧɨɜ Li1 ɢ Li2 ɩɪɨɜɟɞɟɧɚ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɥɢɧɢɣ ɫɩɟɤɬɪɚ 

əɆɊ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. Ɂɚɮɢɤɫɢɪɨɜɚɧɨ ɭɞɜɨɟɧɢɟ ɦɚɝ-

ɧɢɬɧɨ-ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɡɢɰɢɣ ɞɥɹ ɭɡɥɨɜ Li2 ɧɢɠɟ ɬɨɱɤɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨ-

ɞɚ, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦɢ ɢ ɧɟɣɬɪɨɧɨɝɪɚɮɢɱɟɫɤɦɢ 

ɞɚɧɧɵɦɢ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ Li2Ge7O15 [43]. ɂɨɧɵ ɥɢɬɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ 

ɭɡɥɚɯ Li1, ɧɟ ɢɡɦɟɧɹɸɬ ɫɜɨɟɣ ɤɪɚɬɧɨɫɬɢ ɩɪɢ ɮɚɡɨɜɨɦ ɩɟɪɟɯɨɞɟ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ 

ɹɞɟɪ ɢɡɨɬɨɩɚ 7Li (Ɍ1
-1(Ɍ)) ɜ ɫɬɟɤɥɚɯ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 ɝɞɟ ɯ =1.8; 2.4; 3; 

7.1; 1β.η; β4.θ; γβ; η4.η; β0γ; 4γγ; λλλ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɚɯ Д117, 118]. 

ɋɪɚɜɧɟɧɢɟ ɞɚɧɧɵɯ əɆɊ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɩɨɡɜɨɥɢɥɨ 

ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ Ɍ>βη0 Ʉ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɩɪɵɠɤɚɦɢ ɢɨɧɨɜ Li+.  

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ [39-42, 117, 118] ɢ ɩɨɥɭɱɟɧ-

ɧɵɟ ɪɚɧɟɟ ɞɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɥɢɬɢɟɜɨ-

ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɢɡɭɱɢɬɶ əɆɊ ɹɞɟɪ 7Li ɜ ɦɨɧɨ-

ɤɪɢɫɬɚɥɥɚɯ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɤɨɦɧɚɬɧɨɣ, ɚ ɬɚɤɠɟ 

ɩɪɨɫɥɟɞɢɬɶ ɡɚ ɥɨɤɚɥɶɧɨɣ ɞɢɧɚɦɢɤɨɣ ɚɬɨɦɨɜ ɥɢɬɢɹ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ, ɫɬɟɤɥɟ, 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɟ ɫɨɟɞɢɧɟɧɢɣ Li2O-7GeO2. 

η.β.1. Ʉɜɚɞɪɭɩɨɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɩɟɤɬɪɨɜ əɆɊ ɜ ɦɨɧɨɤɪɢ-

ɫɬɚɥɥɟ Li2Ge7O15. ɂɡɭɱɟɧɢɟ əɆɊ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ 

ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨ-

ɞɚ. əɞɪɚ 7Li ɹɜɥɹɸɬɫɹ ɤɜɚɞɪɭɩɨɥɶɧɵɦɢ (ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɜɚɞɪɭɩɨɥɶɧɵɣ ɦɨ-

ɦɟɧɬ Q=-4×10-26ɫɦ2) ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɩɨɫɨɛɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɝɪɚɞɢ-

ɟɧɬɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (Ƚɗɉ), ɤɨɬɨɪɵɣ ɢɧɞɭɰɢɪɨɜɚɧ ɨɤɪɭɠɚɸɳɢɦɢ ɡɚ-

ɪɹɞɚɦɢ. Ʉɨɧɫɬɚɧɬɵ ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜ ɫɪɟɞɧɟɦ, ɫɨɫɬɚɜɥɹɸɬ 

ɩɨɪɹɞɤɚ 50 ɤȽɰ ɜ ɥɢɬɢɣɫɨɞɟɪɠɚɳɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ [119], ɱɬɨ ɩɨɤɚ-

ɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɬɢɩɢɱɧɵɯ 

ɫɩɟɤɬɪɚɯ əɆɊ ɧɚ ɹɞɪɚɯ 7Li.  
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Ɉɩɢɫɚɧɢɟ ɫɩɟɤɬɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɨ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɫɩɢɧɨɜɨɝɨ ɝɚɦɢɥɶɬɨɧɢɚɧɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɹɞɟɪɧɨɟ ɡɟɟɦɚɧɨɜɫɤɨɟ ɢ 

ɤɜɚɞɪɭɩɨɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ [120-123] 

 

QzIB HH ˆˆˆ
0   ,    (5.14), 

 

ɝɞɟ Ȗ – ɝɢɪɨɦɚɝɧɢɬɧɨɟ ɨɬɧɨɲɟɧɢɟ, ƫ – ɰɢɤɥɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ, B0 – 

ɩɨɫɬɨɹɧɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, zÎ  – ɨɩɟɪɚɬɨɪ ɩɪɨɟɤɰɢɢ ɹɞɟɪɧɨɝɨ ɫɩɢɧɚ ɧɚ ɨɫɶ 

ɤɜɚɧɬɨɜɚɧɢɹ. Ɉɩɟɪɚɬɨɪ ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ QĤ  ɜ (η.14) ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 
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QH    (5.15) 

 

ȼ (5.15) ɜɟɥɢɱɢɧɭ eq ɧɚɡɵɜɚɸɬ ɝɥɚɜɧɨɣ ɤɨɦɩɨɧɟɧɬɨɣ ɝɪɚɞɢɟɧɬɚ ɷɥɟɤɬɪɢɱɟ-

ɫɤɨɝɨ ɩɨɥɹ; eQ – ɤɜɚɞɪɭɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɹɞɪɚ;  – ɨɩɟɪɚɬɨɪ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶ-

ɫɚ; ,  – ɨɩɟɪɚɬɨɪɵ ɩɪɨɟɤɰɢɢ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ 

ɨɫɢ x ɢ y ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; Ș ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ ɚɫɢɦɦɟɬɪɢɢ ɬɟɧɡɨɪɚ Ƚɗɉ ɢ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ 

 

,    (5.16), 

 

ɝɞɟ Vxx, Vyy ɢ Vzz - ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ Ƚɗɉ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (5.14), ɞɥɹ ɤɚɠɞɨɣ ɬɪɚɧɫɥɹɰɢɨɧɧɨ-ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɩɨ-

ɡɢɰɢɢ ɹɞɟɪ 7Li ɫɩɟɤɬɪ əɆɊ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɢɩɥɟɬ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɚ ɧɚ ɥɚɪɦɨɪɨɜɫɤɨɣ ɱɚɫɬɨɬɟ ȦL=ȼ0 ɢ ɞɜɭɯ ɫɚɬɟɥɥɢɬɨɜ ɧɚ ɱɚ-

ɫɬɨɬɚɯ ȦL±ȦQ (  – ɜɟɥɢɱɢɧɚ ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɪɚɫɳɟɩɥɟɧɢɹ 

ɞɥɹ ɫɥɭɱɚɹ I=3/2) ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ γμ4μγ. 
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ɋɩɟɤɬɪ əɆɊ 7Li, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɣ ɜ ɩɚɪɚɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɚɡɟ ɦɨɧɨ-

ɤɪɢɫɬɚɥɥɚ Li2Ge7O15 (ɝɪɭɩɩɚ ɫɢɦɦɟɬɪɢɢ D2h
14), ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 5.13. Ɉɪɢ-

ɟɧɬɚɰɢɹ ɨɛɪɚɡɰɚ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ȼ0 ɜɵɛɪɚɧɚ ɫ ɰɟɥɶɸ ɧɚɛɥɸɞɟɧɢɹ ɜ ɫɩɟɤɬɪɟ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɛɨɪɚ ɦɚɝɧɢɬɧɨ-ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɡɢɰɢɣ ɢɨɧɨɜ Li [39-42]. 
 

 

Ɋɢɫ. 5.13. ɋɩɟɤɬɪ əɆɊ ɹɞɟɪ 7δТ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɟ δТ2Ge7O15. Ɉɪɢɟɧɬɚɰɢɹ ɩɨɥɹ 

ȼ0 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɹɪɧɵɦ ɢ ɚɡɢɦɭɬɚɥɶɧɵɦ ɭɝɥɚɦɢ ș=θ1°, ĳ=4λ° 

(Zb, Xɚ) 
 

Ʉɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɟɟ ɜ ɩ. 1.1, ɫɬɪɭɤɬɭɪɚ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ 

Li2Ge7O15, ɜɵɲɟ ɬɨɱɤɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Ɍɫ ɩɪɢɧɚɞɥɟɠɢɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ , ɷɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ ɫɨɞɟɪɠɢɬ ɱɟɬɵɪɟ ɮɨɪɦɭɥɶɧɵɟ 

ɟɞɢɧɢɰɵ Z=4. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɫɟɦɶ ɚɬɨɦɨɜ ɥɢɬɢɹ ɜ ɞɜɭɯ ɫɬɪɭɤɬɭɪɧɨ-

ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨɥɨɠɟɧɢɹɯ δТ1 ɢ δТβ ɜɯɨɞɹɬ ɜ ɷɥɟɦɟɧɬɚɪɧɭɸ ɹɱɟɣɤɭ ɦɨɧɨ-

ɤɪɢɫɬɚɥɥɚ δТ2Ge7O15.  

ȼ ɩɚɪɚɮɚɡɟ ɥɨɤɚɥɶɧɚɹ ɫɢɦɦɟɬɪɢɹ ɭɡɥɨɜ Li1 ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɚ (ɋi) 

[28Ж ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɝɧɢɬɧɨɣ ɤɪɚɬɧɨɫɬɶɸ km=4 ɫ ɨɛɳɟɣ ɨɪɢɟɧɬɚɰɢɟɣ 

ɦɚɝɧɢɬɧɵɯ ɨɫɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɛɚɡɢɫɚ [124]. Ɂɧɚɱɢɬ, 

ɩɪɢ ɜɪɚɳɟɧɢɢ ɩɨɥɹ ȼ0 ɜ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɩɥɨɫɤɨɫɬɹɯ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶ-
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ɫɹ ɞɜɚ ɫɢɝɧɚɥɚ ɨɬ ɭɡɥɨɜ Li1. Ⱦɥɹ ɨɛɳɢɯ ɨɪɢɟɧɬɚɰɢɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɛɚɡɢɫɚ ɞɨɥɠɧɨ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɱɟɬɵɪɟ ɫɩɟɤ-

ɬɪɚ ɨɬ ɭɡɥɨɜ Li1. əɞɪɚ Liβ ɨɛɥɚɞɚɸɬ ɦɨɧɨɤɥɢɧɧɨɣ ɬɨɱɟɱɧɨɣ ɫɢɦɦɟɬɪɢɟɣ ɋ2 ɢ 

ɢɦɟɸɬ ɦɚɝɧɢɬɧɭɸ ɤɪɚɬɧɨɫɬɶ Фm=2. Ƚɥɚɜɧɚɹ ɦɚɝɧɢɬɧɚɹ ɨɫɶ Z ɞɥɹ ɢɨɧɨɜ ɜ ɩɨ-

ɡɢɰɢɢ Li2 ɩɚɪɚɥɥɟɥɶɧɚ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɫɢ b. Ɂɧɚɱɢɬ, ɹɞɪɚ Liβ ɩɪɢ 

ɜɪɚɳɟɧɢɢ ɩɨɥɹ ɜ ɩɥɨɫɤɨɫɬɹɯ (ab) ɢ (bc) ɞɨɥɠɧɵ ɞɚɜɚɬɶ ɨɞɢɧ ɫɩɟɤɬɪ, ɚ ɞɥɹ 

ɨɛɳɢɯ ɨɪɢɟɧɬɚɰɢɣ ɩɨɥɹ ȼ0 ɢ ɩɥɨɫɤɨɫɬɢ (ɚɫ) – ɞɜɚ. ɗɬɢ ɫɨɨɛɪɚɠɟɧɢɹ ɩɨɡɜɨ-

ɥɹɸɬ ɨɞɧɨɡɧɚɱɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɥɢɧɢɢ ɫɩɟɤɬɪɚ əɆɊ (ɪɢɫ. η.13). ɉɨɥɧɵɣ 

ɫɩɟɤɬɪ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɝɪɭɩɩ ɫɨɩɪɹɠɟɧɧɵɯ ɫɩɟɤɬɪɨɜ. Ɉɞɧɚ ɝɪɭɩɩɚ ɜɤɥɸɱɚɟɬ 

ɱɟɬɵɪɟ ɫɨɩɪɹɠɟɧɧɵɯ ɬɪɢɩɥɟɬɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɹɞɪɚɦ 7Li ɜ ɩɨɡɢɰɢɹɯ Li1. 

ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɫɨɞɟɪɠɢɬ ɞɜɚ ɫɨɩɪɹɠɟɧɧɵɯ ɬɪɢɩɥɟɬɚ ɫ ɭɞɜɨɟɧɧɨɣ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢ ɨɛɹɡɚɧɚ ɪɟɡɨɧɚɧɫɭ ɹɞɟɪ 7Li ɜ ɭɡɥɚɯ Li2. 

ɋɩɟɤɬɪɵ əɆɊ ɢɨɧɨɜ 7Li ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɨɜ ɜɵɲɟ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. η.14. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɞɜɚ ɫɭɳɟɫɬɜɟɧɧɵɯ ɷɮɮɟɤɬɚ. 

ɉɟɪɜɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɞɜɢɝɟ ɫɚɬɟɥɥɢɬɧɵɯ ɥɢɧɢɣ ɤ ɰɟɧɬɪɚɥɶɧɨɦɭ ɩɢɤɭ, ɩɪɢ 

ɷɬɨɦ ɫɦɟɳɟɧɢɟ ɤɪɚɣɧɢɯ ɥɢɧɢɣ ɛɨɥɶɲɟ. ɍɦɟɧɶɲɟɧɢɟ ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɪɚɫ-

ɳɟɩɥɟɧɢɹ ɫɩɟɤɬɪɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɩɥɨɜɵɦ ɪɚɫɲɢɪɟɧɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɧɟɛɨɥɶɲɢɦ ɨɫɥɚɛɥɟɧɢɟɦ ɜɧɭɬɪɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɥɹ [120]. 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɮɚɤɬɨɪɨɦ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɞɜɢɝɚɬɟɥɶɧɨɟ ɭɫɪɟɞɧɟɧɢɟ ɤɜɚɞ-

ɪɭɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɥɟɞɫɜɢɟ ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɭɡɥɨɜ ɪɟɲɟɬɤɢ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɜɢɛɪɚɰɢɢ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɧɢ-

ɠɚɬɶ ɜɟɥɢɱɢɧɭ ɤɨɦɩɨɧɟɧɬɨɜ ɬɟɧɡɨɪɚ Ƚɗɉ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ.  

ȼɬɨɪɵɦ ɷɮɮɟɤɬɨɦ, ɤɨɬɨɪɵɣ ɡɚɮɢɤɫɢɪɨɜɚɧ ɞɥɹ ɫɩɟɤɬɪɨɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 
ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɩɪɢ ɧɚɝɪɟɜɟ, ɹɜɥɹɟɬɫɹ ɫɥɢɹɧɢɟ ɫɚɬɟɥɥɢɬɧɵɯ ɥɢɧɢɣ ɨɬ 
ɢɨɧɨɜ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɨɡɢɰɢɹɯ ʋ1.4 ɢ ʋβ.β (ɪɢɫ. η.14) ɩɪɢ Ɍ>700 Ʉ. ɗɬɨɬ 
ɮɚɤɬ ɨɬɪɚɠɚɟɬ ɩɟɪɟɯɨɞɵ ɢɨɧɨɜ ɥɢɬɢɹ ɦɟɠɞɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɡɢɰɢɹɦɢ ɢ 
ɩɨɤɚɡɵɜɚɟɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɛɦɟɧɚ kex ɜɛɥɢɡɢ 700 Ʉ ɢɦɟɟɬ ɨɞɢɧ 
ɩɨɪɹɞɨɤ ɫ ɤɜɚɞɪɭɩɨɥɶɧɵɦ ɪɚɫɳɟɩɥɟɧɢɟɦ ɦɟɠɞɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɫɢɝɧɚ-
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ɥɚɦɢ kexзǻȦQ=3.2 ɤȽɰ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɚɬɟɥɥɢɬɧɵɟ ɫɢɝɧɚɥɵ ɜ ɩɨɡɢɰɢɹɯ ʋ1.γ ɢ 
ʋβ.1 ɪɚɡɞɟɥɟɧɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɬɨɣ ɠɟ ɪɚɡɧɢɰɟɣ ɱɚɫɬɨɬ (ǻȦQ=2.6 ɤȽɰ), ɤɚɤ ɢ 
ɫɢɝɧɚɥɵ ɜ ɩɨɡɢɰɢɹɯ ʋ1.4 ɢ ʋβ.β ɢ, ɢɫɯɨɞɹ ɢɡ ɥɨɤɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ, ɬɚɤɠɟ 
ɞɨɥɠɧɵ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ. Ɉɞɧɚɤɨ, ɜ ɢɡɦɟɪɹɟɦɨɦ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɫɚɬɟɥɥɢɬɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɩɨɡɢɰɢɹɯ 
ʋ1.γ ɢ ʋβ.1 ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ɉɬɫɭɬɫɬɜɢɟ ɭɫɪɟɞɧɟɧɢɹ ɫɚɬɟɥɥɢɬɨɜ ʋ1.γ ɢ 
ʋβ.1 ɦɨɠɧɨ ɮɨɪɦɚɥɶɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɫɥɭɱɚɣ ɦɟɞɥɟɧɧɨɝɨ ɨɛɦɟɧɚ, 
ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɛɦɟɧɚ ɦɟɠɞɭ ɢɨɧɚɦɢ ɜ ɷɬɢɯ ɩɨɡɢɰɢɹɯ ɡɧɚɱɢɬɟɥɶ-
ɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɡɧɨɫɬɶ ɱɚɫɬɨɬ, ɬ.ɟ. kex<<2.6 ɤȽɰ.  

ʋ2.2ʋ2.1
ʋ1.4ʋ1.3ʋ1.2ʋ1.1

 

 

 

808 K

712 K

662 K

500

298 K

50 kHz


 

Ɋɢɫ. η.14. əɆɊ-ɫɩɟɤɬɪɵ ɹɞɟɪ 7Li ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15 ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ, ȼ0=8.4η Ɍɥ 

 

ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɢɫɯɨɞɹ ɢɡ ɫɨɨɛɪɚɠɞɟɧɢɣ ɫɢɦɦɟɬɪɢɢ, ɧɟɬ ɪɚɡɧɢɰɵ ɜ 

ɦɟɠɢɨɧɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɢɥɢ ɥɨɤɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ ɞɥɹ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɩɚɪɚɯ 

ʋ1.γ-β.1 ɢ ʋ1.4-2.2. Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ, ɩɨɱɟɦɭ 

ɞɥɹ ɨɞɧɨɣ ɩɚɪɵ ɭɡɥɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɞɜɢɝɚɬɟɥɶɧɨɟ ɭɫɪɟɞɧɟɧɢɟ, ɚ ɞɥɹ ɞɪɭɝɨɣ – 
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ɧɟɬ, ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɪɚɜɧɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɬɟɧɡɨɪɚ Ƚɗɉ, ɜ ɱɚɫɬɧɨɫɬɢ Vzz, ɞɥɹ 

ɷɬɢɯ ɩɨɡɢɰɢɣ (ɫɦ. ɬɚɛɥ. η.β). Ɂɧɚɤ ɷɥɟɦɟɧɬɚ Vzz ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤɨɣ ɩɟɪɟɯɨɞ 

γ/βļ1/β ɢɥɢ -γ/βļ-1/2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɚɬɟɥɥɢɬɧɨɣ ɥɢɧɢɢ ɧɚ ɞɚɧɧɨɣ ɱɚɫɬɨɬɟ, 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɱɚɫɬɨɬɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ ȦL (ɫɦ. ɭɪɚɜ-

ɧɟɧɢɹ η.14-5.16). ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɛɦɟɧɚ ɫ ɱɚɫɬɨɬɧɵɦ ɢɧɬɟɪɜɚ-

ɥɨɦ ɦɟɠɞɭ ɢɫɫɥɟɞɭɟɦɵɦɢ ɫɚɬɟɥɥɢɬɚɦɢ ǻȦQ ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɜɚɬɶ ɫɚɬɟɥɥɢ-

ɬɵ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɩɟɪɟɯɨɞɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɡɧɚɤɚ Vzz ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɡɢɰɢɹɯ ɢɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɚɬɟɥɥɢɬɵ ɦɨ-

ɝɭɬ ɨɤɚɡɚɬɶɫɹ ɧɚ ɨɞɧɨɣ ɫɬɨɪɨɧɟ ɥɢɛɨ ɩɨ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɨɬ ȦL. ɉɪɢ ɫɦɟɧɟ 

ɡɧɚɤɚ Vzz, ǻȦQ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɡɧɚɱɟɧɢɹ βȦQ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɪɟɜɵɲɚɬɶ kex ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ.  
 

Ɍɚɛɥɢɰɚ η.β  

Ƚɥɚɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɬɟɧɡɨɪɚ Ƚɗɉ (Vzz ɜ ɤȽɰ) ɞɥɹ ɦɚɝɧɢɬɧɨ-

ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɭɡɥɨɜ Li ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Д41] 

Ʉɜɚɞɪɭɩɨɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜ ɨɛɨɡɧɚɱɟɧɢɹɯ ɪɢɫ. η.13, 5.14 

ʋ1.1 ʋ1.β ʋ1.γ ʋ1.4 ʋβ.1 ʋβ.β 

142.830 127.165 -128.892 -124.624 136.518 -78.139 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ ɬɚɛɥ. 5.2, ɡɧɚɤ Vzz ɪɚɡɥɢɱɟɧ ɞɥɹ ɢɨɧɨɜ ɜ ɩɨ-

ɡɢɰɢɹɯ ʋβ.1 ɢ ʋ1.γ, ɧɨ ɫɨɯɪɚɧɹɟɬɫɹ ɨɞɢɧɚɤɨɜɵɦ ɞɥɹ ɢɨɧɨɜ ɜ ɩɨɡɢɰɢɹɯ ʋ2.2 

ɢ ʋ1.4. Ʌɨɝɢɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɛɵɫɬɪɵɣ ɨɛɦɟɧ ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ 

kex>ǻȦQ ɜɨɡɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɞɥɹ ɩɚɪɵ ɫɚɬɟɥɥɢɬɧɵɯ ɥɢɧɢɣ ʋ1.4-β.β, ɧɨ ɞɥɹ 

ɩɨɡɢɰɢɣ ʋ1.γ-β.1 ɛɵɫɬɪɵɣ ɨɛɦɟɧ ɧɚɛɥɸɞɚɬɶɫɹ ɧɟ ɛɭɞɟɬ ɞɚɠɟ ɩɪɢ ɪɚɜɧɵɯ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢɨɧɨɜ ɥɢɬɢɹ.  

ɇɚ ɪɢɫ. η.15 ɢɡɨɛɪɚɠɟɧɵ ɹɞɪɚ ɥɢɬɢɹ ɜ ɩɨɡɢɰɢɢ ʋβ.β ɢ ʋ1.4 ɜ ɪɟɲɟɬɤɟ 

ɤɪɢɫɬɚɥɥɚ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ Li2Ge7O15. (ɪɚɫɱɟɬ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɜɟɞɟɧɵ 

ɜ ɩɪɨɝɪɚɦɦɟ Diamond 3D). ɉɨɤɚɡɚɧɚ ɩɨɥɨɫɬɶ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɜɨɡɦɨɠɟɧ ɨɛɦɟɧ 

ɢɨɧɚɦɢ ɥɢɬɢɹ ɦɟɠɞɭ ɨɛɫɭɠɞɚɟɦɵɦɢ ɭɡɥɚɦɢ. ɇɟɥɶɡɹ ɢɫɤɥɸɱɢɬɶ, ɱɬɨ ɨɛɦɟɧ 

ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ ɩɨɞɪɟɲɟɬɨɤ Li1 ɢ Li2 ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɱɟɪɟɡ ɩɨɥɨɠɟɧɢɹ 

ʋβ.1 ɢ ʋ1.γ.  
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əɫɧɨ, ɱɬɨ ɨɛɦɟɧ ɢɨɧɚɦɢ ɥɢɬɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɡɚɧɹɬɵɦɢ ɩɨɡɢɰɢɹɦɢ ɧɟ-

ɜɨɡɦɨɠɟɧ, ɨɞɧɚɤɨ ɜɜɢɞɭ ɜɵɫɨɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ Li+ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 

Ɍ>700 Ʉ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɦɟɧɚ ɱɟɪɟɡ ɦɟɠɞɨɭɡɟɥɶɧɵɟ 

ɩɨɥɨɠɟɧɢɹ. Ɍɚɤɢɟ ɩɨɥɨɠɟɧɢɹ ɧɟ ɛɭɞɭɬ ɮɢɤɫɢɪɨɜɚɬɶɫɹ ɧɚ ɫɩɟɤɬɪɟ əɆɊ ɜɜɢɞɭ 

ɤɪɚɣɧɟ ɦɚɥɨɝɨ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ ɢɨɧɚ ɜ ɦɟɠɞɨɭɡɥɢɢ. Ⱦɜɢɠɟɧɢɟ ɢɨɧɨɜ ɥɢ-

ɬɢɹ ɩɨ ɜɫɟɦ ɩɨɡɢɰɢɹɦ ɦɨɠɟɬ ɨɡɧɚɱɚɬɶ ɩɨɞɩɥɚɜɥɟɧɢɟ ɥɢɬɢɟɜɨɣ ɩɨɞɪɟɲɟɬɤɢ ɢ 

ɩɟɪɟɯɨɞ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɜ ɫɭɩɟɪɢɨɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. 
 

 

Ɋɢɫ. 5.15. Ɇɨɞɟɥɶ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɚ Li2Ge7O15. Li1 – ɤɪɚɫɧɵɟ ɤɪɭɠɤɢ, Li2 

– ɫɢɧɢɟ ɤɪɭɠɤɢ, ɚɬɨɦɵ ɝɟɪɦɚɧɢɹ – ɠɟɥɬɵɟ, ɤɢɫɥɨɪɨɞɚ – ɡɟɥɟɧɵɟ 

ɤɪɭɠɤɢ 

 

Ɉɛɳɢɣ ɜɢɞ ɫɩɟɤɬɪɨɜ əɆɊ ɫɬɟɤɥɚ ɫɨɫɬɚɜɚ Li2O-xGeO2, ɝɞɟ ɯ=7 ɜ ɩɨɫɬɨ-

ɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ B0=8.45 Tɥ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɚ ɪɢɫ. η.16. Ⱥɧɚɥɢɡ ɮɨɪɦɵ ɥɢɧɢɢ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɭɫɪɟɞ-

ɧɟɧɢɹ ɤɜɚɞɪɭɩɨɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɩɟɤɬɪɚ ɢɡ-ɡɚ ɫɥɭɱɚɣɧɨɣ ɨɪɢɟɧɬɚɰɢɢ 

ɜɟɤɬɨɪɨɜ ɝɪɚɞɢɟɧɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɨɡɢɰɢɹɯ ɥɢɬɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɝɨ-

ɜɨɪɢɬɶ ɨɛ ɨɞɧɨɪɨɞɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɫɬɟɤɨɥɶɧɵɯ ɨɛɪɚɡɰɚɯ, 

ɬ.ɟ. ɜɵɫɨɤɨɦ ɤɚɱɟɫɬɜɟ ɩɨɥɭɱɟɧɧɵɯ ɫɬɟɤɨɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  
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Ɋɢɫ. η.16. ɋɩɟɤɬɪ əɆɊ ɫɬɟɤɥɚ Li2O-7GeO2 ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ B0=8.45 Tɥ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

 

η.β.β. ɋɩɢɧ-ɪɟɲɟɬɨɱɧɚɹ ɪɟɥɚɤɫɚɰɢɹ ɢɡɨɬɨɩɚ 7Li. Ɉɛɲɢɪɧɭɸ ɢɧ-

ɮɨɪɦɚɰɢɸ ɨ ɯɚɪɚɤɬɟɪɟ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɚɬɨɦɨɜ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɩɨɥɭɱɚ-

ɸɬ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ əɆɊ. Ɋɚɫɫɦɚɬ-

ɪɢɜɚɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɚɬɨɦɨɜ ɞɥɹ ɫɥɭɱɚɟɜ ɛɵɫɬɪɵɯ (ɜɵɫɨɤɨ-

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɟɞɟɥ) ɢ ɦɟɞɥɟɧɧɵɯ (ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɟɞɟɥ) ɞɜɢɠɟ-

ɧɢɣ, ɫɤɨɪɨɫɬɶ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ 
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ȼɪɟɦɹ ɤɨɪɪɟɥɹɰɢɢ ( ) ( )TkEexpT BSLR0C   ɜ (η.17) ɦɨɠɟɬ ɛɵɬɶ ɫɨɩɨ-

ɫɬɚɜɥɟɧɨ ɫɨ ɫɪɟɞɧɢɦ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ ɧɨɫɢɬɟɥɹ ɜ ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɦ ɩɨɥɨɠɟ-

ɧɢɢ, ɝɞɟ ȿSLR – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɚɬɨɦɧɵɯ ɫɦɟɳɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɢɡ-

ɦɟɪɟɧɢɹɦ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɤɨɪɨɫɬɢ Ɍ1
-1(Ɍ).  
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ɉɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɢɡɭɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ 

ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ Ɍ1 ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Li2Ge7O15, ɚ ɬɚɤɠɟ ɜ ɫɬɟɤ-

ɥɚɯ, ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɹɯ ɫɨɟɞɢɧɟɧɢɣ 

Li2O-xGeO2. Ɍɚɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɟɩɥɨɜɨɦ 

ɞɜɢɠɟɧɢɢ ɢɨɧɨɜ ɥɢɬɢɹ ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɥɨɤɚɥɶɧɵɯ ɞɚɧɧɵɯ əɆɊ ɜɵɹɫɧɢɬɶ 

ɩɪɢɱɢɧɵ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɚɦɨɪɮɧɨɣ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ 

ɮɚɡɚɯ.  

ɂɡɜɟɫɬɧɨ (ɩ. 1.4), ɱɬɨ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ 

ɫɬɟɤɥɚ, ɫɨɞɟɪɠɚɳɢɟ ɳɟɥɨɱɧɵɟ ɢɨɧɵ ɫɬɚɧɨɜɹɬɫɹ ɢɨɧɧɵɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ, ɢ 

ɧɚɛɥɸɞɚɟɦɚɹ ɹɞɟɪɧɚɹ ɫɩɢɧɨɜɚɹ ɪɟɥɚɤɫɚɰɢɹ ɜɵɡɜɚɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɞɢɮɮɭɡɢɟɣ ɢɨɧɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɜɪɟɦɟɧɢ 

ɪɟɥɚɤɫɚɰɢɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ Д117, 118Ж. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 

ɫɬɟɤɥɚɯ ɫ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ, ɫɤɨɪɨɫɬɶ ɹɞɟɪɧɨɣ ɫɩɢɧɨɜɨɣ 

ɪɟɥɚɤɫɚɰɢɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ Tg ɢ ɡɚɬɟɦ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ [125-128]. ɇɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ, ɱɬɨ ɜ ɫɨɞɟɪɠɚɳɢɯ ɳɟɥɨɱɶ-

ɨɤɫɢɞɧɵɯ ɫɬɟɤɥɚɯ ɬ.ɧ. ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ȦĲ>>1 ɨɛɵɱɧɨ 

ɩɪɨɫɬɢɪɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Tg, ɬ.ɟ. ɦɢɧɢɦɭɦ ɪɟɥɚɤɫɚɰɢɨɧɧɨɝɨ ɜɪɟɦɟɧɢ Ɍ1 

ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɫɬɟɤɨɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ [129]. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɨɫɬɚɜɚ Li2O-7GeO2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫ. 5.17 ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ⱥɪɪɟɧɢɭɫɚ. ȼɢɞɧɨ, ɱɬɨ Ɍ1
-1 ɩɪɢ ɧɚɝɪɟɜɟ ɪɚɫɬɟɬ, ɬ.ɟ. 

ɢɫɥɟɞɨɜɚɧɧɵɣ ɢɧɬɟɪɜɚɥ ɫɨɨɬɜɟɫɬɜɭɟɬ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɩɪɟɞɟɥɭ 

ȦLɋ<<1. ȼɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ȿSLR, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɞɚɧɧɵɯ əɆɊ ɧɚ 

ɨɫɧɨɜɚɧɢɢ (η.17), ɫɨɩɨɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. η.γ ɫɨ ɡɧɚɱɟɧɢɹɦɢ Eɚ, ɤɨɬɨɪɵɟ ɨɩɪɟ-

ɞɟɥɟɧɵ ɢɡ ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɟɪɟɦɟɧɧɨɦ ɩɨɥɟ. 

ȼɟɥɢɱɢɧɵ ɜ ɬɚɛɥ. 5.3 ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɤɚɱɟɫɬɜɟɧɧɭɸ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ 

ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɡɭɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı ɢ ɥɨɤɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ əɆɊ.  
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Ɋɢɫ. 5.17. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɺɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ Ɍ1
-1 ɨɬ 1/T ɞɥɹ 

ɫɨɟɞɢɧɟɧɢɣ Li2O-7GeO2: 1 – ɫɬɟɤɥɨ; β – ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɨɫɬɨɹɧɢɟ; 

3 – ɩɨɥɢɤɪɢɫɬɚɥɥ, 4 – ɦɨɧɨɤɪɢɫɬɚɥɥ [20] 
 

Ɍɚɛɥɢɰɚ 5.3  
ȼɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɢɡ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢ-

ɦɨɫɬɟɣ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɺɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ Ɍ1
-1 ɢ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ 
Ɏɚɡɨɜɵɟ ɫɨɫɬɨɹɧɢɹ Li2O-7GeO2 ȿSLR, ɷȼ Eɚ, ɷȼ 

ɋɬɟɤɥɨ 0.45 (1) 0.90 (1) 

ɇɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 0.26 (1) 0.72 (1) 

Ɇɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 0.58 (3) 0.94 (1) 

Ɇɨɧɨɤɪɢɫɬɚɥɥ 0.62 (2) 1.04 (1)* 

* ɗɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɧɚɩɪɚɜɥɟɧɨ ɜɞɨɥɶ ɨɫɢ a  
 

ɇɚɢɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɞɥɹ ɦɨɧɨ- ɢ 

ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ, ɛɥɢɡɤɢɟ ɤ ɧɢɦ ɜɟɥɢɱɢɧɵ ɩɨɥɭɱɟɧɵ ɞɥɹ ɫɬɟɤ-

ɥɚ. Ɇɢɧɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɞɥɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨ-

ɫɬɨɹɧɢɹ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɚɛɫɨɥɸɬɧɵɟ ɜɟɥɢɱɢɧɵ Eı ɢ ȿSLR ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɧɹɬ-

ɫɹ. ɉɨɥɭɱɟɧɧɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɹɜɥɹɟɬɫɹ ɨɛɵɱɧɵɦ ɞɥɹ ɩɨɞɨɛɧɵɯ ɢɫɫɥɟɞɨɜɚ-

ɧɢɣ Д94, 117, 118, 138Ж ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɟ-
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ɬɨɞɨɜ ɤ ɪɚɡɧɵɦ ɬɢɩɚɦ ɞɜɢɠɟɧɢɹ. ȼ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɭɸ ɪɟɥɚɤɫɚɰɢɸ ɜɧɨɫɹɬ 

ɜɤɥɚɞ ɫɦɟɳɟɧɢɹ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɥɸɛɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɡɚ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ, 

ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɪɚɬɧɨɣ ɥɚɪɦɨɪɨɜɫɤɨɣ ɱɚɫɬɨɬɨɣ ȦL
-1. ȼ ɷɥɟɤɬɪɨɩɪɨ-

ɜɨɞɧɨɫɬɶ ɜɧɨɫɹɬ ɜɤɥɚɞ ɩɟɪɟɦɟɳɟɧɢɹ ɢɨɧɨɜ ɥɢɬɢɹ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɜɧɟɲɧɟ-

ɝɨ ɩɨɥɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛяɥɶɲɢɯ ɜɪɟɦɟɧ. 

Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɢ ɞɪɭɝɨɟ ɨɛɴɹɫɧɟɧɢɟ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ. Ʉɚɤ ɨɛɫɭɠ-

ɞɚɟɬɫɹ ɜ ɪɚɛɨɬɟ Д117], ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɢɡ ɞɚɧɧɵɯ 

əɆɊ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɩɪɨɫɬɵɦ ɫɨɨɬɧɨɲɟɧɢ-

ɟɦ ENMR=Į E. Ⱦɥɹ ɥɢɬɢɣ-ɝɟɪɦɚɧɚɬɧɵɯ ɫɬɟɤɨɥ ɤɨɷɮɮɢɰɢɟɧɬ Į ɡɚɜɢɫɢɬ ɨɬ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɳɟɥɨɱɢ, ɢ ɩɪɢ ɯĺ∞ ɞɥɹ Li2O-ɯGeO2 Įĺ1. ɂɡ ɪɢɫ 5.18 ɜɢɞɧɨ, ɱɬɨ 

ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɷɧɟɪɝɢɢ ȿNMR ɢ Eɚ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɥɹ ɫɬɟɤɨɥ ɫ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɥɢɬɢɹ (Į≈0.4). Ɉ. Ʉɚɧɟɪɬ ɢ ɫɨɚɜɬɨɪɵ 

[117] ɨɛɴɹɫɧɹɸɬ ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɭɦɟɧɶɲɟɧɢɟɦ ɤɭɥɨɧɨɜɫɤɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɛɢɥɶɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ.  

 

 

Ɋɢɫ η.18. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ȿNMR ɢ ȿı ɞɜɢɠɟɧɢɹ δТ ɢɨɧɨɜ ɜ (1-

ɯ)GɟɈ2 - ɯLi2Ɉ ɫɬɟɤɥɚɯ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ δТ Д117] 

 

Ʉɚɱɟɫɬɜɟɧɧɨɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɭɱɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ ı(1/Ɍ) 

(ɪɢɫ. 4.β) ɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ əɆɊ (ɪɢɫ. η.17) ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ 

ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨ-

ɫɬɨɹɧɢɢ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɜɵɫɨɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ ɥɢɬɢɹ. 
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ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ Ɍ1
-1 ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɩɨɥɢɤɪɢɫɬɚɥɥɚ ɤ ɦɨɧɨɤɪɢ-

ɫɬɚɥɥɭ Li2Ge7O15 (ɪɢɫ. η.17, Ɍ=η00 Ʉ) ɧɚ ɩɨɪɹɞɨɤ, ɨɡɧɚɱɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 

ɩɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ 7Li ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ. ɗɬɨɬ ɮɚɤɬ ɦɨɠɧɨ 

ɫɜɹɡɚɬɶ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɨɥɢ ɦɟɠɡɟɪɟɧɧɵɯ ɝɪɚɧɢɰ, ɱɬɨ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɪɢɱɢɧɚɯ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɨɱ-

ɧɨɣ ɮɚɡɟ.  

ɂɡɭɱɟɧɢɟ ɫɤɨɪɨɫɬɢ Ɍ1
-1 ɫɩɢɧ ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ əɆɊ ɞɥɹ ɦɨɧɨ-

ɤɪɢɫɬɚɥɥɚ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 

300-800 Ʉ ɜ ɩɨɫɬɨɹɧɧɨɦ ɩɨɥɟ B0=8.45Tɥ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. η.1λ. 
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Ɋɢɫ. 5.19. Ɂɚɜɢɫɢɦɨɫɬɶ T1
-1(1/T) ɞɥɹ ɹɞɟɪ 7Li ɜ ɭɡɥɚɯ ɪɟɲɟɬɤɢ Li2Ge7O15 

 

ɇɚ ɪɢɫ η.1λ ɢɡɨɛɪɚɠɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɜɫɟɯ ɫɚɬɟɥɥɢɬ-
ɧɵɯ ɥɢɧɢɣ ɫɩɟɤɬɪɚ əɆɊ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫ. η.14 (ɫɦ. ɩ. η.β.1). Ɇɨɠɧɨ 
ɜɢɞɟɬɶ, ɱɬɨ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɡɥɨɜ 7Li ɧɢɠɟ 700 Ʉ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ 
ɪɟɥɚɤɫɚɰɢɢ Ɍ1

-1 ɨɬɥɢɱɚɸɬɫɹ, ɨɞɧɚɤɨ ɜɵɲɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɧɚɱɟɧɢɹ Ɍ1
-1 ɞɨ-

ɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢ. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ «ɫɛɥɢɠɟɧɢɹ» ɡɚɜɢɫɢɦɨɫɬɟɣ Ɍ1
-

1(1/Ɍ) ɛɥɢɡɤɚ ɬɟɦɩɟɪɚɬɭɪɟ (≈700 Ʉ), ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫɥɢɹɧɢɟ ɫɚɬɟɥ-
ɥɢɬɧɵɯ ɤɨɦɩɨɧɟɧɬ ʋ1.4 ɢ ʋβ.β ɜ ɫɩɟɤɬɪɟ əɆɊ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15 (ɫɦ. 
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ɩ. η.β.1). Ⱦɚɧɧɵɣ ɮɚɤɬ ɝɨɜɨɪɢɬ ɨɛ ɢɡɦɟɧɟɧɢɹɯ ɜ ɥɢɬɢɟɜɨɣ ɞɢɧɚɦɢɤɟ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɜɵɲɟ 700 Ʉ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɧɚɛɥɸɞɟɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɜɪɟɦɟɧ ɹɜɥɹɟɬɫɹ ɦɟɞɥɟɧɧɵɣ 
ɨɛɦɟɧ ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ ɢɨɧɨɜ 7Li ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɚɫɬɨɬɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ 
ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ.  

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, ɩɨɥɭɱɟɧɧɨɟ ɢɡ ɝɪɚɮɢɤɨɜ ɪɢɫ. η.1λ 

ɞɥɹ ɢɨɧɨɜ ɜ ɩɨɡɢɰɢɹɯ Li1 ɢ Liβ ɪɚɜɧɨ ENMR1=0.89 ɷȼ ɢ ENMR2=0.68 ɷȼ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (Ɍ<700 Ʉ). Ⱦɥɹ ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ 700 Ʉ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ 
ɞɥɹ ɨɛɨɢɯ ɭɡɥɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ENMR=0.86 ɷȼ. Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ 
ɭɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 700 Ʉ ɜɨɡɦɨɠɟɧ ɨɛɦɟɧ ɦɟɠɞɭ ɭɡɥɚɦɢ Li1 ɢ 
Liβ ɜ ɪɟɲɟɬɤɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ Li2Ge7O15. 
 

5.3. ɉɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ ɥɢɬɢɹ 

 

ɂɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨ ɥɢɬɢɸ ɚɤɬɢɜɧɨ ɢɡɭɱɚɟɬɫɹ ɜ ɬɜɟɪɞɵɯ 

ɷɥɟɤɬɪɨɥɢɬɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɢ ɫɬɪɭɤɬɭɪɨɣ (ɫɦ. ɩ. 1.4). 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɨ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ, ɹɜɥɟɧɢɹ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢɨɧɚɦɢ 

Li ɜ ɱɚɫɬɢɱɧɨ-ɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɢɯɫɹ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ 

ɫɢɫɬɟɦɵ Li2O-GeO2 ɪɚɧɟɟ ɧɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ.  

ɉɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɢɫɫɥɟɞɨɜɚɥɚɫɶ 

ɜ ɦɚɬɟɪɢɚɥɚɯ ɧɚ ɨɫɧɨɜɟ ɥɢɬɢɟɜɵɯ ɞɢɫɢɥɢɤɚɬɨɜ Li2O-2(SiO2) [130Ж. Ⱦɚɧɧɵɟ 

ɫɢɫɬɟɦɵ ɱɚɫɬɨ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɥɢɬɢɣ-ɝɟɪɦɚɧɢɟɜɵɦɢ ɜɜɢɞɭ ɫɯɨɠɟɫɬɢ 

ɫɬɪɭɤɬɭɪɧɵɯ ɦɨɬɢɜɨɜμ ɝɟɪɦɚɧɢɟɜɨ- ɢɥɢ ɫɢɥɢɤɚɬɧɨ-ɤɢɫɥɨɪɨɞɧɵɟ ɬɟɬɪɚɷɞɪɵ 

ɫɨɫɬɚɜɥɹɸɬ ɛɟɫɤɨɧɟɱɧɵɟ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɰɟɩɨɱɤɢ Д56, 131, 132Ж. ȼ ɪɚɛɨɬɟ 

[130] ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɩɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ ɥɢɬɢɹ ɦɟɬɨɞɚɦɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 

ɢɦɩɟɞɚɧɫɚ ɢ əɆɊ 7Li ɞɥɹ ɧɚɛɨɪɚ ɨɛɪɚɡɰɨɜ Li-ɞɢɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ, 

ɩɨɥɭɱɟɧɵɯ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɫɬɟɤɥɚ. ɋɬɟɤɥɨɤɟɪɚɦɢɤɚ ɫɨɫɬɨɢɬ ɢɡ 

ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɱɢɫɥɚ ɢ ɪɚɡɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɨɤɪɭɠɟɧɵ 

ɦɚɬɪɢɰɟɣ ɫɬɟɤɥɚ Li2O-2(SiO2). ȼɪɟɦɟɧɚ ɪɟɥɚɤɫɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ 

əɆɊ, ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɩɨ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɨɛɪɚɡɰɨɜ. Ⱥɜɬɨɪɵ Д130Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Li2O-2(SiO2) 
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ɧɚɢɛɨɥɶɲɟɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɫɬɟɤɥɚ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ (ɨɬ 0 ɞɨ η%). Ⱦɥɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 

ɫɨɫɬɚɜɚ Li2O-2(SiO2) ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɫɨɞɟɪɠɚɧɢɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ 1θ-β8%) ɩɨɜɵɲɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɊɎȺ, ȺɋɆ, 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ əɆɊ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɱɚɫɬɢɱɧɨ-

ɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɟɣɫɹ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɡɪɚɫɬɚɟɬ ɧɚ ɩɨɪɹɞɨɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɤɥɨɦ ɢ ɧɚ 

ɞɜɚ-ɬɪɢ ɩɨɪɹɞɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ. Ɉɛɧɚɪɭɠɟɧɨ, 

ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ı ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 

ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɜɵɲɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ 

ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɜɵɫɨɤɚɹ 

ɩɨɞɜɢɠɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ Li2O-xGeO2 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɧɨɦɟɬɪɨɜɵɦ ɪɚɡɦɟɪɨɦ (7η30 ɧɦ) ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ. 

ɉɨɞɨɛɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɭɫɢɥɟɧɢɟɦ ɪɨɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ 

ɧɚɧɨɞɢɫɩɟɪɫɧɨɦ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɥɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɨɛɪɚɡɰɨɜ ɢ ɭɤɪɭɩɧɟɧɢɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɞɨ ɦɢɤɪɨɦɟɬɨɪɨɜɨɝɨ 

ɪɚɡɦɟɪɚ (0.300.12 ɦɤɦ) ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɡɧɚɱɟɧɢɣ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜ 

ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɥɢɬɢɣ-ɝɟɪɦɚɧɢɟɜɵɯ ɫɢɫɬɟɦɚɯ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɠɟɬ ɛɵɬɶ 

ɫɜɹɡɚɧɨ ɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ ɝɟɪɦɚɧɢɹ ɢ ɩɟɪɟɯɨɞɚ ɨɬ 

ɱɟɬɵɪɟɯ- GeIV ɜ ɲɟɫɬɢɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɫɨɫɬɨɹɧɢɟ GeVI. Ɍɚɤ ɧɚɡɵɜɚɟɦɨɟ 

ɹɜɥɟɧɢɟ «ɝɟɪɦɚɧɚɬɧɨɣ ɚɧɨɦɚɥɢɢ» (ɩ. 1.3), ɫɜɹɡɚɧɧɨɟ ɫ ɩɟɪɟɫɬɪɨɣɤɨɣ 

ɬɟɬɪɚɷɞɪɨɜ GeO4 ɜ ɨɤɬɚɷɞɪɵ, ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɦɨɫɬɢɤɨɜɵɯ 

ɤɢɫɥɨɪɨɞɨɜ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɜɭɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɚɤɚɧɫɢɣ 

ɞɥɹ ɢɨɧɨɜ ɥɢɬɢɹ ɧɚ ɨɞɢɧ ɨɛɪɚɡɭɸɳɢɣɫɹ ɨɤɬɚɷɞɪ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɧɢɠɚɟɬɫɹ 

ɤɨɧɤɭɪɟɧɰɢɹ ɡɚ ɜɚɤɚɧɬɧɵɟ ɦɟɫɬɚ ɦɟɠɞɭ ɦɨɛɢɥɶɧɵɦɢ ɢɨɧɚɦɢ ɥɢɬɢɹ ɢ 

ɫɨɝɥɚɫɧɨ (1.4) ɜɨɡɪɚɫɬɚɟɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. Ɇɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ 

ɩɪɢ ɷɬɨɦ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 
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ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 5 

 

1. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɦɩɟɞɚɧɫɚ ɫɨɟɞɢɧɟɧɢɣ 

Li2O-xGeO2, ɯ=7, 11.η ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɵɠɤɨɜɨɦ ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɧɨɫɚ 

ɡɚɪɹɞɚ.  

2. ȼ ɫɩɟɤɬɪɚɯ ɢɦɩɟɞɚɧɫɚ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ Li2O-ɯGeO2 ɜɵɞɟɥɟɧɵ ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜɧɭɬɪɢ 

ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɢ ɜ ɨɤɪɭɠɚɸɳɟɣ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɩɪɨɜɨɞɢɦɨɫɬɶ ɡɚɪɨɞɵɲɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɠɡɟɪɟɧɧɵɦ 

ɚɦɨɪɮɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ Li2O-ɯGeO2 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɜɢɠɧɵɦɢ 

ɢɨɧɚɦɢ ɥɢɬɢɹ. 

γ. ɂɡɭɱɟɧɢɟ ɫɩɟɤɬɪɨɜ ɢɦɩɟɞɚɧɫɚ ɩɨɡɜɨɥɢɥɨ ɨɛɧɚɪɭɠɢɬɶ ɷɮɮɟɤɬɵ ɨɛɴ-

ɟɦɧɨ-ɡɚɪɹɞɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɚɤɨɩɥɟɧɢɟɦ ɩɨɞɜɢɠɧɵɯ ɢɨɧɨɜ 

ɥɢɬɢɹ ɧɚ ɝɪɚɧɢɰɚɯ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ.  

4. ɂɡɭɱɟɧɢɟ ɫɩɟɤɬɪɨɜ əɆɊ ɹɞɟɪ ɢɡɨɬɨɩɚ 7δТ ɩɨɡɜɨɥɢɥɨ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ ɨɬ ɪɚɡɥɢɱɧɵɯ ɭɡɥɨɜ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ 

ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ Ɍ≈700 Ʉ 

ɩɪɨɢɫɯɨɞɢɬ ɨɛɦɟɧ ɦɟɠɞɭ ɢɨɧɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɩɨɡɢɰɢɹɯ Li1 ɢ Li2. 

ɋɤɨɪɨɫɬɶ ɨɛɦɟɧɚ ɫɨɫɬɚɜɥɹɟɬ kex≈γ ɤȽɰ. 

5. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɦɟɬɨɞɨɦ əɆɊ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɜɵɫɨɤɭɸ ɦɨɛɢɥɶɧɨɫɬɶ ɢɨɧɨɜ ɥɢɬɢɹ ɜɨ ɜɫɟɯ ɢɡɭɱɟɧɵɯ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɹɯ 

ɫɨɟɞɢɧɟɧɢɹ Li2O-7GeO2 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 4θ0 Ʉ. ȼ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ 

Li2Ge7O15 ɢɨɧɵ ɜ ɩɨɡɢɰɢɹɯ Li2 ɨɛɥɚɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɣ 

ɩɨɞɜɢɠɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɨɧɚɦɢ Li1 (Ɍз300-700 Ʉ). 

6. Ⱦɚɧɧɵɟ ɫɩɟɤɬɪɨɫɤɨɩɢɢ əɆɊ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɦɩɟɞɚɧɫɧɨɣ 

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɪɵɠɤɨɜɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ 

ɫɨɟɞɢɧɟɧɢɹɯ Li2O-xGeO2. ɍɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɜɹɡɵɜɚɟɬɫɹ ɫ 

ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɟɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ δТ. 
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ɈɋɇɈȼɇɕȿ ɊȿɁɍɅɖɌȺɌɕ ɂ ȼɕȼɈȾɕ 

 

ȼ ɞɢɫɫɟɪɬɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɵ ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɦɨɪɮɧɨɣ, ɧɚɧɨ- ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡ 

ɥɢɬɢɟɜɨ-ɝɟɪɦɚɧɢɟɜɵɯ ɨɤɫɢɞɨɜ Li2O-xGeO2. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚ-

ɛɨɬɤɚ ɫɬɟɤɨɥ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɢɫɫɥɟɞɭɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. ɉɪɨ-

ɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɝɟɬɟɪɨɮɚɡɧɵɯ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ 

ɫɪɟɞ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɷɥɟɤɬɪɢɤɨɜ ɫ ɜɵɫɨɤɨɣ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. ɋɨɩɨ-

ɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɭɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɞɚɧɧɵɯ əɆɊ ɩɨɡ-

ɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɧɨɫɢɬɟɥɹɯ ɢ ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ 

ɫɨɟɞɢɧɟɧɢɹɯ Li2O-xGeO2. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɞɟɥɚɧɵ 

ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ.  

1. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɬɟɤɨɥ Li2O-xGeO2 (ɯ=7, 11.5, 18) 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɷɬɚɩɧɨ. ɍɫɬɚɧɨɜɥɟɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɨɫɬɨɹɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ 

ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ. 

2. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɨɪɮɨɥɨɝɢɢ ɝɟɬɟɪɨɮɚɡɧɵɯ ɫɨɫɬɨɹɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ Li2O-xGeO2 ɩɪɨɢɫɯɨɞɹɬ ɜ ɨɛɴɟɦɟ ɢ 

ɩɨɞɚɜɥɟɧɵ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɥɚɫɬɹɯ. 

3. ɍɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɤɨɥ Li2O-xGeO2 ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ 

ɞɨɥɢ δТ2τ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɛɢɥɶɧɵɦɢ 

ɢɨɧɚɦɢ ɥɢɬɢɹ. 

4. ɇɚɝɪɟɜ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɬɟɤɨɥ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ 

ɫɨɟɞɢɧɟɧɢɹ Li2O-xGeO2 (ɯ=7, 11.η) ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 

ɫɨɫɬɨɹɧɢɢ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɧɚ ɨɞɢɧ-ɞɜɚ ɩɨɪɹɞɤɚ ɜɵɲɟ, ɱɟɦ ɞɥɹ 

ɫɬɟɤɥɚ ɢ ɧɚ ɞɜɚ-ɬɪɢ ɩɨɪɹɞɤɚ ɩɪɟɜɵɲɚɟɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 

ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. 

5. ȼ ɫɩɟɤɬɪɚɯ ɢɦɩɟɞɚɧɫɚ ɜɵɞɟɥɟɧɵ ɜɤɥɚɞɵ ɨɬ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ ɭɩɨɪɹ-

ɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɹɯ ɢ ɚɦɨɪɮɧɨɦ ɦɟɠɡɟɪɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
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ɫɨɫɬɨɹɧɢɹ Li2O-xGeO2 (ɯ=7, 11.5). Ɂɚɮɢɤɫɢɪɨɜɚɧɵ ɷɮɮɟɤɬɵ ɨɛɴɟɦɧɨ-

ɡɚɪɹɞɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɚɤɨɩɥɟɧɢɟɦ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ 

ɝɪɚɧɢɰɚɯ ɨɛɥɚɫɬɟɣ ɫ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. 

θ. ȼ ɫɩɟɤɬɪɚɯ əɆɊ ɢɡɨɬɨɩɚ 7δТ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɫɢɝɧɚɥɵ ɦɚɝɧɢɬɧɨ- 

ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɹɞɟɪ ɜ ɪɟɲɟɬɤɟ ɤɪɢɫɬɚɥɥɨɜ δТ2Ge7O15. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɫɩɢɧ-ɪɟɲɟɬɨɱɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 

ɜɵɫɨɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ ɥɢɬɢɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 

ɫɨɫɬɨɹɧɢɢ. 

7. Ⱦɚɧɧɵɟ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɦɩɟɞɚɧɫɚ ɢ əɆɊ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɪɵɠɤɨɜɵɣ 

ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɨɫɬ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɟɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ ɥɢɬɢɹ. 

8. Ɋɟɡɭɥɶɬɚɬɵ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ȺɋɆ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɢ əɆɊ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ 

ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɨɟɞɢɧɟɧɢɣ Li2O-xGeO2 ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɚɧɨɦɟɬɪɨɜɵɦ ɪɚɡɦɟɪɨɦ (7η30 ɧɦ) ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ. ɍɜɟɥɢɱɟɧɢɟ 

ɪɚɡɦɟɪɨɜ ɡɚɪɨɞɵɲɟɣ ɞɨ ɦɢɤɪɨɦɟɬɪɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ (0.300.12 ɦɤɦ) ɩɪɢɜɨɞɢɬ 

ɤ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɩɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ.  

 

 

 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɚɜɬɨɪ ɜɵɪɚɠɚɟɬ ɝɥɭɛɨɤɭɸ ɩɪɢɡɧɚɬɟɥɶɧɨɫɬɶ ɧɚɭɱɧɨɦɭ 

ɪɭɤɨɜɨɞɢɬɟɥɸ ɩɪɨɮ. Ɍɪɭɛɢɰɵɧɭ Ɇ.ɉ. ɡɚ ɩɨɞɞɟɪɠɤɭ ɩɪɢ ɪɚɛɨɬɟ ɧɚɞ 

ɞɢɫɫɟɪɬɚɰɢɟɣ, ɩɪɨɮ. ȼɨɥɧɹɧɫɤɨɦɭ Ɇ.Ⱦ. ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ 

ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɝɟɩɬɚɝɟɪɦɚɧɚɬɚ ɥɢɬɢɹ ɢ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɞɨɰ. ɉɥɹɤɟ ɋ.ɇ. ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɟɬɨɞɨɦ ɢɦɩɟɞɚɧɫɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɚ ɬɚɤɠɟ ɜɫɟɦ 

ɫɨɬɪɭɞɧɢɤɚɦ ɤɚɮɟɞɪɵ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ Ⱦɇɍ ɡɚ 

ɰɟɧɧɵɟ ɞɢɫɤɭɫɢɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɤɪɢɬɢɤɭ. Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ 

Ɇɚɣɨɪɫɤɨɣ Ɍ.Ⱥ. ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ȾɋɄ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɢɧɬɟɪɩɪɟɬɚ-

ɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɧɠɟɧɟɪɭ Ƚɨɥɨɜɤɨ ȼ.Ⱥ. ɡɚ ɩɨɦɨɳɶ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɧɬɝɟ-
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ɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɨɮ. ɇɟɞɟɥɶɤɨ ɋ.Ƚ. ɢ ɫɨɬɪɭɞɧɢɤɚɦ ɥɚɛɨɪɚɬɨɪɢɢ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞ Ʉɇɍ ɢɦ. Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ ɡɚ ɩɨɦɨɳɶ ɩɪɢ ɢɡɭɱɟɧɢɢ ɢ 

ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ ȺɋɆ, ɩɪɨɮ. Ɇ. Ɏɨɝɟɥɸ, ɤ.ɮ.-ɦ.ɧ. ɉɟɬɪɨɜɭ Ɉ.ȼ. ɢ ɫɨ-

ɬɪɭɞɧɢɤɚɦ Ⱦɚɪɦɲɬɚɞɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɡɚ ɩɪɨɜɟɞɟɧɢɟ əɆɊ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɨɦɨɳɶ ɜ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ. Ʉ.ɯ.ɧ. ɇɟɫɬɟɪɨ-

ɜɨɣ ȿ.ɘ. ɢ ɤ. ɬ. ɧ. ɇɟɫɬɟɪɨɜɭ Ⱥ.ɋ. ɡɚ ɩɨɞɞɟɪɠɤɭ, ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɤɪɢɬɢɤɭ ɢ 

ɩɨɦɨɳɶ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɪɭɤɨɩɢɫɢ. 
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