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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ» ɫɨɞɟɪɠɢɬ 57 ɫɬɪɚɧɢɰɵ, 26 

ɪɢɫɭɧɤɚ, 23 ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɬɚɛɥɢɰɵ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɣ ɥɚ-

ɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. ɉɨɢɫɤ ɧɨɜɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ ɩɪɢɩɨɟɜ, 

ɤɨɬɨɪɵɟ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɬɜɟɪɞɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 140–270 °ɋ 

ɞɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɚɹ ɫɜɵɲɟ 600 °ɋ.  

Ɂɚɞɚɱɢ:  

– ɢɡɭɱɢɬɶ ɥɢɬɟɪɚɬɭɪɭ ɢ ɜɵɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɚɫɩɟɤɬɵ ɩɨ ɞɚɧɧɨɣ ɬɟɦɟ;  

– ɜɵɩɨɥɧɢɬɶ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɡɚ-

ɢɦɨɞɟɣɫɬɜɢɹ ɩɨɪɨɲɤɨɜ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ;  

– ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ;  

– ɩɪɟɞɥɨɠɢɬɶ ɜɨɡɦɨɠɧɵɟ ɫɨɫɬɚɜɵ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢ-

ɩɨɟɜ ɫɢɫɬɟɦɵ Ʌ63–Ga; 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɢɡɭɱɟɧɚ ɤɢɧɟɬɢɤɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɨ-

ɪɨɲɤɨɜ ɢ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɨɜ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. Ɋɚɫɫɱɢɬɚɧɵ 

ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ. Ɉɩɪɟɞɟɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɢ ɝɚɥɥɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 270 °ɋ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɥɚɬɭɧɶ, ɝɚɥɥɢɣ, ɩɚɫɬɵ-ɩɪɢɩɨɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɪɟɚɤ-

ɬɢɜɧɚɹ ɞɢɮɮɭɡɢɹ, ɩɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 
ɉɥɚɧɢɪɭɟɬɫɹ ɩɨɞɚɬɶ ɡɚɹɜɤɭ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ ɩɨ ɧɨɜɨɣ ɩɚɫɬɟ-ɩɪɢɩɨɸ. 
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɜɫɟ ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ 

ɩɪɢɨɛɪɟɬɚɟɬ ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɡɭɱɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ 

ɝɚɥɥɢɹ ɢ ɞɪɭɝɢɯ ɥɟɝɤɨɩɥɚɜɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɂɡɭɱɚɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɢɞɤɢɯ ɢ 

ɬɜɟɪɞɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɪɢɩɨɟɜ 

ɪɟɲɚɟɬɫɹ ɬɚɤɢɟ ɜɨɩɪɨɫɵ ɤɚɤ – ɜɨɡɨɛɧɨɜɥɟɧɢɟ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ, ɩɨɜɪɟɠɞɟɧɵ ɜ ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɢ; ɪɚɡ-

ɪɚɛɨɬɤɚ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɚɣɤɢ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɮɟɪɵ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

Ɉɫɧɨɜɧɚɹ ɩɪɟɞɩɨɫɵɥɤɚ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɷɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɤɨɪɟɧɧɨɝɨ 

ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ ɩɪɢɩɨɟɜ; ɩɨɢɫɤ ɧɨɜɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ 

ɛɭɞɭɬ ɨɬɜɟɱɚɬɶ ɡɚɞɚɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɟɜɨɫɯɨɞɢɬɶ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɚɦ ɢɡɜɟɫɬɧɵɯ ɫɨɫɬɚɜɨɜ. 

Ʉɚɤ ɢ ɭ ɥɸɛɨɣ ɞɪɭɝɨɣ ɬɟɯɧɨɥɨɝɢɢ ɭ ɧɟɟ ɟɫɬɶ ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨ-

ɫɬɚɬɤɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɚɥɥɢɹ ɜ ɪɨɥɢ ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɞɥɹ ɞɢɮɮɭɡɢ-

ɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɞɚɟɬ ɬɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɚɤ: ɜɵɫɨɤɚɹ ɫɦɚɱɢ-

ɜɚɟɦɨɫɬɶ ɡɚɞɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ; ɜɨɡɦɨɠɧɨɫɬɶ 

ɚɤɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɬɭɝɨɩɥɚɜɤɢɦɢ ɦɟɬɚɥɥɚɦɢ ɢ ɢɯ ɫɩɥɚɜɚɦɢ. Ʉ ɦɢɧɭ-

ɫɚɦ ɨɬɧɨɫɹɬ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɭɡɢɢ ɢ ɞɥɢɬɟɥɶ-

ɧɨɟ ɜɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɚɫɬɵ-ɩɪɢɩɨɹ. 
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1 Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ 

 

Ɍɪɟɛɭɟɬɫɹ ɪɚɡɨɛɪɚɬɶ ɨɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɡɚɬɪɚ-

ɝɢɜɚɸɬɫɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. Ɍɨɱɧɟɟ ɷɬɨ: ɤɥɚɫɫɢɱɟɫɤɚɹ ɞɢɮɮɭɡɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ 

ɡɚɤɨɧɵ Ɏɢɤɚ; ɬɟɨɪɢɹ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ, ɤɢɧɟɬɢɤɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭ-

ɬɨɱɧɵɯ ɮɚɡ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɚɫɬɚɯ-ɩɪɢɩɨɹɯ ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ, ɨɫɨɛɟɧɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɢɧɞɭɫɬɪɢɢ ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ. 

 

1.1 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɩɚɣɤɢ ɦɟɬɚɥɥɨɜ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ ɩɪɨɰɟɫ-

ɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɞɟɥɢɣ. Ɉɫɨɛɟɧɧɨ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɢɡɞɟɥɢɣ ɢɡ ɬɜɟɪɞɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɟɥ ɩɭɬɟɦ ɢɯ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɡɴɟɞɢɧɟɧɢɹ, 

ɫɪɚɳɢɜɚɧɢɹ, ɧɚɪɚɳɢɜɚɧɢɹ ɢ ɪɚɡɞɟɥɟɧɢɹ. ɗɬɢ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜ-

ɥɟɧɵ ɤɚɤ ɛɟɡ ɪɚɫɩɥɚɜɥɟɧɢɹ ɬɜɟɪɞɵɯ ɬɟɥ, ɬɚɤ ɢ ɫ ɢɯ ɩɥɚɜɥɟɧɢɟɦ. 

ɉɚɣɤɚ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɩɟɪɚɰɢɹ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴ-

ёɦɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɭɬёɦ ɜɜɟɞɟɧɢɹ ɦɟɠɞɭ 

ɷɬɢɦɢ ɞɟɬɚɥɹɦɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɢɦɟɸɳɟɝɨ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚ-

ɬɭɪɭ ɩɥɚɜɥɟɧɢɹ, ɱɟɦ ɦɚɬɟɪɢɚɥ ɫɨɟɞɢɧɹɟɦɵɯ ɞɟɬɚɥɟɣ. Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɩɪɨɢɡ-

ɜɨɞɢɬɫɹ ɩɚɹɥɶɧɢɤɨɦ [1]. 

ɂɫɯɨɞɹ ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɣɤɢ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɥɢɤɜɢ-

ɞɭɫɚ ɩɪɢɩɨɹ ɢɥɢ ɟɝɨ ɥɟɝɤɨɩɥɚɜɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ (ɩɪɢ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨɣ 

ɩɚɣɤɟ) ɞɨɥɠɧɚ ɛɵɬɶ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɢɞɭɫɚ ɩɚɹɟɦɨɝɨ ɦɟɬɚɥɥɚ. ɇɨ ɷɬɨ ɧɟ 

ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɩɚɣɤɢ ɩɚɹɟɦɵɣ ɦɟɬɚɥɥ ɧɟ ɩɥɚɜɢɬɶɫɹ.  

ɉɥɚɜɥɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɛɟɡ ɭɱɚɫɬɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɫɬɜɨɪɟɧɢɹ ɟɫɬɟ-

ɫɬɜɟɧɧɨ ɧɚɡɵɜɚɬɶ ɚɜɬɨɧɨɦɧɵɦ ɩɥɚɜɥɟɧɢɟɦ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. ɉɥɚɜɥɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɫ ɭɱɚɫɬɢɟɦ ɩɪɨ-

ɰɟɫɫɨɜ ɪɚɫɬɜɨɪɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɨɛɹɡɚɬɟɥɶɧɨ ɜ ɤɨɧɬɚɤɬɟ ɫ ɬɟɥɚɦɢ ɜ ɬɜɟɪɞɨɦ ɢɥɢ 

ɞɪɭɝɢɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ – ɠɢɞɤɨɦ, ɝɚɡɨɨɛɪɚɡɧɨɦ, ɩɥɚɡɦɟɧɧɨɦ. Ɍɚɤɢɟ 
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ɩɪɨɰɟɫɫɵ ɩɥɚɜɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɤɨɧɬɚɤɬɧɵɦɢ, ɤɪɚɬɤɨ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɝɭɬ ɛɵɬɶ 

ɨɬɧɟɫɟɧɵ ɤ ɪɚɡɧɨɜɢɞɧɨɫɬɹɦ ɤɨɧɬɚɤɬɧɨɝɨ ɩɥɚɜɥɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɤɨɧɬɚɤɬɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ 

ɬɟɥ ɫ ɭɱɟɬɨɦ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɪɨɞɫɬɜɚ, ɫɬɟɩɟɧɢ ɪɚɜɧɨɜɟɫɧɨɫɬɢ ɫɢɫɬɟɦɵ ɧɚ ɪɚɡ-

ɧɵɯ ɷɬɚɩɚɯ ɩɟɪɟɯɨɞɚ ɟɟ ɤ ɫɬɚɛɢɥɶɧɨɦɭ ɪɚɜɧɨɜɟɫɢɸ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ ɩɟɪɜɨɝɨ ɪɨɞɚ, ɩɨɡɜɨɥɹɟɬ ɨɛɴɹɫɧɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɛɟɡɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɷɬɚɩɚ ɩɪɨɰɟɫɫɚ ɧɚ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ [1]. 

ɋɨɫɬɚɜ ɮɚɡ ɫɢɫɬɟɦɵ А–В, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɱɤɚɦɢ ɩɟɪɟɫɟɱɟɧɢɹ ɤɨɧɨɞɵ, ɬ. ɟ. ɩɪɹɦɨɣ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɫɢ 

ɤɨɧɰɟɧɬɪɚɰɢɣ, ɩɪɨɜɟɞɟɧɧɨɣ ɧɚ ɭɪɨɜɧɟ Ɍ1 ɫ ɤɪɢɜɵɦɢ ɫɨɥɢɞɭɫɚ ɢ ɥɢɤɜɢɞɭɫɚ ɞɢɚ-

ɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ (ɪɢɫ. 1). ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɬɜɟɪɞɵɟ ɢ ɠɢɞɤɢɟ ɫɩɥɚɜɵ 

ɫɢɫɬɟɦɵ А–В, ɜɤɥɸɱɚɹ А ɢ В, ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɜ ɤɨɧɬɚɤɬ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ 

ɫɨɛɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɪɚɜɧɨɜɟɫɧɭɸ ɫɢɫɬɟɦɭ, ɜ ɤɨɬɨɪɨɣ ɩɪɢ ɡɚɞɚɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɛɭɞɭɬ ɜɨɡɧɢɤɚɬɶ ɩɪɨɰɟɫɫɵ, ɫɬɢɦɭɥɢɪɭɸɳɢɟ ɜɨɡɜɪɚɳɟɧɢɟ ɟɟ ɤ 

ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ. ɗɬɨɬ ɩɟɪɟɯɨɞ, ɫɨɝɥɚɫɧɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɩɪɟɞ-

ɫɬɚɜɥɟɧɢɹɦ, ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ ɢ ɥɚɛɢɥɶɧɨɟ ɪɚɜɧɨɜɟɫɢɟ. 

 

 

А ɢ В – ɤɨɦɩɨɧɟɧɬɵ 

Ɍ1 – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɜɧɨɜɟɫɢɹ 

ɋɬ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɜɟɪɞɨɝɨ 

ɪɚɫɬɜɨɪɚ 

ɋɀ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɢɞɤɨɣ 

ɮɚɡɵ 

 

Ɋɢɫɭɧɨɤ 1 – ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɩɚɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ А 

ɢ ɩɪɢɩɨɹ В ɧɚ ɝɪɚɧɢɰɟ ɫɨ ɲɜɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɣɤɢ 

 

Ʉɨɧɬɚɤɬɧɵɟ ɩɪɨɰɟɫɫɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɫ ɞɪɭɝɢɦ ɠɢɞɤɢɦ 

ɬɟɥɨɦ ɧɚɱɢɧɚɸɬɫɹ ɩɨ ɢɯ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɪɢ ɫɦɚɱɢɜɚɧɢɢ. 
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ɋɬɚɞɢɹ ɫɦɚɱɢɜɚɧɢɹ, ɬ. ɟ, ɜɜɟɞɟɧɢɟ ɜ ɤɨɧɬɚɤɬ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɫ ɠɢɞɤɢɦ ɢ 

ɚɤɬɢɜɢɪɨɜɚɧɢɟ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥ ɧɚ ɢɯ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ, ɧɟ ɜɨɜɥɟɤɚɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɯ ɜɟɳɟɫɬɜɚ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɷɬɨɬ 

ɷɬɚɩ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɟɧ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɩɨ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɩɪɨ-

ɢɫɯɨɞɢɬ ɛɨɥɟɟ ɫɢɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ, 

ɱɟɦ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɠɢɞɤɨɣ ɮɚɡɵ [1]. 

ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɤɨɧɬɚɤɬɚ ɠɢɞɤɨɝɨ ɢ ɬɜɟɪɞɨɝɨ ɬɟɥ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ 

ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ S, ɜɫɥɟɞɫɬɜɢɟ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɢɦɢ-

ɱɟɫɤɢɦ ɢɯ ɫɪɨɞɫɬɜɨɦ, ɩɪɨɢɫɯɨɞɹɬ ɝɟɬɟɪɨɝɟɧɧɵɟ ɪɟɚɤɰɢɢ. ȼ ɝɟɬɟɪɨɝɟɧɧɵɟ ɪɟ-

ɚɤɰɢɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜɨɜɥɟɤɚɸɬɫɹ ɩɪɢɥɟɠɚɳɢɟ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɬɜɟɪ-

ɞɵɟ ɢ ɠɢɞɤɢɟ ɫɥɨɢ, ɩɪɢɯɨɞɹɳɢɟ ɩɪɢ ɷɬɨɦ ɜ ɚɤɬɢɜɢɪɨɜɚɧɧɨɟ (ɜɨɡɛɭɠɞɟɧɧɨɟ) 

ɫɨɫɬɨɹɧɢɟ, ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɛɢɥɶɧɵɦ ɫɨɫɬɨɹ-

ɧɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨɟɜ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥ. 

ɉɨɫɥɟ ɫɦɚɱɢɜɚɧɢɹ ɠɢɞɤɢɦ ɬɜɟɪɞɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɚ ɩɪɨɢɫɯɨɞɢɬ 

ɟɝɨ ɩɥɚɜɥɟɧɢɟ (ɛɟɡɞɢɮɮɭɡɢɨɧɧɚɹ ɫɬɚɞɢɹ ɪɚɫɬɜɨɪɟɧɢɟ). Ʉɨɧɬɚɤɬɧɨɟ ɬɜɟɪɞɨɠɢɞ-

ɤɨɟ ɩɥɚɜɥɟɧɢɟ ɦɨɠɟɬ ɢɦɟɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɧɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɦɟ-

ɠɭɬɨɱɧɵɦ ɷɬɚɩɨɦ ɩɪɢ ɞɪɭɝɢɯ ɜɢɞɚɯ ɤɨɧɬɚɤɬɧɨɝɨ ɩɥɚɜɥɟɧɢɹ. 

Ɉɩɢɫɚɧɧɨɟ ɜɩɟɪɜɵɟ Ⱥ. Ƚɚɥɥɨɤɨɦ ɢ Ɏ. Ɇ. Ɏɥɚɜɢɰɤɢɦ ɹɜɥɟɧɢɟ ɩɥɚɜɥɟɧɢɹ 

ɬɜɟɪɞɵɯ ɬɟɥ ɜ ɢɯ ɤɨɧɬɚɤɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɷɜ-

ɬɟɤɬɢɤɢ ɜ ɢɯ ɫɢɫɬɟɦɟ, ɧɨ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɚɜɬɨɧɨɦɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ 

ɥɟɝɤɨɩɥɚɜɤɨɝɨ ɢɡ ɧɢɯ, ɛɵɥɨ ɧɚɡɜɚɧɨ ɤɨɧɬɚɤɬɧɵɦ ɹɜɥɟɧɢɟɦ. 

Ɍɚɤ ɤɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɥɚɜɥɟɧɢɹ ɬɜɟɪɞɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɟɥ ɜ ɦɟɫɬɟ ɢɯ 

ɤɨɧɬɚɤɬɚ ɨɛɪɚɡɭɟɬɫɹ ɫɩɥɚɜ ɫ ɧɨɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɬɥɢɱɧɵɦɢ ɨɬ ɫɜɨɣɫɬɜ ɪɹɞɨɦ 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɩɥɚɜɨɜ ɬɨɣ ɠɟ ɫɢɫɬɟɦɵ, ɬɨ ɩɨɥɚɝɚɥɢ, ɱɬɨ ɬɚɤɨɣ ɜɢɞ ɤɨɧɬɚɤɬ-

ɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɧɚɡɵɜɚɬɶ ɤɨɧɬɚɤɬɧɨ-ɪɟɚɤɬɢɜɧɵɦ [1]. ɉɪɨɰɟɫɫ 

ɤɨɧɬɚɤɬɧɨ-ɪɟɚɤɰɢɨɧɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɫɬɚɞɢɣ [2]:  

– ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɤɨɧɬɚɤɬɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢɥɢ ɩɪɨ-

ɫɥɨɟɤ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɫɬɚɞɢɹ);  

– ɩɨɹɜɥɟɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɩɨ ɦɟɫɬɭ ɤɨɧɬɚɤɬɚ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ;  

– ɩɥɚɜɥɟɧɢɟ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɧɨɜɨɣ ɮɚɡɟ.  
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ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɜɟɪɞɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɟɥ ɧɚ 

ɢɯ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ ɩɪɢ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɩɨɫɬɟɩɟɧɧɨ ɩɨɜɵɲɚɟɬɫɹ ɡɚ 

ɫɱɟɬ ɧɚɤɨɩɥɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɧɚ ɝɪɟɛɧɟ ɥɚ-

ɛɢɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢ ɷɬɨɦ ɦɚɥɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 

ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥ, ɜɵɲɟ ɬɪɟɛɭɟɦɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢ-

ɜɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɯɨɞɭ ɟɟ ɜ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ – ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ 

ɪɚɜɧɨɜɟɫɢɟ ɬɪɟɯ ɮɚɡ: ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢɥɢ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɠɢɞ-

ɤɨɣ ɮɚɡɵ, ɬ. ɟ. ɤ ɩɥɚɜɥɟɧɢɸ. 

ɉɚɣɤɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɧɟ-

ɪɚɡɴɟɦɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɤɨɧɬɚɤɬɧɵɦ ɥɨɤɚɥɶɧɵɦ ɢɯ ɩɥɚɜɥɟ-

ɧɢɟɦ ɩɪɢ ɫɦɚɱɢɜɚɧɢɢ, ɪɚɫɬɟɤɚɧɢɹ ɢ ɡɚɩɨɥɧɟɧɢɢ ɡɚɡɨɪɚ ɦɟɠɞɭ ɧɢɦɢ ɪɚɫɩɥɚɜɥɟɧɧɵɦ 

ɩɪɢɩɨɟɦ ɢ ɫɰɟɩɥɟɧɢɟɦ ɢɯ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ. ɇɚɪɚɳɢɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ ɩɚɣɤɢ 

(ɧɚɩɚɣɤɚ) ɟɫɬɶ ɩɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ ɫɥɨɹ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ 

ɩɪɢɩɨɹ ɧɚ ɬɜɟɪɞɵɣ ɦɚɬɟɪɢɚɥ ɫ ɥɨɤɚɥɶɧɵɦ, ɤɨɧɬɚɤɬɧɵɦ ɩɥɚɜɥɟɧɢɟɦ ɩɨɫɥɟɞɧɟɝɨ ɢ 

ɫɰɟɩɥɟɧɢɟɦ ɢɯ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ. ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɧɚɩɚɣɤɚ ɦɨɠɟɬ ɢɦɟɬɶ ɫɩɟɰɢ-

ɚɥɶɧɨɟ ɧɚɡɜɚɧɢɟ: ɧɚɩɚɣɤɚ ɨɥɨɜɨɦ ɢ ɟɝɨ ɫɩɥɚɜɚɦɢ –  ɥɭɠɟɧɢɟ, ɧɚɩɚɣɤɚ ɰɢɧɤɨɦ – ɰɢɧ-

ɤɨɜɚɧɢɟ, ɚɥɸɦɢɧɢɟɦ – ɚɥɢɬɢɪɨɜɚɧɢɟ ɢ ɞɪ. ɉɪɨɰɟɫɫ ɧɚɪɚɳɢɜɚɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɩɥɚɜ-

ɥɟɧɢɟɦ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɧɚɩɥɚɜɤɟ [1]. 

 

1.2 Ɍɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɢɩɨɹɦ 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɟɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɨɥɶɤɨ ɬɟ ɦɟɬɚɥɥɵ ɢɥɢ 

ɫɩɥɚɜɵ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɡɚɜɢɫɹɳɢɦ ɨɬ ɭɫɥɨɜɢɣ 

ɩɚɣɤɢ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɹɧɨɝɨ ɢɡɞɟɥɢɹ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ [3]. 

ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɫɥɟɞɭɸɳɢɟ: 

1 Ʉɨɦɩɨɧɟɧɬɵ ɩɪɢɩɨɹ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɫ ɨɫ-

ɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ, ɢ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɬɶ ɩɚɹɟɦɨɟ ɢɡɞɟɥɢɟ. 

2 Ⱦɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɤɨɪɪɨɡɢ-

ɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ. 
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Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɲɜɚ ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɩɪɢɩɨɹ, ɬɚɤ ɢ ɨɬ ɨɫɧɨɜɧɨɝɨ 

ɦɟɬɚɥɥɚ. ɉɨɷɬɨɦɭ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɚɦɨɝɨ ɩɪɢɩɨɹ ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡ-

ɤɨɣ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɡ ɧɟɝɨ ɦɨɠɧɨ ɛɵɥɨ ɩɨɥɭ-

ɱɢɬɶ ɩɪɨɜɨɥɨɤɭ ɢɥɢ ɥɟɧɬɭ ɞɥɹ ɜɜɟɞɟɧɢɹ ɩɪɢɩɨɹ ɜ ɦɟɫɬɨ ɩɚɣɤɢ. 

3 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ, ɜ ɤɨɬɨɪɵɯ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɚɣɤɚ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɩɚɹɧɨɝɨ ɢɡɞɟɥɢɹ. 

ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪɢɩɨɹ ɛɥɢɡɤɚ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɨɫ-

ɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɬɨ ɩɪɨɰɟɫɫ ɩɚɣɤɢ ɡɚɬɪɭɞɧɹɟɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɦɚɥɟɣɲɟɦ 

ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɣɤɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɠɨɝ ɢɡɞɟɥɢɹ. ɉɨɷɬɨɦɭ ɢɧɬɟɪ-

ɜɚɥ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɚɣɤɢ 

ɞɨɥɠɟɧ ɛɵɬɶ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɧɟ ɦɟɧɟɟ 50–60 ɝɪɚɞɭɫɨɜ. 

ȿɫɥɢ ɬɪɟɛɭɟɬɫɹ ɫɨɯɪɚɧɢɬɶ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪɢɩɨɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɛɪɚɧɚ ɬɚɤ, ɱɬɨɛɵ ɧɟ ɩɪɨɢɫɯɨ-

ɞɢɥɨ ɡɚɦɟɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɚɣɤɟ 

ɡɚɤɚɥɟɧɧɵɯ ɫɬɚɥɶɧɵɯ ɢɡɞɟɥɢɣ) [3]. 

4 ȼɵɩɨɥɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɤɨɧɫɬɪɭɤɰɢɢ 

(ɠɚɪɨɩɪɨɱɧɨɫɬɶ, ɤɢɫɥɨɬɨɭɩɨɪɧɨɫɬɶ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɰɜɟɬɚ ɩɚɹɧɨɝɨ ɲɜɚ ɰɜɟɬɭ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɬ. ɞ.). 

5 Ɉɬɫɭɬɫɬɜɢɟ ɤɪɚɫɧɨɥɨɦɤɨɫɬɢ ɢɥɢ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ, ɬ. ɤ. ɷɬɨ ɦɨɠɟɬ ɩɪɢ-

ɜɟɫɬɢ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɩɚɹɧɨɝɨ ɲɜɚ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚɧɢɹ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ. 

6 ɇɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢ ɩɪɨɫɬɨɬɚ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ. 

7 Ȼɥɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɫɧɨɜɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢɩɨɹ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɩɚɹɧɨɟ ɢɡɞɟɥɢɟ ɪɚɛɨɬɚɟɬ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨ-

ɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɡɧɢɰɚ ɜ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢ-

ɪɟɧɢɹ ɢɡɞɟɥɢɹ ɢ ɲɜɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɬɪɟɳɢɧ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɢɡɞɟɥɢɹ ɩɨɫɥɟ ɩɚɣɤɢ. 
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1.3 Ƚɚɥɥɢɟɜɵɟ ɩɪɢɩɨɢ 

 

ɇɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢ ɯɨɪɨɲɚɹ ɫɦɚɱɢɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɝɚɥɥɢɹ ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɚ ɞɥɹ ɩɪɢɩɨɟɜ.   

Ƚɚɥɥɢɣ ɨɛɥɚɞɚɟɬ ɧɟɨɛɵɱɧɨ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɨɧɢɤɚɬɶ ɩɨ ɝɪɚɧɢ-

ɰɚɦ ɡɟɪɟɧ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ, ɨɫɨɛɟɧɧɨ ɥɟɝɤɨɩɥɚɜɤɢɯ – ɨɥɨɜɚ, ɤɚɞɦɢɹ, 

ɫɜɢɧɰɚ, ɚ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɨ ɝɪɚɧɢɰɚɦ ɚɥɸɦɢɧɢɹ ɫ ɨɛɪɚɡɨɜɚ-

ɧɢɟɦ ɥɟɝɤɨɩɥɚɜɤɨɣ ɷɜɬɟɤɬɢɤɢ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɟɝɨ ɦɚɥɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɷɬɢɯ 

ɦɟɬɚɥɥɚɯ  ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ. Ⱥɥɸɦɢɧɢɣ ɩɨɫɥɟ ɥɭɠɟɧɢɹ ɝɚɥɥɢɟɦ ɧɢɠɟ 

ɬɟɦɩɟɪɚɬɭɪɵ 120 °ɋ ɫɬɚɧɨɜɢɬɫɹ ɯɪɭɩɤɢɦ ɢ ɧɟɩɪɨɱɧɵɦ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɨ ɝɪɚɧɢɰɚɦ ɟɝɨ ɡɟɪɟɧ ɨɫɨɛɨɥɟɝɤɨɩɥɚɜɤɢɨɣ ɷɜɬɟɤɬɢɤɢ, ɛɨɝɚɬɨɣ ɝɚɥɥɢɟɦ ɫ ɬɟɦ-

ɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɧɢɠɟ 29,7 °ɋ [1]. ȼɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 120 °ɋ ɝɚɥɥɢɣ ɨɛ-

ɪɚɡɭɟɬ ɫ ɚɥɸɦɢɧɢɟɦ ɫɪɚɜɧɢɬɟɥɶɧɨ ɲɢɪɨɤɭɸ ɨɛɥɚɫɬɶ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɩɪɢ 

ɞɨɫɬɚɬɨɱɧɨɣ ɜɵɞɟɪɠɤɟ ɫɩɨɫɨɛɟɧ ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɫ ɝɪɚɧɢɰɟɣ ɡɟɪɟɧ, ɱɬɨ ɩɪɢ-

ɜɨɞɢɬ ɤ ɩɨɥɧɨɦɭ ɢɥɢ ɱɚɫɬɢɱɧɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ 

ɩɚɹɟɦɨɝɨ ɦɟɬɚɥɥɚ.  

Ƚɚɥɥɢɣ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɥɟɝɤɨɩɥɚɜɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɦɟɬɚɥɥɨɤɟ-

ɪɚɦɢɱɟɫɤɢɯ ɩɪɢɩɨɟɜ-ɩɚɫɬ, ɩɪɢɦɟɧɹɟɦɵɯ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ ɩɚɣɤɢ ɱɭɜɫɬɜɢɬɟɥɶ-

ɧɵɯ ɤ ɧɚɝɪɟɜɭ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɷɥɟɤɬɪɨɧɢɤɟ, ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɟɣ ɜɧɭɬɪɢ ɜɚɤɭ-

ɭɦɧɵɯ ɩɪɢɛɨɪɨɜ, ɫɨɟɞɢɧɟɧɢɹ ɤɨɬɨɪɵɯ ɪɚɛɨɬɚɸɬ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 450 °ɋ, ɬ. ɟ. ɜ ɭɫɥɨ-

ɜɢɹɯ, ɤɨɝɞɚ ɤɥɟɢ ɡɚɝɪɹɡɧɹɸɬ ɜɚɤɭɭɦɧɭɸ ɫɢɫɬɟɦɭ, ɚ ɬɚɤɠɟ ɩɪɢ ɫɨɟɞɢɧɟɧɢɢ ɪɚɡɧɨɪɨɞ-

ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɤɜɚɪɰ-ɤɨɜɚɪ, ɢ ɜ ɸɜɟɥɢɪɧɨɦ ɞɟɥɟ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɞɪɚɝɨ-

ɰɟɧɧɵɯ ɤɚɦɧɟɣ ɩɪɢ ɧɟɧɚɞɟɠɧɨɫɬɢ ɤɥɟɟɜ. 

Ɇɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɫ ɝɚɥɥɢɟɦ ɩɨɡɜɨɥɹɸɬ ɫɨɛɢɪɚɬɶ ɢɡ-

ɞɟɥɢɹ ɩɨɞ ɩɚɣɤɭ ɫ ɛɨɥɶɲɢɦ ɡɚɡɨɪɨɦ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɫ ɡɚɦɤɧɭɬɵɦɢ 

ɩɚɹɧɧɵɦɢ ɲɜɚɦɢ, ɤɨɝɞɚ ɡɚɬɪɭɞɧɟɧ ɩɪɢɠɢɦ ɫɨɟɞɢɧɹɟɦɵɯ ɞɟɬɚɥɟɣ, ɚ ɫɛɨɪɤɚ ɫ 

ɤɚɩɢɥɥɹɪɧɵɦɢ ɡɚɡɨɪɚɦɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɞɨɪɨɠɚɟɬ ɩɪɨɰɟɫɫ [1]. 
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ɇɚɩɨɥɧɢɬɟɥɟɦ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɫɥɭɠɚɬ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɟ ɩɨ-

ɪɨɲɤɢ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɦɟɞɢ, ɫɟɪɟɛɪɚ, ɧɢɤɟɥɹ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɥɟɝ-

ɤɨɩɥɚɜɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɚɫɬ ɜ ɝɚɥɥɢɣ ɞɨɛɚɜɥɹɸɬ ɢɧɞɢɣ, ɨɥɨɜɨ. Ⱦɢɫɩɟɪɫ-

ɧɨɫɬɶ ɧɚɩɨɥɧɢɬɟɥɹ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ 35–71 ɦɤɦ.  

ɇɟɤɨɬɨɪɵɟ ɞɜɨɣɧɵɟ ɫɩɥɚɜɵ ɝɚɥɥɢɹ ɫ ɦɟɞɶɸ, ɫɟɪɟɛɪɨɦ, ɡɨɥɨɬɨɦ, ɦɚɝ-

ɧɢɟɦ, ɬɢɬɚɧɨɦ, ɧɢɤɟɥɟɦ, ɤɨɛɚɥɶɬɨɦ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɝɨɞɧɵ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɟɜ 

ɞɥɹ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ ɪɹɞɚ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. 

Ƚɚɥɥɢɣ ɢ ɝɚɥɥɢɟɜɵɟ ɩɚɫɬɵ ɢɧɬɟɧɫɢɜɧɨ ɨɤɢɫɥɹɸɬɫɹ ɩɪɢ ɧɚɝɪɟɜɟ ɧɚ ɜɨɡ-

ɞɭɯɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 400 °ɋ ɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɩɪɢ ɷɬɨɦ ɜ ɬɟɦɧɭɸ ɩɨɪɨɲɤɨ-

ɜɭɸ ɦɚɫɫɭ. ɉɨɷɬɨɦɭ ɩɚɣɤɭ ɝɚɥɥɢɟɜɵɦɢ ɩɚɫɬɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 400 

°ɋ ɧɟɨɛɯɨɞɢɦɨ ɜɟɫɬɢ ɜ ɜɚɤɭɭɦɟ, ɩɪɢɦɟɪɧɨ 10-4 ɦɦ ɪɬ. ɫɬ. 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɟɝɨ ɤɨɪɨɛɥɟɧɢɹ ɢ ɪɚɫɬɟɤɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɜ ɫɢɥɨɜɵɯ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ ɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɰɢɤɥɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ-

ɛɨɪɨɜ ɜ ɪɟɠɢɦɚɯ «ɜɵɤɥɸɱɟɧɨ-ɜɤɥɸɱɟɧɨ» ɧɚɲɟɥ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɩɨɣ, ɫɨɫɬɨɹ-

ɳɢɣ ɢɡ ɝɚɥɥɢɹ ɢ ɨɥɨɜɚ (ɞɨ 60 % Ga) [1]. 

Ɉɞɧɚɤɨ ɧɚɪɹɞɭ ɫ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɝɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɢɦɟɸɬ ɢ ɫɭɳɟ-

ɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɢɯ ɩɪɢɦɟɧɟɧɢɟ. Ƚɥɚɜɧɵɟ – ɷɬɨ ɞɥɢ-

ɬɟɥɶɧɨɟ ɜɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɞɢɮɮɭɡɢɨɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ ɢ ɡɧɚ-

ɱɢɬɟɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ.  

ɋɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɢ ɤɢɧɟɬɢɤɨɣ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɝɚɥɥɢɹ ɫ ɧɚɩɨɥɧɢɬɟɥɹɦɢ, ɢ ɫɨɟɞɢɧɹɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ.  

Ʉɢɧɟɬɢɤɚ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ ɤɨɧɬɚɤɬɟ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɦɟ-

ɬɚɥɥɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɫɬɚɞɢɢ [4].  

ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ (ɫɦɚɱɢ-

ɜɚɧɢɟ) ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɧɚɫɵɳɟɧɢɟ ɠɢɞɤɨɣ ɮɚɡɵ ɩɪɢ ɪɚɫ-

ɬɜɨɪɟɧɢɢ ɜ ɧɟɣ ɬɜɟɪɞɨɣ ɮɚɡɵ.  

ȼɬɨɪɚɹ ɫɬɚɞɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɨɬɟɤɚɧɢɟɦ ɤɨɧɬɚɤɬɧɨ-ɪɟɚɤɬɢɜɧɵɯ ɩɪɨ-

ɰɟɫɫɨɜ (ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɯɧɨɥɨɝɢɢ ɩɚɣɤɢ ɫɬɪɨɝɨ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɫɤɨɪɨɫɬɶ 
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ɢ ɝɥɭɛɢɧɚ ɪɟɚɤɰɢɢ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɞɥɹ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨ-

ɜɚɧɢɹ, ɱɬɨ ɢ ɮɨɪɦɢɪɭɟɬ ɤɨɦɩɥɟɤɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɮɭɧɤ-

ɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɪɢɩɨɹ (ɢɡɞɟɥɢɹ). 

 

1.4 Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɞɢɮɮɭɡɢɢ 

 

Ⱦɢɮɮɭɡɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ 

ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ. Ⱦɢɮɮɭɡɢɹ ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɨɝɪɨɦɧɨɦ ɤɨɥɢɱɟɫɬɜɟ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦɚɯ ɨɬ ɫɢɥɶɧɨ ɧɟɢɞɟɚɥɶɧɨɣ 

ɩɥɚɡɦɵ ɞɨ ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɨɧɚ ɡɚɱɚɫɬɭɸ ɹɜɥɹɟɬɫɹ ɟɞɢɧ-

ɫɬɜɟɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɬɪɚɧɫɩɨɪɬɚ, ɞɨɫɬɭɩɧɵɦ ɧɚ ɚɬɨɦɧɵɯ ɦɚɫɲɬɚɛɚɯ. 

ɉɪɨɰɟɫɫɵ ɞɢɮɮɭɡɢɢ ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟɧɢɹ Ɏɢɤɚ, ɨɧɢ ɫɩɪɚɜɟɞɥɢɜɵ ɞɥɹ 

ɫɢɫɬɟɦ ɫ ɦɚɥɵɦ ɩɟɪɟɩɚɞɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ – ɝɪɚ-

ɞɢɟɧɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 𝑑ɋ/𝑑х [5]. 

ɉɟɪɜɵɣ ɡɚɤɨɧ Ɏɢɤɚ: 

 𝑑݉ = ܦ−  𝑑C𝑑x 𝑑𝑆 𝑑𝜏,                                                                                  (1.1) 

 

ɝɞɟ 𝑑݉ – ɤɨɥɢɱɟɫɬɜɨ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ; 𝑑𝜏 – ɟɞɢɧɢɰɚ ɜɪɟɦɟɧɢ;  𝑑𝑆 – ɟɞɢɧɢɰɚ ɩɨɜɟɪɯɧɨɫɬɢ;  𝑑ɋ/𝑑х – ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ;  

D – ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɢɮɮɭɡɢɢ (ɦ2/ɫ).  

Ɂɧɚɤ «ɦɢɧɭɫ» ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɢɡ ɨɛɥɚɫɬɢ ɫ ɛɨɥɶɲɟɣ 

ɜ ɨɛɥɚɫɬɶ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ [5]. 

ȼ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ, ɚ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɪɨɰɟɫɫ ɞɢɮɮɭɡɢɢ ɦɨɠɧɨ 

ɨɩɢɫɚɬɶ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ Ɏɢɤɚ, ɤɨɬɨɪɵɣ ɜɵɜɨɞɢɬɶɫɹ ɢɡ ɩɟɪɜɨɝɨ [5]: 
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𝑑С𝑑𝜏 =  ଶ,                                                                                      (1.2)ݔ𝑑/ܥ𝑑ଶܦ

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ D (ɦ2/ɫ) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ, ɜ 

ɭɫɥɨɜɢɹɯ ɩɟɪɟɩɚɞɚ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɪɚɜɧɨɦ ɟɞɢɧɢɰɟ, ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨ-

ɫɬɚɜɚ ɫɩɥɚɜɚ, ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ [5]. 

Ɍɚɤ ɠɟ ɫɭɳɟɫɬɜɭɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮ-

ɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɋ. Ⱥɪɪɟɧɢɭɫɨɦ [5]: 

ܦ  = ଴ܦ  exp ቀ− ொோ𝑇ቁ,                                                                                  (1.3) 

 

ɝɞɟ ܦ଴ – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ (ɦ2/ɫ), ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɫɢɥ 

ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ; 

Q – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ (ɤɚɥ/ɦɨɥɶ); 

R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (ɤɚɥ/ɦɨɥɶ∙Ʉ); 

Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ). 

Ⱦɢɮɮɭɡɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɬɜɟɪɞɵɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɫ ɩɨɜɵɲɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. Ɉɬ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɝɥɭɛɶ ɬɜɟɪɞɨɝɨ ɦɟɬɚɥɥɚ ɤɨɧ-

ɰɟɧɬɪɚɰɢɹ ɧɟɩɪɟɪɵɜɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. Ƚɥɭɛɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɣ ɡɨɧɵ – х (ɪɚɫɫɬɨ-

ɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɫɥɨɹ ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɷɬɨɦ 

ɫɥɨɟ ɤ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋ/ɋ0) ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ [5]: 

ݔ  = 𝐾√ܦ˕˓ ∙ 𝜏,                                                                                           (1.4) 

 

ɝɞɟ ܦ˕˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɬɜɟɪɞɨɦ; 

К – ɤɨɧɫɬɚɧɬɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɋ/ɋ0; 𝜏 – ɜɪɟɦɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɮɮɭɡɢɨɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. Ⱦɥɹ ɩɪɨɫɬɟɣɲɢɯ 

ɫɥɭɱɚɟɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɡɚɤɨɧɵ Ɏɢɤɚ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [6].  
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ɉɟɪɜɵɣ ɡɚɤɨɧ Ɏɢɤɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ: 

 𝑗 = 𝑆ܦ−  𝑑𝐶ሺ𝑥ሻ𝑑𝑥 ,                                                                                          (1.5) 

 

ɝɞɟ j – ɩɨɬɨɤ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ S; 

х – ɝɥɭɛɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɣ ɡɨɧɵ. 

 

Ɂɧɚɤ «ɦɢɧɭɫ» ɨɡɧɚɱɚɟɬ ɬɨ, ɱɬɨ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɢɡ ɨɛɥɚɫɬɢ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ ɜ ɨɛɥɚɫɬɶ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ.  

ɍɪɚɜɧɟɧɢɟ (1.5) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɞɢɮɮɭɧɞɢɪɭɸ-

ɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ ɫɪɟɞɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɨɫɬɨɹ-

ɧɢɢ ɩɨɬɨɤɚ. ɋɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚ-

ɰɢɢ ɢ ɩɨɫɬɨɹɧɧɭɸ ɜɟɥɢɱɢɧɭ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ D.  

ȼɬɨɪɨɣ ɡɚɤɨɧ Ɏɢɤɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ [6]: 

 𝑑𝐶ሺ𝑥,𝑡ሻ𝑑𝑡 = ܦ 𝑑మ𝐶ሺ𝑥,𝑡ሻ𝑑𝑥మ .                                                                                     (1.6) 

 

ɍɪɚɜɧɟɧɢɟ (1.6) ɜɵɪɚɠɚɟɬ ɧɚɤɨɩɥɟɧɢɟ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ, ɤɚɤ ɮɭɧɤɰɢɸ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨɬɨɤɚ.  

ɉɨɜɵɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɧɟɫɨɜɟɪɲɟɧɫɬɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ (ɜɚ-

ɤɚɧɫɢɣ, ɞɢɫɥɨɤɚɰɢɹ, ɝɪɚɧɢɰ ɡɟɪɟɧ, ɭɩɪɭɝɢɯ ɢɫɤɚɠɟɧɢɣ ɪɟɲёɬɤɢ) ɡɚɦɟɬɧɨ ɜɥɢ-

ɹɸɬ ɧɚ ɩɪɨɰɟɫɫɵ ɞɢɮɮɭɡɢɢ ɜ ɦɟɬɚɥɥɚɯ, ɚ ɢɦɟɧɧɨ, ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɭɡɢɢ [6, 7].  

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɜɵɤɥɚɞɤɢ ɩɨ ɞɢɮɮɭɡɢɨɧɧɵɦ 

ɩɪɨɰɟɫɫɚɦ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɞɜɭɯ ɡɚɤɨɧɚɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ Ɏɢɤɨɦ. 

 

 

 



16 

 

1.5 Ɋɟɚɤɰɢɨɧɧɚɹ ɞɢɮɮɭɡɢɹ ɜ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ, ɤɢɧɟɬɢɤɚ ɨɛɪɚɡɨɜɚɧɢɹ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ 
 

Ɋɟɚɤɰɢɨɧɧɚɹ ɞɢɮɮɭɡɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɮɚɡ, ɤɨɬɨɪɵɟ 

ɨɬɥɢɱɧɵ ɨɬ ɢɫɯɨɞɧɵɯ. ɗɬɚ ɞɢɮɮɭɡɢɹ ɩɪɨɬɟɤɚɟɬ ɜɧɭɬɪɢ ɨɬɞɟɥɶɧɨɣ ɮɚɡɵ. ɇɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɮɢɤɫɢɪɭɸɬɫɹ ɤɨɧɤɪɟɬɧɵɟ ɫɨɫɬɚɜɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɬ ɝɪɚɧɢɰɚɦ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɮɚɡ ɧɚ ɞɢɚɝɪɚɦɦɟ 

ɫɨɫɬɨɹɧɢɹ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɲɢɪɢɧɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɩɪɢ 

ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɚɱɤɚɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɦɟɫɬɚɯ ɩɟɪɟ-

ɯɨɞɨɜ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɹɜɥɹɸɬɫɹ ɯɢ-

ɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ (ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɮɚɡɵ). 

Ɇɟɯɚɧɢɡɦɵ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɨɜ 

ɩɪɢ ɪɟɚɤɰɢɨɧɧɨ ɞɢɮɮɭɡɢɢ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɜɢɞɚ [8–10]: 

– ɪɟɡɭɥɶɬɚɬɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ А ɢ B ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɫ ɨɛɪɚɡɨ-

ɜɚɧɢɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ АmВn. ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɧɟ ɫɜɹɡɚɧɚ ɫ ɪɚɫɬɜɨɪɟɧɢɟɦ. 

– ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɢɮɮɭɡɢɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɠɢɞɤɨɝɨ ɫɩɥɚɜɚ ɜ ɬɜɟɪɞɵɣ, 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɩɟɪɟɫɬɪɚɢɜɚɟɬɫɹ ɜ ɪɟɲɟɬɤɭ, ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɳɭɸ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ. ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɩɪɟɞɟɥɶɧɨɣ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ (ɋx). 

– ɩɨɝɪɭɠɟɧɢɟɦ ɜ ɠɢɞɤɢɣ ɦɟɬɚɥɥ (В) ɬɭɝɨɩɥɚɜɤɢɣ (А). ɂɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɟ 

ɫɨɟɞɢɧɟɧɢɟ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (A) ɢ (В) ɜ ɧɚɫɵɳɟɧɧɨɦ 

ɪɚɫɩɥɚɜɟ ɤɨɦɩɨɧɟɧɬɨɦ А. ɉɟɪɜɨɣ ɨɛɪɚɡɭɟɬɫɹ ɮɚɡɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɪɚɜɧɨɜɟɫɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ ɫ ɠɢɞɤɢɦ ɪɚɫɬɜɨɪɨɦ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɫɚɦɚɹ ɥɟɝɤɨɩɥɚɜɤɚɹ ɮɚɡɚ ɩɪɢ 

ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ). ɉɨɹɜɥɟɧɢɟ ɮɚɡɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɩɨ ɩɨɪɹɞɤɭ 

ɢɯ ɱɟɪɟɞɨɜɚɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɢɚɝɪɚɦɦɨɣ, ɜ ɭɫɥɨɜɢɹɯ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡɵ [8, 9]. 

Ʉɢɧɟɬɢɤɚ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɩɪɢ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɛɵɥɚ ɩɨɞɪɨɛɧɨ 

ɢɡɭɱɟɧɚ ȼ. Ɂ. Ȼɭɝɚɤɨɜɵɦ [8]. Ȼɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ 

(ɭɜɟɥɢɱɟɧɢɟ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɫɨ ɜɪɟɦɟɧɟɦ), ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɞ-

ɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ: 
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ɝɞɟ y – ɬɨɥɳɢɧɚ ɫɥɨɹ (ɦɤɦ); 𝜏 – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɢɮɮɭɡɢɢ (ɫ); 

2P – ɩɚɪɚɦɟɬɪ ɩɚɪɚɛɨɥɵ (ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 

ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɢɮɮɭɡɢɢ) (ɦ2/ɫ).  

Ɍɚɤɠɟ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɜɬɨɪɨɦ ɫɢɫɬɟɦ [6], ɫɨɯɪɚɧɹɟɬɫɹ ɷɤɫɩɨ-

ɧɟɧɰɢɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

 ʹܲ ≅ ܦ =  ଴−ொ/ோ𝑇,                                                                                   (1.8)ܦ

 

ɝɞɟ Q – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ (ɤɚɥ/ɦɨɥɶ);  

D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ (ɦ2/ɫ);  

D0 – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ;  

R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (Ⱦɠ/ɦɨɥɶ·Ʉ);  

T – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ).  

ɉɚɪɚɦɟɬɪɵ D0 ɢ Q ɩɪɢ ɞɢɮɮɭɡɢɢ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɟ ɫɱɢɬɚɸɬɫɹ 

ɛɨɥɟɟ ɩɨɫɬɨɹɧɧɵɦɢ, ɬɚɤ ɤɚɤ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ ɨɝɪɚɧɢɱɟɧɚ, ɱɟɦ ɩɪɢ 

ɚɬɨɦɧɨɣ ɞɢɮɮɭɡɢɢ [8].  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɠɢɝɨɜ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɚɪ ɨɛɵɱɧɨ 

ɩɨɡɜɨɥɹɸɬ ɧɚɯɨɞɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɥɳɢɧɵ ɧɨɜɨɣ ɮɚɡɵ ɨɬ ɜɪɟɦɟɧɢ ɢ ɢɦɟɸɬ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɤɚɤ ɮɭɧɤ-

ɰɢɢ ɬɨɥɳɢɧɵ. Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɱɬɢ ɜɫɟɝɞɚ ɩɨɤɚɡɵɜɚɸɬ ɧɚɥɢɱɢɟ ɫɬɚɞɢɢ 

ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ ɪɨɫɬɚ. Ɂɚɤɨɧ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢ ɬɟɨɪɟ-

ɬɢɱɟɫɤɢɦɢ ɨɩɢɫɚɧɢɹɦɢ, ɧɚɱɢɧɚɹ ɫ ɪɚɛɨɬ ȼɚɝɧɟɪɚ ɢ Ɏɪɟɧɤɟɥɹ [12, 13].  

ɋɤɨɪɨɫɬɶ ɪɨɫɬɚ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɢɦ ɩɨ ɮɚɡɟ ɷɮ-

ɮɟɤɬɢɜɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ D` ɚɬɨɦɨɜ [14]. ɋɨɨɬɜɟɬɫɬɜɭ-

ɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɪɨɫɬɚ ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɜɟɳɟɫɬɜɚ ɧɚ ɩɨɞɜɢɠɧɨɣ 

ɝɪɚɧɢɰɟ ɧɨɜɨɣ ɮɚɡɵ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ [15]: 
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ɝɞɟ ɋR ɢ ɋL– ɪɚɜɧɨɜɟɫɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɝɪɚɧɢɰɚɯ ɧɨɜɨɣ ɮɚɡɵ;  

Δx – ɬɨɥɳɢɧɚ ɧɨɜɨɣ ɮɚɡɵ (ɦɤɦ);  

D` – ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ (ɦ2/ɫ). 

ɉɪɨɰɟɫɫɵ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɢɦɟɸɬ ɩɪɚɤɬɢɱɟɫɤɭɸ 

ɡɧɚɱɢɦɨɫɬɶ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ, 

ɬɚɤ ɤɚɤ ɨɧɢ ɮɨɪɦɢɪɭɸɬ ɤɨɦɩɥɟɤɫ ɫɜɨɣɫɬɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ [14].  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɢɞɤɨɝɨ ɝɚɥɥɢɹ ɫ ɛɨɥɟɟ ɬɭɝɨɩɥɚɜɤɢɦɢ ɦɟɬɚɥɥɚɦɢ (Cu, 

Ag, Fe, Ni, Al, Co ɢ ɞɪ.) ɢ ɢɯ ɫɩɥɚɜɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭ-

ɬɨɱɧɵɯ ɮɚɡ (ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ), ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɚɥɥɢɣ ɤɚɤ 

ɨɫɧɨɜɭ ɞɥɹ ɛɨɥɶɲɨɝɨ ɪɹɞɚ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ. 

 

1.6 Ʉɢɧɟɬɢɤɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɩɚɫɬɚɯ-ɩɪɢɩɨɹɯ ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ 

 

ɋ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ, ɩɨɹɜɥɹɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶ 

ɜ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɨɥɭɱɟɧɢɹ. ɂɡɝɨɬɨɜɥɟɧɢɟ ɧɨ-

ɜɵɯ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɝɚɥɥɢɹ ɜɧɟɫɥɢ ɧɟɫɨ-

ɦɧɟɧɧɵɣ ɜɤɥɚɞ ɜ ɞɚɧɧɭɸ ɬɟɦɭ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤɨɣ ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ 

ɜɫɬɭɩɚɬɶ ɫ ɝɚɥɥɢɟɦ ɜ ɪɟɚɤɰɢɸ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɭɞɭɳɟɝɨ 

ɢɡɞɟɥɢɹ. Ȼɥɚɝɨɞɚɪɹ ɨɛɲɢɪɧɵɦ ɡɧɚɧɢɹɦ ɜ ɨɛɥɚɫɬɢ ɤɢɧɟɬɢɤɢ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɩɨɥɨɠɢɬɶ ɛɭɞɭɳɢɟ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɢ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɢ ɩɨɞɨɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɫɨɫɬɚɜ. 

Ƚɚɥɥɢɟɜɵɟ ɩɚɫɬɵ-ɩɪɢɩɨɢ ɚɤɬɢɜɧɨ ɫɦɚɱɢɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɛɟɡ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɥɸɫɨɜ. Ɉɞɧɚɤɨ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɚɹɧ-

ɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɫɩɨɫɨɛɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɨɟɞɢɧɹɟɦɵɯ ɞɟɬɚɥɟɣ, ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ ɢ ɬ. ɞ. [16–17].  
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ȼ ɪɚɛɨɬɟ [18] ɚɜɬɨɪɚɦɢ ɢɡ Ɍɚɣɜɚɧɶɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨ ɦɟɯɚɧɢɡɦɟ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɫɨ-

ɟɞɢɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ Cu/Ni/Ga/Ni/Cu, ɨɩɭɛɥɢɤɨɜɚɧɧɚɹ ɜ 2018 ɝɨɞɭ. ȼ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ Cu ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɟɬ ɪɨɫɬ ɫɥɨɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ 

ɡɚ ɫɱɟɬ ɭɫɢɥɟɧɢɹ ɞɢɮɮɭɡɢɢ Ga. Ɍɚɤ ɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɦɟɞɢ 

ɜ ɫɨɟɞɢɧɟɧɢɢ Ni2Ga3 ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɧɟɱɧɨɣ ȽɐɄ-ɮɚɡɵ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɠɢɞɤɨɝɨ ɝɚɥɥɢɹ ɫ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɶɸ 

ɭɠɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɜ ɫɬɚɬɶɟ [19]. ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɤɚɡɚɥɨɫɶ, 

ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɚɬɨɦɨɜ ɰɢɧɤɚ ɜ ɢɫɯɨɞɧɵɯ ɥɚɬɭɧɹɯ ɢ ɜ ɠɢɞɤɨɦ ɝɚɥɥɢɢ ɫɦɟɳɚɟɬ 

ɯɢɦɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ ɝɚɥɥɢɹ ɫ ɦɟɞɶɸ ɜ ɨɛɥɚɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ 

ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɞɢ: ɨɛɪɚɡɭɟɬɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞ Cu9Ga4 ɩɪɢ ɬɟɦɩɟ-

ɪɚɬɭɪɟ ɦɟɧɶɲɟ 200 °ɋ; ɫɨɝɥɚɫɧɨ ɞɢɚɝɪɚɦɦɟ Cu–Ga ɢɧɬɟɪɦɟɬɚɥɥɢɞ CuGa2 ɫɭ-

ɳɟɫɬɜɭɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 254 °ɋ. ȼɚɠɧɨ ɬɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɚɬɨɦɨɜ ɰɢɧɤɚ ɜ 

ɢɫɯɨɞɧɨɣ ɬɜɟɪɞɨɣ ɮɚɡɟ (ɥɚɬɭɧɢ) ɢ ɜ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɣ ɮɚɡɟ (ɫɩɥɚɜɟ ɝɚɥɥɢɹ ɫ 

ɰɢɧɤɨɦ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɯ ɪɚɡɧɨɪɨɞɧɵɯ ɮɚɡ ɞɚɟɬ 

ɫɦɟɫɶ ɯɪɭɩɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ. 

ȼ ɪɚɛɨɬɟ [20] ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɢɧɟɬɢɤɢ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨɡɢɬɨɜ ɫɢɫɬɟɦɵ Fe–Ga ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɫɩɥɚɜɥɟɧɢɢ. 

ɇɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɥɶɱɟɧɢɟ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ. Ɂɚɬɟɦ, ɨɛɪɚ-

ɡɭɟɬɫɹ ɮɚɡɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɫ ɧɚɢɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɥɟɝɤɨɩɥɚɜɤɨɣ ɫɨɫɬɚɜ-

ɥɹɸɳɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɡɚɩɭɫɤɚ ɦɟɯɚ-

ɧɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɬɢɬɶ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɩɨ ɫɪɚɜɧɟ-

ɧɢɸ ɫ ɫɢɫɬɟɦɚɦɢ ɬɜɟɪɞɵɣ-ɠɢɞɤɢɣ ɦɟɬɚɥɥ. ɉɨɫɥɟ 60 ɦɢɧɭɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤ-

ɬɢɜɚɰɢɢ ɮɚɡɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ FeGa3 ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɡɚɟɬ. Ⱥ ɩɨɫɥɟ 150 ɦɢɧɭɬ 

ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɩɨɡɢɬ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɫ ɭɩɨɪɹɞɨɱɟɧɧɵɦɢ 

ɨɛɥɚɫɬɹɦɢ ɫɢɫɬɟɦɵ Fe3Ga. 

Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ [2] ɜɵɹɜɥɟɧɨ, ɱɬɨ ɦɟɯɚɧɢɱɟɫɤɚɹ ɚɤɬɢɜɚɰɢɹ ɩɨɜɵɲɚɟɬ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɮɚɡ ɫ ɜɵɫɨɤɨɣ ɯɢ-

ɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɩɪɨɱɧɨɫɬɶɸ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɢ ɯɢɦɢɱɟɫɤɨɟ ɠɢɞ-
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ɤɨɦɟɬɚɥɥɢɱɟɫɤɨɟ ɧɚɧɟɫɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɜɜɟɞɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨɝɨ ɫɨ-

ɫɬɚɜɚ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɩɨɡɜɨɥɹɟɬ ɨɛɥɟɝɱɢɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɩɪɢ ɫɨɟɞɢɧɟɧɢɢ 

ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: ɥɢɤɜɢɞɚɰɢɸ ɩɹɬɟɧ ɧɟɩɪɨɩɚɹ ɩɥɚɫɬɢɧ ɫɨɥɧɟɱɧɵɯ ɛɚ-

ɬɚɪɟɣ, ɡɚɞɟɥɤɢ ɜɧɟɲɧɢɯ ɞɟɮɟɤɬɨɜ (ɩɨɪ ɢ ɬɪɟɳɢɧ) ɢɡɞɟɥɢɣ, ɫɨɡɞɚɧɢɟ ɩɪɨɱɧɨɝɨ 

ɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡɞɟɥɢɣ ɢ ɞɪɭɝɢɟ [2]. 

ȼɵɜɨɞ: 

Ʌɢɬɟɪɚɬɭɪɧɵɣ ɚɧɚɥɢɡ ɢɫɬɨɱɧɢɤɨɜ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ» ɩɨɤɚɡɚɥ, ɱɬɨ ɤɚɤ ɩɪɚɜɢɥɨ ɢɡɭɱɚ-

ɥɢɫɶ ɤɨɧɬɚɤɬɧɵɟ ɹɜɥɟɧɢɹ ɜ ɩɚɪɚɯ ɦɟɬɚɥɥ–ɝɚɥɥɢɣ. Ⱥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɩɥɚɜɨɜ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ. 
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2 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɩɨɞɝɨɬɨɜɤɢ ɰɢɥɢɧɞɪɢɱɟ-

ɫɤɢɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɥɚɬɭɧɢ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɨɣ ɩɚɫɬɵ Ʌ63–Ga, ɢɯ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɩɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɨɜ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɦɵ ɫɦɨɝɥɢ ɩɨɥɭɱɢɬɶ ɢ ɨɛ-

ɪɚɛɨɬɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

 

2.1 Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ 

 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ – ɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

ɫɩɥɚɜɚ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɢɥɢ ɛɥɢɡɤɨɦ ɤ ɧɟɦɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚ-

ɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɞɢɚɝɪɚɦɦɚɯ ɫɨɫɬɨɹɧɢɣ ɨɬɨɛɪɚɠɚɸɬɫɹ ɠɢɡɧɟɧɧɵɟ ɰɢɤɥɵ ɫɩɥɚɜɨɜ, 

ɧɚɱɢɧɚɹ ɫ ɦɨɦɟɧɬɚ ɢɯ ɫɨɡɞɚɧɢɹ ɢ ɡɚɤɚɧɱɢɜɚɹ ɪɚɡɪɭɲɟɧɢɟɦ. 

Ƚɥɚɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɣ – ɨɩɢɫɚɬɶ ɜɨɡɦɨɠɧɵɟ ɩɨɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɫɬɨɹɧɢɣ ɢ ɩɟɪɟɯɨɞɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Cu–Ga. ɋɢɫɬɟɦɚ ɜ ɰɟ-

ɥɨɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ, ɨɛɪɚɡɭɸ-

ɳɢɯɫɹ ɩɨ ɩɟɪɢɬɟɤɬɢɱɟɫɤɢɦ ɢ ɩɟɪɢɬɟɤɬɨɢɞɧɵɦ ɪɟɚɤɰɢɹɦ. ȼ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟ-

ɧɢɹ ɢɡ ɪɚɫɩɥɚɜɚ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɮɚɡɵ α, ȕ, Ȗ, Ȗ 1, Ȗ 2, Ȗ 3 ɢ θ. Ⱦɥɹ ɧɚɲɢɯ ɢɫɫɥɟ-

ɞɨɜɚɧɢɣ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɪɢ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɮɚɡɵ – 

Cu9Ga4, CuGa2 ɢ Cu3Ga: 

 

ɀ + Ȗ3 = CuGa2 (254 °ɋ), (2.1) 

 

ɀ + Cu = Ȗ-ɮɚɡɚ (836 °ɋ), (2.2) 

 

Ȗ1 + ζ = Cu3Ga (619 °ɋ). (2.3) 
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Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Cu–Ga 

 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ Cu–Zn.  

Ɇɟɞɶ ɫ ɰɢɧɤɨɦ ɨɛɪɚɡɭɸɬ ɤɪɨɦɟ ɨɫɧɨɜɧɨɝɨ α-ɪɚɫɬɜɨɪɚ ɪɹɞ ɮɚɡ ɷɥɟɤɬɪɨɧ-

ɧɨɝɨ ɬɢɩɚ ȕ, Ȗ, ε. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɫɬɪɭɤɬɭɪɚ ɥɚɬɭɧɟɣ ɫɨɫɬɨɢɬ ɢɡ α- ɢɥɢ α+ȕ` ɮɚɡ: 

α-ɮɚɡɚ – ɬɜёɪɞɵɣ ɪɚɫɬɜɨɪ ɰɢɧɤɚ ɜ ɦɟɞɢ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɨɣ 

ɦɟɞɢ ȽɐɄ, ɚ ȕ`-ɮɚɡɚ – ɭɩɨɪɹɞɨɱɟɧɧɵɣ ɬɜёɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɛɚɡɟ ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ CuZn ɫ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 3/2 ɢ ɷɥɟɦɟɧɬɚɪɧɨɣ ɤɭɛɢɱɟ-

ɫɤɨɣ ɹɱɟɣɤɨɣ [22]. 

ɉɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ȕ-ɮɚɡɚ ɢɦɟɟɬ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɟ ɪɚɫɩɨɥɨɠɟ-

ɧɢɟ (ɈɐɄ) ɚɬɨɦɨɜ ɢ ɲɢɪɨɤɭɸ ɨɛɥɚɫɬɶ ɝɨɦɨɝɟɧɧɨɫɬɢ. ȼ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ȕ-ɮɚɡɚ 

ɩɥɚɫɬɢɱɧɚ. Ɉɞɧɨɮɚɡɧɵɟ ɥɚɬɭɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ; ȕ`-

ɮɚɡɚ ɨɱɟɧɶ ɯɪɭɩɤɚɹ ɢ ɬɜёɪɞɚɹ, ɩɨɷɬɨɦɭ ɞɜɭɯɮɚɡɧɵɟ ɥɚɬɭɧɢ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨ-

ɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɦɟɧɶɲɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ, ɱɟɦ ɨɞɧɨɮɚɡɧɵɟ. 
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Ɋɢɫɭɧɨɤ 3 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Cu–Zn 

 

 
 

Ɋɢɫɭɧɨɤ 4 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Ga–Zn 
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Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Ga–Zn (ɪɢɫ. 4) – ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɤɨɨɪɞɢɧɚɬɵ 

ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ, ɩɨ ɞɚɧɧɵɦ ɪɚɡɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɚɜɥɹɸɬ: 3,7 % 

(ɚɬ.) Zn, 25,4 °ɋ. 
 

2.2 ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ  
 

ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ, ɪɚɡɦɟɪ ɩɟɪɟɯɨɞɧɨɝɨ ɫɥɨɹ, ɚ 

ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɡɚɢɦɧɨɣ ɢ ɩɚɪɰɢɚɥɶɧɨɣ ɞɢɮɮɭɡɢɢ ɜɫɟ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɳɧɨɫɬɢ ɢ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɥɚɬɭɧɢ ɢ ɝɚɥɥɢɹ.  

ȼ ɤɨɧɤɪɟɬɧɨ ɷɬɨɣ ɪɚɛɨɬɟ ɪɚɡɛɢɪɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ ɢ ɝɚɥɥɢɟɜɨɣ ɩɚɫɬɵ-ɩɪɢɩɨɹ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɨɣ ɨɬ 8 ɞɨ 100 ɱɚɫɨɜ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 140, 200 ɢ 270 °ɋ. Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɢɦɟɟɬ ɫɜɨɣ ɢɧɞɢɜɢɞɭ-

ɚɥɶɧɵɣ ɫɨɫɬɚɜ ɢ ɪɟɠɢɦ ɧɚɝɪɟɜɚ. ɉɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɛɵɥɚ ɢɡɭɱɟɧɚ 

ɫɬɪɭɤɬɭɪɚ ɧɨɜɵɯ ɮɚɡ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ.   

ȼ ɤɚɱɟɫɬɜɟ ɠɢɞɤɨɣ ɮɚɡɵ ɛɵɥ ɜɵɛɪɚɧ ɱɢɫɬɵɣ ɝɚɥɥɢɣ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɬɜɟɪɞɨɣ ɢɫɯɨɞɧɨɣ ɮɚɡɵ ɧɚ ɤɢɧɟɬɢɤɭ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɦɟ-

ɧɹɥɢ ɨɞɧɨɮɚɡɧɭɸ ɥɚɬɭɧɶ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɨɬɟɤɚɥɨ ɩɨ ɫɯɟɦɟ: 

 

A + B → AnBm,                                                                                                                (2.4) 

 

ɝɞɟ А – ɨɞɧɨɮɚɡɧɚɹ ɥɚɬɭɧɶ Ʌ63; B – Ga. 

 

2.3 ɂɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɨɛɪɚɡɰɵ 

 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɦɟɧɹɥɢɫɶ ɤɨɦɩɨ-

ɧɟɧɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥ. 1. 

 

 



25 

 

Ɍɚɛɥɢɰɚ 1 – ɂɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ 

Ɇɟɬɚɥɥ Ɇɚɪɤɚ 
Ƚɚɥɥɢɣ ȽɅ-0 ȽɈɋɌ 12797-77  
Ʌɚɬɭɧɶ (ɨɛɨɣɦɚ, ɫɬɪɭɠɤɚ) Ʌ63ȽɈɋɌ15527-2004 
Ɇɟɞɶ (ɩɨɪɨɲɨɤ) Ɇ1 ȽɈɋɌ 859-2014  

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɨɛɪɚɡɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɛɨɣɦɵ 

ɢɡ ɥɚɬɭɧɢ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɨɜ ɫ ɧɟɫɤɜɨɡɧɵɦ ɨɬɜɟɪɫɬɢɟɦ. ɂɯ ɜɵɫɨɬɚ ɫɨɫɬɚɜɥɹɟɬ 

10 ɦɦ, ɨɫɧɨɜɧɨɣ ɞɢɚɦɟɬɪ 7 ɦɦ, ɚ ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ ɪɚɜɟɧ 5 ɦɦ. ɍɝɥɭɛɥɟɧɢɟ ɜ 

ɨɛɨɣɦɟ ɧɟ ɞɨɯɨɞɢɬ ɞɨ ɤɨɧɰɚ ɱɭɬɶ ɛɨɥɶɲɟ 1 ɦɢɥɥɢɦɟɬɪɚ. ɗɬɨ ɫɞɟɥɚɧɨ ɞɥɹ ɬɨɝɨ, 

ɱɬɨɛɵ ɩɨɫɥɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɨɬɩɢɥɢɬɶ ɞɧɨ ɭ ɨɛɪɚɡɰɚ ɢ ɢɫɫɥɟɞɨɜɚɬɶ 

ɛɨɥɟɟ ɬɨɱɧɭɸ ɤɚɪɬɢɧɭ ɩɪɟɜɪɚɳɟɧɢɣ.  

ȼ ɨɞɢɧ ɢɡ ɨɛɪɚɡɰɨɜ, ɩɨ ɰɟɧɬɪɭ, ɛɵɥɚ ɩɨɦɟɳɟɧɚ ɦɟɞɧɚɹ ɩɪɨɜɨɥɨɤɚ. ɑɬɨ 

ɛɵ ɜ ɛɭɞɭɳɟɦ ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɪɚɫɩɚɸ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɨɣ ɩɚɫɬɵ-ɩɪɢ-

ɩɨɹ. ɉɪɨɜɨɥɨɤɚ ɛɵɥɚ ɡɚɥɭɠɟɧɚ ɫ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɚɹɥɶɧɢɤɚ (ɪɢɫ. 5) 

ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150 °ɋ. 

 

 

 

Ɋɢɫɭɧɨɤ 5 – ɍɥɶɬɪɚɡɜɭɤɨɜɚɹ ɩɚɹɥɶɧɚɹ ɫɢɫɬɟɦɚ USS-9500 

 

Ɉɛɨɣɦɚ ɡɚɱɢɳɚɥɚɫɶ ɨɬ ɨɤɢɫɥɨɜ ɧɚɞɮɢɥɹɦɢ (ɧɚɩɢɥɶɧɢɤɚɦɢ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡ-

ɦɟɪɚ). ɉɨɡɞɧɟɟ ɜ ɭɝɥɭɛɥɟɧɢɟ ɧɚ ɨɛɨɣɦɟ ɩɨɦɟɳɚɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɚɫɬɵ-

ɩɪɢɩɨɢ. ɉɚɫɬɵ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢɡɝɨɬɨɜɥɹɥɚɫɶ ɜɪɭɱɧɭɸ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ ɠɢɞ-

ɤɨɝɨ ɝɚɥɥɢɹ ɫ ɩɨɪɨɲɤɚɦɢ ɪɚɡɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɜ ɬɟɮɥɨɧɨɜɨɦ ɬɢɝɥɟ. 

Ƚɨɬɨɜɵɟ ɨɛɪɚɡɰɵ ɩɨɦɟɳɚɥɢɫɶ ɜ ɦɭɮɟɥɶɧɭɸ ɩɟɱɶ ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 

ɧɚɝɪɟɜɚ ɨɬ 8 ɞɨ 100 ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 140, 200 ɢ 270 °ɋ. 
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ɉɨ ɯɨɞɭ ɡɚɜɟɪɲɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɨɛ-

ɪɚɡɰɚ ɨɧ ɡɚɤɪɟɩɥɹɥɫɹ ɜ ɬɟɫɤɚɯ ɢ ɪɭɱɧɨɣ ɩɢɥɨɣ ɨɬɩɢɥɢɜɚɥɢ 1–2 ɦɢɥɥɢɦɟɬɪɚ ɫ 

ɧɢɠɧɟɣ ɱɚɫɬɢ. ɗɬɨ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜ ɩɨɫɥɟɞɭɸ-

ɳɟɦ ɢɡɭɱɢɬɶ ɩɨɥɭɱɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɧɚ ɦɢɤɪɨɫɤɨɩɚɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ 

ɲɥɢɮɨɜɚɧɢɟ ɢ ɩɨɥɢɪɨɜɚɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɒɥɢɮɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɨɢɫɯɨɞɢɥɨ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɫɬɚɧɤɟ (ɪɢɫ. 6) ɫ 

ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɨɣ, ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɚɛɪɚɡɢɜɧɵɯ ɡɟɪɟɧ 

ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɢ (400, 800, 1 000, 1 500, 2 000, 2 500). ɉɨɫɥɟ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ 

ɨɛɪɚɡɰɵ ɬɳɚɬɟɥɶɧɨ ɩɪɨɬɢɪɚɥɢɫɶ ɫɩɢɪɬɨɦ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɨɛɪɚɛɨɬɤɢ. 

 

 
 

Ɋɢɫɭɧɨɤ 6 – ɋɬɚɧɨɤ ɞɥɹ ɪɭɱɧɨɣ ɲɥɢɮɨɜɤɢ ɨɛɪɚɡɰɨɜ  

 

ɉɨɥɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɢ, ɬɚɤ ɢ ɜɪɭɱɧɭɸ 

ɫ ɩɨɦɨɳɶɸ ɦɹɝɤɨɣ ɧɚɫɚɞɤɢ ɧɚ ɚɩɩɚɪɚɬɟ ɞɥɹ ɦɚɧɢɤɸɪɚ ɢ ɩɟɞɢɤɸɪɚ, ɚ ɬɚɤɠɟ 

ɛɚɮɨɜ (ɜɟɥɢɱɢɧɚ ɚɛɪɚɡɢɜɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɨ 4 000) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɦɚɤɫɢɦɚɥɶɧɨ ɭɛɪɚɬɶ ɰɚɪɚɩɢɧɵ ɢ ɧɟɪɨɜɧɨɫɬɢ, ɱɬɨɛɵ ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɛɨɥɟɟ ɬɨɱɧɨ ɞɚɬɶ ɨɰɟɧɤɭ ɜɫɟɦ ɩɪɨɬɟɤɚɸɳɢɦ ɪɟɚɤɰɢɹɦ ɜ ɨɛɪɚɡɰɚɯ. 
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2.4 Ɍɟɪɦɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 

ɇɚɝɪɟɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɚɹ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɜɵɞɟɪɠɤɚ ɩɪɨ-

ɢɡɜɨɞɢɥɚɫɶ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɆɂɉɆ-17ɉ (ɪɢɫ. 7). ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɥɚɛɨɪɚɬɨɪ-

ɧɚɹ ɩɟɱɶ ɫ ɷɥɟɤɬɪɨɧɧɵɦ ɰɢɮɪɨɜɵɦ ɬɟɪɦɨɪɟɝɭɥɹɬɨɪɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɦɟɬɚɥ-

ɥɭɪɝɢɢ, ɜ ɸɜɟɥɢɪɧɨɦ ɢ ɤɟɪɚɦɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚ-

ɬɭɪɚ ɧɚɝɪɟɜɚ ɭ ɞɚɧɧɨɣ ɩɟɱɢ ɞɨ 1 250 °ɋ. 

 

 
 

Ɋɢɫɭɧɨɤ 7 – Ɇɭɮɟɥɶɧɚɹ ɩɟɱɶ ɆɂɉɆ-17ɉ 

 

2.5 Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  
 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɫɥɟ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɨɫɥɟɞɭɸ-

ɳɟɣ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɢɦɟɧɧɨ ɲɥɢɮɨɜɚɧɢɟ ɢ ɩɨɥɢɪɨɜɚɧɢɟ. ɋɬɪɭɤ-

ɬɭɪɭ ɢɡɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɫɤɨɩɚ AXIO – Observer Zlm (ɪɢɫ. 8) ɢ ɷɥɟɤɬɪɨɧ-

ɧɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ ɦɢɤɪɨɫɤɨɩɚ HITACHI TM – 1000 (ɪɢɫ. 9). Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ 

ɧɚ ɷɬɨɦ ɷɬɚɩɟ – ɷɬɨ ɜɵɹɜɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ, ɲɢɪɢɧɵ ɢ ɮɨɪɦ ɨɛɪɚɡɭɸɳɢɯɫɹ 

ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ. 
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Ɋɢɫɭɧɨɤ 8 – Ɇɢɤɪɨɫɤɨɩ Axio Obserwer Zlm 

 

 

 

Ɋɢɫɭɧɨɤ 9 – Ɇɢɤɪɨɫɤɨɩ HITACHI TM – 1000 

 

2.6 ɂɡɭɱɟɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɞɢɮɮɭɡɢɨɧɧɵɯ ɡɨɧ 

 

ȼ ɯɨɞɟ ɩɨɞɝɨɬɨɜɤɢ ɦɢɤɪɨɲɥɢɮɨɜ, ɨɧɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɭɱɚɥɢɫɶ ɧɚ ɨɩ-

ɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ Carl Zeiss Jena (ɪɢɫ. 10) ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ ɯ 70 ɢ ɜɵɲɟ. 

ɗɬɨ ɩɨɦɨɝɚɥɨ ɛɨɥɟɟ ɬɨɱɧɨ ɩɨɧɹɬɶ ɫɬɟɩɟɧɶ ɝɨɬɨɜɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɛɨɥɟɟ 

ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɚɤ ɠɟ ɨɛɪɚɡɰɵ ɢɡɭɱɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸ-

ɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ (ɋɗɆ) JEOL JSM 7001F (ɪɢɫ. 11) ɩɪɢ ɭɫɤɨɪɹ-

ɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 10 ɢ 15 ɤȼ, ɧɚ ɪɚɡɧɵɯ ɭɜɟɥɢɱɟɧɢɹɯ. 
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Ɋɢɫɭɧɨɤ 10 – Ɉɩɬɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ Carl Zeiss Jena 

 

 

 

Ɋɢɫɭɧɨɤ 11 – ɋɤɚɧɢɪɭɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ (ɋɗɆ)  

JEOL JSM 7001F 

 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨ-

ɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɵ:  

– SEI – ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜɨ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɚɯ, ɤɨɬɨɪɵɟ ɨɛ-

ɥɚɞɚɸɬ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ (ɦɟɧɟɟ 50 ɷȼ), ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɪɚɠɚɟɬ ɨɫɨɛɟɧɧɨɫɬɢ 

ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ;  
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– COMPO – ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɢɥɢ ɨɬɪɚɠɟɧ-

ɧɵɯ ɷɥɟɤɬɪɨɧɚɯ (ɷɧɟɪɝɢɹ ɛɨɥɟɟ 50 ɷȼ), ɬ. ɤ. ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɪɚɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤ-

ɬɪɨɧɨɜ ɡɚɜɢɫɢɬ ɨɬ ɚɬɨɦɧɨɝɨ ɧɨɦɟɪɚ ɷɥɟɦɟɧɬɚ, ɬɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɫɢɝɧɚɥɚ ɩɨɡ-

ɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɜɵɫɨɤɢɦ ɮɚɡɨɜɵɦ ɤɨɧɬɪɚɫɬɨɦ; 

Ȼɥɚɝɨɞɚɪɹ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɦɭ ɫɩɟɤɬɪɨɦɟɬɪɭ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɨ-

ɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚ ɛɚɡɟ JEOL JSM 7001Fɛɵɥɨ ɢɫ-

ɫɥɟɞɨɜɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɟ. Ⱦɟɬɟɤɬɨɪ 

ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɫɩɨɫɨɛɟɧ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɞɨ 50 ɷɥɟɦɟɧ-

ɬɨɜ ɡɚ ɢɡɦɟɪɟɧɢɟ. ɋɩɟɤɬɪɨɦɟɬɪ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢɟ ɷɥɟ-

ɦɟɧɬɵ ɨɬ B ɞɨ U.  

ɋɤɚɧɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɩɨ ɩɥɨɳɚɞɢ, ɜ ɬɨɱɤɟ, ɩɨ 

ɥɢɧɢɢ, ɡɚɞɚɜɚɹ ɧɟɨɛɯɨɞɢɦɵɣ ɲɚɝ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ 

ɩɨɫɬɪɨɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫ ɧɚɥɨɠɟɧɢɟɦ ɧɚ 

ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪ. 

Ɍɚɤ ɠɟ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɮɚɡɵ ɤɪɢɫɬɚɥɥɢɬɨɜ, 

ɩɪɨɜɟɫɬɢ ɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɢ ɨɩɪɟɞɟɥɢɬɶ ɚɬɨɦɧɭɸ ɫɬɪɭɤɬɭɪɭ ɤɪɢ-

ɫɬɚɥɥɢɬɨɜ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɨɣ. ɉɪɨɜɨɞɢɥɨɫɶ ɷɬɨ ɫ ɩɨɦɨɳɶɸ ɞɢ-

ɮɪɚɤɬɨɦɟɬɪɚ BRUKER D8 ADVANCE (ɪɢɫ. 12), ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢ-

ɮɪɚɤɰɢɢ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ ɧɚɦ ɭɞɚɥɨɫɶ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɪɢɫɤ ɩɨ-

ɜɪɟɠɞɟɧɢɹ ɮɚɡ ɢ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɛɵ. 

ɉɨɪɨɲɤɨɜɵɣ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨɦɟɬɪ D8 ADVANCE ɢɡɦɟɪɹɟɬ ɡɚ-

ɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ, ɪɚɫɫɟɹɧɧɵɯ ɩɨɪɨɲɤɨɨɛɪɚɡ-

ɧɵɦɢ ɨɛɪɚɡɰɚɦɢ, ɩɥёɧɤɚɦɢ, ɫɬёɤɥɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɦɨɧɨɤɪɢɫɬɚɥɥɚɦɢ ɢ 

ɬ. ɞ., ɨɬ ɭɝɥɚ ɞɢɮɪɚɤɰɢɢ 2θ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 130 ɞɨ 720 K. 

Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɢɤɨɜ ɨɩɪɟɞɟɥɟɧ-

ɧɨɣ ɮɨɪɦɵ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɧɟɪɝɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɮɚɡɵ. ɉɪɢ ɧɚɥɢɱɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚɤɥɸ-

ɱɟɧɢɟ ɨ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɛɵ ɢ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɭɸ ɢɧɮɨɪɦɚɰɢɸ: 

– ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɚɡɵ;  

– ɤɨɥɢɱɟɫɬɜɨ ɮɚɡ;  
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– ɬɟɤɫɬɭɪɚ;  

– ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ;  

– ɫɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɢɬɚ;  

– ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 12 – Ɋɟɧɬɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨɦɟɬɪ BRUKER D8 ADVANCE 

 

ɇɟɢɡɜɟɫɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɪɨɲɤɨɜɵɟ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɤɨɬɨɪɵɯ ɨɬɫɭɬ-

ɫɬɜɭɸɬ ɜ ɛɚɡɚɯ ɞɚɧɧɵɯ, ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɢɧɞɢɰɢɪɨɜɚɧɵ ɢ ɩɚɪɚɦɟɬɪɵ ɹɱɟɟɤ ɨɩɪɟɞɟ-

ɥɟɧɵ ɜ ɩɪɨɝɪɚɦɦɚɯ ITO, WTREOR, TOPAS 4.2, DASH 3.3. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɨɞɧɨ-

ɮɚɡɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨɫɥɟ ɭɫɩɟɲɧɨɝɨ ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫɢɦ-

ɦɟɬɪɢɸ ɢ ɫɬɪɭɤɬɭɪɭ ɫɨɟɞɢɧɟɧɢɹ (ɬɢɩɵ ɢɨɧɨɜ/ɚɬɨɦɨɜ ɢ ɢɯ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟ-

ɧɢɟ), ɚ ɬɚɤɠɟ ɩɪɨɜɟɫɬɢ ɟё ɭɬɨɱɧɟɧɢɟ ɦɟɬɨɞɨɦ Ɋɢɬɜɟɥɶɞɚ, ɩɨɫɬɪɨɢɬɶ ɦɨɞɟɥɶ ɷɥɟɤ-

ɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɤɪɢɫɬɚɥɥɚ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɛɟɫɩɨɪɹɞɤɚ ɜ ɫɬɪɭɤɬɭɪɟ. 

ɋɩɟɰɢɚɥɶɧɵɣ ɦɨɞɭɥɶ, ɜɫɬɚɜɥɹɟɦɵɣ ɜ ɝɨɧɢɨɦɟɬɪ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨ-

ɜɨɞɢɬɶ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɡɚɝɪɭɠɟɧɧɵɯ ɜ ɤɚɩɢɥɥɹɪɵ.  

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɸɜɟɬɵ ɩɨɡɜɨɥɹɬ ɩɪɨɜɨɞɢɬɶ ɤɨɦ-

ɩɥɟɤɫɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɠɢɞɤɨɮɚɡɧɵɯ ɫɢɫɬɟɦ. 
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2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ  
 

ɉɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɪɨɢɡɜɨɞɢɥɫɹ ɫ ɩɨɦɨɳɶɸ 

ɩɪɢɛɨɪɚ ɉɆɌ–3 (ɪɢɫ. 13). 

 

 
 

Ɋɢɫɭɧɨɤ 13 – Ɇɢɤɪɨɬɜɟɪɞɨɦɟɪ ɉɆɌ–3 

 

 ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɧɚ ɞɚɧɧɨɦ ɩɪɢɛɨɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱёɬ ɜɞɚɜ-

ɥɢɜɚɧɢɹ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɱɟɬɵɪɟɯɝɪɚɧɧɨɣ ɚɥɦɚɡɧɨɣ ɩɢɪɚɦɢɞɤɢ ɩɪɢ 

ɧɚɝɪɭɡɤɟ 20 ɝ. Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɨɤɨɥɨ 20 ɨɬ-

ɩɟɱɚɬɤɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɚɯ ɨɞɧɨɝɨ ɨɛɪɚɡɰɚ. ɂɫɫɥɟɞɨɜɚɥɚɫɶ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ 

ɩɨ ɫɟɱɟɧɢɸ ɨɛɪɚɡɰɚ ɨɬ ɤɪɚɹ (ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ) ɤ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɞɢɮ-

ɮɭɡɢɨɧɧɨɦɭ ɫɥɨɸ). 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ; ɨɫɨɛɟɧɧɨɫɬɢ ɤɢɧɟɬɢɤɢ ɪɟɚɤɰɢɨɧɧɨɣ 

ɞɢɮɮɭɡɢɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ 

 

Ƚɥɚɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɭɞɟɥɹɟɬɫɹ ɤɢɧɟɬɢɤɟ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ 

ɢ ɩɚɪɚɦɟɬɪɚɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɵɛɪɚɧɧɵɯ ɬɜɟɪɞɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɞɢɮɮɭɡɢ-

ɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. 

 

3.1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 

 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ 13 ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ ɫɨɫɬɚ-

ɜɚɦɢ ɞɥɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɍɚɛɥ. 2 ɨɬɪɚɠɚɟɬ ɜɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɞɚɧɧɵɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɢ ɫɨɫɬɚɜɨɜ 

ɩɚɫɬ-ɩɪɢɩɨɟɜ. 

 

Ɍɚɛɥɢɰɚ 2 – Ɋɟɠɢɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɫɨɫɬɚɜɵ ɦɨɞɟɥɟɣ ɩɪɢɩɨɟɜ 

ɩ/
ɧ 

Ɉ
ɛɨ

ɣɦ
ɚ 

 
(ɦ

ɚɬ
ɟɪ

ɢɚ
ɥ)

 

ɋɨɫɬɚɜ ɩɪɢɩɨɹ 

Ɍɟ
ɦɩ

ɟɪ
ɚɬ

ɭɪ
ɚ,

 °ɋ
 

ȼɪ
ɟɦ

ɹ 
ɜɵ

ɞɟ
ɪɠ

ɤɢ
, ɱ

ɚɫ
 

G
a,

 %
 

C
u,

 %
 

Ʌ
63

 ɤ
ɪɭ

ɩɧ
ɚɹ

, %
 

Ʌ
63

 ɦ
ɟɥ

ɤɚ
ɹ,

 %
 

1 Ʌ63 30 40 15 15 200 10 
2 Ʌ63 30 40 15 15 140 10 
3 Ʌ63 30 40 15 15 270 8 
4 Ʌ63 50 – 25 25 140 20 
5 Ʌ63 50 – 25 25 270 50 
6 Ʌ63 50 – 25 25 140 100 
7 Ʌ63 50 – 25 25 270 10 
8 Ʌ63 50 – 25 25 270 30 
9 Ʌ63 50 – 25 25 140 40 
10 Ʌ63 50 – 25 25 200 40 
11 Ʌ63 50 – 25 25 200 20 
12 Ʌ63 50 – 25 25 200 70 
13 Ʌ63 100 – – – 200 70 
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Ɉɛɪɚɡɰɵ 1–3 ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫ ɰɟɥɶɸ ɫɪɚɜɧɟɧɢɹ ɤɢɧɟɬɢɤɢ ɪɨɫɬɚ ɧɨ-

ɜɵɯ ɮɚɡ ɧɚ ɱɢɫɬɨɣ ɦɟɞɢ ɢ ɥɚɬɭɧɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ. 
 

3.2 ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɪɨɫɬɚ ɮɚɡ ɜ ɫɢɫɬɟɦɟ (Cu, Zn)–Ga 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɤɨɧɬɚɤɬɟ ɨɞɧɨɮɚɡɧɨɣ 

ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɧɚɦɢ ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɨɛɪɚɡɰɵ ɫ ɨɞɢɧɚɤɨɜɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɫɪɚɜɧɟɧɵ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ 

ɫɥɨɟɜ (ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ). 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ: № 4 ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ ɱɚ-

ɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ, 

ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50 % ɩɨ ɦɚɫɫɟ 

ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 140 °C, 𝜏 = 20 ɱ.; № 9 ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ 

ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢ-

ɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50 % ɩɨ 

ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 140 °C, 𝜏 = 40 ɱ.; № 6 ɤɪɭɩɧɵɟ ɢ 

ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ ɦɚɫɫɟ 

ɩɚɫɬɵ-ɩɪɢɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 

50 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 140 °C, 𝜏 = 100 ɱ. ɇɚ ɪɢ-

ɫɭɧɤɟ 14 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɠɢɞɤɨɝɨ 

ɝɚɥɥɢɹ ɢ ɨɛɨɣɦɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ. 

 

  
ɚ ɛ 
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Ɋɢɫɭɧɨɤ 14 – ɉɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ ɩɪɢ T = 140 °C:  

a – 𝜏 = 20 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ); 

ɛ – 𝜏 = 40 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ); 

ɜ – 𝜏 = 100 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ) 

 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɨɢɬ ɢɡ ɨɛɨɣɦ Ʌ63, ɫɦɟɫɢ ɦɟɥɤɨɞɢɫɩɟɪɫ-

ɧɵɯ ɱɚɫɬɢɰ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɢ ɫɥɨɟɜ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. 

ɇɚ ɪɢɫɭɧɤɟ 14 ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɨ ɧɚɥɢɱɢɟ ɞɜɭɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ. ɋ 

ɩɨɦɨɳɶɸ ɦɢɤɪɨɫɤɨɩɚ AXIO – Observer Zlm ɦɵ ɫɦɨɝɥɢ ɢɡɦɟɪɢɬɶ ɬɨɥɳɢɧɵ ɢɧ-

ɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɥɨɟɜ ɩɪɢ ɪɚɜɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ʉɚɤ ɜɵɹɫ-

ɧɢɥɨɫɶ ɨɧɢ ɡɚɜɢɫɹɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɜ ɩɟɱɢ. ɂɡ-ɡɚ 

ɬɨɝɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨ-

ɤɨɣ, ɞɚɧɧɵɟ ɨɛɪɚɡɰɵ ɢɦɟɸɬ ɫɚɦɭɸ ɦɚɥɭɸ ɬɨɥɳɢɧɭ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ.   

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ: № 11 ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ ɱɚ-

ɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ, 

ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50 % ɩɨ ɦɚɫɫɟ 

ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 200 °C, 𝜏 = 20 ɱ.; № 10 ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ 

ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢ-

ɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 50 % ɩɨ 

ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 200 °C, 𝜏 = 40 ɱ. ɢ № 12 ɤɪɭɩɧɵɟ ɢ 

ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ ɦɚɫɫɟ 

ɩɚɫɬɵ-ɩɪɢɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ 
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50 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 200 °C, 𝜏 = 70 ɱ. ɇɚ ɪɢ-

ɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɠɢɞɤɨɝɨ 

ɝɚɥɥɢɹ ɫ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɶɸ. 

 

  
ɚ ɛ 

 
ɜ 

 

Ɋɢɫɭɧɨɤ 15 – ɉɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ ɩɪɢ T = 200 °C:  

a – 𝜏 = 20 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ); 

ɛ – 𝜏 = 40 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ);  

ɜ – 𝜏 = 70 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ) 

 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɨɢɬ ɢɡ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɱɚɫɬɢɰ ɩɨ-

ɪɨɲɤɚ ɥɚɬɭɧɢ ɢ ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɧɢɦ ɫɥɨɟɜ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. ɍɜɟɥɢ-

ɱɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢ-

ɨɧɧɨɝɨ ɫɥɨɹ, ɩɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 270 °C ɩɨɥɭɱɟɧɵ ɧɚ ɨɛɪɚɡɰɚɯ: № 7 

ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ 



37 

 

ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥ-

ɥɢɹ 50 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 270 °C, 𝜏 = 10 ɱ.; № 8 

ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ 

ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥ-

ɥɢɹ 50 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 270 °C, 𝜏 =  30 ɱ. ɢ № 5 

ɤɪɭɩɧɵɟ ɢ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ, ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɣ – 25 % ɩɨ 

ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ, ɩɨɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɫɨɞɟɪɠɚɧɢɟ ɝɚɥ-

ɥɢɹ 50 % ɩɨ ɦɚɫɫɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ) ɜ ɨɛɨɣɦɟ Ʌ63 ɩɪɢ T = 270 °C, 𝜏 = 50 ɱ. ɇɚ 

ɪɢɫɭɧɤɟ 16 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ ɠɢɞɤɨɝɨ 

ɝɚɥɥɢɹ ɢ ɨɛɨɣɦɵ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ. 

 

  

ɚ ɛ 

 

ɜ 

 

Ɋɢɫɭɧɨɤ 16 – ɉɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ ɩɪɢ T = 270 °C:  

a – 𝜏 = 10 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ); 

ɛ – 𝜏 = 30 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ);  

ɜ – 𝜏 = 50 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ) 
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Ɉɬɱɟɬɥɢɜɨ ɜɢɞɧɨ, ɬɨ ɜ ɨɛɪɚɡɰɚɯ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɞɟɪɠɤɢ 270 °C ɪɟɚɤ-

ɰɢɹ ɩɪɨɯɨɞɢɬ ɛɵɫɬɪɟɟ, ɬ. ɤ. ɬɨɥɳɢɧɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ 

ɩɪɟɞɵɞɭɳɢɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɞɚɠɟ ɛɨɥɶɲɟɦ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɱɬɨ ɧɚ ɞɢɮɮɭɡɢɨɧɧɵɣ 

ɩɪɨɰɟɫɫ ɤɢɧɟɬɢɤɢ ɪɨɫɬɚ ɮɚɡ ɪɚɡɦɟɪ (ɞɢɫɩɟɪɫɧɨɫɬɶ) ɱɚɫɬɢɰ ɧɟ ɜɥɢɹɟɬ. ȼɟɥɢɱɢɧɚ 

ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ, ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɢ ɫɨɫɬɚɜɚ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɟɣ ɩɚɫɬɵ-ɩɪɢɩɨɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɫɨɫɬɚɜɵ ɩɪɢɩɨɟɜ ɛɵɥɢ ɞɨɛɚɜɥɟɧɵ ɩɨɪɨɲɤɢ 

ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɢ Cu ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɩɨɪɰɢɹɯ, ɩɪɢ ɪɚɡɧɵɯ ɬɟɪɦɢ-

ɱɟɫɤɢɯ ɪɟɠɢɦɚɯ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 17 ɩɪɚɤɬɢɱɟɫɤɢ ɜɟɫɶ ɝɚɥɥɢɣ ɩɪɨɪɟɚɝɢɪɨɜɚɥ ɫ ɥɚɬɭ-

ɧɶɸ ɢ ɦɟɞɶɸ. ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ Ʌ63–Ga 

ɛɨɥɶɲɟ ɜ 5–6 ɪɚɡ ɱɟɦ ɜ ɫɢɫɬɟɦɟ Cu–Ga (ɪɢɫ. 18, ɛ). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɜɪɟɦɹ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɜɟɪɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɚɫɬɵ-ɩɪɢ-

ɩɨɹ ɜ 3–4 ɪɚɡɚ. 

 

  

ɚ ɛ 
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Ɋɢɫɭɧɨɤ 17 – ɉɚɫɬɵ-ɩɪɢɩɨɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɡɧɨɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ:  

ɚ – ɨɛɪɚɡɟɰ № 4 ɩɪɢ T = 140 °ɋ, 𝜏 = 20 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢ-

ɩɨɣ; 5 – ɩɨɪɵ); ɛ – ɨɛɪɚɡɟɰ № 1 ɩɪɢ T = 200 °ɋ, 𝜏 = 10 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 2 – Cu3Ga; 3 – Cu9Ga4 ; 

4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ; 6 – ɦɟɞɶ);  ɜ – ɨɛɪɚɡɟɰ № 5 ɩɪɢ T = 270 °ɋ, 𝜏 = 50 ɱ. (1 –  ɫɩɥɚɜ Ʌ63; 

2 – Cu3Ga; 3 – Cu9Ga4 ; 4 – ɩɚɫɬɚ-ɩɪɢɩɨɣ; 5 – ɩɨɪɵ) 

 

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɟɞɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɥ-

ɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɱɚɫɬɢɰ ɥɚɬɭɧɢ ɢ 

ɨɛɨɣɦɵ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 140 °ɋ, 200 °ɋ ɢ 270 °ɋ, ɪɟɡɭɥɶ-

ɬɚɬɵ ɨɬɨɛɪɚɠɟɧɵ ɝɪɚɮɢɱɟɫɤɢ: y – ɬɨɥɳɢɧɚ ɫɥɨɹ ɜ ɦɢɤɪɨɦɟɬɪɚɯ ɢ τ – ɜɪɟɦɹ 

ɜɵɞɟɪɠɤɢ ɜ ɱɚɫɚɯ.  

 

 
 

Ɋɢɫɭɧɨɤ 18 – Ʉɪɢɜɵɟ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɨɞɧɨɮɚɡɧɨɣ ɥɚ-

ɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ, Ɍ = 140 °ɋ, 200 °ɋ ɢ 270 °ɋ 
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ɉɨɫɬɪɨɟɧɧɵɟ ɩɪɹɦɵɟ, ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ y2–τ, ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɚɪɚɛɨ-

ɥɢɱɟɫɤɢɣ ɡɚɤɨɧ (ɪɢɫ. 19). 

 

 

 

Ɋɢɫɭɧɨɤ 19 – Ʉɪɢɜɵɟ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ 

ɝɚɥɥɢɟɦ, Ɍ = 140 °ɋ, 200 °ɋ ɢ 270 °ɋ 

 

ɇɚɢɛɨɥɶɲɟɟ ɱɢɫɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɢɧɬɟɪɜɚɥ 

ɨɬ 10 ɞɨ 30 ɱɚɫɨɜ, ɬ. ɤ. ɜ ɷɬɨɬ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɡɚɬɜɟɪ-

ɞɟɜɚɧɢɟ ɩɚɫɬɵ.  

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ 18, ɪɨɫɬ ɧɨɜɵɯ ɮɚɡ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ Ʌ63–Ga ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 140 °ɋ, 200 °ɋ ɢ 270 °ɋ ɩɨɞɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ: 

ଶݕ  = ʹܲ𝜏, (3.1) 

 

ɝɞɟ y – ɬɨɥɳɢɧɚ ɫɥɨɹ (ɦɤɦ); 

τ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɢɮɮɭɡɢɢ (ɱ), ɚ ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ;  

P – ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɦ2/ɫɟɤ ɜ ɫɢɫɬɟɦɟ ɋɂ, ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɚ ɤɚɤ ɭɫɥɨɜ-

ɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ. 

ȼ ɬɚɛɥ. 3 ɩɪɢɜɟɞɟɧɵ ɬɨɥɳɢɧɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɢ ɫɪɟɞɧɢɟ ɡɧɚɱɟ-

ɧɢɹ 2P ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ. 
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Ɍɚɛɥɢɰɚ 3 – Ɍɨɥɳɢɧɵ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɮɚɡ ɢ ɢɯ ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ, ɩɨɫɬɪɨɟɧɵ ɤɪɢ-

ɜɵɟ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ, ɜɵɱɢɫɥɟɧɵ ɭɫɥɨɜɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮ-

ɮɭɡɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

 

3.3 ɗɥɟɦɟɧɬɧɵɣ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

 

ɋ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ (ɋɗɆ) JEOL JSM 

7001ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɢɮɮɭɡɢɨɧ-

ɧɵɯ ɡɨɧ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɩɨɫɬɪɨɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ Excel ɤɨɧɰɟɧɬɪɚɰɢ-

ɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɥɢɧɢɢ ɫɤɚɧɢɪɨɜɚɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɟ 20 ɩɪɟɞɫɬɚɜɥɟɧɨ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟ-

ɪɟɯɨɞɧɨɣ ɡɨɧɵ Ʌ63–Ga. ɋɨɞɟɪɠɚɧɢɟ ɝɚɥɥɢɹ, ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɪɚɡɰɟ (№ 6: T = 140 

°C, 𝜏 = 100 ɱ.), 50 %, ɚ ɫɬɪɭɠɤɢ ɥɚɬɭɧɢ ɪɚɡɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɩɨ 25 % (ɩɨ ɦɚɫɫɟ). 
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Ɋɢɫɭɧɨɤ 20 – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ Ʌ63–Ga:  

ɚ – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ Ʌ63–Ga; 

ɛ – ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɥɢɧɟɣɧɵɟ ɫɩɟɤɬɪɵ, ɲɚɝ 3 ɦɤɦ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 140 °C 

 

Ⱥɧɚɥɢɡɢɪɭɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫ 17 ɩɨ 16 ɬɨɱɤɭ ɨɛɧɚɪɭɠɟɧ ɢɫɯɨɞɧɵɣ ɫɩɥɚɜ – Ʌ63. Ɂɚɬɟɦ 

ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɰɢɧɤɚ ɜ ɨɛɪɚɡɰɟ. Ɇɟɠɞɭ 15 ɢ 14 

ɫɩɟɤɬɪɨɦ, ɨɩɢɪɚɹɫɶ ɧɚ ɞɢɚɝɪɚɦɦɭ Cu–Zn, ɞɨɩɭɫɤɚɟɦ ɧɚɥɢɱɢɟ ȕ` ɮɚɡɵ (CuZn). 
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ȼ ɞɢɚɩɚɡɨɧɟ ɫ 14 ɢ ɩɨ 11 ɫɩɟɤɬɪ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɥɢɱɢɟ Cu3Ga. ɋ 5 ɩɨ 3 

ɫɩɟɤɬɪ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ Ga, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɚɥɢɱɢɢ CuGa2. ɋɨ-

ɩɨɫɬɚɜɥɹɹ ɨɫɬɚɜɲɢɟɫɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɚ ɢɦɟɧɧɨ 11–5 ɢ 3–1 ɫɩɟɤɬɪɵ, ɫ ɢɡ-

ɜɟɫɬɧɨɣ ɞɢɚɝɪɚɦɦɨɣ Cu–Ga, ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɨɛɪɚɡɨɜɚɜ-

ɲɢɣɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞ Cu9Ga4 ɹɜɥɹɟɬɫɹ ɮɚɡɨɣ Ȗ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Cu9Ga4 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɚɡɟ Ȗ1 (32 % ɝɚɥɥɢɹ ɩɨ 

ɦɚɫɫɟ, ɚ ɨɫɬɚɥɶɧɨɟ ɦɟɞɶ).  

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 270 °ɋ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ 

ɹɪɤɨ ɜɵɪɚɠɟɧɧɚɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɚɹ ɮɚɡɚ (ɪɢɫ 21). 

 

Ɋɢɫɭɧɨɤ 21 – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ Ʌ63–Ga: 

ɚ – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ Ʌ63–Ga, ɲɚɝ 3 ɦɤɦ; 

ɛ – ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ Ʌ63–Ga, ɲɚɝ 1 ɦɤɦ; 

ɜ – ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɥɢɧɟɣɧɵɟ ɫɩɟɤɬɪɵ, ɲɚɝ 1 ɦɤɦ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɹ 140 °C 
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Ɋɢɫɭɧɨɤ 21 (ɛ) ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɞɚɧɧɵɟ ɫ ɪɚɡɧɵɯ ɭɱɚɫɬɤɨɜ ɨɞɧɨɝɨ ɢ ɬɨɝɨ 

ɠɟ ɨɛɪɚɡɰɚ (№5: T = 270 °C, 𝜏 = 50 ɱ.). Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɛɵɥɢ ɫɨɜɦɟɳɟɧɵ ɫ ɭɱɟɬɨɦ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɲɚɝɨɜ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ ɪɢɫɭɧɤɚ 21 (ɛ) ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫ 77 ɩɨ 73 ɬɨɱɤɭ ɨɛ-

ɧɚɪɭɠɟɧ ɢɫɯɨɞɧɵɣ ɫɩɥɚɜ – Ʌ63. Ɂɚɬɟɦ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚ-

ɧɢɹ ɰɢɧɤɚ, ɬɚɤɠɟ, ɤɚɤ ɢ ɜ ɨɛɪɚɡɰɟ №6 (T = 140 °C, 𝜏 = 100 ɱ.). Ɇɟɠɞɭ 72 ɢ 67 ɫɩɟɤ-

ɬɪɨɦ, ɨɩɢɪɚɹɫɶ ɧɚ ɞɢɚɝɪɚɦɦɭ Cu–Zn, ɞɨɩɭɫɤɚɟɦ ɧɚɥɢɱɢɟ ȕ` ɮɚɡɵ (CuZn). 

ȼ ɞɢɚɩɚɡɨɧɟ ɫ 65 ɢ ɩɨ 60 ɫɩɟɤɬɪ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɥɢɱɢɟ Cu3Ga. ɋɨɩɨɫɬɚɜ-

ɥɹɹ ɨɫɬɚɜɲɢɟɫɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫ ɢɡɜɟɫɬɧɨɣ ɞɢɚɝɪɚɦɦɨɣ Cu–Ga, ɦɨɠɧɨ 

ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞ Cu9Ga4 ɹɜɥɹɟɬɫɹ ɮɚɡɨɣ Ȗ. ȼ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Cu9Ga4 ɫɨɨɬɜɟɬ-

ɫɬɜɭɟɬ ɮɚɡɟ Ȗ1 (32 % ɝɚɥɥɢɹ ɩɨ ɦɚɫɫɟ, ɚ ɨɫɬɚɥɶɧɨɟ ɦɟɞɶ).  

ȼɚɠɧɨ ɬɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɚɬɨɦɨɜ ɰɢɧɤɚ ɜ ɢɫɯɨɞɧɨɣ ɬɜɟɪɞɨɣ ɮɚɡɟ (ɥɚɬɭɧɢ) 

ɢ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɣ ɮɚɡɟ (ɩɨɪɨɲɤɢ ɥɚɬɭɧɢ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɷɬɢɯ ɪɚɡɧɨɪɨɞɧɵɯ ɮɚɡ ɞɚɟɬ ɫɦɟɫɶ ɯɪɭɩɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɢɧɬɟɪɦɟɬɚɥ-

ɥɢɞɚ Cu9Ga4 ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɫɬɢɱɧɨɝɨ, ɩɪɨɱɧɨɝɨ ɢ ɞɨɫɬɚɬɨɱɧɨ «ɬɭɝɨɩɥɚɜ-

ɤɨɝɨ» ɥɚɬɭɧɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɛɨɥɟɟ 900 °ɋ, ɩɪɢɱɟɦ ɤɪɢɫɬɚɥɥɵ ɥɚ-

ɬɭɧɢ ɨɤɪɭɠɚɸɬ ɤɪɢɫɬɚɥɥɵ ɯɪɭɩɤɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ. ɗɬɨ ɨɡɧɚɱɚɟɬ ɪɚɡɪɭɲɟ-

ɧɢɟ ɯɪɭɩɤɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɚɪɤɚɫɚ, ɤɨɬɨɪɵɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɪɢ ɡɚɬɜɟɪ-

ɞɟɜɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɧɢɯ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞ-

ɧɨɣ ɬɜɟɪɞɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɪɨɲɤɚ ɦɟɞɢ ɢɥɢ ɛɪɨɧɡɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɤɪɢɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɫ 

ɞɢɚɝɪɚɦɦɨɣ Cu–Ga, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɪɟɚɤɰɢɹɯ Cu–Ga ɩɪɢ 140 °C ɢ 

270 °C, ɨɛɪɚɡɨɜɚɥɢɫɶ ɮɚɡɵ, ɤɨɬɨɪɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4.  

Ⱦɚɧɧɵɟ ɩɨ ɮɚɡɚɦ ɞɥɹ ɨɛɪɚɡɰɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɜɵɞɟɪɠɚɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

200 °C, 70 ɱɚɫɨɜ, ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɪɚɛɨɬɵ [23]. 
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Ɍɚɛɥɢɰɚ 4 – Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɮɚɡɵ 

 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɪɚɫɱɟɬɚɦɢ, ɝɞɟ ɫ ɩɨɦɨɳɶɸ ɝɪɚ-

ɮɢɤɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɥɢ ɩɪɟɞɩɨɥɚɝɚɟɦɭɸ ɡɨɧɭ ɨɛɪɚɡɨɜɚɜ-

ɲɟɣɫɹ ɮɚɡɵ (ɪɢɫ. 22). ɋɨɜɦɟɫɬɢɜ ɫ ɞɢɚɝɪɚɦɦɨɣ ɫɨɫɬɨɹɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɪɨ-

ɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɵɛɪɚɧɧɨɣ ɮɚɡɵ, ɩɨɥɭɱɟɧɧɭɸ ɪɚɡɧɢɰɭ ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɫ 

ɨɫɬɚɜɲɢɦɫɹ ɬɪɟɬɶɢɦ ɷɥɟɦɟɧɬɨɦ, ɢ ɩɨɥɭɱɚɟɦ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɬɨɪɨɣ 

ɮɚɡɵ. ɇɚ ɤɚɠɞɨɣ ɞɢɚɝɪɚɦɦɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɩɨ 3 ɪɚɫɱɟɬɚ ɜ ɪɚɡɧɵɯ ɩɥɨɫɤɨɫɬɹɯ 

ɩɨ ɥɢɧɢɢ ɫɤɚɧɢɪɨɜɚɧɢɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 22 – Ɇɨɞɟɥɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 140 °ɋ ɢ ɜɪɟɦɟɧɢ  

ɜɵɞɟɪɠɤɢ 100 ɱɚɫɨɜ 
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ɫɬɪɭɤɬɭɪɵ 
Cu–Ga ɩɪɢ 140 °C CuZn, Cu3Ga, [Cu9Ga4 (Ȗ1. Ȗ2. Ȗ3)], (Cu9Ga4 

+ CuGa2), CuGa2 
Cu–Ga ɩɪɢ 200 °C [Cu9Ga4 (Ȗ1. Ȗ2. Ȗ3)], CuGa2 
Cu–Ga ɩɪɢ 270 °C CuZn, Cu3Ga, [Cu9Ga4 (Ȗ1. Ȗ2. Ȗ3)] 

12 % 
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ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ, ɢɫɩɨɥɶɡɨɜɚɧ ɚɬɨɦɧɵɣ %: 

 

Cu3Ga – ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɮɚɡɚ (Cu = 75 %; Ga = 25 %) 

ȼɨɡɶɦɟɦ ɩɪɨɦɟɠɭɬɨɤ ɜ ɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɚɧɧɨɣ ɮɚɡɵ ɢ ɩɨɫɱɢɬɚɟɦ ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɞɥɹ ɤɪɚɣɧɢɯ ɬɨɱɟɤ. 

53/13 = 4,01 

51/20 = 2,55 

Ga = 12 %; Zn = 43 %; Cu = 45 % (ɫɦ. ɪɢɫ. 22) 

Cu / Ga = 45/12 = 3,75 

Ɍ. ɤ. ɷɬɨɬ ɤɨɷɮɮɢɰɢɟɧɬ ɜɯɨɞɢɬ ɜ ɡɨɧɭ ɞɟɣɫɬɜɢɹ α ɮɚɡɵ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɚɲɟ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɜɟɪɧɵɦ. Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ 

ɮɚɡɨɜɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ-

ɪɨɲɤɨɜ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ (ɪɢɫ. 23), ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ 270 °ɋ, ɩɨɞɬɜɟɪ-

ɠɞɚɟɬ ɧɚɥɢɱɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ Cu9Ga4.  

 

 

 

Ɋɢɫɭɧɨɤ 23 – ɊɎȺ ɧɚ ɨɛɪɚɡɰɟ, ɩɨɥɭɱɟɧɧɨɦ ɩɪɢ t = 270 °C, ɄȾɌɉ (D8 Advance (Bruker),  

ɢɡɥɭɱɟɧɢɟ CuKa, ɢɧɬɟɪɜɚɥ ɭɝɥɨɜ 20º ≤ 2Th/Th≤ 40 º, ɲɚɝ ɫɴɟɦɤɢ 0,007 º, ɜɪɟɦɹ ɧɚ ɬɨɱɤɭ 0,3 

ɫ. ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɮɚɡ ɩɨ ɤɚɪɬɨɬɟɤɟ [21]) 
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ɇɚ ɨɫɧɨɜɟ ɨɛɳɟɝɨ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɧɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɦɨɠɧɨ ɞɟɥɚɬɶ 

ɨɫɧɨɜɧɵɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ: ɚɬɨɦɵ ɰɢɧɤɚ ɢ ɚɬɨɦɵ ɦɟɞɢ ɜ ɷɬɢɯ ɮɚɡɚɯ ɜɡɚɢɦɨɡɚ-

ɦɟɧɹɟɦɵ ɩɨɥɭɱɚɟɬɫɹ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɰɢɧɤɚ ɜ ɧɚɣɞɟɧɧɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚɯ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ, ɛɵɥ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɪɚɫ-

ɩɚɸ. Ɉɛɪɚɡɟɰ № 5 (T = 270 °C, 𝜏 = 50 ɱ.), ɜ ɤɨɬɨɪɵɣ ɡɚɪɚɧɟɟ ɛɵɥɚ ɩɨɦɟɳɟɧɚ 

ɦɨɞɧɚɹ ɩɪɨɜɨɥɨɤɚ, ɡɚɤɪɟɩɥɹɥɫɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɲɬɚɧɝɟ, ɢ ɜɫɹ ɤɨɧɫɬɪɭɤɰɢɹ 

ɩɨɦɟɳɚɥɚɫɶ ɜ ɩɟɱɶ. ɉɨɜɵɲɚɹ ɩɨɫɬɟɩɟɧɧɨ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 20–30 °C ɩɟɱɶ, 

ɧɚɝɪɟɥɚɫɶ ɞɨ 600 °C. Ȼɵɥɨ ɪɟɲɟɧɨ ɨɫɬɚɧɨɜɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬ ɬ. ɤ. ɧɟ ɛɵɥɨ ɨɛɧɚ-

ɪɭɠɟɧɨ ɩɪɢɡɧɚɤɨɜ ɠɢɞɤɨɣ ɮɚɡɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɩɚɹ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɩɨɥɭɱɢ-

ɥɚɫɶ ɜɵɲɟ 600 °C. 

 

3.4 Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɮɚɡɨɜɵɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸщɢɯ 

 

ɇɚ ɪɢɫɭɧɤɚɯ 24, 25 ɢ 26 ɢɡɨɛɪɚɠɟɧɵ ɞɢɚɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ 

ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɭɸ 

ɮɚɡɭ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 140 °C, 200 °C ɢ 270 °C, ɚ ɬɚɤɠɟ ɦɢɤɪɨ-

ɫɬɪɭɤɬɭɪɵ ɫ ɨɬɩɟɱɚɬɤɚɦɢ ɢɧɞɟɧɬɨɪɚ ɧɚ ɞɚɧɧɵɯ ɨɛɪɚɡɰɚɯ. 
 

 
ɚ 
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Ɋɢɫɭɧɨɤ 24 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ:  

ɚ – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ № 6 ɫ ɨɬɩɟɱɚɬɤɚɦɢ; 

ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ Cu–Ga 

 

 

 
ɚ 

 

 
ɛ 

 

Ɋɢɫɭɧɨɤ 25 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ: 

 ɚ – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ № 12 ɫ ɨɬɩɟɱɚɬɤɚɦɢ; 

ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ Cu–Ga 

 

0

200

400

600

800

1000

0 10 20 30

H
V

, М
П̌

у, мкм

О̍ойм̌

ф̌з̌ γϭ

ф̌з̌ γϮ

0

500

1000

1500

0 10 20 30

H
V

, М
П̌

у, мкм

О̍ойм̌

ф̌з̌ γϭ

ф̌з̌ γϮ



49 
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ɛ 

 

Ɋɢɫɭɧɨɤ 26 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ:  

ɚ – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ № 5 ɫ ɨɬɩɟɱɚɬɤɚɦɢ; 

ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ Cu–Ga 

 

Ⱦɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɡɧɚɱɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɢɧɬɟɪɦɟ-

ɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɜɵɲɟ ɡɧɚɱɟɧɢɣ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɧɚ ɝɪɚ-

ɧɢɰɚɯ ɪɚɡɞɟɥɚ ɮɚɡ ɦɟɧɹɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨ. Ɉɫɨɛɟɧɧɨ ɧɚɝɥɹɞɧɨ ɷɬɨ ɜɢɞɧɨ ɩɪɢ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɩɪɢ 270 °C. ɇɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɥɚɬɭɧɶɸ 

ɢ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ, ɨɛɪɚɡɭɟɬɫɹ ɮɚɡɵ Cu3Gaɫ ɧɚɢɛɨɥɶɲɟɣ ɬɜɟɪɞɨɫɬɶɸ 1400 

Ɇɉɚ. Ɂɚɬɟɦ ɮɚɡɚ Ȗ1 ɞɢɚɝɪɚɦɦɵ Cu–Ga, ɬ. ɤ. ɬɜɟɪɞɨɫɬɶ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɷɬɢɦ ɡɧɚɱɟɧɢɹɦ. Ⱦɚɧɧɵɟ ɩɨ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɛɨ-

ɡɧɚɱɟɧɵ ɧɚɦɢ ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ. ɂ ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟ-

ɧɢɹ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɮɚɡ. 
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3.5 Ɉɠɢɞɚɟɦɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸ-

щɢɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ (Cu, Zn)–Ga 

 

Ɍɟɯɧɨɥɨɝɢɱɧɨɣ ɹɜɥɹɟɬɫɹ ɩɚɫɬɚ, ɤɨɦɩɨɧɟɧɬɵ ɤɨɬɨɪɨɣ ɨɛɥɚɞɚɸɬ ɜɡɚɢɦɧɨɣ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ, ɢ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɸɬ ɩɚɹɟɦɨɟ ɢɡɞɟɥɢɟ. 

ɋɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɯɚɪɚɤɬɟɪɨɦ ɢ ɤɢɧɟɬɢɤɨɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɚɥɥɢɹ ɫ ɧɚɩɨɥɧɢɬɟɥɹɦɢ, ɢ ɫɨɟɞɢɧɹɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 

ɩɚɫɬɵ ɨɩɬɢɦɚɥɶɧɚɹ ɞɨɥɹ ɧɚɩɨɥɧɢɬɟɥɹ ɫɨɫɬɚɜɢɥ ɨɤɨɥɨ 50 % (ɩɨ ɦɚɫɫɟ). ȿɫɥɢ 

ɭɜɟɥɢɱɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɥɚɬɭɧɢ, ɜɨɡɧɢɤɧɭɬ ɬɪɭɞɧɨɫɬɢ ɫɦɟɲɢɜɚɧɢɹ ɜ ɫɜɹɡɢ ɫ ɧɟ-

ɞɨɫɬɚɬɤɨɦ ɠɢɞɤɨɣ ɮɚɡɵ – ɝɚɥɥɢɹ.  ȼ ɫɥɭɱɚɢ ɭɜɟɥɢɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɥɟɝɤɨ-

ɩɥɚɜɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɨɥɳɢɧɚ ɢ ɨɛɴɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ 

ɮɚɡ, ɜɪɟɦɹ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɚɫɬɵ ɢ ɟɟ ɬɜɟɪɞɨɫɬɶ. 

ɂɡɭɱɢɜ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ № 1, № 2, № 3 ɢ ɨɩɢɪɚɹɫɶ ɧɚ ɪɢɫɭɧɨɤ 17, ɛ 

ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ Ʌ63–Ga 

ɛɨɥɶɲɟ ɜ 5–6 ɪɚɡ ɱɟɦ ɜ ɫɢɫɬɟɦɟ Cu–Ga. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 

ɜɪɟɦɹ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɜɟɪɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɚɫɬɵ-ɩɪɢɩɨɹ ɜ 3–4 ɪɚɡɚ. 
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4 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ 

 

Ʉɢɧɟɬɢɤɚ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ ɩɪɢ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ ɛɵɥɚ ɩɨɞɪɨɛɧɨ 

ɢɡɭɱɟɧɚ ȼ. Ɂ. Ȼɭɝɚɤɨɜɵɦ [8]. Ȼɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɧɨɜɵɯ ɮɚɡ 

(ɭɜɟɥɢɱɟɧɢɟ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɫɨ ɜɪɟɦɟɧɟɦ), ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɞ-

ɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ: 

ଶݕ  = ʹܲ𝜏,                                                                                                        (4.1) 

 

ɝɞɟ y – ɬɨɥɳɢɧɚ ɫɥɨɹ (ɦɤɦ); 𝜏 – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɢɮɮɭɡɢɢ (ɫɟɤ); 

2P– ɩɚɪɚɦɟɬɪ ɩɚɪɚɛɨɥɵ (ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ, ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ) (ɦ2/ɫ).  

ɉɨɥɶɡɭɹɫɶ ɞɚɧɧɵɦɢ ɬɚɛɥɢɰɵ 3ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɭɫɥɨɜɧɵɣ ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ: 

 ʹ ଵܲସ଴ °С, ˔˓ˈˇːˈˈ = ሺ଴,ସହ+ଵ,ଷସ+଴,଼ଵሻ∙ଵ଴−భ4ଷ = Ͳ,ͺ͸ ∙ ͳͲ−ଵସˏଶ/˔ . 

 ʹ ଶܲ଻଴ °С, ˔˓ˈˇːˈˈ = ሺହ଻,ହ+ଶ଺,଻+ଶଷ,ଵሻ∙ଵ଴−భ4ଷ = ͵ͷ,͹͸ ∙ ͳͲ−ଵସˏଶ/˔ . 

 

Ɍɚɤɠɟ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɜɬɨɪɨɦ ɫɢɫɬɟɦ [6], ɫɨɯɪɚɧɹɟɬɫɹ ɷɤɫɩɨ-

ɧɟɧɰɢɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

 ʹܲ ≅ ܦ =  ଴−ொ/ோ𝑇,                                                                                                                (4.2)ܦ

 

ɝɞɟ Q – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ (ɤɚɥ/ɦɨɥɶ);  

D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ (ɦ2/ɫ);  

D0 – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ;  

R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (Ⱦɠ/ɦɨɥɶ·Ʉ);  
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T – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ).  

ɉɚɪɚɦɟɬɪɵ D0 ɢ Q ɩɪɢ ɞɢɮɮɭɡɢɢ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɟ ɫɱɢɬɚɸɬɫɹ 

ɛɨɥɟɟ ɩɨɫɬɨɹɧɧɵɦɢ, ɬɚɤ ɤɚɤ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ ɨɝɪɚɧɢɱɟɧɚ, ɱɟɦ ɩɪɢ 

ɚɬɨɦɧɨɣ ɞɢɮɮɭɡɢɢ [8].  

ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɜ ɩɪɨɰɟɫɫɟ ɞɢɮɮɭɡɢɢ, ɢɦɟɹ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɩɪɢ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 

ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɨɫɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: 

 𝑎ሻ ln D  = ln D0  – Q
2,3RT

 (ɩɪɢ 140 °ɋ); 

  

ɛሻ ln D  = ln D0  – Q
2,3RT

 (ɩɪɢ 270 °ɋ). 

 

ɉɨɥɭɱɚɟɬɫɹ ɫɢɫɬɟɦɚ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɫ ɞɜɭɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ. 

ɉɨ ɬɚɛɥɢɰɟ 3 ɨɩɪɟɞɟɥɹɟɦ ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭ-

ɡɢɢ ɞɥɹ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪ 140 °ɋ ɢ 270 °ɋ. Ɍɨɝɞɚ: 

ଵସ଴ °Сܦ  = Ͳ,ͺ͸ ∙ ͳͲ−ଵସ; ݈݊ ଵସ଴ °Сܦ = − Ͳ,Ͳ͸ − ͳͶ = −ͳͶ,Ͳ͸.   (4.4) 

ଶ଻଴ °Сܦ  = ͵ͷ,͹͸ ∙ ͳͲ−ଵସ; ݈݊ ଶ଻଴ °Сܦ = ͳ,ͷͷ − ͳͶ = −ͳʹ,Ͷͷ.                                                           (4.5) 

 

ɉɨɞɫɬɚɜɥɹɟɦ ɢɡɜɟɫɬɧɵɟ ɞɚɧɧɵɟ ɜ ɭɪɚɜɧɟɧɢɟ 4.3: 

 

ɚሻ –  ͳͶ,Ͳ͸ = ln D0  – Q
2,3∙2∙413

= ln D0  – Q
1899,8

 ; 

     (4.6) 

ɛሻ – ͳʹ,Ͷͷ = ln D0  – Q
2,3∙2∙543

= ln D0  – Q
2497,8

 . 

 

(4.3) 
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ȼɵɪɚɠɚɟɦ ln D0 ɢɡ ɭɪɚɜɧɟɧɢɹ 4.6 (ɚ) ɢ ɩɨɞɫɬɚɜɥɹɟɦ ɜ 4.6 (ɛ): 

 –  ͳʹ,Ͷͷ = – ͳͶ,Ͳ͸ + Q
ϭϴϵϵ,ϴ

 – Q
Ϯ4ϵϳ,ϴ

 ; ͳ,͸ͳ = ܳሺͲ,ͲͲͲͷʹ − Ͳ,ͲͲͲͶሻ ; ܳ = ͳ͵ Ͷͳ͸ ሺ ˍаˎˏˑˎьሻ.                                                                                  (4.7) 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɭɪɚɜ-

ɧɟɧɢɟ 4.6 (ɚ): 

 

– ͳͶ,Ͳ͸ = ln D0 – 13 416,6
ϭϴϵϵ,ϴ

 ; ݈݊ ଴ܦ = –  ͳͶ,Ͳ͸ + ͹,Ͳ͸ = –  ͸,ͻͻ ; ܦ଴ = ͳͲ– ଺,ଽଽ = ͳ,Ͳʹͻ ∙ ͳͲ– ଻ ሺˏమ̝ሻ . 
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ɁȺɄɅɘЧȿɇɂȿ 

 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɞɧɨɮɚɡɧɨɣ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ 

ɝɚɥɥɢɟɦ ɧɚ ɩɪɟɞɦɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɟɝɨ ɫɩɥɚɜɚ ɜ 

ɤɚɱɟɫɬɜɟ ɩɚɫɬɵ-ɩɪɢɩɨɹ (ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɥɟɹ), ɤɨɬɨɪɵɣ ɩɪɢ ɡɚɬɜɟɪɞɟɧɢɢ ɜ ɢɧ-

ɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 140–270 °ɋ ɞɚёɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɚɹ ɫɜɵɲɟ 600 °ɋ.  

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɨɫɬ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɩɨɞ-

ɱɢɧɹɟɬɫɹ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ, ɝɞɟ y – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɨɜɵɯ ɮɚɡ, τ – ɜɪɟɦɹ 

ɤɨɧɬɚɤɬɚ, P – ɩɚɪɚɦɟɬɪ ɩɚɪɚɛɨɥɵ (ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ, ɭɫɥɨɜɧɵɣ ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ). 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɞɭɤɬɵ ɪɟɚɤ-

ɰɢɨɧɧɨɣ ɞɢɮɮɭɡɢɢ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɥɚɬɭɧɢ ɫ ɠɢɞɤɢɦ ɝɚɥɥɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚ-

ɬɭɪɚɯ 140 °ɋ, 200 °ɋ ɢ 270 °ɋ ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɮɚɡɵ ɬɢɩɚ Cu9Ga4, 

CuGa2 ɢ Cu3Ga.  

Ɋɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ (D0, Q) ɩɪɢ ɤɨɧɬɚɤɬɟ ɨɞɧɨ-

ɮɚɡɧɨɣ ɥɚɬɭɧɢ ɢ ɝɚɥɥɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 50 °ɋ ɞɨ 300 °ɋ.  

ȼɵɹɫɧɢɥɢ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ Ʌ63–Ga 

ɛɨɥɶɲɟ ɜ 5–6 ɪɚɡ ɱɟɦ ɜ ɫɢɫɬɟɦɟ Cu–Ga ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ɩɨɪɨɲɤɨɜ ɨɞɧɨɮɚɡɧɵɯ ɥɚɬɭɧɟɣ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɧɚɩɨɥɧɢ-

ɬɟɥɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɥɥɢɟɜɵɯ ɩɚɫɬ-ɩɪɢɩɨɟɜ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɢɯ ɞɢɮɮɭ-

ɡɢɨɧɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɜ ɨɛɵɱɧɨɣ ɚɬɦɨɫɮɟɪɟ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɮɥɸɫɨɜ. 
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