
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ  
Ɉɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ȼɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ  
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ 

 

 

ɍɌȼȿɊɀȾȺɘ    
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  
________/Ɍɟɦɧɵɯ ȼ. ɂ. 
 (ɩɨдɩиɫь)      
«___»_________2020 ɝ. 

 

 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 

ɇɚɩɪɚɜɥɟɧɢɟ 22.03.01 «Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ» 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɧɚɧɨɤɟɪɚɦɢɤɟ ɧɚ ɨɫɧɨɜɟ 
ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

 

 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ   Ɏ. Ɇ. ɇɨɫɤɨɜ 
 (ɩɨдɩиɫь, дɚɬɚ)  
ȼɵɩɭɫɤɧɢɤ   Ⱥ. ɂ. ȿɲɬɨɤɢɧɚ 
 (ɩɨдɩиɫь, дɚɬɚ)  
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ   Ʌ. Ⱥ. ɋɜɟɱɧɢɤɨɜɚ 
 (ɩɨдɩиɫь, дɚɬɚ)  

 

 

 

 

Ʉɪɚɫɧɨɹɪɫɤ 2020 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ  
Ɉɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ȼɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ  
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ 

 

 

ɍɌȼȿɊɀȾȺɘ    
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ  
________/Ɍɟɦɧɵɯ ȼ. ɂ. 
 (ɩɨдɩиɫь)      
«___»_________2020 ɝ. 

 

 

 

 

 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
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ɋɬɭɞɟɧɬɭ (ɤɟ) ȿɲɬɨɤɢɧɨɣ Ⱥɧɧɟ ɂɝɨɪɟɜɧɟ. 
Ƚɪɭɩɩɚ: ɆɌ16-01Ȼ. ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ): 22.03.01 «Ɇɚɬɟɪɢɚɥɨ-

ɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ».  
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: «ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɚ-

ɡɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɧɚɧɨɤɟɪɚɦɢɤɟ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ».  
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 21639/ɫ ɨɬ 27.12.2019 ɝ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: Ɏ.Ɇ. ɇɨɫɤɨɜ, ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 

ɤɚɮɟɞɪɵ ɆɢɌɈɆ ɉɂ ɋɎɍ.   
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: Ɉɛɪɚɡɰɵ ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ SPS ɢɡ ɧɚɧɨ-

ɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ Al2O3 ɢ MgO ɜ ɝɪɚɮɢɬɨɜɨɣ ɦɚɬɪɢɰɟ. 
Ɂɚɞɚɧɢɟ: 
1 ɉɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɪɚɡɧɵɦ ɪɟ-

ɠɢɦɚɦ ɜ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ. 
2 ɂɫɫɥɟɞɨɜɚɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɤɟɪɚɦɢɤ. 
3 ɂɫɫɥɟɞɨɜɚɬɶ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɤɪɭɬɹɳɢɯ ɦɚɝɧɢɬ-

ɧɵɯ ɦɨɦɟɧɬɨɜ.  
4 ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɨɩɢɫɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨ-

ɟɧɢɹ ɤɟɪɚɦɢɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɪɚɡɧɵɦ ɪɟɠɢɦɚɦ. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: ɜɜɟɞɟɧɢɟ, ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ, ɨɛɪɚɡɰɵ ɢ ɦɟɬɨɞɵ 

ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɱɚɫɬɶ, ɡɚɤɥɸɱɟɧɢɟ, ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧ-
ɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.   
 
 
 
 
 
 
 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    Ɏ.Ɇ. ɇɨɫɤɨɜ 
 (ɩɨдɩиɫь)  
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥɚ ɤ ɢɫɩɨɥɧɟɧɢɸ    Ⱥ.ɂ. ȿɲɬɨɤɢɧɚ 
 (ɩɨдɩиɫь)  
   
   

«___» __________ 2020 ɝ. 
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ȺɇɇɈɌȺɐɂə 
 

ɇɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɨɜ ɧɚɧɨɱɚɫɬɢɰ ɩɪɢɞɚɟɬ ɦɚɬɟɪɢɚɥɚɦ ɧɨɜɵɟ 
ɫɜɨɣɫɬɜɚ. ɂɡɦɟɧɹɸɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɩɪɨɜɨɞɢɦɨɫɬɶ, ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨ-
ɫɨɛɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɇɚɧɨɬɟɯɧɨ-
ɥɨɝɢɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɫɨɡɞɚɧɢɸ ɛɨɥɟɟ ɩɪɨɱɧɵɯ ɢ ɥɟɝɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɫɜɟɪɯɬɜɟɪɞɵɯ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ, ɭɜɟɥɢɱɟɧɢɸ ɟɦɤɨɫɬɢ 
ɦɚɝɧɢɬɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢ ɬ.ɞ.  

Ɉɬɥɢɱɢɹ ɦɟɠɞɭ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ ɢ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɦɢ ɦɚɬɟɪɢɚ-
ɥɚɦɢ ɜ ɭɩɪɭɝɢɯ, ɞɟɦɩɮɢɪɭɸɳɢɯ, ɩɪɨɱɧɨɫɬɧɵɯ, ɬɟɩɥɨɜɵɯ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɦɚɝ-
ɧɢɬɧɵɯ ɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜɚɯ ɨɛɭɫɥɨɜɥɟɧɵ ɧɟ ɬɨɥɶɤɨ ɦɚɥɵɦ ɪɚɡɦɟɪɨɦ 
ɡɟɪɟɧ ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɧɨ ɢ ɨɫɨɛɵɦ ɫɨɫɬɨɹɧɢɟɦ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɢɥɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɜ ɧɢɯ. 

Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɤɟɪɚɦɢɤɢ, ɩɨ-
ɥɭɱɚɟɦɨɣ ɢɡ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ, ɜ ɤɨɬɨɪɨɣ ɭɞɚɟɬɫɹ ɫɨɯɪɚɧɢɬɶ ɨɱɟɧɶ ɦɚ-
ɥɵɟ ɪɚɡɦɟɪɵ ɡɟɪɧɚ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɚɧɨɤɟɪɚɦɢɤɚ ɛɭɞɟɬ ɨɛɥɚɞɚɬɶ ɧɟ 
ɬɨɥɶɤɨ ɫɜɨɣɫɬɜɚɦɢ ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ – 
ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɤɨɪ-
ɪɨɡɢɢ, ɜɵɫɨɤɢɦɢ ɢɡɨɥɢɪɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, – ɧɨ ɢ ɧɟɤɨɬɨɪɵɦɢ ɭɧɢ-
ɤɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɧɚɩɪɢɦɟɪ, ɫɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɶɸ).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɱɟɦ ɦɟɧɶɲɟ ɪɚɡɦɟɪ ɡɟɪɟɧ ɤɟɪɚɦɢɤɢ ɢ ɱɟɦ ɛɨɥɶɲɟ ɪɚɡɜɢɬɚ 
ɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ, ɬɟɦ ɩɪɨɱɧɟɟ ɢ ɬɜɟɪɠɟ ɤɟɪɚɦɢɤɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜ ɧɚɧɨɩɨ-
ɪɨɲɤɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɤɢ, ɫɭɳɟɫɬɜɭɸɬ ɭɫɬɨɣɱɢɜɵɟ ɬɪɭɞ-
ɧɨɪɚɡɪɭɲɚɟɦɵɟ ɚɝɥɨɦɟɪɚɬɵ ɧɚɧɨɱɚɫɬɢɰ, ɱɬɨ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɧɟɫɬɚɧɞɚɪɬ-
ɧɵɯ ɦɟɬɨɞɨɜ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɹ (ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ). 
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ɊȿɎȿɊȺɌ 
 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɜ 
ɧɚɧɨɤɟɪɚɦɢɤɟ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ» ɫɨɞɟɪɠɢɬ 49 ɫɬɪɚɧɢɰ ɦɚɲɢɧɨɩɢɫ-
ɧɨɝɨ ɬɟɤɫɬɚ, 40 ɪɢɫɭɧɤɨɜ, 6 ɬɚɛɥɢɰ, 7 ɮɨɪɦɭɥ ɢ 36 ɫɫɵɥɨɤ ɧɚ ɥɢɬɟɪɚɬɭɪɧɵɟ ɢɫ-
ɬɨɱɧɢɤɢ. ɇɭɦɟɪɚɰɢɹ ɮɨɪɦɭɥ, ɬɚɛɥɢɰ, ɢ ɪɢɫɭɧɤɨɜ ɜɟɞɟɬɫɹ ɩɨ ɝɥɚɜɚɦ ɢ ɩɭɧɤɬɚɦ. 
Ɉɛɳɢɟ ɜɵɜɨɞɵ ɩɪɢɜɟɞɟɧɵ ɜ ɤɨɧɰɟ ɪɚɛɨɬɵ. 

ɈɄɋɂȾ ȺɅɘɆɂɇɂə, ɈɄɋɂȾ ɆȺȽɇɂə, ȺɅɘɆɈɆȺȽɇɂȿȼȺə 
ɒɉɂɇȿɅɖ, ɆȿɌɈȾ SPS, ɄȺɊȻɂȾ ȺɅɘɆɂɇɂə, ɈɄɋɂɄȺɊȻɂȾ ȺɅɘɆɂ-
ɇɂə, ɆȺȽɇɂɌɇɕȿ ɋȼɈɃɋɌȼȺ. 

ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɩɪɨɛɥɟɦɟ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, 
ɩɪɨɜɟɞɟɧɢɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɢɡɭɱɟɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɫɩɟɱɟɧɧɨɣ ɤɟ-
ɪɚɦɢɤɢ Al2O3 ɢ MgO ɦɟɬɨɞɨɦ SPS. 

Ɂɚɞɚɱɢ: 
– ɢɫɫɥɟɞɨɜɚɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ;  
– ɢɫɫɥɟɞɨɜɚɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ; 
– ɢɫɫɥɟɞɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ; 
– ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɯɚɪɚɤɬɟɪɟ ɩɪɨɰɟɫɫɨɜ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɬɟɤɚɸɳɢɯ 

ɜ ɨɛɪɚɡɰɟ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɩɨɥɭɱɟɧɢɹ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ 

ɦɚɝɧɢɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɧɵ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɫɦɟɫɢ 
Al2O3 ɢ MgO ɩɪɢ ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɨɦ ɫɩɟɤɚɧɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɚɧɢɹ ɤɟɪɚ-
ɦɢɤɢ ɩɪɢ t = 1400 °C ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɮɚɡɚ – Al4C3, ɨɛɥɚɞɚɸɳɚɹ ɦɚɝɧɢɬɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ.  
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ɇɚɱɚɥɨ XXⅠ ɜɟɤɚ ɛɟɡ ɩɪɟɭɜɟɥɢɱɟɧɢɹ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɷɪɨɣ ɦɢɤɪɨɷɥɟɤɬɪɨ-
ɧɢɤɢ. ȼ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 50 ɥɟɬ ɦɢɪ ɛɵɥ ɫɜɢɞɟɬɟɥɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɪɟɜɨ-
ɥɸɰɢɢ, ɫɬɚɜɲɟɣ ɜɨɡɦɨɠɧɨɣ ɛɥɚɝɨɞɚɪɹ ɰɢɮɪɨɜɨɣ ɥɨɝɢɤɟ ɢ ɛɚɡɢɪɭɸɳɢɦɫɹ ɧɚ 
ɧɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ. Ɉɞɧɚɤɨ ɜ ɥɸɛɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɨɬ ɩɟɪɜɨɝɨ 
ɬɪɚɧɡɢɫɬɨɪɚ ɞɨ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɪɚɠɚɸɳɢɯ ɫɜɨɢɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɜɨɡɦɨɠ-
ɧɨɫɬɹɦɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ, ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɚ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬ ɬɨɥɶɤɨ 
ɨɞɧɨ ɫɜɨɣɫɬɜɨ ɷɥɟɤɬɪɨɧɚ – ɟɝɨ ɡɚɪɹɞ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɧ ɢɦɟɟɬ ɟɳɟ ɨɞɧɭ, 
ɩɪɚɜɞɚ, ɫɭɝɭɛɨ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ – ɫɨɛɫɬɜɟɧɧɵɣ ɭɝɥɨɜɨɣ 
ɦɨɦɟɧɬ, ɢɥɢ ɫɩɢɧ (ɢ ɫɜɹɡɚɧɧɵɣ ɫ ɧɢɦ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ), – ɤɨɬɨɪɚɹ ɜɩɥɨɬɶ ɞɨ 
ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɩɨɥɶɡɨɜɚɥɚɫɶ ɨɫɨɛɵɦ ɜɧɢɦɚɧɢɟɦ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɢ ɢɫɫɥɟ-
ɞɨɜɚɬɟɥɟɣ. ɋɟɝɨɞɧɹ ɫɢɬɭɚɰɢɹ ɦɟɧɹɟɬɫɹ, ɢ ɜ ɫɜɟɬ ɜɵɯɨɞɢɬ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɩɨ-
ɥɭɱɢɜɲɚɹ ɧɚɡɜɚɧɢɟ – ɫɩɢɧɬɪɨɧɢɤɚ. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɫɩɢɧɬɪɨɧɢɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɞɚɧɧɵɯ ɭɫɬɪɨɣ-
ɫɬɜɚɯ ɩɟɪɟɜɨɪɨɬ ɫɩɢɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ, ɚ ɜ ɩɪɨɦɟɠɭɬɤɚɯ 
ɦɟɠɞɭ ɨɩɟɪɚɰɢɹɦɢ ɭɫɬɪɨɣɫɬɜɨ ɨɬɤɥɸɱɚɟɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. ȿɫɥɢ ɢɡɦɟ-
ɧɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɫɩɢɧɚ, ɬɨ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɚ ɧɟ ɢɡɦɟɧɢɬɫɹ. 
ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɟɩɥɨ ɩɨɱɬɢ ɧɟ ɜɵɞɟɥɹɟɬɫɹ. ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ 
ɫɩɢɧɚ ɨɱɟɧɶ ɜɵɫɨɤɚ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɟɪɟɜɨɪɨɬ ɫɩɢɧɚ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɡɚ ɧɟɫɤɨɥɶɤɨ ɩɢɤɨɫɟɤɭɧɞ. 

Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɞɟɥɹɟɬɫɹ ɩɨɢɫɤɭ ɧɨɜɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɭɸ ɝɟɧɟɪɚɰɢɸ ɫɩɢɧ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɬɨɤɨɜ 
ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɫɨɜɦɟɫɬɢɦɵɯ ɫ ɯɨɪɨɲɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɬɟɯɧɨ-
ɥɨɝɢɹɦɢ ɫɨɜɪɟɦɟɧɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ. ɉɨɦɢɦɨ ɛɚɡɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɩɢɧɬɪɨɧɢɤɢ 
– ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɦɟɬɚɥɥɨɜ Fe, Co ɢ Ni, ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɫɥɚɛɨɥɟ-
ɝɢɪɨɜɚɧɧɵɟ ɮɟɪɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ, ɩɨɥɭɦɟɬɚɥɥɢɱɟɫɤɢɟ ɮɟɪɪɨɦɚɝ-
ɧɢɬɧɵɟ ɨɤɫɢɞɵ, ɫɩɥɚɜɵ Ƚɟɣɫɥɟɪɚ ɢ ɧɟɤɨɬɨɪɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ [1]. 

ɋɟɝɨɞɧɹ ɤɟɪɚɦɢɤɚ ɜɵɡɵɜɚɟɬ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɧɰɢɩɢ-
ɚɥɶɧɨ ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɦɚɬɟɪɢɚɥɨɜ ɫɩɢɧɬɪɨɧɢɤɢ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥɥɚɦɢ ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɞɥɢɬɟɥɶɧɨɦɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɸ ɜ ɭɫɥɨɜɢɹɯ ɩɨ-
ɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɵɯ ɫɪɟɞ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɟɝɪɚ-
ɞɚɰɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɗɬɨ ɞɟɥɚɟɬ ɤɟɪɚɦɢɤɭ ɭɧɢɤɚɥɶɧɵɦ ɬɟɩɥɨɢɡɨɥɹɰɢ-
ɨɧɧɵɦ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɢ ɮɢɥɶɬɪɭɸɳɢɦ ɦɚɬɟɪɢɚɥɨɦ. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɜɚɠ-
ɧɵɯ ɢ ɫɥɨɠɧɵɯ ɩɪɨɛɥɟɦ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɤɟɪɚɦɢɤ ɫɨɱɟɬɚɸɳɢɯ ɦɚɥɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɩɨɜɵɲɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ (ɢɥɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ) ɱɚɫɬɨ ɜɵɞɜɢɝɚɟɬɫɹ ɬɚɤɠɟ 
ɬɪɟɛɨɜɚɧɢɟ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɬɟɪɦɨɭɞɚɪɚɦ [2]. 

ɗɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɤɟɪɚɦɢ-
ɤɚɯ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɫɩɟɤɚ-
ɧɢɹ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɷɥɟɤ-
ɬɪɨɢɦɩɭɥɶɫɧɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ ɫɩɟɤɚɧɢɹ (ɗɂɉɋ), ɜ ɢɧɨɫɬɪɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢɫ-
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ɩɨɥɶɡɭɸɬɫɹ ɬɟɪɦɢɧɵ «Spark Plasma Sintering» (SPS). ɋɭɬɶ ɦɟɬɨɞɚ ɗɂɉɋ ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɦ ɧɚɝɪɟɜɟ ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɬɨɤɨɩɪɨɜɨɞɹɳɟɣ 
ɩɪɟɫɫ-ɮɨɪɦɟ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɢɥɥɢɫɟɤɭɧɞɧɵɯ 
ɢɦɩɭɥɶɫɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ. ɋɩɟɤɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɤɨɧ-
ɬɪɨɥɢɪɭɟɦɨɣ ɚɬɦɨɫɮɟɪɟ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɨɞɧɨɨɫɧɨɝɨ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɤ ɧɚ 
ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɗɂɉɋ ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ ɡɚ 
ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɥɵɯ ɞɨɛɚɜɨɤ ɱɚɫɬɢɰ ɜɬɨɪɨɣ ɮɚɡɵ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɦɢ-
ɝɪɚɰɢɢ ɝɪɚɧɢɰ ɡɟɪɟɧ (ɧɚɩɪɢɦɟɪ, MgO, CaO, ZrO2, SiC, TiC ɢ ɬ. ɞ.). ɋɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚ-
ɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɨɦɭ ɩɥɚɡɦɟɧɧɨɦɭ ɫɩɟɤɚɧɢɸ ɫɭɛɦɢɤɪɨɧɧɵɯ 
ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɬɨɞ ɗɂɉɋ ɹɜɥɹ-
ɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɩɥɨɬɧɵɯ ɤɟɪɚɦɢɤ ɫ ɫɭɛɦɢɤɪɨɧ-
ɧɨɣ ɫɬɪɭɤɬɭɪɨɣ [3]. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɩɪɨɛɥɟɦɟ 
 

1.1 ɂɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɤɟɪɚɦɢɤɢ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɞ ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɧɟ 
ɬɨɥɶɤɨ ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɮɚɹɧɫ, ɮɚɪɮɨɪ, ɨɝɧɟɭɩɨɪɵ, ɫɬɪɨɢɬɟɥɶɧɚɹ ɤɟɪɚ-
ɦɢɤɚ, ɚɛɪɚɡɢɜɵ, ɷɦɚɥɢ, ɰɟɦɟɧɬɵ ɢ ɫɬɟɤɥɚ, ɧɨ ɬɚɤɠɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɝɧɢɬɧɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɢ, ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢ ɞɪɭɝɢɟ ɜɢɞɵ, 
ɟɳɟ ɧɟ ɫɭɳɟɫɬɜɨɜɚɜɲɢɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɧɚɡɚɞ. 

ɋɥɨɜɨ ɤɟɪɚɦɢɤɚ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɝɪɟɱɟɫɤɨɝɨ ɫɥɨɜɚ «keramos», ɱɬɨ ɨɡɧɚɱɚɟɬ 
ɝɨɪɲɟɱɧɚɹ ɝɥɢɧɚ ɢɥɢ ɮɚɹɧɫ. Ɍɪɚɞɢɰɢɨɧɧɚɹ ɤɟɪɚɦɢɤɚ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɫɢɥɢɤɚɬ-
ɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɡɚɧɢɦɚɟɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ 
ɢɡɞɟɥɢɣ ɢɡ ɝɥɢɧ, ɰɟɦɟɧɬɚ ɢ ɫɢɥɢɤɚɬɧɵɯ ɫɬɟɤɨɥ [4]. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɮɚɹɧɫɚ ɩɭɬɟɦ ɮɨɪɦɨɜɚɧɢɹ ɢ ɨɛɠɢɝɚ ɝɥɢɧɹɧɵɯ ɢɡɞɟɥɢɣ ɢɡ-
ɜɟɫɬɧɨ ɞɚɜɧɨ. ȼ ɪɚɫɤɨɩɤɚɯ ɧɚɯɨɞɹɬ ɢɡɞɟɥɢɹ ɢɡ ɨɛɨɠɠɟɧɧɨɣ ɝɥɢɧɵ, ɢɦɟɸɳɢɟ 
ɜɨɡɪɚɫɬ ɨɤɨɥɨ 17 ɬɵɫ. ɥɟɬ ɞɨ ɧ. ɷ. Ɍɚɤɠɟ ɛɵɥɨ ɪɚɡɜɢɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɢɥɢɤɚɬɧɵɯ 
ɫɬɟɤɨɥ. ɗɦɚɥɢ ɧɚ ɤɚɦɟɧɧɵɯ ɭɤɪɚɲɟɧɢɹɯ ɢ ɢɡɞɟɥɢɹɯ ɢɡ ɫɬɟɤɥɚ ɛɵɥɢ ɢɡɜɟɫɬɧɵ 
12–5 ɬɵɫ. ɥɟɬ ɞɨ ɧ. ɷ., ɚ ɜ ȿɝɢɩɬɟ ɨɤɨɥɨ 2 ɬɵɫ. ɥɟɬ ɞɨ ɧ ɷ. ɢɦɟɥɚɫɶ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɡɜɢɬɚɹ ɫɬɟɤɨɥɶɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɪɢɫ.1). 
 

 
 

Ɋɢɫɭɧɨɤ 1 – Ɏɪɚɝɦɟɧɬɵ ɫɬɟɤɥɹɧɧɵɯ ɢɧɤɪɭɫɬɚɰɢɣ ɢɡ ɨɤɪɚɲɟɧɧɨɝɨ ɫɬɟɤɥɚ  
ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɪɵɛ 

 
ȼ Ɋɨɫɫɢɢ ɝɨɧɱɚɪɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɵɥɨ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɭɠɟ ɜ X–

XIII ɜɜ. Ƚɥɢɧɹɧɵɟ ɢɡɞɟɥɢɹ, ɧɚɣɞɟɧɧɵɟ ɩɪɢ ɪɚɫɤɨɩɤɚɯ ȼɟɥɢɤɨɝɨ ɇɨɜɝɨɪɨɞɚ, ɭɤɚ-
ɡɵɜɚɸɬ ɧɚ ɜɵɫɨɤɨɟ ɦɚɫɬɟɪɫɬɜɨ ɪɭɫɫɤɢɯ ɝɨɧɱɚɪɨɜ. ȼ XVIII ɜ. ɜ Ɋɨɫɫɢɢ ɛɵɥ ɫɨ-
ɡɞɚɧ ɮɚɪɮɨɪ ɢ ɫɬɚɥɨ ɨɫɜɚɢɜɚɬɶɫɹ ɟɝɨ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. ȼ 1756 ɝ. 
ɩɨɞ Ɇɨɫɤɜɨɣ ɫɬɪɨɢɬɫɹ ɮɚɪɮɨɪɨɜɵɣ ɡɚɜɨɞ. ȼ 1798 ɝ. ɧɚɱɢɧɚɟɬ ɜɵɩɭɫɤɚɬɶ ɩɪɨ-
ɞɭɤɰɢɸ ɩɟɪɜɵɣ ɮɚɹɧɫɨɜɵɣ ɡɚɜɨɞ ɜɛɥɢɡɢ Ʉɢɟɜɚ [5]. ȿɫɥɢ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɤɟɪɚ-
ɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ, ɬɨ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ 
ɨɛɴɟɦ ɡɚɧɢɦɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚɬɪɢɣ- ɢ ɤɚɥɶɰɢɣɫɢɥɢɤɚɬɧɵɯ ɫɬɟɤɨɥ. Ɂɚɬɟɦ 
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ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦ ɩɨ ɨɛɴɟɦɭ ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢɡɜɟɫɬɢ ɢ ɰɟɦɟɧɬɚ (ɡɞɟɫɶ 
ɛɨɥɶɲɚɹ ɞɨɥɹ ɩɚɞɚɟɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɰɟɦɟɧɬɚ). Ʉ ɫɥɟɞɭɸɳɟɣ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɝɪɭɩɩɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɤɟɪɚɦɢɤɢ ɨɬɧɨɫɹɬɫɹ ɷɦɚɥɢ, ɜɵɩɭɫɤɚɟ-
ɦɵɟ ɞɥɹ ɩɨɤɪɵɬɢɹ ɦɟɬɚɥɥɨɜ, ɡɚɬɟɦ ɫɥɟɞɭɸɬ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɨɝɧɟ-
ɭɩɨɪɵ ɢ ɚɛɪɚɡɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ ɫɢɥɢɤɚɬɧɚɹ (ɬɪɚɞɢɰɢɨɧɧɚɹ) ɤɟɪɚɦɢɤɚ ɫɨɫɬɚɜɥɹɟɬ 
ɧɚɢɛɨɥɶɲɢɣ ɨɛɴɟɦ ɜɵɩɭɫɤɚɟɦɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɩɨ-
ɫɥɟɞɧɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɬɢɩɵ ɧɨɜɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɪɚɡ-
ɪɚɛɨɬɚɧɵ ɥɢɛɨ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɢ ɷɬɨɦ 
ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɥɢɛɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɤɨɝɞɚ ɨɬɤɪɵɜɚɸɬɫɹ ɧɨɜɵɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɨɡɞɚɜɚɬɶ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɭɳɟ-
ɫɬɜɭɸɳɢɯ (ɧɚɩɪɢɦɟɪ, ɨɬɤɪɵɬɢɟ ɜɚɪɢɫɬɨɪɧɨɝɨ ɢ ɩɨɡɢɫɬɨɪɧɨɝɨ ɷɮɮɟɤɬɨɜ, ɜɵɫɨ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɝɢɝɚɧɬɫɤɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜ ɨɤɫɢɞɧɵɯ ɫɬɪɭɤɬɭɪɚɯ). ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɧɨɜɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ 
ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɜ ɫɨɡɞɚɧɢɢ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ 
ɢ ɧɨɜɵɯ ɢɡɞɟɥɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ [6]. 

 
1.2 Ʉɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ Al2O3 
 
Ʉɟɪɚɦɢɤɚ – ɧɟɨɪɝɚɧɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ, ɩɨɥɭɱɚɟɦɵɣ ɢɡ ɨɬɮɨɪɦɨɜɚɧɧɵɯ 

ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɫ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛ-
ɠɢɝɚ (1200–2500 °ɋ) ɩɪɨɢɫɯɨɞɢɬ ɫɩɟɤɚɧɢɟ, ɮɨɪɦɢɪɭɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ, 
ɢ ɢɡɞɟɥɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ ɢɫɩɨɥɶɡɭɸɬ ɫɥɟɞɭɸɳɢɟ ɨɤɫɢɞɵ: 
Ⱥ12O3 (ɤɨɪɭɧɞ), ZrO2, Mg0, ɋɚɈ, ȼɟɈ ɢ. ɬ. ɞ. Ʉɟɪɚɦɢɤɚ ɢɦɟɟɬ ɨɞɧɨɮɚɡɧɭɸ ɩɨ-
ɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ. Ʉɪɨɦɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɜ ɤɟɪɚɦɢɤɟ ɦɨɠɟɬ 
ɫɨɞɟɪɠɚɬɶɫɹ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜ (ɩɨɪɵ) ɢ ɫɬɟɤɥɨɜɢɞɧɨɣ ɮɚɡɵ, ɤɨɬɨɪɚɹ 
ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɥɢɱɢɹ ɩɪɢɦɟɫɟɣ ɜ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. Ɍɟɦɩɟɪɚ-
ɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɱɢɫɬɵɯ ɨɤɫɢɞɨɜ ɩɪɟɜɵɲɚɟɬ 2000 °ɋ, ɩɨɷɬɨɦɭ ɨɧɢ ɨɬɧɨɫɹɬɫɹ ɤ 
ɨɝɧɟɭɩɨɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ [7]. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ Ⱥl2O3, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ ɤɟɪɚɦɢɤɢ, ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɫɩɨɫɨɛ ɫɨɜɦɟɫɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɝɢɞɪɨɤɫɢɞɨɜ (ɋɈȽ) ɢ 
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ (ɉɏɋ). ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɋɈȽ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫ-
ɬɜɨɪɟɧɢɢ ɫɨɥɟɣ ɚɥɸɦɢɧɢɹ, ɧɚɩɪɢɦɟɪ, AlCl3 ɜ ɪɚɫɬɜɨɪɟ ɚɦɦɢɚɤɚ ɢ ɩɨɫɥɟɞɭɸɳɟɦ 
ɜɵɩɚɞɟɧɢɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɝɢɞɪɚɬɨɜ ɜ ɨɫɚɞɨɤ. ɉɪɨɰɟɫɫ ɜɟɞɭɬ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ɢ ɛɨɥɶɲɢɯ ɫɪɨɤɚɯ ɜɵɞɟɪɠɤɢ. ɉɨɥɭɱɟɧɧɵɟ ɝɢɞɪɨɤɫɢɞɵ ɫɭɲɚɬ ɢ ɩɪɨɤɚ-
ɥɢɜɚɸɬ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɩɨɪɨɲɨɤ Ⱥl2O3 ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 10–100 ɧɦ. 
ȼ ɬɟɯɧɨɥɨɝɢɢ ɉɏɋ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ Al(NO3)3 ɩɨɞɚɟɬɫɹ ɜ ɫɨɩɥɨ ɩɥɚɡɦɨɬɪɨɧɚ. ȼ 
ɤɚɩɥɹɯ ɪɚɫɬɜɨɪɚ ɜɨɡɧɢɤɚɸɬ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɝɪɚɞɢɟɧɬɵ, 
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ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɧɶ ɛɵɫɬɪɵɣ ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ Ⱥl2O3. ɑɚɫɬɢɰɵ 
ɩɨɪɨɲɤɚ ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪ 0,1–1 ɦɤɦ [8]. 

Ɉɤɫɢɞ ɚɥɸɦɢɧɢɹ – ɝɥɢɧɨɡɟɦ – ɹɜɥɹɟɬɫɹ ɬɭɝɨɩɥɚɜɤɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɟɞɢ-
ɧɟɧɢɟɦ ɫ ɢɨɧɧɨ-ɤɨɜɚɥɟɧɬɧɵɦ ɬɢɩɨɦ ɫɜɹɡɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. Ɉɧ ɢɦɟɟɬ 
ɧɟɫɤɨɥɶɤɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ. ɍɫɬɚɧɨɜɥɟɧɵ α-, ȕ- ɢ Ȗ- ɦɨɞɢɮɢɤɚ-
ɰɢɢ ɝɥɢɧɨɡɟɦɚ, ɩɪɢɱɟɦ α- ɢ Ȗ-Ⱥl2O3 ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɢɫɬɵɣ ɨɤɫɢɞ ɚɥɸɦɢ-
ɧɢɹ, ɚ ȕ- ɦɨɞɢɮɢɤɚɰɢɹ – ɫɨɟɞɢɧɟɧɢɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫɨ ɳɟɥɨɱɧɵɦɢ ɢ ɳɟɥɨɱ-
ɧɨɡɟɦɟɥɶɧɵɦɢ ɨɤɫɢɞɚɦɢ. Ʉɭɛɢɱɟɫɤɢɣ Ȗ- ɢ ɝɟɤɫɚɝɨɧɚɥɶɧɵɣ ȕ-Al2O3 ɹɜɥɹɸɬɫɹ 
ɧɟɫɬɚɛɢɥɶɧɵɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ, ɤɨɬɨɪɵɟ ɩɪɢ ɧɚɝɪɟɜɟ ɫɜɵɲɟ 1500 °ɋ ɩɟɪɟɯɨ-
ɞɹɬ ɜ α-Al2O3. Ʉɨɪɭɧɞɨɜɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɤɟɪɚɦɢɤɨɣ ɧɚɡɵɜɚɟɬɫɹ ɤɟɪɚɦɢɤɚ, ɫɨɞɟɪ-
ɠɚɳɚɹ ɛɨɥɟɟ 95 % α-Ⱥ12Ɉ3. ȼ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɜɫɬɪɟɱɚɟɬɫɹ ɬɨɥɶɤɨ α-Al2O3 
ɜ ɜɢɞɟ ɦɢɧɟɪɚɥɨɜ ɤɨɪɭɧɞɚ (ɪɢɫ.2), ɪɭɛɢɧɚ, ɫɚɩɮɢɪɚ, ɤɨɬɨɪɵɣ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ 
ɬɪɢɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɢ [9].  
 

 
 

Ɋɢɫɭɧɨɤ 2 – Ɇɢɧɟɪɚɥ ɤɨɪɭɧɞ 
 

ȼ ɨɤɫɢɞɟ ɚɥɸɦɢɧɢɹ Ⱥ12O3 ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɜɵɫɨɤɨɣ 
ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ ɨɬɜɥɟɤɚɸɬ ɷɥɟɤɬɪɨɧɵ ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɢɡ ɡɨɧɵ ɩɪɨ-
ɜɨɞɢɦɨɫɬɢ ɧɚ ɫɜɹɡɶ, ɫɬɚɛɢɥɢɡɢɪɭɹ ɬɟɦ ɫɚɦɵɦ ɭɫɬɨɣɱɢɜɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ s2 ɢ sp' 
ɚ ɬɨɱɧɟɟ ɢɯ ɫɭɩɟɪɩɨɡɢɰɢɸ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɚɠɞɵɣ ɚɬɨɦ ɚɥɸɦɢɧɢɹ ɜ Ⱥl2Ɉ3 ɨɤɚɡɵ-
ɜɚɟɬɫɹ ɨɤɪɭɠɟɧɧɵɦ ɲɟɫɬɶɸ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɚɥɸɦɨɨɤ-
ɫɢɞɧɵɣ ɨɤɬɚɷɞɪ, ɚ ɨɤɬɚɷɞɪɵ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɨɛ-
ɳɟɣ ɝɪɚɧɶɸ. Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɜ ɧɟɣ ɝɪɭɩ-
ɩɢɪɨɜɤɢ Ⱥl2Ɉ3, ɜ ɤɨɬɨɪɵɯ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɫɜɹɡɚɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɪɭɝ ɫ 
ɞɪɭɝɨɦ ɢ ɚɬɨɦɚɦɢ ɚɥɸɦɢɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɫɧɨɜɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɦɨɬɢɜɨɦ 
ɜ ɨɤɫɢɞɟ ɚɥɸɦɢɧɢɹ ɫɥɭɠɚɬ ɚɥɸɦɨɨɤɫɢɞɧɵɟ ɨɤɬɚɷɞɪɵ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜ-
ɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 
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Ɋɢɫɭɧɨɤ 3 – ɋɬɪɭɤɬɭɪɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 
 

ȼɩɟɪɜɵɟ ɞɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɟɞɥɨɠɢɥ ɫɨɜɟɬɫɤɢɣ ɚɤɚ-
ɞɟɦɢɤ ɇ. ȼ. Ȼɟɥɨɜ, ɤɨɬɨɪɚɹ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɩɪɟɞɫɬɚɜ-
ɥɟɧɢɹɦɢ ɨ ɩɪɢɪɨɞɟ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɦ [10]. 

 
1.3 Ʉɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ MgO 
 
Ɉɤɫɢɞ ɦɚɝɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, ɧɚɡɵɜɚɟɦɨɣ ɩɟ-

ɪɢɤɥɚɡɨɦ ɫ ɢɨɧɧɵɦ ɬɢɩɨɦ ɫɜɹɡɢ. ɋɬɪɭɤɬɭɪɚ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢ-
ɡɨɜɚɬɶ, ɤɚɤ ȽɐɄ ɪɟɲɟɬɤɭ ɤɢɫɥɨɪɨɞɚ ɫ ɨɞɧɢɦ ɢɨɧɨɦ ɦɚɝɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ 
ɤɚɠɞɨɦ ɨɤɬɚɷɞɪɢɱɟɫɤɨɦ ɦɟɠɭɡɥɢɟ. Ɍɨɝɞɚ ɤɚɠɞɵɣ ɢɨɧ ɦɚɝɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ 
ɲɟɫɬɶ ɫɨɫɟɞɟɣ ɢɨɧɨɜ ɤɢɫɥɨɪɨɞɚ ɢ ɧɚɨɛɨɪɨɬ (ɪɢɫ 4). 

 

 
 

Ɋɢɫɭɧɨɤ 4 – Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ MgO 
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MgO ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɦɚɝɧɢɣɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ, ɝɥɚɜ-
ɧɵɦ ɨɛɪɚɡɨɦ ɦɚɝɧɟɡɢɬɚ. Ɉɞɧɢɦ ɢɡ ɢɫɬɨɱɧɢɤɨɜ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɨɝɨ ɨɤɫɢɞɚ ɦɚɝ-
ɧɢɹ ɹɜɥɹɟɬɫɹ ɦɨɪɫɤɚɹ ɜɨɞɚ. ɑɢɫɬɵɣ MgO ɦɨɠɟɬ ɛɵɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɥɭɱɟɧ 
ɬɟɪɦɢɱɟɫɤɢɦ ɪɚɡɥɨɠɟɧɢɟɦ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɦɚɝɧɢɹ ɢ ɝɢɞɪɨɤɫɢɞɚ ɦɚɝɧɢɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 600–800 °ɋ, ɚ ɬɚɤɠɟ ɨɤɢɫɥɟɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ Mg ɜ ɩɚɪɨɨɛɪɚɡ-
ɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1200 °ɋ. ɇɚɢɛɨɥɟɟ ɚɤɬɢɜ-
ɧɵɟ ɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ (ɧɟ ɛɨɥɟɟ 0,5 ɦɤɦ) ɩɨɪɨɲɤɢ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɩɨɥɭɱɚɸɬ 
ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ Ɇg(Ɉɇ)2.  

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɩɟɤɚɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɆgɈ ɫɨɫɬɚɜɥɹɟɬ 1700–1750 °ɋ. Ⱦɥɹ ɞɨ-
ɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɫɩɟɤɚɧɢɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɨɛɚɜɤɢ 
ɨɤɫɢɞɨɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɫ MgɈ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ. ɋɩɟɱɟɧɧɚɹ ɤɟɪɚɦɢɤɚ ɧɚ 
ɨɫɧɨɜɟ MgO ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ – 2800 °ɋ, ɤɨɬɨɪɚɹ ɤɚɡɚɥɚɫɶ 
ɛɵ ɩɨɡɜɨɥɹɥɚ ɩɪɢɦɟɧɹɬɶ ɷɬɨɬ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɜ ɩɪɢɪɨɞɟ ɦɚɬɟɪɢɚɥ 
ɩɪɢ ɫɚɦɵɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ƚɢɞɪɚɬɚɰɢɹ ɢ ɩɨɜɵɲɟɧɧɚɹ ɥɟɬɭɱɟɫɬɶ MgO 
ɨɝɪɚɧɢɱɢɜɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɦɟ-
ɧɟɧɢɹ MgO ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 2000–2200 °ɋ, ɚ ɜ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɪɟɞɟ ɢ ɜɚɤɭɭɦɟ – ɨɤɨɥɨ 1700 °ɋ. Ɉɤɫɢɞ ɦɚɝɧɢɹ ɨɛɥɚɞɚɟɬ 
ɧɢɡɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ ɢɡ-ɡɚ ɜɵɫɨɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɲɢɪɟɧɢɹ ɢ ɫɪɚɜɧɢ-
ɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɉɤɫɢɞ ɦɚɝɧɢɹ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɢɡɨɥɹ-
ɬɨɪɨɦ. Ʉɪɢɫɬɚɥɥɵ ɨɛɥɚɞɚɸɬ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. ɋɩɟɱɟɧɧɚɹ ɤɟɪɚɦɢɤɚ ɧɚ 
ɨɫɧɨɜɟ MgO ɢɦɟɟɬ ɧɢɡɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: σɢɡɝ ɧɟ ɛɨɥɟɟ 100 Ɇɉɚ 
ɩɪɢ 20 °ɋ [11].  

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɤɟɪɚɦɢɤɢ ɧɚɢɛɨɥɟɟ ɜɚɠɧɚ ɫɢɫɬɟɦɚ Al2O3–
MgO (ɪɢɫ. 5). 

 
 

Ɋɢɫɭɧɨɤ 5 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Al2O3–MgO 
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ȼ ɫɢɫɬɟɦɟ Ⱥ12O3–MgO ɢɦɟɟɬɫɹ ɨɞɧɨ ɫɨɟɞɢɧɟɧɢɟ – ɲɩɢɧɟɥɶ MgAl2O4. 
ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɲɩɢɧɟɥɢ MgAl2O4 ɜ ɤɨɨɪɞɢɧɚɰɢɨɧ-
ɧɵɯ ɩɨɥɢɷɞɪɚɯ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 6. ɂɨɧɵ ɤɢɫɥɨɪɨɞɚ (ɤɪɚɫɧɵɟ ɲɚɪɵ) ɨɛ-
ɪɚɡɭɸɬ ɩɥɨɬɧɭɸ ȽɐɄ-ɭɩɚɤɨɜɤɭ, ɬ.ɟ. ɨɛɴɟɞɢɧɟɧɢɟ ɨɤɬɚɷɞɪɨɜ ɩɨ ɪɟɛɪɚɦ ɫ ɬɟɬɪɚ-
ɷɞɪɢɱɟɫɤɢɦɢ ɩɭɫɬɨɬɚɦɢ ɦɟɠɞɭ ɨɤɬɚɷɞɪɚɦɢ. ɉɨɥɨɜɢɧɚ ɨɤɬɚɷɞɪɢɱɟɫɤɢɯ ɩɭɫɬɨɬ 
ȽɐɄ ɡɚɫɟɥɟɧɚ ɢɨɧɚɦɢ ɚɥɸɦɢɧɢɹ (ɝɨɥɭɛɵɟ ɲɚɪɵ), ɚ 1/8 ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ – 
ɢɨɧɚɦɢ ɦɚɝɧɢɹ (ɡɟɥɟɧɵɟ ɲɚɪɵ). ɑɟɪɧɵɟ ɥɢɧɢɢ ɨɛɨɡɧɚɱɚɸɬ ɝɪɚɧɢɰɵ ɤɭɛɢɱɟ-
ɫɤɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ.  

 

 
 

Ɋɢɫɭɧɨɤ 6 – ɂɧɬɟɪɚɤɬɢɜɧɚɹ 3D ɫɬɪɭɤɬɭɪɚ MgAl204 
 

Ɉɛɪɚɡɨɜɚɜɲɚɹɫɹ ɚɥɸɦɨɦɚɝɧɢɟɜɚɹ ɲɩɢɧɟɥɶ ɨɛɥɚɞɚɟɬ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɩɪɨɱɧɨɫɬɶɸ ɢ ɬɜɟɪɞɨɫɬɶɸ, ɤɨ-
ɬɨɪɵɟ ɨɬɥɢɱɧɨ ɫɨɯɪɚɧɹɸɬɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɲɩɢɧɟɥɶ ɹɜɥɹɟɬɫɹ 
ɜɩɨɥɧɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɯɧɢɤɢ ɜ ɫɨɜɪɟ-
ɦɟɧɧɨɦ ɦɢɪɟ. Ɉɧɚ ɦɨɠɟɬ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɟɩɥɨɡɚɳɢɬɵ 
ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɢ ɫɩɥɚɜɨɜ ɞɥɹ ɥɨɩɚɬɨɤ ɚɜɢɚɰɢɨɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 
ɞɚɬɱɢɤɨɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨ-
ɬɚɸɳɢɯ ɩɪɢ ɜɵɫɨɤɢɯ ɰɢɤɥɢɱɟɫɤɢɯ ɬɟɪɦɨɧɚɝɪɭɠɟɧɢɹɯ [12]. 

 
1.4 Ɍɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɤɟɪɚɦɢɤɢ 

 
1.4.1 ɒɥɢɤɟɪɧɨɟ ɥɢɬɶɟ 
 
ɒɥɢɤɟɪɧɨɟ ɥɢɬɶɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɮɨɪɦɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ 

ɡɚɝɨɬɨɜɨɤ ɢɡ ɩɨɪɨɲɤɨɜ, ɫɭɫɩɟɧɡɢɪɨɜɚɧɧɵɯ ɜ ɠɢɞɤɨɫɬɢ (ɲɥɢɤɟɪɨɜ). Ɉɛɴɟɦɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɲɥɢɤɟɪɚɯ ɫɨɫɬɚɜɥɹɟɬ 70–80 %. ɑɟɦ ɜɵɲɟ ɩɥɨɬɧɨɫɬɶ 
ɬɜɟɪɞɨɣ ɮɚɡɵ, ɬɟɦ ɦɟɧɶɲɟ ɨɩɬɢɦɚɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɲɥɢɤɟɪɨɜ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ 
ɨɛɴɟɦɧɨɦ ɫɨɞɟɪɠɚɧɢɢ. 

Ɉɫɧɨɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɲɥɢɤɟɪɧɨɝɨ ɥɢɬɶɹ – ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɢɡɞɟɥɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɚ ɧɟɞɨɫɬɚɬɤɢ – 
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ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ [13].   
 Ʌɢɬɶɟ ɢɡ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɜɚɪɢɚɧɬɚɯ: 
ɫɥɢɜɧɨɣ ɢ ɧɚɥɢɜɧɨɣ ɫɩɨɫɨɛɵ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɨɥɨɫɬɶ ɩɨɪɢɫɬɨɣ ɮɨɪɦɵ ɡɚɥɢ-
ɜɚɸɬ ɲɥɢɤɟɪɨɦ.  

ɉɪɢ ɫɥɢɜɧɨɦ ɫɩɨɫɨɛɟ ɮɨɪɦɨɜɚɧɢɹ ɠɢɞɤɭɸ ɤɟɪɚɦɢɱɟɫɤɭɸ ɦɚɫɫɭ (ɲɥɢɤɟɪ) 
ɧɚɥɢɜɚɸɬ ɜ ɝɢɩɫɨɜɭɸ ɮɨɪɦɭ, ɩɨɪɢɫɬɵɟ ɫɬɟɧɤɢ ɤɨɬɨɪɨɣ ɜɩɢɬɵɜɚɸɬ ɜɥɚɝɭ, ɨɬɧɢ-
ɦɚɹ ɟɟ ɨɬ ɲɥɢɤɟɪɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɵ ɨɛɪɚɡɭ-
ɟɬɫɹ ɫɩɥɨɲɧɨɣ ɪɚɜɧɨɦɟɪɧɵɣ ɫɥɨɣ ɡɚɝɭɫɬɟɜɲɟɣ ɦɚɫɫɵ. Ʉɨɝɞɚ ɞɚɧɧɵɣ ɫɥɨɣ ɩɪɢ-
ɨɛɪɟɬɚɟɬ ɧɭɠɧɭɸ ɬɨɥɳɢɧɭ, ɢɡɛɵɬɨɤ ɲɥɢɤɟɪɚ ɫɥɢɜɚɸɬ, ɚ ɢɡɞɟɥɢɟ ɨɫɬɚɜɥɹɸɬ 
ɟɳɟ ɧɚ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɜ ɮɨɪɦɟ ɞɥɹ ɜɵɫɵɯɚɧɢɹ (ɩɨɞɜɹɥɤɢ), ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɨɧɨ ɞɚɟɬ ɭɫɚɞɤɭ ɢ ɥɟɝɤɨ ɨɬɫɬɚɟɬ ɨɬ ɮɨɪɦɵ (ɪɢɫ. 7).  

 

 

 
1 – ɡɚɥɢɜɤɚ; 
2 – ɫɥɢɜ; 
3 – ɩɨɞɜɹɥɤɚ; 
4 – ɝɨɬɨɜɨɟ ɢɡ-
ɞɟɥɢɟ 

1 2 3 4  
 

Ɋɢɫɭɧɨɤ 7 – ɋɥɢɜɧɨɣ ɫɩɨɫɨɛ ɥɢɬɶɹ 
 

ɉɪɢ ɧɚɥɢɜɧɨɦ ɫɩɨɫɨɛɟ ɲɥɢɤɟɪ ɡɚɥɢɜɚɸɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɫɨɩɪɹɝɚ-
ɟɦɵɦɢ ɱɚɫɬɹɦɢ ɪɚɡɴɟɦɧɨɣ ɮɨɪɦɵ. ɉɪɢ ɷɬɨɦ ɫɩɨɫɨɛɟ ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ 
ɦɚɫɫɵ ɩɪɨɬɟɤɚɟɬ ɛɵɫɬɪɟɟ, ɬɚɤ ɤɚɤ ɜɥɚɝɚ ɨɬɛɢɪɚɟɬɫɹ ɢ ɫ ɧɚɪɭɠɧɨɣ, ɢ ɫ ɜɧɭɬɪɟɧ-
ɧɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɚɝɨɬɨɜɤɢ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɧɚɥɢɜɧɨɝɨ ɫɩɨɫɨɛɚ ɜ ɬɨɦ, ɱɬɨ ɨɧ 
ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɨɜɚɬɶ ɢɡɞɟɥɢɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢ ɫ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ 
ɪɚɡɦɟɪɨɜ (ɪɢɫ. 8). 
 

 

 
1 – ɡɚɥɢɜɤɚ; 
2 – ɪɚɡɴɟɦ ɢɡ-
ɞɟɥɢɹ; 
3 – ɩɨɞɜɹɥɤɚ; 
4 – ɝɨɬɨɜɨɟ ɢɡ-
ɞɟɥɢɟ 

1 2 3 4  
 

Ɋɢɫɭɧɨɤ 8 – ɇɚɥɢɜɧɨɣ ɫɩɨɫɨɛ ɥɢɬɶɹ 
 
ɋɥɢɜɧɨɣ ɫɩɨɫɨɛ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɥɵɯ ɬɨɧɤɨɫɬɟɧɧɵɯ ɞɟɬɚ-

ɥɟɣ, ɱɚɳɟ ɜɫɟɝɨ ɫ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ ɞɨ 3–5 ɦɦ, ɧɚɥɢɜɧɨɣ ɫɩɨɫɨɛ – ɞɥɹ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ ɫɩɥɨɲɧɵɯ, ɚ ɬɚɤɠɟ ɩɨɥɵɯ ɬɨɥɫɬɨɫɬɟɧɧɵɯ ɞɟɬɚɥɟɣ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ 
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ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɫɬɨɪɨɧɧɢɣ ɧɚɛɨɪ ɫɬɟɧɤɢ ɫ ɨɬɫɨɫɨɦ ɜɨɞɵ ɜ ɧɚɪɭɠɧɭɸ ɝɢɩɫɨ-
ɜɭɸ ɮɨɪɦɭ ɢ ɜ ɝɢɩɫɨɜɵɣ ɫɟɪɞɟɱɧɢɤ. Ʉɚɤ ɩɪɢ ɫɥɢɜɧɨɦ, ɬɚɤ ɢ ɩɪɢ ɧɚɥɢɜɧɨɦ ɥɢɬɶɟ 
ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɨɫɧɨɜɧɨɝɨ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɹ ɜɨɞɵ ɢɡ ɡɚɝɨ-
ɬɨɜɤɢ ɜ ɮɨɪɦɭ ɩɪɨɞɨɥɠɚɟɬɫɹ. ɉɪɢ ɫɧɢɠɟɧɢɢ ɜɥɚɠɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɭɦɟɧɶɲɚɟɬɫɹ 
ɟɟ ɨɛɴɟɦ (ɭɫɚɞɤɚ), ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɬɞɟɥɟɧɢɸ ɡɚɝɨɬɨɜɤɢ ɨɬ ɮɨɪɦɵ. ɋɩɨɫɨɛ 
ɜɨɞɧɨɝɨ ɥɢɬɶɹ ɧɚɲɟɥ ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ 
ɬɨɧɤɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɫɫ ɧɚ ɨɫɧɨɜɟ ɝɥɢɧ ɢ ɤɚɨɥɢɧɨɜ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ 
ɫɜɨɣɫɬɜ ɝɥɢɧɢɫɬɵɯ ɲɥɢɤɟɪɨɜ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɟɯ-
ɧɨɥɨɝɢɢ ɥɢɬɶɹ, ɨɩɢɪɚɟɬɫɹ ɧɚ ɢɨɧɨɨɛɦɟɧɧɵɟ ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɹɜɥɟɧɢɹ, ɩɪɨɬɟ-
ɤɚɸɳɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɢɧɢɫɬɵɯ ɱɚɫɬɢɰ [14]. 

 
1.4.2 ɏɨɥɨɞɧɨɟ ɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɜ ɡɚɤɪɵɬɵɯ ɩɪɟɫɫ-ɮɨɪɦɚɯ 
 
ɏɨɥɨɞɧɨɟ ɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɜ ɡɚɤɪɵɬɵɯ ɩɪɟɫɫ-ɮɨɪɦɚɯ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɦɟɬɨɞ, ɩɪɢɝɨɞɧɵɣ ɞɥɹ ɩɪɟɫɫɨɜɚɧɢɹ ɢɡɞɟɥɢɣ 
ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ ɢɡ ɩɨɪɨɲɤɨɜ ɥɸɛɵɯ ɫɨɫɬɚɜɨɜ, ɩɨɡɜɨɥɹɸɳɢɣ ɪɟɚɥɢɡɨɜɚɬɶ 
ɦɧɨɝɨɦɟɪɧɭɸ ɫɯɟɦɭ ɩɪɟɫɫɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɦɟɬɨɞ ɩɪɢɨɛɪɟɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ.   
 Ɂɚɤɪɵɬɚɹ ɩɪɟɫɫ-ɮɨɪɦɚ ɫɨɫɬɨɢɬ ɜ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɢɡ ɦɚɬɪɢɰɵ, ɧɢɠɧɟɝɨ 
ɢ ɜɟɪɯɧɟɝɨ ɩɭɚɧɫɨɧɨɜ (ɪɢɫ.9). ɇɢɠɧɢɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɩɨɞɜɢɠɧɵɣ ɩɭɚɧɫɨɧ ɡɚ-
ɤɪɵɜɚɟɬ ɫɧɢɡɭ ɨɬɜɟɪɫɬɢɟ ɦɚɬɪɢɰɵ, ɫɜɟɪɯɭ ɜ ɦɚɬɪɢɰɭ ɡɚɫɵɩɚɟɬɫɹ ɤɟɪɚɦɢɱɟɫɤɢɣ 
ɩɨɪɨɲɨɤ, ɜɫɬɚɜɥɹɟɬɫɹ ɜ ɦɚɬɪɢɰɭ ɜɟɪɯɧɢɣ ɩɭɚɧɫɨɧ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ 
ɭɫɢɥɢɟ ɩɪɟɫɫɨɜɚɧɢɹ. ɉɪɟɫɫɨɜɤɚ ɦɨɠɟɬ ɜɵɞɟɪɠɢɜɚɬɶɫɹ ɩɨɞ ɧɨɪɦɢɪɨɜɚɧɧɵɦ 
ɭɫɢɥɢɟɦ ɩɪɟɫɫɨɜɚɧɢɹ ɧɟɤɨɬɨɪɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. ɉɨɫɥɟ ɫɧɹɬɢɹ ɭɫɢɥɢɹ 
ɩɪɟɫɫɨɜɚɧɢɹ ɢɡɜɥɟɤɚɟɬɫɹ ɧɢɠɧɢɣ ɩɭɚɧɫɨɧ, ɩɪɟɫɫɨɜɤɚ ɜɵɬɚɥɤɢɜɚɟɬɫɹ ɢɡ ɦɚɬ-
ɪɢɰɵ ɫ ɩɨɦɨɳɶɸ ɜɟɪɯɧɟɝɨ ɩɭɚɧɫɨɧɚ. Ⱦɥɹ ɮɨɪɦɨɜɚɧɢɹ ɧɚɧɨɩɨɪɨɲɤɨɜ ɩɪɟɫɫ-
ɮɨɪɦɵ ɞɨɥɠɧɵ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ ɫɬɚɥɢ ɢ ɡɚɤɚɥɟɧɵ ɞɨ 
ɬɜёɪɞɨɫɬɢ 55–60 HRC, ɚ ɡɚɡɨɪ ɦɟɠɞɭ ɦɚɬɪɢɰɟɣ ɢ ɩɭɚɧɫɨɧɚɦɢ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ 
ɛɨɥɟɟ 3 ɦɤɦ. 

 

 

 
 
 
 
 

1 – ɩɭɚɧɫɨɧ; 
2 – ɨɩɪɚɜɚ; 
3 – ɩɨɪɨɲɨɤ 

 
Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɯɨɥɨɞɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ 
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Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɫɜɨɣɫɬɜ ɮɨɪɦɭɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜ ɨɛɴɟɦɟ. Ɍɪɟɧɢɟ ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɛ 
ɨɩɪɚɜɭ ɩɪɟɫɫ-ɮɨɪɦɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɚɧɢɡɨɬɪɨɩɢɢ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɢ ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɢɡ-ɡɚ ɱɟɝɨ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 
ɦɚɤɪɨ- ɢ ɦɢɤɪɨɞɟɮɟɤɬɵ ɜ ɫɩɟɤɚɟɦɨɦ ɨɛɪɚɡɰɟ . 
 ɍɦɟɧɶɲɢɬɶ ɜɥɢɹɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɜ ɲɢɯɬɟ ɦɨɠɧɨ, ɟɫɥɢ ɜɜɨɞɢɬɶ ɜ ɩɨɪɨɲɨɤ 
ɫɦɚɡɤɢ ɢ ɩɥɚɫɬɢɮɢɤɚɬɨɪɵ. ɋɢɥɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜɜɨɞɢɦɨɝɨ ɜɟɳɟ-
ɫɬɜɚ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ ɜɧɭɬɪɟɧɧɢɦ ɭɩɪɭɝɢɦ ɫɢɥɚɦ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɷɮ-
ɮɟɤɬɢɜɧɨɦɭ ɫɩɪɟɫɫɨɜɵɜɚɧɢɸ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɩɪɢɦɟɧɟɧɢɹ ɫɦɚɡɨɤ ɦɨɠɧɨ ɨɬɧɟ-
ɫɬɢ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɹɡɧɟɧɢɹ ɨɛɪɚɡɰɚ, ɩɨɷɬɨɦɭ ɞɨɩɭɫɤɚɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɬɨɥɶɤɨ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ [15].  

 
1.4.3 ɂɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ 
 
ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɨɪɨɲɤɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɢɥɢ ɦɟɬɨɞɵ 

ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɜ ɝɢɞɪɨ- ɢɥɢ ɝɚɡɨɫɬɚɬɚɯ. ɉɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɯɨ-
ɥɨɞɧɨɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ, ɝɨɪɹɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɢ ɤɜɚ-
ɡɢɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɩɨɪɨɲɤɨɜ. ɂɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɜ ɭɩɥɨɬɧɟɧɢɢ ɩɨɪɨɲɤɚ ɜ ɭɫɥɨɜɢɹɯ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢɹ. Ɉɫɭɳɟɫɬɜɥɹ-
ɟɬɫɹ ɷɬɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɨɪɨɲɨɤ ɡɚɫɵɩɚɟɬɫɹ ɜ ɷɥɚɫɬɢɱɧɭɸ ɮɨɪɦɭ, ɤɨɬɨ-
ɪɚɹ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɜɚɟɬɫɹ ɢ ɩɨɦɟɳɚɟɬɫɹ ɜ ɫɨɫɭɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɗɬɨɬ ɫɨ-
ɫɭɞ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɜɚɟɬɫɹ, ɡɚɩɨɥɧɹɟɬɫɹ ɠɢɞɤɨɫɬɶɸ ɜ ɫɥɭɱɚɟ ɝɢɞɪɨɫɬɚɬɚ ɢɥɢ 
ɝɚɡɨɦ ɜ ɫɥɭɱɚɟ ɝɚɡɨɫɬɚɬɚ (ɪɢɫ. 10). 

 

 

 
 
 

1 – ɫɨɫɭɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ;  
2 – ɠɢɞɤɨɫɬɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ;  
3 – ɜɟɪɯɧɢɣ ɡɚɬɜɨɪ;  
4 – ɭɩɪɭɝɚɹ ɮɨɪɦɚ;  
5 – ɩɪɟɫɫɭɟɦɚɹ ɲɢɯɬɚ;  
6 – ɩɟɪɮɨɪɢɪɨɜɚɧɧɚɹ ɤɨɪɡɢɧɚ;  
7 – ɧɢɠɧɢɣ ɡɚɬɜɨɪ;  
8 – ɩɨɞɜɨɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ;  
9 – ɨɬɜɨɞ ɠɢɞɤɨɫɬɢ  

 

 
Ɋɢɫɭɧɨɤ 10 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɜ ɝɢɞɪɨɫɬɚɬɟ 
 
ɗɬɨɬ ɦɟɬɨɞ ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɢɡɞɟɥɢɹ, ɮɨɪɦɚ 

ɢ ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɹɬɶ ɞɪɭɝɢɟ ɫɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟ-
ɥɢɣ. ȼ ɝɚɡɨɫɬɚɬɚɯ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɨɞɜɟɪɝɚɸɬ ɩɪɟɫɫɨɜɚɧɢɸ ɧɟ ɩɨɪɨɲɤɢ, 
ɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɥɭɱɟɧɧɭɸ ɬɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ ɡɚɝɨɬɨɜɤɭ. ɗɬɢ ɦɟɬɨɞɵ 
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ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɜɧɨɦɟɪɧɭɸ ɩɥɨɬɧɨɫɬɶ ɩɪɟɫɫɨɜɨɤ, ɧɨ ɨɧɢ ɧɟ ɩɪɢɦɟɧɢɦɵ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɫɨ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɟɣ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ (ɤɨɧɢ-
ɱɟɫɤɢɟ ɨɬɜɟɪɫɬɢɹ ɢɥɢ ɞɪɭɝɢɟ ɨɬɜɟɪɫɬɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɫɟɱɟɧɢɹ). Ɇɟɬɨɞ ɝɨɪɹɱɟɝɨ 
ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ ɫɥɨɠɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɞɧɨɪɚɡɨɜɨɟ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɩɪɟɫɫ-ɮɨɪɦ.  

ɇɟɞɨɫɬɚɬɤɨɦ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɷɧɟɪɝɨɟɦ-
ɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɥɨɯɨɟ ɦɚɫ-
ɲɬɚɛɢɪɨɜɚɧɢɟ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɛɴɟɦɵ [15].  
 

1.4.4 Ƚɨɪɹɱɟɟ ɩɪɟɫɫɨɜɚɧɢɟ  
 
Ɇɟɬɨɞ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɞɚɱɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ 

ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨ-
ɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɞɟɥɢɹ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ. Ȼɨɥɟɟ 
ɬɨɝɨ, ɦɟɬɨɞ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɞɟɬɚɥɢ, ɛɥɢɡɤɢɟ ɩɨ ɪɚɡ-
ɦɟɪɚɦ ɤ ɤɨɧɟɱɧɵɦ ɢɡɞɟɥɢɹɦ ɢ ɫ ɝɥɚɞɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɱɬɨ ɜ ɢɬɨɝɟ ɦɢɧɢɦɢ-
ɡɢɪɭɟɬ ɡɚɬɪɚɬɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɧɟɱɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɇɟɬɨɞɨɦ 
ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɬɧɵɟ ɦɚɬɟ-
ɪɢɚɥɵ ɫ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɬɚɤɢɯ ɜɤɥɸɱɟɧɢɣ, ɤɚɤ 
ɝɪɚɮɢɬ, ɛɨɪɢɞ ɬɢɬɚɧɚ, ɧɢɬɪɢɞ ɤɪɟɦɧɢɹ ɢ ɚɥɸɦɢɧɢɣ. 

ɉɪɢ ɝɨɪɹɱɟɦ ɩɪɟɫɫɨɜɚɧɢɢ ɩɨɪɨɲɨɤ ɡɚɫɵɩɚɸɬ ɜ ɝɨɪɹɱɭɸ ɩɪɟɫɫ-ɮɨɪɦɭ. 
ɉɪɟɫɫ-ɮɨɪɦɚ ɫɨɫɬɨɢɬ ɢɡ ɧɟɩɨɞɜɢɠɧɨɣ ɩɨɞɫɬɚɜɤɢ, ɮɨɪɦɚ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɮɨɪɦɟ ɩɪɟɫɫɭɟɦɵɯ ɢɡɞɟɥɢɣ ɢ ɩɨɞɜɢɠɧɨɝɨ ɩɨɪɲɧɹ – ɩɭɚɧɫɨɧɚ. ɉɨɫɥɟ ɡɚɝɪɭɡɤɢ 
ɫɦɟɫɢ ɩɪɟɫɫ-ɮɨɪɦɭ ɡɚɤɪɵɜɚɸɬ ɢ ɞɚɜɹɬ ɧɚ ɫɦɟɫɶ ɩɭɚɧɫɨɧɨɦ, ɤɨɬɨɪɵɣ ɩɨɫɬɟ-
ɩɟɧɧɨ ɜɯɨɞɢɬ ɜ ɩɨɞɫɬɚɜɤɭ. Ȼɥɚɝɨɞɚɪɹ ɧɚɝɪɟɜɚɧɢɸ ɫɦɟɫɶ ɫɬɚɧɨɜɢɬɫɹ ɩɥɚɫɬɢɱɧɨɣ 
ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɚɜɥɟɧɢɹ ɡɚɩɨɥɧɹɟɬ ɜɫɟ ɤɚɧɚɥɵ ɜ ɩɪɟɫɫ-ɮɨɪɦɟ. ɇɚ ɪɢɫɭɧɤɟ 11 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ. 

 

 

 
 
 
1 – ɬɨɥɤɚɬɟɥɶ; 
2 – ɩɪɟɫɫɭɟɦɵɣ ɦɚɬɟɪɢɚɥ; 
3 – ɦɚɬɪɢɰɚ; 
4 – ɩɭɚɧɫɨɧ; 
5 – ɝɨɬɨɜɨɟ ɢɡɞɟɥɢɟ 

 
Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɜ ɩɪɟɫɫ-ɮɨɪɦɚɯ 

 



19 
 

Ⱦɨɫɬɨɢɧɫɬɜɨ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ – ɷɬɨ ɨɬɥɢɱɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɩɨɥɭɱɚɟɦɵɯ ɨɛɪɚɡɰɨɜ ɢ ɭɦɟɧɶɲɟɧɢɟ ɜɪɟɦɟɧɢ ɫɩɟɤɚɧɢɹ (ɩɪɨɰɟɫɫɵ ɩɪɟɫ-
ɫɨɜɚɧɢɹ ɢ ɫɩɟɤɚɧɢɹ ɫɨɜɦɟɳɟɧɵ ɜɨ ɜɪɟɦɟɧɢ). Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 
ɛɵɫɬɪɵɣ ɢɡɧɨɫ ɨɫɧɚɫɬɤɢ ɢ ɧɢɡɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. ɍ ɧɟɤɨɬɨɪɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɧɚɩɪɢɦɟɪ, ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɨɜ, ɭɯɭɞɲɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɨɛɵɱɧɵɦ ɨɬɠɢɝɨɦ. Ɍɚɤ ɠɟ ɜɨɡɦɨɠɟɧ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɢ ɧɚɤɨɩɥɟɧɢɟ 
ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ [15].  

 
1.4.5 ȼɚɤɭɭɦɧɨɟ ɫɩɟɤɚɧɢɟ 
 
ɒɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɜ ɩɨɪɨɲɤɨɜɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɦɟɬɨɞ ɜɚɤɭɭɦɧɨɝɨ 

ɫɩɟɤɚɧɢɹ. ɋɯɟɦɚ ɬɢɩɢɱɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜɚɤɭɭɦɧɨɝɨ ɫɩɟɤɚɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢ-
ɫɭɧɤɟ 12. 
 

 

 
1 – ɜɚɤɭɭɦɧɚɹ ɤɚɦɟɪɚ;  
2 – ɛɥɨɤ ɫɢɫɬɟɦɵ ɜɵɫɨ-
ɤɨɝɨ ɜɚɤɭɭɦɚ;  
3 – ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟ-
ɦɟɧɬɵ;  
4 – ɤɨɧɬɭɪ ɜɨɞɧɨɝɨ ɨɯɥɚ-
ɠɞɟɧɢɹ ɤɨɪɩɭɫɚ;  
5 – ɛɥɨɤ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 
 

 
Ɋɢɫɭɧɨɤ 12 – Ɉɛɳɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɨɤ ɜɚɤɭɭɦɧɨɝɨ ɫɩɟɤɚɧɢɹ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɤɨɦɩɚɤɬɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞɨɦ Ƚɉ ɢ ɏɉ ɨɛɪɚɡɟɰ ɩɨɦɟɳɚ-

ɟɬɫɹ ɜ ɜɚɤɭɭɦɧɭɸ ɤɚɦɟɪɭ, ɝɞɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɧɚɝɪɟɜɭ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, 
ɩɨɞɚɧɧɨɝɨ ɱɟɪɟɡ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ, ɢɥɢ ɜ ɜɚɤɭɭɦɟ. ȼ ɫɨɜɪɟɦɟɧ-
ɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɜɚɤɭɭɦɧɨɝɨ ɫɩɟɤɚɧɢɹ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨ ɡɚɞɚɜɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ, ɦɟɧɹɬɶ ɜ ɩɪɨɰɟɫɫɟ ɫɨɫɬɚɜ ɚɬɦɨɫɮɟɪɵ 
ɢ ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. 
Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ: ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɢɬɶ ɥɸ-
ɛɭɸ ɨɪɝɚɧɢɤɭ ɢ ɜɥɚɝɭ, ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɫɬɢ ɨɛɪɚɛɨɬɤɭ ɤɚɤ ɜ ɜɚɤɭɭɦɟ, ɬɚɤ ɢ ɩɪɢ 
ɢɡɛɵɬɨɱɧɵɯ ɢɥɢ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɹɯ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɚ-
ɬɵɜɚɬɶ ɟɞɢɧɨɜɪɟɦɟɧɧɨ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɨɛɪɚɡɰɨɜ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 
ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɫɨɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ [16]. 

 
1.5 Ɉɫɨɛɟɧɧɨɫɬɢ ɤɟɪɚɦɢɤɢ 
 
ȼ ɤɟɪɚɦɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɟ ɜɫɥɟɞɫɬɜɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɢɡ-

ɝɨɬɨɜɥɟɧɢɹ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɸɬ ɜɧɭɬɪɟɧɧɢɟ ɢ ɜɧɟɲɧɢɟ ɞɟɮɟɤɬɵ ɜ ɜɢɞɟ ɩɨɪ, 
ɜɤɥɸɱɟɧɢɣ, ɦɢɤɪɨɬɪɟɳɢɧ. ɉɨɪɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɨɤɚɡɵɜɚɸɳɢɯ 
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ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɟ ɤɟɪɚɦɢɤɢ. ȼɥɢɹɧɢɟ ɩɨɪ ɧɟɨɞɧɨ-
ɡɧɚɱɧɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɤɨɥɢɱɟɫɬɜɚ, ɮɨɪɦɵ, ɪɚɡɦɟɪɨɜ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢ-
ɟɧɬɚɰɢɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɨɪɵ ɥɨɤɚɥɢɡɭɸɬɫɹ ɧɚ ɝɪɚɧɢɰɚɯ ɡёɪɟɧ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɧɚ 
ɭɱɚɫɬɤɚɯ ɫɬɵɤɨɜɤɢ ɧɟɫɤɨɥɶɤɢɯ ɡёɪɟɧ. Ⱦɚɠɟ ɜ ɦɚɬɟɪɢɚɥɚɯ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ 
ɩɥɨɬɧɨɫɬɶɸ (ɛɨɥɟɟ 99 %), ɧɚɛɥɸɞɚɸɬɫɹ ɨɫɬɚɬɨɱɧɵɟ ɦɢɤɪɨɩɨɪɵ, ɪɚɫɩɨɥɨɠɟɧ-
ɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ ɡёɪɟɧ. ɉɨɪɵ ɹɜɥɹɸɬɫɹ ɤɨɧɰɟɧɬɪɚɬɨɪɚɦɢ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɬɪɟɳɢɧɵ, ɤɨɬɨɪɚɹ ɪɚɫɩɪɨ-
ɫɬɪɚɧɹɟɬɫɹ ɜ ɧɚɢɛɨɥɟɟ ɫɥɚɛɵɯ ɦɟɫɬɚɯ, ɤɚɤɢɦɢ ɫɥɭɠɚɬ ɝɪɚɧɢɰɵ ɡёɪɟɧ. ɂɫɬɨɱɧɢ-
ɤɨɦ ɪɚɡɪɭɲɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɦɢɤɪɨɩɨɪɵ ɜɧɭɬɪɢ ɡёɪɟɧ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɟ ɞɨɫɬɢɠɟɧɢɹ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ, 
ɩɪɨɝɪɟɫɫ ɜ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɭɤɚɡɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɫɧɢ-
ɡɢɥɫɹ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɢ ɭɥɭɱɲɟɧɢɹ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɩɶɟɡɨɤɟɪɚɦɢɤɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɚɤɬɢɱɟɫɤɢ ɢɫ-
ɱɟɪɩɚɧɵ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɚ ɩɟɪɜɵɣ ɩɥɚɧ ɜɵɫɬɭɩɚɟɬ ɡɚɞɚɱɚ ɩɨɢɫɤɚ ɧɨɜɵɯ ɩɪɢ-
ёɦɨɜ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɦɨɪɮɨɥɨɝɢɢ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɪɟɲɚɬɶɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɢ-
ɡɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɤɚɤ ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ, ɬɚɤ ɢ ɜ ɩɪɨ-
ɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɟɪɚɦɢɤɢ. Ɍɚɤɢɦɢ ɩɪɢёɦɚɦɢ ɦɨɝɭɬ ɛɵɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɟ-
ɬɨɞɵ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɹ ɫɭɯɢɯ ɧɚɧɨɩɨɪɨɲɤɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɪɚɜɧɨɦɟɪɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜ ɩɪɟɫɫɨɜɤɚɯ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɤɚɤɢɯ-
ɥɢɛɨ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɩɪɢɦɟɫɟɣ ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɜ ɫɩɟɤɚɟɦɵɯ ɢɡɞɟɥɢɹɯ, ɦɢɧɢɦɢɡɚɰɢɸ ɜɧɭɬɪɟɧɧɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɚɤɪɨɞɟɮɟɤɬɨɜ (ɪɚɫɫɥɨɟɧɢɣ ɢ ɬɪɟɳɢɧ) [17]. 
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2 Ɉɛɪɚɡɰɵ ɢ ɦɟɬɨɞɵ 
 
Ⱦɥɹ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɵɦ ɫɩɟɤɚɧɢɟɦ, ɢɫɩɨɥɶɡɨɜɚ-

ɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ, ɚ ɢɦɟɧɧɨ: ɪɟɧɬɝɟɧɞɢɮɪɚɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ, ɨɩ-
ɬɢɱɟɫɤɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɢ ɢɡɦɟɪɟɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. ɉɪɢɦɟɧɟɧɢɟ ɧɟɫɤɨɥɶ-
ɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɦɨɝɚɸɬ ɧɚɢɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɩɨ-
ɞɪɨɛɧɨ ɨɰɟɧɢɬɶ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ.  

 
2.1 Ɇɟɬɨɞ SPS 
 
ɗɥɟɤɬɪɨɢɦɩɭɥɶɫɧɨɟ ɫɩɟɤɚɧɢɟ (Spark Plasma Sintering, SPS) – ɤɨɬɨɪɨɟ 

ɬɚɤɠɟ ɢɡɜɟɫɬɧɨ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɬɟɯɧɨɥɨɝɢɹ ɫɩɟɤɚɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ» 
(FAST, Field Assisted Sintering Technology) – ɷɬɨ ɧɨɜɚɹ, ɢɧɧɨɜɚɰɢɨɧɧɚɹ ɬɟɯɧɨɥɨ-
ɝɢɹ ɫɩɟɤɚɧɢɹ, ɤɨɬɨɪɚɹ ɢɝɪɚɟɬ ɜɫɟ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɩɨɥɭɱɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɧɚɩɪɢɦɟɪ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ, ɤɨɦɩɨɡɢɬɧɵɯ ɢ ɝɪɚɞɢɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
ɇɚ ɪɢɫɭɧɤɟ 13 ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɫɬɚɧɨɜɤɚ Spark Plasma Sintering System LABOX . 
 

 
 

Ɋɢɫɭɧɨɤ 13 – ɍɫɬɚɧɨɜɤɚ Labox Sinter Land ɂȽɢɅ ɋɈ ɊȺɇ 
 

ȼ ɯɨɞɟ ɧɚɲɟɣ ɪɚɛɨɬɵ ɛɵɥɚ ɫɨɡɞɚɧɚ ɢɡ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɢ ɦɚɝɧɢɹ ɩɥɨɬɧɚɹ ɢ ɬɜɟɪɞɚɹ ɤɟɪɚɦɢɤɚ ɫ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ (ɩɨɪɹɞɤɚ 
ɦɢɤɪɨɧɚ) ɫɬɪɭɤɬɭɪɨɣ. Ⱦɥɹ ɷɬɢɯ ɩɨɪɨɲɤɨɜ ɫɩɟɤɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɭɫɬɚɧɨɜɤɟ 
Labox Sinter Land ɂȽɢɅ ɋɈ ɊȺɇ ɦɟɬɨɞɨɦ SPS, ɤɨɝɞɚ ɢɦɩɭɥɶɫɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɡɚɪɚɧɟɟ ɫɩɪɟɫɫɨɜɚɧɧɵɣ ɩɨɪɨɲɨɤ. Ɉɫɧɨɜɧɵɦ ɨɬɥɢɱɢɟɦ SPS 
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ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ (ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɟɫɫɨɜɚɧɢɢ ɢ ɫɩɟɤɚɧɢɢ) ɹɜ-
ɥɹɟɬɫɹ ɩɨɞɜɟɞɟɧɢɟ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɨɛ-
ɪɚɡɰɭ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɵɫɬɪɨɦɭ ɧɚɝɪɟɜɭ ɩɨɪɨɲɤɚ ɢ ɫɨɯɪɚɧɟɧɢɸ ɜ ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɫɬɟɩɟɧɢ ɟɝɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢ-
ɚɥɟ. ɉɪɟɫɫɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɜ-
ɧɨɣ 1400 °ɋ (ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɪɢ 1200 ɢ 1600 °ɋ) ɢ ɞɚɜɥɟɧɢɢ 
40 Ɇɉɚ. ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɛɵɥɚ 100 °C/ɦɢɧ, ɜɵɞɟɪɠɤɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɧɟ ɛɵɥɨ. Ⱦɢɚɦɟɬɪ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 10 ɦɦ, ɚ ɬɨɥɳɢɧɚ 2,6–3,0 ɦɦ. 
ɉɥɨɬɧɨɫɬɶ ɤɟɪɚɦɢɤɢ 3,7–3,95 ɝ/ɫɦ3 [18].  

ȼ ɤɥɚɫɫɢɱɟɫɤɨɦ ɝɨɪɹɱɟɦ ɩɪɟɫɫɨɜɚɧɢɢ, ɝɞɟ ɞɠɨɭɥɟɜɨ ɬɟɩɥɨ ɩɨɞɚɟɬɫɹ ɢɡɜɧɟ 
(ɢɧɞɭɤɰɢɨɧɧɵɦ ɢɥɢ ɪɟɡɢɫɬɢɜɧɵɦ ɧɚɝɪɟɜɚɬɟɥɟɦ), ɦɟɠɞɭ ɰɟɧɬɪɨɦ ɢ ɩɟɪɢɮɟɪɢɟɣ 
ɤɨɦɩɚɤɬɚ ɫɨɡɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɧɟ-
ɨɞɧɨɪɨɞɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ), ɱɬɨ ɨɫɨɛɟɧɧɨ ɹɪɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɭ ɤɪɭɩɧɨɝɚɛɚɪɢɬ-
ɧɵɯ ɢɡɞɟɥɢɣ. ɂɡ-ɡɚ ɷɬɨɝɨ ɜɨɡɦɨɠɧɨɫɬɢ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬ-
ɧɵɯ ɢɡɞɟɥɢɣ ɨɝɪɚɧɢɱɟɧɵ ɬɚɤɢɦɢ ɮɚɤɬɨɪɚɦɢ ɤɚɤ ɨɞɧɨɪɨɞɧɨɫɬɶ ɢɡɞɟɥɢɹ ɢ ɫɜɨɣ-
ɫɬɜɚ ɦɚɬɟɪɢɚɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɰɢɤɥ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɞɥɢɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɞɨɥɝɨ, ɩɨɫɤɨɥɶɤɭ ɭɫɢɥɢɟ ɩɪɟɫɫɨɜɚɧɢɹ ɦɨɠɧɨ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɥɨɠɢɬɶ ɬɨɥɶɤɨ ɩɨ 
ɩɪɨɲɟɫɬɜɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɪɨɜɧɹɟɬɫɹ.  

Ɉɛɚ ɧɟɞɨɫɬɚɬɤɚ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ: ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɢɡɞɟɥɢɣ ɢ ɛɨɥɶ-
ɲɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɨɜ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɵ ɜ ɬɟɯɧɨɥɨɝɢɢ SPS (ɪɢɫ.14). 
 

 
 

Ɋɢɫɭɧɨɤ 14 – Ɍɟɯɧɨɥɨɝɢɹ ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɨɝɨ ɫɩɟɤɚɧɢɹ 
 

ɉɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨ-
ɜɨɝɨ ɩɨɬɨɤɚ ɜ ɩɭɚɧɫɨɧɚɯ ɢ/ɢɥɢ ɦɚɬɪɢɰɟ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɧɨɪɨɞ-
ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɦɩɚɤɬɚ ɤɚɤ ɜ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɝɨ, ɬɚɤ ɢ ɧɟɩɪɨɜɨɞɹ-
ɳɟɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɦɟɪɚ ɢɡɞɟɥɢɹ ɷɬɚ ɡɚɞɚɱɚ ɭɫɥɨɠɧɹɟɬɫɹ. 
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Ɇɟɬɨɞ SPS ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɝɨɪɹ-
ɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ, ɧɨ ɜ SPS ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɝɪɟɜɚɸɬɫɹ ɢ ɩɪɟɫɫ-ɮɨɪɦɚ ɢ ɡɚ-
ɝɨɬɨɜɤɚ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɥɢɛɨ ɩɭɬɟɦ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɬɨɤɚ ɫɧɚɪɭɠɢ, ɱɟɪɟɡ ɩɪɟɫɫ-
ɮɨɪɦɭ, ɢ/ɢɥɢ ɩɭɬɟɦ ɩɪɹɦɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɩɪɟɫɫɭɟ-
ɦɭɸ ɡɚɝɨɬɨɜɤɭ. ɉɨɞɚɱɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
ɢɦɩɭɥɶɫɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɤɨɬɨɪɵɣ ɞɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɢɦɩɭɥɶɫɚɦɢ ɜ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɢ ɞɥɹ ɚɞɚɩɬɚɰɢɢ ɤ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɭɫɥɨɜɢɹɦ ɜ ɡɚɝɨɬɨɜɤɟ (ɩɪɟɫɫ-ɮɨɪɦɟ) ɜ ɫɚɦɨɦ ɦɚɬɟɪɢɚɥɟ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɫɨɛɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɝɟɧɟɪɚɬɨɪ ɢɦɩɭɥɶɫɨɜ ɩɨɫɬɨɹɧ-
ɧɨɝɨ ɬɨɤɚ.  

ɉɪɢɦɟɧɟɧɢɟ ɝɪɚɮɢɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɫɫ-ɮɨɪɦ ɷɬɨ ɥɨ-
ɝɢɱɧɨɟ ɢ, ɜ ɩɪɢɧɰɢɩɟ, ɩɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɝɪɚɮɢɬ ɫɥɟɞɭɟɬ ɪɚɫ-
ɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɤɚɤ ɨɫɧɨɜɭ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɡɪɚɛɨɬɨɤ, ɩɨɫɤɨɥɶɤɭ ɪɹɞ 
ɫɜɨɣɫɬɜ ɝɪɚɮɢɬɚ, ɧɚɩɪɢɦɟɪ, ɟɝɨ ɩɨɥɡɭɱɟɫɬɶ ɢ ɫɥɚɛɚɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɬɪɟɛɭɸɬ 
ɩɨɢɫɤɚ ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɩɨɫɨɛɧɵɯ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɧɟɩɪɟɪɵɜɧɭɸ 
ɷɤɫɩɥɭɚɬɚɰɢɸ SPS-ɫɢɫɬɟɦ [19].  

 
2.2 Ɋɟɧɬɝɟɧɞɢɮɪɚɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ  
 
Ʉɚɠɞɵɣ ɯɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ ɨɛɥɚɞɚɟɬ ɫɜɨɢɦ ɬɢɩɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟ-

ɲɟɬɤɢ. Ⱥɛɫɨɥɸɬɧɨɟ ɛɨɥɶɲɢɧɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɮɚɡ. Ɉɛ-
ɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɟ ɢɡɦɟɧɹɟɬ ɬɢɩɚ ɪɟɲɟɬɤɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɧɨ ɢɡɦɟ-
ɧɹɟɬ ɦɟɠɩɥɨɫɤɨɫɬɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɥɨɠɟɧɢɟ ɞɢɮɪɚɤɰɢɨɧɧɵɯ 
ɦɚɤɫɢɦɭɦɨɜ, ɚ ɩɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɢ ɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɶ. Ɋɚɫɲɢɮɪɨɜɤɚ ɤɚɱɟɫɬɜɟɧ-
ɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɪɚɡɧɵɯ ɮɚɡ, ɨɩɪɟɞɟɥɟ-
ɧɢɟ ɬɢɩɚ ɢ ɫɨɫɬɨɹɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɢɯ ɜɨɡɦɨɠɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɐɟɥɶ: ɨɫɜɨɢɬɶ ɩɪɢɧɰɢɩɵ ɜɵɛɨɪɚ ɦɟɬɨɞɚ ɮɚɡɨɜɨɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚ-
ɥɢɡɚ ɜ ɫɜɹɡɢ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɨɛɴɟɤɬɚ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɊɎȺ ɹɜɥɹɟɬɫɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɮɚɡ ɜ ɫɦɟɫɢ 
ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ, ɞɚɜɚɟɦɨɣ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɳɟɫɬɜɚ ɜ ɫɦɟɫɢ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨ ɧɚɛɨɪɭ ɟɝɨ ɦɟɠɩɥɨɫɤɨɫɬɧɵɯ 
ɪɚɫɫɬɨɹɧɢɣ ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɢɧɢɣ ɧɚ ɪɟɧɬ-
ɝɟɧɨɝɪɚɦɦɟ. Ʉɨɝɟɪɟɧɬɧɨ ɪɚɫɫɟɹɧɧɵɟ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɥɭɱɢ ɢɧɬɟɪɮɟɪɢɪɭɸɬ 
ɦɟɠɞɭ ɫɨɛɨɣ, ɩɪɢ ɷɬɨɦ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɨɣ ɞɥɹ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟ-
ɧɢɹ ɫɥɭɠɢɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ, ɩɨɫɤɨɥɶɤɭ ɦɟɠɩɥɨɫɤɨɫɬɧɵɟ ɪɚɫɫɬɨɹɧɢɹ 
ɜ ɤɪɢɫɬɚɥɥɟ ɫɪɚɜɧɢɦɵ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ.  

Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɦɟɬɪɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨ-
ɦɟɬɪɟ D8 ADVANCE (ɪɢɫ. 15) ɮɢɪɦɵ «Bruker» (Ƚɟɪɦɚɧɢɹ) ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɦ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ 
ɨɫɨɛɨ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɢ ɭɝɥɨɜɵɯ ɩɨɡɢɰɢɣ 
Ȼɪɷɝɝɨɜɫɤɢɯ ɨɬɪɚɠɟɧɢɣ.  
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Ɋɢɫɭɧɨɤ 15 – ȼɧɟɲɧɢɣ ɜɢɞ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɮɢɪɦɵ «Bruker» 
 

Ⱦɢɮɪɚɤɬɨɦɟɬɪ ɪɟɧɬɝɟɧɨɜɫɤɢɣ «Bruker» D8 ADVANCE ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɬɚɰɢɨɧɚɪɧɵɣ ɧɚɩɨɥɶɧɵɣ ɩɪɢɛɨɪ. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɢɫɬɨɱɧɢɤɚ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡ-
ɥɭɱɟɧɢɹ, ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɝɨɧɢɨɦɟɬɪɚ, ɜ ɤɨɬɨɪɵɣ ɩɨɦɟɳɚɸɬ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚ-
ɡɟɰ, ɞɟɬɟɤɬɨɪɚ ɢɡɥɭɱɟɧɢɹ ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ. Ⱦɟɬɟɤɬɨɪɨɦ ɜ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɫɥɭɠɢɬ ɫɱɟɬɱɢɤɢ 
ɤɜɚɧɬɨɜ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɧɬɝɟɧɨɜɫɤɢɦɢ ɤɚɦɟɪɚɦɢ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨ-
ɦɟɬɪ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ. Ⱦɢɮɪɚɤɬɨɦɟɬ-
ɪɨɦ ɭɩɪɚɜɥɹɸɬ ɛɥɚɝɨɞɚɪɹ ɗȼɆ.  

ɋɯɟɦɚ ɞɟɣɫɬɜɢɹ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ɨɫɧɨɜɚɧɚ ɧɚ ɝɟɨɦɟɬɪɢɢ ɧɚ ɨɬɪɚɠɟɧɢɟ (ɮɨ-
ɤɭɫɢɪɨɜɤɟ) ɩɨ Ȼɪɷɝɝɭ-Ȼɪɟɧɬɚɧɨ (ɪɢɫ. 16).  

 

 

 
 
 
1 –ɢɫɬɨɱɧɢɤ ɢɡɥɭɱɟɧɢɹ  
2 – ɩɥɨɫɤɢɣ ɨɛɪɚɡɟɰ;   
3 – ɦɨɧɨɯɪɨɦɚɬɨɪ;   
4 – ɞɟɬɟɤɬɨɪ   
 

 
Ɋɢɫɭɧɨɤ 16 – ɋɯɟɦɚ ɮɨɤɭɫɢɪɨɜɤɢ ɩɨ Ȼɪɷɝɝɭ-Ȼɪɟɧɬɚɧɨ 

 
ɉɥɨɫɤɢɣ ɨɛɪɚɡɟɰ (2) ɜɪɚɳɚɟɬɫɹ ɜ ɫɨɛɫɬɜɟɧɧɨɣ ɩɥɨɫɤɨɫɬɢ. ɇɚ ɨɛɪɚɡɟɰ ɩɨ-

ɩɚɞɚɟɬ ɩɨɥɢɯɪɨɦɚɬɢɱɟɫɤɢɣ ɩɭɱɨɤ. ɂɡ ɪɚɫɫɟɹɧɢɹ ɨɛɪɚɡɰɨɦ ɞɢɮɪɚɝɢɪɨɜɚɧɧɨɝɨ 
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(ɨɬɪɚɠɟɧɧɨɝɨ) ɩɭɱɤɚ ɤɪɢɫɬɚɥɥ-ɦɨɧɨɯɪɨɦɚɬɨɪ (3) ɜɵɞɟɥɹɟɬ ɪɚɛɨɱɭɸ ɞɥɢɧɭ 
ɜɨɥɧɵ Ʉα. Ɇɨɧɨɯɪɨɦɚɬɨɪ ɢ ɞɟɬɟɤɬɨɪ (4) ɠɟɫɬɤɨ ɫɜɹɡɚɧɵ ɧɚ ɨɛɳɟɦ ɨɫɧɨɜɚɧɢɢ ɢ 
ɩɨɜɨɪɚɱɢɜɚɸɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢɥɢ ɜ ɩɨɲɚɝɨɜɨɦ ɪɟɠɢɦɟ ɧɚ ɭɝɨɥ 2θ. 
Ɉɛɪɚɡɟɰ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ ɭɝɨɥ θ. Ɉɬɪɚɠɟɧɢɟ ɦɨɧɨɯɪɨɦɚɬɨɪɚ 
ɩɪɢɧɢɦɚɟɬ ɞɟɬɟɤɬɨɪ ɫɱɟɬɱɢɤɚ ɢɦɩɭɥɶɫɨɜ (4). ɋɢɝɧɚɥ ɫɱɟɬɱɢɤɚ ɩɨɫɬɭɩɚɟɬ ɜ ɫɢ-
ɫɬɟɦɭ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɱɟɬɚ – ɢɧɬɟɧɫɢɦɟɬɪ, ɚ ɫɢɝɧɚɥ ɢɧɬɟɧɫɢɦɟɬɪɚ – ɜ ɫɢ-
ɫɬɟɦɭ ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ [20].  

Ⱦɢɮɪɚɤɰɢɹ ɷɥɟɤɬɪɨɧɨɜ, ɪɚɫɫɟɹɧɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɬɚɤ ɠɟ 
ɤɚɤ ɞɢɮɪɚɤɰɢɹ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ, ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ȼɭɥɶɮɚ-Ȼɪɷɝɝɚ. 
Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ ɦɚɥɨɫɬɶ ɞɥɢɧɵ ɜɨɥɧɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɥɨɫɬɶ ɭɝɥɨɜ θ, ɷɬɨ 
ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ (2.1) 

 
r = 𝜆𝐿𝑑 , (2.1) 

 
ɝɞɟ  r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɪɟɮɥɟɤɫɚ ɞɨ ɫɥɟɞɚ ɩɟɪɜɢɱɧɨɝɨ ɩɭɱɤɚ; 

L – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɛɪɚɡɰɚ ɞɨ ɮɨɬɨɝɪɚɮɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɤɢ, ɦɦ; 
Ȝ – ɞɥɢɧɚ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ. 
ȿɫɥɢ ɨɛɴɟɤɬ ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɛɟɫɩɨɪɹɞɨɱɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɤɪɢ-

ɫɬɚɥɥɨɜ, ɞɢɮɪɚɝɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɧɵ ɨɛɪɚɡɭɸɬ ɤɨɧɭɫ ɥɭɱɟɣ, ɩɟɪɟɫɟɤɚɸɳɢɯ 
ɷɤɪɚɧ ɩɨ ɤɨɥɶɰɭ, ɪɚɞɢɭɫ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɹ, ɥɟɝɤɨ ɧɚɣɬɢ ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ ɪɚɫ-
ɫɬɨɹɧɢɟ ɩɨ ɮɨɪɦɭɥɟ (2.2) 

 

d = 
𝜆𝑛ଶ𝑠𝑖𝑛𝜃, (2.2) 

 
ɝɞɟ d – ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ ɪɚɫɫɬɨɹɧɢɟ; 
 n – ɩɨɪɹɞɨɤ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɦɚɤɫɢɦɭɦɚ; 

Ȝ – ɞɥɢɧɚ ɜɨɥɧɵ; 
θ – ɭɝɨɥ ɫɤɨɥɶɠɟɧɢɹ. 
ɉɪɚɤɬɢɱɟɫɤɢ ɭɞɨɛɧɨ ɤɚɥɢɛɪɨɜɚɬɶ ɩɪɢɛɨɪ ɩɨ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɟ ɞɥɹ 

ɤɚɤɨɝɨ-ɥɢɛɨ ɢɡɜɟɫɬɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɞɚɧɧɨɣ ɞɥɢɧɟ ɜɨɥɧɵ. 
ɍɫɥɨɜɢɟ ȼɭɥɶɮɚ-Ȼɪɷɝɝɚ ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɞɢɮɪɚɤɰɢɢ 

ɭɩɪɭɝɨ ɪɚɫɫɟɹɧɧɨɝɨ ɧɚ ɤɪɢɫɬɚɥɥɟ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɢɦɟɟɬ ɜɢɞ ɮɨɪ-
ɦɭɥɨɣ (2.3) 

 
2dsinθ = nȜ, (2.3) 

 
ɝɞɟ d – ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ ɪɚɫɫɬɨɹɧɢɟ; 
 θ – ɭɝɨɥ ɫɤɨɥɶɠɟɧɢɹ (ɛɪɟɝɝɨɜɫɤɢɣ ɭɝɨɥ); 
 n – ɩɨɪɹɞɨɤ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɦɚɤɫɢɦɭɦɚ; 
 Ȝ – ɞɥɢɧɚ ɜɨɥɧɵ. 

Ɋɚɫɲɢɮɪɨɜɤɚ ɪɟɧɝɟɧɨɝɪɚɦɦ ɮɚɡ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɫɩɟɤɚɧɢɢ Al203+MgO 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɪɟɬɶɟɣ ɝɥɚɜɟ. 
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2.3 Ɉɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɫɤɨɩɢɹ 
 

Ɉɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɫɚɦɵɯ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ. ɋɨ ɜɪɟɦɟɧɢ ɫɨ-
ɡɞɚɧɢɹ ɩɟɪɜɵɯ ɦɢɤɪɨɫɤɨɩɨɜ ɜ XII ɜɟɤɟ ɢɯ ɤɨɧɫɬɪɭɤɰɢɹ ɢ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɢɫɶ, ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ-
ɩɨɥɶɧɵɣ ɨɩɬɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɯɧɢɱɟɫɤɢ ɫɥɨɠɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɜɢɡɭɚɥɢɡɚɰɢɸ ɨɛɴɟɤɬɨɜ ɫɭɛɦɢɤɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ. 

Ɂɚɞɚɱɟɣ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɢ-
ɦɨɫɜɹɡɢ ɦɟɠɞɭ ɤɚɱɟɫɬɜɟɧɧɵɦɢ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɬɪɭɤ-
ɬɭɪɵ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɞɪɭɝɨɣ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨ-
ɞɢɥɢ ɩɭɬɟɦ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɢ ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɟ-
ɩɪɨɡɪɚɱɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ 
Carl Zeiss Axio Observer Z1m ɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ 50 ɞɨ 1000 ɤɪɚɬ. Ɏɨɬɨɫɴɟɦɤɭ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɰɢɮɪɨɜɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɡɨɛ-
ɪɚɠɟɧɢɣ AxioCam MRc5. ɇɚ ɪɢɫɭɧɤɟ 17 ɩɪɟɞɫɬɚɜɥɟɧ ɨɩɬɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ 
ɩɪɨɯɨɞɹɳɟɝɨ ɫɜɟɬɚ Carl Zeiss Axio Observer Z1m.  
 

 
 

Ɋɢɫɭɧɨɤ 17 – Ɉɩɬɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ Carl Zeiss Axio Observer Z1m 
 

ȼ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ ɫɜɟɬ ɢɫɬɨɱɧɢɤɚ ɫɧɚɱɚɥɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɨɛɪɚ-
ɡɟɰ, ɚ ɡɚɬɟɦ ɩɨɩɚɞɚɟɬ ɜ ɨɛɴɟɤɬɢɜ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɬɢɩɚ ɦɢɤɪɨɫɤɨɩɨɜ ɩɪɨɯɨɞɹ-
ɳɟɝɨ ɫɜɟɬɚ. ȼ ɦɢɤɪɨɫɤɨɩɚɯ ɫɜɟɬɥɨɝɨ ɩɨɥɹ ɜ ɨɬɫɭɬɫɬɜɢɟ ɨɛɪɚɡɰɚ ɩɨɥɟ ɡɪɟɧɢɹ ɹɪ-
ɤɨɟ. ɂɡ ɨɛɪɚɡɰɚ ɫɜɟɬ ɫɪɚɡɭ ɩɨɩɚɞɚɟɬ ɜ ɨɛɴɟɤɬɢɜ. Ɍɨɱɤɢ ɨɛɪɚɡɰɚ, ɝɞɟ ɫɜɟɬ ɩɨɝɥɨ-
ɳɚɟɬɫɹ ɢɥɢ ɪɚɫɫɟɢɜɚɟɬɫɹ, ɜɵɝɥɹɞɹɬ ɛɨɥɟɟ ɬɟɦɧɵɦɢ. ȼ ɦɢɤɪɨɫɤɨɩɚɯ ɬɟɦɧɨɝɨ 
ɩɨɥɹ ɨɫɜɟɳɟɧɢɟ ɛɨɤɨɜɨɟ, ɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɨɛɪɚɡɰɚ ɫɜɟɬ ɜ ɨɛɴɟɤɬɢɜ ɧɟ ɩɨɩɚɞɚɟɬ. 
Ʉɨɝɞɚ ɫɜɟɬ, ɪɚɫɫɟɹɧɧɵɣ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɨɣ ɨɛɪɚɡɰɚ, ɩɨɩɚɞɚɟɬ ɜ ɨɛɴɟɤɬɢɜ, ɨɧɚ 
ɜɵɝɥɹɞɢɬ ɹɪɤɨɣ ɧɚ ɬɟɦɧɨɦ ɮɨɧɟ. ȼ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟ-
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ɬɨɞ ɬɟɦɧɨɝɨ ɩɨɥɹ ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ. Ɉɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ-
ɩɪɨɡɪɚɱɧɵɯ ɩɪɟɩɚɪɚɬɨɜ, ɧɚɩɪɢɦɟɪ, ɲɥɢɮɨɜ ɦɟɬɚɥɥɨɜ ɫ ɜɵɫɨɤɢɦ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɦ ɨɬɪɚɠɟɧɢɹ. Ɉɫɜɟɬɢɬɟɥɶɧɵɣ ɤɚɧɚɥ ɫɨɫɬɨɢɬ ɢɡ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ 1, ɤɨɥɥɟɤɬɨɪɚ 
2, ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɥɢɧɡɵ 4, ɜ ɮɨɤɭɫɟ ɤɨɬɨɪɨɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɤɨɥɶɰɟɜɭɸ ɞɢɚ-
ɮɪɚɝɦɭ 3 (ɪɢɫ. 18). ɋɜɟɬɨɜɨɣ ɩɨɬɨɤ ɜ ɜɢɞɟ ɩɨɥɨɝɨ ɰɢɥɢɧɞɪɚ, ɨɬɪɚɠɚɹɫɶ ɨɬ ɩɨɥɭ-
ɩɪɨɡɪɚɱɧɨɝɨ ɡɟɪɤɚɥɚ 5, ɩɨɩɚɞɚɟɬ ɧɚ ɩɚɪɚɛɨɥɢɱɟɫɤɨɟ ɡɟɪɤɚɥɨ 6 (ɷɩɢɤɨɧɞɟɧɫɨɪ). 
Ʉɚɠɞɚɹ ɬɨɱɤɚ ɩɪɟɩɚɪɚɬɚ 7 ɨɫɜɟɳɚɟɬɫɹ ɫɜɟɬɨɜɵɦ ɩɭɱɤɨɦ ɜ ɜɢɞɟ ɩɨɥɨɝɨ ɤɨɧɭɫɚ. 
ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɟɮɟɤɬɨɜ ɢɥɢ ɪɚɫɫɟɢɜɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴ-
ɟɤɬɚ ɫɜɟɬ, ɡɟɪɤɚɥɶɧɨ ɨɬɪɚɠɚɹɫɶ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɨɛɴɟɤɬɢɜ 8 
ɧɟ ɩɨɩɚɞɚɟɬ. Ɉɛɴɟɤɬɢɜ ɫɨɜɦɟɫɬɧɨ ɫ ɬɭɛɭɫɧɨɣ ɥɢɧɡɨɣ 9 ɫɨɡɞɚёɬ ɜ ɩɥɨɫɤɨɫɬɢ ɩɨ-
ɥɟɜɨɣ ɞɢɚɮɪɚɝɦɵ 10 ɨɤɭɥɹɪɚ 11 ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɥɶɤɨ ɬɟɯ ɷɥɟɦɟɧɬɨɜ ɩɪɟɩɚɪɚɬɚ, 
ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɡɨɲɥɨ ɞɢɮɮɭɡɧɨɟ ɪɚɫɫɟɹɧɢɟ ɫɜɟɬɚ. ɇɚ ɬёɦɧɨɦ ɮɨɧɟ ɜɢɞɧɵ 
ɫɜɟɬɥɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɱɚɫɬɢɰ ɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ. 

 

 

 
 
 
 
1 – ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ; 
2 – ɤɨɥɥɟɤɬɨɪ; 
3 – ɞɢɚɮɪɚɝɦɚ; 
4 – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɥɢɧɡɚ; 
5 – ɡɟɪɤɚɥɨ; 
6 – ɷɩɢɤɨɧɞɟɧɫɨɪ; 
7 – ɩɪɟɩɚɪɚɬ; 
8 – ɨɛɴɟɤɬɢɜ; 
9 – ɬɭɛɭɫɧɚɹ ɥɢɧɡɚ; 
10 – ɞɢɚɮɪɚɝɦɚ; 
11 – ɨɤɭɥɹɪ 

 
Ɋɢɫɭɧɨɤ 18 – ɋɯɟɦɚ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɩɪɨɯɨɞɹɳɟɝɨ ɫɜɟɬɚ 

 
ɉɨɥɭɱɚɟɦɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɬɨɝɪɚɮɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɢɡɢɪɨ-

ɜɚɧɧɨɣ ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɨɣ, ɩɨɡɜɨɥɹɸɳɟɣ ɞɟɥɚɬɶ ɫɧɢɦɤɢ ɫ ɛɨɥɶɲɨɣ ɜɵɞɟɪɠɤɨɣ. 
Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɷɬɨ ɜɪɟɦɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 60 ɦɢɧɭɬ [21].  

ɋɧɢɦɤɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɨɛɪɚɡɰɨɜ ɫɩɟɱɟɧɧɨɣ ɤɟɪɚɦɢɤɢ Al2O3 ɢ MgO ɩɨɞ 
ɭɜɟɥɢɱɟɧɢɟɦ ɨɬ 50 ɞɨ 1000 ɤɪɚɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɪɟɬɶɟɣ ɝɥɚɜɟ.  
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2.4 Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ 
 
Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɤɨɧɬɪɨɥɹ ɫɨ-

ɫɬɨɹɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɚɝɧɢɬɧɵɯ 
ɫɜɨɣɫɬɜ, ɩɨɡɜɨɥɹɸɳɟɟ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɞɟɬɚɥɢ ɫɭɞɢɬɶ ɨ ɟɟ ɮɚɡɨɜɨɦ ɫɨɫɬɚɜɟ [22]. 

Ɇɟɬɨɞ ɦɚɝɧɢɬɧɵɯ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɨɬ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɤɪɭ-
ɬɹɳɢɯ ɦɨɦɟɧɬɨɜ ɜ ɬɨɪɫɢɨɧɧɨɦ ɦɚɝɧɢɬɨɦɟɬɪɟ (ɪɢɫ. 19).  

 

 

 
 
 
1 – ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɧɢɬɶ;  
2,11 – ɡɟɪɤɚɥɚ; 
3 – ɞɟɦɩɮɟɪ;  
4 – ɫɬɟɤɥɹɧɧɵɣ ɫɬɟɪɠɟɧɶ; 
5 – ɞɟɪɠɚɬɟɥɶ ɨɛɪɚɡɰɚ;  
6 – ɧɚɤɨɧɟɱɧɢɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ;  
7, 10 – ɨɫɜɟɬɢɬɟɥɢ; 
 8 –ɲɤɚɥɚ; 
 9 – ɬɪɭɛɚ;  
12 – ɝɨɥɨɜɤɚ ɬɟɧɡɨɦɟɬɪɚ 

 

 
Ɋɢɫɭɧɨɤ 19 – ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɬɨɪɫɢɨɧɧɨɝɨ ɦɚɝɧɢɬɨɦɟɬɪɚ 

 
ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ: ȼɪɚɳɚɸɳɢɣɫɹ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬ ɫɨ-

ɡɞɚɟɬ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 16 ɤɗ. ɉɨɥɨɠɟɧɢɟ ɨɛɪɚɡɰɚ ɮɢɤɫɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɡɟɪɤɚɥɚ 2. ɍɝɨɥ ɡɚɤɪɭɱɢɜɚɧɢɹ ɧɢɬɢ α ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɨɬɨɛɪɚɠɟɧɢɸ ɫɜɟɬɨɜɨɝɨ 
ɡɚɣɱɢɤɚ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɲɤɚɥɟ, ɨɬɛɪɚɫɵɜɚɟɦɨɝɨ ɡɟɪɤɚɥɨɦ 11. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ 
ɨɫɢ ɞɨ ɲɤɚɥɵ 3 ɦ. Ⱦɟɦɩɮɟɪɧɚɹ ɠɢɞɤɨɫɬɶ – ɜɚɤɭɭɦɧɨɟ ɦɚɫɥɨ. ɂɡɦɟɪɢɬɟɥɶɧɵɣ 
ɷɥɟɦɟɧɬ ɚɧɢɡɨɦɟɬɪɚ – ɜɨɥɶɮɪɚɦɨɜɚɹ ɧɢɬɶ. 

ɋɚɦ ɦɟɬɨɞ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ, ɩɨɞɜɟɲɟɧɧɵɣ ɧɚ ɜɟɪ-
ɬɢɤɚɥɶɧɨɣ ɧɢɬɢ ɩɨɦɟɳɚɸɬ ɜ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ H ɢ ɢɡɦɟɪɹɸɬ ɭɝɨɥ ɡɚɤɪɭɱɢɜɚɧɢɹ 
ɧɢɬɢ ɫ ɭɝɥɨɦ ψ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɨɪɢɟɧɬɚɰɢɹɯ ɩɨɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɪɚɡɰɚ (ɪɢɫ. 
20). ɗɬɨ ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɪɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɧɚɩɪɚɜɥɟ-
ɧɢɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɧɚɫɵɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɈɅɇ. ɇɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɡɚɧɢ-
ɦɚɟɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɫɨɫɬɚɜɥɹɟɬ ɭɠɟ ɭɝɨɥ θ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɥɹ H. 
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Ɋɢɫɭɧɨɤ 20 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɥɟɧɤɢ ɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
 

ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ (2.4) 

 
Lɦɚɝ = Lɤɪɭɬ = Cα, (2.4) 

 
ɝɞɟ  Lɤɪɭɬ – ɦɚɝɧɢɬɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɗ; 
 С – ɩɨɫɬɨɹɧɧɚɹ ɩɪɢɛɨɪɚ; 
 α – ɭɝɨɥ ɡɚɤɪɭɱɢɜɚɧɢɹ ɧɢɬɢ,  

ɂɡ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɹ ɫɜɨɞɢɬɶɫɹ 
ɤ ɨɩɪɟɞɟɥɟɧɢɸ Lɤɪɭɬ, θ, ψ. Ʉɨɦɛɢɧɚɰɢɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡ 
ɭɪɚɜɧɟɧɢɹ (2.4) ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɧɢɦɢ (2.5) 
 𝜓𝐻௅кр˖˕ = 

ଵெ𝑠𝑉 + 
𝐻ଶ௄𝑉, (2.5) 

 
ɝɞɟ H – ɜɧɟɲɧɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ; 

Lɤɪɭɬ – ɦɚɝɧɢɬɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɗ; 
M – ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ; 
V – ɨɛɴɟɦ ɦɚɝɧɟɬɢɤɚ; 
ψ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ; 
K – ɦɚɝɧɢɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 
ɋɬɪɨɹ ɡɚɜɢɫɢɦɨɫɬɢ 𝜓ܪ / Lɤɪɭɬ  = f (H) (ɪɢɫ. 21), ɩɨɥɭɱɚɸɬɫɹ ɢɫɤɨɦɵɟ ɡɧɚ-

ɱɟɧɢɹ MS и K, ɡɧɚɹ ɨɛɴɟɦ ɨɛɪɚɡɰɚ V. ɉɪɢ ɷɬɨɦ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɹɦɨɣ ɫ ɨɫɶɸ 
OУ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ MS, ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɨɫɶɸ OX ɞɚɟɬ ɡɧɚɱɟɧɢɟ ɩɨɥɹ 
Hk = 2K /MS . 
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Ɋɢɫɭɧɨɤ 21 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ 𝜓ܪ / Lɤɪɭɬ ɨɬ ɩɨɥɹ 
 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (2.6):  
 
Lкɪɭɬ= Mɇsinθ, (2.6) 

 
ɝɞɟ ɇ – ɜɧɟɲɧɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ; 

Ɇ – ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɨɛɪɚɡɰɚ; 
θ – ɭɝɨɥ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɪɚɡɰɚ, ɩɨɞɜɟɲɟɧɧɨɝɨ 

ɧɚ ɫɬɟɤɥɹɧɧɨɣ ɧɢɬɢ. 
Ɋɟɡɭɥɶɬɚɬɚɦɢ ɦɚɝɧɢɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɬɨɪɫɢɨɧɧɨɦ ɦɚɝɧɢɬɨɦɟɬɪɟ ɹɜ-

ɥɹɸɬɫɹ ɩɨɥɭɱɟɧɧɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ. ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɢɜɟ-
ɞɟɧɚ ɤɪɢɜɚɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ. Ⱦɚɧɧɚɹ ɤɪɢɜɚɹ ɩɨɫɬɪɨɟɧɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɩɨ ɨɫɢ M 
– ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ, ɩɨ ɨɫɢ ɇ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ [23]. 
 

 
 

Ɋɢɫɭɧɨɤ 22 – Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ 
 

Ƚɪɚɮɢɤ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɮɚɡɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɚɧɢɹ ɛɭɞɟɬ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɪɟɬɶɟɣ ɝɥɚɜɟ. 
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3 ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɱɚɫɬɶ 
 
Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɜɵɜɨɞɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ: 
– ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ: 

ɨɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, ɦɟɬɨɞɵ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɦɚɝɧɢɬɨɦɟɬ-
ɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ; 

– ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɞɚɧɧɵɦɢ ɞɪɭ-
ɝɢɯ ɚɜɬɨɪɨɜ. 

 
3.1 ɂɫɫɥɟɞɨɜɚɧɢɟ c ɩɨɦɨщɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ SPS, ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Carl Zeiss Axio Observer Zlm. ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1200 ɨɛɪɚɡɟɰ ɩɪɟɞɫɬɚɜɥɟɧ ɮɚɡɨɣ α-Al2O3 ɫ ɜɨɡɦɨɠɧɵɦɢ ɩɪɢɦɟ-
ɫɹɦɢ ɪɚɡɥɢɱɧɵɯ ɮɚɡ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡɵ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɚ ɪɢɫɭɧɤɟ 23 ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɟɱɟɧ-
ɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×100. 
 

  
ɚ ɛ 

 
Ɋɢɫɭɧɨɤ 23 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɟɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ (Al2O3 ɢ MgO), ×100: 

ɚ – ɩɪɢ t = 1200 °C, ɛ – ɩɪɢ t = 1400 °C 
 

ɇɚ ɪɢɫɭɧɤɟ 24 ɹɪɤɨ ɜɵɪɚɠɟɧɚ ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ ɮɚɡ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɤɟ-
ɪɚɦɢɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200 °C. Ⱦɚɧɧɵɣ ɯɚɪɚɤɬɟɪ ɦɟɠɫɥɨɣɧɵɯ ɝɪɚɧɢɰ ɩɨɡɜɨ-
ɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ ɫɥɨɟɜ ɪɚɡɧɨɪɨɞɧɵɯ ɨɤɫɢɞɨɜ. Ⱦɚɧɧɚɹ ɡɨɧɚ 
ɢɦɟɟɬ ɚɫɫɢɦɟɬɪɢɱɧɵɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɫɩɟɤɚɟ-
ɦɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɬɚɛɥ. 1).  

 
Ɍɚɛɥɢɰɚ 1 – ɩɥɨɬɧɨɫɬɶ ɦɢɧɟɪɚɥɨɜ 
 

Ɏɚɡɚ Al2O3 MgO MgAl2O4 MgCO3 
ρ, ɝ/ɫɦ3 3,988 3,584 3,582 3,009 
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ȼ ɪɚɛɨɬɟ [24] ɩɪɢ ɫɩɟɤɚɧɢɢ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɦɚɝɧɢɹ ɬɚɤɠɟ ɛɵɥɚ ɹɪɤɨ 
ɜɵɪɚɠɟɧɚ ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ. 
 

 
 

Ɋɢɫɭɧɨɤ 24 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ (Al2O3 ɢ MgO), ×20  
ɩɪɢ t = 1200 °C 

 
ɉɪɢ t = 1400 °C ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɹɪɤɨ ɜɵɪɚɠɟɧ-

ɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɡɨɧ ɧɟɬ (ɪɢɫ 25, ɚ). ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 100 °C 
ɫɬɪɭɤɬɭɪɚ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɢɡɦɟɧɟɧɢɣ (ɪɢɫ. 25, ɛ).  

 

  
ɚ ɛ 

 
Ɋɢɫɭɧɨɤ 25 - – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ (Al2O3 ɢ MgO), ×20:  

ɚ – ɩɪɢ t = 1400 °C, ɛ – t = 1500 °C 
 

ȼ ɪɚɛɨɬɟ [25] ɚɜɬɨɪɨɦ Ɇɚɥɢ ȼ. ɂ. ɬɚɤɠɟ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɦɢɤɪɨɫɬɪɭɤ-
ɬɭɪɚ ɫɩɟɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɤɟɪɚɦɢɤɢ Al2O3 ɢ MgO ɦɟɬɨɞɨɦ SPS ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ 
ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ (ɪɢɫ. 26) 
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Ɋɢɫɭɧɨɤ 26 – ɋɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɤɟɪɚɦɢɤɢ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɣ ɩɨ ɦɟ-
ɬɨɞɭ SPS ɢɡ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ Al2O3 ɢ MgO ɩɪɢ t = 1400 °C [25] 

 
ȼ ɪɚɛɨɬɟ [26] ɬɚɤɠɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɜɨɣɫɬɜɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɟɝɨ 

ɫɬɪɭɤɬɭɪɚ ɩɪɢ ɫɩɟɤɚɧɢɢ ɦɟɬɨɞɨɦ SPS. 
 

 
ɚ ɛ 

 
Ɋɢɫɭɧɨɤ 27 – Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢ ɭɜɟɥɟɱɟɧɢɢ:  

ɚ – 500 ɧɦ, ɛ – 10 ɧɦ [26] 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɚɧɧɵɣ ɨɛɪɚɡɟɰ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɤɟɪɚɦɢɤɢ ɩɨ ɞɚɧɧɵɦ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɨɞɟɪɠɚɥɢ ɨɫɧɨɜɧɭɸ ɮɚɡɭ α-Al2O3 (ɤɨɪɭɧɞ ɪɨɦ-
ɛɨɷɞɪɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ), ɚ ɜ ɜɢɞɟ ɩɪɢɦɟɫɢ – ɲɩɢɧɟɥɶ MgAl2O4 (ɤɭɛɢɱɟɫɤɚɹ 
ɦɨɞɢɮɢɤɚɰɢɹ). 
  



34 
 

3.2 Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ  
 
Ɂɚɞɚɱɚ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ – ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɪɨɞɵ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɦɚɬɟɪɢɚɥɟ. Ⱥɧɚɥɢɡ ɨɫɧɨɜɚɧ 
ɧɚ ɬɨɦ, ɱɬɨ ɤɚɠɞɨɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɞɚɟɬ ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɪɟɧɬɝɟɧɨ-
ɝɪɚɦɦɭ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɧɚɛɨɪɨɦ ɥɢɧɢɣ (ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɦɚɤɫɢɦɭɦɨɜ) ɢ ɢɯ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶɸ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɸɬɫɹ ɞɨɫɬɨɜɟɪɧɵɟ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɟ 
ɞɚɧɧɵɟ ɨ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɢɡɜɟɫɬɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

Ɉɛɪɚɡɰɵ ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɩɟɤɚɧɢɢ Al2O3 ɢ MgO ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ 1200 °C ɢ 1400 °C ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɵɥɢ ɨɬɫɧɹɬɵ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɧɚ ɭɫɬɚɧɨɜɤɟ «Bruker». ȼ ɢɬɨɝɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɜɟ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɤɟ-
ɪɚɦɢɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 28 ɢ 29. Ȼɵɥɢ ɜɵɞɟɥɟɧɵ ɧɚɢɛɨɥɟɟ ɹɪɤɢɟ 
ɩɢɤɢ ɢ ɪɚɫɲɢɮɪɨɜɚɧɵ ɩɨ ɮɨɪɦɭɥɟ ȼɭɥɶɮɚ-Ȼɪɷɝɝɚ (2.3). 

 

 
 

Ɋɢɫɭɧɨɤ 28 – Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ Al2O3 ɢ MgO ɩɪɢ t = 1200 °C 
 

ɂɫɯɨɞɹ ɢɡ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɨɛɪɚɡɰɚ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 28, ɛɵɥɢ ɩɨ-
ɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɭɝɥɚ 2θ. ɉɪɢ ɩɨɦɨɳɢ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ θ ɢ 
sinθ, ɚ ɬɚɤɠɟ ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ ɪɚɫɫɬɨɹɧɢɟ d. ɉɪɢɦɟɧɹɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ d, 
ɚ ɬɚɤɠɟ ɞɚɧɧɵɟ d, ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ, ɛɵɥɢ ɧɚɣɞɟɧɵ ɮɚɡɵ, 
ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.  
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Ɍɚɛɥɢɰɚ 2 – Ɋɚɫɲɢɮɪɨɜɤɚ ɤɚɪɬɢɧɵ ɞɢɮɪɚɤɰɢɢ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ  
ɪɢɫɭɧɤɟ 22 

 
№ d, Ǻ α-Al2O3 Ȗ-Al2O3 MgAl2O3 Al2OC MgCO3 

1 4,560  −202 (–0,06)  001  
(–0,05) 

 

2 2,762  – 204  
(–0,042) 

010  
(–0,022) 

100  
(–0,012) 

104 (–0,02) 

3 2,518 104 (+0,034) 220 (+0,042)  002  
(+0,022) 

006 (0,015) 

4 2,483  221  
(–0,053) 

 002  
(+0,007) 

 

5 2,390 110 (–0,011)  302(+0,038) 101 (+0,02)  
6 2,346  114  

(–0,036) 
  110 (–0,028) 

7 2,063 113 (+0,022) –422  
(–0,053) 

204 (–0,005)  113 (+0,039) 

8 1,895  – 423  
(– 0,015) 

  202 (+0,044) 

9 1,854  – 132  
(–0,054) 

 102  
(–0,014) 

 

10 1,727 024 (+0,013) –316  
(+0,003) 

114 (+0,02)  116 (–0,027) 

11 1,604 116 (–0,003) – 333  
(+0,006) 

313 (+0,064) 110  
(–0,019) 

 

12 1,591 211 (–0,045)   110 (0,015)  
13 1,518 112 (– 0,004) – 117  

(+0,022) 
314 (–0,008) 111  

(–0,014) 
211 (–0,008) 

14 1,488  333 (+0,002) 413 (–0,007) 103  
(–0,047) 

122 (+0,000) 

15 1,397 214 (+0,007) 240  
(–0,007) 

601 (+0,005) 103  
(+ 0,022) 

214 (+0,009) 

16 1,376 300 (–0,002)  504 (–0,002) 200  
(–0,003) 

208 (–0,005) 

17 1,367   306 (+0,005) 201  
(–0,041) 

 

18 1,363  713  
(–0,023) 

007 (–0,019) 112  
(–0,019) 

119 (–0,009) 

19 1,234 208 (+0,042) –823  
(+0,056) 

320  0012 (+0,018) 

20 1,185 220 (+0,005) –428  
(+ 0,045) 

613 (–0,016) 202 (0,012) 128 (–0,005) 

21 1,143 223 (+0,004)  710 (–0,032) 104  
(+0,012) 

220 (+0,015) 

22 1,121 312 (+0,004)  614 (–0,011)  223 (+0,009) 
23 1,096 021 (+0,003)  125 (+0,002) 203  

(–0,041) 
1112 (+0,005) 

24 1,040 226 (+0,003)  507 (+0,015) 203  
(+0,016) 

226 (+0,011) 
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Ɋɚɫɫɦɨɬɪɢɦ ɞɢɮɪɚɤɬɨɝɪɚɦɦɭ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɤɟɪɚɦɢɤɢ Al2O3 ɢ MgO 
ɩɪɢ t = 1400 °C (ɪɢɫ.29), ɚ ɬɚɤɠɟ ɪɚɫɲɢɮɪɨɜɤɭ ɤɚɪɬɢɧɵ ɞɢɮɪɚɤɰɢɢ ɪɟɧɬɝɟɧɨɜ-
ɫɤɢɯ ɥɭɱɟɣ (ɬɚɛɥ. 3).  

 

 
 

Ɋɢɫɭɧɨɤ 29 – Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ Al2O3 ɢ MgO ɩɪɢ t = 1400 °C 
 

Ɍɚɛɥɢɰɚ 3 – Ɋɚɫɲɢɮɪɨɜɤɚ ɤɚɪɬɢɧɵ ɞɢɮɪɚɤɰɢɢ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ  
ɪɢɫɭɧɤɟ 22 

 
№ d, Ǻ α-Al2O3 Ȗ-Al2O3 MgAl2O3 Al4C3 MgCO3 

1 4,550  –202 (–0,05)    
2 3,431 012 (+0,048)     
3 3,166   202 (–0,011)   
4 2,683  –204 (–0,037) 010 (+0,057) 101 (–0,189) 104 (+0,059) 
5 2,524 104 (+0,028) 220 (+0,036)    
6 2,511  221 (–0,081)  015 (–0,008) 006 (–0,008) 
7 2,356 110 (+0,023) 114 (–0,046) 302 (+0,072)  110 (–0,038) 
8 2,137  510 (–0,027) 303 (–0,034) 018 (–0,015) 113 (–0,035) 
9 2,067 113 (+0,018) –422 (–0,057) 204 (–0,009) 0012 (+0,021) 202 (–0,128) 
10 1,766 024 (–0,026)  114 (–0,019)  1010 (+0,125) 024 (+0,003) 
11 1,712   313 (–0,044) 0015  

(–0,045) 
116 (–0,012) 

12 1,591 116 (+0,01) –117 (–0,051)  314 (–0,081) 1013 (+0,01)  
13 1,502 122 (+0,012)  413 (–0,021) 0114 (+0,017) 211 (+0,008) 
14 1,397 214 (+0,007) 240 (–0,007) 504 (–0,019) 205 (–0,008) 300 (–0,059) 
15 1,367 300 (+0,007)  306 (+0,005) 100 (+0,008) 119 (–0,013) 
16 1,323  713 (+0,017) 220 (–0,019) 1112 (–0,02)  
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Ⱥɧɚɥɢɡ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɤɟɪɚɦɢɤɢ Al2O3 ɢ MgO ɩɪɢ 
t = 1400 °C ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɨɡɢɬɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɪɟɮɥɟɤɫɵ ɤɚɪ-
ɛɢɞɚ ɚɥɸɦɢɧɢɹ. Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɤɚɪɛɢɞɚ ɚɥɸɦɢ-
ɧɢɹ ɩɨɤɚɡɚɥ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɝɥɚɫɢɟ ɫ ɢɡɜɟɫɬɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ Al4C3: ɚ = 0,3338, 
ɫ = 2,4996, – ɤɨɬɨɪɵɟ ɞɥɹ ɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢɹ ɫɨɫɬɚɜɢɥɢ: ɚ = 0,33618 ɧɦ, ɫ = 
2,3689 ɧɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ ɜ ɦɚɬɟɪɢɚɥɚɯ ɨɛɪɚɡɭɟɬɫɹ ɜɧɟ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɢ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɫɢɧɬɟɡɚ, ɨɞɧɚɤɨ ɟɝɨ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɦɟɧɹɟɬɫɹ, ɩɚɪɚɥɥɟɥɶɧɨ ɦɟɧɹ-
ɟɬɫɹ ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ [27]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɫɥɨɠɧɵɣ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 
ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɤɟɪɚɦɢɤɢ ɢɡ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɦɚɝɧɢɹ. ɉɪɢ ɧɚɝɪɟɜɟ 
ɫɜɵɲɟ 1200 °C ɜɵɞɟɥɹɸɬɫɹ ɮɚɡɵ Ⱥ12Ɉɋ ɢ MgCO3, ɚ ɩɪɢ t = 1400 °C ɢɡ ɨɤɫɢɤɚɪ-
ɛɢɞɚ ɚɥɸɦɢɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɧɨɜɚɹ ɮɚɡɚ – Al4C3. 

 
3.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ  
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɧɚ ɭɫɬɚɧɨɜɤɟ ɦɚɝɧɢɬɨ-

ɦɟɬɪ (ɪɢɫ. 30) ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ ɛɵɥ ɨɩɢɫɚɧ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ.  
 

 
 

Ɋɢɫɭɧɨɤ 30 – Ɍɨɪɫɢɨɧɧɵɣ ɦɚɝɧɢɬɨɦɟɬɪ 
 

ȼɫɟ ɦɚɝɧɟɬɢɤɢ ɞɟɥɹɬɫɹ ɧɚ ɫɥɚɛɨ- ɢ ɫɢɥɶɧɨɦɚɝɧɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɂɯ ɝɥɚɜ-
ɧɨɟ ɨɬɥɢɱɢɟ ɫɨɫɬɨɢɬ ɜ ɩɨɤɚɡɚɬɟɥɟ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɟɳɟɫɬɜɚ. ȿɫɥɢ 
ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɧɢɠɟ 1 – ɬɨ ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɧɚɡɵɜɚɸɬ ɞɢɚɦɚɝɧɟɬɢɤɢ, ɟɫɥɢ 
ɩɨɤɚɡɚɬɟɥɶ ɜɵɲɟ – ɮɟɪɪɨɦɚɝɧɟɬɢɤɢ, ɬ.ɟ. ɱɟɦ ɜɵɲɟ ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɬɟɦ 
ɫɢɥɶɧɟɟ ɜɵɪɚɠɟɧɵ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Al2O3 ɢ MgO – 
ɷɬɨ ɬɢɩɢɱɧɵɟ ɞɢɚɦɚɝɧɟɬɢɤɢ. Ɍɚɤɢɟ ɦɟɬɚɥɥɵ, ɤɚɤ Ni, Co, Fe – ɷɬɨ ɩɪɟɞɫɬɚɜɢɬɟɥɢ 
ɮɟɪɪɨɦɚɝɧɟɬɢɤɨɜ.  

ɋɪɚɜɧɢɦ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɚɧɢɹ ɮɚɡ 
Al2O3 ɢ MgO ɫ α-Fe [28].  
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Ɍɚɛɥɢɰɚ 6 – ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɢɧɟɪɚɥɨɜ 
 

Ɏɚɡɚ Al2O3 MgO MgAl2O4 MgCO3 α-Fe 
ɉɨɤɚɡɚɬɟɥɶ 
ɨɛɴɟɦɧɨɣ 
ɦɚɝɧɢɬɧɨɣ 

ɜɨɫɩɪɢɢɦɱɢ-
ɜɨɫɬɢ  

–0,14∙106 

–1,4∙106 
–0,85∙106 2,2∙106 68∙106 1500∙106 

 
ɉɨɤɚɡɚɬɟɥɶ ɨɛɴɟɦɧɨɣ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ –  ɭɤɚɡɵɜɚɟɬ ɩɪɢɬɹɝɢ-

ɜɚɟɬɫɹ ɥɢ ɦɚɬɟɪɢɚɥ ɢɥɢ ɨɬɬɚɥɤɢɜɚɟɬɫɹ ɨɬ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ɉɧ ɧɚɩɪɹ-
ɦɭɸ ɫɜɹɡɚɧ ɫ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɜɟɳɟɫɬɜɚ (3.1) 
 

ȝ= 1 + ꭓ, (3.1) 
 

ɝɞɟ ȝ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ; 
ꭓ - ɨɛɴɟɦɧɚɹ ɦɚɝɧɢɬɧɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ. 
ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɛɥɢɰɵ 6, ɧɚɛɥɸɞɚɟɦ, ɱɬɨ ɬɨɥɶɤɨ ɥɢɲɶ ɭ ɨɞɧɨɣ 

ɮɚɡɵ MgCO3 ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɜɵɲɟ ɧɭɥɹ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɚɝɧɢɬɧɵɯ 
ɫɜɨɣɫɬɜ, ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɤɚɪɛɢɞɧɚɹ ɮɚɡɚ – Al4C3 ɡɚɞɚɟɬ ɦɚɝɧɢɬɧɨɟ ɩɨɜɟ-
ɞɟɧɢɟ ɨɛɪɚɡɰɚ.  

ɇɚ ɪɢɫɭɧɤɟ 31 ɩɪɢɜɟɞɟɧɚ ɤɪɢɜɚɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɩɨɥɭɱɟɧɧɚɹ ɫ 
ɨɛɪɚɡɰɚ ɫɩɟɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɮɚɡɭ Al4C3.  
 

 
 

Ɋɢɫɭɧɨɤ 31 – Ʉɪɢɜɵɟ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ, ɫɧɹɬɵɟ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 6 ɤɗ 
 

ɂɡ ɤɪɢɜɨɣ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɜɢɞɧɨ, ɱɬɨ ɨɛɪɚɡɟɰ ɢɦɟɟɬ ɞɜɟ ɨɫɢ ɥɟɝɤɨɝɨ 
ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ: ɜ ɩɥɨɫɤɨɫɬɢ ɩɥɟɧɤɢ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɧɟɣ. ɇɚɦɚɝɧɢɱɟɧ-
ɧɨɫɬɶ ɜ ɨɛɪɚɡɰɟ ɩɨɹɜɥɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɚɬɨɦɵ ɜ ɫɬɪɭɤɬɭɪɟ Ⱥl4ɋ3 ɫɦɟ-
ɳɟɧɵ ɜ ɦɟɠɞɨɭɡɥɢɹ ɢ ɢɦɟɸɬ ɤɨɨɪɞɢɧɚɬɵ, ɜɵɪɚɠɟɧɧɵɟ ɢɪɪɚɰɢɨɧɚɥɶɧɵɦɢ ɱɢɫ-
ɥɚɦɢ. Ɍɚɤɢɟ ɚɬɨɦɵ ɢɦɟɸɬ ɜɨɡɛɭɠɞɟɧɧɭɸ ɷɥɟɤɬɪɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ. ɉɪɨɜɨɞɢɬɫɹ 
ɫɩɢɧ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɣ ɪɚɫɱɟɬ ɬɚɤɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫ-
ɱɟɬɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɨɹɜɥɟɧɢɢ ɧɟɧɭɥɟɜɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɩɪɢ ɫɦɟɳɟ-
ɧɢɢɹɯ ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɢ ɭɝɥɟɪɨɞɚ. 
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3.4 Ɉɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ Al203 + 
MgO ɩɨɥɭɱɟɧɧɨɣ ɫɩɟɤɚɧɢɟɦ SPS 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɤɚɧɢɹ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ 

ɦɚɝɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɮɚɡɵ: ɨɤɫɢɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ – Al2OC, ɤɚɪ-
ɛɨɧɚɬ ɦɚɝɧɢɹ – MgCO3 ɢ ɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ – Al4C3. 

Ɋɚɫɫɦɨɬɪɢɦ ɮɚɡɭ MgCO3. Ɇɚɝɧɟɡɢɬ – ɷɬɨ ɦɢɧɟɪɚɥ, ɩɪɢɪɨɞɧɵɣ ɤɚɪɛɨɧɚɬ 
ɦɚɝɧɢɹ. Ɉɛɥɚɞɚɟɬ ɰɟɥɵɦ ɪɹɞɨɦ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ: 
ɜɵɫɨɤɨɣ ɨɝɧɟɭɩɨɪɧɨɫɬɢ, ɲɥɚɤɨɭɫɬɨɣɱɢɜɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ, ɩɪɨɱɧɨɫɬɢ, ɢɡɧɨ-
ɫɨɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɯɪɚɧɹɬɶ ɩɨɫɬɨɹɧɫɬɜɨ ɨɛɴɟɦɚ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ 
ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ȼ ɪɚɛɨɬɟ [29] ɩɪɟɞɫɬɚɜɥɟɧɚ 3d ɫɬɪɭɤɬɭɪɚ ɦɚɝ-
ɧɟɡɢɬɚ (ɪɢɫ. 32, ɛ). 
 

 

 
 
 

 

a ɛ 
 
Ɋɢɫɭɧɨɤ 32 – Ɏɚɡɚ MgCO3: ɚ – ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ MgCO3 [30], ɛ – 3d ɦɨɞɟɥɶ ɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ MgCO3 [29] 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɚɝɧɟɡɢɬ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɨɝɧɟɭɩɨɪɧɨɣ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ, ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɹɠɭɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɜ ɷɥɟɤɬɪɨɬɟɯɧɢ-
ɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ȼ ɪɚɛɨɬɟ [31] ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɢ ɦɢɤɪɨ-
ɡɨɧɞɨɜɨɝɨ ɚɧɚɥɢɡɨɜ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɞɜɟ ɫɬɪɭɤɬɭɪɵ AL2OC – α"-Al2OC ɢ α'-
Al2OC. ɍɩɨɪɹɞɨɱɢɜɚɧɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɬɨɦɨɜ ɜ ɫɬɪɭɤɬɭɪɚɯ α'-Al2OC ɢ α"-
Al2OC ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ α-Al2OC. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɢɧɬɟɪ-
ɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ α'- ɢ α"-Al2OC ɧɟ 
ɹɜɥɹɸɬɫɹ ɧɢɡɤɨ- ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ, ɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-
ɛɨɣ ɦɟɬɚɫɬɚɛɢɥɶɧɵɟ ɮɨɪɦɵ ɦɨɧɨɨɤɫɢɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢɹ, ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ 
ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɰɟɫɫɵ ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ Al2OC. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟ-
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ɮɥɟɤɫɵ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ ɷɬɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɚɥɢɱɢɟ ɨɪɬɨɪɨɦ-
ɛɢɱɟɫɤɨɣ ɫɜɟɪɯɫɬɪɭɤɬɭɪɵ. ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɬɪɭɤɬɭɪɧɨ ɨɬɥɢɱɧɵɯ 
ɮɨɪɦ Al2OC ɨɛɴɹɫɧɹɟɬ ɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɮɢɡɢɤɨ-ɯɢ-
ɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ȼɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɫɬɪɭɤɬɭɪɵ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 33 [31]. 

 

 
ɚ ɛ 

 
Ɋɢɫɭɧɨɤ 33 – Ɇɨɞɟɥɢ ɫɜɟɪɯɫɬɪɭɤɬɭɪɵ α-Al2OC: ɚ – ɚɬɨɦɵ Al ɡɚɧɢɦɚɸɬ ɨɞɢɧ ɢɡ ɞɜɭɯ ɧɚɛɨ-

ɪɨɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɩɭɫɬɨɬ; ɛ – ɚɬɨɦɵ Al ɡɚɧɢɦɚɸɬ ɨɛɚ ɧɚɛɨɪɚ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɩɭɫɬɨɬ  
 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɬɚɛɥɢɰ 2 ɢ 3 ɧɚɛɥɸɞɚɟɦ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟ-

ɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ. ȼ ɪɚɛɨɬɟ [32] 
ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ 𝛥ܩ𝑇଴ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɞɥɹ ɪɟ-
ɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɫɢɫɬɟɦɚ Ⱥl–Ɉ–ɋ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɬɪɨɣɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨ-
ɫɬɨɹɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1000–1800 °ɋ (ɪɢɫ. 34) 

 

 
 

Ɋɢɫɭɧɨɤ 34 – Ɍɪɢɚɧɝɭɥɹɰɢɹ ɫɢɫɬɟɦɵ Al‒Ɉ‒ɋ 
 

ɋɨɝɥɚɫɧɨ ɷɬɢɦ ɪɚɫɱɟɬɚɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ Al‒Ɉ‒ɋ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 1000–1700 °ɋ ɫɨɫɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɮɚɡɵ: Al2O3‒ɋɈ, Al2O3‒ɋ, 
Al2O3‒Al4O4ɋ, Al4O4ɋ‒Al4ɋ3, Al3O4‒Al4O4ɋ, Al‒Al4O4ɋ, Al4O4ɋ‒ɋ.  
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ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɚɥɸɦɢɧɢɹ ɢɡ Al2O3 ɭɝɥɟɪɨɞɨɦ ɫɨɡɞɚɸɬɫɹ ɬɟɪɦɨɞɢ-
ɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɤɚɪɛɢɞɨɜ, ɧɚɩɪɢɦɟɪ 
Al4O4C (58,6 % Al, 34,7 % O ɢ 6,52 % ɋ) ɢ Al2OC (65,8 % Al, 19,51 % O ɢ 14,69 
% ɋ). Ɍɟɬɪɚɤɚɪɛɢɞ Al4O4C ɭɫɬɨɣɱɢɜ ɞɨ 1890 °ɋ. ɉɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɧ ɩɟɪɢ-
ɬɟɤɬɢɱɟɫɤɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ Al2OC ɢ ɠɢɞɤɨɫɬɶ. Ɇɨɧɨɨɤɫɢɤɚɪɛɢɞ Al2OC ɩɪɢ ~ 
2000 °ɋ ɬɚɤɠɟ ɩɟɪɢɬɟɤɬɢɱɟɫɤɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɤɚɪɛɢɞ Al4C3 ɢ ɠɢɞɤɨɫɬɶ. ɗɜɬɟɤ-
ɬɢɤɚ ɫɨɫɬɚɜɚ Al2O3 ɢ Al4O4C ɩɥɚɜɢɬɫɹ ɩɪɢ ~1835 °ɋ. 

 

 
 

Ɋɢɫɭɧɨɤ 35 – Ⱦɢɚɝɪɚɦɦɚ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɜ ɫɢɫɬɟɦɚ Al2O3–Al4C3 
 
ȼ ɧɚɲɟɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɩɟɤɚɧɢɹ 1400 °C ɜ ɤɟɪɚɦɢɤɟ 

ɩɪɨɢɫɯɨɞɢɬ ɮɚɡɨɜɨɟ ɩɪɟɜɪɚɳɟɧɢɟ Ⱥ12Ɉɋ ɜ Al4C3.  
Ɏɚɡɚ Al4C3 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɨɪɝɚɧɢɱɟɫɤɨɟ ɛɢɧɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɹ ɭɝ-

ɥɟɪɨɞɚ ɫ ɚɥɸɦɢɧɢɟɦ. ɋɨɟɞɢɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɭɫɬɨɣɱɢɜɵɦ ɤ ɜɨɡɞɟɣɫɬɜɢɸ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɩɥɨɬɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 2,36 ɝ/ɫɦ. Ɉɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜɨɦ ɜɟɳɟɫɬɜɚ 
ɹɜɥɹɟɬɫɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɜɨɞɨɣ, ɤɢɫɥɨɪɨɞɨɦ ɢ ɝɢɞɪɨɤɫɢ-
ɞɨɦ ɧɚɬɪɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ ɦɨɠɟɬ ɩɥɚɜɢɬɶɫɹ, ɩɪɟɥɨɦɥɹɬɶɫɹ ɢ 
ɪɚɫɬɜɨɪɹɬɶɫɹ. Al4C3 ɦɨɠɟɬ ɜɫɬɭɩɚɬɶ ɜ ɫɜɹɡɶ ɫɨ ɦɧɨɝɢɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧ-
ɬɚɦɢ, ɨɛɪɚɡɭɹ ɜɫɟɦ ɢɡɜɟɫɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
Al4C3 ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɦɨɞɟɥɶ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 36. Ɂɞɟɫɶ ɤɚɠɞɵɣ 
ɬɟɬɪɚɷɞɪ ɫɨɫɬɨɢɬ ɢɡ 4 ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɢ ɨɤɪɭɠɟɧ ɬɟɬɪɚɷɞɪɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ 
ɚɬɨɦ ɭɝɥɟɪɨɞɚ. 
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Ɋɢɫɭɧɨɤ 36 – ɦɨɞɟɥɶ ɫɬɪɭɤɬɭɪɵ Al4C3 
 
Ɏɚɡɚ Al4C3 ɢɦɟɟɬ, ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɚɦ ȺɋɌɆ, ɫɬɪɭɤɬɭɪɭ hR-21 3d ɦɨɞɟɥɶ 

ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 37. Ɍɚɤɚɹ ɫɩɢɪɚɥɶ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɜ ɪɚɛɨɬɚɯ 
[33-34]. ɋɩɢɪɚɥɶɧɚɹ ɭɩɚɤɨɜɤɚ ɬɟɬɪɚɷɞɪɨɜ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɤ ɤɚɠɞɨɦɭ ɬɟɬɪɚɷɞɪɭ ɢɡ 4 ɚɬɨɦɨɜ ɚɥɸɦɢɧɢɹ ɩɪɢɫɨɟɞɢɧɟɧɵ ɩɨ 3 ɬɟɬɪɚɷɞɪɚ 
ɜɜɟɪɯ ɢ ɜɧɢɡ. Ʉɚɠɞɚɹ ɝɪɭɩɩɚ ɢɯ 3-ɯ ɬɟɬɪɚɷɞɪɨɜ ɫɨɞɟɪɠɢɬ ɩɨ 3 ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 37 – Ɍɟɬɪɚɷɞɪɢɱɟɫɤɢ ɩɥɨɬɧɨ ɭɩɚɤɨɜɚɧɧɚɹ ɫɩɢɪɚɥɶ ɜ ɫɬɪɭɤɬɭɪɟ hR21 
 

ɉɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ – ɷɬɨ ɫɬɪɭɤɬɭɪɚ ɲɩɢɧɟɥɢ 
MgAl2O4, ɚɬɨɦɵ ɤɨɬɨɪɨɣ ɫɜɹɡɚɧɵ ɫ ɮɚɡɨɣ Al4C3. ȼ ɫɬɪɭɤɬɭɪɟ ɲɩɢɧɟɥɢ ɦɟɠɞɭ 
ɨɤɬɚɷɞɪɚɦɢ ɟɫɬɶ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɩɭɫɬɨɬɵ, ɤɪɨɦɟ ɬɨɝɨ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɜɨɡɦɨɠɟɧ 
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ɩɟɪɟɯɨɞ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɢ ɜ ɬɟɬɪɚɷɞɪɢɱɟɫɤɭɸ. Ɍɨ ɟɫɬɶ ɫɩɢɪɚɥɶ ɲɩɢ-
ɧɟɥɢ ɩɟɪɟɯɨɞɢɬ ɜ ɭɩɚɤɨɜɤɭ ɬɟɬɪɚɷɞɪɨɜ, ɧɟɦɧɨɝɨ ɞɟɮɨɪɦɢɪɭɹɫɶ. ɉɪɢ ɡɚɩɨɥɧɟ-
ɧɢɢ ɩɭɫɬɨɬ ɭɝɥɟɪɨɞɨɦ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɩɪɟɞɥɨɠɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ Al4C3. 

 

  
ɚ ɛ 

 
Ɋɢɫɭɧɨɤ 38 – ɋɨɜɦɟɳɟɧɢɟ ɫ ɞɪɭɝɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɦɚɬɟɪɢɚɥɚ: ɚ – 3D ɦɨɞɟɥɶ ɫɬɪɭɤ-

ɬɭɪɵ ɲɩɢɧɟɥɢ MgAl2O4 ɩɨɥɭɱɚɟɦɨɣ ɩɪɢ t = 1200 °C, ɛ – ɉɟɪɟɯɨɞ ɭɩɚɤɨɜɤɢ ɢɡ ɞɜɭɯ ɨɤɬɚɷɞɪɨɜ 
ɢ ɞɜɭɯ ɬɟɬɪɚɷɞɪɨɜ ɜ ɭɩɚɤɨɜɤɭ ɫɟɦɢ ɬɟɬɪɚɷɞɪɨɜ, ɦɨɞɟɥɶ ɩɨ ȼ. ɋ. Ʉɪɚɩɨɲɢɧɭ [35] 
 

ɇɚ ɪɢɫɭɧɤɟ 38, ɚ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ, ɩɪɟɞɫɬɚɜɥɹɸ-
ɳɟɣ ɫɬɪɭɤɬɭɪɭ ɲɩɢɧɟɥɢ MgAl2O4, ɚɬɨɦɵ ɤɨɬɨɪɨɣ ɫɜɹɡɚɧɵ ɫ ɮɚɡɨɣ Al4C3 ɩɨ 
ɫɯɟɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 38, ɛ [35] [36]. ȼ ɬɚɤɭɸ ɫɬɪɭɤɬɭɪɭ ɯɨɪɨɲɨ 
ɜɩɢɫɵɜɚɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɫɬɪɨɟɧɢɢ MgCO3 ɢ CaCO3, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ 
ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɢɮɪɚɤɬɨɦɟɬɪɢɟɣ (ɬɚɛɥ. 2 ɢ 3). Ɂɞɟɫɶ ɜɢɞɧɨ, ɱɬɨ ɫ ɤɚɠɞɵɦ 
ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ ɢɡ ɤɪɚɣɧɟɝɨ ɬɟɬɪɚɷɞɪɚ hR-21 Al4C3 ɫɨɜɦɟɳɚɟɬɫɹ ɬɪɢ ɚɬɨɦɚ ɤɢɫ-
ɥɨɪɨɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɭɝɨɥɶɧɢɤ CO3 (ɪɢɫ. 39, ɚ, ɛ) ɞɟɮɨɪɦɢɪɭɟɬɫɹ, ɧɨ ɤɢɫ-
ɥɨɪɨɞ ɫɨɯɪɚɧɹɟɬ ɫɜɹɡɶ ɫ ɨɞɧɢɦ ɚɬɨɦɨɦ ɥɢɛɨ ɤɚɥɶɰɢɹ, ɥɢɛɨ ɦɚɝɧɢɹ, ɨɛɪɚɡɭɹ ɩɚɪɭ 
ɬɟɬɪɚɷɞɪɨɜ. ɇɚ ɪɢɫɭɧɤɟ ɬɨɧɤɢɦɢ ɥɢɧɢɹɦɢ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɚɧɵ ɞɟɮɨɪɦɢɪɨɜɚɧ-
ɧɵɟ ɬɟɬɪɚɷɞɪɵ. 
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Ɋɢɫɭɧɨɤ 39 – ɉɪɢɧɰɢɩ ɫɨɜɦɟɳɟɧɢɹ ɫɬɪɭɤɬɭɪ Al4C3 ɫ ɆgCO3 ɢ CaCO3 
 
ȼ ɪɚɛɨɬɟ [32] ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɱɟɬɵɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ ɫɢɫɬɟɦɚ Mg‒Ɉ‒ɋ‒

Al ɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɚɡ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
1000–1800 ºC (ɪɢɫ. 40). 

 

 
 

Ɋɢɫɭɧɨɤ 40 – Ɍɟɬɪɚɷɞɪɚɰɢɹ ɫɢɫɬɟɦɵ Mg‒Ɉ‒ɋ‒Al 
 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɟɪɚɦɢɤɢ 
(1000–1800 ºC) ɫɬɚɛɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜɧɵɟ ɮɚɡɵ ɦɚɬɟɪɢ-
ɚɥɚ – MgO, ɋ ɢ ɨɛɪɚɡɭɸɳɢɟɫɹ: MgAl2Ɉ4, Al2OC, Al3O4, Al2O3, ɤɨɬɨɪɵɟ ɡɚɳɢ-
ɳɚɸɬ ɭɝɥɟɪɨɞɢɫɬɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɨɬ ɨɤɢɫɥɟɧɢɹ. 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɜɟɪɞɨɮɚɡɧɨɣ 
ɪɟɚɤɰɢɢ ɜ ɫɩɟɱɟɧɧɨɦ ɩɨɪɨɲɤɟ Al2O3 ɢ MgO. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
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ɫɩɟɤɚɧɢɹ 1200 ºC ɩɨɥɭɱɚɟɬɫɹ ɨɛɪɚɡɟɰ ɫ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦɢ. ɋɬɨɢɬ ɨɬ-
ɦɟɬɢɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɢ t = 1200 ºɋ: Al2O3 ɜ ɞɜɭɯ ɦɨɞɢɮɢɤɚɰɢɹɯ, MgAl2O4, 

Al2OC, MgCO3. Ɉɤɫɢɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ ɜ ɨɛɪɚɡɰɟ ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚ-
ɡɨɣ, ɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1400 ºɋ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ 
– Al4C3, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 
ɧɚ ɦɚɝɧɢɬɪɨɦɟɬɪɟ.  
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ɁȺɄɅɘɑȿɇɂȿ 
 

1 ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɪɚɡɧɵɦ 
ɪɟɠɢɦɚɦ ɜ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ, ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ 
ɫɩɟɤɚɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ. 

2 ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɩɟɤɚɧɢɹ 1200 ºɋ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɯ ɧɨ-
ɜɵɯ ɮɚɡ: ɲɩɢɧɟɥɶ – MgAl2O4, ɤɚɪɛɨɧɚɬ ɦɚɝɧɢɹ – MgCO3 ɢ ɨɤɫɢɤɚɪɛɢɞ ɚɥɸɦɢ-
ɧɢɹ – Al2OC. 

3 ɂɫɫɥɟɞɨɜɚɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɚ ɩɪɢ t = 1400 °C ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɹ ɲɢɯɬɵ ɢ ɝɪɚɮɢɬɨɜɨɣ ɦɚɬɪɢɰɵ ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɨɜɨɣ ɮɚɡɵ – 
ɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢɹ Al4ɋ3. 

4 ɂɫɫɥɟɞɨɜɚɧɵ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɚ (1400 °C) ɦɟɬɨɞɨɦ ɤɪɭɬɹɳɢɯ 
ɦɚɝɧɢɬɧɵɯ ɦɨɦɟɧɬɨɜ. ɉɨɤɚɡɚɧɨ ɱɬɨ ɨɛɪɚɡɟɰ ɦɚɝɧɢɬɧɨ-ɧɟɨɞɧɨɪɨɞɟɧ ɢ ɨɛɥɚɞɚɟɬ 
ɞɜɭɦɹ ɨɫɹɦɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɜ ɟɝɨ 
ɫɬɪɭɤɬɭɪɟ ɦɚɝɧɢɬɧɨɣ ɮɚɡɵ, ɭɩɨɪɹɞɨɱɟɧɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɟɝɨ ɫɟɱɟɧɢɸ.  

5 ɉɪɨɰɟɫɫ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɩɪɟɜɪɚɳɟɧɢɹ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ Al2O3 ɜ ɩɪɨɦɟɠɭɬɨɱɧɭɸ ɮɚɡɭ Al2OC, ɚ ɡɚɬɟɦ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɜ ɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ Al4ɋ3, ɩɪɢ ɷɬɨɦ ɢɡɛɵɬɨɱɧɵɣ ɤɢɫɥɨɪɨɞ ɜɯɨɞɢɬ ɜ ɫɨ-
ɫɬɚɜ ɦɚɝɧɟɡɢɬɚ MgCO3, ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɦɚɝɧɢɹ MgO. 
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