
ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
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ȼɊȺɓȿɇɂȿ ɊɈɌɈɊȺ ɆɈɆȿɇɌɇɈȽɈ ȾȼɂȽȺɌȿɅə 
ɉɊɂ ɂɆɉɍɅɖɋɇɈɆ ɉɂɌȺɇɂɂ 

ɋɚɦɨɞɭɪɨɜ ɂ.ɇ., Ʌɹɩɭɧɨɜɚ Ɇ.ȼ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 
 
ɇɚ ɤɚɮɟɞɪɟ ɬɨɱɧɨɝɨ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɚɤɬɢɜɧɨ ɢɞɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɚɤɟɬɚ ɦɨɦɟɧɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɥɟɧɬɨɱɧɨɣ ɧɚɦɨɬɤɨɣ. Ɉɞɧɨɣ 
ɢɡ ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɢɞɟɢ. 

ɍɱɢɬɵɜɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɞɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɫɱɢɬɚɟɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨ   ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɝɨ ɜ ɪɟɠɢɦɟ ɢɦɩɭɥɶɫɧɨɝɨ ɜɤɥɸɱɟɧɢɹ, ɬ.ɟ. ɩɨɞɚɱɚ ɩɢɬɚɧɢɹ 
ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ. ɉɭɫɤ ɞɜɢɝɚɬɟɥɹ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɢɡ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ, ɚ ɫ ɧɟɛɨɥɶɲɢɦ ɨɬɤɥɨɧɟɧɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɧɚɦ ɩɪɟɨɞɨɥɟɬɶ ɦɨɦɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɭɯɨɝɨ ɬɪɟɧɢɹ ɜ ɨɩɨɪɚɯ ɩɨɞɲɢɩɧɢɤɨɜ. 

Ɉɬɤɥɸɱɟɧɢɟ ɩɢɬɚɧɢɹ ɞɨɥɠɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɞɨ ɬɨɝɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɪɨɬɨɪ ɞɜɢɝɚɬɟɥɹ 
ɞɨɫɬɢɝɧɟɬ ɩɨɥɸɫɧɨɝɨ ɞɟɥɟɧɢɹ. ɉɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ ɞɜɢɝɚɬɟɥɶ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɜ 
ɪɟɠɢɦɟ ɜɵɛɟɝɚ.  

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɦɟɧɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɫɢɥɟ ɬɨɤɚ, 
ɪɚɜɧɨɣ 1 Ⱥ, ɩɨɥɭɱɟɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ[3].  

 

 
Ɋɢɫ. 1. Ɇɨɦɟɧɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɚɬɟɥɹ 

 
ɉɨɥɭɱɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɞɥɹ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ ɚɩɩɪɨɤɫɢɦɢɪɭɟɦ ɜ ɜɢɞɟ ɪɹɞɚ ɨɬɪɟɡɤɨɜ ɩɪɹɦɨɣ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

 
Ɋɢɫ. 2. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɦɨɦɟɧɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ 



ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
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ɏɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɨɣ ɤɪɢɜɨɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
 

Ɍɚɛɥɢɰɚ 1. Ɂɧɚɱɟɧɢɹ ɭɝɥɨɜ ɧɚ ɝɪɚɮɢɤɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. 
ɇɚɡɜɚɧɢɟ         

ɍɝɨɥ, º 0 35 60 90 15 40 50 75 
 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɟɠɢɦɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 

ɩɨɞɚɱɭ ɩɢɬɚɧɢɹ ɧɚ ɞɜɢɝɚɬɟɥɶ ɜ ɬɟɱɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɪɨɬɨɪɚ, ɢɫɩɨɥɶɡɭɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɚɬɱɢɤ ɭɝɥɚ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɧɚɦɢ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɜɚɪɢɚɧɬ ɩɨɞɚɱɢ 
ɩɢɬɚɧɢɹ ɜɨ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɭɱɚɫɬɤɨɜ. Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ 
ɹɜɥɹɸɬɫɹ: ɧɚɯɨɠɞɟɧɢɟ ɜɪɟɦɟɧɢ ɩɨɞɚɱɢ ɢɦɩɭɥɶɫɚ ɢ ɪɚɡɜɢɜɚɟɦɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ. Ⱦɥɹ 
ɷɬɨɝɨ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɢɥɨɜɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɭɱɚɫɬɤɨɜ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɢɟ 
ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ[3]: 

,    ,       
ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɞɥɹ ɩɟɪɜɨɝɨ ɭɱɚɫɬɤɚ[2]:  

    
ɂɫɩɨɥɶɡɭɹ ɨɩɟɪɚɬɨɪɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɧɚɯɨɞɢɦ 

ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ:  

; C =  

 
ɂɡ ɩɨɥɭɱɟɧɧɨɣ ɜɵɲɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɜɨɞɢɦ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ 

ɝɪɚɮɢɤɚ: 

c. 
Ɂɧɚɹ ɬɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɷɬɨ ɩɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɨɬ ɤɨɨɪɞɢɧɚɬɵ ɩɨ ɜɪɟɦɟɧɢ ɧɚɯɨɞɢɦ 

ɤɨɧɟɱɧɭɸ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ:      

 
Ⱥɧɚɥɨɝɢɱɧɨ ɪɟɲɚɟɦ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɜɬɨɪɨɝɨ ɭɱɚɫɬɤɚ. Ɍɚɤ ɠɟ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ ɤɨɧɟɱɧɚɹ 

ɫɤɨɪɨɫɬɶ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɭɱɚɫɬɤɟ ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɶɧɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ.   
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Ʉɨɧɟɱɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɚɜɧɚ . ȼɪɟɦɹ ɩɨɞɚɱɢ ɢɦɩɭɥɶɫɚ 0.913 ɫ. Ɋɟɲɟɧɢɟ 
ɡɚɞɚɱ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɟɱɧɭɸ ɫɤɨɪɨɫɬɶ ɢ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ 
ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ. 
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ɎɂɁɂɑȿɋɄɂȿ ɈɋɇɈȼɕ ɂɋɄɊɈȼɈȽɈ ɉɅȺɁɆȿɇɇɈȽɈ ɆȺȽɇɂɌɇɈ-
ɂɆɉɍɅɖɋɇɈȽɈ ɉɊȿɋɋɈȼȺɇɂə ɈɄɋɂȾɇɈɃ ɇȺɇɈɄȿɊȺɆɂɄɂ 

Ⱦɭɞɚɧɟɰ Ⱥ.Ⱥ., ɂɜɚɲɭɬɟɧɤɨ Ⱥ.ɋ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 
 
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɬɚɜɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ 

ɩɨɥɭɱɟɧɢɹ ɤɨɪɭɧɞɨɜɨɣ ɤɟɪɚɦɢɤɢ, ɧɨ ɨɫɧɨɜɧɵɦ ɟɺ ɧɟɞɨɫɬɚɬɤɨɦ ɨɫɬɚɟɬɫɹ ɜɵɫɨɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ ɢɡɞɟɥɢɣ (1700–1800°ɋ). Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ 
ɤɟɪɚɦɢɤɟ ɜɚɠɧɚ ɦɢɧɢɦɢɡɚɰɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ ɟɟ ɫɩɟɤɚɧɢɢ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ 
ɤɟɪɚɦɢɤɢ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɦɭ ɪɚɡɦɟɪɭ ɡɟɪɧɚ ɢ ɤ ɭɯɭɞɲɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɫɩɟɤɚɧɢɢ Į-Al2O3 ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ 0,22 ɦɤɦ ɧɚɢɥɭɱɲɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɢɦɟɥɚ ɤɟɪɚɦɢɤɚ, ɫɩɟɱɟɧɧɚɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300°ɋ. Ɉɞɧɢɦ ɢɡ 
ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɬɚɪɬɨɜɚɹ 
ɩɥɨɬɧɨɫɬɶ ɩɪɟɫɫɨɜɤɢ. ɉɨɜɵɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɭɤɥɚɞɤɢ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ 
ɦɟɠɱɚɫɬɢɱɧɵɯ ɤɨɧɬɚɤɬɨɜ, ɢ ɫɩɟɤɚɧɢɟ ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɢ ɢɧɬɟɧɫɢɜɧɟɣ, ɢ 
ɪɚɜɧɨɦɟɪɧɟɣ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɭɤɥɚɞɤɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɧɟ ɬɨɥɶɤɨ ɦɚɥɭɸ 
ɩɨɪɢɫɬɨɫɬɶ, ɧɨ ɢ ɦɚɥɵɣ ɪɚɡɦɟɪ ɩɨɪ ɢ ɢɯ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ ɜɟɞɟɬ ɤ ɭɫɤɨɪɟɧɧɨɦɭ ɞɨɫɬɢɠɟɧɢɸ ɩɨɥɧɨɣ ɩɥɨɬɧɨɫɬɢ ɤɟɪɚɦɢɤɢ. ɉɪɨɛɥɟɦɵ 
ɩɪɟɫɫɭɟɦɨɫɬɢ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɫɭɡɢɥɢ 
ɜɨɡɦɨɠɧɨɫɬɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɩɪɟɫɫɨɜɚɧɢɹ ɢ ɫɩɟɤɚɧɢɹ ɜ ɩɨɥɭɱɟɧɢɢ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɨɛɭɞɢɥɢ ɤ ɩɨɢɫɤɭ ɧɨɜɵɯ ɩɨɞɯɨɞɨɜ.  

ɉɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɪɟɫɫɨɜɚɧɢɹ ɜ ɤɨɦɩɥɟɤɫɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɚɛɨ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɩɨɪɨɲɤɨɜ ɩɨɜɵɲɚɟɬ ɨɞɧɨɪɨɞɧɨɫɬɶ ɭɤɥɚɞɤɢ ɢ 


