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Ɋɢɫ.2 Ɋɚɫɱɟɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɛɟɡ ɬɪɟɳɢɧɵ Ɋɢɫ.3 Ɋɚɫɱɟɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫ ɬɪɟɳɢɧɨɣ 

 
 
ȼɵɜɨɞɵμ 
- ɧɚ ɩɨɥɢɷɬɢɥɟɧɨɜɨɦ ɝɚɡɨɩɪɨɜɨɞɟ ɛɟɡ ɬɪɟɳɢɧɵ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɭɬ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚ ɬɨɪɰɵ 

ɬɪɭɛɵ, ɫɭɦɦɚɪɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɞɟɣɫɬɜɢɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɧɚɝɪɭɡɨɤ ɨɬ ɜɟɫɚ ɫɚɦɨɣ ɬɪɭɛɵ 
ɢ ɩɟɪɟɤɚɱɢɜɚɟɦɨɝɨ ɝɚɡɚ, ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɟ ɫɟɱɟɧɢɟ ɧɚɯɨɞɢɬɫɹ ɧɚ ɬɨɪɰɚɯ ɩɨɥɢɷɬɢɥɟɧɨɜɨɝɨ ɝɚɡɨɩɪɨɜɨɞɚν  

- ɧɚ ɩɨɥɢɷɬɢɥɟɧɨɜɨɦ ɝɚɡɨɩɪɨɜɨɞɟ ɫ ɬɪɟɳɢɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɨɩɚɫɧɨɟ ɫɟɱɟɧɢɟ ɧɚɯɨɞɢɬɫɹ ɜ 
ɰɟɧɬɪɟ ɬɪɟɳɢɧɵ, ɡɞɟɫɶ ɧɚɛɥɸɞɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɜɵɲɚɸɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɞɭɬ ɤ ɪɚɡɪɭɲɟɧɢɸ. Ⱥ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɛɭɞɟɬ ɧɚ ɬɨɪɰɟ, ɧɚ ɤɨɬɨɪɨɦ ɧɚɱɢɧɚɟɬɫɹ 
ɬɪɟɳɢɧɚν 

- ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɬɪɟɳɢɧɵ ɞɥɢɧɨɣ ɚ ρ ζ,7 Н, ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɬɪɭɛɨɩɪɨɜɨɞ 

 
ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ . 

- ɜ ɪɟɡɭɥɶɬɚɬɟ ɠɟɥɚɬɟɥɶɧɨ ɢɡɛɟɝɚɬɶ ɧɚɝɪɭɡɨɤ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɨɥɢɷɬɢɥɟɧɨɜɨɦ ɝɚɡɨɩɪɨɜɨɞɟ, ɤɨɬɨɪɵɟ 
ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ ɢ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɪɵɜɭ,  ɧɚɩɪɢɦɟɪ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɟɧɫɚɬɨɪɨɜ 
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Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ  ɫɜɨɞɢɬɫɹ ɤ ɩɨɜɵɲɟɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɯ 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɞɚɱɟɣ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɟɲɟɧɢɟ 
ɬɟɯɧɢɱɟɫɤɢɯ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɚɫɩɟɤɬɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɛɨɥɟɟ γζ0 ɬɵɫ. ɤɦ ɩɪɨɦɵɫɥɨɜɵɯ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ДζЖ. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɟɠɟɝɨɞɧɨ ɧɚ ɩɪɨɦɵɫɥɚɯ ɩɪɨɢɫɯɨɞɢɬ ɞɨ 70 ɬɵɫ. 
ɨɬɤɚɡɨɜ ɬɪɭɛɨɩɪɨɜɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɜɵɫɨɤɨɣ 
ɚɜɚɪɢɣɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ (ɞɨ γ0 % ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɚɜɚɪɢɣ) ДηЖ.  ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɩɪɢɱɢɧɨɣ ɨɬɤɚɡɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɹɜɥɹɟɬɫɹ ɪɭɱɟɣɤɨɜɚɹ ɤɨɪɪɨɡɢɹ, ɱɟɣ 
ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 70 ɞɨ λ0 % ɜ ɨɛɳɟɦ ɱɢɫɥɟ ɨɬɤɚɡɨɜ ɧɚ ɫɬɚɥɶɧɵɯ ɩɪɨɦɵɫɥɨɜɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 
ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɫɪɟɞɧɢɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɦɵɫɥɨɜɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɦɟɫɹɰɟɜ ɞɨ 
1η ɥɟɬ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɭɫɤɨɪɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ ɧɚ ɧɟɮɬɟɩɪɨɦɵɫɥɚɯ ɹɜɥɹɟɬɫɹ 
ɦɚɫɫɨɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɝɢɞɪɨɪɚɡɪɵɜɚ ɩɥɚɫɬɚ, ɫɧɢɠɟɧɢɟ ɡɚɛɨɣɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɢɹ, ɪɟɚɝɟɧɬɧɵɯ ɨɛɪɚɛɨɬɨɤ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɩɥɚɫɬɚ, ɭɜɟɥɢɱɟɧɢɟ ɨɛɜɨɞɧɟɧɧɨɫɬɢ ɢ ɭɪɨɜɧɹ 
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ɋȿɄɐɂə 19. ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋɈȼ ɉɊɂ ɌɊȺɇɋɉɈɊɌɂɊɈȼɄȿ 
ɇȿɎɌɂ ɂ ȽȺɁȺ. 

ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ ɩɨɞɬɨɜɚɪɧɵɯ ɩɥɚɫɬɨɜɵɯ ɜɨɞ. ȼɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɟ ɩɨɜɵɲɚɟɬ  ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɞɨ 
β,7ɦɦ/ɝɨɞ.  

Ʉɨɪɪɨɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɬɪɭɛ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ -  ɤ 
ɩɨɪɵɜɚɦ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨɜɵɲɟɧɢɟ ɡɚɬɪɚɬ ɧɚ 
ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɢ ɧɚ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɫɧɢɠɟɧɢɟ ɞɨɛɵɱɢ ɧɟɮɬɢ, 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɟ ɭɱɚɫɬɤɚ 
ɬɪɭɛɨɩɪɨɜɨɞɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɫ ɭɱɟɬɨɦ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɭɱɟɣɤɨɜɨɝɨ 
ɢɡɧɨɫɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼɫɟ ɪɚɫɱɟɬɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ 
ɩɪɨɝɪɚɦɦɵ ANSYS. 

ȼ ɯɨɞɟ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɜɡɹɬɵ ɪɟɚɥɶɧɵɟ ɞɚɧɧɵɟ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɦɨɧɢɬɨɪɢɧɝɚ ɤɨɪɪɨɡɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɧɚ Ʌɭɝɢɧɟɰɤɨɣ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ» 
ɈȺɈ «Ɍɨɦɫɤɧɟɮɬɶ» ȼɇɄ ДβЖ ɡɚ ɨɬɱɟɬɧɵɣ ɩɟɪɢɨɞ ɫ ɞɟɤɚɛɪɹ β00λ ɩɨ ɞɟɤɚɛɪɶ β010 ɝɨɞɚ.  

ɂɫɫɥɟɞɭɟɦɚɹ ɡɚɤɪɵɬɚɹ ɞɪɟɧɚɠɧɚɹ ɫɢɫɬɟɦɚ ɫɥɭɠɢɬ ɞɥɹ ɫɛɨɪɚ ɜɨɞɵ ɢ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɵɟ 
ɞɪɟɧɢɪɭɸɬɫɹ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɬɚɧɰɢɢ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɧɵɯ  ɤ ɤɨɪɪɨɡɢɢ ɭɱɚɫɬɤɚɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɞɚɧɧɨɣ ɞɪɟɧɚɠɧɨɣ ɫɢɫɬɟɦɟ ɧɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɢɧɝɢɛɢɬɨɪɧɚɹ ɡɚɳɢɬɚ. 

ȼɟɥɢɱɢɧɚ ɨɛɳɟɣ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɩɨ ɜɫɟɦ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɪɚɛɨɱɢɦ ɥɢɧɢɹɦ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ 
0,1 ɦɦ/ɝɨɞ. Ɉɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɢɡɤɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ ɚɝɪɟɫɫɢɜɧɨɫɬɶ ɪɚɛɨɱɢɯ ɫɪɟɞ, ɱɬɨ ɜ ɨɱɟɪɟɞɧɨɣ ɪɚɡ 
ɞɨɤɚɡɵɜɚɟɬ ɫɥɚɛɭɸ ɚɝɪɟɫɫɢɜɧɨɫɬɶ ɩɟɪɟɤɚɱɢɜɚɟɦɵɯ ɫɪɟɞ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ ДβЖ.  

Ɉɛɪɚɡɨɜɚɧɢɟ ɪɭɱɟɣɤɨɜɨɝɨ ɢɡɧɨɫɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɚɛɪɚɡɢɜɧɨ-ɤɨɪɪɨɡɢɨɧɧɵɦ ɢɡɧɨɫɨɦ ɥɨɤɚɥɶɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɢɠɧɢɯ ɨɛɪɚɡɭɸɳɢɯ ɬɪɭɛ. ɋ ɧɟɤɨɬɨɪɵɯ ɭɱɚɫɬɤɨɜ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɭɞɚɥɟɧɢɟ ɠɟɥɟɡɨ-ɤɚɪɛɨɧɚɬɧɨɣ ɩɥɟɧɤɢ.  ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɨɱɢɳɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɟɯɨɞɹɬ ɜ ɚɤɬɢɜɧɨɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ. Ɉɛɪɚɡɨɜɚɧɢɟ ɦɟɠɞɭ ɨɛɧɚɠɟɧɧɵɦɢ 
ɭɱɚɫɬɤɚɦɢ ɦɟɬɚɥɥɚ (ɚɧɨɞ) ɢ ɨɫɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɪɭɛɵ, ɩɨɤɪɵɬɨɣ ɨɫɚɞɤɨɦ (ɤɚɬɨɞ), ɥɨɤɚɥɶɧɵɯ ɦɚɤɪɨ 
ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɩɚɪ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɥɨɤɚɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɧɢɠɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɧɟɮɬɟɫɛɨɪɧɵɯ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ. Ɋɚɡɧɨɫɬɶ ɩɥɨɳɚɞɟɣ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɨɝɨ ɤɚɬɨɞɚ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨɝɨ ɚɧɨɞɚ ɩɪɢɜɨɞɢɬ ɤ 
ɛɵɫɬɪɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɚɧɨɞɚ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ. 

ɋɨɝɥɚɫɧɨ Д1,γЖ ɞɚɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɹɡɜɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ  ɱɚɳɟ ɜɵɬɹɧɭɬɭɸ ɮɨɪɦɭ, 
ɫɥɢɜɚɸɳɢɟɫɹ ɫ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ. ɒɢɪɢɧɚ ɞɚɧɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɨɬ ζ0…θ0 
ɦɦ, ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɹɡɜ ɫɨɫɬɚɜɥɹɟɬ γ,η ɦɦ. 

 ɋ ɩɨɦɨɳɶɸ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ANSYS ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɭɱɚɫɬɤɚ 
ɬɪɭɛɨɩɪɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ 88,λ ɦɦ ɩɪɢ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ η,ζ ɦɦ. Ⱦɚɧɧɵɣ ɭɱɚɫɬɨɤ ɬɪɭɛɵ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɞɪɟɧɚɠɚ 
ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ  ɢ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ η-10 ºɋ ɢ ɪɚɛɨɱɟɦ ɞɚɜɥɟɧɢɢ 1γη ɤɉɚ.  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɤɪɢɬɟɪɢɸ Ɇɢɡɟɫɚ. Ʉɪɚɫɧɵɦ 
ɰɜɟɬɨɦ ɜɵɞɟɥɟɧ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɣ ɭɱɚɫɬɨɤ. ɋɨɝɥɚɫɧɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɪɢɫ.β, ɫɥɟɞɭɟɬ, ɱɬɨ 
ɧɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɧɚ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɪɭɛɵ ɫ ɧɚɢɦɟɧɶɲɟɣ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵμ 
 ɤɨɪɪɨɡɢɨɧɧɚɹ ɚɝɪɟɫɫɢɜɧɨɫɬɶ ɫɪɟɞɵ ɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ  - ɞɢɚɩɚɡɨɧ ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɡɚ ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɫɨɫɬɚɜɥɹɟɬ 0,001…0,γλ0 ɦɦ/ɝɨɞ. ɉɪɢɱɟɦ ɦɚɤɫɢɦɭɦɵ 
ɤɨɪɪɨɡɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢɦɟɸɬ ɫɟɡɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɨɫɟɧɧɢɟ ɢ ɜɟɫɟɧɧɢɟ ɦɟɫɹɰɵ (ɦɚɣ, 
ɨɤɬɹɛɪɶ)ν 

 ɇɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɡɨɧɟ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɬɟɯ ɭɱɚɫɬɤɚɯ, ɝɞɟ 
ɝɥɭɛɢɧɚ ɤɨɪɪɨɡɢɢ ɦɚɤɫɢɦɚɥɶɧɚ, ɚ ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɦɢɧɢɦɚɥɶɧɚν 
ɋ ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɭɱɟɣɤɨɜɨɝɨ ɢɡɧɨɫɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ, 

ɫɧɢɠɚɸɳɢɣ ɜɟɪɨɹɬɧɨɫɬɶ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. 
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ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɛɪɚɡɢɜɧɨɟ ɜɥɢɹɧɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ (ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɪɢɦɟɫɟɣ), ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɵɯ ɜɦɟɫɬɟ ɫ ɩɨɬɨɤɨɦ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɚɯ. Ɉɫɧɨɜɧɵɦɢ 
ɜɨɩɪɨɫɚɦɢ, ɤɚɫɚɸɳɢɦɢɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɹɜɥɟɧɢɹ, ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɞɯɨɞɚ ɤ ɜɵɪɚɠɟɧɢɸ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɞɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɚ ɬɚɤɠɟ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɝɟɨɦɟɬɪɢɢ ɚɛɪɚɡɢɜɧɨɝɨ ɞɟɮɟɤɬɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɤɚɫɚɸɳɢɟɫɹ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɨɫɚ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɨɜ ɚɤɬɭɚɥɶɧɵ, ɩɨɫɤɨɥɶɤɭ, 
ɯɨɬɶ ɢ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɩɟɪɟɞ ɩɨɫɬɭɩɥɟɧɢɟɦ ɜ ɬɪɚɧɫɩɨɪɬɧɭɸ ɫɟɬɶ ɩɪɨɯɨɞɢɬ ɫɟɪɶɺɡɧɭɸ ɨɱɢɫɬɤɭ, ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɚɤɬɢɤɟ ɜɫɬɪɟɱɚɸɬɫɹ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ ɞɚɸɬ ɫɛɨɢ, ɥɢɛɨ ɤɨɝɞɚ ɫɚɦɨ ɫɵɪɶɺ, 
ɩɨɫɬɭɩɚɸɳɟɟ ɫ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɢɦɟɟɬ ɫɩɟɰɢɮɢɱɧɵɣ ɫɨɫɬɚɜ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. Ȼɨɥɟɟ ɬɨɝɨ, 
ɜ ɫɜɟɬɟ ɧɟɞɚɜɧɢɯ ɨɬɤɪɵɬɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ ɜ 
ɩɨɬɨɤɚɯ ɞɜɢɠɭɳɢɯɫɹ ɫɪɟɞ Д1Ж, ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɫɜɨɣɫɬɜɚ 
ɜɡɚɢɦɨɜɥɢɹɧɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɝɨ ɩɨɬɨɤɚ. Ɉɩɵɬ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɨɬɨɤɨɜ ɫɨ ɜɡɜɟɲɟɧɧɵɦɢ 
ɬɜɟɪɞɵɦɢ ɱɚɫɬɢɰɚɦɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɜɨɪɨɬɨɜ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ ɟɝɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɚɣɨɧɟ ɞɧɚ, ɩɨɫɤɨɥɶɤɭ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɫɬɪɟɦɹɬɫɹ ɜɧɢɡ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ, 
ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɚɤɫɢɦɚɥɶɧɨ ɢɧɬɟɧɫɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɢɦɟɧɧɨ ɫ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ДβЖ. 

ɉɪɢɪɨɞɧɵɣ ɝɚɡ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɟ ɬɪɚɧɫɩɨɪɬɚ ɩɪɨɯɨɞɢɬ ɫɟɪɶɺɡɧɭɸ ɨɱɢɫɬɤɭ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɤɨɧɤɪɟɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɦɨɞɟɥɢɪɭɸɳɢɟ ɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ ɞɥɹ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɨɜ, ɨɬɫɭɬɫɬɜɭɸɬ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɭɞɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɦɨɞɟɥɶɸ ɉɭɬɢɥɨɜɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɫɦɟɠɧɨɣ ɨɛɥɚɫɬɢ - ɨɛɥɚɫɬɢ 
ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫɢɫɬɟɦ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ Ɍɗɋ ДβЖ. 
ɋɨɝɥɚɫɧɨ ɉɭɬɢɥɨɜɭμ  

                                                              (1) 

 
ɝɞɟ Uɱ - ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ, ɦ/ɫν Ʉɩ - ɤɪɢɬɟɪɢɣ ɉɭɬɢɥɨɜɚ, ɤɝ/ɦβν kSiO2 - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ SiO2; d - ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ, m - ɦɚɫɫɨɜɚɹ ɪɚɫɯɨɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɬɨɤɚ ɫɦɟɫɢ 
ɱɚɫɬɢɰ ɢ ɝɚɡɚ, ɤɝ ɱɚɫɬɢɰ/ɤɝ ɝɚɡɚ ν ɤɢɡɧ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

 ,                                                                                     (2) 

ɝɞɟ d0 - ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ȡɱ - ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. 


