
 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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げí¡¿0ôñÖóñ 
Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɥɟɝɢɪɨɜɚɧɢɹ ɬɢɬɚɧɚ ɤɪɟɦɧɢɟɦ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɤɨɦɩɨɡɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ Ti (ɨɫɧɨɜɚ) / Ti5Si3 (ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ), 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɤɚɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɥɟɝɤɢɣ ɦɚɬɟɪɢɚɥ ɜɫɥɟɞɫɬɜɢɟ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ (Ɍɩɥ = 2400 Ʉ) ɫɢɥɢɰɢɞɚ ɬɢɬɚɧɚ ɫɨɫɬɚɜɚ Ti5Si3, ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɜ ɟɞɢɧɨɦ 

ɜɚɤɭɭɦɧɨɦ ɰɢɤɥɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɫɭɛɦɢɥɥɢɫɟɤɭɧɞɧɨɣ 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɧɚ ɫɢɫɬɟɦɭ ɩɥɟɧɤɚ (ɤɪɟɦɧɢɣ) / ɩɨɞɥɨɠɤɚ (ɬɢɬɚɧ), ɫɮɨɪɦɢɪɨɜɚɧɧɭɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɵ-

ɥɟɧɢɹ ɤɪɟɦɧɢɹ ɩɭɱɤɨɦ ɷɥɟɤɬɪɨɧɨɜ. ȼɵɹɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɨɛɥɭɱɟɧɢɹ ɫɢɫɬɟɦɵ ɩɥɟɧɤɚ 
(Si)/ɩɨɞɥɨɠɤɚ (ȼɌ1-0) ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɵɦ ɢɦɩɭɥɶɫɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ (20 Ⱦɠ/ɫɦ2, 200 ɦɤɫ, 3 

ɢɦɩ, 0,3 ɫ-1), ɩɨɡɜɨɥɹɸɳɢɟ ɮɨɪɦɢɪɨɜɚɬɶ ɦɧɨɝɨɫɥɨɣɧɵɣ ɤɨɦɩɨɡɢɬɧɵɣ ɦɚɬɟɪɢɚɥ Ti (ɨɫɧɨɜɚ) / Ti5Si3 

(ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɫ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɮɚɡɵ Ti5Si3 57,62 ɦɚɫ. %) ɫ ɫɭɛɦɢɤɪɨ- ɧɚɧɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɬɜɟɪɞɨɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ~2,5 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɬɜɟɪɞɨɫɬɶ ɨɫɧɨɜɵ. ɉɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɧɨ-
ɝɨɮɚɡɧɵɯ ɫɭɛɦɢɤɪɨ- ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɢɥɢɰɢɞɧɵɯ ɫɥɨɟɜ ɫ ɨɫɨɛɵɦɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɪɨɝɪɚɦɦɵ ɩɪɟɡɢɞɢɭɦɚ ɊȺɇ 

(ɩɪɨɟɤɬ ʋ24). 
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Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɢɝɪɚɸɬ ɧɟɦɚɥɨɜɚɠɧɭɸ ɪɨɥɶ, ɩɨɫɤɨɥɶɤɭ, ɹɜɥɹɹɫɶ ɨɞɧɨɣ 

ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɚɱɟɫɬɜɚ, ɨɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɢɡɞɟɥɢɣ ɜɵɩɨɥɧɹɬɶ ɡɚɞɚɧɧɵɟ ɮɭɧɤɰɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɬɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɜɨɣɫɬɜ. Ɉɞɧɢɦ ɢɡ 
ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, 
ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɧɟɦ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɪɢɜɨɞɹɳɢɯ ɤ ɪɚɡɪɭɲɟɧɢɸ ɜɫɥɟɞɫɬɜɢɟ ɩɨɹɜɥɟɧɢɹ ɢ 

ɪɚɡɜɢɬɢɹ ɦɚɤɪɨɬɪɟɳɢɧ. 

Ɉɫɧɨɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɩɪɢɦɟɧɹɸɳɢɦɫɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɨɞɭɤɰɢɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢɧɫɬɪɭɦɟɧɬɚ, ɹɜɥɹɟɬɫɹ ɫɜɚɪɤɚ, ɨɬ ɤɨɬɨɪɨɣ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɤɚɱɟɫɬɜɨ ɢ ɧɚɞɟɠɧɨɫɬɶ ɫɜɚɪɧɨɝɨ 
ɢɡɞɟɥɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɨɝɪɟɫɫ ɜ ɪɚɡɜɢɬɢɢ ɫɜɚɪɨɱɧɨɣ ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɢ, ɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ 
ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ ɜɨɡɧɢɤɚɸɬ ɞɟɮɟɤɬɵ ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ ɢ ɪɚɡɦɟɪɨɜ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɫɧɢɠɟɧɢɸ ɢɯ ɪɚɛɨɬɨ-
ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ.  

ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɰɟɧɤɚ ɝɪɚɞɢɟɧɬɧɵɯ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɪɚɡ-
ɥɢɱɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ ɦɚɬɟɪɢɚɥ, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɭɬɢ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢ ɮɚɡɨɜɵ-

ɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ, ɧɚɩɪɢɦɟɪ, ɩɨɫɪɟɞɫɬɜɨɦ  ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɪɟɠɢ-
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ɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɵɯ ɟɟ ɬɟɯɧɨɥɨɝɢɣ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɫ 
ɡɚɞɚɧɧɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɞɟɮɟɤɬɨɜ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɟɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɨɩɟɪɚɰɢɟɣ. ɇɚɪɹɞɭ ɫ ɦɟɬɨɞɚɦɢ ɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ, 
ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɫɸ ɩɪɨɞɭɤɰɢɸ, ɪɟɡɤɨ ɩɨɜɵɲɚɟɬ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ, 
ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɢɡɞɟɥɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɩɨɞɜɟɪɠɟɧɧɵɯ 
ɭɫɬɚɥɨɫɬɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ. ɂɫɯɨɞɹ ɢɡ ɤɨɧɰɟɩɰɢɢ ɠɢɜɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɫɪɨɤ ɫɥɭɠɛɵ ɤɨɬɨɪɨɝɨ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɪɨɫɬɨɦ ɞɟɮɟɤɬɨɜ ɞɨ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ, ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɛɨɥɶɲɨɝɨ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ, ɢɫɩɨɥɶɡɭɹ  ɦɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ ɧɚ ɪɚɧɧɢɯ 
ɫɬɚɞɢɹɯ ɢɯ ɪɚɡɜɢɬɢɹ. Ɉɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɣ 

ɦɟɬɨɞ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɜ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɫɨ-
ɩɪɨɜɨɠɞɚɸɳɢɟ ɪɚɡɜɢɬɢɟ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ ɢ ɧɟɫɭɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɫɬɨɱɧɢɤɟ (ɬɪɟɳɢɧɟ), ɱɬɨ 
ɦɨɠɟɬ ɛɵɬɶ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ. ȼɨ-ɜɬɨɪɵɯ, ɚɤɭɫɬɢɱɟɫɤɚɹ ɷɦɢɫɫɢɹ ɦɨɠɟɬ ɭɫ-
ɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ ɜ ɨɛɴɟɤɬɚɯ ɫɥɨɠɧɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. ɂ, ɜ-ɬɪɟɬɶɢɯ, ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟ-
ɳɢɧ, ɬɚɤ ɤɚɤ ɝɟɧɟɪɢɪɭɟɦɵɟ ɢɦɢ ɜɨɥɧɵ ɧɚɩɪɹɠɟɧɢɣ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɫɫɬɨɹɧɢɹ. 

ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɦɢɤɪɨɨɛɪɚɡɰɨɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ 
ɫɬɵɤɨɜɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɨɣ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɫɨɫɬɚɜɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɤɚɤ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟ-
ɫɤɢ ɜɵɝɨɞɧɨɝɨ, ɢ ɫɜɚɪɢɜɚɟɦɵɯ ɪɚɡɧɨɪɨɞɧɵɯ ɫɬɚɥɟɣ (ɛɵɫɬɪɨɪɟɠɭɳɢɯ, ɭɝɥɟɪɨɞɢɫɬɵɯ, ɥɟɝɢɪɨɜɚɧɧɵɯ), 
ɡɧɚɱɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɚɪɹɞɭ ɫ ɬɟɪ-
ɦɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɢ ɫɜɚɪɤɟ ɫɭɳɟɫɬɜɟɧɧɚ. ȼɧɟɲɧɢɣ ɜɢɞ ɢ ɪɚɡɦɟɪɵ ɦɢɤɪɨɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

        
Ɋɢɫ. 1. Ɇɢɤɪɨɨɛɪɚɡɰɵ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɧɚ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ 

1 - ɨɛɪɚɡɟɰ; 2 - ɧɚɞɪɟɡ; 3 - ɧɚɞɩɢɥ; 4 - ɬɪɟɳɢɧɚ; 5 - ɭɩɪɨɱɧɟɧɧɵɣ ɫɥɨɣ 

 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɞɜɚ ɷɬɚɩɚ: ɩɟɪɜɵɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥ ɡɚɪɨɠɞɟɧɢɟ ɢ ɪɨɫɬ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟ-
ɳɢɧɵ ɞɨ ɪɟɩɟɪɧɨɣ ɥɢɧɢɢ (ɪɢɫɭɧɨɤ 2), ɜɬɨɪɨɣ – ɞɨɥɨɦ ɨɛɪɚɡɰɚ ɫ ɬɪɟɳɢɧɨɣ, ɜɵɪɚɳɟɧɧɨɣ ɞɨ ɟɝɨ ɫɟɪɟɞɢɧɵ.  

 

 
Ɋɢɫ. 2. ɍɫɬɚɥɨɫɬɧɚɹ ɬɪɟɳɢɧɚ ɜ ɨɛɪɚɡɰɟ ɩɨɫɥɟ ɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ, × 100 

 

ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɜɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3, ɚ; ɡɨɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ 
ɞɨɥɨɦɚ, ɩɨɞɜɟɪɝɚɥɢɫɶ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ (ɪɢɫɭɧɨɤ 3, ɛ). 

 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɚ)        ɛ) 

Ɋɢɫ. 3. Ɉɛɪɚɡɟɰ ɩɨɫɥɟ ɞɨɥɨɦɚ (ɚ) ɢ ɡɨɧɵ ɞɨɥɨɦɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɊɗɆ (ɛ)  
(ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɜɟɞɟɧɨ ɩɨɞ ɪɢɫɭɧɤɨɦ) 

 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬ ɤɢɧɟɬɢɱɟɫɤɨɝɨ (1) ɢ ɤɪɢɬɢɱɟɫɤɢɯ (2) ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɳɢɧɨ-
ɫɬɨɣɤɨɫɬɢ ɢ ɜɵɜɨɞ ɭɪɚɜɧɟɧɢɹ ɉɷɪɢɫɚ (3) ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɩɪɨɝɪɚɦɦɟ, ɜɤɥɸɱɚɸɳɟɣ ɬɚɤɠɟ ɨɰɟɧɤɭ ɞɨɫ-
ɬɨɜɟɪɧɨɫɬɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɨɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɤɨɪɪɟɥɹɰɢɢ, ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,84 – 0,98. 

ɋɤɨɪɨɫɬɶ ɪɨɫɬɚ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ (dl/dN):  

dl/dN = l/ (112 · 856 N), ɦ/ɰɢɤɥ.   (1) 

Ʉɪɢɬɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ Ʉɫ (Ʉmax): 

Ʉɫ (Ʉmax) = 6 ɊQ (Ɋmax ) L/10 ·   (t · W),  Ɇɉɚ·ɦ1/2,    (2) 

 = 1,93 – 3,07 (L W) + 14,53 (L W)2 – 25,11 (L W)3 + 25,8 (L W)4. 

Ɋɚɡɦɚɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ (Ʉ): 

K = 6 P L ·  (t · W), Ɇɉɚ·ɦ1/2 , 

Ɂɚɜɢɫɢɦɨɫɬɶ ɉɷɪɢɫɚ:                      dl/dN = ɋ0 (ǻɄn),                  (3) 

ɝɞɟ ɝɞɟ ɊQ (Ɋmax ) – ɪɚɫɱɟɬɧɚɹ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ; t ɢ W – ɬɨɥɳɢɧɚ ɢ ɜɵɫɨɬɚ ɨɛɪɚɡɰɚ; L – 

ɞɥɢɧɚ ɬɪɟɳɢɧɵ; ɋ0, n – ɷɦɩɢɪɢɱɟɫɤɢɟ ɩɨɫɬɨɹɧɧɵɟ ɦɚɬɟɪɢɚɥɚ.   
ȼ ɭɫɥɨɜɢɹɯ ɩɥɨɫɤɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ – ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɝɨ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɯɪɭɩɤɨɝɨ 

ɪɚɡɪɭɲɟɧɢɹ – ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ Ʉɫ ɩɪɢɧɢɦɚɥɢ ɪɚɜɧɵɦ ɤɪɢɬɢɱɟɫɤɨɦɭ ɡɧɚɱɟɧɢɸ Ʉ1ɫ (ɨɬɪɵɜɧɨɣ ɜɢɞ 

ɫɦɟɳɟɧɢɹ ɛɟɪɟɝɨɜ ɬɪɟɳɢɧɵ). Ⱦɥɹ ɜɹɡɤɨɝɨ ɦɚɬɟɪɢɚɥɚ Ʉɫ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɫɬɪɚɝɢɜɚɧɢɸ ɬɪɟɳɢɧɵ. 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɞɢɚɝɪɚɦɦɵ ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ (ɪɢɫɭɧɨɤ 4) ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ  (ɬɚɛɥɢɰɚ 1) ɩɨɡɜɨɥɹɸɬ ɜɵɛɪɚɬɶ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɯ 
ɫɬɚɥɢ, ɨɛɥɚɞɚɸɳɢɟ ɛɨɥɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɬɪɟɳɢɧɵ. 

 
∆ Ʉ, Ɇɉɚ×ɦ1/2 

Ɋɢɫ. 4. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɞɢɚɝɪɚɦɦɵ ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

 ɫɬɚɥɶ Ɋ6Ɇ5Ʉ5 - ɫɬɚɥɶ ɍ7 (ɚ), ɫɬɚɥɶ Ɋ6Ɇ5 - ɫɬɚɥɶ 45 (ɛ) 

– – –  ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ; — - — ɛɵɫɬɪɨɪɟɠɭɳɚɹ ɫɬɚɥɶ; — ɭɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ 
 



 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɤɨɧɨɦɢɤɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ» 
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Ɍɚɛɥɢɰɚ 1 

Ʉɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ 

ɉɚɪɚɦɟɬɪ 
Ɇɚɪɤɚ ɫɬɚɥɢ 

45 Ɋ6Ɇ5 ɍ7 Ɋ6Ɇ5Ʉ5 

Ʉ1ɫ / Ʉmax, Ɇɉɚ·ɦ1/2 47,16*/ - 24,58 / 37,14 18,89 / 26,65 19,31 / 26,1 

ɉɪɢɦɟɱɚɧɢɟ: * - ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɪɚɝɢɜɚɧɢɸ ɬɪɟɳɢɧɵ 

 

ɉɪɢ ɨɰɟɧɤɟ ɜɥɢɹɧɢɹ ɧɚ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɬɚɥɟɣ ɫɜɚɪɧɨ-
ɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɛɨɥɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɪɨɫɬɭ ɬɪɟɳɢɧɵ ɨɛɥɚɞɚɟɬ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟ-
ɧɢɟ ɫɨ ɫɬɚɥɶɸ 45, ɱɟɦ ɫɨ ɫɬɚɥɶɸ ɍ7. Ʌɟɝɢɪɨɜɚɧɢɟ ɤɨɛɚɥɶɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɫɬɚɥɢ 

Ɋ6Ɇ5Ʉ5, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɫ ɞɪɭɝɨɣ – ɧɟɫɬɚɛɢɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɯɪɭɩɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɪɟɚɥɢɡɭɸɬɫɹ 
ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ; ɩɨɫɥɟ ɚɡɨɬɢɪɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɟɟ ɬɪɟɳɢɧɨɭɫɬɨɣɱɢɜɨɫɬɢ. 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɭɝɥɟɪɨɞɢɫɬɵɯ 
ɫɬɚɥɟɣ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɥɚɡɟɪɧɨɟ, ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɟ, ɩɥɚɡɦɟɧɧɨɟ).  

ɋ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɣ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɅɏɌɈ), ɩɨɡɜɨɥɹɸɳɟɣ ɮɨɪɦɢɪɨɜɚɬɶ 
ɫɥɨɢ ɫ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ, ɫɬɚɥɶ 20 ɥɟɝɢɪɨɜɚɥɢ ɯɪɨɦɨɦ, ɚ ɡɚɬɟɦ ɞɥɹ ɩɨɜɵɲɟ-
ɧɢɹ ɨɛɴɟɦɧɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɞɜɟɪɝɚɥɢ ɚɡɨɬɢɪɨɜɚɧɢɸ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ 
ɩɨɤɚɡɚɥɢ ɩɪɟɢɦɭɳɟɫɬɜɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɭɩɪɨɱɧɟɧɢɹ (ɬɚɛɥɢɰɚ 2). ɉɪɢ ɞɨɥɨɦɟ ɨɛɪɚɡɰɨɜ 
ɩɨɫɥɟ ɅɏɌɈ, ɚɡɨɬɢɪɨɜɚɧɢɹ ɢ ɧɨɪɦɚɥɢɡɚɰɢɢ ɧɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɜ ɫɜɹɡɢ ɫ 
ɢɯ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ. 

Ɍɚɛɥɢɰɚ 2 

ɉɚɪɚɦɟɬɪɵ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɫɬɚɥɟɣ 20 ɩɨɫɥɟ ɅɏɌɈ ɢ 20ɏ 

Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ Ɂɚɜɢɫɢɦɨɫɬɶ ɉɷɪɢɫɚ dl/dN, ɦ/ɰɢɤɥ  

Ʉɫ,  Ɇɉɚ·ɦ1/2 

ɇɨɪɦɚɥɢɡɚɰɢɹ 5,80·10-12 ·K3,32 23,17 

ɅɏɌɈ 9,75·10-12 ·K3,06 29,41 

Ⱥɡɨɬɢɪɨɜɚɧɢɟ 4,603·10-12 ·K2,69 38,15 

ɅɏɌɈ+ɚɡɨɬɢɪɨɜɚɧɢɟ 3,154·10-11 ·K2,16 67,88 

 

Ɉɩɬɢɦɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɥɚɡɟɪɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɫɬɚɥɢ ɍ10, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ 
Ʉɫ ɢ ɛɨɥɶɲɭɸ ɬɪɟɳɢɧɨɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɪɹɞɭ ɫ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ, ɹɜɥɹɥɫɹ ɪɟɠɢɦ ɫ ɦɨɳɧɨɫɬɶɸ ɢɡ-
ɥɭɱɟɧɢɹ Ɋ = 2,0 ɤȼɬ ɢ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɪɚɡɰɚ V = 4 ɦɦ/ɫ (ɬɚɛɥɢɰɚ 3). Ʉɚɤ ɜɢɞɧɨ, ɷɬɢ ɪɟ-
ɡɭɥɶɬɚɬɵ ɢ ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɤɚɡɚɥɢɫɶ ɢɞɟɧɬɢɱɧɵɦɢ. 

 

Ɍɚɛɥɢɰɚ 3  

ȼɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɢ ɬɜɟɪɞɨɫɬɶ ɫɬɚɥɢ ɍ10 ɩɨɫɥɟ ɅɈ 

Ɋ, ɤȼɬ 
Ʉɫ, Ɇɉɚ·ɦ1/2 Ɍɜɟɪɞɨɫɬɶ, ɇRɋ 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɨɛɪɚɡɰɚ, ɦɦ/ɫ ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɨɛɪɚɡɰɚ, ɦɦ/ɫ 
4 10 15 5 10 15 

2,0 67,6 42,5 10,1 36,7 32,6 11,9 

2,5 63 64 57 63 63 60 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɪɵɬɢɣ ɞɜɭɯ ɫɢɫɬɟɦ Fe-Cr-Mn-V-C-B-Si (Ʉɫ=32,9 Ɇɉɚ·ɦ1/2) ɢ Ni-Ti (Ʉɫ=27,5 

Ɇɉɚ·ɦ1/2), ɧɚɩɵɥɟɧɧɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɚɥɢ 20ɏ13 ɢ ɨɩɥɚɜɥɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ, ɜɵɹɜɢɥɨ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɜɨɝɨ ɜ ɨɬɧɨɲɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚ-
ɝɪɭɠɟɧɢɢ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɬɚɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɤɚɤ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ, ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ.  



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɇɚ ɮɪɚɤɬɨɝɪɚɦɦɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɡɥɨɦɟ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɦ ɰɢɤɥɢ-

ɱɟɫɤɢɦ ɢ ɫɬɚɬɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɡɨɧɵ (ɪɢɫɭɧɨɤ 5): ɭɫɬɚɥɨɫɬɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɫ 
ɯɚɪɚɤɬɟɪɧɵɦɢ ɭɫɬɚɥɨɫɬɧɵɦɢ ɛɨɪɨɡɞɤɚɦɢ (ɚ), ɜɵɬɹɠɤɢ ɢɥɢ ɩɟɪɟɯɨɞɚ (ɛ, ɞ) ɢ ɞɨɥɨɦɚ (ɜ, ɝ, ɟ). ȼ ɫɜɚɪ-
ɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɬɪɟɳɢɧɚ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɩɨ ɥɸɛɵɦ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɭɱɚɫɬɤɨɜ, ɩɨɷɬɨɦɭ 
ɩɪɢ ɞɨɥɨɦɟ ɪɟɚɥɢɡɭɟɬɫɹ ɹɦɨɱɧɨɟ ɪɚɡɪɭɲɟɧɢɟ (ɜ), ɢɥɢ ɫɤɨɥɨɦ (ɝ), ɢɥɢ ɩɨ ɩɟɪɥɢɬɧɵɦ ɤɨɥɨɧɢɹɦ (ɜ, ɝ). 

 
1

 
ɚ) 

 
ɛ) 

 
ɜ) 

 

 
ɝ) 

 
ɞ) 

 
ɟ) 

Ɋɢɫ. 5. Ɏɪɚɤɬɨɝɪɚɦɦɵ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɫɬɚɥɶ Ɋ6Ɇ5 - ɫɬɚɥɶ ɍ7 (ɚ – ɝ), × 5400 ɢ ɫɬɚɥɶ Ɋ6Ɇ5Ʉ5 - ɫɬɚɥɶ ɍ7 (ɞ), × 600; 

ɩɨɜɟɪɯɧɨɫɬɧɨ ɭɩɪɨɱɧɟɧɧɨɣ ɫɬɚɥɢ ɍ10 (ɟ), × 3000 

 

ɉɪɢɫɭɬɫɬɜɢɟ ɤɚɪɛɢɞɨɜ  (ɩɨɤɚɡɚɧɨ ɫɬɪɟɥɤɨɣ) ɭɤɚɡɵɜɚɟɬ ɧɚ  ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɛɵɫɬɪɨɪɟɠɭɳɟɣ ɫɬɚ-
ɥɢ. ɉɪɢ ɪɚɡɪɭɲɟɧɢɢ, ɩɪɨɢɫɯɨɞɹɳɟɦ ɩɨ ɫɜɚɪɧɨɦɭ ɲɜɭ, ɜ ɫɨɟɞɢɧɟɧɢɢ ɫɬɚɥɶ Ɋ6Ɇ5Ʉ5 - ɫɬɚɥɶ ɍ7 ɜɵɹɜ-
ɥɟɧɚ ɬɪɟɳɢɧɚ, ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ, ɜɟɪɨɹɬɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɥɨɟɧɢɹ ɦɟɬɚɥɥɚ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɝɨ ɧɚ-
ɝɪɭɠɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɪɨɫɥɟɞɢɬɶ ɩɭɬɶ ɬɪɟɳɢɧɵ ɢ 

ɨɛɧɚɪɭɠɢɬɶ ɞɟɮɟɤɬɵ ɜ ɦɚɬɟɪɢɚɥɟ. 
Ɋɚɡɪɭɲɟɧɢɟ ɫɬɚɥɢ 20 ɩɨɫɥɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɢ ɫɬɚɥɢ ɍ10 ɩɨɫɥɟ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɦɟɟɬ 

ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ. Ɍɚɤ, ɜ ɡɨɧɟ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ ɭɩɪɨɱɧɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ 20 ɧɚɛɥɸɞɚɟɬɫɹ 
ɯɪɭɩɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɫɤɨɥɨɦ, ɩɪɨɹɜɥɹɸɳɟɟɫɹ ɜ ɜɢɞɟ ɮɚɫɟɬɨɤ ɫɤɨɥɚ ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɪɭɱɶɢɫɬɵɦ ɭɡɨɪɨɦ. 

ɉɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɬɪɟɳɢɧɵ ɜ ɭɩɪɨɱɧɟɧɧɨɣ ɫɥɨɟ ɫɬɚɥɢ ɍ10 ɤɚɤ ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ, ɬɚɤ ɢ ɩɪɢ ɞɨ-
ɥɨɦɟ ɩɪɨɢɫɯɨɞɢɬ ɦɟɠɡɟɪɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ "ɤɚɦɧɟɜɢɞɧɵɣ" ɯɚɪɚɤɬɟɪ (ɪɢɫɭɧɨɤ 5, ɟ). 
Ɋɚɡɪɭɲɟɧɢɟ ɫɬɚɥɢ 20ɏ13 ɩɨɫɥɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɩɥɚɜɥɟɧɢɹ ɢ ɩɨɤɪɵɬɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɦɟɲɚɧ-

ɧɨɦɭ ɦɟɯɚɧɢɡɦɭ – ɤɜɚɡɢɫɤɨɥ, ɫɤɨɥ, ɫɥɢɹɧɢɟ ɦɢɤɪɨɩɨɪ, ɩɪɢɱɟɦ ɞɨɥɨɦ ɩɨɤɪɵɬɢɹ  Fe-Cr-Mn-V-C-B-Si 

ɹɜɥɹɟɬɫɹ ɜɹɡɤɢɦ, ɚ ɞɨɥɨɦ ɩɨɤɪɵɬɢɹ Ni-Ti – ɯɪɭɩɤɢɦ (ɜɧɭɬɪɢɡɟɪɟɧɧɵɣ ɫɤɨɥ). 
ȼɫɟ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ 

ɤɨɧɬɪɨɥɹ, ɤɨɬɨɪɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɇɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ ɜ ɧɚɱɚɥɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ (ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɜɚɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ), ɩɨɫɤɨɥɶɤɭ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɤɥɸɱɢɬɶ ɞɚɥɶɧɟɣɲɢɟ ɷɬɚ-
ɩɵ ɨɛɪɚɛɨɬɤɢ ɜɫɥɟɞɫɬɜɢɟ ɨɛɧɚɪɭɠɟɧɢɹ ɛɪɚɤɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ʉ 

ɬɚɤɢɦ ɦɟɬɨɞɚɦ ɨɬɧɨɫɢɬɫɹ ɪɟɝɢɫɬɪɚɰɢɹ ɫɢɝɧɚɥɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ (Ⱥɗ) ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɥɸɛɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɪɟɝɢɫɬɪɚɰɢɢ Ⱥɗ, ɢɫɩɵɬɵɜɚɥɢɫɶ ɡɚɝɨɬɨɜɤɢ ɫɬɵɤɨɜɵɯ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɬɪɟɯɬɨɱɟɱɧɵɦ ɢɡɝɢɛɨɦ (ɪɢɯɬɨɜɤɟ). ȼ ɤɚɱɟɫɬɜɟ ɨɛ-

ɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɡɚɝɨɬɨɜɤɢ ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨɥɭɱɟɧɧɵɟ ɫɬɵɤɨɜɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɨɣ ɛɵɫɬ-
ɪɨɪɟɠɭɳɟɣ Ɋ6Ɇ5 ɫ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɶɸ ɍ7. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɨɛɪɚɡɰɨɜ ɧɟ ɢɦɟɥɚ ɞɟɮɟɤɬɨɜ ɩɨ ɫɜɚɪɤɟ – 

ɞɪɭɝɚɹ ɫ ɡɚɞɚɜɚɟɦɵɦɢ ɞɟɮɟɤɬɚɦɢ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɭɦɦɚɪɧɚɹ ɚɤɭɫɬɢ-

ɱɟɫɤɚɹ ɷɦɢɫɫɢɢ NȈ ɢ ɚɤɬɢɜɧɨɫɬɶ ɫɢɝɧɚɥɨɜ Ⱥɗ ɨɛɪɚɡɰɚ ɫ ɞɟɮɟɤɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɥɢ ɷɬɢ ɩɚɪɚ-



 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɤɨɧɨɦɢɤɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ» 

 

 385

 

ɦɟɬɪɵ  ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɛɟɡɞɟɮɟɤɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟɞɧɢɟ ɩɪɢ ɧɚɝɪɭɡɤɚɯ ɦɟɧɟɟ  0,7ıɜ ɧɟ 
ɪɚɡɪɭɲɚɥɢɫɶ ɢ ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɧɢɯ ɹɜɥɹɥɨɫɶ ɦɨɧɨɬɨɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜɨ ɜɪɟɦɟɧɢ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɫɢɝɧɚɥɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢɫɶ ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ ɩɪɢɛɨɪ ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ 0,1 – 1,5 ɆȽɰ  ɢ ɩɪɢɛɨɪ ɫ ɩɟɪɟɦɟɧɧɨɣ 

ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ ɜ ɞɜɭɯ ɞɢɚɩɚɡɨɧɚɯ 0,1 – 0,6 ɢ 0,6 – 1,2 ɆȽɰ, ɩɪɢ ɷɬɨɦ ɟɟ ɲɢɪɢɧɚ ɫɨɫɬɚɜɥɹɥɚ 8 ɤȽɰ. 

Ⱦɥɹ  ɷɬɢɯ ɩɪɢɛɨɪɨɜ ɪɚɡɪɚɛɨɬɚɧɵ ɲɢɪɨɤɨɩɨɥɨɫɧɵɟ ɢ ɪɟɡɨɧɚɧɫɧɵɟ (ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ 

ɭɦɟɧɶɲɟɧɢɹ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɲɭɦɨɜ) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ.  

 

 

 

Ɋɢɫ. 6.  ɋɭɦɦɚɪɧɚɹ ɚɤɭɫɬɢɱɟɫɤɚɹ ɷɦɢɫɫɢɹ ɢ ɮɪɚɤɬɨɝɪɚɦɦɵ ɢɡɥɨɦɨɜ   
ɛɟɡɞɟɮɟɤɬɧɨɝɨ (1, N∑1  ) ɢ ɞɟɮɟɤɬɧɨɝɨ (2, N∑2) ɨɛɪɚɡɰɨɜ  

 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɥɨɳɚɞɢ ɞɟɮɟɤɬɨɜ ɜ ɫɜɚɪɧɨɦ ɲɜɟ (ɩɥɨɳɚɞɶ ɞɟɮɟɤɬɨɜ ɫɨɝɥɚɫ-
ɧɨ Ɍɍ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 2%) ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɞɢɚɦɟɬɪɨɦ 25 ɦɦ ɧɚ ɬɪɟɯɬɨɱɟɱɧɵɣ 

ɢɡɝɢɛ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɫɢɝɧɚɥɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɧɚɝɪɭɡɤɚɯ, 
ɦɟɧɶɲɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɪɚɡɪɭɲɟɧɢɹ, ɚ ɩɪɢ ɞɨɥɨɦɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɨɬɧɨɫɢ-

ɬɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɞɟɮɟɤɬɨɜ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ ɢɡɞɟɥɢɣ ɫ ɛɟɡɞɟɮɟɤɬɧɵɦɢ ɫɜɚɪɧɵɦɢ ɲɜɚɦɢ 

ɬɚɤɠɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɫɢɝɧɚɥɵ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ, ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɢɯ ɤɨɥɢɱɟɫɬɜɚ ɫ ɩɪɢ-

ɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɜɵɛɪɚɧɧɵɯ ɮɚɤɬɨɪɨɜ: ɞɢɚɦɟɬɪɚ ɡɚɝɨ-
ɬɨɜɤɢ d ɢ ɢɫɯɨɞɧɨɝɨ ɧɚɝɪɭɠɟɧɢɟ Ɋ ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ 

NȈ = 1072, 3 - 221, 4 d – 1, 81P + 0,519 dP. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨ-
ɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɪɟɝɢɫɬɪɚɰɢɢ ɫɢɝɧɚɥɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɜ ɤɚɱɟ-
ɫɬɜɟ ɷɤɫɩɪɟɫɫ-ɦɟɬɨɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɟɤɬɧɨɫɬɢ ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɪɢɯɬɨɜɤɟ ɡɚɝɨɬɨɜɨɤ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɤɨɧɬɪɨɥɸ ɤɚɱɟɫɬɜɚ ɫɬɵɤɨɜɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɨ-
ɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɫɬɚɧɤɚɯ-ɩɨɥɭɚɜɬɨɦɚɬɚɯ, ɱɬɨ ɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɷɤɨɧɨɦɢɸ ɜɫɥɟɞɫɬɜɢɟ ɢɫɤɥɸ-

ɱɟɧɢɹ ɞɚɥɶɧɟɣɲɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɨɤ ɛɪɚɤɨɜɚɧɧɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɪɢ ɚɧɚɥɢɡɟ 
ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɫɬɚɜɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɪɟɦɟɧɧɵɟ ɫɬɚɞɢɢ ɫɜɚɪɤɢ: ɪɚ-
ɛɨɬɚ ɡɚɠɢɦɨɜ, ɪɚɡɨɝɪɟɜ ɡɚɝɨɬɨɜɤɢ, ɫɜɚɪɤɚ ɢ ɜɵɞɚɜɥɢɜɚɧɢɟ ɝɪɚɬɚ, ɨɫɬɵɜɚɧɢɟ ɲɜɚ, ɪɚɛɨɬɚ ɡɚɠɢɦɨɜ. 
ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɤɨɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ɪɟɝɢɫɬɪɚɰɢɢ ɫɢɝɧɚɥɨɜ Ⱥɗ ɛɵɥɢ ɫɧɹɬɵ ɚɦɩɥɢɬɭɞɧɨ-
ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (Ⱥɑɏ) ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɭɫɬɚɧɨɜɤɢ «ɋɩɟɤɬɪ» (ɋȺ-100), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɥɚ ɩɨɥɭɱɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɩɨ 100 ɱɚɫɬɨɬɧɵɦ ɤɚɧɚɥɚɦ ɫ 
ɜɵɜɨɞɨɦ ɧɚ ɦɚɬɪɢɱɧɵɣ ɷɤɪɚɧ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦ. 

ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɢɬ ɢɡ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɫɜɚɪɨɱɧɵɦ ɚɩɩɚɪɚɬɨɦ, ɝɞɟ ɡɚɞɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ 

ɫɜɚɪɤɢ (ɞɢɚɦɟɬɪ ɡɚɝɨɬɨɜɤɢ, ɭɫɢɥɢɟ ɩɨɞɠɢɦɚ, ɜɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɡɚɝɨɬɨɜɤɢ); ɧɟɩɨɫɪɟɞɫɬɜɟɧ-

ɧɨ ɡɚɝɨɬɨɜɤɢ; ɩɨɞɜɢɠɧɨɝɨ ɨɯɥɚɠɞɚɟɦɨɝɨ ɡɚɠɢɦɚ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɜɚɪɢɜɚɟɬɫɹ ɜɨɥɧɨɜɨɞ; ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
ɫɢɝɧɚɥɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ, ɡɚɤɪɟɩɥɹɟɦɨɝɨ ɧɚ ɜɨɥɧɨɜɨɞɟ ɱɟɪɟɡ ɫɥɨɣ ɤɨɧɬɚɤɬɧɨɣ ɠɢɞɤɨɫɬɢ; ɪɟɝɢɫɬ-
ɪɚɬɨɪɚ ɫɢɝɧɚɥɨɜ Ⱥɗ, ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɧɨɝɨ ɫ ɛɥɨɤɨɦ ɭɩɪɚɜɥɟɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɚɝɪɟɝɚɬɚ. 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ ɫɜɚɪɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨɥɭɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɚ. Ɋɟɝɢɫɬɪɚɬɨɪ Ⱥɗ, 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɬɚɛɥɨ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɨɩɟɪɚɬɨɪɚ, ɢɦɟɟɬ ɢɧɞɢ-

ɤɚɰɢɸ «ɝɨɞɟɧ - ɧɟ ɝɨɞɟɧ». Ɂɚɞɚɱɟɣ ɨɩɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ ɩɪɢɛɨɪɚ ɢ ɭɫɬɚɧɨɜɤɚ ɞɢɚɦɟɬɪɚ ɫɜɚ-
ɪɢɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ ɩɟɪɟɤɥɸɱɚɬɟɥɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɞɢɚɦɟɬɪɚ ɤ ɞɪɭɝɨɦɭ 
ɢɥɢ ɩɪɢ ɫɦɟɧɟ ɦɚɪɨɤ ɫɬɚɥɟɣ ɪɟɝɢɫɬɪɚɬɨɪ ɩɨɡɜɨɥɹɟɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɪɟɠɢɦɵ ɫɜɚɪɤɢ ɫ ɰɟɥɶɸ ɩɪɟɞɨɬ-
ɜɪɚɳɟɧɢɹ ɛɪɚɤɚ. 
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