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Ⱦɢɧɚɦɢɱɧɨ ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɬɟɯɧɢɤɚ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɥɚɞɚɸɳɢɯ ɤɚɤ ɦɚɥɵɦ ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ, ɬɚɤ 
ɢ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 
ɚ ɬɚɤɠɟ ɯɨɪɨɲɟɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɠɟ ɢɦɟɸɬɫɹ ɚɥɸɦɢɧɢɟɜɵɟ ɦɚɬɟɪɢɚɥɵ, ɫɩɨɫɨɛɧɵɟ 
ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɇɚɩɪɢɦɟɪ, ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Al–C–O ɫ 4% (ɦɚɫ.) ɭɝɥɟɪɨ-
ɞɚ [1, 2], ɨɬɧɨɫɹɳɢɣɫɹ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɟɝɨ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɤ ɤɥɚɫɫɭ ɨɛɴɟɦɧɵɯ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [3], ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ɞɨ 350 °ɋ ɜɤɥɸɱɢɬɟɥɶɧɨ. ɉɪɢ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɯɧɨɥɨ-
ɝɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɫɢɦɛɢɨɡɟ ɦɟɬɨɞɚ ɪɟɚɤɰɢɨɧɧɨɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ 
ɜ ɚɬɬɪɢɬɨɪɚɯ [4] ɢ ɩɪɢɟɦɨɜ ɢ ɦɟɬɨɞɨɜ ɩɨɪɨɲɤɨɜɨɣ ɢ ɝɪɚɧɭɥɶɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ.  

ɗɬɨɬ ɨɛɴɟɦɧɵɣ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɣ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣ-
ɫɬɜɚɦɢ ɩɪɢ 20 °ɋ / 350 °ɋ: 

 
– ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɧɟ ɦɟɧɟɟ, Ɇɉɚ…….520/210; 
– ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, ɧɟ ɦɟɧɟɟ, %.............................4,0/3,7; 
– ɬɜɟɪɞɨɫɬɶ ɩɨ ȼɢɤɤɟɪɫɭ, ɧɟ ɦɟɧɟɟ, Ɇɉɚ………………..1500/760; 
– ɭɞɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ, 10–3 ɆɉȺ  ɦ3/ɤɝ.……….………..189/77. 

 
ɉɪɢ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ  

ɫɱɢɬɚɬɶɫɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɬɚɤɢɦ ɫɬɚɥɹɦ, ɤɚɤ 12ɏ18ɇ9Ɍ  
                                                           
   , ɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ɞɢɪɟɤɬɨɪ ɧɚɭɤɨɜɨ-ɨɫɜɿɬɧɶɨɝɨ ɬɚ 
ɿɧɧɨɜɚɰɿɣɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɜɢɫɨɤɢɯ ɬɟɯɧɨɥɨɝɿɣ, ɧɨɜɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɪɟɫɭɪɫɨ- ɬɚ ɟɧɟɪɝɨɡɛɟɪɟ-
ɠɟɧɧɹ (ɇɈȱɄ) Ɏɟɞɟɪɚɥɶɧɨʀ ɞɟɪɠɚɜɧɨʀ ɛɸɞɠɟɬɧɨʀ ɨɫɜɿɬɧɶɨʀ ɭɫɬɚɧɨɜɢ ɜɢɳɨʀ ɩɪɨɮɟɫɿɨɧɚɥɶɧɨʀ 
ɨɫɜɿɬɢ “ɑɭɜɚɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦ. ȱ. Ɇ. ɍɥɶɹɧɨɜɚ”;    
  ɚɫɩɿɪɚɧɬ ɤɚɮɟɞɪɢ ɬɟɯɧɨɥɨɝɿʀ ɦɟɬɚɥɿɜ ɿ ɥɢɜɚɪɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɬɨɝɨ ɠ ɭɧɿɜɟɪɫɢɬɟɬɭ. 
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(79  10–3 ɆɉȺ  ɦ3/ɤɝ ɩɪɢ 20 °ɋ ɢ 72  10–3 ɆɉȺ  ɦ3/ɤɝ ɩɪɢ 350 °ɋ), 
15ɏ18ɇ12ɋ4Ɍɘ (94   10–3 ɆɉȺ  ɦ3/ɤɝ ɩɪɢ 20°ɋ ɢ 77  10–3 ɆɉȺ  ɦ3/ɤɝ ɩɪɢ 
350 °ɋ), ɬɢɬɚɧɨɜɵɦ ɫɩɥɚɜɚɦ ɈɌɑ-1 (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 166  10–3 ɆɉȺ  ɦ3/ɤɝ ɢ 
80  10–3 ɆɉȺ  ɦ3/ɤɝ), ȼɌ5Ʌ (179  10–3 ɆɉȺ  ɦ3/ɤɝ ɢ 80  10–3 ɆɉȺ  ɦ3/ɤɝ), 
ɠɚɪɨɩɪɨɱɧɵɦ ɚɥɸɦɢɧɢɟɜɵɦ ɫɩɥɚɜɚɦ Ⱦ19 (156  10–3 ɆɉȺ  ɦ3/ɤɝ ɢ  
67  10–3 ɆɉȺ  ɦ3/ɤɝ), ȺɄ4-1Ɍ1 (150  10–3 ɆɉȺ  ɦ3/ɤɝ ɢ 56  10–3 ɆɉȺ  ɦ3/ɤɝ) ɢ ɞɪ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜ ɷɬɨɦ ɦɚɬɟɪɢɚɥɟ ɢɡɧɚɱɚɥɶɧɨ ɫɨɞɟɪɠɚɥɨɫɶ 4% (ɦɚɫ.) 
ɭɝɥɟɪɨɞɚ, ɜ ɤɨɧɟɱɧɨɦ ɫɨɫɬɚɜɟ ɭɝɥɟɪɨɞ ɨɬɫɭɬɫɬɜɭɟɬ, ɬɚɤ ɤɚɤ ɨɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɟ-
ɯɚɧɨɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɨɛɪɚɡɨɜɚɥ ɫ ɚɥɸɦɢɧɢɟɦ ɤɚɪɛɢɞ ɚɥɸɦɢɧɢɹ Al4C3, 
ɱɚɫɬɢɰɚɦɢ (ɞɢɫɩɟɪɫɨɢɞɚɦɢ) ɤɨɬɨɪɨɝɨ ɢ ɛɵɥɚ ɭɩɪɨɱɧɟɧɚ ɚɥɸɦɢɧɢɟɜɚɹ ɦɚɬɪɢɰɚ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɟɧ [5] ɷɮɮɟɤɬ ɫɧɢɠɟɧɢɹ ɢɡɧɨɫɚ ɦɚɬɟɪɢɚɥɨɜ ɡɚ ɫɱɟɬ 
ɞɨɛɚɜɥɟɧɢɹ ɜ ɡɨɧɭ ɢɯ ɤɨɧɬɚɤɬɚ ɬɜɟɪɞɨɣ ɫɦɚɡɤɢ. ɇɚɩɪɢɦɟɪ, ɢɡɜɟɫɬɟɧ ɛɨɥɶɲɨɣ 
ɤɥɚɫɫ ɪɚɡɥɢɱɧɵɯ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ ɫɚɦɨɫɦɚɡɵɜɚɸɳɢɯɫɹ ɩɨɞɲɢɩɧɢɤɨɜ 
ɫɤɨɥɶɠɟɧɢɹ ɢ ɧɚɩɪɚɜɥɹɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɛɪɨɧɡɵ ɢɥɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, 
ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ, ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɵɯ ɟɫɬɶ ɫɜɨ-
ɛɨɞɧɵɣ ɝɪɚɮɢɬ, ɤɨɬɨɪɵɣ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ ɬɜɟɪɞɨɣ ɫɦɚɡɤɢ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ, ɱɬɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɞɥɟɜɚɟɬ ɫɪɨɤ ɫɥɭɠɛɵ ɬɚɤɢɯ ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɧɚɩɪɚɜɥɹɸɳɢɯ. 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɢ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ  
ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɢ ɞɥɹ ɢɡɞɟɥɢɣ ɢɡ ɨɛɴɟɦɧɵɯ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ 
ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɚɤɠɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɦɟɬɨɞɵ ɩɨɪɨɲɤɨɜɨɣ ɢ ɝɪɚɧɭɥɶɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ, ɢ ɜ ɢɯ ɫɬɪɭɤɬɭɪɟ ɬɨɠɟ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɝɪɚɮɢɬ ɜ ɫɜɨɛɨɞɧɨɣ ɮɨɪɦɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨɝɨ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ, 
ɟɫɥɢ ɝɪɚɮɢɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢɦ ɪɨɥɢ ɫɭɯɨɣ ɫɦɚɡɤɢ, ɜɜɨɞɢɬɶ 
ɜ ɭɠɟ ɩɨɥɭɱɟɧɧɵɟ ɜ ɚɬɬɪɢɬɨɪɟ ɝɪɚɧɭɥɵ ɢ, ɩɨ-ɜɨɡɦɨɠɧɨɫɬɢ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫ-
ɩɪɟɞɟɥɢɬɶ ɟɝɨ ɦɟɠɞɭ ɧɢɦɢ. 

Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɨɛɴɟɦɧɨɦɭ ɧɚɧɨɫɬɪɭɤɬɭɪɧɨɦɭ ɦɚɬɟɪɢɚɥɭ ɫɢɫɬɟɦɵ Al–C–O 
ɟɳɟ ɛɨɥɶɲɟɣ ɬɜɟɪɞɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɫɥɟɞɭɟɬ ɟɝɨ ɞɨɥɟɝɢɪɨɜɚɬɶ ɦɚɝɧɢɟɦ. ȼ ɪɚ-
ɛɨɬɚɯ [6–8] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɦɚɝɧɢɹ ɜ ɚɥɸɦɢɧɢɢ ɜɨɡ-
ɪɚɫɬɚɟɬ ɬɜɟɪɞɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢ 10% (ɦɚɫ.) Ɇg ɨɧɚ ɞɨɫɬɢɝɚɟɬ HV50/30 = 1170 
Ɇɉɚ. ɉɪɢ ɷɬɨɦ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 515 
Ɇɉɚ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɭɞɥɢɧɟɧɢɢ 12%. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɷɬɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɭɝɥɟɪɨɞɨɦ ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɬɜɟɪɞɨɫɬɢ, ɧɨ 
ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ ɦɚɝɧɢɟɦ ɧɟ ɜɟɫɶ ɭɝɥɟɪɨɞ ɩɟɪɟɯɨɞɢɬ ɜ ɫɜɹ-
ɡɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢɹ, ɱɬɨ ɭɯɭɞɲɚɟɬ ɫɜɨɣɫɬɜɚ 
ɦɚɬɟɪɢɚɥɚ. ɉɨɷɬɨɦɭ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɚɯ ɫɢɫɬɟɦɵ Al–Mg–C–O ɫ 
10% (ɦɚɫ.) Mg ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɲɟ 2% (ɦɚɫ.) [6–8]. Ɉɞɧɚɤɨ, ɩɪɢ ɬɚɤɨɦ ɤɨɥɢ-
ɱɟɫɬɜɟ ɭɝɥɟɪɨɞɚ ɨɛɴɟɦ ɭɩɪɨɱɧɹɸɳɢɯ ɱɚɫɬɢɰ Al4C3 ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. ɍɜɟɥɢɱɢɬɶ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɩɪɨɱɧɹɸɳɢɯ 
ɱɚɫɬɢɰ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɜɟɞɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥ 
ɭɠɟ ɝɨɬɨɜɵɯ ɱɚɫɬɢɰ Al2Ɉ3. ɗɬɢ ɱɚɫɬɢɰɵ, ɛɭɞɭɱɢ ɢɧɟɪɬɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɦɚɬɪɢɱɧɨɦɭ ɦɚɬɟɪɢɚɥɭ, ɧɟ ɜɥɢɹɸɬ ɧɚ ɩɨɥɧɨɬɭ ɬɜɟɪɞɨɮɚɡɧɵɯ ɪɟɚɤɰɢɣ ɦɟɠɞɭ 
ɚɥɸɦɢɧɢɟɦ ɢ ɭɝɥɟɪɨɞɨɦ. 

ɉɪɢ ɫɧɢɠɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ Mg ɜ ɦɚɬɟɪɢɚɥɟ ɞɨ 5% (ɦɚɫ.) ɢɦɟɟɬɫɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɞɨ 6% (ɦɚɫ.) [7, 8]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɫ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢ ɩɨɜɵ-
ɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɯɨɪɨɲɢɦɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɢ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɧɟɨɛɯɨɞɢɦɨ: 

– ɜɨ-ɩɟɪɜɵɯ, ɞɨɥɟɝɢɪɨɜɚɬɶ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Al–C–O ɦɚɝɧɢɟɦ ɜ ɤɨɥɢɱɟ-
ɫɬɜɟ 5% (ɦɚɫ.) ɢ 10% (ɦɚɫ.) ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɭɝɥɟɪɨɞɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 6 ɢ 2% 



ІІ. Результати наукових досліджень 

 

 75

(ɦɚɫ.); ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɜ ɢɫɯɨɞɧɭɸ ɩɨɪɨɲɤɨɜɭɸ ɫɦɟɫɶ ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɞɨɛɚ-
ɜɢɬɶ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɣ ɩɨɪɨɲɨɤ Al2Ɉ3; 

– ɜɨ-ɜɬɨɪɵɯ, ɜ ɩɨɥɭɱɟɧɧɵɟ ɜ ɚɬɬɪɢɬɨɪɟ ɝɪɚɧɭɥɵ ɞɨɛɚɜɢɬɶ ɩɨɪɨɲɨɤ ɝɪɚɮɢ-
ɬɚ ɜ ɪɚɡɥɢɱɧɨɦ ɨɛɴɟɦɟ ɢ ɬɳɚɬɟɥɶɧɨ ɟɝɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɦɟɠɞɭ ɝɪɚɧɭɥɚɦɢ; 

– ɜ-ɬɪɟɬɶɢɯ, ɩɨɥɭɱɟɧɧɵɟ ɝɪɚɧɭɥɶɧɵɟ ɤɨɦɩɨɡɢɰɢɢ ɩɨɞɜɟɪɝɧɭɬɶ ɞɚɥɶɧɟɣ-
ɲɟɦɭ ɬɟɪɦɨɞɟɮɨɪɦɚɰɢɨɧɧɨɦɭ ɩɟɪɟɞɟɥɭ ɜ ɬɪɟɛɭɟɦɵɟ ɩɨɥɭɮɚɛɪɢɤɚɬɵ. 

 
 ,      

 
Ƚɪɚɧɭɥɵ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɜ ɚɬɬɪɢɬɨɪɟ ɫ ɟɦɤɨ-

ɫɬɶɸ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 15 ɥ ɩɪɢ ɜɪɚɳɟɧɢɢ ɟɝɨ ɪɨɬɨɪɚ ɫɨ ɫɤɨɪɨɫɬɶɸ 600 
ɨɛ/ɦɢɧ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ: 
– ɩɭɞɪɚ ɚɥɸɦɢɧɢɟɜɚɹ ɦɚɪɤɢ ɉɉ-1 ɩɨ ȽɈɋɌ 5592-91; 
– ɩɨɪɨɲɨɤ ɚɥɸɦɢɧɢɟɜɨ-ɦɚɝɧɢɟɜɵɣ ɦɚɪɤɢ ȺɆȾ-50Ɇ ɩɨ Ɍɍ 48-5-176-98; 
– ɭɝɥɟɪɨɞ ɬɟɯɧɢɱɟɫɤɢɣ (ɫɚɠɚ) ɦɚɪɤɢ Ʉ354 ɩɨ ȽɈɋɌ 7885-87; 
– ɝɪɚɮɢɬ ɱɟɲɭɣɱɚɬɵɣ ɫɟɪɟɛɪɢɫɬɵɣ; 
– ɨɤɢɫɶ ɚɥɸɦɢɧɢɹ Al2Ɉ3 (ɮɪɚɤɰɢɢ ɦɟɧɟɟ 2 ɦɤɦ). 
ɂɡ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɩɨɪɨɲɤɨɜ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢɫɯɨɞɧɵɟ ɩɨɪɨɲɤɨɜɵɟ 

ɫɦɟɫɢ: 
– Al–5% (ɦɚɫ.) Mg–6% (ɦɚɫ.) C(ɫɚɠɚ) ɭɫɥɨɜɧɵɦ ɨɛɨɡɧɚɱɟɧɢɟɦ 

Al5Mg6C; 
– Al–10% (ɦɚɫ.) Mg–2% (ɦɚɫ.) C(ɫɚɠɚ)  2% (ɦɚɫ.) Al2Ɉ3 ɭɫɥɨɜɧɵɦ 

ɨɛɨɡɧɚɱɟɧɢɟɦ Al10Mg2ɋ2Al2O3. 
Ɉɛɪɚɛɨɬɤɭ ɩɨɪɨɲɤɨɜɵɯ ɫɦɟɫɟɣ ɜɟɥɢ ɜ ɚɬɬɪɢɬɨɪɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɡɞɭɯɚ 

ɜ ɟɝɨ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɟɪɜɨɣ ɩɨɪɨɲɤɨɜɨɣ ɫɦɟɫɢ 
ɫɨɫɬɚɜɥɹɥɚ 90 ɦɢɧ, ɜɬɨɪɨɣ  60 ɦɢɧ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɝɪɚɧɭɥ, ɩɨɥɭɱɟɧɧɵɯ 
ɢɡ ɤɨɦɩɨɡɢɰɢɢ Al5Mg6C, ɫɨɫɬɚɜɥɹɥ 0,109 ɦɦ, ɢɡ ɤɨɦɩɨɡɢɰɢɢ 
Al10Mg2ɋ2Al2O3  0,362 ɦɦ. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɞɜɟ ɝɪɭɩɩɵ ɤɨɦɩɨ-
ɡɢɰɢɣ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɨɜ: 

– Al 5Mg 6C + Ⱥl + Ƚɪ; 
– Al 10Mg 202Al2O3 + Al + Ƚɪ. 
ȼɨ ɜɫɟɯ ɫɨɫɬɚɜɚɯ ɫɨɞɟɪɠɚɧɢɟ ɝɪɚɮɢɬɚ ɩɨɞɞɟɪɠɢɜɚɥɢ ɩɨɫɬɨɹɧɧɵɦ ɢ 

ɪɚɜɧɵɦ 1,5% (ɦɚɫ.), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɝɪɚɮɢɬɚ 
ɜ ɚɥɸɦɢɧɢɟɜɨ-ɝɪɚɮɢɬɧɵɯ ɤɨɦɩɨɡɢɰɢɹɯ ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɰɟɥɟɣ [9]. ɉɨɪɨ-
ɲɨɤ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ ȺɋȾ ɜ ɷɬɢɯ ɤɨɦɩɨɡɢɰɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɚɱɟɫɬɜɟ 
ɫɜɹɡɤɢ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɣ ɥɭɱɲɟɦɭ ɫɯɜɚɬɵɜɚɧɢɸ ɝɪɚɧɭɥ ɦɟɠɞɭ ɫɨɛɨɣ. ɋɨ-
ɞɟɪɠɚɧɢɟ ɩɨɪɨɲɤɚ ȺɋȾ ɜɚɪɶɢɪɨɜɚɥɢ ɜ ɫɥɟɞɭɸɳɢɯ ɩɪɟɞɟɥɚɯ: 0, 3,5, 8,5, 10, 
13,5% (ɦɚɫ.) ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɝɪɚɧɭɥ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɹɥɨɫɶ ɢ ɫɨ-
ɞɟɪɠɚɧɢɟ ɝɪɚɧɭɥɹɬɚ ɜ ɤɨɦɩɨɡɢɰɢɹɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɢ 
ɢɫɫɥɟɞɨɜɚɧɵ ɞɟɜɹɬɶ ɤɨɦɩɨɡɢɰɢɣ ɫ ɭɫɥɨɜɧɵɦ ɨɛɨɡɧɚɱɟɧɢɟɦ ȺɆɝȽɪ-
1...ȺɆɝȽɪ-2. 

ɉɨɥɭɱɟɧɧɵɟ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɫɩɨɫɨɛɨɦ ɤɨɦɩɨɡɢɰɢɢ ɤɨɦɩɚɤɬɢɪɨɜɚɥɢ ɜ 
ɛɪɢɤɟɬɵ ɞɢɚɦɟɬɪɨɦ 25 ɦɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɨɞɜɟɪɝɚɥɢɫɶ ɬɟɪ-
ɦɨɞɟɮɨɪɦɚɰɢɨɧɧɨɦɭ ɩɟɪɟɞɟɥɭ, ɡɚɜɟɪɲɚɸɳɟɦɭɫɹ ɝɨɪɹɱɟɣ ɷɤɫɬɪɭɡɢɟɣ ɫ ɤɨ-
ɷɮɮɢɰɢɟɧɬɨɦ ɜɵɬɹɠɤɢ μ = 17. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɭɬɤɢ ɞɢɚ-
ɦɟɬɪɨɦ 6,5 ɦɦ, ɤɨɬɨɪɵɟ ɞɚɥɟɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ. ɏɢɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɵ ɢ ɦɟ-
ɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɭɬɤɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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ʋ 
ɩ/ɩ 

Ʉɨɦɩɨɡɢɰɢɹ ɢ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧɟɣ 
 ɤɨɦɩɨɧɟɧɬɨɜ, % (ɦɚɫ.) 

ɍɫɥɨɜɧɨɟ 
ɨɛɨɡɧɚɱɟ-

ɧɢɟ 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ 

, Ɇɉɚ 

Ɍɜɟɪɞɨɫɬɶ 
HV50/30, 
Ɇɉɚ 

Al5Mg6C + Al + Ƚɪ (ȺɆɝȽɪ-1) 

1 
Al5Mg6C (85%) +Al (13,5%) +  
Ƚɪ (1,5%) 

ȺɆɝȽɪ-1-1 551/596 1498 

2 
Al5Mg6C (88,5%) + Al (10%) +  
Ƚɪ (1,5%) 

ȺɆɝȽɪ-1-2 498/516 2013 

3 
Al5Mg6C (90%)+ Al (8,5%) +  
Ƚɪ (1,5%) 

ȺɆɝȽɪ-1-3 409/446 2078 

4 
Al5Mg6C (95%) + Al (3,5%) + 
 Ƚɪ (1,5%) 

ȺɆɝȽɪ-1-4 328/345 2351 

5 
Al5Mg6C (98,5%) + Al (0%) + 
 Ƚɪ (1,5%) 

ȺɆɝȽɪ-1-5 500/522 2092 

Al10Mg202Al2O3 + Al + Ƚɪ (ȺɆɝȽɪ-2) 

6 
Al10Mg2C2Al2O3 (85%) + Al (13,5) + 
Ƚɪ (1,5%) 

ȺɆɝȽɪ-2-1 472/479 1179 

7 
Al10Mg2C2Al2O3 (90%) + Al (8,5) +  
Ƚɪ (1,5%) 

ȺɆɝȽɪ-2-2 540/545 1492 

8 
Al10Mg2C2Al2O3 (95%) + Al (3,5) +  
Ƚɪ (1,5%) 

ȺɆɝȽɪ-2-3 522/570 1665 

9 
Al10Mg2C2Al2O3 (98,5%) + Al (0%) + 
Ƚɪ (1,5%) 

ȺɆɝȽɪ-2-4 548/577 1507 

ɉɪɢɦɟɱɚɧɢɟ: ɜ ɱɢɫɥɢɬɟɥɟ  ɧɢɠɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ; ɜ ɡɧɚɦɟɧɚɬɟɥɟ  
ɜɟɪɯɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ. 

 
Ƚɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢ ɬɜɟɪɞɨɫɬɢ ɨɬ 

ɦɚɫɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɩɨɪɨɲɤɚ ȺɋȾ ɜ ɤɨɦɩɨɡɢɰɢɹɯ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 1. ɂɡ 
ɚɧɚɥɢɡɚ ɪɢɫ. 1 ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɦɚɬɟɪɢɚɥɨɜ ɝɪɭɩɩ ɨɛɟɢɯ ɤɨɦɩɨɡɢɰɢɣ 
(ȺɆɝȽɪ-1 ɢ ȺɆɝȽɪ-2) ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɜɟɪɞɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɩɨɪɨɲɤɚ 
ȺɋȾ ɢɦɟɸɬ ɩɨɯɨɠɢɣ ɯɚɪɚɤɬɟɪ, ɫ ɧɚɥɢɱɢɟɦ ɧɚ ɧɢɯ ɦɚɤɫɢɦɭɦɚ ɬɜɟɪɞɨɫɬɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɝɨ ɫɨɞɟɪɠɚɧɢɸ ɷɬɨɝɨ ɩɨɪɨɲɤɚ 3,5% (ɦɚɫ.) (ɦɚɬɟɪɢɚɥɵ ȺɆɝȽɪ-1-4 
ɢ ȺɆɝȽɪ-2-3). ɗɬɨɦɭ ɠɟ ɡɧɚɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɩɨɪɨɲɤɚ ɚɥɸɦɢɧɢɹ ȺɋȾ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɢ ɦɚɤɫɢɦɭɦ ɧɚ ɝɪɚɮɢɤɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹ-
ɠɟɧɢɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɟɜɨɝɨ ɩɨɪɨɲɤɚ ȺɋȾ ɜ ɦɚɬɟɪɢɚɥɚɯ ɤɨɦɩɨɡɢɰɢɣ 
ȺɆɝȽɪ-2. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɚɤɫɢɦɭɦ ɩɪɨɱɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟ ɬɨɦɭ ɠɟ ɦɚɬɟ-
ɪɢɚɥɭ ɷɬɨɣ ɝɪɭɩɩɵ ɫ ɭɫɥɨɜɧɵɦ ɨɛɨɡɧɚɱɟɧɢɟɦ ȺɆɝȽɪ-2-3. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɚɧ-
ɧɵɣ ɦɚɬɟɪɢɚɥ, ɨɛɥɚɞɚɹ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɜɟɪɞɨɫɬɢ ɢ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ, ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬ ɞɚɥɶɧɟɣɲɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɢ ɢɫɩɵɬɚ-
ɧɢɹɦ.  

ɑɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɢɡɦɟɧɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɩɨɪɨɲɤɚ 
ȺɋȾ ɜ ɦɚɬɟɪɢɚɥɚɯ ɝɪɭɩɩɵ ɤɨɦɩɨɡɢɰɢɣ ȺɆɝȽɪ-1, ɬɨ ɡɞɟɫɶ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ-
ɨɛɵɱɧɚɹ ɤɚɪɬɢɧɚ: ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɜɟɪɞɨɫɬɢ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɫɨɞɟɪɠɚɧɢɹ ɩɨ-
ɪɨɲɤɚ ȺɋȾ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɧɚɨɛɨɪɨɬ. ɉɨɷɬɨɦɭ ɞɥɹ ɞɚɥɶ-
ɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɫɩɵɬɚɧɢɣ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ 
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ɦɚɬɟɪɢɚɥɨɜ ɷɬɨɣ ɝɪɭɩɩɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɢɯ ɩɨɪɨɲɤɚ ɚɥɸɦɢɧɢɹ ȺɋȾ ɜ ɤɨ-
ɥɢɱɟɫɬɜɟ 8,5% (ɦɚɫ.) ɢ 10% (ɦɚɫ.) 

 

 
ɚ 

 
ɛ 

 
 
 
 
 
 
 
 

. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɢ ɬɜɟɪɞɨɫɬɢ ɨɬ ɦɚɫ-
ɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɟ-
ɜɨɝɨ ɩɨɪɨɲɤɚ ȺɋȾ ɜ ɤɨɦɩɨɡɢ-
ɰɢɹɯ ɧɚ ɨɫɧɨɜɟ ɝɪɚɧɭɥ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ: 
ɚ  Al5Mg6C + Al(ȺɋȾ) + Ƚɪ; 
ɛ  Al10Mg2ɋ2Al2O3 + 
Ⱥl(ȺɋȾ) + Ƚɪ 
 

 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɛɵɥɢ  

ɜɵɛɪɚɧɵ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɫɥɟɞɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: 
 
– ȺɆɝȽɪ-1-2: Al5Mg6C (88,5%) + Al(10%) + Ƚɪ (1,5%); 
– ȺɆɝȽɪ-1-3: Al5Mg6C (90%) + Al (8,5%) + Ƚɪ (1,5%); 
– ȺɆɝȽɪ-2-3: Al10Mg2C2Al2O3 (95%) + Al (3,5) + Ƚɪ (1,5%),  
ɚ ɬɚɤɠɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ: 
– Al4C: ɨɛɴɟɦɧɵɣ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɣ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Al–C–O ɫ 4% 

(ɦɚɫ.) ɋ; 
– Ⱦ16: ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ ɬɜɟɪɞɨɫɬɶɸ ɩɨ ȼɢɤɤɟɪɫɭ 1200–1250 Ɇɉɚ, ɢɫ-

ɩɨɥɶɡɭɟɦɵɣ ɜ ɞɟɬɚɥɹɯ ɬɢɩɚ “Ɋɨɥɢɤ” ɬɟɤɫɬɢɥɶɧɵɯ ɦɚɲɢɧ; 
– Ⱥɋɑ-1: ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɣ ɫɟɪɵɣ ɱɭɝɭɧ ɬɜɟɪɞɨɫɬɶɸ §2000Ɇɉɚ. 
ɂɡ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɚɥɸɦɢɧɢɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɦɟ-

ɬɨɞɨɦ ɝɨɪɹɱɟɣ ɡɚɤɪɵɬɨɣ ɨɫɚɞɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɞɢɚɦɟɬɪɨɦ 73ɦɦ 
ɢ ɜɵɫɨɬɨɣ 40 ɦɦ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡ-
ɰɨɜ ɦɟɬɨɞɨɦ ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɢ ɢɡɝɨɬɚɜɥɢɜɚɥɢɫɶ ɤɨɥɶɰɟɜɵɟ ɨɛɪɚɡɰɵ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ. Ɍɚɤɠɟ ɚɧɚɥɨɝɢɱɧɵɟ ɤɨɥɶɰɚ ɛɵ-
ɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɚɧɬɢɮɪɢɤɰɢɨɧɧɨɝɨ ɫɟɪɨɝɨ ɱɭɝɭɧɚ Ⱥɋɑ-1 ɢ ɚɥɸɦɢɧɢɟɜɨ-
ɝɨ ɫɩɥɚɜɚ Ⱦ16. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɫɯɟɦɟ «ɲɬɢɮɬ-ɤɨɥɶɰɨ» ɧɚ 
ɫɬɟɧɞɟ. ɒɬɢɮɬɚɦɢ ɫɥɭɠɢɥɢ ɨɬɥɢɬɵɟ ɢɡ ɤɚɩɪɨɥɨɧɚ ɉȺ-6 ɬɜɟɪɞɨɫɬɶɸ 1230 Ɇɉɚ 
ɲɬɵɪɢ. Ɂɚ ɨɫɧɨɜɧɨɣ ɤɪɢɬɟɪɢɣ ɨɰɟɧɤɢ ɢɡɧɨɫɚ ɬɪɭɳɟɣɫɹ ɩɚɪɵ ɛɵɥ ɜɵɛɪɚɧ ɫɨ-
ɜɦɟɫɬɧɵɣ ɢɡɧɨɫ ǻ ɨɛɨɢɯ ɤɨɧɬɪɬɟɥ. 
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Ɉɞɧɚɤɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɨɣ ɤɚɪɬɢɧɵ ɨɩɪɟɞɟɥɹɥɫɹ ɬɚɤɠɟ ɜɟ-
ɫɨɜɨɣ ɢɡɧɨɫ ɲɬɢɮɬɚ: 

m = (m1 – m1) /  [ɝ/ɱ], 
ɝɞɟ m1  ɦɚɫɫɚ ɲɬɢɮɬɚ ɞɨ ɢɫɩɵɬɚɧɢɣ, ɝ; m2  ɦɚɫɫɚ ɲɬɢɮɬɚ ɩɨɫɥɟ ɢɫɩɵɬɚ-
ɧɢɣ, ɝ;   ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ, ɱ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 
 

 2 
     “ – ” (    

    5 / 2,     2,3 / ) 
 

ʋ 
ɩ/ɩ 

Ɇɚɬɟɪɢɚɥ  
ɲɬɢɮɬɚ 

Ɉɛɨɡɧɚɱɟɧɢɟ 
ɦɚɬɟɪɢɚɥɚ 
ɤɨɥɶɰɚ 

Ɍɜɟɪɞɨɫɬɶ 
ɤɨɥɶɰɚ HV, 

Ɇɉɚ 

ɋɨɜɦɟɫɬɧɵɣ 
ɢɡɧɨɫ ɩɚɪɵ, 

ɦɦ/ɱ 

ɂɡɧɨɫ ɲɬɢɮ-
ɬɚ, ɝ/ɱ 

1 Ʉɚɩɪɨɥɨɧ ɉȺ-6 Ⱥɋɑ-1 2000 0,0125 – 

2 Ʉɚɩɪɨɥɨɧ ɉȺ-6 Al4C 1515 0,0120 0,0025 

3 Ʉɚɩɪɨɥɨɧ ɉȺ-6 Ⱦ16 1200 0,0340 0,0020 

4 Ʉɚɩɪɨɥɨɧ ɉȺ-6 ȺɆɝȽɪ-1-2 2013 0,0175 0,0067 

5 Ʉɚɩɪɨɥɨɧ ɉȺ-6 ȺɆɝȽɪ-1-3 2078 0,0160 0,0054 

6 Ʉɚɩɪɨɥɨɧ ɉȺ-6 ȺɆɝȽɪ-2-3 1665 0,0096 0,0025 

 
ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɫɨɜɦɟɫɬɧɨɝɨ ɢɡɧɨ-

ɫɚ ɬɪɭɳɢɯɫɹ ɩɚɪ ɨɬ ɜɪɟɦɟɧɢ ɢɫɩɵɬɚɧɢɣ. 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɦɟɧɶɲɢɣ ɫɨɜɦɟɫɬɧɵɣ ɢɡɧɨɫ 

(0,0096 ɦɦ/ɱ) ɩɚɪɵ «ɲɬɢɮɬ-ɤɨɥɶɰɨ» ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɩɚɪɵ, ɝɞɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɤɨɥɶɰɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɚɬɟɪɢɚɥ ȺɆɝȽɪ-2-3. ɂɡɧɨɫ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɧɶɲɟ 
ɧɚ 25% ɢɡɧɨɫɚ ɨɛɴɟɦɧɨɝɨ ɧɚɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɢɫɬɟɦɵ Al–ɋ–Ɉ ɫ 4% 
(ɦɚɫ.) ɭɝɥɟɪɨɞɚ (Al4C). 

Ⱥɧɚɥɢɡ ɡɧɚɱɟɧɢɣ ɜɟɫɨɜɨɝɨ ɢɡɧɨɫɚ ɤɚɩɪɨɥɨɧɨɜɵɯ ɲɬɢɮɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɨɧɢ ɨɤɚɡɚɥɢɫɶ ɧɚɢɦɟɧɟɟ ɢɡɧɨɲɟɧɧɵɦɢ ɩɪɢ ɪɚɛɨɬɟ ɜ ɩɚɪɟ ɫ ɤɨɥɶɰɚɦɢ ɢɡ ɦɚɬɟ-
ɪɢɚɥɨɜ ȺɆɝȽɪ-2-3 ɢ Al4C. ɇɚɢɛɨɥɶɲɢɣ ɢɡɧɨɫ  ɭ ɲɬɢɮɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ 
ɩɚɪɟ ɫ ɤɨɥɶɰɚɦɢ ɢɡ ɦɚɬɟɪɢɚɥɨɜ ȺɆɝȽɪ-1-2 ɢ ȺɆɝȽɪ-2-2. 

 

 

 
 
 
 
 

. 2. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ 
ɢɡɧɨɫɚ ɩɚɪɵ “ɲɬɢɮɬ–ɤɨɥɶɰɨ” 
ɨɬ ɜɪɟɦɟɧɢ ɢɫɩɵɬɚɧɢɣ 
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ɂɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɹɜɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥ 
ȺɆɝȽɪ-2-3  Al10Mg2C2Al2O3 (95% (ɦɚɫ.)) + Al (3,5 (ɦɚɫ.)) + Ƚɪ (1,5% 
(ɦɚɫ.)),  ɢɦɟɸɳɢɣ ɩɨɱɬɢ ɜ 3 ɪɚɡɚ ɦɟɧɶɲɢɣ ɭɞɟɥɶɧɵɣ ɜɟɫ, ɱɟɦ ɚɧɬɢ-
ɮɪɢɤɰɢɨɧɧɵɣ ɱɭɝɭɧ Ⱥɋɑ-1, ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜ 3,5 ɪɚɡɚ ɦɟɧɶɲɢɣ ɢɡɧɨɫ 
ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɩɚɪɵ, ɱɟɦ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ Ⱦ16. ɗɬɨɬ ɠɟ ɦɚɬɟɪɢɚɥ 
ɩɪɟɜɨɫɯɨɞɢɬ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Al–ɋ–Ɉ ɫ 4% (ɦɚɫ.) ɭɝɥɟɪɨɞɚ ɩɨ ɞɚɧɧɨɦɭ 
ɩɨɤɚɡɚɬɟɥɸ ɜ 1,25 ɪɚɡɚ. 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ ɤɨɥɟɰ ɢ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɚ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɬɜɟɪɞɨɫɬɶ ɢ ɢɡɧɨɫɨɫɬɨɣ-
ɤɨɫɬɶ) ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɚɧɧɵɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ ɆȿɌȺɆ Ɋȼ-
23 ɜ ɫɜɟɬɥɨɦ ɢ ɬɟɦɧɨɦ ɩɨɥɹɯ. ɉɟɪɟɞ ɷɬɢɦ ɨɛɪɚɡɰɵ ɬɪɚɜɢɥɢ ɜ 5%-ɧɨɦ ɜɨɞ-
ɧɨɦ ɪɚɫɬɜɨɪɟ NaOH. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɟɤɨɬɨɪɵɯ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɨɥɟɰ ɩɪɢɜɟɞɟ-
ɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 3 ɢ 4. 

ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɦɟɪɟ 
ɭɜɟɥɢɱɟɧɢɹ ɡɧɚɱɟɧɢɣ ɬɜɟɪɞɨɫɬɢ ɩɨ ȼɢɤɤɟɪɫɭ, ɬɨ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɝɪɚ-
ɧɢɰɵ ɝɪɚɧɭɥ ɩɪɨɹɜɥɹɸɬɫɹ ɯɭɠɟ, ɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɝɪɚɮɢɬɚ ɫɬɚ-
ɧɨɜɢɬɫɹ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ. Ɍɚɤ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ ȺɆɝȽɪ-1-2 (ɪɢɫ. 
3) ɯɨɪɨɲɨ ɜɢɞɧɵ ɝɪɚɧɢɰɵ ɝɪɚɧɭɥ, ɚ ɫɜɨɛɨɞɧɵɣ ɝɪɚɮɢɬ ɪɚɫɩɪɟɞɟɥɟɧ ɧɟ-
ɪɚɜɧɨɦɟɪɧɨ ɢ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜ ɫɬɪɭɤ-
ɬɭɪɟ ɦɚɬɟɪɢɚɥɚ ȺɆɝȽɪ-2-3 (ɪɢɫ. 4) ɝɪɚɧɢɰɵ ɝɪɚɧɭɥ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɢɞɧɵ, 
ɚ ɫɜɨɛɨɞɧɵɣ ɝɪɚɮɢɬ ɪɚɫɩɪɟɞɟɥɟɧ ɪɚɜɧɨɦɟɪɧɨ ɜ ɜɢɞɟ ɧɟɛɨɥɶɲɢɯ ɩɪɨɫɥɨɟɤ. 

 

      
ɚ                                                            ɛ 

. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɨɥɶɰɚ ɢɡ ɦɚɬɟɪɢɚɥɚ ȺɆɝȽɪ-1-2 ɜ ɫɜɟɬɥɨɦ (ɚ) ɢ ɬɟɦɧɨɦ (ɛ) 
ɩɨɥɹɯ ( 300) 

 

      
ɚ                                                         ɛ 

. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɨɥɶɰɚ ɢɡ ɦɚɬɟɪɢɚɥɚ ȺɆɝȽɪ-2-3 ɜ ɫɜɟɬɥɨɦ (ɚ ) ɢ ɬɟɦɧɨɦ (ɛ) 
ɩɨɥɹɯ ( 300) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɚ-
ɡɚɥ, ɱɬɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ 
ɫɜɨɛɨɞɧɵɣ ɝɪɚɮɢɬ ɛɵɥ ɪɚɫɩɪɟɞɟɥɟɧ ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɨ ɢ ɢɦɟɥ ɜɢɞ 
ɩɪɨɫɥɨɟɤ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɟɦɭ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɸ ɬɜɟɪɞɨɣ 
ɫɦɚɡɤɢ. ɗɬɨ ɢ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ ɜ ɦɚɬɟɪɢɚɥɟ ȺɆɝȽɪ-2-3  
Al10Mg2C2Al2O3 (95% (ɦɚɫ.)) + Al (3,5% (ɦɚɫ.)) + Ƚɪ (1,5% (ɦɚɫ.)). 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɢɡ ɞɚɧɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɯ ɧɚɝɪɟɜɚ ɩɨɡɜɨɥɢɥɢ ɭɫ-
ɬɚɧɨɜɢɬɶ, ɱɬɨ ɟɝɨ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350 ɋ ɫɨɫɬɚɜɥɹɟɬ ɧɟ 
ɦɟɧɟɟ 155 Ɇɉɚ (ɩɪɢ ɢɫɯɨɞɧɨɦ ɩɪɟɞɟɥɟ ɩɪɨɱɧɨɫɬɢ  ɧɟ ɦɟɧɟɟ 520 Ɇɉɚ). 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɧɟɫɬɢ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɤ ɠɚɪɨɩɪɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. 

 
 

 
ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɪɨɲɤɨɜɵɣ ɤɨɦɩɨ-

ɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜɨɝɨ ɚɥɸɦɢɧɢɹ, ɫɨɫɬɨɹɳɢɣ ɢɡ 
95% (ɦɚɫ.) ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
Al10Mg2C2Al2O3, 3,5% (ɦɚɫ.) ɩɨɪɨɲɤɚ ɚɥɸɦɢɧɢɹ ɢ 1,5% (ɦɚɫ.) ɭɝɥɟɪɨɞɚ ɜ 
ɜɢɞɟ ɝɪɚɮɢɬɚ. Ɉɧ ɢɦɟɟɬ ɩɨɱɬɢ ɜ 3 ɪɚɡɚ ɦɟɧɶɲɢɣ ɭɞɟɥɶɧɵɣ ɜɟɫ, ɱɟɦ ɚɧɬɢ-
ɮɪɢɤɰɢɨɧɧɵɣ ɱɭɝɭɧ Ⱥɋɑ-1, ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜ 3,5 ɪɚɡɚ ɦɟɧɶɲɢɣ ɢɡɧɨɫ 
ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɩɚɪɵ, ɱɟɦ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ Ⱦ16. ɗɬɨɬ ɠɟ ɦɚɬɟɪɢɚɥ 
ɩɪɟɜɨɫɯɨɞɢɬ ɨɛɴɟɦɧɵɣ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɣ ɦɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ Al–ɋ–Ɉ ɫ 4% 
(ɦɚɫ.) ɭɝɥɟɪɨɞɚ ɩɨ ɞɚɧɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɜ 1,25 ɪɚɡɚ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɫɜɨ-
ɛɨɞɧɵɣ ɝɪɚɮɢɬ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɚɯ ɛɵɥ ɪɚɫɩɪɟɞɟɥɟɧ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɧɨɦɟɪɧɨ ɢ ɢɦɟɥ ɜɢɞ ɩɪɨɫɥɨɟɤ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɜɨɛɨɞɧɵɣ ɝɪɚɮɢɬ ɫɦɨ-
ɠɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɸ ɬɜɟɪɞɨɣ ɫɦɚɡɤɢ. ɂɦɟɧɧɨ ɬɚɤɚɹ 
ɫɬɪɭɤɬɭɪɚ ɢ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɭɤɚɡɚɧɧɨɦ ɜɵɲɟ ɦɚɬɟɪɢɚɥɟ. 
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Developed powder composite material on the basis of aluminium, consisting 95 wt. % of 

dispersion-strengthened composite material Al10Mg2C2Al2O3, 3,5 wt. % of aluminium powder 
brand ASD and 1,5 wt. % of carbon in the form of graphite. It has a high strength at the tempera-
ture of 350 C and has a high resistance to wear. When you receive it uses the method of the reac-
tionary mechanical alloying in attritors. 

 

Keywords: aluminium, powder material, reactionary mechanical alloying, attritor, strength, 
durability.  
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