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ɥɟɝɤɨɩɥɚɜɤɨɣ ɷɜɬɟɤɬɢɤɢ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɭɪɚɧ-ɰɢɪɤɨɧɢɟɜɨɝɨ 

ɬɨɩɥɢɜɚ ɫɨ ɫɩɥɚɜɚɦɢ ɠɟɥɟɡɚ ɩɪɨɬɟɤɚɟɬ ɩɭɬɟɦ ɞɢɮɮɭɡɢɢ ɠɟɥɟɡɚ ɢɡ ɫɬɚɥɢ ɜ ɭɪɚɧɨɜɵɣ 
ɫɩɥɚɜ. 
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ȼɜɟɞɟɧɢɟ 
Ɍɨɧɤɢɟ ɩɥɟɧɤɢ ɤɨɛɚɥɶɬɚ, ɫɩɥɚɜɨɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɦɧɨɝɨɫɥɨɣɧɵɟ Co / 

X ɤɨɦɩɨɡɢɰɢɢ, ɝɞɟ X - ɞɪɭɝɨɣ ɦɟɬɚɥɥ ɢɥɢ ɞɢɷɥɟɤɬɪɢɤ, ɹɜɥɹɸɬɫɹ ɩɪɟɞɦɟɬɨɦ ɢɧɬɟɧɫɢɜɧɵɯ 
ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɜɵɡɵɜɚɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɜ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɢ ɪɚɡɥɢɱɧɵɯ ɞɚɬɱɢɤɚɯ [1]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɩɥɟɧɨɤ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɜɵɞɟɥɹɟɬɫɹ ɦɟɬɨɞ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ 
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(CVD). Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɩɥɟɧɤɢ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ, ɫ ɜɵɫɨɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɬɨɥɳɢɧɵ ɢ ɫɨɫɬɚɜɚ, 
ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɨɜɪɟɠɞɟɧɢɹɦɢ ɩɨɞɥɨɠɤɢ, ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɨɫɚɠɞɟɧɢɹ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɥɚɫɬɢ ɪɨɫɬɚ [2]. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ ɫ ɬɪɟɛɭɟɦɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɢɯ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɨɬ ɭɫɥɨɜɢɣ 
ɨɫɚɠɞɟɧɢɹ. Ɉɞɧɢɦ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɟɥ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ (ɊɋȺ). 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɊɋȺ-ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɨɞɥɨɠɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɨɧɤɢɯ ɩɥɟɧɨɤ Co, 
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 
Ɍɨɧɤɢɟ ɩɥɟɧɤɢ Co ɧɚɧɨɫɢɥɢ ɦɟɬɨɞɨɦ CVD ɧɚ ɩɨɞɥɨɠɤɢ Si (100). ɉɪɟɤɭɪɫɨɪɨɦ 

ɫɥɭɠɢɥ ɞɢɢɦɢɧɚɬ ɤɨɛɚɥɶɬɚ Co(N’acN’ac)2. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɜɫɟɯ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɚ 4 ɱɚɫɚ, ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 
Ar (ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ 1ɥ/ɱ), ɚ ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɚ-ɪɟɚɤɬɚɧɬɚ – H2 (ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ 4 ɥ/ɱ), 
ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ ɨɫɚɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɥɨ 1 ɚɬɦɨɫɮɟɪɭ. Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 3 ɩɚɪɬɢɢ 
ɨɛɪɚɡɰɨɜ. ȼ ɩɟɪɜɨɣ ɩɚɪɬɢɢ ɛɵɥɚ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɢɬɟɥɹ, ɪɚɜɧɚɹ 
Ɍɢɫɩ = 120 °ɋ, ɩɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ Ɍɩɨɞɥ = 
310420 °ɋ. ȼɨ ɜɬɨɪɨɣ ɩɚɪɬɢɢ ɬɚɤɠɟ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɢɬɟɥɹ (130 
°ɋ), ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɢɡɦɟɧɹɥɚɫɶ ɨɬ 300 ɞɨ 3400ɋ. ȼ ɬɪɟɬɶɟɣ ɩɚɪɬɢɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɛɵɥɚ ɩɨɫɬɨɹɧɧɨɣ (330 °ɋ), ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɢɬɟɥɹ 
ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 120 ɞɨ 155 °ɋ. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ DRON-SEIFERT-
RM4 (Cu, Ȝ = 1.54051 ǖ). ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ ɨɩɪɟɞɟɥɹɥɢ 
ɦɟɬɨɞɨɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ȼɫɟ ɢɡɦɟɪɟɧɢɹ 
ɜɵɩɨɥɧɹɥɢ ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ ɨɛɪɚɡɰɵ ɩɥɟɧɨɤ Co, ɨɫɚɠɞɟɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɢɫɩɚɪɢɬɟɥɹ Ɍɢɫɩ = 120 °ɋ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɞɥɨɠɤɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɥɢɲɶ ɨɞɧɢɦ ɞɢɮɪɚɤɰɢɨɧɧɵɦ ɩɢɤɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɦɟɠɞɭ 2Ԧ = 44,2 – 44,7° (Ɋɢɫ. 
1, ɚ). Ⱥɫɢɦɦɟɬɪɢɱɧɨɟ ɭɲɢɪɟɧɢɟ ɞɚɧɧɨɝɨ ɩɢɤɚ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɫɭɩɟɪɩɨɡɢɰɢɸ ɨɬɞɟɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ Į-Co ɢ ȕ-Co. Ⱦɟɬɚɥɶɧɵɣ 
ɚɧɚɥɢɡ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɧɧɵɣ ɞɢɮɪɚɤɰɢɨɧɧɵɣ ɩɢɤ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɬɪɚɠɟɧɢɟ ɨɬ ȕ-Co (111), ɢɦɟɸɳɟɝɨ ȽɐɄ – ɪɟɲɺɬɤɭ, ɧɚ ɭɝɥɟ 2Ԧ = 
44,3°, ɚ ɬɚɤɠɟ ɨɬɪɚɠɟɧɢɟ ɨɬ Į-Co (002), ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨɫɹ Ƚɉɍ-ɪɟɲɺɬɤɨɣ, ɧɚ ɭɝɥɟ 
2Ԧ = 44,6°. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɬɪɭɞɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 
ɢɡɭɱɚɟɦɵɯ ɩɥɟɧɨɤ Co. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1,ɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɩɢɤɚ ɧɚ ɭɝɥɟ 2Ԧ = 44.2 – 
44.7  ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ. ɉɥɟɧɤɢ Co, ɨɫɚɠɞɟɧɧɵɟ ɩɪɢ Ɍɩɨɞɥ = 
310 °ɋ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɨɬɪɚɠɟɧɢɹ ɨɬ ɮɚɡɵ Co. Ⱦɚɧɧɵɣ ɩɢɤ 
ɩɨɹɜɥɹɟɬɫɹ ɥɢɲɶ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɞɨ Ɍɩɨɞɥ = 330 °ɋ. ɉɪɢ 
ɩɨɫɥɟɞɭɸɳɟɦ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɚɠɞɟɧɢɹ ɨɧ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɵɦ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢ Ɍɩɨɞɥ = 350 °ɋ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɜɩɥɨɬɶ ɞɨ ɟɝɨ 
ɩɨɬɟɪɢ ɩɪɢ Ɍɩɨɞɥ = 420 °ɋ. 

ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɞɨ Ɍɢɫɩ = 1300ɋ ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨɬɨɪɵɦ 
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ɢɡɦɟɧɟɧɢɹɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɵ ɩɥɟɧɨɤ Co (Ɋɢɫ. 1, ɛ). Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ 
ɤɚɪɬɢɧɚ ɞɥɹ ɨɛɪɚɡɰɨɜ Co, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍɩɨɞɥ = 300 – 340 °ɋ, 
ɫɨɞɟɪɠɢɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɢɤɢ Į-Co (100) (2Ԧ = 41.7ż), Į-Co (101) (2Ԧ = 47.6ż) ɢ ȕ-
Co (200) (2Ԧ = 51.7ż). ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɞɚɧɧɵɯ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɩɢɤɨɜ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɞɥɨɠɤɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ Ɍɩɨɞɥ ɨɬ 300 ɞɨ 320 °ɋ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɨɜ ɩɨɜɵɲɚɟɬɫɹ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ 
ɞɨ Ɍɩɨɞɥ = 330 ɢ 340 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ ɢɯ ɨɫɥɚɛɥɟɧɢɸ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɩɥɟɧɤɢ Co, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɞɥɨɠɤɢ Ɍɩɨɞɥ = 320 °ɋ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɢɛɨɥɟɟ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɬɟɤɫɬɭɪɨɣ (ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ 
ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɩɢɤɨɜ), ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɫɬɪɭɤɬɭɪɧɨɣ 
ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɞɚɧɧɵɯ ɩɥɟɧɨɤ.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɨɛɪɚɡɰɨɜ ɩɥɟɧɨɤ Co, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɞɥɨɠɤɢ ɢ ɩɪɢ Ɍɢɫɩ = 120 (ɚ) ɢ 130 °ɋ (ɛ). 
 

Ⱥɧɚɥɢɡ ɪɢɫ. 1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɨɬ 120 ɞɨ 
130 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɩɥɟɧɨɤ ɋɨ. 
Ɋɟɡɭɥɶɬɚɬɵ ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɧɚ ɫɬɪɭɤɬɭɪɭ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɞɥɨɠɤɢ Ɍɩɨɞɥ = 330 °ɋ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɟɧɤɢ Co, ɩɨɥɭɱɟɧɧɵɟ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢɫɩɚɪɢɬɟɥɹ ɨɬ Ɍɢɫɩ = 120 ɞɨ 140 °ɋ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɨɥɶɤɨ ɨɞɧɢɦ 
ɩɢɤɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ -Co (002) ɢ ȕ-Co (111). ɉɪɢɱɺɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ 
ɩɢɤɚ ɩɨɜɵɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 
Ɍɢɫɩ = 145 °ɋ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ Į-Co (100), 
Į-Co (101) ɢ ȕ-Co (200), ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɚɪɢɬɟɥɹ Ɍɢɫɩ = 150 °ɋ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɫɩɚɪɢɬɟɥɹ ɞɨ Ɍɢɫɩ = 1550ɋ ɩɪɢɜɨɞɢɬ ɤ ɢɫɱɟɡɧɨɜɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɢɤɨɜ, ɚ 
ɬɚɤɠɟ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɧɨɜɧɨɝɨ ɩɢɤɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ -Co (002) ɢ ȕ-Co (111). 

Ɋɚɡɦɟɪɵ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɈɄɊ) ɢ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɹ ɜ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɟɧɤɚɯ Co ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɪɚɡɦɟɪ 
ɈɄɊ ɩɥɟɧɨɤ, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ Ɍɢɫɩ = 120 °ɋ, ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɨɞɥɨɠɤɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 300 ɞɨ 3500ɋ. Ɉɞɧɚɤɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɵɲɟ Ɍɩɨɞɥ = 350 °ɋ ɪɚɡɦɟɪ ɈɄɊ ɧɚɱɢɧɚɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. Ⱥɧɚɥɨɝɢɱɧɵɣ 

ɚ ɛ 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
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ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɨɜ ɈɄɊ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ 
ɩɥɟɧɨɤ, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ Ɍɢɫɩ = 130 °ɋ. ɉɪɢ ɷɬɨɦ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɨɛɪɚɡɰɨɜ ɢɡ ɩɟɪɜɨɣ 
ɢ ɜɬɨɪɨɣ ɩɚɪɬɢɣ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɫɩɚɪɢɬɟɥɹ ɨɬ 120 ɞɨ 130 °ɋ ɭɦɟɧɶɲɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɩɥɟɧɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ (ɟɫɥɢ ɩɪɢɧɹɬɶ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ 
ɈɄɊ ɬɨɠɞɟɫɬɜɟɧɟɧ ɡɟɪɧɭ). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Ɋɢɫ. 2. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɨɜ ɩɥɟɧɨɤ Co, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɩɚɪɢɬɟɥɹ ɢ ɩɪɢ Ɍɩɨɞɥ = 330  °ɋ. 

 
Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɡɦɟɪɨɜ ɈɄɊ ɩɥɟɧɨɤ Co ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɧɨɫɢɬ 

ɷɤɫɬɪɟɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ (ɬɚɛɥɢɰɚ 1). ɋ ɪɨɫɬɨɦ Ɍɢɫɩ ɨɬ 120 ɞɨ 135 °ɋ ɪɚɡɦɟɪ ɈɄɊ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɫɩɚɪɢɬɟɥɹ ɞɨ Ɍɢɫɩ = 140 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɫɧɢɠɟɧɢɸ ɪɚɡɦɟɪɚ ɈɄɊ, ɤɨɬɨɪɵɣ 
ɫɨɯɪɚɧɹɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɜɩɥɨɬɶ ɞɨ Ɍɢɫɩ = 1550ɋ. 

Ɇɢɤɪɨɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɟɧɤɚɯ Co, ɨɫɚɠɞɟɧɧɵɯ ɩɪɢ Ɍɢɫɩ = 120 °ɋ, ɫɧɢɠɚɸɬɫɹ ɫ 
ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɩɥɟɧɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ Ɍɢɫɩ = 130 
°ɋ, ɨɧɢ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ (Ɍɚɛɥɢɰɚ 1). ɋɬɨɢɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɨɬ 120 ɞɨ 130 °ɋ ɩɪɢɜɨɞɢɬ ɤ 
ɬɪɟɯɤɪɚɬɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɜɩɥɨɬɶ ɞɨ Ɍɢɫɩ = 155 °ɋ ɧɟ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ 
ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ. 
Ɇɟɬɨɞɨɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɥɟɧɨɤ ɋɨ. Ʉɚɤ 
ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1, ɧɚɪɹɞɭ ɫ ɚɬɨɦɚɦɢ Co ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɥɟɧɤɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ, ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ. ȼ ɫɥɭɱɚɟ Ɍɢɫɩ = 120 °ɋ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɨɞɥɨɠɤɢ ɨɬ 310 ɞɨ 420 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɞɜɭɤɪɚɬɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ 
ɤɨɛɚɥɶɬɚ ɨɬ 91,4 ɞɨ 44,2% ɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ. 
Ⱦɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɛɴɹɫɧɹɟɬ ɢɫɱɟɡɧɨɜɟɧɢɟ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ 
ɩɢɤɚ ɧɚ ɭɝɥɟ 2Ԧ = 44.2 – 44.7  ɜ ɩɥɟɧɤɚɯ Co, ɧɚɧɟɫɟɧɧɵɯ ɩɪɢ Ɍɩɨɞɥ = 420 °ɋ. Ɉɞɧɚɤɨ 
ɜ ɫɥɭɱɚɟ Ɍɢɫɩ = 130 °ɋ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɧɚ ɷɥɟɦɟɧɬɧɵɣ 
ɫɨɫɬɚɜ ɩɥɟɧɨɤ ɭɦɟɧɶɲɚɟɬɫɹ. Ɍɚɤ, ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɨɬ 300 ɞɨ 330 
°ɋ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɤɨɛɚɥɶɬɚ ɨɬ 84.8 ɞɨ 93.5%. Ⱦɚɥɶɧɟɣɲɟɟ 
ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɞɨ 340 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɬɧɨɦɭ ɫɧɢɠɟɧɢɸ 
ɫɨɞɟɪɠɚɧɢɹ ɤɨɛɚɥɶɬɚ ɜ ɩɥɟɧɤɚɯ ɞɨ 90,9%. 
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ȼ ɡɚɤɥɸɱɟɧɢɢ ɨɬɦɟɬɢɦ, ɱɬɨ ɜɚɪɶɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɥɟɧɨɤ Co. ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 1, ɫɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ ɜ 
ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɟɧɤɚɯ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 90-95% ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɫɩɚɪɢɬɟɥɹ ɨɬ 120 ɞɨ 155 °ɋ. 
 

Ɍɚɛɥɢɰɚ 1. ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ, ɪɚɡɦɟɪ ɈɄɊ ɢ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɹ  ɩɥɟɧɨɤ Co, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɩɚɪɢɬɟɥɹ Ɍɢɫɩ ɢ ɩɨɞɥɨɠɤɢ Ɍɩɨɞɥ. 

Ɍɢɫɩ,  °ɋ Ɍɩɨɞɥ,  °ɋ ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɈɄɊ, ɧɦ , Ƚɉɚ 
ɉɟɪɜɚɹ ɩɚɪɬɢɹ 

120 310 Co 91.4%, C 8.3 %, O 0.3% 17 1,7 
120 330 Co 89.9%, C 9.5%, O 0.6% 15 1,4 
120 350 Co 84.1%, C 11.6%, O 4.3% 19 1,2 
120 370 Co 80.0%, C 18.9%, O 1.1% 13 1,4 
120 420 Co 44.2%, C 55.7%, O 0.1% 11 0,8 

ȼɬɨɪɚɹ ɩɚɪɬɢɹ 
130 300 Co 84.8%, C 14.2%, O 0.1%, N 0.9 % 35 0,4 
130 310 Co 86.5%, C 12. 6%, O 0.2%, N 0.7 % 26 0,5 
130 320 Co 92.3%,C 7. 2%, O 0.5% 33 0,2 
130 330 Co 93.5%, C 6.0%, O 0.5% 26 0,4 
130 340 Co 90.9%, C 8.8%, O 0.3% 20 0,3 

Ɍɪɟɬɶɹ ɩɚɪɬɢɹ 
120 330 Co 89.9%, C 9.5%, O 0.6% 15 1,4 
130 330 Co 93.5%, C 6.0%, O 0.5% 26 0,4 
135 330 Co 92.8%,C 6.4%, O 0.8% 39 0,3 
140 330 Co 95.1%, C 4.6%, O 0.3%  16 0,4 
145 330 Co 94.3%, C 4.8%, O 0.9%  20 0,2 
150 330 Co 92.3%,C 7.0%, O 0.7%  16 0,3 
155 330 Co 90.9%,C 8.3%, O 0.8%  16 0,1 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɟɧɤɢ ɋɨ, 

ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɫɨɞɟɪɠɚɬ ɤɪɢɫɬɚɥɥɵ 
Į-Co ɢ ȕ-Co. ȼɚɪɶɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ 
ɩɨɡɜɨɥɹɟɬ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɢɡɦɟɧɹɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɬɟɤɫɬɭɪɭ ɢ ɯɢɦɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ ɩɥɟɧɨɤ Co. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɫɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ, ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɢ 
ɜɟɥɢɱɢɧɵ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɚɪɢɬɟɥɹ ɨɬ 120 ɞɨ 
130 °ɋ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɥɟɧɨɤ 
ɋɨ ɫɧɢɠɚɟɬɫɹ. 
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