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ɍɱɪɟɞɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢɡɞɚɧɢɹ  
ɎȽɍɉ «ȼИȺɆ» Ƚɇɐ ɊɎ 

Ɋɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ 

ɉɪɟɞɫɟɞɚɬɟɥɶ ɫɨɜɟɬɚ ─ ɝɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ 

Ʉɚɛɥɨɜ ȿ.ɇ. ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ (ȼИȺɆ) 

Ɂɚɦɟɫɬɢɬɟɥɶ ɩɪɟɞɫɟɞɚɬɟɥɹ ɫɨɜɟɬɚ ─  
ɡɚɦɟɫɬɢɬɟɥɶ ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ 

Ɉɫɩɟɧɧɢɤɨɜɚ Ɉ.Ƚ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ȼИȺɆ) 

Чɥɟɧɵ ɫɨɜɟɬɚ: 
Ȼɟɪɥɢɧ Ⱥ.Ⱥ. ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ  

(ИɏɎ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊȺɇ) 
Ƚɚɛɞɭɥɥɢɧ Ɇ.Ɍ. ɤɚɧɞ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ (Кɚɡɚɯɫɤɢɣ  

ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɥɶ-Ɏɚɪɚɛɢ) 
Ƚɪɟɱɧɢɤɨɜ Ɏ.ȼ. ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ (ɋɚɦɚɪɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ) 
ȿɩɢɲɢɧ Ⱥ.ɂ. ɞɨɤɬ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ (Ȼɟɪɥɢɧɫɤɢɣ 

ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 
Ʉɪɚɫɨɜɫɤɢɣ Ⱥ.Ʌ. ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ (Dow Chemical Company) 
Ʉɭɥɶɤɨɜ Ⱥ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ (ɐɇИИɋɆ) 

Ʌɨɦɛɟɪɝ Ȼ.ɋ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ȼИȺɆ) 
Ɇɚɪɤɨɜɰɟɜ ȼ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɍɥɶɹɧɨɜɫɤɢɣ ɇИȺɌ) 
ɉɨɫɬɧɨɜ ȼ.ɂ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ȼИȺɆ) 
ɋɥɚɜɢɧ Ⱥ.ȼ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ȼИȺɆ) 
ɒɦɨɬɢɧ ɘ.ɇ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɈȾК) 

Ⱥɝɪɚɮɟɧɢɧɚ ȿ.Ⱥ. ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬаɪɶ (ȼɂАМ) 

ɀɭɪɧɚɥ ɜɤɥɸɱɟɧ ɜ ɉɟɪɟɱɟɧɶ ɜɟɞɭɳɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɨɜ ɢ ɢɡɞɚɧɢɣ, 
ɜ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɭɛɥɢɤɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɣ 
ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɵɯ ɫɬɟɩɟɧɟɣ ɞɨɤɬɨɪɚ ɢ ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ, ɧɚɭɤɨɦɟɬɪɢɱɟɫɤɭɸ ɛɚɡɭ 
ɊИɇɐ (Ɋɨɫɫɢɣɫɤɢɣ ɢɧɞɟɤɫ ɧɚɭɱɧɨɝɨ ɰɢɬɢɪɨɜɚɧɢɹ), ɪɟɮɟɪɚɬɢɜɧɨ-ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ 
ɛɚɡɭ RSCI (Russian Science Citation Index ɧɚ ɩɥɚɬɮɨɪɦɟ Web of Science).  ɀɭɪɧɚɥ 
ɜɯɨɞɢɬ ɜ Ɇɟɠɞɭɧɚɪɨɞɧɭɸ ɚɫɫɨɰɢɚɰɢɸ ɢɡɞɚɬɟɥɟɣ (PILA – Publishers International 
Linking Association) ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɟɤɬɟ CrossRef. ȼɫɟɦ ɫɬɚɬɶɹɦ, ɩɭɛɥɢɤɭɟɦɵɦ  
ɜ ɠɭɪɧɚɥɟ, ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɢɧɞɟɤɫɵ DOI (Digital Object Identifier). 
ɉɨɥɧɵɟ ɬɟɤɫɬɵ ɫɬɚɬɟɣ ɫ 2005 ɩɨ 2018 ɝɨɞ ɧɚɯɨɞɹɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ  
ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɠɭɪɧɚɥɚ www.journal.viam.ru ɜ ɪɚɡɞɟɥɟ «Ⱥɪɯɢɜ ɠɭɪɧɚɥɚ».  
ɉɨɥɧɵɟ ɬɟɤɫɬɵ ɫɬɚɬɟɣ ɠɭɪɧɚɥɚ ɬɟɤɭɳɟɝɨ ɝɨɞɚ ɞɨɫɬɭɩɧɵ ɩɪɢ ɨɮɨɪɦɥɟɧɢɢ ɤɨɦɦɟɪɱɟ-
ɫɤɨɝɨ ɞɨɫɬɭɩɚ ɤ ɢɡɞɚɧɢɸ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɥɸɛɨɣ ɮɨɪɦɟ ɫɫɵɥɤɚ ɧɚ ɠɭɪɧɚɥ «Ⱥɜɢɚɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ» ɨɛɹɡɚɬɟɥɶɧɚ. 

©  ɎȽɍɉ  «ȼИȺɆ», 2021 

Ⱥɞɪɟɫ ɪɟɞɚɤɰɢɢ: 
Ɋɨɫɫɢɹ, 105005, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɋɚɞɢɨ, 17 

Tɟɥ.: +7 (499) 263-87-37;  +7 (499) 263-87-18; ɮɚɤɫ: +7 (499) 267-86-09 

Эɥ. ɩɨɱɬɚ: journal@viam.ru; ɫɚɣɬ: www.journal.viam.ru 

ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɫɪɟɞɫɬɜɚ ɦɚɫɫɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ  
Эɥ № Ɏɋ77-79717 ɨɬ 07.12.2020.  
 

ɂɡɞɚɬɟɥɶ 

ɎȽɍɉ «ȼИȺɆ» Ƚɇɐ ɊɎ 
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ɂɁȾȺȿɌɋə ɋ 2000 ȽɈȾȺ 

ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɢ ɫɬɚɥɢ  
 

Ɇɚɡɚɥɨɜ ɉ.Ȼ., ɋɭɯɨɜ Ⱦ.ɂ., ɋɭɥɶɹɧɨɜɚ ȿ.Ⱥ., Ɇɚɡɚɥɨɜ ɂ.ɋ. 
ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 

Ɇɢɧ ɉ.Ƚ., ȼɚɞɟɟɜ ȼ.ȿ., Ʉɪɚɦɟɪ ȼ.ȼ. Ɋɚɡɪɚɛɨɬɤɚ  
ɧɨɜɨɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ȼɀɆ200 ɢ 
ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥɹ ɥɢɬɶɹ ɦɟɬɨɞɨɦ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

 

Ʌɟɝɤɢɟ ɫɩɥɚɜɵ  
 

Щɟɬɢɧɢɧɚ ɇ.Ⱦ., Ʉɭɡɧɟɰɨɜɚ ɉ.ȿ., Ⱦɵɧɢɧ ɇ.ȼ., ɋɟɥɢ-
ɜɚɧɨɜ Ⱥ.Ⱥ. ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɫ ɞɨɛɚɜɤɚɦɢ 
ɫɤɚɧɞɢɹ ɢ ɰɢɪɤɨɧɢɹ ɜ ɚɞɞɢɬɢɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ (ɨɛɡɨɪ) 
ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ɇ.Ю., ɇɟɮɟɞɨɜɚ Ю.ɇ., ɋɟɥɢɜɚɧɨɜ Ⱥ.Ⱥ., 
Ʉɨɜɚɥɟɧɤɨ Ⱥ.ȼ., Ɉɝɭɪɰɨɜ ɉ.ɋ., ɋɨɥɨɜɶɟɜ ȼ.Ⱥ. Ⱥɜɬɨ-
ɤɥɚɜɧɨɟ ɮɨɪɦɨɜɚɧɢɟ ɨɛɲɢɜɨɤ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ 
ɢɡ ɩɥɢɬ ɫɩɥɚɜɚ 1441 

 

ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ  
 

Ʉɨɧɞɪɚɲɨɜ ɋ.ȼ., ɉɵɯɬɢɧ Ⱥ.Ⱥ., Ɇɟɥɶɧɢɤɨɜ Ⱥ.Ⱥ., Ⱥɧɬɸ-
ɮɟɟɜɚ ɇ.ȼ., Ƚɭɫɟɜɚ Ɇ.Ⱥ., Ȼɪɚɜɚɹ ɇ.Ɇ., ɋɚɪɚɬɨɜɫɤɢɯ ɋ.Ʌ., 
ɉɚɧɢɧ Ⱥ.ɇ., ɀɚɪɤɨɜ ɂ.ȼ., Ʌɨɛɚɧɨɜ Ɇ.ȼ. ɋɢɧɬɟɡ ɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1, ɦɨɞɢɮɢ-
ɰɢɪɨɜɚɧɧɵɯ ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦɢ ɧɚɧɨɜɨɥɨɤɧɚɦɢ γ-Al2O3 
(ɧɚɮɟɧ), ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ  ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶ-
ɧɨɣ ɞɟɫɬɪɭɤɰɢɢ 

 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 

 

Ʉɚɛɥɨɜ ȿ.ɇ., Щɟɬɚɧɨɜ Ȼ.ȼ., Ȼɨɥɶɲɚɤɨɜɚ Ⱥ.ɇ., ȿɮɢ-
ɦɨɱɤɢɧ ɂ.Ю., Щɟɪɛɚɤɨɜ ȿ.Ɇ. ɇɢɨɛɢɣ,  ɚɪɦɢɪɨɜɚɧɧɵɣ  
ɜɨɥɨɤɧɚɦɢ  α-Al2O3. ɑɚɫɬɶ 1.  Ⱦɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ  ɤɨɦ-
ɩɨɡɢɰɢɢ 

ɋɨɤɨɥɨɜ Ⱥ.ȼ., Ⱦɟɣɧɟɝɚ Ƚ.ɂ., Ʉɭɡɶɦɢɧɚ ɇ.Ⱥ., Ʉɭɡɶɦɢ-
ɧɚ ɂ.Ƚ. ɋɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɢɱɧɨ ɫɬɚɛɢɥɢɡɢɪɨ-
ɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɞɨɩɢɪɨɜɚɧɧɨɝɨ ɚɥɸɦɨɦɚɝ-
ɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɶɸ 

Ʉɨɪɨɥɟɜ Ⱦ.ȼ., ɋɬɨɥɹɧɤɨɜ Ю.ȼ., ɉɢɫɤɨɪɫɤɢɣ ȼ.ɉ., 
ȼɚɥɟɟɜ Ɋ.Ⱥ., Ȼɚɯɦɟɬɶɟɜ Ɇ.ȼ., Ⱦɜɨɪɟɰɤɚɹ ȿ.ȼ., Ʉɨ-
ɩɥɚɤ Ɉ.ȼ., Ɇɨɪɝɭɧɨɜ Ɋ.Ȼ. Ɇɚɝɧɢɬɧɵɟ  ɫɜɨɣɫɬɜɚ  ɢ  
ɩɨɥɨɫɨɜɵɟ  ɞɨɦɟɧɵ ɜ  ɦɢɤɪɨɩɨɥɨɫɤɚɯ  PrDyFeCoB 

Ȼɚɛɚɲɨɜ ȼ.Ƚ., ȼɚɪɪɢɤ ɇ.Ɇ., Ɇɚɤɫɢɦɨɜ ȼ.Ƚ., ɋɚɦɨɪɨ-
ɞɨɜɚ Ɉ.ɇ. Ɉɤɫɢɞɧɨɟ ɜɨɥɨɤɧɨ ɫ ɩɨɤɪɵɬɢɟɦ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɋɢɞɨɪɢɧɚ Ⱥ.ɂ. Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɬɤɚɧɢ 
ɜ ɢɡɞɟɥɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ (ɨɛɡɨɪ) 
Ɍɢɦɨɲɤɨɜ ɉ.ɇ., Ƚɨɧɱɚɪɨɜ ȼ.Ⱥ., ɍɫɚɱɟɜɚ Ɇ.ɇ., 
Хɪɭɥɶɤɨɜ Ⱥ.ȼ. Ɋɚɡɜɢɬɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞ-
ɤɢ: ɨɬ ɢɫɬɨɤɨɜ ɞɨ ɧɚɲɢɯ ɞɧɟɣ (ɨɛɡɨɪ). ɑɚɫɬɶ 2. Ⱥɜɬɨɦɚ-
ɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɜɨɥɨɤɨɧ (AFP) 
 

ɂɫɩɵɬɚɧɢя ɦɚɬɟɪɢɚɥɨɜ  
 

Хɨɪɨɜɚ ȿ.Ⱥ., Ɍɪɟɬɶɹɤɨɜɚ ɇ.Ⱥ., ȼɚɤɭɥɨɜ ɇ.ȼ. Иɫɫɥɟ-
ɞɨɜɚɧɢɟ  ɫɬɨɣɤɨɫɬɢ  ɪɟɡɢɧ ɤ ɜɨɡɞɟɣɫɬɜɢɸ  ɩɥɟɫɧɟɜɵɯ  
ɝɪɢɛɨɜ  

 

 

3 

 

 

11 

 

 

 

 

 

 

 

19 

 

 

35 

 

 

 

 

 

 

45 

 

 

 

 

 

 

 

 

 

58 

 

 

 

78 

 

 

 

 

86 

 

 

 

94 

 

 

105 

 

117 

 

 

 

 

 

 

128 

 

 

 

 

ɋɈȾȿɊɀȺɇɂȿ 

Ɋɟɞɚɤɰɢɹ: 
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ɤɨɪɪɟɤɬɨɪ – ɂ.ɋ. Ɍɭɦаɧɨɜа; ɜɟɪɫɬɤɚ – М.ɋ. Ɂаɤɪɠɟɜɫɤая 

 

Ɉɬɜɟɬɫɬɜɟɧɧɵɣ ɡɚ ɜɵɩɭɫɤ – ȼ.Ƚ. Ⱦɜɨɪяшɢɧ 
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ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɜ ɞɟɮɨɪɦɢɪɭɟɦɨɦ ɢ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭ-

ɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ, 
ɬɚɤɢɯ ɤɚɤ ɥɨɩɚɬɤɢ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. Ⱦɚɧɧɵɟ ɫɩɥɚɜɵ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɠɚ-
ɪɨɩɪɨɱɧɨɫɬɢ ɛɥɚɝɨɞɚɪɹ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɦɭ ɢ ɤɚɪɛɢɞɧɨɦɭ ɭɩɪɨɱɧɟɧɢɸ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɥɟɝɢɪɭɸɬ ɯɪɨɦɨɦ 
ɜ ɤɨɥɢɱɟɫɬɜɟ >15 % (ɩɨ ɦɚɫɫɟ). ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɬɚɤɠɟ 
ɫɬɚɥɢ ɩɪɢɦɟɧɹɬɶɫɹ ɢ ɜ ɚɞɞɢɬɢɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨɟɧɢɹ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ  
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɤɨɛɚɥɶɬɨɜɵɣ ɫɩɥɚɜ, ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɟ ɭɩɪɨɱɧɟɧɢɟ, ɤɚɪɛɢɞɧɨɟ 
ɭɩɪɨɱɧɟɧɢɟ, ɠɚɪɨɩɪɨɱɧɨɫɬɶ, ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɚɞɞɢɬɢɜɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. 

 
P.B. Mazalov1, D.I. Suhov1, E.A. Sulyanova1, I.S. Mazalov1  
 

HEAT-RESISTANT  COBALT-BASED  ALLOYS 

 
Cobalt-based alloys are widely used for manufacturing of various components of gas turbine 

engines and gas turbines such as vanes and combustion chambers both in wrought state and as 
cast parts. They have been designed for improving the heat resistance due to solid solution and 
carbide-strengthening mechanisms. In order to obtain satisfactory oxidation resistance and hot 
corrosion resistance cobalt-based alloys are doped with sufficient amount of chromium (above 
15 % wt.). Recently additive manufacturing has started to use cobalt-based alloys. The paper 
considers the features of the structure of high-temperature cobalt-based alloys and their appli-
cation in various branches of industry. 

Keywords: cobalt-based alloy, solid-solution hardening, carbide hardening, heat resistance, 
corrosion resistance, additive manufacturing. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «All-Russian Scientific Research Institute of AvТКЭТon εКЭОrТКls» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Ɋɚɡɜɢɬɢɟ ɦɟɬɚɥɥɭɪɝɢɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɡɞɚɧɢɸ ɜɫɟ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɯ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ Д1, 2Ж, ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɯ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ Д3Ж. ɂɡ-ɡɚ ɪɚɡɧɨɨɛɪɚɡɢɹ ɚɝɪɟɫɫɢɜɧɵɯ 
ɫɪɟɞ, ɜ ɤɨɬɨɪɵɯ ɪɚɛɨɬɚɟɬ ɦɚɬɟɪɢɚɥ, ɜɧɢɦɚɧɢɟ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɫɩɥɚɜɨɜ ɬɚɤɠɟ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɨ ɧɚ ɩɪɨɛɥɟɦɟ ɞɟɝɪɚɞɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɜɫɥɟɞɫɬɜɢɟ ɨɤɢɫɥɟɧɢɹ ɢ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ 
[4, 5Ж. ɋɨɡɞɚɸɬɫɹ ɫɩɥɚɜɵ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ. 

ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫ ɫɟɪɟɞɢɧɵ XX ɜ. ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɡ-
ɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɥɨɩɚɬɤɢ ɢɥɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɢ ɚɜɢɚ-
ɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɝɨ ɢ ɤɚɪɛɢɞɧɨɝɨ ɭɩɪɨɱɧɹɸɳɢɯ ɦɟɯɚɧɢɡɦɨɜ. Ɂɧɚɱɢɬɟɥɶɧɵɟ ɞɨɛɚɜɤɢ 
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ɯɪɨɦɚ (>20 % (ɩɨ ɦɚɫɫɟ)) ɨɛɟɫɩɟɱɢɜɚɸɬ ɯɨɪɨɲɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ ɢ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ.  

ɂɡ-ɡɚ ɭɧɢɤɚɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ Д4Ж ɫɬɚɥɢ 
ɨɞɧɢɦɢ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɝɚɡɨ-
ɜɵɯ ɬɭɪɛɢɧ. Ʉɨɛɚɥɶɬ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ ɜ ɞɚɧɧɵɯ ɫɭɩɟɪɫɩɥɚ-
ɜɚɯ, ɩɨɷɬɨɦɭ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɜɟɥɨ ɤ ɩɨɹɜɥɟɧɢɸ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ, ɢɦɟɸɳɟɣ 
ɛɨɥɶɲɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɥɭɱɚɟɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɬɟɦɩɟɪɚ-
ɬɭɪɚɦɢ, ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɟɣ ɢ ɢɡɧɨɫɨɦ. 

ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɩɨɥɨɝɨɣ ɤɪɢɜɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɥ-
ɡɭɱɟɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɲɟɣ ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɵ-
ɦɢ ɧɢɤɟɥɟɜɵɦɢ ɫɩɥɚɜɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵ, ɱɟɦ ɠɚɪɨɩɪɨɱɧɵɟ 
ɫɩɥɚɜɵ, ɩɪɢɦɟɧɹɸɳɢɟɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ɞɜɢɝɚɬɟɥɟɣ ɩɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɯɧɨ-
ɥɨɝɢɢ ɥɢɬɶɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɛɟɡ ɞɟɮɟɤɬɨɜ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨɟɧɢɹ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ 
ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.4. 
«Ɍɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɛɢ- ɢ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɟɫɬɟɫɬɜɟɧɧɨɚɪɦɢɪɨɜɚɧɧɵɯ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ» 
(«ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ 
ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д6Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɜɵɞɟɪɠɢɜɚɸɳɢɯ ɜɵɫɨɤɢɟ ɧɚɝɪɭɡɤɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д7, 8Ж. ȼɧɢɦɚ-
ɧɢɟ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɢɜɥɟɤɚɥɚ ɬɚɤɠɟ ɩɪɨɛɥɟɦɚ ɞɟɝɪɚɞɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɜɫɥɟɞɫɬɜɢɟ ɨɤɢɫ-
ɥɟɧɢɹ ɢ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɜɟɥɚɫɶ ɬɚɤɠɟ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɭɥɭɱɲɟɧɢɹ ɢɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ. ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɨɛɥɚ-
ɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɨɧɢ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ Д9Ж. 

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧ ɫɨɫɬɚɜ ɥɢɬɵɯ ɢ ɞɟɮɨɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 
Д10Ж. ȼ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɚɯ Haynes-25 ɢ Haynes-188 ɨɫɧɨɜɧɨɣ ɭɩɪɨɱɧɹɸɳɢɣ ɦɟɯɚ-
ɧɢɡɦ – ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɵɣ. Ɉɧ ɪɟɚɥɢɡɭɟɬɫɹ ɩɭɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɫɩɥɚɜɚ ɯɪɨɦɨɦ, ɜɨɥɶɮɪɚ-
ɦɨɦ ɢ ɧɢɤɟɥɟɦ. 

 
ɋɨɫɬɚв ɫɨвɪɟɦɟɧɧɵɯ ɫɩɥɚвɨв ɧɚ ɨɫɧɨвɟ ɤɨɛɚɥьɬɚ 

ɋɩɥɚɜ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Cr Ni W Ta C B Zr 
ɨɫɬɚɥɶɧɵɟ  
ɷɥɟɦɟɧɬɵ 

X-40 26,5 10,5 7,5 – 0,50 0,010 – – 
X-45 26,5 10,5 7,5 – 0,75 0,010 – – 
FSX-414 29,5 10,5 7,0 – 0,35 0,010 – – 
MAR-M 302 21,5 – 10,0 9,0 0,85 0,005 0,2 – 
MAR-M 509 21,5 10,0 7,0 3,5 0,60 – 0,5 0,2 Ti 
Haynes-25 20,0 10,0 15,0 – 0,10 – – 1,5 Mn 
Haynes-188 25,5 22,0 15,0 – 0,08 – – 0,2 Si; 0,08 La 
AiResist 13 21,0 1,0 11,0 – 0,45 – – 3,5 Al 
Inconel 783 3,0 28,0 – – 0,03 0,010 – 25,0 Fe; 5,5 Al; 3,0 Nb 
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Ʉɨɛɚɥɶɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з420 °ɋ Д11Ж ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɨɥɢɦɨɪɮɧɵɣ ɩɟɪɟɯɨɞ ɢɡ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɤɭɛɢɱɟ-
ɫɤɭɸ. Ɋɟɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɛɚɥɶɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ <420 °ɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ 
ɤɭɛɢɱɟɫɤɨɣ ɢ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɮɨɪɦ Д12, 13Ж. Ɂɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɞɚɧɧɵɣ ɩɨɥɢɦɨɪɮɧɵɣ 
ɩɟɪɟɯɨɞ ɜ ɪɟɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɩɥɚɜɚɯ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɪɚɫɬɹɧɭɬ 
ɜɨ ɜɪɟɦɟɧɢ ɢ ɤɨɦɩɟɧɫɢɪɨɜɚɧ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. ȼɜɢɞɭ ɧɚɥɢɱɢɹ ɞɟɮɟɤɬɨɜ ɭɩɚ-
ɤɨɜɤɢ ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɬɜɟɪɞɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ. 

ɍɝɥɟɪɨɞ ɜ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɚɯ ɜ ɤɨɥɢɱɟɫɬɜɟ ɨɬ 0,25 ɞɨ 1 % (ɩɨ ɦɚɫɫɟ) ɫɩɨɫɨɛ-
ɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɤɚɪɛɢɞɨɜ, ɱɬɨ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɩɪɨɱɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ. Ʉɚɪɛɢɞ-
ɧɚɹ ɫɟɬɤɚ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɫɩɥɚɜɚ, ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɛɢɥɶɧɚ ɢ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼ ɫɩɥɚɜɚɯ Х-40 ɢ MAR-M 509 ɧɚɥɢɱɢɟ ɤɚɪ-
ɛɢɞɧɨɣ ɫɟɬɤɢ ɭɥɭɱɲɚɟɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɫɪɟɞɧɟɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ, ɧɨ 
ɭɯɭɞɲɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д14Ж. Ʉɚɪɛɢɞɧɚɹ ɫɟɬɤɚ 
ɭ ɝɪɚɧɢɰ ɡɟɪɟɧ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɢɯ ɫɦɟɳɟɧɢɟ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɩɪɨɱɧɟɧɢɟ ɜ ɫɩɥɚɜɚɯ ɬɢɩɚ 
MAR-M509. Ʉɚɪɛɢɞɵ ɬɚɤɠɟ ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɬɨɣɤɨɫɬɢ ɫɩɥɚɜɚ ɤ ɨɤɢɫɥɟɧɢɸ. 

Хɨɬɹ ɭɩɪɨɱɧɟɧɢɟ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ γʹ-ɮɚɡɨɣ ɧɟ ɧɚɯɨɞɢɬ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨ ɩɪɢɱɢɧɟ ɟɟ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɞɨɥɠɚɸɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɞɚɧɧɨɝɨ ɬɢɩɚ 
[15–17]. 

Хɪɨɦ ɜ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɨɣɤɨɫɬɶ ɤ ɫɭɥɶɮɢɞɧɨ-ɨɤɫɢɞɧɨɣ 
ɤɨɪɪɨɡɢɢ, ɹɜɥɹɟɬɫɹ ɤɚɪɛɢɞɨɨɛɪɚɡɨɜɚɬɟɥɟɦ (M7C3, M23C6) ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 
ɦɚɬɪɢɱɧɨɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ γ-ɮɚɡɵ. Хɪɨɦ – ɨɫɧɨɜɧɨɣ ɷɥɟɦɟɧɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɤɨɪ-
ɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ, ɨɛɪɚɡɭɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɪɶɟɪɧɵɣ ɨɤɫɢɞ-
ɧɵɣ (Cr2O3) ɢɥɢ ɲɩɢɧɟɥɶɧɵɣ (MCrO4) ɫɥɨɢ. Ⱥɥɸɦɢɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɨɤɫɢɞɚɧɬɚ ɢɫ-
ɩɨɥɶɡɨɜɚɥɫɹ ɜ ɫɩɥɚɜɟ AiResist 13 Д18Ж, ɨɛɟɫɩɟɱɢɜɚɹ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɛɥɚɝɨɞɚɪɹ 
ɨɛɪɚɡɨɜɚɧɢɸ ɨɤɫɢɞɚ Al2O3 ɢ ɲɩɢɧɟɥɢ MAl2O4. Ɉɞɧɚɤɨ ɚɥɸɦɢɧɢɣ ɪɟɞɤɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ 
ɤɨɦɦɟɪɱɟɫɤɢɯ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɚɯ.  

ɇɢɤɟɥɶ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɤɭɛɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɜ ɤɨɛɚɥɶɬɟ ɢ ɨɛɪɚɡɭɟɬ ɦɚɬɪɢɱɧɭɸ 
ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɭɸ γ-ɮɚɡɭ. ȼɨɥɶɮɪɚɦ ɢ ɦɨɥɢɛɞɟɧ, ɤɚɤ ɢ ɧɢɤɟɥɶ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɜɟɪɞɨ-
ɪɚɫɬɜɨɪɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɢ ɹɜɥɹɸɬɫɹ ɤɚɪɛɢɞɨɨɛɪɚɡɨɜɚɬɟɥɹɦɢ (M6C, MC). Ɍɚɧɬɚɥ ɢ ɬɢɬɚɧ 
ɬɚɤɠɟ ɭɱɚɫɬɜɭɸɬ ɜ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɦ ɭɩɪɨɱɧɟɧɢɢ ɢ ɨɛɪɚɡɭɸɬ ɤɚɪɛɢɞɵ ɬɢɩɚ MC. Ⱦɥɹ 
ɭɥɭɱɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ ɜ ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɞɨɛɚɜɥɹɸɬ ɚɥɸɦɢɧɢɣ, ɢɬɬɪɢɣ 
ɢ ɥɚɧɬɚɧ. ɐɢɪɤɨɧɢɣ ɢ ɛɨɪ ɭɩɪɨɱɧɹɸɬ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɛɥɚɝɨɞɚɪɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ ɧɢɯ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɤɚɪɛɢɞɨɜ ɢ ɛɨɪɢɞɨɜ, ɚ ɭɝɥɟɪɨɞ ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɤɚɪ-
ɛɢɞɨɜ MC, M6C, M23C6, M7C3 [19, 20]. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɨɡɧɢɤɥɨ ɧɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ, 
ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɢɯ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɵɯ ɫɜɨɣɫɬɜ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɧɢɯ ɫɬɚɥɢ ɞɨɛɚɜɥɹɬɶ ɬɭɝɨɩɥɚɜɤɢɟ ɷɥɟɦɟɧɬɵ, ɬɚɤɢɟ 
ɤɚɤ Re, Ta, W, Mo. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɠɚɪɨɩɪɨɱɧɨɫɬɢ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɥɡɭ-
ɱɟɫɬɢ, ɭɥɭɱɲɟɧɢɸ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɢ ɢɯ ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫ-
ɥɟɧɢɸ Д21Ж. Ɋɟɧɢɣ ɫɞɟɪɠɢɜɚɟɬ ɞɜɢɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ, ɨɛɪɚɡɭɹ ɦɟɥɤɢɟ ɤɥɚɫɬɟɪɵ, ɤɨɬɨ-
ɪɵɟ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɩɪɟɩɹɬɫɬɜɢɟ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɩɨɥɡɭɱɟɫɬɶ. Ⱦɨɛɚɜɥɟɧɢɟ ɪɟɧɢɹ 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɫɭɩɟɪɫɩɥɚɜɨɜ. Ɉɞɧɚɤɨ ɢɡɛɵɬɨɱɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɥɹɟɦɵɯ ɪɟɧɢɹ ɢ ɬɚɧɬɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬ ɯɪɭɩɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɡɵɜɚɟɬ 
ɨɛɪɚɡɨɜɚɧɢɟ ɬɨɩɨɥɨɝɢɱɟɫɤɢ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɵɯ ɮɚɡ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢ 
ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɨɞɢɬɫɹ ɦɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɵ ɤɨɛɚɥɶɬɨɜɵɯ 
ɫɩɥɚɜɨɜ, ɥɟɝɢɪɨɜɚɧɧɵɯ ɬɭɝɨɩɥɚɜɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ɏɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɤɨɛɚɥɶɬɨɜɨɣ ɬɜɟɪ-
ɞɨɪɚɫɬɜɨɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɛɨɪɫɨɞɟɪɠɚɳɟɦ ɫɩɥɚɜɟ ɫɨɫɬɚɜɚ (ɜ % (ɚɬɨɦɧ.)) Co–17Re–23Cr 
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ɢɡ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɮɨɪɦɵ ɜ ɤɭɛɢɱɟɫɤɭɸ ɢɡɭɱɟɧ in situ-ɦɟɬɨɞɨɦ ɞɢɮɪɚɤɰɢɢ ɧɟɣɬɪɨɧɨɜ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1500 °ɋ Д22Ж. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɛɨɪɚ ɞɨ 
1000 ppm ɩɨɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ Co ɢ Cr ɢɡ ɬɜɟɪ-
ɞɨɪɚɫɬɜɨɪɧɨɣ ɦɚɬɪɢɰɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɹɟɬɫɹ ɫɨɫɬɚɜ ɦɚɬɪɢɰɵ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɪɚɡ-
ɞɟɥɚ ɮɚɡ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜ ɧɟɣ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɬɨɪɢɱɧɨɣ ɢ 
ɬɪɟɬɢɱɧɨɣ ɮɚɡ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɇɨɜɵɟ ɮɚɡɵ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɩɨ ɩɚɪɚ-
ɦɟɬɪɚɦ ɪɟɲɟɬɤɢ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɨɜ (ɜ % (ɚɬɨɦɧ.)) Co–17Re–23Cr–2,6C ɢ  
Co–17Re–23Cr–1,2Ta–2,6C ɢɡɭɱɟɧɚ ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɭɸɳɟɣ ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤ-
ɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ Д23Ж. ɍɩɪɨɱɧɟɧɢɟ ɜ ɞɚɧɧɵɯ ɫɩɥɚɜɚɯ ɞɨɫɬɢɝɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɤɚɪɛɢɞɨɜ ɯɪɨɦɚ ɢ/ɢɥɢ ɜɨɥɶɮɪɚɦɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɤɚɪɛɢɞɨɜ ɩɪɨɜɟɞɟɧɨ ɦɟɬɨɞɨɦ 
ɚɬɨɦɧɨ-ɡɨɧɞɨɜɨɣ ɬɨɦɨɝɪɚɮɢɢ. Ʉɚɪɛɢɞɵ ɯɪɨɦɚ ɢ ɬɚɧɬɚɥɚ, ɹɜɥɹɸɳɢɟɫɹ ɭɩɪɨɱɧɢɬɟɥɹɦɢ ɜ 
ɞɚɧɧɵɯ ɫɩɥɚɜɚɯ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɧɢɯ ɤɚɤ ɜ ɜɢɞɟ ɱɚɫɬɢɰ ɧɚɧɨɦɟɬɪɨɜɨɝɨ ɪɚɡɦɟɪɚ, ɬɚɤ ɢ ɜ 
ɜɢɞɟ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɩɨɪɹɞɤɚ ɦɢɤɪɨɦɟɬɪɚ. ɂɡɭɱɟɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɢɫɫɥɟ-
ɞɭɟɦɵɯ ɫɩɥɚɜɨɜ Д23Ж. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɚ ɬɢɩɚ ɤɚɪɛɢɞɨɜ ɭɫɬɨɣɱɢɜɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 
1000 °ɋ. ɉɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɫɬɚɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200 °ɋ ɤɚɪɛɢɞɵ ɬɚɧɬɚɥɚ ɛɨɥɟɟ 
ɫɬɚɛɢɥɶɧɵ, ɱɟɦ ɤɚɪɛɢɞɵ ɯɪɨɦɚ. 

ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Co–Re ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ 
ɤɨɛɚɥɶɬɨɜɵɦ ɢ ɧɢɤɟɥɟɜɵɦ ɫɩɥɚɜɚɦ Д24Ж. Ʌɟɝɢɪɨɜɚɧɢɟ ɪɟɧɢɟɦ ɭɜɟɥɢɱɢɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɥɚɜɥɟɧɢɹ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ Д25Ж, ɢ ɨɧɢ ɞɨɩɨɥɧɹɸɬ ɧɢɤɟɥɟɜɵɟ ɫɭɩɟɪɫɩɥɚɜɵ ɩɪɢ 
ɫɜɟɪɯɜɵɫɨɤɢɯ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɫ (γ+γʹ)-ɫɬɪɭɤ- 
ɬɭɪɨɣ, ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Co–Re ɢɦɟɸɬ ɫɥɨɠɧɭɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɫɨ ɦɧɨɠɟɫɬɜɨɦ ɪɚɡɥɢɱ-
ɧɵɯ ɮɚɡ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɦɨɪɮɨɥɨɝɢɢ. Ʉɚɪɛɢɞɵ ɬɢɩɚ MC ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦɢ ɭɩɪɨɱɧɢɬɟ-
ɥɹɦɢ ɜ ɞɚɧɧɵɯ ɫɩɥɚɜɚɯ, ɚ ɯɪɨɦ ɢ ɤɪɟɦɧɢɣ ɨɬɜɟɱɚɸɬ ɡɚ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ (ɫɦ. ɬɚɛɥɢɰɭ) ɨɫɧɨɜɧɵɦ ɥɟɝɢɪɭɸɳɢɦ 
ɷɥɟɦɟɧɬɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɯɪɨɦ. 
ɋɩɥɚɜɨɜ, ɬɚɤɢɯ ɤɚɤ AiResist 13 Д26Ж, ɜ ɤɨɬɨɪɵɯ ɩɨɜɵɲɟɧɢɟ ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɥɟɝɢɪɨɜɚɧɢɟɦ ɚɥɸɦɢɧɢɟɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ. 

ɑɢɫɬɵɣ ɧɢɤɟɥɶ ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɢɟ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ, ɱɟɦ ɤɨɛɚɥɶɬ, ɛɥɚɝɨɞɚɪɹ 
ɛɨɥɟɟ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɢ ɫɚɦɨɞɢɮɮɭɡɢɢ Д27Ж. Ɉɞɧɚɤɨ ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Co–Cr ɷɤɜɢɜɚɥɟɧɬ-
ɧɵ ɩɨ ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫɥɟɧɢɸ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨ ɞɚɧɧɨɦɭ ɫɜɨɣɫɬɜɭ  
ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Ni–Cr. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɨ ɫɪɟɞɨɣ ɨɤɢɫɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟ-
ɪɢɚɥɚ ɨɛɪɚɡɭɸɬɫɹ ɲɩɢɧɟɥɶɧɵɟ (MCr2O4) ɢɥɢ ɨɤɫɢɞɧɵɟ (CoO, Cr2O3) ɛɚɪɶɟɪɵ, ɤɨɬɨɪɵɟ 
ɩɪɟɩɹɬɫɬɜɭɸɬ ɨɤɢɫɥɟɧɢɸ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɑɢɫɬɵɣ Coτ ɹɜɥɹɟɬɫɹ ɦɟɬɚɥɥɨɞɟɮɢ-
ɰɢɬɧɵɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ p-ɬɢɩɚ, ɢ ɞɚɠɟ ɧɟɛɨɥɶɲɢɟ ɞɨɛɚɜɤɢ ɛɨɥɟɟ ɜɵɫɨɤɨɜɚɥɟɧɬɧɨɝɨ 
ɷɥɟɦɟɧɬɚ ɯɪɨɦɚ ɭɜɟɥɢɱɢɜɚɸɬ ɫɤɨɪɨɫɬɶ ɨɤɢɫɥɟɧɢɹ Д27Ж. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɜɟɞɟɬ ɫɟ-
ɛɹ ɢ ɧɢɤɟɥɶ Д28Ж. 

ɇɢɡɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɚɦɨɞɢɮɮɭɡɢɢ ɤɪɟɦɧɢɹ ɢ ɚɥɸɦɢɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɨɤɫɢɞɚɯ ɨɩɪɚɜɞɵɜɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɜ 
ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɚɯ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɢɯ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɛɥɚɝɨɞɚɪɹ ɨɛɪɚɡɨɜɚ-
ɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɥɚɜɚ ɨɤɫɢɞɨɜ SiO2 ɢɥɢ A12Ɉ3. Ɂɚɳɢɬɧɵɟ ɫɥɨɢ Al2Ɉ3 ɲɢɪɨɤɨ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɫɢɫɬɟɦɚɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɭɩɟɪɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ 
ɧɢɤɟɥɹ. Ʌɟɝɢɪɨɜɚɧɢɟ ɚɥɸɦɢɧɢɟɦ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɨɤɪɵɬɢɹɯ ɬɢɩɚ ε–Cr–Al.  
Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɯɪɨɦɨɦ ɢ ɚɥɸɦɢɧɢɟɦ ɩɨɜɵɲɚɟɬ ɫɬɨɣɤɨɫɬɶ ɤɨɛɚɥɶɬɚ ɤ 
ɨɤɢɫɥɟɧɢɸ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ Al2O3, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɦɟɬɚɥɥɭ, ɢ 
ɜɧɟɲɧɟɝɨ ɫɥɨɹ Cr2Ɉ3 Д28Ж. ɋɬɚɛɢɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ Al2O3 ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɨɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ ɩɪɟɜɵɲɚɟɬ 
ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɧɢɠɟ ɤɨɬɨɪɨɝɨ ɧɚɛɥɸɞɚɟɬɫɹ ɜɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ. 



ЖаȞȜȝȞȜȥțые ȟȝșаȐы Ȗ ȟȠаșȖ  

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  №и (л4)  з0з1                                                                      7 

 

Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɫɩɥɚɜ ɫɢɫɬɟɦɵ Co–Cr ɬɚɧɬɚɥɚ ɬɚɤɠɟ ɩɨɜɵɲɚɟɬ ɟɝɨ ɫɬɨɣɤɨɫɬɶ ɤ 
ɨɤɢɫɥɟɧɢɸ. ȼ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ɬɚɧɬɚɥ ɭɞɚɥɹɟɬɫɹ ɢɡ ɜɧɟɲɧɟɝɨ ɫɥɨɹ CoO ɢ ɞɢɮɮɭɧ-
ɞɢɪɭɟɬ ɜ ɛɨɝɚɬɵɣ ɯɪɨɦɨɦ ɨɤɫɢɞɧɵɣ ɫɥɨɣ, ɝɪɚɧɢɱɚɳɢɣ ɫ ɦɟɬɚɥɥɨɦ Д28Ж. ȼ ɤɨɦɦɟɪɱɟ-
ɫɤɢɯ ɫɩɥɚɜɚɯ εAR-M 509 ɢ εAR-ε 302 ɯɨɪɨɲɚɹ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬɫɹ ɢɦɟɧɧɨ ɛɥɚɝɨɞɚɪɹ ɩɪɢɫɭɬɫɬɜɢɸ ɜ ɧɢɯ ɬɚɧɬɚɥɚ Д29Ж. 

Ⱦɨɛɚɜɤɢ ɦɨɥɢɛɞɟɧɚ ɜ ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Co–Cr ɷɮɮɟɤɬɢɜɧɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɨɪ-
ɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1000 °ɋ Д30Ж. ȼɨɥɶɮɪɚɦ, ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ  
ɜ ɫɩɥɚɜɚɯ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɨɱɧɹɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ 
ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɦ ɭɩɪɨɱɧɟɧɢɢ ɦɚɬɟɪɢɚɥɚ, ɢ ɜ ɤɚɱɟɫɬɜɟ ɤɚɪɛɢɞɨɨɛɪɚɡɨɜɚɬɟɥɹ, ɧɟ ɜɧɨɫɢɬ 
ɡɚɦɟɬɧɵɣ ɜɤɥɚɞ ɜ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɨɛɚɜɤɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɩɨ-
ɜɵɲɚɸɬ ɚɞɝɟɡɢɸ ɨɤɫɢɞɧɵɯ ɫɥɨɟɜ ɜ ɫɭɩɟɪɫɩɥɚɜɚɯ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ. 
ɐɟɪɢɣ ɢɥɢ ɢɬɬɪɢɣ ɜ ɫɩɥɚɜɚɯ ɫɨɫɬɚɜɨɜ (ɜ % (ɚɬɨɦɧ.)) Co–10Cr ɢ Co–30Cr ɧɟ ɨɤɚɡɵɜɚɸɬ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ Д31Ж. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟ-
ɦɟɧɬɵ ɞɨɛɚɜɥɹɸɬ ɜ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ (ɥɚɧɬɚɧ – ɜ ɫɩɥɚɜ Haynes-188, ɢɬɬɪɢɣ –  
ɜ ɫɩɥɚɜ FSБ-418), ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɪɚɡɪɵɜ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ. 

ɋɤɨɪɨɫɬɶ ɫɭɥɶɮɢɞɧɨ-ɨɤɫɢɞɧɨɣ ɤɨɪɪɨɡɢɢ ɤɨɛɚɥɶɬɚ Д32Ж ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, 
ɱɟɦ ɞɥɹ ɧɢɤɟɥɹ ɢɥɢ ɠɟɥɟɡɚ. Ⱦɨɛɚɜɥɟɧɢɟ ɯɪɨɦɚ ɜ ɤɨɛɚɥɶɬ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɫɧɢɠɟ-
ɧɢɸ ɫɤɨɪɨɫɬɢ ɫɭɥɶɮɢɞɧɨɣ ɤɨɪɪɨɡɢɢ ɜ H2S. ɂɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɬɨɥɶɤɨ ɚɥɸɦɢɧɢɣ ɨɤɚɡɵɜɚɟɬ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɫɭɥɶɮɢɞɧɨɣ ɤɨɪɪɨ-
ɡɢɢ, ɭɥɭɱɲɚɹ ɤɢɧɟɬɢɤɭ ɫɭɥɶɮɢɞɢɪɨɜɚɧɢɹ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Co–Cr ɜ H2S. ɋɩɥɚɜɵ  
FSX-414 ɢ FSX-418 ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɵ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ ɞɥɹ ɭɥɭɱ-
ɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɫɭɥɶɮɢɞɧɨɣ ɤɨɪɪɨɡɢɢ. 

Хɪɨɦ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɩɨɜɵɲɟɧɧɭɸ 
ɫɬɨɣɤɨɫɬɶ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɤ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ. Хɪɨɦ, ɚɥɸɦɢɧɢɣ, ɬɚɧɬɚɥ ɢ ɢɬɬɪɢɣ 
ɨɤɚɡɵɜɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɝɨɪɹɱɟɣ ɤɨɪɪɨɡɢɢ, ɚ ɦɨɥɢɛɞɟɧ ɢ 
ɜɨɥɶɮɪɚɦ – ɧɟɝɚɬɢɜɧɨɟ Д32Ж. 

ɇɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Co–Re ɬɚɤɠɟ ɢɦɟɸɬ ɯɨɪɨɲɭɸ 
ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ Д33Ж. ɇɟɤɨɬɨɪɵɟ ɞɜɨɣɧɵɟ, ɬɪɨɣɧɵɟ ɢ ɱɟɬɜɟɪɧɵɟ ɫɩɥɚɜɵ ɫɢ-
ɫɬɟɦɵ Co–Re–Cr–C ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɤɥɚɞɚ ɤɚɠ-
ɞɨɝɨ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ ɫɩɥɚɜɚ. ɋɜɨɣɫɬɜɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Co–Re, ɫɨɞɟɪɠɚɳɢɯ 23 ɢ 30 % (ɚɬɨɦɧ.) Cr, ɛɥɢɡɤɢ ɤ ɫɜɨɣɫɬɜɚɦ ɞɜɨɣ-
ɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Co–Cr ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ. Ɉɤɚɥɢɧɚ ɹɜɥɹɟɬɫɹ 
ɦɧɨɝɨɫɥɨɣɧɨɣ ɢ ɫɨɫɬɨɢɬ ɢɡ ɜɧɟɲɧɟɝɨ ɬɜɟɪɞɨɝɨ ɫɥɨɹ CoO, ɩɨɪɢɫɬɨɝɨ ɫɦɟɲɚɧɧɨɝɨ ɨɤɫɢ-
ɞɧɨɝɨ ɫɥɨɹ, ɫɨɞɟɪɠɚɳɟɝɨ ɨɤɫɢɞ ɯɪɨɦɚ ɢ ɲɩɢɧɟɥɶ ɫɢɫɬɟɦɵ Co–Cr, ɢ ɫɥɨɹ Cr2O3. Ⱦɜɨɣ-
ɧɨɣ ɫɩɥɚɜ ɫɢɫɬɟɦɵ Co–Re ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Co–Cr ɩɨ ɫɬɨɣɤɨɫɬɢ ɤ ɨɤɢɫɥɟ-
ɧɢɸ, ɩɨɫɤɨɥɶɤɭ ɜ ɧɟɦ ɨɛɪɚɡɭɟɬɫɹ ɦɨɧɨɥɢɬɧɵɣ ɫɥɨɣ ɨɤɚɥɢɧɵ CoO. Ɉɞɧɚɤɨ Re ɜ ɤɨɦɛɢ-
ɧɚɰɢɢ ɫ ɯɪɨɦɨɦ ɮɨɪɦɢɪɭɟɬ γ-ɮɚɡɭ ɫɢɫɬɟɦɵ Cr–Re, ɤɨɬɨɪɚɹ ɨɤɢɫɥɹɟɬɫɹ ɝɨɪɚɡɞɨ ɛɵɫɬɪɟɟ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɪɨɦɨɜɨɣ ɦɚɬɪɢɰɟɣ. ɍɝɥɟɪɨɞ ɫɜɹɡɵɜɚɟɬ ɱɚɫɬɶ ɯɪɨɦɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɤɚɪɛɢɞɨɜ ɬɢɩɚ Cr23C6. Ɉɞɧɚɤɨ ɷɬɢ ɤɚɪɛɢɞɵ ɧɟɫɬɚɛɢɥɶɧɵ ɩɪɢ 1000 °ɋ ɢ ɪɚɫɬɜɨɪɹɸɬɫɹ ɫɨ 
ɜɪɟɦɟɧɟɦ. ɉɨɷɬɨɦɭ ɭɝɥɟɪɨɞ ɜ ɫɩɥɚɜɚɯ ɫɢɫɬɟɦɵ Co–Re ɢɦɟɟɬ ɧɟɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 
ɫɬɨɣɤɨɫɬɢ ɫɩɥɚɜɚ ɤ ɨɤɢɫɥɟɧɢɸ. ȼ ɰɟɥɨɦ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɯɪɨɦɚ ɜ ɫɩɥɚɜɚɯ  
ɩɨɜɵɲɚɟɬ ɢɯ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ. 

ȼ Ɋɨɫɫɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ 
ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɢɯ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ Д34Ж. ɋɜɨɣɫɬɜɚ ɞɚɧɧɵɯ 
ɫɩɥɚɜɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɚɤɬɢɜɧɨ ɢɫɫɥɟ-
ɞɭɸɬɫɹ ɤɚɤ ɜ Ɋɨɫɫɢɢ Д35Ж, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ Д36, 37Ж. Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ  
ɩɨɤɨɥɟɧɢɹ ɫ ɜɵɫɨɤɢɦ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜ ɚɞɞɢɬɢɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɨɜɦɟɫɬɧɨ ɫ ɨɬɪɚɛɨɬɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɨɛɨ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɨɫɬɚɬɨɱɧɨ ɩɟɪɫɩɟɤɬɢɜɧɨ. 
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Ɂɚɤɥɸчɟɧия 
ɋɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɭɩɪɨɱɧɟɧɵ ɩɨ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɦɭ ɩɪɢɧɰɢɩɭ, ɫɨɞɟɪ-

ɠɚɬ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɤɚɪɛɢɞɵ ɬɢɩɚ ε7C3 ɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɤɚɪɛɢɞɵ 
ɬɢɩɚ ε23C6 ɢ εC (ɜ ɬɚɧɬɚɥɫɨɞɟɪɠɚɳɢɯ ɫɩɥɚɜɚɯ) ɜɧɭɬɪɢ ɡɟɪɟɧ. Ƚɪɚɧɢɰɵ ɡɟɪɟɧ ɭɩɪɨɱɧɟ-
ɧɵ ɛɨɪɨɦ ɢ ɰɢɪɤɨɧɢɟɦ. Ȼɥɚɝɨɞɚɪɹ ɧɟɫɤɨɥɶɤɢɦ ɦɟɯɚɧɢɡɦɚɦ ɭɩɪɨɱɧɟɧɢɹ ɬɚɤɢɟ ɫɩɥɚɜɵ 
ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɯɨɪɨɲɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɭɫɬɚɥɨɫɬɢ ɢ ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɨɤɢɫɥɟɧɢɸ. Ɉɛɳɟɣ ɨɫɨɛɟɧɧɨɫɬɶɸ 
ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɧɟ ɬɨɥɶɤɨ ɜ ɪɹɞɟ ɤɨɦ-
ɦɟɪɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Co–Cr–W–C, ɧɨ ɢ ɜ ɫɩɥɚɜɚɯ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɞɥɹ ɝɚɡɨ-
ɜɵɯ ɬɭɪɛɢɧ. ɂɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ ɢ 
ɬɟɧɞɟɧɰɢɟɣ ɤ ɩɟɪɟɯɨɞɭ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢɡ ɤɭɛɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜ 
ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ. ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ, ɬɚɤɢɯ 
ɤɚɤ ɥɨɩɚɬɤɢ ɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. Ʉɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧ-
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Кɥючɟɜɵɟ ɫɥɨɜɚ: ɥɢɬɟɣɧɵɣ ɠɚɪɨɩɪɨɱɧɵɣ ɫɩɥɚɜ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ, 
ɫɬɪɭɤɬɭɪɚ, ɩɪɢɦɟɫɢ, ɮɚɡɨɜɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ, ɦɧɨɝɨɰɢɤɥɨɜɚɹ 
ɭɫɬɚɥɨɫɬɶ. 

 
P.G. Min1, V.E. Vadeev1, V.V. Kramer1 
 
THE  DEVELOPMENT  OF  THE  NEW  VZhM200  SUPERALLOY   
AND  THE  TECHNOLOGY  OF  ITS  PRODUCTION  
FOR  CASTING  OF  THE ADVANCED  ENGINES’  BLADES   
BY  THE  DIRECTIONAL  CRYSTALLIZATION  
 

FSUE «VIAM» has НОvОloped a new nickel-based superalloy VZhM200 and its manufactur-
ing technology for casting of turbine blades with directional (pillar-type) structure for advanced 
turbine engines. The advantages of the VZhM200 alloy over the DS200 Hf alloy are presented 
in the article.  

ThО qualitв oП VГhM200 alloв proНuМОН Лв FSUE «VIAM» mООts thО DS200 HП, MAR 
M200+Hf alloys produced by Cannon-Muskegon Corporation and HOWMET Ltd in chemical 
composition, content of harmful and non-metal impurities, gases and mechanical properties. 

Keywords: casting superalloy, directional solidification, structure, impurities, phase stabi-
lity, stress rupture strength, high-cycle fatigue. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «All-RЮssТКn SМТОnЭТПТМ RОsОКrМС InsЭТЭЮЭО oП AvТКЭТon εКЭОrТКls» State Research 
Center of the Russian Federation]; e-mail: admin@viam.r 

 
ȼвɟɞɟɧиɟ 

ɋ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɫɭɜɟɪɟɧɢɬɟɬɚ ɚɜɢɚɫɬɪɨɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ (ɊɎ) ɢ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȽɌȾ) SКε146 ɉɪɚɜɢ-
ɬɟɥɶɫɬɜɨ ɊɎ ɩɨɫɬɚɜɢɥɨ ɡɚɞɚɱɭ ȺɈ «ɈȾɄ» ‒ ɤ 2023 ɝ. ɪɚɡɪɚɛɨɬɚɬɶ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɩɟɪ-
ɫɩɟɤɬɢɜɧɵɣ ɞɜɢɝɚɬɟɥɶ ɉȾ-8 ɞɥɹ ɫɚɦɨɥɟɬɚ SЮФСoТ SЮЩОrУОЭ 100 Д1–3Ж ɢ ɫɚɦɨɥɟɬɚ-ɚɦɮɢɛɢɢ 
Ȼɟ-200 Д4, 5Ж. ɉɪɢ ɷɬɨɦ ɞɜɢɝɚɬɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ, ɤɨɬɨɪɵɟ ɩɨ ɫɬɨɢɦɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɟ ɞɨɥɠɧɵ ɭɫɬɭɩɚɬɶ 
ɡɚɪɭɛɟɠɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. 
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Ʌɢɬɟɣɧɵɣ ɠɚɪɨɩɪɨɱɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ DS200 HП (ɮɢɪɦɚ SnОМЦК, Ɏɪɚɧɰɢɹ) 
[6] – ɚɧɚɥɨɝ ɫɩɥɚɜɚ εAR ε200 + HП (ɮɢɪɦɚ CКnnon-Muskegon Corporation, ɋɒȺ) ɪɚɡ-
ɪɚɛɨɬɚɧ ɜ 1970–1980 ɝɝ., ɨɞɧɚɤɨ ɜɨɫɬɪɟɛɨɜɚɧ ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ 
ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɫɨɜɪɟɦɟɧɧɵɯ ȽɌȾ ɞɥɹ ɫɚɦɨɥɟɬɨɜ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ – 
ɧɚɩɪɢɦɟɪ, Airbus A320neo (Ɏɪɚɧɰɢɹ), Boeing 737MAX (ɋɒȺ) ɢ Comac C919 (ɄɇɊ). 

Ɉɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɦɨɬɨɪɨɫɬɪɨɢɬɟɥɶɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɩɪɢ 
ɥɢɬɶɟ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ (ɌɇȾ) ɞɜɢɝɚɬɟɥɟɣ δEAP-1B (ɞɥɹ ɫɚɦɨɥɟɬɨɜ AТrЛЮs A320 ɢ A330) ɢ SКε146 (ɫɢɥɨ-
ɜɨɣ ɚɝɪɟɝɚɬ ɞɥɹ ɥɚɣɧɟɪɚ SЮФСoТ SЮЩОrУОЭ 100) Д7, 8Ж ɩɨɤɚɡɚɥ ɜɵɫɨɤɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɢ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ: ɬɟɯɧɨɥɨɝɢɹ ɥɢɬɶɹ ɥɨɩɚɬɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɜɵ-
ɯɨɞ ɝɨɞɧɨɝɨ ɢ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɜ ɫɢɫɬɟɦɟ ɥɟɝɢɪɨɜɚɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɪɟ-
ɧɢɹ, ɪɭɬɟɧɢɹ ɢ ɬɚɧɬɚɥɚ) ɫɬɨɢɦɨɫɬɶ ɫɩɥɚɜɚ ɦɧɨɝɨɤɪɚɬɧɨ ɦɟɧɶɲɟ ɫɬɨɢɦɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ – 
ɧɚɩɪɢɦɟɪ, ɦɚɪɨɤ ȼɀɆ4, ȼɀɆ5, CεSБ-4, CMSX-10 ɢ ɞɪ. 

Ɂɚɞɚɱɟɣ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢ-
ɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ȼɀɆ200 ɢ ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɰɟɥɶɸ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ 
ɫɩɥɚɜɚ DS200 HП ɞɥɹ ɥɢɬɶɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ȽɌȾ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɜɢɝɚɬɟɥɹ 
ɉȾ-8. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 10. 
«ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ, ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɟ ɢ ɚɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚ-
ɥɟɣ, ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ»).  

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɥɢɬɟɣɧɵɣ ɠɚɪɨɩɪɨɱ-
ɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ ɦɚɪɤɢ ȼɀɆ200 (ɬɚɛɥ. 1) Д9Ж ɢ ɡɚɪɭɛɟɠɧɵɟ ɫɩɥɚɜɵ-ɚɧɚɥɨɝɢ ɦɚɪɨɤ 
DS200 HП (ɮɢɪɦɵ HτАεET δtd, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɢ εAR ε200 + HП (ɮɢɪɦɵ CКnnon-
εЮsФОРon CorЩorКЭТon, ɋɒȺ).  

 

Ɍɚɛɥɢɰɚ 1 
ɋɨɞɟɪɠɚɧиɟ ɥɟɝиɪɭɸɳиɯ ɷɥɟɦɟɧɬɨв и ɦиɤɪɨɞɨɛɚвɨɤ  

в ɥиɬɟɣɧɨɦ ɠɚɪɨɩɪɨчɧɨɦ ɧиɤɟɥɟвɨɦ ɫɩɥɚвɟ ȼɀɆ200 Д9Ж 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Ni C Cr Co W Al Ti Nb Hf B Zr La Ce Ca 

Ɉɫɧɨɜɚ 
0,08– 
0,14 

8,0– 
10,0 

9,0– 
11,0 

11,5– 
12,5 

4,75– 
5,25 

1,75– 
2,25 

0,75– 
1,25 

1,5– 
2,0 

0,01– 
0,02 

≤0,05 ≤0,05 ≤0,05 ≤0,005 

 
ȼɵɩɥɚɜɤɭ ɫɩɥɚɜɚ ȼɀɆ200 ɩɪɨɜɨɞɢɥɢ ɢɡ ɫɜɟɠɢɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨ-

ɦɵɲɥɟɧɧɵɯ ɜɚɤɭɭɦɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ ɫ ɟɦɤɨɫɬɶɸ ɬɢɝɥɟɣ 350 ɢ 1000 ɤɝ. Ⱦɥɹ ɩɨ-
ɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɥɭɱɟɧɧɵɟ ɥɢɬɵɟ ɩɪɭɬɤɨɜɵɟ ɡɚɝɨɬɨɜɤɢ 
ɩɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɟɪɟɩɥɚɜɥɹɥɢ ɫ ɡɚɥɢɜɤɨɣ ɜ ɤɟɪɚɦɢɱɟɫɤɢɟ ɛɥɨɤɢ ɜ ɩɥɚ-
ɜɢɥɶɧɨ-ɡɚɥɢɜɨɱɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ȼɂɉ-ɇɄ ɢɥɢ ɍȼɇɄ-9 [10–12Ж ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɥɢ-
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɬɪɚɜɨɤ ɫ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɟɣ (ɄȽɈ) <001>. Ɉɬɥɢɜɤɢ 
ɩɨɞɜɟɪɝɚɥɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɜɤɥɸɱɚɸɳɟɣ ɡɚɤɚɥɤɭ (ɝɨɦɨɝɟɧɢɡɚɰɢɸ) ɢ ɫɬɚɪɟɧɢɟ 
ɜ ɤɚɦɟɪɧɵɯ ɷɥɟɤɬɪɨɩɟɱɚɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɗɋɄȼɗ-3/16ȽɆ5 ɢ σКЛОrЭСОrЦ δT 15/13,  
ɩɨɫɥɟ ɱɟɝɨ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɨɛɪɚɡɰɵ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
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ɋɨɞɟɪɠɚɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɚɦɢ  
ICP-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ PτTIεA 8300 ɮɢɪɦɵ PОrФТnElЦОr ɢ 
ɜɨɥɧɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ S4 
EXPδτRER ɮɢɪɦɵ Bruker Support. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɵ, ɭɝɥɟɪɨɞɚ, ɤɢɫɥɨɪɨ-
ɞɚ, ɚɡɨɬɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɚɯ CS-600 ɢ TC-600 ɮɢɪɦɵ Leco, ɨɫɬɚɥɶɧɵɯ ɩɪɢ-
ɦɟɫɟɣ – ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚ ɭɫɬɚɧɨɜɤɚɯ iCAP Qc ɢ ElОЦОnЭ GD ɮɢɪ-
ɦɵ Thermo Fisher Scientific.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ GБ51 
ɮɢɪɦɵ τlвЦЩЮs ɢ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ.  

ɇɚ ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɪɨɜɨɞɢɥɢ ɢɫɩɵɬɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ: ɧɚ ɪɚɫɬɹɠɟɧɢɟ – ɧɚ ɦɚɲɢɧɟ KКЩЩК 50 DS ɮɢɪɦɵ ГаТМФ RoОl, ɧɚ ɞɥɢɬɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ – ɧɚ ɦɚɲɢɧɟ ГST2/3-ȼɂɗɌ ɮɢɪɦɵ SМСОnМФ, ɧɚ ɦɧɨɝɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ – 
ɧɚ ɦɚɲɢɧɟ LFV-100 ɮɢɪɦɵ SМСОnМФ ɧɚ ɛɚɡɟ 107 ɰɢɤɥɨɜ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɚɫɢɦɦɟɬɪɢɢ 
R = –1.  

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɂɚ ɨɫɧɨɜɭ ɧɨɜɨɝɨ ɥɢɬɟɣɧɨɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ȼɀɆ200 ɜɡɹɬɚ ɫɢ-
ɫɬɟɦɚ ɥɟɝɢɪɨɜɚɧɢɹ ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚɜɨɜ-ɚɧɚɥɨɝɨɜ MAR M200 + Hf ɢ DS200 HП. ɋ ɰɟɥɶɸ 
ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɝɚɡɨɜ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɫɬɨɣɤɨɫɬɢ ɫɩɥɚɜɚ ȼɀɆ200 ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɝɚɡɨɜɨɣ 
ɤɨɪɪɨɡɢɢ ɜ ɟɝɨ ɫɨɫɬɚɜ ɜɤɥɸɱɢɥɢ ɧɟɛɨɥɶɲɢɟ ɫɬɪɨɝɨ ɨɝɪɚɧɢɱɟɧɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɳɟɥɨɱɧɨ-
ɡɟɦɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɤɚɥɶɰɢɹ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ – ɥɚɧɬɚɧɚ ɢ ɰɟɪɢɹ. ɇɚ ɫɨ-
ɫɬɚɜ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɥɚɜɚ ɩɨɥɭɱɟɧ ɩɚɬɟɧɬ ɊɎ Д9Ж.  

Ɉɞɧɢɦ ɢɡ ɤɪɢɬɟɪɢɟɜ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɫɩɥɚɜɚ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ 
ɟɝɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɨ ɨɫɧɨɜɧɵɦ ɥɟ-
ɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ. Ɉɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜ ɭɡ-
ɤɢɯ ɢɧɬɟɪɜɚɥɚɯ ɥɟɝɢɪɨɜɚɧɢɹ ɞɥɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɫɥɨɠɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ 
ɜ ɫɢɫɬɟɦɟ ɥɟɝɢɪɨɜɚɧɢɹ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɚɮɧɢɹ (1,5–2,0 % (ɩɨ ɦɚɫɫɟ)) ɜ ɫɪɚɜ-
ɧɟɧɢɢ ɫ ɢɡɜɟɫɬɧɵɦɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɝɚɮɧɢɣɫɨɞɟɪɠɚɳɢɦɢ ɫɩɥɚɜɚɦɢ ɦɚɪɨɤ ȼɄɇȺ-1ȼɊ 
(0,4–0,6 % (ɩɨ ɦɚɫɫɟ) HП), ɀɋ30 (0,3‒1,2 % (ɩɨ ɦɚɫɫɟ) HП) ɢ ɀɋ6Ɏ (1,0–1,5 % (ɩɨ ɦɚɫ-
ɫɟ) HП). ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɝɚɮɧɢɣ ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɢ ɢɦɟ-
ɟɬ ɩɨɜɵɲɟɧɧɨɟ ɫɪɨɞɫɬɜɨ ɤ ɤɢɫɥɨɪɨɞɭ, ɩɨɷɬɨɦɭ ɫɤɥɨɧɟɧ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɤɟɪɚɦɢɤɨɣ 
ɩɥɚɜɢɥɶɧɨɝɨ ɬɢɝɥɹ. ɑɟɦ ɛɨɥɶɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɚɮɧɢɹ ɜ ɪɚɫɩɥɚɜɟ, ɬɟɦ ɢɧɬɟɧɫɢɜɧɟɟ 
ɩɪɨɢɫɯɨɞɢɬ ɞɚɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɫɩɥɚɜɟ 
ɢ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ.  

Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɜɟɞɟɧɢɹ ɜ ɪɚɫɩɥɚɜ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɚɮɧɢɹ ɪɚɡɪɚɛɨ-
ɬɚɧɚ ɝɚɮɧɢɣ-ɧɢɤɟɥɟɜɚɹ ɥɢɝɚɬɭɪɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ (ɩɨɪɹɞɨɤ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɵ ɟ ɪɟɠɢɦɵ) ɟɟ ɜɜɟɞɟɧɢɹ ɩɪɢ  
ɜɵɩɥɚɜɤɟ ɫɩɥɚɜɚ ȼɀɆ200 ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ȼɀɆ200 ɜ 
ɡɚɞɚɧɧɵɯ ɭɡɤɢɯ ɩɪɟɞɟɥɚɯ ɥɟɝɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɯɢɦɢɱɟ-
ɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜɨ ɜɪɟɦɹ ɩɥɚɜɤɢ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɪɟɫɫ-ɚɧɚɥɢɡɚ 
ɨɬɨɛɪɚɧɧɨɣ ɩɪɨɛɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɫɬɚɧɞɚɪɬɧɵɯ 
ɨɛɪɚɡɰɨɜ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɞɨɲɢɯɬɨɜɤɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) ɷɥɟ-
ɦɟɧɬɨɜ ɞɨ ɨɩɬɢɦɚɥɶɧɨɝɨ (ɡɚɞɚɧɧɨɝɨ) ɫɨɫɬɚɜɚ. 

Ɉɬɤɥɨɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɨɬ ɡɚɞɚɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨ-
ɫɬɚɜɚ ɫɩɥɚɜɚ ȼɀɆ200 ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɩɥɚɜɚɦɢ εAR ε200 + HП ɢ DS200 HП ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɮɢɪɦ CКnnon-εЮsФОРon CorЩorКЭТon ɢ HτАεET Ltd ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɜ ɬɚɛɥ. 2. 
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Ɍɚɛɥɢɰɚ 2 
Ɉɬɤɥɨɧɟɧиɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɫɨɫɬɚвɚ в ɫɩɥɚвɟ ȼɀɆ200  

и в ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚвɚɯ-ɚɧɚɥɨɝɚɯ DS200 HП и MAR M200 + HП 
ɋɩɥɚɜ ɂɡɝɨɬɨɜɢɬɟɥɶ 

ɫɩɥɚɜɚ 
Ɇɚɫɫɚ 

ɩɥɚɜɤɢ, ɤɝ 
Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɫɨɫɬɚɜɚ, % (ɩɨ ɦɚɫɫɟ), ɩɨ ɷɥɟɦɟɧɬɚɦ 
Cr Co W Al Ti Nb Hf C B 

ȼɀɆ200 ɎȽɍɉ «ȼɂȺɆ» 
(Ɋɨɫɫɢɹ) 

350 +0,17 +0,12 –0,08 –0,04 –0,01 –0,03 –0,02 +0,006 +0,001 

1000 +0,14 –0,02 –0,2 +0,05 –0,02 –0,01 0 –0,005 +0,002 
DS200 Hf HOWMET Ltd 

(ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) 2000 –0,1 0 0,2 –0,12 –0,06 –0,05 –0,12 0 –0,001 

MAR 
M200+Hf 

Cannon-Muskegon 
Corporation (ɋɒȺ) 6500 0 –0,19 –0,06 –0,11 0 0 +0,01 0 +0,001 

 
ȼɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜɨ 

ɜɫɟɯ ɬɪɟɯ ɫɩɥɚɜɚɯ ɧɟ ɩɪɟɜɵɲɚɟɬ ±0,2 % (ɩɨ ɦɚɫɫɟ). ɉɪɢ ɷɬɨɦ ɜ ɫɩɥɚɜɟ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɎȽɍɉ «ȼɂȺɆ» ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨ ɯɪɨɦɭ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɡɚɪɭɛɟɠɧɨɦ 
ɦɟɬɚɥɥɟ (+0,17 ɩɪɨɬɢɜ –0,1 % (ɩɨ ɦɚɫɫɟ)), ɨɞɧɚɤɨ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ (ɤɨɛɚɥɶɬ, ɚɥɸ-
ɦɢɧɢɣ, ɝɚɮɧɢɣ) ɫɬɚɛɢɥɶɧɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɫɩɥɚɜɚ ɩɪɟɜɨɫɯɨɞɢɬ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚɜɨɜ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɠɚɪɨɩɪɨɱɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ.  

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɚ ȼɀɆ200 ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ 
ɢɦɟɸɳɢɟɫɹ ɧɚ ɪɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ ɲɢɯɬɨɜɵɟ ɦɚɬɟɪɢɚɥɵ, ɜɵɛɪɚɧɵ ɦɚɪɤɢ, ɞɨɩɭɫɬɢɦɵɟ ɤ 
ɩɪɢɦɟɧɟɧɢɸ, ɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɫɥɟɞɧɢɟ ɞɨɫɬɢɠɟɧɢɹ ɎȽɍɉ «ȼɂȺɆ» ɜ ɨɛɥɚɫɬɢ ɪɚɮɢɧɢ-
ɪɨɜɚɧɢɹ ɪɚɫɩɥɚɜɨɜ ɨɬ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɪɢ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɟ Д13‒17Ж – 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɪɚɫɩɥɚɜɚ ɢ ɤɨɦɩɥɟɤɫɧɨɟ ɪɚɮɢɧɢɪɨɜɚɧɢɟ ɨɬ ɩɪɢɦɟɫɟɣ ɳɟ-
ɥɨɱɧɨɡɟɦɟɥɶɧɵɦɢ (ɤɚɥɶɰɢɟɦ) ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ (ɥɚɧɬɚɧɨɦ ɢ ɰɟɪɢɟɦ) ɦɟɬɚɥɥɚɦɢ ɫ ɩɨ-
ɫɥɟɞɭɸɳɟɣ ɮɢɥɶɬɪɚɰɢɟɣ ɪɚɫɩɥɚɜɚ ɱɟɪɟɡ ɩɟɧɨɤɟɪɚɦɢɱɟɫɤɢɣ ɮɢɥɶɬɪ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɨɛɟɫ-
ɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɝɚɡɨɜ ɜ ɫɩɥɚɜɟ ȼɀɆ200 ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɎȽɍɉ «ȼɂȺɆ». ȼ ɬɚɛɥ. 3 ɩɪɢɜɟɞɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɝɚɡɨɜ ɜ ɫɩɥɚɜɟ 
ȼɀɆ200 ɢ ɜ ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚɜɚɯ-ɚɧɚɥɨɝɚɯ εAR M200 + HП ɢ DS200 HП ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɮɢɪɦ CКnnon-εЮsФОРon CorЩorКЭТon ɢ HτАεET Ltd ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɍɚɛɥɢɰɚ 3 

ɋɨɞɟɪɠɚɧиɟ вɪɟɞɧɵɯ ɩɪиɦɟɫɟɣ и ɝɚɡɨв в ɫɩɥɚвɟ ȼɀɆ200  
и в ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚвɚɯ-ɚɧɚɥɨɝɚɯ DS200 HП и MAR M200 + HП 

ɋɩɥɚɜ 
Ɇɟɫɬɨ 

ɜɵɩɥɚɜɤɢ 
ɫɩɥɚɜɚ 

Ɇɟɫɬɨ 
ɩɪɨɜɟɞɟɧɢɹ 
ɚɧɚɥɢɡɚ 

Ʉɨɥɢɱɟ-
ɫɬɜɨ 

ɩɥɚɜɨɤ, 
ɲɬ. 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ, ppm* 

Fe Mn Si Cu P S Ag Se Pb Bi Te Tl O N 

ȼɀɆ200 ɎȽɍɉ «ȼɂȺɆ» 
(Ɋɨɫɫɢɹ) 4 90– 

130 
2– 
9 

40– 
60 ≤2 3– 

5 
1– 
8 ˂0,9 ˂0,7 ˂0,1 ˂0,1 ˂0,2 ˂0,1 6– 

8 
3– 
4 

MAR 
M200+Hf 

Cannon- 
Muskegon 
Corporation 
(ɋɒȺ) 

ɎȽɍɉ 
«ȼɂȺɆ» 
(Ɋɨɫɫɢɹ) 

1 140 1 42 2 5 6 ˂0,4 ˂0,2 ˂0,05 0,1 ˂0,1 ˂5 13 3 

DS200 Hf HOWMET Ltd 
(ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) 6 100– 

1400 ˂100 ˂200 ˂100 ˂20 ˂10 ˂1 ˂1 ˂1 ˂0,1 ˂0,5 ˂0,2 – – 

ɋɩɟɰɢɮɢɤɚɰɢɢ ɮɢɪɦ Cannon-Muskegon 
Corporation ɢ HOWMET Ltd (ɧɟ ɛɨɥɟɟ) 2500 2000 2000 1000 150 100 5 5 5 0,5 0,5 0,5 – – 

* 1 ppm = 10–4 % (ɩɨ ɦɚɫɫɟ). 
 

ȼɢɞɧɨ, ɱɬɨ ɧɢɡɤɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɝɚɡɨɜ ɩɨɥɭɱɟɧɵ ɤɚɤ ɜ ɫɩɥɚɜɟ 
ȼɀɆ200, ɬɚɤ ɢ ɜ ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚɜɚɯ-ɚɧɚɥɨɝɚɯ εAR M200 + HП ɢ DS200 HП. ɉɪɢ ɷɬɨɦ 
ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɫɩɥɚɜɟ εAR M200 + HП ɫɨɫɬɚɜɢɥɨ 13 ppm, ɚ ɜ ɫɩɥɚɜɟ ȼɀɆ200 – 
ɜ ɩɪɟɞɟɥɚɯ 6‒8 ppm, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɫɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɢɬɨɝɨɜɵɣ ɛɚɥɥ ɱɢɫɬɨɬɵ ɩɨ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦ ɜɤɥɸɱɟɧɢɹɦ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɦɟ-
ɬɨɞɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɦɟɬɚɥɥɨɝɪɚɮɢɢ, ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɫɩɥɚɜɨɜ ɪɚɜɟɧ 0, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɜ ɧɢɯ ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɚɱɟɫɬɜɚ ɫɩɥɚɜɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «ȼɂȺɆ» ɡɚɪɭɛɟɠɧɵɦ ɫɩɥɚɜɚɦ-ɚɧɚɥɨɝɚɦ. 
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ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɥɢɬɶɹ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɀɆ200 ɜɩɟɪɜɵɟ ɜ Ɋɨɫ-
ɫɢɢ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɜ ɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɠɢɞɤɨ-
ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɨɯɥɚɞɢɬɟɥɟɦ (ɬɢɩɚ ɍȼɇɄ-9Ⱥ ɢ ȼɂɉ-ɇɄ) ɩɪɢɦɟɧɟɧɵ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɢɟ (ɦɧɨɝɨɡɟɪɟɧɧɵɟ) ɡɚɬɪɚɜɤɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɡɟɪɟɧ ɫ ɄȽɈ <001>, ɱɬɨ 
ɨɛɟɫɩɟɱɢɥɨ ɩɨɥɭɱɟɧɢɟ ɡɚɝɨɬɨɜɨɤ ɫ ɬɨɧɤɨɫɬɨɥɛɱɚɬɨɣ ɧɚɩɪɚɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɜ ɤɨɬɨ-
ɪɨɣ ɤɚɠɞɨɟ ɡɟɪɧɨ ɢɦɟɟɬ ɄȽɈ, ɛɥɢɡɤɭɸ ɤ <001>.  

ɉɨɫɥɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɩɥɚɜ ȼɀɆ200 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɟɧɞɪɢɬɧɨ-ɹɱɟɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɦɚɬɪɢɱɧɨɝɨ  
γ-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɭɩɪɨɱɧɟɧɧɨɝɨ ɭɩɨɪɹɞɨɱɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ  
γƍ-ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ σТ3Al ɤɭɛɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɤɚɪɛɢɞɚɦɢ ɬɢɩɚ εОC ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɝɥɨɛɭɥɹɪɧɨɣ ɦɨɪɮɨɥɨɝɢɢ (ɫɦ. ɪɢɫɭɧɨɤ, ɚ). Ɋɚɡɦɟɪ ɱɚɫɬɢɰ γƍ-ɮɚɡɵ ɤɚɤ ɜ ɨɫɹɯ ɞɟɧɞɪɢɬɨɜ, 
ɬɚɤ ɢ ɜ ɦɟɠɞɟɧɞɪɢɬɧɵɯ ɭɱɚɫɬɤɚɯ, ɜɵɪɨɜɧɟɧ ɢ ɫɨɫɬɚɜɥɹɟɬ з0,4 ɦɤɦ (ɫɦ. ɪɢɫɭɧɨɤ, ɛ). ɋɩɥɚɜ 
ȼɀɆ200 ɨɛɥɚɞɚɟɬ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ: ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900 °ɋ ɧɚ ɛɚɡɟ 1000 ɱ ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ ɜɵɞɟɥɟ-
ɧɢɹ Ɍɉɍ-ɮɚɡ (ɫɦ. ɪɢɫɭɧɨɤ, ɜ) [18–20].  

 
ɛ)ɚ) ɜ)

 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×150; ɛ, ɜ – ×10000) ɫɩɥɚɜɚ ȼɀɆ200 ɩɨɫɥɟ ɩɨɥɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ  

ɨɛɪɚɛɨɬɤɢ (ɚ – ɨɛɳɢɣ ɜɢɞ; ɛ – ɱɚɫɬɢɰɵ γƍ-ɮɚɡɵ) ɢ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 900 °C ɢ ɧɚɩɪɹɠɟɧɢɢ 275 Ɇɉɚ (Ĳ = 980 ɱ) (ɜ) 

 
Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨ 

ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ: ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɛɳɟɣ ɤɜɚɥɢɮɢɤɚɰɢɢ (ɩɚɫ-
ɩɨɪɬɢɡɚɰɢɢ) ɫɩɥɚɜɚ ȼɀɆ200 ɭɫɬɚɧɨɜɥɟɧɵ ɤɜɨɬɵ ɩɪɟɜɨɫɯɨɞɫɬɜɚ ɧɚɞ ɡɚɪɭɛɟɠɧɵɦ ɚɧɚ-
ɥɨɝɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɞɟɣɫɬɜɭɸɳɟɣ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭ-
ɦɟɧɬɚɰɢɢ ɧɚ ɫɩɥɚɜ DS200 Hf. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɧɨɪɦɵ ɞɥɹ ɫɩɥɚɜɚ DS200 Hf ɭɫɬɚɧɨɜ-
ɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ, ɨɬɥɢɬɵɯ ɩɨ ɦɟɬɨɞɭ Ȼɪɢɞɠɦɟɧɚ ɧɚ 
ɭɫɬɚɧɨɜɤɚɯ ɫ ɦɟɞɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɡɚ ɪɭɛɟɠɨɦ. ɋɪɚɜɧɢɬɟɥɶɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɫɜɨɣɫɬɜ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ ɢ ɤɜɨɬɵ ɩɪɟɜɨɫɯɨɞɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4 ɢ 5. 

 
Ɍɚɛɥɢɰɚ 4 

ɋɪɚвɧиɬɟɥьɧɵɟ ɦɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ (ɫɪɟɞɧиɟ ɡɧɚчɟɧия)  
ɩɪи ɤɪɚɬɤɨвɪɟɦɟɧɧɨɦ ɪɚɫɬяɠɟɧии ɫɩɥɚвɨв ȼɀɆ200 и DS200 HП  

ɋɜɨɣɫɬɜɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢɹ, °ɋ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɫɩɥɚɜɚ Ʉɜɨɬɵ ɩɪɟɜɨɫ-
ɯɨɞɫɬɜɚ, % ȼɀɆ200 DS200 Hf  

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ  
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 

900 900 800 13 
1000 630 530 19 
1100 310 280 11 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, Ɇɉɚ 
900 790 715 10 

1000 465 425 9 
1100 225 235 – 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, % 
900 24 11 ȼ 2,2 ɪɚɡɚ 

1000 27 15 ȼ 1,8 ɪɚɡɚ 
1100 39 18 ȼ 2,2 ɪɚɡɚ 
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Ɍɚɛɥɢɰɚ 5 
ɋɪɚвɧɟɧиɟ ɞɥиɬɟɥьɧɨɣ ɩɪɨчɧɨɫɬи и ɦɧɨɝɨɰиɤɥɨвɨɣ ɭɫɬɚɥɨɫɬи (ɫɪɟɞɧиɟ ɡɧɚчɟɧия)  

ɫɩɥɚвɨв ȼɀɆ200 и DS200 HП  
ɋɜɨɣɫɬɜɚ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɹ, ɱ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɫɩɥɚɜɚ Ʉɜɨɬɵ ɩɪɟɜɨɫ-
ɯɨɞɫɬɜɚ, % ȼɀɆ200 DS200 Hf  

Ⱦɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ, Ɇɉɚ, 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 

900 

  
 

400 

 
 

350 

 
 

14 
 

100 
500 315 275 15 

1000 275 250 10 
1000 100 200 180 11 

500 145 135 7 
1000 125 118 6 

1100 100 79 77 3 
500 55 49 12 

1000 47 40 18 
Ɇɧɐɍ: σmax, Ɇɉɚ, 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 

    

900 ɇɚ ɛɚɡɟ  
N = 107 ɰɢɤɥɨɜ 

275 240 15 
1100 100 85 18 

 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥ. 5 ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɥɚɜ 

ȼɀɆ200 ɨɛɥɚɞɚɟɬ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɡɚɪɭɛɟɠɧɵɦ ɫɩɥɚɜɨɦ-ɚɧɚɥɨɝɨɦ ɦɚɪɤɢ DS200 Hf ɫɥɟ-
ɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: ɩɨ ɩɪɟɞɟɥɭ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 900 °ɋ 
ɧɚ ɛɚɡɟ 500 ɱ – ɧɚ 15 %, ɧɚ ɛɚɡɟ 1000 ɱ – ɧɚ 10 %, ɩɪɢ 1000 °ɋ ɧɚ ɛɚɡɟ 500 ɱ – ɧɚ 7 %, ɧɚ 
ɛɚɡɟ 1000 ɱ – ɧɚ 6 %, ɩɪɢ 1100 °ɋ ɧɚ ɛɚɡɟ 500 ɱ – ɧɚ 12 %, ɧɚ ɛɚɡɟ 1000 ɱ – ɧɚ 18 %; ɩɨ 
ɩɪɟɞɟɥɭ ɦɧɨɝɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ ɧɚ ɛɚɡɟ 107 ɰɢɤɥɨɜ ɩɪɢ Rσ = –1 ɧɚ ɝɥɚɞɤɢɯ ɨɛɪɚɡɰɚɯ 
ɩɪɢ 900 °ɋ – ɧɚ 15 %, ɩɪɢ 1100 °ɋ – ɧɚ 18 %. 

Ɉɩɵɬɧɵɟ ɩɚɪɬɢɢ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɀɆ200, ɜɵɩɥɚɜɥɟɧɧɵɟ 
ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɜɚɤɭɭɦɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ ɫ ɟɦɤɨɫɬɶɸ ɬɢɝɥɟɣ 350 
ɢ 1000 ɤɝ ɜ ɤɨɥɢɱɟɫɬɜɟ 1640 ɤɝ, ɩɨɫɬɚɜɥɟɧɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹ ȺɈ «ɈȾɄ» ɞɥɹ ɨɩɪɨɛɨɜɚ-
ɧɢɹ ɩɪɢ ɥɢɬɶɟ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɌɇȾ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-8. Ɋɟɡɭɥɶɬɚɬɵ ɜɯɨɞ-
ɧɨɝɨ ɤɨɧɬɪɨɥɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ ȼɀɆ200 ɢ ɡɚɪɭɛɟɠɧɨɝɨ ɫɩɥɚɜɚ-ɚɧɚɥɨɝɚ 
DS200 HП, ɡɚɝɨɬɨɜɤɢ ɤɨɬɨɪɵɯ ɨɬɥɢɬɵ ɜ ɭɫɥɨɜɢɹɯ ɡɚɤɚɡɱɢɤɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɥɢɤɪɢ-
ɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɬɪɚɜɨɤ ɫ ɄȽɈ <001>, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 6.  

 

Ɍɚɛɥɢɰɚ 6 
Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɫɩɥɚвɨв ȼɀɆ200 и DS200 HП,  

ɨɬɥиɬɵɯ ɫ ɩɪиɦɟɧɟɧиɟɦ ɩɨɥиɤɪиɫɬɚɥɥичɟɫɤиɯ ɡɚɬɪɚвɨɤ ɫ ɄȽɈ <001> 

ɋɩɥɚɜ 
Ɇɟɫɬɨ  

ɜɵɩɥɚɜɤɢ 
ɫɩɥɚɜɚ 

Ɇɟɫɬɨ  
ɩɪɨɜɟɞɟɧɢɹ 

ɥɢɬɶɹ  
ɢ ɢɫɩɵɬɚɧɢɣ 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ 
ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

20 °ɋ 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɞɥɢɬɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  

980 °ɋ ɢ ɧɚɩɪɹɠɟɧɢɢ 220 Ɇɉɚ 
Ʉɨɥɢɱɟɫɬɜɨ  
ɢɫɩɵɬɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ 

σɜ σ0,2 į, 
% 

Ʉɨɥɢɱɟɫɬɜɨ 
ɢɫɩɵɬɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ 

ɋɪɟɞɧɟɟ ɜɪɟɦɹ  
ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɱ Ɇɉɚ 

ȼɀɆ200 ɎȽɍɉ  
«ȼɂȺɆ» 

ɎȽɍɉ  
«ȼɂȺɆ» 5 1120; 

1230 
970; 
990 

10,5; 
12,5 6 83; 

116 
ȼɯɨɞɧɨɣ  
ɤɨɧɬɪɨɥɶ  
ɭ ɡɚɤɚɡɱɢɤɚ 

8 1085; 
1230 

909; 
1000 

7,4; 
10,5 4 100; 

113 

DS200 Hf HOWMET 
Ltd 

ȼɯɨɞɧɨɣ  
ɤɨɧɬɪɨɥɶ  
ɭ ɡɚɤɚɡɱɢɤɚ 

12 1042; 
1135 

921; 
950 

9,8; 
13 9 102; 

110 

ɉɪɢɦɟɱɚɧɢɟ. ɉɪɢɜɟɞɟɧɵ ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɢɫɩɵɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. 
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ȼɢɞɧɨ, ɱɬɨ ɫɩɥɚɜ ȼɀɆ200 ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «ȼɂȺɆ» ɧɟ ɭɫɬɭɩɚɟɬ ɫɩɥɚɜɭ 
DS200 HП ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ HτАεET Ltd, ɨɬɥɢɬɨɦɭ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ ɬɟɯɧɨɥɨɝɢɢ: 
ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɨɜ ɩɪɨɱɧɨɫɬɢ ɢ ɬɟɤɭɱɟɫɬɢ, ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɪɟɦɟɧɢ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɩɨɥɡɭɱɟɫɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 980 °ɋ ɢ ɧɚɩɪɹɠɟɧɢɢ 220 Ɇɉɚ ɫɩɥɚɜɚ DS200 Hf, ɢɫɩɵɬɚɧɧɨɝɨ ɭ ɡɚɤɚɡɱɢɤɚ, 
ɫɨɫɬɚɜɥɹɸɬ 1135 ɢ 950 Ɇɉɚ, 13 % ɢ 110 ɱ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɞɥɹ ɫɩɥɚɜɚ ȼɀɆ200, ɢɫɩɵ-
ɬɚɧɧɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɎȽɍɉ «ȼɂȺɆ»: 1230 ɢ 990 Ɇɉɚ, 12,5 % ɢ 116 ɱ, ɜ ɭɫɥɨɜɢɹɯ ɡɚɤɚɡ-
ɱɢɤɚ: 1230 ɢ 1000 Ɇɉɚ, 10,5 % ɢ 113 ɱ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɜɧɟɞɪɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɩɥɚɜɚ ȼɀɆ200 ɧɚ 
ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɤɨɦɩɥɟɤɫɟ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɨɫɧɚɳɟɧɧɨɦ ɫɚɦɵɦ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ, ɚɧɚɥɢɬɢ-
ɱɟɫɤɢɦ ɢ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɦɨɳ-
ɧɨɫɬɶ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɚɜɥɹɟɬ 400 ɬɨɧɧ ɜ ɝɨɞ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɬɪɟɛɧɨɫɬɢ 
ɦɨɬɨɪɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɧɨɜɵɦ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɦ ɠɚɪɨɩɪɨɱɧɵɦ ɧɢɤɟɥɟ-
ɜɵɦ ɫɩɥɚɜɨɦ. 

 
Ɂɚɤɥɸчɟɧия 

ɋ ɰɟɥɶɸ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɹ ɫɩɥɚɜɚ DS200 HП ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧɵ 
ɫɩɥɚɜ ȼɀɆ200 ɢ ɬɟɯɧɨɥɨɝɢɹ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥɹ ɥɢɬɶɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɫ ɧɚɩɪɚɜɥɟɧ-
ɧɨɣ (ɫɬɨɥɛɱɚɬɨɣ) ɫɬɪɭɤɬɭɪɨɣ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ȽɌȾ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɜɢɝɚɬɟɥɹ ɉȾ-8. 

ɋɩɥɚɜ ȼɀɆ200 ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɫɬɚɛɢɥɶɧɵɦ ɢ ɨɛɥɚɞɚɟɬ ɩɪɟɢɦɭɳɟ-
ɫɬɜɚɦɢ ɩɟɪɟɞ ɡɚɪɭɛɟɠɧɵɦ ɫɩɥɚɜɨɦ-ɚɧɚɥɨɝɨɦ DS200 HП ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 900‒1100 °ɋ: 
ɩɨ ɩɪɟɞɟɥɭ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɧɚ ɛɚɡɚɯ 500 ɢ 1000 ɱ – ɧɚ 6–8 %, ɩɨ ɩɪɟɞɟɥɭ ɦɧɨɝɨ-
ɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ ɧɚ ɛɚɡɟ 107 ɰɢɤɥɨɜ – ɧɚ 15–18 %. 

ɉɨ ɫɬɚɛɢɥɶɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɫɨɞɟɪɠɚɧɢɸ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, ɝɚɡɨɜ, 
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɫɩɥɚɜ ȼɀɆ200 ɧɟ ɭɫɬɭɩɚɟɬ 
ɫɩɥɚɜɚɦ-ɚɧɚɥɨɝɚɦ DS200 HП ɢ εAR ε200 + HП ɡɚɪɭɛɟɠɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ – ɮɢɪɦ 
Cannon-MusФОРon CorЩorКЭТon ɢ HτАεET Ltd. 

Ɉɩɵɬɧɵɟ ɩɚɪɬɢɢ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɀɆ200 ɜ ɤɨɥɢɱɟɫɬɜɟ 
1640 ɤɝ ɩɨɫɬɚɜɥɟɧɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹ ȺɈ «ɈȾɄ» ɞɥɹ ɨɩɪɨɛɨɜɚɧɢɹ ɩɪɢ ɥɢɬɶɟ ɪɚɛɨɱɢɯ  
ɥɨɩɚɬɨɤ ɌɇȾ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-8. ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɨɪɝɚɧɢɡɨɜɚɧɨ  
ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɀɆ200 ɞɥɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
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ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ ɫ ɞɨ-
ɛɚɜɤɚɦɢ ɫɤɚɧɞɢɹ ɢ ɰɢɪɤɨɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɞɟɬɚɥɟɣ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɉɩɢɫɚɧ 
ɯɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɫɤɚɧɞɢɹ ɢ ɰɢɪɤɨɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɢɦɨɞɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ 
ɯɨɞɟ ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ. Ɉɩɢɫɚɧɵ ɮɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸщɢɟ ɜɥɢɹɧɢɟ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɝɨɪɹɱɢɯ 
ɬɪɟщɢɧ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ. ɉɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɩɥɨɬ-
ɧɨɫɬɶ, ɪɚɡɦɟɪ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɪɚɜɧɨɨɫɧɵɯ ɢ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ, 
ɚ ɬɚɤɠɟ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ ɫ ɞɨɛɚɜɤɚɦɢ 
ɫɤɚɧɞɢɹ ɢ ɰɢɪɤɨɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫɩɥɚɜɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɨɜ.  

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɫɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɫɩɥɚɜɥɟɧɢɟ (ɋɅɋ), ɫɩɥɚɜɵ ɫ ɞɨɛɚɜɤɚɦɢ ɫɤɚɧ-
ɞɢɹ ɢ ɰɢɪɤɨɧɢɹ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ Al3(Sc, Zr), ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, 
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ALUMINUM  ALLOYS  WITH  ADDITIONS  OF  Sc AND  Zr  
IN  ADDITIVE  MANUFACTURING  (review) 
 

The article provides a review of scientific and technical literature in the field of development 
of alloys with additions of scandium and zirconium and their use for parts of additive manufac-
turing. The article describes the character of the influence of scandium and zirconium on the 
formation of a bimodal structure during synthesis. The factors influencing the formation of hot 
cracks in synthesized samples are given. The effect of compression on the density, size and ratio 
of the number of equiaxed and columnar crystallites in the structure, roughness and mechanical 
properties of synthesized alloys with additions of scandium and zirconium, including alloys with 
experimental compositions, is shown. 

Keywords: selective laser melting (SLM), alloys with additions of scandium and zirconium, 
intermetallic compounds of Al3 (Sc, Zr), energy density of laser radiation, scanning speed, hot 
brittleness, porosity, bimodal structure. 
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ȼвɟɞɟɧиɟ 

ɉɪɢɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɢɡɞɟ-
ɥɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ – ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɯ ɪɚɡɜɢɬɢɹ 
[1–6]. Ɉɫɧɨɜɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɟɬɚɥɟɣ ɢɡ ɚɥɸɦɢɧɢ-
ɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɹɜɥɹɸɬɫɹ ɚɧɢɡɨɬɪɨɩɢɹ ɫɬɪɭɤ-
ɬɭɪɵ ɢ ɫɜɨɣɫɬɜ, ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ ɢ ɩɨɪɢɫɬɨɫɬɢ. ɍɦɟɧɶɲɟɧɢɟ ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɢ 
ɫɩɥɚɜɨɜ ɤ ɩɪɨɹɜɥɟɧɢɸ ɭɤɚɡɚɧɧɵɯ ɞɟɮɟɤɬɨɜ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɦɢ, 
ɫɩɨɫɨɛɫɬɜɭɸɳɢɦɢ ɫɧɢɠɟɧɢɸ ɫɤɥɨɧɧɨɫɬɢ ɫɩɥɚɜɚ ɤ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ, ɩɪɢɦɟɧɟɧɢɟɦ ɦɨ-
ɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɨɩɬɢɦɚɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. 
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ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɫɢɫɬɟɦɚɬɢɡɚɰɢɹ ɞɚɧɧɵɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɜ 
ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ ɫ ɞɨɛɚɜɤɚɦɢ ɫɤɚɧɞɢɹ ɢ ɰɢɪɤɨɧɢɹ ɞɥɹ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ  
ɜ ɷɬɢɯ ɫɩɥɚɜɚɯ ɩɪɢ ɫɨɡɞɚɧɢɢ ɞɟɬɚɥɟɣ ɦɟɬɨɞɚɦɢ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

 
ȼɥияɧиɟ ɯиɦичɟɫɤɨɝɨ ɫɨɫɬɚвɚ ɫɩɥɚвɨв ɧɚ ɫɬɪɭɤɬɭɪɭ и ɫвɨɣɫɬвɚ  
ɞɟɬɚɥɟɣ, ɩɨɥɭчɚɟɦɵɯ ɫ ɩɪиɦɟɧɟɧиɟɦ ɚɞɞиɬивɧɵɯ ɬɟɯɧɨɥɨɝиɣ 

ɍɦɟɧɶɲɟɧɢɟ ɩɪɟɞɪɚɫɩɨɥɨɠɟɧɧɨɫɬɢ ɫɩɥɚɜɨɜ ɤ ɩɪɨɹɜɥɟɧɢɸ ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ, ɤɚɤ ɚɧɢ-
ɡɨɬɪɨɩɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ, ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ ɢ ɩɨɪɢɫɬɨɫɬɢ, ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɥɟɝɢ-
ɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɦɢ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦɢ ɫɧɢɠɟɧɢɸ ɫɤɥɨɧɧɨɫɬɢ ɫɩɥɚɜɚ ɤ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ, ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɫɥɟ-
ɞɭɟɬ ɩɨɞɛɢɪɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɜɵɫɨɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɜ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɯɪɭɩɤɨɫɬɢ, ɚ ɲɢɪɢɧɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɵɥɚ 
ɦɢɧɢɦɚɥɶɧɚ Д7, 8Ж. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɜɵɲɟɧɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧ-
ɬɟɪɜɚɥɟ ɯɪɭɩɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɣ ɮɚɡɵ, ɡɚɬɜɟɪɞɟɜɚɧɢɟ 
ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬ. ɟ. ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧ 
ɬɜɟɪɞɨɠɢɞɤɨɝɨ ɢ ɠɢɞɤɨ-ɬɜɟɪɞɨɝɨ ɢɧɬɟɪɜɚɥɨɜ Д9Ж. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɭɞɚɱɧɵɦɢ ɹɜɥɹ-
ɸɬɫɹ ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Al–Mg, ɜ ɤɨɬɨɪɵɯ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ ɜɛɥɢɡɢ ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɯɪɭɩɤɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ з20 %, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ, 
ɧɚɩɪɢɦɟɪ, ɜ ɫɩɥɚɜɚɯ ɫɢɫɬɟɦɵ Al–Cu, ɜ ɤɨɬɨɪɵɯ ɷɬɨ ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ з10 % [10]. 

ɒɢɪɢɧɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɧɹɟɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɫɩɥɚɜɚɯ ɫɢɫɬɟɦɵ Al–Mg ɧɚɛɥɸɞɚɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɦɚɝɧɢɹ 0,6–2 % – ɩɪɢ ɷɬɨɦ 
ɜ ɭɫɥɨɜɢɹɯ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɚ (ɪɢɫ. 1) Д7, 8Ж. 
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ɋɨɞɟɪɠɚɧɢɟ Mg, % (ɩɨ ɦɚɫɫɟ)  
Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɪɢ 

ɦɚɫɫɨɜɵɯ ɞɨɥɹɯ ɬɜɟɪɞɵɯ ɮɚɡ 90 (1), 80 (2) ɢ 65 % (3) (4 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ), ɢ ɩɨɤɚ-
ɡɚɬɟɥɹ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ (5 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ Mg  
ɜ ɫɩɥɚɜɟ ɫɢɫɬɟɦɵ Al–Mg [10]  

 
ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ Mg ɛɨɥɟɟ 2 %*, ɜɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜ-

ɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɩɨɤɚɡɚ-
ɬɟɥɶ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ. 
 
* Ɂɞɟɫɶ ɢ ɞɚɥɟɟ – ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɜ % (ɩɨ ɦɚɫɫɟ). 
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ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɸɬɫɹ 
ɫɩɥɚɜɵ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɩɪɢɫɭɬɫɬɜɭɸɬ Sc ɢ Zr. ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɨ ɯɢ-
ɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɫɥɨɣɧɵɦ ɫɢɧɬɟɡɨɦ ɫɩɥɚɜɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ), ɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɤɢ Sc, Zr ɢɥɢ Sc + Zr. 

 
Ɍɚɛɥɢɰɚ 1 

ɏиɦичɟɫɤиɣ ɫɨɫɬɚв ɫɩɥɚвɨв ɫ ɞɨɛɚвɤɚɦи Sc, Zr иɥи Sc + Zr, 
ɨɛɪɚɛɚɬɵвɚɟɦɵɯ ɩɨɫɥɨɣɧɵɦ ɫиɧɬɟɡɨɦ 

ɋɩɥɚɜ / ɫɢɫɬɟɦɚ 
ɥɟɝɢɪɨɜɚɧɢɹ 

(ɩɪɨɢɡɜɨɞɢɬɟɥɶ) 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
Ʌɢɬɟɪɚɬɭɪɚ 

Mg Sc Zr Mn Si Fe Zn Cu Ti Cr 

Scalmalloy (Airbus 
Group) 

4,0–
4,9 

0,6–
0,8 

0,2– 
0,5 

0,3–
0,8 

Ⱦɨ 
0,4 

Ⱦɨ 
0,4 

Ⱦɨ 
0,25 

Ⱦɨ 
0,1 

Ⱦɨ 
0,15 – [11] 

Addalloy (Nano Al) 3,6 – 1,1 – – – – – – – Ɏɚɤɬɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ Д12Ж 

AA6061–Sc 0,8–
1,2 0,15 – Ⱦɨ 

0,15 
0,4–
0,8 

Ⱦɨ 
0,7 

Ⱦɨ 
0,25 

0,15–
0,40 

Ⱦɨ 
0,15 

0,04–
0,35 

[13] 

Al–Cu–Mg–Mn + 
+ (0–2,5Zr) 1,97 – 

0; 0,6; 
1; 1,5; 
2; 2,5 

0,56 – – – 4,24 – – 
Ɏɚɤɬɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ [14] 

Al–Mg–Sc–Zr 3,40 1,08 0,23 0,5 0,14 0,08 – 0,44 – – [15] 

AA7075–Sc–Zr 2,1–
2,9 0,39 0,23 Ⱦɨ 

0,3 
Ⱦɨ 
0,4 

Ⱦɨ 
0,5 

5,1–
6,1 

1,2–
2,0 

Ⱦɨ 
0,2 

0,18–
0,28 

[16] 

Al–Mg–Si–Sc–Zr 
(Xiamen Yuanjun 

Metal Products Co, 
Ltd) 

14,1 0,31 0,17 – 0,47 – – – – – 

Ɏɚɤɬɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ Д17Ж 

AA5083–Zr 3,19 ‒ 0,89 0,78 – 0,53 – – – – Ɏɚɤɬɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ Д18Ж 

Al–Mg–Sc–Zr 6,2 0,36 0,09 – – – – – – – Ɏɚɤɬɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ Д19Ж 

Al–Mg–Sc–Zr 4,2 0,4 0,2 0,18 – 0,1 – 0,005 0,001 0,01 Ɏɚɤɬɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ Д20Ж 

 
ɋɤɚɧɞɢɣ ɢ ɰɢɪɤɨɧɢɣ ɫɩɨɫɨɛɫɬɜɭɸɬ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɦɭ ɢ ɞɢɫɩɟɪɫɢɨɧɧɨɦɭ 

ɭɩɪɨɱɧɟɧɢɸ ɫɩɥɚɜɚ. ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ, ɯɢɦɢɱɟ-
ɫɤɢɣ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1, ɢɦɟɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ Al3X. 
Ɉɛɪɚɡɨɜɚɧɢɟ ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ Al3(Sc, Zr) ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ ɫɩɥɚɜɚ SМКlЦКlloв ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɜɚɧɧɵ 
ɪɚɫɩɥɚɜɚ ɱɚɫɬɢɰɵ ɮɚɡɵ Al3(Sc, Zr) ɜɵɞɟɥɹɸɬɫɹ ɢɡ ɪɚɫɩɥɚɜɚ ɩɟɪɜɵɦɢ (ɪɢɫ. 2) ɢ ɜ ɞɚɥɶ-
ɧɟɣɲɟɦ ɫɥɭɠɚɬ ɰɟɧɬɪɚɦɢ ɝɟɬɟɪɨɝɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɇɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɤɨɝɟɪɟɧɬ-
ɧɵɟ ɱɚɫɬɢɰɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ Al3(Sc, Zr) ɬɚɤɠɟ ɦɨɝɭɬ ɜɵɞɟɥɹɬɶɫɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɧɚɝɪɟɜɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 275–325 °C ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɚɞɚ ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ Д21–29]. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ Al3(Sc, Zr), ɬɚɤ ɠɟ ɤɚɤ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 
ɬɢɩɚ (Al–Mg)-ɨɤɫɢɞ, ɩɪɟɩɹɬɫɬɜɭɟɬ ɪɨɫɬɭ ɡɟɪɟɧ ɜ ɫɬɪɭɤɬɭɪɟ Д21, 23, 25Ж, ɫɩɨɫɨɛɫɬɜɭɹ 
ɭɩɪɨɱɧɟɧɢɸ ɫɩɥɚɜɚ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɢ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟ-
ɫɬɜɚ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɬɨɪɦɨɡɹɳɢɯ ɞɜɢɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ (ɫɨɨɬɧɨɲɟɧɢɟ Хɨɥɥɚ–ɉɟɬɱɚ). 
Ɍɚɤ, ɤɚɠɞɵɟ 0,1 % Sc ɭɜɟɥɢɱɢɜɚɸɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɚ ɧɚ 40–50 Ɇɉɚ Д21, 23Ж. 
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ɉɨɦɢɦɨ ɷɬɨɝɨ, ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵ-
ɲɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɩɥɚɜɚ Д21, 22, 24]. 
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Ɋɢɫ. 2. Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ Al–Sc (ɚ) Д20Ж ɢ Al–Zr (ɛ) [12] 

 
ɉɭɬɟɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɤɚɧɞɢɟɦ ɢ ɰɢɪɤɨɧɢɟɦ ɜɨɡɦɨɠ-

ɧɨ ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ ɫɤɥɨɧɧɨɫɬɢ ɫɩɥɚɜɚ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɤɪɢɫɬɚɥɥɨɜ ɫɬɨɥɛɱɚɬɨɝɨ ɬɢ-
ɩɚ ɜ ɯɨɞɟ ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɜ ɫɩɥɚɜɟ SМКlЦКlloв ɞɨ 50 % ɡɟɪɟɧ ɜ ɫɬɪɭɤɬɭɪɟ 
ɢɦɟɸɬ ɪɚɜɧɨɨɫɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɳɢɟɫɹ ɫɬɨɥɛɱɚɬɵɟ ɡɟɪɧɚ ɜ 5–10 ɪɚɡ ɤɨ-
ɪɨɱɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɫɢɧɬɟɡɚ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɞɪɭɝɢɯ ɫɢɫɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ Д12, 15, 
25Ж. ɇɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ SМКlЦКlloв ɜɨɡɦɨɠɧɨ ɪɚɡɥɢɱɢɬɶ ɬɟɦɧɵɟ ɢ ɫɜɟɬɥɵɟ ɨɛɥɚɫɬɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɡɨɧɚɦ (ɪɢɫ. 3, ɚ). 
Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɚɧɢɰ ɜ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɬɟɦɧɵɣ ɨɬɬɟɧɨɤ, 
ɩɪɨɹɜɥɹɟɦɵɣ ɩɪɢ ɬɪɚɜɥɟɧɢɢ. ȼ ɨɛɪɚɡɰɟ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3, ɛ, 
ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɡɨɧɚ (ɬɨɥɳɢɧɨɣ з10 ɦɤɦ) ɨɛɪɚɡɨɜɚɧɚ ɪɚɜɧɨɨɫɧɵɦɢ ɤɪɢɫɬɚɥɥɢɬɚɦɢ, ɪɚɡɦɟɪ 
ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 150 ɧɦ ɞɨ 2 ɦɤɦ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤɪɭɩɧɨɡɟɪɧɢɫɬɚɹ 
ɡɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 1–15 ɦɤɦ.  
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Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Al–Mg–Sc (Scalmalloy): ɚ – ɢɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧ-

ɧɨɟ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ Д20Ж; ɛ – ɤɚɪɬɚ EBSD-ɫɤɚɧɢɪɨɜɚɧɢɹ Д24Ж 
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Ɉɛɪɚɡɨɜɚɧɢɸ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɜɛɥɢɡɢ ɨɫɧɨɜɚɧɢɹ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɫɩɨ-
ɫɨɛɫɬɜɭɸɬ ɩɟɪɜɢɱɧɵɟ ɱɚɫɬɢɰɵ Al3(Sc, Zr), (Al–Mg)-ɨɤɫɢɞɵ ɢ ɫɦɟɲɚɧɧɵɟ ɱɚɫɬɢɰɵ, ɤɨ-
ɬɨɪɵɟ ɫɥɭɠɚɬ ɰɟɧɬɪɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɥɸɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɵ. ɇɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɮɚɡɨɜɵɯ ɜɵɞɟɥɟɧɢɣ ɩɨ ɨɛɴɟɦɭ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɛɢɦɨɞɚɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɋɤɨɪɨɫɬɶ 
ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɧɧɵ  
ɪɚɫɩɥɚɜɚ, ɱɬɨ ɜɵɡɜɚɧɨ ɭɦɟɧɶɲɟɧɢɟɦ ɨɫɬɚɬɨɱɧɨɝɨ ɨɛɴɟɦɚ ɪɚɫɩɥɚɜɚ. ɉɪɢ ɷɬɨɦ Sc ɢ Zr 
ɨɤɚɡɵɜɚɸɬɫɹ ɜ ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ ɚɥɸɦɢɧɢɹ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɨɜ. Ⱦɚɧɧɨɟ ɹɜɥɟɧɢɟ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫ. 4. 
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Ɋɢɫ. 4. Ɇɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɛɢɦɨɞɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɩɥɚɜɚɯ ɫ ɞɨɛɚɜɤɚɦɢ Sc ɢ Zr [12, 20] 

 
ȿɳɟ ɨɞɢɧ ɷɮɮɟɤɬ, ɫ ɤɨɬɨɪɵɦ ɫɜɹɡɚɧɚ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ 

Al3(Sc, Гr) ɩɨ ɨɛɴɟɦɭ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ, ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜɚɧɧɵ 
ɪɚɫɩɥɚɜɚ ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɜɵɪɚɠɟɧɢɟ (1)) Д19, 20Ж, ɱɬɨ ɩɪɢɜɨ-
ɞɢɬ ɤ ɡɚɦɟɞɥɟɧɢɸ ɬɟɱɟɧɢɹ Ɇɚɪɚɧɝɨɧɢ* ɢ ɨɬɬɟɫɧɟɧɢɸ ɱɚɫɬɢɰ Al3(Sc, Гr) ɤ ɨɫɧɨɜɚɧɢɸ 
ɜɚɧɧɵ (ɪɢɫ. 4, ɛ):  

,γ
15
16μ

Tk
m

B

      (1) 

ɝɞɟ m – ɚɬɨɦɚɪɧɚɹ ɦɚɫɫɚ; γ – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɠɢɞɤɨɫɬɢ; Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ; kB – ɤɨɧ-
ɫɬɚɧɬɚ. 
 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɢɞɭɫ) ɨɫɬɚɜ-
ɲɢɣɫɹ ɪɚɫɩɥɚɜ ɡɚɬɜɟɪɞɟɜɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ α-Al ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ Al3(Sc, Zr) 
(ɪɢɫ. 4, ɜ). 
 
* ɗɮɮɟɤɬ Ɇɚɪɚɧɝɨɧɢ – ɹɜɥɟɧɢɟ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ, ɜɨɡɧɢɤɚɸɳɟɟ ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɝɪɚɞɢɟɧɬɚ ɫɢɥ  
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. 
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ɂɧɬɟɪɦɟɬɚɥɥɢɞɵ Al3(Sc, Zr) ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɫɩɥɚɜɚ Д21, 23, 30Ж, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ. Ʉɪɨ-
ɦɟ ɬɨɝɨ, ɥɟɝɢɪɨɜɚɧɢɟ Sc ɢ Zr ɫɧɢɠɚɟɬ ɫɤɥɨɧɧɨɫɬɶ ɫɩɥɚɜɨɜ ɤ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ Д14Ж. Ɂɚ-
ɪɨɠɞɟɧɢɟ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɵɯ ɬɪɟɳɢɧ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɬɨ-
ɝɞɚ, ɤɨɝɞɚ ɤɪɢɫɬɚɥɥɢɡɭɸɳɚɹɫɹ ɜ ɩɨɫɥɟɞɧɸɸ ɨɱɟɪɟɞɶ ɠɢɞɤɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɚ ɜ ɜɢɞɟ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɤɥɸɱɟɧɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ ɝɪɚɧɢɰɚɯ ɞɟɧɞɪɢɬɨɜ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɩɭ-
ɫɬɨɬɵ, ɤɨɬɨɪɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɪɚɫɬɭɬ, ɤɨɚɥɟɫɰɢɪɭɸɬ ɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɬɪɟɳɢɧɵ Д9, 14Ж. 
ɂɧɬɟɪɦɟɬɚɥɥɢɞɵ Al3(Sc, Zr) ɩɪɟɩɹɬɫɬɜɭɸɬ ɪɨɫɬɭ ɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɸ ɞɟɧɬɪɢɬɨɜ, ɬɟɦ 
ɫɚɦɵɦ ɫɩɨɫɨɛɫɬɜɭɹ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɠɢɞɤɨɫɬɢ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ  
ɫɧɢɠɟɧɢɟ ɫɤɥɨɧɧɨɫɬɢ ɫɩɥɚɜɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ. Ɉɩɢɫɚɧɧɵɣ ɦɟɯɚɧɢɡɦ 
ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧ ɧɚ ɪɢɫ. 5. 
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Ɋɢɫ. 5. ɂɥɥɸɫɬɪɚɰɢɹ ɦɟɯɚɧɢɡɦɚ ɜɥɢɹɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ Al3Zr ɧɚ ɫɤɥɨɧɧɨɫɬɶ ɚɥɸɦɢɧɢɟ-

ɜɵɯ ɫɩɥɚɜɨɜ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ Д14Ж 
 

Ɂɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɱɢɫɥɚ ɩɨɪ ɢ ɬɪɟɳɢɧ ɜ ɫɬɪɭɤɬɭɪɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɫɤɚɧɞɢ-
ɟɦ ɢ ɰɢɪɤɨɧɢɟɦ ɩɨɜɵɲɚɟɬ ɩɥɨɬɧɨɫɬɶ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɨɛɪɚɡɰɨɜ – ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ 
SМКlЦКlloв ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 99 % [12, 22Ж, ɞɥɹ ɞɟɬɚɥɟɣ ɢɡ ɫɩɥɚɜɚ AННКlloв: 98 % [12]. 

 
ȼɥияɧиɟ ɩɚɪɚɦɟɬɪɨв ɫиɧɬɟɡɚ ɧɚ ɩɥɨɬɧɨɫɬь, ɫɬɪɭɤɬɭɪɭ и ɫвɨɣɫɬвɚ  

ɫиɧɬɟɡиɪɭɟɦɵɯ ɫɩɥɚвɨв ɫ ɞɨɛɚвɤɚɦи ɫɤɚɧɞия и ɰиɪɤɨɧия 
Ɉɫɧɨɜɨɣ ɩɪɨɰɟɫɫɨɜ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɟɬɚɥɟɣ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚ-

ɜɨɜ ɹɜɥɹɟɬɫɹ ɫɩɥɚɜɥɟɧɢɟ ɧɟɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɩɨɪɨɲɤɚ ɩɭɬɟɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɢɫɬɨɱɧɢɤɚ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ 
ɬɚɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɫɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɫɩɥɚɜɥɟɧɢɟ (ɋɅɋ), ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ 
ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɚɡɟɪɧɨɟ ɢɡɥɭɱɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɳɚɹɫɹ ɜ ɩɪɨ-
ɰɟɫɫɟ ɩɥɚɜɥɟɧɢɹ ɜɚɧɧɚ ɪɚɫɩɥɚɜɚ ɨɛɥɚɞɚɟɬ ɦɚɥɵɦ ɨɛɴɟɦɨɦ, ɚ ɟɟ ɨɯɥɚɠɞɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɤɭɸ ɞɢɫɩɟɪɫɧɨɫɬɶ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɨɪɦɢɪɭ-
ɟɦɨɣ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɫɬɪɭɤɬɭɪɵ Д21, 31–33Ж. Ɍɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ, ɤɚɤ 
ɦɨɳɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ, ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɬɨɥɳɢɧɚ ɫɥɨɹ ɢ ɬ. ɞ., 
ɨɩɪɟɞɟɥɹɸɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɥɟɧɢɟ ɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɫɩɥɚɜɚ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪ ɦɢɤɪɨɫɬɪɭɤ-
ɬɭɪɵ ɢ ɩɨɪɢɫɬɨɫɬɶ Д21, 31Ж. ɉɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫ ɭɱɟɬɨɦ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚ-
ɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɥɭɱɟɧɢɸ ɦɨɧɨɥɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɢ ɷɬɨɦ ɧɚɥɢ-
ɱɢɟ ɞɟɮɟɤɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɧɟɢɡɛɟɠɧɨ, ɧɨ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶ-
ɲɢɬɶ. Ɂɧɚɱɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɩɪɢ 
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ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ ɩɭɬɟɦ ɋɅɋ ɧɟɤɨɬɨɪɵɯ ɫɩɥɚɜɨɜ ɫ ɞɨɛɚɜɤɚɦɢ Sc, Zr ɢɥɢ Sc + Zr, ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɬɚɛɥ. 2. 

ȼɡɚɢɦɨɫɜɹɡɶ ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥ. 2 ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɦɨɠɧɨ ɨɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟɦ (2) 
Д21, 28, 34Ж ɩɨɫɪɟɞɫɬɜɨɦ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ, ɢɦɟɧɭɟɦɨɣ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɢ ɢɡɥɭ-
ɱɟɧɢɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɥɚɡɟɪɧɨɟ ɢɡɥɭɱɟɧɢɟ: 

.φ
dhu

P
       (2) 

ɝɞɟ φ – ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ; P – ɦɨɳɧɨɫɬɶ ɥɚɡɟɪɚ; u – ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ; h – ɲɚɝ 
ɫɤɚɧɢɪɨɜɚɧɢɹ; d – ɬɨɥɳɢɧɚ ɫɥɨɹ. 

 
Ʉɚɤ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɩɪɨɛɥɟɦ ɜ ɚɞɞɢɬɢɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɪ ɢ ɬɪɟɳɢɧ ɜ ɦɚɬɟɪɢɚɥɟ. Ɇɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɫɜɹɡɵɜɚɸɬ 
ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɫ ɜɟɥɢɱɢɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɤɚɧɢɪɨɜɚɧɢɹ. Ɂɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɞɨɫɬɢɠɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨ 
ɞɥɹ ɤɚɠɞɨɣ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ. 

ɇɚɩɪɢɦɟɪ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɪ ɢ ɬɪɟɳɢɧ ɜ ɫɩɥɚɜɟ ɦɚɪɤɢ 
7075 ɫ ɞɨɛɚɜɤɚɦɢ 0,39 % Sɫ ɢ 0,23 % Гr ɩɪɢ ɟɝɨ ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ ɦɟɬɨɞɨɦ ɋɅɋ ɩɨɤɚɡɵ-
ɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ (≥98 %) ɢ ɧɚɢɦɟɧɶɲɟɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɬɪɟɳɢɧ ɨɛɥɚɞɚɸɬ ɨɛɪɚɡɰɵ, ɩɨɥɭɱɚɟɦɵɟ ɜ ɢɧɬɟɪɜɚɥɟ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭ-
ɱɟɧɢɹ ɨɬ 111 ɞɨ 333 Ⱦɠ/ɦɦ3 (ɪɢɫ. 6, I) Д16Ж. ɉɪɢ ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ  
ɫɨɫɬɚɜɚ Al–6,2Mg–0,36Sc–0,1Zr ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ Д19Ж ɩɥɨɬɧɨɫɬɶ ɨɛ-
ɪɚɡɰɨɜ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢ-
ɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ (97,9 %) ɩɪɢ 139 Ⱦɠ/ɦɦ3 (ɪɢɫ. 6, II ɢ 7, ɛ). 
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Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ ȺȺ7075–0,39Sc–0,23Zr (I) 

ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 44 (ɚ), 66 (ɛ),  111 (ɜ), 222 (ɝ), 333 (ɞ), 375 Ⱦɠ/ɦɦ3 (ɟ) [16] ɢ ɫɩɥɚɜɚ 
ɫɨɫɬɚɜɚ Al–6,2Mg–0,36Sc–0,1Zr (II) ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 139 (ɠ), 111 (ɡ), 104 (ɢ),  
93 (ɤ), 81 Ⱦɠ/ɦɦ3 (ɥ) [19] 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢɡ ɩɨɪɨɲɤɚ, ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɚɜɭ 
ɫɩɥɚɜɚ 6061, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 0,15 % SМ, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ 
ɢɡɥɭɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɚɢɛɨɥɶɲɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ (ɞɨ 
99,98 %), ɧɚɯɨɞɹɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 55 ɞɨ 70 Ⱦɠ/ɦɦ3 (ɪɢɫ. 7, ɚ) Д13Ж. ɉɪɢ ɫɢɧɬɟɡɟ ɫɩɥɚɜɚ 
Scalmalloy (ɪɢɫ. 7, ɜ) ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ (≥99,5 %) ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟ-
ɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɞɨ ɡɧɚɱɟɧɢɹ 125 Ⱦɠ/ɦɦ3, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ˂320 ɦɦ/ɫ ɩɪɢ ɲɚɝɟ ɫɤɚɧɢɪɨɜɚɧɢɹ 165 ɦɤɦ ɢɥɢ ɫɤɨɪɨɫɬɢ ˂395 ɦɦ/ɫ ɩɪɢ 
ɲɚɝɟ ɫɤɚɧɢɪɨɜɚɧɢɹ 135 ɦɤɦ Д27Ж. 
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Ɋɢɫ. 7. ȼɥɢɹɧɢɟ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɥɨɬɧɨɫɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ  

ɢɡ ɫɩɥɚɜɨɜ: ɚ – AA6061–0,15Sc [13]; ɛ – Al–6,2Mg–0,36Sc–0,1Zr [19]; ɜ – Scalmalloy [27];  
ɝ – AA5083–Zr [18] 

 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ ɫ ɞɨɛɚɜɤɚɦɢ Sc ɢ Zr, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɨ ɪɚɡ-

ɥɢɱɧɵɦ ɪɟɠɢɦɚɦ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 
ɧɟɜɟɥɢɤɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɣ ɩɨɪɨɲɤɨɦ ɷɧɟɪɝɢɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɥɧɨɝɨ ɪɚɜ-
ɧɨɦɟɪɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ, ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɜɵɫɨɤɨɣ ɩɨɪɢɫɬɨɫɬɢ Д13, 16–19, 27, 36–38]. 
ɍɜɟɥɢɱɟɧɢɟ ɩɨɬɪɟɛɥɹɟɦɨɣ ɩɨɪɨɲɤɨɦ ɷɧɟɪɝɢɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɫɩɥɚɜɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɪɚɠɟɧɢɟɦ (1)) ɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɡɚɩɨɥɧɟɧɢɸ ɩɨɪ ɜ ɫɢɧɬɟɡɢɪɭɟɦɨɦ ɦɚɬɟɪɢɚɥɟ. 
ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ Д19Ж ɪɨɫɬ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–6,2Mg–0,36Sc– 
–0,1Zr, ɧɚɛɥɸɞɚɟɦɵɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ, ɫɜɹɡɵɜɚɸɬ ɫɨ 
ɫɧɢɠɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɟɟ ɧɚɯɨɠɞɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜ ɯɨɞɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɦɚɱɢɜɚɧɢɸ, ɪɚɫɬɟɤɚɟɦɨɫɬɢ ɢ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɦɭ ɡɚɩɨɥɧɟɧɢɸ ɦɢɤɪɨɩɨɪ (ɪɢɫ. 6, II ɢ 7, ɛ). ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɜɟɥɢɱɢɧɚ  
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ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɫɥɢɲɤɨɦ ɛɨɥɶɲɚɹ, ɬɨ ɩɨɪɢɫɬɨɫɬɶ ɬɚɤɠɟ ɛɭɞɟɬ ɜɵɫɨɤɨɣ 
[13, 16–19, 27, 36–38Ж, ɱɬɨ ɫɥɟɞɭɟɬ ɫɜɹɡɵɜɚɬɶ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɞɨɪɨɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ  
ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɢɡ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ. 

Ɋɚɧɟɟ ɩɪɢɜɟɞɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɧɚ ɪɢɫ. 7. 
ȼɫɟ ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢɥɢ ɩɨɪɢɫɬɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ 
ɢɡɥɭɱɟɧɢɹ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɯɨɠɢɣ ɯɚɪɚɤɬɟɪ. ɍɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ 
ɜ ɯɨɞɟ ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ ɢɡɧɚɱɚɥɶɧɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɪɚɫɬɚɧɢɸ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɨɞɧɚ-
ɤɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɬɟɦɩ ɪɨɫɬɚ ɡɚɦɟɞɥɹɟɬɫɹ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (2), ɨɞɧɢɦ ɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɷɧɟɪɝɨ-
ɜɥɨɠɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɨɫɬɭ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ, ɨɞɧɚɤɨ ɩɪɢ 
ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ 
ɩɪɨɩɥɚɜɥɟɧɢɸ ɩɨɪɨɲɤɚ, ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɢ ɬɪɟɳɢɧ. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɟɡɧɨ  
ɜɜɟɫɬɢ ɬɟɪɦɢɧ – ɩɨɪɨɝɨɜɚɹ ɫɤɨɪɨɫɬɶ, ɬ. ɟ. ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɝɚɪɚɧɬɢ-
ɪɭɸɳɚɹ ɩɨɥɧɨɟ ɩɪɨɩɥɚɜɥɟɧɢɟ ɩɨɪɨɲɤɚ ɢ ɩɨɥɭɱɟɧɢɟ ɦɨɧɨɥɢɬɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɦɢɧɢ-
ɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɪɟɳɢɧ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ  
ɫɨɫɬɚɜɚ Al–4,24Cu–1,97Mg–0,56Mn ɫ ɞɨɛɚɜɤɚɦɢ Zr ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (0–2,5Zr), 
ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ AA5083–0,89Zr ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɪɨɝɨɜɭɸ 
ɫɤɨɪɨɫɬɶ ɜɨɡɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɩɭɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ Zr. 
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Ɋɢɫ. 8. ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ Zr ɢ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɩɥɨɬɧɨɫɬɶ (ɚ) ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ (ɛ) 

ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–4,24Cu–1,97Mg–0,56Mn + (0–2,5Zr) Д14Ж, ɚ ɬɚɤɠɟ ɧɚ ɩɥɨɬɧɨɫɬɶ ɫɩɥɚɜɚ 
AA5083–Zr (ɜ) [18] 
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ɇɚ ɪɢɫ. 8, ɚ, ɛ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɤɢ Zr ɜ ɫɨɫɬɚɜ ɫɩɥɚɜɚ Al–4,24Cu–1,97Mg– 
–0,56Mn + (0–2,5Zr) ɩɨɡɜɨɥɹɸɬ ɭɜɟɥɢɱɢɬɶ ɩɨɪɨɝɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜ ɯɨɞɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫ 
83 ɞɨ 583 ɦɦ/ɫ. ɂɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɪɢɫ. 8, ɛ) ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɧɢɠɟɧɢɟ ɤɨ-
ɥɢɱɟɫɬɜɚ ɩɨɪ ɢ ɬɪɟɳɢɧ ɜ ɨɛɪɚɡɰɚɯ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ Zr. Ɂɚɜɢɫɹɳɚɹ ɨɬ ɤɨɥɢɱɟ-
ɫɬɜɚ ɩɨɪ ɢ ɬɪɟɳɢɧ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ Zr, ɧɨ ɩɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɧɚɱɟɧɢɹɦ ɛɨ ɥɶɲɢɦ, ɱɟɦ 2 %, ɩɥɨɬɧɨɫɬɶ 
ɫɧɢɠɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ Д14Ж ɜɵɞɟɥɟɧɚ ɨɛɥɚɫɬɶ ɨɩɬɢɦɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–4,24Cu–1,97Mg–0,56Mn ɫ ɞɨɛɚɜɤɚɦɢ Zr ɪɚɡɥɢɱɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ (0–2,5Zr) (ɪɢɫ. 8, ɛ). 

ȼɚɪɶɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɟɣ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɫɥɨɣɧɨɦ ɫɢɧɬɟɡɟ ɨɛɪɚɡɰɨɜ ɢɡ 
ɫɩɥɚɜɚ ɦɚɪɤɢ ȺȺ5083 ɫ ɞɨɛɚɜɤɚɦɢ Zr ɢ ɛɟɡ ɧɟɝɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɩɨɥɨɠɢ-
ɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɧɚ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɨɤɚɡɵɜɚɟɬ ɥɟɝɢɪɨɜɚɧɢɟ ɰɢɪɤɨɧɢɟɦ ɩɪɢ ɫɤɨɪɨ-
ɫɬɹɯ ɫɤɚɧɢɪɨɜɚɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ з400 ɞɨ з1300 ɦɦ /ɫ (ɪɢɫ. 8, ɜ) [18]. 

Ɋɚɡɦɟɪ ɡɟɪɟɧ ɢ ɩɪɨɰɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɪɚɜɧɨɨɫɧɵɯ ɦɟɥɤɢɯ ɤɪɢɫɬɚɥɥɢ-
ɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ (ɫɬɨɥɛɱɚɬɵɯ) ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɫɢɧɬɟɡɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 9. 

 
ɛ)ɚ) ɜ)

ɝ) ɟ)ɞ)
I

ɡ)ɠ) ɢ) ɤ)

II

 
Ɋɢɫ. 9. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ ȺȺ7075–0,39Sc–0,23Zr (I) 

ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 44 (ɚ), 66 (ɛ),  111 (ɜ), 222 (ɝ), 333 (ɞ), 375 Ⱦɠ/ɦɦ3 (ɟ) [16]  
ɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–3,4Mg–1,8Sc–0,23Zr (II) ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 77,1 (ɠ, ɢ)  
ɢ 154,2 Ⱦɠ/ɦɦ3 (ɡ, ɤ) ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɬɮɨɪɦɵ 35 (ɠ, ɡ) ɢ 200 °ɋ (ɢ, ɤ) [15] 

 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ AA7075– 

–0,39Sc–0,23Zr ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ (ɪɢɫ. 9, I).  
ȼ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ 375 Ⱦɠ/ɦɦ3, ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɪɚɜɧɨɨɫɧɵɯ ɤɪɢ-
ɫɬɚɥɥɢɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 0,78 ɦɤɦ, ɱɬɨ ɧɚ 84 % ɦɟɧɶɲɟ, ɱɟɦ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɨɜ, 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 66 Ⱦɠ/ɦɦ3 Д16Ж. ɂɫɫɥɟɞɨɜɚɧɢɟ 
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ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–3,4Mg–1,8Sc–0,23Zr ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ 
ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɫ 77,1 ɞɨ 154,2 Ⱦɠ/ɦɦ3 ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ ɜ 
ɫɬɪɭɤɬɭɪɟ ɪɚɫɬɟɬ, ɪɚɡɦɟɪ ɢɯ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɪɢɫ. 9, II). ɂɦɟɟɬ ɡɧɚ-
ɱɟɧɢɟ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɨɝɪɟɜɚ ɩɥɚɬɮɨɪɦɵ. ɉɪɢ ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ 
ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–3,4Mg–1,8Sc–0,23Zr ɩɨɞɨɝɪɟɜ ɩɥɚɬɮɨɪɦɵ ɞɨ 200 °C ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ ɜ ɫɬɪɭɤɬɭɪɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɢɧɬɟɡ ɨɛɪɚɡɰɨɜ ɫ ɩɥɨɬ-
ɧɨɫɬɶɸ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 154,2 Ⱦɠ/ɦɦ3 ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɞɨɝɪɟɜɚ ɩɥɚɬɮɨɪɦɵ, ɪɚɜɧɨɣ 
200 °C, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɧɨɫɬɶɸ ɫɨɫɬɨɹɳɟɣ ɢɡ ɪɚɜɧɨɨɫɧɵɯ 
ɡɟɪɟɧ ɪɚɡɦɟɪɨɦ 1,5 ɦɤɦ Д15Ж. 

ɍɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ Sc ɢ Zr, 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɭɞɟɥɶɧɨɝɨ ɷɧɟɪɝɨɜɥɨɠɟɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɢɧɬɟ-
ɡɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɚ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ, ɚ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟ-
ɧɢɸ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɜɵɞɟɥɟɧɢɸ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ Al3(Sc, Zr). ɍɜɟɥɢɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɨɝɪɟɜɚ ɩɥɚɬɮɨɪɦɵ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚ 
ɮɪɨɧɬɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɹɜɥɹɸɳɟɝɨɫɹ (ɤɚɤ ɢ ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) ɨɞɧɢɦ ɢɡ ɨɫ-
ɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɨɞɨɝɪɟɜɚ ɩɥɚɬɮɨɪɦɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɪɚɜɧɨɨɫɧɵɯ ɦɟɥɤɢɯ ɤɪɢɫɬɚɥɥɢ-
ɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɚɪɚɦɟɬɪɵ ɫɤɚɧɢɪɨɜɚɧɢɹ ɬɚɤɠɟ ɜɥɢɹɸɬ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ  
ɦɚɬɟɪɢɚɥɚ. ɇɚɩɪɢɦɟɪ, ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫɩɥɚɜɚ SМКlЦКlloy ɜɥɢɹɟɬ ɧɚ 
ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ Al3(Sc, Zr) ɜ ɫɬɪɭɤɬɭɪɟ. ɉɪɢ ɫɢɧɬɟɡɟ ɨɛɪɚɡɰɨɜ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ 
ɫɤɚɧɢɪɨɜɚɧɢɹ (3000 ɦɦ/ɫ) ɜ ɫɬɪɭɤɬɭɪɟ ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜɵɞɟɥɟɧɢɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ 
(ɪɢɫ. 10, ɛ). ɉɪɢ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɞɨ 1800 ɦɦ/ɫ ɧɚ ɞɧɟ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ 
ɩɨɹɜɥɹɸɬɫɹ ɤɨɝɟɪɟɧɬɧɵɟ ɫɮɟɪɢɱɟɫɤɢɟ ɜɵɞɟɥɟɧɢɹ ɪɚɞɢɭɫɨɦ 10–40 ɧɦ, ɩɪɢ ɷɬɨɦ ɜ ɰɟɧ-
ɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɢɯ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ (ɪɢɫ. 10, ɚ) [20]. 

 
ɛ)ɚ)

 
Ɋɢɫ. 10. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ SМКlЦКlloy ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ  

1800 (ɚ) ɢ 3000 ɦɦ/ɫ (ɛ) [20] 
 

Ɉɬɫɭɬɫɬɜɢɟ ɜɵɞɟɥɟɧɢɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ Al3(Sc, Zr) ɜ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɨɜ, ɫɢɧɬɟ-
ɡɢɪɭɟɦɵɯ ɫ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ, ɫɥɟɞɭɟɬ ɫɜɹɡɵɜɚɬɶ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɜɪɟɦɟɧɢ ɫɭɳɟ-
ɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ, ɧɚɛɥɸɞɚɟɦɵɦ ɜɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɹ ɨɛɴɟɦɚ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ. 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨ-
ɜɚɧɢɹ. ɑɟɦ ɛɨɥɶɲɟ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɷɧɟɪɝɨɜɥɨɠɟɧɢɹ, ɬɟɦ ɦɟɧɶɲɟ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨ-
ɜɟɪɯɧɨɫɬɢ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɨɜ Al–6,2Mg–0,36Sc– 
–0,1Zr; AA7075–0,39Sc–0,23Zr ɢ Al–14,1Mg–0,47Si–0,31Sc–0,17Zr ɜ ɪɚɛɨɬɚɯ Д19, 16, 17Ж. 
Ɍɚɤ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɫ 44 ɞɨ 375 Ⱦɠ/ɦɦ3 ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɫɩɥɚɜɚ 
ɫɨɫɬɚɜɚ AA7075–0,39Sc–0,23Zr, ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɭɦɟɧɶɲɚɟɬɫɹ  
ɫ 20,1 ɞɨ 8,5 (ɪɢɫ. 11, ɚ). 
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Ɋɢɫ. 11. ȼɥɢɹɧɢɟ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ 44 (ɚ) ɢ 375 Ⱦɠ/ɦɦ3 (ɛ) ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ  

ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ AA7075–0,39Sc–0,23Zr [16] 
 
ɍɦɟɧɶɲɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɧɚɛɥɸɞɚɟɦɨɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ 

ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ, ɫɜɹɡɚɧɨ ɫ ɪɨɫɬɨɦ ɨɛɴɟɦɚ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ. 
ɉɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɚɤɠɟ ɧɟɤɨɬɨɪɨɟ ɢɡ-

ɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɬ ɩɥɨɬ-
ɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɢɦɟɟɬ ɧɟɨɞɧɨɡɧɚɱɧɵɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɩɪɢɦɟɪɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɨɜ Al–14,1Mg–0,47Si–0,31Sc–0,17Zr, Al–6,2Mg–0,36Sc–0,1Zr  
ɢ ɫɩɥɚɜɚ SМКlЦКlloв ɜ ɪɚɛɨɬɚɯ Д17, 19, 23Ж. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–14,1Mg– 
–0,47Si–0,31Sc–0,17Zr Д17Ж ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɟɣ 500 ɦɦ/ɫ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɫɧɚɱɚɥɚ ɜɨɡ-
ɪɚɫɬɚɟɬ, ɚ ɡɚɬɟɦ ɫɧɢɠɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ. ɇɚɢɦɟɧɶɲɢɣ ɭɪɨɜɟɧɶ 
ɫɜɨɣɫɬɜ (ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 359 Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 1,97 %) ɧɚɛɥɸɞɚɟɬɫɹ 
ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɹɦ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɚ 240 ȼɬ ɢ ɫɤɨ-
ɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ 500 ɦɦ/ɫ. ɇɚɢɛɨɥɶɲɟɣ ɩɪɨɱɧɨɫɬɶɸ (σɜ = 510 Ɇɉɚ) ɨɛɥɚɞɚɸɬ ɨɛ-
ɪɚɡɰɵ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɪɢ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɚ 200 ȼɬ ɢ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ 
500 ɦɦ/ɫ, ɚ ɧɚɢɛɨɥɶɲɟɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ (į = 9 %) – ɨɛɪɚɡɰɵ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɪɢ ɡɧɚ-
ɱɟɧɢɹɯ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ: 240 ȼɬ ɢ 1000 ɦɦ/ɫ. ɂɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɫɩɥɚ-
ɜɚɯ ɫ ɞɨɛɚɜɤɚɦɢ Sc ɢ Zr, ɧɚɛɥɸɞɚɟɦɨɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɫɜɹɡɚ-
ɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɩɨɪ ɢ ɬɪɟɳɢɧ ɜ ɦɚɬɟɪɢɚɥɟ, 
ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɚ ɡɟɪɧɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ Sc ɢ Zr, ɛɨɥɟɟ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɫɤɚɧɢɪɨɜɚɧɢɹ) ɨɤɚɡɵɜɚɸɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɵ ɟ ɩɚɪɚɦɟɬɪɵ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, 
ɱɬɨ ɩɨɤɚɡɚɧɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɨɜ Al–4,52Mn–1,32Mg–0,79Sc–0,74Zr– 
–0,05Si–0,07Fe, Al–3,60Mg–1,18Zr, AA5083–0,89Zr ɢ Al–Mg–Sc–Zr–Cu ɜ ɪɚɛɨɬɚɯ  
[20, 35, 18, 37]. 

ɇɟɨɞɧɨɡɧɚɱɧɨ ɢɡɦɟɧɹɟɬɫɹ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ) ɬɚɤɠɟ ɢ 
ɬɜɟɪɞɨɫɬɶ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɨɛɪɚɡɰɨɜ, ɱɬɨ ɨɩɢɫɚɧɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɩɥɚɜɨɜ SМКlЦКlloв ɢ 
Al–Mg–Sc–Zr–Cu ɜ ɪɚɛɨɬɚɯ Д24, 37Ж. Ɉɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɞɧɨɡɧɚɱɧɨ ɞɟ-
ɦɨɧɫɬɪɢɪɭɸɬ ɜɨɡɪɚɫɬɚɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɞɟɥɶɧɨɝɨ ɷɧɟɪɝɨɜɥɨɠɟɧɢɹ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɫɢɧɬɟɡɚ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 12). 

ɇɚɩɪɢɦɟɪ, ɩɪɢ ɫɢɧɬɟɡɢɪɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–4,2Mg–0,4Sc–0,2Zr 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ.  
ȼ ɪɚɛɨɬɟ Д20Ж ɷɬɨ ɨɛɴɹɫɧɟɧɨ ɢɡɦɟɧɟɧɢɟɦ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɭɩɪɨɱɧɟɧɢɹ  
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ɫ ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɝɨ ɧɚ ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɜɫɥɟɞɫɬɜɢɟ ɜɵɞɟɥɟɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ 
Al3(Sc, Zr). 
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Ɋɢɫ. 12. ɂɡɦɟɧɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Al–4,2Mg–0,4Sc–0,2Zr ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚ-

ɦɟɬɪɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ Д20Ж 
 

Ɂɚɤɥɸчɟɧия 
Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɤɚɧɞɢɟɦ ɢ ɰɢɪɤɨɧɢɟɦ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɫɧɢɠɟɧɢɟ ɫɤɥɨɧɧɨɫɬɢ ɤ ɝɨɪɹɱɟɥɨɦɤɨɫɬɢ ɢ ɩɨɥɡɭɱɟɫɬɢ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɩɪɨɱɧɟ-
ɧɢɸ ɫɩɥɚɜɚ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɢ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɝɪɚ-
ɧɢɰ, ɬɨɪɦɨɡɹɳɢɯ ɞɜɢɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɪɚɜɧɨɨɫɧɵɯ ɦɟɥɤɢɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ 
ɫɬɪɭɤɬɭɪɟ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɬɚɤɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɵɟ ɭɫɥɨɜɢɹ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɫɩɥɚɜɚ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɵɞɟɥɟɧɢɸ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɢɧɬɟɪɦɟɬɚɥ-
ɥɢɞɨɜ Al3(SМ, Гr). ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɭɞɟɥɶɧɨɝɨ ɷɧɟɪɝɨɜɥɨɠɟ-
ɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɢɧɬɟɡɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɨɫɬɭ ɨɛɴɟɦɚ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ ɢ ɫɧɢɠɟ-
ɧɢɸ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɦɟɧɶɲɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɬɚɤɠɟ 
ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɬɮɨɪɦɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɮɪɨɧɬɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɬ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɫɢɧɬɟɡɢɪɨ-
ɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɤɚɧɞɢɟɦ ɢ ɰɢɪɤɨɧɢɟɦ, ɩɪɨ-
ɹɜɥɹɟɬɫɹ ɧɟɨɞɧɨɡɧɚɱɧɨ. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɚ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɜɥɢɹɸɬ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ: ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɪ ɢ 
ɬɪɟɳɢɧ ɜ ɦɚɬɟɪɢɚɥɟ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪ ɡɟɪɧɚ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɮɚɤɬɨɪɨɜ, ɛɥɚɝɨ-
ɩɪɢɹɬɧɨ ɜɥɢɹɸɳɢɟ ɧɚ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɟ-
ɥɢɱɢɧɚɯ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ. 
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Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɞɟɬɚɥɟɣ 
ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢɡ ɩɥɢɬ ɫɪɟɞɧɟɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ 1441, ɫɨɜɦɟщɟɧɧɨɝɨ ɫɨ 
ɫɬɚɪɟɧɢɟɦ ɞɨ ɫɨɫɬɨɹɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ Ɍ11. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ 
ɢɡ ɫɩɥɚɜɚ 1441 ɢ ɨɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧ  ɟ ɩɚɪɚɦɟɬɪɵ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
Ɉɛɨɛщɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɮɪɚɝɦɟɧɬɨɜ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɨɞɧɨɪɨɞɧɨɫɬɢ  
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɜɫɟɣ ɩɥɨщɚɞɢ ɞɟɬɚɥɟɣ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɦɟɬɨɞ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɥɢɬɚ, ɫɩɥɚɜ 1441, ɨɛɲɢɜɤɚ ɤɪɵɥɚ. 

 
N.Yu. Serebrennikova1, Yu.N. Nefedova1, A.A. Selivanov1, 
A.V. Kovalenko1, P.S. Ogurtsov2, V.A. Soloviev2 

 
AUTOCLAVE  MOLDING  OF  LOWER  
WING  PANEL  SKINS  FROM  1441  ALLOY  PLATES   
 

The paper considers the main features of the process of autoclave molding of complex geo-
metric shape parts from plates of medium-strength alloy 1441, combined with aging to the state 
of T11 heat treatment. The article provides the results of modeling of the autoclave molding 
process of skin fragments of the lower wing panel made of 1441 alloy, and the temperature-time 
parameters of this process determined during the research. The paper generalizes the results of 
examination of mechanical and corrosion characteristics of the fragments of the lower wing 
panel. The possibility of obtaining high accuracy of geometry of complex shaped elements while 
ensuring uniformity of characteristics in the entire area of parts is shown.  

Keywords: autoclave molding method, modeling, stress-strain state, plate, 1441 alloy,  
wing skin. 
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ȼвɟɞɟɧиɟ 
ȼ ɚɜɢɚɫɬɪɨɟɧɢɢ ɚɤɬɢɜɧɨ ɜɟɞɟɬɫɹ ɪɚɛɨɬɚ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɨɨɛɪɚ-

ɡɨɜɚɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɚɧɟɥɟɣ ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. ɋɭɳɟ-
ɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɬɚɤɢɯ ɩɚɧɟɥɟɣ ɩɭɬɟɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɩɪɟɫɫɚɯ, 
ɞɪɨɛɟɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɪɭɱɧɨɣ ɜɵɤɨɥɨɬɤɢ ɧɚ ɛɨɥɜɚɧɤɚɯ ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɩɟɪɟɯɨɞɧɵ-
ɦɢ ɬɪɭɞɨɟɦɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ ɬɪɟɛɭɸɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ  
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ɢ ɜɵɫɨɤɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ ɢɫɩɨɥɧɢɬɟɥɹ Д1–4Ж. Ⱥɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢ-
ɦɟɧɹɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɞɟɬɚɥɟɣ, ɨɝɪɚɧɢɱɟɧɧɵɯ ɪɚɡɦɟɪɨɜ Д5Ж. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɜɬɨɤɥɚɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɭɸ ɮɨɪɦɭ ɩɚɧɟɥɢ ɢ ɡɚɞɚɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɞɟɬɚɥɢ ɡɚ ɨɞɧɭ ɨɩɟɪɚɰɢɸ, ɬɚɤ ɤɚɤ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɜɦɟɫɬɢɬɶ ɩɪɨɰɟɫɫɵ 
ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɨɤɪɚɳɟ-
ɧɢɸ ɰɢɤɥɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɢ. ɉɪɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɢ ɜ ɚɜɬɨɤɥɚɜɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ-
ɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɨ ɩɨ ɤɨɧɬɭɪɭ ɡɚɝɨɬɨɜɤɢ ɢ ɩɥɚɜɧɨ ɜɞɚɜɥɢɜɚɟɬ ɟɟ ɜ ɦɚɬɪɢɰɭ, ɧɟ ɫɨɡɞɚ-
ɜɚɹ ɡɨɧ ɥɨɤɚɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɦɚɬɟɪɢɚɥɟ. Ɋɚɛɨɱɢɣ ɤɨɧɬɭɪ ɠɟɫɬɤɨɣ ɦɚɬɪɢɰɵ ɞɨɥ-
ɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɤɨɧɬɭɪɭ ɩɚɧɟɥɢ ɤɪɵɥɚ, ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɦɭ ɧɚ 
ɜɟɥɢɱɢɧɭ ɩɪɭɠɢɧɟɧɢɹ ɡɚɝɨɬɨɜɤɢ Д6–10Ж. Ɂɚ ɪɭɛɟɠɨɦ ɩɨɞɨɛɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɢɥɢ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɚɧɟɥɟɣ ɤɪɵɥɚ ɫɨɜɪɟɦɟɧɧɨ-
ɝɨ ɫɚɦɨɥɟɬɚ Ⱥ-380 ɤɨɦɩɚɧɢɢ Airbus [11–14]. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧ-
ɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɧɢɠɧɢɯ ɨɛɲɢɜɨɤ ɩɚɧɟɥɟɣ ɤɪɵ-
ɥɚ ɢɡ ɩɥɢɬ ɫɩɥɚɜɚ 1441-Ɍ11, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɚɜɬɨɤɥɚɜɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ 
ɪɟɠɢɦɚɦ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 8.1. 
«ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɫɜɚɪɢɜɚɟɦɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɢ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɟ ɫɩɥɚɜɵ ɩɨɧɢɠɟɧ-
ɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɜɹɡɤɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 
ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ»). 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ  

Ʉɨɦɩɥɟɤɫɧɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɨɞɜɟɪɝɚɥɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɟ ɨɛɪɚɡɰɵ 
(ɄɉɈ) ɮɪɚɝɦɟɧɬɨɜ ɧɢɠɧɢɯ ɨɛɲɢɜɨɤ ɤɪɵɥɚ ɪɚɡɦɟɪɨɦ 600×2000 ɦɦ ɢɡ ɩɥɢɬ ɬɨɥɳɢɧɨɣ 
15 ɦɦ ɫɩɥɚɜɚ 1441 ɩɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɨ ɧɭɠɧɵɯ ɪɚɡɦɟɪɨɜ, ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɈȺɈ «ɄɍɆɁ» ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɚɜ-
ɬɨɤɥɚɜɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɚɦɨɥɟɬɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɉȺɈ «ȼȺɋɈ».  

Ⱥɜɬɨɤɥɚɜ ɮɢɪɦɵ Scholz (ɪɚɡɦɟɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 3000×16000 ɦɦ) 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɝɭɥɢɪɭɟɦɵɣ ɢ ɪɚɜɧɨɦɟɪɧɵɣ ɧɚɝɪɟɜ ɡɚɝɨɬɨɜɤɢ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ, ɨɬɤɥɨ-
ɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ±3 °ɋ, ɨɬɤɥɨɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨ-
ɝɨ ɡɧɚɱɟɧɢɹ – ɧɟ ɛɨɥɟɟ ±1,5 %. 

ɋ ɭɱɟɬɨɦ ɢɦɟɸɳɟɝɨɫɹ ɨɩɵɬɚ ɎȽɍɉ «ȼɂȺɆ» ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɪɟɠɢɦɨɜ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ  
Al–Zn–Mg–CЮ ɢ Al–Cu–Mg–Li [15–23], ɩɪɨɜɨɞɢɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ 
ɩɥɢɬ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɜ ɚɜɬɨɤɥɚɜɟ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ, ɩɪɨ-
ɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  
ɆɆ 1.595-17-351–2008. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 ɋ ɩɥɢɬ ɢɡ ɫɩɥɚɜɚ 
1441 ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɫ ɧɚɱɚɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɞɥɢɧɨɣ l0 = 5,65 0F  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ȽɈɋɌ 1497–84 ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ ГаТМФ RoОll Г100 TEε. Ɇɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɨɛ-
ɪɚɡɰɚɯ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɰɟɧɬɪɚɥɶɧɵɯ ɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɡɨɧ 
ɮɪɚɝɦɟɧɬɨɜ. 

Ʉɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ ɨɰɟɧɢɜɚɥɢ ɩɨ ɫɤɥɨɧɧɨɫɬɢ ɤ ɪɚɫ-
ɫɥɚɢɜɚɸɳɟɣ (ɊɋɄ) ɢ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ (ɆɄɄ) ɧɚ ɨɛɪɚɡɰɚɯ, ɜɵɪɟɡɚɧɧɵɯ  
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ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɤɚɬɚ ɩɥɢɬ. ɂɫɩɵɬɚɧɢɹ ɧɚ 
ɊɋɄ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ 9.904–82 ɜ ɪɚɛɨɱɢɯ ɟɦɤɨɫɬɹɯ ɩɪɢ ɩɨɥɧɨɦ ɩɨɝɪɭɠɟɧɢɢ ɜ ɬɟɱɟ-
ɧɢɟ 7 ɫɭɬ ɜ ɪɚɫɬɜɨɪ № 4 ɨɛɪɚɡɰɨɜ ɪɚɡɦɟɪɨɦ 40×60 ɦɦ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɆɄɄ ɨɛɪɚɡɰɨɜ 
ɪɚɡɦɟɪɨɦ 10×20 ɦɦ ɩɪɨɜɨɞɢɥɢ ɩɨ ȽɈɋɌ 9.021–74 ɜ ɪɚɛɨɱɢɯ ɟɦɤɨɫɬɹɯ ɩɪɢ ɩɨɥɧɨɦ ɩɨ-
ɝɪɭɠɟɧɢɢ ɜ ɬɟɱɟɧɢɟ 6 ɱ ɜ ɪɚɫɬɜɨɪ № 2 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 30 °ɋ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɪɟɯɦɟɪɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɟɥɟɣ ɮɪɚɝɦɟɧɬɨɜ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ 
ɤɪɵɥɚ ɢɡ ɫɩɥɚɜɚ 1441 ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦ SТОЦОns σБ11 ɫ ɪɚɫɱɟɬɧɵɦ  
ɦɨɞɭɥɟɦ σБ σКsЭrКn. 

Ɏɪɟɡɟɪɨɜɚɧɢɟ ɩɥɢɬ ɢɡ ɫɩɥɚɜɚ 1441 ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɬɪɟɛɭɟɦɨɣ ɝɟɨɦɟɬ-
ɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɜɤɥɸɱɚɹ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɬɜɟɪɫɬɢɣ ɩɨɞ «ɥɸɤɢ–ɥɚɡɵ», ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ 
ɩɨɦɨɳɶɸ ɬɪɟɯɤɨɨɪɞɢɧɚɬɧɨɝɨ ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ ɫ ɑɉɍ Protek Concept 4020 CU 16R 1T 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɱɟɪɬɟɠɨɦ. 

ɋɨɨɬɜɟɬɫɬɜɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɪɚɛɨɱɟɝɨ ɤɨɧɬɭɪɚ ɨɬɮɨɪɦɨɜɚɧɧɵɯ ɮɪɚɝ-
ɦɟɧɬɨɜ ɨɛɲɢɜɨɤ ɩɚɧɟɥɟɣ ɤɪɵɥɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɤɨɧɬɭɪɚ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɨɞɟɥɢ ɮɪɚɝɦɟɧɬɨɜ ɩɪɨɜɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɝɨ ɬɪɟɤɟɪɚ AЛsolЮЭО 
TrКМФОr ȺɌ 960 ɮɢɪɦɵ δОТМК, ɨɫɧɚɳɟɧɧɨɝɨ ɛɟɫɩɪɨɜɨɞɧɵɦ ɞɚɬɱɢɤɨɦ-ɳɭɩɨɦ T-Probe. 

ɋɤɚɧɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɦɚɬɪɢɰɭ, ɩɪɨɜɨɞɢɥɢ ɫ ɲɚɝɨɦ 50 ɦɦ ɩɨ ɩɹɬɢ ɤɨɧɬɪɨɥɶɧɵɦ ɫɟɱɟɧɢɹɦ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚ-
ɜɚɥɢ ɬɪɢ ɛɚɡɨɜɵɟ ɬɨɱɤɢ – ɤɪɚɣɧɢɟ ɭɝɥɨɜɵɟ ɬɨɱɤɢ ɮɪɚɝɦɟɧɬɨɜ ɩɚɧɟɥɢ ɢ ɤɪɚɣɧɢɟ ɭɝɥɨɜɵɟ 
ɬɨɱɤɢ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɦɨɞɟɥɢ. ȼ ɩɪɨɝɪɚɦɦɟ SPATIAδ AσAδВSER ɫɨɩɨɫɬɚɜɥɹɥɢ ɞɚɧɧɵɟ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɤɨɧɬɭɪɨɦ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɟɥɟɣ ɮɪɚɝɦɟɧɬɨɜ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɋɨɜɦɟɫɬɧɨ ɫ ɉȺɈ «ɂɥ» ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ 
ɜɵɛɪɚɧ ɮɪɚɝɦɟɧɬ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ ɂɥ-114-300, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ 
ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɜɢɞɭ ɩɟɪɟɩɚɞɨɜ ɬɨɥɳɢɧ (ɨɬ 3,5 ɞɨ 13,0 ɦɦ) ɢ 
ɧɚɥɢɱɢɹ ɨɬɜɟɪɫɬɢɣ ɩɨɞ «ɥɸɤɢ–ɥɚɡɵ», ɫ ɰɟɥɶɸ ɡɚɦɟɧɵ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ 
ɫɩɥɚɜɚ 1163, ɢɡ ɤɨɬɨɪɨɝɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɧɢɠɧɹɹ ɨɛɲɢɜɤɚ ɩɚɧɟɥɢ 
ɤɪɵɥɚ, ɧɚ ɜɵɫɨɤɨɦɨɞɭɥɶɧɵɣ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɣ ɫɩɥɚɜ 1441 ɩɨɧɢɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ.  

ɋɩɥɚɜ 1441 ɹɜɥɹɟɬɫɹ ɪɟɫɭɪɫɧɵɦ ɫɪɟɞɧɟɩɪɨɱɧɵɦ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɦ ɫɩɥɚɜɨɦ, 
ɨɛɥɚɞɚɸɳɢɦ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɨ ɩɥɨɬɧɨɫɬɢ, ɦɨɞɭɥɸ ɭɩɪɭɝɨɫɬɢ, ɬɪɟ-
ɳɢɧɨɫɬɨɣɤɨɫɬɢ ɩɟɪɟɞ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɪɟɫɭɪɫɧɵɦɢ ɫɩɥɚɜɚɦɢ ɬɢɩɚ 
Ⱦ16, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɜɡɚɦɟɧ ɫɩɥɚɜɚ 1163 ɢ ɬɟɯ-
ɧɨɥɨɝɢɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɪɟɲɟɧɢɟɦ. 

ȼ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɈȺɈ «ɄɍɆɁ» ɩɪɨɜɟɞɟɧɚ ɨɬɪɚɛɨɬɤɚ ɪɟɠɢɦɨɜ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɫɬɚɪɟɧɢɹ) ɩɥɢɬ ɢɡ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɨɝɨ ɫɩɥɚɜɚ 1441 ɞɥɹ ɩɨ-
ɫɥɟɞɭɸɳɟɝɨ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. Ɉɩɪɨɛɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɪɟɠɢɦɨɜ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɞɨɫɬɚɪɢɜɚɧɢɹ (ɢɦɢɬɚɰɢɹ ɩɪɨɰɟɫɫɚ ɚɜɬɨ-
ɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ) ɢ ɨɩɪɟɞɟɥɟɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɤɨɪɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɢɬ ɢɡ 
ɫɩɥɚɜɚ 1441. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɤɨɪɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɢɬ ɢɡ ɫɩɥɚɜɚ 
1441 ɜɵɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɤɨɬɨɪɵɣ 
ɩɨɫɥɟ ɞɨɫɬɚɪɢɜɚɧɢɹ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɜ ɚɜɬɨɤɥɚɜɟ ɨɛɟɫɩɟɱɢɜɚɥ ɫɜɨɣɫɬɜɚ ɧɚ 
ɭɪɨɜɧɟ ɫɜɨɣɫɬɜ ɩɥɢɬ ɢɡ ɫɩɥɚɜɚ 1441 ɜ ɫɨɫɬɨɹɧɢɢ Ɍ11. 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɟ ɩɨɞɯɨɞɵ ɤ 
ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɣ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ, ɬɚ-
ɤɢɦɢ ɤɚɤ ɞɚɜɥɟɧɢɟ (Ɋɮ), ɬɟɦɩɟɪɚɬɭɪɚ (Ɍɮ), ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ (tɮ). ɉɪɢɦɟɧɟ-
ɧɢɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɦɧɨɝɨɤɪɚɬɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɢ ɡɚɬɪɚɬɵ  
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ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɚɦɢ, ɨɫɧɨɜɚɧɧɵɦɢ ɧɚ ɚɧɚɥɢɡɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɡɚɝɨɬɨɜɤɢ ɜ ɪɟɠɢɦɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ, ɢɡɦɟɧɹɹ ɢɫɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɭɱɢɬɶ 
ɤɨɦɩɶɸɬɟɪɧɭɸ 3D-ɦɨɞɟɥɶ ɞɟɬɚɥɢ ɫ ɭɱɟɬɨɦ ɩɪɭɠɢɧɟɧɢɹ ɡɚɝɨɬɨɜɤɢ. ɂɡɦɟɧɟɧɢɟ ɮɨɪɦɵ 
ɩɚɧɟɥɢ ɨɛɲɢɜɤɢ ɜ ɩɪɨɰɟɫɫɟ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 1. 

 

1 ɷɬɚɩ 2 ɷɬɚɩ 3 ɷɬɚɩ

ɂɫɯɨɞɧɚɹ  ɩɚɧɟɥɶ
Ɏɨɪɦɨɨɛɪɚɡɨɜɚɧɧɚɹ ɩɚɧɟɥɶ

ɉɪɢɥɨɠɟɧɢɟ ɞɚɜɥɟɧɢɹ 
ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɚɜɬɨɤɥɚɜɟ

 
Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɩɚɧɟɥɢ ɨɛɲɢɜɤɢ ɜ ɩɪɨɰɟɫɫɟ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ 

 
ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɥɢɫɶ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 3D-ɦɨɞɟɥɢ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ 

ɤɪɵɥɚ (ɪɢɫ. 2, ɚ). ɉɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ. ɇɚ ɩɟɪɜɨɣ 
ɫɬɚɞɢɢ ɩɪɨɜɨɞɢɥɢ ɪɚɡɛɢɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɦɚɫɫɢɜ, ɫɨɫɬɨɹɳɢɣ 
ɢɡ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɦɟɸɳɢɯ ɤɨɧɮɢɝɭɪɚɰɢɸ ɬɟɬɪɚɷɞɪɚ (ɪɢɫ. 2, ɛ).  

 

ɛ)ɚ)

 
Ɋɢɫ. 2. Ɍɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɮɪɚɝɦɟɧɬɚ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɢɡ ɫɩɥɚɜɚ 1441: ɚ – ɝɟɨɦɟɬɪɢɱɟɫ-

ɤɢɣ ɤɨɧɬɭɪ ɡɚɝɨɬɨɜɤɢ; ɛ – ɪɚɡɛɢɟɧɢɟ ɢɫɯɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ ɧɚ ɦɚɫɫɢɜ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
 

ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɭɥɹ σБ σКsЭrКn, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ 
ɞɥɹ ɪɟɲɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɥɢɧɟɣɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ ɡɚɞɚɱ, ɩɪɨɜɟɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɫɢɦɭɥɢɪɭɸɳɟɝɨ ɩɪɨɰɟɫɫ ɮɨɪɦɨ-
ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɚɜɬɨɤɥɚɜɟ. 

Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɦɚɬɪɢ-
ɰɵ ɢ ɡɚɝɨɬɨɜɤɢ ɫ ɭɱɟɬɨɦ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɨɞɟɥɢ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ. Ⱦɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɫɥɭɠɢɬ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢɥɨɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɞɟɮɨɪɦɚɰɢɢ 
ɜ ɯɨɞɟ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ.  

ɋɬɚɞɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɹɜɥɹɸɬɫɹ ɪɚɫɱɟɬɧɵ-
ɦɢ ɢ ɬɪɟɛɭɸɬ ɚɧɚɥɢɡɚ (ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ) ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ.  

ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɤɢ ɩɪɢ 
ɞɟɮɨɪɦɚɰɢɢ ɚɜɬɨɤɥɚɜɧɵɦ ɫɩɨɫɨɛɨɦ, ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɪɚɧɧɵɯ ɪɟɠɢɦɨɜ 
ɮɨɪɦɨɜɚɧɢɹ. Ⱦɥɹ ɡɚɞɚɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɟɠɢɦɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɩɨɞɯɨ-
ɞɵ. Ⱦɥɹ ɨɰɟɧɤɢ ɭɫɢɥɢɣ ɞɟɮɨɪɦɚɰɢɢ (ɞɚɜɥɟɧɢɹ ɜ ɚɜɬɨɤɥɚɜɟ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɚɧɧɵɟ  
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ɩɨ ɩɪɟɞɟɥɚɦ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɩɨɥɡɭɱɟɫɬɢ ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 1441 ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɬɚɛɥ. 1). 

 

Ɍɚɛɥɢɰɚ 1 
ɉɪɨчɧɨɫɬɧɵɟ и ɭɩɪɭɝиɟ ɫвɨɣɫɬвɚ ɩɨɥɭɮɚɛɪиɤɚɬɨв иɡ ɫɩɥɚвɚ 1441 (ɫɪɟɞɧиɟ ɡɧɚчɟɧия) 
ɉɨɥɭɮɚɛɪɢɤɚɬ ɉɥɢɬɚ 
Ɍɨɥɳɢɧɚ, ɦɦ 15–35 
ɋɨɫɬɨɹɧɢɟ Ɍ11 
ɇɚɩɪɚɜɥɟɧɢɟ ɜɵɪɟɡɤɢ ɨɛɪɚɡɰɚ ɉɪɨɞɨɥɶɧɨɟ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °ɋ 20 100 130 150 200 
E, Ƚɉɚ 79 74,5 68,5 65 61 
Eɫɠ, Ƚɉɚ 80 75,5 70 66 62 
G, Ƚɉɚ 31 29,5 28,5 26 24 
μ 0,33 0,34 0,35 0,36 0,37 
σ100, Ɇɉɚ – 350 320 255 110 
σ500, Ɇɉɚ – 280 260 180 95 
σ0,2/100, Ɇɉɚ – 295 255 205 90 
σ0,2/500, Ɇɉɚ – 250 235 150 75 

 
Ɉɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɩɪɢ ɨɬɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ 

ɩɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧ  ɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɮɨɪɦɨɜɚɧɢɹ. Ⱦɥɹ ɩɟɪ-
ɜɢɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɚɜɬɨɤɥɚɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɡɚɞɟɣɫɬɜɨɜɚɥɢ ɞɚɧɧɵɟ ɩɨ 
ɩɥɚɫɬɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɫɩɥɚɜɚ, ɩɨɞɜɟɪɝɚɟɦɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ, ɥɢɦɢɬɢɪɭɸ-
ɳɟɟ ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɧɟ ɛɨɥɟɟ 1,5 % (ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɚɧɟɥɢ 
ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ ɂɥ-114-300) ɡɚ 10 ɱ ɞɥɹ ɫɩɥɚɜɚ 1441. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɵ ɪɟɠɢɦɵ ɞɥɹ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɤɢ ɤɪɵɥɚ: ɞɚɜɥɟɧɢɟ (Ɋɮ), ɬɟɦɩɟɪɚɬɭɪɚ (Ɍɮ =  165–175 °ɋ), ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ (tɮ). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɰɟɧɢɜɚɥɢ ɜɟɥɢɱɢɧɭ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚɩɪɹɠɟ-
ɧɢɣ ɩɨɫɥɟ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɨɝɨ ɨɛɪɚɡɰɚ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ  
ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫ. 3).  

 
ɛ)ɚ)

 
Ɋɢɫ. 3. Ɉɰɟɧɤɚ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɡɚɝɨɬɨɜɤɚɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ  

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ (ɚ) ɢ ɩɨɫɥɟ  
ɫɧɹɬɢɹ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ (ɛ) 



ǹеȑȘȖе ȟȝșаȐы 

 

 

40                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  №и (л4)  з0з1 

 

Ⱦɥɹ ɬɟɯ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɥɢ ɞɨɩɭɫɬɢɦɵɟ, ɞɚɥɟɟ 
ɫɥɟɞɨɜɚɥ ɩɟɪɟɯɨɞ ɤ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɢ. ȼ ɫɥɭɱɚɹɯ ɟɫɥɢ ɞɚɧɧɵɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɨɜɨɞɢɥɢ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɟɠɢɦɨɜ ɮɨɪɦɨɜɚɧɢɹ ɫ ɩɨɫɥɟ-
ɞɭɸɳɢɦ ɩɨɜɬɨɪɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜɩɥɨɬɶ ɞɨ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ.  

ɉɨɫɥɟ ɫɧɹɬɢɹ ɩɪɢɥɚɝɚɟɦɨɣ ɧɚɝɪɭɡɤɢ (ɞɚɜɥɟɧɢɹ ɜ ɚɜɬɨɤɥɚɜɟ) ɢɡ-ɢɡ ɧɚɥɢɱɢɹ ɨɫɬɚ-
ɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɚɬɟɪɢɚɥɟ ɧɚ ɡɚɝɨɬɨɜɤɚɯ ɜɨɡɧɢɤɚɟɬ ɩɪɭɠɢɧɟɧɢɟ – ɨɬɤɥɨɧɟɧɢɟ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɨɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɪɚɛɨɱɟɝɨ ɤɨɧɬɭɪɚ ɦɚɬɪɢɰɵ.  

Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɥɚɫɶ 
ɦɢɧɢɦɢɡɚɰɢɹ ɨɬɤɥɨɧɟɧɢɣ ɪɚɡɦɟɪɨɜ ɢ ɮɨɪɦɵ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ ɨɬ ɢɫɯɨɞɧɨɣ ɦɚɬɟɦɚɬɢ-
ɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɫɱɟɬɧɵɣ ɦɨɞɭɥɶ NX 
Nastran, ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɞɢɣ ɞɟɮɨɪɦɚɰɢɢ: ɦɚɤɫɢ-
ɦɚɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɡɚɝɨɬɨɜɨɤ ɜɨ ɜɪɟɦɹ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɢ ɞɟɮɨɪɦɚɰɢɹ ɡɚɝɨɬɨɜɨɤ 
ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɨɰɟɧɤɭ ɩɪɭɠɢɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ (ɪɢɫ. 4). 

 
ɛ)ɚ)

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɤɨɧɬɭɪ

Ⱦɟɬɚɥɶ ɩɨɫɥɟ ɩɪɭɠɢɧɟɧɢɹ

Ⱦɟɬɚɥɶ ɩɟɪɟɞ ɩɪɭɠɢɧɟɧɢɟɦ

ɜ)

 
 

Ɋɢɫ. 4. Ɉɰɟɧɤɚ ɩɪɭɠɢɧɟɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɡɚɝɨɬɨɜɤɚɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨ-
ɰɟɫɫɚ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ: ɚ – ɞɟɮɨɪɦɚɰɢɹ ɡɚɝɨɬɨɜɨɤ ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ; ɛ – ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɞɟɮɨɪɦɚɰɢɹ ɡɚɝɨɬɨɜɨɤ ɜɨ ɜɪɟɦɹ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ; ɜ – ɨɛɳɚɹ ɫɯɟɦɚ ɩɪɭɠɢɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ 

 
ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɩɨɥɹ ɞɟɮɨɪɦɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ 

ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɯɨɞɧɨɣ ɦɨɞɟɥɢ ɩɪɢɥɨɠɟɧɢɹ ɞɚɜɥɟɧɢɹ 
(ɬ. ɟ. ɢɫɯɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɪɢɰɵ) ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɣ ɞɨ ɞɨ-
ɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ. Ⱦɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɢɫɯɨɞɹ ɢɡ ɞɨɩɭɫɤɨɜ ɪɚɡɦɟɪɨɜ 
ɢ ɮɨɪɦɵ ɧɚɱɚɥɶɧɵɯ 3D-ɦɨɞɟɥɟɣ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɤɢ (ɬ. ɟ. ɞɟɬɚɥɟɣ, ɤɨɬɨɪɵɟ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɮɨɪɦɢɪɭɸɬ ɨɛɲɢɜɤɭ ɤɪɵɥɚ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ). Ⱦɚɧɧɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɟɥɢɱɢɧɚ ɨɬɤɥɨɧɟɧɢɣ ɧɟ ɫɧɢɡɢɥɚɫɶ ɞɨ ɞɨɩɭɫɬɢɦɵɯ  
ɡɧɚɱɟɧɢɣ. ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɛɵɥɚ  
ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɬɪɢɰ. 

ɉɨɞɝɨɬɨɜɤɚ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ  
ɨɛɪɚɡɨɦ: 



ǹеȑȘȖе ȟȝșаȐы 

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  №и (л4)  з0з1                                                                      41 

 

– ɮɪɟɡɟɪɨɜɚɧɢɟ ɡɚɝɨɬɨɜɨɤ ɢɡ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ (ɩɥɢɬ, ɥɢɫɬɨɜ) ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ; 

– ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɩɟɪɟɞ ɡɚɝɪɭɡɤɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɚɜɬɨɤɥɚɜ: 
– ɡɚɤɪɟɩɥɟɧɢɟ ɩɥɨɫɤɨɣ ɮɪɟɡɟɪɨɜɚɧɧɨɣ ɡɚɝɨɬɨɜɤɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟ; 
– ɮɨɪɦɢɪɨɜɚɧɢɟ «ɜɚɤɭɭɦɧɨɝɨ ɦɟɲɤɚ» ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɚɤɭɭɦɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɫɧɚɫɬɤɢ; 
– ɚɜɬɨɤɥɚɜɧɨɟ ɮɨɪɦɨɜɚɧɢɟ, ɫɨɜɦɟɳɟɧɧɨɟ ɫ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɟɬɚɥɢ, ɩɪɢ ɡɚ-

ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ – ɞɚɜɥɟɧɢɟ (Ɋɮ), ɬɟɦɩɟɪɚɬɭɪɚ (Ɍɮ), ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ 
(tɮ).  

ɉɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɪɟɠɢɦɚɦ ɜ ɚɜɬɨɤɥɚɜɟ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɮɪɟɡɟɪɨɜɚɧɧɵɯ ɡɚɝɨ-
ɬɨɜɨɤ ɢɡ ɩɥɢɬ ɬɨɥɳɢɧɨɣ 15 ɦɦ ɢɡ ɫɩɥɚɜɚ 1441 ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɵ ɮɪɚɝɦɟɧɬɵ ɧɢɠɧɟɣ 
ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɪɚɡɦɟɪɨɦ 600×2000 ɦɦ. Ɏɪɚɝɦɟɧɬɵ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɬɫɹ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɜɢɞɭ ɩɟɪɟɩɚɞɨɜ ɬɨɥɳɢɧ (ɨɬ 3,5 ɞɨ 
13,0 ɦɦ) ɢ ɧɚɥɢɱɢɹ ɨɬɜɟɪɫɬɢɣ ɩɨɞ «ɥɸɤɢ–ɥɚɡɵ» (ɪɢɫ. 5). ɉɪɢɦɟɧɹɥɢ ɦɟɞɥɟɧɧɨɟ ɨɯɥɚ-
ɠɞɟɧɢɟ ɮɪɚɝɦɟɧɬɨɜ ɜɦɟɫɬɟ ɫ ɚɜɬɨɤɥɚɜɨɦ ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 
 

 
Ɋɢɫ. 5. Ɏɪɚɝɦɟɧɬ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ ɢɡ ɩɥɢɬɵ ɫɩɥɚɜɚ 1441 ɩɨɫɥɟ ɨɬɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ 

ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ 
 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɰɟɧɤɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɧɵɯ ɮɪɚɝ-
ɦɟɧɬɨɜ ɨɛɲɢɜɨɤ ɤɪɵɥɚ ɢɡ ɩɥɢɬ ɫɩɥɚɜɚ 1441-Ɍ11 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɨɬɮɨɪɦɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɦɟɪɚɦ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɤɨɧɬɭɪɚ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɨɞɟɥɢ ɮɪɚɝɦɟɧɬɚ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ ɩɚɧɟɥɢ ɤɪɵɥɚ. Ɉɩɪɟɞɟɥɟɧɧɨɟ ɪɚɫɱɟ-
ɬɨɦ ɩɪɭɠɢɧɟɧɢɟ ɢ ɩɪɭɠɢɧɟɧɢɟ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɮɨɪɦɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 
ɢɦɟɸɬ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɢ ɫɨɫɬɚɜɢɥɢ 40,2 ɢ 42,6 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɦɟɬɨɞɨɦ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɚ ɨɛɲɢɜɤɢ ɡɚɞɚɧ-
ɧɨɣ ɤɪɢɜɢɡɧɵ ɨɩɪɟɞɟɥɟɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɪɢ 20 °ɋ (σɜ, σ0,2, į). 
Ʉɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɨɰɟɧɢɜɚɥɢ ɩɨ ɫɤɥɨɧɧɨɫɬɢ ɤ ɊɋɄ ɢ ɆɄɄ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚ-
ɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɟ ɮɪɚɝɦɟɧɬɵ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ 
ɤɪɵɥɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɤɥɨɧɧɵ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ (ɝɥɭɛɢɧɚ ɆɄɄ ɧɟ ɩɪɟ-
ɜɵɲɚɟɬ 0,16 ɦɦ), ɪɚɫɫɥɚɢɜɚɸɳɚɹ ɤɨɪɪɨɡɢɹ ɫɨɫɬɚɜɥɹɟɬ 5 ɛɚɥɥɨɜ.  

 
Ɍɚɛɥɢɰɚ 2 

Ʉɨɪɪɨɡиɨɧɧɵɟ и ɦɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɩɪи ɪɚɫɬяɠɟɧии ɨɛɪɚɡɰɨв иɡ ɮɪɚɝɦɟɧɬɨв  
ɧиɠɧɟɣ ɨɛɲивɤи ɤɪɵɥɚ иɡ ɩɥиɬ ɫɩɥɚвɚ 1441 в ɫɨɫɬɨяɧии Ɍ11 (ɩɪɨɞɨɥьɧɨɟ ɧɚɩɪɚвɥɟɧиɟ) 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ Ʉɨɪɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 

ɜ, Ɇɉɚ 0,2, Ɇɉɚ , % ɆɄɄ, ɦɦ ɊɋɄ, ɛɚɥɥ 

1 440–450 405–410 7,9–9,6 0,12–0,15 5 

2 445–455 410–420 6,2–9,1 0,11–0,14 5 

3 445–450 410–415 6,8–9,2 0,13–0,16 5 
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ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɮɪɚɝɦɟɧɬɨɜ ɧɢɠɧɟɣ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɢɡ ɩɥɢɬ ɬɨɥɳɢ-
ɧɨɣ 15 ɦɦ ɫɩɥɚɜɚ 1441 ɜ ɫɨɫɬɨɹɧɢɢ Ɍ11 ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟ-
ɧɢɢ (ɜ = 440–455 Ɇɉɚ; 0,2 = 410–420 Ɇɉɚ;  = 6,2–9,6 %) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɧɵɯ 
ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɤɢ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ ɢɡ ɫɩɥɚɜɚ 1441, ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸ-
ɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɫɥɟ ɞɨɫɬɚɪɢɜɚɧɢɹ ɜ ɚɜɬɨɤɥɚɜɟ ɞɨ ɫɨɫɬɨ-
ɹɧɢɹ Ɍ11 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍɮ =  165–175 °ɋ ɫ ɞɟɮɨɪɦɚɰɢɟɣ ɞɨ 1,5 % ɨɛɪɚɡɰɵ ɢɦɟɸɬ 
ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɭɸ ɫ ɜɵɪɚɠɟɧɧɨɣ ɬɟɤɫɬɭɪɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫɬɪɭɤɬɭɪɭ 
ɫ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ 15–25 ɦɤɦ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɚ (ɪɢɫ. 6). Ɉɫɧɨɜɧɵɦɢ ɭɩɪɨɱɧɹɸɳɢɦɢ 
ɮɚɡɚɦɢ ɫɩɥɚɜɚ 1441 ɹɜɥɹɸɬɫɹ įʹ- (Al3δТ) ɢ Sʹ-ɮɚɡɵ (Al2CuMg). ɉɨ ɨɛɴɟɦɭ ɡɟɪɧɚ įʹ-ɮɚɡɚ 
ɪɚɫɩɪɟɞɟɥɟɧɚ ɪɚɜɧɨɦɟɪɧɨ ɢ ɢɦɟɟɬ ɪɚɡɦɟɪ з(10–20) ɧɦ (ɪɢɫ. 7, ɚ, ɛ). ȼɵɞɟɥɟɧɢɟ Sʹ-ɮɚɡɵ 
ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɧɚ ɞɢɫɥɨɤɚɰɢɹɯ, ɬɚɤ ɢ ɝɨɦɨɝɟɧɧɨ ɜ ɨɛɴɟɦɟ ɡɟɪɧɚ (ɪɢɫ. 7, ɜ, ɝ). ɇɚ ɝɪɚɧɢ-
ɰɚɯ ɡɟɪɟɧ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɵɞɟɥɟɧɢɹ Sʹ-ɮɚɡɵ ɜ ɜɢɞɟ ɩɪɟɪɵɜɢɫɬɵɯ ɰɟɩɨɱɟɤ, ɫɮɨɪɦɢɪɨ-
ɜɚɧɧɵɯ ɢɡ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɞɨ 110 ɧɦ, ɥɢɛɨ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɞɨ 180 ɧɦ. 
Ɉɬɦɟɱɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ Ɍ1-ɮɚɡɵ (Al2ɋЮδТ) (ɪɢɫ. 7, ɞ, ɟ). 
 

 
Ɋɢɫ. 6. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫɭɛɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɮɪɚɝɦɟɧɬɚ ɨɛɲɢɜɤɢ 

ɢɡ ɫɩɥɚɜɚ 1441-Ɍ11 ɩɨɫɥɟ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ 
 

ɛ)ɚ)

ɝ)

ɜ)

ɞ) ɟ)

 
Ɋɢɫ. 7. Ɍɟɦɧɨɩɨɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɞɟɥɟɧɢɣ ɭɩɪɨɱɧɹɸɳɢɯ ɮɚɡ ɜ ɨɛɪɚɡɰɚɯ, ɜɵɪɟɡɚɧɧɵɯ  

ɢɡ ɮɪɚɝɦɟɧɬɚ ɨɛɲɢɜɤɢ ɢɡ ɫɩɥɚɜɚ 1441-Ɍ11 ɩɨɫɥɟ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ: ɚ, ɛ – Sʹ-ɮɚɡɚ;  
ɜ, ɝ – įʹ-ɮɚɡɚ; ɞ, ɟ – Ɍ1-ɮɚɡɚ ɧɚ ɫɭɛɝɪɚɧɢɰɟ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɦɩɥɟɤɫɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨ-
ɝɢɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɢɡ ɩɥɢɬ ɫɩɥɚɜɚ 1441 ɡɚ ɨɞɢɧ ɰɢɤɥ, ɫɨɜɦɟɳɚɹ ɩɪɨɰɟɫɫ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɨɣ ɞɨ ɫɨɫɬɨɹɧɢɹ Ɍ11. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɞɧɨɪɨɞɧɚɹ ɩɨ ɩɥɨɳɚɞɢ ɞɟɬɚɥɢ 
ɫɬɪɭɤɬɭɪɚ, ɬɢɩɢɱɧɚɹ ɞɥɹ ɩɥɢɬ ɢɡ ɫɩɥɚɜɚ 1441 ɜ ɫɨɫɬɨɹɧɢɢ Ɍ11, ɡɚ ɫɱɟɬ ɱɟɝɨ ɞɨɫɬɢɝɚɸɬɫɹ 
ɞɨɫɬɚɬɨɱɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɫɧɢ-
ɠɚɸɬɫɹ ɬɪɭɞɨɡɚɬɪɚɬɵ ɢ ɫɨɤɪɚɳɚɟɬɫɹ ɰɢɤɥ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ.  

 
Ɂɚɤɥɸчɟɧия 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɟɬɨɞɨɦ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɡɚ ɨɞɢɧ ɰɢɤɥ ɩɪɢ ɫɨɜɦɟɳɟɧɢɢ ɩɪɨ-
ɰɟɫɫɚ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɞɨɫɬɚɪɢɜɚɧɢɟɦ ɞɨ ɫɨɫɬɨɹɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ Ɍ11 
ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɨɜ ɤɪɢɜɨɥɢɧɟɣɧɨɣ 
ɮɨɪɦɵ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɞɧɨɪɨɞɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɞɟɬɚɥɟɣ. ɉɪɢ-
ɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ ɜ 1,3–1,5 ɪɚɡɚ ɢ ɫɧɢɠɟɧɢɟ ɬɪɭɞɨɟɦɤɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɨ 20 %. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɮɪɚɝɦɟɧɬɨɜ ɧɢɠɧɢɯ ɨɛɲɢɜɨɤ ɤɪɵɥɚ ɢɡ 
ɩɥɢɬ ɬɨɥɳɢɧɨɣ 15 ɦɦ ɫɩɥɚɜɚ 1441 ɜ ɫɨɫɬɨɹɧɢɢ Ɍ11 ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ (ɜ = 440–455 Ɇɉɚ; 0,2 = 410–420 Ɇɉɚ;  = 6,2–9,6 %) ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɩɪɨɱɧɨɫɬɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɤɨɧɫɬɪɭɤɰɢɢ. ɂɫɫɥɟɞɭɟɦɵɟ ɮɪɚɝɦɟɧɬɵ 
ɨɛɲɢɜɨɤ ɧɟ ɫɤɥɨɧɧɵ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ – ɝɥɭɛɢɧɚ ɆɄɄ ɧɟ ɩɪɟɜɵɲɚɟɬ 
0,16 ɦɦ, ɪɚɫɫɥɚɢɜɚɸɳɚɹ ɤɨɪɪɨɡɢɹ ɫɨɫɬɚɜɥɹɟɬ 5 ɛɚɥɥɨɜ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɧɵɯ 
ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɤɢ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ ɢɡ ɫɩɥɚɜɚ 1441, – ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɪɟɤɪɢ-
ɫɬɚɥɥɢɡɨɜɚɧɧɚɹ ɫ ɜɵɪɚɠɟɧɧɨɣ ɬɟɤɫɬɭɪɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɪɚɡɦɟɪ ɡɟɪɧɚ 15–25 ɦɤɦ. 
ȼ ɫɬɪɭɤɬɭɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɭɩɪɨɱɧɹɸɳɢɟ ɮɚɡɵ: įʹ-ɮɚɡɚ (Al3δТ) ɪɚɡɦɟɪɨɦ з(10–20) ɧɦ, 
ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɨɛɴɟɦɭ ɡɟɪɧɚ, ɢ Sʹ-ɮɚɡɚ (Al2CuMg) ɜ ɜɢɞɟ ɩɪɟɪɵɜɢɫɬɵɯ 
ɰɟɩɨɱɟɤ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɢɡ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɞɨ 110 ɧɦ, ɥɢɛɨ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ 
ɪɚɡɦɟɪɨɦ ɞɨ 180 ɧɦ; ɨɬɦɟɱɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ Ɍ1-ɮɚɡɵ 
(Al2ɋЮδТ). 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɜ ɚɜɬɨɤɥɚ-
ɜɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ SТОЦОns σБ 11 ɫ ɪɚɫɱɟɬɧɵɦ ɦɨɞɭɥɟɦ σБ σКsЭrКn ɩɨɡ-
ɜɨɥɹɟɬ ɦɧɨɝɨɤɪɚɬɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɬɟɯɧɨɥɨɝɢɢ ɢ ɜɵɛɨɪ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɭɱɟɬɨɦ ɩɪɭɠɢɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɩɨɫɥɟ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɨɛɲɢɜɨɤ ɧɢɠɧɟɣ ɩɚɧɟɥɢ ɤɪɵɥɚ ɢɡ ɫɩɥɚɜɚ 
1441 ɢɦɟɸɬ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɜɩɚɞɟɧɢɟ. 
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ɉɭɬɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ in situ ɧɚ ɦɟɬɚɥɥɨɰɟɧɨɜɨɦ ɤɚɬɚɥɢɡɚɬɨɪɟ ɫɢɧ-
ɬɟɡɢɪɨɜɚɧɵ ɧɚɧɨɤɨɦɩɨɡɢɬɵ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɫɩɟɪɫɢɣ 
ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ -Al2O3 (ɇɚɮɟɧ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɧɨɤɨɦɩɨɡɢɬɵ ɧɚ 
ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɩɪɨɹɜɥɹɸɬ ɩɨɜɵɲɟɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɬɟɪɦɨ-
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɧɚɧɨɤɨɦɩɨɡɢɬɚɦɢ ɧɚ ɨɫɧɨɜɟ 
ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢɥɟɧɨɦ. ɉɪɢ ɷɬɨɦ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɚɩɩɪɟɬɚ ɧɚ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɵɪɚɠɟɧɨ ɦɟɧɟɟ ɹɪɤɨ. ɇɚɢɥɭɱɲɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɫ ɇɚɮɟɧɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɬɪɢɦɟɬɨɤ-
ɫɢɜɢɧɢɥɫɢɥɚɧɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ ɬɟɤɭɱɟɫɬɢ ɪɚɫɩɥɚɜɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɫɨɩɨɥɢɦɟɪɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɩɥɨɜɨɝɨ ɢ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ ɫɬɚɪɟɧɢɹ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɩɨɥɢɦɟɪɧɵɟ ɧɚɧɨɤɨɦɩɨɡɢɬɵ, ɫɨɩɨɥɢɦɟɪɵ ɷɬɢɥɟɧɚ, ɧɚɧɨɜɨɥɨɤɧɨ 
Al2O3, ɚɩɩɪɟɬɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɪɝɚɧɨɫɢɥɚɧɚɦɢ, ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɚɹ ɞɟɫɬɪɭɤɰɢɹ, 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɪɟɨɥɨɝɢɹ. 

 
S.V. Kondrashov1, A.A. Pykhtin1, A.A. Melnikov1, N.V. Antyufeyeva1, M.A. Guseva1,  
N.M. Bravaya2, S.L. Saratovskih2, A.N. Panin2, I.V. Zharkov2, M.V. Lobanov3 
 
SYNTHESIS  AND  STUDY  OF  COPOLYMERS  OF  ETHYLENE   
WITH  HEXENE-1,  MODIFIED  WITH  FINISHED   
NANOFIBERS-Al2O3  (NAFEN)  WITH  INCREASED  RESISTANCE  
TO  THERMAL  OXIDATIVE  DEGRADATION 
 

Here we report the study on synthesis and characterization of nanocomposites obtained by in 
situ catalytic polymerization of ethylene and hexene-1 on metallocene catalyst in the presence of 
dispersed surface-functionalized -Al2O3 nanofibers (Nafen). It has been determined that sur-
face treatment of Nafen nanofibers with organosilanes allows to obtain stable nanoscale disper-
sions under ultrasonication. It has been shown that nanocomposites based on copolymers of 
ethylene with hexene-1 demonstrate improved resistance to thermal oxidative degradation in 
comparison with nanocomposites based on copolymers of ethylene with propylene, while the in-
fluence of the silane chemistry on the mechanical characteristics in these nanocomposites is less 
pronounced. The best mechanical characteristics were achieved for nanocomposite with Nafen 
treated with trimethoxyvinylsilane. The melt flow index drop is observed after moderate heat 
treatment or combined temperature/humidity. 

Keywords: polymer nanocomposites, ethylene copolymers, Al2O3 nanofibers, organosilane 
surface functionalization, thermooxidative degradation, mechanical properties, rheology. 
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ȼвɟɞɟɧиɟ 
ɇɚɧɨɤɨɦɩɨɡɢɬɵ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢ-

ɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɜɢɚɰɢɨɧɧɨɣ Д1–3Ж. ȼ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɦɨɞɢɮɢɤɚɬɨɪɚ ɬɚɤɢɟ ɦɚɬɟɪɢ-
ɚɥɵ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɯɢɦɢɱɟɫɤɢɦ ɢ ɮɢɡɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢ-
ɹɦ, ɩɪɨɹɜɥɹɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɟ, ɨɩɬɢɱɟɫɤɢɟ ɢ ɞɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɦɚɬɟɪɢɚɥɨɦ [4–7]. Ɉɬɥɢ-
ɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɚ 
ɱɚɫɬɨ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɨɦɨɞɢɮɢɤɚɬɨ-
ɪɚ – ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɞɢɚɩɚɡɨɧɟ 0,5–5 % (ɩɨ ɦɚɫɫɟ) ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢ-
ɨɥɟɮɢɧɨɜ Д8–14].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɤɚɱɟɫɬɜɟ ɧɚɧɨɧɚɩɨɥɧɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ  
ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ (ɍɇɌ), ɤɨɬɨɪɵɟ ɧɟ ɬɨɥɶɤɨ ɢɡɦɟɧɹɸɬ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɨ ɢ ɩɪɢɞɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɧɚɧɨɤɨɦɩɨɡɢɬɚɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣ-
ɫɬɜɚ Д15–17]. ȼ ɱɚɫɬɧɨɫɬɢ, ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɍɇɌ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɷɬɢɥɟɧɚ Д18Ж. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɚɹ  
ɞɟɫɬɪɭɤɰɢɹ ɩɨɥɢɷɬɢɥɟɧɚ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ з100 °ɋ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɧɟɦɨ-
ɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,5–3,0 % (ɩɨ ɦɚɫɫɟ) ɍɇɌ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɦɢ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɦɨɞɢɮɢ-
ɰɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɧɚɧɨɜɨɥɨɤɨɧ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɭɞɟɥɹɟɬɫɹ 
ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ ɜɧɢɦɚɧɢɹ Д19–21Ж. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɛɴɟɤɬɨɜ ɫɪɟɞɢ 
ɧɚɩɨɥɧɢɬɟɥɟɣ ɬɚɤɨɝɨ ɬɢɩɚ ɹɜɥɹɸɬɫɹ ɧɚɧɨɜɨɥɨɤɧɚ -Al2O3 (ɇɚɮɟɧ) Д22Ж, ɤɨɬɨɪɵɟ ɩɪɢɦɟ-
ɧɹɥɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɤ ɩɨɥɢɦɟɪɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ Д23, 24Ж, ɬɚɤ ɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ Д25Ж ɢ ɤɟɪɚɦɢɱɟɫɤɨɣ Д26Ж ɦɚɬɪɢɰɚɦɢ. ɂɧɬɟɪɟɫ ɤ ɷɬɨɦɭ ɧɚɧɨɧɚɩɨɥɧɢɬɟɥɸ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɭɦɹ ɮɚɤɬɨɪɚɦɢ. ȼɨ-ɩɟɪɜɵɯ, ɦɟɧɶɲɢɟ ɪɚɡɦɟɪɵ ɜɨɥɨɤɨɧ 
(ɞɢɚɦɟɬɪ 10–20 ɧɦ, ɞɥɢɧɚ 100–200 ɧɦ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɫɬɢɧɚɦɢ ɫɢɥɢɤɚɬɨɜ ɢ ɨɞɧɨ-
ɪɨɞɧɨɫɬɶ ɩɨ ɪɚɡɦɟɪɚɦ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɚ ɫɨɡɞɚɧɢɟ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɯ ɢ ɫɬɚ-
ɛɢɥɶɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚɧɨɜɨɥɨɤɨɧ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ. ȼɨ-ɜɬɨɪɵɯ, ɞɥɹ 
ɧɚɧɨɜɨɥɨɤɨɧ ɧɚ ɨɫɧɨɜɟ Al2O3 ɪɚɡɪɚɛɨɬɚɧɵ ɧɚɞɟɠɧɵɟ ɦɟɬɨɞɵ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹ-
ɸɳɢɟ ɨɛɟɫɩɟɱɢɬɶ ɯɨɪɨɲɭɸ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɧɚɩɨɥɧɢɬɟɥɹ ɫ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ. 

ɂɫɩɨɥɶɡɭɸɬ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫɨɫɬɚɜɚ «ɩɨɥɢɨɥɟ-
ɮɢɧ/ɧɚɧɨɧɚɩɨɥɧɢɬɟɥɶ». ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɦ ɫɩɨɫɨɛɨɦ ɹɜɥɹɟɬɫɹ ɫɦɟɲɟɧɢɟ ɧɚɩɨɥɧɢ-
ɬɟɥɹ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɫ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ ɜ ɪɚɫ-
ɩɥɚɜɟ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɚɹ  
ɞɟɫɬɪɭɤɰɢɹ, ɤɨɬɨɪɚɹ, ɤɪɨɦɟ ɬɨɝɨ, ɦɨɠɟɬ ɛɵɬɶ ɤɚɬɚɥɢɡɢɪɨɜɚɧɚ ɧɚɧɨɱɚɫɬɢɰɚɦɢ Д27, 28Ж. 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɞɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɵɣ ɭɪɨɜɟɧɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɜ ɦɚɬɪɢɰɟ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɨɬɫɭɬɫɬɜɢɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɷɮɮɟɤ-
ɬɨɜ ɩɪɢ ɦɨɞɢɮɢɤɚɰɢɢ ɇɚɮɟɧɨɦ ɩɨɥɢɚɦɢɞɚ Д29Ж. Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɹɜɥɹɟɬɫɹ in situ ɩɨɥɢ-
ɦɟɪɢɡɚɰɢɹ ɩɨɥɢɨɥɟɮɢɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɐɢɝɥɟɪɚ–ɇɚɬɬɚ Д30, 31Ж ɢɥɢ 
ɦɟɬɚɥɥɨɰɟɧɨɜ Д32, 33Ж, ɤɨɬɨɪɵɟ ɥɨɤɚɥɢɡɨɜɚɧɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ. ɉɨɥɢɨɥɟ-
ɮɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɚɥɥɨɰɟɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɦɨɝɭɬ ɩɪɨɹɜɥɹɬɶ 
ɩɨɜɵɲɟɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɢɨ-
ɥɟɮɢɧɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚ «ɬɪɚɞɢɰɢɨɧɧɵɯ» ɯɪɨɦɨɤɫɢɞɧɵɯ ɤɚɬɚɥɢɡɚɬɨ-
ɪɚɯ Д34Ж. 

ȼ ɪɚɛɨɬɚɯ Д23, 24Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɧɨɤɨɦɩɨɡɢɬɵ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɷɬɢɥɟɧɚ ɢ ɩɪɨɩɢ-
ɥɟɧɚ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ «rac-Et(2-MeInd)2ZrMe2 + ɢɡɨɛɭɬɢɥɚɥɸɦɨɤɫɚɧ» ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɥɚɧɢɪɨɜɚɧɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ ɇɚɮɟɧ (γ-Al2O3) ɜ ɜɢɞɟ ɞɢɫɩɟɪɫɢɣ. ȼ ɤɚɱɟ-
ɫɬɜɟ ɚɩɩɪɟɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɢɦɟɬɨɤɫɢɜɢɧɢɥ-, ɨɤɬɟɧɢɥ- ɢ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɵ. 
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Ɏɭɧɤɰɢɨɧɚɥɢɡɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɫ ɩɨɦɨɳɶɸ ɚɩɩɪɟɬɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɨɪɝɚɧɨ-
ɫɢɥɚɧɨɜ, ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɧɨɞɢɫɩɟɪɫɢɣ ɢ ɫɨɜɦɟɫɬɢ-
ɦɨɫɬɶ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɫ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ, ɤɚɤ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ 
«ɤɥɚɫɫɢɱɟɫɤɢɯ» ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɥɭɱɲɟɧɢɟ 
ɫɜɨɣɫɬɜ ɩɪɟɫɫɨɜɚɧɧɵɯ ɩɥɟɧɨɤ ɬɚɤɢɯ ɫɨɩɨɥɢɦɟɪɨɜ ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ 
ɇɚɮɟɧɚ ɨɤɬɢɥɫɢɥɚɧɨɦ: ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ 0,63 % (ɩɨ ɦɚɫɫɟ) ɧɚɧɨɦɨɞɢɮɢɤɚɬɨɪɚ ɜ ɤɨɦɩɨ-
ɡɢɬɟ. ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɡɪɵɜɟ ɜɨɡɪɚɫɬɚɟɬ ɧɚ 150 %, ɚ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɞɨ  
ɪɚɡɪɵɜɚ – ɧɚ 50 % ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɚ.  

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɢɯ ɧɚɧɨ-
ɤɨɦɩɨɡɢɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 3D-ɩɟɱɚɬɢ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɥɢɨɥɟɮɢɧɨɜ ɞɥɹ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɩɨɫɥɨɣɧɨɝɨ ɧɚɩɥɚɜɥɟɧɢɹ (ПЮsОН НОЩosТЭТon ЦoНОlТnР – FDM) ɨɝɪɚ-
ɧɢɱɟɧɨ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ. ɉɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɧɚɩɟɱɚɬɚɧɧɵɯ ɞɟɬɚɥɟɣ 
ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɵ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɚɞɤɢ ɢ ɭɫɚɞɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɜɫɥɟɞ-
ɫɬɜɢɟ ɧɢɡɤɨɣ ɚɞɝɟɡɢɢ ɬɟɪɦɨɩɥɚɫɬɚ ɤ ɨɫɧɨɜɚɧɢɸ ɫɬɨɥɚ 3D-ɩɪɢɧɬɟɪɚ. Ⱦɚɧɧɵɟ ɷɮɮɟɤɬɵ ɜɨ 
ɜɪɟɦɹ ɩɟɱɚɬɢ ɩɪɢɜɨɞɹɬ ɤ ɞɟɮɨɪɦɚɰɢɢ ɢɡɞɟɥɢɹ ɢ ɨɬɫɥɚɢɜɚɧɢɸ ɞɟɬɚɥɢ, ɭɜɟɥɢɱɢɜɚɸɬ ɤɨ-
ɥɢɱɟɫɬɜɨ ɛɪɚɤɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɧɵɣ ɪɚɫɯɨɞ ɦɚɬɟɪɢɚɥɚ ɜ ɩɟɪɟɫɱɟɬɟ 
ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ Д35, 36Ж. ȼ ɪɚɛɨɬɟ Д37Ж ɩɪɟɞɥɨɠɟɧɨ ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɨɫɪɟɞ-
ɫɬɜɨɦ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ 
ɹɜɥɹɟɬɫɹ ɧɚɩɨɥɧɟɧɢɟ ɩɨɥɢɨɥɟɮɢɧɨɜ, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɮɟɪɢɱɟɫɤɢɟ 
ɧɚɩɨɥɧɢɬɟɥɢ Д38, 39Ж. ȼ ɪɚɛɨɬɟ Д40Ж ɩɪɢɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɦɢɧɟɪɚɥɶɧɵɯ 
ɧɚɩɨɥɧɢɬɟɥɟɣ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɢ ɦɨɪɮɨɥɨɝɢɢ (ɫɢɥɢɤɚɝɟɥɶ ɫ ɲɢɪɨɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢ-
ɟɦ ɱɚɫɬɢɰ ɩɨ ɮɨɪɦɟ, ɫɥɨɢɫɬɵɣ ɤɚɨɥɢɧ, ɢɝɨɥɶɱɚɬɵɣ ɜɨɥɨɤɧɢɫɬɵɣ ɜɨɥɥɚɫɬɨɧɢɬ) ɧɚ ɩɪɨ-
ɰɟɫɫɵ ɞɟɝɪɚɞɚɰɢɢ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢɥɟɧɨɦ ɢ ɨɬɦɟɱɟɧɚ ɫɩɟɰɢɮɢɤɚ ɜɨɥɨɤɧɢ-
ɫɬɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɨɪɢɟɧɬɚɰɢɟɣ ɜɨɥɨɤɨɧ ɩɪɢ ɷɤɫɬɪɭɞɢɪɨɜɚɧɢɢ. ȼɫɟ ɷɬɨ 
ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɩɨɥɢɨɥɟɮɢɧɨɜɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɩɪɢ  
ɷɤɫɬɪɭɞɢɪɨɜɚɧɢɢ.  

ȼ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɚɜɬɨɪɚɦɢ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ 
ɯɨɞɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ ɬɟɤɭɱɟ-
ɫɬɢ ɪɚɫɩɥɚɜɚ (ɉɌɊ) ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢɥɟɧɨɦ, ɦɨɞɢɮɢɰɢɪɨ-
ɜɚɧɧɵɯ ɫɢɥɚɧɢɡɢɪɨɜɚɧɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɇɚɮɟɧ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɩɟɪɟɪɚ-
ɛɨɬɤɭ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɫɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɧɚɧɨ-
ɤɨɦɩɨɡɢɬɨɜ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɧɚɦɢ ɇɚɮɟɧ. 

ȼɵɛɨɪ ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ ɛɵɥ 
ɫɞɟɥɚɧ ɩɨ ɫɥɟɞɭɸɳɟɣ ɩɪɢɱɢɧɟ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɢɰɢɢɪɨɜɚɧɢɟ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ ɬɟɪɦɢɱɟ-
ɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɚɦɨɪɮɧɨɣ ɱɚɫɬɢ ɩɨɥɢɨɥɟɮɢɧɚ Д41Ж. ɉɪɢ ɫɨ-
ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ α-ɨɥɟɮɢɧɚɦɢ ɜ ɦɚɤɪɨɦɨɥɟɤɭɥɟ ɫɨɩɨɥɢɦɟɪɚ ɨɛɪɚɡɭɸɬɫɹ ɤɨ-
ɪɨɬɤɢɟ ɪɚɡɜɟɬɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ 
ɞɟɮɟɤɬɵ ɜ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɩɨɥɢɦɟɪɚ, ɪɚɡɦɟɪɚ 
ɤɪɢɫɬɚɥɥɢɬɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɭɦɟɧɶɲɟɧɢɟ ɦɨɥɶɧɨɣ ɞɨɥɢ α-ɨɥɟɮɢɧɚ ɜ 
ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɪɚɧɟɟ ɫɨɩɨɥɢɦɟɪɚɦɢ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢ-
ɥɟɧɨɦ) ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɫɧɢɠɟɧɢɸ ɞɨɥɢ ɚɦɨɪɮɧɵɯ ɨɛɥɚɫɬɟɣ ɢ ɩɨɜɵɲɟɧɢɸ ɩɥɨɬɧɨɫɬɢ 
ɷɬɢɯ ɨɛɥɚɫɬɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ, ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɩɨɡɜɨɥɢɬ ɡɚɦɟɞɥɢɬɶ ɩɪɨɬɟɤɚ-
ɧɢɟ ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚɧɨɤɨɦɩɨɡɢɬɚ. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɨɛɪɚɡɰɨɜ ɧɚɧɨ-
ɤɨɦɩɨɡɢɬɨɜ ɢɡ ɩɪɨɞɭɤɬɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɪɟɫɫɨɜɚɥɢ ɩɥɟɧɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 180 °ɋ. 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ Ɋ 56800–2015, ɢɫɩɨɥɶɡɭɹ 
ɪɚɡɪɵɜɧɭɸ ɦɚɲɢɧɭ ɂɊ 5047-5ɨ, ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɫɬɹɠɟɧɢɹ 10 ɦɦ/ɦɢɧ.  
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Ɉɩɪɟɞɟɥɟɧɢɟ ɉɌɊ ɩɪɨɢɡɜɨɞɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 11645–73 ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɩɪɢɛɨɪɚ Melt Flow Quick Index ɦɨɞɟɥɶ 7023.000. ȼ ɤɚɦɟɪɭ, ɧɚɝɪɟɬɭɸ ɞɨ ɬɟɦɩɟɪɚ-
ɬɭɪɵ 190 °ɋ, ɡɚɝɪɭɠɚɥɢ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ. ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 240 ɫ ɨɩɭɫ-
ɤɚɥɢ ɩɨɪɲɟɧɶ ɫ ɝɪɭɡɨɦ 5 ɤɝ. Ɉɬɫɟɤɚɧɢɟ ɜɵɞɚɜɥɢɜɚɟɦɨɣ ɫɬɪɟɧɝɢ ɩɪɨɢɡɜɨɞɢɥɢ ɱɟɪɟɡ 60 ɫ 
ɫ ɟɟ ɩɨɫɥɟɞɭɸɳɢɦ ɜɡɜɟɲɢɜɚɧɢɟɦ. 

Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɩɥɚɜɨɜ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɪɟɨɦɟɬɪɚ AR 2000 ex. ɂɡɦɟɪɟɧɢɹ ɦɨɞɭɥɟɣ ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɨɬɟɪɶ (Gƍ, Gƍƍ), ɚ ɬɚɤɠɟ 
ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (tgį) ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɨɜ ɫ ɩɨɫɬɨɹɧɧɨɣ 
ɫɤɨɪɨɫɬɶɸ 10 °ɋ/ɦɢɧ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 190 °ɋ ɢ ɜɵɞɟɪɠɤɟ ɪɚɫɩɥɚɜɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨ-
ɪɢɦɟɬɪɢɢ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɚ STA 449 F1. Ɉɛɪɚɡɰɵ 
ɩɪɨɝɪɟɜɚɥɢ ɧɚ ɜɨɡɞɭɯɟ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 10 °ɋ /ɦɢɧ ɞɨ ɜɵɛɪɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɤɚɧɢɪɭɸɳɢɣ 
ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ VEGA 3 БεU ɤɨɦɩɚɧɢɢ TESCAσ. 

ɋɢɧɬɟɡ ɢɡɨɛɭɬɢɥɚɥɸɦɨɤɫɚɧɚ, ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɢ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɸ ɨɥɟɮɢɧɨɜ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɫɩɟɪɫɢɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɇɚɮɟɧɚ ɩɪɨɜɨɞɢɥɢ ɜ ɫɪɟɞɟ ɬɨ-
ɥɭɨɥɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ «rac-Et(2-MeInd)2ZrMe2 + ɢɡɨɛɭ-
ɬɢɥɚɥɸɦɨɤɫɚɧ» ɩɨ ɦɟɬɨɞɢɤɚɦ, ɨɩɢɫɚɧɧɵɦ ɜ ɪɚɛɨɬɚɯ [23, 24Ж. ɉɨɥɢɦɟɪɢɡɚɰɢɸ ɩɪɨɜɨɞɢ-
ɥɢ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɪɟɞɭ ɨɞɢɧɚɤɨɜɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɥɭɨɥɶɧɵɯ ɞɢɫɩɟɪɫɢɣ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ ɇɚɮɟɧɚ ɞɨ ɩɨɥɭɱɟɧɢɹ ɨɞɢɧɚɤɨɜɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɢɦɟɪɚ, 
ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɨɝɥɨɳɟɧɢɟɦ ɞɨɛɚɜɥɹɟɦɨɝɨ ɦɨɧɨɦɟɪɚ (ɷɬɢɥɟɧɚ). Ɍɚɤɢɟ ɭɫɥɨɜɢɹ ɞɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɧɚɧɨɤɨɦɩɨɡɢɬɵ ɫ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɨɣ ɫɬɟɩɟɧɶɸ ɧɚɩɨɥ-
ɧɟɧɢɹ ɢ ɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɹ ɨ ɜɥɢɹɧɢɢ ɬɢɩɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɇɚɮɟɧɚ ɧɚ ɩɪɨɰɟɫɫ ɫɨ-
ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɨɩɨɥɢɦɟɪɨɜ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɢɫɯɨɞɧɨɝɨ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɤɬɢɥ-
ɫɢɥɚɧɨɦ ɜɨɥɨɤɧɚ ɇɚɮɟɧ ɩɨɫɥɟ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ (ɱɚ-
ɫɬɨɬɚ 35 ɤȽɰ ɢ ɦɨɳɧɨɫɬɶ 150 ȼɬ) ɜ ɬɨɥɭɨɥɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɞɚɥɟɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
Ɏɭɧɤɰɢɨɧɚɥɢɡɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɩɨɥɧɢɬɟɥɹ ɨɪɝɚɧɨɫɢɥɚɧɚɦɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭ-
ɱɟɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɞɢɫɩɟɪɫɢɣ ɜ ɭɫɥɨɜɢɹɯ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 
ȿɫɥɢ ɩɨɫɥɟ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɨɟ ɜɨɥɨɤɧɨ ɩɪɢ ɜɵɫɭɲɢɜɚɧɢɢ ɚɝ-
ɪɟɝɢɪɭɟɬ (ɪɢɫ. 1, ɚ) ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ, ɬɨ ɦɨɞɢ-
ɮɢɰɢɪɨɜɚɧɧɵɣ ɇɚɮɟɧ ɧɟ ɩɪɨɹɜɥɹɟɬ ɬɚɤɨɣ ɬɟɧɞɟɧɰɢɢ (ɪɢɫ. 1, ɛ). 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɧɚ ɤɚɬɚ-
ɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ «rac-Et(2-MeInd)2ZrMe2 + ɢɡɨɛɭɬɢɥɚɥɸɦɨɤɫɚɧ» ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɩ-
ɩɪɟɬɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ. ȼ ɤɚɱɟɫɬɜɟ ɚɩɩɪɟɬɨɜ ɜɨɥɨɤɧɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɪɢɦɟɬɨɤɫɢɜɢɧɢɥ-
(TMVS), ɚɥɥɢɥ-(TMAS), ɨɤɬɟɧɢɥ-(TMOenS) ɢ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥ (TEOS) ɫɢɥɚɧɵ. 

ȼɢɞɧɨ, ɱɬɨ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɹ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɭɦɟɪɟɧɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ. ɍɞɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɚɤ-
ɬɢɜɧɨɫɬɶ ɩɪɢ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢɥɟɧɨɦ Д24Ж, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 
ɦɟɧɶɲɟɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɝɟɤɫɟɧɚ-1 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɩɢɥɟɧɨɦ. ɋɬɟɩɟɧɶ 
ɜɧɟɞɪɟɧɢɹ ɫɨɦɨɧɨɦɟɪɚ ɩɪɢ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɝɟɤɫɟɧɨɦ-1, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɫɨɨɬɧɨɲɟ-
ɧɢɸ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ 2019 ɢ 1378 ɫɦ–1 ɜ ɂɄ-ɫɩɟɤɬɪɚɯ ɩɥɟɧɨɤ ɫɨɩɨɥɢɦɟɪɨɜ Д42Ж, ɞɥɹ 
ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 2 % (ɦɨɥɶɧ.), ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, ɱɟɦ 
ɩɪɢ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɩɪɨɩɢɥɟɧɨɦ (12–16 % (ɦɨɥɶɧ.)) Д24Ж. ȼ ɯɨɞɟ ɪɟɚɤɰɢɢ ɮɨɪɦɢɪɭ-
ɸɬɫɹ ɫɨɩɨɥɢɦɟɪɵ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ Mw = (105–160)·103 ɝ/ɦɨɥɶ ɫ ɭɧɢɦɨɞɚɥɶɧɵɦ  
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ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ (Mw/Mn = 2,1–2,3), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ  
ɨɞɧɨɬɢɩɧɨɫɬɢ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ, ɮɨɪɦɢɪɭɸɳɢɯ ɫɨɩɨɥɢɦɟɪɵ. 

 
ɛ)ɚ)

 
 

Ɋɢɫ. 1. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɢɫɯɨɞɧɨɝɨ (ɚ) ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɤɬɢɥɫɢɥɚɧɨɦ (ɛ)  
ɜɨɥɨɤɧɚ ɇɚɮɟɧ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦɭ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɸ ɜ ɬɨɥɭɨɥɟ ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ 
ɪɚɫɬɜɨɪɢɬɟɥɹ 

 
Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɢɱɧɵɟ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɦɨɞɭɥɟɣ ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɨɬɟɪɶ ɞɥɹ ɪɚɫɩɥɚɜɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɩɨɥɢɦɟɪɨɜ. 
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Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɞɭɥɟɣ ɧɚɤɨɩɥɟɧɢɹ Gƍ ɢ ɩɨɬɟɪɶ Gƍƍ ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɚ 
ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɚɥɥɢɥɫɢɥɚɧɨɦ 

 
ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ ɛɨɥɟɟ 170–180 °ɋ ɧɚɱɢɧɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɦɨɞɭɥɹ 
ɧɚɤɨɩɥɟɧɢɹ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з200 °ɋ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɟɣ Gƍ ɢ Gƍƍ ɩɟɪɟɫɟɤɚɸɬɫɹ. Ɂɧɚ-
ɱɟɧɢɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɬɚɛɥ. 2) ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ 
ɜɜɟɞɟɧɧɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɇɚɮɟɧɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 196–205 °ɋ, ɱɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
ɧɚ 10–20 °ɋ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɧɟɧɚɩɨɥɧɟɧɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɭɜɟɥɢɱɟɧɢɟ 
ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɪɚɫɩɥɚɜɚ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 2 ɢ ɧɚ ɪɢɫ. 3 ɞɚɧɧɵɯ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ, ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫ-
ɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɯɚɪɚɤɬɟɪɧɨ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɷɤ-
ɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ (Ɍɷɤɡ) ɢ ɧɚɱɚɥɚ ɩɨɬɟɪɢ ɦɚɫɫɵ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɧɚɩɨɥɧɟɧɧɵɦ ɫɨɩɨɥɢɦɟɪɨɦ. ȼɟɥɢɱɢɧɚ ɬɟɦɩɟɪɚɬɭɪɵ Ɍɷɤɡ ɩɪɢ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɪɚɜɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜɨɥɨɤɧɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɢɩɨɦ ɫɢɥɚɧɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ 
ɞɥɹ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɫɬɪɭɤɰɢɢ Ɍɷɤɡ (231 ɢ 
233 °ɋ) ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɇɚɮɟɧɚ ɚɩɩɪɟɬɚɦɢ ɧɚ ɨɫɧɨɜɟ ɬɪɢɦɟɬɨɤ-
ɫɢɜɢɧɢɥ- ɢ ɚɥɥɢɥɫɢɥɚɧɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ 
ɩɨɬɟɪɢ ɦɚɫɫɵ ɧɟ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍɷɤɡ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɪɹɞɭ ɚɩɩɪɟɬɨɜ:  
ɬɪɢɦɟɬɨɤɫɢɜɢɧɢɥ-, ɚɥɥɢɥ-, ɨɤɬɟɧɢɥ- ɢ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɵ. ȼɨɡɦɨɠɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ 
ɬɟɦ, ɱɬɨ ɢɧɢɰɢɢɪɨɜɚɧɢɟ ɢ ɩɪɨɬɟɤɚɧɢɟ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɥɢɦɢɬɢɪɭɸɬɫɹ 
ɞɢɮɮɭɡɢɟɣ ɤɢɫɥɨɪɨɞɚ ɜ ɪɚɫɩɥɚɜ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɇɚɮɟɧ, ɦɨɞɢɮɢɰɢɪɨɜɚɧ-
ɧɵɣ ɫɢɥɚɧɚɦɢ ɫ ɚɥɤɟɧɢɥɶɧɨɣ ɢ ɚɥɤɢɥɶɧɨɣ ɰɟɩɨɱɤɚɦɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 
ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɥɢɱɢɟɦ 
ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɫɢɥɚɧɚ, ɧɚɢɛɨɥɟɟ ɭɹɡɜɢɦɵɯ ɤ ɞɟɣɫɬɜɢɸ ɤɢɫɥɨɪɨɞɚ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɫ ɇɚɮɟɧɨɦ, ɦɨɞɢ-
ɮɢɰɢɪɨɜɚɧɧɵɦ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɨɦ. 
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Ɋɢɫ. 3. Ʉɪɢɜɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɌȽȺ) ɢ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ), ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ 
ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɪɚɡɥɢɱɧɵɦɢ ɫɢɥɚɧɚɦɢ (ɧɭɦɟɪɚɰɢɹ ɧɚ ɪɢ-
ɫɭɧɤɟ ɫɨɜɩɚɞɚɟɬ ɫ ɧɭɦɟɪɚɰɢɟɣ ɨɛɪɚɡɰɨɜ ɜ ɬɚɛɥ. 2) 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɩɨɬɟɪɢ ɦɚɫɫɵ (ɬɟɦ-

ɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɭɛɵɜɚɟɬ 5 % ɦɚɫɫɵ) ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɨɤɚɡɵ-
ɜɚɟɬɫɹ ɧɚ 15–45 °ɋ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɫɨɩɨɥɢɦɟɪɨɦ. Ɇɨɞɢɮɢɤɚɰɢɹ  
ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɤɪɢɫɬɚɥɥɢɡɰɢɢ ɧɚ 6–15 % ɩɨ ɫɪɚɜɧɟɧɢɸ  
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ɫ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɨɛɪɚɡɰɨɦ, ɨɞɧɚɤɨ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɨɫɬɚɟɬɫɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨ-
ɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ (з30 °ɋ), ɱɟɦ ɞɥɹ ɪɚɧɟɟ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢɥɟɧɨɦ [24]. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɩɪɨɩɢɥɟɧɨɦ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɚɢɥɭɱɲɢɟ ɮɢɡɢ-
ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɛɥɸɞɚɥɢɫɶ ɞɥɹ ɨɛɪɚɡɰɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɧɚɧɨɜɨɥɨɤ-
ɧɨɦ ɇɚɮɟɧ ɫ ɚɩɩɪɟɬɨɦ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɨɦ, ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɦɨɞɢɮɢɤɚɬɨɪɚ ɜ ɫɨ-
ɩɨɥɢɦɟɪɚɯ ɧɚ ɨɫɧɨɜɟ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɦɟɧɟɟ ɜɵɪɚɠɟɧɨ. ɇɚɢɥɭɱɲɢɟ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɫɨɩɨɥɢɦɟɪ, ɦɨɞɢɮɢ-
ɰɢɪɨɜɚɧɧɵɣ ɇɚɮɟɧɨɦ ɫ ɚɩɩɪɟɬɢɪɨɜɚɧɢɟɦ ɬɪɢɦɟɬɨɤɫɢɜɢɧɢɥɫɢɥɚɧɨɦ – σ = 32,9 Ɇɉɚ, 
İ = 850 %. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɹ ɬɟɤɭɱɟɫɬɢ ɪɚɫɩɥɚɜɚ (ɉɌɊ) ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɢɫɯɨɞɧɵɯ (, ) ɢ ɷɤɫɩɨɧɢɪɨɜɚɧɧɵɯ (, ) ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ  
ɨɛɪɚɡɰɨɜ ɫɨɩɨɥɢɦɟɪɨɜ (ɧɭɦɟɪɚɰɢɹ ɧɚ ɪɢɫɭɧɤɟ ɫɨɜɩɚɞɚɟɬ ɫ ɧɭɦɟɪɚɰɢɟɣ ɨɛɪɚɡɰɨɜ ɜ ɬɚɛɥ. 2) 

 
ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɉɌɊ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚ ɞɥɹ ɨɛɪɚɡɰɨɜ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ 
ɇɚɮɟɧɨɦ, ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦ ɚɥɥɢɥɫɢɥɚɧɨɦ, ɢ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ, ɚ 
ɬɚɤɠɟ ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɷɬɢɯ ɠɟ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɢɯ ɷɤɫɩɨɧɢ-
ɪɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 18 ɞɧɟɣ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɧɟɦɨɞɢɮɢɰɢɪɨ-
ɜɚɧɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ ɜɟɥɢɱɢɧɚ ɉɌɊ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ ɡɚ ɜɪɟɦɹ ɩɪɨɜɟɞɟ-
ɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ з1 ɝ/10 ɦɢɧ. Ⱦɥɹ ɨɛɪɚɡɰɚ 
ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɫ ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɞɨ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɟ ɉɌɊ ɜ 
ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ (1,65 ɝ/10 ɦɢɧ), ɚ ɡɚɬɟɦ ɩɥɚɜɧɨ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɜɟɥɢɱɢɧɵ 1 ɝ/10 ɦɢɧ ɱɟɪɟɡ 6 ɦɢɧ ɩɨɫɥɟ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɉɞɧɚɤɨ 
ɩɨɫɥɟ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɜɟɥɢɱɢɧɚ ɟɝɨ ɉɌɊ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 0,5 ɝ/10 ɦɢɧ. 

ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɦɨɞɭɥɟɣ ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɨɬɟɪɶ, ɚ ɬɚɤɠɟ 
ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (tgį) ɪɚɫɩɥɚɜɚ ɩɪɢ ɟɝɨ ɧɚɝɪɟɜɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨ-
ɫɬɶɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 190 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ 
ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦ ɚɥɥɢɥɫɢɥɚɧɨɦ, ɞɨ ɢ ɩɨ-
ɫɥɟ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ. 
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Ɋɢɫ. 5. ɂɡɦɟɧɟɧɢɟ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, ɦɨɞɭɥɟɣ ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɨɬɟɪɶ ɩɪɢ 

ɧɚɝɪɟɜɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 190 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɤɨɦɩɨɡɢɰɢɢ 3 (ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦ 
ɚɥɥɢɥɫɢɥɚɧɨɦ) ɞɨ (ɚ) ɢ ɩɨɫɥɟ (ɛ) ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 18 ɞɧɟɣ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 

 
ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɞɨ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 

tgį ɦɨɧɨɬɨɧɧɨ ɪɚɫɬɟɬ, ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ, ɚ ɡɚɬɟɦ ɦɨɧɨɬɨɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. Ⱥɧɚɥɨ-
ɝɢɱɧɵɣ ɜɢɞ ɢɦɟɸɬ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɹɞɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɚɩɩɪɟɬɢɪɨɜɚɧ-
ɧɵɦ ɬɪɢɦɟɬɨɤɫɢɜɢɧɢɥ- ɢ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɷɤɫɩɨɧɢ-
ɪɨɜɚɧɢɸ ɢ ɜɟɥɢɱɢɧɚ ɉɌɊ ɞɥɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥɚ 1,4–1,6 ɝ/10 ɦɢɧ. 

ɉɨɫɥɟ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɢɞ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 
ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ. Ʉɪɢɜɚɹ tgį ɩɪɢɨɛɪɟɬɚɟɬ ɜɵɪɚɠɟɧɧɵɣ ɥɨɤɚɥɶɧɵɣ ɦɢɧɢɦɭɦ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 125 °ɋ, ɩɪɢ ɷɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɤɪɢɜɨɣ ɦɨɞɭɥɹ ɧɚɤɨɩɥɟɧɢɹ ɩɨɹɜ-
ɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɣ ɩɟɪɟɝɢɛ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜ ɨɛɪɚɡɰɟ 
ɞɜɭɯ ɮɚɡ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɟɥɚɤɫɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ Д42Ж. Ⱥɧɚɥɨɝɢɱɧɵɣ ɯɚɪɚɤ-
ɬɟɪ ɢɦɟɸɬ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɥɹ ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ 
ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɨɦ, ɫ ɦɚɥɵɦ ɡɧɚɱɟɧɢɟɦ 
ɉɌɊ ɩɨɫɥɟ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 18 ɞɧɟɣ, ɚ ɬɚɤɠɟ ɤɪɢɜɵɟ ɞɥɹ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧ-
ɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ ɤɚɤ ɩɨɫɥɟ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɬɪɭɤɬɭ-
ɪɚ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɹɜɥɹɟɬɫɹ ɥɚɛɢɥɶɧɨɣ ɢ 
ɦɨɠɟɬ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɨɡɢɰɢɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ.  

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɫɜɹɡɚɧɨ ɫ ɫɨɪɛ-
ɰɢɟɣ ɜɥɚɝɢ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɞɚɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɞɢɧ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ – ɤɨɦɩɨɡɢɰɢɹ 5 (ɫɦ. ɬɚɛɥ. 1) – ɩɨɞɜɟɪɝɚɥɢ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɦɭ ɫɬɚɪɟ-
ɧɢɸ ɜ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɜɵɞɟɪɠɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 °ɋ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠ-
ɧɨɫɬɢ 98 % ɜ ɬɟɱɟɧɢɟ 7 ɫɭɬ. ɗɬɭ ɤɨɦɩɨɡɢɰɢɸ ɬɚɤɠɟ ɬɟɪɦɨɨɛɪɚɛɚɬɵɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 190 °ɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ.  

ɇɚ ɪɢɫ. 6 ɩɪɢɜɟɞɟɧɨ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ tgį ɪɚɫɩɥɚɜɚ ɩɪɢ ɟɝɨ ɧɚɝɪɟɜɟ ɫ ɩɨɫɬɨ-
ɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 190 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɞɥɹ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɥɢɦɟɪɨɜ ɩɨɥɢɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ,  
ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢɥɚɧɨɦ, ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ  
ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ ɫɬɚɪɟɧɢɹ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. 
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Ɋɢɫ. 6. ɂɡɦɟɧɟɧɢɹ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɩɪɢ ɧɚɝɪɟɜɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨ-
ɫɬɶɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 190 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɦɩɨɡɢ-
ɰɢɢ 5 – ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1 ɫ ɇɚɮɟɧɨɦ, ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɦ ɬɪɢɷɬɨɤɫɢɨɤɬɢɥɫɢ-
ɥɚɧɨɦ, – ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (1), ɚ ɬɚɤɠɟ ɩɨɫɥɟ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ ɫɬɚɪɟɧɢɹ (2)  
ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (3)  

 
ȼɢɞɧɨ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɮɚɤɬɨɪɨɜ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ ɫɬɚɪɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɢɡ-

ɦɟɧɟɧɢɸ ɜɢɞɚ ɤɪɢɜɨɣ tgį: ɧɚ ɧɟɣ ɩɨɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɣ ɩɟɪɟɝɢɛ, ɤɨɬɨɪɵɣ ɨɬɦɟɱɟɧ 
ɪɚɧɟɟ ɧɚ ɪɢɫ. 5. Ʉ ɚɧɚɥɨɝɢɱɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɜɢɞɚ ɤɪɢɜɨɣ ɩɪɢɜɨɞɢɬ ɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɚɤɫɢɦɭɦ ɧɚ ɤɪɢɜɨɣ tgį ɫɦɟ-
ɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɟɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ, ɜɨɡɦɨɠɧɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɬɟɤɚɧɢɢ 
ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫ ɫɢɥɚɧ-
ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɦ ɇɚɮɟɧɨɦ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
ɤɚɤ ɧɚ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɚɤ ɢ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ 
ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ. Ɍɚɤ, ɩɪɨɰɟɫɫ ɯɢɦɢɱɟɫɤɨɣ ɫɲɢɜɤɢ, ɩɪɨɬɟ-
ɤɚɸɳɢɣ ɩɨ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ (ɚɧɚɥɨɝɢɱɧɨ ɫɲɢɬɨɦɭ ɩɨɥɢɷɬɢɥɟɧɭ ɬɢɩɚ 
PE-Xa), ɦɨɠɟɬ ɤɚɬɚɥɢɡɢɪɨɜɚɬɶɫɹ ɧɚɧɨɜɨɥɨɤɧɚɦɢ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɩɪɨɜɨɰɢɪɭɟɬ ɨɛɪɚ-
ɡɨɜɚɧɢɟ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ ɧɚ «ɤɨɧɰɚɯ» ɧɚɧɨɜɨɥɨɤɨɧ, ɤɚɤ ɩɨɤɚɡɚɧɨ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬɚɯ ɧɚ ɧɚɧɨɤɥɚɫɬɟɪɚɯ SiOx Д43Ж. ɉɪɢ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɧɚɧɨɤɨɦɩɨɡɢɬɵ ɧɟ ɫɨɞɟɪɠɚɥɢ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɢɥɢ ɞɪɭɝɢɯ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ. ȼ ɤɚ-
ɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɢ ɬɟɪɦɨɜɥɚɠɧɨɫɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɜɟɪɨɹɬɧɨ ɩɪɨɬɟɤɚɧɢɟ ɫɲɢɜɤɢ 
ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɧɞɟɧɫɚɰɢɢ ɦɨɥɟɤɭɥ ɚɥɤɨɤɫɢɫɢɥɚɧɨɜɨɝɨ ɚɩɩɪɟɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɹɡɟɣ 
Si–O–SТ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɵ (ɚɧɚɥɨɝɢɱɧɨ ɫɲɢɬɨɦɭ ɩɨɥɢɷɬɢɥɟɧɭ ɬɢɩɚ PE-Xb). 

ȼɫɟ ɨɩɢɫɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɪɚɫ-
ɩɥɚɜɚ ɢ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ ɉɌɊ, ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɹɫɧɟɧ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɉɌɊ ɤɨɦɩɨɡɢɰɢɣ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɫɨɩɨɥɢɦɟɪɨɜ 
ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɢ ɬɟɪɦɨɜɥɚɠɧɨɫɬɧɨɝɨ ɫɬɚɪɟɧɢɹ ɯɨɬɹ ɢ ɫɧɢɠɚɟɬɫɹ, ɧɨ ɧɟ ɫɬɚɧɨ-
ɜɢɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ – ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɲɢɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ,  
ɚ ɥɢɲɶ ɜ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɨɛɥɚɫɬɹɯ.  

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɚɤɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɬɚɤɠɟ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 
ɩɨɞɯɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɚɧɬɢɨɤɫɢɞɚɧɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨ-
ɧɚɩɨɥɧɢɬɟɥɹ ɇɚɮɟɧɚ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɪɚɛɨɬɚɦɢ Д44, 45Ж. 
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Ɂɚɤɥɸчɟɧия 
ɉɭɬɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ in situ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɧɚɧɨɤɨɦɩɨɡɢɬɵ  

ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɫɩɟɪɫɢɣ ɚɩɩɪɟɬɢɪɨɜɚɧɧɵɯ ɧɚɧɨɜɨ-
ɥɨɤɨɧ -Al2O3 (ɇɚɮɟɧ). ɂɫɫɥɟɞɨɜɚɧɵ ɢɯ ɬɟɪɦɨɮɢɡɢɱɟɫɤɢɟ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɪɟɨ-
ɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɜɨɥɨɤɨɧ ɇɚɮɟɧɚ ɨɪɝɚɧɨɫɢɥɚ-
ɧɚɦɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɞɢɫɩɟɪɫɢɣ ɜ ɭɫɥɨɜɢɹɯ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɦɟɧɚ ɜ ɫɨɫɬɚɜɟ ɫɨɩɨɥɢɦɟɪɚ ɩɪɨɩɢɥɟɧɚ ɧɚ ɝɟɤɫɟɧ-1 ɫɭɳɟɫɬɜɟɧɧɨ 
(ɧɚ 30 °ɋ) ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɨɣɤɨɫɬɶ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɤ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ. 
ɇɚɢɥɭɱɲɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɫɨɩɨɥɢɦɟɪɨɜ ɷɬɢɥɟɧɚ ɫ ɝɟɤɫɟɧɨɦ-1 ɢɦɟɟɬ 
ɧɚɧɨɤɨɦɩɨɡɢɬ ɫ ɇɚɮɟɧɨɦ, ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɦ ɬɪɢɦɟɬɨɤɫɢɜɢɧɢɥɫɢɥɚɧɨɦ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɜɵɞɟɪɠɤɚ ɨɛɪɚɡɰɨɜ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɩɟɪɟɪɚɛɨɬɤɢ ɢɥɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɥɚɠɧɨɫɬɢ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɜɨ-
ɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɬɟɤɭɱɟɫɬɢ ɪɚɫɩɥɚɜɚ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɫɨɩɨɥɢ-
ɦɟɪɚ ɷɬɢɥɟɧɚ ɢ ɝɟɤɫɟɧɚ-1, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɢɥɚɧɢɡɢɪɨɜɚɧɧɵɦ ɜɨɥɨɤɧɨɦ ɇɚɮɟɧ, 
ɹɜɥɹɟɬɫɹ ɥɚɛɢɥɶɧɨɣ ɢ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɮɚɤɬɨɪɨɜ, ɭɜɟɥɢɱɢɜɚɸɳɢɯ ɦɨ-
ɥɟɤɭɥɹɪɧɭɸ ɩɨɞɜɢɠɧɨɫɬɶ. Ɋɟɡɭɥɶɬɚɬɨɦ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɚɹ ɬɟɧɞɟɧɰɢɹ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɩɟɪɟɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɲɢɜɨɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ 
ɫɨɩɨɥɢɦɟɪɚɦɢ (ɜ ɬɨɦ ɱɢɫɥɟ, ɜɟɪɨɹɬɧɨ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɧɞɟɧɫɚɰɢɢ ɦɨɥɟɤɭɥ ɨɪɝɚɧɨɫɢɥɚ-
ɧɨɜɨɝɨ ɚɩɩɪɟɬɚ) ɢɥɢ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɮɢɡɢɱɟɫɤɨɣ ɫɟɬɤɢ ɡɚɰɟɩɥɟɧɢɣ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɊɎɎИ № 18-29-03253 «Иɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡ-

ɦɨɠɧɨɫɬɢ FDM ɩɟɱɚɬɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɨɥɟɮɢɧɨɜ ɢ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ 
ɜɨɥɨɤɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ Nafen, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ in situ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫ ɚɩɩɪɟɬɢ-
ɪɨɜɚɧɢɟɦ ɜɨɥɨɤɧɚ». 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ ɩɨ ɫɨɡɞɚɧɢɸ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ 
ɨɫɧɨɜɟ ɧɢɨɛɢɹ ɢ ɜɨɥɨɤɨɧ α-Al2O3 ɫ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ TiN, Ɇɨ, W, ɚ ɬɚɤɠɟ  
ɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ (Si, Ti) ɢ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ (O, C) ɩɪɢɦɟɫɹɦɢ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 
ɞɜɨɣɧɵɯ (Nb–Si, Nb–C, Nb–O) ɢ ɬɪɨɣɧɵɯ (Nb–Si–Ti, Nb–Fe–Ti) ɞɢɚɝɪɚɦɦ ɢɫɩɵɬɚɧɢɣ. Ɂɚ 
ɨɫɧɨɜɭ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɜɡɹɬ ɩɨɪɨɲɤɨɜɵɣ ɦɟɬɨɞ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ 
ɩɨɞɝɨɬɨɜɤɢ ɲɢɯɬɵ ɫ ɩɨɫɥɟɞɭɸщɢɦ ɟɟ ɝɨɪɹɱɢɦ ɩɪɟɫɫɨɜɚɧɢɟɦ ɫɨɜɦɟɫɬɧɨ ɫ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ ɜɨɥɨɤɧɚɦɢ α-Al2O3. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɥɨɤɨɧ ɫ 
ɦɚɬɪɢɰɟɣ, ɝɞɟ ɦɚɬɪɢɰɟɣ ɹɜɥɹɥɫɹ NЛ ɢɥɢ ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɞɜɨɣɧɵɯ ɢɥɢ ɬɪɨɣɧɵɯ ɞɢɚɝɪɚɦɦ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: NЛ ɦɚɬɪɢɰɚ, ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ α-Al2O3, ɛɚɪɶɟɪɧɨɟ 
ɩɨɤɪɵɬɢɟ TiN, ɛɚɪɶɟɪɧɨɟ ɩɨɤɪɵɬɢɟ Mo, ɛɚɪɶɟɪɧɨɟ ɩɨɤɪɵɬɢɟ W, ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ. 

 
E.N. Kablov1, B.V. Shchetanov1, A.N. Bolshakova1, 
I.Yu. Efimochkin1, E.M. Shcherbakov1 
 
NIOBIUM  REINFORCED  BВ  α-Al2O3  FIBERS 
Part  1.  Two-Component  Compositions 
 

The paper reviews the results of development of a new class of high-temperature composites 
based on niobium and various types of reinforcers continuous monocrystalline fibers (MCF)  
α-Al2O3, with TiN, Mo, W barrier coatings, and with controlled (Si, Ti) and uncontrolled (O, C) 
impurities. The analysis of Nb–Si, Nb–C, Nb–O binary diagrams and Nb–Si–Ti, Nb–Fe–Ti 
ternary diagrams was performed, on the basis of which the matrix compositions were selected. 
The basis for the preparation of composites was the powder method of mechanical alloying of 
the mixture preparing, followed by its pressing together with α-Al2O3 MCF by spark plasma 
sintering (SPS) and further preparation of experimental samples. An analysis of the interaction 
of fibers with a matrix was carried out, where the matrix was Nb or system on the basis of the 
above mentioned binary or ternary diagrams. 

Keywords: Nb matrix, α-Al2O3 monocrystalline fibers, TiN barrier coating, Mo barrier 
coating, W barrier coating, high-temperature bending strength. 
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Center of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 

ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɄɆ) ɫ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ ɹɜɥɹɸɬɫɹ ɥɢɬɵɟ ɥɨɩɚɬɤɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ Д1Ж. ɗɬɢ 
ɞɟɬɚɥɢ ɪɚɛɨɬɚɸɬ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɭɪɨɜɧɹɯ ɧɚɩɪɹɠɟɧɢɣ, ɛɥɢɡɤɢɯ ɤ 
ɩɪɟɞɟɥɶɧɵɦ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɄɆ ɩɨ 
ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɞɨɥɠɧɵ ɞɨɫɬɢɱɶ ɢɥɢ ɩɪɟɜɡɨɣɬɢ ɨɛɵɱɧɵɟ ɫɩɥɚɜɵ, ɱɬɨɛɵ ɛɵɬɶ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦɢ Д2–4]. 
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ɀɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ, ɜɤɥɸɱɚɹ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɩɥɚɜɵ ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ 
ɫɬɪɭɤɬɭɪɨɣ, ɢɡ-ɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ (~1400 °ɋ) ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɧɟ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ 
(>1350 °ɋ) ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɛɭɞɭɳɟɝɨ Д5Ж. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ 
ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɹɜɥɹɸɬɫɹ ɷɜɬɟɤɬɢɤɢ ɧɚ ɨɫɧɨɜɟ ɞɜɨɣɧɵɯ ɫɢɫɬɟɦ σЛ–Si ɢ εo–SТ ɫ 
ɞɢɫɩɟɪɫɢɨɧɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚɦɢ Д6–9Ж. Ʉɪɨɦɟ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɭɩɪɨɱɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɫɩɨɫɨɛ ɚɪɦɢɪɨɜɚɧɢɹ ɄɆ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɜɨɥɨɤɧɚɦɢ Д10, 11Ж, ɨɫɨɛɟɧɧɨ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ 
ɜɨɥɨɤɧɚɦɢ (ɆɄȼ) ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ α-Al2O3 ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 2053 °ɋ Д12–14], 
ɤɨɬɨɪɵɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ ɩɪɢ ɚɪɦɢɪɨɜɚɧɢɢ ɧɢɨɛɢɹ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɸɬ ɛɥɢɡɤɢɟ 
ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) Д15Ж. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɩɥɚɜɵ, ɩɨɥɭɱɚɟɦɵɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ, ɫ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ, 
ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɥɚɫɬɢɧɨɤ ɢɥɢ ɫɬɟɪɠɧɟɨɛɪɚɡɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɨɫɬɪɨɟɧɢɣ ɨɞɧɨɣ 
ɮɚɡɵ ɜɧɭɬɪɢ ɞɪɭɝɨɣ Д16Ж. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɨɬɧɨɫɹɬ ɤ ɄɆ, ɩɨɥɭɱɚɟɦɵɦ ɦɟɬɨɞɨɦ in situ. 
ɗɜɬɟɤɬɢɱɟɫɤɢɟ ɫɩɥɚɜɵ ɫɨɱɟɬɚɸɬ ɦɧɨɝɢɟ ɩɪɢɡɧɚɤɢ ɤɚɤ ɨɛɵɱɧɵɯ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɩɥɚɜɨɜ, 
ɬɚɤ ɢ ɄɆ – ɧɚɩɪɢɦɟɪ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɜɨɥɨɤɨɧ (ɭɫɨɜ) ɜ 
ɦɚɬɪɢɰɭ Д17, 18Ж. ɉɨɞɨɛɧɵɟ ɫɩɥɚɜɵ ɩɪɢɜɥɟɤɚɸɬ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɜ ɫɜɹɡɢ ɫ 
ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɷɬɨɦɭ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɩɨɩɵɬɤɢ ɩɪɨɜɟɪɢɬɶ ɷɮɮɟɤɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɷɜɬɟɤɬɢɤ 
ɫɢɫɬɟɦɵ Nb–Si ɧɟɩɪɟɪɵɜɧɵɦɢ ɜɨɥɨɤɧɚɦɢ α-Al2O3, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨ 
ɜɬɨɪɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɟ ɧɢɨɛɢɹ ɩɟɪɫɩɟɤɬɢɜɧɚ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ 
ɩɥɨɬɧɨɫɬɶ ɧɢɨɛɢɹ (8570 ɤɝ/ɦ3) ɦɟɧɶɲɟ ɧɟ ɬɨɥɶɤɨ ɩɥɨɬɧɨɫɬɢ  ɦɨɥɢɛɞɟɧɚ (10220 ɤɝ/ɦ3), 
ɧɨ ɢ ɧɢɤɟɥɹ (8910 ɤɝ/ɦ3), ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. Ɉɞɧɚɤɨ ɄɆ ɧɚ ɨɫɧɨɜɟ ɧɢɨɛɢɹ (ɧɚɪɹɞɭ ɫ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥɡɭɱɟɫɬɶɸ) ɫɤɥɨɧɧɵ ɤ ɨɤɢɫɥɟɧɢɸ ɤɚɤ ɩɪɢ ɪɚɛɨɱɢɯ, ɬɚɤ ɢ ɩɪɢ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д19, 20Ж. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ ɪɚɡɪɚɛɨɬɱɢɤɢ ɄɆ ɫɱɢɬɚɸɬ ɫɢɫɬɟɦɭ  
Nb–ɆɄȼ (α-Al2O3) ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɭɩɟɪɫɩɥɚɜɨɜ ɧɚ ɪɚɛɨɱɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ >1300 °ɋ, ɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ (ɞɥɹ ɄɆ) ɢ 
ɞɢɮɮɭɡɢɨɧɧɨ-ɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ (ɞɥɹ ɆɄȼ (α-Al2O3)) ɫɱɢɬɚɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ 
ɜɚɠɧɵɯ ɞɥɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɚɬɢɤɢ Д21Ж. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɄɆ ɩɨɦɢɦɨ ɪɚɫɩɥɚɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɩɪɨɫɬɵɯ ɢ ɷɤɨɧɨɦɢɱɧɵɯ ɦɟɬɨɞɨɜ ɩɨɪɨɲɤɨɜɨɣ 
ɦɟɬɚɥɥɭɪɝɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɩɨɜɪɟɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ 
ɨɛɟɫɩɟɱɢɬɶ ɯɨɪɨɲɢɣ ɤɨɧɬɚɤɬ ɜɨɥɨɤɨɧ ɫ ɩɨɪɨɲɤɨɜɨɣ ɦɚɬɪɢɰɟɣ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɮɚɡɨɜɵɣ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɫɬɚɜɵ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜ Д22, 23Ж. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɄɆ ɩɪɨɜɨɞɢɥɢ ɧɚ «ɧɟɩɪɟɪɵɜɧɵɯ» ɤɨɦɩɨɡɢɰɢɹɯ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ 
ɫɢɫɬɟɦɵ «ɧɢɨɛɢɣ–ɜɨɥɨɤɧɨ» ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɞɥɢɧɨɣ ɜɨɥɨɤɨɧɚ, 
ɩɪɟɜɵɲɚɸɳɟɣ ɞɥɢɧɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɪɚɡɰɚ Д15Ж. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ ɢ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) ɧɚ ɦɟɠɮɚɡɧɭɸ ɝɪɚɧɢɰɭ 
«ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ», ɜɢɞ ɦɟɠɮɚɡɧɨɣ ɫɜɹɡɢ, ɫɬɪɭɤɬɭɪɭ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ (1300 °ɋ) 
ɩɪɨɱɧɨɫɬɶ ɄɆ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 12.3. 
«Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɆɄɆ) ɧɚ ɨɫɧɨɜɟ Nb, Mo ɢ ɢɯ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ» Д5Ж. 
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Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɩɨɪɨɲɤɨɜɵɦ ɦɟɬɨɞɨɦ: ɝɨɪɹɱɢɦ 
ɩɪɟɫɫɨɜɚɧɢɟɦ ɜ ɝɪɚɮɢɬɨɜɨɣ ɩɪɟɫɫ-ɮɨɪɦɟ ɩɨɪɨɲɤɚ Nb ɫɨ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ ɱɚɫɬɢɰ 
250 ɦɤɦ ɢ ɆɄȼ (α-Al2O3) ɤɚɤ ɛɟɡ ɩɨɤɪɵɬɢɹ, ɬɚɤ ɢ ɫ ɩɨɤɪɵɬɢɟɦ; ɫɨɞɟɪɠɚɧɢɟ ɜ ɄɆ 
ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫɨɫɬɚɜɥɹɥɨ ~7 % (ɨɛɴɟɦɧ.). Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɬɪɢɰɵ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɩɪɨɦɵɲɥɟɧɧɵɣ ɩɨɪɨɲɨɤ ɧɢɨɛɢɹ ɦɚɪɤɢ ɇɛɉ-2ɛ (ȽɈɋɌ 26252–84) ɱɢɫɬɨɬɨɣ 99,7; 
ɮɪɚɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɩɨɪɨɲɤɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ɦɚɪɤɢ Analyzette 22 MicroTec. 

Ɇɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ α-Al2O3 ɜɵɪɚɳɟɧɵ ɢɡ ɪɚɫɩɥɚɜɚ ɩɨ ɦɟɬɨɞɭ 
ɋɬɟɩɚɧɨɜɚ Д14Ж. ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢɫɫɥɟɞɨɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɧɚ 
ɭɫɬɚɧɨɜɤɟ Instron 5965 ɩɨ ɦɟɬɨɞɭ ɪɚɦɤɢ (ɛɚɡɚ ɢɫɩɵɬɚɧɢɣ 25 ɦɦ), ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1300 °ɋ – ɧɚ ɭɫɬɚɧɨɜɤɟ Instron 1195 (ɛɚɡɚ ɢɫɩɵɬɚɧɢɣ 50 ɫɦ) Д24Ж. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 
ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɬɪɚɜɟɪɫɵ ɫɨɫɬɚɜɥɹɥɚ 2 ɦɦ/ɦɢɧ. 

ɉɪɨɱɧɨɫɬɶ ɄɆ ɩɪɢ ɬɪɟɯɬɨɱɟɱɧɨɦ ɢɡɝɢɛɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 20 ɢ 1300 °ɋ 
ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɟ InsЭron 5882, ɨɫɧɚɳɟɧɧɨɣ ɩɟɱɶɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Д25Ж. 
Ɋɚɡɦɟɪ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥ 60×8×(3–6) ɦɦ ɫ ɛɚɡɨɣ ɢɫɩɵɬɚɧɢɣ 40  ɦɦ ɩɪɢ ɫɤɨɪɨɫɬɢ 
ɩɟɪɟɦɟɳɟɧɢɹ ɬɪɚɜɟɪɫɵ 2 ɦɦ/ɦɢɧ. 

Ȼɚɪɶɟɪɧɵɟ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ TТσ, Mo ɢ W (ɬɨɥɳɢɧɚ – ɨɬ 5 ɞɨ 40 ɦɤɦ) ɧɚɧɨɫɢɥɢ 
ɧɚ ɜɨɥɨɤɧɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɦɟɬɨɞɨɦ ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ ȼɍ-1Ȼɋ ɩɪɢ ɫɤɨɪɨɫɬɢ 
ɧɚɩɵɥɟɧɢɹ 0,5–1,0 ɦɤɦ/ɦɢɧ; ɚɞɝɟɡɢɸ ɩɨɤɪɵɬɢɹ ɤ ɜɨɥɨɤɧɚɦ α-Al2O3 ɨɰɟɧɢɜɚɥɢ ɩɨ ȽɈɋɌ 
9.302–88 (ɦɟɬɨɞ ɪɢɫɨɤ).  

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɚɯ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ 
ɞɢɮɪɚɤɬɨɦɟɬɪɚ ȾɊɈɇ-3 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Cu Kα-ɢɡɥɭɱɟɧɢɹ. 

ɉɥɨɬɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɩɨ ȽɈɋɌ 18898–89. 
ɋɬɪɭɤɬɭɪɭ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɚ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰɚɯ 

ɢɡɭɱɚɥɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JCεA-733 ɮɢɪɦɵ Jeol ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɦɢɤɪɨɚɧɚɥɢɡɚɬɨɪɚ InМК EnОrРв.  

Ɇɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ 
ɦɢɤɪɨɫɤɨɩɟ Hitachi SU8010 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɫɬɚɜɤɢ ɫ ɬɜɟɪɞɨɬɟɥɶɧɵɦ ɤɪɟɦɧɢɟɜɵɦ 
ɞɟɬɟɤɬɨɪɨɦ Х-ЦКб σ80. ɉɨɫɬɪɨɟɧɢɟ ɤɚɪɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɜɢɡɭɚɥɢɡɚɰɢɸ 
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɯ ɫɩɟɤɬɪɨɜ ɢ ɪɚɫɱɟɬɵ ɥɨɤɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ AгTОМ. 

 
Ɋɟɡɭɥьɬɚɬɵ 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɢɦɨɞɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪɨɲɤɨɜ 
ɧɢɨɛɢɹ ɩɨ ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ. 
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Ɋɢɫ. 1. Ƚɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪɨɲɤɚ σЛ ɩɨ ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ 
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ȼɢɞɧɨ, ɱɬɨ ɩɨɪɨɲɨɤ ɧɢɨɛɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɮɪɚɤɰɢɣ: ɦɟɥɤɨɣ ɫ ɩɢɤɨɦ 
ɝɢɫɬɨɝɪɚɦɦɵ з12 ɦɤɦ ɢ ɛɨɥɟɟ ɤɪɭɩɧɨɣ ɫ ɩɢɤɨɦ з40 ɦɤɦ. Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ 
ɚɧɚɥɢɡɚ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɞɥɹ ɩɪɨɜɟɪɤɢ ɱɢɫɬɨɬɵ ɧɢɨɛɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1, ɝɞɟ 
ɩɨɤɚɡɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɦɟɠɩɥɨɫɤɨɫɬɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɢ ɬɚɛɥɢɱɧɵɟ 
ɞɚɧɧɵɟ (PDF2002) ɞɥɹ ɧɢɨɛɢɹ. 

 

Ɍɚɛɥɢɰɚ 1 
ɗɤɫɩɟɪиɦɟɧɬɚɥьɧɵɟ и ɬɚɛɥичɧɵɟ ɡɧɚчɟɧия ɦɟɠɩɥɨɫɤɨɫɬɧɵɯ ɪɚɫɫɬɨяɧиɣ (dhkl) ɞɥя ɧиɨɛия 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ Ɍɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ 

d (dhkl), ɧɦ I/I0* D (dhkl), ɧɦ I/I0, ɨɬɧ. ɟɞ. 
0,2336 ɋɢɥɶɧɚɹ ɫɜɹɡɶ 0,2338 100 

0,1653 ɋɥɚɛɚɹ ɫɜɹɡɶ 0,1653 16 

0,1350 ɋɪɟɞɧɹɹ ɫɜɹɡɶ 0,1350 20 

* Ɉɬɧɨɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ. 
 
ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥ. 1, ɨɬɤɥɨɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɟɠɩɥɨɫɤɨɫɬɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɞɥɹ ɧɢɨɛɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɚɛɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,0002 ɧɦ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɝɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ 
ɱɢɫɬɨɬɟ. 

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ  
ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ (1400 °ɋ) ɩɪɨɱɧɨɫɬɢ ɜɨɥɨɤɨɧ α-Al2O3 ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɞɢɚɦɟɬɪɚ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ σɜ ɨɬ ɞɢɚɦɟɬɪɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ 

ɜɨɥɨɤɧɚ ɩɪɢ  ɬɟɦɩɟɪɚɬɭɪɚɯ 20 (1) ɢ 1400 °ɋ (2) 
 

ɉɪɨɱɧɨɫɬɶ ɫɰɟɩɥɟɧɢɹ ɩɨɤɪɵɬɢɣ TТσ Д26Ж, εo Д27Ж ɢ А Д28Ж ɫ ɆɄȼ (α-Al2O3) 
ɨɰɟɧɢɜɚɥɢ ɩɨ ɦɟɬɨɞɭ ɪɢɫɨɤ. ɇɚ ɮɨɬɨɝɪɚɮɢɹɯ ɩɨɤɪɵɬɢɣ ɫ ɧɚɞɪɟɡɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 
ɧɚ ɪɢɫ. 3, ɜɢɞɧɨ ɨɬɫɭɬɫɬɜɢɟ ɨɬɫɥɨɟɧɢɹ ɩɨɤɪɵɬɢɣ ɤɚɤ ɜ ɦɟɫɬɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɞɪɟɡɨɜ, 
ɬɚɤ ɢ ɜɛɥɢɡɢ ɧɚɞɪɟɡɨɜ. 

 
ɛ)ɚ) ɜ)

 
Ɋɢɫ. 3. Ȼɚɪɶɟɪɧɵɟ ɩɨɤɪɵɬɢɹ ɢɡ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ (ɚ), ɦɨɥɢɛɞɟɧɚ (ɛ) ɢ ɜɨɥɶɮɪɚɦɚ (ɜ) ɧɚ ɤɨɪɭɧɞɨɜɵɯ 

ɩɨɞɥɨɠɤɚɯ (ɬɟɦɧɵɟ ɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɥɢɧɢɢ – ɫɥɟɞɵ ɧɚɞɪɟɡɨɜ ɚɥɦɚɡɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ) 
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ɉɪɢ ɜɵɛɨɪɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɨɤɪɵɬɢɣ ɭɱɢɬɵɜɚɥɢ ɢɯ ɫɜɨɣɫɬɜɚ: 
ɇɢɬɪɢɞ ɬɢɬɚɧɚ 

– ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ Д29Ж; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɨ ɪɚɡɧɵɦ ɢɫɬɨɱɧɢɤɚɦ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 2930 ɞɨ 3205 °ɋ; 
– ɩɥɨɬɧɨɫɬɶ ɩɨɤɪɵɬɢɹ TТσ (5440 ɤɝ/ɦ3) ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɩɥɨɬɧɨɫɬɢ ɧɢɨɛɢɹ 

(8570 ɤɝ/ɦ3), ɱɬɨ ɫɧɢɠɚɟɬ ɦɚɫɫɭ ɄɆ; 
– ɞɥɹ ɩɨɤɪɵɬɢɹ TТσ ɡɧɚɱɟɧɢɟ ɌɄɅɊ (α = 9,35∙10–6 Ʉ‒1) ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ ɤ ɡɧɚɱɟɧɢɸ 

ɞɥɹ ɧɢɨɛɢɹ (α = 7,31∙10–6 Ʉ‒1). 
Ɇɨɥɢɛɞɟɧ  

– ɹɜɥɹɟɬɫɹ ɬɭɝɨɩɥɚɜɤɢɦ ɦɟɬɚɥɥɨɦ Д15Ж; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 2610 °ɋ; 
– ɩɥɨɬɧɨɫɬɶ 1020 ɤɝ/ɦ3; 
– ɌɄɅɊ ɪɚɜɟɧ 5,1∙10–6 Ʉ‒1; 
– ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ ɩɪɢ 1900 °ɋ; 
– ɨɛɪɚɡɭɟɬ ɫ Nb ɧɟɩɪɟɪɵɜɧɵɣ ɪɹɞ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Д19Ж. 

ȼɨɥɶɮɪɚɦ 
– ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɢɡ ɜɫɟɯ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ Д15Ж ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɩɥɚɜɥɟɧɢɹ 3422 °ɋ; 
– ɩɥɨɬɧɨɫɬɶ 1925 ɤɝ/ɦ3; 
– ɌɄɅɊ ɪɚɜɟɧ 5,1∙10–6 Ʉ‒1; 
– ɨɛɪɚɡɭɟɬ ɫ Nb ɧɟɩɪɟɪɵɜɧɵɣ ɪɹɞ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Д19Ж. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɝɪɚɧɢɰɵ «ɜɨɥɨɤɧɨ–ɦɚɬɪɢɰɚ» ɩɪɢ ɩɨɦɨɳɢ ɪɚɫɬɪɨɜɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ ɩɨɥɭɱɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɲɥɢɮɨɜ ɫ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɄɆ ɫ ɧɢɨɛɢɟɜɨɣ 
ɦɚɬɪɢɰɟɣ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɆɄȼ (α-Al2O3) ɛɟɡ ɩɨɤɪɵɬɢɹ ɢ ɫ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ TiN, 
Mo ɢ W. Ɉɫɧɨɜɧɨɟ, ɧɚ ɱɬɨ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ, – ɷɬɨ  ɨɬɫɭɬɫɬɜɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨ ɜɫɟɦ 
ɝɪɚɧɢɰɚɦ «ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ» (ɪɢɫ. 4, ɚ), ɬɚɤ ɢ ɩɨ ɝɪɚɧɢɰɚɦ «ɜɨɥɨɤɧɨ–ɩɨɤɪɵɬɢɟ–
ɦɚɬɪɢɰɚ» ɫɨ ɜɫɟɦɢ ɢɫɫɥɟɞɭɟɦɵɦɢ ɩɨɤɪɵɬɢɹɦɢ (ɪɢɫ. 4, ɛ–ɝ). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɡɚɬɟɦɧɟɧɧɚɹ ɡɨɧɚ ɦɟɠɞɭ ɛɚɪɶɟɪɧɵɦ ɩɨɤɪɵɬɢɟɦ ɢ ɜɨɥɨɤɧɨɦ ɧɚ ɪɢɫ. 4, ɛ ɧɟ ɹɜɥɹɟɬɫɹ 
ɡɨɧɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɨɫɤɨɥɶɤɭ ɫɧɢɦɨɤ ɩɨɥɭɱɟɧ ɜɨ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɚɯ (SEI). 

 
ɛ)ɚ) ɝ)ɜ)

ɟ)ɞ) ɡ)ɠ)
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2 3
 

Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɄɆ), 
ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ ɜɨɥɨɤɧɚɦɢ (α-Al2O3), ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ (ɚ–ɝ) 
ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɞ–ɡ): ɛɟɡ ɩɨɤɪɵɬɢɹ (ɚ, ɞ) ɢ ɫ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ TiN (ɛ, ɟ), 
Mo (ɜ, ɠ), W (ɝ, ɡ). ɐɢɮɪɚɦɢ ɧɚ ɪɢɫ. 4, ɝ, ɡ ɨɛɨɡɧɚɱɟɧɵ ɤɨɦɩɨɧɟɧɬɵ ɄɆ: 1 – ɦɚɬɪɢɰɚ;  
2 – ɜɨɥɨɤɧɨ; 3 – ɩɨɤɪɵɬɢɟ 
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Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɜ ɫɥɭɱɚɟ ɜɨɥɨɤɧɚ ɛɟɡ ɩɨɤɪɵɬɢɹ 
ɬɚɤɠɟ ɧɟ ɩɪɢɜɟɥɚ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɧɚ ɝɪɚɧɢɰɟ «ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ» (ɪɢɫ. 4, ɞ), ɬɨ ɠɟ 
ɫɚɦɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɭɱɚɹ ɫ ɩɨɤɪɵɬɢɟɦ TТσ (ɪɢɫ. 4, ɟ), ɝɞɟ ɧɚ ɝɪɚɧɢɰɟ «ɩɨɤɪɵɬɢɟ–ɦɚɬɪɢɰɚ» 
ɜɢɞɟɧ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɤɨɧɬɪɚɫɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɄɆ, ɚɪɦɢɪɨɜɚɧɧɨɦ ɆɄȼ (α-Al2O3) ɫ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ 
ɧɚ ɨɫɧɨɜɟ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ, ɦɨɥɢɛɞɟɧɚ ɢɥɢ ɜɨɥɶɮɪɚɦɚ, ɤɨɧɬɪɚɫɬ ɨɛɧɚɪɭɠɟɧ ɬɨɥɶɤɨ ɜ 
ɨɞɧɨɦ ɫɥɭɱɚɟ – ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ «ɩɨɤɪɵɬɢɟ–ɦɚɬɪɢɰɚ» ɫ ɩɨɤɪɵɬɢɟɦ ɧɚ ɨɫɧɨɜɟ 
ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɩɨɫɥɟ 100-ɱɚɫɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ. 

 
Ɉɛɫɭɠɞɟɧиɟ и ɡɚɤɥɸчɟɧия 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɚɧɟɟ ɪɟɡɭɥɶɬɚɬɚɯ, ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ ɫɞɟɥɚɬɶ 
ɞɚɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɜɨɞ ɨ ɦɟɯɚɧɢɡɦɟ ɭɩɪɨɱɧɟɧɢɹ ɄɆ, ɧɟ ɜɜɨɞɹ ɩɨɧɹɬɢɹ ɨ 
«ɫɢɥɶɧɨɣ» ɢ «ɫɥɚɛɨɣ» ɦɟɠɮɚɡɧɨɣ ɫɜɹɡɢ, ɤɚɤ ɷɬɨ ɫɞɟɥɚɧɨ ɜ ɪɚɛɨɬɟ Д30Ж. ɉɨɷɬɨɦɭ 
ɜɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɧɹɬɢɹ ɨ ɦɟɠɮɚɡɧɵɯ ɫɜɹɡɹɯ: «ɫɢɥɶɧɚɹ» ɫɜɹɡɶ ɨɛɭɫɥɨɜɥɟɧɚ 
ɯɢɦɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɠɞɭ ɝɪɚɧɢɱɚɳɢɦɢ ɮɚɡɚɦɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɨɛɪɚɡɭɟɬɫɹ ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ; «ɫɥɚɛɚɹ» ɦɟɠɮɚɡɧɚɹ ɫɜɹɡɶ ɹɜɥɹɟɬɫɹ 
ɦɟɯɚɧɢɱɟɫɤɨɣ (ɮɪɢɤɰɢɨɧɧɨɣ), ɩɨɫɤɨɥɶɤɭ ɨɛɭɫɥɨɜɥɟɧɚ ɜ ɨɫɧɨɜɧɨɦ ɬɪɟɧɢɟɦ. Ⱦɥɹ 
ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɧɢɤɟɥɹ ɨɩɪɟɞɟɥɟɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɜɹɡɟɣ: 
ɞɥɹ «ɫɢɥɶɧɨɣ» ɫɜɹɡɢ з280 Ɇɉɚ, ɞɥɹ «ɫɥɚɛɨɣ» з100 Ɇɉɚ Д30Ж. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦɢ ɩɨɧɹɬɢɹɦɢ ɨ ɫɜɹɡɹɯ ɦɨɠɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɨ ɜɫɟɯ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɚɯ ɛɟɡ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɚɪɦɢɪɨɜɚɧɧɵɯ 
ɆɄȼ (α-Al2O3) (ɪɢɫ. 4, ɚ–ɝ), ɩɨ ɝɪɚɧɢɰɚɦ «ɦɚɬɪɢɰɚ–ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ» ɨɛɪɚɡɨɜɚɥɚɫɶ 
ɫɥɚɛɚɹ ɦɟɠɮɚɡɧɚɹ ɫɜɹɡɶ. ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɬɨɥɶɤɨ ɧɚ ɝɪɚɧɢɰɟ «ɦɚɬɪɢɰɚ–
ɩɨɤɪɵɬɢɟ» ɜ ɨɛɪɚɡɰɟ ɫ ɛɚɪɶɟɪɧɵɦ ɩɨɤɪɵɬɢɟɦ TТσ (ɪɢɫ. 4, ɟ) ɜɢɡɭɚɥɶɧɨ ɨɛɧɚɪɭɠɟɧɨ 
ɢɡɦɟɧɟɧɢɟ Z-ɤɨɧɬɪɚɫɬɚ, ɤɨɬɨɪɵɣ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɩɥɨɬɧɨɫɬɢ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. 

Пɨɤɪɵɬиɟ ɧɚ ɨɫɧɨɜɟ ɧиɬɪиɞɚ ɬиɬɚɧɚ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɮɚɤɬ 
ɧɚɥɢɱɢɹ ɢɥɢ ɨɬɫɭɬɫɬɜɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɜɟɞɟɧɨ ɢɡɭɱɟɧɢɟ 
ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ (ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ – Nb, Ti, Al, Ɉ ɢ ɞɪ.) ɦɟɬɨɞɨɦ 
ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ (ɆɊɋȺ), ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫ. 5. ɂɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ (ɪɢɫ. 4 ɢ 5, ɬɚɛɥ. 2) ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 
ɱɬɨ ɩɨɫɥɟ 100-ɱɚɫɨɜɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɝɪɚɧɢɰɟ «ɩɨɤɪɵɬɢɟ–ɦɚɬɪɢɰɚ» ɢɦɟɟɬ 
ɦɟɫɬɨ ɜɡɚɢɦɧɚɹ ɞɢɮɮɭɡɢɹ ɩɪɢɝɪɚɧɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ (Nb) ɢ ɩɨɤɪɵɬɢɹ (Ti, N): 
ɫɨɞɟɪɠɚɧɢɟ ɧɢɨɛɢɹ ɜ ɩɨɤɪɵɬɢɢ ɫɨɫɬɚɜɥɹɟɬ 0,43 % (ɚɬɨɦɧ.) ɜ ɫɩɟɤɬɪɟ 82, ɚ ɫɨɞɟɪɠɚɧɢɟ 
Ti ɢ N ɜ ɩɪɢɝɪɚɧɢɱɧɨɦ ɫɥɨɟ ɦɚɬɪɢɰɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 17,23 ɢ 4,37 % (ɚɬɨɦɧ.)  
ɜ ɫɩɟɤɬɪɟ 81. ɗɬɨɬ ɮɚɤɬ ɞɚɟɬ ɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚ ɝɪɚɧɢɰɟ 
«ɩɨɤɪɵɬɢɟ‒ɦɚɬɪɢɰɚ» ɫ ɛɨɥɶɲɨɣ ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɨɲɥɚ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɧɢɹ 
ɫɢɥɶɧɨɣ ɫɜɹɡɢ. 

ɇɚ ɪɢɫ. 5, ɛ–ɝ ɩɪɢɜɟɞɟɧɵ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɞɥɹ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɭɱɚɫɬɤɨɜ ɡɨɧ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɝɪɚɧɢɰɟ «ɦɚɬɪɢɰɚ–ɩɨɤɪɵɬɢɟ» ɢ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ «ɩɨɤɪɵɬɢɟ–
ɜɨɥɨɤɧɨ» (ɫɩɟɤɬɪɵ 81–83). 

ȼɢɡɭɚɥɶɧɨ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɭɱɚɫɬɤɟ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ «ɜɨɥɨɤɧɨ–
ɩɨɤɪɵɬɢɟ» (ɫɩɟɤɬɪ 83) ɧɟ ɨɛɧɚɪɭɠɟɧɨ. Ɉɞɧɚɤɨ ɧɚɛɥɸɞɚɟɬɫɹ ɞɢɮɮɭɡɢɹ TТ (5,23 % 
(ɚɬɨɦɧ.)) ɢ N (10,23 % (ɚɬɨɦɧ.)) ɢɡ ɩɨɤɪɵɬɢɹ ɜ ɜɨɥɨɤɧɨ (ɫɩɟɤɬɪ 83, ɬɚɛɥ. 2). ɗɬɨ 
ɡɚɤɥɸɱɟɧɢɟ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɚ ɪɢɫ. 4, ɧɨ 
ɞɨɩɨɥɧɹɟɬ ɢɯ. 
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Ɋɢɫ. 5. Ʉɚɪɬɚ ɩɪɨɜɟɞɟɧɢɹ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɨɜ ɜ ɤɨɦɩɨɡɢɰɢɨɧ-

ɧɨɦ ɦɚɬɟɪɢɚɥɟ ɩɨɫɥɟ ɬɟɩɥɨɜɨɝɨ ɫɬɚɪɟɧɢɹ (ɚ) ɢ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɜ ɡɨɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɬɪɢɰɵ 
ɢ ɩɨɤɪɵɬɢɹ (ɛ), ɜ ɩɨɤɪɵɬɢɢ (ɜ) ɢ ɜ ɜɨɥɨɤɧɟ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɫ ɩɨɤɪɵɬɢɟɦ (ɝ). Ɇɢɤɪɨɪɟɧɬɝɟɧɨ-
ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɟɞɟɧ Ɏ.ɇ. Ʉɚɪɚɱɟɜɰɟɜɵɦ Д11Ж 

 
Ɍɚɛɥɢɰɚ 2 

ɋɨɞɟɪɠɚɧиɟ ɷɥɟɦɟɧɬɨв в ɫɩɟɤɬɪɚɯ 79–84, 
ɫɨɝɥɚɫɧɨ ɤɚɪɬɟ ɩɪɨвɟɞɟɧия ɦиɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥьɧɨɝɨ ɚɧɚɥиɡɚ  
в ɤɨɦɩɨɡиɰиɨɧɧɨɦ ɦɚɬɟɪиɚɥɟ ɩɨɫɥɟ ɬɟɩɥɨвɨɝɨ ɫɬɚɪɟɧия (ɪиɫ. 4, ɚ) 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɫɩɟɤɬɪɚ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ 
% (ɩɨ ɦɚɫɫɟ) % (ɚɬɨɦɧ.) 

N O Al Si Ti Nb N O Al Si Ti Nb 
79  0,54  3,52 0,01 0,22 0 95,70 2,95 16,97 0 0,61 0 79,20 
80 0  4,12 0,04 0,17 0 95,67 0 19,88 0,12 0,47 0 79,53 
81  1,03 7,57 0,09 0,14 13,83 77,34 4,70 28,23 0,11 0,30 1,23 49,60 
82  1,71  6,30 0,08 0,03 6,70 1,25 35,77 12,67 0,10 0,04 50,99 0,43 
83  0,03  45,91 34,47 0,80 12,31 0,19 10,23 58,3 26,01 0,06 5,23 0,04 
84 0  46,83 52,91 0 0 0,21 0 59,84 40,09 0 0,03 0,05 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɞɢɮɮɭɡɢɨɧɧɨ-ɛɚɪɶɟɪɧɨɟ ɩɨɤɪɵɬɢɟ ɢɡ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɜɵɩɨɥɧɹɟɬ ɫɜɨɢ ɮɭɧɤɰɢɢ ɩɨ 
ɡɚɳɢɬɟ ɆɄȼ (α-Al2O3) ɨɬ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Nb ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ 
(ɬɚɛɥ. 2, ɫɩɟɤɬɪ 83). ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɢɮɮɭɡɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɤɪɵɬɢɹ (Ti, N) ɜ ɜɨɥɨɤɧɨ 
ɜɧɨɫɢɬ ɜ ɦɟɠɮɚɡɧɭɸ ɫɜɹɡɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɞɨɥɸ ɫɢɥɶɧɨɣ ɫɜɹɡɢ, ɢɡ-ɡɚ ɱɟɝɨ ɫɜɹɡɶ 
ɫɬɚɧɨɜɢɬɫɹ ɫɦɟɲɚɧɧɨɣ. ȼɨɩɪɨɫ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɥɢ ɜɤɥɚɞɚ ɤɚɠɞɨɝɨ 
ɜɢɞɚ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɦ, ɩɨɷɬɨɦɭ ɞɚɥɟɟ ɛɭɞɟɦ ɬɚɤɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɰɟɧɢɜɚɬɶ ɜɢɞ ɫɜɹɡɢ ɜ ɨɛɨɡɧɚɱɟɧɢɹɯ, ɜɜɟɞɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д30Ж. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢ 
ɩɨɦɨɳɢ ɪɟɡɭɥɶɬɚɬɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɄɆ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɊɋȺ  ɩɨɞɬɜɟɪɠɞɟɧ ɜɵɜɨɞ, ɫɞɟɥɚɧɧɵɣ ɪɚɧɟɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɭɱɟɧɢɹ 
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ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɲɥɢɮɨɜ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ TiN: ɧɚ ɝɪɚɧɢɰɟ «ɜɨɥɨɤɧɨ–ɩɨɤɪɵɬɢɟ» 
ɨɛɪɚɡɭɟɬɫɹ ɫɥɚɛɚɹ ɫɜɹɡɶ, ɚ ɧɚ ɝɪɚɧɢɰɟ «ɩɨɤɪɵɬɢɟ–ɦɚɬɪɢɰɚ» – ɫɢɥɶɧɚɹ ɫɜɹɡɶ ɢɥɢ 
ɭɫɢɥɟɧɧɚɹ ɫɥɚɛɚɹ. 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɥɢɹɧɢɹ ɛɚɪɶɟɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɧɚ 
ɩɪɨɱɧɨɫɬɶ ɄɆ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɜɹɡɢ ɩɪɨɜɟɞɟɧɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɢɫɩɵɬɚɧɢɹ ɧɚ ɢɡɝɢɛ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɢɫɯɨɞɧɵɯ ɄɆ (ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ) ɢ ɄɆ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɩɪɨɱɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɄɆ, ɚɪɦɢɪɨɜɚɧɧɨɝɨ 
ɜɨɥɨɤɧɚɦɢ ɛɟɡ ɩɨɤɪɵɬɢɹ, ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɦɚɬɪɢɰɵ ɜ 2,2 ɪɚɡɚ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɩɪɨɱɧɨɫɬɶ ɄɆ, ɭɩɪɨɱɧɟɧɧɨɝɨ ɜɨɥɨɤɧɚɦɢ ɫ ɩɨɤɪɵɬɢɟɦ, ɛɨɥɶɲɟ ɜ 1,8 ɪɚɡɚ. 
ɉɪɨɱɧɨɫɬɶ ɠɟ ɦɚɬɟɪɢɚɥɚ, ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɜɨɥɨɤɧɚɦɢ ɫ ɩɨɤɪɵɬɢɟɦ, ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɪɟɜɵɲɚɟɬ ɩɪɨɱɧɨɫɬɶ ɦɚɬɪɢɰɵ ɜ 2,4 ɪɚɡɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɄɆ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 
ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜɢɞɚɦɢ ɫɜɹɡɢ ɜ ɪɚɛɨɬɟ Д30Ж. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɩɨɤɚɡɚɥ ɄɆ, 
ɭ ɤɨɬɨɪɨɝɨ ɫɜɹɡɶ «ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ» ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɧɢɥɚɫɶ ɫɨ 
ɫɥɚɛɨɣ ɧɚ ɫɢɥɶɧɭɸ (ɢɥɢ ɫɥɚɛɚɹ ɫɜɹɡɶ ɭɫɢɥɢɥɚɫɶ ɡɚ ɫɱɟɬ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɬɢɬɚɧɚ ɫ 
ɚɡɨɬɨɦ) – ɩɨ ɦɟɯɚɧɢɡɦɭ ɜɫɬɪɟɱɧɨɣ ɞɢɮɮɭɡɢɢ ɚɥɸɦɢɧɢɹ ɫ ɤɢɫɥɨɪɨɞɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɪɦɢɪɨɜɚɧɢɹ ɄɆ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɨɪɨɲɤɨɜɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɩɨɦɨɳɢ ɭɜɟɥɢɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɧɚɩɨɥɧɟɧɢɹ ɚɪɦɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɧɨ ɢ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɢɞɨɜ ɫɜɹɡɢ ɢ ɢɯ 
ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɱɟɝɨ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɬɟɯɧɨɥɨɝɢɢ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɞɢɮɮɭɡɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ 
ɝɪɚɧɢɰɟ «ɦɚɬɪɢɰɚ–ɩɨɤɪɵɬɢɟ» ɩɪɢ ɛɨɥɶɲɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɦɚɬɪɢɰɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɜ ɩɪɢɝɪɚɧɢɱɧɨɦ 
ɫɥɨɟ. ɗɬɨ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɢɜɟɞɟɬ ɤ ɪɚɡɭɩɪɨɱɧɟɧɢɸ ɄɆ, ɚ ɱɪɟɡɦɟɪɧɨɟ ɯɢɦɢɱɟɫɤɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚ ɝɪɚɧɢɰɟ «ɜɨɥɨɤɧɨ–ɩɨɤɪɵɬɢɟ» – ɤ ɤɨɪɪɨɡɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɭɫɬɚɧɨɜɥɟɧɨ: 
– ɞɢɮɮɭɡɢɨɧɧɨ-ɛɚɪɶɟɪɧɨɟ ɩɨɤɪɵɬɢɟ TТσ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɡɚɳɢɳɚɟɬ ɆɄȼ  

(α-Al2O3) ɨɬ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Nb; 
– ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɟ Д30Ж ɤɚɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɜɢɞɨɜ ɫɜɹɡɢ ɩɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ 

ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Пɨɤɪɵɬиɟ ɧɚ ɨɫɧɨɜɟ ɦɨɥиɛɞɟɧɚ. Ⱦɥɹ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɢɹ ɜɢɞɨɜ ɫɜɹɡɢ ɫ 
ɦɨɥɢɛɞɟɧɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɲɥɢɮɨɜ ɜɨɥɨɤɨɧ ɜ ɄɆ (ɪɢɫ. 4, ɜ, ɠ). ɇɚ ɮɨɬɨɝɪɚɮɢɹɯ ɤɚɤ ɢɫɯɨɞɧɨɝɨ ɄɆ, ɬɚɤ ɢ ɄɆ 
ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɢɞɧɨ ɨɬɫɭɬɫɬɜɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ 
ɝɪɚɧɢɰɚɦ «ɜɨɥɨɤɧɨ–ɩɨɤɪɵɬɢɟ–ɦɚɬɪɢɰɚ». ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ 
ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɫɟ ɦɟɠɮɚɡɧɵɟ ɫɜɹɡɢ ɹɜɥɹɸɬɫɹ ɫɥɚɛɵɦɢ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɞɚɧɧɨɝɨ ɜɵɜɨɞɚ 
ɩɪɨɜɟɞɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɆɊɋȺ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɜɛɥɢɡɢ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ 
ɢɫɯɨɞɧɨɝɨ ɄɆ (ɪɢɫ. 6, ɬɚɛɥ. 3, ɫɩɟɤɬɪɵ 16–19) ɢ ɄɆ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
(ɪɢɫ. 7, ɬɚɛɥ. 4, ɫɩɟɤɬɪɵ 35–38). 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 3 ɢ 4, ɧɢɨɛɢɣ ɧɟ ɨɛɧɚɪɭɠɟɧ ɧɢ ɜ ɫɩɟɤɬɪɚɯ 17 ɢ 18 
(ɬɚɛɥ. 3), ɧɢ ɜ ɫɩɟɤɬɪɚɯ 36 ɢ 37 (ɬɚɛɥ. 4). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, σЛ ɩɪɨɧɢɤ ɜ ɩɨɤɪɵɬɢɟ ɢɡ εo 
ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1 ɦɤɦ ɤɚɤ ɜ ɢɫɯɨɞɧɨɦ ɄɆ (ɪɢɫ. 6, ɫɩɟɤɬɪ 17), ɬɚɤ ɢ ɜ ɄɆ ɩɨɫɥɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɪɢɫ. 7, ɫɩɟɤɬɪ 36), ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɚɪɬɢɧɵ 
ɚɤɬɢɜɧɨɫɬɢ, ɧɚɛɥɸɞɚɟɦɨɣ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ ɢɡ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ (ɪɢɫ. 7, 
ɫɩɟɤɬɪ 36). 
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Ɋɢɫ. 6. Ʉɚɪɬɚ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɨɜ ɜ ɢɫɯɨɞɧɨɦ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ 

ɦɚɬɟɪɢɚɥɟ: ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ – ɫɩɟɤɬɪɵ 16–19, ɥɢɧɟɣɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ – ɫɩɟɤɬɪɵ 1–15 
 

Ɍɚɛɥɢɰɚ 3 
ɋɨɞɟɪɠɚɧиɟ ɷɥɟɦɟɧɬɨв в ɫɩɟɤɬɪɚɯ, ɩɨɥɭчɟɧɧɵɯ ɩɪи ɩɪɟɞвɚɪиɬɟɥьɧɨɦ ɚɧɚɥиɡɟ, 
ɫɨɝɥɚɫɧɨ ɤɚɪɬɟ ɩɪɨвɟɞɟɧия ɦиɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥьɧɨɝɨ ɚɧɚɥиɡɚ в иɫɯɨɞɧɨɦ 

ɤɨɦɩɨɡиɰиɨɧɧɨɦ ɦɚɬɟɪиɚɥɟ (ɪиɫ. 6) 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 

ɫɩɟɤɬɪɚ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɚɬɨɦɧ.) 

Nb Mo Al O 
16 88,7 0 0 11,3 
17 0 95,1 0 4,9 
18 0 86,9 0 13,1 
19 0 0 40,1 59,9 

 

 
Ɋɢɫ. 7. Ʉɚɪɬɚ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɨɜ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ ɦɚɬɟɪɢɚɥɟ 

ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ: ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ – ɫɩɟɤɬɪɵ 35–38; ɥɢɧɟɣɧɵɣ 
ɦɢɤɪɨɚɧɚɥɢɡ – ɫɩɟɤɬɪɵ 20–34 

 
Ɍɚɛɥɢɰɚ 4 

ɋɨɞɟɪɠɚɧиɟ ɷɥɟɦɟɧɬɨв в ɫɩɟɤɬɪɚɯ, ɫɨɝɥɚɫɧɨ ɤɚɪɬɟ ɩɪɨвɟɞɟɧия 
ɦиɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥьɧɨɝɨ ɚɧɚɥиɡɚ в ɤɨɦɩɨɡиɰиɨɧɧɨɦ ɦɚɬɟɪиɚɥɟ 

ɩɨɫɥɟ ɬɟɪɦичɟɫɤɨɣ ɨɛɪɚɛɨɬɤи (ɪиɫ. 7) 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 

ɫɩɟɤɬɪɚ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɚɬɨɦɧ.) 

Nb Mo Al O 
35 88,6 0 0 11,4 
36 0 95,8 0 4,2 
37 0 94,0 0 6,0 
38 0 0 39,7 60,3 
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ɋ ɰɟɥɶɸ ɭɬɨɱɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɢɟɦɚ ɷɥɟɦɟɧɬɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ (ɫɨ ɲɤɚɥɨɣ 
з1 ɦɤɦ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɢɫɯɨɞɧɨɦ ɄɆ ɤɨɥɢɱɟɫɬɜɨ Nb ɧɚ ɝɪɚɧɢɰɟ ɫ εo (ɫɩɟɤɬɪ 4) 
ɫɨɫɬɚɜɥɹɟɬ 6,3 % (ɚɬɨɦɧ.), ɧɚ ɪɚɫɫɬɨɹɧɢɢ з1 ɦɤɦ ɨɬ ɭɤɚɡɚɧɧɨɣ ɝɪɚɧɢɰɵ (ɫɩɟɤɬɪ 5): 1,6 % 
(ɚɬɨɦɧ.), ɚ ɜ ɫɩɟɤɬɪɟ 6 ɧɚ ɪɚɫɫɬɨɹɧɢɢ з2 ɦɤɦ σЛ ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ. ȼ ɄɆ ɩɨɫɥɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɥɢɱɟɫɬɜɨ σЛ ɧɚ ɝɪɚɧɢɰɟ ɫ εo (ɫɩɟɤɬɪ 23) ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ, 
ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɄɆ, ɢ ɫɨɫɬɚɜɥɹɟɬ 9,2 % (ɚɬɨɦɧ.), ɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ з1 ɦɤɦ ɨɬ ɭɤɚɡɚɧɧɨɣ 
ɝɪɚɧɢɰɵ (ɫɩɟɤɬɪ 24) Nb ɨɬɫɭɬɫɬɜɭɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Nb ɩɪɨɧɢɤɚɟɬ ɜ ɞɢɮɮɭɡɢɨɧɧɨ-
ɛɚɪɶɟɪɧɨɟ ɩɨɤɪɵɬɢɟ ɢɡ Mo ɧɚ ɪɚɫɫɬɨɹɧɢɟ з1 ɦɤɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɧɢɬɪɢɞɚ 
ɬɢɬɚɧɚ ɞɢɮɮɭɡɢɨɧɧɨ-ɛɚɪɶɟɪɧɨɟ ɩɨɤɪɵɬɢɟ ɆɄȼ (α-Al2O3) ɢɡ Mo ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɥɭɱɲɢɦɢ ɡɚɳɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɜɹɡɢ 
ɨɫɬɚɸɬɫɹ ɫɥɚɛɵɦɢ. ɗɬɨ ɫɜɹɡɚɧɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ ɬɟɦ, ɱɬɨ Nb ɨɛɪɚɡɭɟɬ ɫ Mo 
ɧɟɩɪɟɪɵɜɧɵɣ ɪɹɞ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (2300 °C) ɢ ɞɨɜɨɥɶɧɨ 
ɫɥɚɛɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ Mo ɜ ɭɫɥɨɜɢɹɯ ɢɫɩɵɬɚɧɢɣ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɄɆ. 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ Nb ɢ Mo, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɨɢɫɯɨɞɢɬ, ɧɨ ɩɨ ɞɢɮɮɭɡɢɨɧɧɨɦɭ 
ɦɟɯɚɧɢɡɦɭ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɪɚɛɨɬɟ Д30Ж ɜɢɞɚɦ ɫɜɹɡɢ.  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɩɵɬɚɧɢɣ ɡɧɚɱɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ (1300 °ɋ) 
ɩɪɨɱɧɨɫɬɢ ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɄɆ ɢ ɄɆ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
ɨɞɢɧɚɤɨɜɵ ɢ ɧɚ 35 % ɩɪɟɜɨɫɯɨɞɹɬ ɩɪɨɱɧɨɫɬɶ ɦɚɬɪɢɰɵ. 

Пɨɤɪɵɬиɟ ɧɚ ɨɫɧɨɜɟ ɜɨɥɶфɪɚɦɚ. Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɭɤɬɭɪɭ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɄɆ, 
ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɆɄȼ (α-Al2O3) ɫ ɜɨɥɶɮɪɚɦɨɜɵɦ ɩɨɤɪɵɬɢɟɦ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɲɥɢɮɨɜ 
ɄɆ ɫ ɧɢɨɛɢɟɜɨɣ ɦɚɬɪɢɰɟɣ, ɫɧɹɬɵɟ ɫ ɩɨɦɨɳɶɸ ɪɚɫɬɪɨɜɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 8, ɩɪɢ ɷɬɨɦ ɲɥɢɮɵ ɜɵɪɟɡɚɥɢ ɬɚɤ, ɱɬɨɛɵ ɜɨɥɨɤɧɚ ɛɵɥɢ ɜɢɞɧɵ ɫ 
ɬɨɪɰɨɜ. ɇɚ ɫɧɢɦɤɟ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ (ɪɢɫ. 8, ɚ) ɦɟɠɮɚɡɧɵɟ ɝɪɚɧɢɰɵ «ɦɚɬɪɢɰɚ– 
ɩɨɤɪɵɬɢɟ» ɢ «ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ» ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɵ ɩɨ ɝɪɚɧɢɰɟ ɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ 
ɤɨɧɬɚɤɬɚ, ɬ. ɟ. ɩɨ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɥɢɧɢɢ, ɨɞɧɚɤɨ ɫɬɪɭɤɬɭɪɚ ɥɢɧɢɢ ɧɟ ɜɢɞɧɚ. ɇɟ ɜɢɞɧɚ 
ɫɬɪɭɤɬɭɪɚ ɦɟɠɮɚɡɧɨɣ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɥɢɧɢɢ ɢ ɩɨ ɝɪɚɧɢɰɟ «ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ», ɬ. ɟ. 
ɥɢɧɢɢ ɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ (ɪɢɫ. 8, ɛ).  
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Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɚ – ɩɨɫɥɟ 
ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ (ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ); ɛ – ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɀɢɪɧɵɟ ɥɢɧɢɢ, 
ɨɛɨɡɧɚɱɟɧɧɵɟ ɰɢɮɪɚɦɢ 1–4, ɹɜɥɹɸɬɫɹ ɤɚɪɬɚɦɢ ɞɥɹ ɦɢɤɪɨɤɚɪɬɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɝɪɚɧɢɰ, ɝɞɟ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɚɪɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɨɫɢ ɚɛɫɰɢɫɫ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɢɫɯɨɞɧɨɦ ɄɆ, ɚɪɦɢɪɨɜɚɧɧɨɦ 

ɜɨɥɨɤɧɚɦɢ ɫ ɜɨɥɶɮɪɚɦɨɜɵɦ ɩɨɤɪɵɬɢɟɦ, ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɢ ɧɚ ɝɪɚɧɢɰɟ «ɦɚɬɪɢɰɚ–
ɜɨɥɨɤɧɨ», ɧɢ ɧɚ ɝɪɚɧɢɰɟ «ɜɨɥɨɤɧɨ–ɩɨɤɪɵɬɢɟ» (ɪɢɫ. 8, ɚ). ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
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ɄɆ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɚɤɠɟ ɜɢɡɭɚɥɶɧɨ ɧɟ 
ɨɛɧɚɪɭɠɟɧɨ. ɑɬɨ ɤɚɫɚɟɬɫɹ W, ɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ ɩɨɧɹɬɢɹɦɢ ɨ ɦɟɠɮɚɡɧɵɯ 
ɫɜɹɡɹɯ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɢɫɯɨɞɧɨɦ ɄɆ, ɚɪɦɢɪɨɜɚɧɧɨɦ ɆɄȼ  
(α-Al2O3)  ɫ ɜɨɥɶɮɪɚɦɨɜɵɦ ɩɨɤɪɵɬɢɟɦ, ɩɪɨɢɡɨɲɥɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɥɚɛɵɯ ɦɟɠɮɚɡɧɵɯ 
ɫɜɹɡɟɣ ɩɨ ɝɪɚɧɢɰɚɦ «ɦɚɬɪɢɰɚ–ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ» (ɪɢɫ. 8, ɚ, ɥɢɧɢɢ 1 ɢ 2), ɬɚɤ ɠɟ ɤɚɤ ɢ 
ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɚɧɚɥɨɝɢɱɧɵɯ ɝɪɚɧɢɰɚɯ (ɪɢɫ. 8, ɛ ɥɢɧɢɢ 3 ɢ 4). 
ɇɟɤɨɬɨɪɨɟ ɫɨɦɧɟɧɢɟ ɜɧɨɫɢɬ ɧɚɥɢɱɢɟ ɬɟɧɢ ɢɥɢ ɩɨɥɭɬɟɧɢ ɧɚ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɥɢɧɢɢ 
ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ (ɥɢɧɢɹ 3). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɤɚɤ ɜ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɚɯ, ɬɚɤ ɢ ɩɨɫɥɟ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢɹ ɦɟɠɮɚɡɧɵɟ ɫɜɹɡɢ ɹɜɥɹɸɬɫɹ ɫɥɚɛɵɦɢ. ɗɬɨɬ ɮɚɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɢɧɬɟɪɟɫ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɜ 
ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰɚɯ ɩɪɨɢɫɯɨɞɹɬ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɢɡɦɟɧɟɧɢɹ ɢɯ ɫɬɪɭɤɬɭɪɵ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ «ɦɚɬɪɢɰɚ–ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ» ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɆɊɋȺ, ɜɤɥɸɱɚɹ ɥɨɤɚɥɶɧɵɟ ɢ ɥɢɧɟɣɧɵɟ (ɞɢɫɤɪɟɬɧɵɟ ‒ ɫ ɲɚɝɨɦ 0,5–
1,0 ɦɤɦ) ɦɟɬɨɞɵ ɤɚɪɬɢɪɨɜɚɧɢɹ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɲɢɪɢɧɚ ɝɪɚɧɢɰ ɜɟɫɶɦɚ ɧɟɛɨɥɶɲɚɹ 
(~1 ɦɤɦ) ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɭɱɚɬɶ ɞɢɧɚɦɢɤɭ ɞɢɮɮɭɡɢɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɬɚɤɨɦ 
ɫɥɨɟ ɞɨɫɬɚɬɨɱɧɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ɉɨɷɬɨɦɭ ɩɪɨɜɟɞɟɧɵ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɤɚɠɞɨɣ ɝɪɚɧɢɰɵ ɩɪɢ ɩɨɦɨɳɢ ɦɢɤɪɨɤɚɪɬɢɪɨɜɚɧɢɹ ɫ ɲɚɝɨɦ 0,1 ɦɤɦ ɢ ɫɝɥɚɠɢɜɚɸɳɟɝɨ 
ɦɟɬɨɞɚ ɆɊɋȺ ɧɚ ɭɱɚɫɬɤɚɯ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 5–6 ɦɤɦ (ɪɢɫ. 9). 
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Ɋɢɫ. 9. Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ ɝɪɚɧɢɰɚɯ «ɦɚɬɪɢɰɚ–ɩɨɤɪɵɬɢɟ–
ɜɨɥɨɤɧɨ» ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɧɢɨɛɢɟɜɨɣ ɦɚɬɪɢɰɟɣ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɦɨɧɨɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɢɦɢ ɜɨɥɨɤɧɚɦɢ (α-Al2O3) ɫ ɜɨɥɶɮɪɚɦɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ, ɛ) ɢ 
ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ (ɜ, ɝ) 
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ȼɢɞɧɨ, ɱɬɨ ɲɢɪɢɧɚ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɤɪɚɣɧɟ ɧɟɛɨɥɶɲɚɹ ɢ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 1 ɦɤɦ. ɉɨɫɥɟ ɬɚɤɨɝɨ ɬɳɚɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɚɦɵɦ ɧɟɨɠɢɞɚɧɧɵɦ 
ɨɤɚɡɚɥɨɫɶ ɬɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɧɚ ɝɪɚɧɢɰɚɯ ɜ ɢɫɯɨɞɧɨɦ ɄɆ ɢ ɄɆ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɧɚɫɬɨɥɶɤɨ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ, ɱɬɨ ɩɪɚɜɢɥɶɧɟɟ ɫɤɚɡɚɬɶ – ɢɡɦɟɧɟɧɢɣ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ, ɬ. ɟ. ɨɬɫɭɬɫɬɜɭɟɬ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɢ ɧɚ 
ɝɪɚɧɢɰɟ «ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ». 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ «ɦɚɬɪɢɰɚ–
ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ» ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɥɶɮɪɚɦɨɜɵɟ ɩɨɤɪɵɬɢɹ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɨ 
ɪɚɛɨɬɚɸɬ ɩɨ ɡɚɳɢɬɟ ɧɢɨɛɢɟɜɨɣ ɦɚɬɪɢɰɵ ɨɬ ɨɤɢɫɥɟɧɢɹ ɢ ɹɜɥɹɸɬɫɹ ɞɢɮɮɭɡɢɨɧɧɨ-
ɛɚɪɶɟɪɧɨɣ ɩɪɟɝɪɚɞɨɣ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɨɥɶɮɪɚɦɨɜɨɟ ɛɚɪɶɟɪɧɨɟ 
ɩɨɤɪɵɬɢɟ ɞɥɹ ɆɄȼ (α-Al2O3) ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɥɭɱɲɢɦɢ ɡɚɳɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ. Ɉɬɦɟɱɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɫɜɹɡɢ ɨɫɬɚɸɬɫɹ ɫɥɚɛɵɦɢ, ɬɚɤ ɤɚɤ ɜɨɥɶɮɪɚɦ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɦɨɥɢɛɞɟɧ, ɨɛɪɚɡɭɟɬ 
ɧɟɩɪɟɪɵɜɧɵɣ ɪɹɞ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫ ɧɢɨɛɢɟɦ ɩɪɢ ɜɟɫɶɦɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
(2400 °ɋ ɢ ɛɨɥɟɟ) Д19Ж ɢ ɫɥɚɛɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɧɢɨɛɢɟɦ ɩɪɢ ɬɟɫɬɢɪɭɟɦɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɧɢɨɛɢɟɦ ɢ ɜɨɥɶɮɪɚɦɨɦ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɩɨ 
ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɪɚɛɨɬɟ Д30Ж ɜɢɞɚɦ 
ɫɜɹɡɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɩɵɬɚɧɢɹ, ɡɧɚɱɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ (1300 °ɋ) ɩɪɨɱɧɨɫɬɢ 
ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɄɆ ɢ ɄɆ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɵ ɢ 
ɩɪɟɜɨɫɯɨɞɹɬ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɞɥɹ ɦɚɬɪɢɰɵ ɢ ɄɆ ɫ ɦɨɥɢɛɞɟɧɨɜɵɦ ɩɨɤɪɵɬɢɟɦ 
ɜɨɥɨɤɨɧ – ɧɚ 35 %. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, 
ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɢɫɯɨɞɧɨɝɨ ɄɆ ɫ ɧɢɨɛɢɟɜɨɣ 
ɦɚɬɪɢɰɟɣ, ɭɩɪɨɱɧɟɧɧɨɣ ɆɄȼ (α-Al2O3) ɛɟɡ ɩɨɤɪɵɬɢɹ, ɜ 2,2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɦɚɬɪɢɰɵ, 
ɚ ɄɆ, ɭɩɪɨɱɧɟɧɧɨɝɨ ɜɨɥɨɤɧɚɦɢ ɫ ɩɨɤɪɵɬɢɟɦ, – ɜ 1,8 ɪɚɡɚ; ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɢ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɜɨɥɨɤɧɚɦɢ ɫ 
ɩɨɤɪɵɬɢɟɦ TТσ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɪɟɜɵɲɚɟɬ ɩɪɨɱɧɨɫɬɶ ɦɚɬɪɢɰɵ ɜ 2,4 ɪɚɡɚ. 
ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɦɟɯɚɧɢɡɦ ɭɩɪɨɱɧɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɜ ɤɨɦɩɨɡɢɰɢɢ 
«ɧɢɨɛɢɣ–ɩɨɤɪɵɬɢɟ–ɜɨɥɨɤɧɨ» ɫɢɥɶɧɨɣ ɫɜɹɡɢ ɧɚ ɝɪɚɧɢɰɟ «ɧɢɨɛɢɣ–ɩɨɤɪɵɬɢɟ» ɡɚ ɫɱɟɬ 
ɜɡɚɢɦɨɞɢɮɮɭɡɢɢ Nb ɢ TТ Д26Ж. ɉɨ-ɜɢɞɢɦɨɦɭ, ɞɥɹ ɞɥɢɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɄɆ 
ɧɟɨɛɯɨɞɢɦɨ ɛɨɥɟɟ ɬɭɝɨɩɥɚɜɤɨɟ ɩɨɤɪɵɬɢɟ ɧɚ ɜɨɥɨɤɧɚɯ – ɧɚɩɪɢɦɟɪ, ɧɚ ɨɫɧɨɜɟ εo ɢɥɢ А. 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɢ ɞɚɠɟ 
ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɢɡ-ɡɚ 
ɨɛɪɚɡɨɜɚɧɢɹ ɫɥɚɛɨɣ ɫɜɹɡɢ ɩɪɟɜɵɫɢɥɚ ɩɪɨɱɧɨɫɬɶ ɦɚɬɪɢɰɵ ɧɚ 35 %. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɥɨ ɢɧɬɟɪɟɫ ɨɩɪɨɛɨɜɚɬɶ ɜɨɥɨɤɧɚ ɛɟɡ ɛɚɪɶɟɪɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɩɪɢ ɚɪɦɢɪɨɜɚɧɢɢ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) ɩɭɬɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɞɥɢɬɟɥɶɧɨɣ (100 ɱ) ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ (1350 °ɋ) ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫ ɰɟɥɶɸ 
ɜɵɹɫɧɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɫɩɟɤɚɧɢɹ ɢ/ɢɥɢ ɫɬɚɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɪɢɦɟɫɟɣ ɧɚ ɭɩɪɨɱɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɢ Д31, 32Ж. 

ɇɚ ɪɢɫ. 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ 
HТЭКМСТ SU8010 ɮɨɬɨɝɪɚɮɢɢ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɨɜ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ  
(α-Al2O3) ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɫ ɜɵɞɟɪɠɤɚɦɢ ɨɬ 25 ɞɨ 100 ɱ ɫ ɢɧɬɟɪɜɚɥɨɦ 25 ɱ. 

Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɨɛɪɚɡɰɚɯ ɧɚ 
ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰɚɯ «ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ» ɜɢɡɭɚɥɶɧɨ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɤɚɤ ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ. 
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Ɋɢɫ. 10. Ɍɨɪɰɟɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) ɜ 

ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɫ ɜɵɞɟɪɠɤɚɦɢ 
ɨɬ 25 ɞɨ 100 ɱ ɫ ɢɧɬɟɪɜɚɥɨɦ 25 ɱ (ɛ–ɞ) 

 
ɉɪɨɜɟɞɟɧɵ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ (Nb, Al ɢ τ) ɩɭɬɟɦ ɫɤɚɧɢɪɨɜɚɧɢɹ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ Nb–ɆɄȼ  
(α-Al2O3) ɧɚ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɜ ɨɛɥɚɫɬɹɯ, ɨɛɨɡɧɚɱɟɧɧɵɯ ɤɜɚɞɪɚɬɚɦɢ (ɪɢɫ. 10). Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɪɚɡɰɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ 100-ɱɚɫɨɜɨɝɨ ɫɬɚɪɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 11. 
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Ɋɢɫ. 11. Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɫɤɚɧɢɪɨɜɚɧɢɢ ɦɟɠɮɚɡɧɨɣ 
ɝɪɚɧɢɰɵ ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ (ɚ) ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ (ɛ) 

 
ȼɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɡɨɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ Nb, Al  

ɢ Ɉ ɦɟɠɞɭ ɧɢɨɛɢɟɜɨɣ ɦɚɬɪɢɰɟɣ ɢ ɆɄȼ (α-Al2O3)  ɫɨɫɬɚɜɥɹɟɬ 1,4 ɦɤɦ, ɚ ɩɨɫɥɟ  
100-ɱɚɫɨɜɨɝɨ ɫɬɚɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɨɧɚ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ 2 ɦɤɦ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 12 ɢ ɜ ɬɚɛɥ. 5. 
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Ɋɢɫ. 12. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ  
(α-Al2O3) ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ 

 
Ɍɚɛɥɢɰɚ 5 

Ɋɟɡɭɥьɬɚɬɵ ɗȾɋ-ɚɧɚɥиɡɚ ɫɨɞɟɪɠɚɧия ɯиɦичɟɫɤиɯ ɷɥɟɦɟɧɬɨв  
ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧиɰɟ ɨɛɪɚɡɰɚ ɧɟɩɪɟɪɵвɧɨɣ ɤɨɦɩɨɡиɰии 

ɩɨɫɥɟ ɬɟɪɦичɟɫɤɨɝɨ ɫɬɚɪɟɧия ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ в ɬɟчɟɧиɟ 100 ч 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɫɩɟɤɬɪɚ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Nb Al O 

425 71,3 0 28,7 
426 100,0 0 0 
427 75,9 0 24,1 
428 100,0 0 0 
429 100,0 0 0 

430 46,7 6,9 46,4 
431 14,5 20,4 65,2 
432 4,7 27,4 67,9 
433 1,9 31,2 67,0 
434 0 35,0 65,0 

435 0 33,0 67,0 
436 0 34,8 65,2 

 
ɒɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɪɢɫ. 12 ɪɚɜɟɧ 0,25 ɦɤɦ. Ɂɨɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɧɟɜɟɥɢɤɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 0,75–1,22 ɦɤɦ, ɩɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨ 
ɥɨɤɚɥɶɧɨɟ ɥɢɧɟɣɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɡɨɧɞɚ ɫɨɫɬɚɜɥɹɟɬ 1 ɦɤɦ ɜ ɞɢɚɦɟɬɪɟ. 
ɉɪɢ ɲɚɝɟ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,25 ɦɤɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɛɚɜɢɬɶ ɫ ɤɚɠɞɨɣ ɫɬɨɪɨɧɵ ɩɨ 0,5 ɦɤɦ, 
ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ ɤ ɪɟɡɭɥɶɬɚɬɚɦ (2,22 ɦɤɦ), ɩɨɥɭɱɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɫɬɪɨɟɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɫɤɚɧɢɪɨɜɚɧɢɢ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ, ɝɞɟ ɲɢɪɢɧɚ ɡɨɧɵ 
ɫɨɫɬɚɜɢɥɚ 2 ɦɤɦ (ɪɢɫ. 11), ɩɨɷɬɨɦɭ ɚɧɚɥɢɡɭ ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɥɨɳɚɞɢ – ɤɚɤ 
ɩɨ ɲɢɪɢɧɟ, ɬɚɤ ɢ ɩɨ ɝɥɭɛɢɧɟ. Ɍɚɤ, ɜ ɫɩɟɤɬɪɚɯ 425 ɢ 427 ɨɛɧɚɪɭɠɟɧ ɤɢɫɥɨɪɨɞ ɧɚ ɛɨɥɟɟ 
ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ, ɱɟɦ ɨɠɢɞɚɥɨɫɶ. ɑɬɨ ɤɚɫɚɟɬɫɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɢɫɥɨɪɨɞɚ ɜ ɧɢɨɛɢɢ, ɬɨ ɧɢɨɛɢɣ ɧɚɱɢɧɚɟɬ ɨɤɢɫɥɹɬɶɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
>200 °ɋ. ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 200–400 °ɋ ɨɛɪɚɡɭɸɬɫɹ ɧɢɡɲɢɟ ɨɤɫɢɞɵ ɧɢɨɛɢɹ – 
ɨɤɫɢɞ NbO ɢ ɞɢɨɤɫɢɞ NbO2. ɉɪɢ ɧɚɝɪɟɜɟ ɧɢɨɛɢɹ >400 °ɋ ɨɛɪɚɡɭɟɬɫɹ ɜɵɫɲɢɣ ɨɤɫɢɞ – 
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ɩɟɧɬɚɨɤɫɢɞ Nb2O5, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɬɪɢ ɦɨɞɢɮɢɤɚɰɢɢ (L, M ɢ H) ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ 
ɨɛɥɚɫɬɹɦɢ ɝɨɦɨɝɟɧɧɨɫɬɢ Д19Ж. ɉɨɷɬɨɦɭ ɩɪɢɫɭɬɫɬɜɢɟ ɨɤɫɢɞɨɜ ɧɢɨɛɢɹ ɜ ɦɚɬɪɢɰɟ ɫ 
ɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɨɠɟɬ ɩɨɜɥɢɹɬɶ ɧɚ ɭɩɪɨɱɧɟɧɢɟ ɦɚɬɪɢɰɵ – ɧɚɩɪɢɦɟɪ, ɩɨ 
ɞɢɫɥɨɤɚɰɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɫɨɩɪɨɜɨɠɞɚɟɦɨɦɭ ɷɮɮɟɤɬɨɦ ɉɨɪɬɟɜɟɧɚ–Ʌɟ ɒɚɬɟɥɶɟ Д33Ж. 

ɇɚ ɪɢɫ. 13 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) ɜ 
ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɨɲɟɞɲɢɟ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ. 
Ⱥɧɚɥɢɡ ɫɬɪɭɤɬɭɪ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɟɪɧɚ ɨɛɪɚɡɰɚ ɦɚɬɪɢɰɵ, ɩɪɨɲɟɞɲɟɝɨ 100-ɱɚɫɨɜɭɸ 
ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 2–3 ɪɚɡɚ ɤɪɭɩɧɟɟ, ɱɟɦ ɡɟɪɧɚ ɭ ɢɫɯɨɞɧɨɝɨ 
ɨɛɪɚɡɰɚ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɬɨɥɳɢɧɚ ɦɟɠɡɟɪɟɧɧɵɯ ɝɪɚɧɢɰ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɱɟɪɧɵɟ «ɬɨɱɤɢ» ɫ 
ɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɪɵ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɛɨ ɥɶɲɚɹ ɱɚɫɬɶ 
ɩɨɪɢɫɬɨɫɬɢ ɡɚɤɪɵɬɚɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ. Ɉɞɧɚɤɨ ɷɬɨ ɧɟ 
ɢɫɤɥɸɱɚɟɬ ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɮɚɡ ɫ ɭɱɚɫɬɢɟɦ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɪɢɦɟɫɟɣ 
ɤɢɫɥɨɪɨɞɚ, ɭɝɥɟɪɨɞɚ ɢ ɞɪ. 

 
ɛ)ɚ) ɜ)

ɝ) ɞ)

 
Ɋɢɫ. 13. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (×500) ɦɚɬɪɢɰ ɢɡ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) ɜ 

ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɚ) ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɫ ɜɵɞɟɪɠɤɨɣ 
ɨɬ 25 ɞɨ 100 ɱ ɫ ɢɧɬɟɪɜɚɥɨɦ 25 ɱ (ɛ–ɞ)  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟ ɜɵɡɵɜɚɸɬ ɫɨɦɧɟɧɢɣ ɜ 

ɬɨɦ, ɱɬɨ ɨɤɫɢɞɵ ɧɢɨɛɢɹ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɦɚɬɪɢɰɟ, ɤɚɤ ɦɢɧɢɦɭɦ, ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ (1400 °ɋ). ɇɚ ɪɢɫ. 14 ɢ 15 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɱɟɫɬɜɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɢɨɛɢɟɜɨɣ ɦɚɬɪɢɰɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ 
ɭɝɥɟɪɨɞɚ. ɉɪɢɱɢɧɨɣ ɩɪɢɫɭɬɫɬɜɢɹ ɩɨɫɥɟɞɧɟɝɨ ɜ ɦɚɬɪɢɰɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɢɟ 
ɭɝɥɟɪɨɞɧɨɣ ɩɪɟɫɫ-ɮɨɪɦɵ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɧɚ ɨɛɪɚɡɰɚɯ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 
ɢ ɩɨɫɥɟ 100-ɱɚɫɨɜɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ – ɨɬ ɢɫɯɨɞɧɨɝɨ ɞɨ ɩɪɨɲɟɞɲɟɝɨ 100-ɱɚɫɨɜɭɸ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ – ɨɛɧɚɪɭɠɟɧɵ ɤɚɤ ɤɢɫɥɨɪɨɞ, ɬɚɤ ɢ ɭɝɥɟɪɨɞ. əɜɧɨɟ ɨɬɥɢɱɢɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɩɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ: ɭɝɥɟɪɨɞ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɫɮɟɪɨɢɞɚɥɶɧɨɣ ɮɨɪɦɟ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ ɧɟɫɤɨɥɶɤɢɯ (3–5) ɞɨ ɫɨɬɵɯ ɞɨɥɟɣ ɦɢɤɪɨɦɟɬɪɚ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɟɧ. Ʉɢɫɥɨɪɨɞ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɪɚɡɭ ɠɟ ɜɫɬɭɩɚɟɬ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 
ɧɢɨɛɢɟɦ ɢ ɮɚɡɚ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɧɟ ɜɢɞɧɚ, ɨɞɧɚɤɨ Z-ɤɨɧɬɪɚɫɬ ɤɢɫɥɨɪɨɞɚ ɧɚɢɛɨɥɟɟ ɹɪɤɨ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɥɚɛɟɟ, ɧɨ ɪɚɜɧɨɦɟɪɧɨ – ɩɨ ɜɫɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ. 



ǸȜȚȝȜȕȖȤȖȜțțые ȚаȠеȞȖаșы  

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  №и (л4)  з0з1                                                                      73 

 

ɚ)

Nb L ɫɟɪɢɹO K ɫɟɪɢɹC K ɫɟɪɢɹ

ɛ) ɜ) ɝ)

 
Ɋɢɫ. 14. Ɉɛɪɚɡɟɰ ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1400 °ɋ ɜ ɢɫɯɨɞɧɨɦ 

ɫɨɫɬɨɹɧɢɢ: ɚ – ɦɧɨɝɨɫɥɨɣɧɚɹ ɤɚɪɬɚ; ɛ – ɜ ɥɭɱɚɯ ɋ; ɜ – ɜ ɥɭɱɚɯ Ɉ; ɝ – ɜ ɥɭɱɚɯ Nb 
 

ɚ)

C K ɫɟɪɢɹ

ɛ)
O K ɫɟɪɢɹ

ɜ)
Nb L ɫɟɪɢɹ

ɝ)

 
Ɋɢɫ. 15. Ɉɛɪɚɡɟɰ ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1400 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ  

100-ɱɚɫɨɜɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ: ɚ – ɦɧɨɝɨɫɥɨɣɧɚɹ 
ɤɚɪɬɚ; ɛ – ɜ ɥɭɱɚɯ ɋ; ɜ – ɜ ɥɭɱɚɯ Ɉ; ɝ – ɜ ɥɭɱɚɯ Nb 

 
ȼ ɬɚɛɥ. 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ: 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ (1300 °ɋ), ɩɥɨɬɧɨɫɬɢ ɢ ɬɜɟɪɞɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) – ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ (ɝɨɪɹɱɟɟ ɩɪɟɫɫɨɜɚɧɢɟ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1400 °ɋ) ɢ ɨɛɪɚɡɰɨɜ, ɩɪɨɲɟɞɲɢɯ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɫ ɜɵɞɟɪɠɤɨɣ ɨɬ 25 ɞɨ 100 ɱ ɫ ɢɧɬɟɪɜɚɥɨɦ 25 ɱ. 
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Ɍɚɛɥɢɰɚ 6 
ɉɪɨчɧɨɫɬь ɩɪи иɡɝиɛɟ ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ, ɬвɟɪɞɨɫɬь и ɩɥɨɬɧɨɫɬь 

ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɨɛɪɚɡɰɨв ɧɟɩɪɟɪɵвɧɨɣ ɤɨɦɩɨɡиɰии Nb–ɆɄȼ (α-Al2O3)  
в иɫɯɨɞɧɨɦ ɫɨɫɬɨяɧии и ɩɨɫɥɟ ɬɟɪɦичɟɫɤɨɣ ɨɛɪɚɛɨɬɤи ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ  

ɫ вɵɞɟɪɠɤɨɣ ɨɬ 25 ɞɨ 100 ч ɫ иɧɬɟɪвɚɥɨɦ 25 ч 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ 

ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ ɜ ɬɟɱɟɧɢɟ, ɱ 

25 50 75 100 
*
ɢɡɝσ , ɨɬɧ. ɟɞ. 1 1,1 1,7 2,0 1,9 

Ɍɜɟɪɞɨɫɬɶ HV 0,5 73 65 286 233 472 
ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 5680 5730 5780 6880 7040 
* Ɂɚ ɟɞɢɧɢɰɭ ɩɪɢɧɹɬɚ ɩɪɨɱɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢ ɢɡɝɢɛɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1300 °ɋ. 

 
ȼɢɞɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɢɯ ɩɥɨɬɧɨɫɬɶɸ 

ɢ ɬɜɟɪɞɨɫɬɶɸ, ɱɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɥɢɛɨ ɭɫɢɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɜɹɡɢ «ɜɨɥɨɤɧɨ–ɦɚɬɪɢɰɚ», 
ɥɢɛɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɦɟɲɚɧɧɨɣ ɫɜɹɡɢ, ɜɤɥɸɱɚɸɳɟɣ ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɜɹɡɶ, ɬɚɤ ɢ ɫɜɹɡɶ, 
ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ. Ⱦɥɹ 
ɭɬɨɱɧɟɧɢɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɩɪɨɰɟɫɫɚ ɢɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɜɟɪɞɨɫɬɢ 
ɦɚɬɪɢɰɵ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɬɚɪɟɧɢɹ (ɬɚɛɥ. 6). ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɧɚɥɢɱɢɹ ɜɬɨɪɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɨ ɭɫɢɥɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɜɹɡɢ ɫɥɭɠɚɬ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɠɮɚɡɧɨɣ 
ɝɪɚɧɢɰɵ. ɇɚ ɪɢɫ. 11 ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɠɮɚɡɧɵɟ ɝɪɚɧɢɰɵ «ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ» 
ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɨɫɥɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ, ɬ. ɟ. ɦɚɬɟɪɢɚɥɚ ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ (ɪɢɫ. 11, ɚ), ɚ ɬɚɤɠɟ ɩɨɫɥɟ 100-ɱɚɫɨɜɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ (ɪɢɫ. 11, ɛ). ȼɢɞɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɡɨɧɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɨɛɢɟɜɨɣ ɦɚɬɪɢɰɟɣ ɢ ɆɄȼ (α-Al2O3) ɫɨɫɬɚɜɥɹɟɬ 1,4 ɦɤɦ, ɚ 
ɩɨɫɥɟ 100-ɱɚɫɨɜɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ: 2 ɦɤɦ, ɩɪɢ ɷɬɨɦ 
ɫɤɨɪɨɫɬɶ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ Nb ɢ Al2O3 ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɚ. ɗɬɢ ɞɚɧɧɵɟ ɬɚɤɠɟ 
ɩɨɞɬɜɟɪɠɞɟɧɵ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɨ ɩɪɨɝɪɚɦɦɟ ɤɚɪɬɢɪɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɝɥɚɠɢɜɚɸɳɟɣ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 12 ɢ ɜ ɬɚɛɥ. 5. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
ɦɟɠɞɭ ɦɚɬɪɢɰɟɣ ɢ ɜɨɥɨɤɧɨɦ ɨɛɪɚɡɭɟɬɫɹ ɦɟɠɮɚɡɧɚɹ ɝɪɚɧɢɰɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɜɡɚɢɦɧɨ 
ɩɪɨɞɢɮɮɭɧɞɢɪɨɜɚɜɲɢɯ ɷɥɟɦɟɧɬɨɜ (Nb, O ɢ Al). 

ȼ ɪɚɛɨɬɟ Д17Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɯɢɦɢɱɟɫɤɚɹ ɫɜɹɡɶ, ɜɨɡɧɢɤɚɸɳɚɹ ɧɚ ɝɪɚɧɢɰɟ 
«ɦɚɬɪɢɰɚ–ɜɨɥɨɤɧɨ», ɩɪɢɜɨɞɢɬ ɤ ɤɨɪɪɨɡɢɢ ɜɨɥɨɤɨɧ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɩɨɬɟɪɟ ɢɯ 
ɩɪɨɱɧɨɫɬɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɝɪɚɧɢɰɟ ɧɟ ɨɛɧɚɪɭɠɟɧɨ – 
ɫɜɹɡɶ ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ Nb–ɆɄȼ (α-Al2O3) ɦɟɯɚɧɢɱɟɫɤɚɹ. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɜɟɪɨɹɬɧɨɫɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɞɜɭɯ 
ɧɟɡɚɜɢɫɢɦɵɯ ɢɥɢ ɫɥɚɛɨ ɡɚɜɢɫɢɦɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɪɨɰɟɫɫɨɜ – ɫɩɟɤɚɧɢɹ ɢ ɫɬɚɪɟɧɢɹ. 
ɉɟɪɜɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɡɟɪɧɚɦ ɦɚɬɪɢɰɵ, ɤɨɬɨɪɵɟ ɫɩɟɤɚɸɬɫɹ 
ɦɟɠɞɭ ɫɨɛɨɣ ɜɨ ɜɪɟɦɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (ɩɪɢ 1350 °ɋ). ɉɪɢ ɷɬɨɦ 
ɦɟɠɡɟɪɟɧɧɵɟ ɝɪɚɧɢɰɵ ɭɬɨɧɹɸɬɫɹ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɚɦɢɯ ɡɟɪɟɧ, ɱɬɨ 
ɯɨɪɨɲɨ ɜɢɞɧɨ ɧɚ ɪɢɫ. 13. ɉɪɢ ɫɬɚɪɟɧɢɢ ɜɧɭɬɪɢ ɡɟɪɟɧ ɨɛɪɚɡɭɸɬɫɹ ɧɨɜɵɟ ɡɨɧɵ, ɤɨɬɨɪɵɟ 
ɜɨɡɧɢɤɚɸɬ ɜ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1300 °ɋ, ɬ. ɟ. ɧɚɛɥɸɞɚɟɬɫɹ ɷɮɮɟɤɬ ɉɨɪɬɟɜɟɧɚ–Ʌɟ ɒɚɬɟɥɶɟ – ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɸɬɫɹ 
ɡɨɧɵ ɫ ɭɱɚɫɬɤɚɦɢ ɧɨɜɨɣ ɮɚɡɵ, ɤɨɬɨɪɵɟ ɢ ɭɩɪɨɱɧɹɸɬ ɫɚɦɢ ɡɟɪɧɚ. 

Ɇɢɤɪɨɩɨɥɡɭɱɟɫɬɶ ɢ ɷɮɮɟɤɬ ɉɨɪɬɟɜɟɧɚ–Ʌɟ ɒɚɬɟɥɶɟ. ɉɨɦɢɦɨ ɩɟɪɟɩɨɥɡɚɧɢɹ 
ɞɢɫɥɨɤɚɰɢɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɨɥɡɭɱɟɫɬɶ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɧɟɛɨɥɶɲɢɯ 
ɧɚɩɪɹɠɟɧɢɹɯ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶɫɹ ɞɪɭɝɢɦ ɦɟɯɚɧɢɡɦɨɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɜɹɡɤɢɦ ɫɤɨɥɶɠɟɧɢɟɦ 
ɞɢɫɥɨɤɚɰɢɢ ɫɨɜɦɟɫɬɧɨ ɫ «ɚɬɦɨɫɮɟɪɨɣ» ɪɚɫɬɜɨɪɟɧɧɵɯ ɚɬɨɦɨɜ, ɤɨɬɨɪɭɸ ɨɧɚ ɭɜɥɟɤɚɟɬ 
ɜɫɥɟɞ ɡɚ ɫɨɛɨɣ [33]. 
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ɇɚ ɪɢɫ. 16 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɢɚɝɪɚɦɦɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ (1300 °ɋ) 
ɩɪɢ ɬɪɟɯɬɨɱɟɱɧɨɦ ɢɡɝɢɛɟ ɨɛɪɚɡɰɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Nb–ɆɄȼ (α-Al2O3) ɫ 
ɪɚɡɥɢɱɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɫɬɚɪɟɧɢɹ (ɨɬ 25 ɞɨ 100 ɱ) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1350 °ɋ. ȼɢɞɧɨ, ɱɬɨ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɮɨɪɦɵ ɤɪɢɜɵɯ ɩɨɫɥɟ 25 ɢ 50 ɱ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɤɪɢɜɵɯ ɩɨɫɥɟ 75 ɢ 100 ɱ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, 
ɧɚ ɤɨɬɨɪɵɯ ɭɠɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ (ɨɫɶ ɚɛɫɰɢɫɫ – ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɞɨ 0,2 ɦɦ) ɧɚ ɷɬɨɦ 
ɭɱɚɫɬɤɟ ɝɪɚɮɢɤɢ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ 75 ɢ 100 ɱ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɪɹɦɨɥɢɧɟɣɧɵɟ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɪɢɜɵɯ 
ɞɥɹ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ 25 ɢ 50 ɱ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɭ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɭɩɪɭɝɚɹ, 
ɢ ɩɥɚɫɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ. ɉɪɢ ɩɪɨɞɨɥɠɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɫ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɶɸ 
ɞɟɮɨɪɦɚɰɢɢ, ɧɚɝɪɭɡɤɚ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ, ɤɪɨɦɟ ɨɛɪɚɡɰɚ ɩɨɫɥɟ 25 ɱ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɭɜɟɥɢɱɢɥɚɫɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɞɨ 50 ɇ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɧɟɛɨɥɶɲɢɦ 
ɫɧɢɠɟɧɢɟɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɜɫɟɯ ɝɪɚɮɢɤɚɯ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɭɞɥɢɧɟɧɢɹ 
~0,2 ɦɦ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ɧɚɝɪɭɡɤɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ 
ɫɧɢɠɟɧɢɟɦ, ɫɜɹɡɚɧɧɵɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ ɷɮɮɟɤɬɨɦ ɉɨɪɬɟɜɟɧɚ–Ʌɟ ɒɚɬɟɥɶɟ. 
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Ɋɢɫ. 16. Ⱦɢɚɝɪɚɦɦɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ (1300 °ɋ) ɩɪɢ ɬɪɟɯɬɨɱɟɱɧɨɦ ɢɡɝɢɛɟ 

ɨɛɪɚɡɰɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ σЛ–ɆɄȼ (α-Al2O3) ɫ ɪɚɡɥɢɱɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 
ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɫɬɚɪɟɧɢɹ (ɨɬ 25 ɞɨ 100 ɱ) 

 
ɇɢɤɟɥɶ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɫɬɚɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɚɬɪɢɰ ɄɆ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɞɟɬɚɥɟɣ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. Ʌɟɝɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɫɩɥɚɜɚɯ ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɢɧɬɟɧɫɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ «ɜɨɥɨɤɧɨ–
ɦɚɬɪɢɰɚ», ɨɧɢ ɬɚɤɠɟ ɩɨɜɵɲɚɸɬ ɩɪɨɱɧɨɫɬɶ ɦɚɬɪɢɰɵ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɡɝɨɬɨɜɥɟɧɢɟ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɜ ɄɆ 
ɨɫɧɨɜɧɭɸ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ ɜɨɫɩɪɢɧɢɦɚɸɬ ɭɩɪɨɱɧɹɸɳɢɟ ɜɨɥɨɤɧɚ, ɡɚɞɚɱɚ 
ɭɩɪɨɱɧɟɧɢɹ ɦɚɬɪɢɰɵ ɫɬɨɢɬ ɧɟ ɨɫɨɛɟɧɧɨ ɨɫɬɪɨ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɜɨɣɫɬɜɚ ɦɚɬɪɢɰɵ ɄɆ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɬɚɤ, ɱɬɨɛɵ ɨɧɚ ɨɛɟɫɩɟɱɢɜɚɥɚ ɡɚɳɢɬɭ ɭɩɪɨɱɧɢɬɟɥɹ, 
ɨɛɥɚɞɚɥɚ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɜɹɡɤɨɫɬɶɸ, ɫɨɩɪɨɬɢɜɥɹɥɚɫɶ ɨɤɢɫɥɟɧɢɸ; ɜɤɥɚɞ ɠɟ ɟɟ  
ɜ ɩɪɨɱɧɨɫɬɶ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ Д17Ж. 
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Ʉɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ (ГrO2) – ɷɬɨ ɜɵɫɨɤɨɬɟɯɧɨɥɨ-
ɝɢɱɧɨɟ ɫɵɪɶɟ ɞɥɹ ɢɡɞɟɥɢɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ 
ɬɟɯɧɢɤɢ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɭɧɢɤɚɥɶɧɵɦ ɩɪɨɱɧɨɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɯɢɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɢ ɢ ɨɝɧɟɭɩɨɪɧɨɫɬɢ ZrO2 ɧɚɲɟɥ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ. Ɉɞɧɚɤɨ ɧɟɞɨɫɬɚɬɤɨɦ ɰɢɪɤɨɧɢɟɜɨɣ ɤɟɪɚɦɢɤɢ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɟ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɞɚɪɭ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɢɡɞɟɥɢɹɯ, ɪɚɛɨɬɚɸщɢɯ ɜ 
ɭɫɥɨɜɢɹɯ ɱɚɫɬɨɣ ɫɦɟɧɵ ɬɟɦɩɟɪɚɬɭɪ. Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɫɬɨɣɤɨɫɬɢ 
ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɞɚɪɭ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɨɛɚɜɤɢ 
ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ (MРAl2O4). 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ, ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɚɹ ɲɩɢɧɟɥɶ, ɤɨɦɩɨɡɢɬ, ɬɟɪɦɨ-
ɫɬɨɣɤɚɹ ɤɟɪɚɦɢɤɚ, ɩɪɨɱɧɚɹ ɤɟɪɚɦɢɤɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ, ɩɨɥɢɦɨɪɮɢɡɦ. 
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STRUCTURAL  AND  MECHANICAL  PROPERTIES 
OF  A  COMPOSITE MATERIAL  BASED  ON  PARTIALLY  STABILIZED 
ZIRCONIUM  DIOXIDE  DOPED  WITH  MAGNESIUM  ALUMINATE  SPINEL 

 
Ceramic materials based on zirconia (ZrO2) are high-tech raw materials for structural 

products used in various fields of technology. ZrO2 has a wide range of application due to its 
unique strength characteristics, chemical resistance and fire resistance. However, the disad-
vantage of zirconium ceramics is low resistance to thermal shock, which limits its use in prod-
ucts functioning in conditions of frequent temperature changes. In this paper, we consider the 
possibility of increasing the resistance to thermal shock of ceramics based on zirconium diox-
ide, due to the introduction of an aluminum-magnesium spinel additive (MgAl2O4). 

Keywords: zirconia, magnesium aluminate spinel, composite, heat-resistant ceramics, 
toughness ceramic, transformational hardening, polymorphism. 
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ȼвɟɞɟɧиɟ 
ȼɵɫɨɤɢɣ ɫɩɪɨɫ ɧɚ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɢ ɠɚɪɨɫɬɨɣɤɢɟ ɦɚɬɟɪɢɚɥɵ ɩɪɟɨɛɥɚɞɚɟɬ ɜ 

ɨɛɥɚɫɬɢ ɚɜɢɚ-, ɪɚɤɟɬɨ- ɢ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ, ɝɞɟ ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɪɚɛɨɬɚɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɭɫɥɨɜɢɹɯ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɵ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ Д1, 2Ж. ɋɨɡɞɚɧɢɟ ɧɨɜɨɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɚɜɢɚ-
ɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɚ ɬɚɤɠɟ ɧɚɡɟɦɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɨɜɨɝɨ 
ɩɨɤɨɥɟɧɢɹ ɫ ɩɨɜɵɲɟɧɧɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɪɟɫɭɪɫɨɦ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
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ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɚ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɬɪɟɛɭɟɬ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɝɚɡɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ Д3Ж ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɪɚɛɨɬɤɢ ɨɛɥɟɝɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵ-
ɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨɱɧɨɫɬɢ, ɠɟɫɬɤɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ. Ʉɟɪɚɦɢɱɟɫɤɢɟ 
ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɭɧɢɤɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɫɜɨɣɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ 
ɦɚɬɟɪɢɚɥɚɦɢ: ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɨɯɪɚɧɹɬɶ ɫɜɨɣɫɬɜɚ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ >1200 °C, ɜɵɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ, ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɧɢɡɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɬɟɦ-
ɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɢ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ 
ɫɬɨɣɤɨɫɬɶɸ. ɗɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɟɥɚɸɬ ɢɯ ɛɟɡɚɥɶɬɟɪɧɚɬɢɜɧɵɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɬɟɩ-
ɥɨɧɚɝɪɭɠɟɧɧɵɯ ɭɡɥɚɯ ɢ ɞɟɬɚɥɹɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢɡɞɟɥɢɣ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯɫɹ ɜ ɨɤɢɫ-
ɥɢɬɟɥɶɧɨɣ ɫɪɟɞɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д4Ж. 

Ɉɬɞɟɥɶɧɨ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨ-
ɧɢɹ (ZrO2). Ⱦɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ  
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɹɦ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ. ȼɜɢɞɭ ɜɵɫɨɤɢɯ ɩɨ-
ɤɚɡɚɬɟɥɟɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɞɢɨɤɫɢɞɰɢɪɤɨɧɢɟɜɵɟ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɢɯ, ɪɟɠɭɳɢɯ ɢɡɞɟɥɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɧɚɡɧɚ-
ɱɟɧɢɹ Д5Ж. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɢɦ ɬɟɪɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɰɢɪɤɨɧɢɟɜɚɹ ɤɟɪɚɦɢɤɚ ɩɪɢɦɟɧɹ-
ɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɠɚɪɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɞɢɚɬɨɪɨɜ, ɝɚɡɨɜɵɯ ɫɟɧɫɨɪɨɜ ɢ ɬɟɪ-
ɦɨɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ. Ⱦɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣ-
ɤɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɞɟɥɢɹ ɢɡ ɧɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢɦɩɥɚɧ-
ɬɨɜ, ɚ ɫɨɱɟɬɚɧɢɟ ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɢ ɢ ɜɵɫɨɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ  
ɩɨɡɜɨɥɢɥɨ ɩɪɢɦɟɧɹɬɶ ɞɢɨɤɫɢɞɰɢɪɤɨɧɢɟɜɭɸ ɤɟɪɚɦɢɤɭ ɤɚɤ ɨɝɧɟɭɩɨɪɧɵɣ ɦɚɬɟɪɢɚɥ. 

Ʉɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟ-
ɧɟɧɢɟ ɜ ɨɝɧɟɭɩɨɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɢɦɟɧɧɨ – ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɝɧɟɭɩɨɪɧɵɯ ɤɢɪ-
ɩɢɱɟɣ ɢ ɷɥɟɦɟɧɬɨɜ ɫɜɨɞɚ ɩɟɱɟɣ, ɬɪɭɛ ɢɡ ɩɨɪɢɫɬɨɣ ɤɟɪɚɦɢɤɢ, ɛɥɨɤɨɜ ɝɚɡɨɜɵɯ ɝɨɪɟɥɨɤ,  
ɨɝɧɟɭɩɨɪɧɵɯ ɬɢɝɥɟɣ, ɚ ɬɚɤɠɟ ɫɬɚɤɚɧɨɜ ɞɨɡɚɬɨɪɨɜ ɢ ɩɥɢɬ ɲɢɛɟɪɧɵɯ ɡɚɬɜɨɪɨɜ ɞɥɹ ɧɟɩɪɟ-
ɪɵɜɧɨɣ ɪɚɡɥɢɜɤɢ ɫɬɚɥɢ. ɉɪɢɦɟɧɟɧɢɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɢɡɞɟɥɢɣ ɜɵɝɨɞɧɨ ɟɳɟ ɢ ɩɨɬɨɦɭ, ɱɬɨ, ɩɨɦɢɦɨ ɜɵɫɨɤɢɯ ɩɨɤɚɡɚ-
ɬɟɥɟɣ ɨɝɧɟɭɩɨɪɧɨɫɬɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɵɦɢ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɷɤɨɧɨɦɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢɡɞɟɪɠɤɢ Д6Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɟɪɚɦɢɤɚ ɢɡ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ  
ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɥɨɩɚɬɨɤ ȽɌȾ ɛɥɚɝɨɞɚɪɹ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɹɦ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɢ ɢ ɌɄɅɊ, ɫɯɨɠɢɦ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ Д7Ж. 

Ⱦɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ, ɤɚɤ ɦɚɬɟɪɢɚɥ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɢɥ ɲɢɪɨ-
ɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɢɦ ɩɪɨɱɧɨɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, 
ɤɨɬɨɪɵɦɢ ɨɧ ɨɛɹɡɚɧ ɩɪɢɫɭɳɟɦɭ ɟɦɭ ɫɬɪɭɤɬɭɪɧɨɦɭ ɩɨɥɢɦɨɪɮɢɡɦɭ Д8].  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɞɪɭɝɢɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɨɞɧɭ ɢɡ ɬɪɟɯ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɢɯ ɪɟɲɟɬɨɤ – ɦɨɧɨɤɥɢɧɧɭɸ (m), ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ (t) ɢɥɢ ɤɭɛɢɱɟɫɤɭɸ (c). Ɇɨɧɨɤɥɢɧ-
ɧɚɹ ɮɚɡɚ m-ZrO2 ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɨɣ ɢ ɫɭɳɟɫɬɜɭɟɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɟɬɪɚɝɨɧɚɥɶɧɚɹ ɮɚɡɚ t-ZrO2 ɦɟɬɚɫɬɚɛɢɥɶɧɚ ɢ ɫɭɳɟɫɬɜɭɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɬ 1000 ɞɨ 2285 °C. Ɍɟɬɪɚɝɨɧɚɥɶɧɚɹ ɮɚɡɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫɩɨɫɨɛɧɚ ɩɟɪɟɯɨɞɢɬɶ ɜ 
ɦɨɧɨɤɥɢɧɧɭɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢɥɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɬɟɦɩɟɪɚ-
ɬɭɪɵ. ɉɟɪɟɯɨɞ (m) ⇄ (t) ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɚ ɜɟɥɢɱɢɧɨɣ  
7,7–9 %. Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɜ ɤɭɛɢɱɟɫɤɭɸ ɮɚɡɭ ɬɪɟɛɭɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ 
>2285 °C. ȼ ɤɭɛɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ 2715 °C. ɉɟɪɟɯɨɞ (t) ⇄ (c) ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɧɨɝɨ ɢɡɦɟɧɟ-
ɧɢɹ ɫɬɪɭɤɬɭɪɵ. 
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Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢ-
ɞɚ ɰɢɪɤɨɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ, ɝɥɚɜɧɵɣ ɢɡ ɤɨɬɨɪɵɯ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɥɟɝɢ-
ɪɨɜɚɧɢɢ ZrO2 ɨɤɫɢɞɚɦɢ ɝɟɬɟɪɨɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɫɩɨɫɨɛɟɧ ɨɛɪɚɡɨɜɵɜɚɬɶ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ 
ɬɢɩɚ ɡɚɦɟɳɟɧɢɹ ɫɨ ɦɧɨɝɢɦɢ ɞɜɭɯ-, ɬɪɟɯ- ɢ ɱɟɬɵɪɟɯɜɚɥɟɧɬɧɵɦɢ ɨɤɫɢɞɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ 
MgO, CaO, MnO, FeO, CoO, NiO, ZnO, CdO, Cr2O3, Al2O3, Mn2O3, Fe2O3, Y2O3, ɚ ɬɚɤɠɟ ɫ 
ɨɤɫɢɞɚɦɢ ɧɟɤɨɬɨɪɵɯ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ: Er2O3, Sc2O3, TiO2, CeO2, ThO2 [6, 9]. 
ȼɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɥɟɝɢɪɨɜɚɧɢɹ ZrO2 ɨɤɫɢɞɨɦ-ɫɬɚɛɢɥɢɡɚɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɩɟɪɟɯɨɞɚ (t) ⇄ (m) ɢ ɫɦɟɳɟɧɢɟ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ 
ɨɛɪɚɡɭɸɳɢɟɫɹ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɫɩɨɫɨɛɧɵ ɫɭɳɟɫɬɜɨɜɚɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɨɞɜɟɪɝɚɹɫɶ ɩɪɟɜɪɚɳɟɧɢɹɦ ɢ ɪɚɫɩɚɞɭ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɯɚɧɢɡɦɵ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ, 
ɭɫɬɚɧɨɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɚɡɵ t-ZrO2, ɫɩɨɫɨɛɧɨɣ ɫɭɳɟɫɬɜɨɜɚɬɶ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Д10Ж. Ⱦɨɫɬɢɠɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɥɸɨɪɢɬɨɜɨɣ ɫɬɪɭɤɬɭɪɵ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɱɟɬɚɧɢɟ ɬɪɟɯɜɚɥɟɧɬɧɨɫɬɢ ɜɜɨɞɢɦɨɝɨ ɤɚɬɢ-
ɨɧɚ ɢ ɞɨɫɬɚɬɨɱɧɨɣ ɛɥɢɡɨɫɬɢ ɟɝɨ ɪɚɞɢɭɫɚ ɫ ɪɚɞɢɭɫɨɦ Zr4+ (0,082 ɧɦ). ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧ ɫɩɨɫɨɛ ɫɬɚɛɢɥɢɡɚɰɢɢ ZrO2 ɨɤɫɢɞɨɦ ɢɬɬɪɢɹ – Y3+ (0,096 ɧɦ) Д11, 12Ж.  

ɉɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɰɢɪɤɨɧɢɟɜɨɣ ɤɟɪɚɦɢɤɢ ɜɨɡɦɨɠɧɨ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ 
ɬɪɚɧɫɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɡɚ ɫɱɟɬ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (t) → (m) 
ɢ ɟɝɨ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɯɚɪɚɤɬɟɪɚ Д13Ж. Ɇɟɯɚɧɢɡɦ ɬɪɚɧɫɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɡ-
ɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ t-ZrO2 ɫ ɜɹɡɤɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɹ ɞɨ 
17 ɦɆɉɚ , ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ 1000–1500 Ɇɉɚ ɢ ɬɜɟɪɞɨɫɬɶɸ ɩɨ ȼɢɤɤɟɪɫɭ 
12–14 Ƚɉɚ Д5Ж. 

Ɉɞɧɚɤɨ ɩɪɨɛɥɟɦɨɣ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ  
ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ. Ⱦɨɛɚɜɥɟɧɢɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɨɤɫɢɞɨɜ ɜ ɩɨɜɵɲɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 
ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ, ɚ ɬɨɥɶɤɨ ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɞɟ-
ɮɨɪɦɚɰɢɢ ɧɚ 100–200 °C. ɍɜɟɥɢɱɟɧɢɟ ɫɬɨɣɤɨɫɬɢ ɤ ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɸ ɤɟɪɚɦɢɤɢ ɧɚ 
ɨɫɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ Д14Ж. 

Ɉɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɭɜɟɥɢɱɟɧɢɹ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫ-
ɧɨɜɟ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ – ɜɜɟɞɟɧɢɟ ɜɬɨɪɨɣ ɮɚɡɵ, ɢɦɟɸɳɟɣ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɞɚɪɭ. Ɉɞɧɚɤɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɠ-
ɞɭ ɧɚɩɨɥɧɢɬɟɥɟɦ ɢ ɦɚɬɪɢɰɟɣ ɫɭɳɟɫɬɜɭɟɬ ɪɚɡɥɢɱɢɟ ɜ ɜɟɥɢɱɢɧɟ ɌɄɅɊ. ɉɪɢ ɬɟɪɦɢɱɟɫɤɨɦ 
ɭɞɚɪɟ ɫ ɪɟɡɤɢɦ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɧɢɰɚ ɜ ɡɧɚɱɟɧɢɹɯ ɌɄɅɊ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɧɟɝɚɬɢɜɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ, ɩɨɫɤɨɥɶɤɭ ɜɧɭɬɪɢ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɜɨɡɧɢɤɚɸɬ ɧɚɩɪɹ-
ɠɟɧɢɹ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɜ ɫɬɪɭɤɬɭɪɟ ɡɚɪɨɠɞɟɧɢɟ ɢ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɦɢɤɪɨɬɪɟɳɢɧ. 
Ɍɚɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɟɧɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɤɟɪɚɦɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɧɟ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɩɥɚ-
ɫɬɢɱɧɨɫɬɶɸ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɪɟɥɚɤɫɚɰɢɢ ɜɨɡɧɢɤɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ,  
ɤɨɝɞɚ ɧɚɩɨɥɧɢɬɟɥɶ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɌɄɅɊ, 
ɱɟɦ ɭ ɦɚɬɪɢɰɵ, ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɦɚɬɟɪɢɚɥɨɜ ɭɠɟ ɧɚ ɫɬɚɞɢɢ ɫɩɟ-
ɤɚɧɢɹ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɨɥɧɢɬɟɥɹ ɜ 
ɦɚɬɪɢɰɟ ɤɨɦɩɨɡɢɬɚ, ɧɚɩɪɹɠɟɧɢɹ ɦɨɝɭɬ ɧɨɫɢɬɶ ɥɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɪɨɠɞɟɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ ɧɚ ɝɪɚɧɢɰɚɯ ɜɬɨɪɢɱɧɨɣ ɮɚɡɵ. 

Ɍɟɪɦɨɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɪɚɡɧɢɰɟɣ ɜ ɡɧɚɱɟɧɢɹɯ ɌɄɅɊ ɦɚɬɪɢɰɵ ɤɨɦɩɨɡɢɬɚ ɢ 
ɧɚɩɨɥɧɢɬɟɥɹ, ɦɨɝɭɬ ɢɦɟɬɶ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦ-
ɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɢ ɧɚɩɨɥɧɢ-
ɬɟɥɹ ɤɨɦɩɨɡɢɬɚ, ɞɢɫɩɟɪɫɧɨɫɬɶ ɱɚɫɬɢɰ ɢ ɞɨɛɚɜɨɤ (ɜ ɬɨɦ ɱɢɫɥɟ ɞɨɛɚɜɨɤ, ɨɛɪɚɡɭɸɳɢɯ ɫɬɟɤ-
ɥɨɜɢɞɧɭɸ ɮɚɡɭ), ɚ ɬɚɤɠɟ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɯ ɢ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɦɚɬɪɢɰɟ  
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ɩɨɡɜɨɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɫɨɯɪɚɧɢɬɶ ɜɨɡɧɢɤɚɸɳɢɟ ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɢɡɤɨɦ 
ɭɪɨɜɧɟ, ɧɨ ɢ ɞɨɫɬɢɱɶ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɚ ɫɱɟɬ ɪɚɜɧɨɦɟɪɧɨɣ ɦɢɤɪɨɬɪɟɳɢɧɨɜɚɬɨɣ 
ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ 
ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ.  

Ɉɞɧɚɤɨ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɱɚɫɬɢɱɧɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤ-
ɫɢɞɚ ɰɢɪɤɨɧɢɹ ɦɨɝɭɬ ɫɞɟɪɠɢɜɚɬɶ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧɵ ɡɚ ɫɱɟɬ ɫɜɨɟɝɨ ɩɨɥɢɦɨɪɮɧɨɝɨ  
ɩɟɪɟɯɨɞɚ (t) ⇄ (m), ɱɬɨ ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ. 

Ⱥɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɚɹ ɲɩɢɧɟɥɶ (MgAl2O4) ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɨɝɧɟ-
ɭɩɨɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ (2135 °C) Д15Ж. Ⱦɨ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɚɹ ɲɩɢɧɟɥɶ ɭɫɬɨɣɱɢɜɚ, ɧɟ ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɨɤɫɢ-
ɞɵ ɢ ɧɟ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɤɢɫɥɨɬɚɦɢ.  

ɉɨɥɭɱɟɧɢɟ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɲɩɢɧɟɥɢ MgAl2O4 ɩɪɨɜɨɞɹɬ ɩɨ ɞɜɭɯɫɬɚɞɢɣɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɫɜɹɡɚɧ ɫ ɨɛɴɟɦɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ ɜɟɥɢɱɢɧɭ 22–24 %, 
ɜɵɡɜɚɧɧɵɦɢ ɭɦɟɧɶɲɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɲɩɢɧɟɥɢ (3,58 ɝ/ɫɦ3) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɥɢɧɨɡɟɦɨɦ 
(3,99 ɝ/ɫɦ3) Д16Ж. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɬɚɞɢɟɣ ɡɚɜɟɪɲɟɧɢɹ ɲɩɢɧɟ-
ɥɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1200–1300 °C. ɉɥɨɬɧɨɫɩɟɤɲɚɹɫɹ 
ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɚɹ ɲɩɢɧɟɥɶ ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɢɣ ɌɄɅɊ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɨɤɫɢɞɨɦ 
ɰɢɪɤɨɧɢɹ (αZrO2 = 10,7·10–6 Ʉ–1; αMgAl2O4 = 8·10–6 Ʉ–1) Д5Ж ɢ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɪ-
ɦɨɫɬɨɣɤɨɫɬɶɸ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɜɵɫɨɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɚɥɸɦɨɦɚɝ-
ɧɟɡɢɚɥɶɧɚɹ ɲɩɢɧɟɥɶ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɮɭɬɟɪɨɜɤɢ ɡɨɧ ɨɛɠɢɝɚ 
ɜɪɚɳɚɸɳɢɯɫɹ ɩɟɱɟɣ, ɫɬɟɤɨɥɶɧɵɯ ɩɟɱɧɵɯ ɪɟɝɟɧɟɪɚɬɨɪɨɜ, ɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɤɨɧɜɟɪɬɨ-
ɪɨɜ, ɚ ɬɚɤɠɟ ɞɚɬɱɢɤɨɜ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɚɜɢɚɰɢɨɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ 
ɞɜɢɝɚɬɟɥɹɯ (ȽɌȾ) ɢ ɡɚɳɢɬɧɵɯ ɱɟɯɥɨɜ ɬɟɪɦɨɩɚɪ ɞɥɹ ɩɥɚɜɤɢ ɦɧɨɝɢɯ ɦɟɬɚɥɥɨɜ, ɜ ɬɨɦ  
ɱɢɫɥɟ ɢ ɫɩɥɚɜɨɜ ɞɥɹ ɥɨɩɚɬɨɤ ȽɌȾ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɜɟɞɟɧɢɟ ɜ ɫɨɫɬɚɜ ɰɢɪɤɨɧɢɟɜɨɣ ɤɟɪɚɦɢɤɢ ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɨɣ 
ɲɩɢɧɟɥɢ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɨɛɥɚɞɚɸɳɢɣ ɜɵɫɨɤɢɦɢ ɩɨɤɚ-
ɡɚɬɟɥɹɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɩɨɜɵɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɬɟɪɦɨɰɢɤɥɢ-
ɪɨɜɚɧɢɸ. 

ɐɟɥɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɤɢ ɲɩɢɧɟɥɢ 
MgAl2O4 ɧɚ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɮɚɡɵ  
t-ZrO2. 
 

Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 
ɉɨɥɭɱɟɧɢɟ ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɝɟɬɟɪɨ-

ɮɚɡɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɦɟɲɟɧɢɟɦ ɫ ɫɨɥɶɸ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛ-
ɪɚɛɨɬɤɨɣ. Ƚɟɬɟɪɨɮɚɡɧɨɟ ɨɫɚɠɞɟɧɢɟ ɩɪɟɤɭɪɫɨɪɚ ɩɪɨɜɨɞɢɥɢ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɤɫɢɯɥɨɪɢ-
ɞɚ ɰɢɪɤɨɧɢɹ ɜ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ. Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɵ ɜɜɨɞɢɥɢ 
ɞɨɛɚɜɤɭ ɨɤɫɢɞɚ ɢɬɬɪɢɹ (Y2O3) ɜ ɤɨɥɢɱɟɫɬɜɟ 3 % (ɦɨɥɶɧ.). ɋɦɟɲɢɜɚɧɢɟ ɢ ɢɡɦɟɥɶɱɟɧɢɟ ɩɪɟ-
ɤɭɪɫɨɪɚ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɜɵɩɨɥɧɹɥɢ ɜ ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɟ ɜ ɫɩɢɪɬɨɜɨɣ 
ɫɪɟɞɟ. ɋɢɧɬɟɡ t-ZrO2 ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɬɟɪɦɨɥɢɡɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 °C. 

Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɩɨɪɨɲɤɨɜɨɣ ɪɟɧɬɝɟɧɨɝɪɚɮɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ȾɊɈɇ-4 ɜ  
Cu Kα-ɢɡɥɭɱɟɧɢɢ. ɋɴɟɦɤɭ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɫɩɟɤɬɪɚ ɩɪɨɜɨɞɢɥɢ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɪɟ-
ɠɢɦɟ ɫ ɲɚɝɨɦ 0,02 ɝɪɚɞɭɫɚ. ɍɝɥɨɜɨɣ ɞɢɚɩɚɡɨɧ ɫɴɟɦɤɢ ɫɨɫɬɚɜɥɹɥ 2θ = 10–90 ɝɪɚɞɭɫɨɜ. 
ɋɴɟɦɤɭ ɩɪɨɜɨɞɢɥɢ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɪɟɠɢɦɟ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɏɚɡɨɜɵɟ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ 
ɰɢɪɤɨɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1 ɢ 2. 
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Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ  

(ɞɚɧɧɵɟ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ), ɱɚɫɬɢɱɧɨ ɫɬɚɛɢɥɢɡɢɪɨ-
ɜɚɧɧɨɝɨ ɞɨɛɚɜɤɨɣ ɨɤɫɢɞɚ ɢɬɬɪɢɹ – ZrO2–3 % (ɦɨɥɶɧ.) Y2O3 

Ɋɢɫ. 2. ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ  
ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ  
ɫ ɞɨɛɚɜɤɨɣ ɨɤɫɢɞɚ ɢɬɬɪɢɹ 

 
Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɞɨɛɚɜɤɨɣ ɨɤɫɢɞɚ ɢɬɬɪɢɹ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ ɹɜɥɹɟɬɫɹ ɬɟɬɪɚɝɨɧɚɥɶɧɵɣ ɬɜɟɪɞɵɣ ɪɚɫ-
ɬɜɨɪ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɜ ɞɢɨɤɫɢɞɟ ɰɢɪɤɨɧɢɹ. 

ɉɨɥɭɱɟɧɧɵɣ ɩɨɪɨɲɨɤ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɞɨɛɚɜɤɨɣ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɫɨɫɬɨɢɬ ɢɡ 
ɱɚɫɬɢɰ ɲɚɪɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ. 

Ⱥɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɭɸ ɲɩɢɧɟɥɶ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 71,7 %Al2O3 + 28,3 %MgO 
ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 °C ɢɡ Al(OH)3 ɢ MgCO3 ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɩɪɢ ɩɪɨ-
ɤɚɥɢɜɚɧɢɢ. 

Ɏɚɡɨɜɵɟ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ ɚɥɸɦɨɦɚɝɧɟ-
ɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3 ɢ 4.  

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɪɨɲɤɚ ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɢɧɬɟɡɚ ɨɛɪɚɡɨɜɚɥɚɫɶ ɮɚɡɚ MgAl2O4 ɜ ɤɨɥɢ-
ɱɟɫɬɜɟ 100 %. 
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Ɋɢɫ. 3. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɩɨɪɨɲɤɚ  
ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ  

(ɞɚɧɧɵɟ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ) 

Ɋɢɫ. 4. ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɪɨɲɤɚ 
ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ 
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ɉɨɪɨɲɨɤ ɚɥɸɦɨɦɚɝɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ ɫɨɫɬɨɢɬ ɢɡ ɱɚɫɬɢɰ ɫ ɮɨɪɦɨɣ, ɛɥɢɡɤɨɣ ɤ 
ɫɮɟɪɢɱɟɫɤɨɣ, ɝɪɚɧɢɰɵ ɱɚɫɬɢɰ – ɫɝɥɚɠɟɧɧɵɟ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɩɨɯɨɠɢɦɢ ɧɚ ɩɪɚɜɢɥɶɧɵɟ 
ɲɚɪɵ. 

ɉɪɢɝɨɬɨɜɥɟɧɨ ɬɪɢ ɫɨɫɬɚɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɦɚɬɪɢɰɵ  
t-ZrO2 ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɨɛɚɜɤɢ ɲɩɢɧɟɥɢ MgAl2O4, ɪɚɜɧɵɦ 10, 20 ɢ 30 % (ɩɨ 
ɦɚɫɫɟ). 

Ɉɛɪɚɡɰɵ ɮɨɪɦɨɜɚɥɢ ɜ ɜɢɞɟ ɛɚɥɨɱɟɤ ɪɚɡɦɟɪɨɦ 40×6×6 ɦɦ ɦɟɬɨɞɨɦ ɯɨɥɨɞɧɨɝɨ 
ɨɞɧɨɨɫɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ. ɍɫɢɥɢɟ ɩɪɢ ɩɪɟɫɫɨɜɚɧɢɢ ɫɨɫɬɚɜɥɹ-
ɥɨ 100 Ɇɉɚ. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɛɠɢɝ ɩɪɨɜɨɞɢɥɢ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ ɜ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 1400‒1600 °C ɫ ɲɚɝɨɦ 100 °C. ɇɚ ɨɛɪɚɡɰɚɯ, ɩɪɨɲɟɞɲɢɯ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɵɣ ɨɛɠɢɝ, ɨɩɪɟɞɟɥɹɥɢ ɩɪɨɱɧɨɫɬɶ ɦɟɬɨɞɨɦ ɬɪɟɯɬɨɱɟɱɧɨɝɨ ɢɡɝɢɛɚ ɢ ɨɬɤɪɵɬɭɸ 
ɩɨɪɢɫɬɨɫɬɶ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵ-
ɬɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥɢɰɚ 1  

Ɍɟɦɩɟɪɚɬɭɪɧɚя ɡɚвиɫиɦɨɫɬь ɫɪɟɞɧɟɣ ɩɪɨчɧɨɫɬи и ɨɬɤɪɵɬɨɣ ɩɨɪиɫɬɨɫɬи  
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢɹ, 

°C 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɤɨɦɩɨɡɢɰɢɢ ɫɨɫɬɚɜɚ, % (ɩɨ ɦɚɫɫɟ) 
90ZrO2 + 10MgAl2O4  80ZrO2 + 20MgAl2O4 70ZrO2 + 30MgAl2O4 
σɢɡɝ, Ɇɉɚ ɉɨɬɤɪ, % σɢɡɝ, Ɇɉɚ ɉɨɬɤɪ, % σɢɡɝ, Ɇɉɚ ɉɨɬɤɪ, % 

1400 515±43 3,2 400±43 2,8 240±38 0,1 
1500 565±83 0,1 440±86 0,7 410±80 0,4 
1600 455±59 0,1 430±91 0,8 215±22 0,78 

 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɞɨ 1500 ɋ ɭ ɜɫɟɯ ɫɨɫɬɚɜɨɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨ-

ɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜɡɚɢɦɧɵɦ ɫɞɟɪɠɢ-
ɜɚɧɢɟɦ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ ɮɚɡɵ t-ZrO2 ɢ ɲɩɢɧɟɥɢ εРAl2O4, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɜɧɨɦɟɪɧɨ-
ɦɭ ɪɨɫɬɭ ɡɟɪɟɧ ɨɛɟɢɯ ɮɚɡ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɜɢɞɟ ɲɩɢɧɟɥɢ 
MgAl2O4 ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 
ɩɨ ɩɪɢɱɢɧɟ ɚɧɨɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ ɮɚɡɵ εРAl2O4, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɟɧɢɹ ɞɨɥɢ 
ɛɨɥɟɟ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ – ɮɚɡɵ t-ZrO2 (ɪɢɫ. 5).  

 
ɛ)ɚ) ɜ)

 
Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɨɜ ɫ ɧɚɩɨɥɧɟɧɢɟɦ ɲɩɢɧɟɥɶɸ εРAl2O4 ɫ ɫɨɞɟɪɠɚɧɢ-

ɟɦ 10 (ɚ), 20 (ɛ) ɢ 30 % (ɩɨ ɦɚɫɫɟ) (ɜ) ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1500 °C  
 

ɂɫɩɵɬɚɧɢɟ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɹ. 
Ɉɛɪɚɡɰɵ ɧɚɝɪɟɜɚɥɢ ɜ ɷɥɟɤɬɪɨɩɟɱɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1300 °C ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢ-
ɟɦ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɜɨɡɞɭɯɟ. Ɍɟɪɦɨɫɬɨɣɤɨɫɬɶ ɨɛɪɚɡɰɨɜ ɨɰɟɧɢɜɚɥɢ ɩɨ ɩɨɬɟɪɟ 
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ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɬɪɟɯ ɬɟɩɥɨɫɦɟɧ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɢɜɟɞɟɧɵ  
ɜ ɬɚɛɥ. 2. 

Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥьɬɚɬɵ иɫɩɵɬɚɧиɣ ɧɚ ɬɟɪɦɨɫɬɨɣɤɨɫɬь 
ɋɨɞɟɪɠɚɧɢɟ  

ɲɩɢɧɟɥɢ εРAl2O4, 
% (ɩɨ ɦɚɫɫɟ)  

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢɹ, 

°C 

ɋɪɟɞɧɹɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ ɉɨɬɟɪɹ  
ɩɪɨɱɧɨɫɬɢ, 

% ɞɨ ɬɟɩɥɨɫɦɟɧ ɩɨɫɥɟ ɬɟɩɥɨɫɦɟɧ  

10 
1400 515 495 4,3 
1500 565 545 3,7 
1600 455 415 8,7 

20 
1400 400 385 3,5 
1500 440 420 4,3 
1600 430 410 5,4 

30 
1400 240 230 4,8 
1500 410 395 4,1 
1600 215 205 5,2 

 
Ɂɚɤɥɸчɟɧия 

ȼ ɩɪɨɜɟɞɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ 
1500 °C ɩɨɥɭɱɟɧ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɮɚɡɵ t-ZrO2 ɫ ɞɨɛɚɜɤɨɣ ɚɥɸɦɨ-
ɦɚɝɧɟɡɢɚɥɶɧɨɣ ɲɩɢɧɟɥɢ εРAl2O4 ɜ ɤɨɥɢɱɟɫɬɜɟ 10 % (ɩɨ ɦɚɫɫɟ), ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ 
ɫɪɟɞɧɟɣ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɢɡɝɢɛɟ 550 Ɇɉɚ, ɦɚɥɨɣ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɶɸ, ɩɥɨɬɧɨɫɬɶɸ 
5,20 ɝ/ɫɦ3, ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɞɚɪɭ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ  
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɤɟɪɚɦɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɭɡɥɚɯ  
ɢ ɚɝɪɟɝɚɬɚɯ. 
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Иɫɫɥɟɞɨɜɚɧɵ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɢɤɪɨɩɨɥɨɫɨɤ PrDyFeCoB, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 
ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɵ ɮɚɡɵ 2-14-1, 1-4-1, 1-2 ɢ α-Feɋɨ, ɩɪɢɫɭɬɫɬɜɭɸщɢɟ ɜ ɨɛ-
ɪɚɡɰɚɯ. Ɋɚɡɥɨɠɟɧɢɟ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸщɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɤɨɷɪɰɢ-
ɬɢɜɧɚɹ ɫɢɥɚ ɮɚɡɵ α-Feɋɨ (500–700 ɗ) ɨɩɪɟɞɟɥɹɟɬ ɲɢɪɢɧɭ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɜɛɥɢɡɢ ɧɭ-
ɥɟɜɨɝɨ ɩɨɥɹ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ ɮɚɡɵ 2-14-1 (10 ɤɗ) ɨɬɜɟɱɚɟɬ ɛɨɤɨɜɵɦ 
ɩɟɬɥɹɦ ɝɢɫɬɟɪɟɡɢɫɚ. ɇɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɧɚɫɵщɟɧɢɹ ɩɨɜɵɲɚɟɬɫɹ ɧɚ 25 % ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɫɤɨɪɨɫɬɢ ɜɪɚщɟɧɢɹ ɞɢɫɤɚ ɜ 3 ɪɚɡɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɦ ɪɨɫɬɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ. 
ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɪɨɫɬɨɦ ɞɨɥɢ ɦɚɝɧɢɬɨɦɹɝɤɨɣ ɮɚɡɵ α-FeCo ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɥɢ ɚɦɨɪɮɧɨɣ 
ɮɚɡɵ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɞɨɥɢ ɨɫɧɨɜɧɨɣ ɦɚɝɧɢɬɧɨɣ ɮɚɡɵ 2-14-1. ɉɨɥɨɫɨ ɜɵɟ ɞɨɦɟɧɵ ɢ ɢɯ 
ɷɜɨɥɸɰɢɹ ɩɪɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɢ ɜɵɹɜɥɟɧɵ ɫ ɩɨɦɨщɶɸ ɦɚɝɧɢɬɨɨɩɬɢɱɟɫɤɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 
Ʉɟɪɪɚ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɦɢɤɪɨɩɨɥɨɫɤɢ, ɦɚɝɧɢɬɧɚɹ ɞɨɦɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɩɨɥɨɫɨ ɜɵɟ ɞɨɦɟɧɵ, 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɦɢɤɪɨɦɚɝɧɢɬɵ, ɬɨɧɤɢɟ ɩɥɟɧɤɢ, ɦɚɝɧɢɬɧɵɣ ɝɢɫɬɟɪɟɡɢɫ. 
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The article provides the analysis of PrDyFeCoB magnetic microstripes prepared by extract-

ing material from a melt on a rotating cooling disk. The phases 2-14-1, 1-4-1 and 1-2, α-Feɋɨ 
were verified in the samples. The division of a hysteresis loop into two strands shows that the 
coercive field of the α-Feɋɨ phase (500–700 Oe) determines the width of the hysteresis loop 
near the zero field, while the coercive field of the 2-14-1 phase (10 kOe) corresponds to lateral 
hysteresis loops. The saturation magnetization increases by 25% with an increase in the disk ro-
tation speed by 3 times together with correspondent acceleration of the cooling rate. This is due 
to the increase in thО proportion oП thО soПt maРnОtiМ phasО α-FeCo and the increase in the pro-
portion of the amorphous phase with a decrease in the proportion of the main magnetic phase 
2-14-1. Strip domains and their dynamics during magnetization were detected using Kerr mag-
neto-optical microscopy. 

Keywords: ferromagnetic stripes, magnetic domain structure, strip domains, rare earth  
micromagnets, thin films, magnetic hysteresis. 
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ȼвɟɞɟɧиɟ 
ɂɧɬɟɪɟɫ ɤ ɬɟɯɧɨɥɨɝɢɹɦ ɫɨɡɞɚɧɢɹ ɦɢɤɪɨɦɚɝɧɢɬɨɜ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɲɢɪɨɤɨ-

ɝɨ ɫɩɟɤɬɪɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɦɢɧɢɚɬɸɪɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ: ɦɢɤɪɨɞɜɢɝɚɬɟ-
ɥɹɦ, ɦɢɤɪɨɩɢɧɰɟɬɚɦ, ɦɢɤɪɨɪɨɛɨɬɚɦ ɢ ɞɪ. Д1–5Ж. ȼɫɟ ɷɬɢ ɭɫɬɪɨɣɫɬɜɚ (ɤɚɤ ɢ ɜ ɦɚɤɪɨɦɢɪɟ) 
ɬɪɟɛɭɸɬ ɩɪɟɞɫɤɚɡɭɟɦɵɯ ɧɚɞɟɠɧɵɯ ɦɚɝɧɢɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢ-
ɟɣ, ɨɫɬɚɬɨɱɧɵɦ ɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ ɢ ɜɪɟɦɟɧɧяɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ. ɇɟɫɥɭɱɚɣɧɨ ɥɭɱɲɢɟ 
ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ ɫɟɦɟɣɫɬɜɚ RE–TM–B ɩɨɥɭɱɚɸɬ ɧɨɜɨɟ ɜɨɩɥɨɳɟɧɢɟ ɜ ɜɢɞɟ ɦɢɤɪɨ-
ɦɚɝɧɢɬɨɜ – ɬɟɥ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɦɚɫɲɬɚɛɚ ɢ ɡɚɞɚɧɧɨɣ ɮɨɪɦɵ, ɫɨɡɞɚɸɳɢɯ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ ɢɥɢ ɟɝɨ ɝɪɚɞɢɟɧɬ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. Ɂɚɞɚɱɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɯ 
ɦɚɝɧɢɬɨɜ ɜ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɦɚɫɲɬɚɛɚɯ ɧɟɬɪɢɜɢɚɥɶɧɚ, ɩɨɫɤɨɥɶɤɭ ɧɟɦɚɫɲɬɚɛɢɪɭɟɦɚ. 
ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ ɦɚɝɧɢɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ, ɧɟ 
ɩɨɡɜɨɥɹɸɳɢɦ ɩɪɢɪɚɜɧɹɬɶ ɦɢɤɪɨɦɚɝɧɢɬɵ ɤ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɦɚɝɧɢɬɚɦ:  

– Ɋɚɡɦɟɪɵ ɞɨɦɟɧɨɜ з(1–10) ɦɤɦ, ɤɨɬɨɪɵɟ ɜ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɦ ɦɚɝɧɢɬɟ ɨɩɪɟɞɟɥɹɸɬ-
ɫɹ ɜɟɥɢɱɢɧɨɣ ɦɚɝɧɢɬɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɢ ɨɛɦɟɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ 
ɬɢɩɢɱɧɵɦ ɪɚɡɦɟɪɚɦ ɞɢɚɦɟɬɪɨɜ ɦɢɤɪɨɩɪɨɜɨɞɨɜ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬ ɡɚɞɚɱɭ ɨɩ-
ɬɢɦɢɡɚɰɢɢ ɦɚɝɧɢɬɨɫɬɚɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɩɪɢɜɨɞɢɬ ɤ ɢɧɵɦ ɭɫɬɨɣɱɢɜɵɦ ɫɨɫɬɨɹɧɢɹɦ 
ɦɢɤɪɨɦɚɝɧɢɬɨɜ. 

– ɋɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɦɢɤɪɨɦɚɝɧɢɬɚɯ ɢɦɟɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɹɜɥɟɧɢɹ, ɫɜɹɡɚɧ-
ɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɚɝɧɢɬɨɭɩɪɭɝɨɣ ɚɧɢɡɨɬɪɨɩɢɢ, ɹɜɥɟɧɢɹ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɡɧɚɱɢ-
ɬɟɥɶɧɵɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨɦɚɝɧɢɬɨɜ. 

– ȼɨɡɧɢɤɚɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ, ɦɚɝɧɢɬɧɵɟ ɢ ɫɬɪɭɤɬɭɪɧɵɟ ɞɟɮɟɤɬɵ, ɤɨɬɨɪɵɟ ɧɟ ɭɫɪɟɞɧɹ-
ɸɬɫɹ ɜ ɦɚɫɲɬɚɛɚɯ ɦɢɤɪɨɦɚɝɧɢɬɚ, ɚ ɫɩɨɫɨɛɧɵ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɬɶ ɟɝɨ ɫɜɨɣɫɬɜɚ ɜ ɰɟɥɨɦ. 

– Ɇɢɤɪɨɧɧɵɟ (ɫɭɛɦɢɥɥɢɦɟɬɪɨɜɵɟ (з100 ɦɤɦ)) ɪɚɡɦɟɪɵ ɦɢɤɪɨɦɚɝɧɢɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɬɟɪɪɚɝɟɪɰɟɜɨɦɭ ɞɢɚɩɚɡɨɧɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɬɚɤ ɱɬɨ ɢɦɟɧɧɨ ɦɢɤɪɨɦɚɝɧɢɬɵ ɢ ɢɯ 
ɭɩɨɪɹɞɨɱɟɧɧɵɟ ɦɚɫɫɢɜɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɦɟɡɨɦɚɬɟɪɢɚɥɨɜ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɢɡɥɭɱɟɧɢɹ. 

– Ɇɢɤɪɨɧɧɵɟ ɪɚɡɦɟɪɵ ɦɚɝɧɢɬɨɜ ɩɨɡɜɨɥɹɸɬ ɧɚɯɨɞɢɬɶ ɧɨɜɵɟ ɩɨɞɯɨɞɵ ɜ ɦɟɞɢɰɢɧɟ, 
ɝɞɟ ɪɚɡɦɟɪɵ ɠɢɜɵɯ ɤɥɟɬɨɤ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɬɢɩɢɱɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɞɢɚɦɟɬɪɨɜ ɦɢɤɪɨɩɪɨ-
ɜɨɞɨɜ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɹɜɥɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɦɢɤɪɨɦɚɝɧɢɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɦɨ-
ɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɡɜɢɬɢɹ ɧɨɜɵɯ ɬɢɩɨɜ ɦɚɝɧɢɬɨɭɩɨɪɹɞɨɱɟɧɧɵɯ ɬɜɟɪɞɵɯ ɬɟɥ 
ɢ ɩɪɢɛɨɪɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ. 

– ȼ ɦɢɤɪɨɦɚɝɧɢɬɚɯ, ɩɨɥɭɱɚɟɦɵɯ ɜ ɪɟɠɢɦɟ ɫɜɟɪɯɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɜɨɡ-
ɧɢɤɚɸɬ ɧɟɨɛɵɱɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɚɝɧɢɬɧɵɟ ɮɚɡɵ ɢ ɢɯ ɤɨɦɛɢɧɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɨɬɨɦɭ, 
ɱɬɨ ɥɨɤɚɥɶɧɚɹ ɦɚɝɧɢɬɧɚɹ ɚɧɢɡɨɬɪɨɩɢɹ ɩɪɟɜɵɲɚɟɬ ɨɛɦɟɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɞɟɥɚɹ 
ɫɩɢɧɨɜɵɟ ɫɬɟɤɥɚ ɜ ɦɢɤɪɨɦɚɝɧɢɬɧɵɯ ɨɛɴɟɤɬɚɯ ɢɧɬɟɪɟɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɭɧɞɚɦɟɧ-
ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɍɦɟɧɶɲɟɧɧɨɟ ɜɪɟɦɹ ɞɢɮɮɭɡɢɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɜɟɪɞɵɯ 
ɬɟɥɚɯ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɧɢɯ ɥɟɝɤɨ ɫɨɡɞɚɬɶ ɭɫɬɨɣɱɢ-
ɜɵɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɟ ɦɚɝɧɢɬɧɵɟ ɮɚɡɵ, ɤɨɬɨɪɵɟ ɧɟɜɵɝɨɞɧɵ ɢ ɧɟ ɫɭɳɟɫɬɜɭɸɬ ɜ ɦɚɤɪɨ-
ɫɤɨɩɢɱɟɫɤɢɯ ɦɚɝɧɢɬɚɯ. 

ȼ ɪɚɛɨɬɚɯ Д6, 7Ж, ɚ ɬɚɤɠɟ ɜ ɪɚɛɨɬɚɯ ɡɚɪɭɛɟɠɧɵɯ ɚɜɬɨɪɨɜ Д8–10Ж ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ 
ɬɢɩɵ ɦɢɤɪɨɦɚɝɧɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ RE–TM–B ɜ ɜɢɞɟ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɮɚɡɨɜɵɦɢ ɫɨɫɬɚɜɚɦɢ. ɗɬɢ ɦɢɤɪɨɩɪɨɜɨɞɚ ɨɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ:  

– ɧɚ ɩɨɪɹɞɨɤ ɛɨɥɶɲɟɣ ɜɟɥɢɱɢɧɨɣ ɦɚɝɧɢɬɨɫɬɪɢɤɰɢɢ (~(500–1000) ppm) Д11, 12Ж ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɩɪɨɜɨɞɚɦɢ ɧɚ ɨɫɧɨɜɟ ɦɚɝɧɢɬɨɦɹɝɤɢɯ ɫɩɥɚɜɨɜ Д13–16];  

– ɧɚ ɩɨɪɹɞɨɤ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɦɚɝɧɢɬɧɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜ ɫɜɨɸ ɨɱɟ-
ɪɟɞɶ ɜɵɫɨɤɭɸ ɨɫɬɚɬɨɱɧɭɸ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɢ ɩɨɥɟ ɪɚɫɫɟɹɧɢɹ, ɫɨɡɞɚɜɚɟɦɨɟ ɦɢɤɪɨɦɚɝ-
ɧɢɬɚɦɢ;  
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– ɡɧɚɱɢɬɟɥɶɧɨɣ (ɞɨ 80 %) ɞɨɥɟɣ ɚɦɨɪɮɧɨɣ ɮɚɡɵ, ɤɨɬɨɪɚɹ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɨɛɪɚɛɨɬ-
ɤɢ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɦɨɠɟɬ ɛɵɬɶ ɜɩɨɫɥɟɞɫɬɜɢɢ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɚ ɜ ɡɚɞɚɧɧɨɣ ɬɨɩɨɥɨ-
ɝɢɢ ɫ ɩɪɟɞɫɤɚɡɭɟɦɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɥɟɝɤɢɯ ɢ ɬɪɭɞɧɵɯ ɨɫɟɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ;  

– ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ ɫɩɥɚɜɚ RE–TM–B ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɦɚɝɧɢɬɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɟɝɨ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɪɨɬɟɤɬɨɪɨɦ, ɛɭɞɭɱɢ ɯɢɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɢ ɩɪɨɱɧɨɣ 
ɨɛɨɥɨɱɤɨɣ ɞɥɹ ɧɟɝɨ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɦɢɤɪɨɩɪɨɜɨɞɨɜ ɢɫɫɥɟɞɨɜɚɥɢ 
ɬɚɤɠɟ ɦɢɤɪɨɩɨɥɨɫɤɢ ɫɩɥɚɜɚ PrDвFОCoB, ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɬɪɚɤɰɢɟɣ ɢɡ ɪɚɫɩɥɚɜɚ ɧɚ ɜɪɚ-
ɳɚɸɳɟɦɫɹ ɨɯɥɚɠɞɚɟɦɨɦ ɞɢɫɤɟ. ȼ ɬɚɤɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚɯ, ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɦɟɠɞɭ ɦɢɤ-
ɪɨɩɪɨɜɨɞɚɦɢ ɢ ɦɚɝɧɢɬɧɵɦɢ ɩɥɟɧɤɚɦɢ, ɨɠɢɞɚɟɬɫɹ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɩɪɨɫɬɚɹ ɞɨɦɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɩɪɨɜɨɞɚɦɢ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜ ɧɢɯ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɚɧɟɟ ɩɪɟ-
ɢɦɭɳɟɫɬɜ ɦɢɤɪɨɦɚɝɧɢɬɨɜ.  

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɧɚɛɥɸɞɟɧɢɢ ɟɝɨ ɜɚ-
ɪɢɚɰɢɣ ɢ ɜɚɪɢɚɰɢɣ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ, ɚ 
ɬɚɤɠɟ ɜ ɧɚɛɥɸɞɟɧɢɢ ɞɨɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɭɫɬɚɧɨɜɥɟɧɢɢ ɫɩɨɫɨɛɨɜ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɹ 
ɦɢɤɪɨɩɨɥɨɫɨɤ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ PrDвFОCoB. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 11.1. 
«Ɍɟɪɦɨɫɬɚɛɢɥɶɧɵɟ ɦɚɝɧɢɬɨɬɜɟɪɞɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɪɚɫɱɟɬɚ ɢɯ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ» 
(«ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ 
ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д17, 18Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ɂɫɫɥɟɞɨɜɚɧɵ ɨɛɪɚɡɰɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɫɩɥɚɜɚ (Pr1–xDyx)12,7(Fe1–yCoy)ɨɫɬB10,1 
(ɝɞɟ ɯ = 0,5; y = 0,5) ɜ ɜɢɞɟ ɦɢɤɪɨɩɨɥɨɫɨɤ ɪɚɡɦɟɪɨɦ 1×0,1×0,01 ɦɦ. ȼɵɩɥɚɜɤɭ ɫɩɥɚɜɚ 
ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɬɵɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ. Ɂɚɬɟɦ ɦɟɬɨɞɨɦ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ ɩɨɥɭɱɚɥɢ ɨɛɪɚɡɰɵ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɯ ɦɢɤɪɨ-
ɩɨɥɨɫɨɤ. Ɋɚɫɩɥɚɜ ɩɨɞɚɜɚɥɢ ɧɚ ɛɵɫɬɪɨɜɪɚɳɚɸɳɢɣɫɹ ɦɟɞɧɵɣ ɞɢɫɤ-ɨɯɥɚɞɢɬɟɥɶ ɱɟɪɟɡ ɨɬ-
ɜɟɪɫɬɢɟ ɜ ɤɜɚɪɰɟɜɨɦ ɬɢɝɥɟ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 1,25 ɚɬ (з0,125 Ɇɉɚ). ɉɪɢ ɷɬɨɦ ɥɢɧɟɣɧɭɸ 
ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ-ɨɯɥɚɞɢɬɟɥɹ ɜɚɪɶɢɪɨɜɚɥɢ ɜ ɩɪɟɞɟɥɚɯ 18–55 ɦ/ɫ. Ɋɟɧɬɝɟɧɨ-
ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɢɡɦɟɥɶɱɟɧɧɵɯ ɜ ɩɨɪɨɲɨɤ ɨɛɪɚɡɰɚɯ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ 
ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ CЮ Kα-ɢɡɥɭɱɟɧɢɢ ɜ ɝɟɨɦɟɬɪɢɢ Ȼɪɷɝɝɚ–Ȼɪɟɧɬɚɧɨ. 
Ɋɚɫɲɢɮɪɨɜɤɭ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɜɵɩɨɥɧɹɥɢ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ 
HТРСSМorО ɢ ɫɬɪɭɤɬɭɪɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ PDF-2. Ɋɟɧɬɝɟɧɨɜɫɤɭɸ ɫɴɟɦɤɭ ɩɪɨɜɨɞɢɥɢ ɜ ɞɢɚ-
ɩɚɡɨɧɟ ɭɝɥɨɜ 2θ = 20–100 ɝɪɚɞɭɫɨɜ. 

Ɇɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɨɬɞɟɥɶɧɵɯ 
ɦɢɤɪɨɩɨɥɨɫɤɚɯ ɜ SQUID-ɦɚɝɧɟɬɨɦɟɬɪɟ εPεS Бδ QЮКnЭЮЦ НОsТРn ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
300 Ʉ. Ɇɚɝɧɢɬɨɨɩɬɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 290 Ʉ ɫ ɩɨɦɨɳɶɸ 
ɦɢɤɪɨɫɤɨɩɚ σEτARK σОoЦКРnОsТК δТЭО BH-753 ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ Ʉɟɪɪɚ ɜ ɤɨɧɮɢɝɭɪɚ-
ɰɢɢ ɩɪɨɞɨɥɶɧɨɝɨ ɦɚɝɧɢɬɨɨɩɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɫ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɞɨ 1 ɤɗ, ɧɚɩɪɚɜɥɟɧ-
ɧɵɦ ɜ ɩɥɨɫɤɨɫɬɢ ɦɢɤɪɨɩɨɥɨɫɤɢ ɜɞɨɥɶ ɟɟ ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ.  

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ȼ ɫɩɟɤɬɪɟ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ ɞɢɫ-
ɤɟ, ɜɪɚɳɚɸɳɟɦɫɹ ɫ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɶɸ 18 ɦ/c, ɨɛɧɚɪɭɠɟɧɵ ɭɲɢɪɟɧɧɵɟ ɩɢɤɢ, ɤɨɬɨɪɵɟ 
ɩɪɢɧɚɞɥɟɠɚɥɢ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɦɚɝɧɢɬɨɠɟɫɬɤɨɣ ɮɚɡɟ 2-14-1 (ɊɁɆ2–ɉɆ14–ȼ, ɝɞɟ ɊɁɆ – 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɣ ɦɟɬɚɥɥ(ɵ), ɉɆ – ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ(ɵ), ȼ – ɛɨɪ), ɫɥɚɛɨɦɚɝɧɢɬɧɵɦ 
ɮɚɡɚɦ 1-4-1 (ɊɁɆ–ɉɆ4–ȼ) ɢ 1-2 (ɊɁɆ–ɉɆ2) ɫ ɧɢɡɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ Ʉɸɪɢ, ɚ ɬɚɤɠɟ 
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ɜɤɥɸɱɟɧɢɹɦ α-FeCo (ɪɢɫ. 1). ɍɲɢɪɟɧɧɵɟ ɩɢɤɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɮɚɡɵ ɧɚɯɨ-
ɞɹɬɫɹ ɜ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɜɢɞɟ ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɚɦɢ, ɛɥɢɡɤɢɦɢ ɤ ɪɚɡɦɟɪɭ 
ɩɪɟɞɟɥɚ ɨɞɧɨɞɨɦɟɧɧɨɫɬɢ. Ⱥɦɨɪɮɧɨɣ ɮɚɡɵ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ, ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɨɜɚɥɨ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɟ ɝɚɥɨ. Ɉɛɵɱɧɨ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɬɨɜ ɫɨɫɬɚɜɥɹɸɬ 1–2 ɦɤɦ. ɗɬɚ ɜɟɥɢɱɢɧɚ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɛɨɥɶɲɟ ɪɚɡɦɟɪɚ ɨɞɧɨɞɨɦɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 300 ɧɦ ɜ ɫɩɥɚɜɟ  
ɫɢɫɬɟɦɵ Nd–Fe–B. 
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Ɋɢɫ. 1. ɋɩɟɤɬɪ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɦɢɤɪɨɩɨɥɨɫɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɨ 

ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ 18 ɦ/c (○ – ɪɟɮɥɟɤɫɵ ɠɟɫɬɤɨɣ ɦɚɝɧɢɬɧɨɣ ɮɚɡɵ 2-14-1, ∆ – ɥɢɧɢɹ 
ɜɤɥɸɱɟɧɢɹ α-Fe, ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɧɞɟɤɫɵ ɭɤɚɡɚɧɵ ɞɥɹ ɪɟɮɥɟɤɫɨɜ ɮɚɡɵ Ʌɚɜɟɫɚ 1-2, 
ɨɫɬɚɥɶɧɵɟ ɩɢɤɢ ɨɬɧɨɫɹɬɫɹ ɤ ɮɚɡɟ 1-4-1) 

 
ɉɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ 18, 

23, 45 ɢ 55 ɦ/ɫ, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2, ɚ. ȼɢɞɧɨ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɧɚɦɚɝɧɢɱɟɧ-
ɧɨɫɬɢ ɧɚɫɵɳɟɧɢɹ MS ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ (ɪɢɫ. 2, ɛ). Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ 
ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɢɡɦɟɪɹɥɚɫɶ ɢ ɛɵɥɚ ɧɟɢɡɜɟɫɬɧɚ, ɯɨɬɹ ɢɡ ɨɛɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɫɥɟɞɭɟɬ, 
ɱɬɨ ɨɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ ɢ ɞɨɫɬɢɝɚɟɬ ɜɟɥɢɱɢɧɵ  
106 Ʉ/ɦɢɧ.  

Ⱦɥɹ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Nd–Fe–B ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɪɚɜɧɨɜɟɫɧɨɣ ɤɪɢɫ-
ɬɚɥɥɢɡɚɰɢɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɢɡ ɪɚɫɩɥɚɜɚ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɮɚɡɚ α-Fe. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɚɧɧɨɣ ɮɚɡɵ ɫ ɠɢɞɤɢɦ ɪɚɫɩɥɚɜɨɦ, ɢ ɩɨ ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɛɪɚ-
ɡɭɟɬɫɹ ɨɫɧɨɜɧɚɹ ɦɚɝɧɢɬɧɚɹ ɮɚɡɚ 2-14-1. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɨɯɥɚɠɞɟɧɢɢ ɪɚɫɩɥɚɜɚ ɩɪɨɬɟ-
ɤɚɟɬ ɟɳɟ ɪɹɞ ɩɟɪɢɬɟɤɬɢɱɟɫɤɢɯ ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɫɧɨɜɧɨɣ ɦɚɝ-
ɧɢɬɧɨɣ ɮɚɡɵ 2-14-1 ɢ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɮɚɡ, ɬɚɤɢɯ ɤɚɤ 1-4-1, 1-4-4, 1-2, 1-3 ɢ ɬ. ɞ. 
ȼ ɩɪɨɰɟɫɫɟ ɛɵɫɬɪɨɣ ɡɚɤɚɥɤɢ ɪɚɫɩɥɚɜɚ (ɢɡ-ɡɚ ɜɵɫɨɤɨɝɨ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ) ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɮɪɨɧɬɚ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɧɚɫɬɨɥɶɤɨ ɜɵɫɨɤɚ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɬɜɟɪ-
ɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɣ ɜɟɳɟɫɬɜɚ ɧɟ ɪɚɜɧɵ, ɚ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨ-
ɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɚɥɶɧɨɞɟɣɫɬɜɭɸɳɟɝɨ ɩɨɪɹɞɤɚ (ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ),  
ɛɭɞɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɜ ɚɦɨɪɮɧɨɦ ɫɨ-
ɫɬɨɹɧɢɢ. ɉɨɫɤɨɥɶɤɭ ɜ ɞɚɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɬɨɥɶɤɨ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
ɞɢɫɤɚ-ɨɯɥɚɞɢɬɟɥɹ, ɚ ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɛɵɫɬɪɨɣ ɡɚɤɚɥɤɢ (ɬɚɤɢɟ ɤɚɤ ɞɢɚ-
ɦɟɬɪ ɫɨɩɥɚ ɤɜɚɪɰɟɜɨɝɨ ɬɢɝɥɹ, ɞɚɜɥɟɧɢɟ ɚɪɝɨɧɚ ɜ ɬɢɝɥɟ ɩɪɢ ɪɚɡɥɢɜɤɟ ɪɚɫɩɥɚɜɚ, ɦɚɫɫɚ 
ɧɚɜɟɫɤɢ) ɛɵɥɢ ɨɞɢɧɚɤɨɜɵɦɢ, ɬɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɥɢɧɟɣɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ-ɨɯɥɚɞɢɬɟɥɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ 
ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɞɢɫɤɨɦ-ɨɯɥɚɞɢɬɟɥɟɦ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ.  

Ɋɚɡɥɢɱɢɟ ɜ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɩɟɬɥɹɯ ɦɚɝɧɢɬɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ 
ɨɛɪɚɡɰɨɜ ɦɢɤɪɨɩɨɥɨɫɨɤ (ɪɢɫ. 2, ɚ), ɤɨɬɨɪɵɟ ɢɦɟɸɬ «ɩɟɪɟɬɹɧɭɬɵɣ» ɜɢɞ, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɦɚɝɧɢɬɨɦɹɝɤɢɯ ɮɚɡ. ɍɜɟɥɢɱɟɧɢɟ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɧɚɫɵɳɟɧɢɹ ɩɪɢ 
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ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ 
ɮɚɡɵ α-Feɋɨ ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɫɧɨɜɧɨɣ ɦɚɝɧɢɬɧɨɣ ɮɚɡɵ ɡɚ ɫɱɟɬ ɪɨɫɬɚ ɫɨ-
ɞɟɪɠɚɧɢɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɜ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ. 
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Ɋɢɫ. 2. ɉɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟ-

ɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɞɢɫɤɚ 18 (1), 23 (2), 45 (3) ɢ 55 (4) ɦ/ɫ (ɚ) ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 
ɧɚɫɵɳɟɧɢɹ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɞɢɫɤɚ v (ɛ) 

 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ Mrem ɨɛɪɚɡɰɨɜ, ɢɡɝɨ-

ɬɨɜɥɟɧɧɵɯ ɩɪɢ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ v, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 3. ȼ ɨɛɪɚɡɰɟ, ɩɨɥɭ-
ɱɟɧɧɨɦ ɩɪɢ v = 18 ɦ/c, ɨɫɬɚɬɨɱɧɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɩɨɱɬɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɨɞɧɚɤɨ ɫ ɪɨɫɬɨɦ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɪɭɬɢɡɧɵ 
ɫɩɚɞɚ ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢɱɟɦ ɞɥɹ ɦɢɤɪɨɩɨ-
ɥɨɫɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ v = 23 ɦ/c, ɢɦɟɟɬ ɦɟɫɬɨ ɩɟɪɟɥɨɦ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɢ 20–25 Ʉ, ɤɨɬɨɪɵɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ɮɚɡ, ɭ ɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɚ Ʉɸ-
ɪɢ ɨɱɟɧɶ ɧɢɡɤɚɹ. Ɉɱɟɜɢɞɧɨ, ɬɚɤɢɦɢ ɮɚɡɚɦɢ ɦɨɝɥɢ ɛɵɬɶ ɮɚɡɵ 1-2 ɢ 1-4-1, ɞɨɥɹ  
ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ. Ɍɟɦɩɟɪɚɬɭɪɚ Ʉɸɪɢ 
ɮɚɡɵ 2-14-1 (ɧɚɩɪɢɦɟɪ, ɫɨɟɞɢɧɟɧɢɟ Dy2Fe14B) ɜɵɫɨɤɚɹ (592 Ʉ) ɢ ɧɚɯɨɞɢɬɫɹ ɜɵɲɟ  
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ – ɜ ɞɚɧɧɵɯ ɨɩɵɬɚɯ 350 Ʉ.  

ɋɩɥɚɜɵ ɫɢɫɬɟɦɵ PrDyFeCoB ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Nd–Fe–B ɧɢɡɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 18 ɦ/ɫ, 
ɚɦɨɪɮɧɚɹ ɮɚɡɚ ɧɟ ɨɛɧɚɪɭɠɟɧɚ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɣ 
ɮɚɡɵ (PrDy)2(FeCo)14B ɦɚɤɫɢɦɚɥɶɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɱɬɨ ɨɬɪɚ-
ɠɚɟɬɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ. 3 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ 1). ɉɪɢ ɭɜɟ-
ɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ-ɨɯɥɚɞɢɬɟɥɹ ɞɨ 23 ɦ/ɫ ɫɨɨɬɧɨɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɫ-
ɧɨɜɧɨɣ ɦɚɝɧɢɬɧɨɣ ɮɚɡɵ ɤ ɜɬɨɪɨɫɬɟɩɟɧɧɵɦ ɫɧɢɠɚɟɬɫɹ ɢ ɯɨɞ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɦɟɧɹɟɬɫɹ (ɪɢɫ. 3 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ 2). ɉɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɞɨ 30 Ʉ ɭɝɥɵ ɧɚɤɥɨɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 
ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ-ɨɯɥɚɞɢɬɟɥɹ 23, 45 ɢ 55 ɦ/ɫ, ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɪɚɜɧɵ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >30 Ʉ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɪɢɜɨɣ ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝ-
ɧɢɱɟɧɧɨɫɬɢ ɞɥɹ ɦɢɤɪɨɩɨɥɨɫɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ v = 23 ɦ/ɫ, ɢɦɟɟɬɫɹ ɩɟɪɟɝɢɛ ɫ ɦɟɧɶɲɢɦ 
ɭɝɥɨɦ ɧɚɤɥɨɧɚ. Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɫ ɦɚɝɧɢɬɧɵɦɢ ɜɤɥɚɞɚɦɢ ɪɚɡɥɢɱ-
ɧɵɯ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɮɚɡ (2-14-1, α-FeCo, 1-4-1) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
>30 Ʉ ɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ ɩɪɢ <30 Ʉ.  
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Ɋɢɫ. 3. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɫɬɚɬɨɱɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ 

ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɞɢɫɤɚ 18 (1), 23 (2), 45 (3) ɢ 55 ɦ/ɫ (4)  

 
ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ –1 ɞɨ 1 ɤɗ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ M/M1ɤɗ, ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɧɚ ɟɟ ɡɧɚɱɟɧɢɟ ɜ ɩɨɥɟ 1 ɤɗ, ɢɡɦɟɪɹɥɚɫɶ ɫ ɩɨ-
ɦɨɳɶɸ ɦɢɤɪɨɫɤɨɩɚ ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ Ʉɟɪɪɚ. ɉɟɬɥɹ ɦɚɝɧɢɬɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ, ɧɚɡɵɜɚɟ-
ɦɨɝɨ ɱɚɫɬɢɱɧɵɦ ɝɢɫɬɟɪɟɡɢɫɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4. Ʉɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɚɹ ɞɚɧɧɨɣ ɱɚɫɬɢɱɧɨɣ ɩɟɬɥɟ, ɧɟ ɩɪɟɜɵɲɚɟɬ 500 ɗ ɢ ɦɨɠɟɬ, ɧɚɩɪɢɦɟɪ, ɨɬɧɨɫɢɬɶɫɹ 
ɤ ɦɚɝɧɢɬɨɦɹɝɤɨɣ ɮɚɡɟ α-Feɋɨ, ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɨɛɳɟɩɪɢɧɹɬɨɣ ɦɟɬɨɞɢɤɨɣ ɪɚɡɥɨɠɟɧɢɹ ɩɟɬɥɢ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɥɹ ɞɜɭɯɮɚɡɧɵɯ 
ɫɢɫɬɟɦ Д19, 20Ж. ɇɚ ɜɫɬɚɜɤɚɯ (ɪɢɫ. 4) ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɩɨ-
ɥɨɫɤɢ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɩɪɢ v = 18 ɦ/c, ɜ ɭɫɥɨɜɢɹɯ ɧɚɛɥɸɞɟɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɷɮɮɟɤɬɚ 
Ʉɟɪɪɚ, ɬ. ɟ. ɩɚɞɚɸɳɢɣ ɢ ɨɬɪɚɠɟɧɧɵɣ ɥɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɵɣ ɥɭɱɢ ɫɜɟɬɚ ɥɟɠɚɬ ɜɧɟ 
ɩɥɨɫɤɨɫɬɢ ɩɥɟɧɤɢ, ɚ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɩɥɟɧɤɢ ɥɟɠɢɬ ɜ ɟɟ ɩɥɨɫɤɨɫɬɢ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ 
ɬɟɦɧɵɟ ɢ ɫɜɟɬɥɵɟ ɨɛɥɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɧɚɦɚɝɧɢ-
ɱɟɧɧɨɫɬɢ, ɥɟɠɚɳɟɣ ɜ ɩɥɨɫɤɨɫɬɢ ɩɥɟɧɤɢ. ɂɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɵɡɵɜɚɟɬ ɪɨcɬ 
ɬɟɦɧɨɝɨ ɩɨɥɹ ɢ ɩɨɞɚɜɥɟɧɢɟ ɫɜɟɬɥɨɝɨ ɜ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɨɥɹɯ ɢ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ – 
ɜ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɩɨɥɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɪɚɡɜɢɬɢɟ ɞɨɦɟɧɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɚɝɧɢɱɢɜɚ-
ɧɢɹ ɦɢɤɪɨɩɨɥɨɫɤɢ. ɉɨɫɤɨɥɶɤɭ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ ɨɫɧɨɜɧɨɣ ɦɚɝɧɢɬɧɨɣ ɮɚɡɵ ɧɚ ɞɜɚ ɩɨ-
ɪɹɞɤɚ ɜɟɥɢɱɢɧɵ ɛɨɥɶɲɟ, ɱɟɦ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɦɢɤɪɨɫɤɨɩɢɢ ɧɚ ɨɫɧɨɜɟ 
ɷɮɮɟɤɬɚ Ʉɟɪɪɚ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢɪɨɞɚ ɧɚɛɥɸɞɚɟɦɨɝɨ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɜɤɥɸɱɟɧɢɹɦɢ α-Fe, ɮɟɪɪɨɦɚɝɧɢɬɧɨɝɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟ. Ɉɛɵɱɧɨ ɩɨɥɨɫяɜɵɟ ɞɨɦɟɧɵ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɤɨɧɫɬɚɧɬɚ ɚɧɢɡɨɬɪɨɩɢɢ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ K1 ɩɪɟɜɵɲɚɟɬ ɷɧɟɪɝɢɸ ɚɧɢɡɨɬɪɨɩɢɢ ɮɨɪɦɵ ɦɚɝɧɢɬɚ: K1 > 2πMS

2. ɗɬɨ 
ɭɫɥɨɜɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɚɝɧɢɬɨɜ ɝɪɭɩɩɵ  
RE–TM–B, ɱɬɨ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɞɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ. ɇɚɥɢɱɢɟ ɩɨɥɨ- 
ɫɨ ɜɵɯ ɞɨɦɟɧɨɜ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɦɢɤɪɨɩɨɥɨɫɤɚɯ ɞɨɥɹ ɚɦɨɪɮɧɨɣ ɮɚ-
ɡɵ ɧɟɜɟɥɢɤɚ. ɋɩɥɚɜ Dy2Fe14B ɢɦɟɟɬ ɦɚɝɧɢɬɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɚɧɢɡɨɬɪɨɩɢɸ  
HA = 150 ɤɗ, ɱɬɨ ɜɞɜɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɩɥɚɜɟ Nd2Fe14B. ɇɚɩɪɢɦɟɪ, ɜɵɫɨɤɚɹ ɤɨɷɪɰɢ-
ɬɢɜɧɚɹ ɫɢɥɚ ɫɨ ɡɧɚɱɟɧɢɟɦ 64 ɤɗ ɨɛɧɚɪɭɠɟɧɚ ɜ ɦɢɤɪɨɩɨɥɨɫɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 
ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ [21–23Ж. ȼ ɨɛɴɟɦɧɵɯ ɦɚɝɧɢɬɚɯ ɢɡ ɫɩɥɚɜɚ PrDyFeCoB Д24, 25Ж ɚɧɚɥɨ-
ɝɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɜɵɝɨɞɧɵ ɢɡɜɢɥɢɫɬɵɟ ɩɨɥɨɫяɜɵɟ ɞɨɦɟɧɵ, ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɜɧɭɬɪɢ  
ɡɟɪɟɧ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɨɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɜɵɹɜɥɟɧɧɨɣ ɜ ɦɢɤɪɨɩɨɥɨɫɤɚɯ. 
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Ɋɢɫ. 4. ɑɚɫɬɢɱɧɚɹ ɩɟɬɥɹ ɦɚɝɧɢɬɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ ɦɢɤɪɨɩɨɥɨɫɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɞɢɫɤɚ 18 ɦ/ɫ. ɇɚ ɜɪɟɡɤɚɯ ɩɨɤɚɡɚɧɵ ɮɨɬɨɝɪɚɮɢɢ ɞɨɦɟɧɨɜ ɜ ɩɨɥɹɪɢɡɨ-
ɜɚɧɧɨɦ ɫɜɟɬɟ ɦɢɤɪɨɫɤɨɩɚ ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ Ʉɟɪɪɚ ɜ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ +50 (ɚ), –5 (ɛ), ‒50 (ɜ)  
ɢ +15 ɗ (ɝ) 

 
Ɂɚɤɥɸчɟɧия 

ɀɟɫɬɤɚɹ ɦɚɝɧɢɬɧɚɹ ɮɚɡɚ 2-14-1 (ɫ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɨɣ ɇɫ ≈ 10 ɤɗ) ɢ ɦɚɝɧɢɬɨ-
ɦɹɝɤɚɹ ɮɚɡɚ α-Fe (ɫ ɇɫ = 500–700 ɗ) ɮɨɪɦɢɪɭɸɬ ɩɟɬɥɸ ɦɚɝɧɢɬɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ ɦɢɤɪɨ-
ɩɨɥɨɫɨɤ. ȼɵɫɨɤɚɹ ɦɚɝɧɢɬɧɚɹ ɚɧɢɡɨɬɪɨɩɢɹ ɮɚɡɵ 2-14-1 ɩɪɢɜɨɞɢɬ ɤ ɫɯɥɨɩɵɜɚɧɢɸ ɩɟɬɥɢ 
ɜ ɫɢɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 40 ɤɗ. Ɇɚɝɧɢɬɨɦɹɝɤɚɹ ɮɚɡɚ α-FeCo ɞɚɟɬ ɱɚɫɬɢɱɧɵɟ ɩɟɬɥɢ 
ɦɚɝɧɢɬɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ ɜ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ, ɛɥɢɡɤɢɯ ɤ ɧɭɥɸ. 

Ɇɚɝɧɢɬɨɦɹɝɤɚɹ ɮɚɡɚ ɜ ɦɢɤɪɨɩɨɥɨɫɤɚɯ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɟ ɫ ɪɚɫ-
ɲɢɪɟɧɢɟɦ ɩɨɥɨɫяɜɵɯ ɞɨɦɟɧɨɜ, ɨɛɧɚɪɭɠɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɫɤɨɩɚ ɧɚ ɨɫɧɨɜɟ  
ɷɮɮɟɤɬɚ Ʉɟɪɪɚ.  

ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɞɢɫɤɚ ɜ 3 ɪɚɡɚ ɜɦɟɫɬɟ ɫ ɭɜɟɥɢɱɟ-
ɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɦɢɤɪɨɩɨɥɨɫɨɤ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɧɚɫɵɳɟɧɢɹ ɧɚ 25 %. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɜɤɥɸɱɟɧɢɣ 
α-Feɋɨ ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɨɯɥɚɠɞɟɧɢɹ ɜɟɞɟɬ ɤ ɛɨɥɶɲɟɣ ɞɨɥɟ ɚɦɨɪɮɧɨɣ ɮɚɡɵ. 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɧɚɧɟɫɟɧɢɸ ɩɨɤɪɵɬɢɹ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ 
ɧɚ ɜɨɥɨɤɧɨ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ ɜɨɥɨɤɨɧ ɫ 
ɩɨɤɪɵɬɢɟɦ. Цɟɥɶ ɧɚɧɟɫɟɧɢɹ ɛɚɪɶɟɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɜɨɥɨɤɧɚ – ɡɚщɢɬɚ ɜɨɥɨɤɧɚ ɨɬ 
ɞɟɝɪɚɞɚɰɢɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɢɜɟɞɟɧɵ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ, ɬɚɤɢɟ ɤɚɤ ɬɨɥщɢɧɚ, ɫɩɥɨɲɧɨɫɬɶ, ɫɬɪɭɤɬɭɪɚ, 
ɬɟɪɦɢɱɟɫɤɢɟ ɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɛɭɞɭɬ ɩɨɥɟɡɧɵ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɜɢɞɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɪɦɢɪɨɜɚɧɧɵɯ 
ɜɨɥɨɤɧɚɦɢ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɧɟɩɪɟɪɵɜɧɨɟ ɜɨɥɨɤɧɨ, ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ, ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ, ɛɚɪɶɟɪɧɨɟ 
ɩɨɤɪɵɬɢɟ, ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɬɟɪɦɨɫɬɨɣɤɚɹ ɤɟɪɚɦɢɤɚ, ɦɭɥɥɢɬ, 
ɦɟɠɮɚɡɧɵɣ ɫɥɨɣ. 

 
V.G. Babashov1, N.M. Varrik1, V.G. Maksimov1, O.N. Samorodova1 
 
OXIDE  FIBER  COATED  WITH  SILICON  CARBIDE 
FOR  PRODUCING  COMPOSITE  MATERIALS 

 
The article presents the results of an experiment on the application of a silicon carbide 

coating on an alumina fiber and studies the properties of the resulting coated fibers. The 
purpose of applying a barrier coating to the fibers is to protect the fiber from degradation 
during the manufacturing of a ceramic composite material. The paper gives the characteristics 
of barrier coatings, such as thickness, continuity, structure, thermal and thermo-oxidative 
properties. The obtained data will be useful in the development of new types of ceramic 
composite materials reinforced with fibers. 

Keywords: continuous fiber, aluminum oxide, silicon carbide, barrier coating, ceramic 
composite material, heat-resistant ceramics, mullite, interfacial layer. 
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ȼвɟɞɟɧиɟ 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ ɜɫɟ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɤɟɪɚɦɢɱɟɫɤɭɸ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɦɚɬɪɢɰɭ, 
ɚɪɦɢɪɨɜɚɧɧɭɸ ɬɭɝɨɩɥɚɜɤɢɦɢ ɧɚɩɨɥɧɢɬɟɥɹɦɢ [1–3Ж. Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 
ɜɢɞɨɜ ɚɪɦɢɪɨɜɚɧɢɹ – ɜɜɟɞɟɧɢɟ ɩɪɨɱɧɵɯ ɬɟɪɦɨɫɬɨɣɤɢɯ ɜɨɥɨɤɨɧ ɜ ɦɚɬɟɪɢɚɥ ɦɚɬɪɢɰɵ.  
ȼ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɜɨɥɨɤɧɢɫɬɵɣ ɧɚɩɨɥɧɢɬɟɥɶ ɜɜɨɞɹɬ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɢɯ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ, ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ – ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼɨɥɨɤɧɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ ɩɨɤɪɵɬɢɹ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɰɟɥɟɣ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɢ ɜɢɞɚ ɤɨɦɩɨɡɢɬɚ ɪɚɡɥɢɱɚɸɬ ɡɚɳɢɬɧɵɟ ɢ ɛɚɪɶɟɪɧɵɟ 
ɩɨɤɪɵɬɢɹ. ɉɟɪɜɵɟ ɫɥɭɠɚɬ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɥɨɤɧɚ ɢ ɦɚɬɪɢɰɵ, 
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ɜɬɨɪɵɟ – ɞɥɹ ɞɢɫɫɢɩɚɰɢɢ ɷɧɟɪɝɢɢ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ ɢ ɟɟ ɨɫɬɚɧɨɜɤɢ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. 

Ʉɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ 
ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɛɥɚɝɨɞɚɪɹ ɤɨɦɩɥɟɤɫɭ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ, 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ, ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɩɨɫɨɛɧɨɫɬɢ 
ɪɚɛɨɬɚɬɶ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɚɝɪɟɫɫɢɜɧɵɯ ɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɫɪɟɞ ɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ Д4–7Ж. Ɇɨɧɨɥɢɬɧɚɹ ɤɟɪɚɦɢɤɚ ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɭɞɚɪɧɵɦ 
ɧɚɝɪɭɡɤɚɦ ɢ ɩɟɪɟɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɨɞɜɟɪɠɟɧɚ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ, ɱɬɨ 
ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɞɟɬɚɥɟɣ Д4Ж. 
ȼ ɱɚɫɬɧɨɫɬɢ, ɨɬɦɟɱɟɧɨ, ɱɬɨ ɦɨɧɨɥɢɬɧɚɹ ɤɟɪɚɦɢɤɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ 
(ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ) K1c ɜ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ ɨɬ 3,5 ɞɨ 4,5 ɦɆɉɚ , ɚ ɤɨɦɩɨɡɢ-
ɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɜɨɥɨɤɧɚɦɢ, – ɨɬ 10 ɞɨ 
16 ɦɆɉɚ  [5]. 

ȼɜɟɞɟɧɢɟ ɚɪɦɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɜɢɞɟ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɤɨɪɨɬɤɢɯ ɢɥɢ 
ɧɟɩɪɟɪɵɜɧɵɯ ɜɨɥɨɤɨɧ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɦɚɬɪɢɰɭ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɟ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɞɧɚɤɨ ɞɥɹ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɥɚɛɵɟ ɦɟɠɮɚɡɧɵɟ ɫɜɹɡɢ ɦɟɠɞɭ ɜɨɥɨɤɧɨɦ ɢ ɦɚɬɪɢɰɟɣ. 
Ɇɟɠɮɚɡɧɵɣ ɫɥɨɣ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɫɬɚɬɨɱɧɨɟ ɫɰɟɩɥɟɧɢɟ ɜɨɥɨɤɧɚ ɫ ɦɚɬɪɢɰɟɣ ɞɥɹ 
ɷɮɮɟɤɬɢɜɧɨɣ ɩɟɪɟɞɚɱɢ ɧɚɝɪɭɡɤɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɧɟ ɛɵɬɶ ɫɥɢɲɤɨɦ ɩɪɨɱɧɵɦ, ɱɬɨɛɵ 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɦɝɧɨɜɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɢɡ-ɡɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ ɜ ɦɚɬɪɢɰɟ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɪɵɬɢɹ ɡɚɳɢɳɚɸɬ ɜɨɥɨɤɧɚ ɨɬ ɪɚɡɪɭɲɟɧɢɹ ɜɨ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ɋɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɢɞɨɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɜɨɥɨɤɧɚɦɢ ɫ ɩɨɤɪɵɬɢɹɦɢ.  
ȼ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɜɨɥɨɤɧɚ ɭɝɥɟɪɨɞɚ, ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, 
ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ, ɤɪɟɦɧɢɹ, ɰɢɪɤɨɧɢɹ ɢ ɞɪɭɝɢɟ ɜɢɞɵ ɬɭɝɨɩɥɚɜɤɢɯ ɜɨɥɨɤɨɧ. ȼ ɤɚɱɟɫɬɜɟ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɪɢɰ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɪɛɢɞɵ, ɧɢɬɪɢɞɵ, ɨɤɫɢɞɵ ɚɥɸɦɢɧɢɹ, 
ɦɚɝɧɢɹ, ɤɪɟɦɧɢɹ ɢ ɢɯ ɫɨɱɟɬɚɧɢɹ. ȼɫɟ ɤɨɦɩɨɧɟɧɬɵ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɜɵɛɢɪɚɸɬ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼɨɥɨɤɧɚ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ 
ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɤɥɨɧɧɵ ɤ ɞɟɝɪɚɞɚɰɢɢ ɢɥɢ ɤ 
ɯɢɦɢɱɟɫɤɢɦ ɪɟɚɤɰɢɹɦ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɱɧɵɯ ɫɜɹɡɟɣ ɫ ɦɚɬɪɢɱɧɵɦ 
ɦɚɬɟɪɢɚɥɨɦ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɧɨɫɬɶɸ ɪɟɚɥɢɡɨɜɚɬɶ ɦɟɯɚɧɢɡɦ ɭɩɪɨɱɧɟɧɢɹ ɤɨɦɩɨɡɢɬɚ 
ɚɪɦɢɪɭɸɳɢɦ ɜɨɥɨɤɧɨɦ, ɩɨɷɬɨɦɭ ɢɯ ɡɚɳɢɳɚɸɬ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɜ ɤɚɱɟɫɬɜɟ ɩɨɤɪɵɬɢɣ ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ ɢɫɩɨɥɶɡɭɸɬ ɦɨɧɚɰɢɬɵ (LaPO4), ɲɟɟɥɢɬɵ 
(CaWO4) ɢ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟ ɩɨɤɪɵɬɢɹ YPO4, NdPO4, AlPO4. Ⱥɦɟɪɢɤɚɧɫɤɚɹ ɤɨɦɩɚɧɢɹ 
COI Ceramics ɫɟɪɢɣɧɨ ɩɪɨɢɡɜɨɞɢɬ ɪɹɞ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɚɥɸɦɨɫɢɥɢɤɚɬɧɭɸ 
ɦɚɬɪɢɰɭ, ɚɪɦɢɪɨɜɚɧɧɭɸ ɜɨɥɨɤɧɢɫɬɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɮɢɪɦɵ Nextel, ɦɚɪɨɤ AS-N312, 
AS-N610, AS-N720 [6]. 

ɉɪɢ ɷɬɨɦ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɜɵɛɨɪ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɢ ɫɩɨɫɨɛ ɟɝɨ 
ɧɚɧɟɫɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɬɚɤɢɟ ɦɟɬɨɞɵ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ, ɤɚɤ 
ɯɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɢɡ ɩɚɪɨɜɨɣ ɮɚɡɵ (chemical vapor deposition – CVD) ɢ ɩɨɤɪɵɬɢɟ 
ɩɨɝɪɭɠɟɧɢɟɦ Д8–11Ж. Ɋɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ ɤɨɦɩɨɡɢɰɢɣ ɩɪɨɞɨɥɠɚɸɬɫɹ. Ɉɬɦɟɱɟɧɵ 
ɫɨɨɛɳɟɧɢɹ ɨ ɩɟɪɫɩɟɤɬɢɜɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɤɚɪɛɢɞɨɜ ɢ ɨɤɫɢɞɨɜ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ Д12, 13Ж. ȼɵɫɨɤɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ 
ɫɜɨɣɫɬɜɚ ɤɚɪɛɢɞɨ-ɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɩɪɨɹɜɥɹɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ ɢ ɤɚɪɛɢɞɚ ɨɛɪɚɡɭɟɬɫɹ 
ɱɟɬɜɟɪɬɧɚɹ ɮɚɡɚ ɨɤɫɢɞɨ-ɤɚɪɛɢɞɨɜ (ɨɤɫɢɤɚɪɛɢɞɨɜ) ɬɢɩɚ ɆɟɆɟɋɯɈy, ɨɛɥɚɞɚɸɳɚɹ 
ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Д13Ж. 
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Ɋɚɧɟɟ ɫɨɨɛɳɚɥɨɫɶ ɨ ɩɨɥɭɱɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ 
ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ ɫɨɫɬɚɜɚ* Al2O3–20ZrO2, ɚɪɦɢɪɨɜɚɧɧɨɣ ɜɨɥɨɤɧɨɦ ɧɚ 
ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ ɭɝɥɟɪɨɞɧɵɦ ɛɚɪɶɟɪɧɵɦ ɩɨɤɪɵɬɢɟɦ. ɗɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, 
ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɤɪɵɬɢɹ ɢɡ ɩɢɪɨɭɝɥɟɪɨɞɚ ɩɨɜɵɫɢɥɨ ɩɪɨɱɧɨɫɬɶ ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ 
ɤɨɦɩɨɡɢɬɚ Д14Ж. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɧɚɧɟɫɟɧɢɸ ɩɨɤɪɵɬɢɹ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ ɧɚ ɜɨɥɨɤɧɨ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɢɡɭɱɟɧɵ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ 
ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ. ɉɨɤɪɵɬɢɟ SiC ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ «ɲɭɛɭ» ɢɡ ɬɨɧɤɢɯ ɯɚɨɬɢɱɧɨ 
ɡɚɤɪɭɱɟɧɧɵɯ ɧɢɬɟɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɛɨɥɶɲɨɣ 
ɨɛɴɟɦ ɩɨɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɨɬɧɵɦ ɪɚɜɧɨɦɟɪɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɢɪɨɭɝɥɟɪɨɞɚ. Ɍɚɤɢɟ 
ɜɨɥɨɤɧɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɧɟɩɪɟɪɵɜɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, ɬɚɤ ɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɛɭɞɭɬ ɩɨɥɟɡɧɵ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɚɪɦɢɪɨɜɚɧɧɵɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɜɨɥɨɤɧɚɦɢ. 
 

Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɛɪɚɧɨ ɧɟɩɪɟɪɵɜɧɨɟ ɜɨɥɨɤɧɨ ɫɨɫɬɚɜɚ 85Al2O3–15SiO2, 
ɩɨɥɭɱɟɧɧɨɟ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ. ɇɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɹ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɧɚ ɜɨɥɨɤɧɚ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɨɫɚɠɞɟɧɢɟɦ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɤɨɬɨɪɨɟ ɩɪɨɜɨɞɢɥɢ ɜ ɬɪɭɛɱɚɬɵɯ 
ɝɚɡɨɧɚɩɨɥɧɟɧɧɵɯ ɩɟɱɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200–1250 °ɋ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫɨɜɦɟɫɬɧɨ ɫ 
ȽɂɉХ (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ). 

ɂɡɭɱɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 
ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜɨɥɨɤɨɧ 
ɜɵɩɨɥɧɟɧ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ. ɋɴɟɦɤɭ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ ɜ  
ɋɨ Kα-ɢɡɥɭɱɟɧɢɢ ɫ ɲɚɝɨɦ ɩɨ ɭɝɥɭ 0,05 ɝɪɚɞɭɫɚ ɢ ɜɪɟɦɟɧɟɦ ɧɚɤɨɩɥɟɧɢɹ 4 ɫ. 

Ⱥɧɚɥɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ ɫ ɧɚɧɟɫɟɧɧɵɦɢ 
ɩɨɤɪɵɬɢɹɦɢ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɚɦɢ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ, ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɝɪɟɜɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ 
ɞɟɪɢɜɚɬɨɝɪɚɮɢɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɫɨɜɦɟɫɬɧɨ ɫ ɂɇɗɉ ХɎ ɊȺɇ (Ɇɨɫɤɜɚ). 
 

Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 
Иɫɫɥɟɞɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 

ȼɨɥɨɤɧɨ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɨɥɭɱɚɥɢ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ ɧɚ ɭɫɬɚɧɨɜɤɟ, 
ɨɫɧɚɳɟɧɧɨɣ ɦɧɨɝɨɤɚɩɢɥɥɹɪɧɨɣ ɮɢɥɶɟɪɨɣ ɫ ɞɢɚɦɟɬɪɨɦ ɤɚɩɢɥɥɹɪɨɜ 0,3 ɦɦ. 
ȼɨɥɨɤɧɨɨɛɪɚɡɭɸɳɢɣ ɪɚɫɬɜɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɨɫɬɚɜɚ 85Al2O3–15ZrO2 ɫɨɞɟɪɠɚɥ  
ɨɤɫɢɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ, ɫɢɥɢɤɚɡɨɥɶ ɢ ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ ɢ ɢɦɟɥ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɜɹɡɤɨɫɬɶ 80–90 ɉɚ∙ɫ. Ɇɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ ɜɨɥɨɤɧɨɨɛɪɚɡɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɮɢɥɶɟɪɭ 
ɩɨɥɭɱɚɥɢ ɢɫɯɨɞɧɨɟ «ɫɵɪɨɟ» ɜɨɥɨɤɧɨ, ɤɨɬɨɪɨɟ ɜ ɩɪɨɰɟɫɫɟ ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɢ ɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɨɫɜɨɛɨɠɞɚɟɬɫɹ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɢ ɩɪɢɨɛɪɟɬɚɟɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ Д15, 16Ж. 

ȼɧɟɲɧɢɣ ɜɢɞ ɜɨɥɨɤɨɧ ɫɨɫɬɚɜɚ 85Al2O3–15ZrO2 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. ȼɨɥɨɤɧɚ 
ɢɦɟɸɬ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ ɝɥɚɞɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ  ɜɨɥɨɤɨɧ ɩɨ 
ɜɟɥɢɱɢɧɟ ɞɢɚɦɟɬɪɚ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 2. ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ɫɨɫɬɚɜɢɥ 14 ɦɤɦ. 
 
*Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ‒ ɫɨɫɬɚɜ ɜ % (ɩɨ ɦɚɫɫɟ).  
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Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 
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Ɋɢɫ. 2. Ƚɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɧɚ ɪɢɫ. 3, ɝɞɟ ɩɨ ɨɫɢ 
ɨɪɞɢɧɚɬ ɨɬɥɨɠɟɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɢɢ, ɚ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ – ɫɢɧɭɫ ɭɝɥɚ 
ɞɢɮɪɚɤɰɢɢ θ. 
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Ɋɢɫ. 3. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 

 
Иɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ 

ɫɢɫɬɟɦɵ Al2O3–SiO2 ɫ ɩɨɤɪɵɬɢɟɦ SiC ɦɟɬɨɞɨɦ 
ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ – 
ɥɨɤɚɥɶɧɨɦ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ CAεEBAБ ɆȼХ-1. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɬɨɩɨɝɪɚɮɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ 
ɜɨɥɨɤɨɧ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡɭɱɟɧɵ ɢɯ ɛɨɤɨɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɨɥɳɢɧɭ ɛɚɪɶɟɪɧɵɯ 
ɩɨɤɪɵɬɢɣ, ɢɯ ɫɬɪɭɤɬɭɪɭ ɢ ɚɞɝɟɡɢɸ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 
ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɹ ɬɨɪɰɨɜ ɫɥɨɦɚɧɧɵɯ ɜɨɥɨɤɨɧ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɨɩɨɝɪɚɮɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɚɥɢ ɩɭɬɟɦ ɪɟɝɢɫɬɪɚɰɢɢ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, 
ɢɫɩɭɫɤɚɟɦɵɯ ɨɛɪɚɡɰɨɦ, ɢɥɢ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɟɪɜɢɱɧɨɝɨ ɩɭɱɤɚ. ɉɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɢ ɬɨɪɰɨɜ ɨɛɥɨɦɚɧɧɵɯ ɜɨɥɨɤɨɧ ɧɚ 
ɢɡɭɱɚɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɧɚɩɵɥɹɥɢ ɫɥɨɣ ɦɟɞɢ. 

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫɨɫɬɚɜɢɥ 
18,5 ɦɤɦ. Ƚɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 4. 
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Ɋɢɫ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɞɢɚɦɟɬɪɚɦ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 ɫ ɩɨɤɪɵɬɢɟɦ SiC 
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ɉɨɤɪɵɬɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ «ɲɭɛɭ» ɢɡ ɬɨɧɤɢɯ ɯɚɨɬɢɱɧɨ ɡɚɤɪɭɱɟɧɧɵɯ ɧɢɬɟɣ 
(ɭɫɨɜ) SiC. ɂɦɟɸɬɫɹ ɠɝɭɬɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɨɥɨɤɨɧ, ɫɰɟɩɥɟɧɧɵɟ ɦɟɠɞɭ 
ɫɨɛɨɣ ɧɢɬɹɦɢ, ɨɛɪɚɡɭɸɳɢɦɢ ɩɨɤɪɵɬɢɟ. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɵɟ 
ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 5. ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ 
ɧɢɬɟɣ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɨɛɪɚɡɭɸɳɢɯ ɩɨɤɪɵɬɢɟ, ɫɨɫɬɚɜɥɹɟɬ 0,65 ɦɤɦ. ɇɚ ɧɢɬɹɯ ɢɦɟɸɬɫɹ 
ɭɬɨɥɳɟɧɢɹ ɪɚɡɦɟɪɨɦ ɨɬ 0,7 ɞɨ 1,2 ɦɤɦ. ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɠɝɭɬɚ ɢɡ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ 
ɧɚ ɪɢɫ. 5, ɝ ɫɨɫɬɚɜɥɹɟɬ з88 ɦɤɦ. 

 
ɛ)ɚ)

ɝ)ɜ)

 
 

Ɋɢɫ. 5. Ɉɛɳɢɣ ɜɢɞ ɨɬɞɟɥɶɧɵɯ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ 

 
ɉɨɤɪɵɬɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ «ɲɭɛɭ» ɢɡ ɬɨɧɤɢɯ ɯɚɨɬɢɱɧɨ ɡɚɤɪɭɱɟɧɧɵɯ 

ɞɥɢɧɧɵɯ ɧɢɬɟɣ ɢ ɛɨɥɟɟ ɤɨɪɨɬɤɢɯ ɩɪɹɦɵɯ ɭɫɢɤɨɜ. ȼɨɥɨɤɧɚ ɫɰɟɩɥɹɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɡɚ 
ɫɱɟɬ ɫɤɪɭɬɤɢ ɤɨɧɰɨɜ ɧɢɬɟɣ ɢɡ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɨɤɪɵɬɢɣ. ɇɚ ɪɢɫ. 5, ɚ ɯɨɪɨɲɨ ɜɢɞɧɵ 
ɦɨɫɬɢɤɢ ɢɡ ɫɤɪɭɱɟɧɧɵɯ ɧɢɬɟɣ ɦɟɠɞɭ ɞɜɭɦɹ ɜɨɥɨɤɧɚɦɢ. ɇɚ ɧɟɤɨɬɨɪɵɯ ɜɨɥɨɤɧɚɯ «ɲɭɛɚ» 
ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɨɬɤɢɯ ɡɚɤɪɭɱɟɧɧɵɯ «ɜɨɪɫɢɧɨɤ». ȼɨɥɨɤɧɚ ɭɞɟɪɠɢɜɚɸɬɫɹ ɜɦɟɫɬɟ ɡɚ ɫɱɟɬ 
ɢɯ ɫɰɟɩɥɟɧɢɹ. ɇɚ ɪɢɫ. 5, ɛ–ɝ ɩɨɤɚɡɚɧɵ ɠɝɭɬɵ ɢɡ ɜɨɥɨɤɨɧ, ɩɨɤɪɵɬɵɯ «ɲɭɛɨɣ» ɢɡ 
ɞɥɢɧɧɵɯ ɢ ɤɨɪɨɬɤɢɯ ɧɢɬɟɣ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɠɝɭɬɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɟ ɜɨɥɨɤɧɚ 
ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɫɨɟɞɢɧɟɧɧɵɟ ɡɚ ɫɱɟɬ ɫɰɟɩɥɟɧɢɹ ɧɢɬɟɣ ɩɨɤɪɵɬɢɹ SiC, 
ɞɪɭɝɢɟ – ɠɝɭɬɵ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ ɩɨɞ ɨɛɳɟɣ «ɲɭɛɨɣ» SiC (ɪɢɫ. 6). 
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ɛ)ɚ)

 
Ɋɢɫ. 6. ȼɢɞ ɠɝɭɬɨɜ ɢɡ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 ɫ ɩɨɤɪɵɬɢɟɦ SiC: ɚ – ɠɝɭɬ ɜɨɥɨɤɨɧ, 

ɫɰɟɩɥɟɧɧɵɯ ɧɢɬɹɦɢ ɩɨɤɪɵɬɢɹ (ɞɢɚɦɟɬɪ ɠɝɭɬɚ з48, 8 ɦɤɦ); ɛ – ɠɝɭɬ  ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɨɥɨɤɨɧ  
ɩɨɞ ɨɛɳɟɣ ɲɭɛɨɣ (ɞɢɚɦɟɬɪ ɠɝɭɬɚ з35 ɦɤɦ) 

 

ȼɢɞ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɢɡ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 7. ɇɢɬɢ 
ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɢɦɟɸɬ ɞɢɚɦɟɬɪ ɨɬ 0,5 ɞɨ 0,8 ɦɤɦ. ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɧɢɬɟɣ ɫɨɫɬɚɜɥɹɟɬ 
з0,65 ɦɤɦ. ɇɢɬɢ ɢɦɟɸɬ ɢɡɜɢɥɢɫɬɭɸ ɮɨɪɦɭ, ɧɟɤɨɬɨɪɵɟ ɪɚɡɜɟɬɜɥɟɧɵ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɢɬɟɣ ɢɦɟɸɬɫɹ «ɭɡɟɥɤɢ» ɞɢɚɦɟɬɪɨɦ ɨɬ 0,7 ɞɨ 1,2 ɦɤɦ. 

 
ɛ)ɚ)

 
Ɋɢɫ. 7. ȼɢɞ ɩɨɤɪɵɬɢɹ SТC ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 

 

ɛ)ɚ)

 

Ɋɢɫ. 8. ȼɢɞ ɢɡɥɨɦɚ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 ɫ ɩɨɤɪɵɬɢɟɦ SТC 
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ɇɚ ɪɢɫ. 8 ɩɪɟɞɫɬɚɜɥɟɧ ɜɢɞ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 ɫ ɩɨɤɪɵɬɢɟɦ 
SТC ɫ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡɥɨɦɚ. ɇɚ ɪɢɫ. 8, ɚ ɜɨɥɨɤɧɨ ɞɢɚɦɟɬɪɨɦ з15 ɦɤɦ ɩɥɨɬɧɨ 
ɩɨɤɪɵɬɨ «ɲɭɛɨɣ» ɬɨɥɳɢɧɨɣ з2,5 ɦɤɦ. Ɉɛɳɢɣ ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ɫ «ɲɭɛɨɣ» ɫɨɫɬɚɜɥɹɟɬ 
з20 ɦɤɦ. ɇɚ ɪɢɫ. 8, ɛ ɜɨɥɨɤɧɨ ɞɢɚɦɟɬɪɨɦ з12 ɦɤɦ ɩɨɤɪɵɬɨ «ɲɭɛɨɣ» ɬɨɥɳɢɧɨɣ ɨɬ 1,5 
ɞɨ 2,5 ɦɤɦ. «ɒɭɛɚ» ɧɟ ɫɨɡɞɚɟɬ ɩɥɨɬɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ ɜɢɞɧɵ 
ɨɝɨɥɟɧɧɵɟ ɭɱɚɫɬɤɢ. Ɉɛɳɢɣ ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ɫ «ɲɭɛɨɣ» ɫɨɫɬɚɜɥɹɟɬ 15–17 ɦɤɦ. ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ ɧɢɬɟɣ SТC ɪɚɜɟɧ з0,4 ɦɤɦ. 

 
Иɡɭɱɟɧɢɟ ɩɨɜɟɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɝɪɟɜɟ ɦɟɬɨɞɨɦ ɞɟɪɢɜɚɬɨɝɪɚɮɢɢ 

Ɇɟɬɨɞ ɞɟɪɢɜɚɬɨɝɪɚɮɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɚ Derivatograph C ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɜɨɞɢɬɶ ɤɨɦɩɥɟɤɫɧɨɟ ɢɡɭɱɟɧɢɟ ɩɨɜɟɞɟɧɢɹ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɢɯ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɦ ɧɚɝɪɟɜɟ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɧɟɬɨɤɫɢɱɧɨɣ ɫɪɟɞɟ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 
ɞɚɜɥɟɧɢɢ. ȼɨ ɜɪɟɦɹ ɚɧɚɥɢɡɚ ɩɪɢɛɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɧɟɩɪɟɪɵɜɧɭɸ ɪɟɝɢɫɬɪɚɰɢɸ ɦɚɫɫɵ 
ɨɛɪɚɡɰɚ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɛɪɚɡɰɚ ɢ ɩɟɱɢ) ɜɨ 
ɜɪɟɦɹ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ. Ɇɚɫɫɭ ɨɛɪɚɡɰɚ ɪɟɝɢɫɬɪɢɪɭɸɬ ɫ ɩɨɪɨɝɨɦ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 0,1 %. ɂɡɦɟɧɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɡɜɨɞɹɬ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɪɦɨɩɚɪɨɣ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,1 °ɋ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɢ ɟɝɨ ɦɚɫɫɵ ɢ/ɢɥɢ ɫ 
ɜɵɞɟɥɟɧɢɟɦ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ) ɢ ɩɨɝɥɨɳɟɧɢɟɦ (ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ) 
ɬɟɩɥɚ. Ʉ ɩɟɪɜɵɦ ɨɬɧɨɫɹɬɫɹ ɩɪɨɰɟɫɫɵ, ɜɵɡɵɜɚɸɳɢɟ ɨɛɦɟɧ ɦɚɫɫɨɣ ɫ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɨɣ, – ɢɫɩɚɪɟɧɢɟ, ɫɭɛɥɢɦɚɰɢɹ, ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɫ ɝɚɡɨɜɨɣ ɮɚɡɨɣ. Ʉɨ ɜɬɨɪɵɦ 
ɨɬɧɨɫɹɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɜɧɭɬɪɢ ɨɛɪɚɡɰɚ ɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɨɣ, ɚ ɬɚɤɠɟ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɜɧɭɬɪɢ ɨɛɪɚɡɰɚ. 

ɂɡɭɱɟɧɢɟ ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫɢɫɬɟɦɵ Al2O3–SiO2 ɫ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ SТC 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɢɯ ɥɢɧɟɣɧɨɦ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1200 °ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ 20 °ɋ/ɦɢɧ ɜ 
ɩɨɬɨɤɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɶɸ. Ɇɚɫɫɚ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ 
ɫɨɫɬɚɜɢɥɚ 16,88 ɦɝ. 

Ⱦɟɪɢɜɚɬɨɝɪɚɦɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 9, ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɤɪɢɜɵɟ:  
Ɍ – ɤɪɢɜɚɹ «ɬɟɦɩɟɪɚɬɭɪɚ–ɜɪɟɦɹ»;  
ȾɌȺ – ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ;  
ɌȽ – ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ;  
ȾɌȽ – ɤɪɢɜɚɹ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɨɛɪɚɡɰɚ. 
Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɌȽ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɡɰɵ ɫ ɧɚɧɟɫɟɧɧɵɦ ɧɚ ɧɢɯ ɩɨɤɪɵɬɢɟɦ ɧɟ 

ɩɨɞɜɟɪɝɥɢɫɶ ɡɚɦɟɬɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɜ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚ. Ʉɪɢɜɚɹ ȾɌȺ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɞɜɭɯ ɫɭɳɟɫɬɜɟɧɧɵɯ ɬɟɪɦɨɷɮɮɟɤɬɨɜ: 
ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ, ɫɨɩɪɨɜɨɠɞɚɟɦɨɝɨ ɧɟɛɨɥɶɲɢɦ, ɧɨ ɡɚɦɟɬɧɵɦ ɩɚɞɟɧɢɟɦ ɦɚɫɫɵ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ з400 °ɋ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɫɜɹɡɚɧɧɨɝɨ ɫ ɜɨɡɝɨɧɤɨɣ ɢ ɪɚɡɥɨɠɟɧɢɟɦ 
ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɩɨɤɪɵɬɢɟɦ ɩɪɢɦɟɫɟɣ, ɢ ɲɢɪɨɤɨɝɨ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ >500 °ɋ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɜɵɡɜɚɧɧɨɝɨ ɩɨɫɬɟɩɟɧɧɵɦ ɨɤɢɫɥɟɧɢɟɦ 
ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɤɪɵɬɢɹ SiC ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɫɨɜ, 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɤɪɵɬɢɟ.  

Ɉɞɧɚɤɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɪɢɜɟɫɨɜ (ɤɪɢɜɚɹ ȾɌȽ) ɢ ɹɜɧɨɟ ɧɚɱɚɥɨ 
ɡɚɬɭɯɚɧɢɹ ɷɮɮɟɤɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ >1000 °ɋ (ɤɪɢɜɚɹ ȾɌȺ) ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ 
ɨɤɢɫɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɢ ɧɟ ɜɵɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ  ɜɵɝɨɪɚɧɢɹ ɨɫɧɨɜɧɨɣ 
ɦɚɫɫɵ ɭɫɨɜ SiC. ɇɚɥɢɱɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ <100 °ɋ, 
ɜɵɡɜɚɜɲɢɯ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɨɛɨɢɯ ɬɢɝɥɟɣ, ɫɜɹɡɚɧɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫ 
ɜɨɡɝɨɧɤɨɣ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɫɨ ɫɬɟɧɨɤ ɩɟɱɢ. 
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Ɋɢɫ. 9. Ⱦɟɪɢɜɚɬɨɝɪɚɮɢɱɟɫɤɢɟ ɤɪɢɜɵɟ TȽ, ȾɌȽ, ȾTA ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɱɢ Ɍ 

ɞɥɹ ɨɛɪɚɡɰɚ ɜɨɥɨɤɧɚ ɫɢɫɬɟɦɵ Al2O3–SiO2, ɩɨɤɪɵɬɨɝɨ SiC 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɥɢɱɢɟ ɧɟɛɨɥɶɲɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɭɫɨɜ SiC, 

ɫɩɨɫɨɛɧɨɣ ɜɵɡɵɜɚɬɶ «ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ» ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɛɚɪɶɟɪɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɹɜɥɹɟɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɮɚɤɬɨɪɨɦ, ɬɚɤ ɤɚɤ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɬɤɥɨɧɟɧɢɸ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɬɪɟɳɢɧ ɜ ɫɥɨɣ ɩɨɤɪɵɬɢɹ. 
 

Ɂɚɤɥɸчɟɧия 
ȼɨɥɨɤɧɨ ɫ ɩɨɞɨɛɧɵɦ ɩɨɤɪɵɬɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɫɩɟɤɬɢɜɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɦɚɬɪɢɰɟɣ, ɢɦɟɸɳɟɣ ɯɨɪɨɲɭɸ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ SiC ɢ 
ɟɝɨ ɧɢɬɟɜɢɞɧɵɦɢ ɤɪɢɫɬɚɥɥɚɦɢ, ɧɚɩɪɢɦɟɪ ɫ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ 
ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɫɨɡɞɚɧɢɟ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɤɨɦɩɨɡɢɬɚ, ɜ ɤɨɬɨɪɨɦ ɜɨɥɨɤɧɚ ɢɡ 
ɦɭɥɥɢɬɚ ɨɤɪɭɠɟɧɵ ɨɛɨɥɨɱɤɚɦɢ ɢɡ ɤɨɦɩɨɡɢɰɢɢ ɫɢɫɬɟɦɵ Al2O3–SiC ɫ ɩɨɪɢɫɬɨɫɬɶɸ, 
ɜɨɡɪɚɫɬɚɸɳɟɣ ɨɬ ɦɚɬɪɢɰɵ ɤ ɜɨɥɨɤɧɭ, ɬ. ɟ. ɤɨɦɩɨɡɢɬɚ ɫ «ɧɟɫɭɳɢɦ» ɛɚɪɶɟɪɧɵɦ ɫɥɨɟɦ. 
ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɩɨɞɨɛɧɵɣ ɫɨɫɬɚɜ ɛɚɪɶɟɪɧɨɝɨ ɫɥɨɹ ɩɨɡɜɨɥɢɬ ɭɥɭɱɲɢɬɶ ɪɚɛɨɬɭ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɭɞɚɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɧɚɝɪɭɡɤɚɯ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɯɪɭɩɤɢɦɢ ɩɨɤɪɵɬɢɹɦɢ, ɩɨɞɨɛɧɵɦɢ ɦɨɧɚɰɢɬɨɜɵɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɚɤɨɟ 
ɜɨɥɨɤɧɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɝɢɛɤɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ, ɨɛɥɚɞɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɫɚɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɫɜɹɡɟɣ ɡɚ ɫɱɟɬ ɨɤɢɫɥɟɧɢɹ SiC ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɜɚɪɰɟɜɨɝɨ ɫɬɟɤɥɚ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɦɟɳɟɧɢɹɯ. 

Ɋɚɫɲɢɪɟɧɢɟ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɢɫɤɢ ɢɯ ɧɨɜɵɯ ɜɢɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 
ɧɚɩɨɥɧɢɬɟɥɟɣ ɜɨɥɨɤɨɧ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ – ɜ ɱɚɫɬɧɨɫɬɢ, ɨɤɫɢɞɨɜ 
ɚɥɸɦɢɧɢɹ (Al2O3) ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ (Al2O3 + SiO2). ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɜɨɣɫɬɜ ɦɟɠɮɚɡɨɜɨɣ ɝɪɚɧɢɰɵ «ɚɪɦɢɪɭɸɳɢɣ ɧɚɩɨɥɧɢɬɟɥɶ–ɦɚɬɪɢɰɚ», 
ɤɨɬɨɪɚɹ ɚɤɬɭɚɥɶɧɚ ɤɚɤ ɧɚ ɫɬɚɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɦɩɨɡɢɬɚ (ɜɜɟɞɟɧɢɟ ɧɚɩɨɥɧɢɬɟɥɹ ɜ 
ɦɚɬɪɢɰɭ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɬɪɢɰɵ ɜɨɤɪɭɝ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
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ɬɪɟɯɦɟɪɧɨɝɨ ɤɚɪɤɚɫɚ-ɧɚɩɨɥɧɢɬɟɥɹ), ɬɚɤ ɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɨɬɨɜɨɝɨ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɞɨɫɬɢɝɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɧɚɧɟɫɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɩɨɥɧɢɬɟɥɹ ɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ, ɢɦɟɸɳɢɯ 
ɡɚɞɚɧɧɵɣ ɫɨɫɬɚɜ ɢ/ɢɥɢ ɫɬɪɭɤɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɚɤɢɟ ɛɚɪɶɟɪɧɵɟ ɩɨɤɪɵɬɢɹ ɦɨɝɭɬ ɧɟ 
ɬɨɥɶɤɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɦɩɨɡɢɬɚ, ɧɨ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɦɭ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦɭ ɦɚɬɟɪɢɚɥɭ ɩɪɨɹɜɥɟɧɢɟ «ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ» 
ɫɜɨɣɫɬɜ, ɤɨɝɞɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɛɭɞɭɬ 
ɢɡɦɟɧɹɬɶɫɹ ɫɜɨɣɫɬɜɚ, ɩɪɨɹɜɥɹɟɦɵɟ ɦɚɬɟɪɢɚɥɨɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɝɨɬɨɜɥɟɧɵ ɢ ɢɡɭɱɟɧɵ ɚɥɸɦɨɨɤɫɢɞɧɵɟ ɜɨɥɨɤɧɚ ɫ 
ɧɚɧɟɫɟɧɧɵɦɢ ɛɚɪɶɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɬɟɪɦɨɫɬɨɣɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɤɟɪɚɦɢɤ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɛɚɪɶɟɪɧɵɯ ɩɨɤɪɵɬɢɣ, ɬɚɤɢɟ ɤɚɤ ɬɨɥɳɢɧɚ, ɫɩɥɨɲɧɨɫɬɶ, ɫɬɪɭɤɬɭɪɚ, ɬɟɪɦɢɱɟɫɤɢɟ ɢ 
ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. ɋɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ 
«ɲɭɛɭ» ɢɡ ɭɫɨɜ SiC, ɫɨɫɬɚɜɢɥɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɬ 1,5 ɞɨ 2,5 ɦɤɦ. ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ 
ɨɛɪɚɡɰɨɜ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫɨɫɬɚɜɢɥ 18,5 ɦɤɦ. ɇɚɧɟɫɟɧɢɟ 
ɩɨɤɪɵɬɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɨɛɟɫɩɟɱɢɥɨ ɟɝɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɫɩɥɨɲɧɨɫɬɶ, ɯɨɬɹ ɧɚ 
ɧɟɤɨɬɨɪɵɯ ɜɨɥɨɤɧɚɯ ɨɬɦɟɱɟɧɵ ɭɱɚɫɬɤɢ ɛɟɡ ɩɨɤɪɵɬɢɹ. ȼɨɥɨɤɧɚ ɫɢɫɬɟɦɵ Al2O3–SiO2  
ɫ ɩɨɤɪɵɬɢɟɦ SТC ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɞɟɝɪɚɞɚɰɢɢ ɜɩɥɨɬɶ  
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1200 °ɋ, ɩɨɤɪɵɬɢɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɩɪɨɹɜɥɹɟɬ ɧɟɤɨɬɨɪɭɸ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >500 °ɋ, ɨɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɛɚɪɶɟɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɚɧɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɦ 
ɮɚɤɬɨɪɨɦ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɤɪɵɬɢɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɧɚɧɨɫɢɥɢ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɜ 
ɬɪɭɛɱɚɬɵɯ ɝɚɡɨɧɚɩɨɥɧɟɧɧɵɯ ɩɟɱɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200–1250 °ɋ, ɚ ɭɤɚɡɚɧɧɵɣ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜɨɥɨɤɧɚ, ɬɚɤ ɤɚɤ 
ɜɨɡɦɨɠɟɧ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɪɨɫɬ ɡɟɪɧɚ ɞɨ ɪɚɡɦɟɪɚ, ɛɥɢɡɤɨɝɨ ɤ ɞɢɚɦɟɬɪɭ ɜɨɥɨɤɧɚ, ɱɬɨ 
ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɩɨɬɟɪɟ ɩɪɨɱɧɨɫɬɢ ɜɨɥɨɤɧɚ. Ɉɞɧɚɤɨ ɜ ɞɚɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 
ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɨɤɚɡɚɥɨɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ. ɂɫɯɨɞɧɵɟ ɜɨɥɨɤɧɚ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ, ɢɦɟɥɢ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɡɪɵɜɟ 800–1200 Ɇɉɚ, 
ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɞɥɹ ɜɨɥɨɤɨɧ ɫ ɩɨɤɪɵɬɢɟɦ ɫɨɫɬɚɜɢɥɨ 5–10 %. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɚɪɶɟɪɧɵɟ ɩɨɤɪɵɬɢɹ 
ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɢɦɟɸɬ ɯɨɪɨɲɭɸ ɫɩɥɨɲɧɨɫɬɶ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1200 °ɋ. Ɉɤɫɢɞɧɵɟ ɜɨɥɨɤɧɚ ɫ 
ɩɨɤɪɵɬɢɟɦ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɩɪɢ ɩɨɥɭɱɟɧɢɢ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɧɟɩɪɟɪɵɜɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, 
ɬɚɤ ɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ Д17, 18Ж. 
 

Ȼиɛɥиɨɝɪɚɮичɟɫɤиɣ ɫɩиɫɨɤ 
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ɍȾɄ 678.8 
 
Ⱥ.И. ɋɢɞɨɪɢɧɚ1 
 
ɆɍɅɖɌИȺɄɋИȺɅɖɇɕȿ  ɍȽɅȿɊɈȾɇɕȿ  ɌɄȺɇИ 
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Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ 
ɬɤɚɧɟɣ ɜ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸщɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɥɢ-
ɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ, ɭɤɚɡɚɧɵ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ 
ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ. ɉɪɢɜɟɞɟɧɵ ɫɜɟɞɟɧɢɹ ɨ ɩɪɢɦɟ-
ɧɟɧɢɢ ɭɝɥɟɪɨɞɧɵɯ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɢɡɞɟ-
ɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɞɧɟɝɨ ɝɟɪɦɨɲɩɚɧɝɨɭɬɚ ɫɚɦɨɥɟɬɚ 
Airbus A380 ɢ ɜɟɪɯɧɟɣ ɞɜɟɪɢ ɝɪɭɡɨɜɨɝɨ ɨɬɫɟɤɚ ɫɚɦɨɥɟɬɚ Airbus A400M. Ⱦɚɧɵ ɤɪɚɬɤɢɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɞɭщɢɯ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɭɝɥɟɪɨɞɧɵɯ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ 
ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɭɝɥɟɪɨɞɧɵɟ ɬɤɚɧɢ, ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ, ɭɝɥɟɪɨɞɧɵɟ ɜɨɥɨɤɧɚ, 
ɚɪɦɢɪɭɸщɢɟ ɧɚɩɨɥɧɢɬɟɥɢ, ɩɨɥɢɦɟɪɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɪɢ-
ɰɵ, ɭɝɥɟɩɥɚɫɬɢɤ. 

 
A.I. Sidorina1 
 
MULTIAXIAL  CARBON  FABRICS 
IN  THE  PRODUCTS  OF  AVIATION  TECHNOLOGY  (review) 
 

The article considers the main advantages and disadvantages of application of multiaxial 
fabrics as reinforcing fillers for composite materials with a polymer matrix, and specifies the 
most common processing technologies of multiaxial fabrics into a composite ma terial. The 
paper provides the information about the use of carbon multiaxial fabrics in the manufacture 
of structures for aircraft products by the example of the production of the Airbus A380  
rear bulkhead and of the Airbus A400M upper  cargo door. Brief МharaМtОristiМs oП thО аorlН’s 
leading manufacturers of carbon fiber multiaxial fabrics for aircraft products are given. 

Keywords: carbon fabrics, multiaxial fabrics, carbon fibers, reinforcing fillers, polymer 
composite material, polymer matrices, carbon plastic. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «All-Russian Scientific Research InsЭТЭЮЭО oП AvТКЭТon εКЭОrТКls» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ 

ɬɟɯɧɢɤɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɛɥɚɝɨɞɚɪɹ ɨɫɨɛɵɦ ɫɜɨɣɫɬɜɚɦ – ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ, ɜɵ-
ɫɨɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ Д1Ж. Ɋɨɫɬ ɞɨɥɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 
ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɧɢɫɬɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɢ ɷɩɨɤɫɢɞɧɵɯ ɦɚɬɪɢɰ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ  
ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɫ 1970-ɯ ɝɝ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɚɡɪɚɛɨɬɤɚ 
ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɚ ɢɧɢɰɢɢɪɨɜɚɧɚ ɫ ɰɟɥɶɸ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɟɣ ɜɨɟɧɧɨɣ ɢ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɯɧɢɤɢ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɢɡɞɟɥɢɹɯ ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ. Ɍɚɤ, ɟɫɥɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨ-
ɥɟɬɚ Airbus A340 (1991 ɝ.) ɞɨɥɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɚɜɥɹɥɚ з17 %, ɬɨ 
ɞɥɹ A380 (2003 ɝ.) (ɪɢɫ. 1) ɨɧɚ ɜɨɡɪɨɫɥɚ ɞɨ 25 %, ɚ ɞɥɹ A350 XWB (2013 ɝ.), 
ɜ ɤɨɬɨɪɨɦ ɮɸɡɟɥɹɠ ɢ ɤɪɵɥɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, –  
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ɞɨ 52 %. Ⱦɥɹ Boeing 787 (2009 ɝ.) ɞɨɥɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɢ  
ɫɨɫɬɚɜɥɹɥɚ 50 % ɩɪɨɬɢɜ 9 % ɞɥɹ ɦɨɞɟɥɢ Boeing 777 (1994 ɝ.). 

 

Ȼɨɥɶɲɟ ɧɨɜɵɯ ɬɢɬɚɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ

Ʉɨɪɨɛɤɚ ɰɟɧɬɪɨɩɥɚɧɚ 
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

ɇɟɪɜɸɪɵ ɤɪɵɥɚ 
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

Ɂɚɞɧɢɣ ɝɟɪɦɨɲɩɚɧɝɨɭɬ
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

ɋɟɤɰɢɹ 19 ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

ɗɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ
ɫɜɚɪɤɚ

Ʌɚɡɟɪɧɚɹ ɫɜɚɪɤɚ 
ɧɢɠɧɟɣ ɱɚɫɬɢ ɮɸɡɟɥɹɠɚ

Ʉɨɧɭɫ 19.1 
ɜ ɯɜɨɫɬɨɜɨɣ 
ɛɚɥɤɟ ɢɡ 

ɭɝɥɟɩɥɚɫɬɢɤɚ

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ 
ɫɬɚɛɢɥɢɡɚɬɨɪ 
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

ȼɟɪɬɢɤɚɥɶɧɵɣ
ɫɬɚɛɢɥɢɡɚɬɨɪ 
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

Ɂɚɤɪɵɥɤɢ 
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ

ɍɝɥɟɩɥɚɫɬɢɤɢ 
ɞɥɹ ɩɟɪɟɞɧɟɣ 
ɤɪɨɦɤɢ ɤɪɵɥɚ

ɇɨɜɵɟ 
ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ

ȼɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɚɹ 
ɪɟɡɤɚ

ɍɝɥɟɩɥɚɫɬɢɤɢ 
ɞɥɹ ɛɚɥɨɤ ɩɨɥɚ 
ɜɬɨɪɨɝɨ ɷɬɚɠɚ

ɋɨɜɪɟɦɟɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ 
ɤɚɛɢɧɵ

Ɇɚɬɟɪɢɚɥɵ ɋɂȺɅ ɢ GLARE 
ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɮɸɡɟɥɹɠɚ

 
Ɋɢɫ. 1. ɗɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɥɟɬɚ Airbus A380, 
ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д2Ж 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɢɧɫɬɜɨ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɢɦɟɸɬ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɟ ɦɚɬɪɢɰɵ ɢ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɩɪɟɩɪɟɝɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ Д3Ж. Ɉɞɧɚɤɨ ɜɵɫɨɤɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-
ɧɵɟ ɡɚɬɪɚɬɵ ɢ ɧɢɡɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɢɡ-ɡɚ ɪɚɫɫɥɨɟɧɢɹ – ɞɜɟ ɨɫɧɨɜ-
ɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɢɜɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɩɨ ɩɪɟɩɪɟɝɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɤɚɧɟɣ ɢ 
ɠɝɭɬɨɜɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ Д4Ж. 

ȼ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɩɨɥɭɱɟɧɢɟ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯ-
ɧɢɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɹɦ ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ (Vacuum-assisted Resin Transfer 
Molding – VaRTM), ɩɪɨɩɢɬɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ (Resin Transfer Molding – RTM) ɢɥɢ ɩɥɟ-
ɧɨɱɧɵɦ ɫɜɹɡɭɸɳɢɦ (Resin film infusion – RFI) Д5Ж. ȼ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟ-
ɥɟɣ ɞɥɹ ɬɚɤɢɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 13.2. 
«Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɉɄɆ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯ-
ɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д6Ж. 

 
ȼиɞɵ, ɫвɨɣɫɬвɚ и ɨɫɨɛɟɧɧɨɫɬи ɩɨɥɭчɟɧия ɦɭɥьɬиɚɤɫиɚɥьɧɵɯ ɬɤɚɧɟɣ 
Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɚɹ ɬɤɚɧɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɤɫɬɢɥɶɧɵɣ ɧɟɬɤɚɧɵɣ ɦɚɬɟɪɢɚɥ, 

ɫɨɫɬɨɹɳɢɣ ɱɚɳɟ ɜɫɟɝɨ ɢɡ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɚɪɦɢɪɭɸɳɢɯ ɫɥɨɟɜ ɨɞɧɨɧɚ-
ɩɪɚɜɥɟɧɧɵɯ ɧɟɩɪɟɪɵɜɧɵɯ ɧɢɬɟɣ ɢɥɢ ɪɨɜɢɧɝɨɜ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ ɞɜɭɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ ɩɨɞ ɪɚɡɥɢɱɧɵɦɢ ɭɝɥɚɦɢ, ɫɤɪɟɩɥɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɩɪɨɲɢɜɤɢ 
ɢɥɢ ɛɟɡ ɧɟɟ. ɉɪɢɦɟɧɟɧɢɟ ɩɪɨɲɢɜɧɵɯ ɧɢɬɟɣ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɩɟɪɟɤɨɫɨɜ ɜɨɥɨɤɨɧ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɲɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɞɨɪɨɝɢɟ ɩɨɥɢɷɮɢɪɧɵɟ 
ɧɢɬɢ. ɉɪɨɲɢɜɤɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɬɟɠɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ. 
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ɋɬɚɧɞɚɪɬɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɫɥɨɟɜ ɜ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɹɯ – ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ 0°, 
+45°, 90°, –45° (ɪɢɫ. 2). ɇɚ ɛɨɥɶɲɢɧɫɬɜɟ ɬɢɩɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨ 
ɢɡɝɨɬɨɜɢɬɶ ɬɤɚɧɢ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɚɪɦɢɪɭɸɳɢɯ ɫɥɨɟɜ ɜ ɩɪɟɞɟɥɚɯ ɨɬ +30 ɞɨ –30°. 
ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɫ ɨɪɢɟɧɬɚɰɢɟɣ 
ɫɥɨɟɜ 0° ɢ 90° (ɪɢɫ. 3, ɚ) ɢɥɢ ±45° (ɪɢɫ. 3, ɛ), ɬɪɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ (0° ɢ ±45° ɢɥɢ 90° ɢ 
±45°) (ɪɢɫ. 4) ɢ ɤɜɚɞɪɨɚɤɫɢɚɥɶɧɵɯ (ɤɜɚɡɢɢɡɨɬɪɨɩɧɵɯ) ɬɤɚɧɟɣ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɫɥɨɟɜ ɜ 
ɧɚɩɪɚɜɥɟɧɢɹɯ 0°, ±45° ɢ 90° (ɪɢɫ. 5). Ɂɚ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɫɬɚɥɨ ɞɨɫɬɭɩɧɵɦ ɩɪɨɢɡ-
ɜɨɞɫɬɜɨ ɨɞɧɨɫɥɨɣɧɵɯ ɩɪɨɲɢɜɧɵɯ ɬɤɚɧɟɣ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 0° ɢɥɢ 90°. 

 

0°

–45°
90°

+45°

 
Ɋɢɫ. 2. ɋɬɚɧɞɚɪɬɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɥɨɟɜ ɜ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɹɯ Д7Ж 

 
ɛ)ɚ)

 
Ɋɢɫ. 3. Ɉɪɢɟɧɬɚɰɢɹ ɫɥɨɟɜ ɜ ɛɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɹɯ: 0° ɢ 90° (ɚ) ɢ ±45° (ɛ) [8] 

 
ɛ)ɚ)

 
Ɋɢɫ. 4. Ɉɪɢɟɧɬɚɰɢɹ ɫɥɨɟɜ ɜ ɬɪɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɹɯ: 0° ɢ ±45° (ɚ), 90° ɢ ±45° (ɛ) [8] 
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Ɋɢɫ. 5. Ɉɪɢɟɧɬɚɰɢɹ ɫɥɨɟɜ ɜ ɤɜɚɞɪɨɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɹɯ: 0°, ±45° ɢ 90° Д8Ж 

 
Ɍɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɝɢɛɤɨɣ, ɱɟɦ 

ɬɪɚɞɢɰɢɨɧɧɨɟ ɬɤɚɱɟɫɬɜɨ, ɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɬɤɚɧɢ, ɜɚɪɶɢɪɭɹ ɬɢɩ ɢ ɫɨɱɟɬɚɧɢɟ ɜɨ-
ɥɨɤɨɧ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ, ɧɚɩɪɚɜɥɟɧɢɟ ɜɨɥɨɤɨɧ ɜ ɫɥɨɟ, ɱɢɫɥɨ ɢ ɩɨɜɟɪɯɧɨɫɬ-
ɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɥɨɟɜ, ɬɢɩ ɫɤɪɟɩɥɟɧɢɹ ɫɥɨɟɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɤɚ-
ɧɢ ɢɡ ɫɥɨɟɜ ɫ ɫɨɜɟɪɲɟɧɧɨ ɪɚɡɥɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɗɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɟɲɟɧɢɣ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɫɨ 
ɫɜɨɣɫɬɜɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɝɨɬɨɜɨɦɭ ɢɡɞɟɥɢɸ. 

Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɩɪɨ-
ɰɟɫɫɟ ɢɯ ɩɨɥɭɱɟɧɢɹ ɭɝɥɟɪɨɞɧɚɹ ɧɢɬɶ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɟɪɟɝɢɛɭ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɨɫɨɛɟɧɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɪɚɡɪɭɲɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɦɨɧɨɮɢɥɚɦɟɧɬɨɜ ɢ ɩɨɥɧɨ-
ɫɬɶɸ ɪɟɚɥɢɡɨɜɚɬɶ ɭɩɪɭɝɨɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɥɨɤɧɚ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦ 
ɦɚɬɟɪɢɚɥɟ – ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚ-
ɦɢ ɜ ɡɚɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɨɣ 
ɬɤɚɧɢ ɜ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɦɢɧɢɦɢɡɢɪɭɟɬɫɹ ɪɢɫɤ ɪɚɫɫɥɚɢɜɚɧɢɹ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
 

Ɇɭɥьɬиɚɤɫиɚɥьɧɵɟ ɬɤɚɧи ɤɚɤ ɚɪɦиɪɭɸɳиɟ ɧɚɩɨɥɧиɬɟɥи 
ɞɥя ɤɨɦɩɨɡиɰиɨɧɧɵɯ ɦɚɬɟɪиɚɥɨв 

Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ ɦɟɬɨɞɚɦɢ ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ, ɧɚɦɨɬɤɢ, RTM, ɩɭɥɬɪɭɡɢɢ, ɩɨ ɩɪɟɩɪɟɝɨɜɨɣ ɬɟɯ-
ɧɨɥɨɝɢɢ ɢ ɬ. ɞ. ɉɪɢ ɩɪɨɩɢɬɤɟ ɬɚɤɢɯ ɬɤɚɧɟɣ ɜɨɡɦɨɠɧɨ ɫɨɤɪɚɬɢɬɶ ɪɚɫɯɨɞ ɫɜɹɡɭɸɳɟɝɨ ɞɨ 
30 % ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɩɢɬɵɜɚɟɦɨɫɬɢ: ɛɨɥɟɟ ɩɥɨɬɧɚɹ ɭɤɥɚɞɤɚ ɜɨɥɨɤɨɧ ɢ ɨɬɫɭɬ-
ɫɬɜɢɟ ɩɟɪɟɝɢɛɨɜ ɫɨɡɞɚɸɬ ɦɟɧɶɲɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɩɪɨɩɢɬɤɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢ-
ɰɢɨɧɧɵɦɢ ɬɤɚɧɹɦɢ Д9Ж. ɇɟɤɨɬɨɪɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɩɪɢɦɟɧɹɸɬ ɰɜɟɬɧɵɟ ɩɪɨɲɢɜɧɵɟ ɧɢ-
ɬɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɛɥɚ-
ɫɬɟɣ ɜ ɦɚɬɟɪɢɚɥɟ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ ɦɭɥɶ-
ɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ, ɹɜɥɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɭɤɥɚɞɤɢ ɫɥɨɟɜ, ɩɨɜɟɪɯɧɨɫɬɧɚɹ 
ɩɥɨɬɧɨɫɬɶ ɬɤɚɧɢ, ɬɢɩ ɜɨɥɨɤɨɧ, ɧɚɬɹɠɟɧɢɟ ɜɨɥɨɤɨɧ ɢ ɫɯɟɦɚ ɩɪɨɲɢɜɤɢ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɬɤɚɧɹɦɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 
ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɫ ɨɞɢɧɚɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɱɚɫɬɨ ɢɦɟɸɬ ɛɨɥɟɟ 
ɜɵɫɨɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɢɡɝɢɛɟ ɢ ɫɠɚɬɢɢ) – 
ɧɚ ɭɪɨɜɧɟ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɠɝɭɬɨɜɵɯ ɩɪɟɩɪɟɝɨɜ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɜɵɫɨ-
ɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɩɟɪɟɦɟɧɧɵɦ ɧɚɝɪɭɡɤɚɦ. 

Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɢ ɩɪɨɲɢɜɧɵɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɬɤɚɧɢ ɫ ɜɵɫɨɤɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɛɨɥɶɲɨɣ 
ɬɨɥɳɢɧɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɞɪɚɩɢɪɭɟɦɨɫɬɶɸ ɢ 
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ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɤɪɢɜɢɡɧɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɢ ɞɥɢɧɵ 
ɩɪɨɲɢɜɧɵɯ ɫɬɟɠɤɨɜ ɬɤɚɧɢ ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɞɪɚɩɢɪɭɟɦɨɫɬɢ. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɚɥɢɱɢɟ ɩɨɥɢɷɮɢɪɧɵɯ 
ɧɢɬɟɣ ɜ ɦɚɬɟɪɢɚɥɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɫɥɨɠɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɧɢɡɤɭɸ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɬɤɚɧɟɣ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɫɬɨɢɦɨɫɬɢ ɬɤɚɧɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶ-
ɧɵɯ ɝɢɛɪɢɞɧɵɯ ɬɤɚɧɟɣ ɧɟɨɛɯɨɞɢɦɚ ɬɳɚɬɟɥɶɧɚɹ ɨɬɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɩɢɬɤɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɢɧɮɭɡɢɨɧɧɵɦ ɬɟɯɧɨ-
ɥɨɝɢɹɦ Д10Ж, ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɭɞɚɪɧɵɦ ɢ ɩɟɪɟɦɟɧɧɵɦ ɧɚɝɪɭɡɤɚɦ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɨ ɩɪɟɩɪɟɝɨɜɨɣ ɬɟɯɧɨɥɨ-
ɝɢɢ, ɩɨ ɩɪɢɱɢɧɟ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɢ ɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ (ɧɢɡɤɨɣ ɜɹɡɤɨɫɬɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɬ. ɞ.), ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɳɚɞɢ ɩɨɜɪɟɠɞɟɧɢɣ Д9Ж. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ ɤ ɪɟɲɟɧɢɸ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ. ɇɚɩɪɢɦɟɪ, ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɤɚɧɟɣ (ɢɥɢ ɩɥɟɬɟ-
ɧɵɯ 2D-ɮɨɪɦ) ɩɨɜɵɲɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɭɞɚɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɦɩɨ-
ɡɢɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɧɚ ɨɫɧɨɜɟ ɠɝɭɬɨɜɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɢɥɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ 
ɬɤɚɧɟɣ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɪɨɫɬ ɬɪɟɳɢɧ ɢ ɫɨɤɪɚɳɚɟɬ ɩɥɨɳɚɞɶ ɩɨɜɪɟɠɞɟɧɢɣ. ȼɬɨɪɵɦ ɡɧɚ-
ɱɢɦɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɭɞɚɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɮɭɡɢɨɧɧɵɯ ɫɜɹɡɭɸɳɢɯ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɧɢɡɤɨɜɹɡ-
ɤɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɦɚɬɟɪɢɚɥɚɦɢ ɢɡ ɬɟɪɦɨɩɥɚɫɬɨɜ (ɧɚɩɪɢɦɟɪ, ɩɨɥɢɚɦɢɞɚ ɢɥɢ ɩɨ-
ɥɢɫɭɥɶɮɨɧɚ) ɜ ɜɢɞɟ ɩɨɪɨɲɤɨɜ, ɧɟɬɤɚɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɜɜɟɞɟɧɢɟ ɬɨɧɤɢɯ ɠɝɭɬɨɜ ɢɡ 
ɬɟɪɦɨɩɥɚɫɬɨɜ ɜ ɬɟɤɫɬɢɥɶɧɭɸ ɩɪɟɮɨɪɦɭ Д9Ж. 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɮɭɡɢ-
ɨɧɧɵɯ ɫɜɹɡɭɸɳɢɯ ɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɛɢɧɞɟɪɵ Д11Ж. 
ȼɜɟɞɟɧɢɟ ɛɢɧɞɟɪɚ ɜɨɡɦɨɠɧɨ ɦɟɠɞɭ ɫɥɨɹɦɢ ɬɤɚɧɢ ɢɥɢ ɩɭɬɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɧɟɫɟ-
ɧɢɹ ɧɚ ɜɨɥɨɤɧɨ. ɉɪɢɦɟɧɟɧɢɟ ɛɢɧɞɟɪɚ ɩɨɜɵɲɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɤɫɬɢɥɶɧɨɣ ɡɚɝɨɬɨɜɤɢ, 
ɨɞɧɚɤɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɫɦɟɳɟɧɢɸ ɫɥɨɟɜ ɜ ɩɪɨɰɟɫɫɟ ɞɪɚɩɢɪɨɜɤɢ ɬɤɚɧɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɧɟɞɨɫɬɚɬɤɢ ɢɧɮɭɡɢɨɧɧɵɯ ɫɜɹɡɭɸɳɢɯ, ɨɫɧɨɜɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ, ɩɨ 
ɤɨɬɨɪɵɦ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢ-
ɤɢ, ɨɫɬɚɸɬɫɹ ɢɧɮɭɡɢɨɧɧɵɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɩɨɞɨɛɧɵɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ – ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɛɨɥɶɲɨɣ ɤɪɢɜɢɡɧɵ ɢ ɛɵɫɬɪɵɣ ɧɚɛɨɪ ɬɨɥɳɢɧɵ ɞɟɬɚɥɢ ɩɪɢ ɩɨɫɥɨɣɧɨɣ 
ɜɵɤɥɚɞɤɟ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɢɧɮɭɡɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ 
ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɞɚɧɢɹ ɧɭɠɧɨɣ ɮɨɪɦɵ ɚɪɦɢɪɭɸɳɟɦɭ ɧɚɩɨɥɧɢɬɟɥɸ ɜ «ɫɭɯɨɦ» 
ɜɢɞɟ ɛɟɡ ɩɨɹɜɥɟɧɢɹ ɫɤɥɚɞɨɤ ɢ ɡɚɥɨɦɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɩɨɜɥɢɹɬɶ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɞɧɚɤɨ ɜɨ ɜɪɟɦɹ ɞɪɚɩɢɪɨɜɤɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶ-
ɧɵɯ ɬɤɚɧɟɣ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɫɦɟɳɟɧɢɟ ɫɥɨɟɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɝɭɬ 
ɢɡɦɟɧɢɬɶɫɹ ɢɯ ɨɪɢɟɧɬɚɰɢɹ ɢ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ. ɉɨɞɨɛɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɥɟɞɭɟɬ 
ɭɱɢɬɵɜɚɬɶ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ Д9Ж. 

 
ɉɪиɦɟɧɟɧиɟ ɭɝɥɟɪɨɞɧɵɯ ɦɭɥьɬиɚɤɫиɚɥьɧɵɯ ɬɤɚɧɟɣ  

ɞɥя иɡɞɟɥиɣ ɚвиɚɰиɨɧɧɨɣ ɬɟɯɧиɤи 
ȼ ɚɜɢɚɰɢɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɨɜ 

ɫɚɦɨɥɟɬɨɜ ɢ ɜɟɪɬɨɥɟɬɨɜ, ɧɟɫɭɳɢɯ ɢ ɪɭɥɟɜɵɯ ɜɢɧɬɨɜ ɜɟɪɬɨɥɟɬɨɜ, ɤɪɵɥɶɟɜ, ɨɛɬɟɤɚɬɟɥɟɣ ɢ 
ɩɚɫɫɚɠɢɪɫɤɢɯ ɫɢɞɟɧɢɣ Д4Ж. 
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ɍɞɚɱɧɵɦɢ ɩɪɢɦɟɪɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɜ ɚɜɢɚɰɢɢ ɹɜɥɹɸɬ-
ɫɹ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɞɧɟɝɨ ɝɟɪɦɨɲɩɚɧɝɨɭɬɚ ɫɚɦɨɥɟɬɚ Airbus A380 (ɪɢɫ. 6) ɢ ɞɜɟɪɢ ɝɪɭɡɨ-
ɜɨɝɨ ɨɬɫɟɤɚ ɫɚɦɨɥɟɬɚ A400M (ɪɢɫ. 7). 

 

 
Ɋɢɫ. 6. Ɋɚɡɦɟɳɟɧɢɟ ɩɪɟɮɨɪɦɵ ɢɡ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ ɧɚ ɨɫɧɚɫɬɤɟ 

ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɡɚɞɧɟɝɨ ɝɟɪɦɨɲɩɚɧɝɨɭɬɚ ɫɚɦɨɥɟɬɚ A380 Д9Ж 
 
ȼɩɟɪɜɵɟ ɡɚɞɧɢɣ ɝɟɪɦɨɲɩɚɧɝɨɭɬ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɩɨɥɢɦɟɪɧɨɣ 

ɦɚɬɪɢɰɟɣ ɛɵɥ ɢɡɝɨɬɨɜɥɟɧ ɞɥɹ ɫɚɦɨɥɟɬɚ Airbus A340-500/600. ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɥɟɬɚ 
A340 ɩɪɢɦɟɧɟɧɵ ɩɪɟɩɪɟɝ ɧɚ ɨɫɧɨɜɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɤɚɧɢ ɢ ɪɭɱɧɚɹ ɜɵɤɥɚɞɤɚ, 
ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ ɫɚɦɨɥɟɬɨɜ – ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɢɡ ɭɝɥɟ-
ɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ, ɚ ɭɠɟ ɞɥɹ ɫɚɦɨɥɟɬɚ A380 ɢɡɝɨɬɨɜɥɟɧɚ ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɤɪɭɩɧɵɯ ɞɟɬɚɥɟɣ 
ɧɚ ɨɫɧɨɜɟ ɦɭɥɶɬɢɚɤɫɢɥɶɧɨɣ ɬɤɚɧɢ ɜ ɢɡɞɟɥɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ – ɡɚɞɧɢɣ ɝɟɪ-
ɦɨɲɩɚɧɝɨɭɬ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɫɭɳɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɜ ɜɢɞɟ ɤɭɩɨɥɨɨɛɪɚɡ-
ɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɫ ɪɟɛɪɚɦɢ ɠɟɫɬɤɨɫɬɢ. 

 

 
Ɋɢɫ. 7. ɉɪɨɢɡɜɨɞɫɬɜɨ ɡɚɞɧɟɣ ɞɜɟɪɢ ɝɪɭɡɨɜɨɝɨ ɨɬɫɟɤɚ ɫɚɦɨɥɟɬɚ AТrЛЮs A400ε Д9Ж 

 
ɉɪɟɮɨɪɦɭ ɞɥɹ ɷɬɨɣ ɞɟɬɚɥɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɧɚ ɨɫɧɨɜɟ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɩɪɨɲɢɜ-

ɧɵɯ ɬɤɚɧɟɣ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɫɥɨɟɜ 0° (ɜɟɪɯɧɢɣ ɫɥɨɣ) ɢ 90° (ɧɢɠɧɢɣ ɫɥɨɣ) ɢɡ ɜɵɫɨɤɨɦɨ-
ɞɭɥɶɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɧɨɦɢɧɚɥɨɦ 6K ɢ 12K ɮɢɪɦɵ Teijin Carbon America, Inc. 
Ɍɤɚɧɢ ɩɪɨɢɡɜɨɞɢɬ ɩɨɞɪɚɡɞɟɥɟɧɢɟ ɧɟɦɟɰɤɨɣ ɤɨɦɩɚɧɢɢ Saertex USA LLC. Ɍɟɯɧɨɥɨɝɢɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɟɪɦɨɲɩɚɧɝɨɭɬɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɨɩɟɪɚɰɢɟɣ Airbus, European Aeronautic 
Defense and Space Co (EADS) Innovation Works (ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ Airbus Group), Saer-
tex GmbH ɢ KSL Keilmann GmbH Д12Ж. Ɍɤɚɧɶ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɦɚɪɤɢ 
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Liba (ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ – Karl Mayer) Д13Ж. ɒɟɫɬɶ ɩɨɥɨɬɟɧ ɬɤɚɧɢ ɲɢɪɢɧɨɣ 1270 ɦɦ 
ɫɲɢɜɚɸɬɫɹ ɧɚ ɩɨɪɬɚɥɶɧɨɣ ɲɜɟɣɧɨɣ ɦɚɲɢɧɟ ɫɥɟɩɨɣ ɫɬɪɨɱɤɨɣ, ɫ ɩɟɪɟɤɪɵɬɢɟɦ 25 ɦɦ, ɨɛ-
ɪɚɡɭɹ ɟɞɢɧɨɟ ɩɨɥɨɬɧɢɳɟ ɲɢɪɢɧɨɣ 7 ɦ ɢ ɞɥɢɧɨɣ 7,4 ɦ. ɉɪɨɩɢɬɤɚ ɩɪɟɮɨɪɦɵ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ RFI ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɥɟɧɤɢ ɫɜɹɡɭɸɳɟɝɨ CYCOM 977-2. ɒɟɫɬɶ 
ɩɨɥɨɬɧɢɳ ɬɤɚɧɢ ɩɨɦɟɳɚɸɬɫɹ ɧɚ ɩɥɟɧɤɭ ɫɜɹɡɭɸɳɟɝɨ, ɪɚɡɦɟɳɟɧɧɭɸ ɧɚ ɫɬɚɥɶɧɨɣ ɮɨɪ-
ɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɟ. ɇɚ ɩɪɟɮɨɪɦɭ ɩɨɦɟɳɚɸɬɫɹ ɫɥɨɢ ɭɝɥɟɩɪɟɩɪɟɝɚ ɞɥɹ ɭɫɢɥɟɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɫɥɟ ɱɟɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɜɵɣ ɷɬɚɩ ɨɬɜɟɪɠɞɟ-
ɧɢɹ. Ʉ ɨɬɜɟɪɠɞɟɧɧɨɣ ɜ ɚɜɬɨɤɥɚɜɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɨɥɳɢɧɨɣ 3 ɦɦ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɫɬɪɢɧ-
ɝɟɪɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 15 ɲɬ., ɩɨɦɟɳɚɸɬɫɹ ɞɜɚ ɫɥɨɹ ɫɬɟɤɥɨɩɪɟɩɪɟɝɚ ɩɨ ɩɟɪɢɦɟɬɪɭ ɞɟɬɚɥɢ, 
ɩɨɫɥɟ ɱɟɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɮɨɪɦɨɜɚɧɢɟ ɜ ɚɜɬɨɤɥɚɜɟ. Ƚɨɬɨɜɚɹ ɩɟɪɟɝɨɪɨɞ-
ɤɚ ɪɚɡɦɟɪɨɦ 6,2×5,5 ɦ ɢɦɟɟɬ ɦɚɫɫɭ з240 ɤɝ Д9, 14Ж. 

Ɂɚɞɧɹɹ ɜɟɪɯɧɹɹ ɝɪɭɡɨɜɚɹ ɞɜɟɪɶ ɜɨɟɧɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɫɚɦɨɥɟɬɚ 
Airbus A400M ɢɦɟɟɬ ɪɚɡɦɟɪɵ 7 ɦ ɜ ɞɥɢɧɭ ɢ 4 ɦ ɜ ɲɢɪɢɧɭ ɢ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ 
ɭɝɥɟɪɨɞɧɨɣ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɨɣ ɬɤɚɧɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɭɫɢɥɟɧɢɟɦ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ 
ɬɤɚɧɶɸ Hexcel Д15Ж. Ʉɨɧɫɬɪɭɤɰɢɸ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɩɨ ɛɟɡɚɜɬɨɤɥɚɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ Д16Ж – 
ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ VAP (Vacuum Assisted Process), ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɮɢɪɦɚɦɢ EADS Military Air Systems (Airbus Group) ɢ Premium Aerotec Д17Ж, ɫ ɩɨɫɥɟɞɭ-
ɸɳɢɦ ɨɬɜɟɪɠɞɟɧɢɟɦ ɜ ɩɟɱɢ. ɉɪɟɮɨɪɦɭ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɨɬɟɧ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɨɣ ɬɤɚ-
ɧɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ Saertex ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɫɥɨɟɜ 0°/90° ɢ ±45° ɜɵɤɥɚɞɵɜɚɸɬ ɧɚ 
ɤɨɦɩɨɡɢɰɢɨɧɧɭɸ ɨɫɧɚɫɬɤɭ, ɧɚ ɧɟɟ ɩɨɦɟɳɚɸɬ ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɫɬɪɢɧɝɟɪɵ 
ɜ ɤɨɥɢɱɟɫɬɜɟ 16 ɲɬ. ɋɬɪɢɧɝɟɪɵ ɬɚɤɠɟ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɤɨɦɛɢɧɚɰɢɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɨɣ 
ɬɤɚɧɢ Saertex ɢ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɬɤɚɧɢ Hexcel. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɬɪɢɧɝɟɪɵ ɫɨɯɪɚɧɹɥɢ 
ɮɨɪɦɭ ɩɪɢ ɜɵɤɥɚɞɤɟ, ɱɚɫɬɶ ɬɤɚɧɟɣ ɞɭɛɥɢɪɭɸɬ ɩɨɥɢɚɦɢɞɧɨɣ ɜɭɚɥɶɸ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 
ɭɞɟɪɠɢɜɚɬɶ ɮɨɪɦɭ ɫɬɪɢɧɝɟɪɨɜ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɨ ɜɪɟɦɹ ɫɛɨɪɤɢ. ɉɪɨɩɢɬɤɭ ɩɪɟɮɨɪɦɵ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɜɹɡɭɸɳɢɦ PTM-6 Hexcel, ɩɨɫɥɟ ɱɟɝɨ ɫɥɟɞɭɸɬ ɜɚɤɭɭɦɢɪɨɜɚɧɢɟ ɢ ɨɬɜɟɪ-
ɠɞɟɧɢɟ ɜ ɩɟɱɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɷɤɨɧɨɦɢɹ ɩɨ-
ɪɹɞɤɚ 3000 ɤɪɟɩɟɠɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɨɜɚɥɢɫɶ ɛɵ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɫɬɪɢɧɝɟɪɨɜ 
ɤ ɜɧɟɲɧɟɣ ɨɛɲɢɜɤɟ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɬɪɭɞɨɡɚɬɪɚɬɚɯ, ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟ-
ɧɢɹ ɢ ɫɬɨɢɦɨɫɬɢ ɪɚɛɨɬ, ɚ ɬɚɤɠɟ ɧɚ ɭɜɟɥɢɱɟɧɢɢ ɜɟɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɞɟɥɢɹ Д9, 18Ж. 

ɉɨ ɬɟɯɧɨɥɨɝɢɢ VAP ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɢ ɷɩɨɤɫɢɞ-
ɧɵɯ ɫɜɹɡɭɸɳɢɯ ɮɢɪɦɚ Premium Aerotec ɩɪɨɢɡɜɨɞɢɬ ɬɚɤɠɟ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɞɟɬɚɥɢ 
ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ. 

 
Ɇиɪɨвɵɟ ɩɪɨиɡвɨɞиɬɟɥи ɦɭɥьɬиɚɤɫиɚɥьɧɵɯ ɬɤɚɧɟɣ 

ɞɥя иɡɞɟɥиɣ ɚвиɚɰиɨɧɧɨɣ ɬɟɯɧиɤи 
Ɋɚɡɪɚɛɨɬɤɨɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɡɚɧɢɦɚɸɬɫɹ ɦɧɨɝɢɟ ɜɟ-

ɞɭɳɢɟ ɤɨɦɩɚɧɢɢ, ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɢɟɫɹ ɧɚ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɹɯ ɞɥɹ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɟ ɤɚɤ A&P TОМСnoloРв (ɋɒȺ) Д19Ж, HОбМОl Corporation (ɋɒȺ) 
(ɥɢɧɟɣɤɚ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ HiMax™) Д20Ж, Zoltek (ɋɒȺ) Д21Ж, SGL Carbon 
(Ƚɟɪɦɚɧɢɹ) Д22Ж, PGTEX (Ʉɢɬɚɣ) Д7Ж. 

Selcom SRL Multiaxial Technology (ɂɬɚɥɢɹ) Д8Ж – ɜɟɞɭɳɚɹ ɤɨɦɩɚɧɢɹ, ɫɩɟɰɢɚɥɢɡɢ-
ɪɭɸɳɚɹɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɢɡ ɭɝɥɟɪɨɞɧɵɯ, ɚɪɚɦɢɞɧɵɯ, ɫɬɟɤ-
ɥɹɧɧɵɯ, ɛɚɡɚɥɶɬɨɜɵɯ ɢ ɞɪɭɝɢɯ ɜɨɥɨɤɨɧ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. 
ɂɦɟɹ 30-ɥɟɬɧɢɣ ɨɩɵɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɬɟɤɫɬɢɥɹ, ɫ 1992 ɝ. ɤɨɦɩɚɧɢɹ ɩɟɪɟ-
ɨɪɢɟɧɬɢɪɨɜɚɥɚɫɶ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɬɟɤɥɨɬɤɚɧɟɣ ɞɥɹ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɇɚ ɦɨɳɧɨɫɬɹɯ ɤɨɦɩɚɧɢɢ ɛɵɥɚ ɡɚɩɭɳɟɧɚ ɩɟɪɜɚɹ ɜ ɂɬɚɥɢɢ 
ɩɪɨɦɵɲɥɟɧɧɚɹ ɥɢɧɢɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ. Ʉ 2012 ɝ. ɩɪɨɢɡɜɨɞ-
ɫɬɜɨ ɪɚɫɲɢɪɢɥɨɫɶ ɞɨ 9 ɥɢɧɢɣ ɫ ɦɨɳɧɨɫɬɶɸ 2500 ɬ – ɩɨ ɫɬɟɤɥɨɬɤɚɧɢ ɢ 50 ɬ – ɩɨ ɭɝɥɟ-
ɪɨɞɧɨɣ ɬɤɚɧɢ. Ʉ 2017–2018 ɝɝ. ɤɨɦɩɚɧɢɹ ɜɵɲɥɚ ɧɚ ɦɨɳɧɨɫɬɶ 3800 ɬ – ɩɨ ɫɬɟɤɥɨ-
ɬɤɚɧɹɦ, 300 ɬ – ɩɨ ɭɝɥɟɬɤɚɧɹɦ ɢ 100 ɬ – ɩɨ ɬɤɚɧɹɦ ɧɚ ɨɫɧɨɜɟ ɞɪɭɝɢɯ ɜɨɥɨɤɨɧ. ȼ ɧɚɫɬɨɹ-
ɳɟɟ ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ 14 ɥɢɧɢɹɯ. 
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Ɍɤɚɧɢ ɤɨɦɩɚɧɢɢ Selcom ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɢ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɜɟɬɪɨɷɧɟɪɝɟɬɢɤɟ, ɩɪɨɢɡɜɨɞ-
ɫɬɜɟ ɫɩɨɪɬɢɜɧɨɝɨ ɢɧɜɟɧɬɚɪɹ, ɫɪɟɞɫɬɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ, ɫɭɞɨɫɬɪɨɟɧɢɢ ɢ ɬ. ɞ. 
Ɍɤɚɧɢ ɩɪɨɢɡɜɨɞɹɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɨɬ 50 ɞɨ 1200 ɝ/ɦ2 (ɞɥɹ ɭɝɥɟɪɨɞɧɵɯ 
ɬɤɚɧɟɣ) ɢ ɨɬ 200 ɞɨ 3000 ɝ/ɦ2 (ɞɥɹ ɫɬɟɤɥɨɬɤɚɧɟɣ) ɢ ɲɢɪɢɧɨɣ ɨɬ 1270 ɞɨ 2540 ɦɦ ɢɥɢ ɦɨ-
ɝɭɬ ɛɵɬɶ ɩɨɪɟɡɚɧɵ ɧɚ ɥɟɧɬɵ. 

ȼ ɚɫɫɨɪɬɢɦɟɧɬɟ ɤɨɦɩɚɧɢɢ ɢɦɟɸɬɫɹ ɭɝɥɟɪɨɞɧɵɟ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ, ɩɪɟɞ-
ɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɜɨɥɨɤɨɧ ɫ ɪɚɡɥɢɱɧɵɦ ɚɩɩɪɟɬɨɦ (ɧɟɧɚɫɵɳɟɧɧɵɣ ɩɨɥɢɷɮɢɪɧɵɣ, 
ɜɢɧɢɥɷɮɢɪɧɵɣ, ɷɩɨɤɫɢɞɧɵɣ, ɩɨɥɢɭɪɟɬɚɧɨɜɵɣ, ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɵɣ) ɢ ɫ ɪɚɡɥɢɱɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ: ɨɬ 50 ɞɨ 1200 ɝ/ɦ2 – ɞɥɹ ɛɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ, ɨɬ 225  
ɞɨ 900 ɝ/ɦ2 – ɞɥɹ ɬɪɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɢ ɨɬ 300 ɞɨ 800 ɝ/ɦ2 – ɞɥɹ ɤɜɚɞɪɨɚɤɫɢɥɶɧɵɯ 
ɬɤɚɧɟɣ. 

Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɤɨɦɩɚɧɢɢ Selcom ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɭɳɟɧɵ ɫ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ: 

– ɤɨɦɛɢɧɢɪɨɜɚɧɵ ɫɥɨɹɦɢ ɧɟɬɤɚɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (10–100 ɝ/ɦ2) ɢɥɢ ɦɚɬɨɦ ɢɡ ɲɬɚɩɟɥɶ-
ɧɨɝɨ ɜɨɥɨɤɧɚ (50–450 ɝ/ɦ2); 

– ɩɨɪɨɲɤɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ; 
– ɷɩɨɤɫɢɞɧɵɦ ɤɥɟɣɤɢɦ ɩɨɤɪɵɬɢɟɦ. 

Ƚɪɭɩɩɚ ɤɨɦɩɚɧɢɣ Saertex (Ƚɟɪɦɚɧɢɹ), ɨɫɧɨɜɚɧɧɚɹ ɜ 1982 ɝ., ɧɚɱɚɥɚ ɫɜɨɟ ɪɚɡɜɢɬɢɟ 
ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɬɟɤɫɬɢɥɹ – ɩɪɨɲɢɜɧɵɯ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɞɥɹ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ. ɋ 1990 ɝ. ɤɨɦɩɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬ 
ɬɤɚɧɢ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɨɫɬɚɜ ɤɨɦɩɚɧɢɢ SКОrЭОб 
Group ɜɯɨɞɹɬ 14 ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 9 ɫɬɪɚɧɚɯ: ЮȺɊ, 
ɋɒȺ, Ɏɪɚɧɰɢɹ, ɂɧɞɢɹ, Ƚɟɪɦɚɧɢɹ, ɉɨɪɬɭɝɚɥɢɹ, Ʉɢɬɚɣ, Ȼɪɚɡɢɥɢɹ ɢ Ɍɭɪɰɢɹ. Ɇɚɬɟɪɢɚ-
ɥɵ, ɩɪɨɢɡɜɨɞɢɦɵɟ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɤɨɦɩɚɧɢɢ SКОrЭОб, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɤɨɧ-
ɫɬɪɭɢɪɨɜɚɧɢɢ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɜ ɫɭɞɨɫɬɪɨɢɬɟɥɶɧɨɣ, ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨ-
ɫɬɢ ɢ ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɢ. Ʉɨɦɩɚɧɢɹ ɩɪɟɞɥɚɝɚɟɬ ɬɤɚɧɢ ɩɨɞ ɦɚɪɤɚɦɢ SAERTEБ  
ɢ SAERTτА. 

ȼ ɚɫɫɨɪɬɢɦɟɧɬɟ ɤɨɦɩɚɧɢɢ SКОrЭОб ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɨɥɟɟ 3000 ɜɚɪɢɚɧɬɨɜ ɩɪɨɲɢɜ-
ɧɵɯ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ SAERTEX, ɩɨɥɭɱɚɟɦɵɯ ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɫɬɟɤɥɹɧ-
ɧɵɯ, ɭɝɥɟɪɨɞɧɵɯ ɢ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ, ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɥɨɬɧɨ-
ɫɬɟɣ (ɞɨ 4000 ɝ/ɦ2), ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɝɥɚɦɢ ɨɪɢɟɧɬɚɰɢɢ (ɨɬ –22,5° ɞɨ +22,5°) ɢ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ 3810 ɦɦ. ɋɬɚɧɞɚɪɬɧɵɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɬɤɚɧɢ SAERTEX ɢɦɟɸɬ 
ɨɪɢɟɧɬɚɰɢɸ ɫɥɨɹ 0° ɢɥɢ 90°, ɛɢɚɤɫɢɚɥɶɧɵɟ 0°/90° ɢɥɢ ±45°, ɬɪɢɚɤɫɢɚɥɶɧɵɟ 0°/±45° ɢɥɢ 
90°/±45°, ɤɜɚɞɪɨɚɤɫɢɚɥɶɧɵɟ 0°/±45°/90°. Ⱥɪɦɢɪɭɸɳɢɟ ɧɚɩɨɥɧɢɬɟɥɢ SAERTEX ɫɨɜɦɟ-
ɫɬɢɦɵ ɫɨ ɦɧɨɝɢɦɢ ɬɢɩɚɦɢ ɫɜɹɡɭɸɳɢɯ – ɷɩɨɤɫɢɞɧɵɦɢ, ɩɨɥɢɷɮɢɪɧɵɦɢ, ɜɢɧɢɥɷɮɢɪɧɵ-
ɦɢ, ɩɨɥɢɭɪɟɬɚɧɨɜɵɦɢ, ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɵɦɢ, ɩɨɥɢɚɦɢɞɧɵɦɢ ɢ ɞɪ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɬɤɚɧɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ɭɝɥɟɪɨɞɧɨɟ ɜɨɥɨɤɧɨ Panex 35 ɮɢɪɦɵ Zoltek. 

ɂɡ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ ɤɨɦɩɚɧɢɢ Saertex ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɬɚɤɢɟ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɤɚɤ ɫɬɪɢɧɝɟɪɵ, ɨɛɬɟɤɚɬɟɥɢ, ɩɟɪɟɝɨɪɨɞɤɢ, 
ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɵɥɚ. ȼ 2020 ɝ. ɤɨɦɩɚɧɢɹ Saertex ɩɨɞɩɢɫɚɥɚ 10-ɥɟɬɧɢɣ ɤɨɧ-
ɬɪɚɤɬ ɫ ɤɨɦɩɚɧɢɟɣ Safran Nacelles Д23Ж, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɤɨɦɩɚɧɢɹ Saertex ɛɭɞɟɬ ɩɨ-
ɫɬɚɜɥɹɬɶ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɢɡ ɭɝɥɟɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚ ɢɯ ɨɫ-
ɧɨɜɟ ɩɨ ɢɧɮɭɡɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɦɨɬɨɝɨɧɞɨɥɵ ɞɜɢɝɚɬɟɥɟɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɚɦɨɥɟɬɨɜ. 

Ʉɨɦɩɚɧɢɹ Chomarat (Ɏɪɚɧɰɢɹ) Д24Ж, ɨɫɧɨɜɚɧɧɚɹ ɜ 1898 ɝ., ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɜɨɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɧɚ ɱɟɬɵɪɟɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɤɚɯ ɜɨ Ɏɪɚɧ-
ɰɢɢ, Ɍɭɧɢɫɟ, ɋɒȺ ɢ Ʉɢɬɚɟ. 
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ȼ ɚɫɫɨɪɬɢɦɟɧɬɟ ɤɨɦɩɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɤɚ-
ɧɟɣ, ɩɥɟɬɟɧɵɯ ɩɪɟɮɨɪɦ, ɷɫɬɟɬɢɱɟɫɤɢɯ ɬɤɚɧɟɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɜɨ-
ɥɨɤɨɧ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. ȼ ɥɢɧɟɣɤɟ ɬɤɚɧɟɣ ɋ-Plв™ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɨɬ 50 ɞɨ 
600 ɝ/ɦ2. Ɍɤɚɧɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɜɨɥɨɤɨɧ ɧɨɦɢɧɚɥɨɦ 12K, 24K, 48K ɢ 50K, ɜɵɫɨɤɨ-
ɩɪɨɱɧɵɯ, ɫɪɟɞɧɟɦɨɞɭɥɶɧɵɯ ɢ ɜɵɫɨɤɨɦɨɞɭɥɶɧɵɯ – ɧɚɩɪɢɦɟɪ, ɦɚɪɨɤ Toray T700S 12K, 
T700SC 12K, T700SC 24K, Zoltek Panex 35 50K ɢ Mitsubishi TRW40 50K. Ɍɤɚɧɢ ɤɨɦɩɚ-
ɧɢɢ Chomarat ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɨɫɧɨɜɧɵɯ ɢ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɥɟɬɚɬɟɥɶɧɵɯ 
ɚɩɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɞɟɬɚɥɟɣ ɢɧɬɟɪɶɟɪɚ ɫɚɦɨɥɟɬɨɜ. Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɜɨɫɬɪɟ-
ɛɨɜɚɧɵ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɤɪɢɜɢɡɧɵ. 

ɇɚ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɤɨɦɩɚɧɢɢ Chomarat ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɨɡɦɨɠɧɨ 
ɧɚɧɟɫɟɧɢɟ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɪɨɲɤɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɫ ɩɥɨɬɧɨɫɬɶɸ ɨɬ 5 ɞɨ 30 ɝ/ɦ2 (ɫ ɨɞɧɨɣ 
ɢɥɢ ɞɜɭɯ ɫɬɨɪɨɧ) ɢ ɩɨɤɪɵɬɢɣ ɢɡ ɜɭɚɥɟɣ (ɩɨɥɢɷɮɢɪ, ɫɬɟɤɥɨ ɢ ɬ. ɞ.). 

Ʉɨɦɩɚɧɢɹ VБ AОrosЩКМО Д25Ж ɩɪɢɦɟɧɹɟɬ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɨɦɩɚɧɢɢ Chomarat North America ɞɥɹ ɞɪɨɧɚ VX-1 KittyHawk ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɵɥɚ,  
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ, ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɤɢɥɹ ɢ ɪɭɥɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ Д26Ж. 

Ʉɨɦɩɚɧɢɹ Sigmatex (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) Д27Ж, ɨɫɧɨɜɚɧɧɚɹ ɜ 1986 ɝ., ɞɨ ɧɚɫɬɨɹɳɟɝɨ 
ɜɪɟɦɟɧɢ ɡɚɧɢɦɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɤɨɦ-
ɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɬɚɧɞɚɪɬɧɵɯ 2D-ɬɤɚɧɟɣ, 
3D-ɮɨɪɦ, ɬɟɤɫɬɢɥɶɧɵɯ ɮɨɪɦ ɢɡ ɩɥɨɳɟɧɵɯ ɠɝɭɬɨɜ, ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɢ ɦɭɥɶɬɢɚɤɫɢ-
ɚɥɶɧɵɯ ɬɤɚɧɟɣ. 

Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɢ ɫɪɟɞɧɟɦɨɞɭɥɶɧɵɯ ɜɨɥɨɤɨɧ ɩɪɨ-
ɢɡɜɨɞɹɬɫɹ ɤɨɦɩɚɧɢɟɣ SТРЦКЭОб ɜ ɲɢɪɨɤɨɦ ɚɫɫɨɪɬɢɦɟɧɬɟ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 
ɫɥɨɟɜ ɨɬ 50 ɝ/ɦ2 ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɬɤɚɧɟɣ ɨɬ 100 ɞɨ 2000 ɝ/ɦ2. ȼɨɡɦɨɠɧɨ ɢɡ-
ɝɨɬɨɜɥɟɧɢɟ ɬɤɚɧɟɣ ɢɡ 9 ɫɥɨɟɜ ɫ ɪɚɡɥɢɱɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɲɢɪɢɧɚ ɬɤɚɧɟɣ 
2540 ɦɦ.  

Ɉɞɢɧ ɢɡ ɦɢɪɨɜɵɯ ɥɢɞɟɪɨɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɭɝɥɟɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ ‒ ɤɨɦɩɚɧɢɹ 
Teijin Ltd (əɩɨɧɢɹ) ɧɚɱɚɥɚ ɫɜɨɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ 1934 ɝ. ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɜɨɥɨɤɨɧ. ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɡɚɧɢɦɚɟɬɫɹ ɫ 1969 ɝ., ɚ ɜɵɩɭɫ-
ɤɨɦ ɬɚɤɢɯ ɜɨɥɨɤɨɧ – ɫ 1972 ɝ. ɋ 1975 ɝ. ɤɨɦɩɚɧɢɹ ɜɵɩɭɫɤɚɥɚ ɭɝɥɟɪɨɞɧɨɟ ɜɨɥɨɤɧɨ ɩɨɞ 
ɦɚɪɤɨɣ Besfight®, ɤɨɬɨɪɨɟ ɜ 2006 ɝ. ɩɟɪɟɢɦɟɧɨɜɚɧɨ ɜ Tenax®. ɍɝɥɟɪɨɞɧɨɟ ɜɨɥɨɤɧɨ 
Tenax ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɜ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ  
ɫ 1987 ɝ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɝɥɟɜɨɥɨɤɧɢɫɬɚɹ ɩɪɨɞɭɤɰɢɹ ɤɨɦɩɚɧɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ  
ɡɚɜɨɞɚɯ ɜ əɩɨɧɢɢ, Ƚɟɪɦɚɧɢɢ ɢ ɋɒȺ. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɦɩɚɧɢɢ Tenax ɹɜɥɹɟɬɫɹ ɩɪɨɢɡ-
ɜɨɞɫɬɜɨ ɚɪɦɢɪɭɸɳɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (Dry Reinforce-
ments Tenax®) Д28Ж, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ, ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ  
ɬɟɤɫɬɢɥɶɧɵɯ ɮɨɪɦ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɢɱɶ ɜɵɫɨɤɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɤɨɦ-
ɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɤɪɢɜɢɡ-
ɧɵ. Ⱦɚɧɧɚɹ ɥɢɧɟɣɤɚ ɧɚɩɨɥɧɢɬɟɥɟɣ ɜɤɥɸɱɚɟɬ ɫɬɚɧɞɚɪɬɧɵɟ (Tenax® Dry Reinforcements 
Woven Fabrics – DRWF) ɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ (Tenax® Dry Reinforcements  
Non-Crimp Fabrics – DRNF). Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɢɡ 
ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɦɚɪɨɤ Tenax®-E HTS45 E23 12K ɢ Tenax®-E IMS65 E23 24K. 
ȼɨɡɦɨɠɧɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɬɚɤɢɯ ɬɤɚɧɟɣ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɫɥɨɟɜ ɞɨ 7 ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬ-
ɧɨɫɬɶɸ ɫɥɨɹ ɨɬ 80 ɝ/ɦ2. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɲɢɪɢɧɚ ɬɤɚɧɟɣ 2540 ɦɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɤɚɧɢ  
ɦɨɝɭɬ ɛɵɬɶ ɩɨɪɟɡɚɧɵ ɧɚ ɩɨɥɨɬɧɚ. 

Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ TОnКб DRσF ɩɪɢɦɟɧɟɧɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɬɟɪɰɟɩɬɨɪɚ 
ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ AТrЛЮs A320nОo (ɪɢɫ. 8), ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ RTε. Ɍɤɚɧɢ 
ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɢɧɮɭɡɢɢ ɢ RTε ɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢɧɬɟɪɰɟɩɬɨɪɚ 
ɤɪɵɥɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɩɨɥɧɢɬɟɥɟɣ ɩɨɥɨɫɬɟɣ. 
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Ɋɢɫ. 8. ɂɧɬɟɪɰɟɩɬɨɪ ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ AТrЛЮs A320nОo Д29Ж 

 
Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɫɲɢɪɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 

ɭɝɥɟɪɨɞɧɵɯ ɬɤɚɧɟɣ ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɜɨɡɦɨɠɧɨ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ 
ɩɪɢ ɭɫɥɨɜɢɢ ɫɧɢɠɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɩɪɟɩɪɟɝɨɜɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɩɪɨɩɢɬɤɢ ɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨ-
ɜɚɧɢɹ Д30Ж. Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɦɨɝɭɬ ɩɨɥɭɱɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɯ 
ɞɨɥɢ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜɵɫɨɤɨɚɜɬɨ-
ɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɥɢɧɢɣ (ɞɥɹ ɪɟɡɤɢ, ɜɵɤɥɚɞɤɢ ɢ ɬ. ɞ.), ɚ ɬɚɤɠɟ ɩɪɢ 
ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫ-
ɧɨɜɟ ɢɧɮɭɡɢɨɧɧɵɯ ɫɜɹɡɭɸɳɢɯ – ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɦɨɞɢɮɢɤɚɰɢɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ 
ɬɤɚɧɟɣ ɬɟɪɦɨɩɥɚɫɬɚɦɢ ɜ ɜɢɞɟ ɩɨɪɨɲɤɨɜ, ɧɟɬɤɚɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɠɝɭɬɨɜ ɢ ɬ. ɩ. ɉɪɢ ɷɬɨɦ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ:  

– ɫɧɢɠɟɧɢɟ ɩɨɞɜɢɠɧɨɫɬɢ ɫɥɨɟɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɜ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɹɯ 
ɩɪɢ ɜɜɟɞɟɧɢɢ ɱɚɫɬɢɰ ɬɟɪɦɨɩɥɚɫɬɚ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɦɵɜɚɧɢɹ/ɪɚɫɬɜɨɪɟɧɢɹ ɱɚɫɬɢɰ ɬɟɪɦɨɩɥɚɫɬɚ ɜ ɩɪɨɰɟɫɫɟ ɢɧɮɭɡɢɢ; 
– ɜɨɡɦɨɠɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɜɥɚɝɢ ɝɢɞɪɨɮɢɥɶɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɬɟɪɦɨɩɥɚɫɬɚ, ɱɬɨ ɩɪɢɜɟ-

ɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɜɥɚɠɧɨɫɬɢ. 
 

Ɂɚɤɥɸчɟɧия 
Ⱥɧɚɥɢɡ ɚɫɫɨɪɬɢɦɟɧɬɚ ɢ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ ɬɤɚɧɟɣ, ɜɵɩɭɫ-

ɤɚɟɦɵɯ ɜɟɞɭɳɢɦɢ ɦɢɪɨɜɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ, ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɷɪɨ-
ɤɨɫɦɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ ɧɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɯ 
ɬɤɚɧɟɣ ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ. Ɉɞɧɚɤɨ ɜ ɧɟɤɨɬɨɪɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɬɟɯɧɢɤɢ, ɬɚɤɢɯ ɤɚɤ ɡɚɞɧɢɣ ɝɟɪɦɨɲɩɚɧɝɨɭɬ ɫɚɦɨɥɟɬɚ Airbus A380 ɢ ɞɜɟɪɶ ɝɪɭɡɨɜɨɝɨ 
ɨɬɫɟɤɚ ɫɚɦɨɥɟɬɚ Airbus A400M, ɩɨɞɨɛɧɵɟ ɬɤɚɧɢ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ. 

Ɇɭɥɶɬɢɚɤɫɢɚɥɶɧɵɟ ɬɤɚɧɢ ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ ɜ 
ɭɝɥɟɩɥɚɫɬɢɤɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɬɟɯɧɨɥɨɝɢɹɦ ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɬɳɚ-
ɬɟɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɬɨɱɧɨɝɨ ɪɚɫɱɟɬɚ ɦɚɬɟɪɢɚɥɚ ɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɨɬɪɚɛɨɬ-
ɤɢ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɩɢɬɤɢ ɢ ɨɬɜɟɪɠɞɟɧɢɹ ɫ ɰɟɥɶɸ ɧɢɜɟɥɢɪɨɜɚɬɶ ɧɟɞɨɫɬɚɬɤɢ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɮɭɡɢɨɧɧɵɯ ɫɜɹɡɭɸɳɢɯ ɢ ɜ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ  
ɪɟɚɥɢɡɨɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɜ ɤɨɧɫɬɪɭɤɰɢɢ. 
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ɍȾɄ 678.8 
 
ɉ.ɇ. Ɍɢɦɨɲɤɨɜ1, ȼ.Ⱥ. Ƚɨɧɱɚɪɨɜ1, Ɇ.ɇ. ɍɫɚɱɟɜɚ1, Ⱥ.ȼ. ɏɪɭɥɶɤɨɜ1 
 
ɊȺɁȼИɌИȿ  ȺȼɌɈɆȺɌИɁИɊɈȼȺɇɇɈɃ  ȼɕɄɅȺȾɄИ:  
ɈɌ  ИɋɌɈɄɈȼ  ȾɈ  ɇȺɒИɏ  ȾɇȿɃ  (ɨɛɡɨɪ) 
ɑɚɫɬь 2. Ⱥвɬɨɦɚɬиɡиɪɨвɚɧɧɚя вɵɤɥɚɞɤɚ вɨɥɨɤɨɧ (AFP)* 
 
DOI: 10.18577/2713-0193-2021-0-3-117-127 
 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɜɨɥɨɤɨɧ (automated fiber placement – AFP) – ɨɞɧɚ ɢɡ 
ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɧɚɫɬɨɹщɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɭɡɤɢɯ ɠɝɭɬɨɜ ɩɪɟɩɪɟɝɚ ɲɢɪɢɧɨɣ 3,2; 6,35 ɢ 12,7 ɦɦ, ɤɨ-
ɬɨɪɵɟ ɨɛɵɱɧɨ ɭɤɥɚɞɵɜɚɸɬ ɜ ɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɩɨɦɨщɶɸ ɫɩɟɰɢɚɥɶɧɨɣ ɝɨɥɨɜ-
ɤɢ. Ɇɟɬɨɞ AFP ɩɨɡɜɨɥɹɟɬ ɜɵɤɥɚɞɵɜɚɬɶ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. ȼɨ 
ɜɬɨɪɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɪɚɫɫɦɨɬɪɟɧɨ ɪɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɢ AFP –  ɨɬ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɟ-
ɬɨɞɚ ɞɨ ɧɚɫɬɨɹщɟɝɨ ɜɪɟɦɟɧɢ, ɞɚɧɨ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɤɥɚɞɤɢ, ɚ ɬɚɤɠɟ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɵɧɤɟ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɜɨɥɨɤɨɧ (automated fiber placement – 
APF), ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɉɄɆ), ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɟɩɪɟɝ, ɚɞɞɢɬɢɜ-
ɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. 

 
P.N. Timoshkov1, V.A. Goncharov1, M.N. Usacheva1, A.V. Khrulkov1 
 
THE  DEVELOPMENT  OF  AUTOMATED  LAYING:  
FROM  THE  BEGINNING  TO  OUR  DAYS  (review) 

Part  2.  Automated  Fiber  Placement  (AFP) 
 

Automated Fiber Placement is one of the main technologies used today for manufacturing of 
modern composite materials from narrow bundles of 3.2; 6.35 and 12.7 mm wide, which are 
usually stacked in one sequence using a special head. AFP allows you to lay out parts with 
complex geometry. The second part considers the development of technology from its origina-
tion to the present day and provides the description of the laying process and modern equipment 
on the market. 

Keywords: automated fiber placement (APF), polymer composite materials (PCM), equip-
ment, prepreg, additive technology. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «All-RЮssТКn SМТОnЭТПТМ RОsОКrМС InsЭТЭЮЭО oП AvТКЭТon εКЭОrТКls» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ, ɫɨɤɪɚɳɟɧɢɹ ɨɬɯɨɞɨɜ ɢ ɭɜɟɥɢɱɟɧɢɹ ɩɨɜɬɨɪɹɟɦɨɫɬɢ. 
Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɧɟɞɪɹɟɬɫɹ ɤɪɭɩɧɵɦɢ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɹɦɢ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɪɚɫɬɭɳɢɟ ɩɨɬɪɟɛɧɨɫɬɢ  
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɲɢɧ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɵɤɥɚɞɤɢ Д1–5]. 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɜɨɥɨɤɨɧ  (automated fiber placement  – AFP)  
ɩɨɯɨɠɚ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɜɵɤɥɚɞɤɭ ɥɟɧɬ (automated tape laying  – ATδ), ɧɨ ɜ ɬɟɯ-
ɧɨɥɨɝɢɢ AFP ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɡɤɚɹ ɩɨɥɨɫɤɚ ɩɪɟɩɪɟɝɚ, ɤɨɬɨɪɚɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɨɫɧɨɜɚɧɢɟ 
ɝɨɥɨɜɤɢ ɭɫɬɚɧɨɜɤɢ Д6Ж. 
 
* ɑɚɫɬɶ 1 – ɫɦ. «Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ», № 2 (63), 2021. 
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ɋɢɫɬɟɦɚ AFP ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɚɡɦɟɳɚɟɬ ɧɟɫɤɨɥɶɤɨ ɨɬɞɟɥɶɧɵɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɨɩɢɬɚɧɧɵɯ ɠɝɭɬɨɜ ɧɚ ɮɨɪɦɟ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ, ɢɫɩɨɥɶɡɭɹ ɝɨɥɨɜɤɭ ɫ ɱɢɫɥɨɜɵɦ 
ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ) ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɡɚɠɢɦɚ, ɨɛɪɟɡɤɢ ɢ ɩɟɪɟɡɚɩɭɫɤɚ 
ɤɚɠɞɨɝɨ ɠɝɭɬɚ ɜɨ ɜɪɟɦɹ ɟɝɨ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɮɨɪɦɟ. Ɇɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɪɟɡɚ (ɫɚɦɚɹ 
ɦɟɧɶɲɚɹ ɞɥɢɧɚ, ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɭɤɥɚɞɵɜɚɬɶ ɦɚɲɢɧɚ) ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɩɪɟ-
ɞɟɥɹɸɳɢɦ ɮɨɪɦɭ ɫɥɨɹ. Ƚɨɥɨɜɤɚ ɞɥɹ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɧɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɤɪɟɩɥɟɧɚ ɤ ɫɭ-
ɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɟ, ɞɨɨɫɧɚɳɟɧɚ ɦɚɲɢɧɨɣ ɞɥɹ ɧɚɦɨɬɤɢ ɜɨɥɨɤɨɧ ɢɥɢ ɩɨɫɬɚɜɥɹɟɬɫɹ ɤɚɤ 
ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɫɢɫɬɟɦɚ Д7Ж. 

 
Ɉɩиɫɚɧиɟ ɬɟɯɧɨɥɨɝии AFP 

ɋɢɫɬɟɦɵ AFP ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɢɫɬɟɦ ATδ ɲɢɪɢɧɨɣ ɭɤɥɚɞɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ 
(ɬɢɩɢɱɧɚɹ ɲɢɪɢɧɚ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɫɢɫɬɟɦ AFP 3,2; 6,35 ɢ 12,7 ɦɦ), ɨɞɧɚɤɨ ɩɨ ɬɟɯɧɨɥɨ-
ɝɢɢ AFP ɨɛɵɱɧɨ ɭɤɥɚɞɵɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɠɝɭɬɨɜ ɜ ɨɞɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɧɚɡɵɜɚɟ-
ɦɵɯ ɩɨɥɨɫɚɦɢ. Ɂɚɬɟɦ ɥɟɧɬɚ ɞɜɢɝɚɟɬɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, 
ɨɛɪɚɡɭɹ ɫɥɨɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɚɧɨɜɤɚ AFP ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɞɨ 32 ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɜɵɤɥɚɞɨɤ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 8, 16, 24, 32) ɫ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɨ 1 ɦ/ɫ (ɪɢɫ. 1) Д8Ж. 
ɋɢɫɬɟɦɚ ɬɚɤɠɟ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɭɫɤɨɪɟɧɢɟ ɩɨ ɥɢɧɟɣɧɵɦ ɨɫɹɦ ɫ ɬɢɩɢɱɧɵɦɢ ɡɧɚɱɟ-
ɧɢɹɦɢ з2 ɦ/ɫ2. ɋɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɢ ɭɫɤɨɪɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɤɨɦɩɚɧɢɢ-ɩɪɨɢɡɜɨɞɢɬɟɥɹ 
ɦɚɲɢɧɵ, ɢ ɩɨɷɬɨɦɭ ɧɟ ɭɤɚɡɵɜɚɸɬɫɹ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɢ ɭɫɤɨɪɟɧɢɹ ɦɨɝɭɬ ɢɦɟɬɶ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɵɤɥɚɞɤɢ ɫɥɨɠɧɵɯ 
ɞɟɬɚɥɟɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵ ɞɥɹ ɫɢɫɬɟɦɵ AFP, ɱɟɦ ɞɥɹ ɫɢɫɬɟɦɵ ATδ. 
ɒɢɪɢɧɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɜɵɥɨɠɟɧɧɵɯ ɠɝɭɬɨɜ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɨɬ ɫɥɨɠɧɨ-
ɫɬɢ ɢ ɥɨɤɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɭɱɚɫɬɤɚ, ɧɚ ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɜɵɤɥɚɞɵɜɚɬɶɫɹ  
ɦɚɬɟɪɢɚɥ, ɩɨɷɬɨɦɭ ɟɝɨ ɲɢɪɢɧɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɠɝɭɬɨɜ ɜɥɢɹɸɬ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 
 

ɛ)ɚ)

 
Ɋɢɫ. 1. ɉɪɢɦɟɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɤɥɚɞɤɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ AFP (ɚ) ɢ ɬɢɩɢɱɧɵɟ ɫɯɟɦɵ ɪɟɡɤɢ 

ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɧɨɣ ɭɤɥɚɞɤɢ (ɛ) [9] 
 

ȼ ɫɢɫɬɟɦɟ AFP ɧɟɫɤɨɥɶɤɨ ɠɝɭɬɨɜ ɩɨɞɚɸɬɫɹ ɢɡ ɲɩɭɥɹɪɧɢɤɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ 
ɝɨɥɨɜɤɟ ɭɫɬɚɧɨɜɤɢ ɢɥɢ ɪɹɞɨɦ ɫ ɧɟɣ. Ʉɨɥɢɱɟɫɬɜɨ ɠɝɭɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɤ ɲɢ-
ɪɢɧɟ ɞɟɬɚɥɢ ɢ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 1, 2, 8, 16, 24 ɞɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɡɦɟɳɟɧɧɵɯ 32 ɲɬ. 

Ʉɚɠɞɵɣ ɠɝɭɬ ɨɛɵɱɧɨ ɩɪɢɜɨɞɢɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚ-
ɠɚɬ, ɪɚɡɪɟɡɚɧ ɢɥɢ ɩɟɪɟɡɚɩɭɳɟɧ ɜɨ ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɫɬɜɚ Д8, 10Ж. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɨɫɬɚɜɥɹɬɶ ɤɚɠɞɭɸ ɥɟɧɬɨɱɤɭ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɩɨɡɜɨɥɹɹ ɭɤɥɚɞɵɜɚɬɶ ɩɨ-
ɥɨɬɧɨ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɤɨɝɞɚ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ 
(ɧɚɩɪɢɦɟɪ, ɜ ɬɚɤɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɤɚɤ ɫɟɤɰɢɢ ɮɸɡɟɥɹɠɚ ɫ ɩɪɨɪɟɡɹɦɢ ɞɥɹ ɨɤɨɧ  
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ɢɥɢ ɨɛɲɢɜɤɢ ɤɪɵɥɶɟɜ). Хɨɬɹ ɢɡɧɚɱɚɥɶɧɨ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɛɵɥɨ ɡɚɞɭɦɚɧɨ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɜɵɤɥɚɞɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɞɜɨɣɧɨɣ ɤɪɢɜɢɡɧɵ Д11Ж, ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɭɩɪɚɜ-
ɥɟɧɢɟ ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɨɜ Д12Ж. 
ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ ɦɟɠɞɭ ɥɟɧɬɨɱɤɚɦɢ, ɤɨɬɨɪɚɹ ɧɚɦɧɨɝɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ATδ-ɬɟɯɧɨɥɨɝɢɢ, ɢ ɨɛɵɱɧɨ ɡɚɜɢɫɢɬ ɨɬ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ. ɗɬɨ ɦɨ-
ɠɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɚɬɶɫɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢ ɱɚɫɬɨ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ 
ɩɨɩɟɪɟɱɧɵɦ ɫɦɟɳɟɧɢɟɦ ɩɨɫɥɟɞɭɸɳɢɯ ɫɥɨɟɜ ɧɚ ɩɨɥɨɜɢɧɭ ɲɢɪɢɧɵ ɠɝɭɬɚ. 

ɉɪɨɰɟɫɫ AFP ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɜɚɠɧɵɯ ɷɬɚɩɚ Д13Ж: 
– ɩɨɞɚɱɚ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɪɚɡɦɟɳɟɧɢɹ; 
– ɧɚɝɪɟɜ ɦɚɬɟɪɢɚɥɚ; 
– ɩɪɢɥɨɠɟɧɢɟ ɞɚɜɥɟɧɢɹ; 
– ɭɩɥɨɬɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɵ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ AFP ɦɟɧɶɲɟ, ɱɟɦ ɭ ɬɟɯɧɨɥɨɝɢɢ ATδ, ɩɨɫɤɨɥɶ-
ɤɭ ɬɟɯɧɨɥɨɝɢɹ ATL ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɤɥɚɞɤɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɞɟɬɚɥɟɣ. 
ɇɚɩɪɢɦɟɪ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɛɨɪɤɢ ɫɥɨɠɧɨɣ ɫɟɤɰɢɢ ɮɸɡɟɥɹɠɚ ɫɨɫɬɚɜɥɹɟɬ 
8,6 ɤɝ/ɱ, ɱɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜɞɜɨɟ ɦɟɧɶɲɟ ɧɵɧɟɲɧɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɚ  ATL. 
ȼɨ ɜɪɟɦɹ ɜɵɤɥɚɞɤɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ AFP ɧɚɬɹɠɟɧɢɟ ɠɝɭɬɨɜ ɧɚ ɝɨɥɨɜɤɟ ɭɫɬɚɧɨɜɤɢ ɩɪɟ-
ɧɟɛɪɟɠɢɦɨ ɦɚɥɨ ɢɥɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɧɚ ɨɱɟɧɶ ɧɢɡɤɨɦ ɭɪɨɜɧɟ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜɵ-
ɤɥɚɞɤɭ ɧɚ ɜɵɩɭɤɥɵɟ ɮɨɪɦɵ ɢ ɷɥɟɦɟɧɬɵ. Ʉɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɜɵɤɥɚɞɤɢ 
ɩɨ AFP-ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɜ ɜɢɞɟ ɩɪɨɩɢɬɚɧɧɧɨɝɨ ɠɝɭɬɚ ɢɥɢ ɥɟɧɬɵ ɢɡ ɩɪɟɩɪɟɝɚ. 
Ʌɟɧɬɵ ɞɨɪɨɠɟ ɩɪɨɩɢɬɚɧɧɵɯ ɠɝɭɬɨɜ, ɧɨ ɩɨɬɟɧɰɢɚɥɶɧɨ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɭ ɩɪɨɞɭɤɰɢɢ. Ʌɟɧɬɚ ɫ ɩɪɨɪɟɡɹɦɢ ɢɥɢ ɩɪɨɩɢ-
ɬɚɧɧɵɟ ɠɝɭɬɵ ɨɛɵɱɧɨ ɧɚɦɚɬɵɜɚɸɬ ɧɚ ɤɚɪɬɨɧɧɵɟ ɛɨɛɢɧɵ ɢ ɩɨɫɬɚɜɥɹɸɬ ɫ ɩɪɨɦɟɠɭ-
ɬɨɱɧɨɣ ɩɥɟɧɤɨɣ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɥɢɩɤɨɫɬɢ ɢ ɬɪɟɧɢɹ ɩɪɢ ɩɨɞɚɱɟ ɦɚɬɟɪɢɚɥɚ. ɇɟɛɨɥɶ-
ɲɨɣ ɞɢɚɦɟɬɪ ɛɨɛɢɧɵ ɦɨɠɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚɬɹɠɟɧɢɹ 
ɜɨ ɜɪɟɦɹ ɪɚɡɦɚɬɵɜɚɧɢɹ Д6Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɫɬɭɩɧɵ ɱɟɬɵɪɟ ɪɚɡɥɢɱɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɚɲɢɧɵ ɞɥɹ 
AFP-ɬɟɯɧɨɥɨɝɢɢ Д14]: 

1. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɧɚɦɨɬɨɱɧɨɣ ɩɥɚɬɮɨɪɦɵ. ɗɬɨ ɢɫɯɨɞɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɚɲɢɧɵ, 
ɤɨɬɨɪɚɹ ɩɨɥɶɡɭɟɬɫɹ ɧɚɢɛɨɥɶɲɢɦ ɫɩɪɨɫɨɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢ ɢɞɟɚɥɶɧɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɢɡɞɟɥɢɣ ɜ ɜɢɞɟ ɬɟɥ ɜɪɚɳɟɧɢɹ ɛɟɡ ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ ɫɟɱɟɧɢɹ.  

2. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɫ ɩɨɞɜɢɠɧɨɣ ɫɬɨɣɤɨɣ. ɗɬɚ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɚɲɢɧɵ ɫɬɚɥɚ ɩɨɩɭ-
ɥɹɪɧɨɣ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɢɦɟɟɬ ɨɛɵɱɧɨ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪ, ɱɬɨ ɞɟɥɚɟɬ ɷɬɭ ɦɚɲɢɧɭ 
ɢɞɟɚɥɶɧɨɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɭɩɧɵɯ ɞɟɬɚɥɟɣ ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɤɪɢɜɢɡɧɵ, 
ɬɚɤɢɯ ɤɚɤ ɨɛɲɢɜɤɚ ɤɪɵɥɶɟɜ. 

3. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɜɵɫɨɤɨɣ ɪɚɦɵ ɫ ɪɟɥɶɫɚɦɢ, ɜ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚ ɠɟ ɤɨɧ-
ɮɢɝɭɪɚɰɢɹ, ɱɬɨ ɢ ɜ ɦɚɲɢɧɚɯ ɞɥɹ ATδ-ɬɟɯɧɨɥɨɝɢɢ ɫ ɝɨɥɨɜɤɨɣ ɞɥɹ ɩɪɨɰɟɫɫɚ AFP, ɩɪɢ-
ɤɪɟɩɥɟɧɧɨɣ ɤ ɨɫɢ Z ɦɚɲɢɧɵ, ɚ ɲɩɭɥɹɪɧɢɤ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɥɢɛɨ ɧɚ ɪɚɦɟ, 
ɥɢɛɨ ɧɚ ɫɚɦɨɣ ɝɨɥɨɜɤɟ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ. 2, ɚ, ɜ). 

4. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦ-
ɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɚɹ ɲɚɪɧɢɪɧɚɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɚɹ ɪɭɤɚ ɜ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɜɵɤɥɚɞɤɢ 
ɜɨɥɨɤɨɧ. ɗɬɨɬ ɬɢɩ ɫɢɫɬɟɦɵ AFP ɱɚɫɬɨ ɜɤɥɸɱɚɟɬ ɲɩɢɧɞɟɥɶ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɜɪɚɳɚɬɟɥɶ-
ɧɵɦ ɢ/ɢɥɢ ɥɢɧɟɣɧɵɦ ɩɪɢɜɨɞɨɦ. Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɬɚɤɢɯ ɫɢɫɬɟɦ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɞɟɬɚɥɢ, ɧɨ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɪɟɚɥɢ-
ɡɚɰɢɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɢɫɬɟɦɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɢ ɭɩɪɚɜɥɟɧɢɹ. ɗɬɨɬ ɬɢɩ 
 ɫɢɫɬɟɦɵ ɛɵɫɬɪɨ ɜɧɟɞɪɹɟɬɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɛɥɚɝɨɞɚɪɹ ɟɟ ɝɢɛɤɨɫɬɢ ɢ ɩɨɫɬɨɹɧɧɨ 
ɫɧɢɠɚɸɳɟɣɫɹ ɰɟɧɟ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɚɸɳɟɣɫɹ ɧɚɞɟɠɧɨɫɬɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢ-
ɤɢ (ɪɢɫ. 2, ɛ, ɝ). 
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ɛ)ɚ)

ɝ)ɜ)

 
Ɋɢɫ. 2. Ɍɢɩɵ ɫɢɫɬɟɦ ɞɥɹ ɬɟɯɧɨɥɨɝɢɢ AFP: ɚ – ɜɟɪɬɢɤɚɥɶɧɚɹ ɫ ɪɚɦɨɣ Д15Ж; ɛ – ɪɨɛɨɬɢɡɢɪɨɜɚɧ-

ɧɚɹ ɪɭɤɚ ɫɨ ɫɴɟɦɧɨɣ ɝɨɥɨɜɤɨɣ Д16Ж; ɜ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫ ɪɚɦɨɣ Д17Ж; ɝ – ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɚɹ ɪɭɤɚ 
ɫɨ ɫɴɟɦɧɨɣ ɝɨɥɨɜɤɨɣ ɧɚ ɪɟɥɶɫɚɯ Д18Ж 
 

Ɇɟɬɨɞ AFP ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɤɥɚɞɵɜɚɧɢɟɦ ɭɡɤɢɯ ɠɝɭɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ 
ɧɚɩɪɚɜɥɹɬɶ ɩɨ ɪɟɡɤɨ ɢɡɨɝɧɭɬɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ, ɬɨɝɞɚ ɤɚɤ ɛɨɥɟɟ ɲɢɪɨɤɢɟ ɥɟɧɬɵ ɧɟɜɨɡ-
ɦɨɠɧɨ ɪɚɡɦɟɳɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɛɟɡ ɢɡɝɢɛɚ ɧɟɤɨɬɨɪɵɯ ɜɨɥɨɤɨɧ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɭɫɬɚɧɨɜɤɢ ɫ ɜɪɚɳɚɸɳɢɦɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɥɢ ɨɩɪɚɜɤɨɣ ɬɟɯɧɨɥɨɝɢɹ AFP ɛɨɥɶɲɟ ɧɚɩɨ-
ɦɢɧɚɟɬ ɧɚɦɨɬɤɭ ɧɢɬɟɣ, ɯɨɬɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɠɝɭɬɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɟɥɚɟɬ ɷɬɨɬ ɩɪɨɰɟɫɫ 
ɛɨɥɟɟ ɛɵɫɬɪɵɦ. ȼ AFP-ɬɟɯɧɨɥɨɝɢɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɝɭɬɨɜ ɩɪɟɩɪɟɝɚ ɢɥɢ ɥɟɧɬ ɫ 
ɭɡɤɢɦɢ ɩɪɨɪɟɡɹɦɢ ɩɨɞɚɸɬ ɜ ɭɤɥɚɞɨɱɧɵɟ ɝɨɥɨɜɤɢ, ɤɨɬɨɪɵɟ ɜɵɤɥɚɞɵɜɚɸɬ ɢɯ ɞɥɹ ɮɨɪɦɢ-
ɪɨɜɚɧɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɨɹ ɩɪɟɩɪɟɝɚ. Ƚɨɥɨɜɤɚ ɭɫɬɚɧɨɜɤɢ AFP ɦɨɠɟɬ ɛɵɬɶ ɩɨɦɟɳɟɧɚ ɧɚ 
ɦɧɨɝɨɨɫɧɵɣ ɲɚɪɧɢɪɧɵɣ ɪɵɱɚɝ, ɤɨɬɨɪɵɣ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɨɤɪɭɝ ɮɨɪɦɵ, ɢɥɢ ɦɨɠɟɬ ɩɟɪɟ-
ɧɨɫɢɬɶɫɹ ɧɚ ɪɚɦɟ. ɀɝɭɬɵ ɦɨɝɭɬ ɛɵɬɶ ɭɥɨɠɟɧɵ ɜ ɥɸɛɵɯ ɡɚɪɚɧɟɟ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɯ 
ɨɪɢɟɧɬɚɰɢɹɯ ɢ ɩɨɥɨɠɟɧɢɹɯ, ɬɚɤ ɱɬɨ ɩɨɥɢɦɟɪɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ (ɉɄɆ) 
ɦɨɠɟɬ ɛɵɬɶ ɚɞɚɩɬɢɪɨɜɚɧ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ, ɬɪɟɛɭɸ-
ɳɢɯɫɹ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦ ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɢ ɷɬɨɦ ɜɨɥɨɤɧɚ ɜɵɪɚɜɧɢ-
ɜɚɸɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɚɞɝɟɡɢɨɧɧɵɯ ɫɢɥ. Ɇɚɬɟɪɢɚɥ ɜɵɤɥɚɞɵɜɚɟɬɫɹ ɛɟɡ ɧɚɬɹɠɟɧɢɹ 
ɢ ɫɤɥɚɞɨɤ ɫ ɬɨɱɧɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɞɚɜɥɟɧɢɟɦ. Ƚɨɥɨɜɤɢ ɭɫɬɚɧɨɜɤɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ ɜɫɟ 
ɧɟɨɛɯɨɞɢɦɵɟ ɨɩɟɪɚɰɢɢ ɩɨ ɪɟɡɤɟ ɢ ɩɨɜɬɨɪɧɨɦɭ ɡɚɩɭɫɤɭ, ɚ ɬɚɤɠɟ ɭɩɥɨɬɧɟɧɢɟ ɫ ɩɨɦɨɳɶɸ 
ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɪɨɥɢɤɨɜ. Ʉɨɧɬɪɨɥɶ ɜ ɭɫɬɚɧɨɜɤɟ AFP ɢɦɟɟɬ ɦɧɨɝɨ ɨɛɳɟɝɨ ɫ ɤɨɦɩɶɸ-
ɬɟɪɧɵɦ ɑɉɍ. ȼɵɩɨɥɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɢɧɯɪɨɧɧɵɯ ɮɭɧɤɰɢɣ ɧɚ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɬɪɟ-
ɛɭɟɬ ɬɨɱɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɬɚɧɤɚ, ɱɬɨɛɵ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɤɨɨɪɞɢɧɚɰɢɸ ɪɟɡɤɢ, 
ɭɤɥɚɞɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɜɵɫɨɤɨɞɢɧɚɦɢɱɧɵɦ ɪɟɜɟɪɫɢɜɧɵɦ ɞɜɢɠɟɧɢɟɦ Д19]. 
 

ɉɟɪвɨɧɚчɚɥьɧɵɟ ɪɚɡɪɚɛɨɬɤи ɬɟɯɧɨɥɨɝии AFP 
ȼ ɩɚɬɟɧɬɟ Д11Ж ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ATδ, ɝɞɟ ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɜɵɤɥɚɞ-

ɤɢ ɥɟɧɬɵ ɧɚ ɢɡɨɝɧɭɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ ɫɨɡɞɚɧɚ ɫɢɫɬɟɦɚ AFP 
(ɪɢɫ. 3), ɜ ɤɨɬɨɪɨɣ ɭɤɥɚɞɨɱɧɚɹ ɝɨɥɨɜɤɚ ɢɦɟɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɟɡɚɬɶ ɲɢɪɨɤɭɸ ɥɟɧɬɭ ɧɚ 
ɤɭɫɨɱɤɢ ɲɢɪɢɧɨɣ 3,2 ɦɦ, ɚ ɡɚɬɟɦ ɜɵɤɥɚɞɵɜɚɬɶ ɢɯ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ,  

https://www.sciencedirect.com/science/article/abs/pii/S0034361711700753#!
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ɭɞɟɪɠɢɜɚɹ ɩɨɞɚɸɳɢɣɫɹ ɦɚɬɟɪɢɚɥ ɧɚ ɝɨɥɨɜɤɟ. ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɷɬɨ ɩɪɢɜɟɥɨ ɛɵ ɤ 
ɬɟɯɧɢɱɟɫɤɢɦ ɨɝɪɚɧɢɱɟɧɢɹɦ ɦɚɬɟɪɢɚɥɚ, ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ, ɢ ɧɟ ɹɫɧɨ, ɛɵɥɢ ɥɢ ɪɟɲɟɧɵ 
ɷɬɢ ɩɪɨɛɥɟɦɵ, ɧɨ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɫɥɟɞɢɬɶ ɧɟ ɭɞɚɥɨɫɶ. 

 

Ɂɚɠɢɦ
Ɋɨɥɢɤɢ 

ɩɟɪɟɡɚɩɭɫɤɚ
Ʌɟɡɜɢɹ

Ʉɨɧɬɪɨɥɟɪ 
ɬɟɩɥɚ

ɍɩɥɨɬɧɢɬɟɥɶɧɵɣ ɪɨɥɢɤ 
(ɝɨɥɨɜɤɚ)

Ʌɟɧɬɚ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ 
ɧɚɬɹɮɠɟɧɢɟɦ

 
Ɋɢɫ. 3. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɚɲɢɧɵ ɞɥɹ ɬɟɯɧɨɥɨɝɢɢ AFP [20] 

 
Ɋɚɡвиɬиɟ ɬɟɯɧɨɥɨɝии AFP в 1990-ɯ ɝɝ. 

ɋɢɫɬɟɦɵ AFP ɛɵɥɢ ɤɨɦɦɟɪɱɟɫɤɢ ɜɧɟɞɪɟɧɵ ɜ ɤɨɧɰɟ 1980-ɯ ɝɝ. ɢ ɨɩɢɫɚɧɵ ɜ ɜɢɞɟ 
ɥɨɝɢɱɟɫɤɨɣ ɤɨɦɛɢɧɚɰɢɢ ɭɫɬɚɧɨɜɤɢ ATδ ɢ ɧɚɦɨɬɤɢ ɜɨɥɨɤɨɧ Д21Ж. ɇɟɤɨɬɨɪɵɟ ɪɚɡɪɚɛɨɬ-
ɤɢ, ɩɪɢɦɟɧɟɧɧɵɟ ɞɥɹ ɬɟɯɧɨɥɨɝɢɢ ATδ, ɬɚɤɢɟ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɹ ɪɨɥɢɤɨɜ ɢ ɧɚɩɪɚɜɥɹɸɳɢɟ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɨɞɚɱɢ ɦɚɬɟɪɢɚɥɚ, ɜɤɥɸɱɢɥɢ ɜ ɫɢɫɬɟɦɵ AFP, ɢ ɨɧɢ ɫɪɚɡɭ ɫɬɚɥɢ ɞɨɫɬɭɩ-
ɧɵ ɞɥɹ ɤɨɦɦɟɪɱɟɫɤɨɣ ɩɨɫɬɚɜɤɢ.  

ȼ ɪɚɛɨɬɟ Д22Ж ɩɪɟɨɞɨɥɟɧɵ ɨɝɪɚɧɢɱɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɩɚɬɟɧɬɟ Д11Ж, – ɫɨɯɪɚ-
ɧɟɧɚ ɥɟɧɬɚ ɫ ɪɚɡɪɟɡɚɦɢ ɧɚ ɨɬɞɟɥɶɧɵɯ ɛɨɛɢɧɚɯ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɩɪɢɜɨɞɢɥɢɫɶ ɜ ɞɟɣɫɬɜɢɟ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨ. Ⱦɚɥɟɟ ɜ ɪɚɛɨɬɟ Д23Ж ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɞɪɭɝɨɣ ɬɢɩ ɦɚɲɢɧɵ AFP ɜɦɟ-
ɫɬɟ ɫ ɫɢɫɬɟɦɨɣ ɚɜɬɨɧɨɦɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ AFP, ɩɨɫɤɨɥɶɤɭ ɷɬɚ ɫɢɫɬɟɦɚ ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɢɫɬɟɦɚ ɦɚɲɢɧɵ AFP ɤɨɧɬɪɨɥɢɪɨɜɚɥɚ ɫɤɨ-
ɪɨɫɬɶ ɜɵɤɥɚɞɤɢ, ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɧɚɬɹɠɟɧɢɟ ɥɟɧɬɵ. ɉɨɤɚɡɚɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɢ 
ɫɤɨɪɨɫɬɢ ɜɵɤɥɚɞɤɢ 7 ɦ/ɦɢɧ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 5 ɤɝ/ɱ, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɨ  
ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ATδ.  

ȼ ɪɚɛɨɬɟ Д24Ж ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ AFP, ɜ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɯɥɚ-
ɠɞɚɟɦɵɟ ɲɩɭɥɹɪɧɢɤɢ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɥɢɩɤɨɫɬɢ ɩɪɟɩɪɟɝɚ Д25Ж, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɥɨ ɛɟɫ-
ɩɪɟɩɹɬɫɬɜɟɧɧɨɟ ɭɞɚɥɟɧɢɟ ɲɩɭɥɟɣ ɢ ɩɨɜɵɲɟɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɜɵɤɥɚɞɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɨɰɟɧɟɧɚ ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɨɫɥɟ ɭɞɚɪɚ ɩɥɚɫɬɢɤɨɜ, ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 
AFP ɢ ɪɭɱɧɵɦ ɮɨɪɦɨɜɚɧɢɟɦ, ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɩɥɚɫɬɢɤɨɜ 
ɫɨɩɨɫɬɚɜɢɦɵ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ, ɤɨɬɨɪɵɟ ɨɫɬɚɜɚɥɢɫɶ ɤ ɬɨɦɭ ɜɪɟɦɟɧɢ ɧɟɪɟɲɟɧɧɵɦɢ, – ɷɬɨ 
ɜɟɥɢɱɢɧɚ ɧɚɬɹɠɟɧɢɹ ɠɝɭɬɨɜ, ɚ ɬɚɤɠɟ ɧɚɞɟɠɧɨɫɬɶ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɜɵ-
ɤɥɚɞɤɢ. Ɉɛɵɱɧɨ ɠɝɭɬɵ ɞɨɫɬɚɜɥɹɥɢɫɶ ɤ ɝɨɥɨɜɤɟ ɩɨ ɨɱɟɧɶ ɫɥɨɠɧɨɦɭ ɩɭɬɢ, ɱɬɨ ɦɨɝɥɨ ɭɜɟ-
ɥɢɱɢɬɶ ɢɯ ɧɚɬɹɠɟɧɢɟ ɢ ɩɨɜɥɢɹɬɶ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɜɵɤɥɚɞɤɢ. Ɍɨɱɧɨɫɬɶ ɜɵɤɥɚɞɤɢ ɨɱɟɧɶ 
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ɜɚɠɧɚ ɞɥɹ ɬɟɯɧɨɥɨɝɢɢ AFP, ɩɨɫɤɨɥɶɤɭ ɩɪɢɦɟɧɟɧɢɟ ɭɡɤɨɣ ɩɨɥɨɫɵ ɠɝɭɬɨɜ ɦɨɠɟɬ ɩɪɢɜɟ-
ɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɡɨɪɨɜ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɨɦ, ɱɬɨ ɩɨɜɥɢɹɟɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɩɥɚɫɬɢɤɚ. Ɉɞɧɚɤɨ ɷɬɨɬ ɜɨɩɪɨɫ ɬɨɝɞɚ ɧɟ ɛɵɥ ɢɡɭɱɟɧ ɩɨɞɪɨɛɧɨ,  
ɯɨɬɹ ɛɨɥɟɟ ɩɨɡɞɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɬɨɱɧɨɫɬɢ ɜɵɤɥɚɞɤɢ 
ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Д26–28]. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɥɢ ɫɢɫɬɟɦɭ AFP Д29Ж, ɤɨɬɨɪɚɹ 
ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɞɨ 24 ɞɜɢɠɟɧɢɣ ɡɚ ɨɞɢɧ ɩɪɢɟɦ, ɞɚɥɟɟ Д30Ж ɩɨɜɵɫɢɥɢ ɧɚɞɟɠɧɨɫɬɶ, 
ɧɚɩɪɢɦɟɪ, ɡɚɦɟɧɢɜ ɦɚɬɟɪɢɚɥ ɢ ɲɢɪɢɧɭ ɜɨɥɨɤɨɧ. Ȼɨɥɟɟ ɧɚɞɟɠɧɚɹ ɜɵɤɥɚɞɤɚ ɢɡɞɟɥɢɣ ɫɨ 
ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɨɧ ɩɨ ɤɪɢɜɨɥɢ-
ɧɟɣɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. ȼɫɤɨɪɟ ɫɬɚɥɨ ɩɨɧɹɬɧɨ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɤɥɚɞɵɜɚɬɶ ɦɚɬɟɪɢɚɥ ɫ 
ɢɡɨɝɧɭɬɵɦɢ ɜɨɥɨɤɧɚɦɢ ɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɫɜɨɛɨɞɭ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɩɨɡɜɨɥɹɟɬ 
ɩɨɬɟɧɰɢɚɥɶɧɨ ɭɥɭɱɲɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɤɨɜ. ɂɡ-ɡɚ ɦɟɧɶɲɟɣ ɲɢ-
ɪɢɧɵ ɨɬɞɟɥɶɧɵɯ ɜɨɥɨɤɨɧ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɫɢɫɬɟɦ AFP, ɦɨɠɧɨ ɛɵɥɨ  
ɞɨɛɢɬɶɫɹ ɦɟɧɶɲɢɯ ɪɚɞɢɭɫɨɜ ɩɨɜɨɪɨɬɚ, ɱɟɦ ɞɥɹ ɫɢɫɬɟɦ ATδ. 

ɇɟɤɨɬɨɪɵɟ ɨɱɟɧɶ ɢɧɬɟɪɟɫɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨɤɚ-
ɡɚɧɵ ɜ ɪɚɛɨɬɟ Д31Ж, ɝɞɟ ɫɨɨɛɳɚɥɨɫɶ ɨ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɤɨɧɫɬɪɭɤ-
ɰɢɢ, ɤɨɬɨɪɚɹ ɢɡɧɚɱɚɥɶɧɨ ɢɡɝɨɬɚɜɥɢɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɢ, ɧɨ ɟɟ ɩɪɨɢɡ-
ɜɨɞɫɬɜɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦ AFP ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɦɚɬɟɪɢɚɥɚ ɫ 
62 ɞɨ 6 %, ɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɜɵɫɢɬɶ ɧɚ 450 % ɩɪɢ ɜɵɤɥɚɞɤɟ ɨɞɧɨɣ ɩɨɥɨɫɵ ɲɢɪɢ-
ɧɨɣ 12,7 ɦɦ. Ɉɞɧɚɤɨ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɜɵɤɥɚɞɤɭ ɦɚɬɟɪɢɚɥɚ, ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ 
ɛɵɥɚ ɭɜɟɥɢɱɟɧɚ ɜ 2 ɪɚɡɚ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɫɨɤɪɚɳɟɧɢɸ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɢ ɞɚɥɶɧɟɣɲɟɦɭ 
ɩɨɜɵɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɛɵɥ ɩɨɞɬɜɟɪɠɞɟɧ ɜ ɪɚɛɨɬɟ Д32Ж, ɜ ɤɨ-
ɬɨɪɨɣ ɫɨɨɛɳɚɥɨɫɶ ɨ ɫɧɢɠɟɧɢɢ ɡɚɬɪɚɬ ɧɚ 43 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɨɣ. 

Хɨɬɹ ɩɪɟɢɦɭɳɟɫɬɜɚ ɭɫɬɚɧɨɜɨɤ AFP ɞɥɹ ɫɥɨɠɧɵɯ ɭɤɥɚɞɨɤ ɛɵɥɢ ɭɫɩɟɲɧɨ ɩɪɨɞɟ-
ɦɨɧɫɬɪɢɪɨɜɚɧɵ, ɩɪɨɰɟɫɫ ɜɫɟ ɟɳɟ ɛɵɥ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɞɭɤɬɢɜɧɵɦ, ɱɬɨɛɵ ɛɵɫɬɪɨ ɤɨɦ-
ɩɟɧɫɢɪɨɜɚɬɶ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɤɚɩɢɬɚɥɶɧɵɣ ɜɡɧɨɫ. Ɉɝɪɚɧɢɱɟɧɢɹɦɢ ɬɟɩɟɪɶ ɫɬɚɥɢ ɞɨɫɬɭɩ-
ɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦ AFP 
ɜ ɷɬɨɬ ɩɟɪɢɨɞ ɫɨɜɩɚɥɚ ɫ ɩɨɹɜɥɟɧɢɟɦ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ 
ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɢ ɡɧɚɱɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɭɫɢɥɢɹ ɛɵɥɢ 
ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɢɫɬɟɦ AFP ɞɥɹ ɜɵɤɥɚɞɤɢ ɬɟɪɦɨɩɥɚɫɬɨɜ. ɗɬɨ ɛɵɥɨ ɜɵɡɜɚɧɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɨɥɶɲɢɯ ɤɨɫɦɢɱɟɫɤɢɯ ɤɨɪɚɛɥɟɣ ɢ ɩɨɞɜɨɞɧɵɯ ɥɨɞɨɤ, 
ɞɢɚɦɟɬɪ ɞɟɬɚɥɟɣ ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɥ ɞɢɚɦɟɬɪ ɛɨɥɶɲɢɧɫɬɜɚ ɚɜɬɨɤɥɚɜɨɜ, ɢ ɬɪɟɛɨɜɚ-
ɥɚɫɶ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɧɚ ɦɟɫɬɟ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ Д33Ж. Ɉɛɫɭɠɞɚɥɫɹ ɬɚɤɠɟ ɜɨɩɪɨɫ ɨ ɬɨɦ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ 
ɮɚɤɬɨɪɨɦ ɞɥɹ ɜɵɤɥɚɞɤɢ ɬɟɪɦɨɩɥɚɫɬɚ ɛɵɥɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɧɚɝɪɟ-
ɜɚ ɦɚɬɟɪɢɚɥɚ ɜɵɲɟ ɟɝɨ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ Д34Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 
ɜɵɤɥɚɞɤɢ ɛɵɥɚ ɨɝɪɚɧɢɱɟɧɚ, ɩɪɢ ɷɬɨɦ ɫɨɨɛɳɚɥɨɫɶ ɨ ɫɤɨɪɨɫɬɹɯ ɨɬ 3,6 Д35Ж ɞɨ 5 ɦ/ɦɢɧ 
Д36Ж, ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɤ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵɤɥɚɞɤɢ, ɱɟɦ  
ɭ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

 
Ɋɚɡвиɬиɟ ɬɟɯɧɨɥɨɝии AFP ɫ 2000-ɯ ɝɝ. ɩɨ ɧɚɫɬɨяɳɟɟ вɪɟɦя 

ɇɚ ɧɚɞɟɠɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɸɬɫɹ ɨɲɢɛɤɢ 
ɩɪɢ ɫɪɚɳɢɜɚɧɢɢ ɤɨɧɰɨɜ ɠɝɭɬɨɜ ɧɚ ɤɨɧɰɟ ɛɨɛɢɧɵ, ɚ ɬɚɤɠɟ ɨɛɨɪɜɚɜɲɢɟɫɹ ɠɝɭɬɵ ɢ ɡɚɦɟ-
ɧɚ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɡɚɩɥɚɧɢɪɨɜɚɧɧɵɦ ɩɪɨɫɬɨɹɦ ɢ ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ. ȼ ɩɚɬɟɧɬɟ Д37Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ 
ɠɝɭɬɨɜ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɩɪɢ 
ɡɚɩɪɚɜɤɟ ɦɚɬɟɪɢɚɥɚ. ȼ ɪɚɛɨɬɟ Д38Ж ɬɚɤɠɟ ɩɨɤɚɡɚɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ  
ɨɛɧɚɪɭɠɟɧɢɹ ɨɲɢɛɨɤ ɜɵɤɥɚɞɤɢ, ɤɨɬɨɪɚɹ ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚ ɫɱɟɬ ɫɨɤɪɚ-
ɳɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɩɨɫɥɟ ɜɵɤɥɚɞɤɢ ɫɥɨɹ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ 
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ɥɢɩɤɨɫɬɢ ɢ ɞɚɥɶɧɟɣɲɟɣ ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɨɤ ɜɵɤɥɚɞɤɢ ɜɜɟɞɟɧ ɢɧɮɪɚɤɪɚɫɧɵɣ ɧɚɝɪɟɜ 
ɬɟɪɦɨɪɟɚɤɬɢɜɧɨɣ ɥɟɧɬɵ Д39Ж, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɛɵɫɬɪɵɣ ɧɚɝɪɟɜ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɤɥɚɞɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɚɬɟɧɬɟ Д40Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɞɥɹ ɛɵɫɬɪɨɣ 
ɡɚɦɟɧɵ ɭɤɥɚɞɨɱɧɵɯ ɝɨɥɨɜɨɤ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɫ ɩɨɞɞɟɪɠɚɧɢɟɦ ɜɬɨɪɨɣ ɭɤɥɚɞɨɱɧɨɣ ɝɨɥɨɜ-
ɤɢ, ɝɨɬɨɜɨɣ ɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɜɵɤɥɚɞɤɟ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɫɨɤɪɚɳɟɧɢɸ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ 
ɫɢɫɬɟɦɵ. ȼɵɤɥɚɞɤɚ ɦɚɬɟɪɢɚɥɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɚ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɢɫɬɟɦ, ɤɨɬɨ-
ɪɵɟ ɥɢɛɨ ɭɦɟɧɶɲɚɸɬ ɞɥɢɧɭ ɩɨɞɚɱɢ, ɥɢɛɨ ɫɜɨɞɹɬ ɤ ɦɢɧɢɦɭɦɭ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɧɚɩɪɚɜɥɟ-
ɧɢɣ ɢ ɫɤɪɭɱɢɜɚɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɩɪɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦ Д41Ж. 

ɇɟɫɦɨɬɪɹ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ, ɧɟɤɨɬɨɪɵɟ ɬɟɯɧɢɱɟ-
ɫɤɢɟ ɩɪɨɛɥɟɦɵ ɨɫɬɚɥɢɫɶ: ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɛɵɥɢ ɜɫɟ ɟɳɟ ɜɵɫɨɤɢɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɚɜɬɨɧɨɦɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɜɫɟ ɟɳɟ ɧɟ ɛɵɥɨ ɨɩ-
ɬɢɦɢɡɢɪɨɜɚɧɨ, ɯɨɬɹ ɜɵɤɥɚɞɤɚ ɢɡɨɝɧɭɬɵɯ ɥɟɧɬ ɧɚ ɮɨɪɦɭ ɢ ɤɨɧɬɪɨɥɶ ɜɵɤɥɚɞɤɢ ɩɨ ɬɟɯɧɨ-
ɥɨɝɢɢ AFP ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ ɨɛɥɚɫɬɶɸ ɚɤɬɭɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ Д42Ж.  
ȼɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɫɥɨɢɫɬɵɯ ɉɄɆ, ɤɨ-
ɬɨɪɵɟ ɦɨɝɭɬ ɢɦɟɬɶ ɥɨɤɚɥɶɧɨ ɢɡɦɟɧɹɸɳɭɸɫɹ ɨɪɢɟɧɬɚɰɢɸ ɜɨɥɨɤɨɧ, ɞɟɥɚɟɬ ɦɟɬɨɞ AFP 
ɜɟɞɭɳɟɣ ɬɟɯɧɨɥɨɝɢɟɣ ɞɥɹ ɛɭɞɭɳɢɯ ɪɚɡɪɚɛɨɬɨɤ ɜ ɨɛɥɚɫɬɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɢ ɫɩɟɰɢɚ-
ɥɢɡɢɪɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

ɇɚɤɨɧɟɰ, ɦɟɬɨɞ AFP ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɩɪɟɩɪɟɝɨɜ ɫ ɦɚɥɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɫɮɟɪɟ. 
ɉɨɫɤɨɥɶɤɭ ɩɪɟɩɪɟɝɢ ɜ ɨɬɪɚɫɥɹɯ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɟɬɢɤɢ ɢ ɞɪ., ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ 
ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɩɥɨɬɧɨɫɬɶ – ɞɨ 1600 ɝ/ɦ2 ɢ ɛɨɥɟɟ, ɛɭɞɭɳɢɟ ɫɢɫɬɟɦɵ AFP 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɤɥɚɞɵɜɚɬɶ ɷɬɢ ɦɚɬɟɪɢɚɥɵ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 
ɬɪɟɛɭɸɬɫɹ ɧɨɜɵɟ ɦɟɬɨɞɵ ɪɟɡɤɢ – ɜɨɡɦɨɠɧɨ, ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɥɚɡɟɪɧɚɹ ɪɟɡɤɚ. 

 
Ɉɛɨɪɭɞɨвɚɧиɟ ɞɥя ɬɟɯɧɨɥɨɝии AFP 

Ɉɫɧɨɜɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɫɢɫɬɟɦ AFP ɹɜɥɹɸɬɫɹ ɤɨɦɩɚɧɢɢ Automated Dy-
namics (ɋɒȺ), Accudyne (ɋɒȺ), MAGCincinatti (ɋɒȺ), Coriolis Composites (Ɏɪɚɧɰɢɹ), 
ElectroImpact (ɋɒȺ), Foster Miller (ɋɒȺ), Ingersoll (ɋɒȺ), Mikrosam (ɋɟɜɟɪɧɚɹ Ɇɚɤɟ-
ɞɨɧɢɹ) ɢ MTorres (ɂɫɩɚɧɢɹ). Ʉɨɦɩɚɧɢɢ Automated Dynamics, Accudyne, Coriolis Compo-
sites ɢ ElectroImpact ɩɨɫɬɚɜɥɹɸɬ ɫɜɨɢ ɫɢɫɬɟɦɵ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ. Ʉɨɦɩɚɧɢɢ 
Cincinnati, Foster Miller, Ingersoll, Mikrosam ɢ MTorres ɢɫɩɨɥɶɡɭɸɬ ɪɚɦɵ ɤɨɥɨɧɧɨɝɨ ɢɥɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɬɢɩɚ. Ⱦɥɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɜɵɤɥɚɞɤɢ ɨɛɵɱɧɨ ɬɪɟɛɭɸɬɫɹ 
ɦɟɧɶɲɢɟ ɧɚɱɚɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɢ ɨɧɢ ɦɨɝɭɬ ɥɭɱɲɟ ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ ɞɥɹ 
ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɜɵɤɥɚɞɤɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɜɵɲɟɧɧɭɸ ɨɛɳɭɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɡɚ ɫɱɟɬ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɥɟɧɬɨɱɟɤ ɜ 
ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ ɭɫɬɚɧɨɜɤɢ. 

Ʉɨɦɩɚɧɢɹ Coriolis Composites ɩɪɨɢɡɜɨɞɢɬ ɦɚɲɢɧɵ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵ-
ɤɥɚɞɤɢ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɚɞɚɩɬɢɪɭɸɬɫɹ ɤ ɜɵɤɥɚɞɤɟ ɞɟɬɚɥɟɣ ɪɚɡɥɢɱɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɮɨɪɦɵ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɫɥɨɠɧɵɟ ɞɟɬɚɥɢ ɢ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɧɬɪɨɜ. ɇɚɞɟɠɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɬɜɟɱɚɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɫɟɪɢɣɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɚ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɩɟɪɟɦɟɳɟɧɢɹ. Ɍɨɱɧɨɫɬɶ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ ɦɚɬɟɪɢ-
ɚɥɚ – ɨɫɧɨɜɧɵɟ ɤɪɢɬɟɪɢɢ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɝɨ ɪɵɧɤɚ – ɝɚɪɚɧɬɢɪɭɸɬɫɹ ɥɟɝɤɨɣ ɦɚɧɟɜɪɟɧ-
ɧɨɣ ɝɨɥɨɜɤɨɣ. Ʉɨɦɩɚɧɢɹ Coriolis Composites ɩɪɟɞɥɚɝɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨ ɞɨɫɬɭɩɧɨɣ 
ɰɟɧɟ, ɤɨɬɨɪɨɟ ɫɨɱɟɬɚɟɬ ɤɚɱɟɫɬɜɨ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ. Ɇɚɲɢɧɵ ɩɨɫɬɚɜ-
ɥɹɸɬɫɹ ɫ ɪɨɛɨɬɚɦɢ KЮФК QЮКnЭОМ ɢɥɢ Comau ɩɨɫɥɟɞɧɢɯ ɩɨɤɨɥɟɧɢɣ. ɗɬɢ ɫɬɚɧɞɚɪɬɧɵɟ 
ɪɨɛɨɬɵ ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɠɟɫɬɤɨɫɬɶɸ ɢ ɬɨɱɧɨɫɬɶɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɫɨɤɨɣ ɞɢɧɚɦɢɤɨɣ 
ɞɜɢɠɟɧɢɹ. Ɇɚɲɢɧɚ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɜɨɥɨɤɨɧ ɫɨɫɬɨɢɬ ɢɡ ɪɚɡɦɟɳɚɸɳɟɣ ɝɨɥɨɜɤɢ, ɲɟɣɤɢ 
ɢ ɬɪɭɛɤɢ ɞɥɹ ɩɨɞɚɱɢ ɜɨɥɨɤɨɧ. Ʉɪɟɩɥɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ ɞɥɹ 
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ɪɚɡɦɚɬɵɜɚɧɢɹ ɛɨɛɢɧ ɧɚ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɫ ɧɢɡɤɢɦ ɧɚɬɹɠɟɧɢɟɦ ɢ ɛɵɫɬɪɵɟ ɷɪɝɨɧɨɦɢɱ-
ɧɵɟ ɡɚɝɪɭɡɤɭ ɢ ɪɚɡɝɪɭɡɤɭ ɛɨɛɢɧ. Ƚɢɛɤɢɟ ɬɪɭɛɤɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɩɨɞɚɸɬ ɤɚɠɞɨɟ ɜɨɥɨɤɧɨ 
ɧɚ ɮɨɪɦɭ, ɢɡɛɟɝɚɹ ɩɪɢ ɷɬɨɦ ɜɫɟɯ ɪɢɫɤɨɜ ɫɤɪɭɱɢɜɚɧɢɹ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɹ ɜɨɥɨɤɧɚ ɩɪɢ ɫɨ-
ɯɪɚɧɟɧɢɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Д43Ж. 

Ʉɨɦɩɚɧɢɹ εAGCТnМТnnКЭТ ɩɪɟɞɥɚɝɚɟɬ ɨɬɞɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ VТЩОr FPS ɞɥɹ ɪɚɡ-
ɦɟɳɟɧɢɹ ɜɨɥɨɤɨɧ. ɉɨɫɥɟɞɧɹɹ ɦɨɞɟɥɶ VТЩОr 6000 ɫɩɨɫɨɛɧɚ ɨɛɪɚɛɚɬɵɜɚɬɶ ɞɟɬɚɥɢ ɦɚɫɫɨɣ 
ɞɨ з86 ɬɵɫ. ɤɝ. ȼ ɷɬɨɣ ɦɨɞɟɥɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨɞɚɱɟɣ, ɡɚɠɢɦɨɦ, 
ɨɛɪɟɡɤɨɣ ɢ ɡɚɩɭɫɤɨɦ ɞɨ 32 ɨɬɞɟɥɶɧɵɯ ɠɝɭɬɨɜ ɢɥɢ ɪɚɡɪɟɡɚɧɧɨɣ ɥɟɧɬɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɲɢɪɢɧɭ ɩɨɥɨɫɵ ɜɨɥɨɤɧɚ, ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɜɨɥɨɤɨɧ ɜɨɤɪɭɝ ɢɡɦɟɧɹɸɳɢɯɫɹ ɤɨɧɬɭɪɨɜ ɞɟɬɚɥɟɣ ɢ ɤɨɧɮɢɝɭɪɚɰɢɸ ɩɪɨɟɦɨɜ (ɞɜɟɪɢ, ɥɸ-
ɤɢ ɢ ɬ. ɞ.). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɪɨɣɫɬɜɨ VТЩОr ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɟɤɰɢɣ 
ɮɸɡɟɥɹɠɚ, ɨɛɬɟɤɚɬɟɥɟɣ, ɜɨɡɞɭɯɨɜɨɞɨɜ ɢ ɤɨɧɭɫɨɜ ɫɨɩɟɥ, ɚ ɤɨɦɩɚɧɢɟɣ VoЮРСЭ AТrМrКПЭ 
InНЮsЭrТОs (ɋɒȺ) – ɞɥɹ ɡɚɞɧɢɯ ɫɟɤɰɢɣ ɮɸɡɟɥɹɠɚ ɫɚɦɨɥɟɬɚ Boeing 787 [7, 44]. 

Ʉɨɦɩɚɧɢɹ Camozzi εКМСТnО Tools (ɂɬɚɥɢɹ) (ɞɨ 2003 ɝ. – Ingersoll Machine Tools, 
ɋɒȺ) ɫɨɫɪɟɞɨɬɨɱɢɥɚɫɶ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɚɲɢɧ ɞɥɹ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɨɧ 
ɢ ɩɪɟɞɥɚɝɚɟɬ ɫɢɫɬɟɦɭ AFP, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɫɟɦɶ ɨɫɧɨɜɧɵɯ ɨɫɟɣ, ɜɵɤɥɚɞɤɭ ɜɨɥɨɤɧɚ ɞɨ  
32 ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɧɚɩɪɚɜɥɟɧɧɵɯ ɠɝɭɬɨɜ, ɦɧɨɝɨɨɫɟɜɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɑɉɍ SТОЦОns 840D 
ɢ ɫɢɫɬɟɦɭ ɤɨɦɩɨɡɢɬɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ⱥɫɫɨɪɬɢɦɟɧɬ ɩɪɨɞɭɤɰɢɢ ɤɨɦɩɚɧɢɢ  
Camozzi ɜɤɥɸɱɚɟɬ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɨɪɬɚɥɶɧɵɟ ɫɬɚɧɤɢ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ 
ɞɥɹ ɜɵɤɥɚɞɤɢ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɬɚɧɤɢ ɫ ɬɪɟɯɦɟɪɧɵɦɢ ɞɟɬɚɥɹɦɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɧɚ 
ɨɩɚɥɭɛɨɱɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɯ, ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ. Ⱦɪɭɝɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹ-
ɦɢ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ: ɛɵɫɬɪɚɹ ɡɚɦɟɧɚ ɤɚɬɭɲɟɤ ɫ ɜɨɥɨɤɧɨɦ, ɚ ɬɚɤɠɟ ɦɨɞɭɥɹ ɝɨɥɨɜɤɢ 
ɢɥɢ ɲɩɭɥɹɪɧɢɤɚ, ɲɢɪɢɧɚ ɥɟɧɬɨɱɟɤ – ɨɬ 3,18 ɞɨ 25,4 ɦɦ, ɩɨɞɞɟɪɠɤɚ ɢɧɫɬɪɭɦɟɧɬɨɜ ɦɚɫ-
ɫɨɣ ɞɨ 115 ɬ ɢ ɫɨɛɫɬɜɟɧɧɵɣ ɢɧɬɟɪɮɟɣɫ CoЦЩosТЭО АorФ BОnМС. Ɇɚɲɢɧɚ ɞɥɹ ɜɵɤɥɚɞɤɢ 
ɜɨɥɨɤɧɚ εonРoosО H3 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 32 ɠɝɭɬɨɜ ɲɢɪɢɧɨɣ 12,7 ɦɦ ɦɨɠɟɬ ɭɤɥɚɞɵɜɚɬɶ 
ɞɨ 8000 ɮɭɬɨɜ²/ɱ ɭɝɥɟɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ ɩɪɢ ɫɤɨɪɨɫɬɢ 30 ɦ/ɦɢɧ Д7, 45Ж. 

ȼ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ ɤɨɦɩɚɧɢɢ ElОМЭroIЦЩКМЭ (ɋɒȺ) – ɚɧɚɥɢɡ ɜɨɥɨɤɧɚ ɢ ɩɪɨɰɟɫ-
ɫɵ ɟɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫ ɨɰɟɧɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɛɵɫɬɪɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɞɟɬɚɥɢ. 
Ɉɛɧɚɪɭɠɟɧɧɵɟ ɤɨɦɩɚɧɢɟɣ ɨɫɨɛɟɧɧɨɫɬɢ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɧɚ ɩɨɡɜɨɥɢɥɢ ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɛɢɡɧɟɫ-ɩɥɚɧ ɢ ɩɪɢɜɟɥɢ ɤ ɬɨɦɭ, ɱɬɨ ɨɧɚ ɫɨɫɪɟɞɨɬɨɱɢɥɚ ɫɜɨɟ ɜɧɢɦɚɧɢɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ 
ɪɚɡɦɟɳɟɧɢɢ ɜɨɥɨɤɨɧ. Ʉɨɦɩɚɧɢɹ ɫɨɡɞɚɥɚ ɞɜɟ ɦɚɲɢɧɵ ɫɢɫɬɟɦɵ AFP ɫ ɬɪɟɦɹ ɦɨɞɭɥɶɧɵ-
ɦɢ ɝɨɥɨɜɤɚɦɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ: 12,7×304,8; 6,35×304,8 ɢ 76,2×101,6 ɦɦ. ȼɫɟ ɨɧɢ  
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵ ɢ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɧɚ ɥɸɛɨɦ ɢɡ ɫɬɚɧɤɨɜ ɫ ɮɭɧɤɰɢɟɣ ɫɦɟɧɵ ɢɧɫɬɪɭɦɟɧ-
ɬɚ Д46Ж. 

Ʉɨɦɩɚɧɢɹ Mikrosam ɬɚɤɠɟ ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɜɵɤɥɚɞɤɢ ɫ ɭɱɟɬɨɦ ɫɟɪɢɣɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɭɫɥɨɜɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɥɨɜɢɹɯ ɢɥɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ) ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɞɟɬɚɥɟɣ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨ 
ɪɚɛɨɬɚɬɶ ɧɚ ɩɪɨɫɬɵɯ ɢ ɫɥɨɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɫɧɚɳɟɧɨ ɨɞɧɨɣ ɢɥɢ ɧɟ-
ɫɤɨɥɶɤɢɦɢ ɝɨɥɨɜɤɚɦɢ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɜɵɩɨɥɧɹɬɶ ɪɚɛɨɬɭ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɮɨɪɦɚɦɢ. Ⱦɨɩɨɥ-
ɧɢɬɟɥɶɧɨ ɜ ɫɢɫɬɟɦɭ ɦɨɠɧɨ ɜɤɥɸɱɢɬɶ ɦɨɞɭɥɶ ɨɛɪɟɡɤɢ ɭɥɶɬɪɚɡɜɭɤɨɦ. ɋɢɫɬɟɦɚ AFP ɨɛɥɚ-
ɞɚɟɬ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɪɨɜɧɵɯ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪ ɛɨɥɶɲɨɣ ɤɪɢɜɢɡɧɵ Д47Ж.  

Ʉɨɦɩɚɧɢɹ Mikrosam ɩɪɟɞɥɚɝɚɟɬ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ ɞɥɹ ɫɢɫɬɟɦɵ AFP ɫ ɧɟɫɤɨɥɶɤɢ-
ɦɢ ɪɨɛɨɬɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɭɸ ɝɢɛɤɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɋɨɛɨɬɵ ɦɨɝɭɬ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɤɥɚɞɵɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɵɯ ɫɟɝɦɟɧɬɨɜ ɨɞɧɨɣ ɞɟɬɚɥɢ ɢɥɢ ɪɚɡɧɵɟ ɞɟ-
ɬɚɥɢ, ɭɜɟɥɢɱɢɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Д47Ж. 

ɂɧɫɬɢɬɭɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɟɪɟɞɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɦ. Ɏɪɚɭɧɝɨ-
ɮɟɪɚ (IFAε, Ƚɟɪɦɚɧɢɹ) ɩɪɟɞɫɬɚɜɢɥ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɪɚɡɦɟɳɟɧɢɹ ɜɨɥɨɤɨɧ, ɩɨ-
ɥɭɱɢɜɲɭɸ ɧɚɡɜɚɧɢɟ εЮlЭТ-Material-HОКН, ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɫɟɯ ɫɬɚɧɞɚɪɬɧɵɯ 
ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɜɨɥɨɤɧɢɫɬɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – 
ɧɚɩɪɢɦɟɪ, ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɥɟɧɬ, ɬɟɪɦɨɩɥɚɫɬɨɜ, ɩɪɟɩɪɟɝɨɜ, ɠɝɭɬɨɜ, ɫɭɯɨɝɨ ɜɨɥɨɤɧɢɫɬɨɝɨ 
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ɪɨɜɢɧɝɚ. ɋɨɨɛɳɚɟɬɫɹ, ɱɬɨ ɦɨɞɭɥɶɧɭɸ ɝɨɥɨɜɤɭ ɥɟɝɤɨ ɚɞɚɩɬɢɪɨɜɚɬɶ ɤ ɦɚɬɟɪɢɚɥɭ, ɢɫɬɨɱɧɢɤɢ 
ɬɟɩɥɚ (ɥɚɡɟɪ, ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ ɢɥɢ ɢɧɮɪɚɤɪɚɫɧɵɣ ɫɜɟɬ) ɦɨɠɧɨ ɥɟɝɤɨ ɡɚɦɟɧɢɬɶ, ɚ ɝɢɛɤɚɹ ɫɢ-
ɫɬɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɥɢ ɇɂɈɄɊ Д48Ж. 

Ʉɨɦɩɚɧɢɹ AННМoЦЩosТЭОs (Ɏɢɧɥɹɧɞɢɹ) ɩɨɫɬɚɜɥɹɟɬ ɫɢɫɬɟɦɭ ɫ ɭɫɬɪɨɣɫɬɜɨɦ  
AFP-XS – ɥɟɝɤɨɜɟɫɧɭɸ ɦɚɲɢɧɭ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɨɧ. Ɇɟɬɨɞɨɥɨ-
ɝɢɹ «ɩɨɞɤɥɸɱɢ ɢ ɩɪɨɢɡɜɨɞɢ», ɥɟɠɚɳɚɹ ɜ ɨɫɧɨɜɟ ɭɫɬɪɨɣɫɬɜɚ AFP-БS, ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡ-
ɜɨɞɢɬɶ ɭɫɬɚɧɨɜɤɭ, ɤɚɥɢɛɪɨɜɤɭ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɡɚ ɨɞɢɧ ɞɟɧɶ. ɗɬɨ ɟɞɢɧɫɬɜɟɧɧɚɹ ɫɢɫɬɟɦɚ 
AFP, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ ɞɥɹ ɨɩɪɟɞɟ-
ɥɟɧɧɨɝɨ ɩɪɨɟɤɬɚ ɢɥɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɢɫɬɟɦɚ AFP-БS ɫɨɜɦɟɳɚɟɬ ɜɵɫɨɤɢɟ 
ɫɬɚɧɞɚɪɬɵ ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ AFP ɫ ɭɦɟɧɶɲɟɧɧɵɦɢ ɪɚɡɦɟɪɚɦɢ, ɭɞɨɛɧɵɦɢ ɞɥɹ 
ɩɪɨɟɤɬɨɜ ɇɂɈɄɊ, ɧɟɛɨɥɶɲɢɯ ɢ ɫɪɟɞɧɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. ȼɵɤɥɚɞɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨ ɫɤɨ-
ɪɨɫɬɶɸ ɞɨ 250 ɦɦ/ɫ. Ɇɚɫɫɚ ɦɚɲɢɧɵ ɛɟɡ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 13 ɤɝ Д49Ж. 

ȼ ɇȺɋȺ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɥɨɠɧɵɯ ɬɪɟɯɦɟɪɧɵɯ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɥɢ ɫɢɫɬɟɦɭ AFP Д50Ж, ɜ ɤɨɬɨɪɨɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɣ 
ɪɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ (ɲɟɫɬɢɨɫɟɜɵɟ ɪɨɛɨɬɵ). Ɉɫɧɨɜɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɬɚɤɨɣ ɪɨɛɨ-
ɬɨɬɟɯɧɢɤɢ ɹɜɥɹɸɬɫɹ ɤɨɦɩɚɧɢɢ KUKA (Ƚɟɪɦɚɧɢɹ) ɢ ABB (ɒɜɟɣɰɚɪɢɹ) Д51Ж. 

 
Ɂɚɤɥɸчɟɧия 

Ɇɟɬɨɞ AFP, ɤɚɤ ɭɥɭɱɲɟɧɧɵɣ ɩɪɨɰɟɫɫ ɬɟɯɧɨɥɨɝɢɢ ATδ, ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɹɬɶ 
ɜɵɤɥɚɞɤɭ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɞɟɬɚɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɤɪɚɳɚɸɬɫɹ ɩɨɬɟɪɢ ɦɚɬɟɪɢɚɥɚ, ɚ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɲɟ ɛɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɡɤɢ, ɡɚɠɢɦɚ ɢ 
ɩɟɪɟɡɚɩɭɫɤɚ ɠɝɭɬɨɜ. ɋ 1980-ɯ ɝɝ. ɦɟɬɨɞ AFP ɫɬɚɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɩɭɥɹɪɧɵɦ ɩɪɨɰɟɫɫɨɦ, 
ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ. ɉɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɢ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɨɬ ɜɜɟɞɟɧɢɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 
ɫɨɤɪɚɳɟɧɢɹ ɱɢɫɥɚ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɨɩɟɪɚɰɢɣ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɫɬɨɹ, ɚ ɬɚɤɠɟ ɛɥɚ-
ɝɨɞɚɪɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɧɟɫɤɨɥɶɤɢɯ ɪɨɛɨɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞ AFP ɤɚɠɟɬɫɹ 
ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɬɢɩɢɱɧɵɯ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ,  
ɧɨ ɧɟɨɛɯɨɞɢɦɚ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɜɵɤɥɚɞɵɜɚɬɶ ɦɚɬɟɪɢɚɥɵ ɫ ɛɨɥɶɲɨɣ  
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ ɠɝɭɬɚɦɢ ɩɪɟɩɪɟɝɚ ɲɢɪɢ-
ɧɨɣ 6,35 ɦɦ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɨɫɜɨɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɚɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɇɚɬɟ-
ɪɢɚɥ ɩɨɫɬɚɜɥɹɟɬɫɹ ɡɚɤɚɡɱɢɤɚɦ ɜ ɜɢɞɟ ɛɨɛɢɧ, ɧɚ ɤɨɬɨɪɵɟ ɧɚɦɨɬɚɧ ɩɪɟɩɪɟɝ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɫɥɨɢ ɩɪɟɩɪɟɝɚ ɧɟ ɫɥɢɩɚɥɢɫɶ, ɨɧɢ ɪɚɡɞɟɥɟɧɵ ɚɧɬɢɚɧɝɟɡɢɨɧɧɨɣ ɩɥɟɧɤɨɣ. ɉɪɢ ɜɵɤɥɚɞɤɟ 
ɩɥɟɧɤɭ ɭɞɚɥɹɸɬ, ɚ ɫɥɨɢ ɩɪɟɩɪɟɝɚ ɫɨɛɢɪɚɸɬ ɜ ɜɵɤɥɚɞɨɱɧɨɣ ɝɨɥɨɜɤɟ ɜ ɥɟɧɬɭ ɢ ɭɤɥɚɞɵɜɚɸɬ 
ɧɚ ɨɫɧɚɫɬɤɭ. ɗɬɨɬ ɩɪɟɩɪɟɝ ɩɪɨɲɟɥ ɭɫɩɟɲɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɧɚ ɞɜɭɯ ɩɪɟɞɩɪɢɹɬɢɹɯ. 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɪɟɡɢɧ ɬɪɟɯ ɲɢɮɪɨɜ ɩɨ ɫɬɨɣɤɨɫɬɢ ɤ ɩɥɟɫɧɟɜɵɦ 
ɝɪɢɛɚɦ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɢɫɤɭɫ-
ɫɬɜɟɧɧɨɦ ɢɧɮɢɰɢɪɨɜɚɧɢɢ ɫɩɨɪɚɦɢ ɝɪɢɛɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɝɪɢ-
ɛɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɢɧ – ɨɬ 0 ɞɨ 2 ɛɚɥɥɨɜ ɩɪɢ ɧɨɪɦɟ ɧɟ ɛɨɥɟɟ 3 ɛɚɥɥɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɟɡɢɧ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɥɟɫɧɟɜɵɯ ɝɪɢɛɨɜ ɜ ɥɚɛɨɪɚ-
ɬɨɪɧɵɯ ɢ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɯɨɞɹɬɫɹ ɧɚ ɭɪɨɜɧɟ ɢɫɯɨɞɧɵɯ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɛɚɤɬɟ-
ɪɢɰɢɞɧɵɯ ɫɜɨɣɫɬɜɚɯ ɪɟɡɢɧ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɥɟɫɧɟɜɵɦ ɝɪɢɛɚɦ. 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɪɟɡɢɧɚ, ɪɟɡɢɧɨɤɨɪɞɧɚɹ ɨɛɨɥɨɱɤɚ, ɝɟɪɦɟɬɢɡɢɪɭɸщɚɹ ɤɚɦɟɪɚ, ɩɥɟɫɧɟɜɵɟ 
ɝɪɢɛɵ, ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ, ɝɪɢɛɨɫɬɨɣɤɨɫɬɶ, ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ, ɫɜɨɣɫɬɜɚ. 

 
E.A. Ʉhorova1, N.A. Tretyakova1, N.V. Vakulov1 
 
RESEARCH  OF  RESISTANCE  OF  RUBBERS 
TO  THE  EXPOSURE  OF  MOLD  FUNGI 
 

The article presents the tests results for the resistance of rubbers of three brands to mold 
fungi in natural atmospheric conditions and in laboratory conditions when they are artificially 
infected with spores. These results show that the intensity of development of fungi on the surface 
of rubbers is from 0 to 2 points with a norm of not more than 3 points. It has been determined 
that the strength properties of rubbers after exposure to mold fungi in laboratory and natural 
conditions are at the level of the initial ones. The paper provides the conclusion about the bac-
tericidal properties of the components of rubber mixtures in relation to mold fungi. 

Keywords: rubber, rubber-cord shell, sealing chamber, mold fungi, microbiological  
resistance, fungal resistance, test methods, properties. 
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ȼвɟɞɟɧиɟ 

ȼ ɩɪɨɰɟɫɫɟ ɯɪɚɧɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ, ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɢ ɞɪɭɝɢɯ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɮɚɤɬɨɪɨɜ ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɟ ɢɡɞɟɥɢɹ ɦɨɝɭɬ 
ɩɨɜɪɟɠɞɚɬɶɫɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ (ɛɚɤɬɟɪɢɢ, ɝɪɢɛɵ, ɞɪɨɠɠɢ ɢ ɬ. ɞ.), 
ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɚɝɪɟɫɫɢɜɧɵ ɩɥɟɫɧɟɜɵɟ ɝɪɢɛɵ Д1, 2Ж. Ɉɞɧɢɦɢ ɢɡ ɨɩɚɫɧɵɯ 
ɫɜɨɣɫɬɜ ɩɥɟɫɟɧɢ ɹɜɥɹɸɬɫɹ ɟɟ ɜɟɡɞɟɫɭɳɧɨɫɬɶ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɢɥɥɢɨɧɨɜ 
ɥɟɬ ɜɵɠɢɜɚɬɶ ɩɪɢ ɥɸɛɵɯ ɭɫɥɨɜɢɹɯ: ɜ ɤɨɫɦɨɫɟ, ɜ ɚɪɤɬɢɱɟɫɤɢɯ ɥɶɞɚɯ, ɜ ɭɫɥɨɜɢɹɯ ɪɚɞɢɚ-
ɰɢɢ ɢ ɬ.ɞ. ɋɥɭɱɚɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɜɫɬɪɟɱɚɸɬ-
ɫɹ ɜ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɯ ɫɟɬɹɯ (ɩɪɨɤɥɚɞɤɢ ɢɡ ɪɟɡɢɧɵ), ɩɨɞɡɟɦɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɹɯ 
(ɢɡɨɥɹɰɢɹ ɢɡ ɪɟɡɢɧɵ), ɚ ɬɚɤɠɟ ɫɪɟɞɢ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɪɟɡɢɧɨɜɵɯ ɢ ɪɟɡɢɧɨ-
ɤɨɪɞɧɵɯ ɢɡɞɟɥɢɣ, ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫ ɩɨɱɜɨɣ, ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɢ ɠɢɜɨɬɧɵɦɢ ɨɫɬɚɬɤɚɦɢ, 
ɦɨɪɫɤɨɣ ɢ ɩɪɟɫɧɨɣ ɜɨɞɨɣ, ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɚɱɚɥɶɧɵɦ ɩɪɢɡɧɚɤɨɦ ɩɨɪɚ-
ɠɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɚ ɪɟɡɢɧɭ ɹɜɥɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɨɤɪɚɲɟɧɧɵɯ ɩɹɬɟɧ, 
ɹɡɜ, ɤɚɜɟɪɧ ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɩɨɬɟɪɹ ɩɪɨɱɧɨɫɬɢ, ɧɚɛɭɯɚɧɢɟ ɪɟɡɢɧ) ɜɩɥɨɬɶ ɞɨ ɪɚɡɪɭɲɟɧɢɹ Д3Ж. 

ɋɬɨɣɤɨɫɬɶ ɪɟɡɢɧ ɤ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɦ ɩɨɜɪɟɠɞɟɧɢɹɦ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɤɚ-
ɭɱɭɤɨɜɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɧɨ ɢ ɨɬ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, ɧɚɩɨɥɧɢɬɟɥɟɣ, ɜɭɥɤɚɧɢɡɭɸɳɢɯ 
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ɚɝɟɧɬɨɜ ɢ ɞɪɭɝɢɯ ɜɯɨɞɹɳɢɯ ɜ ɢɯ ɫɨɫɬɚɜ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɚɥɢɱɢɟ ɜ ɧɢɯ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪ-
ɧɵɯ ɮɪɚɤɰɢɣ, ɥɟɝɤɨ ɭɫɜɚɢɜɚɟɦɵɯ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ (ɜ ɩɚɪɚɮɢɧɟ, ɫɬɟɚɪɢɧɟ, ɞɢɛɭ-
ɬɢɥɮɬɚɥɚɬɟ, ɤɚɧɢɮɨɥɢ, ɦɚɫɥɚɯ ɢ ɬ. ɞ.) ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɸ ɢ ɪɚɡɜɢɬɢɸ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɪɟɡɢɧ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ Д4Ж. ɇɚɩɨɥɧɢɬɟɥɹɦɢ, ɧɟ ɫɬɨɣɤɢɦɢ ɤ ɞɟɣɫɬɜɢɸ 
ɝɪɢɛɨɜ, ɹɜɥɹɸɬɫɹ ɩɟɱɧɚɹ (ɉɆ-15), ɮɨɪɫɭɧɨɱɧɚɹ (ɉɆ-75) ɢ ɬɟɪɦɢɱɟɫɤɚɹ (ɌȽ-10) ɭɝɥɟ-
ɪɨɞɧɵɟ ɫɚɠɢ; ɩɨɥɭɫɬɨɣɤɢɦɢ – ɦɢɧɟɪɚɥɶɧɵɟ ɧɚɩɨɥɧɢɬɟɥɢ ɛɟɥɚɹ ɫɚɠɚ ɢ ɤɚɨɥɢɧ; ɫɬɨɣɤɢ-
ɦɢ – ɤɜɚɪɰ ɢ ɚɫɛɟɫɬ Д5Ж. ɉɨɞɫɱɢɬɚɧɨ, ɱɬɨ >60 % ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɟɯɧɢɤɟ ɩɨɥɢɦɟɪɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɟ ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ Д6Ж. Ɍɨɥɶɤɨ 
ɭɱɬɟɧɧɵɟ ɩɨɬɟɪɢ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ – ɞɟɫɬɪɭɤɬɨɪɨɜ ɩɨɥɢɦɟɪɨɜ – ɞɨɫɬɢ-
ɝɚɸɬ 3 % ɨɬ ɨɛɴɟɦɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ Д5Ж. ɉɨɷɬɨɦɭ ɜɨ ɢɡɛɟɠɚɧɢɟ ɨɛɪɚɫɬɚɧɢɹ 
ɢɡɞɟɥɢɣ ɦɢɰɟɥɢɟɦ ɝɪɢɛɨɜ ɢɥɢ ɤɨɥɨɧɢɹɦɢ ɛɚɤɬɟɪɢɣ ɠɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɪɟɡɢɧɵ ɨɛɥɚɞɚ-
ɥɢ ɛɚɤɬɟɪɢɰɢɞɧɵɦɢ ɢ ɮɭɧɝɢɰɢɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ ɜ ɭɫɥɨɜɢɹɯ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɚɬɦɨɫɮɟɪɵ ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɬɶ ɫɟɪɢɣɧɵɟ ɪɟɡɢɧɵ ɪɚɡɪɚɛɨɬɤɢ 
ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ», ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɧɚɪɭɠɧɨɦ (ɩɨɤɪɨɜɧɨɦ) ɢ ɜɧɭɬɪɟɧɧɟɦ (ɝɟɪɦɟ-
ɬɢɡɢɪɭɸɳɟɦ) ɫɥɨɹɯ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɜ ɫɨɫɬɚɜɟ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ, ɧɚ 
ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɝɪɢɛɨɫɬɨɣɤɨɫɬɶ, ɱɬɨ ɢ ɹɜɢɥɨɫɶ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɥɢ: 
1 – ɨɛɪɚɡɰɵ-ɥɨɩɚɬɤɢ ɫɟɪɢɣɧɵɯ ɪɟɡɢɧ 

– № 1 ɞɥɹ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ – ɧɚ ɨɫɧɨɜɟ 70 ɦɚɫ. ɱ. ɯɥɨɪɨɩɪɟɧɨɜɨɝɨ ɤɚɭɱɭɤɚ 
Denka PS-40Ⱥ (ɇ) ɢ 30 ɦɚɫ. ɱ. ɛɭɬɚɞɢɟɧ-ɧɢɬɪɢɥɶɧɨɝɨ ɤɚɭɱɭɤɚ ȻɇɄɋ-28ȺɆɇ ɫ ɦɟɬɚɥɥɨ-
ɨɤɫɢɞɧɨɣ ɜɭɥɤɚɧɢɡɭɸɳɟɣ ɫɢɫɬɟɦɨɣ; 

– № 2 ɞɥɹ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ – ɧɚ ɨɫɧɨɜɟ 80 ɦɚɫ. ɱ. ɛɭɬɚɞɢɟɧ-ɫɬɢɪɨɥɶɧɨɝɨ ɤɚɭ-
ɱɭɤɚ ɋɄɆɋ-30ȺɊɄ ɢ 20 ɦɚɫ. ɱ. ɷɬɢɥɟɧɩɪɨɩɢɥɟɧɞɢɟɧɨɜɨɝɨ ɤɚɭɱɭɤɚ ɋɄɗɉɌ-60 ɫ ɫɟɪɧɨ-
ɬɢɭɪɚɦɧɨɣ ɜɭɥɤɚɧɢɡɭɸɳɟɣ ɫɢɫɬɟɦɨɣ; 

– № 3 ɞɥɹ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ – ɧɚ ɨɫɧɨɜɟ 100 ɦɚɫ. ɱ. ɛɭɬɢɥɤɚɭɱɭɤɚ ȻɄ-1675ɇ 
ɫ ɫɟɪɧɨ-ɬɢɭɪɚɦɧɨɣ ɜɭɥɤɚɧɢɡɭɸɳɟɣ ɫɢɫɬɟɦɨɣ; 

2 – ɨɛɪɚɡɰɵ-ɮɪɚɝɦɟɧɬɵ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ 
ɪɚɡɦɟɪɨɦ 150×150 ɦɦ. 

Ɋɟɡɢɧɨɜɵɟ ɫɦɟɫɢ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɜ ɥɚɛɨɪɚɬɨɪɧɨɦ ɪɟɡɢɧɨɫɦɟɫɢɬɟɥɟ ɩɨ ɨɛɳɟɩɪɢ-
ɧɹɬɨɣ ɬɟɯɧɨɥɨɝɢɢ. ȼɭɥɤɚɧɢɡɚɰɢɸ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɷɬɚɠɧɨɦ 
ɩɪɟɫɫɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 153 °ɋ ɜ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ. ɍɩɪɭɝɨɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ 
ɪɟɡɢɧ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ 270–75 Д7Ж, ɬɜɟɪɞɨɫɬɶ – ɩɨ ȽɈɋɌ 263–75 Д8Ж, ɫɬɨɣɤɨɫɬɶ ɪɟ-
ɡɢɧɨɜɵɯ ɢ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɪɚɡɰɨɜ ɤ ɩɥɟɫɧɟɜɵɦ ɝɪɢɛɚɦ ɜ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɚɬɦɨ-
ɫɮɟɪɟ (ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ) – ɩɨ ȽɈɋɌ 9.053–75 Д9Ж ɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɥɨɜɢɹɯ ɩɪɢ ɢɧɮɢɰɢɪɨɜɚɧɢɢ ɬɟɫɬ-ɤɭɥɶɬɭɪɚɦɢ ɩɥɟɫɧɟɜɵɯ ɝɪɢɛɨɜ (ɝɪɢɛɨɫɬɨɣɤɨɫɬɶ) – ɩɨ 
ȽɈɋɌ 9.049–91 Д10Ж ɫ ɨɰɟɧɤɨɣ ɫɬɚɞɢɢ ɢɯ ɪɚɡɜɢɬɢɹ ɩɨ ȽɈɋɌ 9.048–89 Д11Ж, ɚ ɬɚɤɠɟ  
ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ ɪɟɡɢɧ ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ‒ ɩɨ ȽɈɋɌ 270–75. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɟɞɟɧɵ ɭɫɤɨɪɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɝɪɢɛɨɫɬɨɣɤɨɫɬɶ ɜ ɬɟ-
ɱɟɧɢɟ 28 ɫɭɬ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟ-
ɪɵ, ɨɛɪɚɡɰɨɜ-ɥɨɩɚɬɨɤ ɫɟɪɢɣɧɵɯ ɪɟɡɢɧ (1–3) ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɞɥɢɬɟɥɶ-
ɧɵɟ ɢɫɩɵɬɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 18 ɦɟɫ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪ-
ɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɥɚɠɧɨɝɨ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ  
ȼɶɟɬɧɚɦɚ. ɑɟɪɟɡ ɤɚɠɞɵɟ 3 ɦɟɫ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɪɟɞɟɥɹɥɢ ɦɢɤɪɨɛɢɨɥɨɝɢ-
ɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɪɟɡɢɧ ɩɨ ɫɬɟɩɟɧɢ ɪɚɡɜɢɬɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɛɚɥ-
ɥɚɯ ɩɨ ɲɟɫɬɢɛɚɥɥɶɧɨɣ ɲɤɚɥɟ. Ɉɛɪɚɡɰɵ-ɮɪɚɝɦɟɧɬɵ ɢ ɨɛɪɚɡɰɵ-ɥɨɩɚɬɤɢ, ɢɧɮɢɰɢɪɨɜɚɧɧɵɟ 
ɠɢɡɧɟɫɩɨɫɨɛɧɵɦɢ ɫɩɨɪɚɦɢ ɩɥɟɫɧɟɜɵɯ ɝɪɢɛɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜɵɞɟɪɠɚɧɧɵɟ 
ɜ ɭɫɥɨɜɢɹɯ, ɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɢɯ ɪɚɡɜɢɬɢɹ, ɨɰɟɧɢɜɚɥɢ ɧɚ ɝɪɢɛɨɫɬɨɣɤɨɫɬɶ. Ʉɪɢɬɟɪɢɟɦ 
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ɨɰɟɧɤɢ ɝɪɢɛɨɫɬɨɣɤɨɫɬɢ ɫɥɭɠɢɥɚ ɫɬɟɩɟɧɶ ɨɛɪɚɫɬɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɦɢɤɪɨɨɪɝɚ-
ɧɢɡɦɚɦɢ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɪɚɫɬɚɧɢɹ ɨɰɟɧɢɜɚɥɢ ɜ ɛɚɥɥɚɯ ɬɪɟɦɹ ɦɟɬɨɞɚɦɢ, ɢɦɢɬɢɪɭɸ-
ɳɢɦɢ ɭɫɥɨɜɢɹ ɯɪɚɧɟɧɢɹ (ɦɟɬɨɞ 1), ɷɤɫɩɥɭɚɬɚɰɢɢ (ɦɟɬɨɞ 2) ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɚɝɪɟɫɫɢɜ-
ɧɨɣ ɫɪɟɞɟ (ɦɟɬɨɞ 3). 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɢɫɬɟɱɟɧɢɢ 3, 6, 9, 12, 15 ɢ 18 ɦɟɫ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɵ-
ɮɪɚɝɦɟɧɬɵ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ ɩɨɞɜɟɪɝɚɥɢ ɜɢɡɭɚɥɶ-
ɧɨɦɭ ɨɫɦɨɬɪɭ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ (ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×200) ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɪɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ. ȼ ɩɪɨɰɟɫɫɟ 
ɨɫɦɨɬɪɚ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɚɬɦɨɫɮɟ-
ɪɟ – ɛɟɡ ɜɢɞɢɦɵɯ ɢɡɦɟɧɟɧɢɣ, ɨɛɪɚɡɰɵ ɱɢɫɬɵɟ, ɫɥɟɞɨɜ ɨɛɪɚɫɬɚɧɢɹ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɧɟ 
ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɭɥɟɜɨɣ ɫɬɚɞɢɢ ɪɚɡɜɢɬɢɹ ɝɪɢɛɨɜ ɩɨ ɲɟɫɬɢɛɚɥɥɶɧɨɣ 
ɲɤɚɥɟ. Ɋɟɡɭɥɶɬɚɬɵ ɨɫɦɨɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 
 

Ɍɚɛɥɢɰɚ 1 
Иɧɬɟɧɫивɧɨɫɬь ɨɛɪɚɫɬɚɧия ɨɛɪɚɡɰɨв-ɮɪɚɝɦɟɧɬɨв ɪɟɡиɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨчɟɤ (ɊɄɈ) 

и ɝɟɪɦɟɬиɡиɪɭɸɳɟɣ ɤɚɦɟɪɵ (ȽɄ) в ɩɪиɪɨɞɧɵɯ ɭɫɥɨвияɯ вɥɚɠɧɨɝɨ ɬɪɨɩичɟɫɤɨɝɨ ɤɥиɦɚɬɚ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɣ, ɦɟɫ 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɝɪɢɛɨɜ ɜ ɛɚɥɥɚɯ 
ɩɨ ȽɈɋɌ 9.053–75 ɢ ȽɈɋɌ 9.048–89 ɞɥɹ ɪɟɡɢɧɵ Ʉɨɧɬɪɨɥɶɧɵɣ 

ɨɛɪɚɡɟɰ 1 (ɊɄɈ) 2 (ɊɄɈ) 3 (ȽɄ) 
3 0 0 0 

0 

6 0 0 0 
9 0 0 0 
12 0 0 0 
15 0 0 0 
18 0 0 0 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ Д12Ж, ɱɬɨ ɯɥɨɪɨɩɪɟɧɨɜɵɣ ɤɚɭɱɭɤ ɜ ɨɫɧɨɜɟ ɪɟɡɢɧɵ 1 ɛɥɚɝɨɞɚɪɹ 

ɧɚɥɢɱɢɸ ɚɬɨɦɚ ɯɥɨɪɚ ɜ ɦɨɥɟɤɭɥɟ ɦɨɧɨɦɟɪɚ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɶɸ, ɦɟɞɥɟɧɧɨ ɨɛɪɚɫɬɚɟɬ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɢ ɩɪɨɹɜɥɹɟɬ ɮɭɧɝɢɰɢɞɧɨɟ  
ɞɟɣɫɬɜɢɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɱɜɟɧɧɵɦ ɝɪɢɛɚɦ. ɍɫɤɨɪɢɬɟɥɶ ɜɭɥɤɚɧɢɡɚɰɢɢ ɬɟɬɪɚɦɟɬɢɥ-
ɬɢɭɪɚɦɞɢɫɭɥɶɮɢɞ (ɬɢɭɪɚɦ Ⱦ), ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɪɟɡɢɧ 2 ɢ 3, ɨɛɥɚɞɚɟɬ ɛɢɨɰɢɞɧɵɦ ɞɟɣ-
ɫɬɜɢɟɦ, ɪɟɡɢɧɵ ɫ ɬɢɭɪɚɦɨɦ ɭɫɬɨɣɱɢɜɵ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɩɥɟɫɧɟɜɵɯ ɝɪɢɛɨɜ Д13Ж. Ⱦɥɹ ɩɨ-
ɥɭɱɟɧɢɹ ɪɟɡɢɧ ɫ ɩɨɜɵɲɟɧɧɨɣ ɝɪɢɛɨɫɬɨɣɤɨɫɬɶɸ ɧɟɪɟɞɤɨ ɞɨɫɬɚɬɨɱɧɨ ɭɜɟɥɢɱɢɬɶ ɞɨɡɢɪɨɜ-
ɤɭ ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɦɟɫɢ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɜɭɥɤɚɧɢɡɚɰɢɨɧɧɭɸ 
ɚɤɬɢɜɧɨɫɬɶ ɤɚɭɱɭɤɚ ɢ ɛɢɨɫɬɨɣɤɨɫɬɶ ɪɟɡɢɧɵ ɜ ɰɟɥɨɦ Д14Ж. 

ȼɢɡɭɚɥɶɧɵɣ ɢ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ ɨɫɦɨɬɪ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɪɟɡɢɧɨɤɨɪɞɧɵɯ 
ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ, ɡɚɪɚɠɟɧɧɵɯ ɫɩɨɪɚɦɢ ɝɪɢɛɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɥɨɜɢɹɯ (ɬɚɛɥ. 2), ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɥɢɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɨɛɪɚɫɬɚɧɢɸ 
ɝɪɢɛɚɦɢ – ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ ɜɢɞɧɵ ɩɪɨɪɨɫɲɢɟ ɫɩɨɪɵ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɜɢɬɵɣ ɦɢɰɟ-
ɥɢɣ (ɨɰɟɧɤɚ 1 ɛɚɥɥ); ɧɚɥɢɱɢɟ ɪɚɡɜɢɬɨɝɨ ɦɢɰɟɥɢɹ, ɜɨɡɦɨɠɧɨ ɫɩɨɪɨɧɨɲɟɧɢɟ (ɨɰɟɧɤɚ 
2 ɛɚɥɥɚ). Ɍɚɤ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɪɚɫɬɚɧɢɹ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨ-
ɱɟɤ ɫ ɪɟɡɢɧɨɣ 1 ɨɰɟɧɟɧɚ ɜ 1 ɛɚɥɥ ɩɨ ɦɟɬɨɞɭ 1 ɢ ɨɬ 1 ɞɨ 2 ɛɚɥɥɨɜ – ɩɨ ɦɟɬɨɞɚɦ 2 ɢ 3; 
ɫ ɪɟɡɢɧɨɣ 2 ɨɰɟɧɟɧɚ ɜ 2 ɛɚɥɥɚ ɩɨ ɦɟɬɨɞɭ 1 ɢ ɜ 1 ɛɚɥɥ – ɩɨ ɦɟɬɨɞɚɦ 2 ɢ 3. ɂɧɬɟɧɫɢɜɧɨɫɬɶ 
ɨɛɪɚɫɬɚɧɢɹ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ ɫ ɪɟɡɢɧɨɣ 3 ɨɰɟɧɟɧɚ ɜ 
1 ɛɚɥɥ ɩɨ ɜɫɟɦ ɬɪɟɦ ɦɟɬɨɞɚɦ. ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 9.049–91 ɦɚɬɟɪɢɚɥ ɫɱɢɬɚɸɬ 
ɜɵɞɟɪɠɚɜɲɢɦ ɢɫɩɵɬɚɧɢɹ, ɟɫɥɢ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɵ ɝɪɢɛɵ ɫ ɢɧɬɟɧɫɢɜɧɨ-
ɫɬɶɸ ɪɚɡɜɢɬɢɹ ɧɟ ɛɨɥɟɟ 3 ɛɚɥɥɨɜ. 

Ɉɩɪɟɞɟɥɟɧɵ ɭɩɪɭɝɨɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ-ɥɨɩɚɬɨɤ ɪɟɡɢɧ 1–3 ɞɨ ɢɫɩɵ-
ɬɚɧɢɣ – ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ; ɨɛɪɚɡɰɨɜ-ɥɨɩɚɬɨɤ, ɡɚɪɚɠɟɧɧɵɯ ɫɩɨɪɚɦɢ ɩɥɟɫɧɟɜɵɯ ɝɪɢ-
ɛɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɰɨɜ-ɥɨɩɚɬɨɤ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɮɪɚɝɦɟɧɬɨɜ 
ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ ɩɨ ȽɈɋɌ 269–66 Д15Ж, ɩɨɫɥɟ  
ɷɤɫɩɨɡɢɰɢɢ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɜɥɚɠɧɨɝɨ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ ɜ ɬɟɱɟɧɢɟ 18 ɦɟɫ. 
Ɉɩɪɟɞɟɥɟɧɚ ɬɜɟɪɞɨɫɬɶ ɜɭɥɤɚɧɢɡɚɬɨɜ ɞɨ ɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɝɪɢɛɨɫɬɨɣɤɨɫɬɶ (ɬɚɛɥ. 3). 
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Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɬɜɟɪɞɨɫɬɶ 
ɢɫɩɵɬɵɜɚɟɦɵɯ ɪɟɡɢɧ ɩɨɫɥɟ ɧɚɬɭɪɧɵɯ ɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚɯɨɞɹɬɫɹ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ ɫ ɢɫɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɚɦ ɤɨɧɬɪɨɥɹ, ɜɧɟ-
ɫɟɧɧɵɦ ɜ ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ (Ɍɍ) ɧɚ ɢɡɞɟɥɢɟ. 

 

Ɍɚɛɥɢɰɚ 2 
Иɧɬɟɧɫивɧɨɫɬь ɨɛɪɚɫɬɚɧия ɝɪиɛɚɦи ɨɛɪɚɡɰɨв-ɮɪɚɝɦɟɧɬɨв ɪɟɡиɧɨɤɨɪɞɧɵɯ  

ɨɛɨɥɨчɟɤ (ɊɄɈ) и ɝɟɪɦɟɬиɡиɪɭɸɳɟɣ ɤɚɦɟɪɵ (ȽɄ) в ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨвияɯ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɫɩɵɬɚɧɢɣ, ɫɭɬ Ɇɟɬɨɞ 

Ƚɪɢɛɨɫɬɨɣɤɨɫɬɶ ɜ ɛɚɥɥɚɯ  
ɩɨ ȽɈɋɌ 9.049–91 ɢ ȽɈɋɌ 9.048–89 ɞɥɹ ɪɟɡɢɧɵ 

1 (ɊɄɈ) 2 (ɊɄɈ) 3 (ȽɄ) 

28 
1 1 2 1 
2 2 1 1 
3 2 1 1 

 
Ɍɚɛɥɢɰɚ 3 

ɋвɨɣɫɬвɚ ɪɟɡиɧ ɞɥя ɪɟɡиɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨчɟɤ (ɊɄɈ) и ɝɟɪɦɟɬиɡиɪɭɸɳɟɣ ɤɚɦɟɪɵ (ȽɄ)  
ɞɨ и ɩɨɫɥɟ вɨɡɞɟɣɫɬвия ɩɥɟɫɧɟвɵɯ ɝɪиɛɨв 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɪɟɡɢɧ, 
ɢɫɩɵɬɚɧɧɵɯ ɩɨ ɦɟɬɨɞɚɦ 

ɇɨɪɦɵ  
ɤɨɧɬɪɨɥɹ  
ɧɚ ɢɡɞɟɥɢɟ  
ɩɨ Ɍɍ 

ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 1 2 3 ɩɨɫɥɟ 

18 ɦɟɫ 
Ɋɟɡɢɧɚ 1 ɞɥɹ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ (70 ɦɚɫ. ɱ. Denka PS-40Ⱥ (ɇ) + 30 ɦɚɫ. ɱ. ȻɇɄɋ-28ȺɆɇ) 

ɍɫɥɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ  
ɩɪɢ 300 %-ɧɨɦ ɭɞɥɢɧɟɧɢɢ, Ɇɉɚ 10,21 10,71 10,30 10,64 12,40 – 

ɍɫɥɨɜɧɚɹ ɩɪɨɱɧɨɫɬɶ  
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 12,95 12,66 12,62 12,68 12,4 ɇɟ ɦɟɧɟɟ 7,84 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ  
ɩɪɢ ɪɚɡɪɵɜɟ, % 450 380 395 390 280 ɇɟ ɦɟɧɟɟ 220 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ  
ɞɟɮɨɪɦɚɰɢɹ ɩɨɫɥɟ ɪɚɡɪɵɜɚ, % 5 3 4 4 2 ɇɟ ɛɨɥɟɟ 20 

Ɍɜɟɪɞɨɫɬɶ, ɟɞ. ɒɨɪɚ Ⱥ 62 66 66 65 67 – 
Ɋɟɡɢɧɚ 2 ɞɥɹ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ (80 ɦɚɫ. ɱ. ɋɄɆɋ-30ȺɊɄ + 20 ɦɚɫ. ɱ. ɋɄɗɉɌ-60) 

ɍɫɥɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ  
ɩɪɢ 300 %-ɧɨɦ ɭɞɥɢɧɟɧɢɢ, Ɇɉɚ 6,95 8,79 8,76 8,96 6,58 – 

ɍɫɥɨɜɧɚɹ ɩɪɨɱɧɨɫɬɶ  
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 14,90 16,22 15,98 16,62 14,83 ɇɟ ɦɟɧɟɟ 

12,74 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ  
ɩɪɢ ɪɚɡɪɵɜɟ, % 560 520 500 520 595 550±100 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ  
ɞɟɮɨɪɦɚɰɢɹ ɩɨɫɥɟ ɪɚɡɪɵɜɚ, % 17 11 11 12 15 ɇɟ ɛɨɥɟɟ 30 

Ɍɜɟɪɞɨɫɬɶ, ɟɞ. ɒɨɪɚ Ⱥ 52 51 52 53 54 – 
Ɋɟɡɢɧɚ 3 ɞɥɹ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ (100 ɦɚɫ. ɱ. ȻɄ-1675ɇ) 

ɍɫɥɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ  
ɩɪɢ 300 %-ɧɨɦ ɭɞɥɢɧɟɧɢɢ, Ɇɉɚ 6,76 6,81 6,23 6,44 6,45 – 

ɍɫɥɨɜɧɚɹ ɩɪɨɱɧɨɫɬɶ  
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 17,08 16,87 16,77 16,84 17,70 ɇɟ ɦɟɧɟɟ 

14,66 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ  
ɩɪɢ ɪɚɡɪɵɜɟ, % 570 630 640 640 570 570±120 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ  
ɞɟɮɨɪɦɚɰɢɹ ɩɨɫɥɟ ɪɚɡɪɵɜɚ, % 25 35 34 34 24 ɇɟ ɛɨɥɟɟ 50 

Ɍɜɟɪɞɨɫɬɶ, ɟɞ. ɒɨɪɚ Ⱥ 61 60 61 62 63 – 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɭɟɦɵɟ ɦɚɪɤɢ ɪɟɡɢɧɵ ɩɨɫɥɟ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɟɱɟɧɢɟ 18 ɦɟɫ  

ɜ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɟ ɜ ɭɫɥɨɜɢɹɯ ɜɥɚɠɧɨɝɨ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ, ɧɚ ɮɨɧɟ ɫɬɚɪɟɧɢɹ ɩɨɞ ɞɟɣ-
ɫɬɜɢɟɦ ɚɬɦɨɫɮɟɪɧɵɯ ɢ ɞɪɭɝɢɯ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɢɫɩɵɬɚɧɢɹ ɧɚ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɭɸ 
ɫɬɨɣɤɨɫɬɶ ɜɵɞɟɪɠɚɥɢ. Ɋɟɡɢɧɵ ɩɨɫɥɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɡɚɪɚɠɟɧɢɹ ɬɟɫɬ-ɤɭɥɶɬɭɪɚɦɢ ɩɥɟɫɧɟ-
ɜɵɯ ɝɪɢɛɨɜ ɢ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 28 ɫɭɬ ɜ ɭɫɥɨɜɢɹɯ, ɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɢɯ ɪɚɡɜɢɬɢɹ,  
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ɹɜɥɹɸɬɫɹ ɝɪɢɛɨɫɬɨɣɤɢɦɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ ɩɨɤɚ-
ɡɚɥɢ ɨɬɫɭɬɫɬɜɢɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɪɟɡɢɧ ɤ ɨɤɨɧɱɚɧɢɸ ɷɤɫɩɟɪɢɦɟɧ-
ɬɨɜ ɤɚɤ ɜ ɧɚɬɭɪɧɵɯ, ɬɚɤ ɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. 

 
Ɂɚɤɥɸчɟɧия 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɜɥɚɠɧɨɝɨ ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚ-
ɬɚ ɩɨ ȽɈɋɌ 9.053–75 ɨɛɪɚɡɰɵ-ɮɪɚɝɦɟɧɬɵ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ 
ɤɚɦɟɪɵ ɹɜɥɹɸɬɫɹ ɝɪɢɛɨɫɬɨɣɤɢɦɢ, ɬɚɤ ɤɚɤ ɫɬɟɩɟɧɶ ɪɚɡɜɢɬɢɹ ɝɪɢɛɨɜ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨ ȽɈɋɌ 9.048–89 ɧɟ ɩɪɟɜɵɲɚɟɬ 3 ɛɚɥɥɨɜ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɨ ȽɈɋɌ 9.049–91 ɞɥɹ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɪɟɡɢ-
ɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ ɨɬɦɟɱɟɧ ɛɚɥɥ ɝɪɢɛɨɫɬɨɣɤɨɫɬɢ 1–2 ɩɨ 
ȽɈɋɌ 9.048–89. 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɟɡɢɧ ɢɡ ɨɛɪɚɡɰɨɜ-ɮɪɚɝɦɟɧɬɨɜ ɪɟɡɢɧɨɤɨɪɞɧɵɯ 
ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟɪɵ, ɢɫɩɵɬɚɧɧɵɯ ɜ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɚɬɦɨɫɮɟɪɟ, 
ɢ ɨɛɪɚɡɰɨɜ-ɥɨɩɚɬɨɤ, ɡɚɪɚɠɟɧɧɵɯ ɩɥɟɫɧɟɜɵɦɢ ɝɪɢɛɚɦɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɧɚɯɨ-
ɞɹɬɫɹ ɧɚ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɚɦ ɤɨɧɬɪɨɥɹ ɧɚ ɢɡɞɟɥɢɟ. 

ɋɟɪɢɣɧɵɟ ɪɟɡɢɧɵ ɪɚɡɪɚɛɨɬɤɢ ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ», ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɟɡɢɧɨɜɨɝɨ ɦɚɫɫɢɜɚ ɪɟɡɢɧɨɤɨɪɞɧɵɯ ɨɛɨɥɨɱɟɤ ɢ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɤɚɦɟ-
ɪɵ, ɹɜɥɹɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɫɩɪɢɢɦɱɢɜɵɦɢ ɤ ɩɥɟɫɧɟɜɵɦ ɝɪɢɛɚɦ ɢ ɧɟ ɬɪɟɛɭɸɬ ɫɩɟ-
ɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɩɪɢ ɯɪɚɧɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ. 
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ɋȼȿȾȿɇИə ɈȻ ȺȼɌɈɊȺɏ 
 

Ɏɚɦиɥия, иɦя, ɨɬчɟɫɬвɨ Ⱦɨɥɠɧɨɫɬь, ɭчɟɧɚя ɫɬɟɩɟɧь 
ɎȽɍɉ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» 

ȽɇЦ ɊɎ; e-mail: admin@viam.ru 
Ⱥɧɬɸɮɟɟɜɚ ɇɚɬɚɥɢɹ ȼɢɤɬɨɪɨɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ȼɚɛɚɲɨɜ ȼɥɚɞɢɦɢɪ Ƚɟɨɪɝɢɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ȼɨɥɶɲɚɤɨɜɚ Ⱥɥɟɤɫɚɧɞɪɚ ɇɢɤɨɥɚɟɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ȼɚɞɟɟɜ ȼɢɬɚɥɢɣ ȿɜɝɟɧɶɟɜɢɱ   ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
ȼɚɥɟɟɜ Ɋɭɫɥɚɧ Ⱥɧɜɟɪɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ȼɚɪɪɢɤ ɇɚɬɚɥɶɹ Ɇɢɪɨɧɨɜɧɚ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ƚɨɧɱɚɪɨɜ ȼɢɬɚɥɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ 
Ƚɭɫɟɜɚ Ɇɚɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Ⱦɟɣɧɟɝɚ Ƚɪɢɝɨɪɢɣ ɂɜɚɧɨɜɢɱ   Ɍɟɯɧɢɤ 2 ɤɚɬɟɝɨɪɢɢ 
Ⱦɵɧɢɧ ɇɢɤɨɥɚɣ ȼɢɬɚɥɶɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
ȿɮɢɦɨɱɤɢɧ ɂɜɚɧ Юɪɶɟɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ 
Ʉɚɛɥɨɜ ȿɜɝɟɧɢɣ ɇɢɤɨɥɚɟɜɢɱ   Ƚɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ, ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ 
Ʉɨɜɚɥɟɧɤɨ Ⱥɥɟɤɫɟɣ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
Ʉɨɧɞɪɚɲɨɜ ɋɬɚɧɢɫɥɚɜ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ ɩɨ ɧɚɭɤɟ, ɞ.ɬ.ɧ. 
Ʉɨɪɨɥɟɜ Ⱦɦɢɬɪɢɣ ȼɢɤɬɨɪɨɜɢɱ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Ʉɪɚɦɟɪ ȼɚɞɢɦ ȼɥɚɞɢɦɢɪɨɜɢɱ   ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
Ʉɭɡɶɦɢɧɚ ɂɪɢɧɚ Ƚɪɢɝɨɪɶɟɜɧɚ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ʉɭɡɶɦɢɧɚ ɇɚɬɚɥɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɝ.-ɦ.ɧ. 
Ʉɭɡɧɟɰɨɜɚ ɉɨɥɢɧɚ ȿɜɝɟɧɶɟɜɧɚ  Ɍɟɯɧɢɤ 
Ɇɚɡɚɥɨɜ ɂɜɚɧ ɋɟɪɝɟɟɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ɇɚɡɚɥɨɜ ɉɚɜɟɥ Ȼɨɪɢɫɨɜɢɱ   Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ 
Ɇɚɤɫɢɦɨɜ ȼɹɱɟɫɥɚɜ Ƚɟɧɧɚɞɶɟɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ɇɟɥɶɧɢɤɨɜ Ⱥɧɞɪɟɣ Ⱥɧɞɪɟɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ɇɢɧ ɉɚɜɟɥ Ƚɟɨɪɝɢɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
ɇɟɮɟɞɨɜɚ Юɥɢɹ ɇɢɤɨɥɚɟɜɧɚ  ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
ɉɢɫɤɨɪɫɤɢɣ ȼɚɞɢɦ ɉɟɬɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ ɩɨ ɧɚɭɤɟ, ɞ.ɬ.ɧ. 
ɉɵɯɬɢɧ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɟɟɜɢɱ  Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 
ɋɚɦɨɪɨɞɨɜɚ Ɉɤɫɚɧɚ ɇɢɤɨɥɚɟɜɧɚ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
ɋɟɥɢɜɚɧɨɜ Ⱥɧɞɪɟɣ Ⱥɪɤɚɞɶɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ɇɚɬɚɥɶɹ Юɪɶɟɜɧɚ   Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 
ɋɢɞɨɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɚ ɂɝɨɪɟɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
ɋɨɤɨɥɨɜ Ⱥɧɞɪɟɣ ȼɢɤɬɨɪɨɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ɋɬɨɥɹɧɤɨɜ Юɪɢɣ ȼɥɚɞɢɫɥɚɜɨɜɢɱ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
ɋɭɥɶɹɧɨɜɚ ȿɥɟɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  Ʉɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ 
ɋɭɯɨɜ Ⱦɦɢɬɪɢɣ ɂɝɨɪɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ɍɢɦɨɲɤɨɜ ɉɚɜɟɥ ɇɢɤɨɥɚɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ 
ɍɫɚɱɟɜɚ Ɇɚɪɢɹ ɇɢɤɨɥɚɟɜɧɚ   Ɍɟɯɧɢɤ 2 ɤɚɬɟɝɨɪɢɢ 
Хɪɭɥɶɤɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 
Щɟɪɛɚɤɨɜ ȿɜɝɟɧɢɣ Ɇɢɯɚɣɥɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɭɱɚɫɬɤɚ 
Щɟɬɚɧɨɜ Ȼɨɪɢɫ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɋɨɜɟɬɧɢɤ Ƚɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ, ɞ.ɬ.ɧ. 
Щɟɬɢɧɢɧɚ ɇɚɞɟɠɞɚ Ⱦɦɢɬɪɢɟɜɧɚ  ɂɧɠɟɧɟɪ 

ɎȽȻɍɇ Иɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ; e-mail: office@icp.ac.ru 
Ȼɚɯɦɟɬɶɟɜ Ɇɢɯɚɢɥ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ⱥɫɩɢɪɚɧɬ 
Ȼɪɚɜɚɹ ɇɚɬɚɥɶɹ Ɇɢɯɚɣɥɨɜɧɚ  Ɂɚɜɟɞɭɸɳɚɹ ɥɚɛɨɪɚɬɨɪɢɟɣ, ɤ.ɯ.ɧ. 
Ⱦɜɨɪɟɰɤɚɹ ȿɥɢɡɚɜɟɬɚ ȼɢɬɚɥɶɟɜɧɚ  Ⱥɫɩɢɪɚɧɬ 
ɀɚɪɤɨɜ ɂɝɨɪɶ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ɇɥɚɞɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
Ʉɨɩɥɚɤ Ɉɤɫɚɧɚ ȼɹɱɟɫɥɚɜɨɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɞ.ɮ.-ɦ.ɧ. 
Ɇɨɪɝɭɧɨɜ Ɋɨɦɚɧ Ȼɨɪɢɫɨɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɞ.ɮ.-ɦ.ɧ. 
ɉɚɧɢɧ Ⱥɧɞɪɟɣ ɇɢɤɨɥɚɟɜɢɱ   ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
ɋɚɪɚɬɨɜɫɤɢɯ ɋɬɚɧɢɫɥɚɜ Ʌɶɜɨɜɢɱ   ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 

ɎȽɍɉ «Ɏɟɞɟɪɚɥɶɧɵɣ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɟɧɬɪ «ɉɪɨɝɪɟɫɫ»; e-mail: info@progress-omsk.ru 
ȼɚɤɭɥɨɜ ɇɢɤɢɬɚ ȼɚɞɢɦɨɜɢɱ  Ɂɚɜɟɞɭɸɳɢɣ ɥɚɛɨɪɚɬɨɪɢɟɣ, ɤ.ɬ.ɧ. 
Ɍɪɟɬɶɹɤɨɜɚ ɇɚɬɚɥɶɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  Ɂɚɜɟɞɭɸɳɢɣ ɨɬɞɟɥɨɦ, ɤ.ɬ.ɧ. 
Хɨɪɨɜɚ ȿɥɟɧɚ Ⱥɧɞɪɟɟɜɧɚ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 

ɎȽȻɈɍ ȼɈ «Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ»; e-mail: info@rector.msu.ru 
Ʌɨɛɚɧɨɜ Ɇɚɤɫɢɦ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 

ɉȺɈ «ȼɨɪɨɧɟɠɫɤɨɟ ɚɤɰɢɨɧɟɪɧɨɟ ɫɚɦɨɥɟɬɨɫɬɪɨɢɬɟɥɶɧɨɟ ɨɛщɟɫɬɜɨ»; О-mail: admin@air.vrn.ru 
Ɉɝɭɪɰɨɜ ɉɚɜɟɥ ɋɟɪɝɟɟɜɢɱ  Ƚɥɚɜɧɵɣ ɫɩɟɰɢɚɥɢɫɬ 
ɋɨɥɨɜɶɟɜ ȼɢɤɬɨɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɪɟɤɬɨɪɚ 
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