




ɉȿɊɂɈȾɂɑɇɈɋɌɖ 4 ȼɕɉɍɋɄȺ ȼ ȽɈȾ № 3 (68) ɫɟɧɬяɛɪɶ 2022 

Ɋɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ 

ɉɪɟɞɫɟɞɚɬɟɥɶ ɫɨɜɟɬɚ ─ ɝɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ 

Ʉɚɛɥɨɜ ȿ.ɇ. ɚɤɚɞɟɦɢɤ ɊАɇ, ɩɪɨɮɟɫɫɨɪ  
 

Ɂɚɦɟɫɬɢɬɟɥɶ ɩɪɟɞɫɟɞɚɬɟɥя ɫɨɜɟɬɚ ─  
ɡɚɦɟɫɬɢɬɟɥɶ ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ 

Ⱥɧɬɢɩɨɜ ȼ.ȼ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ȼɂАɆ) 

ɑɥɟɧɵ ɫɨɜɟɬɚ: 
Ȼɟɪɥɢɧ Ⱥ.Ⱥ. ɚɤɚɞɟɦɢɤ ɊАɇ, ɩɪɨɮɟɫɫɨɪ  

(ɂɏɎ ɢɦ. ɇ.ɇ. ɋɟɦɟɧɨɜɚ ɊАɇ) 
Ƚɚɛɞɭɥɥɢɧ Ɇ.Ɍ. ɤɚɧɞ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ (Ʉɚɡɚɯɫɤɢɣ  

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

ɭɧɢɜɟɪɫɢɬɟɬ) 
ȿɩɢɲɢɧ Ⱥ.ɂ. ɞɨɤɬ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ (ɂɋɆАɇ ɊАɇ) 
Ʉɪɚɫɨɜɫɤɢɣ Ⱥ.Ʌ. ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ (Dow Chemical Company) 

Ʉɭɥɶɤɨɜ Ⱥ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ (ɐɇɂɂɋɆ) 

Ʌɨɦɛɟɪɝ Ȼ.ɋ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ȼɂАɆ) 

Ɇɚɪɤɨɜɰɟɜ ȼ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɍɥɶɹɧɨɜɫɤɢɣ ɇɂАɌ) 

ɉɨɫɬɧɨɜ ȼ.ɂ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ȼɂАɆ ) 

ɋɥɚɜɢɧ Ⱥ.ȼ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ȼɂАɆ) 

ɒɦɨɬɢɧ ɘ.ɇ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (АɈ «ɈȾɄ») 

Ʉɨɥɨɦɢɟɰ ɘ.ȼ. ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬɚɪɶ  
(ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂАɆ) 

ɍɱɪɟɞɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢɡɞɚɧɢя  
ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂАɆ  

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 
Ɋɂɇɐ (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 2019 ɝɨɞ ɧɚɯɨɞɹɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ  
ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɠɭɪɧɚɥɚ www.journal.viam.ru ɜ ɪɚɡɞɟɥɟ «Аɪɯɢɜ ɠɭɪɧɚɥɚ».  
ɉɨɥɧɵɟ ɬɟɤɫɬɵ ɫɬɚɬɟɣ ɠɭɪɧɚɥɚ ɬɟɤɭɳɟɝɨ ɝɨɞɚ ɞɨɫɬɭɩɧɵ ɩɪɢ ɨɮɨɪɦɥɟɧɢɢ ɤɨɦɦɟɪɱɟ-
ɫɤɨɝɨ ɞɨɫɬɭɩɚ ɤ ɢɡɞɚɧɢɸ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɥɸɛɨɣ ɮɨɪɦɟ ɫɫɵɥɤɚ ɧɚ ɠɭɪɧɚɥ «Аɜɢɚɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ» ɨɛɹɡɚɬɟɥɶɧɚ. 
ȼ ɫɜɟɞɟɧɢɹɯ ɨɛ ɚɜɬɨɪɚɯ ɭɤɚɡɵɜɚɸɬɫɹ ɞɚɧɧɵɟ, ɚɤɬɭɚɥɶɧɵɟ ɧɚ ɦɨɦɟɧɬ ɩɪɟɞɨ-
ɫɬɚɜɥɟɧɢɹ ɪɭɤɨɩɢɫɢ ɜ ɪɟɞɚɤɰɢɸ. 

©  ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂАɆ, 2022 

Ⱥɞɪɟɫ ɪɟɞɚɤɰɢɢ: 
Ɋɨɫɫɢɹ, 105005, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɋɚɞɢɨ, ɞ. 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: 
ɇɂɐ  «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂАɆ 

 

105005, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Ɋɚɞɢɨ, ɞ. 17 

Tɟɥ.: +7 (499) 261-86-77; ɮɚɤɫ: +7 (499) 267-86-09 

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

ɂɁȾȺȿɌɋə ɋ 2000 ȽɈȾȺ 

ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɢ ɫɬɚɥɢ  
 

ɋɟɜɚɥɶɧɟɜ Ƚ.ɋ., əɤɭɲɟɜɚ ɇ.Ⱥ., Ʉɨɪɨɛɨɜɚ ȿ.ɇ., Ⱦɭɥɶ-
ɧɟɜ Ʉ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɧɚɫɵɳɟɧɢɹ ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ ɦɚɪɬɟɧɫɢɬɧɨɝɨ 
ɤɥɚɫɫɚ ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ  
ɨɛɪɚɛɨɬɤɢ  
Ʉɭɡɶɦɢɧɚ ɇ.Ⱥ. Ɋɨɫɬɨɜɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɞɟɮɟɤɬɵ ɜ ɦɨ-
ɧɨɤɪɢɫɬɚɥɥɚɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

ɋɜɢɪɢɞɨɜ Ⱥ.ȼ., ȿɜɝɟɧɨɜ Ⱥ.Ƚ., Ⱥɮɚɧɚɫɶɟɜ-ɏɨɞɵɤɢɧ Ⱥ.ɇ., 
Ƚɚɥɭɲɤɚ ɂ.Ⱥ. ɉɚɣɤɚ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ 
ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɧɚ ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ȽɌȾ ɢɡ ɧɢɤɟɥɟɜɵɯ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

ȿɜɝɟɧɨɜ Ⱥ.Ƚ., ɒɭɪɬɚɤɨɜ ɋ.ȼ., ɑɭɦɚɧɨɜ ɂ.Ɋ. ɇɨɜɵɣ 
ɢɡɧɨɫɨɫɬɨɣɤɢɣ ɫɩɥɚɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ: ɨɫɨɛɟɧ-
ɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɉɅȼ. 
ɑɚɫɬɶ 2 

 

Ʌɟɝɤɢɟ ɫɩɥɚɜɵ  
 

ɇɨɱɨɜɧɚя ɇ.Ⱥ., ɒɢɪяɟɜ Ⱥ.Ⱥ., ɒɚɪɚɩɤɢɧ Ⱦ.ɋ. Ʉɨɦ-
ɩɥɟɤɫ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɤɚɬɚ-
ɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɩɫɟɜɞɨ-β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47  
Ⱥɤɢɧɢɧɚ Ɇ.ȼ., Ɇɨɫɬяɟɜ ɂ.ȼ., ȼɨɥɤɨɜɚ ȿ.Ɏ., Ⱥɥɢɯɚ-
ɧяɧ Ⱥ.Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɨɪɨɝ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɨɝɧɟ-
ɫɬɨɣɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ 
ȼɆȾ16 

 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ  
 

ȿɜɞɨɤɢɦɨɜ ɋ.Ⱥ., ɓɟɝɨɥɟɜɚ ɇ.ȿ., Ʉɚɱɚɟɜ Ⱥ.Ⱥ. ɋɩɨɫɨɛɵ 
ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɧɚ ɨɫɧɨɜɟ SiC ɫ ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɦɚɬɟ-
ɪɢɚɥɚɦɢ (ɨɛɡɨɪ) 
Ƚɚɪɚɳɟɧɤɨ Ⱥ.ɇ., ȼɢɧɨɝɪɚɞɨɜ Ⱥ.ȼ., Ʉɨɛɵɥɤɨɜ ɇ.ȼ., 
ɇɢɤɨɥɶɱɢɧɤɢɧ Ⱥ.Ⱥ., Ⱥɧɬɢɩɨɜ ȿ.Ⱥ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɢ ɪɚɫɱɟɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɝɧɟ- ɢ ɬɟɩɥɨɡɚɳɢɬɵ ɤɨɦɩɨ-
ɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨ-
ɝɨ ɜɨɡɞɟɣɫɬɜɢɹ  
  
 

Ɂɚɳɢɬɧɵɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɨɤɪɵɬɢя  
 

Ȼɭɞɢɧɨɜɫɤɢɣ ɋ.Ⱥ., Ʌяɩɢɧ Ⱥ.Ⱥ., Ƚɨɪɥɨɜ Ⱦ.ɋ., Ȼɟɧ-
ɤɥяɧ Ⱥ.ɋ., Ɍɚɬɚɪɧɢɤɨɜ ɋ.ȼ. ɇɚɧɟɫɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɨ-
ɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ 
ɢɡɞɟɥɢɹ  
Ⱦɨɪɨɧɢɧ Ɉ.ɇ., Ⱥɪɬɟɦɟɧɤɨ ɇ.ɂ., ɋɬɟɯɨɜ ɉ.Ⱥ., ȼɨɪɨ-
ɧɨɜ ȼ.Ⱥ. ɇɚɧɟɫɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɬɟɩɥɨɡɚɳɢɬ-
ɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦ Gd2O3–ZrO2–HfO2 ɢ 
Sm2O3–Y2O3–HfO2  

 

ɂɫɩɵɬɚɧɢя ɦɚɬɟɪɢɚɥɨɜ  
 

Ȼɭɬɚɤɨɜ ȼ.ȼ., Ʌɭɝɨɜɨɣ Ⱥ.Ⱥ., ȼɚɪɪɢɤ ɇ.Ɇ., Ȼɚɛɚɲɨɜ ȼ.Ƚ. 
Ɉɰɟɧɤɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɢɫɬɨɝɨ ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., ɋɢɛɚɟɜ ɂ.Ƚ., Ʌɭɰɟɧɤɨ Ⱥ.ɇ., 
ɒɟɪɲɚɤ ɉ.ȼ. Аɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ (ɨɛɡɨɪ). 
ɑɚɫɬɶ 1. Ɂɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɟɝɪɟɫɫɢɢ. Ʌɢɧɟɣ-
ɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜ ɦɚɲɢɧɧɨɦ ɨɛɭɱɟɧɢɢ. ɉɪɢɦɟɧɟɧɢɟ 
ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱ-
ɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ 
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Аɧɧɨɬɚɰиɹ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɭɝɥɟɪɨɞɢ-
ɫɬɵɯ ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ 40ɏ13-ɒ ɢ 60ɏ13ɋ-ɒȾ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɢ ɩɨɞɫɱɟɬɚ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ ɢ ɩɪɢɫɭɬɫɬɜɢɹ ɚɡɨɬɚ ɜ ɫɨɫɬɚɜɟ 
ɧɚɫɵɳɚɸɳɟɣ ɚɬɦɨɫɮɟɪɵ ɧɚ ɭɫɤɨɪɟɧɢɟ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ⱥɧɚɥɢɡ ɬɨɥɳɢɧɵ ɞɢɮ-
ɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɡɜɨɥɢɥ ɭɫɬɚ-
ɧɨɜɢɬɶ, ɱɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɚɡɨɬɢɪɨɜɚɧɢɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɫɬɚɥɢ 40ɏ13-ɒ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɫɬɚɥɢ 60ɏ13ɋ-ɒȾ ɞɚɧɧɵɣ  
ɷɮɮɟɤɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ. 
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Scientific article 
 
STUDY  OF  THE  DIFFUSION  SATURATION  KINETICS  
OF  HIGH-CHROMIUM  CARBON  STEELS OF THE MARTENSITIC  CLASS   
AFTER  VARIOUS  TYPES  OF  CHEMICAL-HEAT  TREATMENT 
 
G.S. Sevalnev1, N.A. Yakusheva1, E.N. Korobova1, K.V. Dulnev1 
 

1Federal State Unitary Enterprise «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» of National 
RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО», Moscow, Russia; admin@viam.ru 
 

Abstract. The study of the kinetics of diffusion saturation of high-chromium carbon steels 
40Kh13-Sh and 60Kh13S-ShD has been carried out. Based on the results of studying the struc-
ture and calculating the volume fraction of the excess phase, a positive effect of the process of 
preliminary nitriding and the presence of nitrogen in the composition of the saturating atmos-
phere on the acceleration of diffusion processes has been established. Analysis of the thickness 
of diffusion layers after various types of chemical-heat treatment made it possible to establish 
that preliminary nitriding contributes to an increase in the kinetic coefficient for steel 
40Kh13-Sh, while this effect is practically absent for steel 60Kh13S-ShD. 

Keywords: high-chromium carbon steels, chemical-heat treatment, diffusion layers, vacuum 
nitriding, vacuum carburizing, treatment in low pressure atmosphere 
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ȼɜɟɞɟɧɢɟ 
ɋɨɜɪɟɦɟɧɧɵɟ ɬɹɠɟɥɨɧɚɝɪɭɠɟɧɧɵɟ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɪɚɛɨɬɚɸɬ ɜ 

ɭɫɥɨɜɢɹɯ ɫɥɨɠɧɨɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. Ȼɨɥɶɲɢɧɫɬɜɨ ɬɚ-
ɤɢɯ ɚɝɪɟɝɚɬɨɜ ɫɨɞɟɪɠɚɬ ɩɨɞɲɢɩɧɢɤɢ ɤɚɱɟɧɢɹ, ɤ ɦɚɬɟɪɢɚɥɭ ɤɨɬɨɪɵɯ ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɲɢ-
ɪɨɤɢɣ ɤɨɦɩɥɟɤɫ ɬɪɟɛɨɜɚɧɢɣ – ɨɬ ɨɛɟɫɩɟɱɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɦɟɪɧɨɣ ɫɬɚ-
ɛɢɥɶɧɨɫɬɢ ɞɨ ɜɵɫɨɤɨɣ ɤɨɧɬɚɤɬɧɨɣ ɜɵɧɨɫɥɢɜɨɫɬɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨ-
ɫɬɶɸ Д1–8].  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɚɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɜɨɣɫɬɜ ɢɫɩɨɥɶɡɭɸɬ ɭɝɥɟɪɨɞɢɫɬɵɟ ɜɵɫɨ-
ɤɨɯɪɨɦɢɫɬɵɟ ɫɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ ɦɚɪɨɤ 40ɏ1γ-ɒ, 60ɏ1γɋ-ɒȾ, 95ɏ18-ɒ ɢ 
110ɏ18Ɇ-ɒȾ Д4Ж. Ɉɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦ ɩɪɢɦɟɧɟɧɢɟ ɥɢɲɶ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɦɟ-
ɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ.  

ȼ ɪɚɦɤɚɯ «ɋɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ 
ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ» ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚ-
ɥɨɜɟɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɞɝɟɡɢɨɧɧɵɯ ɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɫ ɰɟɥɶɸ ɭɜɟɥɢ-
ɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɩɨɜɵɲɟɧɢɹ ɪɟɫɭɪɫɚ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɢɡɞɟɥɢɹ Д9–11]. 
ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɫɬɚ-
ɥɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɡɞɟɥɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɟ ɫɥɨɢ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ ɢ ɨɛɟɫ-
ɩɟɱɢɜɚɸɳɢɟ ɜɵɫɨɤɭɸ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɢ ɤɨɧɬɚɤɬɧɭɸ ɜɵɧɨɫɥɢɜɨɫɬɶ Д1β–18Ж. ɉɪɢɦɟɧɟ-
ɧɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɷɥɟɦɟɧɬɚɦɢ ɜɧɟɞɪɟɧɢɹ (ɭɝɥɟɪɨɞɨɦ ɢ ɚɡɨɬɨɦ) ɩɨɫɥɟ 
ɩɨɥɧɨɝɨ ɰɢɤɥɚ ɭɩɪɨɱɧɹɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɜ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ ɩɟɪɥɢɬɧɨɝɨ ɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ ɫɬɪɭɤ-
ɬɭɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɦɚɪɬɟɧɫɢɬɧɨɣ ɦɚɬɪɢɰɵ, ɭɩɪɨɱɧɟɧɧɭɸ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ ɤɚɪɛɢɞɧɨɣ 
ɮɚɡɨɣ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɨɜɨɞɢɦɵɟ ɜ 
ɚɬɦɨɫɮɟɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɨɡɜɨɥɹɸɬ ɮɨɪɦɢɪɨɜɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɞɢɮɮɭɡɢɨɧɧɵɟ 
ɫɥɨɢ ɛɟɡ ɞɟɮɟɤɬɨɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɜ ɭɫɥɨɜɢɹɯ ɧɚɥɢɱɢɹ ɤɢɫ-
ɥɨɪɨɞɚ ɜ ɚɬɦɨɫɮɟɪɟ Д1Ж. ɇɚɢɛɨɥɟɟ ɹɪɤɢɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɝɚɡɨɜɨɣ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɚɬɶ ɞɢɮɮɭɡɢɨɧɧɵɟ ɫɥɨɢ ɜɵɫɨɤɨɣ ɩɪɨ-
ɬɹɠɟɧɧɨɫɬɢ ɫ ɪɚɡɜɢɬɨɣ ɤɚɪɛɢɞɧɨɣ ɡɨɧɨɣ. Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɧɚɫɵɳɟɧɢɟ ɭɝɥɟɪɨɞɨɦ ɢ ɚɡɨ-
ɬɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɪɟɚɥɢɡɭɟɬ ɪɹɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫ-
ɫɨɜ – ɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɢɰ ɭɩɪɨɱɧɹɸɳɢɯ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ ɜɩɨɫɥɟɞɫɬɜɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɪɨɰɟɫɫɚɦɢ ɞɢɫɫɨɰɢɚɰɢɢ, ɨɤɢɫɥɟɧɢɹ ɢ ɝɪɚɮɢɬɢɡɚɰɢɢ. Ɍɚɤɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ «ɬɟɦɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ», ɜɵɤɪɚɲɢɜɚɧɢɸ ɨɤɫɢɞɨɜ ɥɟɝɢɪɭɸ-
ɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɫɮɨɪɦɢɪɨɜɚɜɲɟɝɨɫɹ ɫɜɨɛɨɞɧɨɝɨ ɝɪɚɮɢɬɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɧɢɠɚɟɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɬɜɟɪɞɨɫɬɶ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ. 

Ɋɚɡɥɢɱɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɰɟɦɟɧɬɚ-
ɰɢɹ ɢ ɚɡɨɬɢɪɨɜɚɧɢɟ, ɩɨɡɜɨɥɹɸɬ ɭɩɪɚɜɥɹɬɶ ɫɬɪɭɤɬɭɪɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɢ ɨɛɟɫɩɟɱɢ-
ɜɚɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɢ ɤɨɧɬɚɤɬɧɨɣ ɜɵɧɨɫɥɢɜɨɫɬɢ. Ɉɞɧɚɤɨ ɡɧɚɱɢ-
ɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɞɢɮɮɭɡɢɨɧɧɨɟ ɧɚɫɵɳɟɧɢɟ ɷɥɟɦɟɧɬɚɦɢ ɜɧɟɞɪɟɧɢɹ ɨɤɚɡɵɜɚɟɬ ɯɢɦɢ-
ɱɟɫɤɢɣ ɫɨɫɬɚɜ ɧɚɫɵɳɚɟɦɨɣ ɫɬɚɥɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɥɟɝɢɪɨɜɚɧɢɟ ɤɚɪɛɢɞɨ- ɢ ɧɢɬɪɢɞɨɨɛɪɚ-
ɡɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. ɇɚ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ, ɤɨɬɨɪɵɦ ɧɚɫɵɳɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ. Ɍɚɤ, ɜɵ-
ɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɥɟɪɨɞɚ ɜ ɫɬɚɥɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɞɢɮɮɭɡɢ-
ɨɧɧɨɝɨ ɫɥɨɹ ɩɪɢ ɰɟɦɟɧɬɚɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɷɥɟɦɟɧɬɚɦɢ ɜɧɟɞɪɟɧɢɹ ɫɬɚ-
ɥɟɣ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɪɨɫɬ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢ-
ɨɧɧɨɝɨ ɫɥɨɹ, ɭɩɪɚɜɥɹɬɶ ɦɨɪɮɨɥɨɝɢɟɣ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ  
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ɫɧɢɠɚɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ ɩɨɞɛɨɪɟ ɪɟɠɢɦɨɜ ɰɟɦɟɧɬɚɰɢɢ ɢ 
ɚɡɨɬɢɪɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɞɢɮɮɭ-
ɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ ɫɢ-
ɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɋ–ɋr. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɵɯ ɩɪɨɛɥɟɦ 8.β. 
«ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɜɚɪɢɜɚɟɦɵɟ ɫɬɚɥɢ ɫ ɜɵɫɨ-
ɤɨɣ ɜɹɡɤɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɹ» ɢ 8.γ. «ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɤɨɧɫɬɪɭɤ-
ɰɢɨɧɧɵɟ ɫɬɚɥɢ ɢ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɚɟɦɵɟ ɦɟɬɨɞɚɦɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟ-
ɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ»). 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɪɚɡɰɵ ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ ɜɵ-
ɫɨɤɨɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ ɦɚɪɨɤ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟ-
ɦɵɯ ɫɬɚɥɟɣ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 5949–75 ɢ Ɍɍ 14-19-106–90 ɢ ɩɨ ɨɫɧɨɜ-
ɧɵɦ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥ. 1 Д19Ж. 

 
Ɍɚɛɥɢɰɚ 1 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨ ɨɫɧɨɜɧɵɦ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɫɬɚɥɟɣ  
ɦɚɪɨɤ 40ɏ13-ɒ ɢ 60ɏ13ɋ-ɒȾ ɩɨ ȽɈɋɌ 5949–75 ɢ Ɍɍ 14-19-106–90 [19] 

ɋɬɚɥɶ ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 
ɋ Ɇn Si Cr 

40ɏ1γ-ɒ 0,35–0,44 ≤0,6 ≤0,6 12,0–14,0 
60ɏ1γɋ-ɒȾ* 0,56–0,63 0,2–0,6 1,2–1,6 13,0–13,9 
* ɋɬɚɥɶ 60ɏ1γɋ-ɒȾ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɢɬ ɷɥɟɦɟɧɬɵ, % (ɩɨ ɦɚɫɫɟ): 0,05 Ca; 0,05 Ce; 0,05 Zr. 

 
Ⱦɥɹ ɧɚɫɵɳɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɫɬɚɥɟɣ ɷɥɟɦɟɧɬɚɦɢ ɜɧɟɞɪɟɧɢɹ (ɭɝɥɟ-

ɪɨɞɨɦ ɢ ɚɡɨɬɨɦ) ɩɪɨɜɨɞɢɥɢ ɜɚɤɭɭɦɧɭɸ ɰɟɦɟɧɬɚɰɢɸ ɢ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɸ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 9β0–940 °ɋ, ɚ ɬɚɤɠɟ ɜɚɤɭɭɦɧɨɟ ɚɡɨɬɢɪɨɜɚɧɢɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 5γ0–
550 °ɋ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ Д19Ж. Ⱦɥɹ ɨɰɟɧ-
ɤɢ ɤɢɧɟɬɢɤɢ ɧɚɫɵɳɟɧɢɹ ɢɡɦɟɧɹɥɢ ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɜɪɟɦɟɧɢ 
ɫɬɚɞɢɣ ɚɤɬɢɜɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪ ɫɬɚɥɟɣ ɩɨɫɥɟ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ τХвЦЩЮs GБ-51 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×500. Ⱦɥɹ 
ɜɵɹɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɦɢɤɪɨɲɥɢɮɵ ɬɪɚɜɢɥɢ ɯɢɦɢɱɟɫɤɢ ɜ ɪɟɚɤɬɢ-
ɜɟ «Ɇɚɪɛɥɟ» (β0 ɝ ɫɟɪɧɨɤɢɫɥɨɣ ɦɟɞɢ, 100 ɦɥ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, 100 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧ-
ɧɨɣ ɜɨɞɵ). ɇɚ ɝɨɬɨɜɵɯ ɦɢɤɪɨɲɥɢɮɚɯ ɩɪɨɜɨɞɢɥɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɬɚɥɟɣ, ɚ 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɥɢ ɬɨɥɳɢɧɭ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɜɢɡɭɚɥɶɧɵɦ ɦɟɬɨɞɨɦ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɫ ɰɟɥɶɸ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɩɪɨɜɨɞɢɥɢ ɞɸɪɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɧɚ ɬɜɟɪɞɨɦɟɪɟ 
DЮrКsМКЧ β0 ɩɪɢ ɧɚɝɪɭɡɤɟ 5 ɇ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢ ɦɟɬɨɞ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɬɜɟɪɞɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɟɪɞɰɟɜɢɧɵ, ɨɩɢɫɚɧɧɵɣ ɜ ɪɚɛɨɬɟ Д1Ж. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɥɢ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɜ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɹɯ ɩɨɫɥɟ ɯɢɦɢɤɨ-
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɮɨɬɨɝɪɚɮɢɣ ɦɟɬɨɞɨɦ 
ɛɢɧɚɪɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ imagej. ɉɨɞɫɱɟɬ 
ɤɨɥɢɱɟɫɬɜɚ ɱɟɪɧɨɣ (ɦɚɪɬɟɧɫɢɬɧɨɣ ɦɚɬɪɢɰɵ) ɢ ɛɟɥɨɣ (ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ) ɩɪɨɜɨɞɢɥɢ ɫ 
ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɜɵɜɨɞɹɳɢɯ ɪɟɡɭɥɶɬɚɬ ɫ ɩɨɦɨɳɶɸ ɝɢɫɬɨɝɪɚɦɦ.  
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Ʉɢɧɟɬɢɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ h ɨɬ ɜɪɟɦɟɧɢ ɧɚɫɵɳɟɧɢɹ 

Ĳɨɛɳ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɢɫɵɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟ-
ɫɤɨɣ ɨɛɪɚɬɧɨɣ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, ɜɵɪɚɠɟɧɧɨɣ ɭɪɚɜɧɟɧɢɟɦ 

,Ĳɨɛɳkh        (1) 
ɝɞɟ k – ɤɢɧɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɫɬɚɜɚ ɧɚɫɵɳɚɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɢ ɧɚɫɵɳɚɸɳɟɣ ɫɪɟɞɵ. 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɤɚɠɞɨɣ ɫɬɚɥɢ ɩɪɨɜɨɞɢɬɫɹ ɩɭɬɟɦ 

ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɪɨɜɨɞɢɥɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨ ɫɥɟ-
ɞɭɸɳɢɦ ɫɯɟɦɚɦ: 

– ɜɚɤɭɭɦɧɚɹ ɰɟɦɟɧɬɚɰɢɹ (ȼɐ); 
– ɜɚɤɭɭɦɧɨɟ ɚɡɨɬɢɪɨɜɚɧɢɟ + ɜɚɤɭɭɦɧɚɹ ɰɟɦɟɧɬɚɰɢɹ (ȼȺ + ȼɐ); 
– ɜɚɤɭɭɦɧɚɹ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɹ (ȼɇɐ); 
– ɜɚɤɭɭɦɧɨɟ ɚɡɨɬɢɪɨɜɚɧɢɟ + ɜɚɤɭɭɦɧɚɹ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɹ (ȼȺ + ȼɇɐ). 

Ɉɛɳɟɟ ɜɪɟɦɹ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɜɚɤɭɭɦɧɨɣ ɰɟɦɟɧɬɚɰɢɢ/ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɢ ɫɨɫɬɚɜɢ-
ɥɨ 1, β ɢ γ ɱ. ɋɨɨɬɧɨɲɟɧɢɟ ɜɪɟɦɟɧɢ ɫɬɚɞɢɢ ɚɤɬɢɜɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɢ ɫɬɚɞɢɢ ɞɢɮɮɭɡɢɨɧ-
ɧɨɝɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɥɨ 1:1. 

ɋɬɪɭɤɬɭɪɵ ɫɬɚɥɟɣ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ, ɩɨɥɭɱɟɧɧɵɟ ɩɨɫɥɟ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɨɛɳɟɦ ɜɪɟɦɟɧɢ ɧɚɫɵɳɟɧɢɹ γ ɱ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1.  
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Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×500) ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ–ɝ)  
ɢ 60ɏ1γɋ-ɒȾ (ɞ–ɡ) ɩɨɫɥɟ ɜɚɤɭɭɦɧɨɣ ɰɟɦɟɧɬɚɰɢɢ (ɚ, ɞ), ɜɚɤɭɭɦɧɨɣ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɢ (ɛ, ɟ), ɜɚ-
ɤɭɭɦɧɨɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɜɚɤɭɭɦɧɨɣ ɰɟɦɟɧɬɚɰɢɢ (ɜ, ɠ), ɜɚɤɭɭɦɧɨɝɨ ɚɡɨɬɢɪɨɜɚ-
ɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɜɚɤɭɭɦɧɨɣ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɢ (ɝ, ɡ) 
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ȼɢɡɭɚɥɶɧɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɢ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ 
ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɫɥɨɹ, ɚ ɬɚɤɠɟ ɞɨɥɸ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɨɥɢ 
ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɛɟɥɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨ ɛɢɧɚɪɢɡɨ-
ɜɚɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ, ɚ ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɨɫɬɚ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɢɫ-
ɫɥɟɞɨɜɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɪɢɫ. 1, ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɢɡ-ɡɚ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɬɪɚɜɢɦɨɫɬɢ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɜɟɬɥɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɧɨɫɢɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ 
ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ. ɋ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɥɟɪɨɞɚ, ɚ ɡɧɚɱɢɬ 
ɢ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ, ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɨɧɟ ɧɚɫɵɳɚ-
ɟɦɵɯ ɨɛɪɚɡɰɨɜ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɨɥɢ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɨɝɪɚɧɢɱɟɧɨ ɬɨɥɳɢ-
ɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ β00 ɦɤɦ, ɜ ɤɨɬɨɪɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɫɜɟɬɥɵɟ ɫɨɫɬɚɜ-
ɥɹɸɳɢɟ ɫɬɪɭɤɬɭɪɵ ɢɡ-ɡɚ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɬɪɚɜɢɦɨɫɬɢ. ɂɡɨɛɪɚɠɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɫɬɚɥɟɣ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ ɩɨɫɥɟ ɛɢɧɚɪɢɡɚɰɢɢ ɞɥɹ ɩɪɨɰɟɫɫɚ 
«ɜɚɤɭɭɦɧɨɟ ɚɡɨɬɢɪɨɜɚɧɢɟ + ɜɚɤɭɭɦɧɚɹ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɹ» ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. β. 

 
ɛ)ɚ)

 
 

Ɋɢɫ. β. ɂɡɨɛɪɚɠɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (×500) ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ) ɢ 
60ɏ1γɋ-ɒȾ (ɛ) ɩɨɫɥɟ ɛɢɧɚɪɢɡɚɰɢɢ  

 
Ɋɚɫɱɟɬ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɩɨ ɨɛɪɚɛɨɬɚɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɞɥɹ 

ɫɬɚɥɟɣ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. γ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɩɪɢɫɭɬɫɬɜɢɟ ɚɡɨɬɚ ɜ ɫɨɫɬɚɜɟ ɧɚɫɵɳɚɸɳɟɣ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨ-
ɝɨ ɩɪɨɰɟɫɫɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ. Ɍɚɤɨɣ ɷɮɮɟɤɬ 
ɭɫɬɚɧɨɜɥɟɧ ɞɥɹ ɨɛɟɢɯ ɫɬɚɥɟɣ. ɉɪɢɦɟɧɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ ɜ ɫɨɜɨ-
ɤɭɩɧɨɫɬɢ ɫ ɜɚɤɭɭɦɧɨɣ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɟɣ (ȼȺ + ȼɇɐγ) ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨɟ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ (Vȼɇɐ/Vȼɐ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɰɟɫɫɨɦ ɜɚɤɭɭɦ-
ɧɨɣ ɰɟɦɟɧɬɚɰɢɢ (ȼɐγ): ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ – ɧɚ βγ %, ɚ ɞɥɹ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ – ɧɚ 14 %. 
Ɍɚɤɨɟ ɪɚɡɥɢɱɢɟ ɜ ɭɜɟɥɢɱɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ  
ɫɜɹɡɚɧɨ ɫ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɭɝɥɟɪɨɞɚ ɜ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɫɬɚɥɟɣ.  
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Ɋɢɫ. γ. Ɉɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɥɨɟ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ) ɢ 
60ɏ1γɋ-ɒȾ (ɛ) ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ – ɰɢɮɪɵ 
ɨɛɨɡɧɚɱɚɸɬ ɨɛɳɟɟ ɜɪɟɦɹ ɧɚɫɵɳɟɧɢɹ: 1, β ɢ γ ɱ) 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɜɢɞɚ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨ-
ɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4–6. ɉɨɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɬɜɟɪ-
ɞɨɫɬɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ з0,γ ɦɦ ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ ɫɜɹɡɚɧɵ ɫ ɨɛɪɚɡɨɜɚɧɢ-
ɟɦ ɚɭɫɬɟɧɢɬɚ ɜ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɥɨɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɤɪɢɜɵɯ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ ɜɜɟɞɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ‒ 
ɜɚɤɭɭɦɧɨɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɯɨɠɞɟɧɢɟ ɚɡɨɬɚ ɜ ɫɨɫɬɚɜɟ ɧɚɫɵɳɚɸɳɟɣ ɚɬɦɨɫɮɟɪɵ 
ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɥɳɢɧɭ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɜɡɚɢɦɧɵɦ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢɹ ɜɧɭɬɪɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ. Ɉɞɧɚɤɨ ɞɥɹ 
ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ. ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɷɬɨ 
ɫɜɹɡɚɧɨ ɫ ɥɟɝɢɪɨɜɚɧɢɟɦ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ ɪɟɞɤɨ- ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, 
ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɧɵɦɢ ɤɚɪɛɢɞɨ- ɢ ɧɢɬɪɢɞɨɨɛɪɚɡɨɜɚɬɟɥɹɦɢ. Ɉɛɪɚɡɭɹ ɢɡɛɵɬɨɱɧɵɟ 
ɮɚɡɵ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɚ ɬɚɤɠɟ ɜ ɬɟɥɟ ɡɟɪɧɚ, ɨɧɢ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɢɧɝɢɛɢɬɨɪɚɦɢ ɞɢɮ-
ɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɪɨɫɬ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɷɮɮɟɤɬɵ ɨɬ 
ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɫɵɳɚɸɳɢɯ ɫɪɟɞ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɧɢɠɚɸɬɫɹ. Ⱦɥɹ 
ɫɬɚɥɢ 40ɏ1γ-ɒ ɬɨɥɳɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɨɬ 0,7β ɞɨ 1,1β ɦɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɞɥɹ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ – ɨɬ 0,5 ɞɨ 0,6 ɦɦ. 
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Ɋɢɫ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ɬɨɥɳɢɧɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ) 
ɢ 60ɏ1γɋ-ɒȾ (ɛ) ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɨɛɳɟɦ ɜɪɟɦɟɧɢ 
ɧɚɫɵɳɟɧɢɹ 1 ɱ 
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Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ɬɨɥɳɢɧɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ) 
ɢ 60ɏ1γɋ-ɒȾ (ɛ) ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɨɛɳɟɦ ɜɪɟɦɟɧɢ 
ɧɚɫɵɳɟɧɢɹ β ɱ 
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Ɋɢɫ. 6. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ɬɨɥɳɢɧɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ) 
ɢ 60ɏ1γɋ-ɒȾ (ɛ) ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɨɛɳɟɦ ɜɪɟɦɟɧɢ 
ɧɚɫɵɳɟɧɢɹ γ ɱ 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɟɜ ɪɚɫɫɱɢɬɚɧɵ ɤɢɧɟɬɢ-

ɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢ ɢɡɭɱɟɧɚ ɤɢɧɟɬɢɤɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ. Ʉɢɧɟɬɢɱɟɫɤɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 7. Ⱥɧɚɥɢɡ ɩɨ-
ɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɩɪɨɜɟɞɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɚɤɭɭɦɧɨ-
ɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɤɢɧɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, 
ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɤɨɪɟɧɢɢ ɞɢɮɮɭɡɢɢ ɭɝɥɟɪɨɞɚ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ 
ɩɪɨɰɟɫɫɟ ɜɚɤɭɭɦɧɨɣ ɰɟɦɟɧɬɚɰɢɢ/ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɢ. Ⱦɥɹ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ ɞɚɧɧɵɣ ɷɮ-
ɮɟɤɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɱɬɨ, ɤɚɤ ɡɚɦɟɱɟɧɨ ɪɚɧɟɟ, ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɦ ɥɟɝɢɪɨɜɚɧɢɟɦ ɫɬɚɥɢ ɪɟɞɤɨ- ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ⱦɚɧɧɵɣ ɷɮ-
ɮɟɤɬ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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Ɋɢɫ. 7. ɂɡɦɟɧɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ (ɚ) ɢ 60ɏ1γɋ-ɒȾ (ɛ) 
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Ʉɢɧɟɬɢɤɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɫɬɚɥɟɣ ɩɨɞɱɢɧɹɟɬɫɹ ɨɛɪɚɬɧɨɣ ɩɚɪɚɛɨɥɢɱɟ-
ɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɭɪɚɜɧɟɧɢɢ (1). ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɨɬ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɯɚɪɚɤɬɟɪ ɩɪɨɬɟɤɚɧɢɹ ɞɢɮɮɭ-
ɡɢɢ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɤɢɧɟɬɢɱɟɫɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɩɨɫɬɪɨɟɧɵ ɤɪɢɜɵɟ ɞɥɹ ɫɬɚɥɟɣ 
40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɜɚɤɭɭɦɧɨɦɭ ɚɡɨɬɢɪɨɜɚɧɢɸ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɜɚ-
ɤɭɭɦɧɨɣ ɧɢɬɪɨɰɟɦɟɧɬɚɰɢɢ (ɪɢɫ. 8). 

 

Ɉɛɳɟɟ ɜɪɟɦɹ ɧɚɫɵɳɟɧɢɹ, ɱ
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Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɫɬɚɥɟɣ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ ɨɬ ɨɛɳɟ-
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ɉɚɪɚɛɨɥɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɥɳɢɧɵ ɫɥɨɹ ɨɬ ɜɪɟɦɟɧɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨ-
ɰɟɫɫɚ ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɢɮɮɭɡɢɨɧɧɨɦ ɦɟɯɚɧɢɡɦɟ ɦɚɫɫɨɩɟɪɟɧɨɫɚ 
ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢɹ. ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛ-
ɳɟɝɨ ɜɪɟɦɟɧɢ ɧɚɫɵɳɟɧɢɹ. ɇɚɱɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɤɢɧɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ (ɨɬ 0 ɞɨ 1 ɱ) ɪɨɫɬɚ 
ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɨɬ ɜɪɟɦɟɧɢ ɧɚɫɵɳɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ ɬɚɤɠɟ 
ɢɦɟɟɬ ɤɥɚɫɫɢɱɟɫɤɭɸ ɩɚɪɚɛɨɥɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ 
ɜɪɟɦɟɧɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɬɨɥɳɢɧɵ 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɱɬɨ ɤɨɫɜɟɧɧɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɛɥɨɤɢɪɨɜɤɟ ɦɟɯɚɧɢɡɦɚ 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɹɜɥɹ-
ɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɪɟɠɢɦɨɜ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, 
ɩɨɡɜɨɥɹɸɳɟɣ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɪɨɫɬ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɦɨɪɮɨɥɨɝɢɸ 
ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɯ ɫɬɚ-
ɥɟɣ 40ɏ1γ-ɒ ɢ 60ɏ1γɋ-ɒȾ ɫ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɭɝɥɟɪɨɞɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɥɟ-
ɝɢɪɨɜɚɧɢɟɦ ɩɨɤɚɡɚɥɨ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

– ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɡɚɤɨɧɨɦɟɪɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɳɟ-
ɝɨ ɜɪɟɦɟɧɢ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ; 

– ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɫɵɳɟɧɢɟ ɚɡɨɬɨɦ ɩɪɢ ɜɚɤɭɭɦɧɨɦ ɚɡɨɬɢɪɨɜɚɧɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵ-
ɫɢɬɶ ɞɨɥɸ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɜ ɫɬɪɭɤɬɭɪɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɚɤɭɭɦɧɨɝɨ ɚɡɨɬɢɪɨɜɚɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɜɚɤɭɭɦɧɨɣ ɧɢɬɪɨɰɟɦɟɧ-
ɬɚɰɢɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɫɵɳɟɧɢɟɦ ɩɪɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɜɚɤɭɭɦɧɨɣ ɰɟɦɟɧɬɚɰɢɢ, ɞɥɹ ɫɬɚ-
ɥɢ 40ɏ1γ-ɒ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɛɴɟɦɧɭɸ ɞɨɥɸ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ ɧɚ 
23 %, ɚ ɞɥɹ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ – ɧɚ 14 %; 
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– ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɫɵɳɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɚɡɨɬɨɦ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɭɫɤɨɪɢɬɶ ɞɢɮ-
ɮɭɡɢɸ ɭɝɥɟɪɨɞɚ ɜ ɩɨɜɟɪɯɧɨɫɬɶ, ɱɬɨ ɜɢɞɧɨ ɢɡ ɢɡɦɟɧɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ. Ⱦɥɹ ɫɬɚɥɢ 60ɏ1γɋ-ɒȾ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ, 
ɱɬɨ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɫɜɹɡɚɧɨ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɥɟɝɢɪɨɜɚɧɢɟ ɪɟɞɤɨ- ɢ ɳɟɥɨɱɧɨɡɟ-
ɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ; 

– ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɨɫɬɚ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɨɬ ɨɛɳɟɝɨ ɜɪɟɦɟɧɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɞɥɹ ɫɬɚɥɢ 40ɏ1γ-ɒ ɨɛɪɚɬɧɚɹ 
ɩɚɪɚɛɨɥɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɚɹ ɨ ɦɟɯɚɧɢɡɦɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɦɚɫɫɨ-
ɩɟɪɟɧɨɫɚ, ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ ɫɬɚɥɢ 
60ɏ1γɋ-ɒȾ ɬɚɤɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɜɪɟɦɟɧɢ ɧɚɫɵɳɟɧɢɹ 1 ɱ, ɜ ɞɚɥɶɧɟɣ-
ɲɟɦ ɦɟɯɚɧɢɡɦ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɛɥɨɤɢɪɭɟɬɫɹ, ɱɬɨ ɬɚɤɠɟ ɩɪɟɞɩɨɥɨɠɢ-
ɬɟɥɶɧɨ ɫɜɹɡɚɧɨ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɥɟɝɢɪɨɜɚɧɢɟɦ ɪɟɞɤɨ- ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧ-
ɬɚɦɢ. ɗɬɨɬ ɷɮɮɟɤɬ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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GROWTH  STRUCTURAL  DEFECTS  IN  SINGLE  CRYSTALS  
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Abstract. The article describes the most frequent growth structural defects formed at the 
stage of casting single crystals by the method of directed crystallization from nickel heat-
resistant alloys. The study of defects by the Laue ɯ-ray method and the swing method has been 
carried out. It is given comparison and interpretation of diffraction images obtained by two 
x-ray methods. Based on the conducted researches, the analysis of causes of the appearance of 
defective structure is given and ways to eliminate or minimize the factors affecting the appear-
ance of such defects are proposed. 

Keywords: single crystal, crystallographic orientation, disorientation of subgrains, 
lauegram, ɯ-ray diffraction, production technology of single crystal casting 
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ȼɜɟɞɟɧɢɟ 
Ɇɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɥɨɩɚɬɤɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ – ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɢ ɞɨ-

ɪɨɝɨɫɬɨɹɳɢɟ ɞɟɬɚɥɢ. Ʌɨɩɚɬɤɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɚɜɢɚɰɢɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ɍɚɤɢɟ ɫɜɨɣɫɬɜɚ ɞɨɫɬɢɝɚɸɬɫɹ 
ɫɨɱɟɬɚɧɢɟɦ ɫɨɫɬɚɜɚ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɢ ɤɚɱɟɫɬɜɨɦ ɫɬɪɭɤɬɭɪɵ ɦɨɧɨɤɪɢɫɬɚɥɥɚ. ȼɵ-
ɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɵɯ ɥɨɩɚɬɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ 
ɫɩɥɚɜɨɜ (ɀɇɋ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɨɢɦɨɫɬɶɸ ɫɩɥɚɜɨɜ, ɥɟɝɢɪɨɜɚɧɧɵɯ ɬɚɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, 
ɤɚɤ ɪɟɧɢɣ ɢ ɪɭɬɟɧɢɣ, ɚ ɬɚɤɠɟ ɫɥɨɠɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɥɢɬɶɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɡɚɬɪɚ-
ɜɨɤ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɩɪɢɱɢɧɵ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɵ. ɉɪɨɜɨɞɹɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ ɪɚɡɥɢɱɧɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɐɟɥɶ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɬɟɯ-
ɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɬɥɢɜɨɤ ɫ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ ɫɬɪɭɤɬɭɪɵ.  
ȼ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɩɥɚɜɚɯ ɫɨɱɟɬɚɸɬɫɹ: ɬɟɪɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ; ɨɩɬɢɦɚɥɶɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ; ɫɩɨɫɨɛɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɧɟ ɜɫɬɭɩɚɹ ɜɨ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɟ ɫ ɦɚɬɟɪɢɚɥɨɦ ɮɨɪɦɵ [1–6].  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɀɇɋ ɨɛɥɚɞɚɸɬ ɚɧɢɡɨɬɪɨɩɢɟɣ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ – ɜ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɜɨɣɫɬɜ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɫɬɪɭɤɬɭɪɵ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɬɚɤɢɯ ɫɩɥɚɜɨɜ. Ɉɫɶ Z ɥɨɩɚɬɨɤ ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɜ ɞɜɢɝɚɬɟɥɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ ɝɥɚɜɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɥɨɩɚɬɤɢ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɛɵɥ ɧɚɢɦɟɧɶɲɢɦ [7, 8]. Ⱦɥɹ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɬɚɤɢɦ ɧɚɩɪɚɜɥɟɧɢ-
ɟɦ ɹɜɥɹɟɬɫɹ <001>.  

Ɋɚɡɪɚɛɨɬɤɚ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɤɢ ɞɥɹ ɥɢɬɟɣɧɵɯ ɮɨɪɦ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɥɭɱɟɧɢɟ ɮɨɪɦ 
ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɡɚɞɚɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɨɬɥɢɜɨɤ, 
ɚ ɬɚɤɠɟ ɧɚ ɫɧɢɠɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɚ ɫ ɦɚɬɟɪɢɚɥɨɦ ɮɨɪɦɵ ɢ ɨɛɟɫɩɟɱɟɧɢɟ  
ɨɬɫɭɬɫɬɜɢɹ ɩɪɢɝɚɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɥɢɬɟɣɧɵɟ ɮɨɪɦɵ ɨɛɟɫɩɟ-
ɱɢɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɜɨɞɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɡɚɞɚɧɧɵɦ ɤɪɢɫɬɚɥɥɨ-
ɝɪɚɮɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɤ ɥɨɩɚɬɤɟ ɨɬ ɡɚɬɪɚɜɤɢ ɱɟɪɟɡ ɤɪɢɫɬɚɥɥɨɜɨɞ, ɚ ɡɚɬɟɦ – ɱɟɪɟɡ 
ɤɪɢɫɬɚɥɥɨɜɨɞɵ-ɩɢɬɚɬɟɥɢ [9–11].  

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɥɨɩɚɬɨɤ ɢɡ ɜɵɫɨ-
ɤɨɠɚɪɨɩɪɨɱɧɵɯ ɫɨɜɪɟɦɟɧɧɵɯ ɫɩɥɚɜɨɜ ɩɪɨɜɨɞɹɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɢɫɫɥɟɞɨ-
ɜɚɧɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ: ɝɪɚɞɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɮɪɨɧɬɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟ-
ɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɫɩɥɚɜɟ Д1β–22].  

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɨɫɬɚɜɨɜ ɀɇɋ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɜɵɩɥɚɜɤɢ ɩɨ-
ɫɬɨɹɧɧɨ ɢɡɭɱɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɞɟɮɟɤɬɵ ɫɬɪɭɤɬɭɪɵ, ɩɪɢɱɢɧɵ ɢɯ ɩɨɹɜɥɟɧɢɹ ɢ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɢɡɛɟɠɚɬɶ ɷɬɨɝɨ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɬɢɯ ɪɚɛɨɬ ɜɧɨɫɹɬ ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɵ ɫɩɥɚɜɨɜ ɢ ɜ 
ɬɟɯɧɨɥɨɝɢɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɍɚɤ, ɜɟɫɶ ɤɨɦɩɥɟɤɫ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɦɢ ɨɛɥɚ-
ɞɚɸɬ ɥɨɩɚɬɤɢ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɢɚɞɜɢɝɚɬɟɥɟɣ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɳɚɬɟɥɶɧɵɦ ɜɵɩɨɥɧɟɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɥɨɩɚɬɨɤ ɢɡ ɀɇɋ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ.  

Ⱦɟɮɟɤɬɵ ɫɬɪɭɤɬɭɪɵ ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɭ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ȼɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨɫɜɹɳɟɧɨ ɨɩɢɫɚɧɢɸ ɤɨɧɤɪɟɬɧɵɯ ɞɟɮɟɤ-
ɬɨɜ, ɢɯ ɢɡɭɱɟɧɢɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɯ ɩɪɢɛɨɪɨɜ, ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧɵ 
ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ ɞɟɮɟɤɬɨɜ ɫ ɩɨɡɢɰɢɣ ɤɪɢɫɬɚɥɥɨɯɢɦɢɢ ɢ ɬɟɨɪɢɢ 
ɞɢɫɥɨɤɚɰɢɣ; ɫɨɡɞɚɧɵ ɦɟɬɨɞɢɤɢ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ Дβγ–27].  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɟɮɟɤɬɵ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɬɟɯɧɨɥɨɝɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɹɜɥɹɸɬɫɹ ɛɪɚ-
ɤɨɦ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɫɬɪɭɤɬɭɪɵ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɥɢɬɵɯ ɢɡɞɟɥɢɣ ɢɡ ɀɇɋ 
ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɬ. ɇɚɥɢɱɢɟ ɜ ɨɬɥɢɜɤɚɯ ɢɡ ɛɟɡɭɝɥɟɪɨɞɢɫɬɵɯ ɀɇɋ 
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ɩɨɫɬɨɪɨɧɧɢɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɞɚɧɧɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟ-
ɫɤɨɣ ɨɪɢɟɧɬɚɰɢɢ ɹɜɥɹɸɬɫɹ ɛɪɚɤɨɜɨɱɧɵɦ ɩɪɢɡɧɚɤɨɦ, ɭɦɟɧɶɲɚɸɬ ɜɵɯɨɞ ɝɨɞɧɨɣ ɩɪɨɞɭɤ-
ɰɢɢ, ɱɬɨ ɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɣ.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɥɢɬɟɣɧɵɟ ɞɟɮɟɤɬɵ ɩɪɢ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɀɇɋ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɡɚɬɪɚɜɨɤ ɫ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɟɣ (ɄȽɈ) <001>. Ɉɩɢɫɚɧɢɟ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸ-
ɳɢɯɫɹ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ ɢ ɜɨɡɦɨɠɧɵɟ ɩɪɢɱɢɧɵ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɦɨɝɭɬ ɩɪɨɜɟɫɬɢ 
ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɟ ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɢɥɢ ɦɢɧɢɦɢɡɚɰɢɢ 
ɮɚɤɬɨɪɨɜ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɫɬɪɭɤɬɭɪɭ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɛɴɟɤɬɵ ɤɨɧɬɪɨɥɹ – ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɬɥɢɜɤɢ ɢɡ ɀɇɋ. Ⱥɩɩɚɪɚɬɭɪɚ ɞɥɹ 
ɤɨɧɬɪɨɥɹ ɫɬɪɭɤɬɭɪɵ ɨɬɥɢɜɨɤ: ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɪɟɧɬɝɟɧɨɜɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɉɊȾɍ 
(ɦɟɬɨɞ Ʌɚɭɷ), ɞɢɮɪɚɤɬɨɦɟɬɪ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ȾɊɈɇ-4 ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɞɢɮɪɚɤɰɢɨɧ-
ɧɨɣ ɤɚɪɬɢɧɵ ɦɟɬɨɞɨɦ ɤɚɱɚɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɬɪɭɤɬɭɪɟ ɀɇɋ ɭɱɢɬɵɜɚɸɬ, ɱɬɨ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɷɬɢɯ ɫɩɥɚɜɨɜ 
ɢɦɟɸɬ ɞɟɧɞɪɢɬɧɨɟ ɫɬɪɨɟɧɢɟ ɢ ɧɟ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɫɨɜɟɪɲɟɧɧɵɦɢ ɦɨɧɨɤɪɢɫɬɚɥɥɚɦɢ, 
ɬɚɤɢɦɢ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɤɪɟɦɧɢɹ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɦɨɧɨ-
ɤɪɢɫɬɚɥɥɨɜ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɤɚɤɢɦɢ ɹɜɥɹɸɬɫɹ ɥɨɩɚɬɤɢ ɚɜɢɚɞɜɢɝɚɬɟɥɟɣ, ɫɨɡɞɚɸɬ ɭɫɥɨ-
ɜɢɹ, ɩɨɞɜɨɞɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɬɪɚɜɤɢ, ɚ ɡɚɬɟɦ ɤɪɢɫɬɚɥ-
ɥɨɨɬɛɨɪɧɢɤɚ, ɩɟɪɟɞɚɸɳɢɯ ɫɬɪɭɤɬɭɪɭ ɜ ɨɫɧɨɜɚɧɢɟ ɨɬɥɢɜɤɢ, ɢ, ɧɚɤɨɧɟɰ, ɱɟɪɟɡ ɫɢɫɬɟɦɭ 
ɤɪɢɫɬɚɥɥɨɜɨɞɨɜ-ɩɢɬɚɬɟɥɟɣ, ɩɟɪɟɞɚɸɳɢɯ ɫɬɪɭɤɬɭɪɭ ɨɬ ɡɚɬɪɚɜɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 
ɤɪɨɦɤɭ ɩɟɪɚ ɥɨɩɚɬɤɢ. ɇɚ ɜɫɟɯ ɷɬɚɩɚɯ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɥɢɬɶɹ – ɧɚɱɢɧɚɹ ɨɬ ɡɚɬɪɚ-
ɜɨɱɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢ ɡɚɤɚɧɱɢɜɚɹ ɨɬɥɢɜɤɚɦɢ ɥɨɩɚɬɨɤ – ɩɪɨɜɨɞɢɬɫɹ ɜɢɡɭɚɥɶɧɵɣ ɢ ɪɟɧɬɝɟ-
ɧɨɜɫɤɢɣ ɤɨɧɬɪɨɥɶ ɫɬɪɭɤɬɭɪɵ.  

 
Ⱦɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ,  

ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɥɨɜɢɹɦɢ ɜ ɧɚɱɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
Ʌɨɩɚɬɤɢ ɫ ɡɚɞɚɧɧɨɣ ɨɫɟɜɨɣ ɢ ɚɡɢɦɭɬɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɫɬɪɭɤɬɭɪɵ  (ɞɜɚɠɞɵ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-
ɟɦ ɡɚɬɚɪɚɜɨɤ. Ɂɚɪɨɠɞɟɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɥɨɩɚɬɤɢ ɧɚɱɢɧɚɟɬɫɹ ɨɬ ɡɚ-
ɬɪɚɜɤɢ. ȼ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɥɨɩɚɬɨɤ ɢɡ ɀɇɋ ɤ ɡɚɬɪɚɜɤɚɦ ɩɪɟɞɴɹɜɥɹ-
ɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. ȼɫɟ ɡɚɬɪɚɜɤɢ ɤɨɧɬɪɨɥɢɪɭɸɬ ɜɢɡɭɚɥɶɧɨ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢ-
ɦɢ ɦɟɬɨɞɚɦɢ. Ȼɥɨɱɧɨɫɬɶ ɢɥɢ ɮɪɚɝɦɟɧɬɚɰɢɹ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ, ɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɨɬ-
ɤɥɨɧɟɧɢɹ ɨɬ ɡɚɞɚɧɧɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɢ ɡɚɬɪɚɜɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɜ β ɪɚ-
ɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɬɪɟɛɨɜɚɧɢɹɯ ɩɨ ɷɬɨɦɭ ɩɚɪɚɦɟɬɪɭ ɤ ɨɬɥɢɜɤɚɦ ɥɨɩɚɬɨɤ. Ɂɚɬɪɚɜɤɢ ɞɨɥɠ-
ɧɵ ɛɵɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ ɩɨ ɫɬɪɭɤɬɭɪɟ ɢ ɢɦɟɬɶ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɛɚɡɨɜɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɡɚɬɪɚɜɤɢ (ɨɬ ɄȽɈ <001>) ɧɟ ɛɨɥɟɟ γ–5 ɝɪɚɞɭɫɨɜ.  

ɋɨɛɥɸɞɟɧɢɟ ɷɬɢɯ ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ, ɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɩɪɢ ɧɚɩɪɚɜɥɟɧ-
ɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɡɚɬɪɚɜɤɚ «ɫɪɚɛɨɬɚɥɚ», ɬ. ɟ. ɡɚɞɚɥɚ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɧɚɩɪɚɜɥɟ-
ɧɢɟ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ ɫɬɪɭɤɬɭɪɟ ɨɬɥɢɜɤɢ.  

ɉɟɪɟɞ ɡɚɥɢɜɤɨɣ ɪɚɫɩɥɚɜɚ ɥɢɬɟɣɧɭɸ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ ɩɨɦɟɳɚɸɬ ɜ ɡɨɧɟ 
ɧɚɝɪɟɜɚ ɬɚɤ, ɱɬɨ ɜɟɪɯɧɢɣ ɫɥɨɣ ɡɚɬɪɚɜɤɢ ɩɨɞɩɥɚɜɥɹɟɬɫɹ (ɪɢɫ. 1, ɚ–ɜ) ɢ ɱɟɪɟɡ ɤɨɧɬɚɤɬ ɫ 
ɪɚɫɩɥɚɜɨɦ ɨɬɥɢɜɤɚ ɧɚɫɥɟɞɭɟɬ ɫɬɪɭɤɬɭɪɭ ɡɚɬɪɚɜɤɢ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɦɟɧɹɸɬ ɤɪɢɫɬɚɥ-
ɥɨɨɬɛɨɪɧɢɤ ɫɟɱɟɧɢɟɦ ɧɟ ɛɨɥɟɟ β ɦɦ. Ɉɧ ɩɨɞɜɨɞɢɬ ɪɚɫɩɥɚɜ ɤ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɡɚ-
ɬɪɚɜɤɢ, ɬɟɦ ɫɚɦɵɦ ɭɦɟɧɶɲɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɪɨɠɞɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɡɟɪɟɧ.  
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Ɋɢɫ. 1. Ɂɚɬɪɚɜɨɱɧɵɣ ɭɡɟɥ (ɚ) ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɜɫɬɚɜɤɨɣ-ɤɪɢɫɬɚɥɥɨɨɬɛɨɪɧɢɤɨɦ ɞɥɹ ɨɬɥɢɜɤɢ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɝɨɬɨɜɨɤ ɡɚɬɪɚɜɨɤ: 1 – ɡɚɬɪɚɜɤɚ; 2 – ɤɟɪɚɦɢɱɟɫɤɚɹ ɜɫɬɚɜɤɚ-
ɤɪɢɫɬɚɥɥɨɨɬɛɨɪɧɢɤ; 3 – ɮɨɪɦɚ; 4 – ɫɬɚɪɬɨɜɵɣ ɤɨɧɭɫ.  

ɇɚ ɮɨɬɨ ɡɚɬɪɚɜɤɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ: ɛ, ɜ – ɯɨɪɨɲɨ ɜɢɞɧɚ ɡɨɧɚ 
ɩɨɞɩɥɚɜɥɟɧɢɹ ɡɚɬɪɚɜɤɢ; ɝ – ɡɚɬɪɚɜɤɚ ɧɟ ɩɨɞɩɥɚɜɢɥɚɫɶ; ɞ – ɜɟɪɯɧɢɣ ɬɨɪɟɰ ɡɚɬɪɚɜɤɢ – ɜɢɞɧɚ ɨɛ-
ɥɚɫɬɶ ɤɨɧɬɚɤɬɚ ɡɚɬɪɚɜɤɢ ɫ ɪɚɫɩɥɚɜɨɦ ɱɟɪɟɡ ɤɪɢɫɬɚɥɥɨɨɬɛɨɪɧɢɤ 

 
ɉɪɢɱɢɧɵ, ɩɨ ɤɨɬɨɪɵɦ «ɧɟ ɫɪɚɛɨɬɚɥɚ» ɯɨɪɨɲɚɹ, ɬ. ɟ. ɝɨɞɧɚɹ ɩɨ ɫɬɪɭɤɬɭɪɟ ɡɚɬɪɚɜ-

ɤɚ, ɦɨɝɭɬ ɛɵɬɶ ɫɥɟɞɭɸɳɢɟ.  
– Ɂɚɬɪɚɜɤɚ ɩɨɥɧɨɫɬɶɸ ɪɚɫɩɥɚɜɢɥɚɫɶ ɢɡ-ɡɚ ɪɚɡɦɟɳɟɧɢɹ ɡɚɬɪɚɜɨɱɧɨɝɨ ɭɡɥɚ ɜ ɨɛɥɚɫɬɢ 

ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɤɬɢɱɟɫɤɢ ɩɪɨɯɨɞɢɬ ɛɟɡ ɡɚɬɪɚɜɤɢ. ȼ ɪɟɡɭɥɶɬɚ-
ɬɟ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɪɨɫɬɚ ɞɟɧɞɪɢɬɨɜ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ ɧɚɩɪɚɜɥɟɧɧɚɹ, ɧɨ ɧɟ ɦɨɧɨɤɪɢ-
ɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ <001> ɢɥɢ ɱɚɫɬɨ – ɰɟɧɬɪ ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. 

– Ɂɚɬɪɚɜɤɚ ɧɟ ɩɨɞɩɥɚɜɢɥɚɫɶ (ɪɢɫ. 1, ɝ, ɞ) ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɨɛɥɚɫɬɢ ɡɚɬɪɚɜɨɱɧɨɝɨ ɭɡɥɚ. Ɉɫɟɜɚɹ ɫɬɪɭɤɬɭɪɚ ɡɚɬɪɚɜɤɢ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɟɪɟɞɚɟɬɫɹ ɜ ɬɟ-
ɥɨ ɨɬɥɢɜɤɢ ɱɟɪɟɡ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɫɭɛɫɬɪɭɤɬɭɪɵ ɜ 
ɧɚɱɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ-ɡɚ ɨɫɟɜɵɯ ɢɥɢ ɚɡɢɦɭɬɚɥɶɧɵɯ ɪɚɡɜɨɪɨɬɨɜ ɞɟɧɞɪɢɬɨɜ. Ⱦɥɹ ɩɪɟ-
ɞɭɩɪɟɠɞɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɬɪɚɜɤɢ ɨɤɫɢɞɧɵɯ ɧɚɥɟɬɨɜ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ 
ɫɩɨɫɨɛɫɬɜɭɸɬ ɮɪɚɝɦɟɧɬɚɰɢɢ ɫɬɪɭɤɬɭɪɵ, ɪɚɡɪɚɛɨɬɱɢɤɢ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɥɨɠɢɥɢ ɜɜɨɞɢɬɶ 
ɜ ɡɚɬɪɚɜɨɱɧɵɣ ɫɩɥɚɜ ɭɝɥɟɪɨɞ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɣ ɨɛɪɚɡɨɜɚɧɢɸ ɨɤɫɢɞɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɡɚɬɪɚɜɤɢ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɦ ɫɜɨɣɫɬɜɚɦ.  

– ȼ ɡɨɧɭ ɤɨɧɬɚɤɬɚ ɡɚɬɪɚɜɤɢ ɫ ɪɚɫɩɥɚɜɨɦ ɩɨɩɚɥɢ ɱɚɫɬɢɰɵ ɤɟɪɚɦɢɤɢ. Ɍɚɤɨɟ ɫɥɭɱɚɟɬ-
ɫɹ, ɟɫɥɢ ɧɚ ɫɬɟɧɤɚɯ ɮɨɪɦɵ ɨɫɬɚɥɚɫɶ ɤɟɪɚɦɢɱɟɫɤɚɹ ɩɵɥɶ. Ɋɚɫɩɥɚɜ ɩɪɢ ɡɚɥɢɜɤɟ ɜ ɮɨɪɦɭ 
«ɫɦɵɜɚɟɬ» ɱɚɫɬɢɰɵ ɤɟɪɚɦɢɤɢ, ɨɧɢ ɩɨɩɚɞɚɸɬ ɜ ɡɨɧɭ ɤɨɧɬɚɤɬɚ ɪɚɫɩɥɚɜɚ ɫ ɡɚɬɪɚɜɤɨɣ, 
ɝɞɟ ɫɬɚɧɨɜɹɬɫɹ ɰɟɧɬɪɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɛɥɨɱɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ. ɇɚ ɪɢɫ. β ɩɨɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ: ɫɭɛɤɪɢɫɬɚɥ-
ɥɵ ɫ ɧɟɱɟɬɤɢɦɢ ɝɪɚɧɢɰɚɦɢ, ɤɨɬɨɪɵɟ ɧɚɱɚɥɢ ɪɚɫɬɢ ɨɬ ɡɚɬɪɚɜɤɢ, ɧɨ ɜ ɩɪɨɰɟɫɫɟ ɧɚɩɪɚɜ-
ɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ-ɡɚ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɪɨɫɬɚ ɨɫɧɨɜɧɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɜɵɤɥɢɧɢɥɢɫɶ 
ɢ ɧɟ ɞɨɲɥɢ ɞɨ ɨɫɧɨɜɚɧɢɹ ɫɬɚɪɬɨɜɨɝɨ ɤɨɧɭɫɚ (ɪɢɫ. β, ɚ); ɤɪɢɫɬɚɥɥ ɫ ɱɟɬɤɢɦɢ ɝɪɚɧɢɰɚɦɢ 
ɧɚɱɚɥ ɪɚɫɬɢ ɨɬ ɡɚɬɪɚɜɤɢ, ɩɨɫɬɟɩɟɧɧɨ ɜɵɤɥɢɧɢɜɚɹɫɶ ɜɫɥɟɞɫɬɜɢɟ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɪɨɫɬɚ 
ɞɚɥɶɲɟ ɨɫɧɨɜɚɧɢɹ ɪɨɫɬɨɜɨɝɨ ɤɨɧɭɫɚ (ɪɢɫ. 2, ɛ). Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɡɚɫɨɪɨɜ, ɜɵɡɜɚɧ-
ɧɵɯ ɱɚɫɬɢɰɚɦɢ ɤɟɪɚɦɢɤɢ, ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɨɞɭɜɤɭ ɮɨɪɦɵ ɢ ɡɚɬɪɚɜɨɱɧɨ-
ɝɨ ɭɡɥɚ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ.  

ɚ
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ɛ)ɚ)

 
 

Ɋɢɫ. β. Ȼɥɨɱɧɨɫɬɶ ɜ ɧɚɱɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ – ɫɭɛɤɪɢɫɬɚɥɥɵ ɫ ɧɟɱɟɬɤɢɦɢ (ɚ) ɢ ɱɟɬɤɢɦɢ  
ɝɪɚɧɢɰɚɦɢ (ɛ) 

 
Ⱦɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ,  

ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɥɨɜɢɹɦɢ ɜ ɩɪɨɰɟɫɫɟ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɨɫɬɚ 
ɉɨɫɥɟ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ ɩɟɪɟɦɟɳɚɸɬ ɢɡ ɡɨɧɵ ɧɚɝɪɟɜɚ ɜ ɡɨ-

ɧɭ ɨɯɥɚɠɞɟɧɢɹ, ɝɞɟ ɪɚɫɩɥɚɜ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ, ɧɚɫɥɟɞɭɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭ-
ɪɭ ɨɬ ɡɚɬɪɚɜɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ «ɜɵɪɚɳɢɜɚɧɢɟ» ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ. Ɉɫɧɨɜɧɨɣ 
ɮɚɤɬɨɪ ɧɚɩɪɚɜɥɟɧɢɹ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɚ – ɨɬɜɨɞ ɬɟɩɥɚ ɫ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɬ. ɟ. ɝɪɚ-
ɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɥɢɹɧɢɸ ɷɬɨɝɨ ɮɚɤɬɨɪɚ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ ɀɇɋ ɢ ɩɪɟɞɥɨɠɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨ-
ɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɬɥɢɜɤɢ.  

ɇɚ ɪɢɫ. γ ɢ 4 ɩɨɤɚɡɚɧɚ ɯɚɪɚɤɬɟɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɡɚɬɪɚɜɨɤ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɡɚɬɪɚɜɨɱ-
ɧɵɯ ɡɚɝɨɬɨɜɨɤ ɫ ɞɜɭɯ ɫɬɨɪɨɧ: ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɂɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 
ɫɢɫɬɟɦɵ Ni–W ɞɥɢɧɨɣ 140 ɦɦ ɧɟ ɢɦɟɸɬ ɜɢɞɢɦɵɯ ɞɟɮɟɤɬɨɜ, ɩɨɥɭɱɟɧɵ ɜ ɯɨɞɟ ɨɞɧɨɣ 
ɩɥɚɜɤɢ (60 ɲɬ. ɡɚɝɨɬɨɜɨɤ), ɜɵɩɨɥɧɟɧɧɨɣ ɛɟɡ ɧɚɪɭɲɟɧɢɣ ɪɟɠɢɦɚ. 

 Уɝɨɥ ɞɟɬɟɤɬɨɪа - 59.60;  КГО = 1.08ɝɪ.;  

ɇач.ɭгɨɥ = 50.00;  Кɨɧ.ɭгɨɥ = 69.92;  Шаг = 0.240;  Эɤɫɩɨɡ. = 1.1;  Сɤɨɪɨɫɬь = 13.3 г/ɦɢɧ;  
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Ɋɢɫ. γ. Ɋɨɫɬ ɮɪɚɝɦɟɧɬɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɨɬɥɢɜɤɢ ɜ ɤɨɧɰɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚ ɩɪɢɦɟɪɟ ɡɚɬɪɚɜɨɱ-
ɧɨɣ ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–W 
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Уɝɨɥ ɞɟɬɟɤɬɨɪа - 59.60;  КГО = 1.80ɝɪ.;  

ɇач.ɭгɨɥ = 50.00;  Кɨɧ.ɭгɨɥ = 69.92;  Шаг = 0.240;  Эɤɫɩɨɡ. = 1.1;  Сɤɨɪɨɫɬь = 13.3 г/ɦɢɧ;  
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Уɝɨɥ ɞɟɬɟɤɬɨɪа - 59.60;  КГО = 1.92ɝɪ.;  

ɇач.ɭгɨɥ = 50.00;  Кɨɧ.ɭгɨɥ = 69.92;  Шаг = 0.240;  Эɤɫɩɨɡ. = 1.1;  Сɤɨɪɨɫɬь = 13.3 г/ɦɢɧ;  
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Ɋɢɫ. 4. ɇɟɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɞɟɧɞɪɢɬɨɜ ɜ ɤɨɧɰɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚ ɩɪɢɦɟɪɟ 
ɡɚɬɪɚɜɨɱɧɨɣ ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–W 

 
ɇɚ ɪɢɫ. γ, ɚ, ɛ ɢ ɪɢɫ. 4, ɚ, ɛ ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ɤɚɱɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɞɢɮɪɚɤ-

ɬɨɦɟɬɪɟ ȾɊɈɇ-4 ɫ ɳɟɥɟɜɵɦ ɩɭɱɤɨɦ ɢɡɥɭɱɟɧɢɹ (1β ɦɦ), ɨɬ ɧɢɠɧɟɝɨ ɢ ɜɟɪɯɧɟɝɨ ɬɨɪɰɨɜ 
ɡɚɬɪɚɜɨɱɧɨɣ ɡɚɝɨɬɨɜɤɢ. Ʉɪɢɜɚɹ ɤɚɱɚɧɢɹ – ɷɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɭɝɥɨɜ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚ-
ɞɚɧɧɨɣ ɄȽɈ, ɩɪɢ ɷɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɪɢɜɨɣ ɤɚɱɚɧɢɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɨɬɪɚɠɟɧɢɣ ɨɬ 
ɤɚɠɞɨɝɨ ɞɟɧɞɪɢɬɚ. ɉɪɢ ɛɵɫɬɪɨɦ ɜɪɚɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫɤɚɧɢɪɭɟɬɫɹ ɜɫɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨɩɚ-
ɞɚɸɳɚɹ ɜ ɡɨɧɭ ɨɛɥɭɱɟɧɢɹ ɞɢɚɦɟɬɪɨɦ 1β ɦɦ.  

ȼɢɞɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɪɨɫɬɚ ɨɬɥɢɜɤɢ ɨɬɪɚɠɟɧɢɹ ɧɚ ɥɚɭɷɝɪɚɦɦɟ ɩɪɢɨɛɪɟɬɚɸɬ ɜɫɟ 
ɛɨɥɟɟ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɣ ɜɢɞ, ɚ ɱɚɫɬɶ ɞɟɧɞɪɢɬɨɜ ɨɬɤɥɨɧɢɥɚɫɶ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɡɚ-
ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɪɨɫɬɚ.  

ɇɚ ɪɢɫ. γ, ɜ, ɝ ɢ 4, ɜ, ɝ ɢɡɨɛɪɚɠɟɧɵ ɨɛɪɚɬɧɵɟ ɥɚɭɷɝɪɚɦɦɵ, ɩɨɥɭɱɟɧɧɵɟ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɨɬ ɧɢɠɧɟɝɨ ɢ ɜɟɪɯɧɟɝɨ ɬɨɪɰɨɜ ɡɚɝɨɬɨɜɤɢ. Ⱦɢɚɦɟɬɪ ɮɨɤɭɫɧɨɝɨ ɩɹɬɧɚ ɧɚ ɩɪɢɛɨɪɟ 
ɉɊȾɍ ɫɨɫɬɚɜɥɹɟɬ β ɦɦ, ɩɨɷɬɨɦɭ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɬɪɭɤɬɭɪɟ ɩɨɥɭɱɚɟɬɫɹ ɫ ɦɟɧɶɲɟɣ ɩɥɨ-
ɳɚɞɢ, ɱɟɦ ɷɬɨ ɜɨɡɦɨɠɧɨ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ-4. ɇɚ ɥɟɜɨɣ ɥɚɭɷɝɪɚɦɦɟ, ɨɬɪɚɠɚɸɳɟɣ 
ɫɬɪɭɤɬɭɪɭ ɜ ɧɚɱɚɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɢɞɧɚ ɧɟɤɨɬɨɪɚɹ ɮɪɚɝɦɟɧɬɚɰɢɹ ɩɹɬɟɧ, ɱɬɨ ɯɚɪɚɤ-
ɬɟɪɧɨ ɞɥɹ ɤɪɢɫɬɚɥɥɨɜ, ɢɦɟɸɳɢɯ ɞɟɧɞɪɢɬɧɨɟ ɫɬɪɨɟɧɢɟ. ɇɚ ɩɪɚɜɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɫɨɯɪɚ-
ɧɹɟɬɫɹ ɨɛɳɚɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ, ɧɨ ɜɫɟ ɞɟɧɞɪɢɬɵ ɨɬɤɥɨɧɢɥɢɫɶ ɨɬ ɧɚɱɚɥɶɧɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ. ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɩɪɢɦɟɪɚ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɜɧɵɯ ɫɬɚɪ-
ɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ɢ ɩɪɢ ɨɞɧɨɦ ɪɟɠɢɦɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɚ ɩɨɥɭ-
ɱɟɧɧɵɯ ɨɬɥɢɜɨɤ ɜ ɤɨɧɰɟ ɪɨɫɬɚ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɫɬɟɩɟɧɢ ɮɪɚɝɦɟɧɬɚɰɢɢ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 
ɬɨɝɨ, ɱɬɨ ɬɟɩɥɨɜɨɟ ɩɨɥɟ ɜɨ ɜɪɟɦɹ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɨɫɬɚ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ (60 ɲɬ.) ɦɨɧɨ-
ɤɪɢɫɬɚɥɥɨɜ ɛɵɥɨ ɧɟɪɚɜɧɨɦɟɪɧɵɦ, ɱɬɨ ɫɬɚɥɨ ɩɪɢɱɢɧɨɣ ɫɧɢɠɟɧɢɹ ɜɵɯɨɞɚ ɝɨɞɧɨɣ ɩɪɨ-
ɞɭɤɰɢɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɫ ɭɱɟɬɨɦ ɜɵɫɨɤɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɡɚɬɪɚɜɨɤ, ɫ ɨɞɧɨɣ 
ɫɬɨɪɨɧɵ, ɢ ɜɵɫɨɤɨɣ ɬɪɭɞɨɟɦɤɨɫɬɢ ɩɨɞɝɨɬɨɜɤɢ ɤ ɩɪɨɜɟɞɟɧɢɸ ɤɚɠɞɨɣ ɩɥɚɜɤɢ ‒ ɫ ɞɪɭɝɨɣ, 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɥɭɱɚɬɶ ɡɚ ɨɞɧɭ ɩɥɚɜɤɭ ɜɨɡɦɨɠɧɨ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɡɚɬɪɚ-
ɜɨɱɧɵɯ ɡɚɝɨɬɨɜɨɤ, ɞɥɹ ɱɟɝɨ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚ-
ɸɬ ɧɟ ɨɞɧɭ, ɚ ɧɟɫɤɨɥɶɤɨ ɮɨɪɦ ɞɥɹ ɨɞɧɨɣ ɩɥɚɜɤɢ.  

ɑɟɦ ɫɥɨɠɧɟɟ ɥɢɬɟɣɧɚɹ ɮɨɪɦɚ ɢ ɛɨɥɶɲɟ ɨɛɴɟɦ ɨɬɥɢɜɤɢ, ɬɟɦ ɬɪɭɞɧɟɟ ɫɨɡɞɚɬɶ 
ɭɫɥɨɜɢɹ ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɩɥɨɫɤɨɝɨ ɮɪɨɧɬɚ ɪɨɫɬɚ  
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ɢ ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɱɟɬɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ (ɨɯɥɚɠɞɟɧɢɹ) ɢ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ (ɨɬ-
ɜɟɞɟɧɢɟ ɬɟɩɥɚ). ɉɪɨɛɥɟɦɚ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɜɵɦ ɩɨɥɟɦ, ɩɨɞɞɟɪɠɚɧɢɟ ɩɥɨɫ-
ɤɨɝɨ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɥɢɬɟɣɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɨɬɥɢɜɨɤ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ 
ɜɫɟɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɞɚɧɧɨɣ ɩɚɪɬɢɢ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ ɩɟɱɢ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ 
ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɩɚɪɬɢɢ ɫ ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɞɥɹ ɜɵɹɜɥɟɧɢɹ 
ɮɥɭɤɬɭɚɰɢɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɭɱɟɬɨɦ ɮɚɤɬɨɪɚ ɤɨɥɢɱɟɫɬɜɚ ɨɬɥɢɜɨɤ. 

 
Ⱦɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ,  

ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɪɭɲɟɧɢɹɦɢ ɭɫɥɨɜɢɣ ɜ ɩɪɨɰɟɫɫɟ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɨɫɬɚ 
ɇɚɪɭɲɟɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɜɹ-

ɡɚɧɵ ɫ ɪɟɡɤɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɢɥɢ ɮɨɪɦɵ ɮɪɨɧɬɚ ɪɨɫɬɚ. ɉɪɢɦɟɪɵ ɨɛɴ-
ɟɦɧɨɝɨ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɞɟɮɟɤɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. ȼɧɢɡɭ ɪɢɫɭɧɤɚ ɞɚɧ ɨɛɳɢɣ ɜɢɞ 
ɡɚɬɪɚɜɨɱɧɵɯ ɡɚɝɨɬɨɜɨɤ ɫ ɞɟɮɟɤɬɚɦɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɪɨɫɬɚ ɫɥɟɜɚ ɧɚɩɪɚɜɨ; ɜɵɲɟ ɞɚɧɨ 
ɭɜɟɥɢɱɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɟɮɟɤɬɨɜ; ɜɜɟɪɯɭ ɩɪɢɜɟɞɟɧɵ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ – ɤɪɢɜɵɟ ɤɚ-
ɱɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɬɨɪɰɨɜ ɡɚɝɨɬɨɜɨɤ ɜ ɧɚɱɚɥɟ ɪɨɫɬɚ ɢ ɜ ɤɨɧɰɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɟɤɪɚɳɟɧɢɟ ɨɯɥɚɠɞɟɧɢɹ ɮɨɪɦɵ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɪɨɫɬɚ, 
ɢ ɩɨɫɥɟ ɜɨɡɨɛɧɨɜɥɟɧɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɟɫɶ ɤɪɢɫɬɚɥɥ ɪɚɫɬɟɬ ɧɚɩɪɚɜɥɟɧɧɨ, ɧɨ ɫ ɩɪɨɢɡ-
ɜɨɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ (ɪɢɫ. 5, ɚ).  

 
Уɝɨɥ ɞɟɬɟɤɬɨɪа - 59.60;  КГО = 7.80ɝɪ.;  

ɇач.ɭгɨɥ = 0.00;  Кɨɧ.ɭгɨɥ = 119.04;  Шаг = 0.240;  Эɤɫɩɨɡ. = 1.1;  Сɤɨɪɨɫɬь = 13.3 г/ɦɢɧ;  
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Уɝɨɥ ɞɟɬɟɤɬɨɪа - 59.60;  КГО = 3.24ɝɪ.;  

ɇач.ɭгɨɥ = 0.00;  Кɨɧ.ɭгɨɥ = 119.04;  Шаг = 0.240;  Эɤɫɩɨɡ. = 1.1;  Сɤɨɪɨɫɬь = 13.3 г/ɦɢɧ;  
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Уɝɨɥ ɞɟɬɟɤɬɨɪа - 59.60;  КГО = 8.64ɝɪ.;  
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2θ, ɝɪɚɞɭɫ2θ, ɝɪɚɞɭɫ 2θ, ɝɪɚɞɭɫ 2θ, ɝɪɚɞɭɫ

Ɉɫɬɚɧɨɜɤɚ 
ɧɚɩɪɚɜɥɟɧɧɨɣ
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ

ɇɚɱɚɥɨ ɪɨɫɬɚ 
ɞɟɧɞɪɢɬɚ 

ɇɚɱɚɥɨ ɇɄ Ʉɨɧɟɰ ɇɄ ɇɚɱɚɥɨ ɇɄ Ʉɨɧɟɰ ɇɄ

 
 

Ɋɢɫ. 5. Ɉɛɴɟɦɧɵɣ (ɚ) ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ (ɛ) ɞɟɮɟɤɬɵ. ȼɧɢɡɭ ɨɛɳɢɣ ɜɢɞ ɡɚɬɪɚɜɨɱɧɵɯ ɡɚɝɨɬɨ-
ɜɨɤ ɫ ɞɟɮɟɤɬɚɦɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɪɨɫɬɚ ɫɥɟɜɚ ɧɚɩɪɚɜɨ; ɜɵɲɟ ɭɜɟɥɢɱɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɟɮɟɤɬɨɜ; 
ɜɜɟɪɯɭ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ – ɤɪɢɜɵɟ ɤɚɱɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɬɨɪɰɨɜ ɡɚɝɨɬɨɜɨɤ ɜ ɧɚɱɚɥɟ ɪɨɫɬɚ ɢ ɜ 
ɤɨɧɰɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɇɄ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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ɇɚɪɭɲɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɫɜɹɡɚɧɧɨɟ ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɫ ɩɨɜɪɟɠɞɟɧɢɟɦ ɬɢɝɥɹ 
ɩɪɢ ɡɚɥɢɜɤɟ ɮɨɪɦɵ, ɫɩɪɨɜɨɰɢɪɨɜɚɥɨ ɡɚɪɨɠɞɟɧɢɟ ɞɟɧɞɪɢɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɤɢ 
(ɪɢɫ. 5, ɛ). ȼ ɩɪɨɰɟɫɫɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɟɧɞɪɢɬ ɩɪɨɪɚɫɬɚɥ ɜ ɝɥɭɛɢɧɭ ɨɬ-
ɥɢɜɤɢ, ɩɨɫɬɟɩɟɧɧɨ ɢɫɱɟɡɚɥ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɥ ɛɥɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɨɛɴɟɦɟ 
ɤɪɢɫɬɚɥɥɚ (ɪɢɫ. 6).  

 

ɇɚɱɚɥɨ ɇɄ Ʉɨɧɟɰ ɇɄ

Ȼɥɨɱɧɨɫɬɶ

 
 

Ɋɢɫ. 6. Ɍɨɪɰɟɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɝɨɬɨɜɤɢ: ɜ ɧɚɱɚɥɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɇɄ)  
ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɜ ɤɨɧɰɟ ɇɄ – ɫ ɛɥɨɱɧɨɫɬɶɸ 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɧɚɱɚɥɟ ɪɨɫɬɚ ɜ ɡɨɧɟ ɡɚɬɪɚɜɤɢ ɨɛɪɚɡɨɜɚɧɢɟ ɛɥɨɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɝɨɞɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɬɪɚɜɨɤ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ ɢɡ-ɡɚ ɧɟɫɨɛɥɸ-
ɞɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ – ɤɨɝɞɚ ɡɚɬɪɚɜɤɚ ɩɨɥɧɨɫɬɶɸ ɪɚɫɩɥɚɜɢɥɚɫɶ ɢɥɢ ɧɟ ɩɨɞɩɥɚɜɢɥɚɫɶ 
ɫɨɜɫɟɦ ɥɢɛɨ ɢɡ-ɡɚ ɡɚɫɨɪɚ ɱɚɫɬɢɰɚɦɢ ɤɟɪɚɦɢɤɢ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɡɚɬɪɚɜɤɢ ɫ ɪɚɫɩɥɚɜɨɦ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɨɛɴɟɦɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ – ɛɥɨɱɧɨɫɬɢ ɫ ɛɨɥɶ-
ɲɢɦ ɭɝɥɨɦ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ‒ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ (ɨɫɬɚɧɨɜɤɨɣ) ɫɤɨɪɨɫɬɢ 
ɪɨɫɬɚ.  

Ɉɛɪɚɡɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ, ɫɨɧɚɩɪɚɜɥɟɧɧɵɯ 
ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɨɫɧɨɜɧɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɪɟɡɤɢɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɬɟɩɥɨ-
ɜɨɝɨ ɩɨɥɹ. 

ɉɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɛɨɥɶ-
ɲɨɝɨ ɱɢɫɥɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɬɥɢɜɨɤ ɢɡ ɀɇɋ (ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɛɥɸɞɟɧɢɹ ɬɟɯɧɨɥɨ-
ɝɢɢ) ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɢ ɨɛɴɟɦɧɵɟ ɞɟɮɟɤɬɵ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ ɫɬɪɭɤɬɭɪɵ ɦɨɝɭɬ ɨɛ-
ɪɚɡɨɜɚɬɶɫɹ ɜɫɥɟɞɫɬɜɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ. ɉɪɨɛɥɟɦɵ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟ-
ɧɢɹ ɬɟɩɥɨɜɵɦ ɩɨɥɟɦ, ɩɨɞɞɟɪɠɚɧɢɹ ɩɥɨɫɤɨɝɨ ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɬɪɟɛɭɸɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɥɢɬɟɣɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ 
ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɬɥɢɜɨɤ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɜɫɟɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɞɚɧɧɨɣ ɩɚɪɬɢɢ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ 
ɩɟɱɢ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɩɚɪɬɢɢ ɫ ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɨɧɨɤɪɢ-
ɫɬɚɥɥɨɜ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɮɥɭɤɬɭɚɰɢɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɭɱɟɬɨɦ ɮɚɤ-
ɬɨɪɚ ɤɨɥɢɱɟɫɬɜɚ ɨɬɥɢɜɨɤ. 
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BRAZING  OF  A  NATIVE  WEAR-RESISTANT  STELLITE  V5K  
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Abstract. The results of research a brazing of native wear-resistant alloy based on cobalt 
(stellite) for hardening the bonded shelves of GTE working blades with an operating tempera-
ture of 1050 °ɋ. TСО КrtТМХО ЩrОsОЧts tСО results of a study of the microstructure of brazed joints 
of V5K stellite with nickel super alloy, made with various nickel-based brazing alloys. The re-
sults of evaluating the influence of the features of nickel heat-resistant brazing alloys on the 
heat resistance of solder joints are presented. On the basis of the conducted studies, the brazing 
alloy and the mode of brazing stellite V5K on the bonded flanges of the working blades of the 
gas turbine engine with an operating temperature of 1050 °ɋ аОrО sОХОМted. 

Keywords: brazing, high-temperature brazing, nickel heat-resistant brazing alloys, stellite, 
cobalt alloy, nickel super alloys 
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ȼɜɟɞɟɧɢɟ 
ɋɪɨɤ ɫɥɭɠɛɵ ȽɌȾ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɟ ɧɚɢɛɨɥɟɟ 

ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ, ɬɚɤɢɯ ɤɚɤ ɞɢɫɤɢ, ɪɚɛɨɱɢɟ ɢ ɫɨɩɥɨɜɵɟ ɥɨɩɚɬɤɢ 
ɬɭɪɛɢɧɵ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɨɣ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɢɡɧɨɫɚ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ 
ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɬɭɪɛɢɧɵ ɪɚɛɨɬɚɸɬ ɜ ɧɚɢɛɨɥɟɟ ɧɟ-
ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɡɚɱɚɫɬɭɸ ɨɝɪɚɧɢɱɢɜɚɸɬ ɦɟɠɪɟɦɨɧɬɧɵɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɞɜɢɝɚɬɟɥɹ ɜ ɰɟɥɨɦ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɭɪɛɢɧɧɵɯ ɥɨɩɚɬɨɤ ɩɪɨɢɫɯɨɞɢɬ ɢɯ 
ɢɡɧɨɫ – ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɨ ɛɚɧɞɚɠɧɵɦ ɩɨɥɤɚɦ, ɤɨɬɨɪɵɟ ɪɚɛɨɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɢɫɬɢɪɚɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨɭɞɚɪɟɧɢɹ ɢ ɬɪɟɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɜɢɛɪɚɰɢɟɣ ɞɟ-
ɬɚɥɟɣ ɢ ɭɡɥɨɜ ɞɜɢɝɚɬɟɥɹ. ɗɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɫɪɨɤɚ ɫɥɭɠɛɵ ɥɨɩɚɬɨɤ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɤɨɧɬɚɤɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ, ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɢɡɧɨɫɨ-
ɫɬɨɣɤɨɫɬɢ Д1–4]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɛɚɧɞɚɠ-
ɧɵɯ ɩɨɥɨɤ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɹɜɥɹɟɬɫɹ ɩɚɣɤɚ ɩɥɚɫɬɢɧ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɨɧ-
ɬɚɤɬɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɨɤ. Ⱦɥɹ ɭɩɪɨɱɧɟɧɢɹ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɦɟɬɨɞɨɦ ɩɚɣɤɢ ɩɥɚ-
ɫɬɢɧ ɢɡ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɤɨɧɬɚɤɬɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɥɚɜɵ ɧɚ 
ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɬɚɤɢɟ ɤɚɤ ɀɋ6ɍ, ȼɀɅβ, ȼɄɇȺ ɢ ɞɪ., ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ ɮɚɡɨ-
ɜɨɦ ɫɨɫɬɚɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɭɝɥɟɪɨɞɨɦ ɢ ɛɨɪɨɦ ɬɢɩɚ MО3B2, ɱɬɨ ɩɨɡ-
ɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɩɨɜɵɫɢɬɶ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɞɨ 800–900 °ɋ Д5–7]. 

Ɂɚ ɪɭɛɟɠɨɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɥɨɩɚɬɨɤ ɫɨɜɪɟɦɟɧɧɵɯ 
ȽɌȾ ɩɪɢɦɟɧɹɸɬɫɹ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɫɢɫɬɟɦɵ «ɤɨɛɚɥɶɬ–ɯɪɨɦ–ɜɨɥɶɮɪɚɦ» (ɬɢ-
ɩɚ ɋɆ64, ɏɌɇ61), ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɢɡɧɨɫɭ ɢ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɤ 
ɮɪɢɤɰɢɨɧɧɨɣ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ ɩɪɢ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1100 °ɋ Д8–11]. 

ȼ Ɋɨɫɫɢɢ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɫɬɟɥɥɢɬ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ȼ5Ʉ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɢɫɬɢɪɚɧɢɸ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɥɨɩɚɬɨɤ ȽɌȾ.  

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɫ ɛɚɧɞɚɠɧɵɦɢ ɩɨɥɤɚɦɢ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɢɚ-
ɰɢɨɧɧɵɯ ȽɌȾ ɜ Ɋɨɫɫɢɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɧɢɤɟɥɟɜɵɟ ɠɚɪɨ-
ɩɪɨɱɧɵɟ ɫɩɥɚɜɵ, ɬɚɤɢɟ ɤɚɤ ɀɋ6ɍ, ȼɀɅβ1 ɢ ɬ. ɞ. Д1βЖ. 

ɉɚɣɤɚ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɩɥɚɫɬɢɧ ɧɚ ɛɚɧɞɚɠɧɵɟ ɩɨɥɤɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɢɡ ɫɩɥɚɜɨɜ 
ɬɢɩɚ ɀɋ6ɍ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɩɨɹɦɢ ȼɉɪβ4 ɢ ȼɉɪβ7, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɬɟɦ-
ɩɟɪɚɬɭɪɭ ɩɚɣɤɢ 1ββ0 ɢ 11γ0 ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Д1γ, 14Ж. ɋɬɟɥɥɢɬ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 
ɜɜɢɞɭ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɛɨɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵ-
ɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ 1β50 ɋ. ɋɬɨɥɶ ɦɚɥɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ ɫɬɟɥɥɢɬɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɚɣɤɢ (ɞɥɹ ɩɪɢɩɨɹ ȼɉɪβ4) ɦɨɠɟɬ ɩɪɢ-
ɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɷɪɨɡɢɨɧɧɨɦɭ ɩɨɜɪɟɠɞɟɧɢɸ ɭɩɪɨɱɧɹɸɳɢɯ ɩɥɚɫɬɢɧ ɩɪɢ ɩɚɣɤɟ. 
Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢɩɨɹ ɫ ɩɚɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɧɟɨɛɯɨ-
ɞɢɦɨ ɬɚɤɠɟ ɨɩɪɨɛɨɜɚɬɶ ɠɚɪɨɩɪɨɱɧɵɟ ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɨɣ ɩɚɣɤɢ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɫɬɟɥɥɢɬɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ȼ5Ʉ ɫɨ ɫɩɥɚɜɨɦ ɀɋ6ɍ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɢɣɧɵɯ 
ɠɚɪɨɩɪɨɱɧɵɯ ɩɪɢɩɨɟɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ 
ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.9. «ɉɪɢɩɨɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ 
ɩɚɣɤɢ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡ-
ɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д15Ж. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
ɇɨɜɵɣ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɫɬɟɥɥɢɬ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ȼ5Ʉ ɞɥɹ ɭɩɪɨɱɧɟɧɢɹ ɛɚɧɞɚɠ-

ɧɵɯ ɩɨɥɨɤ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ȽɌȾ ɢɦɟɟɬ ɫɢɫɬɟɦɭ ɥɟɝɢɪɨɜɚɧɢɹ Co–Cr–W–Ni–Ti–Zr–Si–C, 
ɜ ɤɨɬɨɪɨɣ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɭɩɪɨɱɧɹɸɳɟɣ ɮɚɡɵ ɜɵɫɬɭɩɚɸɬ ɫɢɥɢɰɢɞɵ, ɤɚɪɛɢɞɵ ɢ 
ɤɚɪɛɨɫɢɥɢɰɢɞɵ.  

ȼɵɛɨɪ ɩɪɢɩɨɹ ɩɪɨɜɨɞɢɥɫɹ ɢɫɯɨɞɹ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 
ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɣɤɢ ɫɬɟɥɥɢɬɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 
1250 ɋ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɟɝɨ ɨɩɥɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɩɚɣɤɢ. ɉɪɢ ɷɬɨɦ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɬɟɥɥɢɬɚ ɧɚ ɨɫ-
ɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 1050 ɋ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɭɫɥɨɜɢɣ ɞɥɹ ɨɩɪɨɛɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɩɪɢɩɨɢ ȼɉɪβ4, ȼɉɪβ7, ȼɉɪ4β ɢ ȼɉɪ50. Ɉɫɧɨɜɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɩɨɟɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɈ1γ-2011). 

 
Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɩɨɟɜ, ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɨɩɪɨɛɨɜɚɧɢɹ 

ɉɪɢɩɨɣ ɋɢɫɬɟɦɚ ɥɟɝɢɪɨɜɚɧɢɹ 
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɚɣɤɢ, °C 

ɉɚɹɟɦɵɟ 
ɦɚɬɟɪɢɚɥɵ 

Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɨɟɞɢɧɟɧɢɹ, °ɋ 

ȼɉɪβ4 
Ni–Cr–Al–Ti–Mo– 
–W–Nb–Si–Co–ȼ 

1200–1220 ɀɋ6ɍ, ȼɀɅ1β, ɀɋγβ 1050 

ȼɉɪβ7 
Ni–Cr–Al–Mo–W– 
–Nb–Co–ȼ–ɋ–Si 

1120–1150 ɀɋ6ɍ, ȼɀɅ1β 1000 

ȼɉɪ4β 
Ni–Cr–Al–Mo–W– 
–Nb–Co–B–Ti 

1130–1150 ɀɋ6, ɗɂ4γ5 1000 

ȼɉɪ50 Ni–Cr–Mo–Nb–Si–Co–B 1120–1160 
ɀɋ6, ɗɂ4γ5,  
1βɏ18ɇ10Ɍ 

1000 

 
ɉɪɢ ɜɵɛɨɪɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɩɨɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɩɚɣɤɢ ɢɫɫɥɟɞɨɜɚɥɢ ɦɢɤɪɨɫɬɪɭɤ-

ɬɭɪɭ ɢ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɨɰɟɧɤɭ ɢɯ ɠɚɪɨɫɬɨɣɤɨɫɬɢ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟ-
ɫɤɨɦ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ τХвЦЩЮs GБ51 ɢ ɷɥɟɤɬɪɨɧɧɨɦ ɪɚɫɬɪɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ. 
Ⱦɥɹ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɨɫɤɢɟ ɨɛɪɚɡɰɵ ɢɡ ɫɩɥɚɜɚ 
ɀɋ6ɍ ɜ ɜɢɞɟ ɲɚɣɛɵ ɪɚɡɦɟɪɨɦ Ø16×5 ɦɦ, ɤ ɤɨɬɨɪɨɣ ɩɪɢɩɚɢɜɚɥɢ ɩɥɚɫɬɢɧɭ ɢɡ ɫɬɟɥɥɢɬɚ 
ȼ5Ʉ ɪɚɡɦɟɪɨɦ 10×15×4 ɦɦ. ɉɚɣɤɭ ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨ 
ɫɬɚɧɞɚɪɬɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɩɪɢɩɨɟɜ ɪɟɠɢɦɚɦ ɩɚɣɤɢ (ɬɚɛɥ. 1). 

Ⱦɥɹ ɨɰɟɧɤɢ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɨɫɤɢɟ ɨɛɪɚɡɰɵ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ 
ɩɚɣɤɢ ɪɚɡɪɟɡɚɥɢ ɩɨɩɨɥɚɦ ɩɪɢ ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɢɫɤɪɨɜɨɣ ɪɟɡɤɢ ɩɪɨɜɨɥɨɤɨɣ. Ɉɛɪɚɡɰɵ 
ɩɨɦɟɳɚɥɢ ɜ ɤɟɪɚɦɢɱɟɫɤɢɟ ɬɢɝɥɢ ɢ ɩɨɞɜɟɪɝɚɥɢ ɧɚɝɪɟɜɭ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1050 ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ. ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜ 
ɩɥɨɫɤɨɫɬɶ ɪɟɡɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɩɚɞɚɥɢ ɝɚɥɬɟɥɶɧɚɹ ɱɚɫɬɶ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɜɵɯɨɞ 
ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɛɟɡ ɝɚɥɬɟɥɢ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɪɟɡɨɦ ɩɨɫɥɟ 
ɩɚɣɤɢ. ɉɪɢ ɨɰɟɧɤɟ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɨɰɟɧɢɜɚɥɢ ɧɚɥɢɱɢɟ ɢ ɨɛɴɟɦ ɩɨɜɪɟɠɞɟɧɢɣ ɩɚɹɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɜ ɝɚɥɬɟɥɶɧɨɣ ɱɚɫɬɢ ɢ ɫɜɨɛɨɞɧɨɝɨ ɜɵɯɨɞɚ ɩɚɹɧɨɝɨ ɲɜɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɲɢɮɪɚ 
ɇ0γ-025, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɩɚɣɤɢ ɡɚɝɨɬɨɜɨɤ ɫɬɟɥɥɢɬɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢ ɫɩɥɚɜɚ 
ɀɋ6ɍ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɡɚɝɨɬɨɜɤɢ ɞɢɚɦɟɬɪɨɦ 
15 ɦɦ ɢ ɜɵɫɨɬɨɣ γ6 ɦɦ ɫɨ ɲɥɢɮɨɜɚɧɧɵɦɢ ɬɨɪɰɟɜɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. Ɂɚɝɨɬɨɜɤɢ ɩɨ-
ɩɚɪɧɨ ɫɩɚɢɜɚɥɢ ɜ ɪɚɡɧɨɢɦɟɧɧɨɦ ɫɨɱɟɬɚɧɢɢ ɬɨɪɰɟɜɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɩɨɫɥɟ ɱɟɝɨ ɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɡɚɝɨɬɨɜɨɤ ɜɵɬɚɱɢɜɚɥɢ ɨɛɪɚɡɰɵ ɞɥɹ ɢɫɩɵɬɚɧɢɣ. Ɉɛɪɚɡɰɵ 
ɩɨɞɜɟɪɝɚɥɢ ɢɫɩɵɬɚɧɢɹɦ ɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ β0  
ɢ 1050 ɋ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 
Ⱦɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɜɵɛɪɚɧɧɵɯ ɩɪɢɩɨɟɜ ɞɥɹ ɩɚɣɤɢ ɢɡɧɨɫɨ-

ɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ ȼ5Ʉ ɫ ɦɚɬɟɪɢɚɥɚɦɢ ɥɨɩɚɬɨɤ ȽɌȾ ɩɪɨɜɟɞɟɧɚ 
ɩɚɣɤɚ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɨɜ ɀɋ6ɍ ɢ ɫɬɟɥɥɢɬɚ ɜ ɪɚɡɧɨɢɦɟɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɩɨ ɫɬɚɧɞɚɪɬ-
ɧɵɦ ɪɟɠɢɦɚɦ ɩɚɣɤɢ. Ɍɟɦɩɟɪɚɬɭɪɭ ɩɚɣɤɢ ɨɛɪɚɡɰɨɜ ɜɵɛɢɪɚɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ 
ɬɚɛɥ. 1, ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɚ 10 ɋ/ɦɢɧ, ɜɵɞɟɪɠɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɚɣɤɢ 5 ɦɢɧ, ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɥɚɫɶ – ɨɯɥɚɠɞɟɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɨ-
ɜɨɞɢɥɨɫɶ ɜ ɩɟɱɢ. ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɩɚɣɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1.  

 
ɛ)ɚ) ɝ)ɜ)

ȼɉɪβ4 ȼɉɪβ7 ȼɉɪ4β ȼɉɪ50
 

Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɩɚɹɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɜɵɛɪɚɧɧɵɦɢ ɩɪɢɩɨɹɦɢ 
 
ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢ-

ɱɟɫɤɨɦ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ. ɏɚɪɚɤɬɟɪɧɵɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. β–5. 

 
ɛ)ɚ)

 
 

Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ɀɋ6ɍ ɫɨ ɫɬɟɥɥɢɬɨɦ, ɜɵɩɨɥɧɟɧɧɨɝɨ 
ɩɪɢɩɨɟɦ ȼɉɪβ4: ɚ – ɝɚɥɬɟɥɶɧɚɹ ɱɚɫɬɶ; ɛ – ɩɚɹɧɵɣ ɲɨɜ 

 
ɛ)ɚ)

 
 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ɀɋ6ɍ ɫɨ ɫɬɟɥɥɢɬɨɦ, ɜɵɩɨɥɧɟɧɧɨɝɨ 

ɩɪɢɩɨɟɦ ȼɉɪβ7: ɚ – ɝɚɥɬɟɥɶɧɚɹ ɱɚɫɬɶ; ɛ – ɩɚɹɧɵɣ ɲɨɜ 
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ɛ)ɚ)

 
 

Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ɀɋ6ɍ ɫɨ ɫɬɟɥɥɢɬɨɦ, ɜɵɩɨɥɧɟɧɧɨɝɨ 
ɩɪɢɩɨɟɦ ȼɉɪ50: ɚ – ɝɚɥɬɟɥɶɧɚɹ ɱɚɫɬɶ; ɛ – ɩɚɹɧɵɣ ɲɨɜ 

 

ɛ)ɚ)

 
 

Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɀɋ6ɍ ɫɨ ɫɬɟɥɥɢɬɨɦ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ 
ȼɉɪ4β: ɚ – ɝɚɥɬɟɥɶɧɚɹ ɱɚɫɬɶ; ɛ – ɩɚɹɧɵɣ ɲɨɜ 

 
ɉɪɢɩɨɣ ȼɉɪβ4 ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɪɚɫɬɜɨɪɟ-

ɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɩɨɟɦ ɩɪɢ ɩɚɣɤɟ) ɧɚ ɨɛɚ ɩɚɹɟɦɵɯ ɦɚɬɟɪɢɚɥɚ ɞɚɠɟ ɧɚ ɝɚɥ-
ɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ (ɪɢɫ. β, ɚ). ȼɟɥɢɱɢɧɚ ɷɪɨɡɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɢɩɨɹ ȼɉɪβ4 ɧɟ ɩɪɟ-
ɜɵɲɚɟɬ 50 ɦɤɦ ɞɥɹ ɫɬɟɥɥɢɬɚ ɢ γ0 ɦɤɦ ɞɥɹ ɫɩɥɚɜɚ ɀɋ6ɍ. ɉɪɢ ɷɬɨɦ ɩɪɢɩɨɣ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɜɟɥɢɱɢɧ 
ɫɛɨɪɨɱɧɵɯ ɡɚɡɨɪɨɜ – ɨɬ 10 ɞɨ β00 ɦɤɦ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɫɬɚɜ-
ɥɟɧɚ ɡɟɪɧɚɦɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɜɤɥɸɱɟɧɢɹɦɢ, ɨɛɨ-
ɝɚɳɟɧɧɵɦɢ ɧɢɨɛɢɟɦ (ɪɢɫ. β, ɛ). ɉɪɨɫɥɨɣɤɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɚɹɧɨɦ 
ɲɜɟ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɯɪɭɩɱɢɜɚɬɶ ɩɚɹɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɧɟ ɨɛɧɚɪɭɠɟɧɵ. 

ɉɪɢɩɨɣ ȼɉɪβ7 ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɚ ɩɚɹ-
ɟɦɵɯ ɦɚɬɟɪɢɚɥɚ ɞɚɠɟ ɧɚ ɝɚɥɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ (ɪɢɫ. γ, ɚ). ȼɟɥɢɱɢɧɚ ɷɪɨɡɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 
30 ɦɤɦ ɞɥɹ ɫɬɟɥɥɢɬɚ ɢ 10 ɦɤɦ ɞɥɹ ɫɩɥɚɜɚ ɀɋ6ɍ. ɉɪɢ ɷɬɨɦ ɩɪɢɩɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɜɟɥɢɱɢɧ ɫɛɨɪɨɱɧɵɯ ɡɚɡɨɪɨɜ – ɨɬ 
50 ɞɨ β00 ɦɤɦ. ɉɪɢ ɩɚɣɤɟ ɡɚɡɨɪɨɜ ɦɟɧɶɲɟɣ ɜɟɥɢɱɢɧɵ ɢɡ-ɡɚ ɚɤɬɢɜɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ ɨɬɜɟɪɠɞɟɧɢɟ ɩɪɢɩɨɹ ɜ ɩɪɨɰɟɫɫɟ ɡɚɩɨɥɧɟɧɢɹ ɡɚɡɨɪɚ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɡɧɚɱɢɬɟɥɶɧɵɯ ɧɟɩɪɨɩɚɟɜ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɟɪɧɚɦɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɜɤɥɸɱɟ-
ɧɢɹɦɢ ɧɚ ɨɫɧɨɜɟ ɛɨɪɢɞɨɜ (ɪɢɫ. γ, ɛ). ɉɪɨɫɥɨɣɤɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɚɹ-
ɧɨɦ ɲɜɟ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɯɪɭɩɱɢɜɚɬɶ ɩɚɹɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɧɟ ɨɛɧɚɪɭɠɟɧɵ. 

ɉɪɢɩɨɣ ȼɉɪ50 ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɚ ɩɚ-
ɹɟɦɵɯ ɦɚɬɟɪɢɚɥɚ ɞɚɠɟ ɧɚ ɝɚɥɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ (ɪɢɫ. 4, ɚ). ȼɟɥɢɱɢɧɚ ɷɪɨɡɢɢ ɧɟ ɩɪɟɜɵɲɚ-
ɟɬ β0 ɦɤɦ ɞɥɹ ɫɬɟɥɥɢɬɚ ɢ 5 ɦɤɦ ɞɥɹ ɫɩɥɚɜɚ ɀɋ6ɍ. ɉɪɢ ɷɬɨɦ ɩɪɢɩɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɜɟɥɢɱɢɧ ɫɛɨɪɨɱɧɵɯ  
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ɡɚɡɨɪɨɜ – ɨɬ 10 ɞɨ β00 ɦɤɦ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɟɪɧɚɦɢ 
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɜɤɥɸɱɟɧɢɹɦɢ ɧɚ ɨɫɧɨɜɟ ɫɢɥɢɰɢ-
ɞɨɜ ɢ ɛɨɪɢɞɨɜ (ɪɢɫ. 4, ɛ). ɉɪɨɫɥɨɣɤɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɚɹɧɨɦ ɲɜɟ, ɤɨ-
ɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɯɪɭɩɱɢɜɚɬɶ ɩɚɹɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɧɟ ɨɛɧɚɪɭɠɟɧɵ. 

ɉɪɢɩɨɣ ȼɉɪ4β ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɚ ɩɚ-
ɹɟɦɵɯ ɦɚɬɟɪɢɚɥɚ ɞɚɠɟ ɧɚ ɝɚɥɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ (ɪɢɫ. 5, ɚ). ȼɟɥɢɱɢɧɚ ɷɪɨɡɢɢ ɧɟ ɩɪɟɜɵɲɚ-
ɟɬ 40 ɦɤɦ ɞɥɹ ɫɬɟɥɥɢɬɚ ɢ 10 ɦɤɦ ɞɥɹ ɫɩɥɚɜɚ ɀɋ6ɍ (ɥɨɤɚɥɶɧɨ – ɞɨ γ0 ɦɤɦ). ɉɪɢ ɷɬɨɦ 
ɩɪɢɩɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɲɢɪɨɤɨɦ 
ɢɧɬɟɪɜɚɥɟ ɜɟɥɢɱɢɧ ɫɛɨɪɨɱɧɵɯ ɡɚɡɨɪɨɜ – ɨɬ 10 ɞɨ β00 ɦɤɦ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɟɪɧɚɦɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɷɜɬɟɤɬɢɱɟ-
ɫɤɢɦɢ ɜɤɥɸɱɟɧɢɹɦɢ ɧɚ ɨɫɧɨɜɟ ɫɢɥɢɰɢɞɨɜ ɢ ɛɨɪɢɞɨɜ (ɪɢɫ. 5, ɛ). ɉɪɨɫɥɨɣɤɢ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɚɹɧɨɦ ɲɜɟ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɯɪɭɩɱɢɜɚɬɶ ɩɚɹɧɨɟ ɫɨɟɞɢɧɟ-
ɧɢɟ, ɧɟ ɨɛɧɚɪɭɠɟɧɵ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɩɪɢɩɨɢ ȼɉɪβ4, ȼɉɪβ7, 
ȼɉɪ4β ɢ ȼɉɪ50 ɧɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɤɨɛɚɥɶɬɨɜɵɣ 
ɫɬɟɥɥɢɬ ɢ ɧɟ ɨɛɪɚɡɭɸɬ ɫɩɥɨɲɧɵɯ ɯɪɭɩɤɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɩɪɨɫɥɨɟɤ ɜ ɩɚɹɧɨɦ ɲɜɟ 
ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɩɚɹɟɦɨɝɨ ɡɚɡɨɪɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɢɯ 
ɞɥɹ ɩɚɣɤɢ ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɧɚ ɞɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ɀɋ6ɍ. 

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɩɚɹɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɢɡɧɨɫɨɫɬɨɣ-
ɤɢɯ ɩɥɚɫɬɢɧ ɧɚ ɛɚɧɞɚɠɧɵɯ ɩɨɥɤɚɯ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ, ɹɜɥɹɸɬɫɹ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢ ɤɪɚɬɤɨ-
ɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ. ɉɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɞɨɥɠɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɚɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɫɬɟɥɥɢɬɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 1050 ɋ, ɩɨɷɬɨɦɭ 
ɩɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨɞɜɟɪɝɧɭɬɵ ɨɰɟɧɤɟ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1050 ɋ ɩɪɢ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ 100 ɱ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6. 

 

ɛ)ɚ)

ɝ)ɜ)

 
 

Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (×100) ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɬɟɥɥɢɬɚ ɢ ɫɩɥɚɜɚ ɀɋ6ɍ ɫ ɩɪɢɩɨɹɦɢ 
ȼɉɪβ4 (ɚ), ȼɉɪβ7 (ɛ), ȼɉɪ4β (ɜ) ɢ ȼɉɪ50 (ɝ) ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1050 ɋ ɜ ɬɟɱɟɧɢɟ 100 ɱ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɬɨɝɪɚɮɢɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪ, ɝɚɥɬɟɥɶ ɢ ɫɜɨɛɨɞɧɵɣ 
ɜɵɯɨɞ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪβ4, ɧɟ ɩɪɟɬɟɪɩɟɥɢ ɫɭɳɟɫɬɜɟɧ-
ɧɵɯ ɢɡɦɟɧɟɧɢɣ. ɋɥɟɞɨɜ ɜɵɝɨɪɚɧɢɹ ɩɪɢɩɨɹ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɧɢ ɜ ɝɚɥɬɟɥɶɧɨɣ ɱɚɫɬɢ, ɧɢ ɜ 
ɩɚɹɧɨɦ ɫɨɟɞɢɧɟɧɢɢ. ɇɚ ɝɪɚɧɢɰɟ «ɩɚɹɧɵɣ ɲɨɜ–ɫɩɥɚɜ ȼ5Ʉ» ɬɚɤɠɟ ɫɥɟɞɨɜ ɝɚɡɨɜɨɣ ɤɨɪɪɨ-
ɡɢɢ ɧɟ ɨɛɧɚɪɭɠɟɧɨ.  

ɇɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪβ7, ɜ ɝɚɥɬɟɥɶɧɨɣ ɱɚɫɬɢ ɜɢɞ-
ɧɵ ɨɬɱɟɬɥɢɜɵɟ ɝɥɭɛɨɤɢɟ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ, ɞɨɫɬɢɝɚɸɳɢɟ ɝɥɭɛɢɧɵ 400 ɦɤɦ. 
ɉɪɢ ɷɬɨɦ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɦɟɸɬ ɪɚɡɜɢɬɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɦɟɫɬɚɯ ɫɤɨɩɥɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɛɨɪɢɞɧɵɯ ɜɵɞɟɥɟɧɢɣ. ɉɨ-ɜɢɞɢɦɨɦɭ, 
ɩɪɢ ɫɬɨɥɶ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (1050 ɋ) ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɜɵɞɟɥɟɧɢɹ ɜ ɩɪɢɩɨɟ ȼɉɪβ7 
ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ ɢ ɜɵɝɨɪɚɸɬ, ɧɟ ɨɛɪɚɡɭɹ ɡɚɳɢɬɧɨɣ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ. 
ɋɨ ɫɬɨɪɨɧɵ ɫɜɨɛɨɞɧɨɝɨ ɜɵɯɨɞɚ ɩɚɹɧɨɝɨ ɲɜɚ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɜɪɟ-
ɠɞɟɧɢɣ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. Ɂɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɛɨɪɚ ɜ ɭɡɤɢɯ ɡɚ-
ɡɨɪɚɯ (<β00 ɦɤɦ) ɩɪɨɢɫɯɨɞɢɬ ɞɢɮɮɭɡɢɨɧɧɨɟ ɪɚɫɫɚɫɵɜɚɧɢɟ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸ-
ɳɢɯ ɩɪɢɩɨɹ ȼɉɪβ7. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɚɹɧɨɝɨ ɲɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ  
ɫɨɛɨɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ, ɨɛɥɚɞɚɸɳɢɣ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ, ɫ ɧɟɛɨɥɶ-
ɲɢɦɢ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɜɤɥɸɱɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɢɦɟɸɬ ɜɵɯɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɡɚɳɢɳɟɧɵ ɨɬ ɨɤɢɫɥɟɧɢɹ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ. 

ɇɚ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ ȼɉɪ4β, ɜ ɝɚɥɬɟɥɶɧɨɣ ɱɚɫɬɢ ɬɚɤ-
ɠɟ ɜɢɞɧɵ ɨɬɱɟɬɥɢɜɵɟ ɝɥɭɛɨɤɢɟ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ, ɞɨɫɬɢɝɚɸɳɢɟ ɝɥɭɛɢɧɵ 
200 ɦɤɦ. Ɉɞɧɚɤɨ ɯɚɪɚɤɬɟɪ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ 
ɩɪɢɩɨɟ ȼɉɪβ7. ɇɚ ɝɚɥɬɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɢɩɨɟɦ 
ȼɉɪ4β, ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɬɞɟɥɶɧɵɦɢ ɹɡɜɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵ-
ɦɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ȼ ɩɚɹɧɨɦ ɲɜɟ, ɢɦɟɸɳɟɦ ɫɜɨɛɨɞɧɵɣ ɜɵɯɨɞ, 
ɬɚɤ ɠɟ ɤɚɤ ɜ ɫɥɭɱɚɟ ɩɪɢɩɨɹ ȼɉɪβ7, ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ ɜɵ-
ɪɚɠɟɧɵ ɢ ɩɨɱɬɢ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɜ ɫɥɭɱɚɟ ɩɪɢɩɨɹ ȼɉɪ4β ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɝɨɪɚɧɢɟ ɛɨɪɢɞɧɵɯ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɜɵɞɟɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɡɟ-
ɪɟɧ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ ɦɟɧɶɲɢɣ ɨɛɴɟɦ ɩɨɜɪɟɠɞɟɧɢɣ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɢɩɨɟɦ 
ȼɉɪβ7) ɫɜɹɡɚɧ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɪɚ ɜ ɩɪɢɩɨɟ (1,β % – ɞɥɹ ɩɪɢ-
ɩɨɹ ȼɉɪ4β, β,75 % – ɞɥɹ ɩɪɢɩɨɹ ȼɉɪβ7) ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ  
ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ.  

ɇɚ ɝɚɥɬɟɥɢ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɪɢɩɨɟɦ ȼɉɪ50, ɜɢɞɧɵ ɧɟɛɨɥɶ-
ɲɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɝɥɭɛɢɧɨɣ ɧɟ ɛɨɥɟɟ 50 ɦɤɦ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɢɯ ɧɚɥɢɱɢɟ 
ɬɚɤɠɟ ɜɵɡɜɚɧɨ ɛɨɪɢɞɧɵɦɢ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ, ɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɣ 
ɪɚɡɦɟɪ ɨɛɭɫɥɨɜɥɟɧ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ ɜ ɩɪɢɩɨɟ ȼɉɪ50 (19 % – ɞɥɹ 
ɩɪɢɩɨɹ ȼɉɪ50, 8,5 % – ɞɥɹ ɩɪɢɩɨɟɜ ȼɉɪβ7 ɢ ȼɉɪ4β), ɷɮɮɟɤɬɢɜɧɨ ɡɚɳɢɳɚɸɳɟɝɨ ɩɚɹ-
ɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɨɬ ɝɥɭɛɨɤɨɝɨ ɩɨɪɚɠɟɧɢɹ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɟɣ. ɋɚɦɢ ɩɨ ɫɟɛɟ ɫɬɨɥɶ ɦɚɥɵɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ɧɟ ɨɩɚɫɧɵ ɞɥɹ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ɉɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɚɹɧɵɟ ɫɨ-
ɟɞɢɧɟɧɢɹ ɛɚɧɞɚɠɧɨɣ ɩɨɥɤɢ ɢɫɩɵɬɵɜɚɸɬ ɧɚ ɫɟɛɟ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɤɚɤ ɨɬ ɦɟ-
ɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ ɫɨɭɞɚɪɟɧɢɢ/ɬɪɟɧɢɢ ɥɨɩɚɬɨɤ, ɬɚɤ ɢ ɨɬ ɬɟɪɦɨɭɫɬɚɥɨɫɬɧɨɝɨ 
ɯɚɪɚɤɬɟɪɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɟɦ ɢɯ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɭɫɬɚɥɨɫɬɧɵɯ ɧɚɝɪɭɡɨɤ ɷɪɨɡɢɨɧɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɦɨɝɭɬ ɫɬɚɬɶ 
ɤɨɧɰɟɧɬɪɚɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɜɢɬɢɸ ɬɪɟɳɢɧɵ, ɤɨɬɨɪɚɹ ɜɵɡɨɜɟɬ ɪɚɡ-
ɪɭɲɟɧɢɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ.  

ɉɨɷɬɨɦɭ ɞɥɹ ɩɚɣɤɢ ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɧɚ ɞɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ɀɋ6ɍ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟ-
ɪɚɬɭɪɨɣ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 1050 ɋ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɩɨɣ 
ȼɉɪβ4. Ɉɫɬɚɥɶɧɵɟ ɩɪɢɩɨɢ ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɛɨɥɟɟ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
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ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɬɟɥɥɢɬɚ ɢ ɫɩɥɚɜɚ 
ɀɋ6ɍ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β. 

 
Ɍɚɛɥɢɰɚ 2 

Ʉɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɜ.ɩ.ɫ) ɫɬɟɥɥɢɬɚ  
ɢ ɫɩɥɚɜɚ ɀɋ26 ɜ ɪɚɡɧɨɢɦɟɧɧɨɦ ɫɨɱɟɬɚɧɢɢ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢɹ, ɋ 

ɜ.ɩ.ɫ, Ɇɉɚ/Kɨɫɥ*, ɞɥɹ ɩɪɢɩɨɹ 

ȼɉɪβ4 ȼɉɪβ7 ȼɉɪ4β ȼɉɪ50 

20 
495; 600 
0,84–1,0 

520; 520 
0,88 

425; 495 
0,72–0,84 

270; 360 
0,46–0,61 

1050 
285; 250 

1,0 
205; 220 
0,97–1,0 

91 
0,43 

180; 185 
0,85–0,86 

* Kɨɫɥ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – ɨɬɧɨɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɨɝɨ ɫɨɟɞɢ-
ɧɟɧɢɹ ɤ ɩɪɨɱɧɨɫɬɢ ɩɚɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɬɟɥɥɢɬɚ). 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɩɨɣ ȼɉɪβ4 ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ  
ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɪɨɱɧɨɫɬɶɸ ɧɚ ɭɪɨɜɧɟ 0,84–1,0 ɨɬ ɩɪɨɱɧɨɫɬɢ ɤɨɛɚɥɶɬɨɜɨɝɨ ɢɡɧɨ-
ɫɨɫɬɨɣɤɨɝɨ ɫɬɟɥɥɢɬɚ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɢ ɭɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɤɨɛɚɥɶɬɨɜɨɝɨ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɫ ɧɢɤɟɥɟɜɵɦ ɠɚɪɨɩɪɨɱɧɵɦ ɫɩɥɚɜɨɦ ɀɋ6ɍ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɢɣɧɵɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɩɪɢɩɨɟɜ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɩɨɣ ȼɉɪβ4 ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɚɹ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 0,84–1,0 ɨɬ ɩɪɨɱɧɨɫɬɢ 
ɫɬɟɥɥɢɬɚ) ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 1050 ɋ. ɉɪɢɩɨɢ ȼɉɪβ7, ȼɉɪ4β ɢ ȼɉɪ50 ɞɥɹ 
ɫɬɨɥɶ ɜɵɫɨɤɨɣ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɩɪɢɦɟɧɢɦɵ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɠɚɪɨɫɬɨɣɤɨɫɬɢ. Ɉɞɧɚ-
ɤɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ.  

ɉɪɢɦɟɧɟɧɢɟ ɧɨɜɨɝɨ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡ-
ɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɩɚɣɤɢ ɞɥɹ ɭɩɪɨɱɧɟɧɢɹ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ȽɌȾ 
ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɪɟɫɭɪɫ ɢ ɧɚɞɟɠɧɨɫɬɶ. 
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NEW  WEAR-RESISTANT  COBALT-BASE  ALLOY:  

FEATURES  OF  THE  STRUCTURE  OF  THE  METAL  OBTAINED   
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Abstract. The structure of a new wear-resistant alloy of the system Co–Cr–W–C obtained by 
direct laser growth during surfacing on a cast high-temperature nickel-based alloy VZhL21. 
The high uniformity of the deposited metal is shown, the absence of segregations in tungsten, 
silicon, chromium, in contrast to the foreign analogue Tribaloy T-800. A scheme for the for-
mation of gradient surfacing has been developed and implemented, providing an exceptionally 
smooth (gradient) transition not only along the alloying elements (Al, Mo), but also along the 
base elements (Co, Ni, Cr) from the cast to the deposited material. 

Keywords: wear-resistant material, stellite, gradient material, laser gas-powder cladding, 
wear-resistant alloy, cobalt base. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɮɨɪɦɢɪɨɜɚɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨ-

ɞɚ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɵɪɚɳɢɜɚɧɢɹ (ɉȼɅ) – ɥɚɡɟɪɧɨɣ ɝɚɡɨɩɨɪɨɲɤɨɜɨɣ ɧɚɩɥɚɜɤɢ: ɜɵ-
ɪɚɳɢɜɚɧɢɟ ɡɚɝɨɬɨɜɨɤ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ (ɜɤɥɸɱɚɹ ɪɚɛɨɬɵ ɜ ɱɚɫɬɢ ɝɪɚɞɢɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɢɡɞɟɥɢɣ), ɚ ɬɚɤɠɟ ɪɟɦɨɧɬ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ 
ɧɚɡɟɦɧɨɣ ɬɟɯɧɢɤɢ ɩɨɫɥɟ ɧɚɪɚɛɨɬɤɢ ɢɥɢ ɛɪɚɤɚ ɩɪɢ ɥɢɬɶɟ.  

ɉɟɪɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ Д1Ж, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɱɚɫɬɢ 
ɧɚɩɥɚɜɤɢ ɫɜɚɪɢɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ: ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ Дβ, γЖ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ Д4Ж, ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ Д5Ж, ɬɢɬɚɧɚ 
Д6Ж, ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɵɯ ɫɩɥɚɜɨɜ Д7Ж. Ɉɬɞɟɥɶɧɵɟ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɨ 
ɧɚɩɥɚɜɤɟ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɜ ɱɚɫɬɢ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ Д8Ж. ɂɡ-
ɜɟɫɬɧɵ ɪɚɛɨɬɵ ɩɨ ɩɨɥɭɱɟɧɢɸ ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɉɅȼ Д9Ж.  

ȼɬɨɪɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɥɭɱɢɥɨ ɧɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɟɚɥɶɧɨɦ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟ, ɦɧɨɝɢɟ ɬɟɯɧɨɥɨɝɢɢ ɪɟɦɨɧɬɚ ɜɧɟɞɪɟɧɵ ɜ ɫɟɪɢɸ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ 
Д10, 11Ж. Ʉɨ ɜɬɨɪɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɢ ɧɚɩɥɚɜɤɭ ɭɩɪɨɱɧɹɸɳɢɯ, ɢɡɧɨɫɨ- ɢ 
ɠɚɪɨɫɬɨɣɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɝɨɞɧɵɟ ɞɟɬɚɥɢ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ Д1β–15Ж, ɚ 
ɬɚɤɠɟ ɧɚɩɥɚɜɤɭ ɫɬɟɥɥɢɬɨɜ Д1β, 16–18Ж ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɤɪɵɬɢɣ Д1γ, 19, β0Ж. Ɍɟɯɧɨɥɨ-
ɝɢɹ ɝɚɡɨɩɨɪɨɲɤɨɜɨɣ ɧɚɩɥɚɜɤɢ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɢɦɟɟɬ ɪɹɞ ɧɟɨɫɩɨɪɢɦɵɯ ɩɪɟɢɦɭɳɟɫɬɜ: ɧɟ 
ɬɪɟɛɭɟɬ ɬɪɭɞɨɟɦɤɨɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɮɢɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɞɥɹ ɧɚɩɚɣɤɢ, ɩɪɢɦɟɧɟɧɢɟ 
ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɦɢɧɢɦɢɡɢɪɭɟɬ ɡɚɬɪɚɬɵ ɧɚ ɟɞɢɧɢɰɭ ɞɟɬɚɥɢ, ɤɪɨɦɟ 
ɬɨɝɨ, ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɧɟɦɧɨɝɨ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ ɪɟɦɨɧɬɢɪɭɟɦɵɯ 
(ɭɩɪɨɱɧɹɟɦɵɯ) ɢɡɞɟɥɢɣ. ɂɫɫɥɟɞɨɜɚɧɢɸ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ 
ɧɚɩɥɚɜɤɢ ɩɨɫɜɹɳɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɪɚɛɨɬ Дβ1–β6Ж. ɉɪɨɜɟɞɟɧɧɵɟ ɪɚɛɨɬɵ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɰɟɫɫ ɉɅȼ ɫɩɨɫɨɛɟɧ ɩɨɥɧɨɰɟɧɧɨ ɡɚɦɟɧɢɬɶ ɢɫ-
ɩɨɥɶɡɭɟɦɵɟ ɬɪɚɞɢɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ȽɌȾ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ 
ɫɧɢɠɟɧɢɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɧɚ ɟɞɢɧɢɰɭ ɞɟɬɚɥɢ Дβ7Ж.  

Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɩɨɪɨɲɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɪɟɦɨɧɬɚ ɞɟɬɚɥɟɣ ɦɟɬɨɞɨɦ ɉɅȼ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɚɦɦɨɣ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ Д11, β8, β9Ж. Ɉɞɧɚɤɨ 
ɞɥɹ ɭɩɪɨɱɧɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɤɨɧɬɚɤɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɝɚɡɨɩɨɪɨɲ-
ɤɨɜɨɣ ɧɚɩɥɚɜɤɨɣ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɡɚɪɭɛɟɠɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɧɚɥɢɱɢɟ ɰɟɥɨɣ ɝɚɦɦɵ ɫɬɟɥɥɢɬɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɟɳɟ ɜ ɋɋɋɊ. ɋɢɧɬɟɡ ɢɡɧɨɫɨɫɬɨɣɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɉɅȼ ɩɨ ɫɬɪɭɤɬɭɪɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɷɥɟɤ-
ɬɪɨɢɫɤɪɨɜɵɦ ɥɟɝɢɪɨɜɚɧɢɟɦ – ɩɪɨɰɟɫɫɨɦ, ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɬɶɟɦ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɥɢɹɧɢɟ ɬɨɧɤɨ-
ɞɟɧɞɪɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜɵɫɨɤɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɢ ɢɡɦɟɧɟɧɢɹ 
ɦɨɪɮɨɥɨɝɢɢ ɜɬɨɪɵɯ ɮɚɡ ɧɚ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɡɚɪɭɛɟɠ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ ɦɚɥɨ ɢɡɭɱɟɧɨ. Ⱦɥɹ ɨɬɟɱɟɫɬɜɟɧɧɵɯ  
ɉɅȼ-ɦɚɬɟɪɢɚɥɨɜ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɨɛɳɟ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ.  

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ Дγ0Ж ɢ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ 
ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɨɜɨɝɨ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ȼ5Ʉ ɫɢɫɬɟɦɵ Co–Cr–W–ɋ, ɥɟ-
ɝɢɪɨɜɚɧɧɨɝɨ Zr, Ni, Si ɢ Ti ɢ ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɉɅȼ ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɩɪɟɞɵɫ-
ɬɨɪɢɟɣ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɧɚɧɟɫɟɧɢɹ ɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɪɚɞɢɰɢɨɧɧɨɣ (ɫ ɜɵɪɚɠɟɧɧɨɣ 
ɝɪɚɧɢɰɟɣ ɪɚɡɞɟɥɚ) ɢ ɝɪɚɞɢɟɧɬɧɨɣ (ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɟɪɟɯɨɞɧɵɯ ɫɥɨɟɜ) ɧɚɩɥɚɜɤɨɣ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜ-
ɥɟɧɢɹ 10. «ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ, ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɟ ɢ ɚɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭ-
ɱɟɧɢɹ ɞɟɬɚɥɟɣ, ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢ-
ɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») Дγ1Ж. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ  
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɫɹ ɧɨɜɵɣ ɢɡɧɨɫɨɫɬɨɣɤɢɣ ɫɩɥɚɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫ-

ɧɨɜɟ ɫɢɫɬɟɦɵ Co–Cr–W–ɋ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɥɟɝɢɪɨɜɚɧɧɨɣ Гr, σТ, SТ ɢ TТ, ɦɚɪɤɢ ȼ5Ʉ. 
Ɇɚɬɟɪɢɚɥ ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɛɨɬɟ ДγβЖ.  

ȼɵɩɥɚɜɤɭ ɫɩɥɚɜɚ ȼ5Ʉ ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ. ɉɨɪɨɲɤɢ 
ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɢ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ȼɀɅβ1 ɞɥɹ 
ɧɚɩɥɚɜɤɢ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ. ɉɪɨɰɟɫɫ ɥɚɡɟɪɧɨɣ ɝɚɡɨɩɨɪɨɲ-
ɤɨɜɨɣ ɧɚɩɥɚɜɤɢ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ Insstek MX600 (Ʉɨɪɟɹ). ȼ ɤɚɱɟɫɬɜɟ ɬɪɚɧɫɩɨɪ-
ɬɢɪɨɜɨɱɧɨɝɨ ɢ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ ɩɪɢɦɟɧɹɥɢ ɚɪɝɨɧ. ɇɚɩɥɚɜɤɭ ɜɟɥɢ ɧɚ ɥɢɬɵɟ ɡɚɝɨɬɨɜɤɢ 
ɫɩɥɚɜɚ ȼɀɅβ1, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. Ʌɢɬɵɟ ɡɚɝɨɬɨɜ-
ɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɜɟɪɝɚɥɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɞɥɹ ɭɞɚɥɟɧɢɹ ɨɤɫɢɞɨɜ ɢ ɫɥɟɞɨɜ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɨɣ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɝɪɚɧɭɥ ɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ 
ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ HТЭКМСТ SU8100, ɚ ɬɚɤɠɟ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ Olympus 
GX5γ. Ⱦɥɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɉɅȼ ɢ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 ɋ ɜ ɬɟɱɟɧɢɟ β–4 ɱ. ɗɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɣ 
(ɗȾɋ) ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɦɢɤɪɨɚɧɚɥɢɡ – ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢ ɚɧɚɥɢɡ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜɞɨɥɶ ɥɢɧɢɢ – ɜɵɩɨɥɧɹɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨ-
ɩɟ Hitachi SU8100, ɨɛɨɪɭɞɨɜɚɧɧɨɦ ɩɪɢɫɬɚɜɤɨɣ ɞɥɹ ɗȾɋ-ɚɧɚɥɢɡɚ Oxford X-Max. Ʉɚɪɬɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɤɚɩɥɢɜɚɥɢ ɫ ɪɚɡɪɟɲɟɧɢɟɦ 10β4×10β4 ɬɨɱɟɤ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 10 ɤɚɞ-
ɪɨɜ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɮɢɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɨɜɨɞɢɥɢ ɭɫɪɟɞɧɟɧɢɟ ɧɚɤɨɩ-
ɥɟɧɧɵɯ ɞɚɧɧɵɯ ɫ ɧɟ ɦɟɧɟɟ ɩɹɬɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ɧɚ ɨɞɧɨɦ ɩɨɥɟ ɡɪɟɧɢɹ. ɒɚɝ 
ɧɚɤɨɩɥɟɧɢɹ ɩɨ ɥɢɧɢɢ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɥ 5 ɦɤɦ.  

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɑɚɫɬɢɰɵ ɩɨɪɨɲɤɚ ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɬɟɥɥɢɬɚ ȼ5Ʉ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɟɧɞ-
ɪɢɬɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɪɢɫ. 1, ɛ). Ɏɨɪɦɚ ɛɨɥɶɲɢɧɫɬɜɚ ɱɚɫɬɢɰ ɫɮɟɪɢɱɟɫɤɚɹ (ɪɢɫ. 1, ɚ), ɤɨɥɢ-
ɱɟɫɬɜɨ ɞɟɮɟɤɬɧɵɯ ɝɪɚɧɭɥ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «ɨɝɭɪɰɨɜ» ɢ ɮɪɚɝɦɟɧɬɨɜ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪ-
ɦɵ) ɧɟɜɟɥɢɤɨ ɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɪɭɛɟɠɧɵɦ ɩɨɪɨɲɤɚɦ ɫɩɥɚɜɨɜ ɩɨɞɨɛ-
ɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ Д16, γγЖ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɱɚ-
ɫɬɢɰ (ɪɢɫ. 1, ɜ, ɝ) ɩɨɤɚɡɵɜɚɟɬ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɡɚɦɤɧɭɬɨɣ ɝɚɡɨɜɨɣ ɩɨɪɢɫɬɨɫɬɢ – ɯɚɪɚɤ-
ɬɟɪɧɨɝɨ ɞɟɮɟɤɬɚ ɞɥɹ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ 80–100 ɦɤɦ ɢ ɛɨɥɟɟ ɩɨɪɨɲɤɨɜ ɠɚɪɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ ɢ ɧɢɤɟɥɶ-ɯɪɨɦɨɜɵɯ ɫɬɟɥɥɢɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɚɬɨɦɢɡɚɰɢɢ. ɇɢ 
ɧɚ ɨɞɧɨɣ ɢɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɢɰ (ɞɚɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ) ɩɨɞɨɛɧɨɝɨ ɞɟɮɟɤɬɚ ɧɟ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɦɚɬɟɪɢɚɥɚ ɛɥɢɡɤɨɝɨ ɤɥɚɫɫɚ – 
ɫɩɥɚɜɚ Tribaloy Ɍ-800 ДγγЖ. Ɉɞɧɚɤɨ ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɹɜɥɹɟɬɫɹ ɧɚɥɢ-
ɱɢɟ ɭɫɚɞɨɱɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɜ ɨɛɴɟɦɟ ɝɪɚɧɭɥ, ɤɨɬɨɪɚɹ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɜɵɹɜɥɟɧɚ 
ɧɚ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɢɰɚɯ. ȼɟɪɨɹɬɧɨ, ɨɛɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɜɹɡɚɧɵ ɫ ɛɨɥɶɲɢɦ ɢɧɬɟɪ-
ɜɚɥɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (з180 ɋ), ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɩɨɥɧɨɰɟɧɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɞɟɝɚɡɚɰɢɢ ɢ 
ɭɫɚɞɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɫɮɟɪɢɱ-
ɧɨɫɬɢ ɥɟɝɢɪɨɜɚɧɧɵɯ ɤɪɟɦɧɢɟɦ ɢ ɭɝɥɟɪɨɞɨɦ ɤɨɛɚɥɶɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɦɢ ɧɢɤɟɥɟɜɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ Д1γЖ. ɋɬɪɭɤɬɭɪɚ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 
ɝɪɚɧɭɥ ɞɟɧɞɪɢɬɧɨ-ɹɱɟɢɫɬɚɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɭɫɥɨɜɢɹɦ ɨɛɴɟɦɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
ȼ ɦɟɠɨɫɧɵɯ ɭɱɚɫɬɤɚɯ ɯɨɪɨɲɨ ɜɢɞɧɵ ɞɢɫɩɟɪɫɧɵɟ ɫɜɟɬɥɵɟ ɢ ɬɟɦɧɵɟ ɱɚɫɬɢɰɵ – ɤɚɪɛɢɞɵ 
ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. ɇɚ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɹɯ ɜ ɨɛɴɟɦɟ ɝɪɚɧɭɥ ɬɚɤɠɟ ɥɟɝɤɨ ɪɚɡɥɢɱɢɦɵ 
ɧɟɪɚɫɩɥɚɜɥɟɧɧɵɟ ɛɨɥɟɟ ɦɟɥɤɢɟ ɱɚɫɬɢɰɵ ɩɨɪɨɲɤɚ ɪɚɡɦɟɪɨɦ ɨɬ β–γ ɞɨ 15 ɦɤɦ. Ɍɚɤɢɟ ɱɚ-
ɫɬɢɰɵ ɜɵɹɜɥɟɧɵ ɧɚ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɹɯ, ɱɬɨ, ɨɱɟɜɢɞɧɨ, ɬɚɤɠɟ 
ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦ ɢɧɬɟɪɜɚɥɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ. Ɂɚɯɜɚɬ ɱɚɫɬɢɰ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
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ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɩɥɚɜɚ ɢɥɢ ɜɫɥɟɞɫɬɜɢɟ ɷɧɟɪɝɢɢ ɫɨɭɞɚɪɟɧɢɹ – ɩɪɨɰɟɫɫ, 
ɫɜɹɡɚɧɧɵɣ ɫ ɦɚɥɨɣ ɦɚɫɫɨɣ ɧɚɢɛɨɥɟɟ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜɨ 
ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜɧɭɬɪɢ ɤɨɥɨɧɧɵ ɪɚɫɩɵɥɟɧɢɹ. Ȼɨɥɶɲɨɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ ɢ ɢɧɬɟɧɫɢɜɧɨɟ «ɩɨɝɥɨɳɟɧɢɟ» ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɜ ɩɪɨɰɟɫɫɟ ɡɚ-
ɬɜɟɪɞɟɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɥɹ ɫɩɥɚɜɚ ȼ5Ʉ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɚɬɟɥ-
ɥɢɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɪɨɲɤɚɦɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɬɢɩɚ ɗɉ648 ɢɥɢ ɗɂ698, ɭɜɟ-
ɥɢɱɢɜɚɹ ɬɚɤɠɟ ɫɬɟɩɟɧɶ ɫɮɟɪɢɱɧɨɫɬɢ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɜ ɰɟɥɨɦ.  

 
ɛ)ɚ)

ɝ)ɜ)

 
 

Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ (ɚ, ɛ) ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ (ɜ, ɝ) ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ  
ɫɩɥɚɜɚ ȼ5Ʉ 

 
ɋɬɪɭɤɬɭɪɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɨɧɤɨɞɟɧɞɪɢɬɧɚɹ (ɪɢɫ. β, ɚ). ɇɚ ɩɟɪɢɮɟɪɢɢ 

ɨɫɟɣ ɞɟɧɞɪɢɬɨɜ (ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ -ɋɨ) ɯɨɪɨɲɨ ɪɚɡɥɢɱɢɦɵ ɫɜɟɬɥɵɟ ɱɚɫɬɢɰɵ 
ɤɚɪɛɢɞɨɜ ɬɢɩɚ Ɇɟ7ɋ3 ɪɚɡɦɟɪɨɦ ɞɨ 1,5 ɦɤɦ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ, ɨɩɪɟɞɟɥɟɧɧɵɣ 
ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ, ɜɟɫɶɦɚ ɛɥɢɡɨɤ ɤ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦɭ 
(ɪɢɫ. β, ɜ). ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɞɟɧɞɪɢɬɨɜ ɢ ɭɜɟɥɢɱɟɧɧɵɣ ɞɟɧɞɪɢɬɧɵɣ ɩɚɪɚɦɟɬɪ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɸɬ ɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɚɡɨɜɵɦ 
ɪɚɫɩɵɥɟɧɢɟɦ, ɱɬɨ ɫɨɜɩɚɞɚɟɬ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ ДγγЖ. Ⱦɢɫɩɟɪɫɧɨɫɬɶ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜɥɹ-
ɸɳɢɯ, ɜɵɞɟɥɹɸɳɢɯɫɹ ɜ ɦɟɠɞɟɧɞɪɢɬɧɵɯ ɨɛɥɚɫɬɹɯ, ɜɵɫɨɤɚɹ – ɬɨɥɶɤɨ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɛɨɥɶɲɢɯ ɭɜɟɥɢɱɟɧɢɹɯ ɪɚɡɥɢɱɢɦɵ ɫɭɛɦɢɤɪɨɧɧɵɟ ɱɚɫɬɢɰɵ ɫɦɟɫɢ ɤɚɪɛɢɞɨɜ ɬɢɩɚ Ɇɟɋ ɢ 
ɮɪɚɝɦɟɧɬɨɜ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ α-ɋɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɤɟɥɟɬɧɨɣ ɦɨɪɮɨɥɨɝɢɢ 
(ɪɢɫ. β, ɛ, ɜ), ɫɯɨɠɟɣ ɫ ɥɢɬɶɟɦ ɜ ɤɨɤɢɥɶ (ɪɢɫ. β, ɞ, ɟ). ɇɚ ɬɨɧɤɭɸ ɫɬɪɭɤɬɭɪɭ ɧɚɩɥɚɜɥɟɧɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɮɚɤɬɨɪ, ɫɜɹɡɚɧɧɵɣ ɫɨ 
ɫɩɨɫɨɛɨɦ ɩɨɞɚɱɢ ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɧɚɩɥɚɜɤɟ. ȼ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɬɪɟɤɚ ɨɬɞɟɥɶɧɵɟ ɧɟɪɚɫɩɥɚɜɥɟɧɧɵɟ ɝɪɚɧɭɥɵ ɩɪɢ ɫɨɭɞɚɪɟɧɢɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɬɚɧɨɜɹɬɫɹ 
ɰɟɧɬɪɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɬ ɤɨɬɨɪɵɯ ɧɚɱɢɧɚɟɬɫɹ ɪɚɞɢɚɥɶɧɵɣ ɪɨɫɬ ɩɪɨɬɹɠɟɧɧɵɯ ɞɟɧɞ-
ɪɢɬɨɜ (ɪɢɫ. β, ɝ), ɬ. ɟ. ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɨɰɟɫɫ, ɫɯɨɠɢɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɚɬɟɥɥɢɬɨɜ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ.  
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ɝ)

Ɇɟ-ɋ3

ε-ɋɨ

α-ɋɨ + Ɇɟɋ

ɛ)ɚ) ɜ)

ɟ)ɞ)

 
 

Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɊɗɆ) ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɵɪɚɳɢɜɚɧɢɹ 
(ɚ–ɝ) ɢ ɥɢɬɨɝɨ (ɞ, ɟ) ɫɩɥɚɜɚ ȼ5Ʉ 

 

 
 

Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɩɥɚɜɚ ȼɀɅβ1 ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 
 
ɋɬɪɭɤɬɭɪɚ ɩɨɫɥɟ ɧɚɩɥɚɜɤɢ ɨɬɥɢɱɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ 

(ɪɢɫ. γ). ȼ ɨɬɥɢɱɢɟ ɨɬ ɱɟɬɤɨɣ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɤɨɛɚɥɶɬ-ɯɪɨɦɢɫɬɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɢ 
ɮɚɡ Ʌɚɜɟɫɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɨɥɢɛɞɟɧɚ ɢ ɤɪɟɦɧɢɹ ɞɥɹ ɧɚɩɥɚɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ 
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ɉɅȼ ɦɚɬɟɪɢɚɥɨɜ ɬɢɩɚ Tribaloy Ɍ-800 ДγγЖ, ɜ ɧɚɩɥɚɜɥɟɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ȼ5Ʉ ɤɚɪɬɵ  
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɜɨɥɶɮɪɚɦɭ, ɤɪɟɦɧɢɸ ɢ ɯɪɨɦɭ ɧɟ ɜɵɹɜɥɹɸɬ ɢɯ ɡɧɚɱɢɬɟɥɶɧɵɯ ɫɟɝɪɟɝɚ-
ɰɢɣ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɭɜɟɥɢɱɟɧɢɹɯ. Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ ɫɤɨɩɥɟɧɢɹ ɬɢɬɚɧɚ ɢ ɦɟɧɟɟ ɜɵ-
ɪɚɠɟɧɧɵɟ ‒ ɰɢɪɤɨɧɢɹ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɫɨɫɬɚɜɟ ɫɥɨɠɧɵɯ ɤɚɪɛɢɞɨɜ ɬɢɩɚ Ɇɟɋ ɜ 
ɦɟɠɞɟɧɞɪɢɬɧɵɯ ɭɱɚɫɬɤɚɯ. Ɍɚɤɚɹ ɨɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɛɥɚɝɨɩɪɢɹɬɧɚ ɫ ɬɨɱɤɢ ɡɪɟ-
ɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɧɚɝɪɟɜɚɯ ɢ ɥɭɱɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɥɢɹɧɢɟ ɠɟ ɫɬɨɥɶ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭ-
ɪɵ ɧɚ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɅȼ-ɦɟɬɚɥɥɚ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɨɥɧɨ-
ɰɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 
(1100 ɋ) ɞɟɧɞɪɢɬɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɬɜɨɪɹɟɬɫɹ (ɪɢɫ. 4, ɚ). Ɋɚɫɩɨ-
ɥɨɠɟɧɢɟ ɱɚɫɬɢɰ ɤɚɪɛɢɞɨɜ ɞɜɭɯ ɬɢɩɨɜ (ɫɜɟɬɥɵɟ ɢ ɬɟɦɧɵɟ ɱɚɫɬɢɰɵ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ  
ɢɫɯɨɞɧɵɦ ɭɱɚɫɬɤɚɦ ɦɟɠɞɟɧɞɪɢɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɪɢɫ. 4, ɛ). ɑɚɫɬɢɰɵ ɤɚɪɛɢɞɨɜ ɪɚɡ-
ɦɟɪɨɦ β–γ ɦɤɦ (ɬɢɩɚ Ɇɟ7ɋ3) ɢ 1–1,5 ɦɤɦ (ɬɢɩɚ Ɇɟɋ) ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɢɫɤɪɟɬɧɵ, 
ɢɧɨɝɞɚ ɫɨɟɞɢɧɹɸɬɫɹ ɜ ɬɨɧɤɢɟ ɰɟɩɨɱɤɢ. ɇɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɶ ɨɤɪɚɫɤɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ: ɩɪɢɫɭɬɫɬɜɭɸɬ ɛɨɥɟɟ ɫɜɟɬɥɵɟ ɢ ɛɨɥɟɟ ɬɟɦɧɵɟ 
ɭɱɚɫɬɤɢ, ɝɪɚɧɢɰɵ ɤɨɬɨɪɵɯ ɨɬɨɪɨɱɟɧɵ ɱɚɫɬɢɰɚɦɢ ɤɚɪɛɢɞɨɜ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ 
ɪɚɛɨɬɵ Дγ0Ж, ɷɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɨɫɨɛɟɧɧɨɫɬɶɸ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ȼ5Ʉ, ɚ ɢɦɟɧ-
ɧɨ – ɩɪɢɫɭɬɫɬɜɢɟɦ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ α-Co ɢ -Co.  

 

Ɇɟɋ3Ɇɟ-ɋ33

ɛ)ɚ)

 
 

Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȼ5Ʉ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 1100 ɋ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɡɨɧ ɥɢɬɨɣ ɦɟɬɚɥɥ/ɧɚɩɥɚɜɥɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɛɟɡ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɪɬɟɮɚɤɬɨɜ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɡɨɧ 
ɫɦɟɲɟɧɢɹ ɩɨɞɥɨɠɤɢ ɢ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɫɥɟɞɫɬɜɢɟ ɥɨɤɚɥɶɧɨɝɨ ɜɵɫɨɤɨɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ɇɨɪɮɨɥɨɝɢɹ ɢ ɝɥɭɛɢɧɚ ɬɚɤɢɯ ɡɨɧ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɢɱɧɨɣ ɞɥɹ 
ɩɪɨɰɟɫɫɚ ɥɚɡɟɪɧɨɣ ɧɚɩɥɚɜɤɢ ɢ ɪɨɞɫɬɜɟɧɧɵɯ ɟɦɭ (ɥɚɡɟɪɧɨɟ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ, 
ɥɚɡɟɪɧɨɟ ɝɥɚɡɭɪɨɜɚɧɢɟ). ɉɪɢ ɷɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɦɟɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɫ 
ɧɚɩɥɚɜɥɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɡɚɜɢɫɢɬ ɨɬ ɷɧɟɪɝɨɫɤɨɪɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɜ ɪɟɠɢɦɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨ-
ɝɨ ɤɨɧɬɪɚɫɬɚ ɜɢɞɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɜɢɯɪɟɜɵɟ ɡɨɧɵ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 100–150 ɦɤɦ, ɨɬɥɢ-
ɱɚɸɳɢɟɫɹ ɬɚɤɠɟ ɢ ɩɨ ɦɨɪɮɨɥɨɝɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯɫɹ (ɪɢɫ. 5). ɉɨɫɬɪɨɟɧɢɟ 
ɤɚɪɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɩɨɤɚɡɵɜɚɟɬ ɪɟɡɤɢɟ ɤɨɥɟɛɚɧɢɹ ɩɨ ɯɪɨɦɭ, 
ɧɢɤɟɥɸ ɢ ɤɨɛɚɥɶɬɭ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɧɬɟɧɫɢɜɧɨɦ ɩɨɞɩɥɚɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɩɨɞ-
ɥɨɠɤɢ ɢ ɧɟɩɨɥɧɨɦ ɫɦɟɲɟɧɢɢ ɫ ɧɚɩɥɚɜɥɹɟɦɵɦ ɫɬɟɥɥɢɬɨɦ. ɉɪɢ ɨɛɳɟɣ ɧɟɛɨɥɶɲɨɣ ɬɨɥ-
ɳɢɧɟ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɫɨɤɢɯ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɞɨɛɧɵɟ ɫɬɪɭɤɬɭɪ-
ɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɝɟɧɟɪɚɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɡɚ ɫɱɟɬ 
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ɪɚɡɥɢɱɢɣ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɧɢɤɟɥɟɜɨɣ 
ɨɫɧɨɜɵ ɩɨɞɥɨɠɤɢ ɢ ɤɨɛɚɥɶɬ-ɯɪɨɦɨɜɨɣ ɨɫɧɨɜɵ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋ ɭɱɟɬɨɦ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɚɩɥɚɜɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɚɪɟ ɫ ɥɢɬɟɣɧɵɦ ɫɩɥɚɜɨɦ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɪɟɠɢɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɭɫɥɨɜɥɟɧ ɞɨɫɬɢɠɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɦ-
ɩɥɟɤɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɦɟɧɟɧɢɟ ɨɬɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɦɨɠɟɬ ɛɵɬɶ ɧɟɠɟɥɚɬɟɥɶɧɵɦ.  

 

ȼɀɅ21

ȼ5Ʉ

 
 

Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɩɪɢ ɧɚɩɥɚɜɤɟ ɫɩɥɚɜɚ ȼ5Ʉ ɧɚ ɥɢɬɭɸ ɩɨɞɥɨɠɤɭ  
ɢɡ ɫɩɥɚɜɚ ȼɀɅβ1 ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

 
ɋɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɢɫɬɟɦɟ «ɩɨɞɥɨɠɤɚ–ɩɨɤɪɵɬɢɟ», ɩɨɦɢɦɨ ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ, ɜɨɡɦɨɠɧɨ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɝɪɚɞɢɟɧɬɧɨɝɨ ɩɟɪɟɯɨɞɚ. Ɍɟɯɧɨɥɨɝɢɹ ɥɚɡɟɪɧɨɣ 
ɝɚɡɨɩɨɪɨɲɤɨɜɨɣ ɧɚɩɥɚɜɤɢ ɩɪɢ ɩɨɞɚɱɟ ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟɫɤɨɥɶɤɢɦɢ ɩɢɬɚɬɟɥɹ-
ɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɝɪɚɞɢɟɧɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɥɸɛɵɯ ɫɨɱɟɬɚɧɢɹɯ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɝɪɚɞɢɟɧɬɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɥɭɱɟɧ ɩɨ ɫɯɟɦɟ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɚɦɢ 
ɫɬɚɬɶɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɬɵɯ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɩɥɚɜɚ ɩɨɞɥɨɠɤɢ (ȼɀɅβ1) ɢ 
ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɬɟɥɥɢɬɚ ȼ5Ʉ), ɚ ɬɚɤɠɟ ɢɯ ɫɦɟɫɢ ɜ ɨɩɪɟɞɟɥɟɧ-
ɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɝɪɚɞɢɟɧɬɧɵɣ ɩɟɪɟɯɨɞ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɨɞɚɱɟ ɱɢɫɬɵɯ ɩɨɪɨɲɤɨɜ ȼɀɅβ1 ɢ ȼ5Ʉ ɜ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɟ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨ ɥɢɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɧɟɫɟɧɢɸ 
ɫɥɨɟɜ ɨɬ ɥɢɬɨɣ ɩɨɞɥɨɠɤɢ ɧɚ ɜɵɫɨɬɭ 1β0 ɦɤɦ, ɩɨɤɚɡɵɜɚɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɥɚɜɧɵɣ (ɝɪɚ-
ɞɢɟɧɬɧɵɣ) ɩɟɪɟɯɨɞ ɧɟ ɬɨɥɶɤɨ ɩɨ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ (Al, Mo), ɧɨ ɢ ɩɨ ɷɥɟɦɟɧɬɚɦ 
ɨɫɧɨɜɵ (ɋo, Ni, ɋr) (ɪɢɫ. 6). 
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Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ ɥɢɧɢɢ, ɩɟɪɩɟɧɞɢ-
ɤɭɥɹɪɧɨɣ ɧɚɧɟɫɟɧɢɸ ɫɥɨɟɜ 
 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɦɟɧɟɧɢɸ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɝɪɚɞɢɟɧɬɧɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡɦɟɧɹɟɬ-
ɫɹ ɢ ɟɝɨ ɫɬɪɭɤɬɭɪɚ (ɪɢɫ. 7). ȼ ɡɨɧɟ ɥɢɬɨɝɨ ɦɟɬɚɥɥɚ – ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɟ ɚɧɚɥɢɡɚ – ɜɢɞɧɚ ɬɢ-
ɩɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ: ɱɚɫɬɢɰɵ -ɮɚɡɵ ɤɭɛɨɢɞɧɨɣ ɮɨɪɦɵ. 
ȼ β0 ɦɤɦ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɫɤɪɭɝɥɟɧɢɟ ɝɪɚɧɟɣ ɤɭɛɨɢɞɨɜ, ɭɦɟɧɶɲɟɧɢɟ 
ɩɥɨɬɧɨɫɬɢ ɢɯ ɜɵɞɟɥɟɧɢɣ (ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ) ɢ ɩɟɪɟɯɨɞ ɜ ɡɨɧɭ ɝɥɨ-
ɛɭɥɹɪɧɵɯ ɱɚɫɬɢɰ -ɮɚɡɵ, ɱɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɧɢɠɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ -ɨɛɪɚɡɭɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ: ɚɥɸɦɢɧɢɹ ɢ ɬɢɬɚɧɚ. ȼ ɷɬɨɣ ɨɛɥɚɫɬɢ ɬɚɤɠɟ ɜɫɬɪɟɱɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɟ ɷɜ-
ɬɟɤɬɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ -ɮɚɡɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ, ɪɚɫɩɨɥɚɝɚɸɳɢɟɫɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟ-
ɪɟɧ. ȼ ɫɥɟɞɭɸɳɟɣ ɡɨɧɟ (+40 ɦɤɦ) ɧɚɪɹɞɭ ɫ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɮɪɚɝɦɟɧɬɚɦɢ ɧɚ ɮɨɧɟ ɞɢɫ-
ɩɟɪɫɧɨɣ -ɮɚɡɵ ɜɢɞɧɵ ɤɚɪɛɢɞɵ (ɤɚɪɛɨɫɢɥɢɰɢɞɵ) – ɨɝɪɚɧɟɧɧɵɟ ɱɚɫɬɢɰɵ ɧɟɩɪɚɜɢɥɶɧɨɣ 
ɮɨɪɦɵ. ȼ ɫɥɟɞɭɸɳɟɣ ɡɨɧɟ (+60 ɦɤɦ) ɩɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɦɭ ɤɨɧɬɪɚɫɬɭ ɦɨɠɧɨ ɢɞɟɧɬɢ-
ɮɢɰɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɵ: ɛɨɥɟɟ ɫɜɟɬɥɵɣ ɧɢɤɟɥɟɜɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ 
ɫɦɟɧɹɟɬɫɹ ɬɟɦɧɵɦ ɤɨɛɚɥɶɬɨɜɵɦ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ ɛɟɡ ɜɢɞɢɦɵɯ ɱɟɬɤɢɯ ɩɟɪɟɯɨɞɨɜ. 
ɉɪɢ ɷɬɨɦ ɤɚɤɨɣ-ɥɢɛɨ ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɢɥɢ ɦɨɪɮɨɥɨɝɢɢ ɤɚɪɛɢɞɨɜ ɨɬ ɫɨɫɬɚ-
ɜɚ ɨɫɧɨɜɵ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. «ȼɟɪɯɧɟɟ» ɩɨɥɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɭɱɚɫɬɤɚ (+80 ɦɤɦ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɱɬɢ ɱɢɫɬɵɣ ɤɨɛɚɥɶɬɨɜɵɣ ɫɬɟɥɥɢɬ ȼ5Ʉ ɩɪɢ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɤɚɪɛɢɞɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɜɵɲɟ-
ɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɤɪɟɦɧɢɹ.  
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Ɋɢɫ. 7. ɂɡɦɟɧɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɫɩɥɚɜɨɜ ȼɀɅβ1/ȼ5Ʉ ɩɨ ɥɢɧɢɢ,  
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɧɟɫɟɧɢɸ ɫɥɨɟɜ 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɂɫɫɥɟɞɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɝɪɚɧɭɥ ɩɨɪɨɲɤɚ ɢɡɧɨ-
ɫɨɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ȼ5Ʉ. ɉɨɤɚɡɚɧɨ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɡɚɦɤɧɭɬɨɣ ɝɚɡɨɜɨɣ ɩɨɪɢɫɬɨɫɬɢ  
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɢɰ, ɧɨ ɭɫɬɚɧɨɜɥɟɧɨ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɨɛɴɟɦɟ ɝɪɚɧɭɥ ɭɫɚɞɨɱɧɨɣ  
ɩɨɪɢɫɬɨɫɬɢ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɉɅȼ-ɦɟɬɚɥɥɚ ɬɨɧɤɨɞɟɧɞɪɢɬɧɚɹ. ȼ ɧɚɩɥɚɜɥɟɧɧɨɦ  
ɦɚɬɟɪɢɚɥɟ ȼ5Ʉ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɜɨɥɶɮɪɚɦɭ, ɤɪɟɦɧɢɸ, ɯɪɨɦɭ ɧɟ ɜɵɹɜɥɹɸɬ ɢɯ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɫɟɝɪɟɝɚɰɢɣ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɭɜɟɥɢɱɟɧɢɹɯ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɡɚɪɭɛɟɠɧɨɝɨ 
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ɫɩɥɚɜɚ-ɚɧɚɥɨɝɚ Tribaloy Ɍ-800. ȼ ɩɟɪɟɯɨɞɧɵɯ ɡɨɧɚɯ ɜɵɹɜɥɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɜɢɯɪɟɜɵɟ 
ɡɨɧɵ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɢ ɩɨ ɦɨɪɮɨɥɨɝɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹ-
ɸɳɢɯ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɧɬɟɧɫɢɜɧɨɦ ɩɨɞɩɥɚɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɢ ɧɟ-
ɩɨɥɧɨɦ ɫɦɟɲɟɧɢɢ ɫ ɧɚɩɥɚɜɥɹɟɦɵɦ ɫɬɟɥɥɢɬɨɦ.  

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɢɫɬɟɦɟ «ɩɨɞɥɨɠɤɚ–ɩɨɤɪɵɬɢɟ» 
ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɪɟɚɥɢɡɨɜɚɧɚ ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɞɢɟɧɬɧɨɝɨ ɩɟɪɟɯɨɞɚ. ɉɪɢ ɢɫɫɥɟɞɨ-
ɜɚɧɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨ ɥɢɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɧɟɫɟɧɢɸ ɫɥɨɟɜ ɨɬ ɥɢ-
ɬɨɣ ɩɨɞɥɨɠɤɢ ɧɚ ɜɵɫɨɬɭ 1β0 ɦɤɦ, ɩɨɤɚɡɚɧ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɥɚɜɧɵɣ (ɝɪɚɞɢɟɧɬɧɵɣ)  
ɩɟɪɟɯɨɞ ɧɟ ɬɨɥɶɤɨ ɩɨ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ (AХ, MШ), ɧɨ ɢ ɩɨ ɷɥɟɦɟɧɬɚɦ ɨɫɧɨɜɵ (ɋШ, 
σТ, ɋr) ɨɬ ɥɢɬɨɝɨ ɤ ɧɚɩɥɚɜɥɟɧɧɨɦɭ ɦɚɬɟɪɢɚɥɭ. Ƚɪɚɞɢɟɧɬɧɵɣ ɩɟɪɟɯɨɞ ɩɨɞɬɜɟɪɠɞɟɧ ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɫɬɟɧɞɨɜɵɯ  
ɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫɯɟɦɚ ɧɚɩɥɚɜɤɢ ɫ ɝɪɚɞɢɟɧɬɧɵɦ ɩɟɪɟɯɨɞɨɦ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧ-
ɞɨɜɚɧɚ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɭɩɪɨɱɧɹɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɪɟɫɭɪɫɧɵɟ ɞɟɬɚɥɢ.  
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ɤɨɦɩɥɟɤɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɢ 9–12 ɦɦ ɢɡ ɩɫɟɜɞɨ-
β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɩɥɚɜɨɜ-ɚɧɚɥɨɝɨɜ ɩɨ 
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ɝɨɬɨɜɥɟɧɢɹ ɨɤɚɧɬɨɜɨɤ ɤɪɨɦɨɤ ɲɢɪɨɤɨɯɨɪɞɧɵɯ ɥɨɩɚɬɨɤ ɜɟɧɬɢɥɹɬɨɪɨɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢ-
ɡɢɬɶ ɢɯ ɦɚɫɫɭ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɥɨɩɚɬɤɚɦɢ, ɜɵɩɨɥɧɟɧɧɵɦɢ ɢɡ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 
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Abstract. There are the results of studies of the structural-phase composition and a complex 
of mechanical properties of rolled blanks with a thickness of 4–6 and 9–12 mm from metasta-
ble-β-titanium alloy VT47 in comparison with the mechanical properties of alloys-analogs in 
КЩЩХТМКtТШЧ, ЦКЧuПКМturОН КММШrНТЧР tШ tСО НОЯОХШЩОН Кt tСО NRC «KurМСКtШЯ ТЧstТtutО» – 
VIAM technology. It is shown that the use of metastable- β-titanium alloy VT47 for the manu-
facture of edging of the edges of wide-chord fan blades of modern aircraft engines from compo-
site materials can significantly reduce their weight in comparison with traditional blades made 
of metallic materials. 

Keywords: metastable--titanium alloys, alloy VT47, microstructure, mechanical properties, 
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ȼɜɟɞɟɧɢɟ 
Ɂɚɦɟɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɲɢɪɨɤɨɯɨɪɞɧɵɯ ɥɨɩɚɬɨɤ ɜɟɧ-

ɬɢɥɹɬɨɪɨɜ ɫɨɜɪɟɦɟɧɧɵɯ ɞɜɭɯɤɨɧɬɭɪɧɵɯ ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
(ɌɊȾȾ) ɧɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɢɯ ɦɚɫɫɭ, ɱɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɧɢɠɚɟɬ ɨɛɳɭɸ ɦɚɫɫɭ ɞɜɢɝɚɬɟɥɹ, ɩɨɜɵɲɚɟɬ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɭɞɟɥɶɧɭɸ 
ɦɨɳɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ Д1, βЖ. 

ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɲɢɪɨɤɨɯɨɪɞɧɵɟ ɥɨɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɢɫɩɵɬɵɜɚɸɬ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɭɞɚɪɧɨɟ ɢ ɷɪɨɡɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ДγЖ. ɉɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɪɨɦɤɢ ɥɨɩɚɬɨɤ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɤɨɦɩɨ-
ɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɫɫɥɚɢɜɚɸɬɫɹ ɢ ɥɨɦɚɸɬɫɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɭɫɢɥɟ-
ɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɟɪɟɞɧɟɣ, ɧɨ ɜ ɪɹɞɟ ɤɨɧɫɬɪɭɤɰɢɣ ɛɨɤɨɜɨɣ ɢ ɡɚɞɧɟɣ ɤɪɨɦɨɤ ɲɢɪɨɤɨ-
ɯɨɪɞɧɨɣ ɥɨɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɫɩɟɰɢɚɥɶɧɵɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɧɚɤɥɚɞɤɚɦɢ, ɜɤɥɸɱɟɧ-
ɧɵɦɢ ɜ ɟɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ [4, 5]. ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɜ 
ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɬɜɟɱɚɸɬ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɨɞɨɛ-
ɧɵɯ ɭɫɢɥɢɜɚɸɳɢɯ ɩɟɪɟɞɧɢɯ ɢɥɢ ɡɚɞɧɢɯ ɤɪɨɦɨɤ ɥɨɩɚɬɤɢ. 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧ-
ɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɭɫɥɨɠɧɹɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɢɡɞɟ-
ɥɢɣ ɢɡ ɧɢɯ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɸɬ ɫɬɨɢɦɨɫɬɶ, ɱɬɨ ɬɪɟɛɭɟɬ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟ-
ɲɟɧɢɣ ɜ ɱɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɥɚɜɨɜ ɫ ɭɱɟɬɨɦ ɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɨɞ-
ɯɨɞɨɜ ɢ ɦɟɬɨɞɨɜ ɢɯ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɤɨɦɩɥɟɤɫɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɯ ɫɜɨɣɫɬɜ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ. ɂɡ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɤɚɧɬɨɜɤɢ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɥɢɲɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɭɞɧɨɞɟɮɨɪɦɢɪɭɟ-
ɦɵɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɬɢɩɚ ɏ18ɇ10Ɍ. Ɉɞɧɚɤɨ ɷɬɨ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɦɚɫɫɭ ɢ ɫɧɢɠɚɟɬ ɜɟɫɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɥɨɩɚɬɤɢ ɢ 
ɜɫɟɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɰɟɥɨɦ. 

Ⱦɥɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɪɟɞɟɥɚ ɩɪɨɱ-
ɧɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ 1000–1250  Ɇɉɚ ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɯɚɪɚɤ-
ɬɟɪɧɵ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ Д6, 7Ж. Ⱦɚɧɧɵɟ ɫɩɥɚɜɵ 
ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦ ɡɚɩɚɫɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɧɢɯ ɢɡɞɟɥɢɹ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ-
ɦɟɧɟɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɪɟɞɧɟɣ 
ɤɪɨɦɤɢ ɲɢɪɨɤɨɯɨɪɞɧɨɣ ɥɨɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɟɟ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. 

Ɉɫɨɛɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɛяɥɶɲɚɹ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ (α + ȕ)-ɬɢɬɚɧɨɜɵɦɢ ɫɩɥɚɜɚɦɢ, ɝɥɭɛɢɧɚ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ Д8Ж, ɱɬɨ ɩɪɟɞ-
ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɤɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɧɨ-
ɝɨ ɰɢɤɥɚ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ ɢ ɢɡɞɟɥɢɣ ɢɡ ɧɢɯ ɜ ɜɚɤɭɭɦ-
ɧɵɯ ɢ ɚɪɝɨɧɨ-ɜɚɤɭɭɦɧɵɯ ɩɟɱɚɯ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɨɜɨɞɨɤ ɢ ɤɨɪɨɛɥɟɧɢɹ Д9Ж. 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɪɹɞ ɜɨɩɪɨɫɨɜ ɜ ɱɚɫɬɢ ɨɬɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɫɥɟ-
ɞɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ ɦɟ-
ɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɫɬɚɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɢ ɞɥɹ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ Д10Ж. 

Ⱥɧɚɥɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ, ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɩɚɬɟɧɬɧɵɯ ɢɫɬɨɱɧɢ-
ɤɨɜ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɤɚɧɬɨɜɤɢ ɤɪɨɦɨɤ ɲɢɪɨɤɨɯɨɪɞɧɨɣ ɥɨ-
ɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢ ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ ɌɊȾȾ ɧɚɢɛɨɥɟɟ 
ɪɚɰɢɨɧɚɥɶɧɵɦ ɫ ɩɨɡɢɰɢɢ ɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɢɡɞɟɥɢɹ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɤɨɦɛɢɧɚɰɢɢ ɦɟɬɨɞɨɜ ɩɥɚɫɬɢɱɟɫɤɨɣ  
ɞɟɮɨɪɦɚɰɢɢ ɢɫɯɨɞɧɨɝɨ ɤɚɬɚɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɜ ɤɜɚɡɢ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ  
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ɫ ɩɨɥɭɱɟɧɢɟɦ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɣ ɡɚɝɨɬɨɜɤɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ 
ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ ɜ ɤɜɚɡɢ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɨɩɪɚɜɞɚɧɧɨ ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɛɴɟɦɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, 
ɯɚɪɚɤɬɟɪɟɧ ɧɚɢɛɨɥɟɟ ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ (ɄɂɆ). 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɜɢɬɢɟ ɨɬɪɚɫɥɢ ɦɟɬɚɥɥɨɨɛɪɚɛɨɬɤɢ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɜɵɫɨɤɨɩɪɨɱɧɵɦ ɬɢɬɚɧɨɜɵɦ ɫɩɥɚɜɚɦ, ɢɞɟɬ ɛɵɫɬɪɵɦɢ ɬɟɦɩɚɦɢ ɢ 
ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɦɧɨɝɢɟ ɜɨɩɪɨɫɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɩɥɚ-
ɜɨɜ ɬɢɩɚ TТ-555γ ɭɫɩɟɲɧɨ ɪɟɲɟɧɵ. 

ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɨɟ ɭɜɟɥɢɱɟɧɢɟ ɄɂɆ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɫɯɟɦ ɫ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɢɧɬɟɧɫɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɫɥɨɠɧɵɣ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɡɚɳɢɬɧɨɣ ɨɤɚɧɬɨɜɤɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɲɬɚɦɩɨɜɤɢ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɫɜɨɣɫɬɜɟɧɧɵ ɬɟɯ-
ɧɢɱɟɫɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɤɚɤ ɜ ɱɚɫɬɢ ɩɪɢɦɟɧɹɟɦɵɯ ɡɚɝɨɬɨɜɨɤ (ɬɪɟɛɭɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧ-
ɧɨ ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɢɥɢ ɫɜɟɪɯɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ) ɢ ɢɯ ɪɚɡɦɟɪɨɜ, ɬɚɤ ɢ ɩɨ ɬɪɭɞɨ-
ɟɦɤɨɫɬɢ ɢ ɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɦɧɨɝɨɫɬɚɞɢɣɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ 
ɲɬɚɦɩɨɜɤɢ ɢ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɡɥɢɱɧɨɣ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ ɲɬɚɦɩɨɜɨɣ ɨɫɧɚɫɬɤɢ, 
ɜɵɩɨɥɧɹɟɦɨɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢ ɲɬɚɦɩɨɜɵɯ ɫɬɚɥɟɣ. 

ɉɪɢɦɟɧɟɧɢɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɤɚɧɬɨɜɤɢ ɤɪɨɦɨɤ ɲɢɪɨɤɨɯɨɪɞɧɨɣ ɥɨɩɚɬɤɢ ɜɟɧ-
ɬɢɥɹɬɨɪɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ȼɌ6 ɢ ɈɌ4 ɨɛɭɫɥɨɜɥɟɧɨ ɪɹɞɨɦ ɩɪɢɱɢɧ.  
ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɬɟɦ, ɱɬɨ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɟ ɥɢɫɬɨɜɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɝɪɭɩɩɵ 
ɈɌ4, ɚ ɬɚɤɠɟ ȼɌ6 (ɫɩɥɚɜ-ɚɧɚɥɨɝ Ti-6-4, ɋɒȺ) – ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɚɜɢɚɰɢɨɧ-
ɧɨɦ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɢ ɜɫɟɫɬɨɪɨɧɧɟ ɢɡɭɱɟɧɵ. Ɉɞɧɚɤɨ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ 
ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɩɥɚɜ ȼɌ6 ‒ ɬɪɭɞɧɨɞɟɮɨɪɦɢɪɭɟɦɵɣ ɢ ɦɚɥɨɬɟɯɧɨɥɨɝɢɱɧɵɣ 
ɦɚɬɟɪɢɚɥ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɪɚɡɧɨɬɨɥɳɢɧɧɵɯ ɡɚɝɨ-
ɬɨɜɨɤ ɫɥɨɠɧɨɝɨ ɩɪɨɮɢɥɹ. Ɇɚɥɨɥɟɝɢɪɨɜɚɧɧɵɟ ɫɩɥɚɜɵ ɬɢɩɚ ɈɌ4 ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɯ-
ɧɨɥɨɝɢɱɧɨɫɬɶɸ, ɧɨ ɧɟ ɫɩɨɫɨɛɧɵ ɤ ɭɩɪɨɱɧɟɧɢɸ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ, ɨɛɴɟɞɢɧɹɸɳɟɣ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶ-
ɧɨɟ ɫɨɱɟɬɚɧɢɟ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɩɪɢɦɟɧɟɧɢɟ 
ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɨ ɛɥɚɝɨɞɚɪɹ ɢɯ ɜɵɫɨɤɨɣ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɷɮɮɟɤɬɢɜɧɨɦɭ ɭɩɪɨɱɧɟɧɢɸ ɩɭɬɟɦ ɩɪɨɜɟɞɟ-
ɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɩɨɜɨɞɨɤ ɢ ɤɨɪɨɛɥɟɧɢɹ. ɉɫɟɜɞɨ-ȕ-
ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɨɜɵɣ ɜɵɫɨɤɨɩɪɨɱɧɵɣ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ ɦɚɪɤɢ 
ȼɌ47, ɫ ɨɞɧɨɮɚɡɧɨɣ ȕ-ɫɬɪɭɤɬɭɪɨɣ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ 
ɤɚɤ ɩɪɢ ɝɨɪɹɱɟɣ, ɬɚɤ ɢ ɩɪɢ ɯɨɥɨɞɧɨɣ ɨɛɪɚɛɨɬɤɟ ɞɚɜɥɟɧɢɟɦ. ȼ ɬɟɪɦɢɱɟɫɤɢ ɭɩɪɨɱɧɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢɫɯɨɞɧɚɹ ɭɦɟɪɟɧɧɨ ɤɪɭɩɧɨɡɟɪɧɢɫɬɚɹ ȕ-ɫɬɪɭɤɬɭɪɚ ɫ ɜɧɭɬɪɢɡɟɪɟɧɧɵɦɢ ɜɵɞɟ-
ɥɟɧɢɹɦɢ ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ ɡɚ ɫɱɟɬ ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ 
ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 9.β. «Ɇɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɫ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɣ ȕ ɫɬɪɭɤɬɭɪɨɣ» 
(«ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢ-
ɨɞ ɞɨ β0γ0 ɝɨɞɚ») Д11Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɧɚ ɝɨɪɹɱɟɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɤɚɯ ɬɨɥɳɢɧɨɣ 4–6 ɢ 9–12 ɦɦ 
ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 Д1β–15Ж. ɋɥɢɬɤɢ ɦɚɫɫɨɣ зγ0 ɤɝ 
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ɢɡɝɨɬɨɜɥɟɧɵ ɦɟɬɨɞɨɦ ɬɪɨɣɧɨɝɨ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 

Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɨɜɨɞɢɥɢ ɜ ɤɚɦɟɪɧɵɯ ɩɟɱɚɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɇɟɯɚɧɢ-
ɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ  –70 ɞɨ +400 °ɋ, ɦɚɥɨɰɢɤ-
ɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ (Ɇɐɍ) ɩɪɢ β0 °ɋ, ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɩɪɟɞɟɥ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ γ50 °ɋ ɨɩɪɟɞɟɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 1497–84, ȽɈɋɌ 9651–2016, 
ȽɈɋɌ 11150–84, ȽɈɋɌ 25.502–79, ȽɈɋɌ 3248–81, ȽɈɋɌ 10145–81 ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 
ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɦɚɲɢɧɚɯ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨ Ɋɨɤɜɟɥɥɭ ɩɪɨɜɟɞɟɧɵ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ȽɈɋɌ 901γ–89 [16]. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟ-
ɬɨɞɢɤɟ. Ɍɪɚɜɥɟɧɢɟ ɩɨɥɢɪɨɜɚɧɧɵɯ ɦɢɤɪɨɲɥɢɮɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɪɟɚɤɬɢɜɟ ɧɚ ɜɨɞɧɨɣ 
ɨɫɧɨɜɟ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 2,5 % (ɨɛɴɟɦɧ.) ɮɬɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ (HF) ɢ 5 % (ɨɛɴɟɦɧ.) 
ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ (Hστ3). 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤ-
ɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ ×50 ɞɨ ×5000. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ, ɜɨɡɦɨɠɧɨɫɬɟɣ ɬɢɩɨɜɨ-
ɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɨɬɪɚɫɥɢ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɪɨɜɧɸ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɚɹ ɫɯɟɦɚ ɫ ɪɟɠɢɦɚɦɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɢ 9–12 ɦɦ ɢɡ 
ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɌ47 ɞɥɹ ɨɤɚɧɬɨɜɤɢ ɤɪɨɦɤɢ ɲɢɪɨɤɨɯɨɪɞɧɨɣ ɥɨɩɚɬ-
ɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭ-
ɸɳɢɟ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢ: 

– ɜɵɩɥɚɜɤɭ ɫɥɢɬɤɨɜ ɢɡ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɦɟɬɨɞɨɦ ɬɪɨɣɧɨɝɨ ɜɚɤɭɭɦɧɨ-
ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ; 

– ɝɨɪɹɱɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɜɥɟɧɢɟɦ ɫɥɢɬɤɨɜ ɩɭɬɟɦ ɨɫɚɞɤɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɩɨɫɥɟɞɭɸɳɢɯ 
ɜɫɟɫɬɨɪɨɧɧɢɯ ɤɨɜɨɤ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɣ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ; 

– ɤɨɜɤɭ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɧɚ ɫɭɬɭɧɤɭ ɢ ɟɟ ɦɟɯɚɧɢ-
ɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ; 

– ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɝɨɪɹɱɭɸ ɩɪɨɤɚɬɤɭ ɫɭɬɭɧɨɤ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɤɚɬɚɧɵɟ ɡɚɝɨ-
ɬɨɜɤɢ; 

– ɨɤɨɧɱɚɬɟɥɶɧɭɸ ɩɪɨɤɚɬɤɭ ɡɚɝɨɬɨɜɨɤ ɜ (α + ȕ)-ɨɛɥɚɫɬɢ ɧɚ ɮɢɧɚɥɶɧɭɸ ɬɨɥɳɢɧɭ (ɜ ɨɞ-
ɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɣ ɬɨɥɳɢɧɵ); 

– ɪɟɡɤɭ ɢ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɢ 9–12 ɦɦ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɤɚɧɬɨɜɤɢ ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ; 

– ɩɪɨɜɟɞɟɧɢɟ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɞɟɥɢɹ. 
ɍɩɪɨɱɧɹɸɳɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47,  

ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɨɜɟɞɟɧɚ ɩɨ ɬɪɚɞɢɰɢɨɧɧɵɦ ɪɟɠɢɦɚɦ 
(ɡɚɤɚɥɤɚ ɧɚ ȕ-ɫɬɪɭɤɬɭɪɭ ɢ ɫɬɚɪɟɧɢɟ), ɜɵɛɪɚɧɧɵɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ: ɞɥɹ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɦɦ ɜɵɛɪɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɚɪɟɧɢɹ 
Ɍɩ.ɩ–225 °ɋ, ɞɥɹ 9–12 ɦɦ – Ɍɩ.ɩ–185 °ɋ. 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ ɫɟ-
ɱɟɧɢɸ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢɦɟɧɹɟɦɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɪɨɞɧɭɸ ɩɨ ɫɟɱɟɧɢɸ ȕ-ɫɬɪɭɤɬɭɪɭ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨ-
ɹɧɢɢ ɢ (α + ȕ)-ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɦɚɬɪɢɱɧɨɣ ȕ-ɮɚɡɵ ɢ ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ  
ɩɥɚɫɬɢɧɱɚɬɨɣ ɦɨɪɮɨɥɨɝɢɢ ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ (ɪɢɫ. 1).  
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ (ɈɆ, ×50) ɤɚɬɚɧɨɣ ɡɚɝɨɬɨɜɤɢ ɬɨɥɳɢɧɨɣ 4–6 ɦɦ ɢɡ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ 
ɫɩɥɚɜɚ ȼɌ47 ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ  

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɪɚɫɬɪɨɜɨɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. β. 
 

ɛ)ɚ)

ɝ)ɜ)

 
 

Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ, ɛ – ɈɆ, ×1000; ɜ, ɝ  – ɊɗɆ, ×5000) ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 
4–6 (ɚ, ɜ) ɢ 9–1β ɦɦ (ɛ, ɝ) ɢɡ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

 
ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ 

ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɟɞ-
ɫɬɚɜɥɟɧ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɱɚɫɬɢɰ ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ ɩɥɚɫɬɢɧɱɚɬɨɣ ɦɨɪɮɨɥɨɝɢɢ, ɜɵ-
ɞɟɥɢɜɲɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɪɟɧɢɹ. Ȼɨɥɟɟ ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɚɪɟɧɢɹ, ɜɵɛɪɚɧɧɚɹ ɞɥɹ  
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ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɦɦ, ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɶɸ ɞɟɮɨɪɦɚɰɢ-
ɨɧɧɨɣ ɩɪɨɪɚɛɨɬɤɢ ɫɬɪɭɤɬɭɪɵ ɡɚɝɨɬɨɜɨɤ ɩɪɨɝɧɨɡɢɪɭɟɦɨ ɩɪɢɜɨɞɹɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟ-
ɪɨɜ ɩɥɚɫɬɢɧ ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ, ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɨɣ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 
ɜɧɭɬɪɢɡɟɪɟɧɧɵɯ ɜɬɨɪɢɱɧɵɯ ɜɵɞɟɥɟɧɢɣ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ «ɫɚɦɨɡɚɤɚ-
ɥɢɜɚɧɢɹ» ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɯɥɚɠɞɟɧɢɟ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɫ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɤɚɥɤɢ ɢɡ  
ȕ-ɨɛɥɚɫɬɢ ɞɨ 400 °ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ ˃5,1 (ɞɥɹ ɬɨɥɳɢɧɵ 4–6 ɦɦ) ɢ 6,8 °ɋ/ɦɢɧ (ɞɥɹ ɬɨɥɳɢ-
ɧɵ 9–12 ɦɦ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɫɬɚɛɢɥɶɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɬ. ɟ. ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ȕ-ɫɬɪɭɤɬɭɪɭ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɤɫɢɞɨɜ ɢɬɬɪɢɹ 
(ɪɢɫ. γ). Ⱦɥɹ ɩɟɪɟɯɨɞɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ  
ȕ-ɫɬɪɭɤɬɭɪɚ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɡɚɪɨɠɞɚɸɳɢɯɫɹ ɱɚɫɬɢɰ ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ. 
ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢ-
ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ ɢ ɞɟɬɚɥɟɣ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɩɪɢɦɟɧɟɧɢɟ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɧɨ ɢ ɜɚɤɭɭɦɧɵɯ  
ɢ ɚɪɝɨɧɨ-ɜɚɤɭɭɦɧɵɯ ɩɟɱɟɣ. 

 
ɛ)ɚ)

 
 

Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɈɆ, ×500) ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 (ɚ) ɢ 9–1β ɦɦ (ɛ)  
ɢɡ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɨɯɥɚɠɞɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɶɸ з(5,1–5,2) (ɚ)  
ɢ з6,8 °ɋ/ɦɢɧ (ɛ) 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ (ɦɟɯɚɧɢɱɟɫɤɢɯ) ɢ ɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɢ 9–1β ɦɦ ɢɡ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 
ȼɌ47 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1–5. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɨɤɚ-
ɡɚɥ, ɱɬɨ ɛɨɥɟɟ ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɚɪɟɧɢɹ, ɜɵɛɪɚɧɧɚɹ ɞɥɹ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢ-
ɧɨɣ 4–6 ɦɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɤ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ (ɧɚ 14–16 %), ɬɚɤ ɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵ-
ɬɚɧɢɹ 400 °ɋ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɪɟɠɢɦɚɦɢ ɨɛɪɚɛɨɬɤɢ ɩɨ ɭɪɨɜɧɸ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 
ɭɦɟɧɶɲɚɟɬɫɹ. Ⱦɥɹ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɯɚɪɚɤɬɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɛɨɥɟɟ ɧɢɡɤɨɝɨ 
ɭɪɨɜɧɹ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦɭ ɭɪɨɜɧɸ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ, ɨɞɧɚɤɨ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɩɵɬɚɧɢɣ ɩɨɞɨɛɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɵɪɚɠɟɧɚ. Ɉɛɚ ɪɟɠɢɦɚ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɟɫɩɟ-
ɱɢɜɚɸɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɡɧɚɱɟɧɢɣ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ 
ɬɨɥɳɢɧɨɣ 4–6 ɢ 9–12 ɦɦ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɦɚɬɟ-
ɪɢɚɥɭ ɨɤɚɧɬɨɜɨɤ ɲɢɪɨɤɨɯɨɪɞɧɨɣ ɥɨɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɌɊȾȾ. Ⱦɥɹ ɤɚɬɚɧɵɯ 
ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɯɚɪɚɤɬɟɪɧɵ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ γ50 °ɋ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ ɩɪɢ β0 °ɋ, ɩɪɟɜɵɲɚɸɳɢɟ ɚɧɚɥɨ-
ɝɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ-ɚɧɚɥɨɝɨɜ ɩɨ ɩɪɢɦɟɧɟɧɢɸ (ȼɌ6 ɢ Ti-6-4). 
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Ɍɚɛɥɢɰɚ 1 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ* ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 4–6 ɦɦ  
ɢɡ ɩɫɟɜɞɨ-β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɧɚɥɨɝɚɦɢ 

ɋɩɥɚɜ 
E, Ƚɉɚ ɜ, Ɇɉɚ 0,2, Ɇɉɚ ɩɰ, Ɇɉɚ 5, % 

KCU, 
Ⱦɠ/ɦ2 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ β0 °ɋ 

Ɋɨɫɫɢɣɫɤɢɣ ɚɧɚɥɨɝ ȼɌ6 – 920–960 860–880 740–770 ≥8,0 4,0 

Ɂɚɪɭɛɟɠɧɵɣ ɚɧɚɥɨɝ Ti-6-4 
(ɋɒȺ) – 900–950 – – ≥8,0 3,5 

ȼɌ47 ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ: 
ɡɚɤɚɥɤɚ + ɫɬɚɪɟɧɢɟ ɩɪɢ     

Ɍɩ.ɩ –225 °ɋ ɜ ɬɟɱɟɧɢɟ β ɱ 

108–112 
110 

1210–1310 
1270 

1140–1260 
1200 

1040–1190 
1110 

7,0–13,0 
10,5 

3,2–4,6 
3,9 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ –70 °ɋ 

– 
1270–1440 

1360 
1100–1290 

1190 
1040–1200 

1090 
5,6–10,0 

7,7 
3,1–3,7 

3,4 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ γ00 °ɋ 

94–97 
95 

1120–1200 
1160 

1010–1070 
1040 

– 
8,0–10,0 

9,0 
– 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ γ50 °ɋ 

81–89 
85 

1150–1190 
1160 

950–1020 
1000 

– 
7,7–13,0 

10,5 
3,9–4,7 

4,4 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ 400 °ɋ 

84–85 
85 

1030–1090 
1050 

900–960 
920 

– 
8,6–13,0 

11,0 
– 

* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 
 

Ɍɚɛɥɢɰɚ 2 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ* ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɨɥɳɢɧɨɣ 9–12 ɦɦ  
ɢɡ ɩɫɟɜɞɨ-β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɧɚɥɨɝɚɦɢ 

ɋɩɥɚɜ 
E, Ƚɉɚ ɜ, Ɇɉɚ 0,2, Ɇɉɚ ɩɰ, Ɇɉɚ 5, % 

KCU, 
Ⱦɠ/ɦ2 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ β0 °ɋ 

Ɋɨɫɫɢɣɫɤɢɣ ɚɧɚɥɨɝ ȼɌ6 – 920–960 860–880 740–770 ≥8,0 4,0 

Ɂɚɪɭɛɟɠɧɵɣ ɚɧɚɥɨɝ Ti-6-4 
(ɋɒȺ) – 900–950 – – ≥8,0 3,5 

ȼɌ47 ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ: 
ɡɚɤɚɥɤɚ + ɫɬɚɪɟɧɢɟ ɩɪɢ  

Ɍɩ.ɩ –185 °ɋ ɜ ɬɟɱɟɧɢɟ β ɱ 

107–111 
109 

1070–1120 
1090 

1010–1100 
1040 

940–1020 
970 

10,0–18,0 
14,5 

3,8–5,6 
4,7 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ –70 °ɋ 

– 
1190–1290 

1250 
1120–1160 

1140 
1010-1100 

1050 
9,5–11,5 

10,0 
2,5–3,0 

2,8 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ γ00 °ɋ 

92–94 
93 

960–1000 
980 

840–870 
850 

– 
8,8–11,5 

9,7 
– 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ 350 °ɋ 

89–92 
90 

950–990 
970 

830–860 
850 

– 
9,7–12,0 

10,5 
3,8–4,5 

4,2 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɹ 400ºɋ 

81–84 
82 

900–950 
940 

790–840 
830 

– 
10,5–12,5 

11,5 
– 

* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 
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Ɍɚɛɥɢɰɚ 3 
Ɇɚɥɨɰɢɤɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ  

ɢɡ ɩɫɟɜɞɨ-β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɍɨɥɳɢɧɚ ɤɚɬɚɧɵɯ 
ɡɚɝɨɬɨɜɨɤ, ɦɦ 

Kt ımax 
Ʉɨɥɢɱɟɫɬɜɨ  
ɰɢɤɥɨɜ N* 

Ɇɚɥɨɰɢɤɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ 
(Ɇɐɍ) ɧɚ ɛɚɡɟ N = β·104 ɰɢɤɥɨɜ 

(R = 0,1; f = 4 Ƚɰ) 

4–6 
1,1 750 

22680–30060 
26393 

2,6 450 
20650–29200 

23390 

9–12 
1,1 700 

15190–59700 
27701 

2,6 440 
17600–47330 

31305 
* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 

 
Ɍɚɛɥɢɰɚ 4 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ  
ɢɡ ɩɫɟɜɞɨ-β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47* ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350 °ɋ  

ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɩɥɚɜɨɦ-ɚɧɚɥɨɝɨɦ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɍɨɥɳɢɧɚ ɤɚɬɚɧɵɯ 
ɡɚɝɨɬɨɜɨɤ, ɦɦ 

ɇɚɩɪɹɠɟɧɢɟ, 
Ɇɉɚ 

ȼɪɟɦɹ  
ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɱ 

ɉɪɟɞɟɥ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ 
Ɉɬ 4 ɞɨ 6 930 100 
Ɉɬ 9 ɞɨ 1β 800 100 
ɋɩɥɚɜ ȼɌ6 610* 100 

ɉɪɟɞɟɥ ɩɨɥɡɭɱɟɫɬɢ ɩɨ ɞɨɩɭɫɤɭ 0,β %  
ɩɨ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

Ɉɬ 4 ɞɨ 6 690 100 
Ɉɬ 9 ɞɨ 1β 610 100 
ɋɩɥɚɜ ȼɌ6 380 100 

* Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ: ɫɩɪɚɜɨɱɧɢɤ: ɜ 1β ɬ. Ɇ.: ȼɂȺɆ, β010. Ɍ. 6: Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ. 96 ɫ. 
 

Ɍɚɛɥɢɰɚ 5 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ 

ɢɡ ɩɫɟɜɞɨ-β-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 
ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ 

Ɍɜɟɪɞɨɫɬɶ ɩɨ Ɋɨɤɜɟɥɥɭ HRC γ9,5 (ɞɥɹ ɬɨɥɳɢɧɵ 4–6 ɦɦ);  
γ7,5 (ɞɥɹ ɬɨɥɳɢɧɵ 9–1β ɦɦ) 

ɉɥɨɬɧɨɫɬɶ*, ɝ/ɫɦ3 4,76–4,79 
4,78 

* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 
 

ȼɵɫɨɤɨɩɪɨɱɧɵɣ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ ɦɚɪɤɢ ȼɌ47 ɨɛɥɚɞɚɟɬ ɩɪɟɢɦɭɳɟ-
ɫɬɜɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɨɫɫɢɣɫɤɢɦ ɢ ɡɚɪɭɛɟɠɧɵɦ ɚɧɚɥɨɝɚɦɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ – ɫɩɥɚɜɚɦɢ 
ȼɌ6 (ɊɎ) ɢ Ti-6-4 (ɋɒȺ) ‒ ɩɨ ɩɪɟɞɟɥɭ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ  
17–36 % ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɧɚ ɭɪɨɜɧɟ 7–18 % ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ  
3,2–5,6 Ⱦɠ/ɦ2. 

 

Ɂɚɤɥɸɱɟɧɢɹ 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚɳɢɬɧɨɣ 

ɨɤɚɧɬɨɜɤɢ ɤɪɨɦɤɢ ɲɢɪɨɤɨɯɨɪɞɧɵɯ ɥɨɩɚɬɨɤ ɜɟɧɬɢɥɹɬɨɪɚ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɫɧɢɡɢɬɶ ɨɛɳɭɸ ɦɚɫɫɭ ɌɊȾȾ, ɚ ɩɪɢɦɟɧɟɧɢɟ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ 
ɫɩɥɚɜɚ ȼɌ47 ɜɡɚɦɟɧ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ɫɩɥɚɜɨɜ ȼɌ6 ɢ ɈɌ4 ‒ ɩɨɜɵɫɢɬɶ 
ɤɨɦɩɥɟɤɫ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɹ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ 
ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ. 



Ле̐к̛е ̭пла̼̏ 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɡɜɨɥɢɥɢ ɭɫɬɚɧɨɜɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ 
ɬɨɩɨɥɨɝɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɨɛɴɟɦɭ ɦɚɬɟɪɢɚɥɚ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɚ ɬɚɤɠɟ 
ɭɬɨɱɧɢɬɶ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ «ɫɚɦɨɡɚɤɚɥɢɜɚɧɢɹ» ɫɩɥɚɜɚ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɚɬɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɩɨɡɜɨɥɢɥ 
ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɩɨɥɡɭɱɟɫɬɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɥɨɰɢɤɥɨɜɨɣ 
ɭɫɬɚɥɨɫɬɢ, ɩɪɟɜɵɲɚɸɳɢɣ ɚɧɚɥɨɝɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ-ɚɧɚɥɨɝɨɜ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ȼɌ6 
ɢ Ti-6-4, ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɧɚ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ. 

 
ɋɩɢɫɨɤ ɢɫɬɨɱɧɢɤɨɜ 

1. Ɇɢɯɚɥɤɢɧ Ⱥ.Ⱥ. Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɌɊȾȾ // Ⱥɜɢɚɰɢɨɧɧɨ-
ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ ɢ ɬɟɯɧɨɥɨɝɢɹ. β01γ. № 9 (106). ɋ. 97–100. 

2. Ƚɪɢɧɟɜɢɱ Ⱦ.ȼ., əɤɨɜɥɟɜ ɇ.Ɉ., ɋɥɚɜɢɧ Ⱥ.ȼ. Ʉɪɢɬɟɪɢɢ ɪɚɡɪɭɲɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢ-
ɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɨɛɡɨɪ) // Ɍɪɭɞɵ ȼɂȺɆ. β019. № 7 (79). ɋɬ. 11. URL: http://www.viam-
аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 15.11.β0β1). DτI: 10.18577/βγ07-6046-2019-0-7-92-111. 

3. ɇɢɯɚɦɤɢɧ Ɇ.ɒ., ɋɟɦɟɧɨɜɚ ɂ.ȼ., Ʌɸɛɱɢɤ Ɉ.Ʌ., Ƚɥɚɞɤɢɣ ɂ.Ʌ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɜɪɟɠɞɟɧɢɹ 
ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɟɞɦɟɬɚɦɢ ɩɨɥɵɯ ɥɨɩɚɬɨɤ ɜɟɧɬɢɥɹɬɨɪɚ ȽɌȾ // ɂɡɜɟɫɬɢɹ ɋɚɦɚɪɫɤɨɝɨ ɧɚɭɱ-
ɧɨɝɨ ɰɟɧɬɪɚ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 2011. Ɍ. 1γ. № 1 (2). ɋ. 326–329. 

4. Metal leading edge on composite blade airfoil and shank: pat. EP 3045661; filed 13.01.16;  
publ. 20.07.16. 

5. Ʉɚɪɢɦɛɚɟɜ Ɍ.Ⱦ., Ʌɭɩɩɨɜ Ⱥ.Ⱥ., Ⱥɮɚɧɚɫɶɟɜ Ⱦ.ȼ., ɉɚɥɶɱɢɤɨɜ Ⱦ.ɋ. Ɉ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɟɯɧɢɱɟ-
ɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɨɥɢɦɟɪɧɨɦɭ ɦɚɬɟɪɢɚɥɭ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɪɚɛɨɱɟɣ ɥɨɩɚɬɤɢ ɜɟɧɬɢɥɹɬɨɪɚ 
ɌɊȾȾ // Ⱦɜɢɝɚɬɟɥɶ. β015. № 1 (97). ɋ. 4–10. 

6. Kolli R.P., Devaraj A. A review of metastable beta titanium alloys // Metals. 2018. Vol. 8. P. 1–41. 
7. Titanium and titanium alloys. Fundamentals and applications / ed. by C. Leyens, M. Peters.  

Wiley-VCH, 2003. 513 p. 
8. Ɇɨɢɫɟɟɜ ȼ.ɇ. Ȼɟɬɚ-ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɢɯ ɪɚɡɜɢɬɢɹ // Ɇɟɬɚɥɥɨɜɟɞɟɧɢɟ ɢ ɬɟɪ-

ɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ. 1998. № 12. ɋ. 11–14. 
9. Boyer R. Aerospace applications of beta titanium alloys // JOM. 1994. No. 6. P. 20–23. 
10. ɂɥɶɢɧ Ⱥ.Ⱥ., ɋɤɜɨɪɰɨɜɚ ɋ.ȼ., Ⱦɡɭɧɨɜɢɱ Ⱦ.Ⱥ., ɉɚɧɢɧ ɉ.ȼ., ɒɚɥɢɧ Ⱥ.ȼ. ȼɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɬɟɤɫɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɥɢɫɬɨɜɵɯ ɩɨɥɭɮɚɛ-
ɪɢɤɚɬɚɯ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ // Ɍɟɯɧɨɥɨɝɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. β01β. № 8 (1ββ). ɋ. 8–12. 

11. Ʉɚɛɥɨɜ ȿ.ɇ. Ɇɚɪɤɟɬɢɧɝ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, ɚɜɢɚɫɬɪɨɟɧɢɹ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ: ɧɚɫɬɨɹɳɟɟ ɢ 
ɛɭɞɭɳɟɟ // Ⱦɢɪɟɤɬɨɪ ɩɨ ɦɚɪɤɟɬɢɧɝɭ ɢ ɫɛɵɬɭ. β017. № 5–6. ɋ. 40–44. 

12. ȼɵɫɨɤɨɩɪɨɱɧɵɣ ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɢ ɢɡɞɟɥɢɟ, ɜɵɩɨɥɧɟɧɧɨɟ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ 
ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ: ɩɚɬ. β569β85 Ɋɨɫ. Ɏɟɞɟɪɚɰɢɹ. № β01415γ690/0β; ɡɚɹɜɥ. β9.1β.14; ɨɩɭɛɥ. 
20.11.15. 

13. Ʉɚɛɥɨɜ ȿ.ɇ., ɇɨɱɨɜɧɚɹ ɇ.Ⱥ., ɒɢɪɹɟɜ Ⱥ.Ⱥ., Ⱦɚɜɵɞɨɜɚ ȿ.Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-
ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ ɢ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɫ 
ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ȼɌ47. ɑɚɫɬɶ 1 // Ɍɪɭɞɵ ȼɂȺɆ. 
β0β0. № 6–7 (89). ɋɬ. 01. URL: СЭЭЩ://ааа.ЯТКЦ-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 1β.11.2021). DOI: 
10.18577/2307-6046-2020-0-67-3-10. 

14. Ʉɚɛɥɨɜ ȿ.ɇ., ɇɨɱɨɜɧɚɹ ɇ.Ⱥ., ɒɢɪɹɟɜ Ⱥ.Ⱥ., Ⱦɚɜɵɞɨɜɚ ȿ.Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-
ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ ɢ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɫ 
ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ȼɌ47. ɑɚɫɬɶ β // Ɍɪɭɞɵ ȼɂȺɆ. 
β0β0. № 8 (90). ɋɬ. 0β. URL: СЭЭЩ://ааа.ЯТКЦ-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 1β.11.β0β1). DOI: 
10.18577/2307-6046-2020-0-8-11-19. 

15. Ʉɚɛɥɨɜ ȿ.ɇ., ȼɨɥɤɨɜɚ ȿ.Ɏ., Ɏɢɥɨɧɨɜɚ ȿ.ȼ. ȼɥɢɹɧɢɟ ɊɁɗ ɧɚ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɧɨɜɨ-
ɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ MР–Zn–Zr–ɊɁɗ // Ɇɟɬɚɥɥɨɜɟɞɟɧɢɟ ɢ ɬɟɪɦɢɱɟ-
ɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ. β017. № 7 (745). ɋ. 19–26. 

16. Ɉɪɟɲɤɨ ȿ.ɂ., ɍɬɤɢɧ Ⱦ.Ⱥ., ȿɪɚɫɨɜ ȼ.ɋ., Ʌɹɯɨɜ Ⱥ.Ⱥ. Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɦɚɬɟɪɢɚ-
ɥɨɜ (ɨɛɡɨɪ) // Ɍɪɭɞɵ ȼɂȺɆ. β0β0. № 1 (85). ɋɬ. 10. URL: СЭЭЩ://ааа.ЯТКЦ-аШrФs.rЮ (ɞɚɬɚ ɨɛ-
ɪɚɳɟɧɢɹ: 1β.11.β0β1). DτI: 10.18577/βγ07-6046-2020-0-1-101-117. 



Ле̐к̛е ̭пла̼̏ 

 

 

АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  3 (68)  2022                            59 

 

References 
1. Mikhalkin A.A. Fan blades of promising turbofan engines. Aerospace Engineering and Technolo-

gy, 2013, no. 9 (106), pp. 97–100. 
2. Grinevich D.V., Yakovlev N.O., Slavin A.V. The criteria of the failure of polymer matrix compo-

sites (review). Trudy VIAM, 2019, no. 7 (79), paper no. 11. Available at: http://viam-works.ru  
(accessed: November 15, 2021). DOI: 10.18577/2307-6046-2019-0-7-92-111. 

3. Nikhamkin M.Sh., Semenova I.V., Lyubchik O.L., Gladky I.L. Modeling damage by extraneous 
objects of hollow blades of the GTD fan. Samarskogo nauchnogo tsentra Rossiyskoy akademii 
nauk, 2011, vol. 13, no. 1 (2), pp. 326–329. 

4. Metal leading edge on composite blade airfoil and shank: pat. EP 3045661; filed 13.01.16;  
publ. 20.07.16.  

5. Karimbaev T.D., Luppov A.A., Afanasyev D.V., Palchikov D.S. On the formation of technical 
requirements for the polymer material of a promising working spatula of the TRDD fan. Dvigatel, 
2015, no. 1 (97), pp. 4–10. 

6. Kolli R.P., Devaraj A. A review of metastable beta titanium alloys. Metals, 2018, vol. 8, pp. 1–41. 
7. Titanium and titanium alloys. Fundamentals and applications. Ed. C. Leyens, M. Peters.  

Wiley-VCH, 2003, 513 p. 
8. Moiseev V.N. Beta-titan alloys and prospects for their development. Metallovedeniye i termich-

eskaya obrabotka metallov, 1998, no. 12, pp. 11–14. 
9. Boyer R. Aerospace applications of beta titanium alloys. JOM, 1994, no. 6, pp. 20–23. 
10. Ilyin A.A., Skvortsova S.V., Dzunovich D.A., Panin P.V., Shalin A.V. The effect of thermal and 

thermomechanical processing parameters on texture formation in sheet semi-finished products 
from titanium alloys. Tekhnologiya mashinostroyeniya, 2012, no. 8 (122), pp. 8–12. 

11. Kablov E.N. Marketing of materials science, aircraft industry and industry: present and future. 
Direktor po marketingu i sbytu, 2017, no. 5–6, pp. 40–44. 

12. High-strength tethanes-based alloy and product made of high-strength titan-based alloy: pat. 
2569285 Rus. Federation; filed 29.12.14; publ. 20.11.15. 

13. Kablov E.N., Nochovnaya N.A., Shiryaev A.A., Davydova E.A. Investigation of structural and 
phase transformations in metastable ȕ-titanium alloys and effect of cooling rate from homogeniza-
tion temperature on structure and properties of VT47 alloy. Part 1. Trudy VIAM, 2020, no. 6–7 (89), 
paper no. 01. Available at: http://www.viam-works.ru (accessed: November 12, 2021). DOI: 
10.18577/2307-6046-2020-67-3-10. 

14. Kablov E.N., Nochovnaya N.A., Shiryaev A.A., Davydova E.A. Investigation of structural and phase 
transformations in metastable ȕ-titanium alloys and effect of cooling rate from homogenization tempera-
ture on structure and properties of VT47 alloy. Part 2. Trudy VIAM, 2020, no. 8 (90), paper no. 02. Available 
at: http://www.viam-works.ru (accessed: November 12, 2021). 10.18577/2307-6046-2020-0-8-11-19. 

15. Kablov E.N., Volkova E.F., Filonova E.V. The effect of RZE on the phase composition and prop-
erties of the new heat-resistant magnesium alloy of the MG–ZN–ZR–RZE system. Metallovedenie 
i termicheskaya obrabotka metallov, 2017, no. 7 (745), pp. 19–26. 

16. Oreshko E.I., Utkin D.A., Erasov V.S., Lyakhov A.A. Methods of measurement of hardness of 
materials (review). Trudy VIAM, 2020, no. 1, paper no. 10. Available at: http://www.viam-
works.ru (accessed: November 12, 2021). DOI: 10.18577/2307-6046-2020-0-1-101-117. 

 
 

Иɧɮɨɪɦɚɰиɹ ɨɛ ɚɜɬɨɪɚɯ  Information about the authors 

ɇɚɞɟɠɞɚ Ⱥɥɟɤɫɟɟɜɧɚ ɇɨɱɨɜɧɚɹ, ɡɚɦɟɫɬɢɬɟɥɶ 
ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ, ɞ.ɬ.ɧ., ɇɂɐ «Ʉɭɪɱɚ-
ɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ, admin@viam.ru 

 Nadejda A. Nochovnaya, Deputy Head of Labora-
tory, Doctor of Sciences (Tech.), NRC «Kurchatov 
Institute» – VIAM, admin@viam.ru 

Ⱥɧɞɪɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ ɒɢɪɹɟɜ, ɫɬɚɪɲɢɣ 
ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ., ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ – ȼɂȺɆ, admin@viam.ru 

 Andrey A. Shiryaev, Senior Researcher, Candidate 
of Sciences (Tech.), σRC «KЮrМСКЭШЯ IЧsЭТЭЮЭО» – 
VIAM, admin@viam.ru 

Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ ɒɚɪɚɩɤɢɧ, ɢɧɠɟɧɟɪ, 
ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ,  
admin@viam.ru 

 Dmitry S. Sharapkin, Engineer, σRC «KЮrМСКЭШЯ 
IЧsЭТЭЮЭО» – VIAM, admin@viam.ru 

 
 

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 0γ.1β.β0β1; ɨɞɨɛɪɟɧɚ ɢ ɩɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ ɩɨɫɥɟ ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ 10.1β.β0β1. 
 

The article was submitted 03.12.2021; approved and accepted for publication after reviewing 10.12.2021. 



Ле̐к̛е ̭пла̼̏ 

 

 

 60                     АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  3 (68)  2022 

 

ɇɚɭɱɧɚɹ ɫɬɚɬɶɹ 
 
ɍȾɄ 669.721.5:662.612.12 
DOI: 10.18577/2713-0193-2022-0-3- 60-74 

 
ɂɋɋɅȿȾɈȼȺɇɂȿ  ȼɅɂəɇɂə  ɅȿȽɂɊɍɘɓɂɏ  ɗɅȿɆȿɇɌɈȼ  
ɇȺ  ɌȿɆɉȿɊȺɌɍɊɇɕɃ  ɉɈɊɈȽ  ȼɈɋɉɅȺɆȿɇȿɇɂə  ɂ  ɈȽɇȿɋɌɈɃɄɈɋɌɖ  
ȾȿɎɈɊɆɂɊɍȿɆɈȽɈ  ɆȺȽɇɂȿȼɈȽɈ  ɋɉɅȺȼȺ  ɆȺɊɄɂ  ȼɆȾ16 
 
Ɇ.ȼ. Ⱥɤɢɧɢɧɚ1, ɂ.ȼ. Ɇɨɫɬɹɟɜ1, ȿ.Ɏ. ȼɨɥɤɨɜɚ1, Ⱥ.Ⱥ. Ⱥɥɢɯɚɧɹɧ1 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ  
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ», 
Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ; admin@viam.ru 
 

Аɧɧɨɬɚɰиɹ. Ɉɩɪɟɞɟɥɟɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɨɪɨɝ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɝ-
ɧɢɟɜɨɝɨ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɆȾ16. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɥɟ-
ɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɨɪɨɝ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ. ɂɡɥɨɠɟ-
ɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɥɚɦɟɧɢ ɝɚ-
ɡɨɜɨɣ ɝɨɪɟɥɤɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɲɬɚɦɩɨɜɨɤ ɢɡ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 
ȼɆȾ16. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɨɛɴɹɫ-
ɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɟɝɨ ɫɨɫɬɚɜɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɢɬɬɪɢɟɜɨɣ ɢ ɰɟɪɢɟɜɨɣ ɩɨɞ-
ɝɪɭɩɩ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɬɟɪɦɨɫɬɨɣɤɨɣ ɡɚ-
ɳɢɬɧɨɣ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɦɚɝɧɢɟɜɵɣ ɫɩɥɚɜ, ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɫɩɥɚɜ, ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ, ɬɟɦ-
ɩɟɪɚɬɭɪɧɵɣ ɩɨɪɨɝ, ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ, ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ, ɢɬɬɪɢɣ, ɦɢɤɪɨɫɬɪɭɤ-
ɬɭɪɚ, LPSO-ɮɚɡɵ 

 
Дɥɹ ɰиɬиɪɨɜɚɧиɹ: Ⱥɤɢɧɢɧɚ Ɇ.ȼ., Ɇɨɫɬɹɟɜ ɂ.ȼ., ȼɨɥɤɨɜɚ ȿ.Ɏ., Ⱥɥɢɯɚɧɹɧ Ⱥ.Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹ-
ɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɨɪɨɝ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟ-
ɦɨɝɨ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɆȾ16 // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. β0ββ. № 3 (68).  
ɋɬ. 06. URL: http://www.jornal.viam.ru. DOI: 10.18577/2713-0193-2022-0-3-60-74. 

 
Scientific article 
 

INVESTIGATION  OF  THE  INFLUENCE  OF  ALLOYING  ELEMENTS  
ON  THE  TEMPERATURE  THRESHOLD  OF  IGNITION  AND  FIRE  
RESISTANCE  OF  A  VMD16  WROUGHT  MAGNESIUM  ALLOY 
 
M.V. Akinina1, I.V. Mostyaev1, E.F. Volkova1, A.A. Alikhanyan1 
 
1Federal State Unitary Enterprise «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» of  
σКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО», Moscow, Russia; admin@viam.ru 
 

Abstract. The temperature threshold of ignition of VMD16 high-strength heat-resistant 
wrought magnesium alloy has been determined. The influence of alloying elements on the 
temperature threshold of ignition of the VMD16 magnesium alloy has been studied. The re-
sults of the study of the influence of the high-temperature effect of the flame of a gas burner on 
the structure and phase composition of forgings from the VMD16 magnesium alloy are pre-
sented. It has been established that the high ignition temperature of the VMD16 magnesium 
alloy is explained by the presence in its composition of alloying elements from the yttrium and 
cerium subgroups, which cause formation of a heat-resistant protective oxide film on the sur-
face of the material. 
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ȼɜɟɞɟɧɢɟ 

ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɨɛɥɚɫɬɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɫɬɟ-
ɦɵ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɦɟɪ ɩɨ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 
ɬɨɩɥɢɜɚ ɩɚɫɫɚɠɢɪɫɤɢɯ ɫɚɦɨɥɟɬɨɜ, ɨɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɡɚɞɚɱ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɨɜɪɟɦɟɧɧɨɣ 
ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɦɚɫɫɵ ɢ ɩɨɜɵɲɟɧɢɟ ɜɟɫɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ Д1–5].  

Ɇɚɝɧɢɟɜɵɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɥɟɝɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ. ɉɪɢ ɡɚɦɟɧɟ ɞɟɬɚɥɟɣ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɧɚ ɞɟɬɚɥɢ ɢɡ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚ-
ɜɨɜ ɞɨɫɬɢɝɚɸɬ ɜɟɫɨɜɨɣ ɷɤɨɧɨɦɢɢ ɜ β5–30 %. ɉɪɢ ɷɬɨɦ ɨɬɞɟɥɶɧɵɟ ɦɚɝɧɢɟɜɵɟ ɫɩɥɚɜɵ, 
ɫɨɞɟɪɠɚɳɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ (ɊɁɗ), ɩɨ ɫɜɨɟɣ ɜɟɫɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚɦɟɬɧɨ 
ɩɪɟɜɨɫɯɨɞɹɬ ɧɟɤɨɬɨɪɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɫɪɟɞɧɟɣ ɩɪɨɱɧɨɫɬɢ.  

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ β0β0 ɝ. ɧɚ Ɇɟɠɞɭɧɚɪɨɞɧɨɦ ɚɜɢɚɫɚɥɨɧɟ Singapore Airshow 2020 
ɤɨɦɩɚɧɢɹ ST Engineering ɩɪɟɞɫɬɚɜɢɥɚ ɤɨɧɰɟɩɰɢɸ ɧɨɜɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɩɚɫɫɚɠɢɪɫɤɢɯ 
ɤɪɟɫɟɥ ɞɥɹ ɞɚɥɶɧɢɯ ɩɟɪɟɥɟɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɢɰɢɨɧɢɪɭɸɬɫɹ ɤɚɤ ɩɟɪɜɵɟ ɤɪɟɫɥɚ ɜ ɨɬɪɚɫɥɢ, 
ɜ ɤɚɪɤɚɫɟ ɤɨɬɨɪɵɯ ɩɪɟɨɛɥɚɞɚɸɬ ɞɟɬɚɥɢ ɢɡ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɪ-
ɤɚɫ ɚɜɢɚɰɢɨɧɧɵɯ ɩɚɫɫɚɠɢɪɫɤɢɯ ɤɪɟɫɟɥ ɫɨɫɬɨɢɬ ɛɨɥɟɟ ɱɟɦ ɧɚ 40 % ɢɡ ɞɟɬɚɥɟɣ, ɢɡɝɨɬɨɜ-
ɥɟɧɧɵɯ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. 

ɉɪɨɬɨɬɢɩ ɬɪɟɯɦɟɫɬɧɨɝɨ ɫɢɞɟɧɶɹ ɢɦɟɟɬ ɦɚɫɫɭ з1β ɤɝ, ɤɪɨɧɲɬɟɣɧɵ ɩɨɞɥɨɤɨɬɧɢɤɚ, 
ɡɚɞɧɢɟ ɫɬɨɣɤɢ ɢ ɫɢɥɨɜɵɟ ɬɪɭɛɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɨ-
ɤɚɡɚɧɨ, ɱɬɨ ɡɚɞɧɹɹ ɫɬɨɣɤɚ ɫɢɞɟɧɶɹ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɢɦɟɟɬ ɦɚɫɫɭ 874 ɝ, ɚ ɡɚɞɧɹɹ 
ɫɬɨɣɤɚ ɢɡ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ – 550 ɝ, ɱɬɨ ɧɚ γ7 % ɦɟɧɶɲɟ (ɪɢɫ. 1) Д6Ж. 

 

 
Ɋɢɫ. 1. Ɂɚɞɧɢɟ ɫɬɨɣɤɢ ɫɢɞɟɧɶɹ ɢɡ ɦɚɝɧɢɟɜɨɝɨ (ɫɩɪɚɜɚ) ɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɨɜ (ɫɥɟɜɚ) ɚɜɢɚ-

ɰɢɨɧɧɨɝɨ ɩɚɫɫɚɠɢɪɫɤɨɝɨ ɤɪɟɫɥɚ 
 

ɉɪɟɞɫɬɚɜɢɬɟɥɢ ɤɨɦɩɚɧɢɢ ST Engineering ɬɚɤɠɟ ɫɨɨɛɳɢɥɢ, ɱɬɨ ɜ ɛɭɞɭɳɟɦ ɩɪɟɞ-
ɩɪɢɹɬɢɟ ɫɨɛɢɪɚɟɬɫɹ ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɩɪɨɬɨɬɢɩɚ ɫɢɞɟɧɶɹ ɞɨ 11 ɤɝ, ɧɚɩɪɢɦɟɪ ɩɭɬɟɦ ɡɚɦɟɧɵ 
ɨɝɪɚɧɢɱɢɬɟɥɹ ɛɚɝɚɠɚ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɝɪɚɧɢɱɢɬɟɥɶ ɢɡ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ. 

Ɉɞɧɚɤɨ ɜɧɟɞɪɟɧɢɟ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɩɥɚɧɟɪɚ ɜ 
ɢɡɞɟɥɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɵɥɨ ɨɝɪɚɧɢɱɟɧɨ ɜ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨ-
ɫɬɶɸ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ – ɛɨɥɟɟ 
450–500 °ɋ. Ɇɚɝɧɢɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɛɨɥɶɲɢɦ ɫɪɨɞɫɬɜɨɦ 
ɤ ɤɢɫɥɨɪɨɞɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɥɸɦɢɧɢɟɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɨɤɫɢɞ ɦɚɝɧɢɹ 
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(MgO). Ɍɨɧɤɚɹ ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ ɡɚɳɢɳɚɟɬ ɦɟɬɚɥɥ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 450 °ɋ, ɩɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɧɚ ɧɟɭɫɬɨɣɱɢɜɚɹ ɢ ɧɚɱɢɧɚɟɬ ɪɚɡɥɚɝɚɬɶɫɹ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ [7], ɩɪɨɰɟɫɫ ɡɚɝɨɪɚɧɢɹ ɜɨɡɦɨɠɟɧ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɷɜɬɟɤɬɢɤɢ 
ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ.  

Ɋɚɧɟɟ ɡɚ ɪɭɛɟɠɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɚɪɚɝɪɚɮɨɦ γ.γ.γ ɫɬɚɧɞɚɪɬɚ SAE AS8049ɋ 
Aircraft Seat Standard (ɋɒȺ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɫɚɥɨɧɟ ɫɚɦɨɥɟɬɚ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɚɫɫɚɠɢɪɫɤɢɯ ɤɪɟɫɟɥ, ɛɵɥɨ ɨɝɪɚɧɢɱɟɧɨ. Ɍɟɦ ɧɟ ɦɟɧɟɟ Ɏɟɞɟ-
ɪɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ ɋɒȺ ɩɪɨɜɟɞɟɧ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨ ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɢ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ ɜɨɡɝɨɪɚɧɢɹ ɫɚɦɨɥɟɬɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɩɥɚɜ WE4γ, ɫɨɞɟɪɠɚɳɢɣ ɊɁɗ, ɨɛɥɚɞɚɟɬ ɯɨɪɨ-
ɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɜɨɫɩɥɚɦɟɧɟɧɢɸ, ɫɨɩɨɫɬɚɜɢɦɨɣ ɫ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚ-
ɜɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɵɯ ɩɚɫɫɚɠɢɪɫɤɢɯ ɤɪɟɫɟɥ Д8, 9Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɬɪɚɧɚɯ ȿɋ ɢ ɋɒȺ ɩɨ ɭɬɜɟɪɠɞɟɧɧɨɣ ɜɟɪɫɢɢ ɫɬɚɧɞɚɪɬɚ 
SAE AS8049ɋ ɡɚɩɪɟɬ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɚɫɫɚɠɢɪ-
ɫɤɢɯ ɤɪɟɫɟɥ ɫɧɹɬ. ɉɪɢɡɧɚɧɨ ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ ɪɚɫɲɢɪɟɧɢɟ 
ɩɪɢɦɟɧɟɧɢɹ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɯ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɵɯ ɢɡɞɟɥɢɣ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɧɢ ɩɪɨɲɥɢ ɤɨɦɩɥɟɤɫ ɢɫɩɵɬɚɧɢɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ Aircraft Materials Fire Test Handbook-DOT/FAA/AR-00/12 
(ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɬɟɫɬɚɦ ɧɚ ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ ɞɥɹ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Ɏɟɞɟɪɚɥɶ-
ɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ ɋɒȺ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚ ɪɭɛɟɠɨɦ ɪɚɡɪɚɛɨɬɚɧɵ ɧɨɜɵɟ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɟ ɫɩɥɚɜɵ ɧɚ 
ɨɫɧɨɜɟ ɦɚɝɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɊɁɗ, ɤɚɥɶɰɢɣ ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɸɳɢɟ 
ɨɩɚɫɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɞɨ з(850–900) °ɋ Д10–20].  

ȼ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧ ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɦɚɝ-
ɧɢɟɜɵɣ ɜɵɫɨɤɨɩɪɨɱɧɵɣ ɠɚɪɨɩɪɨɱɧɵɣ ɫɩɥɚɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɦɚɪɤɢ ȼɆȾ16 ɫɢɫɬɟɦɵ 
Mg–Zn–Гr, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɳɢɣ ɊɁɗ ɢɬɬɪɢɟɜɨɣ ɢ ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩ Дβ1, ββЖ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ 
ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 8.4. «ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɜɚɪɢɜɚɟɦɵɟ ɦɚɝɧɢɟɜɵɟ 
ɢ ɥɢɬɟɣɧɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɞɥɹ ɢɡɞɟɥɢɣ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɧɨɜɨɝɨ ɩɨɤɨ-
ɥɟɧɢɹ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚ-
ɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ β0γ0 ɝɨɞɚ») ДβγЖ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɪɨɝɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ 
ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɝɧɢɟɜɨ-
ɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɆȾ16. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɨɛɴɟɦɧɵɟ ɲɬɚɦɩɨɜɤɢ ɢɡ ɞɟ-
ɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɝɧɢɟɜɨɝɨ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɆȾ16. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɪɚɡɦɟɪɨɦ 
(1205)×(101)×(5±β) ɦɦ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɥɚɦɟɧɢ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ (ȽɈɋɌ 21204–97) 
ɫ ɞɢɚɦɟɬɪɨɦ ɫɨɩɥɚ 40 ɦɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɨɡɞɚɧɢɟ ɮɚɤɟɥɚ ɩɥɚɦɟɧɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
1100±50 °C. Ⱦɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ 
ɩɪɨɫɜɟɪɥɟɧɨ ɝɥɭɯɨɟ ɨɬɜɟɪɫɬɢɟ, ɜ ɤɨɬɨɪɨɟ ɡɚɱɟɤɚɧɟɧ ɤɨɪɨɥɟɤ ɬɟɪɦɨɩɚɪɵ. ȼ ɩɪɨɰɟɫɫɟ ɢɫ-
ɩɵɬɚɧɢɹ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɜɪɟɦɹ ɧɚɱɚɥɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɛɪɚɡɰɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɝɨɪɟɧɢɹ. 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɚ ɬɚɤɠɟ 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɩɪɢɦɟɧɹɥɢ ɫɨɜɪɟɦɟɧɧɨɟ ɨɛɨɪɭ-
ɞɨɜɚɧɢɟ – ɪɚɫɬɪɨɜɵɣ ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɟ ɦɢɤɪɨɫɤɨɩɵ.  
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ɂɫɩɨɥɶɡɨɜɚɥɢ ɬɚɤɠɟ ɪɚɫɬɪɨɜɵɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ ɫ ɩɪɢɫɬɚɜɤɨɣ ɞɥɹ ɦɢɤ-
ɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. Ɏɨɬɨɝɪɚɮɢɢ ɜɵɩɨɥɧɟɧɵ ɜ ɪɟɠɢɦɟ ɋɈɆɊɈ, ɢɡɨɛɪɚ-
ɠɟɧɢɟ ɜ ɤɨɬɨɪɨɦ ɮɨɪɦɢɪɭɟɬɫɹ ɨɛɪɚɬɧɨɨɬɪɚɠɟɧɧɵɦɢ ɷɥɟɤɬɪɨɧɚɦɢ. Ʉɨɧɬɪɚɫɬɧɨɫɬɶ 
ɢɡɨɛɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɢɦ ɚɬɨɦɧɵɦ ɧɨɦɟɪɨɦ ɷɥɟɦɟɧɬɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɮɚɡɵ, – 
ɱɟɦ ɛɨɥɶɲɟ ɫɪɟɞɧɢɣ ɚɬɨɦɧɵɣ ɧɨɦɟɪ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ (ɮɚɡɵ), ɬɟɦ ɫɜɟɬɥɟɟ ɞɚɧɧɵɣ 
ɭɱɚɫɬɨɤ ɜɵɝɥɹɞɢɬ ɧɚ ɮɨɬɨɝɪɚɮɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɨɜɟɞɟɧɨ ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ 
ɦɢɤɪɨɫɤɨɩɟ TОМЧКТ Gβ Fβ0 S-TАIσ (ɮɢɪɦɚ FEI, ɇɢɞɟɪɥɚɧɞɵ) ɫ ɬɟɪɦɨɩɨɥɟɜɵɦ ɜɨɥɶ-
ɮɪɚɦɨɜɵɦ ɤɚɬɨɞɨɦ ɬɢɩɚ ɒɨɬɬɤɢ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ β00 ɤȼ. ɋɴɟɦɤɚ ɜɵɩɨɥ-
ɧɟɧɚ ɜ ɫɤɚɧɢɪɭɸɳɟɦ ɪɟɠɢɦɟ ɧɚ ɧɢɠɧɢɣ ɫɜɟɬɥɨɩɨɥɶɧɵɣ ɞɟɬɟɤɬɨɪ. ɉɨɞɝɨɬɨɜɤɚ ɨɛ-
ɪɚɡɰɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɭɳɟɫɬɜɥɟɧɚ ɜ ɧɟɫɤɨɥɶɤɨ ɨɩɟɪɚɰɢɣ: ɫɧɚɱɚɥɚ ɩɪɨɜɟɞɟɧɚ ɢɯ 
ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɚɹ ɪɟɡɤɚ ɧɚ ɫɬɚɧɤɟ Ⱥɪɬɚ 1β0 ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɭɬɨɧɟɧɢɟɦ ɧɚ  
SiC-ɛɭɦɚɝɟ ɞɨ ɬɨɥɳɢɧɵ ɜ 100 ɦɤɦ, ɡɚɬɟɦ ɜɵɩɨɥɧɟɧɚ ɫɬɪɭɣɧɚɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɩɨ-
ɥɢɪɨɜɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ –40 °ɋ ɢ ɧɚɩɪɹɠɟɧɢɢ 14 ȼ ɧɚ ɭɫɬɚɧɨɜɤɟ TОЧЮɊШХ-5 ɜ ɫɪɟɞɟ 
ɚɡɨɬɧɨ-ɫɩɢɪɬɨɜɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: ɫɨɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɧɵɯ ɱɚɫɬɟɣ 
CH3τH ɢ Hστ3 ɫɨɫɬɚɜɢɥɨ 85:15. ɇɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ ɨɫɭɳɟɫɬɜɥɟɧɚ ɢɨɧɧɚɹ ɩɨɥɢɪɨɜɤɚ 
ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɚɫɫɢɜɚɰɢɨɧɧɨɣ ɩɥɟɧɤɢ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɪɨɜ-
ɤɟ. ɂɨɧɧɚɹ ɩɨɥɢɪɨɜɤɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɭɫɬɚɧɨɜɤɟ PIPS II ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ 
ɧɚɩɪɹɠɟɧɢɢ 1,5 ɤȼ ɜ ɬɟɱɟɧɢɟ 1 ɱ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ɉɩɭɛɥɢɤɨɜɚɧɧɵɟ ɜ ɡɚɪɭɛɟɠɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɫɜɟɞɟɧɢɹ ɨ ɬɟɦ-
ɩɟɪɚɬɭɪɟ ɜɨɡɦɨɠɧɨɝɨ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ АE4γ, ɫɨɞɟɪɠɚɳɟɝɨ ɢɬɬɪɢɣ ɢ 
ɝɚɞɨɥɢɧɢɣ, ɜ ɤɨɦɩɚɤɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɛɟɡ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɹɬɫɹ ɦɟɠɞɭ 
ɫɨɛɨɣ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ Дβ4Ж ɭɤɚɡɚɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɦɨɠɧɨɝɨ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɥɹ 
ɫɩɥɚɜɚ АE4γ ɫɨɫɬɚɜɥɹɟɬ ≥750 °ɋ. ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ 
ɜ ɪɚɛɨɬɟ Дβ5Ж, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ АE4γ ɫɨɫɬɚɜɥɹɟɬ 
~644 °ɋ. Ɍɚɤɭɸ ɪɚɡɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɫɩɥɚɜɚ ɦɨɠɧɨ 
ɨɛɴɹɫɧɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫ-
ɩɵɬɚɧɢɣ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɜɧɭɬɪɢ ɢɫɩɵɬɵɜɚɟɦɨɝɨ ɨɛɪɚɡɰɚ: ɜ ɪɚɛɨɬɟ Дβ4Ж ɩɪɟɞɫɬɚɜɥɟɧ ɢɧɞɭɤɰɢɨɧɧɵɣ ɧɚɝɪɟɜ, ɚ ɜ 
ɪɚɛɨɬɟ Дβ5Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɪɚɡɟɰ ɧɚɝɪɟɜɚɥɢ ɜ ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ɋ ɭɱɟɬɨɦ ɨɩɵɬɚ ɡɚɪɭɛɟɠɧɵɯ ɤɨɥɥɟɝ ɜɵɛɪɚɧ ɫɩɨɫɨɛ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɨɜ ɩɥɚɦɟɧɟɦ ɝɚɡɨ-
ɜɨɣ ɝɨɪɟɥɤɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɢɡɭɱɢɬɶ ɩɨɜɟɞɟɧɢɟ ɫɩɥɚɜɚ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɩɨɠɚɪɭ ɧɚ ɛɨɪ-
ɬɭ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɨɧɤɢɟ ɨɛɪɚɡɰɵ (ɬɨɥ-
ɳɢɧɨɣ з5 ɦɦ), ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɞɨɫɬɢɠɟɧɢɸ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ 
ɦɚɥɨɦ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɵɲɚɥɨ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɫɩɥɚɦɟɧɟɧɢɹ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɹ ɧɚ ɜɨɫɩɥɚɦɟ-
ɧɹɟɦɨɫɬɶ ɹɜɥɹɥɢɫɶ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɬɢɝɧɭɬɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɨɡɢɰɢɢ ɩɥɚɦɟɧɟɦ ɝɨɪɟɥɤɢ ɞɨ ɜɨɡɦɨɠɧɨɝɨ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɫɬɚɬɨɱɧɨɝɨ ɝɨɪɟɧɢɹ ɨɛɪɚɡɰɚ ɜ ɫɥɭɱɚɟ ɩɪɟɤɪɚɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ (ɩɪɢ ɨɬɜɨɞɟ ɢɫɬɨɱɧɢɤɚ ɩɥɚɦɟɧɢ). Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

 
Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɨɫɩɥɚɦɟɧɹɟɦɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ɍɨɥɳɢɧɚ 
ɨɛɪɚɡɰɚ, ɦɦ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɷɤɫɩɨɡɢɰɢɢ ɩɥɚɦɟɧɟɦ 

ɝɨɪɟɥɤɢ, ɫ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɨɫɬɚɬɨɱɧɨɝɨ ɝɨɪɟɧɢɹ ɞɨ 

ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɫ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜɨɫɩɥɚɦɟɧɟɧɢɹ, 

°ɋ 
1 5,07 171 220 975 
2 4,91 106 5 977 
3 4,90 182 244 846 
4 5,06 193 33 833 
5 5,02 79 3 844 
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ɉɨɪɨɝɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ 
ɫɩɥɚɜɚ ȼɆȾ16, ɫɨɫɬɚɜɥɹɟɬ 8γγ °ɋ; ɛɨɥɶɲɢɧɫɬɜɨ ɨɛɪɚɡɰɨɜ ɧɚɝɪɟɥɢɫɶ ɞɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ: 844–977 °ɋ. ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɹ ɜɫɟ ɨɛɪɚɡɰɵ ɫɢɥɶɧɨ  
ɞɟɮɨɪɦɢɪɨɜɚɥɢɫɶ ɢ ɜɡɞɭɥɢɫɶ (ɪɢɫ. β). 

 

 
Ɋɢɫ. β. Ɉɛɪɚɡɟɰ 4 ɢɡ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɩɥɚɦɟɧɢ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ 
 
Ⱦɨɫɬɢɠɟɧɢɟ ɬɚɤɨɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 

ȼɆȾ16 ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɚɥɢɱɢɟɦ ɜ ɟɝɨ ɫɨɫɬɚɜɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɢɬɬɪɢɟɜɨɣ 
ɢ ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩ (ɜ ɱɚɫɬɧɨɫɬɢ, ɢɬɬɪɢɹ), ɤɨɬɨɪɵɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɩɨɫɨɛ-
ɫɬɜɭɸɬ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɛɨɥɟɟ ɬɟɪɦɨɫɬɨɣɤɢɯ ɨɤɫɢɞɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
MРτ. Ʉɥɸɱɟɜɚɹ ɪɨɥɶ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɡɚɳɢɬɧɨɣ ɮɭɧɤɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɨɤɢɫɥɟɧɢɹ ɨɬɜɨɞɢɬɫɹ 
ɨɤɫɢɞɭ ɢɬɬɪɢɹ (В2O3), ɨɞɧɚɤɨ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɤɫɢɞɨɜ ɞɪɭɝɢɯ 
ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɩɥɨɬɧɭɸ ɩɥɟɧɤɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ.  

ɉɪɢ ɧɚɝɪɟɜɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɩɪɟɪɵɜɧɵɣ ɪɨɫɬ ɢ, ɤɚɤ ɫɥɟɞ-
ɫɬɜɢɟ, ɭɬɨɥɳɟɧɢɟ ɡɚɳɢɬɧɨɝɨ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ MgO ɢ ɨɤɫɢɞɨɜ ɥɟɝɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɩɪɢ ɷɬɨɦ ɫɚɦɢ ɨɛɪɚɡɰɵ ɪɚɡɞɭɜɚɸɬɫɹ ɢɡɧɭɬɪɢ ɩɚɪɚɦɢ ɦɚɝɧɢɹ. ɂɧɬɟɧɫɢɜɧɚɹ ɩɥɚ-
ɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢɧɢɰɢɢɪɭɟɬ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡ-
ɰɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɦɚɝɧɢɣ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɤɢɫɥɨɪɨɞɨɦ ɫ ɜɵɞɟɥɟɧɢɟɦ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɩɪɢɜɨɞɹɳɟɣ ɤ ɜɨɡɝɨɪɚɧɢɸ ɫɩɥɚɜɚ. 

ɉɪɢ ɨɬɜɨɞɟ ɢɫɬɨɱɧɢɤɚ ɩɥɚɦɟɧɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɟɤɪɚɳɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɪɚɡɰɵ 2, 4 ɢ 5 ɫɚɦɨɡɚɬɭɯɥɢ ɜ ɬɟɱɟɧɢɟ γ–γγ ɫ. ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧ 
ɮɪɚɝɦɟɧɬ ɨɛɪɚɡɰɚ ɫɨ ɫɥɟɞɚɦɢ ɬɜɟɪɞɵɯ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɱɟɪɧɨɝɨ ɰɜɟɬɚ, ɩɪɟɞɩɨɥɨɠɢ-
ɬɟɥɶɧɨ ɫɨɫɬɨɹɳɢɯ ɢɡ ɦɚɝɧɢɹ, ɧɟɨɞɢɦɚ ɢ ɢɬɬɪɢɹ Дβ6, β7Ж. ɇɚɥɢɱɢɟ ɬɚɤɢɯ ɫɥɟɞɨɜ ɭɤɚɡɵɜɚ-
ɟɬ ɧɚ ɬɨɱɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɝɞɟ ɜɨɡɧɢɤɥɢ ɩɟɪɜɵɟ ɨɱɚɝɢ ɩɥɚɦɟɧɢ ɢ ɧɚɱɚɥɫɹ 
ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɟɤɪɚɬɢɥɫɹ ɩɨɫɥɟ ɨɬɜɨɞɚ ɢɫɬɨɱɧɢɤɚ ɩɥɚɦɟɧɢ ɜɜɢɞɭ ɛɵɫɬ-
ɪɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɜɨɝɨ ɫɥɨɹ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ. 

 

 
 

Ɋɢɫ. γ. Ɏɪɚɝɦɟɧɬ ɨɛɪɚɡɰɚ 2 ɢɡ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɞ ɜɨɡ-
ɞɟɣɫɬɜɢɟɦ ɩɥɚɦɟɧɢ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ 

 
Ɉɛɪɚɡɰɵ 1 ɢ 3 ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɨɱɟɧɶ ɫɢɥɶɧɨ ɞɟɮɨɪɦɢ-

ɪɨɜɚɥɢɫɶ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɬɪɟɳɢɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ. ɉɨ ɷɬɨɣ 
ɩɪɢɱɢɧɟ ɩɨɫɥɟ ɨɬɜɨɞɚ ɢɫɬɨɱɧɢɤɚ ɩɥɚɦɟɧɢ ɩɨɜɪɟɠɞɟɧɧɵɣ ɡɚɳɢɬɧɵɣ ɫɥɨɣ ɨɤɚɡɚɥɫɹ  
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ɧɟ ɫɩɨɫɨɛɟɧ ɧɚ ɛɵɫɬɪɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɭɬɨɥɳɟɧɢɟ ɧɨɜɨɣ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ, ɩɪɟɞɨɬɜɪɚɳɚ-
ɸɳɟɣ ɤɨɧɬɚɤɬ ɜɨɡɞɭɯɚ ɫ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɩɨɥɧɨɦɭ ɫɝɨɪɚɧɢɸ ɱɚɫɬɟɣ ɨɛ-
ɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɲɢɯɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɩɥɚɦɟɧɢ ɝɨɪɟɥɤɢ. ɇɚ ɪɢɫ. 4 ɜɢɞɧɨ, 
ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɥɟɞɵ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɛɟɥɨ-
ɝɨ ɰɜɟɬɚ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɹɜɥɹɸɳɢɯɫɹ ɫɦɟɫɶɸ ɨɤɫɢɞɨɜ ɦɚɝɧɢɹ ɢ ɥɚɧɬɚɧɚ Дβ8Ж. 

 

 
 

Ɋɢɫ. 4. Ɏɪɚɝɦɟɧɬ ɨɛɪɚɡɰɚ 1 ɢɡ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɞ  
ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɥɚɦɟɧɢ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ 

 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɚɦɨɡɚɬɭɯɲɢɯ ɩɨɫɥɟ ɨɬɜɨɞɚ ɢɫɬɨɱɧɢɤɚ ɩɥɚɦɟɧɢ ɨɛɪɚɡɰɨɜ 2, 4 ɢ 

5 ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɚ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɜɧɨɨɫɧɵɟ ɡɟɪɧɚ, ɩɨ ɝɪɚɧɢɰɚɦ ɤɨɬɨɪɵɯ 
ɪɚɫɩɨɥɨɠɟɧɵ ɤɪɭɩɧɵɟ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ (ɪɢɫ. 5). ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɡɨɧɵ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɚ 
ɡɟɪɟɧ. ȼɛɥɢɡɢ ɤɪɚɟɜ ɨɛɪɚɡɰɚ ɜɫɬɪɟɱɚɸɬɫɹ ɨɬɞɟɥɶɧɵɟ ɭɱɚɫɬɤɢ, ɢɦɟɸɳɢɟ ɩɨɪɵ ɜ ɦɟɫɬɚɯ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. 

 
ɛ)ɚ)

ɝ)ɜ) ɞ)

 
 

Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ 4 ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ 
ɢɫɩɵɬɚɧɢɣ ɜ ɡɨɧɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɚ – ×100; ɛ–ɞ ‒ ×β50), ɚ ɬɚɤɠɟ ɧɚ ɪɚɫɫɬɨɹ-
ɧɢɢ 0,5 (ɜ); 1,5 (ɝ) ɢ γ ɫɦ (ɞ) ɨɬ ɧɟɟ 

 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ 2, 4 ɢ 5 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɫɨɨɬ-

ɜɟɬɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɢɫ. 6, ɚ) Дβ9Ж. ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ ɜ 
ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɜɵɹɜɥɟɧɨ ɫɨɞɟɪɠɚɧɢɟ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɝɪɭɩɩ ɫɨɫɬɚɜɥɹɸɳɢɯ: ɡɟɪɧɚ 
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɦɚɝɧɢɹ ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɞɟɥɟ-
ɧɢɹɦɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɞɜɭɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ – ɧɚ ɨɫɧɨɜɟ ɦɚɝɧɢɹ, ɰɢɧɤɚ, ɥɚɧ-
ɬɚɧɚ ɢ ɧɟɨɞɢɦɚ, ɚ ɬɚɤɠɟ ɧɚ ɨɫɧɨɜɟ ɦɚɝɧɢɹ, ɢɬɬɪɢɹ ɢ ɰɢɧɤɚ (ɪɢɫ. 6, ɛ ɢ ɜ).  
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ɛ)ɚ) ɜ)

 
 

Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ: ɨɛɳɢɣ ɜɢɞ (ɚ ‒ ×β00)  
ɢ ɷɜɬɟɤɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ (ɛ – ×β500; ɜ – ×1500)  

 
ȼ ɨɛɴɟɦɟ ɷɜɬɟɤɬɢɤɢ ɨɛɧɚɪɭɠɟɧɵ ɱɚɫɬɢɰɵ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɚ ɢ ɦɨɪɮɨɥɨɝɢɢ, ɫɨ-

ɞɟɪɠɚɳɢɟ ɜ ɨɫɧɨɜɧɨɦ ɢɬɬɪɢɣ (ɛɨɥɟɟ ɬɟɦɧɵɟ ɨɛɥɚɫɬɢ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ), ɚ 
ɬɚɤɠɟ ɰɢɧɤ (ɪɢɫ. 6, ɛ (ɫɩɟɤɬɪ 1) ɢ ɪɢɫ. 7, ɚ). ȼ ɛɨɥɟɟ ɫɜɟɬɥɵɯ ɨɛɥɚɫɬɹɯ ɢɫɫɥɟɞɭɟɦɵɯ ɷɜ-
ɬɟɤɬɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɵɹɜɥɟɧɨ ɧɚɥɢɱɢɟ ɥɚɧɬɚɧɚ ɢ ɧɟɨɞɢɦɚ (ɪɢɫ. 6, ɛ (ɫɩɟɤɬɪɵ β, γ) 
ɢ ɪɢɫ. 7, ɛ, ɜ). ȼ ɨɛɴɟɦɟ ɷɜɬɟɤɬɢɤɢ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɵ ɝɢɞɪɢɞɵ ɢɬɬɪɢɹ (ɧɚ ɫɩɟɤɬɪɨɝɪɚɦ-
ɦɟ ɮɢɤɫɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɢɬɬɪɢɣ – ɪɢɫ. 6 (ɫɩɟɤɬɪ 18) ɢ ɪɢɫ. 7, ɝ) ɢ ɚɝɥɨɦɟɪɚɬɵ ɦɟɥɤɨɞɢɫ-
ɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ ɰɢɧɤɚ ɢ ɦɚɝɧɢɹ (ɪɢɫ. 6 (ɫɩɟɤɬɪ 1γ) ɢ ɪɢɫ. 7, ɞ). 

 
ɛ)ɚ)

ɝ)ɜ) ɞ)

 
 

Ɋɢɫ. 7. Ⱦɚɧɧɵɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ 

 
ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ 

ɜɫɥɟɞɫɬɜɢɟ ɪɚɫɬɜɨɪɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɬɬɪɢɹ ɜ ɦɚɝɧɢɟ-
ɜɨɣ ɦɚɬɪɢɰɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɬɟɪ-
ɦɨɫɬɨɣɤɨɝɨ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɫɦɟɫɢ ɨɤɫɢɞɨɜ MgO ɢ Y2O3. Ɉɛɪɚɡɨɜɚɧɢɟ 
ɬɚɤɨɝɨ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɝɨ ɢ ɩɥɨɬɧɨɝɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ MРτ ɡɚɳɢɬɧɨɝɨ ɫɥɨɹ ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɨɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɩɥɚɜɚ.  

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ 4 ɞɨ (ɪɢɫ. 8) ɢ ɩɨɫɥɟ (ɪɢɫ. 5) ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɩɥɚɦɟɧɟɦ ɝɨɪɟɥɤɢ ɧɚɛɥɸɞɚɸɬɫɹ ɭɬɨɧɟɧɢɟ ɝɪɚɧɢɰ ɡɟɪɟɧ ɢ ɱɚɫɬɢɱɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 
ɮɪɚɝɦɟɧɬɨɜ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɟɪɟɯɨɞ ɧɟɤɨɬɨɪɨɣ ɱɚɫɬɢ 
ɢɬɬɪɢɹ ɜ ɨɤɫɢɞɧɵɣ ɫɥɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ.  
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ɛ)ɚ)

 
 

Ɋɢɫ. 8. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×50; ɛ – ×150) ɨɛɪɚɡɰɚ ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ (ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ) 

 
ɂɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝ-

ɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɨɞɨɥɠɟɧɨ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɟɪɧɚɦɢ ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɦɚɝɧɢɹ ɫ ɩɥɚɫɬɢɧɚɦɢ LPSO-ɮɚɡɵ ɜ ɨɛɴɟɦɟ ɡɟɪɟɧ ɢ ɷɜɬɟɤɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɫɩɨɥɚɝɚɸɳɟɣɫɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɪɢɫ. 9). ɉɥɚɫɬɢɧɵ LPSτ-ɮɚɡɵ ɜ 
ɨɛɴɟɦɟ ɡɟɪɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɞɧɨɫɥɨɣɧɵɟ (ɪɢɫ. 9, ɚ). Ƚɪɚɧɢɰɵ ɡɟɪɟɧ ɢɦɟɸɬ ɜɢɞ ɥɨɦɚ-
ɧɵɯ ɥɢɧɢɣ, ɩɪɨɯɨɞɹɳɢɯ ɜɞɨɥɶ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ (001)Mg (ɪɢɫ. 9, ɛ).  

 
ɛ)ɚ)

ɝ)ɜ)

 
 

Ɋɢɫ. 9. ɋɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ 4 ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵ-
ɬɚɧɢɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 0,5 ɫɦ ɨɬ ɡɨɧɵ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ: ɚ – ɩɥɚɫɬɢɧɵ  
LPSO-ɮɚɡɵ ɜ ɨɛɴɟɦɟ ɡɟɪɟɧ; ɛ – ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɡɟɪɧɨɦ (ɜɧɢɡɭ) ɢ ɷɜɬɟɤɬɢɤɨɣ; ɜ – ɮɪɚɝɦɟɧɬ ɷɜ-
ɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ; ɝ – ɜɧɭɬɪɟɧɧɹɹ ɫɬɪɭɤɬɭɪɚ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɛɥɢɡɢ ɝɪɚ-
ɧɢɰɵ ɫ ɡɟɪɧɨɦ 
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ȼ ɫɬɪɭɤɬɭɪɟ ɬɚɤɠɟ ɜɫɬɪɟɱɚɸɬɫɹ ɱɚɫɬɢɰɵ ɝɢɞɪɢɞɚ ɢɬɬɪɢɹ ɢ ɱɚɫɬɢɰɵ, ɢɦɟɸɳɢɟ 
ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɰɢɪɤɨɧɢɹ. ɗɜɬɟɤɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɬɟɪ-
ɦɟɬɚɥɥɢɞɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɞɜɭɯ ɜɢɞɨɜ: ɨɞɧɢ ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɰɢɧɤɚ 
ɢ ɢɬɬɪɢɹ, ɞɪɭɝɢɟ – ɥɚɧɬɚɧɚ ɢ ɧɟɨɞɢɦɚ (ɪɢɫ. 9, ɜ ɢ ɝ; ɪɢɫ. 10). 

 

 
 

Ɋɢɫ. 10. Ɋɟɡɭɥɶɬɚɬɵ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɩɪɨɮɢɥɸ ɱɟɪɟɡ ɷɜɬɟɤɬɢɤɭ ɜ ɨɛɪɚɡɰɟ 4 
ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɫɦ ɨɬ ɡɨɧɵ 
ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɨɫɶ ɚɛɫɰɢɫɫ – ɩɨɡɢɰɢɹ ɩɨ ɥɢɧɢɢ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ, ɦɤɦ; ɨɫɶ ɨɪɞɢɧɚɬ – ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ, % (ɚɬɨɦɧ.)) 

 
Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ 4 ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɟɪɧɚɦɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɩɥɚɫɬɢɧɚɦɢ LPSO-ɮɚɡɵ ɢ ɱɚɫɬɢɰɚɦɢ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɪɢɫ. 11, ɚ). ɉɥɚɫɬɢɧɵ 
LPSO-ɮɚɡ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɵɟ, ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɡɟɪɧɚɯ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɧɨɦɟɪɧɨ ɢ ɩɪɨɧɢɡɵɜɚɸɬ ɨɛɴɟɦ ɤɚɠɞɨɝɨ ɡɟɪɧɚ (ɪɢɫ. 11, ɛ). 

 
ɛ)ɚ)

 
 

Ɋɢɫ. 11. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ 4 ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ  
(ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ): ɚ – ɱɚɫɬɢɰɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɟɧ; ɛ – ɩɥɚɫɬɢɧɵ LPSτ-ɮɚɡɵ 

 
ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ (ɲɬɚɦɩɨɜ-

ɤɚ) ɢ ɫɥɢɬɤɚ ɯɚɪɚɤɬɟɪ ɜɵɞɟɥɟɧɢɹ LPSO-ɩɥɚɫɬɢɧ ɨɬɥɢɱɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɲɢɪɢɧɨɣ ɦɧɨ-
ɝɨɫɥɨɣɧɵɯ ɩɥɚɫɬɢɧ (ɪɢɫ. 1β). 
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Ɋɢɫ. 1β. ɉɥɚɫɬɢɧɵ LPSτ-ɮɚɡɵ ɜ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ ɢɡ ɫɥɢɬɤɚ ɫɩɥɚɜɚ ȼɆȾ16 
 
Ɋɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ LPSτ-ɮɚɡ ɜ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɚɯ ɧɟɨɛ-

ɯɨɞɢɦɨ ɩɪɢɫɭɬɫɬɜɢɟ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɢɬɬɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ ɊɁɗ 
(Y, GН, Dв ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɰɢɧɤɚ Дβ1, γ0–γ5Ж. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɥɚɦɟ-
ɧɟɦ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɬɜɨɪɟɧɢɸ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɩɥɚɜɚ 
ȼɆȾ16 ɢ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɬɬɪɢɹ ɜ ɦɚɝɧɢɟɜɨɣ ɦɚɬɪɢɰɟ, ɤɨɬɨɪɵɣ ɡɚɬɟɦ  
ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɤɢɫɥɨɪɨɞɨɦ ɢ ɨɛɪɚɡɭɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɪɦɨɫɬɨɣɤɭɸ ɡɚɳɢɬɧɭɸ 
ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɫɦɟɫɢ ɨɤɫɢɞɨɜ MgO ɢ Y2O3. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɡ-ɡɚ ɫɭ-
ɳɟɫɬɜɟɧɧɨɝɨ ɨɛɟɞɧɟɧɢɹ ɩɥɚɫɬɢɧ LPSτ-ɮɚɡɵ ɢɬɬɪɢɟɦ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɩɥɚɫɬɢɧ LPSτ-ɮɚɡɵ 
ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ 
ȼɆȾ16 ɜ ɢɫɯɨɞɧɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɲɬɚɦɩɨɜɤɚ) ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ 
ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɣ. Ɉɛɳɢɣ ɜɢɞ ɢɡɥɨɦɨɜ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 13, ɚ ɢ ɪɢɫ. 14, ɚ. ȼ ɨɛ-
ɪɚɡɰɟ, ɜɵɪɟɡɚɧɧɨɦ ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɩɨɫɥɟ ɞɟ-
ɮɨɪɦɚɰɢɢ), ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɲɥɨ ɜɧɭɬɪɢɡɟɪɟɧɧɨ ɩɨ ɯɪɭɩɤɢɦ ɱɚɫɬɢɰɚɦ ɭɩɪɨɱɧɹɸɳɟɣ 
ɮɚɡɵ ɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɟɥɤɨɹɦɨɱɧɨɝɨ ɪɟɥɶɟɮɚ (ɪɢɫ. 1γ, ɛ). ȼ ɨɛɪɚɡɰɟ 2, ɩɨɞɜɟɪɝɲɟɦ-
ɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɩɥɚɦɟɧɢ ɝɨɪɟɥɤɢ, ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɲɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɚɥɨɩɥɚɫɬɢɱɧɨɝɨ 
ɹɦɨɱɧɨɝɨ ɪɟɥɶɟɮɚ, ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨ ɭɩɪɨɱɧɹɸɳɟɣ ɮɚɡɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 
(ɪɢɫ. 14, ɛ). 

 
ɛ)ɚ)

 
 

Ɋɢɫ. 1γ. ɋɬɪɨɟɧɢɟ ɢɡɥɨɦɚ ɨɛɪɚɡɰɚ ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɩɨɫɥɟ 
ɞɟɮɨɪɦɚɰɢɢ): ɚ – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɚ; ɛ – ɜɧɭɬɪɢɡɟɪɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ  
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Ɋɢɫ. 14. ɋɬɪɨɟɧɢɟ ɢɡɥɨɦɚ ɨɛɪɚɡɰɚ 2 ɢɡ ɲɬɚɦɩɨɜɤɢ ɫɩɥɚɜɚ ȼɆȾ16, ɩɨɞɜɟɪɝɲɟɝɨɫɹ ɜɨɡɞɟɣ-
ɫɬɜɢɸ ɩɥɚɦɟɧɢ ɝɨɪɟɥɤɢ: ɚ – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɚ; ɛ – ɜɧɭɬɪɢɡɟɪɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ  

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɨɪɨɝ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɛɪɚɡɰɨɜ 
ɢɡ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ȼɆȾ16 ɫɢɫɬɟɦɵ MР–Zn–Zr–ɊɁɗ ɫɨɫɬɚɜɥɹɟɬ ≥8γγ °ɋ, ɱɬɨ, ɩɨ ɦɧɟ-
ɧɢɸ ɡɚɪɭɛɟɠɧɵɯ ɤɨɥɥɟɝ, ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ ɫɩɥɚɜ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɵɦ Дβ5Ж. ȼɵɫɨɤɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɚɥɢɱɢɟɦ ɜ ɟɝɨ ɫɨɫɬɚɜɟ 
ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɢɬɬɪɢɟɜɨɣ ɢ ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɆȾ16 ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚ-
ɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɥɚɫɬɢɧɵ LPSτ-ɮɚɡɵ ɜ ɨɛɴɟɦɟ 
ɡɟɪɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɞɧɨɫɥɨɣɧɵɟ. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɥɚɦɟɧɟɦ 
ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ ɜɵɡɵɜɚɟɬ ɪɚɫɬɜɨɪɟɧɢɟ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɩɥɚɜɚ ɢ ɭɜɟɥɢɱɟ-
ɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɬɬɪɢɹ ɜ ɦɚɝɧɢɟɜɨɣ ɦɚɬɪɢɰɟ.  

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɦɚɝɧɢɟɜɨɣ ɦɚɬɪɢɰɟ ɢɬɬɪɢɹ, ɩɪɢɜɨ-
ɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɬɟɪɦɨɫɬɨɣɤɨɣ ɡɚɳɢɬɧɨɣ ɨɤɫɢɞɧɨɣ 
ɩɥɟɧɤɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɫɦɟɫɢ ɨɤɫɢɞɨɜ MРτ ɢ В2O3, ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɤɚɤ ɤɥɸɱɟɜɨɣ 
ɮɚɤɬɨɪ, ɜɥɢɹɸɳɢɣ ɧɚ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɚɝɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 
ȼɆȾ16. 
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ɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɢ ɩɭɬɢ ɢɯ ɪɟɲɟɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɤɥɟɢɜɚɧɢɹ ɢ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɨɣ ɩɚɣɤɢ. Ɋɟɝɭɥɢɪɨɜɤɚ ɫɨɫɬɚɜɚ ɩɪɢɩɨɹ, ɤɨɧɬɪɨɥɶ ɬɨɥɳɢɧɵ ɦɟɠɮɚɡɧɨɝɨ ɪɟɚɤ-
ɰɢɨɧɧɨɝɨ ɫɥɨɹ ɢ ɫɨɝɥɚɫɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 
ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ SТC ɢ 
ɦɟɬɚɥɥɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɬ ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɝɨ ɩɪɨɮɢɥɹ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɚɣɤɚ, ɫɜɚɪɤɚ, ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ, ɪɟɚɤɰɢɨɧɧɨ-ɫɜɹɡɚɧɧɵɣ ɤɚɪɛɢɞ 
ɤɪɟɦɧɢɹ, ɞɢɮɮɭɡɢɨɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ 
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Abstract. Methods of joining ceramic-matrix composite materials based on silicon carbide, 
reinforced with continuous fibers of silicon carbide or carbon, with ceramic and metallic mate-
rials are considered. The main problems and the ways to solve them during the processes of 
gluing and high-temperature soldering, are determined. Adjusting the composition of the solder, 
controlling the thickness of the interfacial reaction layer and matching the coefficient of thermal 
expansion will make it possible to obtain high-quality joints of ceramic materials based on SiC 
and metals, which in turn will ensure the manufacture of parts with a complex profile. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɢ ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ 

ɞɜɢɝɚɬɟɥɟɣ ɫɚɦɨɥɟɬɨɜ ɩɪɢɦɟɧɹɸɬ ɦɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɤɟɪɚɦɨɦɚɬ-
ɪɢɱɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɄɆɄ) ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ (SiC), ɚɪɦɢɪɨ-
ɜɚɧɧɵɟ ɧɟɩɪɟɪɵɜɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɥɢɛɨ ɭɝɥɟɪɨɞɚ, ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɦɟ-
ɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ⱦɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɢɝɚɬɟɥɹ Д1–γЖ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɄɆɄ ɫɨɯɪɚɧɹɸɬ 
ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɠɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɫɧɢɠɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ. Ɉɛɥɚɞɚɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɦɚɫɫɨɣ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɠɚɪɨɩɪɨɱɧɵɦɢ ɫɩɥɚɜɚɦɢ, ɄɆɄ ɹɜɥɹɸɬɫɹ ɛɟɡɚɥɶɬɟɪɧɚ-
ɬɢɜɧɵɦ ɜɵɛɨɪɨɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɫɬɚɧɨɜɨɤ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɩɪɢ 
ɹɜɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɦɚɬɟɪɢɚɥɨɜ ɢɦɟɸɬɫɹ ɢ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɨɛɥɟɦɵ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɤɪɟɩɥɟɧɢɢ ɤ ɞɟɬɚɥɹɦ, ɜɵɩɨɥɧɟɧɧɵɦ ɢɡ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 
ɦɚɬɟɪɢɚɥɨɜ Д4Ж. ɋɜɨɣɫɬɜɚ ɤɟɪɚɦɢɤɢ, ɤɨɬɨɪɵɟ ɞɟɥɚɸɬ ɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɬɪɚɞɢɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɤɚɱɟ-
ɫɬɜɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɂɡ-ɡɚ ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɤɟɪɚɦɨɦɚɬɪɢɱɧɵɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚɬɪɭɞɧɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɫɨ-
ɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ ɧɚɞɥɟɠɚɳɟɝɨ ɤɚɱɟɫɬɜɚ ɬɪɟɛɭ-
ɟɬɫɹ ɩɪɢɥɨɠɟɧɢɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɹ Д5]. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ 
ɢɫɩɵɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 

 
ɉɪɨɛɥɟɦɵ ɫɨɟɞɢɧɟɧɢɹ 

ɋɪɟɞɢ ɦɟɬɨɞɨɜ ɫɨɟɞɢɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɦɨɠɧɨ ɧɚɣɬɢ 
ɨɛɵɱɧɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɛɨɪɤɭ ɤɥɟɩɨɱɧɨɝɨ ɢɥɢ ɛɨɥɬɨɜɨɝɨ ɬɢɩɚ. Ɍɚɤɨɣ ɬɢɩ ɫɛɨɪɤɢ ɱɚ-
ɫɬɨ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɩɨɞɯɨɞɹɳɢɦ ɢɡ-ɡɚ ɛɨɥɶɲɢɯ ɨɛɴɟɦɚ ɢ ɦɚɫɫɵ ɢ/ɢɥɢ ɩɥɨɯɢɯ ɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɚɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɂɡɜɟɫɬɧɵ ɬɚɤɠɟ ɦɟɬɨɞɵ ɫɨɟɞɢɧɟɧɢɹ, ɜ 
ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɣɤɚ (ɪɟɚɤɰɢɨɧɧɚɹ, ɧɟɪɟɚɤɰɢɨɧɧɚɹ ɢ ɞɢɮɮɭɡɢɨɧɧɚɹ) ɞɥɹ ɫɛɨɪɤɢ 
ɜɦɟɫɬɟ ɞɜɭɯ ɱɚɫɬɟɣ ɢɡ ɄɆɄ, ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɟɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɞɚɧɧɵɟ ɦɟɬɨɞɵ ɬɪɭɞɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɚɣɤɢ ɞɟɬɚɥɟɣ ɢɡ ɤɟ-
ɪɚɦɢɱɟɫɤɨɝɨ ɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɩɪɢɱɢɧɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɪɚɡɥɢɱɢɹ 
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ. Ɍɚɤɢɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹ-
ɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) Д6, 7Ж, ɡɧɚɱɟɧɢɹ ɤɨɬɨ-
ɪɨɝɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɂɧɚɱɟɧɢɹ ɌɄɅɊ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɜ β–5 ɪɚɡ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ ɚɧɚ-
ɥɨɝɢɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɄɆɄ ɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɱɬɨ ɫɨɡɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜɨ ɜɪɟɦɹ ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɚɥɟɣ ɩɨɫɥɟ ɩɪɨ-
ɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɚɣɤɢ, ɫɜɚɪɤɢ ɢ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɉɬ-
ɧɨɫɢɬɟɥɶɧɚɹ ɭɫɚɞɤɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɞɟɬɚɥɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɨɧɵ ɫɠɚɬɢɹ ɢ ɡɨɧɵ 
ɪɚɫɬɹɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɦɟɫɬɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɞɟɬɚɥɶɸ ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɢɡɝɢɛɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɦɟɫɬɟ ɫɨɟɞɢɧɟ-
ɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɪɭɲɟɧɢɸ ɨɞɧɨɣ ɢɡ ɞɟɬɚɥɟɣ. Ɉɛɵɱɧɨ ɪɚɡɪɭɲɟɧɢɸ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɬɚɥɢ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɄɆɄ ɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɵɣ ɬɢɩ ɦɚɬɟɪɢɚɥɨɜ ɨɛɥɚɞɚɟɬ ɧɢɡɤɢɦɢ ɭɞɚɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ-
ɦɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɥɨɤɚɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɚɹɧɨɝɨ ɫɨ-
ɟɞɢɧɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɠɞɭ ɭɝɥɟɪɨɞɨɦ (ɢɥɢ 
SТC) ɢ ɦɟɬɚɥɥɚɦɢ, ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫ ɩɟɪɟɯɨɞɧɵɦɢ, ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɢ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɦɢ ɞɟɬɚɥɹɦɢ ɨɛɪɚɡɭɸɬɫɹ ɯɪɭɩɤɢɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɬɢɩɚ Ɇɟɋ, MeSi ɢɥɢ 
ɤɪɟɦɧɟɡɟɦɚ. Ɍɚɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  
ɫɨɟɞɢɧɟɧɢɹ.  
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Ɍɚɛɥɢɰɚ 1 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ)  

ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɦɚɬɟɪɢɚɥɨɜ 
Ɇɚɬɟɪɢɚɥ ɌɄɅɊ: α·106, Ʉ–1 

Cf/SiC 3,0–3,1 
Ti 8 
Al 23,5 
Cu 16,5 
Ni 13 
Ag 19,5 
Nb 7,2 
Mo 5,2 
W 4,43 
Zr 5,2 
Co 6,8 
Ta 6,7 
C 1,5 

TiAl 10,8 
CrMo 12,5 
SiC 4,8 

Ti3SiC2 9,1 
TiC 7,4 

 
ɋɨɟɞɢɧɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɞɢɮɮɭɡɢɢ 

Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɫɧɢɠɟɧɢɹ ɪɚɫɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɹɜɥɹɟɬɫɹ Д8Ж ɫɨɟɞɢɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢ-
ɚɥɚ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ SТC ɢ ɦɟɬɚɥɥɚ ɱɟɪɟɡ ɧɚɧɨɩɥɟɧɤɭ ɜ ɜɢɞɟ ɮɨɥɶɝɢ. ɇɚɧɨ-
ɮɨɥɶɝɚ ɢɡ ɬɢɬɚɧɚ ɢ ɚɥɸɦɢɧɢɹ ɬɨɥɳɢɧɨɣ 15–100 ɧɦ ɩɪɢ ɨɛɳɟɣ ɬɨɥɳɢɧɟ γ0–100 ɦɤɦ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɹ. Ⱦɢɮɮɭɡɢɨɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ SТC ɢ ɦɟɬɚɥɥɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ 
ɛɨɥɟɟ 1β00 °C, ɬɨɝɞɚ ɩɪɨɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɫɞɜɢɝ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ-
ɫɬɢɝɚɟɬ 180–γ00 Ɇɉɚ. ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɫɜɚɪɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɜɚɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨ-
ɝɨ ɲɜɚ ɨɤɚɡɵɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 
ɫɜɚɪɧɨɝɨ ɲɜɚ ɫɨɟɞɢɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ SТC ɢ 
ɦɟɬɚɥɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɢɬɚɧɨɜɨɣ ɮɨɥɶɝɢ Д8Ж. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɫ 1 ɞɨ 4 ɱ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ 
ɦɢɤɪɨɬɪɟɳɢɧ ɜ ɫɜɚɪɧɨɦ ɲɜɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɚɡɧɢɰɭ ɤɚɱɟɫɬɜɚ ɲɜɚ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 1 ɞɨ β ɱ ɜɵɞɟɪɠɤɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɚɪɛɨɫɢɥɢɰɢɞɧɵɯ ɮɚɡ ɢ 
ɫɧɢɠɟɧɢɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ. 

ȼ ɩɚɬɟɧɬɟ Д9Ж ɩɨɤɚɡɚɧ ɫɩɨɫɨɛ ɫɨɟɞɢɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɤɟɪɚɦɢ-
ɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ SТC ɱɟɪɟɡ ɧɚɧɨɩɥɟɧɤɭ ɢɡ ɬɢɬɚɧɚ ɢ ɚɥɸɦɢɧɢɹ. ɋɩɨɫɨɛ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɬɟɯɧɨɥɨɝɢɸ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɤɟɪɚɦɢɱɟ-
ɫɤɨɣ ɦɚɬɪɢɰɟɣ SТC ɱɟɪɟɡ ɧɚɧɨɮɨɥɶɝɭ ɢ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɥɚɫɬɢ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɨɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɢ ɤɟɪɚɦɨ-
ɦɚɬɪɢɱɧɵɦɢ ɤɨɦɩɨɡɢɬɚɦɢ ɧɚ ɨɫɧɨɜɟ SТC ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɩɨɢ ɫɢɫɬɟɦ  
Ag–Cu–TТ ɢ CЮ–TТ, ɨɞɧɚɤɨ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟ ɩɪɟɜɵɲɚɟɬ 500 °ɋ, 
ɩɨɷɬɨɦɭ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɩɨɣ ɜ ɜɢɞɟ ɦɧɨɝɨɫɥɨɣɧɨɣ ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɮɨɥɶɝɢ 
ɢɡ ɬɢɬɚɧɚ ɢ ɚɥɸɦɢɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɮɨɪɦɨɜɚɧɢɟɦ ɜ ɝɨɪɹɱɟɦ ɩɪɟɫɫɟ. Ɋɟɡɭɥɶɬɚɬɨɦ 
ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 °ɋ. 
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ȼɵɞɟɪɠɤɚ 1 ɱ ȼɵɞɟɪɠɤɚ β ɱ ȼɵɞɟɪɠɤɚ 4 ɱ

 
 

Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɫɨɟɞɢɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɤɟɪɚɦɢɱɟ-
ɫɤɨɣ ɦɚɬɪɢɰɟɣ SТC ɢ ɦɟɬɚɥɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɢɬɚɧɨɜɨɣ ɮɨɥɶɝɢ 

 
Ʉɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ SТC ɢɦɟɟɬ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɩɥɚɫɬɢɱɟ-

ɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɚɠɟ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɨɡɧɢɤɚɸɬ ɬɪɭɞɧɨɫɬɢ 
ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɨɜ ɫɨɟɞɢɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɫɨɡɞɚɧɢɟ ɞɚɜɥɟɧɢɹ. 
ɉɨɷɬɨɦɭ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢɡ SТC ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɜɹ-
ɡɵɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɤɚɩɢɥɥɹɪɧɨɦ ɞɟɣɫɬɜɢɢ, ɞɢɮɮɭɡɢɢ 
ɢ ɦɟɠɮɚɡɧɵɯ ɪɟɚɤɰɢɹɯ ɦɟɠɞɭ ɩɪɢɩɨɟɦ ɢ ɫɨɟɞɢɧɹɟɦɵɦɢ ɞɟɬɚɥɹɦɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɩɨ ɡɧɚɱɟɧɢɹɦ ɌɄɅɊ ɢ ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɨɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ ɜɵɛɪɚɧ 
ɬɜɟɪɞɵɣ ɩɪɢɩɨɣ ɜ ɜɢɞɟ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ (<50 % (ɩɨ ɦɚɫɫɟ)) ɢ ɞɜɭɯ ɦɟɬɚɥɥɨɜ ɢɡ 
ɝɪɭɩɩɵ ɯɪɨɦɚ, ɤɨɛɚɥɶɬɚ, ɠɟɥɟɡɚ ɢ ɜɚɧɚɞɢɹ. ɉɪɢɩɨɣ ɧɚɧɨɫɢɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɧɚ ɜɫɟ ɫɨ-
ɟɞɢɧɹɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɛɨɥɟɟ 
1600 °ɋ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ. ɉɨɥɭɱɚɟɦɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɩɨ-
ɜɵɲɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ 
ɦɟɬɨɞ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɢɫɩɵɬɵɜɚɸɳɢɯ ɩɨɜɵɲɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟ-
ɧɢɹ Д10Ж. 

 
Ɋɟɚɤɰɢɨɧɧɚɹ ɢ ɧɟɪɟɚɤɰɢɨɧɧɚɹ ɩɚɣɤɚ 

ȼ ɩɚɬɟɧɬɟ Д11Ж ɪɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨ-
ɡɢɰɢɨɧɧɨɝɨ ɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɟɝɨ ɦɚɬɟɪɢɚɥɚ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɪɟɚɤɰɢɨɧɧɨɣ ɩɚɣɤɟ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɢɩɨɹ ɬɢɩɚ AХ–SТ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɞɯɨɞɢɬ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɟɣ, ɜɵ-
ɩɨɥɧɟɧɧɵɯ ɢɡ ɪɟɚɤɰɢɨɧɧɨ-ɫɜɹɡɚɧɧɨɝɨ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫ ɨɫɬɚɬɨɱɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɢ 
ɥɟɝɢɪɭɸɳɟɣ ɞɨɛɚɜɤɨɣ ɜ ɜɢɞɟ ɧɟɫɜɹɡɚɧɧɨɝɨ ɚɥɸɦɢɧɢɹ. ɉɪɢɩɨɣ ɬɢɩɚ AХ–SТ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɩɥɚɜɥɟɧɢɹ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɩɪɢɩɨɹɦɢ ɬɢɩɚ CЮ–SТ ɢ AЮ–SТ. ɉɨɥɭɱɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɧɟɪɟɚɤɰɢɨɧɧɨɣ ɩɚɣɤɢ Д1βЖ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɩɨɹ ɧɚ ɨɫɧɨɜɟ ɧɢ-
ɤɟɥɹ, ɤɪɟɦɧɢɹ ɢ ɚɥɸɦɢɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɟ ɩɪɟ-
ɜɵɲɚɸɳɟɣ 1150 °ɋ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɨɟɞɢɧɟɧɢɟ, ɨɛɥɚɞɚɸɳɟɟ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ, 
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ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶɸ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ, ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɧɢɡɤɢɦ ɌɄɅɊ ɢ ɜɵɫɨɤɨɣ 
ɠɟɫɬɤɨɫɬɶɸ, ɨɞɧɚɤɨ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 
1000 °ɋ. Ʉɨɦɩɚɧɢɹ Snecma ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɞɟɬɚɥɟɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɦɟɬɚɥɥɚ ɢ ɤɟɪɚ-
ɦɢɤɢ ɧɚ ɨɫɧɨɜɟ SiC ɢ/ɢɥɢ ɭɝɥɟɪɨɞɚ, ɩɪɟɞɥɨɠɢɥɚ ɫɩɨɫɨɛ, ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɨɣ ɩɚɣɤɟ. ɇɚ ɞɟɬɚɥɶ, ɢɡɝɨɬɨɜɥɟɧɧɭɸ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɧɚɧɨɫɢɥɢ ɩɪɢ-
ɩɨɣ ɬɢɩɚ σТFОCrSТTТ, ɚ ɧɚ ɞɟɬɚɥɶ, ɢɡɝɨɬɨɜɥɟɧɧɭɸ ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɧɚɧɨɫɢɥɢ ɩɪɢɩɨɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɷɜɬɟɤ-
ɬɢɱɟɫɤɭɸ ɫɦɟɫɶ ГrSТ2 ɢ SТ, ɡɚɬɟɦ ɩɪɨɜɨɞɢɥɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. ɉɟɪ-
ɜɵɣ ɷɬɚɩ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫ ɩɪɢɩɨɹ σТFОCrSТTТ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɜɬɨɪɨɣ ɷɬɚɩ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢ-
ɞɭɫ ɩɪɢɩɨɹ ГrSТ2 ɢ SТ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ.  

ɉɚɣɤɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ SТC ɜ ɨɫɧɨɜɧɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɭɝɥɟɪɨɞɨɦ ɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ ɫ ɨɛɪɚɡɨ-
ɜɚɧɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ Д1γ–15Ж. ɉɪɨɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ, 
ɪɚɡɦɟɪɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɦɟɫɢ, ɬ. ɟ. ɫɬɟɩɟɧɢ ɪɟɚɤɰɢɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ. ɇɟɞɨɫɬɚɬɨɱ-
ɧɚɹ ɫɤɨɪɨɫɬɶ ɢ ɩɨɥɧɨɬɚ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɩɪɢɜɟɞɟɬ ɤ ɨɫɥɚɛɥɟɧɢɸ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɱɪɟɡɦɟɪɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ – ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɚɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɨɥɟɟ ɯɪɭɩɤɢɯ ɮɚɡ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡ-
ɞɟɥɚ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɩɚɣɤɢ ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɬɨɥɳɢɧɭ ɢɧ-
ɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɩɭɬɟɦ ɜɵɛɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨ-
ɰɟɫɫɚ Д16, 17Ж. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ. ȼɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɚɣɤɢ ɞɨɥɠɟɧ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɥɢɞɭɫ ɢ ɥɢɤɜɢɞɭɫ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɩɪɢ-
ɩɨɹ ɞɥɹ ɩɨɥɧɨɬɵ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ Д18, 19Ж. 
 

ɋɨɟɞɢɧɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɢɦɟɪɧɨɣ ɤɥɟɟɜɨɣ ɤɨɦɩɨɡɢɰɢɢ 
Ɋɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɜɤɥɸɱɚɸɳɢɣ ɩɨɞɝɨɬɨɜɤɭ ɫɨɟɞɢɧɹɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɧɚɧɟɫɟɧɢɟ ɫɥɨɹ ɩɨɥɢɦɟɪɧɨɣ ɤɥɟ-
ɟɜɨɣ ɤɨɦɩɨɡɢɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ ɩɨɥɢɤɚɪɛɨɫɢɥɚɧ (ɉɄɋ), ɩɨɥɢɨɪɝɚɧɨɫɢɥɚɡɚɧ (ɉɋɁ), ɨɪ-
ɝɚɧɢɱɟɫɤɢɣ ɩɟɪɨɤɫɢɞ (ɩɟɪɨɤɫɢɞ ɞɢɤɭɦɢɥɚ, ɛɟɧɡɨɢɥɚ, ɬɪɟɬ-ɛɭɬɢɥɚ, ɥɚɭɪɢɥɚ) ɜ ɤɚɱɟɫɬɜɟ 
ɨɬɜɟɪɞɢɬɟɥɹ ɢ ɩɨɪɨɲɤɨɜɵɣ ɧɚɩɨɥɧɢɬɟɥɶ ɜ ɜɢɞɟ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ, ɭɝɥɟɪɨɞɚ, ɨɤɫɢɞɨɜ 
ɚɥɸɦɢɧɢɹ, ɰɢɪɤɨɧɢɹ, ɢɬɬɪɢɹ, ɚ ɬɚɤɠɟ ɧɢɬɪɢɞɚ ɢ ɤɚɪɛɢɞɚ ɛɨɪɚ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨ-
ɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700–1600 °ɋ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ. Ɋɟɡɭɥɶɬɚɬɵ ɫɨ-
ɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɥɟɟɜɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β. 

 
Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ  
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ Д20Ж 

Ɇɚɬɟɪɢɚɥ 
ɋɨɫɬɚɜ ɤɥɟɟɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɞɜɢɝɟ, 

Ɇɉɚ (ɩɪɢ β0 °ɋ) ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɟ  
ɫɜɹɡɭɸɳɟɟ 

ɩɨɪɨɲɤɨɜɵɣ  
ɧɚɩɨɥɧɢɬɟɥɶ 

SiC/SiC 
ɉɄɋ-1 + ɉɋɁ-2 + ɩɟɪɟɤɢɫɶ 
ɥɚɭɪɢɥɚ 

SiC 520 

SiC/C 
ɉɄɋ-2 + ɉɋɁ-1 + ɩɟɪɟɤɢɫɶ 
ɬɪɟɬ-ɛɭɬɢɥɚ 

SiC + C 260 

Al2O3/SiC 
ɉɄɋ-1 + ɉɋɁ-1 + ɩɟɪɟɤɢɫɶ 
ɥɚɭɪɢɥɚ 

Al2O3 + SiC + Y2O3 + ZrO2 590 

Si3N4/SiC 
ɉɄɋ-1 + ɉɋɁ-1 + ɩɟɪɟɤɢɫɶ 
ɛɟɧɡɨɢɥɚ 

Si3N4 + SiC 640 

SiC/BN 
ɉɄɋ-1 + ɉɋɁ-1 + ɩɟɪɟɤɢɫɶ 
ɞɢɤɭɦɢɥɚ 

SiC + B4C + BN 490 
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Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. β, ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɤɥɟɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨ-
ɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ‒ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɫɞɜɢɝɟ β60–640 Ɇɉɚ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɩɪɟɞɥɚɝɚɟɦɨɦ ɫɩɨɫɨɛɟ ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚ-
ɦɢɱɟɫɤɢɯ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɨɫɬɚɜɚ ɤɥɟɟɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢ ɪɟ-
ɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɫɨɟɞɢɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫ ɜɵɫɨɤɢɦ ɜɵ-
ɯɨɞɨɦ (ɧɟ ɦɟɧɟɟ 90 % (ɩɨ ɦɚɫɫɟ)) ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɨɫɬɚɬɤɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɫɥɨɠ-
ɧɭɸ ɝɟɬɟɪɨɝɟɧɧɭɸ ɫɦɟɫɶ ɧɢɬɪɢɞɚ ɢ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɫ ɩɨɪɨɲɤɨɜɵɦ ɧɚɩɨɥɧɢɬɟɥɟɦ. ɉɪɢ 
ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɞɢɮɮɭɡɢɨɧɧɨɟ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɤɥɟɟɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɪɨɞɭɤɬɨɜ 
ɟɝɨ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɟɞɢɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɱɬɨ ɟɳɟ ɛɨɥɟɟ ɭɫɢɥɢɜɚ-
ɟɬɫɹ ɡɚ ɫɱɟɬ ɱɢɫɬɨ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɥɭɱɚɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɶɸ. 
ȼɵɫɨɤɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɥɟɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɫɬɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨ-
ɹɧɧɵɦɢ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ – ɨɬ β0 ɞɨ 1600 °ɋ Дβ0Ж. 

 
Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɫɨɟɞɢɧɟɧɢɹ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɫɨɟɞɢɧɟɧɢɸ ɦɨɧɨɥɢɬɧɨɣ ɤɟɪɚɦɢɤɢ SТC ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚ-
ɜɚ KШЯКr (ɚɧɚɥɨɝɢ – ɫɩɥɚɜɵ ɇɄβ9 ɢ ɇɄβ9-ȼɂ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ Дβ1Ж. ɉɪɨɰɟɫɫ ɫɨ-
ɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ɢ ɦɨɧɨɥɢɬɧɨɣ ɤɟɪɚɦɢɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɨɣ ɩɚɣɤɢ ɢ ɤɥɟɟɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɢɩɨɣ σТ–SТ (ɧɚɩɨɥɧɹɸɳɢɣ ɫɥɨɣ) ɜ ɜɢɞɟ 
ɩɚɫɬɵ ɧɚɧɨɫɢɥɢ ɧɚ ɦɨɥɢɛɞɟɧɨɜɵɣ ɞɢɫɤ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ ɧɚ ɜɨɡɞɭɯɟ. Ɂɚɬɟɦ ɤɨɦ-
ɩɨɡɢɰɢɸ SТC/(σТ–Si)Mo/KɨЯКr ɫɨɟɞɢɧɹɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1γ50 °ɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɜ 
ɜɚɤɭɭɦɟ. ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɫɨɫɬɚɜɢɥɚ 10 ɢ 5 °ɋ/ɦɢɧ ɞɨ ɢ ɩɨɫɥɟ 1γ00 °ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɫɥɨɹɦɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɫɧɚɫɬɤɭ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɡɚɠɢ-
ɦɨɦ (ɭɫɢɥɢɟ з1 ɤɉɚ). ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɫɨɟɞɢɧɟɧɢɹ SТC/KШЯКr 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ ɦɢɤɪɨɫɤɨɩɚ (SEM) 
c EDS-ɚɧɚɥɢɡɨɦ.  

ɇɚ ɪɢɫ. β ɩɨɤɚɡɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ SТC/KШЯКr, 
ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨɟɞɢɧɟɧɢɹ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɢɫɬɟɦɵ SТC/σТ–Si/MШ/KШЯКr ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɤɥɟɢɜɚɧɢɹ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɚɣɤɢ. ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ 
ɨɛɥɚɫɬɢ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥ. γ. 
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Ɋɢɫ. β. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ SТC/KШЯКr (ɚ), ɦɟɠɮɚɡɧɚɹ ɝɪɚɧɢɰɚ KШЯКr/MШ (ɛ), ɡɨɧɚ 
Mo/Ni–Si/SiC (ɜ) ɢ ɦɟɠɮɚɡɧɚɹ ɝɪɚɧɢɰɚ SiC/Ni–Si (ɝ) [20] 
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Ɍɚɛɥɢɰɚ 3 
ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɡɨɧ ɫɨɟɞɢɧɟɧɢɹ SТC/KШЯКЫ Д21Ж 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ ɡɨɧɵ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɡɨɧɚɯ ɫɨɟɞɢɧɟɧɢɹ, % (ɚɬɨɦɧ.) 

Fe Ni Co Mo Si 

1 45,4 31,0 11,2 12,4 – 

2 28,7 14,0 8,5 47,5 1,3 

3 – 1,5 – 63,1 35,4 

4 4,1 23,2 1,7 36,9 34,1 

5 10,9 49,3 3,3 – 36,5 

6 2,1 21,2 0,6 38,9 37,2 

7 – 16,7 – 51,0 34,3 

 
ɇɚ ɪɢɫ. β, ɚ, ɜ, ɝ ɩɨɤɚɡɚɧɚ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ SТC/ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɫɥɨɣ. ɋɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɟɪɚɦɢɤɢ ɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɥɨɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɨɜɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɨɬɫɭɬɫɬɜɭɟɬ. ɇɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ KШЯКr/MШ ɢ MШ/σТ–SТ (ɪɢɫ. β, ɛ, ɜ) 
ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɦɟɠɮɚɡɧɵɯ ɫɥɨɟɜ ɡɚ ɫɱɟɬ ɚɤɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 
ɤɥɟɟɜɨɣ ɤɨɦɩɨɡɢɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɚɩɨɥɧɹɸɳɟɦ ɫɥɨɟ (ɪɢɫ. β, ɡɨɧɵ 4 ɢ 6) ɨɛɧɚɪɭɠɟɧɵ 
ɫɥɟɞɵ ɤɨɦɩɨɧɟɧɬɨɜ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ (FО ɢ CШ) ɢ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ σТ ɛɟɡ MШ 
(ɪɢɫ. β, ɡɨɧɚ 5). ɇɚɥɢɱɢɟ FО ɢ CШ ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɩɢɥɥɹɪɧɨɣ ɢɧɮɢɥɶɬɪɚɰɢɟɣ ɠɢɞɤɨɣ ɮɚ-
ɡɵ ɧɚ ɝɪɚɧɢɰɟ KШЯКr/Ɇɨ ɜ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ SТC/σТ–Si. 

ɉɪɢɦɟɧɟɧɢɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɨɟɞɢɧɟ-
ɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ SТC ɢ ɦɟɬɚɥɥɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɬ 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɝɨ ɩɪɨɮɢɥɹ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ȼɫɟ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯ-
ɧɢɤɢ ɧɚɯɨɞɹɬ ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɤɟɪɚɦɨɦɚɬɪɢɱɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɭɧɢɤɚɥɶɧɵɦ 
ɫɜɨɣɫɬɜɚɦ ɞɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɡɜɨɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɬɨɜɨɝɨ 
ɢɡɞɟɥɢɹ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɞɟɥɚɸɬ ɤɟɪɚɦɢɤɭ ɩɪɢɜɥɟɤɚɬɟɥɶ-
ɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɪɚɞɢɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɩɪɢ 
ɩɨɥɭɱɟɧɢɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɂɡ-ɡɚ ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɤɟɪɚ-
ɦɨɦɚɬɪɢɱɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚɬɪɭɞɧɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ, ɩɪɢɦɟɧɹ-
ɟɦɵɯ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɨɜ. Ɋɟɲɟɧɢɟɦ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɤɚ ɫɨ-
ɫɬɚɜɚ ɩɪɢɩɨɹ ɢ ɤɨɧɬɪɨɥɶ ɬɨɥɳɢɧɵ ɦɟɠɮɚɡɧɨɝɨ ɪɟɚɤɰɢɨɧɧɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɚ ɜɵ-
ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɢɩɨɟɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɯɪɚɧɢɬɶ ɩɪɟɜɨɫɯɨɞɧɵɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ.  

Ɋɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɦɟ-
ɬɨɞɨɜ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 
SТC ɢ ɦɟɬɚɥɥɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɬ ɢɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɝɨ ɩɪɨɮɢɥɹ. 
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Abstract. The results of studies on the stand of radiant heating of fire protection samples 
based on basalt fiber material MBOR when reproducing the conditions of high-temperature ex-
posure to structures and products in case of fire are considered. The possibility of estimating 
the effective coefficient of thermal conductivity of such materials at high temperatures using 
measurement data of the temperature of samples during tests is shown on the example of 
MBOR. The role of such experimental studies as well as thermo-technical calculations, con-
ducted on the basis of their results, is demonstrated both when choosing rational materials and 
determining the thickness of fire and thermal protection, and when confirming the operability of 
structures and products under specified conditions of high-temperature exposure. 
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ȼɜɟɞɟɧɢɟ 

Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɝɪɚɠɞɚɧɫɤɨɝɨ ɢ ɜɨɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɜɵɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣ-
ɫɬɜɢɣ. Ɉɧɢ ɦɨɝɭɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɤɚɤ ɩɪɢ ɢɯ ɲɬɚɬɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɚɤ ɢ ɜ ɚɜɚɪɢɣ-
ɧɵɯ ɫɢɬɭɚɰɢɹɯ (ɩɪɢ ɩɨɠɚɪɚɯ). Ɍɪɭɞɧɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɷɬɨɣ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɢ ɫɜɹɡɚɧɵ 
ɫɨ ɦɧɨɝɢɦɢ ɩɪɢɱɢɧɚɦɢ, ɜ ɱɢɫɥɟ ɤɨɬɨɪɵɯ ɪɚɡɧɨɨɛɪɚɡɢɟ ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ ɢ ɩɪɢɦɟɧɹɟ-
ɦɵɯ ɩɪɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɡɥɢɱɢɟ ɪɟɠɢɦɨɜ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ, ɪɚɡɥɢɱɢɟ ɬɪɟɛɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢɯ ɬɟɪɦɨ- ɢɥɢ ɨɝɧɟɫɬɨɣɤɨ-
ɫɬɢ ɢ ɬ. ɞ. Ɋɟɲɚɟɬɫɹ ɷɬɚ ɡɚɞɚɱɚ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨ- ɢ ɨɝɧɟɡɚɳɢɬɵ, ɪɚɰɢɨɧɚɥɶ-
ɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɬɨɪɨɣ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ 
ɪɚɫɱɟɬɨɜ.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨɞɢɤɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɝɧɟɡɚɳɢɬɵ 
ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɝɨ ɢɡ ɜɢɞɨɜ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɷɬɨɣ ɦɟɬɨɞɢɤɟ ɞɪɭɝɢɯ ɨɝɧɟ- ɢ ɬɟɩɥɨɡɚɳɢɬɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ. Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɢɯ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɶ ɩɪɢ ɩɨɠɚɪɟ ɢɥɢ ɩɨɫɥɟ ɧɟɝɨ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɟɣɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɩɪɟ-
ɞɟɥ ɨɝɧɟɫɬɨɣɤɨɫɬɢ. ɉɪɢɱɟɦ ɞɥɹ ɦɧɨɝɢɯ ɨɛɴɟɤɬɨɜ ɡɚɳɢɬɵ (ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɧɫɬɪɭɤɰɢɣ ɢ 
ɢɡɞɟɥɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɢɦɟɸɳɢɯ ɧɢɡɤɭɸ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ) ɬɪɟɛɭɟɦɨɣ ɨɝ-
ɧɟɫɬɨɣɤɨɫɬɢ ɧɟɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɬɨɧɤɨɫɥɨɣɧɵɯ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɨɝɧɟ-
ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ  ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɨɝɧɟɡɚɳɢɬɚ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɬɨɥɳɢɧɵ ɧɚ ɨɫɧɨɜɟ ɩɥɢɬ ɢɥɢ ɦɚɬɨɜ ɫ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ. 

ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɡɚɞɚɧɧɨɣ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɜɟɞɟɧɢɟ ɨɝɧɟɜɵɯ ɢɫ-
ɩɵɬɚɧɢɣ ɧɚɬɭɪɧɵɯ ɨɛɪɚɡɰɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɩɨ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɵɦ ɢɥɢ ɫɨɝɥɚ-
ɫɨɜɚɧɧɵɦ ɜ ɞɨɥɠɧɨɦ ɩɨɪɹɞɤɟ ɦɟɬɨɞɢɤɚɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɪɨɜɟɞɟɧɢɹ 
ɬɚɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɟɛɭɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɢ ɫɪɟɞɫɬɜ, 
ɩɪɢɱɟɦ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɟ ɜɨɫɩɪɨɢɡ-
ɜɟɞɟɧɢɟ ɭɫɥɨɜɢɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɪɚɡɜɢɬɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɰɟɧɚɪɢɹ ɩɨɠɚɪɚ, ɢ ɬɪɟɛɭɟɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɛɪɚɛɨɬɤɚ, ɚɧɚɥɢɡ ɢ ɨɛɴɟɤɬɢɜɧɚɹ ɬɪɚɤɬɨɜɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɢɯ ɢɫɩɵ-
ɬɚɧɢɣ. Ʉ ɬɨɦɭ ɠɟ ɧɟɜɨɡɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɩɨɞɨɛɧɵɯ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɨɝɧɟɜɵɯ ɷɤɫɩɟɪɢ-
ɦɟɧɬɨɜ ɪɚɫɫɦɨɬɪɟɬɶ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɧɟɧɢɹ ɤɚɤ ɫɚɦɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟ-
ɥɢɣ, ɬɚɤ ɢ ɢɯ ɨɝɧɟɡɚɳɢɬɵ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɜɨ ɜɪɟɦɟ-
ɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɢɥɢ ɩɚɞɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɚɞɚɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɫɬɚɧɞɚɪɬɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, 
ɤɨɬɨɪɵɣ ɮɢɝɭɪɢɪɭɟɬ ɜɨ ɦɧɨɝɢɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭ-
ɦɟɧɬɚɯ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸ «ɬɟɦɩɟɪɚɬɭɪɚ–ɜɪɟɦɹ»: 

 
Ɍɫɪ = Ɍ0 + γ45∙ lg(8t + 1) ,                                            (1) 

 
ɝɞɟ Ɍɫɪ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜɨɣ ɫɪɟɞɵ (ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ – ɷɬɨ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɨɝɧɟɜɨɣ ɩɟ-
ɱɢ), °ɋ; Ɍ0 – ɬɟɦɩɟɪɚɬɭɪɚ ɞɨ ɧɚɱɚɥɚ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ) °ɋ; t – ɜɪɟɦɹ, ɢɫɱɢɫɥɹɟɦɨɟ ɨɬ ɧɚɱɚɥɚ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɦɢɧ. 
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ɗɬɨɬ ɪɟɠɢɦ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɢ ɬɪɟɛɭɟɦɨɣ ɨɝɧɟ-
ɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ, ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ, ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɹɯ, ɧɚ ɬɪɚɧɫ-
ɩɨɪɬɟ ɢ ɬ. ɞ. Ɂɚɞɚɟɬɫɹ ɨɧ ɢ ɞɥɹ ɦɧɨɝɢɯ ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɢ –  
ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɤɨɪɚɛɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ȼɨɡɦɨɠɧɵ ɢ ɞɪɭɝɢɟ ɪɟɠɢɦɵ, ɤɨɬɨɪɵɟ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɬ ɤɨɧɤɪɟɬɧɵɦ ɫɰɟɧɚɪɢɹɦ ɪɚɡɜɢɬɢɹ ɩɨɠɚɪɚ. ȼɨɡɦɨɠɧɵ ɢ «ɧɟɦɨɧɨɬɨɧɧɵɟ» 
ɪɟɠɢɦɵ, ɤɨɝɞɚ ɩɨɫɥɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɧɚɪɚɫɬɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɟɟ ɩɨɫɬɟɩɟɧ-
ɧɨɟ ɫɧɢɠɟɧɢɟ. ɗɬɨ ɯɚɪɚɤɬɟɪɧɨ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɨɬɫɟɤɨɜ ɤɨɪɚɛɥɟɣ ȼɨɟɧɧɨ-ɦɨɪɫɤɨɝɨ ɮɥɨ-
ɬɚ – ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɞɜɨɞɧɵɯ ɥɨɞɨɤ, ɝɞɟ ɬɚɤɢɟ ɪɟɠɢɦɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚ ɭɪɨɜɧɟ 800–900 °ɋ ɜ ɬɟɱɟɧɢɟ 10–15 ɦɢɧ 
ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɫɬɟɩɟɧɧɵɦ ɫɧɢɠɟɧɢɟɦ ɟɟ ɜ ɬɟɱɟɧɢɟ ɞɟɫɹɬɤɨɜ ɦɢɧɭɬ. Ⱦɥɹ ɝɪɚɠɞɚɧ-
ɫɤɨɣ ɢ ɜɨɟɧɧɨɣ ɚɜɢɚɰɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɨ, ɱɬɨ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɨɛɪɚɡɰɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 
ɚɝɪɟɝɚɬɨɜ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɝɚɡɨɜɨɣ ɫɪɟɞɵ 
ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 1100 °ɋ ɜ ɬɟɱɟɧɢɟ 5 ɢɥɢ 15 ɦɢɧ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɩɪɢɧɹɬɨɣ ɜ ɨɬɪɚɫ-
ɥɢ ɬɟɪɦɢɧɨɥɨɝɢɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɨɝɧɟɫɬɨɣɤɨɫɬɶ ɢ ɨɝɧɟɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ ɱɚɳɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɪɟɠɢɦ, ɩɪɢ ɤɨɬɨ-
ɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɞɨ ɭɪɨɜɧɹ 1000–
1150 °ɋ. Ɉɧ ɮɢɝɭɪɢɪɭɟɬ ɜ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ ɢ ɡɚɞɚɟɬɫɹ ɞɥɹ ɨɛɴɟɤɬɨɜ ɧɟɮɬɟɯɢ-
ɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɟɮɬɹɧɵɯ ɩɥɚɬɮɨɪɦ ɢ ɩɪɨɱɢɯ ɨɛɴɟɤɬɨɜ, ɚ ɬɚɤɠɟ ɢɡɞɟɥɢɣ 
ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɢ ɧɚɥɢɱɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɝɨɪɸɱɟɝɨ. Ɍɚɤɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶɸ «ɬɟɦɩɟɪɚɬɭɪɚ–ɜɪɟɦɹ»: 

 
Ɍɫɪ = Ɍ0 + 1080(1 – 0,γβ5ɟ–0,167t – 0,64ɟ–2,5t).                                (2) 

 
Ȼɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ,  ɚ ɬɚɤɠɟ  ɪɟɠɢɦɨɜ ɨɝɧɟɜɨɝɨ ɜɨɡ-

ɞɟɣɫɬɜɢɹ ɩɨɤɚɡɚɥɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɢɯ ɩɨɠɚɪɨ-
ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɉɧ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɧɚ ɥɚɛɨ-
ɪɚɬɨɪɧɨ-ɫɬɟɧɞɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɫ ɨɰɟɧɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɜɵɛɨɪɨɦ ɪɚɰɢɨɧɚɥɶɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɨɝɧɟɡɚɳɢɬɵ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɰɟ-
ɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɌɎɏ) ɦɚɬɟɪɢɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɜɟɞɟɧɢɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. Ɉɧɢ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɯɨ-
ɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɥɹ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɜɵɛɨɪɚ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɢ ɬɨɥɳɢɧɵ ɨɝɧɟɡɚɳɢɬɵ (ɢɥɢ ɬɟɩɥɨɡɚɳɢɬɵ), ɚ ɬɚɤɠɟ ɞɥɹ ɨɰɟɧɤɢ ɢ 
ɨɛɨɫɧɨɜɚɧɢɹ ɭɪɨɜɧɹ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ.  

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɦɟɬɨɞɚɦ ɢ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɧɚ ɥɚɛɨɪɚ-
ɬɨɪɧɨ-ɫɬɟɧɞɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɩɪɨɜɟɞɟɧɧɵɣ ɜ ɪɚɛɨɬɟ Д1Ж, ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɢ-
ɟɦɥɟɦɵɦ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɫɬɜ ɨɝɧɟɡɚɳɢɬɵ ɹɜɥɹɟɬ-
ɫɹ ɫɬɟɧɞ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ, ɜ ɤɨɬɨɪɨɦ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɚɝɪɟɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɤɟɬ 
ɦɨɳɧɵɯ ɝɚɥɨɝɟɧɧɵɯ ɥɚɦɩ ɧɚɤɚɥɢɜɚɧɢɹ. ɋɬɟɧɞɵ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɫɨɡɞɚɜɚɥɢɫɶ, ɧɚɩɪɢɦɟɪ, ɜ ɆȽɌɍ 
ɢɦ. ɇ.ɗ. Ȼɚɭɦɚɧɚ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ДβЖ. 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟɨɛɯɨɞɢɦɵɣ ɨɩɵɬ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɧɚ ɩɨɞɨɛɧɨɦ ɨɛɨ-
ɪɭɞɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɫɬɜ ɨɝɧɟɡɚɳɢɬɵ ɢ ɬɟɩɥɨɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɪɚ-
ɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɬɟɯɧɢɤɢ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɢ ɞɪɭɝɢɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɢɦɟɸɬɫɹ ɜ ȺɈ «ɐɇɂɂɋɆ», ɱɬɨ ɨɬɪɚɠɟɧɨ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɬɚɬɶɹɯ Д3, 4]. 
ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɦɟɸɳɢɣɫɹ ɫɬɟɧɞ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ ɭɞɚɥɨɫɶ ɩɪɢɫɩɨɫɨɛɢɬɶ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ 
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ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɰɵ. ɂɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɹɬ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ, ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɪɚɛɨɬɟ Д5Ж, ɚ ɨɛɳɢɣ 
ɜɢɞ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɫɬɟɧɞɚ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɹ 
 
ɇɚɝɪɟɜɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɤɟɬ ɝɚɥɨɝɟɧɧɵɯ ɥɚɦɩ ɄȽββ0-β500, ɪɚɫɩɨɥɨ-

ɠɟɧɧɵɯ ɜ ɞɜɚ ɪɹɞɚ ɢ ɨɯɜɚɬɵɜɚɸɳɢɯ ɩɥɨɳɚɞɶ 400×400 ɦɦ. Ɇɨɳɧɨɫɬɶ ɨɞɧɨɣ ɥɚɦɩɵ 
β500 ȼɬ (ɜɫɟɝɨ ɜ ɩɚɤɟɬɟ 6γ ɥɚɦɩɵ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɚɹ ɦɨɳɧɨɫɬɶ ɧɚɝɪɟɜɚɬɟɥɹ ɫɨ-
ɫɬɚɜɥɹɟɬ 157,5 ɤȼɬ. Ʌɚɦɩɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɲɬɟɤɟɪɵ, ɨɛɴɟɞɢɧɟɧɧɵɟ ɜ ɲɢ-
ɧɵ, ɤɨɬɨɪɵɟ ɤɚɛɟɥɹɦɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɟɜɨɦ. Ɉɬɪɚɠɚɸɳɢɣ 
ɷɤɪɚɧ ɧɚɝɪɟɜɚɬɟɥɹ, ɡɚ ɤɨɬɨɪɵɦ ɪɚɫɩɨɥɨɠɟɧɵ ɲɬɟɤɟɪɵ, ɨɯɥɚɠɞɚɟɬɫɹ ɜɨɞɨɣ, ɱɬɨ ɩɨɡɜɨɥɹ-
ɟɬ ɭɜɟɥɢɱɢɬɶ ɞɥɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɇɚ ɨɛɳɟɦ ɜɢɞɟ ɫɬɟɧɞɚ, ɩɨɤɚɡɚɧɧɨɝɨ ɜ ɩɪɨ-
ɰɟɫɫɟ ɢɫɩɵɬɚɧɢɹ, ɜɢɞɧɚ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɚɹ ɩɥɚɫɬɢɧɚ, ɩɨɞ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɚɸɬɫɹ ɬɟɪ-
ɦɨɩɚɪɵ, ɪɟɝɢɫɬɪɢɪɭɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 
ɭɩɪɚɜɥɟɧɢɟ ɪɟɠɢɦɨɦ ɧɚɝɪɟɜɚ.  

ɗɬɨɬ ɪɟɠɢɦ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɡɚɞɚɟɬɫɹ ɬɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬ-
ɫɬɜɨɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢ ɩɨɠɚɪɟ. Ɍɚɤɨɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚ ɩɨɡɜɨɥɹɟɬ ɞɨ-
ɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɫɬɚɧɞɚɪɬɧɵɣ ɢɥɢ ɢɧɨɣ ɡɚɞɚɜɚɟɦɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟ-
ɠɢɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɰɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟ-
ɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɚ ɪɚɡɥɢɱɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɧɟɟ ɩɪɢ ɢɫ-
ɩɵɬɚɧɢɹɯ ɹɜɥɹɸɬɫɹ ɜɚɠɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢ-
ɡɚ ɢ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱɟɬɨɜ ɨɝɧɟɡɚɳɢɬɵ ɢ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ.  

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɢɡ ɱɢɫɥɚ ɢɡɜɟɫɬɧɵɯ ɫɪɟɞɫɬɜ ɨɝɧɟɡɚɳɢɬɵ ɧɚ ɫɬɟɧɞɟ ɥɭɱɢɫɬɨɝɨ 
ɧɚɝɪɟɜɚ ɢ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɟɦɭ ɜɟɪɫɢɹɯ ɩɪɨɜɨɞɢɥɢ ɢɫɩɵɬɚɧɢɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɨɛɪɚɡɰɨɜ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɨɝɧɟɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ. ɇɟɫɨɦɧɟɧɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɬɚɤɢɯ 
ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɨɛɪɚɡɰɨɦ ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɝɪɟɜɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɤɪɚɬɧɨɫɬɶ ɜɫɩɭɱɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ 
ɨ ɞɢɧɚɦɢɤɟ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɦɟɧɶɲɟɧɢɹ ɬɨɥɳɢɧɵ ɜɫɩɭɱɟɧɧɨɝɨ ɫɥɨɹ, ɬ. ɟ. ɨ ɫɬɨɣɤɨɫɬɢ 
ɩɟɧɨɤɨɤɫɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɦɟɧɧɨ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬ ɨɝɧɟɡɚɳɢɬɧɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɚɤɢɯ ɩɨɤɪɵɬɢɣ [6, 7]. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɜɨɡɦɨɠɧɨ ɩɟɪɟɦɟ-
ɳɟɧɢɟ ɨɛɪɚɡɰɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɧɨɤɨɤɫɚ ɞɨ 
ɝɪɟɸɳɟɣ ɩɚɧɟɥɢ ɢ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɰɟɧɢɬɶ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ ɟɝɨ ɬɨɥɳɢɧɵ.  
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɜɫɩɭɱɢɜɚɸɳɢɯɫɹ ɩɨɤɪɵɬɢɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵ-
ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɟɠɢɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɫɬɚɜɥɹɥɚ 10–
γ0 ɦɢɧ. ɇɨ ɜɫɩɭɱɢɜɚɸɳɢɟɫɹ ɨɝɧɟɡɚɳɢɬɧɵɟ ɫɨɫɬɚɜɵ ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɧɭɸ ɫɮɟɪɭ ɩɪɢ-
ɦɟɧɟɧɢɹ. Ɉɧɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɚɯ [6, 7], ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɩɪɢɦɟɧɢɦɵ ɞɥɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɟ-
ɚɥɢɡɚɰɢɢ ɧɚɢɛɨɥɟɟ ɠɟɫɬɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ – ɧɚɩɪɢɦɟɪ, ɩɪɢ ɭɝɥɟɜɨ-
ɞɨɪɨɞɧɨɦ ɪɟɠɢɦɟ ɩɨɠɚɪɚ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ ɞɨɥɠɧɚ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɚɹ ɨɝɧɟɡɚɳɢɬɚ ɧɚ ɨɫɧɨɜɟ ɬɟɪɦɨɫɬɨɣɤɢɯ ɩɥɢɬ ɢɥɢ ɦɚɬɨɜ. ȼɚɠɧɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɚɤɨɣ ɨɝɧɟɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɬɟɧɞɟ ɥɭ-
ɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ. ȿɝɨ ɭɞɚɥɨɫɶ ɩɪɢɫɩɨɫɨɛɢɬɶ ɞɥɹ ɷɬɨɝɨ ɛɥɚɝɨɞɚɪɹ ɨɛɟɫɩɟɱɟɧɢɸ ɪɚɛɨɬɵ 
ɧɚɝɪɟɜɚɬɟɥɹ ɜ ɮɨɪɫɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ ɢ ɧɟɞɨɩɭɳɟɧɢɸ ɩɟɪɟɝɪɟɜɚ (ɨɯɥɚɠɞɟɧɢɹ) ɤɥɟɦɦ 
ɝɚɥɨɝɟɧɧɵɯ ɥɚɦɩ ɧɚɤɚɥɢɜɚɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɩɪɢ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ ɧɚɝɪɟɜɚ ɞɨ ɞɟɫɹɬɤɨɜ ɦɢɧɭɬ ɢ ɞɚɠɟ ɞɨ 1 ɱ ɢ ɛɨɥɟɟ.  

Ʉɪɨɦɟ ɨɰɟɧɤɢ ɨɝɧɟɡɚɳɢɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɷɤɫɩɟɪɢɦɟɧɬɵ ɧɚ ɫɬɟɧɞɟ ɥɭɱɢɫɬɨɝɨ 
ɧɚɝɪɟɜɚ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜɚɠɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɵɯ ɌɎɏ – ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɞɥɹ ɨɝɧɟɡɚɳɢɬɧɵɯ ɢ/ɢɥɢ ɬɟɩ-
ɥɨɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɨɞɨɛɧɵɣ 
ɩɨɞɯɨɞ ɩɪɚɤɬɢɤɭɟɬɫɹ ɜ ɪɚɛɨɬɟ [8Ж, ɜ ɤɨɬɨɪɨɣ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɚɹ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɚ ɬɚɤɠɟ ɩɨɞ 
ɩɥɚɫɬɢɧɨɣ ɢɡ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ) ɢ ɩɨ ɬɨɥɳɢɧɟ ɨɛɪɚɡɰɚ ɢɫɫɥɟɞɭɟɦɨɣ ɜɵ-
ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ (ɬɟɩɥɨɡɚɳɢɬɵ). ɇɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɬɨɤɨɦ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɰɟɬɢɥɟɧɨ-ɤɢɫɥɨɪɨɞɧɨɣ ɢɥɢ ɩɪɨɩɚɧɨ-ɤɢɫɥɨɪɨɞɧɨɣ ɫɦɟɫɢ ɨɬ ɦɧɨ-
ɝɨɮɚɤɟɥɶɧɨɣ ɝɨɪɟɥɤɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 1700 Ʉ. ɇɨ ɩɪɢ ɷɬɨɦ ɭɞɚɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɬɨɥɶ-
ɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɭɸ ɡɨɧɭ ɧɚɝɪɟɜɚ, ɩɨɷɬɨɦɭ ɪɚɡɦɟɪ ɨɛɪɚɡɰɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 
50×50 ɦɦ. ȼɨɡɧɢɤɚɟɬ ɬɚɤɠɟ ɩɪɨɛɥɟɦɚ «ɤɪɚɟɜɨɝɨ ɷɮɮɟɤɬɚ» ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ, ɢɦɟɸɳɟɣ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɧɚɱɢɬɟɥɶɧɭɸ ɬɨɥ-
ɳɢɧɭ. ɂɡ-ɡɚ ɷɬɨɝɨ ɩɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɟɧɞɟ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ, ɧɟɫɨɦɧɟɧɧɨ, 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ, ɱɟɦ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ [8]. 

ȼɨɡɦɨɠɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɬɚɤɨɦ ɫɬɟɧɞɟ ɩɪɨɢɥɥɸɫɬɪɢɪɭɟɦ ɧɚ ɩɪɢɦɟɪɟ  
ɜɚɪɢɚɧɬɚ ɨɝɧɟɡɚɳɢɬɵ ɧɚ ɨɫɧɨɜɟ ɪɭɥɨɧɧɨɝɨ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ 
ɆȻɈɊ-β0Ɏ, ɢɦɟɸɳɟɝɨ ɫɥɨɣ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. Ȼɚɡɚɥɶɬɨɜɨɥɨɤɧɢ-
ɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɢɡɜɟɫɬɧɵ ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɢɦɟɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡ-
ɤɭɸ ɫɬɨɢɦɨɫɬɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɞɥɹ ɡɚɳɢɬɵ ɪɚɡɥɢɱɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɝɪɚɠɞɚɧɫɤɨɝɨ ɢ ɜɨɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɦɚɬɟɪɢɚɥ ɆȻɈɊ 
ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢɧɵ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɤɥɟɟɜɵɦ ɨɝɧɟɡɚɳɢɬɧɵɦ ɫɨɫɬɚ-
ɜɨɦ ɉɅȺɁȺɋ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɧɟɫɭɳɢɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, 
ɜɨɡɞɭɯɨɜɨɞɨɜ ɢ ɬ. ɞ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɇɚ ɫɬɟɧɞɟ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɪɚɡɦɟɪɨɦ γ00×β00 ɦɦ, ɫɨɫɬɨɹ-
ɳɢɯ ɢɡ ɨɞɧɨɝɨ, ɞɜɭɯ ɢ ɬɪɟɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ ɬɨɥɳɢɧɨɣ ɩɨ β0 ɦɦ ɩɪɢ ɨɬɫɭɬ-
ɫɬɜɢɢ ɢɥɢ ɧɚɥɢɱɢɢ ɫɥɨɟɜ ɤɥɟɟɜɨɝɨ ɨɝɧɟɡɚɳɢɬɧɨɝɨ ɫɨɫɬɚɜɚ ɉɅȺɁȺɋ. Ɋɟɲɚɥɢ ɡɚɞɚɱɭ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɨɝɧɟɡɚɳɢɬɵ ɢ ɡɚɞɚɧɧɨɣ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɫɢɥɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɩɨɥɢɦɟɪ-
ɧɨɝɨ ɤɨɦɩɨɡɢɬɚ (ɩɨɥɢɭɪɟɬɚɧɚ ɦɚɪɤɢ ɋɄɍ-ɉɎɅ-100) ɬɨɥɳɢɧɨɣ β0 ɦɦ. Ɂɚɞɚɜɚɥɢ  
ɢ ɜɨɫɩɪɨɢɡɜɨɞɢɥɢ ɫɬɚɧɞɚɪɬɧɵɣ ɪɟɠɢɦ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɩɢɫɵɜɚɟɦɵɣ ɡɚɜɢɫɢɦɨ-
ɫɬɶɸ (1). ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɢɦɫɬɜɨɜɚɧɧɵɟ ɢɡ ɪɚɛɨɬɵ Д1Ж ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɚɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɧɚ ɝɪɚɧɢɰɟ 
«ɨɝɧɟɡɚɳɢɬɚ–ɩɨɥɢɭɪɟɬɚɧɨɜɚɹ ɩɥɚɫɬɢɧɚ», ɚ ɬɚɤɠɟ ɦɟɠɞɭ ɤɚɠɞɵɦ ɫɥɨɟɦ ɦɚɬɟɪɢɚɥɚ 
ɆȻɈɊ-β0Ɏ. 
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Ɋɢɫ. β. ɂɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɧɟɡɚɳɢɬɵ (▬)  
ɢ ɩɥɚɫɬɢɧɵ ɢɡ ɩɨɥɢɭɪɟɬɚɧɚ (▬, ▬) ɞɥɹ ɨɛɪɚɡɰɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɨɞɧɨɝɨ (ɚ), ɞɜɭɯ (ɛ, ɜ) ɢ ɬɪɟɯ 
ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ (ɝ), ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɟ ɩɟɪɜɨɝɨ-ɜɬɨɪɨɝɨ (▬, ▬)  
ɢ ɜɬɨɪɨɝɨ-ɬɪɟɬɶɟɝɨ (▬, ▬) ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ; – – – ɪɚɫɱɟɬ 

 
ɇɚɥɢɱɢɟ ɩɨɞɨɛɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨɡɜɨɥɢɥɨ ɭɬɨɱɧɢɬɶ ɌɎɏ 

ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ – ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞɢɤɭ ɢ ɤɨɦɩɶɸɬɟɪɧɭɸ ɩɪɨɝɪɚɦɦɭ Д9Ж, ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɪɚɫɱɟɬɨɜ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɦɧɨɝɨɫɥɨɣɧɨɣ ɩɥɚɫɬɢɧɟ. Ɉɧɚ ɨɫɧɨɜɚɧɚ ɧɚ ɱɢɫɥɟɧɧɨɦ ɪɟɲɟɧɢɢ 
ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ, ɜɤɥɸɱɚɸɳɟɣ ɭɪɚɜɧɟɧɢɟ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɝɪɚ-
ɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɪɚɧɢɱ-
ɧɨɟ ɭɫɥɨɜɢɟ 1-ɝɨ ɪɨɞɚ, ɢ ɜ ɷɬɨɦ ɤɚɱɟɫɬɜɟ ɛɪɚɥɢ ɜɪɟɦɟɧɧɵ ɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ  
ɧɚ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ (ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɨ ɡɧɚɱɟɧɢɹɦ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ 
ɪɢɫ. β). ɉɨ ɫɭɳɟɫɬɜɭ, ɪɟɲɚɥɢ ɧɟɤɨɟ ɩɨɞɨɛɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɡɧɚɱɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ ɡɚɞɚɜɚɥɢ ɪɚɜɧɵɦ 
1000 Ⱦɠ/(ɤɝ·Ʉ)).  

ɉɪɨɢɡɜɨɞɢɬɟɥɟɦ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ ɭɤɚɡɚɧɚ ɬɨɥɶɤɨ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
(110 ɤɝ/ɦ3) ɢ ɞɚɧɧɵɟ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ γ00 °ɋ: 
0,0γβ ȼɬ/(ɦ∙Ʉ) ɩɪɢ 0 °ɋ; 0,0γ5 ɩɪɢ β0 °ɋ; 0,05β ɩɪɢ 1β5 °ɋ; 0,1ββ ȼɬ/(ɦ∙Ʉ) ɩɪɢ γ00 °ɋ. 
ɉɪɢɧɢɦɚɥɢ ɥɢɧɟɣɧɨɟ ɢɡɦɟɧɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɦɟɠɞɭ ɜɫɟɦɢ ɤɨɧɬɪɨɥɶɧɵɦɢ ɬɨɱɤɚɦɢ, 
ɚ ɜ ɤɚɱɟɫɬɜɟ ɢɫɤɨɦɨɣ ɜɟɥɢɱɢɧɵ – ɟɝɨ ɡɧɚɱɟɧɢɟ ɩɪɢ ɭɫɥɨɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 1β00 °ɋ. ɍɱɢ-
ɬɵɜɚɥɢ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ ɩɨ ɌɎɏ ɩɨɥɢɭɪɟɬɚɧɚ ɋɄɍ-ɉɎɅ-100: 

– ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ȼɬ/(ɦ∙Ʉ): 0,β07 ɩɪɢ 0 °ɋ; 0,β1 ɩɪɢ β5 °ɋ; 0,β1γ 
ɩɪɢ 50 °ɋ; 0,β19 ɩɪɢ 100 °ɋ; 0,ββ5 ɩɪɢ 150 °ɋ;  
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– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ·Ʉ): 15β1 ɩɪɢ 0 °ɋ; 1616 ɩɪɢ β5 °ɋ; 1714 ɩɪɢ 50 °ɋ; 
19γγ ɩɪɢ 100 °ɋ; βββ1 ɩɪɢ 150 °ɋ; 

– ɩɥɨɬɧɨɫɬɶ 11γ0 ɤɝ/ɦ3.  
ɉɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɫ ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 

ɞɚɧɧɵɦɢ ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɚɪ. ɉɨɥɭɱɟɧɨ, ɱɬɨ ɩɪɨɝɧɨɡɢɪɭɟɦɨɟ ɡɧɚɱɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β00 °ɋ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 0,44 ȼɬ/(ɦ∙Ʉ). ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɚɫ-
ɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɌɎɏ ɞɥɹ ɦɚɬɟ-
ɪɢɚɥɚ ɆȻɈɊ. ɉɨɥɭɱɟɧɨ ɢɯ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɌɎɏ ɞɥɹ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɞɟɪɠɚɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ Д10Ж 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɢɡɦɟɧɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɚ-
ɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɟɝɨ ɩɥɨɬɧɨɫɬɢ ɫ 80 ɞɨ 1β0 ɤɝ/ɦ3. 
ɗɬɨɬ ɤɨɷɮɮɢɰɢɟɧɬ ɨɩɪɟɞɟɥɹɥɢ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 500 °ɋ ɤɚɤ ɧɚ ɩɪɢɛɨɪɟ GHP 456 Tian 
ɮɢɪɦɵ Netzsch, ɬɚɤ ɢ ɫ ɩɨɦɨɳɶɸ ɪɚɫɱɟɬɨɜ. ɂɫɩɵɬɚɧɢɹ  ɧɚ ɫɬɟɧɞɟ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ ɫ ɚɧɚ-
ɥɢɡɨɦ ɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɥɨɠɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɛɨɥɟɟ ɨɩɪɚɜɞɚɧɧɵɦɢ, ɩɨ-
ɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɝɨɪɚɡɞɨ 
ɛɨɥɶɲɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ. 

ɇɚ ɪɢɫ. γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɢɦɫɬɜɨɜɚɧɧɵɟ ɢɡ ɪɚɛɨɬɵ Д1Ж ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɞɥɹ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɥɢɱɢɢ ɤɥɟɟɜɨɝɨ ɨɝɧɟɡɚɳɢɬɧɨɝɨ ɫɨɫɬɚɜɚ ɉɅȺɁȺɋ ɬɨɥɳɢɧɨɣ 
з0,7 ɦɦ ɦɟɠɞɭ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ. Ʉɪɨɦɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ, ɧɚ ɷɬɢ ɝɪɚɮɢɤɢ 
(ɤɚɤ ɢ ɧɚ ɪɢɫ. β) ɧɚɧɟɫɟɧɵ ɪɚɫɱɟɬɧɵɟ ɤɪɢɜɵɟ. Ɉɧɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɫ ɩɨ-
ɦɨɳɶɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɦɟɬɨɞɢɤɢ ɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ Д9Ж ɩɪɢ ɭɤɚɡɚɧɧɵɯ 
ɷɮɮɟɤɬɢɜɧɵɯ ɌɎɏ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ. ȼɢɞɧɨ, ɱɬɨ ɨɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ 
ɧɢɠɟ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ (ɨɫɨɛɟɧɧɨ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ 
ɧɚɝɪɟɜɚ). ɗɬɨ ɹɜɥɹɟɬɫɹ ɫɜɢɞɟɬɟɥɶɫɬɜɨɦ ɜɥɢɹɧɢɹ ɜɥɚɝɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɤɥɟɟɜɨɦ ɫɨɫɬɚɜɟ, 
ɧɚ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɞɚɱɢ ɜ ɫɥɨɹɯ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɢ ɧɚ ɩɨɜɵ-
ɲɟɧɢɟ ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɗɮɮɟɤɬɨɦ ɨɬ ɬɚɤɨɝɨ ɜɥɢɹɧɢɹ ɦɨɠɧɨ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɜɨɫɩɨɥɶ-
ɡɨɜɚɬɶɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɩɪɟɞɟɥɚ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɡɚɳɢɳɚɟɦɵɯ ɷɥɟɦɟɧ-
ɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞɵ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɭɱɟɬɨɦ ɭɤɚɡɚɧɧɵɯ ɫɥɨɠɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜɨ ɜɥɚɝɨɫɨɞɟɪɠɚɳɢɯ ɦɚɬɟɪɢɚɥɚɯ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɪɨɜɨ-
ɞɢɦɵɟ ɪɚɫɱɟɬɵ, ɩɨ ɫɭɳɟɫɬɜɭ, ɢɦɟɸɬ ɯɚɪɚɤɬɟɪ ɧɚɭɱɧɵɯ ɢɡɵɫɤɚɧɢɣ Д11–13].  
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Ɋɢɫ. γ. ɂɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɧɟɡɚɳɢɬɵ (▬) ɢ 
ɩɥɚɫɬɢɧɵ ɢɡ ɩɨɥɢɭɪɟɬɚɧɚ (▬, ▬) ɞɥɹ ɨɛɪɚɡɰɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɪɟɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ 
ɫɨ ɫɥɨɹɦɢ ɫɨɫɬɚɜɚ ɉɅȺɁȺɋ ɦɟɠɞɭ ɧɢɦɢ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɟ ɩɟɪɜɨɝɨ-ɜɬɨɪɨɝɨ (▬, 
▬) ɢ ɜɬɨɪɨɝɨ-ɬɪɟɬɶɟɝɨ (▬, ▬)  ɫɥɨɟɜ ɨɝɧɟɡɚɳɢɬɵ; – – –  ɪɚɫɱɟɬ 
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Ʉɪɨɦɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜɚɪɢɚɧɬɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ 
ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ (ɪɢɫ. β ɢ γ), ɭɞɚɥɨɫɶ ɩɪɨɜɟɫɬɢ ɩɟɪɜɵɟ ɢɫɩɵɬɚ-
ɧɢɹ ɩɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɛɨɥɟɟ ɠɟɫɬɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɟɠɢɦɚ ɩɨɠɚɪɚ, ɨɩɢɫɵɜɚɟ-
ɦɨɝɨ ɡɚɜɢɫɢɦɨɫɬɶɸ (β). ɉɪɨɜɟɞɟɧɨ ɱɟɬɵɪɟ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɫɬɢɧɭ, ɧɨ ɧɟ ɢɡ ɩɨɥɢɭɪɟɬɚɧɚ, ɚ ɢɡ ɫɬɚɥɢ ɬɨɥɳɢɧɨɣ 
γ ɦɦ (ɞɜɚ ɢɡ ɧɢɯ – ɩɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ, ɚ ɞɜɚ ɞɪɭ-
ɝɢɯ – ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ). Ȼɨɥɟɟ ɠɟɫɬɤɢɣ ɪɟɠɢɦ ɭɞɚɥɨɫɶ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɩɭɬɟɦ ɡɧɚɱɢɬɟɥɶɧɨ-
ɝɨ ɭɜɟɥɢɱɟɧɢɹ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ ɝɪɟɸɳɭɸ ɩɚɧɟɥɶ ɫɬɟɧɞɚ. 

ɂɫɩɵɬɵɜɚɥɢ ɨɛɪɚɡɰɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɞɜɭɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ ɩɪɢ ɨɬ-
ɫɭɬɫɬɜɢɢ ɢɥɢ ɧɚɥɢɱɢɢ ɤɥɟɟɜɨɝɨ ɨɝɧɟɡɚɳɢɬɧɨɝɨ ɫɨɫɬɚɜɚ ɉɅȺɁȺɋ, ɤɚɤ ɦɟɠɞɭ ɫɥɨɹɦɢ, 
ɬɚɤ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ. ɇɚ ɪɢɫ. 4 ɢ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟ-
ɪɟɧɢɣ: ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɧɟɡɚɳɢɬɵ, ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɫɬɚɥɶɧɨɣ 
ɩɥɚɫɬɢɧɵ, ɚ ɬɚɤɠɟ ɧɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ. ɇɚ ɷɬɢ ɝɪɚɮɢɤɢ 
ɧɚɧɟɫɟɧɵ ɬɚɤɠɟ ɪɚɫɱɟɬɧɵɟ ɤɪɢɜɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɪɚɫɱɟɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɤɚɡɚɧɧɵɯ ɪɚɧɟɟ ɌɎɏ ɞɥɹ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɨ (ɤɚɤ ɢ ɧɚ 
ɪɢɫ. β) ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɨɛɪɚɡɰɚ ɛɟɡ ɤɥɟɟɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɜɨɫɩɪɨ-
ɢɡɜɟɞɟɧɢɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɟɠɢɦɚ ɞɥɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɨɪɹɞɤɚ 60–90 ɦɢɧ, ɬ. ɟ. ɞɥɹ 
ɜɪɟɦɟɧɢ ɨɝɧɟɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɨɝ-
ɧɟɡɚɳɢɬɚ (ɪɢɫ. 4, ɚ). ɉɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɟɠɢɦɚ ɚɧɚɥɨɝɢɱɧɨɟ ɫɨɩɨ-
ɫɬɚɜɥɟɧɢɟ ɩɨɤɚɡɚɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɛόɥɶɲɢɣ ɭɪɨɜɟɧɶ ɡɧɚɱɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɱɟɬɧɵɦɢ (ɪɢɫ. 4, ɛ). ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɛɨɥɟɟ «ɠɟɫɬ-
ɤɢɯ» ɪɟɠɢɦɨɜ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢ ɭɪɨɜɧɟ ɬɟɦɩɟɪɚɬɭɪ ɩɨɪɹɞɤɚ 1000–1100 °ɋ) ɧɟɜɨɡɦɨɠ-
ɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɡɧɚɱɟɧɢɹɦɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɵ ɜ ɭɫɥɨɜɢɹɯ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ȼɢɡɭɚɥɶ-
ɧɵɣ ɨɫɦɨɬɪ ɫɨɫɬɨɹɧɢɹ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɷɬɨɝɨ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɫɬɨɥɶ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɢɡɨɲɥɢ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ. Ɉɬɦɟɱɟɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɭɫɚɞɤɚ ɧɚɢɛɨɥɟɟ ɩɪɨɝɪɟɬɵɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ, ɚ 
ɬɚɤɠɟ ɱɚɫɬɢɱɧɨɟ ɨɩɥɚɜɥɟɧɢɟ (ɫɩɟɤɚɧɢɟ) ɜɨɥɨɤɨɧ ɫ ɩɨɹɜɥɟɧɢɟɦ ɩɭɫɬɨɬ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ 
ɫɥɨɟ ɨɛɪɚɡɰɚ. ȼ ɯɨɞɟ ɨɫɦɨɬɪɚ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɫɬɚɧɞɚɪɬɧɨ-
ɝɨ ɪɟɠɢɦɚ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɫɬɪɭɤɬɭɪɵ ɧɟ ɜɵɹɜɥɟɧɨ Д1Ж.  
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Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɝɧɟɡɚɳɢ-
ɬɵ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɞɜɭɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ (▬, ▬), ɩɪɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɫɬɚɧɞɚɪɬɧɨɝɨ 
(ɚ) ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɟɠɢɦɚ (ɛ); ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɞɭ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ (▬, ▬),  
ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɝɪɚɧɢɰɚɯ «ɫɬɚɥɶɧɚɹ ɩɥɚɫɬɢɧɚ–ɨɝɧɟɡɚɳɢɬɚ» (▬) ɢ «ɫɬɚɥɶɧɚɹ ɩɥɚɫɬɢɧɚ–
ɬɟɩɥɨɢɡɨɥɹɰɢɹ» (▬); – – –  ɪɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɢ ɦɟɠɞɭ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚ-
ɥɚ ɆȻɈɊ-β0Ɏ 



Ко̥по̛̚ц̛о̦̦̼е ̥ате̛̬ал̼  

 

 

 92                     АȐиаȤиȜțțые Țатериаșы и теȣțȜșȜȑии / Aviation materials and technologies  3 (68)  2022 

 

ȼ ɢɞɟɚɥɶɧɨɦ ɜɚɪɢɚɧɬɟ ɬɚɤɢɟ ɢɡɦɟɧɟɧɢɹ ɦɨɝɥɢ ɛɵ ɭɱɢɬɵɜɚɬɶɫɹ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɦɚɬɟɪɢɚɥɚɯ, 
ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɞɟɝɪɚɞɢɪɨɜɚɬɶ, ɚ ɬɨɥɳɢɧɚ ɦɨɠɟɬ ɭɦɟɧɶɲɚɬɶɫɹ ɩɪɢ ɧɚɝɪɟɜɟ. 
ɇɨ ɬɨɝɞɚ ɪɚɫɱɟɬ ɞɨɥɠɟɧ ɛɵɥ ɛɵ ɩɪɨɜɨɞɢɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɦɟɬɨɞɢɤɢ ɢ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɱɟɦ ɢɫɩɨɥɶɡɭɟɦɵɟ ɨɛɵɱɧɨ. ɉɨɤɚ ɬɚɤɢɟ ɢɧɠɟɧɟɪɧɵɟ ɦɟɬɨ-
ɞɢɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɤɚɤ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ, ɫɭɳɟɫɬɜɭɟɬ 
ɨɛɳɟɩɪɢɧɹɬɨɟ ɩɨɧɹɬɢɟ «ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ» ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 4, ɚ ɢ ɛ, ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɜɨɞɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɭɤɚɡɚɧɧɵɯ ɪɚɧɟɟ, ɬ. ɟ. ɢɯ ɨɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ ɞɨɥɠɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɧɚ ɨɫ-
ɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ (ɛɨɥɟɟ «ɠɟɫɬɤɨɦ») ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ.  

Ⱦɜɚ ɞɪɭɝɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɩɪɨɜɨɞɢɥɢ ɫ 
ɤɥɟɟɜɵɦ ɫɨɫɬɚɜɨɦ ɉɅȺɁȺɋ ɧɚ ɝɪɚɧɢɰɚɯ ɦɟɠɞɭ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ ɢ «ɨɝɧɟɡɚɳɢ-
ɬɚ–ɩɥɚɫɬɢɧɚ» (ɪɢɫ. 5). ɉɪɟɞɫɬɚɜɥɟɧɵ (ɤɚɤ ɢ ɧɚ ɪɢɫ. 4) ɪɚɫɱɟɬɧɵɟ ɤɪɢɜɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ 
ɭɱɟɬɨɦ ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɡɰɚ ɢ ɭɤɚɡɚɧɧɵɯ ɪɚɧɟɟ ɡɧɚɱɟɧɢɣ ɌɎɏ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫ-
ɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɟɠɢɦɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ (ɤɚɤ ɢ ɧɚ ɪɢɫ. 4, ɨɫɨɛɟɧɧɨ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ 
ɧɚɝɪɟɜɚ) ɜɵɲɟ ɪɚɫɱɟɬɧɵɯ ɤɪɢɜɵɯ, ɫɜɹɡɚɧɨ ɷɬɨ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɷɮɮɟɤɬɨɦ ɨɬ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɜɥɚɝɨɫɨɞɟɪɠɚɳɟɝɨ ɫɨɫɬɚɜɚ ɉɅȺɁȺɋ. ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɧɟ ɫɪɚɡɭ ɭɞɚɥɨɫɶ ɨɛɟɫɩɟ-
ɱɢɬɶ ɭɪɨɜɟɧɶ ɧɚɝɪɟɜɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɪɟɠɢɦɚ (ɪɢɫ. 4, ɚ). ɇɨ ɩɪɚɤɬɢɤɭɟɦɵɣ ɩɨɞɯɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫ-
ɱɟɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɚɠɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɩɪɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɢɯ (ɤɚɠɭ-
ɳɢɯɫɹ ɧɟɤɨɧɞɢɰɢɨɧɧɵɦɢ) ɢɫɩɵɬɚɧɢɣ.  
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Ɋɢɫ. 5. ɂɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɚɝɪɟɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɝɧɟɡɚɳɢ-
ɬɵ (▬, ▬) ɢ ɩɥɚɫɬɢɧɵ ɢɡ ɫɬɚɥɢ ɧɚ ɟɟ ɝɪɚɧɢɰɟ ɫ ɨɝɧɟɡɚɳɢɬɨɣ (▬, ▬) ɢ ɫ ɬɟɩɥɨɢɡɨɥɹɰɢɟɣ (▬, 
▬), ɚ ɬɚɤɠɟ ɦɟɠɞɭ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ-β0Ɏ (▬, ▬) ɩɪɢ ɧɚɥɢɱɢɢ ɫɥɨɟɜ ɫɨɫɬɚɜɚ ɉɅȺɁȺɋ; 
– – –  ɪɚɫɱɟɬ 

 
ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɨɛɪɚɡɰɚ ɫ ɤɥɟɟɜɵɦ ɫɨɫɬɚɜɨɦ ɜ ɭɫɥɨɜɢɹɯ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɭɝɥɟ-

ɜɨɞɨɪɨɞɧɨɝɨ ɪɟɠɢɦɚ ɡɚɮɢɤɫɢɪɨɜɚɧ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨ ɥɶɲɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɟɦ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɤɥɟɟɜɵɯ ɩɪɨɫɥɨɟɤ (ɪɢɫ. 5, ɛ). ɗɬɨ ɜɵɝɥɹɞɢɬ ɧɟ ɫɨɜɫɟɦ ɥɨɝɢɱɧɵɦ (ɪɢɫ. 4, ɛ), 
ɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɢ ɭɪɨɜɧɟ ɬɟɦɩɟɪɚɬɭɪ 1000–1100 °ɋ ɩɪɨɢɫɯɨɞɹɬ ɤɪɢɬɢ-
ɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɡɧɚɱɢ-
ɬɟɥɶɧɵɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɳɢɳɚɟɦɨɣ ɩɥɚɫɬɢɧɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɱɟɬɧɵɟ ɤɪɢɜɵɟ 
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ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ (ɪɢɫ. 5, ɛ). Ʉɚɤ ɢ ɨɠɢɞɚɥɨɫɶ, ɩɪɢ 
ɜɢɡɭɚɥɶɧɨɦ ɨɫɦɨɬɪɟ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɟɝɪɚɞɚɰɢɹ 
ɦɚɬɟɪɢɚɥɚ – ɭɫɚɞɤɚ, ɨɩɥɚɜɥɟɧɢɟ, ɨɛɪɚɡɨɜɚɧɢɟ ɩɭɫɬɨɬ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɨɞɢɦɵɟ ɢɫɩɵɬɚɧɢɹ,  ɧɚɪɹɞɭ ɫ ɨɰɟɧɤɨɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɢ ɩɨɥɭɱɟɧɢɟɦ ɜɚɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɨɰɟɧɤɢ 
ɷɮɮɟɤɬɢɜɧɵɯ ɌɎɏ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɜɚɬɶ ɢɯ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ. ɉɨɞɨɛɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɪɟɞɫɬɜ 
ɨɝɧɟɡɚɳɢɬɵ. ɗɬɨ ɬɟɦ ɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɨ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɧɚ ɪɵɧɤɟ ɧɟɪɟɞɤɢ ɫɥɭɱɚɢ 
ɩɨɹɜɥɟɧɢɹ ɧɟɤɚɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɭ ɧɟɞɨɛɪɨɫɨɜɟɫɬɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ Д14Ж. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɩɨ ɨɰɟɧɤɟ ɤɚɱɟɫɬɜɚ ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɬɢɩɚ 
ɆȻɈɊ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ Д8Ж. Ɂɚɮɢɤɫɢɪɨɜɚɧɨ ɫɨɫɬɨɹɧɢɟ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ 
ɜ ɬɟɪɦɨɩɟɱɢ. ɇɨ ɛɨɥɟɟ ɨɛɴɟɤɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭ-
ɱɟɧɚ ɧɚ ɫɬɟɧɞɟ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ.  

Ȼɨɥɟɟ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɬɟɦɩɟɪɚɬɭɪɵ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɉɛɟɫɩɟɱɟɧɢɟ 
ɜɵɫɨɤɢɯ ɩɪɟɞɟɥɨɜ ɨɝɧɟɫɬɨɣɤɨɫɬɢ ɡɚɳɢɳɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɞɨɛɧɵɯ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɲɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨɡɦɨɠɧɨ, ɧɨ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɥ-
ɳɢɧɵ ɨɝɧɟɡɚɳɢɬɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɹɜɥɹɸɬɫɹ «ɠɟɪɬɜɟɧɧɵɟ» ɫɥɨɢ, ɤɨɬɨɪɵɟ ɬɟɦ ɧɟ ɦɟɧɟɟ 
ɜɧɨɫɹɬ ɫɜɨɣ ɜɤɥɚɞ ɜ ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɨɝɧɟɫɬɨɣɤɨɫɬɢ.  

Ⱦɪɭɝɢɦ ɢɡɜɟɫɬɧɵɦ ɜɚɪɢɚɧɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɣ ɨɝɧɟɡɚɳɢɬɧɨɣ ɢɥɢ ɬɟɩɥɨ-
ɢɡɨɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɹɜɥɹɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɬɟɪɦɨɫɬɨɣɤɢɯ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɵɦɢ) ɧɢɡɤɨɩɥɨɬ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɂɡɜɟɫɬɟɧ ɛɨɥɶɲɨɣ ɩɟɪɟɱɟɧɶ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɡɚɳɢɬɵ (ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ) ɷɥɟɦɟɧ-
ɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ, ɪɚɤɟɬɧɨɣ ɢ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ. 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɧɢ ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛόɥɶɲɭɸ (ɱɟɦ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ) 
ɫɬɨɢɦɨɫɬɶ. ȼɨ ɦɧɨɝɢɯ ɩɭɛɥɢɤɚɰɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɤɨɧ-
ɤɪɟɬɧɵɯ ɪɟɠɢɦɚɯ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɌɎɏ. 

ɇɚɩɪɢɦɟɪ, ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д10Ж ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɫɨɤɨɩɨɪɢɫɬɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɢɡ ɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ɞɨ β500 °ɋ (ɩɨɪɢɫɬɨɫɬɶ з90 %, ɩɥɨɬɧɨɫɬɶ 627 ɤɝ/ɦ3). ɉɪɢɧɰɢɩ ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɧɚ-
ɥɨɝɢɱɟɧ ɨɛɫɭɠɞɚɟɦɨɦɭ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɩɨɥɭɱɟɧɢɢ ɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɨɛɪɚɡɰɚɯ ɦɚɬɟɪɢɚɥɚ ɜ ɩɨɬɨɤɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɰɟɬɢɥɟɧɨ-
ɤɢɫɥɨɪɨɞɧɨɣ ɢɥɢ ɩɪɨɩɚɧɨ-ɤɢɫɥɨɪɨɞɧɨɣ ɦɧɨɝɨɮɚɤɟɥɶɧɨɣ ɝɨɪɟɥɤɢ. Ɉɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧ-
ɧɵɯ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɚɪ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞ 
ɬɨɧɤɨɣ ɩɥɚɫɬɢɧɨɣ ɢɡ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɩɨ ɬɨɥɳɢɧɟ ɨɛɪɚɡɰɨɜ 
ɩɨɡɜɨɥɢɥɚ ɨɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ȿɝɨ ɜɟɥɢɱɢɧɚ ɫɨ-
ɫɬɚɜɢɥɚ 0,γ17 ȼɬ/(ɦ·Ʉ) Д5Ж. ɉɪɢɱɟɦ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɫɬɚɬɶɢ, ɧɟ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɫɭ-
ɳɟɫɬɜɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ȼ ɪɚɛɨɬɟ Д15Ж ɨɩɪɟɞɟɥɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɡɚ-
ɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɜɨɥɨɤɨɧ ɢɡ ɚɦɨɪɮɧɨɝɨ ɬɭɝɨɩɥɚɜɤɨɝɨ ɨɤɫɢɞɚ 
ɤɪɟɦɧɢɹ (SiO2) ɩɥɨɬɧɨɫɬɶɸ 140–150 ɤɝ/ɦ3. ɂɡɦɟɪɟɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ β0 ɞɨ 1500 °ɋ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ ɪɚɞɢɚɥɶɧɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ (ɦɟɬɨɞ «ɰɢɥɢɧɞɪɚ») ɜ ɫɪɟɞɟ ɚɡɨɬɚ, ɚɪɝɨɧɚ ɢ ɜ ɜɚɤɭɭɦɟ. ɍɫɬɚɧɨɜɥɟɧ 
ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɨ ɭɪɨɜɧɹ 0,β–0,γ ȼɬ/(ɦ∙Ʉ) ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 1500 °ɋ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɜɨɥɨɤɨɧ ɢɡ Al2Ɉ3·SТτ2 ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ. 
ɍɫɬɚɧɨɜɥɟɧ ɪɨɫɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɨ ɭɪɨɜɧɹ 0,γ5–0,γ8 ȼɬ/(ɦ∙Ʉ) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1700 °ɋ Д15Ж. 

https://elibrary.ru/item.asp?id=29329911
https://elibrary.ru/item.asp?id=29329911
https://elibrary.ru/item.asp?id=29329911
https://elibrary.ru/item.asp?id=29329911
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Ɇɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɢɡɥɨɠɟɧɧɵɣ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɨɞɯɨɞ, ɩɪɟɞɭɫɦɚɬɪɢ-
ɜɚɸɳɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɟɧɞɚ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹɯ ɩɨɞɨɛɧɵɯ ɬɟɪɦɨɫɬɨɣɤɢɯ ɢɥɢ ɥɸɛɵɯ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɯ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɜ ɩɪɟɞɟɥɚɯ ɜɨɡɦɨɠɧɨ-
ɫɬɟɣ ɩɨ ɭɪɨɜɧɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɬɚɤɨɦ ɫɬɟɧɞɟ). 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ 
ɬɟɪɦɨɩɚɪ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɹɯ ɩɥɚɫɬɢɧɵ ɢɡ 
ɬɟɪɦɨɫɬɨɣɤɨɝɨ ɬɟɩɥɨɢɡɨɥɹɬɨɪɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɦɚɬɟɪɢɚɥ ɦɚɪɤɢ ɌɄɈ-7β. ȼ ɯɨɞɟ 
ɞɜɭɯ ɢɫɩɵɬɚɧɢɣ ɨɰɟɧɢɜɚɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɷɥɟɦɟɧɬɨɜ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɡɨɧɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɨɞɧɨɝɨ ɢɡ ɚɝɪɟɝɚɬɨɜ. Ɇɚɬɟɪɢɚɥ ɌɄɈ-7β (ɤɚɤ ɢ ɩɨɞɨɛɧɵɣ ɟɦɭ 
ɦɚɬɟɪɢɚɥ ALTRA-7β) ɢɦɟɟɬ ɩɥɨɬɧɨɫɬɶ з1γ0 ɤɝ/ɦ3 ɢ ɫɨɫɬɨɢɬ ɢɡ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ – ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɨɫɧɨɜɟ Al2Ɉ3, ɚ ɬɚɤɠɟ 
SiO2. Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɦɟɧɟɧɢɹ 1600–1650 °ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɜɨɥɨɤɨɧ 
~2000 °ɋ. 
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Ɋɢɫ. 6. ɂɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɚɝɪɟɜɚɟɦɨɣ (▬) ɢ ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ  
(▬, ▬) ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɯɨɞɟ ɞɜɭɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɡ ɦɚɬɟɪɢɚɥɚ ɌɄɈ-7β ɬɨɥɳɢɧɨɣ β5 ɦɦ 

 
ɇɚ ɫɬɟɧɞɟ ɢɫɩɵɬɵɜɚɥɢ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɚ ɌɄɈ-7β ɪɚɡɦɟɪɨɦ γ00×β00×β5 ɦɦ. 

Ɍɟɪɦɨɩɚɪɵ ɪɚɡɦɟɳɚɥɢ ɧɚ ɨɛɟɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɨɛɪɚɡɰɨɜ ɩɨɞ ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɭɝɥɟɪɨɞ-
ɭɝɥɟɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɨɥɳɢɧɨɣ 0,5 ɦɦ (ɪɢɫ. 1). Ɉɫɭɳɟɫɬɜɥɹɥɢ ɫɬɭɩɟɧɱɚɬɵɣ ɧɚɝɪɟɜ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ з1000 °ɋ ɜ ɬɟɱɟɧɢɟ зβ0 ɦɢɧ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɚɪ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 6, ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ (ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɫɬɚɬɶɟ ɷɬɢ ɞɚɧɧɵɟ ɧɟ ɩɪɢɜɨɞɹɬɫɹ). ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɷɬɢɯ ɞɜɭɯ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɧɚ ɫɬɟɧɞɟ  ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɰɵ ɜ ɬɟɱɟɧɢɟ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɗɬɨ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɯɨɞɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ ɞɚɧɧɨɣ 
ɫɬɚɬɶɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɪɚɡɰɨɜ ɨɝɧɟɡɚɳɢɬɵ ɢɡ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɬɟɧ-
ɞɟ ɥɭɱɢɫɬɨɝɨ ɧɚɝɪɟɜɚ ɜɚɪɢɚɧɬɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɝɧɟɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɧɚ 
ɨɫɧɨɜɟ ɪɭɥɨɧɧɨɝɨ ɛɚɡɚɥɶɬɨɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜɨɫɩɪɨɢɡ-
ɜɨɞɢɥɢɫɶ ɭɫɥɨɜɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ ɩɨɠɚɪɟ, ɩɪɢɜɟɞɟɧɧɵɟ  
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ɜ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ. ɇɚ ɩɪɢɦɟɪɟ ɦɚɬɟɪɢɚɥɚ ɆȻɈɊ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ.  

Ɉɬɦɟɱɟɧɚ ɪɨɥɶ ɩɨɞɨɛɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɨɰɟɧɤɢ ɨɝɧɟɡɚ-
ɳɢɬɧɨɣ (ɬɟɩɥɨɡɚɳɢɬɧɨɣ) ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɪɚɫ-
ɱɟɬɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɫ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɨɛɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɞɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɨɝɧɟ- ɢ ɬɟɩɥɨɡɚɳɢɬɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ 
ɢɥɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɡɞɟɥɢɣ ɩɪɢ ɡɚɞɚɜɚɟɦɵɯ ɭɫɥɨ-
ɜɢɹɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

 
ɋɩɢɫɨɤ ɢɫɬɨɱɧɢɤɨɜ 
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1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ», Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ; КНЦТЧ@ЯТКЦ.rЮ 
2Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ  
«Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.ɗ. Ȼɚɭɦɚɧɚ (ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ)», Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ; ЛКЮЦКЧ@ЛЦsЭЮ.rЮ  

 
Аɧɧɨɬɚɰиɹ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ ɩɨ ɧɚɧɟɫɟɧɢɸ ɜɧɭɬɪɟɧɧɟɝɨ ɢɨɧɧɨ-

ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɫɢɫɬɟɦɵ TТ–TТN ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ, 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɞɥɹ ɡɚɳɢɬɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɨɬ ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫɚ, ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɣ ɨɛɪɚɡɟɰ-
ɢɦɢɬɚɬɨɪ ɥɨɩɚɬɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 
ɬɢɩɚ ɆȺɉ-Ɋ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɫɞɟɥɚɧɨ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-Ɋ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɞɟɬɚɥɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɝɚɡɨɬɭɪɛɢɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɝɚɡɨɬɭɪɛɢɧɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɜɚɤɭɭɦɧɨ-
ɞɭɝɨɜɨɟ ɨɫɚɠɞɟɧɢɟ, ɭɫɬɚɧɨɜɤɚ ɬɢɩɚ ɆȺɉ-Ɋ, ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɟ ɩɨɤɪɵɬɢɟ 
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ɇɚɧɟɫɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɢɡɞɟɥɢɹ // 
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MULTI-LAYER  ANTIFRETTING  COATING  
ON  LARGE-SIZED  MANUFACTURES 
 
S.A. Budinovskiy1, A.A. Lyapin2, D.S. Gorlov1, A.S. Benklyan1, S.V. Tatarnikov1 

 

1Federal State Unitary Enterprise «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» of National 
RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО», Moscow, Russia; admin@viam.ru 
2Federal State Budgetary EНЮМКЭТШЧКХ IЧsЭТЭЮЭТШЧ ШП HТРСОr EНЮМКЭТШЧ «BКЮЦКЧ MШsМШа SЭКЭО TОМСЧТМКХ 
UЧТЯОrsТЭв (σКЭТШЧКХ RОsОКrМС UЧТЯОrsТЭв ШП TОМСЧШХШРв)», MШsМШа, RЮssТК; ЛКЮЦКЧ@ЛЦsЭЮ.rЮ 
 

Abstract. The results of work on the application of the lower ion–plasma layer of the Ti–TiN 
system of a multilayer anti–fretting coating developed at the National Research Center 
«KurМСКtШЯ IЧstТtutО» – VIAM to protect the surface of gas turbine engine and gas turbine plant 
products from fretting wear on a sample-simulator of a large–sized product with the use of an 
experimental-industrial ion-plasma installation of the MAP-R type. Based on the results of the 
work done, a conclusion was made about the possibility of using the MAP-R type installation 
for applying an anti-fretting coating to large-sized items. 

Keywords: gas turbine engine, gas turbine unit, vacuum-arc deposition, MAP-R type 
installation, anti-fretting coating 
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ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɡɚɞɚɱ ɤɚɤ ɜ ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ), ɬɚɤ ɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ (ȽɌɍ), ɩɟɪɟɞ 
ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɨɣ ɫɬɨɹɬ ɡɚɞɚɱɢ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɭɧɢɤɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ Д1–5Ж. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 
ɫɪɨɤɚ ɫɥɭɠɛɵ ɢ ɧɚɞɟɠɧɨɫɬɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ 
ɧɚɧɟɫɟɧɢɟ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ Д6–10Ж. ɇɚɱɢɧɚɹ ɫ 70-ɯ ɝɝ. 
ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɜ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ (ɞɚɥɟɟ – ȼɂȺɆ) ɭɫɩɟɲɧɨ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɦɟɬɨɞ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɞɟɬɚɥɢ ɝɨɪɹ-
ɱɟɝɨ ɬɪɚɤɬɚ ȽɌȾ ɢ ɪɚɡɪɚɛɨɬɚɧɚ ɰɟɥɚɹ ɫɟɪɢɹ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ – ɢɨɧɧɨ-
ɩɥɚɡɦɟɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-1, ɆȺɉ-1Ɇ, ɆȺɉ-β ɢ ɆȺɉ-3 [11–14Ж. ɍɫɬɚɧɨɜɤɢ 
ɬɢɩɚ ɆȺɉ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɞɟɬɚɥɢ ɝɨɪɹɱɟ-
ɝɨ ɬɪɚɤɬɚ ȽɌȾ (ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɥɨɩɚɬɤɢ ɬɭɪɛɢɧ) ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɚɜɢɚɫɬɪɨɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ Ɋɨɫɫɢɢ ɢ ɧɟɤɨɬɨɪɵɯ ɡɚɪɭɛɟɠɧɵɯ ɫɬɪɚɧ. ɋɨɜɪɟɦɟɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ 
(ɆȺɉ-β ɢ ɆȺɉ-γ) ɹɜɥɹɸɬɫɹ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɧɚɧɟɫɟɧɢɹ ɡɚ-
ɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ. ɍɩɪɚɜɥɟɧɢɟ ɭɫɬɚɧɨɜɤɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɤɨɦɩɶɸɬɟɪɚ, ɤɨɧɬɪɨɥɥɟɪɚ, ɞɚɬɱɢɤɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚ-
ɛɨɬɤɢ ȼɂȺɆ. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɢɫ. 1) ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɩɢɫɶ ɢ ɯɪɚɧɟ-
ɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɩɪɨɜɨɞɢɦɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ, ɚ ɬɚɤɠɟ ɧɟɩɪɟɪɵɜɧɨ 
ɫɥɟɞɢɬ ɡɚ ɧɚɧɟɫɟɧɢɟɦ ɩɨɤɪɵɬɢɹ ɢ ɩɪɟɪɵɜɚɟɬ ɩɪɨɰɟɫɫ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ.  

 

 
Ɋɢɫ. 1. Ʉɨɦɩɶɸɬɟɪɧɵɣ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɜɜɨɞɚ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɬɟɤɭɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 

ɧɚɧɟɫɟɧɢɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢɨɧɧɨ-
ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-2 

 
Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɟ ɬɨɥɶɤɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɢ ɫɬɟɩɟɧɶ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɣ ɨɬ ɩɪɨɰɟɫɫɚ ɤ ɩɪɨ-
ɰɟɫɫɭ, ɧɨ ɢ ɢɫɤɥɸɱɚɟɬ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ, ɧɟ ɩɨɡɜɨɥɹɹ ɨɩɟɪɚɬɨɪɭ ɢɡɦɟɧɢɬɶ 
ɡɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɢɥɢ ɜɵɩɨɥɧɢɬɶ 
ɞɟɣɫɬɜɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɩɵɥɹɟɦɨɝɨ ɦɚɬɟɪɢɥɚ ɜ ɭɫɬɚɧɨɜɤɚɯ ɬɢɩɚ ɆȺɉ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɬɪɭɛɧɵɟ ɬɨɥɫɬɨɫɬɟɧɧɵɟ ɤɚɬɨɞɵ ɢɡ ɧɢɤɟɥɟɜɨɝɨ, ɚɥɸɦɢɧɢɟɜɨɝɨ, ɬɢɬɚɧɨɜɨɝɨ, 
ɤɨɛɚɥɶɬɨɜɨɝɨ, ɯɪɨɦɨɜɨɝɨ ɢ ɞɪɭɝɢɯ ɫɩɥɚɜɨɜ. ȼ ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɥɚɜɵ  
ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ  
(ɋȾɉ-1 + ȼɋȾɉ-β0, ɋȾɉ-1 + ȼɋȾɉ-1γ) ɢ ɠɚɪɨɫɬɨɣɤɢɯ (ɋȾɉ-2 + ȼɋȾɉ-16) – ɞɥɹ ɪɚɛɨɱɢɯ 
ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ; ȼɉȺɄɋ – ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɟɠɚ; ɷɪɨɡɢɨɧɧɨ-ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ  
(ȼɀɅ-2 + ɋrC, TiN/CrN) – ɞɥɹ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬ. ɞ. 
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ɋɟɪɢɣɧɵɟ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-1, ɆȺɉ-1Ɇ, ɆȺɉ-β ɢ ɆȺɉ-γ ɩɪɟɞɧɚɡɧɚɱɟɧɵ 
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ ɪɚɡɦɟɪɨɦ ɞɨ Ø1β5×β00 ɦɦ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɨɝɪɚɧɢɱɟɧ ɝɚɛɚɪɢɬɚɦɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜɤɢ ɢ ɩɪɢɜɨɞɚ 
ɜɪɚɳɟɧɢɹ ɢɡɞɟɥɢɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ, ɧɚ 
ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɨɫɢɬɶ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨ ɥɶɲɢɯ ɪɚɡɦɟɪɨɜ, ɱɟɦ 
ɩɨɡɜɨɥɹɸɬ ɫɟɪɢɣɧɵɟ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ. 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ȽɌȾ ɢ ȽɌɍ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɩɭɬɟɦ 
ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɬɭɪɛɢɧɵ, ɧɨ ɢ ɜɨɡɦɨɠɧɨɝɨ ɭɥɭɱɲɟɧɢɹ ɢɯ 
ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɬɭɪɛɢɧɵ ɢ ɤɨɦɩɪɟɫɫɨɪɚ 
ɫɨɜɪɟɦɟɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɚɝɪɟɝɚɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɞɟɬɚɥɢ ɬɢɩɚ «ɛɥɢɫɤ» ɢ «ɛɥɢɧɝ», 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɰɟɥɶɧɭɸ ɫɬɭɩɟɧɶ ɬɭɪɛɢɧɵ ɢɥɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɥɨɩɚɬɤɢ ɤɨɬɨɪɨɣ 
ɫɨɫɬɚɜɥɹɸɬ ɟɞɢɧɨɟ ɰɟɥɨɟ ɫ ɞɢɫɤɨɦ ɪɨɬɨɪɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɧɢɤɚɸɬ ɡɚɞɚɱɢ, ɬɪɟɛɭɸɳɢɟ 
ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɧɚ ɞɟɬɚɥɢ ɫ ɥɢɧɟɣɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɞɨ 600 ɦɦ, ɬɚɤɢɟ ɤɚɤ ɥɨɩɚɬɤɢ 
ɜɟɧɬɢɥɹɬɨɪɚ, ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬɭɪɛɢɧ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

Ɉɞɢɧ ɢɡ ɨɫɨɛɨ ɫɥɨɠɧɵɯ ɜɢɞɨɜ ɢɡɧɨɫɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɨɜ ȽɌȾ ɢ ȽɌɍ – 
ɮɪɟɬɬɢɧɝ, ɜɨɡɧɢɤɚɸɳɢɣ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɢɤɪɨɩɟɪɟɦɟɳɟɧɢɣ ɭɫɥɨɜɧɨ ɧɟɩɨɞɜɢɠɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. Ɏɪɟɬɬɢɧɝ ɫɨɜɦɟɳɚɟɬ ɨɞɧɨɦɨɦɟɧɬɧɨ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɫɫɨɜ 
ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɞɟɬɚɥɟɣ: 
ɭɫɬɚɥɨɫɬɧɨɟ, ɤɨɪɪɨɡɢɨɧɧɨɟ ɢ ɚɛɪɚɡɢɜɧɨɟ ɢɡɧɚɲɢɜɚɧɢɹ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɜ 
ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɫɬɚɬɶ ɨɫɧɨɜɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɜɢɞ ɢɡɧɨɫɚ ɢ ɯɚɪɚɤɬɟɪ 
ɪɚɡɪɭɲɟɧɢɹ ɞɟɬɚɥɟɣ Д15–18]. 

Ʉɨɝɞɚ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɵ ɢɫɩɵɬɵɜɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɟɛɚɬɟɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ ɫ ɚɦɩɥɢɬɭɞɨɣ <10 ɦɤɦ, ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɜɫɟ ɬɨɱɤɢ ɤɨɧɬɚɤɬɚ ɢɫɩɵɬɵɜɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɟ ɩɨ ɡɚɦɤɧɭɬɨɦɭ 
ɰɢɤɥɭ. ɍɩɪɭɝɨɟ ɩɨɜɟɞɟɧɢɟ ɪɟɚɥɶɧɵɯ ɤɨɧɬɚɤɬɨɜ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɬɨ ɞɜɢɠɟɧɢɟ, ɢ 
ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫ ɧɟ ɛɭɞɟɬ ɩɪɨɹɜɥɹɬɶɫɹ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɮɪɟɬɬɢɧɝɚ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ 
ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɜ ȼɂȺɆ ɬɜɟɪɞɨɫɦɚɡɨɱɧɨɟ ɩɨɤɪɵɬɢɟ ɐȼɋɉ-γɋ ɢ ɩɨɤɪɵɬɢɟ ȼɎɉ-5 ɫ 
ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ β50 °C. Ɉɞɧɚɤɨ ɦɟɧɹɸɳɢɟɫɹ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɧɨɜɨɣ 
ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɬɪɟɛɭɸɬ ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɡɚɳɢɬɵ ɨɬ 
ɮɪɟɬɬɢɧɝ-ɢɡɧɨɫɚ.  

Ⱦɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɞɟɬɚɥɢ ɜ ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɧɚ ɢ 
ɡɚɩɚɬɟɧɬɨɜɚɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɬɢɩɚ ɆȺɉ-Ɋ Д19Ж. 
ɍɫɬɚɧɨɜɤɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɨɝɨ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɮɪɟɬɬɢɧɝɨɫɬɨɣɤɨɝɨ 
ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɡɚɦɤɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ ɥɨɩɚɬɤɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ 
ɢɫɩɵɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɬɢɩɚ ɆȺɉ-Ɋ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. β Дβ0Ж.  

ȼ ɭɫɬɚɧɨɜɤɚɯ ɬɢɩɚ ɆȺɉ ɤɚɬɨɞɧɵɟ ɩɹɬɧɚ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ ɞɜɢɠɭɬɫɹ 
ɩɨ ɡɚɦɤɧɭɬɨɣ ɤɨɥɶɰɟɜɨɣ ɥɢɧɢɢ, ɧɟɩɨɞɜɢɠɧɨɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɪɚɫɩɨɥɚɝɚɸɳɟɣɫɹ 
ɫɨɨɫɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɤɚɬɨɞɚ, ɫɨɜɟɪɲɚɸɳɟɝɨ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ 
ɞɜɢɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɤɪɵɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɢ ɧɟɩɨɞɜɢɠɧɨɝɨ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɮɢɤɫɚɬɨɪɚ ɤɚɬɨɞɧɵɯ ɩɹɬɟɧ. ȼ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɆȺɉ-Ɋ ɤɚɬɨɞɧɵɟ 
ɩɹɬɧɚ ɞɜɢɠɭɬɫɹ ɩɨ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɢ (ɜɵɫɨɬɨɣ зγ00 ɦɦ), ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ 
ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɧɨɝɨ ɤɚɬɨɞɚ, ɤɨɬɨɪɵɣ ɜɪɚɳɚɟɬɫɹ ɜɨɤɪɭɝ ɫɨɛɫɬɜɟɧɧɨɣ ɨɫɢ ɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɮɢɤɫɚɬɨɪɚ ɤɚɬɨɞɧɵɯ ɩɹɬɟɧ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 
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Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɢɥ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɜɵɫɨɬɭ ɩɨɤɪɵɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɢ ɩɪɢ 
ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɫɫɵ ɪɚɫɩɵɥɹɟɦɨɝɨ ɤɚɬɨɞɚ 
(ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 15 %). 
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Ɋɢɫ. β. Ɉɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɢɨɧɧɨ-
ɩɥɚɡɦɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɬɢɩɚ ɆȺɉ-Ɋ: ɜɧɟɲɧɢɣ 
ɜɢɞ (ɚ); ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ (ɛ): 1 – ɚɧɨɞ, 
2 – ɤɚɬɨɞ, 3 – ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɷɤɪɚɧ,  
4 – ɭɫɬɪɨɣɫɬɜɨ ɡɚɠɢɝɚɧɢɹ ɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ,  
5 – ɪɨɬɨɪ; ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢɫɩɚɪɢɬɟɥɟɣ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɢɜɨɞɭ ɜɪɚɳɟɧɢɹ 
ɩɨɤɪɵɜɚɟɦɵɯ ɞɟɬɚɥɟɣ (ɜ): 1 – ɤɚɬɨɞ, 2 – ɨɫɶ 
ɦɚɥɨɝɨ ɪɨɬɨɪɚ, 3 – ɨɫɶ ɛɨɥɶɲɨɝɨ ɪɨɬɨɪɚ 

 
Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-Ɋ 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɱɟɬɵɪɟɯ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɯ ɢɫɩɚɪɢɬɟɥɟɣ ɫ ɨɛɳɟɣ ɫɢɫɬɟɦɨɣ ɚɧɨɞɨɜ 
(ɦɭɥɶɬɢɷɥɟɤɬɪɨɞɧɚɹ ɫɢɫɬɟɦɚ).  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɥɧɨɫɬɶɸ ɫɨɜɦɟɫɬɢɦɚ ɫ ɫɟɪɢɣɧɨ 
ɩɪɨɢɡɜɨɞɢɦɵɦɢ ɬɪɭɛɧɵɦɢ ɤɚɬɨɞɚɦɢ, ɩɪɢɦɟɧɹɟɦɵɦɢ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɬɢɩɚ ɆȺɉ. Ȼɨɥɟɟ 
ɬɨɝɨ, ɭɫɬɚɧɨɜɤɚ ɆȺɉ-Ɋ ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɜɫɟ ɛɚɡɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɜɨɞɢɦɵɟ ɧɚ 
ɭɫɬɚɧɨɜɤɚɯ ɬɢɩɚ ɆȺɉ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚɧɟɫɟɧɢɟ ɧɢɬɪɢɞɨɜ, ɤɚɪɛɢɞɨɜ ɢ ɬ. ɞ. ɇɚɥɢɱɢɟ ɞɜɭɯ 
ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪ ɨɩɩɨɡɢɬɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɯ ɢɫɩɚɪɢɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ 
ɧɚɧɨɫɢɬɶ ɡɚ ɨɞɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ ɦɧɨɝɨɫɥɨɣɧɵɟ ɩɨɤɪɵɬɢɹ ɛɟɡ ɜɫɤɪɵɬɢɹ 
ɜɚɤɭɭɦɧɨɝɨ ɨɛɴɟɦɚ (ɞɥɹ ɡɚɦɟɧɵ ɤɚɬɨɞɚ), ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ 
ɩɨɥɭɱɚɟɦɵɯ ɩɨɤɪɵɬɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɦɟɠɫɥɨɣɧɭɸ ɤɨɝɟɡɢɸ. ɇɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɹ ɧɚ 
ɢɡɞɟɥɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɫɬɪɟɱɧɵɯ ɩɨɬɨɤɚɯ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɡɦɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɛɪɚɛɚɬɵɜɚɬɶ ɢɡɞɟɥɢɹ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɪɹɦɨɣ 
ɨɩɬɢɱɟɫɤɨɣ ɜɢɞɢɦɨɫɬɢ ɬɟɧɟɜɵɯ ɡɨɧ ɢɡɞɟɥɢɣ ɤɚɬɨɞɨɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɢɫɩɚɪɢɬɟɥɹ. 
ɂɨɧɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɬɢɩɚ ɆȺɉ-Ɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɢɫɤɨɜɢɞɧɵɯ 
ɢɡɞɟɥɢɣ ɞɢɚɦɟɬɪɨɦ ɞɨ 600 ɦɦ. ɇɚ ɩɪɢɜɨɞɟ ɜɪɚɳɟɧɢɣ ɢɡɞɟɥɢɣ (ɪɨɬɨɪɟ) ɜɨɡɦɨɠɧɨ 
ɡɚɤɪɟɩɥɟɧɢɟ ɢɡɞɟɥɢɣ ɜ ɨɛɴɟɦɟ β00×800×800 ɦɦ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɢɡɞɟɥɢɣ ɛɨ ɥɶɲɢɯ ɝɚɛɚɪɢɬɨɜ ɜɨɡɦɨɠɧɚ ɪɚɛɨɬɚ ɭɫɬɚɧɨɜɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɨɥɶɤɨ ɨɞɧɨɣ 
ɩɚɪɵ ɤɚɬɨɞɨɜ-ɚɧɬɢɩɨɞɨɜ ɢ ɜɪɟɦɟɧɧɵɦ ɞɟɦɨɧɬɚ ɠɟɦ ɚɧɨɞɨɜ ɜɬɨɪɨɣ ɩɚɪɵ ɢɫɩɚɪɢɬɟɥɟɣ, 
ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɤɚɦɟɪɵ. ɉɨɫɤɨɥɶɤɭ ɜɫɟ ɚɧɨɞɵ 
ɩɨɞɤɥɸɱɟɧɵ ɤ ɨɛɳɟɣ ɬɨɱɤɟ, ɬɨ ɞɟɦɨɧɬɚɠ ɚɧɨɞɨɜ ɜɬɨɪɨɣ ɩɚɪɵ ɢɫɩɚɪɢɬɟɥɟɣ ɧɟ ɩɨɜɥɢɹɟɬ 
ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɟɪɜɨɣ ɩɚɪɵ ɢɫɩɚɪɢɬɟɥɟɣ. 
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ɇɚɧɟɫɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɨɢɡɜɨɞɢɥɢ ɧɚ 
ɨɛɪɚɡɟɰ-ɢɦɢɬɚɬɨɪ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɝɨ ɢɡɞɟɥɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɝɨ 
ɢɡɞɟɥɢɹ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɡɚɦɨɤ ɪɚɛɨɱɟɣ ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ. 

Ɉɛɪɚɡɟɰ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ ɩɥɚɫɬɢɧɭ ɜɵɫɨɬɨɣ γβ0 ɦɦ, ɲɢɪɢɧɨɸ 150 ɦɦ ɢ 
ɬɨɥɳɢɧɨɸ 5 ɦɦ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6. Ɉɛɪɚɡɟɰ ɪɚɫɩɨɥɚɝɚɥɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 100 ɦɦ 
ɨɬ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɢɫɩɚɪɢɬɟɥɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-Ɋ. ɇɚ ɪɢɫ. γ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ ɜɧɭɬɪɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜɤɢ 
ɆȺɉ-Ɋ. Ⱦɥɹ ɧɟɩɨɞɜɢɠɧɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ ɧɚ ɨɫɢ ɦɚɥɨɝɨ ɪɨɬɨɪɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ.  
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Ɋɢɫ. γ. Ɋɚɡɦɟɳɟɧɢɟ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ ɜɧɭɬɪɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜɤɢ ɆȺɉ-Ɋ: 1 – ɤɚɬɨɞ; 
2 – ɨɫɶ ɦɚɥɨɝɨ ɪɨɬɨɪɚ; 3 – ɨɫɶ ɛɨɥɶɲɨɝɨ ɪɨɬɨɪɚ; 4 – ɨɛɪɚɡɟɰ-ɢɦɢɬɚɬɨɪ; 5 – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɨɫɧɚɫɬɤɚ ɞɥɹ ɧɟɩɨɞɜɢɠɧɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ ɧɚ ɨɫɢ ɦɚɥɨɝɨ ɪɨɬɨɪɚ 

 
Ɉɛɪɚɡɟɰ-ɢɦɢɬɚɬɨɪ ɡɚɤɪɟɩɥɹɥɢ ɧɟɩɨɞɜɢɠɧɨ ɦɟɠɞɭ ɩɚɪɨɣ ɤɚɬɨɞɨɜ-ɚɧɬɢɩɨɞɨɜ, ɱɬɨ 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ. 
ɉɟɪɟɞ ɧɚɧɟɫɟɧɢɟɦ ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɪɚɡɟɰ-ɢɦɢɬɚɬɨɪ ɩɪɨɜɟɞɟɧɚ ɧɚɭɱɧɨ-ɩɨɢɫɤɨɜɚɹ 

ɪɚɛɨɬɚ ɩɨ ɚɞɚɩɬɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɧɚɧɟɫɟɧɢɹ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ 
ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ, ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ ɫɟɪɢɣɧɵɯ ɭɫɬɚɧɨɜɨɤ 
ɬɢɩɚ ɆȺɉ-β ɢ ɆȺɉ-γ, ɞɥɹ ɟɟ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ 
ɆȺɉ-Ɋ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɚɠɧɵɦɢ ɨɬɥɢɱɢɬɟɥɶɧɵɦɢ ɱɟɪɬɚɦɢ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-Ɋ ɨɬ 
ɭɫɬɚɧɨɜɨɤ ɆȺɉ-β ɢ ɆȺɉ-γ ɹɜɥɹɸɬɫɹ: ɧɚɥɢɱɢɟ ɞɜɭɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɸɳɢɯ 
ɤɚɬɨɞɨɜ-ɚɧɬɢɩɨɞɨɜ (ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɚɫɩɵɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ 
ɤɚɬɨɞɚ), ɨɬɥɢɱɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɭɫɬɪɨɣɫɬɜɚ ɜɪɚɳɟɧɢɹ ɢɡɞɟɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɪɚɫɩɵɥɹɟɦɨɝɨ ɤɚɬɨɞɚ ɢ ɭɜɟɥɢɱɟɧɧɵɣ ɨɛɴɟɦ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɬɟɯɧɨɥɨɝɢɢ ɧɚɧɟɫɟɧɢɹ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɭɦɟɧɶɲɟɧɨ ɜɪɟɦɹ ɧɚɧɟɫɟɧɢɹ ɤɚɠɞɨɝɨ ɫɥɨɹ ɢ ɭɜɟɥɢɱɟɧ 
ɪɚɫɯɨɞ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (ɚɡɨɬɚ).  

ɉɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɤɪɨɣ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɝɨ ɢɡɞɟɥɢɹ ɜ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɩɨ ɜɵɫɨɬɟ ɫɟɱɟɧɢɹɯ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɨɰɟɧɢɬɶ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɩɨɥɭɱɟɧɧɨɝɨ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ 
ɩɨɤɪɵɬɢɹ ɩɨ ɜɵɫɨɬɟ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ, ɪɟɡɵ ɜɵɩɨɥɧɟɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 10 (ɫɟɱɟɧɢɟ Ⱥ), 
160 (ɫɟɱɟɧɢɟ Ȼ) ɢ γ10 ɦɦ (ɫɟɱɟɧɢɟ ȼ) ɨɬ ɜɟɪɯɧɟɝɨ ɤɪɚɹ ɨɛɪɚɡɰɚ. ɋɯɟɦɚ ɪɚɫɤɪɨɹ ɨɛɪɚɡɰɚ-
ɢɦɢɬɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4. 
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Ɋɢɫ. 4. ɋɯɟɦɚ ɪɚɫɤɪɨɹ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ 
 

Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɧɨ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɩɨɥɭɱɟɧɧɨɝɨ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ 
ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ TТ–TiN ɧɚ ɨɛɪɚɡɰɟ-ɢɦɢɬɚɬɨɪɟ ɜ ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɹɯ Ⱥ, Ȼ ɢ ȼ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨɦ 
ɦɢɤɪɨɫɤɨɩɟ τХвЦЩЮs GБ51 ɫ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ×500. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɬɨɩɨɥɨɝɢɢ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 1 ɞɨ 1000 ɦɤɦ ɧɟ ɛɨɥɟɟ 0,γ %. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-
ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ TТ–TiN ɧɚ 
ɨɛɪɚɡɰɟ-ɢɦɢɬɚɬɨɪɟ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ 
ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɆȺɉ-Ɋ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ 
ɢɡɞɟɥɢɹ, ɜ ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɹɯ Ⱥ, Ȼ ɢ ȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 5. 

 
ɛ)ɚ) ɜ)

 
 

Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ TТ–TiN ɧɚ ɨɛɪɚɡɰɟ-ɢɦɢɬɚɬɨɪɟ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɩɵɬɧɨ-
ɩɪɨɦɵɲɥɟɧɧɨɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɆȺɉ-Ɋ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ 
ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɢɡɞɟɥɢɹ, ɜ ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɹɯ Ⱥ (ɚ), Ȼ (ɛ) ɢ ȼ (ɜ) 

 
ȼɢɞɧɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɟɱɟɧɢɹɯ ɩɨɤɪɵɬɢɟ ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɭɸ ɨɞɧɨɪɨɞɧɭɸ ɫɥɨɢɫɬɭɸ 

ɫɬɪɭɤɬɭɪɭ. Ɂɧɚɱɟɧɢɹ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
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Ɍɨɥɳɢɧɚ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ  
ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ 

ɋɟɱɟɧɢɟ ɉɨɥɨɠɟɧɢɟ ɫɟɱɟɧɢɹ Ɍɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɦɤɦ 

Ⱥ ȼɟɪɯ (10 ɦɦ ɨɬ ɜɟɪɯɧɟɝɨ ɤɪɚɹ) 49 

Ȼ ɋɟɪɟɞɢɧɚ (160 ɦɦ ɨɬ ɜɟɪɯɧɟɝɨ ɤɪɚɹ) 70 

ȼ ɇɢɡ (γ10 ɦɦ ɨɬ ɜɟɪɯɧɟɝɨ ɤɪɚɹ) 50 

 
ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɢɰɚ ɜ ɬɨɥɳɢɧɟ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨ 

ɜɵɫɨɬɟ ɨɛɪɚɡɰɚ-ɢɦɢɬɚɬɨɪɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɝɨ ɢɡɞɟɥɢɹ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ γ0 % (ɧɚ 
ɜɵɫɨɬɟ γ10 ɦɦ).  

ɋɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-Ɋ ɨɤɚɡɚɥɚɫɶ ɜ γ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ 
ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɆȺɉ-γ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɞɜɭɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɸɳɢɯ 
ɤɚɬɨɞɨɜ-ɚɧɬɢɩɨɞɨɜ. 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨ 
ɧɚɧɟɫɟɧɢɸ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɞɟɬɚɥɢ ȽɌȾ ɢ ȽɌɍ –  
ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚ ɡɚɦɤɢ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɢɥɢ ɜɟɧɬɢɥɹɬɨɪɚ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ Д18Ж. 
ɉɨɤɪɵɬɢɟ ɨɛɳɟɣ ɬɨɥɳɢɧɨɣ ɞɨ 100 ɦɤɦ ɫɨɫɬɨɢɬ ɢɡ ɜɧɭɬɪɟɧɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ 
ɫɥɨɹ ɢ ɜɧɟɲɧɟɝɨ ɬɜɟɪɞɨɫɦɚɡɵɜɚɸɳɟɝɨ ɫɥɨɹ. Ⱦɚɧɧɨɟ ɩɨɤɪɵɬɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɬɭ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 500 °ɋ. 

Ⱦɥɹ ɧɚɧɟɫɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɫɢɫɬɟɦɵ TТ–TiN ɧɚ ɞɟɬɚɥɢ ȽɌȾ ɢ ȽɌɍ ɩɪɢɦɟɧɹɸɬɫɹ 
ɫɟɪɢɣɧɵɟ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɆȺɉ-β ɢ ɆȺɉ-γ ɫ ɬɪɭɛɧɵɦ ɤɚɬɨɞɨɦ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ  
Ti–Al–Cr. ȼɟɪɯɧɢɣ ɫɥɨɣ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ – ɬɜɟɪɞɨɫɦɚɡɵɜɚɸɳɟɟ ɩɨɤɪɵɬɢɟ 
ȼȺɉ-β, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ ɩɥɟɧɤɭ ɢɡ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɗɉ-074  
ɫ ɜɵɫɨɤɨɨɱɢɳɟɧɧɵɦ ɦɨɥɢɛɞɟɧɨɦ, ɧɚɧɨɫɢɦɨɟ ɫ ɩɨɦɨɳɶɸ ɤɢɫɬɢ ɢɥɢ 
ɤɪɚɫɤɨɪɚɡɛɪɵɡɝɢɜɚɬɟɥɹ.  

ɇɚ ɪɢɫ. 6 ɩɪɢɜɟɞɟɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ 
ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɪɚɡɰɟ-ɫɜɢɞɟɬɟɥɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɫɟɪɢɣɧɨɣ 
ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-3. 
 

 
 

Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ 
ɫɟɪɢɣɧɨɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɆȺɉ-3 
 

ɇɢɠɧɢɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɣ ɫɥɨɣ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɢɦɟɟɬ ɫɥɨɢɫɬɭɸ 
ɫɬɪɭɤɬɭɪɭ – ɱɟɪɟɞɨɜɚɧɢɟ ɫɥɨɟɜ TТ–TТσ. Ⱦɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨɞɚɱɟ ɜ ɤɚɦɟɪɭ ɧɚɩɵɥɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɆȺɉ-γ ɪɟɚɤɬɢɜɧɨɝɨ ɝɚɡɚ ɚɡɨɬɚ.  
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ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɆȺɉ-Ɋ 
ɧɢɠɧɟɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ 
ɢɞɟɧɬɢɱɧɚ ɫɬɪɭɤɬɭɪɟ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɫɟɪɢɣɧɨɣ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-γ (ɪɢɫ. 6). 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ȼɂȺɆ ɬɟɯɧɨɥɨɝɢɹ ɩɨ ɧɚɧɟɫɟɧɢɸ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨ 
ɫɨɫɬɚɜɭ ɢ ɫɬɪɭɤɬɭɪɟ ɫɥɨɟɜ (95–99 %) ɢ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
350 °ɋ: 0,67 Д18Ж. 
 

Ɂɚɤɥɸɱɟɧɢɹ 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɜɪɟɦɟɧɧɵɯ ȽɌȾ ɢ ȽɌɍ  

ɜ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɧɵ: 
‒ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɬɢɩɚ ɆȺɉ-Ɋ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɢɡɞɟɥɢɹ ɞɢɚɦɟɬɪɨɦ ɞɨ 600 ɦɦ. ɉɪɨɜɟɞɟɧɧɵɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ 
ɆȺɉ-Ɋ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɣ ɫɥɨɣ ɫɢɫɬɟɦɵ TТ–TТσ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ 
ɩɨɤɪɵɬɢɹ ɢɞɟɧɬɢɱɟɧ ɩɨɥɭɱɟɧɧɨɦɭ ɧɚ ɫɟɪɢɣɧɨɣ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-3; 

‒ ɨɩɵɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɚɧɟɫɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɆȺɉ-Ɋ ɚɧɬɢɮɪɟɬɬɢɧɝɨɜɨɝɨ ɩɨɤɪɵɬɢɹ 
ɫ ɜɧɭɬɪɟɧɧɢɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɫɥɨɟɦ ɫɢɫɬɟɦɵ TТ–TТσ ɢ ɜɧɟɲɧɢɦ ɩɨɤɪɵɬɢɟɦ ȼȺɉ-2 
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ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ6. 
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Abstract. The results of studying promising ceramic compositions of the Gd2O3–ZrO2–HfO2 
and Sm2O3–Y2O3–HfO2 systems are presented. The possibility of depositing ceramic layers of 
the Gd2O3–ZrO2–HfO2 and Sm2O3–Y2O3–HfO2 systems by the method of electron-beam evapora-
tion from rods is shown. The thermal conductivity coefficient of ceramic layers of different com-
positions has been calculated. According to the results of the study of condensed layers ob-
tained by the method of electron beam deposition from rods of different systems, it was found 
that the abilities of oxides to evaporate differ. 

Keywords: ceramic layer, thermal protection coatings (HPC), hafnium oxide, samarium ox-
ide, zirconium oxide, thermal conductivity coefficient 
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ȼɜɟɞɟɧɢɟ 
ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɜ ɦɢɪɨɜɨɦ ɚɜɢɚɰɢɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ ɞɥɹ ɪɚɛɨ-

ɱɢɯ ɢ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɦɟɧɹɸɬ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨ-
ɤɪɵɬɢɹ (ɌɁɉ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɢɡ ɜɧɟɲɧɟɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɢ 
ɜɧɭɬɪɟɧɧɟɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɠɚɪɨɫɬɨɣɤɨɝɨ ɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ Д1–4Ж. ɉɪɢ ɷɬɨɦ ɬɟɦ-
ɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɜɢɚɰɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɞɜɢɝɚɬɟɥɹɯ ɩɪɟɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɫɩɥɚɜɚ ɥɨɩɚɬɤɢ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɥɨ-
ɩɚɬɨɤ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɧɭɬ-
ɪɟɧɧɟɣ ɩɨɥɨɫɬɢ ɢ ɩɪɢɦɟɧɟɧɢɹ ɌɁɉ, ɫɧɢɠɚɸɳɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɩɟɪɟ ɥɨɩɚɬɨɤ Д5–11]. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚ ɪɭɛɟɠɨɦ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɲɥɢ ɦɧɨɝɨɫɥɨɣɧɵɟ ɫɢɫɬɟɦɵ 
ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɠɚɪɨɫɬɨɣɤɢɦɢ ɫɥɨɹɦɢ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɞɨɜ ɧɢ-
ɤɟɥɹ ɢ ɩɥɚɬɢɧɵ ɢ ɜɧɟɲɧɢɦɢ ɬɟɪɦɨɛɚɪɶɟɪɧɵɦɢ ɫɥɨɹɦɢ ɧɚ ɨɫɧɨɜɟ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɨɤɫɢɞɨɦ ɢɬɬɪɢɹ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ. 

Ⱦɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 1β00 °ɋ, ɚ ɫ ɰɟ-
ɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɬɟɦɩɟɪɚ-
ɬɭɪɭ ɧɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɤɚɯ ɬɪɟɛɭɟɬɫɹ ɩɨɞɧɹɬɶ ɞɨ 1γ00 °ɋ ɢ ɛɨɥɟɟ. ɋɚɦɵɦɢ ɩɟɪɫɩɟɤɬɢɜ-
ɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɌɉɁ ɫɱɢɬɚɸɬɫɹ ɫɨɟɞɢ-
ɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɝɚɮɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ ɦɧɨɝɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɬɫɭɬɫɬɜɢɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɞɨ ɬɟɦɩɟɪɚɬɭ-
ɪɵ 1600 °ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ≥β800 °ɋ ɢ ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
λ ≤ 1 ȼɬ/(ɦ∙Ʉ) Д1β–14]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɌɉɁ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ 
ɤɟɪɚɦɢɤ ɢɡ ɬɪɟɯ- ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɫ ɞɨɛɚɜɤɚɦɢ ɨɤɫɢɞɨɜ 
ɢɬɬɪɢɹ, ɝɚɞɨɥɢɧɢɹ, ɰɟɪɢɹ, ɢɬɬɟɪɛɢɹ ɢ ɞɪ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɟɪɚ-
ɦɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ ɫɢɫɬɟɦ Gd2O3–ZrO2–HfO2 ɢ Sm2O3–Y2O3–HfO2 [15]. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ 
ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 17.γ. «Ɇɧɨɝɨɫɥɨɣɧɵɟ ɠɚɪɨɫɬɨɣɤɢɟ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɭɩɪɨɱɧɹɸɳɢɟ ɷɪɨɡɢɨɧɧɨ- ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɚɧ-
ɬɢɮɪɟɬɬɢɧɝɨɜɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɌȾ ɢ 
ȽɌɍ», ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ ɌɉɁ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɧɚɧɟɫɟ-
ɧɢɹ Д16Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɨɣɫɬɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɩɪɨɜɟɞɟɧɨ 
ɧɚɧɟɫɟɧɢɟ ɧɚ ɩɨɞɥɨɠɤɭ ɢɡ ɫɩɥɚɜɚ ɏβ0ɇ80 ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɫɬɚɜɨɜ ɫɢɫɬɟɦ GН2O3–ZrO2–HfO2 ɢ Sm2O3–Y2O3–HfO2. Ⱦɥɹ ɧɚɧɟɫɟɧɢɹ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɫɢɫɬɟɦ GН2O3–ZrO2–HfO2 ɢ Sm2O3–Y2O3–HfO2 ɢɡɝɨɬɨɜɥɟɧɵ ɤɟɪɚ-
ɦɢɱɟɫɤɢɟ ɲɬɚɛɢɤɢ ɪɚɡɦɟɪɨɦ Ø(γ1±1)×(γ0±β) ɦɦ (ɞɢɚɦɟɬɪ×ɜɵɫɨɬɚ). ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞ-
ɧɵɯ ɩɨɪɨɲɤɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɪɨɲɤɢ ɨɤɫɢɞɨɜ ɫɚɦɚɪɢɹ, ɰɢɪɤɨɧɢɹ, ɝɚɞɨɥɢɧɢɹ, ɢɬɬɪɢɹ ɢ 
ɝɚɮɧɢɹ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɨɬ 0,γ ɞɨ 5 ɦɤɦ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɫɦɟɫɢ ɜ ɧɟɟ ɞɨɛɚɜɥɹɥɢ ɨɬ 0,5 ɞɨ 1 % (ɩɨ ɦɚɫɫɟ) ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ ɦɧɨɝɨɤɪɚɬɧɨ 
(ɧɟ ɦɟɧɟɟ γ ɪɚɡ) ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɫɢɬɨ ɫ ɪɚɡɦɟɪɨɦ ɹɱɟɣɤɢ ɧɟ ɛɨɥɟɟ 6γ ɦɤɦ. ɉɨɥɭɱɟɧ-
ɧɭɸ ɲɢɯɬɭ ɡɚɫɵɩɚɥɢ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɪɟɫɫ-ɮɨɪɦɭ ɢ ɩɪɟɫɫɨɜɚɥɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ 
ɲɬɚɛɢɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɟɫɫɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɨɬ 8 ɞɨ 
14 Ɇɉɚ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɟ ɲɬɚɛɢɤɢ ɩɨɞɜɟɪɝɚɥɢ ɦɧɨɝɨɫɬɚɞɢɣɧɨɦɭ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɨɦɭ ɨɛɠɢɝɭ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɣ ɫɜɹɡɤɢ ɢ ɫɩɟɤɚɧɢɸ.  

Ɉɫɚɠɞɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɩɨɤɪɵɬɢɹ ɢɡ ɩɚɪɨɜɨɣ ɮɚɡɵ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɦ 
ɢɫɩɚɪɟɧɢɟɦ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɲɬɚɛɢɤɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ  
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S-EBW Tec. ɉɪɨɰɟɫɫ ɢɫɩɚɪɟɧɢɹ ɩɪɨɢɫɯɨɞɢɥ ɩɪɢ ɫɤɚɧɢɪɨɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɟɪɚɦɢɱɟ-
ɫɤɨɝɨ ɲɬɚɛɢɤɚ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ ɦɨɳɧɨɫɬɶɸ ɞɨ β0 ɤȼɬ. ɇɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ ɩɪɨɢɡɜɨ-
ɞɢɥɢ ɧɚ ɩɨɞɥɨɠɤɢ ɢɡ ɫɩɥɚɜɚ ɏɇ78Ɍ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɩɨɞɨɝɪɟɜɨɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
950 °ɋ. Ⱦɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɡɰɚ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɩɨɞɥɨɠɤɢ ɜɪɚɳɚɥɢ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɧɧɵ 
ɪɚɫɩɥɚɜɚ. ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɦ ɢɫɩɚɪɟ-
ɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɠɢɞɤɨɣ ɜɚɧɧɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɲɬɚɛɢɤɚ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɜɟɥɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɲɬɚɛɢɤɚ ɢ ɩɨɥɭɱɚɬɶ 
ɭɫɪɟɞɧɟɧɧɵɣ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɪɚɜɧɨɦɟɪɧɵɣ ɤɨɧɞɟɧɫɚɬ. Ɉɫɚɠɞɟɧɢɟ ɩɨɤɪɵɬɢɣ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,1–0,6 ɉɚ.  

ɉɨɫɥɟ ɨɫɚɠɞɟɧɢɹ ɩɪɨɜɟɞɟɧ ɷɥɟɤɬɪɨɧɧɨ-ɡɨɧɞɨɜɵɣ ɦɢɤɪɨɚɧɚɥɢɡ ɤɨɧɞɟɧɫɢɪɨɜɚɧ-
ɧɵɯ ɩɨɤɪɵɬɢɣ ɢ ɢɫɩɚɪɹɟɦɵɯ ɲɬɚɛɢɤɨɜ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ Quanta 
IЧsЩОМЭ F50 ɮɢɪɦɵ FEI (Ƚɨɥɥɚɧɞɢɹ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ-
ɬɨɪɚ EDS/ɗȾȺ ɮɢɪɦɵ Edax (ɋɒȺ).  

ɂɡɝɨɬɨɜɥɟɧɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɲɥɢɮɵ ɢ ɩɪɨɜɟɞɟɧ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɵɣ ɦɢɤ-
ɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ (ɆɊɋȺ) ɩɨ ɫɟɱɟɧɢɸ ɩɨɤɪɵɬɢɹ. ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ 
ɨɛɪɚɡɰɨɜ ɫ ɩɨɤɪɵɬɢɹɦɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɹɯ 
ɩɪɟɜɵɲɚɟɬ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɤɨɦɩɨɡɢɰɢɢ. Ⱦɚɧɧɵɟ ɩɨ 
ɩɪɟɜɵɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɫɥɟɞɭɸɳɢɟ: 

 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɫɨɫɬɚɜɚ Y1 Y2 Y3 Gd1 Gd2 Gd3 
ɉɪɟɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ, % 101 115 108 141 114 249 

 
ɉɪɢ ɷɬɨɦ ɜ ɲɬɚɛɢɤɚɯ, ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɥɢ ɧɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ, ɫɨɞɟɪɠɚɧɢɟ 

ɤɢɫɥɨɪɨɞɚ ɧɚɯɨɞɢɥɨɫɶ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ 
ɬɟɦ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɩɨɤɪɵɬɢɹ ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɡɜɢɬɚ (ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɧɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɜ 
ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ) ɢ ɫɨɞɟɪɠɢɬ ɜ ɩɨɪɚɯ ɢɡɛɵɬɨɱɧɵɣ ɤɢɫɥɨɪɨɞ ɫɜɟɪɯ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨ-
ɝɨ ɫɨɫɬɚɜɚ. ɉɨɷɬɨɦɭ ɞɚɥɶɧɟɣɲɢɣ ɚɧɚɥɢɡ ɫɨɫɬɚɜɚ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ 
ɜ ɩɨɤɪɵɬɢɢ ɪɟɞɤɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ ɛɟɡ ɭɱɟɬɚ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɜ ɫɨɫɬɚɜɟ ɩɨɤɪɵɬɢɣ ɡɚɮɢɤɫɢɪɨɜɚɧ ɢɡɛɵɬɨɤ ɤɢɫɥɨɪɨɞɚ, ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɤɨɧɞɟɧɫɚɬɚ ɩɪɨɢɫɯɨɞɢɥɨ ɜ ɫɪɟɞɟ ɤɢɫɥɨɪɨɞɚ, ɢ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ 
ɩɪɨɢɡɜɨɞɢɥɢ ɢɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɨɬɠɢɝ. ȼɵɩɨɥɧɟɧ ɬɚɤɠɟ ɩɟɪɟ-
ɫɱɟɬ ɪɟɡɭɥɶɬɚɬɨɜ ɆɊɋȺ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɨɤɫɢɞɨɜ ɜ ɫɨɫɬɚɜɟ ɤɨɧɞɟɧ-
ɫɚɬɚ. ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Y1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Y1 ɫ ɡɨɧɚɦɢ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɨɝɨ ɆɊɋȺ 
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ɂɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɜ ɢɫɩɚɪɹɟɦɨɦ ɲɬɚɛɢɤɟ ɫɨɫɬɚɜɚ Y1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 
ɬɚɛɥ. 1. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɚ ɫɨɫɬɚɜɚ Y1, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. β. 

 
Ɍɚɛɥɢɰɚ 1 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɬɚɛɢɤɚ Y1 
Ɇɨɥɶɧɵɟ ɞɨɥɢ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ, % 

Sm2O3 Y2O3 HfO2 Sm2O3 Y2O3 HfO2 
50,0 50,0 0 60,7 39,3 0 

 
Ɍɚɛɥɢɰɚ 2 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɲɬɚɛɢɤɚ Y1 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɨɜ, % Ɇɨɥɶɧɵɟ ɞɨɥɢ ɨɤɫɢɞɨɜ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɨɜ, % 

Sm Y Hf Sm2O3 Y2O3 HfO2 Sm2O3 Y2O3 HfO2 
77,65 22,35 0 67,26 32,74 0 76,03 23,97 0 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɆɊɋȺ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɚ Y1 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ 

ɫɚɦɚɪɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɲɬɚɛɢɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɚ ɫɚɦɚɪɢɹ ɤ ɢɫɩɚɪɟɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤ-
ɫɢɞɨɦ ɢɬɬɪɢɹ. 

ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Yβ ɢ ɡɨɧɵ ɫɪɟɞɧɟɢɧ-
ɬɟɝɪɚɥɶɧɨɝɨ ɆɊɋȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. β. 

 

 
Ɋɢɫ. β. ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Yβ ɫ ɡɨɧɚɦɢ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɨɝɨ ɆɊɋȺ 
 

ɂɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɜ ɢɫɩɚɪɹɟɦɨɦ ɲɬɚɛɢɤɟ ɫɨɫɬɚɜɚ Yβ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 
ɬɚɛɥ. γ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɚ ɫɨɫɬɚɜɚ Yβ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 4. 

Ɍɚɛɥɢɰɚ 3 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɬɚɛɢɤɚ Y2 

Ɇɨɥɶɧɵɟ ɞɨɥɢ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ, % 
Sm2O3 Y2O3 HfO2 Sm2O3 Y2O3 HfO2 

0 10,0 90,0 0 10,7 89,3 
 

Ɍɚɛɥɢɰɚ 4 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɲɬɚɛɢɤɚ Y2 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɨɜ, % Ɇɨɥɶɧɵɟ ɞɨɥɢ ɨɤɫɢɞɨɜ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɨɜ, % 
Sm Y Hf Sm2O3 Y2O3 HfO2 Sm2O3 Y2O3 HfO2 
0 33,35 66,65 0 50,12 49,88 0 51,91 48,09 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɆɊɋȺ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɚ Yβ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ 
ɢɬɬɪɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɲɬɚɛɢɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭ-
ɟɬ ɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɤ ɢɫɩɚɪɟɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɨɤɫɢɞɨɦ ɝɚɮɧɢɹ. 

ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Yγ ɢ ɡɨɧɵ ɫɪɟɞɧɟɢɧ-
ɬɟɝɪɚɥɶɧɨɝɨ ɆɊɋȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. γ. 

 

 
 

Ɋɢɫ. γ. ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Yγ ɫ ɡɨɧɚɦɢ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɨɝɨ ɆɊɋȺ 
 
ɂɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɜ ɢɫɩɚɪɹɟɦɨɦ ɲɬɚɛɢɤɟ ɫɨɫɬɚɜɚ Yγ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɬɚɛɥ. 5. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɚ ɫɨɫɬɚɜɚ Yγ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 6. 

 
Ɍɚɛɥɢɰɚ 5 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɬɚɛɢɤɚ Y3 
Ɇɨɥɶɧɵɟ ɞɨɥɢ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ, % 

Sm2O3 Y2O3 HfO2 Sm2O3 Y2O3 HfO2 
10,0 0 90,0 15,6 0 84,4 

 
Ɍɚɛɥɢɰɚ 6 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɲɬɚɛɢɤɚ Y3 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɨɜ, % Ɇɨɥɶɧɵɟ ɞɨɥɢ ɨɤɫɢɞɨɜ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɨɜ, % 

Sm Y Hf Sm2O3 Y2O3 HfO2 Sm2O3 Y2O3 HfO2 
22,11 0 77,89 25,2 0 47,8 35,86 0 64,14 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɆɊɋȺ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɚ Yγ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ 

ɫɚɦɚɪɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɲɬɚɛɢɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɚ ɫɚɦɚɪɢɹ ɤ ɢɫɩɚɪɟɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤ-
ɫɢɞɨɦ ɝɚɮɧɢɹ. 

ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Gd1 ɢ ɡɨɧɵ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɨɝɨ 
ɆɊɋȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4. 

ɂɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɜ ɢɫɩɚɪɹɟɦɨɦ ɲɬɚɛɢɤɟ ɫɨɫɬɚɜɚ Gd1 ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɜ ɬɚɛɥ. 7. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɚ ɫɨɫɬɚɜɚ Gd1, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 8. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɆɊɋȺ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɚ Gd1 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ 
ɝɚɞɨɥɢɧɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɲɬɚɛɢɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɚ ɝɚɞɨɥɢɧɢɹ ɤ ɢɫɩɚɪɟɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɤɫɢɞɨɦ ɝɚɮɧɢɹ. 
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Ɂɨɧɚ γ
Ɂɨɧɚ βɁɨɧɚ 1

 
 

Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɚ (×γ000) ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Gd1 ɫ ɡɨɧɚɦɢ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶ-
ɧɨɝɨ ɆɊɋȺ 

 
Ɍɚɛɥɢɰɚ 7 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɬɚɛɢɤɚ Gd1 
Ɇɨɥɶɧɵɟ ɞɨɥɢ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ, % 

Gd2O3 ZrO2 HfO2 Gd2O3 ZrO2 HfO2 

8,10 83,20 8,70 19,80 67,85 12,35 
 

Ɍɚɛɥɢɰɚ 8 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɲɬɚɛɢɤɚ Gd1 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɨɜ, % Ɇɨɥɶɧɵɟ ɞɨɥɢ ɨɤɫɢɞɨɜ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɨɜ, % 

Gd Zr Hf Gd2O3 ZrO2 HfO2 Gd2O3 ZrO2 HfO2 

62,85 35,30 1,85 32,91 65,38 1,71 59,08 39,14 1,78 
 
ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ Gdβ ɢ ɡɨɧɵ ɫɪɟɞɧɟɢɧɬɟ-

ɝɪɚɥɶɧɨɝɨ ɆɊɋȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 5. 
 

Ɂɨɧɚ γɁɨɧɚ βɁɨɧɚ 1

 
 

Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɚ (×γ000) ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Gdβ ɫ ɡɨɧɚɦɢ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶ-
ɧɨɝɨ ɆɊɋȺ 
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ɂɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɜ ɢɫɩɚɪɹɟɦɨɦ ɲɬɚɛɢɤɟ ɫɨɫɬɚɜɚ Gdβ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɜ ɬɚɛɥ. 9. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɚ ɫɨɫɬɚɜɚ Gdβ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 10. 

 
Ɍɚɛɥɢɰɚ 9 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɬɚɛɢɤɚ Gd2 
Ɇɨɥɶɧɵɟ ɞɨɥɢ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ, % 

Gd2O3 ZrO2 HfO2 Gd2O3 ZrO2 HfO2 
12,40 73,80 13,80 27,54 54,66 17,80 

 
Ɍɚɛɥɢɰɚ 10 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɲɬɚɛɢɤɚ Gd2 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɨɜ, % Ɇɨɥɶɧɵɟ ɞɨɥɢ ɨɤɫɢɞɨɜ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɨɜ, % 

Gd Zr Hf Gd2O3 ZrO2 HfO2 Gd2O3 ZrO2 HfO2 

69,56 27,96 2,48 40,25 57,22 2,53 66,20 31,38 2,42 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɆɊɋȺ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɚ Gdβ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ 

ɝɚɞɨɥɢɧɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɲɬɚɛɢɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɚ ɝɚɞɨɥɢɧɢɹ ɤ ɢɫɩɚɪɟɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɤɫɢɞɨɦ ɝɚɮɧɢɹ. 

ɋɬɪɭɤɬɭɪɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ Gdγ ɢ ɡɨɧɵ ɫɪɟɞɧɟɢɧɬɟ-
ɝɪɚɥɶɧɨɝɨ ɆɊɋȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 6. 

 

Ɂɨɧɚ γɁɨɧɚ βɁɨɧɚ 1

 
 

Ɋɢɫ. 6. ɋɬɪɭɤɬɭɪɚ (×γ000) ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɚ Gdγ ɫ ɡɨɧɚɦɢ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶ-
ɧɨɝɨ ɆɊɋȺ 

 
ɂɫɯɨɞɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ ɜ ɢɫɩɚɪɹɟɦɨɦ ɲɬɚɛɢɤɟ ɫɨɫɬɚɜɚ Gdγ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɜ ɬɚɛɥ. 11. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɚ ɫɨɫɬɚɜɚ Gdγ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1β. 

 
Ɍɚɛɥɢɰɚ 11 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɲɬɚɛɢɤɚ Gd3 
Ɇɨɥɶɧɵɟ ɞɨɥɢ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ, % 

Gd2O3 ZrO2 HfO2 Gd2O3 ZrO2 HfO2 
13,80 22,20 64,00 23,64 12,69 63,67 



ʯащ̛т̦̼е ̛ фу̦кц̛о̦ал̦̼̽е пок̬̼т̛я  
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Ɍɚɛɥɢɰɚ 12 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɲɬɚɛɢɤɚ Gd3 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɦɟɬɚɥɥɨɜ, % Ɇɨɥɶɧɵɟ ɞɨɥɢ ɨɤɫɢɞɨɜ, % (ɦɨɥɶɧ.) Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɨɜ, % 
Gd Zr Hf Gd2O3 ZrO2 HfO2 Gd2O3 ZrO2 HfO2 

21,60 41,09 37,31 9,28 62,47 28,25 19,95 44,79 35,26 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɆɊɋȺ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɚ Gdγ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ 

ɰɢɪɤɨɧɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɲɬɚɛɢɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɤ ɢɫɩɚɪɟɧɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤ-
ɫɢɞɨɦ ɝɚɮɧɢɹ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɤɟɪɚɦɢɤɢ 
ɩɪɟɞɩɪɢɧɹɬɵ ɩɨɩɵɬɤɢ ɢɡɝɨɬɨɜɢɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɨɛɪɚɡɰɵ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɦɟ-
ɬɨɞɨɦ ɬɪɚɜɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ. ȼɜɢɞɭ ɜɵɫɨɤɨɪɚɡɜɢɬɨɣ ɫɬɪɭɤɬɭɪɵ ɤɟɪɚɦɢ-
ɱɟɫɤɨɝɨ ɫɥɨɹ ɢ ɦɚɥɨɣ ɬɨɥɳɢɧɵ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɩɨɤɪɵɬɢɣ (11 ɦɤɦ) ɨɛɪɚɡɰɵ ɤɨɧɞɟɧɫɢɪɨ-
ɜɚɧɧɵɯ ɫɥɨɟɜ ɧɟ ɫɦɨɝɥɢ ɫɨɯɪɚɧɢɬɶ ɰɟɥɨɫɬɧɨɫɬɶ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɫɨɩɨɫɬɚɜɢɬɶ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɢɪɨ-
ɜɚɧɧɵɯ ɫɥɨɟɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɨɜ, ɫ 
ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɢɫɯɨɞɧɵɯ ɲɬɚɛɢɤɨɜ, ɚ ɞɥɹ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɩɨ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ 
ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɲɬɚɛɢɤɨɜ. 

ɂɡɦɟɪɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɤɟɪɚɦɢɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɩɪɨɜɨɞɢɥɢ ɩɨ ɮɨɪɦɭɥɟ 

,
10ρ

3

h
M        (1) 

ɝɞɟ ΔM – ɭɞɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɧɚɩɵɥɟɧɢɹ, ɝ/ɦ2; h – ɬɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ, ɦɤɦ. 
 
Ɋɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɩɪɟɞ-
ɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1γ. 

 
Ɍɚɛɥɢɰɚ 13 

ɉɥɨɬɧɨɫɬɶ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɫɨɫɬɚɜɚ 

ɍɞɟɥɶɧɨɟ  
ɢɡɦɟɧɟɧɢɟ 
ɦɚɫɫɵ, ɝ/ɫɦ2 

Ɍɨɥɳɢɧɚ ɤɨɧɞɟɧɫɢ-
ɪɨɜɚɧɧɨɝɨ ɫɥɨɹ, ɦɤɦ 

ɉɥɨɬɧɨɫɬɶ ɩɪɢ  
ɤɨɦɧɚɬɧɨɣ  

ɬɟɦɩɟɪɚɬɭɪɟ, ɤɝ/ɦ3 

ɉɥɨɬɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ 
ɲɬɚɛɢɤɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɤɝ/ɦ3 
Y1 58,60 11 5270 6120 
Y2 68,54 11 5900 5300 
Y3 70,52 11 5930 6400 

Gd1 57,50 10 5450 5580 
Gd2 53,39 10 5300 5400 
Gd3 208,64 39 5350 5220 

 

Ɋɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɤɟɪɚɦɢ-
ɤɢ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ ɮɨɪɦɭɥɟ 

,
 α31

ρ
)ρ( 0

T
T                                                           (2) 

ɝɞɟ ρ0 – ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɝ/ɦ3; α – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣ-
ɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, Ʉ–1; ΔT – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɤɨɦɧɚɬɧɨɣ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɚɦɢ, °C. 

 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 
ɫɥɨɟɜ ɤɟɪɚɦɢɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɚɧɚɥɨɝɢɱɧɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɞɥɹ ɢɫɯɨɞɧɵɯ ɲɬɚ-
ɛɢɤɨɜ. Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 7.  
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Ɋɢɫ. 7. Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨ-

ɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɜɢɞ-

ɧɨ, ɱɬɨ ɭ ɫɨɫɬɚɜɨɜ Yβ ɢ Gdγ ɩɥɨɬɧɨɫɬɶ ɭɜɟɥɢɱɢɥɚɫɶ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɨɬɧɨɫɬɶɸ ɢɫ-
ɯɨɞɧɵɯ ɲɬɚɛɢɤɨɜ), ɚ ɭ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ Y1, Y3, Gd1 ɢ Gd2 
ɭɦɟɧɶɲɢɥɚɫɶ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦɢ ɲɬɚɛɢɤɚɦɢ). Ɍɚɤɢɟ ɢɡɦɟɧɟɧɢɹ ɫɜɹɡɚɧɵ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɪɚɡɥɢɱɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɢ ɢɫɯɨɞɧɵɯ ɫɩɟɱɟɧ-
ɧɵɯ ɲɬɚɛɢɤɨɜ, ɚ ɬɚɤɠɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɤɨɧɞɟɧɫɚɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɫɨɫɬɚɜɨɦ ɢɫɯɨɞɧɨɝɨ ɲɬɚɛɢɤɚ. 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥɹ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɤɟɪɚɦɢɤɢ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦ ɚɧɚɥɨɝɢɱɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɢɫɯɨɞɧɵɯ ɲɬɚɛɢɤɨɜ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɬɫɹ ɨɰɟɧɨɱɧɵɣ ɪɚɫɱɟɬ, ɪɟɡɭɥɶɬɚɬɵ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 8, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɩɨ ɮɨɪɦɭɥɟ 

λ(T) = a(T) · ρ(T) · cp(T),                                              (3) 
ɝɞɟ a(T) – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɦ2/ɫ; ρ(T) – ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3; cp(T) – ɭɞɟɥɶɧɚɹ 
ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ∙Ʉ). 
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Ɋɢɫ. 8. Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ  

ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɨɜ 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬ ɹɜɥɹɟɬɫɹ ɨɰɟɧɨɱɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɜ 
ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɯɢɦɢɱɟ-
ɫɤɨɝɨ ɫɨɫɬɚɜɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɲɬɚɛɢɤɨɦ, ɱɬɨ ɨɬɪɚ-
ɠɚɟɬɫɹ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɤɟɪɚɦɢɤɢ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 
ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɨɜ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ SЦ2O3–Y2O3, 
Y2O3–HfO2 ɢ SЦ2O3–HfO2, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɨɜ ɤ ɢɫɩɚɪɟɧɢɸ ɪɚɡɥɢ-
ɱɚɸɬɫɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɹɞɭ (ɜ ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ): HПτ2 (β810 °C) → В2O3 (2425 °ɋ) 
→ SЦ2O3 (2335 °C). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɷɥɟɤ-
ɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɲɬɚɛɢɤɨɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ Gd2O3–ZrO2–HfO2, 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɢ ɨɤɫɢɞɨɜ ɤ ɢɫɩɚɪɟɧɢɸ ɪɚɡɥɢɱɚɸɬɫɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɹɞɭ 
(ɜ ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ): HПτ2 (2810 °C) → ZrO2 (2710 °C) → Gd2O3 (2420 °ɋ).  

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɌɁɉ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢ-
ɬɵɜɚɬɶ ɞɚɧɧɭɸ ɨɫɨɛɟɧɧɨɫɬɶ ɩɟɪɟɧɨɫɚ ɨɤɫɢɞɨɜ ɢɡ ɢɫɩɚɪɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɞɟɬɚɥɟɣ ɜ ɜɢɞɟ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɲɬɚɛɢɤɨɜ ɞɥɹ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ. 

ɇɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
λ < 1 ȼɬ/(ɦ∙Ʉ) ɩɨɤɚɡɚɥɚ ɤɟɪɚɦɢɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɲɬɚɛɢɤɨɜ ɫɨɫɬɚɜɨɜ, % (ɩɨ ɦɚɫɫɟ): 
12,4Gd2O3–73,8ZrO2–13,8HfO2 ɢ 1γ,8Gd2O3–22,2ZrO2–64HfO2. ɉɨɥɭɱɟɧɧɵɟ ɤɟɪɚɦɢɱɟ-
ɫɤɢɟ ɫɥɨɢ ɬɪɟɛɭɸɬ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ. 

 
Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɩɪɨɟɤɬ № 19-03-00721). 
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Abstract. Considers a method for determining the coefficient of effective thermal conductivi-
ty of a thermal insulation material by the propagation of a thermal front in it during unilateral 
heating. The description of the stand for unilateral heating of samples is given, the theoretical 
justification of the possibility of evaluating the effective thermal conductivity for the propaga-
tion of the thermal front is given. A picture of the propagation of the heat front in samples of fi-
brous thermal insulation material of various densities is given. The comparison of the calculat-
ed coefficient of thermal conductivity and that determined by the calorimetric method is given. 
The method can be used for preliminary evaluation of the thermal conductivity coefficient at the 
initial stages of research. 

Keywords: heat-shielding material, thermal conductivity coefficient, heat flux, highly porous 
material, refractory oxides 

 
For citation: Butakov V.V., Lugovoy A.A., Varrik N.M., Babashov V.G. Assessment of thermal conductivity of 
a layered highly porous thermal insulation material. Aviation materials and technologies, 2022, no. 3 (68), paper 
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ȼɜɟɞɟɧɢɟ 
Ɍɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɬɟɩɥɨɜɵɯ ɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟ-

ɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɨɛɭɫɥɨɜɢɥ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɜɢɞɨɜ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ Д1, βЖ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɢɡɨɥɹɰɢɢ ɬɟɩɥɨɜɵɯ ɚɝɪɟɝɚɬɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ 
ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɜɨɥɨɤɧɢɫɬɵɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ 
ɨɤɫɢɞɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ, ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɢ, ɧɢɡɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɜɵɫɨɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɨɤɢɫɥɟɧɢɸ. Ɉɞɧɚ ɢɡ ɬɟɧɞɟɧɰɢɣ 
ɪɚɡɜɢɬɢɹ ɧɨɜɵɯ ɜɢɞɨɜ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɫɨɡɞɚɧɢɟ ɫɥɨɢɫɬɵɯ ɫɢɫɬɟɦ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɢɯ ɫɜɨɣɫɬɜɚ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɡɚ ɫɱɟɬ ɩɨɞɛɨɪɚ 
ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɥɨɬɧɨɫɬɢ ДγЖ.  

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɩɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɸ ɬɟɩɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ 
ɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ ɬɟɯɧɢɤɢ ɜɨɡɧɢɤɚɟɬ ɦɧɨɠɟɫɬɜɨ ɜɨɩɪɨɫɨɜ, ɤɚɫɚɸɳɢɯɫɹ ɩɪɹɦɨɣ ɢ ɨɛ-
ɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ.  

Ɇɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ ɩɨ ɨɛɴɟɦɭ ɬɟɥɚ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɝɪɟɝɚɬ-
ɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɬɟɥɚ ɢ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɬɟɥɚ (ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɚɛɫɨɥɸɬɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ). Ɍɚɤ, ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɢɦɟɟɬ ɩɟɪɟɞɚɱɚ ɤɨɥɟɛɚ-
ɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɬɟɥɚ (ɦɨɥɟɤɭɥ) ɨɬ ɛɨɥɟɟ ɝɨɪɹɱɟɣ ɱɚɫɬɢ ɬɟɥɚ ɤ ɛɨɥɟɟ ɯɨɥɨɞ-
ɧɨɣ. ȼ ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɟɥɚɯ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɷɧɟɪɝɢɹ ɩɟɪɟɞɚɟɬɫɹ ɩɪɢ 
ɫɨɭɞɚɪɟɧɢɹɯ ɨɬ ɛɨɥɟɟ ɛɵɫɬɪɵɯ («ɝɨɪɹɱɢɯ») ɱɚɫɬɢɰ (ɦɨɥɟɤɭɥ) ɝɚɡɚ ɤ ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɦ 
(«ɯɨɥɨɞɧɵɦ»), ɨɞɧɚɤɨ ɞɥɹ ɛɨɥɶɲɢɯ ɩɨ ɨɛɴɟɦɭ ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɟɥ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɩɨɬɟɧ-
ɰɢɚɥɶɧɨɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɩɨɥɟ, ɤ ɩɪɨɰɟɫɫɭ ɬɟɩɥɨɨɛɦɟɧɚ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤɨɧɜɟɤɰɢɨɧɧɵɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɢ ɢɦɟɸɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ ɜ ɩɟɪɟɧɨɫɟ ɷɧɟɪɝɢɢ ɱɟɪɟɡ ɬɟɥɨ. 
ɑɚɫɬɢɰɵ (ɦɨɥɟɤɭɥɵ) ɠɢɞɤɨɫɬɢ ɫɨɭɞɚɪɹɸɬɫɹ ɱɚɳɟ, ɱɟɦ ɱɚɫɬɢɰɵ ɝɚɡɚ, ɢ ɷɧɟɪɝɢɹ ɫɨɭɞɚ-
ɪɟɧɢɣ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɟɬɫɹ (ɢ ɜɵɪɚɜɧɢɜɚɟɬɫɹ) ɜ ɠɢɞɤɢɯ ɬɟɥɚɯ ɧɚɦɧɨɝɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 
ɝɚɡɚɯ, ɧɨ ɧɟ ɫɥɟɞɭɟɬ ɡɚɛɵɜɚɬɶ, ɱɬɨ ɠɢɞɤɢɟ ɬɟɥɚ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɝɚɡɨɨɛɪɚɡɧɵɟ, ɩɨɞɜɟɪɠɟɧɵ 
ɤɨɧɜɟɤɰɢɢ, ɢ, ɧɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɵɯ ɪɚɡɦɟɪɨɜ, ɢɦɟɧɧɨ ɤɨɧɜɟɤɰɢɨɧɧɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟ-
ɧɨɫɚ ɷɧɟɪɝɢɢ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ ɡɧɚɱɟɧɢɟ. ɇɚɱɢɧɚɹ ɫ ɧɟɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪ (500–
1000 °C – ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɥɭɱɚɟɜ) ɡɚɦɟɬɧɵɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɩɥɨɩɟɪɟɧɨɫɨɦ ɢ ɤɨɧ-
ɜɟɤɬɢɜɧɵɦ ɨɛɦɟɧɨɦ, ɫɬɚɧɨɜɢɬɫɹ ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ ɬɟɩɥɨɜɵɦ ɢɡɥɭɱɟɧɢɟɦ (ɪɚɞɢɚɰɢɨɧɧɵɣ 
ɬɟɩɥɨɨɛɦɟɧ) Д4, 5Ж. 

Ɉɞɧɚ ɢɡ ɫɥɨɠɧɨɫɬɟɣ ɩɪɢ ɪɟɲɟɧɢɢ ɤɨɦɩɥɟɤɫɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɪɢɦɟɧɢ-
ɬɟɥɶɧɨ ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ (1600 °C, ɚ ɢɧɨɝɞɚ ɢ ɛɨɥɟɟ) ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ ɱɟɪɟɡ ɨɛɴɟɦ ɨɛɪɚɡɰɚ ɩɪɢ ɬɚɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɨɛɭɫɥɨɜɥɟɧ ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɤɚɤɢɦ-ɥɢɛɨ ɨɞɧɢɦ ɮɢɡɢɱɟɫɤɢɦ ɦɟɯɚɧɢɡɦɨɦ ɜ ɩɪɟɞɟ-
ɥɚɯ ɨɞɧɨɝɨ ɨɛɪɚɡɰɚ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɨɛɪɚɡɰɟ ɜɨɥɨɤɧɢɫɬɨɣ ɬɟɩ-
ɥɨɢɡɨɥɹɰɢɢ ɫ 1400 ɞɨ 100 °C ɝɨɪɹɱɢɟ ɫɥɨɢ (ɨɬ 1400 ɞɨ з1000 °C) ɩɟɪɟɞɚɸɬ ɷɧɟɪɝɢɸ 
ɫɪɟɞɧɢɦ ‒ ɜ ɨɫɧɨɜɧɨɦ ɩɨ ɪɚɞɢɚɰɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. ɉɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɨɬ ɫɪɟɞɧɟɝɨ 
ɫɥɨɹ ɤ ɯɨɥɨɞɧɨɦɭ (ɨɬ 1000 ɞɨ з500 °C) ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɹ ɬɟɩɥɨ-
ɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɚ ɜ ɯɨɥɨɞɧɵɯ ɫɥɨɹɯ ɨɛɪɚɡɰɚ ɩɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɤ ɯɨ-
ɥɨɞɧɨɣ ɫɬɟɧɤɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɩɨɷɬɨɦɭ ɞɪɭɝɢɦɢ ɦɟɯɚ-
ɧɢɡɦɚɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ Д6–10]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɢɫɬɨɝɨ ɜɵɫɨɤɨɩɨɪɢɫɬɨ-
ɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɫɬɚɧɞɚɪɬɧɨɝɨ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ 
ɫɬɟɧɞɚ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɫɢɥɢɬɨɜɵɯ ɧɚɝɪɟɜɚɬɟɥɟɣ Д11Ж. 

ɍɱɟɬ ɜɫɟɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɭɸ ɫɥɨɠɧɨɫɬɶ. 
ɉɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɨɰɟɫɫɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɬɵ (ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ɤɨɧɜɟɤɰɢɹ, ɬɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ) ɩɪɨɢɫɯɨɞɹɬ ɫɨɜɦɟɫɬɧɨ. Ɂɚɱɚɫɬɭɸ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ 
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ɦɚɬɟɪɢɚɥɵ ɫɨɞɟɪɠɚɬ ɤɨɦɩɨɧɟɧɬɵ, ɩɪɟɬɟɪɩɟɜɚɸɳɢɟ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɢɥɢ ɜɫɬɭɩɚ-
ɸɳɢɟ ɜ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ Д1β–14].  

ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ ɦɧɨɝɨɪɚɡɨɜɨɝɨ ɤɨɫɦɢɱɟ-
ɫɤɨɝɨ ɤɨɪɚɛɥɹ «Ȼɭɪɚɧ» ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɨɰɟɧɢɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚ-
ɸɳɟɣ ɞɟɦɩɮɢɪɭɸɳɢɟ ɩɨɞɥɨɠɤɢ, ɤɥɟɢ, ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɜɨɥɨɤɧɢɫɬɵɣ ɫɥɨɣ ɢ ɜɧɟɲ-
ɧɸɸ ɡɚɳɢɬɭ ɦɚɬɟɪɢɚɥɚ ɨɬ ɜɥɚɝɢ ɢ ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ɍɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɦɚ-
ɬɟɪɢɚɥ ɫɨɞɟɪɠɚɥ ɥɢɲɶ 10 % ɜɨɥɨɤɨɧ ɫɨ ɫɜɹɡɭɸɳɢɦ, ɤɨɬɨɪɵɟ ɜɦɟɫɬɟ ɫɨɡɞɚɜɚɥɢ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɣ ɤɚɪɤɚɫ, ɨɫɬɚɥɶɧɨɣ ɨɛɴɟɦ ɡɚɧɢɦɚɥɢ ɩɨɪɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ ɬɟɩɥɨ-
ɡɚɳɢɬɧɨɣ ɨɛɥɢɰɨɜɤɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɡ ɤɜɚɪɰɟɜɵɯ 
ɢ ɚɥɸɦɨɨɤɫɢɞɧɵɯ ɜɨɥɨɤɨɧ, ɚ ɬɚɤɠɟ ɧɢɬɟɜɢɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɧɢɬɪɢɞɚ ɤɪɟɦɧɢɹ. ɇɚɪɭɠ-
ɧɵɟ ɩɨɤɪɵɬɢɹ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɱɟɪɧɵɟ ɢɥɢ ɛɟɥɵɟ ɷɦɚɥɢ. Ⱦɥɹ 
ɨɛɴɟɦɧɨɣ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɯɢɦɢɱɟɫɤɢɟ 
ɫɨɟɞɢɧɟɧɢɹ ɫ ɧɟɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ, ɛɨɥɶɲɨɣ ɥɟɬɭɱɟɫɬɶɸ ɢ ɭɩɪɭɝɨɫɬɶɸ ɩɚ-
ɪɨɜ. Ʉɪɟɩɥɟɧɢɟ ɬɟɩɥɨɡɚɳɢɬɵ ɤ ɨɛɲɢɜɤɟ ɨɫɭɳɟɫɬɜɥɹɥɢ ɱɟɪɟɡ ɞɟɦɩɮɢɪɭɸɳɭɸ ɩɨɞɥɨɠ-
ɤɭ, ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɮɟɬɪ ɢɡ ɬɟɪɦɨɫɬɨɣɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɬɢɩɚ ɮɟɧɢɥɨ-
ɧɚ ɢ ɚɪɚɦɢɞɚ Д8Ж.  

ȼɵɱɢɫɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɚɤɢɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 
ɜɟɫɶɦɚ ɬɪɭɞɨɟɦɤɨ ɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜɜɢɞɭ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɱɟɬɚ ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨɪɨɜ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɨɰɟɫɫɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɛɨɥɶɲɨɣ 
ɢɧɬɟɪɟɫ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɦɟɧɧɨ ɢɧɬɟ-
ɝɪɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ, ɬɚɤɚɹ ɤɚɤ ɡɚɜɢɫɢɦɨɫɬɶ 
ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

λ = f(T) Дȼɬ/(ɦ·Ʉ)Ж,     (1) 

ɝɞɟ T – ɬɟɦɩɟɪɚɬɭɪɚ Д15Ж.  
 

Ɇɟɬɨɞɢɤɚ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɢɯɨɞɹɳɢɣ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ, ɧɟɢɡɜɟɫɬɟɧ ɢɥɢ ɦɟɧɹɟɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢɹ» ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɪɚɡɰɟ ɦɧɨɝɨɫɥɨɣ-
ɧɨɝɨ ɜɨɥɨɤɧɢɫɬɨɝɨ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɌɁɆ) ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 
ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɦɭɥɥɢɬɚ. ɉɥɨɬɧɨɫɬɶ 
ɫɥɨɟɜ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,11–0,β9 ɝ/ɫɦ3. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɦɟɬɨɞɢɤɭ, ɩɨɡɜɨɥɹɸɳɭɸ ɩɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɬɟɩɥɨɜɨɝɨ 
ɮɪɨɧɬɚ ɜ ɧɟɤɨɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɝɥɹɞɧɨɣ ɤɚɪɬɢɧɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɱɟɪɟɡ 
ɫɥɨɢ ɨɛɪɚɡɰɚ ɢɫɩɨɥɶɡɨɜɚɧ ɫɬɟɧɞ Д11Ж ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɜ ɜɵɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɵɯ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɥɨɜɢɹɯ ɢ ɩɨɡɜɨɥɹɸɳɢɣ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɤɚɪɬɢɧɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ 
ɱɟɪɟɡ ɫɥɨɢ ɨɛɪɚɡɰɚ (ɪɢɫ. 1). ɂɫɩɵɬɵɜɚɥɢ ɨɛɪɚɡɰɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɱɟɬɵɪɟɯ ɫɥɨɟɜ. ɋɥɨɢ 
ɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɬɨɥɳɢɧɭ (10 ɦɦ) ɢ ɛɥɢɡɤɢɟ ɩɥɨɬɧɨɫɬɢ (0,1±0,01; 
0,β±0,01; 0,γ±0,01 ɝ/ɫɦ3). 
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Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɫɬɟɧɞɚ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɧɚɝɪɟɜɚ: 1 – ɤɨɪɩɭɫ ɩɟɱɢ; 2 – ɧɚɝɪɟɜɚ-
ɬɟɥɢ; 3 – ɫɥɨɢ ɨɛɪɚɡɰɚ; 4 – ɬɟɪɦɨɩɚɪɵ 

 
Ɋɚɫɫɱɢɬɵɜɚɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɧɚɝɪɟɬɨɝɨ ɫɥɨɹ ɤɚɠɞɨɝɨ 

ɨɛɪɚɡɰɚ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɛɪɚɥɢ ɦɚɫɫɢɜ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɧɚɱɚɥɚ ɪɚɛɨɬɵ 
ɧɚɝɪɟɜɚɬɟɥɟɣ ɫɬɟɧɞɚ ɞɨ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɫɚɦɨɦ ɯɨɥɨɞɧɨɦ ɫɥɨɟ ɨɛɪɚɡɰɚ. 
ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɟɤɪɚɳɚɥɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚɱɢɧɚɥ ɜɵɯɨɞɢɬɶ 
ɢɡ ɫɥɨɟɜ ɨɛɪɚɡɰɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ – ɷɬɨ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 
ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɩɪɨɯɨɞɹɳɟɣ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɱɟɪɟɡ ɬɨɥɳɢɧɭ ɨɛɪɚɡɰɚ ɩɪɢ ɢɡ-
ɜɟɫɬɧɨɦ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪ ɛɟɡɨɬɧɨɫɢɬɟɥɶɧɨ ɤ ɦɟɯɚɧɢɡɦɭ ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ.  

Ʉɥɚɫɫɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɩɪɨɲɟɞɲɟɣ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɝɪɚɞɢɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɟɝɨ ɝɪɚɧɢɰɚɯ ɡɚ ɨɩɪɟ-
ɞɟɥɟɧɧɨɟ ɜɪɟɦɹ, ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ɍɟɦ-
ɩɟɪɚɬɭɪɚ ɨɛɪɚɡɰɚ ɩɪɢ ɷɬɨɦ ɫɱɢɬɚɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɝɨ-
ɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ ɫɬɨɪɨɧɟ ɨɛɪɚɡɰɚ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɞɚɟɬ ɛɨɥɟɟ ɱɟɦ ɩɪɢɟɦɥɟɦɵɟ ɪɟɡɭɥɶɬɚ-
ɬɵ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɢɫɤɨɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (1) ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɞɨ ɩɨɥɨɜɢɧɵ ɪɚɛɨ-
ɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɬɨɣ ɠɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɛɨɥɟɟ ɜɵ-
ɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɥɢɛɨ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɢɤɢ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɥɢɛɨ ɩɨɞ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɡɰɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɝɨɪɹɱɟɣ ɫɬɟɧɤɢ ɨɛɪɚɡɰɚ ɩɪɢ ɢɫɩɵɬɚɧɢɢ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ λ = f(T), ɚ ɬɚɤɠɟ ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɬɟɩɥɨ-
ɟɦɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɰɚ ɡɚɞɚɱɚ ɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɮɪɨɧɬɚ ɩɨ ɨɛɪɚɡɰɭ ɜɨ ɜɪɟɦɟɧɢ ɥɟɝɤɨ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɗȼɆ. Ɍɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɢ ɟɝɨ ɬɪɭɞɨɟɦɤɨɫɬɶ ɡɚɜɢɫɹɬ ɨɬ ɦɟɥɤɨɫɬɢ ɪɚɡɛɢɟɧɢɹ 
ɨɛɪɚɡɰɚ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɨɛɴɟɦɵ ɢ ɜɟɥɢɱɢɧɵ ɲɚɝɚ ɦɨɞɟɥɢ ɩɨ ɜɪɟɦɟɧɢ. 

ɋɬɟɧɞ, ɨɩɢɫɚɧɧɵɣ ɜ ɪɚɛɨɬɚɯ Д6, 11Ж, ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ 
ɤɚɪɬɢɧɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɱɟɪɟɡ ɫɥɨɢ ɨɛɪɚɡɰɚ (ɪɢɫ. 1). ȿɫɥɢ ɦɚɬɟɪɢɚɥ 
ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɫɥɨɟɜ ɨɞɢɧɚɤɨɜɵ, ɚ ɫɥɨɢ ɨɛɪɚɡɰɚ ɞɨɫɬɚɬɨɱɧɨ ɬɨɧɤɢɟ (ɬɟɪɦɨɩɚ-
ɪɵ ɪɚɫɩɨɥɨɠɟɧɵ ɦɟɠɞɭ ɫɥɨɹɦɢ), ɬɨ ɩɨɥɭɱɚɟɦɚɹ ɤɚɪɬɢɧɚ ɮɚɤɬɢɱɟɫɤɢ ɹɜɥɹɟɬɫɹ ɤɚɪɬɢɧɨɣ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɨɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩɢɫɚɬɶ ɦɟɯɚɧɢɡɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩ-
ɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬ. ɟ. ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɥɟɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ λ = f(T) ɩɨ ɢɡɜɟɫɬɧɨɣ ɤɚɪɬɢɧɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɱɟɪɟɡ ɨɛɪɚɡɟɰ. 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɫɦɨɬɪɢɦ ɩɪɹɦɨɭɝɨɥɶɧɵɣ 
ɨɛɪɚɡɟɰ ɪɚɡɦɟɪɨɦ a×b×l, ɢɦɟɸɳɢɣ ɝɨɪɹɱɭɸ ɢ ɯɨɥɨɞɧɭɸ ɫɬɟɧɤɢ. ɉɪɟɞɩɨɥɨɠɢɦ ɬɚɤɠɟ, 
ɱɬɨ ɟɝɨ ɞɥɢɧɚ ɢ ɲɢɪɢɧɚ (a ɢ b) ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɬ ɬɨɥɳɢɧɭ l (ɪɢɫ. β).  
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T

 
Ɋɢɫ. 1. Ɉɛɪɚɡɟɰ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

 
ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɝɪɚɞɢɟɧɬ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɨɛɪɚɡɰɟ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɜ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɩɨɤɚɡɚ-
ɧɨ ɧɚ ɪɢɫ. β.  

ɉɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚ-
ɠɟɧɚ ɤɚɤ  

,
 

 λ  
l

TS
P

       (2) 

ɝɞɟ P – ɦɨɳɧɨɫɬɶ ɩɨɬɨɤɚ; λ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ; S – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ 
ɨɛɪɚɡɰɚ (S = a×b); l – ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ; ∆T – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɝɨɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ. 

 
Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɚ. Ɋɚɡɞɟɥɢɦ 

ɨɛɪɚɡɟɰ ɧɚ ɬɨɧɤɢɟ ɫɥɨɢ. ɂɫɬɨɱɧɢɤ ɫ ɧɟɢɡɜɟɫɬɧɨɣ (ɫɬɪɨɝɨ ɝɨɜɨɪɹ, ɧɟɢɡɜɟɫɬɧɨɣ ɢ ɩɟɪɟ-
ɦɟɧɧɨɣ) ɦɨɳɧɨɫɬɶɸ Px ɧɚɝɪɟɜɚɟɬ ɜɧɭɬɪɟɧɧɢɣ ɨɛɴɟɦ ɩɟɱɢ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ  
Tɝɨɪ = T0. Ɉɛɨɡɧɚɱɢɦ ɬɨɥɳɢɧɭ ɫɥɨɟɜ ɨɛɪɚɡɰɚ ɨɬ ɝɨɪɹɱɟɝɨ ɤ ɯɨɥɨɞɧɨɦɭ ɤɚɤ l1, …, ln, ɚ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɯɨɥɨɞɧɵɯ ɫɬɨɪɨɧɚɯ ɫɥɨɟɜ ɨɛɪɚɡɰɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɚɤ T1, …, Tn. ȿɫɥɢ 
ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɫɥɨɣ ɞɨɫɬɚɬɨɱɧɨ ɬɨɧɤɢɣ, ɬɨ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɬɨɥɳɢɧɟ ɫɥɨɹ 
lɫɥɨɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɥɢɧɟɣɧɵɦ, ɢɧɚɱɟ ɝɨɜɨɪɹ, ɩɪɢ ɪɚɡɛɢɟɧɢɢ ɨɛɪɚɡɰɚ ɧɚ ɬɨɧɤɢɟ ɫɥɨɢ  
ɜ ɤɨɪɨɬɤɢɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɱɟɪɟɡ ɤɚɠɞɵɣ ɫɥɨɣ ɨɛɪɚɡɰɚ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɫɬɚɰɢɨɧɚɪɧɵɦ. 

ɉɪɢ ɬɚɤɢɯ ɞɨɩɭɳɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɭ ɤɚɠɞɨɝɨ ɫɥɨɹ ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɨɣ 
ɫɪɟɞɧɟɦɭ ɚɪɢɮɦɟɬɢɱɟɫɤɨɦɭ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɹɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɟɪ-
ɧɵɦɢ ɫɬɚɧɨɜɹɬɫɹ ɞɜɚ ɭɬɜɟɪɠɞɟɧɢɹ: ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ 
ɱɟɪɟɡ ɥɸɛɨɣ ɢɡ ɫɥɨɟɜ ɨɛɪɚɡɰɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɩɨ ɮɨɪɦɭɥɟ (β), ɜ ɬɨ ɠɟ ɜɪɟɦɹ 
ɫɥɟɞɭɸɳɢɣ ɫɥɨɣ ɨɛɪɚɡɰɚ ɢɡɦɟɧɢɬ ɫɜɨɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɜɟɥɢɱɢɧɭ ∆Ɍ, ɨɩɪɟɞɟɥɹɟɦɭɸ 
ɩɨ ɮɨɪɦɭɥɟ 
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,
mc

Q
T                                                                 (3) 

ɝɞɟ c – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, Q – ɬɟɩɥɨɬɚ, ɩɟɪɟɞɚɧɧɚɹ ɫɥɨɸ ɩɪɟɞɵɞɭɳɢɦ ɫɥɨɟɦ ɡɚ 
ɜɪɟɦɹ Ĳ, ɬ. ɟ. Q = P·Ĳ.  
 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɦɚɫɫɚ ɫɥɨɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 

m = S·l·ρ (ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ),                              (4) 

ɨɛɨɡɧɚɱɚɹ ɧɨɦɟɪɚ ɫɥɨɟɜ ɤɚɤ n, ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 

.ρĲλ 1111  
nnnn

n

n
n lcT

l

T
                                                 (5) 

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɡɧɚɹ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɫɥɨɟ ɢ ɫɭɦɦɚɪɧɭɸ ɬɟɩɥɨɬɭ, ɩɟɪɟ-
ɞɚɧɧɭɸ ɱɟɪɟɡ ɧɟɝɨ ɩɨɫɥɟɞɭɸɳɢɦ ɫɥɨɹɦ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɷɮɮɟɤɬɢɜɧɭɸ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɶ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɇɚ ɪɢɫ. γ ɩɨɤɚɡɚɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɦɚɬɟɪɢɚɥɚ ɫ 
ɩɥɨɬɧɨɫɬɶɸ 0,1 ɝ/ɫɦ3. ɂɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɤɪɢɜɵɦɢ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɦɢ ɫɨɫɬɨɹ-
ɧɢɟ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɜ ɨɛɪɚɡɰɟ, ɫɨɫɬɚɜɥɹɟɬ 1 ɦɢɧ.  
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Ɋɢɫ. 3. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɩɨ ɨɛɪɚɡɰɭ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɥɨɬɧɨ-
ɫɬɶɸ 0,1 ɝ/ɫɦ3 ɩɪɢ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ 1 ɦɢɧ 

 
ɂɦɟɸɳɚɹɫɹ ɤɚɪɬɢɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɩɨɡɜɨɥɹɟɬ ɜ ɧɟɤɨɬɨɪɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɟɪɜɨɝɨ 
(ɧɚɢɛɨɥɟɟ ɝɨɪɹɱɟɝɨ) ɫɥɨɹ ɨɛɪɚɡɰɚ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɌɁɆ. ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɫɥɨɢ ɨɞɢɧɚ-
ɤɨɜɵɟ, ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɞɢɧɚɤɨɜ ɞɥɹ ɜɫɟɝɨ ɨɛɪɚɡɰɚ ɌɁɆ. 

Ⱦɚɥɟɟ (ɪɢɫ. 4) ɩɪɢɜɟɞɟɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɩɪɢ ɞɜɭɯ ɢɫɩɵɬɚ-
ɧɢɹɯ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɌɁɆ ɫ ɩɥɨɬɧɨɫɬɶɸ 0,β ɝ/ɫɦ3. 

ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɩɪɢ ɞɜɭɯ ɢɫɩɵɬɚɧɢɹɯ 
ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɌɁɆ ɫ ɩɥɨɬɧɨɫɬɶɸ 0,γ ɝ/ɫɦ3. 
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ɛ)

 
Ɋɢɫ. 4. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɩɨ ɞɜɭɦ ɨɛɪɚɡɰɚɦ (ɚ, ɛ) ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚ-

ɥɚ ɩɥɨɬɧɨɫɬɶɸ 0,β ɝ/ɫɦ3 
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ɛ)

 
Ɋɢɫ. 5. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɩɨ ɞɜɭɦ ɨɛɪɚɡɰɚɦ (ɚ, ɛ) ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚ-

ɥɚ ɩɥɨɬɧɨɫɬɶɸ 0,γ ɝ/ɫɦ3 
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Ɋɟɡɭɥɶɬɚɬɵ ɩɪɹɦɵɯ ɜɵɱɢɫɥɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

 
ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  

ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɟɩɥɨɜɨɝɨ ɮɪɨɧɬɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ  
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɨɛɪɚɡɰɚ 

ɉɥɨɬɧɨɫɬɶ 
ɨɛɪɚɡɰɚ, 
ɝ/ɫɦ3 

Ɉɰɟɧɤɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɧɟɫɬɚɰɢɨɧɚɪ-
ɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ ɩɪɢ ɫɪɟɞ-

ɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ β50 °C, 
ȼɬ/(ɦ·Ʉ) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɢɡɦɟ-
ɪɟɧɧɵɣ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟ-
ɬɨɞɨɦ ɜ ɭɫɥɨɜɢɹɯ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ȼɬ/(ɦ·Ʉ) 
1 0,1 0,074 0,04–0,07 
2 

0,2 
0,052 

0,08–0,1 
3 0,080 

4 
0,3 

0,038 
0,1–0,12 

5 0,070 

 
ɇɚ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɩɨɜɥɢɹɥɨ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ: 
– ɦɚɥɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɵɫɨɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟ-

ɧɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ; 
– ɩɪɨɩɭɫɤɢ ɜ ɪɚɛɨɬɟ ɪɟɝɢɫɬɪɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɲɭɦɵ ɜ ɪɚɛɨɬɟ ɬɟɪɦɨɩɚɪ; 
– ɧɚɥɢɱɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɡɚɡɨɪɨɜ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɬɟɪɦɨɩɚɪ ɦɟɠɞɭ ɫɥɨɹɦɢ ɨɛɪɚɡɰɨɜ, 

ɧɟɩɥɨɬɧɨɟ ɩɪɢɥɟɝɚɧɢɟ ɥɢɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɥɨɟɜ ɨɛɪɚɡɰɚ; 
– ɧɟɩɥɨɬɧɨɟ ɩɪɢɥɟɝɚɧɢɟ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɹɱɟɝɨ ɫɥɨɹ ɨɛɪɚɡɰɚ ɤ ɨɤɧɭ ɫɬɟɧɞɚ 

ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɧɚɝɪɟɜɚ; 
– ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ɛɟɡ 

ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ з50 %.  
 

Ɂɚɤɥɸɱɟɧɢɹ 
ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɦɟɬɨɞ ɨɰɟɧ-

ɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɥɟɡɧɵɦ. 
Ɇɟɬɨɞ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɬɟɩɥɨɜɨɝɨ 

ɮɪɨɧɬɚ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, 
ɩɪɢɯɨɞɹɳɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɧɟɢɡɜɟɫɬɟɧ ɢɥɢ ɦɟɧɹɟɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ. 

Ɉɩɢɫɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɤɚɥɨɪɢɦɟɬɪɢɱɟ-
ɫɤɨɝɨ, ɬɟɪɦɨɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɪ.). ɇɟɨɛɯɨɞɢɦɚ ɬɨɥɶɤɨ ɪɟɝɢɫɬɪɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɩɪɨɳɟ ɬɟɯɧɢɱɟɫɤɢ. 

Ɇɟɬɨɞ ɧɟ ɦɨɠɟɬ ɩɨɥɧɨɫɬɶɸ ɡɚɦɟɧɢɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɚɥɨɪɢ-
ɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɧɨ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ) ɢ ɞɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚ-
ɥɢɡɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ. 
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Abstract. The main machine learning algorithms are considered: classification, nearest 
neighbor method, linear regression, logistic regression, neural networks, Bayesian networks, 
density estimation, dimension reduction, clustering, machine-learned ranking, reinforcement 
learning, support vector machine. Examples of the use of machine learning algorithms for solv-
ing problems of calculating the strength characteristics of materials in the main types of their 
physical and mechanical tests are considered: tension, compression, torsion, bending, shear, 
creep, long-term strength, fatigue, crack resistance, indentation 

Keywords: machine learning, neural network, classification, regression, sigmoidal function, 
calculation, stress, deformation 
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ȼɜɟɞɟɧɢɟ 
ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɨɫɧɨɜɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɢ ɢɫɤɭɫ-

ɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ (ɂɇɋ) ɚɤɬɢɜɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɧɢɤɚɸɬ ɜɨ ɜɫɟ ɫɮɟɪɵ ɠɢɡɧɢ 
ɨɛɳɟɫɬɜɚ ɢ ɫɬɚɧɨɜɹɬɫɹ ɬɟɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɸɬ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢ ɪɟɲɟɧɢɢ ɫɥɨɠɧɵɯ ɩɪɢɤɥɚɞɧɵɯ 
ɡɚɞɚɱ Д1Ж. 

ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ (artificial intelligence) – ɷɬɨ ɤɨɦɩɥɟɤɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɪɟɲɟɧɢɣ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɪɟɡɭɥɶɬɚɬɭ, ɚɧɚɥɨɝɢɱɧɨɦɭ ɢɥɢ ɩɪɟɜɨɫɯɨɞɹɳɟ-
ɦɭ ɪɟɡɭɥɶɬɚɬ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ (ɜɤɥɸɱɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɚɦɨ-
ɨɛɭɱɟɧɢɸ). Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɹɜɥɹɟɬɫɹ ɦɚɲɢɧɧɨɟ ɨɛɭ-
ɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɚɥɝɨɪɢɬɦɨɜ, ɭɦɟɸɳɢɯ ɩɨɥɭɱɚɬɶ ɡɧɚɧɢɹ ɢɡ 
ɧɚɛɨɪɚ ɞɚɧɧɵɯ. 

ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ – ɷɬɨ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨ-
ɥɨɝɢɢ, ɩɨɦɨɝɚɸɳɢɟ ɱɟɥɨɜɟɤɭ ɭɫɤɨɪɢɬɶ ɚɧɚɥɢɡ ɩɨɥɢɬɢɱɟɫɤɨɣ, ɷɤɨɧɨɦɢɱɟɫɤɨɣ, ɫɨɰɢɚɥɶ-
ɧɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. 

Ⱥɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ – ɷɬɨ ɧɚɛɨɪ ɩɨɲɚɝɨɜɵɯ ɢɧɫɬɪɭɤɰɢɣ, ɤɨɬɨɪɵɟ 
ɤɨɦɩɶɸɬɟɪ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɞɥɹ ɚɧɚɥɢɡɚ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ. Ⱥɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭ-
ɱɟɧɢɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɧɚɩɪɢɦɟɪ ɜ ɦɚɬɟɪɢɚ-
ɥɨɜɟɞɟɧɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚ-
ɬɟɪɢɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ɇɚɲɢɧɧɨɟ ɨɛɭɱɟɧɢɟ (machine learning) ɦɨɠɧɨ ɤɪɚɬɤɨ ɨɩɢɫɚɬɶ ɤɚɤ ɩɪɨɰɟɫɫ «ɨɛɭ-
ɱɟɧɢɹ» ɧɟɤɨɬɨɪɨɣ ɦɨɞɟɥɢ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɝɧɨɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ-
ɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɬɚɤɢɟ ɩɨɧɹɬɢɹ, ɤɚɤ ɨɛɭɱɟɧɢɟ ɢ ɩɟɪɟɨɛɭɱɟɧɢɟ ɞɥɹ 
ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. Ɉɛɭɱɟɧɢɟ (training) – ɷɬɨ ɩɪɨɰɟɫɫ ɫɨɡɞɚɧɢɹ ɢɥɢ 
ɭɥɭɱɲɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. Ɉɧɨ 
ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɞɥɹ ɩɪɟɞ-
ɩɨɥɚɝɚɟɦɨɝɨ ɨɬɧɨɲɟɧɢɹ ɜɨɩɪɨɫ/ɨɬɜɟɬ ɢɥɢ ɨɛɟɫɩɟɱɟɧɢɟɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɜɵɯɨɞɧɵɦɢ 
ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɉɟɪɟɨɛɭɱɟɧɢɟ (overfit-
ting) – ɧɟɝɚɬɢɜɧɵɣ ɮɚɤɬɨɪ, ɤɨɝɞɚ ɚɥɝɨɪɢɬɦ ɨɛɭɱɟɧɢɹ ɜɵɞɚɟɬ ɬɨɱɧɵɟ ɩɪɟɞɫɤɚɡɚɧɢɹ ɞɥɹ 
ɤɨɧɤɪɟɬɧɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɢɡ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ, ɧɨ ɧɟɬɨɱɧɵɟ ‒ ɞɥɹ ɞɚɧɧɵɯ, ɤɨɬɨ-
ɪɵɟ ɧɟ ɭɱɚɫɬɜɭɸɬ ɜ ɨɛɭɱɟɧɢɢ. 

ɇɟɣɪɨɧɧɚɹ ɫɟɬɶ (neural network) – ɷɬɨ ɨɞɢɧ ɢɡ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɩɪɟɞɨɩɪɟɞɟɥɟɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɫ ɦɧɨɠɟɫɬɜɨɦ 
ɪɟɝɭɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ ɡɚɜɢɫɹɬ ɨɬ ɡɧɚɱɟɧɢɣ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

Ɇɚɲɢɧɧɨɟ ɨɛɭɱɟɧɢɟ ɜɫɟ ɝɥɭɛɠɟ ɩɪɨɧɢɤɚɟɬ ɜ ɩɨɜɫɟɞɧɟɜɧɭɸ ɠɢɡɧɶ ɩɨɫɪɟɞɫɬɜɨɦ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɩɪɨɞɭɤɬɨɜ. ɗɬɢ ɬɟɯɧɨɥɨɝɢɢ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɬɫɹ ɢ ɩɨɫɬɟɩɟɧɧɨ ɫɬɚɧɨ-
ɜɹɬɫɹ ɱɚɫɬɶɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɨɩɢɫɚɧɢɟ ɨɫɧɨɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɢ 
ɨɛɡɨɪ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬ-
ɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɐɄɉ «Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ»  
ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ. 
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Ɋɚɡɧɨɜɢɞɧɨɫɬɢ ɡɚɞɚɱ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ 
Ɇɚɲɢɧɧɨɟ ɨɛɭɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɭɤɨɣ ɨ ɬɨɦ, ɤɚɤ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɞɟɥɚɬɶ 

ɜɵɜɨɞɵ, ɨɬɤɭɞɚ ɷɬɢ ɞɚɧɧɵɟ ɩɨɹɜɢɥɢɫɶ, ɢ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ, ɤɚɤɢɟ ɞɚɧɧɵɟ ɜɫɬɪɟɬɹɬɫɹ ɜ 
ɛɭɞɭɳɟɦ. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ ɨɛɭɱɚɟɬɫɹ ɩɨ ɦɟɪɟ ɧɚɤɨɩɥɟɧɢɹ ɨɩɵɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɤɨɬɨɪɨɝɨ ɤɥɚɫɫɚ ɡɚɞɚɱ Ʉ ɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ Ɏ, ɟɫɥɢ ɤɚɱɟɫɬɜɨ ɪɟɲɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ 
(ɨɬɧɨɫɢɬɟɥɶɧɨ Ɏ) ɭɥɭɱɲɚɟɬɫɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɧɨɜɨɝɨ ɨɩɵɬɚ. ɐɟɧɬɪɚɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɜ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɹɜɥɹɟɬɫɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟ-
ɥɢɬɶ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ȼɵɛɨɪ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɨɩɪɟɞɟɥɹ-
ɟɬ ɜɟɫɶ ɞɚɥɶɧɟɣɲɢɣ ɩɪɨɰɟɫɫ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. ȼ ɩɨɯɨɠɢɯ ɡɚɞɚɱɚɯ ɪɚɡɥɢɱɧɵɟ ɰɟɥɟɜɵɟ 
ɮɭɧɤɰɢɢ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɫɨɜɟɪɲɟɧɧɨ ɪɚɡɧɵɦ ɦɨɞɟɥɹɦ. ɇɚɩɪɢɦɟɪ, ɜ ɡɚɞɚɱɟ ɨɛɭɱɟɧɢɹ 
ɤɨɦɩɶɸɬɟɪɚ ɱɬɟɧɢɸ ɪɟɡɭɥɶɬɚɬ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɢɡɚɰɢɢ ɷɬɨɣ ɡɚɞɚɱɢ ɢ ɜɵɛɨɪɟ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ. ɉɪɨɰɟɫɫ «ɱɬɟɧɢɹ» ɦɨɠɟɬ ɛɵɬɶ ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɬɜɟɱɚɬɶ ɧɚ ɜɨɩɪɨɫɵ ɩɨ «ɩɪɨ-
ɱɢɬɚɧɧɨɦɭ» ɬɟɤɫɬɭ ɢɥɢ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɬɚɤɫɢɱɟɫɤɨɝɨ ɪɚɡɛɨɪɚ ɩɪɟɞɥɨɠɟɧɢɹ, ɚ ɦɨɠɟɬ 
ɛɵɬɶ ɷɬɨ ɜɵɜɨɞ ɪɟɥɟɜɚɧɬɧɵɯ ɞɚɧɧɨɦɭ ɬɟɤɫɬɭ ɫɬɚɬɟɣ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɨɧ-
ɧɨɣ ɛɚɡɵ ДβЖ ɢ ɬ. ɞ. 

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 
 

 
 

Ɋɢɫ. 1. Ɋɚɡɧɨɜɢɞɧɨɫɬɢ ɡɚɞɚɱ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ДβЖ 
 

Ʉ ɞɜɭɦ ɨɫɧɨɜɧɵɦ ɤɥɚɫɫɚɦ ɡɚɞɚɱ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɨɬɧɨɫɹɬɫɹ ɡɚɞɚɱɢ ɨɛɭɱɟ-
ɧɢɹ ɫ ɭɱɢɬɟɥɟɦ (supervised learning) ɢ ɨɛɭɱɟɧɢɹ ɛɟɡ ɭɱɢɬɟɥɹ (unsupervised learning). 

ɉɪɢ ɨɛɭɱɟɧɢɢ ɫ ɭɱɢɬɟɥɟɦ ɧɚ ɜɯɨɞ ɩɨɞɚɟɬɫɹ ɧɚɛɨɪ ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɩɪɢɦɟɪɨɜ, ɤɨ-
ɬɨɪɵɣ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɨɛɭɱɚɸɳɢɦ ɢɥɢ ɬɪɟɧɢɪɨɜɨɱɧɵɦ ɧɚɛɨɪɨɦ ɞɚɧɧɵɯ (training set 
ɢɥɢ training sample – ɬɪɟɧɢɪɨɜɨɱɧɚɹ ɜɵɛɨɪɤɚ), ɢ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɨɞɨɥ-
ɠɢɬɶ ɭɠɟ ɢɡɜɟɫɬɧɵɟ ɨɬɜɟɬɵ ɧɚ ɧɨɜɵɣ ɨɩɵɬ, ɜɵɪɚɠɟɧɧɵɣ ɨɛɵɱɧɨ ɜ ɜɢɞɟ ɬɟɫɬɨɜɨɝɨ 
ɧɚɛɨɪɚ ɞɚɧɧɵɯ (test set, test sample). 

Ɂɚɞɚɱɢ ɨɛɭɱɟɧɢɹ ɫ ɭɱɢɬɟɥɟɦ ɨɛɵɱɧɨ ɞɟɥɹɬɫɹ ɧɚ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɟɝɪɟɫɫɢɢ.  
ȼ ɡɚɞɚɱɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɭɠɧɨ ɩɨɞɚɧɧɵɣ ɧɚ ɜɯɨɞ ɨɛɴɟɤɬ ɨɩɪɟɞɟɥɢɬɶ ɜ ɨɞɢɧ ɢɡ 

ɤɥɚɫɫɨɜ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ, 
ɧɚɩɪɢɦɟɪ: ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ, ɛɚɣɟɫɨɜɫɤɢɟ ɫɟɬɢ, ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ, ɞɟɪɟɜɶɟɜ ɪɟɲɟ-
ɧɢɣ, ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ, ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢ ɞɪ.  

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ: ɭɫɬɚɧɨɜɥɟɧɢɟ ɮɨɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɮɭɧɤɰɢɢ ɪɟɝɪɟɫɫɢɢ ɢ ɨɰɟɧɤɚ ɧɟɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɣ ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ.  

Ⱦɟɥɟɧɢɟ ɧɚ ɪɟɝɪɟɫɫɢɸ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɭɫɥɨɜɧɨ, ɢ ɫɭɳɟɫɬɜɭɸɬ «ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɟ» ɪɟɲɟɧɢɹ. ȿɫɬɶ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɧɟ ɭɤɥɚɞɵɜɚɸɬɫɹ ɜ ɷɬɭ ɛɢɧɚɪɧɭɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ, 
ɧɚɩɪɢɦɟɪ ɨɛɭɱɟɧɢɟ ɪɚɧɠɢɪɨɜɚɧɢɸ (learning to rank). ȼ ɬɚɤɨɣ ɡɚɞɚɱɟ (ɜ ɩɨɢɫɤɨɜɵɯ ɫɢ-
ɫɬɟɦɚɯ ɨɧɚ ɧɚɡɵɜɚɟɬɫɹ ɪɟɥɟɜɚɧɬɧɨɫɬɶɸ, ɬ. ɟ. ɧɚɫɤɨɥɶɤɨ ɞɨɤɭɦɟɧɬ ɩɨɞɯɨɞɢɬ ɜ ɤɚɱɟɫɬɜɟ 
ɨɬɜɟɬɚ ɧɚ ɩɨɥɭɱɟɧɧɵɣ ɡɚɩɪɨɫ) ɩɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɧɭɠɧɨ ɪɚɫɫɬɚɜɢɬɶ ɨɛɴɟɤɬɵ ɜ ɩɨ-
ɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ДβЖ. 
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Ɂɚɞɚɱɟ ɨɛɭɱɟɧɢɹ ɛɟɡ ɭɱɢɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɟɫɬɶ ɧɚɛɨɪ ɞɚɧɧɵɯ, ɜ 
ɤɨɬɨɪɵɯ ɧɭɠɧɨ ɧɚɣɬɢ ɫɦɵɫɥ. ɉɪɢɦɟɪ ɬɚɤɨɣ ɡɚɞɚɱɢ ‒ ɤɥɚɫɬɟɪɢɡɚɰɢɹ (clustering), ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɥɨɝɢɱɟɫɤɢɦ ɩɪɨɞɨɥɠɟɧɢɟɦ ɢɞɟɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ (ɫɢɧɨɧɢɦɨɦ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɹɜɥɹɟɬɫɹ «ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ»). Ɂɚɞɚɱɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɨɥɟɟ ɫɥɨɠɧɚɹ, ɩɨ-
ɬɨɦɭ ɱɬɨ ɬɪɟɛɭɟɬ ɪɚɡɛɢɟɧɢɹ ɞɚɧɧɵɯ ɧɚ ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵɟ ɤɥɚɫɫɵ ɩɨ ɧɟɤɨɬɨɪɨɣ ɦɟɪɟ 
ɩɨɯɨɠɟɫɬɢ ɬɚɤ, ɱɬɨɛɵ ɬɨɱɤɢ, ɨɬɧɟɫɟɧɧɵɟ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɤɥɚɫɬɟɪɭ, ɛɵɥɢ ɤɚɤ ɦɨɠɧɨ 
ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɚ ɬɨɱɤɢ ɢɡ ɪɚɡɧɵɯ ɤɥɚɫɬɟɪɨɜ ɛɵɥɢ ɤɚɤ ɦɨɠɧɨ ɦɟɧɟɟ ɩɨɯɨɠɢ. Ʉɥɚ-
ɫɬɟɪ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɝɪɭɩɩɭ ɨɛɴɟɤɬɨɜ, ɢɦɟɸɳɢɯ ɨɛɳɢɟ ɫɜɨɣɫɬɜɚ. ɉɪɢɦɟ-
ɪɨɦ ɡɚɞɚɱɢ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɹɜɥɹɸɬɫɹ ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɢɟɫɹ ɤɚɪɬɵ Ʉɨɯɨɧɟɧɚ. Ɋɟɲɢɜ ɡɚ-
ɞɚɱɭ ɤɥɚɫɬɟɪɢɡɚɰɢɢ, ɦɨɠɧɨ, ɧɚɩɪɢɦɟɪ, ɫɟɝɦɟɧɬɢɪɨɜɚɬɶ ɦɟɞɢɰɢɧɫɤɢɣ ɫɧɢɦɨɤ, ɱɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɨɩɭɯɨɥɶ.  

ȼ ɡɚɞɚɱɟ ɫɧɢɠɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ (dimensionality reduction) ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɦɟ-
ɸɬ ɛόɥɶɲɭɸ ɪɚɡɦɟɪɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɦɟɧɶɲɟɣ 
ɪɚɡɦɟɪɧɨɫɬɢ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɯɨɪɨɲɨ ɨɬɪɚɠɚɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ – ɧɚɩɪɢɦɟɪ, ɩɨ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɸ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ ɦɨɠɧɨ ɛɭɞɟɬ ɬɨɱɧɨ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɢɫɯɨɞɧɵɟ ɬɨɱɤɢ 
ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. ɗɬɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɨɛɳɟɣ ɡɚɞɚɱɢ ɜɵ-
ɞɟɥɟɧɢɹ ɩɪɢɡɧɚɤɨɜ (feature extraction). 

ɋɥɟɞɭɸɳɢɣ ɨɛɳɢɣ ɤɥɚɫɫ ɡɚɞɚɱ ɨɛɭɱɟɧɢɹ ɛɟɡ ɭɱɢɬɟɥɹ – ɷɬɨ ɨɰɟɧɤɚ ɩɥɨɬɧɨɫɬɢ. 
Ɉɛɳɚɹ ɩɨɫɬɚɧɨɜɤɚ ɬɚɤɨɣ ɡɚɞɚɱɢ ɫɥɟɞɭɸɳɚɹ: ɢɦɟɸɬɫɹ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ дx1, …, xn} ɢ ɤɚ-
ɤɢɟ-ɬɨ ɚɩɪɢɨɪɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɬɨɦ, ɨɬɤɭɞɚ ɨɧɢ ɩɨɹɜɢɥɢɫɶ, ɧɭɠɧɨ ɨɰɟɧɢɬɶ ɮɭɧɤ-
ɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɋ(ɯ), ɢɡ ɤɨɬɨɪɨɣ ɨɧɢ ɩɨɥɭɱɢɥɢɫɶ. 

ɂɧɨɝɞɚ ɜɨɡɧɢɤɚɟɬ ɧɟɱɬɨ ɫɪɟɞɧɟɟ ɦɟɠɞɭ ɨɛɭɱɟɧɢɟɦ ɫ ɭɱɢɬɟɥɟɦ ɢ ɨɛɭɱɟɧɢɟɦ ɛɟɡ 
ɭɱɢɬɟɥɹ, ɧɚɩɪɢɦɟɪ ɩɨɥɭɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɨɛɭɱɟɧɢɟ (semi-supervised learning) ɢɥɢ ɨɛɭɱɟ-
ɧɢɟ ɫ ɱɚɫɬɢɱɧɵɦ ɩɨɞɤɪɟɩɥɟɧɢɟɦ ɭɱɢɬɟɥɹ. 

ɉɨɫɥɟ ɨɛɭɱɟɧɢɹ ɫ ɭɱɢɬɟɥɟɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɨɛɭɱɟɧɢɟ ɫ ɩɨɞɤɪɟɩɥɟɧɢɟɦ. Ɉɛɳɚɹ 
ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨɛɭɱɟɧɢɹ ɫ ɩɨɞɤɪɟɩɥɟɧɢɟɦ (reinforcement learning) ɫɥɟɞɭɸɳɚɹ: ɚɝɟɧɬ 
ɩɪɨɢɡɜɨɞɢɬ ɧɟɤɨɬɨɪɵɟ ɞɟɣɫɬɜɢɹ, ɡɚ ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɟɬ ɧɚɝɪɚɞɵ ɢ ɟɝɨ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ 
ɩɨɥɭɱɟɧɢɟ ɧɚɢɥɭɱɲɟɣ ɧɚɝɪɚɞɵ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɞɥɹ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɹɬɶ, ɤɚɤɢɟ 
ɞɟɣɫɬɜɢɹ ɞɥɹ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ.  

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɢ ɞɪɭɝɢɟ ɨɛɥɚɫɬɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɫ ɤɨɬɨɪɵɦɢ ɦɨɠɧɨ 
ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ [3, 4]. 

Ɇɨɞɟɥɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɧɟɢɡɛɟɠɧɨ ɫɨɞɟɪɠɚɬ ɧɟɤɨɬɨɪɭɸ ɞɨɥɸ ɧɟɨɩɪɟɞɟ-
ɥɟɧɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɞɯɨɞ ɤ ɨɛɭɱɟɧɢɸ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɩɪɨɝɧɨɡɢɪɨ-
ɜɚɬɶ, ɧɨ ɢ ɨɰɟɧɢɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ДβЖ. 

 
Ɂɚɞɚɱɢ ɪɟɝɪɟɫɫɢɢ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ  

Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɡɚɞɚɱɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɨɰɟɧɤɢ ɫɬɨɢ-
ɦɨɫɬɢ ɧɨɭɬɛɭɤɚ ɩɨ ɟɝɨ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ Д5Ж. ɇɚɩɪɢɦɟɪ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 
ɩɪɟɞɥɨɠɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɜɵɛɪɚɧɵ ɞɚɧɧɵɟ ɨ ɱɟɬɵɪɟɯ ɧɨɭɬɛɭɤɚɯ (ɬɚɛɥ. 1). Ɋɚɫ-
ɫɦɨɬɪɢɦ ɟɳɟ ɨɞɢɧ (ɩɹɬɵɣ) ɧɨɭɬɛɭɤ, ɭ ɤɨɬɨɪɨɝɨ ɢɡɜɟɫɬɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɧɨ ɧɟɢɡɜɟɫɬɧɚ ɫɬɨɢɦɨɫɬɶ. ɉɪɨɰɟɫɫ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɬɨɢɦɨɫɬɢ ɩɹɬɨɝɨ ɧɨɭɬɛɭɤɚ ɧɚ ɨɫ-
ɧɨɜɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɨ ɫɬɨɢɦɨɫɬɢ ɢ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ 
ɧɨɭɬɛɭɤɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɡɚɞɚɱɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɩɪɢɦɟɪɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɨɭɬɛɭɤɚ ɹɜɥɹɸɬɫɹ ɩɪɢ-
ɡɧɚɤɚɦɢ ɨɛɴɟɤɬɚ, ɬ. ɟ. ɜɟɤɬɨɪɚɦɢ ɢɡ Ɇ ɱɢɫɟɥ ɢɥɢ ɩɪɢɡɧɚɤɨɜ.  

ȿɫɥɢ ɜɟɤɬɨɪɵ ɩɪɢɡɧɚɤɨɜ ɪɚɡɧɵɯ ɨɛɴɟɤɬɨɜ ɪɚɫɩɨɥɨɠɢɬɶ ɜ ɫɬɪɨɤɢ ɞɪɭɝ ɩɨɞ ɞɪɭ-
ɝɨɦ, ɬɨ ɩɨɥɭɱɢɬɫɹ ɦɚɬɪɢɰɚ «ɨɛɴɟɤɬɵ–ɩɪɢɡɧɚɤɢ» ɢɡ Ɇ ɫɬɪɨɤ ɢ ɫɬɨɥɛɰɨɜ (Ɇ – ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɢɡɧɚɤɨɜ, ɚ L – ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ).  
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Ɍɚɛɥɢɰɚ 1 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɬɨɢɦɨɫɬɶ ɧɨɭɬɛɭɤɨɜ Д5Ж 

ɇɨɭɬɛɭɤ 
Ʉɨɥɢɱɟɫɬɜɨ 

ɹɞɟɪ 
RAM*, 
Ƚɛɚɣɬ 

Ɉɛɴɟɦ 
ɠɟɫɬɤɨɝɨ 

ɞɢɫɤɚ, Ƚɛɚɣɬ 

Ⱦɢɚɝɨɧɚɥɶ, 
ɞɸɣɦ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɪɚɛɨɬɵ ɨɬ ɚɤɤɭɦɭ-

ɥɹɬɨɪɚ, ɱ 

ɐɟɧɚ, 
ɪɭɛ. 

 
2 4 500 (HDD) 15 Ⱦɨ 5 31490 

 
4 8 256 (SDD) 14 Ⱦɨ 1β 60990 

 
4 16 1000 (HDD) 17 Ⱦɨ γ 65990 

 
8 16 

1000 (HDD), 
256 (SDD) 

17 Ⱦɨ 11 109990 

 
4 16 1000 (HDD), 

128 (SDD) 17 Ⱦɨ 6 ? 

* Ɉɛɴɟɦ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɡɚɩɨɦɢɧɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 
 
ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɪɟɝɪɟɫɫɢɢ ɧɚɡɵɜɚɟɬɫɹ «ɨɛɭɱɟɧɢɟ ɫ ɭɱɢɬɟ-

ɥɟɦ». ɉɨɞ «ɭɱɢɬɟɥɟɦ» ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɨɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ, ɬ. ɟ. ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ ɫ 
ɢɡɜɟɫɬɧɵɦɢ ɩɪɚɜɢɥɶɧɵɦɢ ɨɬɜɟɬɚɦɢ. ɉɪɢɦɟɪ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ – ɷɬɨ, ɧɚɩɪɢɦɟɪ, 
ɡɚɞɚɱɚ ɤɪɟɞɢɬɧɨɝɨ ɫɤɨɪɢɧɝɚ, ɤɨɝɞɚ ɛɚɧɤɭ ɧɭɠɧɨ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ: ɜɵɞɚɬɶ ɤɪɟɞɢɬ ɢɥɢ 
ɧɟɬ. ɇɚ ɪɢɫ. β ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ ɢ ɪɟɝɪɟɫɫɢɟɣ. ɇɚ ɪɢɫ. β, ɚ 
ɢɡɨɛɪɚɠɟɧɵ ɨɛɴɟɤɬɵ ɞɜɭɯ ɤɥɚɫɫɨɜ ɢ ɤɚɠɞɵɣ ɨɛɴɟɤɬ ɨɩɢɫɵɜɚɟɬɫɹ ɞɜɭɦɹ ɩɪɢɡɧɚɤɚɦɢ ɏ1 
ɢ ɏ2, ɚ ɧɚ ɝɪɚɮɢɤɟ ɬɚɤɨɦɭ ɨɛɴɟɤɬɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɤɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɏ1 ɢ ɏ2.  

 
ɛ)ɚ)

 
 

 

Ɋɢɫ. β. Ƚɪɚɮɢɱɟɫɤɢɣ ɩɪɢɦɟɪ ɡɚɞɚɱ: ɤɥɚɫɫɢɮɢɤɚɰɢɢ (ɚ) ɢ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ (ɛ) 
 
Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɪɹɦɚɹ ɦɟɠɞɭ ɞɜɭɦɹ 

ɤɥɚɫɫɚɦɢ, ɤɨɬɨɪɚɹ ɪɚɡɞɟɥɹɟɬ ɩɥɨɫɤɨɫɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɪɟ-
ɝɪɟɫɫɢɢ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɪɢɡɧɚɤ ɏ, ɤɨɬɨɪɵɦ ɨɩɢɫɵɜɚɟɬɫɹ ɤɚɠɞɵɣ ɨɛɴɟɤɬ, ɬ. ɟ. 
ɤɨɨɪɞɢɧɚɬɚ ɬɨɱɤɢ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ. Ⱥɥɝɨɪɢɬɦ ɫɬɪɨɢɬ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɏ ɢ Y ɜ ɜɢɞɟ 
ɩɪɹɦɨɣ, ɤɨɬɨɪɚɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɢ ɢɡ ɜɵɛɨɪɤɢ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɢɦɟɪɵ ɚɥɝɨɪɢɬ-
ɦɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɟɝɪɟɫɫɢɢ ɨɬɧɨɫɹɬɫɹ ɤ ɫɩɨɫɨɛɚɦ ɨɛɭɱɟɧɢɹ ɫ ɭɱɢɬɟɥɟɦ. ɋɭɳɟ-
ɫɬɜɭɸɬ ɬɚɤɠɟ ɡɚɞɚɱɢ ɨɛɭɱɟɧɢɹ ɛɟɡ ɭɱɢɬɟɥɹ: ɤɥɚɫɬɟɪɢɡɚɰɢɹ ɢ ɡɚɞɚɱɚ ɩɨɧɢɠɟɧɢɹ ɪɚɡɦɟɪ-
ɧɨɫɬɢ. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɛɢɟɧɢɟ ɨɛɴɟɤɬɨɜ ɧɚ ɝɪɭɩɩɵ «ɛɥɢɡɤɢɯ» ɦɟɠɞɭ 
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ɫɨɛɨɣ ɨɛɴɟɤɬɨɜ. ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɩɨɧɢɠɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɠɚɬɢɟ 
ɞɚɧɧɵɯ ɫ ɩɨɬɟɪɟɣ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ [6].  

Ⱥɥɝɨɪɢɬɦ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ – ɷɬɨ ɨɩɪɟɞɟɥɟɧɢɟ, ɤɚɤ ɢɦɟɧɧɨ ɛɭɞɟɬ ɭɫɬɪɨɟɧɚ 
ɮɭɧɤɰɢɹ Ɏ(ɏ), ɩɪɢɛɥɢɠɚɸɳɚɹ ɢɫɤɨɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ. Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ 
ɦɟɬɨɞɨɜ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ, ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ ɢ ɛɚɣɟɫɨɜɫɤɭɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ. 

Ⱥɥɝɨɪɢɬɦ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ «ɦɟɬɨɞ ɛɥɢɠɚɣɲɟɝɨ ɫɨɫɟ-
ɞɚ» (nearest neighbor), ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɯɪɚɧɟɧɢɢ ɞɚɧɧɵɯ ɜ ɩɚɦɹɬɢ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ ɧɨ-
ɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ɇɟɬɨɞ k-ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ (k-nearest neighbor) ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɵ-
ɛɢɪɚɸɬɫɹ k ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɞɥɹ ɢɯ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɦɧɨɠɟɫɬɜɚ. ȿɫɥɢ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɪɟɝɪɟɫɫɢɢ, ɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɛɴɟɤ-
ɬɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɨ k ɛɥɢɠɚɣɲɢɦ ɤ ɧɟɦɭ ɢɡɜɟɫɬɧɵɦ ɨɛɴɟɤɬɚɦ. ȿɫɥɢ 
ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɛɴɟɤɬ ɩɪɢɫɜɚɢɜɚ-
ɟɬɫɹ ɬɨɦɭ ɤɥɚɫɫɭ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɪɟɞɢ k ɫɨɫɟɞɟɣ ɞɚɧ-
ɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɥɚɫɫɵ ɤɨɬɨɪɵɯ ɭɠɟ ɢɡɜɟɫɬɧɵ. 

Ɇɟɬɨɞ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ (Support Vector Machine – SVM) ɨɩɪɟɞɟɥɹɟɬ ɤɥɚɫɫɵ 
ɩɪɢ ɩɨɦɨɳɢ ɝɪɚɧɢɰ ɨɛɥɚɫɬɟɣ (ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ ɛɢɧɚɪɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ) ɢ ɨɬɧɨɫɢɬɫɹ 
ɤ ɝɪɭɩɩɟ ɝɪɚɧɢɱɧɵɯ ɦɟɬɨɞɨɜ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚ-
ɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɞɚɧɧɵɯ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɝɪɚɧɢɰɚɯ, ɢ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɫɟ ɦɧɨɠɟɫɬɜɨ ɞɚɧɧɵɯ. ɉɨɷɬɨɦɭ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɛɨɥɶɲɢɧɫɬɜɚ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ, ɞɨɫɬɚɬɨɱɧɨ ɧɟɛɨɥɶɲɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ. 

Ȼɚɣɟɫɨɜɫɤɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ (ɛɚɣɟɫɨɜɫɤɢɟ ɫɟɬɢ) ɢɡɧɚɱɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ 
ɮɨɪɦɚɥɢɡɚɰɢɢ ɡɧɚɧɢɣ ɷɤɫɩɟɪɬɨɜ ɜ ɷɤɫɩɟɪɬɧɵɯ ɫɢɫɬɟɦɚɯ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɧɚ ɹɜɥɹɟɬ-
ɫɹ ɬɚɤɠɟ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɢ ɧɚɲɥɚ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɩɪɚɤɬɢɤɟ. ɇɚɢɜɧɵɣ 
ɛɚɣɟɫɨɜɫɤɢɣ ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɜɚɪɢɚɧɬɨɦ ɦɟɬɨɞɚ, ɢɫɩɨɥɶɡɭɸɳɟɝɨ 
ɛɚɣɟɫɨɜɫɤɢɟ ɫɟɬɢ. «ɇɚɢɜɧɨɣ» ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɩɨɬɨɦɭ, ɱɬɨ ɢɫɯɨɞɢɬ ɢɡ ɩɪɟɞ-
ɩɨɥɨɠɟɧɢɹ ɨ ɜɡɚɢɦɧɨɣ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢɡɧɚɤɨɜ. ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɫɟ 
ɩɟɪɟɦɟɧɧɵɟ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɫɟ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ. ȼɫɟ ɩɟɪɟɦɟɧɧɵɟ ɹɜɥɹɸɬɫɹ ɨɞɢɧɚ-
ɤɨɜɨ ɜɚɠɧɵɦɢ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɬ. ɟ. ɡɧɚɱɟɧɢɟ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɧɢɱɟɝɨ 
ɧɟ ɡɧɚɱɢɬ ɜ ɡɧɚɱɟɧɢɢ ɞɪɭɝɨɣ. 

 
Ʌɢɧɟɣɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜ ɦɚɲɢɧɧɨɦ ɨɛɭɱɟɧɢɢ 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɥɢɧɟɣɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ. ɇɟ-
ɫɦɨɬɪɹ ɧɚ ɫɜɨɸ ɩɪɨɫɬɨɬɭ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɢɦɟɧɧɨ ɥɢɧɟɣɧɵɟ ɚɥɝɨɪɢɬɦɵ ɛɥɚɝɨɞɚɪɹ 
ɫɜɨɟɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɚɸɬ ɧɚɢɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ.  

ȼ ɡɚɞɚɱɟ ɪɟɝɪɟɫɫɢɢ ɰɟɥɟɜɚɹ ɩɟɪɟɦɟɧɧɚɹ – ɷɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɱɢɫɥɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɝɞɟ ɨɬɜɟɬɵ ɹɜɥɹɸɬɫɹ ɤɥɚɫɫɚɦɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫ-
ɫɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɯɨɪɨɲɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɬɨɱɤɢ 
ɧɚ ɝɪɚɮɢɤɟ (ɪɢɫ. β, ɛ). 

ɉɟɪɟɣɞɟɦ ɤ ɦɧɨɝɨɦɟɪɧɨɦɭ ɫɥɭɱɚɸ. ɉɭɫɬɶ ɜɦɟɫɬɨ ɨɞɧɨɝɨ ɩɪɢɡɧɚɤɚ ɏ ɢɦɟɟɬɫɹ k 
ɩɪɢɡɧɚɤɨɜ X = (x1, x2, …, xk). ɐɟɥɟɜɨɣ ɩɟɪɟɦɟɧɧɨɣ ɨɫɬɚɟɬɫɹ Y. ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɧɟɨɛɯɨ-
ɞɢɦɨ ɧɚɣɬɢ ɬɚɤɨɣ ɜɟɤɬɨɪ w = (w1, w2, …, wk), ɱɬɨɛɵ ɫɭɦɦɚ (w1x1 + w2x2 + … + wkxk) + b 
ɤɚɤ ɦɨɠɧɨ ɬɨɱɧɟɟ ɩɪɢɛɥɢɠɚɥɚɫɶ ɤ ɡɧɚɱɟɧɢɸ Y. ɋɭɦɦɭ ɩɨɩɚɪɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɣ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɤɚɤ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɤɬɨɪɨɜ x ɢ w, ɬ. ɟ. ., wx  

ɉɚɪɚɦɟɬɪɵ w1, w2, …, wk ɧɚɡɵɜɚɸɬ «ɜɟɫɚɦɢ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ», ɨɧɢ ɢɦɟɸɬ ɩɪɢ-
ɡɧɚɤɢ ɡɧɚɱɢɦɨɫɬɢ. ɑɟɦ ɛɨɥɶɲɟ ɜɟɫ, ɬɟɦ ɛɨɥɟɟ ɡɧɚɱɢɦɵɣ ɩɪɢɡɧɚɤ. 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɩɨɞɨɛɪɚɬɶ ɜɟɤɬɨɪ w ɢ ɩɚɪɚɦɟɬɪ b, ɱɬɨɛɵ ɤɚɤ ɦɨɠɧɨ ɬɨɱɧɟɟ ɩɪɢ-
ɛɥɢɡɢɬɶ ɡɧɚɱɟɧɢɟ Y ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ. ȿɫɥɢ ɪɟɱɶ ɢɞɟɬ ɨɛ ɨɞɧɨɦ i-ɦ ɨɛɴɟɤɬɟ 
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 i
k

iii xxxx  ...,  ,, 21 , ɬɨ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɪɚɜɢɥɶɧɨɝɨ ɨɬɜɟɬɚ ɛɵɥɨ ɤɚɤ 
ɦɨɠɧɨ ɦɟɧɶɲɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɥɟɞɭɟɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɟ  

).,min(, bwybwx ii       (1) 

Ɍɚɤɚɹ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɲɚɟɬɫɹ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ȿɫɥɢ ɜɢɞɨɢɡɦɟɧɢɬɶ 
ɭɪɚɜɧɟɧɢɟ (1), ɬɨ ɨɧɨ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:   ).,min(,

1

2
bwybwx

l

i
ii        (2) 

ɍɪɚɜɧɟɧɢɟ (β) ɜɨɡɦɨɠɧɨ ɪɟɲɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢ. ɗɬɚ ɡɚɞɚɱɚ ɦɢɧɢɦɢɡɚɰɢɢ ɤɜɚɞɪɚ-
ɬɢɱɧɨɣ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ.  

ȼɵɩɨɥɧɢɜ ɪɹɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɜɵɪɚɠɟɧɢɟ (β) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɡɚɞɚɱɭ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ  

).min(
2

wyXw        (3) 

Ɂɚɞɚɱɚ (γ) ɢɦɟɟɬ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ   ,T1T yXXXw
       (4) 

ɝɞɟ XT – ɦɚɬɪɢɰɚ, ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɬɪɢɰɵ ɏ. 
 
Ɏɨɪɦɭɥɚ (4) ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ ɨɬɤɥɨɧɟ-

ɧɢɣ, ɬ. ɟ. ɚɥɝɨɪɢɬɦɨɦ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ. Ɉɛɵɱɧɨ ɟɟ ɪɟɲɚɸɬ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɫɬɨ-
ɯɚɫɬɢɱɟɫɤɨɝɨ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ. Ɉɩɟɪɚɰɢɹ ɜɡɹɬɢɹ ɨɛɪɚɬɧɨɣ ɦɚɬɪɢɰɵ, ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɚɹ ɜ ɮɨɪɦɭɥɟ (4), ɫɥɢɲɤɨɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɚɹ ɩɨ ɜɪɟɦɟɧɢ. ȿɫɥɢ ɦɚɬɪɢɰɚ XTX ɧɟ ɹɜɥɹɟɬ-
ɫɹ ɨɛɪɚɬɢɦɨɣ (ɢɥɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɛɥɢɡɤɚ ɤ ɧɟɨɛɪɚɬɢɦɨɣ), ɬɨ ɜɡɹɬɢɟ ɨɛɪɚɬɧɨɣ ɦɚɬɪɢ-
ɰɵ ɫɨɩɪɹɠɟɧɨ ɫ ɬɪɭɞɧɨɫɬɹɦɢ ɜɵɱɢɫɥɟɧɢɹ. ȼ ɛɢɛɥɢɨɬɟɤɚɯ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɜɫɟ ɧɟ-
ɨɛɯɨɞɢɦɵɟ ɜɵɱɢɫɥɟɧɢɹ ɪɟɚɥɢɡɨɜɚɧɵ ɩɪɨɝɪɚɦɦɧɨ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɞ ɛɢɛɥɢɨɬɟɤɨɣ 
ɩɨɧɢɦɚɟɬɫɹ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɢ ɩɪɨɝɪɚɦɦ, ɤɨɬɨɪɵɟ ɧɚɩɢɫɚɧɵ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɹɡɵɤɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɩɟɪɟɨɛɭɱɟɧɢɹ ɡɚɞɚɱɭ (γ) ɜɢɞɨɢɡɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ [5]: 

),min(
1 2

wwCyX
l

p
w      (5) 

ɝɞɟ C – ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɤɨɧɫɬɚɧɬɚ; ɬɚɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ 
ɧɚɡɵɜɚɟɬɫɹ Ridge-ɪɟɝɪɟɫɫɢɟɣ ɩɪɢ p = β ɢ Lasso-ɪɟɝɪɟɫɫɢɟɣ ɞɥɹ p = 1. Ⱥɥɝɨɪɢɬɦɵ Ridge ɢ Lasso 
ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɛɢɛɥɢɨɬɟɤɟ scikit-learn. 
 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɥɢɧɟɣɧɵɟ ɦɨɞɟɥɢ ɩɪɢɦɟɧɹɸɬɫɹ ɤ ɡɚɞɚɱɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. ȼ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɪɟɲɢɦ ɡɚɞɚɱɭ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚ ɞɜɚ ɤɥɚɫɫɚ, ɨɛɨɡɧɚɱɟɧɧɭɸ ɨɬ-
ɜɟɬɚɦɢ +1 ɢ –1. 

ɍ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɜɫɟɝɨ ɞɜɚ ɩɪɢɡɧɚɤɚ ɯ1 ɢ ɯ2. ɂɡɨɛɪɚɡɢɦ ɨɛɴɟɤɬɵ ɨɛɭɱɚɸɳɟɣ 
ɜɵɛɨɪɤɢ ɧɚ ɝɪɚɮɢɤɟ, ɨɬɥɨɠɢɜ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɩɟɪɜɵɣ ɩɪɢɡɧɚɤ, ɚ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɜɬɨɪɨɣ 
ɩɪɢɡɧɚɤ. Ɂɧɚɤ «+» ɨɛɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɛɴɟɤɬ ɥɟɠɢɬ ɜ ɤɥɚɫɫɟ +1, ɚ ɡɧɚɤ «‒» – ɜ ɤɥɚɫɫɟ –1.  

ȿɫɥɢ ɩɨɫɬɪɨɢɬɶ ɥɢɧɟɣɧɵɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɞɟɥɢɬɶ ɩɥɨɫɤɨɫɬɶ 
ɧɚ ɞɜɟ ɱɚɫɬɢ ɩɪɹɦɨɣ ɬɚɤ, ɱɬɨɛɵ ɩɥɸɫɵ ɢ ɦɢɧɭɫɵ ɩɨ ɦɚɤɫɢɦɭɦɭ ɨɤɚɡɚɥɢɫɶ ɜ ɪɚɡɧɵɯ 
ɩɥɨɫɤɨɫɬɹɯ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɹɦɭɸ ɧɚ ɪɢɫ. γ. ȼ ɨɞɧɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɜɵɪɚɠɟɧɢɟ  

w1x1 + w2x2 + b > 0                                                        (6) 
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ɛɭɞɟɬ ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɧɭɥɹ, ɧɚ ɫɚɦɨɣ ɪɚɡɞɟɥɹɸɳɟɣ ɩɪɹɦɨɣ ɨɧɨ ɪɚɜɧɨ ɧɭɥɸ, ɜ ɞɪɭɝɨɣ ɩɨ-
ɥɭɩɥɨɫɤɨɫɬɢ ɨɧɨ ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɧɭɥɹ. ȿɫɥɢ ɨɧɨ ɨɤɚɡɚɥɨɫɶ ɛɨɥɶɲɟ ɧɭɥɹ, ɬɨ ɨɬɧɨɫɢɦ 
ɨɛɴɟɤɬ ɤ ɩɟɪɜɨɦɭ ɤɥɚɫɫɭ, ɟɫɥɢ ɦɟɧɶɲɟ ɧɭɥɹ ‒ ɬɨ  ɤɨ ɜɬɨɪɨɦɭ. Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ (6) ɡɚɩɢ-
ɫɵɜɚɟɬɫɹ ɤɚɤ    .,sign)( bwxxa                                                     (7) 

 

w1x1 + w2x2 + b > 0

w1x1 + w2x2 + b < 0
w1x1 + w2x2 + b = 0

 
 

Ɋɢɫ. γ. ȼɢɡɭɚɥɢɡɚɰɢɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ  
 
ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɜɵɪɚɠɟɧɢɹ bwx ,  >> 0 ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɢɦ ɩɨɥɨɠɢɬɟɥɶɧɵɦ 

ɱɢɫɥɨɦ, ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɫ ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ +1, 
ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɜɵɪɚɠɟɧɢɹ bwx ,  >> 0 ɨɤɚɡɚɥɨɫɶ ɛɨɥɶɲɢɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɱɢɫɥɨɦ, ɬɨ, 
ɫɤɨɪɟɟ ɜɫɟɝɨ, ɨɛɴɟɤɬ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ –1. ȿɫɥɢ ɜɵɪɚɠɟɧɢɟ ɛɥɢɡɤɨ ɤ ɧɭɥɸ, ɬɨ ɚɥɝɨ-
ɪɢɬɦ ɧɟ ɦɨɠɟɬ ɨɞɧɨɡɧɚɱɧɨ ɭɫɬɚɧɨɜɢɬɶ, ɤ ɤɚɤɨɦɭ ɢɡ ɞɜɭɯ ɤɥɚɫɫɨɜ ɨɬɧɟɫɬɢ ɨɛɴɟɤɬ. ȼɫɟ 
ɷɬɨ ɦɨɠɧɨ ɨɛɨɛɳɢɬɶ ɞɥɹ ɫɥɭɱɚɟɜ ɫ ɥɸɛɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɴɟɤɬɨɜ, ɬɨɝɞɚ ɪɚɡɞɟɥɹɸɳɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɛɭɞɟɬ ɧɟ ɩɪɹɦɨɣ ɥɢɧɢɟɣ, ɚ ɩɥɨɫɤɨɫɬɶɸ.  

ɑɚɫɬɨ ɞɥɹ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɶ ɦɨɞɟɥɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɤɨ-
ɬɨɪɵɟ ɧɟ ɩɪɨɫɬɨ ɨɬɧɨɫɹɬ ɨɛɴɟɤɬ ɤ ɨɞɧɨɦɭ ɢɡ ɞɜɭɯ ɤɥɚɫɫɨɜ, ɧɨ ɢ ɨɩɪɟɞɟɥɹɸɬ ɜɟɪɨɹɬ-
ɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɛɴɟɤɬ ɤ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ ɤɥɚɫɫɭ ɩɪɢɧɚɞɥɟɠɢɬ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɭ-
ɱɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɪɚɠɟɧɢɟ bwx ,  

ɢ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɟɝɨ ɤɚɤ ɦɟɪɭ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɩɟɪɜɨɦɭ ɤɥɚɫɫɭ. ɑɟɦ ɛɨɥɶɲɟ ɷɬɨ 
ɜɵɪɚɠɟɧɢɟ, ɬɟɦ ɫ ɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɨɛɴɟɤɬ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɩɟɪɜɨɦɭ ɤɥɚɫɫɭ.  
ɇɨ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ ɤ ɤɥɚɫɫɭ, 
ɬɚɤ ɤɚɤ ɨɧɨ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɥɸɛɵɟ ɡɧɚɱɟɧɢɹ – ɨɬ ɦɢɧɭɫ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɞɨ ɛɟɫɤɨ-
ɧɟɱɧɨɫɬɢ, ɚ ɜɟɪɨɹɬɧɨɫɬɶ ɞɨɥɠɧɚ ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɹ – ɨɬ ɧɭɥɹ ɞɨ ɟɞɢɧɢɰɵ. ɉɨɷɬɨɦɭ 
ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɤɥɚɫɫɭ ɦɨɠɧɨ ɧɚɯɨɞɢɬɶ ɜ ɜɢɞɟ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚ-
ɸɳɟɣ ɮɭɧɤɰɢɢ ɨɬ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ  ., bwxf   Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɫɢɝ-
ɦɨɢɞɚɥɶɧɭɸ (ɥɨɝɢɫɬɢɱɟɫɤɭɸ) ɮɭɧɤɰɢɸ (ɪɢɫ. 4), ɤɨɬɨɪɚɹ ɦɨɧɨɬɨɧɧɚ ɢ ɩɪɢɧɢɦɚɟɬ 
ɡɧɚɱɟɧɢɹ ɨɬ 0 ɞɨ 1.  

ɋ ɩɨɦɨɳɶɸ ɫɢɝɦɨɢɞɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɦɨɠɧɨ ɥɟɝɤɨ ɜɵɱɢɫɥɹɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɢ-
ɧɚɞɥɟɠɧɨɫɬɢ ɤ ɤɥɚɫɫɭ, ɧɨ ɨɧɚ ɧɟ ɞɚɟɬ ɨɬɜɟɬɚ ɧɚ ɜɨɩɪɨɫ, ɤɚɤ ɧɚɯɨɞɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ w ɢ b. Ⱦɥɹ ɷɬɨɝɨ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 
ɦɢɧɢɦɢɡɚɰɢɢ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɪɢɫɤɚ, ɬ. ɟ. ɩɨɞɛɢɪɚɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɦɢɧɢ-
ɦɢɡɢɪɭɸɬ ɧɟɤɨɬɨɪɭɸ ɮɭɧɤɰɢɸ ɩɨɬɟɪɶ.  

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚ-
ɟɬɫɹ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɟɣ ɢ ɨɬɧɨɫɢɬɫɹ ɤ ɚɥɝɨɪɢɬɦɭ ɤɥɚɫɫɢɮɢɤɚɰɢɢ.  
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f(x) 

X0 

1 

 
Ɋɢɫ. 4. Ƚɪɚɮɢɤ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ ɫɢɝɦɨɢɞɚɥɶɧɨɣ ɮɭɧɤɰɢɢ 1e1

1)( xf  

 
Ʌɨɝɢɫɬɢɱɟɫɤɚɹ ɪɟɝɪɟɫɫɢɹ 

Ʌɨɝɢɫɬɢɱɟɫɤɚɹ ɪɟɝɪɟɫɫɢɹ – ɷɬɨ ɚɥɝɨɪɢɬɦ ɥɢɧɟɣɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɬ. ɟ. ɚɥɝɨ-
ɪɢɬɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚ ɤɥɚɫɫɵ  ,1 ,1   ɢɦɟɸɳɢɣ ɜɢɞ  ,,sign)( xwxa   ɝɞɟ 







.0,1

,0,1
)(sign

x

x
x                                                                            (8) 

Ɉɬɥɢɱɢɬɟɥɶɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ – ɷɬɨ ɬɨ, ɱɬɨ ɨɫɧɨɜɧɵɦ 
ɨɛɴɟɤɬɨɦ ɪɚɫɫɦɨɬɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟ ɤɥɚɫɫ ɨɛɴɟɤɬɚ, ɚ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴ-
ɟɤɬɚ ɤɥɚɫɫɭ +1. ɂɫɤɨɦɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [5]       . ,ı1 xwxyPw                                                                    (9) 

ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ ɤɥɚɫɫɭ –1 ɜɵɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ    . 11  i
w xyP                                                                        (10) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɟ ɜɟɫɚ w, ɱɬɨɛɵ ɜɟɪɨɹɬɧɨɫɬɶ   1i
w xyP  ɛɵɥɚ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟ ɧɚ ɨɛɴɟɤɬɚɯ, ɞɥɹ ɤɨɬɨɪɵɯ yi = +1, ɚ ɜɟɪɨɹɬɧɨɫɬɶ  

1 – Pw(y(xi) = +1) – ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟ ɧɚ ɨɛɴɟɤɬɚɯ, ɞɥɹ ɤɨɬɨɪɵɯ yi = –1. 
Ɂɚɩɢɲɟɦ ɩɪɨɢɡɜɟɞɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ ɩɨ ɜɫɟɦ ɨɛɴɟɤɬɚɦ ɨɛɭɱɚɸ-

ɳɟɣ ɜɵɛɨɪɤɢ ɢ ɦɚɤɫɢɦɢɡɢɪɭɟɦ ɟɝɨ ɩɨ ɜɟɤɬɨɪɭ ɜɟɫɨɜ w. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɦ ɡɚɞɚɱɭ 
ɨɩɬɢɦɢɡɚɰɢɢ [5]        .)max(1)(11

11    ii y
i

wy
i

w wxyPxyP                       (11) 

ȼɵɩɨɥɧɢɜ ɪɹɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɜɵɪɚɠɟɧɢɟ (11) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 

).min(e1ln
1

,
w

l

i

xwyi   


                                                   (12) 

Ɏɭɧɤɰɢɹ  xwy ,e1ln   ɧɚɡɵɜɚɟɬɫɹ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɩɨɬɟɪɶ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɨɝɢɫɬɢɱɟɫɤɚɹ ɪɟɝɪɟɫɫɢɹ – ɷɬɨ ɚɥɝɨɪɢɬɦ ɥɢɧɟɣɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, 

ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬ ɜɟɤɬɨɪ ɜɟɫɨɜ w, ɹɜɥɹɸɳɢɣɫɹ ɪɟɲɟɧɢɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɪɚɠɟɧɢɹ (5). 
Ɂɚɞɚɱɚ ɦɢɧɢɦɢɡɚɰɢɢ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɧɟ ɢɦɟɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɪɟɲɟɧɢɹ, ɜ ɨɬɥɢɱɢɟ, ɧɚɩɪɢɦɟɪ, ɨɬ ɡɚɞɚɱɢ ɦɢɧɢɦɢɡɚɰɢɢ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɭɧɤɰɢɢ ɩɨɬɟɪɶ ɜ 
ɡɚɞɚɱɟ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɫɬɨɯɚɫɬɢɱɟɫɤɨ-
ɝɨ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ.  

Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɩɟɪɟɨɛɭɱɟɧɢɹ ɡɚɞɚɱɭ (5) ɜɢɞɨɢɡɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ [5]: 
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l
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xwy ii   


                                (13) 

ɝɞɟ ɋ – ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɤɨɧɫɬɚɧɬɚ. 
 
Ɍɚɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɛɢɛɥɢɨɬɟɤɟ scikit-

learn ɫ ɩɚɪɚɦɟɬɪɨɦ ɩɨ ɭɦɨɥɱɚɧɢɸ ɋ = 1. 
 

ɉɪɢɦɟɧɟɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ  
ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ 

Ȼɟɡ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɧɟɜɨɡɦɨɠɧɨ ɫɨɡɞɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɢ ɬɟɯɧɨɥɨɝɢɢ, ɚ ɬɚɤɠɟ ɧɨɜɵɟ ɨɛɪɚɡɰɵ ɬɟɯɧɢɤɢ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ, ɷɥɟɤɬɪɨɧɧɨɣ ɢ 
ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɹɯ Д7–11Ж. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱥɥɝɨɪɢɬɦɵ 
ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɯɚɧɢ-
ɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɨɫɧɨɜɧɵɯ ɜɢɞɚɯ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵ-
ɬɚɧɢɣ: ɪɚɫɬɹɠɟɧɢɢ Д1βЖ, ɫɠɚɬɢɢ Д1γЖ, ɢɡɝɢɛɟ Д14Ж, ɭɞɚɪɧɨɦ ɢɡɝɢɛɟ Д15, 16Ж, ɤɪɭɱɟɧɢɢ Д17, 
18Ж, ɫɞɜɢɝɟ Д19Ж, ɩɨɥɡɭɱɟɫɬɢ Дβ0, β1Ж, ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ Дββ, βγЖ, ɭɫɬɚɥɨɫɬɢ Дβ4Ж, 
ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ Дβ5Ж, ɨɩɪɟɞɟɥɟɧɢɢ ɬɜɟɪɞɨɫɬɢ Дβ6Ж ɢ ɬ. ɞ. Ⱦɥɹ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɜ 
ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɪɟ-
ɡɭɥɶɬɚɬɵ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ (ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬ ɦɟ-
ɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ Дβ7Ж). 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟ-
ɧɢɹ ɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ȼ ɪɚɛɨɬɟ Дβ8Ж ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɟɣɪɨɫɟɬɟɜɚɹ ɦɨɞɟɥɶ ɢɡɦɟɧɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚ-
ɫɬɢɱɧɨɫɬɢ ɮɟɪɪɢɬɧɨ-ɦɚɪɬɟɧɫɢɬɧɵɯ ɫɬɚɥɟɣ ɫ 1β %-ɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ. ɂɫɤɭɫ-
ɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ (ɂɇɋ) ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɬɚɥɟɣ ɫ 
ɩɨɜɵɲɟɧɧɨɣ ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ. 

ȼ ɪɚɛɨɬɟ Дβ9Ж ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧɚ ɝɪɭɩɩɚ ɧɟɣɪɨɫɟ-
ɬɟɜɵɯ ɦɨɞɟɥɟɣ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɜɡɚɢɦɨɫɜɹɡɶ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ 
ɧɚɩɵɥɟɧɢɹ (ɫɢɥɵ ɬɨɤɚ ɧɚ ɦɚɝɧɟɬɪɨɧɚɯ) ɫ ɷɥɟɦɟɧɬɧɵɦ ɫɨɫɬɚɜɨɦ ɩɨɤɪɵɬɢɣ, ɚ ɬɚɤɠɟ ɩɟ-
ɪɢɨɞɢɱɧɨɫɬɢ ɫɥɨɟɜ ɩɨɤɪɵɬɢɹ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɯɪɨɦɚ ɫ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɩɨɤɪɵɬɢɣ Crσ/AХσ. ɉɪɚɤɬɢɱɟɫɤɨɟ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɩɭɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ ɧɚɩɵɥɟɧɢɹ 
ɩɪɨɜɨɞɢɬɶ ɧɚɩɪɚɜɥɟɧɧɵɣ ɫɢɧɬɟɡ ɩɨɤɪɵɬɢɣ ɫ ɢɡɧɚɱɚɥɶɧɨ ɡɚɞɚɧɧɵɦɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ. 

ȼ ɪɚɛɨɬɟ Дγ0Ж ɩɨɫɬɪɨɟɧɚ ɂɇɋ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪ-
ɧɵɯ ɢɡɦɟɧɟɧɢɣ ɦɟɬɚɥɥɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɫɫɱɢɬɵɜɚɸɬ ɦɟ-
ɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɜɬɨɥɢɫɬɨɜɨɣ ɫɬɚɥɢ. 

ȼ ɪɚɛɨɬɟ Дγ1Ж ɂɇɋ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 
ɩɪɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɷɥɚɫɬɢɱɧɵɯ ɤɚɦɜɨɥɶɧɵɯ ɬɤɚɧɟɣ. 

ȼ ɪɚɛɨɬɟ ДγβЖ ɫ ɩɨɦɨɳɶɸ ɂɇɋ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɤɪɢɬɟɪɢɟɜ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚ-
ɥɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɜɵɛɨɪɚ ɫɩɨɫɨɛɚ ɪɚɡ-
ɞɟɥɟɧɢɹ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ. 

ȼ ɪɚɛɨɬɟ ДγγЖ ɪɚɫɫɦɨɬɪɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɂɇɋ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨ-
ɜɚɧɢɹ ɫɜɨɣɫɬɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɛɨɬɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɫ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ (ɬɚɛɥ. β). 
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Ɍɚɛɥɢɰɚ 2 
ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɧɵɯ  
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɨɫɧɨɜɧɵɯ ɜɢɞɚɯ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

ȼɢɞ 
ɢɫɩɵɬɚɧɢɹ ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ 

Ɋɚɫɬɹɠɟɧɢɟ 

ȼ ɪɚɛɨɬɟ Дγ4Ж ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɚɫɱɟɬɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɛɟɬɨɧɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɟ ɡɚɩɨɥɧɢɬɟɥɢ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢ ɞɪ.) ɩɨ ɪɚɡɥɢɱɧɵɦ ɚɥɝɨɪɢɬɦɚɦ ɦɚɲɢɧɧɨɝɨ 
ɨɛɭɱɟɧɢɹ (ɦɧɨɝɨɦɟɪɧɵɟ ɚɞɚɩɬɢɜɧɵɟ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɫɩɥɚɣɧɵ MARS, ɥɢɧɟɣ-
ɧɚɹ ɪɟɝɪɟɫɫɢɹ ɨɩɨɪɧɨɝɨ ɜɟɤɬɨɪɚ LSSVR, ɦɨɞɟɥɶɧɨɟ ɞɟɪɟɜɨ ɪɟɲɟɧɢɣ ɞɥɹ ɪɟ-
ɝɪɟɫɫɢɨɧɧɨɣ ɡɚɞɚɱɢ Ɇ5) 

ɋɠɚɬɢɟ 
ȼ ɪɚɛɨɬɟ Дγ5Ж ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɢ ɮɢɡɢ-
ɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɲɥɚɤɚ ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɩɟɱɢ 

ɂɡɝɢɛ 

ȼ ɪɚɛɨɬɟ Дγ6Ж ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɨɡɢɬɧɵɯ ɥɚɦɢɧɚɬɨɜ ɫ 
ɩɟɪɟɦɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ, ɜ ɱɚɫɬɧɨɫɬɢ ɨɩɬɢɦɢɡɚɰɢɹ ɤɨɦɩɨɡɢɬɧɨɝɨ ɰɢɥɢɧɞɪɚ 
ɩɪɢ ɱɢɫɬɨɦ ɢɡɝɢɛɟ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɱɟɬɵɪɟ ɦɟɬɨɞɚ ɦɚɲɢɧɧɨɝɨ 
ɨɛɭɱɟɧɢɹ (ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ ɪɟɝɪɟɫɫɢɹ, ɪɚɞɢɚɥɶɧɵɟ ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ (RBF), 
ɤɪɢɝɢɧɝ (KRG) ɢ ɪɟɝɪɟɫɫɢɹ ɨɩɨɪɧɨɝɨ ɜɟɤɬɨɪɚ) ɢ ɫɪɚɜɧɢɜɚɥɚɫɶ ɢɯ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶ. Ɋɚɫɱɟɬɵ ɩɨ ɦɟɬɨɞɚɦ KRG ɢ RBF ɩɨɤɚɡɚɥɢ ɫɚɦɭɸ ɜɵɫɨɤɭɸ ɬɨɱ-
ɧɨɫɬɶ ɞɥɹ ɷɬɨɣ ɡɚɞɚɱɢ 

ɋɞɜɢɝ 

ȼ ɪɚɛɨɬɟ Дγ7Ж ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ (ɂɇɋ) ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɦɨɞɟɥɟɣ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɞɜɢɝɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɛɚɥɨɤ ɫ ɪɚɡ-
ɥɢɱɧɵɦ ɫɨɫɬɚɜɨɦ ɛɟɬɨɧɚ. ȼɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɂɇɋ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɚɹ ɮɨɪɦɚ ɛɚɥɤɢ, ɫɜɨɣɫɬɜɚ ɛɟɬɨɧɚ ɢ ɫɬɚɥɶɧɨɣ ɚɪɦɚɬɭɪɵ. ɇɚ ɜɵɯɨɞ ɫɟɬɢ ɩɨ-
ɞɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɩɚɪɚɦɟɬɪ – ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɞɜɢɝɟ 

Ʉɪɭɱɟɧɢɟ 

ȼ ɪɚɛɨɬɟ Дγ8Ж ɂɇɋ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɫɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɤɪɭɱɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 670 ɞɨ 
1200 °ɋ. ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɂɇɋ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɧɧɵɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɤɨ-
ɪɨɫɬɢ ɢɫɩɵɬɚɧɢɣ, ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɢɫɫɥɟɞɭɟɦɵɯ ɫɬɚɥɟɣ, ɧɚɩɪɹɠɟɧɢɹɦ ɢ 
ɞɟɮɨɪɦɚɰɢɹɦ ɨɛɪɚɡɰɨɜ 

ɉɨɥɡɭɱɟɫɬɶ 

ɇɟɣɪɨɫɟɬɟɜɨɣ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɚɧɚɥɢɡɚ ɦɨɞɟɥɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɡɭɱɟɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɛɨɬɟ Дγ9Ж, 
ɜ ɤɨɬɨɪɨɣ ɧɚɣɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɪɚɫɬɹɠɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɬɚɥɢ 45 ɜ 
ɭɫɥɨɜɢɹɯ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɧɚɩɪɹɠɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 

Ⱦɥɢɬɟɥɶɧɚɹ 
ɩɪɨɱɧɨɫɬɶ 

ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ ɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɬɚɥɟɣ ɜ ɭɫɥɨɜɢ-
ɹɯ ɜɨɞɨɪɨɞɧɨɣ ɫɬɪɟɫɫ-ɤɨɪɪɨɡɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ Д40Ж. Ɋɚɡɪɚɛɨɬɚɧɚ 
ɤɨɦɩɶɸɬɟɪɧɚɹ ɷɤɫɩɟɪɬɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɫɤɨɪɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɵɛɨɪɚ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɚɪ-
ɦɚɬɭɪɵ ɜ ɭɫɥɨɜɢɹɯ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɬɪɟɫɫ-ɤɨɪɪɨɡɢɢ 

ɍɫɬɚɥɨɫɬɶ 
ȼ ɪɚɛɨɬɟ Д41Ж ɂɇɋ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ 
ɦɟɬɚɥɥɨɜ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɛɪɚɡɰɚ, 
ɫɯɟɦɵ ɧɚɝɪɭɠɟɧɢɹ, ɜɟɥɢɱɢɧɵ ɧɚɝɪɭɡɤɢ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ 

Ɍɪɟɳɢɧɨ- 
ɫɬɨɣɤɨɫɬɶ 

ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɟɳɢɧɨ-
ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɚ ɫɜɚɪɧɵɯ ɲɜɨɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ Д4βЖ 

ȼɞɚɜɥɢɜɚɧɢɟ 

ȼ ɪɚɛɨɬɟ Д4γЖ ɩɪɨɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɩɪɢɦɟɧɢɦɨɫɬɢ ɂɇɋ ɜ ɡɚɞɚɱɟ ɚɧɚɥɢɡɚ ɫɢɝ-
ɧɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ. ɉɪɟɞɥɨɠɟɧ 
ɚɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɛɟɡɨɛɪɚɡɰɨɜɵɦ ɦɟɬɨɞɨɦ ɧɟɪɚɡɪɭ-
ɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɰɟɧɢɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɤɨɧɬɚɤɬɧɨɝɨ ɭɞɚɪɧɨɝɨ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ. 
ȼ ɪɚɛɨɬɟ Д44Ж ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɢɚ-
ɝɪɚɦɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɧɟɣɪɨɫɟɬɟɜɨɝɨ ɩɨɞɯɨɞɚ 
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Ⱥɧɚɥɢɡ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɂɇɋ, ɱɟɦ ɞɪɭɝɢɟ ɚɥɝɨɪɢɬɦɵ 
ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɢ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɡɚɞɚɱ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, 
ɨɬɞɟɥɶɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɡɚɞɚɱɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɟɝɪɟɫɫɢɢ. ɉɨɤɚɡɚɧɵ ɨɫɧɨɜɵ ɩɪɢɦɟɧɟ-
ɧɢɹ ɥɢɧɟɣɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ. 

ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɢɦɟɪɵ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚ-
ɬɟɪɢɚɥɨɜ ɩɪɢ ɨɫɧɨɜɧɵɯ ɜɢɞɚɯ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ: ɪɚɫɬɹɠɟɧɢɢ, ɫɠɚ-
ɬɢɢ, ɤɪɭɱɟɧɢɢ, ɢɡɝɢɛɟ, ɫɞɜɢɝɟ, ɩɨɥɡɭɱɟɫɬɢ, ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɭɫɬɚɥɨɫɬɢ, ɬɪɟɳɢɧɨ-
ɫɬɨɣɤɨɫɬɢ, ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɪɚɫɱɟɬɨɜ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɂɇɋ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ. ȼɨ ɜɬɨɪɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɛɭɞɭɬ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ 
ɪɚɫɫɦɨɬɪɟɧɵ ɂɇɋ ɢ ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. 
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