




ɉȿɊɂɈȾɂɑɇɈɋɌɖ 4 ȼɕɉɍɋɄȺ ȼ ȽɈȾ № 2 (63) ɢɸɧɶ 2021 

ɍɱɪɟɞɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢɡɞɚɧɢя  
ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ 

Ɋɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ 

ɉɪɟɞɫɟɞɚɬɟɥɶ ɫɨɜɟɬɚ ─ ɝɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ 

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

Ɂɚɦɟɫɬɢɬɟɥɶ ɩɪɟɞɫɟɞɚɬɟɥя ɫɨɜɟɬɚ ─  
ɡɚɦɟɫɬɢɬɟɥɶ ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ 

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

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

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

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

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

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

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

Ⱥɝɪɚɮɟɧɢɧɚ ȿ.Ⱥ. ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬаɪɶ (ȼɂАМ) 

ɀɭɪɧɚɥ ɜɤɥɸɱɟɧ ɜ ɉɟɪɟɱɟɧɶ ɜɟɞɭɳɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɨɜ ɢ ɢɡɞɚɧɢɣ, 
ɜ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɭɛɥɢɤɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɣ 
ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɵɯ ɫɬɟɩɟɧɟɣ ɞɨɤɬɨɪɚ ɢ ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ, ɧɚɭɤɨɦɟɬɪɢɱɟɫɤɭɸ ɛɚɡɭ 
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 2018 ɝɨɞ ɧɚɯɨɞɹɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ  
ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɠɭɪɧɚɥɚ www.journal.viam.ru ɜ ɪɚɡɞɟɥɟ «Ⱥɪɯɢɜ ɠɭɪɧɚɥɚ».  
ɉɨɥɧɵɟ ɬɟɤɫɬɵ ɫɬɚɬɟɣ ɠɭɪɧɚɥɚ ɬɟɤɭɳɟɝɨ ɝɨɞɚ ɞɨɫɬɭɩɧɵ ɩɪɢ ɨɮɨɪɦɥɟɧɢɢ ɤɨɦɦɟɪɱɟ-
ɫɤɨɝɨ ɞɨɫɬɭɩɚ ɤ ɢɡɞɚɧɢɸ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɥɸɛɨɣ ɮɨɪɦɟ ɫɫɵɥɤɚ ɧɚ ɠɭɪɧɚɥ «Ⱥɜɢɚɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ» ɨɛɹɡɚɬɟɥɶɧɚ. 

©  ɎȽɍɉ  «ȼɂȺɆ», 2021 

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

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

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

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

ɂɡɞɚɬɟɥɶ 

ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ 

 

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  
Ɇɚɡɚɥɨɜ ɂ.ɋ., Ɇɚɡɚɥɨɜ ɉ.Ȼ., ɋɭɯɨɜ Ⱦ.ɂ., ɋɭɥɶя- 

ɧɨɜɚ ȿ.Ⱥ. ȼɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɨɪɹɱɟɝɨ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ 
ɤɨɛɚɥɶɬɚ, ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɫɩɥɚɜɥɟɧɢɹ  
ȿɥɢɫɟɟɜ ɗ.Ⱥ., ɋɟɜɚɥɶɧɟɜ Ƚ.ɋ., Ⱦɨɪɨɲɟɧɤɨ Ⱥ.ȼ., Ⱦɪɭ-
ɠɢɧɢɧɚ Ɇ.ɗ. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɵ́ɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɞɥɢɬɟɥɶɧɵɯ ɜɵɞɟɪɠɟɤ ɧɚ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤ-
ɰɢɨɧɧɵɯ  ɫɬɚɥɹɯ (ɨɛɡɨɪ) 
 

Ʌɟɝɤɢɟ ɫɩɥɚɜɵ  
Ʉɚɛɥɨɜ ȿ.ɇ., Ȼɟɥɨɜ ȿ.ȼ., Ɍɪɚɩɟɡɧɢɤɨɜ Ⱥ.ȼ., Ʌɟɨ- 

ɧɨɜ Ⱥ.Ⱥ., Ɂɚɣɰɟɜ Ⱦ.ȼ. Ɉɫɨɛɟɧɧɨɫɬɢ ɭɩɪɨɱɧɟɧɢɹ ɢ 
ɤɢɧɟɬɢɤɚ ɫɬɚɪɟɧɢɹ ɥɢɬɟɣɧɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɜɵɫɨɤɨ-
ɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Al–Si–Cu–Mg 

Ⱥɫɬɚɲɤɢɧ Ⱥ.ɂ., Ȼɚɛɚɧɨɜ ȼ.ȼ., ɋɟɥɢɜɚɧɨɜ Ⱥ.Ⱥ., Ɍɤɚ-
ɱɟɧɤɨ ȿ.Ⱥ., Ƚɭɫɟɜ Ⱦ.ȼ., ɐɚɪɟɜ Ɇ.ȼ. ɍɥɭɱɲɟɧɢɟ ɩɪɨɤɚ-
ɥɢɜɚɟɦɨɫɬɢ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ  
Al–Zn–Mg–Cu ɩɭɬɟɦ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ 
ɰɢɧɤɨɦ ɢ ɦɚɝɧɢɟɦ 

 

ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ  
Ɍɟɪɟɯɨɜ ɂ.ȼ., Ɍɤɚɱɭɤ Ⱥ.ɂ., Ⱦɨɧɟɰɤɢɣ Ʉ.ɂ., Ʉɚɪɚ- 

ɜɚɟɜ Ɋ.ɘ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɧɢɡɤɨɜɹɡɤɨɝɨ 
ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ȼɋЭ-62 ɫ ɩɨɜɵɲɟɧɧɨɣ ɠɢɡɧɟ-
ɫɩɨɫɨɛɧɨɫɬɶɸ  
 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 

Ɍɢɦɨɲɤɨɜ ɉ.ɇ., Ƚɨɧɱɚɪɨɜ ȼ.Ⱥ., ɍɫɚɱɟɜɚ Ɇ.ɇ., 
ɏɪɭɥɶɤɨɜ Ⱥ.ȼ. Ɋɚɡɜɢɬɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞ-
ɤɢ: ɨɬ ɢɫɬɨɤɨɜ ɞɨ ɧɚɲɢɯ ɞɧɟɣ (ɨɛɡɨɪ). ɑɚɫɬɶ 1. Ⱥɜɬɨɦɚ-
ɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɥɟɧɬ (ATL) 
ɋɭɯɨɜ Ⱦ.ɂ., ɇɟɪɭɲ ɋ.ȼ., ȿɮɢɦɨɱɤɢɧ ɂ.ɘ., Ʉɚɪɚɱɟɜ-
ɰɟɜ Ɏ.ɇ., Ȼɨɝɚɱɟɜ ɂ.Ⱥ. ɉɨɥɭɱɟɧɢɟ ɦɟɬɚɥɥɨɦɚɬɪɢɱ-
ɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ ȼɀ159 ɦɟɬɨɞɨɦ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ 

ȼɨɪɨɧɨɜ ȼ.Ⱥ., ɑɚɣɧɢɤɨɜɚ Ⱥ.ɋ., Ɍɤɚɥɟɧɤɨ Ⱦ.Ɇ. Ɉɫɨ-
ɛɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢɥɢ ɜɨɞɧɵɯ 
ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɷɥɟɦɟɧɬɨɜ III ɢɥɢ IV ɝɪɭɩɩ 
ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɞɥɹ ɥɢɬɶɹ ɨɬɥɢɜɨɤ 
ɢɡ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɩɥɚɜɨɜ (ɨɛɡɨɪ) 
 

Ɂɚɳɢɬɧɵɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɨɤɪɵɬɢɹ  
Ȼɭɞɢɧɨɜɫɤɢɣ ɋ.Ⱥ., Ⱦɨɪɨɧɢɧ Ɉ.ɇ., Ʉɨɫɶɦɢɧ Ⱥ.Ⱥ., 
Ȼɟɧɤɥяɧ Ⱥ.ɋ. ȼɥɢɹɧɢɟ ɫɨɫɬɨɹɧɢɹ ɦɢɲɟɧɢ ɫɢɫɬɟɦɵ  
Zr–Y–ɊɁɆ ɧɚ ɫɤɨɪɨɫɬɶ ɟɟ ɪɚɫɩɵɥɟɧɢɹ ɩɪɢ ɧɚɧɟɫɟɧɢɢ 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨɹ ɌɁɉ  ɫ  ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ ɍɈКɋ-3 

Ʉɭɡɧɟɰɨɜɚ ȼ.Ⱥ., ɀɟɥɟɡɧяɤ ȼ.Ƚ., Ʉɭɪɲɟɜ ȿ.ȼ., ȿɦɟɥɶя-
ɧɨɜ ȼ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɨɩɥɢɜɨ- ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɢ 
ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɧɚɩɨɥɧɟɧɧɵɯ ɷɩɨɤɫɢɞɧɨ-

ɬɢɨɤɨɥɨɜɵɯ ɩɨɥɢɦɟɪɧɵɯ  ɤɨɦɩɨɡɢɰɢɣ 

 

ɂɫɩɵɬɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ  
ɉɨɞɠɢɜɨɬɨɜ ɇ.ɘ. Ɇɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ 
ɞɥɹ ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  
ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɛɪɚɡɰɨɜ ɦɟɬɚɥ-
ɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ  
Ʉɪɚɫɧɨɜ ɂ.ɋ., Ʌɨɠɤɨɜɚ Ⱦ.ɋ., Ⱦɚɥɢɧ Ɇ.Ⱥ. Ɉɰɟɧɤɚ 
ɞɟɮɟɤɬɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ 
ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɱɟɬɚ ɪɢɫɤɚ ɪɚɡɪɭɲɟɧɢɹ ɞɢɫɤɨɜ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 
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ɂɫɫɥɟɞɨɜаɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪа ɢ ɦɟɯаɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜа ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɯ ɤɨɦɩɨɡɢ-
ɰɢɣ ɠаɪɨɫɬɨɣɤɨɝɨ ɫɩɥаɜа ɧа ɨɫɧɨɜɟ ɤɨɛаɥɶɬа, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥаɡɟɪ-
ɧɨɝɨ ɫɩɥаɜɥɟɧɢɹ. ɍɩɪɨɱɧɟɧɢɟ ɜ ɢɫɫɥɟɞɨɜаɧɧɵɯ ɤɨɦɩɨɡɢɰɢɹɯ ɞɨɫɬɢɝаɟɬɫɹ ɩɭɬɟɦ ɮɨɪɦɢɪɨ-
ɜаɧɢɹ ɦɟɥɤɨɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɬɜɟɪɞɨɝɨ ɪаɫɬɜɨɪа ɧа ɨɫɧɨɜɟ ɤɨɛаɥɶɬа ɢ ɜɵɫɨɤɨɞɢɫ-
ɩɟɪɫɧɵɯ ɢɧɬɟɪɦɟɬаɥɥɢɞɧɵɯ ɢ ɤаɪɛɢɞɧɵɯ ɮаɡ. Ɇɟɬɨɞɨɦ ɆɊɋА ɭɫɬаɧɨɜɥɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ 
ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɷɬɢɯ ɮаɡаɯ ɢ ɨɩɪɟɞɟɥɟɧ ɢɯ ɬɢɩ. ɉɨɤаɡаɧɨ, ɱɬɨ ɫɨɞɟɪɠаɧɢɟ 
ɬаɧɬаɥа ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜа ɫɩɥаɜа. ɍɫɬаɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪаɡɭюɳɢɟɫɹ 
ɩɪɢ ɫɢɧɬɟɡɟ ɞɢɫɩɟɪɫɧɵɟ ɱаɫɬɢɰɵ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹюɬ ɧа ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ 
ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 800 °ɋ, ɬɨɝɞа ɤаɤ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 1100 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɪаɡɪɭɲɟɧɢɟ 
ɩɨ ɝɪаɧɢɰаɦ ɧаɫɥɟɞɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɧɬɟɡа ɜɧɟ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɟ-
ɝɢɪɨɜаɧɢɹ ɢ ɦɨɪɮɨɥɨɝɢɢ  ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬаɜɥɹюɳɢɯ. 

Ключевые слова: ɤɨɛаɥɶɬɨɜɵɣ ɫɩɥаɜ, аɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɫɟɥɟɤɬɢɜɧɨɟ ɥаɡɟɪɧɨɟ 
ɫɩɥаɜɥɟɧɢɟ, ɝɨɪɹɱɟɟ ɢɡɨɫɬаɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜаɧɢɟ, ɫɬɪɭɤɬɭɪа, ɦɟɯаɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜа. 

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

 
INFLUENCE  OF  HOT  ISOSTATIC  PRESSING  PARAMETERS 

ON  STRUCTURE  AND  PROPERTIES  OF  COBALT-BASED  ALLOYS 

OBTAINED  BY  SELECTIVE  LASER  MELTING 

 
The paper examines the microstructure and mechanical properties of experimental composi-

tions of a heat-resistant cobalt superalloy, produced by the method of selective laser melting 
(SLM). Strengthening in the studied materials is achieved by the formation of a fine-celled 
structure of a solid solution based on cobalt and highly dispersed intermetallic and carbide 
phases. By the EMPA (electron micro probe analysis) method, the ratio of chemical elements in 
these phases was evaluated and their type was determined. It was estimated that the tantalum 
content determines the strength properties of the alloy. It was found that dispersed particles 
formed during the synthesis have a positive effect on the creep resistance at 800 °C tОmpОraturО, 
whereas at 1100 °C tОmpОraturО thО НОstruМtion oММurs alonР thО ЛounНariОs oП thО pОrsisted 
structure of synthesis, regardless of the alloying and morphology of structural components. 

Keywords: cobalt alloy, additive manufacturing, selective laser melting, hot isostatic  
pressing, structure, mechanical properties. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢяɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 

ȼвɟɞɟɧиɟ 
Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ (ȺɌ) яɜɥяɟɬɫя ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢя ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ γD-ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɥɢɬɶя ɢɥɢ ɲɬɚɦɩɨɜɤɢ ɢɡɝɨɬɨɜɢɬɶ ɧɟɜɨɡɦɨɠɧɨ. 
ɉɪɢ ɷɬɨɦ ɪɚɡɜɢɬɢɟ ȺɌ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢя ɧɨɜɵɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɫɨɡɞɚɜɚɬɶɫя ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢя ɫɬɪɭɤ-
ɬɭɪɵ, ɫɜɨɣɫɬɜɟɧɧɨɣ ɚɞɞɢɬɢɜɧɵɦ ɩɪɨɰɟɫɫɚɦ Д1, 2Ж. 
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Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя ɫ ɜɵɫɨɤɢɦ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɞɥя ɢɫɩɨɥɶɡɨɜɚɧɢя ɜ ȺɌ ɫɨɜɦɟɫɬɧɨ ɫ ɨɬɪɚɛɨɬɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡ-
ɝɨɬɨɜɥɟɧɢя ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫя ɧɨɜɢɡɧɨɣ 
ɢ ɩɪɨɪɵɜɧɵɦ ɯɚɪɚɤɬɟɪɨɦ. ɋ ɩɨɦɨɳɶɸ ȺɌ ɜɨɡɦɨɠɧɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɣ ɫ ɩɥɨɬɧɨ-
ɫɬɶɸ, ɛɥɢɡɤɨɣ ɤ 100 % ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɩɨɥɭɱɚɬɶ ɢɡɞɟɥɢя ɫ ɦɟɯɚɧɢɱɟ-
ɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫɨɩɨɫɬɚɜɢɦɵɦɢ ɢɥɢ ɢɧɨɝɞɚ ɞɚɠɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɫɜɨɣɫɬɜɚ ɢɡɞɟɥɢɣ, 
ɩɨɥɭɱɟɧɧɵɯ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ (ɥɢɬɶɟɦ ɢ ɤɨɜɤɨɣ) Дγ, 4Ж. 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ȺɌ ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɞɟɬɚɥɟɣ яɜɥяɟɬɫя ɦɟɬɨɞ ɫɟɥɟɤɬɢɜɧɨɝɨ 
ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢя (ɋɅɋ). Ɉɧ ɡɚɤɥɸɱɚɟɬɫя ɜ ɩɨɫɥɨɣɧɨɦ ɧɚɧɟɫɟɧɢɢ ɦɟɬɚɥɥɨɩɨɪɨɲ-
ɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢ ɟɟ ɩɨɫɥɟɞɭɸɳɟɦ ɫɟɥɟɤɬɢɜɧɨɦ (ɜɵɛɨɪɨɱɧɨɦ) ɫɩɥɚɜɥɟɧɢɢ ɩɪɢ ɩɨ-
ɦɨɳɢ ɥɚɡɟɪɚ Д4Ж. ɉɪɨɰɟɫɫ ɋɅɋ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ: ɩɨɝɥɨɳɟɧɢɟ ɢ ɪɚɫɫɟɢɜɚɧɢɟ 
ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢя, ɩɟɪɟɧɨɫ ɬɟɩɥɚ, ɩɥɚɜɥɟɧɢɟ ɢ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɜɧɭɬ-
ɪɢ ɜɚɧɧɵ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɢɫɩɚɪɟɧɢɟ ɦɟɬɚɥɥɚ ɢ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ, ɚ ɬɚɤɠɟ ɮɚɡɨɜɵɟ ɪɟɚɤɰɢɢ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɪɚɫɩɥɚɜɚ. ȼɫɟ ɨɧɢ 
ɫɨɜɦɟɫɬɧɨ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɧɬɟɡɚ ɨɤɚɡɵɜɚɸɬ ɜɥɢяɧɢɟ ɧɚ ɮɨɪɦɢɪɨ-
ɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɋɅC Дη–7]. 

Ɉɛɪɚɛɨɬɤɚ ɫɥɨя ɩɨɪɨɲɤɚ ɥɭɱɨɦ ɥɚɡɟɪɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɨɣɧɨ ɜɞɨɥɶ ɥɢɧɢɣ ɫɨ-
ɝɥɚɫɧɨ ɞɚɧɧɵɦ ɋȺɉɊ-ɮɚɣɥɚ ɦɨɞɟɥɢ. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɢɡɞɟɥɢɣ, ɩɨɥɭɱɟɧ-
ɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɩɪɢɫɭɳɢ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɜɵɪɚ-
ɠɟɧɧɭɸ ɧɚɩɪɚɜɥɟɧɧɭɸ ɫɬɨɥɛɱɚɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ ɩɪɢ ɬɪɚɜɥɟɧɢɢ ɲɥɢɮɚ ɜ ɩɨɩɟ-
ɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɬɪɟɤɢ – ɨɛɥɚɫɬɢ ɜɚɧɧɵ ɪɚɫɩɥɚɜ-
ɥɟɧɧɨɝɨ ɢ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɟɝɨɫя ɦɟɬɚɥɥɚ, ɢɦɟɸɳɢɟ ɫɯɨɞɫɬɜɨ ɫɨ ɫɜɚɪɧɵɦɢ ɲɜɚɦɢ.  

ɂɡ-ɡɚ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ ɥɚɡɟɪɚ ɢ ɟɝɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢя ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɨɛɴɟɦɨɦ ɩɨɪɨɲɤɚ ɯɚɪɚɤɬɟɪɧɵ ɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟ-
ɧɢя ɦɚɬɟɪɢɚɥɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɧɚɛɥɸɞɚɸɬɫя ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪяɠɟɧɢя ɜ 
ɢɡɞɟɥɢяɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ Д8Ж. ɉɪɢ ɬɚɤɢɯ ɫɤɨɪɨɫɬяɯ ɨɯɥɚɠɞɟɧɢя ɯɚɪɚɤɬɟɪɧɨ 
ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟ ɩɟɪɟɫɵɳɟɧɧɨ-
ɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɞɟɮɟɤɬɨɜ ɭɩɚɤɨɜɤɢ, ɱɬɨ ɜɵɪɚɠɚɟɬɫя ɜ ɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɬɥɢɜɤɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɬɪɚɞɢɰɢɨɧɧɵɦ ɩɭɬɟɦ  
[9–11]. ɂɫɫɥɟɞɨɜɚɧɢяɦ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ, ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɚɦɢ 
ȺɌ, ɩɨɫɜяɳɟɧ ɪяɞ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɚɛɨɬ Д12–14].  

ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɢ ɨɫɜɨɟɧɢɢ ȺɌ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɪɚɧɟɟ ɪɚɡɪɚ-
ɛɨɬɚɧɧɵɟ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɩɪɢɦɟɧяɜɲɢɟɫя ɜ ɜɢɞɟ ɨɬɥɢɜɨɤ. ɗɬɨ ɫɜяɡɚɧɨ ɫ ɫɨ-
ɱɟɬɚɧɢɟɦ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɫɨɩɪɨɬɢɜɥɟɧɢя ɝɨɪяɱɟɣ ɤɨɪɪɨɡɢɢ ɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ 
ɫɬɪɭɤɬɭɪɵ ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɩɥɚɜɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɜ ɜɢɞɟ ɨɛɪɚɡɰɨɜ ɢ ɢɡɞɟɥɢɣ ɦɟɬɨɞɨɦ 
ɋɅɋ. ɇɚɩɪɢɦɟɪ, ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɫɢɫɬɟɦɵ Co–Cr–Mo, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥя ɩɪɨɬɟɡɢ-
ɪɨɜɚɧɢя ɢ ɩɪɢɦɟɧяɸɳɢɟɫя ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɩɨɞ ɦɚɪɤɨɣ EOS MP1 ɞɥя ɩɨɥɭɱɟɧɢя ɞɟɬɚ-
ɥɟɣ ɦɟɬɨɞɨɦ ɋɅɋ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɩɨɞɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɜ ɫɨɫɬɨяɧɢɢ ɩɨɫɥɟ ɋɅɋ ɢɦɟɸɬ 
ɩɪɨɱɧɨɫɬɶ: σɜ = 1136–1300 Ɇɉɚ, σ0,2 = 730–870 Ɇɉɚ, ɬɨɝɞɚ ɤɚɤ ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ 
ɩɪɨɱɧɨɫɬɶ ɬɚɤɨɝɨ ɫɩɥɚɜɚ ɧɟ ɩɪɟɜɵɲɚɟɬ σɜ = 800 Ɇɉɚ Д1η–17].  

ɋɨɱɟɬɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ, ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɡɜɨɥɢɥɨ 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɞɥя ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢя ɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚ-
ɧɢɣ ɞɟɬɚɥɟɣ ɝɨɪяɱɟɣ ɱɚɫɬɢ ȽɌȾ, ɚ ɜɩɨɫɥɟɞɫɬɜɢɢ ɜɧɟɞɪɢɬɶ ɢɯ ɞɥя ɨɬɞɟɥɶɧɵɯ ɞɟɬɚɥɟɣ, 
ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɦɟɬɨɞɨɦ ɋɅɋ.   

ȼ ɪɚɛɨɬɟ Д18Ж ɢɫɫɥɟɞɨɜɚɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɩɵɬɧɨɝɨ 
ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ CШ–Cr–Ni–W–TК ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ, ɨɬɥɢɱɚɸɳɟɝɨɫя ɧɢɡɤɢɦ ɫɨɞɟɪɠɚ-
ɧɢɟɦ ɭɝɥɟɪɨɞɚ. ɐɟɥɶ ɪɚɛɨɬɵ – ɢɡɭɱɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɥɚ-
ɜɨɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɝɚɡɨɫɬɚɬɢ-
ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɟɝɢɪɨɜɚɧɢя. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.4. 
«Ɍɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢя ɛɢ- ɢ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɟɫɬɟɫɬɜɟɧɧɨɚɪɦɢɪɨɜɚɧɧɵɯ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɩɪяɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ» 
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(«ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢя ɪɚɡɜɢɬɢя ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ 
ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д19Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ɉɛɪɚɡɰɵ ɞɥя ɢɫɫɥɟɞɨɜɚɧɢя ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɋɅɋ ɢɡ ɬɪɟɯ ɩɨɪɨɲɤɨɜɵɯ ɤɨɦ-
ɩɨɡɢɰɢɣ, ɫɨɫɬɚɜɵ ɤɨɬɨɪɵɯ ɚɧɚɥɨɝɢɱɧɵ ɫɨɫɬɚɜɚɦ ɥɢɬɵɯ ɨɛɪɚɡɰɨɜ, ɢɡɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ 
Д18Ж. Ɉɫɧɨɜɚ ɫɩɥɚɜɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɡɞɟɫɶ ɢ ɞɚɥɟɟ – ɜ % (ɩɨ ɦɚɫɫɟ)): 
49–53 Co; 20–30 Cr; 7–10 Ni. ɍɝɥɟɪɨɞ – ɷɥɟɦɟɧɬ, ɨɛɪɚɡɭɸɳɢɣ ɨɫɧɨɜɧɭɸ ɭɩɪɨɱɧяɸɳɭɸ 
ɮɚɡɭ (ɤɚɪɛɢɞ) ɢ ɜɥɢяɸɳɢɣ ɧɚ ɫɬɪɭɤɬɭɪɭ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜɨ ɜɫɟɯ ɤɨɦɩɨ-
ɡɢɰɢяɯ ɫɨɞɟɪɠɢɬɫя ɜ ɤɨɥɢɱɟɫɬɜɟ 0,2η %. ȼɫɟ ɬɪɢ ɤɨɦɩɨɡɢɰɢɢ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ Ti ɜ ɤɚɱɟ-
ɫɬɜɟ ɤɚɪɛɢɞɨɨɛɪɚɡɨɜɚɬɟɥя ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɨ 0,1η %, ɚ ɫɨɫɬɚɜ γ – ɞɨɩɨɥɧɢɬɟɥɶɧɨ Zr. 

ɋɨɞɟɪɠɚɧɢɟ ɬɭɝɨɩɥɚɜɤɢɯ ɷɥɟɦɟɧɬɨɜ (W ɢ Ta), ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 10 W 
ɢ 4 Ta – ɜ ɫɨɫɬɚɜɟ 1; 10 W ɢ θ Ta – ɜ ɫɨɫɬɚɜɟ 2; η W ɢ 2 Ta – ɜ ɫɨɫɬɚɜɟ γ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ  
ɜ ɫɨɫɬɚɜɟ γ ɫɨɞɟɪɠɢɬɫя Mo ɜ ɤɨɥɢɱɟɫɬɜɟ θ %.  

Ⱦɥя ɫɧɢɠɟɧɢя ɞɨɥɢ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɪɚɫɤɢɫɥɟɧɢя ɩɪɢ ɜɚɤɭɭɦɧɨ-
ɢɧɞɭɤɰɢɨɧɧɨɣ ɜɵɩɥɚɜɤɟ ɞɨɛɚɜɥяɥɢ δК ɢ εР ɜ ɤɨɥɢɱɟɫɬɜɚɯ, ɩɪɢɧяɬɵɯ ɜ ɩɪɚɤɬɢɤɟ ɦɟ-
ɬɚɥɥɭɪɝɢɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ⱦɥя ɩɨɜɵɲɟɧɢя ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɜ ɫɨɫɬɚɜ 1 ɜɜɨɞɢɥɢ Al 
ɜ ɤɨɥɢɱɟɫɬɜɟ 2 %.  

ȼɵɩɥɚɜɤɭ ɩɪɭɬɤɨɜɵɯ ɲɢɯɬɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧ-
ɧɨɣ ɩɟɱɢ ȼɂȺɆ-2002. Ɇɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɟ ɤɨɦɩɨɡɢɰɢɢ ɩɨɥɭɱɚɥɢ ɢɡ ɲɢɯɬɨɜɵɯ ɡɚɝɨ-
ɬɨɜɨɤ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ ɚɬɨɦɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ ɧɚ ɭɫɬɚɧɨɜɤɟ Hermiga. Ⱦɥя ɪɚɛɨɬɵ ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɮɪɚɤɰɢɸ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ 10–θγ ɦɤɦ. Ɉɛɪɚɡɰɵ ɞɥя ɢɫɩɵɬɚɧɢɣ 
ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɩɨɫɥɨɣɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɧɚ ɭɫɬɚɧɨɜɤɟ 
CШЧМОЩЭ δКsОr Ɇ2 Cursing. 

Ⱦɥя ɜɵяɜɥɟɧɢя ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɤɨɦɩɨɡɢɰɢɢ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
(ȾɌȺ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ DSC 404 F1 ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ γη ɞɨ 1η00 °ɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ [18] ɜɵɛɪɚɥɢ ɪɟɠɢɦɵ ɛɚɪɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɪɚɡɰɨɜ – ɝɨɪяɱɟɝɨ 
ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢя (Ƚɂɉ) ɧɚ ɭɪɨɜɧяɯ 90, θ0 ɢ 40 °ɋ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɶ-
ɜɭɫ (TSolv). Ɉɩɟɪɚɰɢя Ƚɂɉ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɭɫɬɪɚɧɟɧɢя ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ, ɜɨɡɧɢɤɚ-
ɸɳɢɯ ɩɪɢ ɫɢɧɬɟɡɟ (ɧɟɫɩɥɚɜɥɟɧɢя, ɩɨɪɵ), ɚ ɬɚɤɠɟ ɞɥя ɪɟɥɚɤɫɚɰɢɢ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪяɠɟ-
ɧɢɣ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢя ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. Ƚɨɪяɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɞɚɜɥɟɧɢɢ 1η0 Ɇɉɚ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫɨɫɬɚɜɥяɥɚ 2 ɱ. ɂɫ-
ɫɥɟɞɨɜɚɥɢ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ TSolv–10 °ɋ ɞɥя 
ɫɨɩɨɫɬɚɜɥɟɧɢя ɫ ɞɚɧɧɵɦɢ ȾɌȺ. 

ɂɡɨɛɪɚɠɟɧɢя ɫɬɪɭɤɬɭɪɵ ɢ ɦɨɪɮɨɥɨɝɢɢ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ ɜ ɨɛɪɚɡɰɚɯ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɩɨɥɭɱɚɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ, ɚ ɬɚɤɠɟ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Tecnai G2 F20 S-TWIN 
TMP. Ɉɰɟɧɤɭ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥяɸ-
ɳɢɯ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɝɪɚɦɦɟ Image Expert. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ 
ɚɧɚɥɢɡ (ɆɊɋȺ) ɨɫɭɳɟɫɬɜɥяɥɢ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ГОТss EVO 
εA 10 ɫ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɦ ɫɩɟɤɬɪɨɦɟɬɪɨɦ Б-εКб ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɥɢɛɪɨɜɤɢ ɩɨ 
ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦ ɷɬɚɥɨɧɚɦ. 

Ⱦɥя ɢɫɩɵɬɚɧɢя ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɢɤɢ ȽɈɋɌ 1497–84, ȽɈɋɌ 9651–84 – ɩɪɢ 
ɢɫɩɵɬɚɧɢяɯ ɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɪɚɫɬяɠɟɧɢɟ ɢ ȽɈɋɌ 10145–81 – ɩɪɢ ɢɫɩɵɬɚɧɢяɯ ɧɚ 
ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ; ɢɫɩɵɬɵɜɚɥɢ ɩɨ ɬɪɢ ɨɛɪɚɡɰɚ ɧɚ ɤɚɠɞɵɣ ɪɟɠɢɦ. ɂɫɩɵɬɚɧɢя ɧɚ 
ɪɚɫɬяɠɟɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɤɚɤ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ ɩɨɫɥɟ ɋɅɋ, ɬɚɤ ɢ ɩɨɫɥɟ 
Ƚɂɉ; ɢɫɩɵɬɚɧɢя ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɚɬɟɪɢɚɥɟ, ɩɪɨɲɟɞɲɟɦ Ƚɂɉ 
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ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800 °ɋ ɫ ɩɪɢɥɨɠɟɧɧɵɦ ɧɚɩɪяɠɟɧɢɟɦ 220 Ɇɉɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 1100 °ɋ ɫ ɧɚɩɪяɠɟɧɢɟɦ 2η Ɇɉɚ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɋɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɧɟ ɢɦɟɟɬ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɚɡɥɢɱɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɪɢɫ. 1) ɫɮɨɪɦɢɪɨɜɚɧɚ ɬɪɟɤɚɦɢ – ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɢɦɢɫя ɨɛɴɟɦɚɦɢ 
ɦɟɬɚɥɥɚ, ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɥɚɡɟɪɚ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɲɢɪɢɧɨɣ ɪɚɡɜɟɪɬɤɢ. 
Ɉɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢя ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜɧɭɬɪɢ ɬɪɟɤɚ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧ-
ɧɨɦ ɦɚɬɟɪɢɚɥɟ ɨɛɭɫɥɨɜɥɟɧɵ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɦɢɤɪɨɨɛɴɟɦɟ ɦɟɬɚɥ-
ɥɚ, ɤɨɬɨɪɚя ɨɰɟɧɢɜɚɟɬɫя ɧɚ ɭɪɨɜɧɟ 104–106 Ʉ/ɫ.  

Ɇɢɤɪɨяɱɟɣɤɢ ɬɪɟɤɨɜ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɢɦɟɸɬ ɞɢɚɦɟɬɪ 100–1η0 ɦɤɦ 
(ɪɢɫ. 1, а, ɛ). Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɪɟɤɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɩɥɨɜɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢя ɢɡɦɟɧяɟɬ ɫɬɪɭɤɬɭɪɭ ɩɪɟɞɵɞɭɳɟɝɨ, ɮɨɪɦɢɪɭя ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɭɛɡɟɪɧɚ ɫ 
ɞɟɧɞɪɢɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɧɟɡɚɜɢɫɢɦɵɟ ɨɬ ɝɪɚɧɢɰ ɬɪɟɤɚ. Ⱦɟɧɞɪɢɬɧɚя ɫɬɪɭɤɬɭɪɚ ɫɭɛɡɟɪɟɧ 
ɪɚɡɨɪɢɟɧɬɢɪɨɜɚɧɚ, ɧɨ ɢɦɟɟɬ ɬɟɤɫɬɭɪɭ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɬɟɩɥɨɨɬɜɨɞɚ, ɫɨɫɟɞɧɢɟ ɞɟɧɞɪɢɬɵ 
ɜɧɭɬɪɢ ɫɭɛɡɟɪɟɧ ɬɚɤɠɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɨɪɢɟɧɬɢɪɨɜɚɧɵ. Ɉɫɢ ɞɟɧɞɪɢɬɧɵɯ ɤɪɢɫɬɚɥɥɨɜ 
ɢɦɟɸɬ ɫɟɱɟɧɢɟ 0,η–1,0 ɦɤɦ, ɩɪɨɬяɠɟɧɧɨɫɬɶ η–2η ɦɤɦ (ɪɢɫ. 1, ɜ, ɝ). ɗɜɬɟɤɬɢɱɟɫɤɚя ɮɚɡɚ 
ɤɪɢɫɬɚɥɥɢɡɭɟɬɫя ɜ ɦɟɠɞɟɧɞɪɢɬɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɜɢɞɟ ɱɚɫɬɢɰ ɨɤɪɭɝɥɨɣ ɢɥɢ ɧɟɩɪɚ-
ɜɢɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ <100 ɧɦ ɢ ɨɛɪɚɡɭɟɬ ɩɪɨɫɥɨɣɤɢ, ɮɨɪɦɢɪɭɸɳɢɟ ɝɪɚɧɢɰɵ ɞɟɧɞ-
ɪɢɬɧɵɯ яɱɟɟɤ (ɪɢɫ. 1, ɞ, ɟ).  

 

ɛ)а)

ɝ)

ɜ)

ɟ)ɞ)

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɤɨɦɩɨɡɢɰɢɢ 1 ɛɟɡ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 

 
ɇɚ ɫɜɟɬɥɨɩɨɥɶɧɵɯ ɫɧɢɦɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ), ɫɬɟɩɟɧɶ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɮɪɚɝɦɟɧɬɨɜ ɢ ɨɬɞɟɥɶɧɵɯ яɱɟɟɤ ɧɚɛɥɸ-
ɞɚɟɬɫя ɜ ɭɫɥɨɜɢяɯ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɤɨɧɬɪɚɫɬɚ (ɪɢɫ. 2, а). ɇɚ ɝɪɚɧɢɰɚɯ яɱɟɟɤ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɧɚɛɥɸɞɚɸɬɫя ɤɚɪɛɢɞɧɵɟ ɩɪɨɫɥɨɣɤɢ ɢ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢɰɵ ɤɚɪɛɢɞɨɜ (ɪɢɫ. 2, ɛ). 
Ʉɚɪɛɢɞɧɵɟ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɭɛɢɱɟɫɤɭɸ (ȽɐɄ) ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 
ɪɟɲɟɬɤɭ ɫ ɩɟɪɢɨɞɨɦ з0,44 ɧɦ (ɩɟɪɢɨɞ ɦɚɬɪɢɰɵ з0,γ7 ɧɦ) ɢ ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ ɫɨɨɬɧɨɲɟ-
ɧɢɟ ɫ ɦɚɬɪɢɰɟɣ (100)ее(100) ɢ Д010ЖееД010Ж. ȼ ɨɛɴɟɦɟ яɱɟɟɤ ɧɚɛɥɸɞɚɸɬɫя ɞɟɮɟɤɬɵ ɭɩɚ-
ɤɨɜɤɢ ɜ ɩɥɨɫɤɨɫɬяɯ (111) ȽɐɄ-ɦɚɬɪɢɰɵ (ɪɢɫ. 2, ɜ). 
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ɛ)а) ɜ)

 
 

Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ, ɩɨɥɭ-
ɱɟɧɧɚя ɦɟɬɨɞɨɦ ɉɗɆ: а – ɞɟɧɞɪɢɬɧɵɟ яɱɟɣɤɢ ɜ ɫɨɫɬɚɜɟ ɫɭɛɡɟɪɟɧ ɫ ɪɚɡɥɢɱɧɨɣ ɨɪɢɟɧɬɢɪɨɜɤɨɣ;  
ɛ – ɬɟɦɧɨɩɨɥɶɧɵɣ ɫɧɢɦɨɤ ɜ ɪɟɮɥɟɤɫɟ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ; ɜ – ɞɟɮɟɤɬɵ ɭɩɚɤɨɜɤɢ ɜ ɨɛɴɟɦɟ яɱɟɟɤ 

 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ Ƚɂɉ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɩɨ ɪɚɡ-

ɥɢɱɧɵɦ ɪɟɠɢɦɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. γ.  
 

ɛ)а)

ɝ)

ɜ)

ɟ)ɞ)

ɡ)ɠ)

 
 

Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 1 (а–ɜ), 
2 (ɝ–ɟ) ɢ γ (ɠ, ɡ) ɩɨɫɥɟ ɝɨɪяɱɟɝɨ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢя, ɩɪɨɜɟɞɟɧɧɨɝɨ ɩɨ ɪɟɠɢɦɚɦ  
1 (а, ɝ, ɠ), 2 (ɛ, ɞ, ɡ) ɢ 3 (ɜ, ɟ) 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ Ƚɂɉ ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɣ ɪɟ-

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɟɧɞɪɢɬɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɧɨ ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧяɟɬɫя ɫɭɛɫɬɪɭɤɬɭɪɚ яɱɟɟɤ 
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ɫɢɧɬɟɡɚ, ɝɪɚɧɢɰɵ ɤɨɬɨɪɵɯ ɞɟɤɨɪɢɪɨɜɚɧɵ ɱɚɫɬɢɰɚɦɢ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɮɚɡ ɞɢɫɩɟɪɫɧɨɫɬɶɸ 
<100 ɧɦ. 

ɉɪɢ ɧɚɝɪɟɜɟ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɶɜɭɫ TSolv–40 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɚя 
ɤɨɚɝɭɥяɰɢя ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɢɡɛɵɬɨɱɧɨɣ ɮɚɡɵ, ɢɯ ɪɚɡɦɟɪ ɞɨɫɬɢɝɚɟɬ 1–2 ɦɤɦ ɞɥя ɤɨɦɩɨ-
ɡɢɰɢɣ 1 ɢ 2. ȼ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɤɨɦɩɨɡɢɰɢɢ 1 ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚ ɝɪɚɧɢɰɚɯ 
яɱɟɟɤ ɡɚɦɟɬɧɨ ɧɟ ɢɡɦɟɧяɟɬɫя, ɨɞɧɚɤɨ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɫɨɤɪɚɳɚɟɬɫя, ɜ ɤɨɦɩɨɡɢɰɢɢ 2 ɨɛɴ-
ɟɦɧɚя ɞɨɥя ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɪɚɡɦɟɪɨɦ 0,2–0,η ɦɤɦ ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɚɟɬɫя. ɇɚɢɛɨɥɟɟ ɚɤ-
ɬɢɜɧɵɟ ɩɪɨɰɟɫɫɵ ɤɨɚɝɭɥяɰɢɢ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɞɨ 10 ɦɤɦ ɫ ɩɨɱɬɢ 
ɩɨɥɧɵɦ ɪɚɫɬɜɨɪɟɧɢɟɦ ɦɟɥɤɨɣ ɮɪɚɤɰɢɢ ɜ ɦɟɠɞɟɧɞɪɢɬɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɤɨɦɩɨɡɢɰɢɢ γ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ TSolv–60 °ɋ.  

ȼɨɡɞɟɣɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɤɨɚɝɭɥяɰɢɢ ɱɚɫɬɢɰ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ – 
ɧɚ ɝɪɚɧɢɰɟ ɫɭɛɡɟɪɟɧ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɤɨɦɩɨɡɢɰɢɢ ɫɩɥɚɜɚ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɩɨ ɪɟɠɢɦɚɦ TSolv–90 °ɋ ɢ TSolv–60 °ɋ ɱɚɫɬɢɰɵ ɧɚ ɝɪɚɧɢɰɚɯ ɫɭɛɡɟɪɟɧ ɢɦɟɸɬ ɪɚɡɦɟɪ 
0,5–0,7 ɦɤɦ, ɚ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɚ ɝɪɚɧɢɰɚɯ ɞɟɧɞɪɢɬɧɵɯ яɱɟɟɤ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɦɟɧяɟɬɫя ɢ 
ɫɨɫɬɚɜɥяɟɬ 0,1–0,2 ɦɤɦ, ɨɞɧɚɤɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɜ ɤɨɦɩɨɡɢɰɢɢ 1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  
TSolv–60 °ɋ ɯɚɪɚɤɬɟɪ ɜɵɞɟɥɟɧɢɣ ɧɚ ɝɪɚɧɢɰɚɯ яɱɟɟɤ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ ɫɟɬɤɢ, ɱɬɨ ɦɨɠɟɬ 
ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɩɪɨɰɟɫɫɚɯ ɢɯ ɤɨɚɝɭɥяɰɢɢ.  

Ɉɰɟɧɤɚ ɢɡɦɟɧɟɧɢя ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚ-
ɥɟ ɤɨɦɩɨɡɢɰɢɢ 2 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Ƚɂɉ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɨɛɴɟɦɧɚя ɞɨɥя ɢɡɛɵ-
ɬɨɱɧɨɣ ɮɚɡɵ ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ɫɧɢɠɚɟɬɫя c ~5,2 % (ɩɪɢ TSolv–90 °ɋ) ɞɨ 4,8 ɢ γ,γ % ɩɪɢ 
TSolv–60 °ɋ ɢ TSolv–40 °ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ >70 % ɞɨɥɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɱɚɫɬɢɰ 
ɩɪɢɯɨɞɢɬɫя ɧɚ ɦɟɥɤɭɸ ɮɪɚɤɰɢɸ ɫ ɪɚɡɦɟɪɨɦ 0,1–0,γ ɦɤɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɟɬɨɞɨɦ ɉɗɆ ɩɨɫɥɟ Ƚɂɉ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
TSolv–90 °ɋ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɚя ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɦɟɠɞɭ яɱɟɣɤɚɦɢ ɜ 
ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ ɦɟɧɟɟ ɜɵɪɚɠɟɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɫɨɫɬɨяɧɢɟɦ, ɧɨ ɞɟɮɟɤ-
ɬɵ ɭɩɚɤɨɜɤɢ ɫɨɯɪɚɧяɸɬɫя ɢ ɩɟɪɟɫɟɤɚɸɬ ɢɯ ɝɪɚɧɢɰɵ (ɪɢɫ. 4, а). ɉɟɪɢɨɞ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɨɣ ɪɟɲɟɬɤɢ ɦɚɬɪɢɰɵ ɩɨɫɥɟ Ƚɂɉ ɫɨɫɬɚɜɥяɟɬ з0,γθ ɧɦ, ɚ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ з0,4η ɧɦ. ɉɨ 
ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɱɚɫɬɢɰɵ 
ɞɜɭɯ ɬɢɩɨɜ: ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɚя ɮɚɡɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ W, TК, CШ ɢ Cr, ɚ ɬɚɤɠɟ 
ɤɚɪɛɢɞɧɚя – ɧɚ ɨɫɧɨɜɟ ɬɚɧɬɚɥɚ ɫ ɧɟɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ TТ ɢ ɦɟɧɶɲɢɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɨɣ, ɫɨɞɟɪɠɚɧɢɟɦ CШ ɢ Cr (ɪɢɫ. 4, ɛ).  

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ TSolv–10 °ɋ ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɨɣ ɮɚɡɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɜ ɤɨɦɩɨɡɢɰɢɢ 1 ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪяɸɬɫя 
(ɪɢɫ. η, а), ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɨɥɶɤɨ ɤɚɪɛɢɞɵ ɪɚɡɦɟɪɨɦ 0,η–2,0 ɦɤɦ. 
ȼ ɤɨɦɩɨɡɢɰɢɢ 2 ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɚя ɤɨɚɝɭɥяɰɢя ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɨɣ ɮɚɡɵ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɱɚɫɬɢɰ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ 2–8 ɦɤɦ, 
ɚ ɬɚɤɠɟ ɬɨɧɤɢɯ ɜɵɞɟɥɟɧɢɣ ɜ ɜɢɞɟ ɫɩɥɨɲɧɨɣ ɫɟɬɤɢ ɧɚ ɝɪɚɧɢɰɚɯ ɫɭɛɡɟɪɟɧ (ɪɢɫ. η, ɛ). 
ȼ ɫɬɪɭɤɬɭɪɟ ɬɚɤɠɟ ɫɨɯɪɚɧяɸɬɫя ɞɢɫɩɟɪɫɧɵɟ ɤɚɪɛɢɞɵ ɛɨɥɟɟ ɫɜɟɬɥɨɝɨ ɬɨɧɚ ɪɚɡɦɟɪɨɦ ɞɨ 
1 ɦɤɦ (ɪɢɫ. η, ɜ).  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢя ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɱɚɫɬɢɰɚɯ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ 
ɩɨɫɥɟ Ƚɂɉ ɢ ɧɚɝɪɟɜɨɜ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɆɊɋȺ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤ-
ɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɝɪɚɧɢɱɟɧ ɜɨɡɦɨɠɧɨɫɬɶɸ ɚɧɚɥɢɡɚ ɥɟɝɤɢɯ ɷɥɟɦɟɧ-
ɬɨɜ ɫ ɚɬɨɦɧɵɦ ɧɨɦɟɪɨɦ ɦɟɧɟɟ 11, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ 
ɨɩɪɟɞɟɥяɥɢ ɩɨ ɪɚɡɧɢɰɟ ɫ ɫɭɦɦɨɣ ɫɨɞɟɪɠɚɧɢя ɬяɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɫɜяɡɢ ɫ ɥɨɤɚɥɶɧɨ-
ɫɬɶɸ ɚɧɚɥɢɡɚ ɧɟ ɦɟɧɟɟ 1 ɦɤɦ2, ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɫɬɪɭɤɬɭɪɧɵɟ ɫɨɫɬɚɜɥяɸɳɢɟ, ɩɪɟɜɵɲɚɸ-
ɳɢɟ ɷɬɭ ɜɟɥɢɱɢɧɭ. ɉɨ ɞɚɧɧɵɦ ɆɊɋȺ ɪɚɫɫɱɢɬɚɧɚ ɚɬɨɦɧɚя ɤɨɧɰɟɧɬɪɚɰɢя ɯɢɦɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɝɨ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɝɨ 
ɬɢɩɚ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢяɯ. 
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ɛ)а)

ɜ)

 
Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɝɨɪяɱɟɝɨ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫ-

ɫɨɜɚɧɢя, ɩɨɥɭɱɟɧɧɚя ɦɟɬɨɞɨɦ ɉɗɆ: а – ɜɢɞ ɫɬɪɭɤɬɭɪɵ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ ɢ ɞɟɮɟɤɬɨɜ ɭɩɚɤɨɜɤɢ ɜ 
ɦɚɬɪɢɰɟ; ɛ – ɤɚɪɬɢɪɨɜɚɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ ɫɭɛɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚ-
ɥɚ; ɜ – ɩɪɨɮɢɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜɞɨɥɶ ɥɢɧɢɢ ɜ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ 

 
ɛ)а) ɜ)

 
Ɋɢɫ. η. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫɨɥɶɜɭɫ: ɤɚɪɛɢɞɧɚя ɮɚɡɚ ɜ ɤɨɦɩɨɡɢɰɢɢ 1 (а) ɢ ɦɨɪɮɨɥɨɝɢя ɤɪɭɩɧɨɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɵ (ɛ) 
ɢ ɞɢɫɩɟɪɫɧɵɯ ɤɚɪɛɢɞɨɜ (ɜ) ɜ ɤɨɦɩɨɡɢɰɢɢ 2 

 
ȼ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɩɨɫɥɟ Ƚɂɉ ɨɛɧɚɪɭɠɟɧɵ 

ɱɚɫɬɢɰɵ ɮɚɡ ɞɜɭɯ ɬɢɩɨɜ. ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ яɜɥяɸɬɫя ɢɧ-
ɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɨɣ ɫɥɨɠɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Co, Cr, W 
ɢ Ta. ɋɨɨɬɧɨɲɟɧɢɟ ɷɥɟɦɟɧɬɨɜ (ɜ % (ɚɬɨɦɧ.)) ɜ ɞɚɧɧɨɣ ɮɚɡɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ  
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ɫɨɟɞɢɧɟɧɢɟ ɬɢɩɚ A3B: (Co0,6Cr0,35Ni0,05)3 (W0,55Ta0,44Ti0,01). ɋɨɫɬɚɜ ɤɨɦɩɨɡɢɰɢɢ γ ɨɬɥɢɱɚ-
ɟɬɫя ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɨɥɢɛɞɟɧɚ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɟ, ɜ ɤɨɬɨɪɭɸ 
ɬɚɤɠɟ ɜɯɨɞɢɬ ɰɢɪɤɨɧɢɣ. Ⱦɥя ɷɬɨɝɨ ɫɨɫɬɚɜɚ ɫɨɨɬɧɨɲɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɨɬɥɢɱɚɟɬɫя – 
(Co0,5Cr0,4Ni0,1)2 (Mo0,52W0,28Ta0,18Zr0,01Ti0,01), ɬ. ɟ. ɫɨɟɞɢɧɟɧɢɟ ɬɢɩɚ A2B.  

ɇɚɢɛɨɥɟɟ ɜɟɪɨяɬɧɨ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɮɚɡɵ яɜɥяɸɬɫя ɬɨɩɨɥɨɝɢɱɟɫɤɢ ɩɥɨɬ-
ɧɨɭɩɚɤɨɜɚɧɧɵɦɢ, ɨɞɧɚɤɨ ɬɢɩ ɚɬɨɦɧɨɝɨ ɫɬɪɨɟɧɢя ɢ ɩɚɪɚɦɟɬɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬ-
ɤɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫя ɢ ɬɪɟɛɭɸɬ ɭɬɨɱɧɟɧɢя. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɵɞɟɪɠɤɢ ɩɪɢ Ƚɂɉ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ɮɚɡɵ ɦɟɧяɟɬɫя ɧɟɡɧɚɱɢɬɟɥɶ-
ɧɨ: ɭɦɟɧɶɲɚɟɬɫя ɚɬɨɦɧɚя ɞɨɥя ɯɪɨɦɚ (ɧɚ зγ %) ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɪɨɫɬɨɦ ɞɨɥɢ ɬяɠɟɥɵɯ 
ɷɥɟɦɟɧɬɨɜ – W (Mo). 

ȼ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢяɯ ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɩɥɚɜɚ ɜ ɧɚɢɛɨɥɶɲɟɣ ɨɛɴɟɦɧɨɣ ɞɨɥɟ 
ɫɨɞɟɪɠɚɬɫя ɤɚɪɛɢɞɵ ɪɚɡɥɢɱɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɉɨɫɤɨɥɶɤɭ ɨɛɪɚɡɰɵ ɢɡɭɱɚɥɢ ɩɨ-
ɫɥɟ ɩɪɨɜɟɞɟɧɢя ɧɚɝɪɟɜɚ ɜ ɭɫɥɨɜɢяɯ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ Ƚɂɉ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɭɫɬɚɧɨɜɤɟ ɫ ɡɚɦɟɞɥɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɬɨ ɜɵяɜɥɟɧɧɵɟ ɬɢɩɵ ɤɚɪɛɢɞɧɵɯ ɮɚɡɵ ɫɭɳɟ-
ɫɬɜɭɸɬ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ – ɨɬ ɧɚɝɪɟɜɚ ɞɨ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢя, ɚ ɧɟ ɜ ɤɨɧɤɪɟɬɧɵɯ 
ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢяɯ.  

ȼ ɤɨɦɩɨɡɢɰɢяɯ 1 ɢ 2, ɫɨɞɟɪɠɚɳɢɯ 4–6 % (ɩɨ ɦɚɫɫɟ) Ta, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɪɚ-
ɛɨɬɤɢ TSolv–40 °ɋ ɢ TSolv–10 °ɋ ɨɛɧɚɪɭɠɟɧɵ ɤɚɪɛɢɞɵ ɫɨɫɬɚɜɚ (ɜ % (ɚɬɨɦɧ.)): 
(Ta0,8Ti0,14Cr0,06)ɋ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɦɭ ɤɚɪɛɢɞɭ ɬɢɩɚ Ɇɋ (TКC). 
ȼ ɤɨɦɩɨɡɢɰɢɢ γ ɞɚɧɧɵɣ ɤɚɪɛɢɞ ɨɬɞɟɥɶɧɨ ɧɟ ɨɛɧɚɪɭɠɟɧ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɜɢɞɭ ɞɢɫɩɟɪɫ-
ɧɨɫɬɢ ɱɚɫɬɢɰ ɢ ɢɯ ɦɚɥɨɣ ɞɨɥɢ.  

ȼ ɤɨɦɩɨɡɢɰɢɢ 1, ɩɨɦɢɦɨ ɤɚɪɛɢɞɚ Ɇɋ, ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ   
TSolv–40 °ɋ ɨɛɧɚɪɭɠɟɧɚ ɤɚɪɛɢɞɧɚя ɮɚɡɚ ɬɢɩɚ Ɇ23ɋ6 ɫɨɫɬɚɜɚ (ɜ % (ɚɬɨɦɧ.)): 
(Co0,4Cr0,3Ta0,2Ti0,06W0,04)23ɋ6, ɤɨɬɨɪɚя ɨɛɵɱɧɨ ɨɛɪɚɡɭɟɬɫя ɩɪɢ ɪɚɫɩɚɞɟ ɷɜɬɟɤɬɢɱɟɫɤɢɯ 
ɤɚɪɛɢɞɨɜ, ɬ. ɟ. ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ȼ ɤɨɦɩɨɡɢɰɢɢ 2 ɩɪɢ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɧɚɪɭɠɟɧɵ ɤɪɭɩɧɵɟ 
ɤɚɪɛɢɞɵ ɫɨɫɬɚɜɚ (ɜ % (ɚɬɨɦɧ.)): (Co0,32Ta0,3Cr0,28Ti0,05W0,05)7ɋ3, ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɯɚ-
ɪɚɤɬɟɪɧɨ ɩɪɢ ɭɦɟɧɶɲɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ Cr/C ɜ ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ, ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɜɬɨɪɢɱɧɨɦ ɯɚɪɚɤɬɟɪɟ ɨɛɪɚɡɨɜɚɧɢя ɞɚɧɧɵɯ ɤɚɪɛɢɞɨɜ, ɬ. ɟ. ɩɨɫɥɟ ɮɨɪɦɢ-
ɪɨɜɚɧɢя ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

ȼ ɤɨɦɩɨɡɢɰɢɢ γ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ TSolv–90 °ɋ ɢ TSolv–60 °ɋ ɨɛɧɚɪɭɠɟɧɵ ɤɚɪɛɢɞɵ 
Ɇ7ɋ ɫɨɫɬɚɜɚ (ɜ % (ɚɬɨɦɧ.)): (Cr0,57Co0,35Mo0,05W0,02)7ɋ, ɜ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬɫя Ta, Zr 
ɢ Ti ɫ ɫɭɦɦɚɪɧɨɣ ɚɬɨɦɧɨɣ ɞɨɥɟɣ 0,01. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ TSolv–40 °ɋ ɤɚɪɛɢɞɧɚя ɮɚɡɚ ɜ 
ɤɨɦɩɨɡɢɰɢɢ γ ɧɟ ɨɛɧɚɪɭɠɟɧɚ.  

Ⱦɢɫɩɟɪɫɧɨɫɬɶ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɞɚɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 
ɫɨɥɶɜɭɫ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɜ 
ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ ɨɫɥɨɠɧяɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɯ ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɬɢɩɚ ɢ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢя ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢɡɨɥяɬɨɜ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɢɞɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢяɯ ɫɜɟɪɯɧɟɪɚɜɧɨɜɟɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸ-
ɳɟɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɶɜɭɫ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɮɨɪɦɢɪɭ-
ɸɬɫя ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɮɚɡɵ, ɤɨɬɨɪɵɟ ɤɨɚɝɭɥɢɪɭɸɬ ɫ ɪɨɫɬɨɦ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɩɪɢ ɨɩɟɪɚɰɢяɯ Ƚɂɉ, ɚ ɡɚɬɟɦ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɵ-
ɞɟɥɟɧɢɟ ɜɬɨɪɢɱɧɵɯ ɤɚɪɛɢɞɨɜ.  

Ⱦɥя ɨɰɟɧɤɢ ɜɥɢяɧɢя ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɟɝɢɪɨɜɚɧɢя ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɤɨ-
ɛɚɥɶɬɨɜɨɝɨ ɫɩɥɚɜɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢя ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜ-
ɥɟɧɧɵɯ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ ɡɚɝɨɬɨɜɨɤ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɨɪɢɟɧɬɢ-
ɪɨɜɚɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ (ɜ ɧɚɩɪɚɜɥɟɧɢɢ XY) ɩɨ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɨɛɪɚɡɰɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɥɨɫɤɨɫɬɢ ɩɨɫɬɪɨɟɧɢя. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɪɚɫɬяɠɟɧɢɟ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 
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Ɍаɛɥɢɰа 1 
Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɫиɧɬɟɡиɪɨвɚɧɧɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬивɧɨɝɨ ɥɚɡɟɪɧɨɝɨ  

ɫɩɥɚвɥɟɧия (ɋɅɋ) ɨɛɪɚɡɰɨв ɷɤɫɩɟɪиɦɟɧɬɚɥьɧɵɯ ɤɨɦɩɨɡиɰиɣ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 
ɤɨɦɩɨɡɢɰɢɢ 

ɋɨɫɬɨяɧɢɟ ɨɛɪɚɡɰɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɝɪɟɜɚ ɩɪɢ Ƚɂɉ ɢɥɢ ɨɬɠɢɝɟ 

σɜ σ0,2
 

į, % Ɇɉɚ 

1 

ɉɨɫɥɟ ɋɅɋ 
ɉɨɫɥɟ Ƚɂɉ ɩɪɢ 11θ0 °ɋ 

ɉɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 1190 °ɋ + 11η0 °ɋ 
ɉɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 1240 °ɋ + 11θ0 °ɋ 

1397 1111 17 
1315 840 26 
1250 740 32 
1120 570 36 

2 

ɉɨɫɥɟ ɋɅɋ 
ɉɨɫɥɟ Ƚɂɉ ɩɪɢ 11θ0 °ɋ 
ɉɨɫɥɟ Ƚɂɉ ɩɪɢ 1190 °ɋ 

1553 1273 11 
1438 1038 14 
1430 1010 16 

3 

ɉɨɫɥɟ ɋɅɋ 
ɉɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 11γ0 °ɋ 
ɉɨɫɥɟ Ƚɂɉ ɩɪɢ 11θ0 °ɋ 

1517 1260 9 

1417 1047 13 
1370 950 9 

 
ȼ ɢɫɯɨɞɧɨɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɤɨɛɚɥɶɬɨɜɵɟ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 

ɩɪɨɱɧɨɫɬɶɸ, ɫɜяɡɚɧɧɨɣ ɤɚɤ ɫ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɨɣ ɞɟɧɞɪɢɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɚ ɦɚɤɪɨ-
ɭɪɨɜɧɟ, ɬɚɤ ɢ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ ɧɚ ɝɪɚ-
ɧɢɰɚɯ ɞɟɧɞɪɢɬɨɜ. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɢɫɯɨɞɢɬ ɱɚɫɬɢɱɧɚя ɪɟɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢя ɫɬɪɭɤɬɭɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɤɨɚɝɭɥяɰɢя ɷɜɬɟɤɬɢɱɟɫɤɢɯ 
ɮɚɡ – ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɢ ɤɚɪɛɢɞɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɧɢɠɚɟɬɫя ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɢ 
ɜɨɡɪɚɫɬɚɟɬ ɩɥɚɫɬɢɱɧɨɫɬɶ. ɇɚɝɪɟɜ ɦɚɬɟɪɢɚɥɚ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɶɜɭɫ ɧɚ ɩɪɢɦɟɪɟ 
ɤɨɦɩɨɡɢɰɢɢ 1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ, ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɱɚɫɬɢɰ ɧɚ ɧɚɫɥɟɞɫɬɜɟɧ-
ɧɵɯ ɝɪɚɧɢɰɚɯ ɞɟɧɞɪɢɬɨɜ ɢ ɢɯ ɤɨɚɝɭɥяɰɢɢ ɜ ɜɢɞɟ ɤɪɭɩɧɨɣ ɦɨɪɮɨɥɨɝɢɢ, ɷɮɮɟɤɬ ɭɩɪɨɱ-
ɧɟɧɢя, ɞɨɫɬɢɝɚɟɦɵɣ ɩɪɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɧɢɜɟɥɢ-
ɪɭɟɬɫя ɢ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢɛɥɢɠɚɟɬɫя ɤ ɩɨɤɚɡɚɬɟɥяɦ ɥɢɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫɨɯɪɚɧяɟɬ ɜɵɫɨɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ (ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɨɬɥɢɜɤɨɣ), ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɨɯɪɚɧɟɧɢɟɦ ɪɚɡɜɢɬɵɯ ɧɚɫɥɟɞɫɬɜɟɧɧɵɯ ɝɪɚɧɢɰ. Ⱦɨ-
ɩɨɥɧɢɬɟɥɶɧɚя ɜɵɞɟɪɠɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 11η0 ɢ 11θ0 °ɋ ɩɨɫɥɟ ɨɬɠɢɝɚ ɜ ɨɛɪɚɡɰɚɯ 
ɤɨɦɩɨɡɢɰɢɢ 1 ɧɟ ɩɪɢɜɟɥɚ ɤ ɡɚɦɟɬɧɨɦɭ ɷɮɮɟɤɬɭ ɭɩɪɨɱɧɟɧɢя ɞɢɫɩɟɪɫɧɵɦɢ ɱɚɫɬɢɰɚɦɢ 
ɜɬɨɪɢɱɧɵɯ ɮɚɡ. 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɭɪɨɜɧя ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ 
ɩɪɢ ɟɞɢɧɨɦ ɪɟɠɢɦɟ ɨɛɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ Ƚɂɉ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 11θ0 °ɋ ɜɢɞɧɨ, ɱɬɨ ɨɩɪɟ-
ɞɟɥяɸɳɢɦ ɮɚɤɬɨɪɨɦ ɭɩɪɨɱɧɟɧɢя ɫɬɪɭɤɬɭɪɵ ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɤɨɛɚɥɶɬɨɜɨɦ ɫɩɥɚɜɟ 
ɫɥɭɠɢɬ ɞɨɥя ɜɵɞɟɥɢɜɲɢɯɫя ɱɚɫɬɢɰ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɧɚ ɨɫɧɨɜɟ 
Co, W ɢ Ta, ɚ ɬɚɤɠɟ ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ ɢɥɢ Ƚɂɉ.  
ɗɮɮɟɤɬ ɜɥɢяɧɢя Ta ɧɚɛɥɸɞɚɟɬɫя ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɤɨɦɩɨɡɢɰɢɣ 1 ɢ 2. 
ɑɚɫɬɢɰɵ ɧɚ ɨɫɧɨɜɟ Co ɢ Mo (ɱɚɫɬɢɱɧɨ ɡɚɦɟɳɚɸɳɟɝɨ ɜɨɥɶɮɪɚɦ) ɜ ɤɨɦɩɨɡɢɰɢɢ γ ɨɛɟɫɩɟ-
ɱɢɜɚɸɬ ɭɩɪɨɱɧяɸɳɢɣ ɷɮɮɟɤɬ (ɫɪɚɜɧɢɦɵɣ ɫ ɷɮɮɟɤɬɨɦ ɞɥя ɫɨɫɬɚɜɚ 2), ɧɨ ɥɢɲɶ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ 11θ0 °ɋ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɤɨɦɩɨɡɢɰɢɢ γ ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɧɚя ɤɨɚɝɭɥяɰɢя ɮɚɡɵ. 

ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɷɮɮɟɤɬɵ ɩɨɥɡɭɱɟɫɬɢ ɪɚɡɜɢɜɚɸɬɫя ɩɨ ɪɚɡɥɢɱɧɵɦ 
ɦɟɯɚɧɢɡɦɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɵɬɚɧɢя. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ, ɤɨɝɞɚ ɫɨɯɪɚɧяɟɬɫя ɡɚɜɢɫɢɦɨɫɬɶ ɏɨɥɥɚ–ɉɟɬɱɚ, ɨɩɪɟɞɟɥяɸɳɢɣ ɜɤɥɚɞ ɜ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɜɧɨɫɢɬ ɩɪɨɱɧɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɛɥɚɝɨɞɚɪя ɭɜɟɥɢɱɟɧɢɸ 
ɷɧɟɪɝɢɢ ɞɟɮɟɤɬɨɜ ɭɩɚɤɨɜɤɢ ɜ ɫɬɪɭɤɬɭɪɟ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɤɨɛɚɥɶɬɚ. ɇɚɧɨɪɚɡɦɟɪɧɵɟ 
ɱɚɫɬɢɰɵ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɤɚɪɛɢɞɧɵɯ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ, ɨɛɪɚɡɭɸɳɢɟɫя ɩɪɢ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɢ ɫɨɯɪɚɧяɸɳɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ (ɧɚɱɚɥɚ  
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ɫɬɚɞɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥɡɭɱɟɫɬɢ), ɜɧɨɫяɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɭɩɪɨɱɧɟɧɢɟ  
ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 800 °ɋ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
(>1000 °ɋ) ɞɥя ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ ɨɩɪɟɞɟɥяɸɳɢɟ ɮɚɤɬɨɪɵ, ɜɥɢяɸɳɢɟ ɧɚ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ, – ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɢ ɷɧɟɪɝɢɢ ɞɟɮɟɤɬɨɜ ɭɩɚɤɨɜɤɢ, 
ɚ ɬɚɤɠɟ ɩɪɨɬяɠɟɧɧɨɫɬɶ ɢ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ 
ɭɫɥɨɜɢяɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɩɬɢɦɚɥɶɧɚя ɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫя ɨɬ ɬɚɤɨɜɨɣ ɞɥя ɫɪɟɞɧɢɯ ɬɟɦɩɟɪɚɬɭɪ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɤɨɦɩɨɡɢɰɢɣ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 

 
Ɍаɛɥɢɰа 2 

Ɋɟɡɭɥьɬɚɬɵ иɫɩɵɬɚɧиɣ ɧɚ ɞɥиɬɟɥьɧɭɸ ɩɪɨчɧɨɫɬь ɨɛɪɚɡɰɨв  
ɷɤɫɩɟɪиɦɟɧɬɚɥьɧɵɯ ɤɨɦɩɨɡиɰиɣ 

 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢя 800 °ɋ ɧɚɢɛɨɥɶɲɭɸ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 

ɤɨɦɩɨɡɢɰɢя γ, ɜɟɪɨяɬɧɨ, ɛɥɚɝɨɞɚɪя ɨɛɪɚɡɨɜɚɧɢɸ (ɩɨɦɢɦɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ) ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɬɢɩɚ M7C, ɫɨɞɟɪɠɚɳɟɣ Cr ɢ Mo, ɚ ɭɜɟɥɢɱɟɧɧɭɸ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɬɚɜɨɦ 2 ɩɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɢɫɩɵɬɚɧɢяɯ ɦɨɠɧɨ ɨɛɴяɫɧɢɬɶ ɦɟɧɶɲɟɣ ɞɨ-
ɥɟɣ ɬɭɝɨɩɥɚɜɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɦɚɬɪɢɰɟ. Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɚ 1, ɨɛɪɚɛɨɬɚɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 1240 °ɋ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɪɠɚɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1160 °ɋ, ɞɟɦɨɧɫɬɪɢɪɭɸɬ 
ɧɚɢɛɨɥɶɲɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɫɧɢɠɟɧɧɭɸ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɜ ɨɬɫɭɬɫɬɜɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɞɢɫɩɟɪɫɧɨɝɨ ɡɟɪɧɨɝɪɚɧɢɱɧɨɝɨ ɭɩɪɨɱɧɟɧɢя. 

Ⱦɥя ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɨɜ, ɢɫɩɵɬɵɜɚɟɦɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1100 °ɋ, ɯɚɪɚɤɬɟɪɧɵɦ яɜɥяɟɬɫя ɦɧɨɝɨɨɱɚɝɨɜɵɣ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢя ɩɨ ɝɪɚɧɢɰɚɦ ɫɭɛ-
ɡɟɪɟɧ, ɞɟɤɨɪɢɪɨɜɚɧɧɵɦ ɱɚɫɬɢɰɚɦɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ, ɭɤɪɭɩɧяɸɳɢɦɢɫя ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟ ɢɡɭɱɚɥɚɫɶ ɪɨɥɶ 
ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ ɜ ɦɟɯɚɧɢɡɦɟ ɪɚɡɪɭɲɟɧɢя ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ, ɨɞɧɚ-
ɤɨ ɜɢɞɧɨ, ɱɬɨ ɨɬɠɢɝ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ 1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɶ-
ɜɭɫ, ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɟɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɛɥɚɝɨɞɚɪя ɱɚɫɬɢɱɧɨɦɭ 
ɪɚɫɬɜɨɪɟɧɢɸ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɮɚɡ ɢ ɭɦɟɧɶɲɟɧɢɸ ɷɧɟɪɝɢɢ ɦɟɠɮɚɡɧɵɯ ɝɪɚɧɢɰ. ȼɧɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɥɟɝɢɪɨɜɚɧɢя ɜɢɞɧɨ, ɱɬɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚя ɩɨɥɡɭɱɟɫɬɶ ɢ ɯɚɪɚɤɬɟɪ 
ɪɚɡɪɭɲɟɧɢя ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɛɚɥɶɬɨɜɵɯ ɫɩɥɚɜɚɯ ɨɩɪɟɞɟɥяɟɬɫя ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɧɚɫɥɟɞɭɟɦɵɦɢ ɝɪɚɧɢɰɚɦɢ ɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟ ɫɢɧɬɟɡɚ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ 
ɩɪɢ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɡɪɭɲɟɧɧɵɯ ɨɛɪɚɡɰɨɜ Д20Ж. 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢя, 

°ɋ 

ɇɚɩɪяɠɟɧɢɟ,  
Ɇɉɚ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 

ɤɨɦɩɨɡɢɰɢɢ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ 
ɩɪɢ Ƚɂɉ ɢɥɢ ɨɬɠɢɝɟ 

ɋɪɟɞɧɟɟ ɜɪɟɦя 
ɞɨ ɪɚɡɪɭɲɟɧɢя, 

ɱ 

Ɉɫɬɚɬɨɱɧɨɟ 
ɭɞɥɢɧɟɧɢɟ, 

% 

800 220 
1 

Ɉɬɠɢɝ  
ɩɪɢ 1240 °ɋ + 1160 °ɋ 

47 87 

2 
Ƚɂɉ ɩɪɢ 11θ0 °ɋ 

122 20 
3 347 80 

1100 25 

1 

Ƚɂɉ ɩɪɢ 11θ0 °ɋ 18 10 
Ɉɬɠɢɝ  

ɩɪɢ 1190 °ɋ + 1150 °ɋ 
22 15 

Ɉɬɠɢɝ ɩɪɢ 1240 °ɋ 37 10 

2 
Ƚɂɉ ɩɪɢ 11θ0 °ɋ 9 13 
Ƚɂɉ ɩɪɢ 1190 °ɋ 9 17 

3 
Ɉɬɠɢɝ ɩɪɢ 11γ0 °ɋ   10 13 
Ƚɂɉ ɩɪɢ 11θ0 °ɋ 19 13 
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Ɂɚɤɥɸчɟɧия 
ɂɫɫɥɟɞɨɜɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɠɚɪɨ- ɢ ɤɨɪɪɨɡɢ-

ɨɧɧɨɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɫɬɪɭɤɬɭɪɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɩɥɚɜɚ ɬɢɩɢɱɧɚ ɞɥя ɩɨɫɥɨɣɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɤɨɛɚɥɶɬɨɜɵɯ ɢ ɧɢɤɟɥɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɨ ɨɬɥɢɱɚɟɬɫя ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢɡɛɵɬɨɱɧɵɯ ɮɚɡ ɧɚ ɝɪɚɧɢɰɚɯ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ, 
ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɝɨ ɩɪɨɱɧɨɫɬɢ.  

ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɪɚɛɨɬɤɢ ‒ ɜɵɫɨɤɚя ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɤɨɛɚɥɶ-
ɬɨɜɨɝɨ ɫɩɥɚɜɚ ɨɩɪɟɞɟɥяɟɬ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >1100 °ɋ. ɇɚɢɛɨɥɟɟ 
ɫɬɚɛɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥяɸɳɟɣ яɜɥяɟɬɫя ɤɚɪɛɢɞɧɚя ɮɚɡɚ ɬɢɩɚ TaC, ɬɨɝɞɚ ɤɚɤ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɚя ɮɚɡɚ ɚɤɬɢɜɧɨ ɤɨɚɝɭɥɢɪɭɟɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɛɨɬɤɢ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɨɜ ɨɛɪɚɡɭɸɬɫя ɜɬɨɪɢɱɧɵɟ ɤɚɪɛɢɞɵ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ.  

Ɇɟɬɨɞɨɦ ɆɊɋȺ ɭɫɬɚɧɨɜɥɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɮɚɡ, ɨɩɪɟɞɟɥɟɧɵ ɩɪɟɞɩɨɥɚɝɚɟ-
ɦɵɟ ɬɢɩɵ ɨɛɪɚɡɭɸɳɢɯɫя ɫɨɟɞɢɧɟɧɢɣ: ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɢ ɤɚɪɛɢɞɧɵɯ ɮɚɡ, ɨɩɪɟɞɟɥя-
ɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢя ɩɨɥɡɭɱɟɫɬɢ ɫɢɧɬɟ-
ɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɂɫɫɥɟɞɨɜɚɧɨ ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɚ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɥɟɝɢɪɨɜɚɧɢя. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɬɚɧɬɚɥɚ 
ɨɩɪɟɞɟɥяɟɬ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ, ɜ ɬɨ ɜɪɟɦя ɤɚɤ ɥɟɝɢɪɨɜɚɧɢɟ ɦɨɥɢɛɞɟɧɨɦ ɷɮ-
ɮɟɤɬɢɜɧɨ ɜ ɛɨɥɟɟ ɧɢɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɭɸɳɢɟɫя ɩɪɢ 
ɫɢɧɬɟɡɟ ɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢяɸɬ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 800 °ɋ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɝɪɚ-
ɧɢɰɚɦ ɧɚɫɥɟɞɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟ ɫɢɧɬɟɡɚ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɪ-
ɮɨɥɨɝɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ, ɱɬɨ ɬɪɟɛɭɟɬ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɞɥя ɷɮɮɟɤ-
ɬɢɜɧɨɣ ɪɚɛɨɬɵ ɫɩɥɚɜɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ.  
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ɇɢɡɤɨɬɟɦɩɟɪаɬɭɪɧɨɟ аɡɨɬɢɪɨɜаɧɢɟ ɫɬаɥɟɣ ɩɪɨɜɨɞɹɬ, ɤаɤ ɩɪаɜɢɥɨ, ɜ ɬɟɦɩɟɪаɬɭɪɧɨɦ 

ɢɧɬɟɪɜаɥɟ ɪаɡɜɢɬɢɹ ɨɛɪаɬɢɦɨɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ 
ɩɪɢ ɷɬɢɯ ɬɟɦɩɟɪаɬɭɪаɯ ɡɧаɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɜɵɞɟɪɠɤɭ ɩɪɢ ɨɛɵɱɧɨɦ ɨɬɩɭɫɤɟ, ɱɬɨ 
ɦɨɠɟɬ ɨɬɪɢɰаɬɟɥɶɧɨ ɫɤаɡаɬɶɫɹ ɧа ɫɜɨɣɫɬɜаɯ ɫɬаɥɢ. Ɋаɫɫɦɨɬɪɟɧɵ ɬɟɨɪɢɢ, ɨɛɴɹɫɧɹю-
ɳɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɫɬаɥɹɯ ɜ ɢɧɬɟɪɜаɥɟ ɬɟɦɩɟɪаɬɭɪ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. 
ɋɞɟɥаɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɜɨɡɡɪɟɧɢɹ, ɫɜɹɡɵɜаюɳɢɟ ɨɯɪɭɩɱɢɜаɧɢɟ ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɫɬаɥɢ 
ɥɟɝɢɪɭюɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɬаɤɢɯ ɤаɤ ɧɢɤɟɥɶ, ɧɟ ɩɨɞɬɜɟɪɠɞаюɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬаɦɢ, а ɥɭɱ-
ɲɟ ɨɛɴɹɫɧɹюɬ ɩɪɨɰɟɫɫɵ ɜ ɫɬаɥɢ ɩɨɥɨɠɟɧɢɹ, ɨɫɧɨɜаɧɧɵɟ ɧа ɤɥаɫɫɢɱɟɫɤɢɯ ɩɪɟɞɫɬаɜɥɟɧɢ-
ɹɯ ɨ ɞɢɮɮɭɡɢɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ключевые слова: ɨɬɩɭɫɤɧаɹ ɯɪɭɩɤɨɫɬɶ, ɫɟɝɪɟɝаɰɢɢ, ɝɪаɧɢɰɵ ɡɟɪɟɧ, ɥɟɝɢɪɨɜаɧɧɵɟ ɫɬа-
ɥɢ, ɷɥɟɤɬɪɨɧɧаɹ Ɉɠɟ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɜɵɫɨɤɢɣ ɨɬɩɭɫɤ, ɮɪаɤɬɨɝɪаɮɢɹ ɢɡɥɨɦɨɜ. 

 
E.A. Eliseev1, G.S. Sevalnev1, A.V. Doroshenko1, M.E. Druzhinina1 
 
INFLUENCE  OF  TIME-TEMPERATURE  PARAMETERS  
OF  LONG-DURATION  EXPOSURE  ON  TRANSFORMATIONS  
IN  STRUCTURAL  STEELS  (review) 
 

Low-temperature nitriding of steels is usually carried out in the temperature range of devel-
opment of reversible temper brittleness. The holding time at these temperatures significantly ex-
ceeds the holding time during normal tempering, which can negatively affect the properties of 
steel. The article considers theories that explain the processes occurring in steels in the temper 
brittleness temperature range. It may be concluded that views linking the embrittlement of steel 
with alloying elements such as nickel in its content are not confirmed by the experiments; at the 
same time ideas based on classical views about the diffusion of chemical elements explain the 
processes in steel better.  

Keywords: temper brittleness, segregation, grain boundaries, alloy steel, Auger electron 
spectroscopy, high-temperature tempering, fractography of fractures. 
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ȼвɟɞɟɧиɟ 
ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɜяɡɤɨ-ɯɪɭɩɤɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɫɬɚɥяɯ 

ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ ɥɟɝɢɪɨɜɚɧɢя яɜɥяɟɬɫя ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɨɛɥɚɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɢя ɜ ɦɚɬɟ-
ɪɢɚɥɨɜɟɞɟɧɢɢ Д1–4Ж. ȼ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢɦɟɧяɟɬɫя ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ ɫɬɚɥɢ ɜɵɞɟɪɠɢɜɚɸɬ ɜ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ɢɥɢ ɨɧɢ ɩɪɨɯɨɞяɬ ɱɟɪɟɡ ɷɬɨɬ ɢɧɬɟɪɜɚɥ ɩɪɢ ɦɟɞ-
ɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ. ɇɟɤɨɬɨɪɵɟ ɫɬɚɥɢ ɞɨɫɬɢɝɚɸɬ ɬɟɦɩɟɪɚɬɭɪ ɩɨяɜɥɟɧɢя ɨɛɪɚɬɢɦɨɣ ɨɬ-
ɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɢɱɢɧ ɢ ɞɜɢɠɭ-
ɳɢɯ ɫɢɥ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞяɳɢɯ ɤ ɩɨяɜɥɟɧɢɸ ɨɛɪɚɬɢɦɨɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ɜ ɫɬɚɥɢ, 
яɜɥяɟɬɫя ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 
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ɇɚɩɪɢɦɟɪ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɚɡɨɬɢɪɨɜɚɧɢɟ ɫɬɚɥɟɣ ɩɪɨɜɨɞяɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɪɚɡɜɢɬɢя ɨɛɪɚɬɢɦɨɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ (η00–550 °ɋ). 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ ɩɪɢ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɜɵ-
ɞɟɪɠɤɭ ɩɪɢ ɨɛɵɱɧɨɦ ɨɬɩɭɫɤɟ. ȼ ɢɬɨɝɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜяɡɤɨ-ɯɪɭɩɤɨɝɨ ɩɟɪɟɯɨɞɚ ɜɨɡɪɚɫɬɚɟɬ 
ɢ ɦɨɠɟɬ ɩɪɟɜɵɫɢɬɶ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɚɡɨɬɢɪɨɜɚɧɢя ɞɟɬɚɥɟɣ. Ɍɚɤɨɟ ɩɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜяɡɤɨ-ɯɪɭɩɤɨɝɨ ɩɟɪɟɯɨɞɚ ɨɛɧɚɪɭɠɢɜɚɟɬɫя ɨɛɵɱɧɨ ɤɚɤ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ 
ɭɪɨɜɧя ɭɞɚɪɧɨɣ ɜяɡɤɨɫɬɢ. 

Ʉ ɬɨɦɭ ɠɟ ɩɪɢ ɜɵɛɨɪɟ ɢɥɢ ɪɚɡɪɚɛɨɬɤɟ ɫɬɚɥɟɣ, ɭɩɪɨɱɧяɟɦɵɯ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɵɦ ɚɡɨɬɢɪɨɜɚɧɢɟɦ, ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɞɚɸɬɫя ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɫɨɞɟɪ-
ɠɚɧɢɸ ɜ ɧɢɯ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ДηЖ. ɇɚɩɪɢɦɟɪ, ɨɛɨɫɧɨɜɵɜɚɟɬɫя ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢ-
яɧɢɟ ɧɢɤɟɥя ɧɚ ɫɬɪɭɤɬɭɪɭ ɚɡɨɬɢɪɨɜɚɧɧɨɝɨ ɫɥɨя. ȼ ɬɨ ɜɪɟɦя ɤɚɤ ɜ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ ɭɬɜɟɪ-
ɠɞɚɟɬɫя ɭɫɢɥɢɜɚɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɢɤɟɥя ɧɚ ɩɪɨɰɟɫɫɵ, ɩɪɢɜɨɞяɳɢɟ ɤ ɩɨɜɵɲɟɧɢɸ  
ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ДθЖ. ɗɬɨ ɠɟ ɨɬɧɨɫɢɬɫя ɢ ɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɦ ɫɬɚɥяɦ ɫɨ ɫɜɟɪɯɪɚɜ-
ɧɨɜɟɫɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɡɨɬɚ Д7Ж.  

Ɉɛɳɟɩɪɢɡɧɚɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɫɬɚɥɢ, ɧɟ ɫɤɥɨɧɧɵɟ ɤ ɨɛɪɚɬɢɦɨɣ ɨɬɩɭɫɤɧɨɣ 
ɯɪɭɩɤɨɫɬɢ. ȼɨ-ɩɟɪɜɵɯ, ɷɬɨ ɭɝɥɟɪɨɞɢɫɬɵɟ ɫɬɚɥɢ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ <0,η % (ɩɨ 
ɦɚɫɫɟ) εЧ. ȼɨ-ɜɬɨɪɵɯ, ɷɬɨ ɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. ȼ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɬɚɤɠɟ ɭɬɜɟɪɠɞɚɟɬɫя, ɱɬɨ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɪɚɡɜɢɬɢя ɨɛɪɚ-
ɬɢɦɨɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ яɜɥяɟɬɫя ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɚɥяɯ ɚɬɨɦɨɜ ɩɪɢ-
ɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ SЛ, P, SЧ, As, ɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (Cr, εЧ, NТ) Д8, 9Ж. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 8.γ. 
«ȼɵɫɨɤɨɩɪɨɱɧɵɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɫɬɚɥɢ ɢ ɞɢɮɮɭɡɢɨɧɧɵɟ 
ɩɨɤɪɵɬɢя, ɩɨɥɭɱɚɟɦɵɟ ɦɟɬɨɞɚɦɢ ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ» Д10, 11Ж. 

  
Иɫɫɥɟɞɨвɚɧия ɮɨɪɦиɪɨвɚɧия ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬи 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɨɛɳɟɩɪɢɡɧɚɧɧɨɣ ɬɟɨɪɢɢ, ɤɨɬɨɪɚя ɨɛɴяɫɧяɥɚ 
ɛɵ ɜɫɸ ɫɨɜɨɤɭɩɧɨɫɬɶ яɜɥɟɧɢɣ, ɩɪɢɜɨɞяɳɢɯ ɤ ɪɚɡɜɢɬɢɸ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. Ɉɞɧɚɤɨ 
ɜɫɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɫɨɝɥɚɫɧɵ ɫ ɬɟɦ, ɱɬɨ ɨɯɪɭɩɱɢɜɚɧɢɟ ɜ ɫɬɚɥяɯ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɩɪɢɱɢɧɟ 
ɜɵɞɟɥɟɧɢя ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɚɬɨɦɨɜ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɜɢɞɟ ɦɨɧɨɫɥɨɟɜ Д12–14].  
ȼ ɪɚɛɨɬɟ Д1ηЖ ɜɩɟɪɜɵɟ ɛɵɥɨ ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɟ ɚɬɨɦɵ 
ɩɪɢɦɟɫɟɣ ɩɟɪɟɦɟɳɚɸɬɫя ɤ ɞɟɮɟɤɬɚɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ. ȼ ɪɚɛɨɬɟ Д1θЖ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢя ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɵ, 
ɜɨɡɧɢɤɚɸɳɟɣ ɦɟɠɞɭ ɭɱɚɫɬɤɚɦɢ ɫɬɪɭɤɬɭɪɵ ɫ ɪɚɡɧɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɜ ɫɩɥɚɜɚɯ ɫ 
ɜɚɪɶɢɪɭɸɳɢɦɫя ɫɨɞɟɪɠɚɧɢɟɦ ɮɨɫɮɨɪɚ, ɞɨɤɚɡɚɧɚ ɫɜяɡɶ ɨɯɪɭɩɱɢɜɚɧɢя ɫ ɨɛɨɝɚɳɟɧɢɟɦ 
ɝɪɚɧɢɰ ɡɟɪɟɧ ɷɬɢɦ ɯɢɦɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɨɦ. ȼ ɷɬɨɣ ɠɟ ɪɚɛɨɬɟ ɨɛɨɝɚɳɟɧɢɟ ɝɪɚɧɢɰ ɡɟɪɟɧ 
ɨɯɪɭɩɱɟɧɧɨɣ ɫɬɚɥɢ ɚɬɨɦɚɦɢ ɮɨɫɮɨɪɚ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɬɪɚɜɢɬɟɥɟɣ. 

 
ɉɪиɦɟɧɟɧиɟ Ɉɠɟ-ɫɩɟɤɬɪɨɫɤɨɩии ɞɥя иɫɫɥɟɞɨвɚɧия ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬи 
ɋ ɩɨяɜɥɟɧɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥяɬɶ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɨɧɤɢɯ ɩɨɜɟɪɯ-

ɧɨɫɬɧɵɯ ɫɥɨɟɜ ɦɟɬɚɥɥɚ (0,η–2 ɧɦ) ɦɟɬɨɞɨɦ Ɉɠɟ-ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɪɨɜɟɞɟ-
ɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ ɜɵɲɥɨ ɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɣ ɭɪɨɜɟɧɶ. ɉɟɪ-
ɜɵɟ ɨɩɵɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ɉɠɟ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɯɪɨɦɨɧɢɤɟɥɟɜɵɯ 
ɫɬɚɥяɯ Д17, 18Ж. ȼ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢяɯ, ɤɚɤ ɢ ɜ ɰɟɥɨɦ ɪяɞɟ ɩɨɫɥɟɞɭɸɳɢɯ Д19–22Ж, ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɫɥɟɞɭɸɳɭɸ ɫɯɟɦɭ ɷɤɫɩɟɪɢɦɟɧɬɚ: ɨɛɪɚɡɰɵ ɢɡ ɯɪɨɦɨɧɢɤɟɥɟɜɨɣ ɫɬɚɥɢ, ɫɨɞɟɪɠɚɳɢɟ 
ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ (SЛ – ɜ Д2γ, 24Ж, P – ɜ Д2η–27],  Sn – ɜ Д27, 28Ж) 
ɢ ɩɨɱɬɢ ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɬɚɤɨɜɵɯ (ɬɵɫяɱɧɵɟ ɞɨɥɢ ɩɪɨɰɟɧɬɚ), ɨɬɩɭɫɤɚɥɢ ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ; ɡɚɬɟɦ ɞɟɥɚɥɢ ɢɡɥɨɦɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  
ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ 0 °ɋ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɡɜɨɞɢɥɢ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢɡɥɨɦɚ ɩɭɬɟɦ ɫɧя-
ɬɢя Ɉɠɟ-ɫɩɟɤɬɪɨɜ. ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢя ɪɚɫɩɪɟɞɟɥɟɧɢя ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟ-
ɦɟɧɬɨɜ ɜɝɥɭɛɶ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ ɜ ɧɟɤɨɬɨɪɵɯ ɪɚɛɨɬɚɯ ɩɪɢɦɟɧяɥɨɫɶ ɪɚɫɩɵɥɟɧɢɟ 
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ɦɚɬɟɪɢɚɥɚ. Ⱦɥя ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢя ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɪɚɛɨɬɚɯ ɪɚɫ-

ɫɦɚɬɪɢɜɚɥɢ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ,
  )Ɉ(
  )Ⱥ(





ɋɋ
ɋɋ ɝɞɟ ɋ(Ⱥ) – ɨɛɳɚя ɤɨɧɰɟɧ-

ɬɪɚɰɢя ɥɟɝɢɪɭɸɳɢɯ ɢ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ; 
ɋ(Ɉ) – ɤɨɧɰɟɧɬɪɚɰɢя ɢɫɫɥɟɞɭɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ. 

 
Иɫɫɥɟɞɨвɚɧия ɫɟɝɪɟɝɚɰиɣ ɩɪиɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨв ɧɚ иɡɥɨɦɚɯ 

ɇɚ ɨɛɪɚɡɰɚɯ ɫɬɚɥɟɣ, ɫɨɞɟɪɠɚɜɲɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɜ ɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ 
ɚɬɨɦɵ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɛɧɚɪɭɠɢɜɚɥɢ ɢɯ ɜ ɢɡɥɨɦɟ ɜ ɤɨɥɢɱɟɫɬɜɟ ɜ 100–γ00 ɪɚɡ 
ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɪɟɞɧɟɦ ɜ ɫɬɚɥɢ (ɪɢɫ. 1). Ɍɟɦ ɫɚɦɵɦ ɛɵɥɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɜɵɜɨɞɵ, ɫɞɟ-
ɥɚɧɧɵɟ ɜ ɪɚɛɨɬɟ Д1θЖ. ɇɚɪяɞɭ ɫ ɩɪɢɦɟɫɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɧɚ ɝɪɚɧɢɰɟ ɨɛɧɚɪɭɠɢɜɚɥɢ ɩɨ-
ɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɯɪɨɦɚ, ɢ ɨɫɨɛɟɧɧɨ ɧɢɤɟɥя (ɜ 2–γ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɪɟɞɧɟɦ ɜ 
ɫɬɚɥɢ). ȼ ɨɛɪɚɡɰɚɯ, ɧɟ ɫɨɞɟɪɠɚɜɲɢɯ ɚɬɨɦɨɜ ɩɪɢɦɟɫɢ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ ɤɚɤɢɟ-
ɥɢɛɨ ɫɟɝɪɟɝɚɰɢɢ ɨɬɫɭɬɫɬɜɨɜɚɥɢ. ɗɬɢ ɪɚɛɨɬɵ ɫɨɡɞɚɥɢ ɜɩɟɱɚɬɥɟɧɢɟ, ɱɬɨ ɥɟɝɢɪɭɸɳɢɟ ɷɥɟ-
ɦɟɧɬɵ ɧɚ ɝɪɚɧɢɰɚɯ ɩɨяɜɥяɸɬɫя ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɫɬɚɥɢ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɚɬɨɦɨɜ ɩɪɢɦɟɫɢ. Ɍɚɤɢɟ ɜɵɜɨɞɵ ɥɟɝɥɢ ɜɩɨɫɥɟɞɫɬɜɢɢ ɜ ɨɫɧɨɜɭ ɬɟɨɪɢɢ ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɫɨɫɟɝɪɟɝɚɰɢɢ Ɇ. Ƚɭɬɬɦɚɧɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɚɯ Д29–32]. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨ-

ɦɚ ɨɬ ɝɥɭɛɢɧɵ ɫɥɨя, ɭɞɚɥɟɧɧɨɝɨ ɢɨɧɧɵɦ ɪɚɫɩɵɥɟɧɢɟɦ Д29Ж: 1 – Ɋ ɜ ɫɬɚɥɢ FО–0,3C–3,7Ni–1,7Cr– 
–0,01P; 2 – S ɜ ɫɬɚɥɢ Fe–0,39C–3,5Ni–1,6Cr–0,004S; 3 – Sb ɜ ɫɩɥɚɜɟ Fe–0,6Sb (ɫɨɫɬɚɜ – ɜ % (ɩɨ 
ɦɚɫɫɟ)) 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢяɦɢ ɬɟɨɪɢɢ ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɨɫɟɝɪɟɝɚɰɢɢ ɝɪɚɧɢ-

ɰɚ ɡɟɪɧɚ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɤɚɤ ɞɜɭɦɟɪɧɚя ɮɚɡɚ. Ⱥɬɨɦɵ ɩɪɢɦɟɫɢ ɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ ɞɢɮɮɭɧɞɢɪɭɸɬ ɤ ɷɬɨɣ ɝɪɚɧɢɰɟ. Ⱦɜɢɠɟɧɢɟ ɤɚɤ ɨɞɧɢɯ, ɬɚɤ ɢ ɞɪɭɝɢɯ ɧɨɫɢɬ ɜɡɚɢɦɧɨ 
ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɬ. ɟ. ɧɚɢɛɨɥɟɟ ɩɨɞɜɢɠɧɵɟ ɚɬɨɦɵ ɩɪɢɦɟɫɢ ɭɫɢɥɢɜɚɸɬ ɞɢɮɮɭ-
ɡɢɸ ɚɬɨɦɨɜ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɞɚɠɟ ɟɫɥɢ ɨɧɢ ɧɟ ɩɪɨяɜɥяɸɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɢɮɮɭ-
ɡɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ), ɚ ɩɨɫɥɟɞɧɢɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɫɢɥɢɜɚɸɬ ɞɢɮɮɭɡɢɸ ɚɬɨɦɨɜ ɩɪɢɦɟ-
ɫɢ. Ɉɫɧɨɜɵɜɚяɫɶ ɧɚ ɷɬɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢяɯ, ɚɜɬɨɪɵ ɪɚɛɨɬɵ ДθЖ ɞɥя ɛɨɪɶɛɵ ɫ ɨɬɩɭɫɤɧɨɣ 
ɯɪɭɩɤɨɫɬɶɸ ɩɪɟɞɥɚɝɚɸɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɭɦɟɧɶɲɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɧɢɤɟɥя ɜ ɫɬɚɥяɯ, ɩɨɫɤɨɥɶ-
ɤɭ ɭɬɜɟɪɠɞɚɟɬɫя, ɱɬɨ ɧɢɤɟɥɶ ɭɫɢɥɢɜɚɟɬ ɞɢɮɮɭɡɢɸ ɮɨɫɮɨɪɚ ɤ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɫɨɝɥɚɫɧɨ ɷɬɨɣ ɬɟɨɪɢɢ, ɧɚ ɝɪɚɧɢɰɟ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɤɭɪɟɧɰɢя («ɤɨɧɤɭɪɟɧɰɢя ɦɟɫɬ») 
ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 
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ȼɵɜɨɞ ɨ ɤɨɧɤɭɪɟɧɰɢɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚ ɦɟɫɬɚ ɧɚ ɝɪɚɧɢ-
ɰɟ ɡɟɪɟɧ ɩɪɢɧɚɞɥɟɠɢɬ ȿ.ɂ. Ƚɥɢɤɦɚɧɭ Дγγ, γ4Ж. Ɇɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɞɟɥɚɥɢ ɚɧɚɥɨɝɢɱ-
ɧɵɟ ɜɵɜɨɞɵ Дγη–γ7Ж. Ɉɞɧɚɤɨ ɩɪɢɜɨɞɢɦɵɟ ɜ ɬɚɤɢɯ ɪɚɛɨɬɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɮɚɤɬɵ 
ɞɨɩɭɫɤɚɸɬ ɧɟɨɞɧɨɡɧɚɱɧɨɟ ɬɨɥɤɨɜɚɧɢɟ. 

Ɉɲɢɛɨɱɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɬɟɨɪɢɢ Ɇ. Ƚɭɬɬɦɚɧɚ ɡɚɤɥɸɱɚɟɬɫя, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ 
ɧɟɩɪɚɜɢɥɶɧɨɦ ɬɨɥɤɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ȼɟɫɫɩɨɪɧɨ, ɱɬɨ ɩɨяɜɥɟɧɢɟ ɚɬɨɦɨɜ 
ɩɪɢɦɟɫɢ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ 
ɷɧɟɪɝɢɸ ɪɚɡɪɭɲɟɧɢя ɩɨ ɝɪɚɧɢɰɚɦ. ȼɵɞɟɥɟɧɢɟ ɚɬɨɦɨɜ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ 
ɤɚɤ ɧɢɤɟɥɶ, ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɧɟɫɤɨɥɶɤɨ ɭɫɢɥɢɜɚɟɬ ɝɪɚɧɢɰɵ, ɩɨɫɤɨɥɶɤɭ ɧɢɤɟɥɶ ɢɦɟɟɬ 
ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ, ɱɟɦ ɠɟɥɟɡɨ. ɉɨɷɬɨɦɭ ɯɪɭɩɤɢɣ ɢɡɥɨɦ ɜ ɨɛɪɚɡ-
ɰɟ, ɧɟ ɫɨɞɟɪɠɚɳɟɦ ɚɬɨɦɨɜ ɩɪɢɦɟɫɢ, ɞɚɠɟ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɨɛяɡɚɬɟɥɶɧɨ ɛɭɞɟɬ 
ɢɧɬɟɪɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɛɨɬɵ, ɧɚɩɪɢɦɟɪ Дγ8Ж, ɝɞɟ ɭɤɚɡɵɜɚɟɬɫя, ɱɬɨ ɩɨ 
ɮɪɚɤɬɨɝɪɚɮɢɢ ɯɪɭɩɤɨɝɨ ɢɡɥɨɦɚ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ, ɧɟɥɶɡя ɚɛɫɨ-
ɥɸɬɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ – яɜɥяɟɬɫя ɥɢ ɨɧ ɬɪɚɧɫ- ɢɥɢ ɢɧɬɟɪɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ. 

Ⱥɜɬɨɪ ɪɚɛɨɬɵ Дγ9Ж ɫɩɪɚɜɟɞɥɢɜɨ ɡɚɦɟɱɚɟɬ, ɱɬɨ ɫɢɧɟɪɝɟɬɢɱɟɫɤɚя ɫɨɫɟɝɪɟɝɚɰɢя ɚɬɨ-
ɦɨɜ ɪɚɡɧɨɪɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɤɚɤ ɛɵ ɧɨɜɵɣ ɜɢɞ ɞɢɮɮɭɡɢɢ, ɤɨɝɞɚ 
ɷɥɟɦɟɧɬɵ ɫ ɪɚɡɥɢɱɧɨɣ ɜɟɥɢɱɢɧɨɣ ɪɚɡɧɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɢɯ ɫɨɫɬɨя-
ɧɢɟɦ ɜ ɨɛɴɟɦɟ ɡɟɪɟɧ ɢ ɧɚ ɝɪɚɧɢɰɚɯ ɢ ɫ ɪɚɡɥɢɱɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɭɱɚɫɬ-
ɜɭɸɬ ɜ ɨɞɧɨɦ ɫɨɜɦɟɫɬɧɨɦ ɞɢɮɮɭɡɢɨɧɧɨɦ ɩɨɬɨɤɟ ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɟɧ. ɗɬɨ ɪɚɡɥɢɱɢɟ ɨɛяɡɵɜɚ-
ɟɬ ɞɜɢɝɚɬɶɫя ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɚɬɨɦɵ ɬɟɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɭɬ ɤ ɛɨɥɶɲɟɦɭ ɫɧɢ-
ɠɟɧɢɸ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ, ɬ. ɟ. ɚɬɨɦɵ ɩɪɢɦɟɫɢ. Ʉɨɧɤɭɪɟɧɰɢя ɡɚ ɦɟɫɬɚ ɧɚ ɝɪɚɧɢɰɟ 
ɡɟɪɟɧ ɦɟɠɞɭ ɚɬɨɦɚɦɢ, ɢɦɟɸɳɢɦɢ ɪɚɡɥɢɱɧɭɸ ɪɚɡɧɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɡɚɪɚɧɟɟ 
ɩɪɟɞɪɟɲɟɧɚ ɜ ɩɨɥɶɡɭ ɷɥɟɦɟɧɬɚ, ɫɢɥɶɧɟɟ ɫɧɢɠɚɸɳɟɝɨ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ ɫɩɥɚɜɚ. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɨɛɫɬɨяɬɟɥɶɫɬɜɚ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɶ ɡɟɪ-
ɧɨɝɪɚɧɢɱɧɵɯ ɜɵɞɟɥɟɧɢɣ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚɥɢɱɢɟɦ ɜ ɫɩɥɚɜɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨ-
ɥɢɱɟɫɬɜɚ ɩɪɢɦɟɫɧɵɯ ɚɬɨɦɨɜ ɧɟ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫя ɞɨɤɚɡɚɧɧɨɣ. Ȼɟɫɫɩɨɪɧɨ ɥɢɲɶ ɧɚɥɢɱɢɟ 
ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɫɧɵɯ ɚɬɨɦɨɜ, ɤɨɬɨɪɨɟ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵ-
ɲɚɟɬ ɢɯ ɫɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɬɚɥɢ, ɱɟɦ ɨɩɪɟɞɟɥяɟɬɫя ɧɢɡɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɡɜɢɬɢɸ 
ɢɧɬɟɪɤɪɢɫɬɚɥɥɢɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢя, ɢ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢя ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧ- 
ɬɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ NТ. 

ȼ ɪɚɛɨɬɟ Д40Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɢɤɟɥɶ ɪɚɫɩɪɟɞɟɥяɟɬɫя ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ ɧɟ-
ɪɚɜɧɨɦɟɪɧɨ, ɬ. ɟ. ɚɬɨɦɵ ɨɛɪɚɡɭɸɬ «ɫɝɭɫɬɤɢ» ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ. ɉɪɢɦɟɧɟɧɢɟɦ ɪɚɫɩɵɥɟ-
ɧɢя ɩɪɢ Ɉɠɟ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢяɯ ɭɫɬɚɧɨɜɥɟɧɚ ɝɥɭɛɢɧɚ ɡɟɪɧɨɝɪɚɧɢɱɧɨɣ 
ɫɟɝɪɟɝɚɰɢɢ ɧɢɤɟɥя 1η–20 ɧɦ Д19, 20Ж ɢ ɛɨɥɟɟ (ɪɢɫ. 2) Д41Ж. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢя ɧɢɤɟɥя ɨɬ ɬɨɥɳɢɧɵ ɫɥɨя, ɭɞɚɥɟɧɧɨɝɨ ɢɨɧɧɵɦ ɪɚɫɩɵɥɟɧɢɟɦ Д41Ж 
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ɉɨɥɨɠɟɧɢɟ ɬɟɨɪɢɢ Ɇ. Ƚɭɬɬɦɚɧɚ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɩɨ-
ɜɵɲɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ яɜɥяɟɬɫя ɩɨɤɚɡɚɬɟɥɟɦ ɜɵɞɟɥɟɧɢя ɧɚ ɧɢɯ 
ɫɟɝɪɟɝɚɰɢɣ ɩɪɢɦɟɫɢ, ɨɩɪɨɜɟɪɝɧɭɬɨ ɪɚɛɨɬɚɦɢ ɧɟɦɟɰɤɢɯ ɭɱɟɧɵɯ Д42–44Ж, ɚ ɬɚɤɠɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢяɦɢ ɜ ɪɚɛɨɬɚɯ Дγ7, 4ηЖ. ɇɚ ɩɪɢɦɟɪɟ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ FО–Ni–P ɫ ɪɚɡɥɢɱɧɵɦ ɫɨ-
ɞɟɪɠɚɧɢɟɦ ɧɢɤɟɥя ɢ ɮɨɫɮɨɪɚ ɜ ɪɚɛɨɬɟ Дγ7Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢя ɨɛɨɢɯ ɯɢɦɢɱɟ-
ɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɧɚ ɡɚɜɢɫɢɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɨɬ ɢɯ ɫɪɟɞɧɟɝɨ ɫɨɞɟɪɠɚɧɢя ɜ 
ɫɬɚɥɢ ɢ ɧɟ ɨɩɪɟɞɟɥяɟɬɫя ɫɨɞɟɪɠɚɧɢɟɦ ɞɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ. Ɉɛɧɚɪɭɠɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɮɨɫ-
ɮɨɪ ɫɤɚɩɥɢɜɚɟɬɫя ɧɚ ɝɪɚɧɢɰɚɯ ɜ ɜɢɞɟ ɦɨɧɨɫɥɨя, ɜ ɬɨ ɜɪɟɦя ɤɚɤ ɫɟɝɪɟɝɚɰɢɢ ɧɢɤɟɥя ɢɦɟ-
ɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɬɨɥɳɢɧɭ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɤɨɩɥɟɧɢɟ ɚɬɨɦɨɜ P ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɱɢ-
ɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɢɤɟɥя ɜɛɥɢɡɢ ɝɪɚɧɢɰ. 

ɇɢɤɟɥɟɜɵɟ ɫɬɚɥɢ, ɫɨɞɟɪɠɚɳɢɟ ɞɨ 4 % (ɩɨ ɦɚɫɫɟ) NТ ɢ ɞɨ 0,4 % (ɩɨ ɦɚɫɫɟ) P, ɢɫ-
ɫɥɟɞɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ Д4θЖ, ɨɤɚɡɚɥɢɫɶ ɧɟɜɨɫɩɪɢɢɦɱɢɜɵɦɢ ɤ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. ɇɢ-
ɤɟɥɟɜɚя ɫɬɚɥɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ  3 % (ɩɨ ɦɚɫɫɟ) NТ ɢ 0,1 % (ɩɨ ɦɚɫɫɟ) P, ɩɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ 
Д47Ж, ɬɚɤɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɨɤɚɡɚɥɚ ɨɯɪɭɩɱɢɜɚɧɢя ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 24 ɱ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ η00 °ɋ, ɯɨɬя ɚɜɬɨɪ ɨɬɦɟɱɚɟɬ ɭɫɢɥɟɧɢɟ ɬɪɚɜɢɦɨɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ. Ɉɫɬɚɟɬɫя 
ɨɬɤɪɵɬɵɦ ɜɨɩɪɨɫ ɨ ɬɨɦ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɢɥɟɧɢɟ ɫɤɥɨɧɧɨɫɬɢ ɫɬɚɥɢ ɤ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭ-
ɲɟɧɢɸ ɫɜяɡɚɧɨ ɫɨ ɫɤɨɩɥɟɧɢɟɦ ɚɬɨɦɨɜ NТ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ. Ⱦɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɪɚɛɨɬ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ ɬɚɤɨɣ ɜɡɚɢɦɨɫɜяɡɢ, ɧɚɩɪɢɦɟɪ ɫɬɚɬɶɢ Д48–50]. Ɉɛɴ-
яɫɧɟɧɢɟ, ɞɚɧɧɨɟ ɜ ɦɨɧɨɝɪɚɮɢɢ Дη1Ж, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɡɟɪɧɨɝɪɚɧɢɱɧɵɟ ɤɥɚɫɬɟɪɵ ɚɬɨ-
ɦɨɜ ɧɢɤɟɥя ɭɫɢɥɢɜɚɸɬ ɩɪɢɬяɝɢɜɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ ɞɥя ɚɬɨɦɨɜ    ɩɪɢɦɟ-
ɫɢ – ɧɚɩɪɢɦɟɪ, ɮɨɫɮɨɪɚ, ɧɟɥɶɡя ɫɱɢɬɚɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ. ȼɨ-ɩɟɪɜɵɯ, ɜɫɥɟɞɫɬɜɢɟ 
ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ ɫɜяɡɢ ɚɬɨɦɨɜ ɩɪɢɦɟɫɟɣ ɫ ɝɪɚɧɢɰɚɦɢ ɡɟɪɟɧ, ɨɧɢ ɧɟɢɡɛɟɠɧɨ ɛɭɞɭɬ ɩɪɨ-
ɞɜɢɝɚɬɶɫя ɤ ɝɪɚɧɢɰɚɦ. ȼɨ-ɜɬɨɪɵɯ, ɚɬɨɦɵ NТ, ɞɚɠɟ ɧɚɯɨɞяɫɶ ɜ ɫɤɨɩɥɟɧɢɢ, ɧɟ ɫɩɨɫɨɛɧɵ 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢяɬɶ ɧɚ ɷɬɨ ɞɜɢɠɟɧɢɟ ɢɡ-ɡɚ ɦɚɥɨɣ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɦɟɠɞɭ ɧɟ-
ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɤɚɤɢɦ яɜɥяɟɬɫя NТ, ɢ ɩɪɢɦɟɫɧɵɦɢ (P, SЛ, SЧ ɢ ɞɪ.). 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɬɟɨɪɢɢ ɫɨɫɟɝɪɟɝɚɰɢɢ ɚɬɨɦɨɜ ɢɦɟɸɬɫя ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢя, ɢɡɥɨɠɟɧɧɵɟ ɜ ɰɟɥɨɦ ɪяɞɟ ɪɚɛɨɬ, ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɢɡ 
ɤɨɬɨɪɵɯ Дγ9, η1, η2Ж. ȼ ɤɨɧɰɟɩɰɢɢ, ɪɚɡɜɢɬɨɣ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɞɟɥɚɸɬɫя ɩɨɩɵɬɤɢ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɨɧяɬɢɣ ɫɜяɡɚɬɶ ɜɫɟ ɩɪɨɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢя 
ɜɬɨɪɨɣ ɮɚɡɵ ɢɡ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢя ɜ ɧɟɦ ɷɥɟɦɟɧɬɨɜ ɡɚɦɟɳɟɧɢя ɢ 
ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢя, ɚ ɬɚɤɠɟ яɜɥɟɧɢя, ɩɪɢɜɨɞяɳɢɟ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩ-
ɤɨɫɬɢ, ɢ ɨɛɴяɫɧɢɬɶ ɢɯ ɧɚ ɟɞɢɧɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɫɧɨɜɟ. 

Ɍɪɚɞɢɰɢɨɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢя ɡɚɤɥɸɱɚɸɬɫя ɜ ɬɨɦ, ɱɬɨ, ɟɫɥɢ ɤɚɤɢɦ-ɥɢɛɨ ɩɭɬɟɦ 
ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɭɱɟɧ ɧɟɭɫɬɨɣɱɢɜɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ, ɬɨ ɨɧ ɞɨɥɠɟɧ ɩɪɟɬɟɪ-
ɩɟɬɶ ɞɜɭɯɮɚɡɧɵɣ ɪɚɫɩɚɞ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɮɚɡ, ɢɦɟɸɳɢɯ ɦɟɧɶɲɭɸ ɨɛɴɟɦɧɭɸ ɫɜɨɛɨɞɧɭɸ 
ɷɧɟɪɝɢɸ ДηγЖ. Ɍɚɤɨɣ ɪɚɫɩɚɞ ɦɨɠɟɬ ɢɞɬɢ ɞɜɭɦя ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɡɧɵɦɢ ɩɭɬяɦɢ: ɩɨ 
ɫɩɢɧɨɞɚɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɢ ɩɨ ɦɟɯɚɧɢɡɦɭ ɨɛɪɚɡɨɜɚɧɢя ɢ ɪɨɫɬɚ ɡɚɪɨɞɵɲɟɣ. 

ɋɭɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɪɚɛɨɬɚɯ Дγ9, η1, η2Ж ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫя ɜ ɬɨɦ, ɱɬɨ ɫɩɢ-
ɧɨɞɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɪɚɫɩɚɞɚ ɫɩɥɚɜɨɜ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя 
ɤɚɤ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɨɩɪɟɞɟɥяɟɦɵɯ ɞɢɮɮɭɡɢɟɣ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟ-
ɧɢɣ. ȼ ɪɚɛɨɬɟ Дγ9Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɥɚɫɫɢɱɟɫɤɚя ɬɟɨɪɢя ɡɚɪɨɠɞɟɧɢя ɢ ɪɨɫɬɚ ɡɚɪɨɞɵɲɟɣ ɧɟ 
ɜɵɩɨɥɧяɟɬɫя ɢ ɱɬɨ ɫɩɥɚɜɵ ɜɫɟɯ ɫɨɫɬɚɜɨɜ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ, ɪɚɫɩɚ-
ɞɚɸɬɫя ɩɨ ɫɩɢɧɨɞɚɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɟɨɪɢɢ ɡɚɪɨɠɞɟɧɢя ɢ ɪɨɫɬɚ ɡɚɪɨɞɵɲɟɣ, ɝɞɟ ɞɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɨɝɨ ɫɬɪɨɟɧɢя ɢɦɟɸɬ ɨɩɪɟɞɟɥяɸɳɟɟ ɡɧɚɱɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɡɚɪɨɠɞɟɧɢя, яɜɥяяɫɶ ɦɟɫɬɚ-
ɦɢ, ɜ ɤɨɬɨɪɵɯ ɜɟɪɨяɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢя ɧɨɜɨɣ ɮɚɡɵ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɛɟɡɞɟɮɟɤɬɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɦɚɬɪɢɰɵ, ɞɥя ɮɨɪɦɢɪɨɜɚɧɢя ɧɨɜɵɯ ɮɚɡ ɩɨ ɫɩɢɧɨɞɚɥɶɧɨɦɭ 
ɦɟɯɚɧɢɡɦɭ ɧɚɥɢɱɢɟ ɜ ɫɩɥɚɜɚɯ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢя ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɨɛя-
ɡɚɬɟɥɶɧɨ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢяɦɢ ɜɚɤɚɧɫɢɢ ɜɨ ɜɪɟɦя ɪɚɫɩɚɞɚ ɢɦɟɸɬ 
ɱɢɫɬɨ ɤɢɧɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ, ɚ ɪɨɥɶ ɞɢɫɥɨɤɚɰɢɣ ɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɨɩɪɟɞɟɥяɟɬɫя ɤɢɧɟɬɢ-
ɤɨɣ ɢ ɬɟɪɦɨɞɢɧɚɦɢɤɨɣ ɪɚɫɩɚɞɚ. 
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ɇɚ ɤɢɧɟɬɢɤɭ ɷɬɢ ɞɟɮɟɤɬɵ ɜɥɢяɸɬ ɩɨɫɪɟɞɫɬɜɨɦ ɭɫɤɨɪɟɧɢя ɞɢɮɮɭɡɢɢ ɥɟɝɢɪɭɸ-
ɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢя ɩɨ ɞɢɫɥɨɤɚɰɢяɦ ɧɚ 
ɞɜɚ ɩɨɪяɞɤɚ ɜɵɲɟ, ɱɟɦ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɞɟɮɟɤɬɧɵɯ ɭɱɚɫɬɤɚɯ ɤɪɢɫɬɚɥɥɚ. ɇɚ ɬɟɪɦɨɞɢ-
ɧɚɦɢɤɭ ɪɚɫɩɚɞɚ ɞɢɫɥɨɤɚɰɢɢ ɢ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɜɥɢяɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨ-
ɪɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɨɜɟɞɟɧɢɟ ɪɚɫɬɜɨɪɟɧɧɵɯ ɚɬɨɦɨɜ ɡɚɜɢɫɢɬ ɨɬ ɜɤɥɚɞɚ ɯɢ-
ɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɯɢɦ

ɫɦE  ɢ ɭɩɪɭɝɨɣ ɷɧɟɪɝɢɢ ɭɩɪ
ɫɦE  ɜ ɨɛɳɭɸ ɷɧɟɪɝɢɸ ɫɦɟɲɟɧɢя ȿɫɦ: 

.ɭɩɪ
ɫɦ

ɯɢɦ
ɫɦɫɦ EEE       (1) 

Ɍɚɤ, ɞɥя ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢя .ɯɢɦ
ɫɦ

ɭɩɪ
ɫɦ EE   ȼ ɫɜяɡɢ ɫ ɱɟɦ ɨɧɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɨɛɪɚɡɭɸɬ ɜɵɞɟɥɟɧɢя ɧɚ ɞɢɫɥɨɤɚɰɢяɯ ɢ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ, ɮɨɪɦɢɪɭя ɬɚɦ ɫɧɚɱɚɥɚ ɚɬɦɨɫɮɟ-
ɪɵ Ʉɨɬɬɪɟɥɥɚ, ɚ ɡɚɬɟɦ ɮɚɡɵ. Ɂɚɪɨɠɞɟɧɢɟ ɮɚɡ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɞɟɮɟɤɬɧɵɯ ɭɱɚɫɬɤɚɯ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɢɫɱɟɪɩɚɧɵ ɦɟɫɬɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɝɨ ɡɚɪɨɠɞɟɧɢя ɢ 
ɨɫɬɚɥɢɫɶ ɚɬɨɦɵ ɷɥɟɦɟɧɬɨɜ ɜɧɟɞɪɟɧɢя, ɧɟ ɫɜяɡɚɧɧɵɟ ɜ ɜɵɞɟɥɟɧɢяɯ. 

ɗɥɟɦɟɧɬɵ ɡɚɦɟɳɟɧɢя, ɞɥя ɤɨɬɨɪɵɯ ɯɢɦ
ɫɦ

ɭɩɪ
ɫɦ EE  , ɬɚɤɠɟ ɫɬɪɟɦяɬɫя ɜɵɞɟɥɢɬɶɫя 

ɧɚ ɞɢɫɥɨɤɚɰɢяɯ ɢ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ (ɜ ɨɫɧɨɜɧɨɦ ɤ ɧɢɦ ɨɬɧɨɫяɬɫя ɩɪɢɦɟɫɧɵɟ ɷɥɟɦɟɧɬɵ ɜ 
ɫɬɚɥɢ, ɬɚɤɢɟ ɤɚɤ S, P, SЛ, SЧ, As ɢ ɞɪ.), ɩɪɢɱɟɦ ɜɵɞɟɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫɧɚɱɚɥɚ ɧɚ ɝɪɚɧɢ-
ɰɚɯ ɡɟɪɟɧ, ɚ ɩɨɬɨɦ ɧɚ ɞɢɫɥɨɤɚɰɢяɯ. ȼ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɞɟɮɟɤɬɧɵɯ ɭɱɚɫɬɤɚɯ ɬɚɤɢɟ ɷɥɟ-
ɦɟɧɬɵ ɜɵɞɟɥяɸɬɫя ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɨɫɥɟ ɡɚɩɨɥɧɟɧɢя ɦɟɫɬ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɵɯ ɜɵɞɟɥɟɧɢɣ. 

Ⱦɥя ɷɥɟɦɟɧɬɨɜ ɡɚɦɟɳɟɧɢя, ɭ ɤɨɬɨɪɵɯ ɯɢɦ
ɫɦ

ɭɩɪ
ɫɦ EE  , ɤɚɤɨɜɵɦɢ яɜɥяɸɬɫя ɨɛɵɱɧɨ 

ɥɟɝɢɪɭɸɳɢɟ ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɟ ɷɥɟɦɟɧɬɵ (Cr, εЧ, V, А, εШ ɢ ɞɪ.), ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ-
ɪɚɡɥɢɱɧɨ ɦɟɫɬɨ ɜɵɞɟɥɟɧɢя, ɯɨɬя ɧɟɤɨɬɨɪɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɦɟɸɬ ɜɵɞɟɥɟɧɢя ɧɚ ɞɢɫɥɨ-
ɤɚɰɢяɯ ɢ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɪɨɬɟɤɚɧɢя ɞɢɮɮɭɡɢɢ. 

ȼɨ ɜɪɟɦя ɜɵɫɨɤɨɝɨ ɨɬɩɭɫɤɚ ɚɬɨɦɵ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɡɭɸɬ ɞɢɮɮɭɡɢɨɧ-
ɧɵɟ ɩɚɪɵ. ȼ ɪɚɛɨɬɚɯ Дη4, ηηЖ ɜɵɞɟɥɟɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢя, ɷɧɟɪɝɢя ɤɨɬɨɪɵɯ, ɩɨ ɦɧɟɧɢɸ 
ɚɜɬɨɪɚ, ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ. ȼ ɨɫɧɨɜɧɨɦ ɷɬɨ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɚɪɵ ɪɚɫɬɜɨɪɟɧɧɵɯ ɷɥɟɦɟɧ-
ɬɨɜ ɫ ɚɬɨɦɚɦɢ ɠɟɥɟɡɚ: ɠɟɥɟɡɨ–ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɣ ɷɥɟɦɟɧɬ, ɠɟɥɟɡɨ–ɧɟɤɚɪɛɢɞɨ-
ɨɛɪɚɡɭɸɳɢɣ ɷɥɟɦɟɧɬ, ɠɟɥɟɡɨ–ɩɪɢɦɟɫɧɵɣ ɚɬɨɦ ɡɚɦɟɳɟɧɢя, ɠɟɥɟɡɨ–ɭɝɥɟɪɨɞ, ɤɚɪɛɢɞɨ-
ɨɛɪɚɡɭɸɳɢɣ ɷɥɟɦɟɧɬ–ɭɝɥɟɪɨɞ. 

Ⱦɜɭɯɫɬɚɞɢɣɧɚя ɦɨɞɟɥɶ ɫɟɝɪɟɝɚɰɢɢ ɮɨɫɮɨɪɚ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ДηθЖ, ɪɚɡɪɚɛɨɬɚɧ-
ɧɚя ɩɨ ɢɬɨɝɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɟɪɧɨɝɪɚɧɢɱɧɵɯ ɜɵɞɟɥɟɧɢɣ ɜ ɫɬɚɥɢ 1ηɏɇɆɎȺ-Ⱥ, ɬɚɤɠɟ 
ɨɫɧɨɜɚɧɚ ɧɚ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢяɯ ɢ ɢɫɩɨɥɶɡɭɟɬɫя ɞɥя ɩɨɫɬɪɨɟɧɢя ɬɟɨɪɟɬɢɱɟ-
ɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɭɪɚɜɧɟɧɢя ɞɢɮɮɭɡɢɢ, ɫɥɚɝɚɟɦɵɟ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫяɬ ɨɬ ɧɚɥɢɱɢя ɢɥɢ 
ɨɬɫɭɬɫɬɜɢя ɞɪɭɝɢɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ ɚɜɬɨɪɵ ɩɪɨɜɨɞɢɥɢ ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ 
ɨɫɧɨɜɧɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 280–320 °ɋ, ɩɪɢ ɤɨɬɨɪɵɯ ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɜ ɷɬɨɣ 
ɫɬɚɥɢ ɧɟ ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ, ɩɪɢ ɷɬɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɜɵɞɟɪɠɟɤ ɫɨɫɬɚɜɥяɥɢ ɞɟɫяɬɤɢ ɬɵɫяɱ ɱɚɫɨɜ. 

ɇɚ ɫɤɥɨɧɧɨɫɬɶ ɫɬɚɥɢ ɤ ɨɯɪɭɩɱɢɜɚɧɢɸ ɜɥɢяɟɬ ɧɟ ɬɨɥɶɤɨ ɟɟ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɧɨ 
ɢ ɩɪɨɬяɠɟɧɧɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ. ȼ ɪɚɛɨɬɟ Дη7Ж ɩɨɤɚɡɚɧɨ ɫɧɢɠɟɧɢɟ ɩɨɪɨɝɚ ɯɥɚɞɧɨɥɨɦɤɨ-
ɫɬɢ ɨɯɪɭɩɱɟɧɧɨɣ ɯɪɨɦɨɧɢɤɟɥɟɜɨɣ ɫɬɚɥɢ ɫ 210 ɞɨ 80 °ɋ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɡɟɪɧɚ ɫ 4 ɞɨ 
9 ɧɨɦɟɪɚ. Ɋɟɡɤɨ ɜɨɡɪɚɫɬɚɸɳɚя ɩɥɨɳɚɞɶ ɝɪɚɧɢɰ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɡɟɪɧɚ ɡɚɬɪɭɞɧяɟɬ ɨɛ-
ɪɚɡɨɜɚɧɢɟ ɦɨɧɨɫɥɨя ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɬɚɤɨɣ ɝɪɚɧɢɰɟ. ɉɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Дη8Ж, 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨɣ ɯɨɥɨɞɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵ-
ɲɚɟɬɫя ɭɞɚɪɧɚя ɜяɡɤɨɫɬɶ ɫɬɚɥɢ, ɤɨɬɨɪɚя ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɟɪɟɞ ɞɟɮɨɪɦɢ-
ɪɨɜɚɧɢɟɦ ɩɟɪɟɜɟɞɟɧɚ ɜ ɫɨɫɬɨяɧɢɟ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ Д2ηЖ ɛɨɥɟɟ  
ɞɟɬɚɥɶɧɨ ɢɡɭɱɢɥɢ ɷɬɨɬ ɷɮɮɟɤɬ, ɩɨɞɜɟɪɝɚя ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɵ ɫɬɚɥɟɣ ɏȽ2 ɢ γηɏȽɋȺ ɜ 
ɜяɡɤɨɦ (ɭɥɭɱɲɟɧɧɨɦ) ɫɨɫɬɨяɧɢɢ ɢ ɜ ɫɨɫɬɨяɧɢɢ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. ɍɞɚɪɧɚя ɜяɡɤɨɫɬɶ 
ɩɟɪɜɵɯ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɥɚɫɶ, ɚ ɭ ɯɪɭɩɤɢɯ ɨɛɪɚɡɰɨɜ – 
ɩɨɜɵɲɚɥɚɫɶ. Ⱦɟɮɨɪɦɚɰɢя, ɩɪɨɜɟɞɟɧɧɚя ɩɨɫɥɟ ɜɵɫɨɤɨɝɨ ɨɬɩɭɫɤɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɦɟɞɥɢɥɚ 
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ɢ ɭɦɟɧɶɲɢɥɚ ɩɚɞɟɧɢɟ ɜяɡɤɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɬɩɭɫɤɚ ɩɪɢ η00 °ɋ. ɂɡ 
ɜɫɟɝɨ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɬяɠɟɧɧɨɫɬɢ 
ɝɪɚɧɢɰ ɡɟɪɟɧ ɜ ɫɬɚɥɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɩɨɫɨɛ ɛɨɪɶɛɵ ɫ ɨɯɪɭɩɱɢɜɚɧɢɟɦ.  

 
Ɂɚɤɥɸчɟɧия 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɨɬɫɭɬɫɬɜɭɸɬ ɟɞɢɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨ ɩɪɢɱɢɧɚɯ ɜɨɡɧɢɤɧɨɜɟ-
ɧɢя ɨɛɪɚɬɢɦɨɣ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ. ȼɫɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɫɯɨɞяɬɫя ɥɢɲɶ ɜ ɬɨɦ, ɱɬɨ 
ɨɯɪɭɩɱɢɜɚɧɢɟ ɜ ɫɬɚɥяɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɜɵɞɟɥɟɧɢɢ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɦɨɧɨɫɥɨɟɜ ɚɬɨɦɨɜ 
ɩɪɢɦɟɫɧɵɯ ɷɥɟɦɟɧɬɨɜ – ɧɟɦɟɬɚɥɥɨɜ. 

Ɍɟɨɪɢя ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɨɫɟɝɪɟɝɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɝɪɚɧɢɰɭ ɡɟɪɧɚ ɤɚɤ ɞɜɭɦɟɪ-
ɧɭɸ ɮɚɡɭ. Ⱥɬɨɦɵ ɩɪɢɦɟɫɢ ɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɞɢɮɮɭɧɞɢɪɭɸɬ ɤ ɷɬɨɣ ɝɪɚɧɢɰɟ, 
ɭɫɢɥɢɜɚя ɞɜɢɠɟɧɢɟ ɞɪɭɝ ɞɪɭɝɚ. ɂɦɟɟɬɫя ɪяɞ ɪɚɛɨɬ, ɨɩɪɨɜɟɪɝɚɸɳɢɯ ɞɚɧɧɨɟ ɭɬɜɟɪɠɞɟ-
ɧɢɟ. ɇɚ ɩɪɢɦɟɪɟ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ FО–Ni–P ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢя ɧɢɤɟɥя ɢ ɮɨɫ-
ɮɨɪɚ ɧɚ ɝɪɚɧɢɰɟ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɢɯ ɫɪɟɞɧɟɝɨ ɫɨɞɟɪɠɚɧɢя ɜ ɫɬɚɥɢ ɢ ɧɟ ɨɩɪɟɞɟɥяɟɬɫя 
ɫɨɞɟɪɠɚɧɢɟɦ ɞɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ. 

Ȼɨɥɟɟ ɩɪɨɞɭɤɬɢɜɧɵɦ яɜɥяɟɬɫя ɩɪɢɦɟɧɟɧɢɟ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɨɧяɬɢɣ ɤ ɨɛɴяɫɧɟɧɢɸ 
ɭɤɚɡɚɧɧɵɯ ɫɥɨɠɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ⱥɧɚɥɢɡ ɩɪɨɜɨɞɢɬɫя ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɢя ɞɢɮɮɭ-
ɡɢɨɧɧɵɯ ɩɚɪ ɪɚɫɬɜɨɪɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɚɬɨɦɚɦɢ ɠɟɥɟɡɚ: ɠɟɥɟɡɨ-ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɣ 
ɷɥɟɦɟɧɬ, ɠɟɥɟɡɨ−ɧɟɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɣ ɷɥɟɦɟɧɬ, ɠɟɥɟɡɨ−ɩɪɢɦɟɫɧɵɣ ɚɬɨɦ ɡɚɦɟɳɟɧɢя, 
ɠɟɥɟɡɨ−ɭɝɥɟɪɨɞ, ɚ ɬɚɤɠɟ ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɣ ɷɥɟɦɟɧɬ−ɭɝɥɟɪɨɞ, ɢ ɨɰɟɧɤɢ ɢɯ ɜɤɥɚɞɚ ɜ 
ɨɛɳɭɸ ɤɚɪɬɢɧɭ ɩɪɟɜɪɚɳɟɧɢɣ.  

ɇɚ ɫɤɥɨɧɧɨɫɬɶ ɫɬɚɥɢ ɤ ɨɯɪɭɩɱɢɜɚɧɢɸ ɜɥɢяɟɬ ɧɟ ɬɨɥɶɤɨ ɟɟ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɧɨ 
ɢ ɩɪɨɬяɠɟɧɧɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ. ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɬяɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɜ ɫɬɚɥɢ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɩɨɫɨɛ ɛɨɪɶɛɵ ɫ ɨɯɪɭɩɱɢɜɚɧɢɟɦ. 
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ɇа ɨɫɧɨɜаɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɭɫɬаɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɡаɤаɥɤɢ ɫ ɝɨɪɹ-
ɱɢɦ ɢɡɨɫɬаɬɢɱɟɫɤɢɦ ɩɪɟɫɫɨɜаɧɢɟɦ, а ɬаɤɠɟ ɫɬɭɩɟɧɱаɬɨɝɨ ɫɬаɪɟɧɢɹ ɫ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨ 
ɩɨɜɵɲаюɳɢɦɢɫɹ ɬɟɦɩɟɪаɬɭɪаɦɢ ɧɢɡɤɨɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɫɬаɪɟɧɢɹ (ɩɟɪɜаɹ ɫɬɭɩɟɧɶ) ɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɫɬаɪɟɧɢɹ (ɜɬɨɪаɹ ɫɬɭɩɟɧɶ) ɨɛɟɫɩɟɱɢɜаɟɬ ɞɥɹ ɦɟɞɢɫɬɨɝɨ ɫɢɥɭ-
ɦɢɧа АɅ4Ɇɋ ɩɪɢ ɥɢɬɶɟ ɜ ɮɨɪɦɵ ɢɡ ɯɨɥɨɞɧɨɬɜɟɪɞɟюɳɢɯ ɫɦɟɫɟɣ ɜɵɫɨɤɢɣ ɩɪɟɞɟɥ ɩɪɨɱɧɨ-
ɫɬɢ, ɩɨɜɵɲаɟɬ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɧа 10 %, ɫɨɯɪаɧɹɹ ɜɵɫɨɤɭю ɩɥаɫɬɢɱɧɨɫɬɶ, ɩɨ ɫɪаɜɧɟ-
ɧɢю ɫ ɭɪɨɜɧɟɦ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɨɞɧɨɫɬɭɩɟɧɱаɬɨɝɨ ɫɬаɪɟɧɢɹ. 

Ключевые слова: ɦɟɞɢɫɬɵɣ ɫɢɥɭɦɢɧ, ɬɪɟɯɫɬɭɩɟɧɱаɬаɹ ɡаɤаɥɤа, ɞɜɭɯɫɬɭɩɟɧɱаɬɨɟ 
ɫɬаɪɟɧɢɟ, ɝɨɪɹɱɟɟ ɢɡɨɫɬаɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜаɧɢɟ, ɞɢɫɥɨɤаɰɢɨɧɧаɹ ɫɬɪɭɤɬɭɪа, ɭɩɪɨɱɧɹю-
ɳɢɟ ɮаɡɵ. 

 
E.N. Kablov 1, E.V. Belov 1, A.V. Trapeznikov 1, A.A. Leonov 1, D.V. Zaitsev 1 
 
STRENGTHENING  FEATURES  AND  AGING  KINETICS 
OF  HIGH-STRENGTH  CAST  ALUMINUM  ALLOY  AL4MS 
BASED  ON  Al–Si–Cu–Mg  SYSTEM 
 

Based on the conducted research, it has been found that quenching with hot isostatic pres-
sure and step-by-step aging with consistently increasing temperatures of low-temperature aging 
(first stage) and high-temperature aging (second stage) provides high tensile strength for 
AL4MS copper silumin during cold box casting, increases the flow stress by 10%, and main-
tains high plasticity compared to the level of properties after single-stage aging. 

Keywords: copper silumin, three-stage quenching, two-stage aging, hot isostatic pressing, 
dislocation structure, strengthening phases. 
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ȼвɟɞɟɧиɟ 
ɍɪɨɜɟɧɶ ɪɚɡɜɢɬɢя ɫɨɜɪɟɦɟɧɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɧɚɞɟɠɧɨɫɬɶ ɢɡɞɟɥɢɣ ɢ 

ɫɩɨɫɨɛɵ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɩɪɟɞɟɥяɸɬɫя ɫɜɨɣɫɬɜɚɦɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȿɳɟ 
ɧɟɞɚɜɧɨ ɨɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɜɵɛɨɪɟ ɦɚɬɟɪɢɚɥɚ ɛɵɥɚ ɟɝɨ ɩɪɨɱɧɨɫɬɶ. Ɉɞɧɚɤɨ ɩɪɚɤ-
ɬɢɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɪяɞɭ ɫ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ 
ɧɚɞɟɠɧɨɫɬɶ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ Д1–θЖ. ɗɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɭɩɪɨɱɧɟɧɢя ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ AХ–Si–Cu–εР ɩɪɢ ɫɨɡɞɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɞɥя ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ яɜɥяɟɬɫя ɬɟɪɦɢɱɟɫɤɚя ɨɛɪɚɛɨɬɤɚ, ɜɤɥɸɱɚɸɳɚя ɡɚɤɚɥɤɭ ɢ 
ɫɬɭɩɟɧɱɚɬɨɟ ɫɬɚɪɟɧɢɟ Д7, 8Ж. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɵɫɨɤɨɩɪɨɱɧɨɟ ɫɨɫɬɨяɧɢɟ ɫɩɥɚɜɨɜ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɩɪɢɦɟɧɟɧɢɟɦ ɨɞɢɧɚɪɧɨɝɨ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɫɬɚɪɟɧɢя (ɪɚɫɩɚɞɚ ɩɟɪɟɫɵɳɟɧɧɨɝɨ 
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ) ɢɥɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя, ɫɨɱɟɬɚɸɳɟɝɨ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ  
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ɫɬɚɪɟɧɢɟ (ɩɟɪɜɚя ɫɬɭɩɟɧɶ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ ɫɬɚɪɟɧɢɟɦ (ɜɬɨɪɚя 
ɫɬɭɩɟɧɶ) Д9–14Ж. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя ɫɨɡɞɚɟɬ-
ɫя ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɡɚɪɨɞɵɲɟɣ ɮɚɡɵ, ɫɬɚɛɢɥɶɧɵɯ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ ɫɬɚɪɟɧɢя. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɞɚɟɬɫя ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ ɞɢɫɩɟɪɫɧɨɫɬɶ ɜɵɞɟ-
ɥɟɧɢɣ ɢ ɛɥɚɝɨɞɚɪя ɷɬɨɦɭ ɩɨɜɵɫɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ Д1η–17]. 

ɋɩɥɚɜ ȺɅ4Ɇɋ (ɩɚɬɟɧɬ ɊɎ № 2ηθγ41θ) ɨɬɧɨɫɢɬɫя ɤ ɝɪɭɩɩɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɟ-
ɞɢɫɬɵɯ ɫɢɥɭɦɢɧɨɜ ɢ ɩɨ ɤɨɦɩɥɟɤɫɭ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɢ ɞɪ.) ɩɪɟɜɨɫɯɨɞɢɬ ɦɧɨɝɢɟ ɥɢɬɟɣɧɵɟ ɚɥɸɦɢ-
ɧɢɟɜɵɟ ɫɩɥɚɜɵ. Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɞɥɢɬɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 2η0 °C. ȼɵɫɨɤɢɟ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜ ɩɪɢɨɛɪɟɬɚɟɬ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɭ Ɍη 
(ɡɚɤɚɥɤɚ+ɫɬɚɪɟɧɢɟ) ɢ ɩɪɢ ɥɢɬɶɟ ɜ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥяɸɬ: σɜ ≥ 27η Ɇɉɚ, 
σ0,2 ≥ 2γη Ɇɉɚ, į ≥ 5 %. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɨɩɢɫɚɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɭɩɪɨɱɧɟɧɢя ɩɪɢ-
ɦɟɧɢɬɟɥɶɧɨ ɤ ɥɢɬɟɣɧɨɦɭ ɫɩɥɚɜɭ ȺɅ4Ɇɋ, ɨɩɪɟɞɟɥɟɧɢɟ ɤɢɧɟɬɢɤɢ ɢɡɦɟɧɟɧɢя ɫɬɪɭɤɬɭɪɵ 
ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя. 
 

Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 
ɂɫɫɥɟɞɨɜɚɧɢя ɦɟɞɢɫɬɨɝɨ ɫɢɥɭɦɢɧɚ ȺɅ4Ɇɋ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɬɞɟɥɶɧɨ ɨɬɥɢɬɵɯ ɨɛ-

ɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɥɢɬɶя ɜ ɮɨɪɦɵ ɢɡ ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ (ɏɌɋ). 
ȼɵɩɥɚɜɤɭ ɫɩɥɚɜɚ ɨɫɭɳɟɫɬɜɥяɥɢ ɜ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ ɬɢɩɚ ɂɋɌ-04. ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢя 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢя ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɛɵɥɨ ɜ ɩɪɟɞɟɥɚɯ, % (ɩɨ ɦɚɫ-
ɫɟ): 8,η–9,0 Si; 1,5–1,65 Cu;  0,37–0,45 Mg. 

Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɨɜɨɞɢɥɢ ɜ ɩɟɱɚɯ ɫɨɩɪɨɬɢɜɥɟɧɢя «ɇɚɤɚɥ», ɝɨɪяɱɟɟ 
ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (Ƚɂɉ) – ɜ ɝɚɡɨɫɬɚɬɟ Quintus-1θ ɮɢɪɦɵ ASEA (ɒɜɟɰɢя). 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɩɪɟɞɟɥяɥɢ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɟ 
Zwick/Roell Z100. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɟɬɚɥɥɨ-
ɝɪɚɮɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ ɮɢɪɦɵ δОТМК. ɋɴɟɦɤɭ ɢɡɨɛɪɚɠɟɧɢɣ ɜɟɥɢ ɩɪɢ ɩɨɦɨɳɢ ɰɢɮɪɨ-
ɜɨɣ ɤɚɦɟɪɵ VEC-γγη (γ ɦɟɝɚɩɢɤɫɟɥя). 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ, ɜɤɥɸɱɚя ɮɚɡɨɜɵɣ, ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ 
ɞɢɮɪɚɤɬɨɦɟɬɪɟ EЦЩвrОКЧ PANКЧКХвЭТМКХ. Ɋɟɝɢɫɬɪɚɰɢɸ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɨɫɭɳɟɫɬɜɥяɥɢ ɜ 
ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ CЮ Kα-ɢɡɥɭɱɟɧɢɢ ɜ ɝɟɨɦɟɬɪɢɢ Ȼɪɷɝɝɚ−Ȼɪɟɧɬɚɧɨ, ɪɚɫɲɢɮɪɨɜɤɭ ɞɢ-
ɮɪɚɤɬɨɝɪɚɦɦ – М ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ HТРСSМШrО+ ɢ ɛɚɡɵ ɞɚɧɧɵɯ 
PDF-2 2014. 

Ɍɨɧɤɭɸ ɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨ-
ɫɜɟɱɢɜɚɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ TОМЧКТ G2 F20 S-TWIN (9922720/D2γ18) ɩɨ 
ɆɆ1.η9η-17-γ44–2007 ɫ ɩɪɢɫɬɚɜɤɨɣ ɞɥя ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ Б-εКб80Ɍ. 
Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢя – ɮɨ ɥɶɝɢ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɧɚ ɭɫɬɚɧɨɜɤɟ Tenupol-η ɮɢɪɦɵ 
SЭrЮОrs ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɫɬɪɭɣɧɨɣ ɩɨɥɢɪɨɜɤɢ ɜ ɤɢɫɥɨɬɧɨ-ɫɩɢɪɬɨɜɨɦ ɷɥɟɤ-
ɬɪɨɥɢɬɟ, ɨɯɥɚɠɞɟɧɧɨɦ ɞɨ –γ8 °ɋ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɋɩɥɚɜ ȺɅ4Ɇɋ ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (Al–Si–Cu–Mg–Ti–Zr–Sc). 
ȼɵɛɨɪ ɪɟɠɢɦɚ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥяɟɬɫя ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ ɫɩɥɚɜɚ, ɤɨɬɨ-
ɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɟɬ ɫɢɥɶɧɨ ɢɡɦɟɧяɬɶɫя ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ. ɑɟɦ ɦɟɞɥɟɧɧɟɟ ɢɞɟɬ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɥɢɬɶɟ ɜ ɮɨɪɦɵ ɢɡ 
ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ (ɉȽɋ) ɢɥɢ ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ (ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɚɥɢɱɢɢ ɦɚɫ-
ɫɢɜɧɵɯ ɭɱɚɫɬɤɨɜ ɨɬɥɢɜɤɢ), ɬɟɦ ɲɢɪɟ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɋ ɭɱɟɬɨɦ ɧɟɪɚɜɧɨɜɟɫ-
ɧɵɯ ɭɫɥɨɜɢɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɥɢɬɶɟ ɜ ɮɨɪɦɵ ɢɡ ɏɌɋ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɠɞɟ ɜɫɟɝɨ  
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ɢɫɫɥɟɞɨɜɚɬɶ ɫɩɥɚɜ ȺɅ4Ɇɋ ɧɚ ɧɚɥɢɱɢɟ ɥɟɝɤɨɩɥɚɜɤɢɯ ɷɜɬɟɤɬɢɤ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢя 
ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥяɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɩɨɞ ɡɚɤɚɥɤɭ. ɉɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɝɪɟɜɚ ɩɨɞ ɡɚɤɚɥɤɭ ɢɦɟɟɬ ɨɩɪɟɞɟɥяɸɳɟɟ ɡɧɚɱɟɧɢɟ ɜ ɞɨɫɬɢɠɟɧɢɢ ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬ-
ɧɵɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɷɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨ-
ɤɨɣ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɩɟɪɟɫɵɳɟɧɢя ɬɜɟɪɞɨ-
ɝɨ ɪɚɫɬɜɨɪɚ, ɩɨɡɜɨɥяɸɳɭɸ ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɪɟɧɢя ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɭɥɶɬɪɚ-
ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ (ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɨɫɬɶ) ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɨ ɭɩɪɨɱɧɢɬɶ 
ɫɩɥɚɜ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɜɵɛɨɪɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɟɦɩɟ-
ɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢя ɥɟɝɤɨɩɥɚɜɤɢɯ ɷɜɬɟɤɬɢɤ Д11Ж. 

Ⱥɧɚɥɢɡ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɫɩɟɤɬɪɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥя ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ 
ȺɅ4Ɇɋ ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ ɨɫɧɨɜɧɨɣ ɮɚɡɨɣ яɜɥяɟɬɫя α-ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ Al ɢ Si c ɝɪɚ-
ɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (ȽɐɄ) ɪɟɲɟɬɤɨɣ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɭɸɬɫя ș-ɮɚɡɚ (Al2Cu),  
ȕ-ɮɚɡɚ (Mg2Si) ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɚя ɮɚɡɨɜɚя ɫɨɫɬɚɜɥяɸɳɚя – W-ɮɚɡɚ (Al4Cu2Mg8Si7),  
ɤɨɬɨɪɚя ɩɪɢ ɥɢɬɶɟ ɜ ɤɨɤɢɥɶ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫя 
(ɪɢɫ. 1 ɢ 2). 
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Ɋɢɫ. 1. Ⱦɢɮɪɚɤɰɢɨɧɧɵɣ ɫɩɟɤɬɪ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɲɬɪɢɯ-

ɞɢɚɝɪɚɦɦɚ ɨɛɧɚɪɭɠɟɧɧɵɯ ɮɚɡ 
 

 
Ɋɢɫ. 2. Ɏɨɪɦɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ W-ɮɚɡɵ (Al4Cu2Mg8Si7), ×η00 Д11Ж 

 
ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɥя ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢя ɭɩɪɨɱɧяɸɳɢɯ ɮɚɡ ɢ ɢɫ-

ɤɥɸɱɟɧɢя ɩɟɪɟɠɨɝɚ ɞɥя ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɬɪɟɛɭɟɬɫя ɬɟɪɦɢɱɟɫɤɚя ɨɛɪɚɛɨɬɤɚ ɩɨ ɫɬɭɩɟɧɱɚ-
ɬɨɦɭ ɪɟɠɢɦɭ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɵɞɟɪɠɤɨɣ ɧɚ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ. 

ɇɚ ɬɟɪɦɨɝɪɚɦɦɟ ɞɥя ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ ɮɢɤɫɢɪɭɸɬ ɱɟɬɵɪɟ ɷɧɞɨ-
ɬɟɪɦɢɱɟɫɤɢɯ ɷɮɮɟɤɬɚ, ɤɨɬɨɪɵɟ, ɨɱɟɜɢɞɧɨ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɩɥɚɜɥɟɧɢɸ ɷɜɬɟɤɬɢɤ ɪɚɡɥɢɱ-
ɧɨɝɨ ɫɨɫɬɚɜɚ (ɬɚɛɥ. 1). 
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Ɍаɛɥɢɰа 1 
Ɍɟɦɩɟɪɚɬɭɪɵ ɩɥɚвɥɟɧия ɷвɬɟɤɬиɤ в ɫɩɥɚвɟ ȺɅ4Ɇɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 503 517 538 566 
ɗɜɬɟɤɬɢɤɚ α + W + Al2Cu + Mg2Si α + Al2Cu + Mg2Si α + Si + Al2Cu α + Si 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥя ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɩɪɨɱɧɟɧɢя ɫɩɥɚɜɚ, ɞɨɫɬɢɝɚɟɦɨɝɨ ɡɚ ɫɱɟɬ 

ɩɪɢɫɭɬɫɬɜɢя ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɞɨɥɠɧɚ ɛɵɬɶ ɫɬɭ-
ɩɟɧɱɚɬɨɣ. ɂɡɧɚɱɚɥɶɧɨ ɞɥя ɦɟɞɢɫɬɵɯ ɫɢɥɭɦɢɧɨɜ ɦɚɪɨɤ ȺɅ4Ɇɋ, ȺɅ4Ɇ ɢ ȼȺɅ8 ɭɫɬɚ-
ɧɨɜɥɟɧ ɧɚɝɪɟɜ ɩɨɞ ɡɚɤɚɥɤɭ ɫ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɶɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ η10 °ɋ, ɱɬɨ, ɤɚɤ ɩɨɤɚɡɚ-
ɥɢ ɢɫɫɥɟɞɨɜɚɧɢя, ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥя ɩɨɥɭɱɟɧɢя ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ. 
ɉɨɷɬɨɦɭ, ɨɱɟɜɢɞɧɨ, ɞɥя ɡɚɤɚɥɤɢ ɦɨɠɟɬ ɩɨɞɨɣɬɢ ɬɪɟɯɫɬɭɩɟɧɱɚɬɵɣ ɪɟɠɢɦ ɞɥя ɪɚɫɬɜɨɪɟ-
ɧɢя ɷɜɬɟɤɬɢɤ W, Al2Cu ɢ Mg2Si ɫ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɶɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ηγη °ɋ.  

Ɇɚɤɫɢɦɚɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɫɜɨɣɫɬɜ ɦɨɝɭɬ ɩɨɦɟɲɚɬɶ ɦɟɥɤɢɟ ɝɚɡɨɜɵɟ ɜɤɥɸɱɟ-
ɧɢя ɜ ɜɢɞɟ ɪɚɤɨɜɢɧ, ɧɟɢɡɛɟɠɧɨ ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɨɬɥɢɜɤɚɯ. ɉɨɷɬɨɦɭ ɫ ɰɟɥɶɸ ɭɫɬɪɚɧɟ-
ɧɢя ɜɧɭɬɪɟɧɧɢɯ (ɬ. ɟ. ɧɟ ɫɨɨɛɳɚɸɳɢɯɫя ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ) ɪɚɤɨɜɢɧ ɢ ɩɨɪ, ɩɨɜɵɲɟɧɢя 
ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɢ ɫɨɯɪɚɧɟɧɢя ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɨɫɥɟ ɡɚɤɚɥɤɢ, ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡ-
ɥɢɱɧɵɦɢ ɪɟɠɢɦɚɦɢ ɫɬɚɪɟɧɢя ɩɪɢɦɟɧяɥɢ Ƚɂɉ. ɍɞɚɥɟɧɢɟ ɝɚɡɨɜɨɣ ɩɨɪɢɫɬɨɫɬɢ ɜ ɫɩɥɚɜɟ 
ɩɪɨɢɫɯɨɞɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɡɚ ɫɱɟɬ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɨɬɥɢɜɤɢ ɜ 
ɦɟɫɬɟ ɪɚɫɩɨɥɨɠɟɧɢя ɷɬɢɯ ɩɭɫɬɨɬ. ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢя ɦɚɬɟɪɢɚɥ 
ɨɬɥɢɜɤɢ ɞɟɮɨɪɦɢɪɭɟɬɫя ɢ ɩɨɫɬɟɩɟɧɧɨ «ɡɚɩɨɥɧяɟɬ» ɩɭɫɬɨɬɭ, ɫɬɟɧɤɢ ɩɨɪɵ ɢɥɢ ɪɚɤɨɜɢɧɵ 
ɫɛɥɢɠɚɸɬɫя, ɫɦɵɤɚɸɬɫя ɢ ɞɢɮɮɭɡɢɨɧɧɨ ɫɪɚɳɢɜɚɸɬɫя (ɫɜɚɪɢɜɚɸɬɫя). ȼ ɩɨɥɨɫɬɢ ɜɧɭɬ-
ɪɟɧɧɟɣ ɩɨɪɵ ɢɥɢ ɪɚɤɨɜɢɧɵ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɨɞ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ ɜɨɞɨɪɨɞ, ɤɨɬɨɪɵɣ ɛɵɥ 
ɪɚɫɬɜɨɪɟɧ ɜ ɠɢɞɤɨɦ ɚɥɸɦɢɧɢɟɜɨɦ ɫɩɥɚɜɟ. ɗɬɨɬ ɜɨɞɨɪɨɞ ɧɟ ɛɭɞɟɬ ɩɪɟɩяɬɫɬɜɨɜɚɬɶ «ɡɚ-
ɯɥɨɩɵɜɚɧɢɸ» ɩɨɪɵ ɢɥɢ ɪɚɤɨɜɢɧɵ, ɩɨɫɤɨɥɶɤɭ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟ-
ɧɢя ɨɧ ɛɭɞɟɬ ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɜ ɦɚɬɟɪɢɚɥ ɨɬɥɢɜɤɢ, ɱɚɫɬɢɱɧɨ ɪɚɫɬɜɨɪяяɫɶ ɜ ɧɟɦ, ɢ 
ɭɯɨɞɢɬɶ ɜ ɪɚɛɨɱɭɸ ɫɪɟɞɭ ɝɚɡɨɫɬɚɬɚ. Ɍɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɸɬɫя ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, 
ɨɫɨɛɟɧɧɨ ɩɥɚɫɬɢɱɧɨɫɬɶ. Ɇɚɤɫɢɦɚɥɶɧɚя ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɫɬɚɬɢɪɨɜɚɧɢя ɞɨɫɬɢɝɚɟɬɫя 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɛɥɢɡɤɨɣ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɢɞɭɫ, ɧɨ ɩɨɫɤɨɥɶɤɭ ɜ ɝɚɡɨɫɬɚɬɟ ɡɚɬɪɭɞɧɟ-
ɧɚ ɟɟ ɪɟɝɭɥɢɪɨɜɤɚ, ɬɨ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɟɪɟɠɨɝɚ ɜɵɛɪɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ η2η±η °C ɞɥя ɩɪɨ-
ɜɟɞɟɧɢя Ƚɂɉ. 

Ⱦɨɫɬɚɬɨɱɧɨɫɬɶ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɛɪɚɧɧɨɝɨ ɪɟɠɢɦɚ ɜ ɰɟɥɨɦ 
ɩɨɞɬɜɟɪɠɞɚɸɬɫя ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢяɦɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɭɪɨɜɧя ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɡɚɤɚɥɤɢ – ɜɫɟ ɭɩɪɨɱɧяɸɳɢɟ ɮɚɡɵ ɩɟɪɟɜɟɞɟɧɵ ɜ ɬɜɟɪ-
ɞɵɣ ɪɚɫɬɜɨɪ, ɩɟɪɟɠɨɝ ɨɬɫɭɬɫɬɜɭɟɬ. 

ɇɚ ɪɢɫ. γ ɩɨɤɚɡɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɩɨɫɥɟ ɡɚ-
ɤɚɥɤɢ ɩɨ ɜɵɛɪɚɧɧɨɦɭ ɪɟɠɢɦɭ. ȼ ɩɪɨɰɟɫɫɟ ɫɬɭɩɟɧɱɚɬɨɣ ɡɚɤɚɥɤɢ ɧɚɛɥɸɞɚɟɬɫя ɪɚɫɬɜɨɪɟɧɢɟ 
ɢ ɤɨɚɝɭɥяɰɢя ɱɚɫɬɢɰ ɤɪɟɦɧɢя ɜ ɷɜɬɟɤɬɢɤɟ ɢ ɪɚɫɲɢɪɟɧɢɟ ɨɛɥɚɫɬɢ α-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. 
 

ɛ)а)

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×η00) ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɥɢɬɨɦ ɫɨɫɬɨяɧɢɢ ɩɨɫɥɟ  

ɬɪɚɜɥɟɧɢя (а) ɢ ɡɚɤɚɥɤɢ (ɛ)  
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Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧɚ ɪɚɛɨɬɚ ɩɨ ɨɩɪɨɛɨɜɚɧɢɸ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɫɬɚɪɟɧɢя ɫɩɥɚɜɚ 
ȺɅ4Ɇɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ-ɚɧɚɥɨɝɨɜ ɢɡ ȽɈɋɌ 1583–93 
(ɬɚɛɥ. 2). ɐɟɥɶ ɪɚɛɨɬɵ – ɩɨɜɵɲɟɧɢɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɰɟɫɫɚ Ƚɂɉ. 
 

Ɍаɛɥɢɰа 2 
Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ* ɨɛɪɚɡɰɨв иɡ ɫɩɥɚвɚ ȺɅ4Ɇɋ  
ɩɨɫɥɟ ɬɟɪɦичɟɫɤɨɣ ɨɛɪɚɛɨɬɤи ɩɨ ɪɚɡɥичɧɵɦ ɪɟɠиɦɚɦ 

ɍɫɥɨɜɧɵɣ  
ɧɨɦɟɪ ɨɛɪɚɡɰɚ Ɋɟɠɢɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ σɜ, Ɇɉɚ σ0,2, Ɇɉɚ į, % 

1 Ɂɚɤɚɥɤɚ + Ƚɂɉ**+ ɡɚɤɚɥɤɚ 210–215 
214 

165–180 
172 

5,5–7,0 
6,3 

2 Ɂɚɤɚɥɤɚ+Ƚɂɉ**+ ɡɚɤɚɥɤɚ + ɫɬɚɪɟɧɢɟ*** 
355–375 

367 
300–305 

303 
2,5–5,8 

4,2 

3 Ɂɚɤɚɥɤɚ+Ƚɂɉ**+ ɡɚɤɚɥɤɚ + ɫɬɚɪɟɧɢɟ**** 
325–360 

343 
265–280 

274 
2,6–7,7 

4,8 
ɉɚɫɩɨɪɬɧɵɟ 
ɞɚɧɧɵɟ 

(ɥɢɬɶɟ ɜ ɉȽɋ) 
Ɍη (ɡɚɤɚɥɤɚ + ɫɬɚɪɟɧɢɟ****) 

≥27η ≥2γη ≥η 

      * ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 
    ** ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ η2η±η °ɋ, ɞɚɜɥɟɧɢɢ 1100±100 ɚɬ ɢ ɜɵɞɟɪɠɤɟ γ ɱ. 
  *** ɉɪɢ 1γ0 °C, 2 ɱ + 1θη °C, θ ɱ, ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ. 
**** ɉɪɢ 1θ0 °ɋ, θ ɱ, ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ. 

 
Ɂɚɤɚɥɤɚ ɩɟɪɟɞ ɢ ɩɨɫɥɟ Ƚɂɉ ɧɟɨɛɯɨɞɢɦɚ ɞɥя ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢя ɮɚɡ. 

Ɂɧɚɱɟɧɢя ɩɪɟɞɟɥɨɜ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɢ ɬɟɤɭɱɟɫɬɢ ɭɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨ  
ɩɨɜɵɫɢɬɶ, ɩɪɢ ɷɬɨɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɞɥя ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢя ɧɟɦɧɨɝɨ ɭɫɬɭɩɚɟɬ 
ɩɚɫɩɨɪɬɧɨɦɭ ɦɢɧɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɩɨɷɬɨɦɭ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɞɨɪɚɛɨɬɚɬɶ ɪɟɠɢɦ 
ɫɬɚɪɟɧɢя. 

Ⱦɥя ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɫɬɚɪɟɧɢя ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɩɪɢ  
ɥɢɬɶɟ ɜ ɮɨɪɦɵ ɢɡ ɏɌɋ ɢɫɫɥɟɞɨɜɚɧɵ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞяɳɢɟ ɩɪɢ ɪɚɫɩɚɞɟ ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ. Ɍɚɤ, ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɩɨɧяɬɶ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɮɨɪɦɢɪɭɸɬɫя ɫɬɪɭɤɬɭɪɧɵɟ ɜɵ-
ɞɟɥɟɧɢя ɞɢɫɩɟɪɫɧɵɯ ɮɚɡ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɬɚɪɟɧɢɢ ɩɨ ɫɯɟɦɟ «ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɫɬɚɪɟɧɢɟ+ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ». ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɚɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥя-
ɟɬɫя ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɜɵɞɟɥɟɧɢɣ ɩɪɢ ɜɵ-
ɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɉɞɧɚɤɨ ɩɟɪɟɯɨɞ ɨɬ ɧɢɡɤɨ- ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɫɬɚɪɟɧɢɸ 
ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫя ɩɨɥɧɵɦ ɢɥɢ ɱɚɫɬɢɱɧɵɦ ɪɚɫɬɜɨɪɟɧɢɟɦ ɡɚɪɨɞɵɲɟɣ ɮɚɡɵ. Ɍɚɤɨɣ 
ɩɪɨɰɟɫɫ ɜɨɡɜɪɚɬɚ ɨɩɪɟɞɟɥяɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɵɞɟɥɟɧɢɣ ɧɚ ɫɬɚɞɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɫɬɚɪɟɧɢя ɢ, ɨɱɟɜɢɞɧɨ, ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɫɬɚɪɟɧɢя. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥяɟɬɫя ɜɚɠɧɵɦ ɞɟɬɚɥɶɧɨ 
ɪɚɫɫɦɨɬɪɟɬɶ ɤɢɧɟɬɢɤɭ ɢɡɦɟɧɟɧɢя ɫɬɪɭɤɬɭɪɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя ɢ 
ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɚɥɸɦɢɧɢɟɜɨɦɭ ɫɩɥɚɜɭ ȺɅ4Ɇɋ ɩɪɢ 
ɧɟɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬяɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ⱦɥя ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢяɧɢɟ ɨɛɪɚɡɨɜɚɧɢя ɡɨɧ Ƚɢɧɶɟ–ɉɪɟɫɬɨɧɚ (Ƚɉ), ɜɵɞɟɥɟ-
ɧɢя ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɢ ɫɬɚɛɢɥɶɧɵɯ ɮɚɡ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɨɞɢɧɚɪɧɨɝɨ ɢɥɢ ɫɬɭ-
ɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ. Ⱦɥя ɨɰɟɧɤɢ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɩɪɢ  
«ɩɟɪɟɫɬɚɪɢɜɚɧɢɢ» ɢɫɩɵɬɚɥɢ ɨɞɢɧ ɨɛɪɚɡɟɰ (ɪɟɠɢɦ 12). 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɫɩɥɚɜɚ ɞɨ-
ɫɬɢɝɚɟɬɫя ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɞɥɢɬɟɥɶɧɨɝɨ ɢɥɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɫɬɚɪɟɧɢя ɩɨ ɪɟɠɢɦɚɦ 7 ɢ 12. Ɉɞɧɚɤɨ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɚ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫя. Ɉɩɪɟɞɟɥɟɧɢɟ 
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ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ ȺɅ4Ɇɋ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦɭ ɫɬɚɪɟɧɢɸ ɩɨ 
ɪɟɠɢɦɚɦ 10 ɢ 11, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɟɝɨ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɩɨɜɵɲɚɟɬɫя ɧɚ 2η % ɛɟɡ  
ɫɧɢɠɟɧɢя ɩɥɚɫɬɢɱɧɨɫɬɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɟɞɟɥɨɦ ɬɟɤɭɱɟɫɬɢ ɩɨɫɥɟ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя (ɪɟɠɢɦɵ 3 ɢ 4). 

 

Ɍаɛɥɢɰа 3 
Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ* ɫɩɥɚвɚ ȺɅ4Ɇɋ в ɡɚвиɫиɦɨɫɬи ɨɬ ɪɟɠиɦɚ  

ɬɟɪɦичɟɫɤɨɣ ɨɛɪɚɛɨɬɤи 
ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɪɟɠɢɦɚ 

Ɋɟɠɢɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ σɜ, Ɇɉɚ σ0,2, Ɇɉɚ į, % 

1 Ɂɚɤɚɥɤɚ  + Ƚɂɉ + ɡɚɤɚɥɤɚ (Ɍ4) 280–310 
295 

205–210 
210 

5,1–5,3 
5,2 

2 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 4 ɱ, 
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

315–330 
325 

200–205 
205 

5,5–7,5 
6,5 

3 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 10 ɱ, 
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

310–320 
315 

205–210 
205 

3,6–6,2 
5,3 

4 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 24 ɱ,  
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

300–320 
310 

205–220 
210 

3,1–5,7 
4,4 

5 
Ɍ4 + ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 4 ɱ, 
 ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

315–325 
320 

225–230 
225 

2,7–3,1 
2,9 

6 
Ɍ4 + ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 10 ɱ, 
 ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

350–365 
355 

290–300 
295 

1,0–1,7 
1,3 

7 
Ɍ4 + ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 24 ɱ, 
 ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

345–385 
370 

310–320 
315 

0,5–1,8 
1,3 

8 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 10 ɱ + 
+ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ θ ɱ, 
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

320–345 
335 

255–275 
265 

1,4–3,0 
2,4 

9 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 24 ɱ + 
+ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ θ ɱ,  
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

315–350 
330 

250–255 
250 

1,5–4,1 
2,8 

10 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 2 ɱ + 
+ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 2 ɱ,  
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

300–330 
315 

260–270 
265 

5,1–6,3 
5,6 

11 
Ɍ4 + ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 2 ɱ + 
+ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ 4 ɱ,  
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 

320–325 
320 

260–270 
265 

5,0–5,1 
5,0 

12 
Ɍ4 + ɫɬɚɪɟɧɢɟ ɩɪɢ 200 °ɋ, 10 ɱ,  
ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ 370 320 1,4 

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

ɋɨɯɪɚɧɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɩɨɫɥɟ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя ɧɚ 
ɩɪɟɠɧɟɦ ɭɪɨɜɧɟ (ɪɟɠɢɦ 10), ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɦ ɫɬɚɪɟɧɢɟɦ (ɪɟɠɢɦ 3), 
ɦɨɠɧɨ ɨɛɴяɫɧɢɬɶ ɛɨɥɟɟ ɪɟɝɭɥяɪɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ ɭɩɪɨɱ-
ɧяɸɳɟɣ ș′-ɮɚɡɵ ɢ ɦɟɧɶɲɢɦ ɢɯ ɪɚɡɛɪɨɫɨɦ ɩɨ ɪɚɡɦɟɪɚɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɨɞɧɨɪɨɞ-
ɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɫɞɜɢɝɨɜɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜ ɫɩɥɚɜɟ ɢ ɤ ɭɱɚɫɬɢɸ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚ-
ɰɢɢ ɛɨɥɶɲɟɝɨ ɨɛɴɟɦɚ ɤɪɢɫɬɚɥɥɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɧɟɫɦɨɬɪя ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ, 
ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɩɪɢ ɢɫɩɵɬɚɧɢяɯ ɨɫɬɚɟɬɫя ɧɚ ɩɪɟɠɧɟɦ ɭɪɨɜɧɟ. ɉɪɢ ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɪɚɡɦɟɪɚɯ ɱɚɫɬɢɰ ɭɩɪɨɱɧяɸɳɟɣ ɮɚɡɵ ɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢɯ ɜ ɨɛɴɟɦɟ 
ɡɟɪɧɚ, ɩɥɚɫɬɢɱɟɫɤɚя ɞɟɮɨɪɦɚɰɢя ɜ ɤɪɢɫɬɚɥɥɟ яɜɥяɟɬɫя ɪɟɡɭɥɶɬɚɬɨɦ ɫɨɱɟɬɚɧɢя ɫɜɨɛɨɞ-
ɧɨɝɨ ɩɪɨɛɟɝɚ ɫɤɨɥɶɡяɳɢɯ ɞɢɫɥɨɤɚɰɢɣ ɢ ɨɝɢɛɚɧɢя ɱɚɫɬɢɰ ɮɚɡɵ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɫɨɯɪɚɧяɬɶ 
ɩɥɚɫɬɢɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɪɨɜɧя ɩɪɨɱɧɨɫɬɢ. 
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ɇɚɢɥɭɱɲɟɟ ɫɨɱɟɬɚɧɢɟ ɩɪɟɞɟɥɨɜ ɩɪɨɱɧɨɫɬɢ ɢ ɬɟɤɭɱɟɫɬɢ ɩɪɢ ɜɵɫɨɤɨɦ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɦ ɭɞɥɢɧɟɧɢɢ ɞɨɫɬɢɝɚɟɬɫя ɩɨɫɥɟ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя ɩɨ ɪɟɠɢɦɭ 10. Ⱦɥя 
ɨɛɨɫɧɨɜɚɧɢя ɜɵɛɪɚɧɧɨɝɨ ɪɟɠɢɦɚ ɫɬɚɪɟɧɢя ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢя ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ 
ɫɩɥɚɜɚ. 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɡɚɤɚɥɟɧ-
ɧɨɦ ɫɨɫɬɨяɧɢɢ, ɨɬɥɢɬɨɝɨ ɜ ɮɨɪɦɭ ɢɡ ɏɌɋ. ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɣ 
ɡɚɤɚɥɤɢ ɧɚɛɥɸɞɚɸɬɫя ɞɢɫɥɨɤɚɰɢɢ ɢ ɱɚɫɬɢɰɵ ɮɚɡɵ, ɫɨɞɟɪɠɚɳɟɣ SМ, Гr, TТ ɢ SТ 
(ɪɢɫ. 4, а). Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚя ɪɟɲɟɬɤɚ ɱɚɫɬɢɰ яɜɥяɟɬɫя ɤɭɛɢɱɟɫɤɨɣ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧ-
ɧɨɣ, ɭɩɨɪяɞɨɱɟɧɧɨɣ ɩɨ ɬɢɩɭ ɫɜɟɪɯɫɬɪɭɤɬɭɪɵ δ12. ɇɟɤɨɬɨɪɵɟ ɢɡ ɬɚɤɢɯ ɱɚɫɬɢɰ ɢɦɟɸɬ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɭɸ ɨɝɪɚɧɤɭ ɢ ɧɟɛɨɥɶɲɭɸ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ ɫ ɦɚɬɪɢɰɟɣ, ɱɬɨ ɦɨɠɟɬ 
ɛɵɬɶ ɫɜяɡɚɧɨ ɫ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟɦ ɪɟɲɟɬɨɤ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɢɯ ɤɨɝɟɪɟɧɬɧɨɝɨ ɫɨɩɪяɠɟɧɢя 
ɫ ɦɚɬɪɢɰɟɣ (ɪɢɫ. 4, ɛ, ɜ). ȼ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ (ɪɢɫ. 4, ɝ) ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɜɵɞɟɥɟɧɢɟ 
ɭɩɪɨɱɧяɸɳɢɯ ɮɚɡ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ ɢ ɦɚɝɧɢя. 
 

ɛ)а)

ɝ)ɜ)

112

110
111

002

 
 

Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɚ ɡɚɤɚɥɟɧɧɨɝɨ ɨɛɪɚɡɰɚ (ɪɟɠɢɦ 1): а – ɞɢɫɥɨɤɚɰɢɨɧɧɚя ɫɬɪɭɤɬɭɪɚ; ɛ – ɱɚɫɬɢ-
ɰɵ ɫ ɭɩɨɪяɞɨɱɟɧɧɨɣ ȽɐɄ-ɪɟɲɟɬɤɨɣ (ɞɢɫɩɟɪɫɨɢɞɵ); ɜ – ɩɪяɦɨɟ ɪɚɡɪɟɲɟɧɢɟ ɱɚɫɬɢɰɵ ɜ  
α-ɦɚɬɪɢɰɟ ɢ Ɏɭɪɶɟ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (ɨɫɶ ɡɨɧɵ <011>); ɝ – ɭɩɪɨɱɧяɸɳɢɟ ɮɚɡɵ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ, 
ɦɚɝɧɢя ɢ ɞɢɫɥɨɤɚɰɢɣ 

 
ɍɩɪɨɱɧяɸɳɢɟ ɮɚɡɵ, ɫɨɞɟɪɠɚɳɢɟ Sc, Zr, Ti ɢ Si, ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɬɜɟɪɞɨɦ ɪɚɫ-

ɬɜɨɪɟ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. η. 
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Ɋɢɫ. η. ɉɪɨɮɢɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜɞɨɥɶ ɥɢɧɢɢ (ɪɟɠɢɦ 1) 

 
ɇɚ ɪɢɫ. θ ɜɢɞɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢя ɩɪɨɲɥɚ ɩɟɪɜɨɧɚɱɚɥɶɧɚя ɫɬɚɞɢя ɫɬɚ-

ɪɟɧɢя, ɧɚɛɥɸɞɚɟɬɫя ɪɚɫɩɚɞ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɚɞ ɩɪɨ-
ɞɭɤɬɨɜ ɡɨɧɧɨɣ ɫɬɚɞɢɢ ɫɬɚɪɟɧɢя ɫ ɜɵɞɟɥɟɧɢɟɦ ɡɨɧ Ƚɉ (ɩяɬɧɚ ɞɢɚɦɟɬɪɨɦ 10–20 ɧɦ) ɢ ɨɛ-
ɪɚɡɨɜɚɧɢɟɦ ɫɤɨɩɥɟɧɢɣ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɤɪɟɦɧɢя. Ɉɞɧɚɤɨ ɫɧɢɠɟɧɧɚя ɫɤɨɪɨɫɬɶ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɥɢɬɶɟ ɜ ɮɨɪɦɭ ɢɡ ɏɌɋ ɭɦɟɧɶɲɚɟɬ ɩɥɨɬɧɨɫɬɶ ɡɨɧ Ƚɉ ɜ ɬɜɟɪɞɨɦ ɪɚɫ-
ɬɜɨɪɟ ɫɩɥɚɜɚ ȺɅ4Ɇɋ. ɗɬɨ ɦɨɠɧɨ ɨɛɴяɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɫɬɟɩɟɧɶ ɩɟɪɟɫɵɳɟɧɢя ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ ɩɨɧɢɠɟɧɧɚя ɢ ɫɬɟɩɟɧɶ ɢɫɤɚɠɟɧɢя ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 
ɬɚɤɠɟ ɧɢɡɤɚя, ɱɬɨ ɬɨɪɦɨɡɢɬ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢя ɡɨɧ Ƚɉ, ɚ ɬɚɤɠɟ ɢ ɭɥɶɬɪɚɞɢɫɩɟɪɫ-
ɧɵɯ ɱɚɫɬɢɰ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɤɪɟɦɧɢя. ɉɨɷɬɨɦɭ ɞɥя ɤɨɦɩɟɧɫɚɰɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜɥɢя-
ɧɢя ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢя ɡɨɧ Ƚɉ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɟɧɢɟ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɡɨɧɧɨɣ ɫɬɚɞɢɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя. 
 

 
Ɋɢɫ. θ. ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɩɨɫɥɟ ɡɚɤɚɥɤɢ – ɩɪяɦɨɟ ɪɚɡɪɟɲɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ  

ɪɟɲɟɬɤɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɧɟɨɞɧɨɪɨɞɧɵɦɢ ɨɛɥɚɫɬяɦɢ (ɡɨɧɵ Ƚɢɧɶɟ–ɉɪɟɫɬɨɧɚ) 
 

ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1γ0–1θ0 °ɋ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɩɪɢ-
ɜɨɞɢɬ ɤ ɛɵɫɬɪɨɦɭ ɢ ɦɧɨɠɟɫɬɜɟɧɧɨɦɭ ɪɚɫɩɚɞɭ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ 2 
(ɬɚɛɥ. 2) ɧɚɛɥɸɞɚɟɬɫя ɪɚɫɩɚɞ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɜɵɞɟɥɟɧɢɟɦ ɭɩɪɨɱɧяɸɳɢɯ ɮɚɡ,  
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ɫɨɞɟɪɠɚɳɢɯ SМ, Гr, SТ, CЮ ɢ εР (ɪɢɫ. 7, а). ȼɢɞɧɵ ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɜɵɞɟɥɟɧɢя 
ɧɚ ɞɢɫɥɨɤɚɰɢяɯ ɢ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢɰɵ ɜ ɨɛɴɟɦɟ ɡɟɪɧɚ. Ƚɨɦɨɝɟɧɧɨ ɡɚɪɨɠɞɚɸɳɢɟɫя ɱɚɫɬɢ-
ɰɵ ɢɦɟɸɬ ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɨɛɴɟɦɟ ɡɟɪɧɚ (ɪɢɫ. 7, ɛ). 

 
ɛ)а) ɜ)

 
 

Ɋɢɫ. 7. ɋɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ 2 (ɬɚɛɥ. 2): а – ɫɜɟɬɥɨɩɨɥɶɧɵɣ ɫɧɢɦɨɤ ɨɬɞɟɥɶɧɵɯ ɤɪɭɩɧɵɯ ɜɵɞɟ-
ɥɟɧɢɣ ɭɩɪɨɱɧяɸɳɟɣ ɮɚɡɵ ɜ ɨɛɴɟɦɟ ɡɟɪɧɚ ɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɜɵɞɟɥɟɧɢɣ ɧɚ ɞɢɫɥɨɤɚɰɢяɯ; ɛ – ɬɟɦ-
ɧɨɩɨɥɶɧɵɣ ɫɧɢɦɨɤ ɫɬɪɭɤɬɭɪɧɵɯ ɜɵɞɟɥɟɧɢɣ ɭɩɪɨɱɧяɸɳɟɣ ɮɚɡɵ ɜ ɨɛɴɟɦɟ ɡɟɪɧɚ (ɨɫɶ ɡɨɧɵ 
<111>α, ɜɟɤɬɨɪ g = 1/2(220)); ɜ – ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ ɫ ɪɟɮɥɟɤɫɚɦɢ ȕʹ-ɮɚɡɵ (ɨɫɶ ɡɨɧɵ <12η>α) 
 

ȼ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɩɨɫɥɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя ɦɨɠɧɨ ɧɚɛɥɸ-
ɞɚɬɶ ɦɟɥɤɢɟ ɫɤɨɩɥɟɧɢя ɡɨɧ Ƚɉ. ɉɥɨɬɧɨɫɬɶ ɡɨɧ Ƚɉ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ ɫɬɚɪɟɧɢя (ɪɢɫ. 8, а, ɛ). ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫя ɤɨɥɢɱɟɫɬɜɨ ɫɤɨɩɥɟɧɢɣ ɭɥɶ-
ɬɪɚɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɤɪɟɦɧɢя. ɉɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɨɫɬɚɪɟɧɧɨɝɨ 
ɫɩɥɚɜɚ ɨɩɪɟɞɟɥяɟɬɫя ɩɪɨɰɟɫɫɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɩɪɢ ɫɤɨɥɶɠɟɧɢɢ ɞɢɫɥɨɤɚɰɢɣ ɫ ɩɪɨɞɭɤ-
ɬɚɦɢ ɜɵɞɟɥɟɧɢя. Ⱦɢɫɥɨɤɚɰɢɢ ɩɪɨɯɨɞяɬ ɱɟɪɟɡ ɡɨɧɵ, ɤɨɝɟɪɟɧɬɧɵɟ ɢ ɱɚɫɬɢɱɧɨ ɤɨɝɟɪɟɧɬ-
ɧɵɟ ɜɵɞɟɥɟɧɢя, ɨɝɢɛɚя ɩɪɢ ɫɜɨɟɦ ɞɜɢɠɟɧɢɢ ɜɵɞɟɥɟɧɢя. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɬɨɪɦɨɠɟɧɢɟ 
ɞɜɢɠɟɧɢя ɞɢɫɥɨɤɚɰɢɣ ɞɢɫɩɟɪɫɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɨɤɚɡɵɜɚɟɬɫя ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɦɟɧɶɲɟ 
ɪɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ ɧɢɦɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɬɚɪɟɧɢя ɤɨɥɢɱɟɫɬɜɨ ɡɨɧ 
ɩɪɨɞɭɤɬɨɜ ɪɚɫɩɚɞɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɜɨɡɪɚɫɬɚɟɬ, ɪɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɫɬɚɧɨɜɢɬɫя 
ɦɟɧɶɲɟ, ɱɟɦ ɜ ɧɚɱɚɥɟ ɫɬɚɪɟɧɢя, ɢ ɩɪɨɱɧɨɫɬɶ ɫɩɥɚɜɚ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɫɬɚɪɟɧɢɸ, ɩɨɜɵɲɚ-
ɟɬɫя. Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. γ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɟ-
ɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɞɨɫɬɢɝɚɟɬɫя ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɚɦ 7 ɢ 12. 

ɋɬɚɪɟɧɢɟ (ɨɞɧɚ ɫɬɭɩɟɧɶ) ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 200 °ɋ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛ-
ɪɚɡɨɜɚɧɢɟɦ ɱɚɫɬɢɰ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ ș′ ɢ ȕ′-ɮɚɡɵ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ 
ɤɪɟɦɧɢя (ɪɢɫ. 8, ɜ), ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɚ ɫɧɢɠɚɟɬɫя (ɬɚɛɥ. γ, ɪɟɠɢɦ 12). 

 
ɛ)а) ɜ)

 
 

Ɋɢɫ. 8. Ɍɨɧɤɚя ɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȺɅ4Ɇɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɫɬɚɪɟɧɢя: 3 (а), 4 (ɛ) ɢ 12 (ɜ) 
 
Ⱦɥя ɩɪɨɜɟɞɟɧɢя ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя ɜɵɛɪɚɧ ɫɥɟɞɭɸɳɢɣ ɪɟɠɢɦ 

ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: ɬɟɦɩɟɪɚɬɭɪɚ 1γ0 °ɋ ɜ ɬɟɱɟɧɢɟ 2 ɱ. ȼ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɫɬɚɪɟɧɢя (ɜɬɨɪɚя ɫɬɭɩɟɧɶ) ɩɨɫɥɟ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɧɚɛɥɸɞɚɟɬɫя ɷɮɮɟɤɬ ɜɨɡɜɪɚɬɚ,  



ǹеȑȘȖе ȟȝșаȐȩ 

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 2 (63)  2021                                                                     33 

 

ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɞɟɥɟɧɢя ɡɨɧ Ƚɉ ɢ ɜɟɥɢɱɢɧɵ ɭɩɪɭɝɢɯ ɧɚɩɪяɠɟɧɢɣ, 
ɜɨɡɧɢɤɚɸɳɢɯ ɢɡ-ɡɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢя ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɡɨɧ ɢ ɦɚɬɪɢ-
ɰɵ. Ɍɚɤ, ɜ ɫɩɥɚɜɟ ȺɅ4Ɇɋ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɝɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢя ɪɟɲɟɬɨɤ ɜɨɤɪɭɝ ɡɨɧ Ƚɉ  
ɫɭɳɟɫɬɜɭɸɬ ɧɚɩɪяɠɟɧɢя, ɤɨɬɨɪɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɜɪɚɬɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥяɸɬɫя ɢ ɪɟ-
ɥɚɤɫɢɪɭɸɬ. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫя ɩɨɥɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɡɨɧ. Ⱦɥя șʹʹ-ɮɚɡɵ, ɜɵɞɟɥяɸɳɟɣɫя 
ɩɪɢ ɷɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɪɟɧɢя, ɜɟɥɢɱɢɧɚ ɧɚɩɪяɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, ɱɬɨ ɨɛɭɫɥɚɜ-
ɥɢɜɚɟɬ ɧɟɩɨɥɧɵɣ ɜɨɡɜɪɚɬ. ɉɨɷɬɨɦɭ ɱɚɫɬɢɰɵ șʹʹ-ɮɚɡɵ ɫɥɭɠɚɬ ɡɚɪɨɞɵɲɚɦɢ ɫɥɟɞɭɸɳɟɣ ɛɨ-
ɥɟɟ ɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ șʹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɞɟɥɟɧɢɟɦ ɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ ș (Al2Cu). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɥɚɤɫɚɰɢя ɭɩɪɭɝɢɯ ɧɚɩɪяɠɟɧɢɣ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɟɪɟɯɨɞɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɡɨɧ Ƚɉ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɦɟɬɚɫɬɚɛɢɥɶ-
ɧɵɯ ɢɥɢ ɫɬɚɛɢɥɶɧɵɯ ɜɵɞɟɥɟɧɢɣ ɢ ɩɨяɜɥɟɧɢя ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚяɯ ɨɤɨɥɨ ɧɢɯ ɷɩɢɬɚɤɫɢ-
ɚɥɶɧɵɯ ɞɢɫɥɨɤɚɰɢɣ. ɗɬɨ ɩɨɜɵɲɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɪɭɤɬɭɪɧɵɯ ɜɵɞɟɥɟɧɢɣ ɧɚ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɣ (ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ) ɫɬɚɞɢɢ ɫɬɚɪɟɧɢя. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨяɧɢя ɫɩɥɚɜɚ ȺɅ4Ɇɋ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɜɪɚɬɭ ɫɜɨɣɫɬɜ, ɫɜяɡɚɧɨ ɫ 
ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɢɫɬɟɦɵ ɜɵɞɟɥɟɧɢɣ, ɨɛɪɚɡɨɜɚɜɲɢɯɫя ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɬɚɪɟɧɢɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɜɨɡɜɪɚɬɚ ɭɥɭɱɲɚɟɬɫя ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɵɞɟɥɟɧɢɣ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɜ ɨɛɴ-
ɟɦɟ ɡɟɪɟɧ ɫɩɥɚɜɚ, ɚ ɫ ɪɨɫɬɨɦ ɜɵɞɟɥɟɧɢɣ – ɢ ɫɬɟɩɟɧɶ ɚɬɨɦɧɨɝɨ ɭɩɨɪяɞɨɱɟɧɢя ɜ ɧɢɯ. ɗɬɢ 
ɞɜɚ ɮɚɤɬɨɪɚ (ɤɚɤ ɢ ɪɚɡɜɢɬɢɟ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ) ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɜɟɥɢ-
ɱɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɪɨɞɵɲɟɣ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɬɚɪɟɧɢɢ. ɉɪɢ 
ɨɛɴяɫɧɟɧɢɢ ɩɪɨɰɟɫɫɚ ɜɨɡɜɪɚɬɚ ɩɪɟɞɫɬɚɜɥяɟɬɫя ɫɩɪɚɜɟɞɥɢɜɵɦ ɭɱɟɬ ɪɚɡɦɟɪɚ ɭɫɬɨɣɱɢɜɨɝɨ 
ɡɚɪɨɞɵɲɚ, ɨɞɧɚɤɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɬɨɥɶɤɨ ɪɚɡɦɟɪɧɵɦ ɮɚɤɬɨɪɨɦ ɧɟɥɶɡя ɨɛɴяɫɧɢɬɶ ɬɟɪɦɢ-
ɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɡɚɪɨɞɵɲɟɣ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɪɨɫɬɭ 
ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɫɬɚɪɟɧɢɢ ɩɨɫɥɟ ɜɨɡɜɪɚɬɚ. ȼɫɟ ɷɬɨ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɜɵɛɨɪɟ ɫɥɨɠ-
ɧɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɨɛɪɚɛɨɬɨɤ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɮɮɟɤɬ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɜɵɲɚɸɳɢ-
ɦɢɫя ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя (ɩɟɪɜɚя ɫɬɭɩɟɧɶ) ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя (ɜɬɨɪɚя ɫɬɭɩɟɧɶ) ɡɚɜɢɫɢɬ ɨɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɩɥɚɜɚ ɤ ɜɨɡɜɪɚɬɭ, ɤɨɬɨɪɚя 
ɨɩɪɟɞɟɥяɟɬɫя ɜɟɥɢɱɢɧɨɣ ɭɩɪɭɝɢɯ ɧɚɩɪяɠɟɧɢɣ ɜɛɥɢɡɢ ɫɬɪɭɤɬɭɪɧɵɯ ɜɵɞɟɥɟɧɢɣ. ɑɟɦ ɨɧɢ 
ɦɟɧɶɲɟ, ɬɟɦ ɦɟɧɶɲɟ ɝɥɭɛɢɧɚ ɜɨɡɜɪɚɬɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɶɲɟ ɭɫɬɨɣɱɢɜɵɯ ɡɚɪɨɞɵ-
ɲɟɣ, ɫɩɨɫɨɛɧɵɯ ɤ ɪɨɫɬɭ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɬɚɪɟɧɢɢ, ɢ ɜɵɲɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ. 
Ɍɟɪɦɢɱɟɫɤɚя ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɪɭɤɬɭɪɧɵɯ ɜɵɞɟɥɟɧɢɣ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɧɢɡɤɨ- ɤ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɫɬɚɪɟɧɢɸ ɨɩɪɟɞɟɥяɟɬɫя ɧɟ ɬɨɥɶɤɨ ɢɯ ɪɚɡɦɟɪɨɦ, ɧɨ ɢ ɜɟɥɢɱɢɧɨɣ ɧɚɩɪя-
ɠɟɧɢɣ ɨɤɨɥɨ ɧɢɯ, ɚ ɬɚɤɠɟ ɢɯ ɫɨɫɬɚɜɨɦ ɢ ɚɬɨɦɧɵɦ ɭɩɨɪяɞɨɱɢɜɚɧɢɟɦ.  

ɗɬɢɦ ɨɛɴяɫɧяɟɬɫя ɮɚɤɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɱɚɫɬɢɰ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɫɬɚɪɟɧɢя ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɢɡɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, яɜɥɟɧɢɟ ɜɨɡɜɪɚɬɚ ɫɜɨɣɫɬɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 
ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢя ɩɪɢɦɟɧɢɦɨɫɬɢ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя ɤ ɫɩɥɚɜɭ ȺɅ4Ɇɋ. 

 
Ɂɚɤɥɸчɟɧия 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɭɩɪɨɱɧɟɧɢя ɢ 
ɨɩɪɟɞɟɥɟɧɚ ɤɢɧɟɬɢɤɚ ɢɡɦɟɧɟɧɢя ɫɬɪɭɤɬɭɪɵ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɪɟɡɭɥɶɬɚ-
ɬɟ ɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя ɥɢɬɟɣɧɨɝɨ ɦɟɞɢɫɬɨɝɨ ɫɢɥɭɦɢɧɚ ȺɅ4Ɇɋ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨяɧɢя ɫɩɥɚɜɚ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɜɪɚɬɭ ɫɜɨɣɫɬɜ ɢ ɫɜяɡɚɧɨ ɫ ɧɟ-
ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɢɫɬɟɦɵ ɜɵɞɟɥɟɧɢɣ, ɨɛɪɚɡɨɜɚɜɲɢɯɫя ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɬɚɪɟ-
ɧɢɢ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɜɵɞɟɥɟɧɢɣ ɱɚɫɬɢɰ ɭɩɪɨɱɧяɸɳɢɯ ɮɚɡ ɩɪɢ ɫɬɭɩɟɧɱɚ-
ɬɨɦ ɫɬɚɪɟɧɢɢ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɜɵɲɚɸɳɢɦɢɫя ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨ-
ɝɨ (ɩɟɪɜɚя ɫɬɭɩɟɧɶ) ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɚɪɟɧɢя (ɜɬɨɪɚя ɫɬɭɩɟɧɶ). 

Ɋɚɡɪɚɛɨɬɚɧ ɪɟɠɢɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥя ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȺɅ4Ɇɋ, ɩɨɥɭ-
ɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɥɢɬɶя ɜ ɮɨɪɦɵ ɢɡ ɏɌɋ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɣ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ. Ɉɩɬɢɦɢɡɚɰɢя ɪɟɠɢɦɚ ɫɬɚɪɟɧɢя, ɜɤɥɸɱɚɸɳɟɝɨ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ  
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(ɩɟɪɜɚя ɫɬɭɩɟɧɶ) ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ (ɜɬɨɪɚя ɫɬɭɩɟɧɶ) ɫɬɚɪɟɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵ-
ɫɨɤɢɣ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɩɨɜɵɲɚɟɬ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɧɚ 2η % ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɪɨɜɧɟɦ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɫɬɚɪɟɧɢя. 
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ɉɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɣ ɜɥɢɹɧɢɹ ɨɬɧɨɲɟɧɢɹ Zn:Mg ɧа ɩɪɨɤаɥɢɜаɟ-
ɦɨɫɬɶ, ɫɬɪɭɤɬɭɪɭ ɢ ɤɨɦɩɥɟɤɫ ɦɟɯаɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɨɜɨɤ ɬɨɥɳɢɧɨɣ 
150 ɦɦ ɢɡ ɫɩɥаɜɨɜ ɧа ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Al–Zn–Mg–Cu, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɦɟɬаɥɥɭɪɝɢɱɟɫɤɢɯ ɡаɜɨɞɨɜ АɈ «АɆɊ» ɢ ɈАɈ «ɄɍɆɁ».  

ɉɨɤаɡаɧɨ, ɱɬɨ ɫɩɥаɜ ɫɢɫɬɟɦɵ Al–Zn–Mg–Cu ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ Zn:Mg ɧɟ ɦɟɧɟɟ ɱɟɦ 4:1 
ɩɪɢ ɫɨɞɟɪɠаɧɢɢ ɦɟɞɢ ɧɟ ɛɨɥɟɟ 1,2 % (ɩɨ ɦаɫɫɟ) ɨɛɥаɞаɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɪɨɤаɥɢɜаɟɦɨ-
ɫɬɶю, ɩɨ ɫɪаɜɧɟɧɢю ɫɨ ɫɩɥаɜɨɦ 1933 ɦаɪɨɱɧɨɝɨ ɫɨɫɬаɜа, ɱɬɨ ɨɛɟɫɩɟɱɢɜаɟɬ ɩɨɥɭɱɟɧɢɟ 
ɨɞɧɨɪɨɞɧɵɯ ɫɬɪɭɤɬɭɪɵ ɢ ɩɨɤаɡаɬɟɥɟɣ ɦɟɯаɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨ ɬɨɥ-
ɳɢɧɟ ɩɨɥɭɮаɛɪɢɤаɬɨɜ ɢ ɩɨɡɜɨɥɹɟɬ ɧа ɫɬаɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜ ɦɟɬаɥɥɭɪɝɢɱɟɫɤɨɦ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟ ɫɧɢɡɢɬɶ ɨɫɬаɬɨɱɧɵɟ ɡаɤаɥɨɱɧɵɟ ɧаɩɪɹɠɟɧɢɹ ɜ ɦаɫɫɢɜɧɵɯ ɩɨɤɨɜɤаɯ ɩɭɬɟɦ 
ɩɪаɜɤɢ ɨɛɠаɬɢɟɦ ɜ ɫɜɟɠɟɡаɤаɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ключевые слова: ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɫɩɥаɜɵ ɫɢɫɬɟɦɵ Al–Zn–Mg–ɋu, ɩɨɤɨɜɤɢ, ɩɪɨɤаɥɢɜа-
ɟɦɨɫɬɶ, ɫɛаɥаɧɫɢɪɨɜаɧɧɨɟ ɥɟɝɢɪɨɜаɧɢɟ, ɦɟɯаɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜа, ɜɹɡɤɨɫɬɶ ɪаɡɪɭɲɟɧɢɹ, 
ɤɨɪɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜа, ɨɫɬаɬɨɱɧɵɟ ɡаɤаɥɨɱɧɵɟ ɧаɩɪɹɠɟɧɢɹ. 

 
A.I. Astashkin1, V.V. Babanov1, A.A. Selivanov1, E.A. Tkachenko1,  
D.V. Gusev2, M.V. Tsarev2 
 
IMPROVING  THE  HARDENABILITY  OF  MASSIVE  FORGINGS  
FROM  ALLOYS  OF  THE  Al–Zn–Mg–Cu  SYSTEM  BY  BALANCED  
ALLOYING  WITH  ZINC  AND  MAGNESIUM 
 

The paper presents the results of studies of the influence of the Zn:Mg ratio on the 
hardenability, structure and complex of mechanical and corrosive characteristics of  forgings 
with 150 mm thickness made of alloys based on Al–Zn–Mg–Cu system, manufactured in the 
production conditions of metallurgical plants of JSC AMR and PuЛliМ Corporation “KUMГ”. 

It has been determined that an alloy of the Al–Zn–Mg–Cu system with Zn:Mg ratio of not 
less than 4,1:1 and copper mass content of not more than 1.2% has a higher hardenability com-
pared to the 1933 alloy of standard composition, which ensures homogeneous structure and in-
dicators of mechanical and corrosion properties over the thickness of semi-finished pro- 
ducts; in metallurgical industry at the stage of manufacturing this allows reducing the residual 
quenching stresses in massive forgings by means of straightening by reduction in an as-
quenched state. 

Keywords: high-strength alloys of the Al–Zn–Mg–Cu system, forgings, hardenability, bal-
anced alloying, mechanical properties, fracture toughness, corrosion properties, residual 
quenching stresses.  
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ȼвɟɞɟɧиɟ 
ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɨɫɥɢ ɬɪɟɛɨɜɚɧɢя ɤ ɫɥɭɠɟɛɧɵɦ ɢ ɬɟɯɧɨɥɨ-

ɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɚɬɟɪɢɚɥɨɜ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɫɧɢɠɟɧɢя ɦɚɫɫɵ ɢ ɩɨɜɵɲɟɧɢя 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢя 1–6. 

Ⱥɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ, ɨɫɨɛɟɧɧɨ ɜ ɜɢɞɟ ɤɨɜɚɧɵɯ, ɩɪɟɫɫɨɜɚɧ-
ɧɵɯ ɢ ɤɚɬɚɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɩɪɢɦɟɧяɟɦɵɯ ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɫɥɨɠɧɨɤɨɧɬɭɪɧɵɯ ɞɟ-
ɬɚɥɟɣ ɫɢɥɨɜɨɝɨ ɤɚɪɤɚɫɚ ɩɥɚɧɟɪɚ ɫɚɦɨɥɟɬɚ, ɧɟ ɢɫɱɟɪɩɚɥɢ ɫɜɨɢɯ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɜɨɡɦɨɠ-
ɧɨɫɬɟɣ. Ɂɚɞɚɱɟɣ ɦɚɬɟɪɢɚɥɨɜɟɞɨɜ яɜɥяɟɬɫя ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧя ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɢ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɜɟɪɲɟɧɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɨɡɪɨɫɲɢɦɢ ɡɚɩɪɨɫɚɦɢ 
ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɚɦɨɥɟɬɨɜ ɢ ɜɟɪɬɨɥɟɬɨɜ 7–11. 

ɒɬɚɦɩɨɜɤɢ, ɩɨɤɨɜɤɢ ɢ ɦɚɫɫɢɜɧɵɟ ɩɪɟɫɫɨɜɚɧɧɵɟ ɩɨɥɨɫɵ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫя ɞɥя ɩɨɥɭɱɟɧɢя ɫɢɥɨɜɵɯ ɞɟɬɚɥɟɣ ɩɥɚ-
ɧɟɪɚ ɫɨɜɪɟɦɟɧɧɵɯ ɫɟɪɢɣɧɵɯ ɫɚɦɨɥɟɬɨɜ əɤ-1γ0 ɢ SSJ, ɚ ɬɚɤɠɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɧɨɜɨɝɨ 
ɩɚɫɫɚɠɢɪɫɤɨɝɨ ɫɪɟɞɧɟɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɫɚɦɨɥɟɬɚ Ɇɋ-21. ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɜɟɪɬɨɥɟɬɨɜ ɬɚɤɠɟ ɩɥɚɧɢɪɭɟɬɫя ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɭɤɚɡɚɧɧɨɣ ɝɪɭɩɩɵ 
ɜ ɜɢɞɟ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɨɜɨɤ ɢ ɩɥɢɬ 8. 

Ɍɪɟɛɨɜɚɧɢя, ɩɪɟɞɴяɜɥяɟɦɵɟ ɤ ɫɩɥɚɜɚɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ (ɲɩɚɧɝɨɭɬɨɜ, ɥɨɧɠɟɪɨɧɨɜ, ɮɢɬɢɧɝɨɜ), ɨɛɭ-
ɫɥɨɜɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬяɦɢ ɷɬɢɯ ɞɟɬɚɥɟɣ, ɬɚɤɢɦɢ ɤɚɤ ɫɥɨɠɧɚя ɤɨɧɮɢɝɭɪɚɰɢя; ɪɟɡɤɢɣ ɩɟ-
ɪɟɩɚɞ ɬɨɥɳɢɧ; ɞɟɣɫɬɜɢɟ ɧɚɝɪɭɡɨɤ, ɩɪɢɥɨɠɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɟɬɚɥɢ ɜ ɪɚɡ-
ɧɵɯ ɧɚɩɪɚɜɥɟɧɢяɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɨɥɨɤɧɚ ɜ ɫɥɨɠɧɨɤɨɧɬɭɪɧɵɯ ɢɡɞɟɥɢяɯ. ȼ ɫɜяɡɢ ɫ 
ɷɬɢɦ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɢɡ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɧɟɨɛɯɨɞɢ-
ɦɨɣ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɫɜɨɣɫɬɜ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚ-
ɜɢɫɢɬ ɨɬ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. Ƚɥɭɛɢɧɭ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɨɩɪɟɞɟɥяɸɬ ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ ɞɜɚ ɩɨɤɚɡɚɬɟɥя – ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢя ɜɨ ɜɪɟɦя ɨɩɟɪɚɰɢɢ ɡɚɤɚɥɤɢ ɢ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɝɨ αAl-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɚɥɸɦɢɧɢɢ 12–14. ɑɟɦ ɛɨɥɶɲɟ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢя ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɬɟɦ ɜɵɲɟ 
ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶ. 

Ɇɚɤɫɢɦɚɥɶɧɚя ɞɨɩɭɫɬɢɦɚя ɩɪɢ ɡɚɤɚɥɤɟ ɬɨɥɳɢɧɚ ɤɨɜɚɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ 
ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɟɪɢɣɧɵɯ ɫɨɫɬɚɜɨɜ, ɨɝɪɚɧɢɱɟɧ-
ɧɚя ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶɸ, ɫɨɫɬɚɜɥяɟɬ η0–80 ɦɦɈɋɌ–. ɉɪɢ ɬɚɤɨɣ ɬɨɥɳɢɧɟ ɩɨ 
ɜɫɟɦɭ ɨɛɴɟɦɭ ɩɨɤɨɜɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫя ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢя ɜ ɜɨɞɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
20 °ɋ ɩɪɢ ɡɚɤɚɥɤɟ ɧɟ ɧɢɠɟ ɤɪɢɬɢɱɟɫɤɨɣ, ɢ ɟɟ ɡɚɦɟɞɥɟɧɢɟ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɤɨɜɤɢ 
(ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɢɮɟɪɢɟɣ) ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɫɧɢɠɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɤɨɜɚɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɛɨ ɥɶɲɢɯ ɬɨɥɳɢɧ 
ɩɪɨɜɨɞяɬ ɧɚ ɚɜɢɚɫɬɪɨɢɬɟɥɶɧɨɦ ɩɪɟɞɩɪɢяɬɢɢ ɩɨɫɥɟ ɱɟɪɧɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɚɧɢɟɦ ɞɨ 
ɬɨɥɳɢɧɵ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ η0–80 ɦɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨяɜɥɟɧɢɸ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɫɬɚ-
ɬɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢя ɩɪɢ ɡɚɤɚɥɤɟ, ɬɚɤ ɢ ɩɪɢ 
ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, – ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɨɜɨɞ-
ɤɚɦ ɢ ɤɨɪɨɛɥɟɧɢɸ ɜ ɞɟɬɚɥяɯ. 

ɂɡɜɟɫɬɧɵɦ ɦɟɬɨɞɨɦ ɫɧɢɠɟɧɢя ɡɚɤɚɥɨɱɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ ɜ ɤɨɜɚɧɵɯ 
ɦɚɫɫɢɜɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ яɜɥяɟɬɫя ɩɪɚɜɤɚ ɫɠɚɬɢɟɦ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɫɨ 
ɫɬɟɩɟɧɶɸ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 2–5 %, ɤɨɬɨɪɭɸ ɨɫɭɳɟɫɬɜɥяɸɬ ɧɚ ɦɟɬɚɥɥɭɪɝɢɱɟ-
ɫɤɢɯ ɡɚɜɨɞɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɳɧɨɝɨ ɩɪɟɫɫɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя. Ⱦɪɭɝɨɣ ɱɚɫɬɨ 
ɩɪɢɦɟɧяɟɦɵɣ ɫɩɨɫɨɛ ɫɧɢɠɟɧɢя ɡɚɤɚɥɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɚɜɢɚɫɬɪɨɢ-
ɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ, ɨɫɨɛɟɧɧɨ ɞɥя ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɬɨɥɳɢɧɵ ɢ ɥɢɫɬɨɜɵɯ 
ɞɟɬɚɥɟɣ, – ɡɚɦɟɞɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢя ɜɨ ɜɪɟɦя ɨɩɟɪɚɰɢɢ ɡɚɤɚɥɤɢ ɩɭɬɟɦ ɨɯɥɚ-
ɠɞɟɧɢя ɜ ɝɨɪяɱɟɣ ɜɨɞɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɟ ɦɟɧɟɟ θη °ɋ ɢɥɢ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɦɟ-
ɪɨɜ 12, 15.  
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ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɞɥя ɭɫɬɪɚɧɟɧɢя ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ ɜ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɨ-
ɤɨɜɤɚɯ ɧɚ ɫɬɚɞɢɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢя ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɲɢɪɟɧɢɟ ɞɨ ɬɨɥɳɢɧɵ 1η0 ɦɦ ɧɨɦɟɧ-
ɤɥɚɬɭɪɵ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɩɨɫɬɚɜɥяɟɦɵɯ ɜ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ, ɱɬɨ ɜɨɡɦɨɠɧɨ 
ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ ɭɜɟɥɢɱɟɧɢя ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɫɩɥɚɜɚ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɭɸ ɨɩɟɪɚɰɢɸ ɩɪɚɜɤɢ, ɫɧɢɡɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɢ 
ɛɪɚɤ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɧɚ ɚɜɢɚɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ, ɚ ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ ɤɨɷɮ-
ɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢя ɦɚɬɟɪɢɚɥɚ. 

ɂɡɜɟɫɬɧɨ 12–14, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɫɩɥɚɜɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢ-
ɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢя ɫɜяɡɚɧɚ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɟɠɞɭ ɛɚɡɨɜɵɦɢ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚ-
ɦɢ ɜ ɦɚɬɟɪɢɚɥɟ – ɰɢɧɤɨɦ ɢ ɦɚɝɧɢɟɦ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢя ɦɟɞɢ ɜ ɫɩɥɚɜɚɯ ɬɚɤɠɟ 
ɫɧɢɠɚɟɬɫя ɭɫɬɨɣɱɢɜɨɫɬɶ αAl-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢя ɟɝɨ ɩɟɪɟɫɵɳɟɧɧɨɫɬɢ. 

Ɇɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɫɩɥɚɜɚ ɩɟɪɟɯɨɞɧɵɦɢ ɦɟɬɚɥɥɚɦɢ, ɤɨɬɨɪɵɟ ɜɜɨɞяɬ ɜ ɚɥɸɦɢɧɢ-
ɟɜɵɟ ɫɩɥɚɜɵ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɪɟɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɜ ɢ ɦɨɞɢɮɢɤɚɬɨɪɨɜ 16, ɨɤɚɡɵɜɚɟɬ ɫɭ-
ɳɟɫɬɜɟɧɧɨɟ ɜɥɢяɧɢɟ ɧɚ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶ ɫɩɥɚɜɨɜ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ. ɂɡ ɧɚɢɛɨɥɟɟ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɚɥɵɯ ɞɨɛɚɜɨɤ ɜ ɧɚɢɛɨɥɶɲɟɣ ɦɟɪɟ ɫɧɢɠɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ αAl-ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ ɯɪɨɦ, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ – ɨɤɚɡɵɜɚɟɬ ɜɥɢяɧɢɟ ɰɢɪɤɨɧɢɣ, ɚ ɡɚɬɟɦ ɦɚɪɝɚɧɟɰ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢя ɜɥɢяɧɢя ɫɨɞɟɪɠɚɧɢя ɰɢɧɤɚ 
ɢ ɦɚɝɧɢя ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɤɨɪɪɨɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶ, ɜяɡɤɨɫɬɶ ɪɚɡɪɭ-
ɲɟɧɢя ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɦɟɞɢ ɢ ɰɢɪɤɨɧɢя ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢя ɰɢɧɤɚ ɢ ɦɚɝɧɢя, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜ-
ɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɢ ɩɪɢɟɦɨɜ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪя-
ɠɟɧɢɣ ɜ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɤɨɜɚɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ.  

 

Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ɉɛɪɚɡɰɵ ɨɬɛɢɪɚɥɢ ɢɡ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɨɜɨɤ ɬɨɥɳɢɧɨɣ 1η0 ɦɦ, ɢɡɝɨɬɨɜɥɟɧ-
ɧɵɯ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ ɫ ɩɪɨɩɨɪɰɢяɦɢ ɫɨɞɟɪɠɚɧɢя ГЧ ɤ εР, 
ɬɚɤɢɦɢ ɤɚɤ γ,1:1; 4,1:1 ɢ 4,4:1. Ɂɚɤɚɥɤɭ, ɩɪɚɜɤɭ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɫɬɚɪɟɧɢɟ ɩɨ ɪɟɠɢɦɭ Ɍ2 
ɩɪɨɜɨɞɢɥɢ ɜ ɭɫɥɨɜɢяɯ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢяɬɢɣ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɰɢɧɤɚ ɢ ɦɚɝɧɢя ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɚɯ ɫɨɫɬɚɜɥяɥɨ  
8,8–9,2 % (ɩɨ ɦɚɫɫɟ) ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɫɨɞɟɪɠɚɧɢяɯ ɦɟɞɢ 1,2 % (ɩɨ ɦɚɫɫɟ) ɢ ɰɢɪɤɨɧɢя 
0,12 % (ɩɨ ɦɚɫɫɟ). ɉɪɢɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ, ɬɚɤɢɯ ɤɚɤ Fe ɢ Si, ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɚɯ 
ɬɚɤɠɟ ɛɵɥɨ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦ.  

Ⱥɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɢɤɪɨɫɤɨɩɟ Olympus GX 51 ɩɨ ɆɊ 21-31–85 
ɧɚ ɲɥɢɮɚɯ, ɨɬɨɛɪɚɧɧɵɯ ɢɡ ɩɟɪɢɮɟɪɢɣɧɨɣ ɢ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɟɣ ɩɨ ɬɨɥɳɢɧɟ ɤɪɭɩɧɨɝɚ-
ɛɚɪɢɬɧɵɯ ɩɨɤɨɜɨɤ. 

ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɜɵɩɨɥɧяɥɢ  
ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JEM 200CX (EM 132039-49) ɩɨ  
ɆɆ 1.η9η-17-γ44–2007. Ɏɨ ɥɶɝɢ ɞɥя ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɨɣ 
ɪɟɡɤɨɣ, ɲɥɢɮɨɜɤɨɣ ɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɪɨɜɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ‒γ8  °ɋ ɜ 
ɫɩɢɪɬɨɜɨɦ ɪɚɫɬɜɨɪɟ HNO3. 

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜяɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢя ɢ ɤɨɪɪɨɡɢɨɧ-
ɧɵɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɵ ɨɬɛɢɪɚɥɢ ɢɡ ɩɟɪɢɮɟɪɢɣɧɵɯ ɢ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɟɣ ɩɨ ɬɨɥɳɢɧɟ 
ɩɨɤɨɜɨɤ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɜ, 0,2, į) ɨɩɪɟɞɟɥяɥɢ ɧɚ ɦɚɲɢɧɟ Zwick/Roell Z2η0 ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢяɦɢ ȽɈɋɌ 1497–84 ɧɚ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɢɯ ɨɛɪɚɡɰɚɯ (ɩɨ η ɨɛɪɚɡɰɨɜ ɧɚ ɬɨɱɤɭ). 

Ʉɪɢɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜяɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢя (K1c) ɩɪɢ ɜɧɟɰɟɧɬɪɟɧɧɨɦ ɪɚɫ-
ɬяɠɟɧɢɢ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɨɜ (ɩɨ η ɨɛɪɚɡɰɨɜ ɧɚ ɬɨɱɤɭ) ɨɩɪɟɞɟɥяɥɢ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ 
ɦɚɲɢɧɟ Walter+Bai LFMZ-2η0 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɈɋɌ 25.506–85. 

ɋɤɥɨɧɧɨɫɬɶ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ (ɆɄɄ) ɨɩɪɟɞɟɥяɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 
ɦɟɬɨɞɢɤɟ ɜ ɪɚɫɬɜɨɪɟ 2 ɩɨ ȽɈɋɌ 9.021–74 (ɩɨ θ ɨɛɪɚɡɰɨɜ ɧɚ ɬɨɱɤɭ). 
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Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪяɠɟɧɢя ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɤɨɜɤɟ, ɩɨɞɜɟɪɝɧɭɬɨɣ ɩɪɚɜɤɟ ɜ ɫɜɟɠɟ-
ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨ ɪɟɠɢɦɭ Ɍ2, ɨɰɟɧɢɜɚɥɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤ-
ɬɭɪɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ɦɟɬɨɞɢɤɟ ɆɆ 1.595-17-225–2004 ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪяɠɟɧɢɣ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɨɜɨɤ ɬɨɥɳɢɧɨɣ 1η0 ɦɦ 
ɢɡ ɫɩɥɚɜɨɜ ɬɪɟɯ ɫɨɫɬɚɜɨɜ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. ɋɭɳɟɫɬɜɟɧɧɵɯ ɪɚɡɥɢɱɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨ-
ɤɨɜɨɤ ɧɟ ɨɛɧɚɪɭɠɟɧɨ – ɜɫɟ ɩɨɤɨɜɤɢ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɧɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɭɸ 
(ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɭɸ) ɫɬɪɭɤɬɭɪɭ, ɨɞɧɚɤɨ ɨɬɦɟɱɚɟɬɫя ɬɟɧɞɟɧɰɢя ɤ ɧɟɤɨɬɨɪɨɦɭ ɭɤɪɭɩɧɟ-
ɧɢɸ ɡɟɪɧɚ ɜ ɰɟɧɬɪɚɥɶɧɵɯ ɡɨɧɚɯ ɩɨ ɬɨɥɳɢɧɟ, ɱɬɨ ɜɵɡɜɚɧɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɞɟɮɨɪɦɚ-
ɰɢɢ, ɜɨɡɧɢɤɚɸɳɟɣ ɩɪɢ ɤɨɜɤɟ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ. 

 
ɛ)а) ɜ)

ɝ) ɟ)ɞ)

 
 

Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɫɪɟɞɧɟɣ ɡɨɧɟ ɫɟɱɟɧɢя ɩɨ ɬɨɥɳɢɧɟ (а, ɜ, ɞ) ɢ ɧɚ ɩɟɪɢɮɟɪɢɢ (ɛ, ɝ, ɟ) 
ɦɚɫɫɢɜɧɵɯ ɤɨɜɚɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɫ ɨɬɧɨɲɟɧɢɟɦ ɰɢɧɤɚ ɤ 
ɦɚɝɧɢɸ 4,4:1 (а, ɛ); 4,1:1 (ɜ, ɝ) ɢ γ,1:1 (ɞ, ɟ) 

 
ɍɫɬɚɧɨɜɥɟɧɨ (ɬɚɛɥ. 1), ɱɬɨ ɭ ɩɨɤɨɜɨɤ, ɨɯɥɚɠɞɟɧɧɵɯ ɜ ɜɨɞɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 20 °ɋ 

ɜɨ ɜɪɟɦя ɡɚɤɚɥɤɢ, ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢяɯ ɨɬɧɨɲɟɧɢя ɰɢɧɤɚ ɤ ɦɚɝɧɢɸ ɜ ɰɟɧɬɪɚɥɶɧɵɯ ɱɚ-
ɫɬяɯ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧя ɩɪɨɱɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɪɨɜɧɟɦ ɩɪɨɱɧɨɫɬɢ ɧɚ ɩɟɪɢɮɟɪɢɢ ɫɨ-
ɫɬɚɜɥяɟɬ 40 Ɇɉɚ ɜ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ, ɜ ɬɨ ɜɪɟɦя ɤɚɤ ɩɪɢ ɛɨ ɥɶɲɟɦ ɫɨɨɬɧɨ-
ɲɟɧɢɢ (ɛɨɥɟɟ 4,1:1) – ɧɟ ɩɪɟɜɵɲɚɟɬ 10 Ɇɉɚ.  

Ⱥɧɚɥɨɝɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɢɦɟɟɬ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧя ɜяɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢя (K1c) 
ɩɨɤɨɜɨɤ (ɬɚɛɥ. 1). ɉɪɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢяɯ ɫɨɨɬɧɨɲɟɧɢя Zn ɢ Mg ɪɚɡɥɢɱɢɟ ɭɪɨɜɧя 
ɡɧɚɱɟɧɢɣ K1c ɩɨ ɫɟɱɟɧɢɸ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɉɪɢ ɫɨɨɬɧɨɲɟɧɢɢ Zn ɤ Mg, ɪɚɜɧɨɦ γ,1:1, 
ɡɧɚɱɟɧɢɟ K1c ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɩɨɤɨɜɤɢ ɫɧɢɠɚɟɬɫя ɧɚ з10 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɢ-
ɮɟɪɢɣɧɵɦɢ ɡɨɧɚɦɢ. 

ɉɪɢ ɨɰɟɧɤɟ ɫɤɥɨɧɧɨɫɬɢ ɤ ɆɄɄ ɭɫɬɚɧɨɜɥɟɧɨ (ɬɚɛɥ. 2), ɱɬɨ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ 
ɡɧɚɱɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢя Zn ɤ Mg ɨɛɟɫɩɟɱɢɜɚɟɬɫя ɨɬɫɭɬɫɬɜɢɟ ɫɤɥɨɧɧɨɫɬɢ ɤ ɆɄɄ ɜ ɩɨɤɨɜ-
ɤɚɯ, ɚ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢя ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɩɨɤɨɜɨɤ ɩɨяɜɥяɟɬɫя 
ɫɤɥɨɧɧɨɫɬɶ ɤ ɆɄɄ – ɞɨ з0,14η ɦɦ. ȼ ɬɚɛɥ. 2 ɞɥя ɫɪɚɜɧɟɧɢя ɩɪɢɜɟɞɟɧɵ ɬɚɤɠɟ ɪɚɧɟɟ ɩɨ-
ɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɫɤɥɨɧɧɨɫɬɢ ɤ ɆɄɄ ɚɧɚɥɨɝɢɱɧɵɯ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɨɜɨɤ ɢɡ 
ɫɩɥɚɜɨɜ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ, ɨɯɥɚɠɞɟɧɧɵɯ ɜ ɝɨɪяɱɟɣ ɜɨɞɟ ɜɨ ɜɪɟɦя ɨɩɟɪɚɰɢɢ ɡɚɤɚɥɤɢ. 
ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ 70 °ɋ ɩɨɜɵɲɚɟɬɫя ɫɤɥɨɧɧɨɫɬɶ ɤ ɆɄɄ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɜɨɞɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 20 °ɋ, ɨɫɨɛɟɧɧɨ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɤɨɜɨɤ ɢɡ 
ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɰɢɧɤɚ ɤ ɦɚɝɧɢɸ, ɪɚɜɧɵɦ γ,1:1. 
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Ɍаɛɥɢɰа 1 
Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ и вяɡɤɨɫɬь ɪɚɡɪɭɲɟɧия ɩɨɤɨвɨɤ ɬɨɥɳиɧɨɣ 150 ɦɦ 

иɡ ɫɩɥɚвɨв ɫиɫɬɟɦɵ AХ–Zn–Mg–CЮ ɫ ɪɚɡɥичɧɵɦ ɨɬɧɨɲɟɧиɟɦ Zn ɤ Mg 

ɋɨɨɬɧɨɲɟɧɢɟ 
Zn:Mg 

Ɂɨɧɚ ɜɵɪɟɡɤɢ 
ɨɛɪɚɡɰɚ 

ɇɚɩɪɚɜɥɟɧɢɟ 
ɜɵɪɟɡɤɢ  
ɨɛɪɚɡɰɚ 

ɜ 0,2 , % 
K1c, 

Ɇɉɚ ɦ  Ɇɉɚ 

4,4:1 

ɉɨɜɟɪɯɧɨɫɬɶ 
ɉɪɨɞɨɥɶɧɨɟ 515 485 13 39,5 
ɉɨɩɟɪɟɱɧɨɟ 505 480 12 – 

ɋɟɪɟɞɢɧɚ 
ɉɪɨɞɨɥɶɧɨɟ 505 475 15 38 
ɉɨɩɟɪɟɱɧɨɟ 500 475 13 – 
ȼɵɫɨɬɧɨɟ 485 450 9 – 

4,1:1 

ɉɨɜɟɪɯɧɨɫɬɶ 
ɉɪɨɞɨɥɶɧɨɟ 505 465 12 38,0 
ɉɨɩɟɪɟɱɧɨɟ 500 460 10 – 

ɋɟɪɟɞɢɧɚ 
ɉɪɨɞɨɥɶɧɨɟ 495 440 14 36,5 
ɉɨɩɟɪɟɱɧɨɟ 490 450 10 – 
ȼɵɫɨɬɧɨɟ 485 440 8 – 

3,1:1 

ɉɨɜɟɪɯɧɨɫɬɶ 
ɉɪɨɞɨɥɶɧɨɟ 515 485 13 38,0 
ɉɨɩɟɪɟɱɧɨɟ 510 480 13 – 

ɋɟɪɟɞɢɧɚ 
ɉɪɨɞɨɥɶɧɨɟ 475 445  14 34,0 
ɉɨɩɟɪɟɱɧɨɟ 460 440 13 – 
ȼɵɫɨɬɧɨɟ 440 410 6 – 

 
Ɍаɛɥɢɰа 2 

ɋɤɥɨɧɧɨɫɬь ɤ ɦɟɠɤɪиɫɬɚɥɥиɬɧɨɣ ɤɨɪɪɨɡии (ɆɄɄ) ɩɨɤɨвɨɤ ɬɨɥɳиɧɨɣ 150 ɦɦ  
иɡ ɫɩɥɚвɚ ɦɚɪɤи 1933 ɫɛɚɥɚɧɫиɪɨвɚɧɧɨɝɨ ɫɨɫɬɚвɚ ɫ ɪɚɡɥичɧɵɦ ɫɨɨɬɧɨɲɟɧиɟɦ Zn ɤ Mg 
ɋɨɨɬɧɨɲɟɧɢɟ 

Zn:Mg 
ɍɫɥɨɜɢя ɨɯɥɚɠɞɟɧɢя 

ɩɪɢ ɡɚɤɚɥɤɟ 
ɋɤɥɨɧɧɨɫɬɶ ɤ ɆɄɄ, ɦɦ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɫɟɪɟɞɢɧɟ 

4,4:1 
ɏɨɥɨɞɧɚя ɜɨɞɚ Ɉɬɫɭɬɫɬɜɭɟɬ 
Ƚɨɪяɱɚя ɜɨɞɚ* 0,05 0,105 

4,1:1 ɏɨɥɨɞɧɚя ɜɨɞɚ Ɉɬɫɭɬɫɬɜɭɟɬ 

3,1:1 
ɏɨɥɨɞɧɚя ɜɨɞɚ Ɉɬɫɭɬɫɬɜɭɟɬ 0,145 
Ƚɨɪяɱɚя ɜɨɞɚ* 0,105 0,175 

* Ɋɚɧɟɟ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ. 
 
Ʉɚɤ ɩɨɤɚɡɚɥɢ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢя ɫɬɪɭɤɬɭɪɵ ɩɨɤɨɜɨɤ 

(ɪɢɫ. 2), ɭɤɚɡɚɧɧɵɟ ɢɡɦɟɧɟɧɢя ɫɜɨɣɫɬɜ ɫɜяɡɚɧɵ ɫɨ ɫɬɟɩɟɧɶɸ ɪɚɫɩɚɞɚ (ɭɫɬɨɣɱɢɜɨɫɬɶɸ) 
ɩɟɪɟɫɵɳɟɧɧɨɝɨ αAl-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫɩɥɚɜɨɜ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜ 
ɩɪɨɰɟɫɫɟ ɡɚɤɚɥɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢя ɰɢɧɤɚ ɢ ɦɚɝɧɢя.  

ȼ ɫɬɪɭɤɬɭɪɟ ɩɟɪɢɮɟɪɢɣɧɵɯ ɡɨɧ ɫɟɱɟɧɢя ɤɨɜɚɧɵɯ ɦɚɫɫɢɜɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ 
ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ, ɡɚɤɚɥɟɧɧɵɯ ɜ ɜɨɞɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 20 ɋ, ɩɨ ɝɪɚɧɢɰɚɦ 
ɫɭɛɡɟɪɟɧ ɨɬɫɭɬɫɬɜɭɸɬ ɜɵɞɟɥɟɧɢя ɮɚɡɵ MgZn2 (ɪɢɫ. 2, а, ɛ) ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɰɢɧɤɚ ɤ 
ɦɚɝɧɢɸ, ɪɚɜɧɨɦ 4,1:1, ɧɨ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɨɬɦɟɱɚɟɬɫя ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɪɚɫɩɚɞ ɬɜɟɪ-
ɞɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨ ɝɪɚɧɢɰɚɦ ɫɭɛɡɟɪɟɧ (ɪɢɫ. 2, ɜ). 

ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨ ɫɟɱɟɧɢɸ ɩɨɤɨɜɨɤ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢя ɰɢɧɤɚ ɤ 
ɦɚɝɧɢɸ, ɪɚɜɧɵɦ γ,1:1, ɡɚɦɟɞɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢя ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɦɭ ɪɚɫɩɚ-
ɞɭ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫя ɜɵɞɟɥɟɧɢɟɦ ɛɨ ɥɶɲɟɝɨ ɤɨɥɢ-
ɱɟɫɬɜɚ ɱɚɫɬɢɰ ɮɚɡɵ MgZn2 ɧɚ ɫɭɛɝɪɚɧɢɰɚɯ (ɪɢɫ. 2, ɝ), ɱɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɚ, ɜɵɪɟ-
ɡɚɧɧɨɝɨ ɢɡ ɰɟɧɬɪɚ ɩɨɤɨɜɤɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɰɢɧɤɚ ɤ ɦɚɝɧɢɸ ɛɨɥɟɟ 4,1:1 (ɪɢɫ. 2, ɛ), ɱɬɨ ɢ 
ɩɪɢɜɟɥɨ ɤ ɡɚɦɟɬɧɨɣ ɪɚɡɧɢɰɟ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɰɟɧ-
ɬɪɚɥɶɧɵɯ ɱɚɫɬɟɣ ɩɨɤɨɜɤɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɰɢɧɤɚ ɤ ɦɚɝɧɢɸ, ɪɚɜɧɵɦ γ,1:1.  

ȼ ɩɨɤɨɜɤɚɯ, ɨɯɥɚɠɞɟɧɧɵɯ ɜ ɝɨɪяɱɟɣ ɜɨɞɟ (ɪɢɫ. 2, ɞ–ɡ), ɧɚ ɝɪɚɧɢɰɚɯ ɫɭɛɡɟɪɟɧ 
ɧɚɛɥɸɞɚɟɬɫя ɪɚɫɩɚɞ αAl-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɰɢɧɤɚ ɢ ɦɚɝɧɢя ɜ 
ɫɩɥɚɜɟ, ɨɞɧɚɤɨ ɩɨ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɟ – ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɮɚɡɵ MgZn2 
ɧɚɛɥɸɞɚɟɬɫя ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨ ɫɟɱɟɧɢɸ ɩɨɤɨɜɤɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ Zn ɤ Mg,  
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ɪɚɜɧɵɦ γ,1:1 (ɪɢɫ. 2, ɡ), ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɨɥɟɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɮɚɡɵ MgZn2 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɡɨɧɚɯ ɩɨɤɨɜɤɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ Zn ɤ Mg, ɪɚɜɧɵɦ 4,1:1 
(ɪɢɫ. 2, ɞ). 

 

ɝ)ɜ) ɞ)

ɟ) ɡ)ɠ)

ɛ)а)

 
 

Ɋɢɫ. 2. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ (ɉɗɆ) ɫɬɪɭɤɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ (а, ɜ, ɞ, ɠ) 
ɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ (ɛ, ɝ, ɟ, ɡ) ɩɨ ɬɨɥɳɢɧɟ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ, ɡɚɤɚɥɟɧɧɵɯ 
ɜ ɯɨɥɨɞɧɨɣ (а–ɝ) ɢ ɝɨɪяɱɟɣ (ɞ–ɡ) ɜɨɞɟ, ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɰɢɧɤɚ ɢ ɦɚɝɧɢя 4,1:1  (а, ɛ, ɞ, ɟ)  
ɢ γ,1:1 (ɜ, ɝ, ɠ, ɡ) 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥя ɞɨɫɬɢɠɟɧɢя ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢя ɰɢɧɤɚ ɤ 

ɦɚɝɧɢɸ ɞɚɠɟ ɦɢɧɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ (ГЧ:εР = 4,1:1), ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɜɵɲɟɧɢɟ 
ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ ɦɚɪɨɱɧɨɝɨ ɫɨɫɬɚɜɚ (ɩɨ ɈɋɌ1 9002θ–80), ɧɟɨɛɯɨ-
ɞɢɦɨ ɫɨɞɟɪɠɚɧɢɟ ɰɢɧɤɚ ɜ ɧɟɦ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɫɬɪɨɝɨ ɧɚ ɜɟɪɯɧɟɦ ɩɪɟɞɟɥɟ, ɜ ɬɨ ɜɪɟɦя ɤɚɤ 
ɫɨɞɟɪɠɚɧɢɟ ɦɚɝɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɦɭ ɫɨɫɬɚɜɭ, ɞɨɥɠɧɨ ɛɵɬɶ ɨɝɪɚ-
ɧɢɱɟɧɨ ɢɧɬɟɪɜɚɥɨɦ ɡɧɚɱɟɧɢɣ 1,θ–1,8 % (ɩɨ ɦɚɫɫɟ) εР, ɛɥɢɡɤɢɯ ɤ ɧɢɠɧɟɦɭ ɩɪɟɞɟɥɭ ɩɨ 
ɈɋɌ1 90026–80, ɩɪɢ ɜɨɡɦɨɠɧɨɦ ɫɭɦɦɚɪɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ГЧ+εР – ɨɬ 7,9η ɞɨ 9,0 % (ɩɨ 
ɦɚɫɫɟ). Ɍɚɤɢɟ ɬɪɟɛɨɜɚɧɢя ɬɪɭɞɧɨ ɜɵɩɨɥɧяɬɶ ɜ ɭɫɥɨɜɢяɯ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥя ɭɥɭɱɲɟɧɢя ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ ɦɚɪɨɱɧɨɝɨ 
ɫɨɫɬɚɜɚ ɨɝɪɚɧɢɱɟɧɚ. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɫɬɚɛɢɥɶɧɨɝɨ ɭɪɨɜɧя ɫɨɨɬɧɨɲɟɧɢя 
ГЧ:εР ɛɨɥɟɟ 4,1:1 ɩɪɢ ɫɭɦɦɚɪɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ГЧ+εР – ɨɬ 8,1 ɞɨ 9,2 % (ɩɨ ɦɚɫɫɟ), 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɧяɬɶ ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɝɪɚɧɢɰɵ ɫɨɞɟɪɠɚɧɢя ɰɢɧɤɚ ɜ ɫɩɥɚɜɟ ɧɚ 0,γ ɢ 
0,2 % (ɩɨ ɦɚɫɫɟ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɪɨɱɧɵɦ ɫɨɫɬɚɜɨɦ ɫɩɥɚɜɚ ɦɚɪɤɢ 
19γγ), ɨɝɪɚɧɢɱɢɜ ɫɨɞɟɪɠɚɧɢɟ ɦɚɝɧɢя ɞɢɚɩɚɡɨɧɨɦ ɡɧɚɱɟɧɢɣ 1,θ–1,85 % (ɩɨ ɦɚɫɫɟ). 

ɇɚ ɩɨɤɨɜɤɟ ɬɨɥɳɢɧɨɣ 1η0 ɦɦ ɢɡ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɫɛɚɥɚɧɫɢɪɨɜɚɧ-
ɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɜɵɫɨɤɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ГЧ:εР (ɛɨɥɟɟ 4,1:1), ɤɨɬɨɪɚя, ɤɚɤ ɩɨɤɚɡɚɥɢ ɪɟ-
ɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶɸ, ɩɨɞɜɟɪɝɧɭɬɨɣ ɜ ɫɜɟ-
ɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɩɪɚɜɤɟ ɫɠɚɬɢɟɦ ɫ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ 2,8 %, ɚ ɡɚɬɟɦ ɫɨ-
ɫɬɚɪɟɧɧɨɣ ɩɨ ɪɟɠɢɦɭ Ɍ2, ɨɩɪɟɞɟɥɟɧɵ ɨɫɬɚɬɨɱɧɵɟ ɡɚɤɚɥɨɱɧɵɟ ɧɚɩɪяɠɟɧɢя (ɬɚɛɥ. γ). 
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Ɍаɛɥɢɰа 3 
ɋɪɚвɧиɬɟɥьɧɵɟ ɩɨɤɚɡɚɬɟɥи ɩɨ ɩɪɨɤɚɥивɚɟɦɨɫɬи ɩɨɤɨвɨɤ иɡ ɫɩɥɚвɚ ɦɚɪɤи 1933  

ɫ ɪɚɡɥичɧɵɦ ɫɨɨɬɧɨɲɟɧиɟɦ Zn ɤ Mg 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 
ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ 

ɍɫɥɨɜɢя ɨɯɥɚɠɞɟɧɢя 
ɩɪɢ ɡɚɤɚɥɤɟ 

(ɧɚɥɢɱɢɟ ɩɪɚɜɤɢ) 

Ɉɫɬɚɬɨɱɧɵɟ 
ɧɚɩɪяɠɟɧɢя,  

Ɇɉɚ 

Ⱦɨɩɭɫɬɢɦɚя ɬɨɥɳɢɧɚ 
ɩɨɤɨɜɤɢ ɩɪɢ ɡɚɤɚɥɤɟ, 

ɦɦ 

ɋɛɚɥɚɧɫɢɪɨɜɚɧɧɵɣ 
(ɫɨɨɬɧɨɲɟɧɢɟ Zn ɤ Mg 

ɛɨɥɟɟ 4,1:1) 

Ɉɯɥɚɠɞɟɧɢɟ 
ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ 
(ɩɪɚɜɤɚ 2,8 %) 

60–80 150 

Ɉɯɥɚɠɞɟɧɢɟ 
ɜ ɝɨɪяɱɟɣ ɜɨɞɟ 
(ɛɟɡ ɩɪɚɜɤɢ) 

90–100 100*–150 

ɋɟɪɢɣɧɵɣ 
(ɫɨɨɬɧɨɲɟɧɢɟ Zn ɤ Mg, 

ɪɚɜɧɨɟ γ,1:1) 

Ɉɯɥɚɠɞɟɧɢɟ 
ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ 
(ɛɟɡ ɩɪɚɜɤɢ) 

160–180 80 

* ɋ ɭɱɟɬɨɦ ɫɤɥɨɧɧɨɫɬɢ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ. 
 
ɂɫɫɥɟɞɨɜɚɧɢя ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɚɜɤɚ ɫɠɚɬɢɟɦ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɩɨɡ-

ɜɨɥяɟɬ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ ɫɨ 1θ0–180 Ɇɉɚ ɜ ɩɨɤɨɜɤɚɯ, ɧɟ ɩɨɞ-
ɜɟɪɝɧɭɬɵɯ ɩɪɚɜɤɟ, ɞɨ 80–90 Ɇɉɚ ɜ ɩɨɤɨɜɤɚɯ ɫ ɩɪɚɜɤɨɣ ɫɠɚɬɢɟɦ. ɉɪɢ ɷɬɨɦ ɩɨɤɨɜɤɚ ɢɡ 
ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɡɚɤɚɥɟɧɧɚя ɩɪɢ ɬɨɥɳɢɧɟ  
1η0 ɦɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɟɪɢɣɧɨɣ ɩɨɤɨɜɤɢ ɚɧɚɥɨɝɢɱɧɵɯ ɝɚɛɚɪɢɬɨɜ, ɢɦɟɟɬ ɨɞɧɨɪɨɞɧɵɟ 
ɫɜɨɣɫɬɜɚ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ, ɚ ɬɚɤɠɟ ɩɪɟɜɨɫɯɨɞɢɬ ɟɟ ɩɨ ɭɪɨɜɧɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨ-
ɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɩɨ ɬɨɥɳɢɧɟ. 

Ɉɯɥɚɠɞɟɧɢɟ ɩɪɢ ɡɚɤɚɥɤɟ ɜ ɝɨɪяɱɟɣ ɜɨɞɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪяɠɟɧɢɣ ɜ 1,γ–1,5 ɪɚɡɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɭɤɪɚɬɧɵɦ ɢɯ ɫɧɢɠɟɧɢɟɦ ɩɨɫɥɟ ɩɪɚɜɤɢ 
ɫɠɚɬɢɟɦ ɜ ɫɜɟɠɟɡɟɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ.  

 
Ɂɚɤɥɸчɟɧия 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɩɥɚɜ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫ 
ɫɭɦɦɚɪɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɰɢɧɤɚ ɢ ɦɚɝɧɢя ɨɬ 8,1 ɞɨ 9,2 % (ɩɨ ɦɚɫɫɟ) ɢ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ГЧ:εР ɛɨɥɟɟ 4,1:1 ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶɸ, ɤɨɬɨɪɚя ɩɨɡɜɨɥяɟɬ ɨɫɭ-
ɳɟɫɬɜɥяɬɶ ɡɚɤɚɥɤɭ ɩɨɤɨɜɨɤ ɬɨɥɳɢɧɨɣ ɞɨ 1η0 ɦɦ ɛɟɡ ɭɯɭɞɲɟɧɢя ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨ-
ɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨ ɬɨɥɳɢɧɟ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ. 

Ⱦɥя ɭɥɭɱɲɟɧɢя ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ ɩɭɬɟɦ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ 
ɥɟɝɢɪɨɜɚɧɢя ɢ ɫɬɚɛɢɥɶɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢя ɜ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ  
ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ГЧ:εР ɛɨɥɟɟ 4:1, ɫɥɟɞɭɟɬ ɩɨɞɧяɬɶ ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɝɪɚɧɢɰɵ  
ɫɨɞɟɪɠɚɧɢя ɰɢɧɤɚ ɜ ɫɩɥɚɜɟ ɧɚ 0,γ ɢ 0,2 % (ɩɨ ɦɚɫɫɟ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɦɚɪɨɱɧɵɦ ɫɨɫɬɚɜɨɦ ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ), ɨɝɪɚɧɢɱɢɜ ɫɨɞɟɪɠɚɧɢɟ ɦɚɝɧɢя ɞɢɚɩɚɡɨɧɨɦ 
ɡɧɚɱɟɧɢɣ 1,θ–1,85 % (ɩɨ ɦɚɫɫɟ). 

Ɉɩɬɢɦɢɡɚɰɢя ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ɦɚɪɤɢ 19γγ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢя ɩɪɨ-
ɤɚɥɢɜɚɟɦɨɫɬɢ ɡɚ ɫɱɟɬ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢя ɰɢɧɤɨɦ ɢ ɦɚɝɧɢɟɦ ɩɪɢ ɫɭɦɦɚɪ-
ɧɨɦ ɢɯ ɫɨɞɟɪɠɚɧɢɢ ɨɬ 8,2 ɞɨ 9,2 % (ɩɨ ɦɚɫɫɟ) ɩɨɡɜɨɥяɟɬ ɩɪɨɜɨɞɢɬɶ ɜ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜ-
ɥɟɧɢя ɩɪɚɜɤɭ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɜɭ-
ɤɪɚɬɧɨɟ ɫɧɢɠɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ ɢ ɩɨɡɜɨɥɢɬ ɧɚ ɚɜɢɚɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɩɟɪɚɰɢɣ ɩɪɚɜɤɢ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɟ, ɫɧɢɡɢɬɶ ɛɪɚɤ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɞɟɬɚɥɟɣ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɬɶ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢя ɦɚɬɟɪɢɚɥɚ. 

ɉɨɥɭɱɟɧɨ, ɱɬɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɫɧɢɠɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɡɚɤɚɥɨɱɧɵɯ ɧɚɩɪяɠɟ-
ɧɢɣ (ɜ 2 ɪɚɡɚ) ɜ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɤɚɯ ɢɡ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ  
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ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɞɨɫɬɢɝɚɟɬɫя ɩɪɚɜɤɨɣ ɫɠɚɬɢɟɦ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɩɨ-
ɫɥɟ ɡɚɤɚɥɤɢ ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪяɠɟɧɢɣ  
(ɜ 1,γ–1,η ɪɚɡɚ) ɩɭɬɟɦ ɡɚɦɟɞɥɟɧɢя ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢя ɩɪɢ ɡɚɤɚɥɤɟ ɜ ɝɨɪяɱɟɣ ɜɨɞɟ. 
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Ɋаɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ, ɬɟɪɦɨɦɟɯаɧɢɱɟɫɤɢɟ ɢ ɩɪɨɱɧɨɫɬɧɵɟ ɯаɪаɤ-
ɬɟɪɢɫɬɢɤɢ ɫɜɹɡɭюɳɟɝɨ ȼɋɗ-62. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢɫɩɵɬаɧɢɣ ɪаɡɪа-
ɛɨɬаɧɧɨɝɨ ɫɜɹɡɭюɳɟɝɨ ɜ ɞɢɧаɦɢɱɟɫɤɨɦ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɪɟɠɢɦаɯ, а ɬаɤɠɟ ɤɢɧɟɬɢɱɟ-
ɫɤɢɟ ɩаɪаɦɟɬɪɵ ɩɪɨɰɟɫɫа ɨɬɜɟɪɠɞɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɞɢаɩаɡɨɧɨɜ ɩɨ-
ɥɭɱɟɧɢɹ ɛɟɡɞɟɮɟɤɬɧɵɯ ɨɬɜɟɪɠɞɟɧɧɵɯ ɨɛɪаɡɰɨɜ. Ɋɟɡɭɥɶɬаɬɵ ɮɢɡɢɤɨ-ɦɟɯаɧɢɱɟɫɤɢɯ ɢɫɩɵ-
ɬаɧɢɣ ɩɨɤаɡɵɜаюɬ, ɱɬɨ ɞаɧɧɨɟ ɫɜɹɡɭюɳɟɟ ɯаɪаɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦɢ ɡɧаɱɟɧɢɹɦɢ ɬɟɦɩɟ-
ɪаɬɭɪɵ ɫɬɟɤɥɨɜаɧɢɹ ɢ ɫɨɯɪаɧɟɧɢɟɦ ɩɨɤаɡаɬɟɥɟɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɢɫɩɵɬаɧɢɹ 
120 °ɋ. Ɉɬɫɭɬɫɬɜɢɟ ɪаɫɬɜɨɪɢɬɟɥɟɣ ɜ ɫɨɫɬаɜɟ ɫɜɹɡɭюɳɟɝɨ ȼɋɗ-62 ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦаɬɟɪɢаɥɨɜ ɫ ɩɨɧɢɠɟɧɧɨɣ ɩɨɪɢɫɬɨɫɬɶю. 

Ключевые слова: ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦаɬɟɪɢаɥɵ, ɷɩɨɤɫɢɞɧɵɟ ɫɜɹɡɭюɳɢɟ, 
ɜаɤɭɭɦɧаɹ ɢɧɮɭɡɢɹ, RTM, ɛɟɡаɜɬɨɤɥаɜɧɨɟ ɮɨɪɦɨɜаɧɢɟ, ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ. 

 
I.V. Terekhov1, A.I. Tkachuk1, K.I. Donetsky1, R.Yu. Karavaev1 
 

TECHNOLOGICAL  AND  OPERATIONAL  CHARACTERISTICS  
OF  THE  VSE-62  LOW-VISCOSITY  EPOXY  RESIN   
WITH  INCREASED  POT  LIFE  AND  ITS  APPLICATION  
 

The paper considers the main physical and chemical and thermomechanical characteristics 
of the VSE-62 epoxy resin. The results of rheological tests of the developed resin in dynamic 
and isothermal modes, as well as the kinetic parameters of the curing process are presented. 
They help to determine the technological conditions for obtaining defect-free cured samples. 
ThО rОsults oП mОМhaniМal tОsts shoа that this rОsin’s sвstОm is МharaМtОriгОН Лв hiРh valuОs oП 
the glass transition temperature and good mechanical properties at test temperature of 120 °C. 
The absence of solvents in the composition of the VSE-62 epoxy resin and its low viscosity 
makes it possible to obtain high-strength materials with reduced porosity. 

Keywords: polymer composite materials, epoxy matrices, vacuum infusion, RTM, out-of-
autoclave molding, pot life. 
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Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɬɪɟɛɭɸɬɫя 
ɦɚɬɟɪɢɚɥɵ ɫ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɭɫɬɚɥɨɫɬɧɵɦ 
ɧɚɝɪɭɡɤɚɦ, ɚ ɬɚɤɠɟ ɬɟɩɥɨ-, ɬɪɟɳɢɧɨ- ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɫɬɶɸ Д1Ж. ɗɬɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɨɛɥɚɞɚɸɬ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɉɄɆ), ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɨɫɧɨɜɟ 
ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɢ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ Д2–4Ж. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɩɨɥɭɱɚɸɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɪɨɩɢɬɤɨɣ ɧɚɩɨɥɧɢɬɟɥя ɫɜяɡɭɸɳɢɦ ɫ ɩɨɥɭɱɟɧɢɟɦ 
ɩɪɟɩɪɟɝɚ, ɜɵɥɨɠɟɧɧɵɦ ɩɨ ɮɨɪɦɟ ɢɡɞɟɥɢя, ɢ ɟɝɨ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɜɟɪɠɞɟɧɢɟɦ ɜ 
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ɚɜɬɨɤɥɚɜɟ ɩɪɢ ɢɡɛɵɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ Д4–7Ж. Ⱦɚɧɧɵɟ ɢɡɞɟɥɢя ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɦɚɫɫɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥɥɚɦɢ, ɨɞɧɚɤɨ ɨɧɢ 
ɨɛɥɚɞɚɸɬ ɨɞɧɢɦ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ – ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɡɚ ɫɱɟɬ 
ɦɧɨɝɨɫɬɚɞɢɣɧɨɫɬɢ ɩɨɥɭɱɟɧɢя ɢɡɞɟɥɢɣ, ɜɵɫɨɤɨɣ ɞɨɥɢ ɪɭɱɧɨɝɨ ɬɪɭɞɚ ɩɪɢ ɜɵɤɥɚɞɤɟ 
ɩɪɟɩɪɟɝɚ ɢ ɜɵɫɨɤɨɣ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɚɜɬɨɤɥɚɜɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢя Д4, 8, 9]. 

ȼ ɫɜяɡɢ ɫ ɷɬɢɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɜ ɤɨɧɰɟ ɏɏ ɜɟɤɚ ɧɚɱɚɥɢ ɲɢɪɨɤɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢ 
ɩɪɢɦɟɧяɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢя ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɦɟɬɨɞɵ 
ɠɢɞɤɨɫɬɧɨɝɨ ɮɨɪɦɨɜɚɧɢя ɤɨɦɩɨɡɢɬɨɜ (liquid composite moulding – LCM) [11–13]. 
Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɩɨɡɜɨɥяɸɬ ɩɨɥɭɱɚɬɶ ɢɡɞɟɥɢя ɫɥɨɠɧɨɣ ɮɨɪɦɵ (ɫ ɞɜɨɣɧɨɣ ɤɪɢɜɢɡɧɨɣ ɢ 
ɨɫɬɪɵɦɢ ɭɝɥɚɦɢ) ɫ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɩɪɢ ɷɬɨɦ ɬɚɤɠɟ ɫɧɢɠɚɸɬɫя ɫɬɨɢɦɨɫɬɶ ɢ 
ɨɬɯɨɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ Д11–14]. 

ɋɚɦɵɟ ɲɢɪɨɤɨɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɦɟɬɨɞɵ LCM – ɷɬɨ ɩɪɨɩɢɬɤɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 
(resin transfer moulding – RTM) ɢ ɜɚɤɭɭɦɧɚя ɢɧɮɭɡɢя ɢɥɢ ɩɪɨɩɢɬɤɚ ɩɨɞ ɜɚɤɭɭɦɨɦ 
(vacuum assisted resin transfer moulding – VaRTM) Д11, 12, 1ηЖ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɢ 
ɦɟɬɨɞɵ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɚɥɨɧɚɝɪɭɠɟɧɧɵɯ ɢɡɞɟɥɢɣ – 
ɧɚɩɪɢɦɟɪ, ɥɨɞɨɤ, яɯɬ ɢ ɫɩɨɪɬɢɧɜɟɧɬɚɪя, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɟɦɵɟ ɷɩɨɤɫɢɞɧɵɟ ɤɨɦɩɨɡɢɰɢɢ 
ɧɟ ɨɛɥɚɞɚɥɢ ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɞɥя ɩɨɥɭɱɟɧɢя ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢɡɞɟɥɢɣ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢя. Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя, ɜ ɫɜяɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɧɚɭɤɢ ɢ 
ɬɟɯɧɢɤɢ, ɷɩɨɤɫɢɞɧɵɟ ɫɜяɡɭɸɳɢɟ ɞɥя ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚɯɨɞяɬ ɜɫɟ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ 
ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɟ. 

ɉɪɨɰɟɫɫ RTM ɨɫɧɨɜɚɧ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɚɯ, ɫɨɫɬɨяɳɢɯ ɢɡ 
ɜɵɤɥɚɞɤɢ ɩɪɟɮɨɪɦɵ ɜɨɥɨɤɧɢɫɬɨɝɨ ɧɚɩɨɥɧɢɬɟɥя ɜ ɡɚɞɚɧɧɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ, 
ɩɪɨɩɢɬɤɢ ɩɪɟɮɨɪɦɵ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɫɜяɡɭɸɳɢɦ ɫ ɧɢɡɤɨɣ ɜяɡɤɨɫɬɶɸ ɢ ɨɬɜɟɪɠɞɟɧɢя 
ɢɡɞɟɥɢя ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɡɚɤɪɵɬɨɣ ɮɨɪɦɟ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. ɉɪɨɰɟɫɫ 
ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ ɫɯɨɠ ɫ ɩɪɨɰɟɫɫɨɦ ɩɪɨɩɢɬɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɨɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɪɢɦɟɧяɟɬɫя ɞɚɜɥɟɧɢɟ ɜɚɤɭɭɦɚ ɜɦɟɫɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢя ɩɪɢ ɩɪɨɩɢɬɤɟ ɢ 
ɨɬɜɟɪɠɞɟɧɢɢ ɩɪɟɮɨɪɦ Д12, 1θ, 17Ж. ɋɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ 
яɜɥяɟɬɫя ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɫɬɵɯ ɢ ɞɨɫɬɭɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɫɧɚɫɬɤɢ ɢ 
ɜɚɤɭɭɦɧɨɝɨ ɩɚɤɟɬɚ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ VКRTε ɜɨɡɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɤɨɪɩɭɫ яɯɬɵ ɢɥɢ ɤɪɵɥɨ ɫɚɦɨɥɟɬɚ. 

ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɢɧɮɭɡɢɢ ɜ ɫɦɨɥɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫя 
ɩɭɫɬɨɬɵ Д1θ, 17Ж – ɤɚɤ ɜɧɭɬɪɢ ɬɨɥɳɢ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢя. Ɍɚɤɢɟ 
ɩɭɫɬɨɬɵ ɨɛɪɚɡɭɸɬɫя ɢɡ-ɡɚ ɪɚɡɥɢɱɧɵɯ ɩɪɨɛɥɟɦ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɬɚɤɢɯ ɤɚɤ ɭɬɟɱɤɚ ɢɡ ɜɚɤɭɭɦɧɨɝɨ ɩɚɤɟɬɚ, ɩɥɨɯɚя ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɫɜяɡɭɸɳɟɝɨ, ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɭɩɥɨɬɧɟɧɢя ɦɟɠɞɭ ɫɥɨяɦɢ ɢ ɩɪɨɱɟɟ. Ɍɚɤɢɟ ɞɟɮɟɤɬɵ 
ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɬɶ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɢ 
ɷɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɨɩɪɟɞɟɥяɟɦɵɟ ɦɚɬɪɢɰɟɣ, ɢɦɟɸɬ ɛɨɥɶɲɟɟ ɜɥɢяɧɢɟ ɧɚ 
ɩɨɜɟɞɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ Д18Ж. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɫɜяɡɭɸɳɢɯ, ɩɪɢɦɟɧяɟɦɵɯ ɞɥя ɩɪɨɩɢɬɤɢ ɧɚɩɨɥɧɢɬɟɥя ɦɟɬɨɞɚɦɢ RTM ɢ VɚRTM, 
ɭɞɟɥяɬɶ ɜɧɢɦɚɧɢɟ ɢɯ ɜяɡɤɨɫɬɢ ɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɩɨɜɵɲɟɧɧɚя 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɢ ɧɢɡɤɚя ɜяɡɤɨɫɬɶ ɫɩɨɫɨɛɫɬɜɭɸɬ ɧɟ ɬɨɥɶɤɨ ɩɨɥɭɱɟɧɢɸ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɢɡɞɟɥɢɣ, ɧɨ ɬɚɤɠɟ ɡɚɩɨɥɧɟɧɢɸ ɨɛɪɚɡɭɸɳɢɯɫя ɩɭɫɬɨɬ ɞɚɠɟ ɩɪɢ 
ɧɢɡɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɪɟɮɨɪɦɵ ɫɜяɡɭɸɳɢɦ. 

ɇɚɤɨɩɥɟɧɧɵɣ ɨɩɵɬ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɡɜɨɥɢɥ 
ɪɚɡɪɚɛɨɬɚɬɶ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɨɛɲɢɪɧɭɸ ɧɨɦɟɧɤɥɚɬɭɪɭ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɯ ɫɜяɡɭɸɳɢɯ 
ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɵɯ, ɛɢɫɦɚɥɟɢɦɢɞɧɵɯ ɫɦɨɥ, ɜɢɧɢɥɷɮɢɪɧɵɯ ɢ ɰɢɚɧɨɜɵɯ ɷɮɢɪɨɜ, 
ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨ ɛɟɡɚɜɬɨɤɥɚɜɧɵɦ ɬɟɯɧɨɥɨɝɢяɦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞяɬɫя 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ 
ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «ȼɂȺɆ» ɫ ɩɨɜɵɲɟɧɧɨɣ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶɸ, 
ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɧɚ ɟɝɨ ɨɫɧɨɜɟ.  
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 13.1. 
«ɋɜяɡɭɸɳɢɟ ɞɥя ɩɨɥɢɦɟɪɧɵɯ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɢ 
ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢя» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢя ɪɚɡɜɢɬɢя ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д19Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ɂɫɯɨɞɧɵɟ ɪɟаɝɟɧɬɵ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɨ ɷɩɨɤɫɢɞɧɨɟ ɫɜяɡɭɸɳɟɟ ɦɚɪɤɢ ȼɋɗ-62 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɎȽɍɉ «ȼɂȺɆ» ɢ ɭɝɥɟɪɨɞɧɚя ɨɛɴɟɦɧɨ-ɚɪɦɢɪɭɸɳɚя ɩɪɟɮɨɪɦɚ ɧɚ ɨɫɧɨɜɟ 
ɭɝɥɟɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ ɦɚɪɤɢ UεT49-12Ʉ-EP ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ «ɘɦɚɬɟɤɫ» 
ɧɨɦɢɧɚɥɨɦ 12 ɬɟɤɫ. 

 
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜаɧɢɹ 

Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢя ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɨɬɚɰɢɨɧɧɨɦ ɜɢɡɤɨɡɢɦɟɬɪɟ 
Ȼɪɭɤɮɢɥɶɞɚ ɦɚɪɤɢ DV2TδV. ȼɪɟɦя ɝɟɥɟɨɛɪɚɡɨɜɚɧɢя ɢɡɦɟɪяɥɢ ɧɚ ɝɟɥɶɬɚɣɦɟɪɟ GОХЭТЦОr 
GОХЧШrЦ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢя ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ 
ɤɚɥɨɪɢɦɟɬɪɟ ɮɢɪɦɵ NОЭгsМС (Ƚɟɪɦɚɧɢя) ɫ ɢɧɬɟɪɜɚɥɨɦ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –100 ɞɨ 
+400 °ɋ ɢ ɞɢɚɩɚɡɨɧɨɦ ɫɤɨɪɨɫɬɟɣ ɧɚɝɪɟɜɚ ɨɬ 1 ɞɨ 20 °ɋ/ɦɢɧ. Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵ-
ɬɚɧɢя ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɢɛɨɪɟ DεA 242 C ɮɢɪɦɵ NОЭгsМС (Ƚɟɪɦɚɧɢя) ɫ ɞɢɚɩɚɡɨɧɨɦ ɪɚ-
ɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –170 ɞɨ +θ00 °ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 0,01–20 Ʉ/ɦɢɧ. Ⱦɥя ɩɪɨɜɟ-
ɞɟɧɢя ɢɫɩɵɬɚɧɢя ɝɨɬɨɜɢɥɢ ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɨɦ 10×η0 ɦɦ. Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚ-
ɧɢя ɧɚ ɪɚɫɬяɠɟɧɢɟ (ȽɈɋɌ 112θ2–2017) ɢ ɫɬɚɬɢɱɟɫɤɢɣ ɢɡɝɢɛ (ȽɈɋɌ 4θ48–2014) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 20 ɢ 120 °ɋ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɟ Zwick/Roell KAPPA 50DS. 
Ⱦɥя ɤɚɠɞɨɣ ɫɟɪɢɢ ɢɫɩɵɬɚɧɢɣ ɜɵɛɪɚɧɨ ɩɨ θ ɨɛɪɚɡɰɨɜ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ  
ȼɋɗ-θ2. ɂɫɫɥɟɞɨɜɚɧɢя ɦɢɤɪɨɫɬɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ 
ɤɨɦɩɥɟɤɫɟ ɮɢɪɦɵ Leica ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ×12,η. ɋɴɟɦɤɭ ɢɡɨɛɪɚɠɟɧɢɣ ɜɟɥɢ ɩɪɢ ɩɨɦɨɳɢ 
ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɵ VEC-γγη, ɩɨɞɝɨɬɨɜɤɭ ɢɡɨɛɪɚɠɟɧɢɣ ɤ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦɭ ɚɧɚɥɢɡɭ ɢ ɢɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɜɵɩɨɥɧяɥɢ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ Image 
Expert Pro3x. Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɪɢɫɬɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɲɥɢɮɨɜ ɩɪɨɜɨɞɢɥɢ 
ɫɨɝɥɚɫɧɨ Ɇɂ 1.2.018–2010. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɭɥɶɪɚɡɜɭɤɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɞɟɮɟɤɬɨɫɤɨɩ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ OmniScan MX (Olympus NDT) ɜ ɤɨɦɩɥɟɤɬɟ ɫ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɟɦ ɧɚ ɮɚɡɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɟ Olympus NDT 5L64-NW1 ɫ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɨɣ η ɆȽɰ, 
ɡɚɤɪɟɩɥɟɧɧɵɦ ɧɚ ɩɪɢɡɦɟ SNW1-0L-IHC-C. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɩɨ  
ɌɊ 1.2.221η–2011. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɫɜяɡɭɸɳɢɯ, ɩɪɢɝɨɞɧɵɯ ɞɥя ɩɨɥɭɱɟɧɢя ɉɄɆ ɦɟɬɨ-
ɞɚɦɢ ɩɪɨɩɢɬɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɢɥɢ ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ, ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɧɢɡɤɨɣ ɜяɡ-
ɤɨɫɬɶɸ ɪɚɫɩɥɚɜɚ (ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ <0,θ ɉɚ·ɫ – ɞɥя ɜɚɤɭɭɦɧɨɣ ɢɧɮɭɡɢɢ ɢ <1 ɉɚ·ɫ – ɞɥя 
ɩɪɨɩɢɬɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɩɢɬɤɢ) ɢ ɫɨɯɪɚɧяɬɶ ɞɚɧɧɭɸ ɜяɡɤɨɫɬɶ ɜɨ 
ɜɪɟɦя ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɫɜяɡɭɸɳɢɦ ɧɚɩɨɥɧɢɬɟɥя. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ 
ɡɧɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ ɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚɤɨɩ-
ɥɟɧɧɚя ɢɧɮɨɪɦɚɰɢя ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɢɟɦɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɜɵ-
ɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜяɡɤɨɫɬɢ. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ 
ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢя ɡɚɜɢɫɢɦɨɫɬɢ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ 
ȼɋɗ-θ2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥя ɷɬɨɝɨ ɩɪɢɦɟɧɟɧ ɜɢɫɤɨɡɢɦɟɬɪ Ȼɪɭɤɮɢɥɶɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɨɬɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢя ɜяɡɤɨɫɬɢ ɜ ɞɜɭɯ ɪɟɠɢɦɚɯ – ɞɢɧɚɦɢɱɟɫɤɨɦ ɢ ɢɡɨɬɟɪ-
ɦɢɱɟɫɤɨɦ (ɪɢɫ. 1 ɢ 2). 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɨɬ ɜɪɟɦɟɧɢ  
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 70 (1), 90 (2), 100 (3) ɢ 110 °ɋ (4) 

 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɢɞɧɨ, ɱɬɨ ɷɩɨɤɫɢɞɧɨɟ ɫɜяɡɭɸɳɟɟ ȼɋɗ-θ2 ɞɨ-

ɫɬɢɝɚɟɬ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥя ɩɪɨɩɢɬɤɢ ɡɧɚɱɟɧɢɣ ɜяɡɤɨɫɬɢ <0,θ ɉɚ·ɫ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
60 °ɋ (ɜяɡɤɨɫɬɶ ɫɨɫɬɚɜɥяɟɬ 0,41 ɉɚ·ɫ), ɩɪɢ ɷɬɨɦ ɨɧɨ ɫɨɯɪɚɧяɟɬ ɜɵɫɨɤɭɸ ɠɢɡɧɟɫɩɨɫɨɛ-
ɧɨɫɬɶ >θ,η ɱ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 110 °ɋ. Ɍɚɤ, ɜяɡɤɨɫɬɶ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɩɪɢ ɜɵ-
ɞɟɪɠɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ ɜ ɬɟɱɟɧɢɟ θ,η ɱ ɭɜɟɥɢɱɢɜɚɟɬɫя ɫ 0,03 ɉɚ·ɫ ɜɫɟɝɨ ɞɨ 
0,1 ɉɚ·ɫ. Ȼɥɚɝɨɞɚɪя ɷɬɨɦɭ ɞɚɧɧɵɦ ɫɜяɡɭɸɳɢɦ ɦɨɠɧɨ ɩɪɨɩɢɬɵɜɚɬɶ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ 
ɢɡɞɟɥɢя, ɩɪɢ ɷɬɨɦ ɡɚ ɫɱɟɬ ɫɜɨɟɣ ɨɱɟɧɶ ɧɢɡɤɨɣ ɜяɡɤɨɫɬɢ ɜ ɬɟɱɟɧɢɟ ɩɨɱɬɢ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ 
ɨɧɨ ɧɟ ɞɨɥɠɧɨ ɨɛɪɚɡɨɜɵɜɚɬɶ ɩɭɫɬɨɬɵ ɜ ɦɚɬɟɪɢɚɥɟ, ɩɪɢɜɨɞяɳɢɟ ɤ ɭɯɭɞɲɟɧɢɸ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɇɨɠɧɨ ɬɚɤɠɟ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɨɟ ɫɜяɡɭɸɳɟɟ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢ ɩɪɢɝɨɞɧɨ ɞɥя ɲɢɪɨɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя, ɪɚɛɨɬɚɸɳɟ-
ɝɨ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɟɞɟɥɚɯ. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɫɜяɡɭɸɳɟɟ ȼɋɗ-θ2 ɯɨɪɨɲɨ ɫɨɯɪɚɧяɟɬ ɫɜɨɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɩɪɢ ɯɪɚɧɟɧɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɚɤ, ɜяɡɤɨɫɬɶ ɤɨɦɩɨɡɢɰɢɢ ɩɪɢ 
100 °ɋ ɩɨɫɥɟ 20 ɞɧɟɣ ɯɪɚɧɟɧɢя ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɜɟɥɢɱɢɜɚɟɬɫя ɞɨ 0,0η ɉɚ·ɫ, 
ɚ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɟ ɩɪɢ 100 °ɋ ɜ ɬɟɱɟɧɢɟ θ,η ɱ – ɞɨ 0,γ4 ɉɚ·ɫ (ɪɢɫ. 3). 

Ɇɟɬɨɞɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ) ɬɚɤɠɟ 
ɩɪɨɜɨɞɢɥɨɫɶ ɨɩɪɟɞɟɥɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢя 
ɷɩɨɤɫɢɞɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɢ ɫɬɟɩɟɧɢ ɟɝɨ ɨɬɜɟɪɠɞɟɧɢя (ɪɢɫ. 4). ɂɡ ɬɢɩɢɱɧɵɯ 
ɤɪɢɜɵɯ ȾɋɄ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɡɨɧɭ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ, ɤɨɬɨɪɵɣ ɩɪɨɬɟɤɚɟɬ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɢɧɬɟɪɜɚɥɟ 100–180 °ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɧɨɜɧɨɝɨ ɩɢɤɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥяɸɬ 140–145 °ɋ. 
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Ɋɢɫ. γ. Ɂɚɜɢɫɢɦɨɫɬɶ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 (20 ɞɧɟɣ ɯɪɚɧɟɧɢя ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2η °ɋ)  

ɨɬ ɜɪɟɦɟɧɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °C 
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Ɋɢɫ. 4. Ʉɪɢɜɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɞɜɭɯ ɨɛɪɚɡɰɨɜ  
ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɞɨ ɨɬɜɟɪɠɞɟɧɢя ɢ ɩɨɫɥɟ ɨɬɜɟɪɠɞɟɧɢя (ɫɤɚɧɢɪɭɸɳɢɣ ɪɟɠɢɦ  

ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 20–250 °ɋ, ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ 10 °ɋ/ɦɢɧ, ɚɬɦɨɫɮɟɪɚ – ɜɨɡɞɭɯ) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɪɟɨ-

ɥɨɝɢɱɟɫɤɢɦɢ ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɨɩɢɬɤɭ ɞɚɧɧɵɦ ɫɜяɡɭ-
ɸɳɢɦ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥяɬɶ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (70–100 °ɋ) ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɟɪɟɪɚɛɨɬɤɢ (RTε ɢɥɢ ɜɚɤɭɭɦɧɚя ɢɧɮɭɡɢя); ɚɤɬɢɜɧɚя ɪɟɚɤ-
ɰɢя ɨɬɜɟɪɠɞɟɧɢя ɩɪɢ ɷɬɨɦ ɧɚɱɢɧɚɟɬɫя ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >110 °ɋ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɬɨɱɤɢ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢя ɠɟɥɚɬɟɥɶɧɨ ɞɨɫɬɢɱɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɢ ɤɨɬɨɪɵɯ ɧɟ ɩɪɨ-
ɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɵɞɟɥɟɧɢя ɬɟɩɥɚ. Ⱦɥя ɷɬɨɝɨ ɢɡɦɟɪɟɧɨ ɜɪɟɦя ɝɟɥɟɨɛɪɚɡɨɜɚɧɢя 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 140 °ɋ, ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɢɥɨ 1η7 ɦɢɧ. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɨɩɬɢɦɚɥɶɧɵɦɢ ɪɟ-
ɠɢɦɚɦɢ ɨɬɜɟɪɠɞɟɧɢя яɜɥяɸɬɫя ɧɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1γ0–145 °ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟ-
ɜɚ 1–2 °ɋ/ɦɢɧ, ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ ɬɨɱɤɢ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢя ɫ ɩɨɫɥɟɞɭɸ-
ɳɢɦ ɧɚɝɪɟɜɨɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 180 °ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 1–2 °ɋ/ɦɢɧ ɢ ɜɵɞɟɪɠɤɨɣ 
ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɦɟɧɟɟ 2 ɱ ɞɨ ɞɨɫɬɢɠɟɧɢя ɩɨɥɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢя, ɤɨɬɨɪɨɟ ɩɨɞ-
ɬɜɟɪɠɞɚɥɨɫɶ ɦɟɬɨɞɨɦ ȾɋɄ (ɫɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢя ɫɨɫɬɚɜɢɥɚ з98,η%). ɇɢɡɤɢɣ ɬɟɩɥɨɜɨɣ 
ɷɮɮɟɤɬ ɬɚɤɠɟ яɜɥяɟɬɫя ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ, ɬɚɤ ɤɚɤ ɟɝɨ ɦɨɠɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɬɨɥɫɬɨɫɬɟɧɧɵɯ ɢɡɞɟɥɢɣ, ɧɟ ɛɨяɫɶ ɥɨɤɚɥɶɧɵɯ ɩɟɪɟɝɪɟɜɨɜ ɫɜя-
ɡɭɸɳɟɝɨ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɞɟɮɟɤɬɚɦ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɞɨɛɪɚɧɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɪɟɠɢɦɨɦ ɢɡɝɨɬɨɜɥɟɧɵ ɨɬɜɟɪ-
ɠɞɟɧɧɵɟ ɨɬɥɢɜɤɢ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɞɥя ɢɫɫɥɟɞɨɜɚɧɢя ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɩɪɨɱ-
ɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. Ɉɛɪɚɡɰɵ 
ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɜ ɨɬɤɪɵɬɵɯ ɮɨɪɦɚɯ ɢ ɨɬɜɟɪɠɞɚɥɢ ɩɨ ɭɤɚɡɚɧɧɨɦɭ ɪɟɠɢɦɭ ɜ ɜɚɤɭɭɦɧɨɦ 
ɲɤɚɮɭ. 
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Ɍаɛɥɢɰа 1 
Ɏиɡиɤɨ-ɦɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɨɛɪɚɡɰɚ ɷɩɨɤɫиɞɧɨɝɨ ɫвяɡɭɸɳɟɝɨ ɦɚɪɤи ȼɋɗ-62 

в ɫɪɚвɧɟɧии ɫ ɡɚɪɭɛɟɠɧɵɦи ɚɧɚɥɨɝɚɦи 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢя ɫɜɨɣɫɬɜ ɞɥя ɫɜяɡɭɸɳɟɝɨ ɦɚɪɤɢ 

ȼɋɗ-62 

HОбFХШа® 
RTM 6 
(ɮɢɪɦɚ 
Hexcel) 

PRISM EP2400 
(ɮɢɪɦɚ Cytec) 

ȼяɡɤɨɫɬɶ ɫɜяɡɭɸɳɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ ɩɨɫɥɟ  
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ  
ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ θ,η ɱ, ɉɚ·ɫ 

0,09 – 0,2 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢя, °ɋ 171 200 179 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɩɪɢ 20 °ɋ, Ɇɉɚ 91 75 95 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
20 °ɋ, Ƚɉɚ 2,9 2,9 3,4 

ɍɞɥɢɧɟɧɢɟ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ, % 2,4 3,4 7,2 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ ɨɬɜɟɪɠɞɟɧɧɵɯ  
ɨɬɥɢɜɨɤ ɫɜяɡɭɸɳɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ, Ɇɉɚ 145 132 150 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  
20 °ɋ, Ƚɉɚ 

3,4 3,3 3,6 

ȼɪɟɦя ɝɟɥɟɨɛɪɚɡɨɜɚɧɢя ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 140 °ɋ, ɦɢɧ 157 95 – 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɨɬɜɟɪɠɞɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-62 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫя 
ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɢ ɪɚɫɬяɠɟɧɢɢ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɫɬɟɤɥɨɜɚɧɢя >170 °ɋ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɨɛɟɫɩɟɱɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ ɧɚ 
ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɩɪɢ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 120 °ɋ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɨɟ ɫɜяɡɭɸɳɟɟ ɧɟ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 
ɜɵɫɨɤɨɤɢɩяɳɢɯ ɢɧɟɪɬɧɵɯ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, ɪɚɡɛɚɜɢɬɟɥɟɣ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ 
ɜɟɳɟɫɬɜ, ɱɬɨ ɬɚɤɠɟ яɜɥяɟɬɫя ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɟɪɟɞ ɦɧɨɝɢɦɢ 
ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɜяɡɭɸɳɢɦɢ, ɬɚɤ ɤɚɤ ɨɧɢ ɦɨɝɭɬ ɫɧɢɠɚɬɶ ɞɪɭɝɢɟ ɜɚɠɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɧɚɩɪɢɦɟɪ, ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ, ɜɥɚɝɨɫɬɨɣɤɨɫɬɶ ɢ ɫɬɨɣɤɨɫɬɶ ɤ 
ɜɨɡɞɟɣɫɬɜɢɸ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɫɨ ɜɪɟɦɟɧɟɦ 
ɜɵɫɚɥɢɜɚɬɶɫя ɢ ɜɵɦɵɜɚɬɶɫя ɢɡ ɦɚɬɟɪɢɚɥɚ ɢɡɞɟɥɢя, ɭɯɭɞɲɚя ɫɜɨɣɫɬɜɚ ɩɨɫɥɟɞɧɟɝɨ. 
ɋɨɱɟɬɚɧɢя ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɧɢɡɤɨɣ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɜ ɫɜяɡɭɸɳɟɦ ȼɋɗ-62 
ɭɞɚɥɨɫɶ ɞɨɫɬɢɱɶ ɩɭɬɟɦ ɬɳɚɬɟɥɶɧɨɝɨ ɩɨɞɛɨɪɚ ɪяɞɚ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɢ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɫɩɨɫɨɛɧɵɯ ɨɛɟɫɩɟɱɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɛɭɟɦɨɣ ɩɥɨɬɧɨɫɬɢ ɫɲɢɜɤɢ ɢ ɭɩɚɤɨɜɤɢ 
ɨɬɜɟɪɠɞɟɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. 

Ⱦɥя ɩɪɨɜɟɪɤɢ ɫɜɨɣɫɬɜ ɞɚɧɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɞɥя 
ɭɝɥɟɩɥɚɫɬɢɤɚ, ɦɟɬɨɞɨɦ ɢɧɮɭɡɢɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ 
ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɭɸɳɟɣ ɩɥɟɬɟɧɨɣ ɩɪɟɮɨɪɦɵ. ɋɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 
ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. ȼɢɞɧɨ, ɱɬɨ ɭɝɥɟɩɥɚɫɬɢɤ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɝɨ 
ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɢ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɭɸɳɟɣ ɩɥɟɬɟɧɨɣ ɩɪɟɮɨɪɦɵ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ 
ɩɪɨɱɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɪɢ ɷɬɨɦ ɨɧ ɫɨɯɪɚɧяɟɬ ɷɬɢ ɫɜɨɣɫɬɜɚ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (120 °ɋ). Ɍɚɤ, ɫɨɯɪɚɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɫɨɫɬɚɜɥяɟɬ з8η %, ɚ 
ɭɞɚɪɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɨ ɒɚɪɩɢ 8θ %. 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ (ɪɢɫ. η). Ⱦɥя 
ɨɰɟɧɤɢ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɩɨɪ ɫɭɦɦɚɪɧɭɸ ɩɥɨɳɚɞɶ ɜɫɟɯ ɨɛɧɚɪɭɠɟɧɧɵɯ ɧɚ ɲɥɢɮɟ ɩɨɪ 
ɨɬɧɨɫɢɥɢ ɤ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɲɥɢɮɚ. ȼɢɞɧɨ, ɱɬɨ ɩɨɪ ɧɚ ɨɛɪɚɡɰɚɯ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɟ 
ɨɛɧɚɪɭɠɟɧɨ. 
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Ɍаɛɥɢɰа 2 
Ɏиɡиɤɨ-ɦɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɨɛɪɚɡɰɨв ɭɝɥɟɩɥɚɫɬиɤɚ ɧɚ ɨɫɧɨвɟ ɷɩɨɤɫиɞɧɨɝɨ 

ɫвяɡɭɸɳɟɝɨ ɦɚɪɤи ȼɋɗ-62 и ɨɛɴɟɦɧɨ-ɚɪɦиɪɭɸɳɟɣ ɩɥɟɬɟɧɨɣ ɩɪɟɮɨɪɦɵ 
ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢя ɫɜɨɣɫɬɜ 

ɉɥɨɬɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɝ/ɫɦ3 1,5234 
ɍɞɚɪɧɚя ɩɪɨɱɧɨɫɬɶ ɩɨ ɒɚɪɩɢ, ɤȾɠ/ɦ2, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, °ɋ: 

20 
120 

 
159 
138 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ, Ɇɉɚ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, °ɋ: 
20 
120 

 
580 
490 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ƚɉɚ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, °ɋ: 
20 
120 

 
29 
17 

 

 
Ɋɢɫ. η. ɉɚɧɨɪɚɦɧɵɣ ɫɧɢɦɨɤ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɚ ɭɝɥɟɩɥɚɫɬɢɤɚ 

 
ɉɪɢ ɫɤɚɧɢɪɨɜɚɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɧɚ ɮɚɡɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɟ ɜɵɫɨɤɨɱɚɫɬɨɬ-

ɧɵɦ ɷɯɨ-ɢɦɩɭɥɶɫɧɵɦ ɦɟɬɨɞɨɦ ɫ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤɨɧɬɪɨɥя, ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɜɵяɜɥɟ-
ɧɢɸ ɩɥɨɫɤɨɞɨɧɧɨɝɨ ɨɬɪɚɠɚɬɟɥя ɞɢɚɦɟɬɪɨɦ η ɦɦ, ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɨɛɪɚɡɰɚ ɧɟɫɩɥɨɲɧɨ-
ɫɬɟɣ (ɞɟɮɟɤɬɨɜ) ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɉɨɞɬɜɟɪɠɞɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɜ ɬɨɥɳɟ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ 
ɩɨɪɵ ɨɬɫɭɬɫɬɜɭɸɬ. ɗɬɨ яɜɥяɟɬɫя ɜɚɠɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɜɵɫɨɤɨɧɚɩɨɥɧɟɧ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɯ ɩɪɟɮɨɪɦ. 

 
Ɂɚɤɥɸчɟɧия 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜяɡɤɨɫɬɢ ɢ ɪɟɚɤɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɫɜяɡɭɸɳɟɝɨ ȼɋɗ-θ2 ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɜяɡɭɸɳɟɟ ɨɛɥɚɞɚɟɬ ɩɨɞɯɨɞяɳɢɦɢ ɪɟɨɥɨɝɢɱɟ-
ɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɥя ɩɪɨɩɢɬɤɢ ɧɚɩɨɥɧɢɬɟɥя ɦɟɬɨɞɚɦɢ RTM ɢ VɚRTM ɜ ɲɢɪɨ-
ɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɂɧɚɱɢɬɟɥɶɧɚя ɷɤɡɨɬɟɪɦɢɱɟ-
ɫɤɚя ɪɟɚɤɰɢя ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫя ɬɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >140 °ɋ, ɢɫɯɨɞя ɢɡ ɱɟɝɨ 
ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɭɞɨɛɧɵɣ ɪɟɠɢɦ ɨɬɜɟɪɠɞɟɧɢя ɜ ɞɜɟ ɫɬɚɞɢɢ. ɋɜяɡɭɸɳɟɟ ȼɋɗ-θ2 ɨɛɥɚ-
ɞɚɟɬ ɩɨɜɵɲɟɧɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ 14η Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢя 171 °ɋ), ɱɬɨ ɩɨɡɜɨɥяɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬяɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɜɵɫɨɤɨɩɪɨɱɧɵɯ 
ɭɝɥɟ- ɢ ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 120 °ɋ. ɋɜɨɣɫɬɜɚ ɫɜяɡɭɸɳɟɝɨ  
ȼɋɗ-θ2 ɩɨɞɬɜɟɪɠɞɟɧɵ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ 
ɧɚ ɨɫɧɨɜɟ ɨɛɴɟɦɧɨ-ɚɪɦɢɪɨɜɚɧɧɨɣ ɩɥɟɬɟɧɨɣ ɩɪɟɮɨɪɦɵ. ɉɨɥɭɱɟɧɧɵɟ ɭɝɥɟɩɥɚɫɬɢɤɢ ɩɨ-
ɤɚɡɚɥɢ ɯɨɪɨɲɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ, ɬɚɤ ɢ ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɤɚɡɚɧɨ ɬɚɤɠɟ, ɱɬɨ ɛɥɚɝɨɞɚɪя ɧɢɡɤɨɣ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɟɝɨ 
ȼɋɗ-θ2 ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɦɚɬɟɪɢɚɥɵ ɛɟɡ ɩɨɪ ɜ ɬɨɥɳɟ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢя. 

 
Ȼиɛɥиɨɝɪɚɮичɟɫɤиɣ ɫɩиɫɨɤ 
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ɋɬаɬɶɹ ɩɨɫɜɹɳɟɧа аɤɬɭаɥɶɧɨɣ ɜ ɧаɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɟ аɜɬɨɦаɬɢɡаɰɢɢ ɩɪɨɰɟɫ-
ɫа ɜɵɤɥаɞɤɢ ɡаɝɨɬɨɜɨɤ ɤɨɦɩɨɡɢɬɧɵɯ ɞɟɬаɥɟɣ. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɤɨɬɨɪаɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜа ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɬɟɪɦɨɪɟаɤɬɢɜɧɵɯ ɢɥɢ ɬɟɪɦɨɩɥаɫɬɢɱ-
ɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦаɬɟɪɢаɥɨɜ, ɹɜɥɹɟɬɫɹ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ ɜɵɤɥаɞɤа ɥɟɧɬ 
(automated tape laying – ATL). ȼ ɩɟɪɜɨɣ ɱаɫɬɢ ɫɬаɬɶɢ ɪаɫɫɦɨɬɪɟɧа ɬɟɯɧɨɥɨɝɢɹ ɜɵɤɥаɞɤɢ 
ɥɟɧɬ ɞɥɹ ɛɨɥɶɲɢɯ ɩɪɨɫɬɵɯ ɩɥɨɫɤɢɯ ɞɟɬаɥɟɣ, а ɬаɤɠɟ ɞаɧɨ ɨɩɢɫаɧɢɟ ɩɪɨɰɟɫɫа ɢ ɨɛɨɪɭɞɨ-
ɜаɧɢɹ, ɩɪɟɞɫɬаɜɥɟɧɧɨɝɨ ɧа ɪɵɧɤɟ ɨɬ ɢɡɜɟɫɬɧɵɯ ɤɨɦɩаɧɢɣ.  

Ключевые слова: аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ ɜɵɤɥаɞɤа ɥɟɧɬ (automated tape laying – ATL), 
ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦаɬɟɪɢаɥɵ (ɉɄɆ), ɨɛɨɪɭɞɨɜаɧɢɟ, ɩɪɟɩɪɟɝ, аɞɞɢɬɢɜɧɵɟ 
ɬɟɯɧɨɥɨɝɢɢ. 

 

P.N. Timoshkov1, V.A. Goncharov1, M.N. Usacheva1, A.V. Khrulkov1 
 
THE  DEVELOPMENT  OF  AUTOMATED  LAYING: 
FROM  THE  BEGINNING  TO  OUR  DAYS  (review) 
Part 1.  Automated  Tape  Laying  (ATL) 

 
The article is devoted to the currently topical problem of automating the process of lay-up 

tapes of composite parts. One of the main technologies used for the production of structures from 
thermosetting or thermoplastic composites is the Automated Tape Laying (ATL). In the first part 
of the article, the technology of laying-up the tapes for large simple flat parts is considered, as 
well as the process and equipment from well-known companies on the market is described. 

Keywords: automated tape laying (ATL), polymer composite materials (PCM), equipment, 
prepreg, additive technology. 
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ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
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ȼвɟɞɟɧиɟ 
Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫя ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥяɯ ɩɪɨɦɵɲɥɟɧɧɨ-

ɫɬɢ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɬɨɢɦɨɫɬɶ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɨɪɝɚɧɢɡɚɰɢɸ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɨɡɢɬɨɜ, ɬɚɤ ɤɚɤ ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɞɨɥɠɧɵ ɛɵɬɶ ɛɨɥɟɟ ɪɟɧɬɚɛɟɥɶɧɵɦɢ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɚɧɚɥɨɝɚɦɢ Д1–ηЖ. Ⱥɜɬɨɦɚɬɢɡɚɰɢя ɩɪɨɰɟɫɫɚ – ɨɞɢɧ ɢɡ 
ɩɭɬɟɣ ɞɨɫɬɢɠɟɧɢя ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚя ɜɵɤɥɚɞɤɚ ɥɟɧɬ (automated tape laying – ATδ) ɢ ɚɜɬɨɦɚɬɢɡɢ-
ɪɨɜɚɧɧɚя ɜɵɤɥɚɞɤɚ ɜɨɥɨɤɨɧ (automated fiber placement – AFP) – ɞɜɟ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨ-
ɝɢɢ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɢɫɩɨɥɶɡɭɸɬɫя ɞɥя ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɨɡɢ-
ɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɩɪɟɩɪɟɝɨɜ ДθЖ. ɒɢɪɨɤɢɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ 
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ɥɟɧɬɵ ɭɤɥɚɞɵɜɚɸɬ ɧɚ ɮɨɪɦɭ ɞɟɬɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɧɚɝɪɭɠɟɧɧɵɯ ɪɨɥɢɤɨɜ ɫ ɪɚɡ-
ɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɲɚɪɧɢɪɧɨɝɨ ɫɨɱɥɟɧɟɧɢя ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɢɡɝɨɬɚɜɥɢɜɚɟ-
ɦɨɣ ɞɟɬɚɥɢ Д7Ж. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɫɬɨя (ɤɨɝɞɚ ɦɟɧяɸɬ ɥɟɧɬɭ) ɢ ɜɵɤɥɚɞɤɢ,  
ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɧɚɬяɠɟɧɢɟ ɥɟɧɬɵ ɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɨ ɜɪɟɦя ɨɫɬɚɧɨɜɤɢ ɩɪɨɰɟɫɫɚ 
[6]. Ɍɟɯɧɨɥɨɝɢя ATδ ɢɦɟɟɬ ɬɨɱɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚɱɚɥɚ ɩɨɞɚɱɢ ɥɟɧɬɵ, ɟɟ ɨɛɪɟɡɤɢ ɢ ɨɪɢɟɧ-
ɬɚɰɢɢ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɛɨɥɟɟ ɫɥɨɠɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ, ɱɟɦ ɩɪɨɫɬɨ ɧɚɪɚɳɢ-
ɜɚɧɢɟ ɫɥɨɟɜ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɉɄɆ) Д7Ж. 

ɍɫɬɚɧɨɜɤɚ ATδ ɭɤɥɚɞɵɜɚɟɬ ɜɨɥɨɤɧɚ ɜ ɜɢɞɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɬяɧɭɬɵɯ ɨɞɧɨɧɚ-
ɩɪɚɜɥɟɧɧɵɯ ɥɟɧɬ ɢɥɢ ɧɟɩɪɟɪɵɜɧɵɯ ɩɨɥɨɫ ɬɤɚɧɢ, ɚ ɧɟ ɨɬɞɟɥɶɧɵɯ ɠɝɭɬɨɜ. ȼɵɤɥɚɞɤɚ ɥɟɧ-
ɬɵ яɜɥяɟɬɫя ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɥɟɝɤɨ ɢɡɦɟɧяɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɨɪɢ-
ɟɧɬɚɰɢɢ ɜɨɥɨɤɨɧ ɩɪɢ ɜɵɤɥɚɞɤɟ. Ɍɟɯɧɨɥɨɝɢя ATδ ɢɫɩɨɥɶɡɭɟɬɫя ɞɥя ɜɵɤɥɚɞɤɢ ɬɟɪɦɨɪɟ-
ɚɤɬɢɜɧɵɯ ɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɨɛɨɢɯ ɩɪɨɰɟɫɫɚɯ ɦɚɬɟɪɢɚɥ 
ɧɚɧɨɫяɬ ɫ ɩɨɦɨɳɶɸ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɝɨɥɨɜɤɢ, ɤɨɬɨɪɚя ɦɨɠɟɬ ɜɟɫɢɬɶ ɞɨ ɧɟɫɤɨɥɶɤɢɯ 
ɫɨɬɟɧ ɤɢɥɨɝɪɚɦɦɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢя. Ƚɨɥɨɜɤɚ ɫɨɞɟɪɠɢɬ ɦɧɨɠɟ-
ɫɬɜɨ ɦɟɯɚɧɢɡɦɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥя ɪɚɡɦɟɳɟɧɢя ɦɚɬɟɪɢɚɥɚ Д8Ж. 

Ɂɚ ɩɨɫɥɟɞɧɟɟ ɞɟɫяɬɢɥɟɬɢɟ ɞɨɫɬɢɠɟɧɢя ɜ ɨɛɥɚɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢ ɚɩɩɚɪɚɬɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢя, ɫɜяɡɚɧɧɵɟ ɫ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɨɡɢɬɨɜ, 
ɩɨɡɜɨɥɢɥɢ ɩɪɨɢɡɜɨɞɢɬɶ ɛɨɥɶɲɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɚɪɦɢɪɨɜɚɧɧɵɟ ɭɝɥɟɪɨɞɧɵɦ ɜɨɥɨɤɧɨɦ, 
ɤɨɬɨɪɵɟ ɪɚɧɟɟ ɛɵɥɨ ɩɪɨɫɬɨ ɧɟɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ. 

Ɉɞɧɚɤɨ, ɤɚɤ ɢ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥяɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɤɨɦɩɨɡɢɬɨɜ, ɚɜɬɨɦɚɬɢɡɢɪɨ-
ɜɚɧɧɚя ɜɵɤɥɚɞɤɚ, ɧɟɫɦɨɬɪя ɧɚ ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɩɨɫɥɟɞɧɢɯ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ, ɜɫɟ ɟɳɟ 
ɩɪɟɬɟɪɩɟɜɚɸɬ ɨɝɪɨɦɧɵɟ ɢɡɦɟɧɟɧɢя. ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɩɟɪɟɞ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɫɬɨɢɬ ɜɨ-
ɩɪɨɫ, ɤɚɤ ɛɭɞɟɬ ɪɚɡɜɢɜɚɬɶɫя ɷɬɚ ɬɟɯɧɨɥɨɝɢя ɢ ɤɭɞɚ ɷɬɚ ɷɜɨɥɸɰɢя ɩɪɢɜɟɞɟɬ ɢɧɞɭɫɬɪɢɸ 
ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ  ɤɨɦɩɨɡɢɬɨɜ. 

 
Ɉɩиɫɚɧиɟ ɬɟɯɧɨɥɨɝии ATL 

Ɍɟɯɧɨɥɨɝɢɸ ATδ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɮɨɪɦɭ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ, ɩɨɫɤɨɥɶɤɭ ɞɟɬɚɥɶ ɫɨɡɞɚɟɬɫя ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢя ɦɚɬɟɪɢɚɥɚ, ɚ ɧɟ ɟɝɨ ɭɞɚɥɟɧɢя ɜɨ 
ɜɪɟɦя ɨɛɪɚɛɨɬɤɢ Д9Ж. 

Ƚɨɥɨɜɤɚ ɦɚɲɢɧɵ ɜɤɥɸɱɚɟɬ ɤɚɬɭɲɤɢ ɫ ɥɟɧɬɨɣ, ɧɚɦɨɬɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɧɚɩɪɚɜ-
ɥяɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥя ɧɚɦɨɬɤɢ, ɭɩɥɨɬɧɢɬɟɥɶ, ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢя ɢ ɪɟɡɚɤ ɞɥя ɥɟɧɬɵ. 
ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ ɝɨɥɨɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɤɨɧɰɟ ɦɧɨɝɨɨɫɟɜɨɝɨ ɲɚɪɧɢɪɧɨ-
ɫɨɱɥɟɧɟɧɧɨɝɨ ɪɨɛɨɬɚ, ɩɟɪɟɦɟɳɚɸɳɟɝɨɫя ɜɨɤɪɭɝ ɮɨɪɦɵ, ɧɚ ɤɨɬɨɪɭɸ ɧɚɧɨɫɢɬɫя ɦɚɬɟ-
ɪɢɚɥ, ɢɥɢ ɝɨɥɨɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɪɚɦɟ, ɩɨɞɜɟɲɟɧɧɨɣ ɧɚɞ ɮɨɪɦɨɣ. ȼ ɤɚ-
ɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɮɨɪɦɭ ɦɨɠɧɨ ɩɟɪɟɦɟɳɚɬɶ ɢɥɢ ɜɪɚɳɚɬɶ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɞɨ-
ɫɬɭɩ ɝɨɥɨɜɤɢ ɤ ɪɚɡɥɢɱɧɵɦ ɦɟɫɬɚɦ. Ʌɟɧɬɭ ɢɥɢ ɜɨɥɨɤɧɨ ɧɚɤɥɚɞɵɜɚɸɬ ɧɚ ɮɨɪɦɭ ɜ ɨɞɢɧ 
ɪяɞ ɥɸɛɨɣ ɞɥɢɧɵ ɩɨɞ ɥɸɛɵɦ ɭɝɥɨɦ. ɇɟɫɤɨɥɶɤɨ ɪяɞɨɜ ɥɟɧɬɵ ɦɨɠɧɨ ɜɵɥɨɠɢɬɶ ɜɦɟɫɬɟ 
ɩɨ ɲɚɛɥɨɧɭ ɢɥɢ ɛɟɡ ɧɟɝɨ, ɬɪɚɟɤɬɨɪɢɢ ɭɤɥɚɞɤɢ ɤɨɧɬɪɨɥɢɪɭɸɬ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨ-
ɝɨ ɨɛɟɫɩɟɱɟɧɢя, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢя ɢ ɚɧɚɥɢɡɚ ɞɟɬɚɥɢ Д8Ж. 
Ƚɨɥɨɜɤɚ ɦɚɲɢɧɵ ATδ ɪɚɛɨɬɚɟɬ ɫ ɥɟɧɬɨɣ ɩɪɟɩɪɟɝɚ, ɤɨɬɨɪɚя ɨɛɵɱɧɨ ɢɦɟɟɬ ɲɢɪɢɧɭ 7η, 
1η0 ɢɥɢ γ00 ɦɦ ɢ ɩɨɫɬɚɜɥяɟɬɫя ɧɚ ɛɭɦɚɠɧɨɣ ɩɨɞɥɨɠɤɟ ДθЖ, ɚɧɚɥɨɝɢɱɧɨɣ ɩɪɟɩɪɟɝɭ, ɢɫ-
ɩɨɥɶɡɭɟɦɨɦɭ ɞɥя ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɢ. Ɉɞɧɚɤɨ ɩɪɟɩɪɟɝ ɦɨɠɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɞɥя ɚɜ-
ɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢя ɛɭɦɚɠɧɨɣ ɩɨɞɥɨɠɤɢ ɢɥɢ ɫɬɟɩɟɧɢ ɩɪɨ-
ɩɢɬɤɢ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɢɦɟɸɳɢɯɫя ɜ ɩɪɨɞɚɠɟ ɭɫɬɚɧɨɜɨɤ ɦɚɬɟɪɢɚɥ ɩɪɟɩɪɟɝɚ ɯɪɚɧɢɬɫя 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɭɤɥɚɞɨɱɧɨɣ ɝɨɥɨɜɤɟ. ɂɡ-ɡɚ ɛɨɥɶɲɨɣ ɦɚɫɫɵ ɝɨɥɨɜɤɢ ɢ ɦɚɬɟɪɢɚɥɚ, ɚ 
ɬɚɤɠɟ ɪɚɡɦɟɪɚ ɩɪɨɢɡɜɨɞɢɦɵɯ ɞɟɬɚɥɟɣ, ɭɫɬɚɧɨɜɤɢ ATδ ɨɛɵɱɧɨ ɦɨɧɬɢɪɭɸɬɫя ɧɚ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɵɯ (ɪɢɫ. 1) Д10Ж ɢɥɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɪɚɦɚɯ (ɪɢɫ. 2). 
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Ⱦɥя ɛɨɥɶɲɢɧɫɬɜɚ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɚɟɤɬɨɪɢя ɜɵɤɥɚɞɤɢ ɩɪɨɥɟɝɚɟɬ 
ɱɟɪɟɡ ɭɤɥɨɧɵ ɢ ɜɩɚɞɢɧɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɥɨɠɧɨɣ ɬɨɩɨɥɨɝɢɢ ɭɤɥɚɞɤɢ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥя ATδ – ɷɬɨ ɭɫɬɚɧɨɜɤɢ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ), 
ɤɨɬɨɪɵɟ ɫɥɟɞɭɸɬ ɩɨ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɦ ɬɪɚɟɤɬɨɪɢяɦ ɫ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɜɨɫɩɪɨɢɡ-
ɜɨɞɢɦɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɢɫɤɥɸɱɢɬɶ ɨɲɢɛɤɢ ɜɵɤɥɚɞɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 
ɩɪɢ ɪɭɱɧɨɣ ɭɤɥɚɞɤɟ. ȼɨ ɜɪɟɦя ɜɵɤɥɚɞɤɢ ɤɚɠɞɨɝɨ ɫɥɨя ɥɟɧɬɵ ɭɤɥɚɞɵɜɚɸɬɫя ɪяɞɨɦ ɞɪɭɝ 
ɫ ɞɪɭɝɨɦ ɫ ɡɚɡɨɪɨɦ 0,η–1 ɦɦ. ȼɥɢяɧɢɟ ɡɚɡɨɪɨɜ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɧɢ-
ɦɢɡɢɪɨɜɚɧɨ Д11Ж. 

 

  
Ɋɢɫ. 1. ɉɪɢɦɟɪ ɭɫɬɚɧɨɜɤɢ ATδ  
ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɪɚɦɟ Д10Ж 

 

Ɋɢɫ. 2. ɉɪɢɦɟɪ ɭɫɬɚɧɨɜɤɢ ATδ  
ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɪɚɦɟ ɞɥя ɜɵɤɥɚɞɤɢ  

ɥɟɧɬɵ  ɲɢɪɢɧɨɣ γ00 ɦɦ ДθЖ 
 
ȼ ɧɚɱɚɥɟ ɜɵɤɥɚɞɤɢ ɤ ɢɧɫɬɪɭɦɟɧɬɭ ɩɪɢɤɪɟɩɥяɸɬ ɥɟɧɬɭ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ ɫ ɩɨɦɨ-

ɳɶɸ ɦяɝɤɨɝɨ ɫɢɥɢɤɨɧɨɜɨɝɨ ɜɚɥɢɤɚ Д12–1θЖ. ȼɨ ɜɪɟɦя ɜɵɤɥɚɞɤɢ ɦɚɬɟɪɢɚɥ ɩɪɢɤɪɟɩɥяɟɬ-
ɫя ɤ ɮɨɪɦɟ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɝɢɛɤɢɣ ɫɢɥɢɤɨ-
ɧɨɜɵɣ ɜɚɥɢɤ, ɧɨ ɛɵɥɢ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧɵ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥя ɪɚɫɩɪɟɞɟɥɟ-
ɧɢя ɞɚɜɥɟɧɢя ɩɨ ɫɥɨɠɧɵɦ ɩɨɜɟɪɯɧɨɫɬяɦ, ɬɚɤɢɦ ɤɚɤ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɣ ɧɚɤɨɧɟɱɧɢɤ ɞɥя 
ɜɵɤɥɚɞɤɢ Д1γ, 1θЖ. 

Ƚɨɥɨɜɤɚ ɭɫɬɚɧɨɜɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɜɯɨɞɧɨɟ ɧɚɬяɠɟɧɢɟ ɩɪɟɩɪɟɝɚ, ɞɥя ɬɨɝɨ ɱɬɨɛɵ 
ɢɡɛɟɠɚɬɶ ɪɚɡɪɵɜɨɜ ɛɭɦɚɠɧɨɣ ɨɫɧɨɜɵ, ɭɥɭɱɲɢɬɶ ɜɵɪɚɜɧɢɜɚɧɢɟ ɫɥɨɟɜ ɢ ɫɞɟɥɚɬɶ ɜɨɡ-
ɦɨɠɧɨɣ ɜɵɤɥɚɞɤɭ ɞɟɬɚɥɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɢɡɨɝɧɭɬɨɣ ɮɨɪɦɵ. Ⱦɥя ɨɛɟɫɩɟɱɟɧɢя ɬɪɟɛɭɟɦɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨ ɜɪɟɦя ɜɵɤɥɚɞɤɢ, ɦɚɬɟɪɢɚɥ ɦɨɠɧɨ ɧɚɝɪɟɬɶ ɥɢɛɨ ɩɟɪɟɞ ɭɤɥɚɞɨɱɧɨɣ ɝɨ-
ɥɨɜɤɨɣ, ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ ɜɵɤɥɚɞɤɟ. 

ȼ ɤɨɧɰɟ ɜɵɤɥɚɞɤɢ ɥɟɧɬɵ ɝɨɥɨɜɤɚ ɭɫɬɚɧɨɜɤɢ ɡɚɦɟɞɥяɟɬ ɞɜɢɠɟɧɢɟ ɢ ɚɜɬɨɦɚɬɢɱɟ-
ɫɤɢ ɨɛɪɟɡɚɟɬ ɥɟɧɬɭ, ɢɫɩɨɥɶɡɭя ɜɪɚɳɚɸɳɢɟɫя ɢɥɢ ɪɟɠɭɳɢɟ ɥɟɡɜɢя. Ɋɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ 
ɩɨɥɨɠɟɧɢɟɦ ɥɟɡɜɢя ɢ ɬɨɱɤɨɣ ɤɨɧɬɚɤɬɚ ɪɨɥɢɤɚ ɧɚɡɵɜɚɟɬɫя «ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɧɨɣ ɭɱɚɫɬ-
ɤɚ» ɢ ɢɫɩɨɥɶɡɭɟɬɫя ɜ ɤɚɱɟɫɬɜɟ ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ ɞɥя ɪɚɡɦɟɪɨɜ ɞɟɬɚɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ, – ɨɤɨɥɨ 100 ɦɦ. ɉɨɫɥɟ ɨɛɪɟɡɤɢ ɥɟɧɬɵ ɝɨɥɨɜɤɚ ɩɟɪɟɦɟɳɚɟɬɫя ɜ ɫɬɨ-
ɪɨɧɭ ɢ ɜɵɤɥɚɞɵɜɚɟɬ ɫɥɟɞɭɸɳɢɣ ɫɥɨɣ (ɪɢɫ. γ) Д17Ж. ȼɟɫɶ ɷɬɨɬ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪяɟɬɫя ɫɥɨɣ 
ɡɚ ɫɥɨɟɦ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɥɨɣ ɧɟ ɛɭɞɟɬ ɡɚɤɨɧɱɟɧ ɢɥɢ ɫɢɫɬɟɦɚ ɧɟ ɛɭɞɟɬ ɨɫɬɚɧɨɜɥɟɧɚ 
ɩɪɨɝɪɚɦɦɨɣ, ɜɦɟɲɚɬɟɥɶɫɬɜɨɦ ɩɨɥɶɡɨɜɚɬɟɥя ɢɥɢ ɟɫɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚя ɫɢɫɬɟɦɚ ɨɛɧɚɪɭ-
ɠɟɧɢя ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɧɟ ɨɛɧɚɪɭɠɢɬ ɨɲɢɛɤɭ ɜɵɤɥɚɞɤɢ Дθ]. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɭɫɬɚɧɨɜɨɤ ATδ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɥɢɧɟɣɧɭɸ ɫɤɨɪɨɫɬɶ 
ɜɵɤɥɚɞɤɢ 0,8γ–1 ɦ/ɫ, ɭɫɤɨɪɟɧɢɟ 0,η ɦ·ɫ2 ɢ ɨɛɵɱɧɨ ɫɨɡɞɚɸɬ ɭɩɥɨɬɧɟɧɢɟ ɫ ɭɫɢɥɢɟɦ 44η ɇ 
(ɞɥя ɬɟɪɦɨɪɟɚɤɬɢɜɧɨɣ ɥɟɧɬɵ ɲɢɪɢɧɨɣ 7η ɦɦ Д18Ж) ɢɥɢ 1000 ɇ (ɞɥя ɬɟɪɦɨɪɟɚɤɬɢɜɧɨɣ 
ɥɟɧɬɵ ɲɢɪɢɧɨɣ γ00 ɦɦ), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɜɥɟɧɢɸ 0,1 Ɇɉɚ. ɇɚɩɪɨɬɢɜ, ɞɥя ɜɵɤɥɚɞɤɢ 
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ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɞɚɜɥɟɧɢɟ ɨɬ 1,4 Ɇɉɚ Д19Ж, ɧɨ ɧɟ ɛɨɥɟɟ 
3,6 Ɇɉɚ Д20Ж. 

Ɍɟɯɧɨɥɨɝɢя ATδ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫя ɞɥя ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɪɨɫɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, 
ɬɚɤɢɯ ɤɚɤ ɨɛɲɢɜɤɚ ɤɪɵɥɚ ɢ ɡɚɤɪɵɥɤɢ, ɩɚɧɟɥɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɨɩɟɪɟ-
ɧɢя, ɩɥɨɫɤɢɯ ɉɄɆ Д17Ж. 

ɛ)а)

 
Ɋɢɫ. γ. ɉɪɢɦɟɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɧɟɫɟɧɢя ɫɥɨɟɜ ɫ ɩɨɦɨɳɶɸ ɝɨɥɨɜɤɢ ATδ (а) 

 ɢ ɤɨɦɩɨɡɢɬɧɚя ɫɬɪɭɤɬɭɪɚ, ɫɨɫɬɨяɳɚя ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɟɜ ɩɪɟɩɪɟɝɚ,  
ɜɵɥɨɠɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ATδ (ɛ) [17] 

 
ɉɟɪвɨɧɚчɚɥьɧɵɟ ɪɚɡɪɚɛɨɬɤи ɬɟɯɧɨɥɨɝии ATL 

ɋɚɦɨɟ ɪɚɧɧɟɟ ɢɡɜɟɫɬɧɨɟ ɭɩɨɦɢɧɚɧɢɟ ɨ ɬɟɯɧɨɥɨɝɢɢ ATδ – ɷɬɨ ɩɚɬɟɧɬ 1971 ɝ. Д21Ж, 
ɜ ɤɨɬɨɪɨɦ ɨɩɢɫɚɧ ɦɟɬɨɞ ɧɚɫɥɚɢɜɚɧɢя ɤɨɦɩɨɡɢɬɧɨɣ ɥɟɧɬɵ ɧɚ ɜɪɚɳɚɸɳɭɸɫя ɨɩɨɪɧɭɸ 
ɩɥɢɬɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢя. 

ȼ 1974 ɝ. ɜ ɩɚɬɟɧɬɟ [22] ɨɩɢɫɚɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚя ɜɵɤɥɚɞɤɚ ɥɟɧɬɵ ɲɢɪɢɧɨɣ 
7θ ɦɦ ɧɚ ɢɡɨɝɧɭɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɨɠɧɨɣ ɞɟɬɚɥɢ, ɧɚ ɤɨɬɨɪɨɣ ɫ ɩɨɦɨɳɶɸ ɜɪɚɳɚɸɳɟɝɨ-
ɫя ɪɨɥɢɤɚ ɭɞɟɪɠɢɜɚɸɬ ɦɚɬɟɪɢɚɥ. ȼ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɛɨɥɶɲɢɧɫɬɜɟ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢɧɫɬɢɬɭɬɨɜ ɧɚɱɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ATδ ɟɳɟ ɜ 197η ɝ. Д2γЖ. ɋɥɟ-
ɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ 
ɨɲɢɛɨɤ ɩɪɢ ɜɵɤɥɚɞɤɟ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɨ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢя ɦɚɬɟɪɢɚɥɚ. 

ɇɚɩɪɢɦɟɪ, ɜ 2001 ɝ. ɩɨɞɫɱɢɬɚɥɢ ɩɨɬɟɪɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɫɨɡɞɚɧɢɢ ɞɟɬɚɥɟɣ ɫ ɩɨ-
ɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ ATδ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɪɚɡɦɟɪɚ: ɞɥя ɦɟɥɤɢɯ ɞɟɬɚɥɟɣ – ɞɨ γ0 %,  
ɞɥя ɛɨɥɟɟ ɤɪɭɩɧɵɯ – ɩɨɬɟɪɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɭɦɟɧɶɲɚɸɬɫя ɞɨ 2–4 % Д24Ж. Ɍɟɯɧɨɥɨɝɢя 
ATδ ɩɨɥɭɱɢɥɚ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ − ɫɬɚɥɚ ɨɛɳɟɞɨɫɬɭɩɧɨɣ ɧɚ ɦɢɪɨɜɨɦ 
ɪɵɧɤɟ. Ɍɚɤ, ɞɥя ɪɟɲɟɧɢя ɩɪɨɛɥɟɦɵ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɜɵɤɥɚɞɤɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɫɢɫɬɟɦɚ 
ɭɤɥɚɞɤɢ ɫ ɨɛɥɟɝɱɟɧɧɨɣ ɝɨɥɨɜɤɨɣ, ɪɚɫɩɪɟɞɟɥяɸɳɟɣ ɥɟɧɬɭ ɩɨ ɢɡɨɝɧɭɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ 
ɫɤɨɪɨɫɬɶɸ ɞɨ θ0 ɦ/ɦɢɧ Д2η, 2θЖ. 

Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɨɤɨɧɱɚɬɟɥɶɧɨ ɭɫɬɪɚɧɢɬɶ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɜɵɤɥɚɞɤɟ ɬɨɥɶɤɨ ɩɥɨɫ-
ɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ 1984 ɝ. ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɨɦɦɟɪɱɟɫɤɚя ɬɟɯɧɨɥɨɝɢя ATδ Д27Ж, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɜɵɤɥɚɞɵɜɚɬɶ ɥɟɧɬɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɤɪɢɜɢɡɧɨɣ ɞɨ 1η ɝɪɚ-
ɞɭɫɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɫɢɫɬɟɦɵ ɨɬɫɥɟɠɢɜɚɧɢя ɜɵɤɥɚɞɤɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɮɨɪɦɵ. Ɉɞɧɚɤɨ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɜɚɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɫɤɨɪɨɫɬɶ ɜɵɤɥɚɞɤɢ, ɬɨɱɧɨɫɬɶ ɜɵɤɥɚɞɤɢ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ 
ɭɥɭɱɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɢɡɞɟɥɢɣ. ȼ ɫɟɪɟɞɢɧɟ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɪɨɛɨ-
ɬɢɡɢɪɨɜɚɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɛɵɥɢ ɨɝɪɚɧɢɱɟɧɵ ɜ ɫɤɨɪɨɫɬɢ ɜɵɤɥɚɞɤɢ (ɦɟɧɟɟ θ0 ɦ/ɦɢɧ), ɱɬɨ 

https://translate.googleusercontent.com/translate_f#12
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ɫɬɚɥɨ ɩɪɨɛɥɟɦɨɣ ɞɥя ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɧɨɦɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя Д28Ж. Ⱦɥя ɪɟɲɟɧɢя 
ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɛɨɥɶɲɢɧɫɬɜɨ ɭɫɬɚɧɨɜɨɤ ATδ ɨɛɨɪɭɞɨɜɚɥɢ ɪɚɦɚɦɢ ɫ ɪɟɥɶɫɚɦɢ, ɤɨɬɨɪɵɟ 
ɨɤɚɡɚɥɢɫɶ ɬяɠɟɥɵɦɢ ɢ ɠɟɫɬɤɢɦɢ ɤɨɧɫɬɪɭɤɰɢяɦɢ ɫ ɭɯɭɞɲɟɧɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ ɞɢ-
ɧɚɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ [29]. 

ȼ 198θ ɝ. ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜɚɧɚ ɛɚɡɚ ɞɥя 
ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ATδ Дγ0Ж. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɤɨɧɬɪɨɥɶ 
ɞɚɜɥɟɧɢя ɭɩɥɨɬɧɟɧɢя ɜɵɤɥɚɞɤɢ, ɚ ɬɚɤɠɟ ɪɚɛɨɱɟɟ ɫɨɫɬɨяɧɢɟ ɩɪɢɥɟɝɚɧɢя ɝɨɥɨɜɤɢ ɦɚɲɢ-
ɧɵ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɩɨɜɟɪɯɧɨɫɬяɯ ɫɬɚɥɢ ɜɨɡɦɨɠɧɵɦɢ ɛɥɚɝɨɞɚɪя ɡɚɦɟɧɟ ɩɪɟɞɵɞɭɳɟɣ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɫɢɫɬɟɦɵ ɫɥɟɠɟɧɢя ɧɚ ɫɢɫɬɟɦɭ ɫ ɫɢɥɨɜɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɨ ɩɨɜɨɪɨɬɧɵɦ 
ɨɫяɦ А ɢ Z [12]. Ɉɞɧɚɤɨ ɨɫɬɚɜɲɢɟɫя ɩɪɨɛɥɟɦɵ ɛɵɥɢ ɜ ɨɫɧɨɜɧɨɦ ɫɜяɡɚɧɵ ɫ ɧɚɞɟɠɧɨɫɬɶɸ 
ɜɵɤɥɚɞɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɟɩɪɟɝɚ ɢ ɩɟɪɜɨɝɨ 
ɫɥɨя, ɤɨɬɨɪɵɣ ɨɛɵɱɧɨ ɞɨɥɠɟɧ ɩɪɢɥɢɩɚɬɶ ɤ ɮɨɪɦɟ ɫ ɩɨɤɪɵɬɢɟɦ ɢɥɢ ɤ ɚɧɬɢɚɞɝɟɡɢɨɧɧɨɣ 
ɬɤɚɧɢ. Ɂɚɬɟɦ ɛɵɥ ɡɚɩɚɬɟɧɬɨɜɚɧ ɦɟɬɨɞ ɡɚɜɟɪɲɟɧɢя ɜɵɤɥɚɞɤɢ ɥɟɧɬɵ, ɤɨɬɨɪɭɸ ɨɬɪɟɡɚɸɬ 
ɩɨɞ ɨɫɬɪɵɦ ɭɝɥɨɦ ɫ ɩɨɦɨɳɶɸ  ɝɢɛɤɨɝɨ ɪɟɡɚɤɚ Д1γЖ. ɗɬɨɬ ɦɟɬɨɞ ɛɵɥ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧ 
[14] ɧɟ ɬɨɥɶɤɨ ɞɥя ɭɡɥɚ ɨɛɪɟɡɤɢ ɥɟɧɬɵ, ɧɨ ɢ ɞɥя ɜɵɤɥɚɞɤɢ ɩɟɪɜɨɝɨ ɫɥɨя – ɜ ɱɚɫɬɧɨɫɬɢ, 
ɞɥя ɩɪɟɨɞɨɥɟɧɢя ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɭɞɧɨɫɬɟɣ ɩɪɢ ɩɪɢɥɢɩɚɧɢɢ ɩɟɪɜɨɝɨ ɫɥɨя. Ɉɞɧɚɤɨ ɜɵ-
ɤɥɚɞɤɚ ɩɪɟɩɪɟɝɨɜ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɝɪɚɧɢɱɢɜɚɥɚɫɶ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɵɦɢ ɫɨɟɞɢɧɟɧɢяɦɢ, ɚ 
ɧɚɞɟɠɧɨɫɬɶ ɜɵɤɥɚɞɤɢ ɜɫɟ ɠɟ ɡɚɜɢɫɟɥɚ ɨɬ ɥɢɩɤɨɫɬɢ ɤɚɠɞɨɝɨ ɫɥɨя, ɤɨɬɨɪɚя ɭɯɭɞɲɚɥɚɫɶ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɤɥɚɞɤɢ Дγ1Ж. Ⱦɥя ɪɟɲɟɧɢя ɩɟɪɜɨɣ ɩɪɨɛɥɟɦɵ [32] 
ɜɜɟɥɢ ɫɢɫɬɟɦɭ ɭɤɥɚɞɤɢ, ɤɨɬɨɪɭɸ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫ-
ɩɟɱɟɧɢя, ɱɬɨɛɵ ɜɵɩɨɥɧяɬɶ ɜɵɤɥɚɞɤɭ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɩɨɜɟɪɯɧɨɫɬяɦ ɜɞɨɥɶ ɬɪɚɟɤɬɨ-
ɪɢɢ, ɩɨ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɥɟɧɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɡ ɬɪɟɧɢя. 

ɉɨɫɤɨɥɶɤɭ ɫɥɨɠɧɚя ɜɵɤɥɚɞɤɚ ɫɬɚɧɨɜɢɥɚɫɶ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ, ɜ ɤɨɧɰɟ 1980-ɯ ɝɝ. 
ɜɨɡɧɢɤɥɚ ɩɪɨɛɥɟɦɚ ɜɵɪɚɜɧɢɜɚɧɢя ɫɥɨɟɜ ɩɨ ɲɢɪɢɧɟ. Ɇяɝɤɢɟ ɪɨɥɢɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥя 
ɜɵɤɥɚɞɤɢ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɩɪɢɜɨɞɢɥɢ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ ɞɚɜ-
ɥɟɧɢɸ ɩɪɢ ɜɵɤɥɚɞɤɟ ɢ ɧɚɬяɠɟɧɢɸ ɥɟɧɬɵ ɧɚ ɝɨɥɨɜɤɟ ɭɫɬɚɧɨɜɤɢ. Ɉɛɚ ɷɬɢ ɮɚɤɬɨɪɚ ɩɪɢɜɨ-
ɞɢɥɢ ɤ ɞɟɣɫɬɜɢɸ ɫɠɢɦɚɸɳɟɣ ɫɢɥɵ ɧɚ ɥɟɧɬɭ, ɧɚɯɨɞяɳɭɸɫя ɦɟɠɞɭ ɪɨɥɢɤɨɦ ɢ ɢɫɬɨɱɧɢ-
ɤɨɦ ɥɟɧɬɵ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɨɩɭɫɤɚɥɨ ɩɨɩɟɪɟɱɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɫɥɨя ɥɟɧɬɵ ɩɟɪɟɞ 
ɭɤɥɚɞɤɨɣ. Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɷɬɢ ɩɪɨɛɥɟɦɵ, ɝɨɥɨɜɤɭ ɭɫɬɚɧɨɜɨɤ ɨɫɧɚɳɚɥɢ 
ɭɡɥɨɦ ɞɥя ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɧɚɬяɠɟɧɢя ɥɟɧɬɵ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɠɟɫɬɤɨ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ 
ɞɚɜɥɟɧɢɟɦ ɨɬɪɵɜɚ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢя ɫɥɨя. Ɉɞɧɚ ɢɡ ɬɚɤɢɯ ɫɢ-
ɫɬɟɦ, ɜ ɤɨɬɨɪɨɣ ɫɨɱɟɬɚɸɬɫя ɫɪɟɞɫɬɜɚ ɞɥя ɧɚɬяɠɟɧɢя ɫɥɨɟɜ ɫ ɭɫɢɥɢɟɦ ɜɵɤɥɚɞɤɢ, ɩɨɤɚɡɚ-
ɧɚ ɜ ɩɚɬɟɧɬɟ ДγγЖ. 

Ɂɚɬɟɦ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢя ATδ, ɢɦɟɸɳɚя ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɣ 
ɧɚɤɨɧɟɱɧɢɤ, ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɤɚɦɟɪɨɣ ɞɚɜɥɟɧɢя, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɥɨ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜ-
ɥɟɧɢя ɩɪɢ ɜɵɤɥɚɞɤɟ ɢ ɭɥɭɱɲɟɧɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɫɥɨɟɜ ɩɨ ɤɨɧɬɭɪɧɵɦ ɩɨɜɟɪɯɧɨɫɬяɦ 
[15]. ȼ 199η ɝ. ɷɬɨɬ ɩɨɞɯɨɞ ɛɵɥ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɧɚ ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ ɜɵɤɥɚɞɤɢ, ɪɚɛɨ-
ɬɚɸɳɢɯ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɝɨɥɨɜɤɢ [16]. Ⱦɪɭɝɨɣ ɰɟɥɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢя ɤɨɧɬɪɨɥя ɞɚɜɥɟɧɢя 
ɩɪɢ ɜɵɤɥɚɞɤɟ ɛɵɥɨ ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɰɢɣ ɩɨ ɪɟɡɤɟ, ɬɚɤ ɤɚɤ ɷɬɨ ɨɬ-
ɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɥɨɫɶ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [34] 
ɭɬɜɟɪɠɞɚɥɨɫɶ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ, ɩɟɪɟɞɚɜɚɟɦɨɟ ɫ ɝɨɥɨɜɤɢ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɪɟ-
ɩɪɟɝ, ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɵɤɥɚɞɤɢ ɢ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɜɚɤɭɭɦɢɪɨɜɚɧɢɢ, 
ɬɚɤ ɤɚɤ ɧɚ ɦɚɬɟɪɢɚɥ ɨɤɚɡɵɜɚɥɨɫɶ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɞɚɜɥɟɧɢɟ. Ⱦɚɜɥɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɦɨɳ-
ɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɦɚɬɟɪɢɚɥɚ ɪɨɥɢɤɚ, ɚ ɬɚɤɠɟ ɨɬ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɵ, ɧɚ ɤɨɬɨɪɭɸ ɧɚɧɨɫɢɬɫя ɦɚɬɟɪɢɚɥ. 

ȼɫɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɪɚɛɨɬɵ ɛɵɥɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-
ɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢя ɞɥя ɬɟɯɧɨɥɨɝɢɢ ATδ, ɧɨ ɩɪɨɛɥɟɦɵ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɢ ɢɡɦɟɧɟɧɢя ɥɢɩɤɨɫɬɢ ɬɚɤ ɢ ɨɫɬɚɥɢɫɶ ɧɟɪɟɲɟɧɧɵɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɯɧɨɥɨɝɢя 
ɞɚɜɚɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɬɨɱɧɨɝɨ ɤɨɧɬɪɨɥя ɞɚɜɥɟɧɢя ɜɨ ɜɪɟɦя ɜɵɤɥɚɞɤɢ, ɧɨ ɛɵɥɨ ɧɟяɫɧɨ, 
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ɤɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɠɟɥɚɬɟɥɶɧɵɣ ɭɪɨɜɟɧɶ ɞɚɜɥɟɧɢя ɢɥɢ ɨɬ ɱɟɝɨ ɨɧ ɡɚɜɢɫɢɬ. Ʉ ɫɨɠɚɥɟ-
ɧɢɸ, ɮɚɤɬɢɱɟɫɤɚя ɫɤɨɪɨɫɬɶ ɜɵɤɥɚɞɤɢ ɨɫɬɚɥɚɫɶ ɛɟɡ ɢɡɦɟɧɟɧɢɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɧɟɟ 
ɞɨɫɬɢɝɧɭɬɨɣ ɜɟɥɢɱɢɧɨɣ ɫɤɨɪɨɫɬɢ 10–20 ɦ/ɦɢɧ. Ɉɫɨɛɨɣ ɩɪɨɛɥɟɦɨɣ, ɨɫɬɚɜɚɜɲɟɣɫя ɜ ɷɬɨɬ 
ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ, ɛɵɥɚ ɬɚɤɠɟ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢя ɞɥя ɭɤɥɚɞɤɢ. 

ȼ 2000 ɝ. ɫɢɫɬɟɦɭ ATδ ɨɰɟɧɢɥɢ ɜ γ,η ɦɥɧ ɞɨɥɥɚɪɨɜ ɋɒȺ ДγηЖ. ɗɬɨ ɨɡɧɚɱɚɥɨ, ɱɬɨ 
ɬɟɯɧɨɥɨɝɢя ATδ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɞɥя ɤɨɦɩɟɧɫɚɰɢɢ ɩɟɪɜɨɧɚɱɚɥɶ-
ɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɱɬɨ ɞɟɥɚɟɬ ɟɟ ɜɧɟɞɪɟɧɢɟ ɜ ɤɨɦɦɟɪɱɟɫɤɨɟ ɚɜɢɚɫɬɪɨɟɧɢɟ ɞɨɫɬɚ-
ɬɨɱɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ. ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɞɥя ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɞɨɫɬɭɩɧɵɯ ɜ ɤɨɧɰɟ 1980-ɯ ɝɝ. ɫ ɬɨɱɤɢ ɡɪɟɧɢя ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ 
ɫɬɨɢɦɨɫɬɢ, ɩɨɤɚɡɚɥɢ Дγθ–γ8Ж, ɱɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɚя ɜɵɤɥɚɞɤɚ ɧɟ ɞɚɟɬ ɡɚɦɟɬɧɨɝɨ ɭɜɟɥɢɱɟ-
ɧɢя ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɭɱɧɨɣ ɮɨɪɦɨɜɤɨɣ. ɋ ɭɱɟɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ ɫɢɫɬɟɦɭ ɭɤɥɚɞɤɢ, ɫɬɨɢɦɨɫɬɶ ɫɟɪɢɣɧɵɯ ɞɟɬɚɥɟɣ ɭɜɟɥɢɱɢɥɚɫɶ ɞɥя 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ, ɨɞɧɚɤɨ ɚɜɬɨɪɵ ɷɬɢɯ ɫɬɚɬɟɣ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɚɜɬɨ-
ɦɚɬɢɡɚɰɢя ɜɫɟ ɠɟ ɠɟɥɚɬɟɥɶɧɚ ɢɡ-ɡɚ ɷɮɮɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɛɵɥɢ ɭɱɬɟɧɵ ɜ ɢɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢяɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ, ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ ɢ ɫɧɢɠɟɧɢɟ ɩɨɬɟɪɶ 
ɦɚɬɟɪɢɚɥɚ. 
 

Ɋɚɡвиɬиɟ ɬɟɯɧɨɥɨɝии ATL ɫ 1990-ɯ ɝɝ. ɩɨ ɧɚɫɬɨяɳɟɟ вɪɟɦя 
Ɉɛɨɝɪɟɜ ɥɟɧɬɵ ɜ ɭɫɬɚɧɨɜɤɚɯ ATL ɜɜɟɞɟɧ ɜ 1990-ɯ ɝɝ. ɞɥя ɪɟɲɟɧɢя ɩɪɨɛɥɟɦ, ɜɨɡ-

ɧɢɤɚɸɳɢɯ ɩɪɢ ɫɥɨɠɧɨɣ ɭɤɥɚɞɤɟ, ɱɬɨ ɬɚɤɠɟ ɩɨɡɜɨɥяɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɥɢɩɤɨɫɬɶ ɩɪɢ 
ɜɵɤɥɚɞɤɟ ɤɪɭɩɧɵɯ ɞɟɬɚɥɟɣ [39]. ȼ ɪɚɛɨɬɟ [40] ɨɛɫɭɠɞɚɟɬɫя ɪɚɡɪɚɛɨɬɤɚ ɫɨɜɦɟɫɬɧɨɣ ɤɨɦ-
ɩɨɧɨɜɤɢ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɨɣ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ ȺTL ɞɨɛɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɤɨɧ-
ɞɢɰɢɨɧɢɪɨɜɚɧɢя, ɩɨɡɜɨɥяɸɳɚя ɜɵɤɥɚɞɵɜɚɬɶ ɥɟɧɬɭ ɧɚ ɮɨɪɦɵ ɫɨ ɫɥɨɠɧɵɦɢ ɤɨɧɬɭɪɚɦɢ. 
Ⱦɚɥɶɧɟɣɲɢɟ ɢɡɦɟɧɟɧɢя ɜ ɬɟɯɧɨɥɨɝɢɢ ATL, ɜɤɥɸɱɚя ɭɦɟɧɶɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɪɨɥɢɤɚ ɞɥя 
ɭɤɥɚɞɤɢ ɫɨ 1η0 ɞɨ η0 ɦɦ, ɩɪɨɢɡɜɟɞɟɧɵ ɞɥя ɩɨɜɵɲɟɧɢя ɦɚɧɟɜɪɟɧɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢя 
ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɥɟɧɬɵ ɧɚ ɤɨɧɬɭɪɵ ɞɟɬɚɥɟɣ ɫ ɤɪɢɜɢɡɧɨɣ ɛɨɥɟɟ γ0 ɝɪɚɞɭɫɨɜ. Ⱦɥя ɨɛɟɫɩɟ-
ɱɟɧɢя ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɤɥɚɞɤɢ ɧɚ ɫɥɨɠɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɮɨɪɦɵ, ɬɪɟɛɨɜɚɥɨɫɶ ɧɟɤɨɬɨ-
ɪɨɟ ɧɚɬяɠɟɧɢɟ ɥɟɧɬɵ, ɱɬɨɛɵ ɫɥɨɢ ɨɫɬɚɜɚɥɢɫɶ ɪɨɜɧɵɦɢ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚя 
ɫɤɨɪɨɫɬɶ ɜɵɤɥɚɞɤɢ ɫɨɫɬɚɜɥяɥɚ 1γ ɦ/ɦɢɧ ɢ ɧɟ ɢɡɦɟɧɢɥɚɫɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɚɦɵɦɢ ɪɚɧ-
ɧɢɦɢ ɫɜɟɞɟɧɢяɦɢ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɦɢ ɜ 1981 ɝ. 

Ⱦɥя ɬɨɝɨ ɱɬɨɛɵ ɷɮɮɟɤɬɢɜɧɨ ɭɦɟɧɶɲɢɬɶ ɩɨɫɥɟɞɭɸɳɟɟ ɨɬɜɟɪɠɞɟɧɢɟ ɬɟɪɦɨɪɟɚɤ-
ɬɢɜɧɨɣ ɥɟɧɬɵ ɜ ɩɪɨɰɟɫɫɟ ɜɵɤɥɚɞɤɢ, ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɨɛ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢяɯ 
ɨɛɪɚɛɨɬɤɢ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ ДγηЖ ɩɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ  ɜɵɤɥɚɞɤɢ, ɜ ɤɨɬɨɪɨɣ ɬɟɪɦɨɪɟɚɤɬɢɜ-
ɧɚя ɥɟɧɬɚ ɧɚɝɪɟɜɚɟɬɫя ɞɨ 1η0 °C ɢ ɭɤɥɚɞɵɜɚɟɬɫя ɫɨ ɫɤɨɪɨɫɬɶɸ 0,0θ ɦ/ɦɢɧ. Ɉɬɦɟɱɟɧɨ, 
ɱɬɨ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɣ ɦɚɬɟɪɢɚɥ ɞɨɫɬɢɝɚɟɬ ɥɢɲɶ ɨɝɪɚɧɢɱɟɧɧɨɣ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢя ɢ 
ɩɨɫɥɟɞɭɸɳɟɟ  ɞɨɨɬɜɟɪɠɞɟɧɢɟ ɜɫɟ ɪɚɜɧɨ ɧɟɨɛɯɨɞɢɦɨ. ɉɪɢ ɷɬɨɦ ɞɚɜɥɟɧɢɟ ɜɵɤɥɚɞɤɢ ɧɟ 
ɡɚɜɢɫɟɥɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɥɨɟɜ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɟɥɨ ɨɬ ɞɢɚɦɟɬɪɚ ɝɨɥɨɜɤɢ ɢ ɨɪɢɟɧ-
ɬɚɰɢɢ ɫɥɨɟɜ. ɇɚɤɨɧɟɰ, ɚɜɬɨɪɵ ɪɚɛɨɬɵ ДγηЖ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɜɵɫɨɤɨɟ ɢɡɛɵɬɨɱɧɨɟ 
ɞɚɜɥɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɫɫɥɨɟɧɢɸ ɩɪɟɩɪɟɝɚ ɜɨ ɜɪɟɦя ɜɵɤɥɚɞɤɢ, ɬɚɤ ɤɚɤ ɫɥɨɢ ɥɟɧ-
ɬɵ ɪɚɡɞɜɢɝɚɸɬɫя ɢ ɪɚɡɪɵɜɚɸɬɫя ɩɟɪɟɞ ɢ ɡɚ ɩɪɢɤɚɬɵɜɚɸɳɢɦ ɪɨɥɢɤɨɦ, ɩɪɢɠɢɦɚɸɳɢɦ 
ɦɚɬɟɪɢɚɥ ɤ ɮɨɪɦɟ, ɨɞɧɚɤɨ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɥɢɩ-
ɤɨɫɬɶ, ɤɨɬɨɪɚя ɦɨɝɥɚ ɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɬɚɤɢɟ ɪɚɡɪɵɜɵ. 

ȼ ɪɚɛɨɬɟ Д41Ж ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɨɣ ɥɟɧɬɵ 
ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɩɪяɦɨɣ ɜɵɤɥɚɞɤɢ ɢ ɤɨɧɫɨɥɢɞɚɰɢɢ ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɞ-
ɧɚɤɨ ɞɨɫɬɚɬɨɱɧɨ ɫɤɨɪɨ ɜɵɤɥɚɞɤɭ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɬɚɥɢ ɨɫɭɳɟɫɬɜɥяɬɶ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 
AFP. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɫɟɪɟɞɢɧɵ 1990-ɯ ɝɝ. ɞɨ ɧɚɫɬɨяɳɟɝɨ ɜɪɟɦɟɧɢ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢ-
ɬɢɟ ɩɪɨɰɟɫɫɚ ATδ ɛɵɥɨ ɞɨɜɨɥɶɧɨ ɨɝɪɚɧɢɱɟɧɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɫɬɚɥɢ ɩɪɟɨɛɥɚɞɚɬɶ ɬɪɟɛɨ-
ɜɚɧɢя ɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

https://translate.googleusercontent.com/translate_f#12
https://translate.googleusercontent.com/translate_f#12
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ȼ ɩɚɬɟɧɬɟ Д42Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚя ɨɛɴɟɞɢɧяɟɬ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɚ 
ɪɭɥɨɧɚ ɦɚɬɟɪɢɚɥɚ ɲɢɪɢɧɨɣ 7η, 1η0 ɢɥɢ γ00 ɦɦ ɜ ɨɞɧɨɣ ɝɨɥɨɜɤɟ ɭɫɬɚɧɨɜɤɢ ATδ, ɱɬɨɛɵ 
ɩɨɬɟɧɰɢɚɥɶɧɨ ɭɥɭɱɲɢɬɶ ɤɚɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɬɚɤ ɢ ɫɤɨɪɨɫɬɶ ɜɵɤɥɚɞɤɢ, ɯɨɬя ɷɬɨɬ 
ɜɚɪɢɚɧɬ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɢɫɬɟɦɭ ɜɵɤɥɚɞɤɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ AFP. 

ȼ ɩɚɬɟɧɬɚɯ Д4γ, 44Ж ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢя ɪɚɫɤɪɨя ɞɥя ɭɤɥɚɞɤɢ ɥɟɧɬ ɩɨ  
ATL-ɬɟɯɧɨɥɨɝɢɢ ɞɥя ɩɨɜɵɲɟɧɢя ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɛɨɥɶɲɢɯ ɞɟɬɚɥɟɣ ɫ 
ɦɟɥɤɢɦɢ ɱɚɫɬяɦɢ. ɇɟɛɨɥɶɲɢɟ ɧɚɤɥɚɞɤɢ ɢɡ ɩɪɟɩɪɟɝɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɪɟɡɚɸɬ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɨɬɞɟɥɶɧɨɣ ɨɩɟɪɚɰɢɢ, ɯɪɚɧяɬ ɧɚ ɩɨɞɥɨɠɤɟ ɢ ɡɚɧɨɜɨ ɧɚɦɚɬɵɜɚɸɬ ɧɚ ɪɭɥɨɧ.  
ȼ ɷɬɨɣ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɭɸɬ ɞɜɟ ɨɬɞɟɥɶɧɵɟ ɫɬɨɪɨɧɵ ɝɨɥɨɜɤɢ ɭɫɬɚɧɨɜɤɢ ɞɥя ɧɚɧɟɫɟɧɢя 
ɥɢɛɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɨя, ɥɢɛɨ ɧɟɛɨɥɶɲɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɪɟɡɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɩɪɟ-
ɩɪɟɝɚ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɞɜɭɯɮɚɡɧɨɣ ɜɵɤɥɚɞɤɨɣ, ɬɨɝɞɚ ɤɚɤ ɨɛɵɱɧɚя ɜɵɤɥɚɞ-
ɤɚ яɜɥяɟɬɫя ɨɞɧɨɮɚɡɧɨɣ. 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥя ATδ ɫɬɚɥɨ ɛɨɥɟɟ ɪɚɡɧɨɨɛɪɚɡɧɵɦ – ɪɚɡɪɚ-
ɛɚɬɵɜɚɸɬɫя ɦɚɲɢɧɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɪɟɲɚɬɶ ɤɨɧɤɪɟɬɧɵɟ ɩɪɨɛɥɟɦɵ ɫ ɜɵɤɥɚɞɤɨɣ, ɚ ɬɚɤ-
ɠɟ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɱɟɧɶ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɍɟɯɧɨɥɨɝɢɸ ATδ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ ɜɵɤɥɚɞɤɢ ɩɪɟɩɪɟɝɚ, ɤɨɬɨɪɵɣ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬ-
ɫя, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɢ ɜ ɨɬɪɚɫɥяɯ ɜɨɡɨɛɧɨɜɥяɟɦɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɬɚɤɨɝɨ ɩɪɨɰɟɫɫɚ яɜɥяɸɬɫя ɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɶ ɜɵɤɥɚɞɤɢ ɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢя ɩɪɟɩɪɟɝɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɤɪɭɩɧɵɟ ɞɟ-
ɬɚɥɢ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɦɚɬɟɪɢɚɥɵ ɫ ɛɨɥɶɲɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɭɩɪɨ-
ɳɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɭɫɬɚɧɨɜɨɤ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɵɫɨ-
ɤɢɟ ɧɚɱɚɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɨɝɪɚɧɢɱɟɧɧɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɫɥɨɠɧɨɫɬɶ ɢɡɝɨ-
ɬɚɜɥɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɚ, ɱɟɦ ɭ ɬɟɯɧɨɥɨɝɢɢ 
AFP. ɇɟɫɦɨɬɪя ɧɚ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɨɝɪɚɧɢɱɟɧɢя ɢ ɫɥɨɠɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤ ɬɟɯɧɨɥɨ-
ɝɢɢ ATL ɧɟɞɚɜɧɨ ɜɨɡɨɛɧɨɜɢɥɫя ɢɧɬɟɪɟɫ ɢɡ-ɡɚ ɟɟ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɟɨɛɯɨ-
ɞɢɦɨɣ ɞɥя ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɨɫɤɢɯ ɫɥɨɢɫɬɵɯ ɥɢɫɬɨɜ ɢɡ ɉɄɆ Д4ηЖ. ɉɨɫɥɟ ɭɤɥɚɞɤɢ ɩɥɨɫɤɢɦ 
ɫɥɨɢɫɬɵɦ ɥɢɫɬɚɦ ɢɡ ɉɄɆ ɦɨɠɧɨ ɩɪɢɞɚɬɶ ɠɟɥɚɟɦɭɸ ɮɨɪɦɭ ɩɭɬɟɦ ɝɨɪяɱɟɝɨ ɮɨɪɦɨɜɚɧɢя 
Д4θЖ, ɢɫɩɨɥɶɡɭя ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɣ ɩɨ ɫɬɨɢɦɨɫɬɢ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɪɭɩɧɵɯ ɤɨɦ-
ɩɨɡɢɬɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɩɪɟɩɪɟɝɚ. 
Ɉɞɧɚɤɨ ɮɨɪɦɨɜɚɧɢɟ ɦɨɠɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɚɬɶɫя ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɩɪɢɦɟɪ ɢɡ-ɡɚ ɫɦɨɪɳɢɜɚɧɢя ɜɨɥɨɤɨɧ, ɡɚɡɨɪɨɜ ɢ ɧɚɯɥɟɫɬɨɜ Дθ, 11]. 
 

Ɉɛɨɪɭɞɨвɚɧиɟ ɞɥя ɬɟɯɧɨɥɨɝии ATL 
Ɍɟɯɧɨɥɨɝɢя ATδ ɢɫɩɨɥɶɡɭɟɬɫя ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɦɧɨɠɟɫɬɜɚ ɞɟɬɚɥɟɣ, ɬɚɤɢɯ ɤɚɤ 

ɯɜɨɫɬɨɜɵɟ ɩɥɨɫɤɨɫɬɢ, ɨɛɲɢɜɤɚ ɤɪɵɥɚ Д47, 48Ж ɢ ɤɟɫɫɨɧ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɪɵɥɚ Д48, 49Ж. 
Ɉɫɧɨɜɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥяɦɢ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя ɞɥя ɫɢɫɬɟɦ ATδ яɜɥя-
ɸɬɫя ɤɨɦɩɚɧɢɢ εAGCТЧМТЧЧКЭТ (ɋɒȺ), εTШrrОs (ɂɫɩɚɧɢя) ɢ FШrОsЭ-δТЧц (Ɏɪɚɧɰɢя), ɯɨ-
ɬя ɩɨɫɥɟɞɧяя ɧɟɞɚɜɧɨ ɩɪɢɨɛɪɟɬɟɧɚ ɤɨɦɩɚɧɢɟɣ εAGCТЧМТЧЧКЭТ. Ʉɨɦɩɚɧɢɢ GFε (Ƚɟɪɦɚ-
ɧɢя), εТФrШsКЦ (Ɇɚɤɟɞɨɧɢя), EЧЭОМ (ɋɒȺ) ɢ ATK (ɋɒȺ) ɩɨɫɬɚɜɥяɸɬ ɫɢɫɬɟɦɵ ATδ, ɚ 
ɤɨɦɩɚɧɢя IЧРОrsШХХ (ɋɒȺ) ɜ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɩɨɫɬɚɜɥяɟɬ ɬɨɥɶɤɨ ɫɢɫɬɟɦɵ AFP, ɧɨ ɪɚɧɟɟ 
ɩɨɫɬɚɜɥяɥɚ ɢ ɫɢɫɬɟɦɵ ATδ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥя ɬɟɯɧɨɥɨɝɢɢ ATL ɱɚɳɟ ɤɨɧɫɬɪɭɢɪɭɸɬ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɛɚɥ-
ɤɨɣ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɜɵɤɥɚɞɵɜɚɬɶ ɛɨɥɶɲɢɟ ɢ ɥɟɝɤɢɟ ɩɨ ɮɨɪɦɟ ɢɡɞɟɥɢя 
(ɪɢɫ. 1 ɢ 2). ȿɝɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɤɨɧɫɬɪɭɢɪɭɸɬ ɫ ɪɚɦɨɣ ɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɪɭɤɨɣ ɫ 
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ, ɚ ɬɚɤɠɟ ɫ ɜɪɚɳɚɸɳɢɦɫя ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɥɢ 
ɢɯ ɤɨɦɛɢɧɚɰɢɟɣ Дη0Ж. 

Ʉɨɦɩɚɧɢя εAGCТЧМТЧЧКЭТ ɩɪɟɞɥɚɝɚɟɬ ɭɫɬɚɧɨɜɤɭ CHARGER, ɤɨɬɨɪɚя ɧɚɧɨɫɢɬ 
ɫɥɨɢ ɢɡ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɩɪɨɩɢɬɚɧɧɨɣ ɥɟɧɬɵ ɲɢɪɢɧɨɣ 7η, 1η0 ɢɥɢ γ00 ɦɦ. ɋɥɨɢ ɥɟɧ-
ɬɵ ɜɵɤɥɚɞɵɜɚɸɬ ɩɨ ɤɨɧɬɭɪɚɦ ɢ ɷɥɟɦɟɧɬɚɦ ɫ ɨɫɬɪɵɦɢ ɭɝɥɚɦɢ – ɞɨ 2η ɝɪɚɞɭɫɨɜ.  
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Ⱦɟɫяɬɢɨɫɟɜɚя ɩɨɪɬɚɥɶɧɚя ɫɢɫɬɟɦɚ ɫ ɑɉɍ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚɤɥɚɞɵɜɚɟɬ, ɪɚɡɪɟɡɚɟɬ ɢ ɭɞɚ-
ɥяɟɬ ɥɟɧɬɭ. ȼ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫя ɭɧɢɤɚɥɶɧɚя ɤɨɧɫɬɪɭɤɰɢя ɝɨɥɨɜɤɢ ɫ ɛɨɤɨɜɨɣ ɡɚ-
ɝɪɭɡɤɨɣ, ɤɨɬɨɪɚя ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɵɫɬɪɭɸ ɢ ɩɪɨɫɬɭɸ ɡɚɦɟɧɭ ɪɭɥɨɧɨɜ ɥɟɧɬɵ ɲɢɪɢɧɨɣ ɞɨ 
γ00 ɦɦ ɢ ɞɢɚɦɟɬɪɨɦ ɛɨɛɢɧɵ θη0 ɦɦ Д8, η1Ж. 

Ɍɟɯɧɨɥɨɝɢя ATδ ɤɨɦɩɚɧɢɢ FШrОsЭ-δТЧц яɜɥяɟɬɫя ɭɧɢɤɚɥɶɧɨɣ ɞɥя ɨɬɪɚɫɥɢ. Ɇɚɲɢ-
ɧɚ ATLAS ɫ ɞɜɭɦя ɝɨɥɨɜɤɚɦɢ ɜɵɤɥɚɞɵɜɚɟɬ ɥɟɧɬɭ ɲɢɪɢɧɨɣ γ0η ɦɦ  ɱɟɪɟɡ ɨɫɧɨɜɧɭɸ ɝɨ-
ɥɨɜɤɭ ɢ ɥɟɧɬɭ ɲɢɪɢɧɨɣ 1η2,η ɦɦ ɱɟɪɟɡ ɜɬɨɪɢɱɧɭɸ ɝɨɥɨɜɤɭ, ɩɨɞɚɜɚɟɦɭɸ ɤɚɫɫɟɬɨɣ, ɤɨ-
ɬɨɪɚя ɭɞɟɪɠɢɜɚɟɬ ɥɟɧɬɭ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɪɟɡɚɧɧɵɦɢ ɤɪɚяɦɢ Д8, η2Ж. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɧɚɪɟɡɚɧɧɭɸ ɥɟɧɬɭ ɩɨɞɝɨɬɚɜɥɢɜɚɸɬ ɚɜɬɨɧɨɦɧɨ ɧɚ ɨɬɪɟɡɧɨɦ ɫɬɚɧɤɟ (AММОss) ɢ ɯɪɚɧяɬ ɜ 
ɤɚɫɫɟɬɟ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɢɡɛɟɠɚɬɶ ɩɪɨɫɬɨɟɜ ɞɥя ɪɟɡɤɢ ɢ ɭɞɚɥɟɧɢя ɨɛɪɟɡɤɨɜ. ɇɚɪɟɡɤɭ ɥɟɧ-
ɬɵ ɩɪɨɢɡɜɨɞяɬ ɞɜɭɦя ɭɥɶɬɪɚɡɜɭɤɨɜɵɦɢ ɧɨɠɚɦɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɪɟɡɚɧɧɵɟ ɥɟɧɬɵ 
ɩɨɡɜɨɥяɸɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɥɸɛɵɟ ɞɟɬɚɥɢ ɞɥя ɭɞɨɜɥɟɬɜɨɪɟɧɢя ɪɚɡɥɢɱɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɞɢ-
ɡɚɣɧɚ. Ɉɞɧɚ ɝɨɥɨɜɤɚ ɜɵɤɥɚɞɵɜɚɟɬ ɥɟɧɬɭ ɲɢɪɢɧɨɣ ɨɬ 7θ ɞɨ γ0η ɦɦ, ɚ ɞɪɭɝɚя – ɨɬ 7θ ɞɨ 
1η2,η ɦɦ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɵɤɥɚɞɤɢ θ0 ɦ/ɦɢɧ ɫ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɦ ɭɫɤɨɪɟɧɢɟɦ ɢɥɢ ɡɚɦɟɞ-
ɥɟɧɢɟɦ. ɑɟɬɵɪɟ ɦɚɲɢɧɵ ATLAS ɢ ɞɜɟ ɦɚɲɢɧɵ AММОss ɤɨɦɩɚɧɢɢ FШrОsЭ-δТЧц ɢɫɩɨɥɶɡɭ-
ɸɬɫя ɞɥя ɫɛɨɪɤɢ ɫɚɦɵɯ ɤɪɭɩɧɵɯ ɞɟɬɚɥɟɣ − ɤɪɵɥɶɟɜ ɫɚɦɨɥɟɬɚ Boing 787, ɩɪɨɢɡɜɨɞɢɦɵɯ 
εТЭsЮЛТsСТ HОКЯв IЧНЮsЭrТОs (εHI, ɇɚɝɨя, əɩɨɧɢя).  

ɍɫɬɚɧɨɜɤɚ ATLAS One ɨɬ ɷɬɨɣ ɠɟ ɤɨɦɩɚɧɢɢ яɜɥяɟɬɫя ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɣ ɦɚ-
ɲɢɧɨɣ ɞɥя ɪɟɡɤɢ ɢ ɭɤɥɚɞɤɢ ɥɟɧɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ  ɞɜɨɣɧɨɣ ɤɪɢɜɢɡɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ 
ɞɥя ɜɵɤɥɚɞɤɢ ɤɨɦɩɨɡɢɬɧɵɯ ɞɟɬɚɥɟɣ ɞɥя ɝɪɚɠɞɚɧɫɤɢɯ ɢɥɢ ɜɨɟɧɧɵɯ ɫɚɦɨɥɟɬɨɜ ɢ ɜɟɬɪя-
ɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. Ʉɨɦɩɚɧɢя ɩɪɟɞɥɚɝɚɟɬ ɜɵɫɨɱɚɣɲɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɦɢɧɢ-
ɦɚɥɶɧɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ. Ɇɚɲɢɧɚ ɫɨɞɟɪɠɢɬ ɧɟɩɪɟɪɵɜɧɭɸ ɲɟɫɬɢɨɫɟɜɭɸ ɝɨɥɨɜɤɭ ɫ ɜɵ-
ɫɨɤɢɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɞɜɚ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɪɟɡɚɤɚ, ɞɜɭɯɬɚɤɬɧɚя 
ɮɭɧɤɰɢя ɤɨɬɨɪɵɯ ɩɨɡɜɨɥяɟɬ ɜɵɩɨɥɧяɬɶ ɪɟɡɤɭ ɧɟɫɤɨɥɶɤɢɯ ɫɟɝɦɟɧɬɨɜ. ɋɢɫɬɟɦɚ ɩɨɡɜɨɥяɟɬ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɵɫɨɬɭ ɪɟɡɚɤɚ ɢ ɨɱɢɳɚɬɶ ɟɝɨ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɪяɬɶ ɧɚɯɥɟɫɬɵ 
ɢ ɡɚɡɨɪɵ ɜ ɩɪɨɰɟɫɫɟ ɜɵɤɥɚɞɤɢ ДηγЖ. 

Ɍɟɯɧɨɥɨɝɢя ɤɨɦɩɚɧɢɢ NШrЭС TСТЧ PХв Technology (Ɋɟɧɚɧ, ɒɜɟɣɰɚɪɢя), ɢɡɜɟɫɬɧɚя 
ɫɜɨɢɦɢ ɭɥɶɬɪɚɬɨɧɤɢɦɢ ɦɭɥɶɬɢɚɤɫɢɚɥɶɧɵɦɢ ɩɪɟɩɪɟɝɚɦɢ ɦɚɪɤɢ TСТЧPrОР, ɢɡɝɨɬɨɜɥɟɧ-
ɧɵɦɢ ɞɥя ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɡɚɩɚɬɟɧɬɨɜɚɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɜɨɥɨɤɨɧ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɬɟɯɧɨɥɨɝɢɟɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɵɤɥɚɞɤɢ ɥɟɧɬɵ, ɩɨɡɜɨɥяɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɥɟɧɬɵ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɨ 17 ɝ/ɦ2. Ʌɟɧɬɵ ɷɬɨɣ ɤɨɦɩɚɧɢɢ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥя ɫɨɡɞɚɧɢя ɤɪɵɥɶɟɜ ɫɚɦɨɥɟɬɚ SШХКr IЦЩЮХsО, ɤɨɬɨɪɵɣ ɫɨɜɟɪɲɢɥ ɤɪɭɝɨ-
ɫɜɟɬɧɵɣ ɩɟɪɟɥɟɬ ɧɚ ɷɥɟɦɟɧɬɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ. Ʉɨɦɩɚɧɢя ɬɚɤɠɟ 
ɩɪɟɞɥɚɝɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥя ɜɵɤɥɚɞɤɢ ɥɟɧɬ Дη4Ж. 

Ʉɨɦɩɚɧɢя εTШrrОs (Ɍɨɪɪɟɫ-ɞɟ-ɗɥɨɪɡ, ɇɚɜɚɪɪɚ, ɂɫɩɚɧɢя) ɩɪɟɞɥɚɝɚɟɬ ɭɫɬɚɧɨɜɤɭ 
TORRESLAYUP – ɨɞɢɧɧɚɞɰɚɬɢɨɫɟɜɭɸ ɩɨɪɬɚɥɶɧɭɸ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɭɸ ɫɢɫɬɟɦɭ ATδ, 
ɢɡɧɚɱɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɞɥя ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɪɦɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɦ ɜɨɥɨɤɧɨɦ 
ɤɨɦɩɨɡɢɬɧɵɯ ɚɷɪɨɫɬɪɭɤɬɭɪ. Ʉɚɠɞɨɟ ɭɫɬɪɨɣɫɬɜɨ ɪɚɡɪɚɛɨɬɚɧɨ ɜ ɜɢɞɟ ɦɨɞɭɥɶɧɨɣ ɫɢɫɬɟ-
ɦɵ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɢ ɩɨɫɬɪɨɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢяɦɢ ɡɚɤɚɡɱɢɤɚ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɢɦɟɸɳɟɝɨɫя ɜ ɩɪɨɞɚɠɟ ɑɉɍ. ɋɢɫɬɟɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ 
ɭɩɥɨɬɧяɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɜɵɤɥɚɞɤɢ, ɭɫɬɪɚɧяя ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɱɚɫɬɵɯ 
ɰɢɤɥɚɯ ɜɚɤɭɭɦɧɨɝɨ ɭɩɥɨɬɧɟɧɢя ɞɥя ɞɨɫɬɢɠɟɧɢя ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢя ɉɄɆ Д8, 10Ж. 
Ʉɨɦɩɚɧɢя ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɢɥɚ ɧɨɜɭɸ ɭɜɟɥɢɱɟɧɧɭɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɝɨɥɨɜɤɭ ɞɥя 
ɫɢɫɬɟɦɵ ATδ ɞɥя ɦɚɫɫɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɨɫɤɢɯ (2D) ɢɥɢ ɫɥɟɝɤɚ ɢɡɨɝɧɭɬɵɯ ɞɟɬɚɥɟɣ 
ɫɨ ɫɤɨɪɨɫɬɶɸ 2η0 ɦ2/ɱ. ɉɪɟɞɧɚɡɧɚɱɟɧɧɚя ɞɥя ɫɧɢɠɟɧɢя ɡɚɬɪɚɬ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɭɦɟɧɶ-
ɲɟɧɢя ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɰɢɤɥɚ, ɝɨɥɨɜɤɚ ɢɦɟɟɬ ɡɚɩɚɬɟɧɬɨɜɚɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɫ ɧɟ-
ɫɤɨɥɶɤɢɦɢ ɥɟɧɬɚɦɢ, ɤɨɬɨɪɚя ɜɦɟɳɚɟɬ ɱɟɬɵɪɟ ɥɟɧɬɵ ɲɢɪɢɧɨɣ 1η0 ɦɦ, ɫɨɡɞɚɜɚя ɩɨɥɨɫɭ 
ɲɢɪɢɧɨɣ θ00 ɦɦ Дη4Ж. 
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Ɂɚɤɥɸчɟɧия 
Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚя ɜɵɤɥɚɞɤɚ ɧɚɯɨɞɢɬ ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ 

ɪяɞɟ ɨɬɪɚɫɥɟɣ ɛɥɚɝɨɞɚɪя ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɭɫɨɜɟɪɲɟɧɫɬɜɨ-
ɜɚɧɢяɦ. Ɍɟɯɧɨɥɨɝɢя ATδ ɪɚɡɪɚɛɚɬɵɜɚɥɚɫɶ ɫ 1970-ɯ ɝɝ. ɤɚɤ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚя ɜɟɪɫɢя 
ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɢ ɥɟɧɬɵ, ɤɨɬɨɪɚя ɨɛɟɫɩɟɱɢɜɚɥɚ ɛɵ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ 
ɧɚɞɟɠɧɨɫɬɶ ɞɥя ɩɪɨɫɬɵɯ ɢɥɢ ɧɟɫɥɨɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɗɬɚ ɬɟɯɧɨɥɨɝɢя ɨɫɨɛɟɧɧɨ ɷɮ-
ɮɟɤɬɢɜɧɚ ɞɥя ɛɨɥɶɲɢɯ ɩɥɨɫɤɢɯ ɞɟɬɚɥɟɣ, ɫ ɟɟ ɩɨɦɨɳɶɸ, ɩɪɨɜɟɞя ɧɟɛɨɥɶɲɢɟ ɦɨɞɢɮɢɤɚ-
ɰɢɢ, ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɩɪɟɩɪɟɝɨɜ ɡɚɝɨɬɨɜɤɢ ɤɨɦɩɨɡɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɛɨɥɶɲɨɣ 
ɩɥɨɳɚɞɢ. Ⱦɚɥɶɧɟɣɲɢɟ ɪɚɡɪɚɛɨɬɤɢ ɜ ɨɛɥɚɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢя ɢɡɞɟɥɢɣ ɞɥя ɜɨɡɨɛɧɨɜɥяɟɦɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ (ɧɚɩɪɢɦɟɪ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɥɨɩɚɫɬɟɣ ɪɨɬɨɪɚ), ɜɟɪɨяɬɧɨ, ɛɭɞɭɬ ɫɞɟɥɚ-
ɧɵ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ ATδ ɢɡ ɧɟɞɨɪɨɝɨɝɨ ɩɪɟɩɪɟɝɚ. ȼ ɰɟɥɨɦ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɩɪɢ-
ɪɨɫɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɥя ATδ-ɬɟɯɧɨɥɨɝɢɢ ɨɝɪɚɧɢɱɟɧ ɢɡ-ɡɚ ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢя ɭɫɬɚɧɨɜɨɤ.  

ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɪɚɡɪɚɛɨɬɤɨɣ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɨɩɵɬ-
ɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥя ɧɚɦɨɬɤɢ ɢ ɜɵɤɥɚɞɤɢ ɩɪɟɩɪɟɝɨɜ ɞɥя ɡɚɝɨɬɨɜɨɤ 
ɞɟɬɚɥɟɣ ɢɡ ɉɄɆ ɜ ɬɟɱɟɧɢɟ 10 ɥɟɬ ɡɚɧɢɦɚɟɬɫя ɈɈɈ «ɇɉɉ ȼɂɍɋ». ȼɨ ɎȽɍɉ «ȼɂȺɆ» 
ɪɚɡɪɚɛɨɬɚɧ ɦɚɬɟɪɢɚɥ (ɜ ɜɢɞɟ ɩɪɟɩɪɟɝɚ), ɩɪɢɝɨɞɧɵɣ ɞɥя ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ 
ɥɟɧɬ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ATδ. ɂɫɩɵɬɚɧɢя ɦɚɬɟɪɢɚɥɚ ɩɪɨɲɥɢ ɭɫɩɟɲɧɨ ɧɚ ɨɞɧɨɦ ɢɡ ɩɪɟɞɩɪɢ-
яɬɢɣ, ɤɨɬɨɪɨɟ ɡɚɧɢɦɚɟɬɫя ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɉɄɆ. 
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Ɋаɫɫɦɨɬɪɟɧɨ ɩɨɥɭɱɟɧɢɟ ɦɟɬаɥɥɨɦаɬɪɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥа-
ɡɟɪɧɨɝɨ ɫɩɥаɜɥɟɧɢɹ (ɋɅɋ). ȼ ɤаɱɟɫɬɜɟ ɦаɬɟɪɢаɥа ɦаɬɪɢɰɵ ɜɵɛɪаɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɠа-
ɪɨɩɪɨɱɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥаɜ ɫɢɫɬɟɦɵ Ni–Cr–Mo–Nb–Al, ɜ ɤаɱɟɫɬɜɟ ɭɩɪɨɱɧɹюɳɢɯ ɞɢɫ-
ɩɟɪɫɧɵɯ ɱаɫɬɢɰ – ɨɤɫɢɞ ɢɬɬɪɢɹ Y2O3. ɉɨɫɥɟ ɦɟɯаɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜаɧɢɹ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ 
ɩɨɪɨɲɤа ɢɡɝɨɬаɜɥɢɜаɥɢ ɦаɬɟɪɢаɥ ɦɟɬɨɞɨɦ ɋɅɋ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ 
ɫɢɧɬɟɡɢɪɨɜаɧɧɨɝɨ ɦаɬɟɪɢаɥа ɜ ɫɨɫɬɨɹɧɢɹɯ ɩɨɫɥɟ ɩɪɨɰɟɫɫа ɋɅɋ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɝɨɪɹ-
ɱɟɝɨ ɢɡɨɫɬаɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜаɧɢɹ (Ƚɂɉ). ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɧаɪɭɠɟɧɵ ɨɛɥаɫɬɢ, ɫɨɞɟɪ-
ɠаɳɢɟ ɫɨɟɞɢɧɟɧɢɹ ɧа ɨɫɧɨɜɟ Y, Al ɢ Ɉ. ɉɨɫɥɟ ɨɩɟɪаɰɢɣ Ƚɂɉ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ 
ɨɛɪаɡɰɵ ɢɫɩɵɬɵɜаɥɢ ɧа ɞɥɢɬɟɥɶɧɭю ɩɪɨɱɧɨɫɬɶ. Ɋɟɡɭɥɶɬаɬɵ ɢɫɩɵɬаɧɢɣ ɨɛɴɹɫɧɟɧɵ 
ɩɪɨɜɟɞɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜаɧɢɹɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɮɪаɤɬɨɝɪаɮɢɱɟɫɤɢɦ аɧаɥɢɡɨɦ ɢɡɥɨɦɨɜ ɢɫ-
ɩɵɬаɧɧɵɯ ɨɛɪаɡɰɨɜ. 

Ключевые слова: ɫɟɥɟɤɬɢɜɧɨɟ ɥаɡɟɪɧɨɟ ɫɩɥаɜɥɟɧɢɟ, аɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɠаɪɨ-
ɩɪɨɱɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥаɜ, ɞɢɫɩɟɪɫɧɨɟ ɭɩɪɨɱɧɟɧɢɟ, ɫɬɪɭɤɬɭɪа, ɞɥɢɬɟɥɶɧаɹ ɩɪɨɱɧɨɫɬɶ, 
ɨɤɫɢɞɧɵɟ ɱаɫɬɢɰɵ. 
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PRODUCTION  OF  MMC  BASED  ON  VZh159  ALLOY  
BY  SELECTIVE  LASER  MELTING 
 

The paper considers manufacturing of metal matrix composites (MMC) by means of selective 
laser melting. The heat-resistant nickel-based Ni–Cr–Mo–Nb–Al alloy was chosen as a matrix 
material, the Y2O3 oxide was chosen as a strengthener. After mechanical alloying the obtained pow-
НОr аas usОН in SLM Пor thО proНuМtion oП a matОrial. ThО sвnthОsiгОН matОrial’s МonНition аas Оx-
amined after the SLM process and after hot isostatic pressing (HIP). In the structure the areas con-
taining Y, Al and O-based compounds were found. The creep-rupture tests of samples after HIP and 
heat treatment were performed and the results were explained by fractographic analysis. 

Keywords: selective laser melting, additive manufacturing, heat-resistant nickel alloy, dis-
perse strengthening, structure, creep-rupture strength, oxide particles. 
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ȼвɟɞɟɧиɟ 

Ⱥɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ – ɨɞɧɨ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɢ ɞɢɧɚɦɢɱɧɨ ɪɚɡɜɢɜɚ-
ɸɳɢɯɫя ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1–γЖ. Ɉɫɧɨɜɧɵɦɢ ɢ ɧɚɢɛɨɥɟɟ 
ɢɡɭɱɟɧɧɵɦɢ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥя ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ яɜɥя-
ɸɬɫя ɫɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ. Ɉɧɢ ɩɪɢɦɟɧяɸɬɫя ɤɚɤ ɜ ɦɟɬɨɞɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪ-
ɧɨɝɨ ɫɩɥɚɜɥɟɧɢя (ɋɅɋ) Д4, ηЖ, ɬɚɤ ɢ ɜ ɦɟɬɨɞɟ ɩɪяɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɵɪɚɳɢɜɚɧɢя Дθ–8].  

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɧɚɛɥɸɞɚɟɬɫя ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɜɟɞɭɳɢɯ ɡɚɪɭɛɟɠɧɵɯ 
ɭɱɟɧɵɯ ɜ ɨɛɥɚɫɬɢ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɤ ɫɨɡɞɚɧɢɸ ɦɟɬɚɥɥɨɦɚɬɪɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ 
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ɦɟɬɨɞɨɦ ɋɅɋ. Ɋɚɛɨɬɵ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɟɞɭɬɫя ɫ 2000 ɝ., ɩɟɪɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ 
ɫɜɨɣɫɬɜɚɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɬɚɥɥɨɦɚɬɪɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
201θ ɝ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɦɚɬɪɢɰɵ ɨɛɵɱɧɨ ɜɵɛɢɪɚɸɬ ɫɥɟɞɭɸɳɢɟ ɦɟɬɚɥɥɵ ɢ ɫɩɥɚɜɵ 
ɧɚ ɢɯ ɨɫɧɨɜɟ: AХ (ɫɩɥɚɜ AХSТ10εР), TТ (ɫɩɥɚɜ TТθAХ4V) ɢ Ni (ɫɩɥɚɜɵ Inconel θ2η ɢ In-
conel 718). ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɨɤɫɢɞɨɜ, ɤɚɪɛɢɞɨɜ, 
ɧɢɬɪɢɞɨɜ ɢ ɛɨɪɢɞɨɜ, ɩɪɢ ɷɬɨɦ ɱɚɳɟ ɜɫɟɝɨ ɜ ɪɚɛɨɬɚɯ ɜɫɬɪɟɱɚɸɬɫя ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ 
ɤɚɪɛɢɞɵ SiC ɢ TiC, ɨɤɫɢɞ Al2O3 ɢ ɛɨɪɢɞ TiB. 

Ʉɨɦɩɨɡɢɬɵ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ (ɦɟɬɚɥɥɨɦɚɬɪɢɱɧɵɟ ɤɨɦɩɨɡɢɬɵ) – ɷɬɨ 
ɝɪɭɩɩɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɫɬɨяɳɢɯ ɤɚɤ ɦɢɧɢɦɭɦ ɢɡ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ: 
ɩɥɚɫɬɢɱɧɨɣ ɦɚɬɪɢɰɵ ɢɡ ɦɟɬɚɥɥɚ ɢ ɯɪɭɩɤɨɝɨ ɧɚɩɨɥɧɢɬɟɥя ɢɡ ɤɚɪɛɢɞɨɜ, ɨɤɫɢɞɨɜ ɢ ɬ. ɩ. 
ɂɯ ɪɚɡɞɟɥяɸɬ ɧɚ ɚɪɦɢɪɨɜɚɧɧɵɟ ɜɨɥɨɤɧɚɦɢ (ɜɨɥɨɤɧɢɫɬɵɟ ɤɨɦɩɨɡɢɬɵ) ɢ ɧɚɩɨɥɧɟɧɧɵɟ 
ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɦɢ ɱɚɫɬɢɰɚɦɢ, ɧɟ ɪɚɫɬɜɨɪяɸɳɢɦɢɫя ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɚɥɥɟ (ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɵɟ ɤɨɦɩɨɡɢɬɵ). Ʉ ɩɨɫɥɟɞɧɢɦ ɬɚɤɠɟ ɨɬɧɨɫяɬ ɫɩɥɚɜɵ, ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɵɟ 
ɨɤɫɢɞɚɦɢ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥя ɜɵɫɬɭɩɚɸɬ ɨɤɫɢɞɵ. ȼ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɨɦ 
ɤɨɦɩɨɡɢɬɟ ɦɚɬɪɢɰɚ яɜɥяɟɬɫя ɨɫɧɨɜɧɨɣ ɧɟɫɭɳɟɣ ɧɚɝɪɭɡɤɭ ɫɨɫɬɚɜɥяɸɳɟɣ, ɚ ɞɢɫɩɟɪɫɧɵɟ 
ɱɚɫɬɢɰɵ ɬɨɪɦɨɡяɬ ɞɜɢɠɟɧɢя ɞɢɫɥɨɤɚɰɢɣ, ɩɨɜɵɲɚя ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟ-
ɪɢɚɥɚ. ɋɦɟɫɶ ɩɨɪɨɲɤɨɜ ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɨɛɵɱɧɨ 
ɩɨɥɭɱɚɸɬ ɦɟɯɚɧɢɱɟɫɤɢɦ ɥɟɝɢɪɨɜɚɧɢɟɦ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟ ɭɩɪɨɱɧяɸɳɢɯ ɱɚɫɬɢɰ ɜ ɩɨɪɨɲɤɚɯ Д9Ж. 

ɉɪɢɦɟɧɟɧɢɟ ɞɢɫɩɟɪɫɧɨɭɩɪɨɱɧɟɧɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ яɜ-
ɥяɟɬɫя ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɨ ɞɜɭɦ ɩɪɢɱɢɧɚɦ: ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡ ɧɢɯ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ 
ɮɨɪɦɵ ɫɨɩɪяɠɟɧɨ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɪɭɞɧɨɫɬɟɣ ɢ ɨɫɧɨɜɧɨɣ ɨɛɥɚɫɬɶɸ ɢɯ ɩɪɢɦɟ-
ɧɟɧɢя яɜɥяɟɬɫя ɚɜɢɚɰɢɨɧɧɚя ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. Ɉɞɧɚɤɨ ɜ ɨɫɧɨɜɧɨɦ ɪɚɛɨɬɵ ɩɨ ɢɯ ɩɪɢ-
ɦɟɧɟɧɢɸ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ ɧɚɯɨɞяɬɫя ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɫɬɚɞɢɢ. ɇɚɩɪɢ-
ɦɟɪ, ɫɩɟɰɢɚɥɢɫɬɵ ɢɡ ɇɚɣɞɠɢɧɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɚɷɪɨɧɚɜɬɢɤɢ ɢ ɤɨɫɦɨɧɚɜɬɢɤɢ (Ʉɢɬɚɣ) 
ɨɩɭɛɥɢɤɨɜɚɥɢ ɫɬɚɬɶɸ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɦ ɩɨ ɥɟɝɢɪɨɜɚɧɢɸ ɫɩɥɚɜɚ Inconel 718 ɧɚɧɨɱɚɫɬɢ-
ɰɚɦɢ TiC (ɪɢɫ. 1) Д10Ж. ɉɪɨɰɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɨɪɨɲɤɨɜ ɫɩɥɚɜɚ ɢ ɤɚɪɛɢɞɚ ɫɨɫɬɚɜɥя-
ɥɨ 9:1. Ɍɚɤɢɟ ɤɨɦɩɨɡɢɬɵ ɧɚɡɵɜɚɸɬ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɧɚɧɨɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚ-
ɥɚɦɢ. ɉɪɟɞɫɬɚɜɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɩɪɨɱɧɟɧɢя ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ яɜɥяɟɬɫя ɧɨɜɵɦ 
ɩɨɞɯɨɞɨɦ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ. 

 

 
Ɋɢɫ. 1. Ɉɛɪɚɡɰɵ ɢɡ ɤɨɦɩɨɡɢɬɚ Inconel 718/TiC [10] 

 
ɇɟɫɦɨɬɪя ɧɚ ɬɨ, ɱɬɨ ɩɪɨɜɟɞɟɧ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 

ɢɡɭɱɟɧɢɸ ɫɬɪɭɤɬɭɪɵ, ɩɨɪɢɫɬɨɫɬɢ ɢ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɥɚɡɟɪɚ, ɬ. ɟ. ɨɬ ɪɟɠɢɦɚ ɫɩɥɚɜɥɟɧɢя, ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɨɬɫɭɬɫɬɜɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚ-
ɡɨɜɵɦ ɫɩɥɚɜɨɦ Inconel 718. Ɍɚɤ, ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɜɵɫɨɤɚя ɩɥɨɬɧɨɫɬɶ 
(ɩɨɪɢɫɬɨɫɬɶ 98,2%) ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɩɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟ-
ɠɢɦɵ ɋɅɋ ɞɥя ɩɨɥɭɱɟɧɢя ɦɚɬɟɪɢɚɥɚ ɫ ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɪɢɫ. 2). 
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ɛ)а)

ɝ)ɜ)

ɐɟɩɨɱɤɚ ɢɡ ɩɨɪ ɉɨɪɵ ɦɟɠɞɭ ɫɥɨяɦɢ

 
Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɩɨ ɪɚɡɧɵɦ ɪɟɠɢɦɚɦ  

ɫ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɢ ɥɚɡɟɪɚ: γ (а); 3,9 (ɛ); 4,7 (ɜ) ɢ η,1 ɤȾɠ/ɦɦ3 (ɝ) [10] 

 
ɋɬɚɬɶя Д10Ж, ɨɩɭɛɥɢɤɨɜɚɧɧɚя ɜ 2014 ɝ., ɩɨɫɥɭɠɢɥɚ ɨɫɧɨɜɨɣ ɞɥя ɤɧɢɝɢ «Laser Ad-

ditive Manufacturing of High-Performance Materials», ɢɡɞɚɧɧɨɣ ɜ 201η ɝ. ɢ ɩɨɥɧɨɫɬɶɸ ɩɨ-
ɫɜяɳɟɧɧɨɣ ɢɡɝɨɬɨɜɥɟɧɢɸ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɋɅɋ Д11Ж. ɋɭɳɟɫɬɜɟɧ-
ɧɚя ɱɚɫɬɶ ɤɧɢɝɢ ɫɨɞɟɪɠɢɬ ɢɫɫɥɟɞɨɜɚɧɢя ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ WC, 
ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɪɚɡɥɢɱɧɵɦɢ ɧɚɩɨɥɧɢɬɟɥяɦɢ – ɜ ɱɚɫɬɧɨɫɬɢ, ɱɢɫɬɨɣ ɦɟɞɶɸ; ɜ ɞɪɭɝɨɣ ɱɚ-
ɫɬɢ ɤɧɢɝɢ ɩɪɢɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢя ɥɟɝɢɪɨɜɚɧɢя ɪɚɡɥɢɱɧɵɦɢ ɧɚɩɨɥɧɢɬɟɥяɦɢ ɫɩɥɚɜɚ 
AХSТ10εР. ȼ ɷɬɨɣ ɤɧɢɝɟ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɟɞɢɧɫɬɜɟɧɧɵɟ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚ-
ɬɭɪɟ ɡɧɚɱɟɧɢя ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɦɚɬɪɢɱɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɋɅɋ (ɪɢɫ. γ).  

 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢя
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Ɋɢɫ. γ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɫɩɥɚɜɚ AХSТ10εР, 

ɥɟɝɢɪɨɜɚɧɧɨɝɨ TiC (□) ɢ ɛɟɡ ɥɟɝɢɪɨɜɚɧɢя (■) [11] 
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ɂɫɫɥɟɞɨɜɚɧɢя ɫɩɥɚɜɚ Inconel θ2η ɩɪɨɜɟɞɟɧɵ ɭɱɟɧɵɦɢ ɜ ɪɚɛɨɬɟ Д12Ж. ȼ ɤɚɱɟɫɬɜɟ 
ɦɚɬɟɪɢɚɥɨɜ ɞɥя ɥɟɝɢɪɨɜɚɧɢя ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɨɟɞɢɧɟɧɢя Al2Ɉ3, SiC ɢ TiC. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚя ɫɬɪɭɤɬɭɪɚ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɬɪɟɳɢɧ ɢ ɩɨɜɵɲɟɧɧɨɣ 
ɬɜɟɪɞɨɫɬɶɸ ɧɚɛɥɸɞɚɥɚɫɶ ɧɚ ɦɚɬɟɪɢɚɥɟ ɢɡ ɫɩɥɚɜɚ, ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɤɚɪɛɢɞɨɦ ɬɢɬɚɧɚ TiC. 

ȼ ɪɚɛɨɬɟ Д1γЖ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɨɬɜɟɞɟɧɚ ɰɟɥɚя ɝɥɚ-
ɜɚ, ɜ ɤɨɬɨɪɨɣ ɫɨɨɛɳɚɟɬɫя, ɱɬɨ ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨɫɜя-
ɳɟɧɨ ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ, ɧɚɱɢɧɚя ɫ 2008 ɝ. Д14Ж. ȼ ɷɬɨɣ ɪɚɛɨɬɟ 
ɬɚɤɠɟ ɩɪɢɜɟɞɟɧ ɪяɞ ɫɨɜɪɟɦɟɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɫ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɚɥɸɦɢɧɢɟɜɵɯ ɤɨɦɩɨ-
ɡɢɬɚɯ, ɭɩɪɨɱɧɟɧɧɵɯ ɜ ɨɫɧɨɜɧɨɦ ɤɚɪɛɢɞɨɦ ɤɪɟɦɧɢя SiC. 

ȼ ɪɚɛɨɬɟ Д14Ж ɝɪɭɩɩɨɣ ɭɱɟɧɵɯ ɢɡ ɂɬɚɥɢɢ ɩɪɨɜɟɞɟɧɵ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢя ɩɨ ɩɨɥɭɱɟɧɢɸ ɚɥɸɦɢɧɢɟɜɵɯ ɤɨɦɩɨɡɢɬɨɜ ɦɟɬɨɞɨɦ ɋɅɋ ɧɚ ɭɫɬɚɧɨɜɤɟ ɮɢɪɦɵ EOS. 
ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɦɚɬɪɢɰɵ ɢɫɩɨɥɶɡɨɜɚɧ ɫɩɥɚɜ AХSТ10εР, ɚ ɧɚɩɨɥɧɢɬɟɥɟɣ – ɤɚɪɛɢɞ 
ɤɪɟɦɧɢя SiC ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 0,ηη ɦɤɦ ɢ ɚɥɸɦɨɦɚɝɧɢɟɜɚя ɲɩɢɧɟɥɶ 
MgAl2O4 ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ γ0 ɧɦ. ȼ ɨɛɨɢɯ ɫɥɭɱɚяɯ ɩɨɪɨɲɤɢ ɫɩɥɚɜɚ ɫɦɟɲɢ-
ɜɚɥɢ ɫ ɧɚɩɨɥɧɢɬɟɥɟɦ, ɜɨ ɜɬɨɪɨɦ – ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɥɢ ɦɟɯɚɧɢɱɟɫɤɨɟ ɥɟɝɢɪɨ-
ɜɚɧɢɟ. ȼɧɟɲɧɢɣ ɜɢɞ ɱɚɫɬɢɰ ɤɨɦɩɨɡɢɰɢɣ AlSiMg–10 % (ɩɨ ɦɚɫɫɟ) SiC ɢ  
AlSiMg–1 % (ɩɨ ɦɚɫɫɟ) MgAl2O4 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 4.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɧɚɛɥɸɞɚɥɫя ɢɧɬɟɪɟɫɧɵɣ ɮɟɧɨɦɟɧ ɢɫɱɟɡɧɨɜɟɧɢя 
ɤɚɪɛɢɞɚ ɤɪɟɦɧɢя SiC ɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢя 
Al4C3. Ⱥɜɬɨɪɵ ɫɜяɡɵɜɚɸɬ ɷɬɨ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɢ ɥɚɡɟɪɚ 
ɩɪɢ ɫɩɥɚɜɥɟɧɢɢ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥя ɩɪɨɯɨɠɞɟɧɢя ɪɟɚɤɰɢɢ ɩɨ ɩɟɪɟɯɨɞɭ Si ɜ ɬɜɟɪɞɵɣ ɪɚɫ-
ɬɜɨɪ ɢ ɨɛɪɚɡɨɜɚɧɢя ɤɚɪɛɢɞɚ ɚɥɸɦɢɧɢя, ɩɪɢɱɟɦ ɱɚɫɬɢɱɧɨ ɤɚɪɛɢɞ ɤɪɟɦɧɢя SiC ɫɨɯɪɚɧя-
ɟɬɫя ɜ ɫɬɪɭɤɬɭɪɟ, ɱɬɨ ɜɢɞɧɨ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ, ɤɨɬɨɪɚя ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. η. 

 

ɛ)а)

 
Ɋɢɫ. 4. ȼɧɟɲɧɢɣ ɜɢɞ ɱɚɫɬɢɰ ɤɨɦɩɨɡɢɬɨɜ AlSiMg–SiC (а) ɢ AlSiMg–MgAl2O4 (ɛ) [14] 

 

ɂ
ɧɬ
ɟɧ
ɫɢ
ɜɧ
ɨɫ
ɬɶ
,  
ɭɫ
ɥ.
 ɟ
ɞ.

Al
Si
Al4C3

SiC
MOx

30 50 60 70 8020 40
0

20000

40000

60000

80000

160000

100000

120000

140000

180000

2ș, ɝɪɚɞɭɫ  
Ɋɢɫ. η. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ AlSiMg–SiC [14] 



ǸȜȚȝȜȕȖȤȖȜțțȩе ȚаȠеȞȖаșȩ  

 

 

66                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 2 (63)  2021 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ AlSiMg–SiC ɩɨɤɚɡɵɜɚɸɬ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɡɧɚɱɟɧɢяɦ ɬɜɟɪɞɨɫɬɢ ɢ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɡɧɚɱɟɧɢя-
ɦɢ ɚɧɚɥɨɝɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥя ɦɚɬɟɪɢɚɥɚ ɢɡ ɫɩɥɚɜɚ AlSiMg. 

Ⱦɨɛɚɜɢɦ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɲɩɢɧɟɥɢ MgAl2O4 ɨɧɚ ɜɨɨɛɳɟ ɧɟ ɨɛɧɚɪɭɠɟɧɚ ɜ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɬɚɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. θ. 
ȼɢɞɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɥɫя ɫɥɨɠɧɵɣ ɨɤɫɢɞ AХSТOx. 
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Ɋɢɫ. θ. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ AlSiMg–MgAl2O4 [14] 

 
Ɉɛɨɛɳɚя ɩɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ, ɚ ɬɚɤɠɟ ɢɧɮɨɪɦɚɰɢɸ ɢɡ ɞɪɭɝɢɯ ɪɚɛɨɬ Д1η–26], 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɡɞɚɧɢя ɦɟɬɚɥɥɨɦɚɬɪɢɱɧɵɯ ɤɨɦɩɨɡɢ-
ɬɨɜ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜ-
ɥɟɧɢɣ ɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢяɯ. ɗɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɜɤɥɸɱɚɟɬ ɤɚɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ, ɬɚɤ 
ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ. ɉɪɢ ɷɬɨɦ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥяɟɬ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɦɚɬɪɢɰɵ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɩɥɚɜɨɜ, ɩɪɢɦɟɧяɟɦɵɯ ɜ ɚɞɞɢɬɢɜɧɵɯ 
ɬɟɯɧɨɥɨɝɢяɯ; ɩɨɷɬɨɦɭ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ яɜɥяɟɬɫя ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨ-
ɞɨɦ ɋɅɋ ɦɟɬɚɥɥɨɦɚɬɪɢɱɧɨɝɨ ɤɨɦɩɨɡɢɬɚ, ɜ ɤɨɬɨɪɨɦ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɪɢɰɵ ɢɫɩɨɥɶɡɭɟɬɫя 
ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥя ɦɚɪɤɢ ȼɀ1η9. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢя 10. 
«ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ, ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɟ ɢ ɚɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢя ɞɟɬɚ-
ɥɟɣ, ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢя ɪɚɡɜɢɬɢя ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ»). 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɦɚɬɪɢɰɵ ɜɵɛɪɚɧ ɠɚɪɨɩɪɨɱɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ ɫɢɫɬɟɦɵ 
Ni–Cr–Mo–Nb–Al. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɧɚɩɨɥɧɢɬɟɥя ɢɫɩɨɥɶɡɨɜɚɧ ɨɤɫɢɞ ɢɬɬɪɢя Y2O3, 
ɜɜɟɞɟɧɧɵɣ ɜ ɤɨɥɢɱɟɫɬɜɟ 2,η% (ɩɨ ɦɚɫɫɟ). ɉɨɪɨɲɨɤ ɜɵɛɪɚɧɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɩɨ-
ɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɢɡɚɰɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ HERεIGA 10/100VI (ȼɟɥɢɤɨɛɪɢɬɚɧɢя), ɩɨ-
ɫɥɟ ɱɟɝɨ ɜɵɞɟɥяɥɢ ɨɫɧɨɜɧɭɸ ɮɪɚɤɰɢɸ ɪɚɡɦɟɪɨɦ ɨɬ 10 ɞɨ θγ ɦɤɦ. Ɏɨɪɦɚ ɩɨɪɨɲɤɚ – 
ɫɮɟɪɢɱɟɫɤɚя. Ɇɚɬɟɪɢɚɥ ɧɚɩɨɥɧɢɬɟɥя ɩɪɟɞɫɬɚɜɥяɥ ɫɨɛɨɣ ɧɚɧɨɱɚɫɬɢɰɵ ɨɤɫɢɞɚ Y2O3 
ɮɪɚɤɰɢɢ ɪɚɡɦɟɪɨɦ ɨɬ 20 ɞɨ η0 ɧɦ.  

Ɉɩɟɪɚɰɢɸ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚɧɢя ɩɪɨɜɨɞɢɥɢ ɜ ɚɬɬɪɢɬɨɪɟ Ⱥ-θ0Ʉ ɩɨ ɫɬɚɧ-
ɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ ɩɪɨɜɨ-
ɞɢɥɢ ɧɚ ɥɚɡɟɪɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ AЧКХТгОЭЭО 22 ɮɢɪɦɵ FrТЭsМС (Ƚɟɪɦɚɧɢя). 
ɉɨɫɥɟ ɩɨɥɭɱɟɧɢя ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɢɡ ɧɟɝɨ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɨɛɪɚɡɰɵ 
ɦɟɬɨɞɨɦ ɋɅɋ ɧɚ ɭɫɬɚɧɨɜɤɟ Concept Laser M2 Cusing (Ƚɟɪɦɚɧɢя) ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɜɨ 
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ɎȽɍɉ «ȼɂȺɆ» ɪɟɠɢɦɚɦ ɞɥя ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Cr–Mo–  
–Nb–Al. ɋɩɥɚɜɥɟɧɢɟ (ɫɢɧɬɟɡ) ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɩɪɨɜɨɞɢɥɢ ɜ ɫɪɟɞɟ 
ɚɡɨɬɚ. ȼ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɨɛɪɚɡɰɵ ɩɪɨɫɬɨɣ ɮɨɪɦɵ ɜ ɜɢɞɟ ɤɭɛɚ ɪɚɡɦɟɪɨɦ 
10×10×10 ɦɦ ɞɥя ɢɫɩɵɬɚɧɢɣ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ. ȼɫɟ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢ Ƚɂɉ ɜ 
ɝɚɡɨɫɬɚɬɟ «Ʉɜɢɧɬɭɫ-1θ» ɮɢɪɦɵ ASEA (ɒɜɟɰɢя) ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨ ɫɬɚɧɞɚɪɬ-
ɧɨɦɭ ɪɟɠɢɦɭ ɞɥя ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Cr–Mo–Nb–Al.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɢ ɫɬɪɭɤɬɭɪɵ ɫɢɧ-
ɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɚɦɢ ɫɜɟɬɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɋɆ) ɧɚ ɦɢɤɪɨ-
ɫɤɨɩɟ Leica DM IRM ɢ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɊɗɆ) ɧɚ ɦɢɤɪɨɫɤɨɩɟ Hita-
chi SU8010. ɂɫɩɵɬɚɧɢя ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ȼɧɟɲɧɢɣ ɜɢɞ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 7. ȼɢɞ-
ɧɨ, ɱɬɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ ɚɬɬɪɢɬɨɪɟ ɩɨɪɨɲɨɤ ɭɬɪɚɬɢɥ ɫɜɨɸ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɫɮɟɪɢɱɟ-
ɫɤɭɸ ɮɨɪɦɭ, ɤɨɬɨɪɚя ɧɟɨɛɯɨɞɢɦɚ ɞɥя ɢɫɩɨɥɶɡɨɜɚɧɢя ɩɨɪɨɲɤɚ ɜ ɦɟɬɨɞɟ ɋɅɋ ɞɥя ɨɛɟɫɩɟ-
ɱɟɧɢя ɟɝɨ ɩɥɨɬɧɨɣ ɭɤɥɚɞɤɢ ɜ ɫɥɨɟ ɫɩɥɚɜɥɟɧɢя. ɉɨɷɬɨɦɭ ɩɪɢɧяɬɨ ɪɟɲɟɧɢɟ ‒ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɨɥɭɱɟɧɧɵɣ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɵɣ ɩɨɪɨɲɨɤ ɞɥя ɞɚɥɶɧɟɣɲɟɝɨ ɫɩɥɚɜɥɟɧɢя ɛɟɡ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ, ɯɨɬя ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɢɦɟɧɟɧɢɟ ɩɥɚɡ-
ɦɟɧɧɨɣ ɫɮɟɪɨɢɞɢɡɚɰɢɢ ɞɥя ɩɪɢɞɚɧɢя ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɦɭ ɩɨɪɨɲɤɭ ɫɮɟɪɢɱɟɫɤɨɣ 
ɮɨɪɦɵ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɚɬɬɪɢɬɨɪɚ ɞɥя ɬɨɝɨ, ɱɬɨɛɵ 
ɧɚɩɪяɦɭɸ ɩɨɥɭɱɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɵɣ ɩɨɪɨɲɨɤ ɛɨɥɟɟ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. 

 

 
Ɋɢɫ. 7. ȼɧɟɲɧɢɣ ɜɢɞ ɱɚɫɬɢɰ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ (ɊɗɆ, ×2η0) 

 
ɇɚ ɪɢɫ. 8, а ɩɪɟɞɫɬɚɜɥɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨ-

ɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ, ɧɚ ɪɢɫ. 8, ɛ – ɫɩɟɤɬɪ ɩɨɜɟɪɯɧɨɫɬɢ ɷɬɢɯ ɱɚɫɬɢɰ. ȼɢɞɧɨ, ɱɬɨ ɜ ɦɚɬɟɪɢɚ-
ɥɟ ɩɨɪɨɲɤɚ, ɩɨɦɢɦɨ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɩɥɚɜɚ ɜɵɛɪɚɧɧɨɣ ɞɥя ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɫɬɟɦɵ 
ɥɟɝɢɪɨɜɚɧɢя, ɬɚɤɠɟ ɫɨɞɟɪɠɢɬɫя ɢɬɬɪɢɣ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɛɟɥɵɟ ɱɚɫɬɢɰɵ ɧɚ 
ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ – ɷɬɨ ɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɢɬɬɪɢя. ɂɫɯɨɞя ɢɡ ɞɚɧɧɵɯ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤ-
ɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɦɟɯɚɧɢɱɟɫɤɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɩɨɪɨɲɤɚ ɩɪɨɜɟɞɟɧɨ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ, 
ɩɨɷɬɨɦɭ ɷɬɨɬ ɩɨɪɨɲɨɤ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢяɯ.  

Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 9. ɉɚɪɚɦɟɬɪ d50 ɫɨɫɬɚɜɢɥ γ2 ɦɤɦ. 
ɉɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚɧɢя ɨɫɧɨɜɧɨɣ ɮɪɚɤɰɢɟɣ ɩɨɪɨɲɤɚ яɜɥяɥɚɫɶ ɮɪɚɤɰɢя ɪɚɡ-
ɦɟɪɨɦ ɨɬ 10 ɞɨ θγ ɦɤɦ, ɤɚɤ ɢ ɞɥя ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ni–Cr–Mo–Nb–Al. 
Ɉɞɧɚɤɨ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɨɪɨɲɤɚ ɩɨ ɮɪɚɤɰɢяɦ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɦɭ, ɱɬɨ, 
ɜɢɞɢɦɨ, ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɨ ɩɪɢ ɨɬɪɚɛɨɬɤɟ ɪɟɠɢɦɨɜ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɥɟɝɢɪɨɜɚ-
ɧɢя ɜ ɚɬɬɪɢɬɨɪɟ. 
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ɛ)а) ɑɚɫɬɢɰɵ
Y2O3

 
 

Ɋɢɫ. 8. ȼɧɟɲɧɢɣ ɜɢɞ (×10000) ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ  
(а; ɊɗɆ) ɢ ɫɩɟɤɬɪ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ (ɛ; ɆɊɋȺ) 

 
User Lab

ВЖ159

Measuring Range 0.1 [µm]  -  265.42 [µm] Pump 70 [%]
Resolution 102 Channels    (20 mm / 100 mm )
Absorption 9.00 [%] Ultrasonic On
Measurement Duration 100 [Scans]

Regularization / Modell o_medium

Fraunhofer Calculation selected.

d[4,3] = 35.04µm Aritmetic Mean = 35.044 µm Specific Surface Area = 5453.56 cm?/cm?

Interpolation Values...     C:\Program Files\a22___32\fritsch\HIMNT_1.FPS
0.050- 1.000µm= 0.58% 1.000- 2.000µm= 0.25% 2.000- 3.000µm= 0.35%
3.000- 4.000µm= 0.46% 4.000- 5.000µm= 0.53% 5.000- 10.000µm= 5.10%

10.000- 20.000µm= 16.61% 20.000- 50.000µm= 52.70% 50.000- 100.000µm= 23.41%
100.000- 200.000µm= 0.01%

Interpolation Values...     C:\Program Files\a22___32\fritsch\10_90.FPV
5.0 %  <= 8.371 µm 10.0 %  <= 11.700 µm 15.0 %  <= 14.722 µm

20.0 %  <= 17.771 µm 25.0 %  <= 20.642 µm 30.0 %  <= 23.055 µm
35.0 %  <= 25.395 µm 40.0 %  <= 27.611 µm 45.0 %  <= 29.862 µm
50.0 %  <= 32.458 µm 55.0 %  <= 35.200 µm 60.0 %  <= 38.196 µm
65.0 %  <= 41.657 µm 70.0 %  <= 45.088 µm 75.0 %  <= 48.769 µm
80.0 %  <= 52.671 µm 85.0 %  <= 56.755 µm 90.0 %  <= 61.579 µm
95.0 %  <= 68.180 µm 99.0 %  <= 79.127 µm

 
Ɋɢɫ. 9. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɮɪɚɤɰɢяɦ ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ 

 
ɉɨɫɥɟ ɫɢɧɬɟɡɚ ɦɚɬɟɪɢɚɥɚ ɧɚ ɭɫɬɚɧɨɜɤɟ Concept Laser ɢɡɭɱɚɥɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɦɚ-

ɬɟɪɢɚɥɚ ɦɟɬɨɞɨɦ ɫɜɟɬɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɉɛɵɱɧɨ ɨɧɚ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɨɰɟɧɤɢ ɨɛɴɟɦɧɨɣ 
ɞɨɥɢ ɩɨɪ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɲɥɢɮɨɜ ɜɨɡɧɢɤɥɨ ɫɨɦɧɟɧɢɟ – ɜɫɟ ɥɢ ɬɟɦɧɵɟ ɨɛɥɚɫɬɢ ɜ ɫɬɪɭɤɬɭɪɟ яɜɥяɸɬɫя ɩɨɪɚɦɢ  
(ɪɢɫ. 10, а). Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɫɬɪɭɤɬɭɪɟ ɨɛɧɚɪɭɠɢɥɢ ɬɟɦɧɵɟ ɨɛɥɚɫɬɢ  ɪɚɡɦɟɪɨɦ ~(40–θ0) ɦɤɦ 
(ɪɢɫ. 10, ɛ). 

 

ɛ)а)

 
Ɋɢɫ. 10. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (а – ×100; ɛ – ×η00) ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
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Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɩɪɢɪɨɞɵ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɤɬɭɪɵ ɩɪɨɜɟɥɢ ɦɢɤɪɨɪɟɧɬɝɟɧɨ-
ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɲɥɢɮɨɜ (ɪɢɫ. 11). ȼ ɫɬɪɭɤɬɭɪɟ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɩɨɪ; ɜ 
ɧɟɣ ɧɚɯɨɞяɬɫя ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɨɛɴɟɦɭ ɨɛɥɚɫɬɢ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪ-
ɠɚɧɢɟɦ ɷɥɟɦɟɧɬɨɜ Y, O ɢ Al; ɪɚɡɦɟɪ ɷɬɢɯ ɨɛɥɚɫɬɟɣ ɧɟ ɩɪɟɜɵɲɚɟɬ 1–2 ɦɤɦ. Ɇɢɤɪɨɪɟɧɬ-
ɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɨɛɥɚɫɬɟɣ ɜ ɫɬɪɭɤɬɭɪɟ ɪɚɡɦɟɪɨɦ 40–θ0 ɦɤɦ ɩɨɤɚɡɚɥ ɩɨɜɵɲɟɧ-
ɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ.  

 

 
 

Ɋɢɫ. 11. Ɇɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɲɥɢɮɨɜ  
ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɊɗɆ; ×2000) 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢя ɫɬɪɭɤɬɭɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɜɵɜɨɞ ɨ ɤɢɧɟɬɢɤɟ ɩɪɨɯɨɞɢɜɲɢɯ ɜ ɧɟɦ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɫɢɧ- 
ɬɟɡɟ – ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɩɪɨɢɡɨɲɥɨ ɪɚɫɩɥɚɜɥɟɧɢɟ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɢɬɬɪɢя, ɚ ɡɚɬɟɦ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ɨɧɢ ɤɨɚɝɭɥɢɪɨɜɚɥɢ ɜ ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 1–2 ɦɤɦ. ȼɫɬɪɟɱɚɸɳɢɟɫя ɛɨɥɟɟ 
ɤɪɭɩɧɵɟ ɱɚɫɬɢɰɵ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɬɚɤɠɟ яɜɥяɸɬɫя ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɚɝɭɥяɰɢɢ ɛɨɥɶɲɨɝɨ 
ɫɤɨɩɥɟɧɢя ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɢɬɬɪɢя. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ 
ɩɨɫɥɟ Ƚɂɉ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 12. ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɧɚɪɭɠɟɧɵ ɧɨɜɵɟ ɷɥɟ-
ɦɟɧɬɵ, ɩɪɟɞɫɬɚɜɥяɸɳɢɟ ɫɨɛɨɣ ɤɪɢɫɬɚɥɥɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɚɦɢ ɩɨ ɞɥɢɧɟ ɨɬ 
γ0 ɞɨ 200 ɦɤɦ. ɉɨɦɢɦɨ ɧɢɯ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɛɥɚɫɬɢ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ.  

 

Ɉɛɥɚɫɬɢ

Ʉɪɢɫɬɚɥɥɵ

 
Ɋɢɫ. 12. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ  

ɩɨɜɟɪɯɧɨɫɬɢ ɲɥɢɮɨɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ Ƚɂɉ (ɊɗɆ, ×η00) 
 

Ɇɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɤɪɢɫɬɚɥɥɨɜ ɢ ɨɛɥɚɫɬɟɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɧɢɯ 
ɫɨɞɟɪɠɚɬɫя ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɥɶɤɨ ɷɥɟɦɟɧɬɵ Y, O ɢ Al. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫя ɩɨɫɬɪɨɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɮɢɥя ɨɬ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɨɛɥɚɫɬɶ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɫɬɪɭɤ-
ɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɪɢɫ. 1γ). ɇɢɤɟɥɶ ɜ ɷɬɢɯ ɨɛɥɚɫɬяɯ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ.  
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Ⱦɥɢɧɚ ɩɪɨɮɢɥя, ɦɤɦ

ɗɥɟɦɟɧɬ

 
Ɋɢɫ. 1γ. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɣ ɩɪɨɮɢɥɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

 
Ⱦɚɧɧɵɟ ɨɛɥɚɫɬɢ ɢ ɤɪɢɫɬɚɥɥɵ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɟɞɫɬɚɜɥяɸɬ ɫɨɛɨɣ ɚɥɸɦɨɢɬɬɪɢɟ-

ɜɵɣ ɝɪɚɧɚɬ Y3Al5O12. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɡɨɜɚɧɢя ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢя ɢɡ ɚɥɸɦɢɧɢя ɢ ɨɤɫɢɞɚ 
ɢɬɬɪɢя з1000 °C ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɫɬɚɬɶɟ Д27Ж. ɉɨ ɞɚɧɧɵɦ ɷɬɨɣ ɫɬɚɬɶɢ, 
ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɧɚɥɢɱɢɟ ɜ ɷɬɢɯ ɨɛɥɚɫɬяɯ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɞɪɭɝɢɯ ɫɨɟɞɢɧɟɧɢɣ 
ɧɚ ɨɫɧɨɜɟ ɷɥɟɦɟɧɬɨɜ Y, O ɢ Al – ɜ ɱɚɫɬɧɨɫɬɢ, ɚɥɸɦɨɢɬɬɪɢɟɜɨɝɨ ɩɟɪɨɜɫɤɢɬɚ YAlO3. 
Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ Y ɢ O (ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Al), ɧɚɯɨɞяɳɢɯɫя ɜ ɞɚɧɧɵɯ ɨɛ-
ɥɚɫɬяɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɧɢɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɢ ɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɢɬɬɪɢя. 

 
ɛ)а)

ɝ)ɜ)

ɟ)ɞ)

 
 

Ɋɢɫ. 14. Ɏɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢя ɢɡɥɨɦɨɜ ɦɚɬɟɪɢɚɥɚ: а – ɨɛɳɢɣ ɜɢɞ ɢɡɥɨɦɚ;  
ɛ – ɫɬɪɭɤɬɭɪɚ ɢɡɥɨɦɚ; ɜ, ɝ – ɫɬɪɨɟɧɢɟ ɩɨɪ ɜ ɢɡɥɨɦɟ; ɞ, ɟ – ɫɩɟɤɬɪ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪ ɜ ɢɡɥɨɦɟ 
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Ɉɛɪɚɡɰɵ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ Ƚɂɉ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɢɫɩɵɬɵ-
ɜɚɥɢ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 °C ɢ ɧɚɩɪяɠɟɧɢɢ 2η Ɇɉɚ. Ɉɛɪɚɡ-
ɰɵ ɢɫɩɵɬɵɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 40 ɢ 4θ ɱ ɩɪɢ ɛɚɡɟ 100 ɱ ɞɥя ɦɚɬɟɪɢɚɥɚ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɫɢ-
ɫɬɟɦɵ Ni–Cr–Mo–Nb–Al ɩɪɢ ɬɚɤɨɦ ɠɟ ɪɟɠɢɦɟ ɢɫɩɵɬɚɧɢɣ. ɂɡɥɨɦɵ ɨɛɪɚɡɰɨɜ ɩɨɞɜɟɪɝɚ-
ɥɢ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ ɫ ɰɟɥɶɸ ɜɵяɜɥɟɧɢя ɩɪɢɱɢɧ ɪɚɡɪɭɲɟɧɢя (ɪɢɫ. 14).  

Ɉɛɳɢɣ ɜɢɞ ɢɡɥɨɦɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 14, а; ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɢɦɟ-
ɟɬ ɜяɡɤɢɣ ɯɚɪɚɤɬɟɪ. ȼ ɫɬɪɭɤɬɭɪɟ ɧɚɛɥɸɞɚɸɬɫя ɭɱɚɫɬɤɢ ɫ ɩɨɪɢɫɬɨɫɬɶɸ ɢ ɧɟɫɩɥɨɲɧɨɫɬɶɸ 
(ɪɢɫ. 14, ɛ). ȼɧɭɬɪɢ ɩɨɪ ɧɚɛɥɸɞɚɟɬɫя ɬɢɩɢɱɧɨɟ ɨɤɢɫɥɟɧɢɟ ɢ ɫɝɥɚɠɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɚ ɬɚɤɠɟ ɦɧɨɠɟɫɬɜɨ ɫɮɟɪɢɱɧɵɯ ɢ ɩɥɚɫɬɢɧɱɚɬɵɯ ɱɚɫɬɢɰ (ɪɢɫ. 14, ɜ, ɝ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨ-
ɜɟɞɟɧɧɨɝɨ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɜ ɩɨɪɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɨɤɪɭɝɥɵɟ ɱɚɫɬɢɰɵ ɧɚ ɨɫɧɨɜɟ ɢɬɬɪɢя ɢ ɚɥɸɦɢɧɢя (ɪɢɫ. 14, ɞ, ɟ).  

ɉɪɢɱɢɧɨɣ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢя ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɭɠɢɥɢ ɱɚɫɬɢɰɵ ɫ ɩɨ-
ɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɷɥɟɦɟɧɬɨɜ Y, O ɢ Al. Ɍɚɤ, ɚɥɸɦɨɢɬɬɪɢɟɜɵɣ ɝɪɚɧɚɬ ɢ ɚɥɸɦɨɢɬ-
ɬɪɢɟɜɵɣ ɩɟɪɨɜɫɤɢɬ ɬɟɪɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵ ɞɨ 1000 °C. ɉɨɫɤɨɥɶɤɭ ɢɫɩɵɬɚɧɢя ɦɚɬɟɪɢɚɥɚ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɨ, ɜɨɡɦɨɠɧɨ, ɪɚɡɭɩɪɨɱɧɟɧɢɟ ɷɬɢɯ ɤɪɢɫɬɚɥɥɨɜ ɩɨ-
ɫɥɭɠɢɥɨ ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɟɝɨ (ɦɚɬɟɪɢɚɥɚ) ɪɚɡɪɭɲɟɧɢя. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɢ ɢɯ ɨɛɪɚɡɨɜɚɧɢɢ 
ɧɚɪɭɲɚɥɚɫɶ ɫɩɥɨɲɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɤɨɧɰɟɧɬɪɚɬɨɪɵ ɧɚɩɪяɠɟɧɢɣ (ɧɚ 
ɮɪɚɤɬɨɝɪɚɦɦɚɯ ɷɬɨ ɩɨɪɵ ɢ ɧɟɫɩɥɨɲɧɨɫɬɢ). ɇɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɚɤɨɝɨ ɪɨɞɚ 
ɞɟɮɟɤɬɨɜ ɜ ɦɚɬɟɪɢɚɥɟ яɜɥяɟɬɫя ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɟɝɨ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢя.  

 
Ɂɚɤɥɸчɟɧия 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨɞɬɜɟɪɞɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢя ɦɟɬɚɥɥɨɦɚɬ-
ɪɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɩɥɚɜɨɜ ɦɟɬɨɞɨɦ ɋɅɋ. ɉɨɥɭɱɟɧ ɫɢɧɬɟɡɢ-
ɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɛɟɫɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ ɜ 
ɧɟɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɨɳɧɨɫɬɢ ɥɚɡɟɪɚ ɯɜɚɬɚɟɬ ɞɥя ɪɚɫɩɥɚɜɥɟɧɢя ɨɤɫɢɞɨɜ, ɩɨɷɬɨɦɭ ɜ ɫɢɧɬɟ-
ɡɢɪɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɪɚɡɦɟɪ ɭɩɪɨɱɧяɸɳɢɯ ɱɚɫɬɢɰ ɛɭɞɟɬ ɫɨɫɬɚɜɥяɬɶ з(1–2) ɦɤɦ. Ⱦɚɥɶ-
ɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢя ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɨɰɟɧɤɭ ɜɥɢяɧɢя ɞɢɫɩɟɪɫɧɨɫɬɢ, ɪɚɫ-
ɩɪɟɞɟɥɟɧɢя ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɚɤɢɯ ɱɚɫɬɢɰ ɧɚ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ɍɚɤ, ɞɥя ɩɪɢɦɟɧɟɧɢя ɦɟɯɚɧɢɱɟɫɤɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ ɜ ɦɟɬɨɞɟ ɋɅɋ ɧɟɨɛɯɨ-
ɞɢɦɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɪɟɠɢɦɵ ɞɥя ɟɝɨ ɩɨɥɭɱɟɧɢя ɜ ɚɬɬɪɢɬɨɪɚɯ 
ɢɥɢ, ɜɨɡɦɨɠɧɨ, ɜ ɩɥɚɧɟɬɚɪɧɵɯ ɦɟɥɶɧɢɰɚɯ. 

ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢɫɭɬɫɬɜɨɜɚɥ ɚɥɸɦɢɧɢɣ ɜ ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢ-
ɱɟɫɬɜɟ ɞɥя ɨɛɪɚɡɨɜɚɧɢя ɚɥɸɦɨɢɬɬɪɢɟɜɨɝɨ ɝɪɚɧɚɬɚ ɢ ɚɥɸɦɨɢɬɬɪɢɟɜɨɝɨ ɩɟɪɨɜɫɤɢɬɚ, ɞɥя 
ɞɚɥɶɧɟɣɲɢɯ ɪɚɛɨɬ ɛɭɞɭɬ ɜɵɛɪɚɧɵ ɥɢɛɨ ɦɚɬɪɢɱɧɵɟ ɫɩɥɚɜɵ ɛɟɡ ɚɥɸɦɢɧɢя ɜ ɫɨɫɬɚɜɟ, ɥɢɛɨ 
ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɞɪɭɝɢɯ 
ɨɤɫɢɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫɥɨɠɧɵɯ. 
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Ɋаɫɫɦɨɬɪɟɧ ɨɩɵɬ ɢɫɩɨɥɶɡɨɜаɧɢɹ ɨɪɝаɧɢɱɟɫɤɢɯ ɢ ɜɨɞɧɵɯ ɫɜɹɡɭюɳɢɯ ɧа ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ 
ɤɪɟɦɧɢɹ ɢɥɢ аɥюɦɢɧɢɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɟɣɧɵɯ ɤɟɪаɦɢɱɟɫɤɢɯ ɮɨɪɦ ɢ ɭɫɬаɧɨɜɥɟɧɵ 
ɬɟɧɞɟɧɰɢɢ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɜ ɞаɧɧɨɣ ɨɬɪаɫɥɢ ɤ ɩɨɜɵɲɟɧɢю ɤаɱɟɫɬɜа, ɬɨɱɧɨɫɬɢ 
ɢ ɷɤɫɩɥɭаɬаɰɢɨɧɧɨɣ ɧаɞɟɠɧɨɫɬɢ ɥɢɬɵɯ ɢɡɞɟɥɢɣ, ɨɫɨɛɟɧɧɨ ɞɟɬаɥɟɣ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ 
ɧаɡɧаɱɟɧɢɹ ɢɡ ɬɢɬаɧɨɜɵɯ, ɢɧɬɟɪɦɟɬаɥɥɢɞɧɵɯ ɢ ɠаɪɨɩɪɨɱɧɵɯ ɫɩɥаɜɨɜ, ɩɨɥɭɱаɟɦɵɯ 
ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥаɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. ɉɪɢɜɟɞɟɧа ɢɧɮɨɪɦаɰɢɹ ɨ ɪɟɡɭɥɶɬаɬаɯ 
ɢɫɫɥɟɞɨɜаɧɢɹ ɮɢɡɢɤɨ-ɦɟɯаɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪаɦɢɱɟɫɤɢɯ ɮɨɪɦ ɢ ɞɟɮɟɤɬɧɨɣ ɡɨɧɵ 
ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ ɢɡ ɪаɡɥɢɱɧɵɯ ɫɩɥаɜɨɜ.  

Ключевые слова: ɨɤɫɢɞ ɤɪɟɦɧɢɹ, ɨɤɫɢɞ аɥюɦɢɧɢɹ, ɨɪɝаɧɢɱɟɫɤɨɟ ɫɜɹɡɭюɳɟɟ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɢɬɟɣɧɵɯ ɤɟɪаɦɢɱɟɫɤɢɯ ɮɨɪɦ, ɜɨɞɧɨɟ ɫɜɹɡɭюɳɟɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɥɢɬɟɣɧɵɯ ɤɟɪаɦɢɱɟɫɤɢɯ ɮɨɪɦ. 
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OF  CERAMIC  MOLDS  FOR  CHEMICALLY  ACTIVE  ALLOYS  CASTING    
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The article considers the experience of using organic and aqueous binders based on silicon or 

aluminum oxides in the manufacturing of ceramic casting molds, and tendencies of world 
manufacturers in this industry to improve the quality, accuracy and operational reliability of cast 
products, especially critical parts made of titanium, intermetallic and heat-resistant alloys 
obtained by investment casting. The paper gives information on the results of studying physical and 
mechanical properties of ceramic molds and defect zone of the outer surface of castings made of 
various alloys. 

Keywords: silicon oxide, aluminum oxide, organic binder for making ceramic casting molds, 
water binder for manufacturing of casting ceramic molds. 
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ȼвɟɞɟɧиɟ 
ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɞɥя ɥɢɬɶя ɨɬɥɢɜɨɤ ɢɡ 

ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɩɥɚɜɨɜ ɞɥя ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ 
ɜɨɫɤɨɜɵɦ ɦɨɞɟɥяɦ ɢɫɩɨɥɶɡɭɟɬɫя ɬɟɯɧɨɥɨɝɢя, ɨɫɧɨɜɚɧɧɚя ɧɚ ɩɪɢɧɰɢɩɟ: ɨɤɭɧɚɧɢɟ–
ɨɛɫɵɩɚɧɢɟ–ɩɨɫɥɨɣɧɚя ɫɭɲɤɚ. Ⱦɚɧɧɚя ɬɟɯɧɨɥɨɝɢя ɩɨɡɜɨɥяɟɬ ɞɨɫɬɢɱɶ ɧɟɨɛɯɨɞɢɦɵɯ 
ɡɧɚɱɟɧɢɣ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ, ɚ ɬɚɤɠɟ ɫɨɛɥɸɫɬɢ ɜɵɫɨɤɢɟ 
ɬɪɟɛɨɜɚɧɢя ɬɨɱɧɨɫɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ 
ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɞɢɧɚɤɨɜɵɯ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɢɡɞɟɥɢɣ. ɉɪɢ 
ɜɵɛɨɪɟ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢя ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɧɟɨɛɯɨɞɢɦɨ 



ǸȜȚȝȜȕȖȤȖȜțțȩе ȚаȠеȞȖаșȩ  

 

 

74                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 2 (63)  2021 

 

ɭɱɢɬɵɜɚɬɶ ɫɥɨɠɧɵɟ ɭɫɥɨɜɢя, ɜ ɤɨɬɨɪɵɯ ɨɧɢ ɧɚɯɨɞяɬɫя ɧɚ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɮɢɤɭ ɨɬɥɢɜɤɢ ɜ ɧɢɯ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɩɥɚɜɨɜ: 
ɜɵɫɨɤɭɸ ɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (Ti, Al, Cr, Mo, W, ɋɨ, Nb) ɢ 
ɭɝɥɟɪɨɞɚ, ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢя ɫɩɥɚɜɨɜ; ɧɢɡɤɨɟ ɨɫɬɚɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ 
ɜɨɡɞɭɯɚ ɩɪɢ ɩɥɚɜɤɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɬɥɢɜɤɢ Д1–5]. Ɉɬɥɢɜɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɥɢɬɶɟɦ  
ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟɥяɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫя ɜɵɫɨɤɨɣ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɶɸ (ɞɨ 4–
5 ɤɥɚɫɫɚ) ɢ ɱɢɫɬɨɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨ Rz – ɞɨ 10 ɦɤɦ ɢ Ra – ɞɨ 1,2η ɦɤɦ), 
ɱɬɨ ɩɨ ɬɨɱɧɨɫɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɨ ɤ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ ɢ 
ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚяɯ ɧɟ ɬɪɟɛɭɟɬɫя ɦɟɯɚɧɢɱɟɫɤɚя ɨɛɪɚɛɨɬɤɚ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢя 
ɨɬɥɢɜɨɤ ɜɤɥɸɱɚɟɬ ɧɟɫɤɨɥɶɤɨ ɨɩɟɪɚɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ 
ɨɩɪɟɞɟɥяɟɬ ɩɨɜɵɲɟɧɧɭɸ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ Дθ–8]. 

Ⱦɥя ɢɡɝɨɬɨɜɥɟɧɢя ɨɬɥɢɜɨɤ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɢ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ ɤ ɥɢɬɟɣɧɵɦ ɤɟɪɚɦɢɱɟɫɤɢɦ ɮɨɪɦɚɦ ɩɪɟɞɴяɜɥяɸɬɫя ɫɥɟɞɭɸɳɢɟ 
ɬɪɟɛɨɜɚɧɢя. 

– Ɍɨɱɧɨɫɬɶ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢя ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɨɞɟɥɟɣ – ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢя ɤ 
ɪɟɨɥɨɝɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ (ɜяɡɤɨɫɬɶ, ɫɦɚɱɢɜɚɟɦɨɫɬɶ, ɚɞɝɟɡɢя ɢ ɞɪ.) ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɫɭɫɩɟɧɡɢɢ ɢ ɤ ɦɨɪɮɨɥɨɝɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢя ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɦɚɬɟɪɢɚɥɚ ɨɛɫɵɩɤɢ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɧɚɢɛɨɥɟɟ ɩɪɨɱɧɨɟ ɩɪɢɥɢɩɚɧɢɟ ɫɭɫɩɟɧɡɢɢ ɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɜɨɫɤɨɜɨɣ ɦɨɞɟɥɢ ɮɨɪɦɨɣ ɩɨɥɭɱɚɟɬɫя ɩɪɢ ɭɫɥɨɜɢɢ ɞɨɫɬɢɠɟɧɢя ɭɝɥɚ ɫɦɚɱɢɜɚɧɢя  
<4η ɝɪɚɞɭɫɨɜ ɢ ɜяɡɤɨɫɬɢ 2η–θ0 ɫ (ɩɨ ȼɁ-4) ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɞɥя ɥɢɰɟɜɨɝɨ ɫɥɨя. 

– ɉɪɨɱɧɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ 
ɨɛɪɚɡɭɸɬɫя ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪяɠɟɧɢя, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɤɨɬɨɪɵɯ 
ɩɨяɜɥяɸɬɫя ɬɪɟɳɢɧɵ ɢ ɪɚɫɫɥɨɟɧɢя ɫɥɨɟɜ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɬɚɤɠɟ ɨɛɭɫɥɨɜɥɟɧ ɩɪɢɪɨɞɨɣ  
ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɤɚɤ ɫɜяɡɭɸɳɢɯ ɪɚɫɬɜɨɪɨɜ, ɬɚɤ ɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ – 
ɜ ɱɚɫɬɧɨɫɬɢ, ɫɬɟɩɟɧɶɸ ɟɟ ɧɚɩɨɥɧɟɧɧɨɫɬɢ ɢ ɭɫɥɨɜɢяɦɢ ɫɭɲɤɢ ɩɨɤɪɵɬɢя, ɚ ɬɚɤɠɟ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ.  

– Ɍɟɪɦɢɱɟɫɤɚя ɫɬɨɣɤɨɫɬɶ. ɇɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜɥɢяɸɬ: 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢя (ɌɄɅɊ); ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɥɨɱɤɢ ɢ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɨɛɨɥɨɱɤɟ. ɉɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɩɪɢ ɩɪɨɰɟɫɫɟ ɡɚɥɢɜɤɢ ɟɟ ɫɩɥɚɜɨɦ ɦɟɠɞɭ ɧɚɪɭɠɧɵɦɢ ɢ 
ɜɧɭɬɪɟɧɧɢɦɢ ɫɥɨяɦɢ ɜɨɡɧɢɤɚɟɬ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɡɦɟɧɟɧɢɟ  ɨɛɴɟɦɚ, ɱɬɨ 
ɜɵɡɵɜɚɟɬ ɪɚɫɬяɝɢɜɚɸɳɢɟ ɢ/ɢɥɢ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪяɠɟɧɢя, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢя ɡɧɚɱɟɧɢɣ ɌɄɅɊ ɜ ɫɥɨяɯ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ (ɨɫɨɛɟɧɧɨ ɜ ɤɨɧɬɚɤɬɧɨɦ ɫɥɨɟ) ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ: ɜɫɩɭɱɢɜɚɧɢɟ 
ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨя, ɜɵɤɪɚɲɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɡɟɪɟɧ ɩɨ ɥɢɧɢяɦ ɧɚɢɛɨɥɶɲɢɯ 
ɧɚɩɪяɠɟɧɢɣ, ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɳɢɧ ɜ ɤɨɧɬɚɤɬɧɨɦ ɫɥɨɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ. 

– Ƚɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ ɝɚɡɨɬɜɨɪɧɨɫɬɶ. Ʉɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ 
ɩɨɪɢɫɬɨɟ ɨɝɧɟɭɩɨɪɧɨɟ ɬɟɥɨ. Ɉɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɫɬɟɩɟɧɶ 
ɭɞɚɥɟɧɢя ɝɚɡɨɬɜɨɪɧɵɯ ɫɨɫɬɚɜɥяɸɳɢɯ ɢɡ ɮɨɪɦɵ. ȼɫɟ ɝɚɡɨɬɜɨɪɧɵɟ ɫɨɫɬɚɜɥяɸɳɢɟ 
(ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɥɟɝɤɨɥɟɬɭɱɢɟ) ɢɡ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɞɨɥɠɧɵ ɛɵɬɶ ɭɞɚɥɟɧɵ 
ɩɪɨɤɚɥɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 9η0–1000 °ɋ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ γ–4 ɱ.  

– ɏɢɦɢɱɟɫɤɚя ɫɬɨɣɤɨɫɬɶ ɢ ɢɧɟɪɬɧɨɫɬɶ. ɉɪɢ ɡɚɥɢɜɤɟ ɫɩɥɚɜɚ ɫ ɦɨɦɟɧɬɚ ɟɝɨ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢя ɫ ɥɢɰɟɜɵɦ ɫɥɨɟɦ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɫɩɥɚɜɚ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɢ  
ɨɤɫɢɞɚɦɢ ɨɛɨɥɨɱɤɢ – ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫя ɤɨɧɬɚɤɬɧɚя ɡɨɧɚ (ɩɪɢɝɚɪ). ȼ ɫɜяɡɢ ɫ ɬɟɦ, 
ɱɬɨ ɭɫɬɪɚɧɟɧɢɟ ɩɪɢɝɚɪɚ ɩɪɨɰɟɞɭɪɚ ɫɥɨɠɧɚя ɢ ɬɪɭɞɨɟɦɤɚя, ɪɚɡɪɚɛɨɬɱɢɤɢ ɫɬɚɪɚɸɬɫя ɟɝɨ 
ɢɫɤɥɸɱɢɬɶ, ɩɨɞɛɢɪɚя ɨɝɧɟɭɩɨɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥя ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞяɳɢɦɢ ɞɥя ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɥɚɜɚ. ɉɪɢ ɷɬɨɦ 
ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɪɢɫ. 1) Д8–11]. 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɦɧɨɝɨɫɥɨɣɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ (а): 1 – ɥɢɰɟɜɨɣ ɫɥɨɣ; 2 – 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɫɥɨɣ; 3 – ɧɚɪɭɠɧɵɣ ɫɥɨɣ Д11Ж; ɫɬɪɭɤɬɭɪɚ ɥɢɰɟɜɨɝɨ ɫɥɨя (ɛ) ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɧɚ 
ɦɨɞɟɥɶɧɵɣ ɛɥɨɤ (ɆȻ): 1 – ɤɟɪɚɦɢɱɟɫɤɚя ɫɭɫɩɟɧɡɢя; 2 – ɬɟɪɦɨɫɬɨɣɤɢɟ ɱɚɫɬɢɰɵ ɦɚɬɟɪɢɚɥɚ 
ɨɛɫɵɩɤɢ [11] 

 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧяɸɬ ɤɜɚɪɰ (SТO2) – 

ɤɚɤ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ, ɬɚɤ ɢ ɚɦɨɪɮɧɵɣ, ɨɬɥɢɱɚɸɳɢɟɫя ɫɬɪɨɟɧɢɟɦ ɢ ɡɧɚɱɟɧɢяɦɢ ɌɄɅɊ. 
ɉɪɢ ɨɛɠɢɝɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɤɜɚɪɰ ɩɪɟɬɟɪɩɟɜɚɟɬ ɱɟɬɵɪɟ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢя ɫ 
ɢɡɦɟɧɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɫ 2θη0 ɞɨ 2200 ɤɝ/ɦ3 (ɪɢɫ. 2). ɉɪɢ ɡɚɥɢɜɤɟ ɫɩɥɚɜɨɜ ɤɨɧɬɚɤɬɧɵɣ 
ɫɥɨɣ ɨɛɨɥɨɱɤɢ ɧɚɝɪɟɜɚɟɬɫя ɞɨ 1η00 °ɋ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɤɪɢɫɬɨɛɚɥɢɬɢɡɚɰɢɢ ɤɜɚɪɰɚ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ ɢ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜ ɦɨɦɟɧɬ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ Д11, 12Ж. 

 

ɉɪɟɜɪɚɳɟɧɢя: ȕ-ɤɜɚɪɰ α-ɤɜɚɪɰ 
573 °ɋ

2650 ɤɝ/ɦ3

α-ɬɪɢɞɢɦɢɬ
870 °ɋ

2520 ɤɝ/ɦ3

α-ɤɪɢɫɬɨɛɚɥɢɬ
1470 °ɋ

2320 ɤɝ/ɦ3

ɉɥɚɜɥɟɧɵɣ ɤɜɚɪɰ
1713 °ɋ

2650 ɤɝ/ɦ3

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɜɚɪɰɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɮɚɡ 

ɪɚɡɧɨɣ ɩɥɨɬɧɨɫɬɢ Д12Ж 
 
Ʉɨɪɭɧɞ (α-Al2O3) яɜɥяɟɬɫя ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢя ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɟɞɢɧɫɬɜɟɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɩɪɢɪɨɞɟ. ɉɥɨɬɧɨɫɬɶ ɤɨɪɭɧɞɚ ɫɨɫɬɚɜɥяɟɬ γ9η0–4020 ɤɝ/ɦ3. Ɉɫɬɚɥɶɧɵɟ 
ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢя яɜɥяɸɬɫя ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ. ɇɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɩɪɟɤɭɪɫɨɪɵ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢя – ɝɢɞɪɨɤɫɢɞɵ ɢ ɨɤɫɢɝɢɞɪɨɤɫɢɞɵ 
ɚɥɸɦɢɧɢя, ɩɪɢɱɟɦ ɜɫɟ ɨɧɢ, ɤɪɨɦɟ ɞɢɚɫɩɨɪɚ, ɩɟɪɟɯɨɞяɬ ɜ ɮɚɡɭ ɤɨɪɭɧɞɚ ɱɟɪɟɡ 
ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢя, ɤɨɬɨɪɵɟ ɩɨɞɪɚɡɞɟɥяɸɬ ɧɚ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ (γ-, ε-, χ-Al2O3), ɨɛɪɚɡɭɸɳɢɟɫя ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ η00–700 °ɋ, ɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ (į-, κ-, ș-Al2O3), ɨɛɪɚɡɭɸɳɢɟɫя ɩɪɢ 700–900 °ɋ. ɉɨɫɥɟɞɭɸɳɢɣ 
ɨɛɠɢɝ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɪɭɧɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 900–1200 °ɋ (ɪɢɫ. γ) Д1γЖ.  

Ɉɞɧɚɤɨ ɧɚɥɢɱɢɟ ɜ ɨɤɫɢɞɟ ɚɥɸɦɢɧɢя ɩɪɢɦɟɫɟɣ, ɬɚɤɢɯ ɤɚɤ ɫɨɟɞɢɧɟɧɢя ɧɚɬɪɢя ɢ 
ɤɪɟɦɧɢя, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɟɝɨ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɟ ɩɪɢɜɨɞɢɬ ɤ ɢɯ ɪɚɡɦяɝɱɟɧɢɸ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 10θ0 °ɋ ɢ ɪɟɡɤɨɦɭ ɩɚɞɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɮɨɪɦɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200 °ɋ. 
ɇɟ ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɢɮɢɤɚɰɢɸ γ-Ⱥl2O3 ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɨɛɫɵɩɤɢ 
ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɬɚɤ ɤɚɤ ɞɚɧɧɚя ɦɨɞɢɮɢɤɚɰɢя  ɜɵɡɵɜɚɟɬ 
ɚɤɬɢɜɧɨɟ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨ ɫɩɥɚɜɨɦ ɢ ɭɦɟɧɶɲɟɧɢɟ ɨɛɴɟɦɚ ɡɟɪɟɧ 
(ɩɥɨɬɧɨɫɬɶ dγ-Al2O3 = γ700 ɤɝ/ɦ

3 → dα-Al2O3 = γ900 ɤɝ/ɦ
3) Д14Ж. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɥɢɬɟɣɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɬɪɟɛɭɟɬɫя ɩɨɥɭɱɟɧɢɟ ɬɨɱɧɨɣ  ɜɨɫɤɨɜɨɣ ɦɨɞɟɥɢ ɢɡɞɟɥɢя, 
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ɩɪɢɦɟɧɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ, ɜɤɥɸɱɚɸɳɟɣ ɜɨɞɧɵɟ ɢɥɢ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɫɜяɡɭɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɢ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɬɟɪɦɨɫɬɨɣɤɢɯ ɱɚɫɬɢɰ ɨɤɫɢɞɨɜ 
ɷɥɟɦɟɧɬɨɜ III ɢ IV ɝɪɭɩɩ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɷɥɟɦɟɧɬɨɜ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ, ɚ ɬɚɤɠɟ ɬɟɪɦɨɫɬɨɣɤɢɟ ɱɚɫɬɢɰɵ ɞɥя ɨɛɫɵɩɤɢ. Ⱦɥя ɜɵɩɨɥɧɟɧɢя 
ɜɫɟɯ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ ɤɟɪɚɦɢɱɟɫɤɚя ɫɭɫɩɟɧɡɢя ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ: ɜɵɫɨɤɨɣ 
ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ; ɫɦɚɱɢɜɚɟɦɨɫɬɶɸ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɟɥɶɧɨɝɨ 
ɛɥɨɤɚ, ɬɚɤ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ; «ɠɢɜɭɱɟɫɬɶɸ», ɬ. ɟ. ɫɨɯɪɚɧɟɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜяɡɤɨɫɬɢ ɞɨ ɧɚɱɚɥɚ ɠɟɥɚɬɢɧɢɡɚɰɢɢ. 
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Ɋɢɫ. γ. ɋɯɟɦɚ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɝɢɞɪɨɤɫɢɞɨɜ ɢ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢя Д1γЖ 
 
ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɧɚ ɥɢɬɟɣɧɵɯ ɩɪɟɞɩɪɢяɬɢяɯ ɦɚɫɫɨɜɨ ɢɫɩɨɥɶɡɭɸɬ 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɜɨɞɧɵɟ ɫɜяɡɭɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɤɪɟɦɧɢя, ɩɪɢ ɷɬɨɦ ɜɟɞɭɬɫя ɪɚɛɨɬɵ 
ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜɨɞɧɵɯ ɫɜяɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢя. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫя ɷɬɢɥɫɢɥɢɤɚɬɧɵɟ ɫɜяɡɭɸɳɢɟ, ɨɬɧɨɫяɳɢɟɫя 
ɤ ɤɢɫɥɵɦ ɫɜяɡɭɸɳɢɦ. ɉɪɢ ɷɬɨɦ ɷɬɢɥɫɢɥɢɤɚɬɧɨɟ ɫɜяɡɭɸɳɟɟ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ ɧɟ 
ɦɨɠɟɬ ɩɪɢɦɟɧяɬɶɫя ɜ ɤɚɱɟɫɬɜɟ ɫɜяɡɭɸɳɟɝɨ, ɬɚɤ ɤɚɤ ɧɟ ɩɪɢɞɚɟɬ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɟ 
ɩɪɨɱɧɨɫɬɢ. Ⱦɥя ɩɨɥɭɱɟɧɢя ɫɜяɡɭɸɳɢɯ ɪɚɫɬɜɨɪɨɜ ɢɫɯɨɞɧɨɟ ɷɬɢɥɫɢɥɢɤɚɬɧɨɟ ɫɜяɡɭɸɳɟɟ 
ɧɟɨɛɯɨɞɢɦɨ ɝɢɞɪɨɥɢɡɨɜɚɬɶ, ɱɬɨɛɵ ɥɢɧɟɣɧɨɟ ɫɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥ ɢɫɯɨɞɧɨɝɨ 
ɷɬɢɥɫɢɥɢɤɚɬɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜ ɪɚɡɜɟɬɜɥɟɧɧɨɟ ɢ ɱɚɫɬɢɱɧɨ ɫɲɢɬɨɟ ɢɥɢ ɜ 
ɤɨɥɥɨɢɞɧɨɟ ɫɨɫɬɨяɧɢɟ. ɉɪɢ ɷɬɨɦ «ɠɢɜɭɱɟɫɬɶ» ɝɢɞɪɨɥɢɡɨɜɚɧɧɨɝɨ ɷɬɢɥɫɢɥɢɤɚɬɧɨɝɨ 
ɫɜяɡɭɸɳɟɝɨ ɫɨɫɬɚɜɥяɟɬ ɨɬ 2 ɞɨ 7 ɫɭɬ [15–19].  

Ⱦɪɭɝɢɦ ɬɢɩɨɦ ɫɜяɡɭɸɳɟɝɨ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɤɪɟɦɧɢя яɜɥяɟɬɫя ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɟ 
ɫɜяɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɤɨɥɥɨɢɞɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ, ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɜɨɞɧɭɸ 
ɞɢɫɩɟɪɫɢɸ ɫɮɟɪɢɱɟɫɤɢɯ ɧɚɧɨɱɚɫɬɢɰ SiO2, ɫɜяɡɚɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɫɩɨɫɨɛɧɵɯ 
ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɜяɡɢ ɫɨ ɜɫɟɦɢ ɨɝɧɟɭɩɨɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɨɤɫɢɞɨɜ. Ʉɪɟɦɧɟɡɟɦ ɜ ɜɨɞɧɨɦ 
ɫɜяɡɭɸɳɟɦ ɧɚɯɨɞɢɬɫя ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨяɧɢɢ. ȼяɡɤɨɫɬɶ ɷɬɢɥɫɢɥɢɤɚɬɧɵɯ ɫɜяɡɭɸɳɢɯ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɜяɡɤɨɫɬɢ ɜɨɞɧɨ-ɤɨɥɥɨɢɞɧɵɯ ɫɜяɡɭɸɳɢɯ ɢ ɫɪɚɜɧɢɦɚ ɫɨ ɡɧɚɱɟɧɢяɦɢ 
ɜяɡɤɨɫɬɢ ɞɥя ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɧɚɧɨɱɚɫɬɢɰ SiO2 ɜ ɷɬɢɯ ɫɜяɡɭɸɳɢɯ ɫɨɞɟɪɠɢɬɫя ɧɟ ɦɟɧɟɟ 
25 % (ɩɨ ɦɚɫɫɟ). ɑɚɫɬɢɰɵ ɜ ɜɨɞɧɨ-ɤɨɥɥɨɢɞɧɵɯ ɫɜяɡɭɸɳɢɯ ɧɟ ɤɨɚɝɭɥɢɪɭɸɬ ɢ ɨɛɥɚɞɚɸɬ 
ɜɵɫɨɤɨɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, «ɠɢɜɭɱɟɫɬɶ» ɫɭɫɩɟɧɡɢɣ ɧɚ 
ɨɫɧɨɜɟ ɜɨɞɧɨ-ɤɨɥɥɨɢɞɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɩɪɟɜɵɲɚɟɬ γ ɝɨɞɚ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫя ɜ ɚɧɚɥɢɡɟ ɨɩɵɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢя 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɜɨɞɧɵɯ ɫɜяɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɤɪɟɦɧɢя ɢɥɢ ɚɥɸɦɢɧɢя ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɟɣɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɢ ɭɫɬɚɧɨɜɥɟɧɢɢ ɦɟɯɚɧɢɡɦɨɜ ɢ ɬɟɧɞɟɧɰɢɣ 
ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥя ɩɨɜɵɲɟɧɢя ɤɚɱɟɫɬɜɚ, ɬɨɱɧɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɧɚɞɟɠɧɨɫɬɢ ɥɢɬɵɯ ɢɡɞɟɥɢɣ, ɨɫɨɛɟɧɧɨ ɞɟɬɚɥɟɣ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢя ɢɡ ɬɢɬɚɧɨɜɵɯ 
ɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɥɢɬɶя ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟɥяɦ. 
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ȼ ɞɚɧɧɨɣ ɨɛɡɨɪɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: ɭɫɬɚɧɨɜɥɟɧɢɟ 
ɜɥɢяɧɢя ɩɪɢɪɨɞɵ ɫɜяɡɭɸɳɟɝɨ ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɬɟɤɭɱɟɫɬɶ, 
ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɭɸ ɢ ɫɦɚɱɢɜɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ) ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɢ ɟɟ 
«ɠɢɜɭɱɟɫɬɶ»; ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɥɢяɧɢя ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɜяɡɭɸɳɟɝɨ ɧɚ ɬɟɪɦɢɱɟɫɤɢɟ ɢ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ – ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚ ɢɡɦɟɧɟɧɢɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɝɚɡɨɬɜɨɪɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ; ɜɵяɜɥɟɧɢɟ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜɥɢяɧɢя ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɜяɡɭɸɳɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɞɟɮɟɤɬɵ 
ɨɬɥɢɜɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢ ɧɚ ɬɨɥɳɢɧɭ ɡɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɧɚ ɝɪɚɧɢɰɟ 
«ɦɟɬɚɥɥ–ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ»; ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɜɵɛɨɪɚ ɫɜяɡɭɸɳɟɝɨ ɞɥя 
ɢɡɝɨɬɨɜɥɟɧɢя ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɞɥя ɥɢɬɶя ɨɬɥɢɜɨɤ ɢɡ ɪɚɡɥɢɱɧɵɯ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɫɩɥɚɜɨɜ. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɨɛɡɨɪɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢя ɫɜяɡɭɸɳɢɯ ɧɚ 
ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɤɪɟɦɧɢя ɢɥɢ ɚɥɸɦɢɧɢя, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɟɣɧɵɯ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢя ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɨɜ, ɚ ɬɚɤɠɟ ɜяɡɤɨɫɬɢ ɫɜяɡɭɸɳɢɯ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢя ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɨɛɪɚɡɰɨɜ (ɜ ɜɢɞɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɥɚɫɬɢɧ) 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɜɨɣ ɮɨɪɦɵ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢя ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧɚ 
ɡɨɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɧɚ ɝɪɚɧɢɰɟ «ɦɟɬɚɥɥ–ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ». 

ȼɫɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɫɭɫɩɟɧɡɢɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɩɨ ɟɞɢɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ȼ ɫɦɟɫɢɬɟɥɶ 
ɜɜɨɞɢɥɢ ɫɜяɡɭɸɳɟɟ ɢ ɧɚɩɨɥɧɢɬɟɥɶ, ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɩɨɥɭɱɟɧɢя ɝɨɦɨɝɟɧɧɨɣ ɦɚɫɫɵ, 
ɞɨɜɨɞя ɞɨ ɧɭɠɧɨɣ ɜяɡɤɨɫɬɢ, ɢ ɡɚɬɟɦ ɧɚ ɦɨɞɟɥɶɧɨɦ ɛɥɨɤɟ ɮɨɪɦɢɪɨɜɚɥɢ ɩɨɤɪɵɬɢɟ 
ɦɟɬɨɞɨɦ ɩɨɫɥɨɣɧɨɝɨ ɧɚɧɟɫɟɧɢя. Ɉɛɫɵɩɤɭ ɛɥɨɤɨɜ ɨɫɭɳɟɫɬɜɥяɥɢ ɬɟɪɦɨɫɬɨɣɤɢɦɢ 
ɱɚɫɬɢɰɚɦɢ ɪɚɡɥɢɱɧɵɯ ɮɪɚɤɰɢɣ ɩɨ ɫɭɳɟɫɬɜɭɸɳɟɣ ɜ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɬɟɯɧɨɥɨɝɢɢ. Ɇɨɞɟɥɶɧɭɸ ɦɚɫɫɭ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɭɞɚɥяɥɢ ɜ 
ɛɨɣɥɟɪɤɥɚɜɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 100 °ɋ. Ʉɟɪɚɦɢɱɟɫɤɢɟ ɮɨɪɦɵ ɩɨɞɜɟɪɝɚɥɢ ɨɛɠɢɝɭ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 1000 ɞɨ 1γη0 °ɋ ɜ ɦɭɮɟɥɶɧɵɯ ɩɟɱɚɯ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɉɪɢ ɥɢɬɶɟ ɬɢɬɚɧɨɜɵɯ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɤɢ 
ɨɛɪɚɡɭɟɬɫя ɚɥɶɮɢɪɨɜɚɧɧɵɣ ɫɥɨɣ (ɬɨɥɳɢɧɨɣ ɞɨ η00–θ00 ɦɤɦ), ɨɛɥɚɞɚɸɳɢɣ 
ɩɨɜɵɲɟɧɧɨɣ ɬɜɟɪɞɨɫɬɶɸ ɢ ɯɪɭɩɤɨɫɬɶɸ. ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɥɢɜɤɢ ɢɡɦɟɧɟɧɧɵɟ 
ɫɜɨɣɫɬɜɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɧɟɢɫɩɪɚɜɧɨɣ ɪɚɛɨɬɵ ɢ ɩɪɢɜɟɫɬɢ ɤ ɟɟ 
ɪɚɡɪɭɲɟɧɢɸ. Ⱦɥя ɭɞɚɥɟɧɢя ɞɚɧɧɨɝɨ ɫɥɨя ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞɵ ɬɪɚɜɥɟɧɢя ɪɚɫɬɜɨɪɚɦɢ 
ɤɢɫɥɨɬ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ Д1ηЖ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɦɟɧɶɲɟɧɢɟ ɬɨɥɳɢɧɵ 
ɚɥɶɮɢɪɨɜɚɧɧɨɝɨ ɫɥɨя ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɠɟɬɫя ɧɚ ɷɤɨɧɨɦɢɤɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚ ɫɱɟɬ 
ɫɧɢɠɟɧɢя ɪɚɫɯɨɞɚ ɦɟɬɚɥɥɚ ɩɪɢ ɜɵɩɭɫɤɟ ɢɡɞɟɥɢɣ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɜɨɫɤɨɜɵɦ ɦɨɞɟɥяɦ ɨɬɥɢɜɨɤ ɢɡ ɯɢɦɢɱɟɫɤɢ 
ɚɤɬɢɜɧɵɯ ɫɩɥɚɜɨɜ ɞɥя ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ яɜɥяɟɬɫя ɫɥɨɠɧɵɦ ɢ 
ɦɧɨɝɨɫɬɚɞɢɣɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɬɪɟɛɭɸɳɢɦ ɪɟɲɟɧɢя ɪяɞɚ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɜɨɩɪɨɫɨɜ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɤɚɱɟɫɬɜɚ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ 
ɢ ɫɧɢɠɟɧɢя ɩɪɨɰɟɧɬɚ ɛɪɚɤɚ Д1θЖ. 

ȼ ɚɜɢɚɫɬɪɨɟɧɢɢ, ɤɚɤ ɢ ɜ ɞɪɭɝɢɯ ɨɬɪɚɫɥяɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɨɬɥɢɜɨɤ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɥɢɬɟɣɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɟ 
ɷɥɟɤɬɪɨɤɨɪɭɧɞɚ, ɩɨɥɭɱɚɟɦɵɟ ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟɥяɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɷɬɢɥɫɢɥɢɤɚɬɧɵɯ ɫɜяɡɭɸɳɢɯ – ɧɚɩɪɢɦɟɪ, ɦɚɪɨɤ ɗɌɋ-γ2 ɢ ɗɌɋ-40. ɉɪɢ ɷɬɨɦ ɜ 
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ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɢɫɩɨɥɶɡɭɸɬ 
ɝɢɞɪɨɥɢɡɨɜɚɧɧɨɟ ɷɬɢɥɫɢɥɢɤɚɬɧɨɟ ɫɜяɡɭɸɳɟɟ, ɝɢɞɪɨɥɢɡ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥяɸɬ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ  – ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɷɬɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ Д17Ж. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ яɜɥяɟɬɫя ɩɨɠɚɪɨ- ɢ ɜɡɪɵɜɨɨɩɚɫɧɵɦ, ɬɪɭɞɧɨ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɢ ɞɨɪɨɝɨɫɬɨяɳɢɦ, ɬɚɤ ɤɚɤ ɨɧ ɫɜяɡɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ɉɪɨɜɟɞɟɧɢɟ ɝɢɞɪɨɥɢɡɚ ɛɟɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɢɜɨɞɢɬ ɤ 
ɬɨɦɭ, ɱɬɨ ɩɪɨɰɟɫɫ ɫɬɚɧɨɜɢɬɫя ɧɟɫɬɚɛɢɥɶɧɵɦ, ɤɚɤ ɢ ɫɜɨɣɫɬɜɚ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɧɚ ɟɝɨ 
ɨɫɧɨɜɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɢɥɫɢɥɢɤɚɬɧɨɟ ɫɜяɡɭɸɳɟɟ яɜɥяɟɬɫя 
ɬɨɤɫɢɱɧɵɦ, ɚ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɨɬɜɟɪɠɞɟɧɢя ɜ ɪяɞɟ ɫɥɭɱɚɟɜ ɬɪɟɛɭɟɬɫя ɩɪɢɦɟɧɟɧɢɟ 
ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɚɦɦɢɚɤɚ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɤɚ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя ɞɥя 
ɭɥɚɜɥɢɜɚɧɢя ɢ ɫɧɢɠɟɧɢя ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ Д18Ж. ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɜ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɢɬ ɝɨɬɨɜɨɟ ɷɬɢɥɫɢɥɢɤɚɬɧɨɟ ɫɜяɡɭɸɳɟɟ ɦɚɪɤɢ Ƚɋ 
(ɩɪɨɢɡɜɨɞɫɬɜɨ ɈɈɈ «ɉɟɧɬɚ-91»), ɤɨɬɨɪɨɟ ɧɟ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢя ɨɩɟɪɚɰɢɢ ɝɢɞɪɨɥɢɡɚ ɢ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɥɨɣɧɨɣ ɫɭɲɤɢ ɛɟɡ ɜɨɡɞɟɣɫɬɜɢя ɝɚɡɨɨɛɪɚɡɧɨɝɨ 
ɚɦɦɢɚɤɚ Д17Ж. Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ 
ɨɛɪɚɡɭɟɬɫя ɧɚɫɵɳɟɧɧɵɣ ɩɪɢɦɟɫяɦɢ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢяɸɳɢɣ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɢɡɞɟɥɢя ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɞɟɮɟɤɬɧɵɣ ɫɥɨɣ, ɜɵɡɜɚɧɧɵɣ ɯɢɦɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɧɚ 
ɝɪɚɧɢɰɟ «ɦɟɬɚɥɥ–ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ». ɋɭɳɟɫɬɜɟɧɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɵɯ 
ɫɜяɡɭɸɳɢɯ яɜɥяɸɬɫя ɬɚɤɠɟ ɢɯ ɧɢɡɤɚя ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɢ ɨɳɭɬɢɦɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɬɥɢɜɨɤ, ɜɵɡɜɚɧɧɵɟ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ «ɠɢɜɭɱɟɫɬɶɸ» ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɫɭɫɩɟɧɡɢɢ ɢ ɤɨɧɟɱɧɵɦ ɤɚɱɟɫɬɜɨɦ ɨɬɥɢɜɨɤ ɜ ɫɜяɡɢ ɫ ɢɯ ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɨɣ Д19Ж. ɋ ɰɟɥɶɸ ɜɨɡɦɨɠɧɨɣ ɡɚɦɟɧɵ ɷɬɢɥɫɢɥɢɤɚɬɧɵɯ ɫɜяɡɭɸɳɢɯ ɩɪɨɜɟɞɟɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢя ɜɥɢяɧɢя ɪɚɡɥɢɱɧɵɯ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɫɜяɡɭɸɳɢɯ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ 
(«Ⱥɪɦɨɫɢɥ» ɪɚɡɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ (Ɋɨɫɫɢя), RОЦКsШХ (ȼɟɥɢɤɨɛɪɢɬɚɧɢя), EHT BТЧНОr 
(ɋɒȺ)) ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɨɥɨɱɤɨɜɵɯ ɮɨɪɦ ɢ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɥɢɜɨɤ – ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚ ɬɨɥɳɢɧɭ ɚɥɶɮɢɪɨɜɚɧɧɨɝɨ ɫɥɨя ɢ ɭɪɨɜɟɧɶ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɤɢ. 

ȼ ɪɚɛɨɬɟ Д20Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɨɫɧɨɜɨɣ ɤɪɟɦɧɢɣɫɨɞɟɪɠɚɳɢɯ ɫɜяɡɭɸɳɢɯ яɜɥяɸɬɫя 
ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɤɪɟɦɧɟɡɨɥɢ ɢɦɩɨɪɬɧɨɝɨ ɢ ɪɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɞ ɪɚɡɥɢɱɧɵɦɢ 
ɬɨɪɝɨɜɵɦɢ ɦɚɪɤɚɦɢ: Syton Ɋ ɢ Syton 2ɯ (Monsanto Chemicals Co Ltd); Ludox SM40 
(ɮɢɪɦɚ Du Pont); ɤɪɟɦɧɟɡɨɥɶɧɨɟ ɫɜяɡɭɸɳɟɟ «ɋɢɚɥɢɬ-20» (ɁȺɈ «ɋɢɥɢɤɚɬ»); ɜɨɞɧɚя 
ɞɢɫɩɟɪɫɢя ɜɵɪɚɳɟɧɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɤɪɟɦɧɢя «ɋɂɅȺɊɆ» 
(ɈɈɈ «ɋɂɌȿɄ»), «Ⱥɪɦɨɫɢɥ» ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ, ɦɢɤɪɨɤɪɟɦɧɟɡɟɦɢɫɬɚя ɩɵɥɶ 
(ȺɈ «Ʉɭɡɧɟɰɤɢɟ ɮɟɪɪɨɫɩɥɚɜɵ») ɢ ɞɪ. ɉɨɫɤɨɥɶɤɭ ɫɵɪɶɟ ɞɥя ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɪɟɦɧɟɡɨɥɶɧɵɯ ɫɜяɡɭɸɳɢɯ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɚɦɨɪɮɧɵɣ ɤɪɟɦɧɟɡɟɦ, 
ɨɧɨ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɢɦɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɢɪɨɞɧɨɦɭ ɫɵɪɶɸ, ɱɬɨ 
ɨɫɨɛɟɧɧɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥя ɢɦɩɨɪɬɧɨɣ ɩɪɨɞɭɤɰɢɢ. 

ȼ ɪɚɛɨɬɟ Д21Ж ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɨɛɨɥɨɱɤɨɜɵɯ ɮɨɪɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɟɪɚɦɢɱɟɫɤɭɸ 
ɫɭɫɩɟɧɡɢɸ ɫ ɭɫɥɨɜɧɨɣ ɜяɡɤɨɫɬɶɸ 27–7η ɫ, ɫɨɫɬɨяɳɭɸ ɢɡ ɫɜяɡɭɸɳɟɝɨ ɢ ɦɢɤɪɨɩɨɪɨɲɤɚ 
ɷɥɟɤɬɪɨɤɨɪɭɧɞɚ ɮɪɚɤɰɢɢ F1200 (ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɪɨɲɤɚ ɚɥɸɦɢɧɢя 
ɦɚɪɤɢ ȺɋȾ-4); ɨɛɫɵɩɧɵɦ ɦɚɬɟɪɢɚɥɨɦ яɜɥяɥɫя ɷɥɟɤɬɪɨɤɨɪɭɧɞ ɧɨɦɟɪɨɜ 20 ɢ η0, ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɫɥɨɣɧɵɦ ɧɚɧɟɫɟɧɢɟɦ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ ɢ ɫɭɲɤɨɣ ɧɚ ɜɨɡɞɭɯɟ ɜ 
ɬɟɱɟɧɢɟ θ0–90 ɦɢɧ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɨɤɚɥɢɜɚɧɢɟɦ ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɮɨɪɦɵ ɜ ɦɭɮɟɥɶɧɵɯ ɩɟɱɚɯ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ 1000 ɞɨ 1200 °ɋ. Ⱥɧɚɥɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞяɳɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɥɚɞɚɥɢ ɥɢɬɟɣɧɵɟ ɮɨɪɦɵ 
ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200 °ɋ. Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɜɨɞɧɨɟ ɫɜяɡɭɸɳɟɟ ɞɨ 7,η % ɨɬ 
ɦɚɫɫɵ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɪɨɲɤɚ ɚɥɸɦɢɧɢя ɦɚɪɤɢ ȺɋȾ-4 
ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɭɜɟɥɢɱɟɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɟɪɚɦɢɱɟɫɤɢɯ 
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ɨɛɪɚɡɰɨɜ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɤɨɬɨɪɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɜɵɲɚɥ 
2η Ɇɉɚ. Ⱦɨɛɚɜɥɟɧɢɟ ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ ɩɨɪɨɲɤɚ ɦɚɪɤɢ ȺɋȾ-4 ɜ ɤɪɟɦɧɟɡɨɥɶɧɨɟ 
ɫɜяɡɭɸɳɟɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ («Ⱥɪɦɨɫɢɥ» ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ) ɩɪɢɜɨɞɢɥɨ ɤ 
ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɭɲɤɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ (ɛɨɥɟɟ 
ɱɟɦ ɜ γ ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɦɩɨɪɬɧɵɯ ɚɧɚɥɨɝɨɜ), ɩɨɷɬɨɦɭ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɩɪɢɦɟɧяɬɶ 
ɫɜяɡɭɸɳɟɟ ɦɚɪɤɢ RОЦКsШХ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɨɪɨɲɤɚ ɦɚɪɤɢ ȺɋȾ-4 ɜ ɤɨɥɢɱɟɫɬɜɟ η % 

( 20
ɜ.ɢσ 38,35 Ɇɉɚ) ɢ 7,η % ɨɬ ɦɚɫɫɵ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ( 20

ɜ.ɢσ  42,47 Ɇɉɚ) 
(ɪɢɫ. 4). Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɬɢɬɚɧɨɜɵɯ ɨɬɥɢɜɨɤ ɫ ɮɨɪɦɚɦɢ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɢɡɨɜɚɧɧɨɝɨ 
ɷɬɢɥɫɢɥɢɤɚɬɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɦɚɪɤɢ ɗɌɋ-40 ɧɚɛɥɸɞɚɥɫя ɚɥɶɮɢɪɨɜɚɧɧɵɣ ɫɥɨɣ 
ɬɨɥɳɢɧɨɣ ɨɬ 210 ɞɨ  2γ9 ɦɤɦ. ɇɚ ɨɬɥɢɜɤɚɯ, ɤɨɧɬɚɤɬɢɪɨɜɚɜɲɢɯ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɨɣ 
ɧɚ ɨɫɧɨɜɟ ɫɜяɡɭɸɳɢɯ EHT Binder, «Ⱥɪɦɨɫɢɥ ȺɆ» ɢ «Ⱥɪɦɨɫɢɥ ɞɥя ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ», 
ɬɚɤɠɟ ɧɚɛɥɸɞɚɥɫя ɚɥɶɮɢɪɨɜɚɧɧɵɣ ɫɥɨɣ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥяɥɚ: 181–222; 219 ɢ  
γ1η ɦɤɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɡɧɚɱɟɧɢяɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢɥɫɢɥɢɤɚɬɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ. ɇɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦɚɯ ɢ ɨɬɥɢɜɤɚɯ, 
ɤɨɧɬɚɤɬɢɪɨɜɚɜɲɢɯ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɧɚ ɨɫɧɨɜɟ ɱɢɫɬɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɦɚɪɤɢ 
Remasol ɢ ɫɜяɡɭɸɳɟɝɨ ɫ ɞɨɛɚɜɤɚɦɢ ɩɨɪɨɲɤɚ ȺɋȾ-4, ɚɥɶɮɢɪɨɜɚɧɧɵɣ ɫɥɨɣ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟ ɧɚɛɥɸɞɚɥɫя (ɦɚɤɫɢɦɚɥɶɧɚя ɬɨɥɳɢɧɚ ɫɥɨя – ɨɬ 1η ɞɨ 20 ɦɤɦ) (ɪɢɫ. η). 

 

200 400 6000 800 1000 1200

40

30

35

25

20

15
°ɋ

45
σɜ.ɢ, Ɇɉɚ

Remosol + 5 % ȺɋȾ-4

ȿɇɌ Binder

«Ⱥɪɦɨɫɢɥ Ⱥ» + 5 % ȺɋȾ-4

«Ⱥɪɦɨɫɢɥ ȺɆ(ɦ)» + 5 % ȺɋȾ-4

«Ⱥɪɦɨɫɢɥ ɞɥя Ti» + 5 % ȺɋȾ-4

 
Ɋɢɫ. 4. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɨɛɪɚɡɰɨɜ ɮɨɪɦ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ η % ɨɬ ɦɚɫɫɵ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɩɨɪɨɲɤɚ ɦɚɪɤɢ ȺɋȾ-4 (ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɤɚɥɤɢ 
ɮɨɪɦɵ 1200 °ɋ) Д21Ж 

 

 

Ɋɢɫ. η. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɫɩɥɚɜɚ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɨɣ  ɧɚ ɨɫɧɨɜɟ 
ɫɜяɡɭɸɳɟɝɨ ɦɚɪɤɢ RОЦКsШХ ɫ ɞɨɛɚɜɥɟɧɢɟɦ η % ɨɬ ɦɚɫɫɵ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɩɨɪɨɲɤɚ ɦɚɪɤɢ 
ȺɋȾ-4 [21] 
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ȼ ɪɚɛɨɬɟ Д22Ж ɨɬɦɟɱɚɟɬɫя, ɱɬɨ ɜ ɉȺɈ «ɈȾɄ-ɍɆɉɈ» ɢɡɝɨɬɨɜɢɥɢ ɨɬɥɢɜɤɢ ɥɨɩɚ-
ɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢя ɢɡ ɬɢɬɚɧɨɜɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɛɚɡɟ 
ɫɩɥɚɜɚ TNM ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ EHT BТЧНОr ɢ ɦɢɤɪɨɩɨɪɨɲɤɚ ɨɤɫɢ-
ɞɚ ɢɬɬɪɢя ɡɟɪɧɢɫɬɨɫɬɶɸ 12η–γ00 ɦɟɲ (ɩɟɪɜɵɣ (ɥɢɰɟɜɨɣ) ɫɥɨɣ) ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɦɢɧɢ-
ɦɚɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɦɟɬɚɥɥɚ ɫ ɮɨɪɦɨɣ. ɉɨɫɥɟɞɭɸɳɢɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɫɥɨɢ ɨɛɨɥɨɱ-
ɤɢ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ 
ɗɌɋ-40, ɦɚɬɟɪɢɚɥɨɦ ɨɛɫɵɩɤɢ ɢ ɧɚɩɨɥɧɢɬɟɥя яɜɥяɥɫя ɷɥɟɤɬɪɨɤɨɪɭɧɞ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚя ɫɥɨɠɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢ ɧɚɥɢɱɢɟ ɫɚɧɤɰɢɣ ɫɨ ɫɬɨɪɨɧɵ ɟɜɪɨɩɟɣɫɤɢɯ ɝɨɫɭ-
ɞɚɪɫɬɜ ɧɚ ɩɨɫɬɚɜɤɭ ɜ Ɋɨɫɫɢɸ ɜɨɞɧɵɯ ɫɜяɡɭɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɢɜɚɸɬ ɫɟɪɢɣɧɨɟ 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɢɡ ɝɚɦɦɚ-ɫɩɥɚɜɨɜ ɧɚ ɪɨɫɫɢɣɫɤɢɯ ɩɪɟɞɩɪɢяɬɢяɯ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɢɦɩɨɪɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɪɚɛɨɬɟ Д2γЖ ɫ ɰɟɥɶɸ ɡɚɦɟɧɵ ɢɦɩɨɪɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥя ɢɡɝɨɬɨɜɥɟɧɢя ɤɟɪɚɦɢ-
ɱɟɫɤɢɯ ɮɨɪɦ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɪɟɦɧɟɡɨɥɶɧɵɟ ɫɜяɡɭɸ-
ɳɢɟ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ ɦɚɪɤɢ ȼɌ. ɗɬɢ ɫɜяɡɭɸɳɢɟ яɜɥяɸɬɫя ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦɢ ɦɚ-
ɬɟɪɢɚɥɚɦɢ, ɬɟɯɧɨɥɨɝɢя ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢя ɩɪɢ ɥɢɬɶɟ ɩɨ ɜɨɫɤɨɜɵɦ ɦɨɞɟɥяɦ ɧɟ ɬɪɟɛɭɟɬ 
ɩɪɢɦɟɧɟɧɢя ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. ɋɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɜяɡɭɸɳɢɯ ɨɬɥɢɱɚɸɬɫя ɜɵ-
ɫɨɤɨɣ «ɠɢɜɭɱɟɫɬɶɸ», ɫɪɨɤ ɢɯ ɫɥɭɠɛɵ ɫɨɫɬɚɜɥяɟɬ ɧɟ ɦɟɧɟɟ 8 ɦɟɫ ɛɟɡ ɩɨɬɟɪɢ ɫɜɨɣɫɬɜ. 
Ʉɪɟɦɧɟɡɨɥяɦɢ яɜɥяɸɬɫя ɭɫɬɨɣɱɢɜɵɟ ɤɨɥɥɨɢɞɧɵɟ ɪɚɫɬɜɨɪɵ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ 
ɚɦɨɪɮɧɨɝɨ ɤɪɟɦɧɢя SТO2 ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ. ɇɚɯɨɞяɳɢɟɫя ɜ ɜɨɞɟ ɚɦɨɪɮɧɵɟ ɱɚɫɬɢɰɵ SТO2 
ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪяɞ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ. ɉɪɢ ɷɬɨɦ ɱɚ-
ɫɬɢɰɵ ɜ ɪɚɫɬɜɨɪɟ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɨɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɢ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɧɟ ɫɤɥɨɧɧɵ ɤ ɨɫɚɠɞɟɧɢɸ ɢɥɢ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɸ. Ʉɨɧɰɟɧɬɪɚɰɢя ɱɚɫɬɢɰ SТO2 ɜ ɫɜя-
ɡɭɸɳɢɯ ɫɨɫɬɚɜɥяɟɬ ɨɬ 22 ɞɨ γ0 %, ɚ ɪɚɡɦɟɪ ɱɚɫɬɢɰ – ɨɬ 7 ɞɨ 1θ ɧɦ. 

ȼ ɪɚɛɨɬɟ Д24Ж ɫɩɟɰɢɚɥɢɫɬɵ ȽɇɂɂɏɌɗɈɋ ɫɨɜɦɟɫɬɧɨ ɫ ɆȺɌɂ-ɊȽɌɍ ɢɦ. 
Ʉ.ɗ. ɐɢɨɥɤɨɜɫɤɨɝɨ ɪɚɡɪɚɛɨɬɚɥɢ ɛɟɫɤɪɟɦɧɟɡɟɦɧɨɟ ɫɜяɡɭɸɳɟɟ ɞɥя ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ 
ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢя. Ȼɟɫɤɪɟɦɧɟɡɟɦɧɨɟ ɫɜяɡɭɸɳɟɟ ɩɨɥɭɱɚɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢ-
ɫɚɧɧɨɣ ɜ ɩɚɬɟɧɬɟ Д2ηЖ. ɉɪɨɜɟɞɟɧɵ ɬɚɤɠɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢя ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɤɨɪɭɧɞɨɜɵɯ ɮɨɪɦ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɟɫ-
ɤɪɟɦɧɟɡɟɦɧɨɝɨ ɢ ɷɬɢɥɫɢɥɢɤɚɬɧɨɝɨ ɫɜяɡɭɸɳɢɯ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɛɥɢɡɤɢɦɢ 
ɤɪɢɜɵɦɢ ɭɫɚɞɤɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 1η00 °ɋ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 
ɞɥя ɩɨɜɵɲɟɧɢя ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ, ɭɥɭɱɲɟɧɢя ɤɚɱɟɫɬɜɚ 
ɨɬɥɢɜɨɤ ɢ ɫɧɢɠɟɧɢя ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɥɢɬɶя ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɤɟɪɚɦɢɱɟ-
ɫɤɢɟ ɮɨɪɦɵ, ɭ ɤɨɬɨɪɵɯ ɞɜɚ ɩɟɪɜɵɯ ɫɥɨя ɜɵɩɨɥɧɟɧɵ ɧɚ ɛɟɫɤɪɟɦɧɟɡɟɦɧɨɦ ɫɜяɡɭɸɳɟɦ, ɚ 
ɩɨɫɥɟɞɭɸɳɢɟ ɫɥɨɢ – ɧɚ ɝɢɞɪɨɥɢɡɨɜɚɧɧɨɦ ɷɬɢɥɫɢɥɢɤɚɬɧɨɦ ɪɚɫɬɜɨɪɟ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɟ 
ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɬɨɥɳɢɧɚ ɡɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ, ɚ ɩɪɨɜɟɞɟɧɵ 
ɥɢɲɶ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɞɟɪɠɚɧɢя ɤɪɟɦɧɢя ɧɚ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɟɪɚɦɢɱɟ-
ɫɤɨɣ ɮɨɪɦɵ ɩɨɫɥɟ ɡɚɥɢɜɤɢ ɠɚɪɨɩɪɨɱɧɵɦ ɫɩɥɚɜɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1θη0 °ɋ, ɱɬɨ ɧɟ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɧɨɰɟɧɧɨ ɨɰɟɧɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢя ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɜя-
ɡɭɸɳɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɚɧɚɥɨɝɨɜ. ȼ ɢɬɨɝɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɨɫɥɟ ɤɨɧɬɚɤɬɚ ɫ ɦɟɬɚɥɥɨɦ ɤɪɟɦɧɢɣ ɢ ɤɪɟɦ-
ɧɢɣɫɨɞɟɪɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢя ɨɬɫɭɬɫɬɜɭɸɬ. 

ȼ ɪɚɛɨɬɚɯ Д2θ, 27Ж ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɥɢɬɶя ɩɨ ɜɨɫɤɨɜɵɦ 
ɦɨɞɟɥяɦ ɛɟɫɤɪɟɦɧɟɡɟɦɧɵɯ ɫɜяɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɨɛɨɪɮɨɫɮɚɬɧɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ 
(ȺȻɎɄ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɛɟɫɤɪɟɦɧɟɡɟɦɧɵɯ ɫɜяɡɭɸɳɢɯ ɧɚ 
ɨɫɧɨɜɟ ȺȻɎɄ ɭɫɤɨɪяɥɨ ɫɬɚɞɢɸ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢя ɢ ɭɥɭɱɲɚɥɨ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɨɪɦɚɦɢ ɧɚ ɨɫɧɨɜɟ ɷɬɢɥɫɢɥɢɤɚɬɧɵɯ 
ɫɜяɡɭɸɳɢɯ. 

ȼ ɪɚɛɨɬɚɯ Д28–γ1Ж ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɜɨɞɧɵɯ 
ɫɜяɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢя ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɟɪɜɨɝɨ (ɥɢɰɟɜɨɝɨ) ɢ 
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ɩɨɫɥɟɞɭɸɳɢɯ ɫɥɨɟɜ ɥɢɬɟɣɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɢɜɨɞɢɬ: ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ 
ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢя SТO2 ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ (ɤɜɚɪɰ, ɬɪɢɞɢɦɢɬ, 
ɤɪɢɫɬɨɛɚɥɢɬ) ɢ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɧɨɝɨ ɦɭɥɥɢɬɚ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɚɤɬɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɧɚ ɝɪɚɧɢɰɟ «ɦɟɬɚɥɥ–ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ» ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨяɜɥɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɞɟɮɟɤɬɨɜ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɨɱɧɵɯ ɨɬɥɢɜɨɤ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢя, ɬɪɟɛɭɸɳɢɯ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɩɨ ɢɯ ɭɞɚɥɟɧɢɸ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɜɚɤɭɭɦɟ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɮɨɪɦɵ ɧɟ ɛɨɥɟɟ 1400 °ɋ 
ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɥɨɠɟɧɢɟ ɤɪɟɦɧɟɡɟɦɚ ɧɚ ɦɨɧɨɨɤɫɢɞ ɤɪɟɦɧɢя ɢ ɤɢɫɥɨɪɨɞ, ɩɪɢ ɷɬɨɦ 
ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ ɧɚɞ ɧɢɦ ɞɨɫɬɢɝɚɟɬ 0,00γ2 ɉɚ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1ηη0–
1700 °ɋ ɞɚɜɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫя ɞɨ 0,1γγ–1,0γ ɉɚ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤɫɢɞɨɦ ɤɪɟɦɧɢя 
ɨɤɫɢɞ ɚɥɸɦɢɧɢя AХ2O3 ɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɤ ɪɚɡɥɨɠɟɧɢɸ ɜ ɜɚɤɭɭɦɟ (ɫɭɦɦɚɪɧɨɟ ɞɚɜɥɟɧɢɟ 
ɩɚɪɨɜ ɧɚɞ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢя AХ2O3 ɫɨɫɬɚɜɥяɟɬ 0,0009 ɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1700 °ɋ) 
[29–31]. 

ȼ ɪɚɛɨɬɚɯ Дγ2, γγЖ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɜɥɢяɧɢя 
ɫɜяɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ AХ2O3 ɢ SТO2 ɩɪɢ ɥɢɬɶɟ ɨɬɥɢɜɨɤ ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟɥяɦ ɧɚ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɥɶɮɢɪɨɜɚɧɧɨɝɨ ɫɥɨя ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 
ȼɌηɅ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɤɨɧɬɚɤɬɟ ɪɚɫɩɥɚɜɚ ɫ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɨɣ ɜ 
ɬɟɱɟɧɢɟ 12,η ɦɢɧ ɨɤɫɢɞ ɚɥɸɦɢɧɢя (ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢя) яɜɥяɟɬɫя ɢɧɟɪɬɧɵɦ 
ɤ ɪɚɫɩɥɚɜɭ ɬɢɬɚɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 1800 °ɋ ɜ ɜɚɤɭɭɦɟ, ɩɪɢ ɷɬɨɦ ɢɧɟɪɬɧɨɫɬɶ ɢɦɟɟɬ 
ɤɢɧɟɬɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ, ɩɨɫɤɨɥɶɤɭ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢя AХ2O3 ɫ ɪɚɫɩɥɚɜɨɦ ɬɢɬɚɧɚ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ɉɞɧɢɦ ɢɡ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɭɫɩɟɧɡɢɣ яɜɥяɟɬɫя 
ɞɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢя ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ, ɬ. ɟ. ɢɡɦɟɧɟɧɢɟ ɞɢɫɩɟɪɫɧɨɫɬɢ ɱɚɫɬɢɰ ɜ ɬɟɱɟɧɢɟ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɚя ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɥɢяɟɬ ɧɚ ɚɝɪɟɝɚɬɢɜɧɭɸ ɢ 
ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɫɟɣ ɫɢɫɬɟɦɵ. Ⱦɥя ɭɫɬɪɚɧɟɧɢя ɷɬɨɣ ɩɪɨɛɥɟɦɵ 
ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɞɢɫɩɟɪɝɢɪɭɸɳɢɟ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ ɢ 
ɧɟɩɪɟɪɵɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ. ȼ ɪɚɛɨɬɟ Дγ4Ж ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɜɨɞɧɵɟ ɫɜяɡɭɸɳɢɟ: ɚɥɸɦɨɡɨɥɶ VP DТsЩ Аθ40БC2 (Ⱥɜɫɬɪɢя) ɢ ɤɪɟɦɧɟɡɨɥɶ KОвМШЭО 
(ɋɒȺ), ɚ ɬɚɤɠɟ ɢɡɭɱɚɥɢ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɭɫɩɟɧɡɢɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜяɡɭɸɳɢɯ ɧɚ ɜɨɞɧɨ-
ɤɨɥɥɨɢɞɧɨɣ ɨɫɧɨɜɟ ɜɵɡɵɜɚɟɬ ɩɪɨɛɥɟɦɵ, ɫɜяɡɚɧɧɵɟ ɫɨ ɫɦɚɱɢɜɚɟɦɨɫɬɶɸ ɜɨɫɤɨɜɵɯ 
ɦɨɞɟɥɟɣ, ɧɨ ɪяɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢя ɩɪɢ ɜɵɛɨɪɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɭɫɩɟɧɡɢɢ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɫɭɫɩɟɧɡɢɢ ɨɬɜɟɱɚɸɬ ɜɫɟɦ ɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢяɦ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢяɯ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢя ɥɢɬɟɣɧɵɯ ɮɨɪɦ  
ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɤɨɦɩɥɟɤɫɟ ɜɧɟɞɪɟɧ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ȺɈ «ɈȾɄ-Ⱥɜɢɚɞɜɢɝɚɬɟɥɶ» 
(ɝ. ɉɟɪɦɶ). 

ȼ ɪɚɛɨɬɟ ДγηЖ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɟɣɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɜɨɞɧɵɟ ɫɜяɡɭɸɳɢɟ ɦɚɪɨɤ «Ⱥɥɸɦɨɤɫ» ɢ RОЦКХ 20 ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢя. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɚɥɸɦɨɡɨɥɟɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ ɜɟɫɶɦɚ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɜ ɫɜяɡɢ ɫ ɨɛɪɚɬɢɦɵɦ ɨɬɜɟɪɠɞɟɧɢɟɦ ɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɟ, ɱɬɨ ɬɪɟɛɭɟɬ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɣ ɫɭɲɤɢ ɫɥɨɟɜ ɢ ɭɞɚɥɟɧɢя ɦɨɞɟɥɶɧɨɣ ɦɚɫɫɵ. Ʉɟɪɚɦɢɱɟɫɤɢɟ 
ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɬɢɩɚ ɫɜяɡɭɸɳɢɯ ɪɟɤɨɦɟɧɞɭɟɬɫя ɩɪɢɦɟɧяɬɶ ɬɨɥɶɤɨ ɞɥя 
ɥɢɰɟɜɨɝɨ (ɤɨɧɬɚɤɬɧɨɝɨ) ɫɥɨя, ɚ ɨɛɠɢɝ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ >12η0 °ɋ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɞɨɪɨɠɚɧɢɸ 
ɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢя ɤɚɤ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ, ɬɚɤ ɢ ɞɟɬɚɥɟɣ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢя. 
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ȼ ɪɚɛɨɬɟ ДγθЖ ɩɪɟɞɫɬɚɜɥɟɧ ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢя ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɤɨɪɭɧɞɨɜɵɯ 
ɨɛɨɥɨɱɤɨɜɵɯ ɮɨɪɦ  ɩɪɢ ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟɥяɦ ɞɥя ɩɨɥɭɱɟɧɢя ɨɬɥɢɜɨɤ ɢɡ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ 
ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ: ɩɨɪɢɫɬɨɫɬɶ 2θ‒27 %, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ 27‒γ0 Ɇɉɚ, ɚ 
ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫя ɦɟɧɶɲɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɥɢɰɟɜɨɝɨ ɫɥɨя 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɟ ɫɜяɡɭɸɳɟɝɨ ɦɚɪɤɢ «Ⱥɥɸɦɨɤɫ» (ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɥɢɡɨɜɚɧɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɗɌɋ-40) ɫ ɪɚɫɩɥɚɜɨɦ 
ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ (ɬɨɥɳɢɧɚ ɞɟɮɟɤɬɧɨɝɨ ɫɥɨя ɫɨɫɬɚɜɢɥɚ 10–20 ɦɤɦ) ɜ ɩɪɨɰɟɫɫɟ 
ɡɚɥɢɜɤɢ ɢ ɨɯɥɚɠɞɟɧɢя ɫɩɥɚɜɚ ɀɋ2θ-ȼɂ. 

 

Ɂɚɤɥɸчɟɧия 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɨɛɡɨɪɧɨɣ ɪɚɛɨɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɫɜяɡɭɸɳɢɯ ɢ ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟ-
ɥяɦ ɨɬɥɢɜɨɤ ɢɡ ɬɢɬɚɧɨɜɵɯ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɡɚɥɢɜɚɟɦɵɯ ɜ 
ɭɫɥɨɜɢяɯ ɜɚɤɭɭɦɚ: 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɥɫɢɥɢɤɚɬɧɵɯ ɫɜяɡɭɸɳɢɯ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬ-
ɧɨɝɨ ɞɟɮɟɤɬɧɨɝɨ ɫɥɨя, ɜɵɡɜɚɧɧɨɝɨ ɯɢɦɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɧɚ ɝɪɚɧɢɰɟ «ɦɟɬɚɥɥ–
ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ». ɉɪɢ ɷɬɨɦ ɤɟɪɚɦɢɱɟɫɤɚя ɫɭɫɩɟɧɡɢя ɧɚ ɢɯ ɨɫɧɨɜɟ ɧɟɫɬɚɛɢɥɶɧɚ ɢ 
ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɷɤɨɥɨɝɢɱɧɨɫɬɶɸ ɢ «ɠɢɜɭɱɟɫɬɶɸ»; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɪɟɦɧɟɡɨɥɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɫɬɚɛɢɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɞɥɢ-
ɬɟɥɶɧɵɦ ɫɪɨɤɨɦ ɯɪɚɧɟɧɢя (>1 ɝɨɞɚ). ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜяɡɭɸɳɢɯ ɦɚɪɨɤ EHT 
BТЧНОr ɢ RОЦКsШХ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜяɡɭɸɳɟɝɨ RОЦКsШХ ɩɪɢ ɡɚɥɢɜɤɟ ɬɢɬɚɧɨɜɨɝɨ 
ɫɩɥɚɜɚ ɚɥɶɮɢɪɨɜɚɧɧɵɣ ɫɥɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ (ɧɟ ɛɨɥɟɟ 20 ɦɤɦ), ɱɬɨ ɜ 10 ɪɚɡ ɩɪɟ-
ɜɨɫɯɨɞɢɬ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɬɢɥɫɢɥɢɤɚɬɧɵɯ ɫɜяɡɭɸɳɢɯ; 

– ɜɨɞɧɵɟ ɫɜяɡɭɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢя яɜɥяɸɬɫя ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞяɳɟɣ 
ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɨɪɝɚɧɢɱɟɫɤɢɦ ɢ ɜɨɞɧɵɦ ɫɜяɡɭɸɳɢɦ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢя ɢ ɟɝɨ ɫɨɟɞɢɧɟ-
ɧɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɟɪɜɵɯ ɞɜɭɯ (ɥɢɰɟɜɵɯ) ɫɥɨɟɜ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɞɥя ɥɢɬɶя ɩɨ 
ɜɵɩɥɚɜɥяɟɦɵɦ ɦɨɞɟɥяɦ ɨɬɥɢɜɨɤ ɢɡ ɬɢɬɚɧɨɜɵɯ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɢ ɠɚɪɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ, ɡɚɥɢɜɚɟɦɵɯ ɜ ɭɫɥɨɜɢяɯ ɜɚɤɭɭɦɚ. ɉɪɢɦɟɧɟɧɢɟ ɜɨɞɧɨɝɨ ɫɜяɡɭɸɳɟɝɨ ɧɚ ɨɫɧɨɜɟ 
ɨɤɫɢɞɚ ɚɥɸɦɢɧɢя ɩɨɡɜɨɥяɟɬ ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟ-
ɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɞɨɫɬɢɱɶ ɨɬɫɭɬɫɬɜɢя ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɧɚ ɝɪɚɧɢɰɟ «ɦɟɬɚɥɥ–
ɤɟɪɚɦɢɱɟɫɤɚя ɮɨɪɦɚ», ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɛɚɜɢɬɶɫя ɨɬ ɨɛɪɚɡɨɜɚɧɢя ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɞɟ-
ɮɟɤɬɨɜ ɧɚ ɨɬɥɢɜɤɚɯ ɢ ɫɧɢɡɢɬɶ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ɋаɫɫɦаɬɪɢɜаюɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɪаɛɨɬɵ ɦаɝɧɟɬɪɨɧɧɨɣ ɪаɫɩɵɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɭɫɬаɧɨɜɤɢ ɬɢɩа ɍɈɄɋ-3. ɗɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɞаɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭюɬ ɨ 
ɬɨɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪаɫɩɵɥɟɧɢɹ ɩɨɞɥɨɠɤɢ ɡаɜɢɫɢɬ ɨɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜа ɮаɤɬɨɪɨɜ, 
ɬаɤɢɯ ɤаɤ ɩаɪɰɢаɥɶɧɨɟ ɞаɜɥɟɧɢɟ ɪаɛɨɱɟɝɨ ɢ ɪɟаɤɰɢɨɧɧɨɝɨ ɝаɡɨɜ, ɪаɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 
ɦɢɲɟɧɶю ɢ ɨɛɪаɛаɬɵɜаɟɦɵɦ ɢɡɞɟɥɢɟɦ ɢ ɨɬ ɝɥɭɛɢɧɵ ɜɵɪаɛɨɬаɧɧɨɣ ɧа ɪаɛɨɱɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɤаɧаɜɤɢ. ɉɪɢ ɤɨɦɩɥɟɤɫɧɨɦ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɤаɠɞɨɝɨ ɢɡ ɷɬɢɯ 
ɮаɤɬɨɪɨɜ ɜɨɡɦɨɠɧɨ ɛɨɥɟɟ ɬɨɱɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜаɧɢɟ ɫɤɨɪɨɫɬɢ ɨɫаɠɞɟɧɢɹ ɤɟɪаɦɢɱɟɫɤɨɝɨ 
ɫɥɨɹ ɬɟɩɥɨɡаɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧа ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪаɛаɬɵɜаɟɦɵɯ ɢɡɞɟɥɢɣ. 

Ключевые слова: ɝаɡɨɬɭɪɛɢɧɧɵɣ ɞɜɢɝаɬɟɥɶ, ɬɟɩɥɨɡаɳɢɬɧɨɟ ɩɨɤɪɵɬɢɟ, ɤɟɪаɦɢɱɟɫɤɨɟ 
ɩɨɤɪɵɬɢɟ, ɦаɝɧɟɬɪɨɧɧɨɟ ɪаɫɩɵɥɟɧɢɟ, ɍɈɄɋ-3, ɦɢɲɟɧɶ ɫɢɫɬɟɦɵ Zr–Y. 

 
S.A. Budinovskiy1, O.N. Doronin1, A.A. Kosmin1, A.S. Benklyan1 

 
INFLUENCE  OF  THE  STATE  OF  THE  YSZ  TARGET   
ON  ITS  SPUTTERING  RATE  DURING  DEPOSITION  
OF  A  TBC  CERAMIC  LAYER  BY  THE  UOKS-3  UNIT 

 
The paper considers the operational features of the UOKS-3 magnetron sputtering system. 

The experimentally obtained data indicate that the sputtering rate of the substrate depends on a 
large number of factors, such as  partial pressure of the working and reaction gases, distance 
between the target and the workpieces, and depth of the groove made on the working surface of 
the target. Using a comprehensive study of the influence of each of these factors, it is possible to 
more accurately predict the deposition rate of a ceramic layer of a thermal barrier coating on 
the surface of the processed products. 

Keywords: gas turbine engine, thermal barrier coating, ceramic layer, magnetron 
sputtering, UOKS-3, Zr–Y target. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢяɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɞɥя ɫɨɜɪɟɦɟɧɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɪɟɛɭɟɬɫя 
ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤ ɤɚɤ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥяɯ (ȽɌȾ) ɠɚɪɨɩɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
ɷɤɫɩɥɭɚɬɢɪɭɸɬɫя ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ Д1–4]. 
Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɜɚɪɢɚɧɬɨɦ ɞɥя ɪɟɲɟɧɢя ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ яɜɥяɟɬɫя 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢя ɞɟɬɚɥɟɣ ɝɨɪяɱɟɝɨ ɬɪɚɤɬɚ ȽɌȾ ɢ ɩɪɢɦɟɧɟɧɢɟ 
ɫɢɫɬɟɦ ɬɟɩɥɨɡɚɳɢɬɧɵɯ (ɌɁɉ) ɢ ɠɚɪɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ Дη, θЖ. 

ɉɪɢɦɟɧɟɧɢɟ ɌɁɉ ɩɨɡɜɨɥяɟɬ ɩɨɜɵɫɢɬɶ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɡɞɟɥɢɣ ɧɚ η0–100 °C, 
ɱɬɨ ɤɪɚɣɧɟ ɫɭɳɟɫɬɜɟɧɧɨ ɞɥя ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 

ɋɚɦɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧяɟɦɵɣ ɫɨɫɬɚɜ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɫɥɨя ɌɁɉ – ɫɢɫɬɟɦɚ ГrO2–8 % (ɩɨ ɦɚɫɫɟ) В2O3 (ВSГ), ɨɛɥɚɞɚɸɳɚя ɫɥɟɞɭɸɳɢɦɢ 
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ɫɜɨɣɫɬɜɚɦɢ: ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ – ɦɟɧɟɟ 2,γ ȼɬ/(ɦ·Ʉ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з1000 °ɋ, ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ 
(ɞɥя ɤɟɪɚɦɢɤɢ) ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢя, ɱɬɨ ɞɚɟɬ 
ɜɨɡɦɨɠɧɵɦ ɧɚɧɨɫɢɬɶ ɤɟɪɚɦɢɱɟɫɤɢɟ ɫɥɨɢ ɬɨɥɳɢɧɨɣ γ0–100 ɦɤɦ Д7–9].  

ȼɟɞɟɬɫя ɬɚɤɠɟ ɚɤɬɢɜɧɵɣ ɩɨɢɫɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɚɜɚ 
ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ВSГ. ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ яɜɥяɸɬɫя ɫɨɫɬɚɜɵ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɚɬɨɜ 
ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ (ɊɁɆ), ɬɚɤɢɯ ɤɚɤ La, Sm, GН ɢ NН, ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ 
~(1–1,5) ȼɬ/(ɦ·Ʉ) Д10Ж. 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɲɢɪɨɤɨ ɩɪɢɦɟɧяɸɬɫя ɞɜɚ ɦɟɬɨɞɚ ɧɚɧɟɫɟɧɢя ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя 
ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɨɞɥɨɠɤɭ – ɚɬɦɨɫɮɟɪɧɨɟ ɩɥɚɡɦɟɧɧɨɟ ɧɚɩɵɥɟɧɢɟ (APS) ɢ ɦɟɬɨɞ 
ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɨɫɚɠɞɟɧɢя ɢɡ ɩɚɪɨɜɨɣ ɮɚɡɵ (EB-PVD). ɉɨɥɭɱɟɧɧɚя ɦɟɬɨɞɨɦ EB-PVD 
ɤɟɪɚɦɢɤɚ ɢɦɟɟɬ ɫɬɨɥɛɱɚɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɯɨɪɨɲɭɸ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ, ɧɟɨɛɯɨɞɢɦɭɸ ɜ ɭɫɥɨɜɢяɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌȾ. 
ɉɪɨɦɵɲɥɟɧɧɵɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɟ ɭɫɬɚɧɨɜɤɢ ɤɪɚɣɧɟ ɝɪɨɦɨɡɞɤɢ ɢ ɫɥɨɠɧɵ ɜ 
ɢɫɩɨɥɧɟɧɢɢ – ɜɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɷɥɟɤɬɪɨɧɧɨɣ ɩɭɲɤɢ, ɜɯɨɞяɳɟɣ ɜ ɫɨɫɬɚɜ 
ɭɫɬɚɧɨɜɤɢ, ɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɟɟ ɷɥɟɤɬɪɨɩɢɬɚɧɢя. Ɍɟɯɧɨɥɨɝɢя APS, 
ɧɚɨɛɨɪɨɬ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɳɟ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɢɫɩɨɥɧɟɧɢɢ, ɚ ɩɨɥɭɱɟɧɧɵɟ ɷɬɢɦ ɦɟɬɨɞɨɦ 
ɤɟɪɚɦɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢя ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. Ɍɟɦ ɧɟ ɦɟɧɟɟ 
ɩɨɥɭɱɚɟɦɚя ɦɟɬɨɞɨɦ APS ɤɟɪɚɦɢɤɚ ɭɫɬɭɩɚɟɬ ɩɨ ɫɜɨɣɫɬɜɚɦ ɤɟɪɚɦɢɤɟ, ɩɨɥɭɱɚɟɦɨɣ 
ɦɟɬɨɞɨɦ EB-PVD: ɨɧɚ ɧɟ ɢɦɟɟɬ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɭ ɧɟɟ ɛɨɥɟɟ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɩɨɧɢɠɟɧɧɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ Д11, 12Ж.  

ɋɭɳɟɫɬɜɭɟɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɨɫɨɛ ɧɚɧɟɫɟɧɢя ɫɬɨɥɛɱɚɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɩɨɤɪɵɬɢя – ɦɟɬɨɞ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢя. ɋɭɬɶ ɦɟɬɨɞɚ 
ɡɚɤɥɸɱɚɟɬɫя ɜ ɦɚɝɧɟɬɪɨɧɧɨɦ (ɩɨɚɬɨɦɧɨɦ) ɪɚɫɩɵɥɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ ɜ 
ɚɪɝɨɧɨɤɢɫɥɨɪɨɞɧɨɣ ɫɪɟɞɟ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɟɣ ɨɛɪɚɡɨɜɚɧɢя ɨɤɫɢɞɚ 
ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢя. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ 
ɩɨɡɜɨɥяɟɬ ɩɨɥɭɱɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢя ɫɥɨɠɧɨɝɨ ɫɨɫɬɚɜɚ (ɡɚ ɫɱɟɬ ɫɨɫɬɚɜɚ 
ɪɚɫɩɵɥяɟɦɨɣ ɦɢɲɟɧɢ), ɧɨ ɫ ɦɟɧɶɲɢɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɨɦ EB-PVD, ɫɤɨɪɨɫɬяɦɢ 
ɨɫɚɠɞɟɧɢя ɩɨɤɪɵɬɢя.  
 

Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ⱦɥя ɧɚɧɟɫɟɧɢя ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɫɢɫɬɟɦɵ Гr–Y–ɊɁɆ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɦ 
ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɦ ɦɚɝɧɟɬɪɨɧɧɵɦ ɦɟɬɨɞɨɦ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɡɪɚɛɨɬɚɧɵ ɞɜɟ 
ɦɚɝɧɟɬɪɨɧɧɵɟ ɪɚɫɩɵɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ – ɨɩɵɬɧɚя ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚя ɭɫɬɚɧɨɜɤɚ 
ɍɈɄɋ-2 (ɭɫɬɚɧɨɜɤɚ ɞɥя ɨɫɚɠɞɟɧɢя ɤɟɪɚɦɢɱɟɫɤɢɯ ɫɥɨɟɜ) ɢ ɧɚ ɟɟ ɨɫɧɨɜɟ ɨɩɵɬɧɨ-
ɩɪɨɦɵɲɥɟɧɧɚя ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚя ɭɫɬɚɧɨɜɤɚ ɍɈɄɋ-γ. ɇɚ ɪɢɫ. 1, а ɩɪɟɞɫɬɚɜɥɟɧ 
ɜɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-2, ɧɚ ɪɢɫ. 1, ɛ – ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-γ, ɚ ɧɚ ɪɢɫ. 2 – 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɷɬɢɯ ɭɫɬɚɧɨɜɨɤ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
ɛ)а)

 
Ɋɢɫ. 1. Ɉɩɵɬɧɚя ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɚя ɭɫɬɚɧɨɜɤɚ ɍɈɄɋ-2 (а) ɢ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚя ɢɨɧɧɨ-

ɩɥɚɡɦɟɧɧɚя ɭɫɬɚɧɨɜɤɚ ɍɈɄɋ-3 (ɛ) 
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Ʉɚɦɟɪɚ ɡɚɝɪɭɡɤɢ ɢ ɩɨɞɝɨɬɨɜɤɢ ȼɵɫɨɤɨɜɚɤɭɭɦɧɵɣ 
ɡɚɬɜɨɪ

Ɇɚɝɧɟɬɪɨɧ Ʉɚɦɟɪɚ ɨɯɥɚɠɞɟɧɢя ɢ ɜɵɝɪɭɡɤɢ
Ɉ ɈArAr

Ar

Ar

Ar

ArAr

Ar

ɂɨɧɧɵɣ
ɭɫɤɨɪɢɬɟɥɶ

Ɋɚɞɢɚɰɢɨɧɧɵɣ 
ɧɚɝɪɟɜɚɬɟɥɶ

Ʉɚɦɟɪɵ ɧɚɧɟɫɟɧɢя ɩɨɤɪɵɬɢя ȼɵɫɨɤɨɜɚɤɭɭɦɧɵɣ 
ɡɚɬɜɨɪ

ɉɨɡɢɰɢя ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɬɟɥɟɠɤɢ

ɛ)

а)

 
Ɋɢɫ. 2. ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɨɩɵɬɧɨɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-2 (а)  

ɢ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-3 (ɛ) 
 

ɍɫɬɚɧɨɜɤɢ ɍɈɄɋ-2 ɢ ɍɈɄɋ-γ ɫɨɞɟɪɠɚɬ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɡɞɟɥɢɣ – ɝɚɡɨɪɚɡɪяɞɧɵɟ ɢɨɧɧɵɟ ɭɫɤɨɪɢɬɟɥɢ ɯɨɥɥɨɜɫɤɨɝɨ ɬɢɩɚ (ɛɨɦɛɚɪɞɢɪɨɜɤɚ 
ɭɫɤɨɪɟɧɧɵɦɢ ɜ ɫɤɪɟɳɟɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɢ ɦɚɝɧɢɬɧɨɦ ɩɨɥяɯ ɢɨɧɚɦɢ ɚɪɝɨɧɚ) ɢ 
ɪɚɞɢɚɰɢɨɧɧɵɟ ɧɚɝɪɟɜɚɬɟɥɢ (ɞɥя ɬɟɪɦɨɚɤɬɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢя). ȼ ɭɫɬɚɧɨɜɤɟ 
ɍɈɄɋ-2 ɪɟɚɥɢɡɨɜɚɧɚ ɩɥɚɧɟɬɚɪɧɚя ɫɯɟɦɚ ɩɟɪɟɦɟɳɟɧɢя ɢ ɜɪɚɳɟɧɢя ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɢɡɞɟɥɢɣ. ɂɡɞɟɥɢɟ (ɢɥɢ ɝɪɭɩɩɚ ɢɡɞɟɥɢɣ) ɜɵɫɨɬɨɣ ɞɨ 2η0 ɦɦ ɞɜɢɠɟɬɫя, ɫɨɜɟɪɲɚя 
ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ ɢ ɜɨɤɪɭɝ ɨɫɢ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜɤɢ. ɉɪɢɜɨɞ 
ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-2 ɢɦɟɟɬ ɞɜɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ, ɱɬɨ ɩɨɡɜɨɥяɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɪɚɳɚɬɶ 
ɢɡɞɟɥɢя ɬɨɥɶɤɨ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ ɛɟɡ ɜɪɚɳɟɧɢя ɜɨɤɪɭɝ ɨɫɢ ɤɚɦɟɪɵ. ɍɫɬɚɧɨɜɤɚ ɍɈɄɋ-2 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɚ ɱɟɬɵɪɶɦя ɩɚɪɚɦɢ ɞɭɚɥɶɧɵɯ ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɯ ɦɚɝɧɟɬɪɨɧɨɜ.  

ȼ ɭɫɬɚɧɨɜɤɟ ɍɈɄɋ-γ ɪɟɚɥɢɡɨɜɚɧɚ ɤɨɧɜɟɣɟɪɧɚя ɫɯɟɦɚ ɨɛɪɚɛɨɬɤɢ ɢɡɞɟɥɢɣ: ɢɦɟɸɬɫя 
ɬɪɢ ɧɟɡɚɜɢɫɢɦɵɟ ɜɚɤɭɭɦɧɵɟ ɤɚɦɟɪɵ, ɨɬɞɟɥɟɧɧɵɟ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɜɵɫɨɤɨɜɚɤɭɭɦɧɵɦɢ 
ɡɚɬɜɨɪɚɦɢ Д1γЖ. Ʉɚɠɞɚя ɤɚɦɟɪɚ ɨɛɨɪɭɞɨɜɚɧɚ ɫɜɨɟɣ ɫɢɫɬɟɦɨɣ ɨɬɤɚɱɤɢ ɜɚɤɭɭɦɚ (ɜɵɫɨɤɢɣ 
ɜɚɤɭɭɦ – ɞɥя ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɤɚɦɟɪ, ɮɨɪɜɚɤɭɭɦ – ɞɥя ɬɪɟɬɶɟɣ). ɉɟɪɜɚя ɤɚɦɟɪɚ яɜɥяɟɬɫя 
ɤɚɦɟɪɨɣ ɡɚɝɪɭɡɤɢ ɞɥя ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɜɚɤɭɭɦɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɢɡɞɟɥɢɣ (ɛɨɦɛɚɪɞɢɪɨɜɤɚ 
ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɢɨɧɚɦɢ ɢ ɬɟɪɦɨɚɤɬɢɜɚɰɢя ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢя). ȼɨ ɜɬɨɪɨɣ 
ɤɚɦɟɪɟ ɪɚɫɩɨɥɚɝɚɸɬɫя ɞɜɟ ɤɜɚɞɪɭɩɨɥɶɧɵɟ ɪɚɫɩɵɥɢɬɟɥɶɧɵɟ ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɟ 
ɦɚɝɧɟɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ. Ɍɪɟɬɶя ɤɚɦɟɪɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥя ɨɯɥɚɠɞɟɧɢя ɢ ɜɵɝɪɭɡɤɢ 
ɢɡɞɟɥɢɣ. ȼɫɟ ɤɚɦɟɪɵ ɨɫɧɚɳɟɧɵ ɭɫɬɪɨɣɫɬɜɚɦɢ ɤɨɧɬɪɨɥя ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɞɟɥɢɣ – 
ɬɟɪɦɨɩɚɪɚɦɢ ɢ ɂɄ-ɩɢɪɨɦɟɬɪɚɦɢ. ɂɡɞɟɥɢя ɩɟɪɟɦɟɳɚɸɬɫя ɦɟɠɞɭ ɤɚɦɟɪɚɦɢ ɩɨɫɪɟɞɫɬɜɨɦ 
ɬɟɯɧɢɱɟɫɤɨɣ ɬɟɥɟɠɤɢ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɦɨɝɭɬ ɨɛɪɚɛɚɬɵɜɚɬɶɫя ɢɡɞɟɥɢя, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ 
ɞɜɭɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɟɥɟɠɤɚɯ – ɜɫɟ ɤɚɦɟɪɵ ɞɜɭɯɩɨɡɢɰɢɨɧɧɵɟ. Ʉɚɠɞɚя ɩɨɡɢɰɢя ɢɦɟɟɬ 
ɫɜɨɣ ɧɟɡɚɜɢɫɢɦɵɣ ɩɨɞɜɨɞ ɜɪɚɳɟɧɢя ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɥɟɠɤɟ. ɇɚ ɨɞɧɨɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɥɟɠɤɟ ɜɨɡɦɨɠɧɨ ɪɚɡɦɟɳɟɧɢɟ ɞɨ ɞɜɭɯ ɢɡɞɟɥɢɣ (ɢɥɢ ɝɪɭɩɩɵ ɢɡɞɟɥɢɣ) 
ɜɵɫɨɬɨɣ ɞɨ 400 ɦɦ. 



ǵащȖȠțȩе Ȗ ȢȡțȘȤȖȜțаșȪțȩе ȝȜȘȞȩȠȖя 

 

 

88                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 2 (63)  2021 

 

ɍɫɬɚɧɨɜɤɢ ɍɈɄɋ-2 ɢ ɍɈɄɋ-γ ɨɛɨɪɭɞɨɜɚɧɵ ɫɨɜɪɟɦɟɧɧɵɦɢ ɢɧɜɟɪɬɨɪɚɦɢ 
ɩɢɬɚɧɢя ɦɚɝɧɟɬɪɨɧɧɵɯ ɫɢɫɬɟɦ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ɚɤɬɢɜɧɨɝɨ ɞɭɝɨɝɚɲɟɧɢя (ɞɭɚɥɶɧɵɣ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɥɸɱ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥя ɩɟɪɟɤɥɸɱɟɧɢя ɩɨɥяɪɧɨɫɬɢ ɧɚɩɪяɠɟɧɢя 
ɦɟɠɞɭ ɦɚɝɧɟɬɪɨɧɚɦɢ ɫ ɱɚɫɬɨɬɨɣ ɞɨ 40 ɤȽɰ), ɱɬɨ ɩɨɡɜɨɥяɟɬ ɦɚɝɧɟɬɪɨɧɚɦ ɪɚɛɨɬɚɬɶ ɜ 
ɫɦɟɫɢ «ɚɪɝɨɧ+ɤɢɫɥɨɪɨɞ».  

Ɇɚɝɧɢɬɧɚя ɫɢɫɬɟɦɚ ɨɛɟɢɯ ɭɫɬɚɧɨɜɨɤ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɩɨɫɬɨяɧɧɵɯ ɦɚɝɧɢɬɚɯ. 
ɋɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢя ɦɢɲɟɧɟɣ ɤɨɫɜɟɧɧɚя (ɦɢɲɟɧɢ ɨɯɥɚɠɞɚɸɬɫя ɨɬ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɝɨ 
ɤɨɪɩɭɫɚ ɦɚɝɧɟɬɪɨɧɚ), ɱɬɨ ɩɨɡɜɨɥяɟɬ ɛɵɫɬɪɨ cɦɟɧяɬɶ ɦɢɲɟɧɢ.  

Ⱦɥя ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-2 ɢɫɩɨɥɶɡɭɸɬɫя ɩɥɨɫɤɢɟ ɦɢɲɟɧɢ ɪɚɡɦɟɪɨɦ 
400×100×8 ɦɦ, ɚ ɞɥя ɍɈɄɋ-3 – ɩɥɨɫɤɢɟ ɦɢɲɟɧɢ ɪɚɡɦɟɪɨɦ η00×100×8 ɦɦ. 
 

Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢя ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя 
ɌɁɉ яɜɥяɟɬɫя ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя ɩɨɤɪɵɬɢя, ɤɨɬɨɪɚя ɜɥɢяɟɬ ɧɚ ɫɬɪɭɤɬɭɪɭ ɩɨɤɪɵɬɢя. ɇɚ 
ɭɫɬɚɧɨɜɤɟ ɍɈɄɋ-γ ɩɨɥɭɱɟɧɵ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢя ɌɁɉ – ɞɨ 1η ɦɤɦ/ɱ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɫ 
ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢя ɌɁɉ ɫɬɪɭɤɬɭɪɚ ɦɟɧяɥɚɫɶ ɨɬ ɛɨɥɟɟ ɩɨɪɢɫɬɨɣ ɢ 
ɦɟɥɤɨɫɬɨɥɛɱɚɬɨɣ ɤ ɦɨɧɨɥɢɬɧɨɣ ɢ ɤɪɭɩɧɨɫɬɨɥɛɱɚɬɨɣ. ɋɚɦɚ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢя ɫɤɥɚɞɵɜɚɟɬɫя ɢɡ ɰɟɥɨɝɨ ɪяɞɚ ɮɚɤɬɨɪɨɜ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚ 
ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя ɌɁɉ ɜɥɢяɟɬ ɫɤɨɪɨɫɬɶ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 
ɪɚɫɩɵɥɟɧɢя ɦɢɲɟɧɢ (ɩɨɞɥɨɠɤɢ) ɫɢɫɬɟɦɵ Гr–Y–ɊɁɆ. ɋɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя ɌɁɉ ɫɨɫɬɚɜɥяɟɬ 40–80 % ɨɬ ɫɤɨɪɨɫɬɢ ɪɚɫɩɵɥɟɧɢя ɩɨɞɥɨɠɤɢ 
ɫɢɫɬɟɦɵ Zr–Y–ɊɁɆ. ɋɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢяɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя ɌɁɉ ɨɤɚɡɵɜɚɟɬ 
ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɤɚɦɟɪɟ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɩɨɤɪɵɬɢя. Ɉɱɟɜɢɞɧɨ ɬɚɤɠɟ, 
ɱɬɨ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя ɌɁɉ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɨɬ ɪɚɫɫɬɨяɧɢя ɦɟɠɞɭ ɦɢɲɟɧɶɸ ɢ ɧɚɩɵɥяɟɦɵɦ ɢɡɞɟɥɢɟɦ. ȿɳɟ ɨɞɧɢɦ ɜɚɠɧɵɦ 
ɮɚɤɬɨɪɨɦ, ɜɥɢяɸɳɢɦ ɧɚ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢя ɩɨɤɪɵɬɢя, яɜɥяɟɬɫя ɨɫɬɚɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ 
ɚɪɝɨɧɚ ɜ ɤɚɦɟɪɟ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɩɨɤɪɵɬɢя Д14Ж. 

ɉɪɢɦɟɧяɟɦɵɣ ɧɚ ɭɫɬɚɧɨɜɤɟ ɍɈɄɋ-γ ɦɟɬɨɞ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 
ɨɫɚɠɞɟɧɢя ɤɟɪɚɦɢɤɢ ɬɪɟɛɭɟɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ «ɨɱɢɫɬɤɢ» ɦɢɲɟɧɢ. Ɂɚɤɥɸɱɚɟɬɫя ɞɚɧɧɚя 
ɨɱɢɫɬɤɚ ɜ ɭɞɚɥɟɧɢɢ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫя ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɬɨɧɤɨɝɨ ɨɤɫɢɞɧɨɝɨ ɫɥɨя, 
ɬɚɤ ɤɚɤ ɯɢɦɢɱɟɫɤɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ ɩɪɨɬɟɤɚɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ, ɧɨ 
ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɵɥяɟɦɨɣ ɦɢɲɟɧɢ. ȼɨ ɜɪɟɦя ɧɚɧɟɫɟɧɢя ɩɨɤɪɵɬɢя ɩɪɨɬɟɤɚɸɬ 
ɩɪɨɰɟɫɫɵ ɤɚɤ ɨɛɪɚɡɨɜɚɧɢя ɨɤɫɢɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ, ɬɚɤ ɢ ɟɝɨ ɪɚɫɩɵɥɟɧɢя 
ɭɫɤɨɪɟɧɧɵɦɢ ɢɨɧɚɦɢ ɚɪɝɨɧɚ. ɉɪɢ ɷɬɨɦ ɜɨɥɶɬɚɦɩɟɪɧɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɪяɞɚ 
ɨɩɢɫɵɜɚɟɬɫя N-ɨɛɪɚɡɧɨɣ ɤɪɢɜɨɣ Д1ηЖ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ, ɩɪɢ ɪɚɛɨɬɟ 
ɦɚɝɧɟɬɪɨɧɚ ɜ ɪɟɠɢɦɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɩɪяɠɟɧɢя ɪɚɡɪяɞɚ, ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɬɨɤɚ 
(ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɨɳɧɨɫɬɢ ɪɚɡɪяɞɚ), ɫɜяɡɚɧɧɵɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ, яɜɥяɟɬɫя ɟɫɬɟɫɬɜɟɧɧɨɣ ɢ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɧɚɧɟɫɟɧɢя 
ɩɨɤɪɵɬɢя – ɨɬɫɭɬɫɬɜɢɟ ɪɨɫɬɚ ɡɧɚɱɟɧɢɣ ɬɨɤɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɞɨɫɬɚɬɤɟ ɤɢɫɥɨɪɨɞɚ 
ɞɥя ɨɛɪɚɡɨɜɚɧɢя ɨɤɫɢɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢя. Ɉɬɦɟɱɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɢ ɫɢɥɶɧɨɦ 
ɪɨɫɬɟ ɡɧɚɱɟɧɢɣ ɬɨɤɚ (>(400–η00) ɦȺ/ɱ) ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɧɚɧɟɫɟɧɢя ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя ɌɁɉ. ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢя ɢ ɪɚɡɪɭɲɟɧɢя ɨɤɫɢɞɧɨɣ 
ɩɥɟɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɢɦɟɟɬ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɜɪɟɦɟɧɧяɦ ɭɱɚɫɬɤɟ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɢɫɯɨɞɢɬ ɥɚɜɢɧɨɨɛɪɚɡɧɵɣ ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɬɨɤɚ ɢ 
ɦɨɳɧɨɫɬɢ ɪɚɡɪяɞɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɱɢɫɬɤɢ ɦɢɲɟɧɢ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢя ɩɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢя 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя ɌɁɉ ɦɨɠɟɬ ɡɚɧɢɦɚɬɶ ɤɚɤ ɧɟɫɤɨɥɶɤɨ, ɬɚɤ ɢ ɞɟɫяɬɤɢ ɱɚɫɨɜ, ɩɨɷɬɨɦɭ 
ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɦɢɲɟɧɢ ɩɪɨɜɨɞɢɬɫя ɛɟɡ ɪɚɡɜɚɤɭɭɦɢɪɨɜɚɧɢя ɜɚɤɭɭɦɧɨɝɨ ɨɛɴɟɦɚ. 
ɉɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɦɢɲɟɧɢ ɡɚɤɥɸɱɚɟɬɫя ɜ ɫɥɟɞɭɸɳɟɦ: ɪɚɦɤɚ ɫ ɢɡɞɟɥɢяɦɢ ɩɟɪɟɦɟɳɚɟɬɫя 
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ɜ ɤɚɦɟɪɭ ɩɨɞɝɨɬɨɜɤɢ ɢɡɞɟɥɢɣ, ɨɬɤɥɸɱɚɟɬɫя ɩɨɞɚɱɚ ɤɢɫɥɨɪɨɞɚ ɢ ɜɪɭɱɧɭɸ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫя ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚя ɞɥя ɦɢɲɟɧɟɣ ɦɨɳɧɨɫɬɶ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 
ɪɚɡɪяɞɚ. ɇɚɛɥɸɞɚɟɬɫя ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɛɨɟɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ. 
ɉɪɟɤɪɚɳɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢя ɩɪɨɛɨɟɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɡɚɜɟɪɲɟɧɢɢ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ 
ɦɢɲɟɧɢ, ɤɨɬɨɪɵɣ ɡɚɧɢɦɚɟɬ ɨɬ η ɞɨ 1η ɦɢɧ. 

Ɋɚɫɩɵɥɟɧɢɟ ɦɢɲɟɧɢ ɩɪɨɬɟɤɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɢ, 
ɨɩɪɟɞɟɥяɟɦɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɦɚɝɧɟɬɪɨɧɧɨɣ 
ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɇɚ ɪɢɫ. γ, а ɩɪɢɜɟɞɟɧ ɯɚɪɚɤɬɟɪɧɵɣ ɜɢɞ «ɧɚɪɚɛɨɬɚɧɧɨɣ» 
ɦɢɲɟɧɢ. ɍɫɥɨɜɧɨ ɦɢɲɟɧɶ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɪɚɛɨɱɭɸ ɢ «ɩɚɪɚɡɢɬɧɭɸ» ɨɛɥɚɫɬɢ. ɇɚ 
ɪɢɫ. γ, ɛ ɩɨɤɚɡɚɧ ɜɧɟɲɧɢɣ ɜɢɞ «ɧɚɪɚɛɨɬɚɧɧɨɣ» ɦɢɲɟɧɢ.  
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Ɋɢɫ. γ. ɏɚɪɚɤɬɟɪɧɵɣ ɜɢɞ «ɧɚɪɚɛɨɬɚɧɧɨɣ» ɦɢɲɟɧɢ (а): 1 – ɪɚɛɨɱɚя ɨɛɥɚɫɬɶ; 2 – «ɩɚɪɚɡɢɬɧɚя» 

ɨɛɥɚɫɬɶ; ɜɧɟɲɧɢɣ ɜɢɞ «ɧɚɪɚɛɨɬɚɧɧɨɣ» ɦɢɲɟɧɢ ɢɡ ɦɚɬɟɪɢɚɥɚ ɫɢɫɬɟɦɵ Гr–Y (ɛ) 
 

ɍɫɤɨɪɟɧɧɵɟ ɢɨɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɫɩɵɥяɸɬ ɦɚɬɟɪɢɚɥ «ɩɚɪɚɡɢɬɧɨɣ» ɨɛɥɚɫɬɢ 
ɦɢɲɟɧɢ, ɩɨɷɬɨɦɭ ɨɧɚ ɛɵɫɬɪɨ ɩɨɤɪɵɜɚɟɬɫя ɨɤɫɢɞɧɵɦ ɫɥɨɟɦ ɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɩɵɥɟɧɢя 
ɷɬɨɬ ɦɚɬɟɪɢɚɥ ɧɟ ɭɱɚɫɬɜɭɟɬ.  

Ɋɚɛɨɱɚя ɡɨɧɚ ɦɢɲɟɧɢ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɤɚɧɚɜɤɭ, ɢɦɟɸɳɭɸ ɩɪɨɮɢɥɶ ɧɨɪɦɚɥɶɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢя (ɪɢɫ. 4, а). ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɚɧɚɜɤɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵ – ɨɞɧɚ ɢɡ ɤɚɧɚɜɨɤ 
ɤɚɠɞɨɣ ɦɢɲɟɧɢ ɤɜɚɞɪɭɩɨɥɶɧɨɣ ɦɚɝɧɟɬɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɧɚ з(10–15) % ɛяɥɶɲɭɸ 
ɝɥɭɛɢɧɭ. ɇɚ ɪɢɫ. 4, ɛ ɢɡɨɛɪɚɠɟɧɚ ɭɫɥɨɜɧɚя ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢя ɦɢɲɟɧɟɣ ɭɫɬɚɧɨɜɤɢ 
ɍɈɄɋ-γ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ (ɛɭɤɜɚɦɢ а ɢ ɛ ɨɛɨɡɧɚɱɟɧɵ ɤɚɧɚɜɤɢ ɤɚɠɞɨɣ ɦɢɲɟɧɢ). 

 

2 1

а)

а а

а а

ɛ ɛ
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ɛ)

5

 

Ɋɢɫ. 4. ɉɪɨɮɢɥɶ ɤɚɧɚɜɤɢ ɦɢɲɟɧɢ (а; 1 – ɦɢɲɟɧɶ; 2 – ɥɢɧɢя ɩɪɨɮɢɥя) ɢ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢя 
ɦɢɲɟɧɟɣ ɭɫɬɚɧɨɜɤɢ ɍɈɄɋ-γ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ (ɛ; 1–4 – ɦɢɲɟɧɢ; 5 – ɩɨɡɢɰɢя 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɥɟɠɤɢ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦɢ ɢɡɞɟɥɢяɦɢ; а ɢ ɛ – ɤɚɧɚɜɤɢ) 
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Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥя ɜɫɟɯ ɦɢɲɟɧɟɣ ɝɥɭɛɢɧɚ ɤɚɧɚɜɤɢ а ɛɨɥɶɲɟ ɝɥɭɛɢɧɵ ɤɚɧɚɜɤɢ ɛ. 
ɋɱɢɬɚɟɬɫя, ɱɬɨ ɞɚɧɧɨɟ яɜɥɟɧɢɟ ɫɜяɡɚɧɨ ɫ ɥɨɤɚɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɩɥɚɡɦɵ ɜɛɥɢɡɢ ɤɚɧɚɜɨɤ а, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ, ɜɟɪɨяɬɧɨ, ɜɡɚɢɦɧɵɦ ɜɥɢяɧɢɟɦ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɫɨɫɟɞɧɢɯ ɦɢɲɟɧɟɣ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɶɸ 
ɪɚɫɩɵɥɟɧɢя ɷɬɢɯ ɤɚɧɚɜɨɤ. 

ɋ «ɧɚɪɚɛɨɬɤɨɣ» ɦɢɲɟɧɢ ɧɚɛɥɸɞɚɟɬɫя ɜɥɢяɧɢɟ ɝɥɭɛɢɧɵ ɤɚɧɚɜɤɢ ɤɚɤ ɧɚ ɫɤɨɪɨɫɬɶ 
ɪɚɫɩɵɥɟɧɢя ɦɢɲɟɧɢ, ɬɚɤ ɢ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɣ ɪɚɛɨɬɵ ɦɢɲɟɧɢ 
ɛɟɡ ɨɱɢɫɬɤɢ.  

ɉɪɟɞɩɨɥɚɝɚɟɬɫя, ɱɬɨ ɪɨɫɬ ɫɤɨɪɨɫɬɢ ɪɚɫɩɵɥɟɧɢя ɩɨɞɥɨɠɤɢ ɫɜяɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɜ 
ɨɛɪɚɡɨɜɚɜɲɟɣɫя ɤɚɧɚɜɤɟ ɜɟɥɢɱɢɧɚ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥя ɛɨɥɶɲɟ, ɱɟɦ ɭ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɢɲɟɧɢ, ɚ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɥɨɤɚɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɪяɠɟɧɧɵɯ ɱɚɫɬɢɰ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɚɧɚɜɤɟ ɢ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɣ ɢɨɧɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɚɧɚɜɤɢ ɪɚɫɩɵɥяɟɦɨɣ ɦɢɲɟɧɢ (ɪɢɫ. η, ɝɞɟ ni – ɤɨɧɰɟɧɬɪɚɰɢя ɢɨɧɨɜ ɚɪɝɨɧɚ).  
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Ɋɢɫ. η. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɪяɠɟɧɧɵɯ ɱɚɫɬɢɰ 
 

ɉɪɢ ɩɨɫɬɨяɧɧɵɯ ɡɧɚɱɟɧɢяɯ ɜɨɥɶɬɚɦɩɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 
ɪɚɡɪяɞɚ ɢ ɪɚɫɯɨɞɚɯ ɚɪɝɨɧɚ ɢ ɤɢɫɥɨɪɨɞɚ, ɩɨɞɚɜɚɟɦɵɯ ɜ ɤɚɦɟɪɭ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ 
ɤɚɧɚɜɤɢ ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɥɚ ɜ 1,η–2 ɪɚɡɚ. 

ɍɦɟɧɶɲɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɦɢɲɟɧɢ ɛɟɡ ɨɱɢɫɬɤɢ ɫ ɪɨɫɬɨɦ ɝɥɭɛɢɧɵ 
ɤɚɧɚɜɤɢ ɨɛɴяɫɧяɟɬɫя ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɜɤɢ ɩɨ ɦɟɪɟ ɟɟ 
ɭɝɥɭɛɥɟɧɢя. ɇɚ ɪɢɫ. θ, а ɨɛɨɡɧɚɱɟɧ ɩɪɨɮɢɥɶ ɤɚɧɚɜɤɢ ɧɨɜɨɣ ɦɢɲɟɧɢ, ɚ ɧɚ ɪɢɫ. θ, ɛ – 
«ɧɚɪɚɛɨɬɚɧɧɨɣ» ɦɢɲɟɧɢ.  

 

ɉɪɨɮɢɥɶ ɪɚɫɩɵɥɟɧɢя 
ɤɚɧɚɜɤɢ

ɉɪɨɮɢɥɶ ɪɚɫɩɵɥɟɧɢя 
ɤɚɧɚɜɤɢ
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Ɋɢɫ. θ. ɉɪɨɮɢɥɶ ɪɚɫɩɵɥɟɧɢя ɤɚɧɚɜɤɢ ɧɨɜɨɣ (а) ɢ «ɧɚɪɚɛɨɬɚɧɧɨɣ» (ɛ) ɦɢɲɟɧɢ ɢ ɫɪɚɜɧɟɧɢɟ 
ɩɪɨɮɢɥɟɨɛɪɚɡɭɸɳɢɯ ɥɢɧɢɣ ɤɚɧɚɜɨɤ (ɜ) ɧɨɜɨɣ ɢ «ɧɚɪɚɛɨɬɚɧɧɨɣ» ɦɢɲɟɧɟɣ 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɵɥɟɧɢя ɞɥя ɧɨɜɨɣ ɦɢɲɟɧɢ ɦɟɧɶɲɟ, 
ɱɟɦ ɞɥя «ɧɚɪɚɛɨɬɚɧɧɨɣ» (ɪɢɫ. θ, ɜ: ɞɥɢɧɚ ɩɪɨɮɢɥɟɨɛɪɚɡɭɸɳɟɣ ɥɢɧɢɢ L1 ɤɚɧɚɜɤɢ ɧɨɜɨɣ 
ɦɢɲɟɧɢ ɦɟɧɶɲɟ ɞɥɢɧɵ ɩɪɨɮɢɥɟɨɛɪɚɡɭɸɳɟɣ ɥɢɧɢɢ L2 ɤɚɧɚɜɤɢ «ɧɚɪɚɛɨɬɚɧɧɨɣ» 
ɦɢɲɟɧɢ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɨɳɚɞɶ ɪɚɫɩɵɥɟɧɢя ɜɨɡɪɚɫɬɚɟɬ ɫ ɜɵɪɚɛɨɬɤɨɣ ɦɢɲɟɧɢ, ɢ 
ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɨɡɪɚɫɬɚɟɬ ɩɥɨɳɚɞɶ, ɧɚ ɤɨɬɨɪɨɣ ɢɞɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɪɚɫɩɵɥɟɧɢɸ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɧɟɫɟɧɢя ɩɨɤɪɵɬɢя ɢ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɦɢɲɟɧɢ ɛɟɡ ɨɱɢɫɬɤɢ. 
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ɉɪɢ ɩɨɫɬɨяɧɧɵɯ ɡɧɚɱɟɧɢяɯ ɜɨɥɶɬɚɦɩɟɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɡɪяɞɚ ɢ 
ɪɚɫɯɨɞɚɯ ɚɪɝɨɧɚ ɢ ɤɢɫɥɨɪɨɞɚ, ɩɨɞɚɜɚɟɦɵɯ ɜ ɤɚɦɟɪɭ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɤɚɧɚɜɤɢ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɛɟɡ ɨɱɢɫɬɤɢ ɭɦɟɧɶɲɚɥɚɫɶ ɜ 2–4 ɪɚɡɚ.  

 
Ɂɚɤɥɸчɟɧия 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɬɟɯɧɨɥɨɝɢя ɧɚɧɟɫɟɧɢя ɌɁɉ яɜɥяɟɬɫя ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɞɥя 
ɩɨɜɵɲɟɧɢя ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ȽɌȾ. ɂɫɫɥɟɞɨɜɚɧɢя ɩɨ ɩɨɢɫɤɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɥɨя ɌɁɉ ɩɨɡɜɨɥяɸɬ ɩɨɥɭɱɢɬɶ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɨɬɤɪɵɜɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɢ ɞɥя ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢя ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɨɫɬɚɜɚ ɤɟɪɚɦɢɤɢ. 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ ɫɭɳɟɫɬɜɭɟɬ ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥяɸɳɢɯ 
ɧɚɧɨɫɢɬɶ ɤɟɪɚɦɢɤɭ ɫ ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥя ɌɁɉ ɫɜɨɣɫɬɜɚɦɢ. Ɉɫɜɨɟɧɧɵɣ ɜɨ ɎȽɍɉ 
«ȼɂȺɆ» ɦɟɬɨɞ ɫɪɟɞɧɟɱɚɫɬɨɬɧɨɝɨ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢя, ɩɪɢɦɟɧяɟɦɵɣ ɧɚ 
ɭɫɬɚɧɨɜɤɚɯ ɬɢɩɚ ɍɈɄɋ-2 ɢ ɍɈɄɋ-γ, ɩɨɡɜɨɥяɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚɧɨɫɢɬɶ ɤɟɪɚɦɢɱɟɫɤɢɣ ɫɥɨɣ 
ɌɁɉ, ɧɨ ɢ яɜɥяɟɬɫя ɛɚɡɨɣ ɞɥя ɢɫɫɥɟɞɨɜɚɧɢя ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɨɫɬɚɜɚ ɬɚɤɨɣ 
ɤɟɪɚɦɢɤɢ. 

Ƚɥɚɜɧɵɦɢ ɨɬɥɢɱɢɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɫɪɟɞɧɟɱɚɫɬɨɬɧɨɝɨ 
ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢя ɤɟɪɚɦɢɤɢ яɜɥяɸɬɫя ɨɬɧɨɫɢɬɟɥɶɧɚя ɩɪɨɫɬɨɬɚ ɭɫɬɚɧɨɜɤɢ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ 
ɪɚɫɩɵɥɟɧɢя, ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɧɨɫɢɬɶ ɪɚɡɥɢɱɧɵɟ ɫɨɫɬɚɜɵ ɤɟɪɚɦɢɤɢ ɞɚɠɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ яɜɥяɟɬɫя ɫɥɨɠɧɨɫɬɶ ɫɨɱɟɬɚɧɢя 
ɩɪɨɬɟɤɚɸɳɟɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɩɵɥɟɧɢя ɦɢɲɟɧɢ ɫɢɫɬɟɦɵ Zr–Y–ɊɁɆ ɫ 
ɯɢɦɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɮɨɪɦɢɪɨɜɚɧɢя ɨɤɫɢɞɚ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢя.  

ɉɪɢ ɤɨɦɩɥɟɤɫɧɨɦ ɨɩɵɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬ, 
ɩɪɨɜɟɞɟɧɧɵɯ ɧɚ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɍɈɄɋ-γ, ɨɛɧɚɪɭɠɟɧɵ ɮɚɤɬɨɪɵ, ɜɥɢяɸɳɢɟ ɧɚ ɫɤɨɪɨɫɬɶ 
ɨɫɚɠɞɟɧɢя ɌɁɉ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ «ɧɚɪɚɛɨɬɤɢ» ɦɢɲɟɧɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢяɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɪɚɫɩɵɥɟɧɢя ɦɢɲɟɧɢ. ɋ ɪɨɫɬɨɦ ɝɥɭɛɢɧɵ ɤɚɧɚɜɤɢ ɦɢɲɟɧɢ ɧɚ 
ɫɤɨɪɨɫɬɶ ɪɚɫɩɵɥɟɧɢя ɧɚɱɢɧɚɸɬ ɜɥɢяɬɶ ɬɚɤɢɟ ɮɚɤɬɨɪɵ, ɤɚɤ ɥɨɤɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɪяɠɟɧɧɵɯ ɱɚɫɬɢɰ ɜɛɥɢɡɢ ɪɚɫɩɵɥяɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɨɫɬ ɟɟ ɩɥɨɳɚɞɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢя ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɧɚɧɟɫɟɧɢя ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɫɥɨя ɌɁɉ ɫ ɜɵɪɚɛɨɬɤɨɣ ɦɢɲɟɧɢ ɩɨɡɜɨɥяɬ ɩɪɨɜɨɞɢɬɶ ɛɨɥɟɟ ɬɨɱɧɭɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ 
ɨɰɟɧɤɭ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɧɚɧɟɫɟɧɢя ɩɨɤɪɵɬɢя ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɨɩɵɬɧɨ-
ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɬɢɩɚ ɍɈɄɋ-3.  

ɇɨ ɨɫɧɨɜɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ яɜɥɟɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɤ ɦɚɝɧɟɬɪɨɧɧɨɣ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɫ ɜɪɚɳɚɸɳɟɣɫя 
ɬɪɭɛɧɨɣ ɦɢɲɟɧɶɸ, ɢɦɟɸɳɟɣ ɪɚɜɧɨɦɟɪɧɭɸ ɜɵɪɚɛɨɬɤɭ ɩɨ ɜɫɟɣ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
ȼɨɡɦɨɠɧɨ ɬɚɤɠɟ ɩɪɢɦɟɧяɬɶ ɫɢɫɬɟɦɵ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥя 
ɞɥя ɪɚɫɲɢɪɟɧɢя ɡɨɧɵ ɢɫɩɚɪɟɧɢя ɩɥɨɫɤɨɣ ɦɢɲɟɧɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɨɥɟɟ 
ɪɚɜɧɨɦɟɪɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɪɚɛɨɱɟɣ ɡɨɧɵ. 
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Ɋаɫɫɦɨɬɪɟɧа ɦɢɤɪɨɫɬɪɭɤɬɭɪа ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ ɧа ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧ-
ɬɨɜɤɢ 1 ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɨɩɬɢɱɟɫɤɨɣ ɢ ɫɤаɧɢɪɭюɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 
ɩɨɫɥɟ ɢɫɩɵɬаɧɢɣ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɢ ɞɢɫɬɢɥɥɢɪɨɜаɧɧɨɣ ɜɨɞɟ. ɍɫɬаɧɨɜɥɟɧɨ, ɱɬɨ ɧаɥɢɱɢɟ 
ɧаɩɨɥɧɢɬɟɥɹ ɩɥаɫɬɢɧɱаɬɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɨɫɬаɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ ɫɩɨɫɨɛ-
ɫɬɜɭɟɬ ɫɧɢɠɟɧɢю ɬɨɩɥɢɜɨɧаɛɭɯаɟɦɨɫɬɢ ɢ ɜɥаɝɨɩɨɝɥɨɳɟɧɢɹ ɩɨɤɪɵɬɢɹ, ɱɬɨ ɦɨɠɟɬ 
ɛɵɬɶ ɫɜɹɡаɧɨ ɫ ɩɪɨɹɜɥɟɧɢɟɦ ɛаɪɶɟɪɧɨɝɨ ɷɮɮɟɤɬа.  

Ключевые слова: ɷɩɨɤɫɢɞɧɨ-ɬɢɨɤɨɥɨɜɨɟ ɩɥɟɧɤɨɨɛɪаɡɭюɳɟɟ, ɧаɩɨɥɧɢɬɟɥɶ, аɞɝɟɡɢɹ, 
ɬɨɩɥɢɜɨɧаɛɭɯаɟɦɨɫɬɶ, ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ, ɫɬɪɭɤɬɭɪа, ɷɥɟɤɬɪɨɧɧаɹ ɦɢɤɪɨɫɤɨɩɢɹ. 
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RESEARCH  OF  FUEL-   AND  WATER  RESISTANCE   OF  COATINGS  
BASED  ON  THE  FILLED  EPOXY-THIOKOL  POLYMERIC  COMPOSITIONS 
 

The article provides the results of studies of fuel- and water resistant priming coatings based 
on the filled fuel-resistant compositions based on the E-41 epoxy modified with liquid Thiokol 1 
brand and  cured with ASOT-2 organic-silicon amine. There was examined the microstructure 
of coating surface of fuel resistant primer 1 by means of optical and scanning electron micros-
copy after tests in TS-1 fuel and distilled water. It has been determined that availability of a fill-
er with lamellar structure as a part of fuel-resistant primer promotes the decrease in fuel-
swelling and moisture absorption that can be connected with manifestation of a barrier effect. 

Keywords: epoxy-thiokol film-forming agent, filler, adhesion, fuel-swelling, water absorp-
tion, structure, electron microscopy. 
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ɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal State 
Unitary Enterprise «AХХ-Russian SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research Center of 
the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Ⱦɥя ɫɨɡɞɚɧɢя ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 
ɪɚɡɪɚɛɨɬɤɟ ɢ ɩɪɢɦɟɧɟɧɢɢ ɧɨɜɵɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥяɬ ɨɛɟɫɩɟ-
ɱɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ ɢɯ ɥɟɬɧɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ Д1–5]. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢя ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɧɨɜɨɝɨ 
ɩɨɤɨɥɟɧɢя яɜɥяɟɬɫя ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢ-
ɤɨɜ, ɜ ɤɨɧɫɬɪɭɤɰɢяɯ ɫɚɦɨɥɟɬɚ. ɉɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɦɨɞɭɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɩɨɡɜɨɥяɟɬ ɭɦɟɧɶɲɢɬɶ ɦɚɫɫɭ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡ ɫɧɢɠɟɧɢя ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ. Ɍɟɯɧɢɱɟɫɤɢ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ яɜɥяɟɬɫя ɨɛɟɫɩɟɱɟɧɢɟ ɡɚɳɢɬɵ ɨɬ ɜɨɡɞɟɣ-
ɫɬɜɢя ɜɥɚɝɢ, ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɧɵɯ 
ɤɟɫɫɨɧ-ɛɚɤɨɜ, ɧɟɞɨɫɬɭɩɧɨɣ ɞɥя ɩɪɨɜɟɞɟɧɢя ɪɟɦɨɧɬɚ ɥɚɤɨɤɪɚɫɨɱɧɨɝɨ ɩɨɤɪɵɬɢя ɧɚ  
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ɩɪɨɬяɠɟɧɢɢ ɜɫɟɝɨ ɪɟɫɭɪɫɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɚɦɨɥɟɬɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɱɪɟɡɜɵɱɚɣɧɨ ɷɤɫ-
ɬɪɟɦɚɥɶɧɵɟ ɭɫɥɨɜɢя ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ. ɗɬɨ ɫɜяɡɚɧɨ ɫ ɩɪɟɛɵɜɚɧɢɟɦ 
ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɪɚɣɨɧɚɯ, ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɟɡɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɟ-
ɱɟɧɢɟ 20–γ0 ɦɢɧ – ɨɬ +(η0–100) ɞɨ -60 °ɋ, ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɜ ɪɟɡɭɥɶ-
ɬɚɬɟ ɨɯɥɚɠɞɟɧɢя ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɚɝɪɟɫɫɢɜɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢ ɞɪ. Дθ–11]. 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɡɚɳɢɬɵ ɬɨɩɥɢɜɧɵɯ ɤɟɫɫɨɧ-ɛɚɤɨɜ ɢɡ ɉɄɆ ɩɨɡɜɨɥɢɬ ɫɧɢ-
ɡɢɬɶ ɦɚɫɫɭ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɚɧɚɥɨɝɚɦɢ. Ɉɞɧɚɤɨ ɞɥɢɬɟɥɶɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ (ɬɨɩɥɢɜɨ, ɤɨɧɞɟɧɫɚɬ) ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ 
ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɭɝɥɟɩɥɚɫɬɢɤɨɦ ɫɧɢɠɚɟɬ ɟɝɨ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɨɷɬɨɦɭ ɞɥя ɡɚɳɢɬɵ ɩɚɧɟɥɟɣ ɬɨɩɥɢɜ-
ɧɵɯ ɤɟɫɫɨɧ-ɛɚɤɨɜ ɢɡ ɉɄɆ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ 
ɩɨɤɪɵɬɢɣ Д12–15]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɟɚɤɬɢɜɧɵɟ ɬɨɩɥɢɜɚ ɫɨɫɬɨяɬ ɧɚ 9θ–99 % ɢɡ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɞɧɚɤɨ 
ɜ ɬɨɩɥɢɜɚɯ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶɫя ɢ ɨɛɪɚɡɨɜɵɜɚɬɶɫя ɪɚɡɥɢɱɧɵɟ ɧɟɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɩɪɢɦɟ-
ɫɢ, ɬɚɤɢɟ ɤɚɤ ɷɦɭɥɶɫɢɨɧɧɚя ɜɨɞɚ ɢ ɦɢɧɟɪɚɥɶɧɵɟ ɡɚɝɪяɡɧɟɧɢя, ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɢ ɩɪɨ-
ɞɭɤɬɵ ɢɯ ɠɢɡɧɟɞɟяɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɧɢɡɤɨɦɨɥɟɤɭɥяɪɧɵɟ ɩɪɢɦɟɫɢ, ɪɚɫɬɜɨɪɢɦɵɟ 
ɜ ɜɨɞɟ. ɉɪɢ ɛɵɫɬɪɨɦ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞяɧɵɟ ɩɚɪɵ, ɩɪɨɧɢɤɚɸɳɢɟ ɜ ɬɨɩɥɢɜɨ ɫ 
ɜɨɡɞɭɯɨɦ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɨɣ ɟɝɨ ɜɥɚɠɧɨɫɬɢ, ɨɛɜɨɞɧяɸɬ ɬɨɩɥɢɜɨ. ɉɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɜ 
ɬɨɩɥɢɜɟ ɜɨɞяɧɵɯ ɩɚɪɨɜ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢя ɧɚɫɵɳɟɧɢя ɨɛɪɚɡɭɟɬɫя ɦɟɥɤɨɞɢɫɩɟɪɫɧɚя ɬɨɩ-
ɥɢɜɧɨ-ɜɨɞяɧɚя ɷɦɭɥɶɫɢя. ɉɨɫɬɟɩɟɧɧɨ ɤɚɩɥɢ ɜɨɞɵ ɭɤɪɭɩɧяɸɬɫя ɢ ɧɚɱɢɧɚɸɬ ɨɫɟɞɚɬɶ, ɨɛ-
ɪɚɡɭя ɜɨɞɧɵɣ ɩɨɞɬɨɩɥɢɜɧɵɣ ɫɥɨɣ. ɍɝɥɟɜɨɞɨɪɨɞɵ ɬɨɩɥɢɜɚ ɝɢɞɪɨɮɨɛɧɵ, ɢ ɩɨɷɬɨɦɭ ɩɪɢ 
ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬɫɬɨɣ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ Д1θ, 17Ж.  

Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɦɢ ɪɚɛɨɬɚɦɢ ɩɨɤɚɡɚɧɚ ɜɵɫɨɤɚя ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢя 
ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ ɝɪɭɧɬɨɜɨɱɧɵɯ ɩɨɤɪɵɬɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɢɧɝɢɛɢɪɭɸɳɢɟ ɩɢɝɦɟɧɬɵ, ɞɥя 
ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɨɩɥɢɜɧɵɯ ɤɟɫɫɨɧ-ɛɚɤɨɜ, ɢɡ-
ɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ. Ɍɨɩɥɢɜɨɫɬɨɣɤɢɟ ɝɪɭɧɬɨɜɤɢ ɧɚ ɩɪɨɬяɠɟɧɢɢ ɦɧɨ-
ɝɢɯ ɥɟɬ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧяɸɬɫя ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɦ ɫɚɦɨɥɟɬɨɫɬɪɨɟɧɢɢ Д18, 19Ж. 

ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɬɪɟɛɨɜɚɧɢяɦɢ ɤ ɩɨɤɪɵɬɢяɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥя ɡɚɳɢɬɵ ɬɨɩ-
ɥɢɜɧɵɯ ɤɟɫɫɨɧ-ɛɚɤɨɜ, яɜɥяɸɬɫя ɢɯ ɚɞɝɟɡɢя, ɞɥɢɬɟɥɶɧɚя ɬɨɩɥɢɜɨ- ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɨɯɪɚɧɟɧɢɟ ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚ ɜɟɫɶ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ ɢɡɞɟɥɢя.  

Ⱦɚɧɧɚя ɪɚɛɨɬɚ ɩɨɫɜяɳɟɧɚ ɢɡɭɱɟɧɢɸ ɬɨɩɥɢɜɨ- ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɢ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫ-
ɧɨɜɟ ɧɚɩɨɥɧɟɧɧɵɯ ɷɩɨɤɫɢɞɧɨ-ɬɢɨɤɨɥɨɜɵɯ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ȼ ɧɟɣ ɭɞɟɥɟɧɨ 
ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɮɨɪɦɵ, ɟɝɨ ɜɥɢяɧɢɸ ɧɚ 
ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢя.  

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɢɫɩɨɥɶɡɭɸɬɫя ɦɢɤɪɨɧɢɡɢɪɨɜɚɧɧɵɟ ɧɚɩɨɥɧɢɬɟɥɢ ɧɚ ɨɫɧɨɜɟ 
ɫɥɸɞɵ ɦɭɫɤɨɜɢɬ. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɢɤɪɨɧɢɡɢɪɨɜɚɧɧɨɣ ɫɥɸɞɵ ɫɨɯɪɚɧяɟɬɫя ɩɪɢɪɨɞɧɚя 
ɜɵɫɨɤɨɩɥɚɫɬɢɧɱɚɬɚя ɫɬɪɭɤɬɭɪɚ, ɤɨɬɨɪɚя ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨяɜɥɟɧɢɸ ɛɚɪɶɟɪɧɨɝɨ ɫɥɨя ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɤɪɵɬɢя Д20, 21Ж. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢя 17. 
«Ʉɨɦɩɥɟɤɫɧɚя ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚя ɡɚɳɢɬɚ, ɭɩɪɨɱɧяɸɳɢɟ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɡɚɳɢɬɧɵɟ ɢ 
ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢя» ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 17.7. «Ʌɚɤɨɤɪɚɫɨɱɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ ɢ ɩɨɤɪɵɬɢя ɧɚ ɩɨɥɢɦɟɪɧɨɣ ɨɫɧɨɜɟ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢя ɪɚɡɜɢɬɢя 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д22Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢя ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɫ ɬɪɟɛɭɟɦɵɦ ɤɨɦɩɥɟɤɫɨɦ ɫɜɨɣɫɬɜ яɜɥяɟɬɫя ɦɨɞɢɮɢɤɚɰɢя ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɢ 
ɲɢɪɨɤɨ ɜɵɩɭɫɤɚɟɦɵɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɨɥɢɝɨɦɟɪɨɜ. Ɍɚɤ, ɞɥя ɩɨɥɭɱɟɧɢя ɬɨɩɥɢɜɨ-
ɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ ɢɫɩɨɥɶɡɭɸɬɫя ɷɩɨɤɫɢɞɧɵɣ ɨɥɢɝɨɦɟɪ ɦɚɪɤɢ ɗ-41, ɚ ɬɚɤɠɟ ɷɥɚɫɬɨɦɟɪ-
ɧɵɟ ɦɨɞɢɮɢɤɚɬɨɪɵ: ɩɨɥɢɫɭɥɶɮɢɞɧɵɟ ɢ ɤɚɪɛɨɤɫɢɥɚɬɧɵɟ ɛɭɬɚɞɢɟɧɚɤɪɢɥɨɧɢɬɪɢɥɶɧɵɟ 
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ɤɚɭɱɭɤɢ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢяɧɢɟ ɷɥɚɫɬɨɦɟɪɧɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɧɚ ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜɨɫɬɨɣ-
ɤɢɯ ɩɨɤɪɵɬɢɣ, ɢɯ ɚɞɝɟɡɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɨɩɥɢɜɨ- ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɶ. ɉɨɤɚɡɚɧɚ 
ɜɵɫɨɤɚя ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢя ɩɨɥɢɫɭɥɶɮɢɞɧɨɝɨ ɤɚɭɱɭɤɚ (ɬɢɨɤɨɥɚ ɦɚɪɤɢ 1) ɜ ɤɚ-
ɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɷɩɨɤɫɢɞɧɨɝɨ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɟɝɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ 
ɝɪɭɧɬɨɜɨɤ Д2γ–28]. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɵ ɧɚɩɨɥɧɟɧɧɵɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɟ ɤɨɦɩɨ-
ɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ ɗ-41, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɠɢɞɤɢɦ ɬɢɨɤɨɥɨɦ ɦɚɪ-
ɤɢ 1 ɢ ɨɬɜɟɪɠɞɚɟɦɵɟ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ ɚɦɢɧɨɦ ȺɋɈɌ-2.  

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢя ɜɥɢяɧɢя ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ ɬɨɩɥɢɜɨ- 
ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɣ ɢɫɫɥɟɞɨɜɚɧɵ ɞɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɟ ɤɨɦɩɨɡɢɰɢɢ, ɜ ɨɞɧɭ ɢɡ ɤɨ-
ɬɨɪɵɯ ɜɜɟɞɟɧ ɧɚɩɨɥɧɢɬɟɥɶ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ – ɢɡɦɟɥɶɱɟɧɧɚя ɫɥɸɞɚ ɦɭɫɤɨɜɢɬ. 
ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɨɣ ɫɥɸɞɵ яɜɥяɟɬɫя яɪɤɨ ɜɵɪɚɠɟɧɧɚя ɚɧɢɡɨɬɪɨɩɢя 
ɫɜɨɣɫɬɜ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɜɨɟɨɛɪɚɡɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫɥɸɞɵ ɦɭɫɤɨɜɢɬ: 
ɛɨɥɶɲɨɣ ɷɧɟɪɝɢɟɣ ɫɜяɡɢ ɱɚɫɬɢɰ ɜ ɩɚɤɟɬɟ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ − ɦɟɠɞɭ ɩɚɤɟɬɚɦɢ ɩɨ 
ɩɥɨɫɤɨɫɬɢ ɫɨɜɟɪɲɟɧɧɨɣ ɫɩɚɣɧɨɫɬɢ. ɋɥɟɞɫɬɜɢɟɦ ɚɧɢɡɨɬɪɨɩɢɢ яɜɥяɟɬɫя ɫɩɨɫɨɛɧɨɫɬɶ 
ɤɪɢɫɬɚɥɥɨɜ ɫɥɸɞɵ ɪɚɫɳɟɩɥяɬɶɫя ɧɚ ɬɨɧɤɢɟ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɟ ɩɥɚɫɬɢɧɤɢ (ɪɢɫ. 1 ɢ 2).  

 

  
 

Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɧɚɩɨɥɧɢɬɟɥя 
ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ (ɫɥɸɞɵ ɦɭɫɤɨɜɢɬ) 

 

Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɚ ɫɥɸɞɵ ɦɭɫɤɨɜɢɬ 

 
ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɢɤɪɨɧɢɡɢɪɨɜɚɧɧɨɣ ɫɥɸɞɵ ɫɨɯɪɚɧяɟɬɫя ɩɪɢɪɨɞɧɚя ɜɵɫɨɤɨ-

ɩɥɚɫɬɢɧɱɚɬɚя ɫɬɪɭɤɬɭɪɚ, ɤɨɬɨɪɚя ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨяɜɥɟɧɢɸ ɛɚɪɶɟɪɧɨɝɨ ɫɥɨя.  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɥɨɬɚя ɫɥɸɞɚ ɦɭɫɤɨɜɢɬ. Ɍɨɩɥɢɜɨɫɬɨɣɤɢɟ ɝɪɭɧ-

ɬɨɜɤɢ 1 ɢ 2  ɢɡɝɨɬɨɜɥɟɧɵ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɫɩɟɪɝɚɬɨɪɚ 
Ɋȿ-214. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɝɪɭɧɬɨɜɨɤ, ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧ-
ɧɵɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥяɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ: 
ɭɫɥɨɜɧɭɸ ɜяɡɤɨɫɬɶ – ɩɨ ȽɈɋɌ 8420–74, ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɧɟɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ – ɩɨ 
ȽɈɋɌ 31939–2012, ɫɬɟɩɟɧɶ ɩɟɪɟɬɢɪɚ (ɞɢɫɩɟɪɫɧɨɫɬɶ) – ɩɨ ȽɈɋɌ γ197γ–2013, ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ ɜɵɫɵɯɚɧɢя ɩɨ ȽɈɋɌ 19007–73, ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ – ɩɨ ȽɈɋɌ 27271–2014, 
ɚɞɝɟɡɢɸ ɩɨɤɪɵɬɢɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ – ɩɨ ȽɈɋɌ 31149–2014 ɦɟɬɨɞɨɦ ɪɟɲɟɬ-
ɱɚɬɵɯ ɧɚɞɪɟɡɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ ɢ ɩɨɫɥɟ ɭɜɥɚɠɧɟɧɢя ɜ ɬɟɱɟɧɢɟ 10 ɫɭɬ, ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɭɞɚɪɟ − ɩɨ ȽɈɋɌ 47θη–84, ɩɪɨɱɧɨɫɬɶ ɩɥɟɧɤɢ ɩɨɤɪɵɬɢя ɩɪɢ ɪɚɫɬяɠɟɧɢɢ (ɷɥɚɫɬɢɱ-
ɧɨɫɬɶ) − ɩɨ ȽɈɋɌ 29γ09–92. ɉɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢя ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥя ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɞ-
ɥɨɠɟɤ, ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɪɵɬɢɣ ɨɩɪɟɞɟɥяɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɫɩɥɚɜɚ 
Ⱦ1θ-ȺɌ Ⱥɧ.Ɉɤɫ.ɧɯɪ.  

ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɢ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɶ ɩɨɤɪɵɬɢɣ ɨɩɪɟɞɟɥяɥɢ ɝɪɚɜɢɦɟɬɪɢɱɟ-
ɫɤɢɦ ɦɟɬɨɞɨɦ ɩɨ ɢɡɦɟɧɟɧɢɸ ɜɟɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɪɚɡɰɨɜ ɜ ɬɟɱɟɧɢɟ γ0 ɫɭɬ ɢɫɩɵɬɚ-
ɧɢɣ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ ɬɨɩɥɢɜɟ Ɍɋ-1. Ɍɨɩɥɢɜɨ- ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɣ  
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ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɨɩɪɟɞɟɥяɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɚɞɝɟɡɢɢ  
ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɭɤɚɡɚɧɧɵɯ ɫɪɟɞɚɯ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ 
ɝɪɭɧɬɨɜɤɢ 1 ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨ-
ɩɢɢ ɩɨ Ɇɂ 1.2.042–2011 ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 20 ɢ 80 °ɋ 
ɜ ɬɟɱɟɧɢɟ 2000 ɱ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ. Ⱦɥя ɩɪɨɜɟɞɟɧɢя 
ɢɫɩɵɬɚɧɢɣ ɧɚ ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ ɧɚɧɨɫɢɥɢ ɞɜɚ ɫɥɨя ɝɪɭɧɬɨɜɤɢ, ɬɨɥɳɢɧɚ ɞɜɭɯ-
ɫɥɨɣɧɨɝɨ ɩɨɤɪɵɬɢя ɫɨɫɬɚɜɥяɥɚ ɨɬ 40 ɞɨ η0 ɦɤɦ.  

 

Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 
Ⱦɥя ɩɪɨɜɟɞɟɧɢя ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɝɨɬɨɜɥɟɧɵ ɞɜɚ ɨɛɪɚɡɰɚ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧ-

ɬɨɜɤɢ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɨɝɨ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɟɝɨ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɫɭɥɶɮɢɞ-
ɧɵɦ ɤɚɭɱɭɤɨɦ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɥɢɫɶ ɫɨɫɬɚɜɨɦ ɧɚɩɨɥɧɢɬɟɥɟɣ. ȼ ɨɞɧɨɣ ɢɡ ɪɟɰɟɩɬɭɪ 
ɚɥɸɦɨɫɢɥɢɤɚɬ ɦɚɝɧɢя (ɬɚɥɶɤ) ɱɚɫɬɢɱɧɨ ɡɚɦɟɧɟɧ ɧɚ ɚɥɸɦɨɫɢɥɢɤɚɬ ɤɚɥɢя (ɢɡɦɟɥɶɱɟɧɧɭɸ 
ɫɥɸɞɭ ɦɭɫɤɨɜɢɬ), ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɝɪɭɧɬɨɜɨɤ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥ. 1. 

 

Ɍаɛɥɢɰа 1 
Ɍɟɯɧɨɥɨɝичɟɫɤиɟ ɫвɨɣɫɬвɚ ɬɨɩɥивɨɫɬɨɣɤиɯ ɝɪɭɧɬɨвɨɤ 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢя ɫɜɨɣɫɬɜ ɞɥя ɝɪɭɧɬɨɜɤɢ 

1* 2 
ɍɫɥɨɜɧɚя ɜяɡɤɨɫɬɶ ɩɨ ɜɢɫɤɨɡɢɦɟɬɪɭ ȼɁ-246  
ɫ ɞɢɚɦɟɬɪɨɦ ɫɨɩɥɚ 4 ɦɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20±0,η °ɋ, ɫ 

27,42 
 

23,8 

ɋɬɟɩɟɧɶ ɩɟɪɟɬɢɪɚ (ɞɢɫɩɟɪɫɧɨɫɬɶ) ɝɪɭɧɬɨɜɤɢ, ɦɤɦ 20 20 
Ɇɚɫɫɨɜɚя ɞɨɥя ɧɟɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɝɪɭɧɬɨɜɤɢ, % 52,4 51,7 
ȼɪɟɦя ɜɵɫɵɯɚɧɢя ɩɥɟɧɤɢ ɩɨɤɪɵɬɢя ɞɨ ɫɬɟɩɟɧɢ γ  
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20±2 °ɋ, ɱ 

6,0 6,0 

ɀɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ (ɫɪɨɤ ɝɨɞɧɨɫɬɢ ɩɨɫɥɟ ɫɦɟɲɟɧɢя  
ɫ ɨɬɜɟɪɞɢɬɟɥɟɦ), ɱ 

24 24 

*ɋɨɞɟɪɠɢɬ ɧɚɩɨɥɧɢɬɟɥɶ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ. 
 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɨ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɧɟɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, 
ɫɬɟɩɟɧɢ ɞɢɫɩɟɪɫɧɨɫɬɢ, ɜɪɟɦɟɧɢ ɜɵɫɵɯɚɧɢя ɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɝɪɭɧ-
ɬɨɜɤɢ ɢɞɟɧɬɢɱɧɵ. ɉɨ ɭɫɥɨɜɧɨɣ ɜяɡɤɨɫɬɢ ɢɦɟɟɬɫя ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ, ɤɨɬɨɪɨɟ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜяɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜ ɨɞɧɨɣ ɢɡ ɧɢɯ ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ.  

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢяɧɢɟ ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ (ɢɡɦɟɥɶɱɟɧɧɨɣ 
ɫɥɸɞɵ ɦɭɫɤɨɜɢɬ) ɧɚ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɶ ɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɬɨɩ-
ɥɢɜɨɫɬɨɣɤɢɯ ɝɪɭɧɬɨɜɨɤ 1 ɢ 2. 

ɇɚ ɪɢɫ. γ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢя ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɩɨɤɪɵɬɢɣ 
ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ ɝɪɭɧɬɨɜɨɤ 1 ɢ 2 (ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɫɨɪɛɰɢɢ) ɩɪɢ ɢɫɩɵɬɚ-
ɧɢɢ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɟɱɟɧɢɟ γ0 ɫɭɬ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɥя ɨɛɨɢɯ ɩɨɤɪɵɬɢɣ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ. ɉɪɢ ɷɬɨɦ ɞɨɫɬɢɠɟ-
ɧɢɟ ɪɚɜɧɨɜɟɫɧɨɣ ɫɨɪɛɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ θ ɫɭɬ. ɂɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ ɪɚɜ-
ɧɨɜɟɫɧɨɣ ɫɨɪɛɰɢɢ ɝɪɭɧɬɨɜɨɱɧɵɯ ɩɨɤɪɵɬɢɣ 1 ɢ 2 ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɛɭɯɚɧɢɟ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 
ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 2 ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɧɚɛɭɯɚɧɢɟ ɞɥя ɚɧɚɥɨɝɢɱɧɨɝɨ 
ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɩɨ-
ɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 2 ɫɨɫɬɚɜɥяɟɬ 0,γ2 %, ɱɬɨ ɧɚ зγ0 % ɛɨɥɶɲɟ, ɱɟɦ ɭ ɩɨɤɪɵɬɢя 
ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1, ɫɨɞɟɪɠɚɳɟɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɚɩɨɥɧɢɬɟɥɶ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤ-
ɬɭɪɵ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɞɥя ɷɬɨɝɨ ɩɨɤɪɵɬɢя ɫɨɫɬɚɜɥяɟɬ 
0,22 %. 



ǵащȖȠțȩе Ȗ ȢȡțȘȤȖȜțаșȪțȩе ȝȜȘȞȩȠȖя  

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 2 (63)  2021                                                                     97 

 

Ɍɨ
ɩɥ
ɢɜ
ɨɧ
ɚɛ
ɭɯ
ɚɟ
ɦɨ

ɫɬ
ɶ,

 % 0,3

0,2

0,1

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢя, ɫɭɬ

2

1

0 5 10 2015 25 30

 
Ɋɢɫ. γ. Ʉɢɧɟɬɢɤɚ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ ɝɪɭɧɬɨɜɨɤ 1 ɢ 2 

ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɟɱɟɧɢɟ γ0 ɫɭɬ 
 

ȼ
ɨɞ
ɨɩ
ɨɝ
ɥɨ
ɳ
ɟɧ
ɢɟ

, %

1,6

1,2

0,8

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢя, ɫɭɬ

2

1

0 5 10 2015 25 30

1,4

1

0,6

0,4

 
Ɋɢɫ. 4. Ʉɢɧɟɬɢɤɚ ɜɨɞɨɩɨɝɥɨɳɟɧɢя ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ ɝɪɭɧɬɨɜɨɤ 1 ɢ 2 ɩɪɢ 

ɢɫɩɵɬɚɧɢɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɟɱɟɧɢɟ γ0 ɫɭɬ 
 
ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢя ɜɨɞɨɩɨɝɥɨɳɟɧɢя ɩɨɤɪɵɬɢɣ ɧɚ 

ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɢɯ ɝɪɭɧɬɨɜɨɤ 1 ɢ 2 ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɟɱɟɧɢɟ γ0 ɫɭɬ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢ ɢɫɩɵ-
ɬɚɧɢɢ ɨɛɪɚɡɰɨɜ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɝɪɭɧɬɨɜɨɱɧɨɝɨ 
ɩɨɤɪɵɬɢя. ɏɨɞ ɫɨɪɛɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɜɨɞɨɩɨɝɥɨɳɟɧɢя ɚɧɚɥɨɝɢɱɟɧ ɯɨɞɭ ɫɨɪɛɰɢɨɧɧɵɯ 
ɤɪɢɜɵɯ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ – ɞɨɫɬɢɠɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɣ ɫɨɪɛɰɢɢ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ θ ɫɭɬ. ɇɚɛɭɯɚɧɢɟ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧ-
ɬɨɜɤɢ 2 ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɚɧɚɥɨɝɢɱɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɥя ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ 
ɝɪɭɧɬɨɜɤɢ 1. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢя ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 2 
ɫɨɫɬɚɜɥяɟɬ 1,49 %, ɭ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1, ɫɨɞɟɪɠɚɳɟɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 
ɧɚɩɨɥɧɢɬɟɥɶ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢя ɫɨɫɬɚɜ-
ɥяɟɬ 1 %, ɱɬɨ ɧɚ зγη % ɛɨɥɶɲɟ, ɱɟɦ ɭ ɩɨɤɪɵɬɢя 1. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ-
ɤɚɡɚɥ, ɱɬɨ ɧɚɥɢɱɢɟ ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɨɫɬɚɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ 
ɝɪɭɧɬɨɜɤɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɢ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢя ɩɨɤɪɵ-
ɬɢя, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜяɡɚɧɨ ɫ ɩɪɨяɜɥɟɧɢɟɦ ɛɚɪɶɟɪɧɨɝɨ ɷɮɮɟɤɬɚ. 

ɂɫɫɥɟɞɨɜɚɧɵ ɚɞɝɟɡɢя, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ, ɷɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɬɨɩ-
ɥɢɜɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1, ɫɨɞɟɪɠɚɳɟɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɚɩɨɥɧɢ-
ɬɟɥɶ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɪɢ ɟɝɨ ɞɥɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢяɯ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 20 ɢ 80 °ɋ ɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ (ɬɚɛɥ. 2). 
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Ɍаɛɥɢɰа 2 
Ⱥɞɝɟɡия и ɮиɡиɤɨ-ɦɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɩɨɤɪɵɬия ɧɚ ɨɫɧɨвɟ  

ɬɨɩɥивɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨвɤи 1 ɩɨɫɥɟ иɫɩɵɬɚɧиɣ в ɬɨɩɥивɟ и ɞиɫɬиɥɥиɪɨвɚɧɧɨɣ вɨɞɟ 

ɍɫɥɨɜɢя 
ɢɫɩɵɬɚɧɢя 

Ⱥɞɝɟɡɢя 
ɤ ɭɝɥɟɩɥɚɫɬɢɤɭ, 

ɛɚɥɥ 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ 
ɭɞɚɪɟ, Ⱦɠ 

ɗɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ 
ɪɚɫɬяɠɟɧɢɢ, ɦɦ ȼɧɟɲɧɢɣ ɜɢɞ 

ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ 0 5,0 6,3 – 
ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɨɩɥɢ-
ɜɟ Ɍɋ-1 ɜ ɬɟɱɟɧɢɟ 2000 ɱ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ: 

    

20 1 4,5 6,6 Ȼɟɡ ɢɡɦɟɧɟɧɢɣ 
80 1 4,0 5,8 ɉɨɬɟɦɧɟɧɢɟ 

ɩɨɤɪɵɬɢя 
ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɜɨɞɟ ɜ 
ɬɟɱɟɧɢɟ 2000 ɱ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 20 °ɋ 

1 4,5 6,0 ȿɞɜɚ ɡɚɦɟɬɧɨɟ 
ɢɡɦɟɧɟɧɢɟ ɰɜɟɬɚ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢя ɬɨɩɥɢɜɨɫɬɨɣɤɨɝɨ ɩɨ-
ɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1, ɫɨɞɟɪɠɚɳɟɣ ɧɚɩɨɥɧɢɬɟɥɶ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨɫɥɟ 
ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɨɩɥɢɜɟ  Ɍɋ-1 ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɧɚɛɥɸɞɚɟɬɫя ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɚɞɝɟɡɢɢ ɤ ɭɝɥɟɩɥɚɫɬɢɤɭ ɞɨ ɭɪɨɜɧя 1 ɛɚɥɥɚ, ɜɧɟɲɧɢɣ ɜɢɞ ɩɨɤɪɵɬɢя ɧɟ 
ɢɡɦɟɧɢɥɫя. ɉɪɢ ɷɬɨɦ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ ɫɧɢɡɢɥɚɫɶ ɞɨ 4,η Ⱦɠ, ɚ ɷɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬя-
ɠɟɧɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ θ,θ ɦɦ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜяɡɚɧɨ ɫ ɩɪɨяɜɥɟɧɢɟɦ ɩɥɚ-
ɫɬɢɮɢɰɢɪɭɸɳɟɝɨ ɷɮɮɟɤɬɚ ɡɚ ɫɱɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɞɢɮɮɭɡɢɢ ɬɨɩɥɢɜɚ ɜ ɩɨɤɪɵɬɢɟ. 

ɉɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 °ɋ ɜ ɬɟɱɟɧɢɟ 
2000 ɱ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɦɧɟɧɢɟ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1. Ɉɞɧɚɤɨ ɚɞɝɟɡɢя ɩɨ-
ɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ ɤ ɭɝɥɟɩɥɚɫɬɢɤɭ ɫɨɯɪɚɧяɟɬɫя ɧɚ ɭɪɨɜɧɟ 1 ɛɚɥɥɚ. ɉɨɫɥɟ ɢɫ-
ɩɵɬɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɜɩɨɥɧɟ ɡɚɤɨɧɨɦɟɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ ɫɧɢɠɚɟɬɫя ɫ η,0 ɞɨ 4,0 Ⱦɠ, ɚ ɷɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ − ɞɨ 
η,8 ɦɦ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜяɡɚɧɨ ɫ ɩɪɨяɜɥɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɬɚɪɟɧɢя ɜ ɩɨ-
ɥɢɦɟɪɧɨɣ ɩɥɟɧɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ. 

ɉɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɚɞɝɟɡɢя ɤ ɭɝ-
ɥɟɩɥɚɫɬɢɤɭ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫя ɞɨ ɭɪɨɜɧя 1 ɛɚɥɥɚ. ȼɧɟɲɧɢɣ ɜɢɞ ɩɨɤɪɵɬɢя ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧяɟɬɫя, ɧɚɛɥɸɞɚɟɬɫя ɟɞɜɚ ɡɚɦɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɰɜɟɬɚ; ɩɪɨɱɧɨɫɬɶ ɩɪɢ 
ɭɞɚɪɟ ɫɧɢɠɚɟɬɫя ɞɨ 4,η Ⱦɠ, ɷɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ – ɞɨ θ,0 ɦɦ. ɋɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬɶ, ɱɬɨ ɞɥɢɬɟɥɶɧɵɣ ɤɨɧɬɚɤɬ ɫ ɬɨɩɥɢɜɨɦ ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɜ ɬɟɱɟɧɢɟ 2000 ɱ 
ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɚɞɝɟɡɢɢ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ⱥɞ-
ɝɟɡɢя ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɫɧɢɠɚɟɬɫя ɞɨ 1 ɛɚɥɥɚ. ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ 
ɬɨɩɥɢɜɟ Ɍɋ-1 ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɫɧɢɠɚɟɬɫя ɞɨ 4,η Ⱦɠ, 
ɱɬɨ ɫɨɫɬɚɜɥяɟɬ 10 % ɨɬ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢя, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ 80 °ɋ – ɞɨ 
4,0 Ⱦɠ, ɱɬɨ ɫɨɫɬɚɜɥяɟɬ 20 % ɨɬ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢя. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɫɧɢɠɟɧɢя ɷɥɚɫɬɢɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɢ ɜ ɬɨɩɥɢɜɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
80 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɫɨɫɬɚɜɥяɟɬ 8,0 %. 

ɇɚ ɪɢɫ. η ɢ θ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ 1 ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɫɤɚɧɢɪɭɸɳɟɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨ Ɇɂ 1.2.042–2011 ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɢ ɞɢ-
ɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 20 ɢ 80 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ.  

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. η ɢ θ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ ɢɫ-
ɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɨɜɤɢ ɧɚɯɨɞɢɬɫя ɫɩɥɨɲɧɚя ɬɨɧɤɚя ɩɨɥɢɦɟɪɧɚя 
ɩɥɟɧɤɚ ɫ ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɧɟɛɨɥɶɲɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ (ɪɢɫ. η, а). 

ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ 1 ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɟɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɧɟɫɤɨɥɶɤɨ ɦɟɧяɟɬɫя (ɪɢɫ. η, ɛ), ɨ 
ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɨяɜɥɟɧɢɟ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɱɟɧɶ ɦɟɥɤɢɯ ɩɨɪ ɫ ɪɚɡɦɟɪɚɦɢ 
ɨɬ 40 ɞɨ 1θ0 ɧɦ. 
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ɛ)а)

ɝ)ɜ)

 
Ɋɢɫ. η. Ɉɩɬɢɱɟɫɤɢɟ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (×η00) ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɧɚ ɨɫ-

ɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ (а), ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧ-
ɧɨɣ ɜɨɞɟ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ (ɛ) ɢ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 20 (ɜ) ɢ 80 °ɋ (ɝ) 

 
ɛ)а)

ɝ)ɜ)

 
Ɋɢɫ. θ. ɋɤɚɧɢɪɭɸɳɢɟ ɷɥɟɤɬɪɨɧɧɵɟ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ (×20000) ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɧɚ 

ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨяɧɢɢ (а), ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɞɢɫɬɢɥɥɢɪɨ-
ɜɚɧɧɨɣ ɜɨɞɟ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ (ɛ) ɢ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 20 (ɜ) ɢ 80 °ɋ (ɝ) 

 
ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɬɚɤɠɟ 

ɧɚɛɥɸɞɚɟɬɫя ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ (ɪɢɫ. η, ɜ), ɜ ɩɨɤɪɵɬɢɢ ɢɦɟɸɬɫя 
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ɨɱɟɧɶ ɦɟɥɤɢɟ ɩɨɪɵ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɧɚɯɨɞяɬɫя ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 2η ɞɨ 118 ɧɦ, ɱɬɨ ɧɟ-
ɫɤɨɥɶɤɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɨɛɪɚɡɰɟ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɝɪɭɧɬɨɜɤɢ 1 ɩɨɫɥɟ ɜɵ-
ɞɟɪɠɤɢ ɜ ɬɨɩɥɢɜɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɦɢɤɪɨɮɚɡɨ-
ɜɨɣ ɫɬɪɭɤɬɭɪɟ ɩɨɤɪɵɬɢя ɨɛɧɚɪɭɠɟɧɵ ɨɱɟɧɶ ɦɟɥɤɢɟ ɩɨɪɵ (ɪɢɫ. η, ɝ), ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ 
ɧɚɯɨɞяɬɫя ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 4η ɞɨ 1θ0 ɧɦ.  

ɇɚ ɪɢɫ. 7 ɩɪɢɜɟɞɟɧɵ ɝɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ (ɞɢɚɦɟɬɪɭ) ɜ 
ɩɨɤɪɵɬɢɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ ɬɨɩɥɢɜɟ Ɍɋ-1 ɜ ɬɟɱɟɧɢɟ 2000 ɱ. 
ȼɢɞɧɨ, ɱɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜ-
ɤɢ 1 ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧяɟɬɫя ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ ɬɨɩɥɢɜɟ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɩɪɟɞɟɥɟ-
ɧɢɢ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɢ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢя. 
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Ɋɢɫ. 7. Ƚɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ (ɞɢɚɦɟɬɪɭ) ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ 

ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ (а) ɢ ɜ ɬɨɩ-
ɥɢɜɟ Ɍɋ-1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 (ɛ) ɢ 80 °ɋ (ɜ) 

 
Ɂɚɤɥɸчɟɧия 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢяɧɢɟ ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ (ɢɡɦɟɥɶɱɟɧɧɨɣ ɫɥɸɞɵ 
ɦɭɫɤɨɜɢɬ) ɧɚ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɶ ɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣ-
ɤɢɯ ɝɪɭɧɬɨɜɨɤ 1 ɢ 2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɧɚɩɨɥɧɢɬɟɥя ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɫɨ-
ɫɬɚɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ 1 ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɢ ɜɨɞɨ-
ɩɨɝɥɨɳɟɧɢя ɩɨɤɪɵɬɢя, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜяɡɚɧɨ ɫ ɩɪɨяɜɥɟɧɢɟɦ ɛɚɪɶɟɪɧɨɝɨ ɷɮɮɟɤɬɚ. 



ǵащȖȠțȩе Ȗ ȢȡțȘȤȖȜțаșȪțȩе ȝȜȘȞȩȠȖя  
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ɂɫɫɥɟɞɨɜɚɧɵ ɚɞɝɟɡɢя ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ, 
ɷɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ) ɬɨɩɥɢɜɨɫɬɨɣɤɨɝɨ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ 
ɝɪɭɧɬɨɜɤɢ 1 ɩɪɢ ɞɥɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢяɯ ɩɨɤɪɵɬɢя ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧ-
ɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 20 ɢ 80 °ɋ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɢɬɟɥɶɧɵɣ ɤɨɧɬɚɤɬ ɫ ɬɨɩɥɢɜɨɦ ɢ 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɚɞ-
ɝɟɡɢɢ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ⱥɞɝɟɡɢя ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɫɧɢɠɚɟɬɫя ɞɨ 1 ɛɚɥɥɚ. 
ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɫɧɢɠɚɟɬɫя ɞɨ 4,η Ⱦɠ, ɱɬɨ ɫɨɫɬɚɜɥяɟɬ 10 % ɨɬ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢя, ɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ 80 °ɋ – ɞɨ 4,0 Ⱦɠ, ɱɬɨ ɫɨɫɬɚɜɥяɟɬ 20 % ɨɬ ɢɫɯɨɞɧɨɝɨ ɡɧɚ-
ɱɟɧɢя. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɧɢɠɟɧɢя ɷɥɚɫɬɢɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɩɨɫɥɟ 
ɢɫɩɵɬɚɧɢɢ ɜ ɬɨɩɥɢɜɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɫɨɫɬɚɜɥяɟɬ 8,0 %. 

ɉɪɨɜɟɞɟɧ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨ-
ɫɬɨɣɤɨɣ ɝɪɭɧɬɨɜɤɢ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɢ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨ 
Ɇɂ 1.2.042–2011 ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɬɨɩɥɢɜɟ Ɍɋ-1 ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ 20 ɢ 80 °ɋ ɜ ɬɟɱɟɧɢɟ 2000 ɱ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢя ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɨɫɬɨɣɤɨɣ 
ɝɪɭɧɬɨɜɤɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧяɟɬɫя ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɢ ɬɨɩ-
ɥɢɜɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɬɨɩɥɢɜɨɧɚɛɭɯɚɟɦɨɫɬɢ ɢ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢя. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬи 

Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɨɬɪɭɞɧɢɤɚɦ ɎȽɍɉ «ȼɂȺɆ» ɋ.Ʌ. Ʌɨɧɫɤɨɦɭ ɢ 
ɇ.Ⱥ. Ʉɨɜɪɢɠɤɢɧɨɣ ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ, ɚ ɬɚɤɠɟ ɨɛɫɭɠɞɟ-
ɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɛɴɟɤɬɢɜɧɭɸ ɤɪɢɬɢɤɭ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɞɚɧɧɨɣ ɫɬɚɬɶɢ. 
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ɇ.ɘ. ɉɨɞɠɢɜɨɬɨɜ1 
 
ɆИɇИɆȺɅɖɇɕȿ  ɈȻɔȿɆɕ  ȼɕȻɈɊɈɄ 
ȾɅə  ɈɐȿɇɄИ  ɇȺɑȺɅɖɇɕɏ  ɆɈɆȿɇɌɈȼ  ɊȺɋɉɊȿȾȿɅȿɇИə 
ɉɊȿȾȿɅȺ  ɉɊɈɑɇɈɋɌИ  ɉɊИ  ɊȺɋɌəɀȿɇИИ  ɈȻɊȺɁɐɈȼ 
ɆȿɌȺɅɅИɑȿɋɄИɏ  ɄɈɇɋɌɊɍɄɐИɈɇɇɕɏ  ɆȺɌȿɊИȺɅɈȼ  

 
DOI: 10.18577/2713-0193-2021-0-2-103-114 

 
ɉɪɟɞɫɬаɜɥɟɧɨ ɨɛɨɫɧɨɜаɧɢɟ ɦɢɧɢɦаɥɶɧɵɯ ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ (ɤɨɥɢɱɟɫɬɜа ɨɛɪаɡɰɨɜ 

ɢɫɩɵɬаɧɢɣ), ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɨɰɟɧɤɢ ɫ ɡаɞаɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶю ɧаɱаɥɶɧɵɯ ɦɨɦɟɧɬɨɜ 
ɪаɫɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥа ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪаɫɬɹɠɟɧɢɢ ɫɬаɧɞаɪɬɧɵɯ ɨɛɪаɡɰɨɜ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦаɬɟɪɢаɥɨɜ: аɥюɦɢɧɢɟɜɵɯ ɢ ɬɢɬаɧɨɜɵɯ ɫɩɥаɜɨɜ ɢ ɪɹɞа ɫɬаɥɟɣ. 
ɉɨɤаɡаɧɨ, ɱɬɨ ɦɢɧɢɦаɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ ɞɥɹ ɨɰɟɧɤɢ ɧаɱаɥɶɧɵɯ ɦɨɦɟɧɬɨɜ 
ɪаɫɩɪɟɞɟɥɟɧɢɹ – ɦаɬɟɦаɬɢɱɟɫɤɨɝɨ ɨɠɢɞаɧɢɹ ɢ ɫɪɟɞɧɟɝɨ ɤɜаɞɪаɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 
ɩɪɟɞɟɥа ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪаɫɬɹɠɟɧɢɢ – ɫɭɳɟɫɬɜɟɧɧɨ ɡаɜɢɫɹɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬа ɜаɪɢаɰɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɯ ɞаɧɧɵɯ, а ɬаɤɠɟ ɨɬ ɬɪɟɛɨɜаɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɬɨɱɧɨɫɬɢ 
ɩɨɥɭɱаɟɦɵɯ ɨɰɟɧɨɤ. ɋɮɨɪɦɭɥɢɪɨɜаɧа ɝɢɩɨɬɟɡа ɫɭɳɟɫɬɜɨɜаɧɢɹ «ɭɫɥɨɜɧɨɣ ɝɟɧɟɪаɥɶɧɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɢ». 

Ключевые слова: ɦаɥɵɟ ɜɵɛɨɪɤɢ, ɨɰɟɧɤа ɫɜɨɣɫɬɜ ɦаɬɟɪɢаɥɨɜ, ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ 
ɞаɧɧɵɟ, ɭɪɨɜɧɢ ɫɜɨɣɫɬɜ ɯаɪаɤɬɟɪɢɫɬɢɤ ɦаɬɟɪɢаɥɨɜ, аɧаɥɢɡ ɞаɧɧɵɯ, аɜɢаɰɢɨɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɟɬаɥɥɢɱɟɫɤɢɟ ɦаɬɟɪɢаɥɵ. 

 
N.Yu. Podzhivotov1 
 
THE  MINIMUM  SAMPLES  AMOUNTS  FOR  AN  ASSESSMENT  
OF  THE  INITIAL  MOMENTS  OF  DISTRIBUTION  OF  TENSILE  ULTIMATE 
STRENGTH  FOR  THE  SAMPLES  OF  STRUCTURAL  METALLIC  MATERIALS 

 
The paper considers a justification of the minimum samples amounts (quantity samples of 

tests) necessary for an assessment with the pre-set probability of the initial moments of 
distribution of tensile ultimate strength for the standard samples of the main types of structural 
mОtalliМ matОrials: aluminum anН titanium alloвs anН somО stООls. It’ has ЛООn НОmonstratОН that 
the minimum amount of samples for the assessment of the initial moments of distribution – 
expected value and standard deviation of tensile strength – significantly depends on factors of 
variation of experimental data, as well as on the requirements imposed to the accuracy of the 
rОМОivОН ОstimatОs. ThОrО has also ЛООn ПormulatОН a hвpothОsis oП «МonНitional РОnОral samplО». 

Keywords: small samples, assessment of properties of the materials, experimental data, 
propОrtiОs lОvОls oП thО matОrials’ МharaМtОristiМs, Нata analвsis, airМraПt struМtural mОtalliМ 
materials. 
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ȼвɟɞɟɧиɟ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ яɜɥяɟɬɫя ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢя ɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢя ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɱɟɦ ɬɨɱɧɟɟ ɢ ɧɚɞɟɠɧɟɟ ɩɪɢ 
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ɢɫɩɵɬɚɧɢяɯ ɨɩɪɟɞɟɥɟɧɵ ɭɪɨɜɧɢ ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬɟɦ 
ɷɮɮɟɤɬɢɜɧɟɟ ɛɭɞɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɞɭɲɧɨɝɨ ɫɭɞɧɚ. 

Ɉɛɴɟɦ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɢɥɢ ɨɛɴɟɦ ɢɫɩɵɬɚɧɢɣ) 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢяɟɬ ɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɨɰɟɧɢɜɚɟɦɵɯ ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɧɚɞɟɠɧɨɫɬɢ 
ɜɵɛɨɪɨɱɧɵɯ ɨɰɟɧɨɤ ɧɚɩɪяɦɭɸ ɫɜяɡɵɜɚɸɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ ɜɵɛɨɪɨɤ, ɬ. ɟ. 
ɫɱɢɬɚɟɬɫя, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɨɛɴɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɬɟɦ ɛɨɥɶɲɟ ɧɚɞɟɠɧɨɫɬɶ 
ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɨɤ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥя ɩɨɥɭɱɟɧɢя ɤɨɪɪɟɤɬɧɵɯ, 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɚɞɟɠɧɵɯ ɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɨɰɟɧɨɤ ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ ɚɜɢɚɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɥɭɱɚɟ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ ɨɞɧɨɬɢɩɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɜɵɛɨɪɨɤ ɜɚɠɧɵɦ яɜɥяɟɬɫя ɧɟ ɬɨɥɶɤɨ ɨɛɴɟɦ 
ɢɫɩɵɬɚɧɢɣ, ɧɨ ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
(ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɜɨɤ, ɩɚɪɬɢɣ ɢ ɬ. ɞ.). 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢя ɩɥɚɜɨɤ, ɩɚɪɬɢɣ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɨɛɪɚɡɰɨɜ ɞɥя 
ɢɫɩɵɬɚɧɢɣ ɢ ɩɪɨɜɟɞɟɧɢɟ ɫɚɦɢɯ ɢɫɩɵɬɚɧɢɣ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɨɫɢɬ ɞɥɢɬɟɥɶɧɵɣ ɢ 
ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɬɨ ɢ ɧɚɤɨɩɥɟɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ, ɫɬɭɩɟɧɱɚɬɨɟ 
ɨɛɴɟɞɢɧɟɧɢɟ ɩɪɟɞɵɞɭɳɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ 
ɜɵɛɨɪɤɚɯ ɧɟɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ. ɉɨɷɬɨɦɭ ɱɟɦ ɬɨɱɧɟɟ ɢ ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ 
ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ ɜ ɭɫɥɨɜɢяɯ ɦɚɥɵɯ ɜɵɛɨɪɨɤ, ɬɟɦ ɧɚɞɟɠɧɟɟ ɢ ɷɮɮɟɤɬɢɜɧɟɟ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ ɨɰɟɧɤɢ ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ. 

ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɜ ɭɫɥɨɜɢяɯ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢя ɚɜɢɚɰɢɨɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɫɬɭɳɢɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɨɩɟɪɚɬɢɜɧɨɦɭ ɜɧɟɞɪɟɧɢɸ ɧɨɜɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ 
(ɩɨ ɭɪɨɜɧяɦ ɫɜɨɣɫɬɜ) ɦɚɪɨɤ ɦɚɬɟɪɢɚɥɨɜ Д1–ηЖ, ɡɚɞɚɱɚ ɧɚɞɟɠɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ 
ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢяɯ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɟɦɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ яɜɥяɟɬɫя ɚɤɬɭɚɥɶɧɨɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ (ɧɚɩɪɢɦɟɪ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɪɚɫɬяɠɟɧɢɢ), ɨɬ ɟɝɨ ɦɚɪɤɢ, ɜɢɞɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɢ ɬ. ɞ., ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɪɚɡɛɪɨɫɵ ɡɧɚɱɟɧɢɣ – ɞɢɫɩɟɪɫɢɢ ɜɵɛɨɪɨɱɧɵɯ ɡɧɚɱɟɧɢɣ Дθ–13].  
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ (ɨɫɨɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ ɞɚɧɧɵɯ) ɪɚɡɛɪɨɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ ɞɥя ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɦɚɪɨɤ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬ. ɞ. ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɟɫɟɧ ɤ 
ɨɞɧɨɦɭ ɢɡ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя. ɉɪɢ ɷɬɨɦ ɭɪɨɜɧɢ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɯ (ɞɥя ɡɚɞɚɧɧɨɣ ɜɟɪɨяɬɧɨɫɬɢ) ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ 
ɨɩɪɟɞɟɥяɸɬɫя ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢя ɢɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɱɟɪɟɡ 
ɧɚɱɚɥɶɧɵɟ ɦɨɦɟɧɬɵ ɜɵɛɨɪɨɱɧɵɯ ɡɧɚɱɟɧɢɣ Д14–17]. 

Ɇɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥяɬɶɫя ɞɥя ɤɨɧɤɪɟɬɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɢ ɜɢɞɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ, ɱɬɨɛɵ ɜ ɭɫɥɨɜɢяɯ 
ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɢɫɩɵɬɚɧɢɣ ɨɰɟɧɢɬɶ ɫ ɡɚɞɚɧɧɨɣ ɜɟɪɨяɬɧɨɫɬɶɸ ɩɚɪɚɦɟɬɪɵ ɡɚɤɨɧɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢя ɢ ɡɚɬɟɦ ɩɨɥɭɱɢɬɶ ɧɚ ɢɯ ɨɫɧɨɜɟ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɵɟ ɞɥя ɞɚɧɧɨɝɨ ɨɛɴɟɦɚ 
ɡɧɚɱɟɧɢя ɨɰɟɧɨɤ ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢ ɷɬɨɦ, ɨɱɟɜɢɞɧɨ, 
ɱɬɨ ɟɫɥɢ ɞɥя ɨɞɧɨɣ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɢɥɢ ɩɨɥɭɮɚɛɪɢɤɚɬɚ, ɜ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢя ɨɞɧɨɝɨ 
ɜɢɞɚ ɢɫɩɵɬɚɧɢɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟɞɟɥяɟɬɫя ɧɟɫɤɨɥɶɤɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɬɨ ɜ ɤɚɱɟɫɬɜɟ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɢɫɩɵɬɚɧɢɣ ɞɨɥɠɟɧ ɜɵɛɢɪɚɬɶɫя ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɦɢɧɢɦɚɥɶɧɵɯ 
ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ ɞɥя ɨɩɪɟɞɟɥяɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ɉɰɟɧɤɚ ɦɢɧɢɦɚɥɶɧɨɝɨ, ɬ. ɟ. ɧɟɨɛɯɨɞɢɦɨɝɨ ɢ ɞɨɫɬɚɬɨɱɧɨɝɨ, ɨɛɴɟɦɚ ɜɵɛɨɪɨɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɩɪɢɦɟɪɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɭɪɨɜɧя 
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ɫɜɨɣɫɬɜ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɬɚɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɚɜɢɚɰɢɨɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ. 

ɇɟɨɛɯɨɞɢɦɵɦ ɢ ɞɨɫɬɚɬɨɱɧɵɦ ɨɛɴɟɦɨɦ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɛɭɞɟɬ ɫɱɢɬɚɬɶɫя ɬɚɤɨɣ ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ, ɤɨɬɨɪɵɣ, ɜɨ-ɩɟɪɜɵɯ, яɜɥяɟɬɫя 
ɞɨɫɬɚɬɨɱɧɵɦ ɞɥя ɤɨɪɪɟɤɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢя ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɢɥɢ 
ɩɨɞɯɨɞɚ, ɬ. ɟ. ɞɨɫɬɚɬɨɱɧɵɦ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɧɟ ɧɢɠɟ 
ɡɚɞɚɧɧɨɣ, ɢ, ɜɨ-ɜɬɨɪɵɯ, ɬɚɤɨɣ ɨɛɴɟɦ, ɤɨɬɨɪɵɣ яɜɥяɟɬɫя ɧɟɨɛɯɨɞɢɦɵɦ ɞɥя ɞɨɫɬɨɜɟɪɧɨɣ, 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɚɞɟɠɧɨɣ (ɫ ɜɟɪɨяɬɧɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 9η %) ɨɰɟɧɤɢ ɭɪɨɜɧя ɡɧɚɱɟɧɢɣ 
ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɡɚɞɚɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɪɚɦɤɚɯ ɩɪɢɦɟɧяɟɦɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 
ɦɟɬɨɞɚ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥяɥɫя ɞɥя 
ɨɫɧɨɜɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɫɬɚɥɟɣ, 
ɚɥɸɦɢɧɢɟɜɵɯ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ – ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɬяɠɟɧɢɟ 
ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɜ ɪɚɡɧɵɟ ɝɨɞɵ. 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɜɵɛɨɪɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɛɵɥɢ 
ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɨ ɤɚɠɞɨɦɭ ɬɢɩɭ ɦɚɬɟɪɢɚɥɚ ɞɥя ɨɫɧɨɜɧɵɯ ɦɚɪɨɤ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɤɬɢɱɟɫɤɨɝɨ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ) ɭɪɨɜɧя 
ɫɜɨɣɫɬɜ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ. 

ȼ ɫɬɚɬɶɟ Д18Ж ɞɥя ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜɵɛɨɪɨɤ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɚɜɬɨɪɨɦ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɫɬɚɬɢɫɬɢɤɢ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɞɚɧɧɵɟ ɜɵɛɨɪɤɢ ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɝɢɩɨɬɟɡɟ ɨɛ ɢɯ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɧɨɪɦɚɥɶɧɨɦɭ 
ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢя. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɧɢɦɚɥɶɧɵɯ ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ ɞɥя ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɪɚɫɬяɠɟɧɢɢ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɢɩɨɜ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɨɰɟɧɤɟ 
ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɢ ɫɪɟɞɧɟɝɨ 
ɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧɢя (ɋɄɈ), ɨɫɧɨɜɵɜɚяɫɶ ɧɚ ɦɟɬɨɞɢɤɟ, ɭɤɚɡɚɧɧɨɣ ɜ ɪɚɛɨɬɟ Д19Ж. 

ɉɭɫɬɶ na – ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥя ɩɨɥɭɱɟɧɢя ɨɰɟɧɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɨɠɢɞɚɧɢя, ɚ nσ – ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥя ɩɨɥɭɱɟɧɢя ɨɰɟɧɤɢ ɋɄɈ. ȿɫɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢя na ɢ nσ, ɬɨ ɞɥя ɩɨɥɭɱɟɧɢя ɞɨɫɬɨɜɟɪɧɵɯ (ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ 
ɪɟɡɭɥɶɬɚɬɚ ɢɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɫ ɨɲɢɛɤɨɣ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ ɡɚɞɚɧɧɭɸ) ɨɰɟɧɨɤ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɢ ɋɄɈ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɨɤ (nmin) ɢɡ ɞɜɭɯ ɡɧɚɱɟɧɢɣ na ɢ nσ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɛɪɚɧɨ 
ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ na ɞɥя ɨɰɟɧɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɞɱɢɧɟɧɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢя, ɨɩɪɟɞɟɥяɥɫя ɩɨ ɮɨɪɦɭɥɟ 

,
γ

  2
2/α12

2

 zn
a

a      (1) 

ɝɞɟ γ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɞɥя ɝɟɧɟɪɚɥɶɧɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɢ; Δa – ɦɚɤɫɢɦɚɥɶɧɚя ɨɬɧɨɫɢɬɟɥɶɧɚя ɨɲɢɛɤɚ ɩɪɢ ɨɰɟɧɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɨɠɢɞɚɧɢя ɜ ɞɨɥяɯ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢя ɨɩɪɟɞɟɥяɟɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; z1–α/2 – ɤɜɚɧɬɢɥɶ ɭɪɨɜɧя 
ɜɟɪɨяɬɧɨɫɬɢ Ɋ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ; P = 1–α/2 – 
ɫɬɚɬɢɫɬɢɱɟɫɤɚя ɧɚɞɟɠɧɨɫɬɶ ɢɥɢ ɜɟɪɨяɬɧɨɫɬɶ ɧɟɩɪɟɜɵɲɟɧɢя ɮɚɤɬɢɱɟɫɤɨɣ ɨɲɢɛɤɨɣ ɩɪɢ ɨɰɟɧɤɟ 
ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢя ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɲɢɛɤɢ Δa (ɩɨ ɦɨɞɭɥɸ) ɭɪɨɜɧя ɡɧɚɱɢɦɨɫɬɢ α; 
a – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɨɩɪɟɞɟɥяɟɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɚɥɵɟ ɜɵɛɨɪɤɢ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – 
ɞɨ 30 ɡɧɚɱɟɧɢɣ), ɬɨ ɜɦɟɫɬɨ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢя ɢ ɜɵɪɚɠɟɧɢя (1) ɫɩɪɚɜɟɞɥɢɜɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɋɬɶɸɞɟɧɬɚ: 
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ɝɞɟ υ – ɜɵɛɨɪɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɨɩɪɟɞɟɥяɟɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ; tα,k – ɤɜɚɧɬɢɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɋɬɶɸɞɟɧɬɚ ɭɪɨɜɧя ɡɚɜɢɫɢɦɨɫɬɢ α ɞɥя ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ k = n–1. 

 
Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ nσ ɞɥя ɨɰɟɧɤɢ ɋɄɈ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 

ɪɚɫɬяɠɟɧɢɢ ɞɥя ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɢɩɨɜ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥяɥɫя ɤɚɤ nσ = k + 1 ɩɪɢ 
ɭɫɥɨɜɢɢ ɜɵɩɨɥɧɟɧɢя ɪɚɜɟɧɫɬɜɚ  

,
χ
χ

 )  1(
2

5,0

2
α/22

σ       (3) 

ɝɞɟ Δσ – ɞɨɩɭɫɬɢɦɚя ɦɚɤɫɢɦɚɥɶɧɚя ɨɬɧɨɫɢɬɟɥɶɧɚя ɨɲɢɛɤɚ ɩɪɢ ɨɰɟɧɤɟ ɋɄɈ ɫɥɭɱɚɣɧɨɣ 
ɜɟɥɢɱɢɧɵ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ; 2

50,
2

2/α χɢχ – ɤɜɚɧɬɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢя ɉɢɪɫɨɧɚ (χ2) 

ɭɪɨɜɧя P = α/2 ɢ P = 0,η ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ χ2, ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɉɢɪɫɨɧɚ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɋɬɶɸɞɟɧɬɚ, ɫɩɪɚɜɟɞɥɢɜɨ ɞɥя ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɦɚɥɵɯ ɩɨ ɨɛɴɟɦɭ ɜɵɛɨɪɤɚɯ, ɚ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɞɚɧɧɵɯ ɬɚɤɠɟ ɫɯɨɞɢɬɫя ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ, ɧɨ 
ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɋɬɶɸɞɟɧɬɚ.  

ɂɡ ɜɵɪɚɠɟɧɢɣ (1)–(γ) ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ 
ɜɵɛɨɪɤɢ nmin ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢя ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɨɲɢɛɨɤ ∆a ɢ Δσ. Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɨɲɢɛɤɢ ɨɩɪɟɞɟɥяɸɬ 
ɧɟɨɛɯɨɞɢɦɭɸ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɦɨɝɭɬ ɛɵɬɶ ɥɢɛɨ ɡɚɞɚɧɵ, ɥɢɛɨ 
ɜɵɱɢɫɥɟɧɵ ɱɟɪɟɡ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɨɜɟɪɢɬɟɥɶɧɨɣ 
ɜɟɪɨяɬɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦɨɣ ɞɥя ɨɰɟɧɨɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ. ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢя ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ ∆a ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɵ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɪɢɚɰɢɢ ɝɟɧɟɪɚɥɶɧɨɣ (ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ) 
ɫɨɜɨɤɭɩɧɨɫɬɢ γ ɢɥɢ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɨɝɪɚɧɢɱɟɧɧɨɣ ɩɨ ɨɛɴɟɦɭ ɜɵɛɨɪɤɢ υ. 
ȼ ɫɥɭɱɚɟ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢя ɡɧɚɱɟɧɢя ∆a ɨɩɪɟɞɟɥяɸɬɫя ɤɚɤ ∆a = 0,4ηγ – 
ɞɥя ɫɪɟɞɧɟɣ ɬɨɱɧɨɫɬɢ ɢ ɤɚɤ ∆a = 0,2ηγ – ɞɥя ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ Д19Ж. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ ɦɚɬɟɪɢɚɥɚ γ яɜɥяɟɬɫя ɧɟɢɡɜɟɫɬɧɨɣ 
ɜɟɥɢɱɢɧɨɣ, ɧɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɥя ɤɨɧɤɪɟɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɣ ɦɚɪɤɢ 
ɦɚɬɟɪɢɚɥɚ ɢ ɨɞɧɨɝɨ ɜɢɞɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɡɧɚɱɟɧɢɟ γ яɜɥяɟɬɫя ɜɟɥɢɱɢɧɨɣ ɧɟɢɡɦɟɧɧɨɣ.  
ȼ ɨɬɥɢɱɢɟ ɨɬ γ, ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɨ ɨɛɴɟɦɭ ɜɵɛɨɪɨɤ υ ɛɭɞɟɬ 
ɩɨɫɬɨяɧɧɨ ɦɟɧяɬɶɫя ɩɨ ɦɟɪɟ ɧɚɤɨɩɥɟɧɢя ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɢ ɮɨɪɦɢɪɨɜɚɧɢя 
ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ.  

ȼ ɤɚɱɟɫɬɜɟ ɝɢɩɨɬɟɡɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɬɟɪɦɢɧɚ «ɨɝɪɚɧɢɱɟɧɧɚя ɜɵɛɨɪɤɚ» ɤ 
ɬɟɪɦɢɧɭ «ɭɫɥɨɜɧɚя ɝɟɧɟɪɚɥɶɧɚя ɫɨɜɨɤɭɩɧɨɫɬɶ» ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɡɧɚɱɟɧɢɣ ɧɟ яɜɥяɟɬɫя «ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶɸ» ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɞɚɧɧɨɣ ɜɵɛɨɪɤɢ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɦɨɦɭ ɢɡɦɟɧɟɧɢɸ ɟɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɫɨɜɨɤɭɩɧɨɫɬɶ ɞɚɧɧɵɯ, ɞɥя ɤɨɬɨɪɨɣ ɥɸɛɨɟ 
ɟɟ ɞɨɩɨɥɧɟɧɢɟ ɧɨɜɵɦɢ ɨɞɧɨɪɨɞɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɧɟ ɜɥɢяɟɬ ɧɚ 
ɜɟɥɢɱɢɧɭ ɢɥɢ ɧɚ ɡɧɚɱɢɦɨɟ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶɸ, ɬ. ɟ. ɟɫɥɢ υ(n) → const, ɬɨ υ ≡ γ. 

ɉɨɞ ɬɟɪɦɢɧɨɦ «ɭɫɥɨɜɧɚя ɝɟɧɟɪɚɥɶɧɚя ɫɨɜɨɤɭɩɧɨɫɬɶ» ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɩɨɧɢɦɚɟɬɫя ɧɟ ɝɢɩɨɬɟɬɢɱɟɫɤɚя ɝɟɧɟɪɚɥɶɧɚя ɫɨɜɨɤɭɩɧɨɫɬɶ ɜ ɟɟ ɤɥɚɫɫɢɱɟɫɤɨɦ 
ɨɩɪɟɞɟɥɟɧɢɢ, ɫɨɫɬɨяɳɚя ɢɡ ɛɟɫɤɨɧɟɱɧɨɝɨ ɱɢɫɥɚ ɫɥɭɱɚɣɧɵɯ ɫɨɛɵɬɢɣ, ɚ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɡɧɚɱɟɧɢɣ ɤɨɧɟɱɧɨɝɨ (ɯɨɬя ɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ) ɱɢɫɥɚ ɫɥɭɱɚɣɧɵɯ ɫɨɛɵɬɢɣ (>>100). 
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Ɍɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɪɦɢɧɚ «ɭɫɥɨɜɧɚя ɝɟɧɟɪɚɥɶɧɚя 
ɫɨɜɨɤɭɩɧɨɫɬɶ» ɜɩɨɥɧɟ ɫɩɪɚɜɟɞɥɢɜɨ ɞɥя ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ, 
ɩɨɞɱɢɧɟɧɧɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢя, ɩɨɫɤɨɥɶɤɭ ɜɵɛɨɪɤɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɨɛɴɟɦɨɦ >100 ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ (ɨɫɨɛɟɧɧɨ ɞɥя 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ) ɩɪɢ ɩɨɫɬɟɩɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɛɥɸɞɟɧɢя ɬɟɯɧɨɥɨɝɢɣ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɢɡɝɨɬɨɜɥɟɧɢя ɨɛɪɚɡɰɨɜ ɢ ɬ. ɞ. ɩɨɡɜɨɥяɸɬ ɭɬɜɟɪɠɞɚɬɶ ɨɛ 
ɭɦɟɧɶɲɟɧɢɢ ɞɢɫɩɟɪɫɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɢɯ ɫɯɨɠɞɟɧɢɸ ɤ ɦɟɞɢɚɧɟ. 

ɉɪɢ ɷɬɨɦ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɚ ɬɚɤɠɟ ɜ ɫɬɚɬɶɟ Д20Ж, ɜɚɠɧɨ, ɤɚɤ ɢɦɟɧɧɨ 
ɮɨɪɦɢɪɭɟɬɫя ɨɛɴɟɞɢɧɟɧɧɚя ɜɵɛɨɪɤɚ ɢɥɢ ɭɫɥɨɜɧɚя ɝɟɧɟɪɚɥɶɧɚя ɫɨɜɨɤɭɩɧɨɫɬɶ.  

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɬɚɤɚя ɫɨɜɨɤɭɩɧɨɫɬɶ (ɨɛɴɟɞɢɧɟɧɧɚя ɜɵɛɨɪɤɚ) ɦɨɠɟɬ 
ɮɨɪɦɢɪɨɜɚɬɶɫя ɬɨɥɶɤɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɡ ɨɞɧɨɝɨ ɜɢɞɚ 
ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɢ ɨɞɧɨɣ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ.  

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɨɛɴɟɞɢɧɟɧɧɚя ɜɵɛɨɪɤɚ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɢɪɨɜɚɧɚ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɨɞɧɨɝɨ ɜɢɞɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ, ɧɨ ɩɨ ɧɟɫɤɨɥɶɤɢɦ (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɩɨ n) ɦɚɪɤɚɦ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɝɨ ɬɢɩɚ – ɧɚɩɪɢɦɟɪ, ɞɥя ɥɢɫɬɨɜ ɜɵɫɨɤɨɩɪɨɱɧɵɯ 
ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɩɥɢɬ ɢɡ ɬɢɬɚɧɚ ɢɥɢ ɫɬɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ. 

ȼ ɬɪɟɬɶɟɦ, ɫɚɦɨɦ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɛɴɟɞɢɧɟɧɧɚя ɜɵɛɨɪɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɫɮɨɪɦɢɪɨɜɚɧɚ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɢ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɢ ɛɭɞɟɬ 
ɫɨɞɟɪɠɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢя ɬɨɥɶɤɨ ɩɨ ɨɞɧɨɦɭ ɬɢɩɭ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. ɉɪɢɦɟɪɵ ɮɨɪɦɢɪɨɜɚɧɢя ɨɛɴɟɞɢɧɟɧɧɵɯ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɞɥя ɩɟɪɜɨɝɨ, ɜɬɨɪɨɝɨ 
ɢ ɬɪɟɬɶɟɝɨ ɫɥɭɱɚɟɜ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɫɧɨɜɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɚɤɢɯ 
ɜɵɛɨɪɨɤ ɜɵɩɨɥɧɟɧɵ ɚɜɬɨɪɨɦ ɞɥя ɧɟɤɨɬɨɪɵɯ ɬɢɩɨɜ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɚɛɨɬɟ Д18Ж. 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɥя ɥɸɛɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɨɛɴɟɞɢɧɟɧɧɨɣ ɜɵɛɨɪɤɢ ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɛɭɞɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɞɥя ɨɛɴɟɞɢɧɟɧɧɨɣ ɜɵɛɨɪɤɢ ɜɬɨɪɨɝɨ ɬɢɩɚ, ɚ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɨɛɴɟɞɢɧɟɧɧɨɣ ɜɵɛɨɪɤɢ ɜɬɨɪɨɝɨ ɬɢɩɚ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɛɭɞɟɬ 
ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɞɥя ɨɛɴɟɞɢɧɟɧɧɨɣ ɜɵɛɨɪɤɢ ɩɟɪɜɨɝɨ ɬɢɩɚ ɩɪɢ ɭɫɥɨɜɢɢ 
ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɢɡɝɨɬɨɜɥɟɧɢя ɨɛɪɚɡɰɨɜ, 
ɩɪɨɜɟɞɟɧɢя ɢɫɩɵɬɚɧɢɣ ɢ ɬ. ɞ.  

Ⱦɥя ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ ɬɢɩɨɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ 
ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ 
ɚɥɸɦɢɧɢɟɜɵɯ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɩɨ ɭɤɚɡɚɧɧɵɦ ɬɢɩɚɦ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɞɥя ɬɪɟɯ ɬɢɩɨɜ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜɵɛɨɪɨɤ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɨɛɪɚɡɰɨɜ ɞɥя ɚɥɸɦɢɧɢɟɜɵɯ (1), 
ɬɢɬɚɧɨɜɵɯ (2) ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ (3) 
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ɂɡ ɜɵɪɚɠɟɧɢɣ (1) ɢ (2) ɫɥɟɞɭɟɬ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ 
ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ γ ɢɥɢ υ ɞɥя ɨɛɴɟɞɢɧɟɧɧɨɣ ɜɵɛɨɪɤɢ, ɬɟɦ ɛɨɥɶɲɟ 
ɛɭɞɟɬ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥя ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢя. 

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɨɛɴɟɦɚ ɦɢɧɢɦɚɥɶɧɨɣ ɜɵɛɨɪɤɢ (ɜɵɛɨɪɤɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɢ 
ɞɨɫɬɚɬɨɱɧɨɣ ɞɥя ɨɛɨɫɧɨɜɚɧɧɨɣ ɨɰɟɧɤɢ ɭɪɨɜɧя ɫɜɨɣɫɬɜ ɡɚɞɚɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ) 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɨɛɴɟɞɢɧяɸɳɢɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɟɪɜɨɦɭ ɬɢɩɭ, ɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɴɟɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɬɚɤɢɯ ɜɵɛɨɪɨɤ (ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɩɨɥɭɮɚɛɪɢɤɚɬɚ 
ɨɬɞɟɥɶɧɨɣ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ) ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧ, ɜ ɬɨ ɜɪɟɦя ɤɚɤ ɨɛɴɟɦ ɜɵɛɨɪɨɤ, 
ɨɛɴɟɞɢɧɟɧɧɵɯ ɩɨ ɜɬɨɪɨɦɭ ɢ/ɢɥɢ ɬɪɟɬɶɟɦɭ ɬɢɩɭ ɛɭɞɟɬ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧ ɩɪɨɫɬɵɦ ɨɛɴɟɞɢɧɟɧɢɟɦ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɞɥя ɨɞɧɨɝɨ ɬɢɩɚ ɦɚɬɟɪɢɚɥɚ. 

ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜɬɨɪɨɣ ɢ ɬɟɦ ɛɨɥɟɟ ɬɪɟɬɢɣ ɬɢɩ ɨɛɴɟɞɢɧɟɧɢя ɞɚɧɧɵɯ (ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ ɬɢɩɨɦ) ɢɡ-ɡɚ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ 
ɞɚɞɭɬ ɡɚɜɟɞɨɦɨ ɡɚɜɵɲɟɧɧɵɟ ɨɛɴɟɦɵ ɦɢɧɢɦɚɥɶɧɵɯ ɜɵɛɨɪɨɤ, ɧɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 
ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ ɩɨɡɜɨɥɢɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, 
ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɭɪɨɜɧɢ ɡɧɚɱɟɧɢɣ ɡɚɞɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɨɛɴɟɦɵ 
ɦɢɧɢɦɚɥɶɧɵɯ ɜɵɛɨɪɨɤ ɬɚɤɠɟ ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ ɮɨɪɦɢɪɨɜɚɧɢɸ 
ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɥя ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɩɟɪɜɨɦɭ ɬɢɩɭ, 
ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɨɥɠɧɨ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɦɟɧɶɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɢ 
ɨɛɴɟɦɚ ɦɢɧɢɦɚɥɶɧɵɯ ɜɵɛɨɪɨɤ ɛɟɡ ɩɨɬɟɪɢ ɬɨɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɭɪɨɜɧɟɣ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ ɞɥя ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɵɯ 
ɦɨɦɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨ 
ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɦ ɚɜɬɨɪɨɦ ɜ ɪɚɛɨɬɟ Д18Ж ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɜɚɪɢɚɰɢɢ: 

– ɞɥя ɜɵɛɨɪɨɤ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨ ɩɟɪɜɨɦɭ ɬɢɩɭ, ɬ. ɟ. ɩɨ ɤɚɠɞɨɣ ɦɚɪɤɟ ɦɚɬɟɪɢɚɥɚ 
(ɬɢɩ ɩɨɥɭɮɚɛɪɢɤɚɬɚ – ɥɢɫɬ), ɞɥя ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ Ⱦ1θ, ȺɄ4-1ɱ., 11θγ-ɊȾɌȼ,  
ȼ-1480; ɫɬɚɥɟɣ ȼɇɋ72-ɒ, 0γɏ11ɇ10Ɇ2Ɍ, ɚ ɬɚɤɠɟ ɪяɞɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ȼɌθ, ȼɌ8, 
ȼɌ2γ ɢ ȼɌ4γ (ɬɚɛɥ. 1); 

– ɞɥя ɜɵɛɨɪɨɤ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨ ɜɬɨɪɨɦɭ ɬɢɩɭ ɞɥя ɪɚɡɧɵɯ ɦɚɪɨɤ ɦɚɬɟɪɢɚɥɨɜ 
ɨɞɧɨɝɨ ɬɢɩɚ (ɞɥя ɚɥɸɦɢɧɢɟɜɵɯ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɫɬɚɥɟɣ), ɧɨ ɞɥя ɨɞɧɨɝɨ ɬɢɩɚ 
ɩɨɥɭɮɚɛɪɢɤɚɬɚ – ɥɢɫɬ (ɬɚɛɥ. 2); 

– ɞɥя ɨɛɴɟɞɢɧɟɧɧɵɯ ɜɵɛɨɪɨɤ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨ ɬɪɟɬɶɟɦɭ ɬɢɩɭ, ɞɥя ɨɫɧɨɜɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɫɬɚɥɟɣ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 
(ɬɚɛɥ. γ). 

 

Ɍаɛɥɢɰа 1 
Ʉɨɷɮɮиɰиɟɧɬɵ вɚɪиɚɰии ɩɪɟɞɟɥɚ ɩɪɨчɧɨɫɬи ɩɪи ɪɚɫɬяɠɟɧии  

ɞɥя ɪɚɡɥичɧɵɯ ɦɚɪɨɤ ɦɚɬɟɪиɚɥɨв (ɩɨɥɭɮɚɛɪиɤɚɬ – ɥиɫɬ) 

Ɍɢɩ ɦɚɬɟɪɢɚɥɚ Ɇɚɪɤɚ ɦɚɬɟɪɢɚɥɚ ɇɚɩɪɚɜɥɟɧɢɟ ɜɵɪɟɡɤɢ 
ɨɛɪɚɡɰɨɜ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ υ 
(ɬɢɩ I) 

Ⱥɥɸɦɢɧɢɟɜɵɟ 
ɫɩɥɚɜɵ 

Ⱦ1θ Ⱦ 0,005 
ȺɄ4-1ɱ. Ⱦ 0,005 

1163-ɊȾɌȼ 
Ⱦ 0,008 
ɉ 0,012 

ȼ-1480 
Ⱦ 0,007 
ɉ 0,009 

ɋɬɚɥɢ 
ȼɇɋ72-ɒ Ⱦ 0,028 

0γɏ11ɇ10Ɇ2Ɍ Ⱦ 0,034 

Ɍɢɬɚɧɨɜɵɟ 
ɫɩɥɚɜɵ 

ȼɌθ Ⱦ 0,006 
ȼɌ8 Ⱦ 0,008 
ȼɌ2γ Ⱦ 0,007 
ȼɌ4γ Ⱦ 0,005 
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Ɍаɛɥɢɰа 2 
Ʉɨɷɮɮиɰиɟɧɬɵ вɚɪиɚɰии ɩɪɟɞɟɥɚ ɩɪɨчɧɨɫɬи ɩɪи ɪɚɫɬяɠɟɧии  

ɪɚɡɥичɧɵɯ ɬиɩɨв ɦɚɬɟɪиɚɥɨв (ɩɨɥɭɮɚɛɪиɤɚɬ – ɥиɫɬ) 

Ɍɢɩ ɦɚɬɟɪɢɚɥɚ Ʉɨɥɢɱɟɫɬɜɨ ɦɚɪɨɤ 
ɦɚɬɟɪɢɚɥɚ Ɉɛɴɟɦ ɜɵɛɨɪɤɢ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ υ 
(ɬɢɩ II) 

Ⱥɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ 7 529 0,143 
ɋɬɚɥɢ 4 44 0,442 
Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ 9 110 0,202 

 
Ɍаɛɥɢɰа 3 

Ʉɨɷɮɮиɰиɟɧɬɵ вɚɪиɚɰии ɩɪɟɞɟɥɚ ɩɪɨчɧɨɫɬи ɩɪи ɪɚɫɬяɠɟɧии  
ɪɚɡɥичɧɵɯ виɞɨв ɩɨɥɭɮɚɛɪиɤɚɬɨв и ɤɨɧɫɬɪɭɤɰиɨɧɧɵɯ ɦɚɬɟɪиɚɥɨв 

Ɍɢɩ ɦɚɬɟɪɢɚɥɚ Ʉɨɥɢɱɟɫɬɜɨ ɦɚɪɨɤ 
ɦɚɬɟɪɢɚɥɚ Ɉɛɴɟɦ ɜɵɛɨɪɤɢ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ υ 
(ɬɢɩ III) 

Ⱥɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ 8 799 0,103 
ɋɬɚɥɢ 26 310 0,224 
Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ 18 555 0,167 

 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (2) ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ 

ɜɵɛɨɪɨɤ na ɞɥя ɨɰɟɧɤɢ ɩɟɪɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢя ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜɵɛɨɪɨɤ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɞɥя ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢɫɢɦɨɫɬяɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫ. 1: 0,2 – ɞɥя ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ; 0,γ – ɞɥя ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ; 0,4 – ɞɥя ɫɬɚɥɟɣ. 

Ɂɧɚɱɟɧɢя ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɨɲɢɛɨɤ ∆a ɨɩɪɟɞɟɥяɥɢ ɞɥя ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɢ ɤɚɤ 0,2ηυ. Ɂɧɚɱɟɧɢя ɤɜɚɧɬɢɥɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢя ɋɬɶɸɞɟɧɬɚ (tα, k) ɞɥя ɭɪɨɜɧя 
ɡɧɚɱɢɦɨɫɬɢ α = 0,1 (P = 95 %) ɢ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ k = n–1 ɨɩɪɟɞɟɥяɥɢ ɢɡ 
ɫɩɪɚɜɨɱɧɵɯ ɬɚɛɥɢɰ.  

ɉɪɢ ɨɰɟɧɤɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ ɜɚɠɧɵɦ яɜɥяɟɬɫя ɤɨɥɢɱɟɫɬɜɨ 
ɨɛɪɚɡɰɨɜ ɢɥɢ ɨɛɴɟɦ ɜɵɛɨɪɤɢ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɩɪɨɜɟɞɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ, ɬ. ɟ. ɜɚɠɧɨ, ɧɚ ɤɚɤɨɦ ɧɚɱɚɥɶɧɨɦ ɨɛɴɟɦɟ ɜɵɛɨɪɤɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥя ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɮɨɪɦɢɪɭɟɬɫя, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɨɬ η 
ɞɨ 10 ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɨɞɧɨɣ ɩɚɪɬɢɢ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɨɞɧɨɣ ɩɚɪɬɢɢ (ɩɨɥɭɮɚɛɪɢɤɚɬɚ) 
ɬɨɱɧɨɫɬɶ (ɭɦɟɧɶɲɟɧɢɟ ɨɲɢɛɤɢ ∆a) ɨɰɟɧɨɤ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɨɥɠɧɚ ɭɜɟɥɢɱɢɜɚɬɶɫя ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢя ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɜɚɪɢɚɰɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɟɬ ɫɨɤɪɚɳɚɬɶɫя ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɨɤ, 
ɧɟɨɛɯɨɞɢɦɵɣ ɞɥя ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ. ɇɨ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɢɫɩɵɬɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɩɚɪɬɢɣ, ɧɚɨɛɨɪɨɬ, ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɨɤ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ 
ɜɵɛɨɪɨɤ ɞɥя ɨɰɟɧɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ 
ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ υ, ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ ∆a ɢ 
ɭɪɨɜɧя ɡɧɚɱɢɦɨɫɬɢ α. Ⱦɥя ɩɪɢɦɟɪɚ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫ. 2, ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɪɢɚɰɢɢ υ 
ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɜɵɛɨɪɨɤ ɢɡ η ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ.  
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a

0,02
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0,18 0,200,160,14

Ɋ Δа

90 % 0,25υ

95 % 0,25υ

99 % 0,25υ

90 % 0,45υ

95 % 0,45υ

99 % 0,45υ

 
Ɋɢɫ. 2. ɉɪɢɦɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɨɤ ɞɥя ɨɰɟɧɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɠɢɞɚɧɢя ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ υ, ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ ∆a ɢ ɭɪɨɜɧя ɡɧɚɱɢɦɨɫɬɢ α 

 
Ⱦɥя ɨɛɟɫɩɟɱɟɧɢя ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ ɨɰɟɧɤɢ ɩɟɪɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢя ɜɵɛɨɪɤɢ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɩɪɢ ɡɚɞɚɧɧɵɯ: ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɜɚɪɢɚɰɢɢ (ɬɚɛɥ. γ), ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɲɢɛɤɟ ∆a ɢ ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ α = 0,1 (ɤɜɚɧɬɢɥɶ 
z0,95 = 1,θ4η), ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢяɦ (1) ɢ (2), ɨɩɪɟɞɟɥяɟɦ ɦɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ na: 

– ɞɥя ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ  
 

;11 
05,0

645,1103,0
 ,05,0 Δɞɥя

2




  аа n  

– ɞɥя ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 

;13 
075,0

645,1167,0
 ,075,0 Δɞɥя

2




  аа n  

– ɞɥя ɫɬɚɥɟɣ 

.14 
1,0

645,1224,0
,1,0 Δɞɥя

2




  аа n  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɦɢɧɢɦɚɥɶɧɵɯ ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ ɩɨ 
ɨɛɴɟɞɢɧɟɧɧɵɦ ɜɵɛɨɪɤɚɦ ɜɬɨɪɨɝɨ ɬɢɩɚ (ɪɢɫ. 1) ɞɥя ɭɪɨɜɧя ɡɧɚɱɢɦɨɫɬɢ α = 0,1 
ɢɬɟɪɚɰɢɨɧɧɨ ɩɨɞɛɢɪɚɟɦ ɡɧɚɱɟɧɢɟ n ɩɨ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢяɦ ∆a ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɭɪɚɜɧɟɧɢɟɦ (2) ɩɨɥɭɱɚɟɦ na: 

 
– ɞɥя ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ 

;5 05,0  043,0  132,2
5

045,0
 Δ  аа n  

– ɞɥя ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 

;4 075,0049,0353,2
4

06,0Δ  аа n  
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– ɞɥя ɫɬɚɥɟɣ 

.8 1,0  094,0  895,1
8

14,0
 Δ  аа n  

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ nσ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥя ɨɰɟɧɤɢ 
ɜɬɨɪɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢя ɜɵɛɨɪɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɥɭɱɚɣɧɨɣ 
ɜɟɥɢɱɢɧɵ, ɡɚɞɚɜɚяɫɶ ɜɟɥɢɱɢɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ Δσ = 0,15 
(ɜɵɫɨɤɚя ɬɨɱɧɨɫɬɶ), ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥяɟɦ ɥɟɜɭɸ ɱɚɫɬɶ ɪɚɜɟɧɫɬɜɚ (γ), ɚ ɡɚɬɟɦ 

ɞɥя ɪɚɡɥɢɱɧɵɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ k = n–1 ɜɵɱɢɫɥяɟɦ ɨɬɧɨɲɟɧɢя ,
χ
χ

2
50,

2
2/α  ɢɡ ɤɨɬɨɪɵɯ 

ɜɵɛɢɪɚɟɦ ɬɚɤɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ k, ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧяɟɬɫя ɭɫɥɨɜɢɟ 

.min
χ
χ

  )  1(
2

50,

2
2/α2

σ 



   

ɉɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢя ɪɚɫɩɪɟɞɟɥɟɧɢя ɉɢɪɫɨɧɚ (χ2) ɨɩɪɟɞɟɥяɟɦ ɱɟɪɟɡ 
ɤɜɚɧɬɢɥɢ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢя z1-P 

3

2/α1
2

2/α 9

2
  

9

2
1 χ 


   k

z
k

k .                       (4) 

Ⱦɥя ɭɪɨɜɧя ɡɧɚɱɢɦɨɫɬɢ α = 0,1 (ɤɜɚɧɬɢɥɶ z0,95=1,θ4η), ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (4), 
ɩɨɥɭɱɚɟɦ 

3

2
05,0 9

2
645,1  

9

2
 1 χ 


 

kk
k ɢ 

3
2

5,0 9

2
 1 χ 


 

k
k , 

ɩɪɢɧɢɦɚя 
k9

2
1 λ  , ɢɦɟɟɦ ɭɫɥɨɜɢɟ 

.min
λ

λ  11,645 λ
 )  1(

3

2
σ 


      (5)  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (η) ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥя ɨɰɟɧɤɢ ɋɄɈ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɞɨɩɭɫɬɢɦɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ Δσ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 4 ɢ ɧɚ ɪɢɫ. γ. 

 
Ɍаɛɥɢɰа 4 

Ɇиɧиɦɚɥьɧɵɟ ɨɛɴɟɦɵ вɵɛɨɪɨɤ (nσ) ɞɥя ɨɰɟɧɤи ɫɪɟɞɧɟɝɨ ɤвɚɞɪɚɬичɟɫɤɨɝɨ ɨɬɤɥɨɧɟɧия  
в ɡɚвиɫиɦɨɫɬи ɨɬ ɡɚɞɚɧɧɨɣ ɬɨчɧɨɫɬи и ɭɪɨвɧя вɟɪɨяɬɧɨɫɬи Р 

Δσ 
nσ Ɍɨɱɧɨɫɬɶ 

ɨɰɟɧɤɢ P = 95 %, α = 0,1  
(ɤɜɚɧɬɢɥɶ z1–α/2 = 1,645) 

P = 99 %, α = 0,01 
(ɤɜɚɧɬɢɥɶ z1–α/2 = 3,09) 

0,10 141 494 

ȼɵɫɨɤɚя 0,15 65 224 
0,20 37 128 
0,25 25 84 

ɋɪɟɞɧяя 0,30 18 60 
0,35 14 45 
0,40 11 35 

ɇɢɡɤɚя 0,45 9 28 
0,50 8 23 
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 Ɋ = 95 %; α = 0,1 (z0,95 = 1,645)

Ɋ = 99 %; α = 0,01 (z0,99 = 3,09)

 
Ɋɢɫ. γ. Ɂɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɵɯ ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ ɞɥя ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ 

ɨɬɤɥɨɧɟɧɢя (ɋɄɈ) ɞɥя ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ ɢ ɭɪɨɜɧɟɣ ɜɟɪɨяɬɧɨɫɬɢ Ɋ 
 

Ɍаɛɥɢɰа 5 
Ɇиɧиɦɚɥьɧɵɣ ɨɛɴɟɦ вɵɛɨɪɤи ɞɥя ɨɰɟɧɤи ɧɚчɚɥьɧɵɯ ɦɨɦɟɧɬɨв  

ɪɚɫɩɪɟɞɟɥɟɧия ɡɧɚчɟɧиɣ ɩɪɟɞɟɥɚ ɩɪɨчɧɨɫɬи  ɩɪи ɪɚɫɬяɠɟɧии ɞɥя ɪɚɡɥичɧɵɯ ɦɚɬɟɪиɚɥɨв 

Ɍɢɩ ɦɚɬɟɪɢɚɥɚ 
Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ, ɲɬ.  

(P = 95 %, Δа = 0,2ηυ, Δσ = 0,15) 
na nσ 
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Ɇɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ ɞɥя ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ 

ɪɚɫɩɪɟɞɟɥɟɧɢя ɡɧɚɱɟɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɢ ɋɄɈ ɞɥя ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɪɚɫɬяɠɟɧɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɞɥя ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥя ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɨɰɟɧɨɤ Δа ɢ Δσ ɜ ɬɚɛɥ. η. Ʉɚɤ ɭɤɚɡɚɧɨ ɪɚɧɟɟ, ɞɥя 
ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɨɥɭɱɟɧɢя ɨɰɟɧɨɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɢ ɋɄɈ ɢɡ ɞɜɭɯ ɨɛɴɟɦɨɜ 
ɜɵɛɨɪɨɤ nа  ɢ nσ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ.  

 
Ɂɚɤɥɸчɟɧия 

ɍɪɨɜɟɧɶ ɢ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɨɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫяɬ ɨɬ ɨɛɴɟɦɚ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ. ɇɨ ɤɪɨɦɟ ɨɛɴɟɦɚ ɜɵɛɨɪɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥя ɤɨɪɪɟɤɬɧɨɣ ɢ 
ɨɛɨɫɧɨɜɚɧɧɨɣ ɨɰɟɧɤɢ ɭɪɨɜɧɟɣ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɨ, ɤɚɤ ɢɦɟɧɧɨ ɮɨɪɦɢɪɭɸɬɫя ɭɫɥɨɜɧɵɟ ɝɟɧɟɪɚɥɶɧɵɟ 
ɫɨɜɨɤɭɩɧɨɫɬɢ (ɨɛɴɟɞɢɧɟɧɧɵɟ ɜɵɛɨɪɤɢ) ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

Ɇɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ ɞɥя ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɢ ɋɄɈ ɞɥя ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɢɩɨɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫяɬ ɨɬ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɨɱɧɨɫɬɢ ɢ ɨɬ ɧɚɞɟɠɧɨɫɬɢ (ɭɪɨɜɧя ɡɧɚɱɢɦɨɫɬɢ) ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɨɤ. 
Ɇɢɧɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɜɵɛɨɪɨɤ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥяɬɶɫя ɞɥя ɤɨɧɤɪɟɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɢ ɜɢɞɚ ɩɨɥɭɮɚɛɪɢɤɚɬɚ, ɞɥя ɬɨɝɨ ɱɬɨɛɵ ɜ ɭɫɥɨɜɢяɯ ɨɝɪɚɧɢɱɟɧɧɨɝɨ 
ɨɛɴɟɦɚ ɢɫɩɵɬɚɧɢɣ ɛɨɥɟɟ ɬɨɱɧɨ (ɫ ɡɚɞɚɧɧɨɣ ɜɟɪɨяɬɧɨɫɬɶɸ) ɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
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ɡɚɬɪɚɬɚɦɢ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢя, ɚ ɡɚɬɟɦ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɨɥɭɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢя ɨɰɟɧɨɤ ɭɪɨɜɧɟɣ ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. 

ɉɪɢ ɨɰɟɧɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя ɢɥɢ ɩɟɪɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢя (ɤɪɨɦɟ ɬɨɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ) ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɛɭɞɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɟɬɶ ɤɚɤ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɨɛɴɟɞɢɧɟɧɧɨɣ ɜɵɛɨɪɤɢ (ɭɫɥɨɜɧɨɣ 
ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ), ɬɚɤ ɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɜɵɛɨɪɤɢ, ɩɨ ɤɨɬɨɪɨɣ 
ɩɪɨɜɨɞɢɥɫя ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥя 
ɡɚɞɚɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥя ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɵɯ 
ɦɨɦɟɧɬɨɜ ɢɥɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ ɬɚɤɠɟ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɢ ɨɬ ɬɨɝɨ, ɤɚɤɨɣ ɢɡ ɧɚɱɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɬɪɟɛɭɟɬɫя ɨɰɟɧɢɬɶ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɨɠɢɞɚɧɢɟ ɢɥɢ ɋɄɈ. Ⱦɥя ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɨɥɭɱɟɧɢя ɨɰɟɧɨɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢя 
ɢ ɋɄɈ ɢɡ ɞɜɭɯ ɨɛɴɟɦɨɜ ɜɵɛɨɪɨɤ nа ɢ nσ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɧɢɯ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɝɢɩɨɬɟɡɚ ɫɭɳɟɫɬɜɨɜɚɧɢя ɭɫɥɨɜɧɨɣ ɝɟɧɟɪɚɥɶɧɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɢ, ɬ. ɟ. ɞɥя ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɸɛɨɝɨ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɢɞɚ 
ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɚя ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɨɛɴɟɦ 
ɜɵɛɨɪɤɢ), ɞɥя ɤɨɬɨɪɨɣ ɥɸɛɨɟ ɟɟ ɞɨɩɨɥɧɟɧɢɟ ɧɨɜɵɦɢ ɨɞɧɨɪɨɞɧɵɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɧɟ ɜɥɢяɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɞɚɧɧɨɣ 
ɜɵɛɨɪɤɢ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɧɚ ɭɪɨɜɟɧɶ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, 
ɩɨɥɭɱɚɟɦɵɯ ɩɨ ɞɚɧɧɨɣ ɜɵɛɨɪɤɟ. 
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Ɋаɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɩɨɫɬɪɨɟɧɢɹ ɪаɫɩɪɟɞɟɥɟɧɢɹ ɱаɫɬɨɬ ɢ ɪаɡɦɟɪɨɜ ɞɟɮɟɤɬɨɜ ɜ ɩɨ-
ɥɭɮаɛɪɢɤаɬаɯ ɢ ɡаɝɨɬɨɜɤаɯ ɞɢɫɤɨɜ ȽɌȾ ɢɡ ɬɢɬаɧɨɜɵɯ ɫɩɥаɜɨɜ ɞɥɹ ɫɥɭɱаɹ ɨɬɫɭɬɫɬɜɢɹ 
ɫɬаɬɢɫɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɨ ɜɵɹɜɥɟɧɧɵɯ ɩɪɢ ɧɟɪаɡɪɭɲаюɳɟɦ ɤɨɧɬɪɨɥɟ ɞɟɮɟɤɬаɯ. 
ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɪɨɜɟɞɟɧɢɹ ɨɰɟɧɤɢ ɞɟɮɟɤɬɧɨɫɬɢ ɦаɬɟɪɢаɥа, ɭɱɢɬɵɜаюɳɢɣ ɢɧɞɢɜɢ-
ɞɭаɥɶɧɵɟ ɫɯɟɦɵ ɫɤаɧɢɪɨɜаɧɢɹ ɩɪɢ ɭɥɶɬɪаɡɜɭɤɨɜɨɦ ɤɨɧɬɪɨɥɟ. ɉɪɢɜɟɞɟɧ ɦаɬɟɦаɬɢɱɟɫɤɢɣ 
аɩɩаɪаɬ, ɩɨɡɜɨɥɹюɳɢɣ ɩɪɨɜɟɫɬɢ ɱɢɫɥɟɧɧɭю ɨɰɟɧɤɭ ɞɟɮɟɤɬɧɨɫɬɢ ɞɥɹ ɡаɝɨɬɨɜɨɤ ɢ ɩɨɥɭ-
ɮаɛɪɢɤаɬɨɜ ɞɟɬаɥɟɣ ɢɡ ɬɢɬаɧɨɜɵɯ ɫɩɥаɜɨɜ. 

Ключевые слова: ɞɟɮɟɤɬɧɨɫɬɶ, ɞɨɩɭɫɬɢɦɵɟ ɩɨɜɪɟɠɞɟɧɢɹ, ȽɌȾ, ɬɢɬаɧɨɜɵɣ ɫɩɥаɜ, 
ɨɫɧɨɜɧɵɟ ɞɟɬаɥɢ ɞɜɢɝаɬɟɥɹ. 

 
I.S. Krasnov1, D.S. Lozhkova1, M.A. Dalin1 

 
EVALUATION  OF  DEFICIENCY  OF TITANIUM  ALLOY  
FORGINGS  FOR  PROBABILISTIC  CALCULATION 
OF  GAS  TURBINE  ENGINE  DISKS  FRACTURE  RISK  
 

The paper observes the issues of calculation of anomalic distribution of frequencies and  
sizes of defects in titanium alloy billets and forgings for gas turbine engine disks, for the case of 
absence of statistical information of defects detected during non-destructive testing. Deficiency 
evaluation method is proposed, taking into account individual scanning schemes at ultrasonic 
testing. A mathematical apparatus is given, which makes it possible to numerically evaluate  
deficiency for titanium alloy billets and disks for gas turbine engine. 

Keywords: deficiency, damage tolerance, gas turbine engine, titanium alloy, engine critical 
parts. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢяɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Ɋɚɡɞɟɥ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɩɪɚɜɢɥ «Ɋɟɤɨɦɟɧɞɚɬɟɥɶɧɵɣ ɰɢɪɤɭɥяɪ. Ⱥɜɢɚ-
ɰɢɨɧɧɵɟ ɩɪɚɜɢɥɚ» Ɋɐ Ⱥɉ-33.70-1 [1Ж, ɫɨɞɟɪɠɚɳɢɣ ɬɪɟɛɨɜɚɧɢя ɤ ɭɫɬɚɧɨɜɥɟɧɢɸ ɪɟɫɭɪɫɚ 
ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɩɪɟɞɩɢɫɵɜɚɟɬ, ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɬɪɚɞɢɰɢɨɧ-
ɧɨɦɭ ɦɟɬɨɞɭ, ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɬɶ ɧɚɡɧɚɱɟɧɧɵɣ ɪɟɫɭɪɫ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ, ɨɫɧɨ-
ɜɚɧɧɨɝɨ ɧɚ ɦɨɞɟɥɢ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɨɜɪɟɠɞɟɧɢɣ. ɗɬɨɬ ɦɟɬɨɞ ɭɱɢɬɵɜɚɟɬ ɜɟɪɨяɬɧɨɫɬɶ ɪɚɡ-
ɪɭɲɟɧɢя ɞɟɬɚɥɢ ɢɡ-ɡɚ ɞɟɮɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɧɭɬɪɟɧɧɢɯ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨɜ 
ɦɚɬɟɪɢɚɥɚ, ɨɛɪɚɡɨɜɚɜɲɢɯɫя ɜ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢя ɡɚɝɨɬɨɜɤɢ. Ⱦɥя ɜɟɪɨяɬɧɨɫɬɧɨɝɨ 
ɪɚɫɱɟɬɚ ɛɟɡɨɩɚɫɧɨɝɨ ɪɟɫɭɪɫɚ ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ) ɩɨ 
ɤɪɢɬɟɪɢɸ ɞɨɩɭɫɬɢɦɨɫɬɢ ɩɨɜɪɟɠɞɟɧɢɣ, ɘɝɨ-ɡɚɩɚɞɧɵɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢɧɫɬɢɬɭɬɨɦ 
(Southwest Research Institute, ɋɒȺ) ɪɚɡɪɚɛɨɬɚɧɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 
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ɨɛɟɫɩɟɱɟɧɢɟ DARАIN. Ⱦɟɮɟɤɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɢ (ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɪɚɡɦɟɪɨɜ ɢ ɱɚɫɬɨɬ ɩɨяɜɥɟɧɢя ɞɟɮɟɤɬɨɜ) яɜɥяɟɬɫя ɜɯɨɞɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɪɢ ɪɚɫɱɟɬɟ ɛɟɡ-
ɨɩɚɫɧɨɝɨ ɪɟɫɭɪɫɚ ɜ ɩɪɨɝɪɚɦɦɟ DARАIN ɧɚɪяɞɭ ɫ ɞɚɧɧɵɦɢ ɨ ɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɦɚɬɟɪɢɚɥɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, γD-ɦɨɞɟɥɶɸ ɞɟɬɚɥɢ, 
ɪɟɠɢɦɚɦɢ ɟɟ ɧɚɝɪɭɠɟɧɢя ɜ ɩɨɥɟɬɧɨɦ ɰɢɤɥɟ Д2].  

Ⱦɟɮɟɤɬɧɨɫɬɶ – ɨɠɢɞɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢя, ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ, ɤɚɤ ɮɭɧɤɰɢя ɪɚɡɦɟɪɨɜ ɷɬɢɯ ɞɟɮɟɤɬɨɜ.  
ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢя ɩɨɥɭɱɟɧɵ ɬɨɥɶɤɨ ɞɥя ɡɚɪɭɛɟɠɧɵɯ ɬɢɬɚɧɨ-
ɜɵɯ ɫɩɥɚɜɨɜ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢяɦ ɬɪɨɣɧɨɝɨ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ 
ɢɥɢ ɩɥɚɜɤɢ ɫ ɯɨɥɨɞɧɵɦ ɩɨɞɨɦ, ɱɬɨ ɭɱɬɟɧɨ ɜ Ɋɐ Ⱥɉ-33.70-1. ɂɡ-ɡɚ ɨɬɫɭɬɫɬɜɢя ɢɧɮɨɪɦɚ-
ɰɢɢ ɨ ɞɟɮɟɤɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɟɧɢɟ ɜɟɪɨяɬɧɨɫɬɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɭɫɬɚɧɨɜɥɟɧɢɸ  
ɪɟɫɭɪɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ DARWIN ɞɥя ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ ɢɡ ɞɪɭɝɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɟɜɨɡɦɨɠɧɨ, ɚ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɨɞɯɨɞɵ, ɞɨɩɭɫɬɢɦɵɟ ɜ Ɋɐ Ⱥɉ-33.70-1, ɞɚ-
ɸɬ ɡɚɜɟɞɨɦɨ ɡɚɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢя ɪɟɫɭɪɫɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɨɰɟɧɤɢ ɞɟɮɟɤɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ, ɢɡɝɨ-
ɬɚɜɥɢɜɚɟɦɵɯ ɢɡ ɬɢɬɚɧɨɜɵɯ, ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɫɬɚɥɟɣ Д3–10Ж, яɜɥяɟɬɫя 
ɤɪɚɣɧɟ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ, ɫɩɨɫɨɛɧɨɣ ɩɨɜɵɫɢɬɶ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɧɨɜɵɯ ɨɬɟɱɟ-
ɫɬɜɟɧɧɵɯ ȽɌȾ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥя ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ. 

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɵ ɩɨɞɯɨɞɵ Д11,12Ж, ɤɨɬɨɪɵɟ ɜɵɛɪɚɧɵ ɜ ɤɚ-
ɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɰɟɧɤɢ ɞɟɮɟɤɬɧɨɫɬɢ. ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ Д11Ж ɚɥ-
ɝɨɪɢɬɦɵ ɨɰɟɧɤɢ ɞɟɮɟɤɬɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɞɢɫɤɨɜ ȽɌȾ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɬɚɤɠɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɩɨɪяɞɨɤ ɞɟɣɫɬɜɢɣ ɞɥя ɫɥɭɱɚя ɨɬɫɭɬɫɬɜɢя ɜɵяɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɢɡ-
ɜɟɫɬɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ, ɱɬɨ яɜɥяɟɬɫя ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɦ ɫɥɭɱɚɟɦ ɜ ɭɫɥɨɜɢяɯ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɨɫɧɨɜ-
ɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ. Ɍɚɤ, ɩɪɟɞɥɨɠɟɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɜɟɪɨяɬɧɨɫɬɶ ɩɨ-
яɜɥɟɧɢя ɞɟɮɟɤɬɚ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɤɚɤ ɩɚɪɚɦɟɬɪ ɝɟɧɟɪɚɥɶɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ Ɋ 
ɛɢɧɨɦɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢя, ɩɨɷɬɨɦɭ ɞɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɩɨ ɩɨɫɬɪɨɟɧɢɸ ɝɪɚɮɢɤɚ 
ɞɟɮɟɤɬɧɨɫɬɢ ɩɪɨɜɨɞɢɥɫя ɞɢɫɤɪɟɬɧɨ, ɫ ɪɚɡɛɢɟɧɢɟɦ ɨɛɥɚɫɬɢ ɪɚɡɦɟɪɨɜ ɞɟɮɟɤɬɨɜ ɧɚ ɭɱɚɫɬ-
ɤɢ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫя ɨɩɪɟɞɟɥɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚ-
ɪɭɠɟɧɢя ɞɟɮɟɤɬɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ яɜɥяɟɬɫя ɧɟɤɨɬɨɪɚя ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɥɭ-
ɱɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɭɱɚɫɬɤɨɜ ɪɚɡɛɢɟɧɢя ɢ ɞɢɚɩɚɡɨɧɚ ɨɛɥɚɫɬɢ 
ɪɚɡɦɟɪɨɜ ɞɟɮɟɤɬɨɜ (ɜ ɪɚɛɨɬɟ [11Ж ɞɢɚɩɚɡɨɧ ɜɵɛɢɪɚɥɫя ɚɧɚɥɨɝɢɱɧɨ ɝɪɚɮɢɤɚɦ, ɩɪɢɜɟɞɟɧ-
ɧɵɦ ɜ FAA-AC 33.14-1 [13Ж), ɱɬɨ яɜɥяɟɬɫя ɢɫɬɨɱɧɢɤɨɦ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ  
ɪɟɡɭɥɶɬɚɬɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ, ɩɨɡɜɨɥяɸɳɢɣ ɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ ɞɟɮɟɤɬɧɨ-
ɫɬɢ ɞɥя ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɫ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ, ɛɟɡ ɪɚɡɛɢɟɧɢя ɧɚ ɭɱɚɫɬɤɢ. 

 
ɉɨɞɯɨɞɵ ɤ ɨɩɪɟɞɟɥɟɧиɸ ɞɟɮɟɤɬɧɨɫɬи 

Ɋɚɫɫɦɚɬɪɢɜɚя ɜɟɪɨяɬɧɨɫɬɶ ɧɚɥɢɱɢя ɞɟɮɟɤɬɚ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɤɚɤ ɛɢ-
ɧɚɪɧɨɟ ɫɨɛɵɬɢɟ, ɜ ɚɥɝɨɪɢɬɦ ɜɧɨɫɢɬɫя ɞɨɩɭɳɟɧɢɟ: ɜ ɨɞɧɨɣ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ 
ɦɨɠɟɬ ɛɵɬɶ ɧɟɫɤɨɥɶɤɨ ɞɟɮɟɤɬɨɜ, ɜɟɪɨяɬɧɨɫɬɶ ɱɟɝɨ ɞɨɥɠɧɚ ɛɵɬɶ ɭɱɬɟɧɚ. ɉɨɷɬɨɦɭ ɞɥя 
ɛɨɥɟɟ ɬɨɱɧɨɣ ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɢɪɚɬɶ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɭɸ ɟɞɢɧɢɰɭ ɦɚɫɫɵ ɦɚɬɟ-
ɪɢɚɥɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɟɧɧɨɟ ɱɢɫɥɨ P ɩɨɥɭɱɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɟɞɢ-
ɧɢɰɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɜɟɪɨяɬɧɨɫɬɶ ɩɨяɜɥɟɧɢя ɨɞɧɨɝɨ ɞɟɮɟɤɬɚ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚ-
ɬɟɪɢɚɥɚ ɛɭɞɟɬ ɢɦɟɬɶ ɩɨɪяɞɨɤ 10–5–10–6, ɜɟɪɨяɬɧɨɫɬɶ ɩɨяɜɥɟɧɢя ɜɬɨɪɨɝɨ ɞɟɮɟɤɬɚ ɛɭɞɟɬ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ η ɢ ɛɨɥɟɟ ɩɨɪяɞɤɨɜ ɧɢɠɟ, ɱɬɨ ɧɟ ɜɧɟɫɟɬ ɫɭɳɟɫɬɜɟɧɧɨɣ ɨɲɢɛɤɢ ɜ 
ɢɬɨɝɨɜɵɣ ɪɟɡɭɥɶɬɚɬ.  

ȼ ɩɪɨɰɟɫɫɟ ɤɨɧɬɪɨɥя ɦɨɝɭɬ ɩɪɢɦɟɧяɬɶɫя ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ, ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ-
ɧɵɟ ɫɜɨɢɦɢ ɝɪɚɮɢɤɚɦɢ ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢя, ɤɚɠɞɵɣ ɟɞɢɧɢɱɧɵɣ ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ 
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ɞɟɬɚɥɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɚɦɢ ɤɨɧɬɪɨɥя ɢɥɢ 
ɠɟ ɧɟ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧ ɜɨɜɫɟ (ɧɚɩɪɢɦɟɪ, «ɦɟɪɬɜɵɟ» ɡɨɧɵ ɩɪɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɤɨɧ-
ɬɪɨɥɟ). ȼ ɫɜяɡɢ ɫ ɷɬɢɦ ɫɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ яɜɥяɟɬɫя ɨɩɪɟɞɟ-
ɥɟɧɢɟ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɣ ɮɭɧɤɰɢɢ ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢя POD(a), ɤɨɬɨɪɚя ɯɚɪɚɤɬɟ-
ɪɢɡɭɟɬ ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢя ɞɟɮɟɤɬɚ ɪɚɡɦɟɪɚ a ɜ ɦɚɬɟɪɢɚɥɟ, ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɨɦ 
ɜɫɟɦɢ ɦɟɬɨɞɚɦɢ ɢ ɫɩɨɫɨɛɚɦɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɟɣ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ  
ɤɨɧɬɪɨɥя (ɇɄ).  

ȼɟɫɶ ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ n ɡɨɧ, ɤɚɠɞɚя ɢɡ ɤɨɬɨɪɵɯ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫя ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɫɯɟɦɟ ɫɤɚɧɢɪɨɜɚɧɢя, ɫ ɫɨɛɫɬɜɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟɥяɦɢ 
ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢя PODn(a). Ɍɚɤ, ɧɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧ ɷɫɤɢɡ ɞɟɬɚɥɢ, ɧɚ ɤɨɬɨɪɨɦ 
ɩɨɤɚɡɚɧɵ ɡɨɧɵ, ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɵɟ ɩɨ ɪɚɡɥɢɱɧɵɦ ɫɯɟɦɚɦ. ȼɫɥɟɞɫɬɜɢɟ ɩɪɨɜɟɞɟɧɢя 
ɤɨɧɬɪɨɥя ɩɨ ɪɚɡɥɢɱɧɵɦ ɫɯɟɦɚɦ, ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵяɜɥяɟɦɨɫɬɢ ɞɟɮɟɤɬɨɜ, ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɟ ɩɨ ɝɪɚɮɢɤɚɦ POD(a) ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɡɚɝɨɬɨɜɤɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫя. 
ɉɨɞ ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜɵяɜɥяɟɦɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫя ɩɚɪɚɦɟɬɪɵ, ɭɤɚɡɚɧɧɵɟ ɜ 
ȽɈɋɌ Ɋ 58989–2020 [14]: ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢя ɞɟɮɟɤɬɨɜ ɡɚɞɚɧɧɨɝɨ ɪɚɡɦɟɪɚ ɢ/ɢɥɢ 
ɪɚɡɦɟɪɚ ɞɟɮɟɤɬɚ, ɜɵяɜɥяɟɦɨɝɨ ɫ ɜɟɪɨяɬɧɨɫɬɶɸ η0 % (a50), 90 % (a90), 95 % (a95) ɩɪɢ ɞɨ-
ɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨяɬɧɨɫɬɢ η0 %, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɚ ɞɟɮɟɤɬɚ, ɜɵяɜɥяɟɦɨɝɨ ɫ ɜɟɪɨяɬɧɨɫɬɶɸ 
90 % ɩɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨяɬɧɨɫɬɢ 9η % (a90/95). 

 

η ɆȽɰ, ɩɪɨɞɨɥɶɧɵɟ (n)

η ɆȽɰ, (n)

η ɆȽɰ, ɫɞɜɢɝɨɜɵɟ (n)

η ɆȽɰ (n) + 10 ɆȽɰ (n)

η ɆȽɰ (n) + η ɆȽɰ (ɫ)

10 ɆȽɰ (n) + η ɆȽɰ (ɫ)

10 ɆȽɰ (n) + η ɆȽɰ (n) + η ɆȽɰ (ɫ)

ɇɟɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɚя ɡɨɧɚ

 
Ɋɢɫ. 1. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɟɱɟɧɢя ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɫ ɧɚɥɨɠɟɧɧɵɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ 

ɡɨɧɚɦɢ ɤɨɧɬɪɨɥя 
 
Ɉɬɥɢɱɢɟ ɜ ɩɨɤɚɡɚɬɟɥяɯ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɦɨɠɟɬ ɛɵɬɶ ɨɛɴяɫɧɟɧɨ ɬɟɦ, ɱɬɨ ɜ ɪɚɡ-

ɥɢɱɧɵɯ ɡɨɧɚɯ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɧɚɩɪɚɜɥɟɧɢɟ ɥɢɧɢɣ ɬɟɱɟɧɢɣ ɡɟɪɧɚ, 
ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚɢɛɨɥɶɲɢɣ ɪɚɡɦɟɪ ɞɟɮɟɤɬɚ, ɦɨ-
ɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫя ɢ ɬɟɦ ɫɚɦɵɦ ɜɥɢяɬɶ ɧɚ ɨɛɳɭɸ ɤɚɪɬɢɧɭ ɜɵяɜɥяɟɦɨɫɬɢ. 
ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɨɛɴɟɤɬɚ ɤɨɧɬɪɨɥя ɢɡ-ɡɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɫɨɛɟɧ-
ɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɨɥɧɨɬɟ ɤɨɧɬɪɨɥя ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɡɥɢɱ-
ɧɵɟ ɫɯɟɦɵ ɫɤɚɧɢɪɨɜɚɧɢя. ɇɚɩɪɢɦɟɪ, ɨɞɧɚ ɨɛɥɚɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɚ 
ɬɨɥɶɤɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥя (ɉɗɉ) ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɨɬɨɣ 10 ɆȽɰ ɫ 
ɜɜɨɞɨɦ ɜ ɨɛɴɟɤɬ ɤɨɧɬɪɨɥя ɩɪɨɞɨɥɶɧɵɯ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɤɨɥɟɛɚɧɢɣ, ɚ ɞɪɭɝɚя – ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɉɗɉ ɧɚ η ɆȽɰ ɫ ɜɜɨɞɨɦ ɩɪɨɞɨɥɶɧɵɯ ɢ ɫɞɜɢɝɨɜɵɯ ɜɨɥɧ, ɚ ɬɚɤɠɟ ɉɗɉ ɧɚ 
10 ɆȽɰ ɫ ɜɜɨɞɨɦ ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ. ɉɨɷɬɨɦɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɣ 
ɮɭɧɤɰɢɢ ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢя PODn(a) ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɤɥɚɞ ɜ ɢɬɨɝɨɜɵɣ 
ɩɚɪɚɦɟɬɪ ɤɚɠɞɨɣ ɡɚɜɢɫɢɦɨɫɬɢ POD(a) ɫ ɭɱɟɬɨɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɯɟɦ ɤɨɧɬɪɨɥя. 
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Ɉɩɪɟɞɟɥɟɧɢɟ PODn(a) ɞɥя ɤɚɠɞɨɣ ɡɨɧɵ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɫɯɟɦɨɣ ɫɤɚɧɢɪɨɜɚɧɢя 
ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ Д15]. 

ɉɪɢɧɢɦɚя ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢя ɞɟɮɟɤɬɚ ɜ ɧɟɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɨɦ ɨɛɴɟɦɟ 
ɦɚɬɟɪɢɚɥɚ ɪɚɜɧɨɣ ɧɭɥɸ, ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɚя ɮɭɧɤɰɢя POD(a) ɨɩɪɟɞɟɥяɟɬɫя ɤɚɤ 
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ɝɞɟ POD1(a)…PODn(a) – ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢя ɞɟɮɟɤɬɚ ɪɚɡɦɟɪɚ a ɜ ɡɨɧɚɯ 1...n; M1…Mn – 
ɤɨɥɢɱɟɫɬɜɨ ɟɞɢɧɢɰ ɦɚɬɟɪɢɚɥɚ, ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɨɝɨ ɩɨ ɫɯɟɦɟ ɤɨɧɬɪɨɥя ɫ ɜɟɪɨяɬɧɨɫɬɶɸ ɨɛɧɚ-
ɪɭɠɟɧɢя POD1(a)… PODn(a); M0 – ɤɨɥɢɱɟɫɬɜɨ ɟɞɢɧɢɰ ɧɟɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

 
Ⱦɟɮɟɤɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɥя ɰɟɥɟɣ ɨɰɟɧɤɢ ɞɨɩɭɫɬɢɦɨɣ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢ ɞɥя ɪɚɫɱɟɬɚ ɜ ɩɪɨɝɪɚɦɦɟ DARАIN, ɩɪɢɧяɬɨ ɩɪɟɞɫɬɚɜɥяɬɶ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ ɤɭɦɭ-
ɥяɬɢɜɧɨɣ ɮɭɧɤɰɢɢ E(a), ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɨɠɢɞɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ ɫ ɪɚɡɦɟɪɨɦ 
ɛɨɥɶɲɟ a ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɢ, ɨɫɬɚɜɲɢɯɫя ɩɨɫɥɟ ɇɄ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɛɭ-
ɞɟɬ ɪɚɫɫɱɢɬɚɧɚ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɚя ɮɭɧɤɰɢя ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢя, ɞɟɮɟɤɬɧɨɫɬɶ ɦɚ-
ɬɟɪɢɚɥɚ E(a) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚ ɨɫɧɨɜɟ ɢɡɧɚɱɚɥɶɧɨɣ ɞɟɮɟɤɬɧɨɫɬɢ Eɢɡɧ(a), ɤɨɬɨɪɚя 
ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɝɪɚɮɢɤ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɠɢɞɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ ɫ ɪɚɡ-
ɦɟɪɨɦ ɛɨɥɶɲɟ a ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬɫя ɜ ɧɟɣ ɞɨ 
ɬɨɝɨ, ɤɚɤ ɨɧɚ ɩɨɩɚɞɟɬ ɧɚ ɇɄ. Ɉɩɪɟɞɟɥɢɜ ɢɡɧɚɱɚɥɶɧɭɸ ɞɟɮɟɤɬɧɨɫɬɶ, ɬ. ɟ. ɫɨɞɟɪɠɚɧɢɟ 
ɞɟɮɟɤɬɨɜ ɞɨ ɩɪɨɜɟɞɟɧɢя ɇɄ, ɢ ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢя ɞɟɮɟɤɬɨɜ ɩɪɢ ɇɄ, ɦɨɠɧɨ 
ɧɚɣɬɢ ɞɟɮɟɤɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɢ (ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɳɟɧɧɵɯ ɞɟɮɟɤɬɨɜ) ɢ ɤɨɥɢɱɟ-
ɫɬɜɨ ɜɵяɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ. Ɉɞɧɚɤɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɝɪɚɮɢɤ Eɢɡɧ(a) ɨɬɫɭɬɫɬɜɭɟɬ.  

ȼ ɪɚɛɨɬɟ Д16Ж ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɝɪɚɮɢɤ Eɢɡɧ(a) ɜ ɞɜɨɣɧɵɯ ɥɨɝɚɪɢɮɦɢ-
ɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ ɩɪяɦɭɸ, ɤɨɬɨɪɚя ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɚ ɨɞɧɨɡɧɚɱ-
ɧɨ ɞɜɭɦя ɩɚɪɚɦɟɬɪɚɦɢ – ɧɚɤɥɨɧɨɦ Slope ɢ ɩɨɥɨɠɟɧɢɟɦ ɩɨ ɜɟɪɬɢɤɚɥɢ scale factor (SF): 
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ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɨ ɜɵяɜɥɟɧɧɵɯ ɝɚɡɨɧɚɫɵ-
ɳɟɧɧɵɯ ɜɤɥɸɱɟɧɢяɯ ɡɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦя, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɛɚɡɚɯ ɞɚɧɧɵɯ JETQC ɢ 
DPD-3D. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɋɒȺ ɡɚ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɧɚ ɡɚɜɨɞɚɯ ɞɚɠɟ ɜ ɛɢɥɥɟɬɚɯ ɢ 
ɞɢɫɤɚɯ ɬɪɨɣɧɨɝɨ ɩɟɪɟɩɥɚɜɚ ɢ ɩɥɚɜɤɢ ɫ ɯɨɥɨɞɧɵɦ ɩɨɞɨɦ ɩɪɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɤɨɧɬɪɨɥɟ 
ɜɵяɜɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɞɟɫяɬɤɨɜ ɞɟɮɟɤɬɨɜ, ɬɚɤ ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɪɚɮɢɤɚ 
Eɢɡɧ(a) ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɩɪɢɝɨɞɧɵɯ ɞɥя ɨɛɪɚɛɨɬɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. Ⱥɧɚɥɢɡɢɪɭя 
ɝɪɚɮɢɤɢ ɞɟɮɟɤɬɧɨɫɬɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ Д1θЖ, ɨɬɦɟɱɟɧɨ, ɱɬɨ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɨɞɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɪɢɦɟɧяɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢя ɫɥɢɬɤɚ, ɭ ɝɪɚ-
ɮɢɤɚ ɢɡɧɚɱɚɥɶɧɨɣ ɞɟɮɟɤɬɧɨɫɬɢ ɦɟɧяɟɬɫя ɬɨɥɶɤɨ ɩɚɪɚɦɟɬɪ SF, ɚ ɧɚɤɥɨɧ Slope ɨɫɬɚɟɬɫя 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɵɦ. ɉɪɢɦɟɪ ɝɪɚɮɢɤɨɜ ɢɡɧɚɱɚɥɶɧɨɣ ɞɟɮɟɤɬɧɨɫɬɢ ɢɡ ɪɚɛɨɬɵ 
Д1θЖ, ɩɨɫɬɪɨɟɧɧɵɯ ɞɥя ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɢɡɝɨɬɨɜɥɟɧɢя ɢ ɫɨɫɬɨяɧɢɣ ɞɟɮɨɪɦɚɰɢɢ, 
ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɚɪɚɦɟɬɪ SF, ɩɨɥɭɱɟɧɧɵɣ ɢɡɧɚɱɚɥɶɧɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɚɧɚɥɢɡɚ ɛɚɡ ɞɚɧɧɵɯ ɨ ɜɵяɜɥɟɧɧɵɯ ɩɪɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɤɨɧɬɪɨɥɟ ɞɟɮɟɤɬɚɯ, ɨɬɤɨɪɪɟɤ-
ɬɢɪɨɜɚɧ ɫ ɭɱɟɬɨɦ ɞɚɧɧɵɯ ɩɨ ɢɦɟɜɲɟɣɫя ɫɬɚɬɢɫɬɢɤɟ ɫɨɛɵɬɢɣ, ɫɜяɡɚɧɧɵɯ ɫ ɦɟɬɚɥɥɭɪ-
ɝɢɱɟɫɤɢɦɢ ɞɟɮɟɤɬɚɦɢ ɜ ɬɢɬɚɧɨɜɵɯ ɞɢɫɤɚɯ ɩɪɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɢɝɚɬɟ-
ɥɟɣ, ɜ ɬɨ ɜɪɟɦя ɤɚɤ ɩɚɪɚɦɟɬɪ Slope ɩɪɢɡɧɚɧ ɩɪɚɜɢɥɶɧɵɦ ɢ ɧɟ ɢɡɦɟɧяɥɫя, ɜ ɫɜяɡɢ ɫ ɱɟɦ 
ɨɬɫɭɬɫɬɜɭɸɬ ɨɫɧɨɜɚɧɢя ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɨɧ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥя ɪɨɫɫɢɣɫɤɢɯ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ. 
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2 – ɜ ɜɢɞɟ ɛɢɥɥɟɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɬɪɨɣɧɵɦ 
ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ; 
3 – ɩɥɚɜɤɨɣ ɫ ɯɨɥɨɞɧɵɦ ɩɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ

ɛ)
ɋɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢя:

 
Ɋɢɫ. 2. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɝɪɚɮɢɤɢ ɢɡɧɚɱɚɥɶɧɨɣ ɞɟɮɟɤɬɧɨɫɬɢ ɢɡ ɪɚɛɨɬɵ Д1θЖ ɞɥя ɪɚɡɥɢɱɧɵɯ  

ɫɨɫɬɨяɧɢɣ ɞɟɮɨɪɦɚɰɢɢ (а) ɢ ɪɚɡɧɵɯ ɫɩɨɫɨɛɨɜ ɢɡɝɨɬɨɜɥɟɧɢя ɡɚɝɨɬɨɜɨɤ (ɛ)  

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɫɞɟɥɚɧɨ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɩɚɪɚɦɟɬɪ Slope ɢɡɜɟɫɬɟɧ ɢ ɪɚɜɟɧ ɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɩɚɪɚɦɟɬɪɭ ɭ ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚɜɨɜ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɛɵɥ ɧɚɩɪɚɜɥɟɧ 
ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧɵ SF ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɨɛɴɟɦɟ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ 
ɤɨɥɢɱɟɫɬɜɚ ɜɵяɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ ɜ ɧɟɦ.  

Ɂɧɚɱɟɧɢя ɢɡɧɚɱɚɥɶɧɨɣ ɞɟɮɟɤɬɧɨɫɬɢ Eɢɡɧ(a) ɢ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ, ɜɵяɜɥɟɧɧɵɯ 
ɩɪɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɤɨɧɬɪɨɥɟ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ ɫ ɪɚɡɦɟɪɨɦ ɛɨɥɶɲɟ 
a, Nɜɵяɜɥ(a) ɫɜяɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢя POD(a) – ɝɪɚɮɢɤ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɢɬɶ ɞɟɮɟɤɬ ɪɚɡɦɟɪɨɦ а ɩɪɢɦɟɧяɟɦɵɦ ɦɟɬɨɞɨɦ 
ɇɄ. ȼɵɱɢɫɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɵяɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ Nɜɵяɜɥ(a), ɩɟɪɟɦɧɨɠɢɜ POD(a) ɢ 
Eɢɡɧ(a), ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ POD(a) ɧɟ яɜɥяɟɬɫя ɬɚɤɨɣ ɠɟ ɨɛɪɚɬɧɨɣ ɤɭɦɭɥяɬɢɜɧɨɣ 

ɮɭɧɤɰɢɟɣ. ɉɨɷɬɨɦɭ ɞɥя ɜɵɱɢɫɥɟɧɢɣ ɜɜɟɥɢ ɮɭɧɤɰɢɸ ,
d

)(d ɢɡɧ

a
aE

 ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɩɥɨɬ-

ɧɨɫɬɶ ɜɟɪɨяɬɧɨɫɬɢ ɧɚɥɢɱɢя ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ ɦɚɬɟɪɢɚɥɚ ɞɟɮɟɤɬɚ ɪɚɡɦɟɪɨɦ a. ɉɥɨɬ-
ɧɨɫɬɶ ɜɟɪɨяɬɧɨɫɬɢ ɨɛɧɚɪɭɠɢɬɶ ɞɟɮɟɤɬ ɪɚɡɦɟɪɨɦ а, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢя ɤɨɧɬɪɨɥя 
ɟɞɢɧɢɰɵ ɨɛɴɟɦɚ ɦɚɬɟɪɢɚɥɚ, ɛɭɞɟɬ яɜɥяɬɶɫя ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨяɬɧɨɫɬɢ 
ɧɚɥɢɱɢя ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ ɦɚɬɟɪɢɚɥɚ ɞɟɮɟɤɬɚ ɪɚɡɦɟɪɨɦ a ɧɚ ɜɟɪɨяɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢя 
ɞɟɮɟɤɬɚ ɪɚɡɦɟɪɚ а, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɞɚɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɇɄ: 
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ɉɨɞɫɬɚɜɢɜ Eɢɡɧ(a) ɢɡ ɜɵɪɚɠɟɧɢя (2) ɢ ɜɡяɜ ɩɪɨɢɡɜɨɞɧɭɸ ɮɭɧɤɰɢɢ ,
d

)(d ɢɡɧ

a

aE
  

ɩɨɥɭɱɚɟɦ 
 

).()(
d

)(d 1
ɨɛɳ

ɜɵяɜɥ  SlopeaSlopeSFaPOD
a

aN
   (4) 

 
ɉɪɨɢɧɬɟɝɪɢɪɨɜɚɜ ɨɛɟ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢя (4), ɩɨɥɭɱɚɟɦ 
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ȼ ɪɚɛɨɬɟ Д10Ж ɜɟɪɨяɬɧɨɫɬɶ ɩɨяɜɥɟɧɢя ɞɟɮɟɤɬɚ P ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ  
ɞɟɬɚɥɢ ɩɪɢɧɢɦɚɥɚɫɶ ɪɚɜɧɨɣ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɛɢɧɨɦɢɚɥɶɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢя ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨяɬɧɨɫɬɶɸ ε = 0,η, ɤɨɬɨɪɚя ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ  
ɱɟɪɟɡ ɤɜɚɧɬɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢя Ɏɢɲɟɪɚ: 
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ɝɞɟ P – ɜɟɪɯɧяя ɝɪɚɧɢɰɚ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ; M – ɨɛɴɟɦ ɜɵɛɨɪɤɢ; k – ɱɢɫɥɨ ɛɥɚɝɨɩɪɢяɬ-
ɧɵɯ ɢɫɯɨɞɨɜ (ɜɵяɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ); 

)
2

ε
(),1(2),(2  kkM

F  – ɤɜɚɧɬɢɥɶ ɭɪɨɜɧя α =  ε/2 ɪɚɫɩɪɟɞɟɥɟɧɢя 

Ɏɢɲɟɪɚ ɫɨ ɫɬɟɩɟɧяɦɢ ɫɜɨɛɨɞɵ f =  2(M – k) ɢ g =  2(k +  1); P яɜɥяɟɬɫя ɨɠɢɞɚɟɦɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɜɵяɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ ɜɫɟɯ ɪɚɡɦɟɪɨɜ ɜ ɪɚɫɱɟɬɟ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɨɡɧɚɱɚɟɬ  
Nɜɵяɜɥ(0) = P, ɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɵɪɚɠɟɧɢɟ (θ) ɩɪɟɨɛɪɚɡɭɟɬɫя ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  
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ɋ ɩɪɟɞɟɥɚɦɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢя, ɭɤɚɡɚɧɧɵɦɢ ɜ ɜɵɪɚɠɟɧɢɢ (8), ɢɧɬɟɝɪɚɥ ɜ ɡɧɚɦɟɧɚ-
ɬɟɥɟ, ɜɟɪɨяɬɧɨ, ɧɟ ɫɯɨɞɢɬɫя ɜ ɧɭɥɟ. ȼɨ ɜɫяɤɨɦ ɫɥɭɱɚɟ, ɧɢ ɱɢɫɥɟɧɧɨɝɨ, ɧɢ ɚɧɚɥɢɬɢɱɟɫɤɨ-
ɝɨ ɪɟɲɟɧɢя ɩɨɥɭɱɢɬɶ ɧɟ ɭɞɚɥɨɫɶ. Ɉɞɧɚɤɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɡɧɚɱɟɧɢяɯ а ɦɟɧɟɟ 1 ɦɦ2 
ɡɧɚɱɟɧɢɟ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɨɱɟɧɶ ɦɚɥɨ (ɜɵяɜɢɬɶ ɬɚɤɢɟ ɞɟɮɟɤɬɵ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɜɨɡɦɨɠɧɨ), ɬɚɤ ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɚɡɧɢɰɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢ ɜɵɛɨɪɟ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢя ɪɚɜɧɵɦ 1 ɦɦ2 ɢɥɢ 0,1 ɦɦ2 ɧɟɬ. ȼɟɪɯɧɢɣ ɩɪɟɞɟɥ ɢɧɬɟɝɪɢɪɨɜɚɧɢя ɜɵɛɪɚɧ 
ɪɚɜɧɵɦ 0,1θ ɦɦ2 (100 ɤɜɚɞɪɚɬɧɵɯ ɦɢɥɥɢɞɸɣɦɨɜ), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɪɚɡɦɟɪɨɜ ɞɟɮɟɤɬɨɜ, ɩɪɢɜɟɞɟɧɧɨɦɭ ɧɚ ɝɪɚɮɢɤɚɯ ɞɟɮɟɤɬɧɨɫɬɢ ɜ ɪɚɛɨɬɟ Д13Ж ɢ 
ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɜ ɩɪɨɝɪɚɦɦɟ DARWIN,− ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟ-
ɧɢɢ ɞɥя ɪɚɫɱɟɬɚ ɪɢɫɤɨɜ ɪɚɡɪɭɲɟɧɢя ɞɟɬɚɥɟɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
ɜɥɢяɧɢɟ ɞɟɮɟɤɬɨɜ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ ɧɚ ɜɟɪɨяɬɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢя ɞɢɫɤɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɧɢɱɬɨɠɧɨ ɦɚɥɨ ɢ ɦɨɠɟɬ ɧɟ ɭɱɢɬɵɜɚɬɶɫя. ɂɫɯɨɞя ɢɡ ɷɬɨɝɨ: 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɡɧɚɱɟɧɢя ɢɡ ɜɵɪɚɠɟɧɢɣ (7) ɢ (2) ɨɞɧɨ-
ɡɧɚɱɧɵɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥяɟɬɫя ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ Eɢɡɧ(a). 

Ⱦɟɮɟɤɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ E(а), ɬ. ɟ. ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɳɟɧɧɵɯ ɩɪɢ ɇɄ 
ɞɟɮɟɤɬɨɜ ɪɚɡɦɟɪɚ ɛɨɥɶɲɟ а ɜ ɨɞɧɨɦ ɤɢɥɨɝɪɚɦɦɟ ɦɚɬɟɪɢɚɥɚ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɚɧɚɥɨɝɢɱɧɨ ɜɵɪɚɠɟɧɢɸ (γ): 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɬɨɝɨɜɚя ɮɨɪɦɭɥɚ ɞɥя ɪɚɫɱɟɬɚ ɞɟɮɟɤɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 
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Ɂɚɤɥɸчɟɧия 

ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɫɬɪɨɟɧɢя ɧɟɩɪɟɪɵɜɧɵɯ ɝɪɚɮɢɤɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя ɱɚɫɬɨɬ ɢ 
ɪɚɡɦɟɪɨɜ ɞɟɮɟɤɬɨɜ ɞɥя ɡɚɝɨɬɨɜɨɤ ɞɢɫɤɨɜ ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 
ɞɥя ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢя ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɪɟɫɭɪɫɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɦɨɞɟɥɢ ɞɨɩɭ-
ɫɬɢɦɨɫɬɢ ɩɨɜɪɟɠɞɟɧɢɣ. ɋɩɨɫɨɛ ɭɱɢɬɵɜɚɟɬ ɜɥɢяɧɢɟ ɧɚ ɢɬɨɝɨɜɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɪɨяɬɧɨ-
ɫɬɢ ɨɛɧɚɪɭɠɟɧɢя ɞɟɮɟɤɬɨɜ, ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢя ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɯɟɦ ɫɤɚɧɢ-
ɪɨɜɚɧɢя ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬяɯ ɡɚɝɨɬɨɜɤɢ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɚɬɢɫɬɢɱɟ-
ɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɜɵяɜɥɟɧɧɵɦ ɞɟɮɟɤɬɚɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɡɚɝɨɬɨɜɨɤ ɞɢɫɤɨɜ ɨɫɧɨɜɧɵɯ 
ɞɟɬɚɥɟɣ ȽɌȾ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. ɉɪɢɜɟɞɟɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɩɨɡɜɨɥяɸɳɢɣ 
ɩɪɨɜɟɫɬɢ ɱɢɫɥɟɧɧɭɸ ɨɰɟɧɤɭ ɞɟɮɟɤɬɧɨɫɬɢ ɞɥя ɡɚɝɨɬɨɜɨɤ ɢ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɞɟɬɚɥɟɣ ɢɡ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. 
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Ȼɟɥɨɜ ȿɜɝɟɧɢɣ ȼяɱɟɫɥɚɜɨɜɢɱ ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ȼɟɧɤɥяɧ Ⱥɪɬɟɦ ɋɟɪɝɟɟɜɢɱ   ɂɧɠɟɧɟɪ 
Ȼɨɝɚɱɟɜ ɂɝɨɪɶ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ   ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɮ.-ɦ.ɧ. 
Ȼɭɞɢɧɨɜɫɤɢɣ ɋɟɪɝɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ   Ƚɥɚɜɧɵɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɞ.ɬ.ɧ. 
ȼɨɪɨɧɨɜ ȼɫɟɜɨɥɨɞ Ⱥɧɞɪɟɟɜɢɱ ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɯ.ɧ. 
Ƚɨɧɱɚɪɨɜ ȼɢɬɚɥɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ 
Ⱦɚɥɢɧ Ɇɢɯɚɢɥ Ⱥɥɶɛɟɪɬɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
Ⱦɨɧɟɰɤɢɣ Ʉɢɪɢɥɥ ɂɝɨɪɟɜɢɱ   Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɯ.ɧ. 
Ⱦɨɪɨɧɢɧ Ɉɥɟɝ ɇɢɤɨɥɚɟɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ ɩɨ ɧɚɭɤɟ, ɤ.ɬ.ɧ. 
Ⱦɨɪɨɲɟɧɤɨ Ⱥɧɬɨɧ ȼɚɥɟɪɶɟɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ⱦɪɭɠɢɧɢɧɚ Ɇɚɪɢɧɚ ɗɞɭɚɪɞɨɜɧɚ  Ɍɟɯɧɢɤ 
ȿɥɢɫɟɟɜ ɗɞɭɚɪɞ Ⱥɧɚɬɨɥɶɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ȿɦɟɥɶяɧɨɜ ȼɢɤɬɨɪ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɂɧɠɟɧɟɪ 
ȿɮɢɦɨɱɤɢɧ ɂɜɚɧ ɘɪɶɟɜɢɱ   Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ 
ɀɟɥɟɡɧяɤ ȼяɱɟɫɥɚɜ Ƚɟɧɧɚɞɶɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ɂɚɣɰɟɜ Ⱦɟɧɢɫ ȼɥɚɞɢɦɢɪɨɜɢɱ ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ʉɚɛɥɨɜ ȿɜɝɟɧɢɣ ɇɢɤɨɥɚɟɜɢɱ   Ƚɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ, ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ 
Ʉɚɪɚɜɚɟɜ Ɋɨɦɚɧ ɘɪɶɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
Ʉɚɪɚɱɟɜɰɟɜ Ɏɟɞɨɪ ɇɢɤɨɥɚɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ʉɨɫɶɦɢɧ Ⱥɪɬɟɦ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
Ʉɪɚɫɧɨɜ ɂɜɚɧ ɋɟɪɝɟɟɜɢɱ  ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
Ʉɭɡɧɟɰɨɜɚ ȼɟɪɚ Ⱥɪɤɚɞɶɟɜɧɚ   ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
Ʉɭɪɲɟɜ ȿɜɝɟɧɢɣ ȼɚɫɢɥɶɟɜɢɱ    ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
Ʌɨɠɤɨɜɚ Ⱦɚɪɶя ɋɟɪɝɟɟɜɧɚ   ɇɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
Ʌɟɨɧɨɜ Ⱥɥɟɤɫɚɧɞɪ Ⱥɧɞɪɟɟɜɢɱ ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ 
Ɇɚɡɚɥɨɜ ɂɜɚɧ ɋɟɪɝɟɟɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 

Ɇɚɡɚɥɨɜ ɉɚɜɟɥ Ȼɨɪɢɫɨɜɢɱ   Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 
ɨɬɞɟɥɟɧɢя 

ɇɟɪɭɲ ɋɜяɬɨɫɥɚɜ ȼɚɫɢɥɶɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢя 
ɉɨɞɠɢɜɨɬɨɜ ɇɢɤɨɥɚɣ ɘɪɶɟɜɢɱ   ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
ɋɟɜɚɥɶɧɟɜ Ƚɟɪɦɚɧ ɋɟɪɝɟɟɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ  
ɋɟɥɢɜɚɧɨɜ Ⱥɧɞɪɟɣ Ⱥɪɤɚɞɶɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ɋɭɥɶяɧɨɜɚ ȿɥɟɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  Ʉɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ 
ɋɭɯɨɜ Ⱦɦɢɬɪɢɣ ɂɝɨɪɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ɍɟɪɟɯɨɜ ɂɜɚɧ ȼɥɚɞɢɦɢɪɨɜɢɱ   ɇɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Ɍɢɦɨɲɤɨɜ ɉɚɜɟɥ ɇɢɤɨɥɚɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢя 
Ɍɤɚɱɭɤ Ⱥɧɚɬɨɥɢɣ ɂɜɚɧɨɜɢɱ    ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɯ.ɧ. 
Ɍɤɚɥɟɧɤɨ Ⱦɦɢɬɪɢɣ Ɇɢɯɚɣɥɨɜɢɱ Ɍɟɯɧɢɤ 
Ɍɤɚɱɟɧɤɨ ȿɜɝɟɧɢя Ⱥɧɚɬɨɥɶɟɜɧɚ ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
Ɍɪɚɩɟɡɧɢɤɨɜ Ⱥɧɞɪɟɣ ȼɥɚɞɢɦɢɪɨɜɢɱ ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
ɍɫɚɱɟɜɚ Ɇɚɪɢя ɇɢɤɨɥɚɟɜɧɚ   Ɍɟɯɧɢɤ 2 ɤɚɬɟɝɨɪɢɢ 
ɏɪɭɥɶɤɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 
ɑɚɣɧɢɤɨɜɚ Ⱥɧɧɚ ɋɟɪɝɟɟɜɧɚ ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ.  
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