




ɉȿɊɂɈȾɂɑɇɈɋɌɖ 4 ȼɕɉɍɋɄȺ ȼ ȽɈȾ № 4 (65) ɞɟɤɚɛɪɶ 2021 

ɍɱɪɟɞɢɬɟɥɶ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢɡɞɚɧɢɹ  
ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼИȺɆ  

Ɋɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ 

ɉɪɟɞɫɟɞɚɬɟɥɶ ɫɨɜɟɬɚ ─ ɝɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ 

Ʉɚɛɥɨɜ ȿ.ɇ. ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ (ɇИɐ 
«Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼИȺɆ) 

  

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

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

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

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

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

Ʌɨɦɛɟɪɝ Ȼ.ɋ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ȼИȺɆ) 

Ɇɚɪɤɨɜɰɟɜ ȼ.Ⱥ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɍɥɶɹɧɨɜɫɤɢɣ ɇИȺɌ) 
ɉɨɫɬɧɨɜ ȼ.ɂ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 

ɢɧɫɬɢɬɭɬ» – ȼИȺɆ ) 
ɋɥɚɜɢɧ Ⱥ.ȼ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 

ɢɧɫɬɢɬɭɬ» – ȼИȺɆ) 
ɒɦɨɬɢɧ ɘ.ɇ. ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ (ɈȾɄ) 

Ⱥɝɪɚɮɟɧɢɧɚ ȿ.Ⱥ. ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɫɟɤɪɟɬаɪɶ (ɇИɐ 
«Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼИȺɆ) 

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

©  ɇИɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼИȺɆ, 2021 

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

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

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

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

Иɡɞɚɬɟɥɶ 

ɎȽɍɉ «ȼИȺɆ» 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  
 

Ʉɚɛɥɨɜ ȿ.ɇ., Ʉɭɬɵɪɟɜ Ⱥ.ȿ., ȼɞɨɜɢɧ Ⱥ.И., Ʉɨɡ- 

ɥɨɜ И.Ⱥ., Ⱥɮɚɧɚɫɶɟɜ-ɏɨɞɵɤɢɧ Ⱥ.ɇ. Иɫɫɥɟɞɨɜɚɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ  
ɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 
ɞɜɢɝɚɬɟɥɟɣ  ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ  
ȼɨɪɨɧɨɜ ȼ.Ⱥ., ɑɚɣɧɢɤɨɜɚ Ⱥ.ɋ., Ʌɟɛɟɞɟɜɚ ɘ.ȿ., Ɍɤɚ-
ɥɟɧɤɨ Ⱦ.Ɇ. ȼɥɢɹɧɢɟ ɦɨɪɮɨɥɨɝɢɢ, ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ 
ɫɨɞɟɪɠɚɧɢɹ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɚ ɪɟɨɥɨɝɢɱɟ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ 

 

Ʌɟɝɤɢɟ ɫɩɥɚɜɵ  
 

Ⱦɭɸɧɨɜɚ ȼ.Ⱥ., ɉɭɬɵɪɫɤɢɣ ɋ.ȼ., Ⱥɪɢɫɥɚɧɨɜ Ⱥ.Ⱥ., 
Ʉɪɨɯɢɧɚ ȼ.Ⱥ., ɒɢɪɹɟɜ Ⱥ.Ⱥ. Иɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ 
ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚ-
ɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɭɬɤɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ47 

 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ  
 

ɀɟɥɟɡɢɧɚ Ƚ.Ɏ., ɋɨɥɨɜɶɟɜɚ ɇ.Ⱥ., Ʉɭɥɚɝɢɧɚ Ƚ.ɋ., ɒɭɥɶɞɟ-
ɲɨɜɚ ɉ.Ɇ. Иɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɵɲɟɧɢɹ 
ɫɬɨɣɤɨɫɬɢ ɤ ɭɞɚɪɭ ɬɨɧɤɨɥɢɫɬɨɜɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɡɚ 
ɫɱɟɬ ɩɥɚɤɢɪɨɜɚɧɢɹ ɚɪɚɦɢɞɧɵɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ 

Ɍɢɦɨɲɤɨɜ ɉ.ɇ., Ƚɨɧɱɚɪɨɜ ȼ.Ⱥ., ɍɫɚɱɟɜɚ Ɇ.ɇ., 
ɏɪɭɥɶɤɨɜ Ⱥ.ȼ. Ɋɚɡɜɢɬɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ: 
ɨɬ ɢɫɬɨɤɨɜ ɞɨ ɧɚɲɢɯ ɞɧɟɣ (ɨɛɡɨɪ). ɑɚɫɬɶ 3. ɋɪɚɜɧɟɧɢɟ 
ɬɟɯɧɨɥɨɝɢɣ ATL ɢ AFP. Ƚɢɛɪɢɞɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ATL/AFP 

 

Ɂɚɳɢɬɧɵɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɨɤɪɵɬɢя  
 

Ƚɨɧɱɚɪɨɜ Ȼ.ɗ., ɋɢɩɚɬɨɜ Ⱥ.Ɇ., ɑɟɪɤɚɲɧɟɜɚ ɇ.ɇ., 
ɉɥɟɫɤɚɧɶ Ⱥ.ɘ., ɋɚɦɨɯɜɚɥɨɜ ɇ.ɘ., ȼɚɝɚɧɨɜɚ Ɇ.Ʌ., 
ɋɨɪɨɤɢɧ Ɉ.ɘ., ɋɨɥɧɰɟɜ ɋɬ.ɋ., ȿɜɞɨɤɢɦɨɜ ɋ.Ⱥ. 
Иɫɫɥɟɞɨɜɚɧɢɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ 
ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦ-
ɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɨɣ 

ȿɜɝɟɧɨɜ Ⱥ.Ƚ., ɒɭɪɬɚɤɨɜ ɋ.ȼ., ɑɭɦɚɧɨɜ И.Ɋ., Ʌɟɳɟɜ ɇ.ȿ. 
ɇɨɜɵɣ ɢɡɧɨɫɨɫɬɨɣɤɢɣ ɫɩɥɚɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ: 
ɜɥɢɹɧɢɟ ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɬɪɢɛɨɬɟɯ-
ɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɑɚɫɬɶ 1 

 

ɂɫɩɵɬɚɧɢя ɦɚɬɟɪɢɚɥɨɜ  
 

Ʉɚɛɥɨɜ ȿ.ɇ., Ʌɚɩɬɟɜ Ⱥ.Ȼ., ɉɪɨɤɨɩɟɧɤɨ Ⱥ.ɇ., Ƚɭɥɹɟɜ Ⱥ.И. 
Ɋɟɥɚɤɫɚɰɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɨɞ ɞɥɢɬɟɥɶɧɵɦ ɞɟɣɫɬɜɢɟɦ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ  
ɢ ɤɥɢɦɚɬɚ (ɨɛɡɨɪ). ɑɚɫɬɶ 1. ɋɜɹɡɭɸɳɢɟ  
Ⱦɭɸɧɨɜɚ ȼ.Ⱥ., Ʉɭɬɵɪɟɜ Ⱥ.ȿ., ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ɇ.ɘ., 
ȼɞɨɜɢɧ Ⱥ.И., ɋɨɦɨɜ Ⱥ.ȼ. Иɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɧɚ ɪɚɡɜɢɬɢɟ  
ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɨɛɪɚɡɰɚɯ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥ-
ɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɤɥɚɫɫɚ ɋИȺɅ  
Ȼɚɪɢɧɨɜ Ⱦ.ə., ɒɨɪɫɬɨɜ ɋ.ɘ., Ɋɚɡɦɚɯɨɜ Ɇ.Ƚ., Ƚɭɥɹ-
ɟɜ Ⱥ.И. Иɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ  
ɩɪɢ ɟɝɨ ɞɟɫɬɪɭɤɰɢɢ 

ɋɤɨɪɨɛɨɝɚɬɶɤɨ Ⱦ.ɋ., Ƚɨɥɨɜɤɨɜ Ⱥ.ɇ., Ʉɭɞɢɧɨɜ И.И., 
Ʉɭɥɢɱɤɨɜɚ ɋ.И. Ʉ ɜɨɩɪɨɫɭ ɨɛ ɷɤɨɬɨɤɫɢɱɧɨɫɬɢ ɢ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɧɟɢɨɧɨɝɟɧ-
ɧɵɯ ɉȺȼ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɨɱɢɫɬɤɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ  
ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɩɪɨɰɟɫɫɟ ɤɚɩɢɥɥɹɪɧɨɝɨ ɤɨɧɬɪɨɥɹ ɞɟɬɚɥɟɣ 
ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ (ɨɛɡɨɪ) 
Ɉɪɟɲɤɨ ȿ.И., ȿɪɚɫɨɜ ȼ.ɋ., ɍɬɤɢɧ Ⱦ.Ⱥ., Ⱥɜɬɚɟɜɚ ə.ȼ. 
Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɜɞɚɜɥɢɜɚɧɢɹ (ɨɛɡɨɪ) 
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ȿ.ɇ. Каɛɥɨɜ1, А.ȿ. Кɭɬɵɪɟɜ1, А.И. Вɞɨɜɢɧ1, И.А. Кɨɡɥɨɜ1, А.ɇ. Аɮаɧаɫьɟɜ-ɏɨɞɵɤɢɧ1 
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ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜаɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɬаɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɩаɹɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɫɬаɥɟɣ 13ɏ11ɇ2В2ɆɎ-ɒ ɢ 12ɏ18ɇ10Ɍ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɩɪɢɩɨɟɜ Вɉɪ4 ɢ 
Вɉɪ50, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝаɬɟɥɟɣ ɢɡɞɟɥɢɣ аɜɢаɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ. Иɫɫɥɟɞɨ-
ɜаɧɢɟ ɩɪɨɜɟɞɟɧɨ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɷɥɟɤɬɪɨɯɢɦɢчɟɫɤɢɯ ɦɟɬɨɞɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɩɥɨɬɧɨɫɬɢ 
ɬɨɤɨɜ ɤɨɪɪɨɡɢɢ ɢ ɩɨɬɟɧɰɢаɥɵ ɤɨɧɬаɤɬɧɵɯ ɩаɪ ɜ ɯɥɨɪɢɞɧɵɯ ɪаɫɬɜɨɪаɯ. ɍɫɬаɧɨɜɥɟɧɨ, 
чɬɨ ɜ ɦɟɫɬɟ ɩаɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɬаɥɟɣ ɤɨɧɬаɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɦɨɠɟɬ ɛɵɬь ɩɨɞɜɟɪɠɟɧа 
ɫɬаɥь 13ɏ11ɇ2В2ɆɎ-ɒ. ɉɪɢ ɷɬɨɦ ɧаɢɛɨɥьɲɭɸ ɨɩаɫɧɨɫɬь ɞɥɹ ɧɟɟ ɩɪɟɞɫɬаɜɥɹɟɬ ɩɪɢ-
ɩɨɣ Вɉɪ4. Иɫɫɥɟɞɨɜаɧ ɦɟɯаɧɢɡɦ ɤɨɪɪɨɡɢɢ ɫɬаɥɢ 13ɏ11ɇ2В2ɆɎ-ɒ ɜ ɧɟɣɬɪаɥьɧɵɯ ɫɪɟ-
ɞаɯ, ɧа ɨɫɧɨɜаɧɢɢ ɤɨɬɨɪɨɝɨ ɞаɧɵ ɪɟɤɨɦɟɧɞаɰɢɢ ɩɨ ɟɟ ɡаɳɢɬɟ ɨɬ ɤɨɧɬаɤɬɧɨɣ ɤɨɪɪɨɡɢɢ.  

Ключевые слова: ɤɨɧɬаɤɬɧаɹ ɤɨɪɪɨɡɢɹ, ɩаɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɢɩɨɢ Вɉɪ4 ɢ Вɉɪ50, 
ɩɨɬɟɧɰɢаɥ ɤɨɧɬаɤɬɧɨɣ ɩаɪɵ.  

 
E.N. Kablov1, A.E. Kutyrev1, A.I. Vdovin1, I.A. Kozlov1, A.N. Afanasyev-Khodykin1 
 
THE RESEARCH  OF  POSSIBILITY  OF  GALVANIC  CORROSION  IN  BRAZED 
CONNECTIONS  USED  IN  AVIATION  ENGINE  CONSTRUCTION 

 
The article presents the results of researche of galvanic corrosion possibility of brazed con-

nections of steels 13ɋr11Ni2А2MoV anН 12Cr18Ni10Ɍi аith usО oП thО solНОrs VPr4 anН 
VPr50, which are used in design of aviation engineering engines. The research was carried out 
Лв ОlОМtroМhОmiМal mОthoНs. Corrosion МurrОnts’ НОnsitв anН МontaМt pairs’ potОntials in Мhlo-
ride solutions have been determined. It is determined that 13ɋr11Ni2W2MoV steel can be ex-
posed to galvanic corrosion in a place of brazed connection. Thus the greatest danger to it is 
represented by VPr4 solder. The mechanism of corrosion of 13ɋr11Ni2W2MoV steel in neutral 
environments has been examined and recommendations about its protection against galvanic 
corrosion are made. 

Keywords: galvanic corrosion, brazed connection, VPr4 and VPr50 solders, contact pair  
potential. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
ɢɧɫɬɢɬɭɬ» ДFОНОrКХ SЭКЭО UЧТЭКrв EЧЭОrprТsО «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» 
of NКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО»Жν e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

ɉɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɰɟɥɨɫɬɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ ɩɪɨɰɟɫɫɚɦɢ ɤɨɪɪɨɡɢɢ Д1–γЖ. ɋɨɝɥɚɫɧɨ ɪɚɛɨɬɟ ДγЖ, ɞɨ κ0 % ɞɟ-
ɮɟɤɬɨɜ ɜɨɡɞɭɲɧɵɯ ɫɭɞɨɜ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɞɨɥɸ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ. ɉɪɢ ɷɬɨɦ 
ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦ ɜɢɞɨɦ ɤɨɪɪɨɡɢɢ ɹɜɥɹɟɬɫɹ ɤɨɧɬɚɤɬɧɚɹ ɤɨɪɪɨɡɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬɚ ɪɚɡɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɚɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɩɪɨ-
ɰɟɫɫɨɜ ɤɨɪɪɨɡɢɢ Д4, ηЖ. 

http://192.168.250.104/twsas/Ped/default.aspx?ID=e8989568-1a09-4cd5-9abf-f31fefbff5d8
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ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɞɭɲɧɵɯ ɫɭɞɨɜ, ɨɫɨɛɟɧɧɨ ɜ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɲɢɪɨ-
ɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɚɣɤɢ Дθ–11Ж. Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ 
ɧɟɪɠɚɜɟɸɳɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɪɢɩɨɢ ɧɚ ɨɫɧɨ-
ɜɟ ɦɟɞɢ ɢ ɧɢɤɟɥɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɲɢɪɨɤɨ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɫɬɚɥɢ 12ɏ1κɇ10Ɍ ɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɫɨɟɞɢɧɹɟɦɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɩɚɣɤɨɣ 
ɩɪɢɩɨɹɦɢ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ – ȼɉɪ4 Д12Ж ɢ ȼɉɪη0 Д1γЖ. 

ɉɪɢ ɷɬɨɦ ɩɚɹɧɵɣ ɲɨɜ ɢ ɫɨɟɞɢɧɹɟɦɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɪɚɡɭɸɬ ɫɥɨɠɧɭɸ ɦɧɨɝɨɤɨɦ-
ɩɨɧɟɧɬɧɭɸ ɫɢɫɬɟɦɭ, ɜ ɤɨɬɨɪɨɣ ɦɨɝɭɬ ɪɚɡɜɢɜɚɬɶɫɹ ɩɪɨɰɟɫɫɵ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ. Ɉɫ-
ɧɨɜɧɵɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɫɤɥɨɧɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɧɨɪɨɞ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ, ɹɜɥɹɟɬɫɹ ȽɈɋɌ λ.00η–72. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɫɬɚɧ-
ɞɚɪɬ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɢɧɮɨɪɦɚɰɢɸ ɨ ɞɨɩɭɫɬɢɦɵɯ ɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪɚɯ, ɜ 
ɧɟɦ ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɤɨɣ-ɥɢɛɨ ɦɟɬɨɞɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 
ɨɩɚɫɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɪɢɦɟɧɟ-
ɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɨɣ ɡɚɳɢɬɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨɬ ȽɈɋɌ  
ɧɟ ɩɟɪɟɫɦɚɬɪɢɜɚɥɫɹ ɩɪɚɤɬɢɱɟɫɤɢ η0 ɥɟɬ ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɫɜɟɞɟɧɢɣ ɨ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɚɯ, 
ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ. 

ɉɨɦɢɦɨ ɭɤɚɡɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɫɬɚɧɞɚɪɬɚ, ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɧɟɜɨɡɦɨɠɧɨ 
ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɧɟɫɬɢ ɤ ɯɪɨɦɢɫɬɵɦ ɫɬɚɥɹɦ ɢɡ-ɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɜ ɧɟɣ ɯɪɨɦɚ. ɋɨɝɥɚɫɧɨ ɪɚɛɨɬɚɦ Д4, ηЖ, ɫɨɞɟɪɠɚɧɢɟ ɯɪɨɦɚ ɜ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɹɯ ɞɨɥɠɧɨ 
ɛɵɬɶ ɧɟ ɦɟɧɟɟ 1γ % (ɩɨ ɦɚɫɫɟ). ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɟɟ ɤɨɧɬɚɤɬ ɫɨ ɫɬɚɥɶɸ 12ɏ1κɇ10Ɍ, ɚ 
ɬɚɤɠɟ ɫ ɩɪɢɩɨɹɦɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɚɫɧɵɦ, ɱɬɨ ɬɪɟɛɭɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ (ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɨɧɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ) ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɹ ɫɬɚɰɢɨɧɚɪ-
ɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɯ ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ,  
ɩɨɫɤɨɥɶɤɭ ɞɟɬɚɥɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝɚɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɜɟɪɝɚɸɬɫɹ 
ɧɚɝɪɟɜɭ, ɩɪɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɢɫ-
ɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ ɩɪɢ γη0 °ɋ. 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɵɯ ɩɪɨɛɥɟɦ 1κ.θ. 
«ɉɨɫɬɪɨɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɫɢɫɬɟɦ ɡɚɳɢɬɵ ɨɫɨɛɨ ɨɩɚɫɧɵɯ ɢ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɨɛɴɟɤ-
ɬɨɜ ɨɬ ɩɪɢɪɨɞɧɨ-ɬɟɯɧɨɝɟɧɧɵɯ ɤɚɬɚɫɬɪɨɮ» ɢ 10.λ. «ɉɪɢɩɨɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɚɣɤɢ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚ-
ɦɟɬɪɚɦɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ» («ɋɬɪɚɬɟɝɢ-
ɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
20γ0 ɝɨɞɚ») Д14, 1ηЖ. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɪɚɡɰɵ ɢɡ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ 12Б1κH10T ɢ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɩɪɢɩɨɹɦɢ ȼɉɪ4 ɢ ȼɉɪη0, ɤɚɤ ɜ ɢɫɯɨɞ-
ɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɭμ γη0 °ɋ ɜ ɬɟɱɟɧɢɟ 10 ɱ. ɋɨɫɬɚɜɵ 
ɩɪɢɩɨɟɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.  

 
Ɍаɛɥɢɰа 1 

ɋɨɫɬɚвɵ ɩɪиɩɨɟв ȼɉɪ4 и ȼɉɪ50 

ɉɪɢɩɨɣ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ, % (ɩɨ ɦɚɫɫɟ) 

Cu Ni Mn Cr Mo Co Nb Si Fe B P Ti 

ȼɉɪ4* Ɉɫɧɨɜɚ 
28,0– 
30,0 

27,0– 
30,0 

– – 
4,0– 
6,0 

– 
0,8– 
1,2 

1,0– 
1,5 

0,15–
0,25 

0,1– 
0,2 

0,05–
0,12 

ȼɉɪη0** – Ɉɫɧɨɜɚ – 
18,0– 
20,0 

5,0– 
6,0 

8,0– 
10,0 

0,9– 
1,4 

5,5– 
6,5 

– 
1,2– 
1,5 

– – 

  * ɂɧɮɨɪɦɚɰɢɹ ɫɨɝɥɚɫɧɨ ɈɋɌ1 λ00κ2–κκν ɮɨɫɮɨɪ ɢ ɬɢɬɚɧ ɜɜɨɞɹɬɫɹ ɩɨ ɪɚɫɱɟɬɭ ɢ ɯɢɦɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɧɟ ɨɩɪɟɞɟɥɹɸɬɫɹ. 
** ɂɧɮɨɪɦɚɰɢɹ ɫɨɝɥɚɫɧɨ ɩɚɬɟɧɬɭ ɊɎ № 22γη007. 
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ɉɨɞɝɨɬɨɜɤɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ ɩɪɨɜɨɞɢɥɢ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɹɦɢ ȽɈɋɌ 9.912–89. ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɲɥɢɮɨɜɚɥɢ ɤɨɪɭɧɞɨ-
ɜɵɦɢ ɛɭɦɚɝɚɦɢ ɢɥɢ ɲɤɭɪɤɚɦɢ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɛɵɜɚɸɳɟɣ ɜɟɥɢɱɢɧɨɣ ɡɟɪɧɚ ɚɛɪɚ-
ɡɢɜɚ ɞɨ ɩɪɢɞɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɚɞɤɨɝɨ ɛɥɟɫɬɹɳɟɝɨ ɜɢɞɚ. ɉɨɫɥɟ ɲɥɢɮɨɜɤɢ ɨɛɪɚɡɰɵ 
ɩɪɨɦɵɜɚɥɢ ɜ ɫɬɪɭɟ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɜɨɞɵ, ɨɛɟɡɠɢɪɢɜɚɥɢ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, ɨɩɨɥɚɫɤɢ-
ɜɚɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɜɵɫɭɲɢɜɚɥɢ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɨɣ. ɉɨɞɝɨɬɨɜɥɟɧ-
ɧɵɟ ɨɛɪɚɡɰɵ ɯɪɚɧɢɥɢ ɜ ɷɤɫɢɤɚɬɨɪɟ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɯɪɚɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɧɟ ɩɪɟ-
ɜɵɲɚɥɚ η ɱ. Ɉɛɪɚɡɰɵ ɢɡ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɩɪɢɩɨɹɦɢ ɢ ɩɨɤɪɵɬɢɹ-
ɦɢ ɩɨɞɝɨɬɚɜɥɢɜɚɥɢ ɩɭɬɟɦ ɨɛɟɡɠɢɪɢɜɚɧɢɹ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, ɨɩɨɥɚɫɤɢɜɚɧɢɹ ɞɢɫɬɢɥ-
ɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɜɵɫɭɲɢɜɚɧɢɟɦ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɨɣ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɬɟɧɰɢɨɫɬɚɬɵ 
Solartron SI 12κ7 ɢ Parstat 4000 ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ Almatek (Ⱥɧɝɥɢɹ) ɫ ɩɥɨɫɤɨɣ 
ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɹɱɟɣɤɨɣ, ɩɨɡɜɨɥɹɸɳɟɣ ɡɚɞɚɜɚɬɶ ɪɚɛɨɱɭɸ ɩɥɨɳɚɞɶ ɨɛɪɚɡɰɚ 1 ɫɦ2.  
ȼ ɤɚɱɟɫɬɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɩɪɢɦɟɧɹɥɢ ɩɥɚɬɢɧɨɜɭɸ ɫɟɬɤɭ, ɚ ɜ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ – ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ ɷɥɟɤɬɪɨɞ (ɯ.ɫ.ɷ.) ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ KCl, 
ɩɨɬɟɧɰɢɚɥ ɤɨɬɨɪɨɝɨ ɜ ɷɬɨɣ ɫɪɟɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɪɦɚɥɶɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɫɨ-
ɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ +202 ɦȼ. Ɉɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ 
ɩɪɨɜɨɞɢɥɢ ɜ ɛɚɡɨɜɨɣ ɩɪɨɝɪɚɦɦɟ CorrView ɪɚɡɪɚɛɨɬɱɢɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɮɢɪɦɵ Almatek. 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɢɯ ɪɚɫɬɜɨɪɨɜ, ɫɨɝɥɚɫɧɨ ȽɈɋɌ 9.912–κλ «Ɇɟɬɨɞɵ ɭɫɤɨɪɟɧɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨɡɢɢ», ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɜɚ ɷɥɟɤɬɪɨɥɢɬɚμ  
3 %-ɧɵɣ ɪɚɫɬɜɨɪ NaCl ɢ 0,γ ɝ/ɥ Na2SO4 + 0,4 ɝ/ɥ NaCl. Ɋɚɫɬɜɨɪɵ ɝɨɬɨɜɢɥɢ ɨɞɧɨɣ ɩɚɪɬɢ-
ɟɣ ɩɨ 10 Ʌ ɤɚɠɞɨɝɨ (ɜ ɰɟɥɹɯ ɢɫɤɥɸɱɟɧɢɹ ɪɚɡɥɢɱɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ, ɫɞɟɥɚɧ-
ɧɵɯ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ) ɢ ɯɪɚɧɢɥɢ ɜ ɝɟɪɦɟɬɢɱɧɨɣ ɟɦɤɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɭɸ ɜɨɞɭ ɫ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨ-
ɫɬɶɸ ≤1 ɦɤɋɦ/ɫɦ ɢ ɪɟɚɤɬɢɜɵ ɱ.ɞ.ɚ. 

ɂɡɦɟɪɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɤɨɪɪɨɡɢɢ Eɫɬ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 1 ɱ, ɩɪɢɧɢ-
ɦɚɹ ɡɚ ȿɫɬ ɩɨɬɟɧɰɢɚɥ ɜ ɤɨɧɰɟ ɜɵɞɟɪɠɤɢ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɡɚ ɩɨ-
ɫɥɟɞɧɢɟ 0,η ɱ ɧɟ ɛɨɥɟɟ γ0 ɦȼ.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɜɚ ɦɟɬɨɞɚμ ɝɪɚɮɢɱɟ-
ɫɤɢɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɚɧɨɞɧɵɯ (ȺɉɄ) ɢ ɤɚɬɨɞɧɵɯ (ɄɉɄ) ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɢ 
ɢɡɦɟɪɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɵ. ɋɧɹɬɢɟ ȺɉɄ ɢ ɄɉɄ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟ ɜɵ-
ɞɟɪɠɤɢ ɜ ɪɚɫɬɜɨɪɟ ɜ ɬɟɱɟɧɢɟ γ0 ɦɢɧ ɫ ɤɨɧɬɪɨɥɟɦ ɢɡɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ  ɤɨɪɪɨɡɢɢ, 
ɫɨɝɥɚɫɧɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɣ ɦɟɬɨɞɢɤɟ. ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ ɭɫɬɚɧɚɜɥɢ-
ɜɚɥɢ ɞɥɹ ȺɉɄ ɧɚ 100 ɦȼ ɩɨɥɨɠɢɬɟɥɶɧɟɟ ɩɨɬɟɧɰɢɚɥɚ ɤɨɪɪɨɡɢɢ, ɞɥɹ ɄɉɄ – ɨɬɪɢɰɚ-
ɬɟɥɶɧɟɟ ɬɚɤɠɟ ɧɚ 100 ɦȼ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɫɤɨɪɨɫɬɶ ɪɚɡɜɟɪɬɤɢ ɩɨɬɟɧɰɢɚɥɚ 0,1θ ɦȼ/ɫ. 
ɋɧɹɬɢɟ ȺɉɄ ɨɫɬɚɧɚɜɥɢɜɚɥɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 10–2 Ⱥ/ɫɦ2 ɥɢɛɨ ɩɨɬɟɧɰɢ-
ɚɥɚ +γ00 ɦȼν ɫɧɹɬɢɟ ɄɉɄ – ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 10–2 Ⱥ/ɫɦ2 ɥɢɛɨ ɩɨɬɟɧɰɢɚɥɚ 
–1200 ɦȼ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɤɨɪɪɨɡɢɢ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪ (ɜɬɨɪɨɣ ɦɟɬɨɞ) ɫɬɚɥɟɣ ɫ ɱɚ-
ɫɬɢɱɧɨ ɧɚɧɟɫɟɧɧɵɦɢ ɩɪɢɩɨɹɦɢ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɩɥɨɳɚɞɟɣ ɩɪɢɩɨɹ ɢ ɫɬɚɥɢ 
ɩɪɨɜɨɞɢɥɢ, ɢɡɦɟɪɹɹ ɩɨɬɟɧɰɢɚɥ ɨɛɪɚɡɰɨɜ ɢɡ ɫɬɚɥɢ 1 ɢ 2, ɧɚ ɤɨɬɨɪɵɟ ɧɚ ɩɨɥɨɜɢɧɭ ɨɛɪɚɡ-
ɰɚ ɧɚɧɟɫɟɧ ɩɪɢɩɨɣ ȼɉɪ4 ɢɥɢ ȼɉɪη0. Ɉɛɪɚɡɟɰ ɡɚɤɪɟɩɥɹɥɢ ɜ ɹɱɟɣɤɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ,  
ɱɬɨɛɵ ɜ ɤɨɧɬɚɤɬɟ ɫ γ %-ɧɵɦ ɪɚɫɬɜɨɪɨɦ NКCХ ɧɚɯɨɞɢɥɚɫɶ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɝɞɟ ɫɨɨɬ-
ɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɥɨɳɚɞɶɸ ɢɫɯɨɞɧɨɝɨ ɢ ɨɛɥɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɨɜ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɥɨ 1/1, 
1/γ ɢ γ/1. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɵ ɬɪɟɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɬɚɥɢ ɢ ɨɞɧɨɝɨ  
ɩɪɢɩɨɹ ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɫɩɚɹɧɧɨɣ ɫɢɫɬɟɦɵ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚμ 
ɫɬɚɥɶ 1 + ɩɪɢɩɨɣ + ɫɬɚɥɶ 2. ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɨɩɪɟɞɟɥɹɥɢ ɬɟɨɪɟɬɢ-
ɱɟɫɤɢ ɩɨ ɚɧɚɥɢɡɭ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ. 
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ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 
ɫɧɹɬɢɹ ȺɉɄ ɜ ɞɜɭɯ ɪɚɫɬɜɨɪɚɯμ γ %-ɧɵɣ NaCl ɢ γ %-ɧɵɣ NaCl + 0,1 ɧ. HCl. ɉɟɪɟɞ ɫɧɹɬɢ-
ɟɦ ȺɉɄ ɩɪɨɜɨɞɢɥɢ ɤɚɬɨɞɧɭɸ ɨɛɪɚɛɨɬɤɭ ɨɛɪɚɡɰɨɜ – ɜɵɞɟɪɠɤɭ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ  
–2000 ɦȼ ɜ ɬɟɱɟɧɢɟ η ɦɢɧ. ɉɨɥɹɪɢɡɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɨɬ ɩɨɬɟɧɰɢɚɥɚ –1000 ɦȼ ɫɨ ɫɤɨɪɨ-
ɫɬɶɸ ɪɚɡɜɟɪɬɤɢ 0,1θ ɦȼ/ɫ. ɉɨɥɹɪɢɡɚɰɢɸ ɨɫɬɚɧɚɜɥɢɜɚɥɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɨɤɚ 10–2 Ⱥ/ɫɦ2 
ɥɢɛɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɨɬɟɧɰɢɚɥɚ +γ00 ɦȼ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Иɡɦɟɪɟɧɢɟ ɫɬаɰɢɨɧаɪɧɵɯ ɩɨɬɟɧɰɢаɥɨɜ ɨɛɪаɡɰɨɜ ɫɬаɥɟɣ ɢ ɩɪɢɩɨɟɜ 
Ɂɧɚɱɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ Eɫɬ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɜ ɞɜɭɯ ɪɚɫɬɜɨ-

ɪɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2 (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɩɪɢɜɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɯɥɨɪɫɟ-
ɪɟɛɪɹɧɨɝɨ ɷɥɟɤɬɪɨɞɚ). ȼɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ɛɨɥɶɲɢɧɫɬɜɚ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛ-
ɪɚɡɰɨɜ ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ NaCl ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ – ɨɬ –0,332 
ɞɨ –0,10λ ɦȼ. Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɪɢ γη0 °ɋ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɡɧɚɱɟɧɢɹ ɫɬɚɰɢɨ-
ɧɚɪɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ – ɪɚɡɥɢɱɢɟ ɜ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,0γ1 ɦȼ.  

 
Ɍаɛɥɢɰа 2 

Ɂɧɚчɟɧия ɫɬɚɰиɨɧɚɪɧɵɯ ɩɨɬɟɧɰиɚɥɨв ɨɛɪɚɡɰɨв иɡ ɫɬɚɥɟɣ и ɩɪиɩɨɟв в ɞвɭɯ ɪɚɫɬвɨɪɚɯ 

Ɉɛɪɚɡɟɰ 
ɋɬɚɰɢɨɧɚɪɧɵɣ ɩɨɬɟɧɰɢɚɥ, ȼ, ɜ ɪɚɫɬɜɨɪɟ 

3 %-ɧɵɣ NaCl 0,γ ɝ/ɥ Na2SO4 + 0,4 ɝ/ɥ NaCl 
12X18H10T –0,109 –0,193 
12Б1κH10T (ɌɈ*) –0,126 –0,125 
1γɏ11ɇ2ȼ2ɆɎ-ɒ –0,332 –0,429 
1γɏ11ɇ2ȼ2ɆɎ-ɒ (ɌɈ) –0,305 –0,212 
ȼɉɪ4 –0,206 –0,115 
ȼɉɪ4 (ɌɈ) –0,181 –0,041 
ȼɉɪη0 –0,177 –0,207 
ȼɉɪη0 (ɌɈ) –0,208 –0,281 
* ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (ɌɈ). 

 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɟɪɠɚɜɟɸɳɢɟ ɫɬɚɥɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɧɚɯɨɞɹɬɫɹ ɜ ɩɚɫɫɢɜɧɨɦ 

ɫɨɫɬɨɹɧɢɢ Д4, ηЖ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɢɯ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɛɨɥɟɟ ɩɨɥɨ-
ɠɢɬɟɥɶɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦɢ ɩɨɬɟɧɰɢɚɥɚɦɢ ɞɥɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ – 
ɨɬ –0,η ɞɨ –0,γ ɩɨ ɯ.ɫ.ɷ. ɗɬɨ ɧɚɝɥɹɞɧɨ ɜɢɞɧɨ ɧɚ ɩɪɢɦɟɪɟ ɩɨɬɟɧɰɢɚɥɨɜ ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ 
ɫɬɚɥɢ 12Б1κH10T. Ɉɞɧɚɤɨ ɩɨɬɟɧɰɢɚɥ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɢɦɟɟɬ ɛɨɥɟɟ ɨɬɪɢɰɚ-
ɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (–0,γγ2 ɦȼ), ɛɥɢɡɤɨɟ ɤ ɡɧɚɱɟɧɢɹɦ ɩɨɬɟɧɰɢɚɥɚ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ. 
ɗɬɚ ɫɬɚɥɶ ɢɦɟɟɬ ɩɨɧɢɠɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɯɪɨɦɚ – ɦɟɧɟɟ 1γ % (ɩɨ ɦɚɫɫɟ), ɱɬɨ ɧɟ ɩɨɡɜɨ-
ɥɹɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɧɟɫɬɢ ɟɟ ɤ ɤɥɚɫɫɭ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ Д4, 1θЖ. 

ɇɚɢɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɜ ɪɚɫɬɜɨɪɟ γ %-ɧɨɝɨ NaCl ɩɨɤɚɡɵ-
ɜɚɸɬ ɨɛɪɚɡɰɵ ɢɡ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒμ –0,γγ2 ɦȼν ɧɚɢɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ –0,10λ ɦȼ ɢɦɟɟɬ ɨɛɪɚɡɟɰ ɢɡ ɫɬɚɥɢ 12ɏ1κɇ10Ɍ. ȼ ɢɫɩɵɬɚɬɟɥɶɧɨɦ ɪɚɫɬɜɨɪɟ 2 ɩɨ 
ȽɈɋɌ λ.λ12–κλ ɩɨɬɟɧɰɢɚɥ ɩɪɢɩɨɹ ȼɉɪ4 ɩɨɥɨɠɢɬɟɥɶɧɟɟ ɩɨɬɟɧɰɢɚɥɚ ɫɬɚɥɢ 12ɏ1κɇ10Ɍ, 
ɩɨ-ɜɢɞɢɦɨɦɭ,  ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɦɟɞɢ ɜ ɫɨɫɬɚɜɟ ɩɪɢɩɨɹ. ɉɪɢ ɪɚɫɫɦɨɬ-
ɪɟɧɢɢ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪ ɫɬɚɥɶ/ɩɪɢɩɨɣ ɜ ɯɥɨɪɢɞɧɵɯ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɫɬɚɥɶ 
12ɏ1κɇ10Ɍ ɢ ɩɪɢɩɨɣ ȼɉɪ4 ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɤɚɬɨɞɚɦɢ ɞɥɹ ɜɨɡɦɨɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɫ-
ɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ – ɚɧɨɞɨɦ. 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɚɢɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɧɵɦ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ 
ɦɚɬɟɪɢɚɥɨɦ ɹɜɥɹɟɬɫɹ ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ. ɉɪɢ ɷɬɨɦ, ɜɨɡɦɨɠɧɨ, ɧɚɢɛɨɥɶɲɟɟ ɜɨɡ-
ɞɟɣɫɬɜɢɟ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɩɚɪɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ ɫɬɚɥɶ 12ɏ1κɇ10Ɍ ɢ/ɢɥɢ ɩɪɢɩɨɣ ȼɉɪ4. 
Ɉɞɧɚɤɨ ɛɨɥɟɟ ɬɨɱɧɨ ɷɬɨ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɧɹɬɢɹ ɄɉɄ ɫ ɭɱɟɬɨɦ ɪɚɡ-
ɥɢɱɧɨɣ ɩɨɥɹɪɢɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. 



ǴаȞȜȝȞȜȥțȩе ȟȝșаȐȩ Ȗ ȟȠаșȖ  

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021                                                                     7 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤа ɢ ɩɨɬɟɧɰɢаɥа ɤɨɧɬаɤɬɧɵɯ ɩаɪ 
ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɨ ɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 

ɬɨɤɚ ɢ ɩɨɬɟɧɰɢɚɥɚ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȺɉɄ ɢ ɄɉɄ ɧɚ ɩɪɢɦɟɪɟ ɤɨɧɬɚɤɬɚ 
ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɢ ɩɪɢɩɨɹ ȼɉɪη0 ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ NaCl. ɉɨɫɤɨɥɶɤɭ ɩɪɢɩɨɣ 
ȼɉɪη0, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɬɚɛɥ. 2, ɹɜɥɹɟɬɫɹ ɤɚɬɨɞɨɦ, ɬɨ ɞɥɹ ɧɟɝɨ ɫɧɢɦɚɥɢ ɄɉɄ, ɚ ɞɥɹ 
ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ȺɉɄ. Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ  
ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɨɬɟɧɰɢɚɥɚ 
ɞɚɧɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɵ – ɜ ɱɚɫɬɧɨɫɬɢ, ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ 
iɤ.ɤ = θ,η2∙10–6 Ⱥ/ɫɦ2, ɚ ɩɨɬɟɧɰɢɚɥ – Eɤ.ɤ = –0,286 ȼ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ ɬɨ-
ɤɚ ɢ ɩɨɬɟɧɰɢɚɥɚ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɨɣ ɩɨɞɯɨɞ, ɧɚɩɪɢɦɟɪ ɤɚɤ ɜ 
ɫɬɚɧɞɚɪɬɟ ASTM G71, ɢɦɟɟɬ ɛɨ ɥɶɲɭɸ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-
ɱɚɬɶ ɞɚɧɧɵɟ ɨ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɫɨɩɪɹɠɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  
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Ɋɢɫ. 1. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɨɬɟɧɰɢɚɥɚ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɧɚ ɩɪɢɦɟɪɟ ɩɚɪɵ 

«ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ + ɩɪɢɩɨɣ ȼɉɪη0» ɜ ɪɚɫɬɜɨɪɟ 1 ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɦɨɳɶɸ 
ɚɧɨɞɧɨɣ (▬) ɢ ɤɚɬɨɞɧɨɣ (▬) ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɬɨɤɚ iɤ.ɤ. (■) ɢ ɩɨɬɟɧɰɢɚ-
ɥɚ Eɤ.ɤ. (■) ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ 

 
ȼ ɬɚɛɥ. γ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨ-

ɡɢɢ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 1. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. γ ɞɚɧɧɵɯ, ɧɚɛɥɸɞɚɸɬɫɹ  
ɧɟɛɨɥɶɲɢɟ ɜɟɥɢɱɢɧɵ ɩɥɨɬɧɨɫɬɟɣ ɬɨɤɚ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢμ з10–6 Ⱥ/ɫɦ2. 

 
Ɍаɛɥɢɰа 3 

ɉɥɨɬɧɨɫɬь ɬɨɤɚ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡии ɩɚɪ ɨɛɪɚɡɰɨв  
в иɫɯɨɞɧɨɦ ɫɨɫɬɨяɧии (в чиɫɥиɬɟɥɟ) и ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤи (в ɡɧɚɦɟɧɚɬɟɥɟ)  

в 3%-ɧɨɦ ɪɚɫɬвɨɪɟ NaCl (1) и в ɪɚɫɬвɨɪɟ ɫɨɫɬɚвɚ 0,3 ɝ/ɥ Na2SO4 + 0,4 ɝ/ɥ NaCl (2) 

Ɇɚɬɟɪɢɚɥ ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 
ɪɚɫɬɜɨɪɚ 

ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ iɤ.ɤ.∙106, Ⱥ/ɫɦ2, ɞɥɹ ɫɬɚɥɢ 
12ɏ1κɇ10Ɍ (ɤɚɬɨɞ) 1γɏ11ɇ2ȼ2ɆɎ-ɒ (ɚɧɨɞ) 

ɉɪɢɩɨɣ ȼɉɪ4 
1 2,46/0,62 11,60/10,30 

2 0,10/0,22* 3,89/1,44 

ɉɪɢɩɨɣ ȼɉɪη0 
1 0,11/0,36 6,52/0,92 

2 0,11/1,08 3,03/0,90 

ɋɬɚɥɶ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ  

1 3,25/3,85 ‒ 

2 3,98/1,01 ‒ 
* Ⱦɥɹ ɭɤɚɡɚɧɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɵ ɜ ɪɚɫɬɜɨɪɟ 2 ɤɚɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɩɪɢɩɨɣ ȼɉɪ4, ɚɧɨɞɨɦ – ɫɬɚɥɶ 12ɏ1κɇ10Ɍ. 

 
ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɚɫɬɜɨ-

ɪɟ 1 ɤɨɧɬɚɤɬ «ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ + ɩɪɢɩɨɣ ȼɉɪ4» ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɨ  
ɨɩɚɫɧɵɦ ɞɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ, ɬɚɤ ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɤɨɧɬɚɤɬɧɨɣ 
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ɤɨɪɪɨɡɢɢ, ɪɚɜɧɚɹ iɤ.ɤ. = 11,θ0∙10–6 Ⱥ/ɫɦ2, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɢɧɢɦɚɟɬ ɫɚɦɨɟ ɜɵɫɨɤɨɟ 
ɡɧɚɱɟɧɢɟ ɢɡ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɧɬɚɤɬɨɜ ɩɚɪ. ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɤɨɧɬɚɤɬɧɭɸ 
ɩɚɪɭ «ɫɬɚɥɶ 12ɏ1κɇ10Ɍ + ɩɪɢɩɨɣ ȼɉɪη0», ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɤɨ-
ɬɨɪɨɣ ɩɨɤɚɡɚɥɚ ɫɚɦɨɟ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ – iɤ.ɤ. = 0,11∙10–6 Ⱥ/ɫɦ2. ȼ ɪɚɫɬɜɨɪɟ 2 ɤɨɧɬɚɤɬ ɫɬɚɥɟɣ 
12ɏ1κɇ10Ɍ + 1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɧɚɪɹɞɭ ɫ ɤɨɧɬɚɤɬɨɦ «ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ + ɩɪɢɩɨɣ 
ȼɉɪ4», ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦ, ɚ ɢɯ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɫɨɫɬɚɜɥɹ-
ɸɬ γ,λκ∙10–6 ɢ γ,κλ∙10–6 Ⱥ/ɫɦ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢаɥɨɜ ɤɨɧɬаɤɬɧɵɯ ɩаɪ ɫɬаɥɟɣ  

ɫ чаɫɬɢчɧɨ ɧаɧɟɫɟɧɧɵɦɢ ɩɪɢɩɨɹɦɢ ɫ ɪаɡɥɢчɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ  
ɩɥɨɳаɞɟɣ ɩɪɢɩɨɹ ɢ ɫɬаɥɢ 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪ ɫɬɚɥɟɣ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬ-
ɧɨɲɟɧɢɟɦ ɩɥɨɳɚɞɟɣ ɩɪɢɩɨɹ ɢ ɫɬɚɥɢ ɜ ɪɚɫɬɜɨɪɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. ɉɨɫɤɨɥɶɤɭ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ, ɧɚɢɛɨɥɶɲɚɹ ɨɩɚɫɧɨɫɬɶ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɩɪɨɹɜɥɹɟɬɫɹ ɜ γ %-ɧɨɦ 
ɪɚɫɬɜɨɪɟ NaCl, ɬɨ ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɬɨɥɶɤɨ ɜ ɷɬɨɦ ɪɚɫɬɜɨɪɟ. 

ɍɜɟɥɢɱɟɧɢɟ ɩɥɨɳɚɞɢ ɤɚɬɨɞɚ ɜ ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɟ ɩɪɢ ɧɚɥɢɱɢɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧ-
ɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɫɞɜɢɝɭ ɩɨɬɟɧɰɢɚɥɚ ɜ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɨɛɥɚɫɬɶ. 
Ⱦɥɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɬɚɤɨɟ ɫɦɟɳɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ 
ɩɪɢɩɨɟɦ ȼɉɪ4 (ɪɢɫ. 2). ȼɢɞɧɨ, ɱɬɨ ɫɦɟɳɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɫɬɚɥɢ ɜ ɩɨɥɨɠɢɬɟɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɳɚɞɢ ɩɪɢɩɨɹ (ɚɧɨɞɚ), ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɤɨɧɬɚɤɬɚ ɫ 
ɩɪɢɩɨɟɦ ȼɉɪ4 ɤɚɤ ɜ ɢɫɯɨɞɧɨɦ, ɬɚɤ ɢ ɜ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚ-
ɟɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɢɩɨɣ ȼɉɪ4 ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧ-
ɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ. Ⱦɥɹ ɤɨɧɬɚɤɬɚ ɷɬɨɣ ɫɬɚɥɢ ɫ ɩɪɢɩɨɟɦ ȼɉɪη0 
ɩɨɞɨɛɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɭɤɚɡɚɧɧɨɝɨ  
ɫɨɟɞɢɧɟɧɢɹ. 
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Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɫ ɩɪɢ-

ɩɨɹɦɢ ȼɉɪ4 (а) ɢ ȼɉɪη0 (ɛ) ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ NaCl ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɩɥɨɳɚɞɟɣ 
ɫɬɚɥɢ ɢ ɩɪɢɩɨɹ 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢаɥа ɤɨɧɬаɤɬɧɨɣ ɩаɪɵ ɬɪɟɯ ɨɛɪаɡɰɨɜ –  
ɫɬаɥɟɣ ɢ ɨɞɧɨɝɨ ɩɪɢɩɨɹ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɵ ɬɪɟɯ ɨɛɪɚɡɰɨɜ – ɫɬɚɥɟɣ ɢ ɨɞɧɨɝɨ  
ɩɪɢɩɨɹ – ɩɪɨɜɨɞɢɥɢ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɩɨɥɧɨɫɬɶɸ ɩɨɝɪɭɠɟɧɧɨɝɨ ɜ ɪɚɫɬɜɨɪ 
ɫɩɚɹɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɫɬɚɜɚμ ɫɬɚɥɶ  1 +  ɩɪɢɩɨɣ + ɫɬɚɥɶ 2 (ɜ ɪɚɡɧɵɯ ɫɨɱɟɬɚɧɢɹɯ).  
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4. 

 
Ɍаɛɥɢɰа 4 

ɉɨɬɟɧɰиɚɥ ɤɨɪɪɨɡии в ɪɚɫɬвɨɪɟ ɞɥя ɤɨɧɬɚɤɬɧɵɯ ɩɚɪ иɡ ɬɪɟɯ ɨɛɪɚɡɰɨв, 
в ɤɨɬɨɪɵɯ ɫɬɚɥи ɫɨɟɞиɧɟɧɵ чɟɪɟɡ ɩɪиɩɨɣ 

ɋɢɫɬɟɦɚ ɦɚɬɟɪɢɚɥɨɜ ɋɨɫɬɨɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ȿɫɬ, ȼ iȺ
*, Ⱥ/ɫɦ2 

ɋɬɚɥɶ 12ɏ1κɇ10Ɍ + ɩɪɢɩɨɣ ȼɉɪ4 + ɫɬɚɥɶ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ 

ɂɫɯɨɞɧɨɟ –0,369 θ,θγ∙10–6  
ɉɨɫɥɟ  

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ –0,267 1,γ4∙10–5  

ɋɬɚɥɶ 12ɏ1κɇ10Ɍ + ɩɪɢɩɨɣ ȼɉɪη0 + ɫɬɚɥɶ  
1γɏ11ɇ2ȼ2ɆɎ-ɒ 

ɂɫɯɨɞɧɨɟ –0,312 2,ηη∙10–7  
ɉɨɫɥɟ  

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ –0,299 2,η4∙10–6  

* ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɤɪɢɜɨɣ ɞɥɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ 
ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨ ɬɚɛɥɢɰɟ ɫɬɚɰɢɨɧɚɪɧɨɦ ɩɨɬɟɧɰɢɚɥɟ ȿɫɬ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɤɨɧɬɚɤɬɟ ɬɪɟɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ  

ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɨɤɚɡɵɜɚɟɬ ɩɪɢɩɨɣ ȼɉɪ4. 
ȼɥɢɹɧɢɟ ɩɪɢɩɨɹ ȼɉɪη0 ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɤɨɪɪɨɡɢɸ ɩɪɢ ɩɚɣɤɟ ɫɬɚɥɟɣ 12ɏ1κɇ10Ɍ  
ɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ. 

 
Иɫɫɥɟɞɨɜаɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢчɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɨɛɪаɡɰɨɜ  

ɢɡ ɫɬаɥɢ 13ɏ11ɇ2В2ɆɎ-ɒ 
ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ ɩɪɨɜɨɞɹɬ ɩɪɢ 

ɫɧɹɬɢɢ ɩɨɥɧɨɣ ȺɉɄ, ɤɚɤ ɩɪɢɜɟɞɟɧɨ ɜ ɫɬɚɧɞɚɪɬɟ ASTM Gη. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨ-
ɞɢɬɶ ɩɨɥɹɪɢɡɚɰɢɸ ɨɛɪɚɡɰɨɜ ɫɬɚɥɟɣ, ɧɚɱɢɧɚɹ ɫ ɩɨɬɟɧɰɢɚɥɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɯ ɚɤɬɢɜ-
ɧɨɦɭ ɫɨɫɬɨɹɧɢɸ – ɜ ɱɚɫɬɧɨɫɬɢ, ɚɤɬɢɜɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɯɪɨɦɚ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɨɬ ɷɬɨɝɨ 
ɷɥɟɦɟɧɬɚ ɡɚɜɢɫɢɬ ɭɫɬɚɧɨɜɥɟɧɢɟ ɩɚɫɫɢɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ. ɉɨɫɤɨɥɶɤɭ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɚɤɢɯ ɫɬɚɥɟɣ ɤɚɤ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɜɨɡɞɭɯɨɦ, ɬɚɤ ɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ 
ɫɪɚɡɭ ɨɛɪɚɡɭɟɬɫɹ ɡɚɳɢɬɧɚɹ ɩɚɫɫɢɜɧɚɹ ɩɥɟɧɤɚ, ɬɨ ɞɥɹ ɫɧɹɬɢɹ ɩɨɥɧɨɣ ȺɉɄ ɧɟɨɛɯɨɞɢɦɨ 
ɨɫɭɳɟɫɬɜɢɬɶ ɚɤɬɢɜɚɰɢɸ ɩɨɜɟɪɯɧɨɫɬɢ. ɋɨɝɥɚɫɧɨ ɪɚɛɨɬɟ Д17Ж, ɫɚɦɵɦ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɞɥɹ 
ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɤɚɬɨɞɧɚɹ ɨɛɪɚɛɨɬɤɚ, ɩɪɢɜɨɞɹɳɚɹ ɥɢɛɨ ɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɨɤɫɢɞ-
ɧɨɣ ɩɥɟɧɤɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɚ (Me) ɩɨ ɪɟɚɤɰɢɢ MeOn + 2nH

+ + ɟn2 → Me + nH2O, 
ɥɢɛɨ ɤ ɟɝɨ ɱɚɫɬɢɱɧɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɚ ɛɨɥɟɟ ɧɢɡɤɨɣ ɫɬɟɩɟɧɢ ɜɚ-
ɥɟɧɬɧɨɫɬɢ MОτm, ɫɨɝɥɚɫɧɨ ɪɟɚɤɰɢɢ MeOn + 2(n – m)H+ + 2(n – m) ɟ → MeOm + (n – m)H2O, 
ɢ ɟɝɨ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɬɜɨɪɟɧɢɸ. ɍɫɥɨɜɢɟɦ ɚɤɬɢɜɚɰɢɢ ɩɪɢ ɷɬɨɦ ɹɜɥɹɟɬɫɹ ɧɚɥɨɠɟɧɢɟ ɤɚ-
ɬɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɚ 0,η ȼ ɨɬɪɢɰɚɬɟɥɶɧɟɟ ɩɨɬɟɧɰɢɚɥɚ Ɏɥɚɞɟ (EF). ȼɟɥɢɱɢɧɭ EF ɞɥɹ ɫɬɚ-
ɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ ɤɚɤ ɞɥɹ ɛɢɧɚɪɧɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ 
Fe–11 % (ɩɨ ɦɚɫɫɟ) Cr, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɫɫɱɢɬɚɧɚ ɜ ɪɚɛɨɬɟ 
Д1κЖ ɢ ɫɨɫɬɚɜɥɹɟɬ –0,γ7η ȼ ɢɥɢ –0,577 ȼ ɩɨ ɯ.ɫ.ɷ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɟɪɟɞ ɫɧɹɬɢɟɦ ɩɨɥɹɪɢ-
ɡɚɰɢɨɧɧɨɣ ɤɪɢɜɨɣ ɩɪɨɜɨɞɢɥɢ ɤɚɬɨɞɧɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ ‒1,2 ȼ. ɉɨɫɤɨɥɶɤɭ 
ɨɩɪɟɞɟɥɟɧɢɟ ɬɚɤɢɯ ɜɟɥɢɱɢɧ, ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɧɚɱɚɥɚ ɩɚɫɫɢɜɚɰɢɢ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ 
ɹɜɥɹɥɨɫɶ ɰɟɥɶɸ, ɬɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɤɚɬɨɞɧɨɣ ɨɛɪɚɛɨɬɤɢ ɭɫɬɚɧɚɜɥɢɜɚɥɢ 
ɩɪɨɢɡɜɨɥɶɧɨ – ɜ ɬɟɱɟɧɢɟ η ɦɢɧ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɚɬɨɞɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ 
NaCl ɢ ɞɚɥɶɧɟɣɲɟɦ ɫɧɹɬɢɢ ȺɉɄ ɚɤɬɢɜɚɰɢɨɧɧɵɣ ɩɢɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɚɤɬɢɜɧɨɦɭ ɪɚɫ-
ɬɜɨɪɟɧɢɸ ɫɬɚɥɢ, ɧɟ ɨɛɧɚɪɭɠɟɧ (ɪɢɫ. γ, ɤɪɢɜɚɹ 1). ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɞɤɢɫɥɟɧɧɵɣ 
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ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹμ γ %-ɧɵɣ NaCl + 0,1 ɧ. HCl (ɪɢɫ. γ, ɤɪɢɜɚɹ 2). ȼ ɷɬɨɦ ɪɚɫɬɜɨɪɟ 
ɩɨɥɭɱɟɧ ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ ɜɢɞ ȺɉɄ – ɚɤɬɢɜɚɰɢɨɧɧɵɣ ɩɢɤ ɢ ɩɨ-
ɫɥɟɞɭɸɳɟɟ ɩɚɫɫɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɪɢ ɷɬɨɦ ɜ ɨɛɨɢɯ ɪɚɫɬɜɨɪɚɯ ɩɨɫɥɟ ɨɛɥɚɫɬɢ ɩɚɫɫɢɜɚ-
ɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ – ɩɪɨɹɜɥɟɧɢɟ ɩɢɬɬɢɧɝɨɜɨɣ ɤɨɪɪɨ-
ɡɢɢ ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɜ ɪɚɫɬɜɨɪɚɯ ɯɥɨɪɢɞ-ɢɨɧɨɜ.  
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Ɋɢɫ. γ. Ⱥɧɨɞɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɞɥɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ 

NaCl (1) ɢ ɜ ɪɚɫɬɜɨɪɟ γ %-ɧɵɣ NaCl + 0,1 ɧ. HCl (2) ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɡɜɟɪɬɤɢ 0,1θ ɦȼ/ɫ ɫ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɣ ɤɚɬɨɞɧɨɣ ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɩɨɬɟɧɰɢɚɥɟ –1,2 ȼ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ 

 
ɋɬɚɰɢɨɧɚɪɧɵɣ ɩɨɬɟɧɰɢɚɥ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɜ γ %-ɧɨɦ 

ɪɚɫɬɜɨɪɟ NaCl (ɬɚɛɥ. 2), ɥɟɠɢɬ ɜ ɩɚɫɫɢɜɧɨɣ ɨɛɥɚɫɬɢ (ɪɢɫ. γ, ɤɪɢɜɚɹ 2), ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɧɚɯɨɠɞɟɧɢɟ ɫɬɚɥɢ ɜ ɩɚɫɫɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɷɬɨɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɚɥɶ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ ɩɨɞɜɟɪɠɟɧɚ ɤɨɪɪɨɡɢɢ ɜ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɞɚɧ-
ɧɨɝɨ ɨɬɥɢɱɢɹ ɩɪɨɜɟɞɟɧɨ ɢɡɦɟɪɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ ɬɟɱɟɧɢɟ 
3 ɫɭɬ. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɧɰɢɚɥɚ ɨɛɪɚɡɰɚ ɢɡ ɫɬɚɥɢ 1γɏ11ɇȼ2ɆɎ-ɒ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-
ɫɬɢ ɜɵɞɟɪɠɤɢ ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ NaCl ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4. ȼɢɞɧɨ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ 
ɨɛɪɚɡɰɚ ɢɫɫɥɟɞɭɟɦɨɣ ɫɬɚɥɢ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɢ ɥɟɠɢɬ ɜ ɩɚɫɫɢɜɧɨɣ ɨɛɥɚɫɬɢ. 
Ɉɞɧɚɤɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ  ɨɛɧɚɪɭɠɟɧɵ ɩɪɨɞɭɤɬɵ ɤɨɪɪɨɡɢɢ ɠɟɥɟɡɚ – ɪɠɚɜɱɢɧɚ. 
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ, ɱ  
Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɧɰɢɚɥɚ ɨɛɪɚɡɰɚ ɢɡ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɜɵɞɟɪɠɤɢ ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ NaCl  
 

ɋ ɭɱɟɬɨɦ ɞɚɧɧɨɝɨ ɮɚɤɬɚ ɦɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸɳɢɣ ɦɟɯɚɧɢɡɦ ɤɨɪɪɨɡɢɢ ɫɬɚ-
ɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ. ɋɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ Ɍɚɦɦɚɧɚ Д1Ж, ɩɪɢ ɫɨ-
ɞɟɪɠɚɧɢɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ >n/κ ɦɨɥɶɧɵɯ ɞɨɥɟɣ (ɝɞɟ n = 1, 2, γ, …) 
ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɨɤ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɫɩɥɚɜɚ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
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ɞɚɧɧɨɟ ɩɪɚɜɢɥɨ (n/κ) ɫɨɛɥɸɞɚɟɬɫɹ ɧɟ ɜɨ ɜɫɟɯ ɫɢɫɬɟɦɚɯ. Ɉɛɴɹɫɧɟɧɢɟ ɩɨɜɵɲɟɧɢɹ ɤɨɪɪɨ-
ɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɫɩɥɚɜɚ ɞɚɧɨ ɜ ɪɚɛɨɬɚɯ Д1κ, 1λЖ, ɝɞɟ ɷɬɨɬ ɩɪɨɰɟɫɫ ɫɜɹɡɚɧ ɫ ɨɛɨɝɚɳɟɧɢ-
ɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɛɨɥɟɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɦ ɷɥɟɦɟɧɬɨɦ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ ɛɨɥɟɟ ɧɢɡɤɨɝɨ 
ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ. ɉɪɢ ɷɬɨɦ ɫɚɦ ɩɪɨɰɟɫɫ ɨɛɨɝɚɳɟɧɢɹ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɞɨɫɬɢɝɚɥɫɹ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ 
ɫɩɥɚɜɚ ɛɥɚɝɨɞɚɪɹ ɭɜɟɥɢɱɟɧɢɸ ɜ ɧɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɚɤɚɧɫɢɣ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ ɩɪɨɰɟɫɫɚɦɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɨɝɥɚɫɧɨ ɦɟɯɚɧɢɡɦɭ ɉɢɤɟɪɢɧɝɚ–
ȼɚɝɧɟɪɚ Д20Ж. Ɋɚɫɱɟɬ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɯɪɨɦɚ 1γ % (ɩɨ ɦɚɫɫɟ) ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɯɪɨɦɚ ɜ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨɦ ɫɥɨɟ Д1κЖ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɚɫɫɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɤɚɡɵ-
ɜɚɟɬ, ɱɬɨ ɢ ɞɥɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɬɚɤɠɟ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶ-
ɫɹ ɩɨɜɵɲɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɯɪɨɦɚ, ɤɨɬɨɪɨɣ, ɨɞɧɚɤɨ, ɧɟ ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɥɧɨɣ 
ɩɚɫɫɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚ-
ɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɨɛɪɚɡɭɸɬɫɹ ɭɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɵɯ ɫɬɚɥɶ ɪɚɫɬɜɨɪɹɟɬɫɹ 
ɜ ɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɷɬɨɦ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɟɣ ɩɥɨɳɚɞɢ ɩɚɫɫɢɜɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨ-
ɬɟɧɰɢɚɥ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɨɫɬɚɟɬɫɹ ɜ ɩɚɫɫɢɜɧɨɣ ɨɛɥɚɫɬɢ. ɉɨɫɥɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɚɫɬɜɨ-
ɪɟɧɢɹ ɠɟɥɟɡɚ ɧɚ ɭɱɚɫɬɤɚɯ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɨɢɫɯɨɞɢɬ ɨɛɨɝɚɳɟɧɢɟ 
ɯɪɨɦɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɯ ɞɚɥɶɧɟɣɲɭɸ ɩɚɫɫɢɜɚɰɢɸ. ɉɨ-
ɞɨɛɧɵɟ ɩɪɨɰɟɫɫɵ ɚɤɬɢɜɚɰɢɢ ɥɨɤɚɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɚɥɶɧɟɣɲɟɣ ɢɯ ɩɚɫɫɢ-
ɜɚɰɢɢ ɩɪɨɢɫɯɨɞɹɬ ɩɨɫɬɨɹɧɧɨ ɧɚ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɱɬɨ ɩɪɢɜɨ-
ɞɢɬ ɤ ɟɟ ɤɨɪɪɨɡɢɢ, ɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɫɤɨɪɨɫɬɶɸ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɭɝɥɟɪɨɞɢɫɬɨɣ 
ɫɬɚɥɢ, ɤɨɬɨɪɚɹ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɜɫɟɣ ɫɜɨɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. 

ɋ ɭɱɟɬɨɦ ɞɚɧɧɨɝɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ 
ɨɩɚɫɧɨɫɬɶ (ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨɪɪɨɡɢɢ) ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɳɟɥɟɜɵɟ ɷɮɮɟɤɬɵ. ɉɨɫɤɨɥɶɤɭ 
ɜ ɭɡɤɢɯ ɡɚɡɨɪɚɯ ɡɚɬɪɭɞɧɟɧ ɞɨɫɬɭɩ ɤɢɫɥɨɪɨɞɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ Д21Ж, ɬɨ ɜ ɧɢɯ ɛɭɞɟɬ ɫɧɢ-
ɠɚɬɶɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɩɚɫɫɢɜɚɰɢɢ ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɚɥɢ ɬɢɩɚ ɏ1γ ɢ 
ɏ17 ɪɚɡɪɭɲɚɸɬɫɹ ɜ ɳɟɥɹɯ ɫɢɥɶɧɟɟ, ɱɟɦ ɧɚ ɨɬɤɪɵɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɪɚɛɨɬɚɯ Д22, 2γЖ 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɞɥɹ ɫɬɚɥɢ ɏ1γ ɜ ɳɟɥɢ ɜ ɪɚɫɬɜɨɪɟ 0,η ɧ. NaCl ɫ ɬɟɱɟ-
ɧɢɟɦ ɜɪɟɦɟɧɢ ɫɦɟɳɚɟɬɫɹ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɩɚɫ-
ɫɢɜɧɨɝɨ ɫɥɨɹ. 

Ⱦɥɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɱɶɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɩɚɫɫɢɜɚɰɢɢ ɢ ɬɚɤ ɨɝɪɚɧɢɱɟɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ (<1γ % (ɩɨ ɦɚɫɫɟ)), ɧɚɥɢɱɢɟ ɡɚɡɨɪɚ ɦɨɠɟɬ ɩɪɢ-
ɜɟɫɬɢ ɤ ɬɨɦɭ, ɱɬɨ ɫɬɚɥɶ ɛɭɞɟɬ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɚɤɬɢɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɥɢ-
ɱɢɟ ɤɨɧɬɚɤɬɚ ɤɚɤ ɫ ɩɪɢɩɨɹɦɢ, ɬɚɤ ɫɨ ɫɬɚɥɶɸ 12ɏ1κɇ10Ɍ ɛɭɞɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɬɶ 
ɩɪɨɰɟɫɫ ɤɨɪɪɨɡɢɢ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɤɨɧɬɚɤɬɚ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ ɫ ɧɟɪɠɚɜɟɸɳɢɦɢ. ɋ ɭɱɟ-
ɬɨɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɦɨɠɧɨ ɬɚɤɠɟ ɡɚɤɥɸɱɢɬɶ, 
ɱɬɨ ɞɥɹ ɟɟ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɨɫɢɬɶ ɤɚɬɨɞɧɨɟ ɩɨɤɪɵɬɢɟ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ 
ɫɦɟɳɚɬɶ ɩɨɬɟɧɰɢɚɥ ɫɬɚɥɢ ɜ ɨɛɥɚɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɵɯ, ɱɟɦ ɩɨɬɟɧɰɢɚɥ 
ɤɨɪɪɨɡɢɢ ɠɟɥɟɡɚ. 

 
Ɂɚɤɥɸчɟɧия 

Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɬɚɥɟɣ 12ɏ1κɇ10Ɍ ɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ 
ɫ ɩɪɢɩɨɹɦɢ ȼɉɪ4 ɢ ȼɉɪη0 ɜ ɯɥɨɪɢɞɧɵɯ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɩɨɡɜɨɥɢɥɢ ɡɚɤɥɸɱɢɬɶ ɫɥɟɞɭ-
ɸɳɟɟ.  
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– ɇɚɢɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɧɨɣ ɤɨɪɪɨɡɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɤɨɧɬɚɤɬɧɨɣ, ɹɜɥɹɟɬɫɹ ɫɬɚɥɶ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ. 

– ɉɪɢɩɨɣ ȼɉɪ4 ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɢɩɨɹ ȼɉɪη0, ɤɨɬɨɪɵɣ ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɜɥɢɹɧɢɹ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɤɨɪɪɨɡɢɸ ɫɬɚɥɟɣ.  

– ȼɥɢɹɧɢɟ ɩɪɢɩɨɟɜ ȼɉɪ4 ɢ ȼɉɪη0 ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɤɨɪɪɨɡɢɸ ɫɬɚɥɢ 12ɏ1κɇ10Ɍ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ. 

– ɉɪɢɩɨɣ ȼɉɪ4 ɨɤɚɡɵɜɚɟɬ ɧɟɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɤɨɪɪɨɡɢɸ ɫɬɚɥɢ 
1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɷɬɨɦ ɢ ɬɚɤ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ ɹɜɥɹɟɬ-
ɫɹ ɤɚɬɨɞɨɦ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɜɟɪɧɨ ɜ ɫɥɭɱɚɟ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ ɢɡ-ɡɚ ɧɟɛɨɥɶɲɨɣ ɬɨɥ-
ɳɢɧɵ ɫɥɨɟɜ ɜɥɚɝɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ, ɤɨɝɞɚ ɨɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɪɪɨɡɢɸ ɛɭɞɭɬ 
ɨɤɚɡɵɜɚɬɶ ɤɚɬɨɞɧɵɟ ɭɱɚɫɬɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜɛɥɢɡɢ ɚɤɬɢɜɧɨ ɪɚɫɬɜɨɪɹɸɳɢɯɫɹ ɦɟɫɬ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ, ɬ. ɟ. ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɨɤɨɥɨ ɤɚɬɨɞɧɵɯ ɭɱɚɫɬ-
ɤɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɚɦɨɣ ɫɬɚɥɢ. ɇɟɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɤɨɪɪɨɡɢɸ  
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ – ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
ɤɨɧɬɚɤɬɧɨɣ ɩɚɪɵ «ɫɬɚɥɶ 1γɏ11ɇ2ȼ2ɆɎ-ɒ + ɩɪɢɩɨɣ ȼɉɪ4» – ɧɟ ɛɨɥɟɟ 1,η∙10–5 Ⱥ/ɫɦ2. 

– ɇɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɪɪɨɡɢɸ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ ɩɚɹɧɨɦ ɫɨɟɞɢɧɟɧɢɢ 
ɫɨ ɫɬɚɥɶɸ 12ɏ1κɇ10Ɍ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɛɭɞɭɬ ɨɤɚɡɵɜɚɬɶ ɳɟɥɟɜɵɟ ɷɮɮɟɤɬɵ, ɜ ɫɥɭɱɚɟ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɹ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɥɨɳɚɞɶ ɚɧɨɞɧɵɯ ɭɱɚɫɬɤɨɜ, ɱɬɨ ɧɟ ɬɨɥɶɤɨ 
ɭɜɟɥɢɱɢɬ ɫɚɦɭ ɤɨɪɪɨɡɢɸ ɫɬɚɥɢ, ɧɨ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɢɥɢɬ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɤɨɧɬɚɤ-
ɬɚ ɫ ɩɪɢɩɨɟɦ ȼɉɪ4. 

– Ɉɩɚɫɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜɨɡɪɚɫɬɚ-
ɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɚɝɪɟɫɫɢɜɧɨɫɬɢ ɫɪɟɞɵ. ɇɚɢɛɨɥɟɟ ɹɪɤɨ ɜɵɪɚɠɟɧɚ ɤɨɧɬɚɤɬɧɚɹ ɤɨɪɪɨɡɢɹ 
ɫɬɚɥɢ ɫ ɩɪɢɩɨɟɦ ȼɉɪ4 ɜ γ %-ɧɨɦ ɪɚɫɬɜɨɪɟ NaCl. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ ɜ ɩɚɹɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɫɨ ɫɬɚ-
ɥɶɸ 12ɏ1κɇ10Ɍ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɦɟɪɵμ 

– ɩɪɢ ɩɚɣɤɟ ɩɪɢɦɟɧɹɬɶ ɩɪɢɩɨɣ ȼɉɪη0 ɜɡɚɦɟɧ ɩɪɢɩɨɹ ȼɉɪ4ν 
– ɧɚɧɨɫɢɬɶ ɚɧɨɞɧɨɟ ɩɨɤɪɵɬɢɟ, ɫɩɨɫɨɛɧɨɟ ɫɦɟɫɬɢɬɶ ɩɨɬɟɧɰɢɚɥ ɫɬɚɥɢ 1γɏ11ɇ2ȼ2ɆɎ-ɒ 

ɜ ɤɚɬɨɞɧɭɸ ɨɛɥɚɫɬɶ. 
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ɫɨɤɢɯ ɩɚɪɚɦɟɬɪɨɜμ ɚɜɬɨɪɟɮ. … ɞɢɫ. ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ. Ɇ., 2011. 1γ ɫ. 
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Иɫɫɥɟɞɨɜаɧ ɯɢɦɢчɟɫɤɢɣ ɢ ɮаɡɨɜɵɣ ɫɨɫɬаɜ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞа аɥɸɦɢɧɢɹ, ɩɨɥɭчɟɧɧɵɯ 
ɪаɡɥɢчɧɵɦɢ ɦɟɬɨɞаɦɢ (аɥɤɨɝɨɥɹɬɧɵɦ, ɫɨɨɫаɠɞɟɧɢɟɦ, ɬɟɪɦɢчɟɫɤɢɦ, ɩɥаɡɦɨɯɢɦɢчɟɫɤɢɦ). 
Ɉɩɪɟɞɟɥɟɧɵ ɮɢɡɢɤɨ-ɦɟɯаɧɢчɟɫɤɢɟ, ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɢ ɬɟɪɦɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа 
ɤɟɪаɦɢчɟɫɤɢɯ ɨɛɪаɡɰɨɜ ɧа ɢɯ ɨɫɧɨɜɟ. ɍɫɬаɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɩɨɪɨɲɤа ɨɤɫɢɞа 
аɥɸɦɢɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢчɟɫɤɢɯ ɩаɪаɦɟɬɪɨɜ ɩɨɥɭчɟɧɢɹ ɧа ɫɟɞɢɦɟɧɬаɰɢɨɧɧɭɸ ɭɫɬɨɣчɢɜɨɫɬь 
ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧа ɢɯ ɨɫɧɨɜɟ, а ɬаɤɠɟ ɫɨɞɟɪɠаɧɢɹ чаɫɬɢɰ ɨɤɫɢɞа аɥɸɦɢɧɢɹ, ɛɭɮɟɪɧɨɝɨ 
ɪаɫɬɜɨɪа ɢ ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɞɨɛаɜɨɤ ɧа ɜɹɡɤɨɫɬь ɢ ɫɟɞɢɦɟɧɬаɰɢɨɧɧɭɸ ɭɫɬɨɣчɢɜɨɫɬь 
ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ.  

Ключевые слова: ɨɤɫɢɞ аɥɸɦɢɧɢɹ, ɦɟɬɨɞ ɫɨɨɫаɠɞɟɧɢɹ ɧɟɪаɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ, ɜɨɞɧɵɟ 
ɞɢɫɩɟɪɫɢɢ, ɪɟɨɥɨɝɢчɟɫɤɢɟ ɞɨɛаɜɤɢ, ɩɨɜɟɪɯɧɨɫɬɧɨ-аɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜа, ɫɟɞɢɦɟɧɬаɰɢɨɧɧаɹ 
ɭɫɬɨɣчɢɜɨɫɬь. 

 
V.A. Voronov1, A.S. Chainikova1, Yu.E. Lebedeva1, D.M. Tkalenko1 
 
INFLUENCE  OF  MORPHOLOGY,  PHASE  COMPOSITION  AND  CONTENT  
OF  ALUMINUM  OXIDE  PARTICLES  ON  RHEOLOGICAL  PROPERTIES  
OF  AQUEOUS  SUSPENSIONS  BASED  ON  THEM 

 
This work investigated the chemical and phase composition of aluminum oxide powders 

obtained by various methods (alkoxide, codeposition, thermal and plasma-chemical). The 
physicomechanical, thermophysical and thermal properties of ceramic samples based on them 
have been determined. The effect of the nature of the aluminum oxide powder and the 
production process parameters on the sedimentation stability of aqueous suspensions based on 
them has been determined. The influence of the content of particles of aluminum oxide, buffer 
solution and rheological additives on the viscosity, sedimentation and aggregate stability of 
aqueous suspensions has been determined. 

Keywords: aluminum oxide, method of coprecipitation of insoluble salts, aqueous 
dispersions, rheological additives, surfactants, sedimentation stability. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
ɢɧɫɬɢɬɭɬ» ДFОНОrКХ SЭКЭО UЧТЭКrв EЧЭОrprТsО «AХХ-Russian Scientific-Research IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» 
ШП NКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО»Жν e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Ʉɨɪɭɧɞ (α-Al2O3) ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɟɞɢɧɫɬɜɟɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ 
ɩɪɢɪɨɞɟ. ɉɥɨɬɧɨɫɬɶ ɤɨɪɭɧɞɚ ɫɨɫɬɚɜɥɹɟɬ γ,λη–4,02 ɝ/ɫɦ3. Ɉɫɬɚɥɶɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɩɨɥɭɱɚɸɬ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɥɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɪɚɡɥɢɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ (ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, ɫɨɨɫɚɠɞɟɧɢɟ 
ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ, ɡɨɥɶ-
ɝɟɥɶ ɦɟɬɨɞ, ɦɟɬɨɞ ɉɟɱɢɧɢ, ɝɚɡɨɮɚɡɧɵɣ ɫɢɧɬɟɡ ɫ ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɚɪɨɜ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɜɡɪɵɜ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɜɨɥɨɤɢ) ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɪɟɤɭɪɫɨɪɨɜμ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɹ ɢɥɢ ɟɝɨ 
ɫɨɥɟɣ, ɝɢɞɪɨɤɫɢɞɨɜ ɢɥɢ ɨɤɫɢɝɢɞɪɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ Д1–10]. 
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ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɩɪɟɤɭɪɫɨɪɵ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ – ɝɢɞɪɨɤɫɢɞɵ ɢ 
ɨɤɫɢɝɢɞɪɨɤɫɢɞɵ ɚɥɸɦɢɧɢɹ, ɩɪɢɱɟɦ ɜɫɟ ɨɧɢ, ɤɪɨɦɟ ɞɢɚɫɩɨɪɚ, ɩɟɪɟɯɨɞɹɬ ɜ ɮɚɡɭ ɤɨɪɭɧɞɚ 
ɱɟɪɟɡ ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɤɨɬɨɪɵɟ 
ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ (Ȗ-, İ-, Ȥ-Al2O3), ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
500–700 °ɋ, ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ (į-, ț-, ș-Al2O3), ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ 700–900 °ɋ. 
ɉɨɫɥɟɞɭɸɳɢɣ ɨɛɠɢɝ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɪɭɧɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ λ00–1200 °ɋ 
(ɪɢɫ. 1) Д11Ж.  
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Ɋɢɫ. 1. ɋɯɟɦɚ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɝɢɞɪɨɤɫɢɞɨɜ ɢ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ Д11] 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɟɞ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ  ɫɬɨɢɬ ɡɚɞɚɱɚ 

ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ, ɬɨɱɧɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɥɢɬɵɯ ɢɡɞɟɥɢɣ, 
ɨɫɨɛɟɧɧɨ ɞɟɬɚɥɟɣ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɡ ɬɢɬɚɧɨɜɵɯ ɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, 
ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, – ɜ ɱɚɫɬɧɨɫɬɢ, ɡɚɦɟɧɚ 
ɨɛɳɟɩɪɢɦɟɧɢɦɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɜɨɞɧɵɯ ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɟɣɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ. ȼ ɪɚɛɨɬɚɯ Д12–19] 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɜɨɞɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ ɢ 
ɟɝɨ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɟɪɜɨɝɨ (ɥɢɰɟɜɨɝɨ) ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɫɥɨɟɜ ɥɢɬɟɣɧɨɣ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ 
SiO2 ɜ ɫɜɨɛɨɞɧɨɦ ɜɢɞɟ (ɤɜɚɪɰ, ɬɪɢɞɢɦɢɬ, ɤɪɢɫɬɨɛɚɥɢɬ) ɢ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɧɨɝɨ ɦɭɥɥɢɬɚ, 
ɱɬɨ ɜɵɡɵɜɚɟɬ ɚɤɬɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚ ɝɪɚɧɢɰɟ «ɦɟɬɚɥɥ–ɤɟɪɚɦɢɱɟɫɤɚɹ ɮɨɪɦɚ», ɚ 
ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɨɱɧɵɯ ɨɬɥɢɜɨɤ 
ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, 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 
ɤɪɟɦɧɢɹ ɢ ɤɢɫɥɨɪɨɞ, ɩɪɢ ɷɬɨɦ ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ ɧɚɞ ɧɢɦ ɞɨɫɬɢɝɚɟɬ 0,00γ2 ɉɚ, ɩɪɢ 
ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1ηη0–1700 °ɋ ɞɚɜɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,1γγ–1,0γ ɉɚ. 
ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤɫɢɞɨɦ ɤɪɟɦɧɢɹ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ AХ2O3 ɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɤ ɪɚɡɥɨɠɟɧɢɸ 
ɜ ɜɚɤɭɭɦɟ. ɋɭɦɦɚɪɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ ɧɚɞ ɨɤɫɢɞɨɦ ɚɥɸɦɢɧɢɹ AХ2O3 ɫɨɫɬɚɜɥɹɟɬ 
0,0009 ɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1700 °ɋ Д1λ–26]. 

Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɟɣɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɨɧɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶɸ 
ɫɜɨɣɫɬɜ (ɜ ɱɚɫɬɧɨɫɬɢ, ɚɝɪɟɝɚɬɢɜɧɨɣ ɢ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ) ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ pH ɢ «ɠɢɜɭɱɟɫɬɶɸ», ɬ. ɟ. ɨɬɫɭɬɫɬɜɢɟɦ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢ 
ɞɥɢɬɟɥɶɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɥɢ ɯɪɚɧɟɧɢɢ. Ʉɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɨɫɥɟ 
ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɛɨɥɟɟ 1400 °ɋ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɬɪɟɛɭɟɦɵɦɢ ɞɥɹ ɥɢɬɟɣɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ.  
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ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɫɭɫɩɟɧɡɢɢ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ ɩɨɥɭɱɚɸɬ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɪɨɲɤɨɜ ɫ ɱɚɫɬɢɰɚɦɢ ɫɭɛɦɢɤɪɨɧɧɵɯ ɢ ɦɢɤɪɨɧɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢ 
ɜɵɫɨɤɨɦ ɫɞɜɢɝɨɜɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ (ɭɥɶɬɪɚɡɜɭɤ, ɲɚɪɨɜɚɹ ɦɟɥɶɧɢɰɚ, ɝɨɦɨɝɟɧɢɡɚɬɨɪ ɢ 
ɞɪɭɝɢɟ) ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɞɢɫɩɟɪɝɚɬɨɪɨɜ (ɩɢɝɦɟɧɬɧɵɟ 
ɞɢɫɩɟɪɝɚɬɨɪɵ, ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɫɦɚɱɢɜɚɸɳɢɟ ɚɝɟɧɬɵ, ɫɜɹɡɭɸɳɢɟ 
ɚɝɟɧɬɵ ɢ ɞɪ.). ɋɨɫɬɚɜ ɞɢɫɩɟɪɝɚɬɨɪɨɜ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ ɧɟɛɨɥɶɲɢɯ ɦɨɥɟɤɭɥ ɞɨ 
ɨɥɢɝɨɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɢɦɟɪɨɜ ɢ ɫɜɹɡɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ 
ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɝɪɭɩɩ (ɤɢɫɥɵɯ, ɨɫɧɨɜɧɵɯ ɢɥɢ ɧɟɣɬɪɚɥɶɧɵɯ), ɚ 
ɬɚɤɠɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɣ ɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ (ɤɚɬɢɨɧɧɵɣ, ɚɧɢɨɧɧɵɣ ɢɥɢ ɧɟɣɬɪɚɥɶɧɵɣ). 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɧɚ ɫɜɨɣɫɬɜɚ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɜɥɢɹɟɬ ɢɯ 
ɩɪɢɪɨɞɚ, ɞɢɫɩɟɪɫɧɨɫɬɶ ɱɚɫɬɢɰ, ɮɨɪɦɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ, ɩɥɨɬɧɨɫɬɶ, 
ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɠɢɞɤɨɣ ɫɪɟɞɨɣ. ȼ ɨɫɧɨɜɧɨɦ ɧɚɧɨɩɨɪɨɲɤɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɚɝɥɨɦɟɪɚɬɵ ɢɥɢ ɫɮɟɪɢɱɟɫɤɢɟ ɦɢɤɪɨɧɧɵɟ ɱɚɫɬɢɰɵ 
ɫ ɲɢɪɨɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨ ɪɚɡɦɟɪɚɦ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɫɭɫɩɟɧɡɢɣ ɫ ɞɥɢɬɟɥɶɧɨɣ «ɠɢɜɭɱɟɫɬɶɸ». 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ, ɢɯ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɦɨɪɮɨɥɨɝɢɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɢɪɨɞɵ 
ɞɢɫɩɟɪɝɚɬɨɪɚ ɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɜɨɣɫɬɜ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ 
ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 14.1. 
«Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨ-
ɞɚ») Д12Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɬ 17 ɞɨ γ2 % (ɩɨ ɦɚɫɫɟ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɪɨɲɤɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

 

Ɇɟɬɨɞ ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɍɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɦ2/ɝ 

ɋɨɨɫɚɠɞɟɧɢɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ (ɈȺɋ) 

ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ 
ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ 

≥ 70 

Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ 
ɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (ɈȺɌ) 

ɈɈɈ «ɇɄɁ» ≥ 200 

ɉɥɚɡɦɨɯɢɦɢɱɟɫɤɢɣ (ɈȺɉɏ) ɈɈɈ «ɉɥɚɬɢɧɚ» ≥ 40 
Ⱥɥɤɨɝɨɥɹɬɧɵɣ (ɈȺȺ) Ɍɨ ɠɟ ≥ 120 

 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɚ ɈȺɋ ɦɟɬɨɞɨɦ ɫɨɨɫɚɠɞɟɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɜ 

ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɡɨɬɧɨɤɢɫɥɵɣ ɚɥɸɦɢɧɢɣ λ-ɜɨɞɧɵɣ (ɱ.) ɢ 
25 %-ɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ (ɱ.ɞ.ɚ.) ɩɪɨɢɡɜɨɞɫɬɜɚ «ɏɢɦɩɪɨɦɬɨɪɝ». ɉɪɢ 
ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɤ ɜɨɞɧɨɦɭ ɪɚɫɬɜɨɪɭ ɚɡɨɬɧɨɤɢɫɥɨɝɨ ɚɥɸɦɢɧɢɹ ɩɨɤɚɩɟɥɶɧɨ 
ɞɨɛɚɜɥɹɥɢ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ. ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɨɤɫɢɝɢɞɪɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 
ɨɬɞɟɥɹɥɢ ɨɬ ɠɢɞɤɨɣ ɮɚɡɵ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɢ ɩɪɨɜɨɞɢɥɢ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1200 °ɋ ɜ ɦɭɮɟɥɶɧɵɯ ɩɟɱɚɯ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ. ɉɨɪɨɲɤɢ ɈȺɌ, 
ɈȺɉɏ ɢ ɈȺȺ ɬɚɤɠɟ ɩɪɨɤɚɥɢɜɚɥɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 2η0 ɞɨ 1200 °ɋ  
ɜ ɦɭɮɟɥɶɧɵɯ ɩɟɱɚɯ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ ɢ ɢɫɫɥɟɞɨɜɚɥɢ ɢɡɦɟɧɟɧɢɟ ɢɯ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ. 

ȼɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɩɨɥɭɱɚɥɢ ɩɪɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɫɦɟɲɢɜɚɧɢɢ ɢ 
ɢɡɦɟɥɶɱɟɧɢɢ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɜ ɚɬɬɪɢɬɨɪɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
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ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɩɨ 
ɦɟɧɶɲɟɣ ɦɟɪɟ ɨɞɧɭ ɡɚɦɟɳɟɧɧɭɸ ɫɨɥɶ ɮɨɫɮɚɬɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ – ɜ ɱɚɫɬɧɨɫɬɢ, 
ɝɢɞɪɨɮɨɫɮɚɬ ɧɚɬɪɢɹ, ɢ ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ ɨɞɧɭ ɞɜɭɯ- ɢ/ɢɥɢ ɬɪɟɯɨɫɧɨɜɧɭɸ 
ɝɢɞɪɨɤɫɢɤɚɪɛɨɧɨɜɭɸ ɤɢɫɥɨɬɭ – ɜ ɱɚɫɬɧɨɫɬɢ, ɜɢɧɧɭɸ ɤɢɫɥɨɬɭ) ɢ ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ 
ɞɨɛɚɜɨɤ. ȼ ɤɚɱɟɫɬɜɟ ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɢɫɩɨɥɶɡɨɜɚɥɢ: DISPERBYK 1κ0 (ɫɨɥɶ 
ɚɥɤɢɥɚɦɦɨɧɢɹ ɢ ɫɨɩɨɥɢɦɟɪɚ ɫ ɤɢɫɥɨɬɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɪɇ = 5,3), DISPERBYK 190 
(ɪɚɫɬɜɨɪ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɚ ɫ ɩɢɝɦɟɧɬɧɵɦɢ ɚɮɮɢɧɧɵɦɢ 
ɝɪɭɩɩɚɦɢ, ɫɨɞɟɪɠɚɳɢɣ 2-ɦɟɬɢɥ-2 ɇ-ɢɡɨɬɢɚɡɨɥ-3-ɨɧ, ɪɇ = η,1), ɚ ɬɚɤɠɟ DISPERBYK 199 
(ɪɚɫɬɜɨɪ ɫɨɩɨɥɢɦɟɪɚ ɫ ɩɢɝɦɟɧɬɧɵɦɢ ɚɮɮɢɧɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɪɇ = κ,2), ɚ ɬɚɤɠɟ 
ɩɨɥɢɚɤɪɢɥɚɬ ɧɚɬɪɢɹ (ɋɇɊ-κ04, ɪɇ = 7,5–8,5). 

ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɂɫɩɵɬɚɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ  
ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɢɡɭɱɟɧɵ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɜɨɞɧɵɯ 
ɫɭɫɩɟɧɡɢɣ: ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ, 
ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ – ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ (Cu Kα-ɢɡɥɭɱɟɧɢɟ), pH – ɩɨ ȽɈɋɌ γγ77θ–2016 
ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɢɡɦɟɪɢɬɟɥɟ, 
ɩɥɨɬɧɨɫɬɶ – ɩɨ ȽɈɋɌ 1κλλη.1–7γ ɫ ɩɨɦɨɳɶɸ ɚɪɟɨɦɟɬɪɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ȺɈɇ-1, 
ɞɢɧɚɦɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ – ɩɨ ȽɈɋɌ 1λ2λ–κ7 ɧɚ ɪɨɬɚɰɢɨɧɧɨɦ ɜɢɫɤɨɡɢɦɟɬɪɟ, 
ɦɨɪɮɨɥɨɝɢɸ – ɩɨ ȽɈɋɌ Ɋ ɂɋɈ 22γ0λ–201η ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ, 
ɡɧɚɤ ɡɚɪɹɞɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɢ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ ɱɚɫɬɢɰ – ɩɨ ȽɈɋɌ κ.κκ7–201η ɧɚ 
ɚɧɚɥɢɡɚɬɨɪɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ. Ⱥɧɚɥɢɡ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ ɩɪɨɜɨɞɢɥɢ 
ɧɚ ɥɚɡɟɪɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ. ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚɬɨɪɚ ɭɫɬɚɧɨɜɥɟɧɵ ɨɛɥɚɫɬɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 20 
ɞɨ 1θ00 °ɋ ɢ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɨɛɠɢɝɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɢɡ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɬɨɱɟɱɧɨɦ 
ɢɡɝɢɛɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɪɚɡɪɟɡɚɥɢ ɧɚ ɛɚɥɤɢ ɪɚɡɦɟɪɨɦ η×η×θ0 ɦɦ, ɚ ɡɚɬɟɦ ɲɥɢɮɨɜɚɥɢ 
ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra ≈ 0,γ ɦɤɦ. Ɏɚɫɤɢ ɫɨ ɜɫɟɯ ɛɚɥɨɤ ɫɧɢɦɚɥɢ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɷɮɮɟɤɬɚ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɢɡɝɢɛ ɩɪɨɜɨɞɢɥɢ ɱɟɬɵɪɟɯɬɨɱɟɱɧɵɦ ɦɟɬɨɞɨɦ 
ɫɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ η774λ–2017 ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɭɠɟɧɢɹ 0,η ɦɦ/ɦɢɧ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ 
ɨɩɨɪɚɦɢ 40 ɦɦ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɨɩɪɟɞɟɥɹɥɢ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɥɚɬɨɦɟɬɪɚ ɧɚ ɨɛɪɚɡɰɚɯ ɪɚɡɦɟɪɨɦ 4×4×2η ɦɦ ɧɚ ɜɨɡɞɭɯɟ ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 20 ɞɨ 1θ00 °ɋ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɤɚɥɢɛɪɨɜɚɧɧɨɝɨ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɷɬɚɥɨɧɚ ɢɡ ɚɥɸɦɨɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ ɚɧɚɥɨɝɢɱɧɨɝɨ ɪɚɡɦɟɪɚ.  

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɪɨɲɤɢ ɝɢɞɪɨɤɫɢɞɚ ɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ 
ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɋ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɟɧ 
ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜ (ɬɚɛɥ. 1). ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɪɨɲɨɤ ɈȺȺ 
ɨɛɥɚɞɚɟɬ ɧɚɢɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɢɦɟɫɟɣ (0,0λ % (ɩɨ ɦɚɫɫɟ)), ɩɪɢ ɷɬɨɦ ɩɨɪɨɲɨɤ, 
ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɫɨɨɫɚɠɞɟɧɢɹ ɈȺɋ, – ɦɚɤɫɢɦɚɥɶɧɵɦ (0,γθ % (ɩɨ ɦɚɫɫɟ)).  

 
Ɍаɛɥɢɰа 1 

Ɋɟɡɭɥьɬɚɬɵ ɯиɦичɟɫɤɨɝɨ ɚɧɚɥиɡɚ ɩɨɪɨɲɤɨв ɨɤɫиɞɚ ɚɥɸɦиɧия 

ɉɨɪɨɲɨɤ 
ɋɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ, % (ɩɨ ɦɚɫɫɟ) 

Al2O3 SiO2 Na2O ZrO2 Fe2O3 
ɈȺɋ 99,64 0,13 0,02 0,04 0,17 
ɈȺɌ 99,86 0,03 0,05 – 0,06 
ɈȺɉɏ 99,83 0,05 0,04 – 0,08 
ɈȺȺ 99,91 0,07 0,02 – – 
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ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɪɢɫ. 2) ɢ 
ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɨɩɪɟɞɟɥɟɧ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ ɢɫɯɨɞɧɵɯ 
ɩɨɪɨɲɤɨɜμ θ,4γ ɦɤɦ – ɈȺɋν γ,1θ ɦɤɦ – ɈȺɌν κ,η7 ɦɤɦ – ɈȺɉɏν 4,θλ ɦɤɦ – ɈȺȺ. 

 

 
Ɋɢɫ. 2. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɪɨɲɤɨɜ ɈȺɌ ɢ ɈȺɋ ɧɚ ɫɢɧɯɪɨɧɧɨɦ 

ɬɟɪɦɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 2γ ɞɨ ηη0 °ɋ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɬɟɪɹ ɦɚɫɫɵ ɞɨ 17 %, ɫɨɩɪɨɜɨɠɞɚɟɦɚɹ ɪɟɮɥɟɤɫɚɦɢ, ɨɬɧɨɫɹɳɢɦɢɫɹ ɤ 
ɪɚɡɥɨɠɟɧɢɸ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɮɚɡɨɜɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ. ȼ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
ɨɬ ηη0 ɞɨ 1θ00 °ɋ ɩɨɬɟɪɹ ɦɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ 2,κ %. ɉɪɢ ɷɬɨɦ ɧɚ ɬɨɣ ɠɟ ɤɪɢɜɨɣ ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ 1200 –1280 °ɋ ɧɚɛɥɸɞɚɸɬɫɹ ɪɟɮɥɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɮɚɡ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɬɟɪɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɭɸ α-ɮɚɡɭ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɪɨɲɤɚ ɈȺɌ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɪɨɲɤɨɦ ɈȺɋ ɜɫɟ 
ɨɫɧɨɜɧɵɟ ɪɟɮɥɟɤɫɵ ɫɦɟɳɟɧɵ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɨɛɟɫɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɠɢɝɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. 
ɇɚ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɫɩɟɤɚɧɢɹ ɨɛɪɚɡɰɚ 
ɈȺɌ ɫɨɫɬɚɜɥɹɥɚ 11η5 °ɋ, ɱɬɨ ɧɚ 100 °ɋ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɨɛɪɚɡɰɚ ɈȺɋ (12η4 °ɋ), ɩɪɢ ɷɬɨɦ 
ɡɧɚɱɟɧɢɟ ɭɫɚɞɤɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ ɈȺɌ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 2γ ɞɨ 1400 °ɋ 
ɫɨɫɬɚɜɢɥɨ 21θ1,1 ɦɤɦ, ɱɬɨ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɨɛɪɚɡɰɚ ɈȺɋ, ɚ ɫɤɨɪɨɫɬɢ ɭɫɚɞɤɢ 
ɨɛɪɚɡɰɨɜ ɫɯɨɞɧɵ (ɪɢɫ. γ). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɪɨɲɤɨɜ ɈȺɉɏ ɢ ɈȺȺ ɧɚ 
ɫɢɧɯɪɨɧɧɨɦ ɬɟɪɦɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɪɢɜɵɟ ɤɨɪɪɟɥɢɪɭɸɬ ɦɟɠɞɭ 
ɫɨɛɨɣ – ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 2γ ɞɨ ηη0 °ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɩɥɚɜɧɚɹ ɩɨɬɟɪɹ ɦɚɫɫɵ ɞɨ 
3 %. ȼ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 11γ0–1240 °ɋ ɧɚɛɥɸɞɚɸɬɫɹ ɪɟɮɥɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɮɚɡ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɬɟɪɦɢɱɟɫɤɢ 
ɭɫɬɨɣɱɢɜɭɸ α-ɮɚɡɭ. ɇɚ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɭɫɚɞɤɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɫɩɟɤɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ ɈȺɉɏ ɢ 
ɈȺȺ ɫɯɨɞɧɵ ɢ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 11ηη ɞɨ 11θ2 °ɋ (ɪɢɫ. 4).  
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Ɋɢɫ. γ. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜμ а – ɤɪɢɜɚɹ 

ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɩɨɪɨɲɤɚ ɈȺɋν ɛ – ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɥɹ 
ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ ɈȺɌ (─) ɢ ɈȺɋ (─) 
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Ɋɢɫ. 4. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜμ а – ɤɪɢɜɚɹ 

ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɩɨɪɨɲɤɚ ɈȺȺν ɛ – ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɥɹ 
ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ ɈȺɉɏ (─) ɢ ɈȺȺ (─) 

 
ɋ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɤɚɤ 

ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ, ɬɚɤ ɢ ɩɨɫɥɟ ɢɯ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ λ-ɜɨɞɧɨɝɨ ɧɢɬɪɚɬɚ ɚɥɸɦɢɧɢɹ ɫ 2η %-ɧɵɦ ɚɦɦɢɚɱɧɵɦ ɪɚɫɬɜɨɪɨɦ 
ɨɛɪɚɡɨɜɵɜɚɥɫɹ ɚɦɨɪɮɧɵɣ ɝɢɞɪɨɤɫɢɞ ɚɥɸɦɢɧɢɹ. Ɍɨɥɶɤɨ ɩɨɫɥɟ ɟɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ ηη0 °ɋ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ ɭɞɚɥɨɫɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ 
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ɪɟɮɥɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɦɟɫɢ ɮɚɡ ɛɟɦɢɬɚ (Ȗ-AХττH) ɢ Ȗ-ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 
ɉɨɫɥɟɞɭɸɳɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɚ ɞɨ 1200 °ɋ ɩɪɢɜɟɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɟɫɢ ɮɚɡ – 
ș- ɢ α-Al2O3. ȼ ɫɥɭɱɚɟ ɩɨɪɨɲɤɚ ɈȺɌ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɯɨɞɧɵɣ ɩɨɪɨɲɨɤ ɝɢɞɪɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɨɛɥɚɞɚɟɬ ɹɜɧɨ ɜɵɪɚɠɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɢɧɞɟɤɫɢɪɨɜɚɧɧɵɟ 
ɪɟɮɥɟɤɫɵ ɨɬɧɨɫɹɬɫɹ ɤ ɮɚɡɟ ɛɟɦɢɬɚ Ȗ-AХττH М ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɚ ɬɚɤɠɟ ɤ 
ɮɚɡɟ AХ2O3∙3H2τ. ɉɨɫɥɟɞɭɸɳɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɚ ɞɨ ηη0 °ɋ ɩɪɢɜɟɥɚ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɮɚɡɵ Ȗ-Al2O3 ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (FНγm), ɩɪɢ ɷɬɨɦ ɪɟɧɬɝɟɧɨɜɫɤɢɟ 
ɥɢɧɢɢ ɡɚɦɟɬɧɨ ɭɲɢɪɟɧɵ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɢɫɩɟɪɫɧɨɫɬɢ ɮɚɡɵ. ɉɨɫɥɟɞɭɸɳɚɹ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɚ ɞɨ 1200 °ɋ ɩɪɢɜɟɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɟɫɢ ɮɚɡ, ɨɫɧɨɜɧɨɣ ɢɡ 
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ α-Al2O3, ɮɚɡɚɦɢ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɪɟɮɥɟɤɫɨɜ ɹɜɥɹɸɬɫɹ 
ș- ɢ Ȗ-Al2O3. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɈȺɉɏ ɪɚɫɲɢɮɪɨɜɚɧ ɤɚɤ ɫɦɟɫɶ ɮɚɡ  
ș- ɢ į-Al2O3, ɩɨɫɥɟɞɭɸɳɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɚ ɞɨ 1200 °ɋ ɩɪɢɜɟɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɨɞɧɨɮɚɡɧɨɝɨ ɩɨɪɨɲɤɚ α-Al2O3. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɈȺȺ – Ȗ- ɢ į-Al2O3, 
ɩɨɫɥɟɞɭɸɳɚɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɨɪɨɲɤɚ ɞɨ 1200 °ɋ ɬɚɤɠɟ ɩɪɢɜɟɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɨɞɧɨɮɚɡɧɨɝɨ ɩɨɪɨɲɤɚ α-Al2O3. ɉɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɭɸ ɦɨɞɢɮɢɤɚɰɢɸ ɨɤɫɢɞɚ α-Al2O3 
ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɢ ɩɪɢɦɟɫɧɨɝɨ ɫɨɫɬɚɜɚ.  

ȼɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɩɨɥɭɱɚɥɢ ɩɪɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɫɦɟɲɢɜɚɧɢɢ ɢ 
ɢɡɦɟɥɶɱɟɧɢɢ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɜɨɞɧɨɣ ɫɢɫɬɟɦɟ ɜ ɚɬɬɪɢɬɨɪɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ 
ɧɟɨɛɯɨɞɢɦɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ.  

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɜɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɱɚɫɬɢɰ 
ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɨɬ 17 ɞɨ γ2 % (ɩɨ ɦɚɫɫɟ) ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɨɛɚɜɨɤ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɨɞɧɨɣ ɫɢɫɬɟɦɵ (ɬɚɛɥ. 2). Ɉɞɧɚɤɨ 
ɩɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟɦɵ ɨɛɥɚɞɚɥɢ ɧɢɡɤɨɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɩɪɢ ɷɬɨɦ ɜ 
ɫɥɭɱɚɟ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ ɈȺȺ ɢ ɈȺɉɏ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ <2κ % (ɩɨ ɦɚɫɫɟ) ɢ ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɌ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 17 % (ɩɨ ɦɚɫɫɟ) ɧɚɛɥɸɞɚɥɨɫɶ ɪɚɡɞɟɥɟɧɢɟ ɮɚɡ ɫ ɜɵɩɚɞɟɧɢɟɦ 
ɨɫɚɞɤɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɚɟɦɵɣ ɨɫɚɞɨɤ ɪɟɞɢɫɩɟɪɝɢɪɨɜɚɥɫɹ ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɪɢ ɷɬɨɦ ɨɫɚɞɨɤ ɨɛɪɚɡɨɜɵɜɚɥɫɹ ɩɨɜɬɨɪɧɨ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɭɜɟɥɢɱɢɜɚɥɢɫɶ 
ɩɥɨɬɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɫɭɫɩɟɧɡɢɣ. ɇɚɢɥɭɱɲɟɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɢɫɬɟɦ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɬɚɤɠɟ ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ ɈȺɋ ɢ ɈȺɌ, ɨɛɥɚɞɚɸɳɢɟ 
ɧɚɢɦɟɧɶɲɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɢ ɛɨɥɟɟ ɭɡɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɞɨɫɬɢɝɚɥɚ ɧɟ ɦɟɧɟɟ γγθ ɱ. ɉɪɢ ɷɬɨɦ ɫɜɹɡɭɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɋ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ >2γ % (ɩɨ ɦɚɫɫɟ) ɨɛɥɚɞɚɥɢ ɬɢɤɫɨɬɪɨɩɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɪɢɫ. η).  

 

 
Ɋɢɫ. η. Ɉɛɳɢɣ ɜɢɞ ɫɭɫɩɟɧɡɢɢ ɫ ɩɨɪɨɲɤɨɦ ɈȺɋ  

ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 2γ % (ɩɨ ɦɚɫɫɟ) 
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Ɍаɛɥɢɰа 2 
ɋвɨɣɫɬвɚ вɨɞɧɵɯ ɫɭɫɩɟɧɡиɣ ɧɚ ɨɫɧɨвɟ ɪɚɡɥичɧɵɯ ɩɨɪɨɲɤɨв ɨɤɫиɞɚ ɚɥɸɦиɧия 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ AХ2O3, % (ɩɨ ɦɚɫɫɟ) 

17 23 25 28 30 32 
ɋɜɹɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɋ 

ȼɹɡɤɨɫɬɶ, ɦɉɚ·ɫ 22,1 25,9 27,6 29,2 30,4 32,1 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɧɦ  83–136 
ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 1,09 1,12 1,14 1,19 1,29 1,39 

ɋɜɹɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɌ 
ȼɹɡɤɨɫɬɶ, ɦɉɚ·ɫ 20,6 25,8 27,2 28,6 29,8 31,1 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɧɦ  32–58 
ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 1,07 1,10 1,12 1,18 1,28 1,41 

ɋɜɹɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɉɏ 
ȼɹɡɤɨɫɬɶ, ɦɉɚ·ɫ 16,6 19,8 20,2 22,6 27,8 28,3 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɧɦ  70–130 
ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 1,02 1,08 1,13 1,15 1,27 1,38 

ɋɜɹɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺȺ 
ȼɹɡɤɨɫɬɶ, ɦɉɚ·ɫ 17,3 21,1 22,4 24,1 28,3 29,8 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɧɦ  18–52 
ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 1,07 1,10 1,12 1,16 1,23 1,31 

 
Ɂɧɚɱɟɧɢɹ pH ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

ɫɨɫɬɚɜɥɹɥɢμ 7,θ1 – ɞɥɹ ɈȺɋν 7,0η – ɞɥɹ ɈȺɌν θ,λ1 – ɞɥɹ ɈȺɉɏν 6,23 – ɈȺȺ. ɂɡɦɟɧɟɧɢɟ 
ɡɧɚɱɟɧɢɣ ɪɇ ɜ ɬɟɱɟɧɢɟ 2 ɦɟɫ ɫɨɫɬɚɜɢɥɨ ɞɨ 0,0γ %, ɩɪɢ ɷɬɨɦ ɞɚɥɟɟ ɡɧɚɱɟɧɢɹ ɨɫɬɚɜɚɥɢɫɶ 
ɧɟɢɡɦɟɧɧɵɦɢ. ɉɪɢɫɭɬɫɬɜɢɟ ɚɤɬɢɜɧɵɯ ɝɪɭɩɩ (ɝɢɞɪɨɤɫɢɥɶɧɵɯ, ɤɚɪɛɨɤɫɢɥɶɧɵɯ, ɧɢɬɪɚɬɧɵɯ ɢ 
ɧɢɬɪɚɬɨɩɨɞɨɛɧɵɯ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (ɧɚɪɹɞɭ ɫ ɨɫɧɨɜɧɵɦ 
ɯɚɪɚɤɬɟɪɨɦ ɫɚɦɨɝɨ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ) ɫɦɟɳɚɸɬ ɭɪɨɜɟɧɶ ɪɇ ɜɨɞɧɨɣ ɞɢɫɩɟɪɫɢɢ ɧɚɧɨɱɚɫɬɢɰ 
ɜ ɳɟɥɨɱɧɭɸ ɨɛɥɚɫɬɶ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ, ɨɛɥɚɞɚɥɢ ɧɚɢɦɟɧɟɟ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɱɚɫɬɢɰɵ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɜ ɩɨɥɹɪɧɨɣ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɟ ɹɜɥɹɸɬɫɹ ɡɚɪɹɠɟɧɧɵɦɢ, ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɨɞɧɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɥɚɝɚɥɨɫɶ ɭɜɟɥɢɱɢɬɶ ɡɚ ɫɱɟɬ ɞɨɛɚɜɨɤ, ɨɛɥɚɞɚɸɳɢɯ 
ɫɬɟɪɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɫɬɟɪɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɝɨɬɨɜɥɟɧɵ ɜɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ γ2 % (ɩɨ ɦɚɫɫɟ) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 
ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ – DISPERBYK 180, DISPERBYK 190, DISPERBYK 199, 
ɋɇɊ-κ04. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɛɚɜɤɢ DISPERBВK 1λλ ɜ 
ɤɨɥɢɱɟɫɬɜɟ ɧɟ ɛɨɥɟɟ 0,2 % (ɩɨ ɦɚɫɫɟ) ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɜɹɡɤɨɫɬɢ 
(ɞɨ γθκ,γ ɦɉɚ·ɫ) ɢ ɫɦɟɳɟɧɢɸ ɪɇ ɜ ɨɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ 7,λ–κ,1 ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ, ɚ ɬɚɤɠɟ 
ɩɪɨɹɜɥɟɧɢɸ ɬɢɤɫɨɬɪɨɩɧɵɯ ɫɜɨɣɫɬɜ, ɬ. ɟ. ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɜɹɡɤɨɫɬɢ ɜ 
ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ. ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɫɢɫɬɟɦɭ ɭ ɧɟɟ ɩɨɹɜɥɹɟɬɫɹ 
ɬɟɤɭɱɟɫɬɶ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɨɛɚɜɨɤ DISPERBВK 1κ0, DISPERBВK 1λ0 ɢ ɋɇɊ-804 
ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɜ ɤɨɥɢɱɟɫɬɜɟ ɧɟ ɛɨɥɟɟ 0,η % (ɩɨ ɦɚɫɫɟ) ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ 
ɈȺȺ ɢ ɈȺɉɏ ɨɛɥɚɞɚɥɢ ɧɢɡɤɨɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ (<2 ɫɭɬ), ɫɭɫɩɟɧɡɢɢ 
ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ ɈȺɋ ɢ ɈȺɌ – ɧɟ ɛɨɥɟɟ 2 ɧɟɞɟɥɶ. ȼ ɫɢɫɬɟɦɚɯ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ 
ɈȺȺ ɢ ɈȺɉɏ ɧɚɛɥɸɞɚɥɨɫɶ ɨɛɪɚɡɨɜɚɧɢɟ ɩɥɨɬɧɨɝɨ ɨɫɚɞɤɚ, ɬɚɤ ɤɚɤ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɧɚɥɢɱɢɟ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɞɨ 1γ0 ɧɦ ɢ ɨɬɫɭɬɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ 
ɜɵɡɜɚɥɨ ɨɛɪɚɡɨɜɚɧɢɟ ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɨɛɚɜɨɤ. ɋɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ 
ɈȺɋ ɢ ɈȺɌ ɫɨɞɟɪɠɚɬ ɜ ɫɨɫɬɚɜɟ ɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ ɫɦɟɲɚɧɧɵɦ 
ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ, ɜɤɥɸɱɚɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɚɡɵ (ș ɢ Ȗ), ɢ ɢɦɟɸɳɢɟ ɚɤɬɢɜɧɵɟ 
ɝɪɭɩɩɢɪɨɜɤɢ (ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɢ ɤɚɪɛɨɤɫɢɥɶɧɵɟ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ, ɱɬɨ ɜ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɞɨɛɚɜɤɚɦ ɫɬɟɪɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ «ɡɚɤɪɟɩɢɬɶɫɹ» ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɢ ɨɛɟɫɩɟɱɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɜɨɣɫɬɜ.  
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚɢɥɭɱɲɟɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɢ ɚɝɪɟɝɚɬɢɜɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, «ɠɢɜɭɱɟɫɬɶɸ» ɢ 
ɬɟɤɭɱɟɫɬɶɸ ɨɛɥɚɞɚɸɬ ɫɨɫɬɚɜɵ, ɫɨɞɟɪɠɚɳɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɟ ɛɨɥɟɟ 0,2 % (ɩɨ ɦɚɫɫɟ) 
ɞɨɛɚɜɨɤ DISPERBВK 1λ0 ɢ ɋɇɊ-κ04 ɤɚɠɞɨɣ, ɜ ɤɨɬɨɪɵɯ ɚɝɪɟɝɚɰɢɸ ɱɚɫɬɢɰ ɩɪɟɞɨɬɜɪɚɳɚɟɬ 
ɤɚɤ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ, ɬɚɤ ɢ ɫɬɟɪɢɱɟɫɤɨɟ ɨɬɬɚɥɤɢɜɚɧɢɟ. ȼ ɢɬɨɝɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɜɵɛɪɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɞɢɫɩɟɪɝɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡɝɨɬɨɜɥɟɧɵ ɜɨɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ γ2 % (ɩɨ ɦɚɫɫɟ) ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ (ɬɚɛɥ. γ). 

 
Ɍаɛɥɢɰа 3 

ɋвɨɣɫɬвɚ вɨɞɧɵɯ ɫɭɫɩɟɧɡиɣ ɧɚ ɨɫɧɨвɟ ɪɚɡɥичɧɵɯ ɩɨɪɨɲɤɨв ɨɤɫиɞɚ ɚɥɸɦиɧия 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ  

ɞɥɹ ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ 
ɈȺɋ ɈȺɉɏ ɈȺȺ ɈȺɌ 

pH 7,5 7,2 6,4 7,1 
ȼɹɡɤɨɫɬɶ, ɦɉɚ·ɫ 86,2 28,4 34,2 30,2 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ d50, ɧɦ 126 327 130 <40 
ɉɥɨɬɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ, ɝ/ɫɦ3 1,41 1,16 1,35 1,37 
Ⱦɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ, ɦȼ –29,6 –28,5 –30,5 –39,5 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɚ ɢɦɟɧɧɨ – ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ 

ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɬɨɱɟɱɧɨɦ ɢɡɝɢɛɟ, ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɤɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ 
ɪɚɡɦɟɪɨɦ η×η×θ0 ɦɦ, ɤɨɬɨɪɵɟ ɲɥɢɮɨɜɚɥɢ ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ Ra ≈ 0,γ ɦɤɦ. 
Ɏɚɫɤɢ ɫɨ ɜɫɟɯ ɛɚɥɨɤ ɫɧɢɦɚɥɢ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɷɮɮɟɤɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. 
ɂɫɩɵɬɚɧɢɹ ɧɚ ɢɡɝɢɛ ɩɪɨɜɨɞɢɥɢ ɱɟɬɵɪɟɯɬɨɱɟɱɧɵɦ ɦɟɬɨɞɨɦ ɫɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ η774λ–2017 
ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɭɠɟɧɢɹ 0,η ɦɦ/ɦɢɧ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɨɩɨɪɚɦɢ 40 ɦɦ.  

Ʉɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɛɨɥɟɟ 1400 °ɋ 
ɨɛɥɚɞɚɸɬ ɡɧɚɱɟɧɢɹɦɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɬɚɛɥ. 4 ɢ η. 
Ʉɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɋ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɥɚɞɚɸɬ 
ɧɚɢɛɨɥɶɲɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɞɧɚɤɨ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɢɫɩɵɬɚɧɢɹɯ ɩɪɢ 1θ00 °ɋ ɡɧɚɱɟɧɢɹ ɪɟɡɤɨ ɭɦɟɧɶɲɚɸɬɫɹ, ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɚɥɢɱɢɟɦ 
ɨɤɫɢɞɨɜ ɤɪɟɦɧɢɹ ɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɫɨɫɬɚɜɟ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɬɟɪɦɢɱɟɫɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɨɛɪɚɡɰɨɜ. Ʉɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɌ ɨɛɥɚɞɚɸɬ 
ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦ, ɨɬɧɨɫɹɳɢɦɫɹ ɤ 
ɥɢɬɟɣɧɵɦ ɤɟɪɚɦɢɱɟɫɤɢɦ ɮɨɪɦɚɦ. 

 
Ɍаɛɥɢɰа 4 

Ɂɧɚчɟɧия ɩɪɟɞɟɥɚ ɩɪɨчɧɨɫɬи ɩɪи иɡɝиɛɟ ɤɟɪɚɦичɟɫɤиɯ ɨɛɪɚɡɰɨв ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ, °ɋ 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ, ɞɥɹ ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ 

ɈȺɋ ɈȺɉɏ ɈȺȺ ɈȺɌ 
1000 7,1 6,2 6,4 6,7 
1100 9,3 6,9 6,9 7,2 
1200 10,5 7,9 8,1 8,8 
1250 11,8 8,5 8,9 9,3 
1300 12,3 9,4 9,8 10,4 
1350 14,2 10,4 10,4 11,3 
1400 30,7 18,6 19,4 24,1 

 
Ɍаɛɥɢɰа 5 

Ɂɧɚчɟɧия ɩɪɟɞɟɥɚ ɩɪɨчɧɨɫɬи ɩɪи иɡɝиɛɟ ɤɟɪɚɦичɟɫɤиɯ ɨɛɪɚɡɰɨв ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 1600 °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɠɢɝɚ, °ɋ 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ, ɞɥɹ ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ 

ɈȺɋ ɈȺɉɏ ɈȺȺ ɈȺɌ 
1200 4,8 4,9 5,0 5,0 
1300 5,1 5,5 5,4 5,8 
1400 5,9 6,0 6,0 6,3 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɌɄɅɊ ɢɡɝɨɬɨɜɢɥɢ ɤɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɨɦ 
4×4×2η ɦɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɠɢɝɚ 1γ00 °ɋ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 20 ɞɨ 1θ00 °ɋ ɡɧɚɱɟɧɢɹ ɌɄɅɊ ɞɥɹ 
ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥɢ α∙106, Ʉ–1: 9,93 – ɞɥɹ ɈȺɋν 10,24 – ɞɥɹ ɈȺɉɏν 10,04 – ɞɥɹ ɈȺȺν 
9,89 – ɞɥɹ ɈȺɌ.  

 

Ɂɚɤɥɸчɟɧия 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ 

ɫɨɫɬɚɜɚ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ (ɚɥɤɨɝɨɥɹɬ-
ɧɵɦ, ɫɨɨɫɚɠɞɟɧɢɟɦ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ, ɬɟɪɦɢɱɟɫɤɢɦ, ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɦ), ɧɚ ɪɟɨɥɨ-
ɝɢɱɟɫɤɢɟ  ɫɜɨɣɫɬɜɚ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ. Ɉɩɪɟɞɟɥɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ, 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɢ ɬɟɪɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ.  
ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɩɨɥɭɱɟɧɢɹ ɧɚ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ,  
ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɧɢɹ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɛɭɮɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ  
ɞɨɛɚɜɨɤ ɧɚ ɜɹɡɤɨɫɬɶ, ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɭɸ ɢ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜɨɞɧɵɯ ɫɭɫɩɟɧ-
ɡɢɣ. Ɉɩɪɟɞɟɥɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɦɨɪɮɨɥɨɝɢɹ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɜɨɣɫɬɜ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ  
ɜɪɟɦɟɧɢ – ɧɟ ɦɟɧɟɟ θ ɦɟɫ. 

ȼɨɞɧɵɟ ɞɢɫɩɟɪɫɢɢ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɚ ɈȺɌ ɨɛɥɚɞɚɥɢ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢμ 
ɩɥɨɬɧɨɫɬɶ 1,γ7 ɝ/ɫɦ3; pH = 7,1; ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ (d50) ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɜɨɞɧɨɦ 
ɫɜɹɡɭɸɳɟɦ ɫɨɫɬɚɜɥɹɥ η–40 ɧɦν ɜɹɡɤɨɫɬɶ 2λ,κ–γ0,θ ɦɉɚ·ɫν ɡɧɚɤ ɡɚɪɹɞɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɫɜɹɡɭɸɳɟɦ – ɨɬɪɢɰɚɬɟɥɶɧɵɣ. 

Ʉɟɪɚɦɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɪɨɲɤɚ ɈȺɌ, ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɫɧɨɜɧɵɯ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ – ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɫɨɫɬɚɜɢɥ 
10,4 Ɇɉɚ, ɩɪɢ 1θ00 °ɋμ η,κ Ɇɉɚ. 
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ɉɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥьɬаɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫа ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨ аɧаɥɢɡɭ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, а ɬаɤɠɟ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯаɧɢчɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪаɫɬɹɠɟɧɢɢ, 
ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɫɪɟɡɭ ɢ ɨɫаɞɤɟ ɩɪɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɤаɬаɧɵɯ ɩɪɭɬɤɨɜ ɢɡ ɩɫɟɜɞɨ-
β-ɬɢɬаɧɨɜɨɝɨ ɫɩɥаɜа ВɌ47. ɉɪɨɜɟɞɟɧ ɫɪаɜɧɢɬɟɥьɧɵɣ аɧаɥɢɡ ɩɨɥɭчɟɧɧɵɯ ɪɟɡɭɥьɬаɬɨɜ 
ɢɫɫɥɟɞɨɜаɧɢɣ, ɩɨɤаɡɵɜаɸɳɢɣ ɡаɜɢɫɢɦɨɫɬь ɦɟɯаɧɢчɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤаɬаɧɵɯ ɩɪɭɬɤɨɜ ɨɬ 
ɪаɡɥɢчɧɵɯ ɪɟɠɢɦɨɜ ɬɟɪɦɢчɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ, ɧаɩɪаɜɥɟɧɧɵɯ ɧа ɨɛɟɫɩɟчɟɧɢɟ ɩɨɜɵɲɟɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢчɟɫɤɨɣ ɩɥаɫɬɢчɧɨɫɬɢ ɦаɬɟɪɢаɥа ɢ ɭɩɪɨчɧɹɸɳɟɣ ɬɟɪɦɢчɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ. 

Ключевые слова: ɬɢɬаɧɨɜɵɟ ɫɩɥаɜɵ, ɩɪɭɬɤɢ, ɞɟɮɨɪɦаɰɢɹ, ɩɪɨɤаɬɤа, ɦɟɯаɧɢчɟɫɤɢɟ 
ɫɜɨɣɫɬɜа, ɦɢɤɪɨɫɬɪɭɤɬɭɪа, ɬɟɪɦɢчɟɫɤаɹ ɨɛɪаɛɨɬɤа. 

 
V.A. Duyunova1, S.V. Putyrskiy1, A.A. Arislanov1, V.A. Krokhina1, A.A. Shiryaev1 

 
ANALYSIS  OF  THE  EFFECT  OF  HEAT  TREATMENT 
ON  THE  STRUCTURE  AND  MECHANICAL  PROPERTIES  
OF  BARS  MADE  OF  VT47  TITANIUM  ALLOY 

 
The article presents the results of a complex of studies on the analysis of the microstructure, 

as well as the determination of the mechanical properties under tension, shear resistance and 
upsetting at room temperature of rolled bars made of pseudo-β-titanium alloy VT47.  
A comparative analysis of the obtained research results is carried out, showing the dependence 
of the mechanical properties of rolled bars on various heat treatment modes, aimed at providing 
increased technological plasticity of the material and strengthening heat treatment. 

Keywords: titanium alloys, bars, deformation, rolling, mechanical properties, 
microstructure, heat treatment. 
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ȼвɟɞɟɧиɟ 
ȼɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɨɜɪɟɦɟɧɧɵɯ ɥɟɬɚɬɟɥɶ-

ɧɵɯ ɚɩɩɚɪɚɬɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɭɪɨɜɧɸ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚ-
ɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ Д1–3].  

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɪɟɩɟɠɧɵɟ ɢɡɞɟɥɢɹ ɫ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ (ıɜ) ɨɬ γ00 ɞɨ 2100 Ɇɉɚ. ɉɨ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤ ɜɵɫɨɤɨ-
ɩɪɨɱɧɵɦ ɨɬɧɨɫɹɬ ɛɨɥɬɵ ɫ ıɜ ≥ 800 Ɇɉɚ Д4–6].  

Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɧɞɟɧɰɢɣ ɜ ɨɛɥɚɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ – ɢɡ-
ɝɨɬɨɜɥɟɧɢɟ ɛɨɥɟɟ ɦɟɥɤɢɯ ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ. Ɇɢɧɢɚɬɸɪɧɵɟ ɬɢɩɵ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ 
ɭɫɨɜɟɪɲɟɧɫɬɜɭɸɬ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɨ ɝɚɛɚɪɢɬɧɵɦ ɩɚɪɚ-
ɦɟɬɪɚɦ ɢ ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɚɷɪɨ-
ɤɨɫɦɢɱɟɫɤɨɣ. ɉɨ ɦɟɪɟ ɬɨɝɨ, ɤɚɤ ɤɪɟɩɟɠɧɵɟ ɢɡɞɟɥɢɹ ɫɬɚɧɨɜɹɬɫɹ ɦɟɧɶɲɟ, ɩɨɹɜɥɹɸɬɫɹ ɢɧ-
ɧɨɜɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɨɛɥɟɝɱɚɸɳɢɟ ɨɛɪɚɛɨɬɤɭ ɢ ɭɫɬɚɧɨɜɤɭ ɤɪɟɩɟɠɧɵɯ 
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ɢɡɞɟɥɢɣ. Ʉɚɤ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ ɬɢɩɚ ɛɨɥɬ ɹɜɥɹɟɬɫɹ ɯɨɥɨɞɧɚɹ ɜɵɫɚɞɤɚ ɝɨɥɨɜɤɢ ɢ ɧɚɧɟɫɟɧɢɟ 
(ɧɚɤɚɬɵɜɚɧɢɟ) ɪɟɡɶɛɵ ɧɚ ɛɨɥɬɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɞɢɚɦɟɬɪɨɦ ɞɨ 2η,4 ɦɦ (1 ɞɸɣɦ). ɏɨ-
ɥɨɞɧɚɹ ɜɵɫɚɞɤɚ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ 
ɩɪɨɱɧɨɫɬɢ ɪɟɡɶɛɵ ɛɨɥɬɨɜ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɢɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɠɢɦɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢ-
ɹɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɷɮɮɟɤɬɚɦ ɞɪɨɛɟɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɞɟɥɚɟɬ ɪɟɡɶɛɭ  
ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɤ ɭɫɬɚɥɨɫɬɧɨɦɭ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ Дθ–12]. 

ȼ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɨɥɬɚ ɤɨɧɟɱɧɭɸ ɩɪɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɱɧɨɫɬɶ ɢɫ-
ɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɟɝɨ ɭɩɪɨɱɧɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɩɥɚɜɨɜ 
ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ ɤɪɟɩɥɟɧɢɹ ɨɫɬɚɟɬɫɹ ɫɩɥɚɜ ȼɌθ ɢ ɡɚɪɭɛɟɠɧɵɣ 
ɫɩɥɚɜ-ɚɧɚɥɨɝ GrКНО η (TТ–6Al–4V). Ⱦɚɧɧɵɟ ɫɩɥɚɜɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɫɬɢɠɟɧɢɟ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ıɜ ≤ 950 Ɇɉɚ Дλ–11].  

ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɦ ɚɜɢɚɫɬɪɨɟɧɢɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ ɬɚɤɠɟ ɩɪɢ-
ɦɟɧɹɸɬ ɫɩɥɚɜɵ ȼɌγ-1, ȼɌ1θ ɢ ȼɌ22, ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ (α+ȕ)-ɤɥɚɫɫɭ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 
ɫɩɥɚɜɚ ȼɌ22 (ɩɟɪɟɯɨɞɧɨɝɨ ɢɥɢ ɩɫɟɜɞɨ-ȕ-ɤɥɚɫɫɚ) Д11Ж. Ɉɞɧɚɤɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɚ 
ɢɡ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɢ/ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛ-
ɪɚɛɨɬɤɢ. ɋɩɥɚɜɵ ȼɌγ-1 ɢ ȼɌ22 ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ ɤɪɟɩɥɟɧɢɹ. Ⱦɥɹ ɤɪɟɩɟɠɧɵɯ ɢ ɞɪɭɝɢɯ ɪɟɡɶɛɨɜɵɯ ɞɟɬɚɥɟɣ 
ɞɢɚɦɟɬɪɨɦ ɧɟ ɛɨɥɟɟ 40 ɦɦ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ γ00 °ɋ, ɧɚɢɛɨɥɟɟ ɭɞɚɱ-
ɧɵɦ ɫɨɱɟɬɚɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɥɚɞɚɟɬ ɫɩɥɚɜ ȼɌ1θ ДθЖ. 
Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɩɥɚɜɚ ȼɌ1θ 
ɜ ɩɪɨɰɟɫɫɟ ɯɨɥɨɞɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɨɬɨɜɵɣ ɛɨɥɬ ɩɪɢɨɛɪɟɬɚɟɬ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɣ 
ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ıɜ ≥ 1040 Ɇɉɚ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɟɡɭ Ĳɫɪ ≥ 700 Ɇɉɚ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɩɨɜɵɲɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɪɟɩɟɠ-
ɧɵɯ ɢɡɞɟɥɢɣ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɤɨ-
ɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɫɬɢɠɟɧɢɟ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɩɪɨɱ-
ɧɨɫɬɢ (ıɜ ≥ 1200 Ɇɉɚ) ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬɢɱɧɨ-
ɫɬɢ. Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɨɫɨɛɟɧɧɨ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, 
ɬɚɤɠɟ ɩɨɡɜɨɥɹɬ ɩɪɢɦɟɧɢɬɶ ɞɥɹ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ ɯɨɥɨɞɧɭɸ ɜɵɫɚɞɤɭ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚ ɪɭɛɟɠɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ ɧɚɯɨɞɹɬ 
ɩɪɢɦɟɧɟɧɢɟ ɫɩɥɚɜɵ ɦɚɪɨɤ 1-8-5 (Ti–1Al–8V–5Fe), Beta C (Ti–3Al–8V–6Cr–4Mo–4Zr), 
Timetal 21S (Ti–3Al–15Mo–2,7Nb–0,2ηSТ) ɢ Timetal 125 (Ti–6V–6Mo–6Fe–3Al) [9, 12]; 
ɢɡ ɧɢɯμ 

– ɩɫɟɜɞɨ-ȕ-ɫɩɥɚɜ TТmОЭКХ 21S ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɯɨɪɨɲɭɸ 
ɯɨɥɨɞɧɭɸ ɮɨɪɦɭɟɦɨɫɬɶ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢ ɢɡ-
ɝɨɬɨɜɥɟɧɢɢ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɤɪɟɩɟɠɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɭɪɨɜɟɧɶ ɫɜɨɣɫɬɜ Ĳɫɪ ≥ κ00 Ɇɉɚ, 
ıɜ ≥ 1γ00 Ɇɉɚ; 

– ɩɫɟɜɞɨ-ȕ-ɫɩɥɚɜ Timetal 12η ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɫɨɤɨɩɪɨɱ-
ɧɨɝɨ ɤɪɟɩɟɠɚ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ – ıɜ ≥ 1γ00 Ɇɉɚ ɩɪɢ ɭɞɥɢɧɟ-
ɧɢɢ į ≤ θ %, ɨɞɧɚɤɨ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɫɩɥɚɜɟ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɫɧɢɠɟɧɢɸ 
ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫɩɥɭɚ-
ɬɚɰɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ. 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɟɥɤɢɯ ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɯɨɥɨɞɧɨɣ ɜɵɫɚɞɤɢ 
ɧɟɨɛɯɨɞɢɦɵ ɩɪɭɬɤɢ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ (ɞɨ 10,η ɦɦ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɫɨɤɢɦ ɬɪɟɛɨɜɚ-
ɧɢɹɦ ɤ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɭɬɤɨɜɵɯ 
ɡɚɝɨɬɨɜɨɤ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ1θ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ 
ɤɪɟɩɥɟɧɢɹ ɦɟɬɨɞɨɦ ɯɨɥɨɞɧɨɣ ɜɵɫɚɞɤɢ, ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɤɚɬɚɧɵɟ ɩɪɭɬɤɢ ɦɟɥɤɨɝɨ 
ɫɨɪɬɚ ɞɢɚɦɟɬɪɨɦ ɜɩɥɨɬɶ ɞɨ 4 ɦɦ. Ɉɛɳɚɹ ɫɯɟɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɭɬɤɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ 
ɫɩɥɚɜɚ ȼɌ1θ ɦɟɥɤɨɝɨ ɫɨɪɬɚ ɫɥɟɞɭɸɳɚɹμ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɥɢɬɤɨɜ, ɞɟɮɨɪɦɚɰɢɨɧɧɚɹ  
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ɨɛɪɚɛɨɬɤɚ, ɩɪɨɤɚɬɤɚ ɩɪɭɬɤɨɜ, ɬɪɚɜɥɟɧɢɟ, ɜɚɤɭɭɦɧɵɣ ɨɬɠɢɝ, ɩɪɨɤɚɬɤɚ ɜ ɪɨɥɢɤɨɜɨɣ  
ɤɚɫɫɟɬɟ, ɦɨɣɤɚ, ɜɚɤɭɭɦɧɵɣ ɨɬɠɢɝ, ɨɛɬɨɱɤɚ, ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɤɨɧɬɪɨɥɶ.  

ɉɪɢɦɟɧɟɧɢɟ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ 
ɞɥɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɪɟɩɟɠɧɵɯ 
ɞɟɬɚɥɟɣ ɜɩɥɨɬɶ ɞɨ ɭɪɨɜɧɹ ɡɚɪɭɛɟɠɧɵɯ ɫɩɥɚɜɨɜ, ɬɚɤɢɯ ɤɚɤ TТmОЭal 21S [6, 11]. 

ȼ ɰɟɥɨɦ ɞɥɹ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɜɚɠɧɨɟ ɫ ɩɪɚɤɬɢɱɟ-
ɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɢɦɭɳɟɫɬɜɨ – ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ ɤɨɦɩɥɟɤɫɨɦ 
ɢɯ ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɪɢ ɷɬɨɦ ɫɭɳɟ-
ɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɚɪɶɢɪɨɜɚɬɶ ɭɪɨɜɧɟɦ ɧɟ ɬɨɥɶɤɨ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ  
(ıɜ, ı0,2), ɧɨ ɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (E) ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɡɧɚɱɟɧɢɣ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 
ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 
~83 Ƚɉɚ, ɚ ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ ɟɝɨ ɡɧɚɱɟɧɢɹ ɜɨɡɪɚɫɬɚɸɬ ɞɨ з(10γ–110) Ƚɉɚ Д1γ–16]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 
ɫɩɥɚɜɨɜ ɫ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ȕ-ɫɬɪɭɤɬɭɪɨɣ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɨɛɪɚɛɨɬɤɚ (ɇɌɆɈ), ɜɤɥɸɱɚɸɳɚɹ ɡɚɤɚɥɤɭ, ɯɨɥɨɞɧɭɸ ɞɟɮɨɪɦɚɰɢɸ ɢ ɫɬɚɪɟɧɢɟ. ɉɪɢ ɬɟɪ-
ɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜɨɡɦɨɠɧɨ ɞɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɨ-
ɝɨ ɭɪɨɜɧɹ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɭɩɪɭɝɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɟ 
ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟμ ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɤɭɛɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ȕ-ɮɚɡɵ 
ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɫɢɫɬɟɦ ɫɤɨɥɶɠɟɧɢɹ, ɱɟɦ ɝɟɤɫɚɝɨɧɚɥɶɧɚɹ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɚɹ 
ɪɟɲɟɬɤɚ α-ɮɚɡɵ ɜ α- ɢɥɢ (α+ȕ)-ɫɩɥɚɜɚɯ Д17–19].  

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɫɩɥɚɜɨɦ ɩɫɟɜɞɨ-ȕ-ɤɥɚɫɫɚ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜ 
ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ ɫɩɥɚɜ ȼɌ47 ɫɢɫɬɟɦɵ TТ–Al–Mo–V–Cr–Fe–Sn–Zr–Y, 
ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɨɫɬɚɜɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɣ ɷɥɟɦɟɧɬ – ɢɬɬɪɢɣ (В). ɋɩɥɚɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨ-
ɤɢɣ ɭɪɨɜɟɧɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ıɜ = 1210–1270 Ɇɉɚ 
ɩɪɢ į5 = 12,0–15,5 %) [19–22].  

ɉɪɢɦɟɧɟɧɢɟ ɩɪɭɬɤɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ  
ɦɟɬɨɞɨɦ ɯɨɥɨɞɧɨɣ ɜɵɫɚɞɤɢ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ ɩɪɢ ɜɵɛɨɪɟ ɪɟɠɢɦɨɜ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢμ 

– ɜɵɛɨɪ ɪɟɠɢɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨ-
ɜɵɲɟɧɧɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɚ ɢɦɟɧɧɨ ɬɟɦɩɟɪɚɬɭɪ ɧɚɝɪɟɜɚ ɩɪɢ 
ɨɬɠɢɝɟ/ɡɚɤɚɥɤɟ ɡɚɝɨɬɨɜɨɤν ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɯɨɥɨɞɧɚɹ ɜɵɫɚɞɤɚν  

– ɜɵɛɨɪ ɫɯɟɦɵ ɢ ɪɟɠɢɦɨɜ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸ-
ɳɟɣ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ. 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ  
ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɭɬɤɨɜ ɢɡ 
ɫɩɥɚɜɚ ȼɌ47. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ɍɪɚɞɢɰɢɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɣ ɞɟɮɨɪɦɚɰɢɢ ɫ ɱɟɪɟɞɨɜɚɧɢɟɦ ɧɚɝɪɟɜɨɜ ɜ ȕ- ɢ 
(α + ȕ)-ɨɛɥɚɫɬɹɯ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɩɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɨ ɝɥɨɛɭɥɹɪɧɨɣ ɦɨɪɮɨɥɨɝɢɢ. Ɉɞɧɚɤɨ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɫɟɜɞɨ-ȕ-ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ 
ȼɌ47 ɢɦɟɟɬ ɞɨɜɨɥɶɧɨ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
(α + ȕ)-ɫɩɥɚɜɚɦɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɩɫɟɜɞɨ- 
ȕ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ (α + ȕ)-ɨɛɥɚɫɬɢ ɫɭɳɟɫɬɜɭɟɬ ɪɢɫɤ ɧɟɞɨɫɬɚɬɨɱɧɨɣ 
ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɩɪɨɪɚɛɨɬɤɢ ɫɬɪɭɤɬɭɪɵ ɡɚɝɨɬɨɜɨɤ. ɉɨɷɬɨɦɭ ɞɥɹ ɞɚɧɧɨɝɨ 
ɤɥɚɫɫɚ ɫɩɥɚɜɨɜ ɩɨɥɭɱɢɥɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɨɜɟɞɟɧɢɟ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ ɜ ȕ-ɨɛɥɚɫɬɢ 
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ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɫɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. Ȼɨɥɟɟ ɬɨɝɨ, ɬɚɤɚɹ ɫɯɟɦɚ ɦɟɧɟɟ ɷɧɟɪɝɨɡɚɬɪɚɬɧɚ 
ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɦɟɧɶɲɢɯ ɧɚɝɪɭɡɨɤ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɪɨɪɚɛɨɬɤɢ 
ɫɬɪɭɤɬɭɪɵ ɡɚɝɨɬɨɜɨɤ. ɉɪɨɜɟɞɟɧɢɟ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
(α + ȕ)-ɨɛɥɚɫɬɢ ɹɜɥɹɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɜɫɥɟɞɫɬɜɢɟ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪ-
ɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫ ɧɚɝɪɟɜɨɦ ɩɨɞ ɡɚɤɚɥɤɭ ɜ ȕ-ɨɛɥɚɫɬɶ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɬɪɭɤɬɭɪɧɵɦ 
ɢɡɦɟɧɟɧɢɹɦ, ɡɚɤɥɸɱɚɸɳɢɦɫɹ ɜ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɪɨɫɬɚ  
ɩɟɪɜɢɱɧɨɝɨ ȕ-ɡɟɪɧɚ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɭɳɟɫɬɜɥɟɧɚ ɜɵɩɥɚɜɤɚ ɫɥɢɬɤɨɜ (ɪɢɫ. 1, а) ɢɡ 
ɫɩɥɚɜɚ ȼɌ47 ɦɚɫɫɨɣ зγ0 ɤɝ ɜ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɣ ɩɟɱɢ VAR-δ200. ɉɭɬɟɦ ɤɨɜɤɢ ɧɚ ɢɡɨ-
ɬɟɪɦɢɱɟɫɤɨɦ ɩɪɟɫɫɟ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɡɚɝɨɬɨɜɤɢ, ɢɡ ɤɨɬɨɪɵɯ ɩɨɥɭɱɚɥɢ ɤɚɬɚɧɵɟ ɩɪɭɬɤɢ 
(ɪɢɫ. 1, ɛ). ȼɫɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɨɩɟɪɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ȕ-ɨɛɥɚɫɬɢ. 

 
ɛ)а)

 
Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɫɥɢɬɤɚ (а) ɢ ɤɚɬɚɧɨɝɨ ɩɪɭɬɤɚ (ɛ) ɢɡ ɫɩɥɚɜɚ ȼɌ47 

 
Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɤ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɨɜɟɞɟɧɢɟ 

ɡɚɤɚɥɤɢ ɫ ɬɟɦɩɟɪɚɬɭɪɵ ȕ-ɨɛɥɚɫɬɢ. Ɉɞɧɚɤɨ, ɫɨɝɥɚɫɧɨ ɪɹɞɭ ɢɫɫɥɟɞɨɜɚɧɢɣ Д1γ, 17, 21Ж, ɫɭ-
ɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɜ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ ɩɭɬɟɦ ɜɵɛɨɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɤɚɥɤɢ ɜ (α + ȕ)-ɨɛɥɚɫɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɫɭɬɫɬɜɢɟ 
ɩɟɪɜɢɱɧɨɣ α-ɮɚɡɵ ɞɨɥɠɧɨ ɨɤɚɡɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɪɚɫɩɚɞɚ ȕ-ɮɚɡɵ 
ɩɪɢ ɫɬɚɪɟɧɢɢ. 

ɉɪɢ ɷɬɨɦ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠ-
ɧɵɯ ɢɡɞɟɥɢɣ ɩɪɨɜɟɞɟɧɢɟ ɡɚɤɚɥɤɢ ɫ ɬɟɦɩɟɪɚɬɭɪ (α + ȕ)-ɨɛɥɚɫɬɢ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ  
ɧɟɨɛɯɨɞɢɦɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɯɨɥɨɞɧɨɣ ɜɵɫɚɞɤɢ. 

Ⱦɪɭɝɢɦ ɜɨɡɦɨɠɧɵɦ ɜɚɪɢɚɧɬɨɦ ɩɨɜɵɲɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ 
ɡɧɚɱɟɧɢɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɯɟɦɵ ɇɌɆɈ, ɜɤɥɸɱɚɸɳɟɣ ɫɥɟɞɭ-
ɸɳɢɟ ɨɩɟɪɚɰɢɢμ ɡɚɤɚɥɤɚ → ɯɨɥɨɞɧɚɹ ɞɟɮɨɪɦɚɰɢɹ → ɫɬɚɪɟɧɢɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɧɬɟɧɫɢɮɢ-
ɰɢɪɭɟɬɫɹ ɪɚɫɩɚɞ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ȕ-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɢɰ α-ɮɚɡɵ  
ɧɚ ɞɟɮɟɤɬɚɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɢ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ.  

Ⱦɥɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢɦɟɧɹɟɬɫɹ ɫɯɟɦɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɨɣ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ȼɌɆɈ), ɩɪɢ ɤɨɬɨɪɨɣ ɫɬɚɪɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨɫɥɟ 
ɨɯɥɚɠɞɟɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɡɚɤɚɥɤɢ. ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ 
ɫɩɥɚɜ ȼɌ47 ɹɜɥɹɟɬɫɹ ɫɚɦɨɡɚɤɚɥɢɜɚɸɳɢɦɫɹ ɢ ɫ ɭɱɟɬɨɦ ɦɚɥɵɯ ɫɟɱɟɧɢɣ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨ-
ɬɨɜɨɤ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɚɹ ɮɢɤ-
ɫɚɰɢɹ ȕ-ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɷɬɨɦ ɜ ɦɚɬɟɪɢɚɥɟ ɫɨɯɪɚɧɹɸɬɫɹ ɞɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨ-
ɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ  ɞɟɮɨɪɦɚɰɢɢ, ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ. ɗɮɮɟɤɬ ɢɯ ɜɥɢɹɧɢɹ 
ɜɨɡɦɨɠɧɨ ɥɢɤɜɢɞɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɧɚɝɪɟɜɟ  
ɢ ɜɵɞɟɪɠɤɟ ɩɨɞ ɡɚɤɚɥɤɭ.  
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 ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɜɵɛɪɚɧɵ ɪɟɠɢɦɵ ɢ ɩɪɨɜɟɞɟɧɚ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ (ɝɞɟ 
Ɍɩ.ɩ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ) ɤɚɬɚɧɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɜ ɤɚɦɟɪ-
ɧɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɟɱɢ NШЛОrЭСОrm ɩɨ ɫɥɟɞɭɸɳɢɦ ɪɟɠɢɦɚɦμ 

– 1 – ɡɚɤɚɥɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɩ.ɩ – 30) °ɋ, ɜɵɞɟɪɠɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟν 
– 2 – ɡɚɤɚɥɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɩ.ɩ + 30) °ɋ, ɜɵɞɟɪɠɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟν 
– 3 – ɡɚɤɚɥɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɩ.ɩ – 30) °ɋ, ɜɵɞɟɪɠɤɚ, ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ + ɫɬɚ-

ɪɟɧɢɟ, ɜɵɞɟɪɠɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟν 
– 4 – ɡɚɤɚɥɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɩ.ɩ + 30) °ɋ, ɜɵɞɟɪɠɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ + ɫɬɚ-

ɪɟɧɢɟ, ɜɵɞɟɪɠɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟν 
– 5 – ɡɚɤɚɥɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɩ.ɩ + 40) °ɋ, ɜɵɞɟɪɠɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ → 

ɯɨɥɨɞɧɚɹ ɨɫɚɞɤɚ → ɫɬɚɪɟɧɢɟ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ (ɇɌɆɈ)ν 
– 6 – ɝɨɪɹɱɚɹ ɩɪɨɤɚɬɤɚ → ɫɬɚɪɟɧɢɟ ɢ ɨɯɥɚɠɞɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ (ȼɌɆɈ). 

ɉɪɨɜɟɞɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɚɦ 1 ɢ 2 ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛ-
ɯɨɞɢɦɭɸ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɯɨɥɨɞɧɨɣ ɜɵɫɚɞɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɚ. 

ɉɨɞɛɨɪ ɪɟɠɢɦɨɜ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ 
(ɡɚɤɚɥɤɚ ɫ ɩɨɫɥɟɞɭɸɳɟɦ ɫɬɚɪɟɧɢɟɦ) ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟ-
ɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɢɠɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɫɨɱɟɬɚɧɢɹ ɤɨɦɩɥɟɤɫɚ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɬɨɝɨɜɨɝɨ ɢɡɞɟɥɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɵɩɨɥɧɹɥɢ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ. ɂɫɩɵɬɚ-
ɧɢɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɨɛɪɚɡɰɨɜ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ47 ɩɪɨɜɨ-
ɞɢɥɢ ɩɨ ȽɈɋɌ 14λ7–κ4 ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ.  

ɂɫɩɵɬɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɫɪɟɡɭ 
(Ĳɫɪ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɩɪɨɜɨɞɢɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɈɋɌ1 λ014κ–74 ɧɚ ɢɫɩɵɬɚɬɟɥɶ-
ɧɨɣ ɦɚɲɢɧɟ. 
 

Ɋɟɡɭɥьɬɚɬɵ 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47 

ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɇɌɆɈ ɢ ȼɌɆɈ ɩɨ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɪɟɠɢɦɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ  
ɧɚ ɪɢɫ. 2. 

 
ɛ)а) ɜ)

ɝ) ɟ)ɞ)

 
Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×200) ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47,  
ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɪɟɠɢɦɚɦ 1 (а), 2 (ɛ), 3 (ɜ), 4 (ɝ) ɢ ɩɨɫɥɟ ɧɢɡɤɨ- (ɞ)  

ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ (ɟ) ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɨɛɪɚɛɨɬɨɤ  
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Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɟɠɢɦɵ 1 ɢ 2) ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɩɟɪɜɢɱɧɵɦɢ ȕ-ɡɟɪɧɚɦɢ. ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɭ 1 ɬɚɤɠɟ ɧɚɛɥɸɞɚɸɬ-
ɫɹ ɱɚɫɬɢɰɵ α-ɮɚɡɵ ɜ ɜɢɞɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ «ɨɬɨɪɨɱɤɢ» ɩɨ ɝɪɚɧɢɰɚɦ ȕ-ɡɟɪɟɧ, ɚ ɬɚɤɠɟ 
ɫɤɨɩɥɟɧɢɹ ɱɚɫɬɢɰ α-ɮɚɡɵ ɧɚ ɬɪɨɣɧɵɯ ɫɬɵɤɚɯ ɩɟɪɜɢɱɧɵɯ ȕ-ɡɟɪɟɧ ɢ ɜ ɦɟɫɬɚɯ ɢɫɯɨɞɧɨɝɨ 
ɫɤɨɩɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪ-
ɦɚɰɢɢ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɜ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɟɠɢɦɵ 3 ɢ 4) ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɢɫɯɨɞɧɵɦɢ ȕ-ɡɟɪɧɚɦɢ ɫ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɦɢ ɜɵɞɟɥɟɧɢɹɦɢ ɱɚɫɬɢɰ α-ɮɚɡɵ ɜɵ-
ɫɨɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɜɧɭɬɪɢ ȕ-ɡɟɪɧɚ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɭ 3 ɯɚɪɚɤɬɟɪɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɣ ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɛɥɢɡɢ ɝɪɚɧɢɰ  
ȕ-ɡɟɪɧɚ ɢ «ɨɬɨɪɨɱɟɤ» α-ɮɚɡɵ, ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ. ɇɟɨɛɯɨ-
ɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɭ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸ-
ɳɟɦɭ ɡɚɤɚɥɤɭ ɢɡ ȕ-ɨɛɥɚɫɬɢ ɢ ɫɬɚɪɟɧɢɟ (ɪɟɠɢɦ 4), ɜɧɭɬɪɢ ɧɟɤɨɬɨɪɵɯ ȕ-ɡɟɪɟɧ ɧɚɛɥɸɞɚ-
ɸɬɫɹ ɡɨɧɵ, ɫɜɨɛɨɞɧɵɟ ɨɬ ɜɵɞɟɥɟɧɢɣ ɱɚɫɬɢɰ α-ɮɚɡɵ, ɢ ɡɟɪɧɚ ɫ ɩɨɧɢɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 
ɜɵɞɟɥɟɧɢɣ α-ɮɚɡɵ, ɱɬɨ ɦɨɠɟɬ ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɛɨɥɶɲɟɝɨ ɪɚɡɛɪɨɫɚ ɡɧɚɱɟɧɢɣ ɩɥɚɫɬɢɱɟ-
ɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɪɚɫɬɹɠɟɧɢɢ, ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ 
ɭɫɬɚɥɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɚ ɬɚɤɠɟ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɟɳɢɧɨ-
ɫɬɨɣɤɨɫɬɢ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ 5 (ɇɌɆɈ) ɢ  
6 (ȼɌɆɈ) ɩɪɟɞɫɬɚɜɥɟɧɚ ȕ-ɡɟɪɧɚɦɢ ɫ ɦɟɥɤɨɩɥɚɫɬɢɧɱɚɬɵɦɢ ɜɵɞɟɥɟɧɢɹɦɢ α-ɮɚɡɵ, ɢɦɟ-
ɸɳɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɜɧɭɬɪɢ ȕ-ɡɟɪɟɧ. Ɇɟɫɬɚɦɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɢ ɨɛɴɟɦɚ ɜɵɞɟɥɟɧɢɣ ɱɚɫɬɢɰ 
ɜɬɨɪɢɱɧɨɣ α-ɮɚɡɵ ɜ ɪɚɡɥɢɱɧɵɯ ȕ-ɡɟɪɧɚɯ. Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɩɨɫɥɟ ɩɪɢɦɟɧɟɧɧɵɯ 
ɪɟɠɢɦɨɜ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɪɮɨɥɨɝɢɢ ɱɚɫɬɢɰ ɜɬɨɪɢɱɧɨɣ 
α-ɮɚɡɵ ɜɜɢɞɭ ɢɯ ɨɱɟɧɶ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɫ ɬɪɭɞɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɟɫɤɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ. 

ɉɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɜɵɲɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɨɫɚɞɤɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ (ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ κκ17–κ2) ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɨɬ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 
ȼɌ47 (ɬɚɛɥ. 1).  

 
Ɍаɛɥɢɰа 1 

Ɉɫɚɞɤɚ ɩɪɭɬɤɨвɵɯ ɡɚɝɨɬɨвɨɤ иɡ ɫɩɥɚвɚ ȼɌ47 ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟɠɢɦɚ ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ, % ɋɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ 

1 
(ɡɚɤɚɥɤɚ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ) 74,03 ɇɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ  

ɨɛɪɚɡɰɚ ɨɬɫɭɬɫɬɜɭɸɬ  
ɬɪɟɳɢɧɵ, ɡɚɤɚɬɵ ɢ ɧɚɞɪɵɜɵ 2 

(ɡɚɤɚɥɤɚ ɢɡ ȕ-ɨɛɥɚɫɬɢ) 75,25 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɫɚɞɤɭ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɞɨɛɪɚɧɧɵɟ ɪɟɠɢɦɵ ɨɛɟɫɩɟ-

ɱɢɜɚɸɬ ɞɨɫɬɢɠɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ >7γ % ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨ-
ɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ (ɬɪɟɳɢɧ, ɡɚɤɚɬɨɜ, ɧɚɞɪɵɜɨɜ), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɩɥɚɜɚ, ɞɨɫɬɢɝɧɭɬɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɧɵɯ ɪɟɠɢɦɨɜ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 
ɤɚɬɚɧɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɇɌɆɈ ɢ 
ȼɌɆɈ ɩɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɪɟɠɢɦɚɦ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2 ɢ γ. 
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Ɍаɛɥɢɰа 2 
Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɩɪи ɪɚɫɬяɠɟɧии ɩɪɭɬɤɨвɵɯ ɡɚɝɨɬɨвɨɤ иɡ ɫɩɥɚвɚ ȼɌ47  

ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɩɨɫɥɟ ɬɟɪɦичɟɫɤɨɣ ɨɛɪɚɛɨɬɤи,  
ɨɛɟɫɩɟчивɚɸɳɟɣ ɬɟɯɧɨɥɨɝичɟɫɤɭɸ ɩɥɚɫɬичɧɨɫɬь (ɫɪɟɞɧиɟ ɡɧɚчɟɧия) 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟɠɢɦɚ E, Ƚɉɚ 0,2, Ɇɉɚ ɜ, Ɇɉɚ į, % ȥ, % 

1 (ɡɚɤɚɥɤɚ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ) 85,8 788 794 21,3 49,2 
2 (ɡɚɤɚɥɤɚ ɢɡ ȕ-ɨɛɥɚɫɬɢ) 85,4 798 804 21,3 49,6 

 
Ɍаɛɥɢɰа 3 

Ɇɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɩɪи ɪɚɫɬяɠɟɧии ɩɪɭɬɤɨвɵɯ ɡɚɝɨɬɨвɨɤ иɡ ɫɩɥɚвɚ ȼɌ47  
ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɩɨɫɥɟ ɭɩɪɨчɧяɸɳɟɣ ɬɟɪɦичɟɫɤɨɣ  

и ɬɟɪɦɨɦɟɯɚɧичɟɫɤɨɣ ɨɛɪɚɛɨɬɨɤ (ɫɪɟɞɧиɟ ɡɧɚчɟɧия) 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟɠɢɦɚ E, Ƚɉɚ 0,2, Ɇɉɚ ɜ, Ɇɉɚ į, % ȥ, % 

3 (ɡɚɤɚɥɤɚ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ) 109,4 1266 1326 11,0 12,1 
4  (ɡɚɤɚɥɤɚ ɢɡ ȕ-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ) 110,4 1172 1240 11,6 31,4 

5 (ɇɌɆɈ) 113,5 1352 1417 4,3 9,6 
6 (ȼɌɆɈ) 108,0 1262 1330 8,6 13,0 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɫɥɟ ɬɟɪɦɢɱɟ-

ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɜɵɲɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, 
ɞɨɫɬɢɝɚɸɬɫɹ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬɢɱɧɨɫɬɢν ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪ-
ɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɬɚɤɠɟ ɩɨɥɭɱɟɧɵ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ ɜ ɫɨ-
ɜɨɤɭɩɧɨɫɬɢ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɥɚɫɬɢɱɧɨɫɬɢ. ɉɨɫɥɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɡɧɚɱɟɧɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ ɭɫɬɭɩɚɸɬ ɡɧɚɱɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨɫɥɟ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɨ-
ɨɛɪɚɛɨɬɤɢ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɟɡɭ (Ĳɫɪ) ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɨɬɨɜɨɣ 
ɞɟɬɚɥɢ, ɩɨɷɬɨɦɭ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɟɠɢɦɚ 2 ɢ ȼɌɆɈ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɞɜɨɣɧɨɣ 
ɫɪɟɡ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ ɤɚɬɚɧɵɯ ɩɪɭɬɤɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ47 (ɬɚɛɥ. 4). 
 

Ɍаɛɥɢɰа 4 
ɋɨɩɪɨɬивɥɟɧиɟ ɫɪɟɡɭ (Ĳɫɪ) ɩɪɭɬɤɨвɵɯ ɡɚɝɨɬɨвɨɤ  

иɡ ɫɩɥɚвɚ ȼɌ47 ɩɪи ɬɟɦɩɟɪɚɬɭɪɟ 20 °ɋ (ɫɪɟɞɧиɟ ɡɧɚчɟɧия) 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɪɟɠɢɦɚ Ĳɫɪ, Ɇɉɚ 

3 (ɡɚɤɚɥɤɚ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ) 812 
4 (ɡɚɤɚɥɤɚ ɢɡ ȕ-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ) 777 

6 (ȼɌɆɈ) 805 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɟɡɭ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɥɚɞɚɸɬ ɩɪɭɬɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɩɨɫɥɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɚɦ 3 ɢ 4. ɋɜɨɣɫɬɜɚ ɩɪɭɬɤɨɜ ɩɨɫɥɟ ɪɟɠɢɦɚ 6 (ȼɌɆɈ) 
ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɩɨɫɥɟ ɪɟɠɢɦɨɜ 3 ɢ 4. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ ɇɌɆɈ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ. ɇɚɢɥɭɱɲɢɣ ɤɨɦ-
ɩɥɟɤɫ ɫɜɨɣɫɬɜ ɫɩɥɚɜ ɩɪɢɨɛɪɟɬɚɟɬ ɩɨɫɥɟ ɪɟɠɢɦɚ 3 – ɡɚɤɚɥɤɚ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ. 

 
Ɉɛɫɭɠɞɟɧиɟ и ɡɚɤɥɸчɟɧия 

ɂɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 1, ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɜɟɞɟɧɢɟ ɡɚɤɚɥɤɢ ɫ 
ɬɟɦɩɟɪɚɬɭɪ (α + ȕ)- ɢ ȕ-ɨɛɥɚɫɬɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɟɣ 
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɚɞɤɭ, ɩɪɟɜɵɲɚɸɳɢɯ 70 %, ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ 
ɬɪɟɳɢɧ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ ɪɚɜɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 
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ɦɚɬɟɪɢɚɥɚ ɜ ɞɚɧɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ ɯɨɥɨɞɧɨɣ 
ɜɵɫɚɞɤɨɣ. Ɂɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɢ ɫɭɠɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɢ 
ɢɫɩɵɬɚɧɢɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɨɛɪɚɡɰɨɜ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɛɥɢɡɤɢɦɢ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɤɚɥɤɢ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47 
ɨɩɪɟɞɟɥɹɸɳɢɦ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɛɪɚɡɰɚɯ 
ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɫɬɚɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɚɞ 
ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɜɵɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ α-ɮɚɡɵ. ɍɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɧɨɬɨɣ ɩɪɨɬɟɤɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɪɚɫɩɚɞɚ ɢ ɟɝɨ ɪɚɜɧɨɦɟɪɧɨɫɬɶɸ, ɱɬɨ ɛɭɞɟɬ ɜɥɢɹɬɶ ɧɚ ɪɟɚɥɢɡɚɰɢɸ 
ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɭɩɪɨɱɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌ47.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɨ 
ɪɟɠɢɦɭμ ɡɚɤɚɥɤɚ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ, ɜ ɫɪɟɞɧɟɦ ɛɨɥɶɲɟ ɧɚ κ0 Ɇɉɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ, ɩɨɞɜɟɪɝɧɭɬɵɦɢ ɡɚɤɚɥɤɟ ɢɡ ȕ-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ. ȼ ɩɪɨɰɟɫɫɟ 
ɫɬɚɪɟɧɢɹ ɩɨɦɢɦɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɩɟɪɜɢɱɧɨɣ α-ɮɚɡɵ ɧɚ ɪɚɫɩɚɞ 
ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ȕ-ɮɚɡɵ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɛɥɚɝɨɬɜɨɪɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ 
ɬɚɤɠɟ ɨɤɚɡɵɜɚɸɬ ɞɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɪɚɡɦɟɪ ɡɟɪɟɧ ȕ-ɮɚɡɵ, 
ɧɚɫɥɟɞɭɟɦɵɟ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɭɬɤɨɜ. ȼ ɫɥɭɱɚɟ ɧɚɝɪɟɜɚ ɜ  
ȕ-ɨɛɥɚɫɬɢ ɢɯ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɥɢɤɜɢɞɢɪɭɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɚɤɬɢɜɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ 
ɩɨɫɥɟ ȼɌɆɈ ɢ ɡɚɤɚɥɤɢ ɢɡ (α + ȕ)-ɨɛɥɚɫɬɢ + ɫɬɚɪɟɧɢɟ ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ. ɉɪɢ 
ɷɬɨɦ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ȼɌɆɈ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 
ɩɪɨɰɟɫɫɟ ɨɩɟɪɚɰɢɢ ɡɚɤɚɥɤɢ. Ɉɞɧɚɤɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ 
ɩɨɫɥɟ ȼɌɆɈ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ, ɩɨɫɤɨɥɶɤɭ ɭɫɥɨɜɢɹ ɨɯɥɚɠɞɟɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɩɨɫɥɟ ɢɯ ɩɪɨɤɚɬɤɢ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ. 

Ɂɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɪɟɡɭ (ɬɚɛɥ. 4) ɤɨɪɪɟɥɢɪɭɸɬ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɧɚ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɤɚɯ ɢɡ ɫɩɥɚɜɚ ȼɌ47. 
Ɂɧɚɱɟɧɢɹ ɷɬɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɤɪɟɩɟɠɧɵɯ  
ɢɡɞɟɥɢɣ, ɹɜɥɹɸɬɫɹ ɧɚɢɥɭɱɲɢɦɢ ɢ ɛɥɢɡɤɢɦɢ ɜ ɫɥɭɱɚɟ ɨɛɪɚɛɨɬɤɢ ɩɨ ɪɟɠɢɦɚɦ ȼɌɆɈ ɢ 
(α + ȕ)-ɡɚɤɚɥɤɚ + ɫɬɚɪɟɧɢɟ.  

ɍɱɢɬɵɜɚɹ ɜɥɢɹɧɢɟ ɞɟɮɟɤɬɨɜ ɫɬɪɨɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɪɨɰɟɫɫɵ ɪɚɫɩɚɞɚ ɢ ɡɧɚɱɟ-
ɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɨɱɟɜɢɞɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ  
ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɡɚ ɫɱɟɬ ɩɪɨɜɟɞɟɧɢɹ ɇɌɆɈ, ɤɨɬɨɪɚɹ ɨɝɪɚɧɢɱɟɧɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ  
ɜɵɫɨɤɨɩɪɨɱɧɵɯ (α + ȕ)-ɫɩɥɚɜɨɜ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɧɟɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɪɢ  
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɞɧɚɤɨ ɩɨɜɵɲɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɡɚɤɚɥɟɧɧɵɯ 
ɩɫɟɜɞɨ-ȕ-ɫɩɥɚɜɨɜ ɨɬɤɪɵɜɚɟɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟɦ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ >1400 Ɇɉɚ ɩɨɫɥɟ ɇɌɆɈ (ɬɚɛɥ. γ).  

ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɯɨɠɟɫɬɶ ɦɨɪɮɨɥɨɝɢɢ ɫɬɪɭɤɬɭɪɵ 
ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ȼɌɆɈ ɢ ɇɌɆɈ ɢ ɛɨɥɟɟ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɫɥɟ ɇɌɆɈ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 
ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ47 ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ ɩɨɡɜɨɥɢɬ 
ɩɨɜɵɫɢɬɶ ɢɯ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɛɨɥɟɟ ɱɟɦ ɧɚ 200 Ɇɉɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɪɢɦɟɧɹɟɦɵɦ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɩɥɚɜɨɦ ȼɌ1θ ɫ ɭɪɨɜɧɟɦ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ 1100 Ɇɉɚ ɜ ɬɟɪɦɢɱɟɫɤɢ 
ɭɩɪɨɱɧɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

Ɉɞɧɚɤɨ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɪɟɚɥɢɡɭɟɦɨɣ ɫɯɟɦɵ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɡɦɨ-
ɠɟɧ ɬɨɥɶɤɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɬɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɟɩɟɠɧɵɯ ɢɡɞɟɥɢɣ ɜ ɪɚɦ-
ɤɚɯ ɡɚɩɥɚɧɢɪɨɜɚɧɧɵɯ ɪɚɛɨɬ. ȼɨɡɦɨɠɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶ-
ɧɵɦ ɩɪɢɦɟɧɟɧɢɟ ɩɫɟɜɞɨ-ȕ-ɫɩɥɚɜɚ ȼɌ47 ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ. 
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1. Ʉɚɛɥɨɜ ȿ.ɇ. ɂɡ ɱɟɝɨ ɫɞɟɥɚɬɶ ɛɭɞɭɳɟɟ? Ɇɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɫɨɡɞɚ-
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ɉɪɨɜɟɞɟɧ аɧаɥɢɡ ɧаɭчɧɨ-ɬɟɯɧɢчɟɫɤɨɣ ɥɢɬɟɪаɬɭɪɵ ɢ ɩɨɤаɡаɧа ɷɮɮɟɤɬɢɜɧɨɫɬь ɩɪɢɦɟ-
ɧɟɧɢɹ ɨɪɝаɧɨɩɥаɫɬɢɤɨɜ ɜ аɜɢаɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɜ ɤачɟɫɬɜɟ ɷɤɪаɧɨɜ ɢ ɩɨɤɪɵɬɢɣ, 
ɨɛɟɫɩɟчɢɜаɸɳɢɯ ɡаɳɢɬɭ ɞɟɬаɥɟɣ ɢɡ ɭɝɥɟɩɥаɫɬɢɤа ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ, ɜɵɡɜаɧɧɵɯ ɭɞаɪɧɵ-
ɦɢ ɢ ɷɪɨɡɢɨɧɧɵɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ. Иɫɫɥɟɞɨɜаɧɵ ɦɟɯаɧɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɢ ɯаɪаɤɬɟɪ ɪаɡ-
ɪɭɲɟɧɢɹ ɩɪɢ ɭɞаɪɟ ɨɛɪаɡɰɨɜ ɭɝɥɟɩɥаɫɬɢɤа, ɩɥаɤɢɪɨɜаɧɧɵɯ аɪаɦɢɞɧɵɦ ɨɪɝаɧɨɩɥаɫɬɢɤɨɦ 
ɜ ɫɪаɜɧɟɧɢɢ ɫ ɨɛɪаɡɰаɦɢ ɭɝɥɟɩɥаɫɬɢɤа ɛɟɡ ɩɥаɤɢɪɭɸɳɟɝɨ ɫɥɨɹ. ɉɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬь 
ɩɨɜɵɲɟɧɢɹ ɡа ɫчɟɬ ɩɥаɤɢɪɨɜаɧɢɹ ɭɝɥɟɩɥаɫɬɢɤа ɭɞɟɥьɧɨɣ ɭɞаɪɧɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɧа 
22 % ɢ ɭɦɟɧьɲɟɧɢɟ ɧа 30 % ɩɥɨɳаɞɢ ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ ɭɞаɪɟ ɫ ɤɢɧɟɬɢчɟɫɤɨɣ ɷɧɟɪɝɢɟɣ 
30 Дɠ. 

Ключевые слова: ɨɪɝаɧɨɩɥаɫɬɢɤ, ɭɝɥɟɩɥаɫɬɢɤ, ɩɥаɤɢɪɨɜаɧɢɟ, ɭɞаɪɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, 
ɷɪɨɡɢɨɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɭɞɟɥьɧаɹ ɭɞаɪɧаɹ ɜɹɡɤɨɫɬь, ɬɨɧɤɨɥɢɫɬɨɜɵɟ ɨɛɲɢɜɤɢ. 
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STUDY  OF  THE  POSSIBILITY  OF  INCREASING  
THE  IMPACT  RESISTANCE  OF  THIN-SHEETED   
CARBON  FIBER-REINFORCED  PLASTICS  DUE   
TO  CLADING  WITH  ARAMID  ORGANOPLASTICS 
 

The article provides the analysis of the scientific and technical literature and the effective-
ness of the use of organoplastics in aircraft structures as screens and coatings that provide  
protection of carbon parts from damage caused by shock and erosion. The paper examined the 
mechanical properties and the nature of impact fracture of carbon fiber-reinforced plastics 
samples without a cladding layer. It is shown that it is possible to increase the specific impact 
strength in bending by 22 % due to cladding of CFRP, and to reduce the area of damage by 
30 % upon impact with a kinetic energy of 30 J. 

Keywords: organoplastic, carbon fiber-reinforced plastic (CFRP), cladding, shock effect, 
erosional effect, specific impact strength, thin-sheet sheathing. 
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ȼвɟɞɟɧиɟ 
ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɡɚɦɟɧ ɦɟɬɚɥ-

ɥɢɱɟɫɤɢɯ – ɦɢɪɨɜɚɹ ɬɟɧɞɟɧɰɢɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɥɢɱɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ Д1, 2Ж. ȼ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɟ ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɩɨɥɢɦɟɪɧɵɯ 
ɤɨɦɩɨɡɢɬɨɜ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɝɥɚɜɧɭɸ ɬɟɯɧɢɱɟɫɤɭɸ ɩɪɨɛɥɟɦɭ – ɫɧɢɡɢɬɶ ɜɟɫ ɥɟɬɚɬɟɥɶ-
ɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɭɜɟɥɢɱɟɧɢɟ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ, ɞɚɥɶɧɨɫɬɢ ɩɨɥɟɬɚ, ɫɧɢɠɟɧɢɟ  
ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ ɬ. ɞ.) Дγ, 4Ж. 
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ȼɚɠɧɨɣ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɩɪɨ-
ɢɡɜɨɞɫɬɜɨ, ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢɡɞɟɥɢɣ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ 
ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ Дη, θЖ. 

ȼ ɪɹɞɭ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɭɝɥɟɩɥɚɫɬɢɤɢ – ɦɚɬɟɪɢ-
ɚɥɵ, ɤɨɬɨɪɵɟ ɛɥɚɝɨɞɚɪɹ ɤɨɦɩɥɟɤɫɭ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɡɜɨɥɹɸɬ 
ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ 
ɢɡɞɟɥɢɣ. ȼ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɟ ɭɝɥɟɩɥɚɫɬɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɞɟɬɚ-
ɥɟɣμ ɫɢɥɨɜɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɥɨɧɠɟɪɨɧɵ, ɫɬɜɨɪɤɢ ɲɚɫɫɢ, ɡɚɤɪɵɥɤɢ ɢ ɧɨɫ-
ɤɢ ɤɪɵɥɚ), ɫɪɟɞɧɟ- ɢ ɫɥɚɛɨɧɚɝɪɭɠɟɧɧɵɯ ɨɛɲɢɜɨɤ ɢ ɬ. ɞ. ɍɝɥɟɩɥɚɫɬɢɤɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ 
ɢɡ ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɨɜ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɧɚɫɬɨ-
ɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ Д7–9]. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɥɟɬɚɬɟɥɶɧɵɦ ɚɩɩɚ-
ɪɚɬɚɦ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɭɝɥɟɩɥɚɫɬɢɤɚɦ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɢɯ 
ɫɬɨɣɤɨɫɬɢ ɤ ɭɞɚɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. ɍɝɥɟɩɥɚɫɬɢɤɢ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɨɥɢɦɟɪɧɵɦɢ ɤɨɦɩɨ-
ɡɢɬɚɦɢ ɧɚ ɨɫɧɨɜɟ ɚɪɚɦɢɞɧɵɯ ɢ ɫɬɟɤɥɹɧɧɵɯ ɜɨɥɨɤɨɧ, ɨɛɥɚɞɚɸɬ ɦɟɧɶɲɟɣ ɭɞɚɪɧɨɣ ɜɹɡɤɨ-
ɫɬɶɸ ɢ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɧɚɥɢɱɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ, ɞɟɮɟɤɬɨɜ ɢ ɞɪɭɝɢɯ 
ɤɨɧɰɟɧɬɪɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɣ Д10–12]. 

ȼɟɪɨɹɬɧɨɫɬɶ ɭɞɚɪɧɵɯ ɢ ɷɪɨɡɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɬɜɟɪɞɵɦɢ ɱɚɫɬɢɰɚɦɢ (ɩɵɥɶ, ɩɟ-
ɫɨɤ, ɦɟɥɤɢɟ ɤɚɦɧɢ) ɧɚ ɜɧɟɲɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɢɯ 
ɜɡɥɟɬɟ ɢ ɩɨɫɚɞɤɟ Д1γЖ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɧɚɡɟɦɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɜɨɡɦɨɠɧɵ ɩɨɜɪɟɠɞɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ-ɡɚ ɫɥɭɱɚɣɧɵɯ ɭɞɚɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ 
(ɩɚɞɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ, ɢ ɞɪ.). Ɍɚɤɢɟ 
ɭɞɚɪɵ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɞɟɬɚɥɟɣ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢɥɢ ɤ ɨɛɪɚɡɨ-
ɜɚɧɢɸ ɜ ɧɢɯ ɬɪɟɳɢɧ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɨɩɚɫɧɨɫɬɶ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ ɢ ɚɬɦɨɫɮɟɪɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ [14]. 

Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɭɞɚɪɧɨɣ ɫɬɨɣɤɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ – ɷɬɨ ɜɤɥɸɱɟɧɢɟ ɜ 
ɢɯ ɫɨɫɬɚɜ ɫɥɨɟɜ ɚɪɚɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɬ. ɟ. ɫɨɡɞɚɧɢɟ ɝɢɛɪɢɞɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɵɫɨɤɚɹ ɫɬɨɣɤɨɫɬɶ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɤ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɭɞɚɪɭ, ɷɪɨɡɢɢ ɢ 
ɛɚɥɥɢɫɬɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɨɛɭɫɥɨɜɥɟɧɚ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɹ ɚɪɚɦɢɞɧɵɯ ɜɨ-
ɥɨɤɨɧ. Ɋɚɡɪɭɲɟɧɢɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɬɟɤɥɨ- ɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫɨɩɪɨɜɨɠɞɚ-
ɟɬɫɹ ɦɧɨɠɟɫɬɜɟɧɧɵɦ ɪɚɡɪɭɲɟɧɢɟɦ ɫɚɦɢɯ ɚɪɦɢɪɭɸɳɢɯ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ ɫ ɨɛɪɚɡɨɜɚ-
ɧɢɟɦ ɨɛɲɢɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ Д1η, 1θЖ. 
ɋɨɱɟɬɚɧɢɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ ɜ ɫɨɫɬɚɜɟ ɝɢɛɪɢɞɧɨɝɨ ɭɝɥɟɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 
ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɜɭɯ ɤɥɚɫɫɨɜ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɢ ɧɢɜɟɥɢɪɨɜɚɬɶ ɧɟɞɨɫɬɚɬɤɢ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɤɚɠɞɨɦɭ ɤɨɦɩɨɡɢɬɭ, – ɧɢɡɤɭɸ ɩɪɨɱ-
ɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɢ ɫɤɥɨɧɧɨɫɬɶ ɤ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɭɝɥɟɩɥɚɫɬɢɤɚ. 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɛɪɢɞɧɵɯ ɭɝɥɟɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɡɚɜɢɫɹɬ 
ɨɬ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ, ɩɨɪɹɞɤɚ ɱɟɪɟɞɨɜɚɧɢɹ, ɫɯɟɦɵ ɚɪɦɢɪɨɜɚɧɢɹ ɫɥɨɟɜ ɭɝ-
ɥɟɩɥɚɫɬɢɤɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɢ ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. ɉɨɥɨɠɢɬɟɥɶ-
ɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɜɵɫɨɤɭɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɝɢɛɪɢɞɧɨɝɨ ɭɝɥɟɨɪɝɚɧɨ-
ɩɥɚɫɬɢɤɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɹɜɥɹɟɬɫɹ ɛɥɢɡɨɫɬɶ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɫɥɨɟɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. ɗɬɨ ɩɪɟɞɨɬɜɪɚ-
ɳɚɟɬ ɩɨɹɜɥɟɧɢɟ ɜ ɤɨɦɩɨɡɢɬɟ ɜɵɫɨɤɢɯ ɨɫɬɚɬɨɱɧɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɥɟ ɮɨɪ-
ɦɨɜɚɧɢɹ ɢ ɩɪɢ ɩɟɪɟɩɚɞɚɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ Д17Ж. ɇɚɤɨɩɥɟɧɧɵɣ ɤ ɧɚɫɬɨɹɳɟ-
ɦɭ ɜɪɟɦɟɧɢ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɝɥɟɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɜ ɫɨɫɬɚɜɟ ɚɜɢɚɰɢ-
ɨɧɧɨɣ ɬɟɯɧɢɤɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɨɜɵɲɟ-
ɧɢɹ ɜɟɫɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɩɪɢ-
ɦɟɧɟɧɢɹ ɝɢɛɪɢɞɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɭɝɥɟɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɟμ 
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– ɨɛɲɢɜɤɢ ɜɨɡɞɭɲɧɨɝɨ ɬɨɪɦɨɡɚ, ɷɥɟɪɨɧɚ, ɡɚɤɪɵɥɤɨɜ ɢ ɧɨɫɤɨɜ ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ  
Ɍɭ-334; 

– ɫɬɜɨɪɤɢ ɩɟɪɟɞɧɟɣ ɨɩɨɪɵ ɲɚɫɫɢ ɫɚɦɨɥɟɬɚ Ɍɭ-204; 
– ɩɚɧɟɥɢ ɮɸɡɟɥɹɠɚ ɜɟɪɬɨɥɟɬɚ Ʉɚ-62. 

Ⱥɪɚɦɢɞɧɵɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɢ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɭɞɚɪɧɵɦ ɜɨɡɞɟɣ-
ɫɬɜɢɹɦ Д1κЖ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɵɯ 
ɷɤɪɚɧɨɜ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɢ ɯɪɭɩɤɨɝɨ ɨɫɤɨɥɨɱɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ  
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ Д1λЖ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɡɚɳɢɬɧɵɣ ɷɤɪɚɧ ɢɡ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɰɟɥɨɫɬɧɨɫɬɢ ɡɚɤɪɵɥɤɚ 
ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɫɚɦɨɥɟɬɚ ɫ ɩɬɢɰɚɦɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɂɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɪɚɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɜ ɤɚɱɟ-
ɫɬɜɟ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɭɝɥɟɩɥɚɫɬɢɤɨɜɵɯ ɞɟɬɚɥɟɣ, ɤɨɬɨɪɵɟ ɜ ɩɪɨ-
ɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɷɪɨɡɢɨɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɩɨɬɨɤɚ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ 
(ɩɵɥɶ, ɩɟɫɨɤ, ɝɪɚɞ, ɦɟɥɤɢɟ ɤɚɦɧɢ). Ʉ ɬɚɤɢɦ ɞɟɬɚɥɹɦ ɨɬɧɨɫɹɬɫɹ ɷɥɟɦɟɧɬɵ ɩɵɥɟɡɚɳɢɬɧɨ-
ɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɟɪɬɨɥɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɬɨɧɤɨɥɢɫɬɨɜɵɟ ɨɛɲɢɜɤɢ ɩɥɚɧɟɪɚ ɢ ɥɨɩɚɫɬɟɣ 
ɜɟɪɬɨɥɟɬɨɜ. ɇɚ ɪɢɫ. 1 ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɨɤɚɡɚɧ ɤɨɪɩɭɫ ɩɵɥɟɡɚɳɢɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
(ɉɁɍ) ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɡɚɳɢɳɟɧɚ ɚɪɚɦɢɞɧɵɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ ɢ 
ɫɢɫɬɟɦɨɣ ɥɚɤɨɤɪɚɫɨɱɧɨɝɨ ɩɨɤɪɵɬɢɹ (ɅɄɉ), ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɷɪɨɡɢɨɧɧɭɸ ɡɚɳɢɬɭ ɢ ɪɚ-
ɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɜ ɩɨɬɨɤɚɯ ɩɵɥɢ ɢ ɩɟɫɤɚ. 
 

ɛ)а)

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɡɚɳɢɬɧɨɦ ɭɫɬɪɨɣɫɬɜɟ (ɉɁɍ) Ȝ-ɨɛɪɚɡɧɨɝɨ ɬɢɩɚ (а) 
ɢ ɤɨɪɩɭɫ ɉɁɍ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨɟɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ (ɛ) 

 
ɗɪɨɡɢɨɧɧɵɟ ɢ ɭɞɚɪɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɚɢɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ 

ɬɨɧɤɨɫɥɨɣɧɵɯ ɨɛɲɢɜɨɤ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɞɟɬɚɥɟɣ ɦɚɥɨɣ ɬɨɥɳɢɧɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɥɨɣ ɬɨɥɳɢɧɵ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɛɟɫɩɢ-
ɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ Д20–22Ж. ɍɞɚɪɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɬɨɧɤɢɯ ɨɛɲɢɜɨɤ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɦɭ ɪɨɫɬɭ ɬɪɟɳɢɧɵ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɯɨɞɨɦ ɢɡ ɫɬɪɨɹ ɜɫɟɝɨ 
ɢɡɞɟɥɢɹ. ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɜɵɫɨɤɭɸ ɭɞɚɪɧɭɸ ɢ ɷɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɨɪɝɚɧɨɩɥɚ-
ɫɬɢɤɨɜ, ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɬɨɪɦɨɡɢɬɶ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧ Д2γЖ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɫɦɨɬɪɟɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɜ ɤɚɱɟɫɬɜɟ ɜɧɟɲɧɟɝɨ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ 
ɬɨɧɤɨɥɢɫɬɨɜɵɯ ɨɛɲɢɜɨɤ ɢ ɬɨɧɤɨɫɬɟɧɧɵɯ ɞɟɬɚɥɟɣ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɯɚɪɚɤɬɟɪɚ ɪɚɡɪɭ-
ɲɟɧɢɹ ɩɪɢ ɭɞɚɪɟ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɬɨɧɤɢɦ ɫɥɨɟɦ ɚɪɚɦɢɞɧɨɝɨ ɨɪ-
ɝɚɧɨɩɥɚɫɬɢɤɚ, ɫ ɨɰɟɧɤɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɥɚɤɢɪɨɜɤɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɭɞɚɪɧɨɣ ɫɬɨɣɤɨɫɬɢ ɬɨɧɤɨɥɢɫɬɨɜɵɯ ɨɛɲɢɜɨɤ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɬɨɧɤɨɫɬɟɧ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ. 

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɫɬɨɣɤɨɫɬɶ ɤ ɭɞɚɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ (ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɩɨ ɒɚɪɩɢ, ɭɞɚɪ ɩɚɞɚɸɳɢɦ ɝɪɭ-
ɡɨɦ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɩɨɫɥɟ ɭɞɚɪɚ) ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɢ ɧɟ-
ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɚɪɚɦɢɞɧɵɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ. 
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Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 
Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɛɨɬɟ ɹɜɥɹɸɬɫɹ ɭɝɥɟɩɥɚɫɬɢɤɢ, ɚɪɦɢɪɨɜɚɧɧɵɟ ɪɚɜɧɨ-

ɩɪɨɱɧɵɦɢ ɭɝɥɟɪɨɞɧɵɦɢ ɬɤɚɧɹɦɢ ɦɚɪɤɢ ȼɌɄɍ-2-200 (Ɋɨɫɫɢɹ) ɢ ɚɪɬɢɤɭɥɚ 47η0 (ɮɢɪɦɚ 
Porcher, Ɏɪɚɧɰɢɹ). Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɜɹɡɭɸɳɢɟ ɦɚɪɨɤ 
ȼɋɄ-14-2 (ɷɩɨɤɫɢɩɨɥɢɫɭɥɶɮɨɧɨɜɨɟ) ɢ  ȼɋɌ-γ2 (ɩɨɥɢɰɢɚɧɭɪɚɬɧɨɟ). 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɨɬɥɢɱɚɥɢɫɶ ɧɚɥɢɱɢɟɦ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟɦ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɢɡ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɨɞɧɢɦ ɫɥɨɟɦ ɚɪɚ-
ɦɢɞɧɨɣ ɬɤɚɧɢ.  

ɂɫɫɥɟɞɨɜɚɥɢ ɨɛɪɚɡɰɵ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɨɜμ 
– ɭɝɥɟɩɥɚɫɬɢɤ (ɬɤɚɧɶ ȼɌɄɍ-2-200 + ɫɜɹɡɭɸɳɟɟ ȼɋɄ-14-2) ɛɟɡ ɩɥɚɤɢɪɨɜɚɧɢɹ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɨɦν 
– ɭɝɥɟɩɥɚɫɬɢɤ (ɬɤɚɧɶ ȼɌɄɍ-2-200 + ɫɜɹɡɭɸɳɟɟ ȼɋɄ-14-2), ɩɥɚɤɢɪɨɜɚɧɧɵɣ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɨɦ (ɬɤɚɧɶ ɚɪɬɢɤɭɥɚ κθ-153-04ɇ + ɫɜɹɡɭɸɳɟɟ ȼɋɄ-14-2); 
– ɨɪɝɚɧɨɩɥɚɫɬɢɤ (ɬɤɚɧɶ ɚɪɬɢɤɭɥɚ κθ-153-04ɇ + ɫɜɹɡɭɸɳɟɟ ȼɋɄ-14-2); 
– ɭɝɥɟɩɥɚɫɬɢɤ (ɬɤɚɧɶ ɚɪɬɢɤɭɥɚ  47η0 + ɫɜɹɡɭɸɳɟɟ ȼɋɌ-γ2) ɛɟɡ ɩɥɚɤɢɪɨɜɚɧɢɹ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɨɦν 
– ɭɝɥɟɩɥɚɫɬɢɤ (ɬɤɚɧɶ ɚɪɬɢɤɭɥɚ 47η0 + ɫɜɹɡɭɸɳɟɟ ȼɋɌ-γ2), ɩɥɚɤɢɪɨɜɚɧɧɵɣ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɨɦ (ɬɤɚɧɶ ɚɪɬɢɤɭɥɚ κθ-153-04ɇ + ɫɜɹɡɭɸɳɟɟ ȼɋɌ-32). 
Ɉɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɢ ɛɟɡ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɢɡɝɨɬɚɜɥɢ-

ɜɚɥɢ ɦɟɬɨɞɨɦ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɩɪɟɝɨɜ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɪɨɩɢɬɨɱɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. ɉɥɚɤɢɪɨɜɚɧɢɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ ɨɫɭɳɟɫɬɜ-
ɥɹɥɢ ɩɭɬɟɦ ɫɨɜɦɟɫɬɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɫ ɭɝɥɟɩɥɚɫɬɢɤɨɦ – ɡɚ ɨɞɧɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɨɩɟɪɚɰɢɸ. 

ɍɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ (ɩɨ ɒɚɪɩɢ) ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɦɚɹɬɧɢɤɨɜɨɦ ɤɨɩɪɟ  
Psd η0/1η ɩɨ ȽɈɋɌ 4θ47–κ0, ɫɠɚɬɢɟ ɩɨɫɥɟ ɭɞɚɪɚ – ɩɨ ȽɈɋɌ γγ4λη–201η. ɋɬɨɣɤɨɫɬɶ ɤ 
ɭɞɚɪɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɢ ɛɟɡ ɩɥɚɤɢɪɭɸɳɟɝɨ 
ɫɥɨɹ ɨɰɟɧɢɜɚɥɢ ɬɚɤɠɟ ɩɨ ɯɚɪɚɤɬɟɪɭ ɪɚɡɪɭɲɟɧɢɹ ɩɨɫɥɟ ɭɞɚɪɚ (ɬɪɟɳɢɧɵ, ɪɚɡɥɨɦɵ, ɩɥɨ-
ɳɚɞɶ ɩɨɜɪɟɠɞɟɧɢɹ). ɇɚɧɟɫɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɭɞɚɪɚ ɧɚ ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɨɫɭ-
ɳɟɫɬɜɥɹɥɢ ɫɜɨɛɨɞɧɨ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɦ ɤɨɩɪɟ Ceast λγη0 ɤɨɦɩɚɧɢɢ 
Instron (ɪɢɫ. 2).  
 

 
Ɋɢɫ. 2. ȼɟɪɬɢɤɚɥɶɧɵɣ ɤɨɩɟɪ CОКsЭ λγη0 ɤɨɦɩɚɧɢɢ IЧsЭrШЧ 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɚ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɭɞɚɪɟ ɬɨɧɤɨɥɢɫɬɨɜɨɝɨ ɭɝɥɟɩɥɚɫɬɢ-
ɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɨɫɤɢɟ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɨɦ 100×1η0 ɦɦ ɬɨɥɳɢɧɨɣ  
0,6–0,7 ɦɦ. ɂɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ ɡɚɤɪɟɩɥɹɥɢ ɜ ɱɟɬɵɪɟɯ ɬɨɱɤɚɯ ɜ ɡɚɠɢɦɧɨɦ ɩɪɢɫɩɨɫɨɛ-
ɥɟɧɢɢ ɜ ɜɢɞɟ ɪɚɦɤɢ ɫ ɩɪɹɦɨɭɝɨɥɶɧɵɦ ɨɬɜɟɪɫɬɢɟɦ. ɍɞɚɪ ɫ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ 
ɧɚɧɨɫɢɥɢ ɛɨɣɤɨɦ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɞɢɚɦɟɬɪɨɦ 1θ ɦɦ. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɇɟɯаɧɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɢ ɭɞаɪɧаɹ ɜɹɡɤɨɫɬь ɭɝɥɟɩɥаɫɬɢɤа 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ 

ɭɞɚɪɧɭɸ ɫɬɨɣɤɨɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫ-
ɧɨɜɟ ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ ɚɪɬɢɤɭɥɚ 47η0 ɢ ɩɨɥɢɰɢɚɧɭɪɚɬɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ȼɋɌ-γ2. ɂɫɩɵ-
ɬɚɧɢɹɦ ɩɨɞɜɟɪɝɚɥɢ ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨɟɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫ-
ɧɨɜɟ ɬɤɚɧɢ ɢɡ ɚɪɚɦɢɞɧɨɝɨ ɜɨɥɨɤɧɚ Ɋɭɫɥɚɧ ɚɪɬɢɤɭɥɚ κθ-153-04ɇ ɢ ɫɜɹɡɭɸɳɟɝɨ ȼɋɌ-γ2 ɢ 
ɛɟɡ ɩɥɚɤɢɪɨɜɤɢ. 

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɥɚɤɢɪɭ-
ɸɳɢɦ ɢ ɛɟɡ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɜɨɣɫɬɜɚ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. ɂɡ 
ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɫɠɚɬɢɢ ɢ ɢɡɝɢɛɟ ɭ ɨɛɪɚɡɰɨɜ 
ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɢ ɛɟɡ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. Ɉɛɴ-
ɟɦɧɚɹ ɞɨɥɹ ɩɥɚɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,12 ɦɦ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ 
ɩɥɚɤɢɪɨɜɚɧɧɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭμ 4–η %, ɩɨɷɬɨɦɭ ɧɚɥɢ-
ɱɢɟ ɩɥɚɤɢɪɨɜɤɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɭɩɪɭɝɨɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɚ-
ɤɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. Ɉɞɧɚɤɨ ɩɥɚɤɢɪɭɸɳɢɣ ɫɥɨɣ ɨɤɚɡɵ-
ɜɚɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɣ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɨɛɪɚɡɰɨɜ. ɉɥɚɤɢɪɨɜɚɧɢɟ 
ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ ɬɨɥɳɢɧɨɣ 0,12 ɦɦ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɭɞɟɥɶɧɭɸ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ 
ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 4 ɦɦ ɧɚ 22 %. 

 
Ɏиɡиɤɨ-ɦɟɯɚɧичɟɫɤиɟ ɫвɨɣɫɬвɚ ɨɛɪɚɡɰɨв ɩɨɥиɦɟɪɧɵɯ ɤɨɦɩɨɡиɰиɨɧɧɵɯ ɦɚɬɟɪиɚɥɨв 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ 

ɨɪɝɚɧɨɩɥɚɫ-
ɬɢɤɚ 

ɭɝɥɟɩɥɚɫ-
ɬɢɤɚ 

ɭɝɥɟɩɥɚɫɬɢɤɚ, 
ɩɥɚɤɢɪɨɜɚɧɧɨɝɨ 
ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ 

ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 1350 1560 1560 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ 750 895 890 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ƚɉɚ 36 65 64 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, % 2,8 1,4 1,4 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ 560 980 980 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, Ƚɉɚ 28 54 51 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ, Ɇɉɚ 250 725 705 
ɍɞɟɥɶɧɚɹ ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, ɤȾɠ/ɦ2 205 118 144 

 
Ɉɫɬаɬɨчɧаɹ ɩɪɨчɧɨɫɬь ɩɪɢ ɫɠаɬɢɢ ɩɨɫɥɟ ɭɞаɪа 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɩɨɫɥɟ ɭɞɚɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ η,θ ɦɦ ɫɨ ɫɯɟɦɨɣ ɚɪɦɢɪɨɜɚɧɢɹ Д-4η°/0°/+4η°/λ0°Ж4s. 
ɉɥɚɤɢɪɭɸɳɢɣ ɫɥɨɣ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɜɤɥɸɱɚɸɳɢɣ ɨɞɢɧ ɫɥɨɣ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ, ɧɚɧɨ-
ɫɢɥɢ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɨɛɪɚɡɰɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ η,κ ɦɦ. 
Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɭɞɚɪɚ ɫɨɫɬɚɜɥɹɥɚ γ0 Ⱦɠ. 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɩɨɫɥɟ ɭɞɚɪɚ ɨɛɪɚɡ-
ɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ ɚɪɬɢɤɭɥɚ 47η0 ɢ ɩɨɥɢɰɢɚɧɭɪɚɬɧɨɝɨ  
ɫɜɹɡɭɸɳɟɝɨ ȼɋɌ-γ2, ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɚɪɚɦɢɞɧɵɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ. 

Ɉɫɬɚɬɨɱɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɩɨɫɥɟ ɭɞɚɪɚ ɨɛɪɚɡɰɨɜ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ, Ɇɉɚμ 
 

ɩɥɚɤɢɪɨɜɚɧɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ  245; 
ɛɟɡ ɩɥɚɤɢɪɨɜɤɢ    260 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɬɚɬɨɱɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ  
ɭɝɥɟɩɥɚɫɬɢɤɚ, ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ, ɫɨɫɬɚɜɥɹɟɬ 24η Ɇɉɚ, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɨ 
ɫ ɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɠɚɬɢɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɛɟɡ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ. 
 

Вɥɢɹɧɢɟ ɩɥаɤɢɪɨɜɤɢ ɧа ɯаɪаɤɬɟɪ ɪаɡɪɭɲɟɧɢɹ 
ɩɪɢ ɭɞаɪɟ ɬɨɧɤɨɥɢɫɬɨɜɨɝɨ ɭɝɥɟɩɥаɫɬɢɤа 

ɍɞɚɪɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɫ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ ɩɨɞɜɟɪɝɚɥɢ ɨɛɪɚɡɰɵ ɭɝ-
ɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,7η ɦɦ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨɟɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. Ɍɨɥɳɢɧɚ ɩɥɚɤɢ-
ɪɭɸɳɟɝɨ ɫɥɨɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɛɪɚɡɰɚɯ ɫɨɫɬɚɜɥɹɥɚ 0,12 ɦɦ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɚɧɚɥɨ-
ɝɢɱɧɵɦ ɢɫɩɵɬɚɧɢɹɦ ɩɨɞɜɟɪɝɚɥɢ ɧɟɩɥɚɤɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɭɝɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 
0,θγ ɦɦ. ȼ ɫɨɫɬɚɜɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɭɝɥɟɪɨɞɧɭɸ ɬɤɚɧɶ ȼɌɄɍ-2-200 ɢ ɫɜɹɡɭ-
ɸɳɟɟ ȼɋɄ-14-2, ɜ ɫɨɫɬɚɜɟ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ – ɬɤɚɧɶ ɚɪɬɢɤɭɥɚ κθ-153-04ɇ. 

ɍ ɜɫɟɯ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɭɞɚɪɭ, ɧɚɛɥɸɞɚɥɨɫɶ ɫɤɜɨɡɧɨɟ ɩɪɨɛɢɬɢɟ ɫ ɨɛɪɚɡɨ-
ɜɚɧɢɟɦ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɪɚɡɥɨɦɨɜ. ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɮɢɤɫɢɪɨɜɚɥɢ ɪɚɡɦɟɪ ɨɛɪɚ-
ɡɨɜɚɜɲɢɯɫɹ ɬɪɟɳɢɧ ɤɚɤ ɫ ɥɢɰɟɜɨɣ (ɫɨ ɫɬɨɪɨɧɵ ɭɞɚɪɚ), ɬɚɤ ɢ ɫ ɨɛɨɪɨɬɧɨɣ ɫɬɨɪɨɧɵ. ɇɚ 
ɪɢɫ. γ ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɩɨɫɥɟ ɭɞɚɪɚ ɫɜɨɛɨɞɧɵɦ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ ɫ ɷɧɟɪ-
ɝɢɟɣ γ0 Ⱦɠ ɨɛɪɚɡɰɨɜ ɢɡ ɧɟɩɥɚɤɢɪɨɜɚɧɧɨɝɨ ɭɝɥɟɩɥɚɫɬɢɤɚ.  

 
ɛ)а)

 
Ɋɢɫ. γ. Ʌɢɰɟɜɚɹ (а) ɢ ɨɛɨɪɨɬɧɚɹ (ɛ) ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ ɭɝɥɟɩɥɚɫɬɢɤɚ 

ɩɨɫɥɟ ɭɞɚɪɚ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ ɫ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ 
 

Ⱥɧɚɥɢɡ ɯɚɪɚɤɬɟɪɚ ɪɚɡɪɭɲɟɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɪɚɡɦɟɪ ɩɨɜɪɟɠɞɟɧɧɨɣ ɡɨɧɵ ɭɝɥɟɩɥɚ-
ɫɬɢɤɚ ɫ ɥɢɰɟɜɨɣ ɫɬɨɪɨɧɵ ɫɨɫɬɚɜɢɥ γ4×44 ɢ θη×72 ɦɦ ɫ ɨɛɨɪɨɬɧɨɣ ɫɬɨɪɨɧɵ. Ɉɬɦɟɱɟɧɨ, 
ɱɬɨ ɩɪɢ ɜɨɡɜɪɚɬɧɨɦ ɞɜɢɠɟɧɢɢ ɛɨɣɤɚ ɤɨɩɪɚ ɩɪɨɢɫɯɨɞɢɬ «ɜɵɜɨɪɚɱɢɜɚɧɢɟ» ɪɚɡɪɭɲɟɧɧɨɣ 
ɱɚɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɧɚ ɥɢɰɟɜɭɸ ɫɬɨɪɨɧɭ (ɪɢɫ.γ, а), ɱɬɨ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɜ ɩɨɥɟɬɟ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚ ɫɱɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɡɞɭɲɧɨ-
ɝɨ ɩɨɬɨɤɚ. 

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɩɨɫɥɟ ɭɞɚɪɚ ɫɜɨɛɨɞɧɵɦ ɩɚɞɚɸɳɢɦ  
ɝɪɭɡɨɦ ɫ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨɟɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. 

Ɉɛɪɚɡɟɰ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨɟɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɬɚɤɠɟ ɢɦɟɥ ɫɤɜɨɡ-
ɧɨɟ ɩɪɨɛɢɬɢɟ ɩɪɢ ɭɞɚɪɟ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ ɫ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ. Ɉɞɧɚɤɨ ɪɚɡɦɟɪ ɢ ɯɚɪɚɤɬɟɪ 
ɩɨɜɪɟɠɞɟɧɢɣ ɢɦɟɸɬ ɨɬɥɢɱɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɪɚɡɰɨɦ ɛɟɡ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ. ɋɨ ɫɬɨ-
ɪɨɧɵ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ, ɩɨ ɤɨɬɨɪɨɣ ɛɵɥ ɧɚɧɟɫɟɧ ɭɞɚɪ (ɪɢɫ. 4, а), ɨɛɪɚɡɨɜɚɥɨɫɶ ɨɬɜɟɪ-
ɫɬɢɟ ɫ ɪɨɜɧɵɦɢ ɤɪɚɹɦɢ ɞɢɚɦɟɬɪɨɦ 1θ ɦɦ (ɞɢɚɦɟɬɪ ɛɨɣɤɚ). ɇɚ ɨɛɨɪɨɬɧɨɣ ɫɬɨɪɨɧɟ ɨɛ-
ɪɚɡɰɚ ɜɢɞɧɵ ɫɤɜɨɡɧɵɟ ɪɚɡɥɨɦɵ ɭɝɥɟɩɥɚɫɬɢɤɚ (ɪɢɫ. 4, ɛ), ɩɪɢ ɷɬɨɦ ɡɨɧɚ ɩɨɜɪɟɠɞɟɧɢɣ 
ɫɨɫɬɚɜɢɥɚ γθ×γκ ɦɦ, ɱɬɨ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɨɛɪɚɡɰɚ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɧɟɡɚɳɢɳɟɧɧɨɝɨ ɩɥɚɤɢ-
ɪɭɸɳɢɦ ɫɥɨɟɦ. 
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ɛ)а)

 
Ɋɢɫ. 4. Ʌɢɰɟɜɚɹ (а) ɢ ɨɛɨɪɨɬɧɚɹ (ɛ) ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ ɭɝɥɟɩɥɚɫɬɢɤɚ 

ɫ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨɟɦ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɩɨɫɥɟ ɭɞɚɪɚ ɩɚɞɚɸɳɢɦ ɝɪɭɡɨɦ ɫ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɥɢɱɢɟ ɬɨɧɤɨɝɨ ɫɥɨɹ ɨɪ-

ɝɚɧɨɩɥɚɫɬɢɤɚ (ɬɨɥɳɢɧɨɣ 0,12 ɦɦ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,θγ ɦɦ ɩɨɡ-
ɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɫɨɤɪɚɬɢɬɶ ɩɥɨɳɚɞɶ ɩɨɜɪɟɠɞɟɧɢɣ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ γ0 %. 

 
Ɂɚɤɥɸчɟɧия 

ɂɫɫɥɟɞɨɜɚɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɭɞɚɪɟ ɨɛɪɚɡɰɨɜ 
ɭɝɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ ɨɬ 0,θγ ɞɨ η ɦɦ, ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɬɨɧɤɢɦ ɫɥɨɟɦ (0,12 ɦɦ) ɚɪɚ-
ɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɲɟ-
ɧɢɹ ɫɬɨɣɤɨɫɬɢ ɤ ɭɞɚɪɭ ɬɨɧɤɨɥɢɫɬɨɜɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɩɭɬɟɦ ɩɥɚɤɢɪɨɜɚɧɢɹ ɚɪɚɦɢɞɧɵɦ 
ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɦ, ɚ ɢɦɟɧɧɨμ 

– ɭɜɟɥɢɱɟɧɢɟ ɧɚ 22 % ɭɞɟɥɶɧɨɣ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ 
ɧɚ ɨɫɧɨɜɟ ɪɚɜɧɨɩɪɨɱɧɨɣ ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ ɢ ɩɨɥɢɰɢɚɧɭɪɚɬɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɫ ɩɥɚɤɢ-
ɪɭɸɳɢɦ ɫɥɨɟɦ ɚɪɚɦɢɞɧɨɝɨ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,12 ɦɦν 

– ɭɦɟɧɶɲɟɧɢɟ ɧɚ γ0 % ɩɥɨɳɚɞɢ ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɭɞɚɪɟ ɫ ɤɢɧɟɬɢɱɟ-
ɫɤɨɣ ɷɧɟɪɝɢɟɣ γ0 Ⱦɠ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,θγ ɦɦ (ɧɚ ɨɫɧɨɜɟ ɪɚɜɧɨɩɪɨɱ-
ɧɨɣ ɬɤɚɧɢ ɢ ɷɩɨɤɫɢɩɨɥɢɫɭɥɶɮɨɧɨɜɨɝɨ ɫɜɹɡɭɸɳɟɝɨ), ɩɥɚɤɢɪɨɜɚɧɧɵɯ ɚɪɚɦɢɞɧɵɦ ɨɪɝɚ-
ɧɨɩɥɚɫɬɢɤɨɦ ɬɨɥɳɢɧɨɣ 0,12 ɦɦ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɩɪɢ ɭɞɚɪɧɵɯ ɢ ɷɪɨɡɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ ɬɨɧɤɨɥɢɫɬɨɜɵɟ  
ɨɛɲɢɜɤɢ ɢ ɬɨɧɤɨɫɬɟɧɧɵɟ ɞɟɬɚɥɢ ɢɡ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɞɥɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɟɪɬɨɥɟɬɨɜ ɢ 
ɛɟɫɩɢɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ.  
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Аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ ɜɵɤɥаɞɤа ɥɟɧɬ (automated tape laying – ATL) ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɨɫɬɵɯ ɩɨ ɮɨɪɦɟ ɞɟɬаɥɟɣ: ɨɛɲɢɜɨɤ ɤɪɵɥа ɢ ɡаɤɪɵɥɤɨɜ, ɩаɧɟɥɟɣ ɜɟɪɬɢ-
ɤаɥьɧɨɝɨ ɢ ɝɨɪɢɡɨɧɬаɥьɧɨɝɨ ɨɩɟɪɟɧɢɹ. Дɥɹ ɜɵɤɥаɞɤɢ ɢɫɩɨɥьɡɭɸɬɫɹ ɥɟɧɬɵ ɲɢɪɢɧɨɣ 75; 
150 ɢ 300 ɦɦ. Аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ ɜɵɤɥаɞɤа ɜɨɥɨɤɨɧ (automated fiber placement – AFP) 
ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɥɨɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɛɨɥьɲɨɣ ɤɪɢɜɢɡɧɵ: ɮɸɡɟɥɹɠа ɢ 
ɞɪɭɝɢɯ ɤɨɧɬɭɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Дɥɹ ɜɵɤɥаɞɤɢ ɢɫɩɨɥьɡɭɸɬɫɹ ɠɝɭɬɵ ɲɢɪɢɧɨɣ 3,2; 6,35 ɢ 
12,7 ɦɦ. ɉɪɟɞɫɬаɜɥɟɧɨ ɫɪаɜɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ATL ɢ AFP, а ɬаɤɠɟ ɫɩɟɰɢаɥɢɡɢɪɨɜаɧɧɨɟ  
ɨɛɨɪɭɞɨɜаɧɢɟ, ɜ ɬɨɦ чɢɫɥɟ ɪɨɛɨɬɢɡɢɪɨɜаɧɧɵɟ ɝɢɛɪɢɞɧɵɟ ATL/AFP- ɦаɲɢɧɵ. 

Ключевые слова: аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ ɜɵɤɥаɞɤа ɥɟɧɬ (ATL), аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ 
ɜɵɤɥаɞɤа ɜɨɥɨɤɨɧ (AFP), аɜɬɨɦаɬɢɡɢɪɨɜаɧɧаɹ ɜɵɤɥаɞɤа, ɨɛɨɪɭɞɨɜаɧɢɟ, ɉКɆ, 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  3.  Comparison  of  ATL  and  AFP  technologies.  
Hybrid  technology  of  ATL/AFP 
 

Automated tape laying (ATL) has found application in the production of simple parts: wing 
skins and flaps, vertical and horizontal tail panels. For laying out, tapes with a width of 75; 150 
and 300 mm are used. Automated fiber placement (AFP) is used to produce complex structures 
with great visuals: fuselage and other contour structures. For laying, bundles with a width of 
3,2; 6,35 and 12,7 mm are used. Presents a comparison of ATL and AFP equipment, including 
robotic hybrids ATL/AFP-machines. 

Keywords: automated tape laying (ATL), automated fiber placement (AFP), automated  
layout, equipment, PCM, prepreg, additive technology. 
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Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɥɟɧɬ (automated tape laying – ATL) – ɨɞɧɚ ɢɡ 
ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɨ-
ɡɢɬɨɜ Д1–6]. Ɉɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɥɟɧɬɵ ɲɢɪɢɧɨɣ 75; 150 ɢ γ00 ɦɦ ɜɵɤɥɚɞɵɜɚɸɬ ɧɚ ɮɨɪ-
ɦɭ ɞɥɹ ɞɟɬɚɥɢ ɫ ɩɨɦɨɳɶɸ ɧɚɝɪɭɠɟɧɧɨɣ ɪɨɥɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɲɚɪ-
ɧɢɪɧɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɞɟɬɚɥɢ. Ɍɟɯɧɨɥɨɝɢɹ 
 
* ɑɚɫɬɶ 1 – ɫɦ. «Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ», № 2 (63), 2021, ɱɚɫɬɶ 2 – № 3 (64), 2021. 
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ATL, ɩɨ ɫɭɳɟɫɬɜɭ, ɩɨɜɬɨɪɹɟɬ ɬɟɯɧɨɥɨɝɢɸ ɧɚɧɟɫɟɧɢɹ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɥɟɧɬɵ ɜɪɭɱ-
ɧɭɸ, ɧɨ ɜɵɤɥɚɞɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ, ɧɚ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɞɟɬɚɥɹɯ 
ɢ ɫ ɛɨɥɶɲɢɦ ɤɨɧɬɪɨɥɟɦ ɩɪɨɰɟɫɫɚ. ɋɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ATδ ɢɦɟɸɬ ɬɨɱɧɵɣ ɤɨɧɬɪɨɥɶ 
ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ, ɨɛɪɟɡɤɢ ɢ ɨɪɢɟɧɬɚɰɢɢ ɥɟɧɬɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɛɚɜɥɹɬɶ ɛɨɥɟɟ ɫɥɨɠɧɨɟ 
ɚɪɦɢɪɨɜɚɧɢɟ, ɱɟɦ ɩɪɨɫɬɨ ɜɵɤɥɚɞɤɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɥɨɟɜ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɉɄɆ) [7]. 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɜɵɤɥɚɞɤɚ ɜɨɥɨɤɨɧ (automated fiber placement – AFP) – ɷɬɨ 
ɝɢɛɪɢɞɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɚɦɨɬɤɢ ɜɨɥɨɤɧɚ ɢ ɬɟɯɧɨɥɨɝɢɢ ATδ, ɜ ɤɨɬɨɪɨɣ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɥ-
ɥɟɥɶɧɵɯ ɩɨɥɨɫ ɤɨɦɩɨɡɢɬɧɨɝɨ ɩɪɟɩɪɟɝɚ ɢɥɢ ɥɟɧɬɵ ɫ ɩɪɨɪɟɡɹɦɢ (ɨɛɵɱɧɨ ɲɢɪɢɧɨɣ γ,2; 
6,35 ɢ 12,7 ɦɦ) ɫɥɨɣ ɡɚ ɫɥɨɟɦ ɪɚɡɦɟɳɚɸɬɫɹ ɢ ɭɩɥɨɬɧɹɸɬɫɹ ɧɚ ɮɨɪɦɟ ɞɥɹ ɞɟɬɚɥɢ. Ʉɚɤ ɢ 
ɫɬɚɧɨɤ ɞɥɹ ɧɚɦɨɬɤɢ ɜɨɥɨɤɧɚ, ɧɚɦɨɬɨɱɧɵɣ ɭɡɟɥ ɦɚɲɢɧɵ ɞɥɹ ɩɪɨɰɟɫɫɚ AFP ɜɪɚɳɚɟɬɫɹ, 
ɱɬɨɛɵ ɫɨɡɞɚɬɶ ɬɟɥɨ ɜɪɚɳɟɧɢɹ. Ʉɚɤ ɢ ɜ ɦɚɲɢɧɟ ɞɥɹ ɩɪɨɰɟɫɫɚ ATL, ɜ ɧɚɩɨɪɧɨɣ ɝɨɥɨɜɤɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɚɜɥɟɧɢɟ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɞɚɠɟ ɧɚ ɜɨɝɧɭɬɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɀɝɭɬɵ 
ɨɛɵɱɧɨ ɫɨɟɞɢɧɟɧɵ ɩɨ 12–γ2 ɲɬ. ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɨɥɨɫɵ ɲɢɪɢɧɨɣ 10–40 ɫɦ. Ʉɚɠɞɵɣ ɢɡ 
ɠɝɭɬɨɜ ɨɛɪɟɡɚɟɬɫɹ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɵɤɥɚɞɵɜɚɬɶ ɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɜɵ-
ɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɫɥɨɠɧɨɫɬɢ ɢ ɤɪɢɜɢɡɧɵ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɩɪɚɜɥɹɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɧɟ 
ɫɤɥɟɢɜɚɥɢɫɶ ɫɦɨɥɨɣ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɦɚɲɢɧ ɞɥɹ ɜɵɤɥɚɞɤɢ ɢɦɟɟɬɫɹ ɛɨɪɬɨɜɨɣ ɲɩɭɥɹɪɧɢɤ 
(ɯɨɥɨɞɢɥɶɧɢɤ ɫ ɛɭɤɫɢɪɨɜɨɱɧɨɣ ɤɚɬɭɲɤɨɣ). ɇɚ ɝɨɥɨɜɤɟ ɦɚɲɢɧɵ ɭɫɬɚɧɨɜɥɟɧɚ ɫɢɫɬɟɦɚ 
ɨɛɨɝɪɟɜɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɥɢɩɤɨɫɬɢ ɠɝɭɬɨɜ. Ɇɚɲɢɧɵ ɞɥɹ ɩɪɨɰɟɫɫɚ AFP 
ɨɛɵɱɧɨ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ, ɜɤɥɸɱɚɹ ɩɨɩɟɪɟɱɧɭɸ ɩɨɞɚɱɭ, ɩɟɪɟɦɟ-
ɳɟɧɢɟ, ɧɚɤɥɨɧ, ɜɪɚɳɟɧɢɟ ДκЖ. 

ɉɪɨɰɟɫɫɵ AFP ɢ ATδ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɯɨɠɢ, ɧɨ ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨ-
ɪɚɡɧɨɦɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɤɪɟɬɧɵɯ ɰɟɥɟɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɱɬɨɛɵ 
ɨɛɟɫɩɟɱɢɬɶ ɜ ɢɡɞɟɥɢɢ ɩɪɨɱɧɨɫɬɶ ɢɥɢ ɠɟɫɬɤɨɫɬɶ ɬɚɦ, ɝɞɟ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ. ȼ ɨɛɨɢɯ ɩɪɨ-
ɰɟɫɫɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɩɢɬɚɧɧɨɟ ɫɦɨɥɨɣ ɧɟɩɪɟɪɵɜɧɨɟ ɜɨɥɨɤɧɨ. Ɉɞɧɚɤɨ ɭ ɷɬɢɯ ɞɜɭɯ 
ɩɪɨɰɟɫɫɨɜ ɟɫɬɶ ɧɟɤɨɬɨɪɵɟ ɪɚɡɥɢɱɢɹ. 

 
ɋɪɚвɧɟɧиɟ ɬɟɯɧɨɥɨɝиɣ AFP и ATL 

ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ AFP ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɢɡɨɝɧɭɬɨɣ ɢɥɢ ɪɟɥɶɟɮɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɠɝɭɬɵ ɛɨɥɟɟ ɭɡɤɢɟ ɢ  
ɧɢɦɢ ɥɟɝɱɟ ɦɚɧɢɩɭɥɢɪɨɜɚɬɶ, ɱɟɦ ɥɟɧɬɨɣ. Ɉɞɧɚɤɨ ɷɬɨɬ ɦɟɬɨɞ ɨɝɪɚɧɢɱɟɧ ɞɨɩɭɫɬɢɦɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɥɨɤɨɧ, ɢɯ ɨɛɳɟɣ ɲɢɪɢɧɨɣ ɢ ɞɥɢɧɨɣ. ɋɱɢɬɚɟɬɫɹ ɬɚɤɠɟ, ɱɬɨ ɦɟɬɨɞ ATL 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɛɨɥɶɲɨɣ ɩɥɨɫɤɨɣ ɢɥɢ ɦɢɧɢɦɚɥɶɧɨ ɨɱɟɪɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɫɤɨɪɨɫɬɶ ɜɵɤɥɚɞɤɢ ɜ ɬɚɤɨɣ ɫɪɟɞɟ. Ɉɞɧɚɤɨ ɛɨɥɶɲɚɹ ɩɥɨɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɞɚɠɟ ɟɫɥɢ ɨɧɚ 
ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɶɲɢɟ ɨɬɪɟɡɤɢ ɧɟɩɪɟɪɵɜɧɨɣ ɥɟɧɬɵ, ɩɨɱɬɢ ɜɫɟɝɞɚ ɬɪɟɛɭɟɬ 
ɪɚɡɦɟɳɟɧɢɹ ɛɨɥɟɟ ɤɨɪɨɬɤɢɯ ɩɨɥɨɫ ɥɟɧɬɵ ɢɥɢ ɜɨɥɨɤɧɚ ɜ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɚɯ ДλЖ. Ɍɟɯɧɨɥɨ-
ɝɢɸ ATL ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɩɪɨɫɬɵɯ ɩɨ ɮɨɪɦɟ ɩɚɧɟɥɟɣ 
ɤɪɵɥɶɟɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɛɵɫɬɪɨ ɜɵɥɨɠɢɬɶ ɲɢɪɨɤɢɦɢ ɥɟɧɬɚɦɢ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɦɟɬɨɞɨɦ AFP ɜɵɤɥɚɞɵɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɩɨɥɨɫ ɲɢɪɢɧɨɣ ɨɬ γ,2η 
ɞɨ 12,η ɦɦ, ɩɨɷɬɨɦɭ ɟɝɨ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɸɡɟɥɹɠɚ ɢ ɞɪɭɝɢɯ ɛɨɥɟɟ 
ɤɨɧɬɭɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɬɪɟɛɭɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɢɛɤɨɫɬɢ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɉɄɆ 
ɷɬɢɦ ɦɟɬɨɞɨɦ ɫɧɢɠɚɸɬɫɹ ɫɤɨɪɨɫɬɶ ɢ ɨɛɴɟɦ ɜɵɤɥɚɞɤɢ [10]. 

ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɦɟɬɨɞ ATδ ɢɡ ɞɜɭɯ ɩɪɨɰɟɫɫɨɜ ɛɭɞɟɬ ɛɨɥɟɟ 
ɛɵɫɬɪɵɦ, ɟɫɥɢ ɞɟɬɚɥɢ ɢɦɟɸɬ ɧɟɛɨɥɶɲɢɟ ɫɥɨɠɧɨɫɬɢ ɢɥɢ ɧɟɪɨɜɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɚɧɟɟ 
ɧɟɨɛɯɨɞɢɦɨɣ ɛɵɥɚ ɧɚɞɟɠɧɨɫɬɶ, ɧɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɦɟɬɨɞ AFP ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɣ ɩɪɨɰɟɫɫ, ɤɨɬɨ-
ɪɵɣ ɥɭɱɲɟ ɜɵɛɢɪɚɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɝɞɟ ɞɭɛɥɢɪɨɜɚɧɢɟ ɫɥɨɠɧɵɯ ɤɨɧɬɭɪɨɜ 
ɜɚɠɧɟɟ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɫɤɨɪɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɉɞɧɚɤɨ ɩɪɨɰɟɫɫ AFP ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ 
ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɱɟɦ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɩɪɢ ATL, ɩɨɷɬɨɦɭ ɨɧ 
ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɜɵɤɥɚɞɤɢ ɤɨɪɨɬɤɢɦɢ ɥɟɧɬɚɦɢ ɢ ɫɯɟɦ, ɩɪɢ ɤɨɬɨɪɵɯ ɬɪɟɛɭɟɬɫɹ,  
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ɱɬɨɛɵ ɜ ɦɚɲɢɧɟ ɦɨɠɧɨ ɛɵɥɨ ɛɵɫɬɪɨ ɢɡɦɟɧɹɬɶ ɲɢɪɢɧɭ ɜɵɤɥɚɞɵɜɚɟɦɨɣ ɩɨɥɨɫɵ ɢ ɩɪɢ-
ɫɩɨɫɨɛɢɬɶɫɹ ɤ ɪɚɡɧɨɨɛɪɚɡɢɸ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɞɢɡɚɣɧɭ ɢɡɞɟɥɢɹ [9–13]. 

Ɉɞɧɚɤɨ ɩɨɹɜɢɥɢɫɶ ɧɟɤɨɬɨɪɵɟ ɩɪɢɡɧɚɤɢ ɬɨɝɨ, ɱɬɨ ɷɬɨ ɦɧɟɧɢɟ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ, 
ɩɨɫɤɨɥɶɤɭ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɢ ɥɟɧɬɨɱɧɵɟ 
ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ ɧɨɜɵɯ ɢ ɨɪɢɝɢɧɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ. ȼ ɷɬɨɣ ɩɨɫɬɨɹɧɧɨ ɦɟɧɹɸɳɟɣɫɹ 
ɫɪɟɞɟ ɩɨɫɬɚɜɳɢɤɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɢɫɬɟɦɵ ATδ ɢ AFP, ɤɨɬɨɪɵɟ ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɨ-
ɢɫɯɨɞɢɬ ɛɵɫɬɪɚɹ ɷɜɨɥɸɰɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɬɟɯɧɨɥɨɝɢɣ [9, 14–16]. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɥɨɠɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɤɨɪɨɬɤɢɯ ɜɨɥɨɤɨɧ, ɦɟɬɨɞ AFP ɩɪɟɜɨɫɯɨ-
ɞɢɬ ɦɟɬɨɞ ATL, ɬɟɦ ɧɟ ɦɟɧɟɟ ɫɭɳɟɫɬɜɭɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ. ɉɨ ɦɟɪɟ ɬɨɝɨ ɤɚɤ ɜɵɤɥɚɞɵɜɚɟɦɚɹ ɩɨɥɨɫɚ ɫɬɚɧɨɜɢɬɫɹ ɤɨɪɨɱɟ, ɧɚ ɦɚɲɢɧɟ AFP 
ɬɪɚɬɢɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɧɚɩɪɹɦɭɸ 
ɧɟ ɫɜɹɡɚɧɵ ɫ ɪɚɡɦɟɳɟɧɢɟɦ ɜɨɥɨɤɧɚ ɧɚ ɮɨɪɦɟμ ɭɫɤɨɪɟɧɢɟ ɢ ɡɚɦɟɞɥɟɧɢɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 
ɜɵɤɥɚɞɤɢ, ɨɛɪɟɡɤɚ ɜɨɥɨɤɨɧ ɜ ɤɨɧɰɟ ɢ ɪɚɡɜɨɪɨɬ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɫɥɟɞɭɸɳɟɝɨ ɪɹɞɚ ɪɚɡɦɟ-
ɳɟɧɢɹ ɜɨɥɨɤɨɧ. Ⱦɪɭɝɨɣ ɮɚɤɬɨɪ – ɨɫɬɚɧɨɜɤɚ ɦɚɲɢɧɵ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɲɢ-
ɪɢɧɭ ɫɥɨɹ ɜɨɥɨɤɧɚ (ɤɨɥɢɱɟɫɬɜɨ ɠɝɭɬɨɜ) ɢɥɢ ɬɢɩ ɜɨɥɨɤɧɚ, ɬɨɝɞɚ ɬɟɪɹɟɬɫɹ ɰɟɧɧɨɟ ɜɪɟɦɹ ɜ 
ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ДλЖ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɤɥɚɞɤɢ ɩɨɥɨɫɵ ɞɥɢɧɨɣ κ ɦ ɫɨɫɬɚɜɥɹɟɬ 4 ɫ – ɞɥɹ ɩɪɨɰɟɫɫɚ 
ATL ɢ 2,η ɫ – ɞɥɹ ɩɪɨɰɟɫɫɚ AFP ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɤɥɸɱɚɹ ɜɪɟɦɹ ɧɚ ɭɫɤɨɪɟɧɢɟ ɢ ɡɚɦɟɞ-
ɥɟɧɢɟ. Ɉɞɧɚɤɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɨ ɧɚɱɚɥɚ ɜɵɤɥɚɞɤɢ ɧɨɜɨɝɨ ɫɥɨɹ (ɜɤɥɸɱɚɹ ɨɛɪɟɡɤɭ, 
ɨɛɪɚɛɨɬɤɭ ɢ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ) ɫɨɫɬɚɜɥɹɟɬ λ ɫ – ɞɥɹ ɩɪɨɰɟɫɫɚ ATδ ɢ 7 ɫ – ɞɥɹ ɩɪɨ-
ɰɟɫɫɚ AFP ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɨɩɟɪɚɰɢɣ ɩɨ ɪɟɡɤɟ Д17Ж. ɗɬɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɠɟ ɩɪɢ ɜɵ-
ɤɥɚɞɤɟ ɩɪɨɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɹɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-
ɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɨ ɧɟ ɨɩɬɢɦɚɥɶɧɨ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɨɲɢɛɤɢ ɩɪɢ ɤɨɧɬɪɨɥɟ ɤɚɱɟɫɬɜɚ ɢ ɜɵɤɥɚɞɤɢ ɩɪɢɜɨɞɹɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ ATδ ɢ AFP ɨɞɧɨɣ ɢɡ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɬɪɚɟɤɬɨɪɢɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɜɵɤɥɚɞɤɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɥɹ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ 
ɨɱɟɧɶ ɜɚɠɧɨ, ɱɬɨɛɵ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɪɹɞɚɦɢ ɥɟɧɬ ɧɟ ɛɵɥɨ ɡɚɡɨɪɨɜ ɢ ɧɚɯɥɟɫɬɨɜ Д1κЖ, ɚ 
ɷɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɦɢɧɢɦɚɥɶɧɭɸ ɦɚɫɫɭ ɝɨɬɨɜɨɣ 
ɞɟɬɚɥɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɪɚɟɤɬɨɪɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɜɵɤɥɚɞɤɢ 
ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɨɭɞɚɥɟɧɧɵɦɢ Д1λЖ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɫɬɨɹ ɦɚɲɢɧ ɞɥɹ ɜɵɤɥɚɞɤɢ ɢɡ-ɡɚ ɩɨɜɬɨɪɧɨɣ ɡɚɝɪɭɡɤɢ ɦɚ-
ɬɟɪɢɚɥɚ, ɢɫɩɪɚɜɥɟɧɢɹ ɨɲɢɛɨɤ ɢɥɢ ɢɯ ɨɱɢɫɬɤɢ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɣ – ɞɨ η0 % ɞɥɹ ɦɟ-
ɬɨɞɚ AFP Д20Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɵɤɥɚɞɤɢ ɦɚɥɨɜɟɪɨɹɬ-
ɧɨ, ɱɬɨ, ɜɨɡɦɨɠɧɨ, ɩɪɢɜɟɥɨ ɛɵ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ  
[17, 21Ж, ɩɨɫɤɨɥɶɤɭ ɬɟɤɭɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɠɟ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɝɪɚɧɢɱɟ-
ɧɚ ɤɨɧɫɬɪɭɤɰɢɟɣ ɞɟɬɚɥɟɣ, ɜɬɨɪɢɱɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɩɪɨɫɬɨɹ 
ɦɚɲɢɧ. ɍɫɬɪɚɧɟɧɢɟ ɥɸɛɨɝɨ ɢɡ ɷɬɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɞɨɥɠɧɨ ɡɚɤɨɧɨɦɟɪɧɨ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟ-
ɥɢɱɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ.  

ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɭɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ [22]. 
 

ɋɪɚвɧɟɧиɟ ɩɪɨɰɟɫɫɨв ATL, AFP и ɪɭчɧɨɣ вɵɤɥɚɞɤи 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ATL AFP Ɋɭɱɧɚɹ ɜɵɤɥɚɞɤɚ 

ɉɨɬɟɪɢ ɦɚɬɟɪɢɚɥɚ ɇɢɡɤɢɟ ɇɢɡɤɢɟ ȼɵɫɨɤɢɟ 
Ɉɩɥɚɬɚ ɬɪɭɞɚ ɇɢɡɤɚɹ ɇɢɡɤɚɹ ȼɵɫɨɤɚɹ 
ɉɨɜɬɨɪɹɟɦɨɫɬɶ ȼɵɫɨɤɚɹ ȼɵɫɨɤɚɹ ɇɢɡɤɚɹ 
Ɍɨɱɧɨɫɬɶ ȼɵɫɨɤɚɹ ȼɵɫɨɤɚɹ ɇɢɡɤɚɹ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ȼɵɫɨɤɚɹ ȼɵɫɨɤɚɹ ɇɢɡɤɚɹ 
Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ ȿɫɬɶ ȿɫɬɶ ɇɟɬ 
Ɍɢɩ ɜɵɤɥɚɞɵɜɚɟɦɨɝɨ  
ɦɚɬɟɪɢɚɥɚ ɒɢɪɨɤɢɟ ɥɟɧɬɵ ɍɡɤɢɟ ɥɟɧɬɵ ɒɢɪɨɤɢɟ ɥɟɧɬɵ 

ɋɤɨɪɨɫɬɶ ɭɤɥɚɞɤɢ Ɉɱɟɧɶ ɜɵɫɨɤɚɹ Ɉɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚɹ Ɉɱɟɧɶ ɜɵɫɨɤɚɹ 
Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɞɟɬɚɥɢ Ȼɨɥɶɲɢɟ, ɩɪɨɫɬɵɟ ɂɡɨɝɧɭɬɵɟ Ȼɨɥɶɲɢɟ 
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɨɞɯɨɞɨɜ, 
ɧɟɨɛɯɨɞɢɦɨ ɥɭɱɲɟ ɩɨɧɢɦɚɬɶ ɫɥɨɠɧɨɫɬɶ ɜɵɤɥɚɞɵɜɚɟɦɨɣ ɞɟɬɚɥɢ. ȼɟɪɨɹɬɧɨ, ɱɬɨ  
ɧɟɛɨɥɶɲɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨ-
ɫɬɨɹ. ɗɬɨ ɦɨɠɧɨ ɪɟɲɢɬɶ ɬɨɥɶɤɨ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɛɨɥɟɟ ɜɵɫɨ-
ɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Д2γЖ. 

ȼ ɤɨɦɩɚɧɢɢ FШrОsЭ-δТЧц (Ɏɪɚɧɰɢɹ), ɩɪɨɢɡɜɨɞɹɳɟɣ ɦɚɲɢɧɵ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ATδ ɢ 
AFP, ɫɱɢɬɚɸɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɛɨ-
ɬɚɸɬ ɜ ɩɨɥɶɡɭ ɬɟɯɧɨɥɨɝɢɢ ATL: ɜɵɤɥɚɞɵɜɚɬɶ ɨɞɢɧ ɤɭɫɨɤ ɥɟɧɬɵ ɩɪɨɳɟ, ɱɟɦ γ2 ɩɭɱɤɚ 
ɜɨɥɨɤɧɚν ɠɝɭɬɵ ɜɨɥɨɤɧɚ ɥɨɦɚɸɬɫɹ ɥɟɝɱɟ, ɱɟɦ ɥɟɧɬɚν ɫɢɫɬɟɦɵ ɪɚɡɦɟɳɟɧɢɹ ɜɨɥɨɤɨɧ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɧɟ ɬɚɤ ɧɚɞɟɠɧɵ, ɤɚɤ ɥɟɧɬɨɱɧɵɟ ɫɢɫɬɟɦɵ. Ɉɞɧɚɤɨ ɟɫɥɢ ɷɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɟɯ-
ɧɨɥɨɝɢɢ ATδ ɛɭɞɭɬ ɞɨɫɬɢɝɧɭɬɵ ɜ ɬɟɯɧɨɥɨɝɢɢ AFP, ɬɨ ɩɪɨɰɟɫɫ AFP ɩɨɥɭɱɢɬ ɛɨɥɶɲɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɦɚɲɢɧɟ ɞɥɹ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɨɧ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɥɸɛɭɸ 
ɞɟɬɚɥɶ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɫɨɡɞɚɬɶ ɢɡ ɫɥɨɹ ɥɟɧɬɵ, ɧɨ ɫ ɩɨɦɨɳɶɸ ɫɥɨɹ ɥɟɧɬɵ ɧɟɜɨɡɦɨɠɧɨ 
ɩɨɫɬɪɨɢɬɶ ɞɟɬɚɥɶ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɧɚ ɦɚɲɢɧɟ ɞɥɹ ɜɵɤɥɚɞɤɢ ɜɨɥɨɤɨɧ ДλЖ. 

 
Ɋɨɛɨɬиɡиɪɨвɚɧɧɵɟ ɝиɛɪиɞɧɵɟ ɦɚɲиɧɵ ɞɥя ɬɟɯɧɨɥɨɝии ATL/AFP 

ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɮɨɪɦ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɫɬɚɧɨɜɢɬɶɫɹ ɛɨɥɶɲɢɦɢ, 
ɫɥɨɠɧɵɦɢ ɢ ɞɨɪɨɝɢɦɢ. ɇɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɨɡɧɢɤ ɫɩɪɨɫ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɬɟɯɧɨɥɨ-
ɝɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɫɟɪɢɣɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɬɚɥɟɣ, 
ɢɞɟɧɬɢɱɧɵɯ ɢɥɢ ɩɨɯɨɠɢɯ ɩɨ ɪɚɡɦɟɪɭ ɢ ɮɨɪɦɟ. ɇɟɫɤɨɥɶɤɨ ɩɨɫɬɚɜɳɢɤɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɪɚɡɪɚɛɨɬɚɥɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɫɢɫɬɟɦɵ ɱɚɫɬɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɬ. ɟ. ɛɨɥɟɟ ɩɪɨɫɬɵɟ ɦɚ-
ɲɢɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɱɟɧɶ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɚɛɨɪɚ ɞɟɬɚɥɟɣ. 
ȼ ɨɬɥɢɱɢɟ ɨɬ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɦɚɲɢɧɵ, ɧɚ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɦɧɨɝɢɟ ɬɢɩɵ 
ɞɟɬɚɥɟɣ, ɷɬɚ ɫɢɫɬɟɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɞɨɫɬɭɩɧɨɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɥɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ. ɉɟɪɜɵɦɢ 
ɩɨɫɬɚɜɳɢɤɚɦɢ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɸɬɫɹ ɚɦɟɪɢɤɚɧɫɤɢɟ ɤɨɦɩɚɧɢɢ Accudyne Systems Inc.  
ɢ AЮЭШmКЭОН DвЧКmТМs Д24Ж. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɮɨɪɦɚ ɨɛɲɢɜɤɢ ɤɪɵɥɚ ɡɚɧɢ-
ɦɚɟɬ ɦɧɨɝɨ ɩɨɥɟɡɧɨɝɨ ɦɟɫɬɚ ɜ ɡɚɜɨɞɫɤɨɦ ɰɟɯɟ. Ɇɚɲɢɧɵ ɞɥɹ ɩɪɨɰɟɫɫɨɜ AFP ɢ ATδ, ɞɟɣ-
ɫɬɜɭɸɳɢɟ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɧɟɷɮɮɟɤɬɢɜɧɵ. Ɍɟɯɧɨɥɨ-
ɝɢɹ ɩɪɟɬɟɪɩɟɥɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨ-
ɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢμ ɮɨɪɦɭ ɞɥɹ ɜɵɤɥɚɞɤɢ ɩɟɪɟɦɟɫɬɢɥɢ ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɟ, ɚ ɦɚɧɢɩɭɥɹɬɨɪɵ ɫɧɹɥɢ ɫ ɪɚɦ ɢ ɩɨɦɟɫɬɢɥɢ ɧɚ ɦɧɨɝɨɨɫɧɵɟ ɪɨɛɨɬɵ, ɭɜɟɥɢ-
ɱɢɜ ɢɯ ɤɨɥɢɱɟɫɬɜɨ. ɂɦɟɧɧɨ ɷɬɨ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɝɢɛɪɢɞɧɵɯ ɦɚɲɢɧ ɫɢɫɬɟɦɵ AFP/ATL 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɤɥɚɞɤɢ, 
ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɚɧɟɥɟɣ 
ɤɪɵɥɶɟɜ ɢ ɹɱɟɟɤ ɨɛɲɢɜɤɢ ɤɪɵɥɚ. Ʉɚɠɞɵɣ ɛɥɨɤ ɜɤɥɸɱɚɟɬ ɝɢɛɪɢɞɧɭɸ ɝɨɥɨɜɤɭ ɫɢɫɬɟɦɵ 
AFP/ATδ, ɦɧɨɝɨɨɫɟɜɨɣ ɪɨɛɨɬ ɢ ɲɩɭɥɹɪɧɢɤ, ɝɞɟ ɪɚɡɦɟɳɟɧɵ ɥɟɧɬɵ ɢɥɢ ɠɝɭɬɵ ɢɡ ɭɝɥɟ-
ɪɨɞɧɨɝɨ ɜɨɥɨɤɧɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɪɨɛɨɬɨɜ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɥɟɧɬɵ ɢ ɠɝɭɬɵ ɪɚɡ-
ɥɢɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢ ɲɢɪɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɜɟɪɧɭɬɵ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. Ɉɞɧɚɤɨ ɭɫɬɚɧɨɜɤɚ ɧɟɫɤɨɥɶ-
ɤɢɯ ɪɨɛɨɬɨɜ ɫɨɡɞɚɟɬ ɩɪɟɩɹɬɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɜɫɬɪɟɱɚɥɢɫɶ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɤɨɦɩɨɡɢɬɨɜ. Ɍɚɤ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɤɚɠɞɵɣ ɪɨɛɨɬ ɡɧɚɥ, ɝɞɟ ɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɪɨɛɨɬɨɜ (ɢ ɨɫɧɚɫɬɤɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɢ), ɱɬɨɛɵ ɢɡɛɟ-
ɠɚɬɶ ɫɬɨɥɤɧɨɜɟɧɢɣ. Ʉɚɠɞɵɣ ɪɨɛɨɬ ɬɚɤɠɟ ɞɨɥɠɟɧ ɪɚɛɨɬɚɬɶ ɫɨɜɦɟɫɬɧɨ ɫ ɞɪɭɝɢɦɢ, ɱɬɨɛɵ 
ɪɚɡɦɟɫɬɢɬɶ ɧɭɠɧɵɣ ɦɚɬɟɪɢɚɥ (ɥɟɧɬɵ ɢɥɢ ɜɨɥɨɤɧɚ) ɜ ɧɭɠɧɨɦ ɦɟɫɬɟ ɜ ɧɭɠɧɨɟ ɜɪɟɦɹ. ɉɨ-
ɷɬɨɦɭ ɪɚɡɪɚɛɨɬɚɥɢ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɪɚɫɩɪɟɞɟɥɹɟɬ ɜɵɤɥɚɞɤɭ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ ɪɨ-
ɛɨɬɢɡɢɪɨɜɚɧɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɧɚ ɨɞɧɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɢ ɨɩɬɢɦɢɡɢɪɭɟɬ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɚ [25, 26]. 
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Ʉɨɦɩɚɧɢɹ AППШrНКЛХО AЮЭШmКЭТШЧ TОКm (ɋɒȺ) ɩɪɟɞɫɬɚɜɢɥɚ ɧɨɜɭɸ ɪɨɛɨɬɢɡɢɪɨ-
ɜɚɧɧɭɸ ɭɫɬɚɧɨɜɤɭ AFP/ATL-0510, ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɟɧɨ ɦɧɨɠɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɝɨɥɨɜɨɤ, ɜɤɥɸɱɚɹ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɟ ɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ ɧɚ ɭɫɬɚɧɨɜɤɚɯ AFP ɢ ATδ. 
ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɬɚɥɟɣ ɜɤɥɸ-
ɱɚɸɬ ɤɨɦɦɟɪɱɟɫɤɢɟ ɢ ɜɨɟɧɧɵɟ ɜɢɧɬɨɤɪɵɥɵɟ ɥɟɬɚɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɵ ɢ ɫɚɦɨɥɟɬɵ ɫ ɧɟɩɨ-
ɞɜɢɠɧɵɦ ɤɪɵɥɨɦ, ɬɚɤɢɟ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɢ ɯɜɨɫɬɨɜɨɣ ɛɚɥɤɢ, ɷɥɟɦɟɧɬɵ ɡɚɯɜɚɬɚ ɧɟɫɭɳɟɝɨ 
ɜɢɧɬɚ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢ ɜɟɪɬɢɤɚɥɶɧɵɟ ɯɜɨɫɬɨɜɵɟ ɨɩɟɪɟɧɢɹ, ɫɬɚɛɢɥɢɡɚɬɨɪɵ, ɚ ɬɚɤɠɟ 
ɱɚɫɬɢ ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ɗɬɭ ɭɫɬɚɧɨɜɤɭ ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɟ ɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ ɦɚɬɪɢɱɧɵɟ ɩɪɟɩɪɟɝɢ. ɋɨ-
ɝɥɚɫɧɨ ɞɚɧɧɵɦ ɤɨɦɩɚɧɢɢ Automated Dynamics (ɋɒȺ), ɷɬɨɬ ɪɨɛɨɬ ɨɛɥɚɞɚɟɬ ɭɧɢɜɟɪ-
ɫɚɥɶɧɨɫɬɶɸ ɢ ɡɚɧɢɦɚɟɬ ɧɟɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ. Ɋɨɛɨɬ ɢɦɟɟɬ ɫɬɚɧɞɚɪɬ-
ɧɭɸ ɪɚɛɨɱɭɸ ɡɨɧɭ ɪɚɡɦɟɪɨɦ γ×1,η ɦ ɢ ɜɪɚɳɚɸɳɢɟɫɹ ɱɚɫɬɢ ɪɚɡɦɟɪɨɦ 1,2 ɦ ɫɨ ɲɩɢɧɞɟ-
ɥɟɦ. Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɤɥɚɞɤɢ ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪ ɦɚɥɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ, ɤɨ-
ɬɨɪɵɟ ɨɛɵɱɧɨ ɭɤɥɚɞɵɜɚɸɬɫɹ ɜɪɭɱɧɭɸ. Ɇɚɤɫɢɦɚɥɶɧɭɸ ɞɥɢɧɭ ɞɟɬɚɥɢ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ, 
ɭɫɬɚɧɨɜɢɜ ɪɨɛɨɬ ɧɚ ɪɚɦɭ Д27–29]. 

Ʉɨɦɩɚɧɢɢ MTШrrОs (ɂɫɩɚɧɢɹ) ɢ EХОМЭrШТmpКМЭ (ɋɒȺ) ɜɵɩɭɫɬɢɥɢ ɞɜɭɯɩɪɨɰɟɫɫɨɪ-
ɧɵɯ ɪɨɛɨɬɨɜ, ɤɨɬɨɪɵɟ ɧɚɦɧɨɝɨ ɤɨɦɩɚɤɬɧɟɟ, ɱɟɦ ɫɢɫɬɟɦɵ AFP/ATδ, ɢ ɢɯ ɦɨɠɧɨ ɭɫɬɚɧɨ-
ɜɢɬɶ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɚɜɨɞɨɜ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ. Ⱦɜɭɯɩɪɨɰɟɫɫɨɪɧɵɟ ɪɨɛɨɬɵ ɫɨɫɬɨɹɬ ɢɡ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɦɚ-
ɲɢɧɵ ɞɥɹ ɜɵɤɥɚɞɤɢ, ɤɨɬɨɪɚɹ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɪɟɥɶɫɚɦ ɩɚɪɚɥɥɟɥɶɧɨ ɮɨɪɦɟ ɞɥɹ ɜɵɤɥɚɞ-
ɤɢ. ɋɬɨɥ ɞɥɹ ɜɵɤɥɚɞɤɢ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɥɨɫɤɢɯ ɉɄɆ, ɤɨɬɨ-
ɪɵɟ ɡɚɬɟɦ ɪɚɡɪɟɡɚɸɬ ɧɚ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢ ɢ ɩɨɞɜɟɪɝɚɸɬ ɝɨɪɹɱɟɣ ɲɬɚɦɩɨɜɤɟ ɞɥɹ ɞɨɫɬɢ-
ɠɟɧɢɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɮɨɪɦɵ. Ʉɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɜɵɤɥɚɞɤɚ ɞɟɬɚɥɢ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, 
ɪɨɛɨɬ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɤ ɬɨɣ ɫɬɨɪɨɧɟ ɪɚɛɨɱɟɣ ɹɱɟɣɤɢ, ɝɞɟ ɜ ɩɟɪɟɞɧɸɸ/ɡɚɞɧɸɸ ɛɚɛɤɭ ɡɚ-
ɝɪɭɠɟɧ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɩɪɨɰɟɫɫɚ AFP. Ȼɥɚɝɨɞɚɪɹ ɜɨɡɦɨɠɧɨɫɬɢ ɛɵɫɬɪɨɣ ɫɦɟɧɵ ɝɨɥɨɜɤɢ 
ɪɨɛɨɬɵ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɬɞɟɥɶɧɭɸ ɝɨɥɨɜɤɭ ɞɥɹ ɩɪɨɰɟɫɫɚ AFP ɫ ɤɨɧɬɪɨɥɟɦ ɜɨɥɨɤɨɧ 
ɞɥɹ ɜɵɤɥɚɞɤɢ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢ ɩɪɢ ɠɟɥɚɧɢɢ ɡɚɦɟɧɹɬɶ ɝɨɥɨɜɤɭ ɤɨɦɩɚɤɬɧɨɝɨ 
ɪɚɡɦɟɪɚ ɞɥɹ ɩɪɨɰɟɫɫɚ ATδ ɢ ɞɥɹ ɜɵɤɥɚɞɤɢ ɩɥɨɫɤɢɯ ɉɄɆ ɧɟɛɨɥɶɲɨɣ ɫɥɨɠɧɨɫɬɢ Д30]. 

Ɍɟɯɧɨɥɨɝɢɹ, ɤɨɬɨɪɚɹ ɜɫɟ ɟɳɟ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ ɜ ɤɨɦɩɚɧɢɢ 
German Aerospace Centre (Ƚɟɪɦɚɧɢɹ), ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɡɵɜɚɟɬɫɹ Flappybot – ɝɢɛɤɢɣ 
ɚɜɬɨɧɨɦɧɵɣ ɪɨɛɨɬ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɫɨɜɦɟɳɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠ-
ɧɨɫɬɢ ɫɢɫɬɟɦɵ ATL/AFP ɜ ɦɨɞɭɥɶɧɨɦ ɬɪɟɯɪɨɥɢɤɨɜɨɦ ɫɚɦɨɭɩɪɚɜɥɹɟɦɨɦ ɩɪɨɝɪɚɦɦɢɪɭɟ-
ɦɨɦ ɛɟɫɩɪɨɜɨɞɧɨɦ ɪɨɛɨɬɟ, ɤɨɬɨɪɵɣ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɮɨɪɦɟ, ɝɞɟ ɪɚɡɦɟɳɚɟɬɫɹ ɜɨɥɨɤɧɨ ɢɥɢ 
ɥɟɧɬɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɋɨɛɨɬ ɞɜɢɠɟɬɫɹ ɧɚ ɬɪɟɯ ɪɨɥɢɤɚɯ ɫ 
ɧɟɡɚɜɢɫɢɦɵɦ ɩɪɢɜɨɞɨɦ ɢ ɜɦɟɳɚɟɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɬɤɨɜ ɥɟɧɬɵ ɢɡ ɭɝɥɟɪɨɞɧɨɝɨ 
ɜɨɥɨɤɧɚ ɢɥɢ ɠɝɭɬɨɜ ɞɥɹ ɲɢɪɢɧɵ ɜɵɤɥɚɞɤɢ 200 ɦɦ (ɫɦ. ɪɢɫɭɧɨɤ) Д2ηЖ. 

 

 
Ɋɨɛɨɬ FХКppвЛШЭ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɢ ɩɪɟɩɪɟɝɚ Д2ηЖ 
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Ʉɨɦɩɚɧɢɹ Mikrosam (ɋɟɜɟɪɧɚɹ Ɇɚɤɟɞɨɧɢɹ) ɪɚɡɪɚɛɨɬɚɥɚ ɭɫɬɚɧɨɜɤɭ, ɤɨɬɨɪɚɹ ɦɨ-
ɠɟɬ ɨɛɴɟɞɢɧɹɬɶ ɝɨɥɨɜɤɢ AFP (ɞɥɹ ɬɟɪɦɨɪɟɚɤɬɨɩɥɚɫɬɚ) ɢ ATδ (ɞɥɹ ɜɵɤɥɚɞɤɢ ɬɟɪɦɨɩɥɚ-
ɫɬɢɱɧɨɝɨ ɩɪɟɩɪɟɝɚ) ɜ ɟɞɢɧɭɸ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɭɸ ɹɱɟɣɤɭ ɞɥɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɪɚɡɪɚɛɨɬ-
ɤɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɤɨɦɩɨɡɢɬɨɜ. Ɍɚɤɚɹ ɭɫɬɚɧɨɜɤɚ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɜɧɟɞɪɟɧɢɸ 
ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɦɩɨɡɢɬɧɵɯ ɞɟɬɚɥɟɣ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɤɨɫɦɢɱɟ-
ɫɤɨɣ ɨɬɪɚɫɥɟɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɚɜɬɨɦɨɛɢɥɶɧɨɣ, ɦɨɪɫɤɨɣ, ɝɚɡɨɜɨɣ ɢ ɧɟɮɬɹɧɨɣ ɩɪɨɦɵɲɥɟɧ-
ɧɨɫɬɢ. Ɋɨɛɨɬ-ɦɚɲɢɧɚ ɫɢɫɬɟɦɵ AFP/ATδ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɩɟɪɟɣɬɢ ɨɬ ɚɜɬɨɦɚɬɢɡɢɪɨ-
ɜɚɧɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɜɨɥɨɤɨɧ ɤ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɜɵɤɥɚɞɤɟ ɥɟɧɬɵ ɢ ɧɚɨɛɨɪɨɬ, ɩɭɬɟɦ 
ɡɚɦɟɧɵ ɝɨɥɨɜɤɢ. ɋ ɩɨɦɨɳɶɸ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜɨɡɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɪɚɡɪɚɛɨɬɤɭ ɜɵ-
ɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɝɨɬɨɜɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɷɤɨ-
ɧɨɦɹ ɜɪɟɦɹ ɧɚ ɧɚɫɬɪɨɣɤɭ ɧɟɫɤɨɥɶɤɢɯ ɦɚɲɢɧ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɛɵɫɬɪɨɟ 
ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɤɨɦɩɨɡɢɬɧɵɯ ɞɟɬɚɥɟɣ. ɇɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɫ ɤɨɦɩɶɸɬɟɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɤɚɤ ɩɥɨɫɤɢɟ, ɬɚɤ ɢ 
ɫɥɨɠɧɵɟ ɤɨɧɬɭɪɧɵɟ ɞɟɬɚɥɢ ɦɚɥɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ, ɫ ɪɚɡɦɟɳɟɧɢɟɦ ɭɝɥɟɪɨɞɧɨɣ (ɢɥɢ 
ɫɬɟɤɥɹɧɧɨɣ) ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɥɟɧɬɵ, ɩɪɨɩɢɬɚɧɧɨɣ ɷɩɨɤɫɢɞɧɵɦ ɫɜɹɡɭɸɳɢɦ, ɢ ɥɟɧɬɵ 
ɢɡ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ ɩɪɟɩɪɟɝɚ. Ʉɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɥɨɬɧɟɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ – ɞɨ 
400 °C), ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɝɨɥɨɜɤɭ ATδ, ɢ ɦɟɬɨɞɚ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɧɚɝɪɟɜɚ (ɧɚɝɪɟɜ ɩɨɜɟɪɯ-
ɧɨɫɬɢ – ɞɨ 100 °C) ɫ ɮɭɧɤɰɢɟɣ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɞɥɹ ɬɟɪɦɨɪɟɝɭɥɹɬɨɪɚ Дγ1]. 
 

Ɂɚɤɥɸчɟɧия 
Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɜɵɤɥɚɞɤɢ, ɤɨɬɨɪɵɟ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɩɨɫɥɟɞɧɟɟ 

ɜɪɟɦɹ, ɪɚɡɪɚɛɨɬɚɧɵ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟ ɢɦɟɸɳɢɦɢ 
ɨɩɵɬɚ ɪɚɛɨɬɵ ɫ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɬɢ ɤɨɦɩɚɧɢɢ 
ɧɚɤɨɩɢɥɢ ɨɩɵɬ ɜ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɢ ɫɬɪɟɦɹɬɫɹ ɧɚɣɬɢ ɢɧɜɟɫɬɢɰɢɢ ɞɥɹ 
ɭɫɬɪɚɧɟɧɢɹ ɨɝɪɚɧɢɱɟɧɢɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɟ. ɉɨɫɬɚɜɳɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɢɫɬɨɪɢ-
ɱɟɫɤɢ ɪɚɛɨɬɚɥɢ ɫ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɤɨɦɩɨɡɢɬɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɦɢ ɪɭɱɧɭɸ ɜɵɤɥɚɞɤɭ, ɢ ɨɛ-
ɥɚɞɚɥɢ ɨɝɪɚɧɢɱɟɧɧɵɦ ɨɩɵɬɨɦ ɢɥɢ ɧɟ ɢɦɟɥɢ ɜɨɨɛɳɟ ɧɢɤɚɤɨɝɨ ɨɩɵɬɚ ɜ ɨɛɥɚɫɬɢ ɩɪɨ-
ɦɵɲɥɟɧɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɩɨɷɬɨɦɭ ɢɦ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧ-
ɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɜɨɡɧɢɤɲɢɯ ɨɝɪɚɧɢɱɟɧɢɣ. ɉɨɞɯɨɞɵ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 
ɢ ɩɚɤɟɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɤɨɧɟɱɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɞɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɱɚɫɬɨ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦɢ ɨɬ ɪɭɱɧɨɣ ɜɵɤɥɚɞɤɢ ɢ (ɢɥɢ) 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɝɪɢɪɨɜɚɧɵ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɨɝɪɚ-
ɧɢɱɟɧɢɹɦ ɧɚ ɭɫɬɚɧɨɜɤɢ ɢ ɢɯ ɜɨɡɦɨɠɧɨɫɬɢ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɝɪɨɦɧɵɟ ɭɫɩɟɯɢ, ɞɨɫɬɢɝɧɭɬɵɟ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ATδ ɢ 
AFP ɡɚ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ, ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ ɭ ɷɬɢɯ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɦɚɲɢɧ ɟɳɟ 
ɟɫɬɶ ɪɟɡɟɪɜɵ, ɱɬɨɛɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɫɬɭɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɜɵɫɨ-
ɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦ ɭɫɬɚɧɨɜɤɚɦ. ȼɟɪɨɹɬɧɨ, ɜ ɛɥɢɠɚɣɲɢɟ ɩɹɬɶ ɥɟɬ ɬɟɯɧɨɥɨɝɢɢ AFP ɢ 
ATL ɛɭɞɭɬ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶɫɹ, ɚ ɬɚɤɠɟ ɛɭɞɭɬ ɫɨɡɞɚɜɚɬɶɫɹ ɧɨɜɵɟ ɬɢɩɵ ɦɚɲɢɧ ɫ ɩɪɟɞ-
ɩɨɱɬɢɬɟɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ. 
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ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɨɛɪаɡɰɨɜ ɤɟɪаɦɢчɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 

ɦаɬɟɪɢаɥа ɫ аɧɬɢɨɤɢɫɥɢɬɟɥьɧɵɦ ɩɨɤɪɵɬɢɟɦ ɞɜɭɯ ɬɢɩɨɜ. Иɫɫɥɟɞɨɜаɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫь 
ɧа ɫɬɟɧɞɟ ɢɫɩɵɬаɧɢɣ ɬɟɩɥɨɡаɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɩɨɡɜɨɥɹɸɳɟɦ ɢɦɢɬɢɪɨɜаɬь ɨɠɢɞаɟ-
ɦɵɟ ɭɫɥɨɜɢɹ ɪаɛɨɬɵ ɞɟɬаɥɟɣ ɤаɦɟɪɵ ɫɝɨɪаɧɢɹ ɜ ɬɭɪɛɨɪɟаɤɬɢɜɧɨɦ ɞɜɢɝаɬɟɥɟ. ɉɪɨɜɟɞɟ-
ɧɵ ɢɫɫɥɟɞɨɜаɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɢ ɪɟɧɬɝɟɧɨɮаɡɨ-
ɜɵɣ аɧаɥɢɡɵ ɩɨɤɪɵɬɢɹ. ɉɨɤаɡаɧɨ, чɬɨ аɧɬɢɨɤɢɫɥɢɬɟɥьɧɨɟ ɩɨɤɪɵɬɢɟ ɧа ɨɫɧɨɜɟ ɬɭɝɨ-
ɩɥаɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɤɟɪаɦɢчɟɫɤɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦаɬɟɪɢаɥа ɨɛɥаɞаɟɬ ɜɵɫɨɤɨɣ 
ɬɟɪɦɨɫɬɨɣɤɨɫɬьɸ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪаɧɢɹ ɬɨɩɥɢɜа. 

Ключевые слова: ɤɟɪаɦɢчɟɫɤɢɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦаɬɟɪɢаɥ, ɦɧɨɝɨɫɥɨɣɧаɹ ɫɬɪɭɤɬɭɪа, 
ɫɬɟɧɞ ɬɟɪɦɨɰɢɤɥɢчɟɫɤɢɯ ɢɫɩɵɬаɧɢɣ, ɬɟɪɦɨɫɬɨɣɤɨɫɬь, аɧɬɢɨɤɢɫɥɢɬɟɥьɧɨɟ ɩɨɤɪɵɬɢɟ, 
ɬɭɝɨɩɥаɜɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɞɟɮɟɤɬɵ. 

 
B.E. Goncharov1, A.M. Sipatov1, N.N. Cherkashneva1, A.Yu. Pleskan1, N.Yu. Samokhvalov1, 
M.L. Vaganova2, O.Yu. Sorokin2, St.S. Solntsev2, S.A. Evdokimov2 
 
STUDIES  OF  THERMAL  SHOCK  RESISTANCE 
OF  AN  ANTI-OXIDATION  COATING 
FOR  A  MULTI-LAYERED  CERAMIC  COMPOSITE 
 

The article covers the performance of thermal shock resistance experiments of a ceramic 
composite with two types of anti-oxidation coatings. A thermal shock burner rig was used to 
carry out the experiments similar to those expected in a combustor of a turbojet engine. SEM 
anН ɯ-ray diffraction analyses were used to examine the anti-oxidation coatings. It was deter-
mined that the coating based on the refractory compounds possesses high thermal shock re-
sistance when exposed to the fuel gas flow from a burner rig. 

Keywords: ceramic composite, multi-layered structure, thermal shock burner rig, thermal 
shock resistance, anti-oxidation coating, refractories, defects. 
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ȼвɟɞɟɧиɟ 

ɉɨɜɵɲɟɧɢɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɭɪɛɨɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ɌɊȾ) 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɧɟɢɡɛɟɠɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɜ ɟɝɨ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɛɟɫɩɟɱɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ ɪɟɫɭɪɫɚ ɧɚɢɛɨɥɟɟ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ 
ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɌɊȾ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɥɢɛɨ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɞɨ-
ɥɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɥɢɛɨ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɚɹ ɬɟɧɞɟɧɰɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɚɦɟɪ 
ɫɝɨɪɚɧɢɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɬɢɩɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, 
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ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɨɯɥɚɠɞɟɧɢɢ ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɢ ɞɪɭɝɢɯ  
ɭɡɥɨɜ ɝɨɪɹɱɟɣ ɱɚɫɬɢ ɌɊȾ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɱɟɪɩɚɧɵ ɩɨɬɟɧɰɢɚɥɶɧɵɟ  
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫ-
ɧɨɜɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, 
ɬɭɪɛɢɧ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɌɊȾ Д1–3]. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ˃1200 °ɋ. 
ȼ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ  
ɜɨɡɦɨɠɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ [4–7]: 

– ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ (ɧɚɩɪɢɦɟɪ, ɫɢɫɬɟɦɵ Mo–Si–B) ɢ ɤɨɦɩɨɡɢ-
ɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɦɚɬɪɢɰɟɣ ɧɚ ɢɯ ɨɫɧɨɜɟν 

– ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɄɄɆ) ɫ ɦɧɨɝɨɫɥɨɣɧɨɣ (ɜɨɥɨɤɧɢɫɬɨɣ) 
ɫɬɪɭɤɬɭɪɨɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɦɚɬɟɪɢɚɥɨɜ ɧɚɯɨɞɢɬɫɹ ɟɳɟ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɪɚɡɜɢɬɢɹ, ɩɨɷɬɨɦɭ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɚ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹ-
ɸɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɧɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɇɚɩɪɢɦɟɪ, ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Mo–Si–B, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɭɪɨɜɧɟ κ‒10 Ɇɉɚ ɦ  ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɥɠɧɨɣ 
ɧɚɞɟɠɧɨɫɬɢ ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 
ɉɥɨɬɧɨɫɬɶ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Mo–Si–B ɜɵɫɨɤɚ ɢ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɪɚɜɧɨɦ з(κ,0–λ,0) ɝ/ɫɦ3. 

ȼɧɟɞɪɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ «ɧɚɢɛɨɥɟɟ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ» ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɤɚɤ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɬɚɤ ɢ ɧɚɡɟɦɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, 
ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɪɟɚɤɬɨɪɨɜ ɢ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɯɧɢɤɢ ɫɞɟɪ-
ɠɢɜɚɟɬɫɹ ɩɪɢɫɭɳɟɣ ɢɦ ɯɪɭɩɤɨɫɬɶɸ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧ-
ɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ (˃10 Ɇɉɚ ɦ ) ɞɥɹ ɄɄɆ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɜɨɥɨɤɧɢɫɬɨɣ (ɦɧɨɝɨɫɥɨɣɧɨɣ) ɫɬɪɭɤɬɭɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɢɯ ɧɟɯɪɭɩɤɨɟ ɪɚɡɪɭɲɟ-
ɧɢɟ Дκ–10Ж. ɇɚɝɥɹɞɧɵɦ ɩɪɢɦɟɪɨɦ ɄɄɆ ɫ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜ ɩɪɢɪɨɞɟ ɹɜɥɹɸɬɫɹ ɛɢɨɥɨ-
ɝɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ – ɧɚɩɪɢɦɟɪ, ɪɚɤɨɜɢɧɵ ɦɨɥɥɸɫɤɨɜ, ɫɨɫɬɨɹɳɢɟ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɡ ɯɪɭɩɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɨ ɩɪɢ ɷɬɨɦ ɢɦɟɸɳɢɟ ɡɧɚɱɢɬɟɥɶɧɨ 
ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ. 

ɇɚɪɹɞɭ ɫ ɜɵɫɨɤɨɣ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶɸ ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 
ɚɜɢɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬ ɢ ɞɪɭɝɢɟ ɬɪɟɛɨɜɚɧɢɹ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɫɜɨɣ-
ɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɤɨɪɪɨɡɢɨɧɧɚɹ ɢ ɷɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɤ ɩɪɨɞɭɤɬɚɦ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, 
ɠɚɪɨɩɪɨɱɧɨɫɬɶ, ɫɬɨɣɤɨɫɬɶ ɤ ɪɟɡɤɢɦ ɬɟɩɥɨɫɦɟɧɚɦ, ɧɢɡɤɚɹ ɩɥɨɬɧɨɫɬɶ, ɜɵɫɨɤɨɟ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɢ ɞɪ. 

Ⱥɧɚɥɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɡɚɳɢɬɵ ɜɵ-
ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟ-
ɧɢɟ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ, ɤɨɬɨɪɵɟ ɤɪɨɦɟ ɡɚɳɢɬɵ ɨɬ ɨɤɢɫɥɟɧɢɹ ɞɨɥɠɧɵ ɨɛɟɫ-
ɩɟɱɢɜɚɬɶ ɫɬɨɣɤɨɫɬɶ ɤ ɪɟɡɤɢɦ ɬɟɩɥɨɫɦɟɧɚɦ, ɩɨɩɚɞɚɧɢɸ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜν ɨɛɥɚ-
ɞɚɬɶ ɮɚɡɨɜɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɧɟ-
ɨɛɯɨɞɢɦɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɩɚɪɚɦ ɜɨɞɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɜ ɝɚɡɟ ɱɚɫɬɢɰɚɦ 
ɫɟɪɵ, ɜɚɧɚɞɢɹ, ɤɚɥɶɰɢɣ-ɦɚɝɧɢɣ-ɚɥɸɦɨɫɢɥɢɤɚɬɚɦ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ ɫɜɨɣɫɬɜ Д11–13]. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɡɚɳɢɬɵ ɄɄɆ (ɧɚɩɪɢɦɟɪ, ɤɥɚɫɫɚ SiC/SiC) ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɨ-
ɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɵɯ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ 
ɩɨɤɪɵɬɢɣ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ ɩɨɞɫɥɨɹ ɜ ɬɚɤɢɯ ɩɨɤɪɵɬɢɹɯ ɫ ɪɚɛɨɱɟɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 1γ00–1350 °ɋ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɞɫɥɨɣ ɢɡ SТ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɥɚɜɧɨɟ 
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ɫɨɝɥɚɫɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) 
ɜɟɪɯɧɢɯ ɩɨɞɫɥɨɟɜ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɄɄɆ, ɚ ɬɚɤɠɟ ɫɜɹɡɵɜɚɧɢɟ ɩɨɫɬɭɩɚ-
ɸɳɟɝɨ ɜɝɥɭɛɶ ɦɚɬɟɪɢɚɥɚ ɤɢɫɥɨɪɨɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ SiO2 ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɟɝɨ ɞɚɥɶ-
ɧɟɣɲɟɝɨ ɨɤɢɫɥɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɷɤɫɩɥɭɚɬɚɰɢɢ ɄɄɆ ɪɚɫɫɦɚɬ-
ɪɢɜɚɸɬɫɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɩɪɢɦɟɪ, ɧɚ ɨɫɧɨɜɟ ɫɢɥɢɤɚɬɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɞɪɭɝɢɯ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Д11Ж. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɪɦɨ-
ɫɬɨɣɤɨɫɬɢ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɞɥɹ ɄɄɆ ɫ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɚ ɨɫ-
ɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 14.1. 
«Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɄɄɆ)» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ»). 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɄɄɆ ɫ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭ-
ɪɨɣ ɩɪɢɦɟɧɟɧɵ ɤɨɦɩɨɧɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɢɡ-
ɤɨɟ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ, ɩɨɡɜɨɥɹɸɳɟɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɨɜɨ-
ɞɢɬɶ ɨɛɪɚɛɨɬɤɭ ɄɄɆ ɧɟ ɬɨɥɶɤɨ ɚɥɦɚɡɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɧɨ ɢ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɷɪɨɡɢ-
ɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɫɦɟɫɢ ɩɪɨɰɟɫɫ ɫɨɜɦɟɫɬɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɩɨɪɨɲɤɨɜ 
ɩɪɨɜɨɞɢɥɢ ɜ ɫɪɟɞɟ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɟ ɩɪɢ ɱɚɫɬɨɬɟ ɪɚɡ-
ɦɨɥɶɧɵɯ ɫɬɚɤɚɧɨɜ 400 ɨɛ/ɦɢɧ. Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜɨɣ ɫɦɟɫɢ ɩɨɫɥɟ 
ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɪɚɡ-
ɦɟɪɚ ɱɚɫɬɢɰ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɩɨɪɨɲɤɨɜɨɣ ɫɦɟɫɢ ɩɨɫɥɟ ɢɡɦɟɥɶɱɟɧɢɹ ɫɨɫɬɚɜɢɥ 
2,λκ ɦɤɦ. 

ɇɚ ɭɫɬɚɧɨɜɤɟ ɢɫɤɪɨɜɨɝɨ ɩɥɚɡɦɟɧɧɨɝɨ ɫɩɟɤɚɧɢɹ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɨɛɪɚɡɰɵ ɄɄɆ ɪɚɡɦɟɪɨɦ з(γ0×γ0×2) ɦɦ. 

Ʉɚɠɭɳɭɸɫɹ ɩɥɨɬɧɨɫɬɶ ɢ ɨɬɤɪɵɬɭɸ ɩɨɪɢɫɬɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ 
ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 47γ.4–81 
ɧɚ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɫɚɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɜ ɤɚɱɟɫɬɜɟ ɧɚɫɵɳɚɸɳɟɣ 
ɠɢɞɤɨɫɬɢ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɧɚɧɟɫɟɧɢɟɦ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɛɪɚɡɰɚɯ 
ɄɄɆ ɮɨɪɦɢɪɨɜɚɥɢ ɛɚɪɶɟɪɧɵɣ ɫɥɨɣ, ɦɟɬɨɞɢɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɬɨɪɨɝɨ ɞɟɬɚɥɶɧɨ ɨɩɢɫɚ-
ɧɚ ɜ ɪɚɛɨɬɟ Д14Ж. 

Ⱥɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɨɤɪɵɬɢɟ ɞɜɭɯ ɬɢɩɨɜ ɩɨɥɭɱɚɥɢ ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ ɬɭɝɨ-
ɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭ-
ɪɭ ɩɥɚɜɥɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. ɉɨɞɝɨɬɨɜɥɟɧɧɭɸ ɩɨɪɨɲ-
ɤɨɜɭɸ ɫɦɟɫɶ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɥɶɱɚɥɢ, ɫɭɲɢɥɢ ɢ ɩɪɨɫɟɢɜɚɥɢ ɱɟɪɟɡ ɫɢɬɨ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɝɨɦɨɝɟɧɧɨɣ ɲɢɯɬɵ. 

ɇɚɧɟɫɟɧɢɟ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɨɛɨɢɯ ɬɢɩɨɜ ɩɨɤɪɵɬɢɣ ɨɫɭ-
ɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɩɭɥɶɜɟɪɢɡɚɰɢɢ ɲɥɢɤɟɪɚ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ 
ɲɢɯɬɵ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɩɪɢ ɞɚɜɥɟɧɢɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 2,0 ɚɬ (0,2 Ɇɉɚ). 
Ɉɛɚ ɩɨɤɪɵɬɢɹ ɩɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɥɢ ɬɭɝɨɩɥɚɜɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɜ ɫɨ-
ɫɬɚɜɟ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜɬɨɪɨɝɨ ɬɢɩɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɥɚɫɶ ɫɬɟɤɥɨ-
ɨɛɪɚɡɭɸɳɚɹ B-ɫɨɞɟɪɠɚɳɚɹ ɞɨɛɚɜɤɚ. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɦɟɬɨɞɨɦ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ CЮ Kα-ɢɡɥɭɱɟɧɢɢ, ɜ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ 
2ș = 20–100 ɝɪɚɞɭɫɨɜ ɫ ɲɚɝɨɦ Δ2ș = 0,01θ ɝɪɚɞɭɫɨɜ ɢ ɜɵɞɟɪɠɤɨɣ 40 ɫ. Ɋɚɫɲɢɮɪɨɜɤɭ 
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ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ М ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɜɯɨɞɹɳɟɣ 
ɜ ɫɨɫɬɚɜ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨ-
ɫɤɨɩɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɜɟɥɢɱɟɧɢɹɯ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 2η ɤȼ ɢ ɬɨɤɟ ɩɭɱɤɚ 
γη0 ɩȺ. 

ɂɡɦɟɪɟɧɢɟ ɡɧɚɱɟɧɢɹ ɌɄɅɊ ɨɛɪɚɡɰɨɜ ɄɄɆ ɢ ɨɛɪɚɡɰɨɜ ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨ-
ɤɪɵɬɢɟɦ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɞɢɥɚɬɨɦɟɬɪɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (20 – Ɍmax) °ɋ, ɝɞɟ 
Ɍmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɦ ɫɬɟɧɞɟ ɜ 
ȺɈ «ɈȾɄ-Ⱥɜɢɚɞɜɢɝɚɬɟɥɶ». 

ɂɡɭɱɟɧɢɟ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ 
ɞɜɭɯ ɬɢɩɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɬɟɧɞɟ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɩɨɤɪɵ-
ɬɢɣ ɜ ȺɈ «ɈȾɄ-Ⱥɜɢɚɞɜɢɝɚɬɟɥɶ» (ɞɚɥɟɟ – ɫɬɟɧɞ), ɩɨɡɜɨɥɹɸɳɟɦ ɦɨɞɟɥɢɪɨɜɚɬɶ ɰɢɤɥɢɱɟ-
ɫɤɢ ɢɡɦɟɧɹɸɳɢɟɫɹ ɬɟɩɥɨɜɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɌɊȾ. 

Ⱥɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɨɤɪɵɬɢɹ ɨɛɨɢɯ ɬɢɩɨɜ ɫɨɫɬɨɹɥɢ ɢɡ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟ-
ɧɢɣ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬɫɭɬɫɬɜɢɟɦ (ɩɨɤɪɵɬɢɟ ɬɢɩɚ 1) ɥɢɛɨ ɧɚɥɢɱɢɟɦ (ɩɨɤɪɵɬɢɟ ɬɢɩɚ 2) 
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ B-ɫɨɞɟɪɠɚɳɟɣ ɞɨɛɚɜɤɢ. 

ɂɫɩɵɬɚɬɟɥɶɧɵɣ ɰɢɤɥ ɫɬɟɧɞɚ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵμ ɧɚɝɪɟɜ ɞɨ Ɍmax, ɤɪɚɬɤɨ-
ɜɪɟɦɟɧɧɭɸ ɜɵɞɟɪɠɤɭ ɩɪɢ Ɍmax, ɨɯɥɚɠɞɟɧɢɟ. ȼɪɟɦɟɧɧ  ɟ ɢɧɬɟɪɜɚɥɵ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ, 
ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ/ɨɯɥɚɠɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ ɜɵɛɪɚ-
ɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧ  ɟ ɩɚɪɚɦɟɬɪɵ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɰɢɤɥɚ ɜ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɬɟɩɥɨɜɨɦɭ ɫɨɫɬɨɹɧɢɸ ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɱɧɵɯ 
ɟɞɢɧɢɰ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ.  

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɚɝɪɟɜɚ ɩɪɢɦɟɧɹɥɢ ɝɚɡɨɜɭɸ ɝɨɪɟɥɤɭ, ɪɚɛɨɬɚɸɳɭɸ ɧɚ  
ɫɦɟɫɢ ɩɪɨɩɚɧɚ (ȽɈɋɌ 27η7κ–κ7) ɢ ɤɢɫɥɨɪɨɞɚ (ȽɈɋɌ ηηκγ–7κ). Ɉɯɥɚɠɞɟɧɢɟ ɨɛɪɚɡɰɨɜ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ (ȽɈɋɌ Ɋ ɂɋɈ κη7γ–2016). 

ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɪɨɧɬɚɥɶɧɨɣ ɢ ɬɵɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɨɛɪɚɡɰɨɜ ɄɄɆ  
ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɢɧɮɪɚɤɪɚɫɧɵɯ ɩɢɪɨɦɟɬɪɨɜ. 

 
Ɋɟɡɭɥьɬɚɬɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯ ɬɢɩɨɜ ɩɨɤɪɵɬɢɣμ 
ɬɢɩ 1 – ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣν ɬɢɩ 2 – ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ B-ɫɨɞɟɪɠɚɳɟɣ ɞɨɛɚɜɤɢ, ɮɨɪɦɢɪɭɸɳɟɣ ɩɪɢ ɨɤɢɫ-
ɥɟɧɢɢ ɛɨɪɨɫɢɥɢɤɚɬɧɨɟ ɫɬɟɤɥɨ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ 10 ɨɛɪɚɡɰɚɯ ɄɄɆ, ɱɟɬɵɪɟ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɥɢ ɩɨɤɪɵ-
ɬɢɟ ɬɢɩɚ 1, ɚ ɲɟɫɬɶ ɨɫɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ – ɩɨɤɪɵɬɢɟ ɬɢɩɚ 2. Ɉɛɪɚɡɰɵ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫ-
ɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨɨɱɟɪɟɞɧɨ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɧɚ ɫɬɟɧɞɟ ɢ ɩɨɞɜɟɪɝɚɥɢ ɬɟɪɦɨɰɢɤɥɢ-
ɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ ɫ ɨɛɳɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɤɥɨɜ N = 1001–2γηθ. Ⱦɚɥɟɟ ɤɚɠɞɵɣ ɨɛɪɚ-
ɡɟɰ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ ɞɟɦɨɧɬɢɪɨɜɚɥɢ, ɩɪɨɜɨɞɢɥɢ ɜɢɡɭɚɥɶɧɵɣ 
ɨɫɦɨɬɪ, ɞɟɥɚɥɢ ɫɧɢɦɤɢ ɮɪɨɧɬɚɥɶɧɨɣ ɢ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɩɨɦɨɳɶɸ ɰɢɮɪɨɜɨɣ 
ɤɚɦɟɪɵ, ɚ ɡɚɬɟɦ ɦɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɨɜ, ɷɥɟɤ-
ɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢɫɫɥɟɞɨɜɚɥɢ ɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɨɜɟɞɟɧɧɵɯ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɫɟ ɨɛɪɚɡɰɵ ɄɄɆ ɫɨɯɪɚ-
ɧɢɥɢ ɫɜɨɸ ɰɟɥɨɫɬɧɨɫɬɶ ɢ ɫɧɹɬɵ ɫɨ ɫɬɟɧɞɚ ɛɟɡ ɪɚɡɪɭɲɟɧɢɣ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫɥɢ-
ɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɨɥɳɢɧɚ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɨɛɨɢɯ ɬɢɩɨɜ 
ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɡɚɦɟɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɫɨɯɪɚɧɹɟɬɫɹ ɦɧɨɝɨɫɥɨɣɧɨɣ,  
ɜ ɧɟɣ ɩɨɩɟɪɟɦɟɧɧɨ ɱɟɪɟɞɭɸɬɫɹ ɫɥɨɢ ɫɥɨɠɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. 
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Ⱥɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɄɄɆ ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ 
ɬɚɤɠɟ ɩɨɤɚɡɚɥ, ɱɬɨ ɥɨɤɚɥɶɧɨ (ɜɫɥɟɞɫɬɜɢɟ ɪɟɡɤɢɯ ɬɟɩɥɨɫɦɟɧ) ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ 
ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɨɤɪɢɬɢɱɟɫɤɢɯ ɦɢɤɪɨɬɪɟɳɢɧ, ɩɟɪɩɟɧ-
ɞɢɤɭɥɹɪɧɵɯ ɜɧɭɬɪɟɧɧɢɦ ɫɥɨɹɦ, ɜɵɡɜɚɧɧɵɯ ɧɟɤɨɬɨɪɵɦ ɪɚɡɥɢɱɢɟɦ ɡɧɚɱɟɧɢɣ ɌɄɅɊ ɪɚɡ-
ɧɨɪɨɞɧɵɯ ɫɥɨɟɜ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɟɟ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 
ɬɨɪɦɨɡɹɳɟɝɨ ɞɟɣɫɬɜɢɹ ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɥɨɹ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɢ ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɣ ɮɪɨɧɬɚɥɶɧɨɣ ɢ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ImageJ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɜɫɟɯ ɱɟɬɵɪɟɯ ɨɛɪɚɡɰɚɯ 
ɄɄɆ ɫ ɩɨɤɪɵɬɢɟɦ ɬɢɩɚ 1 ɧɚ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 
ɨɬɫɥɨɟɧɢɹ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɚɜɥɹɸɳɢɟ 0,2–7,4 % ɨɬ ɩɥɨɳɚɞɢ ɜɫɟɣ 
ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚ ɬɵɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɟɯ ɨɛɪɚɡɰɨɜ ɫɤɨɥɵ ɨɬɫɭɬɫɬɜɭ-
ɸɬ, ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚ ɮɪɨɧɬɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ (Ɍ = Ɍmax) ɧɚ ɫɬɚɞɢɢ ɜɵɞɟɪɠɤɢ. Ɍɟɦ ɧɟ ɦɟ-
ɧɟɟ ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɤɨɥ ɩɥɨɳɚɞɶɸ 11,4 % ɨɬ 
ɩɥɨɳɚɞɢ ɜɫɟɣ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ⱥɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɣ ɲɟɫɬɢ ɨɛɪɚɡɰɨɜ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ 
ɬɢɩɚ 2 ɩɨɤɚɡɚɥ, ɱɬɨ ɫɤɨɥɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɰɢɤɥɢɱɟ-
ɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɨɬɫɭɬɫɬɜɭɸɬ.  

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ, ɰɜɟɬ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨ-
ɤɪɵɬɢɹ ɢɡɦɟɧɹɟɬɫɹ ɫ ɫɟɪɨ-ɤɨɪɢɱɧɟɜɨɝɨ (ɬɢɩ 1) ɢ ɬɟɦɧɨ-ɫɟɪɨɝɨ (ɬɢɩ 2) ɞɨ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟ-
ɥɨɝɨ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɜ ɧɚɱɚɥɟ ɢɫɩɵɬɚɧɢɣ ɢ ɡɚɬɟɦ ɫɨɯɪɚɧɹɟɬ ɫɬɚ-
ɛɢɥɶɧɵɣ ɛɟɥɵɣ ɰɜɟɬ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɧɚ ɨɛɪɚɡɰɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɥɟɞɵ ɨɬ ɦɟɬɚɥɥɢ-
ɱɟɫɤɨɝɨ ɞɟɪɠɚɬɟɥɹ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɫɦ. ɪɢɫɭɧɨɤ, ɝ). 

ɉɪɨɜɟɞɟɧɧɵɣ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɄɄɆ ɫ ɚɧɬɢ-
ɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ ɨɛɨɢɯ ɬɢɩɨɜ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɩɨɞɬɜɟɪɞɢɥ, ɱɬɨ ɜ ɢɯ ɫɨɫɬɚɜɟ ɜ 
ɨɫɧɨɜɧɨɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ – ɨɤɫɢɞ ɝɚɮɧɢɹ ɦɨɧɨɤɥɢɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɫɢɥɢɤɚɬ ɝɚɮɧɢɹ, ɚ ɬɚɤɠɟ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɢɟ B- ɢ Si-ɫɨɞɟɪɠɚɳɢɟ ɞɨɛɚɜɤɢ. 

 
ɛ)а)

ɝ)ɜ)

 
ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɨɜ ɄɄɆ ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦμ 

а, ɛ – ɬɢɩɚ 1 ɢ ɬɢɩɚ 2 ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣν ɜ, ɝ – ɬɢɩɚ 1 (ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ N = 2356) 
ɢ ɬɢɩɚ 2 (ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ N = 2117) ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ 
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Ɉɛɫɭɠɞɟɧиɟ и ɡɚɤɥɸчɟɧия 
ɂɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɢɨɤɫɢɞ ɝɚɮɧɢɹ ɦɨ-

ɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɬɪɟɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ. ɉɟ-
ɪɟɯɨɞ ɢɡ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɦɨɧɨɤɥɢɧɧɨɣ ɮɚɡɵ m-HfO2 ɜ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɮɚɡɭ t-HfO2 
ɩɪɨɢɫɯɨɞɢɬ, ɩɨ ɪɚɡɧɵɦ ɨɰɟɧɤɚɦ, ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɨɞɧɚɤɨ ɛɨɥɟɟ ɜɵɫɨ-
ɤɨɣ, ɱɟɦ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɧɚ ɫɬɚɞɢɢ ɜɵ-
ɞɟɪɠɤɢ [1ηЖ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴɟɦɧɨɟ ɢɡɦɟɧɟɧɢɟ ɭ HПτ2 (3–4 %), ɜɵɡɜɚɧɧɨɟ ɦɨɧɨ-
ɤɥɢɧɧɨ-ɬɟɬɪɚɝɨɧɚɥɶɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ, ɧɟ ɞɨɥɠɧɨ ɧɚɛɥɸɞɚɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɩɵɬɚɧɢɣ ɢ ɩɪɢɜɨɞɢɬɶ ɤ ɜɨɡɦɨɠɧɨɦɭ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɩɨɤɪɵɬɢɹ Д1θЖ. 

ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɛɨɥɶɲɟɟ ɫɨɞɟɪɠɚɧɢɟ SТ ɜ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɦ ɩɨɤɪɵɬɢɢ ɦɨ-
ɠɟɬ ɹɜɥɹɬɶɫɹ ɩɪɢɱɢɧɨɣ ɟɝɨ ɱɚɫɬɢɱɧɨɝɨ ɨɬɫɥɨɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɄɄɆ. 
ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɨɤ-
ɫɢɞɚ ɤɪɟɦɧɢɹ. ɉɪɢ ɷɬɨɦ ɭ SiO2 ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸ-
ɳɢɟ ɩɟɪɟɯɨɞɵμ ȕ-ɤɜɚɪɰ ⇄ α-ɤɜɚɪɰ ⇄ α-ɬɪɢɞɢɦɢɬ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦɢ 
ɢɡɦɟɧɟɧɢɹɦɢ ɩɥɨɬɧɨɫɬɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨɛɴɟɦɚ (ɜɩɥɨɬɶ ɞɨ 1θ %) Д17Ж. ɇɚɥɢɱɢɟ ɩɨɥɢ-
ɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɡɧɚɱɟɧɢɣ ɌɄɅɊ, 
ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɪɟɡɤɢɯ ɬɟɩɥɨɫɦɟɧ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɩɨɹɜɥɟɧɢɹ 
ɞɟɮɟɤɬɨɜ ɜ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɦ ɩɨɤɪɵɬɢɢ ɜ ɜɢɞɟ ɬɪɟɳɢɧ, ɫɤɨɥɨɜ ɢ ɞɪ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ Д1κЖ, ɜɨɡ-
ɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɫɢɥɢɤɚɬɚ ɝɚɮɧɢɹ. ɉɪɨɜɟɞɟɧɧɵɣ ɜ ɪɚɛɨɬɟ Д1λЖ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-
ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɩɟɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɩɨɪɨɲɤɨɜ HfO2 ɢ SiO2 ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
Ɍ > Ɍmax ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɫɢɥɢɤɚɬɟ ɝɚɮɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ ɤɚɤɢɟ-ɥɢɛɨ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚ-
ɳɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɩɨɞɬɜɟɪɠɞɚɹ ɜɵɫɨɤɭɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɨɟɞɢɧɟ-
ɧɢɹ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɟɧɞɟ 
ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɞɟɪɠɤɢ, ɬ. ɟ. ɩɪɢ 
Ɍ ≈ Ɍmax, ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɫ ɞɢɨɤɫɢɞɨɦ ɝɚɮɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɢɥɢɤɚɬɚ ɝɚɮɧɢɹ. ɉɪɨɜɟɞɟɧɧɵɟ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡɵ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɫ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɬɢɩɨɜ 1 ɢ 2 ɩɨɫɥɟ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ HfSiO4 ɜ ɩɨɤɪɵɬɢɢ ɬɢɩɚ 2 ɛɨɥɟɟ ɱɟɦ ɜ ɧɟ-
ɫɤɨɥɶɤɨ ɪɚɡ ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɩɨɤɪɵɬɢɢ ɬɢɩɚ 1. ɋɨɝɥɚɫɧɨ ɪɚ-
ɛɨɬɚɦ Д20, 21Ж, ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɌɄɅɊ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ HПτ2 ɢ HfSiO4 ɫɨ-
ɫɬɚɜɥɹɟɬ з1,θ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɌɄɅɊ ɞɥɹ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ 
ɬɢɩɨɜ 1 ɢ 2 ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (20 – Ɍmax) °ɋ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ 
ɌɄɅɊ ɞɥɹ ɄɄɆ, ɢɡɦɟɪɟɧɧɨɝɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, – ɧɚ 4,κ ɢ λ,7 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɗɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɟɟ ɪɚɡɥɢɱɢɟ ɜ ɡɧɚɱɟɧɢɹɯ ɌɄɅɊ ɞɥɹ ɄɄɆ ɢ ɚɧɬɢɨɤɢɫ-
ɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɬɢɩɚ 2, ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɪɚɫɯɨɞɨɜɚɧɢɟ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɧɚ ɨɛ-
ɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ HfSiO4 ɜ ɩɨɤɪɵɬɢɢ ɬɢɩɚ 2 ɫɧɢɠɚɟɬ ɪɢɫɤ ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɴ-
ɟɦɚ, ɡɧɚɱɟɧɢɹ ɌɄɅɊ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣ-
ɫɬɜɢɟ ɧɚ ɫɬɨɣɤɨɫɬɶ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɤ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ. 

ɇɚɥɢɱɢɟ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ B-ɫɨɞɟɪɠɚɳɟɣ ɞɨɛɚɜɤɢ ɜ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɦ ɩɨ-
ɤɪɵɬɢɢ ɬɢɩɚ 2, ɩɨ-ɜɢɞɢɦɨɦɭ, ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɬɨɣɤɨɫɬɶ 
ɨɛɪɚɡɰɨɜ ɄɄɆ. ȼ ɩɪɨɰɟɫɫɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɨɪɧɵɣ ɚɧɝɢɞɪɢɞ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɣ ɫɬɟɤɥɨɮɚɡɵ ɜ ɩɨɤɪɵɬɢɢ, ɬɟɦ ɫɚɦɵɦ 
ɨɛɟɫɩɟɱɢɜɚɹ ɷɮɮɟɤɬ «ɫɚɦɨɡɚɥɟɱɢɜɚɧɢɹ» ɜɨɡɦɨɠɧɵɯ ɦɢɤɪɨɞɟɮɟɤɬɨɜ ɜ ɩɨɤɪɵɬɢɢ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɧɚ ɫɬɟɧɞɟ ɬɟɪɦɨɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɄɄɆ ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɨɛɥɚɞɚɟɬ ɜɵ-
ɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɪɟɡɤɢɦ ɬɟɩɥɨɫɦɟɧɚɦ. 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɨɤɪɵɬɢɟ ɬɢɩɚ 2 ɧɚ ɨɫɧɨɜɟ ɬɭɝɨɩɥɚɜɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ ɢ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ B-ɫɨɞɟɪɠɚɳɟɣ ɞɨɛɚɜɤɢ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɨɣ-
ɤɨɫɬɶɸ (ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ N > 1000), ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɞɟɮɟɤɬɨɜ ɧɚ ɟɝɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɫɤɨɥɨɜ ɢ ɨɬɫɥɨɟɧɢɣ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɬɭɝɨɩɥɚɜɤɢɟ ɫɨ-
ɟɞɢɧɟɧɢɹ Hf ɨɛɥɚɞɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚ-
ɬɭɪ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɢ ɜɵɫɨɤɨɣ ɷɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɦɭ 
ɩɨɬɨɤɭ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ.  

 
Ȼɥɚɝɨɞɚɪɧɨɫɬи 

Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɨɬɪɭɞɧɢɤɚɦ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – 
ȼɂȺɆμ ɂ.ȼ. Ɉɫɢɧɭ, Ƚ.ɇ. Ƚɨɥɨɜɤɢɧɭ, ɉ.Ʌ. ɀɭɪɚɜɥɟɜɨɣ, Ɏ.ɇ. Ʉɚɪɚɱɟɜɰɟɜɭ, ɋ.ȼ. ɀɢɬ-
ɧɸɤɭ ‒ ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɩɪɟɫɫɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ, ɩɨɞɝɨɬɨɜɤɢ ɢ ɚɧɚɥɢɡɚ 
ɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɛɫɭɠɞɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢ 
ɰɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ. 
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Иɫɫɥɟɞɨɜаɧɨ ɜɥɢɹɧɢɟ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠаɧɢɹ ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞа ɧа ɬɪɢɛɨɬɟɯɧɢ-
чɟɫɤɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ, ɫɬɪɭɤɬɭɪɭ ɢ ɮаɡɨɜɵɣ ɫɨɫɬаɜ ɧɨɜɨɝɨ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ ɫɩɥаɜа  
ɫɢɫɬɟɦɵ Co–Cr–W–ɋ. ɍɫɬаɧɨɜɥɟɧɨ, чɬɨ ɫɨɜɦɟɫɬɧɨɟ ɭɜɟɥɢчɟɧɢɟ ɫɨɞɟɪɠаɧɢɹ ɤɪɟɦɧɢɹ ɢ 
ɭɝɥɟɪɨɞа (ɧɟɫɦɨɬɪɹ ɧа ɩɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа ɬɪɟɧɢɹ) ɩɪɢɜɨɞɢɬ ɤ ɡɧачɢɬɟɥьɧɨɦɭ 
ɫɧɢɠɟɧɢɸ ɜɟɥɢчɢɧ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧаɲɢɜаɧɢɹ ɢ ɥɢɧɟɣɧɨɝɨ ɢɡɧɨɫа, чɬɨ ɫɜɹɡаɧɨ ɫ ɮɨɪ-
ɦɢɪɨɜаɧɢɟɦ ɩɥɨɬɧɨɣ ɨɞɧɨɪɨɞɧɨɣ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ. ɉɨɤаɡаɧɨ, чɬɨ ɫɨɜɦɟɫɬɧɨɟ ɥɟɝɢɪɨɜа-
ɧɢɟ ɤɪɟɦɧɢɟɦ ɢ ɭɝɥɟɪɨɞɨɦ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥа ɥɟɝɢɪɨɜаɧɢɹ ɨɛɟɫɩɟчɢɜаɟɬ ɧɟɤɨɬɨɪɨɟ 
ɫɧɢɠɟɧɢɟ ɩɪɢɜɟɫа ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 1100 °ɋ. 

Ключевые слова: ɢɡɧɨɫɨɫɬɨɣɤɢɣ ɦаɬɟɪɢаɥ, ɥаɡɟɪɧаɹ ɧаɩɥаɜɤа, ɤɨɦɩаɤɬɧɵɣ ɦаɬɟɪɢаɥ, 
ȽИɉ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɥɢɧɟɣɧɵɣ ɢɡɧɨɫ, ɢɧɬɟɧɫɢɜɧɨɫɬь ɢɡɧаɲɢɜаɧɢɹ. 

 
A.G. Evgenov1, S.V. Shurtakov1, I.R. Chumanov1, N.E. Leshchev1  
 
NEW  WEAR-RESISTANT  COBALT-BASED  ALLOY:  
EFFECT  OF  SILICON  AND  CARBON  ON  STRUCTURE  
AND  TRIBOTECHNICAL  CHARACTERISTICS.  Part  1 
 

The paper examines the influence of the increased content of silicon and carbon on the tribo-
technical characteristics, structure and phase composition of a new Co–Cr–W–C system wear-
resistant alloy. It was found that a joint increase in the content of silicon and carbon (despite 
the increase in the friction coefficient) leads to a significant decrease in the values of the wear 
intensity and linear wear. This is associated with the formation of a dense homogeneous oxide 
film. It is shown that joint doping with silicon and carbon to the upper doping limit provides  
a slight decrease in weight gain at temperature of 1100 °C.  

Keywords: wear-resistant alloy, LMD, powder compacts, HIP, friction coefficient, linear 
wear, wear rate. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
ɢɧɫɬɢɬɭɬ» ДFОНОrКХ SЭКЭО UЧТЭКrв EЧЭОrprТsО «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» 
ШП NКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО»Жν e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 
Ɂɚɞɚɱɚ ɭɩɪɨɱɧɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ 

ɚɤɬɭɚɥɶɧɚ ɫ ɦɨɦɟɧɬɚ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɢ ɥɨɩɚɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɜɵɲɟɧɢɟ 
ɜɢɛɪɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɭɬɟɦ ɫɛɨɪɤɢ ɥɨɩɚɬɨɤ ɜ ɟɞɢɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɜ ɜɢɞɟ ɤɨɥɟɫɚ.  
ȼ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢɦɟɧɧɨ ɢɧɬɟɧɫɢɜɧɵɣ ɢɡɧɨɫ ɤɪɨɦɨɤ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɪɟɫɭɪɫ ɥɨɩɚɬɤɢ ɜ ɰɟɥɨɦ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ Д1Ж 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɡɧɨɫ ɛɚɧɞɚɠɧɨɣ ɩɨɥɤɢ ɬɭɪɛɢɧɧɨɣ ɥɨɩɚɬɤɢ ɢɡ ɫɩɥɚɜɚ ɀɋθɍ ɜɫɟɝɨ ɡɚ  
50–100 ɱ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 1,η ɦɦ, ɩɨɫɥɟ ɱɟɝɨ ɥɨɩɚɬɤɚ ɩɨɞɥɟɠɢɬ ɡɚɦɟɧɟ. 
ɂɧɬɟɧɫɢɜɧɵɣ ɢɡɧɨɫ ɧɚɛɥɸɞɚɟɬɫɹ ɬɚɤɠɟ ɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɷɥɟɦɟɧɬɚɦɢ ɫɬɚɬɨɪɧɨɝɨ 
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ɭɩɥɨɬɧɟɧɢɹ (ɢɡɧɨɫ ɤɪɚɣɧɢɯ ɝɪɟɛɟɲɤɨɜ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ), ɬ. ɟ. ɪɟɫɭɪɫ 
ɥɨɩɚɬɤɢ ɩɨ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɨɫɬɚɟɬɫɹ ɧɟɪɟɚɥɢɡɨɜɚɧɧɵɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ 
ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ.  

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɥɨɩɚɬɨɤ ȽɌȾ ɜ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ȼɂȺɆ 
(ɞɚɥɟɟ – ȼɂȺɆ) ɪɚɡɪɚɛɨɬɚɧɚ ɰɟɥɚɹ ɫɟɪɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ, ɬɚɤɢɯ ɤɚɤ ɫɩɥɚɜɵ ȼɀɅ1, ȼɀɅ2, ȼɀɅ1η, ȼɀɅ1θ ɢ ɞɪ. Д1Ж. 
Ⱦɥɹ ɭɩɪɨɱɧɟɧɢɹ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɦɧɨɝɢɟ ɝɨɞɵ ɧɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɨɫɬɚɜɚɥɫɹ 
ɫɩɥɚɜ ȼɀɅ2, ɢɦɟɸɳɢɣ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ κ00 ɋ. Ɉɩɬɢɦɢɡɚɰɢɹ ɥɟɝɢɪɨɜɚɧɢɹ ɩɨ 
ɯɪɨɦɭ ɢ ɜɨɥɶɮɪɚɦɭ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɪɟɦɧɢɹ ɜ ɫɩɥɚɜɟ ȼɀɅ1η ɩɨɡɜɨɥɢɥɢ ɩɨɜɵ-
ɫɢɬɶ ɟɝɨ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ λ00 ɋ. Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɫɢɫɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɞɨ 
ɧɚɱɚɥɚ 1λκ0-ɯ ɝɝ. ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɟɥɚɫɶ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɛɵɥɢ 
ɨɩɬɢɦɢɡɚɰɢɹ ɢ ɪɚɫɲɢɪɟɧɢɟ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ Д2Ж.  

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɜɢɝɚɬɟɥɟɣ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟ-
ɧɢɹ ɨɛɭɫɥɨɜɢɥɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɛɨɥɟɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɧɨɫɨɫɬɨɣɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ. ɇɚɲɟɞɲɢɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫɩɥɚɜɵ ȼγɄ ɢ 
ɏɌɇ-61 ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ȼɂȺɆ ɢ ɂɆɎ ɇȺɇ ɍɤɪɚɢɧɵ ɫɨɜɦɟɫɬɧɨ ɫ 
Ƚɉ ɁɆɄȻ «ɉɪɨɝɪɟɫɫ» ɢɦ. ɚɤɚɞɟɦɢɤɚ Ⱥ.Ƚ. ɂɜɱɟɧɤɨ. Ȼɨɥɟɟ ɩɨɡɞɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ȼɂȺɆ – 
ɫɩɥɚɜɵ ȼ4Ʉ ɢ ɏ2ηɇ10ȼκ Дγ, 4Ж – ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ ɧɟ ɧɚɲɥɢ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ 
ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ, ɨɞɧɚɤɨ ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ ɩɨɞɨɛɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɪɢ ɪɚɡɜɢɬɢɢ ɤɨɧɰɟɩɰɢɢ ȽɌȾμ ɩɨɜɵɲɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɛɨɥɟɟ ɱɟɦ ɧɚ 100–150 ɋ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɭɩɪɨɱ-
ɧɟɧɢɹ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦ-
ɩɟɪɚɬɭɪɚɦɢ ɧɟ ɦɟɧɟɟ 1100 ɋ. 

ɋɩɨɫɨɛɵ ɧɚɧɟɫɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ 
ɝɪɭɩɩɵμ ɧɚɩɚɣɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɥɨ-
ɤɚɥɶɧɨɟ ɧɚɧɟɫɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɨɝɨ ɮɢɞɫɬɨɤɚ (ɩɨɪɨɲɨɤ ɢɥɢ ɷɥɟɤɬɪɨɞ). 
Ⱦɥɹ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɟ ɩɥɚɫɬɢɧɵ ɦɨɝɭɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶɫɹ ɩɨ ɬɪɚɞɢɰɢɨɧ-
ɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɢɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɨɧɚɩɪɚɜɥɟɧɧɵ-
ɦɢ ɫɩɨɫɨɛɚɦɢμ ɷɥɟɤɬɪɨɢɫɤɪɨɜɵɦ ɫɩɟɤɚɧɢɟɦ (SPS-ɬɟɯɧɨɥɨɝɢɹ) ɢ ɝɨɪɹɱɢɦ ɢɡɨɫɬɚɬɢɱɟ-
ɫɤɢɦ ɩɪɟɫɫɨɜɚɧɢɟɦ (Ƚɂɉ) ɝɪɚɧɭɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɧɟ-
ɫɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɷɥɟɤɬɪɨɢɫɤɪɨɜɵɦ ɥɟɝɢɪɨɜɚɧɢɟɦ (ɢ ɞɚɠɟ ɦɚɝɧɟɬɪɨɧɧɵɦ ɨɫɚɠɞɟɧɢɟɦ) 
ДηЖ, ɞɥɹ ɱɟɝɨ ɬɪɟɛɭɟɬɫɹ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɞɨɜ (ɦɢɲɟɧɟɣ) ɡɚɞɚɧɧɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢɥɢ ɧɚɧɟɫɟɧɢɟ ɩɨɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɝɚ-
ɡɨɩɨɪɨɲɤɨɜɨɣ ɧɚɩɥɚɜɤɢ, ɩɨɥɭɱɢɜɲɟɣ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɣ ɢɡ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ.  

Ⱦɥɹ ɧɢɤɟɥɟɜɵɯ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɢɡɧɨɫɨ-
ɫɬɨɣɤɨɫɬɢ ɩɨɥɭɱɟɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɚɩɚɣɤɢ ɥɢɬɵɯ ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɜɵɪɚɠɟɧ-
ɧɨɣ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶɸ ɥɢɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɨɩɬɢɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɤɚɪɛɢɞɨɜ ɢ ɫɢ-
ɥɢɰɢɞɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ ɞɢɫɩɟɪɫɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ ɦɚɬɟɪɢɚɥɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɞɪɭ-
ɝɢɦɢ ɦɟɬɨɞɚɦɢ Д1Ж. ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɚɦɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɥɢɬɵɯ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ 
ɢ ɪɭɱɧɨɣ ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ ɥɨɩɚɬɨɤ ɩɨɞ ɩɚɣɤɭ ɜɟɞɭɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɞɨɪɨɠɚɧɢɸ ɩɪɨ-
ɰɟɫɫɚ ɭɩɪɨɱɧɟɧɢɹ ɢɥɢ ɪɟɦɨɧɬɚ ɥɨɩɚɬɨɤ. ɉɪɢ ɷɬɨɦ ɡɚɬɪɚɬɵ ɧɚ ɩɨɞɨɛɧɵɟ ɨɩɟɪɚɰɢɢ ɧɢɜɟ-
ɥɢɪɭɸɬ ɪɚɡɧɢɰɭ ɜ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɢ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɚɯ, ɤɨɬɨɪɚɹ 
ɛɵɥɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɫɧɨɜɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɞɥɹ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨɫɥɟɞ-
ɧɢɯ. ɂɡɝɨɬɨɜɥɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɞɥɹ ɷɥɟɤɬɪɨɢɫɤɪɨɜɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɫ ɩɨɱɬɢ 
ɧɭɥɟɜɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɤɨɛɚɥɶɬɨɜɵɟ ɫɬɟɥɥɢɬɵ, 
ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. Ɍɟɯɧɨɥɨɝɢɹ ɩɨɪɨɲɤɨɜɨɣ ɧɚɩɥɚɜɤɢ ɧɟ 
ɬɪɟɛɭɟɬ ɫɬɨɥɶ ɫɥɨɠɧɵɯ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɰɢɣ, ɚ ɫɚɦ ɦɟɬɚɥɥɢɱɟɫɤɢɣ  
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ɩɨɪɨɲɨɤ ɩɨɥɭɱɚɸɬ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɦɟɬɨɞɨɦ 
ɚɬɨɦɢɡɚɰɢɢ (ɝɚɡɨɫɬɪɭɣɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ) ɪɚɫɩɥɚɜɚ. ɇɟɫɥɭɱɚɣɧɨ, ɜɨɡɦɨɠɧɨɫɬɢ, ɩɨ ɤɪɚɣ-
ɧɟɣ ɦɟɪɟ ɱɚɫɬɢɱɧɨɣ, ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɢ 
ɨɫɨɛɟɧɧɨ ɪɟɦɨɧɬɚ ɥɨɩɚɬɨɤ) ɨɩɪɟɞɟɥɹɸɬ ɨɫɧɨɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɢ ɫɨ-
ɡɞɚɧɢɹ ɧɨɜɵɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɦɟ-
ɧɟɧɢɟ ɚɞɚɩɬɢɜɧɨɣ ɧɚɩɥɚɜɤɢ ɢ ɬɨɱɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  
3D-ɦɨɞɟɥɢ ɧɟ ɬɨɥɶɤɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɧɨ ɬɚɤɠɟ 
ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɜɵɩɨɥɧɟɧɢɹ ɬɚɤɢɯ ɪɚɛɨɬ ɡɚ ɫɱɟɬ ɦɢɧɢɦɢɡɚɰɢɢ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ Дθ–11]. 

ȼɨɩɪɨɫɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɨɜɵɯ ɢ ɢɡɜɟɫɬɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɫ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ (ɤɚɤ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ, ɬɚɤ ɢ ɫɚɦɨɝɨ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ) ɫɬɪɭɤɬɭɪɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɬɵɦɢ ɚɧɚɥɨɝɚɦɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ 
ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦɢ. Ɍɚɤ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɧɚɧɟɫɟɧɢɸ ɢɡɜɟɫɬɧɵɯ ɡɚɪɭɛɟɠɧɵɯ ɫɬɟɥɥɢ-
ɬɨɜ ɢ ɧɨɜɵɯ ɩɨɤɪɵɬɢɣ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɝɚɡɨɩɨɪɨɲɤɨɜɨɣ ɧɚɩɥɚɜɤɢ Д12–1ηЖ ɩɨɤɚɡɵɜɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɵɯ ɩɥɨɬɧɵɯ ɫɥɨɟɜ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɨɛɳɟɣ 
ɬɪɭɞɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ. Ɂɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɹɡɚɧ ɬɚɤɠɟ ɫ 
ɨɩɬɢɦɢɡɚɰɢɟɣ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɜɟɫɬɧɵɯ ɫɟɪɢɣ-
ɧɵɯ ɫɬɟɥɥɢɬɨɜ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д1θ–18].  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ Co–Cr–W–ɋ, ɫɨɞɟɪɠɚɳɟɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
Zr, Ni, Si ɢ Ti, ɩɨɤɚɡɚɥɢ ɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɯɧɨɥɨɝɢɢ ɥɚɡɟɪɧɨɣ ɧɚɩɥɚɜɤɢ Д1λЖ. ɋɩɥɚɜɵ ɫ ɜɵɛɪɚɧɧɵɦɢ ɧɚ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨɣ ɫɬɚɞɢɢ ɩɪɟɞɟɥɚɦɢ ɥɟɝɢɪɨɜɚɧɢɹ ɩɨ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɚɦ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɢɟ 
ɡɧɚɱɟɧɢɹ ɩɨ ɠɚɪɨɫɬɨɣɤɨɫɬɢ, ɫɜɚɪɢɜɚɟɦɨɫɬɢ, ɚ ɬɚɤɠɟ ɯɨɪɨɲɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɬɪɢɛɨ-
ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɞɧɚɤɨ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɪɢɦɟ-
ɧɢɬɟɥɶɧɨ ɤ ɩɪɨɰɟɫɫɭ ɚɬɨɦɢɡɚɰɢɢ ɨɤɚɡɚɥɚɫɶ ɧɟɞɨɫɬɚɬɨɱɧɨɣ, ɱɬɨ ɩɨɜɥɢɹɥɨ ɧɚ ɫɬɚɛɢɥɶ-
ɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɫɩɵɥɟɧɢɹ. ɉɨɞɨɛɧɵɟ ɩɪɨɛɥɟɦɵ ɬɢɩɢɱɧɵ ɞɥɹ ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɯ ɫɩɥɚ-
ɜɨɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ. ɇɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɣ ɩɭɬɶ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ – 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɚɦɢ, ɩɨɜɵɲɚɸɳɢɦɢ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ. ɗɬɨ, ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɤɪɟɦɧɢɣ ɢ ɭɝɥɟɪɨɞ – ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɞɥɹ ɤɨɛɚɥɶɬɨɜɵɯ 
ɫɬɟɥɥɢɬɨɜ ɫ ɤɚɪɛɢɞɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɜɵɲɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɫɬɚɞɢɢ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɚ ɧɟ ɞɨɥɠɧɨ ɫɤɚɡɵɜɚɬɶɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨ ɧɚ ɤɨɦ-
ɩɥɟɤɫɟ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɡɧɨɫɨɫɬɨɣɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɨ-
ɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɧɨɣ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɫɲɢ-
ɪɟɧɧɨɦ ɥɟɝɢɪɨɜɚɧɢɢ ɤɪɟɦɧɢɟɦ ɢ ɭɝɥɟɪɨɞɨɦ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ.  
ȼ ɱɚɫɬɧɨɫɬɢ, ɩɟɪɜɚɹ ɱɚɫɬɶ ɫɬɚɬɶɢ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭ-
ɸɳɢɯ ɷɥɟɦɟɧɬɨɜ (ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞɚ), ɨɩɪɟɞɟɥɹɸɳɢɯ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɪɚɫɩɥɚɜɚ, ɧɚ 
ɫɬɪɭɤɬɭɪɭ ɢ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.γ. «Ɍɟɯɧɨɥɨɝɢɢ 
ɩɨɥɭɱɟɧɢɹ ɛɢ- ɢ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɟɫɬɟɫɬɜɟɧɧɨ ɚɪɦɢɪɨɜɚɧɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ» («ɋɬɪɚɬɟɝɢ-
ɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
20γ0 ɝɨɞɚ») Д20Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ  

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɨɫɬɚɜɵ ɧɨɜɨɝɨ ɢɡɧɨɫɨ-
ɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Co–Cr–W–ɋ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɥɟɝɢɪɨ-
ɜɚɧɧɨɣ Гr, NТ, SТ ɢ TТ Д1λЖ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɝɨɬɨɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɫɨɫɬɚɜɵ ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɪɚɫɱɟɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ  
ɢ ɤɪɟɦɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ ɬɚɛɥ.  1.  



ǵащȖȠțȩе Ȗ ȢȡțȘȤȖȜțаșȪțȩе ȝȜȘȞȩȠȖя  

 

 

62                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021 

 

Ɍаɛɥɢɰа 1 
ȼɚɪиɚɧɬɵ иɡɦɟɧɟɧия ɯиɦичɟɫɤɨɝɨ ɫɨɫɬɚвɚ  

иɡɧɨɫɨɫɬɨɣɤɨɝɨ ɫɩɥɚвɚ ɫиɫɬɟɦɵ Co–Cr–W–ɋ ɩɨ ɤɪɟɦɧиɸ и ɭɝɥɟɪɨɞɭ 

ɗɥɟɦɟɧɬ Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ, % (ɩɨ ɦɚɫɫɟ), ɫɨɫɬɚɜɨɜ 
1 2 3 

Si ɋɪɟɞɧɟɪɚɫɱɟɬɧɵɣ +0,3 +0,3 
C +0,5 ɋɪɟɞɧɟɪɚɫɱɟɬɧɵɣ +0,5 

 
ȼɵɩɥɚɜɤɭ ɫɩɥɚɜɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ. ɉɨɪɨɲɤɢ ɫɩɥɚ-

ɜɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɦ Ƚɂɉ ɢ ɩɪɨɜɟɞɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ȾɌȺ) ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɦɟɬɨɞɨɦ ɚɬɨɦɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ. Ƚɨɪɹ-
ɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɩɨɪɨɲɤɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨ ɪɟɠɢɦɚɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɜ 
ȼɂȺɆ, ɜ ɝɚɡɨɫɬɚɬɟ Quintus-1θ ɮɢɪɦɵ ASEA (ɒɜɟɰɢɹ).  

Ɍɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ȾɌȺ ɧɚ ɭɫɬɚɧɨɜɤɟ 
HDSC PT 1750. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ (ɊɗɆ) 
HТЭКМСТ SUκ100, ɚ ɬɚɤɠɟ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ Olimpus GX53. 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɨɜ ɜɵɩɨɥɧɟɧ ɫ ɩɪɢɦɟɧɟɧɢɟɦ  
ɞɢɮɪɚɤɬɨɦɟɬɪɚ Empyrean, ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ Cu Kα-ɢɡɥɭɱɟɧɢɢ ɧɚ ɞɥɢɧɟ ɜɨɥ-
ɧɵ 0,15418 ɧɦ ɜ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ 2ș = 20–120 ɝɪɚɞɭɫɨɜ ɫ ɲɚɝɨɦ Δ2ș = 0,01θ ɝɪɚɞɭɫɨɜ  
ɢ ɜɵɞɟɪɠɤɨɣ 40 ɫ. Ɋɚɫɲɢɮɪɨɜɤɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɟɞɟɧɚ М ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢ-
ɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ HТРСSМШrО ɢ ɛɚɡɵ ɞɚɧɧɵɯ PDF-2.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ, ɥɢ-
ɧɟɣɧɨɝɨ ɢɡɧɨɫɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ ɢ ɞɪ.) ɢɡ ɡɚɝɨɬɨɜɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 
Ƚɂɉ, ɢɡɝɨɬɨɜɥɟɧɵ ɜɬɭɥɨɱɧɵɟ ɨɛɪɚɡɰɵ ɩɚɪ ɬɪɟɧɢɹ. ɂɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ ɜ ɨɞɧɨɢɦɟɧɧɨɦ 
ɫɨɱɟɬɚɧɢɢ (ɩɚɪ ɬɪɟɧɢɹ ɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɦɚ-
ɲɢɧɟ ɂ-47 ɩɨ ɫɯɟɦɟ ɬɨɪɰɟɜɨɝɨ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ 20 °ɋ, ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 2,θ Ɇɉɚ ɢ ɫɤɨɪɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ 0,γ ɦ/ɫ. ɉɨɫɥɟ 
ɢɫɩɵɬɚɧɢɣ ɮɢɤɫɢɪɨɜɚɥɢ ɦɢɧɢɦɚɥɶɧɵɟ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɬɪɟɧɢɹ (f), ɢɡɦɟɪɹɥɢ ɥɢɧɟɣɧɵɣ ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɨɞɧɨɢɦɟɧɧɨɣ ɩɚɪɵ ɬɪɟɧɢɹ (ɫɭɦ-
ɦɚɪɧɵɣ) ɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 

Ih = ∆h/L,       

ɝɞɟ ∆h – ɥɢɧɟɣɧɵɣ ɢɡɧɨɫ ɩɚɪɵ ɬɪɟɧɢɹ, ɦɦν L – ɩɭɬɶ ɬɪɟɧɢɹ, ɦɦ. 
 

Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 
Ɍɢɩɢɱɧɚɹ ɥɢɬɚɹ ɫɬɪɭɤɬɭɪɚ ɨɬɥɢɜɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɨɜ, ɨɬɥɢɬɵɯ ɜ ɤɚɫ-

ɫɟɬɭ ɜ ɜɢɞɟ ɫɬɚɥɶɧɵɯ ɬɪɭɛ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. Ɉɛɪɚɡɰɵ ɜɵɪɟɡɚɧɵ ɢɡ ɩɪɢɫɬɟɧɨɱɧɨɣ 
ɨɛɥɚɫɬɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɜɟɫɶɦɚ ɬɨɧɤɭɸ ɞɟɧɞɪɢɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɚ. Ɉɛɪɚɡɰɵ ɫ ɦɚɤ-
ɫɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ (ɫɨɫɬɚɜɵ 1 ɢ 3, ɪɢɫ. 1, а, ɜ) ɫɨɞɟɪɠɚɬ ɜ ɫɬɪɭɤɬɭɪɟ 
ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɫɬɢɧɱɚɬɨɣ (ɢɥɢ ɫɤɟɥɟɬɨɨɛɪɚɡɧɨɣ) ɤɚɪɛɢɞɧɨɣ ɷɜɬɟɤɬɢɤɢ. ɉɪɢ ɩɨ-
ɜɵɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɨɬɞɟɥɶɧɨ ɤɪɟɦɧɢɹ (ɫɨɫɬɚɜ 2, ɪɢɫ. 1, ɛ) ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɢɫɤɪɟɬɧɵɟ ɤɚɪɛɢɞɵ, ɬɟ ɠɟ ɫɨɫɬɚɜɵ ɜ ɜɢɞɟ ɝɪɚɧɭɥɶɧɵɯ ɤɨɦɩɚɤɬɨɜ  
(ɪɢɫ. 1, ɝ–ɟ) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɦɟɸɬ ɪɚɡɥɢɱɢɣ ɜ ɫɬɪɭɤɬɭɪɟ. Ⱦɥɹ ɜɫɟɯ ɬɪɟɯ ɨɛɪɚɡɰɨɜ ɦɨɠ-
ɧɨ ɨɬɦɟɬɢɬɶ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ – ɝɪɚɧɢɰɵ ɝɪɚɧɭɥ, ɯɨɬɹ ɢ ɞɟɮɨɪɦɢɪɨ-
ɜɚɧɧɵɯ ɩɪɢ ɜɫɟɫɬɨɪɨɧɧɟɦ ɨɛɠɚɬɢɢ, ɯɨɪɨɲɨ ɜɢɞɧɵ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɧɟɞɨ-
ɫɬɚɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ Ƚɂɉ (ɯɨɬɹ ɨɬɫɭɬɫɬɜɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɜɵɪɚɠɟɧɧɨɣ ɩɨɪɢɫɬɨɫɬɢ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɛɪɚɬɧɨɦ), ɬɚɤ ɢ М ɬɨɪɦɨɡɹɳɢɦ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɞɟɣɫɬɜɢɟɦ  
ɜɬɨɪɵɯ ɮɚɡ ɢ, ɜɨɡɦɨɠɧɨ, ɬɨɧɤɢɯ ɨɤɫɢɞɧɵɯ ɩɥɟɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ.  
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Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɥɢɬɵɯ (а–ɜ) ɢ ɤɨɦɩɚɤɬɧɵɯ (ɝ–ɟ) ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɨɜ 1 (а, ɝ), 2 (ɛ, ɞ)  

ɢ 3 (ɜ, ɟ) 
 
ɉɪɨɜɟɞɟɧɢɟ ȾɌȺ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɬɟɩɥɨɜɵɟ ɷɮ-

ɮɟɤɬɵ (ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ) ɨɬɦɟɱɚɸɬɫɹμ ɞɥɹ ɫɨɫɬɚɜɚ 1 – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 11η0 ɋ, ɚ 
ɞɥɹ ɫɨɫɬɚɜɨɜ 2 ɢ 3, ɥɟɝɢɪɨɜɚɧɧɵɯ ɩɨ ɜɟɪɯɧɟɦɭ ɩɪɟɞɟɥɭ ɤɪɟɦɧɢɟɦ, – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
1252–1253 ɋ. Ⱦɚɧɧɵɟ ɷɮɮɟɤɬɵ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɫɬɜɨɪɟɧɢɸ ɤɚɪɛɢɞɧɨɣ 
ɷɜɬɟɤɬɢɤɢ. ɉɪɢ ɷɬɨɦ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɞɥɹ ɫɨɫɬɚɜɚ 1 ɧɢɡɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɧɟ ɨɬɦɟɱɚɸɬɫɹ. Ⱦɥɹ ɫɨɫɬɚɜɚ 2 ɨɬɦɟɱɟɧ ɫɥɚɛɵɣ ɩɢɤ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1200 ɋ, ɚ ɞɥɹ ɫɨɫɬɚɜɚ 3 – ɜɵɪɚɠɟɧɧɵɣ ɩɢɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1220 ɋ. 
ɉɨɞɨɛɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɢɫɬɟɪɟɡɢɫ ɩɪɢ ȾɌȺ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɩɥɚɜɚ 
ɏɌɇ-θ1 ɬɚɤɠɟ ɨɬɦɟɱɚɥɫɹ ɜ ɪɚɛɨɬɟ Д17Ж. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ ɞɨɫɬɚɬɨɱɧɭɸ 
ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɚɠɟ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɟɦɧɢɹ ɢ 
ɭɝɥɟɪɨɞɚμ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 1100 ɋ ɧɟ ɨɬɦɟɱɟɧɨ 
ɧɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ ɥɟɝɢɪɨɜɚɧɢɹ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɬɪɟɧɢɟ ɢ ɢɡɧɨɫ ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. 2. ȼɢɞɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ (ɫɨɫɬɚɜɵ 1 ɢ 3) ɩɨɤɚɡɵɜɚ-
ɸɬ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ f  = 0,509. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ 
ɤɪɟɦɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ f  = 0,582–0,586 ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɨɞɟɪ-
ɠɚɧɢɹ ɭɝɥɟɪɨɞɚ. ɉɪɢ ɷɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɜ γ ɪɚɡɚ ɬɨɥɶɤɨ ɞɥɹ 
ɫɨɫɬɚɜɚ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɬɞɟɥɶɧɨ ɤɪɟɦɧɢɹ (ɫɨɫɬɚɜ 2 – ɫɨ ɫɪɟɞɧɟɪɚɫɱɟɬɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ). ȼɜɟɞɟɧɢɟ ɭɝɥɟɪɨɞɚ ɢ ɤɪɟɦɧɢɹ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ (ɫɨɫɬɚɜ 3) 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ ɢ ɥɢɧɟɣɧɨɝɨ ɢɡɧɨɫɚ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɚɤɫɢ-
ɦɚɥɶɧɵɟ ɟɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɨɫɬɚɜɭ 1 ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ. ɉɨ-
ɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɦɢɤɪɨɬɜɪɟɞɨɫɬɢ ɧɚ зλ %, ɚ ɫɨɜ-
ɦɟɫɬɧɨɟ ɜɜɟɞɟɧɢɟ ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞɚ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɣ ɭɪɨɜɟɧɶ (ɪɢɫ. 2, ɝ).  
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Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɪɟɧɢɟ ɢ ɢɡɧɨɫ (а–ɜ) ɢ ɡɧɚɱɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ (ɝ)  
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞɚ 

 
ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɨɜ ɜɫɟ ɬɪɢ ɜɚɪɢɚɧɬɚ 

ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ – ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɧɚ ɨɫɧɨɜɟ α-Co ɢ -Co, ɚ ɬɚɤɠɟ 
ɞɜɚ ɬɢɩɚ ɤɚɪɛɢɞɨɜ – ɦɨɧɨɤɚɪɛɢɞɵ ɬɢɩɚ Ɇɟɋ ɢ ɤɚɪɛɢɞɵ ɬɢɩɚ Ɇɟ7ɋ3 (ɬɚɛɥ. 2).  

 
Ɍаɛɥɢɰа 2 

ɋɨɫɬɚв и ɞɨɥя ɮɚɡɨвɵɯ ɫɨɫɬɚвɥяɸɳиɯ в ɷɤɫɩɟɪиɦɟɧɬɚɥьɧɵɯ ɫɨɫɬɚвɚɯ  
ɩɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨвɨɝɨ ɚɧɚɥиɡɚ 

ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ 
ɨɛɪɚɡɰɚ 

Ⱦɨɥɹ ɨɛɧɚɪɭɠɟɧɧɨɣ ɮɚɡɵ, % (ɩɨ ɦɚɫɫɟ) 
α-Co İ-Co ɆɟC Ɇɟ7C3 

1 19,9 64,7 1,8 13,6 
2 25,3 60,4 1,8 12,5 
3 16,4 67,4 1,8 14,4 

 
ȼɢɞɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɤɚɪɛɢɞɨɜ ɬɢɩɚ ɆɟC ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɥɟɝɢɪɨɜɚɧɢɹ, ɜ ɬɨ ɜɪɟ-

ɦɹ ɤɚɤ ɞɨɥɹ ɤɚɪɛɢɞɨɜ ɬɢɩɚ Me7C3 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ. 
Ⱦɨɥɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ α-Co ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ 
ɤɪɟɦɧɢɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɟɝɨ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ (ɞɨɥɹ -CШ ɞɥɹ ɞɚɧɧɨɝɨ ɫɨɫɬɚ-
ɜɚ ɦɢɧɢɦɚɥɶɧɚ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɞɨɥɹ ɤɚɪɛɢɞɨɜ ɬɢɩɚ Me7C3).  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɚɪɢɚɧɬɨɜ ɥɟɝɢɪɨɜɚɧɢɹ ɧɚ ɩɚɪɚɦɟɬɪɵ ɪɟɲɟɬɨɤ 
ɨɫɧɨɜɧɵɯ ɮɚɡ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. γ. 

ȼɢɞɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɤɪɟɦɧɢɹ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟ-
ɥɢɱɟɧɢɸ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɤɚɪɛɢɞɚ ɬɢɩɚ MeC (ɱɬɨ, ɨɱɟɜɢɞɧɨ, ɫɜɹɡɚɧɨ ɫ ɟɝɨ ɧɚɥɢɱɢɟɦ ɜ 
ɫɨɫɬɚɜɟ ɢ ɛɨ ɥɶɲɢɦ ɚɬɨɦɧɵɦ ɪɚɞɢɭɫɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɝɥɟɪɨɞɨɦ) ɢ ɦɟɧɟɟ ɜɵɪɚɠɟɧɧɨɦɭ 
ɜɥɢɹɧɢɸ ɧɚ ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ ɨɛɨɢɯ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɩɨɫɤɨɥɶɤɭ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɤɪɟɦ-
ɧɢɣ ɜ ɧɢɯ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɛɥɢɡɤɨ ɤ ɩɪɟɞɟɥɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. Ɉɞɧɨɡɧɚɱɧɨ 
ɫɜɹɡɚɬɶ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɚɪ-
ɛɢɞɨɜ, ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ α-Co ɢɥɢ ɢɡɦɟɧɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɬɤɢ ɮɚɡɨɜɵɯ  
ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɤɪɟɦɧɢɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  
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Ɍаɛɥɢɰа 3 
Ɂɧɚчɟɧия ɩɚɪɚɦɟɬɪɨв ɪɟɲɟɬɨɤ ɮɚɡ в ɡɚвиɫиɦɨɫɬи ɨɬ вɚɪиɚɧɬɨв ɥɟɝиɪɨвɚɧия 

Ɏɚɡɚ ɉɚɪɚɦɟɬɪ  
ɪɟɲɟɬɤɢ 

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɧɦ, ɫɨɫɬɚɜɨɜ 
1 2 3 

İ-ɋШ 
a 0,2530825 0,2535501 0,2533727 
c 0,4092120 0,4095809 0,4097910 

α-Co a 0,3563220 0,3568391 0,3568656 
MeC a 0,4335544 0,4341267 0,4343776 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɩɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɚɡɧɢɰɭ ɜ ɞɢɫɩɟɪɫɧɨɫɬɢ 

ɜɬɨɪɵɯ ɮɚɡ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɥɟɝɢɪɨɜɚɧɢɹ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɪɚɡ-
ɦɟɪ ɱɚɫɬɢɰ ɤɚɪɛɢɞɨɜ ɜ ɨɛɪɚɡɰɚɯ ɫɨ ɫɪɟɞɧɢɦ (ɫɨɫɬɚɜ 1) ɢ ɜɵɫɨɤɢɦ (ɫɨɫɬɚɜ 3) ɫɨɞɟɪɠɚɧɢ-
ɟɦ ɤɪɟɦɧɢɹ ɢɞɟɧɬɢɱɟɧ ɢ ɫɨɫɬɚɜɥɹɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɨɬ 1 ɞɨ γ ɦɤɦ (ɪɢɫ. γ, а, ɜ). 
Ɂɧɚɱɢɦɵɯ ɨɬɥɢɱɢɣ ɩɨ ɦɨɪɮɨɥɨɝɢɢ ɱɚɫɬɢɰ ɬɚɤɠɟ ɧɟ ɨɬɦɟɱɟɧɨ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪ-
ɠɚɧɢɹ ɤɪɟɦɧɢɹ (ɫɨɫɬɚɜ 2, ɪɢɫ. γ, ɛ) ɪɚɡɦɟɪ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɯ (ɬɟɦɧɵɯ) ɱɚɫɬɢɰ ɭɜɟɥɢɱɢ-
ɜɚɟɬɫɹ ɞɨ η–7 ɦɤɦ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɬɚɤɠɟ ɧɟ ɢɦɟɸɬ ɩɪɹɦɨɣ ɫɜɹɡɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɢ ɜɟɥɢɱɢɧɨɣ ɥɢɧɟɣɧɨɝɨ ɢɡɧɨɫɚ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɫɬɚɜɨɜ. 

 
ɛ)а) ɜ)

 
Ɋɢɫ. γ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɤɨɦɩɚɤɬɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɬɪɢɛɨɬɟɯɧɢ-

ɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɬɚɤɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 

ɪɚɜɧɨɦɟɪɧɵɣ ɢɡɧɨɫ ɨɛɪɚɡɰɨɜ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ (ɪɢɫ. 4, а). Ⱦɥɹ ɨɛɪɚɡɰɚ 
ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɬɨɥɶɤɨ ɤɪɟɦɧɢɹ (ɪɢɫ. 4, ɛ) ɯɚɪɚɤɬɟɪɧɵ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɟ-
ɪɟɩɚɞɵ ɪɟɥɶɟɮɚ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɛяɥɶɲɚɹ ɬɨɥɳɢɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɟɧɤɢ. 
ɇɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ (ɨɫɨɛɟɧɧɨ ɧɚ ɤɪɚɹɯ ɨɛɪɚɡɰɚ) ɨɬɦɟɱɚɟɬɫɹ ɟɟ ɩɨɥɧɨɟ ɫɤɚɥɵɜɚɧɢɟ, 
ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨɛ ɭɯɭɞɲɟɧɢɢ ɚɞɝɟɡɢɢ ɩɥɟɧɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɡɰɚɦɢ 
ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ. ɋɤɚɥɵɜɚɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɥɫɬɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɩɥɟɧɨɤ ɦɨɠɟɬ ɛɵɬɶ ɢ ɫɥɟɞɫɬɜɢɟɦ ɫɚɦɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɪɨɜɟɞɟɧɨ  
ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɫɬɪɭɤɬɭɪɵ.  

 

ɛ)

а)

 
Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɨɜ 1 ɢ 2 ɩɨɫɥɟ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ  

ɢɫɩɵɬɚɧɢɣ 
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Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ (ɪɢɫ. η, а, ɜ) ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨ-
ɜɚɧɢɟ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɯ ɨɤɫɢɞɧɵɯ ɩɥɟɧɨɤ ɫ ɨɬɞɟɥɟɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɦɚɥɵɯ ɱɚɫɬɢɰ 
ɢɡɧɨɫɚ (ɪɚɡɦɟɪɨɦ ɜ ɧɟɫɤɨɥɶɤɨ ɦɤɦ), ɩɪɢ ɷɬɨɦ ɫɚɦ ɦɟɯɚɧɢɡɦ ɨɬɞɟɥɟɧɢɹ ɬɚɤɢɯ ɱɚɫɬɢɰ 
ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɪɚɛɨɬɟ Д21Ж. ȼ ɨɛɪɚɡɰɟ ɫ 
ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɬɞɟɥɶɧɨ ɤɪɟɦɧɢɹ (ɪɢɫ. η, ɛ) ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ ɜ ɡɨɧɟ ɤɨɧ-
ɬɚɤɬɚ ɜ з2 ɪɚɡɚ ɬɨɥɳɟ. ɉɨɹɜɥɟɧɢɟ ɜɵɪɚɠɟɧɧɨɣ ɡɨɧɵ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɡɧɨɫɚ (ɥɟɜɚɹ 
ɱɚɫɬɶ ɲɥɢɮɚ), ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ ɮɚɡɨɣ ɩɪɢɪɚɛɨɬɤɢ ɢɥɢ ɫ ɚɛɪɚɡɢɜɧɵɦ ɢɡɧɨɫɨɦ ɜ 
ɩɪɨɰɟɫɫɟ ɜɵɜɟɞɟɧɢɹ ɢɡ ɡɨɧɵ ɬɪɟɧɢɹ ɤɪɭɩɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɨɤɫɢɞɨɜ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ 
ɨɤɢɫɥɟɧɢɹ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɤ ɞɥɹ ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɥɟɝɢɪɨɜɚɧɢɹ 
ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɜɵɪɚɠɟɧɧɵɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɤɨɧɬɪɚɫɬɨɦ ɬɟɦɧɵɯ 
ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɥɚɫɬɟɣ (ɪɢɫ. η, ɛ) ɢ ɩɨɫɬɪɨɟɧɢɟɦ ɤɚɪɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 
(ɪɢɫ. η, ɡ). Ⱦɚɧɧɵɟ ɦɢɤɪɨɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɦɟɟɬɫɹ ɛɨ-
ɥɟɟ ɱɟɦ ɬɪɟɯɤɪɚɬɧɚɹ ɪɚɡɧɢɰɚ ɜ ɫɨɞɟɪɠɚɧɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɨɧɟ ɢ ɧɚ 
ɝɪɚɧɢɰɟ ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢ ɛɨɥɶɲɚɹ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɨɤɢɫɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɩɚɪɚɦɟɬɪɨɜ  
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɡɚ ɫɱɟɬ ɨɛɨɝɚɳɟɧɢɹ ɚɬɨɦɚɦɢ ɜɧɟɞɪɟɧɢɹ, ɭɜɟɥɢɱɟɧɢɸ ɜɧɭɬ-
ɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɵɤɪɚɲɢɜɚɧɢɸ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɮɪɚɝɦɟɧɬɨɜ (ɢ ɞɚɠɟ ɰɟɥɵɯ ɭɱɚɫɬ-
ɤɨɜ ɩɥɟɧɤɢ), ɱɟɦ ɢ ɨɛɴɹɫɧɹɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ  
ɢ ɥɢɧɟɣɧɨɝɨ ɢɡɧɨɫɚ.  

 
ɛ)а) ɜ)

ɝ) ɟ)ɞ)

ɠ) ɢ)ɡ)

 
Ɋɢɫ. η. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ (а–ɜ) ɢ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɝ–ɢ) ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɛɥɚɫɬɟɣ  

ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɫɨɫɬɚɜɨɜ 1 (а, ɝ, ɠ), 2 (ɛ, ɞ, ɡ) ɢ 3 (ɜ, ɟ, ɢ) 
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ɂɫɩɵɬɚɧɢɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 ɋ (ɦɚɤ-
ɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɩɥɚɜɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɪɢɜɵɟ ɩɨɬɟɪɢ 
ɦɚɫɫɵ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɬɞɟɥɶɧɨ ɭɝɥɟɪɨɞɚ ɢ ɤɪɟɦɧɢɹ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɢɞɟɧɬɢɱɧɵ (ɪɢɫ. θ). ȼɜɟɞɟɧɢɟ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɤɪɟɦɧɢɹ ɢ ɭɝɥɟɪɨɞɚ ɩɪɢɜɨɞɢɬ 
ɤ ɧɟɤɨɬɨɪɨɦɭ ɫɧɢɠɟɧɢɸ ɩɪɢɜɟɫɚ. Ɂɧɚɱɟɧɢɹ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɡɚ 100 ɱ ɞɥɹ ɜɫɟɯ ɬɪɟɯ  
ɫɨɫɬɚɜɨɜ ɛɥɢɡɤɢ (0,71θν 0,707 ɢ 0,θκ4 ɝ/(ɦ2·ɱ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɫ ɹɜɧɨɣ ɬɟɧɞɟɧɰɢɟɣ  
ɤ ɫɧɢɠɟɧɢɸ ɩɪɢɜɟɫɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɤɪɟɦɧɢɹ.  
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Ɋɢɫ. θ. ɉɪɢɜɟɫ ɨɛɪɚɡɰɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɨɜ 1–3 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶ-

ɧɨɫɬɢ ɜɵɞɟɪɠɤɢ 
 

Ɂɚɤɥɸчɟɧия 
ɂɫɫɥɟɞɨɜɚɧɵ ɬɪɢ ɜɚɪɢɚɧɬɚ ɥɟɝɢɪɨɜɚɧɢɹ ɤɪɟɦɧɢɟɦ ɢ ɭɝɥɟɪɨɞɨɦ ɧɨɜɨɝɨ ɢɡɧɨɫɨ-

ɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Co–Cr–W–ɋ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɩɪɢɦɟɧɢɬɟɥɶɧɨ 
ɤ ɩɪɨɰɟɫɫɭ ɚɬɨɦɢɡɚɰɢɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ 
ɢ ɭɝɥɟɪɨɞɚ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɤɨɦɩɨɡɢ-
ɰɢɢ – ɦɟɬɨɞɨɦ ȾɌȺ ɧɟ ɜɵɹɜɥɟɧɨ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ ɜɨ ɜɫɟɦ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟ-
ɪɚɬɭɪ ɞɨ 1100 C.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɩɪɢ 
ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɨɜɦɟɫɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɪɟɦɧɢɹ ɢ ɭɝɥɟ-
ɪɨɞɚ (ɧɟɫɦɨɬɪɹ ɧɚ ɩɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ) ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢ-
ɠɟɧɢɸ ɜɟɥɢɱɢɧ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ ɢ ɥɢɧɟɣɧɨɝɨ ɢɡɧɨɫɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɜɵ-
ɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɬɨɥɶɤɨ ɤɪɟɦɧɢɹ ɞɚɟɬ ɨɛɪɚɬɧɵɣ ɷɮɮɟɤɬ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢɱɢɧɨɣ ɭɜɟɥɢɱɟɧɢɹ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɤɪɟɦɧɢɹ (ɫɨ ɫɪɟɞɧɟɪɚɫɱɟɬɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ) ɹɜɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɢ ɛɨɥɶɲɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɢɫɥɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ, ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɭɜɟɥɢɱɟɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɵɤɪɚ-
ɲɢɜɚɧɢɸ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɮɪɚɝɦɟɧɬɨɜ (ɢ ɞɚɠɟ ɰɟɥɵɯ ɭɱɚɫɬɤɨɜ ɩɥɟɧɤɢ). ɉɪɢ ɦɚɤɫɢɦɚɥɶ-
ɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɭɝɥɟɪɨɞɚ ɜ ɨɛɨɢɯ ɜɚɪɢɚɧɬɚɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ 
ɩɥɨɬɧɚɹ ɨɞɧɨɪɨɞɧɚɹ ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ ɫ ɨɬɞɟɥɟɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɦɚɥɵɯ ɱɚɫɬɢɰ ɢɡɧɨ-
ɫɚ, ɱɬɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɟ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

ɋɨɜɦɟɫɬɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɤɪɟɦɧɢɟɦ ɢ ɭɝɥɟɪɨɞɨɦ ɞɨ ɜɟɪɯɧɟɝɨ ɩɪɟɞɟɥɚ ɧɟ ɬɨɥɶɤɨ 
ɧɟ ɫɧɢɠɚɟɬ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɛɚɡɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 1100 ɋ, ɧɨ ɞɚɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɤɨɬɨɪɨɟ ɫɧɢɠɟɧɢɟ ɩɪɢɜɟɫɚ.  
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Ȼɥɚɝɨɞɚɪɧɨɫɬи 
Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ  

ɢ ɩɨɞɝɨɬɨɜɤɟ ɫɬɚɬɶɢ Ⱦ.ɉ. Ɏɚɪɚɮɨɧɨɜɭ, ɉ.ɇ. Ɇɟɞɜɟɞɟɜɭ, ɞ.ɬ.ɧ. ɇ.ȼ. ɉɟɬɪɭɲɢɧɭ ɢ 
ȿ.ɋ. ȿɥɸɬɢɧɭ. 
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Ɋаɡɪаɛɨɬɤа ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɩɨɥɡɭчɟɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦаɬɟɪɢаɥɨɜ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɞɟɣɫɬɜɭɸɳɢɯ ɧаɝɪɭɡɨɤ ɢ ɤɥɢɦаɬɢчɟɫɤɢɯ ɮаɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ аɤɬɭаɥьɧɨɣ 
ɡаɞачɟɣ. ɉɨɥɢɦɟɪɧɵɟ ɦаɬɪɢɰɵ ɧа ɨɫɧɨɜɟ ɪɟаɤɬɨɩɥаɫɬɨɜ ɩɪɟɞɫɬаɜɥɹɸɬ ɫɨɛɨɣ аɦɨɪɮ-
ɧɵɟ ɫɬɪɭɤɬɭɪɵ ɢ ɨɝɪаɧɢчɟɧɧɨ ɫɩɨɫɨɛɧɵ ɤ ɩɨɥɡɭчɟɫɬɢ – ɩɥаɫɬɢчɟɫɤɨɣ ɞɟɮɨɪɦаɰɢɢ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɞɥɢɬɟɥьɧɨɣ ɩɨ ɜɪɟɦɟɧɢ ɢ ɧɟɡɧачɢɬɟɥьɧɨɣ ɩɨ ɜɟɥɢчɢɧɟ ɫɬаɬɢчɟɫɤɨɣ ɧаɝɪɭɡɤɢ. 
ɉɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɭɫɤɨɪɟɧɧɵɯ ɢ ɧаɬɭɪɧɵɯ ɢɫɩɵɬаɧɢɣ ɨɛɪаɡɰɨɜ ɫɜɹɡɭɸɳɟɝɨ ɫ ɰɟɥьɸ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɢ ɜɪɟɦɟɧɢ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɞɟɬаɥɟɣ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɨɣɫɬɜ 
ɦаɬɟɪɢаɥа ɢ ɞɟɣɫɬɜɭɸɳɢɯ ɮаɤɬɨɪɨɜ ɤɥɢɦаɬа. 

Ключевые слова: ɩɨɥɢɦɟɪɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦаɬɟɪɢаɥ, ɫɜɹɡɭɸɳɟɟ, ɪɟɥаɤɫаɰɢɹ, 
ɩɨɥɡɭчɟɫɬь, ɜɪɟɦɹ ɞɨ ɪаɡɪɭɲɟɧɢɹ, ɜɥаɝɨɧаɫɵɳɟɧɢɟ, ɞɟɮɨɪɦаɰɢɹ, ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ. 

 
E.N. Kablov1, A.B. Laptev1, A.N. Prokopenko1, A.I. Gulyaev1 
 
RELAXATION  OF  POLYMER  COMPOSITE  MATERIALS 
UNDER  THE  PROLONGED   ACTION   
OF  STATIC  LOAD  AND  CLIMATE  (review) 
Part  1.  Binders 
 

The development of methods for assessing the creep of polymer composite material depen-
ding on the current loads and climatic factors is an urgent task. The binder made of polymer 
reactoplastics is an amorphous structure and is capable of plastic deformation – creep under 
the action of a long-term and insignificant static load. Methods of accelerated and full-scale 
testing of binder samples are proposed in order to determine the degree and time of change in 
the shape of parts depending on the properties of the material and the current climate factors. 

Keywords: polymer composite material, binder, relaxation, creep, time to failure, moisture 
saturation, deformation, elastic modulus. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
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ȼвɟɞɟɧиɟ 
ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɧɞɟɧɰɢɹ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢ-

ɚɥɨɜ (ɉɄɆ) ɜ ɷɥɟɦɟɧɬɚɯ ɢ ɭɡɥɚɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɩɟɪɟɱɟɧɶ ɨɫɨɛɨɨɬ-
ɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɪɟɫɭɪɫɚ ɢ ɫɪɨɤɚ ɫɥɭɠɛɵ ɜɫɟɣ ɤɨɧɫɬ-
ɪɭɤɰɢɢ, ɞɢɤɬɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ ɜɢɞɨɜ ɤɚɤ ɭɫɤɨɪɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ, ɬɚɤ ɢ 
ɧɚɬɭɪɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ, ɫɨɱɟɬɚɸɳɢɯ ɤɨɦɩɥɟɤɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ 
ɜɢɞɨɜ ɧɚɝɪɭɡɤɢ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ Д1–4]. ɉɨ ɦɟɬɨɞɚɦ ɢɫɩɵɬɚɧɢɣ ɉɄɆ ɧɚ ɫɬɚɪɟ-
ɧɢɟ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɢ ɨɬɪɚɫɥɟɜɵɯ ɫɬɚɧɞɚɪɬɨɜ – 
ɧɚɩɪɢɦɟɪ, ȽɈɋɌ λ.707–κ1, ȽɈɋɌ λ.70κ–κγ, ȽɈɋɌ γ0θγ0.0.0–λλ ɢ ɞɪ. ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚ-
ɥɢɡ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɚɥɝɨɪɢɬɦ ɤɚɤ ɭɫɤɨɪɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ, 
ɬɚɤ ɢ ɧɚɬɭɪɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɸɬ 
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ɜɨɡɞɟɣɫɬɜɢɸ ɟɫɬɟɫɬɜɟɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜ ɬɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɜɪɟɦɟɧɧɨ ɝɨ 
ɩɪɨɦɟɠɭɬɤɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɪɢ-
ɚɥɚ – ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɨɩɬɢɱɟɫɤɢɯ, ɚ ɬɚɤɠɟ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɢ ɞɪ. 
Ⱦɥɹ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɯ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɥɚɧɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬ ɢ ɫɬɪɨɢɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨ-
ɡɢɬɚ ɨɬ ɜɨɡɦɨɠɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ ɮɚɤɬɨɪɨɜ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɩɪɟɞɨɬ-
ɜɪɚɳɟɧɢɹ ɫɥɭɱɚɟɜ ɫɨɱɟɬɚɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɤɨɬɨɪɵɟ ɦɨ-
ɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɉɄɆ ɦɟɧɟɟ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ. 

Ⱥɧɚɥɢɡ ɨɩɵɬɚ ɪɚɫɱɟɬɚ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɜɪɟɦɟɧɢ ɞɨ ɪɚɡɪɭɲɟ-
ɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡɤɢ, ɜɪɟɦɟɧɢ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤ-
ɬɨɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɠɧɨɫɬɢ, ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɞɪ.) ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɢɡɦɟɧɟɧɢɹ ɫɥɭɠɟɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ. Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɨɛɟɧɧɨ ɚɤɬɭ-
ɚɥɶɧɵ ɫ ɭɱɟɬɨɦ ɜɨɡɪɨɫɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɹ ɦɧɨɝɨɨɛɪɚɡɢɹ ɉɄɆ, ɬɟɯɧɨɥɨ-
ɝɢɣ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɟɧɢɹ Дη, θЖ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɰɟɧɤɟ ɢɡɦɟɧɟɧɢɹ ɫɥɭɠɟɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɉɄɆ ɢɡ ɝɪɭɩɩ  
ɭɝɥɟ- ɢ ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɪɟɚɥɢɡɨ-
ɜɚɧɧɨɣ ɩɨ ɦɟɬɨɞɭ ɱɟɬɵɪɟɯɬɨɱɟɱɧɨɝɨ ɢɡɝɢɛɚ, ɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɨɝɨ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɫɞɜɢɝ, ɢɡɝɢɛ ɢ ɪɚɫɬɹɠɟ-
ɧɢɟ), ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ (ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɢɧɬɟɪɜɚɥ ɫɬɟɤɥɨɜɚɧɢɹ), ɚ ɬɚɤɠɟ 
ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɦɟɧɶɲɟ, ɱɟɦ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɪɢɥɨɠɟɧɧɨɣ 
ɧɚɝɪɭɡɤɢ ɤ ɉɄɆ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɥɢɱɢɟ ɥɚɤɨɤɪɚɫɨɱɧɨɝɨ ɩɨɤɪɵɬɢɹ (ɅɄɉ) ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɉɄɆ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɜ ɨɛɪɚɡɰɚɯ, ɚ ɩɪɢ-
ɥɨɠɟɧɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ – ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɢɤɪɨɬɪɟɳɢɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹ 
ɅɄɉ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɜɥɚɝɚ ɡɚ ɫɱɟɬ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɮɮɟɤɬɚ ɩɨɩɚɞɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɉɄɆ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɚɥɢɱɢɟ ɬɚɤɨɝɨ ɫɥɨɹ ɭɦɟɧɶɲɚɟɬ ɞɨɥɸ ɞɟɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɥɚɝɢ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɟɟ ɧɚɤɨɩɥɟɧɢɸ ɜ ɉɄɆ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɧɢ-
ɠɟɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɇɚ ɨɛɪɚɡɰɚɯ ɉɄɆ, ɷɤɫɩɨɧɢɪɨɜɚɜɲɢɯɫɹ ɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɤɚɦɟɪɚɯ ɩɪɢ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨɦ ɞɟɣɫɬɜɢɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɝɢ, ɨɬɦɟɱɟɧɵ ɹɜɥɟɧɢɹ ɪɟɥɚɤ-
ɫɚɰɢɢ, ɬ. ɟ. ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɵ ɢɡɦɟɧɹɥɢ ɮɨɪɦɭ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡ-
ɤɢ. ɗɮɮɟɤɬ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɩɪɨɝɢɛɚ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɫɧɹɬɢɹ 
ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ ɩɪɨɝɢɛɚ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɧɚɝɪɭɡɤɢ, ɬɚɤ ɢ ɨɬ ɡɧɚɱɟɧɢɣ 
ɞɟɣɫɬɜɭɸɳɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ (ɫɦ. ɬɚɛɥɢɰɭ).  
 

Ɉɫɬɚɬɨчɧɚя ɞɟɮɨɪɦɚɰия в ɨɛɪɚɡɰɚɯ иɡ ɭɝɥɟ- и ɫɬɟɤɥɨɩɥɚɫɬиɤɨв 
ɩɨɫɥɟ ɫɨвɦɟɫɬɧɨɝɨ вɨɡɞɟɣɫɬвия ɤɥиɦɚɬичɟɫɤиɯ ɮɚɤɬɨɪɨв и ɧɚɝɪɭɡɤи  

(ıв – ɩɪɟɞɟɥ ɩɪɨчɧɨɫɬи ɩɪи ɪɚɫɬяɠɟɧии) 

Ɇɚɬɟɪɢɚɥ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ, °ɋ/ 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ, % 

ɉɪɢɥɨɠɟɧɧɚɹ 
ɧɚɝɪɭɡɤɚ 

ȼɟɥɢɱɢɧɚ ɨɫɬɚɬɨɱɧɨɝɨ ɩɪɨɝɢɛɚ, ɦɦ, ɩɪɢ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɣ, ɫɭɬ 
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ɍɝɥɟɩɥɚɫɬɢɤ 
ȼɄɍ-39  

23/50 
0,2ıɜ 0,32 1,45 1,82 
0,4ıɜ 1,27 2,2 2,47 

60/85 
0,2ıɜ 1,56 2,0 2,19 
0,4ıɜ 2,22 2,55 2,76 

ɋɬɟɤɥɨɩɥɚɫɬɢɤ 
ȼɉɋ-48 

23/50 
0,2ıɜ 2,42 3,31 3,54 
0,4ıɜ 3,2 4,8 5,24 

60/85 
0,2ıɜ 3,9 4,71 4,97 
0,4ıɜ 7,73 8,13 8,32 
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ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɩɪɨɝɢɛɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ – ɤɚɤ ɩɨɤɚɡɚɬɟɥɶ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹ-
ɡɭɸɳɟɝɨ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɩɪɨɬɟɤɚɧɢɢ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜ ɫɜɹɡɭɸɳɟɦ (ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɟ) ɧɟɨɛɪɚɬɢ-
ɦɵɯ ɞɟɮɨɪɦɚɰɢɣ ɜ ɩɪɨɰɟɫɫɟ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɜɥɚ-
ɝɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, 
ɱɬɨ ɞɥɹ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɤɥɚɫɫɨɜ ɉɄɆ ɜɨɡɦɨɠɧɨ ɩɪɨɹɜɥɟɧɢɟ ɷɮɮɟɤɬɚ ɉɚɬɪɢɤɟɟɜɚ–
Ɇɚɥɢɧɡɚ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɢ ɩɪɨɹɜɥɹɟɦɨɝɨ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɷɥɚɫɬɨɦɟɪɚɯ, ɤɨɬɨɪɵɣ ɭɫɬɚɧɚɜ-
ɥɢɜɚɟɬ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɩɪɢɥɚɝɚɟɦɨɣ ɧɚɝɪɭɡɤɢ ɢ ɨɫɬɚɬɨɱɧɨɣ 
ɞɟɮɨɪɦɚɰɢɟɣ ɭɩɪɭɝɨɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ [7]. ȼɵɞɜɢɧɭɬɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɬɪɟ-
ɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɹɜ-
ɥɟɧɢɟ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɪɟɫɭɪɫɧɨɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɚɯ ɞɟɬɚɥɟɣ ɥɟ-
ɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢɡ ɉɄɆ ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɩɨɤɚɡɚɬɟɥɟɣ ɫɨɯɪɚɧɹɟɦɨ-
ɫɬɢ ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɰɟɧɤɢ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɢ ɨɫɧɨɜɧɵɯ ɬɟɨɪɢɣ ɩɨɥɡɭɱɟɫɬɢ ɢ ɪɟɥɚɤɫɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɤ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɬɚɤ ɢ ɮɚɤɬɨɪɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

 
Ɉɛɡɨɪ ɨɫɧɨвɧɵɯ ɬɟɨɪиɣ ɩɨɥɡɭчɟɫɬи и ɪɟɥɚɤɫɚɰии ɩɨɥиɦɟɪɨв 

ɉɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɨɜɟɞɟɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɭɩɪɭ-
ɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɥɚ. ɗɬɨ ɨɬɥɢɱɢɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɜɹɡɶ ɦɟɠɞɭ ɭɫɢɥɢɹɦɢ ɢ ɩɟ-
ɪɟɦɟɳɟɧɢɹɦɢ ɨɛɵɱɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ. ɗɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɨɤ ɢ ɜ 
ɫɧɢɠɟɧɢɢ ɭɫɢɥɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɟ ɞɟɮɨɪɦɚɰɢɢ, ɬ. ɟ. ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. 
ɉɨɥɡɭɱɟɫɬɶɸ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɜ ɭɫɥɨɜɢɹɯ ɪɟɠɢ-
ɦɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɡɦɟɧɟɧɢɸ ɩɨɞɜɟɪɝɚɸɬɫɹ ɤɚɤ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤ ɢ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɜ ɪɹ-
ɞɟ ɫɥɭɱɚɟɜ – ɢ ɬɟɦɩɟɪɚɬɭɪɚ [1]. ɋ ɦɨɦɟɧɬɚ ɨɛɧɚɪɭɠɟɧɢɹ ɹɜɥɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟ-
ɬɚɥɥɨɜ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɟ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɨɥɡɭɱɟɫɬɢ ɧɚɱɢɧɚɸɬ ɭɞɟ-
ɥɹɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɫɜɹɡɚɧɧɨɝɨ ɫ ɬɟɦ, ɱɬɨ ɪɟɥɚɤɫɚɰɢɹ ɨɝɪɚɧɢɱɢɜɚɟɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ. ɂɫɫɥɟɞɨɜɚ-
ɬɟɥɹɦɢ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨ ɩɨɥɡɭɱɟɫɬɢ ɪɚɡɥɢɱɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɚ ɬɟɨɪɢɹ ɩɨɥɡɭɱɟɫɬɢ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɪɚɡɞɟɥ ɦɟɯɚɧɢɤɢ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɩɨɥɡɭɱɟɫɬɢ ɦɟɬɚɥɥɨɜ  
ɢ ɢɯ ɫɩɥɚɜɨɜ.  

ȼ ɧɚɱɚɥɟ ɩɟɪɢɨɞɚ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɩɨɹɜɢɥɚɫɶ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɩɨɥɡɭɱɟɫɬɢ ɩɨɥɢɦɟɪɨɜ, 
ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɥɚ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɢɯ ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɭɦɟɪɟɧɧɵɯ 
ɧɚɩɪɹɠɟɧɢɹɯ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɉɄɆ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɜɹɡ-
ɤɢɦɢ, ɢ ɭɩɪɭɝɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɨɹɜɥɹɸɬɫɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬ. ɟ. 
ɹɜɥɹɸɬɫɹ ɜɹɡɤɨɭɩɪɭɝɢɦɢ Д4Ж. Ɂɚɞɚɱɟɣ ɬɟɨɪɢɢ ɩɨɥɡɭɱɟɫɬɢ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɫɨɨɬ-
ɧɨɲɟɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɚ ɢɡɭɱɟɧɢɟ ɬɚɤɨɝɨ ɪɨɞɚ ɫɨɨɬɧɨɲɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɩɪɟɞɦɟɬ ɪɟɨɥɨɝɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪɨɫɬɟɣɲɢɦɢ ɹɜɥɹɸɬɫɹ ɞɜɭɯɷɥɟɦɟɧɬɧɵɟ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɭɩɪɭɝɨɝɨ ɢ ɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɡɭɸɬ ɦɨɞɟɥɶ Ɇɚɤɫɜɟɥɥɚ, ɩɪɢ 
ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ – ɦɨɞɟɥɶ Ɏɨɣɝɬɚ ДκЖ. ɋɨɟɞɢɧɹɹ ɪɚɡɥɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɫ-
ɬɟɣɲɢɟ ɦɨɞɟɥɢ ɢ ɞɨɛɚɜɥɹɹ ɷɥɟɦɟɧɬɵ ɫ ɭɫɥɨɠɧɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɦɨɞɟɥɢ, ɛɨɥɟɟ ɬɨɱɧɨ ɨɬɪɚɠɚɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɩɨɥɢɦɟɪɨɜ. ɇɚɣɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ 
ɜɪɟɦɟɧɟɦ, ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɨɬ ɫɤɨɪɨɫɬɟɣ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ  



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021                                                                     73 

 

ɢ ɞɟɮɨɪɦɚɰɢɢ. ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɨɡɦɨɠɧɨ ɪɟɲɢɬɶ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɡɚɞɚɱ 
ДλЖ. ɉɪɨɢɡɜɟɞɟɧɵ ɬɚɤɠɟ ɨɛɨɛɳɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɞɨɩɭɫɤɚɸɳɢɟ ɨɩɢɫɚɧɢɟ ɮɢ-
ɡɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ Д10Ж. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɪɚɫ-
ɫɦɨɬɪɟɧɢɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɧɟ ɦɨɝɥɢ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɢɫɚɬɶ 
ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ, ɨɫɨɛɟɧɧɨ ɜ ɦɨɦɟɧɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, 
ɩɨɷɬɨɦɭ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɢɧɬɟɝɪɚɥɶɧɵɟ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɧɚɫɥɟɞɫɬɜɟɧɧɵɟ ɢɡɦɟ-
ɧɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ. 

ɉɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɬɟɪɦɢɧɨɥɨ-
ɝɢɟɣ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɦɚɬɟɪɢɚɥɨɜ ɫ ɞɥɢɬɟɥɶɧɨɣ ɩɚɦɹɬɶɸ ɮɨɪɦɵ Д11–15]. ɗɬɨ ɨɡɧɚɱɚ-
ɟɬ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɟɞɢɧɢɱɧɨɦ ɨɛɴɟɦɟ ɩɨɥɢɦɟɪɚ ɜ ɟɞɢɧɢɱɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɡɚɜɢ-
ɫɹɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɢɪɨɞɵ ɦɚɬɟɪɢɚɥɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɞɪɭɝɢɯ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɨ ɢ ɨɬ ɜɟɥɢɱɢɧ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨ ɜɫɟ ɩɪɟɞɲɟɫɬ-
ɜɭɸɳɢɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ, ɬ. ɟ. ɨɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɝɪɭɠɟɧɢɹ ɞɚɧɧɨɣ ɱɚɫɬɢɰɵ. 
ɂɫɯɨɞɧɵɟ ɭɪɚɜɧɟɧɢɹ ɬɟɨɪɢɢ Ȼɨɥɶɰɦɚɧɚ–ȼɨɥɶɬɟɪɪɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɜ ɧɨɜɨɣ ɢɧɬɟɪɩɪɟ-
ɬɚɰɢɢ, ɢɫɯɨɞɹ ɢɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ, ɚ ɬɚɤɠɟ ɢɡ ɚɧɚɥɢɡɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɦɨ-
ɥɟɤɭɥɹɪɧɵɯ ɦɨɞɟɥɟɣ Д1θЖ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢ-
ɚɧɬɵ ɧɟɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɜɹɡɤɨɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɚ ɬɚɤɠɟ  
ɥɢɧɟɣɧɨɣ ɢ ɧɟɥɢɧɟɣɧɨɣ ɬɟɨɪɢɣ ɬɟɪɦɨɜɹɡɤɨɭɩɪɭɝɨɫɬɢ Д17, 1κЖ. 

ȼ ɪɚɛɨɬɚɯ [19, 20] ɞɥɹ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɟ Ɋ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ 
ɨɛɪɚɡɰɚ ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ l ɢ l0, ɚ ɬɚɤɠɟ F ɢ F0 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɤɭɳɚɹ ɢ ɧɚɱɚɥɶɧɚɹ 
ɞɥɢɧɵ ɢ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ. 

ɉɨ ɭɫɥɨɜɢɸ ɧɟɫɠɢɦɚɟɦɨɫɬɢ  

l0F0 = lF,                                                               (1) 

ɩɪɢɱɟɦ ɞɥɹ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɩɨɥɡɭɱɟɫɬɢ ɞɨɩɭɫɬɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦ  
ɭɩɪɨɳɟɧɧɵɦ ɜɵɪɚɠɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɜɢɞɟ 
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                                                        (2) 

ɝɞɟ m – ɩɨɫɬɨɹɧɧɚɹ (m > 1); t – ɜɪɟɦɹν В1 – ɩɨɫɬɨɹɧɧɚɹ. 
 
ɉɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɟ (2) ɜɵɪɚɠɟɧɢɟ F = F0 – l0 / l ɢ ɢɧɬɟɝɪɢɪɭɹ ɷɬɨ ɭɪɚɜɧɟɧɢɟ 

ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ (t0 = 0, l = l0), ɩɨɥɭɱɚɟɦ 
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                                                       (3) 

ȼɪɟɦɹ ɜɹɡɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ Ĳv, ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɭɪɚɜɧɟɧɢɹ (2), ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
l → ∞, ɬ. ɟ. F → 0, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɬɢɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ı = P / F → ∞. ȼ ɢɬɨɝɟ  
ɩɨɥɭɱɚɟɦ 

,
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mv

mB

l                                                           (4) 

ɝɞɟ ı0 = P / F0 – ɧɚɱɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 
 
ɂɡ ɜɵɪɚɠɟɧɢɣ (γ) ɢ (4) ɩɨɥɭɱɚɟɦ 
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F                                                              (5) 
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ɩɨɷɬɨɦɭ ɞɥɹ ɩɚɪɚɦɟɬɪɚ m > 1 (ɱɬɨ ɨɛɵɱɧɨ ɢ ɧɚɛɥɸɞɚɟɬɫɹ) ɜɵɪɚɠɟɧɢɟ 



0d

d

F

F

t

l
 

ɩɪɢ t → v. Ʉɚɤ ɩɪɚɜɢɥɨ, m >> 1, ɩɨɷɬɨɦɭ ɪɟɡɤɨɟ ɭɦɟɧɶɲɟɧɢɟ ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ ɧɚɫɬɭɩɚɟɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɟɝɨ ɪɚɡɪɭɲɟɧɢɟɦ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɪɟɡɤɢɣ ɩɟɪɟɯɨɞ ɪɚɜɧɨɜɟɫɧɨɝɨ 
ɪɚɡɪɭɲɟɧɢɹ ɜ «ɥɚɜɢɧɧɭɸ» ɫɬɚɞɢɸ, ɤɨɬɨɪɚɹ ɢɫɱɟɡɚɟɬ ɩɪɢ m = 1, ɬ. ɟ. ɜɟɥɢɱɢɧɚ m ɜ ɧɟɤɨ-
ɬɨɪɵɯ ɫɥɭɱɚɹɯ ɨɤɚɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ ɧɚɱɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɜɹɡɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɨɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨ ɤɪɢɜɵɦ 
ɩɨɥɡɭɱɟɫɬɢ.  

Ɏɨɪɦɭɥɭ (4) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɢɧɬɟɝɪɚɥɚ 

 ,ıd

dĲ
0ı
 f

v
v                                                              (6) 

ɝɞɟ f(ı) = B1ım, B1 – ɩɨɫɬɨɹɧɧɚɹ. 
 
ȿɫɥɢ ɭɱɟɫɬɶ ɩɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɢ ɡɚɦɟɧɢɬɶ ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ ɢɧɬɟɝɪɢɪɨ-

ɜɚɧɢɹ ɩɪɟɞɟɥɨɦ ɬɟɤɭɱɟɫɬɢ, ɬɨ ɢɡ ɭɪɚɜɧɟɧɢɹ (θ) ɩɨɥɭɱɚɟɬɫɹ 
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ɝɞɟ ıɬ – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ. 
 

ȼ ɭɪɚɜɧɟɧɢɢ (7) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɪɚɠɟɧɢɟɦ (4) ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɧɟɫɤɨɥɶɤɨ ɫɧɢ-
ɠɚɟɬɫɹ ɢɡ-ɡɚ ɢɫɤɥɸɱɟɧɢɹ ɜɪɟɦɟɧɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚ ɞɨɥɝɨ-
ɜɟɱɧɨɫɬɶ ɩɪɢɧɢɦɚɟɬɫɹ ɦɨɦɟɧɬ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɨɛɪɚɡɰɟ ɲɟɣɤɢ (ɫɭɠɟɧɢɹ), ɤɨɝɞɚ ı → ıɬ. 
ɉɨɝɪɟɲɧɨɫɬɶɸ ɨɬ ɬɚɤɨɝɨ ɞɨɩɭɳɟɧɢɹ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ȼɹɡɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɦɨɠɧɨ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 

.
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ı/ 0

00
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ɂɧɬɟɝɪɢɪɭɹ ɜɵɪɚɠɟɧɢɟ (7) ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ (t = 0, ı = ı0) ɢ ɩɨɞɫɬɚɜɥɹɹ ɜ 
ɭɪɚɜɧɟɧɢɟ (κ), ɩɨɥɭɱɚɟɦ 

 ,ıexp1
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vmtB                                                     (9) 

ɝɞɟ ıv – ɧɚɩɪɹɠɟɧɢɟ ɜɹɡɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. 
 
ɂɡ ɜɵɪɚɠɟɧɢɹ (λ) ɞɨɥɝɨɜɟɱɧɨɫɬɶ (Ĳɦ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ t → v ɢ ı → ıɬ, ɬɨɝɞɚ  

ɩɨɥɭɱɢɦ 
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                                                 (10) 

ɝɞɟ В2, m2 – ɩɨɫɬɨɹɧɧɵɟ. 
 
ɉɪɢ ı0 = ıɬ ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɪɚɡɜɢɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ 

ɩɪɢɥɨɠɟɧɢɹ ɤ ɨɛɪɚɡɰɭ ɧɚɝɪɭɡɤɢ. 
ɉɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɪɟɨɧɨɦɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫɨɱɟɬɚɹ ɭɩɪɭɝɨɫɬɶ ɫ 

ɜɹɡɤɢɦ ɬɟɱɟɧɢɟɦ. ɉɨɷɬɨɦɭ ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ ɨɧɢ ɧɟ ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ 
ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɮɨɪɦɭ ɢ ɨɛɴɟɦ ɢɥɢ ɷɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨ.  
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ȼ ɫɢɥɨɜɨɦ ɩɨɥɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɨɡɦɨɠɧɵ ɞɜɚ ɜɢɞɚ ɬɟɱɟɧɢɹμ ɩɥɚɫɬɢɱɟɫɤɨɟ ɢ ɜɹɡɤɨɟ. 
ɉɟɪɜɨɟ ɜɨɡɧɢɤɚɟɬ, ɤɨɝɞɚ ɜɧɟɲɧɟɟ ɭɫɢɥɢɟ ɩɪɟɜɵɲɚɟɬ ɧɟɤɨɬɨɪɵɣ ɩɪɟɞɟɥ – ɩɪɟɞɟɥ ɬɟɤɭ-
ɱɟɫɬɢν ɜɬɨɪɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɸɛɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ, ɫɢɥ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɩɨɥɢɦɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɛɨɬɚɟɬ ɜ ɨɛɥɚɫɬɢ ɥɢɧɟɣɧɨɫɬɢ ɦɟɯɚɧɢ-
ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɝɞɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɞɟɮɨɪɦɚɰɢɹɦ. ɇɚɩɪɢɦɟɪ, ɭ ɩɨɥɢ-
ɷɬɢɥɟɧɚ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɥɢɤɚɪɛɨɧɚɬɨɜ ɥɢɧɟɣɧɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
ɞɨ ɩɨɥɨɜɢɧɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ Д21, 22Ж. ɉɨɷɬɨɦɭ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɲɢɪɨɤɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɥɢɧɟɣɧɚɹ ɬɟɨɪɢɹ ɜɹɡɤɨɭɩɪɭɝɨɫɬɢ, ɤɨɬɨɪɚɹ 
ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɪɢɧɰɢɩɚɯ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɯ Ɇɚɤɫɜɟɥɥɨɦ, Ȼɨɥɶɰɦɚɧɨɦ, Ʉɟɥɶɜɢɧɨɦ ɢ 
Ɏɨɣɯɬɨɦ Д2γ–26]. 

Ɇɚɤɫɜɟɥɥ ɢɫɯɨɞɢɥ ɢɡ ɜɤɥɚɞɚ ɜ ɞɟɮɨɪɦɚɰɢɸ ɬɟɥɚ İ = İɟ + İɫ ɭɩɪɭɝɨɣ (İɟ) ɢ ɜɹɡɤɨɣ 
(İɫ) ɫɨɫɬɚɜɥɹɸɳɢɯ. ɂɫɩɨɥɶɡɭɹ ɞɥɹ ɜɵɪɚɠɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɟİ  ɢ ɫİ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɚɤɨɧɵ 
Ƚɭɤɚ ɢ ɇɶɸɬɨɧɚ, ɨɧ ɩɨɥɭɱɢɥ ɪɟɨɥɨɝɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ 

,
ııİ

11 ȿtȿ T

                                        (11) 

ɝɞɟ ı – ɧɚɩɪɹɠɟɧɢɟ ɪɚɫɬɹɠɟɧɢɹν E1 – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢν tɌ – ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. 

 
Ɇɨɞɟɥɶ Ɇɚɤɫɜɟɥɥɚ ɨɬɥɢɱɚɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ – ɧɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɠɢɦɚ 

ı = МШЧsЭ ɨɧɚ ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɩɨɥɡɭɱɟɫɬɢ ɜɵɪɚɠɟɧɢɟɦ 

.
ıİ

1ȿtT

                                                            (12) 

ɉɪɨɢɡɜɟɞɟɧɢɟ tɌE1 = η1 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɹɡɤɨɫɬɶ ɷɥɟɦɟɧɬɚ Ɇɚɤɫɜɟɥɥɚ ɩɪɢ ɪɚɫɬɹ-
ɠɟɧɢɢ, ɤɨɬɨɪɭɸ ɧɟ ɫɥɟɞɭɟɬ ɨɬɨɠɞɟɫɬɜɥɹɬɶ ɫ ɜɹɡɤɨɫɬɶɸ ɩɪɢ ɫɞɜɢɝɟ . Ɇɟɠɞɭ ɷɬɢɦɢ 
ɤɨɧɫɬɚɧɬɚɦɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɉɭɚɫɫɨɧɚ ɫɭɳɟɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ 

),μ1(2
η
η1       (13) 

ɝɞɟ μ – ɭɫɥɨɜɧɚɹ ɜɹɡɤɨɫɬɶ ɩɨɥɢɦɟɪɚ. 
 
ȼ ɫɥɭɱɚɟ ɧɟɫɠɢɦɚɟɦɨɫɬɢ μ = 0,η ɢ η1 = 3η, ɝɞɟ η1 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɪɚɫɬɹ-

ɠɟɧɢɹ Ɍɪɚɭɬɨɧɚ. 
ɉɪɢ İ = МШЧsЭ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɜɟɫɬɧɨɦɭ ɜɵɪɚɠɟɧɢɸ ɞɥɹ  

ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɹ: 

,eıı 0
Tt

t
                                                          (14) 

ɝɞɟ ı0 ɢ ı – ɧɚɱɚɥɶɧɨɟ ɢ ɨɫɬɚɬɨɱɧɨɟ ɧɚɩɪɹɠɟɧɢɹ. 
 
Ⱦɪɭɝɨɣ ɩɪɨɫɬɟɣɲɟɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ Ʉɟɥɶɜɢɧɚ–Ɏɨɣɯɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɮɮɟ-

ɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɢɞɚ 

ı = İE2 + η2İʹ,                                                      (1η)  
ɝɞɟ ı – ɩɨɥɧɨɟ ɧɚɩɪɹɠɟɧɢɟν İ – ɞɟɮɨɪɦɚɰɢɹν ȿ2 – ɞɥɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢν η2 – ɜɹɡɤɨɫɬɶ 
ɬɟɥɚ ɩɨ ɦɨɞɟɥɢ Ʉɟɥɶɜɢɧɚ–Ɏɨɣɯɬɚ. 

 
ȿɫɥɢ ɤ ɷɬɨɦɭ ɬɟɥɭ ɩɪɢɥɨɠɢɬɶ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɬɨ ɞɟɮɨɪɦɚɰɢɹ ɫɨɨɬ-

ɜɟɬɫɬɜɭɟɬ 
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ɞɨɫɬɢɝɚɹ ɜ ɩɪɟɞɟɥɟ (t → ∞) ɦɚɤɫɢɦɚɥɶɧɨɝɨ (ɪɚɜɧɨɜɟɫɧɨɝɨ) ɡɧɚɱɟɧɢɹ İm = ı/E2. ȼ ɦɨɞɟɥɢ 
Ʉɟɥɶɜɢɧɚ–Ɏɨɣɯɬɚ ɩɚɪɚɦɟɬɪ tn = η/E2 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɟɪɢɨɞ ɡɚɩɚɡɞɵɜɚɧɢɹ, ɬ. ɟ. ɜɪɟɦɹ, ɡɚ 
ɤɨɬɨɪɨɟ ɩɨɫɥɟ ɪɚɡɝɪɭɡɤɢ ɧɚɤɨɩɥɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɜ İ ɪɚɡ. Ⱦɥɢɬɟɥɶɧɵɣ 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ȿ2, ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɦɨɞɭɥɹ E1, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɨɩɵɬɨɜ ɧɚ 
ɩɨɥɡɭɱɟɫɬɶ ɩɨ ɜɟɥɢɱɢɧɟ ɪɚɜɧɨɜɟɫɧɨɣ ɞɟɮɨɪɦɚɰɢɢ İm. Ɉɞɧɚɤɨ ɷɬɚ ɦɨɞɟɥɶ ɧɟ ɨɛɥɚɞɚɟɬ 
ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɦɨɞɟɥɢ Ɇɚɤɫɜɟɥɥɚ, ɬɚɤ ɤɚɤ ɧɟ ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɪɟɥɚɤɫɚɰɢɢ 
ɧɚɩɪɹɠɟɧɢɹ. 

ȼɨ ɦɧɨɝɢɯ ɡɚɞɚɱɚɯ Д2θЖ ɩɪɢɦɟɧɹɟɬɫɹ ɢɡɜɟɫɬɧɨɟ ɪɟɨɥɨɝɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ  
Ɇɚɤɫɜɟɥɥɚ–Ɍɨɦɫɨɧɚ (ɭɪɚɜɧɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɬɟɥɚ)μ 

ı + tıʹ  = E1tİʹ + E2İ.                                                   (17) 
ɝɞɟ ı′ – ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ. 

 
Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д2ηЖ, ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɣ ɮɢɡɢɤɨ-

ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɫɦɵɫɥ – ɨɧɨ ɨɩɢɫɵɜɚɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɫɨɫɬɚɜɥɟɧɧɭɸ ɢɡ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɦɨɞɟɥɹɦ Ƚɭɤɚ ɢ Ʉɟɥɶɜɢɧɚ–Ɏɨɣɯɬɚ. 

Ɋɚɰɢɨɧɚɥɶɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɫɬɨɹɧɧɵɯ ɭɪɚɜɧɟɧɢɹ (17) ɪɚɫɫɦɨɬɪɟɧɵ ɜ 
ɪɚɛɨɬɚɯ Д24, 27Ж. ɉɪɢ ı = МШЧsЭ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (17) ɫ ɭɱɟɬɨɦ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 
(t = 0, İ = ı / E1) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
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21
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


 


nt

t

ȿȿ
     (18) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɬɟɥɚ ɫɤɥɚɞɵɜɚɟɬɫɹ 
ɢɡ ɦɝɧɨɜɟɧɧɨɣ ɢ ɡɚɩɚɡɞɵɜɚɸɳɟɣ ɭɩɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ  
ɷɥɚɫɬɨɦɟɪɨɜ. Ⱦɥɹ ɥɢɧɟɣɧɵɯ ɩɨɥɢɦɟɪɨɜ ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɦɨɞɟɥɶ Ȼɸɪɝɟɪɫɚ, ɫɨɫɬɨɹɳɚɹ  
ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɟɣ Ʉɟɥɶɜɢɧɚ–Ɏɨɣɯɬɚ ɢ Ɇɚɤɫɜɟɥɥɚ. 
Ɉɛɳɚɹ ɞɟɮɨɪɦɚɰɢɹ ɬɚɤɨɣ ɦɨɞɟɥɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 
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                                              (19) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɧɯɪɨɧɧɨ ɫ ɧɚɝɪɭɠɟɧɢɟɦ ɜɨɡɧɢɤɚɟɬ ɦɝɧɨɜɟɧɧɚɹ (ɝɭɤɨɜɫɤɚɹ) 
ɭɩɪɭɝɚɹ ɞɟɮɨɪɦɚɰɢɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɨɧɚ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɫɨɱɟɬɚɹɫɶ ɫ ɜɵɫɨɤɨ-
ɷɥɚɫɬɢɱɟɫɤɨɣ ɢ ɜɹɡɤɨɣ ɞɟɮɨɪɦɚɰɢɹɦɢ, ɩɪɨɬɟɤɚɸɳɢɦɢ ɨɞɧɨɜɪɟɦɟɧɧɨ. ɉɚɪɚɦɟɬɪɵ 
ɮɨɪɦɭɥɵ (1λ) ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ «ɬɟɦɩɟɪɚɬɭɪɵ–ɜɥɚɠɧɨɫɬɢ», ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɬɨɪɵɯ 
ɦɟɧɹɟɬɫɹ ɢ ɪɟɚɤɰɢɹ ɥɢɧɟɣɧɵɯ ɩɨɥɢɦɟɪɨɜ ɧɚ ɞɟɣɫɬɜɢɟ ɜɧɟɲɧɢɯ ɫɢɥ. 

Ɇɟɯɚɧɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɪɟɚɥɶɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɫɢɫɬɟɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɜɨɡɦɨɠ-
ɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɨɞɧɢɦ ɜɪɟɦɟɧɟɦ ɪɟɥɚɤɫɚɰɢɢ ɢɥɢ ɡɚɩɚɡɞɵɜɚɧɢɹ. Ʌɭɱɲɟɣ ɩɪɢɛɥɢ-
ɠɟɧɧɨɣ ɤ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɨɞɟɥɶɸ ɪɟɥɚɤɫɚɰɢɢ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶ ȼɢɯɟɪɬɚ Д2κЖ, ɤɨɬɨɪɚɹ 
ɜɩɨɥɧɟ ɩɪɢɦɟɧɢɦɚ ɤ ɥɢɧɟɣɧɵɦ ɩɨɥɢɦɟɪɚɦ – ɨɫɨɛɟɧɧɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɪɟɥɚɤɫɚ-
ɰɢɢ ɧɚɩɪɹɠɟɧɢɹ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɥɡɭɱɟɫɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɨɛɳɟɧɧɭɸ ɦɨɞɟɥɶ  
Ʉɟɥɶɜɢɧɚ–Ɏɨɣɯɬɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɝɪɭɩɩɵ ɩɪɨɫɬɟɣɲɢɯ ɷɥɟɦɟɧɬɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɱɟɦ ɜɨɡɦɨɠɧɵ ɧɟɤɨɬɨɪɵɟ ɦɨɞɢɮɢɤɚɰɢɢ – ɧɚɩɪɢɦɟɪ, ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɨɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ ɦɨɞɟɥɹɦ Ƚɭɤɚ ɢ ɇɶɸɬɨɧɚ. ȼɨɡɧɢ-
ɤɚɸɳɚɹ ɩɪɢ ɷɬɨɦ ɜɹɡɤɨɭɩɪɭɝɚɹ ɫɢɫɬɟɦɚ ɚɧɚɥɨɝɢɱɧɚ ɦɨɞɟɥɢ Ȼɸɪɝɟɪɫɚ, ɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɧɟɟ ɛɨɥɶɲɟɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɜ ɨɩɢɫɚɧɢɢ ɜɵɫɨɤɨɷɥɚɫɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɛɳɟɣ  
ɞɟɮɨɪɦɚɰɢɢ. 
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ȼ ɧɚɢɛɨɥɟɟ ɨɛɳɟɦ ɜɢɞɟ ɫɜɹɡɶ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɭ ɦɚɬɟɪɢɚ-
ɥɨɜ ɫ ɥɢɧɟɣɧɵɦɢ ɪɟɨɧɨɦɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɬɟɨɪɢɟɣ Ȼɨɥɶɰɦɚɧɚ–ȼɨɥɶɬɟɪɪɚ 

Д2θЖ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ı = МШЧsЭ ɞɟɮɨɪɦɚɰɢɹ ɩɨɥɡɭɱɟɫɬɢ ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ İ(t) = l(t)ı, 
ɝɞɟ l(t) – ɩɨɞɚɬɥɢɜɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɪɟɦɟɧɢ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬ ɦɨɞɭɥɶ  
ɩɨɥɡɭɱɟɫɬɢ, ɤɨɬɨɪɵɣ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɦɨɞɭɥɹ ȿ1 ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢμ 

Ec(t)  = 1/l(t).                                                       (20) 

ɋ ɭɱɟɬɨɦ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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  t
tlt  (21) 

ɝɞɟ lɧ – ɧɚɱɚɥɶɧɚɹ ɩɨɞɚɬɥɢɜɨɫɬɶν η0 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢν ȥ(t) – ɮɭɧɤɰɢɹ ɩɨɥɡɭɱɟɫɬɢ. 
 
ȼ ɬɟɨɪɢɢ Ȼɨɥɶɰɦɚɧɚ ɜɵɞɜɢɧɭɬ ɩɨɫɬɭɥɚɬ – ɧɚɤɚɩɥɢɜɚɟɦɚɹ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ t 

ɞɟɮɨɪɦɚɰɢɹ ɥɢɧɟɣɧɨɝɨ ɜɹɡɤɨɭɩɪɭɝɨɝɨ ɬɟɥɚ ɪɚɜɧɚ ɫɭɦɦɟ ɞɟɮɨɪɦɚɰɢɣ, ɜɵɡɵɜɚɟɦɵɯ ɨɬ-
ɞɟɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɬɨɝɞɚ 

 ,ı)İ(
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  n

i
ni stlt      (22) 

ɝɞɟ n – ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɧɚɝɪɭɠɟɧɢɹ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ t; sn – ɬɟɤɭɳɟɟ ɜɪɟɦɹ 
ɩɪɨɰɟɫɫɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɧɚɝɪɭɠɟɧɢɹ Д2λЖ. 
 

ȼ ɪɚɛɨɬɟ Дγ0Ж ɩɪɟɞɥɨɠɟɧɨ ɩɪɨɫɬɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ t ≥ 1 ɱ, ɬɨɝɞɚ 
ɜɵɪɚɠɟɧɢɟ E2(t – sn) ɹɜɥɹɟɬɫɹ ɪɟɡɨɥɶɜɟɧɬɧɨɣ ɮɭɧɤɰɢɟɣ ɜɵɪɚɠɟɧɢɹ ln(t – sn) [31].  
ɂɡɜɟɫɬɧɵ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɮɭɧɤɰɢɣ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Дγ2Ж 
ɞɥɹ ɭɪɚɜɧɟɧɢɹ (22). 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɥɢɦɟɪɚɦ ɬɟɨɪɟɬɢɱɟɫɤɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɩɪɟɞɟɥɚɯ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ 

ı(t)·İ(t) ≤ 1.                                                      (23) 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɬɢɯ ɮɨɪɦɭɥ ɩɨɥɭɱɢɥɨ ɩɪɨɞɨɥɠɟɧɢɟ 
ɜ ɪɚɛɨɬɚɯ ɪɹɞɚ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ ДγγЖ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɜɪɟɦɟɧɧɨ ɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɵɣ ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨ-ɜɪɟɦɟɧɧɨ ɝɨ ɫɞɜɢɝɚ ɞɨɥɝɨɜɪɟɦɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɥɡɭɱɟɫɬɢ ɩɨɥɢɦɟɪɨɜ ɢ ɩɨɥɢɦɟɪɧɵɯ 
ɤɨɦɩɨɡɢɬɨɜ, ɜɤɥɸɱɚɸɳɢɣ ɷɮɮɟɤɬɵ ɮɢɡɢɱɟɫɤɨɝɨ ɫɬɚɪɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ 
ɧɚɝɪɟɜɟ. ɗɬɨɬ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɫɧɨɜɧɵɯ ɤɪɢɜɵɯ ɦɝɧɨɜɟɧɧɨɣ ɜɪɟ-
ɦɟɧɧɨ ɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɭɩɟɪɩɨɡɢɰɢɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɞɜɢɝɚ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɫɞɜɢɝɚ ɫɬɚɪɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɧɨɜɵɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɬɚɪɟɧɢɟ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɪɟɞɫɬɚɜɥɟɧɚ 
ɜɚɥɢɞɚɰɢɹ ɩɪɨɝɧɨɡɨɜ ɧɚ ɨɫɧɨɜɟ ɛɨɥɟɟ ɱɟɦ 20000-ɱɚɫɨɜɵɯ ɞɨɥɝɨɫɪɨɱɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɪɭɲɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ 
ɫɜɨɣɫɬɜ ɉɄɆ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɟɞɢɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ ɞɥɹ ɪɚɡɪɚ-
ɛɨɬɤɢ ɤɨɦɩɥɟɤɫɚ ɧɚɰɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ɢ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɩɨ ɦɟɬɨɞɚɦ  
ɢɫɩɵɬɚɧɢɣ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɪɟɫɭɪɫɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɉɄɆ.  

Ɉɩɵɬ ɫɨɬɪɭɞɧɢɤɨɜ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ – ȼɂȺɆ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚ-
ɥɢɡɚ ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɚɬɟɪɢɚɥɵ Дγ4–γ7Ж ɩɨɡɜɨɥɢɥ ɪɚɡɪɚɛɨɬɚɬɶ ɪɚɫɱɟɬ-
ɧɵɟ ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɞɢɮɮɭɡɢɢ ɜɥɚɝɢ ɜ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɬɵ. 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɟɨɪɨ-
ɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɥɢɦɚɬɚ ɢ ɫɭɦɦɚɪɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɦɚɬɟɪɢɚɥɚ ДγκЖ. 

ȼ ɪɚɛɨɬɟ ДγλЖ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɤ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɜɪɟ-
ɦɟɧɢ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɩɨɥɡɭɱɟɫɬɢ ɩɨɥɢɦɟɪɨɜ ɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ. ɉɪɢ ɷɬɨɦ ɭɱɢ-
ɬɵɜɚɟɬɫɹ ɜɹɡɤɨɭɩɪɭɝɢɣ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɦɚɥɵɯ ɞɟɮɨɪɦɚɰɢɹɯ ɢ ɜɹɡɤɨɩɥɚɫɬɢɱɟ-
ɫɤɢɣ – ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ. Ɋɚɫɱɟɬ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ ɨɫɧɨ-
ɜɚɧ ɧɚ ɬɟɪɦɢɱɟɫɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɩɪɨɰɟɫɫɟ, ɩɪɢ ɷɬɨɦ ɬɚɤɠɟ ɭɱɢɬɵɜɚɸɬɫɹ ɜɨɡɧɢɤɧɨ-
ɜɟɧɢɟ ɢ ɪɨɫɬ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɨɥɡɭɱɟɫɬɢ. Ʉɨɝɞɚ 
ɧɚɤɨɩɥɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ, ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ, ɱɬɨɛɵ ɩɪɢɜɟɫɬɢ ɤ 
ɪɚɡɪɭɲɟɧɢɸ, ɟɟ ɫɤɨɪɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɪɟɡɤɨ ɦɟɧɹɟɬɫɹ. ɉɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɶ ɩɨɥɡɭɱɟɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɤɨɪɨɫɬɶ ɩɨɥɡɭɱɟɫɬɢ 
ɩɪɢɧɢɦɚɟɬ ɫɜɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. Ɇɨɞɟɥɶ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 
ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɩɚɪɚɦɟɬ-
ɪɵ ɦɨɞɟɥɢ ɨɰɟɧɟɧɵ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ, ɞɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɫ ɢɯ ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɭɫɩɟɲɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɪɟɦɹ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɩɨɥɡɭɱɟ-
ɫɬɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɢɩɨɜ ɦɚɬɟɪɢɚɥɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɭɩɪɭɝɭɸ ɢ ɩɥɚɫɬɢɱɟɫɤɭɸ ɱɚɫɬɢ 
ɫɤɨɪɨɫɬɶ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɡɚɞɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

   ,İıİ 321 f
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                                                   (24) 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɢɦɟɪɚ. 
 
ȼ ɞɚɧɧɨɣ ɮɨɪɦɭɥɟ ɧɟ ɭɱɬɟɧɨ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɦɟɪɚ ɤɥɢɦɚɬɢ-

ɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɜ ɧɟɟ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɟɳɟ ɨɞɢɧ ɦɧɨɠɢɬɟɥɶ f4(İ), ɝɞɟ İ – ɢɡɦɟɧɟ-
ɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

ȼ ɪɚɛɨɬɟ Д40Ж ɩɨɥɭɱɟɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ ɢɡɦɟɧɟɧɢɹ ɞɟɮɨɪ-
ɦɚɰɢɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɬ ɭɪɨɜɧɹ ɞɟɣɫɬɜɭɸɳɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɨ-
ɬɨɪɚɹ ɢɦɟɟɬ ɜɢɞ 

 

Δİ = 43,38 + 1,58Ȟ – 4,16WɍɎ + 0,89Ti – 0,99ȞWɍɎ + 3,24ȞTi – 1,45WɍɎTi + 0,75ȞWɍɎTi , 
 
ɝɞɟ Ȟ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ, %ν WɍɎ – ɦɨɳɧɨɫɬɶ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ȼɬ/ɦ2;  
Ti – ɬɟɦɩɟɪɚɬɭɪɚ, °ɋ. 

 
ȼ ɛɨɥɟɟ ɩɪɨɫɬɨɦ ɜɢɞɟ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 

Δİ = f(ȞWɍɎ, Ti). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɫɱɟɬɧɨɣ ɨɰɟɧɤɢ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹ-

ɳɢɯ ɜ ɢɡɞɟɥɢɹɯ ɢɡ ɩɨɥɢɦɟɪɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɮɚɤɬɨɪɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɭɱɟɬɨɦ ɩɪɨɰɟɫɫɨɜ 
ɫɬɚɪɟɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ.  

 
Ɂɚɤɥɸчɟɧия 

Ɋɟɥɚɤɫɚɰɢɹ ɩɨɥɢɦɟɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɡɭɱɟɫɬɢ ɢ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɉɄɆ ɩɨɞ  
ɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡɨɤ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɨɜ ɬɟɤɭɱɟ-
ɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɚɥɶɧɭɸ ɭɝɪɨɡɭ ɞɥɹ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢɡ ɞɚɧɧɨɝɨ ɬɢɩɚ ɦɚɬɟɪɢɚɥɨɜ. 

Ɉɛɵɱɧɨ ɪɟɥɚɤɫɚɰɢɹ ɩɨɥɢɦɟɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲ-
ɧɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɨɠɟɬ ɛɵɬɶ ɭɫɤɨɪɟɧɚ ɩɪɢ ɩɨɜɵɲɟ-
ɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɦɟɧɶɲɟɧɢɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɩɥɚɫɬɢɮɢɰɢɪɨɜɚɧɢɹ  
ɜɥɚɝɨɣ. Ɉɰɟɧɤɚ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ) ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ 
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ɢɡ ɩɨɥɢɦɟɪɨɜ ɞɨɥɠɧɚ ɩɪɨɜɨɞɢɬɶɫɹ ɫ ɭɱɟɬɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɝɪɭɠɟɧɢɹ ɢ  
ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

ɉɨɥɭɱɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɜɪɟɦɟɧɢ ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɫɤɨɪɨɫɬɢ  
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ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜаɧɢɹ ɜɥɢɹɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ аɝɪɟɫɫɢɜɧɵɯ ɮаɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ 
ɩɪɢ ɢɫɩɵɬаɧɢɹɯ ɜ ɤаɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦаɧа ɢ ɜɥаɝɨɧаɫɵɳɟɧɢɹ ɧа ɩɪɨчɧɨɫɬɧɵɟ 
ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɢ ɦаɥɨɰɢɤɥɨɜɭɸ ɭɫɬаɥɨɫɬь ɡаɤɥɟɩɨчɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɥɨɢɫɬɨɝɨ 
ɦɟɬаɥɥɨɫɬɟɤɥɨɩɥаɫɬɢɤа ɫ ɫɢɫɬɟɦɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɡаɳɢɬɵ ɢ ɛɟɡ ɧɟɟ. ɉɨɤаɡаɧɨ, чɬɨ 
ɦɧɨɝɨɫɥɨɣɧаɹ ɫɬɪɭɤɬɭɪа ɋИАɅ ɩɪɟɩɹɬɫɬɜɭɟɬ ɪаɡɜɢɬɢɸ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪаɠɟɧɢɣ ɜ 
ɫɥɨɹɯ ɩɨ ɬɨɥɳɢɧɟ ɦаɬɟɪɢаɥа. Ɇɟɯаɧɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɨɛɪаɡɰɨɜ ɢɡ ɦаɬɟɪɢаɥа ɋИАɅ 
ɬɪɟɯɫɥɨɣɧɨɣ ɢ ɩɹɬɢɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɜɥаɝɨɧаɫɵɳɟɧɢɹ ɩɪаɤɬɢчɟɫɤɢ ɧɟ 
ɢɡɦɟɧɹɸɬɫɹ. ɍɫɬаɧɨɜɥɟɧɨ, чɬɨ ɨɬɫɭɬɫɬɜɢɟ аɧɬɢɤɨɪɪɨɡɢɨɧɧɨɣ ɡаɳɢɬɵ ɫɥɨɢɫɬɨɝɨ 
ɦаɬɟɪɢаɥа ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɭɫɬаɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟчɧɨɫɬɢ ɡаɤɥɟɩɨчɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

Ключевые слова: ɫɥɨɢɫɬɵɣ ɦɟɬаɥɥɨɫɬɟɤɥɨɩɥаɫɬɢɤ, ɋИАɅ, аɥɸɦɨɫɬɟɤɥɨɩɥаɫɬɢɤ, 
ɤɨɪɪɨɡɢɨɧɧаɹ ɫɬɨɣɤɨɫɬь, ɡаɤɥɟɩɨчɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɭɫɬаɥɨɫɬɧаɹ ɞɨɥɝɨɜɟчɧɨɫɬь. 

 
V.A. Duyunova1, A.E. Kutyrev1, N.Yu. Serebrennikova1, A.I. Vdovin1, A.V. Somov1 
 
EXAMINATION  OF  THE  IMPACT 
OF  AGGRESSIVE  ENVIRONMENTAL  FACTORS 
ON  THE  DEVELOPMENT  OF  CORROSION  DAMAGE  ON  SAMPLES 
OF  LAMINATED  GLASS-REINFORCED  PLASTIC  OF  SIAL  CLASS 

 
The article presents the results of examination of the influence of aggressive environmental 

factors during tests in a salt fog chamber and moisture saturation on the strength characteristics 
and low-cycle fatigue of riveted joints of laminated glass-reinforced plastic with and without an 
integrated protection system. It is shown that the multilayer structure of SIAL prevents the 
development of corrosion damage in layers along the depth of the material. The mechanical 
properties of samples made of SIAL material with three-layer and five-layer structure after 
moisture saturation practically do not change. It was found that the lack of corrosion protection of 
the laminated material leads to a decrease in the fatigue life of riveted joints. 

Keywords: laminated glass-reinforced plastic, SIAL, aluminum-glass-reinforced plastic, 
corrosion resistance, riveted joints, fatigue life. 
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ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
ɢɧɫɬɢɬɭɬ» ДFОНОrКХ SЭКЭО UЧТЭКrв EЧЭОrprТsО «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» 
ШП NКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО»Жν e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 
ɋɥɨɢɫɬɵɟ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɢ ɤɥɚɫɫɚ ɋɂȺɅ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦɢ ɫɨɛɨɣ ɥɢɫɬɨɜɵɟ 
ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ 
ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɞɟɠɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɡɞɭɲɧɵɯ ɫɭɞɨɜ [1–6].  
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Ⱥɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤ (ɫɨɤɪɚɳɟɧɧɨ ɋɂȺɅ – ɚɛɛɪɟɜɢɚɬɭɪɚ ɨɬ ɫɥɨɜ ɋɬɟɤɥɨ И 
ȺɅɸɦɢɧɢɣ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɢɫɬɵɣ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɣ ɦɚɬɟɪɢɚɥ, ɫɨɫɬɨɹɳɢɣ 
ɢɡ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢμ ɱɟɪɟɞɭɸɳɢɯɫɹ 
ɬɨɧɤɢɯ ɥɢɫɬɨɜ (η0–70 % ɩɨ ɨɛɴɟɦɭ) ɬɨɥɳɢɧɨɣ 0,2η–0,η ɦɦ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɢɥɢ 
ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢ ɩɪɨɫɥɨɟɤ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,2–0,4 ɦɦ ɧɚ 
ɨɫɧɨɜɟ ɤɥɟɟɜɵɯ ɩɪɟɩɪɟɝɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɩɨɤɫɢɞɧɵɯ ɫɜɹɡɭɸɳɢɯ ɢ ɫɬɟɤɥɨɜɨɥɨɤɨɧ.  

Ⱥɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɢ ɨɬɥɢɱɚɸɬɫɹ ɫɨɱɟɬɚɧɢɟɦ ɩɨɧɢɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ  
(d ≈ 2γη0–24η0 ɤɝ/ɦ3) ɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ (dl/dN ≈ 0,2–0,4 ɦɦ/ɤɰɢɤɥ 
ɩɪɢ ΔK = 31 Ɇɉɚ· ɦ ), ɩɪɨɱɧɨɫɬɢ (ıɜ > 600 Ɇɉɚ), ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ  
(Nɫɪ ≈ 180–200 ɤɰɢɤɥ), ɨɝɧɟɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɭɞɚɪɨɫɬɨɣɤɨɫɬɢ [3–ηЖ. ɍɪɨɜɟɧɶ 
ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɜɢɫɢɬ ɨɬ ɫɯɟɦɵ ɭɤɥɚɞɤɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɦɨɧɨɫɥɨɟɜ, ɚ ɬɚɤɠɟ 
ɨɬ ɜɢɞɚ ɫɬɟɤɥɨɧɚɩɨɥɧɢɬɟɥɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɋɂȺɅ ɢ 
ɡɚɪɭɛɟɠɧɵɯ ɚɧɚɥɨɝɨɜ GLARE [7–11Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɫɥɨɢɫɬɵɯ 
ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ 
ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ – ɧɚɩɪɢɦɟɪ, ɨɛɲɢɜɨɤ ɩɚɧɟɥɟɣ ɤɪɵɥɚ ɢ ɮɸɡɟɥɹɠɚ, 
ɝɟɪɦɨɲɩɚɧɝɨɭɬɚ, ɩɨɥɚ ɤɚɛɢɧɵ ɩɢɥɨɬɚ, ɞɭɛɥɟɪɨɜ ɜ ɡɨɧɚɯ ɩɪɨɟɦɨɜ – ɨɛɟɫɩɟɱɢɬ ɫɧɢɠɟɧɢɟ 
ɦɚɫɫɵ ɞɟɬɚɥɟɣ ɫɚɦɨɥɟɬɚ, ɩɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ, ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɢ ɭɫɬɚɥɨɫɬɧɨɣ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɉɞɧɚɤɨ ɩɨɦɢɦɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɚɠɧɨɣ 
ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ 
ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ɋɩɟɰɢɮɢɤɚ ɫɥɨɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɭ ɦɚɬɟɪɢɚɥɨɜ ɋɂȺɅ, ɧɚɥɢɱɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɞɟɥɚ, ɜɥɚɝɨɧɚɫɵɳɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɫɥɨɟɜ ɨɩɪɟɞɟɥɹɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɫ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ 
ɨɩɚɫɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɨɛɪɚɡɰɚɯ ɋɂȺɅ. ɉɪɨɰɟɫɫɵ, 
ɩɪɢɜɨɞɹɳɢɟ ɤ ɫɧɢɠɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɭɫɬɚɥɨɫɬɧɨɣ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫɥɨɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ 
ɫɪɟɞɵ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵμ  

– ɤɨɪɪɨɡɢɹ ɜɧɟɲɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɢɥɢ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɯ ɥɢɫɬɨɜν 
– ɧɚɪɭɲɟɧɢɟ ɚɞɝɟɡɢɨɧɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɢ ɩɨɥɢɦɟɪɧɵɦɢ ɫɥɨɹɦɢν  
– ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥ ɜɥɚɝɢ ɱɟɪɟɡ ɩɨɥɢɦɟɪɧɵɟ ɫɥɨɢ ɢ ɞɟɫɬɪɭɤɰɢɹ ɩɪɨɫɥɨɟɤ 

ɫɬɟɤɥɨɩɥɚɫɬɢɤɚν 
– ɤɨɪɪɨɡɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɦɟɬɚɥɥ–ɫɬɟɤɥɨɩɥɚɫɬɢɤ». 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɚɫɩɟɤɬɨɜ ɩɪɨɜɟɞɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɡ 
ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɫɬɨɣɤɨɫɬɢ ɜɧɟɲɧɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɨɜ ɤ 
ɜɨɡɞɟɣɫɬɜɢɸ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜ ɧɚɢɛɨɥɶɲɟɣ 
ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɸ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɧɟɲɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɫ ɞɪɭɝɨɣ – ɞɨɫɬɭɩ ɚɤɬɢɜɧɨɣ ɫɪɟɞɵ ɤ ɩɪɨɫɥɨɣɤɚɦ ɢɡ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɬɚɤɠɟ 
ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɬɟɤɚɸɳɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɢ ɞɟɫɬɪɭɤɰɢɢ ɩɪɨɫɥɨɟɤ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ [12–19].  

Ⱦɨɫɬɭɩ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɤ ɫɬɟɤɥɨɩɥɚɫɬɢɤɭ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɩɨɜɪɟɠɞɟɧɢɹ 
ɢɥɢ ɨɬɫɭɬɫɬɜɢɹ ɡɚɳɢɬɵ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɥɢ ɧɚɪɭɲɟɧɢɹ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɩɪɢ 
ɩɨɫɬɚɧɨɜɤɟ ɤɪɟɩɟɠɚ. ɉɨɞɚɜɥɹɸɳɟɟ ɱɢɫɥɨ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɫɛɨɪɤɟ ɫ ɩɨɦɨɳɶɸ ɤɥɟɩɨɤ. ɉɪɢɦɟɧɟɧɢɟ ɝɟɪɦɟɬɢɤɨɜ, ɝɪɭɧɬɨɜɨɤ ɢ ɞɪɭɝɢɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ ɢɡ ɚɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ 
ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɩɥɨɬɧɨɟ ɩɪɢɥɟɝɚɧɢɟ ɡɚɤɥɟɩɨɤ, ɨɛɪɚɡɭɸɳɢɯ ɝɟɪɦɟɬɢɱɧɵɣ ɲɨɜ, ɢ 
ɫɧɢɡɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɞɟɝɪɚɞɚɰɢɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɜ ɤɪɟɩɥɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɜɫɥɟɞɫɬɜɢɟ 
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ɷɬɨɝɨ ɫɨɤɪɚɬɢɬɶ ɦɟɠɪɟɦɨɧɬɧɵɟ ɫɪɨɤɢ ɢ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ 
ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ.  

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ, ɢɦɢɬɢɪɭɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɟ 
ɬɪɨɩɢɱɟɫɤɨɝɨ ɤɥɢɦɚɬɚ, ɜɤɥɸɱɚɹ ɦɨɪɫɤɨɣ ɬɭɦɚɧ, ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ 
ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɡɚɤɥɟɩɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɫ 
ɫɢɫɬɟɦɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɳɢɬɵ ɢ ɛɟɡ ɧɟɟ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɥɨɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ 
ɋɂȺɅ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ θ.2. 
«ɋɥɨɢɫɬɵɟ ɬɪɟɳɢɧɨɫɬɨɣɤɢɟ, ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɦɟɬɚɥɥɨɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚ-
ɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ 
ɞɨ 20γ0 ɝɨɞɚ») Д20Ж.  

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɦɚɪɤɢ 
ɋɂȺɅ-3-1 ɞɜɭɯ ɫɬɪɭɤɬɭɪ – ɬɪɟɯɫɥɨɣɧɨɣ (2/1) ɢ ɩɹɬɢɫɥɨɣɧɨɣ (γ/2) (ɪɢɫ. 1). ȼɧɟɲɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɨɛɪɚɡɨɜɚɧɵ ɥɢɫɬɚɦɢ ɢɡ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɨɝɨ ɫɩɥɚɜɚ 
1441 ɬɨɥɳɢɧɨɣ 0,γη ɦɦ ɩɨɫɥɟ ɚɧɨɞɧɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ ɢ ɧɚɧɟɫɟɧɢɹ ɡɚɳɢɬɧɨɝɨ 
ɚɞɝɟɡɢɨɧɧɨɝɨ ɝɪɭɧɬɚ ɢ ɩɪɨɫɥɨɟɤ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ 0,22 ɦɦ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 
ɫɮɨɪɦɢɪɨɜɚɧɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯ ɦɨɧɨɫɥɨɟɜ ɤɥɟɟɜɨɝɨ ɩɪɟɩɪɟɝɚ ɧɚ ɬɤɚɧɢ ɦɚɪɤɢ 
ɄɆɄɋ-2ɦ.120.Ɍθ0.γ7. 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɋɂȺɅ ɫ ɫɢɫɬɟɦɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɳɢɬɵ, 
ɫɨɫɬɨɹɳɟɣ ɢɡ ɝɪɭɧɬɨɜɤɢ ɗɉ-021η ɢ ɷɦɚɥɢ ȼɗ-θλ, ɢ ɛɟɡ ɧɟɟ. 

 

Ʌɢɫɬɵ 
ɫɩɥɚɜɚ 1441 

ɋɬɟɤɥɨɩɥɚɫɬɢɤ
(ɞɜɚ ɦɨɧɨɫɥɨɹ
ɤɥɟɟɜɨɝɨ ɩɪɟɩɪɟɝɚ)

а)

Ʌɢɫɬɵ 
ɫɩɥɚɜɚ 1441 

ɋɬɟɤɥɨɩɥɚɫɬɢɤ
(ɞɜɚ ɦɨɧɨɫɥɨɹ
ɤɥɟɟɜɨɝɨ ɩɪɟɩɪɟɝɚ)

ɛ)

 
Ɋɢɫ. 1. Ɍɪɟɯɫɥɨɣɧɚɹ (а) ɢ ɩɹɬɢɫɥɨɣɧɚɹ (ɛ) ɫɬɪɭɤɬɭɪɵ ɚɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ  

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɧɚ ɪɚɡɜɢɬɢɟ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ 

ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɪɚɡɦɟɪɨɦ η0×η0 ɦɦ ɢɡ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ 
ɬɭɦɚɧɚ ASCτTT CC1000ТP (ɮɢɪɦɚ AsМШЭЭ AЧКХвЭТМКХ, ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
35 °ɋ ɫ ɪɚɫɩɵɥɟɧɢɟɦ η %-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɬɟɱɟɧɢɟ γγθ ɢ 720 ɱ  
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ λ.λ1γ–90. 

Ɇɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɡɚɤɥɟɩɨɱɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ 1441 (ɫ ɫɢɫɬɟɦɨɣ 
ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɳɢɬɵ ɢ ɛɟɡ ɧɟɟ) ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ 
ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɟ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 2η.η02–7λ ɢ ɆɆ 1.2.002–2001 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 
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ɨɛɪɚɡɰɚɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɈɋɌ 1 00872–77 (ɪɢɫ. 2). ɉɚɪɚɦɟɬɪɵ ɧɚɝɪɭɠɟɧɢɹμ 
ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɰɢɤɥɚ R = 0,1, ɱɚɫɬɨɬɚ ɧɚɝɪɭɠɟɧɢɹ f = 5 Ƚɰ, ɜɟɥɢɱɢɧɚ 
ɧɚɝɪɭɡɤɢ 12,γη ɢ λ,η0 ɤɇ ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɩɹɬɢ- ɢ ɬɪɟɯɫɥɨɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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Ɋɢɫ. 2. Ɉɛɪɚɡɟɰ ɡɚɤɥɟɩɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɬɪɟɯɪɹɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɜɧɚɯɥɟɫɬ) ɞɥɹ ɢɫɩɵɬɚɧɢɣ 

ɧɚ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ  
 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɪɚɡɦɟɪɨɦ 

2η×240 ɦɦ ɫ ɩɨɦɨɳɶɸ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ГаТМФ/RШОХХ Г100 
(ɮɢɪɦɚ ГаТМФ/ RШОХХ, Ƚɟɪɦɚɧɢɹ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 11701–84.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɚɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɢ ɨɰɟɧɤɭ ɤɚɱɟɫɬɜɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɤɥɟɩɨɤ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ τХвmpЮs GБη1 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɆɊ 21-31–85. 

Ɉɰɟɧɤɭ ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɧɮɨɤɚɥɶɧɨɦ ɦɢɤɪɨɫɤɨɩɟ Plu Neox 
(ɮɢɪɦɚ Sensofar-Tech S.L., ɂɫɩɚɧɢɹ) ɫɨɝɥɚɫɧɨ ȽɈɋɌ λ.λ0κ–85. 

ȼɵɛɨɪ ɭɪɨɜɧɟɣ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɩɪɨɜɨɞɢɥɢ ɩɨ ɪɟ-
ɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ 
ɤɚɦɟɪɟ CХТmКЭs Excal (ɮɢɪɦɚ Climats, Ɏɪɚɧɰɢɹ) ɫ ɭɱɟɬɨɦ ɧɚɢɛɨɥɶɲɟɝɨ ɪɨɫɬɚ ɦɚɫɫɵ ɨɛɪɚɡ-
ɰɨɜ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɢɫɩɵɬɚɧɢɣ. ɉɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɞɥɢɧɨɣ 100 ɦɦ 
ɢ ɲɢɪɢɧɨɣ ɨɬ 10 ɞɨ η0 ɦɦ, ɜɵɪɟɡɚɧɧɵɯ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɬɢɦɨɝɨ ɢ ɧɟɨɛɪɚɬɢɦɨɝɨ ɜɥɢɹɧɢɹ ɜɥɚɝɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ 
1441, ɨɛɪɚɡɰɵ ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ (ɥɨɩɚɬɤɢ ɪɚɡɦɟɪɨɦ 2η×240 ɦɦ) ɢ ɨɛɪɚɡɰɵ-
ɫɜɢɞɟɬɟɥɢ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ ɪɚɡɦɟɪɨɦ 100×10 ɦɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɬɪɟɯ-
ɫɥɨɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ, ɩɨɦɟɳɚɥɢ ɜ ɷɤɫɢɤɚɬɨɪ ɩɪɢ 100 %-ɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɜɥɚɠɧɨɫɬɢ. Ʉɪɢɬɟɪɢɟɦ ɨɤɨɧɱɚɧɢɹ ɷɤɫɩɨɡɢɰɢɢ ɨɛɪɚɡɰɨɜ ɫɥɭɠɢɥɢ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɪɨɜɧɢ 
ɢɯ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 7 ɢ 21 ɫɭɬ ɢɫɩɵɬɚɧɢɣ (ɩɪɢɪɨɫɬ ɦɚɫɫɵ 0,02η ɢ 
0,05 % ‒ ɞɥɹ ɬɪɟɯɫɥɨɣɧɨɝɨ ɋɂȺɅ ɢ 0,0θ ɢ 0,0θη % – ɞɥɹ ɩɹɬɢɫɥɨɣɧɨɝɨ ɋɂȺɅ). ɉɪɢ ɢɫ-
ɩɵɬɚɧɢɹɯ ɩɪɨɜɨɞɢɥɢ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɜɡɜɟɲɢɜɚɧɢɟ ɨɛɪɚɡɰɨɜ, ɢ ɩɨ ɦɟɪɟ ɞɨɫɬɢɠɟɧɢɹ 
ɡɚɞɚɧɧɵɯ ɭɪɨɜɧɟɣ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɨɛɪɚɡɰɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɫɧɢɦɚɥɢ ɫ ɢɫɩɵɬɚɧɢɣ. 

 

Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 
Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɧɚ 

ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ, ɚ ɢɦɟɧɧɨ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɧɚ 
ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɜɵɞɟɪɠɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɤɚɦɟɪɟ 
ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɧɚ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɋɂȺɅ, ɩɪɨɜɟɞɟɧ ɪɹɞ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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Ɍɚɤ, ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɧɚ ɪɚɡɜɢɬɢɟ 
ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɨɛɪɚɡɰɚɯ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ 
ɫɩɥɚɜɚ 1441 ɫ ɫɢɫɬɟɦɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɳɢɬɵ (ɧɚ ɨɫɧɨɜɟ ɝɪɭɧɬɨɜɤɢ ɗɉ-021η ɢ ɷɦɚɥɢ 
ȼɗ-69) ɢ ɛɟɡ ɧɟɟ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɧɚ ɪɚɡɜɢɬɢɟ 
ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɵɞɟɪɠɤɟ γγθ ɱ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ 
ɬɭɦɚɧɚ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ ɧɚ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ 
ɧɚɧɟɫɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɡɚɳɢɬɵ, ɨɬɫɭɬɫɬɜɨɜɚɥɢ. ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ 720 ɱ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ 
ɬɭɦɚɧɚ ɧɚ ɨɛɪɚɡɰɚɯ ɫ ɧɚɧɟɫɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɡɚɳɢɬɵ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ 
ɨɬɫɭɬɫɬɜɨɜɚɥɢ, ɧɚ ɨɛɪɚɡɰɚɯ ɋɂȺɅ ɛɟɡ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɩɪɢɫɭɬɫɬɜɨɜɚɥɢ ɟɞɢɧɢɱɧɵɟ 
ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ ɜɧɟɲɧɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɨɜ – ɩɢɬɬɢɧɝɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɟɥɢɱɢɧɭ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɚ. ɋ ɩɨɦɨɳɶɸ ɤɨɧɮɨɤɚɥɶɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Plu Neox ɩɪɨɜɟɥɢ ɨɰɟɧɤɭ 
ɝɥɭɛɢɧɵ ɩɢɬɬɢɧɝɨɜ ɧɚ ɨɛɪɚɡɰɚɯ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɩɢɬɬɢɧɝɨɜ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɧɚ ɜɧɟɲɧɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɚɯ ɜ 
ɫɬɪɭɤɬɭɪɟ ɋɂȺɅ ɛɟɡ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ 720 ɱ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ, 
ɫɨɫɬɚɜɥɹɟɬ ɨɬ 20 ɞɨ γη ɦɤɦ (ɪɢɫ. 3).  

 

 
Ɋɢɫ. γ. γD-ɩɪɨɮɢɥɨɝɪɚɦɦɚ ɩɢɬɬɢɧɝɨɜɨɝɨ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɨɪɚɠɟɧɢɹ ɧɚ ɨɛɪɚɡɰɟ ɦɚɬɟɪɢɚɥɚ 

ɋɂȺɅ ɛɟɡ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 720 ɱ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, 

ɱɬɨ ɜ ɫɥɭɱɚɟ ɩɨɜɪɟɠɞɟɧɢɹ ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɨɣ ɡɚɳɢɬɵ ɞɨ ɚɧɨɞɧɨɣ ɩɥɟɧɤɢ ɜɪɟɦɹ 
ɩɨɹɜɥɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɧɚ ɨɛɪɚɡɰɚɯ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɫɨɫɬɚɜɢɬ ɦɟɧɟɟ 
720 ɱ.  

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɬɢɦɨɝɨ ɢ ɧɟɨɛɪɚɬɢɦɨɝɨ ɜɥɢɹɧɢɹ ɜɥɚɝɢ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɢɡ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɥɢɫɬɨɜ ɢɡ ɫɩɥɚɜɚ 1441 ɢ ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ. ɂɡɭɱɟɧɢɟ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 
ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɜɥɚɝɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɨɛɪɚɡɰɵ ɡɚɤɥɟɩɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɂɚɦɟɬɢɦ, 
ɱɬɨ ɜɥɢɹɧɢɟ ɜɥɚɝɢ ɧɚ ɚɥɸɦɢɧɢɟɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɩɨɫɤɨɥɶɤɭ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɛɟɡɯɥɨɪɢɞɧɵɯ ɫɪɟɞɚɯ 
(ɞɪɭɝɢɟ ɞɟɩɚɫɫɢɜɚɬɨɪɵ ɦɟɧɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ) ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ 
ɫɬɨɣɤɨɫɬɶ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɥɹ ɜɵɛɨɪɚ ɭɪɨɜɧɟɣ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɞɥɢɧɨɣ 100 ɦɦ ɢ ɲɢɪɢɧɨɣ ɨɬ 10 ɞɨ η0 ɦɦ, ɜɵɪɟɡɚɧɧɵɯ ɜ 
ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ 
Climats Excal. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɛɪɚɡɰɨɜ ɲɢɪɢɧɨɣ 10 ɢ 2η ɦɦ ɧɚɛɥɸɞɚɥɨɫɶ ɪɚɡɥɢɱɢɟ 
ɦɟɠɞɭ ɩɪɢɪɨɫɬɨɦ ɦɚɫɫɵ ɩɪɢ ɜɵɪɟɡɤɟ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯμ  
ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɚɯ ɨɛɪɚɡɰɵ, ɜɵɪɟɡɚɧɧɵɟ ɜ ɩɨɩɟɪɟɱɧɨɦ 
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ɧɚɩɪɚɜɥɟɧɢɢ, ɧɚɛɢɪɚɥɢ ɛɨɥɶɲɟ ɜɥɚɝɢ (ɪɢɫ. 4). Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɲɢɪɢɧɨɣ η0 ɦɦ 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɪɢɪɨɫɬ ɦɚɫɫɵ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, ɩɨɫɤɨɥɶɤɭ ɜɥɚɝɚ ɦɨɠɟɬ ɩɪɨɧɢɤɚɬɶ 
ɬɨɥɶɤɨ ɱɟɪɟɡ ɬɨɪɰɵ ɨɛɪɚɡɰɨɜ ɢ ɷɮɮɟɤɬ ɨɪɢɟɧɬɚɰɢɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɜɵɪɟɡɤɟ 
ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥ. Ⱦɥɹ ɩɹɬɢɫɥɨɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɧɚɛɥɸɞɚɥɢɫɶ ɚɧɚɥɨɝɢɱɧɵɟ 
ɷɮɮɟɤɬɵ. 

 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ        ɫɭɬ,t
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ɇɚɩɪɚɜɥɟɧɢɟ 
ɜɵɪɟɡɤɢ

 
Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɩɪɢɪɨɫɬɚ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɬɪɟɯɫɥɨɣɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ  

ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ 
 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɬɢɦɨɝɨ ɢ ɧɟɨɛɪɚɬɢɦɨɝɨ ɜɥɢɹɧɢɹ ɜɥɚɝɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ 1441 ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɨɛɪɚɡɰɵ ɜ ɜɢɞɟ ɥɨɩɚɬɨɤ ɪɚɡɦɟɪɨɦ 2η×240 ɦɦ ɢ ɨɛɪɚɡɰɵ-ɫɜɢɞɟɬɟɥɢ ɜ ɜɢɞɟ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ ɪɚɡɦɟɪɨɦ 100×10 ɦɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɬɪɟɯɫɥɨɣɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɋɂȺɅ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼɵɛɨɪ ɩɨɩɟɪɟɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɨɛɭɫɥɨɜ-
ɥɟɧ ɬɟɦ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɥɚɝɨɧɚɫɵɳɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɛɪɚɡɰɨɜ ɋɂȺɅ ɞɜɭɯ ɫɬɪɭɤɬɭɪ ɜ 
ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɨɛɪɚɬɢɦɨɝɨ ɢ ɧɟɨɛɪɚɬɢɦɨɝɨ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɩɪɢɜɟɞɟ-
ɧɵ ɜ ɬɚɛɥ. 1 ɢ 2. 

 
Ɍаɛɥɢɰа 1 

Ɋɟɡɭɥьɬɚɬɵ иɫɫɥɟɞɨвɚɧия ɦɟɯɚɧичɟɫɤиɯ ɫвɨɣɫɬв 
ɩɪи ɪɚɫɬяɠɟɧии ɨɛɪɚɡɰɨв ɋИȺɅ ɩяɬиɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ 

в иɫɯɨɞɧɨɦ ɫɨɫɬɨяɧии и ɩɨɫɥɟ ɨɛɪɚɬиɦɨɝɨ и ɧɟɨɛɪɚɬиɦɨɝɨ вɥɚɝɨɧɚɫɵɳɟɧия 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ* 

ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

ɩɪɢ ɭɪɨɜɧɟ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɪɢɪɨɫɬɭ ɦɚɫɫɵ, % 
0,06 0,065 

ɛɟɡ ɫɭɲɤɢ ɩɨɫɥɟ ɫɭɲɤɢ ɛɟɡ ɫɭɲɤɢ ɩɨɫɥɟ ɫɭɲɤɢ 

ıɜ, Ɇɉɚ 640–650 
650 

630–630 
630 

620–630 
630 

630–630 
630 

625–630 
630 

ı0,2, Ɇɉɚ 310–315 
315 

310–310 
310 

310–315 
315 

310–315 
315 

310–310 
310 

į, % 
2,9–3,1 

3,0 
3,0–3,1 

3,05 
2,9–3,0 

3,95 
3,0–3,1 

3,0 
2,9–3,0 

3,95 
* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 
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ȼɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ 
ɋɂȺɅ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɨɛɪɚɡɰɚɯ ɞɜɭɯ ɫɬɪɭɤɬɭɪ, ɩɨɫɥɟ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ ɤɚɤ  
ɨɛɪɚɬɢɦɨɝɨ, ɬɚɤ ɢ ɧɟɨɛɪɚɬɢɦɨɝɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ. ȼɟɪɨɹɬɧɨ, 
ɜɥɚɝɨɧɚɫɵɳɟɧɢɟ ɋɂȺɅ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ 
ɫɜɨɣɫɬɜɚ, ɚ ɨɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɛɭɞɭɬ ɨɤɚɡɵɜɚɬɶ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ 
ɨɫɧɨɜɧɚɹ ɩɥɨɳɚɞɶ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɡɚɳɢɳɟɧɚ ɚɥɸɦɢɧɢɟɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ. ɗɬɨ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д21Ж, ɜ ɤɨɬɨɪɨɣ 
ɡɚɪɭɛɟɠɧɵɦɢ ɭɱɟɧɵɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɞɟɪɠɤɚ ɨɛɪɚɡɰɨɜ ɜ ɬɟɱɟɧɢɟ θ ɧɟɞɟɥɶ ɩɪɢ 
ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ κ0 °ɋ ɢ ɜɥɚɠɧɨɫɬɢ λ0 % RH ɧɟ ɨɤɚɡɚɥɚ ɜɥɢɹɧɢɹ ɧɚ 
ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɫɥɨɢɫɬɨɝɨ ɚɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ GLARE ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ ɢ ɫɠɚɬɢɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɋɂȺɅ ɜ ɩɪɨɰɟɫɫɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɩɨ ɭɫɬɚɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ.  
 

Ɍаɛɥɢɰа 2 
Ɋɟɡɭɥьɬɚɬɵ иɫɫɥɟɞɨвɚɧия ɦɟɯɚɧичɟɫɤиɯ ɫвɨɣɫɬв 

ɩɪи ɪɚɫɬяɠɟɧии ɨɛɪɚɡɰɨв ɋИȺɅ ɬɪɟɯɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ 
в иɫɯɨɞɧɨɦ ɫɨɫɬɨяɧии и ɩɨɫɥɟ ɨɛɪɚɬиɦɨɝɨ и ɧɟɨɛɪɚɬиɦɨɝɨ вɥɚɝɨɧɚɫɵɳɟɧия 

ɋɜɨɣɫɬɜɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ* 

ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

ɩɪɢ ɭɪɨɜɧɟ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɪɢɪɨɫɬɭ ɦɚɫɫɵ, % 
0,06 0,065 

ɛɟɡ ɫɭɲɤɢ ɩɨɫɥɟ ɫɭɲɤɢ ɛɟɡ ɫɭɲɤɢ ɩɨɫɥɟ ɫɭɲɤɢ 

ıɜ, Ɇɉɚ 750–760 
760 

740–760 
750 

735–745 
740 

730–740 
740 

740–750 
750 

ı0,2, Ɇɉɚ 310–320 
315 

320–325 
325 

315–320 
315 

315–320 
315 

315–320 
320 

į, % 
2,7–2,9 

2,8 
2,7–2,8 

2,75 
2,6–2,7 

2,7 
2,7–2,7 

2,7 
2,7–2,8 

2,75 
* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 
 

ɉɪɨɜɟɥɢ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 
γ0, θ0 ɢ λ0 ɫɭɬ (ɪɢɫ. η) ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɢ θ0 ɫɭɬ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ ɧɚ 
ɭɫɬɚɥɨɫɬɧɭɸ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɡɚɤɥɟɩɨɱɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ (ɪɢɫ. 6). 

 

Ⱥ–Ⱥ

Ⱥ

Ⱥ

ɛ)а) ɝ)ɜ)

 
Ɋɢɫ. η. ɏɚɪɚɤɬɟɪɧɵɣ ɜɢɞ ɨɛɪɚɡɰɨɜ ɡɚɤɥɟɩɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɛɟɡ 

ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ λ0 ɫɭɬ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚμ а, ɛ – ɜɧɟɲɧɢɣ ɜɢɞ 
ɨɛɪɚɡɰɨɜν ɜ, ɝ – ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ ɜɧɟɲɧɟɝɨ ɥɢɫɬɚ ɜ ɦɚɬɟɪɢɚɥɟ ɋɂȺɅ 
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ɂɫɩɵɬɚɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɡɚɤɥɟɩɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥ-
ɥɨɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɩɪɨɜɟɥɢ ɩɪɢ ɜɟɥɢɱɢɧɟ ɦɚɤɫɢ-
ɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, ɪɚɜɧɨɣ 12,γη ɤɇ – ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɩɹɬɢɫɥɨɣɧɨɝɨ ɋɂȺɅ ɢ λ,η0 ɤɇ – 
ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɬɪɟɯɫɥɨɣɧɨɝɨ ɋɂȺɅ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. 

 
ɛ)а) ɜ)

 
Ɋɢɫ. θ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ 

ɡɚɤɥɟɩɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅμ а – ɨɛɪɚɡɟɰ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɢɫɩɵɬɚɬɟɥɶɧɭɸ 
ɦɚɲɢɧɭν ɛ, ɜ – ɜɢɞ ɨɛɪɚɡɰɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 
Ɍаɛɥɢɰа 3 

Ɋɟɡɭɥьɬɚɬɵ иɫɩɵɬɚɧиɣ ɧɚ ɦɚɥɨɰиɤɥɨвɭɸ ɭɫɬɚɥɨɫɬь ɤɨɧɫɬɪɭɤɬивɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨв 
ɩɨɫɥɟ ɩɪɟɞвɚɪиɬɟɥьɧɨɣ вɵɞɟɪɠɤи в ɚɝɪɟɫɫивɧɵɯ ɫɪɟɞɚɯ 

Ɍɢɩ ɨɛɪɚɡɰɚ ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɨɡɢɰɢɢ 
ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ, ɫɭɬ 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɥɨɫɬɧɨɣ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ N, ɰɢɤɥ 

ɂɡɦɟɧɟɧɢɟ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ, % 

Ɉɛɪɚɡɟɰ ɢɡ 
ɬɪɟɯɫɥɨɣɧɨɝɨ 

ɋɂȺɅ 

30 59950 24,7 
60 37780 52,5 
90 35203 55,8 

60* 67930 14,6 

Ɉɛɪɚɡɟɰ ɢɡ 
ɩɹɬɢɫɥɨɣɧɨɝɨ 

ɋɂȺɅ 

30 66083 21,2 
60 57543 31,4 
90 48320 42,4 

60* 74720 10,9 
* ȼ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ. 

 
ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɜ ɬɟɱɟɧɢɟ λ0 ɫɭɬ ɢɡɦɟɧɟɧɢɟ 

ɭɫɬɚɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɞɥɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɬɪɟɯɫɥɨɣɧɨɝɨ 
ɋɂȺɅ ɫɨɫɬɚɜɢɥɨ ηη,κ % ɨɬ ɢɫɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ ɩɪɢ ɭɫɬɚɥɨɫɬɧɨɣ ɧɚɝɪɭɡɤɟ λ,η0 ɤɇ, ɞɥɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɩɹɬɢɫɥɨɣɧɨɝɨ ɋɂȺɅμ 42,4 % ɨɬ ɢɫɯɨɞɧɨɣ 
ɜɟɥɢɱɢɧɵ ɩɪɢ  ɭɫɬɚɥɨɫɬɧɨɣ ɧɚɝɪɭɡɤɟ 12,γη ɤɇ.  

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ 
ɭɫɤɨɪɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɚɧɚɥɢɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɪɨɬɢɜɨɤɨɪɪɨɡɢɨɧɧɨɣ 
ɡɚɳɢɬɵ ɫɥɨɢɫɬɵɯ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɛɭɞɭɬ ɦɚɥɨɢɧɮɨɪɦɚɬɢɜɧɵ, ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ 
ɜɨɡɞɟɣɫɬɜɢɣ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɟ ɨɛɪɚɡɰɵ 
ɫ ɫɢɫɬɟɦɨɣ ɡɚɳɢɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɢ 
ɢɫɫɥɟɞɨɜɚɬɶ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɩɨ ɢɡɦɟɧɟɧɢɸ 
ɭɫɬɚɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɩɪɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɛɪɚɡɭɟɬɫɹ ɫɥɨɣ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ, 
ɤɨɬɨɪɵɣ ɭɦɟɧɶɲɚɟɬ ɞɨɫɬɭɩ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɚɤɬɢɜɧɨɣ ɫɪɟɞɵ, ɚ ɫɨ ɜɪɟɦɟɧɟɦ 
ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɫɤɥɸɱɚɟɬ ɤɨɧɬɚɤɬ ɫ ɧɟɣ. 
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Ɂɚɤɥɸчɟɧия 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɧɚ ɪɚɡɜɢɬɢɟ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɜɵɞɟɪɠɤɟ γγθ ɱ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ 
ɧɚ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɫɥɨɢɫɬɨɝɨ ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɋɂȺɅ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 
ɫ ɧɚɧɟɫɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɡɚɳɢɬɵ, ɨɬɫɭɬɫɬɜɭɸɬ. ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ 720 ɱ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ 
ɬɭɦɚɧɚ ɧɚ ɨɛɪɚɡɰɚɯ ɫ ɧɚɧɟɫɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɡɚɳɢɬɵ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ 
ɨɬɫɭɬɫɬɜɭɸɬ, ɧɚ ɨɛɪɚɡɰɚɯ ɋɂȺɅ ɛɟɡ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɟɞɢɧɢɱɧɵɟ 
ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ ɜɧɟɲɧɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɨɜ – ɩɢɬɬɢɧɝɢ. 

Ɇɧɨɝɨɫɥɨɣɧɚɹ ɫɬɪɭɤɬɭɪɚ ɚɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ 
ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɪɚɠɟɧɢɣ ɜ ɫɥɨɹɯ ɩɨ ɬɨɥɳɢɧɟ ɨɛɪɚɡɰɚ. Ʉɨɪɪɨɡɢɨɧɧɵɟ ɩɨɪɚɠɟɧɢɹ 
ɜɨɡɧɢɤɚɸɬ ɬɨɥɶɤɨ ɧɚ ɜɧɟɲɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɨɜ ɜ ɫɥɭɱɚɟ ɧɚɪɭɲɟɧɢɣ 
ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɣ ɡɚɳɢɬɵ. ȼɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɣ ɡɚɳɢɬɵ ɢ 
ɝɟɪɦɟɬɢɡɚɰɢɹ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɡɨɧ ɭɫɬɚɧɨɜɤɢ ɤɪɟɩɟɠɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɥɸɦɨɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɩɪɢ ɥɸɛɵɯ ɭɫɥɨɜɢɹɯ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɥɚɝɚ ɩɪɨɧɢɤɚɟɬ ɜ ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ ɋɂȺɅ ɬɨɥɶɤɨ ɱɟɪɟɡ ɬɨɪɰɵ 
ɨɛɪɚɡɰɚ, ɬɚɤ ɤɚɤ ɟɝɨ ɩɥɨɫɤɨɫɬɶ ɩɨɤɪɵɬɚ ɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɞɥɹ ɦɨɥɟɤɭɥ ɜɨɞɵ 
ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɥɢɫɬɚɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɫɥɟ ɜɥɚɝɨɧɚɫɵɳɟɧɢɹ (ɤɚɤ ɨɛɪɚɬɢɦɨɝɨ, 
ɬɚɤ ɢ ɧɟɨɛɪɚɬɢɦɨɝɨ) ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ 
ɋɂȺɅ ɬɪɟɯɫɥɨɣɧɨɣ ɢ ɩɹɬɢɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɨɡɞɟɣɫɬɜɢɣ ɚɝɪɟɫɫɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɩɪɢ 
ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ, ɢɦɢɬɢɪɭɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɟ ɬɪɨɩɢɱɟɫɤɨɝɨ 
ɤɥɢɦɚɬɚ, ɜɤɥɸɱɚɹ ɦɨɪɫɤɨɣ ɬɭɦɚɧ, ɧɚ ɭɫɬɚɥɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɫɥɨɢɫɬɨɝɨ 
ɦɟɬɚɥɥɨɫɬɟɤɥɨɩɥɚɫɬɢɤɚ (ɫ ɫɢɫɬɟɦɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɡɚɳɢɬɵ ɢ ɛɟɡ ɧɟɟ) ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɦɚɥɨɰɢɤɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ γ0, θ0 ɢ λ0 ɫɭɬ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ 
ɬɭɦɚɧɚ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɦɟɪɟ ɫɨɥɟɜɨɝɨ ɬɭɦɚɧɚ ɜ ɬɟɱɟɧɢɟ λ0 ɫɭɬ 
ɭɫɬɚɥɨɫɬɧɚɹ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɞɥɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɬɪɟɯɫɥɨɣɧɨɝɨ 
ɋɂȺɅ ɫɨɫɬɚɜɢɥɚ ηη,κ % ɨɬ ɢɫɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ ɩɪɢ ɭɫɬɚɥɨɫɬɧɨɣ ɧɚɝɪɭɡɤɟ λ,η0 ɤɇ, ɞɥɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɩɨɞɨɛɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɩɹɬɢɫɥɨɣɧɨɝɨ ɋɂȺɅμ 42,4 % ɨɬ ɢɫɯɨɞɧɨɣ 
ɜɟɥɢɱɢɧɵ ɩɪɢ ɭɫɬɚɥɨɫɬɧɨɣ ɧɚɝɪɭɡɤɟ 12,γη ɤɇ.  

ɉɪɢ ɭɫɥɨɜɢɢ ɧɚɞɟɠɧɨɣ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɨɣ ɡɚɳɢɬɵ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ 
ɢɡ ɋɂȺɅ ɩɨ ɩɟɪɢɦɟɬɪɭ ɢ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɤɪɟɩɟɠ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ ɤɨɪɪɨɡɢɨɧɧɚɹ 
ɫɬɨɣɤɨɫɬɶ. ɋɩɨɫɨɛɨɦ ɡɚɳɢɬɵ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɧɚɧɟɫɟɧɢɟ ɝɪɭɧɬɨɜ, ɷɦɚɥɟɣ, ɝɟɪ-
ɦɟɬɢɤɨɜ ɩɨ ɫɯɟɦɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. 
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ɉɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɛɪаɡɰɨɜ аɜɢаɰɢɨɧɧɨɣ ɢ ɪаɤɟɬɧɨ-ɤɨɫɦɢчɟɫɤɨɣ 
ɬɟɯɧɢɤɢ, ɩɪɢ ɷɤɫɩɥɭаɬаɰɢɢ ɤɨɬɨɪɵɯ ɬɟɦɩɟɪаɬɭɪа ɧа ɩɨɜɟɪɯɧɨɫɬɢ ɦаɬɟɪɢаɥа ɦɨɠɟɬ 
ɩɪɟɜɵɲаɬь ɬɟɦɩɟɪаɬɭɪɭ ɞɟɫɬɪɭɤɰɢɢ, ɜаɠɧɨ ɢɦɟɬь ɩɪɟɞɫɬаɜɥɟɧɢɟ ɨ ɡɧачɟɧɢɹɯ ɬɟɩɥɨɮɢ-
ɡɢчɟɫɤɢɯ ɫɜɨɣɫɬɜ. В ɞаɧɧɨɣ ɫɬаɬьɟ ɩɪɢɜɟɞɟɧɵ ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɫɬɟɤɥɨɩɥаɫɬɢɤа 
ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɜɵɠɢɝаɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜ ɦɭɮɟɥьɧɨɣ ɩɟчɢ. ɍɫɬаɧɨɜɥɟɧɵ 
ɬɟɦɩɟɪаɬɭɪɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ, ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɦɩɟɪаɬɭɪɨɩɪɨɜɨɞ-
ɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɢɡɦɟɪɟɧа ɩɥɨɬɧɨɫɬь, а ɬаɤɠɟ ɩɪɨɜɟɞɟɧ ɬɟɪɦɨɝɪаɜɢɦɟɬɪɢчɟ-
ɫɤɢɣ аɧаɥɢɡ. ɋ ɩɨɦɨɳьɸ ɫɬɟɪɟɨɦɢɤɪɨɫɤɨɩа ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ  
ɛɨɤɨɜɨɝɨ ɫɪɟɡа ɨɛɪаɡɰɨɜ ɢ ɭɫɬаɧɨɜɥɟɧа ɟɟ ɷɜɨɥɸɰɢɹ ɩɪɢ ɜɵɠɢɝаɧɢɢ ɫɜɹɡɭɸɳɟɝɨ. 

Ключевые слова: аɛɥɹɰɢɹ, ɬɟɩɥɨɜаɹ ɡаɳɢɬа, ɫɬɟɤɥɨɩɥаɫɬɢɤ, ɬɟɩɥɨɮɢɡɢчɟɫɤɢɟ  
ɯаɪаɤɬɟɪɢɫɬɢɤɢ, ɞɟɫɬɪɭɤɰɢɹ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬь, ɬɟɩɥɨɟɦɤɨɫɬь. 

 
D.Ya. Barinov1, S.Yu. Shorstov1, M.G. Razmahov1, A.I. Gulyaev1 
 
EXAMINATION  OF  THERMOPHYSICAL  
CHARACTERISTICS  OF  A  HEAT-PROTECTIVE  MATERIAL   
BASED  ON  FIBERGLASS  DURING  DESTRUCTION 
 

When designing advanced samples of aviation and rocket and space technology, during the 
operation of which the temperature on the surface of the material can exceed the temperature of 
destruction, it is important to have an understanding of the values of thermophysical properties. 
The work investigates the thermophysical properties of fiberglass in the initial state and after 
the binder is burned out in a muffle furnace. The temperature dependences of thermal effects, 
heat capacity, thermal diffusivity and thermal conductivity were determined, density was meas-
ured, and thermogravimetric analysis was carried out. Using a stereomicroscope, the micro-
structure of the lateral cut of the samples was examined and its evolution was determined  
during the burning of the binder. 

Keywords: ablation, thermal protection, fiberglass, thermophysical characteristics, destruc-
tion, thermal conductivity, heat capacity. 
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ȼвɟɞɟɧиɟ 

Ɍɟɩɥɨɡɚɳɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɩɨɥɢɦɟɪɧɨɣ ɨɫɧɨɜɟ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɩɪɢ ɡɚɳɢɬɟ ɤɨɧɫɬɪɭɤɰɢɢ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɨɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɚɡɨɜɨɝɨ ɩɨ-
ɬɨɤɚ Д1Ж. Ɍɚɤɢɟ ɭɫɥɨɜɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɷɥɟɦɟɧɬɚɯ ɝɨɥɨɜɧɵɯ ɨɛɬɟɤɚɬɟɥɟɣ ɪɚɤɟɬ ɩɪɢ ɢɯ ɜɵ-
ɜɨɞɟ ɧɚ ɨɪɛɢɬɭ ɜɨ ɜɪɟɦɹ ɩɨɥɟɬɚ ɜ ɚɬɦɨɫɮɟɪɟ, ɜ ɥɨɛɨɜɨɦ ɳɢɬɟ ɫɩɭɫɤɚɟɦɵɯ ɚɩɩɚɪɚɬɨɜ 
ɩɪɢ ɫɩɭɫɤɟ ɫ ɨɪɛɢɬɵ ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɬɨɪɦɨɠɟɧɢɢ ɜ ɚɬɦɨɫɮɟɪɟ, ɚ ɬɚɤɠɟ ɧɚ ɷɥɟɦɟɧ-
ɬɚɯ ɤɨɪɩɭɫɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɫɚɦɨɥɟɬɨɜ Д2, γЖ. Ɍɟɩɥɨɡɚɳɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɬɚɤɨɝɨ 
ɤɥɚɫɫɚ ɹɜɥɹɸɬɫɹ ɞɟɫɬɪɭɤɬɢɪɭɸɳɢɦɢ, ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɨɝɥɨɳɚɟɬɫɹ  



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

92                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021 

 

ɜ ɯɨɞɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɧɚɛɟɝɚɸɳɢɦ ɩɨɬɨɤɨɦ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɢɦɟɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɨɤɫɨɜɚɧɢɸ ɢ ɩɢɪɨɥɢɡɭ, ɨɛɪɚɡɭɹ 
ɩɨɪɢɫɬɵɣ ɤɚɪɤɚɫ ɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɣ Д4Ж. 

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɫɬɪɭɤɬɢɪɭɸɳɢɯ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɟ ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɤɜɚɡɢɢɡɨɬɪɨɩɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ 
ɜɢɞɟ ɨɛɦɚɡɨɤ ɢ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɟɣ, ɜɨɥɨɤɨɧ ɢ ɫɨɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɬɞɟɥɶɧɨ 
ɫɥɟɞɭɟɬ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɟɣ, ɤɨɬɨɪɵɟ ɫɨɜɦɟɳɚɸɬ 
ɜ ɫɟɛɟ ɩɪɨɫɬɨɬɭ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɧɢɡɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɜɵɫɨɤɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ. 
Ɉɧɢ ɫɨɫɬɨɹɬ ɢɡ ɫɜɹɡɭɸɳɟɝɨ ɢ ɬɭɝɨɩɥɚɜɤɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ, ɩɪɢ ɞɟɫɬɪɭɤɰɢɢ ɨɛɪɚɡɭɸɳɟɝɨ 
ɩɪɨɱɧɵɣ ɤɚɪɤɚɫ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ ɞɟɫɬɪɭɤɰɢɢ ɦɚɬɟɪɢɚɥɚ,  
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɹ ɧɚɢɛɨɥɟɟ ɬɟɩɥɨɫɬɨɣɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɲɢɪɨɤɨɟ ɩɪɢ-
ɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɦɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫ-
ɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Дη–10Ж. ɇɟɪɟɞɤɨ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɞɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɫ ɰɟɥɶɸ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɢ ɦɚɫɫɨ-
ɜɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɤɚɤ ɫɚɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɢɡ ɧɟɝɨ ɢɡɞɟɥɢɣ. Ɍɚɤɨɣ 
ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɨɛɴɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɨɪɚɛɨɬɤɢ 
ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɟɝɨ ɪɚɡɪɚɛɨɬɤɟ, ɩɨɜɵɫɢɬɶ ɜɟɫɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢɡɞɟɥɢɹ ɢ ɟɝɨ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɗɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɟɞɟɬ ɤ ɫɨɤɪɚɳɟ-
ɧɢɸ ɫɬɨɢɦɨɫɬɢ ɢ ɫɪɨɤɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɜɧɟɞɪɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ 
ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɪɟɛɭɟɬ ɧɚɥɢɱɢɹ ɪɹɞɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɪɚɡ-
ɥɢɱɧɨɝɨ ɬɢɩɚμ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ, ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ, ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ ɢ ɦɧɨ-
ɝɢɟ ɞɪɭɝɢɟ Д11, 12Ж. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɞɧɢɦɢ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɸɬɫɹ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɋ ɰɟɥɶɸ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ, 
ɪɚɡɥɢɱɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɢ ɮɢɪɦɚɦɢ ɤɚɤ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ, ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ 
ɩɪɢɛɨɪɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ Д1γЖ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɧɨɝɢɟ 
ɢɡ ɧɢɯ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɞɟɫɬɪɭɤɰɢɢ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢ-
ɚɥɚ. ɗɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɢ ɷɬɨɦ ɜɧɨɫɢɬɫɹ ɧɟɤɨɬɨɪɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ ɧɚɛɨɪ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɢ ɢɡɞɟɥɢɣ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫ ɭɜɟɥɢɱɟɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɩɪɢ ɟɝɨ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 2.2. 
«Ʉɜɚɥɢɮɢɤɚɰɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д14Ж. 

 
Ɇɚɬɟɪиɚɥɵ и ɦɟɬɨɞɵ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧ ɞɜɭɯɦɟɪɧɨ-ɚɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚ ɨɫ-
ɧɨɜɟ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɜɵɛɪɚɧɚ ɪɚɜɧɨɩɪɨɱɧɚɹ ɫɬɟɤɥɹɧɧɚɹ ɬɤɚɧɶ ɫ 
ɭɤɥɚɞɤɨɣ ɧɢɬɟɣ 0°/λ0°, ɩɪɨɩɢɬɚɧɧɚɹ ɷɩɨɤɫɢɞɧɵɦ ɫɜɹɡɭɸɳɢɦ. ɂɡ ɭɤɚɡɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɚɜɬɨɤɥɚɜɧɵɦ ɦɟɬɨɞɨɦ ɢɡɝɨɬɨɜɥɟɧɚ ɩɥɚɫɬɢɧɚ ɢɡ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɬɨɥɳɢɧɨɣ γ ɦɦ. 

Ɇɚɬɟɪɢɚɥ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɞɜɭɯ ɫɨɫɬɨɹɧɢɹɯ – ɜ ɢɫɯɨɞɧɨɦ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹ-
ɡɭɸɳɟɝɨ. ȼɵɠɢɝɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɩɪɨɜɨɞɢɥɢ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ Nabertherm ɩɪɢ ɧɚɝɪɟɜɟ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ κ00 °ɋ ɧɚ ɜɨɡɞɭɯɟ ɩɨɫɥɟ ɪɚɡɪɟɡɤɢ ɩɥɚɫɬɢɧɵ ɧɚ ɨɛɪɚɡɰɵ. Ɍɚɤɚɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚ (ɧɚɪɹɞɭ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ η °ɋ/ɦɢɧ) ɜɵɛɪɚɧɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɠɢɝɚɧɢɹ ɫɜɹ-
ɡɭɸɳɟɝɨ, ɩɪɢ ɷɬɨɦ ɧɢɬɢ ɬɤɚɧɢ ɧɟ ɩɪɟɬɟɪɩɟɜɚɥɢ ɩɥɚɜɥɟɧɢɹ. Ʉɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ 
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ɜɤɥɸɱɚɥ ɢɡɭɱɟɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ (ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɟɦ-
ɤɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ) ɢ ɟɝɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤɚɤ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɩɨɫɥɟ 
ɜɵɠɢɝɚɧɢɹ. 

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɞɟɫɬɪɭɤɰɢɢ ɦɚɬɟɪɢɚɥɚ, ɦɚɫɫɨ-
ɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜ ɫɬɟɤɥɨɩɥɚɫɬɢɤɟ ɩɪɨɜɟɞɟɧ ɫɢɧɯɪɨɧɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ 
ɚɧɚɥɢɡ ɧɚ ɩɪɢɛɨɪɟ STA449F1 ɮɢɪɦɵ Netzsch Д1ηЖ. Ɇɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɝɪɟɜɟ ɨɛɪɚɡ-
ɰɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɬɟɪɢ ɦɚɫɫɵ ɢ ɬɟɩɥɨɜɵɯ 
ɷɮɮɟɤɬɨɜ. Ⱥɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɥɢɧɟɣɧɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɚ ɫɨ ɫɤɨɪɨɫɬɶɸ 20 °ɋ/ɦɢɧ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 1η00 °ɋ ɜ ɫɪɟɞɟ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɩɪɨɞɭɜɚɥɫɹ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɹɱɟɣ-
ɤɭ ɫɨ ɫɤɨɪɨɫɬɶɸ 70 ɦɥ/ɦɢɧ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɬɢɝɥɢ ɢɡ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɪɢ ɷɬɨɦ ɜ 
ɤɪɵɲɤɟ ɬɢɝɥɹ ɢɦɟɥɨɫɶ ɨɬɜɟɪɫɬɢɟ ɞɥɹ ɜɵɯɨɞɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɟɫɬɪɭɤɰɢɢ. Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɨɛɪɚɡɰɚ ɫ ɞɧɨɦ ɬɢɝɥɹ, ɚ ɬɚɤɠɟ ɟɝɨ ɡɚɳɢɬɵ, ɧɚ ɞɧɟ 
ɪɚɫɩɨɥɚɝɚɥɫɹ ɭɩɥɨɬɧɟɧɧɵɣ ɩɨɪɨɲɨɤ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɚɫɫɨɣ 10 ɦɝ. ɉɪɢ ɚɤɬɢɜɧɨɣ ɞɟ-
ɫɬɪɭɤɰɢɢ ɦɚɬɟɪɢɚɥɚ ɬɹɠɟɥɵɟ ɩɪɨɞɭɤɬɵ ɦɨɝɭɬ ɧɟ ɭɫɩɟɜɚɬɶ ɭɞɚɥɹɬɶɫɹ ɢɡ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɹɱɟɣɤɢ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɜɵɯɥɨɩɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɨɫɟɞɚɧɢɸ ɧɚ ɜɟɫɨɜɨɣ ɫɢɫɬɟɦɟ, 
ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɩɪɢɛɨɪɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɩɪɟɞɨɯɪɚɧɟɧɢɹ ɜɟɫɨɜ ɱɟɪɟɡ 
ɧɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɞɭɜɚɥɫɹ ɢɧɟɪɬɧɵɣ ɝɚɡ ɚɪɝɨɧ ɨɛɴɟɦɨɦ γ0 ɦɥ/ɦɢɧ. 

ɂɡɦɟɪɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɞɜɚ ɷɬɚɩɚ. ɋɧɚɱɚɥɚ ɦɟɬɨ-
ɞɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ) ɧɚ ɩɪɢɛɨɪɟ DSC204F1 
ɮɢɪɦɵ Netzsch ɨɩɪɟɞɟɥɹɥɢ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɨɬ ɨɛɪɚɡɰɨɜ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ 
ɩɪɢ ɥɢɧɟɣɧɨɦ ɧɚɝɪɟɜɟ ɫɨ ɫɤɨɪɨɫɬɶɸ η °ɋ/ɦɢɧ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
ɞɟɫɬɪɭɤɰɢɢ ɩɨ ɦɟɬɨɞɢɤɟ ɢɡ ȽɈɋɌ Ɋ ηθ7η4–201η Д1θЖ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɚɥɸɦɢɧɢ-
ɟɜɵɯ ɬɢɝɥɹɯ ɫ ɨɬɜɟɪɫɬɢɟɦ ɜ ɤɪɵɲɤɟ, ɩɪɢ ɷɬɨɦ ɧɚ ɢɯ ɞɧɟ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɭɩɥɨɬɧɟɧɧɚɹ 
ɩɪɨɫɥɨɣɤɚ ɢɡ ɩɨɪɨɲɤɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. Ɍɟɩɥɨɟɦɤɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɨɬɧɨɲɟ-
ɧɢɣ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɰɨɦ ɢɡ ɫɚɩɮɢɪɚ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɤɨɬɨɪɨɝɨ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɪɹɥɢ ɜ ɢɞɟɧɬɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. ȼɬɨɪɨɣ ɷɬɚɩ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ 
ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜ ɨɛɪɚɡɰɚɯ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɧɚ ɩɪɢɛɨɪɟ DSC404 ɮɢɪɦɵ 
Netzsch. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɥɢɧɟɣɧɨɦ ɧɚɝɪɟɜɟ (ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ) ɫɨ ɫɤɨɪɨɫɬɶɸ 
5 °ɋ/ɦɢɧ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ κη0 °ɋ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɟɬɫɹ ɩɥɚɜɥɟɧɢɟ ɫɬɟɤɥɹɧɧɨɝɨ 
ɧɚɩɨɥɧɢɬɟɥɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɦɟɬɨɞɨɦ ɨɬɧɨɲɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɚɧ-
ɞɚɪɬɧɵɣ ɨɛɪɚɡɟɰ ɢɡ ɤɨɪɭɧɞɚ. 

ɂɦɩɭɥɶɫɧɵɦ ɦɟɬɨɞɨɦ ɢɡɦɟɪɹɥɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚ ɩɪɢɛɨɪɟ LFA457 
ɮɢɪɦɵ Netzsch ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 20 ɞɨ κ00 °ɋ ɩɨ ɦɟɬɨɞɢɤɟ ASTM E1461 
[17, 1κЖ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɨɛɪɚɡɟɰ ɧɚɝɪɟɜɚɥɢ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ,  
ɚ ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɟɝɨ ɧɢɠɧɸɸ ɫɬɨɪɨɧɭ ɨɛɥɭɱɚɥɢ ɤɨɪɨɬ-
ɤɢɦ ɢɦɩɭɥɶɫɨɦ ɥɚɡɟɪɚ (ɞɥɢɬɟɥɶɧɨɫɬɶɸ з0,γ ɦɫ). ɋ ɩɨɦɨɳɶɸ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɞɚɬɱɢɤɚ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɪɢɛɨɪɚ, ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɧɚ ɜɟɪɯɧɟɣ ɫɬɨɪɨɧɟ ɨɛɪɚɡɰɚ ɨɬ ɜɪɟɦɟɧɢ. ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨ-
ɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɨɩɪɟɞɟɥɹɥɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɫɬɟɤɥɨɩɥɚɫɬɢɤ ɹɜɥɹɟɬɫɹ ɨɩɬɢɱɟɫɤɢ ɩɪɨɡɪɚɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɢɦɩɭɥɶɫɚ ɥɚɡɟɪɚ, 
ɩɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɧɢɹ ɬɪɟɛɭɟɦɵɯ ɨɩɬɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɧɚɧɨɫɹɬ ɝɪɚɮɢɬɨɜɵɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ η ɦɤɦ ɩɭɬɟɦ 
ɨɫɚɠɞɟɧɢɹ ɚɷɪɨɡɨɥɹ. Ɍɚɤɨɣ ɫɥɨɣ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɩɨɥɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɢɦɩɭɥɶ-
ɫɚ ɥɚɡɟɪɚ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ. 

ɉɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ  
ɩɨ ȽɈɋɌ 1η1γλ–θλ Д1λЖ. ȼ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ 
ɫɜɹɡɭɸɳɟɝɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɧɟ ɨɠɢɞɚɥɨɫɶ.  

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɪɚɫɱɟɬɧɵɦ ɦɟɬɨɞɨɦ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɚ-
ɬɵɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɜɢɫɢɦɨɫɬɢ 
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Ȝ = а · ɫp · ρ, 
ɝɞɟ а – ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɦ2/ɫν ɫɪ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ·Ʉ)ν ρ – ɩɥɨɬɧɨɫɬɶ, 
ɤɝ/ɦ3. 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɬɟɪɟɨɦɢɤɪɨɫɤɨɩɟ δОТМК M20ηA 

ɮɢɪɦɵ Leica Geosystems (ɒɜɟɣɰɚɪɢɹ), ɨɛɨɪɭɞɨɜɚɧɧɨɦ ɰɢɮɪɨɜɨɣ ɤɚɦɟɪɨɣ VEC-335 
(ɪɚɡɪɟɲɟɧɢɟ γ ɦɟɝɚɩɢɤɫɟɥɹ), ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɬ ×1κ,7 ɞɨ ×θ0. 

 
Ɋɟɡɭɥьɬɚɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɨɛɪɚɡɰɨɜ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɢ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫɜɹɡɭ-
ɸɳɟɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ κ00 °ɋ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ. ɂɫɫɥɟɞɨɜɚɥɢ ɩɨɬɟɪɸ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ 
(ɡɚɜɢɫɢɦɨɫɬɢ 1 ɢ 3 ɧɚ ɪɢɫ. 1) ɢ ɩɪɨɢɫɯɨɞɹɳɢɟ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ (ɡɚɜɢɫɢɦɨɫɬɢ 2 ɢ 4 ɧɚ 
ɪɢɫ. 1). Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɞɟɫɬɪɭɤɰɢɢ ɩɨɫɬɪɨɟɧɚ ɡɚ-
ɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɤɪɢɜɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
(ɡɚɜɢɫɢɦɨɫɬɶ 5 ɧɚ ɪɢɫ. 1). 
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Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɜ ɢɫɯɨɞɧɨɦ  
ɫɨɫɬɨɹɧɢɢ (1, 2, 5) ɢ ɩɨɫɥɟ ɨɬɠɢɝɚ (3, 4) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ (1, 3), ɞɢɮɮɟɪɟɧɰɢ-
ɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (2, 4) ɢ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɬ ɜɪɟɦɟɧɢ (5) 

 
ȼɢɞɧɨ, ɱɬɨ ɞɟɫɬɪɭɤɰɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2ηθ °ɋ, ɩɪɢ ɷɬɨɦ 

ɚɤɬɢɜɧɚɹ ɮɚɡɚ ɪɚɡɥɨɠɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ0κ °ɋ (ɡɚɜɢɫɢɦɨɫɬɶ 1). 
Ⱦɟɫɬɪɭɤɰɢɹ ɩɪɨɯɨɞɢɬ ɜ ɞɜɟ ɫɬɚɞɢɢ, ɩɟɪɜɚɹ ɢɡ ɤɨɬɨɪɵɯ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
424 °ɋ, ɚ ɜɬɨɪɚɹ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 71κ °ɋ. ɉɨɬɟɪɢ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɩɟɪɜɨɣ ɫɬɚɞɢɢ 
ɢ ɫɭɦɦɚɪɧɚɹ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 1θ ɢ γη %. 

Ⱦɥɹ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɩɨɞɝɨɬɨɜɥɟɧ ɨɛɪɚɡɟɰ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧɵ ɪɚɡɦɟɪɨɦ 
з(21×21×2,η) ɦɦ, ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɥɚ 2,1γ ɝ. ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɜ ɫɪɟɞɟ ɜɨɡ-
ɞɭɯɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ κ00 °ɋ ɧɚɛɥɸɞɚɥɚɫɶ ɥɢɧɟɣɧɚɹ ɭɫɚɞɤɚ ɜ ɩɥɨɫɤɨ-
ɫɬɢ ɩɥɚɫɬɢɧɵ – ɞɨ з(1η×1η) ɦɦ, ɩɪɢ ɷɬɨɦ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ з4,1 ɦɦ ɢɡ-ɡɚ 
ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɫɜɹɡɭɸɳɟɝɨ, ɝɚɡɢɮɢɤɚɰɢɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɪɢɫɬɨɝɨ 
ɤɚɪɤɚɫɚ. Ɇɚɫɫɚ ɩɥɚɫɬɢɧɵ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɫɨɫɬɚɜɢɥɚ 1,γκ ɝ. ɉɨɫɥɟ ɨɬɠɢɝɚ 
ɩɪɨɜɨɞɢɥɢ ɫɢɧɯɪɨɧɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ, ɩɪɢ ɷɬɨɦ ɩɨɬɟɪɢ ɦɚɫɫɵ ɧɟ 
ɧɚɛɥɸɞɚɥɨɫɶ (ɡɚɜɢɫɢɦɨɫɬɶ 3 ɧɚ ɪɢɫ. 1). ɉɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɨ-
ɩɥɚɫɬɢɤɚ ɞɨ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ, ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɨɫɬɚɜɥɹɸɬ 
1,λ1 ɢ 1,κ7 ɝ/ɫɦ3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɵɟ ɩɨ ɚɛ-
ɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɢ ɦɚɫɫɵ ɩɥɚɫɬɢɧɵ ɜɫɥɟɞɫɬɜɢɟ 
ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɦɚɬɟɪɢɚɥɚ ɜɟɞɭɬ ɤ ɫɯɨɠɢɦ ɡɧɚɱɟɧɢɹɦ ɩɥɨɬɧɨɫɬɢ. 
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ɋ ɩɨɦɨɳɶɸ ɫɬɟɪɟɨɦɢɤɪɨɫɤɨɩɚ ɩɪɨɜɨɞɢɥɢ ɢɡɭɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɛɨɤɨɜɨɝɨ 
ɫɪɟɡɚ ɨɛɪɚɡɰɨɜ, ɞɥɹ ɱɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ ɛɨɤɨɜɨɝɨ ɫɪɟɡɚ ɲɥɢɮɨɜɚɥɢ ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɨɣ. 
ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɫɬɪɭɤɬɭɪɵ ɛɨɤɨɜɨɝɨ ɫɪɟɡɚ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɨɩɥɚ-
ɫɬɢɤɚ ɞɨ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. ɂɫɯɨɞɧɚɹ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɥɚ 
2,54 ɦɦ, ɩɪɢ ɷɬɨɦ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ 
ɭɜɟɥɢɱɢɥɨɫɶ ɞɨ 4,θ ɦɦ. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜ ɦɚɬɟɪɢɚɥɟ 
ɨɛɪɚɡɨɜɚɥɚɫɶ ɩɨɪɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ, ɜ ɨɬɞɟɥɶɧɵɯ ɦɟɫɬɚɯ ɜɢɞɧɵ ɪɚɫɫɥɨɟɧɢɹ. ɉɥɟɬɟɧɢɟ 
ɫɬɟɤɥɹɧɧɨɣ ɬɤɚɧɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɭɬɚɧɨɟ ɢ ɧɟɨɞɧɨɪɨɞɧɨɟ, ɩɪɢ ɷɬɨɦ ɩɥɨɫɤɢɟ ɦɨɧɨ-
ɫɥɨɢ ɬɤɚɧɢ ɫɬɚɥɢ ɢɫɤɪɢɜɥɟɧɧɵɦɢ ɩɨ ɬɨɥɳɢɧɟ. ɗɬɨ ɨɛɴɹɫɧɹɟɬ ɧɚɛɥɸɞɚɸɳɭɸɫɹ ɥɢɧɟɣ-
ɧɭɸ ɭɫɚɞɤɭ ɦɚɬɟɪɢɚɥɚ. ɋɨɯɪɚɧɢɜɲɚɹɫɹ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɤɨɤɫɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɥɚɞɚɟɬ 
ɧɟɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɩɨɞɝɨɬɨɜɢɬɶ ɨɛɪɚɡɰɵ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 
ɛ)а)

 
Ɋɢɫ. 2. Ɇɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɛɨɤɨɜɨɝɨ ɫɪɟɡɚ ɨɛɪɚɡɰɚ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ (ɜ ɨɞɧɨɦ ɦɚɫɲɬɚɛɟ)  

ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (а) ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ (ɛ) 
 

ɇɚ ɪɢɫ. γ ɩɪɢɜɟɞɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ (ɡɚɜɢɫɢɦɨɫɬɢ 1 ɢ 2) 
ɢ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ (ɡɚɜɢɫɢɦɨɫɬɢ 3 ɢ 4) ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɞɨ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚ-
ɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɭ ɨɛɪɚɡɰɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ >1η0 °ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɫɬɟɤɥɨɜɚɧɢɹ (ɡɚɜɢɫɢɦɨɫɬɶ 3). ɉɪɢ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɚɯ ɧɟɜɨɡɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɪɟɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɡɚɦɟɧɢɥɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɨɣ ɩɭɬɟɦ ɢɫɤɥɸɱɟɧɢɹ 
ɡɧɚɱɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɯɨɞɚ ɫɬɟɤɥɨɜɚɧɢɹ (ɡɚɜɢɫɢɦɨɫɬɶ 1). ɍ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ 
ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ, ɱɬɨ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɟɦɤɨɫɬɶ (ɡɚɜɢɫɢɦɨɫɬɢ 2 ɢ 4). 
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Ɋɢɫ. γ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ (1, 2) ɢ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ (3, 4) ɨɛɪɚɡɰɨɜ  

ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (1, 3) ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ (2, 4) 
 
Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4. Ɇɨɠɧɨ  
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ɡɚɦɟɬɢɬɶ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɭɝɨɥ 
ɧɚɤɥɨɧɚ ɝɪɚɮɢɤɨɜ ɞɨ ɧɚɱɚɥɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɬɟɤɥɨɜɚɧɢɹ (ɡɚɜɢɫɢɦɨɫɬɢ 3 ɢ 4), ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɷɬɨɦ ɢɦɟɸɬ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɸɳɢɣ ɯɚɪɚɤɬɟɪ ɞɨ ɬɟɦ-
ɩɟɪɚɬɭɪɵ 1η0 °ɋ (ɡɚɜɢɫɢɦɨɫɬɢ 1 ɢ 2). ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɧɚɱɚɥɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨ-
ɞɚ ɫɬɟɤɥɨɜɚɧɢɹ (>(1η0–200) °ɋ) ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɫɧɢɠɚɸɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɱɚɥɨɦ ɩɟɪɟɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ.  
ɉɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜ ɦɚɬɟɪɢɚɥɟ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɪ, ɱɬɨ ɜɵ-
ɡɵɜɚɟɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >η00 °ɋ, ɩɪɢ 
ɷɬɨɦ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬɨɠɠɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɧɨɫɢɬ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚ-
ɸɳɢɣ ɯɚɪɚɤɬɟɪ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɤɪɢɜɢɡɧɨɣ (ɡɚɜɢɫɢɦɨɫɬɶ 2). 
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Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (1, 2) ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (3, 4)  

ɦɚɬɟɪɢɚɥɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (1, 3) ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ (2, 4) 
 

ɋɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨ- ɢ ɬɟɦɩɟɪɚɬɭɪɨ-
ɩɪɨɜɨɞɧɨɫɬɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ ɧɚɱɚ-
ɥɚ ɞɨ ɨɤɨɧɱɚɧɢɹ ɢɯ ɞɟɫɬɪɭɤɰɢɢ. ɗɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɧɟɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɢ ɧɟ ɩɨɡɜɨɥɹ-
ɟɬ ɩɨɥɭɱɢɬɶ ɟɞɢɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜɨ ɜɫɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɞɢɚɩɚɡɨɧɟ. Ɉɞɧɚɤɨ ɚɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚ ɪɢɫ. 4 ɢ ɢɯ ɷɤɫɬɪɚɩɨɥɹɰɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɬ 200 ɞɨ 400 °ɋ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɯɚɪɚɤɬɟɪɧɭɸ S-ɨɛɪɚɡɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɪɢ ɷɬɨɦ 
ɪɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɢɡ ɪɚɛɨɬɵ Д20Ж. 

 
Ɂɚɤɥɸчɟɧия 

ɂɡɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨ-
ɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. ɂɡɦɟɪɟɧɵ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤ-
ɬɵ, ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨ- ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢ-
ɱɟɫɤɢɣ ɚɧɚɥɢɡ. ȼɵɠɢɝɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɩɪɨɜɨɞɢɥɢ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ, ɩɪɢ ɷɬɨɦ ɭɫɬɚ-
ɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɬɟɪɹ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɟɬ γη %. 

ɋɯɨɠɢɟ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɨɛɴɟɦɚ ɢ ɦɚɫɫɵ ɩɪɢɜɨ-
ɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɞɟɫɬɪɭɤɰɢɢ ɩɨɱɬɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɢ ɫɨɫɬɚɜɥɹɟɬ 
1,λ1 ɢ 1,κ7 ɝ/ɫɦ3 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ >1η0 °ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɫɬɟɤɥɨɜɚɧɢɹ, ɱɬɨ ɜɢɞɧɨ 
ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ, ɬɟɩɥɨ- ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨ-
ɫɬɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɧɟ ɦɨɝɭɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɨɞɧɨɡɧɚɱɧɨ, ɩɨɷɬɨɦɭ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɚ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɞɨ ɢ ɩɨɫɥɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨ- ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢɦɟɸɬ ɯɚɪɚɤ-
ɬɟɪɧɵɣ S-ɨɛɪɚɡɧɵɣ ɜɢɞ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ >η00 °ɋ ɡɚɜɢɫɢɦɨɫɬɢ ɢɦɟɸɬ ɦɨɧɨɬɨɧɧɨ ɜɨɡ-
ɪɚɫɬɚɸɳɢɣ ɯɚɪɚɤɬɟɪ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɤɪɢɜɢɡɧɨɣ, ɱɬɨ ɜɵɡɜɚɧɨ ɪɚɞɢɚɰɢɨɧɧɵɦ ɬɟɩɥɨɩɟ-
ɪɟɧɨɫɨɦ ɜ ɩɨɪɢɫɬɨɦ ɤɚɪɤɚɫɟ, ɨɛɪɚɡɨɜɚɜɲɟɦɫɹ ɩɪɢ ɜɵɠɢɝɚɧɢɢ ɫɜɹɡɭɸɳɟɝɨ. 
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ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɤɥаɫɫɨɜ ɧɟɢɨɧɨɝɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-аɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ  

(ɉАВ), ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɨчɢɫɬɤɢ ɦɟɬаɥɥɢчɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɋаɫɫɦɨɬɪɟɧɵ ɬаɤɢɟ  
аɫɩɟɤɬɵ, ɤаɤ ɷɮɮɟɤɬɢɜɧɨɫɬь ɨчɢɫɬɤɢ ɦɟɬаɥɥɢчɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɷɤɨɬɨɤɫɢчɧɨɫɬь, 
ɛɢɨɪаɡɥаɝаɟɦɨɫɬь ɢ ɜɥɢɹɧɢɟ ɧа ɡɞɨɪɨɜьɟ чɟɥɨɜɟɤа. Ɉɩɪɟɞɟɥɟɧ ɧаɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ 
ɤɥаɫɫ ɉАВ – аɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɵ (АɉȽ) ɞɥɹ ɨчɢɫɬɤɢ ɦɟɬаɥɥɢчɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜ ɬɨɦ 
чɢɫɥɟ ɜ ɩɪɨɰɟɫɫɟ ɤаɩɢɥɥɹɪɧɨɝɨ ɤɨɧɬɪɨɥɹ. ɍɫɬаɧɨɜɥɟɧɨ, чɬɨ АɉȽ ɩɨɤаɡаɥɢ ɜɵɫɨɤɭɸ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬь ɩɪɢ ɭɞаɥɟɧɢɢ ɫ ɦɟɬаɥɥɢчɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞаɠɟ ɬаɤɢɯ ɡаɝɪɹɡɧɟɧɢɣ, ɤаɤ 
ɞɟɧаɬɭɪɢɪɨɜаɧɧɵɣ ɛɟɥɨɤ ɢ ɩɪɢɝɨɪɟɜɲɢɣ ɤɭɤɭɪɭɡɧɵɣ ɤɪаɯɦаɥ. Ɉɬɦɟчɟɧɨ ɬаɤɠɟ, чɬɨ 
АɉȽ ɨɛɥаɞаɸɬ ɧаɢɛɨɥьɲɟɣ ɷɦɭɥьɝɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬьɸ ɫɪɟɞɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɉАВ, 
чɬɨ ɷɮɮɟɤɬɢɜɧɨ ɜɥɢɹɟɬ ɧа ɫɧɢɠɟɧɢɟ ɪаɫɯɨɞа ɉАВ ɩɪɢ ɨчɢɫɬɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

Ключевые слова: ɧɟɪаɡɪɭɲаɸɳɢɣ ɤɨɧɬɪɨɥь, ɤаɩɢɥɥɹɪɧɵɣ ɤɨɧɬɪɨɥь, ɧɟɢɨɧɨɝɟɧɧɵɟ 
ɉАВ, ɷɤɨɬɨɤɫɢчɧɨɫɬь, ɛɢɨɪаɡɥаɝаɟɦɨɫɬь, ɨɯɪаɧа ɨɤɪɭɠаɸɳɢɣ ɫɪɟɞɵ. 
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REVISITING  THE  ECOTOXICITY  AND  EFFICIENCY  
OF  DIFFERENT  CLASSES  OF  INDUSTRIAL  NONIONIC  SURFACES  USED  
FOR  CLEANING  METAL  SURFACES  IN  THE  PROCESS  OF  CAPILLARY 
CONTROL  OF  DETAILS  OF  THE  AVIATION  TECHNOLOGY  (review) 

 
A review of modern classes of nonionic surfactants used for cleaning metal surfaces is car-

ried out. The following aspects are considered: efficiency of cleaning metal surfaces, ecotoxici-
ty, biodegradability, impact on human health. The most promising class of surfactants – alkyl 
polyglycosides (APG) – for cleaning metal surfaces, including in the process of capillary con-
trol, has been determined. It is noted that APGs have shown high efficiency in removing even 
such contaminants as denatured protein and burnt corn starch from metal surfaces. In addition, 
APGs have the highest emulsifying ability among industrial surfactants, which effectively affects 
the reduction in surfactant consumption when cleaning the surfaces. 

Keywords: non-destructive testing, capillary testing, nonionic surfactants, ecotoxicity,  
biodegradability, environmental protection. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
ɢɧɫɬɢɬɭɬ» ДFОНОrКХ SЭКЭО UЧТЭКrв EЧЭОrprТsО «AХХ-Russian Scientific-RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» 
ШП NКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО»Жν e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Ʉɚɩɢɥɥɹɪɧɚɹ ɞɟɮɟɤɬɨɫɤɨɩɢɹ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɦ ɢ ɫɚɦɵɦ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɵɦ ɦɟɬɨɞɨɦ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɥɹɬɶ ɩɨɜɟɪɯ-
ɧɨɫɬɧɵɟ ɞɟɮɟɤɬɵ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ ɪɚɫɤɪɵɬɢɹ 1 ɦɤɦ ɢ ɦɟɧɟɟ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ 
ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɬɨɱɧɨ ɮɢɤɫɢɪɭɟɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɞɟɮɟɤɬɚ, 
ɟɝɨ ɨɪɢɟɧɬɚɰɢɸ ɢ ɪɚɡɦɟɪɵ.  
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ȼɚɠɧɨɟ ɭɫɥɨɜɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɜɵɹɜɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɧɟɫɩɥɨɲɧɨɫɬɢ ɩɪɢ 
ɤɚɩɢɥɥɹɪɧɨɦ ɤɨɧɬɪɨɥɟ, – ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɩɟɧɟɬɪɚɧɬɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɞɟɮɟɤɬ ɜ ɤɨɥɢɱɟ-
ɫɬɜɟ, ɞɨɫɬɚɬɨɱɧɨɦ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢɧɞɢɤɚɬɨɪɧɨɝɨ ɪɢɫɭɧɤɚ. ɉɪɨɰɟɫɫ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ, ɠɢ-
ɪɨɜɵɯ ɩɥɟɧɨɤ, ɨɫɬɚɬɤɨɜ ɦɨɸɳɢɯ ɫɨɫɬɚɜɨɜ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɹɸɬ ɤɨɧɬɪɨɥɶ. 
Ɉɧɢ ɦɨɝɭɬ ɩɟɪɟɤɪɵɜɚɬɶ ɩɨɥɨɫɬɢ ɞɟɮɟɤɬɨɜ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɹɬɶ ɢɯ, ɫɧɢɠɚɬɶ ɫɦɚ-
ɱɢɜɚɟɦɨɫɬɶ ɩɟɧɟɬɪɚɧɬɨɦ ɦɚɬɟɪɢɚɥɚ ɢɡɞɟɥɢɹ, ɜɥɢɹɬɶ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɪɚɫɤɢ ɢɥɢ ɥɸ-
ɦɢɧɟɫɰɟɧɰɢɢ ɢɧɞɢɤɚɬɨɪɧɨɣ ɠɢɞɤɨɫɬɢ, ɨɛɪɚɡɨɜɵɜɚɬɶ ɨɤɪɚɲɢɜɚɟɦɵɣ ɢɥɢ ɥɸɦɢɧɟɫɰɟɧɬ-
ɧɵɣ ɮɨɧ ɧɚ ɢɡɞɟɥɢɢ ɢ ɜɵɡɵɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɥɨɠɧɵɯ ɢɧɞɢɤɚɬɨɪɧɵɯ ɪɢɫɭɧɤɨɜ Д1Ж.  

ɉɪɢ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɨɧɬɪɨɥɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɯɢɦɢɱɟɫɤɢɟ 
ɢɥɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ ɫɩɨɫɨɛɵ ɨɱɢɫɬɤɢ. Ɇɨɸɳɢɟ ɠɢɞɤɨɫɬɢ ɧɟ ɞɨɥɠɧɵ ɜɵɡɵɜɚɬɶ  
ɪɚɫɬɪɚɜɥɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɟɣ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɨɡɪɚɫɬɚɟɬ ɜɚɠɧɨɫɬɶ ɜɵɛɨɪɚ ɯɢɦɢ-
ɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɛɟɡɨɩɚɫɧɵɯ ɩɪɢ ɨɱɢɫɬɤɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ, ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д2–θЖ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɚɩɢɥɥɹɪ-
ɧɵɣ ɤɨɧɬɪɨɥɶ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ Д7Ж. 

Ɉɬɪɚɫɥɟɜɵɦ ɞɨɤɭɦɟɧɬɨɦ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɦ ɩɨɪɹɞɨɤ ɩɪɨɜɟɞɟɧɢɹ ɤɚɩɢɥɥɹɪɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ, ɞɥɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɛɟɧɡɢɧɨɦ, ɚ ɡɚɬɟɦ ɚɰɟɬɨɧɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɥɨɫɹɧɵɯ ɳɟɬɨɤ ɢɥɢ 
ɫɟɪɢɣɧɵɯ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɚɧɧ. ɉɪɟɞɥɚɝɚɟɦɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɶ ɩɪɢ ɤɚɩɢɥɥɹɪɧɨɦ ɤɨɧɬɪɨɥɟ, ɨɞɧɚɤɨ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɨɤɫɢɱɧɨɫɬɢ 
ɢ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɭ-
ɫɦɨɬɪɟɧɚ ɡɚɦɟɧɚ ɭɤɚɡɚɧɧɵɯ ɦɨɸɳɢɯ ɫɪɟɞɫɬɜ ɧɚ ɬɟɯɧɢɱɟɫɤɢɟ ɦɨɸɳɢɟ ɫɪɟɞɫɬɜɚ, ɬɚɤɢɟ 
ɤɚɤ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɧɟɢɨɧɨɝɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ɇɉȺȼ) – ɧɟɨɧɨ-
ɥɨɜ (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɚɥɤɢɥɮɟɧɨɥɵ) ɦɚɪɨɤ ȺɎλ-10 ɢɥɢ ȺɎλ-12, ɦɚɪɤɢ «ȼɟɪɬɨɥɢɧɚ» 
ɢɥɢ ɫɨɟɞɢɧɟɧɢɣ ɦɚɪɨɤ Ɉɉ-7 ɢ Ɉɉ-10 (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɚɥɤɢɥɮɟɧɨɥɵ), ɚ ɬɚɤɠɟ ɫɢɧ-
ɬɚɧɨɥɚ ȺɅɆ-10 (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɠɢɪɧɵɟ ɫɩɢɪɬɵ) (ɪɢɫ. 1).  
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɚɥɤɢɥɮɟɧɨɥɚ RC6H4O(CH2CH2O)nH (а) ɢ 

ɠɢɪɧɨɝɨ ɫɩɢɪɬɚ RO(CH2CH2O)nH (ɛ) (ɝɞɟ R – ɚɥɤɢɥɶɧɵɣ ɪɚɞɢɤɚɥν n – ɫɬɟɩɟɧɶ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɢɹ) 
 

ɗɤɨɬɨɤɫичɧɨɫɬь ɧɟиɨɧɨɝɟɧɧɵɯ ɩɨвɟɪɯɧɨɫɬɧɨ-ɚɤɬивɧɵɯ вɟɳɟɫɬв 

ɇɟɢɨɧɨɝɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ – ɨɫɧɨɜɧɨɣ ɤɥɚɫɫ  ɩɨɜɟɪɯɧɨɫɬ-
ɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ɉȺȼ), ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 
ɫɩɢɪɬɨɜ, ɚɥɤɢɥɮɟɧɨɥɨɜ, ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬ ɜ 
ɤɚɱɟɫɬɜɟ ɦɨɸɳɢɯ ɚɝɟɧɬɨɜ, ɷɦɭɥɶɝɚɬɨɪɨɜ ɢ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ. Ⱦɚɧɧɵɟ  
ɤɥɚɫɫɵ ɉȺȼ ɧɟ ɜɵɡɵɜɚɸɬ ɤɨɪɪɨɡɢɢ ДκЖ. Ɉɞɧɚɤɨ ɇɉȺȼ ɡɚɬɪɭɞɧɹɸɬ ɩɪɨɰɟɫɫɵ ɛɢɨɥɨɝɢ-
ɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɟ 
ɫɬɨɱɧɵɯ ɜɨɞ. ȼ ɢɬɨɝɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟ-
ɫɬɜɚ ɜɨɞɵ. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɜɨɞɨɟɦ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɇɉȺȼ ɢɡ-ɡɚ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɫɨɥɸɛɢ-
ɥɢɡɚɰɢɢ ɢ ɷɦɭɥɶɝɢɪɨɜɚɧɢɸ ɧɚɧɨɫɹɬ ɜɪɟɞ ɠɢɜɵɦ ɨɪɝɚɧɢɡɦɚɦ. Ɇɚɫɲɬɚɛɵ ɡɚɝɪɹɡɧɟɧɢɹ 
ɷɬɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɬɨɥɶɤɨ ɫ ɡɚɝɪɹɡɧɟɧɢɹɦɢ ɧɟɮɬɶɸ 
ɢ ɩɟɫɬɢɰɢɞɚɦɢ Дλ–11].  
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɬɨɱɧɵɯ ɜɨɞɚɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɇɉȺȼ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɳɢɯ ɧɨɪɦɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨ-
ɜɨɞɢɬɶ ɫɛɪɨɫ ɫɬɨɤɨɜ ɜ ɝɨɪɨɞɫɤɭɸ ɤɚɧɚɥɢɡɚɰɢɸ Д12Ж.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɚɞɫɨɪɛɰɢɢ ɫɦɟɫɢ ɉȺȼ ɩɪɨɹɜɥɹɟɬɫɹ ɹɜɥɟɧɢɟ ɫɢɧɟɪɝɢɡɦɚ Д1γЖ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɜɨɞɨɟɦɵ ɫɦɟɫɢ ɉȺȼ ɦɨɝɭɬ ɩɪɨɹɜɥɹɬɶ ɫɢɧɟɪɝɢɡɦ ɚɞ-
ɫɨɪɛɰɢɢ ɢ ɭɫɢɥɢɜɚɬɶ ɬɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɵɯ 
ɫɥɨɟɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧ ɤɥɟɬɨɤ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɢ ɪɚɫɬɟɧɢɣ.  

ɍɬɜɟɪɠɞɟɧɧɚɹ ɞɥɹ ɧɟɨɧɨɥɨɜ (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɚɥɤɢɥɮɟɧɨɥɨɜ) ɜɟɥɢɱɢɧɚ ɩɪɟ-
ɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ) ɜ ɜɨɞɨɟɦɚɯ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɨɝɨ ɩɨɥɶɡɨɜɚ-
ɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,1 ɞɨ 0,γ ɦɝ/ɞɦ3, ɚ ɞɥɹ ɫɢɧɬɚɧɨɥɨɜ 0,1 ɦɝ/ɞɦ3. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɦɨɸɳɢɯ ɪɚɫɬɜɨɪɨɜ ɩɨ ȽɈɋɌ 1κ442–κ0 «Ʉɨɧɬɪɨɥɶ ɧɟɪɚɡɪɭɲɚɸɳɢɣ. Ʉɚɩɢɥɥɹɪɧɵɟ ɦɟ-
ɬɨɞɵ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ», ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ 2 %-ɧɵɣ (ɩɨ ɦɚɫɫɟ) ɪɚɫɬɜɨɪ ɉȺȼ, 
ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɉȾɄ ɪɚɫɬɜɨɪɨɜ, ɞɨɩɭɫɬɢɦɵɯ ɞɥɹ ɫɥɢɜɚ ɜ ɤɚɧɚɥɢɡɚɰɢɸ.  
ȼ ɪɚɛɨɬɟ Д14Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɉȺȼ ɜ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɜɨɞɨɟɦɨɜ (ɢɥ  
ɢ ɬ. ɞ.), ɜɡɹɬɵɯ ɡɚ ɱɟɪɬɨɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɚɝɥɨɦɟɪɚɰɢɣ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɨɜɩɚɞɚ-
ɟɬ ɫɨ ɡɧɚɱɟɧɢɟɦ ɉȾɄ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɚɠɟ ɩɪɟɜɵɲɚɟɬ ɟɝɨ. 

 
ɉɚɪɚɦɟɬɪɵ ɨɰɟɧɤи ɷɤɨɬɨɤɫичɧɨɫɬи ɩɨвɟɪɯɧɨɫɬɧɨ-ɚɤɬивɧɵɯ вɟɳɟɫɬв 

Ɉɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɨɰɟɧɤɢ ɷɤɨɬɨɤɫɢɱɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɉȺȼ, ɹɜɥɹɟɬɫɹ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɬɨɤɫɢɱɧɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɢɯ ɪɚɡɥɨɠɟɧɢɹ. Ɋɚɡ-
ɥɢɱɚɸɬ ɩɟɪɜɢɱɧɭɸ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ 
ɦɨɥɟɤɭɥ ɉȺȼ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɩɨɬɟɪɟ ɢɯ ɪɚɛɨɱɢɯ ɫɜɨɣɫɬɜ, ɢ ɩɨɥɧɭɸ 
ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ, ɢɦɟɹ ɜ ɜɢɞɭ ɪɚɡɥɨɠɟɧɢɟ ɉȺȼ ɞɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɜɨɞɵ. ɋɨɝɥɚɫ-
ɧɨ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɟɪɜɢɱɧɚɹ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ ɉȺȼ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ 
ɦɟɧɟɟ λ0 %, ɚ ɩɨɥɧɚɹ – ɧɟ ɦɟɧɟɟ θ0 %. ɑɟɦ ɛɨɥɶɲɟ ɭɪɨɜɟɧɶ ɛɢɨɪɚɡɥɨɠɟɧɢɹ ɉȺȼ, ɬɟɦ 
ɨɧɨ ɛɟɡɨɩɚɫɧɟɟ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

Ⱦɚɧɧɵɟ ɨ ɛɢɨɪɚɡɥɨɠɟɧɢɢ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɉȺȼ ɫɨɫɬɨɹɬ ɢɡ ɚɷɪɨɛɧɵɯ ɢ ɚɧɚɷɪɨɛ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɛɢɨɪɚɡɥɨɠɟɧɢɹ. ɉɪɨɰɟɫɫ ɚɷɪɨɛɧɨɣ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɢ-
ɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɢ ɢɦɟɟɬ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɚɤ ɩɟɪɜɢɱɧɨɣ, ɬɚɤ ɢ ɨɤɨɧ-
ɱɚɬɟɥɶɧɨɣ ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɉȺȼ. Ⱥɧɚɷɪɨɛɧɚɹ ɛɢɨɞɟɝɪɚɞɚɰɢɹ (ɛɟɡ ɤɢɫɥɨɪɨɞɚ) ɬɚɤɠɟ 
ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɢɧɹɬɚ ɜɨ ɜɧɢɦɚɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɜɟɳɟɫɬɜɨ ɫɩɨɫɨɛɧɨ ɤ ɩɨɥɧɨɦɭ ɛɢɨɪɚɡɥɨ-
ɠɟɧɢɸ, ɬɨɥɶɤɨ ɟɫɥɢ ɨɧɨ ɦɨɠɟɬ ɪɚɡɥɚɝɚɬɶɫɹ ɜ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɛɢɨɫɬɚɧ-
ɰɢɢ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɟɦɤɨɫɬɢ ɛɵɬɨɜɵɯ ɫɟɩɬɢɤɨɜ ɢ ɨɬɥɨɠɟɧɢɹ ɪɟɤ (ɢɥ) [15].  
ȼ Ɋɨɫɫɢɢ ɩɨ ȽɈɋɌ η0ηλη–λγ «ȼɟɳɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 
ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ» ɉȺȼ ɩɨ ɫɬɟɩɟɧɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ ɪɚɡɞɟɥɹɸɬ ɧɚ ɱɟ-
ɬɵɪɟ ɤɥɚɫɫɚμ ɛɵɫɬɪɨɪɚɡɥɚɝɚɟɦɵɟ – ɞɨ γ ɫɭɬ,  ɭɦɟɪɟɧɧɨ ɪɚɡɥɚɝɚɟɦɵɟ – ɨɬ γ ɞɨ 10 ɫɭɬ, 
ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɟɦɵɟ – ɨɬ 11 ɞɨ  2η ɫɭɬ, ɱɪɟɡɜɵɱɚɣɧɨ ɦɟɞɥɟɧɧɨ ɪɚɡɥɚɝɚɟɦɵɟ – ɛɨɥɟɟ 
25 ɫɭɬ (ɫɦ. ɬɚɛɥɢɰɭ). 

 
Ɂɧɚчɟɧия ɩɪɟɞɟɥьɧɨ ɞɨɩɭɫɬиɦɨɣ ɤɨɧɰɟɧɬɪɚɰии (ɉȾɄ) и ɤɥɚɫɫ ɛиɨɪɚɡɥɚɝɚɟɦɨɫɬи  

ɞɥя ɨɫɧɨвɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɤɥɚɫɫɨв ɩɨвɟɪɯɧɨɫɬɧɨ-ɚɤɬивɧɵɯ вɟɳɟɫɬв (ɉȺȼ) в Ɋɨɫɫии 

ɉȺȼ 
ɉȾɄ ɜ ɜɨɞɟ ɜɨɞɨɟɦɨɜ ɯɨɡɹɣɫɬɜɟɧɧɨ-

ɛɵɬɨɜɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ, ɦɝ/ɥ 
Ȼɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ 
ɩɨ ȽɈɋɌ η0ηλη–93 

ɗɤɨɬɨɤɫɢɱɧɨɫɬɶ 

ɇɟɨɧɨɥɵ 0,1–0,3 4 ɤɥɚɫɫ ɋɢɥɶɧɨ ɬɨɤɫɢɱɟɧ 
ɋɢɧɬɚɧɨɥɵ 0,1 1 ɤɥɚɫɫ ɍɦɟɪɟɧɧɨ ɬɨɤɫɢɱɟɧ 
Ɉɉ-7 (10) 0,1–0,3 4 ɤɥɚɫɫ ɋɢɥɶɧɨ ɬɨɤɫɢɱɟɧ 

 
ȼ ɪɚɛɨɬɟ Д1θЖ ɩɪɢɜɨɞɢɬɫɹ ɞɢɚɝɪɚɦɦɚ ɫɨɨɬɧɨɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤ ɷɤɨɬɨɤɫɢɱ-

ɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɉȺȼ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ Ɋɨɫɫɢɢ (ɪɢɫ. 2). Ɉɬɦɟɱɚɟɬɫɹ, 
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ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɉȺȼ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɟ, 
ɹɜɥɹɸɬɫɹ ɩɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɷɤɨɬɨɤɫɢɱɧɵɦɢ (ɧɟɨɧɨɥ ȺɎλ-12, ɫɨɟɞɢɧɟɧɢɟ Ɉɉ-10, ɫɢɧ-
ɬɚɧɨɥ ȺɅɆ-7). Ⱦɚɧɧɵɟ ɉȺȼ ɱɚɳɟ ɞɪɭɝɢɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɢ ɤɚɩɢɥɥɹɪɧɨɦ ɤɨɧɬɪɨɥɟ ɚɜɢɚɞɟɬɚɥɟɣ. 

 

Ʌɟɬɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ (ɅɄ50-24), ɦɝ/ɞɦ3
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ  

ɨɬ ɷɤɨɬɨɤɫɢɱɧɨɫɬɢ 

 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɉȺȼ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɱɢɳɚɸɳɢɯ ɪɚɫɬɜɨɪɨɜ ɜ ɩɪɨɦɵɲɥɟɧɧɨ-

ɫɬɢ Ɋɨɫɫɢɢ ɭɠɟ ɛɨɥɟɟ 40 ɥɟɬ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɨɧɨɥɵ (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɚɥɤɢɥɮɟɧɨ-
ɥɵ), ɚ ɬɚɤɠɟ ɫɢɧɬɚɧɨɥɵ (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɠɢɪɧɵɟ ɫɩɢɪɬɵ). Ɉɞɧɚɤɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɟɨɧɨɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɭɝɪɨɡɭ ɞɥɹ ɩɪɟɫ-
ɧɨɜɨɞɧɵɯ ɨɪɝɚɧɢɡɦɨɜ (ɹɜɥɹɟɬɫɹ ɷɤɨɬɨɤɫɢɱɧɵɦ), ɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɦɟɞɥɟɧɧɨ  
ɛɢɨɪɚɡɥɚɝɚɟɦɵɦ, ɩɪɢɱɟɦ ɩɪɨɞɭɤɬɵ ɪɚɡɥɨɠɟɧɢɹ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɨɩɚɫɧɨɫɬɶɸ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɜɟɳɟɫɬɜɨɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ȿɜɪɨɩɟɣɫɤɨɦ ɫɨɸɡɟ (Ƚɟɪɦɚɧɢɹ) ɫ 
ɹɧɜɚɪɹ 200η ɝ. ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɧɨɥɚ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɬɤɚɡɚɥɢɫɶ ɜ ɩɨɥɶɡɭ ɛɨɥɟɟ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɯ ɉȺȼ ɞɥɹ ɨɱɢɳɚɸɳɢɯ ɠɢɞɤɨɫɬɟɣ. 

 
ȼɪɟɞɧɵɟ ɮɚɤɬɨɪɵ ɨɫɧɨвɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɨвɟɪɯɧɨɫɬɧɨ-ɚɤɬивɧɵɯ вɟɳɟɫɬв, 

ɩɪиɦɟɧяɟɦɵɯ в Ɋɨɫɫии ɞɥя ɨчиɫɬɤи ɦɟɬɚɥɥичɟɫɤиɯ ɩɨвɟɪɯɧɨɫɬɟɣ 

ȼ ɪɚɛɨɬɟ Д17Ж ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɟɨɧɨɥɨɜ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɢ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ. Ɋɚɡɥɨɠɟɧɢɟ ɧɟɨɧɨɥɚ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜ-
ɥɟɧɢɸ ɧɨɧɢɥɮɟɧɨɥɚ, ɤɨɬɨɪɵɣ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɢ ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ 
ɜɟɳɟɫɬɜɨɦ (ɤɫɟɧɨɛɢɨɬɢɤɨɦ), ɱɭɠɟɪɨɞɧɵɦ ɞɥɹ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ. ɉɨɫɤɨɥɶɤɭ ɧɨɧɢɥɮɟ-
ɧɨɥ ɹɜɥɹɟɬɫɹ ɝɢɞɪɨɮɨɛɧɵɦ ɠɢɪɨɪɚɫɬɜɨɪɢɦɵɦ ɜɟɳɟɫɬɜɨɦ, ɬɨ ɦɨɠɟɬ ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ ɜ 
ɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞɚɯ, ɩɪɢ ɷɬɨɦ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞɚɯ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ, 
ɱɟɦ ɜ ɜɨɞɟ, ɱɬɨ ɨɬɦɟɱɚɟɬɫɹ ɩɪɢ ɚɧɚɥɢɡɟν ɨɧ ɬɚɤɠɟ ɫɩɨɫɨɛɟɧ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ ɬɤɚɧɹɯ 
ɜɨɞɧɵɯ ɨɪɝɚɧɢɡɦɨɜ. Ⱦɨɤɚɡɚɧɨ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɨɧɢɥɮɟɧɨɥɚ ɧɚ ɧɟɣɪɨɢɦɭɧɨɷɧɞɨ-
ɤɪɢɧɧɭɸ ɫɢɫɬɟɦɭ, ɫɥɟɞɫɬɜɢɟɦ ɱɟɝɨ ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɷɫɬɪɨɝɟɧɨɩɨɞɨɛɧɵɯ ɷɮɮɟɤ-
ɬɨɜ, ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɫɯɨɞɫɬɜɨɦ ɫɬɪɭɤɬɭɪ ɧɨɧɢɥɮɟɧɨɥɚ ɢ ɝɨɪ-
ɦɨɧɚ ɷɫɬɪɚɞɢɨɥɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɨɧ ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢɦɢɬɢɪɨɜɚɬɶ ɷɮɮɟɤɬɵ 
ɩɪɢɪɨɞɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɜɵɡɵɜɚɬɶ ɧɚɪɭɲɟɧɢɟ ɪɚɡɥɢɱɧɵɯ 
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ɮɭɧɤɰɢɣ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ. ɉɪɨɜɨɞɢɦɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɨɧɢɥɮɟɧɨɥ ɨɛ-
ɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜɵɡɵɜɚɬɶ ɷɫɬɪɨɝɟɧɧɵɟ ɷɮɮɟɤɬɵ ɭ ɪɵɛ (ɝɟɪɦɚɮɪɨɞɢɬɢɡɦ). ɉɪɨɜɟ-
ɞɟɧɧɵɟ ɜ ɦɢɪɟ ɡɚ ɩɨɫɥɟɞɧɢɟ 20 ɥɟɬ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɦɦɭɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜ-
ɥɹɟɬɫɹ ɦɢɲɟɧɶɸ ɞɥɹ ɞɟɣɫɬɜɢɹ ɧɨɧɢɥɮɟɧɨɥɚ. Ɉɧ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɨɛɨɫɬɪɟɧɢɟ ɚɥɥɟɪɝɢ-
ɱɟɫɤɢɯ ɢ ɚɭɬɨɢɦɦɭɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɚ ɢ ɩɪɨɦɨɬɨɪɚ 
ɪɚɡɜɢɬɢɹ ɨɩɭɯɨɥɟɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɵɡɵɜɚɬɶ ɧɚɪɭɲɟɧɢɹ ɦɨɬɨɪɧɵɯ ɮɭɧɤɰɢɣ, ɚ ɬɚɤɠɟ  
ɨɤɚɡɵɜɚɟɬ ɧɟɣɪɨɬɨɤɫɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ.  

Ⱦɪɭɝɢɦɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɇɉȺȼ ɹɜɥɹɸɬɫɹ ɫɢɧɬɚɧɨɥ 
Ⱦɋ-10 (ɫɦɟɫɶ ɩɟɪɜɢɱɧɵɯ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɜɵɫɲɢɯ ɠɢɪɧɵɯ ɫɩɢɪɬɨɜ ɮɪɚɤɰɢɣ ɋ10–ɋ18 
ɫ n = 10), ɚ ɬɚɤɠɟ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɚɥɤɢɥɮɟɧɨɥɵ ɦɚɪɨɤ Ɉɉ-7 ɢ Ɉɉ-10. ȼ ɪɚɛɨɬɟ Д1κЖ 
ɩɪɢɜɨɞɹɬɫɹ ɞɚɧɧɵɟ, ɱɬɨ ɫɢɧɬɚɧɨɥ Ⱦɋ-10 ɧɟ ɨɛɥɚɞɚɟɬ ɤɚɧɰɟɪɨɝɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɞ-
ɧɚɤɨ ɨɧ ɫɩɨɫɨɛɟɧ ɭɫɢɥɢɜɚɬɶ ɤɚɧɰɟɪɨɝɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ ɩɪɢ ɢɯ ɜɨɡɞɟɣ-
ɫɬɜɢɢ ɧɚ ɤɨɠɭ. ɉɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɚ ɝɜɢɧɟɣɫɤɢɯ ɫɜɢɧɤɚɯ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɫɢɧɬɚɧɨɥ 
Ⱦɋ-10, ɫɨɟɞɢɧɟɧɢɹ Ɉɉ-7 ɢ Ɉɉ-10 ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɜɜɟɞɟɧɢɢ ɜ ɨɪɝɚɧɢɡɦ ɮɨɪɦɢɪɭɸɬ ɫɨ-
ɫɬɨɹɧɢɟ ɩɨɜɵɲɟɧɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɨɠɢ. ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɬɢɯ ɜɟɳɟɫɬɜ ɭ ɠɢ-
ɜɨɬɧɵɯ ɪɚɡɜɢɜɚɟɬɫɹ ɤɨɧɬɚɤɬɧɵɣ ɚɥɥɟɪɝɢɱɟɫɤɢɣ ɞɟɪɦɚɬɢɬ, ɨɛɪɚɡɨɜɚɧɢɟ ɩɚɩɢɥɥɨɦ ɤɨɠɢ 
ɩɪɨɢɫɯɨɞɢɥɨ ɛɨɥɟɟ ɱɟɦ ɭ 70 % ɦɵɲɟɣ, ɩɪɢɱɟɦ ɭ 2η % ɠɢɜɨɬɧɵɯ ɩɚɩɢɥɥɨɦɵ ɤɨɠɢ ɩɪɟ-
ɜɪɚɳɚɥɢɫɶ ɜ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɟ ɨɩɭɯɨɥɢ. ɍɫɬɚɧɨɜɥɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɨɞɭɤɬɵ ɬɪɚɧɫɮɨɪɦɚ-
ɰɢɢ ɫɨɟɞɢɧɟɧɢɣ Ɉɉ-7 ɢ Ɉɉ-10 ɜɥɢɹɸɬ ɧɚ ɮɭɧɤɰɢɢ ɨɪɝɚɧɢɡɦɚ (ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ  
SH-ɝɪɭɩɩ, ɫɧɢɠɟɧɢɟ ɢɦɦɭɧɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɪɟɚɤɬɢɜɧɨɫɬɢ, ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 
ɛɟɥɤɨɜɵɯ ɮɪɚɤɰɢɣ, ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɯɨɥɟɫɬɟɪɢɧɚ ɢ ɪ-ɥɢɩɨɩɪɨɬɟɢɞɨɜ). ɋɢɧɬɟɬɢɱɟɫɤɢɟ 
ɉȺȼ ɫɩɨɫɨɛɧɵ ɩɪɨɧɢɤɚɬɶ ɱɟɪɟɡ ɝɢɫɬɨɝɟɦɚɬɢɱɟɫɤɢɟ ɛɚɪɶɟɪɵ ɢ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɸɬ ɧɚ ɪɟ-
ɩɪɨɞɭɤɬɢɜɧɭɸ ɮɭɧɤɰɢɸ, ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ, ɥɢɩɢɞɧɵɣ ɨɛɦɟɧ. Ʉɪɨɦɟ ɬɨɝɨ, ɉȺȼ ɭɫɢ-
ɥɢɜɚɸɬ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɞɪɭɝɢɯ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɪɝɚɧɢɡɦ ɢ ɫɩɨɫɨɛɧɵ ɢɦɢɬɢɪɨɜɚɬɶ ɢ 
ɛɥɨɤɢɪɨɜɚɬɶ ɞɟɣɫɬɜɢɟ ɫɬɟɪɨɢɞɧɵɯ ɝɨɪɦɨɧɨɜ ɨɪɝɚɧɢɡɦɚ, ɧɚɪɭɲɚɬɶ ɫɢɧɬɟɡ ɢ ɛɥɨɤɢɪɨɜɚɬɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɝɨɪɦɨɧɚɥɶɧɵɯ ɪɟɰɟɩɬɨɪɨɜ.  

ȼ ɪɚɛɨɬɟ Д1λЖ ɩɪɨɜɨɞɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɤɨɬɨɤɫɢɱɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɸ-
ɦɢɧɟɫɰɟɧɬɧɨɝɨ ɛɢɨɬɟɫɬɚ MТМrШЭШб ɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɨɜ ɩɪɨɦɵɲɥɟɧ-
ɧɵɯ ɉȺȼ – ɧɟɨɧɨɥɨɜ ɢ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɠɢɪɧɵɯ ɫɩɢɪɬɨɜ. Ɂɧɚɱɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ 
ɨɩɪɟɞɟɥɹɥɢ ɤɚɤ ɡɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ EC50 ɢ EC20. Ɉɩɪɟɞɟɥɹɥɢ ɬɚɤɠɟ ɧɟ 
ɬɨɥɶɤɨ ɬɨɤɫɢɱɧɨɫɬɶ ɉȺȼ, ɧɨ ɢ ɩɪɨɞɭɤɬɨɜ ɛɢɨɪɚɡɥɨɠɟɧɢɹ (ɦɟɬɚɛɨɥɢɬɨɜ). ɋɚɦɵɦ ɬɨɤ-
ɫɢɱɧɵɦ ɨɤɚɡɚɥɫɹ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɣ ɠɢɪɧɵɣ ɫɩɢɪɬ ɦɚɪɤɢ FINDET 1214N/1θ (ɪɚɞɢɤɚɥ 
Rμ ɋ12(70 %)–ɋ14(30 %), n = 4). ɇɚɢɦɟɧɟɟ ɬɨɤɫɢɱɧɵɦ ɨɤɚɡɚɥɫɹ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɣ ɧɨ-
ɧɢɥɮɟɧɨɥ (Rμ C9, n = λ,η), ɨɞɧɚɤɨ ɩɪɨɞɭɤɬɵ ɟɝɨ ɛɢɨɪɚɡɥɨɠɟɧɢɹ ɨɤɚɡɚɥɢɫɶ ɤɪɚɣɧɟ ɬɨɤ-
ɫɢɱɧɵɦɢ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɉȺȼ ɬɚɤɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɬɨɤɫɢɱɧɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɪɚɡ-
ɥɨɠɟɧɢɹ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɫɩɢɪɬɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɬɨɤɫɢɱɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɨɤɫɢɷɬɢɥɢ-
ɪɨɜɚɧɧɨɝɨ ɠɢɪɧɨɝɨ ɫɩɢɪɬɚ. ɉɨ ɢɬɨɝɚɦ ɪɚɛɨɬɵ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɷɤɨɬɨɤ-
ɫɢɱɧɨɫɬɢ ɉȺȼ ɫ ɞɥɢɧɧɵɦɢ ɥɢɧɟɣɧɵɦɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ  
ɫ ɪɚɡɜɟɬɜɥɟɧɧɵɦɢ. 

ȼ ɦɨɧɨɝɪɚɮɢɢ [20Ж ɞɥɹ ɩɪɟɫɧɨɜɨɞɧɵɯ ɪɵɛ ɢ ɪɚɤɨɨɛɪɚɡɧɵɯ ɩɪɢɜɨɞɢɬɫɹ ɡɧɚɱɟɧɢɟ 
ɫɪɟɞɧɟɣ ɞɨɡɵ ɜɟɳɟɫɬɜɚ, ɜɵɡɵɜɚɸɳɟɣ ɝɢɛɟɥɶ ɩɨɥɨɜɢɧɵ ɨɫɨɛɟɣ ɢɫɩɵɬɭɟɦɨɣ ɝɪɭɩɩɵ, 
LC50 < η ɦɝ/ɥ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɠɢɪɧɵɯ ɫɩɢɪɬɨɜ ɫ ɥɢɧɟɣɧɵɦɢ ɚɥ-
ɤɢɥɶɧɵɦɢ ɪɚɞɢɤɚɥɚɦɢ, ɩɪɢɱɟɦ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɢɹ ɬɨɤɫɢɱɧɨɫɬɶ 
ɫɧɢɠɚɟɬɫɹ, ɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɚɥɤɢɥɶɧɨɝɨ ɪɚɞɢɤɚɥɚ – ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨɞɧɚɤɨ ɭɜɟ-
ɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɢɹ ɫɧɢɠɚɟɬ ɫɬɟɩɟɧɶ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ. 

ȼ ɪɚɛɨɬɟ Д21Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɠɢɪɧɵɟ ɫɩɢɪɬɵ ɫ ɥɢɧɟɣɧɵɦ ɚɥ-
ɤɢɥɶɧɵɦ ɪɚɞɢɤɚɥɨɦ ɨɬɧɨɫɹɬɫɹ ɤ ɥɟɝɤɨ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦ ɉȺȼ ɫ κ0 %-ɧɵɦ ɩɟɪɜɢɱɧɵɦ 
ɪɚɡɥɨɠɟɧɢɟɦ ɡɚ 2κ ɞɧɟɣ ɢ 40 %-ɧɵɦ ɞɥɹ ɉȺȼ ɫ ɪɚɡɜɟɬɜɥɟɧɧɵɦ ɚɥɤɢɥɶɧɵɦ ɪɚɞɢɤɚɥɨɦ. 
Ɉɞɧɚɤɨ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɚɥɤɢɥɮɟɧɨɥɵ ɢ ɠɢɪɧɵɟ ɫɩɢɪɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɨɣɱɢɜɵ  
ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ ɜ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɧɢ ɦɨɝɭɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ  
ɜ ɩɪɢɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɹɯ (ɢɥ, ɩɨɱɜɚ).  
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Ⱥɥɤиɥɩɨɥиɝɥиɤɨɡиɞɵ 

Ⱥɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɵ (ȺɉȽ) – ɧɨɜɵɣ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɤɥɚɫɫ ɇɉȺȼ, ɤɨɬɨɪɵɣ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɟɧɵ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɦ ɚɥɤɢɥɮɟɧɨɥɚɦ ɢ ɠɢɪɧɵɦ ɫɩɢɪɬɚɦ 
(ɪɢɫ. γ), ɢɯ ɫɢɧɬɟɡɢɪɭɸɬ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ – ɫɚɯɚɪɚ (ɢɥɢ ɤɪɚɯɦɚɥɚ) ɢ ɠɢɪɧɵɯ ɫɩɢɪ-
ɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ. 
 

 
 

Ɋɢɫ. γ. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ ɚɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɚ 

 
Вɥɢɹɧɢɟ аɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɨɜ ɧа ɨɤɪɭɠаɸɳɭɸ ɫɪɟɞɭ (ɛɢɨɪаɡɥаɝаɟɦɨɫɬь) 
ȼ ɪɚɛɨɬɟ Д22Ж ɩɪɢɜɨɞɹɬɫɹ ɞɚɧɧɵɟ ɨ ɩɨɥɧɨɣ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ ȺɉȽ ɤɚɤ ɜ ɫɥɭɱɚɟ 

ɚɷɪɨɛɧɨɝɨ, ɬɚɤ ɢ ɚɧɚɷɪɨɛɧɨɝɨ ɛɢɨɪɚɡɥɨɠɟɧɢɹ. ȼ ɪɚɛɨɬɟ Д2γЖ ɫɪɚɜɧɢɜɚɥɚɫɶ ɷɤɨɬɨɤɫɢɱ-
ɧɨɫɬɶ (ɧɚ ɜɨɞɨɪɨɫɥɹɯ, ɪɚɤɨɨɛɪɚɡɧɵɯ ɢ ɪɵɛɚɯ) ɢ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ ȺɉȽ ɢ ɨɤɫɢɷɬɢɥɢɪɨ-
ɜɚɧɧɵɯ ɠɢɪɧɵɯ ɫɩɢɪɬɨɜ. Ⱥɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɵ ɛɵɫɬɪɨ ɛɢɨɪɚɡɥɚɝɚɸɬɫɹ ɜ ɚɷɪɨɛɧɵɯ 
ɭɫɥɨɜɢɹɯ. ɉɨ ɞɚɧɧɵɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɚɤ-
ɬɢɱɟɫɤɢ 100 %-ɧɨɟ ɭɞɚɥɟɧɢɟ ɞɚɧɧɵɯ ɉȺȼ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɧɰɢɣ 
ɛɢɨɨɱɢɫɬɤɢ (ɩɪɢ ɭɫɥɨɜɢɢ ɨɬɫɭɬɫɬɜɢɹ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɨɤ). Ɍɟɫɬɵ ɧɚ ɚɧɚɷɪɨɛɧɨɟ ɛɢɨ-
ɪɚɡɥɨɠɟɧɢɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɥɢɧɟɣɧɵɟ ȺɉȽ ɩɨɞɜɟɪɝɚɸɬɫɹ ɦɢɧɟɪɚɥɢɡɚɰɢɢ (ɪɚɡɥɨɠɟɧɢɟ ɧɚ 
ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɢ ɜɨɞɭ) ɧɚ 70 %. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɪɚɡɜɟɬɜɥɟɧɧɵɟ ȺɉȽ ɦɟɧɟɟ ɩɨɞɜɟɪɠɟɧɵ 
ɛɢɨɪɚɡɥɨɠɟɧɢɸ. Ɉɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɠɢɪɧɵɟ ɫɩɢɪɬɵ ɥɢɲɶ ɱɚɫɬɢɱɧɨ ɩɨɞɜɟɪɝɚɸɬɫɹ 
ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɚɧɚɷɪɨɛɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ. Ɍɟɫɬɵ ɧɚ ɬɨɤɫɢɱɧɨɫɬɶ ɞɥɹ ɜɨɞɧɵɯ ɨɪɝɚɧɢɡ-
ɦɨɜ ɩɨɤɚɡɚɥɢ ɭɜɟɥɢɱɟɧɢɟ ɬɨɤɫɢɱɧɨɫɬɢ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟμ ɪɚɡɜɟɬɜɥɟɧɧɵɟ ȺɉȽ 
(EC/LC50 – ɛɨɥɟɟ η00 ɦɝ/ɥ) < ɥɢɧɟɣɧɵɟ ȺɉȽ (EC/LC50 – ɛɨɥɟɟ η ɦɝ/ɥ) < ɨɤɫɢɷɬɢɥɢɪɨ-
ɜɚɧɧɵɟ ɠɢɪɧɵɟ ɫɩɢɪɬɵ (EC/LC50 – ɛɨɥɟɟ 2 ɦɝ/ɥ). Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɤɨɬɨɤɫɢɱ-
ɧɵɦ ɞɥɹ ɜɨɞɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɫɪɟɞɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɉȺȼ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɨɤɫɢɷɬɢ-
ɥɢɪɨɜɚɧɧɵɣ ɠɢɪɧɵɣ ɫɩɢɪɬ.  

ȼ ɪɚɛɨɬɟ Д24Ж ɞɥɹ ȺɉȽ (Rμ ɋ8–ɋ14) ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ ɟɝɨ ɩɨɥɧɨɣ ɫɬɟɩɟɧɢ  
ɛɢɨɞɟɝɪɚɞɚɰɢɢ ɜ ɬɟɱɟɧɢɟ 2κ ɞɧɟɣ ɢɫɩɵɬɚɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɫɬɚ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɭɞɟ 
ɢ ɬɟɫɬɚ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ. Ɍɟɫɬ ɜ ɡɚɤɪɵɬɨɦ ɫɨɫɭɞɟ 
ɧɚ ɩɨɥɧɭɸ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɶ (ɞɨ ɜɨɞɵ ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ) ɩɨɤɚɡɚɥ ɭɪɨɜɟɧɶ ɦɢɧɟɪɚɥɢ-
ɡɚɰɢɢ κκ %, ɬɨɝɞɚ ɤɚɤ ɩɪɟɞɟɥ ɞɥɹ ɥɟɝɤɨ ɛɢɨɪɚɡɥɚɝɚɟɦɵɯ ɉȺȼ ɫɨɫɬɚɜɥɹɟɬ θ0 %.  

Ɍɟɫɬ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɩɨɤɚɡɚɥ ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 
ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɧɚ λ0 % ɡɚ 2κ ɞɧɟɣ ɢɫɩɵɬɚɧɢɣ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɭɫɬɚ-
ɧɨɜɥɟɧɧɵɣ ɭɪɨɜɟɧɶ ɜ 70 %, ɬɪɟɛɭɟɦɵɣ ɞɥɹ ɨɬɧɟɫɟɧɢɹ ɉȺȼ ɤ ɩɨɥɧɨɫɬɶɸ ɛɢɨɪɚɡɥɚɝɚɟɦɵɦ. 

 

ɗɤɨɬɨɤɫɢчɧɨɫɬь аɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɨɜ 

ȼ ɪɚɛɨɬɟ Д2ηЖ ɢɫɫɥɟɞɨɜɚɧɚ ɷɤɨɬɨɤɫɢɱɧɨɫɬɶ ȺɉȽ ɦɚɪɨɤ GХЮМШpШЧО θη0 EC, 
GХЮМШpШЧО θ00 CS ɢ GХЮМШpШЧО 21η CS ɧɚ ɪɚɤɨɨɛɪɚɡɧɵɯ (ɛɨɥɶɲɚɹ ɞɚɮɧɢɹ), ɛɚɤɬɟɪɢɹɯ 
(Photobacterium phosphoreum) ɢ ɜɨɞɨɪɨɫɥɹɯ (Raphidocelis subcapitata). Ɉɬɦɟɱɟɧɨ, ɱɬɨ 
ɷɤɨɬɨɤɫɢɱɧɨɫɬɶ ȺɉȽ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɬɨɤɫɢɱɧɨɫɬɢ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɚɥɤɢɥɮɟɧɨ-
ɥɨɜ. ȼ ɪɚɛɨɬɟ Д2θЖ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ȺɉȽ ɧɟ ɜɥɢɹɟɬ ɧɚ ɷɧɞɨɤɪɢɧɧɭɸ ɫɢɫɬɟɦɭ ɥɚɛɨɪɚɬɨɪ-
ɧɵɯ ɦɵɲɟɣ, ɨɬɫɭɬɫɬɜɭɟɬ ɜɥɢɹɧɢɟ ɧɚ ɪɟɩɪɨɞɭɤɬɢɜɧɭɸ ɮɭɧɤɰɢɸ ɩɪɢ ɞɨɡɟ 1000 ɦɝ ɧɚ 
1 ɤɝ ɬɟɥɚ ɜ ɞɟɧɶ ɢ ɧɟ ɨɛɧɚɪɭɠɟɧɵ ɬɨɤɫɢɱɟɫɤɢɟ ɨɬɪɚɜɥɟɧɢɹ.  

ȼ ɪɚɛɨɬɟ Д27Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ȺɉȽ ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɤɥɚɫɫɨɜ ɉȺȼ ɧɟ ɪɚɡɪɭɲɚɸɬ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɨɜ ɢ ɧɟ ɧɚɪɭɲɚɸɬ ɢɯ ɪɚɛɨɱɢɟ ɫɜɨɣɫɬɜɚ ɜ ɪɚɫɬɜɨɪɚɯ. 
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ɗɬɨ ɨɞɧɚ ɢɡ ɩɪɢɱɢɧ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȺɉȽ ɞɥɹ ɫɨɥɸɛɢɥɢɡɚɰɢɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ  
ɦɟɦɛɪɚɧ ɛɟɡ ɢɯ ɪɚɡɪɭɲɟɧɢɹ. 

ȼ ɪɚɛɨɬɟ [28Ж ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ȺɉȽ ɷɤɫ-
ɬɪɟɦɚɥɶɧɨ ɜɵɫɨɤɚɹ ɞɨɡɚ η000 ɦɝ ɧɚ 1 ɤɝ ɬɟɥɚ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɹ LC50, ɚ ɞɨɡɚ ɜ 1000 ɦɝ ɧɚ 
1 ɤɝ ɬɟɥɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ ȺɉȽ ɜ ɬɤɚɧɹɯ (ɧɟɬ ɤɭɦɭɥɹɬɢɜɧɨɝɨ ɬɨɤɫɢɤɨɥɨɝɢɱɟ-
ɫɤɨɝɨ ɷɮɮɟɤɬɚ). Ⱥɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɵ ɬɚɤɠɟ ɧɟ ɩɪɨɹɜɥɹɥɢ ɜɵɪɚɠɟɧɧɨɣ ɬɨɤɫɢɱɧɨɫɬɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɬɚɤɢɦ ɩɨɪɨɞɚɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɤɪɵɫ, ɤɚɤ ɫɩɪɟɝ-ɞɨɭɥɢ ɢ ɜɢɫɬɚɪ, ɩɪɢ ɜɜɟɞɟ-
ɧɢɢ ɢɯ ɜ ɠɟɥɭɞɨɱɧɨ-ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ. ɉɨ ɢɬɨɝɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɧɟ 
ɜɤɥɸɱɚɬɶ ȺɉȽ ɜ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɨɩɚɫɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɢ ɧɟ ɦɚɪɤɢɪɨɜɚɬɶ ɫɨ 
ɫɬɟɩɟɧɶɸ ɨɩɚɫɧɨɫɬɢ). Ⱥɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɵ ɬɚɤɠɟ ɧɟ ɜɵɡɵɜɚɸɬ ɨɫɬɪɵɯ ɬɨɤɫɢɱɟɫɤɢɯ 
ɪɟɚɤɰɢɣ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɧɚ ɤɨɠɭ, ɧɟ ɨɛɥɚɞɚɸɬ ɦɭɬɚɝɟɧɧɵɦ ɷɮɮɟɤɬɨɦ (ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɧɚ ɲɬɚɦɦɟ Salmonella typhimurium) ɢ ɥɟɝɤɨ ɪɚɡɥɚɝɚɸɬɫɹ ɜ ɨɪɝɚɧɢɡɦɚɯ ɦɥɟɤɨɩɢ-
ɬɚɸɳɢɯ, ɩɪɢɱɟɦ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɛɢɨɪɚɡɥɨɠɟɧɢɹ ɧɟ ɛɵɥɨ ɧɢɤɚɤɢɯ ɬɨɤɫɢɱɧɵɯ ɢɧɬɟɪɦɟ-
ɞɢɚɬɨɜ (ɫɨɟɞɢɧɟɧɢɣ). 

 
ɉɪɨɦɵɲɥɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ аɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɨɜ 

ȼ ɪɚɛɨɬɟ Д29Ж ɪɚɫɫɦɨɬɪɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, ɷɦɭɥɶɝɢɪɭɸɳɚɹ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɧɟɮɬɹɧɵɯ ɷɦɭɥɶɫɢɣ ɞɥɹ κ ɪɚɡɥɢɱɧɵɯ ɉȺȼ – ɧɟɮɬɹ-
ɧɨɣ ɫɭɥɶɮɨɤɢɫɥɨɬɵ, ɫɭɥɶɮɨɧɨɥɚ, α-ɨɥɟɮɢɧ-ɫɭɥɶɮɨɧɚɬɚ ɧɚɬɪɢɹ, ɞɨɞɟɰɢɥɛɟɧɡɨɥɫɭɥɶɮɨ-
ɧɚɬɚ ɧɚɬɪɢɹ, ȺɉȽ, ɫɨɟɞɢɧɟɧɢɹ Ɉɉ-10, ɥɚɭɪɢɥɛɟɬɚɢɧɚ (BS-12), ɥɚɭɪɢɥɷɮɢɪ ɫɭɥɶɮɚɬɚ 
ɧɚɬɪɢɹ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ȺɉȽ ɨɛɥɚɞɚɥ ɧɚɢɥɭɱɲɢɦɢ ɷɦɭɥɶɝɢɪɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, 
ɩɪɢɱɟɦ ɷɬɢ ɫɜɨɣɫɬɜɚ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɞɟɪɠɚɧɢɹ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɨɸ-
ɳɟɦ ɪɚɫɬɜɨɪɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɜɨɣɫɬɜɚ ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɉȺȼ ɜ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟ-
ɧɢ ɡɚɜɢɫɹɬ ɨɬ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɍɜɟɥɢɱɟɧɢɟ ɧɟɮɬɟɨɬɞɚɱɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ȺɉȽ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ λ0 °ɋ ɢ ɫɨɥɟɧɨɫɬɢ γ0 ɝ/ɥ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 10,1 %, ɱɬɨ ɜ з2 ɪɚɡɚ ɛɨɥɶɲɟ, 
ɱɟɦ ɭ ɨɛɵɱɧɵɯ ɉȺȼ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ȺɉȽ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɉȺȼ 
ɫ ɜɵɫɨɤɨɣ ɷɦɭɥɶɝɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɢ ɞɨɛɵɱɟ ɧɟɮɬɢ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ  
ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɨɥɟɧɨɫɬɢ. 

ȼ ɪɚɛɨɬɟ Дγ0Ж ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɉȺȼ ɧɚ ɷɥɟɤɬɪɨɨɱɢɫɬɤɭ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɂɫɫɥɟɞɨɜɚɧɚ ɦɨɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɥɟɞɭɸɳɢɯ ɉȺȼμ ɚɧɢ-
ɨɧɧɵɯ (ɥɢɧɟɣɧɵɯ ɚɥɤɢɥɛɟɧɡɨɥɫɭɥɶɮɨɧɚɬɨɜ, ɞɜɭɯ ɩɨɥɢɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɥɚɭɪɢɥɨɜɵɯ 
ɷɮɢɪɨɜ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ) ɢ ɧɟɢɨɧɨɝɟɧɧɵɯ (ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɨɝɨ ɠɢɪɧɨɝɨ ɫɩɢɪɬɚ, 
ȺɉȽ, ɞɜɭɯ ɩɨɥɢɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɝɥɢɰɟɪɢɧɨɜɵɯ ɷɮɢɪɨɜ). ȼ ɤɚɱɟɫɬɜɟ ɡɚɝɪɹɡɧɟɧɢɣ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɠɟɥɚɬɢɡɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɤɭɤɭɪɭɡɧɨɝɨ ɤɪɚɯɦɚɥɚ, ɩɨɦɟɳɟɧɧɵɣ ɧɚ ɦɟɬɚɥ-
ɥɢɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ (ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ ɦɚɪɤɢ AISI 410), ɤɨɬɨɪɵɣ ɞɚɥɟɟ ɧɚɝɪɟɜɚɥɫɹ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ θ0 °ɋ ɜ ɬɟɱɟɧɢɟ 12 ɱ, ɢ ɪɚɫɬɜɨɪ ɫɵɜɨɪɨɬɨɱɧɨɝɨ ɛɟɥɤɚ, ɤɨɬɨɪɵɣ ɩɨɞɜɟɪ-
ɝɚɥɫɹ ɞɟɧɚɬɭɪɚɰɢɢ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ ɬɨɣ ɠɟ ɫɬɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
121 °ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ. ȼɫɟ ɢɡɭɱɟɧɧɵɟ ɉȺȼ ɭɥɭɱɲɢɥɢ ɪɟɡɭɥɶɬɚɬɵ ɦɨɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɭɟɦɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɷɥɟɤɬɪɨɨɱɢɫɬɤɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɬɜɨɪɭ ɫɪɚɜɧɟɧɢɹ (ɛɟɡ ɉȺȼ). 
Ɉɞɧɚɤɨ ɥɭɱɲɚɹ ɦɨɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɥɭɱɟɧɚ ɞɥɹ ɪɚɫɬɜɨɪɚ ȺɉȽ (GХЮМШpШЧ θη0 EC)  
ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1 ɝ/ɥ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ θ0 °ɋ. 

 
Ɂɚɤɥɸчɟɧия 

ɇɟɨɧɨɥɵ, ɫɢɧɬɚɧɨɥɵ, ɫɨɟɞɢɧɟɧɢɹ Ɉɉ-7 ɢ Ɉɉ-10 ɨɤɚɡɵɜɚɸɬ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ 
ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ – ɧɚɢɛɨɥɟɟ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɚɡɵɜɚɟɬ 
ɧɟɨɧɨɥ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɧɟɢɨɧɨɝɟɧɧɵɦɢ ɉȺȼ – ɧɚɩɪɢɦɟɪ, ɬɚɤɢɦɢ ɤɚɤ ɚɥɤɢɥ-
ɩɨɥɢɝɥɢɤɨɡɢɞɵ. 

Ⱥɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞ ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦɭ ɚɷɪɨɛɧɨɦɭ ɢ ɚɧɚɷɪɨɛ-
ɧɨɦɭ ɛɢɨɪɚɡɥɨɠɟɧɢɸ, ɪɚɡɥɚɝɚɹɫɶ ɧɚ λ0 %, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɟɧ  
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ɭɪɨɜɟɧɶ ɜ 70 %, ɬɪɟɛɭɟɦɵɣ ɞɥɹ ɩɨɥɧɨɣ ɛɢɨɪɚɡɥɚɝɚɟɦɨɫɬɢ. Ɉɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɟ ɚɥɤɢɥ-
ɮɟɧɨɥɵ ɢ ɠɢɪɧɵɟ ɫɩɢɪɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɨɣɱɢɜɵ ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ ɜ ɚɧɚɷɪɨɛɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɢ ɨɧɢ ɦɨɝɭɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ ɩɪɢɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɹɯ (ɢɥ, ɩɨɱɜɚ). 

Ɍɨɤɫɢɱɧɨɫɬɶ ȺɉȽ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɬɨɤɫɢɱɧɨɫɬɢ ɨɤɫɢɷɬɢɥɢɪɨɜɚɧɧɵɯ ɚɥɤɢɥ-
ɮɟɧɨɥɨɜ ɢ ɠɢɪɧɵɯ ɫɩɢɪɬɨɜ, ȺɉȽ ɧɟ ɨɤɚɡɵɜɚɸɬ ɦɭɬɚɝɟɧɧɨɝɨ ɷɮɮɟɤɬɚ ɢ ɧɟ ɜɵɡɵɜɚɸɬ 
ɚɥɥɟɪɝɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɥɟɝɤɨ ɪɚɡɥɚɝɚɸɬɫɹ ɜ ɨɪɝɚɧɢɡɦɚɯ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɩɪɢɱɟɦ ɧɚ 
ɜɫɟɯ ɫɬɚɞɢɹɯ ɛɢɨɪɚɡɥɨɠɟɧɢɹ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɧɢɤɚɤɢɯ ɬɨɤɫɢɱɧɵɯ ɢɧɬɟɪɦɟɞɢɚɬɨɜ (ɫɨɟɞɢ-
ɧɟɧɢɣ). ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ȺɉȽ ɧɟ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɬɤɚɧɹɯ – ɨɬɫɭɬ-
ɫɬɜɭɟɬ ɤɭɦɭɥɹɬɢɜɧɵɣ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɚ ɬɚɤɠɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɤɥɚɫɫɨɜ 
ɉȺȼ, ɧɟ ɪɚɡɪɭɲɚɸɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɛɟɥɤɨɜ ɢ ɧɟ ɧɚɪɭɲɚɸɬ ɢɯ ɪɚɛɨɱɢɟ 
ɫɜɨɣɫɬɜɚ ɜ ɪɚɫɬɜɨɪɚɯ. 

Ⱥɥɤɢɥɩɨɥɢɝɥɢɤɨɡɢɞɵ ɨɛɥɚɞɚɸɬ ɧɚɢɥɭɱɲɟɣ ɦɨɸɳɟɣ (ɷɦɭɥɶɝɢɪɭɸɳɟɣ) ɫɩɨɫɨɛ-
ɧɨɫɬɶɸ ɫɪɟɞɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɉȺȼ. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɉȺȼ 
ɬɚɤɠɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɨɱɢɫɬɤɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ (ɧɟɪɠɚɜɟɸɳɟɣ 
ɫɬɚɥɢ ɦɚɪɤɢ AISI 410) ɨɬ ɪɚɡɥɢɱɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ (ɬɢɩɚ ɧɚɝɚɪɚ) ɢ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɢɟ 
ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɨɱɢɫɬɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɤɚɩɢɥɥɹɪɧɨɝɨ 
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ. 
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Ɋаɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɦаɬɟɪɢаɥɨɜ. ɉɪɟɞɫɬаɜɥɟɧɵ 

ɨɫɧɨɜɧɵɟ ɮɨɪɦɭɥɵ ɪаɫчɟɬа ɦɟɯаɧɢчɟɫɤɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɦаɬɟɪɢаɥɨɜ ɩɨ ɡɧачɟɧɢɹɦ 
ɬɜɟɪɞɨɫɬɢ. ɉɪɨɜɟɞɟɧ аɧаɥɢɡ ɦɟɬɨɞɨɜ ɪаɫчɟɬа ɞɢаɝɪаɦɦ ɪаɫɬɹɠɟɧɢɹ ɦаɬɟɪɢаɥɨɜ ɩɨ 
ɞɢаɝɪаɦɦаɦ ɜɞаɜɥɢɜаɧɢɹ. Ɋаɫɫɦɨɬɪɟɧɵ ɩɨɞɯɨɞɵ ɤ ɩɨɫɬɪɨɟɧɢɸ ɤɨɧɟчɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨ-
ɞɟɥɢ ɢɧɞɟɧɬɢɪɨɜаɧɢɹ ɦаɬɟɪɢаɥɨɜ. ɉɨɤаɡаɧа ɧɟɨɛɯɨɞɢɦɨɫɬь ɞɨɪаɛɨɬɤɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɫɬаɧɞаɪɬɨɜ ɢ ɪаɡɜɢɬɢɹ ɪаɫчɟɬɧɵɯ ɦɟɬɨɞɨɜ ɫ ɩɨɞɪɨɛɧɵɦ ɨɩɢɫаɧɢɟɦ ɦɟɬɨɞɢɤ ɩɟɪɟɫчɟɬа 
ɞɢаɝɪаɦɦ ɢɧɞɟɧɬɢɪɨɜаɧɢɹ ɜ ɦɟɯаɧɢчɟɫɤɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɦаɬɟɪɢаɥɨɜ. 

Ключевые слова: ɬɜɟɪɞɨɫɬь, ɦɟɯаɧɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа, ɢɧɞɟɧɬɢɪɨɜаɧɢɟ, ɧаɩɪɹɠɟɧɢɹ, 
ɞɟɮɨɪɦаɰɢɹ, ɪаɫчɟɬ, ɞɢаɝɪаɦɦа ɞɟɮɨɪɦɢɪɨɜаɧɢɹ. 

 
E.I. Oreshko1, V.S. Erasov1, D.A. Utkin1, Ya.V. Avtayeva1 
 
THE  EQUIPMENT  FOR  DEFINITION   
OF  PHYSICOMECHANICAL  CHARACTERISTICS  OF  MATERIALS   
BY  PRESS-IN  METHOD  (review) 

 
The article considers the main methods for determining the hardness of materials. The basic 

formulas for calculating the mechanical characteristics of materials by hardness values are 
presented. The analysis of methods for calculating tensile diagrams of materials by indentation 
diagrams is carried out. The paper considers the approaches to building a finite element model 
of material indentation The need to improve existing standards and develop computational 
methods is shown with a detailed description of techniques for recalculating indentation dia-
grams into mechanical characteristics of materials. 

Keywords: hardness, mechanical properties, indentation, stresses, deformation, calculation, 
stress-strain diagram. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ  
ɢɧɫɬɢɬɭɬ» ДFОНОrКХ SЭКЭО UЧТЭКrв EЧЭОrprТsО «AХХ-Russian Scientific-ResОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» 
ШП NКЭТШЧКХ RОsОКrМС CОЧЭОr «KЮrМСКЭШЯ IЧsЭТЭЮЭО»Жν e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 
ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ 

ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д1–κЖ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ 
ɫɬɟɩɟɧɶ ɤɚɱɟɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɜ ɢɡɞɟɥɢɹɯ, ɹɜɥɹɟɬɫɹ ɬɜɟɪɞɨɫɬɶ Дλ–18].  

Ɍɜɟɪɞɨɫɬɶ – ɷɬɨ ɫɜɨɣɫɬɜɨ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɧɟɞɪɟɧɢɸ ɜ ɧɟɝɨ ɛɨɥɟɟ ɬɜɟɪɞɨɝɨ ɭɩɪɭɝɨɞɟɮɨɪɦɢɪɭɸɳɟɝɨɫɹ ɢɧɞɟɧɬɨɪɚ. ȼɞɚɜɥɢɜɚɧɢɟ – 
ɨɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ Д1λ–29]. 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩɟɪɟɧɨɫɧɵɟ ɬɜɟɪɞɨɦɟɪɵ ɞɥɹ ɨɰɟɧɤɢ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ ɦɟɬɨɞɨɦ ɜɞɚɜɥɢɜɚɧɢɹ. Ɍɚ-
ɤɢɟ ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ 
ɨɛɴɟɤɬɚɯ. 

Ɉɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɟɪɟɧɨɫɧɵɯ ɬɜɟɪɞɨɦɟɪɨɜ – ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɦɚɬɟɪɢɚɥɨɜ, 
ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɬɢɡɵ ɩɪɨɦɵɲɥɟɧɧɨɣ  
ɛɟɡɨɩɚɫɧɨɫɬɢ. 
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ȼ ɨɫɧɨɜɭ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɩɟɪɟɧɨɫɧɵɯ ɬɜɟɪɞɨɦɟɪɨɜ ɩɨɥɨɠɟɧ ɦɟɬɨɞ ɜɞɚɜɥɢɜɚ-
ɧɢɹ ɢɧɞɟɧɬɨɪɚ ɜ ɨɛɴɟɤɬ ɤɨɧɬɪɨɥɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɟɝɨ ɬɜɟɪɞɨɫɬɢ, ɩɨɫɬɪɨɟɧɢɟ ɞɢɚɝɪɚɦɦɵ 
ɜɧɟɞɪɟɧɢɹ ɢ ɩɟɪɟɫɬɪɨɣɤɚ ɟɟ ɜ ɞɢɚɝɪɚɦɦɭ ɪɚɫɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫ ɪɚɫɱɟɬɨɦ ɟɝɨ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ƚɥɭɛɢɧɚ ɢ ɞɢɚɦɟɬɪ ɨɬɩɟɱɚɬɤɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵ (ɧɚɩɪɢɦɟɪ, 
ɜ ɬɜɟɪɞɨɦɟɪɚɯ ɤɨɦɩɚɧɢɢ Frontics ɝɥɭɛɢɧɚ – ɞɨ 1η0 ɦɤɦ, ɞɢɚɦɟɬɪ – ɞɨ 0,η ɦɦ), ɱɬɨ ɧɟ 
ɧɚɪɭɲɚɟɬ ɰɟɥɨɫɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɧɟ ɦɟɧɹɟɬ ɟɝɨ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

Ɍɜɟɪɞɨɦɟɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ 
ɦɟɬɨɞɨɦ ɜɞɚɜɥɢɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɫɮɟɪɢɱɟɫɤɢɣ ɢɧɞɟɧɬɨɪ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ 
ɤɨɧɬɚɤɬɧɭɸ ɞɟɮɨɪɦɚɰɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɜɞɚɜɥɢɜɚɧɢɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɚɛɨɪɚ 
ɩɢɪɚɦɢɞɚɥɶɧɵɯ ɢɧɞɟɧɬɨɪɨɜ ɫ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ ɩɪɢ ɜɟɪɲɢɧɟ Дγ0–γ2Ж, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɞɚɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɬɨɱɤɭ ɧɚ ɪɚɫɱɟɬɧɨɣ ɞɢɚɝɪɚɦɦɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɞɥɹ ɩɟ-
ɪɟɫɱɟɬɚ ɞɢɚɝɪɚɦɦ ɜɞɚɜɥɢɜɚɧɢɹ ɜ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. ɋɪɟɞɢ ɧɢɯ 
ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵμ ABI-ɦɟɬɨɞ (AЮЭШmКЭОН BКХХ IЧНОЧЭКЭТШЧ) 
[33–42Ж, ɦɟɬɨɞ ɤɨɦɩɚɧɢɢ Frontics [43–η0Ж, ɦɟɬɨɞ Ɇɚɪɤɨɜɰɚ Дη1–ηγЖ ɢ ɧɟɣɪɨɫɟɬɟɜɨɣ 
ɦɟɬɨɞ Дη4–61]. 

ȼ ɫɬɚɧɞɚɪɬɚɯ ɩɨ ɪɚɫɱɟɬɭ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɜɞɚɜɥɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ Дθ2–θ4Ж ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɬɨɞ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɫɭɳɟɫɬɜɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ – ɧɚɩɪɢɦɟɪ, ANSВS Дθη–71Ж, ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨ-
ɜɨɞɢɬɶ ɩɪɨɱɧɨɫɬɧɵɟ ɪɚɫɱɟɬɵ ɦɚɬɟɪɢɚɥɨɜ ɫ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɦ ɩɨɜɟɞɟɧɢɟɦ ɩɪɢ 
ɧɚɝɪɭɠɟɧɢɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɤɨɬɨɪɵɟ ɢɡ ɨɫɧɨɜɧɵɯ ɩɟɪɟɧɨɫɧɵɯ ɬɜɟɪɞɨɦɟɪɨɜ 
ɢ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɞɢɚɝɪɚɦɦ ɜɞɚɜɥɢɜɚɧɢɹ ɜ ɞɢɚɝɪɚɦɦɵ  
ɪɚɫɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ.  

 
Ʉɥɚɫɫиɮиɤɚɰия ɦɟɬɨɞɨв иɫɩɵɬɚɧиɣ ɧɚ ɬвɟɪɞɨɫɬь 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɜɞɚɜɥɢɜɚɧɢɟ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɹɦɵɟ ɫɬɚɧɞɚɪɬɢɡɢ-
ɪɨɜɚɧɧɵɟ ɢ ɛɟɡɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ (ɪɢɫ. 1).  

 

Ʉɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ

ɋɤɥɟɪɨɫɤɨɩɢɹ

ɉɪɹɦɵɟ ɦɟɬɨɞɵ

Ⱥɤɭɫɬɢɱɟɫɤɢɟ 
(ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ) ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ

ɇɟɦɟɯɚɧɢɱɟɫɤɢɟ 
(ɛɟɡɞɟɮɨɪɦɚɰɢɨɧɧɵɟ)

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ

Ɇɟɯɚɧɢɱɟɫɤɢɟ 
(ɢɧɞɟɧɬɢɪɨɜɚɧɢɟ)

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɋɬɚɬɢɱɟɫɤɢɟ Ⱦɢɧɚɦɢɱɟɫɤɢɟ
 

Ɋɢɫ. 1. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɜɟɪɞɨɫɬɶ 
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ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɬɜɟɪɞɨɫɬɶ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. ȼ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɦɟɬɨɞɵ ɧɟɦɟɯɚɧɢɱɟɫɤɨɝɨ, 
ɬ. ɟ. ɛɟɡɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ, ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɨɫɧɨɜɚɧɵ ɧɚ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɹɯ 
ɭɥɶɬɪɚɡɜɭɤɚ ɢ ɷɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦɚ.  

Ɍɜɟɪɞɨɫɬɶ ɩɨ  Ȼɪɢɧɟɥɥɸ (HB), ȼɢɤɤɟɪɫɭ (ɇV) ɢ Ɋɨɤɜɟɥɥɭ (HRC) ɦɨɠɧɨ ɢɡɦɟ-
ɪɹɬɶ ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɫɬɚɬɢɱɟɫɤɨɝɨ ɬɜɟɪɞɨɦɟɪɚ, ɧɨ ɢ ɢɫɩɨɥɶɡɭɹ ɧɟɦɟɯɚɧɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ – ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ ɢɦɩɟɞɚɧɫɚ (ɧɟ ɪɟɝɥɚɦɟɧɬɢɪɭ-
ɟɬɫɹ ɫɬɚɧɞɚɪɬɚɦɢ). ɋɪɟɞɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɢɛɨɪɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɦɟɬɨɞ ɚɤɭɫɬɢɱɟɫɤɨ-
ɝɨ ɢɦɩɟɞɚɧɫɚ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶμ ɐɎɆɂ «ɆȿɌ» (ɝ. Ɇɨɫɤɜɚ), ɇɉɈ «ɂɧɬɪɨɬɟɫɬ» (ɝ. ȿɤɚ-
ɬɟɪɢɧɛɭɪɝ), NКmТМШЧ (ɂɬɚɥɢɹ), KrКЮЭФrКmОr (Ƚɟɪɦɚɧɢɹ) ɢ ɞɪ. 

Ʉ ɧɟɦɟɯɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɦɨɠɧɨ ɬɚɤɠɟ ɭɫɥɨɜɧɨ ɨɬɧɟɫɬɢ ɦɟɬɨɞ ɰɚɪɚɩɚɧɢɹ 
(ɫɤɥɟɪɨɦɟɬɪɢɢ).  

Ɇɟɬɨɞɵ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɨɬɧɨɫɹɬɫɹ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ (ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ). 
ɉɨ ɜɪɟɦɟɧɧɨ ɦɭ ɮɚɤɬɨɪɭ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨɞɪɚɡ-

ɞɟɥɹɸɬ ɧɚ ɤɢɧɟɬɢɱɟɫɤɢɟ, ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɫɬɚɬɢɱɟɫɤɢɟ.  
ɋɬɚɬɢɱɟɫɤɭɸ ɬɜɟɪɞɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚɝɪɭɡɤɢ, ɩɨɷɬɨɦɭ ɜɥɢɹɧɢɟ 

ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɧɞɟɧɬɨɪɚ ɧɟ ɭɱɢɬɵɜɚɸɬ. 
ɋɪɟɞɢ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɫɬɚɬɢɱɟɫɤɨɣ ɬɜɟɪɞɨɫɬɢ ɦɨɠɧɨ ɨɬɦɟ-

ɬɢɬɶ ɦɟɬɨɞɵμ Ƚɟɪɰɚ (Hr), Ȼɪɢɧɟɥɥɹ (HB), ȼɢɤɤɟɪɫɚ (ɇV), Ɋɨɤɜɟɥɥɚ (HRA, HRB, HRC), 
ɒɨɪɚ (HSȺ). ɋɪɟɞɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɢɛɨɪɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɜ Ȼɪɢɧɟɥɥɹ 
(ȽɈɋɌ λ012–ηλ), ȼɢɤɤɟɪɫɚ (ȽɈɋɌ 2λλλ–75, ISO 6507, ASTM E 92, DIN η01γγ), Ɋɨɤɜɟɥ-
ɥɚ (ȽɈɋɌ λ01γ–59, ISO 6508, DIN 50103/1, ASTM E 1κ) ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɤɨɦɩɚɧɢɢμ «Ɍɨɱɩɪɢɛɨɪ» (ɝ. ɂɜɚɧɨɜɨ), ГаТМФ/RШОХХ (Ƚɟɪɦɚɧɢɹ), Indentec (ȼɟɥɢɤɨɛɪɢɬɚ-
ɧɢɹ), АТХsШЧ & АШХpОrЭ (ɋɒȺ) ɢ ɞɪ. ɉɟɪɟɧɨɫɧɵɟ ɬɜɟɪɞɨɦɟɪɵ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɢɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɨ Ȼɪɢɧɧɟɥɸ ɩɨ ȽɈɋɌ 227θ1–77, ɩɪɨɢɡɜɨɞɹɬ ɨɬɟ-
ɱɟɫɬɜɟɧɧɵɟ ɤɨɦɩɚɧɢɢ «Ɍɨɱɩɪɢɛɨɪ» ɢ Ɇɗɂ (ɝ. Ɇɨɫɤɜɚ). 

Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨ Ȼɪɢɧɟɥɥɸ, ȼɢɤɤɟɪɫɭ, Ȼɟɪɤɨɜɢɱɭ, ɫɨɝɥɚɫɧɨ 
ɫɬɚɧɞɚɪɬɭ DIN η0γηλ, ɧɚɡɜɚɧɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɬɜɟɪɞɨɫɬɶɸ (HU). Ɇɟɬɨɞɵ ȼɢɤɤɟɪɫɚ  
ɢ Ȼɟɪɤɨɜɢɱɚ ɩɨ ɦɟɠɞɭɧɚɪɨɞɧɨɦɭ ɫɬɚɧɞɚɪɬɭ ISτ 14η77-1μ200γ ɧɚɡɜɚɧɵ ɬɜɟɪɞɨɫɬɶɸ  
ɩɨ Ɇɚɪɬɟɧɫɭ Дγ2, 72Ж. Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɫɢɫɬɟɦ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɹ  
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɬɜɟɪɞɨɫɬɢμ ȼɇɂɂȺɗɋ (Ɇɨɫɤɜɚ), ГаТМФ/RШОХХ (Ƚɟɪɦɚɧɢɹ), 
SЭТОПОХmКвОr/RОТМСОrЭОr (Ƚɟɪɦɚɧɢɹ) ɢ ɞɪ. 

ȼ ɞɢɧɚɦɢɱɟɫɤɢɯ ɦɟɬɨɞɚɯ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɨɰɟɧɢɜɚɸɬ ɪɚɫɯɨɞ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɢɧɞɟɧɬɨɪɚ ɢ ɨɩɪɟɞɟɥɹɸɬ ɬɜɟɪɞɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɭɞɚɪɟ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢμ ɉɨɥɶɞɢ (ɇɊ), ɒɨɪɚ 
(HSD) ɢ Ʌɟɟɛɚ (HL). ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɬɜɟɪɞɨɦɟɪɨɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨ ɦɟɬɨɞɭ 
ɉɨɥɶɞɢ (ȽɈɋɌ 18661–73) – «Ɍɨɱɩɪɢɛɨɪ» (ɂɜɚɧɨɜɨ), ȼɨɥɝɨɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢ ɞɪ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨ ɦɟɬɨɞɭ ɒɨɪɚ  
(ȽɈɋɌ 2γ27γ–7κ) ɢɫɩɨɥɶɡɭɸɬ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɨɢɡɜɟɞɟɧɧɨɟ «Ɍɨɱɩɪɢɛɨɪ» (ɂɜɚɧɨɜɨ), 
ГаТМФ (Ƚɟɪɦɚɧɢɹ) ɢ ɞɪ. ɉɪɨɢɡɜɨɞɢɬɟɥɢ ɬɜɟɪɞɨɦɟɪɨɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɩɨ ɦɟɬɨ-
ɞɭ Ʌɟɟɛɚ (ASTM Ⱥληθ-02) – «ɆȿɌ» (ɝ. Ɇɨɫɤɜɚ), ɇɉɉ «Ɍɟɯɧɨɬɟɫɬ-Ɇ» (ɝ. Ɇɨɫɤɜɚ), 
«ɗɉɋɂ» (Ʉɚɥɢɧɢɧɝɪɚɞ), ɇɉɈ «ɂɧɬɪɨɬɟɫɬ» (ȿɤɚɬɟɪɢɧɛɭɪɝ), KrКЮЭФrКmОr (Ƚɟɪɦɚɧɢɹ), 
PrШМОq (ɒɜɟɣɰɚɪɢɹ) ɢ ɞɪ. 

ɉɪɢɧɹɬɨ ɭɫɥɨɜɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɦɟɬɨɞɨɜ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɩɨ ɦɚɫɲɬɚɛɧɨɦɭ ɮɚɤɬɨ-
ɪɭμ ɦɚɤɪɨɢɧɞɟɧɬɢɪɨɜɚɧɢɟ (ɭɫɢɥɢɟ – ɨɬ 2 ɇ ɞɨ γ0 ɤɇ), ɦɢɤɪɨɢɧɞɟɧɬɢɪɨɜɚɧɢɟ (ɭɫɢɥɢɟ 
<2 ɇ, ɝɞɟ ɝɥɭɛɢɧɚ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ h – ɛɨɥɟɟ 20 ɧɦ), ɧɚɧɨɢɧɞɟɧɬɢɪɨɜɚɧɢɟ (ɭɫɢɥɢɟ ‒ ɨɬ 
0,1 ɞɨ 1λθ0 ɦH, h – ɧɟ ɛɨɥɟɟ 20 ɧɦ), ɩɢɤɨɢɧɞɟɧɬɢɪɨɜɚɧɢɟ (ɝɥɭɛɢɧɚ ɨɬɩɟɱɚɬɤɚ ɧɟ ɩɪɟ-
ɜɵɲɚɟɬ ɧɟɫɤɨɥɶɤɢɯ ɧɚɧɨɦɟɬɪɨɜ, ɚ ɪɚɡɪɟɲɟɧɢɟ – ɧɟ ɛɨɥɟɟ 1 ɧɦ). 
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Ɉɛɨɪɭɞɨвɚɧиɟ ɞɥя ɨɩɪɟɞɟɥɟɧия ɮиɡиɤɨ-ɦɟɯɚɧичɟɫɤиɯ ɯɚɪɚɤɬɟɪиɫɬиɤ  
ɦɚɬɟɪиɚɥɨв и иɡɞɟɥиɣ ɦɟɬɨɞɨɦ вɞɚвɥивɚɧия 

ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɩɪɢɛɨɪɨɜ ɞɥɹ ɤɨɧɬɪɨɥɹ ɢɡɞɟɥɢɣ ɦɟɬɨ-
ɞɨɦ ɜɞɚɜɥɢɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɤɨɦɩɚɧɢɢ ATC (Advanced Technology Corporation) ɢ 
Frontics, ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɸɬ ɦɟɬɨɞ ɱɚɫɬɢɱɧɨɣ ɪɚɡɝɪɭɡɤɢ ɫ ɩɨ-
ɫɬɟɩɟɧɧɨ ɧɚɪɚɫɬɚɸɳɢɦ ɭɫɢɥɢɟɦ ɫ ɪɹɞɨɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɧɟɩɨɥɧɵɯ ɪɚɡɝɪɭɡɨɤ (ɪɢɫ. 2). 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɚɝɪɭɡɤɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɹ (а)  
ɢ ɭɝɥɭɛɥɟɧɢɹ ɩɪɢ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ ɫ ɱɚɫɬɢɱɧɨɣ ɪɚɡɝɪɭɡɤɨɣ (ɛ) [73] 

 

ȼ 1λκ0 ɝ. ɩɪɟɡɢɞɟɧɬɨɦ ɤɨɦɩɚɧɢɢ ATC Ɏ. ɏɷɝɷɝɨɦ ɪɚɡɪɚɛɨɬɚɧ ABI-ɦɟɬɨɞ, ɫ 
1991 ɝ. ɩɪɢɦɟɧɹɸɳɢɣɫɹ ɞɥɹ ɪɚɛɨɬɵ ɩɪɢɛɨɪɨɜ ɦɚɪɤɢ SSM-M1000, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɞɚɜɥɢɜɚɧɢɹ ɨɰɟɧɢɜɚɬɶ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢО ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɢɡɞɟɥɢɣ. ɋ 1λλλ ɝ. ɩɪɢɦɟɧɹɟɬɫɹ ɦɚɥɨɝɚɛɚɪɢɬɧɚɹ ɩɟɪɟɧɨɫɧɚɹ ɫɢɫɬɟɦɚ SSM-Mobile-
БR ɞɥɹ ɪɚɛɨɬɵ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ Д74Ж. Ɇɟɬɨɞ ABI ɡɚ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ ɫɜɨɟɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɪɟɞɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɩɪɨɜɨɞɹɳɢɯ  
ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ (Ⱥɗɋ) Д7η–77].  

ɋɪɟɞɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɪɟɚɥɢɡɭɸɳɢɯ 
ABI-ɦɟɬɨɞ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ȼɇɂɂȺɗɋ (ɝ. Ɇɨɫɤɜɚ) ɢ ɇɉɎ «ɗɤɫɩɪɟɫɫ-ɢɡɦɟɪɟɧɢɹ»  
(ɝ. Ɇɨɫɤɜɚ). ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ (ȼɇɂɂȺɗɋ) ɩɪɨɢɡɜɨɞɢɬ ɬɜɟɪɞɨɦɟɪ ɌȿɋɌ-ηɍ ɞɥɹ ɤɨɧɬɪɨɥɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ Ⱥɗɋ Д74Ж. ȼ ɬɜɟɪɞɨɦɟɪɟ ɌȿɋɌ-ηɍ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɮɟɪɢ-
ɱɟɫɤɢɟ ɢɧɞɟɧɬɨɪɵ ɩɪɢ ɭɫɢɥɢɢ ɜɞɚɜɥɢɜɚɧɢɹ ɞɨ 4 ɤɇ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ 
ɫɨɫɬɚɜɥɹɟɬ η %, ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 10 %. Ɏɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ 
ȼɇɂɂȺɗɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɚ ɜ 
ɪɚɛɨɬɟ Дγ2Ж. ɇɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɮɢɪɦɚ «ɗɤɫɩɪɟɫɫ-ɢɡɦɟɪɟɧɢɹ» ɩɪɨɢɡɜɨɞɢɬ ɪɭɱ-
ɧɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɬɜɟɪɞɨɦɟɪɵ ɦɚɪɤɢ ɉɂɌɆ-Ⱦȼ-02, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɩɟɪɚɬɢɜɧɨ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢɡɞɟɥɢɹ ɢ ɨɩɪɟɞɟɥɹɬɶ ɢɯ ɬɜɟɪɞɨɫɬɶ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
(ɩɪɟɞɟɥɵ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, ɤɪɢɜɭɸ ɭɩɪɨɱɧɟɧɢɹ ɢ ɞɪ.).  

ȼ ɦɟɬɨɞɢɤɟ ȼɇɂɂȺɗɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɞɭɪɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
(ɤɚɤ ɢ ɜ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɪɚɧɟɟ ɫɬɚɧɞɚɪɬɚɯ) ɫɨɞɟɪɠɚɬɫɹ ɨɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɫɬɪɨɟɧɢɸ 
ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɪɚɫɱɟɬɚ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ. ȼ ɪɚɛɨɬɟ Д7κЖ ɪɚɫ-
ɫɦɨɬɪɟɧɵ ɫɥɨɠɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɧɞɟɧɬɢɪɨɜɚ-
ɧɢɹ ɦɚɬɟɪɢɚɥɚ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɫɨɡɞɚɧɢɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɞɨɛɪɚɬɶ ɩɪɢɝɨɞɧɭɸ ɞɥɹ ɪɚɫɱɟɬɚ ɫɟɬɤɭ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɚɜɢɥɶɧɨ ɧɚɫɬɪɨɢɬɶ 
ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ. ɉɨɫɤɨɥɶɤɭ ɜɞɚɜɥɢɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɨɣ  
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ɧɟɥɢɧɟɣɧɨɫɬɶɸ, ɬɨ ɷɬɨ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɫɟɬɤɟ ɩɪɢɜɨɞɢɬ ɤ ɧɟɫɯɨɞɢɦɨɫɬɢ ɪɚɫɱɟɬɨɜ.  
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɡɛɢɟɧɢɟ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɩɪɨ-
ɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ PATRAN Д7λ–κ1Ж, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɭɞɨɛɧɵɟ ɫɪɟɞɫɬɜɚ ɧɚɫɬɪɨɣɤɢ 
ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɞɜɨɢɬɶ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 
ɡɨɧɵ ɫ ɦɟɥɤɨɣ ɫɟɬɤɨɣ ɤ ɡɨɧɟ ɫ ɤɪɭɩɧɨɣ ɫɟɬɤɨɣ ɛɟɡ ɧɚɪɭɲɟɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɨɝɪɚɧɢɱɟɧɢɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɷɥɟɦɟɧɬɚ. Ɋɚɡɛɢɟɧɢɟ ɢɧɞɟɧɬɨɪɚ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 
ɤɨɦɩɥɟɤɫɟ ANSYS ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɨɣ ɨɩɰɢɢ ɫɜɨɛɨɞɧɨɝɨ ɪɚɡɛɢɟɧɢɹ ɦɨɞɟɥɢ ɧɚ ɤɨ-
ɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ Дκ2–87].  

Ⱦɥɹ ɯɨɪɨɲɟɣ ɫɯɨɞɢɦɨɫɬɢ ɪɚɫɱɟɬɚ ɤɨɧɬɚɤɬɧɚɹ ɡɨɧɚ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɩɚɪɨɣ  
ɤɨɧɬɚɤɬɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɞɟɧɬɨɪɚ, 
ɞɪɭɝɨɣ – ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ. Ɍɪɭɞɨɟɦɤɢ ɬɚɤɠɟ ɷɬɚɩɵ ɜɟɪɢɮɢɤɚɰɢɢ ɢ ɜɚɥɢɞɚɰɢɢ 
ɦɨɞɟɥɢ Д7κЖ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬ ɞɢɚ-
ɝɪɚɦɦ ɜɧɟɞɪɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɵ, ɱɬɨ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɫɬɚɧɞɚɪɬɚɯ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜ ABI-ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟ Ɍɟɣɛɨɪɚ 
ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɝɨ ɜɞɚɜɥɢɜɚɧɢɹ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɛɨɪɚ ɱɢɫ-
ɥɟɧɧɨ (ɦɟɬɨɞɨɦ ɢɬɟɪɚɰɢɣ) ɞɥɹ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɰɢɤɥɚ ɪɟɲɚɸɬ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ  

 
        1,12 ɩɪɢ Ɏ ≤ 1 

            į =       1,12 + ĲlnɎ ɩɪɢ 1 < Ɏ ≤ 27    (1) 
         įmax ɩɪɢ Ɏ ˃ 27, 

 
Ɏ = İɪ E1/0,4γı,      (2) 

 
ɝɞɟ ȿ1 – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɨɛɪɚɡɰɚν ı – ɢɫɬɢɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟν 
 

įmax = 2,κ7αm,      (3) 
 

ɝɞɟ αm – ɩɚɪɚɦɟɬɪ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤ ɫɤɨɪɨɫɬɢ ɧɚɝɪɭɠɟɧɢɹ (ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɧɟ  
ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɫɤɨɪɨɫɬɢ ɧɚɝɪɭɠɟɧɢɹ αm = 1); 
 

;
3,3

12,1įĲ max                             (4) 
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ɝɞɟ hp – ɝɥɭɛɢɧɚ ɨɫɬɚɬɨɱɧɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɨɬɩɟɱɚɬɤɚν dp – ɞɢɚɦɟɬɪ ɨɫɬɚɬɨɱɧɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ 
ɨɬɩɟɱɚɬɤɚν D – ɞɢɚɦɟɬɪ ɢɧɞɟɧɬɨɪɚν 
 

,
11

 47,5
21

max 


 
EE

PC                                                       (6) 

 
ɝɞɟ Ɋmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚν ȿ2 – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɢɧɞɟɧɬɨɪɚ. 

 
ɍɪɚɜɧɟɧɢɟ (η) ɜɦɟɫɬɟ ɫ ɦɧɨɠɢɬɟɥɟɦ ɋ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɭɪɚɜɧɟɧɢɸ (θ), ɜɵɜɨ-

ɞɢɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ Ƚɟɪɰɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɧɚɝɪɭɡɤɭ ɩɪɢ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɜɭɯ ɬɟɥ, 
ɢɦɟɸɳɢɯ ɮɨɪɦɭ ɩɚɪɚɛɨɥɨɢɞɚ ɜɪɚɳɟɧɢɹ ɢɥɢ (ɜ ɩɪɟɞɟɥɶɧɨɦ ɫɥɭɱɚɟ) ɩɚɪɚɛɨɥɨɢɞɚ  
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ɜɪɚɳɟɧɢɹ ɢ ɭɩɪɭɝɨɝɨ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ. Ⱦɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɱɚɫɬɨ ɭɩɨɬɪɟɛɥɹɸɬ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɟɥ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɬɚɤ ɤɚɤ ɩɚɪɚɛɨɥɨɢɞ ɜɪɚɳɟɧɢɹ ɜɛɥɢ-
ɡɢ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ ɹɜɥɹɟɬɫɹ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ ɫɮɟɪɵ. ɉɪɢ ɜɵɜɨɞɟ ɫɨɨɬɧɨɲɟɧɢɹ (η) 
ɢɫɩɨɥɶɡɭɸɬ ɩɨɞɯɨɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ДκκЖ, ɝɞɟ ɢɡ-ɡɚ ɨɛɪɚɬɢɦɨɫɬɢ ɭɩɪɭɝɨɣ ɞɟ-
ɮɨɪɦɚɰɢɢ ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɪɚɫɫɦɨɬɪɟɧ ɤɨɧɬɚɤɬ ɫ ɩɥɚɫɬɢɱɟɫɤɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɶɸ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɢɧɞɟɧɬɢɪɭɸɳɟɝɨ ɬɟɥɚ ɪɚɞɢɭɫɨɦ r1 ɜ ɩɨɥɨɫɬɶ ɫ ɪɚɞɢɭɫɨɦ r2.  
ɉɨɫɥɟ ɪɚɡɝɪɭɡɤɢ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. γ. 

 
 

dp

ВАɏ Y

E2

E1

r2

r1

 
Ɋɢɫ. γ. ɂɧɞɟɧɬɢɪɭɸɳɟɟ ɬɟɥɨ ɢ ɩɪɨɮɢɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɪɚɡɝɪɭɡɤɢ ДκλЖ 

 
ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɭɚɫɫɨɧɚ ɞɥɹ ɨɛɨɢɯ ɬɟɥ ɪɚɜɧɵ 

0,γ, ɢɡ ɦɨɞɟɥɢ Ƚɟɪɰɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɦɨɦɟɧɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɞɢɚɦɟɬɪ ɨɫɬɚɬɨɱɧɨ-
ɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɨɬɩɟɱɚɬɤɚ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ  

,
11

2
22,2

3/1

2121

21 


 


 
EErr

rrF
d p                                                  (7) 

ɝɞɟ F – ɭɫɢɥɢɟ ɜɞɚɜɥɢɜɚɧɢɹ. 
 
Ⱦɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɪɚɡɦɟɪɵ ɤɨɧɬɚɤɬɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜ ɦɨɦɟɧɬ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɞɢɚɦɟɬɪɚ ɨɫɬɚɬɨɱɧɨɝɨ ɨɬɩɟɱɚɬɤɚ ɫɨɜɩɚɞɚɸɬ, ɬ. ɟ. ɩɪɢ ɧɚɝɪɭɡ-
ɤɟ ɧɚ ɢɧɞɟɧɬɨɪ ɜ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɣ ɨɬɩɟɱɚɬɨɤ ɞɨ ɩɪɟɞɵɞɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶ-
ɧɨɣ ɫɢɥɵ ɞɚɧɧɵɣ ɞɢɚɦɟɬɪ ɧɟ ɦɟɧɹɟɬɫɹ, ɱɬɨ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɜɟɪɧɵɦ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɧɟ-
ɫɤɨɥɶɤɢɯ ɩɪɨɰɟɧɬɨɜ. ȼɚɠɧɵɦ ɡɚɦɟɱɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɟ (7) ɨɫɬɚɟɬɫɹ ɜ 
ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ ɜɟɪɧɵɦ ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ «ɧɚɜɚɥɨɜ» (ɪɢɫ. 4, ɜ). 

ɉɟɪɟɯɨɞ ɨɬ ɭɪɚɜɧɟɧɢɹ (7) ɤ ɭɪɚɜɧɟɧɢɸ (η) ɫɜɹɡɚɧ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɟɪɟɫɱɟɬɨɦ 
ɪɚɞɢɭɫɚ r1 ɱɟɪɟɡ ɯɨɪɞɭ ɞɢɚɦɟɬɪɚ dp ɢ ɜɵɫɨɬɭ ɫɟɝɦɟɧɬɚ hp. ɂɝɧɨɪɢɪɨɜɚɧɢɟ ɧɚɥɢɱɢɹ 
«ɧɚɜɚɥɨɜ» (pile-up) ɢ «ɩɪɨɜɚɥɨɜ» (sink-in), ɱɬɨ ɜ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɚɧɚɥɨɝɢɱɧɨ ɩɨɞɯɨɞɭ 
Ɉɥɢɜɟɪɚ–Ɏɚɪɚ ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ Д90–λ2Ж, ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɨɦɟɧɬ 
ɪɚɫɱɟɬɚ ɝɥɭɛɢɧɵ hp. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɞɚɧɧɵɯ ɪɢɫ. 4, а ɢ ɛ, ɜɟɥɢɱɢɧɭ ɝɥɭɛɢɧɵ hp ɨɬɫɱɢɬɵ-
ɜɚɸɬ ɨɬ ɭɪɨɜɧɹ ɧɚɱɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɧɚɥɢɱɢɢ «ɧɚɜɚɥɨɜ» ɭɪɨɜɟɧɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɤɪɭɝ ɢɧɞɟɧɬɨɪɚ ɧɟɦɧɨɝɨ ɩɨɞɧɢɦɚɟɬɫɹ ɢ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɨɧɬɚɤɬɧɵɣ 
ɞɢɚɦɟɬɪ d ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ ɞɢɚɦɟɬɪɚ dt ɜ ɫɥɭɱɚɟ «ɧɚɜɚɥɨɜ» ɢɥɢ ɠɟ ɦɟɧɶɲɟ dt ɜ ɫɥɭɱɚɟ 
«ɩɪɨɜɚɥɨɜ» (ɪɢɫ. 4, ɜ).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ABI, ɜɵɪɚɠɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ (1)–(7), ɧɟ ɭɱɢ-
ɬɵɜɚɟɬ «ɧɚɜɚɥɨɜ», ɨɞɧɚɤɨ ɞɚɟɬ ɫɢɫɬɟɦɭ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ  
ɩɨɥɭɱɢɬɶ ɜɚɠɧɵɣ ɷɦɩɢɪɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ.  

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɚɤɠɟ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɬɜɟɪɞɨɫɬɶ  
ɩɨ Ȼɪɢɧɟɥɥɸ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. 
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Ɋɢɫ. 4. Ɉɛɨɡɧɚɱɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɟɬɨɞɟ ABIμ а – ɞɢɚɝɪɚɦɦɚ «ɧɚɝɪɭɠɟɧɢɟ–ɞɟɮɨɪɦɚɰɢɹ»ν  

ɛ – ɨɛɨɡɧɚɱɟɧɢɟ ɛɚɡɨɜɵɯ ɜɟɥɢɱɢɧ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ ДλγЖν ɜ – ɫɯɟɦɚ, ɨɛɴɹɫɧɹɸɳɚɹ ɪɚɡɥɢɱɢɟ ɤɨɧ-
ɬɚɤɬɧɵɯ ɞɢɚɦɟɬɪɨɜ ɩɪɢ ɧɚɥɢɱɢɢ «ɧɚɜɚɥɨɜ» ɢɥɢ «ɩɪɨɜɚɥɨɜ» Дλ4Ж  

 
ɋ ɩɨɦɨɳɶɸ ABI-ɬɟɫɬɚ ɩɪɟɞɥɨɠɟɧɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɬɶ ɤɪɢɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ K1c ɢ ɩɨɪɨɝ ɯɥɚɞɧɨɥɨɦɤɨɫɬɢ (ɞɥɹ ɜɹɡɤɢɯ ɦɚɬɟɪɢɚɥɨɜ). Ɉɞɧɚ-
ɤɨ ɩɪɢɡɧɚɧɨ, ɱɬɨ ɷɬɨ ɬɨɥɶɤɨ ɷɦɩɢɪɢɱɟɫɤɨɟ ɧɚɛɥɸɞɟɧɢɟ ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ɤɥɚɫɫɚ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɧɢɤɚɤɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɞɥɹ ɬɚɤɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ 
ДληЖ. ȼ ɮɨɪɦɭɥɟ (κ) l0 – ɷɬɨ ɤɪɢɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɟɪɟɞ ɜɟɪɲɢɧɨɣ ɬɪɟɳɢɧɵ, ɧɚ ɤɨɬɨ-
ɪɨɦ ɞɟɮɨɪɦɚɰɢɹ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ İɢ, ɬ. ɟ. ɜɟɥɢɱɢɧɭ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɜɧɨɦɟɪɧɨɣ ɞɟ-
ɮɨɪɦɚɰɢɢ. ȼɟɥɢɱɢɧɚ l0 ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɪɢɚɥɚ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɪɚɤɬɨɝɪɚɦɦɚɦ ɤɚɤ ɜɟɥɢɱɢɧɚ, ɤɪɚɬɧɚɹ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɹɦɤɚɦɢ ɢɡɥɨ-
ɦɚ (ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɨɧɚ ɤɪɚɬɧɚ ɪɚɡɦɟɪɭ ɡɟɪɧɚ ɢɥɢ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ)μ 

 
K1c = C(İɢ l0 E ıɭ)0,5,                                                  (8) 

 
ɝɞɟ ɋ – ɤɨɧɫɬɚɧɬɚν ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢν ıɭ – ɭɩɪɭɝɨɟ ɧɚɩɪɹɠɟɧɢɟ. 
 

ȼ ABI-ɦɟɬɨɞɟ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧ ɩɚɪɚɦɟɬɪ IEF (IЧНОЧЭКЭТШЧ EЧОrРв ЭШ FrКМЭЮrО), 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɭɞɟɥɶɧɭɸ (ɧɚ ɟɞɢɧɢɰɭ ɤɨɧɬɚɤɬɧɨɣ ɨɛɥɚɫɬɢ) ɷɧɟɪɝɢɸ ɜɞɚɜɥɢɜɚ-
ɧɢɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɢɧɞɟɧɬɨɪɨɦ ɝɥɭɛɢɧɵ hf, ɩɪɢ ɤɨɬɨɪɨɣ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ 
ɧɢɦ ɞɨɫɬɢɝɚɸɬ ɜɟɥɢɱɢɧɵ ɧɚɩɪɹɠɟɧɢɹ ɫɤɨɥɚ ɞɥɹ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ıf :  

  ,dIEF
0
 fh

hhP                                                     (9) 

ɝɞɟ Ɋ – ɭɫɢɥɢɟν h – ɝɥɭɛɢɧɚ ɜɞɚɜɥɢɜɚɧɢɹ. 
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Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɞɨɩɭɳɟɧɢɢ, ɱɬɨ ɫɬɟɩɟɧɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɩɨɞ ɢɧɞɟɧɬɨ-
ɪɨɦ ɛɥɢɡɤɚ ɤ ɫɬɟɩɟɧɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ, ɢ ɩɪɢɧɢɦɚɹ ɜɨ 
ɜɧɢɦɚɧɢɟ, ɱɬɨ ɞɥɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɠɢɦɚɸɳɢɟ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɞɨ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɷɤɜɢɜɚɥɟɧɬɧɵ,  ɜɵɞɜɢɧɭɬɚ ɝɢɩɨɬɟɡɚ, ɱɬɨ ɩɚɪɚɦɟɬɪ  IEF ɤɨɪɪɟɥɢɪɭ-
ɟɬ ɫ ɷɧɟɪɝɢɟɣ ɪɚɡɪɭɲɟɧɢɹ. ȼ ɮɨɪɦɭɥɟ (10) ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɪɚɜɟɧ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɡɚɜɢɫɹɳɟɣ 
ɱɚɫɬɢ ɷɧɟɪɝɢɢ ɪɚɡɪɭɲɟɧɢɹμ 

 
IEF = WT.                                                             (10) 

 
ȼ ɪɚɛɨɬɟ ДλθЖ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ 

ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ K1ɫ, ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪ IEF ɢ ɫ ɩɨɦɨɳɶɸ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɧɚɞɪɟɡɚɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɫɨɫɬɚɜɢɥɨ з40 %μ  

 

.
2

2
1

E

K
W c

Ɍ                                                                     (11) 

 

ɋɩɟɰɢɚɥɢɫɬɵ Ȼɪɚɬɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ ɪɚɛɨɬɟ Дλ7Ж ɭɬɜɟɪɠɞɚ-
ɸɬ, ɱɬɨ ɦɟɬɨɞ ABI ɧɟɬɨɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ ɞɟɮɨɪɦɚɰɢɢ, ɬɚɤ ɤɚɤ ɜ ɧɟɦ ɢɝɧɨɪɢɪɭɸɬ-
ɫɹ ɷɮɮɟɤɬɵ «ɧɚɜɚɥɚ» ɢ «ɩɪɨɜɚɥɚ», ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɮɨɪɦɭ ɞɢɚɝɪɚɦɦɵ ɜɞɚɜɥɢɜɚɧɢɹ.  

ȼ ɫɬɚɬɶɟ Дλ7Ж ɧɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɹ Ȼɭɥɵɱɟɜɚ ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɛɟɡ ɭɱɟɬɚ ɢɧɞɟɤɫɚ Ɇɷɣɟɪɚ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɪɚɫɱɟɬ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢ-
ɪɨɜɚɧɢɹ ɫɮɟɪɢɱɟɫɤɢɦ ɢɧɞɟɧɬɨɪɨɦ ɢ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ ɷɮɮɟɤɬɵ ɜɵɞɚɜɥɢɜɚɧɢɹ ɢ 
ɜɞɚɜɥɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɞɟɥɚɟɬ ɷɬɨɬ ɦɟɬɨɞ ɬɨɱɧɟɟ ABI-ɦɟɬɨɞɚ. 

ȼ ɪɚɛɨɬɟ ДληЖ ɨɬɦɟɱɟɧɨ, ɱɬɨ ABI-ɦɟɬɨɞ ɧɟ ɢɦɟɟɬ ɝɥɭɛɨɤɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɨɫ-
ɧɨɜɚɧɢɹ, ɚ ɨɫɧɨɜɚɧ ɬɨɥɶɤɨ ɧɚ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɷɦɩɢɪɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɢ ɬɪɟɛɭɟɬ  
ɫɩɟɰɢɚɥɶɧɨɣ ɤɚɥɢɛɪɨɜɤɢ. ȼ ɪɚɛɨɬɟ ДλκЖ ɨɬɦɟɱɟɧɨ, ɱɬɨ ABI-ɦɟɬɨɞ ɧɟɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɫɬɚɥɶɧɵɯ ɬɪɭɛ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ ɫɭɳɟɫɬɜɭɟɬ 
ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɝɞɟ ɷɬɨɬ ɦɟɬɨɞ ɨɲɢɛɨɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɬɚɤɢɯ  
ɰɟɥɟɣ. Ɇɟɬɨɞ ABI ɧɟɞɨɩɭɫɬɢɦɨ ɬɚɤɠɟ ɫɪɚɜɧɢɜɚɬɶ ɫ ɦɟɬɨɞɨɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ  
ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɤɨɪɟɣɫɤɨɣ ɤɨɦɩɚɧɢɢ FrШЧЭТМs, ɬɜɟɪɞɨɦɟɪɵ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ ɪɚɡ-
ɥɢɱɧɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɜɞɚɜɥɢɜɚɧɢɹ.  
ȼ ɦɟɬɨɞɟ ABI ɩɪɢɦɟɧɹɸɬɫɹ ɞɪɭɝɢɟ ɩɨɞɯɨɞɵ ɤ ɩɨɫɬɪɨɟɧɢɸ ɞɢɚɝɪɚɦɦ ɪɚɫɬɹɠɟɧɢɹ – 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɮɟɪɢɱɟɫɤɢɣ ɢɧɞɟɧɬɨɪ ɛɨɥɶɲɟɝɨ ɞɢɚɦɟɬɪɚ, ɦɟɧɶɲɚɹ ɝɥɭɛɢɧɚ ɜɞɚɜɥɢɜɚ-
ɧɢɹ, ɚ ɬɚɤɠɟ ɞɪɭɝɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ȼ 2000 ɝ. ɧɚ ɛɚɡɟ ɤɨɪɟɣɫɤɨɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɱɧɨ-
ɫɬɢ ɋɟɭɥɶɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɨɫɧɨɜɚɧɚ ɤɨɦɩɚɧɢɹ FrШЧЭТМs ДλλЖ, ɤɨɬɨɪɚɹ 
ɜɵɩɭɫɤɚɟɬ ɩɪɢɛɨɪɵ ɱɟɬɵɪɟɯ ɦɨɞɢɮɢɤɚɰɢɣ AIS2100, AISγ000, AISγ000 CШmpКМЭ ɢ 
AISγ000HD, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɞɢɚɝɪɚɦɦɭ «ɧɚɩɪɹɠɟɧɢɟ–ɞɟɮɨɪɦɚɰɢɹ» ɫ ɧɚɝɪɭɡɤɨɣ 
ɨɬ 20 ɞɨ γ000 ɇ ДλλЖ.  

Ʉɨɦɩɚɧɢɹ FrШЧЭТМs ɩɪɨɢɡɜɨɞɢɬ ɩɟɪɟɧɨɫɧɵɟ ɬɜɟɪɞɨɦɟɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɨɞɨɦ ɫɮɟɪɢɱɟɫɤɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɫ ɱɚɫɬɢɱɧɨɣ ɪɚɡ-
ɝɪɭɡɤɨɣ ДλλЖ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɷɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɦɚɬɟɪɢɚɥɚ ɢ ɷɮɮɟɤɬ «ɧɚ-
ɜɚɥɚ» ɩɪɢ ɜɞɚɜɥɢɜɚɧɢɢ.  

ȼ ɪɚɛɨɬɟ Д44Ж ɩɪɟɞɥɨɠɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɭɱɢɬɵɜɚɬɶ 
«ɧɚɜɚɥɵ» (hmax/R) ɢ «ɩɪɨɜɚɥɵ» (ɨɩɪɟɞɟɥɹɸɬɫɹ ɱɟɪɟɡ ɨɬɧɨɲɟɧɢɟ ıɭ/ȿ) ɩɪɢ ɜɞɚɜɥɢɜɚɧɢɢ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɦɟɬɨɞɭ ɤɨɦɩɚɧɢɢ FrШЧЭТМs 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɷɬɚɩɚ. 
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ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɸɬ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ Аc ɢɧɞɟɧɬɨɪɚ ɫ ɭɱɟɬɨɦ ɝɥɭɛɢɧɵ 
ɤɨɧɬɚɤɬɚ hɫ: 

Аɫ = ƒ(hc),                                                            (12)  ,2π 2
ccc hRhA                                                        (13) 

ɝɞɟ R – ɪɚɞɢɭɫ ɢɧɞɟɧɬɨɪɚ. 
 
ȼɟɥɢɱɢɧɚ «ɧɚɜɚɥɨɜ» )( psh ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

,, max
IT 





R

h
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h
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c

ps                                                   (14) 

 
ɝɞɟ hmax – ɦɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɩɪɢ Fmax; nIT – ɩɨɤɚɡɚɬɟɥɶ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɭɩɪɨɱɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢν 

  

  ,072,8258,61 079,0423,31131,0
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max2max2 
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,max
2

psdpsɫc hhhhhh                                             (16) 

,75,0Ȧ max
max S

F
hhh rd                                                     (17) 

 
ɝɞɟ hr – ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɨɫɢ ɩɟɪɟɦɟɳɟɧɢɣ ɫ ɤɚɫɚɬɟɥɶɧɨɣ, ɩɪɨɜɟɞɟɧɧɨɣ ɤ ɤɪɢɜɨɣ ɪɚɡɝɪɭɡɤɢν 
Fmax – ɧɚɢɛɨɥɶɲɟɟ ɭɫɢɥɢɟ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹν Ȧ – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɨɣ ɮɨɪɦɵ ɢɧɞɟɧɬɨɪɚ (ɞɥɹ ɫɮɟɪɵ ɪɚɜɟɧ 0,7η)ν C2 – ɫɬɟɩɟɧɶ ɩɥɚɫɬɢɱɟɫɤɨɝɨ «ɧɚɜɚɥɚ»ν S – ɤɨɧ-
ɬɚɤɬɧɚɹ ɠɟɫɬɤɨɫɬɶ. 

 
Ɏɨɪɦɭɥɚ (1η) ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɚɬɟɧɬɟ ɤɨɦɩɚɧɢɢ Frontics [100]. 
ɋɬɟɩɟɧɶ ɩɥɚɫɬɢɱɟɫɤɨɝɨ «ɧɚɜɚɥɚ» ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɤɨɧɫɬɚɧɬɭ C: 
    ,42

25
2

2
2

n
n

a
a

C 
                                                       (18) 

 
ɝɞɟ n – ɩɨɤɚɡɚɬɟɥɶ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚν а – ɮɚɤɬɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬɧɵɣ ɪɚ-
ɞɢɭɫν а – ɤɨɧɬɚɤɬɧɵɣ ɪɚɞɢɭɫ ɛɟɡ «ɧɚɜɚɥɚ». 

 
Ʉɨɧɬɚɤɬɧɵɣ ɪɚɞɢɭɫ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
     .2

42

252
ɫɫ hhR

n

n
a 

                                                 (19) 

 
ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɦɟɬɨɞɚ ɤɨɦɩɚɧɢɢ FrШЧЭТМs ɨɩɪɟɞɟɥɹɸɬ ɢɫɬɢɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟμ 
 

, 
ȥ
1ı max

c
T A

F                                                        (20) 

 
ɝɞɟ ȥ – ɩɪɟɞɟɥ ɩɥɚɫɬɢɱɧɨɫɬɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ). 
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ɂɫɬɢɧɧɭɸ ɞɟɮɨɪɦɚɰɢɸ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

  ,
/1

α
 İ

2 R

a

Ra
T       (21) 

ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɢɫɬɢɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢν а – ɤɨɧɬɚɤɬɧɵɣ ɪɚɞɢɭɫ. 
 
Ⱦɥɹ ɦɟɬɚɥɥɨɜ α = 0,14 ɢ ȥ = 3,0. 
ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɪɚɫɫɱɢɬɵɜɚɸɬ ɢɫɬɢɧɧɭɸ ɞɢɚɝɪɚɦɦɭ «ɧɚɩɪɹɠɟɧɢɟ–

ɞɟɮɨɪɦɚɰɢɹ» ɞɥɹμ 
– ɦɚɬɟɪɢɚɥɨɜ ɫɨ ɫɬɟɩɟɧɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ (ɭɪɚɜɧɟɧɢɟ ɏɨɥɥɨɦɨɧɚ) 
 

, İı n
TT K                                                            (22) 

 
ɝɞɟ n – ɩɨɤɚɡɚɬɟɥɶ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚν K – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-
ɝɨ ɭɩɪɨɱɧɟɧɢɹν 

 
– ɦɚɬɟɪɢɚɥɨɜ ɫ ɥɢɧɟɣɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ 
 

ıɌ = a + bİT ,                                                        (23) 
 

ɝɞɟ а ɢ b – ɤɨɧɫɬɚɧɬɵ. 
 
Ɂɧɚɱɟɧɢɹ n ɢ K ɪɚɫɫɱɢɬɵɜɚɸɬ ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ. 
ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɸɬ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ.  
Ʉɪɢɜɭɸ ɪɚɡɝɪɭɡɤɢ ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ 
 

F = k(h – hƒ)
m.                                                      (24) 

 

ɝɞɟ m ɢ k – ɤɨɧɫɬɚɧɬɵ. 
 
Ʉɨɧɬɚɤɬɧɭɸ ɠɟɫɬɤɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

   ;
π

2
 

d

d 1
max

max

ɫr
m

f
hh

AEhhkm
h

F
S 


 


   (25) 

 

, 
111 22

i

i

r E

v

E

v

E

                                                      (26) 

 
ɝɞɟ Er – ɩɪɢɜɟɞɟɧɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢν Ei – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɝɨɥɨɜɤɢ ɢɧɞɟɧɬɨɪɚν ν, νi –  
ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɦɚɬɟɪɢɚɥɚ ɢ ɢɧɞɟɧɬɨɪɚν 
 

. 
1

2

π

ɫ
r

A
SE                                                         (27) 

 
  , 002,0İİ yITy

IT  EK n                                                (28) 

 
ɝɞɟ K – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹν İɭ – ɭɩɪɭɝɚɹ ɞɟɮɨɪɦɚɰɢɹν ȿIT – ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɜɞɚɜɥɢɜɚɧɢɢν 
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ı = K (İy + b)n;      (29) 
 

İɢ = c ∙ nIT,      (30) 

ɝɞɟ İɢ – ɢɫɬɢɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹν ɫ – ɩɨɫɬɨɹɧɧɚɹ ɤɨɪɪɟɥɹɰɢɢν nIT – ɩɨɤɚɡɚɬɟɥɶ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɭɩɪɨɱɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ. 

 
ɉɨ ɢɧɮɨɪɦɚɰɢɢ ɪɚɡɪɚɛɨɬɱɢɤɚ ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɬɨɞɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɨɱɧɨɫɬɢ – 

ɦɟɧɟɟ 10 %, ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ – ɦɟɧɟɟ 1η %, ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɨɫɬɚ-
ɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ – ɦɟɧɟɟ γ0 Ɇɉɚ ДλλЖ. 

ɂɡɦɟɪɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɬɜɟɪɞɨɦɟɪɚɦɢ ɤɨɦɩɚɧɢɢ FrШЧЭТМs ɩɪɨɜɨɞɹɬ 
ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɝɥɭɛɢɧɵ ɜɞɚɜɥɢɜɚɧɢɹ ɢɧɞɟɧɬɨɪɚ ɜ ɨɛɴɟɤɬ ɤɨɧɬɪɨɥɹ ɫ ɝɥɭɛɢɧɨɣ ɜɞɚɜɥɢ-
ɜɚɧɢɹ ɢɧɞɟɧɬɨɪɚ ɜ ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ, ɜ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ. 
ȿɫɥɢ ɜ ɨɛɪɚɡɰɟ ɞɟɣɫɬɜɭɸɬ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɬɨ ɝɥɭɛɢɧɚ ɢɧɞɟɧ-
ɬɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɚɧɚɥɨɝɢɱɧɨɦ ɢɫɩɵɬɚɧɢɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȿɫɥɢ ɜ 
ɨɛɪɚɡɰɟ ɞɟɣɫɬɜɭɸɬ ɫɠɢɦɚɸɳɢɟ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɬɨ ɝɥɭɛɢɧɚ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ 
ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɚɧɚɥɨɝɢɱɧɨɦ ɢɫɩɵɬɚɧɢɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɨɞɯɨɞɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɤɨɦɩɚɧɢɟɣ FrШЧЭТМs ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɨɩɢɫɚɧɵ ɜ ɫɬɚɧɞɚɪɬɟ Дθ4Ж. 

Ɇɟɬɨɞ ɤɨɪɪɟɥɹɰɢɢ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɹɠɟɧɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɞɚɜɥɢɜɚɧɢɹ ɪɚɡɜɢ-
ɜɚɥɫɹ ɧɚ ɨɫɧɨɜɟ ɪɚɛɨɬɵ Ⱦ. Ɍɚɛɨɪɚ, ɩɪɨɜɟɞɟɧɧɨɣ ɜ 1λ40 ɝ., ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɩɭɛɥɢɤɨɜɚɧɚ ɜ 
1951 ɝ. ȼ 1λθ0 ɝ. ɦɟɬɨɞ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɥ Ɏ. Ɇɚɤɥɢɧɬɨɤ, ɚ ɜ 1λκ0 ɝ. ɱɢɫɥɟɧɧɨ 
ɨɩɢɫɚɥ Ɏ. ɏɷɝɷɝ. ɂɫɫɥɟɞɨɜɚɬɟɥɢ ɤɨɦɩɚɧɢɢ FrШЧЭТМs, ɩɨ ɦɧɟɧɢɸ Ɏ. ɏɷɝɷɝɚ, ɜ 200γ ɝ. 
ɨɲɢɛɨɱɧɨ ɨɩɢɫɚɥɢ ɦɟɬɨɞ ɫɮɟɪɢɱɟɫɤɨɝɨ ɜɞɚɜɥɢɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɞɟɮɨɪɦɚɰɢɸ ɦɚɬɟɪɢɚɥɚ 
ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɫɮɟɪɵ ɧɚ ɩɨɥɧɵɣ ɪɚɞɢɭɫ, ɜɦɟɫɬɨ ɩɨɥɨɠɟɧɧɨɝɨ γ0 %-ɧɨɝɨ 
ɜɧɟɞɪɟɧɢɹ, ɤɚɤ ɜ ɦɟɬɨɞɟ ɤɨɦɩɚɧɢɢ ABI. Ɍɚɤɨɣ ɩɨɞɯɨɞ, ɩɨ ɭɬɜɟɪɠɞɟɧɢɸ ɩɪɨɮɟɫɫɨɪɚ 
Ɏ. ɏɷɝɷɝɚ, ɧɟ ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɢ ɞɚɟɬ γ0 %-ɧɭɸ ɨɲɢɛɤɭ ДλκЖ. 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɸɬ ɫ ɩɨɦɨɳɶɸ ɬɜɟɪɞɨ-
ɦɟɪɨɜ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ (ɧɚɪɚɜɧɟ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ 
ɢɧɞɟɧɬɢɪɨɜɚɧɢɟɦ ɲɚɪɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɪɚɡɝɪɭɡɤɟ).  

ȼ Ɋɨɫɫɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɩɟɪɟɧɨɫɧɵɟ ɬɜɟɪɞɨɦɟɪɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɤɨɧɬɪɨ-
ɥɢɪɨɜɚɬɶ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɨɞɨɦ Ɇɚɪɤɨɜɰɚ (ɩɪɢɛɨɪɵ Ɇɗɂ-Ɍη 
ɢ Ɇɗɂ-Ɍ7) Д101Ж. ɂɧɞɟɧɬɨɪɵ ɬɚɤɢɯ ɬɜɟɪɞɨɦɟɪɨɜ ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɜɞɚɜɥɢɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɪɢɬɶ ɪɚɡɥɢɱɧɭɸ ɤɨɧɬɚɤɬɧɭɸ ɞɟɮɨɪ-
ɦɚɰɢɸ ȥ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɞɢɚɝɪɚɦɦɭ ɜɞɚɜɥɢɜɚɧɢɹ ɨɞɧɢɦ ɢɧɞɟɧɬɨɪɨɦ ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ «ɤɨɧɬɚɤɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ–ɤɨɧɬɚɤɬɧɚɹ ɞɟɮɨɪɦɚɰɢɹ». ɇɚ ɪɢɫ. η ɩɪɟɞɫɬɚɜɥɟ-
ɧɚ ɞɢɚɝɪɚɦɦɚ ɜɞɚɜɥɢɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɬɜɟɪɞɨɦɟɪɨɦ Ɇɗɂ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɧɚɩɪɹɠɟɧɢɟ 
ɇȼ–ɞɟɮɨɪɦɚɰɢɹ ȥɜɞ», ɢ ɚɧɚɥɨɝɢɱɧɚɹ ɟɣ ɞɢɚɝɪɚɦɦɚ ɪɚɫɬɹɠɟɧɢɹ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɧɚɩɪɹ-
ɠɟɧɢɟ ı–ɞɟɮɨɪɦɚɰɢɹ ȥɪɚɫ» ɞɥɹ ɫɬɚɥɢ 20 ɜ ɨɛɥɚɫɬɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ.  

ɋɬɚɬɢɱɟɫɤɨɟ ɫɮɟɪɢɱɟɫɤɨɟ ɜɞɚɜɥɢɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɜɟɪɞɨɦɟɪɚɯ ɧɟɦɟɰɤɨɣ 
ɮɢɪɦɵ MЮЛКЭОМ, ɤɨɬɨɪɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɭɸɬ 
ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ. ɉɨ ɧɟɣɪɨɫɟɬɟɜɨɣ ɢ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɣ ɦɟɬɨɞɢɤɚɦ ɤɪɢɜɵɟ ɢɧɞɟɧɬɢ-
ɪɨɜɚɧɢɹ ɩɟɪɟɜɨɞɹɬ ɜ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ Дγ2Ж.  

ɉɨ ɫɬɚɧɞɚɪɬɭ Дθ2Ж ɧɟɣɪɨɫɟɬɟɜɚɹ ɦɟɬɨɞɢɤɚ ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨ-
ɥɢɱɟɫɬɜɚ ɞɢɚɝɪɚɦɦ ɜɞɚɜɥɢɜɚɧɢɹ (ɧɟ ɦɟɧɟɟ 200), ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɬɜɟɪɞɨɦɟɪɨɜ 
ɆɄɗ. ɂɫɩɵɬɚɧɢɟ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɩɪɢ «ɦɹɝɤɨɦ» ɢɥɢ «ɠɟɫɬɤɨɦ» 
ɧɚɝɪɭɠɟɧɢɢ Д102–10θЖ. Ɋɟɝɢɫɬɪɢɪɭɸɬ ɩɟɪɟɦɟɳɟɧɢɟ ɢɧɞɟɧɬɨɪɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɦɭ 
ɭɫɢɥɢɟ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ  
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ɝɟɧɟɪɢɪɭɸɬ ɫ ɨɬɤɥɨɧɟɧɢɟɦ ɜ 10 % ɪɚɫɱɟɬɧɵɟ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɭ ɤɨɬɨɪɵɯ 
ɨɬɥɢɱɚɟɬɫɹ ɨɞɧɚ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ⱦɥɹ ɤɚɠɞɨɣ 
ɢɡ ɬɚɤɢɯ ɞɢɚɝɪɚɦɦ ɡɚɞɚɸɬ ɭɫɥɨɜɢɹ ɞɥɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɪɚɫɱɟɬɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨ-
ɪɨɝɨ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɞɢɚɝɪɚɦɦɵ ɜɞɚɜɥɢɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭ-
ɸɳɢɟ ɞɪɭɝ ɞɪɭɝɭ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɹɠɟɧɢɹ ɢ ɜɞɚɜɥɢɜɚɧɢɹ. 
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Ɋɢɫ. η. Ⱦɢɚɝɪɚɦɦɚ ɜɞɚɜɥɢɜɚɧɢɹ (а), ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɬɜɟɪɞɨɦɟɪɟ Ɇɗɂ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ 

ɞɢɚɝɪɚɦɦɚ ɪɚɫɬɹɠɟɧɢɹ (ɛ) ɞɥɹ ɫɬɚɥɢ 20 ɜ ɨɛɥɚɫɬɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ Д101Ж 
 
Ɍɪɭɞɨɟɦɤɢɣ ɩɪɨɰɟɫɫ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɪɚɫɱɟɬɨɜ ɜ ɪɚɛɨɬɟ ДθθЖ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɡɚɦɟɧɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɟɬɨɞɢɤɨɣ ɩɟɪɟɫɱɟɬɚ ɤɪɢɜɨɣ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɜ ɤɪɢɜɭɸ ɪɚɫɬɹ-
ɠɟɧɢɹ ɢɥɢ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ (ɩɟɪɟɫɱɟɬ ɤɪɢɜɨɣ ɪɚɫɬɹɠɟɧɢɹ ɜ ɤɪɢɜɭɸ ɜɞɚɜɥɢɜɚɧɢɹ) 
ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. ɗɬɢ ɩɚɪɵ 
ɞɢɚɝɪɚɦɦ «ɪɚɫɬɹɠɟɧɢɟ–ɜɞɚɜɥɢɜɚɧɢɟ» ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɫɩɨɫɨɛ-
ɧɨɣ ɞɥɹ ɤɚɠɞɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɞɢɚɝɪɚɦɦɵ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɫɬɪɨɢɬɶ 
ɩɨɞɯɨɞɹɳɭɸ ɞɢɚɝɪɚɦɦɭ ɪɚɫɬɹɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɟɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

 
Ɂɚɤɥɸчɟɧия 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚ-
ɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɥɢ ɦɟɬɨɞɵ ɜɞɚɜɥɢɜɚɧɢɹ ɲɚɪɚ, ɤɨɬɨɪɵɟ ɩɨɡ-
ɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɦɟɪɟ ɭɝɥɭɛɥɟɧɢɹ 
ɢɧɞɟɧɬɨɪɚ. 

Ⱥɦɟɪɢɤɚɧɫɤɚɹ ɤɨɦɩɚɧɢɹ ATC ɢ ɤɨɪɟɣɫɤɚɹ ɤɨɦɩɚɧɢɹ FrШЧЭТМs ɹɜɥɹɸɬɫɹ ɥɢɞɟɪɚɦɢ 
ɫɪɟɞɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɫɢɫɬɟɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɱɚɫɬɢɱɧɨɣ ɪɚɡ-
ɝɪɭɡɤɢ.  

Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɪɚɡɪɚɛɨɬɱɢɤɢ ɪɭɱɧɵɯ ɬɜɟɪɞɨɦɟɪɨɜ (ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɭɧɢɜɟɪɫɢɬɟɬ 
Ɇɗɂ), ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɟɞɢɧɢɱɧɨɟ ɜɞɚɜɥɢɜɚɧɢɟ ɫɮɟɪɢɱɟɫɤɨɝɨ ɢɧɞɟɧɬɨɪɚ ɛɟɡ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɝɪɭɡɨɤ ɢ ɞɥɹ ɪɚɫɱɟɬɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɪɟɚɥɢ-
ɡɭɸɬ ɦɟɬɨɞɢɤɭ Ɇɚɪɤɨɜɰɚ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɬɜɟɪɞɨɦɟɪɵ ɧɟɦɟɰɤɨɣ ɮɢɪɦɵ MЮЛКЭОМ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɨɫɭ-
ɳɟɫɬɜɥɹɸɬ ɫɬɚɬɢɱɟɫɤɨɟ ɫɮɟɪɢɱɟɫɤɨɟ ɜɞɚɜɥɢɜɚɧɢɟ, ɧɨ ɞɢɚɝɪɚɦɦɵ ɟɞɢɧɢɱɧɨɝɨ ɢɧɞɟɧɬɢ-
ɪɨɜɚɧɢɹ ɩɟɪɟɫɬɪɚɢɜɚɸɬ ɜ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɣ  
ɢ ɧɟɣɪɨɫɟɬɟɜɨɣ ɦɟɬɨɞɢɤɚɦ. 



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021                                                                     119 

 

Ȼиɛɥиɨɝɪɚɮичɟɫɤиɣ ɫɩиɫɨɤ 
1. Ʉɚɛɥɨɜ ȿ.ɇ. ȼɂȺɆμ Ɇɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɞɥɹ ɉȾ-14 // Ʉɪɵɥɶɹ Ɋɨɞɢɧɵ. 201λ. 

№ 7–κ. ɋ. η4–58. 
2. Ʉɚɛɥɨɜ ȿ.ɇ. Ɇɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɰɢɮɪɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ // ȼɟɫɬ-

ɧɢɤ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 2020. Ɍ. λ0. № 4. ɋ. γγ1–334. 
3. Ȼɭɡɧɢɤ ȼ.Ɇ., Ʉɚɛɥɨɜ ȿ.ɇ., Ʉɨɲɭɪɢɧɚ Ⱥ.Ⱥ. Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɫɥɨɠɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ 

ɚɪɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ // ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɨɫɜɨɟɧɢɹ Ⱥɪɤɬɢɤɢ. Ɇ.μ ɇɚɭɤɚ, 
201η. ɋ. 27η–285. 

4. ȿɪɚɫɨɜ ȼ.ɋ., Ɉɪɟɲɤɨ ȿ.ɂ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɭɫɬɚɥɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɨɛɡɨɪ). 
ɑɚɫɬɶ 1. Ɉɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ, ɩɚɪɚɦɟɬɪɵ ɧɚɝɪɭɠɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵ-
ɬɚɧɢɣ // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. 2020. № 4 (θ1). ɋ. 59–70. DOI: 
10.18577/2071-9140-2020-0-4-59-70. 

5. ɋɨɥɧɰɟɜ ɘ.ɉ., ɉɪɹɯɢɧ ȿ.ɂ. Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟμ ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. ɂɡɞ. 7-ɟ. ɋɉɛ.μ ɏɢɦɢɡ-
ɞɚɬ, 2020. 7κ4 ɫ. 

6. ȿɪɚɫɨɜ ȼ.ɋ., Ɉɪɟɲɤɨ ȿ.ɂ. Ɉɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɩɨɥɡɭɱɟɫɬɶ // 
ɗɥɟɤɬɪɨɦɟɬɚɥɥɭɪɝɢɹ. 2020. № λ. ɋ. γ0–39. 

7. ȿɪɚɫɨɜ ȼ.ɋ., Ɉɪɟɲɤɨ ȿ.ɂ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɭɫɬɚɥɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɨɛɡɨɪ). 
ɑɚɫɬɶ 2. Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ Ȼɚɫɤɜɢɧɚ–Ɇɷɧɫɨɧɚ–Ʉɨɮɮɢɧɚ. Ɇɟɬɨɞɢɤɢ ɢɫɩɵɬɚɧɢɣ ɢ ɨɛɪɚɛɨɬ-
ɤɢ ɪɟɡɭɥɶɬɚɬɨɜ // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. 2021. № 1 (θ2). ɋɬ. 0κ. URδμ 
http://viam-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 07.0θ.2021). DτIμ 10.1κη77/2071-9140-2021-0-1-80-94. 

8. ȿɪɚɫɨɜ ȼ.ɋ., Ɉɪɟɲɤɨ ȿ.ɂ. Ʉɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɨɥɡɭɱɟɫɬɶ ɩɪɢ ɦɹɝɤɨɦ ɢ ɠɟɫɬɤɨɦ ɧɚɝɪɭɠɟɧɢɢ // 
Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ. 201λ. № θ. ɋ. 11–17. 

9. Ɇɚɪɤɨɜɟɰ Ɇ.ɉ., Ɇɚɬɸɧɢɧ ȼ.Ɇ., ɒɚɛɚɧɨɜ ȼ.Ɇ. ɉɟɪɟɧɨɫɧɵɟ ɩɪɢɛɨɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪ-
ɞɨɫɬɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ // Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 1λκλ. 
Ɍ. ηη. № 12. ɋ. 73–76. 

10. Ɉɪɟɲɤɨ ȿ.ɂ., ɍɬɤɢɧ Ⱦ.Ⱥ., ȿɪɚɫɨɜ ȼ.ɋ., Ʌɹɯɨɜ Ⱥ.Ⱥ. Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɦɚɬɟɪɢɚ-
ɥɨɜ (ɨɛɡɨɪ) // Ɍɪɭɞɵ ȼɂȺɆ. 2020. № 1 (κη). ɋɬ. 10. URδμ СЭЭpμ//ЯТКm-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟ-
ɧɢɹμ 07.0θ.2021). DτIμ 10.1κη77/2γ07-6046-2020-0-1-101-117. 

11. Ʉɨɥɦɚɤɨɜ Ⱥ.Ƚ., Ɍɟɪɟɧɬɶɟɜ ȼ.Ɏ., Ȼɚɤɢɪɨɜ Ɇ.Ȼ. Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢμ ɫɩɪɚɜ. ɢɡɞ.  
2-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. Ɇ.μ ɂɧɬɟɪɦɟɬ ɂɧɠɢɧɢɪɢɧɝ, 200η. 1η0 ɫ. 

12. ɏɚɫɚɧɨɜ Ɉ.Ʌ., ɋɬɪɭɰ ȼ.Ʉ., ɋɨɤɨɥɨɜ ȼ.Ɇ. ɢ ɞɪ. Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɢ ɬɪɟ-
ɳɢɧɨɫɬɨɣɤɨɫɬɢ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɤɟɪɚɦɢɤμ ɭɱɟɛ. ɩɨɫɨɛɢɟ. Ɍɨɦɫɤμ Ɍɨɦɫɤ. ɩɨɥɢɬɟɯɧ. ɭɧ-ɬ, 
2011. 101 ɫ. 

13. Ɍɵɥɟɜɢɱ ɂ.ɇ., Ƚɥɢɤɦɚɧ Ʌ.Ⱥ. Ɉ ɜɥɢɹɧɢɢ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɬɜɟɪɞɨɫɬɶ ɦɟɬɚɥɥɚ // 
Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 1λθκ. № 10. ɋ. 12γλ–1242. 

14. Ȼɚɤɢɪɨɜ Ɇ.Ȼ., ɉɨɬɚɩɨɜ ȼ.ȼ. Ɏɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɤɨɪɩɭɫɧɵɯ ɫɬɚɥɟɣ ȼȼɗɊ ɩɨ ɞɢɚɝɪɚɦɦɟ ɜɞɚɜɥɢɜɚɧɢɹ ɲɚɪɨɜɨɝɨ ɢɧɞɟɧɬɨɪɚ // Ɂɚɜɨɞ-
ɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 2000. Ɍ. θθ. № 12. ɋ. γη–44. 

15. Ȼɚɤɢɪɨɜ Ɇ.Ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɞɚɜɥɢɜɚɧɢɹ ɫɮɟɪɵ ɜ ɭɩɪɭɝɨɩɥɚ-
ɫɬɢɱɟɫɤɨɟ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ // Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 2001. № 1. 
ɋ. γ7–47. 

16. Ƚɨɥɨɜɢɧ ɘ.ɂ. ȼɜɟɞɟɧɢɟ ɜ ɧɚɧɨɬɟɯɧɢɤɭ. Ɇ.μ Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 2007. 4λθ ɫ.  
15. Ȼɭɥɵɱɟɜ ɋ.ɂ., Ⱥɥɟɯɢɧ ȼ.ɉ., ɒɨɪɲɨɪɨɜ Ɇ.ɏ. ɢ ɞɪ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɞɭɥɹ ɘɧɝɚ ɩɨ ɞɢɚɝɪɚɦ-

ɦɟ ɜɞɚɜɥɢɜɚɧɢɹ ɢɧɞɟɧɬɨɪɚ // Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 1λ7η. Ɍ. 41. 
№ λ. ɋ. 1137–1141. 

17. ɇɨɜɢɤɨɜ H.B., Ⱦɭɛ C.H., Ȼɭɥɵɱɟɜ ɋ.ɂ. Ɇɟɬɨɞɵ ɦɢɤɪɨɢɫɩɵɬɚɧɢɣ ɧɚ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ // 
Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. 1λκκ. Ɍ. η4. № 7. ɋ. θ0–67. 

18. Ɍɟɪɧɨɜɫɤɢɣ Ⱥ.ɉ., Ⱥɥɟɯɢɧ ȼ.ɉ., ɒɨɪɲɨɪɨɜ Ɇ.ɏ. ɢ ɞɪ. Ɉ ɦɢɤɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɹɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɭɬɟɦ ɜɞɚɜɥɢɜɚɧɢɹ // Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 1λ7γ. 
№ 10. ɋ. 1242–1246. 

19. Ȼɭɥɵɱɟɜ ɋ.ɂ., Ⱥɥɟɯɢɧ ȼ.ɉ. Ɇɟɬɨɞ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɜɟɪɞɨɫɬɢ ɢ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɜ ɢɫɩɵɬɚɧɢɢ 
ɜɞɚɜɥɢɜɚɧɢɟɦ ɢɧɞɟɧɬɨɪɚ // Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 1λκ7. № 53. 
ɋ. 76–80. 



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

120                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021 

 

20. Ammar H.R., Haggag F.M., Alaboodi A.S., Al-Mufadi F.A. Nondestructive measurements of 
flow properties of nanocrystalline Al–Cu–Ti alloy using automated ball indentation (ABI) tech-
ЧТqЮО // MКЭОrТКХs SМТОЧМО КЧН EЧРТЧООrТЧР A. 201κ. VШХ. 72λ. NШ. 27. Ɋ. 477−4κθ. 

21. Zhang T., Wang S., Wang W. Method to determine the optimal constitutive model from spherical 
ТЧНОЧЭКЭТШЧ ЭОsЭs // RОsЮХЭs ТЧ PСвsТМs. 201κ. NШ. κ. Ɋ. 71θ–727. 

22. Lee H., Vimonsatit V., Chindaprasirt P. et al. Creep properties of cement and alkali activated fly 
ash materials using nanoindentation technique // Construction Building Materials. 2018. Vol. 168. 
Ɋ. η47–555. 

23. Daphalapurkar N.P., Wang F., Fu B. et al. Determination of mechanical properties of sand grains 
by nanoindentation // Experimental Mechanics. 2011. Vol. 51. No. η. Ɋ. 71λ–728. 

24. Bruns S., Johanns K.E., Rehman H.U. et al. Constitutive modeling of indentation cracking in 
fused silica // Journal of the American Ceramic Society. 2017. Vol. 100. No. η. Ɋ. 1928–1940. 

25. Wang F., Fu B., Mirshams R.A., Cooper W. et al. Mechanical properties measurement of sand 
grains by nanoindentation // Time Dependent Constitutive Behavior and Fracture/Failure Processes. 
NОа ВШrФμ SprТЧРОr, 2011. VШХ. γ. Ɋ. 121–130.  

26. Dutta A.K., Penumadu D. Hardness and modulus of individual sand particles using nanoindenta-
tion // Advances in Measurement and Modeling of Soil Behavior: Conference. Geo-Denver, 2007. 
Ɋ. 1–10. DOI: 10.1061/40917(236)34. 

27. Ɉɪɟɲɤɨ ȿ.ɂ., əɤɨɜɥɟɜ ɇ.Ɉ., ɍɬɤɢɧ Ⱦ.Ⱥ., ȿɪɚɫɨɜ ȼ.ɋ. Ɉɰɟɧɤɚ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɚɥɸɦɢɧɢɟɜɨ-
ɝɨ ɫɩɥɚɜɚ ȼληɌ2 ɦɟɬɨɞɨɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ // ȼɫɟ ɦɚɬɟɪɢɚɥɵ. ɗɧɰɢɤɥɨ-
ɩɟɞɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ. 2021. № 4. ɋ. 4γ–48. 

28. Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., ɍɬɤɢɧ Ⱦ.Ⱥ., əɤɨɜɥɟɜ ɇ.Ɉ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɞɜɢɝɨɜɨɣ ɩɪɨɱɧɨɫɬɢ 
ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ // Ɇɟɯɚɧɢɤɚ ɤɨɦɩɨɡɢɰɢɨɧ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ. 2021. Ɍ. 27. № 1. ɋ. 7γ–88. 

29. Ƚɭɥɹɟɜ Ⱥ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., Ɉɪɟɲɤɨ ȿ.ɂ., ɍɬɤɢɧ Ⱦ.Ⱥ. Ⱥɧɚɥɢɡ ɪɚɡɪɭɲɟɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɪɢ 
ɜɵɬɚɥɤɢɜɚɧɢɢ ɦɭɥɶɬɢɮɢɥɚɦɟɧɬɧɨɝɨ ɰɢɥɢɧɞɪɚ // Ʉɥɟɢ. Ƚɟɪɦɟɬɢɤɢ. Ɍɟɯɧɨɥɨɝɢɢ. 2021. № 1. 
ɋ. 2κ–35. 

30. Ɇɢɥɶɦɚɧ ɘ.ȼ., Ƚɚɥɚɧɨɜ Ȼ.Ⱥ., ɑɭɝɭɧɨɜɚ ɋ.ɂ., Ƚɨɧɱɚɪɨɜɚ ɂ.ȼ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɦɚɥɨɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ // PШХТsС ɋɟrКmТМ BЮХХОЭТЧ. 
1996. Is. 50. No. 12. P. 95–102. 

31. Ƚɨɧɱɚɪɨɜɚ ɂ.ȼ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɬɨɞɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ  
ɦɚɬɟɪɢɚɥɨɜμ ɞɢɫ. … ɤɚɧɞ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ. Ʉɢɟɜ, 2017. 171 М. 

32. Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., əɤɨɜɥɟɜ ɇ.Ɉ., ɍɬɤɢɧ Ⱦ.Ⱥ. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ (ɨɛɡɨɪ) // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɢ ɬɟɯɧɨɥɨɝɢɢ. 2021. № 1 (62). ɋɬ. 10. URL: http://viam-works.ru (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 
07.06.2021). DOI: 10.18577/2071-9140-2021-0-1-104-118. 

33. Haggag F.M. Small specimen test techniques applied to nuclear reactor vessel thermal annealing 
and plant life extension: ASTM STP 1204 // American Society for Testing and Materials. 1993. 
P. 27–44. 

34. Haggag F.M., Nastad R.K. Innovative approaches to irradiation damage, and fracture analysis // 
The American Society of Mechanical Engineers. 1989. Ɋ. 179–181. 

35. Nagarajua S., GaneshKumarb J., Vasantharajab P. et al. Evaluation of strength property variations 
across 9Cr-1Mo steel weld joints using automated ball indentation (ABI) technique // Materials 
Science & Engineering. 2017. Vol. 695. P. 199–210. 

36. Murthy K.L., Mathew M.D. Nondestructive monitoring of structural materials using automated 
ball indentation (ABI) technique // Nuclear Engineering and Design. 2004. Vol. 228. P. 81–96. 

37. Chen H., Cai L., Bao C. Equivalent-energy indentation method to predict the tensile properties of 
light alloys // Materials and Design. 2019. Vol. 162. Ɋ. 322–330. 

38. Ammar H.R., Haggag F.M., Alaboody A.S. et al. Nondestructive measurements of flow properties 
of nanocrystalline Al–Cu–Ti alloy using Automated Ball Indentation (ABI) technique // Materials 
Science and Engineering. 2018. Vol. 729. No. 27. Ɋ. 477–486. 



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021                                                                     121 

 

39. Wang F., Zhao J., Zhu N. et al. A comparative study on Johnson–Cook constitutive modeling for 
Ti–6Al–4V alloy using automated ball indentation (ABI) technique // Journal of Alloys and Com-
pounds. 2015. Vol. 633. Ɋ. 220–228. 

40. Murty K.L., Haggag F.M. Characterization of strain-rКЭО sОЧsТЭТЯТЭв ШП SЧ−η % Sb solder using 
ABI testing // The Minerals, Metals & Materials Society. 1996. Vol. 1. Ɋ. γ7−44. 

41. Khandelwal H.K., Sharma K., Chhibber R. Mechanical Property Estimation of Similar Weld us-
ing Ball Indentation Technique // Journal of Minerals and Materials Characterization and Engi-
neering. 2012. No. 11. Ɋ. 1095–1100. 

42. Haggag F.M., Nanstad R.K., Braski D.N. Structural integrity evaluation based on an innovative 
field indentation microprobe // American Society of Mechanical Engineers, Pressure Vessels and 
Piping Division (Publication) PVP. New York, 1989. Vol. 170. P. 101–107. 

43. Ahn J.H. Derivation of plastic stress-strain relationship from ball indentations examination  
of strain definition and pileup effect // Journal of Materials Research. 2001. Vol. 16. No. 11. 
Ɋ. 3170–3178. 

44. Kim S.H., Lee B.W., Choi Y., Kwon D. Quantitative determination of contact depth during spher-
ical indentation of metallic materials – A FEM study // Materials Science and Engineering A. 
2006. Vol. 415. No. 1–2. P. 59–65.  

45. Jang J., Choi Y., Lee Y., Kwon D. Instrumented microindentation studies on long-term aged ma-
terials: work-hardening exponent and yield ratio as new degradation indicators // Materials Sci-
ОЧМО КЧН EЧРТЧООrТЧР A. 200η. NШ. γλη. Ɋ. 2λη–300. 

46. Lee K., Kim K., Kim J. et al. Safety assessment based on mapping of degraded mechanical prop-
erties of materials for power plant pipeline using instrumented indentation technique // Journal of 
δШss PrОЯОЧЭТШЧ ТЧ ЭСО PrШМОss IЧНЮsЭrТОs. 200λ. NШ. 22. Ɋ. κθκ–872. 

47. Jeon E.C., Baik M.K., Kim S.H. et al. Determining representative stress and representative strain 
ТЧ НОrТЯТЧР ТЧНОЧЭКЭТШЧ flШа МЮrЯОs ЛКsОН ШЧ fiЧТЭО ОХОmОЧt analysis // Key Engineering Materials. 
200η. NШ. 2λ7. Ɋ. 21η2–2157. 

48. Kim J.-Y., Lee K.-W., Lee J.-S., Kwon D. Determination of tensile properties by instrumented 
indentation technique: representative stress and strain approach // Surface and Coating Technolo-
Рв. 200θ. NШ. 201. Ɋ. 427κ–4283. 

49. Lee J.-S., Jang J.-I., Lee B.-W. et al. An instrumented indentation technique for estimating  
fracture toughness of ductile materials: a critical indentation energy model based on continuum 
damage mechanics // AcЭК MКЭОrТКХТК. 200θ. NШ. η4. Ɋ. 1101–1109. 

50. Jang J., Son D., Lee Y. et al. Assessing welding residual stress in A335 P12 steel welds before 
and after stress-relaxation annealing through instrumented indentation technique // Scripta Mate-
rialia. 2003. No. 48. Ɋ. 74γ–748. 

51. ȽɈɋɌ 227θ2–77. Ɇɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɧɚ ɩɪɟɞɟɥɟ ɬɟɤɭɱɟɫɬɢ ɜɞɚɜɥɢɜɚɧɢɟɦ ɲɚɪɚ. Ɇ.μ 
ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1λ7κ. 12 ɫ. 

52. Ɇɚɪɤɨɜɟɰ Ɇ.ɉ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɬɜɟɪɞɨɫɬɢ. Ɇ.μ Ɇɚɲɢ-
ɧɨɫɬɪɨɟɧɢɟ, 1λ7λ. 1λ1 ɫ. 

53. Ɇɚɪɤɨɜɟɰ Ɇ.ɉ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɜɟɪɞɨɫɬɢ // Ɍɪɭɞɵ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɢɧ-
ɫɬɢɬɭɬɨɜ ɋɋɋɊ. 1λθ7. ȼɵɩ. 91 (151). ɋ. 58. 

54. Mahmoudia A.H., Nourbakhsha S.H. A Neural Networks approach to characterize material prop-
erties using the spherical indentation tesЭ // PrШМОНТК EЧРТЧООrТЧР. 2011. NШ. 10. Ɋ. 3062–3067. 

55. Tyulyukovskiy E., Huber N. Neural networks for tip correction of spherical indentation curves 
from bulk metals and thin metal films // Journal of the Mechanics and Physics of Solids. 2007. 
No. 55. Ɋ. γλ1–418. 

56. Lee H., Huen W., Vimonsatit V., Mendis P. An investigation of nanomechanical properties  
of materials using nanoindentation and Artificial Neural Network // Scientific reports. 2019. 
No. λ. Ɋ. 1–8. 

57. Koocheki K. Artificial neural network and finite element modeling of nanoindentation tests  
on silica // Civil Engineering Theses, Dissertations, and Student Research. 2018. No. 7. Ɋ. 124.  



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

122                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021 

 

58. Haj-Ali R., Kim H.K., Koh S.W. et al. Nonlinear constitutive models from nanoindentation tests 
using artificial neural networks // International Journal of Plasticity. 2008. Vol. 24. No. 3. 
Ɋ. γ71‒γλθ. 

59. Chamekh A., Salah H.B., Hambli R. Inverse technique identification of material parameters using 
finite element and neural network computation // International Journal of Advanced Manufactur-
ТЧР TОМСЧШХШРв. 200λ. VШХ. 44. NШ. 1. Ɋ. 17γ.  

60. Tho K.K., Swaddiwudhipong S., Liu Z.S., Hua J. Artificial neural network model for material 
characterization by indentation // Modeling and Simulation in Materials Science and Engineering. 
2004. VШХ. 12. NШ. η. Ɋ. 10ηη.  

61. Tyulyukovskiy E., Huber N. Identification of viscoplastic material parameters from spherical in-
dentation data. Part I: Neural Networks // Journal of Materials Research. 2006. Vol. 21. Ɋ. 664.  

62. ȽɈɋɌ ηθ2γ2–2014. Ɉɩɪɟɞɟɥɟɧɢɟ ɞɢɚɝɪɚɦɦɵ «ɧɚɩɪɹɠɟɧɢɟ–ɞɟɮɨɪɦɚɰɢɹ» ɦɟɬɨɞɨɦ ɢɧɫɬɪɭ-
ɦɟɧɬɚɥɶɧɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɲɚɪɚ. Ɇ.μ ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 2014. 44 ɫ. 

63. ȽɈɋɌ Ɋ κ.74κ–11. Ɇɟɬɚɥɥɵ ɢ ɫɩɥɚɜɵ. ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɢ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟ-
ɪɢɚɥɨɜ ɩɪɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ. Ɇ.μ ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 201γ. 2κ c. 

64. ȽɈɋɌ Ɋ η7172–201θ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɬɨɞɨɦ  
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ. Ɇ.μ ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 201θ. 12 М. 

65. Ɍɭɦɚɧɨɜ Ⱥ.ȼ., Ʉɨɫɨɜ Ⱦ.Ⱥ., Ɏɟɞɨɪɟɧɤɨɜ Ⱦ.ɂ. Ɋɟɚɥɢɡɚɰɢɹ ɫɬɟɩɟɧɧɨɝɨ ɡɚɤɨɧɚ Ɋɚɦɛɟɪɝɚ–
Ɉɫɝɭɞɚ ɜ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSВS // Ɍɪɭɞɵ Ⱥɤɚɞɟɦɷɧɟɪɝɨ. 2020. № 1 (58). 
ɋ. 44–61. 

66. Ɉɪɟɲɤɨ ȿ.ɂ., ɍɬɤɢɧ Ⱦ.Ⱥ., əɤɨɜɥɟɜ ɇ.Ɉ., ȿɪɚɫɨɜ ȼ.ɋ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɢɧɞɟɧɬɢɪɨɜɚɧɢɢ // Ɇɚɬɟɪɢɚɥɵ 
XII ȼɫɟɪɨɫ. ɤɨɧɮ. ɩɨ ɢɫɩɵɬɚɧɢɹɦ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ «ɌɟɫɬɆɚɬ» ɩɨ ɬɟɦɚ-
ɬɢɤɟ «ɋɨɜɪɟɦɟɧɧɵɟ ɚɫɩɟɤɬɵ ɜ ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ». Ɇ.μ ȼɂȺɆ, 2020. ɋ. γ2θ–342. 

67. Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., Ʌɚɲɨɜ Ɉ.Ⱥ. ɢ ɞɪ. ɑɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨ-
ɫɬɢ ɫɥɨɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ // ȼɫɟ ɦɚɬɟɪɢɚɥɵ. ɗɧɰɢɤɥɨɩɟɞɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ. 201λ. №  3. 
ɋ. 16–21. 

68. Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., əɫɬɪɟɛɨɜ Ⱥ.ɋ. ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟɮɨɪɦɚɰɢ-
ɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɩɨɥɡɭɱɟɫɬɶ  // Ɇɚɬɟ-
ɪɢɚɥɨɜɟɞɟɧɢɟ. 201λ. № 2. ɋ. γ–8. 

69. Ⱥɧɬɢɩɨɜ ȼ.ȼ., Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ɇ.ɘ. Ƚɢɛɪɢɞɧɵɟ ɫɥɨɢɫɬɵɟ ɦɚɬɟ-
ɪɢɚɥɵ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɋɟɜɟɪɚ // Ɇɟɯɚɧɢɤɚ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 201θ. 
Ɍ. η2. № η. ɋ. λ7γ–990. 

70. Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ., Ʉɚɱɚɧ Ⱦ.ȼ., Ʌɚɲɨɜ Ɉ.Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɟɪɠɧɟɣ  
ɢ ɩɥɚɫɬɢɧ ɩɪɢ ɫɠɚɬɢɢ ɫ ɡɚɳɟɦɥɟɧɧɵɦɢ ɩɨɩɟɪɟɱɧɵɦɢ ɤɪɨɦɤɚɦɢ // Ɍɪɭɞɵ ȼɂȺɆ. 201κ. 
№ 9 (θλ). ɋɬ. 07. URL: http://viam-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 07.0θ.2021). DτIμ 
10.18577/2307-6046-2018-0-9-61-70. 

71. Ɉɪɟɲɤɨ ȿ.ɂ., ȿɪɚɫɨɜ ȼ.ɋ. ɑɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ ɫ ɲɚɪɧɢɪɧɨ ɡɚ-
ɤɪɟɩɥɟɧɧɵɦɢ ɩɨɩɟɪɟɱɧɵɦɢ ɤɪɨɦɤɚɦɢ // Ⱦɟɮɨɪɦɚɰɢɹ ɢ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ. 201κ. № θ. 
ɋ. 7–11. 

72. Ⱦɚɜɢɞɟɧɤɨɜ ɇ.ɇ. ɇɟɤɨɬɨɪɵɟ ɩɪɨɛɥɟɦɵ ɦɟɯɚɧɢɤɢ ɦɚɬɟɪɢɚɥɨɜ. Ʌ.μ Ʌɟɧɢɡɞɚɬ, 1λ4γ. 152 ɫ. 
73. Sharma V., Doerr N., Aswath P.B. Chemical-mechanical properties of tribofilms and their  

relationship to ionic liquid chemistry // RSC Advances. 2016. Vol. 6. No. 27. P. 341–356. 
74. ɂɧɫɬɪɭɤɰɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɚɬɨɦɧɵɯ ɫɬɚɧ-

ɰɢɣ ɛɟɡɨɛɪɚɡɰɨɜɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɬɜɟɪɞɨɫɬɢ ɊȾ ɗɈ 0027-2005 / 
ɎȽɍɉ Ʉɨɧɰɟɪɧ «Ɋɨɫɷɧɟɪɝɨɚɬɨɦ». ɋ. 47. URL: https://files.stroyinf.ru/Data2/1/4293828/42938
28800.pdf (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 0η.11.2020). 

75. Khandelwal H.K. Evaluation of Mechanical Behavior of Nuclear Component Materials Using 
Automated Ball Indentation Approach. Patiala: Thapar University, 2011. 85 p. 

76. Sharma K., Bhasin V., Vaze K.K., Ghosh A.K. Numerical simulation with finite element and arti-
ficial neural network of ball indentation for mechanical property estimation // Sadhana – Acade-
my Proceedings in Engineering Sciences. 2011. Vol. 36. No. 2. P. 181–192. 



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021                                                                     123 

 

77. Stefan J., Kopriva R., Sieql J. Comparison of Conventional Mechanical Testing with Innovative 
Techniques for Determination of Mechanical Properties of Nuclear Power Plant Components  
Materials // Applied Mechanic Materials. 2015. Vol. 784. P. 452–459.  

78. Syngellakis S., Habbab H., Mellor B.G. Finite element simulation of spherical indentation exper-
iments // The International Journal of Computational Methods and Experimental Measurements. 
2018. Vol. 6. No. 4. P. 749–763. 

79. ɀɢɥɤɢɧ ȼ.Ⱥ. Ⱥɡɛɭɤɚ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɜ MSC Patran-Nastran-Marc: ɭɱɟɛ. ɩɨɫɨɛɢɟ. 
ɋɉɛ.μ ɉɪɨɫɩɟɤɬ ɇɚɭɤɢ, 201γ. η7θ ɫ. 

80. ɒɚɛɭɧɟɜɢɱ ȼ.ɂ. Ɋɚɫɱɟɬɵ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɫɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɥɢɫɬɨɜ 
ɜɧɚɯɥɟɫɬ // ȼɨɩɪɨɫɵ ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɢ. 2011. Ɍ. 12γ. ɋ. λ–12. 

81. ɑɭɦɚɱɟɧɤɨ ȿ.ɇ.,  ɉɨɥɹɤɨɜɚ Ɍ.ȼ.,  Ⱥɤɫɟɧɨɜ ɋ.Ⱥ. ɢ ɞɪ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɧɟ-
ɥɢɧɟɣɧɨɣ ɦɟɯɚɧɢɤɟ. Ɇ.μ ɂɧ-ɬ ɤɨɫɦɢɱ. ɢɫɫɥɟɞɨɜɚɧɢɣ ɊȺɇ, 200λ. 4γ ɫ. 

82. Ȼɚɫɨɜ Ʉ.Ⱥ. Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɤɨɦɩɥɟɤɫɚ ANSYS. Ɇ.μ ȾɆɄ ɉɪɟɫɫ, 200θ. 24κ ɫ. 
83. Ȼɨɪɨɜɤɨɜ Ⱥ.ɂ. ȼɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦɵ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  ANSYS/LS–

DYNA // ɋɛ. ɦɚɬɟɪɢɚɥɨɜ I Ɇɟɠɞɭɧɚɪ. ɤɨɧɮ. ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ  
ANSYS ȿ. Ɇ.μ EMT–ANSYS-ɰɟɧɬɪ, 200γ. ɋ. 12κ–136. 

84. ɑɢɝɚɪɟɜ Ⱥ.ȼ., Ʉɪɚɜɱɭɤ Ⱥ.ɋ., ɋɦɚɥɸɤ Ⱥ.Ɏ. ANSYS ɞɥɹ ɢɧɠɟɧɟɪɨɜμ ɫɩɪɚɜ. ɩɨɫɨɛɢɟ. Ɇ.μ Ɇɚ-
ɲɢɧɨɫɬɪɨɟɧɢɟ-1, 2004. η12 ɫ. 

85. Ʉɨɬɨɜ Ⱥ.Ƚ. Ɉɫɧɨɜɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ ANSYSμ ɭɱɟɛ. ɩɨɫɨɛɢɟ. ɉɟɪɦɶμ ɉɟɪɦ. ɝɨɫ. ɬɟɯɧ. 
ɭɧ-ɬ, 200κ. 200 ɫ. 

86. Ʉɪɚɜɱɭɤ Ⱥ.ɋ., ɋɦɚɥɸɤ Ⱥ.Ɏ., Ʉɪɚɜɱɭɤ Ⱥ.ɂ. ɗɥɟɤɬɪɨɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɦɟɯɚɧɢɤɢ ɢ ɮɢɡɢɤɢμ 
ɥɟɤɰɢɢ ɩɨ ANSYS ɫ ɩɪɢɦɟɪɚɦɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱμ ɜ η ɱ. Ɇɢɧɫɤμ ȻȽɍ, 201γ. ɑ. η. ɋ. 10η. 

87. ɀɭɪɚɜɤɨɜ Ɇ.Ⱥ., Ɋɨɦɚɧɨɜɚ ɇ.ɋ. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɢɨɦɚɬɟɪɢɚɥɨɜ 
ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɧɚɧɨɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɢ ɦɨɞɟɥɟɣ ɞɪɨɛɧɨɝɨ ɩɨɪɹɞɤɚ // Ɋɨɫɫɢɣɫɤɢɣ ɠɭɪɧɚɥ 
ɛɢɨɦɟɯɚɧɢɤɢ. 2016. Ɍ. 20. № 1. ɋ. 8–27. 

88. Tabor D. A Simple Theory of Static and Dynamic Hardness // Proceedings of the Royal Society 
of London. Series A: Mathematical and Physical Sciences. 1948. Vol. 192. No. 1029. P. 247–274.  

89. Lee J.H., Kim T., Lee H. A study on robust indentation techniques to evaluate elastic-plastic proper-
ties of metals // International Journal of Solids and Structures. 2010. Vol. 47. No. 5. P. 647–664. 

90. Oliver W.C., Pharr G.M. An improved technique for determining hardness and elastic modulus 
using load and displacement sensing indentation experiments // Journal of Materials Research. 
1992. Vol. 6. P. 1564–1583. 

91. Ƚɚɥɚɧɨɜ Ȼ.Ⱥ., Ⱦɭɛ ɋ.ɇ. Ʉɪɢɬɢɱɟɫɤɢɟ ɤɨɦɦɟɧɬɚɪɢɢ ɤ ɦɟɬɨɞɢɤɟ Ɉɥɢɜɟɪɚ–Ɏɚɪɚ ɞɥɹ ɢɡɦɟɪɟ-
ɧɢɹ ɬɜɟɪɞɨɫɬɢ ɢ ɭɩɪɭɝɨɝɨ ɦɨɞɭɥɹ ɩɨɫɪɟɞɫɬɜɨɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɢ ɭɬɨɱ-
ɧɟɧɢɟ ɟɟ ɛɚɡɢɫɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ // ɋɜɟɪɯɬɜɟɪɞɵɟ ɦɚɬɟɪɢɚɥɵ. 2017. № θ. ɋ. γ–24. 

92. Ƚɨɥɨɜɢɧ ɘ.ɂ. ɇɚɧɨɢɧɞɟɧɬɢɪɨɜɚɧɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɜɟɪɞɵɯ ɬɟɥ ɜ ɫɭɛɦɢɤɪɨ-
ɨɛɴɟɦɚɯ, ɬɨɧɤɢɯ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɢ ɩɥɟɧɤɚɯ (ɨɛɡɨɪ) // Ɏɢɡɢɤɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. 2008. 
Ɍ. 50. ȼɵɩ. 12. ɋ. 2113–2142. 

93. Field indentation microprobe for structural integrity evaluation: pat. US 4852397; filed 15.05.89; 
publ. 20.09.90. 

94. Lee H., Haeng Lee J., Pharr G.M. A numerical approach to spherical indentation techniques for 
material property evaluation // Journal of the Mechanics and Physics of Solids. 2005. Vol. 53. 
No. 9. P. 2037–2069. 

95. Ɏɟɞɨɫɨɜ ɋ.Ⱥ., ɉɟɲɟɤ Ʌ. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɦɢɤɪɨɢɧɞɟɧɬɢɪɨ-
ɜɚɧɢɟɦμ ɋɨɜɪɟɦɟɧɧɵɟ ɡɚɪɭɛɟɠɧɵɟ ɦɟɬɨɞɢɤɢ. Ɇ.: ɆȽɍ, 2004. 100 ɫ. 

96. Byun T.S., Kim J.W., Hong J.H. A Theoretical Model for Determination of Fracture Toughness of 
Reactor Pressure Vessel Steels in the Transition Region from Automated Ball Indentation Test // 
Journal of Nuclear Materials. 1998. Vol. 252. No. 3. P. 67–82. 

97. Ɉɝɚɪ ɉ.Ɇ., Ƚɨɪɨɯɨɜ Ⱦ.Ȼ. Ɉɛɡɨɪ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 
ɜɧɟɞɪɟɧɢɢ ɫɮɟɪɵ // ɋɢɫɬɟɦɵ. Ɇɟɬɨɞɵ. Ɍɟɯɧɨɥɨɝɢɢ. 201η. № 3 (27). ɋ. 15–22. 

98. Haggag F. Automated Ball Indentation (ABI) versus Instrumented Indentation Testing (IIT). 
2015. URL: https://www.researchgate.net/publication/282878842_Automated_Ball_Indentation_R_ 
ABI_ R_versus_Instrumented_Indentation_Testing_IIT (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 04.06.2021). 



ǶȟȝȩȠаțȖя ȚаȠеȞȖаșȜȐ 

 

 

124                                                     А̏иа̶ио̦̦ые ̥атериалы и те̵̦оло̐ии  № 4 (65)  2021 

 

99. Fast and Precise Solutions for quality and reliability // Frontics America Inc.: ɫɚɣɬ. URL: 
http://www.frontics.com/index.php1144 (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 31.05.2021). 

100. Determination of fictitious strain-hardening exponent, strength coefficient, yield strength and ten-
sile strength using continuous indentation test: pat. KR100643193B1; filed 06.10.05; publ. 
28.02.07. 

101. Ɇɚɬɸɲɢɧ ȼ.Ɇ., Ɇɚɪɱɟɧɤɨɜ Ⱥ.ɘ., ȼɨɥɤɨɜ ɉ.ȼ., Ⱦɟɦɢɞɨɜ Ⱥ.ɇ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɞɢɚɝɪɚɦɦɚɦ ɢɧɞɟɧɬɢɪɨɜɚɧɢɹ ɧɚ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɧɵɯ ɭɪɨɜɧɹɯ //  
Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɦɚɬɟɪɢɚɥɨɜ. 201η. Ɍ. κ1. № 4. ɋ. 47–52. 

102. Ȼɨɣɱɟɧɤɨ ɇ.ȼ. Ⱥɦɩɥɢɬɭɞɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɨɛɥɚɫɬɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɩɪɢ ɦɹɝɤɨɦ ɢ 
ɠɟɫɬɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɡɭɱɟɫɬɢ // Ɍɪɭɞɵ Ⱥɤɚɞɟɦɷɧɟɪɝɨ. 2007. № γ. ɋ. λη–102. 

103.Ɍɪɟɥɶ Ƚ.ȼ. Ɉɞɧɨɦɟɪɧɚɹ ɦɨɞɟɥɶ ɠɟɫɬɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫ ɚɧɨɦɚɥɶɧɵɦɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ // Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ. 2011. № 11. ɋ. 4θ–49. 

104. ɒɥɹɧɧɢɤɨɜ ȼ.ɇ., Ȼɨɣɱɟɧɤɨ ɇ.ȼ., ɂɥɶɱɟɧɤɨ Ȼ.ȼ. Ⱥɧɚɥɢɡ ɇȾɋ ɨɛɥɚɫɬɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɜ 
ɜɹɡɤɨɭɩɪɭɝɨɦ ɩɥɚɫɬɢɱɧɨɦ ɦɚɬɟɪɢɚɥɟ ɩɪɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɦɹɝɤɨɦ ɢ ɠɟɫɬɤɨɦ ɧɚɝɪɭɠɟɧɢɢ // 
ɂɡɜɟɫɬɢɹ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ. ɉɪɨɛɥɟɦɵ ɷɧɟɪɝɟɬɢɤɢ. 200γ. № 11–12. ɋ. 1γλ–151. 

105. ȿɪɚɫɨɜ ȼ.ɋ., Ⱥɜɬɚɟɜ ȼ.ȼ., Ɉɪɟɲɤɨ ȿ.ɂ., əɤɨɜɥɟɜ ɇ.Ɉ. ɉɪɟɢɦɭɳɟɫɬɜɚ «ɠɟɫɬɤɨɝɨ» ɧɚɝɪɭɠɟ-
ɧɢɹ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ ɢ ɩɨɜɬɨɪɧɨ-ɫɬɚɬɢɱɟɫɤɨɟ ɪɚɫɬɹɠɟɧɢɟ // Ɍɪɭɞɵ ȼɂȺɆ. 
201κ. № 9 (θλ). ɋɬ. 10. URL: http://viam-аШrФs.rЮ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 07.0θ.2021). DτIμ 
10.18577/2307-6046-2018-0-9-92-104. 

106. Ƚɨɪɛɨɜɟɰ Ɇ.Ⱥ., Ȼɚɡɵɥɟɜɚ Ɉ.Ⱥ., Ȼɟɥɹɟɜ Ɇ.ɋ., ɏɨɞɢɧɟɜ ɂ.Ⱥ. Ɇɚɥɨɰɢɤɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ ɦɨɧɨ-
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢɧɬɟɪɦɚɬɟɥɥɢɞɧɨɝɨ ɫɩɥɚɜɚ ɬɢɩɚ ȼɄɇȺ ɜ ɭɫɥɨɜɢɹɯ «ɠɟɫɬɤɨɝɨ» ɧɚɝɪɭɠɟ-
ɧɢɹ // Ɇɟɬɚɥɥɭɪɝ. 2014. № κ. ɋ. 111–114. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ɋȼȿȾȿɇИə ɈȻ ȺȼɌɈɊȺɏ 
 

Ɏɚɦиɥия, иɦя, ɨɬчɟɫɬвɨ Ⱦɨɥɠɧɨɫɬь, ɭчɟɧɚя ɫɬɟɩɟɧь 
ɇИЦ «Кɭɪчаɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» – ВИАɆ; e-mail: admin@viam.ru 

Ⱥɜɬɚɟɜɚ əɪɨɫɥɚɜɚ ȼɥɚɞɢɦɢɪɨɜɧɚ   ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
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Ⱦɭɸɧɨɜɚ ȼɢɤɬɨɪɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ, ɤ.ɬ.ɧ. 
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ɀɟɥɟɡɢɧɚ Ƚɚɥɢɧɚ Ɏɟɞɨɪɨɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
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ȿɪɚɫɨɜ ȼɥɚɞɢɦɢɪ ɋɟɪɝɟɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ʉɚɛɥɨɜ ȿɜɝɟɧɢɣ ɇɢɤɨɥɚɟɜɢɱ   Ƚɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ, ɚɤɚɞɟɦɢɤ ɊȺɇ, ɩɪɨɮɟɫɫɨɪ 
Ʉɨɡɥɨɜ ɂɥɶɹ Ⱥɧɞɪɟɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ʉɪɨɯɢɧɚ ȼɢɤɬɨɪɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɂɧɠɟɧɟɪ 
Ʉɭɞɢɧɨɜ ɂɥɶɹ ɂɝɨɪɟɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ʉɭɥɚɝɢɧɚ Ƚɚɥɢɧɚ ɋɟɪɚɮɢɦɨɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Ʉɭɥɢɱɤɨɜɚ ɋɜɟɬɥɚɧɚ ɂɜɚɧɨɜɧɚ   ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
Ʉɭɬɵɪɟɜ Ⱥɥɟɤɫɟɣ ȿɜɝɟɧɶɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ʌɚɩɬɟɜ Ⱥɧɚɬɨɥɢɣ Ȼɨɪɢɫɨɜɢɱ  Ƚɥɚɜɧɵɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɞ.ɬ.ɧ. 
Ʌɟɛɟɞɟɜɚ ɘɥɢɹ ȿɜɝɟɧɶɟɜɧɚ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ʌɟɳɟɜ ɇɢɤɢɬɚ ȿɜɝɟɧɶɟɜɢɱ  ɂɧɠɟɧɟɪ 
Ɉɪɟɲɤɨ ȿɜɝɟɧɢɣ ɂɝɨɪɟɜɢɱ   ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
ɉɪɨɤɨɩɟɧɤɨ Ⱥɥɟɤɫɟɣ ɇɢɤɨɥɚɟɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
ɉɭɬɵɪɫɤɢɣ ɋɬɚɧɢɫɥɚɜ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ 
Ɋɚɡɦɚɯɨɜ Ɇɚɤɫɢɦ Ƚɟɧɧɚɞɶɟɜɢɱ   ɂɧɠɟɧɟɪ 
ɋɟɪɟɛɪɟɧɧɢɤɨɜɚ ɇɚɬɚɥɶɹ ɘɪɶɟɜɧɚ   Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 
ɋɤɨɪɨɛɨɝɚɬɶɤɨ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ, ɤ.ɯ.ɧ. 
ɋɨɥɧɰɟɜ ɋɬɚɧɢɫɥɚɜ ɋɟɪɝɟɟɜɢɱ   ɋɨɜɟɬɧɢɤ Ƚɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ, ɞ.ɬ.ɧ. 
ɋɨɥɨɜɶɟɜɚ ɇɚɬɚɥɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 
ɋɨɦɨɜ Ⱥɧɞɪɟɣ ȼɚɥɟɪɶɟɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
ɋɨɪɨɤɢɧ Ɉɥɟɝ ɘɪɶɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
Ɍɢɦɨɲɤɨɜ ɉɚɜɟɥ ɇɢɤɨɥɚɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ 
Ɍɤɚɥɟɧɤɨ Ⱦɦɢɬɪɢɣ Ɇɢɯɚɣɥɨɜɢɱ  Ɍɟɯɧɢɤ 1 ɤɚɬɟɝɨɪɢɢ 
ɍɫɚɱɟɜɚ Ɇɚɪɢɹ ɇɢɤɨɥɚɟɜɧɚ   Ɍɟɯɧɢɤ 2 ɤɚɬɟɝɨɪɢɢ 
ɍɬɤɢɧ Ⱦɟɧɢɫ Ⱥɧɬɨɧɨɜɢɱ  Ɍɟɯɧɢɤ 
ɏɪɭɥɶɤɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 
ɑɚɣɧɢɤɨɜɚ Ⱥɧɧɚ ɋɟɪɝɟɟɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ, ɤ.ɬ.ɧ. 
ɑɭɦɚɧɨɜ ɂɥɶɹ Ɋɚɮɢɤɨɜɢɱ  ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
ɒɢɪɹɟɜ Ⱥɧɞɪɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
ɒɨɪɫɬɨɜ ɋɟɪɝɟɣ ɘɪɶɟɜɢɱ   Ɍɟɯɧɢɤ 1 ɤɚɬɟɝɨɪɢɢ 
ɒɭɥɶɞɟɲɨɜɚ ɉɨɥɢɧɚ Ɇɢɯɚɣɥɨɜɧɚ  ɂɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 2 ɤɚɬɟɝɨɪɢɢ 
ɒɭɪɬɚɤɨɜ ɋɟɪɝɟɣ ȼɢɤɬɨɪɨɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
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Ƚɨɧɱɚɪɨɜ Ȼɨɝɞɚɧ ɗɞɭɚɪɞɨɜɢɱ  ɂɧɠɟɧɟɪ 
ɉɥɟɫɤɚɧɶ Ⱥɥɟɤɫɟɣ ɘɪɶɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɛɪɢɝɚɞɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ 
ɋɚɦɨɯɜɚɥɨɜ ɇɢɤɨɥɚɣ ɘɪɶɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɨɬɞɟɥɟɧɢɹ 
ɋɢɩɚɬɨɜ Ⱥɥɟɤɫɟɣ Ɇɚɬɜɟɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɨɬɞɟɥɟɧɢɹ, ɞ.ɬ.ɧ. 
ɑɟɪɤɚɲɧɟɜɚ ɇɚɬɚɥɶɹ ɇɢɤɨɥɚɟɜɧɚ   Ƚɥɚɜɧɵɣ ɢɧɠɟɧɟɪ 
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