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ɍȾɄ 621.565.9:621.1.016 
ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɊɈɐȿɋɋɈȼ 

ɎȺɁɈȼɈȽɈ ɉȿɊȿɏɈȾȺ ɊȺȻɈɑȿȽɈ ȺȽȿɇɌȺ 
Ɇɚɤɫɢɦɨɜ ȼ.ɂ., ɤ.ɬ.ɧ., Ƚɚɥɵɧɫɤɢɣ Ⱦ.Ɇ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 
E-mail: elf@tpu.ru 

 
ɂɫɬɨɳɟɧɢɟ ɡɚɩɚɫɨɜ ɌɗɊ ɜ ɟɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ ɫɬɪɚɧɵ, ɝɞɟ ɫɨɫɪɟɞɨ-

ɬɨɱɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ, ɩɨɬɪɟɛɨɜɚɥɨ ɪɚɡɜɢɬɢɹ ɬɨɩɥɢɜɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɜɨɫɬɨɱɧɵɯ ɦɚɥɨɧɚɫɟɥɟɧɧɵɯ, ɫɥɨɠɧɵɦɢ 
ɝɟɨɥɨɝɨɤɥɢɦɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɪɚɣɨɧɚɯ ɫɬɪɚɧɵ, ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ 
ɪɟɡɤɨɝɨ ɪɨɫɬɚ ɫɬɨɢɦɨɫɬɢ ɞɨɛɵɱɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɟɩɥɨɧɨ-
ɫɢɬɟɥɹ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɫɢɫ-
ɬɟɦɚɯ ɨɬɨɩɥɟɧɢɟ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ (ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨ 95 °ɋ), ɧɟ-
ɪɚɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭɟɬɫɹ ɨɪɝɚɧɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɨɛɟɫɩɟ-
ɱɢɬɶ ɩɨɥɭɱɟɧɢɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɨɣ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ [1–3].ȼ 
Ɋɨɫɫɢɢ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɧɚɯɨɞɢɥɢ ɲɢɪɨɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɪɹɞɨɦ ɩɪɢɱɢɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɧɟɛɥɚɝɨɩɪɢɹɬ-
ɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɰɟɧ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
ɉɨɜɵɲɟɧɢɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɟɩɥɨɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ ɬɟɩɥɨ-
ɫɧɚɛɠɟɧɢɹ (ɌɋɌ) ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɧɟ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɪɚɡɜɢɬɢɹ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉɚɤ ɩɨɤɚɡɚɥ 
ɚɧɚɥɢɡ, ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɪɚɛɨɬɚɧɵ ɜɨɩɪɨɫɵ ɜɵɛɨɪɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɛ-
ɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɌɋɌ ɢ ɪɚɡɪɚɛɨɬɤɢ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟ-
ɧɢɣ ɫɢɫɬɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ ɷɧɟɪɝɨɷɤɨɧɨɦɢ-
ɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɌɋɌ ɞɚɥɟɤɨ ɧɟ ɢɫɱɟɪɩɚɧɵ. 

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɪɚɛɨɬɵ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫ-
ɫɨɜ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɷɥɟɦɟɧɬɚɯ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɢ 
ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ 
ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɭɫɬɚɧɨɜɤɟ, 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. ɍɫɬɚɧɨɜɤɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɚɫɫɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɝɨ ɬɟɩɥɨ-
ɜɨɝɨ ɧɚɫɨɫɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟ-
ɪɢɹ ɨɩɵɬɨɜ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɨɞɜɨɞɢɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ 
ɢɫɩɚɪɢɬɟɥɶɧɭɸ ɤɚɦɟɪɭ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɜɧɭɬɪɢ ɤɚɦɟɪɵ ɢɫɩɚɪɢɬɟɥɹ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɬɟɩɥɨɜɨɦ ɩɨɬɨɤɟ, ɩɨɞɜɨɞɢ-
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ɦɨɦ ɜ ɤɚɦɟɪɟ ɢɫɩɚɪɢɬɟɥɹ ɤ ɜɨɞɟ. ȼɢɞɧɨ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚ-
ɦɟɪɟ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɟ ɩɨɞɜɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɤ 
ɢɫɩɚɪɢɬɟɥɸ. ȼ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ ɬɟɦɩɟɪɚɬɭɪɚ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɡɚ 
ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɞɜɨɞɚ ɬɟɩɥɚ ɤ ɬɟɩɥɨɧɨɫɢɬɟɥɸ. 

 
Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ Ɍɇ 

 
Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɜɨɞɵ) 

ɜɧɭɬɪɢ ɤɚɦɟɪɵ ɢɫɩɚɪɢɬɟɥɹ  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɟɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɤɚɦɟɪɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɤɚɦɟɪɟ ɢɫɩɚɪɢɬɟɥɹ. 

ɇɚ ɨɫɧɨɜɟ ɷɤɫɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɩɨɬɟɪɶ ɷɤɫɟɪɝɢɢ ɜ Ɍɇ, 
ɨɩɪɟɞɟɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɚɤ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ Ɍɇɍ, ɬɚɤ ɢ 
ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɜ ɰɟɥɨɦ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɇɂɊ Ƚɨɫɡɚɞɚɧɢɹ «ɇɚɭɤɚ» (ɒɢɮɪ ɮɟ-
ɞɟɪɚɥɶɧɨɣ ɰɟɥɟɜɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 7.3073.2011). 
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ɍȾɄ 621.1 
ɊȺɁɊȺȻɈɌɄȺ ȺɅȽɈɊɂɌɆȺ ɉɈ ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɈɆɍ 

ɊȺɋɑȿɌɍ ɐɂɄɅȺ ɊȿɇɄɂɇȺ ɉɌɍ ɋ ɉɊɈɆȿɀɍɌɈɑɇɕɆ 
ɉȿɊȿȽɊȿȼɈɆ ɉȺɊȺ 

Ⱥɥɟɤɫɟɸɤ ȼ.ɗ., ɋɭɬɨɪɦɢɧ Ⱥ.Ɏ., ɋɟɧɨɬɨɜɚ ɋ.Ⱥ., ɤ.ɬ.ɧ. 
ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɂɪɤɭɬɫɤ 
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ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɚɪɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɟ ɜɪɟɦɹ ɜɨɲɟɥ ɜ 
ɷɧɟɪɝɟɬɢɤɭ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɤɚɤ ɫɪɟɞɫɬɜɨ ɛɨɪɶɛɵ ɫ ɜɵɫɨɤɨɣ ɜɥɚɠɧɨ-
ɫɬɶɸ ɩɚɪɚ ɜ ɩɨɫɥɟɞɧɢɯ ɫɬɭɩɟɧɹɯ ɬɭɪɛɢɧɵ, ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɢ ɫɪɟɞɫɬɜɨɦ 
ɩɨɜɵɲɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɄɉȾ ɰɢɤɥɚ. 

ɐɢɤɥ Ɋɟɧɤɢɧɚ ɉɌɍ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɜ T-S-
ɞɢɚɝɪɚɦɦɟ ɫ ɨɛɨɡɧɚɱɟɧɢɟɦ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. 

 
Ɋɢɫ. 1. ɐɢɤɥ Ɋɟɧɤɢɧɚ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɝɥɚɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɩɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɪɚɫɱɟɬɭ ɞɚɧɧɨɝɨ ɰɢɤɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɬɚɜɢɥɚɫɶ ɡɚ-


