
XIII ɆȿɀȾɍɇАɊɈȾɇАə ɄɈɇɎȿɊȿɇɐɂə ɋɌɍȾȿɇɌɈВ, АɋɉɂɊАɇɌɈВ ɂ ɆɈɅɈȾɕɏ ɍɑȿɇɕɏ 

«ɉȿɊɋɉȿɄɌɂВɕ ɊАɁВɂɌɂə ɎɍɇȾАɆȿɇɌАɅɖɇɕɏ ɇАɍɄ» 
247 

 

Ɋɨɫɫɢя, Ɍɨɦɫɤ, 26-29 ɚɩɪеɥя 2016 г. Ɍɨɦ 1. Ɏɢɡɢɤɚ 

 

ɊАɋɑȿɌ ВɊȿɆȿɇɂ ȾɂɎɎɍɁɂɂ ВɈȾɈɊɈȾА В ɐɂɊɄɈɇɂȿВɈɆ ɋɉɅАВȿ ɉɈɋɅȿ 

ɇАВɈȾɈɊɈɀɂВАɇɂЯ ȾɅЯ ȾɈɋɌɂɀȿɇɂЯ ɊАВɇɈɆȿɊɇɈɃ ɄɈɇɐȿɇɌɊАɐɂɂ

Ɍ.ɋ. ɉɪɹɦɭɲɤɨ, Ⱥ.Ⱥ. Ɇɢɯɚɣɥɨɜ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: ɚɫɫɢɫɬɟɧɬ ɤɚɮ. ɈФ ФɌɂ, ɤ.ɬ.ɧ. Ɋ.ɋ. Ʌɚɩɬɟɜ

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

Ɋɨɫɫɢɹ,  ɝ.Ɍɨɦɫɤ,  ɩɪ. Ʌɟɧɢɧɚ, 30, 634050 

E-mail: tatyana.pryamushko@mail.ru 

CALCULATION OF HYDROGEN DIFFUSION TIME IN ZIRCONIUM ALLOY AFTER 

HYDROGENATION TO ACHIEVE UNIFORM CONCENTRATION 

T.S. Priamushko, A.A. Mikhaylov 

Scientific Supervisor: assistant of General Physics Department, Dr. R.S. Laptev 

Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin av., 30 

E-mail: tatyana.pryamushko@mail.ru  

Abstract. This study reports is about the time calculation of the hydrogen diffusion in zirconium samples after 

hydrogenation to achieve uniform hydrogen concentration from the surface to the depth. As a result of this work 

selection of parameters of the extract  in an inert gas atmosphere after hydrogen saturation was carried out - Te 

= 650 ° C and Pe = 1 atm. The hydrogen redistribution time over the sample volume to achieve uniform 

concentration distribution was calculated and t = 152 minutes. 

Ʉɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɜɨɞɨɪɨɞɚ ɜ ɰɢɪɤɨɧɢɟɜɵɯ ɫɩɥɚɜɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɟ, ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɢ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɬɚɤ 

ɤɚɤ ɛɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɜɨɞɨɪɨɞɭ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɲɥɚ ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɩɥɚɡɦɵ ɬɥɟɸɳɟɝɨ ɪɚɡɪɹɞɚ Д1]. ɉɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɫɨɤɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ ɚɧɚɥɢɡɚ. 

Ɉɞɧɚɤɨ ɩɪɨɜɟɞɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜɨɞɨɪɨɞɚ ɜ ɰɢɪɤɨɧɢɟɜɵɯ ɫɩɥɚɜɚɯ ɧɟɜɨɡɦɨɠɧɨ ɧɚ ɞɚɧɧɨɦ 

ɷɬɚɩɟ, ɩɨɫɤɨɥɶɤɭ ɞɚɧɧɵɣ ɩɪɢɛɨɪ ɬɪɟɛɭɟɬ ɤɚɥɢɛɪɨɜɤɢ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ 

ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨ ɜɨɞɨɪɨɞɭ, ɤɨɬɨɪɵɟ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɛɵ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ, 

ɪɚɡɦɟɪɚɦ, ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɷɥɟɦɟɧɬɨɜ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɨɛɪɚɡɰɨɜ. ɉɪɨɧɢɤɧɨɜɟɧɢɟ 

ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɟɝɨ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɨɛɴɟɦɭ [2], ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɵɦ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɚɧɞɚɪɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɞɥɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ 

ɩɨ ɨɛɴɟɦɭ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɰɢɪɤɨɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɢɜɚɬɶ ɦɚɬɟɪɢɚɥ ɜ ɚɬɦɨɫɮɟɪɟ 

ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ. Цɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɫɹ ɩɨɞɛɨɪ 

ɩɚɪɚɦɟɬɪɨɜ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɰɢɪɤɨɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Э110 ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɩɨɫɥɟ ɧɚɫɵɳɟɧɢɹ 

ɜɨɞɨɪɨɞɨɦ, ɚ ɬɚɤɠɟ ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɩɨ ɨɛɴɟɦɭ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ.

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɟɮɟɤɬɨɜ ɢɡ ɫɬɪɭɤɬɭɪɵ ɰɢɪɤɨɧɢɹ ɩɟɪɟɞ ɧɚɫɵɳɟɧɢɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬɠɢɝ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ Tɨ=580 °ɋ ɜ ɬɟɱɟɧɢɟ 180 ɦɢɧ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɫɵɳɟɧɢɟ ɢɡ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ Tɧ=550 °ɋ ɢ ɞɚɜɥɟɧɢɢ Pɧ=0,5-1 ɚɬɦ, ɜɪɟɦɹ ɧɚɫɵɳɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɞɨ ɤɨɬɨɪɨɣ 
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ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɟ. ɂɫɯɨɞɹ ɢɡ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɭɡɢɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д3], ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɜɵɞɟɪɠɢɜɚɧɢɹ ɰɢɪɤɨɧɢɹ 

ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ Tɜ=500 °ɋ ɢ ɞɚɜɥɟɧɢɟ Ɋɜ=1 ɚɬɦ. ɉɨɫɤɨɥɶɤɭ ɜ ɩɪɨɰɟɫɫɟ 

ɜɵɞɟɪɠɢɜɚɧɢɹ ɢɫɬɨɱɧɢɤɚ ɜɨɞɨɪɨɞɚ ɧɟɬ, ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɲɟɧɢɢ 2-ɝɨ ɭɪɚɜɧɟɧɢɹ Фɢɤɚ (1) 

[4], ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ. ��� = ܦ �2��2,  t≥0,      -∞˂x˂∞     (1) 

ɝɞɟ ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ (ɇ), D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɇ ɜ ɰɢɪɤɨɧɢɢ (Zr), t – ɜɪɟɦɹ, x – 

ɬɨɥɳɢɧɚ ɫɥɨɹ. ɉɨɫɤɨɥɶɤɭ ɜɵɞɟɪɠɢɜɚɧɢɟ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɧɚɫɵɳɟɧɢɹ, ɬɨ 

ɞɨɩɭɫɬɢɦɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ D ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ. 

ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɩɨɞɫɬɚɧɨɜɤɨɣ Ȼɨɥɶɰɦɚɧɚ �ሺСሻ = �√�.      (2) 

ɉɨɥɭɱɢɦ ɧɨɜɨɟ ɭɪɚɜɧɟɧɢɟ ��� � = ܦʹ− �2��2 .       (3) 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɛɨɬɟ [4] ɪɟɲɟɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɢɧɬɟɝɪɚɥɭ  ܥ = ′ܣ ∫ ݁−�2݀� + �ܤ ሺଶ√�ሻ⁄ ,       (4) 

ɝɞɟ δ=λ/(2√D). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɬɟɝɪɚɥ ɩɪɢɜɨɞɢɬɫɹ ɤ ɢɧɬɟɝɪɚɥɭ ɨɲɢɛɨɤ Ƚɚɭɫɫɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɟ 

ɫɭɳɟɫɬɜɭɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ. Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (4) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ: � = Ͳ {ܿ = ܿଵ ˇля всˈх � > Ͳ  . 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɮɭɧɤɰɢɢ  СС0 = ͳ − Ѱ ቀ �ଶ√�ቁ.       (5) 

ɝɞɟ ɫ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚ ɝɥɭɛɢɧɟ ɯ, ɫ0 – ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢ x=0, Ѱ – ɮɭɧɤɰɢɹ ɨɲɢɛɨɤ Ƚɚɭɫɫɚ. ɉɪɢ 

ɢɡɜɟɫɬɧɨɣ ɬɨɥɳɢɧɟ ɨɛɪɚɡɰɚ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɪɨɰɟɫɫ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɫɨɨɬɧɨɲɟɧɢɟ ɫ/ɫ0. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɟ ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɩɨ 

ɨɛɴɟɦɭ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1. ɉɥɨɳɚɞɶ ɩɨɞ ɤɪɢɜɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɨɛɪɚɡɰɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɫ/ɫ0 ɜɵɱɢɫɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ ɋ ɜ 

ɬɨɱɤɟ ɯ=0 (ɪɢɫɭɧɨɤ 1). 

 

Ɋɢɫ. 1. Мɨɞɟɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢя ɜɨɞɨɪɨɞɚ ɩɨ ɨɛɴɟɦɭ ɨɛɪɚɡɰɚ: ɫ0 – ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɧɚɫɵɳɟɧɢя, ɫ – 

ɩɨɫɥɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢя ɜɨɞɨɪɨɞɚ ɩɨ ɨɛɴɟɦɭ ɨɛɪɚɡɰɚ 
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Ɋɨɫɫɢя, Ɍɨɦɫɤ, 26-29 ɚɩɪеɥя 2016 г. Ɍɨɦ 1. Ɏɢɡɢɤɚ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫ0 ɜ ɨɛɪɚɡɰɟ ɞɨɫɬɢɝɚɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 0,13 

ɦɚɫɫ.% ɢ ɫɤɚɩɥɢɜɚɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, ɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɜɨɞɨɪɨɞ ɢɦɟɟɬ 

ɪɚɜɧɨɦɟɪɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 0,05 ɦɚɫɫ.%. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɫ/ɫ0≈0,4. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɏ=б/(2√Dt) ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɝɪɚɮɢɤɨɦ ɮɭɧɤɰɢɢ ɨɲɢɛɨɤ Ƚɚɭɫɫɚ (ɪɢɫɭɧɨɤ 2). 

 

Ɋɢɫ. 2. Ɏɭɧɤɰɢя ɨɲɢɛɨɤ Гɚɭɫɫɚ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, X=0,6. Ɍɚɤ ɤɚɤ ɩɪɨɰɟɫɫ ɧɚɫɵɳɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ 

ɜ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ, ɬɨ ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɚ ɡɚ ɬɨɥɳɢɧɭ ɧɚɫɵɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɛɭɞɟɦ ɫɱɢɬɚɬɶ 

ɪɚɫɫɬɨɹɧɢɟ, ɪɚɜɧɨɟ ɩɨɥɨɜɢɧɟ ɢɫɬɢɧɧɨɣ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯ=0,1 ɫɦ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɞɢɮɮɭɡɢɢ D ɞɥɹ ɱɢɫɬɨɝɨ ɰɢɪɤɨɧɢɹ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɢ ɨɩɪɟɞɟɥɟɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɜ ɪɚɛɨɬɟ [5], ɢ 

ɪɚɜɟɧ D=6,79*10-6 ɫɦ2/ɫ. ȼɵɪɚɠɚɹ t ɢɡ ɜɵɪɚɠɟɧɢɹ (5), ɩɨɥɭɱɚɟɦ:  √� = �ଵ,ଶ∗√.       (6) 

ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɜɵɪɚɠɟɧɢɟ (6), ɩɨɥɭɱɚɟɦ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɢɜɚɧɢɹ 

ɨɛɪɚɡɰɨɜ ɰɢɪɤɨɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Э110 ɬɨɥɳɢɧɨɣ 2 ɦɦ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ t=17 ɦɢɧɭɬ. Ɉɞɧɚɤɨ 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɩɪɢɜɟɞɟɧ ɞɥɹ ɱɢɫɬɨɝɨ ɰɢɪɤɨɧɢɟɜɨɝɨ ɫɩɥɚɜɚ, ɩɨɷɬɨɦɭ ɞɥɹ ɫɩɥɚɜɚ Э110 (Zr–1%Nb) 

ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ α=1,5. ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɩɨ ɨɛɴɟɦɭ 

ɰɢɪɤɨɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ ɡɚ ɜɪɟɦɹ t=25 ɦɢɧɭɬ. 

   Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɩɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ 

ɰɢɪɤɨɧɢɟɜɨɝɨ ɫɩɥɚɜɚ Э110 ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɩɨɫɥɟ ɧɚɫɵɳɟɧɢɹ ɜɨɞɨɪɨɞɨɦ – Tɜ=500 °ɋ ɢ Ɋɜ=1 

ɚɬɦ, ɚ ɬɚɤɠɟ ɪɚɫɱɟɬ ɜɪɟɦɟɧɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɩɨ ɨɛɴɟɦɭ ɨɛɪɚɡɰɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ t=25 ɦɢɧɭɬ. 
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