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Ⱥ process of radiation-induced densification of UO2 is analyzed. It is shown 
that in vicinity of fission fragment tracks the local melting area and zone of 
plastic yield are formed. It is developed ɚ model of closing of pore in the 
plastic medium due to influence of stress created in fission fragment tracks. 

  

 ȼ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 102-103 ɱɚɫɨɜ ɨɛɥɭɱɟɧɢɹ ɨɤɫɢɞɧɨɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ ɜ 

ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɪɟɚɤɬɨɪɚ ɧɚ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɬɨɩɥɢɜɧɨɣ ɬɚɛɥɟɬɤɢ ɢ ɞɥɢɧɵ ɬɨɩɥɢɜɧɨɝɨ ɫɬɨɥɛɚ ɜ ɰɟɥɨɦ, 

ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɭɩɥɨɬɧɟɧɢɟɦ ɬɨɩɥɢɜɚ [1]. ɉɨ ɬɟɯɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɢɫɯɨɞɧɚɹ 

ɩɥɨɬɧɨɫɬɶ ɲɬɚɬɧɵɯ ɬɚɛɥɟɬɨɤ ɭɪɚɧɨɜɨɝɨ ɬɨɩɥɢɜɚ, ɫɨɫɬɚɜɥɹɟɬ ȡ0~95% ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 

ɩɥɨɬɧɨɫɬɢ (%Ɍɉ). Ɉɫɬɚɜɲɢɟɫɹ ɠɟ 5% ɨɬ ɨɛɴɺɦɚ ɬɨɩɥɢɜɧɨɣ ɬɚɛɥɟɬɤɢ ɩɪɢɯɨɞɹɬɫɹ ɧɚ 

ɩɨɪɵ, ɤɨɬɨɪɵɟ ɨɫɬɚɸɬɫɹ ɜ ɬɚɛɥɟɬɤɟ ɩɨɫɥɟ ɟɺ ɫɩɟɤɚɧɢɹ, ɥɢɛɨ ɫɩɟɰɢɚɥɶɧɨ ɫɨɡɞɚɸɬɫɹ ɜ 

ɧɟɣ ɩɭɬɺɦ ɜɜɟɞɟɧɢɹ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɩɨɪɨɲɨɤ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɞɨ ɫɬɚɞɢɢ ɟɝɨ 

ɩɪɟɫɫɨɜɚɧɢɹ. Ɇɚɤɫɢɦɭɦ ɭɩɥɨɬɧɟɧɢɹ ǻȡ/ȡ0 ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɞɟɥɟɧɢɣ ɜ 

ɬɚɛɥɟɬɤɟ ~1019-1020 ɞɟɥ/ɫɦ3, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɸ 2-4 Ɇȼɬ·ɫɭɬ/ɤɝU. 

Ɂɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ǻȡ/ȡ0 ɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0.1-1.5 %Ɍɉ ɢ ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɭɤɬɭɪɵ 

ɬɨɩɥɢɜɧɨɣ ɬɚɛɥɟɬɤɢ, ɧɚɥɢɱɢɹ ɜ ɧɟɣ ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɢ ɭɫɥɨɜɢɣ ɨɛɥɭɱɟɧɢɹ. ɉɪɢ 

ɫɬɟɩɟɧɢ ɜɵɝɨɪɚɧɢɹ ɩɪɟɜɵɲɚɸɳɟɣ 4 Ɇȼɬ·ɫɭɬ/ɤɝU ɧɚɱɢɧɚɟɬɫɹ ɪɚɞɢɚɰɢɨɧɧɨɟ ɪɚɫɩɭɯɚɧɢɹ 

ɬɨɩɥɢɜɚ, ɤɨɬɨɪɨɟ ɩɨɞɚɜɥɹɟɬ ɩɪɨɰɟɫɫ ɟɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɭɩɥɨɬɧɟɧɢɹ. 

 əɜɥɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɢɡɜɟɫɬɧɨ ɭɠɟ ɞɚɜɧɨ. ȼ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɪɚɛɨɬɚɯ [1-4], ɩɪɨɜɟɞɺɧɧɵɯ ɜ 70-80-ɟ ɝɨɞɵ, ɢɡɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸɳɢɟ 

ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ. Ɍɚɤ, ɫɨɝɥɚɫɧɨ ɜɵɜɨɞɚɦ [1], ɧɚɢɛɨɥɟɟ 

ɢɧɬɟɧɫɢɜɧɨɦɭ ɭɩɥɨɬɧɟɧɢɸ ɩɨɞɜɟɪɠɟɧɨ ɬɨɩɥɢɜɨ, ɨɛɥɚɞɚɸɳɟɟ ɧɢɡɤɨɣ ɧɚɱɚɥɶɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ, ɨɫɧɨɜɧɚɹ ɞɨɥɹ ɩɨɪ ɜ ɤɨɬɨɪɨɦ ɩɪɢɧɚɞɥɟɠɢɬ ɫɭɛɦɢɤɪɨɧɧɨɣ ɨɛɥɚɫɬɢ 

ɪɚɡɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɬɨɩɥɢɜɨ, ɨɛɥɭɱɚɜɲɟɟɫɹ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɢɱɺɦ 
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ɮɚɤɬɨɪ, ɫɜɹɡɚɧɧɵɣ ɫ ɜɢɞɨɦ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ, ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɹɸɳɢɦ. 

 ɋɨɝɥɚɫɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɦɨɞɟɥɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɞɨɫɩɟɤɚɧɢɹ [5-7], ɩɪɢɱɢɧɨɣ 

ɭɩɥɨɬɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɟɧɢɟ ɩɨɪ ɜ ɨɛɥɭɱɚɟɦɨɣ ɬɚɛɥɟɬɤɟ, ɩɪɨɢɫɯɨɞɹɳɟɟ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɟɹɧɢɹ ɧɚ ɧɢɯ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢɹ ɭɪɚɧɚ (ɷɧɟɪɝɢɹ 

ɨɫɤɨɥɤɨɜ ~100 Ɇɷȼ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɚɬɨɦɧɚɹ ɦɚɫɫɚ A~102). ȼ [5-7] ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ ɩɪɢ 

ɩɟɪɟɫɟɱɟɧɢɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɨɫɤɨɥɤɨɦ ɩɨɪɵ ɱɚɫɬɶ ɟɺ ɨɛɴɺɦɚ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ 

ɜ ɫɢɫɬɟɦɭ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜɚɤɚɧɫɢɣ. Ⱦɚɥɟɟ ɜɚɤɚɧɫɢɢ ɞɢɮɮɭɧɞɢɪɭɸɬ ɧɚ ɫɬɨɤɢ ɞɟɮɟɤɬɨɜ 

– ɝɪɚɧɢɰɵ ɡɟɪɟɧ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɴɺɦ ɬɚɛɥɟɬɤɢ ɫɨɤɪɚɳɚɟɬɫɹ. ɉɪɢ ɜɵɜɨɞɟ ɨɫɧɨɜɧɵɯ 

ɫɨɨɬɧɨɲɟɧɢɣ ɜ ɪɚɛɨɬɚɯ [5-7] ɛɵɥ ɞɨɩɭɳɟɧ ɪɹɞ ɝɪɭɛɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ, ɚ  

ɦɟɯɚɧɢɡɦ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɪ ɩɨɫɬɭɥɢɪɨɜɚɧ. ɉɪɟɞɫɤɚɡɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɨɞɟɥɶ [5-7] 

ɧɟ ɢɦɟɟɬ, ɚ ɜɵɞɜɢɧɭɬɵɟ ɜ ɧɟɣ ɝɢɩɨɬɟɡɵ ɧɟ ɨɛɨɫɧɨɜɚɧɵ. 

 ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ 

ɨɤɫɢɞɧɨɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ. 

 ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɫɤɨɥɤɚ ɞɟɥɟɧɢɹ ɭɪɚɧɚ ɱɟɪɟɡ 

ɜɟɳɟɫɬɜɨ ɨɫɧɨɜɧɚɹ ɞɨɥɹ ɟɝɨ ɷɧɟɪɝɢɢ (98-99%) ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɢɨɧɢɡɚɰɢɸ ɚɬɨɦɨɜ ɫɪɟɞɵ 

ɜɞɨɥɶ ɬɪɚɟɤɬɨɪɢɢ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ (ɬɪɟɤɚ). Ɍɚɤ, ɞɥɹ ɢɨɧɚ ɏɟ+ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 

E0=100 Ɇɷȼ ɜɟɥɢɱɢɧɚ ɷɥɟɤɬɪɨɧɧɵɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ –(dE/dx)e=25·102 ɷȼ/Å ɧɚ 2 ɩɨɪɹɞɤɚ 

ɩɪɟɜɵɲɚɟɬ ɭɩɪɭɝɢɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɨɫɤɨɥɤɚ –(dE/dx)e=24.5 ɷȼ/Å [8], ɚ ɟɝɨ ɫɪɟɞɧɹɹ 

ɞɥɢɧɚ ɩɪɨɛɟɝɚ ɜ ɞɢɨɤɫɢɞɟ ɭɪɚɧɚ ɫɨɫɬɚɜɥɹɟɬ LXe=5.4 ɦɤɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɢɫɥɨ 

ɜɨɡɛɭɠɞɺɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɬɪɟɤɚ ɪɚɜɧɨ 

Ne/LXe~|dE/dx|e/IUO2=4.6·1010 ɲɬ/ɫɦ (IUO2=5.5 ɷȼ – ɩɨɬɟɧɰɢɚɥ ɢɨɧɢɡɚɰɢɢ UO2). 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ, ɩɪɢɨɛɪɟɬɚɟɦɚɹ ɷɥɟɤɬɪɨɧɨɦ ɜ ɩɪɨɰɟɫɫɟ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɢɨɧɨɦ 

ɤɫɟɧɨɧɚ – İe~(4me/MXe)E0~4 ɤɷȼ, ɚ ɞɥɢɧɚ ɟɝɨ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ – Le~10 ɧɦ.  

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ «ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ» ɜ ɨɛɴɺɦɟ 

ɬɪɟɤɚ  ɛɥɢɡɤɚ ɤ ɩɨɫɬɨɹɧɧɨɣ Ʌɨɲɦɢɞɬɚ Ne/LXeʌ(Le)2~2.5·1019 ɫɦ-3. ɗɥɟɤɬɪɨɧ ɫ ɷɧɟɪɝɢɟɣ 

İ~4 ɤɷȼ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɩɨɫɨɛɟɧ ɩɟɪɟɜɟɫɬɢ ɜ ɜɨɡɛɭɠɞɺɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨɪɹɞɤɚ 80 

ɷɥɟɤɬɪɨɧɨɜ «ɜɬɨɪɨɝɨ ɩɨɤɨɥɟɧɢɹ». ɏɚɪɚɤɬɟɪɧɚɹ ɞɥɢɧɚ ɩɪɨɛɟɝɚ ɷɥɟɤɬɪɨɧɨɜ «ɜɬɨɪɨɝɨ 

ɩɨɤɨɥɟɧɢɹ» ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɠɟ ɩɪɨɰɟɫɫɚɦɢ ɪɚɫɫɟɹɧɢɹ ɧɚ ɨɩɬɢɱɟɫɤɢɯ ɮɨɧɨɧɚɯ ɢ 

ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɬɨɹɧɧɵɯ ɪɟɲɺɬɤɢ. ɉɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɧɨɜ «ɜɬɨɪɨɝɨ ɩɨɤɨɥɟɧɢɹ» ɬɟɪɹɟɬ ɫɜɨɸ ɷɧɟɪɝɢɸ ɡɚ ɫɱɺɬ ɷɥɟɤɬɪɨɧ-

ɮɨɧɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɜ ɡɨɧɟ 

ɩɪɨɜɨɞɢɦɨɫɬɢ UO2 ɜ ɨɛɥɚɫɬɢ ɬɪɟɤɚ ɞɨɫɬɢɝɚɟɬ ~80Ne/LXeʌ(Le)2~2·1021 ɫɦ-3. ȼ 

ɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɬɚɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɜ UO2, ɮɨɪɦɚɥɶɧɨ, 
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ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ~14000 Ʉ>>Tm (Tm~3120 Ʉ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 

UO2). Ɍɟɦɩɟɪɚɬɭɪɚ, ɧɚ ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɧɚɝɪɟɬɶɫɹ ɢɨɧɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɡɚ ɫɱɺɬ ɷɧɟɪɝɢɢ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞɚɧɧɨɣ ɟɣ ɨɫɤɨɥɤɨɦ ɞɟɥɟɧɢɹ, ɧɟ ɩɪɟɜɵɲɚɟɬ 100 Ʉ: ǻTi~|dE/dx|e/ȜĲ 

(Ĳ~2.5·10-10 ɫɟɤ – ɯɚɪɚɤɬɟɪɧɨɟ ɜɪɟɦɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, Ȝ=2 ȼɬ/ɦ·Ʉ - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 

UO2). ɗɧɟɪɝɢɹ ɜɨɡɛɭɠɞɺɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɬɚɤɠɟ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɧɚɝɪɟɜ ɪɟɲɺɬɤɢ ɜ 

ɨɛɴɺɦɟ ɬɪɟɤɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɧɚɝɪɟɜɚ ǻT~E0/CvLXeʌ(Le)2~3100 Ʉ~Tm, ɝɞɟ 

Cv=3.04 Ⱦɠ/ɫɦ3·Ʉ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɺɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɺɦɟ UO2.  ɂɬɨɝ – ɜ 

ɨɤɪɟɫɬɧɨɫɬɢ ɬɪɟɤɚ ɜɟɳɟɫɬɜɨ ɩɥɚɜɢɬɫɹ. 

ɂɡ-ɡɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɭɞɟɥɶɧɵɯ ɨɛɴɺɦɨɜ ɪɚɫɩɥɚɜɚ ɢ ɬɜɺɪɞɨɣ ɮɚɡɵ (įV/V=5.9%) 

ɧɚ ɝɪɚɧɢɰɟ ɬɪɟɤɚ ɜɨɡɧɢɤɚɸɬ ɫɠɢɦɚɸɳɢɟ ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ı=K(įV/V)~1.6 Ƚɉɚ 

(K – ɦɨɞɭɥɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢɹ ɪɚɫɩɥɚɜɚ UO2), ɩɪɟɜɵɲɚɸɳɢɟ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 

ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ıT. ȼɨɤɪɭɝ ɬɪɟɤɚ ɮɨɪɦɢɪɭɟɬɫɹ ɡɨɧɚ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɪɚɞɢɭɫ 

ɤɨɬɨɪɨɣ rp ɨɰɟɧɢɜɚɟɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɪɚɫɱɺɬɟ ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɬɨɥɫɬɨɫɬɟɧɧɨɣ ɬɪɭɛɵ: rp=Le·exp(ı/2ıT–1/2)~1 ɦɤɦ. ȼɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 

ɜɟɫɶ ɨɛɴɺɦ ɬɚɛɥɟɬɤɢ ɛɵɥ ɩɨɤɪɵɬ ɧɟɩɟɪɟɫɟɤɚɸɳɢɦɢɫɹ ɬɪɟɤɚɦɢ, ɫɨɫɬɚɜɥɹɟɬ 

ǻt=1/1/ʌ(rp)2LXeF~3 ɫɟɤ ɩɪɢ ɱɚɫɬɨɬɟ ɞɟɥɟɧɢɣ ɜ ɟɞɢɧɢɰɟ ɨɛɴɺɦɚ F=1013 ɞɟɥ/ɫɦ3·c/ ɗɬɨ 

ɜɪɟɦɹ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫɚ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ, ɱɬɨ ɜɟɳɟɫɬɜɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɩɨɪ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɢɬɫɹ ɜ 

ɩɥɚɫɬɢɱɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɜɹɡɤɨɣ (ɩɥɚɫɬɢɱɧɨɣ) ɫɪɟɞɟ, ɡɚɪɚɫɬɚɸɬ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɫɠɚɬɢɹ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ ɬɪɟɤɨɜ ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢɹ.   

 ɉɪɨɰɟɫɫ ɡɚɪɚɫɬɚɧɢɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɩɨɪɵ ɫ ɧɚɱɚɥɶɧɵɦ ɨɛɴɺɦɨɦ V ɢ ɩɥɨɳɚɞɶɸ 

ɩɨɜɟɪɯɧɨɫɬɢ Ȉ ɜ ɜɹɡɤɨɣ ɫɪɟɞɟ (Ș – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ) ɜ ɩɪɢɛɥɢɠɟɧɢɢ 

ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɩɨɬɨɤɚ ɜɟɳɟɫɬɜɚ ɤ ɩɨɪɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ: 
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ɝɞɟ Ȗ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, Vǯ - ɨɛɴɺɦ ɜɟɳɟɫɬɜɚ ɡɚ ɜɵɱɟɬɨɦ ɩɨɪ, 

XG - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɟɳɟɫɬɜɚ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɩɨɪɟ, ıik – ɬɟɧɡɨɪ ɜɹɡɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. 

 ɂɡ ɪɟɲɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɫɥɟɞɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɭɫɚ ɩɨɪɵ ɨɬ 

ɜɪɟɦɟɧɢ R(R0;t) ɩɪɢ ɡɚɞɚɧɧɨɦ ɟɺ ɧɚɱɚɥɶɧɨɦ ɪɚɞɢɭɫɟ R0.  
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 ȿɫɥɢ ɢɡɜɟɫɬɧɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ ɢɫɯɨɞɧɨɣ ɧɟɨɛɥɭɱɺɧɧɨɣ 

ɬɚɛɥɟɬɤɢ f0(R0), ɬɨ ɜɟɥɢɱɢɧɚ ɭɩɥɨɬɧɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɇɚ Ɋɢɫ. 1a ɫɪɚɜɧɢɜɚɟɬɫɹ ɪɚɫɱɺɬɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 

ɩɨ ɭɩɥɨɬɧɟɧɢɸ 2-ɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɬɢɩɨɜ ɬɨɩɥɢɜɧɵɯ ɬɚɛɥɟɬɨɤ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ 

ɪɚɡɥɢɱɧɨɣ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ (ɫɦ. Ɋɢɫ. 1ɛ) [9]. ȼɢɞɧɨ, ɱɬɨ 

ɦɨɞɟɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚ Ɋɢɫ. 1a ɨɩɢɫɵɜɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ.  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɬɟɩɟɧɢ ɜɵɝɨɪɚɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɨɤɫɢɞɧɨɝɨ 

ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ (ɚ) ɫ ɪɚɡɥɢɱɧɨɣ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ (ɛ).  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɞɢɚɰɢɨɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɭɪɚɧɨɜɨɝɨ ɨɤɫɢɞɧɨɝɨ ɹɞɟɪɧɨɝɨ 

ɬɨɩɥɢɜɚ - ɫɥɟɞɫɬɜɢɟ ɡɚɪɚɫɬɚɧɢɹ ɩɨɪ ɜ ɜɹɡɤɨɦ ɜɟɳɟɫɬɜɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɩɪɹɠɟɧɢɣ, 

ɜɨɡɧɢɤɚɸɳɢɯ ɜ UO2 ɜ ɬɪɟɤɚɯ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɫɤɨɥɤɨɜ ɞɟɥɟɧɢɹ ɭɪɚɧɚ. 

  

1. M.D.Freshley, D.W.Brite, JNM 62 (1976) 138. 
2. G.J.Small, JNM 148 (1987) 302. 
3. G.Mayer, H.Assmann, W.Dörr, JNM 153 (1988) 213. 
4. H.Assmann, W.Doerr, M.Peehs, J. Am. Ceram. Soc. 67(9) (1984) 631. 
5. H.Assmann, H.Stehle, Nucl. Eng. and Des. 48 (1978) 49. 
6. H.Stehle, H.Assmann, JNM 52 (1974) 303.  
7. H.Stehle, H.Assmann, JNM 61 (1976) 326. 
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