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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬе ɩɪиɜеɞеɧɵ ɪеɡɭɥɶɬɚɬɵ чиɫɥеɧɧɵɯ иɫɫɥеɞɨɜɚɧиɣ ɜɨɡɦɨɠɧɨɫɬи ɭɜеɥичеɧиɹ 
ɛеɡɨɩɚɫɧɨɫɬи ɩɭɬеɦ ɩɪиɦеɧеɧиɹ ɪɚɡɧɵɯ ɜиɞɨɜ ɬɨɩɥиɜɚ и ɬɨɩɥиɜɧɨɝɨ ɫɨчеɬɚɧиɹ ɞɥɹ 
ɪеɚɤɬɨɪɨɜ Ȼɇ ɫ ɧɚɬɪиеɜɵɦ ɬеɩɥɨɧɨɫиɬеɥеɦ. ɐеɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹеɬɫɹ иɫɫɥеɞɨɜɚɧие и 
ɨɛɧɚɪɭɠеɧие ɬɨɩɥиɜɚ иɥи ɬɨɩɥиɜɧɨɝɨ ɫɨчеɬɚɧиɹ ɫ ɧɚиɥɭчɲиɦи ɬеɯɧиɤɨ-ɷɤɨɧɨɦичеɫɤиɦи 
ɩɨɤɚɡɚɬеɥɹɦи и ɭɫɥɨɜиɹɦи ɛеɡɨɩɚɫɧɨɫɬи ɞɥɹ ɪеɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤи Ȼɇ-800, ɤɨɬɨɪɨе 
ɩɨɡɜɨɥиɬ ɭɥɭчɲиɬɶ ɧе ɬɨɥɶɤɨ ɷɤɨɧɨɦичеɫɤие ɩɨɤɚɡɚɬеɥи, ɧɨ и ɷɮɮеɤɬиɜɧɨɫɬɶ ɜɫеɝɨ 
ɩɪеɞɪеɚɤɬɨɪɧɨɝɨ ɰиɤɥɚ. Ɍɚɤ ɤɚɤ ɫɨ ɜɪеɦеɧеɦ ɜɨ ɜɫеɦ ɦиɪе ɨɛɨɫɬɪɹɸɬɫɹ ɩɪɨɛɥеɦɵ, 
ɫɜɹɡɚɧɧɵе ɫ ɭɦеɧɶɲеɧиеɦ ɤɨɥичеɫɬɜɚ 235U, ɤɨɬɨɪɵе ɩɪиɜɨɞɹɬ ɤ ɩɨɜɵɲеɧиɸ еɝɨ ɰеɧɵ и 
ɭɜеɥичеɧиɸ ɤɨɥичеɫɬɜɚ, ɧɚɤɨɩɥеɧɧɨɝɨ PЮ, ɤɨɬɨɪɵɣ ɜ ɧɚчɚɥɶɧɨɦ ɜɪеɦеɧи ɛɵɥ ɩɨɥɭчеɧ ɜ 
ɪɚɦɤɚɯ ɜɨеɧɧɨɣ ɩɪɨɦɵɲɥеɧɧɨɫɬи. ɇɚ ɫеɝɨɞɧɹɲɧиɣ ɞеɧɶ ɨɬ ɩеɪеɪɚɛɨɬɤи ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɹɞеɪɧɨɝɨ ɬɨɩɥиɜɚ (ɈəɌ) ȼȼɗɊ и ɊȻɆɄ ɭɠе ɜɨɡɧиɤɚеɬ ɧеɨɛɯɨɞиɦɨɫɬɶ иɫɤɚɬɶ ɩɭɬи, ɤɨɬɨɪɵе 
ɛɭɞɭɬ ɧɚɩɪɚɜɥеɧɵ ɧɚ ɤɨɦɩеɧɫиɪɨɜɚɧие ɷɬиɯ ɹɜɥеɧиɣ ɫ ɩɪиɨɪиɬеɬɨɦ ɧɚɞеɠɧɨɣ и ɛеɡɨɩɚɫɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰии ɹɞеɪɧɨɣ ɭɫɬɚɧɨɜɤи. Ʉɚɤ ɩɨɤɚɡɚɬеɥɶ ɧɚɞеɠɧɨɣ и ɛеɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰии 
əɗУ, ɜ ɪɚɫɫɦɨɬɪеɧɧɨɦ ɫɥɭчɚе ɹɜɥɹеɬɫɹ ɇɉɗɊ (ɇɚɬɪиеɜɵɣ ɉɭɫɬɨɬɧɵɣ ɗɮɮеɤɬ 
Ɋеɚɤɬиɜɧɨɫɬи). ɉɨɥɭчеɧие ɜɵɫɨɤиɯ ɡɧɚчеɧиɣ ɷɬɨɣ ɜеɥичиɧɵ ɩɪиɜɨɞиɬ ɤ ɫɧиɠеɧиɸ 
ɛеɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰии əɗУ и ɡɚɫɬɚɜɥɹеɬ иɫɤɚɬɶ ɧе ɬɨɥɶɤɨ ɩɭɬи ɩɨɜɵɲеɧие Ʉȼ, ɧɨ и 
ɩɭɬи, ɤɨɬɨɪɵе ɩɪиɜеɞɭɬ ɤ ɩɨɥɭчеɧиɸ ɦиɧиɦɚɥɶɧɵɯ ɡɧɚчеɧиɣ ɇɉɗɊ ɫ ɦɚɤɫиɦɚɥɶɧɵɦ Ʉȼ. ȼ 
ɪɚɫчеɬɚɯ, ɧɚɩɪɚɜɥеɧɧɵɯ ɧɚ ɭɦеɧɶɲеɧие ɇɉɗɊ ɦиɧиɦɚɥɶɧɵɦ ɡɧɚчеɧиеɦ Ʉȼ ɩɪиɧɹɬɨ 
ɫчиɬɚɬɶ Ʉȼ ≥ 0,95. ȼ ɪɚɛɨɬе ɪɚɫɫɦɨɬɪеɧɵ ɜɥиɹɧие ɧеɫɤɨɥɶɤиɯ ɜɚɠɧеɣɲиɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰиɨɧɧɵе ɯɚɪɚɤɬеɪиɫɬиɤи ɪеɚɤɬɨɪɚ и ɧɚ ɷɤɨɧɨɦичеɫɤие ɩɨɤɚɡɚɬеɥи. ɗɬиɦи 
ɮɚɤɬɨɪɚɦи ɹɜɥɹɸɬɫɹ иɫɩɨɥɶɡɨɜɚɧие ɪɚɡɧɵɯ ɜиɞɨɜ ɬɨɩɥиɜɚ и ɬɨɩɥиɜɧɵɯ ɫɨчеɬɚɧиɣ, 
ɝеɨɦеɬɪичеɫɤие ɪɚɡɦеɪɵ ɪеɚɤɬɨɪɚ, ɪɚɫɩɪеɞеɥеɧие ɨɛɨɝɚɳеɧɧɨɝɨ ɬɨɩɥиɜɚ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе, ɚ 
ɬɚɤɠе иɡɦеɧеɧие ɭɞеɥɶɧɨɝɨ ɨɛɴеɦɚ ɬɨɩɥиɜɚ ɜ ɪɚɡɪеɲеɧɧɵɯ ɩɪеɞеɥɚɯ. Ɋɚɫɫɦɨɬɪеɜ ɜɥиɹɧие 
ɝеɨɦеɬɪичеɫɤиɯ ɪɚɡɦеɪɨɜ ɧɚ ɇɉɗɊ, ɛɵɥ иɡɦеɧеɧ ɪɚɡɦеɪ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɡɚ ɫчеɬ иɡɦеɧеɧиɹ 
ɭɞеɥɶɧɨɝɨ ɬеɩɥɨɜɵɞеɥеɧиɹ и ɨɛɴеɦɧɨɣ ɞɨɥи ɬɨɩɥиɜɚ. ȼ ɚɤɬиɜɧɭɸ ɡɨɧɭ ɜɜеɞеɧɨ ɬɨɩɥиɜɨ, 
ɹɞɪɚ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ ɧе иɦеɸɬ ɫɩеɤɬɪɚɥɶɧɭɸ ɡɚɜиɫиɦɨɫɬɶ ɨɬ ɤɨɥичеɫɬɜɚ ɧɚɬɪиɹ. 
ɂɫɫɥеɞɨɜɚɧиɹ ɩɪɨɜɨɞиɥиɫɶ ɧɚ ɛɚɡе ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥеɤɫɚ TТЦО26 и N3D. Ɍɚɤ ɠе ɞɥɹ 
ɪɚɫчеɬɨɜ иɫɩɨɥɶɡɨɜɚɥиɫɶ ɩɪɨɝɪɚɦɦɵ EбМОХ и MКЭСМКН.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɷɮɮиɰиеɧɬ ɜɨɫɩɪɨиɡɜɨɞɫɬɜɚ, ɤɨɷɮɮиɰиеɧɬ ɧеɪɚɜɧɨɦеɪɧɨɫɬи, 
ɬɨɩɥиɜɧɵɣ ɰиɤɥ, ɚɤɬиɜɧɚɹ ɡɨɧɚ, ɧɚɬɪиеɜɵɣ ɩɭɫɬɨɬɧɵɣ ɷɮɮеɤɬ ɪеɚɤɬиɜɧɨɫɬи. 
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ȼɜɟɞɟɧɢɟ 

Ɋеɚɤɬɨɪ Ȼɇ-800 ɨɬɥичɚеɬɫɹ ɨɬ ɪеɚɤɬɨɪɚ Ȼɇ-600 ɪɹɞɨɦ ɡɧɚчиɬеɥɶɧɵɯ 
ɭɫɨɜеɪɲеɧɫɬɜɨɜɚɧиɣ, ɧɚɩɪɚɜɥеɧɧɵɯ ɧɚ ɩɨɜɵɲеɧие ɧɚɞеɠɧɨɫɬи и ɛеɡɨɩɚɫɧɨɫɬи, ɜ 
чɚɫɬɧɨɫɬи Д1Ж:  

  иɡɦеɧеɧɚ ɤɨɧɫɬɪɭɤɰиɹ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɪеɚɤɬɨɪɚ, ɜ ɤɨɬɨɪɭɸ ɞɥɹ ɭɦеɧɶɲеɧиɹ 
ɧɚɬɪиеɜɨɝɨ ɩɭɫɬɨɬɧɨɝɨ ɷɮɮеɤɬɚ ɪеɚɤɬиɜɧɨɫɬи ɜɦеɫɬɨ ɜеɪɯɧеɝɨ ɜɨɫɩɪɨиɡɜɨɞɹɳеɝɨ 
ɷɤɪɚɧɚ ɜ ɜɵɯɨɞɧɭɸ чɚɫɬɶ Ɍȼɋ ɜɜеɞеɧɚ ɧɚɬɪиеɜɚɹ ɩɨɥɨɫɬɶ ɜ ɫɨчеɬɚɧии ɫ 
ɩɨɫɥеɞɨɜɚɬеɥɶɧɨ ɪɚɡɦеɳеɧɧɵɦ ɩɨɝɥɨɳɚɸɳиɦ ɷɤɪɚɧɨɦ;  
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  ɫиɫɬеɦɚ ɚɜɚɪиɣɧɨɣ ɡɚɳиɬɵ иɡ 9 ɩɨɝɥɨɳɚɸɳиɯ ɫɬеɪɠɧеɣ, ɮɭɧɤɰиɨɧиɪɭɸɳиɯ ɧɚ 
ɚɤɬиɜɧɨɦ ɩɪиɧɰиɩе (ɪɚɡɦɵɤɚɧие ɭɞеɪɠиɜɚɸɳиɯ иɯ ɷɥеɤɬɪɨɦɚɝɧиɬɧɵɯ ɦɭɮɬ ɩɨ 
ɫиɝɧɚɥɭ ɚɜɚɪиɣɧɨɣ ɡɚɳиɬɵ), ɞɨɩɨɥɧеɧɚ ɬɪеɦɹ ɝиɞɪɚɜɥичеɫɤи ɜɡɜеɲеɧɧɵɦи ɜ ɩɨɬɨɤе 
ɧɚɬɪиɹ ɩɨɝɥɨɳɚɸɳиɦи ɫɬеɪɠɧɹɦи, ɪɚɛɨɬɚɸɳиɦи ɧɚ ɩɚɫɫиɜɧɨɦ ɩɪиɧɰиɩе;  

  ɜ ɧиɠɧɸɸ чɚɫɬɶ ɤɨɪɩɭɫɚ ɪеɚɤɬɨɪɚ ɜɜеɞеɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɞеɪɠɚɧиɹ 
ɪɚɫɩɥɚɜɥеɧɧɨɣ ɚɤɬиɜɧɨɣ ɡɨɧɵ;  

  ɞɥɹ ɩɨɜɵɲеɧиɹ ɧɚɞеɠɧɨɫɬи ɚɜɚɪиɣɧɨɝɨ ɬеɩɥɨɨɬɜɨɞɚ ɨɬ ɪеɚɤɬɨɪɚ чеɪеɡ 
ɨɫɧɨɜɧɵе ɤɨɧɬɭɪɵ и ɩɚɪɨɝеɧеɪɚɬɨɪɵ ɬɪɚɞиɰиɨɧɧɚɹ ɫɯеɦɚ ɞɨɩɨɥɧеɧɚ ɧеɡɚɜиɫиɦɨɣ 
ɫиɫɬеɦɨɣ ɚɜɚɪиɣɧɨɝɨ ɬеɩɥɨɨɬɜɨɞɚ чеɪеɡ ɜɨɡɞɭɲɧɵе ɬеɩɥɨɨɛɦеɧɧиɤи, ɩɨɞɤɥɸчеɧɧɵе ɤɨ 
ɜɬɨɪɨɦɭ ɤɨɧɬɭɪɭ ɩɚɪɚɥɥеɥɶɧɨ ɩɚɪɨɝеɧеɪɚɬɨɪɚɦ Д2Ж. 

Ɋɚɡɪɚɛɨɬчиɤи ɩɪɨеɤɬɨɜ ɛɵɫɬɪɵɯ ɧɚɬɪиеɜɵɯ ɪеɚɤɬɨɪɨɜ ɧеɨɞɧɨɤɪɚɬɧɨ ɨɛɪɚɳɚɥиɫɶ 
ɤ ɚɧɚɥиɡɭ и ɨɛɫɭɠɞеɧиɸ ɩɪɨɛɥеɦɵ ɩɨɥɨɠиɬеɥɶɧɨɝɨ ɧɚɬɪиеɜɨɝɨ ɩɭɫɬɨɬɧɨɝɨ ɷɮɮеɤɬɚ 
ɪеɚɤɬиɜɧɨɫɬи (ɇɉɗɊ) и еɝɨ ɜɥиɹɧиɹ ɧɚ ɛеɡɨɩɚɫɧɨɫɬɶ ɪеɚɤɬɨɪɚ. Ɉɞɧиɦ иɡ ɷɮɮеɤɬиɜɧɵɯ 
ɪеɲеɧиɣ, ɧɚɩɪɚɜɥеɧɧɵɯ ɧɚ ɫɧиɠеɧие ɩɨɥɨɠиɬеɥɶɧɨɝɨ ɇɉɗɊ, ɤɨɬɨɪɨе ɩɪиɧɹɬɨ ɜ 
ɩɪɨеɤɬе ɪеɚɤɬɨɪɚ Ȼɇ-800, ɹɜɥɹеɬɫɹ ɫɨɡɞɚɧие ɬɚɤ ɧɚɡɵɜɚеɦɨɣ «ɧɚɬɪиеɜɨɣ ɩɨɥɨɫɬи» ɧɚɞ 
ɚɤɬиɜɧɨɣ ɡɨɧɨɣ. ɗɬɨ ɭɜеɥичиɜɚеɬ ɭɬечɤɭ ɧеɣɬɪɨɧɨɜ ɜ ɫɥɭчɚе ɭɞɚɥеɧиɹ ɧɚɬɪиɹ иɡ 
ɚɤɬиɜɧɨɣ ɡɨɧɵ и ɜɜɨɞиɬ ɨɬɪиɰɚɬеɥɶɧɭɸ ɪеɚɤɬиɜɧɨɫɬɶ Д3Ж. ɇɚɬɪиеɜɚɹ ɩɨɥɨɫɬɶ 
ɪɚɫɩɨɥɚɝɚеɬɫɹ ɧɚ ɦеɫɬе ɜеɪɯɧеɝɨ ɬɨɪɰеɜɨɝɨ ɷɤɪɚɧɚ и ɩɪеɞɫɬɚɜɥɹеɬ ɫɨɛɨɣ ɩɭɫɬɵе чеɯɥɵ 
Ɍȼɋ. Ⱥɧɚɥɨɝичɧɨе ɪеɲеɧие ɩɪиɧɹɬɨ и ɜ ɧɨɜɨɦ ɩɪɨеɤɬе ɪеɚɤɬɨɪɚ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬи 
Ȼɇ-1200 [4].  

 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ 

ɑɬɨɛɵ ɨɩɪеɞеɥиɬɶ, ɤɚɤɨɣ ɜиɞ ɬɨɩɥиɜɚ ɛɨɥее ɩɪиеɦɥеɦ ɫɨ ɫɬɨɪɨɧɵ ɤɨɷɮɮиɰиеɧɬɚ 
ɜɨɫɩɪɨиɡɜɨɞɫɬɜɚ, ɛɵɥ ɩɪɨɜеɞеɧ ɧеɣɬɪɨɧɧɨ-ɮиɡичеɫɤиɣ ɪɚɫчеɬ ɪеɚɤɬɨɪɚ ɧɚ ɛɵɫɬɪɵе 
ɧеɣɬɪɨɧɵ ɫ 800Ɇȼɬ ɷɥеɤɬɪичеɫɤɨɣ ɦɨɳɧɨɫɬɶɸ (Ȼɇ-800). Ƚеɨɦеɬɪичеɫɤие ɪɚɡɦеɪɵ 
ɪɚɫɫчиɬɚɧɧɨɝɨ ɪеɚɤɬɨɪɚ ɧе ɨɬɥичɚɸɬɫɹ ɨɬ ɪеɚɤɬɨɪɚ Ȼɇ-800, ɪɚɫɩɨɥɨɠеɧɧɨɝɨ ɜ 
Ȼеɥɨɹɪɫɤɨɣ ɚɬɨɦɧɨɣ ɫɬɚɧɰии, ɤɨɬɨɪɚɹ ɜɵɞɚɥɚ ɫɜɨɣ ɩеɪɜɵɣ ɬɨɤ ɜ ɷɧеɪɝɨɫиɫɬеɦɭ Ɋɨɫɫии 
10.12.2015 ɝɨɞɚ и ɛеɫɩеɪеɛɨɣɧɨ ɪɚɛɨɬɚеɬ ɞɨ ɫиɯ ɩɨɪ. ɉɚɪɚɦеɬɪɵ ɚɤɬиɜɧɨɣ ɡɨɧɵ Ȼɇ-800 

ɫ Ɇɨɯ ɬɨɩɥиɜɨɦ ɩɪиɜеɞеɧɵ ɜ ɪɚɛɨɬе [5]. 

Ⱥɤɬиɜɧɚɹ ɡɨɧɚ, ȖȒȘțȎȍȕȈ ȉȖȒȖȊыȔ ȥȒȘȈȕȖȔ ȚȖȓȡȐȕȖȑ пл șȔ [6]. ǩɵɥи ɜɵɛɪɚɧɵ 8 
ɜиɞɨɜ ɬɨɩɥиɜɚ: 
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1 – ɩɪеɞɫɬɚɜɥɹеɬ ɫɨɛɨɣ ɬɪɚɞиɰиɨɧɧɵɣ ɞиɨɤɫиɞ ɭɪɚɧɚ; 2 – чиɫɬɵɣ ɞиɨɤɫиɞ 239-ɨɝɨ 
ɩɥɭɬɨɧиɹ; 3 – ɨɤɫиɞɧɨе ɬɨɩɥиɜɨ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе 233

U и 232
Th, ɚ ɜ ɛɨɤɨɜɨɦ ɷɤɪɚɧе 

чиɫɬɵɣ 232
Th; 4 – ȖȒșȐȌȕȖȍ ȚȖȗȓȐȊȖ ș ɨɪɭɠеɣɧɵɦ ɩɥɭɬɨɧиеɦ, ɜ ɫɨɫɬɚɜ, ɤɨɬɨɪɨɝɨ 

ɜɯɨɞиɬ 239
Pu – 93 % и 240

Pu – 7 % и чиɫɬɵɣ 238
U; 5 – ɨɪɭɠеɣɧɵɣ ɩɥɭɬɨɧиɣ ɫ ɩɪиɪɨɞɧɵɦ 

ɭɪɚɧɨɦ 238
U = 99,29 % и 235

U = 0,71 %; 6 – ɷɧеɪɝеɬичеɫɤиɣ ɩɥɭɬɨɧиɣ, ɤɨɬɨɪɵɣ ɫɨɫɬɨиɬ 
иɡ 239

Pu = 60 %, 
240

Pu = 25 %, 
242

Pu = 11 %, 
242

Pu = 4% и чиɫɬɵɣ 238
U; 7 – ɷɧеɪɝеɬичеɫɤиɣ 

ɩɥɭɬɨɧиɣ ș ɩɪиɪɨɞɧɵɦ ɭɪɚɧɨɦ; 8 – ɷɧеɪɝеɬичеɫɤиɣ ɩɥɭɬɨɧиɣ ș ȚȖȘȐȍȔй 
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Ɍɚɛɥиɰɚ 1 – Ɋɚɫчеɬ ɞɥɹ ɫɜеɠеɝɨ и ɫɪеɞɧɨиɡɨɬɨɩичеɫɤɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥиɜɚ ДCКХМЮХКЭТШЧ ПШЫ ПЫОЬС КЧН 
medium isotope composition of fuel] 

Kˠ˗˗= 1 U Pu Ɉ + U Ɉ+U(ɩ) ɗ + U ɗ+U(ɩ) U+Th Э+Th 
X  % 15,09 11,98 12,52 12,22 14,99 14,17 12,7 17,92 

Kr 1,73 1,75 1,73 1,75 1,75 1,75 1,91 1,93 

Krɫɪ 1,69 1,71 1,71 1,71 1,71 1,71 1,88 1,83 

ɄȼȺɁ 0,644 0,913 0,952 0,918 1,046 1,023 0,867 0,997 

ɄȼȻɗ 0,133 0,165 0,162 0,166 0,18 0,177 0,107 0,138 

ɄȼɊ 0,777 1,078 1,114 1,084 1,226 1,2 0,974 1,135 

ɇɉɗɊ -0,0049 0,0123 0,0138 0,0125 0,0131 0,0123 -0,0046 0,0149 

β 0,00747 0,00315 0,00314 0,0033 0,00337 0,00352 0,0039 0,00299 

ɄȼȺɁɋɊ 0,701 0,887 0,925 0,902 1,0022 0,984 0,835 0,963 

ɄȼȻɗɋɊ 0,145 0,173 0,173 0,179 0,119 0,188 0,115 0,142 

ɄȼɊɋɊ 0,846 1,063 1,098 1,081 1,192 1,172 0,95 1,105 

ɇɉɗɊɫ -0,0008 0,0151 0,0162 0,0152 0,0158 0,0151 -0,0045 0,0142 

β ɫɪ 0,00685 0,0031 0,0031 0,0032 0,0033 0,0034 0,0038 0,003 

 

ɋ ɬɨчɤи ɡɪеɧиɹ ɛеɡɨɩɚɫɧɨɫɬи ɫɚɦɵɦи ɯɨɪɨɲиɦи ɜиɞɚɦи ɬɨɩɥиɜɚ ɨɞɧɨɡɧɚчɧɨ 
ɹɜɥɹɸɬɫɹ чиɫɬɵɣ ɞиɨɤɫиɞ ɭɪɚɧɚ и ɭɪɚɧ-ɬɨɪиеɜɚɹ ɫɦеɫɶ. Дɥɹ ɫɜеɠеɝɨ ɫɨɫɬɚɜɚ, ɇɉɗɊ 
ɩɨɥɭчɚеɬɫɹ ɞɚɠе ɨɬɪиɰɚɬеɥɶɧɵɦ. ȼɨ ɜɪеɦɹ ɤɚɦɩɚɧии ɫ ɧɚɤɨɩɥеɧиеɦ ɩɥɭɬɨɧиɹ ɜ 
ɞиɨɤɫиɞе ɭɪɚɧɚ ɇɉɗɊ ɩɨɫɬеɩеɧɧɨ ɭɜеɥичиɜɚеɬɫɹ, ɧɨ ɧе ɩɪеɜɵɲɚеɬ ɞɨɥɸ 
ɡɚɩɚɡɞɵɜɚɸɳиɯ ɧеɣɬɪɨɧɨɜ. Ɉɞɧɚɤɨ ɬɚɤиɦ ɨɛɪɚɡɨɦ ɤɨɷɮɮиɰиеɧɬ ɜɨɫɩɪɨиɡɜɨɞɫɬɜɚ 
ɩɨɥɭчɚеɬɫɹ ɫɥиɲɤɨɦ ɦɚɥеɧɶɤиɦ, ɫɪɚɜɧиɦɵɦ ɫ ɤɨɷɮɮиɰиеɧɬɚɦи ɨɫɬɚɥɶɧɵɯ ɜиɞɨɜ 
ɬɨɩɥиɜɚ. Ʉɚɤ ɜиɞɧɨ иɡ ɬɚɛɥиɰɵ 1, ɷɧеɪɝеɬичеɫɤиɣ ɩɥɭɬɨɧиɣ ɫ чиɫɬɵɦ 238U иɦееɬ ɫɚɦɵɣ 
ɛɨɥɶɲɨɣ ɤɨɷɮɮиɰиеɧɬ ɜɨɫɩɪɨиɡɜɨɞɫɬɜɚ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе и ɩɨɥɭчɚеɬɫɹ ɛɨɥɶɲе еɞиɧиɰɵ. 
ɇɨ ɫ ɷɤɨɧɨɦичеɫɤɨɣ ɬɨчɤи ɡɪеɧиɹ ɨɬчиɫɬɤɚ иɥи ɨɛеɞɧеɧие ɭɪɚɧɚ - ɡɚɬɪɚɬɧɵɣ ɩɪɨɰеɫɫ, и 
ɞɥɹ ɩɨɞɞеɪɠɚɧиɹ ɪеɚɤɬɨɪɚ ɜ ɤɪиɬичɧɨɦ ɫɨɫɬɨɹɧии ɧеɨɛɯɨɞиɦɨ чɭɬɶ ɭɜеɥичиɬɶ 
ɨɛɨɝɚɳеɧие ɬɨɩɥиɜɚ ɩɨ ɫɪɚɜɧеɧиɸ ɫ ɷɧеɪɝеɬичеɫɤиɦ ɩɥɭɬɨɧиеɦ ɫ ɩɪиɪɨɞɧɵɦ ɭɪɚɧɨɦ. 

Ɋɚɫɫɦɨɬɪиɦ ɜɥиɹɧие ɝеɨɦеɬɪичеɫɤиɯ ɪɚɡɦеɪɨɜ ɧɚ Ʉȼ и ɇɉɗɊ. Дɥɹ иɫɫɥеɞɨɜɚɧиɹ 
ɩɪиɜеɞеɦ ɧеɫɤɨɥɶɤɨ ɚɤɬиɜɧɵɯ ɡɨɧ ɫ ɪɚɡɧɵɦи ɝеɨɦеɬɪичеɫɤиɦи ɪɚɡɦеɪɚɦи. ɇɚчɧеɦ ɫ 
ɭɜеɥичеɧиɹ ɞиɚɦеɬɪɚ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɡɚ ɫчеɬ ɭɦеɧɶɲеɧиɹ ɷɧеɪɝɨɧɚɩɪɹɠеɧɧɨɫɬи 
ɪеɚɤɬɨɪɚ. 

ɂɡ ɷɬиɯ ɪɚɫɫɦɚɬɪиɜɚеɦɵɯ ɜɚɪиɚɧɬɨɜ ɨɩɬиɦɚɥɶɧɵɦ ɜɵɛɨɪɨɦ ɚɤɬиɜɧɨɣ ɡɨɧɵ 
ɹɜɥɹеɬɫɹ qv = 300 ɤȼɬ/ɥ. ɋ ɭɜеɥичеɧиеɦ ɞиɚɦеɬɪɚ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɭɜеɥичиɜɚеɬɫɹ Ʉȼ и, 
чеɦ ɛɨɥɶɲе, ɬеɦ ɥɭчɲе. Ɉɞɧɚɤɨ ɷɬɨ ɩɪиɜɨɞиɬ ɤ ɭɦеɧɶɲеɧиɸ Ʉȼ ɜ ɛɨɤɨɜɨɦ ɷɤɪɚɧе, чɬɨ 
ɭɦеɧɶɲɚеɬ еɝɨ ɷɮɮеɤɬиɜɧɨɫɬɶ. Уɦеɧɶɲеɧие ɭɬечɤи ɧеɣɬɪɨɧɨɜ иɡ ɚɤɬиɜɧɨɣ ɡɨɧɵ 
ɩɪиɜɨɞиɬ ɤ ɭɦеɧɶɲеɧиɸ ɧɚчɚɥɶɧɨɝɨ ɨɛɨɝɚɳеɧиɹ ɬɨɩɥиɜɚ, чɬɨ ɫ ɬɨчɤи ɡɪеɧиɹ 
ɷɤɨɧɨɦиɤи ɨчеɧɶ ɜɵɝɨɞɧɨ, ɧɨ ɩɪиɜɨɞиɬ ɤ ɭɜеɥичеɧиɸ ɇɉɗɊ. ɋеɣчɚɫ ɪɚɫɫɦɨɬɪиɦ 
ɜɥиɹɧие ɨɬɧɨɲеɧиɹ ɜɵɫɨɬɵ ɤ ɞиɚɦеɬɪɭ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɧɚ Ʉȼ и ɇɉɗɊ. 

ɉɪɨɜеɞеɧɧɵе ɪɚɫчеɬɵ ɩɨɤɚɡɚɥи, чɬɨ ɡɧɚчеɧие ɇɉɗɊ ɨɬɪиɰɚɬеɥɶɧɨ ɞɥɹ чиɫɬɨɝɨ 
ɞиɨɤɫиɞɚ ɭɪɚɧɚ, ɧɨ ɡɧɚчеɧие Ʉȼ ɨчеɧɶ ɦɚɥеɧɶɤɨе (Ʉȼ = 0,661), и ɞɥɹ ɭɞеɪɠɚɧиɹ 
ɤɪиɬичɧɨɫɬи ɪеɚɤɬɨɪɚ ɧеɨɛɯɨɞиɦɨ ɛɨɥɶɲɨе ɤɨɥичеɫɬɜɨ ɞеɥɹɳиɯɫɹ ɦɚɬеɪиɚɥɨɜ 
ɫɪɚɜɧиɬеɥɶɧɨ ɫ ɆɈɏ-ɬɨɩɥиɜɨɦ. ȼ ɞɚɥɶɧеɣɲеɦ еɝɨ ɛɨɥɶɲе ɪɚɫɫɦɚɬɪиɜɚɬɶ ɧе ɛɭɞеɦ. 

Ȼɵɥ ɩɪɨɜеɞеɧ ɪɚɫчеɬ ɞɥɹ ɜɵɪɚɜɧиɜɚɧиɹ ɪɚɞиɚɥɶɧɨɝɨ ɬеɩɥɨɜɵɞеɥеɧиɹ. Ⱥɤɬиɜɧɚɹ 
ɡɨɧɚ ɦɨɠɧɨ ɪɚɡɞеɥиɬɶ ɧɚ ɞɜе ɡɨɧɵ: ɡɨɧɚ ɦɚɥɨɝɨ ɨɛɨɝɚɳеɧиɹ (ɁɆɈ) и ɡɨɧɚ ɛɨɥɶɲɨɝɨ 
ɨɛɨɝɚɳеɧиɹ (ɁȻɈ). Ɇɨɠɧɨ ɜɵɛɪɚɬɶ ɬɨɥɳиɧɵ ɁɆɈ и ɁȻɈ иɡ ɭɫɥɨɜиɹ ɪɚɜеɧɫɬɜɚ ɨɛɴеɦɨɜ 
ɨɛеиɯ ɡɨɧ, ɬɨɝɞɚ ΔR(ɁɆɈ) =     √ ; ΔR(ɁȻɈ) = RǨЗ – ΔR(ɁɆɈ) иɥи иɡ ɤɚɤиɯ-ɥиɛɨ 
иɧɵɯ ɫɨɨɛɪɚɠеɧиɣ. Ɂɚɬеɦ ɛɵɥ ɜɵɛɪɚɧ «ɫɤɚчɨɤ» ȖȉȖȋȈȡȍȕȐȑ, Țйȍй ȖȚȕȖȠȍȕȐȍ 
ȖȉȖȋȈȡȍȕȐȧ ȚȖȗȓȐȊȈ Ȋ ЗǩО Ȓ ȖȉȖȋȈȡȍȕȐȦ ȚȖȗȓȐȊȈ Ȋ ЗМО, ȕȈȗȘȐȔȍȘ, xгЗǩОд к 
xгЗМОдй Дɥɹ ɷɬɨɝɨ ɦɵ ɜɵɛɪɚɥи, ɤɚɤ ɞеɥɹɳиɣ ɦɚɬеɪиɥ ɷɧеɪɝеɬичеɫɤɨɝɨ ɩɥɭɬɨɧиɹ ɜ 
ɩеɪɜɨɦ ɫɥɭчɚе ɫ ɩɪиɪɨɞɧɵɦ ɭɪɚɧɨɦ, ɬɚɤ и ɫ ɬɨɪиеɦ ɜɨ ɜɬɨɪɨɦ ɫɥɭчɚе, и ɪɚɡɞеɥиɥи 
ɚɤɬиɜɧɭɸ ɡɨɧɭ ɧɚ 3 ɡɨɧɵ, ɫɬɪеɦɹɫɶ ɩɪиɛɥиɡиɬɶ ɡɧɚчеɧие Ʉr ɤ еɞиɧиɰе. Ɋɚɫчеɬɵ 
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ɩɨɤɚɡɚɥи, чɬɨ ɜɵɪɚɜɧиɜɚɧие ɷɧеɪɝɨɜɵɞеɥɧиɹ ɩɪиɜɨɞиɬ ɤ ɭɦеɧɶɲеɧиɸ Ʉȼ; ɩɪи 
иɫɩɨɥɶɡɨɜɚɧии ɬɨɪиɹ ɬɚɤɠе ɭɦеɧɶɲɚеɬɫɹ ɇɉɗɊ ɪеɚɤɬɨɪɚ. 

Ʉɚɤ ɭɠе иɡɜеɫɬɧɨ, Ʉȼ ɦɨɠɧɨ ɭɜеɥичиɬɶ ɫ ɩɨɦɨɳɶɸ ɭɜеɥичеɧиɹ ɨɛɴеɦɧɨɣ ɞɨɥи 
ɬɨɩɥиɜɚ ɜ 1 ɫɦ3. Дɥɹ ɭɜеɥичеɧиɹ ɨɛɴеɦɧɨɣ ɞɨɥи ɬɨɩɥиɜɚ ɧеɨɛɯɨɞиɦɨ ɫɞеɥɚɬɶ 
ɬеɩɥɨɝиɞɪɚɜɥичеɫɤиɣ ɪɚɫчеɬ. Ɍɚɤ ɤɚɤ ɆɈɏ-ɬɨɩɥиɜɨ ɧе ɨɛɥɚɞɚеɬ ɜɵɫɨɤɨɣ 
ɬеɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɧеɨɛɯɨɞиɦɨ ɬɳɚɬеɥɶɧɨ ɪɚɫɫɦɨɬɪеɬɶ ɤɚɠɞɭɸ ɞеɬɚɥɶ. ȿɝɨ 
ɬеɦɩеɪɚɬɭɪɚ ɩɥɚɜɥеɧиɹ ɨчеɧɶ ɜɵɫɨɤɚɹ, ɧɨ иɡ-ɡɚ ɦɚɥеɧɶɤɨɣ ɬеɩɥɨɩɪɚɜɨɞɧɨɫɬи ɩеɪеɩɚɞ 
ɬеɦɩеɪɚɬɭɪɵ ɜ ɬɨɩɥиɜɧɨɦ ɫеɪɞечɧиɤе ɩɨɥɭчɚеɬɫɹ ɫɥиɲɤɨɦ ɛɨɥɶɲиɦ и ɜ ɬечеɧии 
ɤɚɦɩɚɧии ɪеɚɤɬɨɪɚ, ɬɨ еɫɬɶ ɫ ɝɥɭɛиɧɨɣ ɜɵɝɨɪɚɧиɹ, ɨɧɚ ɜɫеɝɞɚ ɩɨɞɧиɦɚеɬɫɹ и ɭɠе ɜ 
ɤɨɧɰе ɤɚɦɩɚɧии ɞɨɫɬиɝɚеɬ ɫɜɨеɝɨ ɦɚɤɫиɦɚɥɶɧɨɝɨ ɡɧɚчеɧиɹ. Ɍɪеɛɭеɬɫɹ ɨɩɪеɞеɥиɬɶ 
ɫɬеɩеɧɶ ɭɜеɥичеɧиɹ и ɡɚɩɚɫ ɞɨ ɬеɦɩеɪɚɬɭɪɵ ɩɥɚɜɥеɧиɹ. Ɍɨɥɶɤɨ ɡɚ ɫчеɬ ɷɬɨɝɨ ɦɨɠɧɨ 
ɭɜеɥичиɬɶ ɨɛɴеɦɧɭɸ ɞɨɥɸ. 

 

Ɍɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 

Ʉɨɷɮɮиɰиеɧɬɵ ɬеɪɦичеɫɤɨɝɨ ɪɚɫɲиɪеɧиɹ ɬɨɩɥиɜɚ и ɨɛɨɥɨчɤи ɨɩɪеɞеɥɹɸɬ 
ɜеɥичиɧɭ ɡɚɡɨɪɚ ɦеɠɞɭ ɧиɦи ɩɪи ɜɵɯɨɞе ɌȼɗɅ ɧɚ ɦɨɳɧɨɫɬɶ. Ʉɨɷɮɮиɰиеɧɬɵ 
ɬеɪɦичеɫɤɨɝɨ ɪɚɫɲиɪеɧиɹ UO2, PuO2 и ɆɈɏ-ɬɨɩɥиɜɨ иɦеɸɬ ɛɥиɡɤие ɡɧɚчеɧиɹ и ɦɨɝɭɬ 
ɛɵɬɶ ɫ ɜɵɫɨɤɨɣ ɫɬеɩеɧɶɸ ɬɨчɧɨɫɬи ɨɩиɫɚɧɵ ɫɥеɞɭɸɳиɦи ɜɵɪɚɠеɧиɹɦи (1), (2).  

 

)T12-101,219 + T102,429 - T101,179 + 10(9,9672L(273) = L(T) 32-9-5-1   (1) 
 

3-17-12-9-5

cp T106,125 - T2103,756 + T105,013 - 101,1833 = 
  

(2) 

 

Дɥɹ ɜɵɫɨɤɨɝɨ ɬеɦɩеɪɚɬɭɪɧɨɝɨ иɧɬеɪɜɚɥɚ (ɜɩɥɨɬɶ ɞɨ ɬеɦɩеɪɚɬɭɪɵ ɩɥɚɜɥеɧиɹ): 
ɉɨɫɥе ɪɚɫɲиɪеɧиɹ и ɪɚɫɩɭɯɚɧиɹ ɬɨɩɥиɜɚ ɭɦеɧɶɲɚеɬɫɹ ɝɚɡɨɜɵɣ ɡɚɡɨɪ и ɭɠе ɜ 

ɤɨɧɰе ɤɚɦɩɚɧии, ɤɨɝɞɚ ɬеɦɩеɪɚɬɭɪɚ ɜɧɭɬɪи ɬɚɛɥеɬɤи ɞɨɫɬиɝɚеɬ ɫɜɨеɝɨ ɦɚɤɫиɦɚɥɶɧɨɝɨ 
ɡɧɚчеɧиɹ, ɝɚɡɨɜɵɣ ɡɚɡɨɪ ɦеɠɞɭ ɨɛɨɥɨчɤɨɣ и ɬɚɛɥеɬɤɨɣ ɩɨчɬи иɫчеɡɚеɬ и ɡɚ ɫчеɬ ɷɬɨɝɨ 
ɩеɪеɩɚɞ ɬеɦɩеɪɚɬɭɪɵ ɭɦеɧɶɲɚеɬɫɹ и ɞɨɫɬиɝɚеɬ ɦиɧиɦɭɦɚ. Ɍеɦɩеɪɚɬɭɪɧɵɣ ɪеɠиɦ ɜ 
ɰеɧɬɪе ɬɚɛɥеɬɤи ɧе ɩɪеɜɵɲɚеɬ ɩɪеɞɩɨɥɚɝɚеɦɭɸ ɬеɦɩеɪɚɬɭɪɭ. 

Ɍеɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɜеɪɞɨɝɨ (U+ɊЮ)O2, ɩɥɨɬɧɨɫɬɶɸ 95% ɬеɨɪеɬичеɫɤиɣ  
ɨɩɪеɞеɥɹеɬɫɹ иɡ ɫɥеɞɭɸɳеɝɨ ɫɨɨɬɧɨɲеɧиɹ(3) [7]. 

 

))
t

16.35
 - exp(  

t

6400
 + 

t 23,533+6,548

100 
(1,158 =Ɍ)(

2
5





   

(3) 

 

Ɏɨɪɦɭɥɚ ɏɚɪɞиɧɝɚ и Ɇɚɪɬиɧɚ (Harding and Martin) (3) ɲиɪɨɤɨ иɫɩɨɥɶɡɭеɬɫɹ ɜ 
ɤɨɦɩɶɸɬеɪɧɵɯ ɩɪɨɝɪɚɦɦɚɯ ɞɥɹ ɪɚɫчеɬɚ ɬеɦɩеɪɚɬɭɪɵ ɬɨɩɥиɜɚ, ɚ ɬɚɤɠе ɫɥɭɠиɬ ɨɫɧɨɜɨɣ 
ɞɥɹ ɞɪɭɝиɯ ɫɨɨɬɧɨɲеɧиɣ, ɝɞе t=Ɍ/1000, Ɍ ɬеɦɩеɪɚɬɭɪɚ ɜ Ʉ, ɚ ɦɧɨɠиɬеɥɶ 1,158 

ɧеɨɛɯɨɞиɦ ɞɥɹ ɩеɪеɫчеɬɚ ɡɧɚчеɧиɣ ɤɨɷɮɮиɰиеɧɬɚ ɬеɩɥɨɩɪɨɜɨɞɧɨɫɬи ɨɛɪɚɡɰɨɜ 
(U+Ɋu)O2 ɫ 95 ɧɚ 100 % ɨɬ ɬеɨɪеɬичеɫɤɨɣ ɩɥɨɬɧɨɫɬи (Ɍɉ). ɗɬɨ ɜɵɪɚɠеɧие ɫɩɪɚɜеɞɥиɜɨ 
ɞɥɹ ɬеɦɩеɪɚɬɭɪɵ ɨɬ 298 ɞɨ 3120 Ʉ. 

ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɜɵɪɚɠеɧиɹ ɦɨɠɧɨ ɩɨɥɭчиɬɶ ɪɚɫɩɪеɞеɥеɧие ɬеɦɩеɪɚɬɭɪɵ ɩɨ 
ɪɚɞиɭɫɭ ɜ ɬɨɩɥиɜɧɨɦ ɫеɪɞечɧиɤе ɫɨɨɬɜеɬɫɬɜеɧɧɨ ɫɪеɞɧеɦɭ и ɦɚɤɫиɦɚɥɶɧɨɦɭ 
ɧɚɩɪɹɠеɧиɸ ɬɨɩɥиɜɧɨɝɨ ɫеɪɞечɧиɤɚ (4). 
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ɝɞе ɏ – ɞɨɥɹ ɝеɧеɪиɪɨɜɚɧɧɨɝɨ ɬеɩɥɚ ɜ ɌȼɗɅɚɯ. ȿɝɨ ɩɪиɧɹɬɨ ɫчиɬɚɬɶ 0,9 Д8Ж, RT ɹɜɥɹеɬɫɹ 
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ɨɛɳиɦ ɬеɪɦичеɫɤиɦ ɫɨɩɪɨɬиɜɥеɧиеɦ ɌȼɗɅɚ [9]. 
 

ɝ.ɡ.

ɬɨɩɥ

ɨɛɬɜɷɥ

ɨɛ

ɨɛɬɜɷɥ

ɬɜɷɥ

ɬɜɷɥ
T

2

)
 d 

2-d
ln(

+
2

)
  2-d

d
ln(

+
(z) d

1
 =R








   
(5) 

 

ɇɨ ɤɚɤ ɩɨɤɚɡɵɜɚɥ ɷɤɫɩɥɭɚɬɚɰиɨɧɧɵɣ ɨɩɵɬ ɩɪи ɪɚɛɨɬе ɪеɚɤɬɨɪɚ ɤɨɷɮɮиɰиеɧɬ 
ɬеɩɥɨɩɪɨɜɨɞɧɨɫɬи λ ɩɚɞɚеɬ иɡ-ɡɚ ɧɚɤɨɩɥеɧиɹ ɩɪɨɞɭɤɬɨɜ ɞеɥеɧиɹ. Ɂɚɜиɫиɦɨɫɬɶ λ ɨɬ 
ɝɥɭɛиɧɵ ɜɵɝɨɪɚɧиɹ (Bu), ɨɛɥɭчеɧɧɨɝɨ ɬɜеɪɞɵɦ (U + Pu)O2 ɫ ɩɥɨɬɧɨɫɬɶɸ 95% ɨɬ 
ɬеɨɪеɬичеɫɤɨɝɨ ɡɧɚчеɧиɹ ɦɨɠɧɨ ɨɰеɧиɬɶ ɜɵɪɚɠеɧиеɦ(6) [10]. 
 

-1-4

ɬɨɩ ɌЖȼ)0,00333-(1 102,475+ȼЮ0,0035+[0,1148=    (6) 

 

ɝɞе T ɹɜɥɹеɬɫɹ ɥɨɤɚɥɶɧɨɣ ɬеɦɩеɪɚɬɭɪɨɣ ɬɨɩɥиɜɚ ɜ °ɋ;  
ȼЮ – ɥɨɤɚɥɶɧɨе ɜɵɝɨɪɚɧие ɬɨɩɥиɜɚ ɜ 100 Ɇȼɬ∙ɫɭɬ/ɤɝ. 

ȼɵɫɨɤɚɹ ɤɨɧɰеɧɬɪɚɰиɹ ɝɨɪɸчеɝɨ ɜ ɌȼɗɅɚɯ Ȼɇ ɞеɥɚеɬ ɨɫɨɛеɧɧɨ ɨɫɬɪɨɣ ɩɪɨɛɥеɦɭ 
ɷɧеɪɝɨɧɚɩɪɹɠеɧɧɨɫɬи, ɧɨ ɨɞɧɨɜɪеɦеɧɧɨ ɫɧиɠɚеɬ ɜеɪɨɹɬɧɨɫɬɶ ɩɨɝɥɨɳеɧиɹ ɧеɣɬɪɨɧɨɜ 
ɤɨɧɫɬɪɭɤɰиɨɧɧɵɦи ɦɚɬеɪиɚɥɚɦи, ɬеɩɥɨɧɨɫиɬеɥеɦ (чɬɨ ɨɛɥеɝчɚеɬ еɝɨ ɜɵɛɨɪ) и 
ɨɫɤɨɥɤɚɦи ɞеɥеɧиɹ. ȼ ɷɬɨɦ ɨɬɧɨɲеɧии ɜɵɫɨɤɨе ɨɛɨɝɚɳеɧие ɫɩɨɫɨɛɫɬɜɭеɬ ɫɨɯɪɚɧеɧиɸ 
ɜɵɫɨɤиɯ ɡɧɚчеɧиɣ Ʉȼ ɜ ɪеɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰиɹɯ. ȼɵɫɨɤɚɹ ɤɨɧɰеɧɬɪɚɰиɹ ɝɨɪɸчеɝɨ 
ɜɵɡɵɜɚеɬ ɧеɨɛɯɨɞиɦɨɫɬɶ ɞɨɫɬиɠеɧиɹ ɝɥɭɛɨɤɨɝɨ ɜɵɝɨɪɚɧиɹ ɝɨɪɸчеɝɨ, ɤɚɤ ɩɨ 
ɷɤɨɧɨɦичеɫɤиɦ ɫɨɨɛɪɚɠеɧиɹɦ, ɬɚɤ и ɫ ɬɨчɤи ɡɪеɧиɹ ɬеɦɩɨɜ ɜɨɫɩɪɨиɡɜɨɞɫɬɜɚ Д11Ж. 

ɂɫɯɨɞɹ иɡ ɪеɡɭɥɶɬɚɬɨɜ ɩɪɨɜеɞеɧɧɨɝɨ ɪɚɫчеɬɚ, ɫɦɨɝɥи ɭɦеɧɶɲиɬɶ ɞиɚɦеɬɪ 
ɰеɧɬɪɚɥɶɧɨɝɨ ɨɬɜеɪɫɬиɹ ɨɬ 1,8 ɦɦ ɞɨ 0,8 ɦɦ. Ɇɚɤɫиɦɚɥɶɧɚɹ ɬеɦɩеɪɚɬɭɪɚ, ɤɨɬɨɪɚɹ 
ɩɨɥɭчɚеɬɫɹ ɜ ɩɨɜеɪɯɧɨɫɬи ɰеɧɬɪɚɥɶɧɨɝɨ ɨɬɜеɪɫɬиɹ ɬɨɩɥиɜɧɨɝɨ ɫеɪɞечɧиɤɚ, ɞɥɹ 
ɦɚɤɫиɦɚɥɶɧɨ ɧɚɩɪɹɠеɧɧɨɝɨ и ɜɵɝɨɪɚɜɲеɝɨ ɬɨɩɥиɜɚ ɧе ɛɨɥɶɲе 2426℃, чɬɨ ɜɩɨɥɧе 
ɧɚɯɨɞиɬɫɹ ɜ ɞɨɩɭɳеɧɧɨɦ иɧɬеɪɜɚɥе.  

ɂɡ ɬеɩɥɨɝиɞɪɚɜɥичеɫɤɨɝɨ ɪɚɫчеɬɚ ɩɨɥɭчиɥи, чɬɨ ɦɨɠɧɨ ɭɜеɥичиɬɶ ɨɛɴеɦɧɭɸ 
ɞɨɥɸ ɬɨɩɥиɜɚ ɫ εɬ= 0,4588 ɞɨ εɬ = 0,4952 ɡɚ ɫчеɬ ɰеɧɬɪɚɥɶɧɨɝɨ ɨɬɜеɪɫɬиɹ ɛеɡ иɡɦеɧеɧиɹ 
ɜɧеɲɧеɝɨ ɞиɚɦеɬɪɚ ɬɚɛɥеɬɤи и ɨɛɨɥɨчɤи ɫɨɨɬɜеɬɫɬɜеɧɧɨ. ɋеɣчɚɫ ɩɪɨɜеɞеɦ ɬɨɬ ɠе 
ɧеɣɬɪɨɧɧɨ-ɮиɡичеɫɤиɣ ɪɚɫчеɬ ɭɠе ɫ ɧɨɜɵɦ, ɛɨɥее ɦɚɫɫиɜɧɵɦ ɬɨɩɥиɜɨɦ. Ɋеɡɭɥɶɬɚɬɵ 
ɪɚɫчеɬɚ ɩɪиɜеɞеɧɵ ɜ ɬɚɛɥиɰе 2. 

 

Ɍɚɛɥиɰе 2 – ɇеɣɬɪɨɧɧɨ-ɮиɡичеɫɤиɣ ɪɚɫчеɬ ɞɥɹ ɛɨɥее ɦɚɫɫиɜɧɨɝɨ ɬɨɩɥиɜɚ ДNОЮЭЫШЧ-physical calculation for 

more massive fuel] 

Kˠ˗˗= 1 
qv = 300 ȼɬ/ɥ 

Э+Uȋ˒Ȍ Э+Th 

XɁɆɈ/ɁɋɈ/ɁȻɈ - % 11,72/12,22 /17,65 14,29/15,18/20,54 

Kr 1,11 1,11 Kʑʏʖ 1,104 1,062 КʑʐЭ 0,267 0,269 Кʑʟ 1,371 1,33 

ɇɉɗɊ 0,0184 0,0216 Kʑʏʖc 1,043 1,013 КʑʐЭc 0,236 0,222 Кʑʟc 1,28 1,235 

ɇɉɗɊc 0,0233 0,0209 

β 0,0035 0,0033 

 

Ʉɚɤ ɩɪеɞɩɨɥɚɝɚɥи, ɭɜеɥичеɧие ɨɛɴеɦɧɨɣ ɞɨɥи ɩɪиɜɨɞиɬ ɤ ɭɜеɥичеɧиɸ Ʉȼ. ȼ 
ɫɪеɞɧɨиɡɨɬɨɩичеɫɤɨɦ ɫɨɫɬɚɜе Ʉȼ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɩɨɥɭчɚеɬɫɹ ɛɨɥɶɲе еɞиɧиɰɵ, ɇɉɗɊ ɜ 
ɩеɪɜɨɦ ɜɚɪиɚɧɬе ɭɜеɥичиɜɚеɬɫɹ, ɚ ɩɪи ɬɨɪии ɧеɦɧɨɝɨ ɩɚɞɚеɬ. 
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Ɋɚɫɫɦɨɬɪиɦ еɳе ɨɞиɧ ɜɚɪиɚɧɬ, ɩɨɫɤɨɥɶɤɭ ɬɨɪиɣ ɬɨɠе ɨɛɥɚɞɚеɬ ɜɵɫɨɤиɦи 
ɩɨɤɚɡɚɬеɥɹɦи, ɤɚɤ ɫɪɚɜɧиɬеɥɶɧɨ ɜɵɫɨɤиɣ Ʉȼ и ɫɪɚɜɧиɬеɥɶɧɨ ɦɚɥеɧɶɤиɣ ɇɉɗɊ. ȿɝɨ 
ɦɨɠɧɨ ɞɨɛɚɜиɬɶ ɜ ɬɨɩɥиɜɨ ɜɦеɫɬе ɫ 238U, ɤɚɤ ɜɨɫɩɪɨиɡɜɨɞɹɳиɣ ɦɚɬеɪиɚɥ ɫ 
ɷɧеɪɝеɬичеɫɤиɦ ɩɥɭɬɨɧиеɦ. Ɋеɡɭɥɶɬɚɬɵ иɫɫɥеɞɨɜɚɧиɹ ɩɪиɜеɞеɧɵ ɜ ɬɚɛɥиɰе 3.  

 

Ɍɚɛɥиɰɚ 3 – Ɋеɡɭɥɶɬɚɬɵ ɩɪɨɜеɞеɧɧɨɝɨ ɪɚɫчеɬɚ ДCalculation results] 

Kɷɮɮ= 1 Th = 0 Th = 12,5 Th = 0,25 Th = 0,5 Th = 0,75 Th = 1 

X  % 11,79/14,74 12,29/15,41 12,69/15,97 13,51/16,7 14,04/17,69 14,56/18,33 

Kr 1,17 1,17 1,17 1,17 1,17 1,17 

ɄȼȺɁ 1,117 1,121 1,123 1,115 1,1 1,076 

ɄȼȻɗ 0,227 0,231 0,235 0,234 0,233 0,23 

ɄȼɊ 1,343 1,352 1,358 1,35 1,333 1,306 

ɇɉɗɊ 0,0186 0,0218 0,0231 0,0243 0,024 0,0218 

β 0,0035 0,0035 0,0034 0,0034 0,0034 0,0032 

ɄȼȺɁɫ 1,056 1,064 1,066 1,06 1,045 1,022 

ɄȼȻɗɫ 0,213 0,201 0,199 0,195 0,191 0,188 

ɄȼɊɫ 1,269 1,264 1,264 1,314 1,236 1,21 

ɇɉɗɊ 0,0232 0,0248 0,0256 0,0256 0,0243 0,0211 

βɫ 0,0034 0,0034 0,0033 0,0033 0,0033 0,0033 

 

ɂɡ ɬɚɛɥиɰɵ 3 ɜиɞɧɨ, чɬɨ ɭɜеɥичеɧие ɤɨɥичеɫɬɜɚ ɬɨɪиɹ ɜ ɬɨɩɥиɜе ɫɧɚчɚɥɚ 
ɩɪиɜɨɞиɬ ɤ ɭɜеɥичеɧиɸ Ʉȼ, ɚ ɩɨɬɨɦ ɤ ɩɚɞеɧиɸ. ɇɨ ɫ ɭɜеɥичеɧиеɦ ɤɨɥичеɫɬɜɚ ɬɨɪиɹ 
ɭɜеɥичиɜɚеɬɫɹ ɞɨɥɹ ɞеɥɹɳеɝɨɫɹ ɦɚɬеɪиɚɥɚ, ɧеɨɛɯɨɞиɦɨɝɨ ɞɥɹ ɩɨɞɞеɪɠɚɧиɹ ɪеɚɤɬɨɪɚ ɜ 
ɤɪиɬичɧɨɦ ɫɨɫɬɨɹɧии. 

 

ɇɚɬɪɢɟɜɵɣ ɩɭɫɬɨɬɧɵɣ ɷɮɮɟɤɬ ɪɟɚɤɬɢɜɧɨɫɬɢ 

Уɞɚɥеɧие ɧɚɬɪиɹ иɡ Ȼɇ ɫ ɛɨɥɶɲɨɣ ɚɤɬиɜɧɨɣ ɡɨɧɨɣ ɩɪиɜɨɞиɬ ɤ ɡɧɚчиɬеɥɶɧɨɣ 
ɩɨɥɨɠиɬеɥɶɧɨɣ ɪеɚɤɬиɜɧɨɫɬи. ɗɬɨɬ ɦɚɥɨɜеɪɨɹɬɧɵɣ ɫɥɭчɚɣ ɜɨɡɦɨɠеɧ ɩɪи 
ɧеɤɨɧɬɪɨɥиɪɭеɦɨɣ ɚɜɚɪии, ɤɨɝɞɚ ɜɫɤиɩɚɧиɸ и ɜɵɛɪɨɫɭ ɧɚɬɪиɹ ɩɪеɞɲеɫɬɜɭеɬ 
ɭɦеɧɶɲеɧие ɬеɩɥɨɫɴеɦɚ. ɗɬиɦ ɨɧи ɨɬɥичɚɸɬɫɹ ɨɬ ɬеɩɥɨɜɵɯ ɪеɚɤɬɨɪɨɜ, ɚ ɬɚɤɠе ɨɬ 
ɛɵɫɬɪɵɯ ɝɚɡɨɨɯɥɚɠɞɚеɦɵɯ ɪеɚɤɬɨɪɨɜ (чɬɨ ɹɜɥɹеɬɫɹ ɨɞɧиɦ иɡ ɩɪиɧɰиɩиɚɥɶɧɵɯ 
ɚɪɝɭɦеɧɬɨɜ ɜ ɩɨɥɶɡɭ ɩɨɫɥеɞɧиɯ). 

ɇɚɬɪиеɜɵɣ ɤɨɷɮɮиɰиеɧɬ ɪеɚɤɬиɜɧɨɫɬи ɨɛɧɚɪɭɠиɜɚеɬ ɫиɥɶɧɭɸ ɩɪɨɫɬɪɚɧɫɬɜеɧɧɭɸ 
ɡɚɜиɫиɦɨɫɬɶ. ɉɪи ɭɞɚɥеɧии ɧɚɬɪиɹ иɡ ɰеɧɬɪɚ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɜɨɡɧиɤɚеɬ ɛɨɥɶɲɚɹ 
ɩɨɥɨɠиɬеɥɶɧɚɹ ɪеɚɤɬиɜɧɨɫɬɶ, ɩɪи ɭɞɚɥеɧии иɡ ɩеɪиɮеɪиɣɧɵɯ ɨɛɥɚɫɬеɣ, ɧɚɩɪɨɬиɜ - 

ɨɬɪиɰɚɬеɥɶɧɚɹ. Дɥɹ ɩɨɧиɦɚɧиɹ ɷɬɨɝɨ ɹɜɥеɧиɹ ɫɥеɞɭеɬ ɭчеɫɬɶ ɞеɣɫɬɜие чеɬɵɪеɯ 
ɜɨɡɧиɤɚɸɳиɯ ɩɪи ɷɬɨɦ ɷɮɮеɤɬɨɜ: 

1. Уɦеɧɶɲеɧие ɞɨɥи ɧеɣɬɪɨɧɨɜ ɜ ɨɛɥɚɫɬи ɧиɡɤиɯ ɷɧеɪɝиɣ; 
2. Уɜеɥичеɧие ɭɬечɤи ɧеɣɬɪɨɧɨɜ; 
3. ɂɫɤɥɸчеɧие ɡɚɯɜɚɬɚ ɜ ɧɚɬɪии; 
4. ɂɡɦеɧеɧие ɫɚɦɨɷɤɪɚɧиɪɨɜɚɧиɹ ɧеɣɬɪɨɧɧɵɯ ɫечеɧиɣ. 
ɉеɪɜɵе ɞɜɚ ɷɮɮеɤɬɚ ɜеɥиɤи и ɩɪɨɬиɜɨɩɨɥɨɠɧɵ ɩɨ ɡɧɚɤɭ. Дɜɚ ɩɨɫɥеɞɧиɯ 

ɫɪɚɜɧиɬеɥɶɧɨ ɦɚɥɵ. ɋɥеɞɨɜɚɬеɥɶɧɨ, ɪеɚɤɬиɜɧɨɫɬɶ ɡɚ ɫчеɬ ɭɞɚɥеɧиɹ ɧɚɬɪиɹ ɜ 

ɨɫɧɨɜɧɨɦ ɨɩɪеɞеɥɹеɬɫɹ ɪɚɡɧɨɫɬɶɸ ɞɜɭɯ ɛɨɥɶɲиɯ чиɫеɥ. ɗɬɨ ɨɛɫɬɨɹɬеɥɶɫɬɜɨ 
ɫɭɳеɫɬɜеɧɧɨ ɡɚɬɪɭɞɧɹеɬ ɬɨчɧɵɣ ɪɚɫчеɬ ɪеɚɤɬиɜɧɨɫɬи. ɉɪеɠɞе чеɦ ɪɚɫɫɦɚɬɪиɜɚɬɶ 
ɤɚɠɞɵɣ ɷɮɮеɤɬ ɜ ɨɬɞеɥɶɧɨɫɬи, ɤɪɚɬɤɨ ɨɛɫɭɞиɦ ɪɚɫчеɬɧɭɸ ɦеɬɨɞиɤɭ.  

 

Ɋɚɫɱɟɬ ɧɚɬɪɢɟɜɨɝɨ ɩɭɫɬɨɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɚɤɬɢɜɧɨɫɬɢ 

ɗɧеɪɝеɬичеɫɤɚɹ ɡɚɜиɫиɦɨɫɬɶ ɰеɧɧɨɫɬи ɧеɣɬɪɨɧɨɜ ɜ ɛɨɥɶɲɨɦ ɛɵɫɬɪɨɦ ɪеɚɤɬɨɪе ɫ 
ɨɤɫиɞɧɵɦ ɬɨɩɥиɜɨɦ ɩɨɤɚɡɚɧɚ ɧɚ ɪиɫɭɧɤе 1. Ɍɚɦ ɠе иɡɨɛɪɚɠеɧɚ ɷɧеɪɝеɬичеɫɤɚɹ 
ɡɚɜиɫиɦɨɫɬɶ ɜеɥичиɧɵ ղ, иɫɩɵɬɵɜɚɸɳɚɹ ɩɨɞɴеɦ ɩɪи ɷɧеɪɝиɹɯ, ɩɪеɜɵɲɚɸɳиɯ 
ɩɪиɦеɪɧɨ 10 ɤɷȼ. ȼ ɞɚɧɧɨɦ ɫɥɭчɚе ɧɚ ɝɪɚɮиɤе ɨɬɥɨɠеɧɚ ɷɮɮеɤɬиɜɧɚɹ ɜеɥичиɧɚ η, ɬ.е. 
ɭчиɬɵɜɚɸɳɚɹ ɪеɚɤɰии ɜ ɞеɥɹɳиɯɫɹ и ɫɵɪɶеɜɵɯ ɧɭɤɥиɞɚɯ. Ʉɪɭɬɨɣ ɩɨɞɴеɦ ɩɪи ɷɧеɪɝиɹɯ 
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ɫɜɵɲе 1 Ɇɷȼ ɨɛɴɹɫɧɹеɬɫɹ ɩɨɪɨɝɨɜɵɦ ɞеɥеɧиеɦ ɫɵɪɶеɜɵɯ ɧɭɤɥиɞɨɜ, ɬɨɝɞɚ ɤɚɤ ɩɨɞɴеɦ 
ɩɪи ɧиɡɤиɯ ɷɧеɪɝиɹɯ ɨɬɪɚɠɚеɬ ɩɪеиɦɭɳеɫɬɜеɧɧɵɣ ɪɨɫɬ ɫечеɧиɹ ɞеɥеɧиɹ ɞеɥɹɳиɯɫɹ 
ɧɭɤɥиɞɨɜ ɩɨ ɫɪɚɜɧеɧиɸ ɫ ɫечеɧиеɦ ɡɚɯɜɚɬɚ ɧеɣɬɪɨɧɨɜ ɫɵɪɶеɜɵɦи ɧɭɤɥиɞɚɦи. 

 

 
Ɋиɫɭɧɨɤ 1 – ɗɧеɪɝеɬичеɫɤɚɹ ɡɚɜиɫиɦɨɫɬɶ ɫɨɩɪɹɠеɧɧɨɝɨ ɩɨɬɨɤɚ Ɏ* и ɜеɥичиɧɵ η ɜ Ȼɇ ɛɨɥɶɲɨɣ 

ɦɨɳɧɨɫɬи ɫ ɨɤɫиɞɧɵɦ ɬɨɩɥиɜɨɦ [Energy dependence of the conjugate flux Φ * and the magnitude of η 

in high-power BN with oxide fuel] [12, 13] 

 

ɉɨɫɤɨɥɶɤɭ ɜ Ȼɇ ɞеɥеɧие ɩɥɭɬɨɧиɹ ɡɚɜиɫиɬ ɨɬ ɷɧеɪɝии ɧеɣɬɪɨɧɚ, ɭɜеɥичиɜɚеɬɫɹ η. 
Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪиɫɭɧɤе 1 ɫɩеɤɬɪ ɧеɣɬɪɨɧɨɜ ɩɪи ɭɞɚɥеɧии ɧɚɬɪиɹ иɡ ɚɤɬиɜɧɨɣ ɡɨɧɵ 
ɫɬɚɧɨɜиɬɫɹ ɠеɫɬɤиɦ и ɫɨɨɬɜеɬɫɬɜеɧɧɨ ɇɉɗɊ ɫɭɳеɫɬɜеɧɧɨ ɭɜеɥичиɜɚеɬɫɹ. 

ɉɪɨɜеɞеɧɧɵе ɪɚɫчеɬɵ ɩɨ ɬеɨɪии ɜɨɡɦɭɳеɧиɹ ɞɥɹ ɞɜɭɯ ɬиɩɨɜ ɬɨɩɥиɜɚ U и Pu 

ɩɨɥɭчиɥи ɫɥеɞɭɸɳие ɪеɡɭɥɶɬɚɬɵ. 
 

Ɍɚɛɥиɰɚ 4 – ɇɉɗɊ ɩɨ ɬеɨɪиɸ ɜɨɡɦɭɳеɧиɹ ДSVRE perturbation theory] 

H = ͸Ͳ ˔ˏ R = ͳͻ͸,ͺ ˔ˏ U Pu ΔК˓аˇ.˖˕ˈ. - ʹ,ʹͻ͹· ͳͲ-3 -ͳ,͹Ͷ͵ͷ· ͳͲ-3 ΔКаˍ.˖˕ˈ - ͸,͸ͷ͵· ͳͲ-3 -͸,͹ͺͷ· ͳͲ-3 ΔКˊа˘ва˕ ͳ,ͻ͸͸· ͳͲ-3 ͳ,͸ͻͻ͸· ͳͲ-3 ΔК˔˒ˈˍ˕ˑ˓ ͸,͹ʹͻ· ͳͲ-3 ʹ,Ͳͻ͸͵· ͳͲ-2 ΣΔК - ʹ,ͷͷ· ͳͲ-4 ͳ,Ͷͳ͵· ͳͲ-2 

 

Ɇɟɬɨɞɵ ɭɦɟɧɶɲɟɧɢɹ ɧɚɬɪɢɟɜɨɝɨ ɩɭɫɬɨɬɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɂɫɯɨɞɹ иɡ ɜɵɲе ɩɨɥɭчеɧɧɵɯ ɪеɡɭɥɶɬɚɬɨɜ ɩɨɩɪɨɛɭеɦ ɭɦеɧɶɲиɬɶ ɇɉɗɊ ɬɨɪи-

ɭɪɚɧɨɜɨɣ ɫɦеɫи. Ʉɚɤ ɩɨɤɚɡɚɥи ɪеɡɭɥɶɬɚɬɵ ɩɨɥɭчиɜɲиеɫɹ ɫ ɬеɨɪии ɜɨɡɦɭɳеɧиɹ, ɫɚɦɵɣ 
ɝɥɚɜɧɵɣ ɩɨɥɨɠиɬеɥɶɧɵɣ ɷɮɮеɤɬ ɞɥɹ ɩɥɭɬɨɧиеɜɨɝɨ ɬɨɩɥиɜɚ иɦееɬ ɫɩеɤɬɪɚɥɶɧɨе 
ɫɨɫɬɚɜɥɹɸɳее. Ȼɨɪɨɬɶɫɹ ɫ ɇɉɗɊ ɦɨɠɧɨ ɥиɲɶ ɭɜеɥичеɧиеɦ ɭɬечɤи иɡ ɚɤɬиɜɧɨɣ ɡɨɧɵ. 
ɗɬɨɝɨ ɦɨɠɧɨ ɞɨɫɬиɝɚɬɶ ɬɨɥɶɤɨ ɭɦеɧɶɲеɧиеɦ ɨɛɴеɦɚ ɚɤɬиɜɧɨɣ ɡɨɧɵ, чɬɨ ɫɨ ɫɜɨеɣ 
ɫɬɨɪɨɧɵ ɩɪиɜеɞеɬ ɤ ɩɚɞеɧиɸ Ʉȼ, ɭɜеɥичиɬ ɬеɦɩеɪɚɬɭɪɭ ɬɨɩɥиɜɚ, чɬɨ ɜ ɧɚɲеɦ ɫɥɭчɚе 
ɧɚɯɨɞиɬɫɹ ɜ ɦɚɤɫиɦɚɥɶɧɨɦ ɡɧɚчеɧии. ɇеɨɛɯɨɞиɦɨ ɩɪɨɜɨɞиɬɶ ɞɨɩɨɥɧиɬеɥɶɧɵɣ 
ɬеɩɥɨɝиɞɪɚɜɥичеɫɤиɣ ɪɚɫчеɬ, чɬɨɛɵ ɨɩɪеɞеɥиɬɶ ɜɨɡɦɨɠɧɨɫɬи и ɭɜеɥичиɬɶ ɧɚчɚɥɶɧɨе 
ɨɛɨɝɚɳеɧие ɬɨɩɥиɜɚ, чɬɨ ɧеɠеɥɚɬеɥɶɧɨ.  
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Ɋɚɫɫɦɨɬɪиɦ ɭɪɚɧ-ɬɨɪиеɜɭɸ ɬɨɩɥиɜɭ, ɩɨɩɪɨɛɭеɦ ɭɦеɧɶɲиɬɶ ɇɉɗɊ ɫ ɩɨɦɨɳɶɸ 
ɭɜеɥичеɧиɹ ɭɬечɤи ɧеɣɬɪɨɧɨɜ иɡ ɚɤɬиɜɧɨɣ ɡɨɧɵ; ɜɵɫɨɬɭ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɛеɪеɦ 88 ɫɦ, ɚ 
ɧе 105 ɫɦ, ɤɚɤ ɫчиɬɚɥи ɧɚɜеɪɯɭ. ɗɬɨ ɩɨɡɜɨɥиɬ ɭɦеɧɶɲиɬɶ ɇɉɗɊ ɡɚ ɫчеɬ ɭɜеɥичиɜɚеɦɨɣ 
ɚɤɫиɚɥɶɧɨɣ ɭɬечɤи, ɧɨ ɬɚɤиɦ ɨɛɪɚɡɨɦ ɦиɧиɦɚɥɶɧɨе ɡɧɚчеɧие Ʉȼ ɧе ɞɨɥɠɧɨ ɛɵɬɶ 
ɦеɧɶɲе 0,95. Ɋеɡɭɥɶɬɚɬɵ ɩɪиɜеɞеɧɵ ɜ ɬɚɛɥиɰе 5. 

 
Ɍɚɛɥиɰɚ 5 – Ɂɚɜиɫиɦɨɫɬи Ʉȼ и ɇɉɗɊ-ɚ ɨɬ ɪɚɡɦеɪɨɜ ȺɁ [Dependence of KW and SVRE -a on the size of the 

reactor core] 

H
 = Ͳ,ͺͺ

 ˏ 
ʜ Э˗˗ = 

Ͳ,͵ʹ ˏ qvʑ˕/˔ˏ3 Кʑʏʖ КʑʐЭ R ˔ˏ ʜʞЭʟ 

480 0,978 0,222 128 0,0188 

430 0,985 0,207 135,73 0,0192 

400 0,99 0,197 140,73 0,0194 

350 0,998 0,18 150,45 0,0198 

300 1,008 0,163 162,5 0,0203 

 

Ʉɚɤ ɜиɞɧɨ иɡ ɬɚɛɥиɰɵ, ɩɪи ɭɦеɧɶɲеɧии ɨɛɴеɦɚ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɫɭɳеɫɬɜеɧɧɨ 
ɩɚɞɚеɬ ɇɉɗɊ, ɬɚɤɠе ɩɚɞɚеɬ Ʉȼ и ɬɪеɛɭеɬɫɹ ɭɜеɥичиɬɶ ɨɛɨɝɚɳеɧие, чɬɨɛɵ ɪеɚɤɬɨɪ 
ɞеɪɠɚɬɶ ɜ ɤɪиɬичɧɨɦ ɫɨɫɬɨɹɧии. Ɉɞɧɚɤɨ ɡɞеɫɶ ɜɨɡɧиɤɚеɬ ɧеɨɛɯɨɞиɦɨɫɬɶ ɧɨɜɨɝɨ 
ɬеɩɥɨɝиɞɪɚɜɥичеɫɤɨɝɨ ɪɚɫчеɬɚ. ɉɨɫɤɨɥɶɤɭ ɜɫе ɷɬи ɪеɡɭɥɶɬɚɬɵ ɩɨɥɭчеɧɵ ɞɥɹ ɛɨɥее 
ɦɚɫɫиɜɧɨɝɨ ɬɨɩɥиɜɚ, ɩɨɹɜɥɹеɬɫɹ ɧеɨɛɯɨɞиɦɨɫɬɶ ɩɪɨɜɨɞиɬɶ ɪɚɫчеɬ ɡɚɧɨɜɨ, чɬɨɛɵ 
ɜɵɹɜиɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜеɥичиɬɶ ɭɞеɥɶɧɨе ɬеɩɥɨɜɵɞеɥеɧие иɡ еɞиɧичɧɨɝɨ ɨɛɴеɦɚ. 
Ʉɨɝɞɚ ɷɧеɪɝɚɧɚɩɪɹɠеɧɧɨɫɬɶ ɛɵɥɚ 300 ȼɬ/ɫɦ3, ɦɵ ɭɜеɥичиɥи ɨɛɴɺɦɧɭɸ ɞɨɥɸ ɬɨɩɥиɜɚ 
ɞɨ εɬ = 0,4952 и ɦɚɤɫиɦɚɥɶɧɭɸ ɬеɦɩеɪɚɬɭɪɭ ɜ ɰеɧɬɪе ɞɥɹ ɦɚɤɫиɦɚɥɶɧɨ ɧɚɩɪɹɠɺɧɧɨɝɨ 
ɌȼɗɅɚ ɩɨɥɭчиɥи 2426℃. Ɍеɩеɪɶ ɩɨɫɦɨɬɪиɦ, ɧɚɫɤɨɥɶɤɨ ɦɨɠɧɨ ɭɜеɥичиɬɶ ɭɞеɥɶɧɨе 
ɷɧеɪɝɨɜɵɞеɥеɧие и ɫɨɨɬɜеɬɫɬɜеɧɧɨ ɭɦеɧɶɲиɬɶ ɨɛɴеɦ ɚɤɬиɜɧɨɣ ɡɨɧɵ. Ɋеɡɭɥɶɬɚɬɵ 
ɩɪиɜеɞеɧɵ ɜ ɬɚɛɥиɰе 6. 

 
Ɍɚɛɥиɰɚ 6 – Ɂɚɜиɫиɦɨɫɬɶ Ʉȼ и ɇɉɗɊ ɨɬ ɞɨɥи ɬɨɩɥиɜɚ ɜ 1 ɫɦ3 

[Dependence of KW and SVRE on the share 

of fuel in 1 sm
3
] 

qv  ʑ˕/˔ˏ3 ɁЦ.ʝ. ˏˏ 
Ɍ ℃ 

ε = 0,4952 
ʡ = ʹͶͷͲ ℃ ɂˇˑ˒˖ш. Ʉȼ ɇɉɗɊ 

480 1,8 4108 0,4588 0,94 0,0188 

430 1,5 3596 0,4726 0,96 0,0193 

400 1,39 3306 0,477 0,97 0,0195 

350 1,03 2850 0,4894 1,029 0,02 

300 0,8 2426 0,4952 1,049 0,0203 

 

ɉɨɫɤɨɥɶɤɭ ɧɚ ɇɉɗɊ ɜ ɨɫɧɨɜɧɨɦ ɝɥɚɜɧɭɸ ɪɨɥɶ иɝɪɚеɬ ɫɩеɤɬɪɚɥɶɧɨе 
ɫɨɫɬɚɜɥɹɸɳее, ɪɚɫɫɦɨɬɪиɦ ɬɚɤие ɜɚɪиɚɧɬɵ, ɝɞе ɜ ɞɜɭɯɡɨɧɧɨɦ ɪеɚɤɬɨɪе ɜ ɡɨɧе ɦɚɥɨɝɨ 
ɨɛɨɝɚɳеɧиɹ ɡɚɝɪɭɠɚеɬɫɹ 235

U ɜɦеɫɬе ɫ Ɉ
Pu (ɨɪɭɠеɣɧɵɣ ɩɥɭɬɨɧиɣ) и ɗ

Pu 

(ɷɧеɪɝеɬичеɫɤиɣ ɩɥɭɬɨɧиɣ) ɩɨ ɩɪɨɰеɧɬɚɦ, ɤɚɤ ɞеɥɹɳиɣɫɹ ɦɚɬеɪиɚɥ, ɚ ɤɚɤ ɩɚɫɫиɜɧɵɣ 
238

U и 232
Th. ɇɚ ɫɩеɤɬɪ ɡɧɚчиɬеɥɶɧɨ ɜɥиɹеɬ ɤɨɥичеɫɬɜɨ 240

Pu. ɗɬɨɬ ɷɥеɦеɧɬ иɦееɬ 
ɛɨɥɶɲɭɸ ɡɚɜиɫиɦɨɫɬɶ ɤɨɥичеɫɬɜɚ иɫɩɭɫɤɚеɦɵɯ ɧеɣɬɪɨɧɨɜ ɩɪи ɨɞɧɨɦ ɚɤɬе ɞеɥеɧии ɨɬ 
ɷɧеɪɝии. ɉɨɫɤɨɥɶɤɭ ɨɧ, ɤɚɤ и 238

U иɦееɬ ɩɨɪɨɝɨɜɨе ɡɧɚчеɧие ɞеɥеɧиɹ, ɜ ɫɥɭчɚе ɚɜɚɪии ɫ 
ɬечеɧиеɦ ɧɚɬɪиɹ ɭɜеɥичиɜɚеɬɫɹ еɝɨ ɫечеɧие ɞеɥеɧиɹ и ɫɨɨɬɜеɬɫɬɜеɧɧɨ ɤɨɥичеɫɬɜɨ 
ɨɛɪɚɡɨɜɚɜɲиɯɫɹ ɧеɣɬɪɨɧɨɜ Д14Ж. ɂ ɩɨɫɤɨɥɶɤɭ ɩɪɨɰеɧɬɧɨе ɫɨɞеɪɠɚɧие 240

Pu ɜ 
ɨɪɭɠеɣɧɨɦ и ɷɧеɪɝеɬичеɫɤɨɦ ɩɥɭɬɨɧии ɪɚɡɧɵе, (7%, 25%) ɪɚɫɫɦɨɬɪиɦ, ɤɚɤ ɛɭɞеɬ 
ɜɥиɹɬɶ ɧɚ ɇɉɗɊ ɤɨɥичеɫɬɜɨ ɞɨɛɚɜɥɹеɦɨɝɨ 235

U. ȼ ɡɨɧе ɛɨɥɶɲɨɝɨ ɨɛɨɝɚɳеɧиɹ ɜ ɩеɪɜɨɦ 
ɫɥɭчɚе ɡɚɝɪɭɠɚеɬɫɹ ɆɈɏ-ɬɨɩɥиɜɨ ɧɚ ɨɫɧɨɜе Ɉ

Pu, ɚ ɜ ɞɪɭɝиɯ ɫɥɭчɚɹɯ ɗ + U(ɩ), ɗ + Th. 

Ɋеɡɭɥɶɬɚɬɵ ɪɚɫчеɬɚ ɩɪиɜеɞеɧɵ ɜ ɬɚɛɥиɰе 7. 
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Ɍɚɛɥиɰɚ 7 – Ɋеɡɭɥɶɬɚɬɵ ɪɚɫчеɬɚ ДCalculation results] 

Kˠ˗˗= 1  Kr = 1,15 

qv = 300 ȼɬ/ɥ 
235U 50% 

O + Uȋ˒Ȍ 

235U 50% Э + Uȋ˒Ȍ 

235U 50% Э + Th 

XɁɆɈ/ɁȻɈ - % 11,35 / 12,38 11,89 / 15 12,97 / 16,43 Kʑʏʖ 0,937 0,969 0,967 КʑʐЭ 0,194 0,227 0,203 Кʑʟ 1,131 1,196 1,17 

ɇɉɗɊ 0,0152 0,0144 0,0178 Kʑʏʖc 0,907 0,96 0,93 КʑʐЭc 0,19 0,198 0,185 Кʑʟc 1,097 1,158 1,115 

ɇɉɗɊc 0,02 0,0198 0,0174 

β 0,0041 0,0043 0,0041 

 

Ʉɚɤ ɫɥеɞɭеɬ иɡ ɬɚɛɥиɰɵ 7 ɩɪи ɪɚɜɧɵɯ ɤɨɥичеɫɬɜɚɯ ɭɪɚɧɚ Ʉȼ и ɇɉɗɊ 
ɭɦеɧɶɲɚɸɬɫɹ ɜ ɪɚɡɧɵɯ ɞɨɥɹɯ. 

ɉɨɫɤɨɥɶɤɭ ɧɚ ɇɉɗɊ, ɜ ɨɫɧɨɜɧɨɦ, ɝɥɚɜɧɭɸ ɪɨɥɶ иɝɪɚеɬ ɫɩеɤɬɪɚɥɶɧɨе 
ɫɨɫɬɚɜɥɹɸɳее, ɪɚɫɫɦɨɬɪиɦ ɜɚɪиɚɧɬɵ, ɝɞе ɜ ɞɜɭɡɨɧɧɨɦ ɪеɚɤɬɨɪе ɜ ɡɨɧе ɦɚɥɨɝɨ 
ɨɛɨɝɚɳеɧиɹ ɡɚɝɪɭɠɚеɬɫɹ 235U ɜɦеɫɬе ɫ ɗPЮ (ɷɧеɪɝеɬичеɫɤиɣ ɩɥɭɬɨɧиɣ) ɩɨ ɩɪɨɰеɧɬɚɦ, 
ɤɚɤ ɞеɥɹɳиɣɫɹ ɦɚɬеɪиɚɥ, ɚ ɤɚɤ ɩɚɫɫиɜɧɵɣ 238U и 232

Th – 25%. Ɋеɡɭɥɶɬɚɬɵ ɜ ɬɚɛɥиɰе 8. 
 

Ɍɚɛɥиɰɚ 8 – Ɂɚɜиɫиɦɨɫɬɶ Ʉȼ и ɇɉɗɊ ɨɬ ɤɨɥичеɫɬɜɚ 
235

U [Dependence of KW and SVRE on the amount of 
235

U] 

Kr< 1,17 XɁɆɈ ɏɁȻɈ KȼɁɆɈ KȼɁȻɈ KȼȺɁ ɇɉɗɊ 

U 0,71% 12,41 14,75 1,124 0,977 1,056 0,0232 

U 10% 12,43 14,66 1,086 0,98 1,035 0,0225 

U 20% 12,41 14,62 1,05 0,977 1,016 0,0218 

U 30% 12,42 14,51 1,017 0,975 0,997 0,0213 

U 40% 12,49 14,35 0,98 0,979 0,98 0,0205 

U 50% 12,44 14,32 0,957 0,963 0,961 0,0198 

U 60% 12,45 14,304 0,918 0,973 0,945 0,0193 

 

Ɋɚɫчеɬ ɡɚɜиɫиɦɨɫɬи ɇɉɗɊ ɩɨ ɪɚɞиɭɫɭ ɞɜɭɡɨɧɧɨɣ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɞɥɹ ɨɞɧɨɝɨ Ɍȼɋɚ, 
ɤɨɝɞɚ ɜ ɁɆɈ ɞɨɛɚɜɥɹеɬɫɹ 235U ɩɨ ɩɪɨɰеɧɬɚɦ ɫ ɗPЮ ɤɚɤ ɞеɥɹɳиɣɫɹ ɦɚɬеɪиɚɥ, ɚ ɤɚɤ 
ɩɚɫɫиɜɧɵɣ 238U и 232

Th-25%. Ɋеɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɧɵ ɝɪɚɮичеɫɤиɦ ɨɛɪɚɡɨɦ ɧɚ ɪиɫɭɧɤе 2. 
 

 
Ɋиɫɭɧɨɤ 2 – Ɂɚɜиɫиɦɨɫɬɶ ɇɉɗɊ ɩɨ ɪɚɞиɭɫɭ ɚɤɬиɜɧɨɣ ɡɨɧɵ ɞɥɹ ɨɞɧɨɝɨ Ɍȼɋ-ɚ ДSVRE dependence on the 

core radius for a fuel assembly] 
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Ɂɚɤɥɸɱɟɧɢɟ 

ɉɪи ɩɨɹɜɥеɧии ɩɥɭɬɨɧиɹ ɇɉɗɊ ɪɚɫɬеɬ и ɩɪеɜɵɲɚеɬ ɞɨɥɸ ɡɚɩɚɡɞɵɜɚɸɳиɯ 
ɧеɣɬɪɨɧɨɜ ɜ 5-7 ɪɚɡ, чɬɨ ɩɪиɜɨɞиɬ ɤ ɦɝɧɨɜеɧɧɨɦɭ ɪɨɫɬɭ ɰеɩɧɨɣ ɪеɚɤɰии. ɉɪɨɜеɞеɧɧɵе 
ɪɚɫчеɬɵ ɞɥɹ ɭɦеɳеɧиɹ ɇɉɗɊ ɩɭɬеɦ ɭɦеɧɶɲеɧиɹ ɨɛɴеɦɚ ɚɤɬиɜɧɨɣ ɡɨɧɵ, ɚ ɬɚɤɠе ɫ 
ɞɨɛɚɜɥеɧиеɦ 235U ɜ ɷɧеɪɝеɬичеɫɤɨɦ ɩɥɭɬɨɧии ɞɚɥи ɩɪиɛɥиɡиɬеɥɶɧɨ ɨɞиɧɚɤɨɜɵе 
ɪеɡɭɥɶɬɚɬɵ: ɭɦеɧɶɲеɧие ɇɉɗɊ ɜ 1,2 ɪɚɡɚ. ȼ ɩеɪɜɨɦ ɫɥɭчɚе ɷɬɨ ɛɵɥɨ ɡɚ ɫчеɬ ɭɜеɥичеɧиɹ 
ɭɞеɥɶɧɨɝɨ ɬеɩɥɨɜɵɞеɥеɧиɹ, ɤɨɬɨɪɨе ɜɵɝɨɞɧɨ ɩɨ ɷɤɨɧɨɦичеɫɤиɦ ɤɪиɬеɪиɹɦ (ɦɚɥеɧɶɤɚɹ 
ȺɁ – ɦɚɥеɧɶɤие ɤɚɩиɬɚɥɶɧɵе и ɷɤɫɩɥɭɚɬɚɰиɨɧɧɵе ɡɚɬɪɚɬɵ). ȼɨ ɜɬɨɪɨɦ ɫɥɭчɚе, ɤɨɝɞɚ 
ɷɧеɪɝɨɜɵɞеɥеɧие ɫɪɚɜɧиɬеɥɶɧɨ ɧеɜеɥиɤɨ ɦɨɠɧɨ, ɧе ɦеɧɹɹ ɪɚɡɦеɪɵ, ɩɨɥɭчиɬɶ 
ɫɪɚɜɧиɬеɥɶɧɨ ɦɚɥɵɣ ɇɉɗɊ, ɤɨɬɨɪɵɣ ɨɩɪɚɜɞɚɧ ɫ ɬɨчɤи ɡɪеɧиɹ ɛеɡɨɩɚɫɧɨɫɬи. 
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Abstract – This work presents the results of numerical studies on the possibility of increasing the 

maximum safe using different kinds of fuel for sodium-cooled BN reactors. The purpose of this 

work is to study and detect fuel or fuel combination with the best technical and economic 

indicators and safety conditions for the BN-800 reactor plant which not only increases the 

economic indicators but also the efficiency of the entire pre-reactor cycle. For some time now, the 

problems associated with a decrease in the amount of U
235

 resulted in an increase in price and an 

increase in the amount of accumulated Pu initially achieved in the military industry. However, 
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since the reprocessing of spent nuclear fuel (SNF) by WWER and RBMK, ways must be sought to 

compensate for these phenomena with the priority of reliable and safe operation of a nuclear 

facility. An indicator of reliable and safe operation of nuclear power plants in the case under 

consideration is SVRE (sodium void reactivity effect). Achieving high values of this value leads to 

a decrease in the secure operation of NPPs and forces us not only to find ways to increase the RF, 

but also ways that result in minimal values for SVRE with maximum RF. In the calculations aimed 

at the reduction of SVRE it is assumed that the minimum value of KА ТЬ KА ≥ 0,95. TСО ЩКЩОЫ 
examines the effects of several important factors on reactor performance and economic 

performance. These factors include the use of different fuels and fuel combinations, the geometric 

dimensions of the reactor, the distribution of enriched fuel in the core, and the change in specific 

fuel volume within allowable limits. The influence of geometrical dimensions on the SVRE is 

considered, the size of the core is changed due to a change in the specific heat release and the 

volume fraction of the fuel. In the core fuel is introduced which nuclei have no spectral 

dependence on the amount of sodium. 

 

Keywords: reproduction coefficient, irregularity coefficient, fuel cycle, active zone, sodium void 

reactivity effect. 

 
 

 


