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ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɷɮɮɟɤɬɢɜɧɭɸ ɞɨɡɭ ɢ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɩɨɫɥɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ 
ɡɚɯɨɪɨɧɟɧɢɹ ɜ ɝɥɭɛɨɤɢɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɮɨɪɦɚɰɢɹɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɥɝɨɠɢɜɭɳɢɟ ɆȺ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɫɧɨɜɧɨɟ ɛɪɟɦɹ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. Ⱦɨɥɝɨɠɢɜɭɳɢɟ ɆȺ ɟɳɟ ɧɟ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ ɤɚɱɟɫɬɜɟ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɪɚɧɫɦɭɬɚɰɢɹ ɷɬɢɯ ɆȺ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɹɦɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɨɦɭ ɡɚɯɨɪɨɧɟɧɢɸ. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɦɵ ɚɧɚɥɢɡɢɪɭɟɦ ɢ ɫɪɚɜɧɢɜɚɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ ɜ ɤɪɢɬɢɱɟɫɤɨɦ 
ɨɞɧɨɮɚɡɧɨɦ ɞɜɭɯɡɨɧɧɨɦ ɬɨɪɢɟɜɨɦ ɪɟɚɤɬɨɪɟ (Single-fluid Double-zone Thorium-based Molten 

Salt Reactor – SD-TMSR) ɢ ɦɚɥɨɦɨɳɧɨɦ ɠɢɞɤɨɫɨɥɟɜɨɦ ɪɟɚɤɬɨɪɟ ɫ ɛɵɫɬɪɵɦ ɫɩɟɤɬɪɨɦ 
(Small Molten Salt Fast Reactor – SMSFR). Ɇɵ ɢɡɭɱɚɟɦ ɢɡɦɟɧɟɧɢɟ Ʉɷɮɮ ɢ ɪɟɚɤɬɢɜɧɨɫɬɢ 
ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɆȺ, ɫɞɜɢɝɨɦ ɫɩɟɤɬɪɚ ɧɟɣɬɪɨɧɨɜ, ɷɜɨɥɸɰɢɟɣ ɜɨ 
ɜɪɟɦɟɧɢ ɆȺ ɢ ɡɚɩɚɫɨɜ ɨɫɧɨɜɧɵɯ ɧɭɤɥɢɞɨɜ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɦɭɬɚɰɢɢ (ɄɌ). ɄɌ 
ɞɨɥɝɨɠɢɜɭɳɢɯ ɆȺ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ SERPENT-2. 

ɉɨɥɧɵɣ ɩɨɬɨɤ ɧɟɣɬɪɨɧɨɜ ɜ SD-TMSR ɢ SMSFR ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 4,1б1014
 ɢ 1,8б1015

 ɧ/ɫɦ2
c, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ SD-TMSR ɩɨɬɪɟɛɥɹɟɬ ɨɤɨɥɨ 50% 
ɝɟɧɟɪɢɪɭɟɦɵɯ ɢɡɨɬɨɩɨɜ PЮ ɜ ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ, ɨɞɧɚɤɨ, SMSFR ɩɨɬɪɟɛɥɹɟɬ ɨɤɨɥɨ 86,5% 
ɝɟɧɟɪɢɪɭɟɦɵɯ ɢɡɨɬɨɩɨɜ PЮ. ȼɨ ɜɪɟɦɹ ɜɵɝɨɪɚɧɢɹ ɦɵ ɩɪɢɦɟɧɹɟɦ ɧɟɩɪɟɪɵɜɧɭɸ ɩɟɪɟɪɚɛɨɬɤɭ 
ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ, ɩɨɷɬɨɦɭ ɚɤɬɢɜɧɚɹ ɡɨɧɚ ɨɫɬɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɨɣ, ɚ ɨɛɳɚɹ ɦɚɫɫɚ 
ɬɨɩɥɢɜɚ ɜ ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɢ ɜ ɛɥɚɧɤɟɬɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɨɛɚ ɪɟɚɤɬɨɪɚ ɷɮɮɟɤɬɢɜɧɨ ɬɪɚɧɫɦɭɬɢɪɭɸɬ 237
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Am, 
243AЦ ɢ 243CЦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ SMSFR 

ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɄɌ, ɱɟɦ SD-TMSR. ɄɌ ɨɛɳɢɯ ɆȺ ɞɨɫɬɢɝɚɟɬ 54,84% ɢ 87,λ7% ɜ SD-

TMSR ɢ SMSFR, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɠɢɞɤɨɫɨɥɟɜɨɣ ɪɟɚɤɬɨɪ, ɬɪɚɧɫɦɭɬɚɰɢɹ, ɧɟɩɪɟɪɵɜɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ, 
ɦɢɧɨɪɧɵɟ ɚɤɬɢɧɢɞɵ, SERPENT, ɤɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ, SD-TMSR, ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɬɪɚɧɫɦɭɬɚɰɢɢ. 
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ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 13.10.2020 
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ȼɜɟɞɟɧɢɟ 

Ɍɪɚɧɫɭɪɚɧɨɜɵɟ ɷɥɟɦɟɧɬɵ (ɌɊɍ) ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɹɞɟɪɧɵɯ 
ɪɟɚɤɬɨɪɨɜ ɜ ɹɞɟɪɧɨɦ ɬɨɩɥɢɜɟ. ɋɪɟɞɢ ɌɊɍ ɞɨɥɝɨɠɢɜɭɳɢɟ ɦɢɧɨɪɧɵɟ ɚɤɬɢɧɢɞɵ (ɆȺ) 
ɧɟɩɬɭɧɢɣ, ɚɦɟɪɢɰɢɣ ɢ ɤɸɪɢɣ ɨɬɜɟɱɚɸɬ ɡɚ ɷɮɮɟɤɬɢɜɧɭɸ ɞɨɡɭ ɢ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɩɨɫɥɟ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɡɚɯɨɪɨɧɟɧɢɹ ɜ ɝɥɭɛɨɤɢɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɮɨɪɦɚɰɢɹɯ [1]. ɉɨɷɬɨɦɭ 
ɞɨɥɝɨɠɢɜɭɳɢɟ ɆȺ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɫɧɨɜɧɨɟ ɛɪɟɦɹ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
Ɉɬɞɟɥɟɧɧɵɣ ɨɬ ɌɊɍ ɩɥɭɬɨɧɢɣ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫ ɭɪɚɧɨɦ ɜ ɤɚɱɟɫɬɜɟ ɆɈɄɋ-

ɬɨɩɥɢɜɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɚɤɬɨɪɚɯ [2]. Ɉɞɧɚɤɨ ɞɨɛɚɜɥɟɧɢɟ ɆȺ ɜ ɆɈɄɋ-ɬɨɩɥɢɜɨ 
ɦɨɠɟɬ ɩɨɜɥɢɹɬɶ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɜ ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɹɯ. 
Ⱦɨɥɝɨɠɢɜɭɳɢɟ ɆȺ ɟɳɟ ɧɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ ɤɚɱɟɫɬɜɟ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ. ɉɨɷɬɨɦɭ 
ɬɪɚɧɫɦɭɬɚɰɢɹ ɷɬɢɯ ɆȺ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɹɦɨɦɭ ɡɚɯɨɪɨɧɟɧɢɸ. 
Ɍɪɚɧɫɦɭɬɚɰɢɹ ɭɦɟɧɶɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɞɨɥɝɨɠɢɜɭɳɢɯ MA, ɩɪɟɜɪɚɳɚɹ ɢɯ ɜ 
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ɤɨɪɨɬɤɨɠɢɜɭɳɢɟ ɩɪɨɞɭɤɬɵ ɞɟɥɟɧɢɹ (ɉȾ) ɢ/ɢɥɢ ɜ ɧɟɤɨɬɨɪɵɟ ɩɨɥɟɡɧɵɟ ɌɊɍ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɪɚɧɫɦɭɬɚɰɢɹ ɭɦɟɧɶɲɚɟɬ ɨɛɴɟɦ, ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɢ ɪɚɞɢɨɬɨɤɫɢɱɧɨɫɬɶ 
ɜɵɫɨɤɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ.  

ȼ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬɚɯ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɬɪɚɧɫɦɭɬɚɰɢɹ ɆȺ ɜ ɪɚɡɥɢɱɧɵɯ 
ɬɢɩɚɯ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ, ɜɤɥɸɱɚɹ ɤɚɤ ɬɟɩɥɨɜɵɟ, ɬɚɤ ɢ ɛɵɫɬɪɵɟ ɪɟɚɤɬɨɪɵ. ɋɟɱɟɧɢɹ 
ɞɨɥɝɨɠɢɜɭɳɢɯ ɆȺ ɜ ɨɛɥɚɫɬɢ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɜ ɨɛɥɚɫɬɢ 
ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 237

Np, 
241AЦ ɢ 243AЦ ɢɦɟɸɬ ɨɱɟɧɶ ɜɵɫɨɤɢɟ ɫɟɱɟɧɢɹ 

ɡɚɯɜɚɬɚ ɧɟɣɬɪɨɧɨɜ ɜ ɬɟɩɥɨɜɨɣ ɨɛɥɚɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɢ ɞɨɥɝɨɠɢɜɭɳɢɟ ɆȺ ɦɨɝɭɬ 
ɡɚɯɜɚɬɵɜɚɬɶ ɬɟɩɥɨɜɵɟ ɧɟɣɬɪɨɧɵ ɢ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ 239
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ɢɦɟɸɬ ɨɱɟɧɶ ɜɵɫɨɤɢɟ ɫɟɱɟɧɢɹ ɞɟɥɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɩɥɨɜɵɟ ɪɟɚɤɬɨɪɵ ɦɨɝɭɬ 
ɷɮɮɟɤɬɢɜɧɨ ɬɪɚɧɫɦɭɬɢɪɨɜɚɬɶ ɆȺ [3]. Ɋɟɚɤɬɨɪɵ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ ɢɦɟɸɬ ɜɵɫɨɤɢɣ 
ɩɨɬɨɤ ɧɟɣɬɪɨɧɨɜ, ɛɨɥɶɲɨɟ ɨɬɧɨɲɟɧɢɟ ɫɟɱɟɧɢɣ ɤ ɡɚɯɜɚɬɭ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ 
ɧɟɣɬɪɨɧɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɧɢ ɩɪɢɡɧɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɢɫɬɟɦ ɞɥɹ 
ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ [4]. Ɉɞɧɚɤɨ ɦɧɨɝɢɟ ɛɵɫɬɪɵɟ ɪɟɚɤɬɨɪɵ ɫɬɚɥɤɢɜɚɸɬɫɹ ɫɨ ɦɧɨɝɢɦɢ 
ɩɪɨɛɥɟɦɚɦɢ, ɜɤɥɸɱɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. 
ɇɚɩɪɢɦɟɪ, ɜ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɛɵɫɬɪɵɯ ɪɟɚɤɬɨɪɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɧɚɩɪɢɦɟɪ, NК, PЛ, PЛ-BТ ɢ ɬ.ɞ.) ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɩɪɨɛɥɟɦɭ ɢɡ-ɡɚ ɫɢɥɶɧɨɣ ɤɨɪɪɨɡɢɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɝɚɡɨɨɯɥɚɠɞɚɟɦɵɯ ɛɵɫɬɪɵɯ 
ɪɟɚɤɬɨɪɚɯ, ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɝɭɬ ɫɨɤɪɚɬɢɬɶ ɫɪɨɤ ɫɥɭɠɛɵ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɛɵɫɬɪɵɯ 
ɩɨɞɤɪɢɬɢɱɟɫɤɢɯ ɪɟɚɤɬɨɪɨɜ ɫɬɚɛɢɥɶɧɚɹ ɪɚɛɨɬɚ ɬɪɟɛɭɟɬ ɧɚɞɟɠɧɨɣ ɭɫɤɨɪɢɬɟɥɶɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ. 

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɧɚɩɪɚɜɥɟɧ ɧɚ ɬɨɩɥɢɜɧɵɣ ɰɢɤɥ TС/233U, ɩɨɫɤɨɥɶɤɭ TС 
ɩɨɪɨɠɞɚɟɬ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɌɊɍ [1]. ɀɢɞɤɨɫɨɥɟɜɨɣ ɪɟɚɤɬɨɪ (ɀɋɊ) ɩɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɧɨɝɨ ɰɢɤɥɚ TС/233U. Ɇɟɠɞɭɧɚɪɨɞɧɵɣ Ɏɨɪɭɦ ɪɟɚɤɬɨɪɨɜ 
«ɉɨɤɨɥɟɧɢɟ IV» (GОЧОЫКЭТШЧ IV IЧЭОЫЧКЭТШЧКХ FШЫЮЦ – GIF) ɜɵɛɪɚɥ ɀɋɊ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɢɡɭɱɟɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ [5]. ɀɋɊ ɢɦɟɟɬ ɦɧɨɝɨ ɩɪɟɢɦɭɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɰɟɥɹɦɢ GIF, ɬɚɤɢɦɢ ɤɚɤμ ɫɨɛɫɬɜɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɠɢɞɤɨɟ ɬɨɩɥɢɜɨ, 
ɧɟɩɪɟɪɵɜɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ, ɨɬɥɢɱɧɚɹ ɷɤɨɧɨɦɢɹ ɧɟɣɬɪɨɧɨɜ ɢ 
ɪɚɛɨɬɚ ɩɪɢ ɞɚɜɥɟɧɢɢ, ɛɥɢɡɤɨɦ ɤ ɨɤɪɭɠɚɸɳɟɦɭ, ɜ ɩɟɪɜɢɱɧɨɦ ɤɨɧɬɭɪɟ. ɍɧɢɤɚɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦ ɀɋɊ ɞɟɥɚɸɬ ɢɯ ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɰɟɥɟɣ 
ɬɪɚɧɫɦɭɬɚɰɢɢ. Ɉɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɀɋɊ ɹɜɥɹɟɬɫɹ ɠɢɞɤɨɟ ɬɨɩɥɢɜɨ, ɬɨ 
ɟɫɬɶ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɬɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɫɨɞɟɪɠɚɳɢɟ ɚɤɬɢɧɢɞɵ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɫɢɫɬɟɦɚɯ ɀɋɊ ɩɪɢɦɟɧɹɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɧɟɩɪɟɪɵɜɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɞɨɛɚɜɥɟɧɢɹ ɧɭɤɥɢɞɨɜ ɜ ɬɨɩɥɢɜɨ ɢ 
ɜɵɜɟɞɟɧɢɹ ɢɯ ɢɡ ɧɟɝɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɪɟɛɥɟɧɢɸ ɆȺ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɜɵɝɨɪɚɧɢɹ 
ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ. 

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɧɚɥɢɡɟ ɢ ɫɪɚɜɧɟɧɢɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɨɞɧɨɮɚɡɧɨɦ ɞɜɭɯɡɨɧɧɨɦ ɬɨɪɢɟɜɨɦ 
ɪɟɚɤɬɨɪɟ (Single-fluid Double-zone Thorium-based Molten Salt Reactor – SD-TMSR) ɢ 
ɦɚɥɨɦɨɳɧɨɦ ɠɢɞɤɨɫɨɥɟɜɨɦ ɪɟɚɤɬɨɪɟ ɫ ɛɵɫɬɪɵɦ ɫɩɟɤɬɪɨɦ (SЦКХХ MШХЭОЧ SКХЭ FКЬЭ 
Reactor – SMSFR). Ɇɵ ɢɡɭɱɚɟɦ ɢɡɦɟɧɟɧɢɟ Ʉɷɮɮ ɢ ɪɟɚɤɬɢɜɧɨɫɬɢ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɆȺ, ɫɞɜɢɝɨɦ ɫɩɟɤɬɪɚ ɧɟɣɬɪɨɧɨɜ, ɷɜɨɥɸɰɢɟɣ ɜɨ ɜɪɟɦɟɧɢ ɆȺ ɢ 
ɡɚɩɚɫɨɜ ɨɫɧɨɜɧɵɯ ɧɭɤɥɢɞɨɜ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɪɚɧɫɦɭɬɚɰɢɢ (ɄɌ).  

SD-TMSR ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɀɋɊ ɫ ɬɟɩɥɨɜɵɦ ɫɩɟɤɬɪɨɦ ɢ ɝɪɚɮɢɬɨɦ ɜ ɤɚɱɟɫɬɜɟ 
ɡɚɦɟɞɥɢɬɟɥɹ, ɪɚɛɨɬɚɸɳɢɣ ɜ ɬɨɩɥɢɜɧɨɦ ɰɢɤɥɟ TС/233

U. ɇɚɩɪɨɬɢɜ, SMSFR – ɷɬɨ ɀɋɊ 
ɛɵɫɬɪɨɝɨ ɫɩɟɤɬɪɚ ɛɟɡ ɡɚɦɟɞɥɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɤɨɧɮɢɝɭɪɚɰɢɸ ɚɤɬɢɜɧɨɣ ɡɨɧɵ, 
ɚɧɚɥɨɝɢɱɧɭɸ MSFR, ɧɨ ɫ ɦɟɧɶɲɢɦ ɨɛɴɟɦɨɦ ɚɤɬɢɜɧɨɣ ɡɨɧɵ. SMSFR ɬɚɤɠɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɨɫɧɨɜɟ ɬɨɩɥɢɜɧɵɣ ɰɢɤɥ TС/233

U. 

Ɇɵ ɢɫɩɨɥɶɡɭɟɦ SERPENT-2 [6] ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɪɚɫɱɟɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɷɬɨɣ ɫɬɚɬɶɟ. Ɇɵ ɩɪɢɦɟɧɹɟɦ ɩɪɨɰɟɞɭɪɭ ɜɵɝɨɪɚɧɢɹ ɀɋɊ, ɜɤɥɸɱɟɧɧɭɸ ɜ SERPENT-2, 

ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ. 



70 ȺɒɊȺɎ ɢ ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(37) 2020 

Ɉɩɢɫɚɧɢɟ ɦɨɞɟɥɟɣ SD-TMSR ɢ SMSFR 

Ƚɟɨɦɟɬɪɢɹ SD-TMSR ɢ ɫɨɫɬɚɜ ɬɨɩɥɢɜɚ 

ȼ 2018 ɝ. ɚɤɚɞɟɦɢɹ ɧɚɭɤ Ʉɢɬɚɹ ɩɪɟɞɫɬɚɜɢɥɚ ɩɪɨɟɤɬ SD-TMSR [7]. ɋɬɪɭɤɬɭɪɚ 
ɚɤɬɢɜɧɨɣ ɡɨɧɵ SD-TMSR ɨɫɧɨɜɚɧɚ ɧɚ ɠɢɞɤɨɫɨɥɟɜɨɦ ɪɟɚɤɬɨɪɟ-ɪɚɡɦɧɨɠɢɬɟɥɟ (MШХЭОЧ 
Salt Breeder Reactor – MSBR) [8] ɢ TMSR [9]. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɚ ɨɛɳɚɹ 
ɤɨɧɮɢɝɭɪɚɰɢɹ SD-TMSR.  

 

 
Ɋɢɫɭɧɨɤ 1 – ɦɨɞɟɥɶ SD-TMSR [SD-TMSR model] 

 

 

Ⱥɤɬɢɜɧɚɹ ɡɨɧɚ SD-TMSR ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɚɜɵɣ ɰɢɥɢɧɞɪ (ɫ ɞɢɚɦɟɬɪɨɦ ɢ 
ɜɵɫɨɬɨɣ, ɪɚɜɧɵɦ 460 ɫɦ), ɪɚɡɞɟɥɟɧɧɵɣ ɧɚ ɜɧɟɲɧɸɸ ɡɨɧɭ (522 ɬɨɩɥɢɜɧɵɯ ɬɪɭɛɤɢ) ɢ 
ɜɧɭɬɪɟɧɧɸɸ ɡɨɧɭ (486 ɬɨɩɥɢɜɧɵɯ ɬɪɭɛɨɤ) ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ. Ƚɪɚɮɢɬɨɜɵɟ ɲɟɫɬɢɭɝɨɥɶɧɵɟ ɩɪɢɡɦɵ ɫ ɞɥɢɧɨɣ ɫɬɨɪɨɧɵ 7,5 ɫɦ 
ɡɚɩɨɥɧɹɸɬ ɚɤɬɢɜɧɭɸ ɡɨɧɭ. ɀɢɞɤɨɟ ɬɨɩɥɢɜɨ ɧɟɩɪɟɪɵɜɧɨ ɰɢɪɤɭɥɢɪɭɟɬ ɱɟɪɟɡ ɬɨɩɥɢɜɧɵɟ 
ɤɚɧɚɥɵ, ɤɨɬɨɪɵɟ ɩɪɨɧɢɡɵɜɚɸɬ ɝɟɤɫɚɝɨɧɚɥɶɧɵɟ ɩɪɢɡɦɵ ɝɪɚɮɢɬɚ. Ʉɚɤ ɪɚɞɢɚɥɶɧɵɟ, ɬɚɤ ɢ 
ɨɫɟɜɵɟ ɨɬɪɚɠɚɬɟɥɢ ɨɤɪɭɠɚɸɬ ɚɤɬɢɜɧɭɸ ɡɨɧɭ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɭɬɟɱɤɭ ɧɟɣɬɪɨɧɨɜ. 
Ɍɨɥɳɢɧɚ ɪɚɞɢɚɥɶɧɨɝɨ ɨɬɪɚɠɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 50 ɫɦ, ɚ ɜɵɫɨɬɚ ɨɫɟɜɨɝɨ ɨɬɪɚɠɚɬɟɥɹ 
ɫɨɫɬɚɜɥɹɟɬ 130 ɫɦ. ɐɢɥɢɧɞɪ B4C ɬɨɥɳɢɧɨɣ 10 ɫɦ ɨɤɪɭɠɚɟɬ ɨɬɪɚɠɚɬɟɥɢ ɞɥɹ 
ɷɤɪɚɧɢɪɨɜɚɧɢɹ. ȼɧɟɲɧɢɣ ɫɨɫɭɞ SD-TMSR ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ 
ɬɨɥɳɢɧɨɣ 10 ɫɦ (HКЬЭОХХШв N), ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɹɬɫɹ ɝɪɚɮɢɬɨɜɵɟ ɷɥɟɦɟɧɬɵ, ɬɨɩɥɢɜɧɚɹ 
ɫɨɥɶ, ɨɬɪɚɠɚɬɟɥɶ, ɰɢɥɢɧɞɪ B4C ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ. Ɉɫɧɨɜɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ SD-TMSR ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
 

  

Ɍɚɛɥɢɰɚ 1 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ SD-TMSR [11] ɢ SMSFR [12] [Main characteristics of SD-TMSR and 

SMSFR] 

ɉɚɪɚɦɟɬɪɵ SD-TMSR SMSFR 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ (Ɇȼɬ) 2250 500 

ɋɨɫɬɚɜ ɬɨɩɥɢɜɚ (ɦɨɥɶ %) 70LiF-17,5BeF2−12,5HMF4 77,5LiF-22,5(HM)FN 

Ɉɛɨɝɚɳɟɧɢɟ 7Li (%) 99,995 99,995 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɚ (Ʉ) 900 1023 

ɉɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜɚ (ɝ/ɫɦ3
) 3,3 4,1 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɲɢɪɟɧɢɹ ɬɨɩɥɢɜɚ (ɝ/(ɫɦ3⋅Ʉ)) −6,7×10−4
 −8,82×10−4

 

ɉɥɨɬɧɨɫɬɶ ɝɪɚɮɢɬɚ (ɝ/ɫɦ3
) 2,3 2,3 

ɉɥɨɬɧɨɫɬɶ B4C (ɝ/ɫɦ3
) 2,54 2,54 

Ɉɛɨɝɚɳɟɧɢɟ 10
B (%) 18,4 18,4 

Ⱦɢɚɦɟɬɪ/ɜɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɡɨɧɵ (ɫɦ) 460/460 124/124 

Ⱦɥɢɧɚ ɫɬɨɪɨɧɵ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɝɪɚɮɢɬɨɜɨɣ ɫɛɨɪɤɢ (ɫɦ) 7,5  

ȼɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ (ɫɦ) 3,5  

ȼɧɟɲɧɢɣ ɪɚɞɢɭɫ (ɫɦ) 5  

ɋɨɨɬɧɨɲɟɧɢɟ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɫɨɥɢ ɢ ɝɪɚɮɢɬɚ ɜɨ 
ɜɧɭɬɪɟɧɧɟɣ ɩɨɞɡɨɧɟ 

0,357  

ɋɨɨɬɧɨɲɟɧɢɟ ɫɨɥɢ ɪɚɫɩɥɚɜɚ ɢ ɝɪɚɮɢɬɚ ɜɨ ɜɧɟɲɧɟɣ 
ɩɨɞɡɨɧɟ 

1,162  

Ɉɛɴɟɦ ɬɨɩɥɢɜɚ (ɦ3
) 52,9 3,0 



 ɀɂȾɄɈɋɈɅȿȼɕȿ ɊȿȺɄɌɈɊɕ ɋ ɌȿɉɅɈȼɕɆ ɂ ȻɕɋɌɊɕɆ ɋɉȿɄɌɊɈɆ 71 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(37) 2020 

ɋɨɫɬɚɜ ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ LТF-BeF2-(HM)FN (70-17,5-12,5 

ɦɨɥ.%), ɝɞɟ HM – ɬɹɠɟɥɵɣ ɦɟɬɚɥɥ (ɬ.ɟ. 232
Th, 

233U ɢ ɞɨɥɝɨɠɢɜɭɳɢɟ MA), ɢ N ɡɚɜɢɫɢɬ ɨɬ 
ɜɵɛɪɚɧɧɨɝɨ ɬɹɠɟɥɨɝɨ ɦɟɬɚɥɥɚ ɢ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɫɨɥɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ. 
ɋɨɫɬɚɜ ɞɨɥɝɨɠɢɜɭɳɢɯ ɆȺ ɜɡɹɬ ɢɡ ɫɨɫɬɚɜɚ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ (ɈəɌ) 
ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɪɟɚɤɬɨɪɚ ɫ ɜɨɞɨɣ ɩɨɞ ɞɚɜɥɟɧɢɟɦ (PЫОЬЬЮЫТгОН АКЭОЫ RОКМЭШЫ – PАR) ɫɨ 
ɫɪɟɞɧɢɦ ɜɵɝɨɪɚɧɢɟɦ ɪɚɡɪɹɞɚ 33 Ƚȼɬ-Мɭɬ./ɬU ɢ ɩɨɫɥɟ 3 ɥɟɬ ɨɯɥɚɠɞɟɧɢɹ. ȼɟɫɨɜɵɟ ɞɨɥɢ 
ɞɨɥɝɨɠɢɜɭɳɢɯ ɆȺ (ɦɚɫ.%) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2 [10]. Ɉɛɴɟɦ ɢ ɩɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜɧɨɣ 
ɫɨɥɢ ɫɨɫɬɚɜɥɹɸɬ 52,λ ɦ3

 ɢ 3,3 ɝ/ɫɦ3, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

Ɍɚɛɥɢɰɚ 2 – ȼɟɫɨɜɵɟ ɞɨɥɢ ɞɨɥɝɨɠɢɜɭɳɢɯ ɆȺ (ɦɚɫ.%) [Weight fractions of long-lived MA] 
237
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Am 
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Am 
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Cm 
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Cm 
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Cm 

56,2 26,4 12 0,03 5,11 0,26 

 

Ƚɟɨɦɟɬɪɢɹ SMSFR ɢ ɫɨɫɬɚɜ ɬɨɩɥɢɜɚ 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧɚ ɨɛɳɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ SMSFR. Ⱥɤɬɢɜɧɚɹ ɡɨɧɚ SMSFR 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɚɜɵɣ ɰɢɥɢɧɞɪ (ɞɢɚɦɟɬɪ ɢ ɜɵɫɨɬɚ ɤɨɬɨɪɨɝɨ ɪɚɜɟɧ 124 ɫɦ), 
ɡɚɩɨɥɧɟɧɧɵɣ ɬɨɩɥɢɜɧɨɣ ɫɨɥɶɸ.  

 

 
Ɋɢɫɭɧɨɤ 2 – Ɇɨɞɟɥɶ SMSFR ДSMSFR ЦШНОХЖ 

 

Ɋɚɞɢɚɥɶɧɵɣ ɛɥɚɧɤɟɬ ɬɨɥɳɢɧɨɣ 50 ɫɦ, ɡɚɩɨɥɧɟɧɧɵɣ 232TС, ɨɤɪɭɠɚɟɬ ɚɤɬɢɜɧɭɸ 
ɡɨɧɭ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ. Ɍɨɪɢɟɜɨɣ ɛɥɚɧɤɟɬ ɨɤɪɭɠɟɧ 
ɰɢɥɢɧɞɪɨɦ B4C ɬɨɥɳɢɧɨɣ 10 ɫɦ ɞɥɹ ɷɤɪɚɧɢɪɨɜɚɧɢɹ. Ɉɫɟɜɨɣ ɨɬɪɚɠɚɬɟɥɶ ɜɵɫɨɬɨɣ 60 ɫɦ 
ɨɤɪɭɠɚɟɬ ɚɤɬɢɜɧɭɸ ɡɨɧɭ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɭɬɟɱɤɭ ɧɟɣɬɪɨɧɨɜ. ɇɚɤɨɧɟɰ, ɫɨɫɭɞ 
ɬɨɥɳɢɧɨɣ 10 ɫɦ ɜɦɟɳɚɟɬ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ SMSFR. Ɉɬɪɚɠɚɬɟɥɶ ɢ ɫɨɫɭɞ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ 
Hastelloy N. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ SMSFR ɨɛɨɛɳɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɋɨɫɬɚɜ 
ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ LТF-(HM)FN (77,5-22,5% ɦɨɥ.). HM – ɷɬɨ 232

Th, 
233U ɢ ɞɨɥɝɨɠɢɜɭɳɢɟ 

MA. ȼɟɫɨɜɵɟ ɞɨɥɢ ɞɨɥɝɨɠɢɜɭɳɢɯ ɆȺ (ɦɚɫ.%) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. Ɉɛɴɟɦ ɢ 
ɩɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ ɫɨɫɬɚɜɥɹɸɬ 3 ɦ3

 ɢ 4,1 ɝ/ɫɦ3
 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɢɧɫɬɪɭɦɟɧɬɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ SERPENT-2 ɦɨɞɟɥɢɪɭɟɬ 3D-ɦɨɞɟɥɶ ɪɟɚɤɬɨɪa SD-TMSR ɢ SMSFR 
ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɚɱɚɥɶɧɵɦɢ ɦɚɫɫɨɜɵɦɢ ɧɚɝɪɭɡɤɚɦɢ. Ⱦɥɹ ɜɫɟɯ ɪɚɫɱɟɬɨɜ ɜ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɢɛɥɢɨɬɟɤɭ ɫɟɱɟɧɢɣ ENDF/B-VII. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɛɨɬɟ ɪɟɚɤɬɨɪɚ ɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 25000 ɧɟɣɬɪɨɧɨɜ 
ɡɚ ɰɢɤɥ, 50 ɧɟɚɤɬɢɜɧɵɯ ɢ 500 ɚɤɬɢɜɧɵɯ ɰɢɤɥɨɜ (ɬ.ɟ. 12.5×106

 ɚɤɬɢɜɧɵɯ ɧɟɣɬɪɨɧɧɵɯ 
ɬɪɚɟɤɬɨɪɢɣ ɡɚ ɰɢɤɥ). Ʉɚɠɞɵɣ ɲɚɝ ɩɪɨɩɭɫɤɚɥ 50 ɧɟɚɤɬɢɜɧɵɯ ɰɢɤɥɨɜ ɩɟɪɟɞ ɧɚɱɚɥɨɦ 
ɚɤɬɢɜɧɵɯ ɩɨɞɫɱɟɬɨɜ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɫɯɨɞɢɦɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɞɟɥɟɧɢɹ. 
ɋɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɪɟɧɚ ɩɨ ɷɧɬɪɨɩɢɢ ɢɫɬɨɱɧɢɤɚ ɞɟɥɟɧɢɹ. ȼɪɟɦɹ ɩɨɥɧɨɝɨ ɜɵɝɨɪɚɧɢɹ  
SD-TMSR ɢ SMSFR ɫɨɫɬɚɜɥɹɥɨ 40 ɥɟɬ ɫɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɜ  
Ʉɷɮɮ ± 36 ЩМЦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɚɧɚɥɢɡɢɪɭɟɦ ɤɨɧɟɱɧɭɸ ɨɛɥɚɫɬɶ. ɉɪɨɰɟɞɭɪɚ 
ɜɵɝɨɪɚɧɢɹ MSR, ɩɪɟɞɨɫɬɚɜɥɟɧɧɚɹ ɤɨɞɨɦ SERPENT-2, ɦɨɞɟɥɢɪɭɟɬ ɧɟɩɪɟɪɵɜɧɭɸ 
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ɩɟɪɟɪɚɛɨɬɤɭ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ. ɉɪɨɰɟɞɭɪɚ MSR ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɜ ɧɚɲɢɯ 
ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬɚɯ [11, 13]. ɇɚ ɷɬɚɩɟ ɜɵɝɨɪɚɧɢɹ ɚɤɬɢɜɧɚɹ ɡɨɧɚ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ 
ɤɪɢɬɢɱɟɫɤɢɦ (Ʉɷɮɮ ≈ 1,003), ɚ ɨɛɳɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ ɜ ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɢ ɜ ɛɥɚɧɤɟɬɟ ɛɵɥɚ 
ɩɨɱɬɢ ɩɨɫɬɨɹɧɧɨɣ (dm = 0,1%). Ⱦɪɟɣɮ ɡɚɩɚɡɞɵɜɚɸɳɢɯ ɧɟɣɬɪɨɧɨɜ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. 

Ɋɢɫɭɧɨɤ 3 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɛɥɨɤ-ɫɯɟɦɭ ɷɬɚɩɨɜ ɪɚɫɱɟɬɚ. Ʉɨɞ SERPENT ɪɟɲɚɟɬ 
ɭɪɚɜɧɟɧɢɟ Ȼɟɣɬɦɟɧɚ ɫ ɩɨɦɨɳɶɸ ɪɚɫɲɢɪɟɧɧɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ 
ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɑɟɛɵɲɟɜɚ. Ɂɚɬɟɦ ɫɢɫɬɟɦɚ 
ɢɡɜɥɟɤɚɟɬ ɝɚɡɨɨɛɪɚɡɧɵɟ ɩɪɨɞɭɤɬɵ ɞɟɥɟɧɢɹ (ɉȾ) ɢ ɧɟɪɚɫɬɜɨɪɟɧɧɵɟ ɦɟɬɚɥɥɵ ɜ ɬɟɱɟɧɢɟ 
30 ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɛɚɪɛɨɬɢɪɨɜɚɧɢɹ ɝɚɡɚ. Ⱦɪɭɝɢɟ ɉȾ (ɥɚɧɬɚɧɨɢɞɵ ɢ ɪɚɫɬɜɨɪɢɦɵɟ 
ɦɟɬɚɥɥɵ) ɢ PК ɭɞɚɥɹɸɬɫɹ ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɤɨɪɨɫɬɶɸ 
ɭɞɚɥɟɧɢɹ. 
 

 
Ɋɢɫɭɧɨɤ 3 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɰɟɞɭɪ ɪɚɫɱɟɬɚ [Flow chart of calculation procedures] 

 

ɂɡɜɥɟɱɟɧɢɟ ɉȾ ɦɨɠɟɬ ɛɵɬɶ ɫɦɨɞɟɥɢɪɨɜɚɧɨ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ 
ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɜ ɉȾ-ɛɚɤ. PК ɢɡɜɥɟɤɚɟɬɫɹ ɢɡ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɫ 
ɩɨɞɯɨɞɹɳɟɣ ɫɤɨɪɨɫɬɶɸ ɩɨɬɨɤɚ ɜ Pa-ɛɚɤ ɞɥɹ ɪɚɫɩɚɞɚ (�1/2= 27 ɫɭɬ.) ɢ ɩɨɥɭɱɟɧɢɹ 233

U. 
233U ɩɟɪɟɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɚɤɬɢɜɧɭɸ ɡɨɧɭ ɜ ɤɚɱɟɫɬɜɟ ɫɜɟɠɟɝɨ ɞɟɥɹɳɟɝɨɫɹ ɦɚɬɟɪɢɚɥɚ, ɚ 
ɨɫɬɚɥɶɧɨɟ ɫɨɫɬɚɜɥɹɟɬ ɱɢɫɬɚɹ ɜɵɪɚɛɨɬɤɚ 233

U. ɉɟɪɟɝɪɭɡɤɚ 232TС ɢɡ ɜɧɟɲɧɟɝɨ ɡɚɩɚɫɚ ɢ 
233U ɢɡ Pa-ɛɚɤɚ ɩɨɞɞɟɪɠɢɜɚɟɬ ɤɪɢɬɢɱɧɨɫɬɶ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɜɨ ɜɪɟɦɹ ɜɵɝɨɪɚɧɢɹ. 

ɉɭɫɬɶ ɀɋɊ ɢɡɜɥɟɤɚɟɬ     ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɤɪɟɬɧɨɝɨ ɷɥɟɦɟɧɬɚ   ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ 
НЭ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ [9], ɮɨɪɦɭɥɚ (1): 

                    (1) 

 

ɝɞɟ,    – ɷɬɨ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜɫɹ ɫɨɥɶ ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɨɜɬɨɪɧɨɣ ɩɟɪɟɪɚɛɨɬɤɟν             – ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ.  
ɂɧɬɟɝɪɢɪɭɹ ɭɪɚɜɧɟɧɢɟ 1, ɩɨɥɭɱɢɦ ɧɨɜɵɣ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ 

ɤɨɧɫɬɚɧɬɨɣ ɭɞɚɥɟɧɢɹ        . Ⱦɥɹ ɩɪɨɫɬɨɬɵ, ɛɭɞɟɦ ɫɱɢɬɚɬɶ    ɪɚɜɧɵɦ 100%, ɩɨɷɬɨɦɭ     ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ   . ɉɚɪɚɦɟɬɪɵ ɩɟɪɟɪɚɛɨɬɤɢ ɞɥɹ SD-TMSR ɢ SMSFR 
ɬɨɱɧɨ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɛɨɛɳɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. Ⱦɥɹ SD-TMSR ɦɵ ɩɪɢɧɹɥɢ 10,5λ ɫɭɬ. 
 (   = = -1.09x10

-6
 ɫ-1) ɜ ɤɚɱɟɫɬɜɟ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɪɚɫɬɜɨɪɢɦɵɯ ɉȾ ɢ PК [9]. 

Ɉɞɧɚɤɨ ɞɥɹ SMSFR ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɪɚɜɧɵɦ 180 ɫɭɬ.  
(   = -6.43x10

-8
 ɫ-1

) [12]. 
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Ɍɚɛɥɢɰɚ 3 – Ɍɚɛɥɢɰɚ ɨɛɪɚɛɨɬɤɢ ɞɥɹ SD-TMSR ɢ SMSFR [Processing table for SD-TMSR and SMSFR] 

ɉɟɪɟɪɚɛɚɬɵɜɚɸɳɚɹ 
ɝɪɭɩɩɚ 

ɗɥɟɦɟɧɬɵ 
ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 

ɤɨɧɫɬɚɧɬɚ ɭɞɚɥɟɧɢɹ 

λr [s
-1

] 

SD-TMSR SMSFR SD-TMSR SMSFR 

ɉȾ ɢ ɧɟɪɚɫɬɜɨɪɟɧɧɵɟ 
ɦɟɬɚɥɥɵ 

H, He, N, O, Ne, Ar, Kr, Nb, Mo, Tc, 

Ru, Rh, Pd, Ag, Sb, Te, Xe, Lu, Hf, 

Ta, W, Re, Os, Ir, Pt, Au, and Rn. 

30 ɫ 30 ɫ -3.33E-02 -3.33E-02 

ɂɡɜɥɟɱɟɧɢɟ 
ɥɚɧɬɚɧɨɢɞɨɜ ɢ ɞɪɭɝɢɯ 

ɪɚɫɬɜɨɪɢɦɵɯ ɉȾ  
ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɣ 

ɩɟɪɟɪɚɛɨɬɤɢ 

Zn, Ga, Ge, As, Se, Br, Rb, 

Sr, Y, Zr, Cd, In, Sn, I, Cs, 

Ba, La, Ce, Pr, Nd, Pm, 

Sm, Eu, Gd, Tb, Dy, Ho, 

Er, Tm, and Yb. 

10.5λ ɫɭɬ. 180 ɫɭɬ. -1.09E-06 -6.43E-08 

ɂɡɜɥɟɱɟɧɢɟ PК ɩɭɬɟɦ 
ɯɢɦɢɱɟɫɤɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ 

Pa 10.5λ ɫɭɬ. 180 ɫɭɬ. -1.09E-06 -6.43E-08 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɜɵɜɨɞɵ 

ɇɚɝɪɭɡɤɚ ɆȺ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɬɹɠɟɥɨɝɨ ɦɟɬɚɥɥɚ (HM) ɜ ɢɫɯɨɞɧɨɣ ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ ɫɨɫɬɚɜɥɹɟɬ 12,5 
ɢ 22,5 ɦɨɥ.% ɞɥɹ SD-TMSR ɢ SMSFR ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɦ. ɬɚɛɥ. 1). HM ɫɨɫɬɨɢɬ ɢɡ 232

Th, 
233U ɢ ɞɨɥɝɨɠɢɜɭɳɢɯ MA. Ʉɨɧɰɟɧɬɪɚɰɢɹ 233U ɜ ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 
ɩɨɫɬɨɹɧɧɨɣ ɢ ɪɚɜɧɨɣ 0,6 ɢ 5,2 ɦɨɥ.% ɞɥɹ SD-TMSR ɢ SMSFR ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨɛɵ 
ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɢɡɛɵɬɨɱɧɭɸ ɪɟɚɤɬɢɜɧɨɫɬɶ ɩɪɢ ɡɚɝɪɭɡɤɟ ɆȺ = 0 ɬ 
(ɛɟɡ ɡɚɝɪɭɡɨɤ ɆȺ). Ɂɚɬɟɦ ɡɚɝɪɭɡɤɚ ɆȺ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 0 ɞɨ 5,82 ɬ ɡɚ ɫɱɟɬ ɢɧɜɟɧɬɚɪɹ 
232

Th. Ɋɢɫɭɧɨɤ 4 ɢɥɥɸɫɬɪɢɪɭɟɬ ɢɡɦɟɧɟɧɢɟ Ʉɷɮɮ ɫ ɧɚɝɪɭɡɤɚɦɢ ɆȺ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 233

U.  

 

 

Ɋɢɫɭɧɨɤ 4 – ɂɡɦɟɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɫ ɧɚɝɪɭɡɤɚɦɢ ɆȺ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 233U ɞɥɹ SD-TMSR ɢ SMSFR (ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ Ʉɷɮɮ ≈ 36 ЩМЦ), 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɟɡ ɜɵɝɨɪɚɧɢɹ ДCСКЧРО ТЧ ОППОМЭТЯО ЦЮХЭТЩХТМКЭТШЧ ПКМЭШЫ аТЭС MA ХШКНЬ КЭ К ПТбОН 
concentration of 

233
U for SD-TMSR КЧН SMSFR (ЬЭКЭТЬЭТМКХ ОЫЫШЫ ТЧ KОПП ≈ 36 pcm), simulation without 

burnout] 

 

Ⱦɥɹ SD-TMSR Ʉɷɮɮ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɝɪɭɡɨɤ MA ɢ ɞɨɫɬɢɝɚɟɬ ≈ 0,6λ 
ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ MA (ɬɨ ɟɫɬɶ 5,82 ɬ). Ɉɞɧɚɤɨ, ɞɥɹ SMSFR Ʉɷɮɮ ɭɦɟɧɶɲɚɟɬɫɹ 
ɞɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɡɚɝɪɭɡɤɟ MA 3,15 ɬ, ɡɚɬɟɦ ɫɧɨɜɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ 
ɞɨɫɬɢɝɚɟɬ 1,1 ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ MA. Ⱦɨɥɝɨɠɢɜɭɳɢɟ ɆȺ ɢɦɟɸɬ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɩɨɝɥɨɬɢɬɟɥɟɣ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ, ɩɨɷɬɨɦɭ Ʉɷɮɮ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɨɤ ɆȺ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɜɟɥɢɱɟɧɢɟ ɡɚɝɪɭɡɤɢ ɆȺ ɩɪɢɜɨɞɢɬ ɤ ɠɟɫɬɤɨɫɬɢ 
ɧɟɣɬɪɨɧɧɨɝɨ ɫɩɟɤɬɪɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 5 ɢ 6. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɵɲɟɧɢɟ 
ɡɚɝɪɭɡɤɢ ɆȺ ɭɦɟɧɶɲɚɟɬ ɫɪɟɞɧɟɟ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 233U, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
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ɭɦɟɧɶɲɟɧɢɸ Ʉɷɮɮ, ɤɚɤ ɷɬɨ ɜɢɞɧɨ ɞɥɹ SD-TMSR ɢ SMSFR (ɫɦ. ɪɢɫ. 4). Ʉɪɨɦɟ ɬɨɝɨ, 
ɠɟɫɬɤɨɫɬɶ ɧɟɣɬɪɨɧɧɨɝɨ ɫɩɟɤɬɪɚ (ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɡɚɝɪɭɡɤɢ ɆȺ) ɭɜɟɥɢɱɢɜɚɟɬ 
ɫɪɟɞɧɟɟ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɞɟɥɟɧɢɹ ɫɚɦɢɯ ɆȺ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
Ʉɷɮɮ. Ⱦɥɹ SMSFR ɷɬɨɬ ɷɮɮɟɤɬ ɫɬɚɧɨɜɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɪɢ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ ɆȺ. 
ɍɜɟɥɢɱɟɧɢɟ Ʉɷɮɮ ɨɬ MAЬ ɩɪɟɜɵɲɚɟɬ ɭɦɟɧɶɲɟɧɢɟ Ʉɷɮɮ ɨɬ 233U, ɢ Ʉɷɮɮ ɫɧɨɜɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ MA (3,15 ɬ, ɫɦ. ɪɢɫ. 4). ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ 
ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ [12] ɞɥɹ ɚɧɚɥɨɝɢɱɧɨɝɨ SMSFR ɢ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ SCALE ɢ MCNP. ɇɚ ɪɢɫɭɧɤɚɯ 5 ɢ 6 ɩɨɤɚɡɚɧ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɣ 
ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɞɥɹ SD-TMSR ɢ SMSFR ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɆȺ (ɨɬ 0 
ɞɨ 5,82 ɬ). ɍɜɟɥɢɱɟɧɢɟ ɆȺ ɧɚɝɪɭɡɨɤ ɭɠɟɫɬɨɱɚɟɬ ɧɟɣɬɪɨɧɧɵɣ ɫɩɟɤɬɪ ɜ ɨɛɨɢɯ ɪɟɚɤɬɨɪɚɯ. 
Ⱦɥɹ SD-TMSR (ɪɢɫ. 5) ɠɟɫɬɤɨɫɬɶ ɧɟɣɬɪɨɧɧɨɝɨ ɫɩɟɤɬɪɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɭɜɟɥɢɱɟɧɢɹ ɢɧɜɟɧɬɚɪɧɨɣ ɡɚɝɪɭɡɤɢ ɆȺ, ɨɛɭɫɥɨɜɥɟɧɚ ɛɨɥɟɟ ɛɥɢɡɤɨɣ ɷɧɟɪɝɢɟɣ 
ɩɨɝɥɨɳɟɧɢɹ ɪɟɡɨɧɚɧɫɧɨɝɨ ɡɚɯɜɚɬɚ ɆȺ ɤ ɩɢɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 232

Th, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɝɥɨɳɟɧɢɸ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ. Ⱦɥɹ SMSFR 
(ɪɢɫ. 6) ɭɜɟɥɢɱɟɧɢɟ ɧɚɝɪɭɡɤɢ ɆȺ ɩɪɢɜɨɞɢɬ ɤ ɩɨɝɥɨɳɟɧɢɸ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɧɟɣɬɪɨɧɨɜ ɜ ɨɛɥɚɫɬɢ ɪɟɡɨɧɚɧɫɧɨɝɨ ɡɚɯɜɚɬɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɣɬɪɨɧɧɵɣ ɫɩɟɤɬɪ 
ɭɠɟɫɬɨɱɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɆȺ ɧɚɝɪɭɡɨɤ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6. 
 

 
Ɋɢɫɭɧɨɤ 5 – ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɝɪɭɡɤɚɯ ɆȺ ɞɥɹ SD-TMSR 

(ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɟɡ ɜɵɝɨɪɚɧɢɹ) ДEnergy spectrum of neutron flux at various MA loads for SD-TMSR (non-

burnup simulation)] 
 

 

 
Ɋɢɫɭɧɨɤ 6 – ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɝɪɭɡɤɚɯ ɆȺ ɞɥɹ SMSFR 

(ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɟɡ ɜɵɝɨɪɚɧɢɹ) ДEnergy spectrum of neutron flux at various MA loads for SMSFR (simulated 

without burnup)] 
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ɇɚɱɚɥɶɧɵɣ ɡɚɩɚɫ 233U, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɤɪɢɬɢɱɧɨɫɬɢ (Ʉɷɮɮ ≈ 1.003) ɤɚɤ ɮɭɧɤɰɢɹ 
ɧɚɝɪɭɡɨɤ MA ɞɥɹ SD-TMSR ɢ SMSFR, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 7. Ⱦɥɹ SD-TMSR 

ɧɚɱɚɥɶɧɵɣ ɡɚɩɚɫ 233U ɜɨɡɪɚɫɬɚɟɬ ɥɢɧɟɣɧɨ ɫ ɧɚɝɪɭɡɤɚɦɢ ɆȺ ɢ ɞɨɫɬɢɝɚɟɬ ɨɤɨɥɨ 7,7λ ɬ ɞɥɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɆȺ. Ɉɞɧɚɤɨ, ɞɥɹ SMSFR ɧɚɱɚɥɶɧɵɣ ɡɚɩɚɫ 233U ɜɨɡɪɚɫɬɚɟɬ ɞɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɡɚɝɪɭɡɤɟ MA = 3,15 ɬ, ɡɚɬɟɦ ɨɧ ɫɧɨɜɚ ɭɦɟɧɶɲɚɟɬɫɹ ɢ 
ɞɨɫɬɢɝɚɟɬ ɨɤɨɥɨ 1,38 ɬ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɢ ɆȺ. ɇɚɱɚɥɶɧɵɣ ɡɚɩɚɫ 233

U, 

ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɤɪɢɬɢɱɧɨɫɬɢ, ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɢɡɦɟɧɟɧɢɟɦ Ʉɷɮɮ, ɡɚɩɢɫɚɧɧɵɦ ɧɚ 
ɪɢɫɭɧɤɟ 4.  
 

 
Ɋɢɫɭɧɨɤ 7 – ɇɚɱɚɥɶɧɵɣ ɢɧɜɟɧɬɚɪɶ 233U, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɤɪɢɬɢɱɧɨɫɬɢ (Ʉɷɮɮ ≈ 1.003), ɤɚɤ ɮɭɧɤɰɢɹ 

ɧɚɝɪɭɡɨɤ MA ɞɥɹ SD-TMSR ɢ SMSFR (ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɟɡ ɜɵɝɨɪɚɧɢɹ) ДInitial inventory of 
233

U required for 

criticality (Keff ≈ 1.003) as a function of MA loads for SD-TMSR and SMSFR (simulation without burnup)] 

 

ɇɚ ɪɢɫɭɧɤɟ 8 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ Ʉɷɮɮ ɜɨ ɜɪɟɦɹ ɜɵɝɨɪɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɧɚɝɪɭɡɤɚɯ MA ɞɥɹ SD-TMSR ɢ SMSFR ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
Ɋɢɫɭɧɨɤ 8 – ɂɡɦɟɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɜɨ ɜɪɟɦɹ ɜɵɝɨɪɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɧɚɝɪɭɡɤɚɯ MA ɞɥɹ SD-TMSR ɢ SMSFR (ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ Ʉɷɮɮ ≈ 36 ЩМЦ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɛɟɡɧɟɩɪɟɪɵɜɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ) ДChange in effective multiplication factor during 

burnup under different MA loads for SD-TMSR and SMSFR (statistical error in Keff ≈ 36 pcm, simulation 

without online processing and refueling)] 

 

Ʉɷɮɮ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɝɨɪɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɟɥɹɳɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɞɨɜɢɬɵɯ ɩɪɨɞɭɤɬɨɜ ɞɟɥɟɧɢɹ (ɧɟɩɪɟɪɵɜɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɧɟ 
ɩɪɢɦɟɧɹɸɬɫɹ). Ʉɨɥɢɱɟɫɬɜɨ 233U, ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɢɡ 232TС ɜ SD-TMSR ɢ SMSFR, 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɤɪɢɬɢɱɧɨɫɬɢ ɢ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ ɩɚɪɚɡɢɬɧɨɦɭ 
ɩɨɝɥɨɳɟɧɢɸ ɧɟɣɬɪɨɧɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɚ ɪɟɚɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɵɫɬɪɨ ɫɬɚɧɨɜɹɬɫɹ 
ɩɨɞɤɪɢɬɢɱɟɫɤɢɦɢ ɞɥɹ ɪɚɡɧɵɯ ɧɚɝɪɭɡɨɤ ɆȺ. ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ ɆȺ  
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(ɆȺ = 5,82 ɬ) ɨɛɚ ɪɟɚɤɬɨɪɚ ɫɬɚɧɨɜɹɬɫɹ ɩɨɞɤɪɢɬɢɱɟɫɤɢɦɢ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɩɨɡɞɧɟɦ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ, ɱɟɦ ɩɪɢ ɞɪɭɝɢɯ ɧɚɝɪɭɡɤɚɯ ɆȺ, ɩɨɫɤɨɥɶɤɭ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ 
ɩɪɢ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ ɆȺ ɭɠɟɫɬɨɱɚɟɬν ɛɨɥɶɲɟ 232TС ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ 233U. Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ MA ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɪɟɚɤɬɢɜɧɨɫɬɶ ɨɬ ɞɟɥɹɳɢɯɫɹ 
MA (ɧɚɩɪɢɦɟɪ, 239

Pu, 
238

Np, 
242AЦ ɢ 244

AЦ) ɫɧɢɠɚɟɬ ɧɚɱɚɥɶɧɵɟ ɩɨɬɟɪɢ ɪɟɚɤɬɢɜɧɨɫɬɢ 
(ɢɡ-ɡɚ ɜɵɝɨɪɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɟɥɹɳɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɧɚɝɪɭɡɤɢ ɆȺ ɩɨɞɞɟɪɠɢɜɚɸɬ ɭɝɥɭɛɥɟɧɢɟ ɜɵɝɨɪɚɧɢɹ ɢ ɭɥɭɱɲɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ 
ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 8. 

Ɍɪɚɧɫɦɭɬɚɰɢɹ ɆȺ 

ɉɪɢ ɡɚɝɪɭɡɤɟ ɆȺ = 5,82 ɬ (ɫɦ. ɪɢɫ. 8), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɟ 
ɜɪɟɦɹ ɪɚɛɨɬɵ ɤɚɤ ɞɥɹ SD-TMSR, ɬɚɤ ɢ ɞɥɹ SMSFR. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɧɚɱɚɥɶɧɚɹ ɢɡɛɵɬɨɱɧɚɹ ɪɟɚɤɬɢɜɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɤɨɦɩɟɧɫɢɪɨɜɚɧɚ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɩɪɟɪɵɜɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ. Ʉɚɤ 
ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ, ɬɚɤ ɢ ɧɢɡɤɚɹ ɧɚɱɚɥɶɧɚɹ ɢɡɛɵɬɨɱɧɚɹ ɪɟɚɤɬɢɜɧɨɫɬɶ 
ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɭɝɥɭɛɥɟɧɢɹ ɜɵɝɨɪɚɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɀɋɊ.  

Ⱦɨɥɝɨɠɢɜɭɳɢɟ ɆȺ ɦɨɝɭɬ ɛɵɬɶ ɬɪɚɧɫɦɭɬɢɪɨɜɚɧɵ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɜ 
ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɪɟɚɤɬɨɪɚ. ɉɟɪɜɵɣ ɫɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɝɥɨɳɟɧɢɢ ɧɟɣɬɪɨɧɨɜ, ɚ ɡɚɬɟɦ 
ɜ ɩɪɨɰɟɫɫɟ ɞɟɥɟɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɪɨɬɤɨɠɢɜɭɳɢɯ ɉȾ ɢɥɢ ɫɬɚɛɢɥɶɧɵɯ ɧɭɤɥɢɞɨɜ. 
ȼɬɨɪɨɣ ɫɩɨɫɨɛ – ɡɚɯɜɚɬ ɧɟɣɬɪɨɧɨɜ ɢ ɩɪɟɜɪɚɳɟɧɢɟ ɢɯ ɜ ɧɨɜɵɟ ɜɵɫɨɤɨɪɚɞɢɨɚɤɬɢɜɧɵɟ 
ɢɡɨɬɨɩɵ ɌɊɍ. ɐɟɥɶ ɬɪɚɧɫɦɭɬɚɰɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɞɨɥɝɨɠɢɜɭɳɢɟ 
ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɆȺ ɫɬɚɧɨɜɹɬɫɹ ɫɬɚɛɢɥɶɧɵɦɢ ɧɭɤɥɢɞɚɦɢ, ɤɨɪɨɬɤɨɠɢɜɭɳɢɦɢ ɉȾ ɢɥɢ 
ɩɨɥɟɡɧɵɦɢ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɢɡɨɬɨɩɚɦɢ (ɬ.ɟ. ɢɦɟɸɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ). ɐɟɥɶɸ 
ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɢ ɫɪɚɜɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɪɚɧɫɦɭɬɚɰɢɢ ɤɚɤ ɜ SD-TMSFR, ɬɚɤ ɢ ɜ SMSFR. ȼ ɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚɲɢ ɪɚɫɱɟɬɵ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɥɧɵɣ ɧɟɣɬɪɨɧɧɵɣ ɩɨɬɨɤ ɜ SD-TMSR ɢ SMSFR ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 
4,1x10

14
 ɢ 1,8x10

15
 ɧ/ɫɦ2ɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɨɡɦɨɠɧɨɫɬɢ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ ɦɵ ɩɪɢɧɹɥɢ ɞɜɚ ɫɥɭɱɚɹμ ɆȺ = 0 ɬ ɢ 
ɆȺ = 5,82 ɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɚɦ ɆȺ. ȼɨ ɜɪɟɦɹ 
ɜɵɝɨɪɚɧɢɹ ɦɵ ɩɪɢɦɟɧɢɥɢ ɧɟɩɪɟɪɵɜɧɭɸ-ɫɯɟɦɭ ɩɟɪɟɪɚɛɨɬɤɢ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ, 
ɨɩɢɫɚɧɧɭɸ ɜ ɪɚɡɞɟɥɟ ɦɟɬɨɞɨɥɨɝɢɢ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. Ɇɵ ɧɟɩɪɟɪɵɜɧɨ ɢɡɜɥɟɤɚɥɢ 233PК ɢ 
ɭɞɚɥɹɥɢ ɉȾ ɢɡ ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ ɢ ɞɨɛɚɜɥɹɥɢ 232TС ɢ 233

U. 

ɇɚ ɪɢɫɭɧɤɚɯ λ ɢ 10 ɩɨɤɚɡɚɧɚ ɷɜɨɥɸɰɢɹ ɡɚɩɚɫɨɜ ɜɚɠɧɵɯ ɧɭɤɥɢɞɨɜ ɩɪɢ ɧɚɝɪɭɡɤɟ  
Ɇɚ = 0 ɬ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɧɚɝɪɭɡɤɟ Ɇɚ = 5,82 ɬ (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɞɥɹ SD-TMSR ɢ 
SMSFR ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ λ – ɗɜɨɥɸɰɢɹ ɜɚɠɧɵɯ ɧɭɤɥɢɞɨɜ ɢ ɡɚɩɚɫɨɜ ɆȺ ɩɪɢ MA = 0 ɬ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ MA = 5,82 ɬ 

(ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɞɥɹ SD-TMSR ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɩɟɪɟɪɚɛɨɬɤɟ (10,5λ ɫɭɬ.) (MA ɜɤɥɸɱɚɟɬ Np, Am, Cm) 

[Evolution of important nuclides and MA stocks at MA = 0 t (solid line) and MA = 5.82 t (dashed line) for SD-

TMSR during online processing (10.59 days) (MA includes Np, Am, Cm)] 
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Ɋɢɫɭɧɨɤ 10 – ɗɜɨɥɸɰɢɹ ɜɚɠɧɵɯ ɧɭɤɥɢɞɨɜ ɢ ɡɚɩɚɫɨɜ ɆȺ ɩɪɢ MA = 0 ɬ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ MA = 5,82 ɬ 
(ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɞɥɹ SMSFR ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɩɟɪɟɪɚɛɨɬɤɟ (180 ɫɭɬ.) (MA ɜɤɥɸɱɚɟɬ Np, Am, Cm)  

[Evolution of important nuclides and MA stocks at MA = 0 t (solid line) and MA = 5.82 t (dashed line) for 

SMSFR during online processing (180 days) (MA includes Np, Am, Cm)] 

 

Ⱦɥɹ SD-TMSR ɩɪɢ MA = 0 ɬ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɦɚɫɫɚ ɩɪɨɬɚɤɬɢɧɢɹ ɜ ɬɨɩɥɢɜɧɨɣ 
ɫɨɥɢ ɭɦɟɧɶɲɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ ɞɨɫɬɢɝɚɟɬ 18,3 ɤɝ ɜ ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. Ʉɪɨɦɟ 
ɬɨɝɨ, TС ɢ U ɨɛɪɚɡɭɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ MA (NЩ, AЦ ɢ CЦ) ɢ PЮ ɜɨ 
ɜɪɟɦɹ ɜɵɝɨɪɚɧɢɹ. Ɇɚɫɫɚ ɆȺ ɢ PЮ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɜɵɝɨɪɚɧɢɹ. ɍɪɨɜɟɧɶ PЮ ɜ 
ɬɨɩɥɢɜɧɨɣ ɫɨɥɢ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɦɚɫɫɨɣ ɆȺν ɨɞɧɚɤɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɆȺ 
ɩɨɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɱɟɦ ɞɥɹ PЮ. Ɂɚɩɚɫ U ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɢ 
ɞɨɫɬɢɝɚɟɬ ɪɚɜɧɨɜɟɫɢɹ ɱɟɪɟɡ ≈ 20 ɥɟɬ. ɇɚ ɪɢɫɭɧɤɟ λ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɟɪɟɝɪɭɡɤɚ ɚɤɬɢɜɧɨɣ 
ɡɨɧɵ TС ɩɨɦɨɝɚɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɱɬɢ ɩɨɫɬɨɹɧɧɵɣ ɡɚɩɚɫ ɬɹɠɟɥɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɪɢ ɡɚɝɪɭɡɤɟ ɆȺ = 5,82 ɬ (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) 
ɡɚɩɚɫɵ Th ɢ Pa ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ. Ɂɚɩɚɫɵ Th ɢ Pa 

ɞɨɫɬɢɝɚɸɬ ɨɤɨɥɨ 67,λ ɬ ɢ 15,λ ɤɝ ɜ ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. Ɇɚɫɫɚ Pu ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 
ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 15 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɢɡ-ɡɚ ɡɚɯɜɚɬɚ ɧɟɣɬɪɨɧɨɜ ɜ Np ɢ Am), ɚ ɡɚɬɟɦ 
ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 1 ɬ ɜ ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. Ɉɤɨɥɨ 50% 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡɨɬɨɩɨɜ Pu ɜ ɬɨɩɥɢɜɟ ɩɨɬɪɟɛɥɹɟɬɫɹ ɡɚ ɩɨɫɥɟɞɧɢɟ 25 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɦɵ ɦɨɠɟɦ ɫɠɢɝɚɬɶ ɢɡɨɬɨɩɵ Pu, ɤɨɬɨɪɵɟ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜɨ 
ɜɪɟɦɹ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ SD-TMSR. Ɂɚɩɚɫ U ɧɟɦɧɨɝɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɢ 
ɞɨɫɬɢɝɚɟɬ 7,5 ɬ ɜ ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. Ɂɚɩɚɫ ɆȺ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɦɢɧɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɱɟɪɟɡ 20 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɡɚɬɟɦ ɨɧ ɫɧɨɜɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɞɨɫɬɢɝɚɟɬ 3,3 ɬ ɜ 
ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. 

ɇɚ ɪɢɫɭɧɤɟ 11 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɨɛɳɟɝɨ ɡɚɩɚɫɚ MA, NЩ, AЦ ɢ CЦ ɡɚ 
40 ɥɟɬ ɜɵɝɨɪɚɧɢɹ ɞɥɹ SD-TMSR ɢ SMSFR, ɤɨɝɞɚ ɨɛɳɚɹ ɧɚɱɚɥɶɧɚɹ ɡɚɝɪɭɡɤɚ MA = 5,82 ɬ. 
Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 11, ɞɥɹ SD-TMSR ɭɦɟɧɶɲɟɧɢɟ ɡɚɩɚɫɨɜ ɆȺ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 20 
ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡ-ɡɚ ɬɪɚɧɫɦɭɬɚɰɢɢ ɢɡɨɬɨɩɨɜ NЩ ɢ AЦ. ɍɜɟɥɢɱɟɧɢɟ ɡɚɩɚɫɚ ɆȺ ɩɨɫɥɟ 
20 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɢɡ-ɡɚ ɧɚɤɨɩɥɟɧɢɹ ɢɡɨɬɨɩɨɜ CЦ (ɜ 
ɨɫɧɨɜɧɨɦ 244CЦ ɢ 245CЦ) ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɡɚɯɜɚɬɚ ɧɟɣɬɪɨɧɨɜ ɢ ɛɟɬɚ-

ɪɚɫɩɚɞɚ ɜ ɢɡɨɬɨɩɚɯ AЦ ɢ PЮ. ɂɡɨɬɨɩɵ ɫ ɧɟɱɟɬɧɨɣ ɦɚɫɫɨɣ CЦ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ 
ɬɟɩɥɨɜɵɯ ɪɟɚɤɬɨɪɚɯ ɛɥɚɝɨɞɚɪɹ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɦɭ ɫɟɱɟɧɢɸ ɞɟɥɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ɉɞɧɚɤɨ ɢɯ ɧɟɛɨɥɶɲɢɟ ɞɨɥɢ ɡɚɩɚɡɞɵɜɚɸɳɢɯ ɧɟɣɬɪɨɧɨɜ ɦɨɝɭɬ 
ɩɨɜɥɢɹɬɶ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɬɟɩɥɨɜɵɦ ɪɟɚɤɬɨɪɨɦ.  
 



78 ȺɒɊȺɎ ɢ ɞɪ. 
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Ɋɢɫɭɧɨɤ 11 – ɗɜɨɥɸɰɢɹ ɨɛɳɟɝɨ ɡɚɩɚɫɚ MA, NЩ, AЦ ɢ CЦ ɡɚ 40 ɥɟɬ ɜɵɝɨɪɚɧɢɹ ɞɥɹ SD-TMSR ɢ SMSFR 
(ɨɛɳɢɣ ɧɚɱɚɥɶɧɵɣ MA = 5,82 ɬ) ДEvolution of total stock of MA, Np, Am and Cm over 40 years of burnup for 

SD-TMSR and SMSFR (total initial MA = 5.82 t)] 

 

Ⱦɥɹ SMSFR (ɫɦ. ɪɢɫ. 10) ɩɪɢ ɡɚɝɪɭɡɤɟ ɆȺ = 0 ɬ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɡɚɩɚɫɵ Pa, MA, 

Pu, U ɢ Th ɢɡɦɟɧɹɸɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɜ SD-TMSR, ɧɨ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ. Ɇɚɫɫɚ Pa, 

MA, Pu, U ɢ Th ɞɨɫɬɢɝɚɟɬ 2λ ɤɝ, 43 ɤɝ, 72 ɤɝ, 2,2 ɬ ɢ 4,7 ɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɤɨɧɰɟ 
ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. ɂɧɜɟɧɬɚɪɶ U ɞɨɫɬɢɝɚɟɬ ɪɚɜɧɨɜɟɫɢɹ ɱɟɪɟɡ 20 ɥɟɬ. ɉɪɢ ɧɚɝɪɭɡɤɟ  
ɆȺ = 5,82 ɬ (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɡɚɩɚɫɵ TС ɢ PК ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɂɚɩɚɫɵ TС ɢ PК ɞɨɫɬɢɝɚɸɬ ɨɤɨɥɨ 4,7 ɬ ɢ 23,3 ɤɝ ɜ ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ 
ɜɪɟɦɟɧɢ. Ɇɚɫɫɚ PЮ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 8 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡ-ɡɚ ɡɚɯɜɚɬɚ 
ɧɟɣɬɪɨɧɨɜ ɜ NЩ ɢ AЦ, ɚ ɡɚɬɟɦ ɭɦɟɧɶɲɚɟɬɫɹ (ɩɨ ɦɟɪɟ ɩɪɟɜɪɚɳɟɧɢɹ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɆȺ) ɢ ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 270 ɤɝ ɜ ɤɨɧɰɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ. 

Ɉɤɨɥɨ 86,5% ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡɨɬɨɩɨɜ PЮ ɜ ɬɨɩɥɢɜɟ ɩɨɬɪɟɛɥɹɟɬɫɹ ɡɚ ɩɨɫɥɟɞɧɢɟ  
30 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ SMSFR ɦɨɠɟɬ ɷɮɮɟɤɬɢɜɧɨ ɫɠɢɝɚɬɶ 
ɢɡɨɬɨɩɵ PЮ, ɤɨɬɨɪɵɟ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜɨ ɜɪɟɦɹ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ. Ɂɚɩɚɫ U ɭɦɟɧɶɲɚɟɬɫɹ 
ɫɨ ɜɪɟɦɟɧɟɦ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɡɚɬɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɱɟɪɟɡ 8 ɥɟɬ ɢ ɞɨɫɬɢɝɚɟɬ 1,76 ɬ ɜ ɤɨɧɰɟ 
ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɂɚɩɚɫ U (ɜ ɨɫɧɨɜɧɨɦ 233U) ɫɢɥɶɧɨ ɫɜɹɡɚɧ ɫ ɪɟɚɤɬɢɜɧɨɫɬɶɸ ɨɬ ɆȺ ɢ 
ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ PЮ. ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ ɆȺ (ɆȺ = 5,82 ɬ) ɦɚɫɫɚ PЮ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 8 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡ-ɡɚ ɡɚɯɜɚɬɚ ɧɟɣɬɪɨɧɨɜ ɜ NЩ ɢ AЦ, 
ɚ ɡɚɬɟɦ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɩɪɟɜɪɚɳɟɧɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɆȺ. ɉɨɥɨɠɢɬɟɥɶɧɚɹ 

ɪɟɚɤɬɢɜɧɨɫɬɶ ɨɬ ɆȺ ɢ ɟɝɨ ɝɟɧɟɪɢɪɭɸɳɟɝɨ PЮ ɭɦɟɧɶɲɚɟɬ ɧɚɱɚɥɶɧɵɟ ɩɨɬɟɪɢ 
ɪɟɚɤɬɢɜɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɤɪɢɬɢɱɧɨɫɬɢ SMSFR ɬɪɟɛɭɟɬɫɹ ɥɢɲɶ 
ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɚɱɢ 233U ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 8 ɥɟɬ. ɉɨɞɚɱɚ 

233U ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 
ɬɟɱɟɧɢɟ ɨɫɬɚɜɲɢɯɫɹ 32 ɥɟɬ, ɱɬɨɛɵ ɩɪɨɬɢɜɨɞɟɣɫɬɜɨɜɚɬɶ ɜɵɝɨɪɚɧɢɸ PЮ. Ɂɚɩɚɫ ɆȺ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɪɚɛɨɬɵ ɢ ɞɨɫɬɢɝɚɟɬ ɨɤɨɥɨ 700 ɤɝ ɜ ɤɨɧɰɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 11, ɞɥɹ SMSFR – ɪɟɡɤɨɟ ɭɦɟɧɶɲɟɧɢɟ ɨɛɳɟɝɨ ɡɚɩɚɫɚ ɆȺ 
ɢɡ-ɡɚ ɬɪɚɧɫɦɭɬɚɰɢɢ ɢɡɨɬɨɩɨɜ NЩ ɢ AЦ ɩɭɬɟɦ ɞɟɥɟɧɢɹ ɢ ɡɚɯɜɚɬɚ. SMSFR – ɷɬɨ ɀɋɊ ɫ 
ɛɵɫɬɪɵɦ ɫɩɟɤɬɪɨɦ, ɩɨɷɬɨɦɭ ɬɪɚɧɫɦɭɬɚɰɢɹ ɆȺ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɚɩɪɹɦɭɸ ɢɡ-ɡɚ 
ɜɵɫɨɤɨɝɨ ɩɨɬɨɤɚ ɧɟɣɬɪɨɧɨɜ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɬɪɚɧɫɦɭɬɚɰɢɢ CЦ, ɬɨ ɩɨɫɥɟ 18 ɥɟɬ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɬɪɟɛɥɟɧɢɟ ɢɡɨɬɨɩɨɜ CЦ (ɜ ɨɫɧɨɜɧɨɦ 244CЦ ɢ 245CЦ) ɛɨɥɶɲɟ, ɱɟɦ 
ɧɚɤɨɩɥɟɧɢɟ ɟɝɨ ɢɡ ɢɡɨɬɨɩɨɜ AЦ ɢ PЮ. 244CЦ ɢɦɟɟɬ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ 18,1 ɝɨɞɚ ɢ 
ɦɨɠɟɬ ɪɚɫɩɚɞɚɬɶɫɹ ɜ ɞɜɭɯ ɪɟɠɢɦɚɯμ ɫɩɨɧɬɚɧɧɨɟ ɞɟɥɟɧɢɟ ɢ α-ɪɟɠɢɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɨɛɳɢɣ ɡɚɩɚɫ CЦ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɫɥɟ 18 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 430 ɤɝ ɜ 
ɤɨɧɰɟ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 11 ɞɥɹ SMSFR. 

Ɇɵ ɩɨɞɫɱɢɬɚɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ (ɄɌ) ɜɫɟɯ MA, 237
Np, 

241
Am, 

243
Am, 

243
Cm, 

244
Cm ɢ 245CЦ ɞɥɹ SD-TMSR ɢ SMSFR ɜɨ ɜɪɟɦɹ ɜɵɝɨɪɚɧɢɹ. ɄɌ (%) 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ (2) [12]: 
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       (           )     ,      (2) 

 

ɝɞɟ,       – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ (%) ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ t; 
            – ɢɧɜɟɧɬɚɪɶ ɆȺ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ Эν                – ɢɧɜɟɧɬɚɪɶ ɆȺ ɜ ɧɚɱɚɥɟ ɜɵɝɨɪɚɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɟ 12 ɩɨɤɚɡɚɧ ɄɌ (%) ɨɬ ɨɛɳɟɝɨ MA, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɮɨɪɦɭɥɟ (2)  
ɡɚ 40 ɥɟɬ ɜɵɝɨɪɚɧɢɹ ɞɥɹ SD-TMSR ɢ SMSFR. Ⱦɥɹ SD-TMSR ɄɌ ɨɛɳɟɣ MA 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 20 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɞɨɫɬɢɝɚɟɬ 54,84%, ɡɚɬɟɦ ɨɧ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɨɫɬɚɜɲɢɯɫɹ 20 ɥɟɬ ɢ ɫɨɫɬɚɜɥɹɟɬ 40,λ6%. ɋɧɢɠɟɧɢɟ ɄɌ ɩɨɫɥɟ 20 
ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɜɹɡɚɧɨ ɫ ɧɚɤɨɩɥɟɧɢɟɦ ɢɡɨɬɨɩɨɜ 244CЦ ɢ 245CЦ (ɫɦ. ɪɢɫ. 11). 244

Cm 

ɦɨɠɟɬ ɪɚɫɩɚɞɚɬɶɫɹ ɜ ɞɜɭɯ ɪɟɠɢɦɚɯμ ɪɟɠɢɦ ɫɩɨɧɬɚɧɧɨɝɨ ɞɟɥɟɧɢɹ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɤɨɪɨɬɤɨɠɢɜɭɳɢɯ ɉȾ ɢ α-ɪɟɠɢɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 240

Pu. Ɂɚɬɟɦ 240
Pu ɡɚɯɜɚɬɵɜɚɟɬ 

ɧɟɣɬɪɨɧ ɢ ɩɪɨɢɡɜɨɞɢɬ 241
Pu ɫ τ1/2 = 14 ɥɟɬ. 245

Cm ɫɭɳɟɫɬɜɭɟɬ ɜ ɆȺ ɫ ɨɱɟɧɶ ɦɚɥɨɣ ɞɨɥɟɣ 
ɨɤɨɥɨ 0,26%, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɧ ɢɦɟɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ  
(8500 ɥɟɬ). Ʉɸɪɢɣ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɧɟɣɬɪɨɧɨɜ ɢ ɬɟɩɥɚ ɨɬ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ SD-TMSR ɧɚɱɚɥɶɧɵɟ ɡɚɝɪɭɡɤɢ ɆȺ 
ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɦɚɥɨ ɢɥɢ ɧɟ ɫɨɞɟɪɠɚɬɶ ɢɡɨɬɨɩɚ ɤɸɪɢɹ. ɇɟɩɪɟɪɵɜɧɨɟ ɢɡɜɥɟɱɟɧɢɟ 
ɢɡɨɬɨɩɨɜ CЦ ɦɨɠɟɬ ɩɨɜɵɫɢɬɶ ɄɌ ɜ SD-TMSRν ɨɞɧɚɤɨ, ɬɪɟɛɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɨɟ 
ɯɪɚɧɢɥɢɳɟ, ɬɚɤ ɤɚɤ CЦ ɷɮɮɟɤɬɢɜɧɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɬɟɩɥɨɬɟ ɪɚɫɩɚɞɚ ɨɬɯɨɞɨɜ. 
ȼɵɤɥɸɱɟɧɢɟ SD-TMSR ɩɨɫɥɟ 20 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɢɦ ɫɰɟɧɚɪɢɟɦ, 
ɩɨɡɜɨɥɹɸɳɢɦ ɢɡɛɟɠɚɬɶ ɧɟɠɟɥɚɬɟɥɶɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɢɡɨɬɨɩɨɜ CЦ. Ɂɚ 20 ɥɟɬ ɪɚɛɨɬɵ 
SD-TMSR ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɄɌ ɢ ɩɪɟɜɪɚɳɚɟɬ ɨɤɨɥɨ 3,2 ɬ ɢɡ 5,82 ɬ 
MA ɜ PЮ, ɤɨɪɨɬɤɨɠɢɜɭɳɢɟ ɉȾ ɢ ɫɬɚɛɢɥɶɧɵɟ ɧɭɤɥɢɞɵ. 
 

 
Ɋɢɫɭɧɨɤ 12 – Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ (%) ɜ ɬɟɱɟɧɢɟ 40 ɥɟɬ ɜɵɝɨɪɚɧɢɹ ɞɥɹ SD-TMSR ɢ SMSFR, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ДTransmutation rate (%) over 40 years burnup for SD-TMSR and SMSFR, respectively] 

 

Ⱦɥɹ SMSFR ɄɌ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɜɵɝɨɪɚɧɢɟɦ ɢ ɞɨɫɬɢɝɚɟɬ ɨɤɨɥɨ 87,λ7% ɩɨɫɥɟ  
40 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɂɞɟɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ 
ɨɛɭɫɥɨɜɥɟɧ ɜɵɫɨɤɢɦ ɧɟɣɬɪɨɧɧɵɦ ɩɨɬɨɤɨɦ ɜ SMSFR ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ SD-TMSR. 

ȼɟɪɢɮɢɤɚɰɢɹ ɫ ɞɪɭɝɢɦɢ ɤɨɞɚɦɢ 

ȼɟɪɢɮɢɤɚɰɢɹ ɧɟɣɬɪɨɧɧɨɝɨ ɪɚɫɱɟɬɚ SD-TMSR ɛɵɥɚ ɞɚɧɚ ɜ ɧɚɲɟɣ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ 
ɫɬɚɬɶɟ [11]. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ Ʌɢ ɢ ɞɪ. [7]. Ʌɢ ɢ ɟɝɨ ɤɨɥɥɟɝɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɨɛɫɬɜɟɧɧɵɣ ɢɧɫɬɪɭɦɟɧɬ MSR-RS ɧɚ ɨɫɧɨɜɟ SCALE 6.1 ɢ ɩɪɢɦɟɧɢɥɢ ɟɝɨ 
ɤ SD-TMSR. Ɉɞɧɚɤɨ ɦɵ ɩɪɢɧɹɥɢ ɩɪɨɰɟɞɭɪɭ ɜɵɝɨɪɚɧɢɹ ɀɋɊ, ɜɤɥɸɱɟɧɧɭɸ ɜ  
SERPENT-2, ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɨɩɟɪɚɬɢɜɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɞɨɡɚɝɪɭɡɤɢ 
ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɪɟɚɤɬɨɪɚ (ɬɨ ɟɫɬɶ SD-TMSR). Ɉɛɚ ɦɟɬɨɞɚ ɩɪɢɦɟɧɹɥɢ ɨɞɢɧ ɢ ɬɨɬ ɠɟ 
ɩɟɪɢɨɞ ɩɟɪɟɪɚɛɨɬɤɢ, ɚ ɢɦɟɧɧɨμ ɢɡɜɥɟɱɟɧɢɟ ɝɚɡɨɨɛɪɚɡɧɵɯ ɉȾ ɢ ɧɟɪɚɫɬɜɨɪɟɧɧɵɯ 



80 ȺɒɊȺɎ ɢ ɞɪ. 
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ɦɟɬɚɥɥɨɜ ɡɚ 30 ɫ ɢ ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɦɵɯ ɉȾ ɢ Pɚ ɜ ɬɟɱɟɧɢɟ 10,5λ ɫɭɬ. (ɬɨ ɟɫɬɶ  
5 ɦ3/ɫɭɬ.). Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɚ ɦɟɬɨɞɚ ɢɡɜɥɟɤɚɥɢ 233PК ɢɡ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɢ ɩɨɜɬɨɪɧɨ ɜɜɨɞɢɥɢ 
ɩɨɥɭɱɟɧɧɵɣ 233U ɜ ɚɤɬɢɜɧɭɸ ɡɨɧɭ ɞɥɹ ɤɪɢɬɢɱɧɨɫɬɢ ɤɚɤ ɦɨɠɧɨ ɫɤɨɪɟɟ. ɋɭɳɟɫɬɜɭɟɬ 
ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɦɟɠɞɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɨɩɥɢɜɚ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɩɨɥɭɱɟɧɧɵɦɢ ɤɚɠɞɵɦ ɦɟɬɨɞɨɦ (ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɫɦ. [11]). Ⱦɥɹ SMSFR ɪɟɡɭɥɶɬɚɬɵ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ [12] ɞɥɹ 
ɚɧɚɥɨɝɢɱɧɨɝɨ SMSFR ɢ ɪɚɫɫɱɢɬɚɧɵ ɩɨ SCALE ɢ MCNP. ɇɚɩɪɢɦɟɪ, ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɜ ɧɚɱɚɥɶɧɨɦ Ʉɷɮɮ (ɩɪɢ MA = 0 ɬ) ɨɤɚɡɚɥɨɫɶ <1% [12]. 

Ɂɚɤɥɸɱɟɧɢɟ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ ɞɨɥɝɨɠɢɜɭɳɢɯ MA, ɜɤɥɸɱɚɹ 237
Np, 

241
Am, 

243
Am, 

243
Cm, 

244CЦ ɢ 245CЦ, ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɞɚ SERPENT-2 Monte-Carlo 

ɞɥɹ 3D-ɦɨɞɟɥɢ SD-TMSR ɢ SMSFR. Ɇɵ ɢɡɭɱɢɥɢ ɜɥɢɹɧɢɟ ɞɨɛɚɜɥɟɧɢɹ ɞɨɥɝɨɠɢɜɭɳɢɯ 
ɆȺ ɧɚ Ʉɷɮɮ, ɪɟɚɤɬɢɜɧɨɫɬɶ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɢ ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɜ SD-TMSR ɢ SMSFR. 
ɉɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ ɆȺ ɪɟɚɤɬɨɪɵ ɫɬɚɧɨɜɹɬɫɹ ɩɨɞɤɪɢɬɢɱɟɫɤɢɦɢ ɩɪɢ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɩɨɡɞɧɟɦ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ, ɱɟɦ ɩɪɢ ɞɪɭɝɢɯ ɧɚɝɪɭɡɤɚɯ ɆȺ, ɩɨɫɤɨɥɶɤɭ 
ɫɩɟɤɬɪ ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ ɆȺ ɫɬɚɥ ɠɟɫɬɤɢɦ. ȼɵɫɨɤɢɟ ɧɚɝɪɭɡɤɢ ɆȺ 
ɩɨɞɞɟɪɠɢɜɚɸɬ ɭɝɥɭɛɥɟɧɢɟ ɜɵɝɨɪɚɧɢɹ ɢ ɭɥɭɱɲɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɬɪɚɧɫɦɭɬɚɰɢɢ ɆȺ. 
ȼɪɟɦɟɧɧɚɹ ɷɜɨɥɸɰɢɹ ɡɚɩɚɫɨɜ ɜɚɠɧɵɯ ɧɭɤɥɢɞɨɜ ɩɪɢ MA = 0 ɬ ɢ 5,82 ɬ ɛɵɥɚ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɞɥɹ SD-TMSR ɢ SMSFR ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ MA = 0 ɬ ɞɥɹ ɨɛɨɢɯ 
ɪɟɚɤɬɨɪɨɜ TС ɢ U ɩɪɨɢɡɜɨɞɹɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ MA (NЩ, AЦ ɢ CЦ) ɢ 
PЮ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ. ɉɪɢ MA = 5,82 ɬ ɞɥɹ SD-TMSR ɨɤɨɥɨ 50% ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡɨɬɨɩɨɜ 
PЮ ɜ ɬɨɩɥɢɜɟ ɩɨɬɪɟɛɥɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 25 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
SMSFR ɩɨɬɪɟɛɥɹɟɬ ɨɤɨɥɨ 86,5% ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡɨɬɨɩɨɜ PЮ ɜ ɬɨɩɥɢɜɟ ɡɚ ɩɨɫɥɟɞɧɢɟ  
25 ɥɟɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ 30 ɥɟɬ ɪɚɛɨɬɵ ɨɛɚ ɪɟɚɤɬɨɪɚ ɦɨɝɭɬ ɷɮɮɟɤɬɢɜɧɨ ɫɠɢɝɚɬɶ 
ɩɪɟɜɪɚɳɟɧɧɵɟ ɢɡɨɬɨɩɵ PЮ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɛɚ ɪɟɚɤɬɨɪɚ ɷɮɮɟɤɬɢɜɧɨ 
ɬɪɚɧɫɦɭɬɢɪɭɸɬ 237

Np, 
241

Am, 
243AЦ ɢ 243CЦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ SMSFR ɢɦɟɟɬ ɛɨɥɟɟ 

ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ, ɱɟɦ SD-TMSR. Ⱦɥɹ SD-TMSR ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ ɞɥɹ ɜɫɟɯ ɆȺ ɫɨɫɬɚɜɥɹɟɬ 54,84% ɩɪɢ Э = 20 ɥɟɬ. Ⱦɥɹ SMSFR 
40 ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɨɞɹɬ ɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɪɚɧɫɦɭɬɚɰɢɢ – 

87,λ7%. ɗɬɨɬ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɦɭɬɚɰɢɢ ɨɛɭɫɥɨɜɥɟɧ ɜɵɫɨɤɢɦ ɧɟɣɬɪɨɧɧɵɦ 
ɩɨɬɨɤɨɦ ɜ SMSFR ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ SD-TMSR. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ SD-TMSR ɢ 
SMSFR ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ SMSFR ɥɭɱɲɟ, ɱɟɦ SD-TMSR, ɜ ɞɨɫɬɢɠɟɧɢɢ ɰɟɥɢ 
ɬɪɚɧɫɦɭɬɚɰɢɢ. 

 

Ɋɚɛɨɬɚ ɮɢɧɚɧɫɢɪɨɜɚɥɚɫɶ ɉɪɨɝɪɚɦɦɨɣ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɆɂɎɂ. 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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Abstract – Long-lived minor actinides (MA) like, Neptunium, Americium, and Curium are the 

major burden of nuclear power. Long-lived MAs have not yet been burned as nuclear fuel. 

Therefore, the transmutation of long-lived MAs is introduced as an alternative to direct final 

disposal. In current work, we compare the performance of MA transmutation in a critical Single-

fluid Double-zone Thorium-based Molten Salt Reactor (SD-TMSR) and a Small Molten Salt Fast 

Reactor (SMSFR). We study the dynamic of Keff and core reactivity with different MA loads, shift 

of the neutron spectrum, time evolution of MA and basic nuclide inventory, as well as the 

transmutation coefficient (TC). The TC of long-lived MA is calculated using the Monte Carlo 

code SERPENT-2. The total neutron flux in SD-TMSR and SMSFR can reach 4.1x10
14

 and 

1.8x10
15

 n/cm
2
s, respectively. The results show that SD-TMSR consumes about 50% of the 

generated Pu isotopes in the fuel salt, however, SMSFR consumes about 86.5% of the generated 

Pu isotopes. During burnup, we apply online reprocessing and refueling, so the core remains 

critical, and the total mass of fuel in the core and in the blanket is practically constant. The results 

show that both reactors efficiently transmute 
237

Np, 
241

Am, 
243

Am and 
243

Cm, while SMSFR has a 

higher TC than SD-TMSR. TC of total MA reaches 54.84% and 87.97% in SD-TMSR and 

SMSFR, respectively. 
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