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Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɵ ɪɚɡɦɟɳɟɧɢɹ ɜɵɝɨɪɚɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɜ ɫɢɫɬɟɦɟ 
ɤɨɦɩɟɧɫɚɰɢɢ ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɫɬɢ ɜ ɪɟɚɤɬɨɪɟ ɬɢɩɚ ȼȼɗɊ ɩɪɢ ɭɞɥɢɧɟɧɧɵɯ ɤɚɦɩɚɧɢɹɯ ɫ 
ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɧɨɝɨ ɩɨɝɥɨɬɢɬɟɥɹ. ɇɚ ɨɫɧɨɜɟ ɩɨ 
ɜɚɪɢɚɧɬɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɪɚɡɦɟɳɟɧɢɹ ɜɵɝɨɪɚɸɳɟɝɨ 
ɩɨɝɥɨɬɢɬɟɥɹ ɜ ɬɜɷɝɚɯ (ɝɨɦɨɝɟɧɧɨɟ ɢ ɝɟɬɟɪɨɝɟɧɧɨɟ) ɢ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɦɟɳɚɟɦɨɝɨ 
ɜɵɝɨɪɚɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɜ ɧɢɯ, ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɡɚɩɚɫɚ ɪɟɚɤɬɢɜɧɨɫɬɢ, 
ɤɨɦɩɟɧɫɢɪɭɟɦɭɸ ɫɢɫɬɟɦɨɣ ɛɨɪɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚμ ȼɵɝɨɪɚɸɳɢɣ ɩɨɝɥɨɬɢɬɟɥɶ (ȼɉ), ɝɨɦɨɝɟɧɧɵɣ (Ƚȼɉ) ɢ ɝɟɬɟɪɨɝɟɧɧɵɣ 
(ȽɌȼɉ) ɜɵɝɨɪɚɸɳɢɣ ɩɨɝɥɨɬɢɬɟɥɶ, Serpent, ȼȼɗɊ, Ɍȼɋ, ɩɨɥɢɹɱɟɣɤɚ, ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɨɪɧɨɣ ɤɢɫɥɨɬɵ, ɫɢɫɬɟɦɚ ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɢɡɛɵɬɨɱɧɚɹ 
ɪɟɚɤɬɢɜɧɨɫɬɶ, ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ Ɍȼɋ (K∞). 

 
ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 1λ.06.β01λ 
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ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 07.07.β01λ 

 

ȼɜɟɞɟɧɢɟ 

ȼ ɪɟɚɤɬɨɪɚɯ ȼȼɗɊ ɩɨ ɦɟɪɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɨɩɥɢɜɧɨɝɨ ɰɢɤɥɚ ɩɟɪɟɯɨɞɹɬ ɧɚ 
ɭɞɥɢɧɟɧɧɵɟ ɤɚɦɩɚɧɢɢ ɪɟɚɤɬɨɪɚ, ɩɪɢ ɷɬɨɦ ɬɚɤɠɟ ɬɪɟɛɭɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɨɛɨɝɚɳɟɧɢɹ 
ɬɨɩɥɢɜɚ ɩɨɞɩɢɬɤɢ. Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɜɨɡɧɢɤɚɸɳɟɣ ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɨɞɧɭ 
ɤɚɦɩɚɧɢɸ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɬɪɚɞɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɛɨɪɧɨɦ 
ɪɟɝɭɥɢɪɨɜɚɧɢɢ, ɬɚɤ ɢ ɪɚɡɦɟɳɟɧɢɟ ɜ ɬɨɩɥɢɜɟ ɜɵɝɨɪɚɸɳɢɯ ɩɨɝɥɨɬɢɬɟɥɟɣ, ɜ ɨɫɧɨɜɧɨɦ 
ɝɚɞɨɥɢɧɢɹ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɧɨɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɜ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟ ɩɥɨɬɧɨɫɬɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɫɬɢ ɩɨ ɬɟɩɥɨɧɨɫɢɬɟɥɸ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɱɬɨ ɩɪɢ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɧɨɝɨ 
ɩɨɝɥɨɬɢɬɟɥɹ ɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟ ɩɥɨɬɧɨɫɬɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɬɢɜɧɨɫɬɢ ɩɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥɸ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɱɬɨ ɩɪɢ ɜɵɛɪɚɧɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ ɪɟɲɟɬɤɢ ɜɥɢɹɟɬ ɧɚ ɭɫɥɨɜɢɹ ɹɞɟɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɟɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
Ⱥɗɋ (ɇɉ 08β-07) [1-4, 11Ж, ɧɟɨɛɯɨɞɢɦɨ ɜɫɟɦɟɪɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɞɨɥɸ ɢɡɛɵɬɨɱɧɨɣ 
ɪɟɚɤɬɢɜɧɨɫɬɢ, ɤɨɦɩɟɧɫɢɪɭɟɦɭɸ ɫ ɩɨɦɨɳɶɸ ɜɵɝɨɪɚɸɳɢɯ ɩɨɝɥɨɬɢɬɟɥɟɣ Д5-9]. 

ȼ ɢɞɟɚɥɟ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɵɝɨɪɚɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɩɪɢ ɪɚɛɨɬɟ ɪɟɚɤɬɨɪɚ 
ɞɨɥɠɧɨ ɛɵɥɨ ɛɵ ɩɪɨɢɫɯɨɞɢɬɶ ɬɚɤ, ɱɬɨɛɵ ɜɵɫɜɨɛɨɠɞɚɟɦɚɹ ɩɪɢ ɷɬɨɦ ɪɟɚɤɬɢɜɧɨɫɬɶ 
ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɚɞɟɧɢɸ ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɨɞɜɢɠɧɵɯ ɨɪɝɚɧɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɤɪɢɬɢɱɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɪɟɚɤɬɨɪɚ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ, ɚ ɞɢɚɩɚɡɨɧ 
ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɛɨɪɧɨɣ ɤɢɫɥɨɬɵ ɛɭɞɟɬ ɧɚɢɦɟɧɶɲɢɦ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɬɚɤɨɝɨ 
ɢɞɟɚɥɶɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɜ ɜɨɞɨ-ɜɨɞɹɧɵɯ ɪɟɚɤɬɨɪɚɯ ɞɨɫɬɢɱɶ ɧɟɜɨɡɦɨɠɧɨ, ɯɨɬɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɜɵɝɨɪɚɸɳɢɯ ɩɨɝɥɨɬɢɬɟɥɟɣ ɜɟɫɶɦɚ ɨɳɭɬɢɦ Д10Ж. 
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ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɹɞɟɪ ȼɉ ɜɨ ɜɪɟɦɟɧɢ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ, 
ɤɨɬɨɪɨɟ ɚɛɫɨɥɸɬɧɨ ɚɧɚɥɨɝɢɱɧɨ ɭɪɚɜɧɟɧɢɸ ɜɵɝɨɪɚɧɢɹ ɞɥɹ 235U. Ɍɨɝɞɚμ 

                           

 

ɉɪɢ ɝɨɦɨɝɟɧɧɨɦ ɪɚɡɦɟɳɟɧɢɢ ȼɉ ɜ ɬɨɩɥɢɜɟ (Ƚȼɉ) ɩɨɬɨɤ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɜɵɝɨɪɚɸɳɢɣ ɩɨɝɥɨɬɢɬɟɥɶ ɢ ɧɚ 235

U, ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɵɦ        ɢ 
ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜɵɝɨɪɚɧɢɹ ȼɉ ɢ 235

U ɡɚɜɢɫɢɬ ɨɬ ɢɡɦɟɧɟɧɢɹ     ɢ    ɜɨ ɜɪɟɦɟɧɢ. 
ȼ ɪɟɚɥɶɧɨɣ Ɍȼɋ, ɝɞɟ ȼɉ ɪɚɡɦɟɳɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɧɟɫɤɨɥɶɤɢɯ ɢɡ γ1β ɬɜɷɥɨɜ, 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɚ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɩɨ ɬɜɷɥɚɦ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ȼɉ ɜ 
ɤɚɠɞɨɦ ɬɜɷɥɟ, ɤɨɥɢɱɟɫɬɜɚ ɬɜɷɝɨɜ ɢ ɨɛɨɝɚɳɟɧɢɹ ɬɨɩɥɢɜɚ. ɉɨɫɤɨɥɶɤɭ ɫɟɱɟɧɢɟ 
ɩɨɝɥɨɳɟɧɢɹ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɞɥɹ GН ɜɵɫɨɤɨɟ Д1βЖ, ɟɝɨ ɧɚɥɢɱɢɟ ɜ Ɍȼɋ ɫɢɥɶɧɨ 
ɜɥɢɹɟɬ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ 
ɪɨɥɶ ɧɚ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɢɡɨɬɨɩɨɜ ɜ Ɍȼɋ. 

ɉɪɢ ɝɟɬɟɪɨɝɟɧɧɨɦ ɪɚɡɦɟɳɟɧɢɢ ȼɉ ɜ Ɍȼɋ (ȽɌȼɉ) ɨɧ ɫɧɚɱɚɥɚ ɜɵɝɨɪɚɟɬ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟɦ (ɫ ɨɛɴɟɦɨɦ      ), ɝɞɟ ɪɚɫɩɨɥɨɠɟɧ ȼɉ, ɚ ɡɚɬɟɦ ɩɨɜɟɪɯɧɨɫɬɧɵɟ 
ɫɥɨɢ ɫɬɚɧɨɜɹɬɫɹ ɩɪɨɡɪɚɱɧɵɦɢ, ɢ ɧɚɱɢɧɚɟɬɫɹ ɭɠɟ ɨɛɴɟɦɧɨɟ ɜɵɝɨɪɚɧɢɟ (ɜ ɨɛɴɟɦɟ    ) 

Д10Ж. ɉɨɷɬɨɦɭ, ɫɧɢɠɟɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ȼɉ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɟɧɶɲɟ, 
ɱɟɦ ɞɥɹ ɝɨɦɨɝɟɧɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɱɚɫɬɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɩɪɢɦɟɦ ɫɥɟɞɭɸɳɭɸ ɦɨɞɟɥɶ. ȼɨ-ɩɟɪɜɵɯ, 
ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɟɪɟɝɪɭɡɤɢ ɛɟɡ ɩɟɪɟɫɬɚɧɨɜɨɤ Ɍȼɋ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɚɤɬɢɜɧɨɣ ɡɨɧɟ 
ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɷɥɟɦɟɧɬ ɩɟɪɢɨɞɢɱɧɨɫɬɢ, ɫɨɫɬɨɹɳɢɣ ɢɡ Ɍȼɋ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɞɥɢɬɟɥɶɧɨɫɬɹɦɢ ɨɛɥɭɱɟɧɢɹ. ȼɨ-ɜɬɨɪɵɯ, ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ 
ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɜ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɜɨɡɶɦɟɦ ɪɚɜɧɵɦ ɫɪɟɞɧɟɦɭ ɚɪɢɮɦɟɬɢɱɟɫɤɨɦɭ ɩɨ 
ɜɫɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ Ɍȼɋ, ɨɛɪɚɡɭɸɳɢɯ ɩɨɥɢɹɱɟɣɤɭ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ ɫɨ ɜɪɟɦɟɧɟɦ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟμ 

 

   (1) 

Ⱦɥɢɧɚ ɤɚɦɩɚɧɢɢ ɪɟɚɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɜ ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ 
ɭɫɪɟɞɧɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ ɪɚɜɟɧ ɤɪɢɬɢɱɟɫɤɨɦɭ ɡɧɚɱɟɧɢɸ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɦɭ ɡɧɚɱɟɧɢɟ Ʉɷɮ=1. 

 

( ) (2 ) (3 )
( )

3

Ɍȼɋ Ɍȼɋ Ɍȼɋ
POLY CRITK Ɍ K Ɍ K Ɍ

K T K  
 

 
 

  (2) 

 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɫɥɭɱɚɹ ɪɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɣ 
ɦɨɞɟɥɢ ɞɥɹ ɜɚɪɢɚɧɬɚ ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɫɬɢ (ȼ1, ɬɚɛɥ. 1). Ⱦɥɹ 
ɩɨɥɭɬɨɪɚ ɝɨɞɢɱɧɨɣ ɤɚɦɩɚɧɢɢ ɤɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɛɭɞɟɬ ɪɚɜɧɚ ɬɪɟɦ. Ɋɚɫɫɦɨɬɪɢɦ 
ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ (ɜɵɝɨɪɚɧɢɹ) ɞɥɹ Ɍȼɋ ɛɟɡ 
ɝɚɞɨɥɢɧɢɹ. ɍɞɥɢɧɟɧɧɭɸ ɤɚɦɩɚɧɢɸ ɞɥɹ ɬɪɟɯɤɪɚɬɧɨɣ ɩɟɪɟɝɪɭɡɤɢ ɬɨɩɥɢɜɚ ɩɪɢɦɟɦ 
ɪɚɜɧɨɣ 480 ɫɭɬɨɤ. Ɍɨɝɞɚ ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɧɨɲɟɧɢɟ β ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ 
Ɍȼɋ ɛɟɡ ɜɵɝɨɪɚɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɧɚ ɤɨɧɟɰ ɤɚɦɩɚɧɢɢ ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ 

CRIT
K , 

ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɜɚɪɢɚɧɬɨɜ. 
 

 

 

( ) ( ) ( 2 )
( )

3

Ɍȼɋ Ɍȼɋ Ɍȼɋ
POLY K t K t T K t T

K t      




58 ȺȻɍ ɋɈɇȾɈɋ ɢ ɞɪ. 
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ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ⱦɥɹ ɪɚɫɱɟɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȼɉ ɜ Ɍȼɋ ɫ ɪɚɡɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɢ ɪɚɡɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜ ɧɢɯ 
(ɜɚɪɢɚɧɬɵ ȼ1-ȼ10). Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɚɡɦɧɨɠɟɧɢɹ Ɍȼɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ 
ɡɚɝɪɭɡɤɟ ȼɉ ɜ Ɍȼɋ ɢ ɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɷɬɢɯ ɜɚɪɢɚɧɬɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1 ɢ ɧɚ ɪɢɫɭɧɤɚɯ 1ɚ, 1ɛ ɢ β. 
 

Ɍɚɛɥɢɰɚ 1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ȼɉ ɜ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɚɯ ɪɚɫɱɟɬɨɜ [Distribution of BA in the considered 

variants of calculations] 
ȼɚɪɢɚɧɬ Ɇɚɫɫɚ Gd,ɝ/Ɍȼɋ Ʉɨɥɢɱɟɫɬɜɨ ɢ ɫɨɫɬɚɜ ɬɨɩɥɢɜɚ ɬɜɷɥɨɜ ɢ ɬɜɷɝɨɜ 

ȼ1  312-4,90%(
235

U)  

ȼ2 878 (Ƚȼɉ) 300-4,95%(
235U) ɢ 1β-3,65%(

235U) ɫ 5,0%GН2O3  

B3 878 (Ƚȼɉ) 288-4,95%(
235U) ɢ β4-4.30%(

235U) ɫ β,5%GН2O3  

ȼ4 8λ0 (Ƚȼɉ) 228-4,95%(
235U) ɢ 84-4,80%(

235U) ɫ 0,7%GН2O3  

ȼ5 140λ (Ƚȼɉ) 288-4,95%(
235U) ɢ β4-4,30%(

235U) ɫ 4,0%GН2O3  

ȼ6 1λβ8 (Ƚȼɉ) 288-5,00%(
235U) ɢ β4-3,70%(

235U) ɫ 5,5%GН2O3  

ȼ7 β611 (Ƚȼɉ) 288-5,00%(
235U) ɢ β4-3,70%(

235U) ɫ 7,5%GН2O3  

ȼ8 1762 (Ƚȼɉ) 282-5,00%(
235U) ɢ γ0-3,90%(

235U) ɫ 4,0%GН2O3 

ȼ9 2644 (Ƚȼɉ) 276-5,00%(
235U) ɢ γ6-4,13%(

235U) ɫ 5,0%GН2O3 

ȼ10 3523 (Ƚȼɉ) 270-5,00%(
235U) ɢ 4β-4,26%(

235U) ɫ 5,7%GН2O3 

ȼ11 887 (ȽɌȼɉ) 312-4,90%(
235

U), 84-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,014β ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  
ȼ12 14β0 (ȽɌȼɉ) 312-4,90%(

235
U), 84-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,01λ5 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  

ȼ13 1λ5β (ȽɌȼɉ) 312-4,90%(
235

U), 84-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,0βλ1 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  
ȼ14 β66β (ȽɌȼɉ) 312-4,90%(

235
U), 84-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,0478 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  

ȼ15 887 (ȽɌȼɉ) 312-4,90%(
235

U), 126-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,01γ1 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  
ȼ16 1775 (ȽɌȼɉ) 312-4,90%(

235
U), 180-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,0167 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  

ȼ17 β661 (ȽɌȼɉ) 312-4,90%(
235

U), 222-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,01γ1 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  
ȼ18 3549 (ȽɌȼɉ) 312-4,90%(

235
U), 240-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,0167 ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ)  

ȼ19 

2653 

(Ƚȼɉ) ɢ (ȽɌȼɉ) 
288-4,95%(

235
U), 93-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,0161ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ) ɢ 

24-4,3%(
235U) ɫ γ,75% GН2O3. 

ȼ20 

3536 

(Ƚȼɉ) ɢ (ȽɌȼɉ) 
282-5,0%(

235
U), 102-ɫ ɬɨɥɳɢɧɨɣ GН2O3 0,0β0β ɫɦ (ɜ ɨɬɜɟɪɫɬɢɟ ɬɜɷɝɚ) ɢ 

30-4,0%(
235U) ɫ 40% GН2O3. 

 

 

 
Ɋɢɫɭɧɨɤ 1ɚ – Ɋɚɡɦɟɳɟɧɢɟ ȼɉ ɜ Ɍȼɋ (ȼ3, ȼ5-ȼ7) 

[The placement of the BAs in FA (ȼ3, ȼ5-ȼ7)] 

 
Ɋɢɫɭɧɨɤ 1ɛ – Ɋɚɡɦɟɳɟɧɢɟ ȼɉ ɜ Ɍȼɋ (ȼ8-ȼ11) [The 

placement of the BAs in FA (ȼ8-ȼ11)] 

 

 
Ɋɢɫɭɧɨɤ 2 – Ƚɟɨɦɟɬɪɢɹ ɬɜɷɥɨɜ (ɛɟɡ ȼɉ, Ƚȼɉ ɢ ȽɌȼɉ) [The geometry of the fuel rods (without the BAs, 

HBA, and NHBA)] 
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ Ɍȼɋ ɨɬ ɝɥɭɛɢɧɵ ɜɵɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɨɞ SERPENT (β.1.γ0) Д1γЖ ɢ ɛɢɛɥɢɨɬɟɤɚ ɹɞɟɪɧɵɯ ɞɚɧɧɵɯ 
ENDFb7 [14]. Ɋɚɫɱɟɬ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɢ ɫɪɟɞɧɢɯ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪ 
ɬɨɩɥɢɜɚ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ȼ1-ȼ4, ɜ 
ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɥɨɫɶ ɱɢɫɥɨ ɬɜɷɝɨɜ ɜ Ɍȼɋ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɞɨɥɢɧɢɹ ɢ 
ɭɪɚɧɚ-βγ5 ɜ Ɍȼɋ ɨɫɬɚɜɚɥɨɫɶ ɧɟɢɡɦɟɧɧɵɦ. ȼɚɪɢɚɧɬ ȼ1 ɩɪɟɞɩɨɥɚɝɚɟɬ ɱɢɫɬɨ ɠɢɞɤɨɫɬɧɨɟ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɡɚɩɚɫɚ ɪɟɚɤɬɢɜɧɨɫɬɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɝɨɪɚɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ. Ⱦɥɹ 
ɜɵɛɪɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɚɞɨɥɢɧɢɹ ɜ Ɍȼɋ ɨɧ ɭɫɩɟɜɚɟɬ ɜɵɝɨɪɟɬɶ ɡɚ ɨɞɧɭ ɤɚɦɩɚɧɢɸ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɜɵɪɚɠɟɧɢɟ ɭɫɪɟɞɧɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ (ɮɨɪɦɭɥɚ (β) 
ɫɥɚɝɚɟɦɵɟ (Ʉ∞(Ɍ+t) + Ʉ∞(2Ɍ+t)) ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɦɢ ɞɥɹ ɜɫɟɯ ɷɬɢɯ ɜɚɪɢɚɧɬɨɜ. ɉɨɷɬɨɦɭ 
ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɭɫɪɟɞɧɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ  ̅         

ɜɪɟɦɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ Ɍȼɋ          ɧɚ ɢɧɬɟɪɜɚɥɟ ɩɟɪɜɨɣ 
ɤɚɦɩɚɧɢɢ Ɍȼɋ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɜɟɥɢɱɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ γ ɢ 4. 

ɉɪɢ ɦɚɥɨɦ ɱɢɫɥɟ ɬɜɷɝɨɜ ɜ Ɍȼɋ ɧɚ ɨɞɢɧ ɬɜɷɝ ɜ ɫɪɟɞɧɟɦ ɩɪɢɯɨɞɢɬɫɹ ɦɧɨɝɨ ɬɜɷɥɨɜ ɢ 
ɨɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɪɟɦɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ( )POLY

K t  ɨɤɚɡɵɜɚɸɬ ɢɦɟɧɧɨ ɬɜɷɥɵ. 
ɋɭɦɦɚɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɚɤɨɜɨ, ɱɬɨ ɜɵɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ ɜ Ɍȼɋ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɚ ɜɵɝɨɪɚɧɢɟ ɝɚɞɨɥɢɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɟɟ ɪɨɫɬɭ. ɇɨ ɩɨɫɤɨɥɶɤɭ ɜ ɧɚɱɚɥɟ 
ɤɚɦɩɚɧɢɢ ɢɡ-ɡɚ ɛɥɨɤɢɪɨɜɤɢ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨɟɜ ɬɜɷɝɚ ɜɵɝɨɪɚɧɢɟ ɝɚɞɨɥɢɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɦɟɞɥɟɧɧɨ, ɜɥɢɹɧɢɟ ɬɜɷɥɨɜ ɜ ɧɚɱɚɥɟ ɤɚɦɩɚɧɢɢ ɧɟɜɟɥɢɤɨ. ɉɨɷɬɨɦɭ ɧɚɥɢɱɢɟ ɬɜɷɝɨɜ 
ɫɧɢɠɚɟɬ ɧɚɱɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ (0)POLY

K  ɢ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɦɟɞɥɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɷɬɨɣ 
ɜɟɥɢɱɢɧɵ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨ ɦɟɪɟ ɜɵɝɨɪɚɧɢɹ ɝɚɞɨɥɢɧɢɹ ɢ ɫɧɢɠɟɧɢɹ ɟɝɨ ɛɥɨɤɢɪɨɜɤɢ 
ɪɨɥɶ ɬɜɷɝɚ ɜɨɡɪɚɫɬɚɟɬ ɢ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɩɚɞ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ 
ɩɨɥɢɹɱɟɣɤɢ, ɩɪɢɛɥɢɠɚɹɫɶ ɤ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɜɚɪɢɚɧɬɚ ɛɟɡ ɬɜɷɝɨɜ. 

 

 
Ɋɢɫɭɧɨɤ γ – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 

ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1-ȼ4 [Ʉinf of poly-cell 

depending on burnup depth for variants ȼ1-ȼ4] 

 

 
Ɋɢɫɭɧɨɤ 4 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ Ɍȼɋ ɜ 

ɩɟɪɜɨɣ ɤɚɦɩɚɧɢɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1-ȼ4 [Ʉinf of FA in 

first campaign depending on burnup depth for variants 

ȼ1-ȼ4] 

ɍɜɟɥɢɱɢɜɚɹ ɤɨɥɢɱɟɫɬɜɨ ɬɜɷɝɨɜ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɡɚɝɪɭɡɤɢ ɝɚɞɨɥɢɧɢɹ 
ɜ ɬɜɷɥ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɢɡɦɟɧɟɧɢɸ ɯɚɪɚɤɬɟɪɚ ɜɪɟɦɟɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ( )POLY

K t  ɡɚ 
ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɨɥɢ ɬɜɷɝɨɜ ɢ ɭɦɟɧɶɲɟɧɢɹ ɱɢɫɥɚ ɬɜɷɥɨɜ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɨɞɢɧ ɬɜɷɝ. 

ɉɨɷɬɨɦɭ ɫɧɢɠɟɧɢɟ ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ȼɉ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ ɧɚɱɚɥɟ ɤɚɦɩɚɧɢɢ. Ɉɞɧɚɤɨ 
ɛɵɫɬɪɨɟ ɜɵɝɨɪɚɧɢɟ Gd ɜɵɫɜɨɛɨɠɞɚɟɬ ɪɟɚɤɬɢɜɧɨɫɬɶ ɢ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ (ȼ4). ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜɵɛɟɝ ɪɟɚɤɬɢɜɧɨɫɬɢ ɜ 
ɜɚɪɢɚɧɬɟ ȼ4 ɜɩɥɨɬɶ ɞɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɩɨɪɹɞɤɚ 80 ɫɭɬɨɤ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ ɡɧɚɱɟɧɢɹ ɞɥɹ ɛɚɡɨɜɨɝɨ 
ɜɚɪɢɚɧɬɚ ȼ1 ɧɚ 0,064 (∆Ʉɢɧɮ.ɦɚɤɫ. = 0,064). ȼ ɜɚɪɢɚɧɬɟ ȼ3 ɫɨɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ 
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60 ȺȻɍ ɋɈɇȾɈɋ ɢ ɞɪ. 
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ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɪɟɚɤɬɢɜɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɭɦɟɧɶɲɟɧɢɹ ɡɚɩɚɫɚ ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ 
ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɞɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ 150-β00 ɫɭɬɨɤ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵ ɢ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɛɚɡɨɜɵɦ ɜɚɪɢɚɧɬɨɦ ȼ1 ɧɚ 0,068 (∆Ʉɢɧɮ.ɦɚɤɫ. = 0,068). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ ɡɚ ɩɟɪɜɭɸ 
ɤɚɦɩɚɧɢɸ, ɚ, ɡɧɚɱɢɬ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɧɨɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɞɥɹ 
ɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɞɨɫɬɢɝɚɟɬɫɹ ɞɥɹ ɜɚɪɢɚɧɬɚ ȼ3. 

ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ ɜɚɪɢɚɧɬɨɜ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɚɫɱɺɬ ɞɥɹ ɝɨɦɨɝɟɧɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ 
ɝɚɞɨɥɢɧɢɹ ɜ β4 ɬɜɷɝɚɯ (Ƚȼɉ (ȼ3, ȼ5-ȼ7)), ɧɨ ɫ ɪɚɡɧɨɣ ɨɛɳɟɣ ɦɚɫɫɨɣ ȼɉ, ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɫ ɟɝɨ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜ ɬɜɷɝɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɧɵ 
ɧɚ ɪɢɫɭɧɤɚɯ 5 ɢ 6. 

 
Ɋɢɫɭɧɨɤ 5 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 
ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ3, ȼ5-ȼ7  

[Ʉinf of poly-cell depending on burnup depth for 

variants ȼ1, ȼ3, ȼ5-ȼ7] 

 
Ɋɢɫɭɧɨɤ 6 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ Ɍȼɋ ɜ 

ɩɟɪɜɨɣ ɤɚɦɩɚɧɢɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ3, ȼ5-ȼ7 [Ʉinf 

of FA in first campaign depending on burnup depth 

for variants ȼ1, ȼ3, ȼ5-ȼ7] 

 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ȼɉ ɜ ɬɜɷɝɚɯ, ɛɥɨɤɢɪɨɜɤɚ ɩɨɬɨɤɚ ɬɟɩɥɨɜɵɯ 
ɧɟɣɬɪɨɧɨɜ ɩɨɜɵɲɚɟɬɫɹ, ɚ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ȼɉ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɫɧɢɠɚɟɬɫɹ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɡɚɝɪɭɡɤɢ ɝɚɞɨɥɢɧɢɹ ɜ ɬɜɷɝ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɟ ɡɚɝɪɭɡɤɢ ɝɚɞɨɥɢɧɢɹ ɜ 
ɬɜɷɝ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɨɩɪɚɜɞɚɧɨ, ɬɚɤ ɤɚɤ ɦɚɤɫɢɦɭɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɧɚɱɚɥɨ ɤɚɦɩɚɧɢɢ, ɚ ɟɝɨ ɜɟɥɢɱɢɧɚ ɫɥɚɛɨ ɫɧɢɠɚɟɬɫɹ. ɉɨɷɬɨɦɭ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɨɪɧɨɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɛɭɞɟɬ ɫɥɟɝɤɚ ɫɧɢɠɚɬɶɫɹ. Ɉɞɧɚɤɨ ɫɧɢɠɟɧɢɟ 
ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɞɨɛɚɜɨɱɧɨɣ ɡɚɝɪɭɡɤɢ ȼɉ ɧɟ ɷɤɜɢɜɚɥɟɧɬɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɦɚɫɫɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ. ȼ ɱɚɫɬɧɨɫɬɢ ɭɦɟɧɶɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɩɨɥɢɹɱɟɣɤɢ ɨɬ ɛɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ȼ1: 

∆Ʉɢɧɮ.ɦɚɤɫ.= 0,068ν 0,074ν 0,07λ ɢ 0,085 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ3, ȼ5-ȼ7, ɱɬɨ ɜ 
ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɫɬɟɩɟɧɢ ɭɜɟɥɢɱɟɧɢɹ ɟɝɨ ɦɚɫɫɵ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɜɥɢɹɧɢɹ ɬɜɷɝɨɜ ɧɚ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ ɜɨ ɜɪɟɦɟɧɢ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɠɚɬɶ ɞɨɥɸ ɬɜɷɥɨɜ, 
ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɨɞɢɧ ɬɜɷɝ, ɬɨ ɟɫɬɶ ɩɨɜɵɲɚɬɶ ɱɢɫɥɨ ɬɜɷɝɨɜ ɜ Ɍȼɋ, ɢ ɩɪɢ ɷɬɨɦ 
ɩɨɜɵɲɚɬɶ ɡɚɝɪɭɡɤɭ ɝɚɞɨɥɢɧɢɹ ɜ ɬɜɷɝ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (0)Ɍȼɋ

K  ɛɭɞɟɬ 
ɫɧɢɠɚɬɶɫɹ, ɚ ɩɨɫɬɟɩɟɧɧɨɟ ɪɚɡɛɥɨɤɢɪɨɜɚɧɢɟ ɝɚɞɨɥɢɧɢɹ ɜ ɬɜɷɝɟ ɩɪɢɜɨɞɢɬ ɤ ɦɟɞɥɟɧɧɨɦɭ 
ɪɨɫɬɭ ( )Ɍȼɋ

K t , ɱɬɨ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤ ( )POLY

K t , ɬɨ ɟɫɬɶ ɫɧɢɠɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɛɨɪɧɨɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɜ ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɪɟɚɤɬɨɪɚ. ɇɚ ɪɢɫɭɧɤɚɯ 7 ɢ 8 ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ 
ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ( )POLY

K t  ɢ ( )Ɍȼɋ
K t  ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɱɢɫɥɟ ɬɜɷɝɨɜ ɜ Ɍȼɋ 

(β4, γ0, γ6 ɢ 4β) ɢ ɪɚɡɥɢɱɧɨɣ ɡɚɝɪɭɡɤɟ ȼɉ ɜ ɬɜɷɝ (8λ0ν 176βν β644 ɢ γ5βγ ɝ Gd ɧɚ Ɍȼɋ) 
ɜɚɪɢɚɧɬɵ (ȼ3, ȼ8-ȼ10)). 
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Ɋɢɫɭɧɨɤ 7 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 

ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ3, ȼ8-ȼ10 [Ʉinf of 

poly-cell depending on burnup depth for variants 

ȼ1, ȼ3, ȼ8-ȼ10] 

 
Ɋɢɫɭɧɨɤ 8 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ Ɍȼɋ ɜ 
ɩɟɪɜɨɦ ɤɚɦɩɚɧɢɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ3, ȼ8-ȼ10 

[Ʉinf of FA in first campaign depending on burnup 

depth for variants ȼ1, ȼ3, ȼ8-ȼ10] 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɹ ɨɛɨɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɫɨ 
ɜɪɟɦɟɧɟɦ ɜɟɥɢɱɢɧɵ ( )POLY

K t . ȼɨ-ɩɟɪɜɵɯ, ɷɬɚ ɜɟɥɢɱɢɧɚ ɨɫɬɚɟɬɫɹ ɜ ɬɟɱɟɧɢɢ ɛɨɥɶɲɟɣ 
ɱɚɫɬɢ ɤɚɦɩɚɧɢɢ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɜɨ-ɜɬɨɪɵɯ, ɷɬɚ ɜɟɥɢɱɢɧɚ ɫɧɢɠɚɟɬɫɹ 
ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɬɜɷɝɨɜ ɢ ɡɚɝɪɭɡɤɢ ɝɚɞɨɥɢɧɢɹ ɜ ɬɜɷɝ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɜɟɫɶ 
ɝɚɞɨɥɢɧɢɣ ɧɟ ɭɫɩɟɜɚɟɬ ɜɵɝɨɪɟɬɶ ɜ ɬɟɱɟɧɢɢ ɤɚɦɩɚɧɢɢ ɢ, ɬɟɦ ɫɚɦɵɦ, ɫɧɢɠɚɟɬ ɜɵɝɨɪɚɧɢɟ 
ɜɵɝɪɭɠɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. ɉɪɢ ɷɬɨɦ ɡɚɩɚɫ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɠɢɞɤɨɫɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɞɥɹ 
ɜɚɪɢɚɧɬɚ ȼ10 ɩɪɢɦɟɪɧɨ ɜ ɱɟɬɵɪɟ ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɷɬɚɥɨɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɛɟɡ 
ɜɵɝɨɪɚɸɳɢɯ ɩɨɝɥɨɬɢɬɟɥɟɣ. 

ȼ ɫɥɟɞɭɸɳɟɦ ɧɚɛɨɪɟ ɜɚɪɢɚɧɬɨɜ (ɜɚɪɢɚɧɬɵ ȼ11-ȼ14) ɛɵɥɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɨɛɳɟɟ 
ɱɢɫɥɨ ɬɜɷɝɨɜ ɜ Ɍȼɋ, ɧɨ ɜ ɤɚɠɞɨɦ ɢɡ ɧɢɯ ɜɟɫɶ ɝɚɞɨɥɢɧɢɣ ɪɚɡɦɟɳɚɥɫɹ ɝɟɬɟɪɨɝɟɧɧɨ ɜ 
ɦɚɥɨɣ ɨɛɥɚɫɬɢ ɩɨ ɩɟɪɢɮɟɪɢɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɬɜɷɝɚ, ɩɪɢɱɟɦ ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɨɛɳɟɣ ɦɚɫɫɵ ȼɉ ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɚɞɨɥɢɧɢɹ ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɥɚ (0,11ν 0,βν 0,βλ ɢ 0,48 ɦɦ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ɋɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɦɧɨɠɟɧɢɹ Ɍȼɋ ɢ 
ɩɨɥɢɹɱɟɣɤɢ ɢɡ Ɍȼɋ ɞɥɹ ɷɬɢɯ ɜɚɪɢɚɧɬɨɜ ɩɪɢɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ λ ɢ 10. 

 

 
Ɋɢɫɭɧɨɤ λ – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 

ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ11-ȼ14 [Ʉinf of poly-

cell depending on burnup depth for variants ȼ1, ȼ11-

ȼ14] 

 
Ɋɢɫɭɧɨɤ 10 – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ Ɍȼɋ ɜ 
ɩɟɪɜɨɣ ɤɚɦɩɚɧɢɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ11-ȼ14 [Ʉinf of 

FA in first campaign depending on burnup depth for 

variants ȼ1, ȼ11-ȼ14] 

 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ȼɉ ɜ ɬɜɷɝɚɯ, ɛɥɨɤɢɪɨɜɤɚ ɩɨɬɨɤɚ ɬɟɩɥɨɜɵɯ 
ɧɟɣɬɪɨɧɨɜ ɩɨɜɵɲɚɟɬɫɹ, ɚ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ȼɉ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɭɞɥɢɧɟɧɢɸ ɜɪɟɦɟɧɢ ɟɝɨ ɜɵɝɨɪɚɧɢɹ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɧɢɠɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ 
ɡɚɩɚɫɚ ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ\ȼɉ ɧɟ ɚɞɟɤɜɚɬɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɦɚɫɫɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɬɜɷɝɟ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɧɢɠɟɧɢɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ ɩɨɥɢɹɱɟɣɤɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɛɚɡɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɛɟɡ ȼɉ (ȼ1) ɪɚɜɧɵμ ∆Ʉɢɧɮ.ɦɚɤɫ. = 0,046ν 0,051ν 0,056 ɢ 0,066 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ11-ȼ14, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɚɧɚɥɨɝɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 
ɞɥɹ ɜɚɪɢɚɧɬɨɜ ɫ ɝɨɦɨɝɟɧɧɵɦ ɪɚɡɦɟɳɟɧɢɟɦ ȼɉ ɜ ɬɜɷɝɚɯ. 
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62 ȺȻɍ ɋɈɇȾɈɋ ɢ ɞɪ. 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № γ(γβ) 2019 

ȼ ɫɥɟɞɭɸɳɟɦ ɧɚɛɨɪɟ ɜɚɪɢɚɧɬɨɜ (ȼ15-ȼ18) ɢɡɦɟɧɹɥɨɫɶ ɤɚɤ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɝɚɞɨɥɢɧɢɹ ɜ Ɍȼɋ (887ν 1775ν β66β ɢ γ54λ ɝ Gd), ɬɚɤ ɢ ɨɛɳɟɟ ɱɢɫɥɨ ɬɜɷɝɨɜ ɜ Ɍȼɋ (1β6, 
180, βββ ɢ β40), ɧɨ ɩɪɢ ɷɬɨɦ ɜɟɫɶ ɝɚɞɨɥɢɧɢɣ ɜ ɬɜɷɝɚɯ ɪɚɡɦɟɳɚɥɫɹ ɝɟɬɟɪɨɝɟɧɧɨ, ɤɚɤ ɢ ɜ 
ɩɪɟɞɵɞɭɳɟɦ ɧɚɛɨɪɟ ɜɚɪɢɚɧɬɨɜ, ɚ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ȼɉ ɜ Ɍȼɋ ɜɨɡɪɚɫɬɚɥɨ ɢ 
ɱɢɫɥɨ ɬɜɷɝɨɜ. ɇɚ ɪɢɫɭɧɤɟ 11 ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɷɬɢɯ ɜɚɪɢɚɧɬɨɜ.  

 

 
Ɋɢɫɭɧɨɤ 11ɚ – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 

ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ15-ȼ18 [Ʉinf of poly-

cell depending on burnup depth for variants ȼ1, ȼ15-

ȼ18] 

 
Ɋɢɫɭɧɨɤ 11ɛ – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ Ɍȼɋ ɜ 
ɩɟɪɜɨɣ ɤɚɦɩɚɧɢɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ15-ȼ18 [Ʉinf of 

FA in first campaign depending on burnup depth for 

variants ȼ1, ȼ15-ȼ18] 

 

ɋɪɚɜɧɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɪɢɫɭɧɤɚɯ 10ɚ ɢ 10ɛ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɧɚ ɪɢɫɭɧɤɚɯ 7ɚ ɢ 7ɛ, 
ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɫɨɜɩɚɞɟɧɢɟ. ȼɨ-ɩɟɪɜɵɯ, ɜɨ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɜɚɪɢɚɧɬɚɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɛɨɥɶɲɨɣ ɢɧɬɟɪɜɚɥ ɤɚɦɩɚɧɢɢ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɜɟɥɢɱɢɧɚ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɦɧɨɠɟɧɢɹ ɫɥɚɛɨ ɦɟɧɹɟɬɫɹ ɫ ɜɵɝɨɪɚɧɢɟɦ. ȼɨ-ɜɬɨɪɵɯ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɱɢɫɥɚ ɬɜɷɝɨɜ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ȼɉ ɜ ɧɢɯ, ɜɨɡɪɚɫɬɚɟɬ ɢɧɬɟɪɜɚɥ 
ɫɥɚɛɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ ɩɨɥɢɹɱɟɣɤɢ ɢ ɫɧɢɠɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɷɬɨɣ 
ɜɟɥɢɱɢɧɵ. Ɍɟɦ ɫɚɦɵɦ ɫɧɢɠɚɟɬɫɹ ɢ ɨɫɬɚɬɨɱɧɵɣ ɡɚɩɚɫ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɠɢɞɤɨɫɬɧɭɸ 
ɫɢɫɬɟɦɭ ɤɨɦɩɟɧɫɚɰɢɢ, ɧɨ ɫ ɧɟɛɨɥɶɲɨɣ ɩɨɬɟɪɟɣ ɜ ɜɵɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ. ɇɟɨɛɯɨɞɢɦɨ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɝɟɬɟɪɨɝɟɧɧɨɦ ɪɚɡɦɟɳɟɧɢɢ ȼɉ 
ɬɪɟɛɭɟɬɫɹ ɜɵɞɟɥɹɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɬɜɷɝɨɜ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɨɛɳɟɝɨ ɱɢɫɥɚ 
ɬɜɷɝɨɜ ɜ Ɍȼɋ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɫɦɟɲɚɧɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ȼɉ ɜ ɧɢɯ (ɜɚɪɢɚɧɬɵ ȼ19 ɢ 
ȼ20). Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1β ɢ 1γ. 

 

 
Ɋɢɫɭɧɨɤ 1β – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 

ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ9, ȼ17 ɢ ȼ19 [Ʉinf of 

poly-cell depending on burnup depth for variants ȼ1, 

ȼ9, ȼ17 ɢ ȼ19] 

 
Ɋɢɫɭɧɨɤ 1γ – ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɢɧɮ 

ɩɨɥɢɹɱɟɣɤɢ ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ1, ȼ10, ȼ18 ɢ ȼ20 [Ʉinf of 

poly-cell depending on burnup depth for variants ȼ1, 

ȼ10, ȼ18 ɢ ȼ20] 
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 ɋɇɂɀȿɇɂȿ ɈȻɔȿɆȺ ȻɈɊɇɈȽɈ ɊȿȽɍɅɂɊɈȼȺɇɂə 63 

 

© ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», β019 

ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɦɨɝɟɧɧɨɝɨ (Ƚȼɉ) ɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ (ȽɌȼɉ) ȼɉ 
ɩɪɢɜɨɞɢɬ ɤ ɧɚɢɛɨɥɶɲɟɣ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɫɬɢ ɜ ɧɚɱɚɥɟ ɤɚɦɩɚɧɢɢ. ȼ ɬɚɛɥɢɰɟ β 
ɩɪɟɞɫɬɚɜɥɟɧɧɨ ∆Ʉɢɧɮ.ɦɚɤɫ. ɢ ∆Ʉ(ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ) ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ9, ȼ10, ȼ17 ȼ18, ȼ19 ɢ ȼ20. 

 

Ɍɚɛɥɢɰɚ β – ∆Ʉɢɧɮ.ɦɚɤɫ. ɢ ∆Ʉɢɧɮ (ɜ ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ) ɞɥɹ ɜɚɪɢɚɧɬɨɜ ȼ9, ȼ10, ȼ17 ȼ18, ȼ19 ɢ ȼ20 [∆Ʉinf.maxɫ. ɢ ∆Ʉinf in the end 

of campaign) for variants ȼ9, ȼ10, ȼ17 ȼ18, ȼ19 ɢ ȼ20] 

Ɇɚɫɫɚ ȼɉ (ɤɝ/Ɍȼɋ) 2,65 3,55 

Ɋɚɡɦɟɳɟɧɢɟ ȼɉ ɜ Ɍȼɋ Ƚȼɉ ȽɌȼɉ Ƚȼɉ ɢ ȽɌȼɉ Ƚȼɉ ȽɌȼɉ Ƚȼɉ ɢ ȽɌȼɉ 

∆Ʉɢɧɮ.ɦɚɤɫ. 0,109 0,111 0,125 0,126 0,122 0,130 

∆Ʉ(ɜ ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ) 0,008 0,006 0,006 0,010 0,008 0,008 

 

ɂɡ ɬɚɛɥɢɰɵ β ɜɢɞɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɦɨɝɟɧɧɨɝɨ (Ƚȼɉ) ɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ 
(ȽɌȼɉ) ɪɚɡɦɟɳɟɧɢɟ ȼɉ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɧɸ Ʉɢɧɮ.ɦɚɤɫ ɬɚɤ ɢ Ʉ(ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ), ɱɬɨ 
ɨɡɧɚɱɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɩɟɧɫɚɰɢɢ 
ɢɡɛɵɬɨɱɧɨɣ ɪɟɚɤɬɢɜɧɨɫɬɢ. ȼ ɬɚɛɥɢɰɟ γ ɩɪɟɞɫɬɚɜɥɟɧɧɨ ∆Ʉɢɧɮ.ɦɚɤɫ. ɢ ∆Ʉ(ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ) ɞɥɹ 
ɜɚɪɢɚɧɬɨɜ ȼ3, ȼ8, ȼ15 ȼ16. 

 

Ɍɚɛɥɢɰɚ γ – ∆Ʉɢɧɮ.ɦɚɤɫ. ɢ ∆Ʉɢɧɮ (ɜ ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ) ɞɥɹ ɜɚɪɢɚɧɬɵ ȼ3, ȼ8, ȼ15 ȼ16 [∆Ʉinf.maxɫ. ɢ ∆Ʉinf in the end of campaign) 

for variants ȼ3, ȼ8, ȼ15 ȼ16] 

Ɇɚɫɫɚ ȼɉ (ɤɝ) 0,88 0,89 1,76 1,78 

Ɋɚɡɦɟɳɟɧɢɟ ȼɉ ɜ Ɍȼɋ Ƚȼɉ ȽɌȼɉ Ƚȼɉ ȽɌȼɉ 

∆Ʉɢɧɮ.ɦɚɤɫ. 0,068 0,063 0,089 0,089 

∆Ʉ(ɜ ɤɨɧɰɟ ɤɚɦɩɚɧɢɢ) 0,003 0,001 0,005 0,004 

 

ȼɵɜɨɞɵ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɚɧɚɥɢɡɢɪɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɪɚɡɦɟɳɟɧɢɹ ȼɉ, ɱɢɫɥɨ ɬɜɷɝɨɜ ɜ Ɍȼɋ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ GН ɜ ɤɚɠɞɨɦ ɬɜɷɝɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ 
ɩɨɥɢɹɱɟɣɤɟ ɞɥɹ ɪɟɚɤɬɨɪɚ ȼȼɗɊ ɫ ɭɞɥɢɧɺɧɧɵɦɢ ɤɚɦɩɚɧɢɹɦɢ. ɋɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɭɦɟɧɶɲɚɟɬ ɡɚɩɚɫ ɪɟɚɤɬɢɜɧɨɫɬɢ ɧɚ ɤɨɦɩɟɧɫɚɰɢɸ ɠɢɞɤɨɫɬɧɨɣ 
ɫɢɫɬɟɦɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɛɨɪɚ ɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟ, ɱɬɨ 
ɛɥɚɝɨɬɜɨɪɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɥɨɬɧɨɫɬɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɪɟɚɤɬɢɜɧɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɦɧɨɠɟɧɢɹ 
ɧɟɣɬɪɨɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ȼɉ ɜ ɬɜɷɝɟ, ɬɚɤ ɢ ɡɚ ɫɱɟɬ 
ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɬɜɷɝɨɜ. ɉɪɢ ɷɬɨɦ, ɜ ɬɟɱɟɧɢɟ ɛɨɥɶɲɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɩɟɪɜɨɣ 
ɤɚɦɩɚɧɢɢ ɫɚɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɧɟ ɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɜɵɝɨɪɚɧɢɹ 
ɬɨɩɥɟɜɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ ɮɚɤɬɨɦ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɪɟɚɤɬɢɜɧɨɫɬɢ ɪɟɚɤɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ 
ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɪɨɫɬɨɦ ɪɟɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɜɵɝɨɪɚɧɢɹ ȼɉ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɭɩɪɨɳɚɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɟɚɤɬɨɪɚ ɨɩɟɪɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɨɪɝɚɧɨɜ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɨɞɢɧɚɤɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɤɚɤ ɫ ɩɨɦɨɳɶɸ Ƚȼɉ, ɬɚɤ 
ɢ ɫ ɩɨɦɨɳɶɸ ȽɌȼɉ, ɧɨ Ƚȼɉ ɬɪɟɛɭɟɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɨɝɨ ɠɟ ɪɟɡɭɥɶɬɚɬɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɦɟɧɶɲɟɝɨ ɱɢɫɥɚ ɬɜɷɝɨɜ. 
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Abstract – The paper considers various schemes of placement of the burnable absorbers (BAs) in 

the system of compensation of excess reactivity in the reactor of WWER type at the extended 

campaigns for the purpose of decrease in the maximum concentration of the boron absorber. On 

the basis of the variant optimization the influence of the method of placing the burnable absorber 

in the fuel rods (homogeneous and heterogeneous) and the amount of the placed burnable 

absorbers in them on the maximum value of the reactivity reserve compensated by the boron 

control system are analyzed. 
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