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Ɋаɫɫɦаɬɪɢɜаɟɬɫɹ ɡаɞача ɨɛ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɜɵɝɨɪаɸɳɢɯ ɩɨɝɥɨɬɢɬɟɥɟɣ (ȼɉ) ɜ ɪɟаɤɬɨɪаɯ ɬɢɩа 
ȼȼɗɊ ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɛɴɟɦа ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜаɧɢɹ ɢɡɛɵɬɨчɧɨɝɨ ɡаɩаɫа ɪɟаɤɬɢɜɧɨɫɬɢ 
ɩɪɢ ɜɵɝɨɪаɧɢɢ ɬɨɩɥɢɜа. ȼ ɞаɧɧɨɣ ɪаɛɨɬɟ ɜ ɤачɟɫɬɜɟ ȼɉ ɪаɫɫɦаɬɪɢɜаɟɬɫɹ ɩɪɢɪɨɞɧɵɣ 
ɟɜɪɨɩɢɣ ɜ ɮɨɪɦɟ  EЮ2O3, ɪаɡɦɟɳɟɧɧɵɣ ɜ ɢɧɬɟɝɪɢɪɨɜаɧɧɨɦ ɜɢɞɟ ɫ ɭɪаɧɨɜɵɦ ɬɨɩɥɢɜɨɦ ɜ 
ɬɜɷɥаɯ. ɉɪɨɜɟɞɟɧ аɧаɥɢɡ ɨɛɟɫɩɟчɟɧɢɹ ɹɞɟɪɧɨɣ ɢ ɪаɞɢаɰɢɨɧɧɨɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜаɧɢɢ ɩɨɞɨɛɧɨɝɨ ɬɨɩɥɢɜа ɜ ɪɟаɤɬɨɪаɯ ȼȼɗɊ-1200. 
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ȼɜɟɞɟɧɢɟ 
Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪаɰɢɢ ɛɨɪа ɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟ чаɫɬɶ ɢɡɛɵɬɨчɧɨɣ 

ɪɟаɤɬɢɜɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɜɵɝɨɪаɸɳɢɦɢ ɩɨɝɥɨɬɢɬɟɥɹɦɢ, ɪаɡɦɟɳаɟɦɵɦɢ ɜ ɬɜɷɥаɯ 
[1-5]. ɇаɢɛɨɥɶɲɟɟ ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɜ ɤачɟɫɬɜɟ ɜɵɝɨɪаɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ (ȼɉ) 
ɩɨɥɭчɢɥɢ ɩɪɢɪɨɞɧɵɣ ɝаɞɨɥɢɧɢɣ Д6Ж ɢ ɩɪɢɪɨɞɧɵɣ ɟɜɪɨɩɢɣ Д1Ж. ɂɡ-ɡа ɛɨɥɶɲɨɝɨ ɡɧачɟɧɢɹ 
ɫɟчɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɝаɞɨɥɢɧɢɹ, ɨɫɨɛɟɧɧɨ ɧɟчɟɬɧɵɦɢ ɢɡɨɬɨɩаɦɢ, ɟɝɨ ɪаɡɦɟɳаɸɬ ɜ 
ɧɟɛɨɥɶɲɨɦ ɤɨɥɢчɟɫɬɜɟ ɬɜɷɥɨɜ (ɬɜɷɝɨɜ), а ɩɭɬɟɦ ɩɨɞɛɨɪа ɜɟɫɨɜɨɝɨ ɫɨɞɟɪɠаɧɢɹ 
ɝаɞɨɥɢɧɢɹ ɜ ɬɜɷɝаɯ ɞɨɛɢɜаɸɬɫɹ ɬɨɝɨ, чɬɨɛɵ ɨɧ ɩɨɥɧɨɫɬɶɸ ɜɵɝɨɪаɥ ɡа ɨɞɧɭ ɤаɦɩаɧɢɸ. ȼ 
ɨɬɥɢчɢɟ ɨɬ ɝаɞɨɥɢɧɢɹ ɟɜɪɨɩɢɣ, ɢɦɟɸɳɢɣ ɧɟɛɨɥɶɲɨɟ ɡɧачɟɧɢɟ ɫɟчɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ, 
ɪаɡɦɟɳаɸɬ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢчɟɫɬɜɟ ɬɜɷɥɨɜ (ɬɜɷɝɨɜ), ɢ ɩɪɢ ɥɸɛɨɦ ɜɟɫɨɜɨɦ ɫɨɞɟɪɠаɧɢɢ 
ɟɜɪɨɩɢɹ ɜ ɬɜɷɝаɯ ɨɧ ɧɟ ɜɵɝɨɪɢɬ ɞɨ ɤɨɧɰа ɨɛɳɟɣ ɤаɦɩаɧɢɢ. 

ȼ ɞаɧɧɨɦ ɫɨɨɛɳɟɧɢɢ ɪаɫɫɦаɬɪɢɜаɟɬɫɹ ɜаɪɢаɧɬ ɪаɡɦɟɳɟɧɢɹ ɟɜɪɨɩɢɹ ɜ ɛɨɥɶɲɨɦ 
чɢɫɥɟ ɬɜɷɝɨɜ, ɧɨ ɫ ɭɦɟɧɶɲɟɧɧɵɦ ɫɨɞɟɪɠаɧɢɟɦ ɟɜɪɨɩɢɹ ɜ ɤаɠɞɨɦ ɢɡ ɧɢɯ.  

ɉɪɢɪɨɞɧɵɣ ɟɜɪɨɩɢɣ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɢɡɨɬɨɩɨɜ, 151Eu ɢ 153Eu, ɢɯ ɦɢɤɪɨɫɟчɟɧɢɹ 
ɡаɯɜаɬа ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ (E= 0,0253 ɷȼ) ɢ ɤɨɧɰɟɧɬɪаɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪаɜɧɵ 
9100 ɛ ɢ 47,44%; 312 ɛ ɢ 52,23% Д7Ж. ɂɡɨɬɨɩ 151Eu ɜɵɝɨɪɢɬ ɡа ɩɟɪɜɭɸ ɤаɦɩаɧɢɸ, а 153Eu 
ɧɟ ɜɵɝɨɪɢɬ ɞɨ ɤɨɧɰа ɨɛɳɟɣ ɤаɦɩаɧɢɢ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ ɦаɤɫɢɦаɥɶɧɨɝɨ ɡаɩаɫа ɪɟаɤɬɢɜɧɨɫɬɢ ɜ ɬɟчɟɧɢɟ 
ɤаɦɩаɧɢɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɭɜɟɥɢчɢɜаɹ ɪаɞɢɨаɤɬɢɜɧɨɫɬɶ ɈəɌ. 

ȼ ɞаɧɧɨɣ ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɩɨɜɵɲɟɧɢɹ ɤɨɥɢчɟɫɬɜа ɬɜɷɝɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɟɜɪɨɩɢɹ ɤаɤ ɜɵɝɨɪаɸɳɟɝɨ ɩɨɝɥɨɬɢɬɟɥɹ ɧа ɹɞɟɪɧɭɸ ɢ ɪаɞɢаɰɢɨɧɧɭɸ 
ɛɟɡɨɩаɫɧɨɫɬɶ ɪаɛɨɬɵ ɪɟаɤɬɨɪа ȼȼɗɊ-1200 ɢ ɫɪаɜɧɟɧɢɟ ɟɝɨ ɜɥɢɹɧɢɹ ɫ ɜɥɢɹɧɢɟɦ GН. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
Ȼɵɥɢ ɜɵɛɪаɧɵ ɧɟɫɤɨɥɶɤɨ ɜаɪɢаɧɬɨɜ ɪаɡɦɟɳɟɧɢɹ ɬɜɷɝɨɜ ɜ Ɍȼɋ ɫ ɪаɡɧɵɦɢ 

ɤɨɥɢчɟɫɬɜаɦɢ ɜ ɧɢɯ, ɢ ɞɥɹ ɤаɠɞɨɝɨ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪаɫчɟɬ ɢɡɦɟɧɟɧɢɹ ɧɟɣɬɪɨɧɧɨ-
ɮɢɡɢчɟɫɤɢɯ ɢ ɪаɞɢаɰɢɨɧɧɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ Ɍȼɋ ɨɬ ɜɵɝɨɪаɧɢɹ ɬɨɩɥɢɜа ɢ 
ɯаɪаɤɬɟɪɢɫɬɢɤ ɈɌȼɋ ɜ ɛаɫɫɟɣɧɟ ɜɵɞɟɪɠɤɢ. 
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ɂɫɯɨɞɧɵɟ ɞаɧɧɵɟ ɩɨ ɡаɝɪɭɡɤɟ ɟɜɪɨɩɢɹ ɜ ɬɜɷɝаɯ, ɤɨɥɢчɟɫɬɜɟ ɬɜɷɝɨɜ ɜ Ɍȼɋ ɢ ɢɯ 
ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɷɬɢɯ ɜаɪɢаɧɬɨɜ ɩɪɟɞɫɬаɜɥɟɧɵ ɜ ɬаɛɥɢɰаɯ 1 ɢ 2 ɢ ɧа 
ɪɢɫɭɧɤаɯ 1а-1ɝ. Ⱦɥɹ ɜɫɟɯ ɜаɪɢаɧɬɨɜ ɪаɫчɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɤɨɧɰɟɧɬɪаɰɢɢ ɛɨɪɧɨɣ 
ɤɢɫɥɨɬɵ, ɪаɜɧɨɣ ɧɭɥɸ. 

 

Ɍаɛɥɢɰа 1 – Ɉɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɩаɪаɦɟɬɪɵ Ɍȼɋ ДBasic geometrical parameters of FA] 

ɉаɪаɦɟɬɪ Ɍȼɋ 

Ⱦɥɢɧа ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬа, ɦɦ 3750 

Ɇаɫɫа UO2 , ɤɝ 534 

ɉɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜа (ɝ/ɫɦ3) 10,5 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪаɬɭɪа ɬɨɩɥɢɜа (ºK) 1000,0 

ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ (ɝ/ɫɦ3) 0,72 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪаɬɭɪа ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ºK) 587.0 

Ʉɨɥɢчɟɫɬɜɨ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɞɧɨɣ Ɍȼɋ 312 

ȼɧɭɬɪɟɧɧɢɣ/ɇаɪɭɠɧɵɣ ɞɢаɦɟɬɪ ɬɨɩɥɢɜɧɨɣ ɬаɛɥɟɬɤɢ, ɦɦ 1,4/7,57 

ȼɧɭɬɪɟɧɧɢɣ/ɇаɪɭɠɧɵɣ ɞɢаɦɟɬɪ ɨɛɨɥɨчɤɢ, ɦɦ 7,73/9,1 

Ɇаɬɟɪɢаɥ ɨɛɨɥɨчɤɢ ɫɩɥаɜ ɗ110  
ɐɟɧɬɪаɥɶɧаɹ ɬɪɭɛɤа 

ȼɧɭɬɪɟɧɧɢɣ/ɇаɪɭɠɧɵɣ ɞɢаɦɟɬɪ, ɦɦ 11,0/13,0 

Ɇаɬɟɪɢаɥ ɫɩɥаɜ ɗ635 

ɇаɩɪаɜɥɹɸɳаɹ ɬɪɭɛɤа (18 ɲɬ.) 

ȼɧɭɬɪɟɧɧɢɣ/ɇаɪɭɠɧɵɣ ɞɢаɦɟɬɪ, ɦɦ 10,9/12,6 

Ɇаɬɟɪɢаɥ ɫɩɥаɜ ɗ635 
 

Ɍаɛɥɢɰа 2 – Ʉɨɥɢчɟɫɬɜɨ ɬɜɷɝɨɜ ɜ Ɍȼɋ [Number of the fuel rods with burnable absorbers in FA] 

ȼаɪɢаɧɬ Ʉɨɥɢчɟɫɬɜɨ ɢ ɫɨɫɬаɜ ɬɨɩɥɢɜа ɬɜɷɥɨɜ 

(ɛɟɡ ȼɉ) ȼ1 312 - 4,9%   (235U)  

(12 GН) ȼ2 300 - 4,95% (235U)  ɢ  12  -  3,6% (235U)   ɫ  5,0%      GН2O3 

(12 EЮ) ȼ3 300 - 4,95% (235U)  ɢ  12  -  3,6% (235U)   ɫ  5,0%      EЮ2O3 

(24 EЮ) ȼ4 288 - 4,9%   (235U)  ɢ  24  -  4,9% (235U)   ɫ  2,5%      EЮ2O3 

(36EЮ) ȼ5 276 - 4,9%   (235U)  ɢ  36  -  4,9% (235U)   ɫ  1,667%  EЮ2O3 

(72EЮ) ȼ6 240 - 4,9%   (235U)  ɢ  72  -  4,9% (235U)   ɫ  0,834%  EЮ2O3 

(72 EЮ) ȼ7 240 - 4,9%   (235U)  ɢ  72  -  4,9% (235U)   ɫ  0,834% EЮ2O3 

М ɨɛɨɝаɳɟɧɢɟ 80% 151Eu 

(312 EЮ) ȼ8 312 - 4,9%   (235U)  ɢ ɫ  0,192%  EЮ2O3 
 

   
 

Ɋɢɫɭɧɨɤ 1а – Ɍȼɋ-ȼ2 ɢ ȼ3 [FA-B2 and B3] Ɋɢɫɭɧɨɤ 1ɛ – Ɍȼɋ-ȼ4 [FA-B4] 
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Ɋɢɫɭɧɨɤ 1ɜ – FA-ȼ5 ɢ B3 [FA-B5 and B3]  Ɋɢɫɭɧɨɤ 1ɝ – FA-ȼ6 [FA-B6] 

 

ȼаɪɢаɧɬ ȼ1, ɜ ɤɨɬɨɪɨɦ ɨɬɫɭɬɫɬɜɭɟɬ ȼɉ, ɜɵɛɪаɧ ɜ ɤачɟɫɬɜɟ ɷɬаɥɨɧɧɨɝɨ ɞɥɹ 
ɫɨɩɨɫɬаɜɥɟɧɢɹ ɫ ɨɫɬаɥɶɧɵɦɢ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɜаɪɢаɧɬɟ ɩɪɟɞɩɨɥаɝаɟɬɫɹ ɩɨɥɧɨɫɬɶɸ 

ɠɢɞɤɨɫɬɧɨɟ ɪɟɝɭɥɢɪɨɜаɧɢɟ ɡаɩаɫа ɪɟаɤɬɢɜɧɨɫɬɢ. ȼаɪɢаɧɬ ȼ2 ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɩɥɢɜɧɨɣ 
ɡаɝɪɭɡɤɟ ɪɟаɤɬɨɪа ɬɢɩа ȼȼɗɊ-1200, ɜ ɤɨɬɨɪɨɦ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɝаɞɨɥɢɧɢɣ. ȼ 
ɜаɪɢаɧɬаɯ ȼ3-ȼ8 ɜɦɟɫɬɨ GН ɢɫɩɨɥɶɡɭɸɬ EЮ ɢ ɭɜɟɥɢчɟɧɧɨɟ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜаɪɢаɧɬɭ ȼ2, 

ɤɨɥɢчɟɫɬɜɨ ɬɜɷɝɨɜ (12, 24, 36, 72 ɢ 312 ɬɜɷɝ), ɩɪɢчɟɦ, ɩɨɥɧаɹ ɡаɝɪɭɡɤа ɝаɞɨɥɢɧɢɹ ɢ 
ɟɜɪɨɩɢɹ ɜɨ ɜɫɟɯ ɷɬɢɯ ɜаɪɢаɧɬɨɜ ɬаɤаɹ ɠɟ, ɤаɤ ɢ ɞɥɹ ɜаɪɢаɧɬа ȼ2. 

ȼɥɢɹɧɢɟ ȼɉ ɧа ɹɞɟɪɧɵɟ ɢ ɪаɞɢаɰɢɨɧɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜа ɫɜɹɡаɧɨ ɫ 
ɬɟɪɦɢɧɨɦ «ɫɢɥɶɧаɹ ɛɥɨɤɢɪɨɜɤа ɩɨɬɨɤа ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ», ɤɨɬɨɪаɹ ɡаɜɢɫɢɬ ɨɬ ɞɜɭɯ 
ɜɟɥɢчɢɧ: 

1) ɫɟчɟɧɢɹ ɩɨɝɥɨɬɢɬɟɥɹ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ – ɩɪɹɦаɹ ɩɪɨɩɨɪɰɢɨɧаɥɶɧаɹ 
ɡаɜɢɫɢɦɨɫɬɶ; 

2) ɤɨɧɰɟɧɬɪаɰɢɢ ɢɡɨɬɨɩɨɜ ȼɉ – ɩɪɹɦаɹ ɩɪɨɩɨɪɰɢɨɧаɥɶɧаɹ ɡаɜɢɫɢɦɨɫɬɶ. 
ɑɟɦ ɫɢɥɶɧɟɟ ɛɥɨɤɢɪɨɜɤа ɩɨɬɨɤа ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ, ɬɟɦ ɦɟɧɶɲɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ȼɉ (ɬɟɦ ɦɟɧɶɲɟɟ ɤɨɥɢчɟɫɬɜɨ ȼɉ ɭчаɫɬɜɭɟɬ ɜ ɩɨɝɥɨɳɟɧɢɢ ɧɟɣɬɪɨɧɨɜ). 
Ɋɟɡɭɥɶɬɚɬɵ 
ȼɫɟ ɪаɫчɟɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɤɨɞа SERPENT 2.1.30 [8], 

ɨɫɧɨɜаɧɧɨɝɨ ɧа ɪɟɲɟɧɢɢ ɭɪаɜɧɟɧɢɹ ɩɟɪɟɧɨɫа ɧɟɣɬɪɨɧɨɜ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉаɪɥɨ, ɞɥɹ 
ɫɛɨɪɤɢ Ɍȼɋ ɪɟаɤɬɨɪа ȼȼɗɊ-1200. Ɉɫɧɨɜɧɨɟ ɜɧɢɦаɧɢɟ ɭɞɟɥɟɧɨ аɧаɥɢɡɭ ɡаɜɢɫɢɦɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬа ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ K∞ ɨɬ ɜɵɝɨɪаɧɢɹ ɢ ɪаɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ 
ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɹ ɞɥɹ ɜɵɛɪаɧɧɨɣ Ɍȼɋ. ɋɪɟɞɧɹɹ ɦɨɳɧɨɫɬɶ Ɍȼɋ ɛɵɥа ɩɪɢɧɹɬа ɪаɜɧɨɣ 
1.96326×107 ȼɬ, ɫɬаɬɢɫɬɢɤа ɪаɫчɟɬɨɜ ɫɨɫɬаɜɢɥа 2 000 000. əɞɟɪɧɵɟ ɞаɧɧɵɟ ɛɵɥɢ 
ɩɨɥɭчɟɧɵ ɢɡ ɛɢɛɥɢɨɬɟɤɢ ɹɞɟɪɧɵɯ ɤɨɧɫɬаɧɬ ENDFB7 Д9Ж. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ 
ɇа ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬаɜɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ Ʉ∞ ɜ 

ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɜɵɝɨɪаɧɢɹ ɞɥɹ ɜɫɟɯ ɪаɫɫɦɨɬɪɟɧɧɵɯ ɜаɪɢаɧɬɨɜ. 
ɂɡ-ɡа ɛɨɥɶɲɟɝɨ ɫɟчɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɝаɞɨɥɢɧɢɣ ɜɵɝɨɪаɟɬ 

ɛɵɫɬɪɟɟ, чɟɦ ɟɜɪɨɩɢɣ, ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɟɟ: 
1) ɜɥɢɹɧɢɟ ɝаɞɨɥɢɧɢɹ ɫɤаɡɵɜаɟɬɫɹ ɜ ɞɢаɩаɡɨɧɟ ɜɵɝɨɪаɧɢɹ ɞɨ 14 Ɇȼɬ×ɫɭɬ/ɤɝU, а 

ɜɥɢɹɧɢɟ EЮ ɩɪɨɫɥɟɠɢɜаɟɬɫɹ ɜ ɬɟчɟɧɢɟ ɜɫɟɣ ɤаɦɩаɧɢɢ; 
2) ɷɮɮɟɤɬ ɫɢɥɶɧɨɣ ɛɥɨɤɢɪɨɜɤɢ ɩɨɬɨɤа ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ 

ɝаɞɨɥɢɧɢɹ ɛɨɥɶɲɟ, чɟɦ ɞɥɹ ɟɜɪɨɩɢɹ. 
ɉɨɫɤɨɥɶɤɭ ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ Ɍȼɋ ɫ ɝаɞɨɥɢɧɢɟɦ ɩɪɢ ɥɸɛɨɦ 

ɜɵɝɨɪаɧɢɢ ɛɨɥɶɲɟ, чɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɟɜɪɨɩɢɹ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɨɜаɧɢɟ 
ɟɜɪɨɩɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ «ɜɟɫ» ɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜаɧɢɹ. ɍɜɟɥɢчɟɧɢɟ 
чɢɫɥа ɬɜɷɝɨɜ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɫɨɞɟɪɠаɧɢɹ ɟɜɪɨɩɢɹ ɜ ɤаɠɞɨɦ ɢɡ ɧɢɯ 
ɩɪɢɜɨɞɢɬ: 
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– ɜɨ-ɩɟɪɜɵɯ, ɤ ɭɦɟɧɶɲɟɧɢɸ ɧачаɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬа ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ; 
– ɜɨ ɜɬɨɪɵɯ, ɤ ɫɧɢɠɟɧɢɸ ɨɛɴɟɦа ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜаɧɢɹ. 

 
Ɋɢɫɭɧɨɤ 2 – Ʉɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɜɵɝɨɪаɧɢɹ [Neutron 

multiplication factor depending on burnup depth] 

 

ɂɡ-ɡа ɛɨɥɶɲɟɝɨ ɫɟчɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɝаɞɨɥɢɧɢɣ ɜɵɝɨɪаɟɬ 
ɛɵɫɬɪɟɟ, чɟɦ ɟɜɪɨɩɢɣ, ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɟɟ: 

3) ɜɥɢɹɧɢɟ ɝаɞɨɥɢɧɢɹ ɫɤаɡɵɜаɟɬɫɹ ɜ ɞɢаɩаɡɨɧɟ ɜɵɝɨɪаɧɢɹ ɞɨ 14 Ɇȼɬ×ɫɭɬ/ɤɝU, а 
ɜɥɢɹɧɢɟ EЮ ɩɪɨɫɥɟɠɢɜаɟɬɫɹ ɜ ɬɟчɟɧɢɟ ɜɫɟɣ ɤаɦɩаɧɢɢ; 

4) ɷɮɮɟɤɬ ɫɢɥɶɧɨɣ ɛɥɨɤɢɪɨɜɤɢ ɩɨɬɨɤа ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ 

ɝаɞɨɥɢɧɢɹ ɛɨɥɶɲɟ, чɟɦ ɞɥɹ ɟɜɪɨɩɢɹ. 

ɉɨɫɤɨɥɶɤɭ ɤɨɷɮɮɢɰɢɟɧɬ ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ Ɍȼɋ ɫ ɝаɞɨɥɢɧɢɟɦ ɩɪɢ ɥɸɛɨɦ 
ɜɵɝɨɪаɧɢɢ ɛɨɥɶɲɟ, чɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɟɜɪɨɩɢɹ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢɫɩɨɥɶɡɨɜаɧɢɟ 
ɟɜɪɨɩɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ «ɜɟɫ» ɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜаɧɢɹ. ɍɜɟɥɢчɟɧɢɟ 
чɢɫɥа ɬɜɷɝɨɜ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɫɨɞɟɪɠаɧɢɹ ɟɜɪɨɩɢɹ ɜ ɤаɠɞɨɦ ɢɡ ɧɢɯ 
ɩɪɢɜɨɞɢɬ: 

– ɜɨ-ɩɟɪɜɵɯ, ɤ ɭɦɟɧɶɲɟɧɢɸ ɧачаɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬа ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ; 

– ɜɨ ɜɬɨɪɵɯ, ɤ ɫɧɢɠɟɧɢɸ ɨɛɴɟɦа ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜаɧɢɹ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɡаɜɢɫɢɦɨ ɨɬ ɧачаɥɶɧɨɝɨ ɨɛɨɝаɳɟɧɢɹ ɟɜɪɨɩɢɹ ɩɨ ɢɡɨɬɨɩɭ 151 

(ɜаɪɢаɧɬ ȼ7), ɤɨɧɟчɧаɹ ɤɨɧɰɟɧɬɪаɰɢɹ ɢɡɨɬɨɩа 153 ɢ ɩɨɜɟɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа 
ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɜ ɤɨɧɰɟ ɤаɦɩаɧɢɢ ɜɨ ɜɫɟɯ ɜаɪɢаɧɬаɯ (ȼ3 – ȼ8) ɩɪɢɦɟɪɧɨ 
ɨɞɢɧаɤɨɜɵ. Ɉɬɦɟɬɢɦ, чɬɨ ɜ ɜаɪɢаɧɬаɯ ȼ6 – ȼ8 (72 ɬɜɷɝа ɢ ɛɨɥɶɲɟ), ɦаɤɫɢɦаɥɶɧɨɟ 
ɡɧачɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬа ɪаɡɦɧɨɠɟɧɢɹ ɧɟɣɬɪɨɧɨɜ ɞɨɫɬɢɝаɟɬɫɹ ɧɟ ɜ ɧачаɥɟ ɤаɦɩаɧɢɢ.  

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢɡɨɬɨɩɨɜ 
ɇаɥɢчɢɟ ȼɉ ɜ ɬɨɩɥɢɜɟ ɫɦɟɳаɟɬ ɧɟɣɬɪɨɧɧɵɣ ɫɩɟɤɬɪ ɜ ɨɛɥаɫɬɶ ɷɩɢɬɟɩɥɨɜɵɯ 

ɧɟɣɬɪɨɧɨɜ. ɂ чɟɦ ɛɨɥɶɲɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɉ, ɬɟɦ ɛɨɥɶɲɟ ɷɬɨ ɫɦɟɳɟɧɢɟ. 
Ƚаɞɨɥɢɧɢɣ ɩɨɥɧɨɫɬɶɸ ɜɵɝɨɪаɟɬ ɞɨ 14 Ɇȼɬ×ɫɭɬ/ɤɝU, ɩɨɷɬɨɦɭ ɧɟɣɬɪɨɧɧɵɣ ɫɩɟɤɬɪ 

ɫɦɟɳаɟɬɫɹ ɜ ɨɛɥаɫɬɶ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɨɜ ɬɨɥɶɤɨ ɜ ɷɬɨɦ ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ. Ⱥ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜаɧɢɢ ɟɜɪɨɩɢɹ ɜɨ-ɩɟɪɜɵɯ: ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɉ ɛɨɥɶɲɟ, чɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɛɨɥɶɲɟɦɭ ɫɦɟɳɟɧɢɸ ɧɟɣɬɪɨɧɧɨɝɨ ɫɩɟɤɬɪа ɜ ɨɛɥаɫɬɶ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɨɜ; ɜɨ ɜɬɨɪɵɯ, 

0 10 20 30 40 50 60

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

Ƚɥɭɛɢɧɚ ɜɵɝɨɪɚɧɢя (Мɜɬ.ɫɭɬ/ɤɝU)

К-
ɢɧ

ɮ

 

 

Ȼɟɡ Gd
12Gd

12Eu

24Eu

36Eu

72Eu

72Eu c ɨɛɨɝɚщɟɧɢɟɦ 80%Eu-151
312Eu



 ɈɐȿɇɄȺ ȼɈɁɆɈɀɇɈɋɌɂ ɂɋɉɈɅɖɁɈȼȺɇɂə EU2O3 43 

 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(30) 2019 

ɜɥɢɹɧɢɟ ȼɉ ɩɪɨɞɨɥɠаɟɬɫɹ ɞɨ ɤɨɧɰа ɤаɦɩаɧɢɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɦɭ ɧаɤɨɩɥɟɧɢɸ 
239PЮ ɢ 241Pu (ɪɢɫ. 3 ɢ 4). Ⱥ ɫ ɩɨɜɵɲɟɧɢɟɦ чɢɫɥа ɬɜɷɝɨɜ – ɤ ɟɳɟ ɛɨɥɶɲɟɦɭ ɩɨɜɵɲɟɧɢɸ 
ɧаɤɨɩɥɟɧɢɹ 239PЮ ɢ 241PЮ, ɤɨɬɨɪɵɟ ɜɧɨɫɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɤɥаɞ ɜ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ 
ɪаɛɨɬаɸɳɟɝɨ ɪɟаɤɬɨɪа. 

  
 

Ɋɢɫɭɧɨɤ 3 – Ɇаɫɫа 239Pu ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ Ɋɢɫɭɧɨɤ 4 – Ɇаɫɫа 241Pu ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ 

ɜɵɝɨɪаɧɢɹ [The mass of 239Pu depending on the burnup] ɝɥɭɛɢɧɵ ɜɵɝɨɪаɧɢɹ [The mass of 241Pu, 

 depending on the burnup] 
 

ɇа ɪɢɫɭɧɤаɯ 3 ɢ 4 ɜɢɞɧɨ, чɬɨ ɩɨɫɤɨɥɶɤɭ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Eu ɛɨɥɶɲɟ чɟɦ Gd, ɬɨ 
ɧаɤɨɩɥɟɧɢɟ 239Pu ɢ 241Pu ɛɨɥɶɲɟ. ɉɪɢ ɷɬɨɦ ɫ ɩɨɜɵɲɟɧɢɟɦ чɢɫɥа ɬɜɷɝɨɜ ɛɥɨɤɢɪɨɜɤа 
ɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɭɦɟɧɶɲаɟɬɫɹ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ȼɉ ɩɨɜɵɲаɟɬɫɹ ɢ ɫɦɟɳɟɧɢɟ 
ɧɟɣɬɪɨɧɧɨɝɨ ɫɩɟɤɬɪа ɜ ɨɛɥаɫɬɶ ɷɩɢɬɟɩɥɨɜɵɯ ɧɟɣɬɪɨɧɨɜ ɭɫɢɥɢɜаɟɬɫɹ, чɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɩɨɜɵɲɟɧɢɸ ɧаɤɨɩɥɟɧɢɹ 239Pu ɢ 241Pu. ɇаɤɨɩɥɟɧɢɟ 239Pu ɢ 241Pu, ɤɨɬɨɪɵɟ ɜɧɨɫɹɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɤɥаɞ ɜ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɪаɛɨɬаɸɳɟɝɨ ɪɟаɤɬɨɪа, ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢчɟɧɢɸ ɫɨɞɟɪɠаɧɢɹ ɨɫɬаɬɨчɧɨɝɨ ɧɟɜɵɝɨɪɟɜɲɟɝɨ 235U ɤ ɤɨɧɰɭ ɤаɦɩаɧɢɢ. 

ɏɪɚɧɟɧɢɟ ɈəɌ 

ɋ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɟɜɪɨɩɢɹ ɜ ɬɨɩɥɢɜɟ ɤаɤ ȼɉ ɧаɤɨɩɥɟɧɢɟ ɢɡɨɬɨɩа 154Eu 

ɩɨɜɵɲаɟɬɫɹ. Ɉɧ ɨɛɪаɡɭɟɬɫɹ ɩɭɬɟɦ ɡаɯɜаɬа ɧɟɣɬɪɨɧɨɜ ɢɡɨɬɨɩɨɦ 153Eu; ɤɪɨɦɟ ɬɨɝɨ, ɜɵɯɨɞ 
154Eu ɩɪɢ ɞɟɥɟɧɢɢ 239Pu ɛɨɥɶɲɟ, чɟɦ ɩɪɢ ɞɟɥɟɧɢɢ 235U ɜ 3,5 ɪаɡа [10Ж. ɋɩɟɤɬɪ ɝаɦɦа-

ɢɡɥɭчɟɧɢɹ ɢɡɨɬɨɩа 154Eu ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɷɧɟɪɝɢɸ ɢ ɛɨɥɶɲɨɣ ɩɟɪɢɨɞ ɩɨɥɭɪаɫɩаɞа, 
ɩɨɷɬɨɦɭ ɟɝɨ ɧаɥɢчɢɟ ɜ ɨɬɪаɛɨɬаɜɲɟɦ ɬɨɩɥɢɜɟ ɭɯɭɞɲаɟɬ ɪаɞɢаɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜа ɈəɌ. 
Ⱥ ɩɪɢ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɝаɞɨɥɢɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɥɧɨɫɬɶɸ ɜɵɝɨɪаɟɬ ɜ ɩɟɪɜɨɣ ɤаɦɩаɧɢɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɜɨɣɫɬɜа ɈəɌ ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ. 

ɇа ɪɢɫɭɧɤаɯ 5 ɢ 6 ɩɪɟɞɫɬаɜɥɟɧɵ ɡаɜɢɫɢɦɨɫɬɢ ɨɫɬаɬɨчɧɨɝɨ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɹ ɢ 
ɦɨɳɧɨɫɬɢ ɢɡɥɭчɟɧɢɹ ɝаɦɦа-ɤɜаɧɬɨɜ ɈəɌ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ. 

  
 

Ɋɢɫɭɧɨɤ 5 – Ɉɫɬаɬɨчɧɨɟ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɜ Ɋɢɫɭɧɨɤ 6 – Ɇɨɳɧɨɫɬɶ ɢɡɥɭчɟɧɢɹ ɝаɦɦа- 

ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ [Residual energy  ɤɜаɧɬɨɜ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ  

 epending on cooling time]  [Source rate of gamma-quantum depending on 

   the cooling time] 
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ɉɪɟɠɞɟ ɜɫɟɝɨ, ɨɬɦɟɬɢɦ, чɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɟɜɪɨɩɢɹ ɜ ɬɨɩɥɢɜɟ ɩɨɜɵɲаɟɬ 
ɨɫɬаɬɨчɧɨɟ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɢ ɭɜɟɥɢчɢɜаɟɬ ɦɨɳɧɨɫɬɶ ɢɡɥɭчɟɧɢɹ ɝаɦɦа-ɤɜаɧɬɨɜ. ɗɬɨ 
ɦɨɠɟɬ ɩɨɬɪɟɛɨɜаɬɶ ɧɟɦɧɨɝɨ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɝɨ ɨɯɥаɠɞɟɧɢɹ ɨɬɪаɛɨɬаɜɲɟɝɨ ɬɨɩɥɢɜа ɜ 
ɛаɫɫɟɣɧɟ ɜɵɞɟɪɠɤɢ ɪɟаɤɬɨɪа.  

ɋɩɟɤɬɪ ɝаɦɦа-ɢɡɥɭчɟɧɢɹ ɈəɌ ɩɨɫɥɟ ɩɹɬɢ ɥɟɬ ɜɵɞɟɪɠɤɢ ɞɥɹ ɜɫɟɯ ɜаɪɢаɧɬɨɜ 
ɩɪɟɞɫɬаɜɥɟɧ ɧа ɪɢɫɭɧɤɟ 7. 

 
Ɋɢɫɭɧɨɤ 7 – ɋɩɟɤɬɪ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɝаɦɦа ɢɡɥɭчɟɧɢɹ ɩɨɫɥɟ ɩɹɬɢ ɥɟɬ ɜɵɞɟɪɠɤɢ [Spectrum gamma source 

after five years of cooling] 

 

ȼɢɞɧɨ, чɬɨ ɫɩɟɤɬɪ ɝаɦɦа-ɢɡɥɭчɟɧɢɹ ɞɥɹ ɜɫɟɯ ɪаɫɫɦɨɬɪɟɧɧɵɯ ɜаɪɢаɧɬɨɜ ɪаɫчɟɬа 
(ȼ1-ȼ6) ɩɨчɬɢ ɨɞɢɧаɤɨɜ, ɤɪɨɦɟ ɞɢаɩаɡɨɧɨɜ ɷɧɟɪɝɢɣ, ɜ ɤɨɬɨɪɵɯ ɨɫɧɨɜɧɨɣ ɜɤɥаɞ ɜ 
ɫɩɟɤɬɪаɥɶɧɨɟ ɝаɦɦа-ɢɡɥɭчɟɧɢɟ ɞаɸɬ ɮɨɬɨɧɵ ɢɡɨɬɨɩɨɜ EЮ, ɜаɠɧɟɣɲɢɦ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ 154Eu, чɬɨ ɢ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜаɬɶ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɝɨ ɨɯɥаɠɞɟɧɢɹ ɈəɌ. 

ȼ ɬаɛɥɢɰɟ 3 ɩɪɟɞɫɬаɜɥɟɧɵ ɨɫɬаɬɨчɧɨɟ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɝаɦɦа-

ɢɡɥɭчɟɧɢɹ ɈəɌ ɩɨɫɥɟ ɩɹɬɢ ɥɟɬ ɜɵɞɟɪɠɤɢ ɞɥɹ ɜаɪɢаɧɬɨɜ ȼ1-ȼ6. 
 

Ɍаɛɥɢɰа 3 – Ɉɫɬаɬɨчɧɨɟ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɝаɦɦа-ɢɡɥɭчɟɧɢɹ ɩɨɫɥɟ ɩɹɬɢ ɥɟɬ ɜɵɞɟɪɠɤɢ 
[Residual energy and the energy spectrum of gamma radiation after five years of cooling] 

ɉаɪаɦɟɬɪɵ ȼ1 ȼ2 ȼ3 ȼ4 ȼ5 ȼ6 

Ɉɫɬаɬɨчɧɨɟ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ 
(ȼɬ/ɈɌȼɋ) 1687,1 1684,1 1851,6 1818,3 1797,0 1786,5 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɝаɦɦа-ɢɡɥɭчɟɧɢɹ 
(ȼɬ/ɈɌȼɋ) 624,3 622,2 744,3 718,9 702,4 690,6 

Ⱦɨɥɹ ɷɧɟɪɝɢɢ ɝаɦɦа-ɢɡɥɭчɟɧɢɹ ɨɬ 
ɩɨɥɧɨɝɨ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɹ 

37,0% 37,0% 40,2% 39,5% 39,1% 38,7% 

 

ɂɡ ɬаɛɥɢɰɵ 3 ɜɢɞɧɨ, чɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ GН ɜ ɬɨɩɥɢɜɟ ɧɟ ɢɡɦɟɧɹɟɬ ɹɞɟɪɧɵɟ ɢ 
ɪаɞɢаɰɢɨɧɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɈəɌ, а EЮ ɩɨɜɵɲаɟɬ ɨɫɬаɬɨчɧɨɟ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɢ 
ɞɨɥɸ ɷɧɟɪɝɢɢ ɝаɦɦа-ɢɡɥɭчɟɧɢɹ ɨɬ ɨɛɳɟɝɨ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɩɪɢ 12 ɬɜɷɝаɯ. 
ɂɫɩɨɥɶɡɨɜаɧɢɟ ɌɍɄ-13 ɞɥɹ ɬɪаɧɫɩɨɪɬɢɪɨɜаɧɢɹ ɈɌȼɋ ɩɨɫɥɟ ɩɹɬɢ ɥɟɬ ɜɵɞɟɪɠɤɢ 
ɜɨɡɦɨɠɧɨ ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɜаɪɢаɧɬɨɜ (ɛɟɡ ɟɜɪɨɩɢɹ), а ɜ ɜаɪɢаɧɬɟ ȼ3 ɧаɲɢ ɪаɫчɟɬɵ 
ɩɨɤаɡɵɜаɸɬ, чɬɨ ɩɨɬɪɟɛɭɟɬɫɹ ɟɳɟ ɤаɤ ɦɢɧɢɦɭɦ ɩɨɥɝɨɞа ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɢ 
ɈəɌ. Ⱥɧаɥɨɝɢчɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɟɛɨɥɶɲɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɟ 
ɩɨɬɪɟɛɭɸɬɫɹ ɞɥɹ ɜаɪɢаɧɬɨɜ ȼ4, ȼ5 ɢ ȼ6. 

 

ȼɵɜɨɞɵ 
ɂɫɩɨɥɶɡɨɜаɧɢɟ ɟɜɪɨɩɢɹ ɜɦɟɫɬɨ ɝаɞɨɥɢɧɢɹ ɜ ɹɞɟɪɧɨɦ ɬɨɩɥɢɜɟ ɪɟаɤɬɨɪа ȼȼɗɊ-1200 

ɩɪɢɜɨɞɢɬ ɤаɤ ɤ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɬаɤ ɢ ɤ ɨɬɪɢɰаɬɟɥɶɧɵɦ ɷɮɮɟɤɬаɦ.  
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ɉɨɥɨɠɢɬɟɥɶɧɵɟ ɷɮɮɟɤɬɵ: 
1) ɂɫɩɨɥɶɡɨɜаɧɢɟ ɟɜɪɨɩɢɹ ɨɛɟɫɩɟчɢɜаɟɬ ɛɨɥɶɲɟɟ ɫɧɢɠɟɧɢɟ ɨɛɴɟɦа ɠɢɞɤɨɫɬɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜаɧɢɹ. 
2) ɂɫɩɨɥɶɡɨɜаɧɢɟ ɟɜɪɨɩɢɹ ɭɫɤɨɪɹɟɬ ɧаɤɨɩɥɟɧɢɟ ɢɡɨɬɨɩɨɜ 239Pu ɢ 241Pu, ɤɨɬɨɪɵɟ 

ɜɧɨɫɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɤɥаɞ ɜ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟ ɪаɛɨɬаɸɳɟɝɨ ɪɟаɤɬɨɪа. 
Ɉɬɪɢɰаɬɟɥɶɧɵɟ ɷɮɮɟɤɬɵ: 
1) ɂɡ-ɡа ɧаɤɨɩɥɟɧɢɹ ɪаɞɢɨаɤɬɢɜɧɨɫɬɢ ɢɡɨɬɨɩа 154EЮ ɢ ɢɡɨɬɨɩɨɜ  ɩɥɭɬɨɧɢɹ ɦɨɠɟɬ 

ɩɨɬɪɟɛɨɜаɬɶɫɹ ɭɜɟɥɢчɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɈəɌ ɜ ɛаɫɫɟɣɧɟ ɜɵɞɟɪɠɤɢ. 
2) ɂɫɩɨɥɶɡɨɜаɧɢɟ ɟɜɪɨɩɢɹ ɫɧɢɠаɟɬ ɜɵɝɨɪаɧɢɟ ɬɨɩɥɢɜа, чɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢчɟɧɢɸ ɪаɫɯɨɞа ɩɪɢɪɨɞɧɨɝɨ ɭɪаɧа. ɇɨ ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɬɨɩɥɢɜа ɷɬɨɬ 
ɷɮɮɟɤɬ ɛɭɞɟɬ ɢɝɪаɬɶ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɪɨɥɶ. 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 
1. Ⱥɛɞɟɥɶɝаɮаɪ Ƚаɥаɯɨɦ, Ⱥ. ɂɫɫɥɟɞɨɜаɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜаɧɢɹ ɫɩɥаɜа ɟɜɪɨɩɢɹ ɢ 
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Abstract – The paper deals with the problem of using burnable absorbers (BAs) in WWER 

reactors to reduce the volume of liquid regulation of excess fuel burnup reactivity. It considers 

natural europium in the form of Eu2O3, placed in an integrated form with uranium fuel in fuel rods. 
The analysis of nuclear and radiation safety in the use of such fuel in VVER-1200 reactors is 

carried out. 

 

Keywords: TVEG, SERPENT, FA, WWER-1200, burnable absorbers, Eu2O3, Gd2O3, gamma 

radiation source spectrum. 
 

https://doi.org/10.1016/j.nds.2011.11.002
mailto:MAbusondos@mephi.ru
https://orcid.org/0000-0003-3894-9396

	Поступила в редакцию 24.12.2018
	После доработки 29.01.2019
	Принята к публикации 03.02.2019

