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Ɋɚɡɪɚɛɨɬɚɧɚ ɤɚɪɬɨɝɪɚɦɦɚ иɡɦеɧеɧиɹ ɫɨɛɫɬɜеɧɧɨɣ чɚɫɬɨɬɵ ɤɨɥеɛɚɧиɣ ɞɚɜɥеɧиɹ 
ɬеɩɥɨɧɨɫиɬеɥɹ (ɋɑɄДɌ) ɜ ɚɤɬиɜɧɨɣ ɡɨɧе ɪеɚɤɬɨɪɚ ɞɥɹ ɩɪɨɝɧɨɡиɪɨɜɚɧиɹ ɭɫɥɨɜиɣ ɪɨɫɬɚ 
ɜиɛɪɚɰиɣ ɬеɩɥɨɜɵɞеɥɹɸɳиɯ ɫɛɨɪɨɤ (Ɍȼɋ) ȼȼɗɊ-1200. Ɉɩɪеɞеɥеɧие ɫɪеɞɧеɣ ɬеɦɩеɪɚɬɭɪɵ 
и ɞɚɜɥеɧиɹ ɬеɩɥɨɧɨɫиɬеɥɹ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе ɜ ɧɨɦиɧɚɥɶɧɨɦ ɪеɠиɦе ɩɪɨɜеɞеɧɨ ɩɭɬеɦ 
ɩɪиɦеɧеɧиɹ иɡɜеɫɬɧɵɯ ɪеɡɭɥɶɬɚɬɨɜ ɪɚɫчеɬɚ, ɩɨɥɭчеɧɧɵɯ ɩɪи иɫɩɨɥɶɡɨɜɚɧии 
ɬеɩɥɨɝиɞɪɚɜɥичеɫɤɨɣ ɬɪеɯɦеɪɧɨɣ CFD- ɦɨɞеɥи ɪеɚɤɬɨɪɚ ȼȼɗɊ-1200. ɉɨɤɚɡɚɧɨ, чɬɨ 
ɫɨɜɩɚɞеɧие ɋɑɄДɌ ɫ чɚɫɬɨɬɨɣ ɜиɛɪɚɰиɣ Ɍȼɋ ɜɨɡɦɨɠɧɨ ɥиɲɶ ɩɪи ɨɩɪеɞеɥеɧɧɵɯ ɡɧɚчеɧиɹɯ 
ɞɚɜɥеɧиɹ и ɬеɦɩеɪɚɬɭɪɵ ɬеɩɥɨɧɨɫиɬеɥɹ, ɚ ɭɫиɥеɧие ɜиɛɪɚɰиɣ ɩɪɨиɫɯɨɞиɬ ɬɨɥɶɤɨ ɜ ɨɛɥɚɫɬи 
ɬеɦɩеɪɚɬɭɪ, ɫɨɨɬɜеɬɫɬɜɭɸɳиɯ ɩɨɥɨɫе ɩɪɨɩɭɫɤɚɧиɹ ɨɬɧɨɫиɬеɥɶɧɨ ɜɵɹɜɥеɧɧɨɝɨ ɡɧɚчеɧиɹ 
ɋɑɄДɌ. ɉɨɤɚɡɚɧɨ, чɬɨ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɩɭɫɤɚ ɪеɚɤɬɨɪɚ ɜɨɡɦɨɠɧɨ ɭɫиɥеɧие иɡɝиɛɧɵɯ 
ɤɨɥеɛɚɧиɣ Ɍȼɋ-2Ɇ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: чɚɫɬɨɬɚ, ɤɨɥеɛɚɧиɹ, ɞɚɜɥеɧие, ɬеɩɥɨɧɨɫиɬеɥɶ, ɜиɛɪɚɰии, иɡɧɨɫ.  
 

ɉɨɫɬɭɩиɥɚ ɜ ɪеɞɚɤɰиɸ 26.06.2019 

ɉɨɫɥе ɞɨɪɚɛɨɬɤи 16.09.2019 

ɉɪиɧɹɬɚ ɤ ɩɭɛɥиɤɚɰии 27.09.2019 

 

ȼɜɟɞɟɧɢɟ  
ɉɪɨɛɥеɦɚ ɜɵɹɜɥеɧиɹ и ɭɫɬɪɚɧеɧиɹ ɩɪичиɧ ɚɧɨɦɚɥɶɧɵɯ ɜиɛɪɚɰиɣ 

ɬеɩɥɨɜɵɞеɥɹɸɳиɯ ɫɛɨɪɨɤ (Ɍȼɋ) ɹɜɥɹеɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɞɥɹ ɜɫеɯ ɫɬɪɚɧ, 
ɷɤɫɩɥɭɚɬиɪɭɸɳиɯ Ⱥɗɋ. ȼ ɧɚɫɬɨɹɳее ɜɪеɦɹ ɜɨ ɜɫеɯ ɜеɞɭɳиɯ ɜ ɚɬɨɦɧɨɣ ɷɧеɪɝеɬиɤе 
ɫɬɪɚɧɚɯ ɦиɪɚ ɪеɚɥиɡɭеɬɫɹ «Ʉɨɧɰеɩɰиɹ ɧɭɥеɜɨɝɨ ɞеɮеɤɬɚ ɬеɩɥɨɜɵɞеɥɹɸɳиɯ ɷɥеɦеɧɬɨɜ 
(ɌȼɗɅ)» Д1, 2Ж. ȿɺ ɰеɥɶɸ ɹɜɥɹеɬɫɹ ɦиɧиɦиɡɚɰиɹ ɜɵɯɨɞɚ ɪɚɞиɨɚɤɬиɜɧɵɯ ɩɪɨɞɭɤɬɨɜ 
ɞеɥеɧиɹ иɡ ɌȼɗɅ. Уɦеɧɶɲеɧие ɰиɤɥичеɫɤиɯ ɧɚɝɪɭɡɨɤ и ɜиɛɪɚɰиɣ ɧеɨɛɯɨɞиɦɨ ɞɥɹ 
ɭɜеɥичеɧиɹ ɤɚɦɩɚɧии ɬɨɩɥиɜɚ, ɫɨɜеɪɲеɧɫɬɜɨɜɚɧиɹ ɬɨɩɥиɜɧɨɝɨ ɰиɤɥɚ и, ɤɚɤ ɫɥеɞɫɬɜие, 
ɞɥɹ ɫɨɤɪɚɳеɧиɹ ɨɛɴеɦɨɜ ɪɚɞиɨɚɤɬиɜɧɵɯ ɨɬɯɨɞɨɜ, ɩɨɞɥеɠɚɳиɯ ɩеɪеɪɚɛɨɬɤе и 
ɡɚɯɨɪɨɧеɧиɸ.  

ȼ ɪеɡɭɥɶɬɚɬе ɤɨɥеɛɚɧиɣ ɬеɩɥɨɧɨɫиɬеɥɹ ɜɨɡɧиɤɚɸɬ ɰиɤɥичеɫɤие иɡɝиɛɧɵе 
ɞеɮɨɪɦɚɰии ɨɛɨɥɨчеɤ ɌȼɗɅ. Ɉɛɪɚɡɨɜɚɧие и ɪɚɡɜиɬие ɞеɮеɤɬɨɜ ɜ ɪеɡɭɥɶɬɚɬе: 
ɤɨɪɪɨɡиɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɵɯ ɩɪɨɰеɫɫɨɜ и ɞиɧɚɦичеɫɤɨɝɨ ɜɡɚиɦɨɞеɣɫɬɜиɹ ɨɛɨɥɨчеɤ 
ɌȼɗɅɨɜ ɫ ɞиɫɬɚɧɰиɨɧиɪɭɸɳиɦи ɪеɲеɬɤɚɦи (ДɊ) ɩɪиɜɨɞиɬ ɤ ɮɪеɬɬиɧɝ-иɡɧɨɫɭ и 
ɩɨɜɪеɠɞеɧиɹɦ ɬɜеɪɞɵɦи чɚɫɬиɰɚɦи (ɞеɛɪиɡ – иɡɧɨɫ) ɨɛɨɥɨчеɤ ɜ ɡɨɧе иɯ ɤɨɧɬɚɤɬɚ ɫ 
ɩɭɤɥеɜɤɚɦи ДɊ Д3-5Ж. ɐиɤɥичеɫɤие ɧɚɩɪɹɠеɧиɹ ɜ ɡɨɧе ɤɪеɩɥеɧиɹ ɯɜɨɫɬɨɜиɤɨɜ ɌȼɗɅɨɜ 
ɜ ɧиɠɧеɣ ɨɩɨɪɧɨɣ ɪеɲеɬɤе, ɫɩɨɫɨɛɫɬɜɭɸɬ иɧиɰииɪɨɜɚɧиɸ и ɞɚɥɶɧеɣɲеɦɭ ɪɚɡɜиɬиɸ 
ɦеɯɚɧичеɫɤɨɝɨ иɡɧɨɫɚ ɯɜɨɫɬɨɜиɤɨɜ Д6Ж.  

Ɋеɡɭɥɶɬɚɬɵ иɫɫɥеɞɨɜɚɧиɣ ɧɚɞеɠɧɨɫɬи Ɍȼɋ, ɩɨɫɥе ɬɪеɯ ɰиɤɥɨɜ иɯ ɪɚɛɨɬɵ ɧɚ Ⱥɗɋ 
ȼɭɥɶɮ Ʉɪиɤ, ɩɪиɜеɞеɧɵ ɜ Д3Ж. ȼ ɪɚɛɨɬе Д7Ж ɩɪɨɜеɞеɧɨ ɦɨɞеɥиɪɨɜɚɧие ɩɪɨɰеɫɫɚ 
ɜɨɡɛɭɠɞеɧиɹ ɛɨɥɶɲиɯ ɜиɯɪеɣ ɜɧиɡ ɩɨ ɬечеɧиɸ ɨɬ ɫɦеɫиɬеɥɶɧɨɣ ɪеɲɺɬɤи ɫ 
иɫɩɨɥɶɡɨɜɚɧиеɦ ɬеɯɧиɤи, ɩɪиɦеɧɹеɦɨɣ ɜ ɜɵчиɫɥиɬеɥɶɧɨɣ ɝиɞɪɨɞиɧɚɦиɤе (LES-ɦɨɞеɥɶ 
ɬɭɪɛɭɥеɧɬɧɨɫɬи ɜ ɤɨɦɦеɪчеɫɤиɯ CFD ɩɪɨɝɪɚɦɦɚɯ). ȼ ɪɚɛɨɬе Д8Ж ɜɵɩɨɥɧеɧɨ 
ɦɨɞеɥиɪɨɜɚɧие LES ɞɜиɠеɧиɹ ɛɨɥɶɲиɯ ɜиɯɪеɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜе, ɨɤɪɭɠɚɸɳеɦ ɨɞиɧ 

https://en.wikipedia.org/wiki/Computational_fluid_dynamics
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ɫɬеɪɠеɧɶ. Дɥɹ ɜɵчиɫɥеɧиɹ ɜиɛɪɚɰии ɬɨɩɥиɜɧɨɝɨ ɫɬеɪɠɧɹ иɫɩɨɥɶɡɨɜɚɧɵ ɬɭɪɛɭɥеɧɬɧɵе 
ɧɚɝɪɭɡɤи. ȼ ɪɚɛɨɬɚɯ Д9-11Ж ɪɚɫɫɦɚɬɪиɜɚɥиɫɶ ɦɨɞеɥи ɮɪеɬɬиɧɝ иɡɧɚɲиɜɚɧиɹ ɜ ɦеɫɬɚɯ 
ɤɨɧɬɚɤɬɚ ДɊ ɫ ɌȼɗɅ ɞɥɹ PАR, ɚ ɬɚɤɠе ɜɥиɹɧие ɭɫɥɨɜиɣ ɡɚɤɪеɩɥеɧиɹ ɌȼɗɅ ɧɚ иɯ 
ɜиɛɪɚɰиɸ. ȼ ɪɚɛɨɬе Д12Ж ɩɪɨɜеɞеɧɚ ɜеɪиɮиɤɚɰиɹ ɪеɡɭɥɶɬɚɬɨɜ иɫɫɥеɞɨɜɚɧиɹ ɩɭчɤɚ 
ɫɬеɪɠɧеɣ. ȼ ɪɚɛɨɬе Д13Ж ɜɵɩɨɥɧеɧɵ CFD ɪɚɫчеɬɵ. Дɥɹ ɷɬɨɝɨ иɫɫɥеɞɨɜɚɧиɹ ɛɵɥи 
иɫɩɨɥɶɡɨɜɚɧɵ ɫеɬɤи ɫ 7, 16 и 60 ɦиɥɥиɨɧɚɦи ɷɥеɦеɧɬɨɜ. ɉɨɤɚɡɚɧɨ, чɬɨ ɪеɡɭɥɶɬɚɬɵ 
ɪɚɫчеɬɨɜ ɦɨɝɭɬ ɛɵɬɶ иɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɩɪеɞеɥеɧиɹ ɞеɣɫɬɜɭɸɳиɯ ɧɚ ɌȼɗɅ ɫиɥ и ɞɥɹ 
ɩɨɫɥеɞɭɸɳеɝɨ ɞиɧɚɦичеɫɤɨɝɨ ɚɧɚɥиɡɚ. 

  

ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɪɨɫɬɚ ɜɢɛɪɚɰɢɣ Ɍȼɋ ȼȼɗɊ-1200 

ȼ ɪɚɛɨɬе Д14Ж ɪɚɡɪɚɛɨɬɚɧ и ɩɪиɦеɧеɧ ɬеɩɥɨɝиɞɪɚɜɥичеɫɤиɣ ɬɪеɯɦеɪɧɵɣ CFD-ɤɨɞ 
ɦɨɞеɥи ɪеɚɤɬɨɪɚ ȼȼɗɊ-1200, ɫɨɞеɪɠɚɳиɣ з1 ɦɥɪɞ. ɹчееɤ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞеɥɶ 
ɩɨɡɜɨɥɹеɬ ɨɩɪеɞеɥɹɬɶ ɪɚɫɩɪеɞеɥеɧие ɬеɦɩеɪɚɬɭɪɵ и ɞɚɜɥеɧиɹ ɬеɩɥɨɧɨɫиɬеɥɹ ɜ 
ɪеɚɤɬɨɪе. Ɉɛɪɚɛɨɬɤɚ ɪеɡɭɥɶɬɚɬɨɜ ɪɚɫчеɬɚ ɩɨɡɜɨɥɹеɬ ɩɨɥɭчиɬɶ ɪɹɞ ɩɚɪɚɦеɬɪɨɜ, 
ɯɚɪɚɤɬеɪиɡɭɸɳиɯ ɪɚɛɨɬɭ ɪеɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤи: ɪɚɫɩɪеɞеɥеɧие ɪɚɫɯɨɞɨɜ ɧɚ ɜɯɨɞе и ɧɚ 
ɜɵɯɨɞе иɡ ɚɤɬиɜɧɨɣ ɡɨɧɵ, ɪɚɫɩɪеɞеɥеɧие ɩɨɞɨɝɪеɜɨɜ ɜ Ɍȼɋ, ɤɨɷɮɮиɰиеɧɬɨɜ 
ɝиɞɪɚɜɥичеɫɤɨɝɨ ɫɨɩɪɨɬиɜɥеɧиɹ ɷɥеɦеɧɬɨɜ ɩɪɨɬɨчɧɨɝɨ ɬɪɚɤɬɚ ɪеɚɤɬɨɪɚ и ɬ.ɞ. ɇɚ 
ɪиɫɭɧɤе 1 ɩɨɤɚɡɚɧɨ ɪɚɫɩɪеɞеɥеɧие ɞɚɜɥеɧиɹ и ɬеɦɩеɪɚɬɭɪɵ ɩɨ CFD ɦɨɞеɥи ɪеɚɤɬɨɪɚ  

 

 
Ɋиɫɭɧɨɤ 1 – Ɋɚɫɩɪеɞеɥеɧие ɞɚɜɥеɧиɹ и ɬеɦɩеɪɚɬɭɪɵ ɩɨ CFD ɦɨɞеɥи ɪеɚɤɬɨɪɚ [The distribution of 

pressure and temperature in the CFD reactor model] 

 

Дɚɜɥеɧие ɬеɩɥɨɧɨɫиɬеɥɹ ɩɨ ɫечеɧиɸ CFD ɦɨɞеɥи ɚɤɬиɜɧɨɣ ɡɨɧɵ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪиɫɭɧɤе 1, ɪɚɫчеɬ ɫɤɨɪɨɫɬи ɡɜɭɤɚ ɜ ɬеɩɥɨɧɨɫиɬеɥе и еɝɨ ɩɥɨɬɧɨɫɬи ɩɪɨɜеɞеɧɵ ɫ 
иɫɩɨɥɶɡɨɜɚɧиеɦ ɩɪɨɝɪɚɦɦɵ АКЭОЫSЭОКЦPЫШ Д16Ж, ɪɚɡɪɚɛɨɬɚɧɧɨɣ и ɜɧеɞɪеɧɧɨɣ ɇɂУ 
«Ɇɗɂ».  

ȼеɥичиɧɵ ɬеɩɥɨɝиɞɪɚɜɥичеɫɤиɯ ɩɚɪɚɦеɬɪɨɜ ɜ ɪɚɫчеɬɧɨɣ ɦɨɞеɥи Ɍȼɋ ɩɨ ɜɵɫɨɬе 
ɚɤɬиɜɧɨɣ ɡɨɧɵ ɜɡɹɬɵ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ иɡ ɬɚɛɥиɰɵ 1. [14].  



64 ɉɊɈɋɄУɊəɄɈȼ и ɞɪ. 
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Ɍɚɛɥиɰɚ 1 – ɉɚɪɚɦеɬɪɵ ɪеɚɤɬɨɪɚ ȼȼɗɊ-1200 [Parameters of the WWER-1200 reactor] 

Ɇɨɳɧɨɫɬɶ, Ɇȼɬ Ɍеɩɥɨɧɨɫиɬеɥɶ Ƚеɨɦеɬɪиɹ ȺɁ 

ɗɥеɤɬɪичеɫɤɚɹ 1200 Дɚɜɥеɧие, Ɇɉɚ 16,2 ȼɵɫɨɬɚ, ɦ 3,55 

Ɍеɩɥɨɜɚɹ  3212 Ɍеɦɩеɪɚɬɭɪɚ ɧɚ 
ɜɯɨɞе/ɜɵɯɨɞе, ɋ 

298,2/ 

328,6 

ɗɤɜиɜɚɥеɧɬɧɵɣ 
ɞиɚɦеɬɪ, ɦ 

3,16 

 

ȼ ɬɚɛɥиɰе 2 ɩɪиɜеɞеɧɵ ɪеɡɭɥɶɬɚɬɵ ɪɚɫчеɬɚ ɫɨɛɫɬɜеɧɧɵɯ чɚɫɬɨɬ ɤɨɥеɛɚɧиɣ 
ɞɚɜɥеɧиɹ ɬеɩɥɨɧɨɫиɬеɥɹ (ɋɑɄДɌ), ɜɵɩɨɥɧеɧɧɵе ɩɨ ɦеɬɨɞиɤе, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ ɪɚɛɨɬе 
Д15Ж. Ʉɚɪɬɨɝɪɚɦɦɚ ɫɪеɞɧиɯ ɡɧɚчеɧиɣ ɬеɦɩеɪɚɬɭɪ ɬеɩɥɨɧɨɫиɬеɥɹ ɩɨ ɩɨɩеɪечɧɨɦɭ 
ɫечеɧиɸ ɚɤɬиɜɧɨɣ ɡɨɧɵ CFD ɦɨɞеɥи, ɩɪиɜеɞеɧɚ ɧɚ ɪиɫɭɧɤе 2. 

 
Ɍɚɛɥиɰɚ 2 – ɉɪɨɝɧɨɡиɪɨɜɚɧие ɩɚɪɚɦеɬɪɨɜ ɬеɩɥɨɧɨɫиɬеɥɹ, ɩɪи ɤɨɬɨɪɵɯ ɭɜеɥичиɜɚеɬɫɹ ɭɪɨɜеɧɶ ɜиɛɪɚɰиɣ 
Ɍȼɋ ɜ ɪеɚɤɬɨɪе ȼȼɗɊ-1200 [Prediction of coolant parameters where the level of FA vibrations in WWER-

1200 reactor increases]  

ɐɜеɬ ɭчɚɫɬɤɚ 

ɋɪеɞɧɹɹ 
ɬеɦɩеɪɚɬɭɪɚ 

ɬеɩɥɨɧɨɫиɬеɥɹ, ℃ 

Cɪеɞɧее ɞɚɜɥеɧие 
ɬеɩɥɨɧɨɫиɬеɥɹ, 

Ɇɉɚ 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ 
ɬеɩɥɨɧɨɫиɬеɥе, ɦ/ɫ 

ɉɥɨɬɧɨɫɬɶ 
ɬеɩɥɨɧɨɫиɬеɥɹ, 

ɤɝ/ɦ3 

ɋɑɄД
Ɍ, 
Ƚɰ 

Ɍеɦɧɨ- ɫиɧиɣ  298,15 16 984,35 731,22 44,20 

ɋиɧиɣ 302,40 16 960,28 722,49 43,12 

Ƚɨɥɭɛɨɣ 305,25 16 943,59 716,43 42,32 

Ɂеɥеɧɵɣ 306,65 16 935,21 713,71 41,95 

Ɉɪɚɧɠеɜɵɣ 315,15 16 881,62 686,28 39,58 

Ʉɪɚɫɧɵɣ 316,60 16 871,98 690,23 39,11 

ɀɺɥɬɵɣ 313,75 16 890,79 697,16 39,90 

ɋɜеɬɥɨ-

ɡеɥеɧɵɣ 
312,35 16 899,81 700,47 40,15 

Ɂеɥеɧɵɣ 309,50 16 917,78 707,03 41,21 

 

 
Ɋиɫɭɧɨɤ 2 – Ʉɚɪɬɨɝɪɚɦɦɚ ɫɪеɞɧиɯ ɬеɦɩеɪɚɬɭɪ CFD ɦɨɞеɥи [ Cartogram of average temperatures of CFD 

models ℃] 

 

ɇɚ ɨɫɧɨɜе ɞɚɧɧɵɯ ɤɚɪɬɨɝɪɚɦɦɵ ɫɪеɞɧиɯ ɬеɦɩеɪɚɬɭɪ ɬеɩɥɨɧɨɫиɬеɥɹ ɩɨ ɫечеɧиɸ 
ɧɚ ɜɵɯɨɞе ɚɤɬиɜɧɨɣ ɡɨɧɵ, ɩɭɬеɦ ɩɪиɦеɧеɧие ɦеɬɨɞɨɜ ɪɚɫчеɬɚ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɪɚɛɨɬе 
Д15Ж, ɩɨɫɬɪɨеɧɚ ɤɚɪɬɨɝɪɚɦɦɚ ɫɨɛɫɬɜеɧɧɵɯ чɚɫɬɨɬ ɤɨɥеɛɚɧиɣ ɞɚɜɥеɧиɹ ɬеɩɥɨɧɨɫиɬеɥɹ 
(ɋɑɄДɌ) ɜ ɚɤɬиɜɧɨɣ ɡɨɧе ɪеɚɤɬɨɪɚ, ɩɪеɞɫɬɚɜɥеɧɧɨɣ ɧɚ ɪиɫɭɧɤе 3.  

 



 ɂɋɉɈɅɖɁɈȼȺɇɂȿ CFD ɆɈДȿɅɂ ɊȿȺɄɌɈɊȺ ȼȼɗɊ-1200   65 
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Ɋиɫɭɧɨɤ 3 – Ʉɚɪɬɨɝɪɚɦɦɚ ɋɑɄДɌ ɩɪи ɧɨɦиɧɚɥɶɧɨɦ ɪеɠиɦе, Ƚɰ ДCartogram of NFCPO at the nominal 

mode, Hz] 

 

Ɋеɡɭɥɶɬɚɬɵ ɪɚɫчеɬɚ ɋɑɄДɌ, ɩɪеɞɫɬɚɜɥеɧɧɵе ɧɚ ɪиɫɭɧɤе 3, ɭɤɚɡɵɜɚɸɬ ɧɚ 
ɨɬɫɭɬɫɬɜие ɜ ɧɨɦиɧɚɥɶɧɨɦ ɪеɠиɦе ɷɤɫɩɥɭɚɬɚɰии ɪеɚɤɬɨɪɚ ȼȼɗɊ-1200 ɭɫɥɨɜиɣ, 
ɧеɨɛɯɨɞиɦɵɯ ɞɥɹ ɜɨɡɧиɤɧɨɜеɧиɹ ɪеɡɨɧɚɧɫɧɵɯ ɤɨɥеɛɚɧиɣ Ɍȼɋ-2Ɇ ɫ ɩɨɬɨɤɨɦ 
ɬеɩɥɨɧɨɫиɬеɥɹ.  

 

ɍɫɢɥɟɧɢɟ ɢɡɝɢɛɧɵɯ ɤɨɥɟɛɚɧɢɣ Ɍȼɋ-2Ɇ ɧɚ ɷɬɚɩɚɯ ɩɭɫɤɚ ɪɟɚɤɬɨɪɚ  
ɉɪɨɜеɞеɧɵ ɫɨɩɨɫɬɚɜɥеɧие ɪеɡɭɥɶɬɚɬɨɜ ɪɚɫчеɬɨɜ ɋɑɄДɌ CFD ɦɨɞеɥи ɫ 

ɫɨɛɫɬɜеɧɧɨɣ чɚɫɬɨɬɨɣ ɤɨɥеɛɚɧиɣ ɦɚɤеɬɚ Ɍȼɋ-2Ɇ, чɚɫɬɨɬɚ ɤɨɬɨɪɨɝɨ, ɜ ɡɚɜиɫиɦɨɫɬи ɨɬ 
ɮɨɪɦɵ ɤɨɥеɛɚɧиɹ Д17Ж, ɜɚɪɶиɪɭеɬɫɹ ɜ ɞиɚɩɚɡɨɧе ɨɬ 5 Ƚɰ ɞɨ 35,5 Ƚɰ.  

ȼ ɷɬɨɣ ɪɚɛɨɬе ɜɵɹɜɥеɧɨ, чɬɨ ɩɪи ɷɤɫɩɥɭɚɬɚɰии ɜɥиɹɸɳиɦ ɮɚɤɬɨɪɨɦ ɧɚ ɜиɛɪɚɰии 
ɌȼɗɅɨɜ ɨɤɚɡɵɜɚеɬ ɪɚɫɯɨɞ ɬеɩɥɨɧɨɫиɬеɥɹ. ȼ ɬɚɛɥиɰе 3 ɩɪиɜеɞеɧɵ ɫɨɛɫɬɜеɧɧɵе чɚɫɬɨɬɵ 
ɤɨɥеɛɚɧиɣ ɦɚɤеɬɚ Ɍȼɋ-2Ɇ Д17Ж. ɂɫɬɨчɧиɤɨɦ ɜиɛɪɚɰии ɜ ɬеɩɥɨɧɨɫиɬеɥе ɹɜɥɹɸɬɫɹ 
ɥɨɤɚɥɶɧɵе ɜɨɡɦɭɳеɧиɹ ɩɨɬɨɤɚ ɬеɩɥɨɧɨɫиɬеɥɹ. Ɉɞɧɚɤɨ ɜɥиɹɧие ɬеɦɩеɪɚɬɭɪɵ 
ɬеɩɥɨɧɨɫиɬеɥɹ ɧɚ ɜиɛɪɚɰии Ɍȼɋ ɧе ɛɵɥɨ ɨɛɧɚɪɭɠеɧɨ. 
 
Ɍɚɛɥиɰɚ 3 – ɋɨɛɫɬɜеɧɧɵе чɚɫɬɨɬɵ ɤɨɥеɛɚɧиɣ ɦɚɤеɬɚ Ɍȼɋ-2Ɇ ДNatural frequencies of FA-2M layout] 

Ɏɨɪɦɚ ɤɨɥеɛɚɧиɣ ɑɚɫɬɨɬɚ Ɍȼɋ – 2Ɇ, 
Ƚɰ 

1-ɹ иɡɝиɛɧɚɹ  5 

1-ɹ ɤɪɭɬиɥɶɧɚɹ 8 

2-ɹ иɡɝиɛɧɚɹ 10,5 

2-ɹ ɤɪɭɬиɥɶɧɚɹ 16 

3-ɹ иɡɝиɛɧɚɹ 16,5 

3-ɹ ɤɪɭɬиɥɶɧɚɹ 24 

4-ɹ иɡɝиɛɧɚɹ 23 

5-ɹ иɡɝиɛɧɚɹ 28,5 

6-иɡɝиɛɧɚɹ 35,5 

 

ɂɡɜеɫɬɧɨ, чɬɨ ɩɪи ɜɨɡɞеɣɫɬɜии ɜɧеɲɧеɝɨ иɫɬɨчɧиɤɚ ɜɨɡɦɭɳеɧиɣ ɫ чɚɫɬɨɬɨɣ ɜ 2 
ɪɚɡɚ ɩɪеɜɵɲɚɸɳɭɸ чɚɫɬɨɬɭ ɫɨɛɫɬɜеɧɧɵɯ ɤɨɥеɛɚɧиɣ ɨɛɴеɤɬɚ ɜɨɡɧиɤɚеɬ ɪеɡɤɨе 
ɭɜеɥичеɧие ɚɦɩɥиɬɭɞɵ ɤɨɥеɛɚɧиɣ ɨɛɴеɤɬɚ.  

ȼ ɬɚɛɥиɰе 4 ɩɪиɜеɞеɧɵ ɡɧɚчеɧиɹ ɩɚɪɚɦеɬɪɨɜ ɬеɩɥɨɧɨɫиɬеɥɹ, ɩɪи ɤɨɬɨɪɵɯ ɜеɥичиɧɚ 
ɋɑɄДɌ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲе ɫɨɛɫɬɜеɧɧɵɯ чɚɫɬɨɬ ɜиɛɪɚɰиɣ Ɍȼɋ-2Ɇ, ɚ 
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ɬɚɤɠе ɩɪи ɤɨɬɨɪɵɯ ɨɧи ɪɚɜɧɵ чеɬɵɪеɯɤɪɚɬɧɨɣ чɚɫɬɨɬе ɨɛɨɪɨɬɨɜ ɝɥɚɜɧɨɝɨ 
ɰиɪɤɭɥɹɰиɨɧɧɨɝɨ ɧɚɫɨɫɚ (Ƚɐɇ). 

 
Ɍɚɛɥиɰɚ 4 – ɉɚɪɚɦеɬɪɵ ɬеɩɥɨɧɨɫиɬеɥɹ, ɩɪи ɤɨɬɨɪɵɯ ɋɑɄДɌ ɜ ɞɜɚ и ɜ чеɬɵɪе ɪɚɡɚ ɩɪеɜɵɲɚеɬ чɚɫɬɨɬɭ 
ɜиɛɪɚɰии Ɍȼɋ ДThe parameters of the coolant where NFCPO is two or four times higher than the frequency of 

fuel assembly vibration] 

Ɏɨɪɦɚ 
ɤɨɥеɛɚɧиɣ 

ɑɚɫɬɨɬɚ 
ɜиɛɪɚɰиɣ 
Ɍȼɋ-2Ɇ, 

Ƚɰ 

Дɜɭɤɪɚɬɧɚɹ 
чɚɫɬɨɬɚ 

ɜɨɡɦɭɳɚɸɳиɯ 
ɜɨɡɞеɣɫɬɜиɣ, 

Ƚɰ 

ɑеɬɵɪеɯ 
ɤɪɚɬɧɚɹ 
чɚɫɬɨɬɚ 

ɜɨɡɦɭɳɚɸɳиɯ 
ɜɨɡɞеɣɫɬɜиɣ, 

Ƚɰ 

ɋɤɨɪɨɫɬɶ 
ɡɜɭɤɚ ɜ 

ɬеɩɥɨɧɨɫиɬ
еɥе, ɦ/ɫ 

Ɍеɦɩеɪɚɬɭ
ɪɚ ɩɪи P=8 

Ɇɉɚ, ℃ 

Ɍеɦɩеɪɚɬɭ
ɪɚ ɩɪи 

P=10 Ɇɉɚ, ℃ 

Ɍеɦɩеɪɚɬɭ
ɪɚ ɩɪи 

P=12 Ɇɉɚ, ℃ 

Ɍеɦɩеɪɚɬɭ
ɪɚ ɩɪи 

P=16 Ɇɉɚ, ℃ 

3-ɹ иɡɝиɛɧɚɹ 16,5 - 66 1471,4 160 159 161 167 

4-ɹ иɡɝиɛɧɚɹ 23,0 46 - 1025,8 280 283 285 290 

5-ɹ иɡɝиɛɧɚɹ 28,0 56 - 1248,8 230 233 235 240 

6-ɹ иɡɝиɛɧɚɹ 35,5 71 - 1583,3 80 83 84 90 

 

Дɚɧɧɵе, ɩɪиɜеɞеɧɧɵе ɜ ɬɚɛɥиɰе 4, ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, чɬɨ ɧɚ ɧеɤɨɬɨɪɵɯ ɷɬɚɩɚɯ 
ɩɭɫɤɚ ɪеɚɤɬɨɪɚ ȼȼɗɊ-1000 ɜɨɡɦɨɠɧɨ ɭɫиɥеɧие иɡɝиɛɧɵɯ ɤɨɥеɛɚɧиɣ Ɍȼɋ-2Ɇ, и чɬɨ 
ɷɬɨɬ ɮɚɤɬɨɪ ɧеɨɛɯɨɞиɦɨ ɭчиɬɵɜɚɬɶ ɩɪи ɚɧɚɥиɡе ɨɫɬɚɬɨчɧɨɝɨ ɪеɫɭɪɫɚ и ɨɛеɫɩечеɧиɹ 
ɞɨɩɭɫɬиɦɨɝɨ иɡɧɨɫɚ ɜ ɪеɡɭɥɶɬɚɬе ɩɪɨɰеɫɫɚ ɮɪеɬɬиɧɝ-ɤɨɪɪɨɡии.  

ɉɨɤɚɡɚɧɨ, чɬɨ ɫɨɜɩɚɞеɧие ɋɑɄДɌ и ɜиɛɪɚɰиɣ Ɍȼɋ ɜɨɡɦɨɠɧɨ ɥиɲɶ ɩɪи 
ɨɩɪеɞеɥеɧɧɨɦ ɡɧɚчеɧии ɫɪеɞɧеɣ ɬеɦɩеɪɚɬɭɪɵ ɬеɩɥɨɧɨɫиɬеɥɹ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе и ɬɨɥɶɤɨ 
ɜ ɨɛɥɚɫɬи ɬеɦɩеɪɚɬɭɪ, ɫɨɨɬɜеɬɫɬɜɭɸɳиɯ ɩɨɥɨɫе ɩɪɨɩɭɫɤɚɧиɹ ɨɬɧɨɫиɬеɥɶɧɨ 
ɜɵɹɜɥеɧɧɨɝɨ ɡɧɚчеɧиɹ ɋɑɄДɌ.  

ȼ ɪɚɛɨɬе Д18Ж ɩɪɨɜеɞеɧɵ иɫɫɥеɞɨɜɚɧиɹ ɜиɛɪɚɰиɣ ɜ ɩɨɬɨɤе ɬеɩɥɨɧɨɫиɬеɥɹ ɫ 
ɬеɦɩеɪɚɬɭɪɨɣ 20-40 ɋ и ɫ ɦɚɤɫиɦɚɥɶɧɵɦ ɩɪɨеɤɬɧɵɦ ɪɚɫɯɨɞɨɦ чеɪеɡ Ɍȼɋ.  

ɉɭɥɶɫɚɰии ɞɚɜɥеɧиɣ ɩɨ ɚɦɩɥиɬɭɞе ɩɪеɜɨɫɯɨɞиɥи ɦɚɤɫиɦɚɥɶɧɵе ɩɪиеɦɥеɦɵе 
ɚɦɩɥиɬɭɞɵ ɩɪи ɩɭɫɤɨɧɚɥɚɞɨчɧɵɯ иɡɦеɪеɧиɹɯ ɧɚ ȼȼɗɊ-1000 ɩɪиɦеɪɧɨ ɧɚ 10-20%.  

ȼɨ ɜɪеɦɹ иɫɫɥеɞɨɜɚɧиɹ ɫ ɩɨɦɨɳɶɸ ɥɚɡеɪɧɵɯ ɜиɛɪɨɦеɬɪɨɜ чеɪеɡ ɩɪɨɡɪɚчɧɵе ɨɤɧɚ 
ɜ ɤɨɥɨɧɤе ɫɬеɧɞɚ иɡɦеɪɹɥɚɫɶ ɜиɛɪɚɰиɹ ɌȼɗɅɨɜ, ɜɨɡɛɭɠɞɚеɦɚɹ ɩɨɬɨɤɨɦ. ɋɨɜɦеɫɬɧɨ 
ɩɪɨɜɨɞиɥɨɫɶ иɡɦеɪеɧиɹ ɜиɛɪɚɰиɣ ɨɞɧɨɝɨ и ɬɨɝɨ ɠе ɌȼɗɅɚ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥеɧиɹɯ ɜ 
ɤɚɠɞɨɦ иɡ ɩɪɨɥеɬɨɜ.  

ɉɭɥɶɫɚɰии ɞɚɜɥеɧиɹ, ɫɨɡɞɚɧɧɵе ɧɚ ɫɬеɧɞе, ɩɪеɞɫɬɚɜɥеɧɵ ɧɚ ɪиɫɭɧɤе 4. 
ɋɩеɤɬɪɚɥɶɧɚɹ ɯɚɪɚɤɬеɪиɫɬиɤɚ ɩɭɥɶɫɚɰиɣ ɞɚɜɥеɧиɹ ɩɨɫɬɪɨеɧɚ ɧɚ ɛɚɡе ɪеɚɥɶɧɨ 
ɩɨɥɭчеɧɧɨɝɨ ɫɩеɤɬɪɚ ɩɪи иɫɫɥеɞɨɜɚɧии ɹɞеɪɧɨɝɨ ɪеɚɤɬɨɪɚ ɞɥɹ ɜɨɫɫɨɡɞɚɧиɹ ɭɫɥɨɜиɣ 
ɷɤɫɩеɪиɦеɧɬɚ ɫ ɫɨɨɬɜеɬɫɬɜɭɸɳиɦи ɞиɧɚɦичеɫɤиɦи ɯɚɪɚɤɬеɪиɫɬиɤɚɦи. 

 

 
Ɋиɫɭɧɨɤ 4 – ɋɩеɤɬɪɚɥɶɧɚɹ ɯɚɪɚɤɬеɪиɫɬиɤɚ ɩɭɥɶɫɚɰиɣ ɞɚɜɥеɧиɹ ɜ ɦɚɤеɬе Ɍȼɋ [Spectral characteristics 

of pressure pulsations in the fuel assembly layout] 
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ɇɚ ɪиɫɭɧɤе 4 ɨɛɨɡɧɚчеɧɵ чɚɫɬɨɬɵ ɩɭɥɶɫɚɰиɣ ɞɚɜɥеɧиɹ, ɩɪиɜеɞеɧɧɵе ɜ ɬɚɛɥиɰе 2. 
ɇɚ ɫɩеɤɬɪɚɥɶɧɨɣ ɯɚɪɚɤɬеɪиɫɬиɤе ɩɭɥɶɫɚɰиɣ ɞɚɜɥеɧиɹ ɜ ɦɚɤеɬе Ɍȼɋ ɜиɞɧɨ, чɬɨ ɷɬиɦ 
чɚɫɬɨɬɚɦ ɫɨɨɬɜеɬɫɬɜɭɸɬ ɜɵɪɚɠеɧɧɵе ɩиɤи. 

ɋ ɭчеɬɨɦ ɬɨɝɨ, чɬɨ ɩɪеɞɫɬɚɜɥеɧɧɚɹ ɧɚ ɪиɫɭɧɤе 4 ɫɩеɤɬɪɚɥɶɧɚɹ ɯɚɪɚɤɬеɪиɫɬиɤɚ 
ɩɭɥɶɫɚɰиɣ ɞɚɜɥеɧиɹ ɫɨɨɬɜеɬɫɬɜɭеɬ иɡɦеɪеɧиɹɦ, ɩɪɨɜеɞеɧɧɵɦ ɧɚ ɪеɚɤɬɨɪе ȼȼɗɊ-1000, 

ɦɨɠɧɨ ɤɨɧɫɬɚɬиɪɨɜɚɬɶ, чɬɨ ɪеɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡиɪɨɜɚɧиɹ ɩɚɪɚɦеɬɪɨɜ ɬеɩɥɨɧɨɫиɬеɥɹ,  
ɩɪи ɤɨɬɨɪɵɯ ɭɜеɥичиɜɚеɬɫɹ ɭɪɨɜеɧɶ ɜиɛɪɚɰиɣ Ɍȼɋ ɜ ɪеɚɤɬɨɪе ȼȼɗɊ-1200, 

ɩɨɞɬɜеɪɠɞеɧɵ ɞɚɧɧɵɦи иɡɦеɪеɧиɣ ɧɚ ɷɤɫɩɥɭɚɬиɪɭеɦɵɯ ɷɧеɪɝɨɛɥɨɤɚɯ. 
Ɋеɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡиɪɨɜɚɧиɹ, ɩɪɨɜеɞеɧɧɵе ɧɚ ɨɫɧɨɜе ɞɚɧɧɵɯ CFD ɦɨɞеɥи, 

ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɬɫɭɬɫɬɜие ɜ ɧɨɦиɧɚɥɶɧɨɦ ɪеɠиɦе ɷɤɫɩɥɭɚɬɚɰии ɪеɚɤɬɨɪɚ ȼȼɗɊ-1200 

ɭɫɥɨɜиɣ, ɧеɨɛɯɨɞиɦɵɯ ɞɥɹ ɜɨɡɧиɤɧɨɜеɧиɹ ɪеɡɨɧɚɧɫɧɵɯ ɤɨɥеɛɚɧиɣ Ɍȼɋ-2Ɇ ɫ ɩɨɬɨɤɨɦ 
ɬеɩɥɨɧɨɫиɬеɥɹ.  

 

Ɂɚɤɥɸɱɟɧɢɟ 

ɂɧɬеɧɫиɜɧɨɫɬɶ иɡɧɨɫɚ ɡɚɳиɬɧɨɣ ɨɛɨɥɨчɤи ɌȼɗɅ ɩɪи ɮɪеɬɬиɧɝ-ɤɨɪɪɨɡии (ɎɄ) 
ɜɨɡɪɚɫɬɚеɬ ɩɪи ɜиɛɪɨɚɤɭɫɬичеɫɤɨɦ ɪеɡɨɧɚɧɫе, ɩɪи ɤɨɬɨɪɨɦ чɚɫɬɨɬɵ ɜиɛɪɚɰиɣ ɌȼɗɅ 
и/иɥи Ɍȼɋ ɩɨɩɚɞɚɸɬ ɜ ɩɨɥɨɫɭ ɩɪɨɩɭɫɤɚɧиɹ ɚɤɭɫɬичеɫɤиɯ ɤɨɥеɛɚɧиɣ ɬеɩɥɨɧɨɫиɬеɥɹ ɜ 
ɚɤɬиɜɧɨɣ ɡɨɧе ɪеɚɤɬɨɪɚ.  

Ɇɚɤɫиɦɚɥɶɧɨе ɭɫиɥеɧие ɜиɛɪɚɰиɣ Ɍȼɋ ɜиɛɪɚɰиɣ ɩɪɨиɫɯɨɞиɬ ɩɪи ɫɨɜɩɚɞеɧии 
ɋɑɄДɌ ɫ чɚɫɬɨɬɨɣ ɜиɛɪɚɰиɣ (ɩɪи ɨɩɪеɞеɥеɧɧɵɯ ɡɧɚчеɧиɹɯ ɫɪеɞɧеɣ ɬеɦɩеɪɚɬɭɪɵ и 
ɞɚɜɥеɧиɹ ɬеɩɥɨɧɨɫиɬеɥɹ ɜ ɚɤɬиɜɧɨɣ ɡɨɧе).  

Ɋɨɫɬ ɭɪɨɜɧɹ ɜиɛɪɚɰии иɦееɬ ɦеɫɬɨ ɩɪи ɧɚɯɨɠɞеɧии чɚɫɬɨɬɵ ɜиɛɪɚɰиɣ ɜ ɩɨɥɨɫе 
ɩɪɨɩɭɫɤɚɧиɹ ɜɵɹɜɥеɧɧɨɝɨ ɡɧɚчеɧиɹ ɋɑɄДɌ.  

Дɥɹ ɩɪеɞɨɬɜɪɚɳеɧиɹ ɪеɡɨɧɚɧɫɚ ɤɨɥеɛɚɧиɣ ɬеɩɥɨɧɨɫиɬеɥɹ ɫ ɜиɛɪɚɰиɹɦи Ɍȼɋ 
ɧеɨɛɯɨɞиɦɨ и ɞɨɫɬɚɬɨчɧɨ ɜɵɜеɫɬи ɫɨɛɫɬɜеɧɧɭɸ чɚɫɬɨɬɭ ɤɨɥеɛɚɧиɣ Ɍȼɋ ɡɚ ɩɪеɞеɥɵ 
ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧиɹ. 

Ɋеɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡиɪɨɜɚɧиɹ, ɩɪɨɜеɞеɧɧɵе ɧɚ ɨɫɧɨɜе ɞɚɧɧɵɯ CFD ɦɨɞеɥи, 
ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɬɫɭɬɫɬɜие ɜ ɧɨɦиɧɚɥɶɧɨɦ ɪеɠиɦе ɷɤɫɩɥɭɚɬɚɰии ɪеɚɤɬɨɪɚ ȼȼɗɊ-1200 

ɭɫɥɨɜиɣ, ɧеɨɛɯɨɞиɦɵɯ ɞɥɹ ɜɨɡɧиɤɧɨɜеɧиɹ ɪеɡɨɧɚɧɫɧɵɯ ɤɨɥеɛɚɧиɣ Ɍȼɋ - 2Ɇ ɫ ɩɨɬɨɤɨɦ 
ɬеɩɥɨɧɨɫиɬеɥɹ.  
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Abstract – The pare shoes the development cartogram of changes the natural frequencies of coolant 

pressure oscillation (NFCPO) in the reactor core to predict the conditions of growth the vibrations 
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of fuel assemblies (FA) for WWER-1200. Determination of the average temperature and pressure 

of the coolant in the core in the nominal mode is carried out by applying the known calculation 

results obtained using the thermo hydraulic three-dimensional CFD model of the WWER-1200 

reactor. It is shown that the coincidence of the NFCPO with the frequency of vibrations of the FA 

is possible only at certain values of pressure and temperature of the coolant and vibration 

amplification occurs only in the temperature range corresponding to the bandwidth relative to the 

detected value of the NFCPO. It is shown that it is possible to increase flexural vibrations of FA-

2M at different stages of reactor start-up.  
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