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ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ ɧɚ ɤɨɦɩɥɟɤɫ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɟɱɚɟɤ ɡɨɧɵ ɩɚɬɪɭɛɤɨɜ ɢɡ ɪɟɚɤɬɨɪɧɨɣ ɫɬɚɥɢ ɜ ɩɪɨɰɟɫɫɟ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɚ ɜɨɞɨ-ɜɨɞɹɧɨɝɨ ɪɟɚɤɬɨɪɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ 
ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ ɨɤɚɡɵɜɚɸɬ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɨɛɟɱɚɣɤɚɯ  ɩɟɪɜɢɱɧɨɝɨ 
ɚɭɫɬɟɧɢɬɧɨɝɨ ɡɟɪɧɚ  ɛɚɥɥɚ № γɫɨɝɥɚɫɧɨ ȽɈɋɌ 56γλ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɨɜ ɜɨɞɨ-ɜɨɞɹɧɵɯ ɪɟɚɤɬɨɪɨɜ ȼȼɗɊ-

1000, ȼȼɗɊ-1β00, ȼȼɗɊ-ɌɈɂ ɩɪɢɦɟɧɹɟɬɫɹ ɫɬɚɥɶ 15ɏβɇɆɎȺ (15ɏβɇɆɎȺ-Ⱥ, 
15ɏβɇɆɎȺ ɤɥɚɫɫ 1), ɨɛɥɚɞɚɸɳɚɹ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɶɸ 
Д1Ж. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɨɥɢɦɨɪфɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ α → γ  ɜ ɫɬɚɥɢ ɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɫɨɯɪɚɧɟɧɢɟ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɫɬɚɥɢ ɩɨɫɥɟ ɬɚɤɨɣ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ДβЖ. ȼ эɬɨɦ ɢ ɡɚɤɥɸɱɚɟɬɫɹ эффɟɤɬ ɩɪɨɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ 
ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ. ȼ ɫɥɭɱɚɟ ɫɨɯɪɚɧɟɧɢɹ ɦɟɥɤɨɝɨ ɡɟɪɧɚ – ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɶ 
ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ, ɤɪɭɩɧɨɝɨ – ɤɪɭɩɧɨɡɟɪɧɢɫɬɚɹ. 

ɋɬɚɥɶ 15ɏβɇɆɎȺ – ɬɟɩɥɨɭɫɬɨɣɱɢɜɚɹ, ɥɟɝɢɪɨɜɚɧɧɚɹ, ɛɟɣɧɢɬɧɨɝɨ ɤɥɚɫɫɚ. Ⱦɥɹ 
ɬɚɤɢɯ ɫɬɚɥɟɣ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɦɩɥɟɤɫɚ 
эɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫ ɢɡɦɟɥɶɱɟɧɢɟɦ 
ɚɭɫɬɟɧɢɬɧɨɝɨ ɡɟɪɧɚ ДγЖ. Ɉɬɫɸɞɚ ɩɨɧɹɬɧɨ, ɱɬɨ ɟɫɥɢ ɢɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɤɨɜɨɤ ɹɜɥɹɟɬɫɹ 
ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ, ɬɨ эффɟɤɬ ɧɚɫɥɟɞɨɜɚɧɢɹ «ɩɪɨɬɚɳɢɬ» ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɱɟɪɟɡ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɟɱɚɟɤ (ɫɜɚɪɤɚ, 
ɲɬɚɦɩɨɜɤɚ ɢ ɬ.ɩ.), ɬɚɤ ɤɚɤ ɧɚɫɥɟɞɨɜɚɬɶɫɹ ɛɭɞɟɬ ɦɟɥɤɨɟ ɡɟɪɧɨ. ɂɡɜɟɫɬɧɨ Д4Ж, ɧɚɩɪɢɦɟɪ, ɨ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɨɩɵɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɹɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ ɜ 
ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɯ ɦɚɪɬɟɧɫɢɬɧɵɯ ɬɪɭɛɧɵɯ ɫɬɚɥɹɯ ɬɢɩɚ 1βɏβȽβɇɆɎɌ. 

Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɫɸ ɦɨɳɶ ɫɨɜɪɟɦɟɧɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ, ɪɟɚɤɬɨɪɧɵɟ 
ɫɬɚɥɢ ɜ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɫɥɢɬɤɚɯ ɦɚɫɫɨɣ ɛɨɥɟɟ 150 ɬɨɧɧ ɢɦɟɸɬ ɤɪɭɩɧɨɡɟɪɧɢɫɬɭɸ 
ɨɫɧɨɜɭ, ɚ, ɫɬɚɥɨ ɛɵɬɶ, ɢ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɶ. ɂɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ ɚɭɫɬɟɧɢɬɧɨɝɨ ɡɟɪɧɚ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɤɨɜɤɟ  ɤɪɭɩɧɵɯ ɩɨɥɭфɚɛɪɢɤɚɬɨɜ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɫɬɟɩɟɧɶɸ ɞɟфɨɪɦɚɰɢɢ 
ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɨɰɟɫɫ ɢɞɺɬ ɡɚ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɩɟɱɧɵɯ ɜɵɧɨɫɨɜ, ɧɟɤɨɬɨɪɵɟ 
ɱɚɫɬɢ ɩɨɤɨɜɤɢ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɧɚɝɪɟɜɭ ɛɟɡ ɩɨɫɥɟɞɭɸɳɟɣ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɪɚɡɦɟɪɚ 
ɡɟɪɟɧ ɢ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɪɚɡɧɨɡɟɪɧɢɫɬɨɫɬɢ Д5Ж. ɉɨ ɞɚɧɧɵɦ ɈȺɈ «ɂɠɨɪɫɤɢɟ ɡɚɜɨɞɵ», 



92  ɉɈȾɊȿɁɈȼ ɢ ɞɪ. 
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ɪɚɡɦɟɪ ɡɟɪɧɚ ɜ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɨɛɟɱɚɣɤɚɯ ɢɡ ɫɬɚɥɢ ɦɚɪɤɢ 15ɏβɇɆɎȺ ɤɥ.1 ɩɨɫɥɟ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 5-ɝɨ ɞɨ ɦɢɧɭɫ γ-ɝɨ ɛɚɥɥɚ Д6Ж. 

Ʉɪɭɩɧɨɡɟɪɧɢɫɬɚɹ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɶ ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɜɟɫɶɦɚ ɧɟɨɠɢɞɚɧɧɨ ɜ 
ɡɚɜɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ ɩɪɢɜɨɞɢɬɶ ɤ ɩɚɪɚɞɨɤɫɚɥɶɧɵɦ, ɧɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ, ɪɟɡɭɥɶɬɚɬɚɦ Д7Ж. 
ȼ ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɢ ɧɢɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɱɢɧ 
ɡɚɧɢɠɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ σɜ ɢ ɬɟɤɭɱɟɫɬɢ σ0,2 ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɞɜɭɯ 
ɨɛɟɱɚɟɤ ɩɚɬɪɭɛɤɨɜɨɣ ɡɨɧɵ ɪɟɚɤɬɨɪɚ ȼȼɗɊ-1000 (ɪɢɫɭɧɨɤ 1) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  
ɢɫɩɵɬɚɧɢɣ +γ50 ºɋ (ɬɚɛɥɢɰɚ 1).  

 
 

Ɋɢɫ. 1. – Ɂɨɧɚ ɩɚɬɪɭɛɤɨɜ ȼȼɗɊ-1000 

1 – фɥɚɧɟɰν β – ɨɛɟɱɚɣɤɚ ɜɟɪɯɧɹɹ ɡɨɧɵ ɩɚɬɪɭɛɤɨɜν γ – ɤɨɥɶɰɨ ɪɚɡɞɟɥɢɬɟɥɶɧɨɟν 
4 – ɨɛɟɱɚɣɤɚ ɧɢɠɧɹɹ ɡɨɧɵ ɩɚɬɪɭɛɤɨɜν  5 – ɨɛɟɱɚɣɤɚ ɨɩɨɪɧɚɹ 

[The area of WWER-1000 nozzles 

1 - flange; 2 - shell of nozzle upper zone; 3 - separating ring; 

4 - shell of nozzle lower zone; 5 - support shell] 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɟɱɚɟɤ ɞɨ ɜɵɲɬɚɦɩɨɜɤɢ ɩɚɬɪɭɛɤɨɜ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ 
ɬɪɟɛɨɜɚɧɢɹɦ  Ɍɍ ɫɨɝɥɚɫɧɨ ɫɟɪɬɢфɢɤɚɬɧɵɦ ɞɚɧɧɵɦ. Ɉɛɟɱɚɣɤɢ ɩɨɫɥɟ ɜɵɲɬɚɦɩɨɜɤɢ 
ɩɚɬɪɭɛɤɨɜ ɫ ɦɧɨɝɨɤɪɚɬɧɵɦ ɧɚɝɪɟɜɨɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1100…1150 ºɋ ɨɬɠɢɝɚɥɢɫɶ ɞɥɹ 
ɫɧɹɬɢɹ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ  600…700 ºɋ ɜ ɬɟɱɟɧɢɟ γ0 ɱɚɫɨɜ. Ⱦɚɥɟɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɨɛɟɱɚɣɤɢ ɩɪɨɲɥɢ ɨɫɧɨɜɧɭɸ ɬɟɪɦɢɱɟɫɤɭɸ 
ɨɛɪɚɛɨɬɤɭ ɩɨ ɪɟɠɢɦɭ Ⱥ (ɞɜɨɣɧɚɹ ɡɚɤɚɥɤɚ ɫ ɨɬɩɭɫɤɚɦɢ, ɬɚɛɥɢɰɚ 1) ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɬɩɭɫɤɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɢɥɢ ɢɫɩɵɬɚɧɢɹ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɲɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɫɟ ɩɨɤɚɡɚɬɟɥɢ 
ɤɨɦɩɥɟɤɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ, ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɯɪɭɩɤɨ-ɜɹɡɤɨɝɨ ɩɟɪɟɯɨɞɚ Ɍɤɨ) ɩɪɢ +β0 ɢ +γ50 ºɋ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 
ɬɪɟɛɨɜɚɧɢɹɦ Ɍɍ 08λγ-013-00212179-β00γ Д8Ж, ɤɪɨɦɟ ɭɤɚɡɚɧɧɵɯ ɤɭɪɫɢɜɨɦ σɜ  ɢ σ0,2  ɜ 
ɬɚɛɥɢɰɟ 1. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɨɜɬɨɪɧɚɹ 
ɞɜɨɣɧɚɹ ɡɚɤɚɥɤɚ ɩɨ ɪɟɠɢɦɭ Ⱥ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɨɬɩɭɫɤɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɞɚɥɚ 
ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ.  

ɉɨ эɬɨɣ ɩɪɢɱɢɧɟ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ 
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ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɨɛɪɚɡɰɚɯ, ɨɬɨɛɪɚɧɧɵɯ  ɫ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɤɚɠɞɨɣ 
ɢɡ ɨɛɟɱɚɟɤ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɨɬɛɨɪɨɦ ɬɪɟɩɚɧɨɜ).  

ɂɡɭɱɟɧɢɟ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɜɫɟɯ ɨɛɟɱɚɟɤ ɧɚ ɦɢɤɪɨɫɤɨɩɟ ɆȻɋ-λ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɞɨ ɯ40 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɧɚ ɨɞɢɧɚɤɨɜɚ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɚɛɨɣ ɫɬɟɩɟɧɶɸ ɡɚɝɪɹɡɧɟɧɢɹ 
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɜɤɥɸɱɟɧɢɹɦɢ. Ɋɚɡɦɟɪ ɡɺɪɟɧ ɢɡɦɟɧɹɥɫɹ ɩɨ ɫɟɱɟɧɢɸ ɨɛɟɱɚɣɤɢ, 
ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹɫɶ ɨɬ ɜɧɭɬɪɟɧɧɟɣ ɤ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɩɨɥɨɜɢɧɤɚɯ ɪɚɡɪɵɜɧɵɯ ɨɛɪɚɡɰɨɜ 
ɫ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ ɢ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ σɜ ɩɪɢ +γ50 ºɋ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ β. 

Ɉɛɪɚɡɰɵ ɫ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ σɜ+γ50 (ɪɢɫɭɧɨɤ βɚ, ɝ) ɩɨɫɥɟ ɩɟɪɜɨɣ ɞɜɨɣɧɨɣ ɡɚɤɚɥɤɢ 
ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ ɝɪɭɛɨɢɝɨɥɶɱɚɬɨɝɨ ɛɟɣɧɢɬɚ, ɛɚɥɥ ɡɟɪɧɚ №γ, ȽɈɋɌ 56γλ ДλЖ. ɇɚ 
ɨɛɪɚɡɰɚɯ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ σɜ+γ50 (ɪɢɫɭɧɨɤ βɛ) ɜɵɹɜɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɜɟɪɯɧɟɝɨ 
ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ ɛɟɣɧɢɬɚ, ɛɚɥɥ ɡɟɪɧɚ № 6. ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɣ ɞɜɨɣɧɨɣ ɡɚɤɚɥɤɢ ɩɨ 
ɪɟɠɢɦɭ Ⱥ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɬɩɭɫɤɨɜ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ ɫ ɧɢɡɤɢɦɢ 
ɡɧɚɱɟɧɢɹɦɢ σɜ+γ50 (ɪɢɫɭɧɨɤ β ɜ) ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɧɢɤɚɤɢɯ ɢɡɦɟɧɟɧɢɣ, ɚ ɢɫɯɨɞɧɵɣ 
ɪɚɡɦɟɪ ɡɟɪɧɚ ɫɨɯɪɚɧɹɟɬɫɹ. 

 

Ɍɚɛɥɢɰɚ 1. – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɟɱɚɟɤ ɡɨɧɵ ɩɚɬɪɭɛɤɨɜ ɤɨɪɩɭɫɚ ɪɟɚɤɬɨɪɚ 
[Mechanical properties of the shells of the reactor vessel nozzles]* 

 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ ɪɟɚɤɬɨɪɧɨɣ ɫɬɚɥɢ ɩɪɢ +γ50 ºɋ ɜ ɡɨɧɟ 
ɩɚɬɪɭɛɤɨɜ ɧɟ ɭɞɚɥɨɫɶ ɞɚɠɟ ɩɨɫɥɟ ɱɟɬɵɪɺɯ ɡɚɤɚɥɨɤ – ɧɚɥɢɰɨ ɩɪɨɹɜɥɟɧɢɟ 
ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ. Ʉɪɭɩɧɨɟ ɡɟɪɧɨ ɫфɨɪɦɢɪɨɜɚɥɨɫɶ ɜ 
ɩɪɨɰɟɫɫɟ ɜɵɲɬɚɦɩɨɜɤɢ ɩɚɬɪɭɛɤɨɜ ɩɪɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɧɚɝɪɟɜɚɯ ɩɨɞ ɲɬɚɦɩɨɜɤɭ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ  1100…1150 ºɋ. ȼɵɫɨɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɝɨ ɚɭɫɬɟɧɢɬɚ 
ɫɬɚɥɟɣ эɬɨɝɨ ɤɥɚɫɫɚ ɫɨɡɞɚɟɬ ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɜ ɧɢɯ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
ɜɥɢɹɧɢɹ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɩɪɟɞɲɟɫɬɜɭɸɳɢɦɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-

ɧɵɦɢ ɰɢɤɥɚɦɢ ɤɨɜɤɢ, ɲɬɚɦɩɨɜɤɢ, эɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɢ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɫɜɚɪɤɢ Д10, 11Ж. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɨɱɟɧɶ ɜɟɥɢɤɨ ɡɧɚɱɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ  

Cr – Ni – Mo – V ɫɬɚɥɢ, ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ фɨɪɦɢɪɨɜɚɧɢɹ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ 
ɝɨɦɨɝɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɟɳɺ ɧɚ ɫɬɚɞɢɢ ɩɨɥɭɱɟɧɢɹ ɩɨɤɨɜɨɤ ɢɡ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ 
ɫɥɢɬɤɨɜ.  

№ 
ɨɛɟɱɚɣɤɢ 

Ɋɟɠɢɦ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 

ɩɨɫɥɟ ɜɵɲɬɚɦɩɨɜɤɢ ɩɚɬɪɭɛɤɨɜ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɣ +γ50 ºɋ 

σɜ, Ɇɉɚ 

(ɧɟ ɧɢɠɟ 540) 
σ0,2, Ɇɉɚ 

(ɧɟ ɧɢɠɟ 440) 

1 

Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɬɩɭɫɤɢ 

598 

 510 

520 

402 

ɩɨɜɬɨɪɧɨ Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɬɩɭɫɤɢ 

520 

539 

397 

451 

2 

Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɬɩɭɫɤɢ 

530 

539 

456 

451 

ɩɨɜɬɨɪɧɨ Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɬɩɭɫɤɢ 

530 

579 

445 

520 
 

* ɉɪɢɦɟɱɚɧɢɹ  
1- Ⱥ  - ɡɚɤɚɥɤɚ (λ50  ± 10 0ɋν 10 ɱɚɫ), ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɭ + ɨɬɩɭɫɤ (650 ± 10 0ɋν γ,5 ɱɚɫ) +  
+ ɡɚɤɚɥɤɚ (λβ0  ± 10 0ɋν 10 ɱɚɫ), ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɭ + ɨɬɩɭɫɤ (650 ± 10 0ɋν γ0 ɱɚɫ)ν 
2- ɤɭɪɫɢɜɨɦ ɩɨɤɚɡɚɧɵ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 



94  ɉɈȾɊȿɁɈȼ ɢ ɞɪ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

1) ȼ CЫ – Ni – Mo – V ɫɬɚɥɹɯ ɩɪɨɹɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ ɫɜɹɡɚɧɨ ɫ 
ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɦɚɬɪɢɱɧɨɝɨ ɚɭɫɬɟɧɢɬɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɪɢɫɬɚɥɥɨɝɪɚфɢɱɟɫɤɢ 
ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɬɪɭɤɬɭɪ ɩɨ ɛɟɡɞɢфɭɡɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ (ɦɚɪɬɟɧɫɢɬ, ɛɟɣɧɢɬ) ɧɚ 
ɫɬɚɞɢɢ ɨɯɥɚɠɞɟɧɢɹ ɚɭɫɬɟɧɢɬɧɨɣ фɚɡɵ ɢ ɟɺ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ ɧɚɝɪɟɜɟ 
ɜɵɲɟ Ac3 [12, 13]. 

2) Ɋɚɡɪɚɛɨɬɤɚ ɪɟɠɢɦɨɜ ɤɨɜɤɢ, ɲɬɚɦɩɨɜɤɢ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɦɟɥɤɨɝɨ ɡɟɪɧɚ (ɧɟ ɧɢɠɟ ɛɚɥɥɚ №6 ɞɥɹ ɤɪɭɩɧɵɯ ɩɨɤɨɜɨɤ) 
ɹɜɥɹɟɬɫɹ ɟɞɜɚ ɥɢ ɧɟ ɩɟɪɜɨɫɬɟɩɟɧɧɨɣ ɡɚɞɚɱɟɣ ɧɚ фɨɧɟ ɫɨɡɞɚɧɢɹ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 
ɱɢɫɬɵɯ, ɬ.ɟ. ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɫɩɪɢɦɟɫɧɵɯ ɤɨɪɩɭɫɧɵɯ ɫɬɚɥɟɣ. 

3) Ⱦɥɹ ɩɨɞɚɜɥɟɧɢɹ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɧɚɫɥɟɞɫɬɜɟɧɧɨɫɬɢ, ɩɪɢɜɨɞɹɳɟɣ ɜ ɡɚɜɨɞɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɤ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɩɨ ɩɪɨɱɧɨɫɬɢ ɢɥɢ Ɍɤɨ, 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɧɟɬɪɚɞɢɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ Д14, 15Ж ɩɨ ɜɵɛɨɪɭ ɪɟɠɢɦɨɜ 
ɬɟɪɦɢɱɟɫɤɨɣ ɢɥɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

 

   
 

 ɚ) ɛ) 
 

  
  

 ɜ) ɝ) 
 

Ɋɢɫ. 2. – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɟɬɚɥɥɚ ɡɨɧɵ ɩɚɬɪɭɛɤɨɜ, ɫɬɚɥɶ 15ɏβɇɆɎȺ, ɯ
100: 

ɚ - σɜ+γ50 = 5γ0 Ɇɉɚ, ɪɟɠɢɦ Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɬɩɭɫɤɢ, ɨɛɟɱɚɣɤɚ №1ν 
ɛ - σɜ+γ50 = 5λ8 Ɇɉɚ, ɪɟɠɢɦ Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɬɩɭɫɤɢ, ɨɛɟɱɚɣɤɚ №1ν 

ɜ - σɜ+γ50 = 5β0 Ɇɉɚ, ɩɨɜɬɨɪɧɨ ɪɟɠɢɦ Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɬɩɭɫɤɢ, ɨɛɟɱɚɣɤɚ № 1ν 
ɝ - σɜ+γ50 = 5γ0 Ɇɉɚ, ɪɟɠɢɦ Ⱥ + ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɬɩɭɫɤɢ, ɨɛɟɱɚɣɤɚ №β ДεОЭКХ ЦТМЫШЬЭЫЮМЭЮЫО ШП ЭСО ЧШггХО 
гШЧО, ЬЭООХ 15ɏβɇɆɎȺ, ɯ100μК - σɜ + γ50 = 5γ0 ɆPɚ, ЦШНО Ⱥ + КННТЭТШЧКХ НЫКаЛКМФЬ, ЬСОХХ №1νЛ - σɜ + γ50 

= 5λ8 ɆPɚ, ЦШНО Ⱥ + КННТЭТШЧКХ НЫКаЛКМФЬ, ЬСОХХ №1νɜ - σɜ + γ50 = 5β0 Ɇɉɚ, КРКТЧ ЦШНО Ⱥ + КННТЭТШЧКХ 
НЫКаЛКМФЬ, ЬСОХХ № 1νР - σɜ + γ50 = 5γ0 εPК, ЦШНО A + КННТЭТШЧКХ НЫКаЛКМФЬ, ЬСОХХ №βЖ 

 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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Abstract – The paper considers the influence of structural heredity on the complex of mechanical 

properties of shells in the zone of branch pipes from reactor steel in the process of manufacturing 

the hull of a water-cooled reactor. It is shown that the manifestations of structural heredity have a 

negative effect in the presence in the shells of primary austenitic grains score No. 3 according to 

GOST 5639. 
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