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Ʉɟɪɚɦɢɱɟɫɤɨɟ ɬɭɝɨɩɥɚɜɤɨɟ ɬɨɩɥɢɜɨ UO2 ɜ ɜɢɞɟ 

ɬɚɛɥɟɬɨɤ,. ɩɨɦɟɳɟɧɧɵɯ ɜ ɰɢɪɤɨɧɢɟɜɭɸ ɨɛɨɥɨɱɤɭ, 
ɧɚɲɥɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ȼȼɗɊ. 

ȼ ɤɨɧɰɟ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟ-
ɧɢɹ ɦɚɫɲɬɚɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɧɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜɨ 
ɦɧɨɝɨɦ ɨɬɥɢɱɚɸɳɢɟ ɨɬ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɪɚɛɨɬɚɯ [1,2]. Ɉɛɨɛɳɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɞɚɧɧɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɩɨɫɨɛɢɢ [3]. ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬ-
ɫɹ ɩɪɨɜɟɞɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɩɪɚɜɨɱɧɵɯ 
ɞɚɧɧɵɯ, ɚɩɪɨɛɚɰɢɹ ɢ ɜɵɛɨɪ ɮɨɪɦɭɥ ɞɥɹ ɪɚɫɱɺɬɨɜ 
ɧɨɦɢɧɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ȼȼɗɊ.  

ɇɟɤɨɬɨɪɵɟ ɢɡ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ UO2 ɩɪɢ 0,1 

Ɇɉɚ ɢ 298 Ʉ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. 

 

Ɍɚɛɥɢɰɚ 1. Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ UO2 [3] 

 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 
10960 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, Ʉ 3120±30 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ, Ʉ 3815 

Ɍɟɩɥɨɺɦɤɨɫɬɶ, ɤȾɠ/ɤɝ 0,235 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ȼɬ/(ɦ·Ʉ) 8,68 

Ʉɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, 
1/Ʉ 

9,75·10
-6

 

ɉɪɢɦɟɧɟɧɢɟ ɰɢɪɤɨɧɢɟɜɨɣ ɨɛɨɥɨɱɤɢ ɜ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɪɟɚɤɬɨɪɚɯ ɬɢɩɚ ȼȼɗɊ ɨɝɪɚɧɢɱɢɜɚɟɬ ɬɟɩɥɨ-
ɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɥɢɜɧɵɯ ɬɚɛɥɟɬɤɚɯ ɢ ɬɟɦ ɫɚɦɵɦ 

ɨɩɪɟɞɟɥɹɟɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɰɢɤɥɚ, 
ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɨɛɵɱɧɨɣ ɬɟɩɥɨ-
ɷɧɟɪɝɟɬɢɤɟ. Ɉɬɦɟɬɢɦ ɧɟɤɨɬɨɪɵɟ ɩɪɟɞɟɥɶɧɵɟ ɬɟɩ-

ɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɝɨ ɷɥɟɦɟɧ-

ɬɚ (ɌȼɗɅ) ɩɪɢ ɪɚɛɨɬɟ ɪɟɚɤɬɨɪɚ ȼȼɗɊ-1000 ɧɚ ɧɨ-
ɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ [4]. ȼɧɭɬɪɟɧɧɢɣ ɨɛɴɺɦ 

ɌȼɗɅ ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɜɧɭɬɪɟɧɧɟɦ ɞɢɚ-
ɦɟɬɪɟ ɰɢɪɤɨɧɢɟɜɨɣ ɨɛɨɥɨɱɤɢ 7,72±0,08 ɦɦ ɪɚɜɟɧ 

181 ɫɦ3
, ɜ ɤɨɬɨɪɨɦ ɬɚɛɥɟɬɤɢ ɬɨɩɥɢɜɚ ɡɚɧɢɦɚɸɬ 

70%, ɚ ɨɫɬɚɜɲɢɣɫɹ ɨɛɴɟɦ ɡɚɩɨɥɧɟɧ ɝɟɥɢɟɦ. ɉɪɢ 

ɪɚɛɨɬɟ ɧɚ ɦɨɳɧɨɫɬɢ ɩɨ ɨɛɴɺɦɭ ɬɚɛɥɟɬɤɢ ɪɚɜɧɨ-
ɦɟɪɧɨ ɜɵɞɟɥɹɟɬɫɹ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɞɨ 450 ɤȼɬ/ɥ ɢ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɪɟɞɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɟ 
ɬɚɛɥɟɬɨɤ ɩɪɢɦɟɪɧɨ 1500…1600 °ɋ ɢ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ – ɨɤɨɥɨ 470 °ɋ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɰɟɧɬɪɟ ɬɚɛɥɟɬɤɢ ɢ ɧɚ ɟɺ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɵ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ 1940 ɢ 900 °ɋ. ɉɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 
ɝɚɡɨɜɨɦ ɡɚɡɨɪɟ ɦɟɠɞɭ ɬɚɛɥɟɬɤɚɦɢ ɢ ɨɛɨɥɨɱɤɨɣ ɜ 
ɫɪɟɞɧɟɦ ɪɚɜɟɧ 100 °ɋ, ɚ ɩɨ ɬɨɥɳɢɧɟ ɨɛɨɥɨɱɤɢ ~23 

°ɋ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɬɪɭɛɤɢ ɌȼɗɅ ɪɚɜɧɚ 簡 350 °ɋ, ɚ ɭɞɟɥɶ-
ɧɵɟ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɢ ɥɢɧɟɣɧɵɣ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ 

ɪɚɜɧɵ ɩɪɢɦɟɪɧɨ 600 ɤȼɬ/ɦ2
 ɢ 17 ɤȼɬ/ɦ. ɉɪɢɜɟɞɟɧ-

ɧɵɟ ɞɚɧɧɵɟ ɩɪɢɦɟɪɧɨ ɨɩɪɟɞɟɥɹɸɬ ɬɟɦɩɟɪɚɬɭɪɧɭɸ 

ɨɛɥɚɫɬɶ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ȼȼɗɊ. 

ɂɡ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɧɨɜɨɦ 

ɫɩɪɚɜɨɱɧɨɦ ɢɡɞɚɧɢɢ [3] ɧɟɫɤɨɥɶɤɨ ɢɡɦɟɧɢɥɚɫɶ 
ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɜɟɪɞɨɝɨ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ: 
ɜɦɟɫɬɨ 11000 (ɫɦ. ɬɚɛɥ. 1). ȼɩɟɪɜɵɟ ɩɨɹɜɢɥɚɫɶ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ UO2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ: 

3

0 K−ρ = ρ ⋅ , 

ɝɞɟ ȡ0 – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ UO2, K – ɨɬɧɨɫɢ-

ɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɚɫ-
ɲɢɪɟɧɢɹ, ɤɨɬɨɪɵɣ ɫ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɬɨɱɧɨ-
ɫɬɶɸ ɨɩɪɟɞɟɥɹɟɦɵɣ ɨɞɧɢɦ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ Ɇɚɪ-
ɬɢɧɚ [3]: 

5 9 2 12 3

L(T)Ʉ =
L(273)

0,99672 1,179 10 T - 2,429 10 T 1, 219 10 T .− − −

=

+ ⋅ ⋅ + ⋅
 

 

ɋɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɢɡɨɲɥɢ ɜ ɨɩɢɫɚ-
ɧɢɢ ɬɟɩɥɨɺɦɤɨɫɬɢ (ɪɢɫ.1). ɉɪɟɠɞɟ ɜɫɟɝɨ, ɞɢɚɩɚɡɨɧ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɪɚɫɲɢɪɢɥɫɹ ɜɩɥɨɬɶ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ.  
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ   [1]

ɍɪɚɜɧɟɧɢɟ (2)

ɍɪɚɜɧɟɧɢɟ (1)

 
 

Ɋɢɫ. 1. ɋɪɚɜɧɟɧɢɟ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɬɟɩɥɨɟɦɤɨɫɬɢ UO2 

 

Ɂɚɦɟɬɧɨ ɢɡɦɟɧɢɥɫɹ ɯɚɪɚɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɫɬɚɪɵɯ 
[1] 

6 2

pC 0,2973 25 10 T 6000T− −= + ⋅ −               (1) 

ɢ ɧɨɜɵɯ ɚɩɩɪɨɤɫɢɦɚɰɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧ-

ɧɵɯ [3] 
2

p

3 4 2

C 0,1925 0,3245

0,1163 0,0097 0,00263 ,−

= + ⋅ τ − 0,3108⋅ τ +

+ ⋅ τ − ⋅ τ − ⋅ τ
    

(2) 

ɝɞɟ τ = (Τ /1000)Κ . 

ɉɨɪɢɫɬɨɫɬɶ ɬɨɩɥɢɜɚ p, ɨɩɪɟɞɟɥɹɟɦɚɹ ɞɚɥɟɟ ɜ 
ɨɛɴɟɦɧɵɯ ɞɨɥɹɯ, ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ . ɉɨɪɢɫɬɨɫɬɶ ɬɨɩ-

ɥɢɜɚ ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɨɩɥɢɜ-
ɧɵɯ ɬɚɛɥɟɬɨɤ ɢ ɦɟɧɹɟɬɫɹ ɡɚɦɟɬɧɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨ-
ɬɵ ɪɟɚɤɬɨɪɚ ɢɡ-ɡɚ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɝɨɪɸɱɟɝɨ. 
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ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɚɧɧɵɟ [1] ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ UO2 ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɪɢɫɬɨɫɬɢ. 

Ɉɞɧɢ ɢɡ ɩɟɪɜɵɯ ɪɚɫɱɟɬɧɵɯ ɚɩɩɪɨɤɫɢɦɚɰɢɣ, ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɵɯ ɜ [2]: 

10 35500
0,942 10 T

560 T

−λ = + ⋅
+

,                  (3) 

ɚ ɬɚɤɠɟ ɜ ɫɩɪɚɜɨɱɧɢɤɟ [5] 
2 6 2 10 311,5 1,14 10 T 4, 4 10 T 5 10 T− − −λ = − ⋅ + ⋅ − ⋅      

(4) 

ɫɤɨɪɟɟ ɜɫɟɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɬɟɯɧɨɥɨ-
ɝɢɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɨɩɥɢɜɚ – ɪ=0,05. ɉɨɝɪɟɲɧɨɫɬɶ 
ɩɨɫɥɟɞɧɟɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ ± 20 %. 

 

T, K

λ, ȼɬ (ɦ·/ Κ)

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ   [1]

ɍɪɚɜɧɟɧɢɟ ( )6  p=0

ɍɪɚɜɧɟɧɢɟ ( )5   p=0,05

ɍɪɚɜɧɟɧɢɟ ( )4

ɍɪɚɜɧɟɧɢɟ ( )3
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ 
ɩɨɪɢɫɬɨɫɬɢ UO2 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɨɛɳɟɧɢɹ ɛɨɥɟɟ ɨɛɲɢɪɧɵɯ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [6] ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɫɥɟ-
ɞɭɸɳɟɟ ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ UO2 ɫ ɩɨɪɢɫɬɨɫɬɶɸ ɪ=0,05 

(ɪɢɫ. 2): 

0,05 2

5/2

100

7,5408 17,692

6400 16,35
exp .

λ = +
+ ⋅ τ + 3,6142 ⋅ τ

−⎛ ⎞+ ⎜ ⎟ττ ⎝ ⎠

         

(5) 

ɉɨɝɪɟɲɧɨɫɬɶ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɞɨ ɝɪɚɧɢɰɵ ɜ 
2000 Ʉ ɫɨɫɬɚɜɥɹɟɬ +10 %, ɚ ɫɜɵɲɟ ɪɚɜɧɚ +20 %. 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ 
UO2 ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ λ0 ɢ ɞɥɹ ɥɸɛɵɯ ɞɪɭ-
ɝɢɯ ɡɧɚɱɟɧɢɣ ɩɨɪɢɫɬɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ Ȼɪɚɧɞɬɚ ɢ ɇɨɣɟɪɚ 

( )p 0 1 p ,λ = λ ⋅ −α                             (6) 

ɝɞɟ α = 2,6 − 0,5τ .  

Ɋɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɮɢ-

ɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ UO2, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɫɩɪɚ-
ɜɨɱɧɢɤɚɯ [1] ɢ [3], ɩɨɤɚɡɵɜɚɸɬ: 
• ɜ [3] ɜɩɟɪɜɵɟ ɩɪɢɜɟɞɟɧɵ ɨɛɨɛɳɚɸɳɢɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɩɨ λ, ɋɪ ɢ ρ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ; 
• ɜɵɹɜɥɟɧ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɣ ɯɚɪɚɤɬɟɪ 
ɩɨɜɟɞɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɺɦɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ɫɜɵɲɟ 800 Ʉ (ɪɢɫ. 1); 

• ɡɚɜɢɫɢɦɨɫɬɢ λ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [3] ɩɨɤɚɡɚ-
ɥɢ ɡɚɦɟɬɧɨ ɦɟɧɶɲɢɣ ɷɮɮɟɤɬ ɜɥɢɹɧɢɹ ɩɨɪɢɫɬɨɫɬɢ ɢ 

ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬ-
ɧɵɯ ɬɟɦɩɟɪɚɬɭɪ UO2 ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɢɪɤɨɧɢɟ-
ɜɨɣ ɨɛɨɥɨɱɤɢ ɬɜɷɥ (ɪɢɫ. 2). 

ȼɫɟ ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 
ɚɩɩɪɨɤɫɢɦɚɰɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ UO2 

ɬɨɥɶɤɨ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ [3]. 
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