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1.1  

 2005 11 ⁸ ₈│╛┬↕₉│ ₈▬♩◌꞉₉⌐ ≢ ╘≡

⇔⁸ ┘ ≈≤™℮ ╩ ⇔√⁹│╛┬↕│⁸ⱷ▬fi ≤⇔≡⁸

ⱤⱠꜟ╩ ≤∆╢ 350W─ⱴ▬◒꜡ ◄fi☺fi╩ 4 ⇔≡™╢⁹↓─

╟℮⌐⁸ ╙ Ⱶ♇◦ꜛfi│ ₁ ⇔⁸╕√ ⌐ ℮

╙ ⇔≡™ↄ≤ ⅎ╠╣╢⁹↓↓≢ ≤⌂∫≡ↄ╢─│ ⌐ ⌂ ─

≢№╢⁹ ⌐ ∆╢ ⅜ ∆╢ ≢⁸∕─ ≤⇔≡ ™╢↓≤⅜

╢─│ ╛ RI ≢№╢⁹ │ ╩◄Ⱡꜟ◑כ ≤⇔≡™╢√

╘⁸ ⌂ ⅜ ╠╣╢⁹ 1.1│ ⅛╠─ ⌐ ∆╢ ─

╩ ⇔≡™╢⁹ │ ⅛╠─ ─ 2 ⌐ ⇔⁸ ╩ ≤⇔

≡ ≢ 50 ⁸ ⌐ ∫≡│ 5 ─ ⇔⅛⌂ↄ⁸╙│╛ ⌐╟╡

⅝⌂ ╩ ╢─│ ≢№╢⁹∕─╟℮⌐ ╩ ™╢↓≤⅜ ⌂™

⌐⅔™≡│⁸ RI ⅜ ™╠╣≡™╢⁹RI │ 238
Pu ─ ╩

≤⇔⁸∕─ ╩ ™≡ ╩ ℮⁹ ⅛╠─ ⌐ ∑∏⌐ ⇔≡

◄Ⱡꜟ◑כ╩ ╢⅜⁸∕─ ⅜ ↄ⁸ │ 1kW ⌐≤

≥╕∫≡™╢⁹ ─ ⅛╠⁸↓╣╠─ ≢│ ─ ⌐ ⅎ╢↓≤│ ⇔

™⁹ 

 ≢⁸ ⌂ ≤⇔≡ ꜡◔♇♩⅜№╡⁸↓╣⅜ ∆╣┌ ⅜

╠╣⁸ ◦☻♥ⱶ≤⇔≡╙ ה ─ ⌂ ⅜ ≢⅝╢⅜⁸

⌂⅜╠ ─ │ ∫≡™⌂™⁹ 

 ↓╣╠─ ╩ ╕ⅎ⁸ ╩ ⇔√ ◦☻♥ⱶ─ ⅜ ה ♁

≢ 1950 ⅛╠ ╦╣≡™╢⁹ ╩◄Ⱡꜟ◑כ ≤⇔≡ ™╢↓≤≢ ⅛

╠─ ⌐ ∆╢↓≤⌂ↄ⁸ ─ Ⱶ♇◦ꜛfi⌐⅔™≡╙ ─◄Ⱡꜟ

כ◑ ⅜ ≤⌂╢⁹ 
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1.1. ⅛╠─ ≤  

:ΓJAXA⌐⅔↑╢ ◄Ⱡꜟ◑כ Δ, 47 , 2007  

 

1.2 ─ 1)
 

 │ ─ ⅜ ╪≢№∫√ 50 ⅛╠ ⅜

↕╣√⁹ ≢│ NASA╩ ≤⇔≡ ─ ⅜ ╘╠╣⁸1965 ⌐

│ ─ SNAP-10A⅜ ∟ →╠╣ ⌐ ∫√ ↕╣⁸

500W─ ⌐ ⇔√⁹↓─ NERVA/ROVER ⅜ ╦╣

╩ ⇔√≤↕╣╢⁹∕─ 1983 ⁸NASAה כ◑ꜟⱠ◄ה ⅜

⇔⁸ 100kW ─ ꜞ♅►ⱶ SP-100─ ╩ ⇔√⁹ ⁸

⁸ ⌂≥─◘Ⱪ◦☻♥ⱶ꜠ⱬꜟ≢─ │ 1995 ⅛╠ 1998 ⌐⅛

↑≡ ╦╣√⅜⁸ ─√╘─ ▪☿fiⱩꜞ │ ─ ⌐

∫≡⁸ ≢│ ╠╣≡™╢⁹ 

 ♁ ≢│⁸ ╩ ™√ ◦☻♥ⱶ TOPAZ─

╩ 1960 ⅛╠ ⇔⁸1970 ⅛╠ ⸗♦ꜟ ⁸1982 ⅛╠ ⸗♦ꜟ─

╩ ∫≡⅝√⁹↓─ │ ≢№╢ TOPAZ-II ┼≤ ↑ ⅜╣⁸

1987 ⅛╠ 1988 ─ ⌐ TOPAZ-II ╩ ⇔√ Cosmos1818 ┘ Cosmos1867─

∟ →⁸800km ─ ≢ 5kW─ ╩ 143⅔╟┘ 342 ↕

∑√⁹TOPAZ-II ─ ╩ 1.2⌐ ∆⁹TOPAZ-II │ 96%─ ►ꜝ

fi ╩ ™⁸ ☺ꜟ◖♬►ⱶ╩ ≤∆╢♫♩ꜞ►ⱶ/◌ꜞ►ⱶ ≢
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№╢⁹ ─ │ ≤⇔≡ ⌐ ⇔√ ♪ꜝⱶ─ ⌐

≢№╢ⱱ► ╩ ╡ ↑ ∆╢↓≤⌐╟∫≡ ╦╣√⁹↓╣╠─ ♪

ꜝⱶ│ ⌐│ ╟╡ ╡ ∆↓≤≢ ╩ → ╩ ↕∑╢↓≤

⅜ ╢⁹ 

 ─ ה ♁ ⌐╟╡ ה ↕╣≡⅝√ │ ≡ 90% ─

►ꜝfi ╩ ™≡™√⅜⁸↓─╟℮⌐ ™ ─ ╩ ™╢↓≤│

ה ─ ⅛╠ ╕⇔ↄ⌂™⁹ ∫≡ ─ ╩ ∆╢ ⌐│⁸

╢∞↑ ™ ⁸ ⅎ┌ 20% ─ ─ ╩ ⇔≡ ╦╣╢═

⅝≢№╢⁹ 

 

 

1.2. TOPAZ-II 
1)

 

 

1.3 ◦☻♥ⱶ 

1.3.1 ─  

 ⌐│⁸ Ɽꜟ☻ ה ה ─ 3≈─ ⅜№╢⁹

Ɽꜟ☻ │⁸꜡ ◔♇♩ ≢ ↕⌂ ╩ ≢ ↕∑⁸∕─ ⌐╟╡

╩ ╢ ≢№╢⁹ ⅝⌂ ╩ ╢↓≤⅜ ╢⅜⁸∕─ ⁸

╩ ⌐╕⅝ ╠∆↓≤⌐⌂╡ ⌐ ╕⇔ↄ⌂™⁹ ⌐⁸

│☺▼♇♩◄fi☺fi─╟℮⌐⁸ ╩ ≢ ∆╢ ⌐╟╡ 1000K⌐╕
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≢ ⇔⁸꜡◔♇♩ ⌐ ↕∑╢⁹ ⅝⌂ ⅜ ╠╣╢⅜⁸ ─

⅜ ⅝™√╘⁸ ─ ⌐│ ⇔≡™⌂™⁹ ⌐ │⁸

╩ ≤⇔≡ ╩ ™⁸ ╩ ™≡ ∆╢ ≢№╢⁹ │

∆╢ ⌐╟╢⅜⁸ ⌐ ⅜ ↕ↄ⁸ ─ ⅜ ⌂™≤™℮

╩ ≈⁹ ─ ≈─ ≤ ⌂╡⁸ │ ─ ⌐ ╦╠⌂™⅜⁸

◦☻♥ⱶ≤ ◦☻♥ⱶ≤╩∕╣∙╣╩ ⌐ ≢⅝╢≤™℮ ⅜№

╢⁹≥─ ╩ ∆═⅝⌂─⅛│⁸ ≢№╣┌ ╩ ↄ∆╢√╘

╩⁸ ≢ ⅜⅛⅛∫≡╙ ™ ⌐│ ─ ⅜ ⌂ↄ≡ ╗

╩⁸≤™℮ ⌐ Ⱶ♇◦ꜛfi⌐╟∫≡ ⌂╢⁹ ⌐⅔™≡

│ ─╟℮⌐ ─Ⱶ♇◦ꜛfi⌐ ╩ ™╢↓≤╩ ⇔≡™

╢⁹ 

1.3.2 ◦☻♥ⱶ  

 ◦☻♥ⱶ(Nuclear Electric Propulsion System: NEPS)│ ╩

≤⇔≡ ╩ ™⁸∕╣╩ ≤⇔≡ ╩ ↕∑ ╩ ╢◦☻♥ⱶ≢№

╢⁹ ╩ 1.3⌐ ∆⁹ ⅛╠ ∆╢ ⌐╟╢ ┼─ ╩ ↑

╢√╘⁸ ╛Ɑ▬꜡ה♪כ ⌂≥ ≡─◖fiⱳכⱠfi♩│ ⅛╠ ≡

─ ⌐⌂╢╟℮⌐ ↕╣⌂↑╣┌⌂╠⌂™⁹ ∫≡⁸ ⌐ ─╟℮⌐

ה ╩ ≤⇔√ ─ ⌐ ≡─◖fiⱳכⱠfi♩⅜ ╕╢╟℮

⌂ ≤⌂╢⁹NEPS╩ ∆╢ ⌂◖fiⱳכⱠfi♩│ ⁸ כ◄☺ꜝ⁸

≡⇔⧵⁸כ♃ ≢№╢⁹ 
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1.3. ◦☻♥ⱶ  

 

1.3.3  

│ⱦfiכ♃⁸⌐  ™ ⅜ ≢⅝╢⅜⁸↓─╟℮⌐ ─ ™

│⁸ ∟ → ─ ⌐╟╡ ⇔√╡⁸ ⌐⅔™≡╙ ⌂≥≢ ⇔

√╡∆╢↓≤⅜ ⅎ╠╣╢⁹╕√⁸ ◦☻♥ⱶ─ ─ ≤⌂╢⁹↓─↓

≤⅛╠ ≤⇔≡│⁸ ╩ ≤⇔⌂™ ה ⌂≥─

⅜ ↕╣≡™╢⁹ │ 2 ─ ⌂╢ ╩ ⇔⁸∕─ ⌐

╩ ⅎ╢≤ ⅜ ◒♇ⱬכ♀╢∆ ╩ ⇔ ╩ ╡ ∆⁹

⅜ 5%≤ ™⁹ │⁸ ⌐╟╡ ⌐ ↕╣√ ⅛╠ ↕

╣╢ ╩⁸ ∆╢ ⌐ ╘≡ ∆╢╙─≢№╢⁹ ╩ 1500K ─

™ ⌐ ⇔⌂↑╣┌⌂╠⌂™⅜⁸ │ ⌐ ═╢≤ ↄ⁸∆≢

⌐ 7 8%≢ ↕╣≡™╢⁹ 

1.3.4 ∆╢ ─  

 NEPS│∕─ │ ↕ↄ⁸ ≢─ ╩ ≤⇔√Ⱶ♇◦ꜛfi⌐ ™

╠╣╢⁹ ∫≡⁸ ∆╢ ─ ╙ ⌐ ↄ⌂↑╣┌⌂╠⌂™⁹∆⌂

╦∟ ─ ╩ ⌂ↄ∆╢√╘⁸ ╩◦☻♥ⱶ⅛╠ ╢∞↑ ⇔⌂↑

╣┌⌂╠⌂™⁹↕╠⌐ ≢№╢√╘⁸ ─ ╙ ≢ ╦⌂↑╣┌⌂

╠⌂™⁹ ⌐≈™≡│⁸ ─ (JAXA)─ ▬○fi◄fi

☺fi(150mN )─ ⅜ 3.3kWe≢№╡⁸↓╣╩ ⇔⁸∕─ ─ ╩
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∆╢≤ ≢╙ 10kW ─ ⅜ ╘╠╣╢⁹√∞⇔ ⌐ 100kW─

⅜№∫√≤⇔≡╙⁸30 כ♃☻ꜝ◒─ │◄fi☺fi─ ─ ⅛╠

≢│⌂™⁹╕√ ⌐⅔™≡│⁸ ╙ ╘ ◦☻♥ⱶ│

─ ⌐ ⇔⌂™√╘⁸∕─ ה↕⅝ │ ↕™╒≥╟™⁹ 

 ─↓≤╩ ∆╢≤⁸ ⌐ ↕╣╢ │ 10kW ה

500kg ה ◦☻♥ⱶ 1000kgה │ 7 ≤∆╢─⅜

≢№╢⁹ 

1.4  

 ─ │⁸ 20 ─►ꜝfi ╩ ™⁸ ┼─ ╩

≤⇔⁸ ─ ╩ √∆ ─ ╩ ℮↓≤≢№╢⁹ 
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2  ─  

 

2.1  

 ⌐ ∆╢↓≤╩ ≤∆╢√╘⁸ ⌐│ ה ⁸ ─ ⁸

⁸ ⌂≥ ₁⌂ ⅜ ∑╠╣╢⁹∕─ ≢╙ ╙ ⌂

│⁸ ה ◦☻♥ⱶ⅜ ≢ ≢№╢≤™℮↓≤≢№╢⁹ ⅜

≤⌂╢√╘⌐│⁸ ─ ה ⅝↕⅜ ≢№╡⁸∕─ │

⌐╟∫≡ ⅝ↄ ⌂╢⁹╕√⁸ ∂ ≢№∫≡╙ ╛ ⌂≥⅜ ⌂

╢ ⁸ ─ ╛ ⌐ ─כ♃כ◄☺ꜝ⌂ ⅝↕⌂≥⅜ ⇔⁸ ◦

☻♥ⱶ─ ╙ ∆╢⁹√∞⇔⁸ ◦☻♥ⱶ─ │ ◖fiⱳכⱠfi♩─

╛ ⌂≥⌐╟∫≡╙ ⌂╡⁸∕─ ╩ ╙╢↓≤│ ≢№╢⁹⇔√⅜∫≡

⌐⅔™≡ ◦☻♥ⱶ ─ ╩ ⌐ ╙╢↓≤│∑∏⁸ ⌐

⌐≈™≡ ⇔≡™╢⁹ │ ─╟℮⌂ ≢ ∫√⁹ 

 

ᵑ │ ≤⇔≡ ╩ ™╢⅛⌐╟╡ ⅜ ⅝ↄ ⌂╢√╘⁸∕╣∙╣

─ ╩╕≤╘⁸ ≤⇔≡ ⌂╙─╩ ⇔√⁹∕─ ╩ ⌐ ╩

∆╢ ╩ ∆╢⁹ 

ᵒ ∕─ ⌐⅔™≡ ≤⌂╢√╘⌐ ⌂ ╩ ⇔⁸ ─

500kg⌐ ╕╢⅛ ∆╢⁹ ⅜ ⅝ↄ⌂╢ │ ╛ ╩ ™≡

╩ ∆╢↓≤╩ ∆╢⁹ 

ᵓ ᵒ─ ╩ ⌐ ─ ─ ─ ╩ ™⁸ ╩

∆╢⁹∕─ ⌐⅔™≡ ╛ ─ ╩ ⇔⁸ ─

╛ ┼─ ⌐≈™≡ ∆╢⁹ 

ᵔ ⇔√ ⌐⅔™≡ 7 ─ ⅜ ≢№╢⅛ ═╢⁹╕√

─ ╛ ⌐ ⇔ ⌂ ╩⅔↓⌂℮⁹ 

 

↓╣╠─ ⌐⅔™≡⁸ ╛ ⌂≥╩ ∆╢ ≤⇔≡

(keff)╩ ™√⁹keff ─ ⌐│ ⌐╟╢

ⱶ♥☻◦♪כ◖ SRAC2006
2)╩ ™√⁹╕√⁸ ⌐כꜞꜝⱩ▬ꜝ♃כ♦ JENDL-3.3

╩ ⇔√⁹SRAC⌐⅔↑╢ ─ ╣╩ 2.1⌐ ∆⁹ ≢ ∫√ │

⅔╟┘ ≢№╢⁹≥─ ≢╙╕∏ ╘⌐ ╩ PIJ⌐╟╡
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⇔⁸20 ─ ╩ ∆╢⁹ ≢│⁸∕─ ╩ ™⁸

ה ⌐≈™≡∕╣∙╣ ANISNהTWOTRAN≢ ╩ ℮⁹

⁸╕∏ PIJ─ ╩ꜟכꜙ☺⸗ ™≡⁸20 ⌐ ⇔⁸

⌐ ╩ ℮⁹∕─ ╩ ™⁸COREBN⌐╟╡ ╩

∫√⁹ 

 

 

2.1. SRAC⌐╟╢ ─ ╣ 

 

 2.1⌐│ ⇔√ ≤∕─ ╩ 2.1⌐╕≤╘╢⁹↓╣╠─ │ ─

ה ⌂≥⌐╟╡ ∆╢⅜⁸ ⌐⅔™≡ │ ⌐╟╠∏ ≤⇔≡

╡ ∫√⁹ ⁸ ⌐ ™√ ⌐≈™≡│⁸ ₁─ ⅜ ⌐⇔╘

╢ ╩ ™≡ ⇔≡⅔╡⁸ ⌐ ™√ │ 2.1─ ⌐ ╩⅛

↑╢↓≤≢ ╘╠╣╢⁹ 
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2.1. SRAC≢ ™√ ─  

 

 

2.2 ⌐╟╢ ─  

 │∕─ ⌐ ™╢ ⌐╟╡ ☻●ה ה ─

⅝ↄ 3 ⌐ ↑╠╣╢⁹↓╣╠─ ⌐≈™≡⁸ ─ ה ה

─ ╩ ⇔⁸ ≤⇔≡≥─ ╩ ™╢─⅜ ⅛≥

℮⅛ ⇔√⁹ 2.2.⌐∕╣∙╣ ─ ╩ ∆⁹ 

 ⌐⅔↑╢ │⁸∆═≡ ⱤⱠꜟ⅛╠─ ⌐╟∫≡ ⌂╦╣╢⁹

ⱤⱠꜟ⅛╠─ │ Stefan-Boltzmann─ ⌐╟╡ ─ 4 ⁸⅔╟

┘ ⌐ ∆╢⁹ ⱤⱠꜟ─ ⁸∆⌂╦∟ ╩ ⅎ╢≤™℮ ⅛╠⁸

─ │ ╢∞↑ ™╒℮⅜ ╕⇔™⁹╕√⁸ ─ ⌐╟╡⁸

╛ ─ ↕⅜ ⌂╢⁹ ─ ⅜ ™╒≥⁸

⌂ ↕⅔╟┘ ↕│ ↕ↄ⌂╡⁸◦☻♥ⱶ ─ ╩ ⅎ╠╣╢⁹

↕╠⌐⁸◦☻♥ⱶ ≢ ⅜ ╩ ↓∆ ⅜№╢ ⁸ ⌐╟╢

─ ╛ ≢─ 2 ╩ ∆╢ ⅜ ∂╢⁹ 
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2.2. ⌐╟╢ ™ 

 

 

 ─ 3≈─ ⅛╠∕╣∙╣╩ ∆╢≤⁸ ™ ≢─ ⅜ ≢№╡⁸

⅛≈ ─ ╙⌂™●☻ ⅜⁸ ≤⇔≡ ╙ ⇔≡™╢≤ ⅎ╠╣

╢⁹∕↓≢ ⁸●☻ ⌐≈™≡ ╩ ∫√⁹ 

 

2.3 ●☻  

2.3.1  

 ─╟℮⌐⁸●☻ │ ≤⇔≡ ⌂ ╩ ≈⁹

●☻ ─ ╩ ╙╢⌐№√╡⁸╕∏ ─ ╩ ∫√⁹ │⁸

≢ ↕╣√ ●☻ ⱦfiכ♃☻● ◦☻♥ⱶ

(GTHTR300)
3)─ ╩ ≤⇔≡⁸ ≤⇔√⁹ ╩ ∆╢ ≤⇔≡⁸

⁸ (FP)─ ∂ ╘ ⁸ ─ ⅜ ⅝ↄ⁸ ─

⌐ ∆╢ ─ ⅜ ╛⅛≢№╡ ⇔╛∆™≤™℮↓≤⅜ →╠

╣╢⁹ 2.2 ⌐ ─ ╩ ∆⁹ │⁸ ►ꜝfi(UO2)

╩ (C)ה◦ꜞ◖fi(Si)≢ ⇔√╙─≢№╡⁸∕╣╩ ≤ ה ⇔⁸

◖fiⱤ◒♩≤∆╢⁹ ◖fiⱤ◒♩╩ ⌐ ╖ → ╩ ⇔⁸∕╣╩ ⌡

√╙─╩ ≤⇔≡ ⅎ√⁹ 
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2.2.  

 

2.3.2  

 │ 2.3─╟℮⌂ ≤ ↕⅜ ⇔™ ⌐≈™≡ ∫√⁹ │

UO2הC⅜ ⌐ ⇔√╙─≤⇔≡ ™⁸Si│ ⇔√⁹╕√ ─

╩ ╢√╘⁸ │ ⇔⌂™╙─≤⇔√⁹⌂⅔⁸UO2הC─ ╩ 9

1≤⇔√⁹↓─ ⌐≈™≡ ⁸∆⌂╦∟ ╩ ↕∑⁸∕╣∙╣─

⌐⅔↑╢ keff╩ ╘√⁹ 

 ╩ 2.4⌐ ∆⁹ 2.4│ ─ ⌐ ∆╢ keff─ ╩ ∆⁹

1000kg ╡╕≢│⁸ ─ ⌐ ™ keff╙ ⅝ↄ ∆╢⅜⁸∕─

│ ↕ↄ⌂╡⁸2000kg ⌐⌂╢≤ ─ ⌐ ⇔≡ keff│№╕╡ ⇔⌂

ↄ⌂╢⁹ ⅜ 9000kg≤⌂╢╕≢ ╩ ∫√⅜⁸ ≤⌂╢ keff =1.0⌐│

⅛⌂⅛∫√⁹ ╩ ∆╢↓≤≢ ─ │ ╘╢⅜⁸ ≢№╢

500kg ⌐ ╩ ⅎ╢─│ ⌐ ≢№╢⁹↓─ ╩ ↑⁸

╩↕╠⌐ ↕ↄ ⅎ╢√╘⌐ ─ ╩ ∫√⁹∕╣⌐ ∟⁸ ⌐

™╢ ≤∕─ ה↕ ⌐ ™╢ ≤∕╣⅜ ⌐ ╘╢ ⅜ keff┼
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ⅎ╢ ⌐≈™≡ ╩ ∫√⁹ 

 

 

2.3.  

 

 

 

2.4. ≤ keff─   
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2.4 ─  

2.4.1  

 ⌐ ╩ ∆╢↓≤│⁸ ╩ ⅎ╢√╘⌐ ⌂ ≢№╢⁹

╩ ∆╢↓≤⌐╟╢ ─ │ ⌐ ™╢ ≤∕─ ↕⌐

╟∫≡ ∆╢⁹∕↓≢╕∏ ⌂ ⌐≈™≡⁸ ↕─ ⅜

keff⌐ ⅎ╢ ⌐≈™≡ ═√⁹ ╩ 2.5─╟℮⌂ 20cm─ UO2

─ ⅜№╡⁸∕─ ╡⌐ ⅜№╢╟℮⌂ ╩ ⅎ⁸ ─ ↕╩ 0cm

⅛╠ 50cm╕≢ ↕∑≡ ∫√⁹ ≤⇔≡ ⇔√─│ⱬꜞꜞ►ⱶ

(Be)ה ⱬꜞꜞ►ⱶ(BeO)הCה ─ 4 ≢№╢⁹ 

 

 

2.5. ╩ ⇔√  

 

 ⅔╟┘ ↕⅜ keff⌐ ⅎ╢ │ 2.6⌐ ∆ ╡≢№╢⁹™∏╣─

╙ keff─ ⌐ ⇔≡™╢⁹ ↕ 10cm ╕≢│ Be⁸BeO⅔╟┘

⌐╟╢ keff─ │ C≤ ═╢≤ ⌐ ⅝ↄ⁸╕√∕╣╠⌐╒≤╪≥ │

⌂™⁹√∞⇔ ─ ⁸ ↕⅜ 10cm ⌐⌂╢≤∕╣ keff│ ⇔⌂™⁹

Be⁸BeO ⌐≈™≡│⁸20cm ╕≢│ ≤ ⌐ ⅝⌂ ⅜ ≢⅝╢⅜⁸

∕╣ ─ ↕≢│ ⅜ ↕ↄ⌂╢√╘ │ ↕ↄ⌂∫≡™ↄ⁹Be⁸BeO

⅜ 12cm─ keff⅜ 1.0╩ ╡⁸↓─≤⅝─ │∕╣∙╣─ ≢

560kg⁸680kg≤⌂╢⁹⇔⅛⇔⁸↓╣│ ╩≤╢ ≢ ⌐ ⌂⸗♦ꜟ╩

™≡ ⇔≡™╢√╘⁸ ─ ─ ⁸ ─ ⌐ ⌂≥⅜ ╕╣╢

⌐│↕╠⌐ ⅝⌂ ⅜ ≤⌂╢⁹ 

 ─ ╟╡⁸ ⇔√ ─℮∟⁸C ≢№╣┌ Be⁸BeO⁸ ─≥╣╩
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™≡╙ keff╩ ⅝ↄ ↕∑╢↓≤⅜≢⅝⁸ ╩ ≢⅝╢↓≤⅜╦⅛╢⁹

√∞⇔ BeO│⁸Be≤ ⌐ ™⅜⌂ↄ ╙ Be╟╡╙ ⅝™√╘⁸ │ Be╩

≤⇔≡ ™╢─⅜ ≢№╢⁹ ↕⅜ Be⁸BeO─ 20cm⁸ ─

│ 10cm ≢№╣┌ ⌂ ⅜ ≢⅝╢⁹ 

 

 

2.6. ↕⌐ ∆╢ keff─  

 

2.4.2  

 ≤ ⌐⁸ ╩ ⌐ ∆╢↓≤≢ keff╩ ↕∑⁸ ╩

∆╢↓≤⅜ ╢⁹ ⌐╟╡ keff⌐ ⅎ╢ │ ⌂╡⁸╕√ ⌐

∆╢ ─ ⌐╟∫≡╙ ⌐ ™⅜ ╢⁹∕↓≢ 2.7─╟℮⌂ ⌐

≈™≡ ╩ ™⁸∕╣╠⅜ keff⌐ ⅎ╢ ╩ ⇔√⁹ │ UO2 ≤

⅜ ⌐ ⇔√╙─≤⇔⁸∕─ ─ ╩ 0%⅛╠ 90%╕≢

↕∑√⁹⌂⅔⁸∕╣∙╣─ ⌐≈™≡ ⅜ ⌐ ≤⌂╢╟℮⌐

╩ ⇔≡™╢⁹ ≤⇔≡ BeO⁸C╩⁸╕√ ─√╘⁸●☻ ≢

™╢─⌐│ ⇔≡™⌂™ ⌐≈™≡╙ ⇔√⁹ 

 ╩ 2.8⌐ ∆⁹ ─ 0%─ │ UO2 ─ ─ keff≢№╢⁹C

╩ ≤⇔≡ ™√ │ ─ ⌐ ™ keff⅜ ⇔≡⇔╕℮⁹↓─↓≤

⅛╠⁸ 20%─ UO2╩ ≤⇔≡ ™╢ ⁸C │ ≤⇔≡ ⇔≡™⌂

™≤™ⅎ╢⁹ ⁸BeO╩ ™√ ⁸60% ╕≢│ ⌐ ╦╠∏ keff│╒
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╓ ≢№╢⁹BeO ─ ⅜ UO2 ╟╡╙ ⅜ ↕™√╘⁸ ─

≢│ ⅜ ⇔≡⇔╕℮⅜⁸UO2 ─ ╩ ∆╢↓≤⅜ ╢⁹⇔⅛⇔⁸

2.9⌐ ∆╟℮⌐ BeO 60%─ ≢╙ ⅜ ≤⌂╢─⌐ 1500kg ≢

№╢⁹ ⌐⁸ ╩ ™√ keff│ ⌐╒╓ ⇔≡ ⇔⁸50%⌐⌂╢

≤ 1.0╩ ╢⁹⌂⅔↓↓≢ │ ∫≡™⌂™⅜⁸ ⌐╙ ≤⇔≡ ™╠╣

╢ ⌐ ☺ꜟ◖♬►ⱶ(ZrH2-x)⌂≥─ ⅜№╢⁹ ─ ™

╩ ╗√╘⁸ ≤ ⌐ keff─ ⅜ ↕╣╢⅜⁸↓╣╠╙╕√ ≢

⌂ ≢№╢√╘●☻ ≢ ™╢⌐│ ⇔≡™⌂™⁹ 

 

 

2.7. -UO2 ─  

 

 

 

2.8. ≤ UO2─ ⌐╟╢ keff─  
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2.9. BeO(60%)- UO2─ ─ ≤ keff─  

( ה⇔⌂ ) 

 

 ●☻ │∕─ ≢ ╛ ≤⇔≡ ™╠╣╢ ⅜ ╠╣

╢⁹ 20%─►ꜝfi ╩ ™√ 500kg ─ ╩ ⅎ╢ ⁸

ה ≤⇔≡─ ⅜ ™ BeO╩ ™√≤⇔≡╙ │ ⌐

≢№╢⁹ ─ ╩ 500kg ⌐ ╘╢√╘⌐│⁸ ╛ ╩

≤⇔≡ ™╢ ⅜№╢⁹ ⁸ ≢↓╣╠─ ╩ ⌐ ™╢─│

─ ⅜ ↄ⌂╢ ⅛╠ ╕⇔ↄ⌂™⅜⁸ ╩ ↕ↄ∆╢ ≢╛╗

╩ ⌂™⁹∕↓≢ √⌐ ⌐≈™≡─ ╩ ∫√⁹ 
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3   

 

3.1 ⱤⱠꜟ  

 ╩ ≢ ™╢ ⁸ ⅜∑™−™ 600K ≢№╢⁹⇔√⅜

∫≡ ─√╘⌐ ⅝⌂ ⱤⱠꜟ⅜ ≤⌂╢⁹↓─ ⱤⱠꜟ⅜ ⅝ↄ⌂╡

⅞╢≤⁸ ה ≤™∫√ ╩ ™╢ ≢ ─ ⅜⌂ↄ⌂∫≡⇔╕

℮⁹∕↓≢╕∏⁸ ⱤⱠꜟ─ ה ⅜≥─ ≤⌂╢─⅛ ╙╡╩

∫√⁹ √╡─ Wwaste [W]╩ ∆╢√╘⌐ ⌂ⱤⱠꜟ Arad 

[m
2
]│⁸Stefan-Boltzmann─ ⅛╠ ─ ⌐╟╡ ╘╠╣╢⁹ 

 

( )44

srad

waste

rad
TTŮů

W
A

-
=        3.1  

 

ů Stefan-Boltzmann  5.6710×10
-8
 [W/m

2
K

4
] 

Ů ⱤⱠꜟ─  0.9 

Trad, Ts ⱤⱠꜟ ⁸  4 [K] 

 

 │ⱤⱠꜟ ─ ╛ ⌐╟╡ ⌂∫√ ╩≤╡⁸↓↓≢│ 0.9≤

⇔√⁹ ⱤⱠꜟ │ ─ ╩ ∆╢≤ 600K ⌐⌂╢≤ ⅎ╠

╣╢⁹╕√⁸ ⇔≡™╢ ─ │ 100kW ≢№╢⁹∕↓≢⁸Wwaste: 

100kW⁸Trad=370 570K≤⇔√ ⌐≈™≡⁸ ─ ⌐╟╡ Arad╩ ⇔√⁹╕√⁸

√╡─ⱤⱠꜟ ɟ╩ 4 [kg/m
2
]≤⅔⅝⁸ ─ ⅛╠ ⱤⱠꜟ ╩

╘√⁹ ⱤⱠꜟ ╩ ≤ ∆╢≤⁸Arad│ⱤⱠꜟ ─ ≤⌂╢

√╘⁸ ⱤⱠꜟ Mrad [kg]│ ≢ ⅎ╠╣╢⁹ 

 

( )4422
srad

wasterad
rad

TTŮů

WɟA
ɟM

-
=ö
÷

õ
æ
ç

å
=       3.2  

 

 3.1⌐ ╩ ∆⁹ ⌐ ⁸ │ ⱤⱠꜟ ⁸ │

∕─≤⅝─ⱤⱠꜟ ╩ ⇔≡™╢⁹ ⱤⱠꜟ─ ה │ ≤≤╙⌐

⇔⁸550K ⌐⌂╢≤ 25m
2⁸50kg ⌐⌂╢⁹ ⱤⱠꜟ≤⇔≡│∕╣≢╙
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⌐ ⅝™⅜⁸ ⌐∆╢↓≤⌐╟╢ ─ ╩ ∟ ∆╒≥≢

│⌂™⁹⇔√⅜∫≡ ⅜ 100kW ─ ⁸ ≤⇔≡ │

─ ↕╩ ⇔≡╙⁸ ⱤⱠꜟ─ ⅝↕│ ⌂ ⌐ ╕╢≤

ⅎ╢⁹√∞⇔ ⱤⱠꜟ─ ה │⁸ ─ ⌐ ⇔≡ ⅝ↄ⌂╢√╘⁸

⁸1MW⌂≥─↕╠⌐ ⅝⌂ ╩ ∆╢ ⌐│⁸╙│╛

╩ ™╢↓≤│ ≢│⌂™⁹ 

 

 

3.1. 100kW ⌐ ⌂ ⱤⱠꜟ  

 

3.2  

3.2.1  

 ≢│⁸ ╩ ™╢ ⁸ ╩ⱦfiכ♃ ™√ │ ⇔™⁹ ─

╟℮⌐ ╩ ™√ ⅜ ⅎ∏⁸ ╩ ⌐ ↑╢ ⅜№╢√╘

≢№╢⁹╕√⁸ ╩ ╢ ╡ ╠∆≤™℮ ╩ⱦfiכ♃╠⅛ ™╢─│

╕⇔ↄ⌂™⁹ ∫≡⁸ ≤⇔≡ ≤⌂╢─│ ╙⇔ↄ│

≢№╢⁹ ≢│ ╩ ⅎ∏⁸ ╩ ™╢↓≤╩ ⇔≡ ╩

ⅎ√⁹ 

3.2.2 Thermionic Fuel Element (TFE) 

 ╩ ℮√╘⁸TOPAZ-II ─ 1)╩ ≤⇔≡ ⌐ Thermionic Fuel 

Element(TFE)╩ ™╢⁹TFE│⁸ 3.3─╟℮⌐ ≤ ─ ⌐◄Ⱶ♇♃⁸
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◖꜠◒♃⁸ ╩ ╪∞╟℮⌂ ╩⇔≡™╢⁹◄Ⱶ♇♃≤◖꜠◒♃≤─ │

0.5mm ≤ ⌐ ↄ⁸☻Ɑכ◘⌐╟╡ ↕╣≡™╢⁹ │╒╓ ≢№

╢√╘⁸◄Ⱶ♇♃≤◖꜠◒♃ ─ │ ⌐ ⌐╟╢╙─≤⌂╢⁹↓─↓≤

⅛╠⁸◖꜠◒♃ │◄Ⱶ♇♃ ⌐ ═ ⌐ ↄ⁸ ╩ ™≡ ∆╢↓≤

⅜ ≢№╢⁹ │ 3.4⌐ ∆╟℮⌂ ╩ ⇔√⁹ ≢ ╦╣√

⌐ TFE ╩ ⌐ ═⁸∕─ ╩ ─ ≤⇔√⁹

─ ה ↕⁸ ┘ ─ ה ↕│ keff⅜ 1 ≤⌂╢╟℮⌐ ⇔⌂

↑╣┌⌂╠⌂™⁹ 

 3.4⌐↓─ ╩ ™√ ─ NEPS ─Ɽ꞉כⱨ꜡כ╩ ∆⁹ │ TFE⌐

╟╡ ≢ ╦╣ ┼⁸ ╡─ │ ⌐╟╡ ⱤⱠꜟ⌐ ┌╣⁸

⌐ ∆╢⁹ ╩ 10%≤ ∆╢≤⁸10kW─ ╩

╢√╘⌐│ 100kW─ ⅜ ≤⌂╢⁹ 

 

 

3.2. Thermionic Fuel Element (TFE) 
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3.3. ─ ( ) 

 

 

3.4. Power Flow 

 

3.2.3 ↕ 

 ⌐│ Be╩ ⇔√⁹Be │⁸ ↕ 20cm ╕≢ ⅝⌂ ⅜

≢⅝╢⅜⁸ ⌐ ─╟℮⌂ ™ ⅜№╢ ⁸∕─ ⅜ ↕ↄ

⌂╢⁹ ⌐╟╡ ≢ ∆╢ ╩ ⌐ ⅎ╢√╘⁸ ⌐╟╢

∂ ╘─ ⅜ ⌐ ↄ⌂╢√╘≢№╢⁹∕╣⌐ ™⁸ ─ ⌂

↕╙ ⌂╢≤ ⅎ╠╣╢⁹∕↓≢⁸ 3.5─╟℮⌐ ─ 50 ─ UO2

⅛╠⌂╢ 20cm─ ╩ ⅎ⁸∕─ ╡─ Be ─ ↕⌐ ∆╢ keff

─ ╩ ═√⁹ 
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3.5. ─ 50 ─ UO2  

 

 3.6⌐ ╩ ∆⁹ ─√╘⁸ 2.5⅛╠ ╩ UO2 ≤⇔√ ─

╙ ⇔≡™╢⁹ ∂ ↕⌐⅔™≡⁸ ─ 50 ─ ⁸UO2

─ ≤ ⇔≡ keff│ ⌐ ⅝⌂ ╩ ∆⁹ ≢⁸ ↕⌐ ∆╢ keff

─ │ UO2 ─ ⌐ ═≡ ↄ ⇔⁸ ↕ 10cm ⌐⌂╢≤ keff⌐ ⇔

≡№╕╡ ⅜⌂™⁹↓─ ╟╡⁸ ─ ⅜ ⌂ ⌐⅔™≡ Be

╩ ™╢ ⁸ ─ ↕╩ 5 10cm ≢ ™╢─⅜ ≢№╢≤ ⅎ╢⁹ 
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3.6. ─ ⌐╟╢ ─ ™ 

 

3.3  

 ─⅔⅔╟∕─ ⅔╟┘ ╩ ╢√╘⁸ 3.7─╟℮⌂ ↕≤ ─

⇔™ ⌐≈™≡ ╩ ∫√⁹ ─ │ TFE ≤ ≢№╢⁹

⅜ ⌐ ╘╢ ╩ 50%⁸TFE─ ╩ UO2ה הBeOהMoה

Fe≤⇔⁸∕╣∙╣⅜ TFE ⌐ ╘╢ ╩ ≥20%ה20%ה20%ה40% ⇔√⁹

─ ╡⌐│ ה ≤╙⌐ ↕ 5cm─ Be ╩ ⇔≡™╢⁹ 

 3.8 ⌐∕─ ╩ ∆⁹ │ ╩ ™√ ╩⁸ │ keff⁸

│ ╩ ╘√ ╩ ⇔≡™╢⁹ ⅜ 15cm№√╡≢ keff > 1

≤⌂╡⁸∕─≤⅝─ │ 150kg ≤ ⌐ ≢№╢⁹ ─ ─

│ TFE─ ╛ ⌐╟╡ ╦╢⅜⁸TFE╩ ™√ ⅜ ≤

⌂╢ ⅝↕│⅔╟∕ 15cmה ↕ 30cm ≢№╢≤ ⅎ╢⁹↓─ ╩⁸∕

─ ─ ╩ ∆╢ ─ ≤⇔√⁹ 

 



23 

 

 

3.7. ─  

 

 

3.8. ─ ≤ keffה ─  

( ×2= ה ,↕ :Be 5cm) 
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4  TFE ─ ה  

 

4.1  

 TFE ─ │⁸∕─ ─ ⌐ ⅝ↄ ╩ ⅎ╢⁹◄Ⱶ♇♃─

⅜ ™╒≥ ─ ╙ ↄ⌂╢⁹⇔⅛⇔⁸TFE─ ≢ ╙ ⅜ ↄ

⌂╢ ─ ╛⁸ ⌐ ™╢ ⅜ ╩№╕╡ ↄ≢⅝⌂™↓≤⅛╠⁸

◄Ⱶ♇♃ ⌐╙ ⅜№╢⁹⇔√⅜∫≡ TFE ╩ ™≡╙ ≢│ ⅜

↕ↄ⌂╢ ⅜№╢⁹∕↓≢ TFE ╩ ≢ ∆╢ ⌐⅔™≡≥─ ─

⅜ ≢⅝╢─⅛⁸╕√ TFE─ ⅜≥─╟℮⌐⌂╢─⅛ ⇔√⁹ 

4.2  

 ╩ TFE─ ╩ ═╢√╘⁸ 4.1─╟℮⌂ R-Z

≢ ╩ ∫√⁹ │ ⅛╠ UO2⁸Mo⁸ ⁸Mo⁸BeO⁸Fe⁸H2O≤

⇔≡ ╡ ™⁸ ─☻Ɑכ◘╩ ⇔⁸ ╩ ╗◄Ⱶ♇♃(Mo) ◖꜠◒♃

(Mo) ─ ─ │ ⌐╟∫≡─╖ ↓╢≤ ⇔√⁹ ⌐ ™√

│⁸ ⌐⅔↑╢ ⁸ ─◄Ⱡꜟ◑כ ⁸ ╩ ╪∞◄Ⱶ♇

♃ ◖꜠◒♃ ─ ⁸◄Ⱶ♇♃⌐⅔™≡ ◄Ⱡꜟ◑כ≤⇔≡ ╡ ↕╣╢◄

Ⱡꜟ◑כ⌐≈™≡─ ≢№╢⁹ 

 

 

4.1. TFE ⸗♦ꜟ 
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4.2.1  

⌐ ⇔≡│ ≤⇔≡ 4.1 ─ ╩ ™√⁹ 

 

qT
t

T
C MM

M

MpM
¡¡¡+Ð=

µ

µ 2lr       4.1  

 

ɟM  [kg/m
3
] 

CpM  [J/kg K]  

TM  [K]  

ɠM  [W/m K]  

q¡¡¡  [W/m
3
] 

 

⌂⅔⁸ ⅎ ─ M │ᵑ ᵕ─ ⌐⅔↑╢ ╩ ⇔≡™╢⁹╕√⁸ │

ᵑ─ ─ ─╖ ⅎ⁸∕─ ─ ≢│ 0≤⇔√⁹ 

4.2.2  

 ⌐≈™≡│⁸ 4.2─╟℮⌂⸗♦ꜟ╩ ⅎ╢⁹ ⌐⅔™≡⁸

│ R ⌐ ⇔≡ ≤ ⌂⇔⁸Z ─╖⌐ ╩ ≈╙─≤ ⇔√⁹

4.3⌐⅔™≡⁸№╢ ⌐⅔↑╢◄Ⱡꜟ◑כ ⅛╠ 4.2 ⅜ ╠╣╢⁹ 

 

 

4.2. ⸗♦ꜟ 
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321 dqdqdqdq -+=        4.2  

 

dq [J/s] 

dq1  [J/s] 

dq2 ─ ╣⌐╟╢ ⅛╠─  [J/s] 

dq3 ─ ╣⌐╟╢ ┼─  [J/s] 

 

↓↓≢⁸dqהdq1הdq2הdq3│∕╣∙╣ ─╟℮⌐ ↕╣╢⁹ 

 

 CpCC dTCdq r=  

 () ()( )dtzTzThdzrdq CWCW -Ö=p21  

 ( ) ( )dtzUTrrCdq CWCpC 122

2 --= pr      4.3  

 ( ) ()dtzUTrrCdq CWCpC

22

3 -= pr  

 

ɟC ─  [kg/m
3
] 

CpC ─  [J/kg K]  

TW, TC ⁸  [K]  

rW, rC ⁸ ─  [m] 

hC  [W/m
2

K] 

U  [m/s] 

 

4.2 ⁸ 4.3 ╩ ∆╢≤ 4.4 ⅜ ╠╣⁸↓╣╩ ⌐⅔↑╢

≤⇔√⁹ 

 

( )
( )CWC

WC

WCC
pCC TTh

rr

r

z

T
U

t

T
C -

-
=ö
÷

õ
æ
ç

å

µ

µ
+

µ

µ
22

2

p

p
r     4.4  

 

↓↓≢⁸ hC│ Dittus-Boelter─ ╩ ™≡ 4.5 ⅛╠ ╘√⁹↓─

│ ─ ⅜ ╩ ⅎ⌂™ ≢ ≢№╢⁹ ⅜ ╩

ⅎ╢ ⁸ ⌐⅔↑╢Ⱳ▬♪─ ⅜ ⌂╢√╘⁸ ⌐⅔↑╢

─ ╩ ∆╢↓≤⅜ ⌂™⁹╕√⁸ ⌐⅔↑╢ ─
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│╕∞ ↕╣≡™⌂™⁹ ─↓≤⅛╠⁸ ⌐⅔™≡│ ╩

⅜ ⅎ⌂™╟℮⌂ ─╖╩ ≤⇔√⁹ 

 

4.08.0023.0
2

PrRe
r

h
W

C
C

l
=        4.5  

( )
,

)2(
⁷

CC

WrU
Re

rm
=  

C

pCCC
Pr

l

m
=  

 

ɚC ─  [W/m K] 

ɛC ─  [Pa s] 

 

4.2.3 ◄Ⱶ♇♃ ◖꜠◒♃ ─ ⁸  

 ◄Ⱶ♇♃ ◖꜠◒♃ ⌐⅔↑╢ ─ │⁸⅔╟┘ │∕╣∙╣─ ─

⌐⅔™≡ ⇔√⁹╕∏ ⌐╟╢◄Ⱶ♇♃ה◖꜠◒♃ ≢─

qradE⁸qradC│ Stefan-Boltzmann─ ╟╡ 4.6 ⁸ 4.7 ≢ ⅎ╠╣╢⁹ 

 

Emit

CollCollCollEmitEmitEmit

radE
A

CTATA
q

44 sese +-
=     

 4.6  

Coll

CollCollCollEmitEmitEmit

radC
A

CTATA
q

44 sese -
=      4.7  

 

AEmit, AColl ◄Ⱶ♇♃⁸◖꜠◒♃  [m
2
] 

ŮEmit, ŮColl ◄Ⱶ♇♃⁸◖꜠◒♃  

TEmit, TColl ◄Ⱶ♇♃⁸◖꜠◒♃  [K]  

 

◄Ⱶ♇♃ №√╡─ We│⁸◄Ⱶ♇♃╟╡ ↕╣╢ J 

[A/m
2
]≤◄Ⱶ♇♃⁸◖꜠◒♃─ űEmit⁸űColl [eV]─ ≤─ ≢ ↕╣╢⁹ 

 

( )CollEmite JW jj -=        4.8  
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J│ Richardson-Dushmann─ ⁸ 4.9 ≢ ⅎ╠╣╢ 4)⁹ 

ö
ö
÷

õ
æ
æ
ç

å
-=

EmitB

Emit
Emit

Tk

e
ATJ

j
exp2       4.9  

 

A Richardson 1.20×10
6
 [A/m

2
K

2
] 

e 1.60×10
-19

 [A s] 

kB Boltzmann 1.38×10
-23

 [J/K] 

 

∫≡ 4.8 ⁸ 4.9 ╟╡◄Ⱶ♇♃ ⌐⅔™≡ ◄Ⱡꜟ◑כ≤⇔≡ ╡

↕╣╢ №√╡─ qe [W/m
2
]│ 4.10 ≤⌂╢⁹ 

 

( )CcollEmit

EmitB

Emit
Emite

Tk

e
ATq jj

j
-ö

ö
÷

õ
æ
æ
ç

å
-= exp2      4.10  

 

4.3  

4.3.1 ─  

 ∆╢⌐№√╡⁸ⱷ♇◦ꜙ ╩ Z ⌐│ ≢ ∂ Nj╩ ™⁸R

⌐│∕╣∙╣ ─ NiM ╩ ™╢⁹╕∏⁸ 4.2 ╩ ∆╢≤ 4.11

─╟℮⌐⌂╢⁹ 

 

( )( ) ( ) qTTTTTT N

jMi

N

jMi

N

jMi

N

jMi

N

jMi

N

jMi
¡¡¡+++++++--= -+-++

+ tggbbagba 1,1,,1,1,1

1

, 21 4.11  

 

( )
,

0

⁷
MM rrir DD+

=
t

a
( )

,
2
⁷

MrD
=
t

b
( )

,
2
⁷

zD
=
t

g
MpM C

t

r
t

D
=  

r0 ─  [m] 

i, ȹrM R ⱷ♇◦ꜙ⁸ⱷ♇◦ꜙ  

j, ȹz Z ⱷ♇◦ꜙ⁸ⱷ♇◦ꜙ  

N, ȹt ☻♥♇ⱪ⁸☻♥♇ⱪ  
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⌐ 4.4 ╩ ∆╢≤⁸ 

 

( ) N

Wj

N

Cj

N

Cj

N

Cj TTTT xhxh ++--= +

+

1

1 1

      

4.12  

 

,⁷
z

tU

D

D
-=h

CW

CpCC

hr
AC

t
p

r
x 2

D
=  

AC ─  [m
2
] 

 

≤ ↑╢⁹ 4.11 ⁸ 4.12 ╟╡⁸ t⌐⅔↑╢ ⅛╠ t+ȹt ─ ⅜

╘╠╣╢⁹ 

4.3.2  

 ∕╣∙╣─ ⌐⅔™≡ ™√ ╩ ∆⁹╕∏⁸∆═≡─ ᵑ ᵕ

⌐⅔↑╢ Z ─ │ Z=0⁸Z=L L: ⌐⅔™≡ ≤⇔√⁹ 

 

 ̧ Z=0  0,1, MiMi TT =       4.13  

 

 ̧ Z=L 
jj NMiNMi TT ,1, =+       4.14  

 

∕─ ─ ⌐⅔↑╢ │ ─╟℮⌐ ╘√⁹ 

ᵑ  

 ̧ R=0 jj
TT

,0,1 ᵑᵑ =       4.15  

 

 ̧ R=r1 

ᵒ

ᵒᵒ

ᵒ

ᵑ

ᵑᵑ

ᵑ
ᵒᵑᵑ

r

TT

r

TT
jNjjNjN iii

D

-
=

D

-
+ ,,1,,1

ll    4.16  

ᵒ ◄Ⱶ♇♃  

 ̧ R=r1 jNj i
TT

,,0 ᵑᵑᵒ =       4.17  

 

 ̧ R=r2 eradE

jNjN
qq

r

TT
ii +=

D

-
+

ᵒ

ᵒ

ᵒᵒ

ᵒ
ᵒᵒ ,,1

l

 

   4.18  

qradEᵒ R=r2⌐⅔↑╢ ⌐╟╢  [J/m
2

s] 
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qe ⁸ №√╡─  [W/m
2
] 

ᵔ ◖꜠◒♃  

 ̧ R=r3 ᵔ

ᵔ

ᵔᵔ

ᵔ radC

jj
q

r

TT
=

D

-
,0,1

l      4.19  

qradCᵒ R=r2⌐⅔↑╢ ⌐╟╢  [J/m
2

s] 

 

 ̧ R=r4 

ᵕ

ᵔᵕ

ᵕ

ᵔ

ᵔᵔ

ᵔ
ᵔᵔᵔ

r

TT

r

TT
jNjjNjN iii

D

-
=

D

-
+ ,,1,,1

ll    4.20  

ᵕ  

 

 ̧ R=r4 jNj i
TT

,,0 ᵔᵔᵕ =       4.21  

 

 ̧ R=r5 

ᵖ

ᵕᵖ

ᵖ

ᵕ

ᵕᵕ

ᵕ
ᵕᵕᵕ

r

TT

r

TT
jNjjNjN iii

D

-
=

D

-
+ ,,1,,1

ll    4.22  

 

ᵖ  

 

 ̧ R=r5 jNj i
TT

,,0 ᵕᵕᵖ =       4.23  

 

 ̧ R=r6 ( )
jNCjc

jNjN

i

ii TTh
r

TT

,

,,1

ᵖ

ᵖᵖ

ᵖ

ᵖ

ᵖᵖ

ᵖ -=
D

-
+

l    4.24  

 

ᵗ  

 ≢│ R ─ ╩ ⅎ⌂™√╘⁸ │ Z=0⁸Z=L ─

─╖≢№╢⁹Z=L⌐⅔™≡│ ≤⇔⁸Z=0⌐⅔™≡│ ⅜ ─

╡ TCin ≤ ⇔™≤⇔√⁹⌂⅔⁸ ⌐│⁸ 4.25 ─╟℮⌐ᵖ

─ ╩ ™╢⁹ 

 

 ̧ R=r6 jNWj
i

TT
,ᵖᵖ=       4.25  

 

 ̧ Z=0  CinC TT =0       4.26  
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 ̧ Z=L 
jj CNCN TT =+1       4.27  

 

─ ╩ ⇔⁸ ─ ╩ ⌐ ╘≡⁸ ⌐⅔↑╢

ה ה ╡ ⅔╟┘ Ɽꜝⱷכ♃╩ ⅎ╢≤ TFE ─

⅜ ╠╣╢⁹√∞⇔⁸ ─ │ ⌐⅔↑╢ TFE ╩ ╘╢

↓≤≢№╢√╘⁸ ⌂ ⇔√ ─ ⌐≈™≡ ⇔√⁹ 

4.2  

 TFE─ ╩ ∆╢ ⌐ ⇔√ ─Ɽꜝⱷכ♃╩ 4.1⌐⁸TFE─

╩ 4.2⌐⁸ ∆⁹TFE─ │ TOPAZ-II ─╙─╩ 4)⌐ ⇔√⁹TFE

─ ≤⁸ ⅜ ≤⌂╢ ─ ⅛╠ ⌐ ∆╢ TFE ─

╩ 37 ≤⅔⅝⁸ ─ ⅜ 150kW≤⌂╢╟℮⌐ ⌂ ╩ ╘

√⁹⌂⅔⁸ ╩ ╢∞↑ ⅎ╢√╘⁸ ╩ ≤⇔≡

╩ ∫√⁹  

 TFE─ ╩ 4.3⁸ ⌂ ⌐⅔↑╢ ⅔╟┘ ╩ 4.3⌐ ∆⁹

─ ⁸◄Ⱶ♇♃ │ 1520K≤⌂╡⁸ │ 1590K≤⌂∫√⁹

│⁸◖꜠◒♃ 490K╟╡╦∏⅛⌐ ™ ≢№╡⁸

╩ 3MPa ⌐∆╣┌ ⅜ ─ ╩ ⅎ╢↓≤│⌂™⁹ │ 7.9%

≤⌂╡⁸ ─ 150kW⌐ ⇔≡11.6kW─ ⅜ ╠╣╢↓≤⌐⌂╢⁹

√∞⇔↓╣╠─ ה │⁸ ∆╢ ╛ TFE ─ ⌐╟╡ ⅝ↄ

⇔⁸ ⌐│ ⌐⅔↑╢ ╙ ≢│⌂™√╘⁸ ה4.3 4.3

─ │№ↄ╕≢╙ ≤⇔≡ ╡ ╦⌂↑╣┌⌂╠⌂™⁹√∞⁸↓─ ⅛╠

TFE─ ⌐ ─ ™ ╩ ™╢ ≢╙⁸ ⌐╟╢ │ ⌐

≢№╢≤ ⅎ╠╣╢⁹ 
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4.1. TFE ⌐ ™√  

 

 

 

4.2. TFE ⌐ ™√Ɽꜝⱷכ♃ 
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4.3. TFE ─  

 

 

4.3. TFE ─ ⌐⅔↑╢ ≤ TFE  
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5  ─  

 

5.1  

 ╩ ⌐ ∆╢√╘⌐│ ⇔≡ ╢↓≤⅜ ≤⌂

╡⁸ ╩ ⅝ↄ⁸∆⌂╦∟ ─ keff ╩№╢ ⅝ↄ≤╢ ⅜№╢⁹

∕↓≢ keff⌐≈™≡⁸≥─ ─ ╩≤╣┌ ™─⅛╩ ═╢√╘⁸ 5.1─╟

℮⌂ 18cmה ↕ 48cm─ ⌐≈™≡ ╩ ™⁸ ⌐ ∆╢ keff

─ ╩ √⁹ ⌐│ 5.1─╟℮⌐ ⌐ 4 ─ TFE⅜ 37 ═

╠╣⁸∕─ ╡╩ ⅜ ╣≡™╢⁹╕√⁸ ─ ╡⌐│ ↕ 5cm─ Be

╩ ⇔≡™╢⁹↓─ ⌐⅔↑╢ │ 1.06⁸ ╩ ╘√

│ 170kg≢№╢⁹ 

 

 

5.1.  

 

 │⁸╕∏ PIJ⌐╟╡ TFE⅔╟┘ ⌐⌐≈™≡ ╩ ™⁸20

╩ ∆╢⁹∕─ ╩ ℮↓≤≢ ⌐⅔↑╢

┼─ ╩ ∆╢⁹∕⇔≡ ⌐⁸ ⇔√ ה ╩ ™⁸R-Z 2
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≢ COREBN⌐╟╢ ╩ ℮⁹ 

 ╩ 100kW≤⇔√ ─⁸ 2700 ╕≢─ keff─ ╩ 5.2

⌐ ∆⁹╕∏ ⌐│ ⌐ ≢№╢ Xe ─ (FP)⅜

∆╢√╘ keff│ ⌐ ⇔⁸Xe─ ⅜ ⌐ ⇔√ ⁸ ─ ≤≤╙

⌐ keff│╝∫ↄ╡≤ ⌐ ⇔≡™ↄ⁹2700 ─ ─ │ 1.02

≢№╡⁸ ─ keff⅛╠│ 0.4 ∆╢⁹ ∫≡ 2700 ⁸ 100kW≢─

╩ ≤∆╢√╘⌐│⁸ ⌂ↄ≤╙ ─ keff ⅜ 1.04 ⁸

(ſ(keff-1)/keff)⌐⇔≡ 3.8%─ ⅜ ≢№╢⁹ 

 

 

5.2. ⌐ ∆╢ keff─  

 

5.2 Ⱳ꜡fi ⌐╟╢ keff  

 ─ ╩ ≤∆╢√╘⁸ ─ │ ⅝⌂ ╩ ≈

⅜№╢⁹√∞⇔⁸ ⌐ ╩ ℮ ⌐│ ≢ keff=1.00╩ ⇔⌂↑╣┌⌂

╠∏⁸∕─√╘─ ⅜ ≢№╢⁹ 

 ⌐⅔↑╢ keff ─ ≤⇔≡ ⌐⁸ ⌐ⱱ► B ╩ Burnable 

Poison(BP)≤⇔≡ ⅎ√Ⱳ꜡fi ╩ ™╢ ⅜№╢⁹Ⱳ꜡fi ╩ ™╢↓≤≢

─ ╩ →╢ ⅜ ≢№╡⁸╕√ BP│ ≤≤╙⌐ ⇔ ─

╩ ⅎ╢√╘⌐ ⅜ ∆╢↓≤⌐╟╢ ─ ╩ ≢⅝╢⁹∕↓≢⁸

5.1─ ⌐⅔™≡ ─ ╦╡⌐Ⱳ꜡fi ╩ ™╢↓≤≢ ╩ ⇔≡
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keff╩ ≢⅝╢≤ ↕╣╢⁹ 5.3│ ⌐ 330ppm≢ B╩ ⅎ√

≤⁸ ╙ ⅎ≡™⌂™ ⌐≈™≡⁸ ⌐⅔↑╢ keff ─ ╩ ⇔≡™╢⁹

Ⱳ꜡fi ╩ ™√ ─ keff│ 2700 ╩ ⇔≡ 1.01 ⌐ ╕╡⁸ ⅜№╢

↕╣≡™╢─⅜╦⅛╢⁹ ⌂ B ─ │ ⌐╟╡ ⌂╢⅜⁸↓

─ ⅛╠ ⌐╟╢ keff─ ╩ ∆╢↓≤⁸∆⌂╦∟ ⌂

│Ⱳ꜡fi ╩ ™╢↓≤≢ ⌐ ≢№╢≤ ⅎ╢⁹ 

 

 

5.3. ⌐ B╩ ⅎ√ ─ ⌐ ∆╢ keff─  

 

5.3 Ⱳ▬♪  

 ⌐⅔↑╢ │⁸ ╢∞↑ ─ ™ ≢№╢─⅜

╕⇔™⁹╕√⁸ ╩ ≈ ⁸√≤ⅎ┌ ─╟℮⌂╙─╩ ∆╢

≢╙⁸∕─ │ ™╒≥╟™⁹ ∫≡ ⌂ ⅜ ↄ⁸

⅜ ™ ⅜ ↕╣╢⁹ ⌐⅔™≡ ⅎ╠╣╢─│ ─Ⱳ▬♪ ⌐

╟╢ ≢№╢⁹Ⱳ▬♪ ╩ ╘╢√╘⌐│ TFE ⌐ ∆╢ ╩

℮ ⅜№╢⁹⇔⅛⇔ │╕∞ ⌐⅔↑╢ ─ ⅜ ↕

╣≡⅔╠∏⁸╕√Ⱳ▬♪≤ ─ 2 ─ ╙ ─∕╣≤│ ⌂╢√╘⁸ ⌂

│ ⇔™⁹ ∫≡↓↓≢│ ⌐ ─ ≢Ⱳ▬♪⅜ ⇔≡

™╢╙─≤ ⇔≡ ╩ ™⁸Ⱳ▬♪ ─ ⌐ ∆╢ ─ ╩ ╢


