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1. │∂╘⌐ 

ⱱכꜟ♦▫fi◓☻ ─ ≢│⁸ ⌐

╟∫≡ ₁ ∆╢ ╩ ⇔√ ⁸₈ ₉≤™

℮⁹ ╩♃fi◒⌐╟╡ ⇔≡™╢⁹ 

─ ─ ⌐ ↕╣√♩ꜞ♅►ⱶ ♃☻◒ⱨ◊

⁸≡™⅔⌐☻כ 28 6 ⁸ ─ ™╩ ∆╢√╘─

≤⇔≡⁸ ₁⌂ ⁸ ⁸ ⁸ ⁸ ⌐≈™

≡─ ⌂ ⅜ ╡╕≤╘╠╣√⁹ 

∕─ ⁸♩ꜞ♅►ⱶ ♃☻◒ⱨ◊כ☻ ≢ ╡╕≤╘╠╣√ ⌂ ⌐ ⅎ⁸

⌂≥ ⌂ ╙ ╘≡⁸ ⌂ ╩ ℮↓≤╩ ⌐⁸

─ ⌐₈ ─ ™⌐ ∆╢ ₉⅜ 28 9 ⌐

↕╣⁸ 11 ╟╡ ⅜ ↕╣≡™╢≤↓╤≢№╢⁹ 

≢│⁸ ─ ─ ⌂ ™ ─

⌐ ↑√ ─ ⌐ ∆╢╟℮⁸ ⌂ ה ╩ ∫√⁹ 

 

 

 

  



 

2 

 

2. ─ ⌐ ∆╢ ─ ─  

≢│⁸♩ꜞ♅►ⱶ─ ⁸ ⌂≥ ⌂ ╩ ⁸ ⇔⁸ ╛ꜞ☻◒⌐

∆╢ ╩ ╘√ ╩ ⁸ ⇔√⁹ 

2.1 ─ ⌐⅔↑╢ ⌂ ⅎ  

⌐⅔↑╢ ⌐ ╢ ┘♩ꜞ♅►ⱶ≤™

℮ ⌐≈™≡│⁸ ⅎ┌☿◦►ⱶ ─ ⌐ ═≡⁸ ↄ ─ ╛ ⅜ ╪≢™

⌂™ ⌐№╢≤ ⅎ╠╣╢⁹ 

∕↓≢⁸ ⌐⅔↑╢ ⌐ ╢ ┘♩ꜞ♅

►ⱶ≤™℮ ⌐≈™≡ ⅛≈ ⌂ ≢ ⌂ ╩ ∆╢↓≤

╩ ⇔√⁹⌂⅔⁸₈♩ꜞ♅►ⱶ≤│ ⅛₉≤ ∫√ ⌂ ⌐≈™≡│

⌐ ╖≢№╡⁸↓↓≢│№╢ ╩ ⇔√ ╩ ≤⇔≡╟╡ ⌂ ⌐╕

≢ ╖ ╪∞ ≤⇔√⁹ 

⁸ ⌂ ≢ ╩ ™√ ⅜ ╦╣╢↓≤╩ ⇔⁸ │

☻ꜝ▬♪ ≤⇔√⁹╕√⁸ ≤⇔≡ ⌂ ≤∆╢≤≤╙⌐⁸ ≈─

─╖╩ ╡ ⇔≡ ⌐ ™╢↓≤⅜≢⅝╢ ⁸ ⇔√⁹ 

⌂ ≤∆╢√╘⁸ ☻ꜝ▬♪≢│⁸ ⌐ ≈─ ╩ ⇔⁸∕─

⌐ ⌂ ╩ ⇔√⁹↕╠⌐☻ꜝ▬♪ ≢│ ╩ ⇔⁸ ╩

≤∆╢ ≤⇔√⁹ 

─ │⁸ ─≤⅔╡≢№╢⁹ 

1  ♩ꜞ♅►ⱶ─  

2  ⌐⅔↑╢♩ꜞ♅►ⱶ─ ≤ ™ 

3  ⌐⅔↑╢  

4  ≤♩ꜞ♅►ⱶ⌐╟╢  

5  ♩ꜞ♅►ⱶ─  

⌐≈™≡│⁸ ⌐≡ ∆╢⁹ 

2.2 ─  

≢│⁸ ─ ⌐≈™≡ ∆╢⁹ ⁸☻ꜝ▬♪ 1 ⌐≈⅝ 1

≤⇔≡⁸☻ꜝ▬♪⌐ ∆╢ ╩ ∆╢⁹ ☻ꜝ▬♪⌐ ∆╢ │⁸ ⅎ┌⁸

⅜ ╩ ℮ ─ ≤∆╢↓≤⅜ ≢№╢⁹ 
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(1) 1.1  

♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-1⌐ ∆⁹ 

 

 2-1  

♩ꜞ♅►ⱶ─ │ ≢№╢⁹♩ꜞ♅►ⱶ│ ─ ≢№╡⁸

1≈⁸ 2≈⁸ 1≈⅛╠ ↕╣╢⁹ ─ ≤⇔≡⁸ ⁸ ⁸

─ 3≈⅜№╢⅜⁸ ⌐ ∆╢ ─ ↄ│ ≢№╢⁹⌂⅔⁸ │

─ ─ 0.015%⁸ │ ─ ─ (0.1~10)×10-18 ∆╢⁹ 

♩ꜞ♅►ⱶ─ │ 12.3 ≢№╡⁸ɗ ⇔≡Ⱬꜞ►ⱶ-3 3He ≤⌂╢⁹♩ꜞ♅►ⱶ

─ɗ ─◄Ⱡꜟ◑כ 18.6keV │ ☿◦►ⱶ╛ ◌ꜞ►ⱶ≤ ⇔≡ ↕™⁹

⌐ ─ ≤⇔≡⁸ɖ ⁸ɗ ⁸ɘ ⁸ ⅜ ∆╢⁹ɖ │ ╩ ┘≡

™√╘ ≢─ ⅜ ≢№╢⁹ɗ │ ╩ ┘≡™╢√╘ ™ ≢

≢№╢⁹ɘ │ ─ ⌂─≢ │ ⇔⌐ↄↄ⁸ │ ╩ ┘≡™⌂™√

╘ ™ ≢│ ╕╡⌐ↄↄ ™ ⌐ ⇔≡ ╕╢↓≤⅜ ╠╣≡™╢⁹√∞⇔⁸♩ꜞ

♅►ⱶ─ɗ ⌐ ⇔≡│⁸ ─╟℮⌐◄Ⱡꜟ◑כ⅜ ↕™√╘ 1 ≢ ⅜ ≢№

╢⁹ 

⌂⅔⁸ │ ≢ 5mm⁸ ≢│ 0.006mm≢№╢⁹ ≤│⁸ ⅜

↕╣√ ⌐◄Ⱡꜟ◑כ⅜ ↄ⌂╡ ╕╢╕≢─ ─↓≤╩ ∆⁹ 
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(2) 1.2 ≢─  

♩ꜞ♅►ⱶ─ ≢─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-2⌐ ∆⁹ 

 

 2-2 ≢─  

♩ꜞ♅►ⱶ─ │ ה HTO ⁸ HT ⁸ CH3T ⁸

⌐ ╕╣╢♩ꜞ♅►ⱶ≤⇔≡ ♩ꜞ♅►ⱶ FWT ┘ ♩ꜞ♅►ⱶ

OBT ⅜№╢⁹♩ꜞ♅►ⱶ│ ⁸ ⁸ ⁸ ⁸ ⁸∕⇔≡ ╛

⌐╙ ╕╣╢⁹ 

♩ꜞ♅►ⱶ│⁸ ⌐ ⁸ ⁸ ─ ≢ ∆╢⁹♩ꜞ♅►

ⱶ│ ┘ ┘ ⌐ ∆╢⅜⁸♩ꜞ♅►ⱶ│ ─ 90 ⅜

⌐ ∆╢⁹⌂⅔⁸ 1L№√╡ Bq ─ ⅜ ↕╣≡™╢⁹ 

─♩ꜞ♅►ⱶ │⁸1970 ⌐⅔↑╢ ⅜ ™⁹∕─ │⁸1950 ⅛

╠ 1960 ⌐⅛↑≡ ⁸ ♁ ╩ ⌐ ↕╣≡⅝√ ⌐ ∆╢

♩ꜞ♅►ⱶ⅜ ↕╣√√╘≢№╢⁹ 
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(3) 1.3 ┘  

♩ꜞ♅►ⱶ─ ┘ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-3⌐ ∆⁹ 

 

 2-3 ┘  

─♩ꜞ♅►ⱶ│ ⌐ ⌐╟╡ 7×1016Bq ↕╣╢⁹╟╡ ⌐

│⁸ ⌐⅔™≡⁸ ╛ ≤ ╩ ∆╢ ╛ ≤─ ⌐╟

╡ ↕╣≡™╢⁹╕√⁸♩ꜞ♅►ⱶ│ ⌐╙ ⇔⁸ №√╡ Bq ≢№╢

≤↕╣≡™╢⁹ 

─♩ꜞ♅►ⱶ⅜ ⇔≡™√ ⌂ ⁸∆⌂╦∟ ⌐⅔↑╢

≤ ─♩ꜞ♅►ⱶ─ ⅜ ╡ ∫√ │⁸ ⌐ 1945 63

⌐╟╡ ⅝ↄ ↕╣√⁹ ⌐⁸ ─ ⌐ ∆╢ ♩ꜞ♅►ⱶ│

1.8 2.4×1020Bq ⇔√⁹⇔⅛⇔⌂⅜╠ ≢│ ⇔⁸ ⌐ ⇔≡™╢

⌐╟╢♩ꜞ♅►ⱶ│~10×1018Bq ≤ ⅎ╠╣╢⁹ 

2010 ─ ─♩ꜞ♅►ⱶ │⁸ ─♩ꜞ♅►ⱶ ┘ ─

─ ╩ ∆╢≤⁸1.0 1.3×1018+ ~10×1018Bq ≢№╢⁹ 

⌂⅔⁸ ─♩ꜞ♅►ⱶ│ ⅛╠ ↕╣╢⁹ 

 

 

 

  



 

6 

 

(4) 2.1 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

⌐⅔↑╢♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-4⌐ ∆⁹ 

 

 2-4 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

 ≤ ∂ ≢№╢ BWR≢│⁸ ⌐ ⌐№→╢ 3≈─ ⌐╟∫≡

♩ꜞ♅►ⱶ⅜ ↕╣╢⁹ 

ᵑ ─ ⌐╟╢ ►ꜝfi⅜ ⌐╟╡ 3≈─ ⌐ ╣╢  

ᵒ Ⱳ꜡fi◌כⱲ▬♪ ⱱ► ⌐ ╕╣╢ⱱ► -10─ ⌐╟╢  

ᵓ ─ ╛ ≤⇔≡─ꜞ♅►ⱶ ┼─ ⌐╟╢  

≢ ⇔√♩ꜞ♅►ⱶ ─℮∟ᵑ│⁸ ─►ꜝfi-235 ╛ⱪꜟ♩♬►ⱶ-239

⅜ ≤ ⇔ ╩ ↓⇔√ ⌐⁸ ≤≤╙⌐♩ꜞ♅►ⱶ⅜ ↕

╣╢ ≢№╢⁹o │⁸Ⱳ꜡fi◌כⱣ▬♪╩ ⌐ ™√ ─ⱳ▬☼fi♅ꜙכⱩ

⌐⅔™≡⁸ⱱ► -10≤ ≤─ ⌐╟╡♩ꜞ♅►ⱶ⅜ ↕╣╢ ≢№╢⁹ɔ │⁸

─ ┘ ≤⇔≡─ꜞ♅►ⱶ ⌐ ⅜ ↕╣╢↓≤⌐╟╡⁸♩ꜞ♅►

ⱶ⅜ ↕╣╢ ≢№╢⁹  2-4 ─ │ BWR─ ─ ≢№╡⁸↓↓

≢ →√♩ꜞ♅►ⱶ─ ⅜⁸ ─≥─ ≢ ∆╢⅛╩ ╕⅛⌐ ⇔≡

™╢⁹ 

 

 

  



 

7 

 

(5) 2.2 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

⌐⅔↑╢♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-5⌐ ∆⁹ 

 

 2-5 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

BWR⌐⅔↑╢♩ꜞ♅►ⱶ─ │ ≢ ⇔√≤⅔╡∞⅜⁸ ⌐ │

⅝ↄ ⌂∫≡⅔╡⁸ ⌐ ─ ⌐╟∫≡ ↕╣╢⁹ 110 kW─ BWR

╩ 1⅛ ⇔√ ╩ ∆╢≤⁸ ↕╣╢♩ꜞ♅►ⱶ─ │ 8.51×1013Bq≤⌂╢⁹

√∞⇔↓─ ⌐╟∫≡ ↕╣√♩ꜞ♅►ⱶ│⁸ ⅜ ⇔⌂↑╣┌ ⌐

↕╣╢↓≤│╒≤╪≥⌂ↄ⁸ ┼─ │~10-4≢№╢⁹ ┼─ ⌐╟

╢♩ꜞ♅►ⱶ─ │⁸ ─Ⱳ꜡fi◌כⱣ▬♪─ⱱ► -10⅜ ⌐⌂╢╕≢

↕╣√ ⁸ ╘⌐ ⇔≡Ⱳ꜡fi◌כⱣ▬♪ 1g№√╡ 1.48×109Bq≤⌂╢⁹√∞⇔⁸

⌐ ⅜ ⇔√≤⇔≡╙⁸ ≢ ↕╣√♩ꜞ♅►ⱶ⅜ ⌐ ↕╣╢↓

≤│⌂™⁹ ─ ⌐╟╢ │⁸110 kW ─ BWR ╩ 1 ⅛ ⇔√ ⌐

1.07×1010Bq≤⌂╢⁹ 

 2-5 ─ 2 ≈─ │⁸∕╣∙╣ ┘ ─ ⌐╟╢♩ꜞ♅►ⱶ

⌐≈™≡⁸BWR─ ↔≤⌐ ⇔√╙─≢№╢⁹ ╟╡⁸ ┘ ─ ⌐

╟╡ ↕╣╢♩ꜞ♅►ⱶ─ │⁸BWR─ ⅜ ⅝ↄ⌂╢⌐≈╣≡⁸ ↄ⌂╢↓≤⅜

≢⅝╢⁹  
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(6) 2.3 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

⌐⅔↑╢♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-6⌐ ∆⁹ 

 

 2-6 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

 ─ ≢ ↕╣√♩ꜞ♅►ⱶ│⁸ ╙⇔ↄ│ ─ ≢ ∆╢⁹

⌐⅔↑╢ ה ─ ⅜ ↕╣╢╕≢─ ╣╩  2-6 ─

⌐ ∆⁹ ≢ ⇔√ │⁸ ─ ╩ ↕∑╢ ╩ ∫√ ⁸

╩ ⁸ ≢№╢↓≤╩ ⇔⁸ ╟╡ ⌐ ↕╣╢⁹

╕√ ≢ ⇔√ ⌐ ⇔≡│⁸ ⌐╟╡ ⅜ ™

≤ ™ ⌐ ⇔⁸ ⌐≈™≡│ ꜠ⱬꜟ ≤⇔≡ ╩ ℮⁹

╕√ ─ ™ ⌐≈™≡│⁸ ╩ ⇔⁸ ≢№╢↓≤

╩ ⇔√ ⁸ ⌐ ↕╣╢⁹ 
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(7) 2.4 ⌐⅔↑╢♩ꜞ♅►ⱶ─  

⌐⅔↑╢♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-7⁸  2-8

⌐ ∆⁹ 

 

 2-7 ⌐⅔↑╢♩ꜞ♅►ⱶ─ (1/2) 

 

 2-8 ⌐⅔↑╢♩ꜞ♅►ⱶ─ (2/2) 

≢ ⇔√≤⅔╡⁸ ≢ ↕╣√♩ꜞ♅►ⱶ│ ┘ ─

≢ ↕╣╢⁹  2-7 ≢│ ─ ≢│⌂ↄ⁸◘▬♩ ⌐≈™≡⁸

BWR≤ PWR⌐ ↑≡ 2001~2010 ─ ⌐⅔™≡ ≤⇔≡ ↕╣√♩ꜞ♅►

ⱶ─ ╩ ⇔≡™╢⁹BWR⌐≈™≡│ 6.0×1011Bq≢№╡⁸PWR⌐≈™≡│
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5.2×1013Bq≢№╢⁹╕√  2-7 ─ │⁸ ┘ ─ ⌐⅔™≡

≤⇔≡ ↕╣√♩ꜞ♅►ⱶ─ ≤ ─ ♃fi◒ ⌐№

╢♩ꜞ♅►ⱶ─ 2016/3/24 ╩ ⇔√ ≢№╢⁹⌂⅔↓↓≢│ ─

♩ꜞ♅►ⱶ─╖╩ ⇔≡™╢⅜⁸ ≢╙ ⇔√ ╡⁸♩ꜞ♅►ⱶ│ ≤⇔≡╙

↕╣≡™╢⁹ 

 ♩ꜞ♅►ⱶ│ ∞↑≢⌂ↄ⁸ ─ ⌐⅔™≡╙ ╛ ה ⌐ ↕╣

≡™╢⁹  2-8 ─ │ ─ ⌐⅔™≡ ┘ ─ ≢

⌐ ↕╣≡™╢♩ꜞ♅►ⱶ─ ╩ ⇔≡™╢⁹ ─ ⌐≈™≡⁸ ⌐╟∫

≡ │№╢⅜⁸BWR≢№╣┌ Bq ⁸PWR≢№╣┌ Bq ≢№╢⁹ ≢

╙ ─ ™ⱨꜝfi☻─ꜝכ▪ה◓ ≢│ ≢ 1 3778 Bq─♩ꜞ♅

►ⱶ⅜ ↕╣≡™╢⁹ ⇔≡⁸ ─ ♃fi◒ ⌐№╢ 2016/3/14

≢─♩ꜞ♅►ⱶ─ │ 760 Bq≢№╢⁹ 
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(8) 2.5 ⌐⅔↑╢♩ꜞ♅►ⱶ─⸗♬♃ꜞfi◓ 

⌐⅔↑╢♩ꜞ♅►ⱶ─⸗♬♃ꜞfi◓⌐ ⇔≡ ╡╕≤╘√╙─╩  2-9 ⌐

∆⁹ 

 

 2-9 ⌐⅔↑╢♩ꜞ♅►ⱶ─⸗♬♃ꜞfi◓ 

 ⅛╠ ↕╣√♩ꜞ♅►ⱶ⌐╟╡⁸ ה ┼─ ⅜≢⌂™↓≤╩

∆╢√╘⌐⁸ ≢│ ─⸗♬♃ꜞfi◓⅜ ╦╣≡™╢⁹♩ꜞ♅►ⱶ

│ ⌐⅔™≡ ↄ│ ─ ≢ ∆╢√╘⁸ ─ ה ה ה

⌐≈™≡ ─ ⅜ ╦╣≡™╢⁹  2-9 ─ │ ⌐

⅔↑╢♩ꜞ♅►ⱶ ⸗♬♃ꜞfi◓─ ┘ ה ╩ ⇔≡™╢⁹

⌐≈™≡│ 2 ⅛ ─ ⌐≡⁸ ⅛╠─ ╩ ⇔⁸ 4 ⅜ ╦╣≡

™╢⁹ ⌐≈™≡│ 2⅛ ─ ⌐≡⁸ ≢ ╘√ ╩ ⇔≡™

╢⁹ ⌐≈™≡│ 2⅛ ─ ⌐≡⁸ ╩ 3⅛ ≢ ╘⁸ 4 ─ ╩

∫≡™╢⁹ ⌐≈™≡│ 4⅛ ─ ⌐⅔™≡⁸ ⌐≡ ╩ ™⁸ ⌐╟∫

≡ │ ⌂╢╙── 2~8 ─ ╩ ∫≡™╢⁹⌂⅔ ─ ╛ ⌐≈

™≡│⁸ ↔≤⌐ ⌂ ה ╩ ⇔≡⅔╡⁸ ≢ ⇔√ │№ↄ╕≢

22 ⌐ ⌐≡ ↕╣√ ⸗♬♃ꜞfi◓⌐⅔↑╢╙─≢№╢⁹ 
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(9) 2.6 ┼─  

┼─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-10⌐ ∆⁹ 

 

 2-10 ┼─  

  2-10 ─ │⁸2000~2017 ⌐⅛↑≡─ ─ ≢─ ⸗♬♃ꜞfi

◓ ♩ꜞ♅►ⱶ ╩╕≤╘≡ ⇔√╙─≢№╢⁹ ⅜ ─ ⁸

│ ─ ⁸ ⅜ ─ ╩ ⇔≡™╢⁹↓╣╠─ ⌐⅔™≡⁸○

꜠fi☺ ─ │ ≢ ╘╠╣≡™╢ ─ ─ ≢№╢ ─ 6

Bq/L╩ ⇔≡™╢⁹ ⌐≈™≡│↓─ ⇔ↄ ═╢⁹ ╟╡↓─ ⸗♬♃

ꜞfi◓⌐⅔↑╢ ה ה ─♩ꜞ♅►ⱶ │ ⌐ ═≡ ⌐ ↕

ↄ⁸ ┘ ┼─ │ ⌐ ↕™≤™ⅎ╢⁹ 
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(10) 3.1 ─  

─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-11⌐ ∆⁹ 

 

 2-11 ─  

≢│⁸2011 3 ⌐ ⇔√ ⌐⅔™≡⁸ ─ ⅜

⇔⁸ ─ ≤≤╙⌐ ⅎ≡ ╕∫√ ⁸ ⌐ ♦Ⱪꜞ⅜

∂≡™╢⁹↓─ ♦Ⱪꜞ╩ ∆╢√╘⌐⁸ ⌐│ ⅜ ↕╣≡™╢⁹

↕╣√ │⁸ ⌐ ╣⁸ ≤⇔≡ ↕╣╢⁹  2-11 ─ │

─ ⌐⅔↑╢ ─ ╩ ⇔≡™╢⁹ ⌐ ∆≤⅔╡⁸

⌐│ ♦Ⱪꜞ ⌐ ↕╣≡™╢ ─ ⌐⁸ ⅜ ⇔≡™╢⁹↓─

⇔√ ╙⁸ ≤ ↨╡ ™⁸ ≤⇔≡ ↕╣╢⁹∕─ ⇔√

─ ∞↑⁸ ⅜ √⌐ ∆╢⁹ ↕╣√ │ ⌐⁸ │ ┘

⌐ ↕╣╢⅜⁸ ⌐╟╡ ⅎ√ ⌐≈™≡│⁸♃fi◒⌐ ↕╣≡™

╢⁹ 
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(11) 3.2  

⌐ ⇔≡ ╡╕≤╘√╙─╩  2-12⌐ ∆⁹ 

 

 2-12  

 ≢│⁸ ─ ╩ ∆╢√╘⌐ ₁⌂ ╩ ∫

≡⅝√⁹  2-12 ─ │⁸ ⌐ ∆╢ ╩ ∆╢ ╩ ⇔≡™╢⁹

⌐№╢ ⌐ ╩ ≠↑⌂™╟℮ ⌐ 3≈─ ⅜ ╠╣≡™╢⁹1≈ │

⌐╟╢ ≢№╢⁹ │⁸ ╩ ↕∑╢↓≤≢ ╠╣╢ ─ ≢№

╡⁸ ╩↓─ ≢ ℮↓≤⌐╟╡⁸ ─ ╩ ™≢™╢⁹2≈ ─

≤⇔≡⁸ ─ ⌐ ╩ ℮↓≤⌐╟╡⁸ ─ ┼─ ╩ ∆╢ ⅜

╠╣≡™╢⁹╕√ 3≈ ─ ≤⇔≡⁸ ─ ⌐◘Ⱪ♪꜠fi≤ ┌╣╢

ↄ╖ → ╩ ⇔⁸ ⌐ ∆╢ ⌐ ╩ↄ╖ →╢ ⅜ ╠╣≡™╢⁹↓╣

╠─ ⌐╟╡⁸ ⌐ ∆╢ ─ │ 490m3/day≢№∫√─⅜⁸

110m3/day⌐╕≢ ⇔√⁹ 

 ─╟℮⌐ ╩ ╠∆ ⅜ ╠╣≡™╢ ⁸ ⅜ ─

╟╡ ↄ⌂╠⌂™╟℮⌐ ↕╣≡™╢⁹∕─ ≤⇔≡│⁸ ⅜ ╟╡

╙ ↄ⌂╢≤⁸ ─ ⅜ ┼≤ ╣ ≡⇔╕℮√╘≢№╢⁹∕─√╘⁸

⌐ ⅜ ∫≡™╢ ≢│⁸ │ ⌐ ╟╡ ↄ∆╢ ⅜№╡⁸

─ ╩♀꜡⌐∆╢↓≤│≢⅝⌂™⁹ 
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(12) 3.3 ─  

─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-13⌐ ∆⁹ 

 

 2-13 ─  

 ⌐ ╕╣╢ ⌐╟╢ꜞ☻◒╩ ∆╢√╘⌐⁸ ⅛╠ ↕╣√

│ ₁⌂ ⌐╟∫≡ ─ ⅜ ╦╣╢⁹  2-13 ─ │⁸

─ ⌂ ╣╩ ⇔≡™╢⁹ ⅛╠ ↕╣√ │╕∏☿◦►ⱶ ⌐╟╡⁸☿

◦►ⱶ ─ ⅜ ╦╣⁸∕─ ⌐╟╡ ─ ⅜ ╦╣╢⁹↓↓

╕≢ ⅜⌂↕╣√ ─℮∟ │♃fi◒⌐ ┘ ≤⇔≡ ⌐ ↕╣

╢⁹ ⌐╟∫≡ ⅎ√ ─ ⌐ ⇔≡│⁸∕─ ALPS ⌐

≡♩ꜞ♅►ⱶ ─ ─ ⅜ ╦╣⁸ ≤⇔≡ ♃fi◒⌐ ↕╣╢⁹ 

  2-13 ─ │ ⌐≡ ⅜ ╦╣√ ─ ⌐ ∫≡™╢

─ ⌐ ∆╢ ─ ╩ ⇔√╙─≢№╢⁹ ╟╡♩ꜞ♅►ⱶ ─ ⌐≈

™≡│ ⌐╟∫≡⁸ ⌐ ≢⅝╢↓≤⅜ ≢⅝╢⁹ 
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(13) 3.4♩ꜞ♅►ⱶ─  

♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-14⌐ ∆⁹ 

 

 2-14♩ꜞ♅►ⱶ─  

 ♩ꜞ♅►ⱶ│ ─ ≢№╢↓≤⅛╠⁸ ⌐⅔™≡│ ⌐ ≤⇔≡ ∆╢⁹∕

─√╘ ─ ≤ ⌂╡ ⌐⅔™≡ ≤─ ⅜ ≤⌂╡⁸ ⌂ ⅜ ≤⌂

╢⁹♩ꜞ♅►ⱶ─ ⌐≈™≡│⁸↓╣╕≢ ╛ ⁸╕√ ⌐╟╢

⌂≥⌐╟∫≡ ⅜ ╘╠╣≡⅝√⁹♩ꜞ♅►ⱶ─ ⌂ ≤⇔≡│ ⁸

⁸ ⌂≥⅜№╢⁹√∞⇔⁸ ─ │♩ꜞ♅►ⱶ╩ ⌐ ∆╢

╟℮⌂╙─≢│⌂™⁹∕─√╘ ╩ ∫√≤⇔≡╙⁸ ⅛≈ ─♩ꜞ♅►ⱶ ≤⁸

⅛≈ ─♩ꜞ♅►ⱶ ⌐ ↕╣╢∞↑≢№╡⁸♩ꜞ♅►ⱶ ⅜♀꜡⌐⌂╢╦

↑≢│⌂™⁹ ⌐≈™≡│⁸ ⌂ ╩ ∫√ ≢ ╛ ⌂≥─ ⅜

≢№╡⁸ ⌐ ⇔≡╙ ╠⅛─ ≢─ ⅜ ⌐⌂╢⁹ 

 ─ │⁸ ⅛≈ ≢№╢≤™∫√ ╩ ⇔≡⅔╡⁸

♃fi◒ ⌐ ↕╣≡™╢ │ ⅜ 100 Bq/L○⁸כ♄כ ⅜ 100 m3≢

№╢⁹∕╣⌐ ⇔⁸ ─ │ ⌐ 1000 Bq/L ─ ─♩ꜞ♅►ⱶ ╩

≤⇔≡⅔╡⁸ ─ ─ ≤ ⅝ↄ ⌂╢⁹∟⌂╖⌐⁸ ⇔√

─ ─♩ꜞ♅►ⱶ │ ╙ ™╙─≢ 400 Bq/L ≢№╡⁸↓╣│

─ ─℮∟ ╙ ™♩ꜞ♅►ⱶ ─╙─≤ ≢№╢⁹╕√

⌐≈™≡╙⁸ ─ ≢│ m3/day ─ ≢№╢√╘⁸↓─ ≢

─♃fi◒ ⌐ ↕╣≡™╢ ╩∆═≡ ∆╢↓≤│ ≢

│⌂™⁹ 
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(14) 3.5 ⌐╟╢  

⌐╟╢ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-15⌐ ∆⁹ 

 

 2-15 ⌐╟╢  

 ♩ꜞ♅►ⱶ─ │ 12 ≢№╢√╘⁸ ⌐ ↕╣≡™╢♩

ꜞ♅►ⱶ─ ╙ 12 ⌐│ ⌐⌂∫≡™╢⁹∕─√╘⁸

─♃fi◒⌐ ↕╣≡™╢ ─♩ꜞ♅►ⱶ ╙⁸ ─ ≤≤╙⌐ ⇔≡™

ↄ⁹ ⅎ┌⁸ 28 3 24 ⌐⅔™≡⁸ ♃fi◒ ⌐№╢ ─ │

82 m3⁸∕─ ─♩ꜞ♅►ⱶ─ │ 7.6×1014Bq≢№╢⁹↓─♩ꜞ♅►ⱶ⌐≈™≡⁸

⌐ ♃fi◒ ⌐ ⌐ ⇔√≤ ∆╢≤∕─ │ 93 Bq/L≢№╢⁹↓─

─♩ꜞ♅►ⱶ⅜⁸ ─ 6 Bq/L╕≢ ∆╢⌐│ 49 ⅛⅛╢⁹⇔⅛⇔ ≢

─ │ ⇔⌂™⁹∕─ ⌐╕≢ ⅜ ⅜∫√≤⇔≡╙⁸ 50

∫≡╙♩ꜞ♅►ⱶ╩ ╪∞ │ ∫≡⅔╡⁸™∏╣ ╠⅛─ ≢ ∆╢

⅜№╢↓≤⌐ ⅜ ≢№╢⁹ 
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(15) 3.6 ─  

─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-16⌐ ∆⁹ 

 

 2-16 ─  

 ♃fi◒⌐ ↕╣≡™╢ ⌐≈™≡⁸ ⌐∕─ ≢ ⇔ ↑╢↓≤│ ⌂√

╘⁸ ╠⅛─ ╩ ∆╢ ⅜№╢⁹↓╣╕≢ ─ 5≈─ ⅜ ↕╣

≡⅝≡™╢⁹ 

ᵑ ─ ≢─  

ᵒ ─ ≢─  

ᵓ  

ᵔ  

ᵕ  

⌐≈™≡⁸ᵑ│ ⌐╟╡ ⌐ ⇔√ ≢⁸ ⌐ ∆╢

⁸ᵒ│ ╩ ∫√ ≢⁸ ⌐ ∆╢ ⁸ᵓ│ ╩ ⌐╕

≢ ⇔√ ≢⁸ ⌐ ∆╢ ⁸ᵔ│ ╩☿ⱷfi♩⌂≥⌐╟╡ ⇔√

≢⁸ ⌐ ∆╢ ⁸ᵕ│ ™ ⌐ ╩ ∆╢ ≢№╢⁹↓─ ≢ᵑ

ᵓ⌐≈™≡│⁸ ⌐ ╢ ⅜ ╘╠╣≡⅔╡⁸ ─ ≢─ ≢│

─ ─ ⌐⅔™≡ 7 Bq/L ⁸ ≢─ ≢│

─ ─ ⌐≡ 5Bq/L ⁸ ≢│ │ ⌐≡ 6 Bq/L

≤⌂∫≡™╢⁹ ┘ ≢│⁸ ∆╢ │ ⇔⌂™⁹

─ ⌐ ⇔≡│⁸ ⌂ │╙∟╤╪─↓≤⁸ ⌂ ╙ ⇔⁸ ╩

℮ ⅜№╢⁹ 
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(16) 4.1 ┌ↄ⌐╟╢  

┌ↄ⌐╟╢ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-17⌐ ∆⁹ 

 

 2-17 ┌ↄ⌐╟╢  

 ┌ↄ⌐╟╢ ─ ⅜≥─╟℮⌐ ╕∫≡ↄ╢─⅛⌐≈™≡─ ╩ ∫√⁹

⅜ ⌐ ⅎ╢ ╛∕─ ─ │⁸ ┌ↄ ⌐╟∫≡ ↕╣≡™╢⁹

⌐ ∆╢ │⁸₈ ╩ ∆ ─ ₉≤₈ ╩ ↑╢ ─ ₉⌐ ↕╣≡

™╢⁹₈ ╩ ∆ ─ ₉≤⇔≡│ ─ ↕╩ ∆ ≢№╢ⱬ◒꜠ꜟ Bq ⅜

№╡⁸₈ ╩ ↑╢ ─ ₉≤⇔≡│ ⌐ ∆◓꜠▬ Gy ♩ꜟⱬכ◦≥ Sv ⅜

№╢⁹ 

╩ ↑√ ─ ⅜ ∆╢◄Ⱡꜟ◑כ─ ─ ⅜◓꜠▬ Gy

≢№╢⁹ ─ ╛◄Ⱡꜟ◑⁸≡∫╟⌐כ ⅜ ∂≢╙⁸ ⌐ ⅎ╢ │

╦∫≡ↄ╢⁹∕↓≢⁸ ─ ↔≤⌐ ┼─ ─ ⅝↕⌐ ∂√ ╖ ↑╩⇔√

⅜ ⁸ ⌐⅔↑╢ ┌ↄ ─√╘⌐ ↕╣√ ⅜ ≤↕╣

≡™╢⁹ ╙ ╙⁸≥∟╠╙∕─ ♩ꜟⱬכ◦│ Sv ♩ꜟⱬכ◦⁹╢№≢

Sv ─ ⅜ ⅝™╒≥⁸ ⅜ ↑╢ ─ ⅜ ⅝™↓≤╩ ⇔≡™╢⁹ 

╕√⁸ ┌ↄ─ ⌐╟∫≡ ─ ⅜ ⌂╢⁹ ┌ↄ─ ⁸

⌐₈ ─ ↔≤─ ┼─ ╩ ⇔√ ₉≤₈ ╛

↔≤─ ╩ ⇔√ ₉╩ ∂≡ ↕╣╢⁹ ⁸ ┌ↄ─

│⁸1 ⌐ ⇔√ ─ ⅛╠⁸ ─ ⌐╦√∫≡ ↑╢ ╩

⇔≡ ↕╣╢⅜⁸↓─ ╩ ⇔√ │ ≤ ┌╣≡™╢⁹  
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(17) 4.2 ≤  

≤ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-18⁸  2-19⌐ ∆⁹ 

 

 2-18 ≤ (1/2) 

 

 2-19 ≤ (2/2) 
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┌ↄ⌐╟╢ ─ ⌐≈™≡─ ╩ ∫√⁹ ┌ↄ⌐╟╢

┼─ │⁸ ─ ⅜ ∂╢ⱷ◌♬☼ⱶ─ ™⌐╟∫≡⁸ ≤

⌐ ↕╣╢⁹ 

│⁸ ─ ┌ↄ ─ ─ ⌐╟∫≡ ╛ ─ ⅜ │

⌐ ∆╢ ─↓≤╩™℮⁹ ≢│⁸ ─ ┌ↄ ⅜₈⇔⅝™ ₉╩ ⅎ

√ ⌐⁸ ה ה ─ ⅜ ⇔⁸ ─ ⌐ ∂≡∕─ ─

╛ ⇔↕⅜ ∆╢⁹ ─ ┌ↄ ⅜₈⇔⅝™ ₉ ─ ⁸ ⅜ ╪≢

╙⁸ ╡─ ∞↑≢ ⌐ ╛ ⅜ ∆╢√╘⁸ │ ╣⌂™⁹

ICRP │⁸ ∂ ╩ ─ ⅜ ┌ↄ⇔√≤⅝⁸ ─ 1%─ ⌐ ⅜

╣╢ ╩₈⇔⅝™ ₉≤⇔≡™╢⁹ 

│⁸ ∆╢ ─ ⌐╟∫≡⁸⅜╪ ─ ⅜ ╕╢ ─↓≤╩

™℮⁹ │⁸ ≤│ ⌂╡⁸ ⇔√╟℮⌂ ─ ⌐≈™≡─₈⇔⅝

™ ₉│⌂ↄ⁸ ┌ↄ ⅜ ∆╢⌐≈╣≡⁸ ⅜╪╛ ⁸ ─ ∆╢

⅜ ∆╢⁹ ─ ┌ↄ ≢│⁸ ╟╡╙ ─ ⅜╪ ─ ⅜ ⅝∆⅞

≡ ≢⅝⌂™⅜⁸ICRP ≢│⁸ ┌ↄ ⅜ ↄ≡╙ ⌐ ⇔≡ ⅜ ╢≤

⇔≡™╢⁹ 
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(18) 4.3DNA─ ≤  

DNA ─ ≤ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-20⌐ ∆⁹ 

 

 2-20DNA─ ≤  

┌ↄ⌐╟∫≡ ─ DNA ⅜ ⇔√ ─ ⌐≈™≡─ ╩ ∫√⁹

⅜ √∫√ ╩ ⅛ↄ √ ⁸ ⅜ ⌐ √╡⁸ ─ ⌐№╢ ─

≢№╢ DNA⌐ ╩≈↑╢↓≤⅜№╢⁹ 

⇔⅛⇔⁸ ⌐│ DNA ╩ ∆╢ ╖⅜ ╦∫≡⅔╡⁸ ⇔─ ≢№╣┌

─ ⅝⌐╟∫≡⁸ │ ↕╣⁸DNA │ ─ ⌐ ╡⁸∕╣╠─ ─№╢

╛ ─ ⌐ │ ⇔⌂™⁹ 

╕√⁸ ⇔─ ⅜ ╪∞≤⇔≡╙⁸ ─ ⅜∕─ ╩ ≢⅝╣┌⁸∕╣╠─

─№╢ ╛ ─ ⌐ │ ⇔⌂™⁹ 

⅜ ↑╣┌ ⅜≢⅝∏⌐ ⅜ ⌠↓≤⌐⌂╡⁸ ⌐ ─ ╩ ↑

≡ ↄ─ ⅜ ╪∞╡⁸ ⇔√ │ ╛ ⅜ ∂╢

⅜№╢⁹ 

╕√⁸ ⅜ ↓╠⌂™ ─ ╩ ↑√ ≢╙⁸ ⅜ ≢⌂™ ⅜

⇔≡ ╩ ↓⇔⁸⅜╪╛ ⅜ ∂╢ ╙№╢⁹ 
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(19) 4.4♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ⁸ ┌ↄ─  

♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ⁸ ┌ↄ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-21 ⌐

∆⁹ 

 

 2-21♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ⁸ ┌ↄ─  

♩ꜞ♅►ⱶ│ ◄Ⱡꜟ◑כɗ ─ ≢№╢√╘ ┌ↄ│╒≤╪≥⌂ↄ⁸

⌐╟╢ ┌ↄ⅜ ↕╣╢⁹ ┌ↄ⌐│⁸ ┌ↄ ה ⁸

┌ↄ ה ⅜№╢⁹ 

┌ↄ⌐⅔™≡│⁸♩ꜞ♅►ⱶ ╩ ╗ ╩ ∆╢↓≤⌐╟∫≡ ⌐ ╡

╕╣╢╙─≤⁸ ⅛╠♩ꜞ♅►ⱶ⅜ ╙☻כ◔╢╣↕ ∆╢⁹ ┌ↄ│⁸ ⌐

╛ ⅛╠ ↕╣╢♩ꜞ♅►ⱶ⌐ ⇔≡™╢⁹ 
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(20) 4.5  

⌐ ⇔≡ ╡╕≤╘√╙─╩  2-22⌐ ∆⁹ 

 

 2-22  

 ♩ꜞ♅►ⱶ HTO ⁸ ♩ꜞ♅►ⱶ OBT ⁸☿◦►ⱶ 137 Cs137 ╩

⇔√ ─ ɛSv/Bq⌐≈™≡ ⇔√⁹ ≤│⁸1Bq─

╩ ⇔√ ─ Sv ⌐ ∆╢ ≢№╢⁹ │⁸ ⇔√

ה ה ה ⁸╕√ ⇔√ ─ ⌐╟∫≡ ⌂╢⁹↓↓≢│⁸

╩ ≤⇔√ ╩ ⌐ ∆╢⁹ 

 HTO⁸OBT⁸☿◦►ⱶ 137⌐≈™≡─⁸ ⌐╟╢ │∕╣∙╣ ─

╡≢№╢⁹ 

ü HTO  1.8 × 10-5 ɛSv/Bq 

ü OBT  4.2 × 10-5 ɛSv/Bq 

ü Cs137  1.3 × 10-2 ɛSv/Bq 

 

HTO≤OBT─╟℮⌐⁸ ∂♩ꜞ♅►ⱶ≢╙ ⌐╟∫≡ ⅜ ⌂╢⁹╕√⁸

☿◦►ⱶ 137─ │⁸HTO─ ─ 700 ⁸OBT─ 300 ≤⌂∫

≡™╢⁹≈╕╡⁸HTO⁸OBT⁸☿◦►ⱶ 137≢⁸∕╣∙╣ ─ ╩ ⇔√

⁸☿◦►ⱶ 137⌐╟╢ ┌ↄ │⁸HTO⌐╟╢ ┌ↄ ⌐ ═≡ 700 ⁸OBT⌐

╟╢ ┌ↄ ⌐ ═≡ 300 ≤⌂╢⁹ 
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(21) 4.6♩ꜞ♅►ⱶ─  

♩ꜞ♅►ⱶ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-23⌐ ∆⁹ 

 

 2-23♩ꜞ♅►ⱶ─  

 ╩ ╘⁸ ↕╣√♩ꜞ♅►ⱶ─ ≢─ ⌐≈™≡ ⇔√⁹ ≢─

⌐ ⇔≡│⁸ ⇔√ ─♩ꜞ♅►ⱶ─ ⅜ ≤↕╣≡™╢⁹ ⅎ┌⁸♩ꜞ♅►ⱶ

HTO ≤⇔≡ ∆╢⅛⁸№╢™│ ♩ꜞ♅►ⱶ OBT ≤⇔≡ ∆╢⅛≢⁸

♩ꜞ♅►ⱶ─ ≢─ ⅜ ⌂╢⁹ 

HTO≤⇔≡ ↕╣√ ⌐│⁸HTO│╕∏ ⌐ ∆╢⁹∕─ ⁸∕─ 97%│

HTO≤⇔≡∕─╕╕ ⇔ ↑╢⅜⁸ ╡─ 3%│ OBT⌐ ↕╣╢⁹ 

OBT≤⇔≡ ↕╣√ ⌐│⁸OBT│╕∏ ⌐ ∆╢⁹∕─ ⁸∕─ 50%⅜

OBT≤⇔≡∕─╕╕ ⇔ ↑╢⅜⁸ ╡─ OBT│ HTO⌐ ↕╣╢⁹ 

 ⌐ ∫√ ─ ⅜⁸ ⌐╟∫≡ ⌐ ↕╣ ⌐⌂╢ │

≤ ┌╣╢⁹♩ꜞ♅►ⱶ─ │⁸HTO─ │ 10 ⁸OBT

─ │ 40 ≢№╡⁸ ─ ⌐│ ⇔⌂™≤↕╣≡™╢⁹ 
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(22) 4.7♩ꜞ♅►ⱶ─ ⌐╟╢  

♩ꜞ♅►ⱶ─ ⌐╟╢ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-24⌐ ∆⁹ 

 

 2-24♩ꜞ♅►ⱶ─ ⌐╟╢  

 ♩ꜞ♅►ⱶ─ ⌐╟╢ DNA ┼─ ⌐≈™≡─ ╩ ∫√⁹ ≤│⁸

⅜ ⌐╟∫≡⁸ ⅜ ⌂╢ ⌐ ↕╣╢↓≤≢№╢⁹ 

♩ꜞ♅►ⱶ─ ⁸12.3 ─ ≢ɗ ╩ ⇔≡⁸ ⌂ ●☻≢№╢Ⱬꜞ►ⱶ

⌐ ∆╢⁹Ⱬꜞ►ⱶ│ ╛♩ꜞ♅►ⱶ≤│ ⌂╢ ╩ ∫≡™╢⁹ 

 ⅎ┌⁸♃fiⱤ◒ ╛ DNA ╩ ∆╢ ⅜♩ꜞ♅►ⱶ≢№∫√ ⁸∕─♩ꜞ♅►ⱶ

⅜ ∆╢≤⁸ ≤ ⅜ ⌂╢Ⱬꜞ►ⱶ⅜ DNA ─ ≤⌂╢⁹⇔⅛⇔⁸

≤ ⅜ ⌂╢Ⱬꜞ►ⱶ⅜ DNA ─ ≤⌂∫√↓≤⌐╟╢ │⁸╒╓

╠╣⌂™≤ ⅎ╠╣≡™╢⁹ ⌐♩ꜞ♅►ⱶ⅜№╢↓≤⌐╟╢ ─╒≤╪≥│⁸♩ꜞ

♅►ⱶ⅜ ∆╢ɗ ⌐╟╢ ┌ↄ─ ≢№╢⁹ 
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(23) 4.8♩ꜞ♅►ⱶ⌐╟╢  

♩ꜞ♅►ⱶ⌐╟╢ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-25⌐ ∆⁹ 

 

 2-25♩ꜞ♅►ⱶ⌐╟╢  

♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ⌐╟∫≡ ⅜ ⇔√ ─ ≤⇔≡⁸♩ꜞ♅►

ⱶ HTO ╩ⱴ►☻⌐ ⌐╦√╡ ⇔ ↑√ ╩ ⇔√⁹ 

⌐╟╣┌⁸3.6mGy/ ─ ┌ↄ ─ ⁸ ⅜╪⇔√ HTO ─ⱴ►☻

─ │ HTO ─ⱴ►☻─ ≤ ⇔≡⁸ ⌐ ∆╢≤↕╣≡™╢⁹⌂⅔⁸

139,000,000Bq/L─ HTO╩ ⌐╦√∫≡ ⇔√ ⌐⁸ ┌ↄ │ 3.6mGy/

≤⌂╢⁹ 

╕√⁸3.6mGy/ ─ ┌ↄ ─ ⁸HTO ─ⱴ►☻│⁸HTO ─ⱴ►☻

⌐ ═≡⁸ ⅜ ↄ⌂╢≤↕╣≡™╢⁹ 

⌂⅔⁸↓─ │ 50⁸100⁸200 ─ ⌐ ⁸ ⁸ ─♩ꜞ♅►ⱶ

╩ ⌐ ↕╣≡™╢⁹ 
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(24) 4.9♩ꜞ♅►ⱶ⌐╟╢  

♩ꜞ♅►ⱶ⌐╟╢ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-26⌐

∆⁹ 

 

 2-26♩ꜞ♅►ⱶ⌐╟╢  

 ♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ⌐╟∫≡ ⅜ ⇔√ ↑⅔⌐Ɽ♇꜡כꜜ⁸≡⇔≥

╢♩ꜞ♅►ⱶ ─ ─ ┌ↄ ╩ ∆╢⁹ 

│⁸ꜜ Ɽ─♩ꜞ♅►ⱶ♇꜡כ ─ ⅜⁸♩ꜞ♅►ⱶ─ ┌ↄ

⌐╟╡ ⅜ ↕╣√≤™℮╙─≢№╢⁹ ⇔√ │⁸ ─ ⌐♩ꜞ

♅►ⱶ╩ ╡ ╪≢⇔╕∫√≤↕╣≡™╢⁹↓─ ⇔√ ─ ─♩ꜞ♅►ⱶ

⅛╠⁸ ┌ↄ │ ─ 4 ≢ ♩ꜟⱬכ◦5~3 Sv ≤ ↕╣≡⅔╡⁸ №╢™

│ ⌐ ∂√ ⌐╟∫≡ ⇔√≤↕╣≡™╢⁹╕√⁸↓─ ⇔√ ─▪◦☻♃

fi♩│⁸ 1.5~2.5Sv─ ╩ ┌ↄ⇔√≤ ↕╣⁸ ─ ⅜ ↕╣≡™╢⁹ 

 ╕√⁸↓─ ≤│ Ɽ─♩ꜞ♅►ⱶ♇꜡כꜜ╢⌂ ≢╙ ─ ┌

ↄ ⅜ ↕╣√⁹ ≢ ⇔√ │⁸ 20Sv─ ╩ ┌ↄ⇔√≤

↕╣⁸ №╢™│ ⌐ ∂√ ⌐╟∫≡ ⇔√≤↕╣≡™╢⁹ 

 ⌂⅔⁸ ≢─♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ ≤ ⌐⅔↑╢

♩ꜞ♅►ⱶ∞↑≢⌂ↄ ≡─ ⅛╠ ┌ↄ∆╢ │∕╣∙╣ ─╟℮⌐

↕╣≡™╢⁹ 

ü 1F ≢─♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ   0.0000000002 Sv 

ü ≢─ ≡─ ⅛╠─ ┌ↄ  0.0021000000 Sv 
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(25) 4.10♩ꜞ♅►ⱶ⌐╟╢  

♩ꜞ♅►ⱶ⌐╟╢ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-27⌐ ∆⁹ 

 

 2-27♩ꜞ♅►ⱶ⌐╟╢  

 ♩ꜞ♅►ⱶ⅛╠─ ┌ↄ⌐╟╡ ⅜ ⇔√ ─ ╩ ∆╢√╘⌐⁸

─ ⌐ ∆╢ ⌐≈™≡─ ╩ ⇔√⁹ ─ ⁸♩ꜞ♅►ⱶ⌐╟

╢ ┌ↄ ≤ ─ ⌐ ≠™≡ꜞ☻◒ ≢⅝≡™╢ │╒╓⌂™↓≤

⅜ ↕╣√⁹↓╣│⁸ ─ ה ⌐⅔™≡⁸♩ꜞ♅►ⱶ⌐ ┌ↄ∆╢ ⅜№╢

⅜ ⌂ↄ⁸⅛≈∕─╟℮⌂ ─╒≤╪≥⅜ ┌ↄ⇔≡™⌂™↓≤⅛╠⁸♩ꜞ♅

►ⱶ ─ꜞ☻◒╩ ∆╢⌐│ ─♃כ♦⌂ ⅜⌂ↄ⁸ ╩ ⇔≡╙

⅛↕⅜ ⅝™√╘≤╖╠╣≡™╢⁹ 

 ≤⇔≡⁸ ─ ╩ ≤⇔√ ⌐≈™≡ ╩

™⁸⅜╪ ≤ ╩ ⇔√ ─ ⁸ɘ ⌐╟╢ ┌ↄ ⁸♩ꜞ

♅►ⱶ⌐╟╢ ┌ↄ ╩ ⇔√⁹ ≢│⁸ 12 ⅜ ≤↕╣≡⅔╡⁸

№╢ ♃כ♦─ ⅜ ↕╣≡™╢⁹⇔⅛⇔⁸ɘ ⌐╟╢ ┌ↄ │ 20.2mSv≢

№╢ ≢⁸♩ꜞ♅►ⱶ⌐╟╢ ┌ↄ │ 0.2mSv≤⌂∫≡⅔╡⁸♩ꜞ♅►ⱶ⌐╟╢

┌ↄ ⅜ ↄ™↓≤⅛╠⁸ ⅛↕⅜ ⅝ↄ⁸♩ꜞ♅►ⱶ ─ꜞ☻◒╩ ∆╢↓≤

⅜ ≢№╢⁹ 
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(26) 4.11♩ꜞ♅►ⱶ⌐╟╢ 1/2  

♩ꜞ♅►ⱶ⌐╟╢ 1/2 ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-28⌐ ∆⁹ 

 

 2-28♩ꜞ♅►ⱶ⌐╟╢ 1/2  

♩ꜞ♅►ⱶ⅜ ⌐ ⅎ╢ ╩ ⇔√⁹ ─ ┌ↄ │⁸∕─

─ ╩ ⇔≡ ╘╠╣√ ─ ᵑ ╛ ᵒ ⁸ ┘

─ ᵓ ⅛╠ ↕╣╢⁹ ≤⇔≡ ⌐◌꜠▬ ─ ─ ╩

⇔≡╖╢⁹ 

ᵑ ⌐⅔↑╢♩ꜞ♅►ⱶ─ │⁸UNSCEAR─ 2008 1⌐╟╢≤⁸

─╟℮⌐ ╘╠╣≡™╢⁹ 

 ̧ ⅛╠─ ┌ↄ 7.8×10-12ɡ /h per /  

 ̧ ┌ↄ     3.3×10-6ɡ /h per /  

ᵒ ♩ꜞ♅►ⱶ─ │ 1≤↕╣≡™╢⁹ 

ᵓ ╩ ─ ⅛╠ ↕╣╢ ─♩ꜞ♅►ⱶ ≢№╢

60,000 /L─ ≤∆╢⁹ 

↓╣╠─ ─╙≤≢ ∆╢≤⁸ ⅜ 60,000 /L ─♩ꜞ♅►ⱶ ─ ⌐ √

─ │ 0.0048 / ≤⌂╢⁹ 

⁸UNSCEAR─ 2008 ⌐╟╢≤⁸№╢ ┼─ ┌ↄ⌐╟╢ ╩ ⅎ

╢ ⁸∕─ ─ ≢ ╙ ┌ↄ╩ ↑≡™╢ ─ ⌂ ┌ↄ ⅜ 10 /

≢№╣┌⁸ ≤⇔≡─ ⌂ │⌂™≤ ↕╣≡™╢⁹↓╣│≈╕╡⁸

─ ⅛╠⌂╢ ╣─℮∟⁸ ╙ ┌ↄ⇔≡™╢ ─ ⅜ 0.005 / ≢

№╣┌⁸ ≤⇔≡ ⌂ │⌂™≤ ⅎ╠╣╢≤™℮↓≤╩ ⇔≡™╢⁹ 
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(27) 4.11♩ꜞ♅►ⱶ⌐╟╢ 2/2  

♩ꜞ♅►ⱶ⌐╟╢ 2/2 ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-29⌐ ∆⁹ 

 

 2-29♩ꜞ♅►ⱶ⌐╟╢ 2/2  

⅜♩ꜞ♅►ⱶ╩ ⇔√ ─ ≢─ ⌐≈™≡ ⇔√⁹

─ │₈ ₉╩╙≤⌐ ╦╣╢⁹ ≤│№╢ ─ ─

≤ ─ ─ ⌐╟∫≡ ↕╣╢ ≢№╢⁹♩ꜞ♅►ⱶ─ ⁸∕─ │ 1

≤↕╣≡™╢⁹ ⅜ 1 ≤™℮↓≤│ ─♩ꜞ♅►ⱶ ⅜

─♩ꜞ♅►ⱶ ╟╡╙ ™≤™℮↓≤≢№╡⁸ ─♩ꜞ♅►ⱶ⅜ ≢ ה

⇔≡™⌂™↓≤╩ ↄ ⇔≡™╢⁹╕√⁸ ⌐⅔↑╢ ─ ┼─♩ꜞ♅►ⱶ

HTO ─ │ ↕╣≡™⌂™⁹ 

⌐ ─♩ꜞ♅►ⱶ ╟╡╙ ™ ╩ ∫√ ⅜ ≈⅛╢↓≤⅜№╢⁹

─◓ꜝⱨ│▬◑ꜞ☻ה☿ꜝⱨ▫כꜟ♪ ─Ⱡ◙כ♃►fi⌐⅔↑╢ⱶכꜟ ─♩

ꜞ♅►ⱶ ≤⁸ ⌐ ↕╣√♩ꜞ♅►ⱶ─ ≤⁸ ─♩ꜞ♅►ⱶ ─ ╩

⇔√╙─≢№╢⁹↓╣╩ ╢≤⁸2005 2006 ─ ≢│⁸ⱶכꜟ ─♩ꜞ♅►

ⱶ ⅜ ─♩ꜞ♅►ⱶ ╟╡╙ ↄ⌂∫≡™╢⁹√∞⇔↓╣│ ⌂ ⌐∆

⅞∏⁸ ─♩ꜞ♅►ⱶ ─ ≤≤╙⌐ⱶכꜟ ─♩ꜞ♅►ⱶ ╙ ⇔⁸2006

2007 ─ ⌐│ⱶכꜟ ─ ≤ ─ │ ⌐⌂∫≡™╢⁹ 
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(28) 5.1 ─♩ꜞ♅►ⱶ─ 1/2  

─♩ꜞ♅►ⱶ─ 1/2 ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-30⌐ ∆⁹ 

 

 2-30 ─♩ꜞ♅►ⱶ─ 1/2  

≢ ↕╣√♩ꜞ♅►ⱶ│ ≤⇔≡ ⌐ ⇔√ ⁸ ╛ ┼≤ ╣╢⁹

∕─ ⁸ │ ⇔≡ ─ ≤⌂╡⁸ ┘ ≤⇔≡ ⌐ ∆╢⁹↓─╟℮

⌐♩ꜞ♅►ⱶ│ ╩ ⇔≡™╢⅜⁸ ─♩ꜞ♅►ⱶ │ ה ⅛╠ ⌐

⅛∫≡ ∆╢ ⅜№╢↓≤⅜ ╠╣≡™╢⁹ 

↓╣│⁸ ≢─♩ꜞ♅►ⱶ ⅜ ≢ ⅝™↓≤⁸ ⅛╠ ┼─♩

ꜞ♅►ⱶ─ │ ╒≥ ⅝™√╘⁸ ⁸ ≢│ ⌐╟╢ ⅜ ↄ√╘≤

ⅎ╠╣≡™╢⁹ 
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(29) 5.1 ─♩ꜞ♅►ⱶ─ 2/2  

─♩ꜞ♅►ⱶ─ 2/2 ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-31⌐ ∆⁹ 

 

 2-31 ─♩ꜞ♅►ⱶ─ 2/2  

⌐ ↕╣√♩ꜞ♅►ⱶ│⁸ ≢─ ⁸ ┼─ ⁸ ≢─ ╛

⁸ ⅛╠─ ─ ╩ ∆⁹ ─ ≢ │ ⅝ↄ ⌂╢√╘⁸

⌂ │ ≢№╢⁹ 

⌐ ↕╣√♩ꜞ♅►ⱶ│⁸ ╛ ⌐╙╟╢⅜⁸ ⅛╠ ╣╢

⌐ ™⁸ │ ∆╢⁹ 2km ≢─ ≢│⁸ │ 10km ≢ 1 ⁸

50km ≢ 2 ⁸ 100km ≢ 3 ∆╢≤─ ⅜№╢ ⁹ 
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(30) 5.2♩ꜞ♅►ⱶ─ ─  

♩ꜞ♅►ⱶ─ ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-32⌐ ∆⁹ 

 

 2-32♩ꜞ♅►ⱶ─ ─  

♩ꜞ♅►ⱶ⅜ɗ ⇔√ ─Ⱬꜞ►ⱶ─ ╩ ∆╢ ≤⁸ɗ ─ ╩ ∆╢

⅜№╢⁹Ⱬꜞ►ⱶ─ ─ ⌐│ ⅜ ↕╣⁸ɗ ─ ─ ⌐│

⅜ ↕╣╢⁹ ⅜ ⌐│╟ↄ ↕╣╢⁹ 

─ ⌂ ⅜⁸ ◦fi♅꜠כ◦ꜛfi LSC ≢№╢⁹♩ꜞ♅►ⱶ

│◄Ⱡꜟ◑כ─ ™ɗ ╩ ∆╢ ≢№╢√╘⁸ ⌂╢ ⸗♬♃ꜞfi◓≢│

≢⅝⌂™⁹∕─√╘⁸ ╩ ─ ⌐ ╣≡ ∆╢ ⅜№╢⅜⁸∕─ ⌂

≤⇔≡ LSC ⅜╟ↄ ™╠╣≡™╢⁹ 
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(31) 5.3♩ꜞ♅►ⱶ─ ─  

♩ꜞ♅►ⱶ─ ─ ⌐ ⇔≡ ╡╕≤╘√╙─╩  2-33⌐ ∆⁹ 

 

 2-33♩ꜞ♅►ⱶ─ ─  

◦fi♅꜠כ◦ꜛfi LSC │⁸ ≤⇔≡♩ꜞ♅►ⱶ╩ ∆╢√╘⁸ ╛

─ ⌐ ⇔≡™╢⁹ ─ ─ ≢╙⁸ ∆╢ │ ≤⇔≡ LSC

≢ ≢⅝╢⁹ 

⁸ ╛ ─ ⌐ ∆╢♩ꜞ♅►ⱶ⌐│ ♩ꜞ♅►ⱶ

FWT ≤ OBT⅜№╢√╘⁸ ⌐╟╡ FWT≤ OBT╩ ↑√ ⁸OBT│

≤⇔≡ ╙ ™╠╣╢⁹ 

 

 

 

  
























































































































