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 ⌐ ∆╢ ╠─  5 

 ─ ─  

 ─  

 ─  

 │ ↕╣≡™╢↓≤ 

╩ ╘╢ │ ↕╣╢═⅝ ⅜ ╠⅛⌐10 

⌂∫≡™╣┌ ⅎ┌ ⌐ ⱱfi╩ ⅎ╢ ╩ ↕∑⌂™↓

≤╛ ⌐ ppm ╩ ⅎ╢ ╩ ↕∑⌂™

↓≤ ∕─ ╩ ∆╢√╘─ ⅜ ↕╣≡™⌂ↄ≡╙

─ ⌐ ↑╢≤↓╤│⌂™

│ ₈↓─╟℮⌂15 

╩ ╘╢ ⅎ╙ ─ ⌐ ↑╢╙─≤™℮↓≤│≢⅝⌂™⁹₉

≤ ═≡™╢⁹ ⁹∕℮≢№╣┌ ─ ╩ ╘╢ ⌐

⅔™≡╙ ∆═⅝ ⅜ ╠⅛⌐⌂∫≡™╣┌ ↓╣╩ ∆╢

⅜ ↕╣≡™⌂ↄ≡╙ ─ ⌐ ↑╢≤↓╤│⌂™⁹ 

 │ ∆═⅝ ⅜ ╠⅛⌐⌂∫≡⅔╡ ⅜ ↕╣≡20 

™╢↓≤ 

ᵥ ─ ⌐≈™≡ 

╠│ ₈ ⌂ ₉⌐≈™≡ ᵑ₈ ─℮∟

☿◦►ⱶ ┘☿◦►ⱶ ⌐╟╢ ⅜ ≢

√╡ ⱬ◒꜠ꜟ╩ ∫≡™⌂™ ₉ ─ ₈o25 

┘ ─™∏╣⌐⅔™≡╙☿◦►ⱶ ⌐╟╢
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⅜ √╡ ⱬ◒꜠ꜟ╩ ∫≡™⌂™ ₉

─ ᵓ₈ ─ ≤⌂╢ ⅛╠ km ─

⌐ ─ ┌ↄ ⅜ mSv╩ ⅎ╢ ⅜⌂

™ ₉ ─ ≤ ⇔≡™╢⅛╠ ─ ≤⇔≡│

≢№╢⁹⌂⅔ ᵓ⌐≈™≡│ ⌐╟╢ │↕╣≡™⌂™⅜5 

↓╣╕≢⌐ ⅜ ─ ╩ ∫≡⅝√ ⅜№╡ ↓

╣╩ ≤⇔≈≈ ⌐⅔↑╢ ╛ ꜠ⱬꜟ⌂≥╩ ╕ⅎ≡

╩ ⌐∆╢↓≤│ ≢№∫≡ ⅛≈∕╣≢ ≢№╢⅛

╠ ─ ≤⇔≡ ↑╢≤↓╤│⌂™⁹ 

ᵦ ─ ⌐≈™≡ 10 

╠⅜ ⌐⅔™≡ ╘≡™╢₈ ₉≤│

╩ ⌐ ™≡™╢↓≤│ ╠⅛≢№╢⅜ ╩ ↑╢√╘

─ ה ה ─√╘─ ≢─ ╙ ╕╣╢⁹ 

ᵧ ─ ≤─ ⌐≈™≡ 

₈ ⌂ ₉≢ ╩ ∆╢↓≤╩ −╠╣√ ╠⅜15 

∕╣╩ ∆╢√╘⌐│ ─ ─ ─

≥╙─ ─ ⅜ ≢№╡ ↓╣╠⅜ ⌐

╠─ ⌐ ⌡╠╣╢↓≤│ ╠≤⇔≡╙ ℮╙─≢

│⌂™⁹⇔⅛⇔ ↕╣╢═⅝ ╛ ∆═⅝ ⅜ ╠⅛⌐

⌂∫≡™╣┌ ─ ≤⇔≡│ ╡╢─≢№╡ ∆═⅝ ⅜20 

↕╣√ ⅜ ↕╣√ ⌐│ ╠│

∕─ ╩ ∆╢√╘⌐ ╩ ⌐ ∆═⅝↓≤⌐⌂╢⁹ 

  

╠│

⌂≥─ ╩ ╢↓≤⌐╟∫≡ ─ ╩25 

∆╢↓≤│ ≢№╢⅛╠ │ ⌂ ≢№∫≡
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≢№╢≤∆╢ ╠─ │ ≢№╢⁹ 

  

╠⅜ ≢ ╘≡™╢─│ ⌂ ≢ ╩

∆╢↓≤≢№∫≡ ╠─ ╩

∆╢↓≤≢│⌂™⅛╠ ─ ╩ ∫≡™╢≤─ ╠─5 

│ ≢№╢⁹ ─ ≢─ ╩ ↑╢↓≤⌐╟╢ ┌ↄ╩ ↑

╢√╘⌐│ ⌂ ⌐ ╩ ↑≡ ╩ ∆╢⇔⅛ ⅜

⌂ↄ ↓╣╩⌂⇔ ╢ │ ╠⇔⅛№╡ ⌂™⁹ 

 ≢│⌂™↓≤ 

┘ │ │ ≢№╢10 

∆╢⁹⇔⅛⇔ ╠│ ∆╢ ─ ─ ⌐╕≢

₈ ⌂ ₉⌐ ╩ ↑≡ ∆╢↓≤╩ ╘≡™╢─≢│⌂™⁹

┌ↄ─ ⌐≈™≡│ ₁⌂ ⅜№╡ ↓╣╩ ⇔≡™

⌂™ √∟╙™╢⁹ ⇔≡™⌂™ ╩∕─ ⌐ ⇔≡╕≢ ⌐

─ ⅛╠ ⅝ ∆↓≤╩ │≢⅝∏ ₁ ─ ╩15 

∆╢╒⅛⌂™⁹↓─ ≈─ ⅜ ─ ╩ ⇔≡

╩∆╢↓≤⌐⌂╢⅜₈ ₉─ ╩ ⅎ┌∕╣│ ⌂ↄ ≢№╢⁹ 

  

 ─  

│ ⌐ ╢ ─ ╩ ╘╢ ≢№╢≤20 

↓╤ │ ↕╣≡™╢⅛╠ ╙ ↕╣≡™╢⁹ 

 ─  

─ ⌐ ∆╢ ─ ─ ⌐≈™≡│ ᵑ ─

⌐ ⅜ ∂≡™╢↓≤ ᵒ ─ ─ ᵓ∕─ ⌐≈™≡

╩∆╢╟╡╙ ╩ ╕∑╢↓≤≢╗⇔╤ ─25 

⅜ ↕╣≡™╢≤™℮ ⅜⌂™↓≤ ᵔ↓─♃▬Ⱶfi◓≢ ⅜ ╘╠
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╣⌂™≤ ⅜ ⌂ ╩ ↑╠╣⌂™↓≤─ ╩ ⌐

∆╢─⅜ ⌂ ⅎ ≢№╢⁹↓─ ╠│ √∟

─ ╩ ╢√╘⌐ ╠⌐ ⇔ ⌂ ≢

╩ ℮↓≤╩ ╘╢ ⅜№╢≤ ⅎ≡™╢⅜ ╠│ ∕─

╟℮⌂ ─ ╩ ⇔≡™╢⅛╠ ─ ⌐ ⅜ ∂≡™╢5 

ᵑ ⁹ ─ │ ╠─ ─ ⅜ ╠

⌐ ⌂ ≢─ ╩ ℮ ╩ ∂↕∑╢ ⌐ ≢№╢⅛

⅛≢№∫≡ ≢№╢ ᵒ ⁹ ╠─ ⅜ ─≤⅔╡≢№

╢ ╩∆╢⇔⅛ ─ ─ ⅜⌂™ ᵓ ⁹

╠│ ₁ ┌ↄ⇔ ↑≡⅔╡ ┌ↄ ╩ ╖ ⌡≡™╢≤10 

↓╤ ⌐ ⌐╟∫≡ ⅜ ╘╠╣⌂↑╣┌ ╠

│ ⌂ ╩ ↑╢↓≤⅜≢⅝⌂™ ᵔ ⁹ ─≤⅔╡

│ ᵑ ᵔ╩™∏╣╙ √⇔≡⅔╡ ─ ⅜№╢⁹ 

 ─  

 ─  15 

│ ─ ≢№╡ ─ ─ ╩ ₁∆╢╕≢

╙⌂™⁹ 

 ─ ≤⇔≡ ≢№╢↓≤ 

│ ╠⌐ ⇔ ─⌂™ ╩ ╘╢╙

─≢№╢⅛╠ ≢№╢ ↑─ ⅎ≢│ ⅎ∏ ─20 

≢ ╩ ╘╢⇔⅛⌂™⁹ 

 ┌ↄ─ ⌐ ∆╢ ─ ┘

─ ⌐ ∆╢ ⌐ ∆╢  

 ┌ↄ 

 │∂╘⌐ 25 

₈ ┌ↄ₉─ │ ≢│⌂™⁹₈ ≢ mSv
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mSv ₉≤™℮ ≢ ╦╣╢↓≤╙№╣┌ ₈ ≢ mSv ₉

≤™℮ ≢ ™╠╣╢↓≤╙№╢⁹ ה ⌐╟╣┌ ₈

mSv╩ ╢ ₉≤ ⅎ╠╣≡™╢⁹ ╠│ ₈ ≢ mSv

₉≤™℮ ≢ ™╢⁹ ≢╙ ┌ↄ⌐╟╢ ꜞ☻◒⅜№╢≤

─ ╠─ ╩ ↑╢─│ ⌐⅔↑╢ ╩ LNT ⸗♦5 

ꜟ≢ ⅎ╢↓≤⅜ ⌐⌂∫≡™╢ ≢№╢⁹ 

 LNT ⸗♦ꜟ⌐≈™≡ 

 ─ ─  

│ mSv ─ ─ ┌ↄ⌐╟╢ ┼─

│ ↕╣≡™╢╦↑≢│⌂ↄ ꜞ☻◒⌐⇔⅝™ ⅜⌂™↓≤10 

⌐≈™≡ ⌂ ↑⅜⌂↕╣≡™╢╙─≢│⌂™≤⇔ ICRP

⅜ LNT ⸗♦ꜟ╩ ⇔√─│ │⌂™⅜ ─ ◘

▬♪⌐ ∫√ ≤⇔≡↓╣╩ ⇔√⌐∆⅞⌂™ ∆╢⁹ 

 ICRP │ ╩ ⌐⇔≡⇔⅝™ ⅜⌂™↓≤╩ ⇔≡™╢↓≤ 

ᵥ LNT ⸗♦ꜟ⌐│ ⅜№╢ 15 

ICRP ⅜ LNT ⸗♦ꜟ╩ ⇔√─│ ⌂ ╩ √ ≢

№∫≡ ⅜ ⇔≡™╢⌐╙⅛⅛╦╠∏ LNT ⸗♦ꜟ╩

⇔√─≢│⌂™⁹LNT ⸗♦ꜟ⅜ ╩ ↄ─≢№╣┌

─ ◘▬♪⌐ ∫√ ╙№╡ ⌂™⁹ ⅜№╢⅛╠↓∕

ICRP │ LNT ⸗♦ꜟ╩ ─ ◘▬♪⌐ ∫√ ≤⇔≡20 

∆╢↓≤⅜≢⅝╢⁹≈╕╡ ─ ◘▬♪⌐ ∫√ ≤

⇔≡ ⇔√≤™℮↓≤ ⅜ ICRP │ LNT ⸗♦ꜟ⅜ ╩

⇔≡™╢↓≤╩ ╘≡™╢↓≤╩ ⇔≡™╢⁹ 

ICRP │ ─ ≢№∫≡ ─ ∆╢

┌ↄ⌐ ⌐♃כ♦╢∆ ≠™≡ ╩ ™ ∕─ ≤⇔≡25 

LNT ⸗♦ꜟ⅜ ≤ ╩ ∆╢≤ ⇔ ─
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─ ⌐ ⇔≡™╢⁹╙⇔ LNT ⸗♦ꜟ⅜ ╩ ↄ─≢

№╣┌ ─ ─ ⌐ ≢⅝╢│∏⅜⌂™⁹ ⅜

∆╢₈ ─ ◘▬♪⌐ ∫√ ₉≤™℮╙─╙

≤ ─ ↑⅜№╢⅛╠↓∕≢⅝╢─≢№∫≡

─ ↑⅜⌂™╕╕ LNT ⸗♦ꜟ╩ ∆╢↓≤│№╡ ⌂™⁹5 

─ ⅜ ─ ↑⅜ ⇔⌂™↑╣≥╙ LNT ⸗♦ꜟ

≤ ⇔≡™╢≤™℮─≢№╣┌ ≢№╢⁹ 

│ ╩ ↄ ≤⇔≡₈ ₉⅜⌂™↓≤╩

→╢⁹ │ ₈ ⌐ ≠™√₉ ╩

≤ ⇔√ ≢ ⅜⌂↑╣┌ ≢│⌂™≤10 

™℮ ⅎ ⌐ ∫≡™╢⁹↓─ ⅎ ⌐ ≡┌ ⅜⌂™

⌐≥─╟℮⌂ ⌂ ⅜№∫≡╙∕╣│ ≢│⌂™≤

™℮ ⌐⌂╢⁹ICRP │ ∕─╟℮⌂ ⅎ ⌐│ ∫≡™⌂™⁹ 

ᵦ ICRP │₈ ₉╩ ⇔≡ LNT ╩ ⇔√ 

ICRP │ ≢ ─╟℮⌐ ⇔≡™╢⁹₈ 62 ⅜15 

╪─ mSv ─ ⌐⅔™≡ ⅜ ∆╢⌐⇔

≡╙ ┘ ⅜ ꜞ☻◒─ ╩ ⇔≡™╢⁹

─ ⌐│ ⌐ ∆╢ ꜞ☻◒─ ⌂ │

⇔⌂™⅜ ⅛╠│ ┼─ ꜞ☻◒╩ ⌐

╘╢═⅝≢№╢ ≤ ─№╢ ⅜⌂↕╣≡™╢⁹₉ ₈ 6320 

1990 ⌐ ∆╢ ♃כ♦ ┘ ─♃כ♦

⌐╟∫≡ ≢─ DNA ⅜ ┌ↄ ─⅜

╪─ ⌐ ⌐ ≢№╢≤™℮ ⅜ ↄ⌂∫√⁹↓╣╠─♦כ♃

⌐╟∫≡ ⅜╪ ─ ─ ≤≤╙⌐ DNA ─

┘ ─ ⌐ ∆╢ ⌂ ⅜25 

⌐⅔↑╢ ─⅜╪ ─ ⌐≈™≡─ ⌐ ⅝ↄ
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⇔ ╢≤™℮ ⅜ ⇔√⁹↓─ │╕√ RBE

┘⌐ ה ⌐ ∆╢ ⌐╙ ╩ ⅎ≡

™╢⁹ ⌐ ⌂↓≤│ ⌂ ─ DNA ─ ∕╣

╠─ ⌂ ─ DNA ╩ ⇔ↄ ∆╢ ⌐ ⅜ ∆╢

┘ ∕─ ─ ─ ⌂≥ DNA ⌐ ∆╢5 

⌐≈™≡─ ─ ≢№╢⁹ DNA ─

⌐ ∆╢ⱴ▬◒꜡♪◦ⱷ♩ꜞכ─ ─ ╙ ↓─ ⌐ ⅝ↄ

⇔√⁹₉ ₈ 64 ╘╠╣≡™╢ │№╢⅜ ─ ⌐

│ ⌂ ⌐ ∆╢ ─ ╖│ ≥♃כ♦ ╦∑

≡ mSv╩ ╢ ≢│ ⅜╪ │ ─10 

⅜ ∆╢ ┘ ─ ─ ⌐ ⇔≡ ∆╢≢№

╤℮≤ ∆╢─⅜ ⌐╙∫≤╙╠⇔™ ≤™℮ ╩ ∆╢≤

│ ⇔≡™╢⁹₉ ₈ 65 ⇔√⅜∫≡ ⅜ ∆╢

⌂ │ mSv╩ ╢ ⌐⅔™≡│ №╢

─ ─ │∕╣⌐ ⇔≡ ─ ⅜╪ │15 

─ ─ ╩ ∂╢≢№╤℮≤™℮ ⌐ ⅝ ⅝ ╩ ↄ

↓≤≤∆╢⁹↓─ ⸗♦ꜟ│ ⌐ò ⇔⅝™ ⌂⇔ó │ 

LNT  ⸗♦ꜟ≤⇔≡ ╠╣≡™╢⁹↓─ │ UNSCEAR 2000 ⅜

⇔√ ≤ ∆╢⁹ ₁⌂ ─ ⅜ ─ ╩ ⇔≡⅔╡ ∕

─℮∟─™ↄ≈⅛│ UNSCEAR ─ ≤ ⇔ ⅎ┌ NCRP,200120 

NAS/NRC, 2006 ⱨꜝfi☻▪◌♦Ⱶכ─ French 

Academies Report, 2005 │ ⅜╪─ꜞ☻◒⌐ ∆╢ ⌂

⇔⅝™ ─ ╩ ⇔≡™╢⁹⇔⅛⇔ ⅜ ⇔√

Publication 99 ICRP,2005d ⅛╠ LNT ⸗♦ꜟ╩ ∆╢↓≤│

ה DDREF ⌐≈™≡ ↕╣√ ≤ ╦∑≡25 

─ ⌂ ∆⌂╦∟ ┌ↄ─ꜞ☻◒─
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⌐ ⇔≡ ⌂ ╩ ∆╢≤ │ ⅎ╢⁹₉ 

ᵧ │ LNT ⸗♦ꜟ⌐ ∆╢ ICRP ─ ╩ ⇔≡™╢↓≤ 

ICRP ⅜ ─Ɽꜝ◓ꜝⱨ 62 ⅛╠(65)⌐⅔™≡ ⇔≡™╢─│

₈ ⌐ ∆╢ ♃כ♦ ┘ ♃כ♦

─ ₉≤™℮ ≤ ₈DNA ─ ┘5 

─ ⌐ ∆╢ ⌂ ₉⌐╟∫≡ ICRP ╠╙

⌐ ⇔√₈ ₉≤™℮ ⌂ ↓─ ⅜

ICRP ─ ≢№╢⁹ ╩╙≤⌐⇔≡ LNT ⸗♦ꜟ╩ ⇔√↓≤

≢№╢⁹ 65 Ɽꜝ◓ꜝⱨ≢│ ⇔⅝™ ╩ ⇔≡™╢ⱨꜝfi☻▪◌

♦Ⱶכ─ French Academies Repor t,2005 ⅜№╢↑╣≥╙10 

ICRP ─₈ ⇔√ Publication  99 ICRP,2005d ⅛╠ LNT ⸗

♦ꜟ╩ ∆╢↓≤│ ה DDREF ⌐≈™≡

↕╣√ ≤ ╦∑≡ ─ ⌂ ∆⌂╦∟

┌ↄ─ꜞ☻◒─ ⌐ ⇔≡ ⌂ ╩ ∆╢≤

│ ⅎ╢⁹₉≤⇔≡™╢↓≤│ ∆═⅝≢№╢⁹ICRP │ ⱨꜝfi☻15 

▪◌♦Ⱶכ─ ╛ ─ ∆╢⇔⅝™ ⌐≈™≡╙ ⇔

√ ≢ ⌐╟∫≡ ⇔⅝™ ⌂⇔─ LNT ⸗♦ꜟ╩ ∆╢─

⅜ ⇔™≤ ⇔√⁹↓─ ⅎ │ UNSCEAR ─ ≤╙ ⇔≡™

╢ ⅎ┌ NCRP,2001 NAS/NRC, 2006 ⁹ │ 62 ⅛╠ 65

⌐⅛↑≡ ∂≡™╢ DNA ⌐ ∆╢₈ ₉─ ⌐ ╣⌂20 

™╕╕ 66 ─₈ ⅜∆←⌐│ ╠╣∕℮⌐⌂™≤™℮↓≤

╩ ⇔≡⅔ↄ₉≤⅛™℮ ╩ ⌐ ⇔≡ ⇔ ICRP ⅜

LNT ⸗♦ꜟ⌐ │ ™↓≤╩ ↑╟℮≤⇔≡™╢⁹ 

 ₈ ⅜╪ꜞ☻◒─ ┼─ ₉ ⌐≈™≡ 

LNT ⸗♦ꜟ╩ ∆╢ ≤⇔≡ ─ 65 │ ₈25 

⅜ ⇔√ ⌐≈™≡ ╣≡™╢⁹↓─ │ ICRP ⅜
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LNT ⸗♦ꜟ╩ ∆╢⌐ ∫√ ╩ ⇔≡™╢⁹ ─

│ ₈ ₉ ₈ ꜞ☻◒≤ ₉ ₈

─ ₉ ₈ ─ ⅜╪ ₉ ₈ ─ ₉

─ ⅛╠ ↕╣≡⅔╡ ⅛╠ LNT ⸗♦ꜟ─

╩ ⇔≡ LNT ⸗♦ꜟ╩ ⌐ⱪכꜟ◓╢∆ ⇔≡ ∆╢≤™℮5 

╩ ⇔≡™╢⁹ ─ │ ─≤⅔╡≢№╢⁹ 

ᵥ ₈ ₉≢│ ⅜╪╩ ⅝ ↓∆ ╙ ⌂ⱷ◌♬☼

ⱶ≤ ⅎ╠╣╢ DNA DBS ≤ DNAכ♃☻ꜝ◒ ─

⅜ ─ ◄Ⱡꜟ◑כ ⌐╟╡ ∂╢↓≤ ≤

⌐│ DNA ⅜ ⌂ ╩ ∂≡⅔╡10 

≢ ⅜╪─ ⌐│ ≤ ⅜ ⌂ ╩⇔≡™╢

↓≤╩ ⇔≡™╢⁹ 

ᵦ ₈ ꜞ☻◒≤ ₉≢│ ⇔≡ כ♃☻ꜝ◒

⅜ ⅝√ ⌐│ DNA ─ ⅜℮╕ↄ ⅛⌂™↓≤⅜ ↕╣

⅜╪ ⅜ ⅛∏⌐ ⅜╪ ⅜ ∆╢↓≤╙ ≢№╢≤15 

⇔≡™╢⁹ 

ᵧ ₈ ─ ₉≢│ ꜞ☻◒╛ ⅜╪ꜞ☻◒⅜

⌐ ⅜ ⇔√ ─ ∞↑≢│⌂ↄ ↕╣≡™⌂™

─ ⌐╙ ⅜ ∂╢⅛╙⇔╣⌂™≤™℮Ᵽ▬☻♃fi♄כ

⌐≈™≡ ∆╢⁹ 20 

ᵨ ₈ ─ ⅜╪ ₉≢│ ≤⇔≡ DNA

DBS ≤ ⌐ ™⅜ ∂╛∆™ ⅜

≤⇔≡ ≢№╡ ↓╣╠⅜⅜╪─ ⌐⅔™≡ ⌂ ╩ √⇔≡

™╢≤ ⇔≡™╢⁹ 

ᵩ ₈ ─ ₉≢│ ⇔⅝™ ⌐ ⇔≡ ∆╢ │25 

NCRP ╛ ⌐ ↕╣≡⅔╡ ↓╣╠│⇔⅝™ ─ │╒
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≤╪≥ ⇔⌂™↓≤╩ ⌐⇔ ─ ╩ ≡ │

│♃כ♦ ≢│ ⇔⅝™ ─⌂™ ╩

∆╢ ⌐№╢↓≤ DNA ─ DBS ≤ ─ ∫√ ⅜ ⅜

╪─ ⌐ ⌂ ⅝╩⇔≡™╢↓≤╩ ⇔≡™╢⁹ │

₈LNT │ ≤™℮ ⌂ ─√╘⌐│ ╙5 

™⸗♦ꜟ≢№╢↓≤⌐ ╦╡│⌂™⁹₉≤ ↑≡™╢⁹ICRP │

⌂ ╩ √ ≢ ⇔⅝™ ╩ ∆╢ ⅜⌂™≤

⇔√ ≢ LNT ╩ ≤™℮ ⌂ ─√╘─ ╙

™⸗♦ꜟ≢№╢≤ ⇔√╙─≢№╢⁹ 

 LSS ≤─  10 

⌐╦√╢ ≥♃כ♦─ │ UNSCEAR ─

ꜞ☻◒ ╛ ICRP ─ ─√╘⌐ ⌂ ╩ ⇔

─ LSS ╙ ICRP ─ ≤⌂╢ ⌂ ≤⌂∫

≡™╢⁹ │ ─ ≢№╢ LSS

─ ╩ ⇔√⁹LSS │ ₈ ⅜╪ ─15 

ꜞ☻◒│ ┌ↄ ⌐ ⇔≡ ─ ╩ ⇔ ∕─

╙ ∆╢⸗♦ꜟ ─ │♀꜡≢№╢⁹₉ ≤™℮ ╩

⇔≡™╢⁹ │ LSS ⅜ ↕╣╢ ╩♃כ♦─

╙≤⌐ ↕╣√⅛╠ ⇔⅝™ ⅜♀꜡≢№╢≤™℮ ⅜ ↕╣≡™╢

LSS ⅜ ↕╣≡™╢ ICRP │ ⌐♃כ♦─≢╕╣⧵ LSS20 

─ ╩ ∆╢↓≤⌐╟∫≡ ╙╟╡ ≤⇔√

↑─№╢╙─≤⇔≡ LNT ⸗♦ꜟ╩₈ ה ≢─

⌐≈™≡─ ⌂ ₉≤⇔≡ ∆╢↓≤⌐⌂╢≤ ╦╣╢⁹ 

 ┌ↄ⌐╟╢ ⌐ ∆╢ ─ ⌂ │ ≤⇔≡

Å ─ ─ ⌐╦√╢ ⌐♃כ♦⌂ ≠ↄ╙─25 

≢№╡ ⌐╙ │ ↄ UNSCEAR ─ ─ ╩ ⇔≡™
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╢⁹₈ ꜞ☻◒─ ʄ ≤ ʄ₉

│ ₈⇔⅝™ ─ ╩ ∆╢√╘⌐

│ ⅜ ⇔⌂™↓≤╩ ∆╢ ⅜№╢⅜ ─ ─

⌐╟╡ ∕╣│ ⌐ ™⁹₉≤ ⇔≡™╢⁹⇔⅝™ ─ ╩

⌐ ∆╢↓≤⅜ ≢№╢↓≤│ ⅛╠ ↕╣≡5 

™√⁹⇔⅝™ ─ ⌐≈™≡─ │ ∞↑≢│⌂ↄ ₈

─ ╩ ╦⌂™ⱷ◌♬☼ⱶ─ ₉ ₈ ⌐╟╢ ─

⌐ ∆╢ ⸗♦ꜟ₉≤™℮ ⅛╠╙↕╣ ICRP

│ ┘ ⌐⅔™≡ LNT ⸗

♦ꜟ╩ ∆╢↓≤╩ ⇔√⁹ │  10─♃כ♦

╩ ╘ LSS ⌐╟∫≡⇔⅝™ │♀꜡≢№╢↓

≤╩ ⌐⇔√⁹LSS ⌐╟∫≡ ↑╠╣√ LNT ⸗♦ꜟ│

│ UNSCEAR ─ ⌐ ╡ ╣╠╣╢↓≤│ ╠⅛≢№╢⁹ 

 ICRP ≢ ╩ ⅎ╠╣√ LNT ⸗♦ꜟ│ ─ ⌂

√⇔⌐≥╙╩♃כ♦ LSS ⌐╟∫≡ ⌐╙ ↑╠╣15 

UNSCEAR ─ ─ ╩⌂⇔ LNT ⸗♦ꜟ⅜ ⌂ ↑╩ ℮

╙─≤⇔≡ ≤⌂∫≡™╢⁹ LNT ⸗♦ꜟ─ ⇔↕╩ ↑

╢ ⅜ ₁≤ ↕╣≡⅔╡ ─ │ ╡≢№╢⁹ 

 ₈ ⌂◖fi☿fi◘☻₉⌐ ∆╢─│╗⇔╤ ╛ ─

─ ≤⌂∫≡™╢≤ ╦╣╢₈ ┌ↄ─ꜞ☻◒ ⌐ ∆╢꞉20כ 

◐fi◓◓ꜟכⱪ ₉ WG ⁹ ─ ┘

─ ≢№╢⁹WG ┘ │ ICRP ⅜ ⇔

≡™╢ DNA ⌐ ⅜⅜╪ ⌐ ┘≈ↄ≤™℮ ICRP ─

ⅎ ⌐│ ╣≡™⌂™⁹ICRP ─ ⅎ │ Ɽꜝ◓ꜝⱨ 63 ⌐ ↕

╣ ⌐⅔™≡ ⌐ ↕╣≡™╢⅜ │ ↓╣╠⌐25 

⇔⌂™╕╕₈ ⌐ ↕╣≡™⌂™₉≤™℮ ╡╩ ™≡™╢⁹



  ⌐ ∆╢ ╠─   

230 

 

⇔⅝™ ─ ╩ ⌐ ∆╢↓≤│∕╙∕╙ ≢№╡ ₈

─ ╩ ╦⌂™ⱷ◌♬☼ⱶ─ ₉╩ ⇔≡ ∆╢⌂╠┌

│⇔⅝™ ─ ╩ ⇔⌂™≤™℮ ⌐⌂╢─≢№∫≡

mSv ╩№√⅛╙⇔⅝™ ≢№╢⅛─╟℮⌐ ∆╢ WG ┘

─ │ ≢№╢⁹ ─5 

⌐│ ₈ ⅜╪─⇔⅝™ ─ ─ │

─ ╩ ╦⌂™ⱷ◌♬☼ⱶ─ ⌐ ⅜ ∑╠╣≡™╢⁹₉≤⅛

₈UNSCEAR │ ─ ꜞ☻◒ ─√╘─ │ ⌐

╟╢ ─ ⌐ ∆╢ ⸗♦ꜟ⅛╠ ╠╣╢

≤ ⅎ≡™╢⁹₉≤ ↕╣≡™╢⁹10 

ICRP UNSCEAR ─ ⌐ ∆

╢ │ ∆═⅝│⇔⅝™ ─ ≢№╡ ∏⇔╙ ה

⌐ ≠ↄ╙─⌐│ ↕╣⌂™≤™℮ ⅎ ⅜ ─ ≢

₈ ◖fi☿fi◘☻₉ ≤⌂∫≡™√─≢№╡ ⌐⅔™≡╙ ╦

╡│⌂™⁹WG ╛ │ ₈ ≢─ ⌂◖fi☿fi◘15 

☻│ mSv ─ ההה│≡™⅔⌐ ⌐ ⌂ ⅜╪

│⅜╪ ꜞ☻◒─ ╩ ╘╢↓≤⅜≢⅝⌂™⁹₉ ≤⇔≡ ∆

═⅝ │ LNT ⸗♦ꜟ≢№∫≡ ∕─ ╙ ⌂ ≢⌂↑╣┌⌂

╠⌂™≤™℮─⅜ №√⅛╙₈ ⌂◖fi☿fi◘☻₉≢№╢⅛─╟℮⌐

∆╢⅜ ╩ ∆╢⁹WG ╛ │ ∕─ ╩20 

≤⇔≡ ╩ ⇔ ⌂ ⌐ ⇔≡™╢⁹₈ ─

╩ ╦⌂™ⱷ◌♬☼ⱶ─ ₉ ₈ ⌐╟╢ ─

⌐ ∆╢ ⸗♦ꜟ₉≤™℮ ⌐╟∫≡ ⅜

⇔⅝™ ─ ╩ ⇔⌂™⅛╠ LNT ⸗♦ꜟ│ ╩ ≈≤™

℮ ⌐⌂╢⁹⇔⅝™ ─ ╩ ⌐ ∆╢↓≤⅜ ≢№╡25 

─ ⅛╠│ LNT ╩ ∆╢─⅜ ≢№╡
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╙ LNT ⸗♦ꜟ╩ ⇔≡™╢⌐╙⅛⅛╦╠∏ WG ┘

│ ∕─╟℮⌂ ⌐│ ⇔√╕╕ LNT ⅜ ⌐ ↕╣≡

™⌂™≤ ╡ ⇔≡™╢⁹∕╣│ ICRP

UNSCEAR ─ ⌐ ∆╢ ─ ⌂ ⅎ ╛ ─

╣⌐ ⇔ ╩ ─ ╕≢ ⅝ ∆╙─≢⇔⅛⌂™⁹₈5 

⌂◖fi☿fi◘☻₉⌐ ∆╢─│ WG ≤ ─ ≢№╢⁹ 

 LNT ⸗♦ꜟ─ │ ™ 

LSS │ ⌂ ≢

№╡ ⌐ ↄ─ ─ ≤⌂╢↓≤⅜ ↕╣≡™╢∞↑10 

≢│⌂ↄ ⌐ ∆╢ ≤ ─ ╩⌂∆⁹

╩ ⇔√₈ ₉│

─ ≢№╢  ─₈ ₉⌐

↕╣√ ≢№╢⁹ ⌐│ ₈

⌐ ℮ ─ ⌐ ∆╢ ⌐≈™≡15 

∆╢ ⌐

⅜ ↕╣ ─ ⌐ ∆╢ ─

≤ ╡ ╗═⅝ ⌐≈™≡ ⇔≡ √⁹₉

≤№╢≤⅔╡ ─ ─ ≈≢№╢⁹

╩ ⇔√ ICRP │ ─ ⅛╠ ⌐ ∆╢ ╩ ℮20 

≢№╡ │ ─ ⌐ ╡

╣╠╣≡ ─ ─ ─ ╩ ⇔≡™╢⁹LSS

╩ ⇔√ │ ─ ┘ ─ ה

╩ ℮ ≢№╡ ≤▪ⱷꜞ◌ ⅜ ה ⇔

≡™╢─≢№∫≡ ─ ≤⌂╢ ⌂ ╩25 

⌐ ⇔≡™╢⁹ ─╟℮⌂ ה ⅜ ⇔⅝™ ─ ╩ ⌐
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∆╢↓≤│ ≢№╡ │⇔⅝™ ─ ╩ ⇔≡™

⌂™≤ ↑≡ ₈⇔⅝™ ─ ─ │ ─ ╩ ╦⌂

™ⱷ◌♬☼ⱶ─ ₉╛₈ ⌐╟╢ ─

⌐ ∆╢ ⸗♦ꜟ⅛╠ ╠╣╢₉≤™℮ ⅎ

≢ ╩ ╘ LSS ╩5 

≡ LNT ⸗♦ꜟ╩ ⇔≡⅝√⁹ ─₈ ₉ ђ ⌐⅔™≡

╟╡ ⌐ ↕╣√₈ ─ ⌐ ∆╢

─ UNSCEAR ,1993,2000) NCRP ─

NCRP,2001 ╙ ₈ │ ╙ LNT ⌐╟╡ ⅛╣

╢═⅝≢№╤℮≤ ⇔≡™╢₉≤⇔ ↓╣╠─ ╙ ≤10 

≢№╢≤ ∂≡™╢ ђ b ⁹ICRP ∞↑⅜ LNT ⸗♦ꜟ╩ ⇔≡

™╢─≢│⌂ↄ UNSCEAR ╛ NCRP ─ №╢ ╙ LNT

⸗♦ꜟ╩ ⇔≡™╢⁹ ⅛╠╙ LNT ⸗♦ꜟ⅜ ⌐ ↑╠

╣√↓≤│ ─ │⌂ↄ ₈ ⌐ ↕╣√ ≤⇔≡ ↑ ╣

╠╣≡™╢─≢│⌂™⁹₉≤⅛ ₈ ─ ◘▬♪⌐ ∫√15 

≤⇔≡ ↕╣≡™╢⁹₉≤⅛™℮WG ≤ ─ ⅎ ─╒

℮⅜ ≢│ ⌐∕←╦⌂™⁹ 

 ↕╣╢═⅝│⇔⅝™ ─ ≢№∫≡ LNT ⸗♦ꜟ≢│⌂™ 

ᵥ ₈ ₉╙ ↕╣╢═⅝│⇔⅝™ ─ ≢№

╢≤∆╢⁹ ≢│ ─20 

≤⅔╡ ↕╣╢═⅝│ LNT ⇔⅝™ ⅜ ™≤™℮↓≤ ≢

│⌂ↄ ⇔⅝™ ─ ≢№╢↓≤⅜ ╠⅛⌐↕╣≡™╢⁹ 

▪ ┌ↄ─ꜞ☻◒╩ ∆╢ ⌂ │⇔⅝

™ ─ ╩ ╘≡ ⅜╪ ╕√│ ─ ⌐ ∆╢

╩ ∆╢↓≤≢№╢⁹ 25 

▬ ⌐ ┌ↄ⇔√ Ν⌐≈™≡ ↄ─ ⅜ ╦╣≡™
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╢⁹⇔⅛⇔ Ν ⅜ ≢⅝╢ │ ⌂™⁹╕√

─ ⅜╪ꜞ☻◒│ ⌐ ↕ↄ ⌐ ≢⅝⌂™ ⅜№╢

⅜ ↓╣≢⇔⅝™ ╩ ⇔√↓≤⌐│⌂╠⌂™⁹ 

► ⌐ ─ ┌ↄ≢№╢ ≢│ ─

⅜╪⌐≈™≡ ─⇔⅝™ ─ ─ ╩ ∆╢↓≤│5 

≢⅝⌂™⅜ ⌐ ≤ ⅜╪ ⅜╪≢ ╢≤⇔⅝™ ─

╩ ∆ ⌂ │ ↕╣≡™⌂™⁹ 

◄ ⇔⅝™ ─ ╩ ∆╢√╘⌐│ ⅜ ⇔⌂™↓≤╩

∆╢ ⅜№╢⁹ 

ᵦ ╙ ∆═⅝│⇔⅝™ ─ ≤⌂∫≡™╢ 10 

⅛╠╙ ∆═⅝│⇔⅝™ ─ ≢№╢↓≤⅜

⅛╣╢⁹ │ ↕╣√╙── ╩ ⇔≡™╢⅜ ↓─

⌐₈ ↕╣₉√╙─∞↑≢⌂ↄ ₈↓╣╠─ ™⅜№╢╙─⁹₉

₈ ─ ╩ ⌂℮⅔∕╣⅜№╢╙─⁹₉⌐≈™≡╙ ⅜ ↕╣

≡™╢⁹₈ │ Ν ─ ╩ ⌂℮⅔∕╣⅜⌂™ ─15 

⅜⌂™╙─Ν╩ ≤⇔≡ ∆╢↓≤╩ ∆╢↓≤⅜≢⅝╢⁹₉≤

⇔ ─ ⅜⌂™ ╡ ╩ ∆╢↓≤⅜≢⅝╢≤⇔≡™╢⁹

⇔⅝™ ⌐≈™≡│ ⇔⅝™ ≢│ ∞≤™℮ ╩∆╢ ⅜∕

─ ≈╕╡⇔⅝™ ─ ╩ ⇔⌂ↄ≡│⌂╠∏ ∕─ ⅜

≢⅝⌂™ ⇔⅝™ ⅜ ™╙─≤⇔≡ ℮─⅜ ╩ ∆╢≤™20 

℮ ⅛╠│ ⇔ↄ ─ ⅎ ≤╙ ∆╢⁹⇔⅝™ ⌐

∆╢ ─ │ ─ ⅛╠⇔≡╙ ↕╣⌂™⁹ 

ᵧ LNT ⸗♦ꜟ⌐ ∆╢ ╩ ┌ↄ ⌐ ∆─│ ≢№╢ 

│ LNT ⸗♦ꜟ⌐ ∆╢ ⌐≈™≡ ⇔⅝™ ⅜ ⇔

⌂™≤™℮↓≤╩ ⅜ ⇔⌂↑╣┌⌂╠⌂™≤™℮ ⅎ─╟℮25 

≢№╢⁹⇔⅛⇔ ─ │⇔⅝™ ─ ≢№╢⅛╠ ⇔⅝™ ─
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╩ ∆╢ ⅜ ⇔⅝™ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹

⇔⅝™ ─ ╩ ≢⅝⌂™ ⇔⅝™ ⅜ ⇔⌂™╙─ LNT

⸗♦ꜟ⅜ ⇔™ ≤⇔≡ ╦⌂↑╣┌⌂╠⌂™⁹ ─ ⅎ ⌐╟╢

≤ ⇔⅝™ ⅜ ⇔⌂™↓≤ LNT ⸗♦ꜟ ╩ ≢⅝⌂™ ⌐

│ ⇔⅝™ ⅜ ∆╢╙─≤⇔≡ ℮↓≤⌐⌂╢⅜ ∕╣≢│ ⇔⅝5 

™ ─ ⅜ ─╕╕ mSv ≢│ ≤™℮↓≤⌐⌂∫≡

⇔╕℮─≢№╡ ≢╙ ⇔≡™╢ DNA DBS

DNAכ♃☻ꜝ◒╛ ⌐╟╢⅜╪ ─ꜞ☻◒╩ ∆╢↓≤⌐⌂╡

┌ↄ╩ ™╠╣╢ ─ ─ ⅛╠ ≢⅝⌂™⁹ 

ᵨ ⇔⅝™ ─ ╩ ⌐ ≢⅝⌂™↓≤⅛╠ LNT ⸗♦ꜟ│10 

⌐ ⇔⌂™⁹ ⌐│

₈ ⌐ ─ ┌ↄ≢№╢ ≢│ ─ ⅜

╪⌐≈™≡ ─⇔⅝™ ─ ─ ╩ ∆╢↓≤│≢⅝

⌂™⅜ ⌐ ≤ ⅜╪ ⅜╪≢ ╢≤⇔⅝™ ─ ╩

∆ ⌂ │ ↕╣≡™⌂™⁹₉ ≤ ⅛╣≡™╢⁹↓15 

─ │ ⇔⅝™ ─ ╩ ⌐ ≢⅝⌂™↓≤╩ ⇔≡⅔╡

LNT ⸗♦ꜟ⅜ ↕╣≡™⌂™≤™℮↓≤≢№╢⁹∕╣│ LNT ⸗♦

ꜟ⌐│ ⌐╙ ⅜ ⇔⌂™ ╩ ⇔≡™╢⁹↓─ ⌐

─Ɽꜝ◓ꜝⱨ 62 ┘ LSS ╩ ∑

≡ ∆╢≤ LNT ⸗♦ꜟ│ ⌐ ╩ ∆╢≤™ⅎ╢⁹ 20 

 ╠│ LNT ╩₈ ─ ₉⌐ ™≡™╢─≢│⌂™ 

WG │ LNT ⸗♦ꜟ⌐ ∫≡ ₈ mSv ─

╘≡ ™ ─ ┌ↄ─ꜞ☻◒╩ ─ ꜟⱬכ◦ה

♩ ⌐ ⇔≡ ⌐ ─ ⌐ ™╢↓≤│ ⅛↕⅜

⌐ ⅝ↄ⌂╢√╘ ≢№╢⁹ICRP ╙ ─ ╩⇔≡™╢⁹₉≤25 

⇔≡™╢≤↓╤ │ ₈ mSv ─ ─ ┌
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ↄ⌐╟╢ ┼─ │ ↕╣≡™╢╦↑≢│⌂™⁹é ─ ⅜

╪ꜞ☻◒─ ╠⅛⌂ ╩ ∆╢↓≤│ ⇔™─≢№∫≡ ꜞ☻

◒⌐⇔⅝™ ⅜⌂™↓≤⌐≈™≡ ⌂ ↑⅜⌂↕╣≡™

╢╙─≢│⌂™⁹₉⌂≥≤ ⇔≡™╢⁹ ╠│ ↓╣⌐ ∆╢ ≤

⇔≡ LNT ⸗♦ꜟ─ ⅎ ╩ ⇔ ┌ↄ─ ≢╙ꜞ☻◒ │5 

≢⅝⌂™≤™℮ ╩⇔≡™╢─≢№╡ mSv ─ ╘≡

™ ─ ┌ↄ─ꜞ☻◒╩ ─ ♩ꜟⱬכ◦ה

⌐ ⇔≡ ⌐ ─ ⌐ ™≡™╢─≢│⌂™⁹ 

 ─ LNT ⸗♦ꜟ ⌐ ∆╢  

ᵥ ─  10 

LSS ─♃כ♦ ┌ↄ ≤ ꜞ☻◒─ ⌐≈™≡

╙ ≡│╕╡─╟™ ⸗♦ꜟ ─⸗♦ꜟ ╩ ⇔√

LNT ⸗♦ꜟ⅜ ╠╣√⁹↓─ ≢ LNT ⸗♦ꜟ│ LSS

℮™≥♃כ♦ ⌐ ⇔√ ≤ ⅎ╢↓≤⅜≢⅝╢⁹↓╣

⌐ ⇔≡│ ⌂≥⅛╠₆LNT ⸗♦ꜟ│₈ ₉⌐∆⅞∏15 

≢│⌂™₇≤™∫√ ⅜ ∑╠╣≡™╢⁹↓─ │ ⅛⁹ 

ᵦ ⅛╠─ ™ 

▪ ─ⱥꜙכⱶ⅛╠ ╕╡ ─ⱳⱤכ⌐ ╢ √∟⅜

⌐≈™≡ ℮≡™╢↓≤│ ─ ⌂↓≤≢№╢⁹ 

₆ │ ╩ ≡ ⌐╟╡∕─ ─ ╩ ∆╢20 

↓≤∞≤↕╣╢⅜ ∞⅜ ⌐╟∫≡ ⌐ ─ ╩

∆╢↓≤⅜≢⅝╢∞╤℮⅛⁹ ╢ ≢ ╢ ≢ ╢ ⌐

∆╢ ⅜ ⌐╟╡ ↕╣√≤⇔≡╙ ∞⅛╠≤™∫≡ ∕─

⅜ ∕─ ─ ╩ ⅎ≡ ⌐ ≈╕╡ ≡

─ ⌐⅔™≡ ∆╢≤™℮ ⅜≥↓⌐№╢─⅛⁹25 

≡─ ⌐⅔™≡ ─ ╩ ⇔√ ≢∕℮
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∆╢─⌂╠≤╙⅛ↄ ─ ⌐⅔↑╢ ⇔⅛

⇔⌂™≢ ∕─ ⅛╠⌂− ⌂ ─ ╩ ⇔ ╢─⅛⁹

⌂−⌂╠ ─ ≢ ⅜ ⇔√⅛╠≤™∫≡ ∕─ ─

─ ─ ⅜ ∆╢⅛╙⇔╣∏ ⇔⌂™≤™℮ │≥↓⌐

╙⌂™ №╢™│  ─ ≢ ⅜ ⇔√⅛╠≤™∫≡ ∕5 

╣ ─ ⅜ ≡ ↕╣≡™╢≤™℮ │⌂ↄ └╞∫≤⇔

≡ ─ ≢ ∕─ ─ ≤│ ─ ╩ ┘≡™╢⅛╙⇔╣

⌂™ ┘≡™⌂™≤™℮ │≥↓⌐╙⌂™ ⁹₇ 

▬ ⱥꜙכⱶ─↓℮⇔√ │ ⌂↓≤≢│⌂™⁹

─ ─ ─fi♩כꜙ♬╢╣↕≥ ─ ∆╠10 

⌐ ╡ ⱴ◒꜡≤Ⱶ◒꜡─ ≢│ ⇔⌂™↓≤⅜ ⇔ ─

⌐ ∫≡ ╦∫√⁹ ╩ ≡ ⌐

╟╡∕─ ─ ╩ ∆╢≤™℮ ⌐⅔™≡

│≥╪⌂⌐ ↑╩ ╠╣√≤⇔≡╙ ₈ ₉≤™℮

╩ ┘↨╢╩ ∏ ∕─ ╩ ⇔ ╢↓≤│ ≢№╢⁹15 

↓╣│ ─ ≢№╢ ⌐≈™≡╙ ∆╢⁹↓─↓≤╩◌

₈│כⱳⱤהꜟכ ─ │∕╣⌐ ∆╢ ⅜⌂™⅛⅞╡

⌐ ≢№╢≤╖⌂↕╣╢≤™℮ ⌐≤≥╕╢⁹₉≤ ∫√⁹ 

► ↓╣⌐ ⅎ┌ LSS ⌐♃כ♦ ⇔≡ ╙ ≡│╕╡⅜╟™

≤ ↕╣√ LNT ⸗♦ꜟ⌐≈™≡ ₈LNT ⸗♦ꜟ│ ∕╣⌐ ∆╢20 

⅜⌂™⅛⅞╡ ⌐ ≢№╢≤╖⌂↕╣╢≤™℮ ⌐≤

≥╕╢⁹₉≤─ ⅜ ∆╢⁹ 

ᵧ ⅛╠ ₈LNT ⸗♦ꜟ│ ≢№╡ ≢№╢

ₐ ₑ⌐≤≥╕₉╡ ₈LNT ⸗♦ꜟ│ₐ ₑ⌐∆⅞∏

≢│⌂™⁹₉≤™℮ │ ╣≢№╢⁹ 25 

│ LNT ⸗♦ꜟ⌐ ∆╢ ⌐ ⇔ ⌐ │
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∫√⁹↓╣│₆LNT ⸗♦ꜟ⅜ LSS ⌐♃כ♦ ∆╢

≢№╢≤ ⌐₈ ₉≢№╢₇≤™℮ ╠─ ╩ ⌐ ╕

√│ ℮↓≤╩ ∆╢⁹ │↓─ ─ ╩ ╠ ╠⅛⌐⇔

∆╢ ⅜№╢⅜ │ ⌐ ╢╕≢↓╣╩⇔⌂⅛∫√⁹ 

ᵨ ─ ─ ⌐╟╣┌ ≡─ │ ₈ ₉⌐5 

≤≥╕╡ ─fi♩כꜙ♬ ─ ▪▬fi◦ꜙ♃▬fi─

≤≡╙∕─ ≢│⌂™⁹∕╣╝ⅎ LNT ⸗♦ꜟ⅜ LSS ♦

⌐♃כ ∆╢ ≢№╢↓≤≤ ₈ ₉≢№╢↓≤≤─ ⌐

│⌂™⁹⇔√⅜∫≡ ─ │ ≢№╢⁹ 

 LSS ⌐≈™≡ 10 

 ─  

WG ─ ╙₈ ─ ─ ≢№╢⁹₉

≤ ╘╢≤⅔╡ ה ─ ♃כ♦

LSS♦כ♃ │ ┌ↄ⌐╟╢ ─√╘─ ╙ ⌂

⁹₈╢╣↕≥♃כ♦ mSv ─ ┌ↄ⌐╟╢ │№╢⅛₉╩15 

℮ mSv ╩ ∆╢ ≢╙ LSS │♃כ♦ ╙ ≢№╢⁹

LSS♦כ♃⌐ ≠™≡ │ ₈ ┌ↄ⌐╟╢

₉╩ ═╢√╘⌐ ┌ↄ ≤ ⅜╪ ─ ꜞ☻◒≤─

╩ ⌐ ⇔≡⅔╡ ─ LSS ⌐♃כ♦ ≠™≡

⌐⌂↕╣√ ⅜ LSS ≢№╢⁹ 20 

≤↓╤⅜ LSS ⌐│ ─ ─ ⌂ ⅜№∫√⁹ 

ᵥ ─ ≤⇔≡ ┌ↄ ≤ ♃כ♦℮™≥◒☻ꜞ

─ ⌐≈™≡ ╙ ≡│╕╡─╟™ ⸗♦ꜟ

─⸗♦ꜟ ╩ ∆╢ ⌐≈⅝ LSS ╙ ₁ ─ ≢₈⸗

♦ꜟ ₉⌐ ⇔⌂⅜╠ ╕≢ ∑∏ ≢ ╡ →√⁹ 25 

ᵦ ♦כ♃⅜ ꜠ⱬꜟ─♦כ♃─≤⅝ ↓╣╩ ⌐ ∆╢≤♦
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─♃כ ⅜ ╦╣ ⅜ ∫≡™╢≤⅝⌐ ╩

∆╢≤™℮ ⇔™ ╩ ∆ ⅜ ∆╢⁹ ─

ה ≤ ה ─ ≢ LSS

─₈ ⌐ ℮

─ ─№╡ ⌐ ∆╢ ₉⌐⅔↑╢5 

LSS ─ ╩╘←∫≡ ⇔√⁹⇔⅛⇔ ─ ╩

⇔≡ LSS ╩♃כ♦ ⇔ↄ ∆╣┌ ₈ ┌ↄ⌐╟

╢ ₉⌐≈™≡ ⌂ ╩ ≢⅝ ∕╣╩ ∫√─⅜

₈ ה ─♃כ♦ ₉ ≢№╢⁹ 

 ₈⸗♦ꜟ ₉ ⌐≈™≡ 10 

ᵥ ≢№╢ ─ │ ♃כ♦√╣↕ ⌐

≠™≡ ─ ╩ ∆╢↓≤≢№╢⁹∕─ ⌐♃כ♦

⇔ ─⸗♦ꜟ⅜ ≤⇔≡ ⌐№⅜∫√ ↓─℮∟≥─⸗♦ꜟ

⅜ ⅛╩ ≡∫╟⌐♃כ♦ ∆╢ ⅜№╢ ─ ─

⁹↓╣⅜ ⌐♃כ♦ ╙№≡│╕╡─╟™⸗♦ꜟ╩ ∆╢≤™15 

℮₈⸗♦ꜟ ₉─ ≢№╡ ↓─ │ ≢№╢⁹⸗♦ꜟ─

≢ ─ │™⅛╟℮⌐╙ ╦∫≡⇔╕℮⁹ ⅎ┌

LSS♦כ♃⌐⅔™≡ ┌ↄ ≤ ♃כ♦℮™≥◒☻ꜞ ─

⌐≈™≡ ⌂⇔─ ⸗♦ꜟ╩ ∆╢─⅛ ∕╣≤╙ №╡

─ ⸗♦ꜟ⅛╩ ∆╢⅛⌐╟∫≡ ┌ↄ⌐╟╢ ─20 

╩╘←╢ ─ ⅜ ⌐⌂╢⁹™⅛⌂╢ ≢╙∫≡

₈⸗♦ꜟ ₉╩ ℮─⅜╟™⅛⅜ ⌂ ≤⌂╢⁹ 

ᵦ ₈⸗♦ꜟ ₉─ ─ ⅜ AIC ≢№╢⁹ 

ᵧ LSS ╙ ┌ↄ ≤ ꜞ☻◒─ ╩ ∆╢√╘⌐

─⸗♦ꜟ≤⇔≡ ≈─⸗♦ꜟ⅜ ⌐№⅜╡ ↓─ ⅛25 

╠ ─⸗♦ꜟ╩ ∆╢₈⸗♦ꜟ ₉─ ⌐ ⇔⌂⅜╠
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─⸗♦ꜟ⅜ ⅛╩ ╕≢ ⇔⌂⅛∫√⁹⸗♦ꜟ ─ ╩ ≢

╡ ⇔√╕╕ ↓─ ─ ╩ LSS ≤⇔≡

⇔√ ⁹↓─₈⸗♦ꜟ ₉ │ LSS ─▪Ⱪ☻♩

ꜝ◒♩ ─ ⌐╙ ⇔ ∕↓⌐│⸗♦ꜟ ↕╣⌂⅛∫√

≈─⸗♦ꜟ LNT ⸗♦ꜟ≤ ☻ⱪꜝ▬fi⸗♦ꜟ ⅜ ⌐5 

↕╣ ↓─ ─ ╩╘←╡ ─ ╩╙√╠⇔√⁹ 

ᵨ ₈⸗♦ꜟ ₉ ─ LSS ⌐ ╦∫≡ LSS כ♦

♃─₈⸗♦ꜟ ₉╩ ╕≢ ⇔√─⅜ ₈ ה

─♃כ♦ ₉ ⁹ ≢№╢⁹↓╣⌐

╟╢≤ ₆AIC BIC ⌐ ≠⅝⸗♦ꜟ ⇔√ LNT ╙⇔ↄ│10 

mSv mSv mSv ─⸗♦ꜟ─№≡│╕╡⅜ ≤⌂∫√⁹Ν

₈ ─ ₉⌐ ≠↑┌ LNT ╩ ∆╢↓≤⅜ ≢№╢₇⁹ 

ᵩ ─≤⅔╡ ⌐⅔™≡ LSS ⌐♃כ♦ ⇔ↄ

╕≢₈⸗♦ꜟ ₉╩ ∆╣┌ LNT ⸗♦ꜟ⅜ ╙№≡│╕╡─╟

™⸗♦ꜟ≢№╢↓≤⅜ ⇔√⁹ ┌ↄ⌐╟╢15 

mSv ⌐≤∫≡ ╙ ╢№≢♃כ♦⌂ LSS ™≈⌐♃כ♦

≡│ ─ ≤⇔≡ LNT ⸗♦ꜟ≢ ⌐ ⅜≈™≡™╢⁹ 

 ₈ ₉⌐╟╢ ⌐≈™≡ 

ᵥ │ ≢│⌂ↄ ⌐ ≠™≡ ∆╢√╘

╖ ™─ ⅜ ↑╠╣⌂™⁹∕─ ≈⅜₈ ⅜ ⇔ↄ⌂ↄ20 

∆═⅝≤⅝⌐ ⇔⌂™≤™℮ ╡╩⅔⅛∆ ₉ ─

╡ ≢ ≢ ╦↕╣╢⁹ ─ ≤│₈ ⅜ ⇔ↄ

⌂ↄ ∆═⅝≤⅝⌐ ╩ ⇔ↄ ∆╢ ₉─↓≤≢№╢

⅛╠ ∕─ ─ │₈ ─ ╡─ ₉≢ ╘╠╣╢⁹

│ ╩ ∆╢ ∕─ ≢ ⅛∫√⅛≥℮⅛ ∕─25 

⇔ ⇔─ ≤⌂╢ ⌂╙─≢№╢⁹ 
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ᵦ ⌐│ ◘▬☼ ─♃כ♦ ⅜ ∆╢╒≥ │

ↄ⌂╢⁹ ◘▬☼⅜ ⅜♃כ♦─⧵≤╒™⅝ ∆╢ ╙ ™⁹

LSS │♃כ♦ ≢│ ꜠ⱬꜟ─♦כ♃≢№╡⌂⅜╠

⌂ ⌐⅔™≡│ ─ ┌ↄ ╩ ⌐ כꜞ◗♥◌─

⇔ ⇔√⁹∕─ ─ ⅜♃כ♦ ⇔≡™√ ⅜ ╦5 

╣≡⇔╕™ ─ ⅜ ⇔≡⇔╕∫√⁹ 

ᵧ LSS ⅜ ∑∏ ─╕╕ ꜠ⱬꜟ─♦כ♃≢

⌂ ╩ ∫√⌂╠ │ ↄ⌂╡ ╟╡ ™ ≢ ⇔™

─ ⅜ ™ ⅎ╢≤₈ ┌ↄ≤⅜╪ │ ≢№╢≤™℮

⅜ ⇔ↄ⌂ↄ ∆═⅝≤⅝⌐ ↓─ ╩ ⇔ↄ ∆╢↓≤₉10 

⅜╟╡ ™ ≢ ⌐⌂∫√│∏≢№╢⁹⇔⅛⇔ │ LSS ♦

╩♃כ ⇔√ ꜠ⱬꜟ─♦כ♃≤⇔≡ ⇔≡™⌂™√╘

─ ≢ ꜠ⱬꜟ♦כ♃⌐╟╢ ╩ ™ ↓╣╩ ∆↓≤⅜≢⅝

⌂™⁹∕╣⌐ ╦╢╙─≤⇔≡ ⇔√ ꜠ⱬꜟ─♦כ♃⅜

↕╣≡™╢ ─Ɫfiⱨ◊כ♪╒⅛ ╩♃כ♦ ™ ↓15 

─ ≢ ⇔√ ⅜ ─ ₈ ┌ↄ

⅛╠─ ה ≤ ₉≢№╢⁹ ╩♃כ♦√⇔ ꜠ⱬ

⌐♃כ♦─ꜟ ⅝ ⅎ≡ ⇔√ ≢♃כ♦√⇔ ∫√

≢│ ≢⌂⅛∫√╙─⅜ ⌐⌂∫√↓≤⅜ ↕╣√⁹∕─

≤ │ LSS ⌐♃כ♦ ⇔≡╙ ™⌂ↄ ↕╣╢⁹╕√20 

─ ─ ≈ ▬◑ꜞ☻─₈ ┌ↄ≤ ⅜╪

─ꜞ☻◒ ₉ ─ │ ꜠ⱬꜟ≢

⇔√ ┌ↄ ╩ ⌐ ∑∏ ꜠ⱬꜟ─♦כ♃≤⇔≡∕─╕╕

⇔√ ₈ mSv≤™℮ ≢─ ⅜╪─ꜞ☻◒╩ ₉

⇔ ↕╣√⁹ ⅜╪─╟℮⌂ ─ ™ ─ ◖ⱱ25♩כ 

≢│ ⇔√◖ⱱכ♩≢─ ╙ ⌂ↄ⌂╡ ≤─
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╩ ⇔⌐ↄↄ⌂╢⅜ ↓↓≢│ ┌ↄ ╩ ꜠ⱬꜟ─♦כ♃≤⇔

≡ ⇔√√╘ ⅜№⅜╡ ⌐⅔↑╢ ⌐ ⇔√⁹ 

 LSS │♃כ♦ ─╕╕≢╙ ₈⸗♦ꜟ ₉╩

⇔≡ ╠╣√ LNT ⸗♦ꜟ╩ ∫≡ ₈ ─ ─

₉╩ ⅎ┌ ─ ≤∕─ ╩⇔√ % ─5 

─ │ ─ ≤∕─ ⌐ ⅛╠ ─╟℮⌐ ⅜

∫√ ─ ⅜ ╠╣√⁹ ─ ─ ⅝╩ ∆ ɗ

│ ⌡ ɗ ≢№╡ ɗÍ ≢№╢⁹ ─

⅝ ɗ⅜♀꜡≢⌂™↓≤⅜ ↕╣√⅛╠ mSv ─ ┌

ↄ≤ ⅜╪ ≤─ ⅜ ⌐ ╠⅛⌐↕╣√⁹ 10 

 

∟⌂╖⌐ ↓─ ⌐≈™≡ LSS ─ ╙

─₈ ⌐ ℮ ─ ─№
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╡ ⌐ ∆╢ ₉─ ≢ ⅎ ⌂⅜╠ ─≤⅔╡ ⇔≡™╢⁹

₆ │ ∕─ L ⸗♦ꜟ⌐≈™≡─╖↔ ™√⇔╕∆⁹ 

⌐⅔™≡↓─ ─⸗♦ꜟ╩ ™√⇔╕∆⁹∕℮⇔╕∆≤ ∕─⸗♦ꜟ

│ ─↓≤⌂⅜╠ ⌐⌂∫≡╕™╡╕⇔≡ ∕─⸗♦ꜟ─ │≢∆

⌡ ♀꜡≤♀꜡ ≈╕╡ ⌐ ∆╢≤™℮↓≤⌐⌂╡╕∆⁹↓╣│5 

↓─⸗♦ꜟ≤™™╕∆─│ ⌐⅔™≡↓─⸗♦ꜟ⅜ ⌐⌂

╡╕∆≤ ∕╣│ ⌐⅔™≡∕─⸗♦ꜟ│ ↕╣≡⇔╕™╕∆─

≢ ∕─ L ≤™℮ ─ ⌐ ≢∆⌡ ∟╞∫≤ ⌐ↄ™≢∆⅜

⅜ ⅛╣≡⅔╡╕⇔≡ ↓╣⅜ L ─ ─ % ⌐⌂╢╦↑≢

∆⅜ ↓╣│∏∫≤ ┼ ∫≡™⅝╕∆≤ ♀꜡─≤↓╤⌐ ╩⇔≡⇔10 

╕™╕∆⁹₇ ⁹  

  

LSS ⌐│ ⌂ ⅜ ╘╠╣╢⅜ ∕╣╩

⇔≡ LSS ╩♃כ♦ ∆╣┌ ₈ mSv ─ ┌ↄ⌐

╟╡ ⅜№╢₉≤∆╢ LNT ⸗♦ꜟ⅜ ─⸗♦ꜟ≢№╢↓≤⅜15 

⅛╣ ⅛≈ LNT ⸗♦ꜟ⌐ ∫√ ⌐╟╡ mSv ─ ┌

ↄ≤ ⅜╪ ≤─ ⅜ ⌐ ╠⅛⌐↕╣√⁹ 

 ─ ⅛╠ ⅛╣╢  

 ⌂− ─ ⅜ ⌂─⅛ 

≢ ┌ↄ≤ ─ ⌐≈™≡20 

─ ⌂ ⅜ ≤⇔≡ ↕╣≡™╢⁹↓╣⅜ ⌂ │

⌐ ─ ≈≢№╢⁹ ⌐ ↓╣╠─ ⌐╟╡ mSv

─ ┌ↄ ₈ ⅛╠─ ה

≤ ₉ ⌐╟╣┌₈ ┌ↄ ╙ mSv ₉ ⌐╟∫

≡╙ ⌐ ⌂ ⅜ ╢↓≤⅜ ╠⅛⌐↕╣ mSv │25 

⅜≈™√↓≤⁹ ⌐ ↓╣╠─ ─℮∟ ┌ↄ≤ ─
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⌐≈™≡₈ ₉─⸗♦ꜟ╩ ⇔√ ≈─ ≢│™∏

╣╙ LNT ⸗♦ꜟ⅜ ↕╣√↓≤ ₈

⅛╠─ ה ≤ ₉ ⁹ ⌐ ⌐╙⅛⅛╦╠∏

↓╣╠─ ⌂ │ ⌐ ↕╣√ ─WG

│ ℮⌐ ┌∏ ⅜₈ ₉─ ─ ≤∆╢5 

UNSCEAR ─ ⌐╙ ╡ ╣╠╣≡⅔╠∏ ≢

№╣┌ ╛⅛⌐ ↕╣╢═⅝ ™ ⌐ ⌂⅔≤≥╕∫≡™≡™╢⁹ 

 LSS ⌐≈™≡│ ⌐ ═√⁹ 

 ᵥ 

ᵥ ⌐ ↕╣√₈ ◖ⱱכ♩  10╣↕כ♃♬⸗╩

√ ─ ┘ꜞfiⱤ ⌐╟╢ ꜞ☻◒≤ ₉

─  

ᵦ ≢№╢ INWORKS ─ ≤⇔≡

─ ⌐╟╡ ⌂╢ ─ⱨꜝfi☻ה☻ꜞ◑▬ה

─ ה ⌐ ⅝  15≡╣↕כ♃♬⸗⅜

™╢ ╩ ≤⇔≡ ┘ꜞfiⱤ ⌐╟╢

≤ ─ ┌ↄ ≤─ ╩ ⇔√◖ⱱכ♩

≢№╢⁹∕─ ┘ꜞfiⱤ ⌐╟╢ ╩ ꜞ☻◒

ERR ⌐ ⇔ ⱳ▪♁fi ╩ ∫≡ ⌐ ⇔√⁹

│ ꜞfiⱤ ╩ ↄ ⌐╟╢ ─ ERR │20 

Gy √╡ 2.96 % 1.17 5.21 ≢№∫√⁹ 

ᵧ ↓─ │ ┼─ ┌ↄ │ 15.9mGy ┌ↄ

─ │ 2.1mGy ┌ↄ │ 1.1mGy ≤™℮ ─

┌ↄ ⅜ ⌐ ™╙─≢№∫≡╙ ⌐≈™≡ ⌂ ERR

⅜ ╠╣√↓≤╩ ∆╢⁹ ╙₈ │ ─25 

┌ↄ≤ ─ ⌐ ─ ⅜№╢↓≤╩ ∆ ™◄ⱦ♦
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fi☻⅜№╢↓≤╩ ⇔≡™╢⁹₉≤ ═√⁹WHO─●fi ≢№

╢ ●fi IARC │ ─ⱪ꜠☻ꜞꜞכ☻╩ ∫√⁹ 

▪ ●fi √⇔♩כⱠ▫♦כ◖⅜ │

┌ↄ⅜ ─ ≤⌂╡℮╢↓≤╩ ⇔√⁹ 

▬ ⌂ ─ ⌐ ≠⅝ ≢№╢5 

INWORKS │ ה ה ─ ╩ ⅎ╢ ─

─ ─ ┌ↄ╩ ⇔√⁹ 

► ─ │ ⌐╟╢ ≤ ┌ↄ≤─ ─

╩ ↑╢ ⌂ ╩ ⅛┘ ⅜╠∑ ┌ↄ⌐╟∫≡

─ꜞ☻◒│ ⌐ ∆╢↓≤╩ ⇔√⁹ 10 

⅛╠ WG ─₈ ⌐╟╢ ●fi─ꜞ☻◒│

mSv ─ ┌ↄ ≢│ ─ ⌐╟╢ ●fi─ ⌐╟∫≡

╣≡⇔╕℮⁹₉─ │ ╛⅛⌐ ↕╣╢═⅝≢№╢⁹ 

 ᵦ 

ᵥ ⌐ ↕╣√₈ ─ ⌐╟╢●fiꜞ☻15 

◒ ─ ╤ ⅝◖ⱱכ♩ INWORKS ₉

─  

ᵦ ╙ INWORKS ─ ≢№╡ ─

╩ ≤⇔≡ ⅜╪⌐╟╢ ≤

─ ┌ↄ ≤─ ╩ ⇔√◖ⱱכ♩ ≢№╢⁹∕─20 

⅜╪⌐╟╢ ╩ ERR ⌐ ⇔ ⱳ▪♁fi ╩ ∫≡

⌐ ⇔√⁹ │ ≡─⅜╪ ─ ERR │ Gy √╡ 0.51

% 0.23 0.82 ╩ ↄ ≡─⅜╪ ─ ERR │

0.48 % 0.20 0.79 ⅜╪ ─ ERR │ 0.47 %

0.18 0.79 ≢№∫√⁹ 25 

ᵧ ↓─ ⅜ ∆╢↓≤│ ─ ┌ↄ │
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20.9mGy 4.1mGy ≤™℮ ─ ┌ↄ ⅜ ™╙─≢

№∫≡╙ ⅜╪ ⌐≈™≡ ⌂ ERR ⅜ ╠╣√↓≤≢№╢⁹ 

ᵨ ╩ ↑≡ IARC │ ─ⱪ꜠☻ꜞꜞכ☻╩ ∫√⁹ 

▪ WHO─●fi ≢№╢ ●fi IARC ▫♦כ◖⅜

Ⱡכ♩⇔√ ⌐╟╢ √⌂ │ ─ ┌5 

ↄ⅜ ●fi⌐╟╢ ╩ ↕∑╢↓≤╩ ⇔√⁹ ↕╣√

Ⱪꜞ♥▫♇◦ꜙⱷ♦▫◌ꜟ☺ꜗכ♫ꜟ ⌐ ↕╣√↓─ │

╕≢─ ╙ ⌂ ⌐ ≠ↄ ⌂ ┌ↄ

─●fiꜞ☻◒⌐ ∆╢ ⌂ ╩ ⇔≡™╢⁹ 

▬ │ ●fi≤ ┌ↄ≤─ ─ ⌐10 

∆╢ ╩ ∆╢⁹ 

─≤⅔╡ ⌐╟∫≡╙ ┌ↄ⌐╟╢ ⌐

∆╢WG ─ ╡⅜ ╠⅛≤⌂∫√⁹ 

 ☻▬☻─ ⌐╟╢ ⅜╪─ꜞ☻◒  

ᵥ ⌐ ↕╣√₈ ≤ ●fi─ꜞ☻◒ ☿fi◘☻15 

⌐ ≠ↄ ◖ⱱכ♩ ₉ ─  

ᵦ ─ ─☻▬☻ ⌐⅔↑╢

─ ╩ ≤⇔ ╕≢ ⇔≡ ☻▬☻ ⅜╪ ⅛╠

●fi─ ╩ ⇔ ⅜╪─ ≤ ─ ┌ↄ

─ ╩ ⇔√ ≢№╢⁹∕─ ⅜╪─ ⌐≈™≡20 

⌐ ⇔ ┌ↄ ≤─ ╩₈ 100nSv 0.1ɡSv

─ ₉╩ ⌐⇔≡Ɫ◙כ♪ ╩ ⇔ ∕─ % ≢

⇔√─⅜ Table2 ≢№╢⁹Ɫ◙כ♪ ─ %

─ ⅜ ╟╡ ⅝™≤⅝ ─ ┌ↄ⌐ ⇔ ⅜╪

─ ⅜ ⌐ ⇔√≤ ╘╠╣╢⅛╠ ⌐╟╣┌ ꜠ⱬꜟ25 

⅜ 200nSv 0.2ɡSv ─ ⅜╪ ┘
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ꜞfiⱤ ALL ⅜ ⌐ ⇔√≤ ꜠ⱬꜟ⅜

nSv 0.15 0.2ɡSv ─ ─ ─ ⅜

⌐ ⇔√≤ ╘╠╣╢⁹ ─ ─ ™ ≢│

. ɡSv ─ ┌ↄ⌐╟╡ ⅜╪ ─ ─ ⅜

╘╠╣╢↓≤╩ ⌐╟╡ ╠⅛⌐⇔√⁹ 5 

ᵧ ─  

⌐ ⇔ │ ⌐ ⌐ ⇔

≡ ∆╢─≢ ─ ╩ ∆╢⁹ 

▪ ─ ╖ ™ 

│ ─ ╩ ⇔≡ ꜠ⱬꜟ⅜10 

nSv ─ ≥╙⌐≈™≡ Ɫ◙כ♪ ⅜ ⌐ ⇔√─│

⅜╪≤ ∞≤ ∆╢⅜ ≢№╢⁹₈ALL ꜞfiⱤ

₉─Ɫ◙כ♪ ─ ─ │ . ≢ ╟╡ ⅝™─

⌐↓╣╩ ≤⇔≡™╢⁹ 

▬ ─ ╖ ™ 15 

│ ─ ─ ⌐≈™≡ ₆ ╠│ ↓

╣╠─ ╩ ╘≡╙ ⌐ ⅝⌂ │⌂⅛∫√≤ ═≡™

╢₇≤ ═╢⅜ │∕╣≤│ ≢№╢⁹ ⅜ ═

≡™╢─│₆ ⅎ╠╣╢ ─ ╩ ∫≡╙ │ ⅝ↄ

⇔⌂⅛∫√₇ ─ ─ ≢№╢⁹ ₈ ─20 

₉≤│ ⅎ┌ ⅜ ≤ ⅎ╠╣╢≤⅝ ╩∕╤

ⅎ√ ╩ ≤⇔≡ ∆╢ №╢™│ ≤

╩ⱪכꜟ◓⌐ ↑≡ ∆╢ ≤™℮╟℮⌐ ╩

╡ ⅝ №╢™│ ⇔≡ ה ∆╢↓≤╩ ⇔ ₈

╩ ╘╢₉≤│ ─↓≤╩ ∆╢⁹ ─₆ ⅎ╠╣╢25 

─ ╩ ∫≡╙ │ ⅝ↄ ⇔⌂⅛∫√₇╩ ─
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⌐ ⇔ ∕↓⅛╠₆ ─ ⅜ ≢⌂⅛∫√ ⅜№

╢₇ ≤™℮ ╩ ⅝ ⇔√─│ ≢№╢⁹ 

► ─  

│ ₆ ─ ≥╙─ ≢│⌂ↄ ⸗♦ꜟ≢

⅜↕╣≡⅔╡ ─ ⌐ ⅜ ↑╠╣╢₇5 

≤ ∆╢⁹⇔⅛⇔ ⱴ☻◖Ⱶ╩ ╦∑√ ≤

─ ₈ ﬞ ⅛╠ ﬞ

╕≢⌐ ─ ╩ ⌐⇔√ ─ ┌ↄ ∕

─ ≤ ≢ ↕╣√ ─ ₉╙ ─

╩ ─ ≢│⌂ↄ ⸗♦ꜟ≢ ↕╣≡10 

™╢⁹↓─ │ ─ ╙ ╩ ╘╢ ≢

≤ ─ ─ ≤⇔≡ ↕╣√╙─≢№

╡ ∕─ ≢ ─ │ ⇔⌂™⁹ 

─כꜞ◗♥◌ ◄ ⌐≈™≡ 

│ ₆ nSv/ ─ ⅜15 

≤ ─ ─כꜞ◗♥◌ ⌐ ⇔≡ ⌐ ⌂™₇

≤ ─ ™ ™⅜№╢ ╩ ∆╢⁹⇔⅛⇔

⅜ ∆╢ LSS ╙ ─כꜞ◗♥◌ ─

│ ─≤⅔╡≢№╡ │ ╡╟≢כꜞ◗♥◌ ↕╣

≡™╢ ↓─ ∞↑≢╙ ─ ╙ ™⅜№╢─⌐20 



  ⌐ ∆╢ ╠─   

248 

 

⅜↓─ ⌐≈™≡ ╩⇔⌂™─│ ⇔⌂™⁹ 

₈ ה ─♃כ♦ ₉  

○ CT ⌂≥ ┌ↄ─ ⌐≈™≡  

│ ₆CT ⌂≥ ┌ↄ─ ⅜ ↄ ↕╣≡

⅔╠∏₇ ≤ ∆╢⁹⇔⅛⇔ CT ⌂≥ ┌ↄ─5 

⅜ ↕╣≡™⌂™⅛╠≤™∫≡∕╣⅜ ─ ┌ↄ⌐

╟╡ ●fiꜞ☻◒⅜ ∆╢↓≤╩ ⌐ ∆╢ →⌐⌂╢╙

─≢│⌂™⁹ ●fiꜞ☻◒─ ⌐ ╩ ⅎ╢ ≤⇔≡

─ ┌ↄ╙ ┌ↄ╙ ⅎ╠╣╢ ─ ╩

≤⇔≡ ╩ ⅎ┌╟╡ ─ ™ ⅜≢⅝╢⁹10 

─ ┌ↄ∞↑╩ ⌐⇔√ ≢№∫≡╙ ∕─

╩ ⌐╟╡ ∆╢↓≤╙≢⅝ ⌐ ─№╢

⅜≢⅝╢⁹ ─ │ → ╡─꜠ⱬꜟ≢№╢⁹ 

ה☻ꜞ◑▬  ┌ↄ≤ ⅜╪─ꜞ☻◒  

ᵥ ⌐ ↕╣√₈ ─ ─▬◑ꜞ☻⌐⅔15 
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↑╢ ≤ ┘ ●fi ⌐ ∆╢ ⌐ ≠

ↄ ₉ ─  

ᵦ ≢ ↕╣√⅜╪⅜ ↕╣╢ ─ ⌐

≠⅝ ─ ⌐▬◑ꜞ☻≢ ⇔ ⅜╪≤

↕╣√ ≤⅜╪─⌂™ ⌐5 

╟╢ ≢№╢⁹ ─ ┌ↄ │ ☻כⱬ♃כ♦─

⌐╟╢ ─ ─ ↔≤─ ⌐╟╢●fiⱴ

┘ ⱪכꜟ◓≡∫╟⌐ ↕╣√ ⌐╟╢ꜝ♪fi⅛╠

↕╣≡™╢⁹ ꜠ⱬꜟ≢ ⇔√ ┌ↄ ╩₈ ⌐ ₉∑∏

꜠ⱬꜟ─♦כ♃≤⇔≡∕─╕╕ ⇔≡ ⅜╪─ ꜞ☻10 

◒≤ ─ ┌ↄ─ ╩ ⇔ ─ ꜞ☻◒

╩ ⇔ ∕─ % ≢ ⇔√⁹ ꜞ☻◒─

% ─ ⅜ ╟╡ ⅝™≤⅝ ─ ┌ↄ⌐ ⇔

⅜╪─ ⅜ ⌐ ⇔√≤ ╘╠╣╢⅛╠ ─

┼─ ●fiⱴ ┌ↄ mSv √╡─15 

ꜞ☻◒│ % % ≢

№╡ ⌐╟∫≡ ─ ꜞ☻◒│ ⌐ ⇔ │

⌐ ≢№╡ mGy ≢ ⅜ ⌐ ≢№╢⁹↓╣│

─ ≥╙─ ꜞ☻◒⌐≈™≡ ╦∏⅛ mGy ─

┌ↄ ≢∆╠ ⌐ ⌂ ⅜ ↕╣√≤™℮↓≤≢№╢⁹ 20 

ᵧ ─  

▪ ─╛╡ ⌐≈™≡ 

│ ⅜ ⌐╙⅛⅛╦╠∏ ₆ ₁─

⌐ ╩⇔⌂⅛∫√↓≤₇╩ ─ ≢№╢⅛─╟℮⌐

∆╢⁹ ◘ꜞ♪ⱴ▬♪ ≢ ╩ ∫√ ♪▬25 

♠─꜠fi♠ ─ ⌂╠ ◘ꜞ♪ⱴ▬♪ ─ ─ ╩ ═╢
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√╘⌐│ ₁─ ⌐∕─ ∆╢↓≤⅜ ≢№∫√⁹

⇔⅛⇔ ─ ₁─ ─ ┌ↄ │ ₁─ ⌐∕─

╩⇔√≤↓╤≢ ⅛╢│∏╙⌂ↄ ₁─ ─ ⌐╟

╡ ┌ↄ ─ ╩ ∆╢↓≤⅜ ≢№∫√⁹ ⅜

─◘ꜞ♪ⱴ▬♪ ≤│ ⅜ ⌂╢⁹ ⌐⅔™≡5 

⅜ ─ ╩ ╘╢√╘⌐ ∞∫√≤⇔≡╙

╩⇔⌂⅛∫√⅛╠≤™∫≡ ⅜ ⌐⌂╢╙─≢│⌂™⁹ 

▬ ─ ⌐≈™≡  

│ ₆ ≢│ ─ ─ ≤⇔

≡ ⅎ╠╣╢╙─⌐≈™≡─ ╩ ∫≡™⌂™₇≤ ∆╢⁹⇔⅛10 

⇔ ≤⇔≡ ⅎ╠╣╢₈ ₉│ ⇔≡⅔╡ ∕─

₈ ₉─ ⅜ ⅝⌂™↓≤╩ ⇔ ─ ה

⌐╙ ╟╡ ─☻▬☻─

≤ ⅜╪─ ─ ≢ ⌂ ─ ╩

™ ∕╣╠─ ⅜⌂⅛∫√↓≤⅜ ╠⅛⌐⌂∫≡™╢⁹ 15 

► ─  

│ ╩ ⇔ ₆ ─ ≤⇔≡│

⌐╙ ⌂≥⅜№╡╕∆⅛╠ ∕℮™℮╙─╙ ≢⅝≡™⌂

™₇≤ ∆╢⁹⇔⅛⇔ ─ ⅜ ↕╣≡™⌂™⅛╠≤

™∫≡∕╣⅜ ─ ┌ↄ⌐╟╡ ●fiꜞ☻◒⅜ ∆╢↓20 

≤╩ ⌐ ∆╢ →⌐⌂╢╙─≢│⌂™⁹ ●fiꜞ☻◒─

⌐ ╩ ⅎ╢ ≤⇔≡ ─ ┌ↄ ⌐ ╙

ⅎ╠╣╢≤⇔√╠ ─ ╩ ≤⇔≡ ╩ ⅎ┌

╟╡ ─ ™ ⅜≢⅝╢∞↑─↓≤≢№∫≡ ─

┌ↄ∞↑╩ ⌐⇔√ ≢№∫≡╙ ∕─ ╩25 

⌐╟╡ ∆╢↓≤╙≢⅝ ─№╢ ⅜ ≢№╢⁹ 
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◄ ≤∕╣ ─ ⅜╪≤≢ ⅜ ⌂∫√↓≤ 

│ ─ ⅜ ≤∕╣ ─ ⅜╪

≤≢ ⅜ ⌂∫√↓≤⌐ ⇔ ⅜∕─ ╩ ⇔≡™

⌂™⌂≥≤ ∆╢⅜ ⅜∕─ ⌐≈™≡ ⇔≡⅔

╡ ─ ה ∕╣≢ ╡≡™╢⁹ 5 

ᵨ ∆═⅝ ᵥ 

─ ∆═⅝ ─ ≈│ ∕╣╕≢ ⌂≥─ ♃כ♦

╩ ⇔≡⅝√─⌐ ⇔ ↓↓≢│ ∑∏ ⇔≥♃כ♦

≡∕─╕╕ ⇔√↓≤⌐№╢⁹ ⅜╪─╟℮⌂ ─ ™ ─

◖ⱱכ♩ ≢│ ⇔√◖ⱱכ♩≢─ ╙ ⌂ↄ⌂╡10 

≤─ ╩ ⇔⌐ↄↄ⌂╢⁹ │ ╩ ™

╩♃כ♦ ∑∏ ≡⇔≥♃כ♦ ⇔√⁹∕─ ₈

⌂◘fiⱪꜟ╩ ₉≢⅝ ⅜№⅜╡ ₈ mSv≤™℮

≢─ ⅜╪─ꜞ☻◒╩ ₉∆╢↓≤⌐ ⇔√ ⁹ 

ᵩ ∆═⅝ ᵦ 15 

│ ┌ↄ ⅜ ™↓≤⌐╟∫≡ ∂ ╢ ⅜ ↄ

∆╢≤™℮ │ ╠╣≡™⌂™≤ ⇔√⁹⇔⅛⇔

≤ ⌐≈™≡─ ∆╢⌐ ╢ │

⌐ ↕╣≡⅔╡ ↓╣╠╩ ∆╢ ─ │ ≢№╢⁹ 

CTה☻ꜞ◑▬  ┌ↄ⌐╟╢ ─ꜞ☻◒  20 

ᵥ ─₈ ─ CT ☻◐ꜗfi⌐╟╢ ≤∕─

─ ┘ ꜞ☻◒ ╤ ⅝◖ⱱכ♩ ₉ ─  

ᵦ ─ ⌐▬◑ꜞ☻─ ☻ⱦכ◘ NHS

☿fi♃כ≢ ╘≡ CT ≢ ↕╣√ ≢№∫√ ─℮

∟ ⌐●fi≤ ↕╣≡™⌂™ ╩ ≤⇔√ ╤ ⅝◖ⱱ25♩כ 

≢№╢⁹ ─ ⌐
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─ ─℮∟ ⅜ ─

⅜ ≤ ↕╣ CT ☻◐ꜗfi √╡─ ┘ ─

╩ mGy ≢ ⇔ ⱳ꞉♁fi ꜞ☻◒⸗♦ꜟ╩ ™≡

┘ ⅜╪─ ERR ≤ CT ┌ↄ─ ╩ ⇔

─ ꜞ☻◒╩ ⇔ ∕─ % ≢ ⇔√⁹5 

ꜞ☻◒─ % ─ ⅜ ╟╡ ⅝™≤⅝ CT ☻

◐ꜗfi⌐╟╢ ┌ↄ⌐ ⇔ ┘ ⅜╪─ ⅜ ⌐

⇔√≤ ╘╠╣╢⅛╠ ─ CT ☻◐ꜗfi⌐╟╢ ┌ↄ≤

≤─ ─ mGy √╡ ꜞ☻◒│ 0.036 %

0.005 0 120 p 0.0097 CT ☻◐ꜗfi⌐╟╢ ┌ↄ≤ ≤─10 

─ mGy √╡ ꜞ☻◒│ 0.023 % 0.010 0.049

p 0.0001 ┘ ⅜╪≤ CT ☻◐ꜗfi⌐╟╢ ┌ↄ≤─

⌐ ─ ⅜ ╘╠╣√⁹ ꜞ☻◒⌐≈⅝ mGy ─ ┌ↄ

╩⇔√ ≤ ∆╢≤ ⌂ↄ≤╙ mGy ─ ┌ↄ╩⇔√

┌ↄ 51.13mGy ─ ─ ꜞ☻◒│ 3.18 %15 

1.46 6.94 ≢№╡ mGy ─ ┌ↄ╩⇔√

┌ↄ 60.42mGy ─ ⅜╪─ ꜞ☻◒│ 2.82 1.33

6.03 ≢№∫√⁹ ⌐ ∆╢ ┌ↄ mGy ─ CT ☻◐ꜗfi

│ ꜞ☻◒╩ ⌐ ┌ↄ mGy ─ CT ☻◐ꜗ

fi │ ⅜╪ꜞ☻◒╩ ⌐⇔ ╢⁹ ┌ↄ mGy20 

≤™℮ ─ CT ☻◐ꜗfi ≢∆╠ ꜞ☻◒│ ⌐ ●

fiꜞ☻◒╩ ⌐⇔ ╢↓≤⅜ ╠⅛⌐↕╣√⁹ 

ᵧ ─  

│ ─ ╩⅔↓⌂∫√ ⌐ ≠ↄ─≢│⌂

ↄ ╩ ⇔√₈ ─♩Ⱨ♇◒☻₉≤™℮꜠ⱳ25♩כ 

⌐ ≠™≡ ─ ─ ⌐ ╩ ═≡™╢⁹
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∞↑≢│ ─ ─ │ ≢⅝∏ √⌂ ╩

⇔≡™╢≤ ╦╣╢⁹∕─╟℮⌂ ⌂꜠ⱳכ♩∞↑≢│ CT

⅛╠⅜╪⅜ ⇔≡™√↓≤ ∕─ ⅜ ╦╣≡™√↓≤╩≥℮

™℮ ⅛╠≥─╟℮⌐⇔≡ ⇔√─⅛ ↓╣╠─ ⌂ ┘

─ ⅜ ╠⅛⌐↕╣≡⅔╠∏ ↓╣∞↑≢ ─ ─5 

╩ ∆╢↓≤│ ≢№╢⁹ │ ─ ─

╩ ∆╢─≢№╣┌ ─ ╩⅔↓⌂∫√ ╩ ╡

→≡ ⌐ ∆╢ ⅜№╢⁹╕√ ⌐ ꜠ⱳכ♩

─ ⅜ ⇔™≤⇔≡ ≢ ≤ MDS

─ Gy √╡─ ERR │ % │10 

≤ ⅜ ╟╡ ⅝⅛∫√─≢ ⅜ ╘╠╣√╙─⅜ ╩

™√ √⌂ ⌐╟╡ ERR │ % │

≤ ╩╕√™∞√╘ ⅜ ╘╠╣⌂⅛∫√≤™℮⁹⇔⅛⇔ ↓╣│

─ ꜞ☻◒⅜ %─ ≢ ╩ ⅎ╢≤│ ⅎ⌂™≤

℮⌐≤≥╕╡ ≢ ─ ≤⌂∫√ ─ ─15 

ꜞ☻◒│ ≤™℮ⱪꜝ☻─ ╩ ⇔≡⅔╡ ⌐⅔™≡

┌ↄ⌐╟╡ ≤ MDS ─ ⅜ ─

⌐№╢↓≤│ ↕╣⌂™⁹ √⌂ ⌐╟∫≡╙ ⌐≈™≡│

─ ꜞ☻◒│ ⅝ ⅝ ⅜ ╘╠╣≡⅔╡ ↓╣≤

ⅎ ╦∑╣┌ ─◘fiⱪꜟ◘▬☼╩ ⇔≡ ─20 

╩⅔↓⌂ⅎ┌ ≤ MDS ⌐≈™≡

─ ꜞ☻◒⅜ ╩ ⅎ╢↓≤│ ≢№╢⁹ 

 ─ ⅛╠ ⅛╣╢  

ᵥ ⌐ ↕╣√ ⌐╟╡ ─↓≤⅜ ╠⅛⌐↕

╣√⁹ 25 

▪ ⌐⅔™≡│  
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 . mGy ┌ↄ . mGy ─

ה ⌐╟∫≡ ꜞ☻◒⅜ ∆╢↓≤ 

 ┌ↄ . mGy ≤™℮ ⌐╟∫≡

●fiꜞ☻◒⅜ ∆╢↓≤ 

▬ ≤™℮ ─ ™ ⌐⅔™≡│  5 

 . ɡSv ─ ⌐╟╢ ≢№∫≡╙ .

ɡSv ─ ─ ⌐ ⇔ ─ ●fi ┘

ה ꜞfiⱤ ה ⅜ ╠⅛⌐ ⇔

≤ ●fi≤─ ⌐ ⅜№╢≤ ↕╣╢↓≤ 

 ꜠ⱬꜟ─ ┌ↄ≢∆╠ │10 

⇔ ┌ↄ . mGy ≢ ⌐ ≢№╢↓≤ 

 CT ─ ╩ ≤∆╢ ≢│ ┌

ↄ mGy ≤™℮ ─ CT ☻◐ꜗfi ≢∆╠ ꜞ☻

◒│ ⌐⌂╡ ┌ↄ mGy ≤™℮ ─ CT ☻

◐ꜗfi ≢∆╠ ●fiꜞ☻◒│ ⌐⌂╡ CT ☻◐ꜗfi⌐╟15 

╢ ┘ ┼─ ┌ↄ ≤∕─ ─

┘ ≤─ ⌐│ ⌂ ⅜№╢↓≤ 

ᵦ ─  

─ ─℮∟ LSS ᵥ ┘ᵨ

ᵦ│ ▪ⱷꜞ◌ ☿fi♃20כ 

ⱨꜝfi☻ ה ▪꜠Ᵽ ⱨꜝfi☻ ▪ⱷ

ꜞ◌ ▪ⱷꜞ◌◄Ⱡꜟ◑כ ▪ⱷꜞ◌

ⱡכ☻◌꜡ꜝ▬♫ ▬fi◓ꜝfi♪ ☻ⱦכ◘ ⅜

⇔ ☻▬☻─ ⌐╟╢ ⅜╪─ꜞ☻◒ │ ☻▬☻

⅜ ⇔ CTה☻ꜞ◑▬ ┌ↄ⌐╟╢ ─ꜞ25 

☻◒ │ ▪ⱷꜞ◌ ●fi ┘▬◑ꜞ☻ ─ ⌐
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≠ↄ⁹↓╣╠─ ה ⌐│ ┌ↄ─ꜞ☻◒╩

∆╢ ה │⌂™⁹ ≤⇔≡ ה ≢╙

╩ ╗●fiꜞ☻◒─ ⅜ ╠⅛⌐⌂∫√↓≤│ ⌐ ∆╢⁹ 

ᵧ  

─ ─ ╩ ╕ⅎ╣┌ ≢│ mSv5 

─ ┌ↄ⌐⅔™≡╙ ╩ ╗●fi⌐ ∆╢ꜞ☻◒⅜

⇔ ⌐╙ ≢№╢↓≤│ ⌐ ╠⅛≢№╢⁹₈

⌐╟╢ ●fi─ꜞ☻◒│ mSv ─ ┌ↄ ≢│ ─

⌐╟╢ ●fi─ ⌐╟∫≡ ╣≡⇔╕℮⁹₉⌂≥≤™℮WG

─ │ ⌐ ⇔⌂™⁹WG ─ ╡│10 

⌐ ↕╣√ ⌐╟∫≡ ⌐ ≤⌂∫√⁹ 

 ₈WG ₉  

 ⌂ ≤ mSv ─ ┌ↄ  

WG │ ⌂ ≤ mSv ─ ┌ↄ ⌐≈™≡

─≤⅔╡ ∆╢⁹₆ ⌂ ≢│ ⌐╟╢ ⅜╪─ꜞ☻◒15 

│ mSv ─ ┌ↄ ≢│ ─ ⌐╟╢ ⅜╪─ ⌐╟

∫≡ ╣≡⇔╕℮╒≥ ↕™√╘ ⌐╟╢ ⅜╪ꜞ☻◒─ ╠⅛⌂

╩ ∆╢↓≤│ ⇔™≤↕╣╢⁹₇ ⁹⇔⅛⇔ ⌐ ₈

⌂ ₉≤│ ⅛⅜ ≢№╢⁹ ─ ⌂ ≥─ ─≥

─ ⌐ ╢╙─⌂─⅛⅜ ↕╣≡™⌂™⁹ ⌐₈ ⅜╪─ꜞ☻◒│20 

Ν ─ ⌐╟╢ ⅜╪─ ⌐╟∫≡ ╣≡⇔╕℮╒≥ ↕™⁹₉≤

═╢⅜ ⌐ ╢ ⌐╟╢ ⅜╪─ ─ │ ⌐ ─ ⌐

╟╢ ⅜╪≤─ ─ ⌐ ⅛╣≡⅔╡ ┌ↄ─ ─╖₈ ─

⌐╟╢ ⅜╪─ ⌐╟∫≡ ╣≡⇔╕℮╒≥ ↕™⁹₉⅛≥℮⅛╩

⌂ ≢ ≢⅝╢╦↑≢│⌂™⁹↓─╟℮⌂ ─25 

⌐ ™ ─ ┌ↄ≤ ⅜╪≤─ ╩ ⇔ ₈ ─
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─  ₉╩ ∆╢⇔⅛⌂™⇔ ⅛≈∕╣≢ ≢№╢⁹WG

│ ─ ╩ ⇔√ ⌐ ∑∏₈ ⅜╪─ꜞ☻◒│ΜΜ

─ ⌐╟╢ ⅜╪─ ⌐╟∫≡ ╣≡⇔╕℮╒≥ ↕™₉≤™∫√

⌂ ≢⅔ ╩ ⇔≡⅔╡ ≢№╢⁹ 

ה  ─ ─  5 

WG │ ה ─ ─ ⌐≈™≡ ₆

ה ─ ─ ─ ⅛╠│ ┌ↄ ⅜ mSv

╩ ⅎ╢ ╡⅛╠ ┌ↄ ⌐ ⇔≡ ⅜╪─ꜞ☻◒⅜ ∆╢↓

≤⅜ ↕╣≡™╢[ ]⁹₇ ≤ ⇔ [ ]≤⇔≡

─ LSS ╩ →╢⁹⇔⅛⇔ LSS ─ ≢₈ ⅜10 

╪─ ꜞ☻◒│ mSv ─ ⌐⅔™≡╙ ⌐ ⇔≡

≢№╢╟℮∞⁹₉≤ ═╠╣≡™╢↓≤╩ ⇔≡™╢⁹↓╣│

─₈ ┌ↄ ⅜ mSv ╩ ⅎ╢ ╡⅛╠ ┌ↄ ⌐ ⇔≡

⅜╪─ꜞ☻◒⅜ ∆╢↓≤₉─ ≤ ⇔≡⇔╕℮⅛╠≢№╢⁹ 

 ꜞ☻◒─ ─  15 

WG │ ┌ↄ─ ┼─ ╩ ∆╢√╘≤⇔≡

┌ↄ⌐╟╢ꜞ☻◒╩ ─ꜞ☻◒≤ ⇔ ₈ ⅎ┌ │ 1,000

2,000mSv │ 200 500mSv ╛ │ 100 200mSv

─ꜞ☻◒≤ ≤↕╣╢⁹₉ ₈ mSv ┌ↄ∆╢≤ ⇔√

─ ꜞ☻◒│ ⅎ┌ ─ ⅜╪ ⌐╟20 

╢ꜞ☻◒≤ ═≡╙ ™↓≤ ⌐ ℮ꜞ☻◒ ⌐╟╢

☻♩꜠☻ ╩ ↑╢↓≤⌐╟╢ ≤ ═╠╣╢ ≢

№╢≤ ⅎ╠╣╢⁹₉≤ ═╢ ─ ה ⁹ 

⇔⅛⇔ ─₈ꜞ☻◒─ ₉⌐│ ─╟℮⌂ ⅜№╢⁹ 

ᵥ WG ─  25 

─ꜞ☻◒⌐≈™≡ ⅜ ↕╣≡™⌂™⅜ 11 13─
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⅜ ⅜╪ ☿fi♃כ ─₈╦⅛╡╛∆™ ≤⅜╪─ꜞ

☻◒₉ ≤ ∆╢↓≤⅛╠ ⌐ ≠™≡₈ꜞ☻◒

─ ₉⌐≈™≡WG ─ ╩ ∆╢≤ ─≤⅔╡≢№╢⁹ 

ה ▪ ─ ─ ─ ▼♅≥♃כ♦─╠⅛

ꜟⱡⱩ▬ꜞ ─ ┌ↄ ─ ⌐ ∫√ ⅜5 

╠⅛♃כ♦─╠⅛◓fi♬כꜞ◒☻╪ mSv

mSv ⌂≥ ⌐⅔↑╢ ─ ┼─ꜞ☻◒⌐≈™≡

ꜞ☻◒╩ ⁹ 

▬ ╢ ⅜╪ ╩ ─ⱪכꜟ◓╢∆

ꜞ☻◒╩ ─ⱪכꜟ◓™⌂⇔ ꜞ☻◒≢ ╡ ꜞ☻◒╩10 

⁹ 

► ▪≤▬─ ꜞ☻◒ ╩ ═ ╒╓ ∂ ─╙─╩₈ꜞ☻◒

⅜ ₉≤ ⅎ╢⁹ ⅎ┌ ▪─ mSv─

ꜞ☻◒│ . ⁹ ▬─℮∟ ─ ꜞ☻◒│ . ⁹⇔√⅜∫≡

│ mSv─ꜞ☻◒≤ ≤ ↕╣╢⁹ 15 

ᵦ ₈ꜞ☻◒─ ₉⅜ ╢  

▪ ₈ꜞ☻◒─ ₉│ ™ ╩ ⅎ╢≤≥─╟℮⌂ꜞ☻◒≢╙

↕╣╢ ╩ ≈⁹∕─ ⅜₈ ─ ╩ ₉∆╢ ≢

⅜ ⌠ ≤ ⇔√╠ ≥ ≡─ꜞ☻◒│

↕╣╢ ⅜ ⅛╣╢⁹ ─↓≤⅜ ─ ⌐╟╡20 

⌐╟╢ ─ ┼─ꜞ☻◒⌐≈™≡ ≡│╕╢⁹ 

 ─ ⅜╪ │ ⅜ ☿ꜟ

ⱨ◖fi♩꜡כꜟ⅜ ⌂─⌐ ⇔ ─ ╙ ⌐

╟╢ ┌ↄ─ ╙ ─꜠ⱬꜟ≢ ◖fi♩꜡⁹™⌂⅝≢ꜟכ 

 ─ ⅜╪ │ ⌐ ꜠ⱬ25 

ꜟ─ ≢№╢─⌐ ⇔ ─ ╙ ⌐╟╢ ┌ↄ
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─ ╙ ─ ╖─꜠ⱬꜟ─ ≢│⌂ↄ ╩

⅛∆ ≢№╡ ≢№╢⁹ 

 ─ ⅜╪ │ ⌐ ─

╖⌐ ≠ↄ⅛╠ ∕╣⌐ ℮ꜞ☻◒╩ ⅜ ∆╢─│ꜞ

♩♇▫ⱬⱠⱨה◒☻ ≤⇔≡╙ ≢⅝╢⅜ ⌐╟╢ ┌5 

ↄ│ ─ ─ ≢ ⇔√ ≢№╡⌂⅜╠ ∕╣⌐

℮ ≤™℮ꜞ☻◒∞↑╩ ⅜ ╦∑╠╣╢≤™℮─│

♩♇▫ⱬⱠⱨה◒☻ꜞ ≤⇔≡╙ ≢№╢⁹ 

▬ ₈ꜞ☻◒─ ₉⌐⅔↑╢↓─ ╩ ⇔√─⅜

☿fi♃כ CDC ⅜ ⌐ ⇔√₈ ⌐ ∆╢ꜞ☻10 

◒◖Ⱶꜙ♬◔כ◦ꜛfi─ ≤ ─ ₉ ≢№╢⁹

⌐╟╣┌ ₈ꜞ☻◒─ ₉⌐ √∫≡ ╙ ↕╣╢ ꜝfi

◒⅛╠ ≢⅝⌂™΅ ⌂ ⅜ ≤↕╣╢ ꜝfi◒╕

≢ ─ ╩ → ≢⅝⌂™ ꜝfi◒≤⇔≡ ₈

─⌂™ꜞ☻◒─ ⅎ┌ ─ ╩№→≡™╢⁹15 

∆╦⌂∟ ─╟℮⌂Ᵽ♇◒◓ꜝ►fi♪─ ™╩ ∆╢ꜞ☻◒

╩ ∆╢─│₈ ─⌂™ꜞ☻◒─ ₉⌐ ⇔ ∕╣│₈

≢⅝⌂™΅ ⌂ ⅜ ≤↕╣╢₉╙─≢№╢⁹ 

ᵧ ⌐≈™≡ 

WG ⅜ →╢ ─ ⅜╪ ─℮∟ ⌐≈™≡│ ─20 

⅜№╢⁹ ⌐ ₈╦⅛╡╛∆™ ≤⅜╪─ꜞ☻◒₉≢

⌐ ⇔≡ ↕╣√ ₈American Journal of Epidemiolo Gy, 

Volume 167, Issue 1, 1 January 2008, Pages 59ð70,₉⌐╟╣┌₈

≤ ⅜╪≤─ │╖╠╣⌂⅛∫√⁹₉≤WG ≤ ─

⅜ ═╠╣≡™╢⁹ ⌐ WG 12 ─ ₈25 

√╡ g ⌐ⱪכꜟ◓─ ⇔ √╡ g כꜟ◓─
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ⱪ─ꜞ☻◒ ₉╩ ⇔√ ╙ √╠⌂™⁹ 

ᵨ ⌐⅔™≡│ ⅜╪ ─ ⌐ ∆╢ ╠⅛─ꜞ☻◒

BGR ╩ ≥╙⅛╠ ⌐ ╢╕≢ ≢╙ ∫≡™╢─≢№╡

⌐ꜞ☻◒⅜ ™ │™⌂™≤ ↕╣≡™╢⁹ ⌐ ≠

ↄ ┌ↄ │ ∕─ ≢╙ ∫≡™╢ꜞ☻◒⌐ ∑↕╣╢⁹ ⌐5 

⅔™≡ ┌ↄ∆╢ │ ⅛╠ ∆╢ BGR ⌐↕╠⌐ ┌ↄ⌐

╟╢ꜞ☻◒╩ ∑↕╣√ꜞ☻◒╩ ℮↓≤⌐⌂╢⁹ ┌ↄ∆╢ ─

≢│ BGR ≤ ┌ↄ⌐╟╢ꜞ☻◒⅜ ⇔ↄ│

⌐ ⇔≡ ╩ ↕∑╢↓≤⌐⌂╢⁹⅜╪│ ≤

™™ ─ꜞ☻◒⅜ ⌐ ⇔≡ ∆╢ ─ ≢№╢⁹10 

ⅎ┌ ⅜╪⌐⌂╢ꜞ☻◒≤⇔≡ ⌐ ─ ⌂

CT ☻◐ꜗfi ⅜ ⌐ ∆╢⅜ ∞⅛╠≤ ∫≡

≢╙ ⅜╪∆╢ ≢│⌂ↄ ⌂Ᵽꜝfi☻╩ ∫≡ ⅜╪╩ ⇔

≡™╢─⅜ ≢№╢⁹∕─ ⌐ ™ↄ╠ ∞≤ ∫≡╙ ∕─

Ᵽꜝfi☻╩ ∆╟℮⌂ ┌ↄ╩∆╣┌ ∕─ ┌ↄ⅜☻▬♇♅≤15 

⌂∫≡ ⅜╪─ⱷ◌♬☼ⱶ⅜ ⅝ ⇔ ⅜╪⌐ ╢⁹∕─ ⅜╪│

יִ ⅛ ⅛ ⅛ ∕╣│ ⅛╠⌂™⁹∕─ꜞ☻◒│

≢⅝⌂™⁹WG ⌐╟╢ꜞ☻◒─ │ ∕─╟℮⌂ │↕

╣≡™⌂™⁹ 

ᵩ  20 

─≤⅔╡ WG ≢ ↕╣√₈ꜞ☻◒─ ₉│ ─

⌐⅔™≡ ─ ⌐⅔™≡╙ ⌂ ⅜ ╘

╠╣ ∕╙∕╙ ─ ⅜ ╡≢№╡ ⌂ ≢№╢⁹ 

 ┌ↄ 

 ┌ↄ≤ ┌ↄ─ ™ 25 

 │ ∂ ┌ↄ ≢№╣┌ ┌ↄ╙ ┌ↄ╙ꜞ☻◒
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│ ∂≢№╢⁹₉≤ ⇔ WG ─ ╙ ┌ↄ─

┼─ ⌐≈™≡ ─≤⅔╡ ⇔≡™╢⁹₆ ┌ↄ│ ┌

ↄ╟╡ ┼─ ⅜ ⅝™≤™℮ ⅜№╢⁹⇔⅛⇔ ⅜

─ ⌐№∫≡╙ ⌐№∫≡╙ ∕╣⅜ ∆╢ ⅜ DNA ╩

⇔ ╩ ↑√ DNA ─ ≢─ ⅜ ⅜╪ ─ ≤⌂5 

╢⁹∕─√╘ ⌐ ↕╣╢ ⅜ ∂≢№╣┌ ┌ↄ≤

┌ↄ─ꜞ☻◒│ ≤ ≢⅝╢⁹₇  

 ─ ┘WG ─ │ ╡≢№╢⁹ 

ᵥ ┌ↄ⌐╟∫≡⅜╪⅜ ∆╢ⱷ◌♬☼ⱶ│ ⅜ ╠∑╪

≢ ≡™╢ DNA ─ ─ ≤╙ ⇔ ↕╣√ ─ ─10 

≢─ ⅜ ⅜╪ ─ ≤⌂╢⁹↓╣

╩⅜╪ ─ ⅛╠ ⅎ┌ ⅜╪ ─ ⅜ ╕╢─│ DNA ─

≢ ─ ⅜ ™ ≢№╢⁹∕⇔≡ DNA

─ ≢ ─ ⅜ ╕╢─│ ⅜ DNA ─ ─

≤╙ ∆╢ ⅜ ™ ≢№╢⁹ ⌐╟╡ DNA15 

─ ─ ⅜ ╕╢─│ ⅜ DNA ─ ─ ∞↑≢│

⌂ↄ ─ ╩ ∆╢ ≢№╢⁹ ─ ≢│ DNA ─

─ ⇔⅛ ⇔⌂™⅛╠ ∕╣│ ⅜ DNA ⌐ ⇔≡ ≢

⇔≡ ⇔√ ≢№╢⁹ ⅜ DNA ⌐ ⇔≡╕┌╠⌐ ⇔≡

⇔√ ⌐│ DNA ─ ─ ⇔⅛ ↕╣∏ ─ │20 

™⁹ ─ ⅜▪ꜟⱨ□ ╛ⱬכ♃ ⌐╟╢ ┌ↄ─

─ ⅜●fiⱴ ⌐╟╢ ┌ↄ─ ≢№╢⁹ mSv─☿◦

►ⱶ │ⱬכ♃ ≤●fiⱴ ╩ ₁ ∆╢⅜ ↓

╣⅜ ┌ↄ∞≤ ⅎ┌ ⌐ ⇔√☿◦►ⱶ ⅛╠ ↕

╣╢ⱬכ♃ │ mm ⌐ ⇔ ∕─ ⌐ ─ⱬכ♃ ⌐≈⅝25 

≢ ─ ╩ ℮⁹ mSv≢│ ⱬכ♃
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⌐╟╡ mm ─ ™ ≢ ×

─ ╩ ℮⁹↓╣⅜ mm ⌐ ∆

╢ ─ DNA ⌐ ⇔≡ ≢ ⇔≡ ∆╢ ≢№╢↓≤│

⌐ ≢⅝╢⁹☿◦►ⱶ ⅜ ⅛╠ ╩ ┌ↄ∆╢

╩ ↄ●fiⱴ ⌐≈⅝ ≢ ─ ╩5 

℮⁹ mSv≢│ ●fiⱴ ⌐╟╡ⱬכ♃ ≤ ∂ↄ

─ ╩ ℮⁹ ─ │ ─ ≤ ─ ≢№╡

⌐ ⅜ ≡ ─ ≢ ⅝√≤ ⇔≡╙ ⅜ ∞≤

∆╣┌ ─ ⌐ ─ ⅜ ∆╢⌐≤≥╕╢⁹↓╣⅜ DNA

⌐ ⇔≡╕┌╠⌐ ⇔≡ ∆╢ ≢№╢⁹ ∂ mSv ─☿◦►10 

ⱶ ─ ┌ↄ≢№∫≡╙ ─ⱬכ♃ ⌐╟╢ ┌ↄ│

⅜ DNA ⌐ ⇔≡ ≢ ⇔≡ ∆╢ ≢№∫≡

─ ⅜ ™─⌐ ⇔ ●fiⱴ ⌐╟╢ ┌ↄ│ ⅜ DNA

⌐ ⇔≡╕┌╠⌐ ⇔≡ ∆╢ ≢№∫≡ ─ ⅜

™⁹ ≢│ ⅜╪ ─ ⅜ ∫≡ↄ╢⁹ 15 

ᵦ WG │ ₈ ⌐ ↕╣╢ ⅜ ∂≢№╣┌

┌ↄ≤ ┌ↄ─ꜞ☻◒│ ≤ ≢⅝╢⁹₉≤ ═╢⁹⇔⅛⇔

≤™℮ │ ┌ↄ⌐⅔™≡₈ ⌐╟╡⅜╪

─ ≤⌂╢ ╩ ⅝ ↓∆₉≤™℮ ╩ ∆╢≤™℮

≢ ∫√ ≢№╢⁹∕─ │ ─≤⅔╡≢№╢⁹╙≤╙≤20 

─ ⌐₈ ₉⅜ ↕╣√─│ ₈ ─ ┼─

₉╩ ⌐ ∆√╘⌐ ─ ⅜ ↑√ ⌐ ⇔ ╕√

─ ⌐╟╡ ┼─ ⌐ ⅜№╢↓≤╩ ⇔≡ ─

⌐ ∂≡ ╩⅛↑≡ ™√≤↕╣╢⁹∕─ ┌ↄ─

⌐ ⇔ ≤™℮ ╩ ∆╢≤ ⅎ┌ ≤™℮25 

─℮∟─ mm ─ ™ ⌐ ≢ ⇔≡ ∆╢
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╙ ≤™℮ ⌐ ⅝ ⅎ≡ ╩ ∆╢↓≤⌐⌂╢⁹

─ ╩ cm ─ ≤ ≤ ⅎ╢≤ ⌐│

mm ─ ─ ╩ mm ─ ─ ⌐

⅝ ⅎ╢↓≤╩ ∆╢⅛╠ ₈ ─ ₉╩ ─ ≈╕╡

⌐ ╘╢↓≤╩ ∆╢⁹ mSv ─☿◦►ⱶ ⅜ ∆ⱬ5כ 

♃ ≢ ℮≤ mm ─ ™ ≢ ⇔√ ─

─ ╩ ⌐ ╘≡ ∂ ⌐ ─ ⅜

⇔√↓≤⌐ ⅝ ⅎ╢↓≤╩ ∆╢⁹ ⌐₈ ─ ₉⅜ ╕╣

┌ ─ ╙ ╕╡ ⌐ ─ │₈ ─

₉⌐ ⌐№╢≤ ⅎ╠╣╢⅛╠ ↓╣│ ─ ╩10 

─ ⌐ →╢⁹↓╣│ ┌ↄ⌐⅔™≡ ⅜

∆╢ ─ ↕╩ ╘ №√⅛╙₈ ™ ⌐⅔™≡ ─

⌂≥ ⇔⌂⅛∫√₉⅛─╟℮⌐╖⌂∆╙─≢№╡ ∕─ ⅜

╪ ─ ≤⌂╢ DNA ─ ─ ─ ↕╙

╕√ ╘╠╣ №√⅛╙₈ ™ ⌐⅔™≡ DNA ─ ⌂≥15 

⇔⌂⅛∫√₉⅛─╟℮⌐╖⌂∆╙─≢№╢⁹ 

ᵧ ₈ ⌐ ↕╣╢ ⅜ ∂≢№╣┌ ┌ↄ≤ ┌

ↄ─ꜞ☻◒│ ≤ ≢⅝╢⁹₉≤─ │ ┌ↄ─

╩ ⇔√╙─≢№╡ ┌ↄ─ ┌ↄ ╩ ≢ ∆

╢↓≤ ⅜ ™≢№╢⁹↓─╟℮⌐ ┌ↄ⅜ ─20 

─ ┬ ⌐≥╣ↄ╠™─ ╩ ⅎ╢⅛≤™℮ ⅎ ≢

╩ ∆╢─│ ≢│ ⇔ↄ⌂™ ≢№╢⁹₈

─ⱪꜟ♩♬►ⱶ ┌ↄ₉ ≢│ ₈∕─▪ꜟⱨ□

⅜ √∫√ ─ ≢│ . Gy ≢│ . Gy

≤ ╩ ⇔╕⇔√⁹↓─↓≤│ ┌ↄ⌐⅔↑╢ ┼─25 

─ ╩ ∆╙─≢∆(Fig.2)⁹₉≤№╢≤⅔╡ ↓─ ≢│
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┼─ ─ ╩ ⇔≡ ╩ ⇔√ ─

⌐ ╩ ⇔√↓≤⅜ ↕╣≡™╢⁹↓─ │ ┌ↄ⌐

≈™≡ ─ ≢─ ∆⌂╦∟ ≢│ ┌ↄ─

╩ ⌐ ⇔≡™⌂™≤™℮ ⅛╠ ┌ↄ─ │

⌐ ╩ ∆═⅝≤─ ⅎ ⌐ ∫≡⅔╡ ≢│5 

┌ↄ─ ─ ⅜ ⌐ ↕╣⌂™↓≤⅜ ⌐↕╣≡™╢⁹ 

ᵨ  

╛WG ─ │ ≤™℮ ⌐╟╡

┌ↄ⌐⅔™≡ ∆╢ ₈ ™ ≢ ∆╢ ─ DNA

─ ₉≤™℮ ╩ ⇔ ∕─ ⅜╪ ─ ≤⌂╢10 

₈DNA ─ ₉≤™℮ ⌐ ╩∕╠∆╙─≢№╢⁹ 

 ┌ↄ⌐╟╢ ─ ⇔ 

↕╣≡⅝√ ┌ↄ⌐╟╢ ─ ⇔⅜ ₁⌂ ≢

⌂↕╣≡™╢⁹↓↓≢│ ⌐≈™≡─ ≈─ ╩ ∆╢⁹ 

 │∂╘⌐ 15 

┌ↄ≤ ₈ ┌ↄ⌐╟╢ ₉─₈ ₉─

⌐╙ ┌ↄ ⌐ ∆╢ ≤ ™ ╩ ≡ ∆╢

─ ≈─ ⅜№╢⁹ ─ ┌ↄ─ ╩ ╠⅛⌐

⇔√─⅜ ה

⌐╟╢₈20 

⌐⅔↑╢ ─ │ ┌ↄ≢№╢⁹₉≤

∆╢ ╠ ⁹ ≢№╢⁹ 

 ╠ │ ─ ─ ─ ╩≈┬↕⌐ ∆╢

≢ ─ ≢№╢ ₈ ┌ↄ⌐╟╢ ₉

≤™℮ ≢│ ≢⅝⌂™ ─ ╩ ╠⅛⌐⇔ ↓─ ╩ ↄ◌25 

◑╩ ─ ⌐╟╡ ⌐╙√╠↕╣√₈ ┌ↄ⌐╟╢
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₉⌐ ™ ⇔ ∕─ ⅛╠₈ ┌ↄ⌐╟╢ ₉⌐≈™

≡ ≤ ─ ─ ╩ ⌐ ⇔√ ≢№╢⁹ 

 Ί ─  

╠ │ ⌐ ≢ ─ ⌐╖╠

╣√ ≤ ⌐≈™≡ ⅝ ╡ ╩⇔√ ─♦5 

♃כ ♃כ♦ ⌐ ≠⅝ ┌ↄ≤ ─ ≤

─ ⌐≈™≡꜡☺☻♥▫♇◒ ⌐╟╢ ╩ ∫√⁹↓╣

⌐╟╡ ╠╣√ ⅜ ─ ≢№╢⁹ 

↓↓≢ ∆═⅝⌂─│₈ ≤ ─ ₉≤™℮

─ ɗ ─ ⅜ ≤™℮ ─ ⌐⌂∫√↓≤≢№10 

╢⁹∕╣│₈ ⌐ ⌐ ∫√₉ ≈╕╡₈ ₉─

⅜ ─≤⅝ ⌐≈™≡│ ₈ ⅛╠─ ⅜ ⅝™ ╒≥

╩ ∆╢ ⅜ ⅝ↄ⌂╢₉↓≤╩ ∆╢⁹⇔⅛⇔↓╣≢│₈

⌐╟╢ ₉│₈ ⅛╠─ ⅜ ⅝™ ╒≥

╩ ∆╢ │ ↕ↄ⌂╢₉≤™℮ ─ ≤ ─ ≤⌂╡15 

₈ ⌐╟╢ ₉≢│ ⌂ↄ⌂╢⁹↓─ │₈

┌ↄ⌐╟╢ ₉⌐╟∫≡ ≢⅝╢─≢│⌂™⅛≤™℮

╩ ∆╢⁹↓─ ≢ ╠╣√ ɗ ɗ ɗ ╙

─ p │ . % ≢№╡ ⌂ ↕⌐⅔™≡ ─ ⅜№

╢⁹∕─ ↓─ │ ─ ╩ ╠⅛⌐∆╢ ≢│⌂20 
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ↄ ─ ╩ ∆╢ ≢№╢⁹⇔√⅜∫≡ ∕─

─ │ ⌐ ─♃כ♦ ⌐≤≥╕╠∏ ⅛╠ km ⌐

™≡ ─ ⌐ ⇔≡™√ ≡─

≤™℮ √∟⌐ ┘ ↓─ ⅜ ∫√ ⌐≈™≡─ ≢№╢⁹ 

 ʄʄ ─ ◖ⱱכ♦♩כ♃⌐ ≠ↄ5 

─  

ᵥ ╠ │ ─℮∟ ─≤⅝⌐ ⅛

╠ km ≢ ⇔ ≢ ⌐ ( )

⇔≡™√ ( 6823 11358 )⌐⅔↑╢

─ ─ ⅜╪ ≤10 

╩♃כ♦─ ⇔ ┘

⌐ ╩ ≤⇔√ ─

┘ ─ ⁹SMR ╩ ⇔√⁹∕╣⅜

∕╣╩ ⇔√─⅜ ≢№╢⁹ 
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ᵦ  

∆╢≤ │ ─ ≤ ≤─ ╩

⇔√ ─ ≤ ⌡ ≡™╢∆⌂╦∟ ≤ SMR ─ ⌐

™ ⅜№╢╟℮⌐ ⅎ╢⅛╙⇔╣⌂™⁹ 5 



  ⌐ ∆╢ ╠─   

267 

 

 

⇔⅛⇔ ╠ │₈ ⌐ ≡╖╢≤™╤™╤ ─

⌐│ ⅝⌂ ™⅜ ⇔≡™╢↓≤⅜ ╢₉≤ ─₈ ↕╣╢

™₉╩ ∆╢⁹ ⌐ ⅛╠ ⅜ . km . km ≢─

mSv │ . km . km ≢─5 

Sv ─ % ≤⌂∞╠⅛⌐ ⇔≡™╢⅜ ↓╣

⌐ ⇔ SMR ─ │ ⅛╠ ≤╙╒╓ ≡─ ⌐⅔

™≡ . km ╕≢ ⌐ ⇔ ∕╣ │ . km

╕≢╒╓ ─ ≢ ⇔≡™╢⁹⌂−↓╣⅜ ⌐ ∆╢⅛≤™

℮≤ ┌ↄ⌐╟╢ ⅜╪─ ERR │ ┌ↄ ≤ ⌐ ⌐10 

∆╢≤™℮ LNT ⸗♦ꜟ≢│↓─╟℮⌂ ┌ↄ ⌐ ⇔≡

─ ≢│ ≢⅝⌂™⅛╠≢№╢⁹ ⌐ SMR ⅜

╩ ≤⇔≡≥─╟℮⌐ ╩⇔≡™╢⅛╩ ╢≤

⅜ ─ ─ ─ᵒ ╩ ╘≡ ⅛
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╠ ≢│ SMR ─ │ ⅜ ↄ⌂╢≤ ⌐ ⇔ km ─

⌐ ╢≤ ─ ⅜ ╟╡ ™ ⅜ ╘╠╣╢⁹↓╣│

SMR ─ ⅜Ⱨ◌⌐╟╢ ∞↑≢│ ⌐

≢⅝⌂™ ╩ ⇔≡™╢↓≤╩ ╢⁹ 

ᵧ  5 

─ ≢ ⅛╠ . km ≢ ⇔√

╩ ⌐⇔√ ─ ≢№╢ ⅜╪ ─ ─

─ │ ┌ↄ╩ ≤⇔√ ╛ LNT ⸗♦ꜟ

≢│ ≢⅝⌂™↓≤⅜ ╠⅛≤⌂∫√⁹ 

 ⌐ ⇔√ ─▪fi◔10♩כ 

2016  

ᵥ ≢│ ⅜ . km ─ ╛ ─

⅛╠ ≢ ╩ ⇔√⁹ ╠│ ─ ≤

↕╣╢ Gy─ ⌐ ⇔⌂™ mGy ─

∞∫√⁹⌂− ╠─ ↄ⅜ ╩ ⇔√─⅛⁹15 

╠│ ₈ ─ ⌐╟╢ ┌ↄ⅜∕─ ≢│⌂™

⅛₉≤™℮ ╩ ≡ ─√╘

≢ ↕╣ ⌐ ⇔√

╩ ≤⇔√▪fi◔כ♩ ╩ ∫√ │ ⁹ 

ᵦ ≤  20 

⌂ │ ⇔√ ┘ ∕─ ─ ─ ╛

─ ⇔√ ┘∕─ ─ ∕─ ─

≢№╢⁹ ┘ ─ ─ ⌐╟╡ ─

─≤⅔╡ ─ ⌐ ↑  ─

─ ┘⅜╪ ─ ⌐≈™≡ ╩ ≤∆╢25 

─○♇☼ ╩ ─╟℮⌐⇔≡ ⇔√⁹ 
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▪ №╢ ≢№╢ ⅜ ↓╢ꜞ☻◒╩ ≤∆╢≤∕─ ⌐ ∆

╢∕─ ─○♇☼│ ─╟℮⌐ ↕╣╢⁹○♇☼  

▬ ─ ≤ ─ ≤─ ≢ №╢ ┼─ ╡

╛∆↕╩ ∆ ≢№╢○♇☼ │ ─○♇☼─ ─ ≤⇔≡5 

─╟℮⌐ ↕╣╢⁹○♇☼ ─○♇☼ ─○♇☼ 

► ⌐≈™≡ ⅎ┌ ┘ ⅜♃כ♦─ ─≤⅔

╡≢№╢≤⅝ √∞⇔ │ ≤⇔√ ╩ ≤⇔√

─○♇☼ │ ─ ≢ ⅛╣╢⁹ │ ┘ ─≤⅔╡⁹ 

  10 

2km ⅛≈  3 11 

2km ⅛≈  16 5 

─○♇☼ 3 11 

─○♇☼ 16 5 

ө ╩ ≤⇔√ ─○♇☼ ─○♇☼ ─○♇☼15 

16/5 3/11 16×11 5×3 11.7ΜΜ 
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⅛╠ . km ≢ ⇔ ╩ ┘√ ⌐⅔™≡

─ ─ ╛⅜╪─ ⅜ ≢№╢

⌐ ═≡○♇☼ ─ ≤⇔≡ ╩ ⅎ╢ ™ ⅜

↕╣√⁹↓─ ⌐≈™≡ ╠ │ ─ ╩ ═╢⁹ 5 

₆↓─ ≢─ │ ≢ ≤⅛⌂╡ ≢│№╢⅜

─ ╣─ ╙ ─ ⌂≥─

⅜╒╓ ⌂ ≢ ↕╣≡™╢↓≤╛ ↄ⌐ ⇔≡™

≡╙ ⌐ ┌ↄ ┌ↄ ─ ⅜ ™ ╙ ╗ ≢№∫√

≢─○♇☼ ⅜ ╣╙ ≢№╢↓≤⌐ ∆╣┌ ↓─10 

│ ⇔√ ╩ ™ ╪∞↓≤⌐╟╢ ┌ↄ⌐╟╢

╩ ⌐ ⇔≡™╢─≢│⌂⅛╤℮⅛⁹₇ 

  

╠ ─◄♇☿fi☻│ ─≤⅔╡≢№╢⁹↓╣╕≢⌐ ↕╣≡™

╢ ⌐╟╣┌ ─℮∟ ╛ ─ ⌐ ↕15 

╣≡™╢ │ ₁ mGy ≢№╢≤™℮↓≤⌐⌂∫≡™╢⁹↓─

─ ┌ↄ⅜ ⌐ ─ ╛ % ™

⅜╪ ╩╙√╠⇔√─≢№╤℮⅛⁹↓─ ⌐ ⇔≡
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₁│ ⅜ ≢№╢ ─ ⅜ ™⌐ ↕╣≡

™╢↓≤⅜ ─ ≢№╡ ∕╣╩ ∆╣┌ ⌐ ≢⅝╢╙

─≤ ⅎ≡™╢⁹ ⌐, ─ ⅜ɖ ╛ɗ ─ ╩ ∫√ ─

⌐│ ⅜ ™√╘⌐ ┌ↄ─ ≢│ ⌐╟╢ ∕

─╙─⅜ ≢№∫√↓≤╩ ⇔≡⅔ↄ⁹ ─5 

╛ ⅜╪ ─ │ ∞↑≢│ ≢⅝∏

╩ ╗ ─ ⅜ ⇔≡™╢⁹ 

 ☿◦►ⱶ  

┌ↄ ∆⌂╦∟ ┌ↄ─ √╢╙─⅜ ☿◦►ⱶ

⌐╟╢ ┌ↄ ≢№╢⁹ 10 

 ─  

ᵥ ⌐╟∫≡ ⌐ ↕╣╢ ☿◦►ⱶ

│ ≢ µm ⱴ▬◒꜡ⱷכ♩ꜟ Ⱶ◒꜡fi≤ ╟╡ ↕⌂

◄▪꜡♂ꜟ⌐╟∫≡ ┌╣╢≤ ⅎ╠╣≡™√ ה

⁹ ⌐ ∫√ ☿◦►ⱶ│ ─▬○fi ≢ ∆15 

╢≤ ⅎ╠╣≡™√ ה ⁹ 

ᵦ ☿◦►ⱶ ─ │ ₈ ╕≢⅜ ╕≢⅜

╕≢⅜ ╕≢⅜ ₉≤↕╣≡™╢

⅜ ↓╣╙☿◦►ⱶ ⅜ ≢№╡ ╛ ⌐

↑≡ ╩ ╡ ⌐ ↕╣╢↓≤⅜ ≤⌂∫≡™╢⁹ 20 

 ☿◦►ⱶ ─  

─ ─ ☿◦►ⱶ ⅜ ─ ≤≤╙⌐

─ ╩ ⇔≡™╢↓≤⅜ ─≤⅔╡ ₁≤ ╠⅛⌐⌂∫√⁹ 

ᵥ ╠─ ─  

─ ╠│ ⅛╠ km25 

─ ≈ↄ┌ ─ ⌐⅔™≡ ⌐ ⇔√
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ⱪꜟכⱶ ─ ⅛╠ µm ─☿◦►ⱶ

╩ ╗ ─ ╩ ⇔√⁹↓╣│ ☿◦►ⱶ⌐ ⅎ ◔▬

╩ ≤⇔ ─ ⱴfi●fi⌂≥╩ ╖ ☿

◦►ⱶ─ %│ 5.5%≢ ≢№∫√⁹↓─≤⅝ ↕╣√

⌐│ ▪ꜟⱨ□ ≢№╢►ꜝfi╩ ╗╙─╙№∫√⁹ ─5 

│ ☿◦►ⱶ ⅜ 3.31±0.06Bq ☿◦►ⱶ ⅜

3.27±0.04Bq ≤ ↕╣√⁹ │ √╡ ≢

Bq ≢№∫√⁹↓─ ╩₈☿◦►ⱶⱲ℮⁹™≥₉ꜟכ 

ᵦ ▪▬♁♩כⱪ │╢⅛╠─

 10 

│ⱪכꜟ◓─╠ ⌐ ─ ⅛

⅛╠ ╩ ⇔ ╕╣╢ ╩ ═ ☿◦►ⱶ

⅜ ⌐ ⇔≡™╢↓≤╩ ⇔√⅜ ∕─ ⌐

⌐ ─ ™ ⅜ ↕╣√ ⁹ 

ᵧ ─  15 

│ ⌐ ≢ Ⱶꜙ◦♪ꜟכ◗√╣↕

♇♩ ≢ ─ ≢ ₈ ⅛╠

┼ ⇔√ ☿◦►ⱶ─ ●ꜝ☻ ┼─

₉≤ ∆╢ ╩⇔√⁹∕─ ─ │ ─≤⅔╡≢№╢⁹ 

▪ ╠│ ♫fi♩ ☻♃fiⱨ◊כ♪ ≤20 

≢ ⅛╠ ↕╣√ ◄▪꜡♂ꜟ◘fiⱪꜟ╩ ⇔√

☿◦►ⱶ─ │ ⱷꜟ♩♄►fi ⌐ ↕╣√●ꜝ☻

⌐ ╡ ╕╣√ ≢ ⌐ ╡ ™∞↓≤⅜ ╠⅛⌐⌂∫√⁹ 

▬ ↓╣╠─ │ µm ─ ⅝↕⇔⅛⌂™⅜ ─☿◦►ⱶ

⅜ ╕╣≡⅔╡ │ g √╡ Bq ≢№╡ ─25 

⌂ g √╡─ ─ ⌐ ∆╢⁹ 
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► ⌐ ≢ ⇔√◄▪ⱨ▫ꜟ♃כ╩ ⇔√

─ %│ ☿◦►ⱶ ⌐╟╢╙─≢№╡ ↓

╣╕≢ ↕╣≡™√ ☿◦►ⱶ╟╡ ⅝⌂ ╩ ╘╢⁹ 

ᵨ ⱨ꜡fi♥▫▪ ☿fi♃כ ╠⌐

╟╢ ─  5 

╠│ ─ ☿◦►ⱶ─ ה

╩ ╠⅛⌐∆╢√╘⌐ ₁⌂ ─ ╩ ™ ⅛╠

─ ≤ ⇔√♃◔ⱡ◖ ╢╟⌐כ▫ⱨꜝ◓○☺ꜝ♩כ○─

╩ ∫√⁹ ─ ☿◦►ⱶ│

µm ≢ ≢№∫√⁹ ─ ☿◦►ⱶ│ ▬○fi ≢│10 

⌂™─≢ ⌐ ∂ ╘╠╣╢↓≤⅜⌂ↄ ─

⌐ ⌐ ⇔ ⌐╟∫≡ ⌂ ⌐ ⇔√ ≢

№╢™│ ⅛╠ ⇔≡ ≢ ⌐ ∆╢⁹ 

 ☿◦►ⱶ ⌐≈™≡─ ─ ⅜╡ 

ᵥ NHK │ ─ E ♥꜠─₈◘▬◄fi☻ ZERO₉15 

─☼כꜞ◦ ≢ ₈ ─ ╩ ⅎ ₉≤ ∆╢ ╩

⇔ ≢ ⌐ ↕╣√ ☿◦►ⱶ─ ↄ⅜

─ ≤⇔≡ ⇔≡™╢↓≤ ↕╣≡™√

≤│ ╛ ≢─┤╢╕™⅜ ⌂╢√╘ ─ ⌂≥⌐╙

℮ ⅎ ⅜ ≢№╢↓≤ ╩ ⇔√ ⁹ 20 

ᵦ NHK │ ⱪ♇▪☼כ꜡◒₈─ ₉≢ ₈

⅛╠  ─ ⌐ ╢₉≤ ∆╢ ╩ ⇔≡ ☿

◦►ⱶ ─ ╩ ⇔√ ⁹ 

▪ ☿◦►ⱶ│ ⌐ ↑≡ ─ ≢ ⌐ ╕∫≡™ↄ≤ ⅎ╠╣

≡⅝√⅜ ⌐ ↑⌂™ ─ ≢☿◦►ⱶ⅜ ⅛∫√⁹ 25 

▬ ☿◦►ⱶⱲכꜟ⅜ ─ ⌐ ⇔√ ─ ┌
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ↄ╟╡ │ ↄ⌂╢⁹ ─ ┌ↄ≤ │ ⌂╢

⅜ ≢⅝⌂™⁹ ─  

► ─ ≤ ═ ∂ ─☿◦►ⱶ≢╙ ─ ┌ↄ │

≢⅔╟∕ ╩ ↑╛∆™ ≢│ ⅔╟∕ ⌐⌂╢⁹ 

◄ ─ ™ ─ ⅜ ⌐ ↄ⌂╡Ν ─5 

⅜ ∂≢╙ │ ╦╢ ⅜№╢⁹ 

○ │ ┼─ ─ │≤∫≡™⌂™⁹ 

◌ ⅜╣⅝ ⌂≥≢ ⅝ →╠╣√ ⅜ ™ ⌐╦√╡

∆╢↓≤⅜№╢⁹ 

ᵧ │ ₈ ⌐ ₉≤10 

∆╢ ╩ ⇔ ⌐ ≢ µm ─☿◦

►ⱶⱲכꜟ⅜ ↕╣√↓≤ ─ ⅛╠│

µm ─ ⅜ ⅛∫√↓≤ ─ │ ↓╣

╠⌐≈™≡ ₈ ⌐ ↑⌂™─≢ ┌ↄ─ ⅜ ≤ ⌂╢₉≤

⇔≡™╢↓≤ ☿◦►ⱶⱲכꜟ│ ⌐ ↑⌂™─≢ ⅜ ⌂≥15 

⌐ ≤≥╕╢ ⅜№╢↓≤ ╩ ⇔√⁹  

ᵨ ₈ ₉│ ₈ ⌐ ╕╣√a ☿◦►ⱶⱲכꜟₑ

─ ─ ≤ ⅜ ╠⅛⌐₉≤ ∆╢ ╩

⇔√⁹  

 ☿◦►ⱶ─ ⅛╠ ─ ╕≢ 20 

ᵥ ⌐╟∫≡ ↕╣√ ☿◦►ⱶ│

─ ─╙─≤ ─ ─ ─╙─≤ ⅜№∫√⁹ 

ᵦ ─ │ⱪכꜟ◓─╠

⌐ ┼ ⇔√☿◦►ⱶ─℮∟ %⅜☿◦►ⱶ

∞∫√↓≤╩ ╠⅛⌐⇔√ ─ ─ ⁹ 25 

ᵧ ╠─◓ꜟכⱪ│ ─ ⌐
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╕╣╢ ☿◦►ⱶ╩ ⇔ ☿◦►ⱶ ─

≤ ₒRF ☿◦►ⱶ ☿◦►ⱶ

≤ ☿◦►ⱶ ─ ⌐ ∆╢☿◦►ⱶ

─ ─ ₓ╩ ⇔ ₈ ⅛╠ ⌐ ↕╣

√ ☿◦►ⱶ╩ ↄ ╗ ─ ≤ ₉≤ ∆╢5 

⌐╕≤╘√⁹↓╣⌐╟∫≡ ⅛╠

╕≢⌐ ⅛╠ ↕╣√ ≈─ⱪꜟכⱶ─℮∟ ☿◦

►ⱶ │ ↄ⌐ ╕╡

⌐ ╣ ─ ⌐⅛↑≡ ⌐ ⅜∫√ⱪꜟכⱶ

≢│₈ ₉≤ ─ ⌐ ╕╡ ⅛10 

╠ ╡ ⌐ ╣√ⱪꜟכⱶ ⌐╟∫≡☿◦►ⱶ⅜ ⌐ ⌐

⇔√⁹ ≢│₈ ₉≤ ⌐ ⌐ ╕╣≡™√↓≤╩

╠⅛⌐⇔√⁹↓─ ☿◦►ⱶ ─ ≤

╩ ⇔√ ⱴ♇ⱪ ╩ ⌐ ∆╢⁹ 
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↓╣⌐╟╣┌ ☿◦►ⱶ│ ⅛─ⱪꜟכⱶ⌐ ∫≡

⌐ ⇔√⅜ ⱪꜟכⱶ ⌐ ☿◦►ⱶ─ ╙ ╦∫≡⅔╡

≤⇔≡ ╙ RF ⅜ ™─│ ™╦⅝ ≢№∫≡ %╩

ⅎ≡⅔╡ ⅛╠ ╡ ╙ %╩ ⅎ≡™╢↓≤⅜ ╢⁹ 5 

ᵨ ─ ─ ≢ ⌐ ⇔√ ☿◦►ⱶ│ ▬○fi
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≤⇔≡ ™ ⱴ▬♫☻ ╩ ≈ ⌐ ⅝ ↑╠╣

─ ⌐ ╡ ╪≢ ⌐⌂╢ ⁹

─ ה ☿fi♃כ⅜ ─

☿◦►ⱶ─ ╩⇔√≤↓╤ │ % ≢№∫√

─ ⁹ 5 

ᵩ ™╕⌂⅔ ╠─ ╙ ╘ ─ ⌐│ ─

☿◦►ⱶ⅜ ╕╣≡™╢⁹ ☿◦►ⱶ─ │ ╙≤╙≤

≢№╢ ≤⇔≡ ∆╢⅛ ≢№∫√ ☿◦►ⱶ

⅜ ⌐ ╡ ╕╣╢↓≤⌐╟∫≡ ↕╣╢ ≤⇔≡

⇔≡™╢⁹∕─↓≤╩ ⇔√─⅜ ≢№╢⁹ 10 

ᵪ │ ≤

─ ─ ≥╙ ╠⅜ ∫≡™√ ─ ─

⌐ ⇔√ ─ ╩ ⇔√⁹ ─ ≢ ⇔╛∆

™ ╩ ⌐∆╢√╘≢№╢⁹ ⌐ ╕╣╢ ☿◦►

ⱶ╩ ∆╢ ≤≤╙⌐ ∕─ ─ ☿◦►ⱶ─15 

╩ ∫√⁹∕─ │ ─≤⅔╡≢№∫√⁹  

▪  

 106µm ─ ⌐ ╕╣╢☿◦►ⱶ ☿◦►ⱶ

─ │ 315±3.5Bq/kg 13500±42/Kg ≢№∫√⁹ 

 25µm ─ ⌐ ╕╣╢☿◦►ⱶ ☿◦►ⱶ20 

─ │ 850±87Bq/kg 26000±260/Kg ≢№∫√⁹ 

 25µm ─ ⌐ ╕╣╢ ☿◦►ⱶ ─ 106µm

─ ⌐ ╕╣╢ ☿◦►ⱶ─ ⌐ ∆╢ │ 0.90

3.16≢№╡ ╒≤╪≥─ ≢ ╟╡ ⌂ ⌐ ─

☿◦►ⱶ⅜ ╕╣≡™╢↓≤⅜ ⅛∫√⁹ 25 

▬  
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106µm ─ ⌐ ╕╣╢ ☿◦►ⱶ⌐≈™≡

╩ ⇔√≤↓╤ ⇔√ ☿◦►ⱶ│ 0.02% 1.60%

≢№╡ ≡─ ⌐⅔™≡ ☿◦►ⱶ─ % ⅜

≢№╢↓≤⅜ ⅛∫√⁹ 

 ☿◦►ⱶ ─ ─  5 

─≤⅔╡ ─ ⌐ ⇔≡™╢ ☿◦►ⱶ

─ │ ─ ≢ ∆╢⁹ ─ │

─ ⅜№╢⁹↓─ ⌐≈™≡ ╩ ⇔≡™╢

─₈ ─ ≤ ⌐╟╢

₉≤ ∆╢ ⌐╟╢≤ ─↓≤⅜ ⅛╢⁹ 10 

ᵥ ☿fi♃כ⅜ ⇔√ ─ ≤

⌐⅔↑╢ ┌╣╟⌐♃כ♦─

│ ⌡ ⅛╠ ⌐ ⇔ ⅛╠ ⌐ ∆╢ ◘▬◒ꜟ

╩ ⇔≡™╢⁹ ⅜ ≤ ⌐ ⇔ ⅜ ╕╢ ⅛╠ ⌐

⅛↑≡ ╩ ≤∆╢ ⅜ ≢ ⇔ ⌐15 

ה ∆╢⅜ ≤ ⅜ ⇔ ≢ ⅜ ╕╢ ⅛╠

⌐⅛↑≡ ⌐ ≢─ ⅜ ↕╣≡™╢↓≤⅜ ⅛╢⁹ 

ᵦ ⌐ ∆╢ ─ ⌐│ ᵑ ᵒ ᵓ

⅜№╢⁹ │ ≤⇔≡ ⌐ ⇔ mm ⌂╠ mm

µm ⅜ µm ⌂╠ ∆╢ ⅜ ™⁹ │20 

─√╘ ⅜ ↄ⌂╢⁹ 

ᵧ ─ ─ ≤⇔≡ ≢

⅛╠ ╕≢─ ⌐ ∕╣╕≢ √╡

MBq / ≢ ⇔≡™√ ⅜ MBq / ⌐ ⇔

√ ⅜№∫√⁹ 25 

ᵨ ─ │ ∞↑≢⌂ↄ
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╙ ⅎ╠╣╢⁹ 

 ☿◦►ⱶ ⅜ ⌐ ⅎ╢  

ᵥ ☿◦►ⱶ ─ ◘▬☼ 

▪ ☿◦►ⱶ ─ │ ∕─◘▬☼⌐№╢⁹∕─

⅝↕│ ₁≢№╢⅜ µm ⅜ ™≤ ⅎ╠╣╢⁹ 5 

▬ │ ⌐ⱪꜟ♩♬►ⱶ⌐ ∆╢╘╛∆ ⌐

≈™≡ ╩ ⇔√ ⁹ⱪꜟ♩♬►ⱶ⌐╟╢ ─

⌐ ∆╢ ⅜ ↕╣≡⅔╡ ⌐≈™≡│ ⱪꜟ♩♬►

ⱶ ─ ≤ ─ ┼─ ⅜ ↕╣≡™╢⁹

┼─ │ ⅜ ↕™╒≥ ↄ µm ≢│ %10 

≢№╢⅜ µm ≢│ %⌐⌂╡ µm ╕≢

↕ↄ⌂╣┌ % ⌐ ∆╢↓≤ ╛ ┼─ ╙

─ ≢№╢↓≤⅜ ↕╣≡™╢⁹╕√ ┘ ⌐

⇔√ ─ │ ∕─ ≢│ ⌐╟╢ ─ ⅜⌂™

√╘ ™ ∕↓⌐ ╕╢↓≤⅜ ↕╣≡™╢⁹ 15 

► ⱪꜟ♩♬►ⱶ ╙☿◦►ⱶ ╙ ╛

┼─ ─ⱷ◌♬☼ⱶ│ ≢№╢⁹ ⌐╟╡☿◦►ⱶ

╩ ⌐ ╡ ╪∞ µm µm ─

⅝↕≢№╣┌ ⅛⌂╡─ ≢ ╛ ⌐ ∆╢ ⅜№╢⁹ 

◄ ∕╣╟╡ ↕™♫ⱡ꜠ⱬꜟ─ │ ⌐ ⌐ ⇔ ↑20 

╢─≢│⌂™⁹ ─ ⌐ ⇔≡ ─ ─ ╩

≢ ∆╢⁹ ᵑ ─ ה  

ᵦ ☿◦►ⱶ ─  

▪ ☿◦►ⱶⱲכꜟ ⌐│ ☿◦►ⱶ ⌐≈™≡∕╣

∙╣ Bq ─ ⅜№∫√⁹ ⌐☿◦►ⱶⱲכꜟ ⅜25 

⌐ ⇔√ ☿◦►ⱶ ⅜ ⅜ ─☿
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◦►ⱶ ⅜ ╩ ↓⇔ ⱬכ♃ ≢

⅜ ⌐ ⅛∫≡ ↕╣╢⁹ ⅛╠

⅜ ⇔≡™╢√╘ ─ ™☿◦►ⱶ ╩ ⇔≡╙

─ⱬכ♃ ≢ ⅜ ↕╣╢⁹☿◦

►ⱶ ⅜ⱬכ♃ ⇔≡≢⅝√Ᵽꜞ►ⱶ │5 

≢ ɘ ⇔ ⱬכ♃ ⌐ ⅎ≡╒╓ ─●fiⱴ ╙ ↕

╣╢⁹↓╣⅜ ⌐╦√╡ ⇔√ ⅛╠ ∑∏ ╩

⌐ ⇔ ↑╢⅛╠ ─ ↑╢♄ⱷכ☺│ ≢№╢⁹ 

▬ ⅜ ↑╢♄ⱷכ☺│ DNA ∞↑≢⌂™⁹ⱬכ♃ ≤

●fiⱴ ⅜☿◦►ⱶ ─ ≢ ⌐10 

─ⱨꜞכꜝ☺◌ꜟ╩ ╖ ⇔ ₁⌂ ─ ⅜ ↕╣╢⁹ 

ᵧ ☿◦►ⱶ ─  

▪ ☿◦►ⱶ │ ╛ ⌐ ↑⌂™⅛╠

≢№╢↓≤╩ ≤⇔≡™╢ ICRP ─ ─ ⅎ

☿◦►ⱶ ⌐≈™≡ │ ≡│╕╠⌂™⁹↓─15 

⌐≈⅝ │ ₈ ⌐ ⇔√ CsMP ☿◦►ⱶ

│ ⱴ◒꜡ⱨ□כ☺⌐╟∫≡ ⌐ ↕╣∏⌐

ꜞfiⱤ ⌐╝∫ↄ╡≤ ⇔ ∕─ ─ │ ⌐

⌂╢≤ ↕╣╢⁹₉≤ ═≡™╢ ה ⁹☿◦►

ⱶ─ ┌ↄ⌐≈™≡─ ─ ⅎ │ ⇔⌂™⁹⌂⅔20 

─ │ⱪכꜟ◓─╠ ─ ⅛╠ ⇔√☿◦►ⱶ

╩ ™≡ ╩ ∫√ Bq

╕≢─☿◦►ⱶ │ ⌐ ∆╢╕≢

⅛⅛╡ ☿◦►ⱶ │ ⌐

∆╢ ⅜№╢≤ ↑√ ─ ─ ⁹ 25 

▬ NHK ⱪ♇▪☼כ꜡◒₈─ ₉ ≢│ ₈



  ⌐ ∆╢ ╠─   

281 

 

─ ≤ ═ ∂ ─☿◦►ⱶ≢╙ ─ ┌ↄ │ ≢⅔╟∕

╩ ↑╛∆™ ≢│ ⅔╟∕ ⌐⌂╢⁹₉≤⇔

≡™√⅜ ↓─ ≢ ╕╢≤ ∆╢ ╙⌂™⁹ 

► ─ ⌐╟╣┌ ⅜ ⇔

√ ─ ⅜╪ ⅛╠►ꜝ♬►ⱶ ⅜ ↕╣√≤─↓≤5 

≢№╢ ᵑ ─ ⁹►ꜝ♬►ⱶ

≤☿◦►ⱶ │ ↓∕ ⌂╢⅜ ⅜ ─ ≢

⇔≡™╢ ►ꜝ♬►ⱶ ≤ ─ ╩ ∆

⌐╦√∫≡ ⌐ ╡ ↑╢ ⅜№╢⁹ 

ᵨ ╠─  10 

☿◦►ⱶ ⌐╟╢ ┌ↄ│ ↕╣

≡⅔╠∏ ∕─ ꜞ☻◒│ ≢№╢⁹ ⌐™ↄ≈⅛ ∆╢⁹ 

▪ ₈ ─ ┌ↄ≤ │

⌂╢ ⅜ ≢⅝⌂™⁹₉ 

ה ▬ ₈↓℮15 

™℮ ─ ⅜ ↕╣√↓≤⌐╟∫≡ ┌ↄ─ │

⇔≡™ↄ │↔↨™╕∆⁹₉ 7/19ה  

► ⱨꜝfi☻ה♫fi♩ SUBATECH ה

☿fi♃כ ⱪכꜟ◓ Ᵽה♪כ♫כ◓ꜝⱶⱲ►

₈↓─╟℮⌂ │Ν ⌐ ↕╣╢☿◦►ⱶ ─20 

╩ ∆╢ ⌐╙ ╩╙√╠∆ ⅜№╡╕∆⁹ ─≤↓

╤ ─☿◦►ⱶ ─ │ ─╙─⌐ ═≡

╟╡ ™≤ ╦╣╕∆⁹₉  

◄ 

₈↓─╟℮⌂ ⅜ ⌐ ╡ ╕╣╢≤ ⌐ ╕╣╢25 

☿◦►ⱶ│ ╛ ⌐ ↑╢↓≤⌐╟∫≡ ⌐ ∆╢≤™℮
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↓≤│⌂ↄ ≈─╕≤╕∫√ ≤⇔≡┤╢╕℮⁹ ╛ ≢

─ ╩ ∆╢√╘⌐ ⌐ ↕╣╢ │ ─

─ ⌂ ∆⌂╦∟ ≢─ ╩ ⌐♦◙▬fi↕╣≡

™╢⁹⇔√⅜∫≡ ↓╣╕≢─ ≢│ ─ ⌂™☿◦►ⱶⱲכꜟ

─ ⌐│ ≢⅝⌂™⁹₉ ─  5 

○ UNSCEAR ─ ₈ ─ ≤ ₉─

₈ ₒ ₓ─ ₉⌐⅔™≡ ♅▼

ꜟⱡⱩ▬ꜞ ─ ⅛╠ ₈ⱱ♇♩Ɽכ♥▫◒ꜟ─ ┼─

⌐│ ─ ⅜№╡ ⌂ ⌐⌂╢ ⅜№

╢₉↓≤╩ ⇔≈≈ ₈▪ꜟⱨ□ ╩ ∆╢ⱱ♇♩Ɽ10ꜟ◒▫♥כ 

│ ⌐ ⌐ ⇔√▪ꜟⱨ□ ─ ≤ ─

≢№╢↓≤⅜ ⌐ ↕╣√⅜ ⱬכ♃ ╩ ∆╢ⱱ

♇♩Ɽכ♥▫◒ꜟ≢ ─ ⌐⌂╢⅛≥℮⅛│ ≢⌂™⁹₉≤

═≡™√ ─ ⁹ ⅛╠ ⱬכ♃ ╩

∆╢ⱱ♇♩Ɽכ♥▫◒ꜟ ∆⌂╦∟ ⌐≈™≡─ │ ⅛15 

∫≡™⌂⅛∫√─≢№╡ ∕─ ≢ ╩ ⅎ√⁹ 

 ─ ⌐ ∆╢  

ᵥ ⅜ ─ ≤∆╢ UNSCEAR ICRP ⱷ

fiⱣכ─ ─ ─ │ ╠─

╩ ∆╢ ⌐│⌂╡ ⌂™⁹ 20 

ᵦ ⅜ ┌ↄ ⌐ ∆╢ ─ ≤∆╢₈ ┌ↄ

─ꜞ☻◒ ⌐ ∆╢꞉כ◐fi◓◓ꜟכⱪ ₉ ─

│ ☿◦►ⱶ ─ ⅜ ╠⅛⌐⌂╢ ─

⌐ ↕╣√⅛╠ ⌐⌂╡ ⌂™⁹ 

ᵧ │ ≤⇔≡₈ⱱכꜟⱲ♦▫כ◌►fi♃כ≢ ∫√ ₁─25 

◄Ⱡꜟ◑כ☻Ɑ◒♩ꜟ⅜╒≤╪≥ ↕╣╕∑╪─≢ ∕─  
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☿◦►ⱶ ⅜ ⌐ ∫≡™╢ │ ╘≡

™≤™℮┤℮⌐ ™╕∆⁹₉≤ ⇔√ ⁹

⅜ ↑√ⱱכꜟⱲ♦▫כ◌►fi♃כ│ ⅜ Bq ≢№

╢⁹☿◦►ⱶ ─ │ ⌂☿◦►ⱶⱲ

≢ꜟכ Bq ☿◦►ⱶ ┘☿◦►ⱶ ⅜ Bq ∏≈ ≢5 

№╡ ─☿◦►ⱶ │ ⌐ ⇔≡™ↄ⁹ ⌐ ─

☿◦►ⱶ ─ ⅜ Bq ≢ ─ ☿

◦►ⱶ─ ⅜☿◦►ⱶ ∞∫√≤⇔√

⌐☿◦►ⱶ ⅜ ⌂↑╣┌ ≢⅝

⌂™↓≤⌐⌂╢ₒ  300Bq×1/2÷5Bq 60 ₓ⁹☿◦►ⱶ10 

│ ≢╙ ⌐ ∆╣┌ ⌐╦√∫≡

⇔ ╩ɗ ≢ ⇔ ↑ ⅜╪─ ≤⌂╢⁹ⱱכꜟⱲ♦

≡∫╟⌐כ♃fi►◌כ▫ ☿◦►ⱶ⅜ ↕╣⌂™↓≤│ ☿◦►

ⱶ ─ ┌ↄ─ꜞ☻◒╩ ⇔⌂™⁹ 

  15 

─╟℮⌐ ⌐╟∫≡ ⌐ ↕╣╢ ☿◦►ⱶ⅜

─ ╩≤╢↓≤│ │ ↕╣≡™⌂⅛∫

√⁹ ─ ☿◦►ⱶ⅜ ⌐ ╡ ╕╣≡ ⌐⌂╢↓≤

│ ╠╣≡™√⅜ ─ ┘ ⌐╟╢ ┌ↄ─

⌐≈™≡│ ↕╣≡™⌂⅛∫√⁹ ≢│ ⌐ ↕╣√20 

☿◦►ⱶ─ ⅜ ─ ≢№∫√↓≤⅜

⅛╡ ∕─ ↄ⅜ ⅛╠ ⌐ ╡ ╗ ⅝↕≢№╢↓≤

⌐ ⅎ╢ ⅜ ≤⇔⌂⅛∫√ⱬכ♃ ╩ ∆╢Ɽכ♥▫◒ꜟ≢

№╢↓≤⅛╠ ─ ≢│ ⌐╟∫≡ ⇔√☿◦►ⱶ

⅜ ⅎ╢ ⅜ ↕╣≡™╢⁹ ≢ ⅛∫≡™25 

╢─│ ICRP ⌐╟╢ ☿◦►ⱶ─ ┌ↄ─ꜞ☻◒⸗♦ꜟ│
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⇔⌂™≤™℮↓≤∞↑≢№╡ ∕╣⌐ ╦╢ꜞ☻◒⸗♦ꜟ─ │ ↓╣

⅛╠≤™℮ ≢№╢⁹ ─ │↕╣≡™⌂™⁹ ⅛╠☿◦

►ⱶ ─ ⌐ ⌐ ╡ ╪≢⅝√ ─

⅜ⱪכꜟ◓─╠ ☿◦►ⱶ ⌐≈™

≡ ₈◘▬☼⅜ ↕ↄ ☿◦►ⱶ ⅜ ™√╘ ─ ⌐5 

ↄ ⇔≡ ╙ ╕╢ ⅜№╡ ⌂ │ ↄ⌂╢

⅜№╢⁹∕╣⌐╙⅛⅛╦╠∏ ↓╣╠─ ⌐╟∫≡ ⅝ ↓↕╣

╢ ⌐ ∆╢ ⌂ │╕∞ ⇔≡™⌂™⁹₉ ה

≤ ⇔≡™╢≤⅔╡ ↓─ │ ─ ⌐╒≤╪

≥ ╠╣≡™⌂™⁹ ≥╙╠│ ⅛╠ ☿◦►ⱶ10 

╩ ⌐ ╪∞ ╩ ∆╢↓≤╩ ⌂ↄ↕╣ ∕

─ ╙ ⅛╠ ⇔√☿◦►ⱶ ╛ ─

╩ ∆╢↓≤╩ ⌂ↄ↕╣≡™╢⅜ ─ ╙ ⅎ╠╣≡

™⌂™⁹ ⌐ ╣⌂™↓≤ↄ╠™⇔⅛ ─ ╡╟℮⅜⌂™⁹ 

 ⌐≈™≡─ ⌐≈™≡ 15 

 │∂╘⌐ 

⌐ ∆╢ ⌐│ ⅜№╢⁹ ∂ ─ ┌ↄ╩⇔≡ ─

╙ ∂⌂™ ╙™╣┌ ┌ↄ⅜ ≢ ╩ ∂╢ ╙™╢⁹

┌ↄ│ ─ ⌐≤∫≡ ≢╙⌂ↄ≡╙ ╡─ ⌐│

─ ⌐⌂╡ ╢⁹ ┌ↄ│⌂╢═ↄ ↑⌂↑╣┌⌂╠⌂™⁹ ⌂20 

┌ↄ╩⇔√ ⅜ ╩ ∂╢─│ ⅜№╢⁹ ⌐≈™≡

─ ≤ ─ ─ ╩ ╘≡ ∆╢⁹ 

 ─ ─₈ ─

┌ↄ│ ⅛₉≤ ∆╢  

ᵥ ™ ╒≥ ⅜ ™⁹ ™╒≥ ⅜ ╪≢№╡25 

─ ⌂ ┌ↄ ⅜ ↄ ∂ ┌ↄ ⌂╠ ⅜ ↕™╒≥
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┌ↄ╩∆╢ ⅜ ⅝™ ─ ─ ╘╢

⅜ ↄ ┌ↄ ─ ⅜ ↄ ⅜ ™⅛╠≢№╢⁹ 

ᵦ ATM ╛ NBS ─ ╩Ⱬ♥꜡≢ ∫≡™╢ │

⌐ %─ ≢ ∆╢⅜ ⌐ ∆╢ ⅜ ↄ ⅜╪╩

⇔╛∆™⁹BRCA1/2 ⌐ ⅜№╢≤ │ ⅜╪╛ ⅜5 

╪⌐⌂╡╛∆ↄ │ ⅜╪⌐⌂╡╛∆™⁹ 

ᵧ │ ⅜ ⅝™⁹☿◦►ⱶ ─

│ ⌐│ ⅝⌂Ᵽꜝ♠◐⅜№╢⁹∕─ │ ≢│ 1.7

20.1 ≢│ 1.5 129.5 ≢│ 1.5

54.9 ≢│ 0.5 80.2 ≢№∫≡ ∂10 

≢╙ ⅛╠ ⌐ ™ ⅜ ∆╢⁹ ה  

fiכ▬◒  ⱬꜟⱨ□☻♩⅜╪ ☿fi♃כ ⅜

↑⌐ ⇔√₈ ─ ₁┼₉≤ ∆╢ ⌐╟╣┌

ICRP ⌐╟╢₈ ₉≤™℮ ⅎ │ ⌐╟╢

─ ╩ ⇔≡⅔╠∏ ─ ─ ⌐╟╡ │15 

─ ╟╡ ⅝™↓≤⅜ ₁⌐ ⅛∫≡⅝≡™╢≤↕╣≡™╢⁹ 

  

כ◑ꜟ꜠▪─ ⌐ ∆╢ ╙ ⌐ ∆╢ ╙

⌐╟∫≡ ⅝⌂ ⅜№╢⁹ ─ ™ ⅜ ≢№∫≡╙

│ ─ ─ ╩ ∆╢√╘⌐ ⇔≡™╢⁹ │20 

כ◑ꜟ꜠▪ ─√╘ ⌐⅔↑╢ כ◑ꜟ꜠▪

╩ ⇔ ⌐ ⇔ ⱴ♬ꜙ▪ꜟ╩ ∆╢↓≤╩ ╘ ▪꜠

כ◑ꜟ ─√╘⌐ ╩ ⇔≡™╢⁹ ⌐ ≥╙│ ⌐ ∆

╢ ⅜ ™ ⌐ ─ ™ ≥╙⅜ ∆╢⁹ATM ╛

NBS ─ ╩Ⱬ♥꜡≢ ∫≡™╢ ⅜ % ∆╢⅛╠25 

⅜ ≢ ⅜ ™ ≥╙│ ∆╣┌ ≈─◒ꜝ☻⌐
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│ ∆╢⁹ ™ ╩╙√╠∆ │ ∞↑≢│⌂

™⁹ │כ◑ꜟ꜠▪ ╩ ┬↓≤≢ ≢⅝╢⁹ ⌐ ∆╢

™ │ ┌ↄ╩ ↑╢↓≤⇔⅛ ─ ⅜⌂™⁹ ╛ ─

⅜ ™─≢№╣┌ ─ ₁─ ⌐ ⅜⌂ↄ≡╙ │

≢⅝⌂™⁹ ┌ↄ⌐╟╢ ╩ ↑╢─│ ≢№╡ ₁5 

│ ₁ ┌ↄ ╩ ↕∑≡™╢⅛╠ ╕≢ ⅜ ≡™⌂

™ ≢╙ ┌ↄ╩ ≤∆╢ ⅜ ╢ │ ≢⅝⌂™⁹ 

 ≥╙─ ⌐≈™≡ 

≥╙─ │ ╟╡ ™⁹ ≥╙⌐ ∆╢ ┌ↄ │

⌐ ⇔ↄ⌂↑╣┌⌂╠∏ ∂ ─ ┌ↄ╩⇔≡╙ ≥╙⌐≈™10 

≡─ ꜞ☻◒│ ⌐ ⌐ ↕╣⌂↑╣┌⌂╠⌂™⁹ 

 ┌ↄ─ ⌐╟╢ ⅜╪─  

  

 ⅜╪│ ♅▼ꜟⱡⱩ▬ꜞ ꜜ► ─

┌ↄ⌐╟╢ ⌂ ≤⇔≡ ⌐ ↕╣ ₈ ◓꜠▬ ◓꜠▬15 

≤™℮ ─ ┌ↄ╩ ≥╙⅜ ↑╢≤ ╠⅛⌐ ⌐⌂╡

⅜╪─ ⅜ ⅎ╢≤™℮↓≤⅜ ⌐ ↕╣√ ה

⁹ │ ⅛╠ ⌐ ⇔

─ ─ ╩ ⇔ ╩ ⌐ ╢↓≤ ╩ ≤

⇔√₈ ₉ ₈ ₉⌐ ╩ ⇔√⁹20 

│ ⌐ ↕╣√₈ ☿fi♃₉כ⅜ √╡

╛∕─ ─ ≤⇔≡

⅜ ↑╠╣ ⅜ ⌐ ™√⁹

⌐│ ⌐≈™≡ ─ ⅛╠ ╩

≤⇔√ ╩ ℮ ╙ ↕╣√⁹ 25 

 │ ⅛╠ ↕╣√⅜ ─
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⌐⅔™≡ ⌂ ╩ √⇔√─⅜ ≢№

╢⁹ │ ↕╣≡⅝√⁹ 

 ↓─ │ ⅛╠ ⌐╟╡ ↕╣√ ꜜ► ─

⌐ ∆╢ ─ ╩ ∆╢≤™℮╟╡ ⌐╟╢

┌ↄ │♅▼ꜟⱡⱩ▬ꜞ ╟╡ ⌂™≤™℮ ─╙≤5 

─ ┌ↄ⌐ ∆╢₈ ╩ ₉∆╢√╘ ─ ⌐╟∫≡

╙ ≥╙╠─₈ ⅜╪─ ⅜⌂™↓≤╩ ₉∆╢ ≤∆╢↓≤

╩ ≤⇔≡™√ ה ─ᵲ⌐ ∆╢

┘ ⁹↓─ │ ⌐ ⇔√ ╙

⌐⅔™≡│ ┌ↄ─ ⌐╟╢ │ ⇔⌂™≤™℮ ─╙≤10 

∕╣ ─ ∆╢ ⌐╟╡ ∆╢ ╩ ╢↓≤⌐ ╩

╘≡™√↓≤╩ ≢ ⇔≡™╢ ⁹ 

 ─ ─ ⌐

┌ↄ─ ╩ ∆╢ ╩⇔≡™√ ≢ ↕╣√₈

┌ↄ─ꜞ☻◒ ⌐ ∆╢꞉כ◐fi◓◓ꜟכⱪ₉⅜ mSv ─15 

┌ↄ ─ │ ─ ⌐╟╢ ⅜╪─ ⌐╟∫≡ ╣╢╒≥⌐

↕™√╘ ⅜╪ꜞ☻◒─ ─ │ ⇔™≤─ ─ ╩

⇔√ ╩ ⇔√↓≤⅛╠ ─

─ ─ ╛ ─ ╛ ⌐≈™≡│

≤─ ╩ ∆╢ ┼─Ᵽ▬▪☻⅜⅛⅛∫√╙─≤20 

⌂╡ ─ ↨╪ ─ ⅜ ₁≤ ╠⅛⌐↕╣≡

─ ╩ ↑ ה ⌐│

─ ⅜ ╩ ↑ ⌐ ⅜

⅛╠─ ╩ ⇔≡ ─ ⌂ ╩ ╘

⌐ ⅜ ╩ ⇔√ ה ⁹ 25 

ה   
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 ─ │ ⌡ ⌐ ⇔≡™√

─ ≥╙ ╩ ╗ ≢№╢⁹♅▼ꜟⱡⱩ▬ꜞ≢

─ ⅜╪│ ⅛╠ ⌐ ⇔√≤─ ╩ ⌐ ╕

∏ ⌐ ⇔√ ≢ ≥╙╠─ ─ ╩ ≢ ⇔

∕─ ↔≤⌐ ⌂ ╩ ╡ ∆≤™5 

℮╙─≢№╢ ╩ ⅎ√ │ ↔≤─ ⁹ 

 ─ ⌐⅔↑╢ ≢ mm ─

╛ mm ─ ⅜ ↕╣√╙─ ה ∕╣ │

≤⇔≡ │ ≤⇔≡ ╟╡ ⌂

⅛╠─ꜜ► ─ ⱱꜟ⸗fi ─ ⅜10 

╦╣ ∕↓≢ ─ ⅜ ╦╣╢╙─⌐≈™≡│

●▬♪Ⱪ♇◒⌐ ⇔√ FNAC ⅜ ╦╣╢⁹ 

 FNAC ≢ ⌐ ⌂™⇔ ™─ ⅜№╢≤ ↕╣

≤ ↕╣√ ─ ╩ ⇔√ ≢ ─ ⅜ ↕╣

╢⁹ ≢ FNAC ╕≢│ ⇔⌂⅛∫√╙─ ⇔√⅜15 

™ ≤╕≢│ ↕╣⌂⅛∫√╙─ ≤ ↕╣≡╙ ╩

⇔⌂⅛∫√╙─ │₈ ₉⌐ ↕╣ ∕─ │ ≢ ╩

↑╢↓≤≤⌂╢⁹ ⌐ ↕╣√ ─∕─ ─ ⅜ ≢

─ ⅜╪─ │ ⌐↕╣≡™⌂™⁹ 

 ─ ─  20 

 ⅜╪─ │ ─ ⅜╪ ─ ⅛╠

≤↕╣≡™√ ⁹♅▼ꜟⱡⱩ▬ꜞ

►◒ꜝ▬♫╛ⱬꜝꜟכ◦ ─ ≢

●fi⅜ ⇔≡ ⇔ ╘ ⌐Ⱨכ◒╩ ⅎ ∕─

⇔√ ה ה ⁹ 25 

 ≢│ ≢ ⌐
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⇔ ⅜ ⌐╙ ⇔√⁹↓─ ≈™≡

≤ │ ─ ◓fi♬כꜞ◒☻╢╟⌐ ╩

∆╢≤≤╙⌐ ─ ≢│₈⅜╪╩ ℮ │⌂™₉

₈ ─ │ ↄ⌂™₉≤─ ╩ ⇔≡™√ ⁹ 

 ≢ ─ ─℮5 

∟ ה ⅜ ℮∟ FNAC

™ ─ ╙

℮∟ ≤™℮ ⅜ ↕╣√⁹ │ ₈ ™ ≢

™ ≢─ ╩⇔√↓≤⌐╟∫≡ ™ ─

⅜╪╩ ╘√₉ ₈ ≤─ │ ╘⅜√™₉ ₈ │10 

≢│⌂ↄ ⅛≈ ⌂╙─₉≤─ ╩ ═≡™√ ⁹ 

 ─ ⱶכ◐☻  

 ─ │ ╛ ≢ ↕╣╢⁹∕

↓≢ ↕╣ ─ ⌐ ╢ ⅜╪─ │ ≢

╙⇔ↄ│ ™─ №╡≤ ↕╣ ─ ╩ ↑√╙─15 

≢ FNAC ╩ ↑ ∕─ ⅛ ≢

╩ ↑√╙─ ∞↑≤⌂╢ ╖≤⌂∫≡™√⁹ ╩ ↑∏⌐

╩ ∂≡ ─ ╩ ↑√╙─ ╩ ↑≡╙

╩ ↑√∞↑≢∕─ ╩ ∂≡ ≢ ╩ ↑√╙

─ ╩ ↑≡╙ ≤⌂╡ ⌐ ≢20 

╩ ↑√╙─ │ ≤↕╣ ╛ ≢─ ⅛╠

╣√ ⁹ 

 ↓─╟℮⌂ │ ↕╣≡™⌂⅛∫√⁹

∞∫√ ⅜ ⌐ ⅜╪─ ╩ ↑≡™╢

⌐╙⅛⅛╦╠∏ ⅜ ⇔√ ⌐│ ─25 

─ ⅜⌂™↓≤⅜ ─ ≢ ╠⅛≤⌂╡ ⌐≈™≡─
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⅜ ⅜∫√⁹ ╠│ ╩ⱶכ◐☻ ⇔√⅜ ─

│ ╠⅛⌐↕╣⌂™╕╕ ⇔√⁹

⅜₈ ─ ⅜╪ ╣ ╩ⱪכ◒☻℮™≥₉ ⇔√⁹

│ ₈ ≢─ FNAC ⅛╠ ≢─

♩כꜟ℮™≥₉ ≢─ ─ ⅜5 

≢ │ ─ ≢ ≤ ∆╢↓

≤╩ ╠⅛⌐⇔√ ─ │ ⁹ ─ ⅜╪

─ │ ה │ ⅜ ⅜

⅜ ⅜ │

⅜ ╡⅜ ╡⅜ │ ≤↕╣√⁹ 10 

 ↓╣╕≢─ ─  

⅜

⌐⅔™≡ ⇔≡™╢ ─ ≤ ⅜ ⇔≡™╢

≢─ ─ ≢─ ⅜╪ │

─≤⅔╡≢№∫√ ה ⁹ 15 

⌂⅔ ─ ⌐

⇔√ ⌐⅔™≡│ ─ │ ™

│ │ ─ │

™ │ │ ≤↕╣≡™√⁹ 

   

 

 

 

 

BהC  

(2 ) 

FNAC  

™  

 

A   

 

(2011/10~) 

1992.4.2 2011.4.1 

30  

81.7% 

2293  

2130  

26.2% 

 

39 77 

 102  

1 

1  27  2227   65  52  
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(2014/4~) 

1992.4.2 2012.4.1 

71 0% 1874  

11.3% 

32 39 

 

(2016/4~) 

 

21.7  

64.7% 

1501  

1081  

6.9% 

  

12 18 

 20  24  

 

(2018/4~) 

 

14  

46.5% 

829  

484  

6.7% 

 

8  

 13  8  

 

2107/4~) 

4200  

8.9% 

198  

145  

   

  

   1  

                       

 

93 144 

 187  

186 

 1 

 

⅜ ⇔√ ≢─₈ ₉─₈

₉≢─  

35  

 19 

 16 

─  205  

 ╣⇔≡™╢ ─ ⅜╪  

 ⅜╪─ │ ≤↕╣≡⅝

√⁹ ─ ─ ⅜ ᵑ ⌐╟╢

┌ↄ─ ⌐╟╢ ⅜╪ ─ ⌂─⅛ ᵒ

↕╣⌂™ ⅜╪ ⌐╦√╡ ─ ╙⌂™ ─ ─5 

◓fi♬כꜞ◒☻ ≢ ⌂ ⅜ ╦╣≡™╢⌐∆

⅞⌂™─⅛ ᵓ ⌂ ≢⌂™≤∆╣┌ ≢╙ ─

─ ⅜╪ ⅜ ∆╢─⅛⌐≈™≡ ╩ ™≡™╢⁹ 

 │ ─ ⅜╪ ─ ╩ ⇔
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≡™⌂™⁹↓─ │ ─ ⅜╪─ ╛

─ ⅜ ⅛╠ ╣╢ ╩ ⇔ ┌ↄ≤

⅜╪≤─ ⌐≈™≡─ ⇔™ ╩ ™ ∆ ≤⌂∫≡™╢⁹ ⇔

√ ⅜╪─ ⌐ ╩ ⅎ ⌂ ╩

∆╢↓≤≢ ─ ╩ ⇔╟℮≤⇔≡™╢⁹ 5 

 ⸗♦ꜟ─ ⌐ ⌐ ⇔ ↓─ ╩ ⇔√─│

╠≢№╢ ה ה ⁹

│ ─ ─ ╩ ╘≡™√ ⁹

│ ╕≢│ ─ ≢ ╙ ─

⅜╪ ─ ⌐ ⇔ ╣⅜  ⱶ─10כ◐☻─↓╢∆

╩ ⌐ ⇔⌂⅜╠ ⇔≡™╢ ⁹ 

 │ ─ ⌐⅔™≡ ≢

─ ⅜ ≢ │ ╣⇔

≡™╢ ╩ ⇔ ─ ≢ ╠⅛≤⌂∫√ ⅛╠

─ ↓─ ╣─ ╩ ╘≡™╢15 

⁹ ⌐ ╣≤⌂∫≡™╢ ─

≢─ ⌐≈™≡│ ⅜ ⇔√ ↕ⅎ ╠⅛⌐⇔╟℮≤⇔⌂™⁹ 

 ┘ │ ╩ ™

─ ╩ ∂≡ ₈ ₉≤™℮ ─╙≤⌐ ┌ↄ╩

∆╢ ה ∕─ │ ₈ ┌ↄ─ꜞ☻◒20 

⌐ ∆╢꞉ ◐fi◓◓כꜟⱪ₉⅜ ⇔√ ┌ↄꜞ☻◒│ ─ꜞ☻

◒⌐ ╣≡⇔╕℮╒≥⌐ ™ ⅎ┌ mSv─ ┌ↄ│

╛ ─ ╡∆⅞≤ ∂ↄ╠™─╙─≤⇔√ꜞ☻◒ ─

╩ ⇔√ ⌂╙─ ⌐ ⇔≡™╢ ⁹ 

 ─ ה ╩╘←╢ ─ ─  25 

 │₈ ⌐⅔↑╢ ╡╕≤
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╘₉⌐⅔™≡ ─ ⌐≈™≡ ₈ ─ ╩

ⅎ≡ ╦⅜ ─ ⅜╪ ≢ ↕╣≡™╢ ⅜╪─ ⌂

≥⅛╠ ↕╣╢ ⌐ ═≡ ≢כ♄כ○─ ™ ⅜╪⅜

↕╣≡™╢₉≤⇔≈≈ ↓─ ─ ⅜╪⅜ ↕╣≡™╢

⌐≈™≡│₈ ─ ≤│ ⅎ⌐ↄ™₉≤─ ╩ ⇔√⁹5 

─ ⌐≈™≡│ ⇔≡™⌂™ ⁹ 

 ─ │ ∆╢ ─⌂™ ⅜╪ ꜝ♥fi♩⅜╪ ╩

⇔ ⌐╦√∫≡ ─⌂™ ╩ ∫≡™╢⌐∆⅞⌂™

↕╣≡™╢ ⅜╪│ ≤─ ╙⌂™⅛╠ ∆═

⅝ ≤ ⇔≡™╢ ⁹ 10 

 │ ↓╣╠ │ ⌐⅔↑╢ ⅜╪─

≤ ⅜ ⇔√₈ ●▬

♪ꜝ▬fi₉ ⌐ ╡ ⌐ ↕╣√ ⅛≈ ⌂ ≢№╢

⌂ ≢│⌂™ ≤ ⇔ ╩ ⅎ╢ │ ⌐╟

◓fi♬כꜞ◒☻╢ Ɫכⱬ☻♩ ≤⇔≡ ─╙─≢№∫√⇔15 

≢╙ ⌂ ╩ ⅎ┌ ⌂ ≤⌂╢ ⅜№╢≤ ⇔≡

™╢ ⁹ 

 │ ─ ⌐ ⌂ │⌂™≤⇔ ⅜╪

─⅜╪ ⅜ ⌐ ⅛ ≢№∫√↓≤╛ ♅▼ꜟⱡⱩ▬

ꜞ≢─ ≤─ ⅛╠ ╕≢─ │ ⇔≡™⌂⅛∫20 

√⅜ ◓fi♬כꜞ◒☻│╣↓ ∞≤ ⇔≡™╢

⁹√∞⇔ │ ⅜╪⌐≈™≡ fi♬כꜞ◒☻

◓ ⌐ ─ ⌂╢ ─ ─ ה ≤─

╩ ™ ─ ╩ ↑ ⇔≡™╢ ⁹

│₈ ⌂ │ ╘╠╣⌂⅛∫√₉≤↕╣≡™╢⁹ ⁹ 25 

 ╙∫≤╙ │ ╠ ⅛╠─ ≢╙ ⌂
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╩ ™ ─ ⇔√ ⌐ ⅎ┌ ≤

─ ⅜ ≡ↄ╢ ⅜№╢─⅛≤™℮ ⌐ ⇔≡│

⅜ ⌂╣┌ ╙ ⌂∫≡ↄ╢≤™∫√ ⌂ ╩ ╡

∆↓≤≢ ╩ ⇔≡™╢ ⁹ ↕╣≡

™╢ ⅜╪│₈ ≢│⌂™₉≤∆╢↓≤⌐≈™≡ ₈ ≢│⌂™5 

↓≤⅜ ⌐ ↕╣√₉≤™℮ ⅛ ∕╣≤╙₈ ⅛≥℮⅛ ₉

≤─ ⅛╩ ╠⅛⌐∆╢╟℮ ╘╠╣≡╙ ₈ ─ ⅜╪─

╩ ╢ ≢ ╘≡ ⌂ ∞≤™℮┤℮⌐ ∫≡™╕∆₉≤™∫

√ ⌂ ≢ ─ ⌐≈™≡─ ╩ ╠⅛⌐⇔⌂™⁹ 

 ─ ⅜╪ ╩ ╢ ╡ │ ⅜╪10 

⌐ ∆╢ ╛ ⌐ ╠⇔≡ ⅜ ≤ ∆╢─

⅜ ≢№╡₈ ⅜╪₉≤ ╡ ≡╢↓≤⅜≢⅝⌂™ ⅜ ™⁹

∕─ │ ♅▼ꜟⱡⱩ▬ꜞ ⌐ ⇔√ ⅜╪─

⌐≈™≡ ⅜ ⌐ ⇔√ ≤ ⌂╢⁹

↕╣≡™╢ ⅜ ─ ⌂─⅛ ↕╣╢15 

⌂─⅛ ┌ↄ≤─ ⌐ ⌐⅔↑╢ ─

ꜜ► ─ ≤─ ⌐≈™≡ ┌ↄ⌐╟╢

│ ⇔⌂™≤─ ╩ ⇔√ ⌂ ⅜ ╘╠╣╢⁹ 

 ⌐ ∆╢ ⅜╪≤ ≤─  

 │ ⌐ ⅜╪│ ⇔≡⅔╠∏20 

⌐╟╡ ↕╣√ ꜜ► ╙ ↕╣√ ⅜╪⌐ ╩

ⅎ≡™╢≤│ ⅎ ™≤⇔ ─ ╩№→╢ ⁹ 

ᵑ ─ ┌ↄ │♅▼ꜟⱡⱩ▬ꜞ≤ ⇔≡ ⌐ ™⁹ 

ᵒ ─ ⌐ ┌ↄ ⌐ ⇔√ ╠⅛⌂ ⅜⌂™⁹ 

ᵓ ─ ─ │ ≢ ╙ ┌ↄ╩ ↑╛∆™25 

⌐│ ╘╠╣⌂™⁹ 



  ⌐ ∆╢ ╠─   

295 

 

ᵔ ≢ ─ ⌂ │⌂ↄ ╙⌂™⁹ 

ᵕ ♅▼ꜟⱡⱩ▬ꜞ≤ ⌂╡ ⅜╪│ ╘≡ ⌂™⁹ 

ᵖ ╙ ♅▼ꜟⱡⱩ▬ꜞ─╙─≤│ ⅝ↄ ⌂∫≡™╢⁹ 

 ⇔⅛⇔ ᵑ ᵖ─ ⌐≈™≡│ ╛ ─ ⅛╠

ↄ─ ⅜ ∑╠╣≡™╢ ⁹ 5 

ᵥ ᵑ⌐≈™≡ 

▪ ᵑ│ ⌐⅔™≡│ ─ ≤⌂∫≡™╢⅜

│ ─ ╕≢─ ⌐

↕╣√ ꜜ► ─ │ PBq Ɑ♃ Bq

≢ ⌐ PBq ⅜ ↕╣√≤ ⇔≡™╢≤↓10 

╤ ≢ ─ ╩ ⇔√

│ ∑∏ ─⸗♬♃ꜞfi◓ⱳ☻♩⌐╟╢●fiⱴ ─ ⌐

╟╣┌ ⌐⅛↑ ╩ ╪∞₈ ₉ ⱪ

ⱶכꜟ ─ ⌐╟╡ ─ ↄ≢ ⅜ ⌐ ⇔

↓╣⌐≈╣≡ ╙ ≢ ה ⇔√↓≤15 

⅜ ↕╣≡™╢⁹∕─ ⌐ ↕╣√ ☿◦►ⱶ≤ ꜜ►

─ ─ ╩╖╣┌ ☿◦►ⱶ│ ⅛╠

─ ≢ ─ ⅜╖╠╣╢─⌐ ⇔ ꜜ► │ ─ ⌐╙

ↄ ⌐ ⇔≡™╢↓≤ ─ │ ↄ≡╙

™ │ ⅛╠ ≢№╢↓≤⅛╠ ⌐╟╢ ┌ↄ20 

⅜ ↕╣╢ ⅜╪⌐⅔™≡│ ─ ─

⌂ ⅜ ⌂ ≤⌂╢⅜ ≢│ ↕╣≡™⌂™⁹ 

▬ ─ ╙ ≢ꜜ► ─ ╩ ⌐ ⇔

≡™√─│ ⅛╠ ≢ km ─ ⌐№╢

─ ≢№╢⁹↓─ ⅛╠25 

≤ ─ ─ ⅛╠ ─
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─ ⅜ ┌ↄ─ ╩ ╘≡™√≤ ↕╣ ↓─

≢─ ─ ┌ↄ │ mSv ⌐⌂╢

≤ ↕╣≡™╢⁹ ≢│ ꜜ► ─ ⅜

Bq/ ⌐⌂∫√ ⅜№╢≤─ ╙ ↕╣≡™╢ ה

ה ⁹ 5 

► │ ꜜ► ─ ┌ↄ ─ ╩

⌐ ⇔ ⌐⅛↑ ™

╦⅝ ─ ╩ ⌐⇔√ ─

mSv⌐ ∆╢ ɡSv ⇔≥ꜟfi◓꜠ⱬ♬כꜞ◒☻╩

↓─ ⅛╠Ᵽ♇◒◓ꜝfi►♪╩ ™√  10≢♃כⱬⱷכ◘╩

⅜ ╦╣≡™╢⁹ꜜ► ─ ≤

⌐⅛↑≡─ ┌ↄ ╩ ∆╣┌ ↓─ ─ꜜ►

─ ┌ↄ─ ⌐ √∫≡│ ╕≢─ ╩ ⇔

√ ɡSv ╩ ≤∆╢─⅜ ≢№╡

ɡSv/ ╩ ≤∆╢ ≢│ ⅜ mSv15 

≢№∫√ ╩ ∆ ⅜№∫√⇔ ↓─ ╩ ™√

≢│ ─ ┌ↄ ╩ / / ⌐ ⇔≡⇔╕℮↓

≤⌐╙⌂╢⁹Ᵽ♇◒◓ꜝ►fi♪ ╙ ≢ ⌂≥─

─ ⌐ ↕╣ ≤⌂∫√⅔∕╣⅜ ™⁹ ⅛╠

⇔≡⅝√ ⌐ ⇔≡│ ⅛╠ ⌂ ☻◒ꜞ20 

◓fi♬כ GM ╩♃כⱬ▬ⱷכ◘ ⇔≡ ╛

⅛╠─ɗ ╩ ⅜ ↕╣√⅜ ◓fi♬כꜞ◒☻

╩ ─ cpm ⌐╟╢

mSv⌐ ⅛╠ cpm⌐ ⅝ →↨╢╩ ⌂⅛∫√

─ ⌐│ ⅜ ⇔≡™√ ⅜№╢⁹ 25 

◄ ↓─ ╩ ⇔√ │ ⌐│
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mSv ╩ ⅎ╢╙─│™⌂⅛∫√≤ ⇔√╙── ↓─

╩ꜟfi◓꜠ⱬ♬כꜞ◒☻₈│ ⅎ╢╙─⅜™╢⅛≥℮⅛╩ ═╢↓

≤╩ ≤⇔√ ⸗♬♃ꜞfi◓≢№╡ ⅛╠ ┌ↄ ⌐

⇔√╡ ╛ꜞ☻◒ ╩ ⇔√╡∆╢↓≤│ ≢⌂™₉

╩ ⇔≡™╢ ⁹ 5 

○ ─ꜜ► ─ ┌ↄ ⌐≈™≡│ ↓╣╩ ∆

╢ ⅜ ╠╣≡⅔╡ ♅▼ꜟⱡⱩ▬ꜞ≤─ ⅛╠ ⅜╪╩

─ ╣⅜⌂™≤─ ≢ ╩∆╢↓≤│ ⅜

™⁹►◒ꜝ▬♫ ▪◌♦Ⱶכ ♩꜡fi◖ ─

⌐╟╣┌ ⅜ mSv ╟╡│╢⅛⌐ ™ ≥10 

╙ ⅛╠╙ ↄ─ ⅜╪⅜ ⇔≡™╢↓≤⅜ ↕╣≡™╢

─⌐ ↓╣⅜ ↕╣≡™⌂™↓≤╙ ≢№╢⁹ 

ᵦ ᵒ⌐≈™≡ 

▪ ╙ ⌐≈™≡ ≤ ─™

∏╣⌐≈™≡╙ │ ╘╠╣⌂™≤⇔≡™╢⁹↓─ ⌐ ╢╕15 

≢─ ⌐ ⌐ ∆╢ ─ │ ≢№╢⁹ 

▬ ⌐≈™≡│ ⅜ ™

╡ ╡ ™

─ ⅜╪ ╩ ⇔ ⌂⇔≤─ ╩ ⇔

√ ה ה ⁹20 

⇔⅛⇔ ≤─ ≢ ╩ ∆╢─≢№╣┌

╕≢⌐ ∆╢ ⅜ ↄ⌂╢─⌐ ⇔≡ ∆╢ ╙ ∆╢

≤ ⅎ╠╣╢⅛╠ ∕─ ╩ ⅎ╢ ⅜№╢⌐╙⅛⅛╦╠∏

⇔≡™╢ ⁹ │

╕≢─ ⌐╦√∫≡ ↕╣ │ ─25 

™ │ ─ │ ™ ─
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⌐≈™≡ ⇔√⁹↓─ ╩ ⇔≡ ╩

↔≤⌐ ∆╣┌ ⌂ ™⅜ ╣≡ↄ╢ ⁹ 

► ≢№╢⅜ ∕─ ⌐ √∫≡│ ₈ ⌂

™⇔ ™₉≤ ↕╣√ ─ ╩

╡ ╡ ─ ⌐ ⇔ ∕─ ╩ ╡5 

⇔√₈ ₒ ₓ

⌐ ∆╢ ⌐╟╢ ─ ₉≤™℮ ⅜

↕╣√ ⁹∕─ │ ─ √╡─

⅜╪─ │ ─≤⅔╡≤↕╣ ⅜╪─ ⌐│

⅜№╡ ⌐ ∆╢↓≤╩ ⇔≡™√⁹ 10 

ה . ה  ╡ .  

ה ╡ . ה  .  

◄ ⌐ ↕╣√ ⌐

─ ╩ ╠⅛ⱪכꜟ◓╢∆≥

UNSCEAR ⅜ ⇔√ ╩ ─ ≤⇔15 

√ ⅜ ↕╣√⁹∕─ │₈ ⌂⇔₉№╢⁹↓─

⅜ ≤⇔√ UNSCEAR │ ⌐ ⅜ ↕╣≡™√╙

─≢ ∕─ ⌐╙ Ⱶ☻⅜ ↕╣╢ ⌂╙─≢№∫√⁹

≢ ↕╣√ ⅜ ↕╣ │⌂™

≤─ ⌐≈™≡ ⌂ ⅜⌂™╕╕ ↓╣⅜ ↕╣≡⇔╕∫√20 

⁹╕↕⌐ №╡⅝─ ≢№╢⁹ 

○ ╩╘←∫≡│ ╩ ⇔√

╩ ╖╢ ⅜ ≡™╢⅜ ⱪכꜟ◓

│ ⌂ ╩ ╘╢╙─≢№╢⁹ ◓ꜟ

│ⱪכ ∕╣╕≢≤│ ⌂╡ UNSCEAR ─ ╩ ⇔⌂™ ─25 

≢ ⌂ ⌂⇔─ ╩ ⇔≡™╢ ⁹ 
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◌ ─≤⅔╡ ⅜⌂™↓≤╩ ⌐ ┌ↄ≤─

╩ ∆╢↓≤╙ ≢│ ⅜ ⇔™⁹ 

ᵧ ᵓ⌐≈™≡ 

▪ ⌐ ⇔≡™╢╙─∞↑≢╙ ─ ⅜ ∆╢⁹♅▼ꜟ

ⱡⱩ▬ꜞ≤─ ─ │ ♅▼ꜟⱡⱩ▬ꜞ≤│ ─5 

┌ↄ⌐╟╢ ⅜╪ ─ ™╩ ⅛∑╢⌐ ╢╙─≢

╩ ∆╢ ≤│⌂╠⌂™⁹ 

▬ ♅▼ꜟⱡⱩ▬ꜞ ⌐⅔™≡╙ ⅛╠ ⅜╪

─ ⅜ ╣ ⅜ ↕╣√ ⅛╠ ≤⌂

∫√╙─≢№╢ ה ⁹♅▼ꜟⱡⱩ10 

▬ꜞ ⌐⅔™≡╙ ⅛╠ │ ─

⌐ ⅜╪⅜ ⇔≡™√╙─≢ ─ ≤

⇔≡™╢ ה ─ ה ─

⁹ ─ ⅜╪─ ⌐≈™≡│ ∕─ ⅜

╠⅛⌐⌂∫≡™⌂™⅜ ♅▼ꜟⱡⱩ▬ꜞ≤─ ™╩ ∆╢∞↑≢15 

│ ─ ⌐ ╩≈↑╢↓≤│≢⅝⌂™⁹

─ ⅜ ≢№╢⁹ 

ᵨ ᵔ⌐≈™≡ 

▪ ᵔ⌐≈™≡│ ⌐⅔™≡╙ ╙─₈ ה

™₉⅜ ↕╣≡™╢↓≤ ∕─℮∟─ ⅜ ≢│20 

≢№∫√ ╩ ∑↨╢╩ ⌂™⁹ │ │

⌂ ╩ ™√ ≢№╡ ◓fi♬כꜞ◒☻ ≤⇔≡─Ɫ

♩☻ⱬכ ⌐╟╡ ─ ⅜╪╩ ⇔√≤ ⇔≡™╢⁹ 

▬ ⌐ ⅜╪ ⅜Ɫכⱬ☻♩↕╣√ ─ ≢ ╦

╣√ 1 ⌐⅔™≡ ⅜ ⇔≡™╢⌐╙⅛⅛╦╠∏25 

╙─₈ ה ™₉⅜ √⌐ ↕╣√≤™℮↓≤│



  ⌐ ∆╢ ╠─   

300 

 

⌐ ∆╢≤↕╣╢ ⅜╪⅜ ╠⅛─ ≢ ⌐

⇔√≤─ ™╩ ⅛∑╢⁹ ⌐ ⌐⅔™≡

ↄ─ ≤⇔⅜№∫√≤⇔≡╙ ─ ⌐ ─

⅜╪⅜ ⇔√≤™℮ │ ≢⅝⌂™⁹ 

► ≤ ⅜ ╗↔≤⌐ ⅜ ⇔≡™╢5 

% %⁹∕─ ≤⇔≡

┘ ⌐╟╢ ┌ↄꜞ☻◒ ─ ה ⅜№╢⁹ ⅜

│ │ ╙

│ ─₈ ה ™₉⅜ ↕╣≡™╢⁹ ╣─

≢ ⇔√ ⅜ ∆╢↓≤⅜ ↕╣10 

≡™╢⇔ ↓─ ⌐╙ ╣─ ⅜ ∆╢⁹ ─Ɫ

♩☻ⱬכ ⅜№╢⌐╙⅛⅛╦╠∏ ↓╣∞↑─ ⅜╪

⅜ ∆╢ ⅜ ┌ↄ≤ ⌂™─≢№╣┌ │

∕╣ ─ ╩ ╠⅛⌐∆╢ ⅜№╢⁹ 

ᵩ ᵕ ᵖ⌐≈™≡ 15 

≢ ⇔≡™╢ ⅜╪─ ⅜♅▼ꜟⱡⱩ▬ꜞ─╙

─≤ ∆╢↓≤│ ┌ↄ─ ╩ ⇔⌂™⁹ ⌐

≈™≡╙ ≢№╢⁹♅▼ꜟⱡⱩ▬ꜞ≢╖╠╣√ ⅜

─ ⅜⌂ↄ≡╙ ↕╣╢ ⅜ ↕╣≡™╢ ה ⁹ 

  20 

 │ ─ ≢₈ ₉≤↕╣√

≢ ─ ≥╙─ ⅛╠ ∕─ ₈

⌂™⇔ ™₉⅜ ↕╣≡╙∕─ ╩ ⇔⌂™ ⁹ 

 ≤ ≤─  

╠│ ≥╙╠⌐ ꜜ► ╩ ↕∑╢ ╩ ⅎ╠25 

╣╢↓≤⌂ↄ ┘ ─ ⌐╟∫≡ ⌂ ┌ↄ╩↕∑
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╠╣√⁹ ⌂ ┌ↄ⌐╟╢ │ ⇔≡ ⅜╪⌐ ╠╣╢

╙─≢│⌂™⅜ ⅜╪⅜♅▼ꜟⱡⱩ▬ꜞ ≢ ┌ↄ⌐╟

╢ ─ ≤⇔≡ ╘╠╣√ ≢№╢↓≤╩ ╕ⅎ╣┌

⌐⅔™≡₈ ┌ↄ╩ ≤∆╢ ⅜╪⅜ ⇔≡™╢⅛ ⅛₉│

∕─ ⌐ ⅜№╢⅛ ⅛╩ ∆╢ ≢ ⌂ⱷꜟ◒5 

ⱴ⁹╢№≢ꜟכ ┌ↄ╩ ≤∆╢ ⅜╪─ ⅜ ≢⅝╢─

≢№╣┌ ╠─ │└≤╕∏ ≢№∫√≤ ⅎ╢↓≤⅜≢

⅝╢⅛╙⇔╣⌂™⅜ ↓╣⅜ ≢⅝⌂™─≢№╣┌ ─ ≥╙⅜

⅜╪∕─ ┌ↄ╩ ≤∆╢ ₁⌂ ⌐╡ ∆╢⅛╙⇔╣

⌂™≤™℮ ╩ ™≡™╢↓≤⌐≈™≡ ⌂ ⅜№╢↓10 

≤⌐⌂╢⁹ │ ⌐⅔™≡ ⌂ ≢№╢⁹

⌐ ⇔√ ⅜ ─ ⌐ ↕╣⌂™√╘ ─

⌂ ⅜ ─╕╕≢№╡ ↓─ ⅜₈ ┌ↄ╩ ≤∆╢

⅜╪⅜ ⇔≡™╢⅛ ⅛₉─ ⌐ ⌂ ╩ ╓∆⁹ 

 ─  15 

⌐≈™≡ │₈ ⌐ ⇔√ │

⇔≡™⌂™₉─ ╡≢№╢⁹∞⅜ ∕╣│₈◖꜡♫ ─ ╩

⇔≡™⌂™₉≤ ℮⌐ ⇔™⁹ │ ╩ ⌐₈ ⌐

⇔√ ₉╩ ∆╢ ⅜⌂™≤™℮─⅛ ⅜ ⌐ ₈

⌐│ ⌐ ⇔√ ╩ ∆╢ ⅜№╢₉↓≤╩20 

⇔√⌐╙⅛⅛╦╠∏ │₈∕─ ╩ ∆ │⌂™₉≤⇔≡

─ ╕≢ ⌐ ⅜⌂™↓≤─ ╩ ⇔√╕╕ ╠⅛⌐⇔

⌂⅛∫√⁹↓─ ה ⌂ │ ╗⇔╤ ⌐₈ ⌐

⇔√ │≥╪⌂↓≤⅜№∫≡╙ ╠⅛⌐ ⌂™₉≤™℮╛╗⌐

╛╕╣⌠ ⅜ ∆╢↓≤╩ ⌐ ↕∑╢⁹╙⇔ ⌐╟25 

╢ ┌ↄ≤ ⅜╪─ ⌐≈™≡ ⌐ ⅜№╣┌ │
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₁≤₈ ⌐ ⇔√ ₉╙ ╘√ ─ ╩

⇔ ∕╣⌐ ≠™≡ ╩│∂╘≤∆╢ ╩ ⅎ┌╟™⁹∕╣╩∑∏

₈ ⌐ ⇔√ ₉╩ ™√ ⌂ ⌐ ≠™≡

↓╣╠─ ╩ ∫≡™╢⁹↓─╟℮⌂ ⌂ ⌐ ≠™≡ ╦╣

╢ │ ╩ ⅝ ∆√╘⌐⇔√ ⌂ ≤ ╦╣≡╙ ⌂™⁹ 5 

 ⌐│₈ ⌐ ⇔√ ₉╩ ∆╢ ⅜№╢ 

⅛╠₈ │ₐ ⌐ ⇔√

ₑ╩ ∆╢ ⅜№╢≤ ⅎ≡™╢─⅛₉≤™℮ ™⌐ ⇔

│₈ ⌐ ╩ ∆╢ │⌂™₉≤ ⇔√⁹ ⌐₈

⌐ ⇔√ ₉╩ ∆╢ ≤ ∆╢ ⅜№╢↓≤│10 

╙ ╙ ╠⅛≢№╢⁹ ◖꜡♫ ─ ⌐╟╡

⌐⌂∫√ ─ ┘ ─ ⌐ ∆╢ ⌐ ∆╢

│ ─ ⌐ ⌂ ╩ ╓∆ ≢№╢ ⌐≈™≡

≤ ⌐ ─ ≤ ─ ─ ┘

≤ ╩ ↑≡™╢ ─ ⁹ ⁹15 

╕≢ │♅▼ꜟⱡⱩ▬ꜞ ─ ╩ ⇔≡⅔╠∏ ─

┌ↄ⌐╟╢ ⌐≈™≡ ╛ ╩ ╘√ ≈╕╡ ⌐

∆╢ ╩ ⇔≡™⌂⅛∫√⁹ ⅜ ⇔√ ♅▼ꜟⱡ

Ⱪ▬ꜞ ⌐ ⌐╟╢ ≤⇔≡ ╘╠╣√ ≢№╢

⅜╪⌐≈™≡ ⅜ ≤ ⌐20 

↑≡™╢ ─ ╛ ─ ┘ ≤ ─ ╩

⌐ ╦∑╢≤ ∆╢─⅜ ─ ⌐ ╠⇔ ≢№╢⁹∕─ ⌐

⅜ ⌐ ─ ≤ ↕╣√

≤⇔≡ ⅜ ⌐≈™≡ ─ ┘ ─

╩ ℮─│ ≢№╢⁹ ⅜╪│►◒ꜝ▬♫ ⱬꜝꜟ25─◦כ 

≢ ↕╣√♅▼ꜟⱡⱩ▬ꜞ ─ ┌ↄ⌐╟╢ ₁⌂



  ⌐ ∆╢ ╠─   

303 

 

─ ≤╙™℮═⅝ ─ ─ ⌐ ⌂ ╩ ╓

∆ ≢№╢⁹ ╩ ⇔√ ⌐≤∫≡╙ ≢│⌂

ↄ ⅜ ∑∏⌐│⅔╣⌂™ ⌐≈™≡

─ ╩ ╢↓≤⅜∕─ ⌂ ≤↕╣╢ ⌐≤∫≡

─ ─ ┘ │ ╙ ⅛≈ ⌂ ≢5 

№╢⁹∕↓⅛╠ ─↓≤⅜ ⅛╣╢⁹ ⌐ ─ ≢№╢

≥╙╠─℮∟ ⅜╪⅜ ⇔√⅛│ ─ ╙

≢₈ ┌ↄ─ ₉─ ╩ ∆╢ ≢ ─ ≢№╢⁹

⌐ ─ ≤⌂∫√ ⅜ ╩ ∆╢

╩ ℮─│ ≢№╢⁹ ╩ ∆╢√╘⌐₈ ⌐10 

⇔√ ₉╩ ∆╢↓≤╙ ─ ≢№╢⁹ ⌐ ₈

≢ ⇔√ ⅜╪─ DATA ╩ ™ ∕─

╩ ╠⅛⌐∆╢↓≤│ ┌ↄ─ ┼─ ─ ╩ ╢ ≢

╘≡ ⌂ ≤⌂╢₉≤™℮ ⅛╠ ─ ╠⅜

∫√₈ ☻כⱬ♃כ♦ ┘ Ᵽfi◒╩ ⌐ ⇔ ⅜15 

╪─ ╩ ∆╢₉ │ ─

─ ╙ ⌂ ≈≤⇔≡ ⌐ ∑╠╣√ ≢№╡ ╠─

─ ⌐ ⌡╠╣╢═⅝≢│⌂™⁹ ╠─ │

⅜ ∆═⅝ ─ ≤⇔≡ ─ ⌐ ⅛╣╢═⅝≢

№╢⁹ 20 

 ⅜ ─ ╩ ⇔⌂™─│ ≢№╢↓≤ 

ᵥ │ ⅛╠─ ╩ ↑≡↓╣╕≢

⇔√ ⌐│₈ ⌐ ⇔√ ₉│ ╕╣≡™⌂™↓≤

╩ ╘ ₈ ⌐ ⇔√ │ ⇔≡™⌂™₉≤ ⅝ ∫

√⁹ ─ ╩ ╢↓≤⌐∕─ ╩ ∆╢ │25 

⅛≈ ⌂ ≤⇔≡ ─ ─ ─ ╩
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™ ⌂ ─ ─√╘⌐₈ ⌐ ⇔√ ₉

╩ ∆╢ ╩ ℮⁹ ⅜ ⇔≡ יִ ─

─ ─ ₈ ⅜ ≢№╢₉≤™℮

─ ⌐ ⇔ ⅛╠ ⇔™ ⅜ ™∞ ⁹ 

▪ ₈ Ν↓╣⅛╠╙∫≤ ⅎ╢≤ ™╕∆⌡⁹ ∆╢ │√5 

ↄ↕╪™╢╦↑≢ ∕─ ≢ ⇔≡™╢℮∟ ⅜╪⅜ ≈⅛∫√≤

™℮ ↕╪╩ ≢⅝⌂⅛∫√ ⌐ ⇔√ ↕╪─⅜╪─

╩↓↓≢ ⇔≡™≡╙ ∟╚╪≤⇔√ ─╙≤⌐ ⅜≢⅝⌂

ↄ⌂∫≡⇔╕℮≤⁹ ╙≥℮™℮┤℮⌐⇔≡™™⅛≤™℮↓≤⅜╦

⅛╠⌂ↄ⌂∫≡⇔╕∫≡ ™╤™╤⌂↓≤⅜ ⅜ ∂╕∆⁹Ν╙10 

∫≤╙∫≤↓╣⅛╠╦⅛╠⌂™↓≤⅜ ⅎ≡™ↄ─≢│⌂™⅛≤

℮╪≢∆⌡⁹∑∫⅛ↄ ─√╘⌐ ─ ╩ ≤⇔√₈

₉ ≢№╢⌐╙⅛⅛╦╠∏ ╩ ╠⌂™≤

─√╘⌐╛∫≡™╢⅛╦⅛╠⌂™Ν₉ 

▬ ₈ Ν⅔∕╠ↄ ─ √∟│↓─15 

⌐ ⅜╪⅜ ↕╣√ ╩ ⇔≡ │ ⅛⌂™≤

℮╪≢∆⌡⁹≤≡╙ ⌂ ≤⇔≡ ↕╣╢≤│ ∕

↓╩ ⅛⇔≡∕╪⌂ │ ↑⌂™≤ ℮─≢ ∕↓│ ∆╢

╪∞≤ ™╕∆⁹∕╣│ ₁≤╙ ⇔≡™√∞⅝√™Ν₉ 

► ₈ Ν ╙ ⅜⅔∫⇔╚∫≡™╢↓≤≤ ≢∆⁹20 

↓─ ─ ⌐ ∫≡⇔╕℮≤ ⅛№√⅛╙ ≢℮╟─♩כꜟ

⅜╪╩ ⇔≡╙ ↄ ↕╣⌂™≤™℮╟℮⌂ ⅛ ╣⅜№╢⅛

─╟℮⌐ ╦╣╢≤™℮─│ ⌐ ╦∫≡™╢

≤≡╙ ╛∫≡⅔╠╣╢≤ ℮─≢ ∕℮™℮┤℮⌐ ╦╣╢

≤™℮─│ ∕╣⌐ ⇔≡⅝∟╪≤ ╩⇔≡™⌂™≤∆╣┌╝╝⇔25 

⅝ ∂╚⌂™⅛≤⁹≈╕╡ ↓─ ─ ≤™℮⅛
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─ ╩ ∫≡™ↄ≤™℮ ⅛╠⇔≡╙ ╩ ≡ ╕√

╩ ⅝∟╪≤ ⇔≡™√∞ↄ≤™℮↓≤╙№╡╕∆⇔ ╕√

≡╣↕◒♇Ᵽ♪כ▫ⱨ⅜♃כ♦─ ↓─ ─╟╡

─ ≤™℮↓≤⌐╙ ∫≡™ↄ⅛≤ ™╕∆─≢ ╩ ⅎ

≡ ╩ ≤⇔≡ ╘≡ ⇔≡™√∞ↄ≤™℮─⅜ Ν₉ 5 

ᵦ ─₈ ⌐ ⇔√ │ ⇔≡™⌂™₉≤™℮

│ ⌐ ∑╠╣√ ⌐≈™≡ ─ ┘ ≤™

℮ ⌐ ⇔ ─ ⅜╪ ╩ ∆╢

─ ─ ⌐ ╩ ↑╢ ≢№╢⁹ 

 ─ ≢ ⇔√  10 

│ ₈ ⌐ ⇔√ ₉╩ ⇔≡™⌂⅜╠ ↓╣

╩ ∆╢ │⌂™≤ ⇔ ↓─ ╩ ⇔ ⇔⌂⅛∫√⁹∕─

│ ─≤⅔╡≢№╢⁹ ⌐ √⇔♩כ♃☻⌐

╩ ≤⇔√ ⱪ꜡☺▼◒♩─ ≢ ─

⅜╪ ─ ה ≢№╢ ꜞfiⱤ ─15 

⌂≥─ ╩ ⌐ ∆╢ ╩☻כⱬ♃כ♦

∆╢↓≤⅜ ⌐ ↕╣ ⌐ ⌐ ↕╣√↓≤

⅜ ↕╣≡⅔╡ ╙ ╙↓─ ╩ ⇔⌂⅛∫√⁹

ⱪ꜡☺▼◒♩─ ╩₆ ₁⅜ ≢ ⇔√ ⅜╪─

DATA ╩ ™ ∕─ ╩ ╠⅛⌐∆╢↓≤₇≤ →20 

↓─ ╩ ∆╢ ה ≤⇔≡₆ ◘fiⱪꜟ⅛╠ ╠╣╢

genomicDNA ┘cDNA ╩ ⌐ ה ∆╢◦☻♥ⱶ╩ ⇔

╩ ∆╢↓≤│ ₁─ ⌂ ≤ ⅎ≡™╢₇≤ ∆╢

↓─ ⅜╪ ─ ה ╩ ⌐ ∆╢ ♃כ♦

ⱬכ☻─ ⌐│₈ ⌐ ⇔√ ₉╩ ╗⁹ ⱪ꜡☺▼◒25 

♩≢ ⇔√₈ ⌐ ⇔√ ₉╩ ╗ ⅜
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╠⅛╠ ⱪ꜡☺▼◒♩╩ ⇔√ ⌐ ↕╣ ⅛╠

╩ ↕╣√ ⅛╠ ⌐↓─ ⅛≈

─ ⅜ ↕╣╢⁹ ⌐ ─

⌐⅔™≡ ⌐ ─ ⅜ √ ≥─╟℮⌐ ╦╣╢─

⅛ ≤™℮ ⅛╠─ ⌐ ⇔ │₆∕℮™℮ ⅜№╣┌5 

≢ ⌐⌂╢≤ ™╕∆⁹ ⌐ ↕╣√ ≤™℮↓≤

⌐⌂╢≤ ™╕∆⁹₇≤ ⇔≡™╢⁹ │ ─ ─

₈ ≢─ ⅜╪─ ╡ ™ ─ ₉≢

─ ─ ⇔™ ╩∆╢⌐ √∫≡ │ ╩☻כⱬ♃כ♦ ╦

∏⌐₈꞉כ◦◒כ♩╩ ∫≡ √∟≢ ⇔≡⅔╡╕∆₉≤ ⇔√⁹10 

╩☻כⱬ♃כ♦ ⇔≡™⌂™≤│ ∂ ™⅜ ⌐∕℮∞≤⇔≡╙

꞉כ◦◒כ♩─ ┘ ↕╣╢ ─ ╙ ⌐ כ♦

♃ⱬכ☻≤ ╦╠∏ ∕─ │ ⅜╪ ─ ה ╩

⌐ ∆╢√╘≢№╡ ꞉₈≡™⅔⌐♩כ◦◒כ ⌐

⇔√ ₉ ⅜ ↕╣╢─│ ≢№╢⁹ ╙꞉15כ◦◒כ 

♩⅛╠₈ ⌐ ⇔√ ₉╩ ⇔≡™√↓≤⅜ ↕╣╢⁹ 

 ─ ⌐ ∆╢ ─  

⌐│ ⌐ ⇔√ ╩ ┘ ∆╢ ⅜№

╡ │ ⌐₈ ⌐ ⇔√ ₉╩ ⇔≡™⌂⅜╠

╩ ∑∏ ╩ ╠⌐ ⇔⌂⅛∫√⁹∕─20 

╠│ ─ ⌂ ⌐ ≠™≡₈ ⌐╟╢ ┌ↄ≤

⅜╪─ ₉⌐≈™≡ ⌐ ∆╢↓≤⅜ ≤⌂╡

∕─ ⌐ ≠⅝ ┌ↄ╩ ≤∆╢ ⅜╪─ ─

⌐≈™≡ ∆╢↓≤╙ ⌐⌂∫√⁹ ─ ⌐╟╡

╠─ ⅜ →╠╣√ ™⅛⌂╢ ─ ⅜ ↕╣╢═⅝25 

⅛⁹ │ ─№╢ ═╩ ∆╢ ⌐ ⇔
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│ ─ ╩ ≤ ╘╢↓≤⅜≢⅝╢ ╩ ╘╢⁹ ─

│₈ ─ ╩│⅛╢↓≤╩ ≤⇔√╙─≢ ─

⌐ ∆╢ ≈─ ╩ ∆≤ ⅎ╠╣╢₉≤₈ ⌐╟╢

─ ₉≤ ∆╢⁹₈ │ ∆≢⌐ ─ ╛ ─ ⅛╠

╠╣√ ─ ⌐ ⇔≡ ─ ≤⇔≡ ∕─ ≢5 

─ ─ ↕╣√ ─ ⅛╠ ⌐ ∆╢◘fi

◒◦ꜛfi╩ ⇔≡ №╡≤╖╢⅛≥℮⅛╩ ╘╢═⅝≢№╢⁹₉≤

∆╢⁹∕─ ≢ ₈↓─ ─ ─ ⌐╟╢ ─ │

⌐ ↕╣√ ⌐ ╠∏ ⌐≈™≡ ↕╣╢═⅝≢№

╢⁹₉≤™℮⁹↓─₈ ⌐╟╢ ─ ₉≤™℮ ⌐ ⅎ┌10 

│ ⌐ ╩ ∆╢ ≢№╡

⌐≈™≡ ─ ┘ ─ ╩ ℮ ⌐№╡⌂⅜╠

╩ ╕⌂™₈ ⌐ ⇔√ ₉ ─ │ ≢│

⌂™⌐╙⅛⅛╦╠∏↓─ ╩ √↕∏ ₈ ╩ ∆╢ ⅜

⌂™↓≤─ ╩ ╠⅛⌐↕╣√™₉≤™℮ ╠─ ╘⌐╙₈∕─15 

╩ ∆ │⌂™₉≤ ╕≢ ╩ ╪∞⁹ ╠⌐≤∫≡ ₈ ┌ↄ

╩ ≤∆╢ ⅜╪─ ─ ₉─ │ ⌐⅔™

≡ ⌂ ≢№╢⌐╙⅛⅛╦╠∏ ₈ ⌐ ⇔√ ₉

⅜ ↕╣⌂™√╘ ⌐ ≠ↄ ⅜ ≤⌂╡

─ ⅜ ≤⌂∫√⁹ ─↓─ ⇔√ ─ │20 

₈ ⌐ ⇔√ ─ │ ⌐≤∫≡ ⌂ ∞

╤℮₉≤™℮ ⅜ ↕╣╢↓≤╩ ↕∑╢⁹ ─ ╩

⇔√≤⅝ ─ ⌐ ╠⇔ ₈ ┌ↄ╩ ≤∆╢

⅜╪─ ⅜ ╘╠╣╢₉≤ ∆╢─⅜ ≢№╢⁹ 

 ┘ ─ ⌐≈™≡ 25 

 ─  
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ᵥ SARS MERS ─►▬ꜟ☻ ─  

◖꜡♫►▬ꜟ☻ ─ ─ ⅜

┘ ─ ⌂ ╩ ⇔ ⌐ ╩ ╠⇔√

⁹ ╠│ ─ SARS MERS ─►▬ꜟ☻

─ ⅛╠ ⌐ ┘ ⌂ ╩∆┌╛ↄ ≡ ⌐5 

⇔√⁹ ╙ ≤ ⇔ ╢♅▼ꜟⱡⱩ▬ꜞ

─ ⅛╠ ⌐ ┘ ╩ ⅝ ⇔ ⌂ ╩ ≡

╩ ⇔ →√⅛⅜ ╦╣╢⁹♅▼ꜟⱡⱩ▬ꜞ ≢ ┌ↄ⌐

╟╢ ─ ≤⇔≡ ╘╠╣√ ⅜╪⌐ ⇔

┘ ⅜ ⌂ ╩ ╡ ╩ ⇔ →√⅛≢№╢⁹ 10 

ᵦ ♅▼ꜟⱡⱩ▬ꜞ ─  

▪ ⱳכꜝfi♪─  

─ ꜜ► ─ ⌐≈™≡≥℮∞∫√⅛⁹

│↓℮ ═√⁹₆ⱳכꜝfi♪⌐╙ ∂╟℮⌐

⅜ ╡ ⅞╕⇔√⅜ ⸗♬♃ꜞfi◓─ ╩ ⅛⇔15 

ꜜ► ∆⌂╦∟ №╠⅛∂╘ ╩ ꜜ► ⅛╠Ⱪ꜡

♇◒∆╢ꜜ► ╩∆┌╛ↄ ╕∑√√╘⌐ ∕─ ⅜╪

─ │♀꜡≢∆₇₆ ⌐ ♅▼ꜟⱡⱩ▬ꜞ─ ╩ ─╙─≤

∆╢↓≤⌂ↄ ₈ ┌⌠ ─ ₉≤⇔≡─ ╡─ ─ ╩

⅛╠ ∆╢ ⅜№╢⁹₇ ה ⁹↓─ ─╟20 

℮⌐ ♅▼ꜟⱡⱩ▬ꜞ ⌐⅔↑╢ⱳכꜝfi♪─ ⅛╠ ⌐

┘ ≢╙ ⌐ ≥╙╠⌐∆┌╛ↄ ꜜ► ╩ ↕

∑≡™╣┌₆ ⅜╪─ │♀꜡₇⌐⌂∫√ ⅜№╢⁹ 

▬ ♅▼ꜟⱡⱩ▬ꜞ ⌐╟╢ ⅜╪ 

─ ╙ ╡≢№╢⁹ ⌐25 

≤ ╦╣╢ ⅜╪│ ─ ≢ ⌂ↄ≤╙
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√╡≢ ⌐ ⇔√⁹↓╣│ ℮

─⌂™₈ ─ ₉≢№╢⁹↓─₈ ─ ₉─ ≢№╢

⅜ ♅▼ꜟⱡⱩ▬ꜞ ─ ⅛╠ ⌐ ┬─≢№╣┌ ♅▼

ꜟⱡⱩ▬ꜞ ⅜╪─₈ ─ ₉─ ⌐≈™

─◓fi♬כꜞ◒☻₈≡ ₉₈ ⅜ ∆⅞╢₉₈ ⅜№™5 

╕™₉⌂≥ ⅜ ↕╣√╙── ⌐♅▼ꜟⱡⱩ▬ꜞ

─₈ ┌ↄ─ ₉≤ ╘╠╣√ ⅜№╢↓≤⅛╠

╙↓╣╩ ⌐⇔≡ ₈ ─ ₉─ ─ ─ ≤⇔≡₈

─ ┌ↄ─ ₉╩ ⅎ ╩ ≡╢═⅝≢№╢⁹

│ ⅜╪⌐ ∆╢♅▼ꜟⱡⱩ▬ꜞ ─ ⅛╠10 

⌐ ┘ ╩ ⅝ ∆─≢│⌂ↄ ♀꜡⅛╠♅▼ꜟⱡⱩ▬ꜞ

≤ ∂ ╩ ⇔ ⇔ ₈ ─ ₉─ כꜞ◒☻₈≡™≈⌐

♬fi◓─ ₉₈ ⅜ ∆⅞╢₉№╢™│♅▼ꜟⱡⱩ▬ꜞ

≤─ ─╖╩ ⇔≡ ₈ ┌ↄ─ ≤│ ⅎ⌐ↄ™₉ ≤

⌐ ⇔≡⅝√⁹↓─ │№√⅛╙₈ │15 

─ ≢№╢₉≤™℮ ⌐ ≈╙─≢№╡ ⇔

√♅▼ꜟⱡⱩ▬ꜞ ≤™℮ ╩ ∆╢ ≢№╢⁹ ─

♅▼ꜟⱡⱩ▬ꜞ ≤™℮ ≤ ⅝ ℮─≢№╣┌ ♅

▼ꜟⱡⱩ▬ꜞ≢ ╘╠╣√₈ ⅜╪│ ┌ↄ─ ⌐╟╢╙

─≢№╢₉╩ ≢╙ ─ ≤⇔≡ ⌐⇔≡ ⌂20 

≢№╣┌ ꜜ► ─ ┘∕╣ ─ ⌂ ┌

ↄ╩ ↑╢√╘⌐ ⌂№╠╝╢ ╩ ∂╢═⅝≢№∫√⁹ 

◓fi♬כꜞ◒☻  ⌐╟╢₈ ┌ↄ─ ₉  

ᵥ ≈─₈ ┌ↄ─ ₉  

♅▼ꜟⱡⱩ▬ꜞ ─ ─ ≈⅜₈ ⅜╪│25 

┌ↄ─ ⌐╟╢╙─≢№╢₉≤ ╘√↓≤≢№╢⁹



  ⌐ ∆╢ ╠─   

310 

 

⅜╪─₈ ─ ₉│ ─№⅜∫√ ─ ≢№╢≤

◓fi♬כꜞ◒☻℮₈™ ₉ ┘ ─ ─⌂™ ⌂⅜╪╩ ∫

≡ ⌂⅜╪≤ ה ⇔√≤∆╢₈ ₉⅜ ⇔ ↕╣√⁹ 

ᵦ ◖꜡♫ ≤─  

PCR ≢ ◖꜡♫ ⅜ ↕╣√⅛╠≤™∫≡ ╙5 

◖꜡♫ ─₈ ₉⅜ PCR ∞≤│ ╦⌂™⁹PCR │◖

꜡♫ ─₈ ₉⌐∆⅞∏ ₈ ₉≢│⌂™⁹ 

ᵧ ☻◒ꜞכ♬fi◓  

⅜ ⇔√ ≢ ⅜╪⅜ ↕╣√⅛╠

≤™∫≡ ⅜╪ ─₈ ₉│ ⌐⌂™↓≤│10 

╠⅛≢№╢⁹ │⅜╪ ─₈ ₉⌐∆⅞∏ ⅜╪

─₈ ₉≢│⌂™↓≤│ ╙⅜ ≢№╢⁹↓↓≢ ╦╣≡™╢

─│ ─ ⅜╪⅜₈ ₉⇔√₈ ₉ ╛

─ⱷ◌♬☼ⱶ ≢№∫≡ ⅜╪ ─₈ ₉─↓≤≢│⌂™⁹↓

─ ™⌐ ⇔ ◓fi♬כꜞ◒☻₈ ₉≢ ─₈ ₉╩ ∂15 

√≤↓╤≢ ◓fi♬כꜞ◒☻⁹₈╢№≢╡⅛┌™⇔ ₉≤│

⌂╠ ⌐⌂∫≡⅛╠ ↕╣╢ ⅜╪⅜ ─ ─

⌐╟╡ ⌐╟∫≡ ↕╣√∞↑≢№╢⁹ ─ ≢╒╓ ≡─

⅜╪⅜ ↕╣╢│∏≢№╢⁹ ⌐│

─ ≢╙ ⅝ ⅝ ─ ⅜╪⅜ ↕╣≡™╢⁹↓─ │20 

◓fi♬כꜞ◒☻╛│╙ ≢│ ⅜≈⅛⌂™⁹ 

ᵨ  

₈ ₉≤│ ─№⅜∫√ ─ ↕╣√

─⅜╪⌐ ⇔≡ ─ ─⌂™ ⌂⅜╪╩ ∫≡ ⌂⅜╪

≤ ה ⇔√≤∆╢╙─≢ ─ ─ ≢№╢⁹25 

₈ ₉│ ⅜╪ ⅜ ↕╣√₈ ₉╩ ╠
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⅛⌐∆╢╙─≢№∫≡╙ ⅜╪⅜₈ ₉⇔√₈ ₉ ╛

─ⱷ◌♬☼ⱶ ╩ ╠⅛⌐∆╢╙─≢│⌂™⁹⅜╪⅜₈ ₉⇔√₈

₉⌐ ⇔ ₈ ₉≢⅜╪ ⅜ ↕╣√₈ ₉╩

∂√≤↓╤≢ ≢№╡ ∕─꜡☺♇◒ ⅜ ╣≢№╢⁹ 

ᵩ  5 

─╟℮⌐ ─ ⅜╪─ ─₈ ₉⅜ ≢№

╣ ₈ ┌ↄ─ ₉≢№╢↓≤⅜ ↕╣∏ ⅜╪≢ ⇔

╗ ≥╙╠─ ⅜ ╡↕╣≡™╢↓≤│ ⅎ ™ ≢№╢⁹ 

 ₈ ₉╩ ⇔√ ─ ≤∕─  

─ ↕╣√ ⅜╪⌐≈™≡ ─ ─⌂™10 

⌂⅜╪╩ ∫≡ ⌂⅜╪≤ ה ⇔√≤™℮₈ ₉⅛╠

─ ⌐ ⇔ │₈ ─ ⅜№╢ ≤ ╘╠╣√

╙─⌐ ⇔√₉≤∕─ ╩ ⇔≡ ⇔√⁹↓─ ─ ⌐

⇔≡ │ ≢↓╣╩ ⇔ ─ ⌐ ∆╢

│ ↕╣≡™⌂™⁹ ⌐ ↕╣√ ⌐╟╢ ╡ ─15 

⌐│ ⌂ ⅜№╢⁹ ─ ↕╣√ ─⅜╪

⌐ ⇔≡ ₁⌂ ⅛╠ ─ ⅜№╢≤ ⇔≡ ╩ ⇔√

≤↕╣╢⁹╟℮╛ↄ ₁│ ↓↓≢ ╦╣≡™╢ ─╟╡ ⌂ ™⌐

╡ ™√ʄʄ∕╣│ ≢ ↕╣√ ↄ─ ⅜╪⅜

≢│⌂ↄ ≤ ╘╠╣√ ∆╢≤ ─ ⅜20 

╪⅜ ≢ ₈ ₉⇔√₈ ₉│≥↓⌐№╢⅛ ≢№╢⁹↓─ ⌐

≈™≡ │ ≢ Ɫכⱬ☻♩ ◓fi♬כꜞ◒☻ ╩

≤⇔≡ → ≢ ♅▼ꜟⱡⱩ▬ꜞ ≤─ ─╖╩

╡ →≡ ₈ ┌ↄ─ ₉≤™℮ ╩ ⇔√ ⁹ ⅜ ╣⌂

≢№╢↓≤│ ⇔√⁹ ╙ ♅▼ꜟⱡⱩ▬ꜞ ≤─ ╩∆╢25 

─≢№╣┌ ₈ ₉₈ꜞfiⱤ ╛ ─ ₉⌂≥♅▼ꜟⱡⱩ
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▬ꜞ ≤─ ⌂ ╙ ⌐ ╡ →╢═⅝≢№╢─⌐ ↓╣

╩ ∆╢╙─≢ ⌂ ≤─∕⇔╡╩ ╣⌂™⁹ ╟╡ ⌂

↓≤│ ₈ ₉⅜╙⇔₈ ┌ↄ─ ₉≢⌂™≤∆╢⌂╠┌ ─

≢№╢ ⅜↓─₈ ₉⌐≈™≡ ⌐ ╩

∆╢ ⌂ ⅜№╢⌐╙⅛⅛╦╠∏ ╠ ╙ ⇔⌂™↓≤≢№5 

╢⁹ ⅜╪₈ ₉─₈ ₉ ⌐ ∞∫√─⅜

≢№╢⁹ │ ⅜╪⅜ ₈ ₉⇔√₈ ₉

│ ⌂≥ ⌐№╢─≢│⌂™⅛≤™℮ ╩ ≡

⌂ ╩ ⇔√⅜ ↓╣╩ ↑╢ ⌂ │ ≢⅝

⌂⅛∫√⁹ ⌐ ╦∫√≤│™ⅎ↓╣│ ╢ ≢ ♅▼ꜟⱡⱩ▬ꜞ10 

≤ ⌐₈ ┌ↄ─ ₉≤ ∆╢─⅜ ≢№╢≤™℮

⅜ ↓─ ≤™℮ ╩ ∂ ↑╠╣√≤ ⇔ ╢⁹ 

 ─ ─ ⇔⅜ ╠⅛⌐⇔√↓≤ 

ᵥ │♅▼ꜟⱡⱩ▬ꜞ ─ ⅛╠ ─

┼─ ─ │ ⇔√╙── ∕─ │♅▼ꜟⱡⱩ▬15 

ꜞ ─ ⅛╠│ ™⁹ ⅛╠ ⌐ ↕╣√

─ ≢№∫√ │

⅛╠ ─ ⇔╩ ─╟℮⌐ ═≡™√⁹ 

▪ ╩ ≤∆╢ ⌐ ∆╢

─ ≢ ₈ ≢ %─ ╩ ╘╢↓≤⅜20 

↕╣╕∆⁹⇔⅛⇔ ⅜╪│ √╡

≤ ╘≡ ⌂ↄ ─ │ ─╙─₉≤ ⇔≡™√⁹ 

▬ ₈ ─●fi │╝∫ↄ╡ ∆╢─≢ ─℮ ╛ ─ ≢

╙ ─ ≢ ∆⅞╢ↄ╠™ ⅜№╡ ↔ ↄ

∞↕™₉ ₈ ─ │╝∫ↄ╡ ∆╢25 

─≢ ╙ ⌐ ≡™ↄ ⅜№╢⅜ ⇔↓╡│ ≤ ╦╣
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⇔≡™╢₉ ⁹ ⅜ ╗ ╒≥⌂ↄ

─ ⅜ ⇔ ─ ⇔⅜ ∫≡™√↓≤⅜ ⇔√⁹ 

► ─⅜╪ ─ ⅜ ™⁹ ─ ≢ ─ ⅜

─ ≢⅜╪≤ ⇔√⁹ 

◄ ⅜╪─ ≥╙⌐ꜞfiⱤ ╛ ─ ⅜ ↄ5 

⅜ ≢№╢⁹ 

ᵦ ↓─ ⇔─ ™│ ⌐ ─ ⇔⅜₈ ┌ↄ─

⅜⌂™ ⅜╪₉≤™℮ ╩ ⌐ ™√↓≤╩ ∆╢⁹ ⌐

↓─ ⅜∕─ ─ ─ ⌐╟∫≡ ↕╣ ∕─ ∕─

─₈ ┌ↄ─ ⌐╟╢ ⅜╪₉⅜ ⇔™↓≤⅜ ↕╣10 

√↓≤╩ ∆╢⁹ ╩│∂╘ ┘ │ ♅▼

ꜟⱡⱩ▬ꜞ ╛ ─ ⅛╠ ╓℮≤∑∏ ₈ ┌

ↄ─ ≤│ ⅎ⌐ↄ™₉≤™℮ ─ ⌐ ⇔ ↑≡⅝√⁹ 

 ─ ⅜╪⅜₈ ₉⇔√₈ ₉⌐≈™≡ 

ᵥ ♅▼ꜟⱡⱩ▬ꜞ ≤─  15 

─ ─ │ ⅜╪─₈ ₉₈ꜞfiⱤ

╛ ─ ₉⌂≥ ⌂ ≢♅▼ꜟⱡⱩ▬ꜞ ≤ ∆╢⁹ 

▪  

≢│ ─ ⅜╪─ │

. ≤™℮ ⅜№╡ ─ ─ ─20 

≢│ . ≢│ : . ≢№╢ ⁹

♅▼ꜟⱡⱩ▬ꜞ ⱬꜝꜟכ◦≢│ ─

⅜╪─ │ . ∞∫√⅜ │ . ⌐ ⇔√⁹ 

▬ ꜞfiⱤ ≤  

⌐ ⅜╪│ ⅜ ↄ ⅜ ⌂™≤ ⅎ╠╣≡™╢25 

⅜ ♅▼ꜟⱡⱩ▬ꜞ ⱬꜝꜟכ◦≢│
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─ ⌐ ⅜╪╩ ⇔√ ─

─℮∟ ─ ⌐ꜞfiⱤ ⅜ %⌐№√╢

⌐ ⅜ ╠╣√⁹ ─ ≢│

─ ─ ⌐⅔™≡ ◓fi♬כꜞ◒☻₈╠⅛

⌐╟╢ ⅜ ╦╣≡™╢ ⅜№╢₉≤™℮ ⌐ ⇔5 

≡ │₈≤╠⌂ↄ≡╙ ™╙─│≤∫≡™⌂™⁹ ⇔≡™

│☻כ◔╢ ≢│⌂™⁹₉≤ ₈│☻כ◔╢™≡⇔

⌐ ╠⅛⌐ ⅜⅛∆╣╢ ꜞfiⱤ ⌂≥₉≢ ≢⅝╢

╙─≢│⌂™≤ ⇔√⁹₈ꜞfiⱤ │ №╢─⅛₉≤™℮

─ ™⌐ ⇔ │₈↓↓≢ ꜞfiⱤ ─ │ ⇔⌂10 

™₉≤ ⅎ√⁹ꜞfiⱤ ─ │ ≢│⌂ↄ ─

─ ⌐ ⇔⌂™⁹ꜞfiⱤ ─ │

─ ─ ⅜╪─ ⌐≤∫≡ ⌂ ≢№╡

⌐≈™≡ ─ ┘ ─ ╩ ℮

⅜ ⌐ ╩ ∆═⅝ ─ ≈≢№╢⁹ ≤15 

│ ┘ ≤™℮ ⌐ ⇔≡™╢⁹ꜞfiⱤ

─ ⌂ │ ↕╣√╕╕∞⅜ ⌂ↄ≤╙ ⇔≡™╢◔

₈│☻כ ⌐ ╠⅛⌐ ⅜⅛∆╣╢ ꜞfiⱤ ⌂≥⅜╒≤

╪≥₉≢№╢↓≤⅛╠ ꜞfiⱤ ─ │ ─ ─

⌐─╓╢≤ ↕╣╢⁹ ─ ⌐≈™≡╙ ⅜₈20 

₉╩ ⌐ ╠⅛⌐⇔⌂™─│ ≢№╢⁹

╙⇔ ≤ ∂ ≢№╣┌∕℮ ⅎ┌ ╗∞↑─↓≤⌂─⌐ ╦

⌂™↓≤ ꜞfiⱤ ─ ⅜ ─ ⌐─╓╢≤ ↕╣╢

↓≤⅛╠ ─ ─ ╙ ╟╡ ™↓≤⅜ ↕╣╢⁹ 

ᵦ ⅛╠─ ─  25 

⅜ ─ ╩ ╘√₈ ●
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▬♪ꜝ▬fi₉─ ⌐ ⅜╪─ ≤╡╦↑ ─

≤⇔≡ ┌ↄ╩ ⌐ ⇔≡™╢⁹ 

ᵧ  

♅▼ꜟⱡⱩ▬ꜞ ≤⅜╪─₈ ₉₈ꜞfiⱤ ╛

─ ₉⌂≥ ⌂ ≢♅▼ꜟⱡⱩ▬ꜞ ≤ ∆╢↓≤5 

⅛╠ ≢│ ⅜╪≤╡╦↑

⅜╪─ ≤⇔≡ ┌ↄ╩ ⌐ →≡™╢↓≤╩ ⅎ╣

┌ ⌐ ─ ⅜╪⅜₈ ₉⇔√₈ ₉│

⌐╟╢ ┌ↄ≤ ∆╢─⅜ ≢ ≢№╢⁹ 

ה  ─₈ ┌ↄ≤ ⅜╪─10 

│⌂™₉≤─ ─  

ᵥ ─  

⌐ ↕╣√ │ ↓─ ∫≡

⅝√ ≢ ↕╣√ ⅜╪─ ≤

┌ↄ≤─ ─ ⌐≈™≡ ₈15 

⌐ ↕╣√ ⅜╪≤ ┌ↄ─ ─ │ ╘╠╣

⌂™₉≤™℮ ╩ ⇔√ ╕≤╘ ⁹

│ ╕≤╘ ╩ ⌐╟╡ ⇔√ ⁹ ─ ≤

│ ┌ↄ ≤ ⅜╪─ ≤™℮ ≈─ ─ ╩

┌ↄ ╩ ↔≤⌐ ⇔≡ ⌐ⱪכꜟ◓─≈ ⇔20 

↔≤⌐ ⅜╪≤ ↕╣√ ╩ ⇔ ↓─ ⅜

┌ↄ ⅜ ╙ ⱪכꜟ◓™ mGy ≤ ┌ↄ ⅜╟╡

╩≥ⱪכꜟ◓™ ═≡≥╣∞↑ ℮⅛╩ ○♇☼ ╩ ∫≡ ⇔√⁹

○♇☼ ⌐≈™≡ ┌ↄ ⅜ ™ ™⌐╟∫≡ ⌂ ⅜№╢⅛≥

℮⅛╩ ─ ⌐ ─ ⅛╠ ═╢√╘⌐25 

꜡☺☻♥▫♇◒ ╩ ™ ≢№╢ % ╩ ⅝
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╩ ∫√≤↓╤ ₈ ⌂ ₉│ ∑⌂⅛∫√⁹ ─

⌐│ ∕─ ⌐⅔™≡ ─ ⅛╠ ⇔√

┌⅛╡⅛ ∕─ ⌐⅔™≡╙ ⌐

╩ ∆╢ ⅜ ⌐ ⇔ ℮ ⌐≈™≡ ─

┘ ─ ─ ┘ ─ ⅛╠ ⇔5 

√╙─≢ ₈ ⅜╪≤ ┌ↄ─ ─ ₉╩ ∆╢ ≢

⌂ ≢№╢⁹ ⌐⅔™≡ ⌂ ⅜ ↕╣≡™╣

┌ ╠╣√≢№╤℮₈ ⌐╟╢ ┌ↄ≤ ⅜╪─

₉⌐≈™≡ ⅜ ╠╣∏ ∕─ ⌐ ≠⅝ ┌ↄ╩

≤∆╢ ⅜╪─ ─ ╩ ∆╢↓≤╙ ⌐⌂∫√⁹ 10 

ᵦ ≢₈ ⌂ ₉⅜ ∑⌂⅛∫√ ─ ─

─ ─ │ │ ≢₈ ⌂ ₉

⅜ ∑⌂⅛∫√ ─ ─ ╩ ⌐ ⇔≡™⌂™↓≤

⌐№╢⁹ ⌐⅔™≡ ┌ↄ ⅜ ╙ ╣⧵≥ⱪכꜟ◓™

─ ┌ↄ ⅜╟╡ ─≥ⱪכꜟ◓™ ≢ ⅜╪≤ ↕╣√15 

⌐≈™≡₈ ⅜⌂⅛∫√ ≈╕╡○♇☼ │ ₉≤ ╩ ≡

○♇☼ ─ ╩ ∫√≤↓╤ ○♇☼ ─ ⌐ ⅜ ╕╣≡⇔

╕∫√⁹∕─√╘₈○♇☼ │ ≈╕╡ ⅜⌂⅛∫√₉│ ↓╡

⌂™ % ─ ≢⇔⅛ ⅝⌂™ ∞≤⇔≡↓─ ╩

≢⅝⌂ↄ⌂∫√⁹∕↓⅛╠ ⅎ╢↓≤│ ₈ │⌂⅛∫√₉≤™℮20 

╩ ⇔≡₈ ⅜№╢₉≤™℮ ⅜ ⇔™↓≤⅜ ↕╣⌂⅛∫

√∞↑≢ ₈ │⌂⅛∫√₉≤™℮ ⅜ ⇔™≤ ⌐ ↕╣√

╦↑≢│⌂™⁹₈ │⌂⅛∫√₉↓≤⌐≈™≡ │ ⌂

╩ └≤≈╛∫≡™⌂™⁹ ⅛╠ ─○♇☼ ─ ⌐╟

∫≡ ⅛╣√ │₈ ⅜╪≤ ┌ↄ─ ─ │ ╘╠╣╢₉25 

─ ⌐ ⇔⌂⅛∫√∞↑≢ ─ │ ⌐≤≥╕╢⁹
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│ ⅜ ╩ ℮ ⌐ ⇔ ╩ ╗ ⅜⌂

™╟℮⌐ ↓─ ╩ ⌐ ⌐ ∆╢ ⅜№╢⁹ │

₈ ⌐⅔™≡ Ν ⅜╪≤ ┌ↄ≤─ │ ╘╠╣⌂™₉≤

⇔√⁹ │ ≥⅔╡₈ ⅜╪≤ ┌ↄ─ ─

│ ╘╠╣⌂™₉↓≤⅜ ⇔√⅛─╟℮⌐ ↑ ╢│∏≢№╡5 

⅜₈ₐ ⅜╪≤ ┌ↄ─ ─ │ ╘╠╣╢ₑ ⌐ ⇔

⌂⅛∫√∞↑≢ ─ │ ─╕╕∞₉≤ ∆╢∞╤℮

⅛⁹ ─ │ ⅜ ⅝ ⇔√ ─ ≢№╢₈

┌ↄ≤ ⅜╪─ │ ≢№╢₉╩₈ ┌ↄ≤ ⅜╪

│ ⅜⌂™₉≤ ╩ ╡╕ↄ ⌐ ⌐ ⇔√╙─≢№╢⁹ 10 

ᵧ LSS ≤ ─ ─ ⌂  

─ ⌐│ ─ ⅜№╢⁹ 

▪ ₈ ₉⌐╟╢ ≤™℮  

 ⅜╪─╟℮⌂ ─ ™ ─ ⇔√◖ⱱ

─≢♩כ ╙ ⌂ↄ⌂╡ ≤─ ╩ ⇔⌐ↄ™⁹∕15 

─ ╩ ┌ↄ ≤ ─ ≈⌐ ⇔≡

⇔√√╘ ⇔⌂™≤⅝≤ ═◘▬fiⱪꜟ◘▬☼─ ⌐╟

╡ ⅜ ∆╢⁹ ∑∏⌐ ≢ ∆═⅝≢№╢⁹ 

 ─ ┌ↄ ╩ ⌐כꜞ◗♥◌─≈ ⇔√√╘ ⇔⌂

™≤⅝≤ ═ ─ ⅜ ∂ ⅜ ∆╢⁹ ╩20 

∑∏∕─╕╕ ⇔≡ ∆═⅝≢№╢⁹ 

▬ ₈⸗♦ꜟ ₉─  

─ ≢│ ≤ ≈─ ╩ ╖ ╦∑ ∕─

─⸗♦ꜟ╩ ≤⇔≡ ⌐№⅜∫≡™╢⁹ ≤⇔

≡↓─ ≈─⸗♦ꜟ⌐≈™≡ ○♇☼ ≤ ⅜ ↕╣≡™╢25 

⅜ ─ ↓─℮∟≥─⸗♦ꜟ⅜ ╙№≡│╕╡⅜╟™⅛≤™℮₈⸗
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♦ꜟ ₉⅜ ↕╣≡™⌂™⁹LSS ≤ ⌂╡ ⸗♦ꜟ ⌐

⇔√─⅛╙ ≢№╢⁹ ─⸗♦ꜟ╩ ≤⇔≡ ∆╢↓≤

│ ≢№╢⅜ ∕─ ⌐│ ≥─⸗♦ꜟ⅜ ⌐♃כ♦ ╙ ≡

│╕╢⅛╩ ⇔ ─ ╩ ∆╢ ⅜№╢⁹↓─ ≢₈⸗

♦ꜟ ₉╩⇔⌂⅛∫√ ─ │ ≢№╢⁹ 5 

ᵨ ─ ⌐ ⌂ ─  

─ ─ │ │ ╩ ∆╢⌐ √∫≡

─◓ꜝⱨ⅜ ↕╣╢∞↑≢ ─ ╙ ─ %

─ ╙ ↕╣⌂™↓≤≢№╢⁹∕╙∕╙ ≈─ ⌐

⅜ ⅔╡ ∕─℮∟ ⌐ ⅜╪⅜ ≈⅛∫√─⅛≤™∫√10 

⌂ ∆╠ ⅎ╠╣≡™⌂™⁹ │ ⌂ ─

≢│⌂ↄ ─ ╩ ⌐ ⇔ ∕─

╝ⅎ⌐ ⌐ ⇔ ⌐≈™≡ ─

┘ ─ ╩ ℮ ⅜ ⌐≈™≡ ┘

╩ ∆╢ ╩ ∆╢√╘⌐ ─ ≤⇔≡ ↕∑√⁹15 

⇔√⅜∫≡ ╙≤╙≤ │ ⌐ ⇔ ⌐≈™≡

⇔√ ╩ ⌐ ∆╢ ⅜№╡ ≤╡╦↑ ─

─ ╩ ∆╢ ⌐ ⇔≡│ ∕╣╩ ⌂╠⇔╘╢√╘⌐

⌂ ╩ ╩ ⇔√ ≢ ∆╢ ⅜№╢⁹ 

ᵩ ⌐⅔↑╢ ─ ⅛╠─  20 

│ ⌐≈™≡ ┘ ╩ ⌐

∆╢ ╩ ∆╢√╘⌐ ⇔√ ─ ≢№╢⁹∕─ ⌐

√∫≡│ ─ ≢№╢ ≥─╟℮⌂ ╩ ╢─⅜

⅛ ┘ ⌐ ╩ ⇔≡╙╠℮─⅜ ⅛╩╘←∫≡ ⌐ ─

≢ ↕╣╢─⅜ ↓─ ─ ┘ ─ ─ ⌐ ╠25 

⇔ ≢№╢⁹ ≢│ ⌐ ≥╪⌂ ╩ ╢─⅛
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╩ ⌐ ⇔≡╙╠℮─⅛ ≈ ∑∏ ⇔⌂™╕╕

─ ╟╡ ⌐ ─∟⌐

╕≤╘ ─ ≤⌂╢ ⅜ ∕─ ─

┘ ─ ⅜⌂™╕╕ ↕╣√⁹ ─ ─

⌐ ☺ꜗ ♫ꜞ☻♩⅛╠ ─₈ ─ Ⱶ☻─ ₉5 

⌐≈™≡ ╩ ↑√ │₈ ─ ─ ⌐ ╕√⅝∫∟╡↓

─ │ ╩♃כ♦√⇔ ↕∑≡™√∞⅝╕∆₉≤ ╩ √∆⅛

─╟℮⌂ ╩⇔√⅜ ⌐│ ≢ ♁

ⱨ♩─ Ⱶ☻╩ ⌐⇔√◓ꜝⱨ ⌐ ∆╢

╩ ⇔√⌐≤≥╕╡ ↓─ ╩ ╪∞≤↓╤≢ │10 

╩ ╠ ∆╢↓≤│≢⅝⌂™⁹ ⅜ ⌐ ╘≡™╢↓

≤│ ⌐ ⌂ ≢№╢⅜ ⌂ ≤│ ⌐ ⇔≡∕─

╛ ⅜ ↕╣ ≢№╣┌ ⌐╟╡ ─ ⅜

≢№╢↓≤ ≢№╣┌ ↕╣√ ╛ ⌐╟∫≡∕

─ ─ ⅜ ≢№╢↓≤╩ ℮⁹ ─₈ ╕≤╘ ₉15 

─ │ ⌂ ≤│ ≢№╡ ┌╣√ ─ ⌐─╖ ↑╠

╣╢ ⌐ ⇔ ─ ⅛╠ ⌐ ⇔≡™╢⁹ 

ᵪ  

╩ ↕∑√ │ ⌐ ⇔ ⌐≈™≡

─ ┘∕─ ─ ╩ ™⌂⅜╠ ⌐ │20 

⌐≈™≡ ⌂ ╩ ∑∏ ∕─ ╩ ∆╢↓

≤╙⇔⌂⅛∫√⁹ ╠│ ⌂ ⌐╟╢ ╩ ╕ⅎ≡

┌ↄ╩ ≤∆╢ ⅜╪─ ─ ⌐≈™≡ ∆╢↓

≤╙ ⌐⌂∫√⁹ ─ ⌐⅔↑╢ ⇔√

─ │₈ ⌐ ↕╣√ ⅜╪≤ ┌ↄ─25 

─ ╩ ⌐ ⇔√ ─ │ ⌐≤∫≡ ⌂
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∞╤℮₉≤™℮ ⅜ ↕╣╢↓≤╩ ↕∑╢⁹ 

  

 ─≤⅔╡ ⌐ ╩ ⅎ√ ⅜╪ │ ⌐⅔

™≡ ─ ⅜╪≤│™™ ™╙─≢ ◓fi♬כꜞ◒☻ ╛Ɫכ

ⱬ☻♩ ∞↑≢│ ⅜≈⅝⌐ↄ™ ≤⌂∫≡™╢⁹5 

≤ ┌ↄ ⌐ ╙ ╘╠╣≡™╢ ⌂ↄ≤╙

⌐│ ≢⅝⌂™ ⌐№╢⁹ ⁹ ─ ⌐≈™≡╙

─ ⅜╪≢│ ≤ ╦╣≡™√╙─⅜ ─ ⅜

╪│ ≤™℮ ╩ ⇔≡™╢ ─ ⁹ 

 ─ ╩ ∆╢ ≤⇔≡ →╠╣≡™╢ │ ♅▼ꜟⱡⱩ10 

▬ꜞ≤ ═≡ ┌ↄ ⅜ ⌂™≤™℮ ♅▼ꜟⱡⱩ▬ꜞ≤│ ⌂╡

─ ⅜ ⌂™≤™℮ ⅛⌂ ⅜╪─ ⅜♅▼ꜟ

ⱡⱩ▬ꜞ≤│ ⌂╢≤™℮↓≤∞↑≢ √╢ │ ╙ ⇔⌂™⁹ 

 ─ ─  

 ╠─ ה ─  15 

 ⌐⅔↑╢ ≥╙─ ─√╘─ ─  

  

│ ─ ╩ ⇔≡™╢⅜ ↓╣│ ≥╙─

╩ ⇔√╙─≤ ↕╣≡™╢

⁹ ≥╙─ ⌐ ∂≡ ≥╙⌐ ╩ ↑↕∑20 

╢ ╩ ℮─│ ⌐│ ≢№╢⅜ ╙ ╩ ⇔

╩ ∆═⅝ ╩ ℮⁹ ≥╙⌐│ ⅜№╡ ⌐│

≥╙⌐ ⇔ ⌂ ≤⇔≡ ⅜ ⌐ ↕╣╢╟℮

╩ ⇔ ╩ ∆═⅝ ╩ ℮

⁹ ╙↓╣╩ ⇔≡™╢⁹ 25 
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╩ ↑≡ ↕╣√ │ ─ ⅜ ₈ ≤

╙⌐ ⌂ ─ ₉⌐№╢↓≤╩ ╠⅛⌐⇔ ₈ ╛⅛⌂

╩ ℮↓≤₉╩ ─ ≈≤⇔√ ─ ╩ →≡™╢

⁹ ─ ⌂ ≤™℮ ─ ╩ ⌐⅔™≡

∆╢√╘⌐ ↕╣√ │ ₈ ⌐⅔™≡│ ⌐ ≢5 

╘╢≤↓╤⌐╟╡ ה ┘ ─ ─ ╩ ╢

√╘ ╩ ™ ∕─ ∕─ ⌐ ⌂ ╩ ∂⌂↑╣┌⌂╠

⌂™₉ ╩ ╘≡™╢ ⁹ 

  

─ ╩ ↑≡ ↕╣√ │ ₈10 

⌐⅔↑╢ ┘ ─ ─ ╩ ╢√╘ ⌐⅔↑╢

⌐ ⇔ ⌂ ╩ ╘╢≤≤╙⌐ ⌐⅔↑╢ ⅜

⌂ ⌐⅔™≡ ↕╣ ─ ─ ⅜ ╠╣╢╟℮

⌐⅔↑╢ ⌐ ⇔ ⌂ ╩ ╘ ╙≈≡ ─ ⌂

≤∕─ ─ ⌐ ∆╢↓≤╩ ≤∆╢₉ ≢№╡15 

⌐ ⇔≡│ ₈ ⌐⅔↑╢ ⌐ ╢ ╩ ⅛≈ ⌐

∆╢√╘ ─ ⌐ ∆╢ ─ ∕─ ─ ╩

∏╢₉ ╩ ⌐ ⇔≡│ ₈ ⅜ ∏╢

─ ⌐ ∂√ ╩ ∏╢╟℮⌐ ╘₉╢ ╩

⌐ ⇔≡│ ₈∕─ ∆╢ ─ ┘ ─ ─20 

─ ╩ ╢√╘ ─ ┘ ┘⌐ ─

∕─ ─ ⌂ ╩ ∏╢╟℮ ╘╢₉ ╩ ∕╣∙╣

⇔√ ≢ ⌐ ⇔≡│ ₈ ⌐⅔↑╢

∕─ ⌐ ╢ ⌐≈™≡ ┘

─ ╩ ∆╢ ≢ ↕╣╢↓≤⅜ ╕⇔™ ╩ ╘╢₉↓≤╩25 

⌐ ⇔≡│ ₈ ⌐ ╠⇔≡∕



  ⌐ ∆╢ ╠─   

322 

 

─ ∆╢ ─ ⌂ ─ ⌐ ╘₉╢↓≤╩

⌐ ⇔≡│ ₈ ⌐ ╠⇔ ─ ⌐ ⇔ ╩

ↄ ⅜№╢≤ ╘√ ⌐│ ⌂ↄ ∕─ ─√╘⌐ ⌂

╩ ∂ │ ╩ ∏╢↓≤⅜≢⅝⌂™≤⅝│ ─

⌐ ⇔ ∕─ ╩ ⇔ ╢₉↓≤╩∕╣∙╣ ↑≡™╢⁹ 5 

  

⌐ ≠™≡ ╘╠╣√₈ ₉

⌐│ ₈ ─ ⌐ ╢

₉₈ ─ ┘ ה ⌐ ╢ ₉

₈ ─ Ⱡ☼Ⱶ ┘ ─ ─ ⌐ ╢10 

₉ ₈ ⱪכꜟ⌐ ╢ ₉ ₈ ⌐⅔↑╢

⌐ ╢ ₉⅜ ⌐ ╘╠╣≡⅔╡ ≈ ∕─

─√╘─ ─ ⅜ ╘╠╣≡

™╢⁹₈ ≢№╢ⱱꜟⱶ▪ꜟ♦ⱥ♪₉╩ ⌐≤╣┌ ₈

│ ─ ⅜ ™ ⌐ ≢│ ⌐15 

≢│ ╩ ™ ☺♬♩꜡ⱨ▼♬ꜟⱥ♪ꜝ☺fi

⌐╟╡ ⇔ ◒꜡ⱴ♩◓ꜝⱨ ⌐╟╡ ⇔

⌐ ╩ ℮₉⌂≥≤ ⌐ ╘╠╣≡™╢⁹ 

 ─ ≥╙╠⌐ ∆╢ ≥╙╠⅜ ⌐

⇔≡ ╩ ╘╢  20 

  

₈ ₉≤│ ₈№╢ ⌐ ≠™≡ ⌂ ─

⌐ ∫√ ⌐⅔™≡ ─ ≤⇔≡ ─

│ ⅜ ⌐ ⇔≡ ℮ ₉≤ ↕╣╢≤↓╤

≤ ≤─ ≢ ⌂ ⌐⌂™ ה ⌐⅔™≡25 

╙ ─ ⌐ ≠™≡ ⌂ ─ ⌐ ∫√
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─ ≤⇔≡ ⅜ ⌐╟∫≡ ∏╢⅔∕╣─№╢ ⅛╠

ה ╩ ∆═⅝ ╩ ℮⁹ 

  

ה ⅜ ה ─ ⌐ ⇔≡ ℮ │ ⌂

≤ ⌂╡5 

⅛╠ ↕╣√₈ ≥╙─ ⌐ ╩ ↑╢ ₉╩ №╠⇔╘╢√╘

─ ─ ™ ≢№╡ ↓╣╩₈ ₉≤™℮↓≤≤∆╢⁹

─ │ ⌐

≠ↄ ╠─ ╠⌐ ∆╢ ╩₈ ₉≤ ⇔ №╢

─ ≤⇔≡ ⌐ ╘╠╣╢⌐∆⅞⌂™10 

≤│ ⌂╡ ─ ≤⇔≡ ∆╢ ⇔≡™╢⁹ 

 ─  

╩ ℮ ⅜ ∕─ ⌐ ⇔√↓≤⌐╟∫≡

⌐ ╩ ⅎ√ ⌐│ │ ⌐ ⇔ ∕─ ╩ ⇔

⌂↑╣┌⌂╠⌂™⁹∕╣∞↑≢│⌂ↄ ⌐ ∆╢15 

⅜ ⌐ ⇔≡™╢↓≤⌐╟∫≡ ─ ⅜ ⇔≡⅔╡

│ ⌐ ⅜ ⇔≡™╢ ⌐│ ∕─ ─ ╛

─ ─ ─ ─ ⌐

╠⇔ │ ⌐ ⇔ ─ ∆⌂╦∟

⌂ ─ ╩ ╘╢↓≤⅜≢⅝╢⁹ 20 

  

─ ─ │ ─≤⅔╡⁹ 

ᵥ ≥╙⌐│ ╩ ↑╢ ⅜ ↕╣≡™╢≤ ⌐ ≥╙ ┘

⌐│ ≤⇔≡ ╦╣╢ ╩ ↑⌂™ ↑↕∑⌂™≤™

℮ │⌂™⁹ ┘ ─ ⌐│ ⅜ ╘╠╣╢⅜25 

─ ⌐│ ⅜ ╘╠╣⌂™↓≤⌐ ╣≡™╢╟℮⌐
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─ ╩ ∆╢ │ ≥╙─ ⌐≈

™≡─ ≤ ⌂ ╩ ℮ ⁹ 

ᵦ ⅜ ℮ ≥╙─ ⌐≈™≡─ │ ⌐

─ ╩ ∆╣┌ ╡╢─≢│⌂™⁹ │ ⌐

≥╙⅜ ╩ ↑╢↓≤⅜≢⅝╢╟℮ ╕≢ ⌐ ╣≡5 

⌂ ─ ╩ ∆╢ ⅜№╢⁹ ─ ⌐ ╢

⅜ ─ ╠⅜₈ ⌂

⌐ ∆╢ ⌐⅔™≡∕─ ╠⌐ ─ ╩ ↑

↕∑╢ ⌂™⇔ ╩ ∆╢₉↓≤╩ ╘ ⅜

⌐⅔™≡ ─ ╩ ↑≡™╢↓≤⅛╠╙ ⅎ╢⁹ 10 

ᵧ ─ ─ ⌐│ ⌂ ≢─ ─ ─ ─

⅜ ⌐ ╕╣╢⁹ ≥╙─ ─ №∫≡↓∕─ ╩ ↑

╢ ≢№╡ ≥╙ ┘ ⌐ ╩ ∆╢ ⅜⌂™

⅜ ╘√ ┘ ─ │ ⌂

≢─ ─ ─ ╩ ⌐ ∆╢⁹↓↓⌐₈ ⌂ ₉≤15 

™℮≤⅝ ─ ─ ∞↑≢⌂ↄ ╕≢ ⌐ ╣√

⌐⅔↑╢ ⌂ ≢─ ─ ─ ⅜ ╘╠╣≡™╢⁹ 

ᵨ │ ≤⇔≡ ─ ─╖⅜ ∆╢↓≤ ─ ≢№

╢ ≥╙⌐ ╩ ↑⌂™≤™℮ │⌂ↄ ╩ ∑↨╢╩

⌂™≤™℮ ≢ ≤ ─ ⌐№╢↓≤ ⌐ ╖╣┌20 

≢№╢ ⅜ ≥╙╠⌐ ⌂ ╩ ∆═⅝

│ ─ ≥╙⌐ ⇔≡ ℮ ≢№╡ ≥╙│ ∕─

⅛╣≡™╢ ⌐⅔™≡ ⌐ ╩ ↑╢ ⅜ ↕╣≡™

╢ ⌐№╣┌ ∕─ ─ ╛ ─ ⌐ ∂

≢№╢ ⌐ ⇔ ⌂ ≢─ ╩ ╘╢25 

╩ ╘╢ ╩ ∆╢≤ ∆═⅝≢№╢⁹ 
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 ─  

│ ⌐ ╘╠╣≡™╢ ⌐≈™≡│

⌐∕─ ╩ ∆╢╟℮ ╘╢ ⅜№╡ ⌐ ╘╠

╣≡™⌂™ ⌐≈™≡│ ─ ⅎ ⌐ ∂≡ ⌂

⌐ ╘╢ ⅜№╢⁹ ⌐│ ─ ⌐≈™≡│5 

∂╪ ⱱꜟⱶ▪ꜟ♦ⱥ

♩ ♩ꜟ◄fi ◐◦꜠fi Ɽꜝ☺◒꜡꜡ⱬfi♀fi ◄♅ꜟⱬfi♀fi ☻♅꜠

fi ⌐≈™≡ ⌂ ⅜ ↑╠╣≡™╢⁹≤↓╤⅜ ─ ─

─ ╩ ↑ ∂╪ ≤ ⌐ ≥╙─ ⌐ ⌂

─ ≢№╢ ⌐≈™≡│ ╩ ∆╢≤™℮10 

⅜ ↕╣ ╙∕─ ⅜ ⇔≡™╢⁹ 

 ⌐⅔↑╢ ─  

 ┘  

ᵥ ─ │ ₈ ─ ⌐≈™≡ ╩ ╘ ┘⌐

┘ ─ ╩ ╠⅛⌐∆╢≤≤╙⌐15 

─ ⌐ ∆╢ ─ ≤⌂╢ ╩ ╘╢↓≤⌐╟╡ ─ ⌐

∆╢ ╩ ⅛≈ ⌐ ⇔ ╙∫≡ ┘ ─ ─

≢ ⌂ ─ ⌐ ∆╢≤≤╙⌐ ─ ⌐ ∆╢↓≤₉

≢№╡ ₈ ─ ─ ⌂ ─ ₉⅜ ╕╣≡™╢⁹ 

ᵦ ⅜ ╘√ ≢№╢ ─ ─ ≤20 

⌂ ─ ⌐╟╢ ─

─╙≤

≤™∫√ ⅜ ╘╠╣≡™╢⁹ 

ᵧ │ ⌐ ⇔ ₈ ⌐─∫≤╡ ─ ⌐ ∆╢

⅛≈ ⌂ ╩ ⇔ ┘ ∆╢ ₉╩ ⇔≡⅔╡25 

⌐ ⇔ ₈ ⌐─∫≤╡ ─ ⌐ ⇔
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─ ⌐ ∂√ ∕─ ─∕─ ─ ─

⌐ ∂√ ╩ ⇔ ┘ ∆╢ ₉╩ ⇔≡™╢ ⁹ 

ᵨ ⌐╟╡ │ ─ ─ ─ ┘

⌐ ╢ ─ ⌐≈™≡ ₈ ─ ╩ ⇔ ┘ ╩

∆╢ ≢ ↕╣╢↓≤⅜ ╕⇔™ ₉ ╩ ╘╢╙─5 

≤↕╣ ₈ ─ ⌐ ∆╢ ╩ ⅛≈

⌐ ∏╢↓≤⌐╟╡ ⅜ ↕╣╢╟℮⌐ ╘⌂↑╣┌⌂╠⌂™₉

⁹ │ ⌂ ╩ ↕∑╢√╘─

≢ ∕─ ⅜ ∟⌐ ╠⅛─ ╩ ≈╙─≢│⌂™⁹ 

ᵩ ⇔⅛⇔ │ ⌐ ⇔ ╩ ╕ⅎ≡ ₈ ─10 

─ ─ ─ ≤⌂╢ ─ ─ ⌐ ⇔

─ ∆═⅝ ( │ ╩ ╘╢↓≤ ⌐╟╡

℮ ╩ ∆╢√╘⌐ ⌂ ─ ₉╩ ∂╢↓≤╩ ↑≡™

╢ ⁹⇔√⅜∫≡ ⌐│ ⅜№╡ ∕

─ ⌐ ⇔≡│ ≢ ╛ ⅜ ↕╣≡™╢⁹ 15 

ᵪ │ ⅎ┌ ⌐⅛⅛╢

⌐ ╢

⌐ ╢

─ ⌐

╢ ≢№╢⁹ 20 

ᵫ ≢ ≤ ─ ╩ ≡╖╢≤ ⌐ ≠™

≡ ─ ⌂ ╩ ╘√₈ ⌐ ∆╢ ₉

≤₈ ⌐ ╢ ₉─ ╩╖╢≤

│ ⌐ ⌐ ∫≡™╢↓≤⅜ ⅛╢⁹ 

 ┘ ─ ( ─ ) 25 

ᵥ │ ₈ ─ ─ ─
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─ ≤⌂╢ ₉ ≢№╡⌂⅜╠

≢ ≤↕╣ ─ ™╙ ≢№∫√⁹ 

ᵦ ⌐ ⅜ ↕╣ ╙ ─

─ ⌐ ╖ ╕╣ ₈ ⌐╟╢ ─ ─ ─√╘

─ ─ ⌐ ∆╢ ₉ ⅜ ↕╣5 

─ ─ ╙ ↕╣√ √∞⇔

≢│ ∞⌐ ─ │ ↕╣≡™⌂™⁹ ⁹ 

 ─◘Ⱳ♃כ☺ꜙ 

ᵥ ⅜ ╩ ↓∑┌ ⅜ ─ ≤

₁─ ╩ ⌐ ⅛∆↓≤⅜ ⌐ ↕╣√⌐╙⅛⅛╦╠∏10 

│ ╩ ∆╢ ≤ ╩ ⇔√ ⅛╠ ⌂

─ ╩ ⇔≡™√⅜ │∕─ ⅜ ↕╣

╩ ⇔ ⌐ ∆╢ ╙ ⇔√⁹ │

↕╣√ ⌐ ™ ╛⅛⌐ ⌐≈™≡─₈

₉≤₈ ₉╩ ╘⌂↑╣┌⌂╠∏ ╩ ⅎ≡15 

╩ ⇔√ ⌐ ∆╢ ╩ ∆╢ ₈ ╩ ∆╢√╘⌐

⌂ ─ ₉ ╩ ∂╢ ⅜№╢⁹ 

ᵦ ⇔⅛⇔ ↓╣╠╩ ╘╢ │ ↕╣≡™⌂™⁹ ─◘Ⱳ♃כ☺

ꜙ≢№╡ ─₈ ₉ ₈ ₉ ⌐≈™≡│

─ ⌐№╢⁹ ⌐╟∫≡ ⅜ ╩20 

⌐ ⇔√⁹₈ ⌐⅔↑╢ ⅜ ⌂ ⌐⅔™≡ ↕

╣ ─ ─ ₉╩ ╢≤™℮ ─ ⌐ ╠

∑┌ │ ─ ≈≤⇔≡ ⌐≈™≡─

⌂ ╩ ╛⅛⌐ ↑⌂↑╣┌⌂╠⌂™─⌐↓╣╩ ∫≡™╢⁹ 

 ⌐≈™≡─№╢═⅝  25 

 ─  
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─ ┘ │ ─ ⌐╟╡ ─

⌐№╢⁹ │ ⌂ ─√╘ ─ ╛ ה

╩ ∆╢ ⌂ ⌐╟∫≡∕─ ╩ ╘⌂↑╣┌

⌂╠⌂™⁹ ─№╢═⅝ ⌐≈™≡ ∆╢⁹ 

 ≤ ─  5 

ᵥ │ ⌐ ⇔ ⌂ ─╙≤

─ ⌐≈™≡ ─ ╩ ∆╢⌐ ╢ ╩ ╘╢

╩ ⇔≡™╢⅛╠ ↓╣╠⌐≈⅝ ⅜ ╘╢═⅝ ⅜

╩ ╢↓≤│ ↕╣⌂™⁹ 

ᵦ ⌐ ≢ ╘╠╣≡™╢ ⌐ ∆╢ │10 

≢ ╘╠╣≡™╢ ⌐≈™≡│ ⌐ ≤ ≢№

╢⁹╕√ ⌐ ╢ │ ╩ ≤∆╢

╩ ↄ ─ ╙ ⌐ ⇔⌂™ ╩ ≤

∆╢ ─ ╙ ╩ ≤∆╢ ╩ ↄ ┘

⌐ ⇔⌂™ ╩ ≤∆╢ ─ ─ ╙15 

≤ ─ ≤↕╣≡™╢ ⅛╠ ⌐

╢ ─₈ ─ ─ ⌐ ∆╢ ₉≤ ≢№╢⁹ 

ᵧ ∕℮∆╢≤ ⌐≈™≡─№╢═⅝ │

⌐≈™≡─№╢═⅝ ≤ ⌐∆╢↓≤⅜

─ ≤⇔≡ ⅛╣╢⇔ ╙ ↕╣╢⁹ 20 

 ─ ⅎ  

│ ⌐ ∆╢ ⌐≈™≡ ⅜⌂™⁹↓╣│ ICRP

⅜ ∆╢≤↓╤≢№╡ ─ ╙↓╣╩ ≤⇔≡™╢⁹

─⌂™ ─ ⌐ ∆╢ ⅎ ⌐≈™≡ ∆╢⁹ 

ᵥ │ ─ ⌐25 

₈ ─ ⌐ √∫≡─ ⅎ ₉≤ ∆╢ ╩ ⇔√
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⁹ │ ─⌂™ ⌐≈™≡│ ₈ ─ ⌐ ╩

╓∆⅔∕╣ ꜞ☻◒ ⅜ ™ │ ⌐ ≤ ⌂∆↓≤⅜

≢⅝╢≤⇔≡ ∕─ꜞ☻◒꜠ⱬꜟ⌐ ∆╢ ⅜ ─ ≤

™╠╣≡™╢₉≤ ⇔ ∕─ꜞ☻◒꜠ⱬꜟ⌐ ∆╢ ╩

╘╢↓≤⅜ ≢№╡ ₈↓─ ≢ ה ה ↕╣≡™5 

╢ ─ ꜞ☻◒꜠ⱬꜟ ╩ ⌐⇔ ╩ ╗ ─ ╩

ↄ ™≡ ≤∆═⅝ꜞ☻◒꜠ⱬꜟ╩ ╘╢ ⅜№╢₉≤⇔≡™╢⁹ 

ᵦ ₈ ─ ꜞ☻◒꜠ⱬꜟ₉≤│ ₈ ─ ⌐ √∫≡─

ⅎ ₉ ⌐⅔™≡ ⅜ ⌐ ∆╢ ⅜⌂™ⱬfi♀fi

╛♩ꜞ◒꜡꜡◄♅꜠fi⌂≥⌐≈™≡₈ ⌐╦√╡∕─ ╩ ⇔10 

√ ─ꜞ☻◒ ⅜ ─ ≤⌂╢꜠ⱬꜟ╩╙∫≡ ╩ ₉

≤ ⇔≡™╢≤⅔╡≢№╢⁹ 

ᵧ ─⌂™ ⌐≈™≡─ ꜞ☻◒꜠ⱬꜟ╩₈ ₉≤∆╢─│

─ ─ ⅎ≢│⌂ↄ ꜞ☻◒

─ ⌐╟╣┌ ≢№╢⁹▪ⱷꜞ◌│ ⌐15 

≈™≡ ╩ ↑╢ ─ ꜞ☻◒⅜₈ ₉ ≢№╢ ⌐

│ ╟╡ ⇔™ ╩ ∂≡™╢⁹○ꜝfi♄│ ╩ ꜞ☻

◒₈ ₉ ╩ ꜞ☻◒₈ כ▼►☻⁹╢™≡⇔≥₉

♦fi│ ꜞ☻◒₈ ₉╩ ≤⇔≡™╢⁹WHO─ ─

●▬♪ꜝ▬fi│ ꜞ☻◒╩₈ ₉≤⇔≡™╢⁹ 20 

ᵨ ─≤⅔╡ ─⌂™ ⌐ ∆╢ ─ ╩ ꜞ☻◒₈

₉ ∆⌂╦∟ ⌐╦√∫≡∕─ ⌐ ↕╣√ ─

╩ ⌐ ╘╢ ≤∆╢─⅜ ≢№╡ ─

╙∕─ ⅎ ⌐ ≠™≡ ↕╣≡™╢⁹ 

 №╢═⅝ ┘№╢═⅝  25 

─⌂™ ≢№╢ ─№╢═⅝ │ ₈ ⌐╦√∫



  ⌐ ∆╢ ╠─   

330 

 

≡ ⌐ ↕╣√ ─ ꜞ☻◒ ⅜ ─ ₉≤™℮꜠ⱬ

ꜟ≢ ╘╠╣╢═⅝≢№╡ №╢═⅝ ╙ ≤⌂╢⁹ 

 ⌐≈™≡─№╢═⅝  

ᵥ ICRP ─ ⅎ ⌐ ≠ↄ  

ICRP │ mSv─ ┌ↄ⌐╟∫≡ %⅜╪ ─ ⅜5 

∆╢≤⇔≡ ╩ ⅎ╢↓≤≤⇔≡™╢ ה ⁹↓─

│ ≢№╡ ≢№╣┌ ⌂ↄ≤╙∕─ ⌐ ∆╢

≤ ⅎ╠╣╢⁹↓─ ⅎ ⌐ ⅎ┌ mSv─ ┌ↄ⌐╟∫≡⅜╪

─ ⅜ % ∆╢⅛╠ №╢═⅝ ≢№╢

─ % ─ ⌐ ⅎ╢√╘⌐│ ╛10 

─ ┌ↄ│ . mSv⇔⅛ ↕╣⌂™↓≤⌐⌂╢⁹ 

ₒ  mSv×0.001%÷0.5% 0.2mSvₓ 

↓╣│ ─ ≢№╢⅛╠ ╩ ≤⇔≡ ─

╩ ∆╢≤ mSv . ɡSv ⌐⌂╢⁹ 

ₒ  0.2mSv÷70 0.00285mSvₓ 15 

ᵦ ↓─ │ ICRP ⌐╟╢ ┌ↄ ⌐⅔↑╢ ┌ↄ─

┘ ⌐⅔↑╢ ⌐ ∆╢ ≤⇔≡

─ ┌ↄ ⅜™∏╣╙ mSv ≤↕╣≡™╢↓≤≤ ⇔≡ ⇔

™≤ ↑ ╘╢ ⅝⅜№╢⅛╙⇔╣⌂™⁹↓─ ™│ ─ ⅎ ⌐

∆╢⁹∆⌂╦∟ ICRP │ ∕─ ⌐≈™≡₈ ┌ↄ⌐ ∆╢20 

─№╢ ─ ╕⇔™ ╩ ⌐ ∆╢↓≤⌂ↄ ┌ↄ

─ ⌂ ⌐ ∆╢ ≤ ─ ⌂꜠ⱬꜟ≢─ ⌐ ∆╢↓≤

≢№╢⁹₉≤ ∆╢ (26) ≤⅔╡ ┌ↄ ╟╡

╩ ⇔√ ╩ ∆╢ ⅎ ╩ ≤⇔≡™╢⁹↓╣⌐

⇔ ─ │ ─₈ ₉⌐⅔™≡ ─25 

⌐ ⇔√₈ ─ ⌐≈™≡│ ─ ⌂


































































































































































