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ȅǏǓǔ 

 

 ─ ⌐╟╢ ─ ⌂╙─│ ╛

╩ ⇔≡─ ≢№╢ ⇔⅛⇔ ─ │ ≤

⌐ ⅝ↄ ╘╠╣ ≤ↄ⌐ ╛ ─ ≤ ⌐╟

╢ ─ │ ⌐ ╦╣≡↓⌂⅛∫√ ↕╠⌐ ╩ ∆ ⌂

⅜ ↕╣≡⅝√ ↓℮⇔√ ─ ─ ╖╩ ⌐ ↑≡⅝√─

⅜ ≢№╢ ≤ↄ⌐ ╛ ─ ⌐╟╢

│ ≢⅝╢≤∆╢ ─ ⌐╟∫≡ ⌐ ⇔╖

↑≡™╢ ↄ─ ⅜ ↕╣≡⅝√  

 2003 ⅛╠ ╕∫√ │ ⌐ ≠ↄ ╩ ╘

√ ─ ╩ ⌐ ╘╢↓≤⌐⌂∫√ ─ ⅎ─ ≤⌂∫≡

™╢ ╩ ⅎ╢≤ ─ ⌐⌂∫≡™╢

─ ─ ⅜ ⅛╠ ↕╣√ ≤ ┌╣╢ ⌂

─ ⌐ ╩ ⅝ ≤ ─ ⌐╟╢

╩ ⇔≡™╢↓≤⅜ ╠⅛⌐⌂∫√  

 ─ │ ⌐╟∫≡╙√╠↕╣√ ─

⌐ ⇔≡⅝√ ⇔⅛⇔ ⅛╠ ⇔≡⅝√ ≤╡╦↑

╩ ∂≡ ⅝⌂ ╩ ⅎ√ │ ≤≤╙⌐ ⇔≡

⌐│ ↕╣≡™⌂™ ∕╣∞↑≢⌂ↄ↓℮⇔√ ╩ ⌐ ⇔√

↓≤⌐╟╢ ─ │ ≢│ ╢↓≤⅜≢⅝⌂™ ⱱהꜟכⱲ

╙⌐כ♃fi►◌ה▫♦ ⅜№╢  

 ─ ≢│ ⌂≥ ⅛╠

╠⅛⌐∆╢ ⅜ ⌐⌂╢ │ ╩ ∫≡™╢√╘₈ ─

⅛╠₉ꜞ▪ꜟ⌐ ╩ ≢⅝╢↓≤≤ ╩ ⇔√

─ ╩⇔≡™√─≢ ⌐ ≠™≡ ╩ ╠⅛⌐∆╢

⌐ ╗↓≤⌐⌂∫√ ╕∞ ─ ≢№╢⅜ ⌐╟╢

⌐│ ⅜ ≢№╢─≢ ⌐╟╢ ⌐≈™≡

─ 3≈─ ╩ ↕╣√™  

 з ─ ─  

 и ⌐ ≠ↄ ─ Ί ─ ⅛╠ 

 й ⌐ ≠™≡ ╩ ∆╢Ί

2009 6 30  
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˘ƾ ᾑ ǲȏȒК ƿ  

 

╕ⅎ⅜⅝                              

                                

 

з ─                       

  ─                        

  ≤                    

  ≤                       

  ─ ─ ≤           

   ⅔╦╡⌐                          

 

и ⌐ ≠ↄ ─  

      ΊΊ ─ ⅛╠             

   │∂╘⌐                          

 ─                    

                      

  Ί ─              

  ─ ─              

 

                         

  ⌐╟╢                   

 

  ≤                      

  ≤                    

   ⅔╦╡⌐                          

 

й ⌐ ≠™≡ ╩ ∆╢  

    ΊΊ 2009 6 30          

│∂╘⌐                          

 ─                     
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ה  ─ ⌐╟╢ │  

≢│ ≢⅝⌂™                    

 ─ ⌐│ ⌐ ≠ↄ  

⅜                       

 ≤ ─                  

 ─ ─ ≤       

 ─ ⅛╠ ⌐╟╢   

╩ ╘╢                        

 ─ ─ ⅛╠ ─      

 ≈─ ⌂╢ ⅛╠ ⇔√  

─                           

 ─ ⌐╟╢           

10 ─ ⌐╟╢ ≠↑                

11 ⌐╟╢ ─                

Ɽ♇꜡כꜜ 12 ꜞ☻◒ ─₈꜠☻Ⱳ☻ ₉       

⅔╦╡⌐                          

 

  

⌐ ╩⅛↑√ ⱶꜝ                   

 ─                   

  ─ ╩ ⅝ ←            

  ─ ─ ≤₈ ≤ ₉          

  ─ ≤ ─     

─ⱶ☼ꜞ♫כꜗ☺                       
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ī К ǵ  

 

 

 

 ᾑ ǵ˲̱◙  

 ●fiⱴ ɘ ⱬכ♃ ɗ ⌂≥ ─ ↕╣√ ─

≢ ⌂≥ │ ⅛╠ Ⱳꜟ♩ eV ⌂™⇔  eV

─◄Ⱡꜟ◑כ╩ ∫≡ ↕╣╢ ↓╣╠─ ⅜ ╩ ∆╢

⌐╟∫≡ ♃fiⱤ◒ DNA⌂≥ ─ ≢ ╩ ∆╢

╩ ∫≡™╢ ⌐ ↕╣√╡ ↕╣√╡⇔≡ ⌐◄Ⱡꜟ◑כ╩

∆ ◄Ⱡꜟ◑כ╩ ↑ ∫√ │ ⅛╠ ⇔ ∕─ ╛

⅜ ↕╣╢ ↓╣⅜ ⌐╟╢ ≢ ∆═≡─ ─ ╕╡≢№

╢   

 ⌐ ⌂◄Ⱡꜟ◑10™−™∑│כ eV≢№╢─⌐ ⇔ ╩

∆╢ │  eV⌂™⇔  eV─◄Ⱡꜟ◑כ╩ ≈─≢ ─ ─

│ ≢ ⌂™⇔ ◌ ─ ╩ ⅝ ↓∆ ╛

│X ╛ɘ ≤ ∂ ≢№╢⅜ ∕─ │1eV⌐ √⌂™◄Ⱡꜟ◑כ⇔

⅛ √⌂™─≢ ╩∑∏ ≤ ┌╣╢  

 │ ⌐╟∫≡ ⌐ ╩ ⅝ ↓∆─≢ ⌐│

⅜ ⌐≥╣ↄ╠™◄Ⱡꜟ◑כ╩ ⅎ√⅛≢ ╩ ⇔ kg √

╡1 Joule─◄Ⱡꜟ◑כ╩ ⅛╠ ⇔√≤⅝1◓꜠▬ Gy, Gray ─

≤™℮  

 ⇔⅛⇔ ─ ⌐╟∫≡ ┼─ ─ ⅜ ⌂╢─≢ X ⌐ ═≡

─ ╩ ⅎ╢⅛╩ ⇔√ RBE, Relative Biological 

Effectiveness ╩◓꜠▬⌐ ∂√ ♩ꜟⱬכ◦≡⇔≥ Sv, Sievert ⅜

™╠╣╢ ICRP │ɘ ≤ɗ │ ≢│X ≤

─ ≢№╢≤⇔≡ RBE╩1≤⇔ ɖ ─RBE╩20≤⇔≡™╢ ─

⌐╟╢ │ 1Sv─100 ─1 ─ ⅜ ⌐⌂∫≡™╢─≢1Sv─

1000 ─1─mSv №╢™│100 ─1─ɡSv─ ⅜ ™╠╣╢  
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 1mSv─ ╩∆╢≤ ─ 60 ─ 1 √╡ ⇔≡ 500◌

─ ╩ ↑╢ ╩ ↑≡╙ ╒≤╪≥─ │ ┘╙≤─

⌐ ↕╣╢ ≤↓╤⅜ ⅝╦╘≡ ↕™ ≢ ∫√ ╛ ≢⅝⌂

™↓≤⅜ ↓╡ ⅜ ∂╢ ⌐ ⅜DNA ─2 ─ ⇔√

≢ ↓╢≤ ⅜ ∫≡ ↕╣╢ ⅜ ⅝ↄ⌂╡ ╩≈

ↄ╡ ⇔ ─ ╩ ⌐⇔≡ ╩ ⅝ ↓⇔√╡

╩⇔≡╙ ╩ ≈ ╩ ⇔≡ ⌐≈⌂⅜╢ ∫√ ─

│ ─ ─ ⅜ ╦╢ Booz≤Feinengeden─ ≢│1mSv─

⌐╟∫≡ ─ ⌐ ⇔≡╒╓1◌ ─ ╩ ∂╢≤⇔≡™╢1) 100 

mSv─ ≢ ⅜│∂╕╡ 200 500mSv≢ ─ ⅜ ╕╢  

 ⌐╟∫≡╙∫≤╙ ⌂ ╩ ↑╢─│ ≢№╢ │

─ ™ DNA⅜ɘ ≤ɗ ⌐╟∫≡ ╩ ↑≡ 2 ⅜ ↕╣╢

╩ ⇔√ │ 2 ≤ ─Ɑ▪⅛╠≢⅝≡™╢↓≤⌐╟╡  

 

 

  DNA ⌐ ∆╢ ─  

 

╩ ™≢™╢ ─ ≢╙ɘ │ ╕┌╠≢ ─ ™ ╩ ↓

∆─≢ ⅜ ™ ∕─√╘2 №╢ ─ ─ ─℮∟1 ∞↑─

⅜ ↄ ⅜ ╩ ↑≡╙ ↕╣╛∆™   

 ɗ ─ ⅜ ™─│ ─ ™ ╩ ↓⇔≡◄Ⱡꜟ◑כ╩

⌐ ℮√╘≢№╢ ⇔√⅜∫≡ ⇔√ ⌐╟∫≡ ─ 2

≤╙ ⇔≡ ∫√ ─ ⅜ ╕╢ ∫√ ⅜ ↓╢≤ ⅜
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⌐⌂∫√╡ ⌂ ⅜ ⅎ≡⅜╪ ⌐⌂╢↓≤╙ ↓╢ ɗ │

╒≥≢│⌂™⅜ɘ ╟╡ ─ ™ ╩ ⅝ ↓∆─≢ ɗ ─╒℮⅜

╩ ⅝ ↓∆ ⅜ ↄ ⅜ ⅝™≤™ⅎ╢ ↓─ ≢

⅜ɗ ≤ɘ ⌐≈™≡≤╙⌐ RBE 1 ≤⇔≡™╢─│ ≢№╢ ─

™ɗ │ ≢ ─ ─ ≢ ─ ™ ╩ ⅝ ↓∆↓≤╩

⇔√ ─ ╩ ⌐ ∆╢↓≤─ │ ≢№╢  

─ ↕⌐≈™≡│ ⅜1 ⌐ ⇔≡ ╩

⇔√⅛─ ╩ ∆ⱬ◒꜠ꜟ Bq ╙ ™╠╣ 1kg─ √╡ №╢™

│ ─1m2 √╡─ⱬ◒꜠ꜟ ⅜ ↕╣≡™╢ ↔≤⌐ ⌂

⌐ ⇔≡Sv┼─ ⅜ ICRP⌐╟∫≡ ↕╣≡™╢ ⇔⅛⇔ ⌐ ⇔

≡│ ⌂ │ ⌂™  

 

רל  ᾑ ǯ ר ὡ 

 ⌐╟╢ │ ⌐╟∫≡ ≤ ≤⌐

↕╣╢ ⅛╠ ╩ ┘╢ ⌐╟╢ │ ⌐│

⅛╠ ⌐ ⇔ ─ ⌐│ ╡ ╪∞ ⅜ ∆

╢ ╩ ┘ ↑╢─≢ ⌐│↕╠⌐ ╣≡ ∆╢ ⌂≥─

│ ⅛╠10 ╩ ≡ ∆╢ ↓─╟℮⌐ │

⌐ ⅛╠⅛⌂╡ ╣≡ ∆╢ ↓─↓≤⅛╠₈Γ ∟⌐Δ ⌐ ⅜

╢꜠ⱬꜟ≢│⌂™₉≤ ⅜⌂™⅛─╟℮⌐ ∆╢─│↔╕⅛⇔≢№╢  

 ⌐╟╢ ─ ╙ ─ ╙ ⅜ ⅝™ ↓╣

╩ ∆√╘ ⌂ ≢№╢ ─ ≤ ─ ╩

─╟℮⌐⇔≡ ╘╢  

 1947 ⱴfiכꜟ♩ ─ ⌐╟∫≡ ⌐ ∆╢

─ ╩ ╢√╘⌐ ≤ ⌐ Atomic Bomb 

Casualty Commission, ABCC ⅜ ↕╣√ ABCC│1950 ─ ─

≢ ╠╣√ ꜞ☻♩⅛╠ ≤ ⌐ ╩ ↄ 13 ≢

Life - Span- Study;LSS ╩≈ↄ∫√ 2─ẽ │ ABCC⅜1950 ⌐LSS

─ ╩ ⇔√ ─ ─ ─ ≢№╢2) 1975 ⌐ABCC

⅜ ↕╣ ─ ⌐⌂∫√⅜ ABCC─

╩ ∆╢ │∕─╕╕ ⅜╣ 1998 ─Stram≤Mizuno

│ 2─ ⅛╠ ─╖⌐╟╢ ╩ ╘√3) ∕─ ⅜

3─ừ ≢№╢ Stram≤Mizuno⅜ ™√₈1986 DS86 ₉
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╩ ™≡ 3─ừ ⌐ ∆╢ ╩ ⅛╠─ ⌐╙≥∆≤

2─Ợ ⌐⌂╢ ẽ ≤Ợ ─ ⅜ ⌐╟╢ ⌐ ∆╢  

 ⅛╠ ─ │ ⌐ ⇔≡ ≢№╢↓≤⅜ ╠ 

 
 ABCC ─ LSS( )    LSS ─ ≤ ─  

 

╣≡⅔╡ ╩ ∆╣┌ ∏ ∆╢₈ ₉≢

⌐╟∫≡ ⌐⌂╡ ⌐ ∆╢ 3─ủ │ ─Kyoizumi╠⅜

╩ ⇔√ⱴ►☻⌐ ⇔√ ─ ╩ ⇔≡X ╩⇔ ≤

─ ─ ╩ ═√╙─≢ │↓╣╩ ≢ⱨ▫♇♩↕∑√╙

─≢№╢ ừ │ ≢─ ∟ ⅜╡⅜ ╟╡ ™ ↓╣│

⌐╟╢ ╩ ╡ ╪∞√╘≤ ⅎ╠╣╢ ⌐ 3Sv ≢│ ™⌐

⌂∫≡™╢ ↓╣│LSS ─ ⌂ ≢ ↓─ ⌐│  4Sv

─ ╩⇔≡╙1950 ╕≢ ≢⅝√ ─╖ ╕╣≡™╢ ↓─ │

Alice Stewart ( ꜞ☻◒ ECRR─ )⅜ ⇔≡™√↓

≤≢ ─ ─ ─ ⌐╙ ⅝ↄ ∆╢ √╘≤ Stram

≤Mizuno⅜ ─╖╩ ╘╢√╘⌐ ⌐╟╢ ╩ ⅝ ⅞√

√╘≢№╢  

 3─ ─ ─ ╩ ™≡ 2─ẽ ⅛╠ ⌐╟╢

≤ ⌐╟╢ ╩ ╘√ ⅜ 4─Ẽ ≢№╢

3─Ẽ │ ─ ╩ ╘√ ≤ 2─ẽ ⌐ ∆╢

≢№╢ 3─ừ ⅛╠Ẽ ⌐ ℮ │ ⌐╟╢ ≤

Stram≤Mizuno⅜ ⇔ ™√ ╩ ∆ Ẽ ╙ ≢100 ⌐ ⇔⌂™

─│ LSS⌐ ≢╙1950 ╕≢ ≢⅝√ ─╖ ╕╣≡™╢
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≢№╢.  

⌂ ─ ─ ⅜ ⇔≡™╢╟℮⌐ ╩

∆╢ ⌐│ ⅜№╢⅜ ⅜ ∆╣┌ ⅜ ⇔≡ ⌐ 

 
 ⌐╟╢         ⌐╟╢ ⅔╟┘ 

                                  ─ ⅛╠─ ⌐╟╢  

 

│100 ─ ⅜ ∆╢₈ ₉≢№╢ ∕⇔≡ ─ ≤≤╙

⌐ ⅜ ╕╡ ⌐ ∆╢  

 ⌂≥─ ⅜ ╛ ⌂≥─ ╩ ∆╢ ╩ ╦∑╢

⌂≥ ⌐╟╢ ─ ╘⅜ ╦╣√ ⅛⌂╡─ ╩ ≡

⅜ ∆╢ │ ⇔≡╙ ∏ ∆╢≤│ ╠⌂™⅜

⅜ ∆╣┌ ∆╢ ⅜ ∆╢ ∕─√╘₈ ₉≤↕╣╢

─ │ ⌐╟╠⌂™ ╙ ∆╢⅛≥℮⅛│ ⅝⌂

⅜№╢ ⅜ ∆╢≤ ─₈ ₉╠│

─ ⅝⌂ ⅜╡╩ ⇔≡ ─ ≢ ⌐ ∆╢≤⇔≡

─ ─ ─ ╩ ∆╢₈ ₉╩ ⇔ ⌐

╩ ℮≤™℮ ⌂ ╩ ∫√ ↕╠⌐

≢ ⇔≡ ≢ ⌐≈ↄ╠╣√₈ ─

╡ ₉─ ⌐⌂∫√ ICRP ─
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│ ─╕≤╘⌐ ╙₈ ₉╩ ∆╢≤⇔√

11 27 │ ≢ ⇔ ⅜ ≢ ⇔√╙

─╩ ≤⇔ →≡™╢ ╩ ∫≡™≡╙↓╣╩ ↕∑⌂™ ICRP─

≢№╢⁹ 

 Ẇ ǯК  

 X ≤ɘ │ ╩ ∆╢ ╕┌╠⌂ ╩∆╢─≢ ◄Ⱡꜟ◑כ 

╩ ℮╕≢⌐ ─ ╩ ∆╢√╘ ⅜ ™ ↓╣⌐ ⇔ ɖ │⅝╦

╘≡ ─ ™ ╩⇔≡  eV─◄Ⱡꜟ◑כ╩ ɡm ╢℮∟⌐

∆╢─≢ │⅝╦╘≡ ™ ɗ │↓─ ≢ ≢│  cm

∫≡◄Ⱡꜟ◑כ╩ ∫≡ ╕╢ ─ ⅜ ⅝™≤ ─ ⇔√

─ ⅜ ⅝ↄ⌂╡ ∫√ ─ ⅜ ⅝ↄ⌂╢ ↓℮⇔√↓

≤╩ ∆╢≤ ICRP⅜ ⌐ ⇔≡ɗ ─RBE╩1≤∆╢↓≤⌐│ ⅜

№╢  

 ↓─ ╩ ⌐ )⅜ ⇔√ ─ ─ ⅛╠─

⌐╟╢ ─ ⌐╟╢ ─ ⌐≈™≡ ╟℮

5⌐ ⇔√╟℮⌐ ─ẽ ≤ ─ừ │ ⅛╠─ ≤≤╙⌐╒╓

∂╟℮⌂ ╩⇔≡™╢ ⇔⅛⇔ ỏ ─ ─ │ ≢│ ╛

⌐ ═≡ ↕ↄ ≢│ ⅝™  

 ≢│ ─ɘ ╛ ⌐╟╢ ⌂ ⅜ ⌂

╩ ⅎ╢ ≢│ ─ ™ɘ ⅜ ╕≢ ≢⅝╢ ⇔⅛⇔

⇔√ɘ │╕┌╠⌂ ╩ ∫≡ ™ ╩ ╡ ↑╢─≢

─ɘ ≢⌂↑╣┌ ╩ ↕∑⌂™  

 ≢│ ─ ╩ ⌐ ⇔√↓≤⌐╟╢

⅜ ⌐⌂╢ ╛ ≢ ╪∞ɗ ╩ ∆╢ ⅜  

 

 ≤ ─ ─  

0
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80

100
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⌐ ∆╢≤ ɗ │ ─ ™ ╩ ℮─≢ ⌐ ╩ ⅎ≡

╩ ↕∑╢ ↓─↓≤╩ ⇔≡ 6⌐ ⇔√╟℮⌐ ≤ ─

─ ╩ ─ɘ ⌐╟╢ ─ ⌐│ ≤ ⌐ ∆

╢ 50 ─ ⅜ ∆╢ ╩2.75Sv ủ ╟╡ ™

⌐∏╣√ 50 ─ ⅜ ∆╢ ╩ 3.03 Sv Ỏ

─ ⌐╟∫≡ ⅎ ⌐╟╢ ─ ⌐│ ≤ ─

╟╡ ™ ⌐∏╣√ 50 ─ ⅜ ∆╢ ╩

1.98Sv ỏ ─ ⌐╟∫≡ ⅎ╢≤ 4⌐ ⇔√ⱴכ◒╩ ⇔√ ™

≢ ⇔√╟℮⌐ ╒≤╪≥ ∂ ⌐╟∫≡ 5─ ™ ─╟℮⌐

⅔╟┘ ─3 ─ ─ ╩ ⌐ ≢⅝╢ ↓℮⇔≡

⌐╟╢ ─ ≤ ─ ╩ ╘╢↓≤⅜

≢⅝√ ↓℮⇔≡ ╠╣√ ╩ ⅔╟┘ ⌂ ⌐ ≠™≡

∆╢ ⅜ ╕╣√  

 ↓─╟℮⌐ ─⇔ↄ╖⅜ ≤ ⌂╢ ╩X ╛CT☻◐ꜗfi⌐╟

╢ ≤ ∆╢↓≤│ ≢⌂™  

 ─ ⌐╟╢ ⇔√ │ ⌂≥─ ≤⇔≡ ⇔

≡™╢≤ ⅎ╠╣╢⅜ 1ɡm ─ ⅝↕≢№╣┌ ≢ ⌂≥⌐ ╠╣

⌂™≢ ╩ ≡ ⌐ ⇔≡ ╩ ╢ ∕─ ⅜ №╢

™│ ≢№╣┌ №╢™│ ꜠ⱬꜟ⌐ ⇔ ─ ⌐╟∫≡

⌐ ⇔ ⇔√ ╩ ⅎ╢  

ה  ≢⌂™ ⌐│ ─╕╕ №╢™│ ≈⅛─ ⌐

⇔≡ ⇔ ─ ⌐ ∆╢ 1ɡm ─ ≢╙ ⌐│

─ ╩ ╗↓≤╙№╡℮╢─≢ ⅜ ⇔√ ─ │

─ ╩ ⇔≡ ∆╢ ⌐ ⅜ ─►ꜝfi╛ⱪꜟ♩♬►ⱶ

╩ ╗ ⌐│⅝╦╘≡ ─ ╩∆╢ɖ ╩ ∆╢─≢ ⅜

⅝ↄ⌂╢ ↓℮⇔√↓≤╙ ⌐⌂™ ─ ≢№╢  

 3⌐ ↕╣√╟℮⌐ ─ │ ⅜ ⅝ↄ ⌂ ⅜ ⇔⌂

ↄ≡╙ ─ ™ ⌐│ ⅜ ╣╢↓≤╩ ⇔≡│⌂╠⌂™ ╕

√ 4⌐ ↕╣√╟℮⌐ ⅛╠1.2km╕≢│ ⌐╟╢ ⅜

⌂ ╩ ⅎ≡™╢⅜ 1.2km╟╡ ≢│ ⌐╟╢ ⅜

⌂ ╩ ⅎ√↓≤⅜╦⅛╢  

 ↓╣╕≢─ ⌐╟╢ ─ │₈ ™ ₉≤ ┌╣╢

⌐ ╕╣≡ ⌐ ⇔√ ∕─ ─ ╛ ⌐╟╢ ≢ ↕╣⌂
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⅛∫√ ⅜ ⇔√ ─ ⌐╙≤≠™≡™╢  

 │ 4⌐× ≢ ⇔√ ─ ⅛╠ 2km⅛╠4km─ ה

⌐⅔↑╢ ─0.006Sv 0.02Sv─╖ ╘ ∕─ ─ ─

│ ⇔≡⅝√ 4⌐ ↕╣╢╟℮⌐ ─ ⌐ ∂√ ⅛╠

⇔√ │0.85Sv⌂™⇔1.7Sv≢ 2 ─ ≢№╢ ↓─ ⅜ ICRP

─ ─ ≤ ─ ⌐⅔↑╢ ─ ⌐≈⌂⅜

∫≡™╢  

 ↓↓≢ ─ ─Sv╩ ™≡⅝√⅜ ⌐ ∆╢ ⌂ ⅜

⇔⌂™√╘⌐ ≤ ⌂ ─ ╩ ⅎ╢ ─

╩ ∆ ─ ≢ ™≡™╢ 4⌐ ↕╣√ │ ⌐╟╢

─ ⅜ ╟╡╙│╢⅛⌐ ≢№╢↓≤╩ ⇔≡™╢  

 ≤ ─ ⅜ ⌐╟╢ ⅛╠12 ╕≢─

─3 ─ ─ ⅛╠ ╠╣√ √∞⇔ ⅛╠12km≢╙

⌐╟╢ │1.2Sv 1.3Sv≢ ─ ⅛╠6km─0.8 

Sv─ 1.5 ≢№╢ ↓─ │ ─ ⅜ ─1.4 ≢№∫√↓≤

≤ ─ ⌂≥⅜ ╟╡ ↄ─ ⌐╟∫≡

↕╣√↓≤ ⇔⌂⅛∫√ⱪꜟ♩♬►ⱶ─ ⅜►ꜝfi╟╡ ⅜ ™

↓≤≢ ≢⅝╢  

 

 ᾑ ◙ ǵ ἶ ǵ ǯᵂ  

 ⌐╟╢ ─ │ ICRP IAEA

UNSCAER⌂≥⌐ ⅝ↄ ⇔ ↓╣╠─ │ ─

≤ ⌐╟∫≡ ⅛╠∏╣ ╟╡╙ ≢

╩ ⇔√ ╩ ⇔≡⅝√⅜ ≤⇔≡ ─ ⌐ ⅝ↄ

⇔≡⅝√ ⇔⅛⇔ │↕╕↨╕⌂ ╩ ⅎ ↓╣╠─ ╙∕

─ ╩ ™≢™╢ ─ №╢™│ │ 

ᵑ  ⌐╟╢ ⌐ ─ ⅜ ≡╠╣

0.005Sv ─ ╩ ◖fi♩꜡כꜟ ≤

⇔≡™╢ 

ᵒ Life Span Study , LSS ⌐│ 1950 10 1 ⌐ ⇔≡™

√ ≤ ─╖ ╕╣ ∕╣╕≢⌐ ⇔√ │

⅛╠ ↕╣≡™╢  

ᵓ ─ ─ ╩ ⇔ ╩ ⇔≡™╢  
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ᵔ ─ ≤ ─ ╩ ⇔≡™╢  

 ↓╣╠ ─ │ ─ №╢™│ ─ ⌂ ╣≤

─ꜞ☻◒─ ≤⌂╢⅜ ↄ─ ─ ─ │ ↓℮⇔√

╩ ⌐ ⅎ∏ ⌂⅔ ─ ╩ ≤⇔≡™╢  

 ─ ╘√ ꜞ☻◒│ ⌐╟╢ ╩ ⇔ ─

╩◖fi♩꜡כꜟ⌐ ⇔√ ╟╡ ⌂ ⌐⌂∫≡™╢↓≤╩

ꜞ☻◒⌐≈™≡ ⌐ ∆

│ ─ ─↕╕↨╕⌂

⌐╟╢ ╩ ╩ ↄ ╩◖fi♩꜡כꜟ≤⇔≡ ⇔≡⅝√
) ↓↓≢│ ↓─ ─ ⅛╠ ⅛╠ 1km 1 1.5km 1.5 2km 2km

─ ≤ ─ ≤ ⌐≈™≡ 1968 ⅛╠

1972 ─ ⌐╟╢ ≤ ╩ ∆╢ ╩♃כ♦─

∆≤ 1─╟℮⌐⌂╢ ╩ ↄ ╩◖fi♩꜡כꜟ≤⇔≡ 1─

⅛╠ ⅛╠ 1km 1km 1.5km 1.5km 2km 2km ─

⅔╟┘ ─ ⌐≈™≡ ⌐╟

╢ ꜞ☻◒ ─ ↔≤─ ─ ╩ ─ ≢ ⇔

√╙─ ╩ ╘╢≤ ─╟℮⌐⌂╢ 2⌐│ DS02⌐╟╢

4 ⌐ ⇔√ ABCC─ ⅛╠ ╘√ ⌐╟╢

⅔╟┘↓╣╠╩ ⅎ√ ╩ ⇔√  

 │ ⅜╒≤╪≥ ⇔⌂™ ─ ⌐╟

╢ │ ≢⅝╢≤⇔≡ ─╖╩ ⇔≡™╢─≢

╩ ─◖fi♩꜡כꜟ⌐⇔≡™╢ ⇔⅛⇔ 1≤ 2⌐ ╠╣╢

╟℮⌐ ⅛╠ 2km ─ │ ⅛╠ 1.5km 2km─ ╟╡

⌐╟╢ ⅜ ™ ─╟℮⌐ ╩◖fi♩꜡כꜟ⌐∆

╢ ∟╩ ∆╢√╘⌐ ⅛╠ 2km ─ ╩◖fi♩꜡כꜟ⌐⇔√

ꜞ☻◒╩₈ ₉≤⇔≡ 2⌐ ⇔√ ╕√ 1 Sv √╡─ ⌐

╟╢ ꜞ☻◒─ ╩ ╘≡ ⌐ ⇔√  

 2─ ꜞ☻◒╩ ⌐√™⇔≡ ∆≤ ─ ╩◖fi♩

│─╙√⇔⌐ꜟכ꜡ 7─ừ ⌐⌂╡ ≢ 2km ─ ╩◖

fi♩꜡כꜟ⌐⇔√ ꜞ☻◒│ 7─Ỏ ⌐⌂╢.  

⅛╠ 2km ─ ╩ ─╟℮⌐ ╩№┘≡™⌂™

≤⇔≡◖fi♩꜡כꜟ≤∆╢≤ 1⌐ ↕╣≡™╢╟℮⌐ │

⅛╠ 2km ─ ─ ⅜ 1.5km 2km─ ╟╡╙ ≤╙ ⅝™─

≢ ⅛╠ 1.5km 2km─ ꜞ☻◒⅜ 2 ≤ 7 ─Ỏ ─╟℮
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⌐ 1 ⌐⌂╢≤™℮ ⅜ ∏╢ ↓─ ╩ ⌐ ∆╢ ⅜№╢⅜

≥∟╠─ ⌐⅔™≡╙ ⅜ ⌂ ╩ ⅎ≡⅔╡ 1.5km 2  

 

 1 ⌐╟╢ ─  

 

 

  

 

 
 

1km

 

1
1.5km 

1.5
2km 

2km
 

2km

 

 
 

 
 

 

1968-- 7
2

 

19,63

7 

42,025 60,505 122,16

7 

75,968 370,34

3 

3,537,58

0 

 

99 191 210 500 284 1,729 6,700 

 

0.504 0.454 0.347 0.409 0.374 0.467 0.189 

 

 

 
1968-- 7
2  

 

18,96

8 

61,222 172,91

9 

153,10

9 

116,99

2 

421,26

6 

3,884,18

0 

 

58 170 153 381 276 1,037 5,451 

 

0.306 0.278 0.210 0.249 0.230 0.246 0.140 

 

 
1968-- 7
2  

 

38,60

5 

103,24

7 

133,42

4 

275,27

6 

192,96

0 

791,60

9 

7,421,76

0 

 

157 361 363 881 560 2,766 12,151 

 

0.407 0.350 0.272 0.320 0.290 0.349 0.164 

  

km≢│ ⌐╟╢ ⅜ ™↓≤ 2km │ ─ ≤⌂╡ ⅜

⌂╢⌂≥─ ╙ ⅎ╠╣╢  

 ꜞ☻◒─ừ ≤Ỏ ╩∕╣∙╣ ∆ ╩ ╘╢≤ 7─ ≤

™ ≤⌂╡,↓─ ─ ∆⌂╦∟ 1Sv √╡─ ꜞ☻◒─ │ 2

⌐ ∆╟℮⌐ ≢│ 0.63, 0.43, ≢ 0.53≢№╢─⌐ ⇔,

≢│ 0.21, 0.19, ≢ 0.23 ≤⌂╢ ∆⌂╦∟ ─
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╩◖fi♩꜡כꜟ⌐⇔√ │ ╩◖fi♩꜡כꜟ⌐⇔√ ─

≢ 3 ≢ 2.3 ≢ 2.3 ≤⌂╡ ─ │

⌐╟╢ ꜞ☻◒╩ ⌐ ⇔≡™╢↓≤⌐⌂╢  

 ⅛╠ 1km ─ ─ │ ─ 4 Sv ╩ ⇔

1968 ╕≢⌐ ⇔≡™╢ 7 ⌐ ⌐╟╢ ꜞ☻◒⅜ ⌐

⇔√⅜∫≡ ≢ ∆╢≤⇔≡ ꜞ☻◒ ╩ ∆╢ ╩ ╘√

⅜ 1 km ─ ─ ꜞ☻◒⅜ ─ ⌐⌂∫≡™╢─│

─LSS≤ 1968 ╕≢⌐ ≢⅝√ ─ ™ ⅜ ≤

⌂∫√√╘≤ ⅎ╠╣╢  

 

2 ⌐╟╢ ─ ⌐╟╢ ꜞ☻◒ 

  

 1 km

 1.5km 

1.5

2km 

2km

 

 

 

1.614 0.77 0.1  0 0 

 

2.27 1.469 1.458 0.85 0 

 3.884 2.239 1.558 0.85 0 

 

 

ꜞ☻◒ ERR 2.6667 2.4021 1.8360 1.9788 1 

 ERR 1.3476 1.2139 0.9278 1 Ή 

  1Sv √╡ ꜞ☻◒─    0.63   

0.21 

 

 

ꜞ☻◒ ERR 2.1857 1.9857 1.5000 1.6857 0 

 ERR 1.2966 1.1780 0.8898 1 Ή 

  1Sv √╡ ꜞ☻◒─    0.43  0.19 

 

ꜞ☻◒ ERR 2.4817 2.1341 1.6585 1.7683 0 

 ERR 1.4034 1.2069 0.9379 1 Ή 

  1Sv √╡ ꜞ☻◒─    0.53  0.23 

 

─ ─◖fi♩꜡כꜟ≤⇔√ LSS─ 0.09 Sv ─ ≤

─ ─ ─ ╩ ⌐⇔√ ꜞ☻◒⅜ 1╟╡ ⅝ↄ

⅜╪ ⅜╪ ─ ─ ╩ ⌐⇔√ ꜞ☻◒⅜ 1╟╡



15 

⅛⌂╡ ⅝™↓≤╩ 1983 ⌐ ⇔√─│Ⱪ꜠כⱷfi ─ Inge 

Schmitz- Feuerhake↕╪≢ │ ECRR─ ≢№╢ ⌐ │♪▬♠

─ ─₈♅▼ꜟⱡⱩ▬ꜞ─ Ή ⅛╠ 25 ₉╩ 

 

 ─ ─ ─ ⌐╟╢ ꜞ☻◒  

 

Sebastian Pflugbeil ↕╪√∟≤╕≤╘≡ 2011 4 ⌐ ⇔≡™╢ ╕√

LSS─ ─ 0.005 Sv ─ ⅜ ─ ™ꜞ☻◒╩

∆↓≤╩ T. Watanabe╠⅜ 2007 ⌐ ⇔≡™╢ ─ ≤ ∑≡

─ LSS ╙◖fi♩꜡כꜟ≤⇔≡ ─ ╩ ⇔≡ ⇔ↄ ╩

ⅎ┌ ─ ─ ⌐╟╢ ─ ⌐≈™≡

─ ⅜ ╠╣╢≢№╤℮  

 │ ≢╙ ⌐≈™≡╙ ╩ ⌐⅔↓

⌂∫≡™╢ ╛ │ ⅝™ ↓℮⇔√ ⌐≈™≡╙↕╠⌐ ╩ ╘

⌂↑╣┌⌂╠⌂™  

 ─ ≢│ ─ ⌐╟╢ │ ─

╟╡╙ ™⌐╙⅛⅛╦╠∏ ⌐╟╢ │ ≤╙ ╟

╡ 9 ≢№╢↓≤⅜ ↕╣≡™╢ ↓╣│ ⅜ 2 ─ ╩ ─

≢ ∫≡⅝√↓≤─ ≢№╢ ) ↓─↓≤│ ⌂≥ ─

⌐╟∫≡ ⇔√ ╛ ⌂≥─ ┘≤⌐ ⇔ ╩ ─

≢ ℮↓≤⅜ ≢№╢  

 

ǑȖȑǲ 

 ─ ⌐≈™≡ 1 ─ 3,726 ─ ≢│ 100mSv │ 24 5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
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31 ╕≢⌐ⱱכ ╩כ♃fi►◌ה▫♦Ⱳהꜟ ™√ ─ ╩ ∫√ 2,367

100mSv ╩ ⅎ√ │ 29 ™√ ≤ↄ⌐ ⅜ ™ ᵑ 30 ─

88 mSv  590 mSv  678 mSv ᵒ 40 ─  103 

mSv  540mSv  643mSv ᵓ 50 ─  35mSv

 300mSv  335mSv─ 3 │ ⌐ ⇔≡ ⅜⅛⌂╡ ⅝™

√∞⇔ │ɘ ∞↑≢ ɗ │ ╕╣≡™⌂™ ⱱהꜟכⱲ♦▫ה◌►

fi♃כ│ ☿◦►ⱶ 137Ήɗ ќⱣꜞ►ⱶ 137 Ήɘ ќⱣꜞ►ⱶ 137

≤ ∆╢●fiⱴ ∞↑╩ ∆╢ ─ │ɗ ─ ─

⅜ɘ ╟╡│╢⅛⌐ ⅝ↄ RBE╩ 1≤⇔≡ Sv╩ ╘√ ⌐ ═≡

│↕╠⌐ ⅝ↄ⌂╢ ⅜№╢  

ה  ₈ ₉≢│ ₈ ⅜ ─ ─╕

╕ ⌐ ╡ ╕╣√ ─ ╩ ⅎ╢ │ ↕™≤ ╦╣╢₉≤ ═≡

™╢⅜ ≢ ⌐⌂╢ ⇔√ ─ ⅝↕│ ↕

╣≡™⌂™  

 ICRP⌐ ↕╣√ ⅜ ⌐╟╢ ┌ↄ─ ⌐≈™≡

♥꜠ⱦ≢₈ ∟⌐ │№╡╕∑╪₉₈100 mSv ≢│⅜╪⌂≥⅜ ⅝╢≤™

℮ │№╡╕∑╪₉≤ ═ ╙ ICRP─ ⌐ ∫≡ 20 Ⱶꜞ Sv ─

┌ↄ │ ≢⅝╢⅛─╟℮⌐ ═≡⅝√ ↓╣╕≢╙ 100 mSv ≢╙ ─

⅜ ┌ↄ ⌐ ⇔≡ ∆╢≤™℮ │№∫√⅜ ⌐ 3 ⌐

◌♫♄─ⱴ◑כ ⅜ⱶכ♅─ X ה ╩ ↑√ 82,861 ╩ ⇔

≡ 10mSv⅛╠ 40mSv─ ─ 10mSv ≢ ─ ⅜ 3%≠≈ ∆╢≤™℮

╩ ⇔≡™╢ ICRP│↓℮⇔√ ╩ ⌐ ⇔≡™╢  

 12 28 ⌐ NHK─₈ ! ⱨ□▬ꜟ ┌ↄ ╣╢

₉│ ICRP⅜ ⌐│ ⌂ ⅛╠ ─ ╩ ⇔≡⅝√≤

ⅎ╠╣≡™╢─⌐ ⇔ ⌐│ ╩ ⇔≡™╢▪ⱷꜞ◌─◄Ⱡꜟ◑כ

╛ ─ ╩ ↑≡ ⌂ ⅛╠─ ╩ ↄ ↑≡⅝√↓≤╩

⌐ ╠∑╢╙─≢№∫√ ↓─ ⌐ ⇔ ♇Ⱡה▪♬◦─

♩꞉כ◒⌂≥ ₈ ₉≢ ╩ ⇔≡⅝√ √∟⅜ ⅜ 1980

⌐ ╩₈ 1965 T65D₉⅛╠ DS86⌐ ⇔√↓≤

╩ √╡─ ╩ ⅎ╢ ─ ∞≤ ™─ ╩⇔≡ NHK

⌐₈ ≤ ₉╩ ⇔≡ ╩⅛↑≡™╢ 8)  

 ─ ⌐╟∫≡ ⅜ ─√╘⌐ ↕∑╠╣

≤ ╩│∂╘ ─ ⌐ ⅛╠ ◄Ⱡꜟ◑כ⌐ ⇔≡╒⇔™

≤ ℮ ≢ NHK─ ⅜ ICRP⅜ ╛ ─ ╩ ↑≡
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╩ ™≡™╢≤ ⇔√↓≤│₈ ₉─ ╩ ╗ ╩ ↨↕╣

≡│⌂╠⌂™≤™℮ ╡≤⇔≡₈ ≤ ₉⌐ ╣√≤ ⅎ╠╣╢  

 ═√╟℮⌐ ─ ╛ ICRP⌂≥─ ⅜ ─ ╩

⇔ ─ │ ⅝ↄ ╣≡⇔╕∫√ ∕↓≢ ╢ 1 27 ⌐₈

≤ ─ ₉⅜ ⇔ ─ ─ ⌂ ╩

∆╢≤≤╙⌐ ≤ ⇔≡ ╩ ⅛⇔≡ ╙ ╘≡√

⅛╠ ≤╡╦↑ ⅜ ⅝™ ≥╙─ ⌐ ╘

⌂↑╣┌⌂╠⌂™  

 ⇔√ ⌂™⇔ ╩ 4 ⌐ ↕∑╢≤ ™⌂⅜╠

₈ ₉╩ ╡╕™≡⅝√ ╩ ⅝ ה ה ─ ⌐

≠™≡ ─ ⌐ ╩ ≈ ╩ ⇔√ ™ ╩ ≈

≤ ⅜ ∟ ⅜╢⅛≥℮⅛ ⇔⅜ ∫≡™⌂™ ─

☻ⱳ♇♩ ─ ─⅝╘ ⅛™ ≤ ─ ⇔

√ ┘≤─ ─ ╩ ╘√ ⌂≥─ ≤

─ ─⅝╘ ⅛™ ≤ ⌂≥╩ ∆╢↓≤⅜ ╟╡╙ ≢№╢  

 

 

1)   L. E. Feinendegen and J. Booz, Def Sci J, Vol. 40, 383 - 388 (1990).  
2)   Preston, D. L. , , , , 73, 251- 253 

(1998).  
3)   Stram and Mizuno,  
4)   Kyoizumi, S. Suzuki, T., Teraoka, S. & Seyama, T., Radat Res 194, 11 - 18 (1998).  
5)   S. Sawada, 29 (2011)  
6)  , , No. 1746, 21 - 25 (1957).  

7)  ╠ 22 ;235- 255,1981.  

8) DAYS JAPAN VOL. 9, 3  216- 217 2012 .

                 ◦fiⱳ☺►ⱶ₈ ה

≤ √∟─ ₉2012.3.3  
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Ĭ ὕ ǲḨǬǖ ᾑ ◙ ǵ  Ě

Ěԍ ὑ ᶧ ǵ ǒȐ 

  

 

 

ǶǟȈǲ 

⌐╟╢ │ ה ─ ⌐╟╢

≤ ⅜№╢ ⇔⅛⇔ ⌐╟╢ ─ │ ─

≤ ⌐╟∫≡ ⅝ↄ╝⅜╘╠╣ ╕√

International Commission on Radiological Protection ICRP ╛

IAEA UNSCEAR ⌂≥╙ ─ ╩ √∑∏

─ ╩ ╠⅛⌐∆═⅝ ⅜ ╩ √∑⌂™≢™╢   

⌐⅔™≡ ה ─ ⌐ ∆╢ ─ ─

≤ ↓╣⌐ ⇔≡⅝√ ICRP⌂≥─ ≤∕─ ⌐№╢

─ ╩ ∆╢   

 

1  ᶮǵԍ ὡ  

 1945 9 ⅜ ╕╢≤ ⅜ ⇔≡ ─ ╩ ╘

30 ╙₈ ₉⌐╟∫≡ ↄ─ ⅜ ↄ⌂╡ ↑≡™╢ ⌂ ⅜

⌐ ⅎ╠╣√   

ⱴfiⱢ♇♃fi ─ ≢ ─ ꜠כ□ⱨה☻ⱴכ♩√∫№≢

ꜟ │ 9 6 ≢ ⇔ ₈ ה ≢│ ⌠═⅝╙─│ ╪≢⇔

╕™ 9 ⌐⅔™≡ ─√╘⌐ ⇔╪≢™╢ │ ∞₉≤

╩ ⇔√ 1 │ ⌐╟∫≡ ⌐ ∆╢ ⅜ ╕╢↓≤╩ ╣√

⌐╟╢ ╩ ╘╢≤ ⌐╟╢ ⅜ ⌐ ┘ ⌐╦√

╢↓≤⌐⌂∫≡ ─ ─ ⅜ ⌐⌂╢ │ 9

19 ⌐ ∆╢ ╩ ⇔√ ↓─ ─ ⅜ ⌐

╟╢ ─ ╩ ╠∑╢ ⌐⌂∫√  



 19 

 ᶮ ᾑ Ỗᴣ̝ 

 │ 1946 ⱴfiⱢ♇♃fi ╩ ⅝ ← Atomic Energy 

Commission  AEC ╩ ⇔√ ╕√ ⌐╟╢ X ╟╡╙

╛ ⌂≥⌐╟╢ ⅜ ⌐⌂∫√√╘⌐ ─ X

ꜝ☺►ⱶ ⌐ ∫≡ ( National Council on 

Radiation Protection  NCRP NCRP)╩ ⇔√  

 NCRP─ │ ⌐ ∆╢ ≢

╩ ⅝ →╢ ╩ 1947 ⌐╕≤╘ ∕─ ╩ 1953 ⌐ ⇔√  

 NCRP─ │ ꜞ☻◒⌐ ∆╢ ╩ ⇔ ◒כ○

ꜞ♇☺ ─ fi●כ⸗הꜟכ◌ ⅜ ╩ ╘√ ⇔⅛⇔ ↕

╕↨╕⌂ ⌐╟╢ ⌐╟∫≡ ─ ╛ ⌐≥─╟℮⌂

╩ ⅎ╢⅛╩ ╘╢↓≤│⅝╦╘≡ ≢ ─╟℮⌐ ╩

⌐╦√∫≡ ∆╢↓≤⌐╙ ⅜№∫√ ∕↓≢ ─ │

1951 ⌐ ∟ ╠╣√   

NCRP│ AEC─ ≢ ⌐ ↄ ⇔≡™√ ↓─↓≤⅛╠ ╩∕

╠⇔ ⌐ ↕╣√ ─ꜞ☻◒─ ╩ ∆√╘⌐ 1950 ⌐

X ⅔╟┘ꜝ☺►ⱶ ─ ╩ ⇔≡ ICRP⅜ ⇔√ ICRP─

─ │ NCRP─ ⅜ ⌡√─≢ ICRP│ NCRP─ ─ ⅜

ↄ ⌐╟╢ ╩ ↑≡™╢ ↓─↓≤│ ICRP≤ NCRP─

╩ 20 fi●כ⸗√╘ ⅜ 2)≢ ═≡™╢ │ ⱪꜟ♩♬►

ⱶ כ◑◒♇ⱴהꜟ◔─ ≢ ™≡™√ ⅜ ╩⇔ ◔ꜟ

ⱴ♇◒◑כ ╩ ⅎ√ 1979 ≤ ⱠⱣ♄ ⅜

╩ ⅎ√ ( 1984 )≢ ─ ╩ ╘√ ICRP ⅜

⌐ 5 100 mSv─ ╩ ╙⌂ↄ ⇔≡™╢─│

╛ ┼─ ≢№╢  

 

3  ABCC - ᾑ ◙ ǵᵂ  

 │ ⌐╟╢ ⌐≈™≡ ╩≤╢

╩ ⇔√ ─ ╩ ╢ ⌐ ╠╣√ 1947 ⱴfiכꜟ♩

─ ⌐╟∫≡ ( Atomic Bomb Casualty Commission 

ABCC)╩ ≤ ⌐ ↕╣√ 1950 │ ─

⌐╟∫≡ ─ꜞ☻♩╩ ⇔√⅜ ∕╣╩ ⌐ ≡╢↓≤⌂
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ↄ ABCC⌐ ⇔√  

ABCC│ ∕─ꜞ☻♩─ ≤ ╩ Life Span Study 

LSS ≤⇔≡ ⌂≥─ ╩ ╘ ↕╠⌐ Adult 

Health Study  AHS ╩ ⇔≡ ╩│∂╘√  

ABCC─ │ ─ ╩⅔┘ ⅜ ≢ ⇔╪≢™≡╙

∞↑≢ ⇔⌂™√╘ ⌐ ╣╠╣ ↕╣√  

ABCC─ │ ≤⇔≡ 1 ⌐ ↕╣√ ⌐╟╢

⌐ ╩ ™√ ≤ ─ ─ ⌐╟∫≡

↕╣√ ⅛╠ 1 ⌐ ↕╣√ ╩ ≤

╪≢™╢ ABCC─ ≢│ ⌐╟╢ │╒≤╪≥ ↕╣√

↓─↓≤│  ABCC─ ⅜ ─ ≢№∫√↓≤≤ ⇔≡™╢  

 ─ ⌐│ ─ ⅜ ≢№╢ ∕─√╘ │

⌐ ╩ ≡≡ ─ ╩ ═ ⅛╠─ ↔

≤─ ─ ╩ ∫√ ↓╣⌐ ≠™≡ 1957

T57D ╛ 1965 T65D ╩ ⇔√ ↓╣╩ ™≡ ABCC│

╩ ─ ↔≤⌐ ⇔ ⅜╪⌂≥─ ─ ╩

╘√   

 1975 ABCC⅜ ↕╣ ─ Radiation 

Effects Research Foundation ⅜ ⇔√ ⇔⅛⇔ ☻♃♇ⱨ≤

⌐ ╩ ↄ │∕─╕╕ ⅝ ⅜╣√   

 ⱠⱣ♄ │ ⱪꜟ♩♬►ⱶ ─√╘ ─ ≤ T65D

─ ⌐ ™⅜№∫√ ∕─ ─ ─ ⅜ ⌐

╟∫≡ ⌐⌂╡ 1986 Dosimetry System 1986 

DS86 ⅜≈ↄ╠╣ ─ ⌐ ™╠╣╢╟℮⌐⌂∫√  

 ─ ≢│ ⌐╕∫√ↄ ⇔≡™⌂™

╩◖fi♩꜡כꜟ≤⇔≡ ⇔≡ ≤ ⇔⌂↑╣┌⌂╠⌂™ ≤↓╤

⅜ ABCC ─ ≢│ ╩ ≢⅝╢

≤ ─ ⌐ ⌐ ∫√ ╩ ─◖fi♩꜡כꜟ≤⇔

≡⅝√  

1983 Ⱪ꜠כⱷfi ─▬fi◕ה◦ꜙⱵ♇♠-ⱨ◊▬◄ꜟⱫכ◔ │

─ LSS ─◖fi♩꜡כꜟ─ T65D─ 90 

mSv ≤ ─ ─ ≤ ╩ ─∕╣╠─

≤ ⇔≡ ꜞ☻◒╩ ╘√ ─ │ ─◖fi♩꜡כꜟ ╙

⅛⌂╡ ⇔≡™╢↓≤╩ ╘≡ ⌐ ╠⅛⌐⇔√ ⌂ ≢№∫√ ⇔
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⅛⇔ ≤⇔≡─ │ ↕╣≡ ñHealth Physicsò─ Letter≤⇔≡ ⇔

√ 3)
 

 

4  DS86 ǵԍ ᾑ ǵ ͔ 

 DS86 │ ≤ ─ ⅛╠─ ↔≤─ ─●fiⱴ ≤

─ ╩ ⅎ╢≤≤╙⌐ ─ 6 ╩ ↑≡™╢ ↓─ ⌐

│ ⌐╟∫≡╙√╠↕╣√ ≢ ⌐ ⇔ ─

╛ ⌂≥─ ≢ ⇔⌂⅛∫√╙─⅛╠ ⇔√ ⅔╟┘

─ ⌐╟∫≡ ─ ⅜ ↕╣≡ ∆╢ ⌐≈™≡

─ ⅜ ↕╣≡™╢  

6 ⌐│ ↓℮⇔√ ⅜ ∕─ ─ ⌂≥≢ ⇔√ ╩ ═

≡™╢ ↓╣│ ≤⇔≡ ─◖ⱷfi♩≢№╢ ⇔⅛⇔ ↓─ ⌐ ≠™

≡ ⅛╠ ⌐╦√∫≡ ⅛╠ ↑╢ ─

╙ ⇔≡™╢ ↓╣╩ ╙ ╙ ⌐╟╢ ─

≢№╢≤⇔≡ ≢│ ⅛╠ 3km 4km─ ↓™ ה ─ 6 

mSv 20 mSv ≢│ ⅛╠ 3km─ ─ 200 mSv≢№╢≤

⇔≡⅝√  

│ ─ ╩ ∆╢ ⌐⅔™≡ ↓╣╠─ ╩

₈ ₉≢№╢≤⇔≡ ↓─ ─ ⌐╟╢ ≤⇔ ∕─

─ │ ≢⅝╢≤⇔≡⅝√ 2003 ⌐ ╕∫√ ⌐ ⇔

≡╙ ≤ ⌐⅔™≡ ─ ╛ ╩ ™√ │ ⌂⅔↓─

DS86─ ⌐≤╠╦╣ ↑≡™╢  

 ↕╠⌐ 6 ⌐│ ─ ─ ⅛╠ ↕╣╢☿◦►ⱶ 137

─●fiⱴ ☿◦►ⱶ 137ðⱬכ♃ ќⱣꜞ►ⱶ 137 ð●fiⱴ ќ

Ᵽꜞ►ⱶ 137 ╩ 1969 ≤ 1981 ⌐ⱱהꜟכⱲ♦▫ה◌►fi♃כ⌐╟

∫≡ ⇔√ ╩ ≤⇔≡ ⇔≡™╢ ☿◦►ⱶ 137─

│ 30 ≢№╢⅜ ⌐ ⇔√☿◦►ⱶ│ ⌐╟∫≡ ↕╣

80 ≢ ∆╢─≢ ─ ⌐╟╢

│ 24 ⌐│ ╙ ∟≡™╢ ⇔√─│ 1 ⌐ ⌂≥

╩ ∂≡ ⇔√☿◦►ⱶ 137≢№╡ 2 ─ ⌐╟∫≡ ⅜ 7 4

≢№╢↓≤╩ ⇔≡™╢⌐ ⅞⌂™ ⇔⅛⇔ ↓─ ⅛╠ 1945 ⅛╠ 1985 ╕

≢─ ╩ 0 1 mSv 0 08 mSv≤ ╘≡ 6 ⌐ ⇔

⌐╟╢ ╩↔╕⅛∆ ≤⇔≡ ⌂≥⌐ ⇔≡™╢  
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 ─ ⅛╠─ ™ ─ │ ≢│ ⅛╠

≢№╢↓≤⅜ ⅛╠─ ⅝ ╡ ⌐╟∫≡ ╠⅛⌐↕╣≡™╢ ⇔⅛⇔

↓─ ─ │ ⌐ ⇔√ ⅛╠ 2 km⌐╦√╢

─ ⌐≤╙⌂∫≡ ∂√ ⇔™ ─ ≤ ⌂∫≡⅔╡

─ │ ⌐╟∫≡ ⇔≡™╢ ╛ ≢ ╛ ⅜ ╪≢ ™≡⅝

√≤™℮ ─ │ ─ ─ ™ ─ ╩ ⅎ≡™╢ ╕

√ 9 ≤ 10 ⌐ ⅜ ╩ ⇔ ⌐╟∫≡ ↄ─ ╩ ∆╢⌂≥

─ ╩ ⅎ√⅜ │ ─ ╩ ⇔ ⇔√ ה

│ ™ ─ ⌐ ⇔ ⅜ ╠⌂⅛∫√ ≢№╢

─ ≢ ≢№╢↓≤─ ─√╘ ╠⅜ 8 9 ⌐ ⇔√

⅜ ↕╣≡™╢ ╠⌐╟╢↓─ ─ ⅛╠ ה

─ ─ 20 ─ ╩ √ ╘ │ ∕─ ─ ≢

⇔≡™╢  

 ≢│ ≤ ⌂∫≡ ⅜ ─ ╟╡⅛⌂╡ ⌐∏╣

│ ─ 4 ─ 1 ≢№∫√ ∕─√╘ ⌐╟∫≡╙√╠↕╣√

─ │ ≢ ∑∏ ─ 10 ─ ⅜ ╠╣√≤

ⅎ╠╣╢  

 

5  ԍ ὑ  

ה  ─ ─ ╩ ⇔≡ ↕╣√ ─

⅜ ∆╢ ─ ╩ ∆╢≤ ─ ╩ ≢⅝╢ ╕√

●fiⱴ ╩ ⇔√ ╩ ⇔ ⅎ≡™√◄Ⱡꜟ◑כ╩ ≤⇔≡ ↕∑≡

∆╢≤ ─●fiⱴ ╩ ≢⅝╢ ↓℮⇔√ ⅜ ⌐╟∫≡

╦╣ DS86─ ≤─ ⅜ ╦╣≡™√ 1990 ─ ╦╡⌐ │

╠─ ─ⱪכꜟ◓ ⌐ ╦╡ ╩ ⌐ ⇔√

∕─ ╙ ╙ DS86─ │ ⅛╠ 1.5 km ≢│

≤ ═≡ ⌐ ≢№╢↓≤╩ ⇔√ ↓─ ╩ ≢ ⅛

╣√ DS86─ ꞉כ◒◦ꜛ♇ⱪ⌐⅔™≡ ⇔

≢╙ ⇔√  

 ─ ↕╪─ ─ ≤ ─ ↕╪─

⌐⅔™≡ DS86─ ─ ⅜ ⌐⌂∫≡™√ ∕↓≢ │

⌐ ╩ ⇔ ≢ ╩ ∫√ ↓╣⅜

⌐ ╦╢⅝∫⅛↑≤⌂∫√ 2000 ⌐ ↕╪─ ≤ ↕╪─
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≢ ⅜ ⇔√ ⇔⅛⇔ ↕╪─ │ ⅛╠ 2.45 km≢

№╢⅜ ↕╠⌐ ≢ ⌂≥─ ⅜ ⇔≡™╢ ─

╩ ⌐ ⇔≡ ⇔≡╙ ↓℮⇔√ │ ≢⅝⌂™ ─

─ │ ™ ⅜ ╘╠╣≡™⌂™─≢ ─ ─

╩ ⅎ↨╢╩ ⌂™  

 ∕╣╕≢─ ⌐╟╢ ─ │ ∞↑⌐ ∫≡™

√ ⇔⅛⇔ ⌐│ ⅜№╢ ⌐╟╢ ─ ⌐

│ ─ ⌐ ↓∫√ ─ ⅜╪⌂≥─ ─ ╛

─ ⌂≥⌐╟╢ ⌐ ╠↨╢╩ ⌂™

⅛╠↕╕↨╕⌂ ─ ⅜ ╦╣≡™√⌐╙ ╦╠∏ ∕

─ ⌐ ≠™√ ─ ─ ⅜╒≤╪≥ ╦╣≡™⌂⅛∫√  

 ≢ ╣√ │ ⌐ ─ ⅜

⌐ ∆╢ ╩ ⌐ ⇔√₈ ₉╩ ⇔√ ₈

₉│ ─ ⅜№ↄ╕≢ ⌐ ⇔™≤⇔≡ ≤⇔≡ DS86⌐

≠ↄ ≤⅜╪⌂≥ ─ ─ ─ ⅛╠ ╘╢ ↓─

≢│ ↕╪╛ ↕╪╙ ╩ ↕╣╢≤™℮ ⅛╠↕

╠⌐⅛↑ ╣√╙─≢№∫√  

⌐╟╢ ─ ⌐│ ⅝⌂ ⅜№╢ ⅎ┌ 4

─ 3╕√│ 5 ─ 2 ⌐╙⅛⅛╦╠∏ ₈ ₉─ │ ╩

⇔≡ ≢ ∆╢≤™℮ ─ ≢№∫√ ↕╠⌐ ╩

─╖╩ ⇔≡™╢√╘⌐ ╛ ─₈

₉│♀꜡⌐⌂╡ ─ ⅜ ™√ ∕↓≢

─ ┘⅛↑≢ 2003 ⅛╠ ⅜ ╕╡

⌐│ ⅛╠ ╕≢─ 17─ ⌐ 306 ─ ⅜ ⇔√  

 ─ │ ⌐⅔™≡ ™ ∆─╙ ⇔™ ─ ╩ ™

60 ⌐ ⇔╖ ↑√ ╠─ ╩ ╡ ─ ╩

№╠√╘≡ ⅎ√ ≤ ≤ │ ─ ⌐₈

╩ⱪ₉כꜟ◓ ∫≡ ≤ ⌐ ∆╢ ╩ ⌐ ↕

∑√ ∆╢ ╩ ∆╢ ╙ ⌐ ↕╣ 1 3

≤ ╩ ╦∑≡ ╕≢ 29 ─ ≢ ≤ ╩ ╘≡

⇔√ 2007 3 ₈ ₉╩ ⇔ ≤ ╙

∆╢ ─ ╩↕∑√ 6)
 

 



 24 

6  ᾑר ʤ ǲȏȒ ◙  

 ⌐╟╢ ⌐≈™≡│↕╕↨╕⌂ ⅜ ╦╣ ⌐╟╢

╙ ≢⅝⌂™↓≤⅜ ↕╣≡™╢ ⇔⅛⇔ ─ ⌐ ∫≡

⌐╟╢ ╩ ∆╢ ≤ ─ ⌐ ↕╣ ↓

℮⇔√ ⌂ ⅜№╢⌐╙⅛⅛╦╠∏ ↓╣╕≢ ─ ╩

⌐ ╠⅛⌐∆╢ │╒≤╪≥ ╦╣≡™⌂™ ⇔⅛⇔ ≤™℮

⌐ ⇔≡ ⌐ ∆╣┌ ⌐╟╢ ╩ ∆╢↓

≤⅜≢⅝ ─ ╩ ╢ ╙ ↑╢  

 ABCC│ 1950 ⌐ LSS ⌐≈™≡ ─ ─ ─ ╛

⌐≈™≡ ⌐ ═╢≤≤╙⌐ ─ ╩⇔≡⅔╡ ─ⱪ

꜠☻♩fi╠⅜ ─ ≢ ⌐≈™≡ ⇔ 1998 ─

⌐ ⇔≡™╢↓≤⅜╦⅛∫√ 7) ↓─ ╙ ─ ↄ─ ≤ ⌐

⅜╒≤╪≥ ⇔⌂™ ⅛╠ 2 km ⌐⅔™≡╙ ─

╩ ⇔≡™╢ ≤↓╤⅜ ╙ ╙ ╕√ ↄ─ ─

─ ╙ ─ ⇔⌂™ ⌐⅔↑╢ │

─ ≢№╡ │ ◦ꜛ♇◒ │ ─ ™ ⌐╟╢≤

≢╙ ⇔≡™╢  

⇔⅛⇔ ─ │ ─ ⌐╟∫≡ ↑ ⌐⌂╡ ↄ─

⅜ ⌂ ╩ ↑√⌐╙⅛⅛╦╠∏ ה ─ │ ≤

─╖≢№╢ ⌐╟╢ │ ⌐╟╢ ≤│ ╠⅛⌐ ⌂

╡ ⅛╠─ ⌐ ∂√ ╩ ⌐╟╢ ⌐╟∫≡

∆╢↓≤│ ≢№╢  

 │ ⅛╠ ⌐ ⇔≡ ∆╢↓≤⅜ ╠╣

≡™╢ ─ ╠│ ╩ ⇔√ⱴ►☻⌐ ⇔√ ─

╩ ⇔≡ X ⇔ ≤ ─ ╩ ╘√ │ ↓─

⌐ⱨ▫♇♩↕∑≡ ≤ ─ ╩ ∆ ╩ ╘ ↓╣╩

™≡ ABCC─ ⇔√ ╩ ⇔≡ ≤ ─

⌐╟╢ ╩ ⇔√ ≤ ⌐╟╢ ╩ ╘√ 4

5 8
 

 ⌐╟╢ │ ⅛╠ 1.2 km─ ≢

≤ ⇔ ∕╣╟╡ ≢│ ⌐╟╢ ⅜ ⌐⌂╡

⅛╠5 6 km≢│ ⌐╟╢ │  800 mSv─

≤⌂╢ ↓╣│ ⅜ ∆╢ ה ─ ─ 40
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⌂™⇔ 130 ≢№╢  

 ≤ ⅜ ⅛╠ 12 km ─ ╩ ↕╣⌂™ ≢

⇔√ ┘≤╩ ⇔√ ∕─ ≤ ⌐╟╢ ─ ⅛╠

≤ ─ ╩ ∆ ∂ ╩ ™≡ ⌐╟╢

╩ ╘╢≤ ⅛╠ 5 12 km╕≢ 1200 mSv≤⌂∫√ ↓─

│ ─ ⌐╟╢ ─ 1.5 ≢ ─ ⅜ ─

1.4 ─ ─ ⅜ ─ ⅜ ™↓≤ ⇔⌂

™≢ ↕╣√ⱪꜟ♩♬►ⱶ 239─ ⅜►ꜝfi 235╟╡ ⅜ ™↓≤⌂≥≢

≢⅝╢  

 ╘√╟℮⌂ ⌐╟╢ ╩ ⇔√ ─ ⌐

│ ⌂ ⅜№╡ ↓℮⇔√ ⌐ ≠™≡™╢ ICRP─ ╩

⅜ ⌂ ≢№╢ ─ ─ ⌐ ™╢↓≤⌐ ⅝

⌂ ⅜ ╕╣╢─│ ≢№╢  

 

7  К ǯẆ  

 ─ ─ │ ─ ⌐╟╢ ─

─ ⅛╠─ ╩ ∆╢≤ ╠⅛⌐⌂╢  

 ≤ ─ │ ⅛╠─ ≤≤╙⌐╒╓ ∂╟℮⌂ ╩⇔≡™

╢ ⇔⅛⇔ ─ │ ≢│ ╛ ⌐ ═≡ ↕ↄ ≢│

⅝™  

 ≢│ ─●fiⱴ ╛ ⌐╟╢ ⌂ ⅜ ⌂

╩ ⅎ╢ ≢│ ─ ™●fiⱴ ⅜ ╕≢ ⇔

─ ⌐ ╩ ⅎ≡ ╩ ↕∑╢ ≤↓╤⅜ ⇔√●fiⱴ │╕┌╠⌂

╩ ∫≡ ™ ╩ ╡ ↑╢─≢ ╟╡╙↕╠⌐ ─●fiⱴ

≢⌂↑╣┌ ╩ ↓↕⌂™  

 ≢│ ─ ╩ ⇔√ ⅜

⌐⌂╢ ≢│ ╛ ≢ ╪∞ⱬכ♃ ╩ ∆╢

⅜ ⌐ ⇔ ─ ™ ╩ ™ ⌐ ╩ ⅎ≡ ╩ ↕∑

╢ ↓℮⇔≡ ≢│ ─ ™ ⅜ ⌂ ╩ ⅎ

≢│ ─ ™ ⅜ ⌐⌂╢↓≤⌐╟∫≡ ─ ╩ ≢⅝╢

─ │ ╙ ↕╣ ╟℮╛ↄ ⌐ 8)≤⇔≡ ─ ╩

√  
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8  ̭ ǯ ר ὡ 

 ⌐╟╢ ╩ ∆╢ ─ ╩ ⌐ ∆

─ ─ ─ ⌐╟╢

╩ ≤ ⇔√ ₈ 43 47 ⌐⅔↑╢ ─

₉9)⌐ ≠™≡ ─ ⌐╟╢ 1 ≤

─ ╩ ╘╢ ↓─ ≢│ ⅛╠ 1 km 1 1.5 km 1.5

2 km 2 6 km ─ ─ ≤ ─ ─ ⌐╟╢

1 ─ ⌐≈™≡ ∕╣∙╣ 0.407% 0.350% 0.272% 0.290% 0.164%

╩ ≡™╢  

↓─ ⅛╠ ◖fi♩꜡כꜟ─ ⌐ ∆╢ ꜞ☻◒ ─

÷◖fi♩꜡כꜟ─ ╩ ╘╢≤ ─ ╩◖fi♩꜡כꜟ⌐⇔

√ │ 1 km ─ │ 2.403 1 1.5 km─ │ 2.207 1.5 2 km─

│ 1.659 2 km ─ │ 1.768≤⌂╢ ─╟℮⌐

│ ─ ╩⇔≡™⌂™≤⇔≡↓╣╩◖fi♩꜡כꜟ⌐∆╢≤ 1 km

─ │ 1.403 1 1.5 km─ │ 1. 207 1.5 2 km─ │ 0.938

≤⌂╢ 1 Sv─√╘⌐ ⌐╟∫≡ ⅜ ∆╢ ꜞ☻◒

─ ╩ ─╟℮⌐ ∞↑╩ ⇔ 2 km ─ ╩

─◖fi♩꜡כꜟ≤⇔≡ ∆╢≤ 0.23⌐⌂╢  

ABCC─ ⇔√ ⅛╠ ╘√ ⌐╟╢ ╙ ⇔√

╩ ™ ⇔⌂™ ╩◖fi♩꜡כꜟ⌐⇔≡ 1 Sv √╡─

⌐╟╢ ꜞ☻◒─ ╩ ╘╢≤ 2 ─ 0.53≤⌂╢ ⌐╟╢

╩ ⌐ ∆╢ │ ≤⇔≡™╢ ↓℮⇔√ ╩ ⇔√

─ ⌐ ⇔√ ICRP─ ⅜ ≢⅝⌂™─│ ≢

№╢  

 ─ ⌐╟╢ │ ╟╡╙ ™⌐╙⅛⅛╦╠∏

─ ⌐╟╣┌ ⅛╠ 1 km ─ ╩ ↄ ─ ⌐╟╢

│ ≤╙ ╟╡ 9 ≢№╢ ↓╣│ ⅜ 2 ─

╩ ─ ≢ ∫≡⅝√↓≤─ ≢№╡ ─ ⌐╟╢ ⌐╟∫

≡ ⇔√ ≤ ⅔╟┘ ─ ─ ┘≤⌐ ⇔

╩ ─ ≢ ℮ ╩ ⇔≡™╢  
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ǑȖȑǲ 

 ╛ ⌐╟╢ ⌐ ≠™≡ ─ ╩

╠⅛⌐≢⅝╢ ─ ╩ ⇔√ ⌐╙ ⌐ ∆╢ ↄ─

⅜№╡ ↓╣╠ ╩ ∆ ⌂ ⅛╠ ⌐ ⇔≡™╢

꜠ⱬꜟ≢─ ≤ ╦∑≡ ─ ╩ ╗ ⌂ ╩ ∆

╢ ⅜ ⌐ ╘╠╣≡™╢   

 ↓℮⇔√ ⌐ ∆╢ ≈≤⇔≡ 1 ₈ ≤ ─

₉⅜ ⇔√ ⅛╠ ─ ─ ⌐ ╦╡

─ ╩ ∫≡™√ ─ ≤ ⇔≡ ≢╙∫≤╙ ↄ ─

╩ ↕╣≡™√ ─ ↕╪⅜ ≢№╢ ╛

⌐╟∫≡╝⅜╘╠╣╢↓≤⌂ↄ ≤ ─ ≤ ⅜

⇔≡ ╩ ╗ ⌐╟╢ ─ ⅜ ∆╢↓≤╩ ∆╢  
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ĭ ὕ ǲḨǬǋǭ ᾑ ș ͔ǠȒ 
    ΊΊԍ ὑ ᶧ 2009 ₴ 6 30  

 

 

ǶǟȈǲ 

 ─ ≢─ │ ⅜ ╩⇔≡™╢⅛≥℮⅛≤ ∕─

⌐╟∫≡ ⇔√ ה ⌐ ⅜№╢⅛≥℮⅛≤⌂∫≡™

╢ ─ ⌐≈™≡│ ↓╣╠─ ╩ ∂≡ ⅜ ⇔√

╩ ⌐ ⇔≡ ↑╢↓≤⌐╟∫≡ ⅜ ⇔≡⅝√ ─

⌂™⇔ ⌐│ ⅜⌂™↓≤⅜ ╠⅛⌐⌂∫≡™╢ ╕√

─ ה ⅜ ⌐╟╢⅛≥℮⅛⌐≈™≡│ ⌐ ⌐⌂∫√╙─│

╠╣≡⅔╡ ╕√ ⅜ ≢⅝≡╙ ∕─ ╛ ⅜ ⅝ ↓↕╣╢⅛

≥℮⅛⌐≈™≡│ ─ ⅜⅝╦╘≡ ⅝ↄ ⅝╦╘≡ ─

≢№∫≡╙ ∆╢ │ ≢⅝∏ ─₈⇔⅝™ ₉─ │

↕╣⌂™↓≤⅜⌂™↓≤⅜ ╠⅛⌐⌂∫≡™╢ ╕√ 2000 ⅛╠ 2008 3

╕≢ ⌐ ™╠╣≡⅝√₈ ₉│ ∕─ ≤⌂╢ ─

⌐⅔↑╢ ─ ⅜ ∫≡™╢↓≤⅜ ╠⅛⌐⌂╡

⌐ ─ ⅜⅝╦╘≡ ⅝™↓≤⅛╠ ╩ ≢⅝√≤⇔≡╙

₈ ₉⌐╟∫≡ ─ ─ ╩ ∆╢↓≤│

≢№╢  

 ≢│ ה ─ 1 ⌐ ↕╣√ ─ ⌐≈

™≡│ ⅛╠ 1.2 km ─ ≢│ 2002 DS02 ⌐╟∫≡

⅛⌂╡─ ─ ≢ ↕╣ ⌐╟╢ ⌐ ∆╢

⌐╟∫≡ ↑╠╣≡™╢ 1 ⌐ ↕╣√ ⌐

≈™≡│ ↓╣╕≢ ⌐ ⇔≡ ╠⅛⌐↕╣≡™╢≤│™ⅎ⌂⅛∫√

⅜ ⌐⅔™≡╙ ╠⅛⌐↕╣√ ╩ ⌐ ∆╢↓≤

⌐╟∫≡⅛⌂╡─ ╕≢ ╠⅛⌐∆╢↓≤⅜≢⅝√  

 ⌐│ 2 №╢ 1≈│ ⅛╠≢№╡ │ ⌐

╟∫≡ ↕╣√ ⅛╠≢№╢ ⌐╟╢ │ ⌐

─ ⅛╠ ╩№┘╢ ≢№╢─⌐ ⇔ │ ≤≤

╙⌐ ╩ ⌐ ∆╢↓≤⌐╟∫≡ ≢ ⌐ ╩ ┘╢

⅜ ⌐⌂╢ ↓─ ≢│ ≤⇔≡ ⌐╟╢ ≤╡
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╦↑ ⌐≈™≡ ╕≢⌐≥↓╕≢ ╠⅛⌐⌂∫√⅛╩ ∆╢  

 

 ᾑ ͔ǵ  

 ⌐╟╢ ⅜ ╦∫≡╙ │ ─ ⌐

∫≡ ⅜╙∫≤╙ ⇔╪≢™√ ─ 12 ╩≤╡

↑√ ╩ →√ ⅜ ∆╢ ≢ 1956 ⌐

─ ≢№╢ ⅜ ╕╣√ ∕─

─ 1957 ╟℮╛ↄ ─ ⌐ ∆╢ ⅜≈ↄ╠

╣ ─ ╩ ↕∑≡ ─ ╙ ╘ ⌐ ─

╕√│ ⌐™≡ ╩ ↑√ 2 ⌐

⌐ ∫√ ⌐ ╠⌂⅛∫√⅜ ─ ─ ⌐ √∫√

⅔╟┘↓╣╠─ ─ ≢№∫√ ╩ ∕╣∙╣ 1 ⅛╠ 4 ╕

≢─ ≤⇔≡ ╩ ⇔ ⌐ ╩ ⇔√ ↓╣╠

1 ⅛╠ 4 ╕≢─ ╩ ∆╢ ─ │

⌐≈™≡─ ⅜╕∞ ≢№∫√ │ ≤⇔≡│ ─

⅜ ╕∫√┌⅛╡≢ ≤⇔≡ ⌐╟╢ ⅜≥─╟℮⌂ ─

⌐ ↓∫√⅛─ ╕∞ ⌐ ⇔™ ⌐ ≠ↄ╙─≢№∫√ ∕─

─ ⇔⌂™ ╙ ╘╠╣ ╕√ ≤

╙ ╩ ↑√≤ ↕╣√─≢№╢ ╕√ ─ ⅜

⌐╟╢╙─≢№╢≤ ⅜ ∆╣┌ ╩ ∆╢ ⅜ ↑

╠╣√ 1968 ⌐ ⅜ ↕╣ ≤ ↕╣√ ⌐

─╒⅛ ╩ ⇔ ⅜ ╘╠╣╢ ─ ⌐

╩ ∆╢ ⅜≈ↄ╠╣√ ↓╣╠ 2 ⅜ ↕╣√ │

⇔√ 100 ⌐ ™ ⅜ ↕╣≡™√⅜ │ ₁ ⇔ↄ⌂∫

≡⅝√ ∕╣│ ╩ ─ ⌐ ∆╢╟℮⌐⌂╡

ABCC─ ─ ⅜ ─ ─ ⌐⅔⅛╣≡™√⅜

⌐╟╢ ⌂≥⌐╟∫≡ 1957 T57D 1965

T65D ≤ ─ ─ ⅜ ╕╢⌐≈╣≡ ⌐╟

╢ ⌐ ⅜ ⅛╣╢╟℮⌐⌂╡ 1975 ⌐ ABCC⅜ ↕╣≡

─ ⌐⌂∫≡╙ ╩ ∆╢ │

↕╣ 1986 DS86 ⅜ ↕╣≡ ⌐ DS86─

─ ⅜∕─╕╕ ↕╣ │ DS86⌐ ≠™≡ ↕

╣╢╟℮⌐⌂∫√  



 30 

 ⅎῬɵ ῴԍ ǵ ᾑר ʤ ǲȏȒ Ƕ ἶ ὑǮ

Ƕ ͔ǮǔǱǋ 

↓╣╕≢ ╦╣≡⅝√ ─ ─ │ ─ ─

⌐ ╕╣ ╩ ╣ ╠⌂™≢ ⌐⇔╖ ╪∞╙─⅜ ∆╢ ─

⌐ ≠™≡™╢ ⇔⅛⇔↓╣╠ │ ─ ⌐ ℮ ™ ─

≢ ↕╣√╙── ≤ 2 ≈─ ⌐╟╢ ─ ⌐ ╦╣√ ≢№╢

⇔√⅜∫≡↓╣╠─ │ ⇔⌂™≢ ∫√ ─ ⌐≈™≡─

⌐ ⅞⌂™ ⇔⅛⇔ ↓╣╕≢ ─ ⌐⅔™≡│↓

╣╠─ ⅜ ↕╣≡ ≢│ ה ≢│ ה

─ ─ │ ≢⅝╢≤↕╣≡⅝√  

 30 ⅛╠ ─ 2 km ⅛╠│ ™

⅜ ╡ ╘ │ 1 m ─⅝╦╘≡╝∫ↄ╡⇔√ ≢ ⌂™⇔

⌐ ⇔√ 1│ 1 ⌐ ─ ◐꜡ⱷכ♩ 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

    ─ ⅛╠ 1 ⌐  

 

ꜟ─ 10 km⌐⅔™≡ ⌐╟∫≡ ↕╣√ ≢№

╢ ─ ─ │ 15 km ─ ⅜∫√ │↓─ ≢

10 km≢∕─ ─ ⅜╡│ ◐꜡ⱷכ♩ꜟ⌐ ⇔√≤ ↕╣╢ ⅜
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⌐╝∫ↄ╡ ⇔≡™╢≤⇔≡ ⇔⌂™ 2 3 ⅛╠

≢│ ⅛╠ 2 km ─ ≢ ⅜ ⇔ ∕─ ⌐ ℮ ⇔

™ ⅜ ─╙∫≤╙ ⅛∫√ ⌐ ╡ ─ ⌐╟∫

≡╙√╠↕╣√ ─⅛⌂╡─ ╩ ↕∑√≤ ⅎ╠╣╢  

 ⌐ ↕╣√─⅜ ≢№╢⅛≥℮⅛╩ ∆╢ ≢ ─ ⌐ ∂

≡ ╠⅜ 3 ─ 8 9 ⌐ ≢ ╩ ⇔ ⌐ ⇔≡™

√ ↓─ ⌐ ╕╣≡™√☿◦►ⱶ 137⅛╠ ↕╣╢●fiⱴ ╩

╠ ⅜ ⇔ ≡ ⌐ ⇔ ≡ ™ ╢ K. Sizuma, et al, Health 

Physics,71(3),340-346(1996) ∕─ ─ ╩ ⌐ ∆ ─ ⅜

∕╣╩ ╡ ╗ ─ ⅝↕⅜ ─ ☿◦►ⱶ 137⅛╠ ↕

╣√ ─ ↕╩ ⇔≡™╢ ⅜ ↕╣≡™⌂™─│☿◦►ⱶ 137⅜ ↕

╣⌂⅛∫√↓≤╩ ∆ ↓─ ⌐│ ─ ─ ⌐╟╢ ─

─ ⅔╟┘ ⌐╟╢ ⅜ ↕╣≡™

╢ ─ ™ │ ⅛╠ ≢№╢↓≤╩ ⇔≡™╢

╙ ™ ⅜ ↕╣√─│ 7 ─ ─ ≢

↓─ ─ │↓─ ⅛╠№┤╣╢─≢ 1/20⌐ ↕╣≡™╢ ↓─ │ 

     

  2 ─ ─ ≤ ≤  
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⌐ ⇔ ≤ ─ ─ ⌐ ⇔≡™√√╘⌐ ⌐╟

╢ ─ ╩ ↑√√╘⅛ ─ ≢│ ↕╣≡™⌂™ ⌐

⅜ ⅛∫√ │ 12─ ⌐⅔↑╢╙─≢ ↓─ │ ⌐ ∆

╢ ≢│ ─ ≢╙ ≤╒╓ ∂ ─ ↕⅜ ↕╣

↓─ │ ה ≤⇔≡ DS86 ⅔╟┘ ─ ⌐⅔

↑╢ ─ ╙ ™ ≤↕╣≡⅝√ ⇔⅛⇔ ─

╘≢│∕─ 20 ⅜ ↕╣√↓≤ ה │ ≢№╡

≢⅛ⅎ∫≡ ™ ⅜ ↕╣⌂⅛∫√↓≤│ ∞↑╩ ≡╙

↕╣√╙─⅜ ─∆═≡≢№╢≤∆╢↓≤⅜≢⅝⌂™↓≤╩ ⇔≡™

╢ ⅜ ™╒≥ ╩ ∆╢ ⅜ ⌐ ∆╢ ╟╡╙

⅝ↄ⌂╢↓≤⅛╠ ⌐ ⇔≡ ⇔√ ⅛╠ ⌐ ╕╣

√ ─ ╩ ∆╢↓≤⌐│ ⅜№╢  

 ≤↓╤≢ ה ─ │₈ ™ ₉≤⇔≡ ─╖

⌐ ⅜ ╦∑╠╣≡⅝√⅜ ⌐│ ⅜ ≠™√ ≤

⅜ ≠⅛⌂⅛∫√ ⌐ ⅎ⌂™ ⅜№∫√↓≤╩ ⅎ⌂↑╣┌⌂╠⌂™

⌐ ≢ ╦╣√ ↄ─ ≢│ │⌂⅛∫√⅜

⅜ ⇔√ ⌐ ─ ⅜ ╩ √⇔ ↓─ ⅜

⌐ ┌╣≡™∫√↓≤⅜ ⌐ ™ ⌐ ⌐ ↕╣√ ⌐╟∫

 

      3 ⱠⱣ♄ ⌐⅔↑╢ ─ ─  
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≡ ↕╣≡™╢ 3│ ─ ⅜ ⇔√

⌐╟╢ ─ ⌐╟∫≡ ╠╣√ ─ ≢№

╢ ⅛╠ ◐꜡ⱷכ♩ꜟ ╣√ꜝ☻ⱬ●☻─ ↄ╕≢ 1꜠fi♩◕fi

R ─ ─ ⅜ ┘≡™╢ ≤ ≢╙ ─ ─ ╩

⅜ ⇔≡™≡ ─ ╛ ⌐ ⇔≡ ⅛╠─

╩ ↑ ╕√ ≠⅛⌂™╕╕↓─ ╩ ⌐ ⇔≡ ≢ ⇔≡ ╩

↑√⅜ ─ │ ↕╣╢∏∫≤ ⌐ ≢ ┘ ╠╣√≤ ⅎ╠

╣╢ ↓─╟℮⌐ ⌐╟╢ ⌐│ ≤≤╙⌐

╩ ╛ ╩ ∂≡ ⌐ ╡ ╗↓≤⌐╟╢ ⅜№╢⅜ ↓℮⇔√

─ │ ⌐│ ╦╣≡⅔╠∏ ≢│ ⌐╟

╢ ⌂ │ ≢№╢ ─╟℮⌐ ⌐╟∫≡ ה

─ ⌐╟╢ ∆╢↓≤⌐│ ⇔™ ⅜№╢↓≤⅜╦

⅛╢  

 

 ᾑ ǵ◙ ͔ǲǶ ὕ ǲḨǬǖ ἶ

͔Ǔʥ֯  

 ─ ⌐ ↓∫√ ⌐ ⇔≡│ ⅛╠≤ ∕─

⌐╙ ↄ─ ⅜ ╦╣≡⅔╡ ↓╣╠─∆═≡─ │

≤™∫√ ⅜ ⅛╠ km ─ ≢╙ ⇔≡™╢↓≤╩

⇔≡™╢ ⅜╒≤╪≥ ⇔⌂™ ⌐™√ ─ ⌐ ⅜

⌐ ↓∫≡™╢↓≤│ ⌐╟╢ ⌐╟∫≡ ∆═⅝↓≤

╩ ⇔≡™╢ ⌐╟╢ ╩ ⌐ ∆╢√╘⌐│ ↓℮⇔√

─ ╛ ─ꜞ☻◒ ─ ⌂≥ ∆⌂╦∟

─ ⌐ ⌐╟∫≡ ↓∫√ ╩

─╟℮⌐ │ ≢⅝╢≤ ╘⅛╠ ⇔≡ ∆╢─≢│⌂ↄ

⌐ ≠™≡ ∆╢↓≤⅜ ≢№╢  

 ≤ ─ ─ ─ ╩ ╘╣┌ ⌐╟╢

≤ ⌐╟╢ ≤ ─ ─ ─ ╩ ╢

↓≤⅜≢⅝╢ ∆╢≤ ╠╣√ ⅛╠ ⌐╟╢ ╩ ⇔ ↄ

≤ ∞↑⌐╟╢ ⅜ ╕╢ ↓─ │

≤ ─ ⇔√ ─ ╩ ⅎ╢  
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 ǯ ǵ ͜ 

 ⌐╟╢ ⌂ ≤⇔≡─ ─ ≤ ─ ⅛

╠ ╘╢ ─ ─ ≤ ⌐╟╢ ─ ⌐≈™

≡─ ─ ⅜☻♩ꜝⱶ≤ ⌐╟∫≡ ╦╣√ D.O.Stram and S.Mizuno, 

Radiation Research 117, 93-113(1989) ╠│ ─ ─

ABCC ⅜ 1950 ⌐ ⇔√ Life-Span-Study,LSS ─

58,500 28,132 ─ ╩ ⇔√ 60 ─ 2/3 

= 67% ─ ╩ ™√ ╠─ ╩ 4─ ≢ ∆ ↓─ ─

│ DS86⌐╟╢ ≢№╢ ⌐ ↕╣≡™╢╟℮⌐

⅜ 0.85 Gy╕≢│ │╝∫ↄ╡ ⇔ ∕─ 1 Gy ≢│

⌐ ⇔ 2.4 Gy ╡≢ 50%⌐ ∆╢ ⇔⅛⇔ 3 Gy╩ ⅎ╢≤ │

∑∏& 6Gy⌐ ≠ↄ≤ ⇔≡™╢ ↓℮⇔√ ⌐⅔↑╢ ─

⌂ │ ☻♅ꜙ꞉כ♩╠ A.M.Stewart and G.W. Keneal,Health, Pysics, 

58(6),729-735 (1990),64(5),467-472(1993) ⅜ ⇔√╟℮⌐, LSS ⌐│  

    

          4 ≤ ─  

 

№╢™│∕╣╩ ⅎ╢ ╩⇔≡™≡╙ 1950 ╕≢ ⅝ ╢↓≤⅜≢

⅝√ ∞↑⅜ ╕╣≡™╢√╘≢№╢≤⇔≡ ≢⅝╢  
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 ∂ ─ ╠│ S. Kyoizumi, T. Suzuki, S.Teraoka and T. Seyama, Radiation 

Research 149, 11-18(1998). └≤─ ╩ ╩ ⇔√ⱴ►☻⌐ ⇔≡

╩ ∆╢ ⌐╟∫≡ 4─ ≢ ⇔√╟℮⌂ ╩ √

⌐ ↕╣≡™╢╟℮⌐ ☻♩ꜝⱶה ⌐ ═≡ │ ≢│⅝╦

╘≡╝∫ↄ╡ ⇔  4.5 Gy─ ≢│ 95.5 ⅔╟┘ 97 ≤╒≤╪≥ 100

⌐ ⇔≡™╢ ⌐╟∫≡ ╛ ─ │ ●►

☻ ≤╙™℮ ⌐╟∫≡ ↕╣╢↓≤⅜ ╠╣≡™╢ ⅎ┌ J כ□ⱨכ◐

ₐ ◦eꜙⱪꜞfi●הכⱨ▼▪ꜝכ◒ 1993

∕↓≢ ╠⅜ ⅎ√ ╩ ⌐╦√∫≡ ⌐╟∫≡

↕∑╢≤ 4─ ⌐╟∫≡ ⇔√╟℮⌐ 2.751 Gy 0.794 

Gy─  N(2.751 Gy,0.795 Gy) ⌐╟∫≡ ∆↓≤⅜≢⅝╢ ↓─

╩ KSTS ≤ ┬ 4 ⌐ ⇔√☻♩ꜝⱶה ─ │ │ DS86

─ ⌐╟╢ ∞↑⌐╟∫≡ ↓╡ ⌐╟╢ │Ᵽ

♇◒◓ꜝ►fi♪⌐ ╘ LSS─ ⅛╠Ᵽ♇◒◓ꜝ►fi♪ ─

╩ ™√ ≢№╢≤⇔≡ ⌐╟╢ ╩ ∆╢≤ 4─

│ ≤ ─ ∆⌂╦∟ KSTS ─ ⌐ ∆╢≤ ⅎ╠

╣╢ ⌐ ∆╟℮⌐ KSTS ╩ ™≡ LSS─ ─ ╩ ⇔≡

╠╣√ ⌐╟╢ ╩ ⌐ ⅎ√

⌐╟∫≡ LSS─ ─ⱪכꜟ◓ │ ⅛╠ 3 Gy╕≢─ ⌐╦

√∫≡ KSTS ⌐├√∫≤ ∆╢  

 ─ ╩ ╕ⅎ≡ KSTS ╩ ≤ ─ ≢№╢≤⇔

╕√ ─ ⅛╠ 1 km ─ │♃כ♦─ ↓─ ≢ ⇔

√ ₁│╒≤╪≥ ⇔≡⅔╡ ─♃כ♦ ⅜ ™↓≤⌐ ⅎ ⅛

╠ 1 km⌐⅔↑╢ DS02─ ≢│●fiⱴ ≤ ─ ⅜ 4.48 Gy

≤⌂∫≡ KSTS ╩ ™╢≤ ⅜╒≤╪≥ 100%⌐⌂╢↓≤╩ ⇔

≡ ⌐⅔™≡│ ™≡ ⇔√  

 

 ◙ LSS ǵⅎῬ ᶧǵ ǯ ᾑר ʤ  

ABCC- ─ LSS ─ │ⱪ꜠☻♩fi╠ D.L.Preston, 

T.Suzuki,K.Kodama, S.Fujita,a 7e3,251-253(1998) ⌐╟∫≡ ≤

─ ⌐≈™≡ ↔≤⌐ ⇔≡ ↕╣≡™╢ ∕─℮∟ 58,500

─ ─ ─ ─ ⅛╠─ ↔≤─ ⌐≈™≡─ ╩

ẽ⌐╟∫≡ 5⌐ ∆ 0.5 km 1.0 km─ │♃כ♦─ 100%≢↓─ ⅛╠
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│╖ ⇔≡™╢ 5⌐│☻♩ꜝⱶה ─ ⅛╠ ╩ ⇔≡ DS86

─ ≤ ─ ™≡ ─╖⌐╟╢ ╩ ™

Ợ≢ ⇔√ ≤ ─ ⅝⅜ ⌐╟╢ ╩ ⇔≡™╢≤

ⅎ╠╣╢ ╩ ╡ ╣╢≤ 5─ │ ⌐ ⇔ ≤─

│™∫∕℮ ∆╢  

─ ≢ 600 m─ ⌐ ∂√ ─ ⌐ ⌐ ╕╣≡™√

│ ⅜ ⇔ ⇔√≤⅝⌐ ╩ ⇔≡ ╩≈ↄ╡ ╩

⇔√ ∆╢ ⅜ ≤ ─ ─ ⌐ ∆╢≤

─ │ ╩ ⅝ ∫≡↕╠⌐ ⇔≡∕─ │ 15,000 m⌐ ⇔      

 

            LSS ─  

 

≡ ∆≢⌐ ═√╟℮⌐ ™ ╩╙√╠⇔√ ─ │

⌐ ∫≡ ⌐ ⌐ ⅜╡ 10 km 15 km─ ─ ⅜╡╩ ⇔√
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─ ─ ─ │ ™ ⅜ ⅝ ↕╠⌐ ─ ⌐

╟╢ ⅜ ™√ ⅜ ⇔√≤⅝ ⌐ ⅛∫≡ 1m 3 m─ ⅜

™≡™√≤↕╣╢⅜ 1 ⌐ ⅛╠ 70km ─

─ ⅛╠ ⇔√ ─ ≢│ ─ │ ≢⌂⅛∫√

↓≤╩ ⇔≡™╢ ⅜∫√ ─ ⌐│ ─ ╩ ℮ ™

⌐ ∫≡ ⅛╠ ⇔√ ↕⌂ ⅜ ╩ ↕∑≡ ⌐

∫≡ ⇔≡™√≤ ↕╣╢ ↓─ ⅜ ╛ ⌐ ⇔≡

╩╙√╠∆≤≤╙⌐ ╛ ╩ ∂≡ ⌐ ╩╙

√╠⇔√≤ ⅎ╠╣╢ LSS─ ╩│∂╘≤⇔≡ ⌐ ⇔√ ─

│ ╠╣≡™⌂™↓≤⅛╠ ↓↓≢│ ∂ ⌐⅔™≡

⅛╠─ ⌐≈™≡│ ⇔√ ⌐≈™≡─╖ ∆╢↓≤⌐⌂╢ ⌂⅔

│ ⌐╟∫≡ ⌐ ⇔√↓≤⅜ ⅎ╠╣╢⅜ ─

⌐│ ⅜ ⇔≡™≡ ↓─ ≢│ ⅛╠ 2 km ⌐⅔↑╢

│╒≤╪≥™⌂™↓≤ ╕√↓─ ≢│ ™ ⌐╟╢

─ ╙ ⅎ╠╣╢↓≤⅛╠ ↓╣╠ ⌂ ∆═≡╩ ╡ ╪∞

≢№╢≤⇔⌂↑╣┌⌂╠⌂™  

 

 LSS ⅎῬ ᶧǵ ǒȐ ᾑרʤ ǲȏȒ ◙ ș

ȈȒ 

─ ẽ≢ ⇔√ⱪ꜠☻♩fi╠⅜ ⇔√ LSS ─ ⅛╠─

r km ⌐⅔↑╢ ╩ KSTS ╩ ™≡ ∆╢╟℮⌂

D(r) ╩ ⌐╟╢ ≤ ⌐╟╢ ─ ⌐╟∫≡ ⅎ

╢ │ DS02─●fiⱴ ≤ ─ ─ P(r) ⌐

╩ ∆Ɽꜝⱷכ♃ c╩ ∂√ cP(r) ⌐╟∫≡ ⇔ ⌐╟╢

F(r) │ ─ ↕≤ ─ ⅜╡≤ ⇔⌂™ ╩ ∆Ɽꜝ

ⱷכ♃╩ ╪∞ ╩ ∆╢ ⅛╠ r km ─ D(r) = cP(r) 

+ F(r) ╩ ╘ ↓╣╩ KSTS ─ ─ ⌐ ⇔≡ r km⌐⅔↑╢

─ ╩ ╘ ╩ ∂≡ ╩ ╘ LSS ─

≤ ⇔≡◌▬ ≤ ┌╣╢ ⌂ ╩ ╘ ◌▬ ⅜ ⌐

⌂╢╟℮⌂Ɽꜝⱷכ♃─ ╩ ╘╢ ↓℮⇔≡ ╠╣√ ⅜ 5─

ẽ╩ ™√ ≢ LSS ─ ╩⅝╦╘≡ ™ ≢ ⇔≡™╢  

 ⇔√╟℮⌐⇔≡ⱪ꜠☻♩fi╠⅜ ⇔√ LSS ─ ─

╩ ∆╢╟℮⌐⇔≡ ╘√Ɽꜝⱷכ♃─ ⅛╠ D(r)
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⌐╢ cP(r) ⅔╟┘ ⌐╟╢ F(r) │ 6─ ™

™ ⅔╟┘ ⌐╟∫≡№╠╦∑╢ ↕╠⌐ DS02⌐╟╢ ╩

™ ≢ 6⌐ ⇔√ ╟℮⌐ ⌐╟╢ │ ⅛╠ ╣

╢⌐≈╣≡ ⇔≡™╢─│ │ ⅜ ≢№╢↓≤╩

↕∑√ ≢№╢⅜ 1km ─ │♃כ♦─ ⅛╠ ↕╣≡™╢─

≢ │ ⅝™ ⌐╟╢ │ ⌐ ∆╢

⌐╟╢ ≤ 1.2 km⌐⅔™≡ ⇔ ∕╣ ≢│ ─

⅜ ⌐⌂╢↓≤╩ ⇔≡™╢ ⌐╟╢ │ ⅛╠ 1.45 km

≢ ⌐⌂╡ ∕↓╩ ⅎ╢≤╝∫ↄ╡ ╩│∂╘╢ ⅛╠ 4 km

≢│ ⌐╟╢ │╒≤╪≥  0.79 Gy≤⌂╢ ⌐ ╠ 

╣╢╟℮⌐ ─ ⌐ ↓∫√ ⌂ ≢№╢ ─ ⅛╠  

      

       LSS ─ ⌐ ≠ↄ ─  
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⅛╠ 1.5 km ╩ ⅎ╢≤ ⅜ ⌂ ╩╙√╠⇔√

↓≤⅜╦⅛╢ ⅎ┌ ⅛╠ 2.25 km⅔╟┘ 2,75 km─ DS02⌐╟╢●fiⱴ

─ │ 0.0302 Gy≤ 0.0053 Gy ≢№╢─⌐ ⇔ │ ≢⅝╢

─ 3.5%≤ 2.1%⅛╠ ↕╣╢ │ 1.34 G⅔╟┘ 1.16 Gy≤⌂

╡ DS02⌐╟╢ ─ 44 ⅔╟┘ 219 ⌐⌂╢  

╠╣√ │ ╩ ™√ ╩⇔⌂ↄ≡╙ ─╟℮⌐⇔≡ ⅛╘╠╣╢

5⌐⅔™≡ ⅛╠ 2◐꜡ⱷכ♩ꜟ ─ │ 5 ≢№╢ 4

─ 5 ─≤↓╤⅛╠ ╩ KSTS ╩ ∆ ─ ™ ─≤↓╤

╕≢ ⌐ ┌⇔ ╦∫√≤↓╤─ ─ 1.44◓꜠▬⅜ 2◐꜡ⱷכ♩ꜟ

─ D(r) ≤⌂╢ 6⌐⅔™≡ 2◐꜡ⱷכ♩ꜟ ─ DS02─

─ P(r) = 0.08◓꜠▬⌐ c = 0.5╩ ∂╢≤

⌐╟╢ │ cP(r) = 00.04◓꜠▬ ↓╣╩ D(r) = 1.44◓꜠▬⅛╠

ↄ≤ ⌐╟╢ │ F(r) = 1.4◓꜠▬≤⌂╢ ↓╣╩∆═≡

─ ⌐⅔™≡ ⅎ┌ ─ ⌐╟╢ ⅜ ╘╠╣╢  

 ─ ⌐ ↕╣≡⅝√ ─ ⅛╠ 2 km⌂™⇔ 4 km─

ה ─ 0.006 Gy⌂™⇔0.02 Gy╩ ─× ≢ ⇔√⅜

↓╣╠─ ⌐⅔↑╢ ⌐╟╢ │ 1.4 Gy⅔╟┘ 0.85 Gy≢№

╢─≢ ⌐ ≠ↄ ⌐ ⇔≡ 40 ⅔╟┘ 230 ≢№╢ ↓─

™─ │ ⌐ ⇔√╙─│ ─ ⌐ ⅞⌂™

─ │ ╩ ╣≡ ⇔ ⇔⌂™≢ ⌐ ⇔√ ⅜

─ ⌐╟∫≡╙ ⇔⌂™≢ ∫√╙─≢№╢↓≤ ↕╠⌐↓╣⌐ ⅎ

≡ ⌂≥─ ┼─ ⌐╟╢ ⅜ ≢№∫√↓≤╩ ⇔

≡™╢ ↓↓≢ ╠╣√ ⌐╟╢ │ ⅛╠─ ⌐╟

╠⌂™≢ ─ ∂ ⌐≈™≡─ ≢№╢↓≤⌐ ⇔⌂↑╣┌⌂╠

⌂™ ⌐│ ─ ≢│ ⅛╠ ⌐  1 m~3 m─ ⌐╟∫≡

⅜ ⇔≡™╢─≢ ⌐╟╢ ╙ ⅛╠─ ⌐╟

∫≡ ⅜ ╣╢│∏≢№╢─≢ ↓↓≢ ╠╣√ ⌐╟╢

─ │ ⅛╠─ ─ ⇔™ ─∆═≡─ ⌐≈™≡ ⇔√╙─

≢№╢ ↓℮⇔√ ⅜ ≢№∫√↓≤│ ⌐╟╢ ─ ⌐

═≡ ─ ⅜ ─ ⅜∫√ ⌂ ⌐ ⅜∫≡™√↓≤╩

⇔≡™╢ ─ ⌐╟╢ ─ │ ABCC- ─ LSS─

─ ⌐ ╩♃כ♦╢∆ ↔≤⌐ ⇔√╙─⌐ ∆╢↓

≤⅜ ╘╠╣╢  
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 LSS ̊ẆǵⅎῬǵ ǒȐǵ ᾑר ʤ ǵ ͔ 

7 │ 1945 ─ 1957 ⌐ ↕╣√

⌐╟╢ ≢ 3ﬞ ⌐ ⅛╠ 1 km ⌐ ╠⌂⅛∫√

─ ─ ─ ╩ LSS─ ─ ≤ ╦∑≡╕≤╘≡™

╢ ─ ─ ⅛╠ 2 km⅔╟┘ 4km╩ ™≡∆═≡─ ─

│╟ↄ ⇔≡™╢ LSS ─ 1.75 km⅛╠ 2.75 km╕≢─

│ ─ ⌐ ═≡ ⌐╛╛ ↕™⅜ ↓╣│ 60 ⌐ 67% ─

∞↑╩ ⇔√↓≤ ╕√ ⌐⅔↑╢ ╩ ⌐ ⅜

⌐ ⇔ ≢⅝╢∞↑ ─ ╩ ⅎ╘⌐ ⅎ≡™√↓≤╙ ⅎ╠╣╢

LSS ─ ─ ≤ ⌐ KSTS ╩ ™≡ 7─ ─  

 

      
     ↕╕↨╕⌂ ⌐╟╢ ⌐╟╢ ≢ ≢⅝╢ 
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╩ ∆╢≤ 7⌐ ⇔√╟℮⌐⅝╦╘≡╟ↄ ╩ ⇔ ∕─

╘√Ɽꜝⱷכ♃╩ ™≡ D(r) ⌐╟╢ cP(r) 

⌐╟╢ F(r) │∕╣∙╣ 7⌐ ⇔√ⱴכ◒╩ ⇔√ 8

─ ™ ™ ™ ≤⌂╢ 7⌐ ↕╣√╟℮⌐ ∆═≡─  

 

 

   ⌐ ≠ↄ ⌐╟╢  

 

⅛╠ 3 km ⌐⅔™≡ ⅜ ─ ⌐ ═≡ ↕ↄ

⌂∫≡™╢↓≤╩ ↄ≤ ╒╓ ─ ╩ ⇔≡™╢ ≤ↄ⌐ ⅛╠  1.2 

km ≢│ ⌐╟╢ ⅜ ⌐╟╢ ╩ ╢↓≤│

LSS ─ ⅛╠ ╠╣√ ≤ ⇔≡™╢↓≤≤ ⌐╟╢

─Ⱨכ◒│ 1.4 km 1.8 km≢ 1.5 Gy 1.85 Gy≢№╢↓≤ 4 km~5 km ╡≢
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≤ LSS ─ ⅛╠ ╠╣√ │╒≤╪≥ ─ ╩ ⇔≡™╢  

 

 ǫǵ ǱȒרל ǒȐ ͔ǞǦ ᾑר ʤ ǵ

 

≢│ ≤™℮ 3 ─ ─ ╩ ∂ ⌐

╟∫≡ ≢⅝╢⅛≥℮⅛╩ ∆╢ ∂ ⌐╟∫≡ ≤ ─ ⅜

─ ≤ ⌐ ≢⅝╣┌ ⅜ ⌐╟╢ ─ ≢№╢

≤⅛ ⅜ ™ ─√╘≢№╢≤⅛≤™℮ ⅜ ╡ √⌂ↄ⌂╢ ↓

↓≢ ∆╢─│ ─ ╡─ ─ ─ ≢ ⅛≈ 3ﬞ

⌐ ─ ⅛╠ 1 km ⌐ ╠⌂⅛∫√ ─ ─

─ ≢ 8⌐ ⇔√ ↓╣│ ─ ⌐ ⅜ ™ ─

≤ ─ ⌐╟╢ ─ ╩ ↑╢√╘≢№╡ ↓

─ ⌂ ╩ ∫√ │╒⅛⌐⌂™─≢ │⅝╦╘≡ ⌂╙─≢№╢

9─ủ ≢ ↕╣≡™╢╟℮⌐ ─ │ẽ ─ ─ ≤╒╓ ⌂

∫≡⅔╡ ≤ ─ ─ │ ─ ≤ ∂ KSTS─ ╩

™╢ ∆⌂╦∟ ≤ ─ ─ │ ⅜ 2.751 Gy

0.794 Gy─ ╩ ⇔≡ ∆╢  

↓╣⌐ ⇔ ỏ ≢ ⇔√ ─ │ ⌐╟╢ ⅜ ⌂

⅛╠ 1.5 km ≢│ ╛ ─ ╟╡⅛⌂╡ ⅝ↄ ∕─ ≢

⌐╟╢ ⅜ ⌂ ╩ ⅎ╢ ≢│ ─ │

╛ ⌐ ═≡╗⇔╤ ↕™ ↓℮⇔√↓≤╩ ∆╢≤ ⌐≈™≡│

⌐≈™≡│ KSTS ╟╡ │ ⅝™ ╩ ™

⌐╟╢ ⌐≈™≡│ KSTS ╟╡ ↕™ ─

╩ ™╢ ⅜№╢ ─ ∆⌂╦∟ ─╕╦╡─ ─      

⅜╡╩ ∆ │ ≤ ∂ ≢ KSTS ⅛╠ ╘╠╣╢≤⇔≡

⌐╟╢ ─ │ ─ ─ 1.1 ─ 3.026 Gy≤

0.873 Gy ─ ╩ ™ ⌐╟╢ ─ │

─ ─ 0.72 ─  1.981 Gy 0.572 Gy─ ╩ ™≡

∆╢ ─ ⅛╠ 1 km─ ≤ ╩ ⅎ╟℮≤∆╢≤

─ ─ ⅜ ⌐ ↕⌂ ╩≤╢↓≤⌐⌂╡ 1 km─ │ LSS

⌐⅔™≡╖╠╣√ 3 Gy ─ ⌐⅔↑╢ ─ ≤ ∂ ─

⅜№╢─≢ ≤ ⌐ ⇔≡│ 1 km │ ⅛╠ ⇔ ─

╩ 0.5⌐ ⇔√ ⌐ ─ ⅔╟┘ ─ ⌐  
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      ⌐╟╢ ─  

 

↕∑√ ╩ ⇔√ ↓─ ─∕╣∙╣─ ╩

ⅎ╢╟℮⌐⇔≡ ╘√ D(r)  cP(r) ⌐╟

╢ F(r)╩ ∕╣∙╣ẽ ủ ỏ ╩ ⇔≡ DS02⌐ ≠ↄ

P(r)≤≤╙⌐ 10⌐ ∆  

10⌐ ↕╣≡™╢╟℮⌐3 ─ ⌂╢ ⅛╠╒≤╪≥ ∆╢

≤ ⅜ ╠╣√↓≤│ ⌐⅔↑╢

─ ⅜ ⌐╟╢ ≢№╡ ⇔≡ ⅜ ⌂ ≢

№╢≤⅛ ⅜ ─ ↕⌐╟╢╙─≢│⌂™↓≤╩ ⇔≡™╢ ↕╠

⌐ ─ ≤ ─ ╩ ⅎ╢ ─ ⅜

⌐ ⇔≡│ ─ KSTS ╟╡╙ ⅝ↄ ⌐ ⇔≡│ ↕

ↄ⌂∫≡™╢↓≤│ ─╟℮⌂ ≤ ⌐╟╢ ─ ─

⌐╟∫≡ ↕╣╢ ⌐╟╢ ≢│ ⅛╠ 

0

10

20

30

40

50

60

70

0 1 2 3 4 5



 44 

 

      10  ⌐ ≠ↄ ⌐╟╢  

          

⌐ ⇔√ ╛ ╛ ⌐ ⌂ ╩ ∫√ │

─ ⌐ ⇔≡ ∆╢─≢ ↓╣╠⅛╠ ↕╣√ ─ ™

⅜ ─ ™ ╩ ↓⇔ ™ ─ ⌐ ⌂ ╩ ⅎ≡ ╩ ⅝

↓∆ ↓─ │ ╛☻♩꜡fi♅►ⱶ 90╛☿◦►ⱶ 137⌂≥⅜

⇔≡ ⌂ ╩ ⅎ╢─≢ │ ⌂╙─≤⌂╢ ╙№╢ ↓╣⌐

⇔ ⌐╟╢ ⌂ ─ ⌐│ ─ ™●fiⱴ ∞↑

⅜ ⅛╠ ╕≢ ≢⅝╢⅜ ™ ─ ⌐│╒≤╪≥ ╩ ↕⌂™

≢ ⇔≡⇔╕℮ ⇔√⅜∫≡ ≢⌂↑╣┌ ╩ ↕∑⌂™ ↓─╟℮

⌐ ─ ⇔⌂™ ─ │ ⌐╟╢╙─≢│⌂™≤

∆╢ ≢│⌂ↄ ⅛╠ ╓℮≤∆╢ ⌂ ⅛╠─ ⌐╟∫≡

─ ≤ ─ ─ ╩ ╢↓≤⅜≢⅝╢  


