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₳ 26₴↓ 2ᶥ ˬβ∆ὄЋ ȹɱȽɶ
ṑͪβ ̝ 

 

ᾑ ǵ ὑΙǵ Ʋ Ǐ  

 

Ẏἶ ˬ 

Ṳ ⅎ 

1 

ᾑ  

             ᾑ Ƕ ǲ ǏǡƲ ǲ ǚǏǡƲ  

ȉװ            ǋȉ ȉǱǖƲ˜ ǲ ǟǱǋƳ 

 

 

 

 

 

 

 

 

 

  

Ƶ˲ Ƕ ǞǭǒȐ ᾑ Ǔ ǋǯǚȔǮ ἭǞǦ ǓǱǋƳ 
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᷂  
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ᾑ ǵ ֲ 

3 

4 

ȦɁȭȷ ǵ  

Ƽ ᾑ ƽǯǋǍȉǵǓἭ᷀Ǡ
ȒǚǯșѧȈǭ˲ ǲ ȐǢǦ
˲ ǶƲɇȢɂǵɪɱɆȰɱӵ
ṲǮǉȒƳ˹ǒȐ120₴Ѽǵ
1895₴ƲɪɱɆȰɱӵṲǶ
ǵὕ ʴǲƲШ ˏ ș

ϽǜǢ Ͻ șϽȐǢȒ ǲ
Ƕ ǏǱǋȉǵǓїǭǋȒǵǲ
ǬǋǦƳǚǵ ̱ǵȖǒȐǱ
ǋϽșX ǯ̂׀ǘǦƳ 

ȤȡɩɖɩɞɵɪɱɆȰɱ 
1845- 1923) 

http://www.roentgen-museum.de 
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5 

ᾑ ǵ  

1896₴Ʋɓɧɱȷǵɗȭɪɩ
ӵṲǶƲȤɧɱӓֻ Ǔ Ǐ
ǡX ǯǶ ǱȒ Ҙǵ▌
ǋ ᾑ ș їǞǭǋȒǚǯ
ș ǞƲ Ǔ ᾑ șї
Ǡר ș ᾑ ǯ̂׀ǘǦƳ
ᾑ ș ǞǦɗȭɪɩӵ
Ṳǵ׀ѼǶƲ ᷀ ᾑ ǵӴ
̬ǯǞǭ̓ȖȓǭǋȒƳ 

http://www.nobel.se 

ɖɱɨɶɵɗȭɪɩ 1852- 1908) 
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ɧȶȤɞǵ  

ɛɶɧɱɇї ǵɜɨɵȫɣɨɶӵṲ
ǶƲȤɧɱǵ̀ǲɆɨȤɞȉ ᾑ ș
їǞǭǋȒǚǯș ǔ ȈƲǜȐǲẑ
ǵɒȦɶɩɵȫɣɨɶӵṲǯǯȉǲƲ
1898₴ƲȤɧɱǵ250ʠΊȉǵ ᾑ ș
ǫ ǞǋϷ ƼɧȶȤɞƽș Ǟ
ǦƳȅǦȫɣɨɶẑỎǶƲǚȓȐǵ
ᾑרϷ Ǔ ǲ ǞǭǋǔƲʝὑ

ӭ ǲԍἧ ǓϷǵӭѝ
ǲ ᾜǠȒǚǯș ǞǦƳǱǑƲȤ
ɧɱƲɧȶȤɞǱǰǵȏǍǲ ᾑ ș
їǠϷ șƲɧȶȨȠȢȻɆɶɕ
ᾑֿ̬רϷ RI ǯ̂׀ǘǦƳ 

ɜɨɵȫɣɨɶ(1867-
1934) 
ɒȦɶɩɵȫɣɨɶ
(1859- 1906) 

http://musee.curie.fr 
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ᾑר Ʋ ᾑ Ʋ ᾑ
ǯǶ 

7 

8 

ԍἧ  

ἧ  

ἧ  

 

ԍἧǵ  

Ħԍἧ șɄɉȷɚɶɩǯǠȒǯ ἧ Ƕԍἧ
ǒȐ ȓǦǯǚȔșȅȖǪǭǋȒǚǯǲǱ
ȒƳȅǦƲ Ƕ ӧϺѝǵ ǮǉȒƳ 

 



5 

9 

ԍἧ ǵ  

ԍἧ ֵ ԍἧ ǵ ἧǵΉ ʴרԍἧǵ ἧǵΉ  

ἧ 

ʴרἧ 

10 

ἧǵΉ ʴרἧǵΉ
ș ǋǭӢѩǠȒƳ 

  ἧ  
ʴרἧ  

 
ɕɫɆɱ  

 
 ἧ  

ʴרἧ  

 
ɅɣɶɄɨȤɞ  

  ἧ  
ʴרἧ  

ʢ  
ɆɨȿȤɞ  
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ᾑ ǵ   

11 

ᾑ ǯǶƲX ƲȪɱɜ Á Ǳ
ǰǵ ȋȠɩɓȟ ¿ Ʋɗɶ
Ƚ À Ʋʴרἧ ǵ Ƴ  

ᾑ ǵ  

É  
É ¿  
É À  
É À  
É Á  
É ʴרἧ  
É ἧ  
É ἧ  
É ὂὐ  

 
ᾑ 

 

ᾑ  

ș ǪǦ 
ἧ  

ș ǦǱǋ 
ἧ  

  

    

ǡ     
 

Ǡ  

Ǡ  

 

ǟ     
 

 

 

                
 

 

ὂὐ Ƕ᷂ ẆǒȐ ǠȒʝ ὂὐ ǯẎ Ǯ ǜȓȒ˘ ὂὐ ǓǉȒƳʝ ὂὐ ǵ ѝǶ
Ẏ ѝǓ ǵ ἧǮǉȒƳ˘ ὂὐ ǶƲʝ ὂὐ ǓẎ ʴǵ Ʋ Ǳǰǵԍἧ ǯ Ǟ
ǭǮǔǦ ȦɋɩȬɶǵԍἧ ƲʴרἧƲʴ ἧƲ ἧƲÁ ǱǰǒȐǱȒƳ 12 
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ʴ

 

ʴ

 

 

 

ɜ
Ȣ
ȭ
ɫ

 

Ẇ

 

֯

Ͻ

 

Ẇ

 

Ȧ

ȭ
ȷ

ɵÁ
 

 

 

X ƲÁ Ƕ Ʋ Ẇ Ʋ֯ Ͻ Ʋ Ẇ ǯֿ ǲ
ǮǉȒǓƲ ǓǔȖȈǭ ǋƳ ș ἧǵ ȓǯ
ǦǯǔƲǤȓșϽἧǯȏǽƳ ǵ Ǔ ǋȂǰϽἧǵ
ȦɋɩȬɶǶẎǔǖƲ ἧǯǞǭǵר Ǔ▌ǖ ȓȒƳ 

13 

 

ȠɩɓȟṥẀ  ԍἧ ֵ
2 ᾜƲ Ƕ4 ᾜ  

14 ¿  ȠɩɓȟṥẀǵ ǲ їǜȓȒɖɨȤɞǵԍἧ ǮƲ ǵ ǯ Ȧ
ɋɩȬɶșȉǫƳ ҘǶ▀ǖƲ 1 Ǯ ǮǔȒƳ  
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ɗɶȽṥẀ ԍἧ ֵ Ṕ
қƲ ẀӓǱǞ  

15 À  ɗɶȽṥẀǵ ǲƲԍἧ ǒȐ їǜȓȒ ἧǵǚǯƳ ҘǶʴ ↓
ǮƲ ԌǵɕɧȷȿɁȭǮ ǿǋǮǔȒ  

ɗɶȽṥẀǵ͈  

16 

 

3G Ł3He,  
32P Ł 32S  
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ɗɶȽɕɧȷṥẀ 

17 

À+ṥẀ 
ԍἧ ֵǶ1 ᾜƲ  

ǶẀӓǱ
Ǟ  

ᾑ Ƕ 
PETǲ ǋȐȓȒ 

ἧ ECṥẀ  

18 

ԍἧ ֵ1 ᾜ  
ẀӓǱǞ  
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Ȫɱɜ  

19 

Á Á ǶȪɱɜ ṥẀ ǵ Ʋ їǜȓȒ ǮƲ ҘǓ▌ 
ǋƳ  
X ǲǶƲX Ǯ̸ȐȓȒȉǵǯƲ ᾑֿ̬רϷ ǒȐ Xר  ǯǞǭ ї
ǜȓȒȉǵǓǉȒƳר ǶÁ ǯȂȃֿǟƳ 

ᾑ ǯ ᾑ  

20 

ᾑ ȓ ᾑ Ǔ
ȓȒǚǯǮ Ӵǲ
ǮǔȒƳ 

 
ᾑ ȓ ᾑר
Ǔ ȓȒǚǯǮƲὭ
ǠȓǷƲ ǗǚǯǓ
ǮǔȒƳ 
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ᾑ ǵӴ̬ 

22 

ȦɋɩȬɶ ȦɪȭɆɫɱɚɩɆ eV  

ᾑ ǵ▌
ǜ ɗȭɪ
ɩBq
Bq 1dps
1 ǲ1

Ήǵԍἧ
ǓṥẀǠȒ

 

109 ȬȪ Ʋ106 ɟȪ Ʋ103 ȫɫ Ʋ10- 3 ɝɨ Ʋ10- 6 ɜȢȭɫ Ʋ10- 9 ɈɌ  



12 

ɵ ὑᶅǮǶ̲ș ǪǭǋȒǵ  

ϼǡǶƲẆ Ƿǖ ͔Ǯ ǏǭȆȏǍ 

˹Ʋ ֛ט Gy ȮɪȢ ǮǉǪǦƳ
ǚȓǶƲὕҧ ǮǶ0.7Sv ȵɶɗɩɆ ǯ
ǱȒƳᶮ ӓἶỖᴣ̝ǵ͜ 0.7 ṑ ᾑ
ǵ їȦɋɩȬɶѝ⁹ șˆǟȒƳ 

ȳɶɗȢɟɶȽ ǵ ΙǶƲ1cm ► ș
ǞƲ Gy ȮɪȢ ǵǯǔǶƲ1.224Sv

ǵ ΙǯǱȒƳ 

ǧǒȐƲ1cm ► Ι Ƕὕҧ ǵ
1.75Ί 1.224/0.7 ẎǔǋƳ 23 

ӭ  

24 

A - ( dN/ dt )=-ÉM 
N=N0e

-É  

 N0 / /T 

T ln2 .É 
 /-582.É 
 
ᾑ ǵӴ̬ 
BqƲɗȭɪɩ  
Bq 1 ṥẀ  

ӭ ᾑ ǵ▌ǜǓӭѝǲǱȒ  
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ᾑ ǲȏȒ◙  

25 

Ẇ Ƿǖ ǵ3ԍѸ 
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К Ƿǖ ǵ5ԍѸ 

Dilute ₁  

֯ Ǳ ȑ̭ ↓ǲǠȒ  

Disperse ѝ  

Ʋ∕ ǵ₁ ǲȏȑƲ̭ ↓ǲǠȒ  

Decontaminate ֒ 

֒ǲȏȑƲ ᾑר ș֝ȑ ǖ  

Contain ǟ Ȉ 

ὦᶅǿǵ֛ ƲɓɶɇК̓ ǲȏȑƲ ᾑר ǵ ș Ǘ  

Concentrate ʴӓ 

ǵ ʴͪ ǱǰǲȏȑƲ ǵѝ ǲȏȑ ᾑר ǵʥ
ǱǰǓǱǋȏǍǲǠȒ  

↓ 

˲ 

ὕҧ ↓ Ћ  

₴ 

͔ ↓ ɵ ᶅ  

ǵ ̱ ₴ 

   ₴ 

ếỪʴǮǉȒặἧǵ  

      

ל   Sv 

 

ʝ ˲ 
ὕҧ ↓ Ћ  

₴ 
 
͔ ↓ ɵ ᶅ  
ǵ ̱ ₴ 

    ₴ 
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ǦǱ ѰΙ 2012₴4  

ᴜӢѝ ᾑרȹȵȤɞǵḨ Ι
Bq  

  

ˎЃ ᴜ  

ˎ  

ʝ ᴜ  
29 

ᴜӢѝ ᾑרȹȵȤɞǵ ѰΙ 
Bq/kg  

  

ˎɵˎ ᴜ  

  

  

ɵԂɵ ɵǤǵ̀  

 

 
Ḩ 

 

ᾑרȹ
ȵȤɞǒ
Ȑǵ

 
0.051mSv 

ᾑרȹ
ȵȤɞǒ
Ȑǵ

 
0.043mSv 

⁪0.008mSv 

̀ᶮḨ ǯǵ ǵȅǯȈ 

 EU ᶮ Codex 

ʝ ᴜ  1,250 1,200 1,000 
  100 1,200 1,000 
ˎ  100 1,200 1,000 
ˎ℗Ѓ ˎ
ᴜ 

 
400 1,200 1,000 

30 

Ӵ̬ Bq/kg  

Codex:FAO,WHOǓ ʦǠȒ ↑ ǵᶮ Ỗᴣ̝ 
ᶮ ᴜ ș ὑ  

Ƕ ȏȑǒǱȑԝǞǋ 
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ᶮ ᾑ Ỗᴣ̝ 

ICRP ǵ ̱  

 

   

ᾑ ǵ ᶫ 



17 

ᾑ ǲȏȒ ǿǵ◙  

₡  

DNA ω 

ʹⱥ 

ʹⱥǲ Қ 

₡  

ʹⱥǲẕ  

Ẁ  

ȠɛɆɶȵȷ ǵǓȚӓ 

ȂǯȚǰЋ  Ȗǡǒ  

ȈǭȖǡǒ  

Ḩ ˗  
 DNA ωǯʹⱥ  
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ǓȚǯDNA ω 

ÉǓȚǶ ̟ἧǵ ǮǉȒƳ 

É ̟ἧǵὕ̱ǶDNAǵṊḨ ѦǮ
ǉȒƳ 

É DNAʹ ⱥǲᵂ ǵǉȒ ̟ ǶƲ
Ǟǭ ǓȚɨȷȭǓ ǋƳ 

É ᾑ ǶDNAș ωǠȒƳ 

ǜȅǝȅǱDNA ω 

ÉṊḨ ω base damage  

É ◐ cross link  

ÉӴ ў single strand break: SSB  

É˘ ў double strand break: DSB  
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˘ ў  

DSB  DOUBLE STRAND BREAK  

˘ ў DSB ǵʺ Ǳʹ
ⱥ ╛ 

É ֿ Ǐ 
homologous recombination: HR  

É ֿ ֻ 
nonhomologous end joining: NHEJ  



20 

ֿ Ǐ HR  

ֿDNA 

DSB 

ֿ ֻ NHEJ  
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ѝ ǯDNA  

G0 G1 S G2 M 

ֿ ǏǶ 
S ♥ӭ G2

ǲǵȆ֯  

ֻ ω 

ǵ ωǓ ֻǞƲʹⱥǓ Ȉǭᶩ  


