
 

 

 

 

 

 

 

29  

 

  

◦☻♥ⱶ  

 

 

─ ─√╘─ 

─  
 

 

 

 

 

 
 

 

 

 

 

30 3  

  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
│⁸ ─ ◦☻♥ⱶ

⌐╟╢ ≤⇔≡⁸

 ⅜ ⇔√

26 29 ₈ ─

─√╘─ ─

1 ≢ ╘√ ₉─ ╩

╡╕≤╘√╙─≢∆⁹ 

 



 

 

i  

 

 

                                  

xiv ההההההההההההההההההההההההההההההההההה   

 xv הההההההההההההההההההההההההההההההההה 

1. -1 ההההההההההההההההההההההההההההההה ⌐╘∂│  1 

2. -2.1 ההההההההההההההההההההההההההההההה   1 

-2.1 הההההההההההההההההההההההההההההה 2.1  1 

3.  ─ ┘ 3.1.1 הההההההההההההההההההההההה  - 1 

ה 3.1  ─ H26 H29 3.1.1 הההההההההההה - 1 

  3.1.1  H26 H29 3.1.1 הההההההההההההההההההה - 1 

   3.1.1.(1)  H26 H29 3.1.1 ההההה - 1 

   3.1.1.(2) ה  H26 H29 3.1.1 הההההההההה - 15 

  3.1.2  Self - indication ⌐╟╢ ─ H26 H29 3.1.2 הההה - 1 

  3.1.3  Ɽꜟ☻ ▬ⱷכ☺fi◓ ─ H26 H29 3.1.3 הההההההה - 1 

   3.1.3.(1)  ꜝ▬♫♇◒╩ ™√  הההה

H26 H29  

3.1.3 - 1 

   3.1.3.(2)  ꜝ▬♫♇◒╩ ™√ H27 H29 3.1.3 הההההההההה - 13 

 3.2 ─ ה ─ H26 H29 3.2.1 הההההההההההה - 1 

  3.2.1 Xה  ▬ⱷכ☺fi◓⌐╟╢ H26 H29 3.2.1 ההההההה - 1 

   3.2.1.(1)  ꜝ▬♫♇◒╩ ™√  הההה

H26 H29  

3.2.1 - 1 

   3.2. 1.(2)  ꜝ▬♫♇◒╩ ™√ H28 H29 3.2.1 הההההההההה - 15 

  3.2.2  ♪♇ⱪꜝ ╩ ⇔√ H26 H29 3.2.2 ההההההההה - 1 

   3.2.2.(1)  ꜝ▬♫♇◒╩ ™√  הההה

H28 H29  

3.2.2 - 1 

3.2. 2.(2)  ꜝ▬♫♇◒╩ ™√ H26 H29 3.2.2 הההההההההה - 7 

 3.3 ◦☻♥ⱶ─ H26 H29 3.3.1 ההההההההההההההההה - 1 

  3.3.1  ◦☻♥ⱶ─ H26 H29 3.3.1 הההההההההההההההה - 1 

   3.3.1.(1)  ◄Ⱡꜟ◑כ ┘ X ◦fi♅꜠כ◦ꜛfi ─

◒♇♥ꜟכ▪ H26 H29  הההההה

3.3.1 - 1 

   3.3.1.(2)  LiTA ◦☻♥ⱶ─ ┘ ◄Ⱡꜟ◑

כ H26 H29  הההההההההההההה

3.3.1 - 13 

  3.3.2 ♃כ♦  ה ♃כ♦ ─

H26 H29  הההההההההההההההההההההההה

3.3.2 - 1 

  3.3.3  ◦☻♥ⱶ─ H28 H29 3.3.3 הההההההההההההההה  - 1 

 3.4 ⌐ ≠ↄ ◦☻♥ⱶ─ H29 -3.4 ההההההההההה 1 

 3.5 H26 H29 3.5 הההההההההההההההההההההההה - 1 

4. -4 ההההההההההההההההההההההההההההההההה   1 

 



 

 

ii  

 

 

3.1.1.(1). ᵕ- 1 Pb╩ Z=1100 cm⁸Z=65 cm⌐ ⇔√ ─ ─

 

3.1.1 - 7 

3.1.1.(1). ᵕ- 2 ₁⌂ Pb ↕≢─  3.1.1 - 7 

3.1.1.(1). ᵕ- 3 Pb ₁─ ─ ≤●fiⱴ  3.1.1 - 7 

3.1.1.(1). ᵘ- 1 Al ⱨꜝfi☺ ↕─ ™⌐╟╢ ─  3.1.1 - 8 

3.1.1.( 2). ᵔ- 1 ╠╣√ ≤ ≤─  3.1.1 - 20 

3.1. 2. ᵔ- 1 ┘ ⅛╠ ╘√ ─ Reduction Ratio

─  

3.1.2 - 7 

3.1. 2. ᵕ- 1 Reduction ratio ─ ≤ ─  3.1.2 - 8 

3.1. 2. ᵖ- 1 ⌂ MA TRU ─ TRU  3.1.2 - 8 

3.2.1.(2). ᵔ- 1 MOX ─  3.2.1 - 18 

3.2.1.(2). ᵕ- 1 U ─  3.2.1 - 19 

3.2.2.(2). ᵕ- 1 ♪♇ⱪꜝ ─ Ɽꜝⱷכ♃≤  3.2.2 - 11 

3.2.2.(2). ᵕ- 2 ⌐⅔↑╢ ─  3.2.2 - 11 

3.2.2.(2). ᵕ- 3 ╩ ⇔√ ⌐⅔↑╢

─  

3.2.2 - 11 

3.2.2.(2). ᵕ- 4 ROI⌐⅔↑╢♪♇ⱪꜝ  3.2.2 - 12 

3.3.1.(1). ᵓ- 1 LUT  3.3.1 - 13 

3.3.2. ᵕ- 1 ꜝ▬♫♇◒⌐⅔↑╢ ≤ ◦☻♥ⱶ─Ɽ

ꜝⱷכ♃ 

3.3.2 - 10 

3.3.2. ᵕ- 2 ⇔√  3.3.2 - 11 

3.3.2. ᵕ- 3 ⌐ ⌂ ─  3.3.2 - 11 

3.3.2. ᵕ- 4 ─ ☻Ɑ◒♩ꜟ─♦▫♇ⱪ  3.3.2 - 12 

3.4.2 - 1 ≢ ⇔ ⇔√ ◦☻♥ⱶ ┘ √⌐

⇔√  

3. 4- 3 

3.5.3 - 1 ≢─  3.5- 2 

3.5.3 - 2 ≢─  3.5- 2 

3.5.3 - 3   3.5- 2 

 

 

2. 1- 1 ─  2.1- 3 

2. 1- 2 ─  2.1 - 4 

2. 1- 3  2.1- 5 

3.1.1.(1). ᵒ- 1  3.1.1 - 8 

3.1.1.(1). ᵒ- 2 ⌐╟╢ ─  3.1.1 - 8 

3.1.1.(1). ᵒ- 3 ─  3.1.1 - 8 

3.1.1.(1). ᵒ- 4 ⌐╟╢ ─  3.1.1 - 8 



 

 

iii  

 

3.1.1.(1). ᵓ- 1 ⌐ ™√ ≥♩♇◕כ♃ x,y,z  3.1.1 - 9 

3.1.1.(1). ᵓ- ─♩♇◕כ♃ 2 ⅛╠ ↕╣╢ ─ ─

⅝↕⌐╟╢  

3.1.1 - 9 

3.1.1.(1). ᵔ- fiⱴ●ה 1 ⱦכⱶꜝ▬fi◖ꜞⱷכ♃─  3.1.1 - 9 

3.1.1.(1). ᵔ- 2 (a) ─ XZ ,(b) ●fiⱴ─ XZ  3.1.1 - 10 

3.1.1.(1). ᵕ- ╩☻כ♁ 1 ─כꜞ♃─≡∫  3.1.1 - 10 

3.1.1.(1). ᵕ- 2 ◖ꜞⱷ3.1.1 ꜟ♦⸗♃כ - 10 

3.1.1.(1). ᵕ- ה♃כ꜠♦⸗ 3 Pb  3.1.1 - 10 

3.1.1.(1). ᵕ- 4 Pb  3.1.1 - 10 

3.1.1.(1). ᵕ- ♩♇◕כ♃ 5 ⌐ Pb ╩  3.1.1 - 11 

3.1.1.(1). ᵕ- 6 ◖ꜞⱷכ♃⸗♦ꜟ Pb  Z=65 cm 3.1.1 - 11 

3.1.1.(1). ᵕ- 7 ≢─●fiⱴ─  3.1.1 - 11 

3.1.1.(1). ᵕ- 8 ⅛╠─ ≤  3.1.1 - 12 

3.1.1.(1). ᵕ- 9 ⅛╠─ ≤●fiⱴ  3.1.1 - 12 

3. 1.1.(1). ᵖ- 1 ⌐ ≠™√◖ꜞⱷ3.1.1 ꜟ♦⸗♃כ - 12 

3.1.1.(1). ᵖ- 2 ◖ꜞⱷכ♃⸗♦ꜟ≢─ ─  3.1.1 - 12 

3.1.1.(1). ᵗ- 1 Inclined angle collimator  3.1.1 - 12 

3.1.1.(1). ᵗ- 2 I nclined angle  3.1.1 - 12 

3.1.1.(1). ᵗ- 3 Orthogonal angle moderator  3.1.1 - 13 

3.1.1.(1). ᵗ- 4 Orthogonal angle  3.1.1 - 13 

3.1.1.(1). ᵗ- 5 NO reflector  3.1.1 - 13 

3.1.1.(1). ᵗ- 6 NO reflector  3.1.1 - 13 

3.1.1.(1). ᵗ- 7 ◄Ⱡꜟ◑כ≢─ ─  3.1.1 - 13 

3.1.1.(1). ᵗ- 8  3.1.1 - 14 

3.1.1.(1). ᵘ- 1 ◖ꜞⱷ3.1.1 ꜟ♦⸗♃כ - 14 

3.1.1.(1). ᵘ- 2 ◄Ⱡꜟ◑כ ─ ≤ ─  3.1.1 - 14 

3.1.1.( 2). ᵒ- 1 ꜝ▬♫♇◒─  3.1.1 - 21 

3.1.1.( 2). ᵒ- 2 №╡─ setting 2 ≤ ╠╣√ ☻

Ɑ◒♩ꜟ 

3.1.1 - 21 

3.1.1.( 2). ᵒ- 3 ⇔ↄ ⇔√ ◦☻♥ⱶ≤ ─  3.1.1 - 21 

3.1.1.( 2). ᵒ- 4 ╩ ⇔√ ─ ◦☻♥ⱶ─  3.1.1 - 22 

3.1.1.( 2). ᵒ- 5 ⇔√ⱦכⱶ ─  3.1.1 - 22 

3.1. 1.( 2). ᵓ- 1 ↕ 5 cm ╩ ⇔√ ─ ◦☻♥ⱶ─

 

3.1.1 - 22 

3.1.1.( 2). ᵓ- 2 ─  3.1.1 - 23 

3.1.1.( 2). ᵓ- 3 ◦☻♥ⱶ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 3.1.1 - 23 

3.1.1.( 2). ᵔ- 1 ⇔ↄ Ⱳfiכ◌√⇔  3.1.1 - 24 

3.1.1.( 2). ᵔ- ─כⱣכ♪ꜗ◦ 2  3.1.1 - 24 



 

 

iv  

 

3.1.1.( 2). ᵔ- 3 ─ⱦכⱶ  3.1.1 - 25 

3.1.1.( 2) . ᵔ- 4 ╠╣√ TOF☻Ɑ◒♩ꜟ 3.1.1 - 25 

3.1.1.( 2). ᵕ- 1 ⌐╟╢  3.1.1 - 26 

3.1.1.( 2). ᵕ- 2 ⌐╟╢ (A1,A2,B1,B2) 3.1.1 - 26 

3.1.1.( 2). ᵕ- 3 A1─▬ⱷכ☺fi◓ ( Dy ⁸ :Au )  3.1.1 - 27 

3.1.1.( 2). ᵕ- 4 Dy ⌐╟╢▬ⱷכ☺fi◓ (B1) 3.1.1 - 27 

3.1.1.( 2). ᵕ- 5 B2 ≢─▬ⱷכ☺fi◓ ( Dy ⁸ :Au )  3.1. 1- 28 

3.1.1.( 2). ᵕ- 6 ꜝ▬♫♇◒≤HUNS─MTF  3.1.1 - 28 

3.1.2. ᵒ- 1 ⌐⅔↑╢  3.1.2 - 8 

3.1.2. ᵓ- 1 self - indication ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ─

╩ ◄Ⱡꜟ◑כ⌐ ⇔√╙─  

3.1.2 - 9 

3.1.2. ᵓ- 2 JENDL- 4.0 ─ ╩ ™≡ ⇔√ Ta ⌐ ∆╢ self -

indication ─  

3.1.2 - 9 

3.1.2. ᵓ- 3 Ta─ 10.36eV ⌐ ∆╢ ≤ ─  3.1.2 - 10 

3.1.2. ᵓ- 4 238U⌐ ∆╢ self - indication ─  3.1.2 - 10 

3.1.2. ᵓ- 5 238U─ ⌐ ∆╢  3.1.2 - 11 

3.1. 2. ᵔ- 1 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 3.1.2 - 11 

3.1. 2. ᵔ- 2 238U─ 6.67eV ⌐ ∆╢ ≤ ─  3.1.2 - 12 

3.1. 2. ᵕ- 1 self - indication ─ ─  3.1.2 - 12 

3.1. 2. ᵕ- 2 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ

╩ ◄Ⱡꜟ◑כ⌐  

3.1.2 - 13 

3.1. 2. ᵕ- 3 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ

6.7eV  

3.1.2 - 13 

3.1. 2. ᵕ- 4 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ

20.9, 36.7eV  

3.1.2 - 14 

3.1. 2. ᵕ- 5 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ

66 117eV  

3.1.2 - 14 

3.1. 2. ᵕ- 6 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ

146 291eV  

3.1.2 - 15 

3.1. 2. ᵕ- 7 238U─ ⌐ ∆╢ 238U─ ↕ 7.36×10- 3/b ─

)  

3.1.2 - 15 

3.1. 2. ᵕ- 8 238U─ 6.7eV ⌐ ∆╢ ≤ ─  3.1.2 - 16 

3.1. 2. ᵕ- 9 238U─ 20.9eV ⌐ ∆╢ ≤ ─  3.1.2 - 16 

3.1. 2. ᵕ- 10 238U─ 36.7eV ⌐ ∆╢ ≤ ─  3.1.2 - 17 

3.1. 2. ᵕ- 11 238U─ 36.7eV ⌐ ∆╢ ≤ ─  3.1.2 - 17 

3.1. 2. ᵕ- 12 237Np, 93Zr, DU ╩ ↕∑√ ⌐ ∆╢ ☻

Ɑ◒♩ꜟ 

3.1.2 - 18 

3.1. 2. ᵕ- 13 237Np, 93Zr, DU ╩ ↕∑√ ⌐ ∆╢ self - 3.1.2 - 18 



 

 

v 

 

indication ─ TOF☻Ɑ◒♩ꜟ 

3.1. 2. ᵖ- 1 MA TRU ─ ─  3.1.2 - 19 

3.1. 2. ᵖ- 2 TRU ≤ 239Pu⌐ ∆╢ ─  3.1.2 - 19 

3.1. 2. ᵖ- 3 TRU ≤ 239Pu ⌐ ∆╢ ─ 5- 30eV

 

3.1.2 - 20 

3.1. 2. ᵖ- 4 TRU ≤ 239Pu⌐ ∆╢ self - indication ─  3.1.2 - 20 

3.1. 2. ᵖ- 5 TRU ≤ 239Pu⌐ ∆╢ self - indication ─  

5- 30eV  

3.1.2 - 21 

3.1. 2. ᵖ- 6 ≤ self - indication ─ Reduction Ratio

─  

3.1.2 - 21 

3.1.3.(1) . ᵒ- 1 ▬ⱷכ☺ ( ☿fi◘

─(כ  

3.1.3 - 7 

3.1.3.(1) . ᵒ- 2 ⌐╟╡ ╠╣√ ☻Ɑ◒♩ꜟ 3.1.3 - 8 

3.1.3.(1) . ᵒ- 3 64ch.ⱴꜟ♅▪ⱡכ♪ ⌐╟╢▬fiⱨ◊כ◌☻

─ ▬ⱷכ☺ 

3.1.3 - 8 

3.1.3.(1) . ᵒ- 4 64ch.ⱴꜟ♅▪ⱡכ♪ ⌐╟╢ 16×16

▬ⱷכ☺ 

3.1.3 - 9 

3.1.3.(1) . ᵓ- 1 GEM ⌐╟╡ ⇔√ 15ɡm Ta ─ ☻Ɑ◒

♩ꜟ⅔╟┘♄▬꜠◒♩ⱦכⱶ─☻Ɑ◒♩ꜟ ⌐ ∆

│  

3.1.3 - 9 

3.1.3.(1) . ᵓ- 2 GEM ⌐╟╡ ⇔√ 2mm ⱴfi●♬fi ─

☻Ɑ◒♩ꜟ 

3.1.3 - 10 

3.1.3.(1) . ᵓ- 3 - ◖fiⱣכ♃≤ ╩ ╖ ╦∑√

⌐╟╡ ⇔√ 25ɡm Ta ─ ☻Ɑ◒♩

ꜟ 

3.1.3 - 10 

3.1.3.(1) . ᵔ- 1 ≤ X ─ ≤∕╣╠─ ─ 2 ⱥ☻♩◓

ꜝⱶ─  

3.1.3 - 11 

3.1.3.(1) . ᵔ- 2 ▬ⱷכ☺fi◓─ ≤ ⱴ♇Ⱨfi◓  3.1.3 - 11 

3.1.3.(1) . ᵔ- 3 ◦Ⱶꜙ꜠כ◦ꜛfi ─ ( )≤∕╣╩

⇔√ X ┘ ꜝ☺○◓ꜝⱨ▫ ( )  

3.1.3 - 11 

3.1.3.(1) . ᵔ- 4 ◦Ⱶꜙ꜠כ◦ꜛfi ⌐╟╢ ┘ X ≤⁸

▬ⱷכ☺fi◓⌐╟╢  

3.1.3 - 12 

3.1. 3.(1) . ᵔ- 5 3 ─ ▬ⱷכ☺⅛╠ ↕╣√ ─Ⱳꜞꜙכⱶ

 

3.1.3 - 12 

3.1.3.(1) . ᵕ- 1 ☻♥♇ⱪ ≤ ╖ ╦∑√  3.1.3 - 13 

3.1.3.(1) . ᵕ- 2 Ɽꜟ☻ ⌐⅔↑╢CNII ─  3.1.3 - 13 

3.1.3.(1) . ᵕ- 3 Ɽꜟ☻ ⌐⅔↑╢CNII ─  3.1.3 - 13 

3.1.3.(2) . ᵒ- 1 ◄Ⱡꜟ◑כ╩ ⇔√  3.1.3 - 17 



 

 

vi  

 

3.1.3.(2) . ᵒ- 2 6.67eV ─◄Ⱡꜟ◑כ─  3.1.3 - 17 

3.1.3.(2) . ᵒ- ≥☺כ♥☻ 3  3.1.3 - 18 

3.1.3.(2) . ᵓ- ה 1 ─ TOF☻Ɑ◒♩ꜟ≤

─  

3.1.3 - 18 

3.1.3.(2) . ᵓ- ה 2 ─  3.1.3 - 19 

3.1.3.(2) . ᵓ- 3 ⌐ ↕ 50ɡm─ In ╩ ™√ ≤ ⅛⌂™ ─

TOF☻Ɑ◒♩ꜟ 

3.1.3 - 19 

3. 1. 3. (2) . ᵔ- 1 Co⁸Ag⁸In ─ TOF  3.1.3 - 20 

3. 1. 3. ( 2) . ᵔ- 2 16×16 ≤ ⌐╟╢ 32×32 ─  3.1.3 - 20 

3. 1. 3. ( 2) . ᵔ- ה 3 ≤ In ≢─  3.1.3 - 21 

3. 1.3. ( 2) . ᵔ- 4 ─ ≤ TOF☻Ɑ◒♩ꜟ  3.1.3 - 21 

3. 1. 3. ( 2) . ᵔ- 5 HU ─ TOF☻Ɑ◒♩ꜟ ≤ JENDL- 4.0 ⌐╟╢

 

3.1.3 - 22 

3. 1. 3. ( 2) . ᵔ- 6 DU ─ TOF☻Ɑ◒♩ꜟ  3.1.3 - 22 

3. 1. 3. ( 2) . ᵔ- 7 HU ⌐ ∆╢ ≢─  3.1.3 - 23 

3. 1. 3. ( 2) . ᵔ- 8 DU ⌐ ∆╢ ≢─  3.1.3 - 23 

3. 1. 3. ( 2) . ᵔ- 9 Pb50mm ≢─ U⁸Np⁸Am ─  3.1.3 - 24 

3. 1. 3. ( 2) . ᵔ- 10 U⁸Np- 237⁸Am- 243 ─ ☻Ɑ◒♩ꜟ 3.1.3 - 25 

3. 1. 3. ( 2) . ᵔ- 11 U ─  3.1.3 - 25 

3. 1.3. ( 2) . ᵔ- 12 Np- 237 ─  3.1.3 - 26 

3. 1. 3. ( 2) . ᵔ- 13 Am- 243 ─  3.1.3 - 26 

3. 1. 3. ( 2) . ᵔ- 14 Np- 237⁸Am- 243 ☻Ɑ◒♩ꜟ ( )≤

( )  

3.1.3 - 27 

3. 2. 1.(1) . ᵒ- 1 ⇔√ ─  3.2. 1- 8 

3. 2. 1.(1) . ᵒ- 2 Ɽꜟ☻ ╩ ™√ ⌐╟╢

(ISO100⁸ 10s) 

3.2.1 - 9 

3. 2. 1.(1) . ᵒ- 3 Ɽꜟ☻ ╩ ™√ ⌐╟╢

(ISO1600⁸ 60s) 

3.2.1 - 9 

3. 2. 1.(1) . ᵓ- 1 ⱥ☻♩◓ꜝⱶ─  3.2.1 - 10 

3. 2. 1.(1) . ᵓ- 2 p( ai , bj )⅔╟┘ p( ai ) , p( bj )─

 

3.2.1 - 10 

3. 2. 1.(1) . ᵓ- 3 ≤ ╦∑ ─ ⌐╟╢

≤─ ≤ ╦∑ ─ ≤─

 

3.2.1 - 10 

3. 2. 1.(1) . ᵓ- 4 ┼─ ─ⱴ♇Ⱨfi◓ ─  3.2.1 - 11 

3. 2. 1.(1) . ᵓ- 5 ⱴ♇Ⱨfi◓─◦Ⱶꜙ꜠כ◦ꜛfi⁹(a) ⁸

(b)X ⁸(c) ╟╡ ╘√ ⁸(d)

ⱴ♇Ⱨfi◓⌐╟╡ ⇔√  

3.2.1 - 11 



 

 

vii  

 

3. 2. 1.(1) . ᵔ- 1 ☻♥♇ⱪ  3.2.1 - 12 

3. 2. 1.(1) . ᵔ- 2 ─ CT  3.2.1 - 12 

3. 2. 1.(1) . ᵕ- 1 Ⱳꜞꜙכⱶ⸗♦ꜟ ─CT  3.2.1 - 13 

3. 2. 1.(1) . ᵕ- 2 Ⱳꜞꜙכⱶ⸗♦ꜟ ─

 

3.2.1 - 13 

3. 2. 1.(1) . ᵕ- 3 X CT⅛╠─ ≤⁸∕─ X ╩ ⌐

╦∑⇔√  

3.2.1 - 13 

3. 2. 1.(1) . ᵕ- 4 ╦∑ ─ X ┘ ─ ▬ⱷכ☺fi◓

─  

3.2.1 - 14 

3. 2. 1.(1) . ᵕ- 5 ─ ▬ⱷכ☺fi◓ ╩ ⇔√  3.2.1 - 14 

3. 2. 1.(1) . ᵕ- 6 Ⱳꜞꜙכⱶ⸗♦ꜟ─ ⌐≈™≡ Z ⅛╠ √

 

3.2.1 - 14 

3. 2. 1.(1) . ᵕ- 7 ↕╣√Ⱳꜞꜙכⱶ⸗♦ꜟ─ 3 ▬ⱷ3.2.1 ☺כ - 15 

3. 2. 1.(1) . ᵕ- 8 ↕╣√Ⱳꜞꜙכⱶ⸗♦ꜟ─☻ꜝ▬☻  3.2.1 - 15 

3.2.1.(2). ᵒ- 1 GEM  3.2.1 - 19 

3.2.1.(2). ᵒ- 2  3.2.1 - 19 

3.2.1.(2). ᵒ- 3 GEM ╩ ™√▬ⱷכ☺fi◓ ─  3.2.1 - 20 

3.2.1.(2). ᵒ- 4 ♄▬꜠◒♩ⱦכⱶ 50Hz,20min (a) ▬ⱷ⁸☺כ

(b) ☻Ɑ◒♩ꜟ 

3.2.1 - 20 

3.2.1.(2). ᵒ- 5 (a) ⁸(b)  3.2.1 - 20 

3.2.1.(2). ᵒ- 6 250Hz 20min (a) ▬ⱷ

(b)⁸☺כ  

3.2.1 - 21 

3.2.1.(2). ᵓ- 1 I.I.  3.2.1 - 21 

3.2.1.(2). ᵓ- 2 I.I. ─  3.2.1 - 21 

3.2.1.(2). ᵔ- 1 MOX ≤ MOX ─ ⱴ◒꜡ ─

 

3.2.1 - 22 

3.2.1.(2). ᵔ- 2 MOX ─ ▬ⱷכ☺fi◓  3.2.1 - 22 

3.2.1.(2). ᵕ- 1 U ─ ▬ⱷכ☺fi◓  (a) ⁸(b)

◄Ⱡꜟ◑כ ⁸(c)HEU─ ☻Ɑ◒♩ꜟ⁸(d)DU

─ ☻Ɑ◒♩ꜟ 

3.2.1 - 23 

3.2.1.(2). ᵕ- 2 Np ─ ▬ⱷכ☺fi◓  (a) ⁸

(b) ◄Ⱡꜟ◑כ ⁸(c)0.49eV ─ ▬

ⱷ⁸☺כ(d) ☻Ɑ◒♩ꜟ 

3.2.1 - 23 

3.2.1.(2). ᵕ- 3 ─  3.2.1 - 24 

3.2.1.(2). ᵕ- 4 ◄Ⱡꜟ◑כ≢─ ▬ⱷכ☺fi◓ 3.2.1 - 24 

3.2.1.(2). ᵕ- 5 TOF☻Ɑ◒♩ꜟ≤ROI  3.2.1 - 25 

3.2.1.(2). ᵕ- 6 238U⌐ ∆╢ ▬ⱷכ☺fi◓ 3.2.1 - 25 

3.2.1.(2). ᵕ- 7 243Am⌐ ∆╢ ▬ⱷכ☺fi◓ 3. 2.1- 26 



 

 

viii  

 

3.2.1.(2). ᵕ- 8 237Np⌐ ∆╢ ▬ⱷכ☺fi◓ 3.2.1 - 26 

3. 2. 2.(1) . ᵒ- 1 ╩ ≈ UO2 ─◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ 3.2.2 - 4 

3. 2. 2.(1) . ᵒ- 2 ⌐⅔↑╢ UO2 ─ ☻Ɑ◒♩ꜟ ┘

─  

3.2.2 - 4 

3. 2. 2.(1) . ᵒ- 3 ╩ ≈ UO2 ─ ▬ⱷכ☺fi◓  3.2.2 - 4 

3. 2. 2.(1) . ᵒ- 4 ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ √ UO2 ─ X ꜝ☺○◓ꜝⱨ▫

 

3. 2.2- 5 

3. 2. 2.(1) . ᵒ- 5 X ꜝ☺○◓ꜝⱨ▫ ┼─ ▬ⱷכ☺fi◓─ⱴ♇Ⱨfi

◓ 

3.2.2 - 5 

3. 2. 2.(1) . ᵓ- 1  3.2.2 - 5 

3. 2. 2.(1) . ᵓ- 2 ─ ☻Ɑ◒♩ꜟ(ⱥכ♃ on ⁸ⱥכ♃

off )  

3.2.2 - 6 

3. 2. 2.(1) . ᵓ- 3 REFIT⌐╟╢ In ─ ♦▫♇ⱪ─ⱨ▫♇♥▫fi◓  3.2.2 - 6 

3. 2. 2.(1) . ᵓ- 4 X CT⌐╟╢ ─  3.2.2 - 6 

3. 2. 2.(1) . ᵓ- 5 ↕╣√ ( ⁸

─ ⁸ ⅜ ⁸ ⅜ )  

3.2.2 - 7 

3. 2. 2.(1) . ᵓ- 6 X CT ┼─ ⱴ♇Ⱨfi◓ 3.2.2 - 7 

3. 2. 2.( 2) . ᵒ- 1 ⌐ ⇔√  3.2.2 - 12 

3. 2. 2.( 2) . ᵓ- 1 ≤ⱥ3.2.2 כ♃כ - 12 

3. 2. 2.( 2) . ᵓ- 2  3.2.2 - 13 

3. 2. 2.( 2) . ᵔ- 1 ⌐ ↕╣√ Ta ╩ ⇔√

 

3.2.2 - 13 

3. 2. 2.( 2) . ᵕ- 1 ↕╣√ TOF☻Ɑ◒♩ꜟ 3.2.2 - 14 

3. 2. 2.( 2) . ᵕ- 2 ─ TOF☻Ɑ◒♩ꜟ≤ROI  3.2.2 - 14 

3. 2. 2.( 2) . ᵕ- 3 ─ TOF☻Ɑ◒♩ꜟ≤ROI  3.2.2 - 15 

3. 2. 2.( 2) . ᵕ- 4 ≤ ─  3.2.2 - 15 

3.3.1.(1). ᵑ- 1 ◄Ⱡꜟ◑כX ◦fi♅꜠כ♃─  3.3.1 - 7 

3.3.1.(1). ᵑ- 2  3.3.1 - 7 

3.3.1.( 1). ᵑ- 3  3.3.1 - 7 

3.3.1.(1). ᵑ- 4 Ⱪ꜡♇◒  3.3.1 - 7 

3.3.1 . (1) . ᵑ- 5  ◦fi♅꜠כ♃(10B4C+PS) 3.3.1 - 8 

3.3.1 . (1) . ᵑ- 6 ◦fi♅꜠כ♃─  3.3.1 - 8 

3.3.1 . (1) . ᵑ- 7 ◦fi♅꜠כ♃─  3.3.1 - 8 

3.3.1 . (1) . ᵑ- 8 ●ꜝ☻  3.3.1 - 8 

3.3.1 . (1) . ᵑ- 9 ◦fi♅꜠כ♃  3.3.1 - 9 

3.3.1 . (1) . ᵑ- 10 ◦fi♅꜠כ♃  3.3.1 - 9 

3.3.1 . (1) . ᵑ- 11 ◦fi♅꜠כ♃─  3.3.1 - 9 

3.3.1 . (1) . ᵑ- 12 ☻♥♇ⱪ◕3.3.1 ☺כ - 9 



 

 

ix  

 

3.3.1 . (1) . ᵑ- 13 ☻♥♇ⱪ◕כ☺─ Ag,In,Co ─ 3  3.3.1 - 9 

3.3.1 . (1) . ᵑ- 3.3.1 ♩כꜗ♅ 14 - 10 

3.3.1 . (1) . ᵑ- 15 ─  3.3.1 - 10 

3.3.1 . (1) . ᵑ- 3.3.1 ♩כꜗ♅ 16 - 10 

3.3.1 . (1) . ᵑ- 17 ≤ↄ↕┘  3.3.1 - 10 

3.3.1 . (1) . ᵑ- 18 In  3.3.1 - 10 

3.3.1 . (1) . ᵑ- 19  3.3.1 - 11 

3.3.1 . (1) . ᵑ- ─♩כꜗ♅ 20  3.3.1 - 11 

3.3.1 . (1) . ᵓ- 1 ◦☻♥ⱶ  3. 3.1 - 11 

3.3.1 . (1) . ᵓ- 2 GUI  3. 3.1 - 11 

3.3.1 . (1) . ᵓ- 3 ⁸ ⁸р ─  3. 3.1 - 12 

3.3.1 . (1) . ᵓ- 4 ≤р  3. 3.1 - 12 

3.3.1 . (1) . ᵓ- 5 ─ ≤р  3. 3.1 - 12 

3.3.1 . (1) . ᵓ- 6  3. 3.1 - 13 

3.3.1 . (1) . ᵓ- 7  3. 3.1 - 13 

3.3.1 .(2). ᵒ- 1.(a)  LiTA12e_VME⸗☺ꜙ3.3.1 ꜟכ - 19 

3.3.1 .(2). ᵒ- 1.(b)  HV 3.3.1 ꜟכꜙ☺⸗ - 19 

3.3.1 .(2). ᵒ- 2.( a)  LiTA12e─  3.3.1 - 19 

3.3.1 .(2). ᵒ- 2.( b)  ╩ ⇔√ Ɽכ♠─  3.3.1 - 19 

3.3.1 .(2). ᵒ- 3.( a)  6Li:1mm ╩ ╡ ↑ 3.3.1 - 19 

3.3.1 .(2). ᵒ- 3.( b)  Cd₈KENS₉ ╡ ↑ 3.3.1 - 19 

3.3.1.(2). ᵒ- 4 HV=- 520V⁸l ld=60ch─ 2 ( p60d54)⁸ ⁸

, run7 / run3  

3.3.1 - 19 

3.3.1 .(2). ᵒ- 5.(a) ⁸Cd♃כ♦⇔⌂  №╡(run7)  3.3.1 - 20 

3.3.1 .(2). ᵒ- 5.(b) ⁸Cd♃כ♦⇔⌂  ⌂⇔(run3)  3.3.1 - 20 

3.3.1 .(2). ᵒ- 6.(a)  3He ─  3.3.1 - 20 

3.3.1 .(2). ᵒ- 6.(b)  ™ⱦכⱶ≢  3.3.1 - 20 

3.3.1 .(2). ᵒ- 7 
3He ≤ H9500- 6Li:1mm ≤ H9500-  ZnS: 0.4mm ─

 
3.3.1 - 20 

3.3.1 .(2). ᵒ- 8 ▬ⱷכ☺fi◓ ╩ ⇔√  3.3.1 - 21 

3.3.1 .(2). ᵒ- 9.(a)  ▬ⱷכ☺fi◓ ─ ╩ ⌐  3.3.1 - 21 

3.3.1 .(2). ᵒ- 9.(b)  H9500≢ ∆╢ 3.3.1 - 21 

3.3.1 .(2). ᵒ- 9.(c)  Ⱳ꜡fi◗ⱶ₈×₉ ╡ ↑ 3.3.1 - 21 

3.3.1 .(2). ᵒ- 10 H9500▬ⱷ⁸2♃כ♦☺כ ⁸ ⁸

, run9/run10  

3.3.1 - 22 

3.3.1 .(2). ᵒ- 11.(a) ⁸Cd♃כ♦⇔⌂  №╡(run 9)  3.3.1 - 22 

3.3.1 .(2). ᵒ- 11.(b) ⁸Cd♃כ♦⇔⌂  №╡(run 10)  3.3.1 - 22 

3.3.1 .(2). ᵓ- 1 ─ LiTA12e◦☻♥ⱶ─ ─  3.3.1 - 22 

3.3.1 .(2). ᵓ- 2 ─  3.3.1 - 23 



 

 

x 

 

3.3.1 .(2). ᵓ- 3.(a)  LiTA12  3.3.1 - 23 

3.3.1 .(2). ᵓ- 3.( b)  ⌐ B◗ⱶ- 20mm  3.3.1 - 23 

3.3.1 .(2). ᵓ- 3.( c)  B◗ⱶ- 20mm Cd- 1.5mm  3.3.1 - 23 

3.3.1 .(2). ᵓ- 3.( d)  Cd- 1.5mm  3.3.1 - 23 

3.3.1 .(2). ᵓ- 3.( e)  Pb- 50mm  3.3.1 - 23 

3.3.1 .(2). ᵓ- 4 6Li - 1mm ●ꜝ☻◦fi♅꜠3.3.1 ♃כ - 24 

3.3.1 .(2). ᵓ- 5.(a)  ♄▬꜠◒♩ⱦכⱶ⁸run6 3.3.1 - 24 

3.3.1 .(2). ᵓ- 5.(b)  B◗ⱶ- 20mm ⁸run7 3.3.1 - 24 

3.3.1 .(2). ᵓ- 5.(c)  B◗ⱶ- 20mm Cd- 1.5mm ⁸run8 3.3.1 - 24 

3.3.1 .(2). ᵓ- 5.(d)  Cd- 1.5mm ⁸r un9 3.3.1 - 25 

3.3.1 .(2). ᵓ- 5.(e)  Pb- 50mm ⁸run10 3.3.1 - 25 

3.3.1 .(2). ᵓ- 6 6Li - 1mm ●ꜝ☻◦fi♅꜠3.3.1 ♃כ - 25 

3.3.1 .(2). ᵓ- 7 ZnS- 0.45mm ◦fi♅꜠3.3.1 ♃כ - 26 

3.3.1 .(2). ᵓ- 8.(a)  ♄▬꜠◒♩ⱦכⱶ⁸run1 3.3.1 - 26 

3.3.1 .(2). ᵓ- 8.(b)  B◗ⱶ- 20mm ⁸run2 3.3.1 - 26 

3.3.1 .(2). ᵓ- 8.(c)  B◗ⱶ- 20mm Cd- 1.5mm ⁸run3 3.3.1 - 26 

3.3.1 .(2). ᵓ- 8.(d)  Cd- 1.5mm ⁸run4 3.3.1 - 27 

3.3.1 .(2). ᵓ- 8.(e)  Pb- 50mm ⁸run5 3.3.1 - 27 

3.3.1 .(2). ᵓ- 9 ZnS- 0.45mm ◦fi♅꜠כ♃─ TOF  3.3.1 - 27 

3.3.1 .(2). ᵔ- 1 MPPC- LiTA◦☻♥ⱶ⁸MPPC▪꜠▬ CA32M ▪fi

ⱪ LiTA12e⸗☺ꜙכꜟ 

3.3.1 - 28 

3.3.1 .(2). ᵔ- 2 MPPC▪꜠▬ ≤ CA32M_DAC ⁸CA32M_HV ─

 

3.3.1 - 28 

3.3.1 .(2). ᵔ- 3.(a)  MPPC▪꜠▬  3.3.1 - 28 

3.3.1 .(2). ᵔ- 3.(b)  CA32_DAC 2 ≤ CA32M_HV ▪fiⱪ 3.3.1 - 28 

3.3.1 .(2). ᵔ- 4.(a)  ─  3.3.1 - 29 

3.3.1 .(2). ᵔ- 4.(b)  1  3.3.1 - 29 

3.3.1 .(2). ᵔ- 4.(c)  2  3.3.1 - 29 

3.3.1 .(2). ᵔ- 5.(a)  ⱦכⱶ ─  3.3.1 - 29 

3.3.1 .(2). ᵔ- 5.(b)  Cd₈KENS₉  3.3.1 - 29 

3.3.1 .(2). ᵔ- 6.(a)  ⌂⇔ 2  3.3.1 - 30 

3.3.1 .(2). ᵔ- 6.(b)  Cd₈KENS₉ 2  3.3.1 - 30 

3.3.1 .(2). ᵔ- 6.(c)  (b) ╩(a) ≢  3.3.1 - 30 

3.3.1 .(2). ᵔ- 6.(d)   3.3.1 - 30 

3.3.1 .(2). ᵕ- 1.(a)  40MHz- ADC─ 50MHz ⇔─ 3.3.1 ♃כ♦ - 30 

3.3.1 .(2). ᵕ- 1.(b)  50MHz- ADC─ 50MHz ⇔─ 3.3.1 ♃כ♦ - 31 

3.3.1 .(2). ᵕ- 2.(a)  6Li - 5mm Ⱨꜝכ ◦fi♅꜠3.3.1 ♃כ - 31 

3.3.1 .(2). ᵕ- 2.(b)  ─  3.3.1 - 31 



 

 

xi  

 

3.3.1 .(2). ᵕ- 3.(a)  In - Ag- Co  3.3.1 - 31 

3.3.1 .(2). ᵕ- 3.(b)  ─  3.3.1 - 31 

3.3.1 .(2). ᵕ- 4.(a)  ♄▬꜠◒♩ⱦכⱶ⁸ 2 ⁸ PHA⁸ TOF

1us , run4  

3.3.1 - 32 

3.3.1 .(2). ᵕ- 4.(b)  1 ⁸50~1000us ⁸run8 3.3.1 - 32 

3.3.1 .(2). ᵕ- 4.(c)  In - 115⁸1.5eV ⁸640~790us ⁸run8 3.3.1 - 32 

3.3.1 .(2). ᵕ- 4.(d)  Ag- 109⁸5.4eV ⁸360~400us ⁸run8 3.3.1 - 32 

3.3.1 .(2). ᵕ- 4. (e)  Co- 59⁸128eV ⁸74~83us ⁸run8 3.3.1 - 33 

3.3.1 .(2). ᵕ- 5 40MHz- ADC─ 50MHz ⇔─ ⁸♃כ♦ 115In⁸

109Ag⁸ 59Co  

3.3.1 - 33 

3.3.1 .(2). ᵕ- 6 ⱦכⱶ 4us─ TOF 3.3.1 - 33 

3.3.1 .(2). ᵕ- 7.(a)  In ↄ↕┘ 2⁸run7_360- 410us 3.3.1 - 34 

3.3.1 .(2). ᵕ- 7.(b)  In ↕ ⁸ ⅝↕ 3, 4 ⁸run9_360- 410us 3.3.1 - 34 

3.3.1 .(2). ᵕ- 7.(c)  B ⌐ 0.5mm ⅜™ↄ≈⅛№╢ 5⁸run10_100-

10000us 

3.3.1 - 34 

3.3.1 .(2). ᵕ- 7.(d)  ─ TOF 3.3.1 - 35 

3.3.1 .(2). ᵕ- 8.(a)  U ─ ╡ ↑ 3.3.1 - 35 

3.3.1 .(2). ᵕ- 8.(b)  ╡ ↑─  3.3.1 - 35 

3.3.1 .(2). ᵕ- 8.(c)  ◄Ⱡꜟ◑2כD◓ꜝⱨ 3.3.1 - 35 

3.3.1 .(2). ᵕ- 8. (d)  ♄▬꜠◒♩ ≤U ─ TOF 3.3.1 - 35 

3.3.1 .(2). ᵕ- 8.(e)  6eV  3.3.1 - 36 

3.3.1 .(2). ᵕ- 8.(f)  9eV  3.3.1 - 36 

3.3.1 .(2). ᵕ- 8.(g)  13eV  3.3.1 - 36 

3.3.1 .(2). ᵕ- 8.(h)  22eV  3.3.1 - 36 

3.3.1 .(2). ᵕ- 8.(i)  40eV  3.3.1 - 36 

3.3.2. ᵒ- 1 ⅜ ↕╣≡™╢ ◄Ⱡꜟ◑כ ⱴꜟ♅Ᵽfi

♪ꜟ ◦fi♅꜠כ♃◦☻♥ⱶ 

3.3.2 - 12 

3.3.2. ᵒ- 2 ╩ ⇔≡▬ⱷכ☺fi◓∆╢√╘─  3.3.2 - 13 

3.3.2. ᵒ- 3 ⱴꜟ♅ⱨ◊♩ⱴꜟ ─ ≤ ₁─ⱨ◊♩ⱴꜟ─

─◦fi♅꜠כ♃─  

3.3.2 - 13 

3.3.2. ᵒ- 4 ꜠fi☼ ≢│∫⅝╡≤ ⇔√ ─ⱴꜟ♅ⱨ◊♩ⱴꜟ

─  

3.3.2 - 14 

3.3.2. ᵒ- 5 ꜠fi☼ ≢╓⅛⇔√ ─ⱴꜟ♅ⱨ◊♩ⱴꜟ─

 

3.3.2 - 14 

3.3.2. ᵒ- ♃כ♦ 6 ─√╘─ ─  3.3.2 - 15 

3.3.2. ᵒ- ♃כ♦ 7 ─√╘─ ─  3.3.2 - 15 

3.3.2. ᵒ- 8 ⇔√ⱴꜟ♅▪ⱡכ♪ⱨ◊♩ⱴꜟ H7546 (

18.1 mm x 18.1 mm  

3.3.2 - 16 



 

 

xii  

 

3.3.2. ᵒ- 9 Ⱨfi♩⅜ ∫≡™╢  3.3.2 - 16 

3.3.2. ᵒ- 10 Ⱨfi♩⅜╓↑≡™╢  3.3.2 - 16 

3.3.2. ᵒ- 11 Ⱨfi♩⅜ ∫√ ≢─ CH4 CH6─ ─

 

3.3.2 - 16 

3.3.2. ᵒ- 12 Ⱨfi♩⅜╓↑√ ≢─ CH4 CH6─ ─

 

3.3.2 - 17 

3.3.2. ᵒ- 13 Ⱨfi♩⅜ ∫√ ≢─CH4 CH6─  3.3.2 - 17 

3.3.2. ᵒ- 14 Ⱨfi♩⅜╓↑√ ≢─CH4 CH6─  3.3.2 - 17 

3.3.2. ᵒ- 15 Ⱨfi♩⅜ ∫√ ≢─  3.3.2 - 18 

3.3.2. ᵒ- 16 Ⱨfi♩⅜╓↑√ ≢─  3.3.2 - 18 

3.3.2. ᵓ- 1 LiTA12 ◦☻♥ⱶ─Ⱪ꜡♇◒ ♃כ♦ ─

 

3.3.2 - 18 

3.3.2. ᵓ- 2  3.3.2 - 19 

3.3.2. ᵓ- 3 ─  ( 1ɡs)  3.3.2 - 19 

3.3.2. ᵓ- 4 ⱷ▬fi♄▬▪꜡◓ 3.3.2 - 20 

3.3.2. ᵓ- 5 HV & T0 ♄▬▪꜡◓ 3.3.2 - 20 

3.3.2. ᵓ- 6 H/W LLD & Check wave 3.3.2 - 21 

3.3.2. ᵓ- 7 2D ◓ꜝⱨ 3.3.2 - 21 

3.3.2. ᵓ- 8 X/Y ◓ꜝⱨ 3.3.2 - 22 

3.3.2. ᵓ- 9 PHA ◓ꜝⱨ 3.3.2 - 22 

3.3.2. ᵓ- 10 TOF ◓ꜝⱨ 3.3.2 - 22 

3.3.2. ᵓ- 11 ꜡◓ⱨ□▬ꜟ  3.3.2 - 23 

3.3.2. ᵓ- 12 ◘ⱩⱧ◒☿ꜟ◦ⱨ♩ ─  3.3.2 - 23 

3.3.2. ᵓ- 13 ─  3.3.2 - 23 

3.3.2. ᵓ- 14 ML- EM ⌐╟╢  3.3.2 - 24 

3.3.2. ᵓ- 15 ◘ⱩⱧ◒☿ꜟ◦ⱨ♩ ─√╘─☻ꜝ▬♪

 

3.3.2 - 24 

3.3.2. ᵓ- 16 ≤☻ꜝ▬♪  3.3.2 - 25 

3.3.2. ᵔ- 1 ⇔√ Li ●ꜝ☻◦fi♅꜠5 ↕  ♃כmm  

(1) ☻ꜞ♇♩ (3mm )  

(2) Ⱨꜝכ  (3mm )  

(3) Ⱨꜝכ  ( 1.5mm )  

3.3.2 - 25 

3.3.2. ᵔ- 2 ◦fi♅꜠כ♃≤ⱪ꜡כⱩ  SP- 10  3.3.2 - 25 

3.3.2. ᵔ- 3 252Cf  3.3.2 - 25 

3.3.2. ᵔ- 4 Li כꜝⱧה☻ꜝ●  3mm ◦fi♅꜠כ♃─ ☻Ɑ◒

♩ꜟ 

3.3.2 - 26 

3.3.2. ᵔ- 5 ◘ⱩⱧ◒☿ꜟ◦ⱨ♩ ─√╘─  3.3.2 - 26 

3.3.2. ᵔ- 6 Cdꜝ▬fiⱭ▪♅ꜗ3.3.2 ♩כ - 26 



 

 

xiii  

 

3.3.2. ᵔ- 7 ( ◓fi▫♦כ▼◦⁸( ( )⁸ 

◓fi▫♦כ▼◦ ( )  

3.3.2 - 27 

3.3.2. ᵔ- 8 Ⱨ◒☿ꜟ ( )⁸ ( )⁸ML- EM ( )⌐╟╢

 

3.3.2 - 27 

3.3.2. ᵔ- 9 ─ꜝ▬fiⱭ▪─  3.3.2 - 27 

3.3.2. ᵔ- 10 ─ ™⌐╟╢ ─  3.3.2 - 28 

3.3.2. ᵕ- 1 ⅔╟┘  3.3.2 - 28 

3.3.2. ᵕ- 2 ─  3.3.2 - 28 

3.3.2. ᵕ- 3 ─ ─  3.3.2 - 29 

3.3.2. ᵕ- 4 ◄Ⱡꜟ◑כ ─ 32 × 32[pixel]( )⁸

◓fi▫♦כ▼◦ 32 × 32[pixel]( fi▫♦כ▼◦⁸(

◓ 32 × 32[pixel] ( )  

3.3.2 - 29 

3.3.2. ᵕ- 5 Cd ≤ Plate ─ ☻Ɑ◒♩ꜟ 3.3.2 - 29 

3.3.2. ᵕ- 6 ─☻Ɑ◒♩ꜟ 3.3.2 - 30 

3.3.2. ᵕ- 7 Plate ≤ Spot ─☻Ɑ◒♩ꜟ 3.3.2 - 30 

3.3.2. ᵕ- 8 In ─ ≢ ⇔√ ─  

32× 32[pixel]( ) ⁸ ◓fi▫♦כ▼◦ 32 × 

32[pixel] ( ) ◓fi▫♦כ▼◦⁸ 32 × 

32[pixel] ( )  

3.3.2 - 30 

3.3.2. ᵕ- 9 ≢ ⇔ √ ─ 32 × 

32[pixel]( ) ⁸ ◦ ▼ כ ♦ ▫ fi ◓ 32 × 

32[pixel]( ) ⁸ ◓fi▫♦כ▼◦ 32 × 

32[pixel] ( )  

3.3.2 - 31 

3.3.2. ᵕ- 10 In ─ ⌐⅔↑╢ ─  

320 × 320[pixel]  

3.3.2 - 31 

3.3.2. ᵕ- 11 ─ In ─ ≤ ─  3.3.2 - 32 

3.3.2. ᵕ- 12 In ─◘▬☼≤FWHM ─  3.3.2 - 32 

3.3.2. ᵕ- 13 ⌐⅔↑╢ ─ 320 × 

320[pixel]  

3.3.2 - 33 

3.3.3 - 1 ◖fi♩꜡כꜟ  3.3.3 - 2 

3.3.3 - 2 ⅝ ─◖fi♩꜡כꜟ  3.3.3 - 2 

3.3.3 - 3 ♁ⱨ♩GUI ─  3.3.3 - 3 

 

 

  

 



 

 

xiv  

 

 

  

꜠ⱬꜟ ─ ╩ ⇔≈≈ ⌂◄Ⱡꜟ◑כ ╩ ╢

◦☻♥ⱶ≤⇔≡⁸ ◦☻♥ⱶ⌐⅔↑╢ MA TRU ─ ⅜ ↕╣≡™╢⁹₈

─ ─√╘─ ─ ₉ ⁸ │⁸MA TRU

─ ─√╘⌐⁸Ɽꜟ☻ ה X ╩ ™√ ⌂ ◦☻♥

ⱶ╩ ⇔⁸∕─ ╩ ∆╢↓≤╩ ≤⇔√ ⅛ ─ ⱪ꜡☺▼◒♩≢№╢⁹

│⁸(1) ה ─ ⁸(2) ─ ה ─ ⁸

(3) ◦☻♥ⱶ─ ⁸ ┘⌐⁸(4) ⌐ ≠ↄ ◦☻♥ⱶ─ ≢№╢⁹↓

╣⌐ ⅎ≡(5) ≤⇔≡⁸ ⅜ ╩ ╡⌂⅜╠ ╩ ⇔√⁹ ≢│

⌐ ╘╠╣√ 10  ─ MA TRU Ⱨfi╩ ≤⇔≡⁸Ɽꜟ☻ ┘ X

╩ ™≡⁸ ⁸ ⁸ ─ ╩ ⁸ ∆╢ ⌂

◦☻♥ⱶ╩ ⇔⁸∕─ ╩ ∆╢↓≤╩ ≤⇔√⁹Ɽꜟ☻ ╩ ™√
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1.  │∂╘⌐ 

 

≤∕╣⌐ ℮ ─ ╩ ↑⁸ ◦☻♥ⱶ│⁸

⌂◄Ⱡꜟ◑כ ⌐ ⅎ≡⁸ ⅛╠ ∆╢ ꜠ⱬꜟ ⌐╟╢

╩ ⇔⁸ ⌂ ╩ ∆╢◦☻♥ⱶ≢№╢↓≤⅜ ╘╠╣≡™╢[1] ⁹∕─╟℮

⌂ ⌐ ⅎ╢◦♫ꜞ○─ ≈≤⇔≡⁸ⱴ▬♫כ▪◒♅♬♪ MA ╩ ↄ ⇔⁸ ─

┘ ─ ╩ ╢↓≤⅜≢⅝╢₈MA TRU ╩ ™√ ◦☻♥ⱶ₉[2] ⅜

↕╣≡™╢⁹ ≢│⁸Pu⌐ MA⅜ ∆╢↓≤⌐╟╡⁸ ╩ ↕∑╢

≤™℮ ╙№╢⁹≤↓╤⅜ 5  ─ MA ⅜ ↕╣≡™╢ TRU ⌐⅔™≡│⁸

⌐╟╢ │ ─ 7 ─ 18 W/kgHM⁸ ─ │ ─ 100 ⌐⌂

╢≤ ↕╣≡⅔╡[3] ⁸ ─ ⁸ ⁸ ⁸ ─ ⱪ꜡☿☻⌐⅔™≡⁸ ⌂

≤ ™ ⌐⅔↑╢ ─ ⅜ ≤⌂╢⁹╕√⁸ ─ ⌐⅔™≡│⁸

≈ ≢ Pu╩ ∆╢ ⅜ ╘╠╣╢⁹ ─ MOX ⌐ ⇔≡│⁸Pu⅛╠─

╩ ∆╢ ⅜ ↕╣≡™╢⅜⁸MA TRU ≢│ ∆╢ MA≢№╢ Cm⅛

╠─ ⅜ Pu⌐ ═≡ 100 ™√╘⁸ ─ │ ⇔ↄ⁸ ≢

Pu ╩ ∆╢ √⌂ ─ ⅜ ≢≤⌂╢⁹╕√⁸ ─ ─┤╢╕™╩ ∆╢↓

≤⅜ ─ ⌐ ≢№╢↓≤⅛╠⁸ ─♃כ♦ ⅜ ╘╠╣╢⁹

│ ≤ ─ ≈⌐ ↕╣╢⁹ ≢│ ─ ⁸ ⌐ ∆

≡™≈⌐♃כ♦╢ ⌂ ⅜ ≢№╢⅜⁸ ⌐ ╩ ⌐ ⇔⁸ ⌐╟

╢ ─ ╩ ⌐ ∆╢⌐│⁸ ⌐╟╢ ⅜ ≢№╢⁹ ↕

╣≡™╢ ≤⇔≡│⁸ ⁸ ⁸ ⁸●fiⱴ☻◐ꜗfi♬fi◓

⅜№╢⅜⁸ Ɑ꜠♇♩ ─◒ꜝ♇◒─ ─ ⁸Pu⁸MA─ ─ ⁸MA─

─ ╩ ℮√╘⌐│⁸ ⌐ ⌂ ⅜ ≢№╢⁹ 

╩☼כ♬⌂℮╟─↓ ↑≡⁸ ≢│ ⌐ ╘╠╣√ 10 ─ MA TRU

Ⱨfi╩ ≤⇔≡⁸ ⁸ ⁸ ─ ╩ ⁸ ∆╢ ⌂

◦☻♥ⱶ╩ ⇔⁸∕─ ╩ ∆╢↓≤╩ ≤⇔√⁹ⱪ꜡כⱩ≤⇔≡│Ɽꜟ

☻ ≤ X ╩ ∆╢⁹ 

⌐ ∆╢ ─ ≤ │⁸ ─≤⅔╡≢№╢⁹ ≢│⁸

TRU ─ ה ≤⇔≡⁸ ⁸JAEA ─

כ◙כ꜠│⅜ ⌐╟╢ ╩ ⇔⁸U, Pu ─ ⌐ ⇔≡ ┘

─ ╩ ⅎ╢↓≤╩ ⇔≡™╢[4] ⁹↓╣│ ─ ≤⇔≡ ⌐ ╣√

≢№╢⅜⁸ ─ ┘ ─ ╩ ∆╢↓≤│ ⇔™≤™ⅎ╢⁹

╕√⁸ ⌐ ↕╣√ Ⱨfi⌐ ∆╢ ─כ◙כ꜠⁸╙≡™≈⌐ ⌐╟∫

≡ ⅜ ↕╣╢⁹ ⁸ ╩ⱪ꜡כⱩ≤⇔√ ≤⇔≡⁸ ─

◄Ⱡꜟ◑כ╩ ∫√ ⅜ ⌐ ↕╣╢ ╩ ⇔√ ⅜ ↕╣

≡™╢⁹Ɽꜟ☻ ╩ ™╢↓≤⌐╟∫≡⁸ ─◄Ⱡꜟ◑כ╩ TOF

⌐╟∫≡ ⇔⁸ ╛ ⅛╠─ ●fiⱴ ─ ⅛╠ ╩

∆╢ ≤⇔≡ [5,6] ┘ [7,8] ⌐ ∆╢ ⅜№╢⁹╕√⁸

╩ ⇔√ ╩ ≈ ⌂ ♦Ᵽ▬☻╩ ™≡ ⇔⁸



 

 

1- 2 

 

╩ ≤⇔√╙─╩ ◄Ⱡꜟ◑כ⌐ ∆╢♃▬Ⱶfi◓≢ ∆╢↓≤⌐╟∫

≡ ℮ ▬ⱷכ☺fi◓ ⌐≈™≡│⁸JAEA─ ≡∫╟⌐ⱪכꜟ◓─╠ ⅜

⌂↕╣≡™╢[9] ⁹ ╩ ⇔√ ▬ⱷכ☺fi◓≢│⁸ ─ ∞↑≢⌂

ↄ⁸♪♇ⱪꜝ ⌐╟╢ ─ ⅜╡╩ ∆╢↓≤⌐╟∫≡⁸ ─ ╩ ∆╢↓≤

⅜≢⅝╢⁹↓─↓≤│⁸ ─ ╠⅜ 17 19 ⌐⅛↑≡ ∫√ ◦

☻♥ⱶ ₈ ⌐╟╢MOX Ɑ꜠♇♩ ─ ₉⌐⅔™

≡ ─ ⇔⅜ ↕╣≡™╢[10] ⁹ 

↓─╟℮⌐Ɽꜟ☻ ╩ ™√ ┘ ─ │⁸ ⌐╟∫≡

⇔⅜ ╠╣≡™╢╙──⁸ ╩ MA─ ⇔√ ⌐ ⇔√ │↓╣╕≢⌐⌂

ↄ⁸MA TRU ─ ⌐ ⇔╟℮≤∆╢ ⁸ ⌐ →╢╟℮⌂ ─

⅜ ⅎ╠╣╢⁹ 

 

ᵑ ⌐ ╕╣╢ ⅜ ™⁹ 

ᵒ ⅜ ™ ╩ ⇔≡™╢⁹ 

ᵓ ⅜ ⌐ ╘╠╣≡™╢↓≤╙ ↕╣╢⁹ 

ᵔ ─ 400 ɡm ─◘▬☼─ⱪꜟ♩♬►ⱶ☻ⱳ♇♩╩ ∆╢ ⅜№╢⁹ 

ᵕ ⌐⌐ ─ ╩ ↓↕⌂™ ⅜ ∆╢ ⅜№╢⁹ 

 

ᵑ⁸ᵒ⌐ ∆╢ ≤⇔≡⁸ ─ ≢№╢ ⱪ⅜⁸כꜟ◓─╠

≤ ╩ ↕∑√₈Self - indication ₉╩ ⇔≡™╢[11] ⁹Self -

indica tion ≤│⁸ ⌐◖ꜞⱷכ♩⇔√ ⱦכⱶ⌐ ⇔⁸ ─ ⌐

⅛╠ ╢ ─ indicator ╩ ⇔⁸indicator ⅛╠─ ●fiⱴ ╩ꜞ▪ꜟ♃▬ⱶ⌐ ∆

╢↓≤⌐╟∫≡⁸ ⌐ ─◄Ⱡꜟ◑כ ╩ ∆╢ ≢№╢⁹ ╩ ∆

╢↓≤⌐╟╡⁸ ─ ◄Ⱡꜟ◑כ⌐⅔↑╢ ╩ ≢ ≤⌂╢√

╘⁸ ─ ⌐ ═ ⱡ▬☼ ⅜ ∆╢↓≤≤⁸ ⅛╠─ ●fiⱴ ─

╩ ↑╢↓≤⌂ↄ indicator ⅛╠─ ●fiⱴ ╩ ≢⅝╢↓≤⅜ ≢ ≢№

╢ 

≈─ ─√╘⌐ ≢│ ─ ╩ →╢⁹ 

ᵑ⁸ᵒ⌐ ⇔≡│⁸Self - indication ⌐⅔™≡⁸ ─ ╩ ≈ ⌐

∆╢ ╩ ⇔⁸ ─ ╩ ↕∑╢⁹ 1   

ᵓ⌐ ⇔≡│⁸ ◄Ⱡꜟ◑כ ⅔⅔╟∕ 1 eV 500 eV ⌐ ⇔≡ ™ ╩ ⇔⁸

≈⁸ ─ ™▬ⱷכ☺fi◓ ⁸ ה ▬ⱷכ☺fi◓

≤™℮ ╩ ∆╢⁹↓╣⌐╟╡⁸№╢ ─ ↕─ ⌐ ╘╠╣√ ⌐ ⇔≡╙⁸

™ ╩ ∆╢ ◄Ⱡꜟ◑כ ⌐╟╢ ╩ ≤∆╢⁹ ↕ 

5cm  

ᵔ⌐ ⇔≡│⁸ ⱦכⱶ─ L/D╩ ↕∑╢≤≤╙⌐⁸ ─ ╣√▬ⱷכ☺

fi◓ ⁸ ▬ⱷכ☺fi◓ ≤™℮ ╩ ™╢↓≤⌐╟∫≡⁸

↕╣√ ╩ √∆↓≤╩ ∆╢⁹  400 ɡm  

ᵕ⌐ ⇔≡│⁸X ▬ⱷכ☺fi◓╙ ⌐ ™╢↓≤⌐╟╡⁸ ╩ ↕∑╢⁹ 



 

 

1- 3 

 

≢ ⇔√ ╩ ≢⅝╣┌⁸ ─ ≢│ ╠╣⌂⅛∫√

─ ה ⌂ ╩ ≢ ╠╣╢╟℮⌐⌂╡⁸ ⌂ ⅛╠─

╩ ≢⅝╢⁹∕─ ⁸ ─ ╩ ⇔⁸ ◦☻♥ⱶ─

⌐ ∆╢↓≤⅜≢⅝╢⁹╕√⁸ ↕╣╢ │⁸ ≢

⇔√ ♦Ⱪꜞ ─ ⁸ ⌐╙ ≢⅝╢√╘⁸ ─

┼─ ╙ ≢⅝╢⁹ ─ ≢№╣┌⁸ ☻כ▪ה▪꜠─ ─

┼─ ╛ ◓Ⱨfiכ♪─┼ ─ ─ ┼─ ⅜ ≢⅝╢⁹

⌐⁸ ⌐⁸ⱳ☻♪◒ ─≡⇔≥♩fi♃☻◦▪♅כ◘ꜞ┘ ⅜ ∆╢↓≤⌐╟╡⁸

⌂╢ ⌐⅔↑╢ ─ ⌐ ╣⌂⅜╠ ╩ ∆╢↓≤⅜ ↕╣╢√╘⁸

─ ╩ ⅎ╢ ╙ ⅝™≤™ⅎ╢⁹╕√⁸ ⌐⅔↑╢◦☻♥ⱶ─

◒♇♥ꜟכ▪⌐╘√─ ⅜ ≤⇔≡ ∆╢√╘⁸ ⌐☼כ♬─ ∫√ ◦☻♥

ⱶ─ ╩ ⇔≡⁸ ≤⇔≡ ⌐ ∆╢ ─ ≤ ≠ↄ╡─ ─ ⅜

≢⅝╢⁹ 

 

 

 

[1] ◄Ⱡꜟ◑כ 7  1₈ ─ ⌐≈™

≡₉⁸p.45⁸ 25 10 ⁸ ◄Ⱡꜟ◑כ  

ה [2] ה  ⁸ ╙╪∂╜

12 1₈╙╪∂╜ ₉⁸ 25 9 25  

[3] ─ ₈ ◘▬◒ꜟ FBR◘▬◒ꜟ ₉⁸ 19 9 10 14 ⁸

⁸ .  

[4] 17 21 ◦☻♥ⱶ ₈ TRU ─ ה

₉  

[5] R. A. Schrack et al., IEEE Trans. Nucl. Sci., NS - 28, 1640- 1643 (1981).  

[6] J. W. Behrens et al., Nucl. Technol., 67, 162 - 168 (1984).  

[7] Y. Kiyanagi et al., J. Nucl. Sci. Technol., 42, 3, 263- 266 (2005).  

[8] A. Pietropaolo et al., Applied Spe ctroscopy, 64, 9, 1068 - 1071 (2010).  

[9] T. Kai et al., Nucl. Instrum. Methods, A 651, 1 26- 130 (2011).  

[10] 17 19 ◦☻♥ⱶ ₈ ⌐╟╢MOX

Ɑ꜠♇♩ ─ ₉  

[11] J. Hori et al., Proc. Int. Sym. on Nuclear Back - end Issues and the Role of 

Nuclear Transmutation Technology after the accident of TEPCOΐs Fukushima Daiichi 

Nuclear Power Stations, Kyoto, Nov. 28, 2013. (to be published).  

 

 

 

 

 



 

 

2.1- 1 

 

2  

2.1  

≢│⁸ TRU ⌐ ∆╢ ─ ╩ ⇔⁸

─ ה ⌂ ╩ ≢ ⇔⁸ ⌐⅔↑╢ ─ ╩

≤∆╢ ⌂ ╩ ∆╢≤ ⌐⁸ ─ ┼─ ─ ╩ ℮

↓≤╩ ≤∆╢⁹ ⌐⁸ ─ ─ ꜟכꜙ☺◔☻─⧵≥ ┘⌐⁸↓╣╠

╩ ∆╢√╘─ ╩ ∆⁹ 

 

(1) ה  ─  

≢│⁸₈ ₉⁸₈Self - indication ⌐╟╢ ─ ₉⁸

┘⌐₈Ɽꜟ☻ ▬ⱷכ☺fi◓ ─ ₉─ 3 ╩ ∆╢⁹ 

₈ ₉≢│⁸ ╩ ╡ ⅎ╢ ─Ɽꜟ☻ ≢

№╢ ⁸ ꜝ▬♫♇◒≤™℮ ⌐⅔™≡⁸

─ ™ 10eV ─ ╩ ↄ ↕∑╢√╘─ ⁸ ┘⁸L/D

─ ╣√ⱦכⱶꜝ▬fi─ ╩⁸ ⅜ ─ ╩ ≡ ∆╢⁹ 

₈Self - indication ⌐╟╢ ─ ₉│⁸ ╩ ⇔√

⅜ ∆╢⁹ ─ ─ ╩ ≈ ⌐ ∆╢ ╩ ⇔⁸

─ ╩ ℮⁹ 

₈Ɽꜟ☻ ▬ⱷכ☺fi◓ ─ ◒♇♥ꜟכ▪⁸│₉ ⅜⁸ ⁸

─ ╩ ≡ ∆╢⁹ ⌐ ╘╠╣√ ─ ╩ ℮√╘⌐⁸ⱪꜝ☻♅♇

◒◦fi♅꜠כ♃≤ⱴꜟ♅ⱨ◊♩ⱴꜟ⅛╠ ╢ ה ▬ⱷכ☺fi◓

─ ╩ ℮⁹│∂╘⌐ⱪ꜡♩♃▬ⱪ─ ╩ ™≡ ─ 45 MeV

⁸ ꜝ▬♫♇◒≤™℮ ⌐≡ ╩ ™⁸ ╠╣√ ⌐ ≠™≡ ⇔√

╩ ꜝ▬♫♇◒⌐ ⇔⁸ ╩ ™√ ▬ⱷכ☺fi◓─

╩ ∆╢⁹ ꜝ▬♫♇◒│ ⌐ ⅜ ↕╣≡⅔╡⁸ⱪ꜡♩♃▬ⱪ─ ╩

⇔≡ ℮─⌐ ⇔≡™╢⁹ ꜝ▬♫♇◒│ ⅜ ≢⅝╢ ⌂─≢⁸

╩ ⇔√ ≢№╣┌ ─ ╩ ℮─⌐ ⇔≡™╢⁹ 

 

(2)  ─ ה ─  

 ≢│⁸₈ Xה ▬ⱷכ☺fi◓⌐╟╢ ₉₈♪♇ⱪꜝ ╩ ⇔√

₉─ 2 ╩ ∆╢⁹ 

 ₈ Xה ▬ⱷכ☺fi◓⌐╟╢ ₉│⁸ ▬ⱷכ☺fi◓≢│ ⇔⅝╣⌂

™ ╩ X ▬ⱷכ☺fi◓⌐╟╡ ∆╢↓≤⌐╟∫≡⁸▬ⱷכ☺─ ╩ ↕∑╢

↓≤╩ ╖╢⁹ ≢│⁸ ─ ≤ ⌐ ™ ≈ ◄Ⱡ

─כ◑ꜟ X ⅜ ∆╢─≢⁸ ≈─ ⅛╠ ≤ X ≤™℮ ⌂╢ ⅜

∆╢≤™℮ ╩ ⅛⇔√ ╡ ╖≢№╢⁹ │ ◄Ⱡꜟ◑כ ⁸▪

◒♇♥ꜟכ ─ ╩ ≡⁸CT ╩ ↕∑√ ┘ X ▬ⱷכ☺fi◓ ─

≤⁸ ─ ─ ╩ ℮⁹ │ ▬ⱷכ☺fi

◓ ╩ ⇔⁸ ꜝ▬♫♇◒ ⌐⅔↑╢ ⌐ ∆╢ ╩ ℮⁹ 



 

 

2.1- 2 

 

₈♪♇ⱪꜝ ╩ ⇔√ ₉≢│⁸ ⁸ ─☺כ♥☻ ╩ ™⁸

─Ɑ꜠♇♩ ─ ⌐ ∆╢ ─ ╩ ℮⁹ ⌐│

⅜ ⇔√ CT ◒♇♥ꜟכ▪≥ ⅜ ⇔√ ה

▬ⱷכ☺fi◓ ╩ ╖ ╦∑≡⁸ ─ ╩ ⇔⁸ ╩ ∆╢⁹

│ ⅜ ─ ╩ ≡ ∆╢⁹ 

 

(3)  ◦☻♥ⱶ─  

   ≢│⁸₈ ◦☻♥ⱶ─ ♃כ♦₉₈ ה ♃כ♦ ─

₉ ┘₈ ◦☻♥ⱶ─ ₉─ 3 ╩ ∆╢⁹ 

₈ ◦☻♥ⱶ─ ₉│⁸ ◄Ⱡꜟ◑כ ◒♇♥ꜟכ▪⁸≥ ⅜

∆╢⁹ ≤╙↓╣╕≢⌐ 2 ◦☻♥ⱶ╛ ▬ⱷכ☺fi◓ ─ ╩

↑√ ⌂ ≤ ⅜№╡⁸∕╣╩ ⌐ ⌐ ↕╣√ ◦☻♥ⱶ╩ ∆╢⁹ 

♃כ♦₈ ה ♃כ♦ ─ ₉│⁸ ▬ⱷכ☺fi◓

─ ┘ ה ▬ⱷכ☺fi◓ ─ 2 ⱴ♇Ⱨfi◓╩

℮√╘─ⱴꜟ♅ⱨ◊♩ⱴꜟ ─ ╩⁸ ◒♇♥ꜟכ▪⅜ ─

╩ ≡ ∆╢⁹ ꜝ▬♫♇◒ ▬ⱷכ☺fi◓ ─ⱴꜟ♅ⱨ◊♩ⱴꜟ─ │

◄Ⱡꜟ◑כ ⅜ ⇔⁸ ╠╣√ ╩ ≢№╢ ┘▪

◒♇♥ꜟכ ≤ ∆╢↓≤≢⁸ ╩ ╢⁹ 

₈ ◦☻♥ⱶ─ ₉│⁸ ◒♇♥ꜟכ▪⅜ ⁸ ─ ╩ ≡

◒♇♥ꜟכ▪⁹╢∆ ≤ ─ │⁸ ─ ꜚ♬♇♩╩

⇔≡ ⌐◦☻♥ⱶ ∆╢↓≤⌐ ⇔≡ ⌂ ≤ ╩ ∆╢√╘⁸ ─ ⌐

№√╡ ⌂ ╩ ╢↓≤⅜≢⅝╢⁹ 

  ≢│⁸ ╩ⱪ꜡♩♃▬ⱪ─ ⁸ ⁸ ─ ⁸ ≤™℮ ╣

≢ ⇔≡™ↄ⅜⁸∕─ ⌐ ╦∑≡◦☻♥ⱶ─ ╩ ╢ ─ │ ⌐

≢№╢⁹ ∞↑╩ ╖ ╦∑√∞↑≢│ ─fi꞉fi▬ꜟכ○™⌂⅝≢ ◦

☻♥ⱶ╩ ∆╢ ⅜ ─ ≢№╢⁹ 

 

(4)  ⌐ ≠ↄ ◦☻♥ⱶ─  

≢│⁸ ─ ╩ ℮ ≢ ⌂ ─ ╩ ⇔⁸

⌐ ⌂ ┘ ─ ה ⌐≈™≡ ╩ ℮⁹ ⌐│⁸

ה ⇔√ №╢™│ ╩ ™√⁸ ╩ ™⁸ ⇔√ ◦☻

♥ⱶ─ ╩ ℮⁹ │ ⅜⁸ ─ ≡─ ─ ╩ ≡

⇔⁸ │ ⅜ ╡ ╘╢⁹ 

  

(5)   

─ ≢ ⌐⅔↑╢ ┘ ╩ ⌐⇔≡ ╩ ╘╢√╘

⌐⁸ ┘ ╩ ∆╢⁹ 
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─ ╩ 2.1- 1⌐ ∆⁹ ⁸ ─ ╛ ⌐ ⌂ √⌂

╩ ⌐ⱨ▫כ♪Ᵽ♇◒⇔√ ⁸ ⌂ │ 2.1- 2─ ⌐⌂∫√⁹ 
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⌐⁸ ─ ╩ ∆⁹ 
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3.1. 1- 1 

 

3.  ─ ┘  

ה 3.1  ─ H26 H29  

  3.1. 1  

   (1)  H26 H29  

 

ᵑ  

≢│ 10eV ─ ╩ ╟ↄ ∆╢↓≤⅜ ⌂ ─

┘ ─√╘⌐ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™≡∕╣╠─ ╩ ℮↓

≤╩ ≤⇔√⁹ 26 │ ─ ⁸ 27 │ ◕כ♃

♇♩─ ─√╘─ ╩ ⇔√⁹╕√⁸ 27 28 ⌐

◖ꜞⱷכ♃ ─ ╩ ™⁸∕─ ╩ ꜝ▬♫♇◒─ ⌐

⇔√⁹ 29 │ ─Ᵽ♇◒◓ꜝfi♪≤⌂╢●fiⱴ ─ ≤ ⇔√Ɽ

ꜟ☻ ─ ╩ ⇔√⁹ 

 

ᵒ ♃כ◕♇♩≤ H26  

≤⇔≡│⁸ ⅜ ™ ⅜ ⇔≡⅔╡⁸ ╛ ╟╡

⅜ ™ⱳꜞ◄♅꜠fi⅜ ↄ ™╠╣≡™╢⁹ ≢│ ↕╩ ≢ ⅎ╢↓≤⁸

╩ ⇔≢╙ →√™≤™℮↓≤⁸╕√ ─ ╡ ⅎ╙ ≤∆╢↓≤⌂≥⅛╠ⱳ

ꜞ◄♅꜠fi╩ ∆╢↓≤⌐⇔√⁹ fi♃ꜟ⁸♃│≡⇔≥♩♇◕כ♃ ⁸♃fi◓

☻♥fi≤™∫√ ⅜ ╦╣╢⁹ 

≥♩♇◕כ♃ ─ ⌐≈™≡ ⇔√⁹ ꜝ▬♫♇◒≢│⁸ ⱦכ

ⱶ╩ ⱦכⱶ─ ⌐ ⇔≡ 135 ─ ⌐ ⅝ ∆ ⌐⌂∫≡™╢⁹↓─ ⁸

─ ╩≥℮≤╢─⅜ ⅛≤™℮↓≤⅜ ≤⌂╢⁹╕∏⁸ ⅛╠─

╡ ⇔ ⌐╟∫≡ ⅜≥℮ ∆╢⅛╩ ═√⁹ ─♪כ◖

PHITS[1] ≢◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∫√⁹ ⇔√ │♃כ♦ JENDL- 4.0 ≢№╢⁹

╩ 3.1.1.(1). ᵒ- 1 ⌐ ∆⁹ │ 2cm─ⱳꜞ◄♅꜠fi≢№╢⁹ ⇔

ɝ⌐ ╦∑≡ⱦכⱶ ─ ⅝╙ ↕∑≡™╢⁹ ╡ ⇔ ⅜ ⅝ↄ⌂╢⌐ ∫≡ ◄Ⱡ

כ◑ꜟ ⅜ ⇔⁸ ⅜ ⅎ╢↓≤⅜ ↕╣√⁹↓╣│ ⌐

⅜ ↄ⌂∫≡ ⅎ╢√╘≤ ⅎ╠╣╢⁹ 3.1.1.(1). ᵒ- 2 ╡ ⇔ 0 ─ ─

╩ ≤⇔√≤⅝─ ⌐ ∆╢ ≢№╢⁹ ◄Ⱡꜟ◑כ │ 500 

eV≢№╢⁹45 ≢│ 0 ⌐ ═≡ 30 %─ ≢№╢↓≤⅜ ⅛∫√⁹ ╡ ⇔

╩ ⅝ↄ∆╢↓≤⌐╟∫≡ ⅜ ∆╢ ⅜№╢─≢⁸ ─ ⌐

⅜№╢ ⅜№╢⁹∕↓≢⁸ 3.1.1.(1). ᵒ- 3 ∆╟℮⌂ ⌐≈™≡⁸ ╩

╩ ∫≡ ⇔√ ─ ╩ ═√⁹ ɋ⌐╟╢ ☻Ɑ◒♩ꜟ

│№╕╡ ⅛∫√⁹ 0 ⌐ ∆╢ ╩ 3.1.1.(1). ᵒ- 4 ⌐ ∆⁹

⅜ ⅝ↄ⌂╢⌐ ∫≡ ⅜ ∆╢ ⅜ ╠╣─≢⁸ │ ╩╙√⌂™≢⁸≢

⅝╢∞↑ ⌐ ↕∑╢ ⅜ ™↓≤⅜ ⅛∫√⁹ 

 

 



 

 

3.1. 1- 2 

 

ᵓ ♃כ◕♇♩─ H27  

≢│ ⌐ ╩ ≡⇔≥♩♇◕כ♃ ♇◕כ♃⁹╢™

♩ ─ ⁸◘▬☼─ ⌐≈™≡◦Ⱶꜙ꜠כ◦ꜛfi ⌐╟∫≡ ⇔√⁹ 

♩♇◕כ♃ ─ ≤⇔≡ Pb ⁸♃fi♃ꜟ Ta ⁸♃fi◓☻♥fi W ╩

≤⇔≡ ⅎ√⁹♃כ◕♇♩ ⅛╠─ ╩ ═√⁹ 3.1.1.(1). ᵓ- 1 ⌐

╩ ∆⁹XY ⌐ ⱦכⱶ⅜ ∆╢⁹ ⱦכⱶ│◄Ⱡꜟ◑כ⅜ 40 MeV⁸ⱦכⱶ

│ 10 mm≢№╢⁹♃כ◕♇♩─ ↕ Z╩ 6 cm ≤⇔⁸X,Y╩Ɽꜝⱷכ♃≤⇔≡ ⇔√⁹

3.1.1.(1). ᵓ- 2 ♩♇◕כ♃│ ⅛╠─ ≢№╢⁹back ≈╕╡ ⅛╠─

⅜╒⅛─ ⌐ ═≡ ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹up, down, right, left ─

│ ⌐ ∂ ⌐⌂╢│∏≢№╢⅜⁸◦Ⱶꜙ꜠כ◦ꜛfi≢╙∕─╟℮⌐⌂∫≡™╢⁹

2- 4 cm ≢ ≤⌂∫≡™╢⁹f orward │ ⱦכⱶ⅜ ↑≡ ↄ ≢№╢⅜⁸

⅜ ⅝ↄ⌂╢⌐ ∫≡ ⅜ ⅎ≡™╢⁹↓╣│⁸ ⅛╠─ ─ ↑⅜ ╢

─≤ ⇔≡™╢⁹ ⌐⁸X,Y=5 cm ⌐⅔↑╢ ↕ Z ⌐ ∆╢ ╙ ═√⅜⁸

≥─ ⌐⅔™≡╙ Z=3 cm │ ⅜╒╓ ⇔≡™√⁹ 

⅜ ™ ⌐W⁸Ta⁸Pb≤™℮ ⌐⌂∫√⁹Ta≤ W╩ ∆╢≤⁸W─ ⅜

25  ⅜ ™⁹⇔⅛⇔⁸ ≢ ≤─ ⅜ ⌐ ↄ⁸∕╣⅜ ⌐ ⅜╢

╣⅜№╢⁹ ⌐│ Ta╟╡ ⇔ ╣≡™╢⅜ ╙ ⇔≡ Ta─ ⅜ ™

≤ ⇔√⁹ 

 

ᵔ ◖ꜞⱷכ♃ H27 28  

◖ꜞⱷכ♃ ─◦Ⱶꜙ꜠כ◦ꜛfi ⌐♩♇◕כ♃⁸│≢ ╩ ↕∑≡ ↕∑

√ fiⱴ●ה ╩ ⇔≡⁸∕─ ╩◖ꜞⱷכ♃ ≢ ∆╢⌐│⁸ ⌂

─ ╩ ↕∑╢ ⅜№╡⁸ ⌐♩♇◕כ♃⁸╘√─⧵⁹╢⅞∆╡⅛⅛⅜

╩ ♩♇◕כ♃≡∑↕ כ◑ꜟⱠ◄≡⇔≥כꜞ♃╩ ╩ ⇔⁸∕─◄Ⱡꜟ

כ◑ ╩ ♩♇◕כ♃≡⇔≥ ⅛╠ ↕∑╢↓≤⌐⇔√⁹ 

◦Ⱶꜙ꜠כ◦ꜛfi╩ ™ ⌂ ╩ ∫√ ⁸◖fi◒ꜞכ♩ ─ ⌐≈™

≡│⁸ ⁸●fiⱴ ⅜ ⅛╠ ┼ ╡ ╗√╘⁸ ≢─◖ꜞⱷכ◦ꜛ

fi⅜ ≢№╢↓≤⅜ ⅛∫√⁹∕╣≢⁸◖fi◒ꜞכ♩ ╩ √≤↓╤⌐◖ꜞⱷכ♃╩

⇔√⅜⁸ ┼─ ⅜ ™√╘⁸◖fi◒ꜞכ♩ ┼ ∆╢↓≤≤⇔√⁹╕√⁸

─◖ꜞⱷ⁸│≢↑∞♃כ∕↓⅛╠ⱦכⱶ⅜ ⅜∫≡⇔╕℮√╘⁸ ≢₈◖ꜞⱷ

⅜ⱶכⱦ√╣↕♩כ ⌂ ⌐│ ⌐╙◖ꜞⱷכ♃╩ ⇔⌂↑╣┌⌂╠⌂™

↓≤⅜ ⅛∫√⁹∕─√╘⁸ ─ ⌐ PE- B Ⱳ꜡fi ╡ⱳꜞ◄♅꜠fi ≤ Pb─

◖ꜞⱷכ♃╩ ⇔√⁹◖ꜞⱷכ♃─ ╩ 3.1.1.(1). ᵔ- 1 ⌐ ∆⁹PE│ⱳꜞ◄♅꜠

fi≢№╢⁹ 

3.1.1.(1). ᵔ- 2(a) ⌐ ─ XZ ⁸(b) ⌐●fiⱴ ─ XZ ♩♇◕כ♃)

●fiⱴ )╩ ∆⁹◖fi◒ꜞכ♩ ╩ √≤↓╤≢ fiⱴ●ה ⅜ ↕╣

≡™╢⅜⁸∕╣ │⁸ ∆←⌐ ≤⇔≡ ⌐ ∆╢╟℮⌐⌂∫≡™╢⁹╕

√ ⌐ ↕╣√◖ꜞⱷ⁸⌐╘√─♃כ ⱶכfiⱴ≤╙⌐⁸ⱦ●ה ⅜ ╠╣

≡™╢⁹ 



 

 

3.1. 1- 3 

 

ᵕ ●fiⱴ ─ (H29)  

Ta ⌐♩♇◕כ♃ ⱦכⱶ╩ ⇔ ╩ ↕∑╢ ⌐⁸ ⌐●fiⱴ╙ ∆

╢⁹●fiⱴ─ ⅜ ⅎ╢↓≤⌐╟╡⁸ ⅜ ╩ ↑≡⇔╕℮↓≤⅜№╢⁹╟∫≡⁸

●fiⱴ─ ⌐≈™≡─ ╩ ⅎ╢√╘⌐⁸◦Ⱶꜙ꜠כ◦ꜛfi ╩ PHITS ver2.82 ╩

⇔≡ ∫√⁹ ⇔√ │♃כ♦ JENDL- 4.0 ≢№╢⁹ 

↓↓≢◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ∆⁹ ⱦכⱶ╩ Ta ⌐♩♇◕כ♃ כ♃⁸≡⇔

◕♇♩ ⅛╠─ ⁸●fiⱴ─◄Ⱡꜟ◑כ ⁹╢∆כꜞ♃╩ ₁─◄Ⱡꜟ◑כ

╩ ♩♇◕כ♃⁸≡⇔ ⅛╠ ⸗♃כⱷꜞ◖⁸≡⇔≥☻כ♁fiⱴ●⁸☻כ♁

♦ꜟ⌐ ∆╢⁹ ≢─ ─ ≢№╢ Z=1195 cm ─ ⌐ T- cross ─ כꜞ♃

╩ ⇔≡⁸ ─◄Ⱡꜟ◑כ )╢∆כꜞ♃╩ 3.1.1.(1). ᵕ- 1)⁹ 

Pb ╩ ≤⇔≡ ─ ⌐ ∆╢↓≤⌐╟╡⁸ ╩ ↄ ⇔⌂⅜╠⁸

⌐●fiⱴ╩ ╠∆↓≤─≢⅝╢ Pb ─ ⁸ ╩ ⅎ╢⁹ 

 

1)  ◖ꜞⱷכ♃ ⌐ Pb ╩ ⇔√  

3.1.1.(1). ᵕ- 2 ⌐ ⇔√◖ꜞⱷכ♃⸗♦ꜟ╩ ╩♩♇◕כ♃⁹∆ ╖⌂™

♃כⱷꜞ◖≥♃כ꜠♦⸗⁸⌐℮╟ ╡ ─ Z=65 cm⌐ Pb ╩ ⇔√ ╩

≤⇔√⁹Pb ─◘▬☼│ɫ5 cm ×20 cm ≢№╢⁹↓╣≤⁸ ⌐ ⇔≢⅝╢

⌐ ∆╢ ╩ ⇔√⁹ ⌐⁸ ╩☻כ♁ ⇔≡ 3.1.1.(1). ᵕ- 3

─ Pb╩ z=65 cm ⌐ ⇔√◖ꜞⱷכ♃ ♩♇◕כ♃⌐ ⅛╠ ╩☻כ♁ ↕

∑╢⁹ Z=1195 cm ⌐ ⇔√ T- cross ⁸≢כꜞ♃ ⁹╢∆כꜞ♃╩

⌐⁸z=65 cm─ │ ⇔≡⁸Z=1100 cm ⌐ Pb╩ ⇔⁸∕─ ↕ t  cm╩ ⇔≡⁸

─ ≤ ─ ≤⌂╢ ↕╩ ╘╢ ( 3.1.1.(1). ᵕ- 4)⁹PHITS≢ Pb─

↕╩ ⅎ≡ ╩ ∫√ ⁸Z=1100 cm⌐⅔™≡ Pb Z=65 cm≢─⸗♦ꜟ≤ ─

╩ ╢⌐│ ↕ t=0.55  cm ⅜ ≤ ⅛∫√( 3.1.1.(1 ). ᵕ- 1)⁹ 

 

2) ה♩♇◕כ♃  ⌐ Pb ╩ ⇔√  

≥♩♇◕כ♃⁸⌐ ─ ⌐ Pb ╩ ⇔√ ⌐≈™≡ ⅎ╢⁹Pb─

│ MeV ─≤↓╤≢ ╡╟─♩♇◕כ♃⁸╠⅛≥↓╢∆ ↄ⌐ ╩

∆╢↓≤⌐╟∫≡⁸ ╩№╕╡ ↕∑∏⌐⁸●fiⱴ╩╟╡ ⌐ ∆╢↓≤⅜

≢⅝╢─≢│⌂™⅛≤ ⅎ√( 3.1.1.(1). ᵕ- 5)⁹ 

Pb ה♩♇◕כ♃╩ ⌐ ⇔√ ⌐⁸Pb Z=65 cm⌐ ⇔√ ≤ ─

╩ ↕∑╢↓≤─≢⅝╢ Pb─ ↕╩ ∆√╘ Pb ↕ t=1.325 cm⁸1.450 cm ─

⌐≈™≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√( 3.1.1.(1). ᵕ- 2)⁹∕─ ⅛╠ z= 65cm

⌐ Pbɫ5 cm×20 cm╩ ⇔√ ─ 3.8819E+04 n/cm2/sec ≤ ∂ ⌐⌂╢

Pb ↕╩ ≢ ⇔√≤↓╤⁸t=1.412 cm ≤⌂∫√⁹ 

∕─ ╩ ∆╢≤⁸Z=65 cm⌐ Pb╩ ⇔√ ⌐ ═≡ Pb╩♃כ◕♇♩ ⌐

⇔√ ─●fiⱴ│ 2 ♩♇◕כ♃⁸≡∫╟⁹√∫⌂≥ ╟╡╙⁸Z=65 cm⌐ Pb

╩ ⇔√ ⅜ ⌐●fiⱴ╩ ≢⅝╢≤ ⅛∫√⁹ 
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3)  Pb ╩ ⅎ√ ─●fiⱴ ─  

Pb ─ ╩ ⅎ√ 3 ≈─ ⌐⅔™≡⁸↓↓╕≢⌐ ⅜ ⌐⌂╢

╟℮Pb─ ↕╩ ⇔√ ╩ ™≡⁸3≈─ ⌐⅔↑╢◌fiⱴ ╩ ∆╢⁹ 

≥♃כ꜠♦⸗ Z=65 cm⌐ Pbɫ5 cm×20 cm ╩ ⇔√  

3.1.1.(1). ᵕ- 3 ⁹ 

◖ꜞⱷכ♃ (Z=1100 cm)⌐⁸Pb ɫ5 cm×0.55 cm ╩ ⇔√  

3.1.1.(1). ᵕ- 4  

─♃כ꜠♦⸗≥♩♇◕כ♃ ⌐ Pb 7 cm×8 cm×1.412 cm ╩ ⇔√  

3.1.1.(1). ᵕ- 5  

3 ≈─⸗♦ꜟ⌐⅔™≡⁸ ∂ ╩ ╠╣╢ ≢─●fiⱴ─ ╩⇔√(

3.1.1.(1). ᵕ- 3)  ⁹gamma ratio ╟╡⁸ ─ Pb╩ Z=65 cm⌐ Pb╩ ⇔√ ⁸●

fiⱴ⅜ 30 ≤⌂∫≡⅔╡⁸ ╡╟☻כ◔─ ╟ↄ●fiⱴ╩ ↕∑≡™╢⁹╟∫≡⁸

Pb ≥♃כ꜠♦⸗│ ─ ⌐ ∆╢─⅜ ™⁹ 

 

4)  Pb ╩ Z=65 cm⌐ ⇔√ ─ ─fiⱴ●ה  

Pb ╩ Z=65 cm⌐ ⇔√ ⌐⅔™≡⁸ ⁸●fiⱴ─ ─◦Ⱶꜙ꜠

╩fiꜛ◦כ ∫√( 3.1.1.(1). ᵕ- 6)⁹ ◄Ⱡꜟ◑כ ≢─⁸●fiⱴ♁כ☻⅛╠

∆╢●fiⱴ─ ╩ ∆╢⁹( 3.1.1.(1). ᵕ- 7)⁹ ⅜⁸Pb ╩ Z=65 cm

⌐ ⇔√ ─ ≢─●fiⱴ ─ ≢№╢⁹ 3.1.1.(1). ᵕ- 7a ─ Pb №╡

─ ─ ╩⁸ b Pb ⌂⇔─ ≤ ⇔≡╖╢≤⁸ ⅛╠ ⌐●fiⱴ

─ ⅜ ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹ ⌐ 1 MeV ─◄Ⱡꜟ◑כ ─●fiⱴ─

│⁸ ┼─●fiⱴ│ ╘≡ ⌂ↄ⌂∫≡™╢⁹∕⇔≡ ─ ⅜ Pb №╡─

│ ⁸Pb ⌂⇔─ │ ≤⌂∫≡⅔╡⁸●fiⱴ─ ⅜ 1 ◔♃ ⇔≡™

╢↓≤⅜ ⅛╢⁹↓─↓≤⅛╠⁸1 MeV ─ ◄Ⱡꜟ◑כ─●fiⱴ⅜⁸╟ↄ ≢⅝≡

™╢↓≤⅜ ⅛╢⁹ 

3.1.1.(1). ᵕ- 8 │⁸ ◄Ⱡꜟ◑כ ≢─ ⅛╠─ ≤ ⁸

3.1.1.(1). ᵕ- 9 │●fiⱴ ─ ╩ ⇔√╙─≢№╢⁹ ⌐ ⇔≡™╢

♠♫כ♪─ ─◖ꜞⱷכ♃─ ⅜ 2.5  cm≤⌂∫≡™╢⁹Z=1195 cm─♃ꜞכ

≢╙⁸ ─◓ꜝⱨ─ Z ⅛╠ 2 3 cm─ ≢ ⁸●fiⱴ─ ⅜ ⅝ↄ ⇔≡⅔╡⁸

ⱦכⱶ⅜ ╠╣≡™╢↓≤⅜ ⅛╢⁹ 

 

ᵖ ⱦכⱶ◖ꜞⱷכ◦ꜛfi─◦Ⱶꜙ꜠כ◦ꜛfi H29  

⇔√◖ꜞⱷכ♃─ ╩ 3.1.1.(1). ᵖ- 1 ⌐ ∆⁹Pb╩ Z=65 cm─ ⌐

⇔≡●fiⱴ─ ╩ ∫≡™╢⁹↓─◖ꜞⱷכ♃ ≢─ ≤●fiⱴ ⌐≈

™≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹ 3.1.1.(1). ᵖ- 2(a) ╟╡◖ꜞⱷכ♃ ⅛╠─

⅜⁸ ─ ╤─ ⌐ ⅜╢↓≤⌂ↄ⁸ ╠╣≡™╢ ⅜ ⅛╢⁹ ⁸(b)

●fiⱴ ≢╙⁸ ─ ─ ⌐ ↄ ⅜∫≡⅔╠∏⁸ ↕╣≡™╢↓≤⅜

⅛∫√⁹ 
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ᵗ ─ H29  

1)   

ꜝ▬♫♇◒─ │ ⅜ⱦכⱶꜝ▬fi≤ ⇔≡™⌂™⁹∕─√╘⁸

╕≢─ ⌐ ⅜≢⅝╢√╘⁸ ⅜ ⅜╢ ⅜№╢⁹∕

╣╩ ═╢√╘⌐⁸ ⌐ ≠™√◖ꜞⱷכ♃⸗♦ꜟ╩ ⇔≡ ─ ─

╩ ∫√( 3.1.1.(1). ᵗ- 1)⁹↓─ ⌐♩♇◕כ♃⅜♃כ꜠♦⸗│≢ ⌐

↕╣≡™╢( 3.1.1.(1). ᵗ- 1)⁹◖ꜞⱷכ♃─ ╡ ╛⁸Z=1195 cm⌐ ∆╢ כꜞ♃

≤─ ≤⇔≡│⁸45 ─ ╩ ∫≡™╢↓≤⌐⌂╢⁹∕↓≢⁸Z=1195 cm⌐♃ꜞ

╩כ ⇔≡ ─ ╩ 1 eV±0.1 ─◄Ⱡꜟ◑כ ⌐≈™≡◦Ⱶꜙ꜠כ◦

ꜛfi╩ ∫√( 3.1.1.(1). ᵗ- 2)⁹ │Ⱨכ◒⅜ ≈─⅜ ↄ⁸Ⱨכ◒─ ╙

╩ ↄ╟℮⌐ כꜞ♃⁸╛♃כⱷꜞ◖⅜♃כ꜠♦⸗⁸│╣↓⁹╢™≡∫⅜ ≤ 45 ─

╩ ∫≡™╢√╘⌐⁸ ─ ─ ∟ ⅜╡⅜ ⌐ ⅜∫≡™╢≤ ⅎ╠╣╢⁹

─♃כⱷꜞ◖⁸≥♃כ꜠♦⸗≢↓⧵ ╡ ╛ ─≥כꜞ♃ ⅜ ⌐⌂╢╟℮⌐

ⅎ≡⁸ ─ ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫≡╖√( 3.1.1.(1). ᵗ- 3) ⁹

3.1.1.(1). ᵗ- 4 ⌐⁸Orthogonal angle moderator ⌐≈™≡─ ╩ ∆⁹

3.1.1.(1). ᵗ- 2 ─ I nclined angle moderator ⌐ ═≡Ⱨכ◒⅜ ≈─⅜ ↄ⌂∫≡™╢⁹

⇔⅛⇔ ≤⇔≡⁸Ⱨכ◒ │ ╩ ™√╟℮⌂ ⌐⌂∫≡™╢⁹ 

כꜞ♃⅜ ⌐ ╣≡ↄ╢╙℮ ≈─ ⌐≈™≡ ⅎ╢⁹♃כ◕♇♩≢ ⇔√

⅜ ⌐ ╡⁸ ≡⅝√ ⅜ ⌐כꜞ♃≡╣ ∆╢≤ ⅎ╠╣╢⁹

─⌂™⸗♦ꜟ⌐≈™≡╙ ╩ ™⁸ ╩⌂ↄ∆↓≤⌐╟╡⁸ ⌐

⌐כꜞ♃╠⅛≡∫ ∆╢ │ ↄ⌂╢↓≤⌐⌂╢ ( 3.1.1.(1). ᵗ- 5⁸

3.1.1.(1). ᵗ- 6) ⁹ 

3.1.1.(1). ᵗ- 6 ─ ⌂⇔─ │⁸Ⱨכ◒│ ↄ ∟⁸Ⱨכ◒ ╙

⅜ ↄ ⇔≡™╢⁹ №╡─ Ort hogonal angle ─ ≤ ∆╢≤

─ ╩ ™√ ⅜⌂ↄ⌂∫≡™╢⁹╛│╡⁸ ─№╢ ≢│⁸ ⌐

∫√ ─ ⅜№∫√≤ ╦╣╢⁹ 

3.1.1.(1). ᵗ- 7 ⌐↓╣╕≢─ I nclined angle moderator , Orthogonal angle 

moderator, NO Reflector ─ 3 ≈─ ⌐ ⇔≡⁸ ╩⁸ ◄Ⱡꜟ◑כ

⌐≈™≡ ╩⇔√⁹I nclined ─ ⌐│Ⱨכ◒⅜ ↄ⁸Ⱨכ◒ ╙ ⅜ ↄ

↕╣≡™╢⁹Orthog onal ─ │Ⱨכ◒⅜ ≈─│ ™⅜⁸Ⱨכ◒ ─ ⅜

╩ ↄ╟℮⌐⌂∫≡™╢⁹NO Reflector ─ │⁸Ⱨכ◒⅜ ↄ⁸Ⱨכ◒ ─ ─

╙ ™↓≤⅜ ⅛╢⁹ ⌐ ◄Ⱡꜟ◑כ─ 0.005 eV,0.05 eV ≢│ Inclined,  

Orthogonal ─ ⌐⁸Ⱨכ◒─ ⌐⁸ ™ ⌐ ⅜ ↕╣≡™╢⁹ 

 

2)   

3.1.1.(1). ᵗ- 8 ⌐ ─ ─◓ꜝⱨ╩ ∆⁹ │ NO reflector ⁸ │

Orthogonal reflector ⁸ │ Inclined re flector ≢№╢⁹↓─ ╟╡ │ 1/v ⌐

╒╓ ⇔≡™╢↓≤⅜ ⅛∫√⁹ 

↓─ ─ ╩♃fi♃ꜟ─ 4.28 eV─ Ⱨכ◒╩ ™≡ ⇔
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√⁹ ⌐ ↕╣√ Ⱨכ◒─ │ 20ɡsec ≢№∫√⁹ ⁸ ─

│ 2. 6 ɡs ≢№╢─≢⁸↓╣⌐╟╢ ┼─ │⁸1  ≤ ╙╠╣√⁹

∫≡⁸ │⁸Ⱨכ◒ ╩ ⇔≡ ╩ ℮ ⌐│⁸ ⅝⌂

⅜⌂™↓≤⅜ ⅛∫√⁹ 

 

ᵘ ⌐ ≠™√◖ꜞⱷכ♃≢─◦Ⱶꜙ꜠כ◦ꜛfi H29)  

1)  Al ⱨꜝfi☺ ↕╩ ⇔√ ─◦Ⱶꜙ꜠כ◦ꜛfi  

3.1.1.(1). ᵘ- 1 ⌐ ─ ≢─◖ꜞⱷכ♃⸗♦ꜟ╩ ∆⁹ ⌐ ↕╣

≡™╢ⱨꜝfi☺│ Al ─ 5 mm ↕≤⌂∫≡⅔╡⁸5 mm ─ ↕⅜№╢≤⁸ ⅜╟╡ ↄ

∂╢⁹↓╣╩ ↕ 1 mm⌐⇔√ ⁸≥─ ⅜ ⅎ╢─⅛◦Ⱶꜙ꜠כ◦ꜛ

fi╩ ∫√⁹ ─ ─ ≤ ─ Al ⱨꜝfi☺─ ↕╩ 5 mm⅛╠ 1 mm⌐◖ꜞⱷ

╩ꜟ♦⸗♃כ ⇔≡⁸∕─ 2≈─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔≡╖╢⁹ 

3.1.1.(1). ᵘ- 1 ╟╡⁸0.002 0.2 eV─◄Ⱡꜟ◑כ ≢─ │⁸Al ⱨꜝ

fi☺ 5  mm⅛╠ 1 mm⌐ ∆╢↓≤⌐╟∫≡⁸10.4  % ╒≥ ⇔≡™╢⁹╟∫≡◦Ⱶ

╩☺fi⌐╟╡⁸ⱨꜝfiꜛ◦כ꜠ꜙ ∆╢↓≤⌐╟∫≡╟╡ ™ ╩ ╢↓≤⅜≢⅝

╢≤ ⅛∫√⁹ 

 

2)  ☻Ɑ◒♩ꜟ ─ ≤─  (H29)  

≤ PHITS≢─◦Ⱶꜙ꜠כ◦ꜛfi─ ⅜ ⇔≡™╢⅛⁸ ⇔≡ ∆╢⁹

2017 5 ⌐ ≢ ╦╣√ ─ ≤⁸∕─ ─◖ꜞⱷכ

♃⸗♦ꜟ╩ ⇔≡ ⇔√⁹ 

3. 1.1.(1). ᵘ- 2 │⁸ ≤ PHITS ─ ╩ ⇔√╙─≢№╢⁹

│ ─☻Ɑ◒♩ꜟ╩⅛⌂╡ ↄ ⇔≡™╢─⅜ ⅛╢⁹ 

⌐⁸◄Ⱡꜟ◑כ ⌐⅔↑╢ ─ ≤ ╩ ∆╢( )⁹

─◄Ⱡꜟ◑כ⅜ 0.002- 0.2 eV─ ≢│ 235.95 /cm2/ ɡA/sec ≢⁸PHITS

│ 299.10 /cm 2/ ɡA/sec ≤ 26.8  % ⅝ↄ⌂∫≡™╢⁹0.2 eV 1.8 keV ─ ≢│

213.2 /cm2/ ɡA/sec ≢⁸PHITS │ 203.68 /cm2/ ɡA/sec ≤⁸ - 4.5  ≤⌂

∫≡⅔╡⁸ ≤ ™ ≤⌂∫√⁹╟∫≡ PHITS⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi ≤

│╒╓ ⇔≡⅔╡⁸ ≤⅔╡─ ⅜ ╠╣≡™╢≤ ⅎ╠╣╢⁹ 

 

ᵘ ╕≤╘ 

ꜝ▬♫♇◒─ ⌐⅔↑╢ ─ⱨꜝ♇◒☻ ┘Ɽꜟ☻ ⅜

⌐⌂╢╟℮⌐⁸⸗fi♥◌ꜟ꜡ה◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ╩ ™√Ɽꜝⱷכ

╩▬ⱬכ◘♃ ™⁸ ה♃כ꜠♦⸗ה♩♇◕כ♃ ה ┘ⱦכⱶꜝ

▬fi─ ╩ ∫√⁹╕√⁸ ─ ─ ╩ ⇔⁸ ─ ╩

⌐ ↕∑⁸ ─ ╩ ∫√⁹∕─ ⁸ ≢ ⇔√

┘◖ꜞⱷכ♃╩ ™√ ⁸Ɽꜟ☻ ─ ─ ≈≢№╢

⌐≈™≡│⁸ ⇔√ Ⱨכ◒ ─ │ 20 ɡs ≢№╡⁸ ─

│ 2. 6 ɡs ≢№╢↓≤⅛╠⁸ │⁸Ⱨכ◒ ╩ ⇔≡ ╩
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℮ ⌐│⁸ ⅝⌂ ⅜⌂™↓≤⅜ ⅛∫√⁹╕√⁸ ◄Ⱡꜟ◑כ ⌐⅔↑╢

⌐╟╢ ≤ │╟ↄ ⇔≡⅔╡⁸ ≤⅔╡─ ⅜ ╠╣⁸ ≢

⇔√ │ ≡ ⇔√⁹ 

  

 

 

3.1.1.(1). ᵕ- 1  Pb╩ Z=1100 cm⁸Z=65 cm⌐ ⇔√ ─ ─  

 

 

 

3.1.1.(1). ᵕ- 2 ₁⌂ Pb ↕≢─  

Pb position  Pb size  Neutron number 

[n/cm2/sec]  

Z=65 cm ɫ5 cm×20 cm 3.8819E+04 

behind target  7 cm×8 cm×1.325 cm 4.0341E+04 

 7 cm×8 cm×1.412 cm 3.8819E+04 

 7 cm×8 cm×1.450 cm 3.8153E+04 

 

 

 

3.1.1.(1). ᵕ- 3  Pb ₁─ ─ ≤●fiⱴ  

Pb posit ion  neutron num 

[n/cm2/sec]  

neutron ratio  

[/withoutPb]  

gamma num 

[/cm2/sec]  

gamma ratio 

[/withoutPb]  

Z=65 cm 3.8819E+04 0.835 3.8059E+06 0.295 

Z=1100 cm 3.8900E+04 0.837 5.7691E+06 0.447 

 

behind target  

3.8819E+04 0.835 7.3402E+06 0.569 

with out Pb 4.6476E+04  1.2899E+07  

 

 

 

 

Pb position  Pb size  neutron number 

[n /cm2/sec]  

Z=65 cm ɫ5 cm×20 cm 3.8819E+04 

Z=1100 cm ɫ5 cm×0.6 cm 3.7654E+04 

 ɫ5 cm×0.55 cm 3.8900E+04 

 ɫ5 cm×0.5 cm 3.9803E+04 
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3.1.1.(1). ᵘ- 1 Al ⱨꜝfi☺ ↕─ ™⌐╟╢ ─  

 Al 5  mm 

[ /cm2/ ɡA/sec]  

Al 1  mm 

[ /cm2/ ɡA/sec]  

Al   

1 mm/5 mm 

0.002 0.2eV 299.10 330.19 1.104 

0.2eV 1.8keV 203.68 201.62 0.990 

 

 

 

3.1.1.(1). ᵒ- 1       3.1.1.(1). ᵒ- 2 ⌐╟╢ 

                          ─  

 

 

 

 
 

3.1.1.(1). ᵒ- 3 ─     3.1.1.(1). ᵒ- 4 ⌐╟╢  

─  

 

 

 

ȇ 

 

 ♩♇◕כ♃
 

◖ꜞⱷכ♃ 

    Angle  ȇ 
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3.1.1.(1). ᵓ- 1 ⌐ ™√ ≥♩♇◕כ♃ x, y, z  

  ⱦכⱶ│ ⌐ ∆╢  

 

 

3.1.1.(1). ᵓ- ─♩♇◕כ♃ 2 ⅛╠ ↕╣╢ ─ ─ ⅝↕⌐╟╢  

y ─ ╙ x≤ ∂⌐ ↕∑≡™╢  

 

 

 

 

3.1.1.(1). ᵔ- fiⱴ●ה 1 ⱦכⱶꜝ▬fi◖ꜞⱷכ♃─  
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(a)  

 

 

(b)  

 

3.1.1.(1). ᵔ- 2 (a) ─ XZ ⁸(b) ●fiⱴ─ XZ  

 

 

2.Tally(target side)

3.Tally
(target bottom)

1.Tally
(target bottom)

  

 

-neutron
-gamma

 

3.1.1.(1). ᵕ- ╩☻כ♁ 1 ─כꜞ♃─≡∫  

 

 

 

3.1.1.(1). ᵕ- 2 ◖ꜞⱷכ♃⸗♦ꜟ 

 

 

tō ˒рŎƳҎнлŎƳ   

  

 

t ō  ˒ р Ŏ Ƴ Ҏ  ǘ  Ŏ Ƴ 

 

3.1.1.(1). ᵕ- ה♃כ꜠♦⸗ 3    3.1.1.(1). ᵕ- 4 Pb  

Pb    
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3.1.1.(1). ᵕ- ♩♇◕כ♃ 5 ⌐ Pb ╩  

 

 

 

Pb˒р20
Pb ˒ рŎƳҎнлŎƳ   

 

3.1.1.(1). ᵕ- 6 ◖ꜞⱷכ♃⸗♦ꜟ Pb  Z=65 cm 

 

 

 

3.1.1.(1). ᵕ- 7 ≢─●fiⱴ─  
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3.1.1.(1). ᵕ- 8 ⅛╠─ ≤ 3.1.1.(1). ᵕ- 9 ⅛╠─ ≤ 

                 ●fiⱴ  

 

 

 

3.1.1.(1). ᵖ- 1 ⌐ ≠™√◖ꜞⱷכ♃⸗♦ꜟ 

 

 

(a)  

(b)  

 
 

3.1.1.(1). ᵖ- 2 ◖ꜞⱷכ♃⸗♦ꜟ≢─ ─  

 

 

       

3.1.1.(1). ᵗ- 1  Inclined angle collimator   3.1.1.(1). ᵗ- 2 Inclined angle  
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3.1.1.(1). ᵗ- 3 Orthogonal angle moderator  3.1.1.(1). ᵗ- 4  Orthogonal angle   

  

 

 

          

3.1.1.(1). ᵗ- 5  NO reflector          3.1.1.(1). ᵗ- 6  NO reflector  

                   

 

 

3.1.1.(1). ᵗ- 7 ◄Ⱡꜟ◑כ≢─ ─  
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3.1.1.(1). ᵗ- 8  

 

 

 

3.1.1.(1). ᵘ- 1 ◖ꜞⱷכ♃⸗♦ꜟ 

 

 

 

3.1.1.(1). ᵘ- 2 ◄Ⱡꜟ◑כ ─ ≤ ─  
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   (2) ה  H26 H29  

 

ᵑ  

≢│⁸ ─ ה ⌂ ╩ ה ≢ ≢⅝╢ ◦☻

♥ⱶ╩ ∆╢↓≤╩ ≤∆╢⁹∕─√╘⌐⁸ ≢│⁸Ɽꜟ☻ ╩ ™√

─ ⌐╟╢ ╩ ⇔⁸↓╣⌐╟∫≡ ─ ≤∕─ ⁸

─ ≤∕─ ─ ╩ ∆╢⁹↓╣╠╩ ∆╢√╘Ɽꜟ☻

┘ ⌐ ╘╠╣╢ ≤⇔≡│⁸ ─╟℮⌂↓≤⅜ →╠╣╢⁹╕∏⁸

─ ─√╘⌐⁸ ─ ⅜ ≢№╢↓≤⁹╕√⁸ ─ ⁸

∆⌂╦∟⁸ ─ ╩ ∆╢√╘⌐⁸ ⅜ ↕╣╢⁹↓╣╠⌐

ⅎ≡⁸ ≢─ ─ ╩ ∆╢√╘⌐│⁸ L/D ─ ⅜

≤⌂╢⁹⇔⅛⇔⁸↓╣╠─ ─ │⁸Trade off ─ ⌐№╢√╘⁸ ⌂◦

☻♥ⱶ ─√╘⌐│⁸ ה ╛ ⁸ ◦☻♥

ⱶ ─ ⅜ ≢№╢⁹ ≢│⁸Ɽꜟ☻ ≤⇔≡⁸ ꜝ▬♫♇◒╩

∆╢↓≤≤⇔√⁹ ꜝ▬♫♇◒⌐ ↕╣√ ◦☻♥ⱶ─ ⌐ ↑≡⁸

26 ⌐│⁸⸗fi♥◌ꜟ꜡ה◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ┘ ⁸ ⌐⁸∕╣⌐

≠ↄ ◦☻♥ⱶ─ ╩ ∫√⁹ 27 ⌐│⁸ ⇔ↄ ⇔√ ◦

☻♥ⱶ─ ─√╘─ ╩ ⇔√⁹ 28 │⁸ 3.1.1. (1) ─

─ ≤ ─ ╩ ⌐⁸ ◦☻♥ⱶ⁸ ⌐◖ꜞⱷכ♃ ─

─ ╩ ™⁸ ─ ╩ ⇔√⁹ 29 │⁸↓╣╕≢

─ ≤ ╩ ⌐⁸ ◦☻♥ⱶ─ L/D ╩ ⇔√⁹ 

 

ᵒ ◦☻♥ⱶ─ ≤ H26  

1)  ꜝ▬♫♇◒ 

≢ ⇔√ ꜝ▬♫♇◒─ ╩ 3.1.1 . (2) . -o 1 ⌐ ∆⁹

ꜝ▬♫♇◒⌐│⁸ ⌐ Time of flight:TOF ⌐╟╢ ♃כ♦ ⌐

∆╢√╘─ ⅜ 3 №╡⁸ │∕╣∙╣⁸10 m⁸12 m⁸22 m ≢№╢⁹

≢│⁸ ⱦכⱶ─ ⅛╠ 135 ─ ⌐ ⅜ ⅝ ↕╣╢ 12 m ╩

∆╢↓≤≤⇔√⁹ ─ ⁸12│⌐♩♇◕כ♃ ─♃fi♃ꜟ ⅜⁸ 5 cm⁸

↕ 6 cm ─♅♃fi◔כ☻⌐ ═╠╣√♃fi♃ꜟ♃כ◕♇♩╩ ⇔√⁹ ₁─♃fi♃ꜟ

─ │ ─√╘ ⅜ ╣╢ ⌐⌂∫≡⅔╡⁸♃fi♃ꜟ─ ↕│ 29 mm≢№╢⁹ 
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2)  ⌐╟╢  

─ ⁸ ─ ┘⌐▬ⱷכ☺fi◓⌐│⁸ ⌂ ⅜ ≢№╢√

╘⁸╕∏ ╘⌐⁸ ⁸ ⌐ ≢№╢ 1eV 500eV⌐ ╩⅔™≡

◦☻♥ⱶ─ ╩ ∫√⁹ ⌐│⁸ ◄Ⱡꜟ◑כ⸗fi♥◌ꜟ꜡◦Ⱶꜙ꜠כ◦

ꜛfi◖כ♪≢№╢MCNPX[1]╩ ⇔⁸ Ⱪꜝꜞ│⁸JENDL4.0[2▬ꜝ♃כ♦ ] ╩ ™√⁹ 

╘⌐⁸ ─ ╩ ∆╢√╘⌐⁸ ╩ ∑∏⌐ ─ ≤◘▬☼╩

↕∑≡ ╩ ∫√⁹ ─ │⁸ ⌐ ∆╢ ♇◕כ♃⁸≥

♩─ ⌐ ∆╢ ⌐≈™≡ ╩ ∫√⁹≥∟╠─ ⌐≈™≡╙⁸ │⁸

⌐ ≥♩♇◕כ♃╢∆ ◘▬☼≢⁸ 5 cm⁸ ↕ 6 cm─ ≤⇔⁸ ─◄

Ⱡꜟ◑כ│ ☻Ɑ◒♩ꜟ≤⇔√⁹ ─ ⅛╠⁸ ⱦכⱶ─ ⅛╠╖≡ 135

─ꜝ▬fi 3 m─ ⌐ 18 cm ─ⱦכⱶꜝ▬fi ─ ⅝↕ ─ tally ╩

⇔√⁹↓↓≢─ ─ │ ≤⇔⁸◘▬☼│⁸20 cm ≤ 10 cm ⁸∕╣∙╣

╖╩ 1 cm⁸2 cm⁸3 cm⁸5 cm ≤ ↕∑√⁹↓╣╠╩ ∆╢≤⁸ ─◘▬☼⅜

⅝ↄ⌂╢⌐≈╣⁸ ⅜ ⅝ↄ⌂╢↓≤⅜╦⅛∫√⁹╕√⁸ │⁸

⌐ ♩♇◕כ♃⁸╡╟╢∆ ⌐ ∆╢ ⅜⁸ ⅜ ∆╢↓≤⅜╦⅛

∫√⁹ 

⌐ ╩ ⇔√ ⌐≈™≡ ╩ ∫√⁹ ─ ≤ ╠╣√ ☻Ɑ

◒♩ꜟ╩ 3.1.1(2) . ᵒ- 2 ⌐ ∆⁹ ─ │⁸ ╟╡╙∫≤╙ ⅜

⅝ↄ⌂∫√ ╩ ™√⁹ ╩ ∆╢↓≤⌐╟╡⁸ ⅜⌂™ ⌐ ═≡

⅜ ⅝ↄ ⇔√⁹╕√⁸ ⅜⌂™ ≤ ⁸ ─◘▬☼⅜ ⅝ↄ⌂╢⌐

≈╣⁸ ⅜ ⅝ↄ⌂╡⁸ ─ │⁸ setting 1 ⌐

♩♇◕כ♃⁸╡╟╢∆ setting 2 ⌐ ∆╢ ⅜⁸ ⅜ ∆╢↓≤⅜

╦⅛∫√⁹ ≤⇔≡⁸ №╡≢ ╩ ⌐ ⇔√ Setting 2 ─ ⅜⁸

⅜ ⌐ ═≡ ∆╢↓≤⅜╦⅛∫√⁹╕√⁸ ◄Ⱡꜟ◑כ ⌐⅔↑╢

≤ 1 eV 500 eV ─◄Ⱡꜟ◑כ ≢│⁸ ⌂ ─ ╖⅜ ╦╢↓≤⅜ ⅛

╡⁸ ⌐ ╦∑≡ ⌂ ╩ ™╢↓≤⌐╟╡⁸╟╡ ⌂ ╩ ≢

⅝╢↓≤⅜ ⅛∫√⁹ ─ ╩ ⌐⁸ ⇔™ ◦☻♥ⱶ─ ╩ ∫√⁹ 

 

3)  ╩ ⌐⇔√ ◦☻♥ⱶ─  

╩ ⌐⁸ ⌐⅔↑╢ ☻Ɑ◒♩ꜟ≤ ⅜ ≤⌂╢╟

℮⌐⁸♃fi♃ꜟ♃כ◕♇♩─ ⁸ ⁸ ─ ┘ ╩ ⇔⁸

◦☻♥ⱶ─ ה ╩ ∫√⁹ ∆╢ ◦☻♥ⱶ│⁸ ─ ╩

⇔≡⁸ ─√╘⌐ ⌐ ╩♩♇◕כ♃ ≢⅝╢↓≤⁸ ─ ╩

╘╢√╘⌐ ◦☻♥ⱶ─ ⅜ ≢№╢↓≤⁸ ─ ♇◕כ♃⌐╘√─

♩ ⌐ ─ ╩ ↑╢↓≤ ╩ ⌐ ╩ ∫√⁹ 3.1.1(2) . ᵒ- 3 ⌐

⇔ↄ ⇔√ ◦☻♥ⱶ ┘ ⁸ 3.1.1(2) . ᵒ- 4 ⌐ ╩ ⇔√

─ ◦☻♥ⱶ─ ╩ ∆⁹ │ⱳꜞ◄♅꜠fi╩ ⇔⁸∕─◘▬☼│⁸

─ ╩ ⇔≡ 15 cm ≤⇔⁸ ↕│ ≤⇔√⁹ │⁸ ╩

Ⱳfiכ◌ ≤⇔⁸ ⱦכⱶ⅜ ∆╢ ⌐⁸ ─√╘─▪ꜟⱵ ─ ╩
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⇔⁸▬fi♃כ꜡♇◒ ⌐ │♩♇◕כ♃⁹√⇔≥ ⌐ ╡ ∑╢╟℮⌐⁸

≤ ≤⌂╢ ≤⇔√⁹ ─ ↕│ ⅜ ≢№╡⁸ ⱦכⱶꜝ

▬fi⁸ ꜝ▬fi≤─▪ꜝ▬ⱷfi♩ ⅜ ™╛∆ↄ⁸╕√⁸ ╩ ∆╣

┌ ─ ╙ ╘╠╣╢⁹ ─√╘⁸ ⅛╠ ╕≢│ ╡

⇔⅜ ꜟכ꜠⌂ ╩ ⇔⁸ ⌐ ╡ ה⇔ ⅜ ─♩♇◕כ♃⁹√∫⌂≥ ╡

↑╙⁸ ─ ⌐ ∆╣┌⁸ ⌐ ╡ ה↑ ╡ ⇔⅜ ≤⌂∫√⁹ 

 

4)  ─  

⅛╠ ⇔√ ╩ ╟ↄ ⌐ ∆╢√╘⌐│⁸ ⱦכⱶ

ꜝ▬fi─ ╙ ⌂ ≢№╢⁹ ꜝ▬♫♇◒⌐ ↕╣≡™╢ ─ⱦכⱶꜝ

▬fi│⁸ ─╙─≢№╢√╘⁸ ╛ⱦכⱶ ─∏╣ ⅜ ↕╣√√╘⁸

─ⱦכⱶꜝ▬fi⌐ ∆╢ ≢ √⌐ⱦכⱶ ╩ ⇔√⁹ 3.1.1(2) . ᵒ- 5 ⌐

⇔√ⱦכⱶ ─ ╩ ∆⁹ ─ │⁸ ─ⱳꜞ◄♅꜠fi ◖ꜞⱷכ

♃ ↕ 20 cm ≢⁸ ─ │⁸ⱳꜞ◄♅꜠fi ◖ꜞⱷכ♃─ⱦכⱶ ─

∏╣╩ ∆╢√╘─☻♩♇Ɽ⁸√╕⁹╢№≢כ↓─ ◖ꜞⱷ⁸│♃כⱦכⱶ

─ ╖╩ ∆╢ ╙ ≈⁹ⱦכⱶ ─ ⌐│⁸2 ↕╣√ ─◖ꜞⱷכ

♃╩ ╡ ↑⌂⅜╠ ⇔√⁹ⱦכⱶ ─ ┘ ⌐│⁸ ⁸ⱳꜞ◄♅꜠fi⁸Ⱳ꜡

fi ╡ⱳꜞ◄♅꜠fi⁸Ⱳ꜡fi ╡ ╩ ⇔√⁹ⱦכⱶ ─ ⌐ ↕╣√◖ꜞ

ⱷכ♃─ │ ≡ 5 cm ≢№∫√⁹ ⁸ ⇔ↄ ╟⌐ⱳfiⱪꜟכ꜡◒☻√⇔

╡ ♥☻♩╩ ™⁸10- 1 Pa╕≢ ⅜ ⇔√↓≤ ⇔√⁹ 

 

ᵓ ⇔ↄ ⇔√ ◦☻♥ⱶ─ ─√╘─ H27  

26 ꜝ▬♫♇◒⌐ ⇔ↄ ⇔√ ╩ ™≡⁸∕─ ─√

╘─ ╩ ∫√⁹ ─ ↕│⁸ ─ ╩ ≤⇔≡ 5 cm ≤⇔√⁹

3.1.1 . (2) . ᵓ- 1 ⌐ 15 cm ⁸ ↕ 5 cm ╩ ⇔√ ─ ◦☻♥ⱶ─

╩ ∆⁹TOF☻Ɑ◒♩ꜟ ─√╘⌐⁸◖ꜞⱷכ♩↕╣√ ⱦכⱶ╩ Al ⌐

↕╣√ 10B 22 mɋ×8 mm3,  96.98 % ⌐ ⇔⁸( n,ag)

⅛╠ ↕╣╢ 478 keV ─ ●fiⱴ ╩ ∆╢↓≤⌐╟╡⁸ ⌐ ☻Ɑ◒

♩ꜟ╩ √⁹ ●fiⱴ ⌐│⁸ 2 ▬fi♅⁸ ↕ 2 ▬fi♅─ 2 ─ BGO◦fi

╩♃כ꜠♅ ⇔⁸10B ⅛╠ ╕≢─ ╩ 80 mm≤⌂╢╟℮⌐ ⱦ

ⱶכ ⌐ ⇔≡ 90 ⌐ ⇔√⁹BGO ─ │ 70 mm─

⅝ ↕ 50 mm ⌐ ∆╢↓≤≢ ⅛╠─Ᵽ♇◒◓ꜝ►fi♪●fiⱴ ⅛╠ ∆╢

≤⇔√⁹╕√⁸ ⅛╠─●fiⱴ ╩ ∆╢√╘⌐⁸ⱦכⱶꜝ▬fi ⌐│ Ⱪ

꜡♇◒─ ╩ ⇔√⁹ ╩ 3.1.1(2) . ᵓ- 2 ⌐ ∆⁹◖ꜞⱷ⁸│≡™≈⌐♃כ

╩ Ɽכ♥⌐ ─ ╩ ⇔⁸ ─ 3 m─ⱦכⱶ ⌐≈™≡│ ─╙─

╩ ⇔√⁹ ⌐│⁸ ╩כ◙כ꜠╡╟ ™≡▪ꜝ▬ⱷfi♩─ ╩ ∫√⁹

ꜝ▬♫♇◒─ │⁸Ɽꜟ☻ 100 ns⁸ ╡ ⇔ 50 Hz⁸ ⱦכⱶ

16.3 ɡA ≤⇔√⁹ ╠╣√ TOF☻Ɑ◒♩ꜟ╩ 3.1.1(2) . ᵓ- 3 ⌐ ∆⁹ │ ◄

Ⱡꜟ◑⁸כ │ ⁸ ⁸ ⱦכⱶ 1 ɡA √╡─ ≢№╢⁹
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10 eV ─◄Ⱡꜟ◑כ ≢─ ─ ⌂ │⁸ ⅛╠─●fi

ⱴⱨꜝ♇◦ꜙ⌐╟╢ ≤ ⅎ╠╣╢⁹10 eV ─◄Ⱡꜟ◑⁸│≡™≈⌐כ

╡─●fiⱴ ╛◖ꜞⱷכ♃─●fiⱴ ╩ ∆↓≤⌐╟∫≡⁸●fiⱴⱨꜝ♇◦ꜙ

╩ ℮ ⅜№╢↓≤⅜ ╠⅛≤⌂∫√⁹10 eV ─◄Ⱡꜟ◑כ⌐⅔↑╢ ╩

∆╢≤⁸ ⱦכⱶ 1ɡA √╡ 1.9 ×102 n/cm2/s  ≤⌂∫√⁹ 

 

ᵔ ה ─√╘─ H28  

⇔√≤⅔╡ ─ ⌐╟╢ ─ ⁸10 eV ─◄Ⱡꜟ◑כ ⌐

⅔™≡ ─ ⌂ ⅜ ↕╣⁸ ⅛╠─●fiⱴⱨꜝ♇◦ꜙ⌐╟

╢ ⅜ ⅝™↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸╟╡ ⌂ ▬ⱷכ☺fi◓╩ ℮√

╘⌐⁸ ─ ⌂╢ ⅜ ≢№╢⁹∕↓≢⁸ 28 │⁸ ─ ⁸

╡─ ≤◖ꜞⱷכ♃─ ╩ ⇔√⁹ 

♩♇◕כ♃⁸│≡™≈⌐╡ ♩♇◕כ♃⌐ ⌐ ™≡™√ ╩

╘ ─ ─ ╩ ∆╢√╘⌐⁸ 3.1.1 . ( 2) . ᵔ- 1 Ⱳfiכ◌⌂℮╟─ ╩

⇔√⁹╕√⁸●fiⱴⱨꜝ♇◦ꜙ─ ╩ ∆╢√╘⌐ 3.1.1 . (2) . ᵔ- 2 ─╟℮⌂

5 cm⁸ ↕ 20 cm ╩כⱣכ♪ꜗ◦─ ⇔√⁹ ─ ↕│⁸↓╣╕≢─

≤ ⅛╠⁸ ─ ⌐ ⇔√ ↕ 5 cm 15 cm ≤⇔√⁹ 

⌐≈™≡│⁸▪ꜝ▬ⱷfi♩ ⅜ ⅛≈ ⌐ ⅎ╢╟℮⌐⁸▪ꜝ▬ⱷ

fi♩ ╩ √⌐ ⇔√⁹ⱦכⱶ ─◖ꜞⱷכ♥⁸│≡™≈⌐♃כⱤ ─◖ꜞⱷכ

♃≤⇔⁸ 12 m─ ♩♇◕כ♃⁸∟℮─ ╠⅛♩♇◕כ♃ 3 m ⌐ 15 cm⁸

↕ 20 cm⁸ ╠⅛♩♇◕כ♃ 9 m ⌐ 10 cm⁸ ↕ 20 cm⁸

╠⅛♩♇◕כ♃ 12 m ⌐ 5 cm⁸ ↕ 20 cm─Ⱳ꜡fi ╡ⱳꜞ◄♅꜠fi╩∕╣∙

╣ ⇔√⁹╕√⁸ ⌐│⁸●fiⱴⱨꜝ♇◦ꜙ─ ╩ ∆╢√╘⁸ 5 cm⁸

↕ 10 cm─ ◖ꜞⱷכ♃╩ ⇔√⁹ 3.1.1 . (2) . ᵔ- 3 ⌐ ─ⱦכⱶ

╩ ∆⁹⌂⅔⁸ ─ⱦכⱶ 3 m ⌐≈™≡│⁸ ─ ─ ⌐ ⇔√

◖ꜞⱷכ♃╩ ∆╢√╘⌐⁸ ⅝│ ∫≡™⌂™⁹ 

≤ TOF☻Ɑ◒♩ꜟ ─√╘⌐⁸ ≤ ◖ꜞⱷכ♩↕╣√ ⱦכⱶ

╩ Al ⌐ ↕╣√ 10B 22 mɋ×8 mm3,  96.98 % ⌐ ⇔⁸

( n, ɖ) ⅛╠ ↕╣╢ 478 keV ─ ●fiⱴ ╩ ∆╢↓≤⌐╟╡⁸ ⌐

☻Ɑ◒♩ꜟ╩ √⁹ ●fiⱴ ⌐│⁸ 2 ▬fi♅⁸ ↕ 2 ▬fi♅─ 1

─ BGO◦fi♅꜠כ♃╩ ⇔⁸10B ⅛╠ ╕≢─ ╩ 60 mm≤⌂╢╟

℮⌐ ⱦכⱶ ⌐ ⇔≡ 90 ⌐ ⇔√⁹BGO ─ │

70mm─ ⅝ ↕ 50mm⌐ ⇔⁸ ⅛╠─Ᵽ♇◒◓ꜝ►fi♪●fiⱴ ⅛╠

∆╢ ≤⇔√⁹ꜝ▬♫♇◒─ │⁸Ɽꜟ☻ 100 ns⁸ ╡ ⇔ 50 Hz⁸

ⱦכⱶ 14.5 ɡA≤⇔√⁹ ╠╣√ TOF☻Ɑ◒♩ꜟ╩ 3.1.1 . (2) . ᵔ- 4 ⌐ ∆⁹

│ ◄Ⱡꜟ◑⁸כ │ ⁸ ⁸ ⱦכⱶ 1 ɡA √╡─

≢№╢⁹ ╟╡ │ ⅜ ≢№∫√ 10eV ─ ╙ ⅜ ≤⌂

╡⁸ ה ─ ⌐╟∫≡⁸●fiⱴⱨꜝ♇◦ꜙ─ ╩ ∆╢↓≤⅜

≤⌂∫√⁹ 3.1.1 . (2) . ᵔ- 1 ⌐ ≢ ╠╣√ ≤ ≤─ ╩ ∆⁹
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28 ─ ⌐╟∫≡ ╠╣√ │⁸ ≢ ⱦכⱶ 1 ɡA √

╡ 2.36 ×103 n/cm2/ ɡA/s⁸ ≢ ⱦכⱶ 1 ɡA √╡ 2.13 ×102  

n/cm2/ ɡA/s ≤⌂∫√⁹↓╣╠│⁸ ⌐ ∫√ ⌐ ═≡⁸ ≢ 11 ⁸

≢ 6 ≤⌂╡⁸ ה ─ ⌐╟∫≡ ⅝ↄ ⇔⁸

─ ≤⇔≡™√ 10 ─ ╩ ∆╢↓≤⅜≢⅝√⁹ ꜝ▬♫♇◒

─☻Ɑ♇◒│⁸ 6 kW─ ≢ ⅜ ≢№╡⁸∕─ ─ ⱦכⱶ │ 200 

ɡA ≤⌂╢⁹ ∫≡⁸ ─ ꜝ▬♫♇◒─ 12 m ≢│⁸ ≢ ╠╣√

ⱦכⱶ 1 ɡA √╡─ ⌐ 200╩ ∂⁸ ≢ 4.72×104  n/cm2/s ⁸

≢ 4. 26×104 n/cm2/s ─ ⅜ ╠╣╢↓≤⅜ ⅛∫√⁹╕√⁸

⌐╟╢ ⅛╠⁸ ◦☻♥ⱶ─ │⁸▬ⱷכ☺fi◓⌐ ⌂

╩ ⇔≡™╢↓≤⅜ ⅛∫√⁹ 

 

ᵕ ◦☻♥ⱶ─ L/D H29  

╕≢⌐ ⇔√ ◦☻♥ⱶ─ ⌐╟∫≡⁸ ⌐ ≤↕╣╢

⌐≈™≡│⁸ ⌡ ↕╣√⁹ 29 │⁸↓╣╕≢─ ╛ ╩

⌐⁸ ⌐№∫√ ◦☻♥ⱶ─ L/D ─╟℮⌂ ─ ╛ ⅛╠

╣√ ≢─ ─ ╩ ⇔√⁹ 

♩♇◕כ♃⁸│≡⇔≥ ⅛╠ ∆╢●fiⱴ ─ ⅜⌂ↄ⁸ ─╖─▬

ⱷכ☺fi◓ ⅜ ⌂ ╩ ™√ ╩ ™╢↓≤≤⇔√⁹↓─ ≢│

╩ ≢ ↕∑⁸∕─ ╩ ╡ ⇔≡▬ⱷכ☺fi◓ⱪ꜠כ♩ ⁸IP ⌐

⇔⁸∕╣╩♦☺♃ꜟ≢ ╖ ⇔≡ ▬ⱷכ☺fi◓ ╩ ⇔√⁹ ™╢

⌐│⁸ ≤⇔≡♦▫☻ⱪ꜡◦►ⱶ Dy 110×160×0.1 mm ≤

≢╙ ⅜ ⌂ Au (100×100×0.03 mm)╩ ™√⁹↓╣╠ │

ↄ ⌐ ╡ ↑╢↓≤⅜ ⇔™√╘⁸▪ꜟⱵ♬►ⱶⱪ꜠כ♩⌐ ⇔≡⅛╠

⌐ ⇔≡™╢⁹ 3.1.1 . (2) . ᵕ- 1 ⌐╟╢ ╩ ∆⁹ │⁸

ⱦכⱶ 10 cm─ ⌐ ⇔⁸ ≤⇔≡ 10 cm↔≤⌐Gd2O2S☿ꜝⱵ♇◒◦

fi♅꜠כ♃╩ ⇔√⁹ ⌐╙∫≤╙ ™╙─⌐ 0 ╩ ↑⁸ⱦכⱶ ⅛╠╖≡

╡ 60 ↔≤⌐☿ꜝⱵ♇◒◦fi♅꜠כ♃╩ ⇔√ A1⁹A2:Ᵽ♇◒◓ꜝ►fi

♪ ⁹╕√⁸ASTM ─ SI ▬fi☺◔כ♃ Sensitivity Indicator ╩

╡ ↑ ▪◒ꜞꜟ☻♥♇ⱪ►▼♇☺⅜ 0.0125⁸0.025⁸0.05⁸0.075⁸0.1⁸0.125⁸

0.25ɡm─◑ꜗ♇ⱪ ⁸∕─ ╩▬ⱷכ☺fi◓∆╢↓≤≢⁸ ⌂ ╩ ⇔

√⁹ B2≢│⁸In ╛ Cd ⁸╕√⁸ ↕™ In ꞉▬ꜘ╛ Au꞉▬ꜘ╩ ⇔√

╩ ⇔⁸ ╩ ∫√⁹ 3.1.1(2) . ᵕ - 2 ⌐ ⌐╟╢

(A1,A2,B1,B2)╩ ∆⁹ A1≢─ꜝ▬♫♇◒─ │Ɽꜟ☻ 4 ɡs⁸ ╡ ⇔

50 Hz⁸ 100.3 ɡA≢⁸ 12.5 ⁸ ╕≢─ 24 ⁸

:2 5 ≢№∫√⁹ A2≢│Ɽꜟ☻ 4 ɡs⁸ ╡ ⇔ 50Hz⁸

99.7 ɡA≢⁸ 5 ⁸ ╕≢─ 15 ⁸ :20 ≢№∫√⁹

B1≢│Ɽꜟ☻ 4 ɡs⁸ ╡ ⇔ 50 Hz⁸ 98.9 ɡA≢⁸ 6

⁸ ╕≢─ 15 ⁸ : 37 35 ≢№∫√⁹ B2≢│Ɽꜟ☻
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4 ɡs⁸ ╡ ⇔ 50Hz⁸ 98.6 ɡA≢⁸ 12 ⁸ ╕≢─

15 ⁸ : 24 ≢№∫√⁹∕╣∙╣─ ╩ 3.1.1 . (2) . ᵕ- 3

3.1.1 . (2) . ᵕ- 5 ⌐ ∆⁹ ⅛╠⁸ ≢│⁸◦fi♅꜠כ♃─ ⅜│∫⅝

╡≤ ≢⅝⁸ ⅜ ╣╢⌐ ∫≡⁸ ⅜╓╛↑╢↓≤⅜ ≡ ╣╢⁹ B1 ─

⅛╠ ASTM SI ▬fi☺◔כ♃⅛╠ IP ─ ╖ ╡ 25 ɡm ≢ 50 ɡm─ꜝ▬fi

╕≢ ≢⅝╢↓≤⅜ ⅛∫√⁹╕√⁸ 3.1.1 . (2) . ᵕ- 5 ─ ─ Cd◦כ♩ ─ In

─ ╙ ≢⅝╢⁹ ⌐⁸Au ≢│⁸Cd◦כ♩⌐ ╣√ ╙ ∆╢↓≤⅜≢⅝⁸

Au≢ Cd◌♇♩○ⱨ╟╡╙ ™◄Ⱡꜟ◑כ─ ╩ ∆╢↓≤⅜≢⅝√⁹↓╣╠─

⅛╠⁸ ◦fi♅꜠כ♃─ ╩ ╢ ─ꜝ▬fi ╩ ╘⁸∕╣∙╣

─◦fi♅꜠כ♃─◄♇☺ ╩ ⇔⁸ ⱪ꜡ⱨ□▬ꜟ⅛╠◄♇☺ ─Ⱨ◒☿ꜟ ─ⱪ꜡

ⱨ□▬ꜟ ESF edge spread function ╩ ╘√⁹↓─ ESF╩ ∆╢↓≤≢ ⅜╡

LSF line spread function ╩ ╘⁸ⱨכꜞ◄ ⇔≡ MTF

modulation transfer function ╩ ╘╢↓≤⅜≢⅝╢[3 - 4]⁹ ◦☻♥ⱶ─ MTF│

─ ≢ ₁⌂ ⌐⅔™≡ ⅜≥─╟℮⌐ ∆╢⅛╩ ╢↓

≤⅜≢⅝╢⁹ ⌐ (spatial frequency cycles/mm)╩⁸ ⌐

⌐⅔↑╢ MTF ╩≤∫√ ⁸MTF │ 0 1.0 ─ ≢ ╦↕╣╢⁹№╢ ⌐

⅔↑╢ MTF ⅜ 1.0 ⌐ ™╒≥ ≈╕╡ ⅜ ™↓≤╩ ╦⇔≡™╢[4] ⁹

≢│⁸↓─ MTF╩ ™≡ ╩ ⇔√⁹ 3.1.1 . (2) . ᵕ- 6 ꜝ▬♫

♇◒≤ ─ ╩ ∫√ ꜝ▬♫♇◒─ HUNS─ MTF ╩ ∆⁹

─ ⁸ ꜝ▬♫♇◒─ MTF│ HUS≤ ─ ╩ ⇔⁸ ▬ⱷכ☺fi◓─

⅜ ™HUNS≤ ─ ⅜ ╠╣√↓≤⅜ ⅛∫√⁹ 

 

ᵖ ╕≤╘ 

≢│⁸ ⌐⅔™≡ ≤↕╣╢ ꜝ▬♫♇◒─Ɽꜟ☻ ─

╩ ≤⇔≡ ╩ ∫√⁹ 26 27 ⌐⅛↑≡⁸ ╩ ™√

┘ ╩ ™⁸∕╣╠⌐ ≠ↄ ◦☻♥ⱶ╩ ⇔√⁹ ⌐ ⇔√

◦☻♥ⱶ─ ╩ ⇔√⁹ 28 │⁸3.1.1.(1) ─ ─

≤ ─ ╩ ⌐⁸ ◦☻♥ⱶ⁸ ⌐◖ꜞⱷכ♃ ─ ─

╩ ™⁸ ─ ╩ ⇔√⁹∕─ ⁸ ≤ ⇔ │ 10

⁸ │ 6 ⌐ ↕╣√⁹ 29 │⁸↓╣╕≢─ ≤

╩ ⌐ ◦☻♥ⱶ─ L/D ╩ ⇔⁸ ─ ─ ≢№╢ ꜝ▬♫

♇◒─HUNS≤ ⇔⁸ ─ ⅜ ╠╣√↓≤⅜ ⅛∫√⁹ 

 

3.1.1.(2). ᵔ- 1 ╠╣√ ≤ ≤─  

previous present

present/previous
max

(@6kW)KURRI

(/cm2/ɛA/sec)

KURRI

(/cm2/ɛA/sec)

thermal 2.16E+01 2.36E+02 10.92 4.72E+04

epi-thermal 3.40E+01 2.13E+02 6.27 4.26E+04
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3.1.1.(2). ᵒ- 1 ꜝ▬♫♇◒─  

 

   

3.1.1.(2). ᵒ- 2 №╡─ setting 2 ≤ ╠╣√ ☻Ɑ◒♩ꜟ 

 

 

3.1.1.( 2). ᵒ- 3 ⇔ↄ ⇔√ ◦☻♥ⱶ≤ ─  
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3.1.1.( 2). ᵒ- 4 ╩ ⇔√ ─ ◦☻♥ⱶ─  

 

 

3.1.1.( 2). ᵒ- 5 ⇔√ⱦכⱶ ─  

 

 

3.1.1.( 2). ᵓ- 1 ↕ 5 cm ╩ ⇔√ ─ ◦☻♥ⱶ─  
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3.1.1.( 2). ᵓ- 2 ─  

 

 

 

3.1.1.( 2). ᵓ- 3 ◦☻♥ⱶ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 
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3.1.1.( 2). ᵔ- 1 ⇔ↄ Ⱳfiכ◌√⇔  

 

 

 

3.1.1.( 2). ᵔ- ─כⱣכ♪ꜗ◦ 2  
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3.1.1.( 2). ᵔ- 3 ─ⱦכⱶ  

 

 

3.1.1.( 2). ᵔ- 4 ╠╣√ TOF☻Ɑ◒♩ꜟ 
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3.1.1.( 2). ᵕ- 1 ⌐╟╢  

 

 

 

3.1.1.( 2). ᵕ- 2 ⌐╟╢ (A1,A2,B1,B2) 
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3.1.1.( 2). ᵕ- 3 A1─▬ⱷכ☺fi◓ ( Dy ⁸ :Au )  

 

 

3.1.1.( 2). ᵕ- 4  Dy ⌐╟╢▬ⱷכ☺fi◓ (B1) 
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3.1.1.( 2). ᵕ- 5  B2 ≢─▬ⱷכ☺fi◓ ( Dy ⁸ :Au )  

 

 

 

3.1.1.( 2). ᵕ- 6 ꜝ▬♫♇◒≤HUNS─MTF  
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  3.1.2  Self - indication ⌐╟╢ ─ H26 H29  

 

ᵑ  

╩ ⇔√ │⁸ ─ ◄Ⱡꜟ◑כ╩ ∫√

⌐ ∆╢ ╩ TOF ⌐╟∫≡ ⌐ ≢⅝╢↓≤⅛╠⁸

≢ ╩ ∆╢ ≤⇔≡ ™ ╩ ∆╢⁹⇔⅛⇔⌂⅜╠⁸MA TRU

─╟℮⌐⁸ ⌐ ╕╣╢ ⅜ ↄ⁸ ⅜ ™ ╩ ⇔≡™╢

⁸ ⅛╠ ↕╣≡™╢ [1 , 2] ☻Ɑ◒♩ꜟ╩ⱨ▫♇♥▫

fi◓⇔≡ ╩ ∆╢ ╛ [3 , 4] ⅛╠─

●fiⱴ ╩ ⇔⁸ ─ ⅛╠ ╩ ∆╢ ╩∕─╕╕

∆╢↓≤│ ╩ ℮⁹∕↓≢⁸ ≢│ ≤ ╩ ↕∑

√₈Self - indication ₉[5 , 6] ╩ ⇔⁸MA TRU ─ ⌐ ∆╢↓

≤╩ ⇔≡™╢⁹↓↓≢⁸₈Self - indicat ion ₉≤│⁸ ⌐◖ꜞⱷכ♩⇔√

ⱦכⱶ⌐ ⇔⁸ ─ ⌐ ⅛╠ ╢ ─ indicator ╩ ⇔⁸

indicator ⅛╠─ ●fiⱴ ╩ꜞ▪ꜟ♃▬ⱶ⌐ ∆╢↓≤⌐╟∫≡⁸ ─◄

Ⱡꜟ◑כ ╩ TOF ≢ ⌐ ⇔⁸ ⅛╠ ╩ ∆╢ ≢№╢⁹ 

26 │⁸ ⌐ ™╢ ●fiⱴ ≤⇔≡ Bi 4Ge3O12(BGO) ⁸

─ ╩ ™⁸ ◦☻♥ⱶ─ ╩ ⇔√⁹ 27 │⁸ ↕─

⌂╢ Ta ╩ ™≡⁸self - in dication ⌐╟╢ ─√╘─ ╩ ⇔√⁹

─ ↕≤ ─ ╩ ∆ ╩№╠⅛∂╘ ⌐╟∫≡ ╘╢↓

≤⌐╟╡⁸ ⌐ ╠╣╢ ⅛╠ ─ ↕╩ ∆╢ ╩ √⌐

⇔⁸ ─ ⌐ ∆╢↓≤⌐╟∫≡⁸ ─ ─ ╩ ∫√⁹

28 │⁸ ►ꜝfi ╩ ™√ self - indicator ≢─ ─ TOF ╩ ∫√⁹

238U ─ ⌂ ⌐ ⇔ ⌐ ╩ ╘⁸ ⌂ ⌐╟╢ ─

╩ ∫√⁹ 29 │⁸ ►ꜝfi ┘ ►ꜝfi ╩ ╖ ╦∑╢↓≤⌐

╟╡⁸ ↕─ ⌂╢ ╩ ™≡ self - indication ⌐╟╢ ─ ╩

∫√⁹ ⌐⁸MA TRU ╩ ∆╢√╘⌐ MA 237Np ⁸

93Zr ╩ ↕∑√ ╩ ™√ ╩ ⇔⁸MA TRU ─ ⌐

∆╢ ─ ╩ ∫√⁹ 

 

ᵒ ●fiⱴ ♃כ♦┘ ─ H26  

Self - indication ⌐╟╢ ≢│⁸ ≈ ─ indicator ⅛╠─ ●fiⱴ

╩ ≢ ∆╢↓≤⅜ ╘╠╣╢⁹╕√⁸TOF ⌐╟╢ ╩ ℮√╘⁸

╙╕√ ↕╣╢⁹ ≢│ ╩ ≤⇔≡™╢√╘⌐⁸ ─

│ 500 eV ─ ◄Ⱡꜟ◑כ╕≢ ≢⅝╣┌ ™≤ ⅎ╠╣╢⁹ ≢│

ꜝ▬♫♇◒─ 12 m─ⱦכⱶꜝ▬fi╩ ™╢↓≤╩ ⇔≡™╢√

╘⁸500 eV ─ ─ │ 40 ɡs ≢№╡⁸1  ─ ╩ ∆╢

√╘⌐│ ─ ⅜ 400 ns ≢№╣┌ ≢⅝╢⁹ ∫≡⁸ ↕™◘

▬☼≢№∫≡╙ ⅜ ™√╘ ⅜ ↄ⁸ ⅜ 300 ns ─ BGO ╩
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⇔√⁹ 26 │⁸ 2 ▬fi♅⁸ ↕ 2 ▬fi♅─◦fi♅꜠כ♃⅜

ⱱ♩♬◒☻  H7195 ⌐ ↕╣√ BGO ╩ 4

≤ ORTEC ─ 1 ╩ ♃כ♦⁸√╕⁹√⇔ ≤⇔≡ꜝⱲꜝ♩ꜞה▬◒▬

♇ⱪⱷfi♩ ─ⱴꜟ♅♅ꜗfiⱠꜟ▪♫ꜝ▬◙ MCA- BX1 ╩ 1 ⇔√⁹ ◦☻

♥ⱶ─ ≤⇔≡ 3.1.2 . ᵒ- 1 ⌐ ∆ ⌐ 2 ─ BGO ╩ ↕∑╢╟℮⌐

⇔⁸ ─ ⌐ 130 kBq─ 137Cs ╩ ™≡ ╩ ⇔√⁹

≢│ ⅛╠ ╕≢─ ≤ ─ ╩ ⇔√≤↓╤⁸ ⅛╠

╕≢─ ╩ 5 cm ⌐∆╢≤⁸4 ─ BGO ╩ ™╣┌ 8 % ─ ≤⌂

╡⁸indicator ⅛╠─ ●fiⱴ ╩ ≢ ≢⅝╢ ⇔╩ √⁹ 

 

ᵓ Self - indication ╩ ™√ ─ H27  

⅜ ↄ ╠╣≡™╢ Ta ╩ ≤⇔≡ ⇔⁸self - indication ─

╩ ∫√⁹Self - indicator ≤⇔≡ ↕ 0.3 mm⁸28×28 mm─ Ta ╩ ™√⁹

Indicator ⅛╠─ ●fiⱴ ⌐│⁸ ⌐ ⇔√ BGO ╩ ™√⁹

Indicator ⅛╠ ╕≢─ ╩ 80 mm≤⇔⁸ ⱦכⱶ ⌐ ⇔≡

90 ⌐ ⇔√⁹BGO ─ │ 70 mm ─ ⅝ ↕ 50 mm ⌐

∆╢↓≤≢ ⅛╠─Ᵽ♇◒◓ꜝ►fi♪●fiⱴ ⅛╠ ∆╢ ≤⇔√⁹╕√⁸

⅛╠─●fiⱴ ╩ ∆╢√╘⌐⁸ⱦכⱶꜝ▬fi ⌐│ Ⱪ꜡♇◒─ ╩ ⇔√⁹ 

≢│ⱦכⱶ ⌐ ↕ 0.5 mm⁸100×100 mm─ Ta ╩ ™√ ⁸ ↕

1.0 mm⁸100×100 mm─ Ta ╩ ™√ ⁸ ╩ ⅛⌂⅛∫√ ─ ╩∕╣∙

╣ 1 ∏≈ ∫√⁹ ꜝ▬♫♇◒─ │⁸Ɽꜟ☻ 33 ns⁸ ╡ ⇔

50 Hz⁸ ⱦכⱶ 4.2 ɡA≤⇔√⁹ ╠╣√ TOF☻Ɑ◒♩ꜟ╩ 3.1.2. ᵓ- 1⌐ ∆⁹

181Ta─ ≤⇔≡ 4.28, 10.36, 13.95, 20.29, 35.90, 39.12 eV ─ 6 ─Ⱨכ◒╩

⇔√⁹ ⌐ ╩ ↄ↓≤⌐╟∫≡⁸ ─Ⱨכ◒ ⅜ ⇔≡™╢ ⅜

⅛╢⁹↓─ │⁸ ─ ⌐╟∫≡ ◄Ⱡꜟ◑כ ─ ⅜ ⇔

√↓≤⌐╟╡⁸indicator ≢─ ⅜ ⇔√↓≤⌐ ∆╢⁹ 

↓↓≢⁸ ─ ≢│⁸Reduction Ratio ≤ ┬↓≤⌐∆╢ ╩⁸

╩ ⅛⌂™ ⌐⅔↑╢ ─ Ⱨכ◒ ╩ ≤⇔⁸ ╩ ™√↓≤⌐╟

╢ ⌐╟╢ Ⱨכ◒ ─ ≤ ∆╢⁹ ─ Reduction Ratio ≤

─ ↕─ │⁸ ╩♃כ♦ ™≡ ⌐ ∆╢↓≤⅜≢⅝╢⁹Ta

⌐ ∆╢ self - indication │ ꜞꜝⱩ▬ꜝ♃כ♦ JENDL- 4.0[ 7] ╩ ™≡

3.1.2. ᵓ- 2 ─╟℮⌐ ╘√⁹ ⅛╠ ╠╣√ ╩ ™≡ ⌂ ⌐ ∆

╢ ╩ ⇔⁸ ↕ 0.5 mm≤ 1.0 mm─ ⌐ ⇔≡ ╠╣√ ≤─ ╩

∫√⁹ ⌂ ≤⇔≡ 10.36 eV ⌐ ∆╢ ≤ ─ ╩ 3.1.2. ᵓ- 3⌐

∆⁹ 

4.28 eV⁸10.36 eV⁸13.95 eV ─ ⌐ ⇔≡ ≤ ─ ╩ ∫√≤↓╤⁸

4.28 eV≤ 10.36 eV⌐≈™≡│ ≤ ™ ╩ ⇔√⅜⁸13.95 eV ⌐≈™≡│

⅜ ╠╣√⁹ ─ ≤⇔≡│⁸ ≤ ⌐ ∆╢ ⌂ X ●

fiⱴⱨꜝ♇◦ꜙ ─ ⌐╟╡⁸●fiⱴ ─ ─ⱬכ☻ꜝ▬fi⅜ ╠™≢™╢↓
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≤⅜ ⅎ╠╣╢⁹ ⅛╠⁸self - indication ─ ─ │ ↕╣√╙──⁸

─ ╩ ∆╢√╘⌐│●fiⱴⱨꜝ♇◦ꜙ─ ⅜ ⌂ ≢№╢↓≤

⅜ ⅛∫√⁹ 

⌐ ─ 238U ⌐ ∆╢ ─ ⌐≈™≡─ ╩ ∫√⁹⸗fi♥◌ꜟ

fiꜛ◦כ꜠ꜙⱵ◦ה꜡ ♪כ◖ MCNP- 5[ 8] ╩ ™≡⁸self - indicator ≤⇔≡ ↕

10- 5 /b  ─ 238U╩ ™√ ─ self - indication ╩ ⇔√≤↓╤ 3.1.2. ᵓ- 4─

╟℮⌐⌂∫√⁹6.7 eV⅛╠ 117 eV╕≢ ₁⌂ Ⱨכ◒⅜ ↕╣√⁹∕╣∙╣─

⌐ ⇔≡ ╩ ╘√≤↓╤ 3.1.2. ᵓ- 5 ─╟℮⌐⌂∫√⁹ ╩ ↄ

℮√╘⌐│⁸Reduction Ratio ≤ ─ ↕⅜ ≤⌂∫≡™╢ ⁸∆⌂╦∟

Reduction Ratio ⅜ 1 10%─ ╩ ™╢─⅜ ≢№╢≤ ⅎ╠╣╢⁹238U─ ⁸6.7 

eV ─ ─ ╩ ∫√ ⁸ ⅜ ╡ ≈ ─ ↕─ │ 10- 6 10- 5 /b ⌐

↕╣╢⁹≤↓╤⅜ 6.7 eV⅛╠ 117 eV─ 8 ─ ╩ ╖ ╦∑≡ ℮↓≤⌐╟╡⁸

⌂ ─ ↕─ ╩ 10- 6 10- 2 /b  ⌐ ≢⅝╢ ⇔╩ ╠╣√⁹ 

 

ᵔ ╩ ™√ Self - indication ─ H28  

28 │⁸ ╩ ™√ ╩ ꜝ▬♫♇◒─ 10m ⌐⅔™

≡ ∫√⁹ │ ─ ╩ ⇔√╙─≢№╢─≢⁸ ≢ ─

┘ ⱦכⱶ ─ ⌐ ∫≡⁸ ≢ ⌐ ↕╣√ ┘

ⱦכⱶꜝ▬fi╩ ™≡ ℮↓≤⌐⇔√⁹ Ɽ♇◒ⱴfi│⌐♃כ꜠♦⸗ ≤ ┌╣╢

─ ╩⇔√▪ꜟⱵ♬►ⱶ ⌐ ↕╣√ ╩ ™√⁹ ⱦכⱶꜝ▬fi│

ⱦכⱶ ⌐ ⇔≡ 90 ⌐ ↕╣≡™╢⁹self - indicator ≤⇔≡ 20×20

×1.5 mm 7.36×10- 3 /b ─ ►ꜝfi ╩ ™√⁹self - indicator │

50  ⌐ ╠╣√ ⱦכⱶꜝ▬fi ⌐ ⇔⁸ ⅛╠ self - indicator ╕

≢─ │ 10.1 m≤⇔√⁹ 

≢│ⱦכⱶ ⌐ self - indicator ≤ ∂ ↕─ 40×40×1.5 mm─ ►ꜝ

fi ╩ ™√ ⁸ ╩ ⅛⌂⅛∫√ ─ ╩ 2 ∏≈ ∫√⁹ ꜝ▬♫

♇◒─ │⁸ ◄Ⱡꜟ◑כ 30 MeV⁸Ɽꜟ☻ 100 ns⁸ ╡ ⇔ 250 Hz⁸

ⱦכⱶ 82 ɡA ≤⇔√⁹ ⱨꜝ♇◒☻╩ ↕∑╢√╘ ╡ ⇔ ╩

╛⇔√√╘⁸ ◄Ⱡꜟ◑כ ⅜ ─Ᵽכ☻♩⌐ ∆╢ ╢∆ⱪ♇ꜝכⱣכ○⌐

─╩ ←√╘⌐⁸ 5m─ ⌐ ↕ 0.5 mm─ Cd◌Ᵽכ╩ ⇔√⁹

╩ ⌐ ™√ ≤ ⅛⌂⅛∫√ ─ TOF☻Ɑ◒♩ꜟ─ ╩ 3.1.2. ᵔ- 1 ⌐

∆⁹238U─ ≤⇔≡ 6.67 eV, 20.9  eV, 36.7  eV, 66.0  eV, 80.7  eV, 103.0  eV ─ 6

─Ⱨכ◒╩ ⌐ ⇔√⁹ ⌐ ╩ ↄ↓≤⌐╟∫≡⁸ ─Ⱨכ◒

⅜ ⇔≡™╢ ⅜ ⅛╢⁹ ⅛╠∕╣∙╣─ ⌐ ⇔≡ Reduction Ratio ╩

⇔√⁹ 

⁸self - indicator ≢─ ─ │⁸⸗fi♥◌ꜟ꜡◦Ⱶ

♪כ◖fiꜛ◦כ꜠ꜙ MCNP- 5 ╩ ™≡ ⌐╟∫≡ ╘√⁹ ≢│ ◖ꜞⱷ

√╣↕♩כ ─ ⱦכⱶ╩ ⌐ ↕∑⁸ ─ ⌐ ↕╣√ self -

indicator ≢─ ⌐ ⇔≡ tally ╩ ∫√⁹ ⌐ ≤ ≢
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╠╣√ TOF☻Ɑ◒♩ꜟ─ ╩ ∫√⁹238U─ 6.67 eV ⌐ ∆╢ TOF☻Ɑ◒♩ꜟ─

─ ╩ 3.1.2. ᵔ- 2 ⌐ ∆⁹6.67 eV ⌐ ⇔≡│⁸ ⌐╟∫≡ ╠╣√

TOF☻Ɑ◒♩ꜟ─ │ ≤ ™ ╩ ⇔√⁹ ◄Ⱡꜟ◑כ⅜ ∆╢⌐≈╣

≡⁸ ≤ ─ ⅜ ⇔∏≈ ⌂∫≡™ↄ ⅜ ↕╣√⅜⁸↓╣│

≢│Ɽꜟ☻ ─ ⌐╟╢ TOF─ ⅜╡─ ╩ ⇔≡™⌂™√╘≢№╢

≤ ╦╣╢⁹⇔⅛⇔⌂⅜╠⁸ ─ ↕╩ ↄ ∆╢√╘⌐ ⌂─│⁸

⅜ Ⱨכ◒─ ╩ ∆╢↓≤≢│⌂ↄ⁸ ─ Reduction ratio ≤ ─

↕─ ⅜ ⌂ ⌐╟∫≡ ≢⅝≡™╢⅛≥℮⅛≢№╢⁹∕↓≢⁸ ⌂ 6

─ ⌐ ⇔≡ ≤ ⅛╠ ⇔√ Reduction ratio ─ ╩ 3.1.2. ᵔ- 1

⌐ ∆⁹ ⌂ ⌐╟∫≡ 6.67 eV ─ Reduction ratio ╩ 1% ─ ≢

≢⅝╢↓≤╩ ⇔√⁹↓─↓≤⅛╠⁸Self - indication ─ ─ ╩

∆╢↓≤⅜≢⅝√⁹⇔⅛⇔⌂⅜╠⁸ ─ ─ ↕⌐╟∫≡│⁸indicator ─

↕≤ ⌐ ™╢ ─ ⌐╙ ╩ ℮↓≤⅜ ≢№╢↓≤⅜ ⅛∫√⁹ 

 

ᵕ MA TRU ╩ ⇔√ ⌐ ∆╢Self - indication ─ H29  

29 │⁸ ►ꜝfi ┘ ►ꜝfi ╩ ╖ ╦∑╢↓≤⌐╟╡⁸ ↕─

⌂╢ ╩ ™≡ Self - indication ⌐╟╢ ─ ╩ ∫√⁹ ⌐⁸

TRU ╩ ∆╢√╘⌐ MA 237Np ⁸ 93Zr ╩ ↕∑√

╩ ™√ ╩ ⇔⁸TRU ─ ⌐ ∆╢ ─ ╩ ∫√⁹ 

│ ꜝ▬♫♇◒─ 12 m ⌐⅔™≡ ∫√⁹indicator ⅛╠─ ●fiⱴ

⌐│ 3.1.2. ᵒ ≢ ⇔√ 4 ─ BGO ⌐ ─ 8 ─ BGO ╩ ⅎ√

12 ─ BGO 2▬fi♅× ↕ 2▬fi♅ ╩ ™√⁹BGO │ indicator ╩

⌐ ╡ ╗╟℮⌂ ≤⇔√⁹ ≤ indicator ─ ⌐│ ─ ─√

╘⌐ ↕ 4 mm─ 6LiF ♃▬ꜟ⁸indicator ⅛╠─●fiⱴ ─√╘⌐ ↕ 10 mm─ ╩

⇔√⁹BGO ╡⌐│ ⅛╠─●fiⱴ ╩ ∆╢√╘⌐ Ⱪ꜡♇◒╩ ⇔

√⁹╕√⁸indicator ⌐ ∆╢ ╩◖ꜞⱷ⁸⌐╘√╢∆♩כindicator ─ ⌐

│ 12mm─ ⅝─Ⱳ꜡fi ╡ⱳꜞ◄♅꜠fiⱩ꜡♇◒╩ ⅝⁸sample│◖ꜞⱷכ♃─

⌐ ⇔√⁹ 3.1.2. ᵕ- 1 ⌐ ╩ ∆⁹ ⅛╠ indicator ╕≢─

│ 12.5 m≤⇔√⁹BGO ⅛╠─ Anode │ ≤

≢ ⁸ ↕╣√ ⁸Dual Sum & Inverter ⌐╟∫≡ ⇔ ╦↕╣√⁹ ⁸

ꜝ▬♫♇◒─ injector ╩♩ꜞ●≤⇔≡ ≤⇔⁸BGO ⅛╠─

≤ ♃כ♦⌐ ⌐ ╡ ╪∞⁹ꜝ▬♫♇◒─ │⁸ ─ ◄Ⱡꜟ◑כ

30 MeV⁸Ɽꜟ☻ 100 ns⁸ ╡ ⇔ 300 Hz≤⇔⁸ ◄Ⱡꜟ◑כ כⱣכ○─

ꜝ♇ⱪ╩ ←√╘⌐⁸ 10 m─ ⌐ ↕ 0.5 mm─ Cdⱨ▫ꜟ♃כ╩

™√⁹ ⌐│ ─ ⌂╢►ꜝfi▪ꜟⱵ ⅛╠ ╢ ╩ ™√⁹►ꜝfi

▪ꜟⱵ │ 1/2 inch. ×1/2 inch. ×1 mmt ─ ╩⇔≡⅔╡⁸ ►ꜝfi

93%⁸ HU≤™℮ ⁸ ►ꜝfi 0.2%⁸ DU≤™℮ ─ ╩ ⇔√⁹

⌐│ HU1 ⁸HU3 ⁸DU1 ⁸DU2 ⁸DU3 ⅛╠ ╢ 5 ─ ╩ ™√⁹

∕╣∙╣─ ─ 238U─ ↕│⁸1.49×10- 5, 4.47×10- 5,  2.11×10- 4,  4.22×10- 4,  
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6.33×10- 4 /b ≢№╢⁹Indicator ⌐│ 28 ─ ≤ ∂ↄ 20×20×1.5 mmt

7.36×10- 3 /b ─ ►ꜝfi ╩ ™√⁹ │ ⌐ ⇔≡ 3

∏≈ ∫√⁹ 

≢ ╠╣√ TOF☻Ɑ◒♩ꜟ╩ 3.1.2. ᵕ- 2 ⌐ ∆⁹TOF │ 1ch.╩ 100ns≤⇔

≡ ∫√⁹ 28 ─ⱦכⱶ◖ꜞⱷכ♃─ ≤ ╡─ ⌐╟╡⁸●fi

ⱴⱨꜝ♇◦ꜙ─ ╩╒≤╪≥ ↑╢↓≤⌂ↄ 300 eV ─◄Ⱡꜟ◑כ ≢ 238U─

╩ ∆╢↓≤⅜≢⅝√⁹ ⌂ ╩ ⇔√ TOF☻Ɑ◒♩ꜟ╩ 3.1.2. ᵕ- 3

6 ⌐ ∆⁹ ⌐⅔™≡⁸ Ⱨכ◒ ⅜ ─ ─ ↕⌐ ∂≡ ⇔≡

™ↄ ⅜ ↕╣√⁹ ⌐⁸6.7 eV, 20.9 eV, 36.7 eV, 66.0 eV─ 4 ─ ⌐ ⇔

≡⁸ ⌐ Reduction ratio ╩ ⇔√⁹ ⁸7.36×10- 3 /b ─ 238U ↕─ ►ꜝ

fi indicator ⌐ ⇔≡⁸Reduction ratio ≤ ↕─ ╩ ∆ ╩ ⌐⸗fi♥

≡∫╟⌐fiꜛ◦כ꜠ꜙⱵ◦ה꜡ꜟ◌ ⇔√≤↓╤⁸ 3.1.2. ᵕ- 7 ─╟℮⌐⌂∫√⁹

Reduction ratio ⌐ ⇔≡⁸ ⅛╠─ ≤ ─ ╩ 6.7 eV⁸20.9 eV⁸

36.7 eV⁸80.7 eV─ 4 ─ ⌐ ⇔≡ ∫√ ╩ 3.1.2. ᵕ- 8 11⌐ ∆⁹

⌐™∏╣─ ⌐ ⇔≡╙⁸DU ⅛╠ ╢ ⌐ ⇔≡│ ≤ ™ ╩ ⇔

√⅜⁸235U⅜ 238U─ 13 ╕╣╢ HU ⌐ ⇔≡│ ≤─ │ ↄ⌂⅛∫√⁹

↓╣│ 238U ⌐⅔↑╢ 235U⌐╟╢ ⅜ ─ ≤⇔≡ ⌐ ⇔≡™╢↓≤⌐

ⅎ⁸238U─ ∕─╙─╙ ⌂™↓≤⅜ ≤ ⅎ╠╣╢⁹ 

Reduction ratio ─ C/E ╩ 3.1.2. ᵕ- 1 ⌐ ∆⁹6.7 eV ⌐≈™≡│⁸ ►ꜝ

fi─ ⌐⅔™≡│ 2 4%─ ≢ Reduction ratio ╩ ⇔≡™╢⅜⁸DU1, DU3⌐

≈™≡ C/E │ ─ ≢ ≢№╢⁹20.9 eV⌐≈™≡│ C/E │ 7 12 % ≤⌂

∫√⁹↓─ │ 28 ⌐ ⇔√ ─ ≤╙ ⇔≡⅔╡⁸ ⌐

╟∫≡ ─ ⅜ ⅛╘╠╣√ 6.7 eV ╩ ⅎ┌⁸2 % ─ ≢ 238U─

↕╩ ≢⅝╢↓≤⅜ ≢⅝√⁹ ╩ 4 ↕∑╣┌ │ 1/2 ⌐≢⅝

╢≤ ↕╣╢√╘⁸ ⅛╠ 12 ─ ╩ ∆╣┌ 1 % ─ ⅜

≢№╢≤ ↕╣╢⁹╕√⁸ │ 3.1.2. ᵕ- 7 ─ ≢ ─ ╟╡╙

⅜ ↕™ 80.7 eV ⌐≈™≡╙ Reduction ratio ╩ ∆╢↓≤⅜≢⅝√⁹

ⱨꜝ♇◒☻⁸ ╩ ↕∑╢↓≤⌐╟╡ ╩ ∆╣┌⁸↓╣╠─

↕⌂ ╙ self - indication ⌐╟╢ ⌐ ≢⅝╢ ⅜№╢↓≤╩ ∆╢

╩ √⁹ 

⌐⁸MA TRU ╩ ∆╢√╘⌐⁸MA 237Np ⁸

93Zr ╩ ↕∑√ ╩ ™√ ╙ ∫√⁹237Np │ 30 mm─▪ꜟⱵ♬

►ⱶ ─ 20 mm─ ⌐Ɑ꜠♇♩ ─ Ⱡⱪ♠♬►ⱶ 1g ⅜ ↕╣√╙

─≢№╡⁸26 MBq─ ╩ ∆╢ RI ≢№╢⁹93Zr │ 30 mm─▪ꜟ

Ⱶ♬►ⱶ ─ 20 mm─ ⌐Ɑ꜠♇♩ ─ ☺ꜟ◖♬►ⱶ 3.31 g, 

19 % ⅜ ↕╣√╙─≢№╡⁸47 MBq─ ╩ ∆╢ RI ≢№╢⁹

237Np ⁸93Zr , DU ╩ ⇔√ ⌐≈™≡╙ self - indication ─

╩ ∫√⁹╕√⁸ ─√╘⌐ indicator ≤⇔≡ 10B ↕ 8 mm ╩ ™√

╙ ∫√⁹ ─ │ ╩ 10B ⌐ ↕∑╢↓≤⌐╟∫≡⁸ ●fiⱴ
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⌐╟∫≡ ╩ ⌐ ∆╢↓≤⌐⌂╢─≢⁸ ≤ ─ ≤╖

⌂∆↓≤⅜≢⅝╢⁹10B╩ ™√ ─ TOF☻Ɑ◒♩ꜟ≤ ►ꜝfi ╩ indicator

≤⇔√ ─ self - indication ─ TOF☻Ɑ◒♩ꜟ╩ 3.1.2. ᵕ- 12⁸3.1.2. ᵕ- 13 ⌐ ∆⁹

≢│ 237Np ─ ⌐╟╢ ─ dip ⅜ ↕╣≡™╢⅜⁸self -

indication ─ TOF☻Ɑ◒♩ꜟ⌐│ 238U─ ─ │ ↕╣⌂⅛∫√⁹↓─↓

≤╩╙∫≡⁸MA TRU ─╟℮⌐ MA ╛ ╩ ╗ ⌐ ⇔

≡╙ self - indication ⅜ ≢№╢↓≤╩ ∆╢↓≤⅜≢⅝√⁹ 

 

ᵖ MA TRU ┼─ ─ H29  

MA TRU ⌐ ∆╢ ─ │⁸ ⌐ ╕╣╢ 239Pu─ ╩

⌐∆╢↓≤≢№╢⁹≤↓╤⅜ ─ MA TRU ╩ ™√ ╩ ℮↓≤│

≢№╢√╘⁸ ↕╣╢ TRU ─ ⌐ ≠™≡ ⌐╟∫≡ 239Pu ─

⌐≈™≡ ╩ ∫√⁹MA TRU ⌐ ╕╣╢ ⌂ │⁸ ≤⇔

≡│ 238Pu, 239Pu, 240Pu, 241Pu, 242Pu, 238U⁸MA ≤⇔≡│ 237Np, 241Am≢№╢⁹ ⌂

MA TRU │♃כ♦─ [9] ⅛╠ ⇔√⁹Pu ╩ 26.5 wt%⁸TRU

╩ 33.1 wt%⁸MA ╩ 6.6 wt%≤⇔⁸ ─ ⌐│ ≢№╢ 11 g/cm3╩

⇔√⁹╕√⁸ ─ ↕│ 1cm≤⇔√⁹ [9] ⅛╠ ⇔√ Pu ⁸MA ─ TRU

─ ╩ 3.1.2. ᵖ- 1 ⌐ ∆⁹╕√⁸TRU╩ ↄ 66.9 wt%⅜ 238U≢ ⇔≡™╢╙─

≤ ⇔√⁹ 

JENDL- 4.0 ⅛╠ ⇔√ 8 ─ ─ ╩ 3.1.2. ᵖ- 1 ⌐ ∆⁹ ⅛╠

⅛╢╟℮⌐⁸239Pu─ ⌐│ 239Pu ─ ─ ⅜ ⇔≡™╢⁹ ⌐ JENDL-

4.0 ─ ≥♃כ♦ ╠⅛♃כ♦ ⌐⅔↑╢ ╩ ⇔⁸

─◄Ⱡꜟ◑כ ╩ ⇔√≤↓╤ 3.1.2. ᵖ- 2 ─╟℮⌐⌂∫√⁹ ─

√╘⌐ TRU ≤ ∂ ─ 100%─ 239Pu⌐ ∆╢ ─◄Ⱡꜟ◑כ

╙ⱪ꜡♇♩⇔√⁹5 30 eV─ ╩ ⇔√╙─╩ 3.1.2. ᵖ- 3 ⌐ ∆⁹239Pu

─℮∟ ⌐ ↕╣≡™╢ 4 ≈─ 7.82 eV, 17.66  eV, 22.27  eV, 26.27  eV

╩ ⌐ ⇔√⁹ 

⌐ ↕ 10- 3 /b ─ 239Pu─ indicator ╩ ™√ ─ self - indication ╩ ⇔

√⁹Indicator ≤⇔≡ ⇔√ 239Pu─ ⁸ ╟╡╙ ⅜ ⌐

⌂╢─≢⁸indicator ⅛╠─ ─ ╩⇔√≤⅝⌐ ╠╣╢ self - indication

╩ ⇔√⁹ ╩ ⅛⌂™ ⁸TRU ╩ ™√ ⁸TRU ≤ ∂

─ 100%─ 239Pu ╩ ™√ ─ self - indication ─◄Ⱡꜟ◑כ ╩

3.1.2. ᵖ- 4 ⌐ ∆⁹5 30eV─ ╩ ⇔√╙─╩ 3.1.2. ᵖ- 5 ⌐ ∆⁹4 ≈─

7.82 eV, 17.66  eV, 22.27  eV, 26.27  eV ≢│ tail ≢ ∆╢ ─

─ ╩ ↑╢╙──⁸ Ⱨכ◒⌐⅔™≡ ⌂ ─ ⅜ ↕╣√⁹ 

─ ≤ self - indication ╩ ∆╢√╘⁸4≈─ ⌐ ⇔≡∕╣∙

╣─ ─ Reduction Ratio ╩ ⇔√⁹∕─ ╩ 3.1.2. ᵖ- 7 ⌐ ∆⁹≥∟╠─

╙ ─ ⌐╟∫≡⁸TRU ─ Reduction Ratio │ 100%─ 239Pu ⌐

═≡ ⌐⌂∫≡™╢⁹⇔⅛⇔⁸ ─ ⅜ 30 85%≢№╢─⌐ ═≡⁸
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self - indication ─ │ 10% ⌐ ╕∫≡™╢↓≤⅜ ≢⅝√⁹↓─╟℮⌐⁸

MA TRU ⌐ ⇔≡╙ 10% ─ ╩ ⌐ ⅎ┌⁸self - indication

⌐╟∫≡ ⌐ ⌂ Reduction Ratio ╩ ™≡⁸239Pu─ ╩ ⌐ ≢⅝╢

⇔╩ √⁹ 

 

ᵗ ╕≤╘ 

₈Self - indication ⌐╟╢ ─ ₉≢│⁸ ─ ─ ╩

≈ ⌐ ∆╢ ╩ ⇔⁸ ─ ╩ ℮↓≤╩ ≤⇔√⁹

26 ⅛╠ 27 ⌐⅛↑≡ ─ ┘ ╩ ⇔⁸10eV

─◄Ⱡꜟ◑כ ≢│⁸●fiⱴⱨꜝ♇◦ꜙ─ ⌐╟╡ indicator ⅛╠─ ●fi

ⱴ ─ ╩ ⅎ ≤⇔≡™╢ ⅜№╢↓≤╩ ™∞⇔√⁹ 28 ⌐│

┘ ─ ⌐╟∫≡⁸●fiⱴⱨꜝ♇◦ꜙ─ ⅜ ↕╣⁸Self -

indication ╩ ™╢─⌐ ⇔√ ≤⌂∫≡™╢↓≤╩ ⌐ ⇔√⁹ ⌐⁸

─ ⅜ ⌐ ⅎ╢ ╩ ∆╢√╘─ ⌐≈™≡╙ ⇔√≤

↓╤ ╩ ╗ ⌐ ⇔≡╙ Self - indication ⅜ ≢№╢↓≤╩ ⅛╘╢

↓≤⅜≢⅝√⁹ 29 ≢│⁸ ≤⇔≡ DU ┘ HU ╩ ™√ ╩

⇔⁸ 2 % ≢ 238U ─ ⌐ ⇔√⁹ ⅛╠ ╩ 4 ⌐∆╣┌

1 % ─ ⅜ ≢№╢≤─ ╩ √⁹ ⁸ ≢ ⇔√ │ ≡ ≢⅝√⁹

⌐⁸TRU ╩ ∆╢√╘⌐⁸237Np⁸93Zr, DU ╩ ⇔√ ⌐≈™≡╙ self -

indication ─ ╩ ∫√⁹∕─ ⁸TRU ⌐ ⇔≡╙ self - indicatio n ⅜

≢№╢↓≤⅜ ≢⅝√⁹ 

 

 

 

 

3.1.2. ᵔ- 1 ┘ ⅛╠ ╘√ ─Reduction Ratio ─  
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3.1.2. ᵕ- 1  Reduction ratio ─ ≤ ─  
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3.1. 2. ᵓ- 1  self - indication ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ─  
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3.1. 2. ᵓ- 2 JENDL- 4.0 ─ ╩ ™≡ ⇔√ Ta⌐ ∆╢ self - indication ─ 
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3.1. 2. ᵓ- 3  Ta─ 10.36 eV ⌐ ∆╢ ≤ ─  
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3.1. 2. ᵓ- 4 238U⌐ ∆╢ self - indication ─  
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3.1. 2. ᵓ- 5 238U─ ⌐ ∆╢  
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3.1. 2. ᵔ- 1 self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 
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3.1. 2. ᵔ- 2 238U─ 6.67 eV ⌐ ∆╢ ≤ ─  
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3.1. 2. ᵕ- 2  self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 
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3.1. 2. ᵕ- 3  self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 6.7 eV  
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3.1. 2. ᵕ- 4  self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 
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3.1. 2. ᵕ- 5  self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 66 117 eV  
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3.1. 2. ᵕ- 6  self - indication ─ ≢ ╠╣√ TOF☻Ɑ◒♩ꜟ 
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3.1. 2. ᵕ- 7 238U─ ⌐ ∆╢ 238U─ ↕ 7.36×10- 3 /b ─ )  
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3.1. 2. ᵕ- 8 238U─ 6.7 eV ⌐ ∆╢ ≤ ─  
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3.1. 2. ᵕ- 9 238U─ 20.9 eV ⌐ ∆╢ ≤ ─  
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3.1. 2. ᵕ- 10 238U─ 36.7 eV ⌐ ∆╢ ≤ ─  
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3.1. 2. ᵕ- 11 238U─ 36.7 eV ⌐ ∆╢ ≤ ─  
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3.1. 2. ᵕ- 12 237Np, 93Zr, DU ╩ ↕∑√ ⌐ ∆╢ ☻Ɑ◒♩ꜟ 
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3.1. 2. ᵕ- 13 237Np, 93Zr, DU ╩ ↕∑√ ⌐ ∆╢ self - indication ─ 
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3.1.2. ᵖ- 1 MA TRU ─ ─  

 

 

 

3.1.2. ᵖ- 2 TRU ≤ 239Pu⌐ ∆╢ ─  

 


