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ѧḒᴦẔᾭὯχᴦẔἈ ֧ṃ Ḓ љ
֫ṵ ᴥỉ֫Ἀ

ῃ

Ҭ ḛ

(n,2n)

75 eV

1.04 MeV

2.6 MeV

5.3 MeV

14 MeV
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– ῶᾎὊ

ÁᴝḒ⁄ ᴪχᴁ ῼ ᴪ Ḓ ֫ᾟ⅝ ψ

ÁᴝḒ⁄

Áɚ



ῤ

Á ч
Å е жӁ

Á ч
Å е Ӂ Ӂ жӁ Ӂ

Ӂ Ӂ

Á

Å Ӂ Ӂ



ÅҲ Е
Ҳ ɻ ɻ ɻ

10



11

ԓ Ҳ

ᴄ ᴢ֜ᴄ
Ѧḑ╟

╟ӾѦḑיִ

¸ᴥẓᶣα Ѧḑβ

¸ ו⸗ ᵷαkeV -8 
MeV, 14 -20 MeV τp-Tε
d-D, d -T, p -7Liᴥẓ)

¸ᶡ҇∟ײַ←צ▌ᴦ
֨ᾎ Ғ
ᾎὊ≡

¸Ỉ֪ợ ᴤỈ֪
ợ ֪Ḫ

¸ ḑ ח
¸⸗ḑ ח
¸ᾌ Ѧḑ╟

¸Ԅợ ᴩợ
Ѧḑ ợ ▌
ᴦ֨ᾎτ

¸ԉ ᾎὊτ–ש
¸ ֪ ᴩᾎὊ



Ẉᴶ

ᶴ Ѧḑ ẵ ẘ

ѧᶂӾ ᶤ ♬ѧḒ 1014  n/cm 2/s

HI-13ѩ֯ז ᵸ
8-26 MeV (d+D)
4-23 MeV (p+T)

22-42 MeV (d+T)

108  n/sr/s
107  n/sr/s
106  n/sr/s

2³1.7 MVṇѩ֯

3-6 MeV ( d+D )
14-20 MeV ( d+T )

0.07-2.0 MeV ( p+T )
0.03-1.3 MeV ( p+Li )

109  n/ sr/s
108  n/ sr/s
109  n/ sr/s
108  n/ sr/s

ᴙӤזᵸ 2.5, 14 MeV 108ι1010  n/sr/s

ѧᶂᾫ ѧḒ◊ᴦ ︢ӿѧ
Ḓ◊

1 eV-100 MeV 107 n/cm 2/s

ѧḒ◊Ẉᴶ



ѧḒᴖ Ғⱳợ ≡
Ḫ

TOF Ҩ
DXεDDXεṇӋεὒ≡ᵷֽẘ

GTAF
(n,g)ᴥẓ

ᴜḑ֪ḑᾎὊ
≡

8-26 MeV (d+D) 

4-23 MeV (p+T)

22-42 MeV (d+T)

108

107        n/s/sr

106

HI -13Ѩ֮ו ᵷ
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ỒѦḑ ᾩ ҨαѨ֮β

ÅỒѦḑ ≡ τ

Åὒ≡ᵷ Ḧτ

ÅṇӋ◓ⱣḪ

ὒ≡ᵷ ֮αѨ֮β

Åαn,2ngβ Ẵ Ғⱳợ ≡ τ

Å ợ ≡

ή╜ᵸ

טּ ᶸẆ┐ҨαѨ֮β

Å ᴜḑ֪ḑ ≡ τ

Å Ṁᵗ≡



ή╜ᵸ

-3ⱢᶙѦḑὒ≡ᵷ ֮αӣוᵷβ

Å (n,2n) (n,3n) ᴥẓợ ≡

Å ᴩѦḑᶹ ᾎ≡

Å ῴẳѦḑ╟ẵẘ≡

Ԅ ᾁᶙ צ ὒ≡ᵷ ֮αCSNSβ

Å (n,g) (p,g) ᴥẓợ ≡

Å (n,g)ᴥẓ ♣ᶹ ᾎ≡

Å ᴩ ♣ᶹ ᾎ≡

C6D6 ὒ≡ αCSNSβ

¸Ѧḑ ợ ≡



ֳḉ ᴩҒ ≡

Å ᴩ ○ ֪Ṵ≡

ᶇ ᵂӇ ֪ ᵷαѦᶁӽ כֿ
ᶣβ

Á Ṁᵗתּ ᴩҒ◓– ײַ ᴩᾎὊ

≡

ή╜ᵸ

Ѧḑὒ≡ᵷ ֮

Á ᴩּףᴦѦḑ ≡ τ

Á ⁸ Ѧḑ ≡



ἅᶂ⁄ᾭὯ Ѯ

1956Ẉ
єẵᶇᴜḑ
Ứở Ѧḑ◓Ᵽ

כֿ Ḯ

1959 -1964Ẉ
ḡở 235 238 U
239 Pu ᴩợ
Ԋ Ḫ ≡

1965 -1966Ẉ
ḡở d+ 6Liε

n+ 6Li Ԋ –
ᾎὊḪ ≡

1975Ẉ
–ṩѝ –ᾎὊ
ѦịᴢԄᶁ–ᾎ
Ὂṩӏᴂӏ

ở

1984Ẉ
Ѧᶁ–ᾎὊѦị
ở ӓᶁḱ
–ᾎὊѦị

1985Ẉ
Ѧᶁ ҭ–ᾎὊ
ẒCENDL-1
ᴦṴ

1986Ẉ
ở Ѧᶁ–ᾎὊ
ḋᵓҹἷḿỠᶁ
–ᾎὊṩӏᴦṜ

1993Ẉ
Ѧᶁ ҭ–ᾎὊ
ẒCENDL-2.1

ᴦṴ

2009Ẉ
Ѧᶁ ҭ–ᾎὊ
ẒCENDL-3.1

ᴦṴ

2010Ẉ
–ᾎὊ≡ ј
ҭἆῠ Ḫ
Ḯ₇ẩ

2018Ẉ
ҧCSNSѬҥ
ᾚײַ ҥѦḑ╟
Ἃԃ

2019Ẉ
⁸ᶇỠᶁѮד

ᶁ –ᾎὊᶼҹ

2020Ẉ
Ѧᶁ ҭ–ᾎὊ
ẒCENDL-3.2

ᴦṴ

1956 1959 -1964 1965 -19661975 1984 1985 1986 1993 2009 20182010 2019 2020
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1. (n,p )ᴥẓợ ײַ ︢≡ α ᴖ β

92Mo(n,p)92mNb vs 93Nb(n,2n)92mNb

58Ni(n,p)58Co vs 59Co(n,2n)58Co 

24Mg(n,p)24Na vs 27Al(n,2n)24Na

Áַּק╗ז│ι Ὅể╜ᴦẔљ ╜ᴦẔғּו ᵃ╗קғⱶ⁄￼ ᵀιᶽẄ
Ӊ╜ ‛ј ḧẙεṇ҈2%ι ֹᶂ ῳḄ↨Ẉζ

92Mo(n,p)92mNb

58Ni(n,p)58Co

24Mg(n,p)24Na



2. 93Nb(n,2n) 92m Nbᴥẓợ ײַ ḽ≡ α β

Á ᴦẔῗᶢ҈╗ק│Ầṝ⁄ᾭὯ╜ ￼Ẃּזᴠ Ἀ

Áᶢ҈ ᴙӤזᵸ
Á ѧḒ├ ꞌ Ḿ╜ χӃ Ḓ│ε ӿ Ể ‾ᵝ Ɫ ╜ ζψ

Á ғⱶ⁄ Ḿ╜ χή╜ᾦꞌ ‰ḧ



3. (n,2n) ᴥẓợ ≡ὓѦḑבּײַ α Ấ ֒ β

Åʑ ֫(n,2n)ᴦẔἈ ᶢ҈╗ק│╜ ệψ

ÅẸ(n,2n)ᴦẔғⱶ⁄ѭ ṁᵘ⁄ἆ ḧ⁄Ὴεḅ93Nb(n, 2n)92gNb D(n,2n) ζι╗ק│

ῂ ѭדιọ ᴧṝᾺ￼╜ Ά│

ᾛ← ҷ

←צ∟ ᴄ ặҒ◓–∟ẘḲᾮ≡ њ ᶂ
֜︢ᾩᴴҧ Ệ ẘᾎὊ

ї ᴿỨῑ–

←ὓѦḑבּ ѢѥѦḑײὓḽ֦Ṃַבּ ≡ εї
Ᵽ ӡ₇εḪⱴ Ẍ

῞Ẕὔֹ

ᴦףּ Ṃ ← ֪ ḃε῞ẔẆἀṆ Ᵽ ӡ₇εҹẫ ᶸї︢Ḧẘ

῎ҥᴥẓ← ᴴḪ♪ї Ḧ– ≡ײַ Ᵽ ӡ₇εҹẫ ᶸї︢Ḧẘ
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ԋ - 3 Ҳ ∆

¸ Е ∆ Ж

¸ᵤ Е - 3 ᵓ Ғ Ж

¸ Е ∆ɼ

- 3 Ҳ ∆Ї 110 - 3
Ӟ ᵩҲЇ

(n,2n) ₴ Ҳ ɻᵤ



Sample ὔ ȟ
ͺ
ὔ ͺ Ὅ u ὔᶻ v ὔ

ͺ
w ὔ ȟ

ͺ
x ὔ ȟ ὔ

ȟ
y „ ȟ (mb) „ ȟ (mb)

Au 1297 12,579 2513 2273 1847 1905 1905 5928 2187°109 2187 ρπω

Y 356 3,945 2084 754 401 362 437 1375 986°93 1006°22

Nb 1472 15,464 2430 1548 1136 1082 1119 3399 1332°90 1372°74

175Lu 1537 15,880 3627 2623 2009 1944 1347 4122 2652°168 2008°134

Ta 2359 29,228 4198 4325 3614 2917 1746 5439 2111°127 2086°171

null --- --- 4310 730 --- --- --- --- --- ---

ḡở҂14.8 MeV ᶹѥ– ᴥẓợײַ ≡

Example: Au
Run time:2000 s 
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4. ⅎ Ѓ∏ ɻ∏қ Є

ᾟ ᴪ ֺ ᾟ ᴪғ ᾭὯ Үљấẓ
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ḩ̴ấ ֫ ￼ ᴪ Ɑ╜ Ἡ  Ԏѧ ֫ ŽP2Pֹ 1%ιẊή

֧ Ɑּכ ָ￼Ἡ Ά⁮

ŽH2H ? 31;(
Žw2w ? 316(
Žo2o ? 314(



ȹT=157 ps

ȹE/E=0.54 %

ᶢ҈Ṝ ּכ ḯι ᴧ҃ ᴪ Ɑ ή╜ᵸι֫ ꞌ ֹ0.5%ψᶢ҈MCPή╜ᵸι ᴧ
҃ ᴪ Ɑ Ὴ ή╜ᵸιῊ ֫ ֹ 150 ι ֹᶂ Ӿ ↨Ẉׁ֯
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Ḣἄ҃252Cf ᴧ ᴪ ♬ѧḒ ᴧ235U 239Pu ᴪ 14 MeVѧḒ ᴧ239Pu ᴪ￼ ᴪ
Ɑ ֫ṵ╜ ιḫ҃א ᴪ Ɑ ֫ṵ￼ ẙ╜

235U(nth,f)

239Pu(nth,f)

252Cf

239Pu(14 MeV)



ᴩᶹᴟᾎ⸗ ַᾛ’σ

V ᴪ Ɑ ẘ-ח - -◕ỀXṂ

- Ω ◕ ᶺᴠᾭԋ ╜ ψ

V Xṃ ᵀ╜ ֧ŽHɋZ‰ḧԋ

ιệֹ῭ѭᴵ כּ￼ ֫ṵᾭὯ

Ԋ ἆῠσ

1β ≡ α׀Ῑṩӏβτ

2β↓Ẻ֪ῷὝᴧ⸗ ᴟᾎτ

3β◕ỀXṂ  Ḧ⸗ Ԋ

Ầṝ҃ ᴪ Ɑּכ ָ ι ệ252Cf ᴧ ᴪ Ṥ כּ￼ ֫ṵ



Ấ ҂ ᴩּףᴦѦḑ ≡ ᾛ←σ

Å PPACⱴ҇ ᴩ҅Ҭὒ≡τ

Å ὒ≡ᵷ ֮ⱴ҇1 MeV ҧѕ Ѧḑש ≡ τ

Å Li♫Ⱪὒ≡ᵷ ֮ⱴ҇1 MeV ҧі Ѧḑש ≡ τ

ÅᴦṜ҂ᶼח ᵿַײѦḑ/ ַᾛ←ᴢᶵῢᾌṂ῞Ẕ

ῪҬіַײ ӡ₇ᾛ←

Ḥ ’Ҋ Ҭ /ᵍ ≢ ̂ / № ̃

5. Ҳ Ѓ ɻ Є



ḡở҂ִיӾѦḑ ᴦ -235ᴢ14 MeV Ѧḑ ᴦ PFNSḪײ238ַ- ≡ εֳ₉ Ὼᾶ Ḫ

Ԏῑ ײַ ẘ

0.1-10 eVҬ + -235 10-100 eVҬ + -235 14 MeVҬ + -238
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6. Ҳ ⅎ Ѓ Є

ü ԍ Ṑⱴ ̕
ü d-T d-D Ҭ ҍ

ᵬ Ҭ
̕

üҬ
̕

ü ΐ / Ȃ

Ҭ №


