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Á� ^3«�{O�3�Ó �©lì(ISOL)q–¥fq3100MeV, 200µAr6�fåì�e�

)���5Ø�¹Ý9γ��rÝ��m�Cz, �fq��O!��9�Ï?nJø�½��O�

â.

'�c ISOL qá� γ��rÝ

1 Úó

3G�,?ó§�®��5Ø�C��Y¥, p

§!r��5q–´ ISOL�8�'�Eâ��
[1];2)

.

��C�éqá���¦ép: qá�7LU�Ð

?åu)Ø�A�)¤I���5Ø�; Aäk��

��A�¡Ú�p��)�Ç; AFp§, ä�$�

íØA5; Ø�A�)���5Ø�KAäkp�í

Ø!´*Ñ�A�, �ØU�qá�u)zÆ�A

)¤J�uÔ�; A;�)¤�Æ·��5Ø�, ±

��q��?nE¤(J
[2]

. ¤±3ÐÚÀ½qá�

�, O�r6ì�eq¥�)���5Ø�9e%�

½�m�q¥í3��5Ø�¹Ý9γ��rÝ��

m�Cz´ék7��, ±B�q��O!��9�

Ï?nJø�½��O�â.

fÏL�C�±Ó�)¤õ«��5Ø�, Ù�

�qJL, æ^f�qá��±��ü$éqá��

���¦. �f^�qá�'�AÏ: Äkf´�X

��, áu�CØ, 3100MeV, 200µAr6�få�

ñÂe¬�)Ø��Æ·��5Ø�; Ùgduf�

¯a5, ISþúm��f�fu)�A�êâé�,

¿�ISþ^u\�ìá��Ø���Ñ3Z 6 84

���S3), ¤±|^µdL���êâO(/£ã

fq�100MeV, 200µA�få�A�L§'�(J.

�ó�À^nØ�.9XÚÆ�3«�{O�f

q3�fåì�e�)���5Ø�¹Ý9γ��r

ÝÚUÌ, ¿ò(J?1'�.

2 A^§S{0

LAHET§SXÚ(LCS)�±�[�f3þq¥

�Ñ$L§, CBURN§S^uO�p6r!¥pU

\�ìq¥��5Ø��°(©Ù, LCSÚCBURN

§S'��[�0��©z [3].

8 c Ø LCS 	 � ^ u T O � � § S k

GEANT4
[4]

, FLUKA
[5]

ÚSHIELD
[6]

9XÚÆ�{.

GEANT4Ì��¯K3u§�#�é¯, SØvk²

L�Ï2��¢�u�; FLUKAÌ�´§��è

Øúm, �¢S�A^�5é����. SHIELD§

S�,´ÄunØ�.�O�, �du§�ÄL§é

�¡, �Ùm�ª(�k|u?UÚuÐ, Ó��æ

^
Ø�Äu¢��êâ¥, §S$1¯, �.¡l

Ð, 3"y¢�êâ��¹eÙO�(J�´k�½

�ë�¿Â.

CYF´��^XÚÆ�{£ã�C���O

�§S, ·^uEÜØ�þAF=230—252!>Öê

ZF=90—98, -uU�u200MeV��CØ, �±�Ñ

�C�ÔØ�Õá��!\O��9�A�Ø�
[7]

.
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Ø�A�ä�§ (ReacNetwork)�^5£ãØ�

A|¤¥Ø�´Ý��m�Cz, �âØ�´Ý�O

���γ���Ë�rÝ. �'©z�ë�ÓUA�

Æ¬Ø©
[8]

.

�ó�æ^±e�{O�fq¥���5:

(1) |^LCS�nØ�.RAL(ÜCBURN§S

O�fq3�fåì�e�)���5Ø�¹Ý9γ

���Ë�rÝÚUÌ;

(2) ÄuSHIELD§SO��fåì�fq240h

e%32h�Ñ�ØÓ���Ë�rÝ9γ��UÌ;

(3) |^CYF+ReacNetworkO�fq3�få

ì���)�γ��Ë�rÝ.

3 O��{

3.1 |^SHIELD§SO��nØÄ:

SHIELD§S��Ñ�få3þq¥Ñ$ (�)

�C)�)�«��5Ø��)¤Ç, =z��f3

q¥�)�«��5Ø��AÇ½�ê. �O��f

åì�fq240he%32h�q¥Ë��«����

�5rÝ, I�3SHIELD§S�O�Ä:þ, �Ä

z«��5Ø�3�fåì�eØä/)¤, Ó�Ø

ä�e��fNPC, ��PC�½Ø�½�Æ·

��5Ø��L§.

��5Ø�²10��PÏ±þ�m�PC�, �

{�Ø�ê8®²é�, ��ÑØO. ·��Ä�´

Ê�ì��e%32h���rÝ, l��PCó�º

àm©, PCó¥ëYA�Ø���PÏ33hS�γ

PCÒ�±@���)¤
e��fN.

100MeV, 200µA�fåì�fq, \�rÝ´�

½�, Kéuz�«Ø�5`ü �mS�)T«�

�5Ø���fØê8, =�)ÇP �´�½�. ,

��¡, )¤���5Ø�3PC, ÙPC~þ�λ.

-N(t)�Lì�m©� t��)¤?¿�«��5�

fØ�ê8, KN �CzÇ�
[9]

dN

dt
= P −λN , (1)

λ = ln2/Γ , (Γ ��PÏ) (2)

P = N0×200×10−6
/

(106
×1.6×10−19),

Ù¥N0 ´106 ��f\�)¤?¿�«�{Ø�ê

8, dSHIELD§SO��Ñ.

|^Ð©^� (t = 0�, N = 0), ��)¤T«�

�5�fØê8��m�Cz:

N(t) =
p

λ
(1−e−λt). (3)

O�L§¥��Ä1N9��fN��ì�

240h, e%32h����5, ���Ä1N9��fN

�e��fNPCÚe��fNO\�ê8¤�)�

��5. z�^PCó�,Ñé�, �lPCóºà

m©�PÏëY3h±e�Ø�'�õ, �I�Ä§�

PC¤fN���5. ù�Cq�, é��PCóO

��ü�fN�4gPCÒv

.

éu�k��fN�PCó, z«Ø���rÝ

�O��©üÜ©:

1�Ü©, 240hS1N>Uúª(3))¤, >�f

NPC, ^N2(t)�Lì�m©� t��1N�ePC

¤�)fN���5�fØê8, K|^úª(3), N2

�CzÇ�

dN2

dt
= Nλ1−N2λ2 . (4)

|^Ð©^� (t = 0�, N = 0), ��240hS1N

�)¤fNê8��m�Cz:

N2(t) =
P

λ2

(

1−e−λ2t
)

+
P

λ1−λ2

(

e−λ1t
−e−λ2t

)

(5)

K��e%�32hSùÜ©fN��m�CzÑl�

êP~5Æ:

N2 = N2 (t1)e−λ2t , t1 = 240h. (6)

240hSo�)¤�fN�Ü©5gu1N�PC,

,�Ü©d�fåì�)¤ (�|^úª (3)O��

Ñ), �ö)¤�fN��Ì�êP~5Æ.

1�Ü©, 1N²240hì����{�þ (�d

úª (3)¦Ñ), =N(t1)3{e�32hSØä�fNP

C, KfN���5�fØê8N2(t)��m�Cz

�

N2(t) =
λ1

λ2−λ1

N(t1)
(

e−λ1t
−e−λ2t

)

. (7)

òüÜ©�Ø���fØê8©O\\, ¿�â

±eúª=�z«Ø����5rÝ:

I = λNtotk , (8)

Ù¥Ntot ´�«Ø�e%32h��oê, k´z«Ø�

PC�Ñ�A���z©'.

ü�fNPC���fNPC��¹�aq, 1

N3240hS�fNPC, fN2�e��fNPC,
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K1��fN��fØê8�

N3 =
p

λ3

+
pλ2

(λ1−λ2)(λ3−λ1)
e−λ1t

−

pλ1e
−λ2t

(λ1−λ2)(λ3−λ2)
e−λ2t

−

pλ1λ2

λ3(λ3−λ2)(λ3−λ1)
e−λ3t . (9)

1N3Ê�ì���{��fØê8PC�1�

�fN, K

N3(t) = N(t1)
(

h1e
−λ1t +h2e

−λ2t +h3e
−λ3t

)

, (10)

Ù¥h1 =
λ1λ2

(λ2−λ1)(λ3−λ1)
, h2 =

λ1λ2

(λ1−λ2)(λ3−λ2)
,

h3 =
λ1λ2

(λ1−λ3)(λ2−λ3)
.

��ò��PCó¥α, β, γ���rÝ©O\

\��100MeV, 200µA�fåì�fq�)��5

Ø����rÝ.

3.2 |^CYF+ReacNetworkO��nØÄ:

|^CYF§S�O�ÑÕá��Y (Z,A), ��

zgØ�C�)ü��¬, 3�±þ�¬�)�AÇ

é�, �±Cq/Ø�Ä, ¤±k

∑

Z,A

Y (Z,A)≈ 2. (11)

éu�f\��q, dÕá���éA�C�¡

�¦È��q¥�{Ø�)¤�¡.

fq�O�Äu±eA�CqÚb½:

(1) �Ä�g�AL§, @��f±Yì�zg

)¤�Ø�´���;

(2) Ø�Ä\�âf��A)¤Ø��A;

(3) Ø�Ä)¤Ø�Ù¦Ø��A.

Ï�fq¥)¤Ø�êþ�'u\�å6é�,

�Ù¦Ø�A)¤�âf��, ØK�qÔ��¤

©, ¤±þãb�´Ün�. |^SRIM[10]
§SO�

100MeV�f3 238U¥����§�0.884cm, ¤±

^177�þ�50µm��q¡Ò�±ò�f�Ü{	

3fqS. �ó�¥fqþÝ�L=0.884cm, �»�

φ=3cm.

1999c A.V.IGNATYUK � Ñ 0—150MeV� f

\� 238U��C�¡, ©z [11]é IGNATYUK�ê

â�
?�Ú�U?, �ó�æ^U?���C�¡

êâ, é�AUþe��C��æ^CYF§SO�.

©z [11]�Ñ��C�¡êâk63�, K1n�

�q¡¥)¤�âfê8

N(n,Z,A) = INY (Ein,Z,A)σ(Ein) , (12)

Ù¥Y (Ein,Z,A)´Uþ�Ein ��f\�fq��

C��, σ(Ein)´�A\�Uþ��C�¡, I,N ©O

´å6rÝÚz��¡¥�qØê.

òN(n,Z,A)Ñ\�ä�§��1n��q¡¥

�γ��rÝI(n,tc)ÚUÌS(n,Eγ, tc)�e%�m tc

�Cz, K0—150MeV¤kUþ:eγ��rÝ9U

Ì3Ó�e%�me�Cq�I ÚS �

I =

∞∫

1

I(n,tc)dn, S =

∞∫

1

S(n,Eγ, tc)dn. (13)

Ù¥©z [12]¥Ù{Uþ:��A�¡d���¦{

[Ú��.

éz��e%�m:?1Ó��O�, �ª��

o��rÝI(tc)�e%�m�Cz.

4 O�(J9©Û

4.1 LCSnØ�.(ÜCBURN§S�O�(J

ã 1 ´ f q ¥ γ � � r Ý � e % � m � C z,

LCS+CBURN�O�(Je%32h��3.5×1013/s,

�ì�240he%c%p�4.8×1014/s, ���fì�

fq�)�áÆ·��5Ø�éõ, �PCé¯, ã2

´fq¥γÌ�e%�m�Cz.

ã 1 fq¥γ��rÝ�e%�m�Cz

ã 2 fq¥γÌ�e%�m�Cz
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�fì�fq�)��Æ·��5Ø��õ,

�´e%32h�¹Ý�u1Ci�Ø�%Øõ, ©Ok

In115, Te129∗, I131, Cs136, Ce141 ÚSm151, Ù¹Ý�g

�43.3, 1.21, 30.6, 5.18, 8.78Ú1.73Ci, Ù¥ I131 p�

30.6Ci, ù´q�Ï?n�JK, fq¥H3 ¹Ý�

6.33×10−2Ci.

4.2 ÄuSHIELD§S�O�(J

SHIELD§S�Ñ100MeV�f�þq�p�^

�)��{Øê8, �kÚOê81×106, Äud?

�ÚO�ì�240he%32h�qá����5rÝ.

L1´fq¥ØÓÑ�âfo���5rÝ, α��

Uþ34—5MeV�m. ã3´SHIELD§SO��f

q�γ��UÌ.

L 1 e%32h�fq¥ØÓÑ�âfo���5rÝ

��âf«a γ�� β�� α��

orÝ(1013s−1) 2.4 2.5 3.1×10−4

ã 3 fqγ��UÌ

4.3 CYF+ReacNetwork�O�(J

�{zO�, ^ 238U�OU,f, |^XÚÆú

ª CYF+ReacNetwork § S O � 100MeV, 200µA r

6�fåì�e�)γ���Ë�rÝ.

�f\�fq¤�)���5Ø�õê5g�C

�A, Ù¦�AÅ��)���5Ø�õ�fNC�

Ø�, õ��αâf, Ø´·�'%�Ì�SN. �?

�Ú{z, ^�C���{Øêâ�O�f\�fq

�)�Ø�êâ?1O�. γ��rÝ�e%�m�

Cz�ã1¢%:¤«, Ù¥e%32h�γ��rÝ�

2.87×1013/s.

CYF+ReacNetwork§Svk�ÄÑ�L§, Ñ

�L§�)�õ�áÆ·��5Ø�, ¤±á�m�

e%��S, �Ñ�(Jkêþ?��O.

5 (Ø

|^LCSnØ�.RAL(ÜCBURN�Ñ�O

� ( J � �, ì � 240h �, γ � � � Ë � r Ý �

4.8×1014/s , �e%32h�rÝÒü�3.5×1013/s, �

��fåì�fq�)�áÆ·��5Ø�éõ, P

Cé¯.

SHIELD§S�Ñfqì�240h, e%32h γ�

�Ë�rÝ�2.4×1013/s, XÚÆ�{CYF+Reac-

Network§SO��(J�2.87×1013/s, �LCSnØ

�.RAL(ÜCBURN�Ñ�O�(J��Ø�.

3«O��{�Ñ�fq¥γ��Ë�rÝ�

(J, 3ì�240h, e%32hù�:þÎÜ�ÑØ�,

�,´ÄunØ�., �Ñ�Ñ´�O�, �´38

c"yêâ��¹eéó§��Oäk�½�ë�

¿Â.

�öa�¥I�fU�ÆïÄ��/ö�P�!

4±P�é��ó������Ú�Ï.
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Investigation of Radioactivity of Uranium Target in

Target-Source of ISOL *

YAN Fang1;1) CUI Bao-Qun1 SHU Neng-Chuan1 LIU Ting-Jin1 WU Hai-Cheng1 FAN Sheng1,2

1 (China Institute of Atomic Energy, Beijing 102413, China)

2 (Applied Radiation Institute, Shanghai University, Shanghai 201800, China)

Abstract The variety of radioactivity and gamma intensity with time in uranium target of ISOL target-source system

under irradiation by 100MeV, 200µA high intensity proton beams has been calculated by using three methods, and the

results will provide some dosimetric reference for the design, exchange and disposal of target.

Key words ISOL, target material , γ ray intensity
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