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1

1000
n/γ±e. �duÌåS1fJþé�, ¥f�ýérÝ�ØN�À. �é\�ì±�rX��ó

ÀË�|�A:, æ^
�Ä.�¥fJþÿþ�{, \�ì�~ó��¹e, ¦^CR-39¡ÚV>l

¿ÿþ
�¥%?¥féX���Jþ�þ'Ç, ©O�0.19mSv/Gy X-rayÚ0.060mSv/Gy X-ray.

|^MCNP5�[O�
¢��A:�¥féX���Jþ�þ'Ç, �0.092mSv/Gy X-ray, �¢�

ÿþ(J3êþ?þ��. \�ìÌ�åþDn/Dγ < 1/1000, �uË��oIOé¥f�¦Jþ�5

½�, l�y
¶-(��S�5.

'�c 1¥f ¥fÿþ Monte-Carlo MCNP5

1 Úó

>f��\�ì��X���2�/A^3

�^��£�!ó�Ã�uÿ!Ë�¤��+�. 3

���ó�^½�^>f\�ì¥, Ü�Ë�q!

^u¶-ÚO�1f�á�õ´p�fSê�á�.
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¥�Ñ, ò¥fl�fØ¥©

lÑ5�KUEth �6MeV—16MeV(Z >6) , �>f

�q�)�X���UþpudK��, Ò¬u)

(γ,n)��A, �)1¥f.

��#Æ�u�Æé��Ü�fPRIMUS��

\�ì�)�15MV X���5�1¥fÀ/?1


ÿþ, 3�¥%? (isocenter, =qc��1m?)

9 ¥ f Ï þ � 1.258 × 105n/cm2
·s , ¯ ¥ f Ï þ �

1.745×104n/cm2
·s . �æ^��§7000cGy X��?

1£��, ¾<¼��1¥f\O�þJþ�20mSv

, �éu¥fé1f�Jþ�þ'Ç�0.286mSv/Gy

X-ray
[2]

. �â{Id"4��\�ì¥%æ^EGS4

§SéVarian Clinac 2100C/2300C\�ì¥f��

?1O��(J, �>fUþ�14.9MeV�, �¥

%?¥f���6.8× 1011n/Gy X-ray
[3]
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S¥fL{§Ý'�p, ¥f�²þ©lU'¥�Ø

��$�
, (γ,n)�AKU�$, �A�¡��¥�

Ø��. ®ï¤�Ã�uÿ^15MeV>f��\�ì
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�9�[O�é1¥f�Jþ?1µ�. �©�é

15MeV>f��\�ìÌåSrX��óÀ·Ú|

�A:, æ^
�Ä.�¥fJþÿþ�{, ©O¦

^UnidoseJþ¤!TE ÚC>l¿!CR-39 ¡ÿþ


ØÓ�¹e, \�ìå6��åq1m?�1fJ

þÚ1¥fJþ�þ. ^Monte-Carlo§SMCNP5

�[
��\�ìXÚ¥�Ë�ÔnL§, O�
¢

��A:�¥fé1f�Jþ�þ'Ç. é'¢�Ú

�[O��(J, 3êþ?þ��.

2 1¥f�)Ån

15MeV>f\�q�, u)�X�E,�>^?

é�A. >f3q¥ÏL>lÚË���Uþ, Ë�

Uþ��ÓoUþ���30%±þ, Ü�Ë�1f�

UÌ´��ëYÌ, 1f��pUþ�\�>f�U

þ��, �1fUþpu1Ø�AKU, BU�)¥

f!�f!αâf�. NCRP79Ò�w�Ñ�X�f

Sê�O\, ¥�Ø�ÚØ�²þã��Uþü$,

Ó� (n,γ)�A��¡O\
[1]

. éuDÚþæ^pZq

á�, X¾!7!��, ÒØ·uA^3Ã�uÿ^

�>f��\�ìþ. Ïd, 3Uþ��15MeV�Ã

�uÿ^�\�ì�q¥, I�ÄÀ^¥�þ�Ø

� (XCu) , ±¦1¥f��~�. 3¶-X��^�

¾�	��k¹'à¯L, ±úzáÂ1¥f, Xã1

¤«.

ã 1 15MeV>f��\�ìX-Z ��9Y -Z ��«¿ã

3 1¥f�ÿþ��[O�

Ã�uÿ^15MeV>f��\�ìÌåS´�

�'�E,�rX��óÀ·Ü|, ¥f���éu

1f�rÝ31/1000±e, �´duX��Jþé�,

¥f�ýérÝ¿Ø�, XJæ^ÌÄ.&ÿì3�

¢�ÿþ, &ÿì¦Oêy��~î, �óÀ.

�&ÿìéγ�þOUå�¬ÏrX���K�C�.

ù�¥f�ÿþÒÃ{æ^ÌÄ.&ÿì, �UÏ

L»,¡�!í�&ÿì!¹z{��Äÿþ��{.

15MeV>f��\�ì�u\�ì²�þ, ²

�pÝeü��$ . q:å/¡1250mm. cO

�ì�Y²���m, �O�ìç���mÝ�

3mm. ÿþ1fJþ�UnidosJþ¤Ú�¯�Æ�

Æ�TE ÚC>l¿ÿþ�Ñ?3�qÓp!åq

1m�� �. Ó�3>l¿L¡ÊbCR-39¡, ^u

¥f�\ÈJþÿþ. \�ì�~ó�, Ì�åþ

�\¶-. >f²þ6r�150µA. å\�ìq:

1m�UnidosJþ¤ÿþå6¥%?\�ì�X��

JþÇ�192.98Gy/min; �Ó^�eTEÚC>l¿

ÿþX��JþÇ�198.49Gy/min, ¥fJþÇ�

3.845cGy/min. CR-39¡ÿþ¥f31minS�\È

Jþ�1.157cGy.
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ã 2 15MeV>f��\�ìåq1m?1¥fU

Ì (MCNP5�[(J)

�
�y¢�(J��&5, �âã1¤«�(

�ïáMonte-Carlo �[O���., |^MCNP5

O�
åq1m?1�\�>f�)�X��Jþ�

3.42× 10−15Gy. �[O��1¥f�UÌXã2¤

«. UÌ¥�9¥fÌ�´1¥f²L¶-ÚO�ì

¥�¹'à¯Lúz��)�. d¥fUÌO�¥f

Jþ, Uúª (1)�±��
[4]

Ḣ =

∫
ϕdH , (1)

ª¥ Ḣ �¥fJþ�þ, ϕ�¥f5þÇ, dH �f�

5þ–Jþ�þ��Ïf. �âMCNP5Ãþ¥�¥f

�5þ–Jþ�þ��ÏfLÚ�[O����¥f

UÌ, O�Ñåq1m?z\�>f�)�¥fJþ

�þ�3.16×10−16mSv. \�ì�~ó��²þ>6

�150µA, =5.625×1016e/min. é'¢�ÿþÚ�[

O��(J, XL1¤«.

L 1 15MeV>f��\�ìåq1m?1f9¥fJþ

¢�ÿþ MCNP5

>l¿ CR-39 Unidos �[O�

Dγ/(Gy/min) 198.49 192.98 192.38

Dn/(mSv/min) 38.45 11.57 17.78
Dn

Dγ
/(mSv/Gy) 0.19 0.060 0.092
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4 (Ø

3Ã�uÿ^>f��\�ì¥, 15MeV>f�

q�u)�X�E,�>^?é�A. 1¥f3\�

ì�q!¶-!O�ì!þ�¬�(�¥Ñ¬�),

E¤Ìå¥�¥fÀ/. \�ìÌåS´��'�

E,�rX��óÀ·Ü|, �éË�|�A:, æ

^
�Ä.�¥fJþÿþ�{, 3\�ì�~ó�

�¹e, ©O¦^TEÚC>l¿!UnidosJþ¤Ú

CR-39¡, ÿþ
�¥%?1fJþÚ¥f�Jþ�

þ, ��¥fé1f�Jþ�þ'Ç�0.19mSv/Gy

X-rayÚ0.06mSv/Gy X-ray . |^Monte-Carlo§S

MCNP5 �[O�
¢��A:�¥féX���

Jþ�þ'Ç, �0.092mSv/Gy X-ray , �¢�ÿþ

(J3êþ?þ��. ë���#Æ�u�Æé�

�Ü�fPRIMUS��\�ì�)�15MV X��

�5�1¥fÀ/?1ÿþ�(J, ¥fé1f�

Jþ�þ'Ç�0.286mSv/Gy X-ray, 3Ó�þ?Y

², y²¢�Ú�[O�(J��. \�ìÌ�åþ

Dn/Dγ < 1/1000, �uË��oIOé¥f�¦Jþ

�5½�, l�y
¶-(��S�5.
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Measurement and Calculation of Photoneutrons Produced in the

Electron Accelerator for Radiography Application *

HUANG Wei-Ling1;1) LI Quan-Feng1;2) LIN Yu-Zheng1 LUO Yi-Sheng2
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Abstract Photoneutrons produced in the 15MeV electron accelerator for radiography application were measured

and calculated. With passive methods of CR-39 and TE/C ion chamber, the photoneutron dose at the isocenter was

0.19mSv/Gy X-ray and 0.06mSv/Gy X-ray. For comparison, the whole accelerator system was simulated by Monte-

Carlo method of MCNP5. The ratio or the neutron dose and the photon dose was 0.092mSv/Gy X-ray, less than the

limited value of radiation protection standard. The results of the measurement and the calculation agreed well in the

same order.
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