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Á� Ï~$U�^\�ìq��O�lþq�K, =æ^þÝ�u½�u>f�§�q, ¦q�Ã

>fÀ/. �©JÑ
#�q�OVgµ�Oq�, òq��'XÚ(Ð?O�I!þ�ì)����

�N�Ä, ÏL~�qþ5Jp1fJþÇ, |^Ð?O�I!þ�ì5~�>fÀ/. æ^ù«�

OVg, ^�AkÛ�{éBJ-6——6MVü1f�^>f��\�ì�q?1`z�O. �[O�

10cm×10cm�, 30cm×30cm���ÝJþ�, (JL²µ��yk�þq, £�JþJp
10%,

Ó�L¡Jþ!X���¬�E÷vII��¦. ÏL�q!þq�\�ì�Åé'¢�, ®�y


d(Ø��(5.

'�c �AkÛ�{ q �^\�ì

1 Úó

3�)X���\�ì¥, æ^�kü«qµ�

«´ü�á�þq, =^�«p�fSêq(±e{¡

pZq) á�(X¾!7!�), qþ�u½�u>f3

Tá�¥��§; �«´EÜq, æ^�ZþÝ(�)

1f�JþÇ��)�pZá�, Ù�\$Zá��>

fáÂ¡¦>fA���ÜáÂ. 3÷vA�vk�

>âf�Ñq�^�e, ü«a.�q�)�1fJ

þ�Oé�. 3EÜq¥,   ÀJ�95U'�Ð

�$Z7áá���>fáÂ¡, XÔ!¾, ���ü

$q�§Ý, 3õÇ����¹e, �±ò�q�¦

^Æ·, �éuü�á�þqké��`³
[1]

.

nØÚ¢�Ñy²
[1]

, 3�y>fA��q��

áÂ�^�e, ØØæ^Û«á�!Û«(�, Ñé

J¦�)�1fJþkwÍ�Jp
[1]

. ��¦1fJ

þwÍJp, Ò7L¦q�þÝ�u>f��§, ù

7,��kÜ©>fß�Ñq	, lE¤X��¥

�>fÀ/. AO´3�^\�ì¥, >f´�)L

¡Jþ�Ì�5, eé>fØU?1k�/áÂ

ò4�/JpL¡Jþ. ,, ÏLMonte-Carlo§

SMCNP��[O�L², dq¦Ñ�>f3ÏLþ

�ì���þáÂ, X��¥�>fÀ/��/~�


. Ïd3é�^\�ì�qÚþ�ì?1�O�,

AòÙ�ö�����N5�Ä. �©d�AkÛ�

{O��Ñµ3BJ-6þæ^�ZþÝ�¾q, k�þ

>f�Ñq(¡Ù�À/>f), �ÏLÐ?O�I!

þ�ì�, À/>fwÍ/~�
, =ò�qÚÐ?

O�I!þ�ì����XÚ5�Ä, Ù�Ä�Ã

>fÀ/. æ^ù«�q, �[O�10cm×10cm�,

30cm×30cm���ÝJþ�, (JL²µL¡Jþ

÷vII��¦; ��yk�þq, £�JþJp


10%.

®ÏL�q!þq�\�ì�Åé'¢��y


d(Ø��(5, Ó��2g�y
�AkÛ§S3

O�Ë�Ôn¯K��O(5.
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2 �nÚ�AkÛO�(J

2.1 �Zqþ

½Â÷å6��, åq:1m?�:�0◦:; �

å6��¤14◦�, åq:1m?�:�14◦ :. �^

\�ì�¦, �åSSD(source to water surface dis-

tance)�100cm?, �»50cm��/«��þ�«

�, ùéAX�å6��¤14◦���S�«�. 3�

Oþ�¬�, Ò´�ò14◦ ±S�Jþ�~��14◦ ?

�Ó, ¤±14◦ :?Jþ��, þ���Jþ��, =

^u£��Jþ��. 14◦ :?�Jþ������,

éA�qþ½Â��Zqþ
[2]

.

ã 1 6MeV > f � ¾q, Ø Ó q þ � 0◦(J

�)!14◦ (¢�):�Jþ

(a)ýéJþ; (b)±�g��Jþ:�1, 8����

éJþ.

6MeV > f 3¾¥ � � §� 0.21762cm. | ^

MCNP
[3]

O�
0◦!14◦ :�Jþ�¾qþÝ�C

z�, Xã1¤«. �¾qþ�0.75mm�0◦ :�J

þ��, �¾qþ�0.9mm�14◦ :�Jþ��. 8

c, BJ-6æ^�q�2.0mmþ¾q, XJqþü$�

0.9mm, 14◦ :�JþòO\��5�1.127�.

2.2 �>âfÀ/

3X����KA^¥, Q�3k>fÀ/, �

k�þ��>fÀ/, �öÜ¡��>âfÀ/. �

�[
)>få�q��)��>âfÀ/��¹,

þ�¬é~��>âfÀ/��^, ^Beamnrc
[4]

§

S?1�[O�. O��æ^
\�ì(��{z�

., ¿\\3�A½�¡P¹��âf&E���m

©�, Xã2¤«.

ã 2 BEAMnrcO��, æ^�\�ì�., 3P

¹¡1!P¹¡2!P¹¡3?P¹BEAMnrc§

S���m©�

yk�2.0mmþ¾q, duoþÝ�C>f�

�§, Ä�þvk¦�>âf, q��)µ0.0023904

�>âf/\�>f. 0.9mmþ�¾q, duþÝ

��u>f��§, �þ�>âf�Ñq, q��

)µ0.0607713�>âf/\�>f, �ÏLÐ?O�

I (primary collimator)!þ�ì (flattening filter)�

�>âf~��0.00142755�>âf/\�>f, Ä

�þvk¦�>âf.

2.3 �[O��ÝJþ�

ÏLO�10cm×10cm, 30cm×30cm���ÝJ

þ�, '�æ^ØÓþÝq�Jþ�Cz�¹. X

ã2¤«, (ÜBeamnrc�dosxyznrc
[5]

�A^, O�


�¥%?(åq1m?)�Jþ�Ý�, (J�ã3.

ã 3 æ^0.9mmþ¾q, 2.0mmþ¾q�)��

ÝJþ��é'

(a) 10cm×10cm�; (b) 30cm×30cm�.

ã4�Ñ
æ^0.9mmþ¾q��2.0mmþ¾q�

JþOþ. ��3Jþï¤«(lL¡���Jþ�
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Ý«�¡�Jþï¤«�, d«�SJþ��ÝO

\, Ì�´du3\�1fÚg?>fmÅÚïá>

f²ï)JþO\Ø�L20%, �Jþï¤«JþO\


10%. æ^0.9mmþ¾q, 30cm×30cm�e, ¥%

¶L¡Jþ�58%, ÷vII
[6]

¥5½�¥%¶L¡

áÂJþØ��L��áÂJþ�60%��¦.

ã 4 æ^0.9mmþ¾q�, �éu2.0mmþ¾q

�JþOþ(JþOþ=[Jþ( 0.9mm þq)−J

þ(2mmþq)]/Jþ(2mmþq))

(a) 10cm×10cm�; (b) 30cm×30cm�.

2.4 é�¥%?P¹���m©��©Û

10cm×10cm�e, òd2.0mmþ¾q�0.9mm

þ¾q3�¥%?P¹��m©�?1©Û. üö�

é'(J�L1!ã5. ��µXæ^0.9mmþ¾q,

3�¥%?1f!>fêþO\, 1f²þUþ~�,

>f²þUþO\. 30cm×30cm�e����Ó�

(Ø.

L 1 é�¥%?P¹��m©��©Û

1f/ �>âf/ 1f²þ �>âf²þ
q(�

\�>f \�>f Uþ/MV Uþ/MV

2.0mm¾ 0.5333 0.0018941 1.6936 1.5470

0.9mm¾ 0.6137 0.0021052 1.6318 1.5886

0.9mm¾/2.0mm¾ 1.1508 1.1115

ã 5 �¥%?P¹��m©�¥1f�UÌ

d2.0mmþ¾q�)�(¢�), d0.9mmþ¾q�

)�(J�).

3 ¢�

3Ó�|\�+c©O���qÚþq, 3�Ó

�ó�^�e?1BJ-6�^\�ì�Å¢�. ÏLÿ

þü �mS\OJþ5é'JþÇ�Cz, ÏLÿ

þ�ÝJþ�5u�X��¬��Cz�¹.

3.1 ¢�C�

æ^Farmer Dosemeter 2570ÿþ\ÈJþ. æ

^Scanditronix-wellhofern�Y�ÿþ�ÝJþ

�, ÿþ�æ^3G-pSi��N&ÞPFD3G Photon.

¢�C�Xã6¤«.

ã 6 �qÚþq'�¢�C�ã

3.2 ¢�(J

Farmerÿþ��Ñ��Y�NS5cm�Ý?30s

S�\ÈJþ, dL2�ÿþ���, �q��þqJ

þJp
10.6%, ��AkÛO�����Î.

10cm×10cm���ÝJþ��ÿþ(J�L

3, æ^�q�L¡JþÑkO\, X���¬�Ñk

eü, �E÷vII��¦.

L 2 10cm×10cm�, JþÇÿþ(J

ÿþgê 1 2 3 ²þ�

�qJþ/rad 159.9 159.1 161.6 160.20

þqJþ/rad 144.1 144.9 145.5 144.83

�q��þqJþO\ 10.6%

L 3 10cm×10cm�, �ÝJþ�ÿþ(J

�q þq

L¡JþD0 57.46% 56.57%

Y�10cm?JþD10 65.34% 65.87%

Y�20cm?JþD20 36.58% 37.05%

D20/D10 0.5598 0.5625

4 ?Ø

4.1 >fÀ/

6MeV>f�0.9mmþ¾q, q��)��>â

f�0.0607713�>âf/\�>f, ´2.0mmþ¾q
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�)��>âf�C26�¶²LÐ?O�I!þ

�ì��>âf~��0.00142755�>âf/\�>

f, >âfêwÍ/~�
¶l3�¥%?, æ^

0.9mmþ¾q��2.0mmþ¾q, �>âfê=O\


11.15%. ��, q���>âf(ß�>fÚg?>

f�>f)3��£�«��cÒU
��'�k�

�áÂ, l~�
>fÀ/.

4.2 Jþï¤«Ú�Jþï¤«JþO\ØÓ�

�Ï

æ^0.9mmþ¾q��2.0mmþ¾q, 3�¥%

?1fêþO\
15.08%, >fêþO\
11.15%,

ã3!ã4w«µJþï¤«JþO\Ø�L20%,

�Jþï¤«JþO\
10%. Ù¥��O�dã

5!L1�êâ)º. æ^0.9mmþ¾q, 3�¥%?

1f!�>âfêþO\, 1f²þUþ~�, �>

âf²þUþO\. $U1f�O\!�>âfê

þÚ²þUþ�O\��Jþï¤«Jþ�O\p

u�Jþï¤«Jþ�O\. du3MVUþãþ,

¾qé1fUÌk�½�Mz�^, ò~�UÌ¥$

U�'~, ¤±d0.9mmþ¾q�)�1fUÌ��

2.0mmþ¾q�)�1fUÌ$U¤©�õ, �>â

f²þUþ�p, læ^�q�Jþï¤«Jþ�

O\�u�Jþï¤«Jþ�O\.

ë�©z(References)

1 Teterev U G, Belov A G. Induced Activity of a Tungsten

Target in a 10MeV Electron Accelerator. Atomic Energy,

2001, 91(3): 745—748

2 Karzmark C J et al. Medical Electron Accelerators.

McGraw-Hill, 1993

3 MCNP4C, CCC-700. New Mexico: Los Alamos National

Laboratory, 1997

4 Rogers D W O, Faddegon B A, DING G X et al. BEAM:

A Monte Carlo Code to Simulate Radiotherapy Treatment

Units. Med. Phys., 1995, 22: 503—524

5 Walters B R B, Rogers D W O. DOSXYZnrc Users Manual:

NRCC Report PIRS-794. 2002

6 GBZ126-2002, Radiological Protection Standard for Using

of Medical Electron Accelerator (in Chinese)

(GBZ126-2002, �^>f\�ì¥)�oIO)

A Method to Increase the Dose Rate of Medical Linear Electron

Accelerators by Considering the Target and the Flattening Filter

as a Whole System when Designing the Target

KONG Xiao-Xiao1;1) ZHAO Hong-Bin2 LI Quan-Feng1 LIN Xiao-Qi3

1 (Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

2 (Peking University, Beijing 100871, China)

3 (Beijing Medical Equipment Institute, Beijing 100011, China)

Abstract Generally, the design of the target used in the medical electron accelerator follows the thick-target rule,

that is, using a target thicker than the electron range to make almost no electrons penetrating out of the target. In

this article, a new rule of target design is proposed. The target and the relevant components (primary collimator

and flattening filter) are considered as a whole system when designing the target, that is, using a thinner target to

increase the dose rate and using the primary collimator and the flattening filter to reduce the contaminated electrons.

To improve the dose rate in the treatment, an optimization is given to the target design of BJ-6, a 6MV medical linear

electron accelerator, by using Monte Carlo method. By using MC codes of MCNP and BEAMnrc, simulations are

given to calculate the percent depth dose profiles in the 10cm×10cm field and the 30cm×30cm field respectively. The

surface dose satisfies the national standards and the dose rate in treatment increases 10 percent of that of the present

thick-target. The feasibility of this method has been tested by experiment.

Key words Monte Carlo method, target, accelerator
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