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Á� ïÄ
��£�¥X��30�¥�Ñ$L§, ?§¢y
Äu�AkÛ�{�JþO�. ¿3

Buã/?n�^�Matlab¥é1fÑ$(J?1
�Àz?n. éX��3þ!0�Ú�þ!0�

¥��AkÛ�[(J�¢ÿ(J!Ù¦�AkÛ^��[(J?1
'�, (JÎÜ�Ð. ¢�(

JL²T�{Q�±¼�é¯��ý�Ý, qU��°(�*�JþO�(J, �Jp��£�Y²

äk����¿ÂÚA^d�.

'�c 1fÑ$ JþO� �AkÛ �þ!0�

1 Úó

X����£���£�¬5�Ãã, ÙïÄS

N��'X�¬5¾<�)��þÚ)·±Y�¹,

JþO���´��£�¥�:ÚJ:, é���

JåXû½5��^. O�X��30�¥�Jþ©

Ù��´¦)âf�BoltzmannÑ$�§. X��(1

f)30�¥DÑ�Ä�5Æ, �,�±^DÑ�§

5£ã, �3)DÑ�§�¬��éõ(J, ~XX

Û?n0��þ!5!E,AÛ(��. æ^ú@

�“�7IO”——�AkÛ(Monte Carlo)�{?1J

þO�, ´)ûù�¯K�k��{
[1]

. �AkÛ�

{m�)ÑBoltzmannÑ$�§5O�Jþ©Ù, C

q��, ��Cý¢�¹, �¡�“nØþ�¢�”. 3

��£�JþO��¡, du�AkÛ�{3O��

Ý�¡�Øv, 3y¢¥A^é�, ��XO�ÅE

â���uÐ, �AkÛ�{��JþO��°(�

�{, ò¤���£��ÄÀ
[2]

, Ïd, lïÄ�cÇ

5Ú¢^5Ñu, ïÄÄu�AkÛ�{���£�

JþO�´ékd��. �©é��£�¥1f�Ñ

$L§?1
�AkÛ�[, ¿éO�(J?1
�

Àz?n. (JL²
T�{Q�±¼�é¯��ý

�Ý, qU���*��ý(Jã/, éêi�Æ�

�YïÄäk��¿Â.

2 1f30�¥�Ñ$L§

O�°(�1áÂJþ©Ù, Ò7L�\
)1

f�Ô��p�^�ÔnÅ�. 1f�Ô���p�

^´���ÔnÄ:, Uþ3�AkeV��AMeV�

�S�1f�Ô���p�^Ì�k3aL§, 1>

�A, xÊî�AÚ>fé�A
[3]

. Ù¦�^L§�

þã3«Ì�L§�'Ñ´g��. 1f30�¥�

$ÄL§, ��Òäk�Å5�, w,, 1f�ù«�

Å$ÄL§, ´�«ê��ÅL§. ¤±, ��âf

��f-E�5Æ3Ônþ�Ù, @o1f$Ä�ê

��ÅL§��U
^�AkÛ�{�(/�[, l

��¤��)
[4]

. 1f30�¥$Ä�, §��m

 þP Øä/u)UC, �§3$ÄL§¥, �Ó

0��fu)-E, (J½öz�1f�UþE�$

Ä��Ru)UC, ½ö´�0�áÂ
, ½ö´d

uu)�AuÑg?âf, Ïd, é��1f�Å
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L§, �=�þP¹z�1f30�¥�1,. ÙÚ

½oNþùk4Ú: 1) �â\�^�(½1fG�;

2) (½1f1?���Úe�g-E� �; 3) (

½3T �1f�0�u)�Aa.; 4) Jlg?â

f(1f½>f)�£1�Ú. XdÌ�O�, ��âf

Uþ�u,��½�, ½öâfºÑ0�þeL¡�

Ò(åéTâf��l. ,��£1�ÚP¹,�1

f, ��¤�½�1fê�Ü�l�.
[5]

.

2.1 1fG��(½

 1 f Ä � � 8 � ´ � ) 1 f � Ð © G �

S0(P0,R0,E0), ½=l1f¥�ÅÀÑ����

1f, (½\��0�	L¡�� �P0!�1��

R0!UþE0. 1f“Ñ)” �ÚÐ©���(½�

XÚ�AÛ�¹k', ùp�Ð©G���UR�\

�, �^X��æ^��\�ì�)X��, 3Ü

�Ë���¹e, Ü�Ë�UÌ�¼ê/ªXeª
[6]

g(w) =
[

1+(1−w)2−
2

3
(1−w)

]

+
(1−w)

9 ln

(

183

Z1/3

) , (1)

ª¥w = Eγ/E, E ´>fUþ, Eγ ´Ü�Ë�1fU

þ, Z ´Ô���fSê. �âÜ�Ë�UÌ�©Ù,

éÜ�Ë�1fUþæ^�ÀÄ��{?1Ä�
[7]

.

, (2)

Ù¥g(ξ) 6 M ; ùp�>f�3Yqþ, M=1.4, ξ �

0—1�m�Åê. Ä�¤��Xf , K1fÐ©Uþ�

Eγ = EXf .

2.2 �p�^a.�(½

b½Uþ�E �1f3P ?ÓÔ�u)
-E,

��Å/(½/1fÚÔ�u)Û«�A: ���

Åê ξ, e ξ 6
µτ

∑

µ
, Ku)1>�A, e

µτ
∑

µ
6 ξ 6

µκ +µτ
∑

µ
, Ku)xÊî�A, e

µκ +µτ
∑

µ
6 ξ 6 1Ku

)>fé�A. Ù¥
∑

µ = µτ +µσ +µ
κ
,

∑

µ�o�

A�¡; µτ �1>�A�¡; µσ �>fé�A�¡;

µκ �xÊî�A�¡. �©æ^¦�UO(��¡ê

â, 1>�¡Ú>fé�A�¡Úg�AkÛ�[§

SDPM, DPMäkUþ��°��¡êâ, Ù��

Ú0�á�à�, �Jø92«����¡êâ, ¿�

±d^rgC)¤·ÜÔ!zÜÔ��¡êâ, 3�

lâf�, éâf�z�«Uþ, kl�¡¥¥�Ñ

I��Øêâ, 2^���{¦Ñ�AUþ���«

�¡êâ. xÊîo�¡dKlein-Nishinaúª�Ñ.

2.3 Ñ�1fUþ!���(½

1fÓÔ�u)�A�, 1f��UþÚ$Ä�

�Ñu)Cz, äNN�Cz, I�Ä�û½.

1) 1>�A

1f�Å��λ, ªÇ�ν, KÙUþ�hν, Uþ

�hν �1f�Ô���f;�>fu)�p�^, �

ÜÐ©Uþhν d�EÂ��f¤áÂ, ,��Ñ��

äkÄUE �>f (���K �½L�>f), ù�L

§¡�1>�A.

E = hν−Eb−Ea = hν−Eb , (3)

hν �\�1f�Uþ; Eb �;�>f�(ÜU, Ea �

�À�f�ÄU(��ÑØO). E �1>fu��θ Ã

'(Xã1¤«). 1>f��©Ù�1fUþCz.

�1fUþ�$��Ü©1>f�ý�u�, =÷\

�1f>¥þ���u�. �X1fUþ�,p, 1

>f��c��'~Åì\�.

ã 1 1>�A

2) xÊî�A

�äkUþ�hν �1f��fS��;�>f

�p�^�, 1f��;�>fÜ©Uþ�, ÙªÇ

u)UC¿�\���¤θ �u�(xÊîÑ�1f),

¼�v
Uþ�;�>f�1f\���¤φ���

�Ñ (xÊî�À>f), d«�A¡�xÊî�A (X

ã2). \�1fÄþ�hν/c©3É�>fÑ��, 1

f�Å�C�λ′, ªÇC�ν′, Ñ���θ, �À>

f�\�1f���¤φ��Ñ. r�f>fw�g

d>f, K�âÄþÅðÚUþÅðk

λ′
−λ =

h

m0c2
(1−cosθ) , (4)

Ù¥h´ÊK�~ê, m0 ´>f�·��þ, c´ý�

¥�1�. dþª�±í�ÑÑ�1f�Uþ�

hν′ =
hν

1+α(1−cosθ)
, (5)

ª¥α =
hν

m0c2
´\�1fUþ�>f·�Uþ�'

�. �À>f�ÄU�u\�1fÚÑ�1fUþ�
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�, =:

E = hν−hν′ = hν
α(1−cosθ)

1+α(1−cosθ)
, (6)

Ñ�1fê��©Ù:

deσ

dθ
=

deσ

dΩ
2πsinθ . (7)

�^�¡æ^Klein-Nishinaúª:

σ = 2πr2
e

{

1+α

α2

[

2(1+α)

1+2α
−

ln(1+2α)

α

]

+

ln(1+2α)

2α
−

1+3α

(1+2α)2

}

, (8)

ª¥re =
e2

mc2
= 2.818×10−15m´>f²;�».

ã 2 xÊî�A

ùpæ^¦\Ä��{Ä�Ñ�1fUþ. ,�

|^ª(5)O�ÙÑ��θ. xÊî>f��À�φ�

Ñ��θ ÷v±e'Xª:

cotφ = (1+α)tan
θ

2
. (9)

¦Ñθ �, ,���ëêφ�±^©Û�{�Ñ.

3) >fé�A

�\�1fl�fØ�²L�, 3�fØ|½�

f�>f|¥, ��1f=z¤�é�!K>f, ù

Ò´>fé�A (Xã3¤«). �K>fUþ�Ú�

u\�1fUþ
[8]

, khν = E+ +E, ùpE+ ´oU

þ. Uþ�E+��>f��©�¡�©z[8]. �K>

fé�þ!©Ù, ����.

ã 3 >fé�A

2.4 1f-EL§(å^�

l±þ�?Ø��, 1f�±�)>f, >f�

�±�)1f, ¢SÔnL§´1f�>f�ÍÜÑ

$L§. éuü«âf�ÍÜÑ$¯K, ¦^�Ak

Û�{�[�, æ^“i;?6õ|�{”?n. Äk

(½�[=«âf, �;=«âf. ~X(½�[>

f, �;1f. =1f��fØu)�^�, Xu)x

ÊîÑ��, r1f�;å5, ��[>f. Xu)

Ù¦�A, ���[>f. 3>f�[L§¥, X�)

1f, �;å5, UY�[>f. >f{¤ª��, U

ì“�?kÑ”��K�Ñ�;�1f. 3âfgXÚ

¥ºÑ½âfUþ~��,���, âfòØ2��

l. âfiÄ;,ª��, £�1fÄ�m©é,

�1f�ÅiÄ?1�[, ��ý½��Ü1fÑ�

[�., ��âf�lL§Ò(å
.

3 �[(J9�y

DPM´�#íÑ�;����OyXÚ¥1f

Ú>fJþO�?1`z��AkÛ�[§S, Ù°

Ý��p, O��Ý�'�¯
[9]

. æ^Fortran�ó?

�, $1uLinux�¸e, ±DPMéÄ:, éÙ?1

£�Úmu. 8�´ïá���±�B/3ÊÏ�

Åþ¢y�Monte CarloJþO�§S. �±(Ü¢

SI�, ïá
Äuþ!0�Ú�þ!0���Ak

ÛJþO��.; Ó��
�\�*O(�L«Jþ

©Ù, �Ï�)O(��ä��Jþ�©Ù´Ä÷v

£��I¦, 7L¦^�Àz��{L«JþO��

(J. duMATLAB�r��ã/?nõU, �©A

^MATLAB?n��Jþ|�Jþ©Ùw«, ¦¯

K��{z. Äk3MATLAB¥N^Fortran�O�

(J, I�)ûMATLABÚFortran���¯K. �

{´3MATLAB¥rFortran§S?È�MEX©�,

3MATLAB¥�1Fortran§S. ù�Ò�±3S�

¥��N^Fortran�O�(J, ØI�éM��Ö

�, $1�Ý�¯. ,�?�MATLAB§S, éJþ

O�(J?1�Àz?n.

3.1 þ!0�

DPM�E�þ!0��30cm×30cm×10cm�

á�NY0����AkÛO��.. �ü�NÈ�

0.5cm×0.5cm×0.1cm. ²1�\�. \�ì�>fU

þ�6MeV. �l15��\�1f (d>f3q¥�Ü

�Ë��)), ���10cm×10cm. ã4�Ñ
3�Ó

Ð©^�e�w�¬5��Jø�¢Sÿþ�n�Y

�êâ�DPMJþO��Ñ�z©�Ý–Jþ�

�é'(J, (a) ã¥��6MeV>f�Ü�Ë�1

f�)�ØÓ���z©�Ý–Jþ�, âÑ�o

��10cm×10cm���¢ÿY�z©�Ý–Jþê

â, (b)ã�DPMJþO��Ñ�z©�Ý–Jþ
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�, ���ö(JÎÜ�Ð. �ÝJþ�´�~5

��¦, ^5w«����ÝÚJþ'X�ã/. Ï

����1åk�½���, �3�0��^��

±�Ñ�, �±�Ñéõ²¡��ÝJþ�. �â

¢S�¹, ÀJ¶�þ��. ù��±�ß/w«

�N�©Ù. l�[(J�±wÑ, �X0���Ý

O\\�âfk²wP~, �´3�C0�L¡�f

�S, �X�Ý�O\, ��z��Ý�g?�>â

fê8�´O\�, ¤±30�f�SáÂJþ��

ÝO\O\, ���du�ÝO\O\�g?�

>âfê8�Ð�uÏP~ºÑ�g?�>âfê

8�, áÂJþ��4��. d�, ��ÝO\áÂJ

þU�ê5Æ¤�½'~~�.

ã 4 (a) ¢�ÿþY��Ý–Jþ�;

(b) DPMO�¤��Ý–Jþ�

3.2 �þ!0�

�[¢�¥�Ä<NS�þ�ì(, �EA

ÛN�30cm×30cm×30cm�M0�, ü��NÈ�

0.5cm×0.5cm×0.2cm, \�>fUþ�10MeV, �l

1.5×106 �1f. ã5(a)�Ñ
EGSNRC
[10]

, DPM�

Ñ�p�1f�é�Ý–Jþ�, �ö(JÎÜ�

Ð. ã5(b)w«÷�Ý��¶�²¡��Jþ�. ã

5(c)w«
õ��Ý?��Jþ�. �
c[ïÄ,

��Ýx-y ²¡�Jþ©Ù�¹, �±^dã/�[

�?1©Û, ±ã��Ý��±�âI��½. ã

5(d)w«,�Jþ����¡, n�Jþw«U
�

��!�/�/*	Jþ©Ù, ¿U��*	�¬5

Ú'�|�þJþ©Ù�þ!Ý.

ã 5 JþO�(J�ã/w«

4 (Ø

��£��JþO�æ^�AkÛ�{, U
�

�ép�O�°Ý. �©ÏLU��AkÛ^�——

DPM, �¢y?¿�½��ý�.�JþO�, ¿¦

§ÚMATLABêâ�p, �±�B/w«?¿²¡

��Jþ�, ��±w«?¿�½z©Jþ��NÀ

z¡. ù�Q¼�
é¯��ý�Ý, q��
�

*��ý(Jã/, �Jp��£�Y²äk��

��¿ÂÚA^d�.
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Dose Calculation of X-Ray in Medium *

LIU Yan-Mei1,2;1) XUE Ding-Yu1 XU Xin-He1 DONG Zai-Li3 CHEN Zhen1
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2 (Shenyang Institute of Aeronautical Engineering, Shenyang 110034, China)
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Abstract The photon transportation in radiotherapy is studied based on Monte Carlo method. The dose calculation

based on the MC simulation package DPM has been carried out, and the results have been visualized using MEX

technology of Matlab. The dose results of X-ray in homogeneity and inhomogeneity medium have been compared with

experimental data and those of other MC simulation package, and these results all agree. The calculation method we

proposed has the advantage of high speed and good accuracy, therefore, is applicable in practice.

Key words photon transportation, dose calculation, Monte Carlo, inhomogeneity medium
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