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Á� ^MCNP�AkÛ§S�[
'¥fÐ¼£� (BNCT)3«ISÄO���., ¿�?��

Snyderý¥�.?1
'�. 3dÄ:þ, �Ñ
�«��þÅð!S�þ�!´u�)Ñ\©��4

«Ä�á�¤©�BNCT���.. O�(JL², 34mm��e, #�.�±��ÄO�.�°Ý;

�â)Û�.Jþ��Ý�Cz5Æ, ïÄ�E
õ��|Ü�., 3­�«�O�°ÝØ���^

�e, O��m�� á. ��ïÄ�Ñ
��Q�y°Ý!q3��É��mS�¤JþO���

.!��êÚ�A��{, §Ä�þ÷v�KBNCT��¦.

'�c BNCT �AkÛ�{ �9¥f ¬5 ���. |Ü��

1 Úó

'¥fÐ¼£� (Boron Neutron Capture Ther-

apy, {¡BNCT)Ì�ÏLòäkÀJ5�¹'�Ô

5�\<NÉ�, ,�L8u¬5[�¥, É9¥f

ì��, ²L 10B(n,α)7Li�A�Ñ�pUþ!á�§

�αâfÚ 7Liâf, 5àk¬5[�, 
Øú³�~

|�
[1]

.

BNCT�[Ï~d3Ü©|¤: 1)c?nµl

CT, MRIK�)¤ê��[�Ñ\©�; 2)ê�O

�µ)Boltzmann¥f–1fÍÜÑ$�§¦ÑÏþ,

²�A��Jþ; 3)�?n: �âJþÇ(½ 10B�ß

ÝÚ¥fì��m, ?
¢�£�. �©¦^�.�

AkÛ§SMCNP�[
[2]

. 3�K�[O�¥, �[

AÛæ^���.éz��ö�ÞÜ?1%C, 3£

�cA���âé�ö�£� ���[O��Ñ¢

S�'ßÝ. 3Xdá��mS, ��¤�AkÛJ

þO�´�~(J�. ���¢^z, 7L)ûO�

�mÚO�°Ý�m�gñ.

ICRUí�����.æ^·Üá�Ú�Ý, á

�oêõ�286«
[3]

, �¤�{�~E,, �9��S

¤ká��gNÈ'~�O�, ¢y(J, Ó���

UÚ\#�Ø�, O\ý?n�m. �d, �©JÑ


¥%:�{: rá�N��¥%:�á�Ú�Ý�

���á�N���á�Ú�Ý, dd(½�á�|

©�)Û�.�Ó, �k4« (�Ç!�M!ª�Ú�

í). ù�Ø=�±¯��)MCNPÑ\©�, 
��

±!��þS�. ÏLO�, ������, X4mm

Ú8mm��, �±�yÐ��þÅð. �â�Ý–J

þ©Ù�¹, �ïÄ�Ñ
õ«���|Ü�., Ù

�[�m�ü�4mm���.!�42%—47%, 
­

�«�°Ý¿Ø��. ��Äu�KI�, �Ñ
Q

�÷v°Ý�¦, qU3�K5½��mS�¤O�

��.Ú��ê.

2 JþO�

3BNCT£�¥, ý�õêJþ5g4�Ü©: 1)

'Jþ; 2)9¥fJþ; 3)¯¥fJþ; 4)1fJþ.

1) 'Jþ:

10
5 B+ 1

0n⇒

{

4
2He+ 7

3Li+2.79(MeV) (6%)
4
2He+ 7

3Li∗+2.31(MeV) (94%)

↓

7
3Li+γ +0.48(MeV)

, (1)

2005 – 02 – 02 Âv, 2005 – 05 – 17 Â?Uv

* �®p|A�EuÐk�I?úiÚ¥Ió§ÔnïÄ�Ä7]Ï

1) E-mail: lgseven@126.com

171 — 177



172 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

T�A±94%�VÇº�g?1f. ¦+'3�M

¥�ßÝé�, �du'é9¥f�áÂ�¡�~�

(3840barn), º�Uþõ, Ï
'JþéoJþ��z

é�.

2) 9¥fJþµ9¥fJþ96%5gu 14N(n,

p)14C�A, º�0.66MeVUþ. 'JþÚ9¥fJþ

Çþ�deª
[4]

�Ñ

K(j) =

Emax∫

0

5.76×10−7φ(E)×σa(E)×n(j)×ETdE

(2)

K(j)´ j :?�0�CqáÂJþÇ, ü �Gy/h,

φ(E)´T:?Uþ�E �¥f5þ (Ì�´9¥fë

��A), σa(E)´�A�áÂ�¡, n(j)´Øf�Ý,

ET ´�Aº��Uþ, 5.76× 10−7 �ü =�Xê

(lMeV/(g•s)�Gy/h).

3) ¯¥fJþ: ´Ø9¥f	¤k¥fdu�5

Ñ�
�È�Uþ. Uþ3600eV�3MeV�m�¯

¥fJþ90%´��Ø��A, 1H(n, n) 1H, Ù¦�

�A'X� 12C, 31PÚ 16O��AÓo¯¥fJþ�

4%—8%. ¯¥fJþÇ�O�úª
[4]

Xe

D(j) = 5.76×10−7

N
∑

i=1

NTi(j)×

∫∫
φ(E,j)σs,i(E

′ →E)(E′−E)dEdE′ , (3)

Ù¥σs,i(E
′ → E)�Ñ�=£�¡, E ′ �\�¥fU

þ, E �Ñ�¥fUþ.

4) 1fJþµ1fJþdüÜ©|¤, �´�

�1f, 3\��¥få¥o´Ø�;�/¬k��

1f�3; �´g?1f, Ì�´d�Ð¼1f�A

1H(n, γ) 1H�)�, �kÜ©´d'¥fÐ¼�A�

)�. Ø1f	, Ù{�A�UþÑ´Ò/�È, 1f

KÏLõgxÊîÑ��1>�AÅÚ�ÈUþ, Ù

¥Ü©1f²-E��U¬<ºÑXÚ, �rÜ©U

þ, k�$��²?Û-E
��<ÑXÚ.

8céBNCT�O�, ÊHæ^ ICRU46�wJ

ø�M|�á�
[5]

, Ú ICRU63�w�Ñ�ÏþJþ

=�XêKERMAÏf (Kinetic Energy Released in

Material)
[6]

. ��¥fÚ1fÏþ�, ¦±�A�

KERMAÏf, Ò��
áÂJþ. �du ICRU63�

w��Ñ
Uþ30.0253eV±þ¥f�KERMAÏ

f, 
Uþ$u0.0253eV�¥fé9¥fJþ��z

é�, ¤±7LéUþ30.0253eV±e�¥f?1?

n, '�Ün��{Ò´éUþ$u1eV�¥f?1

Véê��
[3]

.

3 �.0�

3.1 ?��Snyderý¥�.

8c, nØO�ÊHæ^�ÞÜ�.´?��

Snyderý¥�.
[3]

. §^ý¥¡5.½ØÓ|��>

., �«Ou���., Ï~¡Ù�)Û�.. §d3

�ý¥|¤, ò��ÞÜ©��M!ª�ÚÞ�3Ü

© (ã1). �M3z ��k1cm %. �©.¡÷ve

¡3�ý¥�§.

�M�ª�©.¡:

(x

6

)2

+
(y

9

)2

+

(

z−1

6.5

)2

= 1. (4)

ª��Þ�©.¡:
( x

6.8

)2

+
( y

9.8

)2

+
( z

8.3

)2

= 1. (5)

Þ���í©.¡:
( x

7.3

)2

+
( y

10.3

)2

+
( z

8.8

)2

= 1. (6)

ã 1 ?��Snyderý¥�.¿¡ã

ý¥�.��í��. ù����m�©�4Ü

©, �A)Ô|�©O�µ<M, ª�, �Ç, �í (�

©¡ù4«|��Ä�á�), Ù��¤©Ú�Ýd

ICRU46�Ñ, XL1¤«. ISþæ^?��Snyder

<ÞN���ÔnJþÄO¯K�O��., r§�

Ñ�Jþ�����.(J'���â.

L 1 M|�á��¤©(�þz©')

Z
Z

Z
Z

|�9
�ÝXXXXXX

�þ
z©'

��

�í ª� �M �Ç

0.001293 1.61 1.04 1.09

H 0 5.0 10.7 10

C 0.01 21.2 14.5 20.4

N 75.53 4 2.2 4.2

O 23.18 43.5 71.2 64.5

Na 0 0.1 0.2 0.2

Mg 0 0.2 0 0

P 0 8.1 0.4 0.1

S 0 0.3 0.2 0.2

Cl 0 0 0.3 0.3

K 0 0 0.3 0.1

Ca 1.28 17.6 0 0
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3.2 ���.

3�KO�¥, ISþÊH��{´^á�á�

N��5æë�M(�, 3���±NB���M�

5Ká�NS, ?1��y©(~^�º��16mm,

8mmÚ4mm)
[3]

, /¤éõ�/G���Ó�á�N

��, 3z�á�N��S, �âÙý¢�)Ô|�,

W¿�A�á�. éu�¹k�«ý¢�)Ô|��

á�N��, W¿ù«Ä�á�=�; éu>.��

�U¹kõ«Ô�, ~XÞ�Ú�Ç, Þ�Ú�M�

�.«�, ?1·Ü?n, ±(��þÚ|¤��Ú

ý¢�¹�Ó½�q: é4«Ä�á�?1·Ü, z«

Ä�á�3·Üá�¥¤ÓNÈ°�´10%��ê,

'X, ,�á�N���á��d20%��í, 80%

�Þ�|¤, °(O�L², ^ù«�{, 4«Ä�á

��û)Ñ282«·Üá�, \þü��4«Ä�á

�, ���.�æ^286«á�, �©¡��·Üá�

���. (ã2).

ã 2 286«á��.�x = 0¿¡ã (11�)Ú4

«Ä�á�x= 0¿¡ã (12�)

ãþ�ý�­��?�� Snyderý¥�.��A

­�.

���.´é)Û�.�%C, 3�KO�¥Ê

Hæ^, ÃØÞÜAÛ�.XÛE,, ����º�

v
�, §oUéÐ�%C¢SÞÜAÛ. ·Üá�

��IO�.�¤�ISþÏ^�á��..

duéuz��á�N��7L���SÜý¢

á�°(�NÈ', âUé��A�·Üá�, �·

Üá�õ�286«, (½á�ó�þé�, �¢Só�

�5é��(J, Ó�O\�[�S�þ. �d, �©

æ^�«#��{(½á�N���á�, ^á�N

��¥%:�á�Ú�Ý����á�N���á�

Ú�Ý, ù��)��.�k4«Ä�á�|©Ú4«

�Ý, �©¡�Ä�á��. (ã2). ��L§^§S

¢y{ü��.

4 �[O�(J

Uìc¡0��¥%:�{, Äu)Û�.�3

�ý¥�§5.½á�«�, ^§S�)
�¹k4

«Ä�á�����., ¿316mm, 8mmÚ4mmI

O��º�þ¦^MCNP§S?1�[.

�[�\�¥få¦^°Ì�9¥få, Ù¥1%

� ¯ ¥ f (10keV—2MeV), 10% � 9 ¥ f (1meV—

0.5eV), Ù{��9¥f. 33�Uþ«m¥, UÌ

þ�1/E ©Ù. \�¥f3�»�5cm�¡
Sþ!

Ä�, 
r�1010n/cm2·s. �~�3l\�¡��?

�¯¥fJþÚOØ(½5, æ^
Uþ ­Ä�,

O��)pU¥f�VÇ, Ó�é¥f��[L§�

Üæ^ÛÐ¼E|. �
(��.Âñ, �[��ê

¦^5000�
âf.

4.1 ü«á����.'�

Ä�á��.¦^4«�Ý�O·Üá��õ«

�Ý, ³7¬Úå�.�«á��þ�Cz. �d�

©�
üaá����.��þO�(L2), lL¥

�±wÑµÄ�á��.¥, �þ ��X���º

�C�
C�, �
4mmº��, ÃØ´ÞÜÄ�á

��þ�´o�þ,  �Ñ�~� (��0.93%), ��

4mmÄ�á��.��þÅð5éÐ.

L 2 ü«á��.��þÅð�yÚO��m'�

�M�þ/g ª��þ/g Þ��þ/g o�þ/g á�N��ê(�) S�/MB �m/min

)Û�. 1529.1 1363.0 495.7 3387.8 6 326.01

16mm·Üá� – – – 3394.7(0.20) 2352 43 371.32

8mm·Üá� – – – 3387.2(−0.02) 16016 175 494.96

4mm·Üá� – – – 3383.6(−0.12) 94392 323 1206.81

16mmÄ�á� 1559.1(1.96) 1266.2(−7.10) 593.8(19.79) 3419.1(0.92) 2352 10 359.23

8mmÄ�á� 1522.9(−0.41) 1355.2(−0.57) 517.9(4.48) 3396.0(0.24) 16016 37 489.36

4mmÄ�á� 1528.0(−0.07) 1370.4(0.54) 491.1(−0.93) 3389.5(0.05) 94392 196 1208.60

5: þ¡L�p)ÒS�±)Û�þ�IO��éØ�(%), (Cq)—(½))/(½). �[O�Å�Pentium IV 2.4G, 512MB
S��pcÅ.
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ã 3 ê��[(Jã

ã3�ü«á����.Ú)Û�.�(J'�

ã, �±w�, ��º�éØ��K�Ì�Ly3�

Ý�Øõ6cm±c�«�: 16mm��, ü����.

ÑÚ)Û�.��é�, AO´9¥fÚ1f, ¤±

16mm��3¢SA^¥´ØÜ·�; 8mm��, �

��.®²Ú)Û�.�Céõ, cÙ´¯¥f[Ü

�Ð, Ä�á��.�Ø�'·Üá��.�Ø��

��
; 4mm��, 3��.ã�Ä�þ��, [Ü�

éÐ, 3�éØ�ãþ, Ä�á��.�Ø�Ø'·

Üá��.�Ø��, ý�Ü©:�Ø�Ñ3±2%�

S, ���Ø��vk�L±4%, ù�(J`²Ä�

á��.3�º���þ�±��·Üá��.?1

�[.

lL2�S�ÚO��mþw, ���.�S�

¦^þÚO��mÑ�á�N���êkér���

'5, 3�Ó��º�þ, Ä�á��.¦^�S�

'·Üá��.�éõ; 3O��mþ, üöKØ�

þe. ù´Ï�á��ê8�¬K�MCNP§S?n

Ñ\©���m, 
3âfÑ$�[ý�m©�, é

Ñ$�mvkK�, �´Ó^S�õ�
®.

4.2 |Ü���.

|Ü���g�
gJþ��Ý�©Ù�¹, l

ã3�Ñ�)Û�.ã��±wÑ, 3«âf�Jþý

�Ü©Ñ8¥3�Øõc6cm��Ý. L3�Ñ
?

�ÚO��Jþ�Ý©Ù.



1 2 Ï of�µBNCT`z���O9�'�{ïÄ 175

L 3 Jþ��Ý©Ù

åÞ��Ý/cm
âfa.

(.)0—5.6 (/)5.6—12.0 (0)>12.0

9¥f 77.65% 21.50% 0.85%

¯¥f 85.53% 13.06% 1.29%

1f 63.26% 32.36% 4.00%

L3`²�9¥f�£��JéØ�L6cm�Ý

�¬5�J´�Z�, ´BNCT�[�­�«�, ù

3�'��KÁ��®y², ATæ^�°[�4mm

��£ã; 6cm�Ý±��«�, OþÇ�$, ­�

5��, Ó�8mm���U�Ð�%C)Û�., 5

¿�4mm����[�m´8mm���2.4�, �

±ý�, XJ6cm�Ý±�^o���O[��, �

±!��þ�m, ¿�Ø¬��­�«�°Ý. ²L

õg}Á, Uì¥%:�{�E
e¡3«|Ü��

(ã4)µ

(1) 4+8mm|Ü���.: Ù¥�Ý0—5.6cm

�4mm��, {eÑ´8mm��.

(2) 4+8+16mm | Ü � � � .: Ù ¥ � Ý 0—

5.6cm�4mm��, 5.6—12cm�8mm��, {eÑ

´16mm��.

(3) )Û+4mm���.: Ù¥�Ý0—5.6cm�

4mm��, {e�´)Û�..

ã 4 �«|Ü��¿¡ã

3Ó��^�e, é3«���.?1�[, ¿r

(JÚ)Û�.?1'�(ã5). du3c5.6cm�Ý

S, 3«|Ü��æ^�Ñ´�4mm��, §�(J

�Ø�Ú4mm���Ä�þ�Ó; 
�¡�Ý�«

�, o���Ø�ÅÄ��, )Û�.�Ø�ÅÄ�,

�Ä�þÑ3±4%S.

ã 5 |Ü���.Ø�ã

�
l�Nþ'����.é)Û�.�%C§

Ý, ½Â
��9Ï�È©Ø�, Äk½Ân«��

éÈ©Ø� (�Ý0—14.4cm):

εi =

∑

j

∣

∣Dv,jdv,j −Ds,jds,j

∣

∣

∑

j
Ds,jds,j

, i = 1,2,3 , (7)

Ù¥Dv,j , Ds,j ©O����.Ú)Û�.3 j :�

Jþ�, dv,j , ds,j ��A�.� j :��°Ý. �
â

ÑØÓ«��­�5, ±�«�âfJþ'Ç(L3)�

�wi, i = 1,2,3, éεi, i = 1,2,3?1\�²þ

εtotal =
w1ε1 +w2ε2 +w3ε3

w1 +w2 +w3

(8)

�����.o�È©Ø�(L4). �±w�, �ü�

�4mmÚ8mm���È©Ø��', |Ü���È

©Ø���C4mm��; 4+8mm��Ú4+8+16mm

��È©Ø�Ñ��
, AO´)Û+4mm���

.�È©Ø��4mm�.��. 
|Ü����[

�m��~�, �é4mm��!�
42%—47%��

m. ù`²35.6cm�Ý�¡æ^|���±��ý

Ï�8�µØ��­�5«��Ø�, é�§Ýþ 

á
�[�m.

L 4 |Ü�.�O��mÚÈ©Ø�

È©Ø�εtotal(%)
Ä�á��. ��ê(�) S�/MB �m/min

9¥f ¯¥f 1f

8mm�� 16016 37 489.36 3.2025 1.6388 2.7715

4mm�� 94392 196 1208.60 0.8754 0.9612 1.1683

4+8mm�� 42560 89 693.88 0.9972 1.1508 1.7015

4+8+16mm�� 32292 70 639.58 1.0150 1.1690 1.7404

)Û+4mm�� 28104 71 622.67 0.8684 0.9813 1.1209
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L 5 |Ü�.�þ�yÚ�m'�

�M�þ/g ª��þ/g Þ��þ/g o�þ/g

)Û�. 1529.1 1363.0 495.7 3387.8

4+8mm�� 1524.2(−0.32) 1355.6(−0.54) 514.8(3.85) 3394.6(0.20)

4+8+16mm�� 1513.6(−1.01) 1398.5(2.60) 474.6(−4.26) 3386.7(−0.03)

)Û+4mm�� 1529.0(−0.01) 1363.3(0.02) 494.6(−0.22) 3386.8(−0.03)

l�þÅð�yþ(L5)w, 4+8+16mm���

.Ú4+8mm���.��þ �'ü�4mm��

��
, ����C±5%,  �Ì�5go��; 
)

Û+4mm���.�K��, duÜ©)Û�.�æ

^, �þÅð5éÐ.

lþ¡�©Û�±uy)Û+4mm���nÜ

�J�Ð, �du�öMÜ¬5 �!��Ø��,

¬5�/GØ5K, �U^[��5%C, ¤±I�

�âäN��¹5û½4mm|Ü����Ý, ±(�

��Ü©UCX��¬5, ùk�?�Úg·A|Ü

���.)¤�ïÄ.

4.3 (J©Û

é|Ü���.�[�5000���?1©1

Ú O, z 500 � â f Ñ Ñ � g ( J. ( J © Û ±

4+8+16mm���~. �;�Lõ�­�p�Z

6, ùp��Ñ5^k�L5�­�(ã6).

lãþ�±wÑ, 9¥fÚ¯¥f�Ê^­�ã

�Ä��C, =3�Ý12cm±�, 1000����Ø�

C�, �´ù��ÝJþÇ��Òé$, é£�A�

vk�J, �±Ø��Ä. éu1fã�, 1000��

��Ø�oNþ'5000����Ø��, �Ä�þ3

±5%S, ���KØ�IO
[1]

.

�AkÛ�{��[�mÚ��êÄ�þ¤�'

'X, ¤±ü$��ê�±~��[�m. �[(J

w«, 4+8+16mmÚ)Û+4mm|Ü���.�[

1000���=I130min, Ä�÷v�KA^�¦.

ã 6 4+8+16mm|Ü��ØÓ��êØ�'�ã

5 (Ø

lþ¡�©Û�±��(Ø: Äu¥%:�{

���4Ä�á��., 34mm��º�e, ÃØ´

JþO�Ø�(õê2%, ��4%)�´�þ�yØ�

(0.05%)Ñé�, �±�O286·Üá��.?1ê�

�[, l
�y
¥%:�{3�º���þ´�

1�.

?�Ú|^¥%:�{, �âJþÇ��Ý�C

z, �E
3«|Ü��?1�[. (Jw«, 3�y

­�«�°ÝØ����¹e, |Ü��!�
�þ

��m, cÙ´4+8+16mmÚ)Û+4mm|Ü��

�., �4mm�.O�(J�', O��m~�47%.

©Û
éuÓ��.O�Ø����ê�'X,

�Ñ3«Ä�á��|Ü��31000�����¹e

ÒÄ���Âñ. Ò8c�¹, �©@�4+8+16mm

|Ü���.´�·uA^�, ¦^1000���Ò�

±¦��.Ä�Âñ, �.¥fØ�3��12cm�

«�Ñ�±3±4%�S, 
1fØ��§Ñ�±3
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Abstract The voxel model of Snyder head phantom is widely used in simulation of BNCT. This paper introduces a

simplified method which is based upon only four kinds of materials. The new voxel model keeps the mass conservation

when the mesh size is small such as 4mm. The 4-material voxel model and 286-material voxel model with different mesh

sizes of 16mm, 8mm, 4mm, are simulated respectively by MCNP Monte Carlo code. The results indicate that the 4-

material voxel model can reach good accuracy. Using this method, multi-voxels are produced and simulated. Compared

to the 4mm single voxel model, the multi-voxel model has good accuracy and less computational time. Finally, we

recommend multi-voxel models and a reasonable number of meshes. Its computational time and accuracy have accessed

the clinical BNCT requirement.
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