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Cc5, æ'>l¿®Åì¤�Ø�Aæ±��Ïþ¥f/γ ��·Ü|iÿ�Ë�&ÿì��. ï�
�«p
(¯Ýæ'>l¿, ¿�Ñ
ÙSÜ(�. ^ fA ?f>6��ìÿ�: �æ'>l¿�ó�>Ø3 700 V ±e�,

¦>6�u 1.0 pA; ^ Am-Be ¥fËì�ÿ�æ'>l¿�>6�¯�� 500 V, ¯�� 3.72×10−4 V−1; �æ
'>l¿�ó�>Ø� 400 V �, éA¦>6� 0.4 pA. ÿÁL²æ'>l¿¥f&Ò>6�Ëì��é �k
', ò Am-Be ¥f�uå�0úzN.Ü 8 cm �, ÿ�¥f&Ò>6���� 2.0 pA. ^ 137Cs Ú 90Sr Ëì�ÿ
�æ'>l¿ γ ��&Ò>6� 1.0—2.0 pA, �3 γ ��|¥¯A5ØX¥f|¥¯A5²w. >l¿¥f&ÿ
(¯Ý� 1.0×10−15 Acm2s þ?, γ ��&ÿ(¯Ý� 9.0×10−22 Acm2s·eV−1 þ?. ù«æ'>l¿¦>6�!
(¯Ýp!¯A5Ð, �^u�Aæ±��¥f/γ ��·Ü|ÿþ.

'�c: æ'>l¿, ¦>6, ¯A5, (¯Ý

PACS: 29.40.Cs, 87.53.Bn, 07.85.Fv

1 Ú ó

Ø�Aæ±��¥fÏþ~ª��A�ê
þ?�Ø�;�/��k γ ��, ^uù«¥
f/γ ��·Ü|ÿþ�&ÿìÏ~�é±en�
þ§: þ§!¥mþ§ÚõÇþ§ [1−3]. þ§
e�¥fÏþ�� (φ < 105 cm−2s−1), ��æ^
�'Oê+ó�3óÀ�ªeÿþ; ¥mþ§!
õÇþ§e�¥fÏþ~ª� 8 �êþ? (103—
1011 cm−2s−1), �3ùü�þ§e�ÿþ��æ^
\È>l¿ó�3>6�ªe¢y [4].

^>l¿?1·Ü|iÿ©u 20 V 60 c
�, ©z [5, 6] k�JÑ
^¿>0��N>l¿
ÿþ¥f/γ ��·Ü|, �� Ladu Ú Pelliccioni â

d`z
>l¿>4må�ëê [7], �Ý
 60Co
Ú Po-Be ¥f [8], �Ñ
·Ü|¬�Ïêÿþ
�{ [9]. 1982 c, Oda � [10] uy
·Ü|ÿþ
¥>l¿��Klf²þEÜXê�²þ¬�Ï
ê�m�'X, ¿ddJÑ
(½ü�Ë�|J
þ�þ��{. �X, Malyshev � [11] 3�Aæþ
ÿþ
>l¿�9½5. Ac�, Chuklyaev[12]

q|^¿í½ö>lË�N�ý�>l¿S&
Ò5iÿØ�Aæ. Cc5, U Becker � [13] ò
æ'y>l¿XÚ$^�
rÝN���£�
+��, Nohtomi � [14] ^� γ ��P~ì�|
���>l¿éÿ°
¥f/γ ��·Ü|¥�
¥fUþÿþ��. d	, Liu � [15] �ÿþ
 Mg
(Ar) Ú Al (Ar) 7áÄ>l¿&Ò>6, �Ñ·Ü
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|¥¹zÀ/©O�¹ 2%Ú 50%ÿþ>6. I
	é>l¿(¯Ý�ïÄ�ÑÛ�u½5�¡,
X Distenfeld � [16] �ÑóÀ�>>l¿ γ ��(
¯Ý3 5.16×10−8 C·kg−1—1.29×10−3 C·kg−1 S
�W¿íN!S�Ô±9SÜ>Nk'; Gunter
� [17,18] ¢�ÿ�²1�à¯L974>0N>
l¿�¥fÚ γ ��(¯Ý, ¿�Ñ¥fUþ�
>4må�'X; Chuklyaev � [19] ��
�«Ä
uIO¥f5k�(½¿í>l¿¥f&ÿ(
¯Ý��{; Nohtomi � [20] ÿ�¿ C-CO2 >l¿
é 3—7 MeV ¥fÚ 60Co � γ ����é(¯
Ý; Ziebell � [21] ��
���4+>l¿é�Ó
áÂJþ�¥f&ÿ(¯Ý´é�f&ÿ(¯Ý
� 10—100 �. IS��®Ø¤ì�Ú¥I�fU
�ÆïÄ���
�
�¬�(¯Ý� [22−24].

Cc5, æ'>l¿ÏäkÆ·�!½5
Ð!Ed$í�`:�É<��à, �8cIS
^u�Aæ±�·Ü|iÿ�æ'>l¿��é
�. �©ï�
�«^u�Aæ¥f/γ ��·Ü|
ÿþ�p(¯Ýæ'>l¿, ¿�Ñ
Ù�N(�
9�[SÜ(�. 3 Am-Be ¥f!137Cs Ú 90Sr
Ëìe, ^ fA ?f>6��ì©Oÿþ
æ'
>l¿�¦>69 I-V �. ��d¢��Ñ�ó
�>Ø!¯A5ëê9&Ò>6��Ñ
>l¿
é¥fÚ γ ��&ÿ(¯Ý, ¿òÙ�IS®kó
�?1
é'. d	, �©�é>l¿ I-V ��
	.Ë�|�Cz9�Ï�
½5©Û, ��T+
���YïÄó�Jøë�.

2 æ'>l¿�(�

2.1 ���NNN(((���

æ'>l¿��N(�Xã 1 ¤«.

ã 1 ¥�æ'>l¿dþÝ� 5 mm �ØC
g�áá��N (145 mm×145 mm×135 mm) ÚX
� (190 mm×187 mm) |¤. æ'>l¿�NS¿
± 4.0×104 Pa � P10 íN (90%Ar+10%CH4), �N
�X��m^��¶��µ, 	¡2^Új�½.
æ'>l¿�müL¡þÅ�k|e, ©O^u�
½pØeªÚ1ë�ì (BNC) Ú&Ò BNC; l
�SÚÑ�pØ��&Ò�©OÏLéA� BNC
�	.�ë. >l¿c�©Omk6í�, §��
Nm^��ä��µ. >l¿SÜ>4Õáu�N,

Ù�N(�«uã 2.

ã 1 æ'>l¿��N	*

ã 2 æ'>l¿SÜ>4��N(�

ã 2 ¥æ'>l¿�SÜ>4dÊ¬5�
� 117 mm×125 mm �<M>´� (PCB) ^o��
»� 8 mm �àoÍ¯L�| ¤, �>4�m
�måþ� 20 mm, ü¡2^ 2 mm þ�àoÍ¯
L�½=��½. �ÿþ¥f, 3z¬ PCB �þe
L¡ (ã 3 ¥ A ��þL¡Ú B ��eL¡Ø	)
þæk 0.6 mg/cm2 �L8 10B ®. ^eZ�>�ë
�� PCB L¡±DÑ>&Ò, ��òÙ®à¤ 4 �
>�, Ù¥ü�/� (ã 2 ¥k���ñ	) ^uò
>4�	��/.

2.2 (((���[[[!!!

æ'>l¿9ÙSÜ>4�(�[!Xã 3
¤«. � PCB L¡>&Òd��ÚÑ, Ù¥ A
�!C �Ú E �L¡�>�®à��	.Kp
Ø BNC �ë, l�àÚÑ;  B �Ú D �L¡�
>�®à��	.&Ò BNC �ë, lmàÚÑ. æ
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'>l¿�SÜ>4¤^ PCB þþ�kØ�>�
Ý/ø (ã 3 ¥ PCB �"�?), ò PCB �>¡©
�¥
�>¡Ú±��>�¡. ã 3 ¥ B �!D �
þ���©OL«^��ò§��ü��>�¡
ë�;  A �!C �Ú E �þ����©OL«^
��ò§��¥
�>¡Ú±��>�¡�ë. æ
'>l¿�m>ë��NS9�>4��>�^
uò B �Ú D ��±��>�¡�/. pØÚ&
Ò�ÚÑ?^þÝ� 8 mm �àoÍ¯Lý��¡
©m, �¡��N�m^��ä��µ. ã 3 ´æ
'>l¿SÜ(�[!�ÌÀã, �
�*å�ò
ü�6í��ü� BNC þx3
�müý, ¢S
þ6í�� BNC ©Ù3æ'>l¿o�ý¡. ã 3
¥�Ú��:�L�u PCB L¡� 10B ®, �ç:
�L>�� PCB �Å�:.

ã 3 æ'>l¿SÜ(�«¿ã

3 æ'>l¿�Ëì�ÿþ

3.1 ¦¦¦>>>666ÿÿÿþþþ

æ'>l¿¦>6ÿþ¥¤^���)�
®Ø¤ì�)�� FH1910 .B�ª 3 kV pØ
>  ! H ® õ U � f & Ò u ÿ k � ú i ) �
� HB-872 . fA ?�f>6��ì±9�Ùø
>� HB-101 .�6Ø>!É²n®úi)�
� DST3042B . 40 Mbit êi�;«Åì. >l¿
¦>6ÿþC�«uã 4.

d HB-872 .>6��ìò\È>l¿ÑÑ
�>6&Ò��, Ù���ê M d^r�½, Ï
~ M = 1010—1013, ,�òÙ=�¤>Ø&ÒÑ\
«Åì. ^rÏLý����ê M �«Åì>Ø
Ì�Öê=��Ñ>l¿�ÑÑ>6. ddÿ��

>6�pØCz�¡�>l¿ I-V �.

ã 4 æ'>l¿�¦>6ÿþC�«¿ã

3.2 æææ'''>>>lll¿¿¿���ËËËììì

^ Am-Be ¥fËìæ'>l¿Xã 5 ¤
«. �Î/�0úzN¥
mk�»� 6 mm, p
� 15 cm ���, ¹Ý� 3.7×109 Bq � Am-Be ¥
f�u�0úzNS��.à. Am-Be ¥f�
Ñ�¥f (²þUþ� 4.2—5 MeV) �Ü©²��
�?\>l¿, ,�Ü©K²�0úzNúz�2
?\>l¿.

ã 5 ^ Am-Be ¥fËìæ'>l¿

¢�¤^ γ ���) 137Cs Ú 90Sr, ¹Ýþ
� 3.7×108 Bq. γ ��Ø^�;�3Y-¥, ÿ
þ�òY-���Ñ��m¿;EX>l¿��,
�Ñ� γ ��Ò¬?\æ'>l¿.

3.3 ÑÑÑÑÑÑ&&&ÒÒÒÿÿÿþþþ

ÿþæ'>l¿�ÑÑ&Ò�, ¤^pØd�
®Ø¤ì� FH1016 . 3 kV ��pØ>Jø, ¤
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^f>6��ìÚ«Åì�±þ¤ã�Ó. UCæ
'>l¿¤\pØ�, =��Ñæ'>l¿pØÚ
ÑÑ&Ò>6�'X, = I-V �.

4 (J9?Ø

4.1 æææ'''>>>lll¿¿¿¦¦¦>>>666

¦>6´\È>6>l¿����A5
ëê, §'X�> l¿�(¯Ý�I±9	Ü
� � > ´ � � � ê � À J. � â � [ J ø � E
âëê, �f>6���ê�u M = 1011 �,
«ÅìÖê 1 mV ¤éA�>l¿ÑÑ>6Ò
� 1.0×10−3×10−11 A = 1.0 × 10−14 A = 0.01 pA.
�±�vk���, Uìã 4 ë�ÿþ��. Ï
LUC>l¿¤\KpØ�, �ÖÑ«Åì�>
ØÌÝ�, òÙ��¤>6�2�Ñæ'>l¿Ñ
Ñ&Ò>6�pØ�Cz'X (I-V �), (JX
ã 6 ¤«. ¢�¥>l¿¤\pØ!«Åì>Ø¢
SÖêþ�K�, ��Bå��ã�þU���.
ã 6 ¥�n�¢�^��«OXe: ^� 1 ´3H
®�Æÿ��êâ, ^� 2 ´3H®Ê�ÊU�Æ
u�m t1 ÿ��êâ, ^� 3 ´3H®Ê�ÊU�
Æu�m t2 (å t1 nU�) ÿ��êâ, Ù{�Ó.

lã 6 �±wÑ: æ'>l¿¦>6�	\>
Ø�,pO\, �æ'>l¿ó�3 700 V ±e

�, Ù¦>6�u 1.0 pA. d	, UC¢��¸ (^
� 1 Ú^� 2) ÚUC¢��m (^� 2 Ú^� 3)
é¦>6��K�é�, L²ÿþE5�Ð.

ã 6 ÃËì�æ'>l¿� I-V �

4.2 ^̂̂ Am-Be ¥¥¥fffÿÿÿþþþ

ë�Ð¢����, Am-Be ¥f��0úz
Nk±en«�é � (ã 7): (1) Am-Be ¥f
�u�0úzN.Ü, = h = 0 cm; (2)Am-Be ¥
f�uål�0N.Ü 8 cm ?, = h = 8 cm;
(3) Am-Be ¥f�uål�0N.Ü 11 cm ?,
= h = 11 cm.

ã 7 Am-Be ¥f��0N�n«�é � (a) h = 0 cm; (b) h = 8 cm; (c) h = 11 cm

�±f>6���ê M = 1011 ØC, ò¤ÿ
��«Åì>ØÌ��Öê��¤>6¿�Ø¦
>6�.���æ'>l¿� I-V �, (JX
ã 8 ¤«.

lã 8 �±wÑ: æ'>l¿� I-V �þ
3 200—700 V ¥y
ûÐ�>6¯, ¯�� 500 V,
¯�� 3.72×10−4 V−1; æ'>l¿ó�3¯©

: 200 V �¦>6� 0.2 pA. dã 5 Ú Am-Be ¥
f�¹Ý���Ñ\��>l¿�¥f5þÇ
� 2.0×102 cm−2s−1, Ïæ'>l¿�¥f&ÿ
(¯Ý�� 1.0×10−15 Acm2s; >l¿¥f&Ò>
6��� Am-Be ¥f��é �k', � Am-
Be ¥fål�0úzN.Ü 8 cm �ÿ���¥
f&Ò>6�� 2.0 pA.
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� Am-Be ¥fl>l¿�� (h = 0 cm) �,
�0úzN���áÂÜ©¥f; ,	, lÉ¥�
�Ñ��¥fÏUþp (MeV þ?) � 10B u
)�A�VÇ�, �ÿ��\È>6é� (0.3 pA).
� Am-Be ¥fl>l¿�C�, ?\>l¿�
¥fê�õ��õ´�²úz�¯¥f, >l¿é
d�&ÿ�Çé$, Ï\È>6�é�. Ïd, 3
ùüö�m7,k���Z�ål, ùp� Am-Be
¥fålæ'>l¿.Ü 8 cm. nÜ¦>6Ú¯
A55�, òæ'>l¿�ó�>ØÀJ3 400 V
´Ü·�.

ã 8 ^ Am-Be ¥fËì�æ'>l¿� I-V �

4.3 ^̂̂ γ ������ËËËììì 137Cs ÚÚÚ 90Sr ÿÿÿþþþ

4.3.1 æ'>l¿ÑÑ� γ ��&Ò>6
ë � Ð ¢ � � � �, k ^ γ � � Ë ì

 137Cs!2\þËì 90Sr Ëìæ'>l¿,
�±f>6���ê M = 1011, ò«Åì>ØÖ
ê��¤>6�¿�Ø¦>6�., ÿ�æ'>l
¿ I-V �Xã 9 ¤«.

l ã 9 � ± w Ñ: ü ^ 137Cs Ë ì �, 	 \
pØ 200—800 V ��SéA� γ ��&Ò>6
� 0.42—2.04 pA, ��²þ� 1.23 pA; �Ó^
�e^ 137Cs + 90Sr �ÓËì� γ ��&Ò>6

� 0.82—2.44 pA, ��²þ� 1.63 pA. d	, ^ γ

��Ëìÿþ�¤�� I-V �¥�>6¯Ø
X^ Am-Be ¥fËìÿþ�¤���>6¯²
w, ü^ 137Cs �$�wØ�>6¯. ¦+ γ ��Ë
ì�¹Ý (3.7×108 Bq) �'¥f (3.7×109 Bq)
��, �cövk?Û¶-3æ'>l¿±�/
¤
�r� γ ��Ë�|. �Ä�7áÚ�õêý
�á��>{Çþ�	. γ ��Ë�|�Or
~� [25−27], �UùÒ´>l¿ÿ�� γ ��&Ò
>6�	\pØþ,Åì��¯A5��Ï. é
u Am-Be ¥f, ¥f²�0úzNúz�3æ
'>l¿±�/¤�Ë�|®²éf, �Øv±é
>l¿Sý�f�>{Ç�)²w�K�, Ï3
ã 8 ¥Ñy
²w�>6¯. Ïd, e·Ü|¥� γ

��Ë�|�r, ^æ'>l¿ÿþ¥f/γ ��·
Ü|�¤^pØ>Aäk�Ð�>Ø½5.

ã 9 ^ γ ��Ëì 137Cs Ú 90Sr Ëì�æ'>l¿
�I-V �

4.3.2 æ'>l¿ γ ��&ÿ(¯Ý���
^Ó� γ ��Jþ¤ÿ� 137Cs Ú 90Sr ¤3

 �� γ ���þJþÇ©O� 2.5× 10−5 Sv·h−1

Ú 1.0× 10−5 Sv·h−1, âd¦��æ'>l¿ γ �
�&ÿ(¯Ý9 γ ��Ëì�'ëê�uL 1,
Ù¥ 137Cs Ú 90Sr �'ºÄUÏf©O�g©
z [28, 29].

L 1 æ'>l¿� γ ��&ÿ(¯Ý9 γ ��Ëì�'ëê

Ëì
�þJþÇ 'ºÄUÏf γ U5þÇ &Ò>6²þ� >l¿ γ (¯Ý

/10−5Sv·h−1 /10−16Gym2 /109eV·cm−2s−1 /10−12A /10−22Acm2s·eV−1

137Cs 2.5 3.38 1.360 1.23 9.04
90Sr 1.0 6.14 0.453 �ÿ �ÿ

137Cs+90Sr �ÿ �ÿ 1.813 1.63 9.00
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d L 1 � �: æ ' > l ¿ � γ � � & ÿ
( ¯ Ý � 9.0×10−22 Acm2s·eV−1, � ü « � {
ÿ�>l¿� γ ��&ÿ(¯Ý���. Ï γ

� � Ë ì  137Cs Ú 90Sr � Ñ � γ � � U þ
© O � 0.661 Ú 1.76 MeV, � & ÿ ì � m � å
l � 10 cm, � � © z [28] � � é A � γ �
�ì�þ©O� 5.81×10−18 C·kg−1m−2s−1Bq−1

Ú 1.65×10−17C·kg−1m−2s−1Bq−1. �Bu'�, ·

�rg�>l¿ γ ��&ÿ(¯Ý���~^
ü �/ª 2.0×10−5 Askg·C−1. 8cISï�æ
'>l¿�ü Ì�k¥Ø (�®) Ø¤ì�Ú¥
I�fU�ÆïÄ�, cö)�� DL123, BZD-4,
RC-6EB, CC52 . [22,24] æ'>l¿Ú�ö)��
æ^ THDD-90 .æ'>l¿ [23] 3IST+�þ
¶�cd. ù
>l¿��ó�ï��æ'>l¿
�(¯Ý��uL 2.

L 2 g�æ'>l¿�®kæ'>l¿�&ÿ(¯Ý'�

>l¿¶¡ ¥f&ÿ(¯Ý/10−14Acm2s γ ��&ÿ(¯Ý/10−5Askg·C−1 ]�5

æ'>l¿ 0.1 2.00 �©

DL123 .8!¥fæ'>l¿ 2.4 17.40 ©z [22]

BZD-4 .�Î/Ö�'�>l¿ 7.5 0.88 ©z [22]

RC-6EB .æ'>l¿ 5.3 0.28 ©z [24]

CC52 .æ'>l¿ 1.9 8.40 ©z [24]

æ^ THDD-90 .¥f>l¿ 2.5 13.20 ©z [23]

æ'>l¿�&ÿ(¯Ý�I�XÙ¤Uÿ
þ���Ë�|, ��ó, &ÿ(¯Ý���é
A�>l¿�5U�Ð. lL 2 ��, �ó�¤ï
��æ'>l¿�&ÿ(¯Ý�I��
8cI
S�ïÄY². ù«æ'>l¿¦>6�!(¯
Ýp¿äkûÐ�¯A5, �^u�Aæ±��¥
f/γ ��·Ü|�iÿ.

5 ( Ø

æ'>l¿^uØ�Aæ±��Ïþ¥f/γ
��·Ü|iÿÏäkÆ·�!½5Ð!¤�
$í�`:�É<��à, �IS�'��é
�. �©ï�
�«p(¯Ýæ'>l¿, ¿�Ñ

Ù�[�SÜ(�. Äk3ÃËì�ÿþ
>
l¿¦>6, ,�3 Am-Be ¥fÚ γ ��Ëì
 137Cs, 90Sr �Ëìe, ÿ�
æ'>l¿� I-V
�. ÏL©Û¢�(J, ©O��
æ'>l¿

�¥f&ÿ(¯ÝÚ γ ��&ÿ(¯Ý, ¿(½

Ùó�>ØÚ>6¯¯A5�ëê. æ'>l¿ó
�>Ø3 700 V ±e�¦>6�u 1.0 pA, 3 200—
700 V ��SÑyûÐ�>6¯, ¯�� 500 V, ¯
� � 3.72×10−4 V−1. æ ' > l ¿ � ó � > Ø
� 400 V, éA�¦>6� 0.4 pA. æ'>l¿ÑÑ
�¥f&Ò>6� Am-Be ¥f��é �k',
� Am-Be ¥fål�0úzN.Ü 8 cm �¥
f&Ò>6���� 2.0 pA. æ'>l¿ÑÑ� γ

��&Ò>6� 1.0—2.0 pA, �3 γ ��Ë�|
¥¯A5ØX¥f|¥�¯A5²w. ¤ï��æ
'>l¿¥f&ÿ(¯Ý� 1.0×10−15 Acm2s þ
?, γ ��&ÿ(¯Ý� 9.0×10−22 Acm2s·eV−1 ½
ö 2.0×10−5 Askg·C−1 þ?.

a�ô��;¾ý���¥%�±z¸����©�

ÿþó�Jø γ ��.
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Abstract

Boron-lined ionization chambers (BLICs) have gradually become one of radiation detectors which are used to monitor the

neutron/γ-ray mixed field with large flux around reactors in recent years. In this paper a BLIC with high sensitivity is fabricated

and the internal structure is detailed. By using a weak current amplifier with an accuracy of fA, the leakage current of the BLIC is less

than 1.0 pA when the high voltage is below 700 V; under the irradiation by the Am-Be neutron source, on the I-V curve of the BLIC

there appears a current plateau with a length of 500 V and a slope of 3.72×10−4 V−1; when the operating voltage is 400 V, the leakage

current of the BLIC is 0.4 pA. Experiments show that neutron signal current measured by the BLIC depends on the relative position

of the BLIC with repect to the radiation source; a maximum of 2.0 pA is obtained when the source is 8 cm away from the bottom of

the hole in the paraffin moderator. Under the exposure by 137Cs and 90Sr, γ-ray signal current measured by the BLIC is 1.0—2.0 pA,

but the current plateau is not obvious in γ-ray field. The neutron sensitivity of the BLIC reaches a level of 1.0×10−15 Acm2s and

the γ-ray sensitivity reaches a level of 9.0×10−22 Acm2s·eV−1. The BLIC shows small leakage current, high sensitivity, and good

plateau characteristics, which can be used to monitor the neutron/γ-ray mixed field around reactors.
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