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The reevaluation of air-kerma standards by adopting ICRU90 
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2016c� ICRU·The International Commission on Radiation Units and Measurements: U²

oa�MD�_\RC¸	# ICRU Report90  Key Data for Ionizing-Radiation Dosimetry: 

Measurement Standards and Applications�
���&�¹�� ICRU Report90�?��oa�

��¨���@E��G'%_p��%�}� W H�>�	�!���®�%¯z�2<0
¡

��&�¹�&(O
�2017 c 6 u�­I�&�U²d¬\RCoa�¦S\RC�� 1 «C

·CCRI(I)̧ ������� ICRU Report90 �2<0�n�����§¥(���PU� �&

#�2<0(N$K&%���Qi�&�¹��Qi(O
�������� -;7��X��

},<7�y��Ys(2019c4u1qB°����%w{¤rt����ª��%�����¹ 

 

2.� /85)*3�~´³��"%���},<7�Ys 

/85)*3X�~´³�(����Cs-137, Co-60, Ir-192��},<7�y�(£_���%¹

AT�:6<3���B=�¼µ�
Ys����¹ 

º  ̧ Co-60��}�WH�¯z�|���H½34.00 eV	#33.72 eV� 

»  ̧ Co-60BZ��}�WH�>�	��¡��½0.15 %	#0.35 %� 

¼  ̧ ���¯z�2<0�¡�� 

 

3.� ���}´³��"%X��},<7�Ys 

� ���}´³�(�����´V10 kV¾300 kV�X�W��� I-125���W��
%�}

,<7�y�(£_���%¹AT�:6<3���=¢�µ�
Ys�©L����¹ 

º  ̧ WH�>�	��¡��½0.15 %	#0.35 %� 

»  ̧ WH�+49.<F^�®�% {Gpkw�n� 

¼  ̧ J]���@E���j�&�´]�´� {kii�n� 

 

4.� �¥ 

� ICRU Report90�ª��"$�����},<7�����gv�H"$�0.8 %�db���

��X�������0.2 %¾0.4 %b�����¹���`mf>�	�(k = 2)���� �Co-60

(±�gv�H"$�0.2 %�d[���%¹�&#�Ys��2019c4u1qB°����%w
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Responses to the Adoption of ICRU Report 90 at Calibration Laboratories 

nÿć�á]ÂÌ019=PBxc�

R�Ì�ĺ��

�

ICRUŃThe International Commission on Radiation Units and Measurements :��Ļº¡Ėyeè�
��cń�)ŅICRU Report 90 “Key Data for Ionizing-Radiation Dosimetry : Measurement Standards 
and Applications”ŃbTŅReport���ń	 2016¤�ýĜ
,�ņ�,�(*3L@/1=�
ĹÚęÜ.�$�����ïõ<P:�ĢĂ�	·Ĥ
,ŅÁ����×êØĸ�µø	�"

���+ņ��Report.µø-+���Ņ3L@/1=ĽļĎ.ø��Ĕ�è��(*Þ%)
,+í¡Ėĵ×ê| ċÝ2PF×ê	�Æ
,+ņÂÌ�& 2019¤ 4É 1Â(*��×ê
Øĸ� +�ČĄĊķýá]÷Ô´ĝĕ�ĄĊ²ŃbTŅ÷ĕĄ���ń	Report.µø�Ņ
nÿć�á]ÂÌ019=PBxcŃbTŅ019=PBxc���ń&�Â�)Report��
«��×ê�hē.Ĝ���+ņReportµø�d���×ê�ĢĂ��÷ĕĄ�(��ĩi

,��*Ņ©Í�×êk.Report��«
�+�%�ğÛj¼	Ć
,��+ 1)ņg��Ņ0

19=PBxc�hē-+V�í¡Ėĵô×ê"��ċÝ2PFô×ê.�¸-+�%�ğ

Ûj¼�Ğ 1�Ĳ*� +ņ 
 

Ğ 1. �Òĉ��-+ğÛj¼ 
Òĉ ğÛj¼ 
60Co 0.9916 
137Cs 0.9919 
192Ir 0.9917 

 
� Ğ 1���Ņ60Co� 137Cs�����5PC1HP:ÑÛč�øı���í¡Ėĵô×ê.
hē���+ņ�,)�Uą�
� 5%Ĉ¥ (k=2)�hē���*ŅKP6Pl�Uą�
&�

��%Ņ�Æ�(+§ľ�¢
��ė�),�ņQ¿� 192Ir�łĖĵô� ¢Ėé�è��
ø�),+Z±¦ĽļĎ��êċÝ2PFôÑÛ�¼���hē���*Ņ��Uą�
�

2.2% (k=2)�¢
�ņ�wĵ�Đ-0.8%Ĉ� *Uą�
�ď�p��Æ�� +&��ŅKP
6P�åW	°¬
,��%ŅReport�µø�Ļ���Xt�KP6P!��ă.Ĝ����
��ņ�ă�V�÷ĕĄ| 019=PBxc�EPGDP7�(*Ĝ��ņ��`Ņĸj�

c'KP6Pcč�īë.Ĝ�ŅZ±¦ĽļĎÑÛ5P?8�KP6P�����Óp½.İ

a-+���Reportµø�(+k��Æ����õģ.Þ%�ņ192Ir�êċÝ2PFô�ĸ-
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+V��Æì�Ğ 2�Ĳ*� +ņ019=PBxc�fø-+ð�YÙ×ê��ŅReportµ
ø¨�÷ĕĄ���×ê�.ø��qÑÛ.�À��ņ�,�(*ð�YÙ×ê��ÑÛ�¼

�Đ 0.7%¢
����ņ�,�Ğ 1 �ğÛj¼.ø�����Uą�
�ď�p�Qě��
�+ņÑÛ�¼�Uą�
� 1.2%�) 1.4%!�u��	ŅKP6PĽļĎ�ÑÛ�¼�Uą
�
�Reportµø¨&�-)� 2.2%��+ĢĮ#� +ņ"�ŅÑÛĨÄÇ��òČĜ»á
]Ġ�ĩi´ĝ�ĀØÕ�Óp½Ç�©�ŅÑÛĒÏ	 Report ��«���+Ã�Ğĥ.į
u��ņ̂ ���Æ� �"�&��×ê��Æ� *Ņ��`ÑÛ�'ÑÛ�³áč��Æ

���ņ�

�

Ğ 2. Reportµø�(+�ÆìŃ192Ir�êċÝ2PFôń 
Ŀā� �Æt� �Æ �̈

019=PBxc×ê��ÑÛ�

¼�

-4.668×105 Gy/h/A -4.636×105 Gy/h/A 

ÑÛ�¼�Uą�
�(k=2)� 1.2% 1.4% 
KP6PĽļĎ�Uą�
�(k=2)� 2.2% 2.2% 
ĨÄÇĥĭp�� �� Report�«�Ã.Äĥ�
�

� 192IrłĖĵô� ¢Ėé��êċÝ2PFô�Ņ�ÀĦ����£���&Ėé[¸�Ĵ¥
��×ê�=NP5AM�è�.�À-+��	¶�
,��+ 2)ņÂÌ����Ņè�ĒÏ

.Ėé�æa
,�Ġ�_ÖÇ�ÜĬ��S�Ġ�_ÖÇ��êċÝ2PFô	ßü�ø�

),+4P8&£����ņKP6P	 Report ��«��ÑÛ�¼.ø��è�.�À-+
���ŅKP6P�è�k&Report��«���+����+ņQ¿�ŅĠ�_ÖÇ�ĥĭ

,+�êċÝ2PFô��«ñà�ŅĖéHP2P�(*ú�+�%â¯	ªġ� +ņ��

�019=PBxc��Ņ�p�ãĲ-+ 3ĉŁ� 192IrĖéHP2P����Ľ�HPM�(
+Report�«ñà�ĸ-+Ę
}*ĪÐ.�À��ņ"�Ņä��ÑÛØĸ����&�Ö�
ĪÐ.�À��ņĪÐĒÏ�Ğ 3�Ć-ņ 
�

Ğ 3 � 192IrĖéHP2P�Report�«ñà 
ĖéI<M� mHDR-V2 Ir2.A85-2 VS2000 
ĖéHP2P� Mallinckrodt Medical B.V. Alpha Omega services 
{í×êØĸ� PTB ADCL 
{í×êØĸ� 
Report�«ñà 

µøç (-0.34%) ËµøŃ2019¤ 4ÉÅìń 

ĖéHP2P� 
Report�«ñà 

µøç (�Æ��) ËµøŃ2019¤ 4ÉÅìń 
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� Ğ 3 �Ć-Ĳ*ŅĖéHP2P� Report �µøñà�ĸ-)�è���ÑÛ�¼.�Æ�
����ņ-�-�ŅĠ�_ÖÇ�ĥĭ-+�êċÝ2PFô.�Æ�����ņVS2000 �
����Ņ̂ ¨�×êØĸ��«�(����êċÝ2PFô��Æ	Ĝ-,+~ę­	 +

	ŅmHDR-V2� Ir2.A85-2�����Ņ�êċÝ2PFô��Æ.Ĝ�����	 Report�
��«ç#���Č�� +ņĠ�_ÖÇ��êċÝ2PFô�Uą�
� 5%�
,��*Ņ
019=PBxc'ä��ÑÛØĸ�(+ÑÛ�Uą�
(*&�
�ņ"�ŅReportµø�
(+{í×êØĸ��êċÝ2PFô�wĵ�Đ-0.3%� *ŅÂÌ���(*&§ľ	¢

�ņ���%ĖéHP2P����ŅReportµø�(+�Æ	Uą�
.�$Èđþ�è�Ē
Ï����§ľ������s¾� +�¶è
,+ņQ¿�Ņ�p�×êhē�����Ä

ą�ÑÛ�¼��Æ.Ĝ���+�%Ņ̂ ¨KP6P�è�ĒÏ�ĖéHP2P�è�ĒÏ�

ĸj�©Í��ú�+m�	ö�+~ę­	 +	Ņ����Sĥ�(��ġ�	�",��

+���ù¯-+ªġ	 +ņ 
^��(���Æ�Ņŀ¥�£��&��^¨&�À
,+~ę­	 +ņ×ê.hē-+

ÑÛØĸ����Ņ^¨&ĸj�²�ĳ¹��®�oÊ�v%���ė���+ņ 
 
 
{ė½ó 
1) �ČĄĊķýá]÷Ô´ĝĕ�ĄĊ², ICRU Report90��«��ċÝ2PFŃôń×ê!
��Æ����. https://unit.aist.go.jp/nmij/news/2018/ 

2) nÿć�á]ÂÌº¡ĖĚû�cŅ� ¢Ėéßü� ħüOïõQAF>J0MŅpp. 210–
224Ņ ĶzrîŅÎ\ 



� 
�

�

�� ��ICRU Report90 d�S Èz���À�e©e¼�dARB�

����
��	�������
����� �

Consideration at the field of exploitation by change of the value  
of a calibration certificate 
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JSRT Standard Center support 
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Dosimetry of average glandular dose 
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From Basics to Application of Survey Meter 
� ŀď«Ŷ� ĲżƠ°ě�
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Calibration of the survey meter used in the realm of a diagnostic X-ray 
� ŸÑŗş¸ŒÚà��

� ¢Ż� Ę��

�

Ƽƻrb^o 
ƿūƋŒãqĕçūƨqļáoŐ9dĕçūļáËrƹĝĥëĭƃīƷJapanese Industrial 

Standards : JISƸoÓi9MƤĴoĪĴCef_qg¥ŐcdBllCeM9dƻq��i�

�vqĪĴorūƨôƨqÓľūĽlaM 137Cs>Ő9bedƻ[fƹj|�l�ņĀļáŐ

ūĽor 241Amƹ57Co >Ő9bedƻ�  
�ŶŔoƹ¸ŒĜƊ>ĆģaM9dq��i��voK9Mrĵm> 137Csq\gŐ9fĪ

Ĵ>żfeM<cƹĪĴğqūĽj|�l�oæaMƋęƲÒ X ūoŐ9bedj|�l�

ťÌlqì>Ú?9ƻƋęƲÒXūqļáoŐ9dq��i��vqĪĴoK9Mrƹĝĥë

ĭƃī JIS Z 4511SXū¿sγūŐūƨ(Ŋ)ļáËqĪĴěĹ71)oƢŪXūıľÕq�İl

aM 5 Kq N r��tūƘ>ƃáCeM9dƻCboÎƮıľ·ĲįƷInternational 
Organization for Standardization : ISOƸƃī ISO 4037-1 krq��i��všqj|�l

�ņĀgƌ¨cdƮor N r��tgŐ9da:oĎÛCeM9dƻBBkrƹƋęƲÒ X
ūgŐ9dƿūƋŒãqĿĺūƨqļáoŐ9dq��i��vqĪĴoK9MƑĩafĮ

ƂgƎƳď¦laMƟufƻ 
 
ƽƻƃīoK9M 
� ĕçūƨqļárƹÎƮĕçūƭƕÝÊ�ƷInternational Commission on Radiological 
Protection: ICRPƸqūƨƌ¨qĮþlƹÎƮĕçū» ļáÝÊ�ƷInternational 
Commission on Radiation Units and Measurements: ICRUƸoadĕçūƇļƨqáůn

moù:BlondƻBebqĮþ`áůoÓi9MƹÎƮưķıľ�Ɣ(International 
Electrotechnical Commission: IEC)ƹISOƹJISoƃáCefƃīoùgMƁơCefļáË

>ļáoŐ9bedƻn<ƹ2019ï 7Ģ1ĝac4ëĭıľ·Ĺ>ŏĭıľ·ĹoĔĴCeƹ

ĝĥëĭƃīƷJISƸrĝĥŏĭƃīƷJISƸoØĠCeM9dƻ 
 
1) q��i��v 

XūƋŒãqĿĺūƨqļáoŐ9dq��i��voK9MrƹJIS Z 4333SXūƹ2ū

¿s1ūŐūƨôƨƷŊƸq��i��v72)oƃáCeM9dƻBqƃīrƹĕçūq��

igŕŔlafq��i��voK9MƹXūƹ2ūƹ1ūqÉƜūƨôƨƷŊƸ¿s/¾r
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ěÆĀūƨôƨƷŊƸgļácdĒíõqūƨƷŊƸƇ¿sƓÔ�?ūƨƷŊƸƇoƬaM IEC 
60846-13)gÓlaMƹą>Îq¥ŐŇĸoýbMĈŽŔ±ägØĠaM¤ĄCeM9dƻ 

X ūƋŒãqĿĺūƨqļárƹâ¶ūƨgƌ¨cdBlgŕŔlaMƹÉƜūƨôƨ

!∗(10)[frÉƜūƨôƨŊ!̇∗(10)gļácd_qk8dƻÉƜūƨôƨ!∗(10)rƹċó�

ė´ÕoagM¤c²CedĕçūÕoŮZef ICRU ō±qė´ÕqěÆoæÆcdº÷

�qĻC 10 mmqŀo<AdūƨôƨlaMáůCeM9dƻICRUōrƹŖ÷ 30 cm qŨ

Ŭš¨ŅƘ(O 76.2%ƹC 11.1%ƹH 10.1%ƹN 2.6%)kq�āŔnÕkƹŹưŧÞîž>Ąş

aM9dħ�kƹ1ěÆZbĕçū>¯çafÕÄqō±qĻC dq Ůo<AdÈÀūƨg

ƌ¨cd_qk8dƻBqĮþgFig.1oŚafƻÉƜūƨôƨrƹICRU ōqĻC d o<A

dÈÀūƨlĕçūqūƘgŰĂafƨk8dƻICRU ōqĻC d=10 mmo<AdÉƜūƨ

ôƨ!∗(10)rƹĕçūj|�l�oacØ·aƹ®ÞqÕÄrƹ¡j|�l�¬kÚ?@őn

dƻ�y�ƇţCef»ŷ®ÞoæcdÉƜūƨôƨĐţ©Ėℎ)∗(10)g Fig.2 oŚafƻB

qĐţ©ĖlÅšqýŢgŚcņĀgČfdfļáËoacļáaf«g1cmūƨôƨlaƹ

â¶ūƨgƌ¨cdf^qļáqâŐƨlaMŐ9bedƻ 
 

 
 
 
Fig.1 ÉƜūƨôƨqĮþÍ� � � � � � � � � Fig.2 ÉƜūƨôƨĐţ©Ėℎ)∗(10)� � � � � � � � � � � � � � � � � � �  

 
JIS Z 4333 krƹq��i��vqĀųnmoK9MƹÁćƐĞġoĬ²ËqŜƴƹļáæ

ƖlcdĕçūqŜƴƹÓľŀ¿sÓľqÆ?ƹģ¶ļáťÌgrb^lcdƧƂn�ƱgƉ

ƛcdBllaM<cƹq��i��vg¥ŐcdƮoreebq±äga@řƏaM<@ü

Ƃ>8dƻņoƹâƮqļáo¥ŐcdƮrūƨŖūĀƹj|�l�ņĀƹěÆņĀg¹³o

ĉđaMŐ9düƂ>8dƻ�

 
2) q��i��vqĪĴ 

JIS Z 4511:2018SXū¿s γūŐūƨ(Ŋ)ļáËqĪĴěĹ7oŚCedƃīrƹ1996ï

oŠ 1 ńlaMœżCef ISO 4037-1ƹ1997 ïoŠ 1 ńlaMœżCef ISO 4037-2ƹ
1999 ïoŠ 1 ńlaMœżCef ISO 4037-3 ¿s 2004 ïoŠ 1 ńlaMœżCef ISO 
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4037-4 gÓlaƹą>Îq¥ŐŇĸoýbMƹĈŽŔ±ägØĠaM¤Ąafƃīk8d 1)R

Be[kqĝĥŏĭƃī JIS Z 4511: 2005 gĔƆaf_qkƹ�ørBqĚfnƃīoùg

MĪĴ>âĜCedƻ 
®ÞoK9Mrƹj|�l� 8 keVǀ9 MeV ,Şķk��Ŋ 10 µGyhƺ1ǀ10 Gyhƺ1qťÌ

kƹŞķk��ıľÕqƊálƹĕçūƭƕŐqÕ¿sª�q�{v��noŐ9dūƨôƨ

ƷŊƸļáËqĪĴěĹƹ®Þj|�l�¿sĕçū¯çƄoæcd�±��±qƍƵěĹn

moK9MƃáaM9dƻ  
 
3. ĪĴÕoK9M 
� ƢŪ X ūj|�l�qūƘrƹX ūŤqŤưÏƹ°~h�vq¼ClŨĄƹv�owzq

ĦƘlƄñƹŁŀZbƍƵŀ[kqŞķéq¼Cnmo§ßaƹîÐj|�l�*+ [keV]ƹ³

ƅų,-[%]ƹº¨é!12	[keV]ƹÐšñℎƹâ¶j|�l�*788	[keV]ƹūƘčı9:q}���

voacņû�AbedƻBebqņû�AoacĪĴÕqūƘgÚ?@³Adlƹ¡Şķk

��ŊƷLr��tƸƹŉ±�mz�ƷN r��tƸƹð±�mz�ƷWr��tƸƹƶŞķk

��ŊƷH r��tƸƹūƘčıƷQI r��tƸq 5 Ŝƴo³ƴCeM9dƻQI r��to

K9MrƹBe[kĝĥkrĪĴÕqƢŪ X ūqūƘlaMƹūƘčı>Ő9beM?ff

^ƹÎƮƃīoµXMĝĥŏĭƃīo QI r��tgƠµaM9dƻÃr��tqņûgſ 1
oŚcƻ 
� IEC ƃīkrƹq��ii�všqĪĴoŐ9df^qūƘlaM N r��tgŚaM<

cƹISO 4037-1krq��i��všqj|�l�ņĀgƌ¨cdƮorNr��tgŐ9

da:oĎÛaM9dƻNr��trƹÃŤưÏoæaMƹ�µ~h�v¼gƑėaMƹŕı

lndūƘgƊácdƻNr��tqĮƂgſ 2oŚcƻ 
 
ſ 1� ƢŪXūqūƘƊá 

ſ 2� N r��tqĮƂ 

series resolution 
RE % homoge. coefficient  h 

air kerma ratea), b)� �

Gy·h
1 

L series 18
22 1.0 3×10-4 c) 

N series 27
37 0.75
1.0 10-4
-2  c) 

W series 48
57 0.67
0.98 10-2
-1  c) 

H series - 0.64
0.86 10-2
-0.5 
a) XZ 1 m^K[A 1 mA 
b) Q[M7:RD<��I@�&#�^I@1-NY�0J���. 
c) 8*�!%�&	 30 keV ('�6/�^����NYE�G��6/	��. 
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Be[kƹĝĥĕçūĈŽà�ƇļƦ�qƋęƲÒūƨƇıľu�v�Ʒ��ƹıľu�v�

l9:Ƹo<9MrƹŤưÏ 70 kVqūƘgÓľlaMƹ�qŤưÏqÕÄorƹŤưÏq\

gØ·CddňŴqūƘƊákƣŐaM?fƻĔƆCefĝĥŏĭƃīlqėÄĀgŰĂcd

lƹ�øƹq��i��vqĪĴgıľu�v�kâĜcdf^orQIr��t_a@rN
r��tqūƘƊá>Ĥ[a9lŰXbeƹŘŝŋƷèêŋƸgƊŮaMĬƈgƧpM9dƻ  
�  
1) N r��tqūƘ 
� ÃNr��tqXū±�mz�gBirch -MarshalqŎƒòoacţ²afũĨgFig.3o

Ścƻ[fƹŤưÏ140 kVkŲƦēögāáafğqƥź×±¬lÙ¬o<AdXū±�m

z�oK9MƹMCNP5 gŐ9M��xk��ƇţafũĨgFig.4 oŚcƻƥź×Ù¬qū

ƨrƿūj|�l�80ǀ100keVśñqj|�l�qå�>Ú?9l9Xdƻq��i��v

qĪĴÕqūƘrƹN80¾rN100gÓľlcdBl>ÜôlŰXbedƻaZaƹN100 o

Ő9dƪq�µ~h�v¼> 5 mm k8dBlZbƹƿūŤƀŮqƗŹ>Ú?@ndBl>

�āCedƻeqf^ƹÃıľu�v�>ƊáÂųnħ�gŰĂcdl N80 gÓľħ�lc

dBl>ŌâŔlÿfedƻ  

series 

tube 
voltage 

(kV) 

mean 
energy 
(keV) 

filter 
(mm) HVL (mm) 

homoge. 
cofficient 

HC 

effective 
energy 
(keV) 

quality 
index 

QI 
  Al Cu Sn Pb 1st 2nd    

N-20 20 16 1    0.32 0.37 Al 0.86 15.0 0.75 

N-25 25 20 2    0.66 0.73 Al 0.90 19.2 0.77 

N-30 30 24 4 - - - 1.15 1.31 Al 0.88 23.3 0.80 

N-40 40 33 4 0.21 - - 0.084 0.09 Cu 0.92 31.7 0.83 

N-60 60 48 4 0.6 - - 0.24 0.26 Cu 0.92 46.2 0.80 

N-80 80 65 4 2 - - 0.58 0.62 Cu 0.94 63.9 0.81 

N-100 100 83 4 5 - - 1.11 1.17 Cu 0.95 82.5 0.83 

N-120 120 100 4 5 1  1.71 1.77 Cu 0.97 100.0 0.83 

N-150 150 118 4 - 2.5 - 2.36 2.47 Cu 0.96 118.0 0.79 

N-200 200 164 4 2 3 1 3.99 4.00 Cu 0.99 166.0 0.82 

N-250 250 208 4 - 2 3 5.19 5.24 Cu 0.99 208.0 0.83 

N-300 300 250 4 - 3 5 6.2 6.20 Cu 1.00 253.0 0.83 
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Fig.3 Nr��tqXū±�mz�� � � � � � Fig.4 ƥź×±¬lÙ¬qXū±�mz� 
ƷBirch -Marshal qŎƒòoadƸ� � � � ƷŲƦēögāá���xk��ƇţƹŤưÏ

140kV,ƥź£>p�m��z 100 mmƹƩ 2 
mmƸ 

 
2) QI r��tqūƘlqĶƚ 
� QIr��tqĮƂgſ3oŚcƻq��i��vqĪĴ«rƹŞķk��qļá«g!∗(10)
oĐţafr���z» gÓľlcdƻ!∗(10)tqĐţrƹƇţũĨk�XbefĐţ©Ė

gŐ9dƻBe[kƹq��i��vqĪĴÕqūƘoŐ9beM?fQIr��tqĐţ©

ĖlNr��tqĐţ©ĖgæĶaMſ4oŚcƻ 
 
ſ 3� QI r��tqĮƂ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QI resolution 
RE % 

homoge. coefficient 
h 

air kerma rate a) 
Gy·h
1 

0.6 60
74 0.70
0.82 6×10
2
2.4×10
1 

0.7 47
58 0.81
0.92 2×10
2
1.2×10
1 

0.8 30
38 0.89
0.95 4×10
3
3×10
2 

0.9 15
19 0.96
0.99 7×10
5
4×10
4 

QI�+)�9
�)TP^4JX,�I@�&#E�^K[3 20 kV`300 kV 
� 13 �NW��L2�H
_ 
a) XNSO�K[A	 1 mA �^.K[3��NW��
�^X NCB��X
Z 1 m �V]B����I@�&#E�H
_�
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ſ 4� N r��tlQIr��tqæĶ 
ISO 4037 QI series a) 

series 
mean energy 

�effective energy� 
�keV� 

CF 
H*(10)/Ka 
(Sv/Gy) 

mean energy 
�effective energy� 

�keV� 

CF 
H*(10)/Ka 
(Sv/Gy)  

quality 
index 

QI 

N-25 20 �19.2� 0.52 20.7  (19.7) 0.603 0.79 
N-30 24 �23.3� 0.80 24.7  (24.2) 0.814 0.81 
N-40 33 �31.9� 1.18 31.5  (30.5) 1.083 0.76 
N-60 48 �46.3� 1.59 46.9  (44.8) 1.561 0.75 
N-80 65 �64.1� 1.73 64.7  (64.7) 1.732 0.81 
N-100 83 �82.9� 1.71 83.4  (84.7) 1.704 0.85 

N-120 100 �100.5� 1.64 101  (103) 1.643 0.86 

N-150 118  �118� 1.58 119  (122) 1.579 0.81 
N-200 164  �165� 1.46 162  (174) 1.461 0.87 
N-250 208  �208� 1.39 207  (223) 1.390 0.89 
N-300 250  �252� 1.35 248  (271) 1.348 0.90 

a)JAEA-Technology 2011-008 

 

 
 

Fig. 5� Nr��tlQI r��tqH*(10)Đţ©Ėℎ)∗(10)qĶƚ 
 
H*(10)Đţ©Ė CF gĶƚafũĨg Fig.5 oŚcƻ�űq«rvw�ŵaM9df^ƹN

r��tk_QIr��tk_vwÅšqũĨ>úbedlŰXbedƻaZaƹQI r��t

qƊárƹ�µ~h�vq¼CgØXfl?qº¨éļá«gÄfdƝ]¤ĭgŭcƞaMâ

ĜcdüƂ>8cƹÃu�v�qƗĊ>Ú?@ndBl>ā­Ceƹ¤ĭqŃƯCZbĪĴÕ



� � �

q�řZC>Öµcdăþ>8dƻ�ěƹNr��tkrƹ�µcd~h�vqŜƴl¼C>

ƃáCeM9df^ƹº¨éļá«>ſ 2 oŚCeM9d«q05%gƙXn9BlgřƏc

dBloacƊácdBl>Âųk8dƻ 
 

4ƻ<fco 
� BBkrƹ�oıľu�v�o<Adq��i��vqĪĴÕqūƘƊáoK9MĬƈafƻ 
ıľu�v�o<AdĪĴÕrƹƇƨĹo<Ad�ĳıľÕl½łıľoadâŐĪĴlĲų

řƏqƫqƹ½łıľÕo ŮiAbedlŰXbedƻeq ŮkqĪĴÕgįŦcdf^

or�řZCqƌ¨_Ç^Mƹ�øÃıľu�v�o<AdĪĴÕgįŦcdÂųĀgĬƈa

M9@üƂ>8dƻ 
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Establishment of calibration field 
��¶¬®�ČB33Tcúÿaqbr� �

µ �̧ ��� �

�

ľĽGSLE�

ėèĩ�ĚÎĵ§ĈĬėàêaqbrAGļ��B5]ļsĎËÁóBiqm\nfuóc

ĈĬėE[)]ļøÊ7ĈV³ğB5XÚâVđZ])RĽ3SGļ®�lQ�aqbrEġ

v4S])RMc.ļsĎóBiqmóA(R3BBļĈéE�ó7R7ĈĔĉVaqbrc

ÑęAÈÔ7R7ĈĔĉAĢZ])R3BElRĽ�

Ħ¾ļ��ÑęJmG]rgYlrbcÚâE[)]cĕÕ.ĸ0ļíãD 7 ĈĔĉk®�

ġvAD)±Ĭc¬/DĴĲăVÈÔ7RaqbrAGļ3cÚâVđZ])RB3TM(RĽ�

B3TAļ
%	- ¾ ) ÓEļÒÖ¼ÝĖÛcA7 Ĉ�H # ĈóĈĬ ð�è¯�cÚâÐæ%

Ĺ325� 8)
		ĺ.Ì¯4SļÚâEó)mSRĈģ.3SJAB«UZ]/])RĽV3Aļ

�£caqbrĹò¥ 	
 ÑęĺAÏ5)ĖÛE�U8]ļ]rgYlrbcÚâVđ*3B

.A/RJE[)]úÿ7RXLc®ĒúÿñAĚÎĵ§ĈĬėàêaqbrEINR]rg

Ylrbc�ÚâcûĀ%.Ā<t2mSXĽ3cā	�cñ�ĞEI)]ļÚâcĈģV325

E¨?0Aï_h[dp^or Ĺ̀4^or`ĺ%E�U8R3BļJXļsĎc�öó7ĈĔ

ĉM�L]7I]caqbrAļ3cÚâª.�SRJĹ7Ĉ��kĔĉ}�c�çVÜĘ5

]ĺE[)]ĝÙVħLR3BEDZXĽ�

�325cAï_h[dp^or`%cĈģE[)]ēľEü7Ľ�

�

ē	� ï_h[dp^or`cĈģĹÉĄĺ�


��
 ��%+/&0
 ��,#/) ��!
 	 ����
 	����


 1�!
  ���!
 '(
 �
 "/-*$.
  ����!
  ����!


��
 ��
 �
 ����
 ����
 �����
 �����


��
 ��
 �
 ����
 ����
 ����
 ����


��
 ��
 �
 ����
 ����
 ����
 ����


���
 ��
 �
 ����
 ����
 ����
 ����


���
 ���
 ����
 ����
 ����
 ����
 ����


���
 ���
 ����
 
 ����
 ����
 ����


�

�



� � �

ĿĽÚâªcę �̄

Ĺľĺ7ĈĔĉcĈģ�

� ÚâEÈó7R7ĈĔĉGaqbrElZ]õDZ])RĽV3Aļ4^or`cfupb

V}�7R�cîÆAļĂĴ¤�%�6EI)]ļWpjeZk��·.
�		!!BDRJûěV

đZXĽ3SGļ¢Ôfupb.
�
!!� ÀĬA(RB/c��·EùÀ7RĽ�

ĹĿĺ4-%ļ4	%%Úâªcę �̄

� 7ĈĔĉcĠĐcıôk��cû�DCVĊÇ5]ļ4^or`cwcĂĴ¤-%�6B	%%�6

cÚâªVę¯7R3BB5XĽĹVS:S4-%ļ4	%%ÚâªB7RĽĺ�

ń4-%ÚâªŅ�

� ĂĴ¤-%�6Ń
!!�ĮĻ)!!�WpjeZkc}�fupbr�

� ÷àŃĮā	��·%�
-!!ļĮā
��·%��
!!�

ń4	%%ÚâªŅ�

� ĂĴ¤	%%�6ļ
!!�ĮĻ)!!�WpjeZkc}�fupbr�

� ÷àŃĮā	��·	�		!!ļĮā
��·	�	,!!�

DIļaqbrEīĉ4S])RĴĲă10(%%Ĺ±Ĭ��!(ĺAGļÅ¿.uĤ5]è¯.¡ĳ

DîåBDRXLļ�aqbrčÑęÈÔc¬±ĬĈĬėAVS:S°ķVđZXĽ�

� ~tcę¯Aļā	��·ļā
��·.ļVS:SCcý¿c½õBDRcJĝIXĽ�

�

ŀĽĆØĹwİ©�ĺ�

33JAAļ°ķ.đUSXĩ�E[)]ē
ļē(Eü7Ľ�

�

ē
� 4-%ÚâªcĆØ�

�
}�fupb�9!!�� ā	��·� ā
��·� ù³Ĝ½�9���

0"� � � C!!0"D� C!!0"D� ā	��·� ā
��·�

÷à� 
�%� )�%� %�
-� %��
� �� ��

ď¦� 
�%� )�%� %�
-� %��
� �%��.� �%�	��

Ķì� 
�%� ĝÍ� %�
-� %��
� �%�)-� %�

�

ĭä� 	�-� )�%� %�
,� %��(� �	�,
� 	��	�

��¶� 
�%� )�%� %�

� %��
� �
�	,� %�

zĪ� 	��� )�%� %�
,� %��
� �	�,
� %�

Ã¹� 
�%� )�%� %�
-� %��)� %� (�
(�

xº� 
�%� )�%� %�
�� %�
,� �(�)
� �-�%��



� ���

ē(� 4	%%ÚâªcĆØ�

�
}�fupb�9!!�� ā	��·� ā
��·� ù³Ĝ½�9���

0"� � � C!!0"D� C!!0"D� ā	��·� ā
��·�

÷à� 
�%� )�%� 	�		� 	�	,� �� ��

ď¦� 
�%� )�%� 	�		� 	�	�� �%�(�� �	�		�

Ķì� 
�%� ĝÍ� 	�		� 	�	,� %�
(� �%�	(�

ĭä� )�,� )�%� 	�	%� 	�	-� �%�.%� %�-
�

��¶� 
�%� )�%� 	�	
� 	�	)� %�.%� �
�
��

zĪ� (�,� )�%� 	�%.� 	�	-� �	�-%� %�-
�

Ã¹� 
�%� )�%� 	�	)� 	�	.� 
�,%� 	�,	�

xº� 
�%� )�%� 	�%%� %�.)� �.�.	� �	.����

�

ŁĽĊ²�

� ¼Ýó7ĈĔĉV�ó7RaqbrAGļ325cĖ¯7RĈģĹāľļāĿ��·ĺEÞL

]Ħ)ĈģE7R3B.A/XĽ�öó7ĈĔĉV�ó7RaqbrAGļ325cĈģEĦ?

NR3B.A/XÑęBV*ADJZXÑę.(ZXĽòîB5]ļÄĕB4SRÅ¿cĸ)

¬±ĬcĴĲăGļ®�JmcġvGD0ļ�aqbrAÈÔ5])RMcV�ó5])RX

Lļáþk|ßGćs4S])D)ĽJXļ��·Vè¯7RXLcĮ×Mļ�ßEļ�aq

brAÈÔ5])RMcVó)])RĽÈÔ5])RĮ×c�4.aqbrİAõDQļ��

·JmĲSX�KAè¯.đUSXQļ�ó7R7ĈĔĉcĨ).(ZXQ5X3B.ļ÷à

B7RĈģBõDZX� AGD)JBĊ+RĽ~tcĆØVĥJ+]ļ4mEÜĘV�+]

đ0Ľ�

�

łĽIUQE�

� ò¥ļ	�%%%��cĴĲă.Ŀ�´�A/XcAļ{Âļ3SmVÝċAÚâ4SX]rgY

lrbľ�BBMEaqbrİA»�48]ļÚâą¿cûěVđ*y¯A(RĽÚâą¿.

��A(R3B.ûěA/Xmļ��cÑęAÈÔ7R]rgYlrbcÚâÝ�Vį­7R

y¯A(RĽ�

�



�  ��

�

NcYƫ�IcXA[cL>į� ħ��řƎĥÁ�

	� ħ��řƎĥÁ*$�%� 
�

Measurement of leakage X-ray from X-ray rooms 

�ÔCaJQ@^aGĐÕuŀ�

ŔĠ� À¿�

�

�Ĕū� 
X řŴĶÃ (�ĶġþťŬ�*��%ƩŴĶ*į�;X řŨŚ,Áđ��� 10 kV re&Ʃ

�,Ć�;CR_Ec� 1 MeV ĉĦ, X řŨŚ(�ĶġþťŬ� Ŋ 24 ċ, 2)�ųŚ�< 

Ã)�9,ħ��öËř-Ʃ�ĶÜlŝƩŞ¨Ʃâŝ7dŢ�Ť0,ŧ.2,ū¬');ƪ�,

 4ƩXřŴĶÃ-Ʃ�ĶġþťŬ�7ƞƝöËřƜÄƔęŬ�(rfƩŬ�'��ƪ) ŋ*8

:ƩX řŴĶÃ,º�*��;öËřƎƕÓ(Â�řƎƕÓ)�Á49<%�;ƪX řŴĶÃ,

İ¸º�&- 1.0 mSv/ƇƩŏĭ�´·ıƩĵÃ&- 1.3 mSv/3 ąƒƩÍx�´·ıƩù±·ı

&- 250 µSv/3ąƒ')#%�: (�ĶġþťŬ� Ŋ 30ċ, 4ƩŊ 30 ċ, 17Ʃ19Ʃ26)ƩX ř

ŴĶÃ�9,ħ��öËřƎ,Ěľ)ìô�ƩXřŴĶ*Ê�;¿�áî},e&ƌū');ƪ 
X řŴĶÃ�9,ħ��öËřƎ-ƩĥÁ*8:ìô�;�'�&1;ƪX řŴĶÃ,ħ�

�öËřƎĥÁ-�ĶġþťŬ�&ƩX řŴĶ>Ƒ½�;�* 1 «(X řŴĶÃ*ü�2 X ř

ŨŚ>ųŚ� ĂƩXřŨŚ>ăü� ĂƩ�/ƩXřŨŚ�/XřŴĶÃ,ĕƅų�>¹ă

� Ă)()Ʃ1 ƩÁĈĸ(ñŚ³,XřŨŚ�ñ�Ś�< X řŴĶÃ,¶¡- 6�ą>Ž

�)�ĈƒĜ* 1 «)*ť=)�<.)9)�'�<%�;ƪ(�ĶġþťŬ� Ŋ 30 ċ, 22Ʃ
ƞƝöËřƜÄƔęŬ� Ŋ 54ċ) 
� dý&ƩXřŴĶÃ,ħ��öËřƎĥÁ*$�%ƩŬ�7�Į��ļƄĽ (rfƩƄĽ'

��ƪ) &-Ʃrf,8�)ċú�
;ƪ 
b�ĶġþťŬ� Ŋ 30 ċ, 22 Ŋ 1 Ơ Ŋ 1 8:íőƫCMFKřŨŚƬ(iĳ)Ƭ>¯Á�

%�:ë�¶¡&
#%Ʃ�ë,ýġ�/�60�¸7�,p�60�Ī,vŚ�dÁ�%

�;¶¡*��;CMFKřŴĶÃƬ(iĳ)Ƭŏĭ�´,·ıƩĵƖ�-ŴĶç�,n�Í

x�;�´�/ĵƖ�-ŴĶç,ù±,·ı*��;öËř,Ǝ,ĥÁ 
b�ĶġþťŬ� Ŋ 30 ċ, 22 Ŋ 2 Ơ Ŋ 2 8:íőƫöËř,ƎƬ(iĳ)Ƭ,ĥÁ-Ʃ�

<9>ĥÁ�; 4*Ą5Ɖ� vŚ*��%ƩöËřĥÁª>į�%ť��'ƪƬ (rf

ĳ) 
b�Į��ļ�÷ÌƐƄĽ �÷ķ 0315 Ŋ 4   Ŋ 4 ŏĭś�*Ɠ�;lƠ 10 öËřƜÄ�

ķĮ�;��<,
;¶ç,ĥÁ(Ŭ�Ŋ 30ċ, 22) (3)8:íőƫŬ�Ŋ 30ċ, 22Ŋ 2Ơ
Ŋ 2  ,öËř,Ǝ�/Ƭ(iĳ)Ƭ,ĥÁ*$�%	Ą5Ɖ� vŚ*��%
'-ƩƄÏ

zį�;ƣÓ,Ą5Ƨ�¶ç�/vŚ*��%ƩƉ�)ýġ*8:ĥÁ>ť�žĀ&
;�

'ƪƬ (rfĳ) 
bƞƝöËřƜÄƔęŬ� Ŋ 54 ċ8:íőƫlēŝ-Ʃ�ċŊd ,ŏĭ�´*$�%Ʃ   



�  ��

Ƭ(iĳ)ƬºƊöËř*8;řƎÖƎĬ�-řƎÖƎ>öËřĥÁª>į�%ĥÁ�Ʃ    
Ƭ (rfĳ) 
re,8�*ƩŬ�7ƄĽ&-ƩXřŴĶÃ*Ɠ�%Ʃħ��öËřƎĥÁ�ßū'�<;

ĂĈ'»1�)ĥÁ¶ç*$�%Ű��<%�;�Ʃħ��öËřƎĥÁ*$�%Ʃ{�.Ʃ

į�;öËřĥÁª,áŠƩĥÁōç,ŷŔƩzį�;V?aOZ)(*$�%āľ)ŲƂ-

)2Ʃ�Ķþų&,ħ��öËřƎĥÁ,îÖŝƩħ��öËřƎĥÁ>ť�lēŝ7Ʃ�,

ĥÁŝ�n,�û*¾+9<%� ƪ 
� 2018 Ñ 3 ą 20 ÿ*ƩX řŴĶÃ*$�%,ħ��öËřƎĥÁýġ>ŬÁ� JIS Ŭđ

	JIS Z 4716 XřŴĶÃ,ħ��XřƎ,ĥÁýġ
��ÁƩķť�< ƪJIS Z 4716 &-ƩX
řŴĶÃ,ħ��XřƎĥÁ*į�;IcXA[cLƩņŎřƎűƩį�;V?aOZ7Ʃĥ

ÁêơƩĥÁōç,ŷŔƩĥÁÛ,ŲƏƠĹ)(�ŲƂ�<%�;ƪ 
o«-ƩJIS Z 4716 ,�Å>µ*Ʃī*IcXA[cL>į� ħ��XřƎ,ĥÁ*$�

%Ʃ�,ĲäĨ>ůŹ�;ƪ 
 
�IcXA[cL� 
ħ��XřƎ,ĥÁ*į�;IcXA[cL-ƩďĚ�)�<Ʃ�$Ʃ~Ƥ&1;ĥÁŐ­

>ï# IcXA[cL>į�)�<.)9)�ƪį�;IcXA[cL-rf,ūs>Ħ 

� 5,>į�;ƪ 
1) JIS Z 4333 (X řƩγř�/ βřįřƎÖƎ (Ĭ)IcXA[cL) *ŬÁ�<;IcXA[c

LƩ�-Ʃ�<'¢ŋre,áŠ>Ć�;IcXA[cLƪ 
2) JIS Z 4511(ĩËřƎĥÁªƩŇĝDcYĥÁªƩŇĝ¦�řƎĥÁª�/řƎÖƎĥÁª,

ďĚýġ)&ŬÁ�<;ďĚýġ*8#%ďĚ�< IcXA[cLƪ 
3) řƎĬ\cP*8;ĥÁ& 1.0µSv/hƩ�-ƩņŎ\cP*8;ĥÁ& 0.3µSv �ĥÁ�Š)

IcXA[cLƪ 
 
�V?aOZ� 
ÖŶ X řŴĶÃ&õØ�ãÁ�<;Ɗv>Ŝå�Ʃ�,»1�*Ɓ�nyŋ|V?aOZ

>į�;ƪ 
1) şƭšƊ>ãÁ�;¶¡ 

JIS Z 4915 *ŬÁ�<;şƭšƊįXřĞV?aOZƪ 
2) kæ>ãÁ�;¶¡ 
ŒÓŏĭįV?aOZƩ�-Ʃ4cm �,PMMA ũ,Čƪ 

3) �,p,V?aOZ 
a) X řƦÇÓŨŚ 

ŨŚqÎ,ďĚįV?aOZ7ĒĎƊv,��*ĻÖ�; PMMA ũ,Čƪ 
b) X řCT ŨŚ 

ƢƊƩ�-ƩšƊ>ãÁ� �č×ĞV?aOZ (ƢƊį-ĺÙ 16cm ńÓƩšƊį-

ĺÙ 32cmƬńÓ)ƪ 
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c) ěŁįX řŨŚ 
ƢƊ>ãÁ� �č×ĞV?aOZ (ĺÙ 16cm ńÓ)ƪ 
 

�ĥÁōç� 
1) X řŴĶÃ,�¸Ɵ (n�ŉ"�9)�¶ç-Ɨ2) 

¿�ŵ|,ŮĨ�9Ʃ�¸Ɵ 1Ɵ*$1Ūøōç>ĥÁ�;ƪĥÁōç*$�%ƩÒƩ�

-Ʃ±Ɵ�9 1m ńÓ,Ƨ�'�Ʃ¸Ɵ�9&1;ƕ:Ɓ�vŚ (̧ Ɵ�9IcXA[cL

,Â�iÞ,ſƝ- 10cm r�)>ĥÁ�;ƪ 
2) X řŴĶÃ,eƙ,ÒƟ (n�ŉ"�9)�¶ç-Ɨ2) 

¿�ŵ|,ŮĨ�9Ʃeƙ,ÒƟ*$1Ūøōç>ĥÁ�;ƪĥÁōç*$�%Ʃeƙ,

ÒƟ�9&1;ƕ:Ɓ�vŚ(ÒƟ�9IcXA[cL,Â�iÞ,ſƝ- 10cm r�)>ĥ

Á�;ƪ 
3) X řŴĶÃ,fƙ,¼mƟ (n�ŉ"�9)�¶ç-Ɨ2) 

¿�ŵ|,ŮĨ�9Ʃfƙ,¼mƟ*$1Ūøōç>ĥÁ�;ƪĥÁōç*$�%ƩĥÁ

ŝ,Ƨç�9,ƀţŋ,�ƘòƗ, 4Ʃfƙ,ÒƟ�9ĥÁŝ��Ƙ&-)�Ő­&ĥÁ

>ť�ƪ 
4) X řŴĶÃ,�,pħ��XřƎ�Ƨ2);'Ŝ�9<;ōç 

éƩŮÈň,§­ƩHcW_UMO7óĝè)(,Ƒ�ƊƩřĊý¤,¸ƟƩXřŏ�9

Ɓ�¸ƟƩhƑé,é�¡=�;Ɗ� (�¡�) )(*$�%-ƩÒƩ�-Ʃ±Ɵ�9,Ƨ

�>©=�ĥÁ>ť��'�ć1��ƪ 
�
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�ĥÁýġ� 
IcXA[cL*8;ħ��XřƎ,ĥÁ-ƩřƎĬ\cPƩ�-ƩņŎ\cP,("9�

&ť�ƪ 
��řƎĬ\cP*8;ĥÁ 
řƎĬ\cP-Ʃƃŭ (T_Kƃŭ5¥3ƪ) ,8�*ƆŘ� ĩË*Ê�;ħ��X řƎ

Ĭ>ĥÁ�;ƛ*į�;ƪřƎĬ\cP&ĥÁ>ť�ƛ-ƩIcXA[cL,ĂÁø7àŌĂ

ƒ>Ŝå�;ƪ 
�ĂÁø� 

ĄŕðĿ�*Ê�;IcXA[cL,àŌ�œ63%,�');Ăƒ&Ŧ�<ƩĂÁø'

¢�Ăƒ,ĥÁ>ť# ƛ,IcXA[cL,àŌ (ðĿ�)-ƩĄŕðĿ�*Ê�%œ

63%Ʃ2 �,Ăƒ&-œ86%Ʃ3 �,Ăƒ&-œ95%,àŌ');ƪĂÁø>Ŝå�;'Ʃ

XřĩËĂƒ�zį�;ĥÁ`aJ*Êà�;ĂÁø,3�ĉĦ,¶¡-ƩřƎĬ\cP*

8;ĥÁ-Ɖ�%�9�ƩÛƂ,ņŎ\cP*8;ĥÁ>ť�ƪ 
�àŌĂƒ� 

IcXA[cL,àŌ>Ŧ�ðė'�%ƩàŌĂƒ�į�9<;�'5
;ƪàŌĂƒ

-ƩĄŕðĿ�*Ê�;IcXA[cL,àŌ�90ƨ (ĭŻeƩĂÁø,2.3 �) ,�')

;Ăƒ&Ŀ�<;ƪàŌĂƒ�ğ49< ƛ,ĩËċs>ľŸ�Ʃzį�;ĥÁ`aJ*

Ɖį&1;�>�û�;ßū�
;ƪ 
�ĥÁêơ� 
bƄÏ,âŝvŚ*ƉÖ)V?aOZ>ųŚ�;ƪ 
bƄÏzį�ãÁ�<;zįċs (ŏƞ°ƩŏƞĢƩĩËý¤ƩĩËſƝƩĩËƍ)>ųÁ�

;ƪ 

® � ƃŭÃ,ĥÁōç{�

�ƫĥÁōç�
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b�Ƃ,ĥÁōç*IcXA[cL>ƋŚ�;ƪ�,ƛƩIcXA[cLĒ�Ɗ*$�%-Ʃ

�,īáŋ>
9��4ľŸ�%�1ƩĥÁōç*��%ħ�� X ř,Ē�*Ê�%Ą

5ƉÖ)ý¤*¤�;ƪ 
bĥÁōç*IcXA[cL>ƋŚÛƩĩË>ť�ƩĂÁø, 3�re,ĂƒŖƈÛ�9Ă

Áø,ƒƚ&Ūø« (3 «ńÓ)ƩŦĿ�>ź2�;ƪŦĿ�*ďĚÁø>j�Ʃ�,Ð²

�>ĥÁōç,ĥÁ�'�;ƪ 
bSMFG]BaPöËřƎĬ,ĥÁ-ƩĉĩËĂ*ƩĥÁōç,�"ƩSMFG]BaP

öËřƎĬ�Ą5w2);'Ŝ�9<;ōç*IcXA[cL>ƋŚÛƩĂÁø, 3 �r

e,ĂƒŖƈÛ�9ĂÁø,ƒƚ&Ūø« (3 «ńÓ)ƩŦĿ�>ź2�;ƪŦĿ�*ďĚ

Áø>j�Ʃ�,Ð²�>SMFG]BaPöËřƎĬ'�;ƪ 
bĥÁōç,ħ�� X řƎĬ-ƩĥÁōç,ĥÁ��9SMFG]BaPöËřƎĬ>ģ

�%ğ4;ƪ 
 
��ņŎ\cP*8;ĥÁ 
õØ,8�*ƒĘĸ)ĩË*Ê�;ħ��X řƎ>ĥÁ�;ƛ*į�;ƪ 

�ĥÁêơ� 
bV?aOZ,ųŚƩzįċs,ųÁƩĥÁōçƩIcXA[cL,ƋŚ*$�%-�řƎ

Ĭ\cP*8;ĥÁ'¢Ė&
;ƪ 
b�Ƃ,ĥÁōç*IcXA[cL>ƋŚÛƩŪø« (3 «ńÓ),ĩË>ť�Ʃ�,ŦĿ�

>ź2�;ƪŦĿ�*ďĚÁø>j�ƩĥÁōç,ĥÁ�'�;ƪ !�Ʃ1 «,ĩË�

5 łreŗŘ�;ĩË,¶¡-Ʃ1 «ĩËÛ,ŦĿ�>ź2�#%58��''�<%�

;ƪ 
bĥÁōç�'*IcXA[cL,ņŎĂƒ>ŲƏ�;ƪ 
bSMFG]BaPöËřƎĬ,ĥÁ*$�%-Ʃ�řƎĬ\cP*8;ĥÁ'¢Ė&
;ƪ 
bSMFG]BaPöËřƎ-ƩÝ9< SMFG]BaPöËřƎĬ*ĥÁōç,ņŎĂ

ƒ>j�%ğ4;ƪ 
bĥÁōç,ħ�� X řƎ-ƩĥÁōç,ĥÁ��9SMFG]BaPöËřƎ>ģ�%

ğ4;ƪ1 «ĩË
 :,ħ�� X řƎ-Ʃ�,ħ�� X řƎ>ĩË«ø&Ɨ�%ğ4

;ƪ 
 
�ħ��X řƎĥÁ,ŲƏ� 
ħ��XřƎĥÁ>ť# ƛ-ƩĥÁÛ*rf>ŲƏ�;ƪ 

1) ĥÁþų£Ń�/Ã£Ń 
2) ĥÁżtŝ£ 
3) X řŨŚ,ũƅēŝ£Ʃ³Õ�/ũƅÑą�/ũƅĴ  
4) V?aOZ,Ņƥ�/Éġ 
5) IcXA[cL,ũƅēŝ£ƩŅƥƩ³Õ�/ďĚÑą 
6) ĥÁÿĂƩĝĤ�/ĝ° 
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7) ĥÁċs(ŏƞ°ƩŏƞĢƩĩËĂƒƩĩËý¤�/ĩËſƝ) 
8) ĥÁōç>āĿ� ÐƟ®�/ŉƟ® 
9) ĥÁōç�',öËřƎ(Ĭ),ĥÁ� 
10) SMFG]BaPöËřƎ(Ĭ),ĥÁ�Ʃ�-ƩSMFG]BaPöËřƎ 
11) ĥÁōç�',ħ��X řƎĬƩ�-Ʃ1«ĩË
 :,ħ��X řƎ 
12) JIS Z 4716 *�#%ħ��XřƎ(Ĭ),ĥÁ>ť# Ā,ŲƏ 

 
��=:*� 
re,ýġ*8;XřŴĶÃ,Ěľ)ħ��XřƎĥÁ,Âþ�Ʃ�Ķþų,XřŴĶ*

Ê�;¿�á,î}*Æg�;�'>ĈÚ�;ƪ 
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Actual measurement of leakage dose for medical X-ray imaging facilities. 
Łã�¢ņ®óŉ�ÈªĎĽ�
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¦�2ç¤ë2é53Ďŀ3�I�Àú%$1.0*I3ZŕĖwË�J¦�2řË�2Ďŀ

�±2ċØAü#	����ŕ	����3ÊĪôÚ1þĵ!I�; �²Ń2ċØAü!I3ZŕNO

QV2`dRdi]b1:<á�ç¤Ē3r@Z�&>0<2ćµJç¤�ĝ@>I3Z�
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ŗŕ ÿĄ¹ĎŀħAð3(é53Ďŀç¤	
� KdXE\dOAð3(¦�2é53Ďŀ2ç¤ċØ3�I2ğďJ 14²Ńé533Àú

 >0�*((7ŔnanodotĎŀħŒłê^bPFDýĠœAð3IŖĺŃ2é53ĎŀAç

¤!(ŕ©Ĳğď3eęÆºğďŔXĎTVğďŔCTğďŔĜąĹºğďJ2ZŕnanodotĎ
ŀħ2ľď{A Fig.31ü#ŕXĎĪô¦2��ō2ġÉăÁ1 nanodotĎŀħAľď!ŔŖ

ĺŃ2ė´zð1��Zé53ĎŀAç¤!(ŕ�I2ğďŔī}ë1�3IċØ3 nanodot
Ďŀħ2Û�ňñÔèŒŜ10	μGyœJ2*(ŕ	
	

	
	

Fig.3	ÿĄ¹Ďŀħ1:Z1ĺŃ2é53Ďŀç¤	
	
Řŕ æ�J2é53Ďŀç¤	
� ÍÕJ3é53Ďŀ3ń~ås1:< 6 HÑAĴ503ÓŃ1 1 �ĝ4�.�Ĥ¤ >I

3Zŕæ�J3/2Ý1ąï >I3Z�1+3Iĉp!(ŕ&2e{.!IHTP2Health	
Canada	Safety	Code	35Aĉp!(ŕSafety	Code	3525.0	Radiation	Protection	surveys2Ŏ1È

ªĎKdXEAĝ4ÏÓ1+3IĨķ >I3(ŕKdXEAĝ4ÏÓ3�ÊĤ1ğďA«�
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řŕ S.7	
� ė´ÌĩJ2é53ĎŀARdZ1ŔKdXE\dO1:Zç¤ŔÿĄ¹Ďŀħ1:Zç¤Ŕ

æ�J2é53Ďŀç¤1+3Iĉp!(ŕ¸ŉJ3ĪôÚ2þĩt× 14²Ń2é53Ďŀ

1�3I¦�42é533KdXE\dO1:Zç¤Jeµ8Ûú >I303ŕS(ÿĄ¹

Ďŀħ1:Z1ĺŃç¤1�3I8Ûú >0�*(ŕĸ²¶ĩ >(ÌĩJ3é53Ďŀ3

Ûú >I3032J303F?4�ŕÍÕJ3ŚHÑAĴ503ÓŃ1eµé53Ďŀç¤
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*I3Zŕé53Ďŀç¤J3ġÉëwďJç¤Aĝ4(7Ŕğďĳě9n�ĳÃ��93ŕ

&2(7ŔÍÕ2é53ĎŀċØ2¥¾AįÙ!Ŕç¤ÓŃ2ģø!Ă2åÇà8�7(ıİ
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