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A survey to establish ambient and personal dose
equivalent standards in the X- and y -ray field

Yuichiro MORISHITA

1. 0000

g0oo0o0o0oOoODOOoDOooOoOoboOooooXxgoy
OO0pO000DO000O0OO00O0O00O0O0O00DbDa OO
gboboooooboobobooooboobobaoobo
gboboooooboboboooobooboboobo
gboboooooboboboooobooboboobo
gbobooooobooboboooooobobooog
gbobooobooboobobooooboboboonoo
gbobooobooboobobooooboboboonoo
gboobobooooobooooooooooooboboo

gbobobooboobooboboboooobon
gboboooooboboboooobooboboobo
oboboooooboobobooyobobobooog
gbobooobooboobobooooboboboonoo
oobobooboomobooooooobobobon
gboboooooboobobooooboobobaoobo
000000000®I00000000000595000
00000y O0Mm30keVIDOOOOOOOOooOoOOO
gboboooooboobobooooboobobooog
omooooboobobooby OoobOOoOoOobOoOog
gboboooooboobobooooboboboonoo
gboboooooboboboooobobobaoobo
gbobooooboobobooooboobobaoobo
goboooOoogoooooooobooooooooo
gboboooooboobobooooboobobooog
o00O00OO00O00OO000O0oopBOOXOyOOoOoOOoOO
oboboooboobooboboooobobobooboo
gbobooooobooboboooboegobOobOonOO
gbobooooooboobogooboan

gbobobooboooboobobobooooobon

*0oOoooooo opoooo

goooooooo Vol.6,No. 4

00000000000000000000000000
0000000000000000000000000
000000000000 000000X0yOOOO
000000OkeVDOOOXOOO10MeVOO OOy
0000400000000000000000000
0000000010°Gys'0010°Gys' O GyD OO OO
0000000000000 00MO00140000
0000000 O0O000O0OO
00000000000000000000000O
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000MO0000000ooo
0000000000000000000000000
00000000000000000
000000000000000000000000
000000000000 O0000000000X00
OY0y 000%0R000Y000000%°00000
0D°00000000000000000000000
0000000000X00000000000000
00X0O00OOy 0OOODO0OO0O0O0O0O00O00000
0000000000000000000000000
00000000 O00000O000O0

2. ODOobOOobOOoooooo
gbobooboooboobobobobbooboban
OO00o0ooo0ooooOoooooUoooooooXxoo

00y 0000000000000000000000
00780

20070 120



2.1 0000FluxO
DDDDDDDDDDy/[m'zs’l]DDDDDDdt[S][I
O000000gsm?0000000000 geOO0O
dn o)
dtdS
godoooobooooooooobooooooobooo

l//:

0 ¢=[y(d: m0000000000000000

gbobooooobobobooooboobobaoobo
gboboooooboobobooooboobobooog
oboboooooooobo

2.2 00000 Exposured

00000OXO0y 00DoooOooooooooooo
000000000 XI[Ckg'lOODOOOOO dm [kg]
000o000ooo0oooooooooooooooog
O0dolCloonon

x=% @

dm

gooodO0oo0ooooooooooooooooog
00000000 0dmO0O0OC0COO0O0O00O000O0O dm
00000000000000000000000400
000o00o0ooooooooooo0o00dmnOonOnOO
000000000 dmO0D0D0O00D0OO0O00ODO dn0O
000000000000 dmOOOoOoOoOoOoOooonO
g00o0d0oo0o0oooooooooooooomo
Jooodoooooooooooooooooooog
oooo00ooooooooooooooooooon
oooo0Oooo0o0ooodqdJoOO0O0O0O0O0oOoOon0
000o000oo0ooooooooooooooog
oooooooooo

2.3 0 0ODO0ODO Absorbed dosell
O0dmlkglDDOODODODDOOOOOOODOOOO
O0000D00000dENIOOO0DO00mMuon DO
p=" ®
dm
000000000000 000o00pkgDOoOoOonO
oooGyoOooooljoooooooooooooog
000o000ooo0oooooooooooooooog
00o0o000o0o0ooooooooooooooooog
ooooooooooooobbobobobobooo p, 0
gooooooooooooooo
w

D, =—X @
e

AIST Bulletin of Metrology Vol. 6, No.4

googg

Ooow/e000OO0OO0O0O0O00O0O0O0OOOOOOO
O0o00ooomoooooooossargcloon
000

2.4 0O000OKermad

000 KODoooooDoooooooooooao
goooobobooooooogoooonoobobbDbo
goooooooooo0oooooooooooobooo
goooooooooo0oooooooooooobooo
000000000 dmlkglDOOODODODOOODOOO
DDDDDDDDDDDDDDDDDDDdEtr[]]DDD
oo

k=% ®)

dm

goooooooooo0oooooooooooobooo
DDDDDDDDD[DDDDDDDDDDDDDDKm.r
00000000000000000Jkgl0OO00O00O
dod0oooodoOoGylooDoooooooooog
goooobobooooooogooooobobbDbo
goooobobooooooogooooobobbDbo
Oo0oo0O00000000qdoO000000000
goooooooooooooooooooooooo
goooooooooooooooooooooooo
oooooooooooooooooooooon gd
|:|ElDD(l—g)dEtrDDDDDDDDDDDDDDDD
0000MO000000O (-g)dE, (W/e)=d0
goooooooooo0oooooooooooobooo
goooooooooaa

x-k =28 ©)

“Wle

O0gOOOXOOODDDODOOOMIOOOOOM MeV
Oy Oogo.oo2s000000

2.5 00000 Dose equivalentd
gooooooooobooomooooboooboaon
goooooooooooooooooooooooo
goooooooooo0oooooooooobobooo
goooooooooo0oooooooooobobooo
0d0dDO0DOoooo HODOOoDOOoOooOooooo

H=0(L)D 070

oooopOoOdoOfdooooonDOoQ)uooon
O Quality FactorD 0 0 000000000000

December 2007



goooogooogoooooooocoooogd

o(L)=1 (L <10)
=0.32(L-2.2) (10<L<100)
300 ®
= (L >100)

EIEIDI]L[keVumJ]DEIDDDDDDDDDDDDDDD
gboboooobobobooooboobobaoobo
000000000JkgIDODOOOOOOO[SvOOO
o000 oo000O00DO00DoO0DbOoXgdOy OO
oopoOO0OO0Q)O10000001Gyd1SvOO
good

3. XOooooo

00000D0000000000000000000
0000XO00O0O00O0000000X0000000
10-50 kVID O OXO0 OO0 O00040-300kv00 0000
0000000000000000000001000
0000000000000000000000000
0000000000000000000000000
oo
X0000OO0OOO0O0O00000000X000o0o0o0oo
0000000000000000000000000
000000000000000000000 R[gem?]
ooooooo

R=041E"* )
0000000 E000O0O00O000O0O0 [MeVIO
000000000000000000X0000X00

y OOOOOO0OOO00D0OOO0O0OO0ODODOODOOO0030kevO
200keVO 13 MeVO OO OO DOODOODOODOO30keVO
0 02.5 ecm0 200 keVO 0 035 cmd 1.3 MeVO O O O 450
cn0 000000000000 0O0O00O0O0ODOOO0.00129
eem®000000000O0000O0OOOOOOOOO
gooboooobbodoy bboooboboooboobog
0gooooooooooooooooooooboobooo
10 000X0oooooooooooooooooao
0oXooooXoodooooooooooooooXxo
gooooooooooaa

3.1 XOOOoDoOd
oooooOoXgoooooooooooooooo
000ooOXooXxooooooooooooooooX
goooooooboboboooooboboooboooo
40-300kvO0 OO0 O0DOOODOOOOOODODOOOOO0OO
gbooboooooboboobooooobooboobogooo
ooooooooobOoboOoooooXxgooooooo
ooooooOoOoXooooooooooovoooo
oooooboooob e =eyobooooooon
gopDooOooOOo0DOOO0OOO0O0OOooOoXgoooo
gboooooooboboobooooobobooboooo
gboobooooobobooboooooboboobogooo
gboobooooobobooboooooboboobogooo
gbooboooooboboboooooboboboaooboo
goooooboobobooooooboboooooo
00o000o0oo0DO0bOOoooOoboOooXxgooooo
gboooomooooboooooboooobobooon

01 000000o000Xooooooooooooo

oooo 000 kY) ooo oooooo oooo oooo
QI=0.4 30, 40, 50 0- 30mA | 2.5x10%- 1m 0.7- 2.0 %
QI=0.5 20, 30, 40, 50 1.0x10? Gys™
0 xO QI=0.6, 0.7 15, 20, 30, 40, 50
QI=0.8 10, 15, 20, 30, 40
BIPM 10, 25, 30, 50,
QI=0.4, 0.5, 40, 50, 60, 75,100, | 0.2- 15mA | 9.0x10%- 12,15,2,3,4, |12- 1.5%
0.6,0.7, 0.8 125, 150, 175, 200, 2.0x103 Gys? | 5m
225, 250
uoxo | Qr=0.9 175, 200, 225, 250
BIPM 100, 135, 180, 250
SO0 O ) 40- 300

goooooooo Vol.e,No. 4

217

32007000 000000000000

20070 120



O000o00oo0ooooooooooooooooog
ooood0oo0oooooooooboooooooog
ooood0oo0oooooooooboooooooog
oooo00ooooooooooooooooooon
000o000o0o0ooooooooooooooog
O0001lmmAlD0DOO00OO0OOOO00D0OOODODOO0O0O
0000000000040 ocoocooooooag
goood0oo0oOooooooooboooooooog
ooopoooooo

000D000QOqualityindexODO O OO OOOOOO
000o000ooooooQIboooDooooooooog
0ooooooooooooooon

E
] = —eff (10)
© E

max

OO00CDE,,[keVIOOOOO0OO0DOOO00000000O
0000000000000000000000000
X000000000000000000000000
0MO000000X00000000 exp(—u, (E)x)0
0oooooo

u, (F)="122 an

X

0000 E000000000000000 g, (E)™0
x000000000000([em’g 000000 [gem?]
0ooo
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
ADDADDOOOOOO0O0O0BOOOOOOBOODO
0000000000000000000000000
0000000BOOOOOOOO00O0O0O00000O
00000000000000A00BOOOOOOODO
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000ISO 4037-100
000000400000%0000000000000
0000000000000000000000000
00000000000000000000BIPMOODO
000000100000®000000000200600
BIPMOOOOOOOOOOOO0OO0O0000000MmMO
000000020070000000000000000
0ooooooo

AIST Bulletin of Metrology Vol. 6, No.4

googg

3.2 000000000000
0000000X000O0000000000000
0000000100000000000000000
00000000000000000000X0000O
0000D000000000000000000000
O000ADDOOOOO32em0000000000200
keVO0OODODOOO0003em000000000000
0000000000000000000000000
000000000000000000000X000O
0000D000000000000000000000
00000000000ADOODOOOODOOOODO
0000BOOOOOODOOOOOOOOOOOOOM
X00O0O0000000000000000000 L [m]
0000000000 SMI000D00N00ooOo
000000 mlkglD
273.15P
1013.25(273.15+7)
000000007 [0]0 PhPa0000000000
00000000 p,00001000000000000
000001293kgm*MX0 0000000000000
00000000000000000/00000000
DODDDDDi:UmDDDDDDDDDDDDDDD
0000000000000MO0000000000
0000000000000000000000

ko k k k koK, (13)

pol™pTscTte

m= p,SL (12)

S
X = klosskhkatt
m

00D00D0003d3000000000000000
sfsfsls)s)ulugn

1) k,000000000000000000000
O

2 k,00000000000000000000

@) k,0DDOOO0DOODO00D000X000000
Dooooo

4 k,0000000000000000000000

®) k,,0000000000000

6) k,00000000000X0000000000
00

(" k,000000000000X000000000
DOooooDoo

® k,00000000000D00000D000000O
0000D0D00000000000000000

9 k,00000000000X0000000000
00

10) £, 000000D0000D0X000000000
fufs

December 2007



goooogooogoooooooocoooogd

JLoT
10, 25 mmfE

01 ODoooooooooooooooooboooo

dooooo@ioeoooooooooooooog
Jooooo@ooQoooobooooooooboogad
0 O OEGS5 (Electron Gamma Shower Version5) 00 MCNP
(A General Monte Carlo N-Particle Transport Code)'®0 O
goooodboobobooouooobobobobbooooo
Oo0oDoooogooesjoonooooo

X=Xt
oooOoo0ooO®UuUODOoOOobOoOOo0ooOOoooDooooo
oooooooowobDooboOooooooDooooo
oo0oooOOooO0oOoooooobooooXooooo
gboboooooboobobooooboobobaoobo

oooooowoooooooooooooooood
gpooooo

(14

3.3 0000

gooboooooboboooooboboooooboo
goboboooooboobobooooboobobooog
goboboooooboobobooooboobobooog
obobooooobooboboooobobobooo
goboobooboobooooooboooboooboomooo
EIDI]I:IEIDDDDDDDDDDDDDDDDDDDD
ooooXOoooooooooooooooooooo
vooo/, bobooobooooooboooboon
ocC

15)
0ooooo

O0000000OoooooooOoOoOOO1so00 ml
O0oO00Oooo0ooooOoO0ooooooosomldd

goooooooo Vol.e,No. 4

219

gbo3ooooooooooooooooboooboooo
gosoomlOOOO00OO00O0O0ODOODODOOOODOOO
gboooooooboboobooooobobooboooo
O00000000000000 M Olkg'

(16)

0000000360 [, 00000000000000
00D00D00000000000000000000
ooooooo/,/I,0MO0000000000
000000000

3.4 J0DO0O0O0DOOoOoooOog
obobooooobooboboboooboobobon
gboobooobooboms3oooooooooooon
gbooooooobobobooooobobooboooo
gbobobooobooboobobooboboboooo

ERLE-E7LE1—

(ﬁiﬁﬁ%)
R joss
@> \W&&;§§§b
8 2 ST
<::: HAHHE
B2E 28
ﬁﬁ$¥%‘

B
1 JCSSKESIHE

B

02 0000000OOOODOoOoOooOooo

20070 120



gooooobobooooooooooooooboooo
oooo0oooooboooobooobozoomooda
0 JCSSO Japan Calibration Service System 0 0 0 O 0O O
gopooooooojcssooooooooooooodad
goooooboboooooooooooooooooo
goooooboboooooooooooooooooo
goooooboboooooooooooooboooo
og
gooooobobbobbooooooooooooo
gooooobooooooooooooooooooo
ogooooooooooooobobooobooooooo
gopoboOoz200400BIPMOOCOOOOXOOODOOOO
ooooOoooooooomiPMOOOOOODOOOO
do0oooooodoOoooooBIPMOOODOODOO
OBIPMOXOOOOODOOODOOODOOO02 00000
00¥YODooOOO0OX00O0O0oOOO0ooooooooo
goooooooooooooooooooooooo
0o200500ISO000000000OOCR6O OBIPM
gooooobobooooooooooooooboooo
dooooooBIPMOOODODODOOOOOOODODO
godddddoooooooooo

4. 0DO0O0OO0ODOODOOOOOOO

1000000000000 00O000O00O0DO00O00O0O0DOO
gooooobbbbooooooooooooobobobo
ooooOo0ooooOoooooOoooooobomobooao
goooooooooooooooooooooooo
000000000 00ICRPO International Commission
on Radiological Protection0 0000000000 Y0O0
goooooboboooooooogoooooboooo
gooooobbbbuoooooogooooobobobo
gooooobbbbuoooooogooooobobobo
goooooooooooooooooooooooo
goooooooooooooooooooooooo
goobooobobuooobobooobobooobonoy
dddoXoooooooooooooooooooao
goddddooooooooooooboobob

4.1 ODODOOOO

4.1.1 0O0O0O0O0OEquivalent dosed
goooooouooooooooooooooooo

oo00oo0o00@mo0oooooooooooooo

00000000oooooooooooooooooon

g00ooO00ooO0o0oooOooooooogoorogooo

AIST Bulletin of Metrology Vol. 6, No.4

googg

DDDDDDDDDDDDDDDHT[S\DJkg'l]D[IDD[I
HTZZWRDT’R a7
R

00000000000 RODOODODODODOO w,000
DDDDDDDT’RDDDDDDTDI]EIEIDDDEIEID
000 ROOOOODODODDOOOOw,0000(8)0
OO0o0oooooooOoOooooUooooXgy ooo
gbobobiliobooooooooooooooooo
gooooooobobooooooboboooooo
gbooboooooboboobooooobobooboooo
oo

4.1.2 00000 Effective dosel
goooobbobbboooooooooooooo
Ogoooooo0o0oooo0oooooooooooooo
tmooboboooobooooobooood w,O
goooooooooooooooooooooooo
DDDDDDDDDDDDDHE[SVEIJkg'l]D

H, = ZWTHT 18)
T

ooobooobodoow, 01000000000
EIZwrzlEEIDDEIDDDDDDDDDDDDDDD
T

gbobo.200gonztm

gboboooboooboobobobooboboobobann
gbooboooooboboobooobooobobooboooo
gbooboooooboboboooooboboboaooboo
gopoDoOooooOoICRUOObOOOO0oOoOoooooo
Oooooooooo®o

4.1.3 1ecmdbOoboo7o ymdoooQ

0000000 0o0O0D0doOXd0y oooooooo
goooooboobobooooooboboooooo
gboooooooboboobooooobobooboooo
gboobooooobobooboooooboboobogooo
gboobooooobobooboooooboboobogooo
gobomoooooooooooobooboobooobooo
00000 0O01gem*0000000O00076.2 %0
00111 %00010.1 %0002.6 %00 000 0ICRU
gobooobooo3oembOonoOooooOOooOoOonOO
gboob0O0lemd070umd 0000 O0OOO0” O1 cm
OooooOoo7 umd0OO0O0OOO0OOOOAH*Q0)
HeomDOoooooooo1lemoooooo* OO
gOo” boooobobobooooobobooboaooboo
gooooo oooborbzs00boobooonbogoon

December 2007



goooogooogoooooooocoooogd

OO00XOy ooooooooooooooooooo
Oo0oOo0ooooooooooooooogIcrRuoog
ooooooooboob0lemd7o umb00O0O0ODOO
O00A*10) H*0.0o7)OOooooooooooooo
gbooooobooboboo7 wmdbOoOoOoOoDO
gboboooooboobobooooboobobaoobo
gboboooobobobooooboobobaoobo
gboboooobobobooooboobobaoobo
00000000000 00D000HA*(10) (H*0.07)0
gbobooooobooboboooobobobooboo
gbobooooobooboboooobobobooboo
oob0O01lemDOODOOO7 wumOO0000000OO
gboobooooooboobobobooboooooon
gbobobooboooboobobobooooobon
Oo0oO0OoOoICcRUOOOOOCOOO0O01emO70 umd 0O
gbobooooobooboboooobobobooboo
gbobooooobooboboooobobobooboo
gboboooooboobobooooboobobaoobo
vooooooooobooouoooouooo /7.0
Ao 000oooo0ooooooooooH+*Qo0)
0H 00000000O00O000000000000
O0AF*(Q0)0 F, 0000000000000 0000
O0000ooUooooOoOooA«.O0n0ooooooo
OCOO0O0A*Q00HF«0.0700000oouooooon
gboboooobooboboboboboooooboo
gbobooooooboooz20c0b0ooooooog
goboboooooboobobooooboobobooog
H*1o0 @*0.07)000ooooooooooos3oo
gbobooooobooboboooobobobgby
O00000000000660-1330 keVOOOODOO
gooooOoOoQoQoOoOoOoQoooooooooXxooo

1 On --- IcmigBLE
50- — 70umigELE

Conversion coefficients
w
o

0.01 0.1 1 10
Photon energy (MeV)

03 0oooooAQQooo@w*0.07)oooooo

goooooooo Vol.e,No. 4

020220 keVOOOOOOOODOOO0OO0O0OO0000O0O
0ooo0ooo
000000000000000000000000
0000000000000000000000000
D0000000000000000 H,(10)0
H,(0.07)00000000000000ICRUDOO0
O0ICRUOOOODO000030x30x15ecm0 00000
0000000000000000000000000
00000000D0000ICRUDOO0O0O0DO00000
000000000000000¢ 0000000000
0000000000000000000 H'10,a)0
H'(0.07,0)0 000000

4.2 JOOoOOoOoooogon
gbobooboooboobobobobbooboban
gooooooobobooooooboboooooo
gooooooobobooooooboboooooo
gbooboooooboboOooooobooboooooo
gboobooooobobooboooooboboobogooo
gboobooooobobooboooooboboobogooo
gboobooooobobobooooobobobaoboo
gooooooobobooooooboboooooo
gbooooooobobobooooobobooboooo
0o0jiSZz451100000000000000DODOOO
gboobooooobobooboooooboboboooboo
gbobobp3pooooooooooooooooo
gboobooooobobobooooobobobaoboo
gooooooobobooooooboboooooo
gbooooooobobobooooobobooboooo
gboboboooooboooboobobobooooo
gbobooboooboobobobooboboobobann
0000000000 O000oooo0EURAMETO O
M“ooolioooooooooooooboobooboo
gbobobooooogo
ogbobooooboobobobooboboobobon
gbooooooobobobooooobobooboooo
gboobooooobobooboooooboboobogooo
gboobooooobobobooooobobobaoboo
gboobooooobobobooooobobobaoboo
gooooooobobooooooboboooooo
gbooooooobobobooooobobooboooo
gbooooooobobobooooobobooboooo
gbobobobooboooboooon

20070 120



430000000
030000000000000000000000
00D00D00000000000000000000
00D00D00000000000000000000
00D00D00000000000000000000
D0D00D0D000000000000GeDCdTed O
0000000000000 P000000000pn
00D00D00000000000000000000
00D00D00000000000000000000
00000000000 00D00000000MmMOnO
00D00D00000000000000000000
00D00D00000000000000000000
00D00D00000000000000000000
00D00D00000000000000000000
00D00D00000000000000000000
00D000D00000000O

040%Cs0660keVO OOy 00GeD 00000 DO
D0D00D00000me0keVOOO0D0O0D0O00D
Oy D00D0000000000000000000
00D00D0000000000003eVO0000O0
00D00D0000000000000®Cs0000y
D0D00D000MI0keVODOODOO0OOOO00OOO
00D00D000000000000000000y O
00D00000000000000000000y O
E, 000y O0E, 0000000

o — a9)
"1+ B(1—cos )

o0ooooOooooooooooooooo E O

trans

/m—w“”} 20)

E =F —-F =F
trans in out m{l"l‘ﬂ(l_cos 19)

0000000 400000000 mm000000y
00000000 B=E,/mec* @ 000090y 0
00D00D00000000000000000000
D00000D0E™0D0@ODJ=200000000
EM™ ~475 keVOOODODOODOOODOO0O04
00D00D00000000000000000000
00D00D00000000000000000000
0000D00D000000004000000660 keV
Oy 0000000D00000000000000000
D0D00D0000000000y 0000000
0000000D000000000000000000
000000000000000000390d=x000

0MO00000000y D0000000E,, ~184 keV

AIST Bulletin of Metrology Vol. 6, No.4

googg

60000+

>

2

.(eﬁ soa0n] % avrry

[2]

<

=}

o

&)

0 ®AEEL
0 20IO 460 60|0

Energy (keV)

04 ¥CsO660keVOy O0OOOOO

00D0oO0OoODoO40200keVO000O00OOOODODOOO
goooooooboboboooooboboooboooo
O0J=-000000000000000000000

gboboboooooboooboon
obobooooboobobobooboboobobon

by oooooboboobooooobobooboooo
¥Cs0OD0D0O0000000000000ooooon
gboobooooboboboooooboboboaooboo
gooooooobobooooooboboooboooo
gooooo
ogbobooooboobobobobyobobOoo
gbooboooooboboobooooobobooboooo
gboobooooboboboooooboboboaooboo
gboobooooboboboooooboboboaooboo
ooy ooobobooooooboboooboooo
gboboooooom
obobooooboobobobooboboobobon
gbooboooooboboobooooobobooboooo
gboobooooboboboooooboboboaooboo
gboobooooboboboooooboboboaooboo
gooooob0y bOoboooooobobooboooo
gboooooooby bOooOooooboboooboooo
gbooobobooooomoooooboboobooonog
gbooboooooboboobooooobobooboooo
gboobooooboboboooooboboboaooboo
gboboboooboobooboboboboooo
O000000000000000D00000 ¢(F)0

goooooooon
H = [ C(E)p(E)dE @1)

gbooboooooboboboooooboboboaooboo
gbooboooooboboboooooboboboaooboo

December 2007



goooogooogoooooooocoooogd

gboboooooboobobooooboobobaoobo
gooooo

K = [Eg(E)r-dE 22)
Yo,

obobooooobooboboooobobobooo
genooooobooooooog

5. OO0

oobooooooobzoo7CcOO0Oy 0O0OO00ODO2008
o000ooXxgooOoooOooOooooooboboooo
gboboooooboobobooooboobobaoobo
ooooooOooooooooooooooooooXx
gboboooooboobobooooboobobaoobo
goboboooooboobobooooboobobooog
oboboooooboobobooooboboboonoo
oboboooooboobobooooboboboonoo
gbobooooobooboboooobobobaoono
ooooooOooooXxoooooooooooooo
gboboooooboobobooooboobobaoobo
goboboooooboobobooooboobobooog
oboboooooboobobooooboboboonoo
oooooobooboboooooooooooooooon
gbobooooobooboboooobobobaoono
ooooooomooooooooooooooooo
gboboooooboobobooooboobobaoobo
oooboooo

gooo

1) 00000000oooooooooooomon
0000oooooooooooooooo Vol 57, No.
3(2007)22(0 0 0O)O

2 J00OD0@DOXooooooooooooobooo
00000000000000 Vol 2, No. 4 (2004) 6270
3) J0000OOO0DbOooDbOOoooOooooobOoDo
000000000000 Vol 1, No. 2 (2002) 4390
4) 0O00O0OpOOOOOOOOOODOOOOOOO
0000000000000 0 Vol. 3, No. 4 (2005) 6330
5 00000 DOOO0ODOOODOOODOOOOOODOOoO
000000000 Vol 2, No. 4 (2004) 5870

goooooooo Vol.e,No. 4

6 0000000¥IOOOOOO0OOO0O0O000000
0000000000000 O00O0odVol4, No3
(2006) 2010

7) ICRU report No. 60, fundamental quantities and units
for ionizing radiation (1998).

8) ICRU report No. 33, Radiation quantities and units
(1980).

9) ICRU report No. 31, Average energy required to
produce an ion pair (1979).

10) L. Katz and A. S. Penfold, Range-energy relations for
electrons and the determination of beta-ray end-point
energies by absorption, Rev. Mod. Phys., Vol. 24 No.1 28
(1952) 28.

11) J. H. Hubbell and S. M. Seltzer, Tables of X-ray mass
attenuation coefficients and mass energy-absorption
coefficients 1 keV to 20 MeV for elements Z=1 to 92 and
48 additional substances of dosimetric interest, NISTIR
5632 (1995).

12) ISO 4037-1:1996(E), X and gamma reference radiation
for calibrating dosemeters and doserate meters and for
determining their response as a function of photon
energy- Partl:Radiation characteristics and production
methods.

13) P ]J. Allisy-Roberts, D. T. Burns and C. Kessler,
Measuring conditions
ionization chambers at the BIPM, Rapport BIPM -04/17
(2004).

14) http://rewww.kek.jp/research/egs/egs5.html

used for the calibration of

15) http://mcnp-green.lanl.gov/index.html

16) DO00000O0OO0ODOOO0O0OO0DODOOOOOOOO
TODAY Vol. 5, No. 9 (2005) 3001

17) ICRP Publication 60, Recommendations of the
international commission on radiological protection,
adopted by the commission on November 1990, Annals of
the ICRP, 21, Nos. 1-3 (1991).

18) ICRU
equivalents resulting from external radiation sources.

199 GEKnoll, 000000 O0OOOODOODOOOOOO
0 0200107

200 000000000 00DDODODO0O0OO0ODOOOd
0 0199511

report No. 39, Determination of dose

20070 120



