
Kobe University Repository : Kernel

PDF issue: 2024-06-07

高放射線量被ばく時の人体試料を用いた物理学的測
定に基づく線量評価に関する研究

(Degree)
博士（工学）

(Date of Degree)
2007-03-25

(Date of Publication)
2009-07-23

(Resource Type)
doctoral thesis

(Report Number)
甲3966

(URL)
https://hdl.handle.net/20.500.14094/D1003966

※ 当コンテンツは神戸大学の学術成果です。無断複製・不正使用等を禁じます。著作権法で認められている範囲内で、適切にご利用ください。

高橋, 史明



~1JxMt7'R.fBni <s~0) A{*~t:*4~ ffl v\t::A~:E!I[~ s"J iJ!IJ IE ,~

£---=5 <t7'R.~f{1ffi ,~ ~T 01iJf~

1$?*~*~~Jc§ ?~f4~1iJf~f4

~ ~ 5t: ~



~ 1 ~ J¥:~jjij 1

1.1 1iJf~ (7) 1r::m: '" 1

1.2 /'{-{;;t F~;J. }- 0 (7)1ft~&V~9:.i¥J*Iff$ 3

1.2.1 fEu'f <*(7)~J*1lE:l*7.P ~ (7)~:I::JtJE 3

1.2.2 ~B {*~ ';W (7)lfUjllJ I::: £ ":5 <~:I:~;Hrffi .4

1.2.3 if.:r.T ;J. IvJt1r ffllt \ t:: ESR HiJl1jt:::£":5 <~:I:~f{iffi 6

1.2.4 r:p '11:-TfEn'f <I::: J:: I) {* P"J I::: 1:.Jft L t:: ;fjJ[!t-H1 [I:lJ {ll: 7l:*:I: I::: £ ":5 <Cf.rE 8

1.3 *1iJf~(7)~~~ ~ i¥J 10

1.4 ~iliJx(7)t14Jft 11

~ 2~ ~::r:.T j IvWO) ESR H;IJlIJO);IJlIJfE:iffi*f;:£---=5 <.~~:/IO)
:J1tfE:¥:ft0) 1Jl'J3E 13

2.1 * ;:ti6\~ 13

2.2 -'E- '/Tn Iv P ~H' I::: J:: Q*~:l:fijItfJT 15

2.2.1 ~"¥A{*m~ 15

2.2.2 ;fjJ[M~!Iiifu*~t.::J- F 18

2.2.3 7C-T:t§]if'rfflltFfrnifJf&Vn -yt*~ 18

2.2.4 ~,JE L t::7C-TfEn:f<~{tf 19

2.3 ff~:l:fijItfJT(7)~* 21

2.4 fijItfJT~*(7)15~ 26

2.4.1 .:r.T ;I- IvJt~:l:t:::X1T Q{ill(7)JJa%a:~:I:(7) l:t(7)AMJIt-T.:r.;flv:¥-

t:::)<tTQ~{r: 26

2.4.2 .:r. T ;J. IvJt~:I:& VJJa$~:I:(7) AMJIt-T1JrPJ t:::X1T Q{t:(H'r1 28

2.4.3 ~7C-TfEu'f<~{tft::::t3 It Q.:r.T ;J. IvJt~:I: ~ ~:!itfNI'f <~:lI:(7) ~fif, 29

2.4.4 ~J't-TfNt:f<~{tft::::t3 It Q.:r.T ;J. IvJt*~:lI: ~ *~:lI:~H~~{[!'[(7) ~{* 31

2.5 *~ 'ttJ 33

~ 3~ ~~fJT ~.nt::.~.~1*.:a: ffllt \t::.~::r:.T j IvWO) ESR ~tallJf;:

£---=5 <fEat <~'f1jffi¥:ft0)1Jl'J3E 34
3.1 *;:ti6\~ 34

3.2 .:r.T ;I- IvJt~:lI:(7) ~~I::: J:: Q~~iE 34

3.3 EJHmt~~1:::£-0 <voxel ~-'E-T·lv:a.- ffllt \t::.:r.T ;J. IvJt~:I;(7)H.fijItfJT 37

3.4 .:r.;flv:¥-51·1FJ1r1fTQJ't-TfB{t'f <",,(7)~.fif,~T·-?' (7)~ffl'I1:(7)~~iE 39

3.5 ~*&V15~ 40

3.5.1 .:r.T;J. IvJt~:I:(7)~iJlU~* .40



3.5.2 NJHmtRmO) x T j. IvW~:!i1-:'4;tQ~~ .42

3.5.3 fmO)A~1JT***<!:: O)lt~ .45

3.5.4 r:::J ij~rkJ 0)*~:!i7t1fJ 1-:. J: QAM7't-=f:JJrPJ O)ttJEY~ .46

3.5.5 x*IV:=¥-7tlfJ~:ffTQ7't-=f*BU;f< I-:.MTQ ESR ~tiJtiH-:,£--j<

.~~:!iO)gfflffi 48

3.6 *<!:: /f) 50

m4 $: ~9PJi&:fEni<1-:. et tJ f*ri'H-:.1:.iJX: ~;(10 24Na :S: ~ Af*:fEni <
*JR:S:(7)~. ~f* (7)1Df~ 52

4.1 ';t;ti6~~ 52

4.2 .iBt!t,t~:!igfflffil-:.&::;,~tet.T·-;; 53

4.3 .:c '/7 jJ Iv P ~UJ::J. - F MCNP ~ ffl v\t':'£~T'-;; O)A~tJT 55

4.3.1 fjk O)I@;W*~j:~ftH-:..t3It QPJ:M~¥-it£O)A~1JT 55

4.3.2 {;$:rkJ1:P>t 24Na :!ii6~ GAf**Nli <~:!i,,0)~~t~~ 57

4.4 A~1JT*** 59

4.4.1 ~O)PJ:M~!f.f,~!tA~1JT 59

4.4.2 f*rkJ:±.px: 24Na :!ii6~ GAf**Nli <*~:!i,,0)~~t~~ 61

4.5 f*rkJl-:,:±.px:~hQ 24Na :!il-:.£--j< Af**Nli< *~.gfflffil-:.~TQ~~ 66

4.5.1 AM9=J,~!t-=fX*lv:=¥- <!:: 24Na 0):±'P>t.&u:::i':Jt~.0)~f* 67

4.5.2 Af*9=J 1-:..t3 ft Qr:p,~!t-=f0)~~Jf81iJl0)~~ 68

4.5.3 [Rj-MUi< 1'f1-:.~TQf*rkJ:±.PX 24Na .~t.:.1) 0)::i':Jt*~.0)~1~ 72

4.6 ';t<!::/f) 73

m5 $: ~3f*i&a~n::k)ltgf*N(7) 24Na 1:.iJX::S:1-:.£.r5 <illtJUt
*JR:!!i~f{iffi¥t(7)~36 74

5.1 *;ti6~~ 74

5.2 ~YllI@;W~~~iill-:..t3ftQ~~~giE 74

5.2.1 ~YllI@;W~~~iil (TRACY) 74

5.2.2 TRACY 1-:..t3ft Q:tJ[1~T }- 1) r7 A7kfGi~0)9=J'~!t-=f~M~,~ 75

5.2.3 TRACY XI5'£rkJ 1-:..t3 It Q 9=J'~!t-=f$ifuJ!O)~t~A~1JT 78

5.3 *~.gf11ffi~A7.b. RADAPAS 0)~5E 79

5.3.1 RADAPAS 1-:..t3ltQ*~.~~ 79

5.3.2 gf11ffi1-:.ftfflT Q*9~.HiJt~ 81

5.4 TRACY ~~i-:..t3ft Q*~.gf11ffi***&u:~~ 82

5.4.1 'llXliL~O)~~ 82

5.4.2 RADAPAS 1-:. J: Q*~.gf1lffiY~ 83

5.4.3 9=J'~!t-=f*~:I:~f{iffi*** 84

5.5 I@;W*tij(a~O).iBt!t,t~:l:gf{iffil-:.:t:HtQ RADAPAS O)Jiffl,~!t0)~giE 86



5.5.1 /F:f:)]~fHUi< 1~~tT0Jiffl 86

5.5.2 lfuJjJz, f*rkJ*,ftmttt <!::" '~:t3lt 0 T r !J ? .b.'6~~ 88

5.6 ~ <!:: 1:/) 89

m6:&I iF5JmB 91

~1~¥ 94

i] Iffl xi¥V\ 95

*~ffilx~fPlJJX:Tg 36~~ffilx 104



1.1 1i7f~O);1Ff ]K

:mtE, :li5!:M**riJ.t< E'H'AT4~71![!f-efUffl ~tvCjO ~, t±~t~:kf~fU~:a:-st't-Cv\00

I~71![!fC'ri, m-f-**~jJ/'Y**JmMr~J::. 0 ~!J y-O):Ii5!:M**11:::~BUt:a:-fUffl Lt~;' -{~,

JEt~~!J .:c.7- v /', ffiflj!p.H'1m**O)fEZ~, ~J&¥tB7-.:2.-ff~~"O)1lW:mtJ~~n-C.t3~, ~t~,

-( T/' ~"-A :a:-fUffl L t~~~f*O)~f.JJE, ~fFtJ~J1g/lb Gn -C v\0 1)0 ~tR;ijHl ~ V\ -) .}~tJ,

Gri, :.n Go)I~71![!H~.t3lt 0:1i5!:M**fUffl riD¥:-f-fJJEm ~ ~ t 1~;fJGtJ~~O)D¥: -f-fJO)5.JLTP

fUffl r~.t3't 0 fiII]~l~flz:llifilt Gn0 110 ~~71![!H~.t3v \-C ri, J.t < ~o Gn-Cv \0 X**f~ ~"

I~ J::. 0 ~WTO) rltJ,r~, r'i'iJ.:c.:fIl--:¥--{ T/' ~"-A :a:-fUffl Ltdt;~, :li5!:M'I1:~flz:7[;*O)r;t l}

I~ J::. 0 ~WT~tt;~ ~ V\'--:dd~~~~ C', :li5!:M**O)flJffl tJ~/FPJjz ~ f~~ -Cv \0 0 1:.1fr1T4~,

!l&.JWT4~f~ ~"O)£~1iJf~O)J1g~I~---::>v\-C t, 1Jt*J::. ~ t:k~O)JJoJ*~O)fUffl tJ~~,~ ~ f~~

-C V\ 0 0 :. 0){tf!1~, :mtE, cp'~1-f- :a:-~iJ! ~ T 0 ;f%71~&JtO).:c.:fIl--:¥- :a:-fUfflT 0 D¥: -f-fJ

JEmri, ;fJGtJ"~ 1~.t3 ,t 0 ~JEm:l,:O) 3 'lfiJ0-J:: :a:-'tCJEi¥JI~ {jUi5" L -Cv \0 0

0-J::0):/fJ5Ui, :li5!:M**lb 0 V\ riD¥:-f-fJ tJ"t±~O)mfU 1~~:kf~JtMk:a:- L-Cv \0 :. ~ :a:-~T

t 0)C'lb00 -jjC', /i{M**fEZr:f < I~ J::. ~ )d$:ri:ff~f~.J~UI~.:a:-stlt 0 ~ v\ -) jtO){JliJiID

t~Jj.0 ~,~tJ" lb 0 2\ :li5!:M**O)fUffll~ J::. 0 @:t*i¥Jf~mflJt~'t :a:-i!~L* L, AO)'tC~f~1:.tiS

:a:-~tJ'T:' ~ rit±~i¥JI~~~.gC'~ f~v\o Tf~:b1:.J, :li5!:M**fUffltJ~'tC~i¥JI~JiJft ~n0:' ~

r~J::.~, ~}]/lb-Ct±~O)mfIH~JtMkC'~0~v\;t0 1)0 f::O)t~/lb, D¥:-f-j]3BmpJTf~~"O):k~

Dlli~~tp G&:I,:O):Ii5!:M'~1~{lz:7[;*:a:- 1& ~ 1'& -) :om~~~ C', 'tC~:a:-{;fd'i¥T 0 t~ /lbO)~~HtJ' f~ ~ n,
:li5!:M**1&1'&O)'¥Ii~y-=-.:2. 7 Il--f~ ~'tJ~mJE ~ n -Cv \0 0 :. O){tf!, ~J.tO)fEZr:f < :a:-{t~-1't~0

~tJ~st It f~v \ J::. -), :om~O) I*J~ C':Ii5!:M'I1:!l&.JWO):Ii5!:1±\:I,:, **:1,:0) VA:./l--tJ'~tJU~ n -C V\ 0 0
Lzp L, A~i¥J, t1ttTi¥Jf~.:c. '7 -~I.zsll~ J::. ~, .,,*Jrj.tJ~3B:mT 0 J::. -) f~:Ii5!:M**fEZr:f <

:a:-AtJ~stltt~ ~ v\ -) $fjrHi~~I~ tJE1:. L -Cv\00 fj~;tr:f, 60Co, 192Ir f~ ~'O):Ii5!:M'~1~{lz:

7[;* :a:-fUffl Ltd!~M:om~I~.t3v \-c, :li5!:MfllgO) r'i'iJ V\fJ1Hiffi :a:-fUfflT 0 ~i'lri, ~1*J"'O)'tC~f~

A~~1it{*T0t~/lb0)~~tJ~~lli~n-Cv\00 LtJ'L, :.nGO)~~O)~tJt ~~.g~lb0

V\riiSjJtl~ J::. ~, ft~-1'ttJ~/Fffl~I~~I*J"'.s'z: 1:.JA ~, **iJ!0) IJ1Iili:C'~**:I,:O)fEn:f< :a:-st,t
t~ $iS5i:tJ"JE1:. L-C V\ 0 0 :. 0) -) 1:.J, 1989 fp.:c./l---!T Il--F~ F/l-- 3), 1990 fp-{ :A '7.:c./l-- 4)&a:
1991 fpA:.'7/l---y 5) 1~.t3lt0$(jf(C'ri, ~~O){t~-1'ttJq~r:f< I~J::. ~*jt'=i¥JI~~I~~~

t~o ~t~, ~ili:C'ri:li5!:M**iJ!O)*,Ji~, r?i~I~J::.0f~r:f< tJ'Fp~M~f~~-Cv\00 ¥-fff{i¥Jf~:IX

rJL ~ L-C, ~~:om~~f~ ~'tJ":Ii5!:M**iJ!~:Ii5!:lli Lt~:I7\tmC'~fi L, f::O)**iJ!:a:-r?iit Lt~0~tJ'

fEZr:f< :a:-stltt~fjIJtJ"v\< ---::>tJ,lb0(1987fp7"'7-//l--6), 2000fp;'-{ 7»0 :.O)J::. -) f~$fjiJC'

ri, -JiJ5t0)0~tJ':Ii5!:M**iJ!:a:-1& ~ 1'&~ t~ t~ /lb, .J~HI'~.tJ~3B:m L t~~i'lC' t, D¥:IEI :a:-¥-fJE
T 0 ~ C'I~ lb 0f~J.tO)ffifr~9tJ'~~ L, fEZ~O)m:fltJ~Ai¥J, ~±li¥JI~ ttt:k Lt~ 6),7)0

D¥:-f-j]JEmffl,~ri, D¥: -f-:J:PI*J, l%*P*M~*f~ ~'I~#~r~~ < O):Ii5!:M'~1!I&.JWtJ~fftET 0
(J) C', 7JtJ,-(J)$~r~ 1im;t t~~1i1W~O)~~ttJ,~* ~ n 0 0 LtJ'L, 113 :i'\:0)D¥: -f-:J:PtJ' Gf~

0113 Y@;O)7-I/l-- / f-{ !J C' 1986 fpl~3B1:. Lt~$(jf(C'ri, D¥:-f-:J:P 0) fftET 0~~t1illt!j

1



~ tL, i*:5j~::1:Jft~iJ~~:l:I~~:IjE~ 1~1JJ:1±l ~ tLt;: 8)0 -C O)~*, 1JJ:t-H!E~WI~ J: V') Jl;:v \±{B

j]JG1~:bt;: 0 -c~:ljEiJ~¥1J~ ~ tL, mJillf=EEUt c!::"iJ~*WJi¥:Jft~~~~~5t~tt;:o i*~*;}1jfH~I~

:t3 ft 0 ~Jil*$:O)~ < Ii, -c O)IYJll:JriiJ~1it}'[ ~ tL 0 :J:: C'O) 1950 :¥f-t:J:: C' '~38::1: L t;: t 0)

C', -c tLYIl;l:O)38::1:fYiJli 11 c!:: Iv c!::"¥~15- ~ tL -C v\ftlJ'0 t;: 9)0 LlJ,L, 1997 :¥I~ Ii P '/'70)

-Jj- P 7 1O)C', 1999 :¥I~ ti:ftiJ~OOC'f)JO) ~Jil*iiJciJ~38::1: L t;: 11)0 !F!fl~, :$:#JJHO)?:7 :',<1]0

lMi!~C'38::1: L t;:*$:C'ti, fF~~ 2 4; iJ~jc1fPi¥:Jft:fBH:f< ~st~ttd1lJ'l~ 12), -~0~iJ~

r:p'~!E-f-I~ J: 0 :fBU:f < ~5t It 0 c!:: V\ -) iitJil1311~ t f;ffl:ff ftfY~ c!:: ft 0 t;: 11)0

:J:: t;:, j@J:ti0)m:-f-tJ1M~I~:t3v \ -C Ii, ~!~dt~:ljEO)~C', 1JJ:M~;flJffl, m:-f-tJ ~38iJ~ii

60 GtLt;:~* c!:: L -C, fF~~iJ~1&J!tO):fB<:t:f < ~st IttdY~iJ~ ib 0 0 -c 0) -) t.J, 1950 :¥tJt:J:: C'

1~r¥J?:7)v±{Bj]O) Mayak t~ib0t~Mi!~C'li, T~lvft1JJ:MffJRtg.f!IH~~lEJL-C, fF~~O)

FI'l9C'38iJ~1v0)38::1:*iJ~r'SJ< ft0 t;: 13)0 :J:: t;:, Mi!~O)mJillf:£B!;t*WJI31ft~~~~:a.-sttt 0

J: 0) ft:fB<:I:f< :a.-st~tt;:o

YJ:O)*iiJcli, A~131, t1:~Ti¥:J ft:I :7 -iJ~m:lEJ C'38::1: L -C:t3 V') , AiJ~ :JrffT 0 ~1Z V') :YG~

l~tm~T 0 =- c!:: li/FPJfllg-Cib 0 0 =- tLl~1m;t -c, 1JJ:M~:a.-l& V') 1& O)1M~li*,~~~HiJ~1M ~

tL -Cv \ 0 iJ~, ±{B~ft c!::"O)xfkl~ J: V') ~~~st ~t-c, *$iJ~38::1:T 0 =- c!:: li:YG~I~ fi8JEC'

~ftv\o Jli:¥C'li, ~~~fi¥0t;:1JJ:M~0){~ffl (i*TP) I~J: V'), ~';%0)::1:i%~:ljEC'0~

iJ~TWJit6Q:fB<:t:f < ~st It 0 ~¥5U~~v \ -C O)~WiJ~ ~1~i¥:J I~ ~ tL -C:t3 V'), -c O)MJri I~{if; 0 WJ
15- iJ~ ft ~ tL -C v\0 14)0

1JJ:M~I~ J: V') j@J!t0):fB<:1:f < ~st ~t 0 *~li38::1:1it*iJ~{~v \ c!:: liv \;t, l5iJ~-I~ t 38::1: L
t;:m~, :fB<:t:f < ~lijc1frJi¥:Jft~:I:~st~t 0 PJfllg'~!E t ib0 3),4),5).6),7),8),10),11)0 -CO)t;:6b, ~

~mll:ft c!::"O)MJriiJ~£,~ c!:: ft 0 iJ~, -cO)}'[~H~:t3v \-C:fB<:I:f <~:l:lill~ftHH~ c!:: ft 0 0 :t
t;:, :fB<:I:f <~O)st It tdJR:l:ti, -c O)~iJ~¥*ff L -C v\tdlz:lI:O)1JJ:M~I~ J: 0 ~:IjE¥1J~O)~)li]]t

1~:ff~ft'tfU~~l};t 0 0

YJ::.O)oi~J:lJ' G, 1JJ:M~*iiJcft c!::"'~:t3~t 0:fB<:r:f < ~:I:~f{iffiiE~1it}'[ L -C:t3 < =- c!:: lill~

c!:: ft 0 0 =- =- C', 1JJ:MffJR I~ J: 0:fB<: t:f < ti, {*51-I~ ib 0 *JRiJJR I~ J: 0 51-#~:fB<: Ii' < c!:: 1JJ:M'~!Ei*fl

~{*P'H~l& V') ~tfl*J#~:fB<:li'< I~*~ < :5jiJ[~tL00 =-0) 0) t.J, I*Jl'iMB<:I:f< ti, {*I*J'~l& V')

~lvt::i*fliJ~ffffT 0 ~1Z V') , *WJ F1'l90)fBZl:f < ~st~t 0 c!:: V\ 0) Fp~MiJ~ ib 0 iJ~, Y!Wi L t;:1JJ:M

'~!Ei*fIO):l:O)atIJJE& -aA {*O)f-tiM.:cT')v.~ ffl v \ -C*JR:I: ~~¥fiffiC' ~ 0 15)0 -j], {*51-I~ ib 0

1JJ:M*JRiJJRlJ' G0)51-#~:fB<:1:f < I~ J: 0*JR:l:I~ ~ v\-c, 1JJ:M~ ~1& V') 1& 0) f1"~~ft c!::" li~';%O)m

~ri*JR:l:gtr~ J: V') iJl~JE ~ tL 0 0 L lJ' L, ~ < O)~:l:Hlif~v \*JR:I:~J@!t J: < iJllJJET 0 J: 0)

I~~~H ~ tL0 t;: 60, ma~Fl'l9 r~~*JR:l:O):fB<:r:f < ~st ~t 0*$:a~I~:t3v \-CJE L < 1!J{1" Lftv \PJ

~~'~!E t ib 0 0 :J:: t;:, v \ < ~lJ'O)1&J:tiO)*$:C'li, {'F~~iJ~~:I:~t:a.-~1T L -Cv \ftlJ'0 t;: c!::
V\0)¥a15-iJ~ib0 3),5),12)0 =-0){1f!, m:-f-tJ1M~~, 1JJ:M*JR1M~0)51-0)0~1~~v\-Ct~:I:~¥fiffi

iJ~£,~ c!:: ~ tLt;:*fY~ t ib 0 6),7),8),11)0 *JR:l:Hft c!::"I~ J: 0:fB<:t:f < ~¥fiffiiJ~WJ1~ ~tLftv \~¥5Lli,

j@J!tO):fB<:li'< ~st~tt;:*W~C't!f;fI~MLv\~mc!::~;tGtL00 =-O)J: O)ftm~, m:lEJc!::ft

o t;:1JJ:M*JRiJJRO)fliJ[ c!:: Sm!t, *JRl1ffiO):fB<:r:f <~ c!:: O)flz:lI:~{if;, :fB<:t:f < a~FI'l9, Jl\E"'v \f*ft c!::" 0)

mJillO)~mlJ' G, 51-#~:fB<:li' < I~ J: 0~:I::a.-Jft±:lT 0 =- c!:: t PJ~~C'ib 0 0 LlJ'L, =- O)j]iE

2



Ii, 3:: (: L --Citct~:I=iEQlZ9T 0 t~ 61), ~f{iffi{[lH= li* ~ It/F1i1fn~:2: 7J>~j:.n 0 PJfj~'~~7J> <!0 0 0
.7c (f) t~ 'r/), {PJ Gip(f) ~iJ[IH=£---:5< ~f{iffi'F¥:t:I= J: It) , tflZl:f < ~:li:7J>tjHiE 2: n 0 =- (: n>£,~ (:

It00

~:ti(f) =- (f) J: J It ;@jjjY:M~:li:1d=¥J ${jrJ C' Ii, )rj..j'f~fEu:f< ;= J: 01iY:Mr,,'ltm7J>, jjy:M~ (:

(f) f§ ]i{i:: it'll= J: fJ ~, lfil?~ , ~5 {* It (:" (f) Jd4s: r:p (f)~*"H=1'. C 0 & J;t ~ flj JtJ L --C J!& S':J

(retrospective) ;= ~f {lffi 2: n t~0 =- (f) 'F ¥:t: Ii, 1'.{*~*3} ~ flj JtJ T 0 t~ 'r/) , 1'. 4o/.J ~~ IJ* T 0

biology (: r~.:IlittiJ[IJ ~~IJ*T 0 dosimetry ~rJiJ;.-%bit, /~~;:t F~ j ]-- !J (biodosimetry)

(: psfl:fn --C1,. \0 16)0 /~~;:t F~ j ]-- !J Ii, A{*(f)fBU:f < -[w ¥IH=£---:5v\--C1,. \ 0 t~'r/), .7c(f)~f

{lffi{[l'[lir~.:IlHlt(:"7J>lt1,.\m-%I=Ii{;3fJH~7J>r'i'D1,.\(: 2:n00 =-(f)r:pC', 1}OIHilfil?~, ~5f*

~fljJtJ L t~ ~,*S':J, 1:4o/.J,*S~ It iJUJ[IH=£---:5 < 'F¥:t:7J>~ < JMjJtJ 2: n --C ~ t~ 16)0

=- nl=:lJQ;t --c, )d*~*,~t~ JtJ v\t~~:Ii:~f{lffi 1= li4o/.JJ!!,*S~/tiflIJJEiitjIH=£---:5 < 'F¥:t: t <!0 0 0

=- (f) '5 't, ~x T ;I- !vW~ JtJ v\t~m~:A. 1:::' /' 3t8~HiJ[IJ(ElectronSpin Resonance HiJ[IJo 0­

r, ESR ittifllJ(:T00 ) ~fljJtJ Lt~~~.:Il~f{iffili, 7t~fFHJ< 1=~tL--C:1f0J(: 2:.n--C1,.\0 0

~~, .W$~~~(f)r:ptt~.~<~#Jm-%~, A~••&Vlfil~r:p(f)*JET]--!J~A

(23Na)(f)1iY:M{~'=J:fJ 1:PX:T0 24Na :Ii: 1= £---:5 < r~.:Il~f{lffi7J>PJ~(: It00 {ij.n(f)'F¥:t:t, 4o/.J

JJI!,*S':J ItittiJ[IH[l'[i!' Gr,,~.:Il~~f{lffiT 0 (f) C', ~,*, 1:4o/.J,*(f)g~<!0 0 v\li]~}F~ s~ It~p~ ~£'

~ (: L/t1,. \fIL¢.':7J> <!0 0 0 .7c =- C', ~xT j !v!j:(f) ESR ~tiJlIJ& Vf*rJ'J 1=1:PX: 2: n0 24Na (f)

1iY:Mfj~'r[l'[I=£"5 <, r'i'DjjY:M~.:IlfEHi< a';J(f)r,,~:Ii:~f{lffi'F¥:t:~Et:s'rT 0 t~ 'r/)(f):ti}fj'E ~1T--::J t:: o

1.2 /"-1;;t r:'"/:} t- !J O)*r~& LJ~9:S1*!*$

Jd*~*3}~ ttl v\td~:Ii:~f{lffi'F¥:t:li1,. \ < 0i!'<!0 It), fljJtJT 01:f*~*3} t ~~I=bt~ 0 16)0

{i;~S':J It t (f) (: L --C , IfiLf*~~{~, IfiL?~!J /' /,~p1r:p(f)~5f*:0'fJTI=£---:5< r~.:Il~f{lffi7J> <!0 0 0

0- TI=~,*S':J, 1:4o/.J,*S~/tfqlttFf'=£---:5 < /~~ ;:t F~;I- ]-- !J &V~xT j )v!j:(f) ESR ~tiJllJ,

f*rJ'J 24Na .:Il 1= £---:5 < ~:Ii:~f{lffil= 01,. \--C, ~~, ~9:S~/tg~.~~.T 0 0

L2, 1 fBU:f < * (f) • pf(!I1E:l7\ i!' G(f) r,,~ :li:ttJE

1iY:M~$iij:lt (:"-C*r~:li:fEUJ< ~'3tltt::*I=li, !m.'t, I±\lfil, UOOirJi, Tmlt (:"(f)!I1E~;k:7J>,

1iY:!M~fBzli< ~ E3 7J' G 1 7J JH& (f) F~nC'3E:mT 0 17)0 fBzli < rJt:li:7J> r'i'D v\11 (:', J: It) m:a';JF~' C',

J: It) :IJ~/t{~!lt,*~:li1:~n>3E:mT 0 0 ~~m~1J~~(IAEAHi, t!tW{~~~~(WHO) (: mtJ L

--C, 1998 ~I= Safety Report Series No,2 18)~3EflJ L --c, ;EJ~1iY:!tH~~:li1:~ (: ~.:Il(f)~{* ~

~ L --C 1,.\ 0 0 .7c (f) r:p -c, EI.JI, J§:IfiL~fj~I=;EJ~S~ I=3E:mT 0 ~:li1:~i!' GfBzli < rJR:Ii:~ttJET

0¥¥:t:7J>~p~2:n--C1,.\00 EI.JlI=01,.\--Cli, ~:!iir¥:I:$]C'3Gy 0-J:(f)r'i'DrJt:li:(f)fBzI:f< ~'3t

It t~m-%, ff'Dxl& V!m.'t(f)!I1E:l7\7J>3E:mT 0 0 =-.n G(f)3E!I1Ea';JWHi, ~.:Il7J> r'i'D < It 01= L t~

7J>--::J--Cm:< It0 0 j:t~, fBzI:f<~:li:7J> lOGy f~1i(:lt0 (:~m, 20Gy 0-J:C'li*¥~n>Et

~£2:n, .7cn0-J:(f)~.:Il-Cli, ¥lm, ~JEft(:"(f)J: fJ1t~/t!l1E:l7\7J>3E:mT00

J§:IfiLi1U~(f)~:li1:~1=~f* L --C, IfiLp1~(f)~{~I=£---:5 < ~.:IlttJE¥:t:7J> <!0 0 0 =- (f)¥¥:t:li, :i!!i

'ffi(f)~~~~/t (:" IU3 It 0 IfiL?~~~ (: [P]t!f{(f)'FII~-C~1it!!:c' ~ 0 (: 1,.\ J tf-f~7J> <!0 0 19)0 fBzI:f
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< 1~t=Jit!fL< ~YTQ!J ~/~f*~0)~1~<!::~JrO)¥:l$]fBni< rJR:R:O)~f*;O~, /f77 <!:: L

-C Andrew t= J::. I) ~ 2: h -C It 'Q 20)0 =- =- C' Ij:, :fEUi < 1~ 24 ;0 '> G 48 a~rfl'0) !j:!flrf*fJl1fn.i~
r:p 0) !J ~/~f*~0)~1U)~J<t~ Q 4 --::lO)k*:R:t= --::llt '-Cm~ 2: h -C:to VJ, :fEU! < *O)1fn.i~r:p I)

~/~f*~O)~j,'fiJ{rPJ <!:: ;7"7 7 ~~,bt:TQ =- <!:: i= J::. I), JE:mT Q~~:a:-1tjjlIJT Q =- <!::;O~ C'~

Qo -to)1~, *OO::t-~:71) y-S;I=ibQfBUi< $iitMr.t~~(The Radiation Emergency

Assistance Center / Training Site, REAC-TS)lj:, iitJll.r:pO) y rJR$iito) "5 tJ, I) ~/":&1~

O)iJl~7E<!::k*:R:1t7E;oLtt:I=~:f!I!I't-:H=f§,*JiC'~Q 43 0)7~;q=~f*TQ't'Rfal=£~~, I) ~

/"f*~O)~YfiJ{rPJ I=w § L t;:k*:R:1t7EO)t;: 1160) 7)v:::f!J ;(A :a:-m:~L t;: 21)0 REAC-TS Ij:,

lcj.:t Gh Qk*:aIj::fJJWl 0) ~~ith'i:O) t;: 11600ili:ffl.s"Jt~ t 0) <!:: L -C It' Q;O~, =- O)~¥tC'lj: I) ~

/"f*~O)imXYf~rPJ;O'> G:fEU! < k*:R:fw::a:-1t7ET Q =- <!:: ;O~C'~ Qo ~ t;:, r:p,t1-:r <!:: y ~C'Ij:,

I) ~/"f*~O)~Yf~rp] 1= --::llt '-C, *~ t~~;O~1it~ 2: :hJ~lt ,t;: 116, 2 --::lO)>>:UHJR;O~i~t±T Q

1@;Jll.$iitC't~m C'~ Q <!:: L -Cit' Q 22)0 =- O)fml= t, OOJJ!f4'¥:~~~;O~1988 tf.I=JEflJ L
t;: fa1!rW: 23)O)fflilft <!:: L -C, T.::c)v / 7"~ I) .iij(0)~f1Iffi;O~~ 2: h -C It' Q;O~, :fEn:f < 1~ 0) s~
=:' <!:: 1= I) ~/"f*~0)~1~ <!:: k*:a0) ~f* :a:-~:c\:1~ L t;: :7" 7 7 ;O~~ '2: h -C It' Q0 -t 0)1~,

Alexander Gfj:, T.::c)v/f~ l).iij:O)~~~~'!:t-C, m:[ifft~Mk*I=~TQ1:f*O)~~

-S;7~:7' I=~T Q¥~1!r~ L-Clt 'Q 24)0

fJIO)J: "51=, r'i\Jlt\~~MrJR:a~W"5 :fl~Ji < .fY~:tolt'-CIj:, JE:mTQ~~~~I=£~ < k*
:a~f1Iffi;O~ PJ'figC' ib Q0 =- h GO)~itlj:, *JR:aIj: ib Qf.¥~O)i1illf!P9 1= ib Q <!:: 1tjjl~ 2: h Q ;O~,

m-~s"Jf~~fflffi<!:: L-Clj:ff~j]<!:: 2:hQ 21),22)0

1.2.2 ~~f*J<'M"O)MjjllJl=£~<rJR:S:~f11ffi

1ilI:Mk*I=:fEu! < L t;:)d*O)~[Il]~O)~~f* DNA 1=1j:, .:to)k*:S:1=r.t C-C~WJitfT <!:: It' "5 %

C'mflj;O~1: CQ PJ~,t1;O~ibQo .:to)t;:lI6, ~~f*O)J<~:a:-MjjlIJTQ =- <!:: t=J::. I) k*:S:1dfflffi

TQ =- <!:: ;O~PJ1i13<!:: f~Q 25)0 Af*O)~[Il]~C'~~f*O)J<~~tt:~i¥J~£I=M~C'~ QO)Ij:*ff4
1fn.r:p0) I) ~/":&1C'ibQ 26>0 ~~f*I=JE1:TQJ<~O)%filHj:, -th;O~3E1: Lt;:{r[ll]~)i!iJWlO)a~

WlC'~J~Q;O~, I) ~/"f*lj: DNA ~px:(S 1,1j)O)MO) Go '!t;:lj: G1Wlt=ibQo -to)***, 1: C

t;:mfIj fj:fi~ 2: h -C, ~~ f* 0) [PJ Cff~:5J' 1= J<~;O~M~ 2: :h Q =- <!:: 1= f~ Q0 =- 0) J::. "5 f~ J<~
~~~f*~O)J<~ <!:: It'"5 25),26)0 f~:to, ~[Il]~;O~ DNA ~px:(S Wl) <!:: ~[Il]~:5J'~(M 1,1j)O)rfl,C'ib

Q G21,1jI=mflj~§tlttd~iflj:, ~~f*O)-JJI= Lt.)'>.~Ij:1: Cf~lt't;:60, ~~5tf*~O)

J<~ <!:: :5J''m 2: h Q 26)0

2: GI=, ~~f*~O)J<~I=--::llt'-C'j:, ~[Il]~:5J'~;O~~J:l%=2:h-C7Ei);i~H=~Qto)<!::, 51~*5E

~ ~[Il]~:5J'~;O~Jl:Q =- I) 1:B=T Q t O);O~ ib Qo M*'j:/F2C7E~J<~, 1~*1j:2C7E~0)J<'.% <!:: 5t

'm 2:hQ 26)0 =- 0)r:pC'/F2C7E~0)J<~tj:, 1~'¥:!l&.JWf~ <!::"t= J::. Q{llO)IEI-:rl= J: I) §tItQ~~

;O~yf~<, 1ilI:MrJRt=MT Q1f;JJ<'t1;o~r'i\J It '0 -to)t;: 116, /F'tC7E~O)~~f*J<~O)MmIHj:, k*

A:~Hlffil=:tolt'-Cff~j]<!:: 2:h-Clt'Qo JJjUI:fEz~*t=--::llt'-ct, 1fn.i~1) ~/"f*r:pO)/F'tC7E~O)

~~{*.~O)MiJlIH=£~ < /~~ ~ F/;' }- I) ;O~lf@ffl2: ht;: 27)0 /F2C7E~0)~~f*J<'M"0) r:p

C', ~IJ ~ 0) ~~f*IO)WJitfTftffil[PJ ± ;O~~ "5 JJrPJ't1 C'¥J=**if L t;: to) 'j:, =lbffl(f*~~f*
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(dicentrics) ~ P¥lin00 =- (7)=iIJJJjj:{*f4l!13{*li¥f~l¥Jf~%~:a.- L -e:to VJ, M?jlIJiJ~~£ e-ib

o 0 ~ te-, fEzr;f < k#Rii(DH;:M L-e, J;rf (7) J:: 5 1;:3fi'1:iJ~V~ f(D)iJ~ M{iMt ~t Gn -e1.-' 0 25)0

f(D) = a D+ 8 D2+ C (1-1)

=- =- e-, a & t} 8 lii~~ OE~) e-, c Ii § ~3fi'1:$e-ib 0 0 =- (7) 5 t:>, m 1 JjHi 1 /)

(7)1J5I:Mk#Rt,/ H;:J::03fi'1:$, m2 JJHi2/)(7)1J5I:Mk#Rt,/ H;:J::03fi'1:$e-ib00 ~/i.J-W

griJ~r'i'Il1.-' a k#Rf~~"(7)1lIf~*,.:L-=fli, 1/)(7)t '/ r-e-21J(7)1JJJwr:a.-'1:L0PJ1m'~j:iJ~J%\J<f~00

Tf~b"t, 1-1 ~(7)m 1 Jl(7)*-9-iJ~:k~ < f~ VJ, *Atl:~ =lbJJjj:{*f4l!13{*(7)3fi'1:~lt(7)M{*

lik#R%I;:ili:< f~00 -15, Yt-=f(y k#R, xk#Rf~c!::')~~-=fk#R(8 k#R?;tf) ~1.-\-·::de-~/i.J~griJ~

{E;1.-'*,.:L-rl;:/)1.-'-eli, 1 /)(7)1J5I:M*JRt '/ H;:J:: VJ 21J(7)1JJJwriJ~3fi'1:T0PJ1m'~j:li{E;< f~00

:r: (7) te- 'rfJ, m 2 Jl(7)f§Ml¥Jf~~-9-i6~* ~ < f~ VJ, 3fi'1:~gr ~ k#R:liliJ::I;:~T~I;:ili:1.- 'M1*

~ t~00 k#R:S::~!J //-\t*I;:3fi'1: Lte-=lbJJjj:{*f4l!13{.*(7)~gr(7)M1*li, Yt-=f, ~-=f, ~~-=f,

r:F'~-=f, a *JRf~ ~" (7)fj;~ (7)1J5I:Mk#RI;: /) 1.- '-e$ < (7){jJf1'E~Me-~~1fGn-vitro)~~I;: J:: VJ ~~

tJf ~ n -e1.-' 0 "8) 0 IAEA Ii, :: n G(7){jJf1'E1;:£0 < Mi~~:a.-;fljffl L te-k#Rii~f{lffil;: /)1.-'-em

~t:a.--9-;t -e1.- '0 "9) 0 =- (7){t!u;: t, {E:k#RiifBzli < I;:MT 01J51:Mk#RI!1J~(7) §l1¥Je-7E~~n -e1.-'

0k#RJti~~i6~, fl~ (7)1J5I:Mk#Rt;:fflttt L te- !J / /-\t*I;::t3~t 0 =iIJJJjj:{*f4l!13{:*(7)3fi'1:~lt(7)M

i!l1J;f,jt~ 7'J' G{iJf1'E ~ n -e 1.- '0 30) 0

-15e-, =iIJJJjj:{*f4l!13{<$:(7)3fi'1:~gr :a.-*JRiin7E t;:;flJffl T 0 ~if, 1.-' < /)iJ~(7) ~p~A!lL~7'J~ ib

0 0 JfrL?~r:p(7)!J :-//-\t*li{*P'l:a.-fj~L-e1.-'0te-'rfJ, /f:t$]~f~fBzl:f< :a.-5t~tte-~if, ~*k#R

ii:a.-~ L < l&1IJ\~f{IffiT 0 PJ1m'~j:iJ~ ib 0 0 {6:~*GIi, r'i'Il k#R:Ii (7) fEz Ii < :a.-5t ~tte- Jm{ft(7)¥f7E

lie-~t~1.-'iJ~, fEzI:f< (7)fij)1:E'~j::a.-~f{IffiT0~it~ L-e Qdrit:a.-W~L-e1.-'0 27)0 =-nli,

/f$:7E~~~(7)f4l!13{*:a.-f!f"tfEzli < :a.-5t ~t-e - gr t ~1IIJl§:S1~:a.- L -e 1.- ,t~ 1.- '~III~§ (eU ~III~§)

,;:~ §l L -ek#Rii:a.-~f{1ffi L, im~(7)~itl;: J:: 0 ~* ~ (7)J::t~iJ~ G, k#Rii(7) fij)1:E :a.-n7ET 0 t

(7) e- ib 0 0 fEz Ii < k#R:S::7'J~ 3 Gy 0,J:(7)~ifli~III~§(7)~~(7)ffjlJ~ f~ ~'I;: J:: VJ, 3fi'1:~grli~

fpT00 :r::: e-, *15.HEzli< f~~'I;::t3~t0r'i'1lk#R:i1:fEzI:f< ",(7)~ffl:a.-i\iJi--e, 1-1 ~:a.-fmJE

Lte-M{*~i6~1~Gn-e1.-'0 31)0 ~GI;:, fEzli<*JR:liiJ~~L<r'i'Il1.-'~if, 1.2.1 ime-~c~L

te- J:: 51;:, !J / /'~t*li~j~(;:~jrT 0 PJ1m'~iJ~ib0 te-'rfJ, r'i'Il k#RiifBzIi < I;:MT 0f4l!13{<$:(7)

t~*{tpx:itiJ~{jJf1'E ~ n -e1.-' 0 0 1 /) §l (7)¥itli, !f! B3 GI;: J:: 0 § lb~tfte-(7)t~*{tPX::a.- §l

s~ ~ L -eOO3fi ~ nte-r'i'Il@]~$f4l!13{*t~*{tpx:ite- ib 0 32)0 :: (7)~ite-li, !J / /-\~liilWi

~ n, Ji{}:S1~lfHl1.@f~~'I;: J:: VJ tjt~T 0 *1II~§(7)~:a.-~jr ~ it6 :: ~ iJ~e-~ 0 0 ~ te-, t$ B3

GIi, f4l!13{*iJ~~~~tte-~f1jf;: ib 0~:a.-;tjJ 7"'~ ~ P¥lin 0 {t'¥!lo/.JJte-f4l!13{*:a.-5~ffjlJl¥J I;:il

WiL-e, f4l!13{*~~:a.-:S1tJTT6ti'i£J%\Jk#Riin7Eit:a.-OO3fiLte- 33)0 {jjJn(7)~itt, 1999 if

I;: Je'1: L te- 00 P'lfJJ (7) ~J'f.*1tc1;::t3 1.-' -e~ffl ~ n te- ~~.;V~ ib 6 12)0

*1tc1.&(7)~WJr1'l91;:bte- 0fBzl:f < ;g-(7) 7 T p ~7'/ 7":a.-15;t te-~if, *1IIJl§:S1~1.& t~1fT

o$:7E~(7)f4l!13{*~~(7)Mi!lIH;:£0 < ~itiJ~WJ1~ ~ n00 :r:(7) r:Fe-, f4l!13{*:a.-~~ L-e,

$:7E~~~(7)'iJ*ib 0 1.- 'lii2!:{ft :a.-:S1tJT L -e, *JRii:a.-~HffiT 0 FISH(Fluorescence in situ

hybridisation>i:t~i6\ib 6 34)0 1994 ifl;:3fi'1: L te-x. A r-;::. 71;::to ~t 61J51:Mk#R*1tc 1;::t3 ,t 6 fEz

f:f < ;g- (7) k#RiiIi, FISH it I;: J:: VJ ~f{lffi ~ n, = lbJJjj:{*f4l!13{*(7) 3fi'1:~gr (7)Mi!l'H;:£ 0 ~ 1~
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t::~ji{l!! ~ .~t~ 2: nt:: 35)0

0,J:0) J: J ~;::., r¥iJ It \~ji:a:-{=¥ J /JY:!tH~~~~i < ~;::'J31t \---c, ~13{;$:.1tO)5tfJT~;::'£--:5 < *~ji

~;HIIHi, 1IJfji:{7IJt ~ <, i&J~O)${~tlC't J1JtJ 2: n ---c ~ t::~*JlJ~ Ji:, 0 0 f: O)t:: 11), ~13{;$:.

1tO)5tfJT~;::.~1t \---c ~'1, WP~I3~ft*Ollf!.t& -aJi:, 0f~ltO)~III**:a:-~,~ ~ T 0 lJ~, /';;-1;;t r';/;I- I,

!J 0) 9=' C' t {§"*M':t0) r¥iJ It \*~ji~Sf{lffiyt ~ {ftt!:--:5lt Gn ---c It \ 0 0

1.2.3 ~ I T ;I- !vW:a:- JtJ It \ t:: ESR Hi~IH;::'£--:5< *~ji~Sf{lffi

/G~tmT :a:-13tJ~{;$:;fJN:a:-)i.tf~~~O)T f;::' flit \ ---C, -y -1l7 p i&: ~ L ---c Ji:, 0 I*!V =¥-i1E

~4~k~~, ~~~~~~~L---C/GMmT~f:0)~~~0)~~~~~2:~00~O)~a

~fiJJtJ L t::llti~IJYt~ ESR Hi~IJYt ~ P¥~lJ~, i~ljJ:E~C'~'1:@1tI*!v=¥-i1E~;::'.l:t{~tlT0~~

0)5!!a2: H ~~1[j2:~0 36)0 ~~!&~{tj:~iF,fiJt::T~~0)5!!a2: Ho~;::.~It\---Co)Jj., ~{;$:t/HtO)/G

xtmT~'1-y-1l7 pi&:~~~ L ---C, f:O)~q)(jilJ~ ESR {§%~ L ---ct~l±l2:n0lJ~, f:O)f§"%

5!!altl'1/G~tmTO)y.lt~;::.nW'JT 0 0
;7J:!lH)7~~;::'~!IT 2: n t::~~, ~WO) 9=' ~;::'I'1xtmTO)m[iJfH;::' J: t'), f: 0) rf'Jtf~ ~;::'*~ji~;::'J0 L t::

jiO)/G~tmT:a:-1:.L2:~0tO)lJ~Ji:,00 A{;$:O)*Jl.~C't, n!V;/r).b., !J ~ft~"C'fAJft2:

n0 ~ Vp:f-;/7/'\5'-1 HCalO(P04MOH2»~13tJiI, 1j'ft~'~;::'~'1, ;7J:M~~~I:f< I;::.J: t')

/G~t'~TlJ~~ < 1:.Jft 2: n 0 0 Tft b tJ, ~ n GO)1:.{;$:~*;t:a:--flO);7J:M*~~I±l{;$: ~ L ---c JtJ
It \t:: ESR lltmiH;::.£--:5 < ~ji~Sf1lffilJ~PJ1l~ ~ ft 0 28),36), 37)0 ;7J:M*~~;::. J: t') 1:.{;$:~*;H;::'~5E 2: n

0/G~tmT~ ESR Hm[JC'~I±lT0~lt~'1, ~~;::. 1950 '¥1i;~;::.¥a1ff2:n---CJ3 t') 28), 1960 iF

fi; l;::. ~'1lfJ~C7 '/ }- )0)1j' 0) ESR HiJllj C'*~jilJ~~Sf1lffi 2: n ---c It \ 0 38)0 ffl.tE, A {;$:O) 1:.f;$:JJ'j'U4 9='
C'I'1il I T ;I- !VWlJ~, ESR lltiJllj 1;::.£--:5 < *~S;:~Sf{lffi ~;::.JIi t JI L ---c It \ 0 ~ 2: n ---c It \ 0 28),37),39)0

~n~'11:.Jft L t::/GM~TlJ~fi]f1:ET0 /G*4!~C' Ji:, 0 C032'~~ < 13tJ;@S3~;::' J: 00 /G~tmT

O)*J:Et':t~'1, A O)~frJ J: t') t ft It \ t:: II) 28), i&J~ O)~~ ~i < $WH;::.~ V\ ---c, iiIT ;I- !vW 0)
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F-1 '/.&-a 8 *O)f3i*~(1)1IJfji:p]f~;::' J: t') iiIT ;. !vWO) ESR gti~OC'~f1lffi2: nt:: 13)0 =- O)fl'l
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Ii <$fjufHrH~ t, #,IJ :ZIi12S~fBzI:f <tl <!:::"7J> , ~.::r.T j. )VWq:r(1)~~t'~-T(1)1:.pjU~1fflj-T
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0 0 ';t tc., Delafield fi, rpt1-1-::r.;;flv:¥-5t1h~~f¥]~it~i:fl;:0 v' '"( (J).7j., f*r*J:7C* (J) »51:

M{~.f;:£-0<~.~f{iffifiRJmg(: L'"(V\0 65),66)0
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f*~~i9t!ET~~O)£$c!::~n, ~x.*JI/=¥~,~~v\-rt*~c!::L-r 1 n~4*-Gn-rv\~ 2)0

:t:O)t~'rh, 7t-rfffi:,j < ,~xt L-rtt, .%a:~1l: DT,R&V~flffi~1l:HT O)~f[j'[tt***I¥J'~~ L
<It~o ~t~, jjj(M~Mltf*~'t~?X:7C-C:cb ~, ~{Iffi~1l: HT O)£*!iiflz:'tll&lj)(~Il:c!:: IRJ

~,~ Jlkg c!::lt~o Ln"L, ICRP ttlj9:5jIJ!ii{lz:c!:: L-r, ll&lj)(rJRIl:O)!iiflz:-C:cb~!fv-1(Gy)
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-C:ft. < ,/~A:!v r- (Sy)~lJ.;t -Cv \0 0 ~5<j]*~.Jj: 2-2 Af~7f;T <!::.:j3 'J, ~{iffi~:li(~~ 2-1

(~7f;T;fr*Ji~O)*Ji~W1tt"*~WT ~* C-C'JJI±lT0 0 *Ji*!w1t{~~t 1!W?Xn-c:<b 0 o)-c:,
~5<j]~{lLO)£*~{lLf'j:IJ?k!I)(*~:li& V~{iffi~:li <!:: ~~(~ J/kg <!:: ft. 'J , !M'53IJ~{lL <!:: L -C~{iffi~

:li <!:: ~ C Sy tJ~lJ.;t Gn -Cv \0 0 ~-C O)JlI~ . *Ji~O)*Ji*!w1t{~~O)*,tf[]f'j: 1.0 -c:<b 'J ,

;frJll~ . *Ji*!O)~fi~J'j:, ~~.t5]~*Eni < ~{t:j::(~M L -c, 1it*!¥J~~O)JE1:. ~ A -) 0) S'd) 0

tljil-C:JE~2:noo Tft.bt:J, =-o)*Ji*!w1t{~~XO)~v\JlI~'*Ji~f'j:, 15XM*~*EUJ< (~~t

L-C$~~~i6~~nJ\>Tv \ <!:: v\;too

*Ji~ . JlI~4S HjJ!w1tt"*~X, WT
1:.mlj)j{ (f;('r1:: JJ~~, ~H1:: ~~) 0.20
~1tm ($§.) 0.12
fffiij~*' 0.12*1

ij$ 0.12

~ 0.12
ij~ijJt 0.05

¥Lm 0.05
ijn~ 0.05
k.'§.J3tL 0.05

~:tkIDlZ 0.05
&:rI 0.01

~~ffii 0.01
yJt 'J o)*Ji*! . JlI~*2 0.05

*1 : ICRP Publication 60 -C:1'j:, j;J~ TffIH~ 0)..7;. =- O)t"*~tJ~Jjffl2: n
o <!:: L -Cv \t::-o .:c0)1~, j\J~J::j'fM~fffiij~r-..I3;tnt::- 80)0

*2 : l3;tnoijJi~ . *Ji~
Ililj~, ij8J, /N~, ~JlI, iJti~], m:JlI, ij$JlI, ijijIDlZ&tf~'§

~{iffi*~:li& V~5<j]*~lAf'j:, <b G~ o15XM*~fjf~ J: o*Eni < f~~tTo$~ !J AI; ~~-O)

R1t-c:~~-c:~0 0 L7'J~ L, 2 /)O)w1t{~~XI'j:, <!:: t (~fE:~:liO)*Eni<I~J: 01it*!¥J~~

O)JE1:.~~1t L-CJE~ 2: n -Cv \0 0 .:c =- -c:, ICRP f'j: Sy ~{lL-C:~ 2: no 2 /)O)*~:lif~ /)v \
-C, .:cO){~Jtl~ft:j::~mJEL-Cv\o 2)0 {7IJ;tli, rl'1J15XM*)7~:li*Eni< ~{*j~~a~f'j:, <bo L

~ v\f!f[O)~:liYJ:: -c:JE1:. L, 7'J~/).:c O)1t~1t7'J~*~lAf~ J: 'J ~{~T o1itJEB"J~~O)JE~7'J~­

f,J)t!¥Jf~Fp~jj!! <!:: ft.oo =- 0) J: j ft., rl'1J~:li~{* 5*Ezfi < a~O)~:li~f{iffi(~M L -c, !M'f~~5<j]*)7~

:li''j:m:~Ij!¥J f~JjJtl-c: ~ ft. v\ <!:: ICRP l'j:lWJ1!r L -C v\0 2)0

-jj-c:, J::~O) <!::.:j3 'J ESR iit?.ltIH~£--5 < *~lA~f{iffif:t, ~WJB1ft.WJFFl'-c:JjJtl2: no PJfng

'r1:tJ~rl'1J It \0 {7u ;tf:f', 1.2.3 -c: t~A.t::- J: j (~, ~~0).f7U-c:*Ezli' < ~~'tt::-lf(~~t L-C 'b,

~X4'-1~ f~ llff.:r::. T ). !v1f~ Jtl It \t::- ESR iitill1j (~J: o*~!i~Hiffi7'J~~ff't!! 2: nt::- f7ljtJ~ <b 0 13),40),40,42),

43),44)0 ;tt::-, ~ 2-1 -C:*Ji*!w1t{~~O)rl'1Jv\ijj~, *Ji*!o) 5 t:J, WH~1'f, ij$, &:rI, m:Ifn.*,ft
*! ($iS~1!ill) ft. <!::,. ''j:1itJE!¥J~~-c: <b 0 ~'rH~~O)JE~ t Fp~jj!! <!:: ft. 0 17) ,18)0
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0-l::J1);cj~~7J" G, ESR iHjJlIH~£-0~ ~if{lffi ~:h0 jjO).:r.7 ;( lvj'iO)st ~t 0*,,'R:fi (.:r.7 ;J lv

j'i~M) 7J"G, {illO)H.%,3:*JRM~~IJjT0=-(:I:ttEu:f<~if{illiC'!lt~(:tt00 L7J>L, =-:h~

C'I~ =- O)~.~{,*7J"Wt,f)T ~ :htdYu 1:ttt <, :. O)~{*O)~~~Fj1:t~II~Ut:H~'b jj.:r.7;( lvj'iO)

ESR ~tiJlIH~£-0<tBzI:f < ~if{illiO)~IM (: ~:h -(\/ \t=- 28)0 -f::' C', *-liJf~C'I:t, .:r.7;( lvj'itJR

M7J" G{illO).%,3:*JRM"'0)IEM~1tt~.~{'*~~¥&JT 0:' (: ~~f)JO)mM (: T 0 0 jj.:r.7;(

;vj'i~13Cib -C, tBzI:f < f~ J:: 0.%,3:, *Ji*~r:p 0)-¥:I$]ll2krtz~:fi1:t, -f: 0)1E~7J" G 'b lEfI{jU~~ti~IJ

T 0:' U:t:;;r:nJfilgC'&:> 00 1Jf*O)H.%,3:~M, ~5<:MJRMtt (:"O)~if{illil~~T 0-liJf~C'1:t, 1J:j(M

tJR~*~t;.~*lJffl Lt=-~¥t7J"Jlffl ~:h -C1, \0 72), 73)0 !f,fl~, JlI~C'I:t, iH.f~\HHfTO)3£M (:

I; \? ;oj~~7J"G, 3 ?xjI;{**O)1J:j(Mt,,'R~*~1ii$~ijjj(~£-0~tlmET0-r/'7 j] lvP ~t.~*IJ

ffl Ltd~tJTn> ::tIm (: tt /) -C1, \0 0 .:c-:. C', *-liJf~c' 'b, ~k tt7't-i'-tBzI:f < ~{tf(~xt L-C,

.:r.7;( lvj'i*JR:fi (: .%,3:~:fiO)IE.m~tt~.~{*~-r /'7 j] lvP iH.C'~¥tFrT0:' (: (~ Lt=-o

2.2 -=c /T j] lvO ~t.f;:' J:: 6*Jla~~tJT
-r /'7 j] lV P iH.f~ J:: 0tBz1:f < tJRMO)~¥tFrC'I:t, J2J, T 0) 3 "":)O)Jj §l7J>m:~ (: tt 0 0

m.~<~st~0A~~~mT0-r~N

r2)tJRiDli:n" GA{*~ff~~ C'O)1J:j(M~~*~tlmET 0-r /'7 j] lvP ~t;.:=z~ F

®iH. '/ ~ =z. v~'/ '3 /'1~:t31,\-C1J:j(MtJR~*~{;R:IET0But~Iiifff

:.:h G1:t, ~;Hillixt~ (: T 01J:j(M*JRO)fl@:, tBzI:f < 0){**&tJMI~ J:: VJ );t C -C, Jltj)] (~{;R:

IE ~:h0o

2.2.1 ~'¥A{*m~

*-liJf~C'I:t, Cristy (~J:: /) -Cf'FJJX: ~:ht=- Medical Internal Radiation Dose (MIRD) ~

-rT'lV 74)~c5l:~L t=- 'b 0) ~{9!ffl L t=-o Cristy 1:t, {*rk] I~l& VJ J6lvt~'1J:j(M,~:t~j'if~ J:: 0ffJR:Ii

~~if{lffiT 0 t=- Cib, ¥Ll}c7J" GlftA~C'O) 6 "":)O)~~ftO)-rT'lv~OO3£ Lt=-o L7J" L, :.:h G
O)~:J :/7lvO) MIRD ~-rT'lV(~"":)1, '-CI:t, {*y!-1J:j(M~(~ J:: 0tJRM~¥{illi(~JlfflT 0~iJl~

t:tl; ,< "":)7J"O)rp~jj!lL~n"&:> /) t=-o {YIJ;t 1:f, §ffM"fIJiff~ (: [PJ C:* ~ c'&:> 0 t=- Cib, tJi*~ilIfm:{*~

(: L-C 0.05 7J"lj.;t G:h-C I; '01'j3 :l*Jb'R0) tJR:fi ~Jltj)] I~ ~HlffiC' ~ ttv'nJfilg'~:tn" &:> /) t=- 81), 82)0

~t=-, ICRP 7J"m1:Eo)*JH~ilIfm:{*~~tlj VJ ~-C 0j~iH~003£~:h -C:t3 VJ, ltJ1!n"IE~~:h-C

I; ,tt7J"/) t=-o ~H] 1:t, ¥Ll}c7J" GlftA~ C'O)~~~ftO)Y!-ff~tBzI:f < I~ J:: 0 ~5<1J*~:Ii~~nJTT

0t=-Cib, Cristy O)r1r:7T-Lt=-6"":)0) MIRD ~-rT'lV~£*(: Lt=-~'¥A{*tl~~OO3ELt::

81)· 82)0 :. =- C'1:t, ltJ1!O)J!!1JO, §ff~O)M:l*O)J£J!, 1'j3:l*~O)M:l*, {lz:tli~AAf~7J""":)iJrm~1

I~IE~T 0 tt (:"O)C5l:~n"1JI];tG:h-C1, \ 0 0 *-liJf~C',:t, ~ IJ n"OO3£ Lt=--rT'lVO) ?~, ~

2-1(aH~7f,TlftA-rT'lv~{9!fflLt=-o :'0)-rT';v1:t, ~RO)fffi]%,3:1r(fffi],~:tO)1:JIfi~, ¥Lm)

~*:tJ.-vm ;t -C:t3 VJ, .§tft l:t 174cm, !tP0)ft ~ l:t 80cm C' &:> 0 0
MIRD ~-rT'lvC'I:t, Jd*O)Y!-M, rk]ff~O).~· tJi~O)M:lXI:t, ~~C'~m~:h0~fij

~:lX~*JiJj.iJ:bit-C~m~:h00 =-:. C', ~H.~· *Ji*~O){lz:tlil:t, n[ilJ{*O)m:Iii~ ~ O)r:p~

{lz:ti:~ JJjC~{lz:tli (: Ltd~] 2-l(a)I~7T-TJ~N~* C'{;R:/ET 0 0 :. o)J~t~*1:t x $ffi&tJ y '~7J>*
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'1': hit,) ~mlL L, Jr h[tl) &. U'f-t: hl.!>.:c it-{"ilO)44!JO) Ji:O) hit,] ~ t~ <5 ,:':j ~ }j [t'Ht z '141i;.-.t

V) H'1'IL.~ it, I, h1.J> Ji:O) h[t,] ~ tt~,

~iiJF'1t:u) ~,J *~ -r 0 N'ilt, Jli1?H:liH&:I:f <(:.. et 0 'It jf './ tt .~" u)MJJt)~:"P~;U)3f;J}U),Mtl,i,g ~ it

--C-l ,tu!' ~;f:.. ':c e!) t:.. (JJ, (:Hu)k~ tP,:~ ,iHrlIi-C' 2: 0 .:c 7"'/v It (/{£ L tU) V J t-... .:c.=. -C', III1 I

l!)~yn L t-.. MIRD J~'!.:cT/vl:", :¥frt:,,(:",*jo)Jf~~k{r~),1"0) 2-3 JPI':J 2-6 u)tb\:(:..J V) IL.& L

\.., ['XI 2-Hb)I)J:: 'j :.::.:cT/vl»vfLj:r>'Ml.lj.)dLt:..

o

z

"'I j

I'XI 2-1 RI~l{,:~*liUft: &. U'1*i0)¥~ 111;0) ~Hrl' (:.. IH l ,t-.. Jdt;.:c 'j"IV

(a)t~rtA{,f;t~J~J e!)MffM H)) H~), (b) $Id-..;:.. ',Li\: L 1:-.. (!:i'I)).:c 7' Iv

['JI:: '("'/LN ~ it Z> l*i'o){,f;h~it, ICRP J»IL.t\-;J' 0 t'~P'iI' A 0)7-'- lj')'»);:" Itt) -':J '(T I,U45g) &. (J

HAI(2,lOg/cml)~~;\.5'(.::L --c- 20,6cm:l.~ Lt:.. A{,f;;'::ltfj.j1;'ko) (:+:j'7) >(/{J:-;j'-':J7J>, 1'X12-Hb)

I)).:c -'7" Iv -C' It I III";~[AJ -C' ;) ....)()ptj,h& (Iiif, {I if I, k qJ, {IIJl, J,~ 1J'i:) (':: jYh1j L t-..
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~ltr:pO)7t-=fO)iMil~li, -a-~n9~.tltO)t11tfiX:71:*&aWlll~*~ < {t{1¥-r- 9 0 *1iJf'JE-e

f'1!ffl lJ::_.:c7" /v Ii, :=EI~W1l&a 71:**JifiX:0)~ ft 9 iNJi~, ~$*Ji*~&a.:e O)ft!!0) fL$: 0)~ <

O)S:~)j-~t11tfiX:-r- 9,J(*Ji~0) 3 fj~O)f.tlt-et11tfiX: ~n"(v \9 0 qHJi*~O)71:**JifiX:&aWllli,

~ 2-2 (~~-r- MIRD-5 JM.:cT'/v 83)0) t 0) ~f'1!ffl L. t~o =- 0) r:p -e, ~ffJi~fi, ~mlt, ~~,

~t@ft (:"~:I:$]ltfr:L. "(!E~ ~n"(V \9 0

jn~ /)v \"(, ESR HmIH~~t*-r-9 O)li, ~J~H~1f1:E-r-9*~ 0.3mm fJ¥:0)x. T j /vltc-ctrJ

9 0 x.T j /vltO)71:**JifiX:f~/)v \"( fi, X ~fit~tJTft (:"f~ J::. ~ ~ijZfiffi ~n"(v \ 9;6,84), .:en G

1~£-0~.1±l L.t~T'-l;J ~~ 2-3 (~~-r-o -jj-e, JElitf~X.Tj /vlt~!E~ L.t~.:cT'/v:a:­

fflv't~~i!, .:e=-f~¥;tw~n9x.*/V:¥-O)fl!t;6'!J\~ < ft ~, 1it$~ifB(~£-0<.:c/,T7J/v

p i1H~~-efifffllO) J::. v '~ijZfiffi;6':wJ1~-e~ ftv \0 .:e =- -e, iliJJD L. tdffO).:cT'/vO)f.tltfi, x.T

j /vlt, ~:7flt, jfttft (:":a:-:I:$]ltfr: ~it"(!E~ L., *JifiX:li ICRP ;6'!E~-r-9t~~AO)T'­

l;J 55):a:-$:75'~ L."(~ 2-31~lb9fl!t(: L.t~o

=- O){t!!, fF~11fO)fEzli < ~fllU~ffl v\9~AHO)f~~fl!t(~ /)v \"(t~~ L. t~o :WfflUf.v.:li

im~O)f!P~11f (JH1) (: [RJt~H~~S:~~cm (: L., ~Ai1tliA{L$:(:*Ji*~~fiffiftf.tlt;6'*~~n

"( v\9 0) -e, ~Ji:l9x'iA{L$:O) :=E~S:~f.v.: :a:-t11tfiX:-r- 9 ,J(*Ji*~-ef~!E L. t~ 85)0

~ 2-2 fit~tJTf~ffl v\t~A fL$:.:cT'/v:a:-t11tfiX:-r- 9 Hlt0) 71:**JifiX: (x 1024 w: -=f/cm3 )

,J(*Ji~ ~ffJi~ ~$*Ji*~

(Wll : 0.9869 g cm-3) (Wll : 1.4682 g cm-3) (Wll : 0.2958 g cm-3)

:JC* 71:* 71:*

H 6.172x10-2 H 6.178xlO-2 H 1.804xlO-2

C 1.139x10-2 C 1.678xlO-2 C 1.485x10-3

N 9.927xlO-4 N 2.433x10-3 N 3.561xlO-4

0 2.348xlO-2 0 2.684x10-2 0 8.487x10-3

Na 3.361xlO-5 Na 1.231xlO-4 Na 1.472x10-5

Mg 3.668XlO-6 Mg 4.001xlO-5 Mg 5.423x10-7

P 4.606x10-5 P 1.981xlO-3 P 4.658xlO-6

S 4.077xlO-5 S 4.687xlO-5 S 1.278xlO-5

Cl 2.347X10-5 Cl 3.491xlO-5 Cl 1.357xlO-5

K 3.192x10-5 K 3.392xlO-5 K 9.112x10-6

Fe 6.704x10-7 Ca 2.186x10-3 Ca 3.112x10-7

Zn 2.908xlO-7 Fe 1.267xlO-6 Fe 1.180xlO-6

Rh 3.963xlO-8 Zn 6.490xlO-7 Zn 2.997xlO-8

Sr 2.306x10-g Sr 3.229xlO-7 Rh 7.708xlO-g

Zr 5.212x10-8 Ph 4.694x10-8 Sr 1.199x10-1O

Ph 4.589X10- 1O Ph 3.525x10-1O
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H

C

N
o

Mg

P
Ca

2.2

9.5

2.9

42.1

0.7

13.7

28.8

2.5

2.0

0.4

42.4

0.5

16.9

35.3

2.2.2 1i9:Mr,,'R*ilil*H":::J~ F
7t -T>i-'l'f~fBUi< \~ :J<tT~ ~::r. T ;,( lvi(~13bb t~ 13-JIAU~ • ~HHtO)rJjUIJi, 'I:~ j) A !y - F

.:c '/7 j) lvP :::J~ F EGS4 75)lJztJ{fLffl,;::L~-lf-:::J~ F UCGEN86)~*Jl.Ji-i'fbit-C~ItfJf Lt~o

=-O):)~, EGS4 liJJj{-T:m:% 17J~G 100 O):lG*C'f~pj(:~n~~i(r:pO)7't-T, 'I:-TlJztJ~~'I:

1-O)*ilil*~f~mETQ =- ~ i6~C'~ ~o EGS4 li!JP~$7J)G361:T o7t-T tt ~"O)~t"~ § I¥J ~
L-C0036 ~nt~ t~bb, ::r.*lV:¥~ ~ L -C 1keV 7J~ G~ 1000GeV j: C'O)7t-TO)*ilil*~H"

To =- ~ i6~PJ1flgC';bo 75)0 !f.f\~, ~i(r:p0)*ilil*\~:.f3"\-C, --cO)i~~O)~-T~::r.*!v:¥~\~

":>" \-Cil*§CB1 I~flk;;t 0 =- ~ i6~!f.f* ~ L-C;b 0 0 j: t~, ~i(r:p0)7't-T*ilil*\~":>" \-C Ii, 7t'l:

~j]*, :::J '/7° r '/~i5L, 'I:-T:J<t1:pj(: tt ~"O)::Et~ ~t13lifFffl ~t~mET 0 =- ~ i6~C'~ 0 0
EGS :::J - F(J){tffl \~ ~ t~ /) -C Ii, 1i9:Mr~iJJRO)%;tk, ;fjj(Mr~O)361:JJ{t, ~filJ"f:B1tt%;tk

tt ~"I~":>" \-C, ,;::L~-lf~7J)~!HJf)<t~~ T ~~{*\~i®:i'fT 0 J:: :) -lj-7"lV~7- '/~ fflfjT ~£,

~7J~;b/)t~o !f.f\~, ~@]O)MffrO)J:: :) tt**tt%;tkO)JE~T 0:f;Jj}i'f, ~~*tt:f:iII~~£,~ ~

Lt~o UCGEN Ii, £,~ttAfJ7"-?'~4;t~ =- ~ \~J:: IJ, =-nGO)7!}'@~1T -) =- ~ ~PJ

1flg~ Lt~ to)C';bo 86)0 rl*tt 3 {1z:lG%;tkO)JE~Ij:, UCGEN C'li MARS 87)0)*Jl.Jj.~b

it~filJ (Combinatorial Geometry, CG) %:rt:C'J'RJOlT~o =- 0) CG %:rt:\~ J:: 0 ~{ilJ:*{*(J)

§c~{tli, MORSE:::J~F88)ttc!::·C'ti®:ffl~h-C:.f3IJ, [][JJ{:ifs:, PHi, f1fpjr:ptt~"0)3ijz

:lG%;tk~#~~., JJ~~~rN~~C'JE~T~o ;fjj(M.*ilil*H"C'~~~A~.:c~vO)

.$, >i-%~~O)%;tk~, ~L<JE~Lk~~l3bb-C, =-hGO)~~~%~mJi-i'fbit-C

~JE Lt~o

2.2.3 7t-Tt13lifFffl WfffifllJztJj) ~Y"{*~

7t-T(J)*ilil*~~JETo~i(~ O)t13lifFfflO)Wfffif.7"~?'~ L-C, Hubbell Gi6~*j~ Lt~

PHOTX '7-{7"'71)~89)~ftffl Lt~o =-O)'7-{7"'71)-li, ENDF/B-VI O)~Sf{lffi{tfO)7t-T

it'Tffifl7" ~?' ~ L-Ct*ffl ~ h -C:.f3 IJ, 1i9:Mr~ 1lJ5~0"Jl!yC' t flj ffl ~ h -C" \~0

*1iJfJ"CC'ffl" \t~Af:ifs:.:c7"lvC'li, 2.2.1 C'~~t~ ~ :.f31J, TJk-'< ttYJtfiC'f~pj(: ~no1flJz tJ
~O)m~~, ~-C~i(f~LkUi(~Lko --cO)kbb, .:c'/7j)NPH.C'~, 1flJztJ~O)

~~:!ExO)-¥~.:lii6)[][1*~Sf{lffi ~hoo 1fl~ ":>" \-C Ii, '*131ffiHlJz tJ1fJ'R ffiC'ti --c 0)5I:**Jl.pj(:
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Zl'J1Jt 6 Zl', !f,f(;:, ~131ffJ[Zl'1J5I:M*,JjHEu£< (;: J:: 6 !I;~ft$$H11'~~C' ib 6mJfn.~1iI~~lfu.?W

Zl'Iv(;:~t*T 60 7c (f)t~ fi), RJlllgft~N '? lE1it(;:1f*JJ.~C:P (f)*~:a:~#31J L -C~f{IffiT 6 £:'~Zl'

;b60 7c:. C', -1:-/7:7JlVP1'lHJC'fi, 1f.p~jJJtf;:~v\-C, ¥;t~~h6.::r.*lv:¥~IHf.::r.*

lv:¥~fM~(f)¥t>]j{;.:r 7 lV.::r. /;7.. ~1'lH' Lt~o 1f*JJ.*i(f)¥t>]*9~:a:(t, .p~jJJt(f)¥;t~.::r.*lV:¥

~(f)1'lHHjt~~lf:a:C'~L -C.t±:l Lt~o ICRP EzLJ ICRU ft1f*JJ.*i(f)¥t>]MR:i-:Zl', 1f~1ID

(f)*$:i-:(;:ili:{ELC'~ 6:. C: ~m~ L -Cv \ 6 (f)C' 72),73), ::$:1iJfJi: t :'h~1*~ L t~o -15, ~13

1ffJ[(f):f;tlfft, 1f*JJ.~ C: ft*~ < BVt 60 ~lH:Hj:, ~131ffJ[EzLJ1f*JJ.~f;:%t L-C, !It{lLJt
.:r 7 lv.::r. /;7.. ibt~ '? (;:§t(t 6MRil:~1'lt.T6 t~fi)(f) :7J~-y{JH~~~;i: L, jjIiJ::g-(f)~{Iffi*~:i-:

HT ~ 2-7 J:tf;: J:: '? ~f{1ffi L t~ 81), 82)0

H T = 'LkT(EJ' (/Jr(EJ (2-7)
i

:. :. C', b(E): j{;.:r(;:%tT6*JI.*i T (f);b ~-Y{*~(Gy cm2)

<f> T(E) : *JJ.~ T (f)¥t>]j{;.:r 7 lv.::r. /;7.. (cm-2)

E: Jt.:r.::r.*lv:¥~(eV)

i : JtT(f).::r.*lv:¥~llli=% C'ib60

::$:1iJfJi:C't-1:-/T:7JNP~.C'1fmjJJt(f).::r.*N:¥~m.(f)¥t>]j{;.:r7~.::r./;7..~~.L,

~ IJ (7)t*~ Lt~-=F-¥t~$~f;: L -C, ~131ffJ[EzLJ1f~1ID(f)*$il:tt~~f{1ffi L t~o 7c(f)13t, :.

(f)tu;:j;---5 ~, 1f*JI.~~(f)¥t>]MRil:Zl~G~131ffJ[(f)*$il:~.t±:lL t~o

~ 2-l(bH;: ib 6liff(f)-1:-T'lv~{~ffl L t~ -1:- /7 :7J lVp~.C'ft, liff-@:{*(f)¥t>]MR:i-:Zl'~f{1ffi

~h60 -jj, *1iJfJ'E(f) § s".Ht, ESR ~iJl'H;:~t*T 6.::r.T j. !vlf*$:i-:~A~i¥JT6:' C: f;:;b
6 (f)C', 1f.p~jJJt(f)MR:i-:~f{1ffi C: [PJ~(f)*ffllEZl'£:,~C'ib --::d~o :.:. C', liff ~fA:PX:T 6 fr.llff;:~

v \-C ft, :7J ~-yt*~Zl'ffl;i: ~ h -CV \ftZl~0 t~(f)C', ~ 2-3 ~;: ib 6.::r.T j. lvlf, liff-@:{*(f)¥

:t>.Ji¥J ft7I:**Jl.fiX:& LJ Hubbell Zl'~HIffi L t~ If:i-:.::r.*lV:¥~'i~{*~ 90)Zl~ G, jjIiJ~(f);b ~-y{*

~~*fi)t~o tt.t3, 3000keV fJT(f).::r.*lv:¥~.p~JEx~;:~v\-Cft, :7J~-y{*~(f).t±:l(;:{~ffl

Lt~ Hubbell (f)T'~~ C: ~ili: Hubbell C: Seltzer Zl'~. Lt~T'~~ 91l C: *~ ft~fiftv '0

liff.p~jJJtf;: ~v \ -C ft, 1f.p~jJJt C: [PJf:i1H;:.t±:l ~ ht~.::r. T j. lvlfEz liff-@:{*(f):7J ~-y{*~ ~ .::r.*lV

:¥~m.(f)7lv.::r./;7..~l;:~rn:-C, jjIiJ~(f)tt~.t±:lLt~o 7c(f)13z, :'(f),~t~fflv'-C, -1:-/

7:7J lv P ~.C'@:~1~ Ght~liff.pJ,[jJJt(f)¥t>]*$il:Zl~ G.::r.T j. lvlf*$il:~.t±:lL t~o

2.2.4 ;flUE Lt~j{;.:rfEni<~f*
~ 2-1 (f)*J3.~m:mt*~(f)~f~Zl'r'i\iH.~.*JI.*l(f)~ < ft, {*#'&~ (mIt]{*) (;:1'¥ftT 60

-jj, NJHf~l;:ib6.::r.T j. lvlf*$il:ft, [PJ-(f)j{;.:rfEni < TC'tf~fi < ~fflffiC'!I;~ft:.h G

JlJi~*$:i-: C: gUt 6 RJ1JlgtEZl';b 60 7c:. C', ~ 2-2 l;:7f;T J:: ") ~;:t~g ~ h t~jjrPJ Zl~ GA{*(;:
¥1Tt:"~Ac: L-C, 1J5I:MMRZl'AMT6v\< ~Zl~(f)~{*~{&gLt~o A{*,,(f)Jt.:rt:··~A(f)

AMl5rPJ(e)It, 300
T~~{t~itt~o :':'C', AMjjrPJ(f)1EJ~e c:JR~M~{*ftTilc(f)~

{*Zl';b 6 0

19



• MJJAM (AP~M) 7't-=fi?~)d*O)MjijJ::I)AMLt;:~f* (~2-2C'e=00 )

• ifJJAM (PA ~M) 7't-=fi?~ Af*O)oiFfffii J:: I) AM Lt;:~f* (~2-2 -c' e=180° )

· ~1~.IJJJAM (RLAT JffiM) 7't-=fi?) )d*O)~flIJJJ J:: I) AM Lt;:~1* (~2-2 C' e=90° )

· ft:1~,ljJJAM (LLAT ,~M) 7't-=fi?)Af*o)ft:f~IJJJ J:: I) AM Lt;:~1* (~2-2 C' e=270° )

YJ::.0)~1*li, **t)JjU::fF~13'-O)fll:tii?~ij(*/)t;:~f*C'~ffl ~:h~o ::::.:h1=1m;t -C, MftFf
~:ht;:IlJJ%a:*JR:i,:I=--:)1I\-Cli, ~-cftlm:O)AM~f* (~2-2 C' e=0° i?~G 3300 *C'O) 12

~f*) O)fifiO) Ifl:f$]fifi:a.-.te Lt;:o Y T, ::::. 0) Ifl:f$]fifi l:t , ~ftl1t-¥:f$]~f* (Angl.(Avr.)~1*)

0)1ificT~0 ::::'O)fifili, f*O)*$ib:a.-epiL'I=-#f{ttJ*m:C'@]~~it~@]!lii~M~f* (ROT A
M) O)J!iffU:: tt ~o ::::. 0) ROT ~M~f*li, *-0)IiJ:M**tlJli:i?);b~~C'7/7"'AI=lJJ~@]
~ fF~13'-;b ~ 11 \lijij~l=gi?) ~**t)Jj{i?~ G0)1BzI'f<1=--:)11 \-C J!iff!,:a.-4;t ~ C ~:h~ 72),73)0 -{­

0) t;: th, ~ijEep :a.-13F1@]T~ 13'-;b ~ 11 \ ti~ijEt1J~0)1Bzi!§=:a.-§t ,t t;:0~0)~ <t= --:) 11 \-C t:t,

AngL(Avr')~f*C'MftFf ~ :ht;:**:i,:fifiti J:: 11 \J!iff!, :a.-4;t~ to) CWH~ ~ :h~o

~ 2-2 ~ftFfC'~JE L t;:7't-=f~M/:;t;l- r !J -0)tfJ!t.~

(e =0° : MJJJffiM, e=900
: ~1~IJJJAM)

!Jo/.JW C~:L;f;v:¥-O)7't-=f CO)f§lif'Fffl O)#f{~t:t, tA:JJX:T~ 5i:**JlJJX:t=*~ <{t(iiT~o

1'9IJ ;{Ji, J::.~O) Cj3 I) fF~13'-t=lf fflT ~#~:i,:fjtli, Af*:a.-tA:JJ.X:T ~*Jl*~ C"¥fiffittf~JJj'(-=f:i:

%O)f~W:a.-ffl1l\~::::' Ci?~ttY!~:h-C1l\~ 85)0 -JJC', jjO):Lj-;I- ;vWI:t:fJ;v/,J/ A(Ca)~

!J /(P) C11 \/) t;:Af*O)r:pC'tJJj'(-=f:i:%O)*~tt5i:*:a.-~<1J;tJ>0 -{-::::. C', ~ 2-2 O)AM7't

-=f0):L*;v:¥-I=--:)1I \-C t~11:: ~itt;:~1*:a.-1&JE Lt;:o ::::.::::. C', 30keV *i]lfijO)7't-=fi?~AM

Lt;:~fl, jjl=:rUJ¥T~ MI=j1jH}~*Jl.C'IQkJj)( ~ :ht;: t;: th, ::::.:h:a.- AM7't-=f:L;f;v:¥-O)T
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~.IHI!'U:: L t::.- o *t::.-, J::J.lZI:f/v:¥~li, Jt: < JtJ v' Gn""(v' 0$XMi&tRiJJlt&V~mr:p0)y *JR~

~llVC 2500keV e: Lt::.-o i'lt.i;kftfe: L""(, =-O)Fr'I'O)I:f/v:¥~ililID0)8,~(30keV,

50keV, 80keV, 150keV, 300keV, 662keV, 1250keV &V 2500keV)~~J:fLt::.-o
EGS4 Ii, ~-r&V~JJ/~-r0)$XMi&tR~~tt~mET0=- e: iJ~PJfi~c';b0iJ~, =-nGO)=~

1tJ~*1l-r0)~~~~1l Ltd~-g., H.~Fr'I'iJ~:i= L <*< tl. 00 -jre, 3000keV gTO)7t

:;.AMI~X1 L""(Ii, ~-rli3E1: Ltd~~I~I:f/v:¥~~f1-9-T 0 e: v':> :¥t:tC't, 19-DJl~

i&tR:li0) J: v'Jlif0fal~-9-;t0 e: ~n""(v '0 72),73)0 .:c =- C', *-liJf~C't, =~1tJ~*1l-r0)~~

li1TVf, 7t-r0)dj.1~/)v'""(~~i'lt.~1T.-=d::.-oij!ft1)~H.I~:t.Ht07t-rO)jJ'/ j-.::;f"7I:f

/v:¥~li 10keV e: L""(, .:cngTO)I:f/v:¥~I~tl..-::d::.-~-g.li, *ll-rO)i!1:!ji!,JF~l1::.bOt::.-o

2.3 **:S:~JttJfO);f.jlf*
*- 2-41~, AP ~M, PAJl~M, RLAT ~M, LLAT ~M&VAngl.(Avr')i;kftfO),MHi< I~

/)v \""(, 19-JJJ~i&tR:li&VI T} /vi&tR:liO)Mt'T*~HI:!:~~To JJJ~i&tR:lili, 19-7t-rI:f/V:¥~

I~/)v \""(, ggFr'I,r:pO)*JR:liO);j:\jtJ e: tl. 0gg~jJ~,?mt::.- ~ O)fall~;f;lHtHt L""(:f3 ~, ~fll:li~

""( Gy/Gy e: tl. 0 0IT} /vWi&tR:lili, 1lEfO)~fJ~~&V 5 /)1~5j-1PJ L t::,-19-fJ~~C'H. L t::.-iJ~,

=- =- C'li~fJ~~I~vt::,-0¥:r.tJfal~~To tl.:f3, Q ij~rkjl~:f3't 0 I T} /vW*~:liO)ggFr'I'5j-;fff

Ii, ~~C'~¥*IIII~~*T0 0 *t::.-, 1:m~O)i&tR:liI~/)v ,""( Ii, ;fff~&V~~~O)*JR:liI~1JD;t

""(, fjIj]:;Jf~.:Wj¥:t:>JLtdalt~To *- 2-1 C'7!~ O)ij.~e: ~n""(V'0~' *Jl~O)i&tR:liO)

1& ~ ;}',&V\ I~ /)v'""( Ii, W:liltJ!I!¥:t:>J&V.*¥:r.tJiJ~1N:~ ~ n""(v\0 72),73)0 .:c =- C', =- n G

9~O)DJI~·m~0)i&tR:liO)W:liltJ!I!¥:r.tJ&V.*¥:r.tJ~~.:cn~n(A)&V(B) e:L""(

~To =- 0):> t:>, W:l:ltJ!I!¥:r.tJ~ e: 0 t::.-~-g., W:l:O)*~ tl.fj1J~O)*JR:liO)*-9-iJ~*~ < II.

0 0 fj1J~ Ii, ~Jtl~IIlt:l$]-I~5j-;fffT0 t::.- 61), 7! ~ O)DJI~O)i&tR:I: (A) liJd<fs:.r-..O)7t-r o)

AMImfliJ~~ L < tI. 0 i;kftfFr'I' (AP &V PA ~MO)Fr'I', RLAT &V LLAT JffiMO)Fr'I') C'II
It~ L <tl. 0 t::.- o

"E- /7 jJ /vO H.O)f~fJHttli, ~iJZfiffi*5*iJ~f'¥:>/FiiiJ' ~ C',¥Ij~~n00 =- O)/FiiiJ'~ iJ~

*~ V\~-g., *5*li~,*~/1. ~ tl. v' e: ~n0 77)0 -AA:I'!':1I~!L~O)f~JtJ I~J: ~ 3E1:T07t-r

~~:ij'j1JD~ it0 =- e: I~ J: ~, ~iJZfiffi*5*O)f~fJHtt ~ (R]J:. ~ it0 =- e: iJ~C'~ 0 0 *-liJf~C'li,

Jfl1:T 0 7t-r~lii::""(O)"E- /7 jJ /vO i'lt.l~/)v ,""( 107 11 e: L t::.- o 19-JJJ~*JR:l:O)fall~xtT

0tJ~f~~0):f§X1fal(fractional standard deviation, g T f.s.d.)li, f*O)~B'~I~m0/J' ~
tl.~~~lifJj;I:f/v:¥~7t-rAMI~/)v\""(, f*O)MImJli < l~fffrT 0If1ik~, ;fff~I~/)v ,""(

Ii PA ~M, ~1PJ{*O):;tB'~I~fffrT 0~fJJJ&VtcWI~fffrT 0 'F\'lilXX1fjlJJ J: ~ 7t-riJ~AM L
t::.-~ftfC'*~ < tl.0 t::.- o AMI:f/v:¥~ t f.s.d.0)1all~~.~-9-;tt::.-iJ~, 50keV gJ:.O)i;k
ftfC'li, II e: Iv ~'O)JJJ~ . *Jl~I~/)v'""( 5%grkj e: tl.0 t::.- o 30keV O)7t-rI~/)v '""(Ii, 19­

ijJ~I~jIjJiT 0 MI~Af**£I.~I~Il&Jj)( ~ n0ii$iJ~r'i'1J < tl. ~, DJI~i&tR:li0)1aliJ~~1119J~i19t&L
t::.-iJ~, f.s.d litMtJ. 10%grkje: 11.0t::.-o *-liJf~0):Etl.~~t'TX1~C'm0IT}/vWi&tR:liI~/)

v\""(Ii, 30keV 0) PA ~M~~v'""( f.s.d Ii 5%grkjC'm0 t::.- o

IT} /vWg51-O)JJJ~, *Jl~I~/)v \""( Ii, ICRP &V ICRU li7t-r51-B'~fBZli < i&tR:l:I~X1
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TQil#RiI:~~t~~~~ L '"(v\Q 72), 73)0 =-nGO)OO~~~i6~0~ L '"(V\QT'~~ ~ *~Hff~

*O)~t:t, lJJJ~il#Ril:l;:-')v\'"(, 50keV 0-J::e't:t~:g:~O)-WIJj}~~V\'"(10%0-P'le'ib 'J, 30keV

O)~~I;:-')v \'"( t, ~<t:t 15%0-P'le'ib ":) t~o ~5i"JJ*JRil:I;: -')v \'"( ti, J::t:~PJ1i~ftAngL(AvrJ

0-j}O)~ftt:e'~<ti 5%0-P'le'~~L, ~'"( 10%0-P'le'~~L t~o

1i1UEi¥J~~0) JEffl.~TiJl1JT Q~~ I;::ff~ ~ ft Q ~!f0) -¥:t6J*JRiI:ti, 1JJJ~*JRiI:~~!f~;:b

t~ ":) '"(j{il:1\if.me'-¥:t6J L '"(~I±l L t~o '"! t~, ~!fiI#RiI: ~ J::t:~T Q t~ 60, 2-2 :c\:~ JtJ v\'"(~
WJ*JRiI:~~1±l Lt~o ICRP ft~"i6~1'N:~L'"(v\Q~'J O)DJI~O)*,,~il:ti, RLAT &OLLAT ~

M~~e'.~Qk60mm,~*-¥:t6Jm~~~GnQo~=-e',~WJil#RiI:~~'JO)IJJJ~O)iI#R

iI:(B)f;: ib Q iii~ JtJ v\'"(~ I±l L t~o

~ 2-4 0)~5fLt 'J, x T } ;1--j{*,,~il:ti~f*i¥JI;:0-r O)!f.f1l:j~n> ib Q ~ $iMi5 2: nQo

. 150keV 0-r 0){~x-*;1--:¥~]I:; -TAM~ itt:e', fill 0) IJJJ~*JRiI: J:: 'J t ffi!JViH;: r'aJ <ft Q 0

. AM]I:;-Tx-*;1--:¥~i6~rRJC~~, AP~Me'~*~ft'J, PA~Me'~/J\~ftQo

0-J::O)f£J{rPJ&O~!fO)*BUi <il#RiI: ~ 0) ~t~l;:-')v \'"( ti, {jzi1J0-~e'~~TQo

~ 2-4 '-!fi~7J~?ib t~ 'J O)::frDJI~' *JUlO)IJJJ~*JRiI:& OxT ;/- }vj{il#RiI: (~flz:: Gy/Gy)

(a) 30keV

D.~ . *Jlff,l AP PA RLAT LLAT AngL<AvrJ

(e =0° )*1 (e =180° )*1 (e=900 )*1 (e =270° )*1

±Jt~ 0.561 0.053 0.016 0.017 0.199

(ffiJl) 0.993 0.042 0.023 0.025 0.348

(JY~Jl) 0.130 0.063 0.008 0.008 0.051

~-e1ff~ 0.112 0.196 0.065 0.065 0.117

~~~ 0.236 0.053 0.030 0.027 0.088

~$ 0.277 0.357 0.078 0.068 0.193

¥t 0.440 0.050 0.002 0.127 0.157

D§?!m 0.459 0.038 0.025 0.024 0.150

¥Lm 0.811 0.036 0.358 0.357 0.417

HIJJJ 0.310 0.157 0.138 0.003 0.155

it)!! 0.068 0.051 0.029 0.033 0.049

~:l*~ 0.817 0.014 0.302 0.305 0.373

Sui 0.641 0.631 0.462 0.462 0.566

1f~ffij 0.561 0.729 0.439 0.439 0.564

Y! 'J 0) IJJJ~(A) 0.363 0.358 0.180 0.184 0.285

Y! 'J O)D.~(B) 0.194 0.224 0.051 0.073 0.141
xT };vj{ 1.94 0.038 0.883 0.885 0.917

~!fiI#RiI: 0.404 0.414 0.227 0.227 0.332

~ 5i"JJ iI#RiI:*2 0.385 0.129 0.078 0.087 0.182

*1 : ~ 2-2 ~U31tQ eO)fii

*2 : ~flz: Sv/Gy
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(~ 2-4 O)*§c~)

(b) 50keV

!JjtMr • *Ji~ AP PA RLAT LLAT Angl.<AvrJ

,'tJll~ 1.29 0.468 0.209 0.194 0.600
(~~) 1.78 0.307 0.189 0.190 0.725
(g~~) 0.798 0.630 0.229 0.197 0.475

~131fti 0.428 0.700 0.288 0.288 0.447

;'ffi~~ 0.971 0.515 0.256 0.277 0.529

~$ 0.986 1.11 0.437 0.393 0.749

~ 1.34 0.464 0.064 0.655 0.651

M?ID't 1.36 0.403 0.218 0.218 0.600

:¥Lm 1.39 0.283 0.663 0.663 0.773
~f!Jjt 1.07 0.716 0.703 0.068 0.657

itJ1! 0.569 0.580 0.265 0.300 0.457

Ifl~~ 1.54 0.224 0.826 0.853 0.884

mJl 0.941 0.917 0.664 0.665 0.819

1f~oo 1.95 2.40 1.38 1.38 1.86
71 fJ O)DjlMr(A) 0.895 0.880 0.469 0.488 0.718
71 fJ 0)DjlMr(B) 0.744 0.799 0.276 0.388 0.584
IT ;/-/vW 7.23 0.889 4.33 4.39 4.13

~~*JR;I: 1.06 1.10 0.615 0.613 0.887
~5<j]~;1:* 1.07 0.612 0.335 0.377 0.630

(c) 80keV

!JjtMr • *Ji~ AP PA RLAT LLAT Angl.<AvrJ

1:7Il~ 1.55 0.864 0.384 0.401 0.868
(~~) 1.86 0.569 0.335 0.346 0.901
(g~~) 1.23 1.16 0.433 0.456 0.834

~131fti 0.727 1.10 0.502 0.501 0.743

;'ffi~~ 1.42 0.989 0.453 0.493 0.848

~$ 1.29 1.43 0.658 0.608 1.02

~ 1.70 0.799 0.166 0.977 0.947

D9?ID't 1.70 0.734 0.436 0.444 0.903

:¥Lm 1.53 0.490 0.794 0.791 0.923

~f!Jjt 1.44 1.07 1.03 0.166 0.954

itJ1! 0.941 1.10 0.522 0.577 0.830

Ifl~~ 1.77 0.481 1.12 1.11 1.15

mJl 1.07 1.06 0.773 0.771 0.943

1f~oo 2.16 2.56 1.47 1.47 2.01
71 fJ O)!JjtMr(A) 1.16 1.15 0.641 0.665 0.950
71 fJ O)!JjtMr(B) 1.07 1.16 0.468 0.616 0.873
IT ;/-/vW 6.97 1.66 4.68 4.72 4.45

~~~. 1.32 1.35 0.777 0.773 1.11

~5<j]*~;1:* 1.38 0.979 0.531 0.597 0.912

* : *{lz: Sv/Gy
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(:£:( 2-4 (J){fJC~ )

(d) 150keV

JJJ~ . *Jl*~ AP PA RLAT LLAT Angl.(Avr,)

1:m~ 1.38 0.842 0.404 0.416 0.823
(~~) 1.59 0.619 0.385 0.384 0.832

(~~:!~) 1.18 1.07 0.423 0.449 0.816

~~~M 0.837 1.20 0.602 0.602 0.852

iffiM! 1.26 0.881 0.457 0.494 0.807

~iP 1.14 1.28 0.628 0.578 0.931

¥J 1.45 0.785 0.208 0.902 0.867
ij~JV't 1.48 0.754 0.455 0.457 0.839

~Lm 1.34 0.550 0.762 0.765 0.867

n. 1.25 0.977 0.939 0.205 0.875

~J!! 0.908 1.04 0.545 0.600 0.816

ffl:l*~ 1.57 0.522 1.06 1.08 1.07

Sui 1.02 1.00 0.766 0.765 0.908

~*iID 1.32 1.53 0.915 0.914 1.23
y! ~ (J)DJ~(A) 1.06 1.07 0.634 0.654 0.898
y! ~ (J)DJ~(B) 0.975 1.05 0.482 0.610 0.826
I-r)JvW 2.81 0.995 2.04 2.02 1.95

~Jt~. 1.11 1.13 0.687 0.684 0.946

~~~M~.* 1.24 0.936 0.537 0.595 0.866

(e) 300keV

HJ~ • *Jl*l AP PA RLAT LLAT Angl.(Avr,)

1:m~ 1.16 0.790 0.460 0.462 0.767
(~~) 1.35 0.651 0.465 0.468 0.786

(~~~) 0.970 0.930 0.455 0.455 0.749

~~~1tm 0.813 1.08 0.612 0.610 0.815

iffi~~ 1.10 0.802 0.458 0.523 0.751

niP 1.03 1.14 0.616 0.575 0.865

¥J 1.23 0.738 0.249 0.838 0.795

H~JV't 1.23 0.722 0.491 0.481 0.775

~Lm 1.19 0.619 0.762 0.754 0.836

nfDJ 1.10 0.892 0.863 0.241 0.805

~J!! 0.840 0.943 0.564 0.612 0.769

ffl :l*H* 1.34 0.539 1.03 1.02 1.00

Sui 0.962 0.952 0.758 0.759 0.873

~*iID 0.992 1.11 0.717 0.717 0.931
y! ~ (J)DJ~(A) 0.977 0.983 0.628 0.646 0.847
y! ~ (J)JJJ~(B) 0.888 0.942 0.470 0.602 0.767

I-r)Jvj( 1.45 0.604 1.16 1.17 1.09

~Jt~. 0.985 0.996 0.652 0.650 0.859

~~j]~.* 1.08 0.863 0.548 0.598 0.806

* : ~{lz: Sv/Gy
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(~2-4 O)~~)

(D 662keV

HI$: • *Jl.~ AP PA RLAT LLAT Angl.(Avr,)

1:.m~ 1.09 0.851 0.552 0.553 0.779
(~~) 1.22 0.777 0.587 0.561 0.794
(JJ~~) 0.963 0.924 0.516 0.545 0.765

7}F~1f1tl 0.824 1.02 0.658 0.659 0.820
;f.6=~~ 1.03 0.864 0.514 0.549 0.768

~$ 0.990 1.08 0.660 0.628 0.864

~ 1.11 0.775 0.346 0.842 0.796

~~JVI: 1.11 0.751 0.578 0.566 0.785

¥Lm 1.12 0.721 0.792 0.796 0.845
ijfl!Jl 1.02 0.879 0.853 0.327 0.802
itjH 0.808 0.893 0.605 0.680 0.777

~:l*~ 1.23 0.574 1.02 1.03 0.986

Eu' 0.941 0.938 0.783 0.784 0.873

1f~oo 0.917 1.00 0.704 0.704 0.872
Yj; V) 0)1!Jl$:(A) 0.946 0.950 0.670 0.685 0.847
Yj; V) O)I!Jl$:(B) 0.860 0.894 0.550 0.646 0.774

x..-j- ;;l.;vj{ 1.10 0.549 0.982 0.970 0.907

-i:Jt~:Il: 0.946 0.954 0.684 0.682 0.850
~5<j]~:Il:* 1.02 0.874 0.607 0.649 0.811

(g) 1250keV

1!Jl$: • *Jl.*"l~ AP PA RLAT LLAT Angl.(Avr,)

1:.m~ 1.06 0.893 0.640 0.640 0.830
(~~) 1.14 0.820 0.660 0.654 0.825
(JJ~~) 0.975 0.966 0.620 0.626 0.833

7}F~1f1tl 0.859 1.01 0.721 0.720 0.854
;f.6=~~ 0.942 0.823 0.607 0.615 0.790
~$ 1.00 1.06 0.731 0.706 0.896

~ 1.09 0.815 0.450 0.878 0.832

D~JVI: 1.06 0.778 0.658 0.655 0.823

¥Lm 1.10 0.801 0.839 0.834 0.881

~fl!Jl 1.00 0.896 0.880 0.426 0.835

itJi 0.837 0.883 0.691 0.732 0.825

~:l*~ 1.15 0.660 1.06 1.04 0.995

EU' 0.953 0.947 0.821 0.825 0.898

1f~oo 0.927 0.990 0.749 0.749 0.891
~ V) O)Ml$:(A) 0.957 0.959 0.732 0.744 0.879
Yj; V) O).$:(B) 0.887 0.898 0.622 0.708 0.810

x..-j-;;l. Ivj{ 1.04 0.624 0.956 0.956 0.889

-i:Jt~:Il: 0.955 0.961 0.742 0.739 0.880
~5<j]~:Il:* 0.999 0.889 0.682 0.714 0.847

*: *{v: Sv/Gy
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(* 2-4 O)rm~)

(h) 2500keV

S~ • *,.[~l AP PA RLAT LLAT Angl.(AvrJ

1:7@:!l* 1.00 0.941 0.731 0.716 0.855
(~~) 1.10 0.891 0.774 0.754 0.866
(~R~) 0.905 0.991 0.688 0.677 0.844

~B~fht 0.896 1.01 0.790 0.791 0.892

**~~ 1.00 0.913 0.653 0.688 0.838
~$ 0.996 1.04 0.805 0.783 0.923

f"l 1.05 0.873 0.570 0.920 0.884

M?JV't 1.05 0.830 0.747 0.754 0.863

?lfLm 1.09 0.866 0.888 0.888 0.922
ijf~J 1.01 0.923 0.917 0.548 0.877
it)!! 0.899 0.934 0.744 0.773 0.867

~:I*!l* 1.08 0.784 1.05 1.05 0.995

Ei.JI 0.959 0.957 0.865 0.866 0.921

~*OO 0.950 0.998 0.811 0.811 0.924
¥! VJ 0)S~(A) 0.972 0.974 0.800 0.811 0.914
¥! VJ O)S~(B) 0.899 0.913 0.703 0.776 0.851
IT;' A-W 1.07 0.718 0.962 0.985 0.922

~~*~. 0.971 0.975 0.807 0.806 0.914
~5<j]~.* 0.994 0.931 0.754 0.781 0.883

* : ~fll: Sv/Gy

2.4 ~~tJr~*O)15~

2.4.1 IT;' JvW~.~':'MT.o{t!!O)S~*~.O)ttO)AM7't-=t-I*;v::¥~'.:.)("tT.o~f~

IT;' ;vW~.'.:.)("tT.o*,.[~lm.i;fJM$(O)*~i<dJ~ • *,.[~lO)!J~~.O)lt'':'0~ \'"(, A

M7't-=t-I*Jv::¥~'':'MT.o~f~O)~-=t-~~ 2-3 '':';r-To 1:Jil!l*, **~~&af"l~i, ~t~~\

~.~~ LJ~ AP lffiMO)fl!!C'IT;' ;vW*~.<!:: tt~ L t~ (~2-3(a» 0 ~~, ~1"J{,*P'JC'7.k~

j]T~l]'':'0~ \'"(, ~I,t:l$]--'':'0;fIJT.o~~~~&a~$O)nJ~*~.'':'0~\-C~i, Angl.(Avr')~ftf:

C'O)IT ;'JvW~.~':'MT.ott~;r-T(~2-3(b»0 it:t3, ~ 2-3(aH':';b.oS~~i~'"('J:*Jl.

~lC'flfpx:~n'"(~\.oiJ>, ~ 2-3(bH':'~TS~' *Jl.~~0)9JiW'ili~\'':'#'Vt.oo

* 2-4 C'~,.:.;r- Lt~ J::. '5 ,.:., AM7't-=t-I*Jv::¥~;6> 150keV .8TC'~i, {mO)S~*~.~i

IT;' JVW~.J::. VJ t!lllJi~'':'f.th \:: <!:: ;6>~ 2-3 C't1ilU£~n.oo ;fr.~. *Jl.~O)~.~i,

7't-=t- <!:: O):tElliWitH':' J::. VJ fi -9- ~ n.oI*Jv::¥~~.:cO)W.C'~ L tdl!! <!:: L ,"(JE~ ~ n.oo

fE:I*Jv::¥~7't-=t-<!:: !j&)WO):tElliWffl C'~i, m:-=t-:i=%0) 4 *'.:.tU§IJ L '"( .:c O)3E1:~ooffi;6>!~
nOT.o 7'tm5<j]*;6>.i;~<!:: it.o 92)0 tfO)IT;' JvW~i, * 2-3 C'~T J::. '5 '.:.!J /~:tJ ;v/ rJ
A <!:: ~ \-'::d~A {,*O) r:pC', tt~S"Jm:-=t-:i=iS~O)*~ it:Jl;*O)I3/ff¥-;6>r'i'] ~ \0 .8J:O)~aH':' J::. VJ ,

fE:I*Jv::¥~7't-=t-*BHf<,.:.)("t L '"(, IT;' JvW~'i:tEllifJpffl 0)1it¥-;6>r'i'] <it VJ, ***S"J~.:.*~

• t ft!! 0)nJ~ J::. VJ t r'i'] <it -'::d~ <!:: ~ ;t Gn.o 0 .:c 0) r:p C', ~*Jl.~ ''i, 'J:*Jl.~l&a ~$*Jl.~l J::.
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~t~~~~A~~<~~~~,~x*~~-~~~~~OO••~x~}~W••~~~,
1t!!~~.~ . *Jl~~~i-f ~ J;t~ L--c+~ < it. 0 t~o

-jj, AMT 0 J1t-1-x*Jv~-iJ~rWJ < it. 0 ~, :::l '/7° r- '/5<:1J5IU~~W ~ J1t-1-~t§1i fFffl

~I:i~ 1v~"~r5~0 J::. -) I:: it. 0 0 :::l '// r- '/5<:1J*~ItITOOfJHiJJj(-1-. A ~JJj(-1-:m:% Z ~J;t

(AlZ) 1::1:ilflt1j"'JT0 92)0 A1*~f¥lfJJX:T01:i~ 1v~"~jC:1(n::-JV\--c, :.~ AlZ Ii 0.5 I::

jlIv\o *iiJfj'E~fft.ifi5*t, 300keV .l2J-J:.~x*Jv~-~~:l:BX:I::-Jv\--cli, .~. *J3.~~PJlt

W~~~'i*~it.~~~5t'tT, x~} Jvj'UJ.R.t1t!!~.~*JR.~i5:v\1[fH::it.0t~0

>. 1.2

'" AP~M~itj:."->.
1.0 -~~IDR'"• - 0- - ~M!

$ 0.8 --6·-~

iIJDJ:
~......
""- 0.6
~
H
"- 0.4
~I~
$
MIl 0.2•~

- -"6
_--- .... 0---0----

6-" ........
....

" I
.. I

.. I
" I
I

100 1000

J....~t7f.=fI.*)[;:¥-(keV)

(a) {*~~fm r*J 0) !/!):*Jlff.ljUJ' Git -5 m;i* (AP lffiM~{*)

0.0 L.------''-----'---'---1.....................L...l.-_---'-----'------'--.L--O-..............l......-_.I....--J

10

_.;, -t}}"' __ .80.- -_.

~...; ...
.""0'

" I
"" I

IS I
- I

I

"6.--.-6."
I

I
I

I

0- - 0--

Angl.(Avr.)~itj:.

-fff-@~~
- 0- - fliP
--6-- ~~ffij

>. 1.2

'""->.

'" 1.0•~ 0.8
:bDt:
~......
""- 0.6
~
H
"- 0.4
~1Hl1
~
~ 0.2

II
~

0.0
10 100 1000

J....M7f.=fI.*)[;:¥-(keV)

(b) ~*J3.*,~£Hi-~PJltj{7'J'Git. 0.~ . *J3.~ (Anglo (Avr.) lffiM~1*)

[Z] 2-3 x~} Jvj{*JR.I::~T01t!!~.~••~.btO)AMJIt-1-x*Jv~-I::~T0~1~

(a) 1**1'mrkJ ~~*Jl~iJ' Git.0~, (b)'J(*Jl~.l2J-5i--~PJltj{iJ'Git. 01t~ . *J3.*,~
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2.4.2 I.T ;I- !vf!tif,lRil.:&tfm~if,lRil.:O) AM7't-=fif~ ~=-"ttT ~ ft(fHi£

IZI 2-4 ~=-!~~*JRil.:&tfI.T ;I- !vf!tif,lRil.:~=- -'::>v \-C, A {;$:",,-0)7't-=fAM1J~ ~=-MT ~ft(1'-Hi£

~~To 1Z12-3 0)/;/7 7C'~~Lf~J: 51=-, 1250keV 0)7't-=f~=-J:~fEu;f< C'~i, 15-m~&

tf*Jl.ff.tlltO)if,lRil.:~ifA:PX:T~ PJltf!tO)~tfl~*~<st It ltv \0

1.0

gg ~:tJ - ~ cv.>t.: ~) (J)
~Iil (Gy/Gy)

IZI 2-4 1JJ~*~il.:&tfI.T ;I- !vf!tif,lRil.:O)AlfT7't-rO)1JIRJ ~=-MT ~ ft(1'-Hi£

(AM7't-=fI.;f!v=¥- : 1250keV)

I.T ;I- !vf!tif,lRil.:~i, ~~~=-)1-thT ~ijF-§1tifm, 1t*iID&tf&:Ji~~v \t~~ < 0)1JJ~0)if,lR

:I.: ~ [RJ~~=-, AlfT7't-=f1J~ ~=-jtT ~ 5~v \ft(fHi£~~ L -Cv \~o llN~iEJHffiO)M1J~=-1f1:ET~

t::-Y"J, I.T;I-!vf!t~:I.:~iAP ~MC'~t)['i';i< It~7J), :':'I=-~LtdlliO)D~~' *Jl.ff.tlltt[RJ~

O)f~~~~ Lt::- o

flliO)~lfT~f*O) 5~, PA ~lfTC'fj:, I.T ;I- !vf!tif,lRil.:~i~[Iljf~qi';H=-1ff:ET ~1JJ~0)if,lRil.: J:
V) tfE:< It0t~0 :.nfi, ~< O)7't-=f7J)EJHffiO)M1JI=-flz:~T~llNl=-¥IjJ¥T~M'=-,i&EJHffi
O),x*Jl.~&tfWtlC'll&Jj)( ~ nt~;E!!!an=- J: ~ ~ ~;:t Gn~o -if, fPJJ1J7J> GAlfTT~ 7't-=fI=­
ML-C ~i, n'H~1f~nflJJ~iRi"Jf*9C'f!¥:v \)d**Jl.~C'~""-v \ ~ n~ ~f*C'fBtI';:f < ~stlt ~:.

~ f=-It~o if.H=-, ~&tfHIJJO)*jil.:fi, .:cn.:e'n7J)flz:~T~~fJtljO)1J~iJ'\G7't-=f7J)AlfTT

~ RLAT ~M&tfLLAT ~MC'fE:< It0t~0 :.nGO)~lfT~f*C'mJi]f*90)~~l:t~Lt~
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:mi? jjl'iEJHf~p'n.;;iiv \*Jl.~C'~bhQ =- <!:: I~ft Qo f::O)t::'rh, IT ;J./vjf~JiI'iR[liJf*N

O).~O)~JiJ:~ t~ < ft0t::o §jf~I~:fFt£TQ1'tl:!:kID}{O)~JiI'i, IT ;J./vjf*JRJiJ: ~ t

~'"(O)~M1:kf*C'~%f¥l3t~v\Zi'>, 1Z12-41~~T J: 51~~JiO)AMjj~I~~tTQ~fHt£I~

":)v\'"( l'i. 1'tl:!:kID}{ <!:: IT ;J. /vjfC'I'i III~fIPJ~ <!:: ft 0 t:: o =- hl'i. I'tl :!:kID}{Zi'>§jf~C'~O) IIII'

~TI~<b Q]:!f!f:t:ll~ J: Qo

0,J:O)J: 51~, »a~. *!l.~O):fftE{lz:ji:O)J!iv\I~J: ~, ESR HiIlUI~£-0< f1l(li< ~f1lffiC'm

~ <!:: ftQIT ;J./vjf~Ji<!:: R1P]f*NO).~ffJRJiO)~{*I'i7t-1-O)AMjj~I~*~ < ~:ffTQ =­

<!:: ZiVi!Zi"0 t::o

2.4.3 ~7t-1-f1l(l:f < 1:kflH~:t3 ,t QIT;J./vjfffJRJi <!:: ~~f1l(l:f < *JRJiO)~f*

~1i5dtt~Ji~f* 5 fEZli < a~I~:t3v \'"(-=rillU ~ hQfj/.< O)~JI:j:J:ijI:'§O)3E~J'i, ~~0)1l2kJj)(~

Ji (~~*JRJi) 1~~{*f1ltGh '"(V \ Qo f::O)t::'rh, ~~~Jil'i, *J: f::O)f1l(l:f < O)f¥l3t~

-Itill'JT Q~'~ff~ft'r~¥a <!:: ft Qo ~ t::. 2.1 itrJC'3£A:t:: <!:::t3 ~, ESR ~till'H'if1l(l:f< .11IJO)

JE!£1~, ;&JIJJrl'l' ~f€I'"(Zi" G~:am ~hQ PJ~'11: t <b Qo =- 0) J: 5 ftf1l(li < ~HffiC'I'i, 3EjJ /'

ft <!::"O)~3El¥Jft~VZi'>rll~~<!:: ft Qt::'rh, ~5<j]ffJRJiZi'>:ff~ftt~l~ <!:: ft ~ 1~Qo f:: =- C', *itrJ
C'1'i, ESR HillIJC'~{*f1ltGhQIT;J. Jvjf*JRJiI~MTQ~5<j]*JRJi&V~~ffJRJiO)~{*~

IEJiI¥JI~~*TQo
11: 2-4 '~~T J: 51~, AP .~M~ftfC'I'i~~~JiI'i~5<j]~JiI~J1Iv \fni<bQ v\1'i~T~v \

fni<!:: ft0t::o =-hl'i, 7t-rI~~tTQ1J)(M~fi,Jmf*~I'i1 C'<b ~, *Jl.~fi,Jmf*~O)fniO)*~

ft»a~, *Jl.~~0)~ < Zi'>f*O)Mjjl~:fftE L, Af**Jl.~I~ J: Q~r...v \O)~VZi,>yftv \]:!f!f:t:ll~ J:

Qo ~ t::, 7t-rAMjjrR]O)~V~5tltftv\AngL(Avr')~f*C't~5<j]~Ji<!:: ~~ffJRJiI'iJ1Iv \

fni <!:: ft0 t::o -jj, PA, RLAT &V LLAT .~M~ftfC'I'i, ;\f**Jl.*~Zi'>~5<j]~JiI~*~ <~
-EJ.T Q»a~O)~r...v \ <!:: ftQ t::'rh, ~~~JiO)jjZi'>~ < ft0 t:: o ~~~JiI'iAMTQ7t-rO)

Atfs:I~MTQr;t~[IDm&V~~fi!§:IiJZi'>~L < ftQ~ftfO)rl'l' (AP ~M&V PA ~M~ftf,

RLAT .~M&V LLAT ,~M~ftf) C'1'iIIII'~ L < ft0 t:: o =- 0) 5~, fE:I*/v=¥-7t-rC'

l'i, AP ~M~f*<!:: PA~M1:kftfO)rl'l'C'~TO)~Zi'>iit~£~hQo 1Z12-3(bH~~T J: 5 l~fE:I

*/v=¥-7t-r'~ J: Qf1l(li < C'1'i, jfIT;J. Jvjf0::"~ < <!::, jJ /v:/ r:7 A 0::"'2;"tJitO)~Jil'ifill

O).~~JiJ: ~ t ~ < ft Qo ~f±, it§ft <!::"I'if*O);of~[ID~~ '~:fftETQ0)C', fE:I*Jv=¥

-7t-rAMI~":)v\,"(, ~~~Jil'i PA ~M~ftfO):JJZi'> AP ~M~f*J: ~ t~< ft0t:: o ­

jj, I T ;J./vjf~Ji'~":)V \,"(I'i, IZI 2-4 C'~* L t:: J: 5 l~, ft:~Zi" GO)AMI~M L'"( l'ill

If'IPJ Lfni<!:: ft0t::Zi'>, AP ~M&V PA ~M1:kftfC'I'i~Zi'>!£ Lt::o

0,J:O)~t-t~5tlt'"(, IZI 2-2 O)~M~{ilJ1:kftfo) 5~, AP ~M1:kf*, RLAT ~M1:kf*&

V PA ~M1:kftfl~":)v \'"(, IT ;J./vjf~Ji'~~tTQ~~ffJRJi&V~5<:MJRJiO)J:t~11:2-5 I~

~To ~ t::, AM7t-1-I*/v=¥-O)~V0::"l3.Fliitl~~*T Qt:: 'rh, AngL(Avr,)1:kftfO)fni~fJf

it'"(~To 11:0) c:p C', I T ;J./vjf~JiI~~tTQ~5<j]ffJRJi&V~~~JiO).bU~ ":)v \'"( O)f/tflz:

l'i, f::h.:e'h SV/Gy &V Gy/Gy <!:: ftQo
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7t-=f::r.*;v:¥- (a)AP ~M (b)RLAT ~M

(keV) '%5<JJ~ii(Sv/Gy) ~~t*,,~ii(Gy/Gy) '%5<JJ~ii(Sv/Gy ) ~!t~ii(Gy/Gy)

30 0.20 0.21 0.09 0.26

50 0.15 0.15 0.08 0.14

80 0.20 0.19 0.11 0.17

150 0.44 0.40 0.26 0.34

300 0.74 0.68 0.47 0.56

662 0.93 0.86 0.62 0.70

1250 0.96 0.92 0.71 0.78

2500 0.93 0.91 0.78 0.84

7t-=f::r.*;v:¥- (c) PA~M (d) Angl.(Avr.)~ftf

(keV) '%5<JJff,lRii(Sv/Gy) ~!tff,lRii(Gy/Gy) '%3?M,lRii(Sv/Gy) ~!t~ii(Gy/Gy)

30 3.4 11 0.20 0.36

50 0.69 1.2 0.15 0.21

80 0.59 0.81 0.20 0.25

150 0.94 1.1 0.44 0.49

300 1.4 1.6 0.74 0.79

662 1.6 1.7 0.89 0.94

1250 1.4 1.5 0.95 0.99

2500 1.3 1.4 0.96 0.99

:IT;( ;vK~~ c!:: ~:!it:fBHi < ff,,~~O)rMWHi, AM:I*lv:¥-i6~;frHJ~, ffJl~O)YJ!!;'f(i6~ff,lR

ii~.::.:k~ ft~~~-9-;tfti6"::d:: 300keV 0,1:. c!:: :CrU~J, rO)~ftfC', :k~ < _ft 0ftlrPJ~~
Lt:: o :I*lv:¥-i6~ 300keV 0,1:.O)7't-Ti6~AMLt::~~, PA ~M~ftf~~1t \-C:IT;( lv

W~ii~'::'~T0~:!it~.O)f[l'jJi 0.56(Gy/Gy)i6' G 0.99(Gy/Gy)O)r~9 c!:: ft0 t:: o '%5<JJ~.O)

:IT ;( lvKff~ii~.::.)<tT0 .l:tlt, 0.47(Sv/Gy)i6' G 0.96(Sv/Gy)O)il'illl:lC'W2iIJ L -Cit \0 0 :cO)

t::(J), A{*0)1~j]0,jj..i6' G:I*lv:¥-i6~ 300keV 0,1:.O)7't-Ti6~AMLt::~{tf~'::'~lZ0td~~,

ESR fitiJl1JC'MfJMitt Ght:::IT;( lvK~.lt,-#~{jlJjj..(300keV0) RLAT ~M)~~1t \-C,

~:!itO):fBHi <~.~ 7 7 ~ 31- 2 O)il'i[HJC'~;Elr¥J~'::'~'JZfiffiC'~ 0:' c!:: i6~~ ~ht:: c!:: §;t 0 0
1~j] J:: V) 7't-Ti6~A{*"AMT0:fBHi < ~ftfC'lt, :IT;( lvW~.i6~~:!it*,lR.~i&J/H'JZfiffiT

o PJ~~tti6~<b0:' c!:: t)j-i6'0i6~, :.0)~~t:CO)Jj;It\lt7 7 ~ 31- 2 O)il'illl:l~'::'<b00 ft:t3,

Jlj'~·0){t~1flt*~il*c!::)<tOOT0AP ~M~ftfC':fBH:f<~§ttt0c!::~;tGh0o :.O){t!!, ~

:IJt ~~F1IlliT 0 1fO):fBHi < It AngI.(Avr.)~{tfC'-9-;t Gh 0 *JRiii6~ J:: It \J1i:ffJ,~ -9-;t 0 to) c!::

T;t~~h00

--j], AM7't-T:I*lv:¥-i6~150keV 0,rO)~~, :k~ < _ft0ftlrPJ~~ Lt:: o :'0) 5
tJ, PAJffiM~{tfC' 30keV O)7't-Ti6~AMLt::~ftfC'rt, it~,::,¥Ijj¥T0j~IH'::'$<0)7t-Ti6~1J2k
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1& ~h, IT;I- Ivf'H~:I,:7.I~~~tJ~7 Lbt:: fJ (7)*~:I,:e- 0.038(Gy/Gy) ~ ~ L <fft < ft.--=> t:: o
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~tJ&.Q~t[~OOf*'T .Q£@i¥]ft7'-?T ~ 1.., '"(, Wtx;:f.Jv=¥-g&~f*'~(Jl en: : _fft cm2g'1)

;O~ib.Qo -t:"::.-e, Berger ~O):Y'-?T 96)[~£--:5~, jtx-j-}JvW&VCaS040)WtX;:f.Jv

=¥-g&~f*'~~.I±11..,t;:.o -t:"0)~*, lOkeV ;Ol~ 3000keV O)J't.:rx;:f.Jv:¥-iBlm-eI:t,

~ 3-1 [~~T J:: ? [~ 2 "':)O)~WrJ:l-e, f*'~0)~1!«'~*~ ft~I:t~~ ~ :tLft;Ol 0 t;:.o -t:"::' -e,

~itltl1!«l:tfllj:iET.Q ::. ~ ft <, ~+.f¥Wf-e~t} ~:tLt;:.x -j-} JVW~:I.: ~ J;t~, ~iiET.Q::' ~ ~

1.., t;:.o

~~I:t, 13 *)Jj{.:rjHiJf~r~fl~·tt~M# ()Jj{.:r1J~*.) 0)~M~~~1iI!i~tJt!(FRS)-e0) 'Y ~Jffi

M1iI!i~[~jOlt \'"(~1iI!i 1..,t;:.o *.~*O)~iiE~ It \? Ut,l:;Ol~, ~7J»:;Ol~::di~1±I ~:tL.QJ't.:rO)x

;:f.Jv=¥-;O~I:iI;(_~O)~~, Af*.:c:Y'Jv[~AMT .Q~flf~f.&:~ 1..,t;:.o -t:"::' -e, FRS ;O~ffllf

T.Q 662keV 0) 'Y ~~~I±IT.Q l37Ca~~&V 1172keV, 1332keV 0) 'Y ~~~I±IT.Q 6OCO

~7J»:~~~'~f~ffj 1..,t;:.o ::. 0) ?~, 6OCO ~7J»:[~"':)1t \'"( l:t, 2 "':)O)~ft.Qx;:f.Jv=¥-O) 'Y~

~~I±IT .Q;O~, 1 M;j.~t;:. IJ 0)~1±I$1:t~ 1.., It \O)-e 97), ~itltl~*I:t~1±I~:tL.Q 'Y ~x;:f.JV

=¥-0)S¥:l$)1!« ~ l:il;(~ 1.., It \ 1250keV J't.:r;O~AM 1..,t;:.m-fi-O)*.~* ~ .lt~ 1.., t;:.o -t:":tLJ2A

?1-O)x;:f.Jv=¥-[~"':)1t \,"(I:t, _~J't.:r~~I±IT.Q t O);oVtlt \t;:.lI>, ~~-e~iiET .QJ't.:rx

;:f.Jv=¥-I:tJ2AJ:.0)2~flf~ 1..,t;:.o JffiM[~ibt;:'0,"(1:t, :::J 1) }-?T~fJjffj1..,,"(, JffiM1..,t;:.~

r*J0)J*, ~ft C"[~jO~t .Qik~~O)~.;O~Yft <~itt;:. 98)0 *- t;:., Af*.:c7'JVI:t~7J»:[~%tffij

*-td:t'WiiiT.Q~flf[~~~1.., '"(, AP JffiM&V PA JffiMO)*.~*~~iiE1..,t;:.o TLD O)~

*3j.rJ:lO)J't.:rJffiM[~%tT.Q~1l0)1:f~"':)~ l:t, jtx-j-} JvWO) ESR *itltl ~ J;t~ 1.., '"(/J'~ It \

;O~1¥1£T.Qo -t:"::.-e, *M[~fJ~~t~JffiM1..,,"(, *~.:r'~"':)It\,"(~:iEJE~~-9-;;tt;:.o ~

:iE[~jOlt\,"(I'j:, J't.:rx;:f.Jv=¥-;O~ 300keV J2AJ:.[~ft0t;:.m-fi-, =tX~.:r;O~ TLD O)TIR~r*J

[~x;:f.Jv=¥-~~'"(-9-;;t.QM[~, X;A-7-7"T.Q PT1lli'~;O~ib.Qo -t:"::' -e, TLD ~ 4mm~

0)7 -7 1) Jv~r*J[~~c~ 1.., '"(=tX1I.:r~~P.X;:rr~it .Q~flf-e, J't.:rJffiM~~1iI!i 1..,t;:.o

J;lJ:.O)Af*.:c:Y'Jv&V TLD O)~JE[~£--:5~, J't.:r~M~~~rrlt\ MIRD ~.:c7'Jv~

ffj It \t;:.~+.f!lftFr[~ J:: .Q~*~~iiE 1..,t;:.o
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'$< 3-1 ~.:cT ~ lvJ!t& \JlifrE~j]/v,/, rJ AO)'fr7't-T.:c*/v:¥-~;::'~;JT 0

W:i::.:c*/v:¥-i1&rt£f*~(cm2g-1)

10

15

20

30

40

50

60

80

100

200

300

400

500

600

800

1000

1500

2000

3000

40.6

12.6

5.42

1.57

0.649

0.330

0.195

0.0908

0.0573

0.0310

0.0303

0.0305

0.0306

0.0302

0.0293

0.0284

0.0259

0.0240

0.0213

40.3

12.5

5.34

1.54

0.635

0.323

0.191

0.0886

0.0558

0.0304

0.0297

0.0299

0.0300

0.0297

0.0287

0.0278

0.0254

0.0235

0.0209

3.3 NJH~MlJJ'H~£..-j<voxel ~::CT'lv:a:ffl1; \t::.-::r.-r:} lv!j'UJjt;,O)~t.~nJT

i5:'¥-, ~t.t~!HH"rO)JEM ~ 1,; \ '5 '"~J:i0\ G, ;\.f;$:0) CT OOff~U;::'£-r5~ fFnX: ~ nt~ voxel

(volume-pi~~.:c7"lv::a:-;fIJJfIL tdEnt <i1#R:l.IjItt!TO)¥a~fJ~i0~ 1,; \ <~i0\Lb 0 76), 99), 100), 101).

102)0 =. 0) voxel ~.:c7"lV~::J:, 'fr1lJ~*,*:i::::a:-:f§Itt!TT0 t~ 'ti) ~;::., CT OOftO)'frOOrni~* (pixel)

~;::.nJ~::a:-t~JET0&£~~%(ID)::a:-JE~T0 0 .::c =. -c, ~ 3-1 ~;::'~TEJHmtl~~;::.~1,;\,"(, r%1J

~jJrPJ~;::' 1mm re:~;::. CT OOft::a:-:JIJ& L, =.n~;::'£--::5~ voxel ~.:c7"/V::a:-fFnX:Lt~o :JIJ& L

t~ CT OOfto) '5 t:>, ~ 3-2 ~;::. Q n~if~r%1J ~ 0)100ft ::a:-~To =. =. -c, 'frOOft~;::'~::J: 0.94mm [J]jJ

O)OOrni~*::a:-1 ill':1§t~ I) 5121l!ID~t~it'"(, 'frOOrni~~n;::'~1,;\'"(,jz*JIJ~, 1t*Jl~, ~&\JQ

n~~~O)@ifiij O){PJni0\::a:-JE~ L t~o ~O)~J{:!JJ-X~;::'~ 1,; \ '"( ~::J:, MIRD ~ .:c7"/v ~ [R]1*~;::', M~,

:t:ir:p~, tcr:p~, :t:i~&\Jtc~O) 5 ~O)~J{:!JJ-X~;::'5f'lfIJ L, tJWI::J:* 2-3 ~;::'Lb 0 ~~f*O)~W

::a:-ljZ.i$]Lt~to)(: Lt~o .::cO)t~'ti), m2~O)MfJT~[R]1*~;::'*2-3 ~;::'Lb0 2~O)tJW~;::'~1,;\

'"(O)j]-?~~::a:-JfIBLko =.O)~, ~~~*::a:-~NT0§~-C, ~O)~~o)~*(:L,"(

CaS04 ::a:-JE~ L t~.:c7"lv::a:-ftnX: L t~o

37



IX13-2 ,il"'{Mj)I:~H~1-H L t~ 2 /)0) J\.1~~'ET/I-(j)I I ij";"1,'1: !i"f 0) ItJrr(li Ixl

(a)voxell~0.:r T' II- WI&:'-:' H~ II] L t~jh'Ufl\f~J'~~ I}) I'J;JH IIII[1*,

(b)MIRD I~!'ET'/I-

-='(/)111~:;::::'sJLt~ CT 1I!J[1*;'::'f~/5< voxell~'E7"'/l-oJn;iKlt, lVIIRD )~')'E7"/kl v) LAW

;.-:.mj0!)~jLil' ;: -=. --::', voxel 1~').:rT'/I.-.~ MIRD 1~~'E7"/1- ~Hn 't~,il,tH;.'i *.~ ~rAC( L -::,

'J(i;';MNf.i01.J~.=r:.-T j. II.-'f't¥'l;U;:1;,,,fj,X.0f;'i;'1'W~Wftlr L t~ 1';.(13-2 (~'Jd-J');~ MIRD 1~')'E:i'/[...

,l:: voxell~').:r :7" 1[...1:-HJ~ L t~l;l.h' {;-, (·H.l\J'llttoJ 1,'t:!i"f t;, C:" It A:. ~ f;, X~ J'I~I t ~~ ,'j %t f kI) \/) t~ I);,

I'ii l,'iJiU l})f8fj;';-~ L -:: it I IW-;" ,'fl;OJ '<C:jl,;] (}) 1-fJ!\~;.::.1 ~HJf: 'CJ 0ill \I) ~MEri,~,::'s h 0 ;2 -=. -C', ,f.: ~~I})

voxel I~'{ -'E-'7' II.- -C'it'/;C:jl,;]~ ::'s h t~ ptjt~x;~ /) l '''C, <fix~:1H1il:~ Jljl c!) t~ ${'I:(})'E 7'/[... td/ll& L t~

-Ud )t), ,f.:{j)f'J1: -C-I t :~ /) OJ voxell~~ -=E- T 11-1:- )+J ,n: L t.:.

I 'J(L'n;f~I~')O) CT 1I11j{~:'::'*~~11:!JJ<:~J1.t~ T I) :';--.I-'[...(}).:r''j'I[...

l'ji(})f;Q1)'xo)H'N~ CaSO~ ~ 'ILR: L t~-=E-TA

:r li'E 7' IL (j) I I)J'-;";'fl\?;C:jlli]('::'+X*m~~'L.J'l'~ L t:.. 'E TA·

it ()i-,';j;fJl;rt< :~~"t'Ct-0T-T j JI-~9),'iU1Ut, MIRD 1~~'E7:'[...1:-J1n 't.:.fi!:t'fJi '::: 1,i)U,<;.-, ',t:
iijJ;, 7) 7, Jr- I''E:''--- "r 7J IL [1 :=J - /'; EGS4 ~H~llJ L t:.. fl: rfl1 1dl:JH 0) liJr 1(11 fL', -!j;~ / Jl \

-c L, ::E 2 ";" (}) fi!:(tJi~ IilltJ:.::. PHOTX '7 ,{ 7' '7 I) - ~ H~ HJ L t~ -=. (j) Lf I -;:::, voxel n;IJ, +- '';I'

II.- T:( JI]l \1:~,iI"iJ>:W(j)i-C'(t, A1t:'ET' 1[... (j)JL;~''::',W~H;:1\;o) A: ~ f~,iL'IL!'N :1\: (j..:r I)) T:(,l2:,I~

,:-r-;:J ;.~-='~C', voxel )~'J-=E-TI[...~Hjl\t~,iH>:~fl(I(J~ L "C11~1Ji":::'s~L1:~ UCPIXEL ::-1--/­

JIIIIT:( rlJ Jj] L t~ Jdt:~ '- AJ'H-j- 0 it (-.:r:. *' I~:Y-;'-:' /Jl \ -C ii, MIRD I~') -=E- 'i"A (j lfi!:(jJi
'
: H+Ji

:.::. 30keV 1)'"') 2500keV (})!liW) 8 },'}:~;tL\JL L, AP i!{HH, PA ~I:HH&U RLAT !!{{4t(})~:~M

~1'1:~,!'j,!,.TI:Lt~ tt::., ,f.::=J-I";'::':j:il\"Clt, fl: (-&U4£{;=-/J~\-C, <)I;:::'~L lkeV f.k

Cf lOkeV 1i:",f.::=J - 1< (j) 'liiI~ ,iE X,) *~ T 0 h,H <.L *' II- ::Y' - '::: L -::, -=. () u:. *' I~ c\" -; ,=- iJI&j~'-I- ,/J

t ';:::-1/£ 4H'\~II!IJ;J.iE ~flk;tt( L t~

38



3.4 .T.*Jv:¥~)j-~{r:ff-t 6 :Yt-f-fBUi <"'-O)~JM*~Y:T'~ l7 0)@)iH10)~~iE

~ 2 .00fit.~lHJTI::t, x T j. JvW~ii(: {illO).~~iiO) FJ'l9 -c, AMT Q jt-=fx*Jv:¥­

I=:.MT ~:>f~1fttii~*~ < JIJt Q~ (: ~fYi Gii'f=:. I..- t~o I..-ii' L, T /'7" j) JV P fit.-cI::t, llt

-x*Jv:¥-O)jt-=ff=:' J::. QYi-if~fEH'£ < (: v' -) M~{r: I..-t~~{tj:-c, EJ[if~P'gO)x T j. JvW~ii

~~~fJTLt~o :tt~, ~iJlIH=:':l3v'-Cb, :::I!J j.-7'O){£JfH=:.J::. fJ~l!*ii'G,1t{ttJ~hQx*Jv

:¥-8Yi-O)y~f=:'J::.Q*-9-~j/'ft< I..-t~o -jj-c, ~~I=:.I::t, x*Jv:¥-71lfJ~~"'Jjt-=f

f=:. J::. 01&1'£ < 0):17\1£t~ < 'YiJlU ~ h00 ..:c ~ -c, x*Jv:¥-71lfJ~~T 0jt-=fl=:. J::. Qf&li

< I=:.M L-r, MIRD ~T7'Jvl=:' J::. QH.~~tJT-c1~t~7'-7' O)~jj:j¥t~~l1iEI..- t~o

~f)JI=:', 1&1'£ <~ (: L-r~ 3-3 '=:'~T 6m X 6m X 1m (~ ~) O)~ ~ ~~ 1..-, 1m 0):::1 /'

Y !J - H~~-c~"'-v'~ht~ y~~M~~{&;t~ I..-t~o ~iJffiO){)i:fiil::t S l~O)J*ii'G 1.5m 0)r%lJ

~ (: Lt~o ~~O)Jj~M:Jifff~-cI::t, ,1t{M*JR'tC~O).,~ii'G 3.21tn0)~~~{*I=:';bQ J::. 5 I=:',

:::I !J j. -7' ii~{£ffl ~hQ ~ (: ii~~v'o L7P L, *,M~tFr-Cl::t y ~ii~~l!*ii' G 4 7l: j]rPJl=:'~j]

S"]t=:.,1t{ttJ ~h0 ~f*~;t~JE L, )frJillO):::I /' Y !J - "~-c~;5L ~ht~jt-=fl=:' J::. 01&1'£ < 0)*

-9-~*~< Lt~o ~~-C, y~ii'G,1t{ttJ~hQx*Jv:¥-I::tllt13(:L-r, ~h:t-CO)fitJ:

~~tJT-c;t~JEl..-t~~{tj:O)5~, 50keV, 80keV, 150keV, 300keV, 662keV, 1250keV &

V 2500keV ~{&IEI..-t~o 1&1'£< ::g-I::t A ,~{)i:fiil=:'v'Q to)(:~JEL, ~0){)i:fiifU3~tQx

*Jv:¥-71lfJf=:."'Jv '-r l::t, jt-=fflf.J$:~mmET 0 T /'7":tJ JVP :::I - P' MCNP version4B (8

T, MCNP-4B:::I- P') 77)~jj:jv'-r,M~fJTl..-t~0 It-=f, ~-=fO)flf.J$:f=:'"'Jv'-rI::t, EGS4:::1­

F'::t{i;:£:(S"]tt:::l - F-c;b Q ii~ 75>, MCNP-4B :::1- F t IRJtlH=:.J!~b'Cx*!v:¥- (: L-r~Wep

O)lt-=fflf.JJ!~mmET -5 ~ (: ii~PJfi~-C;b Qo~ t~, MlltttT7'JH=:':l3ft QiltJ:-cI::t, DCGEN

(: lRJ#fH=:.M1J!I=:.~{tj:O)~JtJE, JE~tt c'ii~-c~ 0 0 ~ O){ill, DCGEN J::. fJ t7!1~a~FJ'l9ii~lf.v'

H.~0){£jj:jii~PJ~-c;b0 t~O)-c, J::. fJ ~ < 0)*lL-=ffi"dRa~FJ'l9-C3£1:. ~ itQ~ (: ii~-c~ t~o

~O) MCNP-4B :::1- FO) F4 7' :J -~~-ct~JETQmlb)j;*7' !J -~{£jj:j L-r, A ,~O)*JRiJffi

{)i:fii (: IRJ I.:~ ~ ~ ep'L' (: T QilH~ 30cm o):f*O)~JVJJ!ZI=:'"'Jv'-r~x*!v:¥-iililIDl=:''2;:thQ

jt-=f7Jvx/'.:A~J:ttJLt~o

~~'=:'1::t1&1'£< ::g-O)rPJ ~ ii~, {9rJ ;{J'£ AP ~M~{tj: (: !f,fJE-c~ t~~-fr, ~ h~*Ujj:j L-r!JJ

$~ii~XT j. !vW~iiii'Gi~UlI..- -rl1iJZ{lffiT-5 ~ (: ii~PJ~-c;bQo ~O)~-frl::t, ~iJffiii'G

,1t{ttJ ~hQ It-=fO)*-9-ii~*~ < tt fJ, ~;5L~O)~~I::t/j\ ~ < tt -5 (: ~;t GhQo l..-ii'L,

*,M~tFr-c,::t, 1&1'£ < ::g-O)~iJffit=:'MT -5 rPJ ~ ii~!f.fJE ~httTP0 t~ (: v' 5 :l7\1£~;tll,JE L, MtFr

~ ht~x*!v:¥-71lfi ~~T -5 jt-=fii~, ~ 2 .00~~tJT-c Angl.(Avr.)~{tj:t=:'ili:v ':17\1£-c )'>.1*
"'-AMT 0 to) (: Lt~o
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1m 6m

;'f~~0)-tT-1 ;i:.' : 6X6m2 X6m (r'ii c's)

: 1m)!j[::I /;J 1) - }-

SA'?, : l¥t3I.*Jv=¥-7t rk9~/!Jj({lz:tli (1.5m IWJc's)

A8 : I.*Jv=¥-)}fFJ~HIffi{\z:tli (1.5mr'i'i c's i'Lf1{})

~ L t=- LOCf-f30cm(7).Fit)

3.5 Mi*&lf~~

:3.5.1 I. -j- } Jv~k#lt;'(1)~/~IJi\1i*

1f. 3-2 f~ 137CS &. tf BOCO *~i~7'J' ~ (1) y ffJJlJffiMf=-"':) v\--C, I. -j- } JV~ff9~~0) 'kiJjIJ*ff)l~ i' ,);

To =- =- -("Ii, AP &tf PA ft#Mo)*i*f*i't~,;LE L --cto V), "p4({lLt1i&tfJ9'J:lfi-O)I.-j-} JV~Uy~

;;lilL~k,-C'll'I'~ L <t-r0 t=-O)C', .:c0)~t$]1u'li'~To =- 0) J 1:), ~i~lJ1urli* TLD O)/JlIJ

7E1~(i'txl[J:E~C'1mlE Lt=- oj:t --e, mIit, Lf4({lz:Ji':O)it&.()\~t¥i~JH~fU'j~~ It=- ;t,0)(J)'!L

J)Jfl!'J:i'~L --Cv \ 0 0 ~iJllJ*0%f=-1JQ:t --c, t~~jfO) § 1'!0 ~ L t=- MIRD '~-=CT'Jvf~J:: 0 H~k:N*

& tfTIJJ:;'H\t~~O) CT I001~'~£-"5<voxel ~-=CT'JH~ J:: 0 B+1U;*f;~i'~Tc, t-ri3, voxel J~-=c

T'Jvl~ J:: 0 WHiT Ii , {jjIn t r] ~~#~I= 'c72ir~]~~J~i'?;' AJ:::'L (1)C', (*J~]:!tEJZ(J)ft'ff ~ l --C L#:t t=­

Ii CaS04 i'!E~ L t=- -=C7"Jvf= J:: V) 1~t=-*t*c' ch 00 ~/JlIJ1r[O)7Fiitl»c's fi1H$iJEJZ~~i3lt ~

f[iii] "< 0)k#JU1'l:~tF~90)T~1~{M\l*i'iG L --cto V) , H~Hi*f*o)~IJU~li~¥{rtti*i*f*f~j;JT 0 f.s.d.!'.!' r__/t~l:

ILfI l t=-o
M:d:::k:N ;IUi, ~O)~$it~i' CaS04 ~ L t=- voxel ~-=c7"JvO)BI-1U:~* ~ J:: v\-151:i',); L t=-"

~t=-, In] C voxel ~-=CT'Jv~{se:ffl Lt=-t~A-, L*t0)~J,!t~O)f;tW;6~~tJ:0~E-("'L, ,W~Hii*

(i~il 5%~:A P'J C'-ff{ L --C v\0 =- ~ 7J'iit~E, c's n t=-o ~), L J:: V), 137CS k7~1)J'r:&(f (;OCo ky~/»;l7') \

40



G(J) y tJH: J: Q J't-=t-jj-gMEHi<I~"JV \-C, i~IJJE~5IHi Q H~rkJ (J).:r.T ) ;vW~:Il:(J)JliffH[f[~

-9- It t~ ~ ~ It Gn Q 0

*:&fIUo~t Q 3::~/t § I¥.Jli, MIRD 7Jf{.:c7";v~ Jfl v\t~~t.fg~fJTC'1~t~~*I~ "JV \-C,

ESR Hm~l~ J: Q~:Il:~'JZfil!il~jt-t Q*~'~~~~iE-t Q =- c!:: C'cbQo *- 3-2 J: V), ~ijW~*li

MIRD 7Jf{.:c7";v(J)~* c!::~:td. 10%8rkJC'-~ L -Cv \Q =- c!:: iJ~1it~-g ~ nQ o :C(J)t~th, m2

:$':1~:jO~t Q.:r.T } ;vWtJR:Il:(J)fg~fJT~*li, 4'@](J)~~~f*(J) J: j ItfEHi <I~"JV \-C li+:5t

~ffl C'~ Qt (J) c!::~ It GnQ o

(a) 137CS ~llJR, AP ~M

iJ1~ JEf[f[* 1

voxel 7Jf{ *2, CaS04*3

voxel7Jf{*2, it.:r.T} ;vW *3

MIRD 7Jf{*2, it.:r.T } ;vW *3

(b) 60CO ~lJffi, AP ~M

mlJ JEf[f[*l

voxel7Jf{*2, CaSO/3

voxel 7Jf{*2, it.:r.T } ;vW *3

MIRD 7Jf{*2, it.:r.T} ;V't{ *3

.:r.T } ;vW~:Il: (Gy/Gy)

r,l~ ep~it ~it

1.05±0.072 1.06±0.042 1.00±0.050

1.09±0.035 1.04±0.030 0.959±0.024

1.10±0.043 1.12±0.038 0.991±0.029

1.13±0.046 1.10±0.045 1.10±0.046

0.941±0.030 0.953±0.047 0.891±0.048

1.00±0.039 0.992±0.035 0.894±0.026

1.00±0.045 1.00±0.040 0.952±0.031

1.11±0.062 1.06±0.054 0.998±0.048

(c) 60CO ~lJffi, PA ~M

i~IJJEf[f[*l 0.620±0.050 0.652±0.044 0.731±0.038

voxel7Jf{*2, CaSO/3 0.671±0.019 0.601±0.015 0.672±0.015

voxel7Jf{*2, it.:r.T } ;V't{ *3 0.679±0.022 0.647±0.019 0.722±0.018

MIRD 7Jf{*2, it.:r.T } ;vW *3 0.526±0.018 0.602±0.021 0.695±0.024

*1: EJij'f~tl7Jf{ (J)llIff(J)fll:iil~~cii L t~ TLD I~ J: Q ~iJ1IJf[f[

*2: ~t.l~ffl v\t~Af*.:c7";vo =- (J) j ~,voxel7Jf{.:c7";Hi, Q H~j'f~I~S'::llliJ~JE~ Lt~ t (J)o
*3: .:r.T ) ;vW~:Il:(J).JEf~~J.l L t~ it~~~(J)if;fW

'8-~~~(J)~:Il:I~"Jv \-C~¥*aJl~~~ Ltd~if, ~-C (J)fg~fJT~*f~:jOv \-C, AP ~MC'liQ

H~rkJ(J)it.:r.T};VW(J)~:Il:lilll;f'-~c!::lt~t~o -15, PA ~MI~"Jv\-Cli, MIRD 7Jf{.:c

7"!vl~ J: Q ~~:fJf~*I~:jOv \-C, .:r.T ) ;vW~:Il:li r:::1 H~rkJ C'~itiJ, GMlliff"'-rPJ iJ'~ -C*iWtS"J

~~~y L -Cv \ Qo LiJ, L, ~iJ1~~*&U:EJij'f~~7Jf{(J)voxel 7Jf{.:c7";H~J: V) fg~fJT ~ nt~.:r. T

} ;vWtJR:Il:I~ "Jv\-C, Q H~rkJ 1~:jO ,t Q S'::rr19:5t:1FJ (J)f~rPJ li~1itI~1it~ ~nitv\0 =- (J)fill, PA

JffiMC'ri MIRD 7Jf{.:c7";vl~ J: Q.:r.T ) ;vW~:Il:ri, EJij'f~~7Jf{ ~ ffl v\t~~iJ1IJ cb Q v\ri voxel

41



~:=[-T'!vO)fgltfJT~*J:: VJ tfE;v\fi!l~~ LJ::o *'H.::., MjlO).:r:T} !vj{**il:I.::./)v \--eli, 20%

fJ]LJtO)~J'd)~~G:ht::o tt:t3, rRJ t:.ffj~~t~~~fflv\tdlir.:r:T }!vj{O) ESR HiJllJ~~O)~

*Ii, **il:0) rJ H~P9I.::.:t3lt 6~r~')j-:ttJI'::'/)v \--e, ~iJllJ~*&LJ voxel ~:=[-T'!vl'::' J:: 6 ~Hf

~* ~ rRJ#ftO)f~rPJ ~~ L --ev \6 93)0 8J:J:: VJ, MIRD ~:=[-T'!V ~ ft!1O):=[-T'!vl.::.:t3lt 6 rJ H~

P9O)f~~O)@v \7.l~, .:cO)P9~-c:O)7't+~jiH'::'~.~lf;;t --ev \ 6 ~ miJllJ ~:h60

~iJlIJ~*J:: VJ, m2 .O)fgltfJTC'1~t::.:r:T} !vj{ff&il:O)*~·r1:7.l~~~iE~:ht:: ~ ~;;t60 .:c

:. -c:, *W5i:-C:li, MIRD ~:=[-T'!V~ fflv \t::~HffgltfJT-C:1~t::~*~ ESR ~tnlIH'::'£-0 <Wi
l:f <~fflffil.::.:t3ft 6t~$i¥JttT'~7' ~ L--e~ L, ~W8~-c::' O)T'~7' ~~~O)fBzr:f <~fflffi

1.::.i@ifflT 6 ~O)Pp'Ji!l!A?:~~~T60

3,5,2 .ffjlt~f~~O).:r: T } !vj{ff&A I.::.If ;;t 6~W

1f: 3-3 I.::. MIRD ~:=[-T'!v&LJrJ H~lt~~~1Iiij ~ L t:: voxel ~:=[-T'!vl'::' J:: 6.:r:T} !vj{**il:

O)fgltfJT~*~~To 7't+O)lffiM~fij~ft:f:li, AP lffiM, PA lffiM&LJ RLAT Jl~M-Cib VJ, .:r:

T } !vj{ff&Alijl~{*O)~JEtO)-¥i$]{i!l~~ L --ev \60

fi1J:hO)~*t, .:r:T} !vj{**il:7.l~)d*I'::'AMT6 7't+O).:r:*!v=¥~&LJjJrPJ 1.::.)<"1 L--e::k

~ <{t(1f:T 6f~rPJ7.l~1itMt ~ :h60 2 /):=[-T'!vl.::. J:: VJ fgltfJT ~ :ht::.:r:T } !vj{**il:li, 30keV

0) RLAT lffiM&U PA lffiM~~v\--e 20%8P9-c:-!5[Lt::o ¥-fl'::', AM7't+.:r:*!v=¥~7.l'

300keV 8l::.-Clifjij]*0)~li, tMid 1O%8P9O)ililIlH.::.ib6o 1f: 3-20) 60CO **iJJJUJ'GO) y **

;6~ PA lffiM-c: Af:$:"AM Lt::~i1li, M~O).:r:T} !vj{**il:li voxel ~:=[-T'!V ~ MIRD ~

:=[-T'!vO)r~,-c: 20%0)~;6~~ G:ht::o L;6\ L, 1250keV 7't+;6~AM L td~i1I'::' /)v \--e, jI

O)~~JEt~{:$:-C-¥i$]Lt::.:r:T} !vj{**il:O)~li10%f~1t~ tt·-::lf::o :':hli, *~JEtO)jlO)j{

AO)@v \1'::'JJj{IEl7.l~ib6 ~ ~;;t G:h60 j{AO)::k~ ttJ!:jlO).:r:T} !vj{**AO)~li, 2/)0)

:=[-T'!vO)r~'-C/J'~ <, PA lffiM~{t:f:-CliJ!:jlO)**A;6~r1'iJ < tt Q t::th, jI~{:$:-C-¥i$]{~Lt::

~i1rifjij]*O)**AliJ:: VJ Jli< tt60

~ilJ9:i¥JI'::' MIRD ~:=[-T'!vl'::' J:: VJ fgltfJT ~ :ht::.:r:T } !vj{**Ali, AP ,~M-C:li voxel~:=[­

T'!V-cfgltfJT~:htdi!lJ:: VJ tr1'iJ< tt~t::o ~t::, RLAT lffiM-c 150keV 8l::.0)7't+7.l~AML

t::~i1lirRJ#ftO)f~rPJ ~~ Lt::o -jJ-C, PA ,~M&LJ RLAT lffiM-c 80keV 8TO)7't+7.l'A

f:$:I'::'AM L t::~ft:f:-Cli, voxel ~:=[-T'!vl'::' J:: VJ ~t~ ~:ht::.:r: T } !vj{**AO)jJ7.l~r1'iJ <tt~

t::o:.:h GO){lJtrPJli, ~iIDff,ft~W&LJ rJ H~~~0)~1[ii]0)~~0)@v \t.::. J:: 6 t 0) ~ ~;;t G:h6 0

MIRD ~:=[-T'!vli, #fPH±~m!ET6=~:r\:-C:**lHl.::.jI~m? ~iIDO)~*,ft~~!E~ L --ev\

60 -jJ-C, voxel ~:=[-T'!vli.ffjlt~m~O) CT TI!ITft~U'::'£-0~ fFAA ~:ht::;6" jI~m:5 *,ft~

7.l~ MIRD ~:=[-T'!V J:: VJ tw < tt VJ , .:c:. -C J:: VJ ~ < 0)7't+;6~p&~ ~:ht:: ~ ~;;t 60 -jJ-C,

PA lffiM-cli, i3f:.ffjltM\ GAM L t::7't+ Ii, rJ H~~~['::'~1[ii];6~ib6 voxel ~:=[-T'!vC' J:: VJ ~<
jlO)~~t~t'::':tIJJ¥T6:' ~ I.::.tt 60 rRJ#ft I.::. , 80keV 8 TO)7't+;6~ RLAT lffiM-cA f:$: I.::. AM L

t::~i1, rJH~~~0)@1[ii]0)~.I'::'J:: VJ, tr:{.ll!H'::'{lLi!tT6tn'::'filf~:h6.:r:*!v=¥~I'::'~;6~1:

t: 60 .:c O)t:: th, voxel ~:=[-T'!vO)fgltfJTl'::' J:: 6.:r:T } !vj{**AO)jJ7.l~r1'iJ < It ~ t::o L;6\ L,

rRJ t: RLAT lffiM-c t 150keV 8l::.0)7't+;6~AM L t::~i1li, ~iID*,ft~O)W ~ 7.l~.:r:T} !vj{
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*: 3-3 2 /)O)A{*-=CT'Jv~}tj1,;\'"(H. ~ht~~~:fJ~-y ibt~ VJ O):LT} Jvjf~:I.:{[j'[

(a) AP JmM :LT } Jvjf~:I.:(Gy/Gy) :LT } Jvjf~:l.:O) It,
7t~:L*Jv=¥~(keV) voxel* MIRD voxelllVIIRD

30 1.90 1.94 0.979

50 6.56 7.23 0.907

80 5.97 6.97 0.857

150 2.40 2.81 0.854

300 1.28 1.45 0.883

662 1.05 1.10 0.955

1250 0.976 1.04 0.938

2500 0.986 1.07 0.921

(b) PA JmM :LT } JvjU~:I.:(Gy/Gy) :LT } Jvf{~:l.:O) .bt
7t~:L*Jv=¥~(keV) Voxel MIRD voxellMIRD

30 0.062 0.038 1.63

50 1.09 0.889 1.23

80 1.77 1.60 1.11

150 1.02 0.995 1.03

300 0.662 0.604 1.10

662 0.646 0.549 1.18

1250 0.689 0.624 1.10

2500 0.769 0.718 1.07

(c) RLAT JmM :LT } Jvf{*~:I.:(Gy/Gy) :LT } Jvff~:l.:O)1:t
7t~:L*Jv=¥~(keV) Voxel MIRD voxellMIRD

30 1.36 0.883 1.54

50 5.24 4.33 1.21

80 4.74 4.68 1.01

150 1.90 2.04 0.931

300 1.11 1.16 0.957

662 0.939 0.982 0.956

1250 0.937 0.956 0.980

2500 0.926 0.962 0.963

*: 3-2 &LJ*: 3-3 ~;:~T~iJlU&LJH.jgi¥tJTO)~5lHi, r:H~~~fA:iito~:LT } Jvjf~:I.:~;:J&

~~.g.;t 0:' (: ~~ L'"(1,; \0 (:~;t0 0 .:c:. -C, IZJ 3-4 ~;: MIRD ~-=CT'JV&LJrJ H~$O)fA:

~O).ft 02 /)0) voxel ~.::cT'Jv-Cjgi¥tJT~ht~:LT} Jvff~:I.:~;:'/)1,;\'"(, AM7t~:L*Jv

=¥~ ~;:ttT0 {t(ff'~O).bt~~~To
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~ 3-4 MIRD ~.::cT')v~ voxel ~.::cT')vO)IT j. )vff~"O)J\M:J't-=f

I*)v:¥~I-:%tT Q*1*f'~t (a)AP lffiM~{*, (b)PA ,f!~M~{*

IT j. Jvff~"i6~:Ili:*:~ftQI*Jv:¥~f"i,AP lffiM&lY PA lffiM ~ b 1-: 100keV fAT ~

ft I), .::cT'Jvrf'1' '"C':*:~ ft~f"i1ii~ ~ ;hJt i6:>-') t;:.o AP lffiM'"C'f"i, :J't-=fI*Jv:¥~i6~ 150keV

fATO)~it, MIRD ~.::cT'Jvf-:J::.QIT j. Jvff*~"f"i2 --=>0) voxel ~.::cT'JvJ::.1) br'S'J <ft

44



~ t::..o r::]ijS'!:gB~~~lJl*~~JE~ Lt::..~~, AP J'ffiMc-l'i-i-:' c-1~j)f<:!L 2: .ht::..Jlt-T7J)X-r;;
/vW~~x;f/v=¥-~l;t~TQ1'iJ'Il~'~1 t, db Qo L7J" L, *f!~ffrc-~d: 2 ~(J) voxel ~-rT'/v(J)

1~9 c-x-r ;; /v1{lJl;:I~~~d:1it~ 2: .hlt7J~~ t::..(J)c-, :. (J)1~j)W:!L7J)x-r ;; /v1{lJJtli,,-l};t

Qi'e~~d:/J\ 2:" \ ~ ~;t G.hQo

-j), PA J'ffiMc'~d: MIRD ~-rT'/v~~ J: ~ f!~fff 2:.ht::..x-r ;; /v1{l,*:lUi, Q~S'!:gB(J)~liI'J

:gB~'XlJlMlltt~"Ii:"2:~;t t::.. voxel ~-rT'/V~~J: Qffil ~ ~-C (J)x;f/v=¥-ili[![c'Jll:<It ~ t::..o

¥f~~, lOOkeV Y T (J)ifrx;f/v=¥-~Ji:l1!xc-~d:, Q~S'!:gB(J)flfm~~ J: ~ *"2: <x -r ;; lv1{t,*:I:

7J)~fL L t::.. o :. (J)***~d:, Jlt-t-7J))d*(J)1~JJtpGAMT Q~ft:j:c'Id:, J!I!j~~x;f/v=¥-~fi

l}T Q~IH~Jlt-T7J)J!i&JTQfiji:gBtJl*I(J)tlfm7J)x-r;; /v1{t,*:I:~~i'e~~l};tQ:. ~ ~~ L-C

"\Qo L7J" L, 50keV YJ::(J)Jlt-TAM~~~" \-Cld:, x-r;; /v1{t?'Rm(J)~Id:~<JM~t, ~-C

t" -i-(J)~Id: 20%~ft~-C"\Qo

I,C'3ztA:t::..J: '? t~, MIRD ~~ ~d:~/tQ)d*-rT'/v~m"\tdt.f!~fff~~J:~, fiji:gMlfm

7J)X-r ;; /v1{t,*-S:I~l};t Qi'e~~JEiil3"J~~f!~fff L t::..o ¥f~~, Q~S'!~B(J)tlfm~~fL 2: itt::..-r

T'/v~" \<~t.pJE~ L-C, x -r ;; /v1{t~:5:~~:H(lH~f!~fff L t::..o *f!~fff~~ J: ~ -C, 30keV (J)

Jlt-T7J)AM Lt::..~f*C'Id:x -r;; /vjU~ii7J)Af*-rT'/v~~J: ~ *"2: <~fLTQ:. ~ 7J)1it~~,2:

;h,f::..o L7J" L, -i-.hYj}(J)~ft:j:c-ld:, fiji~B(J)tlfm(J)i'e~~*"2: <§tIt Q:' ~ ld:ft7J"~ t::..o
-i-(J)t::..'dJ, m2 .(J)'$( 2-4 &lJ'$( 2-5 c-~TT'-7' Id:, J!l!jx-r;; /v1{(J) ESR HiJlIH~£.-j<

*~ii~ffiffi t~+5iii:m C'"2: Q ~ ~ ;t G.hQD

3.5.3 fill(J)~IHfr***~(J)]::!::N

*&fj'E7J)~15lli: 2:.ht::..1~c-, Wj}&f~#;\H~~I~:}3" \-CA{*-rT'/v~ m" \t::..x-r;} /v1{*~:5:~

~~fff Lt::.. 104)D :. (J){ill~~~~:}3ltQ*** ~ *&f~c-(J)gt.***(J)]::!::N~r~3-5 ~~~To

100 1000

7t f'- I.;/'-}v =¥-(keV)

APmUHtdtt- (Wi l!fr )
I• ;<$;tiJfm (M[RD~) r---

~O • ;<$;tiJfm(voxel~)

~ 0 Ulanovsky et.a/ 104
)

~

De I
~

0

- [~
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~
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*1iJfJ'EO)**JIH-:"':)v\'"(I::t, MIRD ~'L&ljI=lH~$I-:~rjjiJ~:F-J"':) voxel ~'H:'T'!vl-:J:: 0***

~~L'"(V\00 ~3-5t-:~T***0)'3't::J, UlanovskyGI::t, I.T;<!vjf~:5J'ML'"(JERL

t::. voxel~.:cT·!v~{~ffl L '"(v \0 104)0 *-1iJfJ'EI-:.:}3v\'"(I::t, ]jO).:cT·!v&ljIliill~~t.I-:Jli{fJ­

~"Jtt~¥:t~t;U!3 L, I.T;< !vjf~il:I::t]jO))J~~I-:.:}3ft0~;II:;ZPGj]~Y'{~~~ fflv \'"(i'mJE

L '"(.ttl L t::';0> , jjIIf~I-:I::t-*: '2:" tt~;0>ttv \:. (: ;0>1tt~, C''2:" 0 0 ~ 3-5 0)***1::t, *1iJfJ'EC'

f*ffl Lt::. MIRD ~.:cT·!v~fflv \t::.Jli{0~tt~¥:tI-: J:: 0~~fJT;0>, ]j0)I.T;< !vjfl-:.t:Ht0~

il:~, *~~tt***~lJ.*..t::.:. (: ~~ L '"(v \0 0

3.5.4 I=l H~P'J O)~il::5J':1IH-: J:: 0 AM7't-r1JrPJ O):JtJE¥:t

JJX:AO)]jr::t 28 71~ G 32111'+l£T0 t::. 'dJ, ESR ~tiJl~ 1-:{~ffl T 0]jI.T ;< !v'ff1-:"':)v\ '"( l::t,

- AO):fBni<~71~ G1l~{[l!]0)~*4~f*l&C''2:" 0 PJ~'ri£ 'b m00 f:O)t::.'dJ, [I'1J-:fBH'i<~{*
C't ESR lH?!I,IJ C'~f{jffi 2: n 0 ~il:;0>, ]jO)#l£{JLtiio)~v \ t-: J:: VJ I.T ;< !v'ff~NO) r~, C'~

71>1: C0 PJi'i~'ri£71>m 0 0 '$( 3-41-: 50keV 71~ G 1250keV ~ C'O)7't-rI.*!v=¥~ AM~{*I-:

"':)v \'"(, MIRD ~.:cT·!vC':5J'~IJ L t::. 5 "':)O)]jO)f!&~I-:.:}3lt 0 I.T ;< !v'ff~il:O) I=l H~P'JC'O)

~r~'~tt:5J'1'fi{EJtrPJ~~To :.:. -r:, ;fr)J~~O){:$:fJH::t, :i:'"(:f$]~ (: Lt::.O)C'*"J 4.1 cm3 (: tt

--::> '"( V \ 0 0 :i:)J~JExO)1i:5J'O)- (: tt 0 I.T ;< !v'ff~;II:I::t, '$( 2-4 1-:~T:i:)J~~O)I. T ;< !v'ff

tJRil:J:: VJ t-*:'2:" tt/Ffit71~2: ~:F-J"':):' (: t-:tt00 L71~ L, :. :'1-:~T~d*I-:"':)v\,"(I::t, :5J'~IJ

2: n t::. ;fr)J~~0)I. T ;< !vjftJRil:O) f.s.d l::t 10%J;rfC'm --::> t::. o ito) I=l H~P'J 1-:.:}3lt 0 ~r~,:5J'

:ffiO)~{t:;O){EJtrPJ l::t, AMT0 7't-rO)ft]J.tI-:xt L'"( l::t, :i:{:$:~"JIUctJxtfJF (: tt 0:' (: ;0>]3V-:

1tt~ 2: nt::. o f::. -r:, 7't-r;0>~ 2-2 0) ~M-/;;t). r !J c' e =00
71~ G 1800

~C'O) 30° '!if:

(: V\ '3 tJ{jlJJ71> GAM Lt::.~~I-:"':)v \'"(, '$( 3-4 I-:***~~To ~ t::., i:ck:1O)MfJFtt~:.:.

C't1i'i~T0t::.'dJ, LLAT ~M~{* (~2-2 C' e=270° ) O)***t{jH:t'"(~To :.:. C'1::t,

:i:'"( O)~{[I'H::t, :5J'1'fi{EJtrPJ ~1tt~,T 0 t::. 'dJ 1-:M]jIU;:Ht 0~il:{~~ 1.0 (: L'"(, {illO))J~~O)

I.T ;< !v'fftJRil:I::tf:nl-:xtT 0f~~;J{~(: L '"(~ L '"(v \ 0 0
H.~~fJTI::t, A {:$: ....J\MT 0 7t-rI.*!v:¥~;0>{fh '11 t·, I.T ;< !v'fftJR:Il:I::t I=l H~P'J -r: J::

VJ -*: '2:" <~{t:;T 0{EJtrPJ~~ L t::. o :. :hl::t, {Jj;I.*!v=¥~7't-r AMc'I::t, DH~O)/J\ 2: tt)J~~

-r:'b7't-r;0>J:: VJ ~< IJ&Jtz2:n0~S3I-:J::00 -1JC', ~I.*!v=¥~7't-rI::t, A{:$:O)MJ:: VJ

O)1JrPJ 71~ GAMT 0 ~{*-r:I::t, ;fr)J~JExO)I.T ;< !v'ff~;II:I-: m~ VJ ~1::t1: ctt71>--::> t::. o

A{:$:0)1.&1Jm 0 v'1::t{JtIJ1J71~ G7't-r71>AMT 0~{*-r:1::t, ~I.*!v=¥~-r:tI. T ;< !v'fftJR

il:;0> D,~~P'J O)~r~'C':5J'1'fiT 0{EJtrPJ71>1i'i~ 2: n00 7t-r71"1.&1J71> GAM L t::.~iI'l::t3fH±t-:.:}3

v,'"(, {.llJJ1J71~ GAM Lt::.~~I::tAMan{Jl~O)]jttt'C'f~1iffffl ~i81:. L'"(, DH~P'J-r:I::tAM

a~ J:: VJ t I.*!v:¥~71>{Jj;TT0 0 f:O)t::. 'dJ, {Jj;I.*!v=¥~7t-r7J>AM L t::.~iI' (: fRJtJfH-:,

J:: VJ ~< 0)7't-r7J>DH~P'JO)tJl~C'IJ&Jtz2:n0 (:~;tGn00
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£I: 3-4 x T I- Ivf{*JR:S:O) IJ ~~rkJ t;:.j3 ~t Q ~rr19)j-:m

7trAM~l3te (a) 50keV
(~2-2 ~~) Jllijj* :1::l<:pjj ft<:pjj :1::lJ!:jj ftJ!:jj

o (AP ~M) 1.0 0.89 0.89 0.66 0.64
30 1.0 1.0 0.64 0.92 0.36
60 1.0 1.3 0.49 1.2 0.41
90 (RLAT ~M) 1.0 1.8 0.59 2.0 0.56
120 1.0 2.6 0.85 3.2 1.2
150 1.0 1.1 1.1 2.9 1.3
180 (PA~M) 1.0 1.6 1.5 3.0 3.3
270 (LLAT JffiM) 1.0 0.52 1.7 0.55 1.9
7trAM~l3te (b) 80keV

Jllijj* :1::l<:pjj ft<:pjj :1::lJ!:jj ftJ!:jj
o (AP ~M) 1.0 0.99 1.0 0.93 0.90
30 1.0 1.1 0.88 1.1 0.64
60 1.0 1.2 0.72 1.2 0.65
90 (RLAT ~M) 1.0 1.4 0.70 1.6 0.71
120 1.0 1.6 0.84 2.1 1.0
150 1.0 1.3 1.0 2.5 1.3
180 (PA~M) 1.0 1.4 1.3 2.0 2.1
270 (LLAT ~M) 1.0 0.77 1.4 0.74 1.6
7trAM~l3te (c)l50keV

Mjj* :1::l<:pjj ft<:pjj :1::lJ!:jj ftJ!:jj
o (AP ~M) 1.0 1.0 1.0 1.0 0.96
30 1.0 1.0 0.92 1.1 0.76
60 1.0 1.1 0.76 1.2 0.71
90 (RLAT ~M) 1.0 1.3 0.81 1.4 0.79
120 1.0 1.4 0.89 1.7 1.0
150 1.0 1.2 1.1 1.9 1.3
180 (PA~M) 1.0 1.3 1.4 2.1 1.9
270 (LLAT JffiM) 1.0 0.88 1.3 0.85 1.5
7trAM~l3te (d)300keV

Mjj* :1::l<:pjj ft<:pjj :1::lJ!:jj ftJ!:jj
o (AP ~M) 1.0 1.0 1.0 1.0 1.0
30 1.0 1.0 0.94 1.1 0.84
60 1.0 1.0 0.85 1.1 0.75
90 (RLAT ~M) 1.0 1.2 0.83 1.3 0.77
120 1.0 1.4 0.92 1.5 1.0
150 1.0 1.1 0.94 1.6 1.0
180 (PA~M) 1.0 1.3 1.3 1.7 1.7
270 (LLAT ~M) 1.0 0.79 1.1 0.70 1.2

*Mjj~~O)x T I- !vf{~:S:~ 1.0 2:: L -C, {illO)~~~O)x T I- Ivf{~:S::O)f§Xif~~*To
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Ulf: 3-4 0) /) --:5 2:" )

J't-=f-AMft3lte (e) 662keV
(~ 2-2 $Jffi) M~* :t"9='~ ic9='~ :t"~~ ic~~

o (AP JffiM) 1.0 0.95 1.0 0.91 1.0
30 1.0 1.0 0.97 1.0 0.82
60 1.0 1.0 0.80 1.1 0.77
90 (RLAT JffiM) 1.0 1.1 0.86 1.2 0.78
120 1.0 1.3 0.96 1.4 0.93
150 1.0 1.1 1.0 1.4 1.1
180 (PA JffiM) 1.0 1.1 1.2 1.3 1.4
270 (LLAT JffiM) 1.0 0.90 1.2 0.81 1.2

J't-=f-AMft3lte (f) 1250keV

M~ :t"9='~ ic9='~ :t"~~ ic~~

o (AP JffiM) 1.0 0.92 0.98 0.88 0.92
30 1.0 0.99 0.88 0.91 0.81
60 1.0 1.0 0.93 1.0 0.86
90 (RLAT JffiM) 1.0 1.1 0.87 1.1 0.89
120 1.0 1.1 0.84 1.2 0.81
150 1.0 0.98 0.95 1.3 1.0
180 (PA ,~M) 1.0 1.2 1.1 1.3 1.3
270 (LLAT JffiM) 1.0 0.93 1.1 0.86 1.1

*M~~l~O).:r::.T ;I- Jvj'UJJtm~ 1.0 ~ L --C, {lliO)~l:l9jZO).:r::. T ;I- Jv'!{~mO)t§jt{~~~To

LtpL, ~.:r::.T;l-Jv,!{~JtJv\t=.ESR iHi~IH=:J::6tJJtm~;Hiffili, 25%f¥ltO)/f~1It7J'~~~

fJft6£'~7J~;b6 ~¥~E~:h--Cv\6 28)0 Lt='7J~/)--C, ~~IUi, 150keV YTO){tt.:r::.*Jv

::¥-J't-=f-~B<li' <1=:;t3v \--C, r::l ij~I*JO).:r::. T ;I- Jv'!{~m~;j'fj ~~lItl=:lItit,g "('2:" 6 ~ T1'L~t ~ :h6o

:: 0)~i1, .:r::.T ;I- Jv'!{tJJtmO) r::l ij~1*J 0)~:tFJ7J~J't-=f-0) AMJJrPJ O)t1tJ:Ef=::1f~it,tw¥~~ it 60

-JJ, :: O)iffi5f!:7J' G, ESR iltiJIiH=: J:: 6.:r::.T ;I- Jv'!{tJJtmO)~r~'~;j'fj7J~ ~lItl=:lItit-B ~ :hit7J'/)

t=.~i1, 300keV YJ:O)J't-=f-7J~~B<li<f=::*2:" <*-9"- Lt=. ~ :f.!flJIfT6:: ~ 7J~~~ ~ ~;t60

:: 0) J:: "5 it~f't-C-li, ~ 2-4 &lJ~ 2-5 O)flJnJfiffi* ~ {Jtit--C, .:r::.T ;I- Jv'!{tJJtmlif~lET 6

:: ~ it <,{*~'it~0))jJ~tJJtm;b6 v\li~~O)t,,~m~+~i1:f.!S~I=:~Hiffi-C-2:" 6 ~ T1'~~:h60

3.5.5 .:r::.*Jv::¥-~:tFJ~:1fT6 J't-=f-~B<li<l=:j;jT 6 ESR HiJllJ f=:£--:5 <)jJ~~mO)~'jZ{iffi

~ 3-3 0) S }~1J=: 1250keV 0)J't-=f-~~JJs~I=:;fjj(I±lT6tJJttJffi~{ffiJ~Lt=.~i1f=:/)v\--C,

MCNP-4B :::J - FI=: J:: f) flJIffJf L t=. A }~f=:;t3lt 6 J't-=f-.:r::.*Jv::¥-~:tFJ ~~ 3-6 f=:~To ~ilJR

7J'G;fjj(I±l~:ht=. 1250keV O)-{jzJ't-=f-O){lli I=: , )#, ~&lJ7(#-c-if(3L~:h--C.:r::.*Jv::¥-7J~

{tt <it /) t=. if(3LtJJt7J~, tp. <iI8:(± L --C v\ 6 :: ~ 7J~1It~~:h6 0

1!5-J't-=f-.:r::. *Jv::¥- ]::" / f=:j;j;;tT 6 ~.{*~~* C --C, .:r::.*Jv::¥-~:tFJ ~~It L t=. *~l:l9jZ

O)~m~.1±l Lt=.o :::: "ni, fF**O)~tJffi/'o,O)rPJ2:"7J~!ffJE-C-2:"f,~'jZ{iffi,~O)~JZ2~-fm

1=:1~~1@]Lt=.~v\"5:tkm~{RJEL,,~M~{*~ L--C Angl(avr')~~ltLt=.o ::O)~{*I=:jt;;t

T 6~.{*~li~ 2-4 7J' G~tR Lt=.o :t t=., 1!5-.:r::.*Jv::¥- ]::"/f=:jt;;tT6~.t"*~li, '7
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1 0"0 1 0 0 , 0 0 0

~ 3-6 ~ 3-3 C'{&:;fJHJ~m-O) A A~U;::'.:}3lt -57t-=fx ;f.Jv=¥-5HFl

(8 ,,!?J;::.{&:;f.I!, L td,'Wl1:iJ'> G~I±I ~n-5 7t-=fx ;f.Jv=¥- : 1250keV)

*. 3-5 f;::' A ,<i?:f;::..:}3ft -5i1zi5Lff&O)~lf.~~li: Lt~m-i:ft;::.~v \--C, x T ~ JvWff&:S:, 75'r-E.'~

~&tf1t*.1IDO)ff&:S:~~To ~ t~, ;;H&Wl1:iJ'I G0)-?X7t-=f0)Jj.~~li: Ltd~i:ft;::. ~v \--C 0)

~{~t{fHt--C~To fjIJ;tt'f, 1250keV O)7t-=fff&Wl1:O)m-i:f, ~ 3-6 f;::'~TJ: j t;::'ptdt c:"C'iIz

i5L ~nt~ 50keV iJ'I G 200keV ~C'O)7t-=fiJ> , 1t~~:l!!XO)ff&:S:O)jfl±lt;::'~lf.T 0 0 =- O)x;f.Jv

=¥-~~:l!txC'ti, ffi 2 ~C'~f;::.~t1lil L t~ J: j t;::., n*/fJl!ftO))i;v \f;::' J: V) x T ~ JvWff&:S:ti{t!1

O)!S$ff&:S:J: V) t r'i'J <it 0 0 ~0)~5It 7t-=f~Wl1:O)x;f.Jv=¥-iJ' 150keV 0,J:.0)m-i:f, x

T ~ JV~ff&:S:tiilz3Lff&~lf.0)~li:0)1f~t;::. J: V) :3£{~T 0 =- C: iJqlU~, ~nt~o

*. 3-5 A ,\~U;::'.:}3lt 0 ?2:~:tJ--y ;bt~ V) O)~xT ~ JvW& tf1tl'f~O)ff&:S:

(Angl. (Avr,)~{*, *{v: :Gy/Gy)

8 ,<i?: 0)7t-=fff&Wl1: 75'r-iS1t1lm 1t*.1ID x T ~ JvWff&:S:
. O)x;f.Jv=¥- (p) *1 (D) *2 (p) *1 (D) *2 (p) *1 (D) *2

(keV)

50 0.447 0.425 1.86 1.77 4.13 3.92

80 0.743 0.680 2.01 1.99 4.45 4.42

150 0.852 0.794 1.23 1.55 1.95 2.97

300 0.815 0.801 0.931 1.27 1.09 2.12

662 0.820 0.807 0.872 1.14 0.907 1.74

1250 0.854 0.826 0.891 1.11 0.889 1.62

2500 0.892 0.852 0.924 1.11 0.922 1.54

*l:(P)-?X7t-=fO)x;f.Jv=¥-O)Jj.~~li:LJd~.

*2:(D) A ,<i?:t;::..:}3It 0 ilz3Lff&0)~lf.~~li: L --cjfl±l L td~
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~i5L~O)15lt;6~~:Ii:~iJZ{Iffi""'lJ.;t 0~.~ J:. VJ f~JHlfH::T 0 t:. &), x -j- j Jvlt~:li:f::xtT 0

$~:'Ftim&V~~iIDO)J:;tl::0v '-C, A }~I:::t3rt 0~i5L~0)15ltO)~1!!€I:: J:. 0~{~:a:-~ 3-6

1::~To ~*iiil::t, A{**Ji~~O)t:pC't7JJv,/r)A, !J /ft.~"~$<1!;tJt:.&), x-j-jJvj{

tJll:r::~tT0J:;t;6~~i5L~0)15ltO)~~r::J:. VJ strt 0~.I::t/h~<ft. 00 -jj, ~~~iml::t,

'~tJi~~r::JlIv\n*C'fflJJJt~h0 t:.&), ~i5Lt~O)15lt;6~, x -j- j JV~~jIJ::xtT 0J:;t""'~;t

0~.;6~*~ <tt.0t:. o ~t:., ~mX;fJv=¥-;6~fJiv'~ill::t, x-j-jJv'j:~i;\::xtTQ~

~~:!l!-XO)~:liO)J:;U::t, ~i5Lt~O)15ltf:: J:. VJ ~.~5t rt tt.v' =- ~ ;6V;j;6\0 0 =-hl::t, ~i5L~O)

~.;6~f§~tfB~::/J\~ <ft. 0 t:.&) C'tb Qo t:. t=. L, =- O)~JtfJTC'I::t~i5L~O)!f,JI::$v ':tkm~{&

;tg L -Cv \0 =- ~ r::B:BT 0£,~;6~tb00 fJ~;tli, Af*O)rPJ ~ ;6~!f,JfEC'~ t:.~il, ~:li~HIffi

r:::t3v '-C r::tA{*""'AMT 0 Jt+r::0v '-C~i5Lt~O),*lJ.I::tYft.<ft. Q t:. &), x -j- j Jvlt~:I:

r::t {m0).%a:t~:Ii: I:: J:. VJ JlI <ft. 0 ~ 15;t 0 0

~ 3-6 A }~J:::t3rt 0 X -j- j Jv'j:~:l:j)\G~jf~O)t~:I:""'O)~.i*~

(Angl.(Avr.)~{q:, 1fl{lL: Gy/Gy)

S }~O)Jt+*~im:O)

x;fJv=¥-(keV)
~~~im~:li/ ~~iii~:I:/

x T j Jv'j:t~:Ii: x T j JvW~:I:

(p) *1 (D) *2 (p) *1 (D) *2

50 0.108 0.108 0.450 0.451

80 0.167 0.154 0.452 0.450

150 0.437 0.267 0.631 0.522

300 0.748 0.378 0.854 0.599

662 0.904 0.464 0.961 0.655

1250 0.961 0.510 1.00 0.685

2500 0.967 0.553 1.00 0.721

*l:(P)-{XJt+O)x;fJv=¥-O)Jj-~15lt Ltd~.

*2:(D) A }~I:::t3rt 0tki5Lt~0),*lJ.~15lt L -c.te L tdill

J;lJ:O)i11i*J:. VJ, jtx-j- j JVf(O) ESR nmIH::j;---:5< DilU~t~:l:O)~iJZ{IffiI:::t3v'-C, {Jix;f

Jv=¥-Jt+O),*lJ.;6~~tJ!C'~ tt.v 'mil, .l2J- TO)~IIWi:a:-~tJ£,~;6~;bQ =- ~ ;6~5t1J\00

1) tki5L*JRO)15lt~1!;tJ~O) Jt+x;fJv=¥-5t~:a:- IEli'fjH::IDliJ~, ~iJZ{jffiT 0 0

2) fBHi <a~O)~{PJ~{q:O)'rff¥IH::~--::5 ~, ~iJZ{jffi ~ ht:.Jt+x;fJv=¥-5t1fH::%j"J;tT Q x

-j- j Jvj{tJR:l:IJ\ G.$:~:I:""'O)~.{*~~.teT 0 0

3) 2)C'. t±l ~ ht:.~.{*~ ~m v' -C, x -j- j JvW~:l:IJ\G.$:~:I::a:-~nlliT 0 0

3.6 ~ (: ~
m2!jfC' MIRD @.:cT'Jv~ Jtjv \-c~t.MtJT Lt:.x -j- j Jv'j:~:l:I::0v '-c, !lo/.J~l¥Jft.R]jf~

ii~:a:- mv\t:.Jt+JffiM~~I:: J:. VJ ~~iE L t:. o =- =- C'1::t, 3000keV ~C'O)Jt+I::%j" L -cJjx

T/- Jvj{ ~ IlltlPJ~O)'j::l:x;fJv=¥-P2kJ1)(i*~~~TQ CaS040) TLD :a:-R]$ii~O) r::l ij~
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~m~=!jcti Lt~o j: t~, ~~iH={~fflLtd~~77 /' t- AO) CT OOJ{f~U=£--:5~, voxel ~.:c7"

!V~fF~L t~o =- O).:c7"!v:a.- ffl'v \'"( Qij~tf~O)xT ;( !vW*JR:I.:~H'JJ~= J:: ~ MfJT L, ~~Cf­

¥~O)*'43tt:&a;);t*:a.-~~iELt~o ::cO)t~YJ, voxel ~.:c7"!vC'~:t, l!jO)${lrO)MW c!:: L '"(

CaS04 :a.-!E~ Lt~.:c7"!v'bfF~Lt~o H'JJ~~tffO););t*, TLD ~=J:: 6XT;( !vW~:l:O)~

~IH:t+5:H=*'43'~1iJ~ib6 =- c!:: iJ~1it~,2: nt~o j: t~, TLD ~= J:: 6 ~~u;);t*&a voxel ~.:c7"

!vO)XT;( !vW~:l.:O)i'H-'JJ;);t*~:t, MIRD ~.:c7"!vC'Mtff 2: ntd!!! c!:: ili: <t~0 t~o v.J::J::

~ , m 2 iifC'#fV< t~Jt-=ffEn:f <{;k{tj::~=jt L'"( MIRD ~.:c7"!V~ ffl 'v \'"(~lttff 2: nt~x T ;(!V

W~:l.:I:t, ESR ~t~IH=£--:5 <fEn:f < ~ijZ{[ffi[=:t3'v \'"( +)j-~ffl PJfl~C'ib 6 c!::~ it Gn60

~i!lIH= J:: 6~~iE:a.-§tlt'"(, MIRD ~.:c7"!Vl= J:: 6~lttff;);t*~~~O)f~l:f < ~f{[ffil=i@iffl L

td~-fr~="':)'v \'"( O)r~~Ji!lL~~~ltfJT, ~~ Lt~o ~f}]~=, voxel ~.:c7"!v~ffl 'v \tdt'JJl= J:: ~ ,

AJ$:O)li~tf~t14m:iJ~l!jxT;( !vWO)§tlt 6~:I.:~=1};t6~.:a.-~lttff Lt~o ¥-fl=, MIRD~.:c

7"!V c!:: voxel ~.:c7"!vC'l:tQij~g:~tlltm:iJt~t~60)C', =-niJ~XT;( !vW~:l.:1=1};t6~.

~~~MIlI=~ltfJT Lt~o ::c0););t*, 100keV V. TO){tS:x*!v:¥-~~~C'I:t, A {:$:mm:O)J§;'v \~=

J:: ~ *JR:I.:'[!!!I:t:k 2: t~/F1itt.P 2: ~{"¥ OJ =- c!:: iJ~1f- 2: nt~ iJ~, ::c O)~I:ttllUd- 20%0. N ~=;b 6 =- c!::

iJ>1it~~ 2:nt~o =- 0););t*1:t, MIRD ~.:c7"!vl= J:: ~ Mtff 2: nt~7"-7' iJ> A{:$:liJitf~l=ib 6 jj

O)XT;( !vWiJ~§tlt6~:I:[=ML '"({i;*ii1H=t~6 =- c!:: ~1f-T c!::~ ;t60
m'v \'"(, Jt-=fO) A{:$:",-O)}\M1JrtlH="':)'v \'"(, Qij~NO)XT;( !VW*JR:l:O)~FI'I')j-:mIJ'G*

j~IJT6 1Ji:t~~i3i L t~o ::c O););t*, ~:l:O)~FI'I'i¥J t~)j-:miJ-; *~i¥J [=1it~~C' 2: t~~~I:t, itS:

x*!v:¥-Je-r~=J:: 6f~l:f < O)PJ~'~iJ~ib6 =- c!:: iJ>~ G;lpC!:: t~0 t~o ~j], x*!v:¥-)j­

1lJ~=~iJ>1: r: t~ 'v \~~I:t, ESR ~t~u ~=£--:5 < x T ;( !V'fUJR:l.:I:t, {illO)• .M~:I.:~=ili: < t~ 6

{;k{tj:: c!:: *~u 2: n6 0 m 2 iif-C'O)~It;fff;);t* c!:: f*-tt'"(, =- 0) J:: -) t~{;k{tj::-C'I:t, x T;( !vW~:I.:

~::C0)j: :t• .M~:I.:;b6'v\I:t~~*JR:l.:c!:: Lt~~~C''b, ~~i¥Jt~f~I:f< ~f{[ffiiJ~PJ~C';b6

c!:: ~ it 6 0 ~~~=, ~~x*!v:¥-Je-=f[= J:: 6f~l:f < ~ftj::C'AltfJT&a~~IJ 2:nt~;);t*[="':)

'v \'"(, x*!v:¥-)j-1lJ~~T 6 Je-=fl= J:: 6fNI:f < ~§tltt~~itf"'-O)~ffl'~ ~Mtff L t~o ::c

O););t*, ,reJilltlltm~t~ c!::"~=:t3'v \'"(~!L 2:nt~Je-=fiJqNI:f< ~=*~ <~l}T6~~, ::CO)x

*!v:¥-)j-1lJ ~~l\\tT6 &:;,~iJ~ ib 6 =- c!:: :a.-1f- L t:..o

m2 iif&am 3 iifl=1f-T1iJfj'E~*:a.-JXIl!k:2:-tt6 =- c!:: ~=J: ~, l!jxT;( !vWO) ESR ~t~IJ

~=£--:5~, J:: ~ :iE1itt~fNI:f < *JR:I:~ijZf[ffiiJ~PJfl~ c!:: t~0 t:.. c!:: ;);t~f1~t 6 =- c!:: iJ~C'2: 60
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m4. ~m.*~*~~i' <~~ J: t:J {*r*H~:'£.px: ~ hQ 24Na :fi: ~
)d**~ ~i' <*7~:fi:O)~.M1* O)1iJfJE

4.1 '1*-iJ~~

{,$:7I-7J'> G0)1ilct-t~fBHi<~~ /)v '-C, rw~J:e'.i:~f~~fj ~ L-C fi7t-r&V9=J'~~-riJ~lb 0 0
::.. 0) j 'G, 7t-rfBUJ<~{~ j ~~a~f~.:tcHt o~:li~'f{iffif~/)v'-Cfi, ~ 2 :f:&V~ 3 :f:C'~

~tlii L t~o -{-::.. e', ::$::f:&ViJz:f:f~.:}3v '-C fi, 9=J'~~-rO)'*-9-iJ~-a*.no~~a~f~.:}3ft 0~:I:

~'HiffiitO)F7¥JJe~~lliliiT0 0
jMJ~O)1JJ:M~.$:f~{~o WffJ]t7J'> G, 1t:*f~~:liO) 9=J'~~-rfBzfi < :a:-{~ j .fj~ ~ L-C fi, ~

w..$:~4!~)i:To£,~iJ~lb0 ~ ~;t G.noo ~W..ii.tC'fi, ~-r1Pi*J ~ f:t:fV~ V) mlH~l/ffi~

f~t~71~O)J!!~jtBZ);tf~ J: V), *:li0) 9=J'~~-r&0' y *}RiJ~361:T0 0 -{-O) to/) , 7JiJ~-f~ 'b1JJ:

MffhiJ* ~ f~ Ot~~*.:j.O)ili:{i'~~ fF~1!ff~ c:'iJ~v 'td~1t, .i:)lfV~iit~~~O)m.no J: j f~fE(fi

<:a:-5tft 0::" ~ f~f~ 0 0 ::.. 0) J: j f~fBzfi < 1!fO)iit~~~0)@]1l0)t~bbf~, .~:f.&lf!.WlO)~

pi'€e'fBzli < ~:li~~'f{iffi L-C, -{-O)'IW¥~~~£--:5~ 5<j]*S1f~12f1tHIf~0)~ti®:a:-li~T o£,~iJ~

lbo 53)0 ::"::"e'f:t, ~w..ii.ta~f~f:t~*h:liO)fBzfi< :a:-::'<ma~r~'f~5t~tot~6O, 13~0)1JJ:

Mffh-=c,;::: 7' !) / )7"f~{~ffl ~ .n01Jl1JIE%S:iJ':ff~f~~'f{iffi;f,t*:a:--9-;tf~v'RJ~'~~ 'b lb O,~ ~1i;f:

To~,~iJ~lboo -{-O)t~bb, 1iJ:M1~m~ffJ3.h-1t:bitt~~t±\%S:, *~:lifBzfi< ~O)iJlIJIE~ §

131 ~ L-C F7¥J36 ~ .nt~ffh:liHf~ ~" :a:-:flJffl Lt~ ~itiJ~:Jt~ ~.nO 53),62),63),64)0 L7J'> L, ~ 1 :f:

e' 'b~At~J: j f~, j&1~O)~3f.ii.te'f:t~S:Htot c:':a:-~1T L-Cv ,t~v '1!ff~MT o~:li~'Hiffi

iJ~~*~.nt~{Y~iJ~lbo 12)0 ::..O)J: j f~~1t, )d,$:9=Jlbov'f:t~IIIDO)!jo/)W9=JO)'tCIE~*iJ~9=J

'~~-rO)fEj]i{tffl f~ J: V) 1JJ:M1~ L-C 1:iJX: Lt~1JJ:M'~~~{lL7G*O)1JJ:M~flilf~£--:5 ~, fBzli <ffh
S:~~'f1iffiT 0 ~itiJ~:ff5<j] ~ fot 0 0 A{,$:O)~~f~:bt~ /) -Z-*J3.*jjjtlb 0 v'f:tJfiJj~f~f:t'tCIET r- !)

r) A(23Na)iJ~-IEO)WIJ1t(1.4glkg) e'ffffT0 55)0 ::.. O)'tCIET r- !) r) AO)9=J'~~-rM1i1X);t,

23Na (n, y)24Na, e'1:iJX:T 0 24Na ,:t, 1iJ:t±\ ~.no y ffJRO).:r:.*!v=¥~fj: 1.37MeV &0'

2.75MeV ~ ;7.,~)7 r-!v1Jl1JIE~~.:}3v '-C{lI{ll:f~~f*f~lboo * t~, 24Na ~fjO)*~Wlfi 14.96

a~r~,e'lb 0 iJ~, {,$:i*J~*0)1JJ:M1~e'1:iJX: Lt~1iJ:M'r~~{lL~*O) 9=Je' 'b~V'0 -{-O)t~ 60, 9=J
'~~-rfBz'i < f~ J: V) {,$:i*J ~~1: Ct~ 24Na S:~~£--:5 <*7'R:li~'f{iffif:t:ff5<j]tot~~ ~ f~ V) ;t 0 0

-{-O)-}je', 24Na 1:JJx:li ~*7'R:li0)~.~{~f:t, A{,$:~AMT 0 9=J'r~-r.:r:.*!v=¥~f~ J: V)

*~ <~{~T0::" ~ iJ~}t§'tj'ilj~.n -C~ t~ 53)0 ~3f.~O)m~O)1JJ:M~!f.H~O) j 'G, 9=J'r~-rO)

.:r:.*!v=¥~f:ttt71~f~f'¥v 'Je1: Lt~~f:t~ MeV f~,gre'lboo LiJ'> L, -{-0):f.&f:t)j!fJJ2Hlfm

!jo/) ~ O)f§]i{tffl f~ J: V) 71-r0)~)l:1iJ ~ ~~O) leV *irMJ* e'~J!T 0 0 * t~, y~ ~ 9=J'~~-r

0)1lEffO)¥Rfl.ffif:t, ~w..$:O)361:~{*f~ J: V) *'2: <~1~T0 iJ~, y ~fBzfi < f~f* j ~:lif:t,

9=J'~~-rfBzfi < f~{~ j 24Na 1:iJX:S: ~ l:tur1*f~f:t~{~{1ft G.nf~v' ~ v' j ~p~)Ht~ t}t§'m~.h

-C ~ t~ 65),66)0~J:O):flI1 S:l f~ J: V) , ::.. 0)~it1jf3!R e'f:t, {tho)/,;;~ :;t- F:./) r- !) ~ ltif& L-C 'b,

.ii.t361:ur:f.&O)~'f{iffi ~ L-Z-{~*JH~iJqE;v' ~ ~.n, **h:liO)fBzfi < :a:-5t,tt~1!f:a:-;7.,)7 !)~,;:::

/)7"T 0::" ~ ~;f:~ Lt~~it ~{lL~--:5't G.n-Z-~ t~o

~J:O)oJ~~7J'G, ~3f.$:a~f~{,$:i*Je'1:iJX:~.no 24Na O)1JJ:M~flilf~£--:5'2:, illJ!fdh
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1t~;Hiffi;;r PJ~ ~ -t9 T-rt;;r1it.s'z:-t 9 t~6b(J)1iJfj'E~1T:; 0 *~C'fj:, t~~*1~B-trv \ <~tj>

(J)*~7m:~ftj:~{BUE L, .:ch.:ch(J)~ftj:f~~ L-Cf*rkJf~~px-t9 UNa :It ~ ,M~f'£ <*~:It(J)/E

lti¥:Jft~f*,~f§ItI3jj-t 9 0 =- =- C', ~5t~f~f'¥v \3E~-t 9 ~t1-1-&Lf y *ijH~~v \-C (J)1iJ:M*~

iliilU~f~~v\-Cfj:, 3{jzjI;f**~Jtjv\-Ct~~C'~9 MCNP:::z- F 77)f~J::9..::c~T7JJvpH

.rt~1*Jtj-t9 0 ;t t~, Af*~C'(J)~'r1-1-(J)~JJWJi6~, f*rkJf~.tJlt9 24Na (J)~pxf~l};t 9

~~~f§IttJT L, =- (J)*~:It~'ffiffirti6~f*,*cb 9 v\fj:Af*----..(J)1iJ:M*7JR(J)AMjJri'iH~ J:: tt) §tIt9~

~~f§ItI3jj-t9 0

4.2 illt£ft*JR:It~'ffiffif~£,~ftT'-7'

:l&f)][~, f*rkJ f~~px 2:h9 24Na :lif~£"5 <iI#R:It~'ffiffif~.tJv \-C£,~ftT'-7' f~~v \-C~

~Lt~o f*rkJf~.tJlt9 24Na (J)~pxf~fj:, 't2/ET 1--1) rJA(J)~'r1-1-:jffl3il~Jti6~~f*'-t9o

~ 4-1 f~~-t J:: :; f~, =- (J)t~3i£~:J;t(J)~rmf1ffj:.I.*Jv::¥-(J)7mXt£ ~ ~ t f~*~ <ft tt) ,

1O-2eV !:jt{V:~~iL'~ L-C.I.*JV::¥-i6~5t1fJ-t9~~'r1-1-C':I&*~ft9 105)0 ;tt~, ~'r1-1­

f~ J:: 9fBni <*7JR:It(J)t~t~ ~ ft 9,~*JHI(J)7J-'"?f*,~ 106)f~~v \-C, AM~'r1-1-.I.*Jv::¥­

f~~t-t9 (i:(tH1~~-to =- (J) :7" '77 fj:, ~'r1-1-.I.*Jv::¥-f~ J:: tt) !:jtf:v: 7 JV.I. ~:A ~ t~ tt) (J)

7J-?f*,~i6~ 10keV J;l,J:-.C'~7JJtf~~j]DL, 102f~J;I,J:-.~f~-t9 =- ~ ~~ L -CV\90

101 103

_2JNaO) <p11.:rtfllllEUtliiilHI 105)

---.. - - - ~1'J1r.f0)<P11.:rtJ-x~~ 106)

:::l-E
0

." I
b

10-1 ."
101 ~

~
.-

~e .-.- - -. ~II!!! '"
~

'0
G)

12 '<

~
()

10-3 10-1 3
~ '"

~

:l! '"
8 '"
('\l

~
10-5 10-3

10-7 10-5 10-3 10-1
10

1

I:jJ1'1TI..::I'-JL-=¥- (MeV)

~ 4-1 't2/ET I-- l) rJ A(J)t~~f1Xr,t~rmf1f 105)&Lf'~*Jl.~(J)~'r1-1-7J-'"?'F~~ 106)(J)~'r1-1­

.I.*Jv::¥- f~xt-t9 {i:(1¥'r1

=- h G(J)tI&.J;@:lif~mg <~f*,-t9 ~'r1-1-(J).I.*Jv::¥-5t1fJ fj:, ~W*$:(J)*~7m: ~ ft 9 t~~

*1(J)tA~f~ J:: tt) *~ <~1~-t9 0 ~~*1(J)*Jl.pxfj:, -JiJ)tI'!"Jf~~{11Ztf\(J) t (J) ~ **~B-;t ft

v\~~~(J)t(J)f~*~<5t~2:h90 ~5t~f~f,¥v\3E~-t9~'r1-1-fj:, fi:lt(J)i5:v\**~

~<B-tJ7~{11Ztf\(J)~*1C'fj: J:: tt) ~t£ 2:h9 i6~, m~~i6~Gft 9t~~*1t1&.JfiC'fj:+:5tf~~t£
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~n0 j~iH=r~i~T0 PJ~'~1:iJ~~ < ft. 0 0 -jj-c, 9="~1:-T (: <!:: t ~=~)1-~5[J;t-cJE~T0 y

~~'i, **0) J: -) ft.~I.-'5G*9='-cf'iJ: IJ mi@ L-~T<, ]l~~-c~'i/l&~ ~n0ME$iJ~~ <
ft. 0 0 f: O)t:-th, .i&O),5j(M*~J1ffi <!:: ft. 0;f~~no)*JlJfti,)~, 9="~1:-TO):J:*lv:¥~)1-m&. V y

~ (: O)rIEtEO)~#ffil=*~ ft.J~Yi~:a:--9- *- 0 =(: ~=ft. 0 0 =n~=1JI] *- '"(, k~JUJjj{ (: Af*O)rf'l' ~=~
<'-..v'iJ~fftET0~~, **:a:--2;"qy::J '/) !J ~ r- (:~ft. t'O)~~O)rf'l,-cI:t, II:1J~O)YJI!!Ef=J:

IJ r~i~T 0 9="~1:-T&.V y ~O):J:*lV:¥~)1-::ffi, jl!ljl'-O)rIEtE.bl:: (: v,"':) t:-,5j(M~~,~t.J~~{l::T

00 ft.:t3, i5:4'-~=JE~ L- t:-~m-.iij:~=:t31.- ,'"( ['i, *~lm:f**f=~T 0 f~¥flI'i.bl::~(fJ1f1.v '~19'&

-cf~ C:>n '"(I.-' 0 lOU 1), 12)0

~gj!..i&a~O)~ji~'jZfiffi~=:t3v ,'"( f'i, 9="~1:-T <!:: y ~~= J: 0rIEtEfBZli < :a:-~ltT0 ~,~iJ~;V:,

0 0 ~jil'im 2 ~-ct~A:t:-J: -) ~=, jfji;V:,t:- V) 0):J:-*lv:¥~f1~-cIE~~n0iJ~, 9='t1:

-Tf'i y ~ <!:: ~~~=m1tJ:a:-~t:-ft.1.- ,t:- th, ~f*JXJ;t: <!:: O)f§1if1=tfH=~ c:. t;:1tJm*,1-TiJ~~f*9='
O):J:*lv:¥~ft -9-1=~f*T 00 y ~~= '01,1 ,'"( f'i, f§1i f1=.!tJ f= J: V) ~{*9=' 0)5G*O)ij!AJ1!m-T

iJ~ § S3 f=ft.lJ, f:0) § !Em-TiJ~:J:-*lv:¥~f1-9-~='~HJf,T0 0 -jj, 9="~-T~='0v',"(f:t, f*
V'J5G* <!:: O)f§1ifF.!tJ ~= J: V), flk 0)1tJm*,1-T:a:-JE~~-tt0=(: iJ~~ Gn '"(V'0 72), 73)0 ~9='

'~1:-Tft. (:"O)f.fr:J:*lV:¥~9="~1:-T;= J: 0f~~i' < -c~'i, **;f~iJ~~~T0 9="~1:-TMWiJXJ;t:, H(n,

y)D ~J.m c:. '"(JE~T 0 2.2MeV 0) y ~~= J: 0f~l:f < o)~~iJ~*~ 1.-' (: ~n00 -jj, Af*
~=}\MT0 9="~1:-T(7):J:-*lv:¥~iJ~ 100keV fAJ::~=ft."':) t:-~~, 9="~1:+~=1XJbJE ~nt;:**~

(~j}-T) f= J: 0 :J:*!v:¥~r;t~iJ~fBZli <*~ji~=*~ < ~-9-T0 0 ~ t;:, 9="~1:-T:J:-*lv:¥~

iJ~J: V) rl'l1< ft."':)td~~, fill 0) illTm:fll-TJXJ;t(n, d), (n,oo)-cJE~T0]l~-T;V:,01.-'f'ioo*,1-T

(-IHe ;f~) iJ~Af**Jl~<'-..O):J:-*lv:¥~i;t~~=*~T 0 0 e:tJ!(fJft.f*fJ9='-CO):J:-*lv:¥~{t

-9-i,)~fRJ c:. -c t, m-T (: f:nfA>1-O)wmfll-T-c~'im~!&;~O)ilv ,~= J: V), ~f*O)5t~t 0~~

iJ)~ft. 0 0 -~i¥Jf=*~.iJ~f.frv '~l (:"f:O)~iJ)*~ <, m 2 ~-c-'~A:t;:,5j(M~1tJ.mf*~I'i,

f.fr*~ jiJ1jIH=:t3 ~t 0 cfr ,5j(M**fl C')~ tjo/J f=:x-tT 0 5i"JJ*.rl:: ~=J: V) ~IE ~ n 0 0 L- iJ >L-, f.fr~ jifBz
Ii' < (: fRJt*f=, rl'l1*~.fBz'i' < -ct='0O),5j(M~f!lO)rf'l,-cI'iAf*O)5t~t 0~J*~~~:t~ft. 0
107)0 f:O)t;:th, l~J~mti:O)jjfr1H=~,~ft.f~¥fl:a:-~;t0=<!:: ~~1t L-td~~, jl!ljl'-I'i#53IJL­

'"(~ffiffiT0~,~iJ~;V:,0 <!::~*-00

ICRP ft. (:"O)OO~~~O)WJ1ff-cI'i, ,5j(M~.i&ft. t'O)~~a~~=:t3lt 0 Wfiffi-c.!tJ1.- '0*~.
0)~$&.Vf:0).l¥{lz:O)m11t1iJ~ft.~n'"(I.-'0 2)0 m 2 ~O) 2-1 ~~=;V:,0,5j(M~w]lf*~I'i,

9="~1:-T ~=M L- '"( l'i 5 iJ> G 20 ~ -cO)~frn:iJ)-9-;t Gn'"( v' 0 iJ~, =O)~'frn:I'if.fr~jifBZfi· < ~=

J: 01it$i¥J~~O)JEfJt:a:-151t L'"(JE~~n '"(1,1'0 0 ,5j(M'~1:;f~f!l 24Na ~'i, *M:MiJ~:t3J:.:c

15 a~rf'l'-C;V:,0 t;:.Y), :J:T} lvj'[:a:-.!tJ1.- ,t;: ESR HijllJ (: ~ft. V), *:Ms"Jft.~J*~~o)~it~=

)jjffl ~n0 PJ~'~1:~'if.frv '0 Tft.:bt:>, ~'~1:~~i§:O)JE~~~1tT0~,~iJ~;V:,0 ~m-.i&0)~'jZ

fiffi-c l'i , 2-1 ~&.V 2-2 ~-cIE~~n0~{iffi*~ji&.V~5{M~jil:t*{J}fj'EO)M~<!::T0fBzli

< .f9IJ-C''i7t1'::~=~)jj~-c;v:' 0 0 f: =-C, 9="~1:-T &.Vy ~~= J: 0fBzIi' < ~ji:a:-#5'JIJ L- '"(/l&
~**ji.l¥{lz:-c-'~'jZ{iffi L-, .:c0)1~1= [2f~~~i,)~151tT A:~ ~,,*~~lP G9='·~-rO)~jil=)jj~ft.

1tJ]lf*~:a:-* c:. 0 =<!:: iJ~WJ*S"J-c;V:, 0 <!:: 15 *- 0 0
fAJ::0)W!i2:lP G, *~-cI'if*V'J 24Na O),5j(M~frn:I=£-0 <~ji~Hiffi¥t~OOJET0 t;:th,
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~2J r (J)7"'~ ~ ~MtJTTQ :. ~ ~ L t~o

1) ~'¥4(J)*JlPX:, fA:~'& a~"v \f*(J)fJ'¥4, J¥t ~ ~~{I::: ~itt~ v\ < ~7J~O)~i)Jj(~f*~f&

;t~t L'"(, .:c:. 7J ~ G~i~T Q1Jj(Jitt~¥f'11: (e:p ,~'t -:r , y *~ (J) :C;f;v =¥~~/(ff ,&ajlllj1!t (J)

ilB1'E (J) t.!f{~)

2) 1)C'~ttJT L t~¥f'11: ~1fTQ e:p'I1:-:rI~ J: ~ fEnt < L t~#J}ifl~~v \'"(, f*I*H~:'tPX: ~ n

Q~Na1Jj(Jitt~, A~(J)~~Q_~<.a (~~~a.tt)

3) 2H~~v \'"(, fEnt < (J)~{iiJ~f*'&af*~i6~-9-;t Q~VI~~T QlEai¥Jft~ttJT

4,3 -r/'7jJ;vpH~:::I~ FMCNP ~fflv\t~£11lT'~~(J)MtJT

Mifn (J);iJ~ 1~£--:5 ~, f*rkJ 1~:'tPX:T Q ~Na al~£--:5 < illJ*ft~a~¥fiffi f~~,~ ~ ft Q7'"

~ ~ ~£J r (J) J: ') 1~~tfJT L t~o

1) v\ < ~7J~(J)mlE Ltd~J'it1Ji!if((J)*~i)Jj(~f*I~.t3lt Q1Jj(Jitt*~¥f'~'t

2) ~ttJT Lt~1Jj(Jitt~¥f'~'tI~ J: ~ _Ii' < L t~#J}if(J):'tpx: ~Na a ~ fBVi' <~aO)~~~f*

3) £Jl:(J)im'f*~*~a~¥fiffil~~fflT Qt~ bb(J)gf~OO~ttJT

4,3.1 flk (J) 1@;J'it1Jtj:~f*I~.t3lt Q1Jj(Jitt~¥f'~'t(J)~ttJT

U~r:p f~.t3lt Q r:p'I1:-:r, :J't-:r,&am-:r(J)fijij~~ =?X5Gf** C'mmET QrfLffl (J)Jl®'C:C;f;v
=¥~-r /'7 jJ ;vP :::I~ F MCNP-4B :::I~ P' 77)li, *000) P 7- 7 7-r 7- OO_s'zJijfj'EfJTC'OO~ ~

nt~o :. (J) MCNP-4B :::I~ F(J)¥fW:(J)-~ ~ L,"(, **7J~ G~~~'I1:~~ft ~"(J).m5G*~

C'(J)~j{~1& ~ fEd :. ~ 7J:;C'~ Qo ~ t~, .::L~-if~lifl~ft%:j7\1~~v \'"(, .:cn~~mT

Q~A(J)/'~7 .; ~~ ~t~IETQ:' ~ I~ J: ~ AA.I~IE~T Q:' ~ i6~PJ~C';bQo £JJ::(J);@S3

7J'G, *1i}fj'E(J)MtJTC'li MCNP-4B :::I~ F~fflv\t~o

1Jj(Jitt*~(J)fijij~~t~I~1Jo;t'"(,MCNP-4B:::I~ FliKCODE 7J~ F~f!fflTQ:'~ f~J: ~,

~~*4r:p(J)t~~~(J)Jl~DUt~~ttJTTQ l1'!J1ff~~t~ ~1T ') :. ~ 7J:;C'~ Q 77)0 .:c:. C',

KCODE jJ~ F~f!ffl L,"(, flk O)I@;J'it1Jtj:~f*I~~TQ1Jj(Jitt~¥f'~'t~MtJTTQ :. ~ I~ L

t~o ~ttJTC'li, m:-:rfJ~!I!fC'J.t<f!ffl~n'"(v\Q 235U ~B-t?~~'¥4~{&IELt~0 *~;l)Jj(~ft

Q~~'¥47J~ G5fi:'tT Q r:p'I1:-:r:C;f;v=¥~~*Jli, MCNP-4B :::I~ FC't~IEPJ~ft£Jr(J)

Watt ~(J)~~~7-~:7 r-;vl~lJE:bitt~ 77) 0

1> (E)=C . exp(-E/O.988) . sinh<2.249)1/2 (4.1)

:. :. C', 1> (E)li~~~e:p'~'t-:rO) 7 ;v:c /'7-, E li:C;f;v=¥~, C lilE~C';b Q0

~t~, lJE*(J)~< (J)~ttJTC'li, .;l)Jj(~{*I~~v\'"(e:p'~'t-:r:c;f;v=¥~7-~:7 r-;v(J)Jj.i6:;jt

~ ~ ~n '"(.t3 ~, y *~(J)¥f'~'ti6~~ttJT ~ntd7lHiYft7J~·r:d~o L7J~ L, KCODE O)f!ffll~ J:

~, e:p,~'t-:r ~ [P]8ifl~t~~~I~ J: ~ 5fi:'tTQ y ~(J)fijij~tmmETQ :. ~ i6~PJ~C';bQO)C',

[P] 8ifl~ y ~(J)¥f'~'t t ~tfJT L t~o

*1i}fj'EC'~, ~~0)~<0)1Ji!if((J)m:~~~0km~~(J)~~*4~~~~M~~Lk~

.:c(J)*llPX:li 1999 ~1~:fti6~00C'5fi:'t Lt~I@;J'it1Jtj:(J)~{*~$;iJI~~ 4-1 0) J: ') I~IE~ Lt~

55



108)0 1~~'0W\0)~NI:t, '£{ 4-1 O)7G*~tA:PX:~h0 7- T /' V 7-~jjij]0) 3mm J¥?f¥~I~t-tA~it

t~~ftj:~;t~JEL-t~o KCODE 7J~ F~ffllt\tdf'!J~fif!~H'I~J:VJ, ~5j-~M1&O)r:p·~!t-=f~O)

J&3z/~'7 /' 7-, ~5<j]mf:g:$(keff) ;0~*6bGh00 MCNP ::l~ F~I:t, keffO)fif!;0> 1 ~~;tt~

m-g-, :f~~*4r:p~:f~5j-~0)Jj;~Ji[~Jt,;0~~~ L- -Cit \0 ~ 'j01j\¥Jf ~ h00 *~~tFr~,:tr:/ '7 /'1~~1Jt

~*40)'¥:f:l~ 1mm ::' ~ 1~~1~~it-C, ~f))l~ 1 ~~;ttdif!~l~~1Jt:l7\~*4O)'¥:f:l~ L-t~o

* 4-1 .:L*!V~~7-~~ "!v~~tFr~~i,l L-t~ r:/ '7 /'fG~1Jt~*4&Zf7- T /' V 7-~~~

7G* rnt-=fM~W~ (x 10 24rnt-=f/cm3)

r:/'7/'fG~~W 7-T/'v7-~?f¥~

H 5.851 X 10-2

C 2.173 X 10-3

N 2.178 X 10-3

o 3.752 X 10-2

Si 1.696 x 10-3

P 6.921 X 10-5

S 4.457 X 10-5

Cr 1.741 x 10-2

Mn 1.734 x 10-3

Fe 5.787 x 10-2

Ni 8.112 x 10-3

234U 1.432 X 10-6

235U 1.782 X 10-4

238U 7.586 X 10-4

'£{ 4-2 Bt.~~tFr~f&~L-t~ r:/ '7 /'~*40):*:'2: ~&Zf7k* ~ 235U O)rnt-=fM~.bl:

r:/ '7 /'~*4 '¥:1£(cm) 7.K* ~ 235U 0)
rnt-=fM~.bl:(H/235U)

1~~1Jt A

1~~1Jt B
1~{1Jt C
fG{1Jt D

¥~{1Jt E

1~{1Jt F
fG{1Jt G

8.74

17.4

18.6

20.2

23.8

30.0

42.4

50.0

o
100

200

328

500

742

1000

1094

~t~, **~ 235U O)tl:~,£{ 4-2 '~J: 51~~1~~it-C, t*-'-< it:*: '2: ~O)l~~1Jt:l7\O):f~~N;0)

G lffii~T 01i!dHJR4?f·~!t~~nJf L- t~o =- hl~JJQ;t -C, r:ptE-=fO)imXJ*f~ri'iJ ;0>/J' ~ <it 0 J: 5 it
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**~~*ttv\~~~4~1&JJH_J::. (J2J,T, *1iJfj'Ec'li:&~~~4<!::f& 50)0 ::::'(7)1illl-=, $5(M

i\#(7)~J!1IJtrPJ ~5$.6b {)~"'v \1*i6~~~~4 <!:: fEu'i < *(7)F~' f-=;ii) {) 1** t;t~!E L- t:::. o ~"'v \1*
(7)f;1W <!:: L- "( J.& < fl'R-rhJJma9:C'151:::JtJ ~ h,,( V\ {) :::r /':7 1) - }-, m:::r /':7 1) - }-, ~~&lf~a

~f*JtJ L-, :7G**JiPX:&lfJ!j[ ~ ~~ 4-3 (7) J: 5 f-=!E~ L- t:::. 109)0

JJj(-r1ffil~~lt (X 10 24 JJj(-r/em3)

:7G* :::r/':71)-}- !l:::r/':71)-}- ~~ fd
H 1.299 X 10-2 9.988 X 10-3

C 1.082 X 10-4

0 4.305 X 10-2 4.389 X 10-2

Mg 1.161 X 10-4 4.325 X 10-5

AI 1.632 X 10-3 1.650 X 10-4

Si 1.558 X 10-2 2.375 X 10-3

S 1.351 X 10-3

Ca 1.409 X 10-3 2.278 X 10-3

Fe 3.235 X 10-4 2.360 X 10-2 8.487 X 10-2

Pb 3.296 X 10-2

~lt (gem-3) 2.10 3.72 7.87 11.34

~J,tLJ:::'W2: 10,20,30,40,50 10,20,30,50 5,10,20,30,50 5,10,20,50
(em)

::::. h G(7)~Wr:p 1-=:t3 ft {) r:p'rl£-r(7)~J!~~!ET {) r:p'rl£-rBZ;;t~iID;f. <!:: L- "(, ~f1IffitjPi-(7)

t~7--7''7-{7'''71) JENDL3.2110);6'G*';~L-t:::.~iIDff{77-1/v FSXLIB-J3R2111):a.-151:::JtJ

L t:::. o -jj, y *,*~J!:a.-~!ET {)7t-rBZ;;t~iIDff{li, MCNP-4B:::r- FC't~~s"Jtt'7 -17"

'7 1) <!:: ~ h"( V\ {) MCNPLIB02112)~ JtJ v\t:::. o

~W$$:a~H-=:t3v \"(, fEU'i < *I-=AMT{)$5(M*,*¥-f'rl£li, t~~~4;6, G$5(tfj ~ htd~I-=~

jfEJ L"( 2' t:::,~W(7)f;1W, J!j[ ~ 1-=* 2' < *1f L-, .:c (7)~1ilJs"J tt~:I7\(7)~~li~ ft ttv \ <!:: ~ h

"( V\ {) 53)0 .:c::::. C', ~@] li.f*:I7\(7)t~~N & lf~"'v 'f;1 :a.-~tf1** :a.-;t~!E L-, .:c (7)mJill:a.-iI

5 .f*:I7\(7)~iID1tJ~~f11ffi-r (F2 7' 1) -) :a.-!E~ L t:::. o 1**i6' Giffiff¥~T {) r:p'rl£-r& lf y i\#(7)x

*N~-~~&lf~*(7)!E_~~m~~~, ::::'(7)~~-r:a.-~~{)m-r:a.-~:::r71)/'~L-,,(

~~tJT L-t:::. o tt:t3, MCNP-4B :::r - FC'li, t:t~~~px:~(F.P.H-=J: V) 3E~T {) y *,*(7)~J!

~t~~T {) ::::. <!:: liC'2' ttv \0 L-i6' L-, ~~~4~K(7)ili:19I;6, G!f!.:!t)H-=ill~ L- t:::.~~f-= ----::>v \"(

Ii, ~f)J(7)t:t~~1-=1'¥v\$5(tfj ~ h{) r:p'rl£-r& lf y i\#i6qBU'i < *'*_1-=*2' < 1tr-9-T{) 12),53)0

4.3.2 1*i*J~px: 24Na _;6, GA1*fBU'i < *Jjt_",(7)~;JJ1*~

(jzl-=, ~~tJT ~ht:::.$5(M*,,'Rx*/v~-~~ :a.-ffT{) r:p'rl£-r& lf y *,*i6~A1*I-=AM L t:::.~iS"

I-=----::>v'''(, 1*i*JI-=~px:~h{) 24Na .&lffBzI'i<*,*.:a.-ilt;JJL-t:::.o ilt;JJ:::r- F&lf~iIDm

7'-7' 'i, 4.3.1 1-=:t3lt {) ~~tJT <!:: fi:'Jtif<(7) t (7) ~1*JtJ L- t:::. o *t:::., A 1*.:c-r'/v <!:: L- "(, m2
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.00~~tFr <!:: 1PJ:f.*~~ MIRD ~-=ET'!v~frJ!Jtj L t~,..!J~, '/ 7 ~ ? .:c 7 BodyBuilder 113)~f~ffl L

-C, MCNP-4B:::z~ r'O)AtJIDJtf~1JEO)T'~~f~~~Lt;:0 =-O)~~~;ht;:MIRD~-=ET'

/vO)T'~ ~ fi, WJ r::I O)-=ET'!V <!:: lPJ:f.*f~1tjJIO)~tJl]&LJ§O)tRm:O)~.5!: ~1JI]~J;: Eckerman

Gt.J>~]8 Lt;: -'ET'!V 114)~~if~L -Cv \Qo Lzp L, m2 .00~~;j:m~Jtjv \t;: 'b 0) <!:: .l:t;~ L t;:.

~if, liJHm& LJ§1'f~ 0) jj-ID~flz:ti:, =- ;h G0) r*] 1'f~ f~ lb Q'1Hl&LJ ftl ~JJ* O)flz:ti:~ID:17U~ ~

~t.J~1it~.g ~ ;ht;:.o -f:- =- C', ~ 2-1(aH~~T-=ET'!vf~if~T Q J: 0) f~, liJ[~& LJ§~O)T'~

17 ~f~lE L t;:o

MCNP-4B :::J~ Fe'fi, ~:5j-~tt~1(~f&~~Lt;:~if~~v\-C, 9=J'r1-1-&LJ y ~~lPJaif

[~]81:. ~ itQt~iJJjt~JE~TQ =- UiC'~ f~v \0 -f:- =- C', 9=J'r1-1-, y ~t.J~)d;4s:-=ET'/vO)-£:~

f~ j~tLJJ J: ~ :1$]- f~AJftTQ~ftf (AP ~Jft) ~f&JEL-c, 1lJ551J O)~t. ~~1T L t;:o 9=J'r1-1­

fEu±'< f~~v\-C'i, )d;4s:O)jC*O)tffi~I1:ZJt:f~J:Q y~~~J:Q~:S: (tffi~ly~~:S:) fi, 4,2

f{Jj C'Jl!!A:tdlS3 t.J, Gfif! 0) (ilHI~:*ll-1-0) :c-* !v:¥~ ix:i' ~ ~ J: Q~:S: (9=J'r1-1-~:S:) ~#-551J L-C

~~tFr Lt;:.o M::tffi, MCNP-4B :::J~ FO):c*!v:¥~tt:i'17 lJ ~ (F6 17 lJ~) ~f~Jtj L-C.I±l Lt;:o ~t;:, 9=Jt1-1-t~:S:f~~v\-Cfi, mD'tJF*~ lJ ~ (F4I7lJ~) ~Jtjv\-C Af;4s:4Hf~0)

:c-*/v:¥~mO)9=J'r1-1-7 /v:cy 7, ~.I±lL-C, ICRU46 f~~~;h-Cv \Q Af;4s:13-*Jl~O)7J~

yf*~ 106)~* C-CJlI:f~l¥Jf~t~:S:~.1±l Lt;:o =- O)JlI:f~-¥iidi, 9=J'r1-1-0):c*!v:¥~20MeV

~ C'f~~v \-cjjJtj ~;hQ =- <!:: t.J~~ G;h -Cv \Q 72), 73)0 J:.~cO) 4-1 Jtf~1JEv \]81:.T Qt~:5j-~9=J

'r1-1-0):c-*!v:¥~fi, 2 MeV fiJlI:f~ e~~ ~M'i::J, 99%J;JJ::.t.J~ 20MeV ~ C'f~:5j-:ffi~~T

Qo f~.tJ, ICRU46 f~lbQ7J~yf**Xfi, )1)GAO)'~*Jl~.IlJ(, ~$*Jl~, :iJft13~~fL&tf~Bt1([~

~tTQ 'b 0)C'lb0 t;:o *iiJfj'EC"i, =- O)fif!f~-¥:I$]I3"Jf~lHJl~f~)ctT Q7J~yf*~~ Caswell

GO)T'~ ~ t.J, G.1±l L t;: 7J~yf*~ 'bt~:S:~~;j:fd~ frJ!Jtj L t;: 115)0 fif!O)1:.~'¥:l¥Jf~/'\-1 ;t F:/

;J. ~ lJ C''b-£:~~:S:t.J~~ffiffi ~;hQ 0)C', ~:S:~.f*~~~~v \-C fi, 24Na:S: <!:: A{;4s:O)-£:~fEz

f:f < t~:S:~Mf*filt Q 'b O)~c:fJ~~~;j:JT Lt;:o y ~fEH:f < f~)ctT Q~:S: (y ~~:S:) fi, F6

~ lJ~) ~{rJ!Jtj L-C.1±l Lt;:t.J~, ~t.*~i!,fl:fi y *~fEzf:f < ~~)ctTQ 'b0) <!:: L-C-&JJ!*f~~

;h Q0 -f:- =- C', 9=J'r1-1-fEH:f < f~{'¥ 0) 24Na :S: <!:: y tJjHEzf:f <~:S:O)~.Mf}Mi, jjj(Jft*~!f,f'r1

0)~HJTaiff~1~t;: 9=J'r1-1- <!:: y ~O)-£::c-*/v:¥~f~:bt;:. Q7 /v:C Y 7, O)~fD,bt;C'frnlEL t;:o

1JE*0)~~;j:JTC'fi, {;4s:r*] f~1:.)1)GT Q 24Na !ifi, 9=J·r1-1-t.J~A{;4s:f~tffi~1~ ;hQ1it$~~~tFrL

-c, -£:jC*O)iXJt:\tfTiIDffH~)ctT QT !'- lJ ? A O)tffi~I1:ZJt:~iID~O).l:t;$t.J' G.1±l ~;h -Cv \ Q
61)0 Li'J' L, MCNP-4B :::J~ FC'fi, 2(JET ~ lJ ? A 1 J]jJ:-1-'4§t;: ~ O)tffi~I1:ZJt:$[~/)v\-C,

~ml3"Jf~9=J'r1-1-:c-*/v:¥~[~~;t L-CH.TQ =- <!:: t.J>PJImC'lbQo -f:- =- C', H. ~;htdrn~1

1:ZJt:$f~2(JET!'-lJ?AO)J]jJ:-1-~&LJM~JE~~~n::.-c,{;4s:i*JO)2(JET ~ lJ?A 19 '13t;:
~ ~~1:.)1)G~;hQ 24Na O)jjj(JftIm~.1±l Lt;:.o =- 0).1±l ~;ht;:1:.)1)G 24Na :S:'i 24Na-Bq/23Na-g

O).lfl.flz: ~M'~,bt;jjj(MIm <!:: f~ Qo

J;JJ:.~O)I];t -C, .lfl.13:c-*!v:¥~ 9=J'r1-1-0)AM ~~~tTQ 24Na :S:i'J' G9=J·r1-1-t~!i~0)~.

f*~~MtFrL~o ~~, ~~O).~<~~JEL~~if, A~O)*~~, jjj(Jft~O)AJft~~

fifj/< O)~{tft.J~~;tG;hQo 9=J'r1-1-O)A{;4s:9=J0)~i&JlE§:liitfi, 9=J'r1-1-0)~j~IH~*~ < Mf*T

Qt;:l:/), 1:.)1)GTQ 24Na :S:<!::~:S:O)~.Mt~f~~~~-9-;tQ <!::~;tG;hQo -f:-=- C', AM
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jJrPJO)~"n= "Jv \--C Ii, ~f~)jjJJ:: t? :I:$:]-'=AMT Q:*1t:J: (RLAT WUi) O)H'ff~~qi L --C

~foJft Lt~o v\ < "J7'pO);t~'iE~;jG}-e~~tJT ~ ht~ crtt~&.lj y *JJU="JV \--C fi, A f:$:"'-O) Jdtj"jJ

IpJ~ 300
T"J3£f~~-tt--C, ~M/:.t;-( I-- !J <!:::~:I:~'ffO)Mf*~ J:: t? ~:UBH=M~fff Lt~o {:$:t&

(7)~~I-="Jv\--Cli, fmO)-tYt~~TQ~x~A{:$:it~~ BodyBuilder I=J:: t? 11'JJX:L, AP ~

M:*ft:J:I=MT Q{:$:rk] I=JtJJX:T Q 24Na <!::: ~Ii < *~:I:~~~fff L t~o

4.4 ~nff~*

4.4.1 ~0)1i:jdtt~~ttM~fff

crtt-i'-:C*Jv::¥-.A~;7 I--JvO)M~tJT~*~[g] 4-2 1= 1/-1)-/-~{lz:-e7°P '/ I-- L--C~To

**~"2;-trmmDtJ\0)~*4~f&'iE Lt~ f:$:* -eli, :t~)j~-e~1=.L t~ cr'r1-=t-li~*4cr ""('+)jifoJt
~T Qo .::cO):C*Jv::¥- .A~;7 I-- ;vli*~ < 1)Jl1Acr'r1-=t- (leV 0,T), 2)lIE '=~J:tf§'J L--C
ifoJt~ L, 1/-1)-/- ijiflz:0)7°p '/1-- -eli7.K¥ <!::: ttQ ~~:c*;v::¥-fJJljj£ (leV~O.lMeV) &.

lj 3)f~)j~cr'r1~f:c*!v::¥-fJJljj£(O.lMeV 0,J:J 0) 3 "JO)JJX:)j7'J\G ttQ o :t~~*47'J)7.K*

~?;;t ttv \~i11i, ?jjr~TQ ~'r1-=t-0):C*Jv::¥-)j~Hi, 4.1 A-e£,Z ~ hQ*~7m:0) t 0) r=

iii < tt --::> t~o J-JJ:O)~*li, :t~~*4~ O)7.K*O)~~7'J)~~m~O) ~'r1-=t-:C;f;v::¥- 1=* ~

<~~~-~;tQ =- <!::: ~~ L --Cv\Qo IRJ1*O);f!S:li=J:: t?, 7.K*~2;-tr:::r /;7 1) -1--&.lJm:::r
/;7 1) - I-- O)Jm;"'-v \f~7'J)~*4~1I ? {:$:* ,= "JV \--C Ii, Jl1A~'r1-=t-0)%=IJil7'J)J:: t? t~1JD-t- Q =- ~

7'J'1ii~i:, ~ h Q0 --15, ~J(li ~'r1-=t- <!::: O)f§liWffl 1=:f3v \--C, keY ~flz:r=:kJv \--C :ttq~l!&~x ~~

=- T:C*Jv::¥-7'J'~ < /b QO)-e, cr'r1+O):C;fJv::¥-)j1fj Ii, .::cO):ttq~:c;fJv::¥-J:: ~ 1ft

v\f~"IJi=~x*O) ]::0_;7 7'J'~Gh Q~fJ:S1tt%~:j9'''Jo ~80)~i1li, :t~)j~:C*Jv::¥-fJ~.!JJx

(MeV ~{lz:) ,=:ttq~ ]::0_;7 7'J)/b Qt~(/), ~*S1I=:t~)j~~'r1-=t-:C*Jv::¥-7'J)fft:C;fJv::¥­

f)lJH=~7I--TQ%:I*~~Lt~0 ~t~, Jm;"'-v \f:$:7'J'J¥ < ttQI=1IEv\ 7.K*O)~~tt~'·O):t~~

*4*Jl!JX:0)i1!v \7'J) ~'r1-=t-:C;fJv::¥-)j1fj "'--9-;tQ~~Iilh~ < tt --::> t~o

~*4~Jn,=~J(, friJm;"'-v\{:$:7'J,/bQ{:$:*I="Jv\--Cli, :&~~-ey *&liJ:: t? 1!&~~hQo .::c
=--e, Y~r~:I*O)~*40)Jj.~;tJ.l,'iELtd:$:*'&lj:::r/;71)-I--, m:::r/;7 !J-I--7'J'Y~r~:I*O)~

*4~1I? {:$:*'="Jv \--C, y ~:C*Jv::¥- .A~;7 I--JvO)~~fff~*~[g] 4-3 r=~To **~"2;­

tr~W-et~!JX:~hQ{:$:*-eli, M~fI~J;t'=J: t? JE1=.TQ 2.2MeV 0) y *~tfEUf'< 1=*-9-T
Q ~15:tGhQo L7'J\L, =-O)RJ;tI=Mf*TQ y*~O)]::o-;7li, ~ 4-3 O):C*Jv::¥-.A~

J.J I--Jv-eI3jj1ii'=1ii~-g~httv\ =-O)~*li, ~{:$:*I=:kJv\--C, :t~5t~I=f=¥v\~JtTQ y~

7'Jq~Ii < I=*~ < *-9-T Q =- <!::: ~~ L--Cv \Qo ~ t~, Jm;"'-v \{:$:~;m'iE Lt~~i1, ~5t~,=

fJf? y ~O):C*Jv::¥-5t1fjli, J:: t? fft:C;fJv::¥-fJlIH=~7 I-- L --Cv \ Qo-15""(', ~!J :::r /,

~J(tt C'·O)tffi~fRJ;t-eJtCt~ y *~I= J:: Q:C* Jv::¥- 1::'-;7 7'J', 3MeV 7'J\ G 8MeV O)il'ilHJ -ev \

<"J7'J\1ii~E -e ~ Qa =- h GIi, ~flz:7 ;v:c / .A ~ t~ t? O)*JR:l:f[i'[7'J)~ < tt Qt~ (/), f~Ii < ~'f

fdlil=:kJv \--Clim~ ~ tt Qo

t( 4-2 '=~T~tt Q{:$:ff{ ~:j9'''JY?Gi~:I*O):Jf.&*4r~9 -eli, cr'r1-=t-'&lj y ~O):C;f;v::¥-)j1fj

1=*~ tt~~li1ii~~ htt7'J\--::> t~o L 7'J\ L, cr,r1-=t-7'J'7.K* <!::: O)f§]if1'ffl -e J:: t? ifoJtjf ~hQ

t~ fl), mi~:I*O)~*40)*~~ ,= J:: t?, lA1fli!ll.T Q ~'r1-=t- ~ y~0)7 Jv:C / .A"~tli~f~ Lt~o
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10' '-'-'.........~.........~'""'-~ ........~"--'-...............................~.........~.....u...J
10 6 10-' 10' 10' 10-' 10-' 10' 10-' 10c 10'

iflt1TI;t-jl".:¥-(MeV)

10-' r-------------------,

1 ----

'
L

- illillC+ 20cm~ :::J:'-o7')-!-
- - - - illillC+ 20cm)l: 1[:::J:'-o7')-!-

10-' '__'_'_.........~........~w"--...o~"__'_.........~LUWL~"""__~..........~'-l.J

10-e 10- 1 10-6 10 5 10-4 10-3 10-2 10-1 10° 101

10-' ,,--------------------,

- i3~c+ 20cmJ¥ ~

- - - -i3illC+ 20cm~ fd

I0-' '__'_'_......L~'""'__~w"--...o~"__'_.........'__'_'_.........~'""'_~wL...~"---J

10-6 la' 10-' 10-' 10-4 10' 10-2 10-' lac 10'

iflt1TI;t-jl".:¥-(MeV)

[Z] 4-2 flk 0)~~*4~l3tr{**J:: I) 1ffifl1!~;T -5 r:p'rlf.-TO)::r.*/v=¥~ ~~7 r- /v

(a)~/'-v'~I3:tttv'{**, (b):::I /7 1) ~ r-;fJ~/'-.v \~l3tr{**,

(c)1tZ:~;fJ~/'-.v' ~l3tr{**
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-ii'!iliC(r=20.2cm, ~4-2t;!!ll)

- - - - i3ilic+20cm~:::J/?')-1-
- - - - --ii'!ilic+50cm~:::J/?')-1-
_._-- i3iliC+20cm~I:::J/?')-1-

10'10°
10-4 =--"~~"'----~~.u.L-~~.....c.L---'

10-'

[g] 4-3 flkO).f~~*4~'2;tJf:<19fU: I)lJNi!J(.TQ y~O)x*Jv:¥-.A~7 r-;v

(F.P.I~ J: Q*-9-li~<)

4.4.2 f*r*J 1:PX: 24Na A:iJ~ GA f**BUi <*,,~A:~O)~.W*x

~!r7J rJ/'7'C'f*r*JI~1:PX:Lt:: 24Na A:~IEA:Ltd~if, Af*9::JO)'tCIET r-!J rJAO)1f
tEA:iJ~f*1i!I~ J: I) ~1r:T Q:' ~ iJ~F,,~fi!lU:: ft Qo *- t::, Jfn.?1Ji~1~U& L-C 24Na O)$51:Mfj~~~IJ

lET Q~if, f*]&A:I~ J: I) T r- !J rJ AO)*f5~tA:iJ>~1r:T Qo 0-J:.O)~~!=n~ J: I), f*r*JI~1:

PX:T Q 24Na A:li'tCIET r- !J rJ A0)1(A:~ t:: I) O)~fiffC'~ Q.bl::$51:Mfj~ (24Na-Bq/23Na-g) C'

T'-7'~lfvmTQ:' ~iJ~:ff~~ftQo ftjO, ~~O)~3'J!.$iij(a~I~li, Jfn.i1Ji9::JO)'tCIET r-!J
rJ AA:O)IEA:iJ~f-1J~C'~ I) 12>, 1*]& Lt::Ifrr.i1Ji9::JO) 24Na A:?JlUIEI~£---5 <~A:~SffiffiO)j]iJ~,

~!r7JrJ/'7'I~j;---:5< 1EA:J: I) tf§l~'r1Iir'Siv\~ ~tL-CV\Q 70)0 -j], ~!r7JrJ/'7"~J:

QlEA:fi, 1kg ~ t:: I) 1~'tCIET r- !J rJ A iJ~ l.4g '2;*-tLQ ~ v \ 5 .f~H'f!1T·-7' 55)~ ffl V\ Q:.
~ l~ftQiJ~, Jfn.?1JiO)f*]&O)J: 5 ft~tJ3jif*:bftv\o fPJtLO)~{tC't, $iij(1~~Qf~NO)a~

r~M>iff~ Lt::~I9'JC'li, f*P'H~jOlt QJfn.i1Ji0)1m~ft ~"I~ J: I), 24Na li~!rO),X*Ji~I~llli'

~-'~7t:;ff]TQo .:c:. C', M11P0)19-*~1JJR~1t:f:C'MfJT~tLt::!f\f'r1~f;f/)9::J'r1-T'~J: Q AP,~

M~ft:f:C'O)*~li<I~f'¥v " ~!rO),X*Ji*i9::J 1~1:px: ~tLQ ~{}[AM9::J'r1-T 7 ;vx /'.A ~t:: I)

0) 24Na O)J:t$51:Mfj~'riff~£:( 4-4 1~~To -j], ~!rj) rJ /' 7"~ J: Q?JlIJIEC'li~!r'~7tllJT
Q 24Na O)$51:M~iJ~~IJIE~tLQiJ~, ,X*Ji~fi~!r1(A:O)*~ 85%~d=:i/;f), Illi'~-I~7tllJT

Qt:: /;f), £:(1~~T{iff ~ O)~li]/'ftiJ~"":d::o

.~@:1~0)~HIffi'~jOv \-C fi, 1&!J1~:!i['&0)3E~I~~H~1i'tGtLQ~!r~A:iJ~:ff~ft'tff¥~~

~Qo ~!r~A:~, WtLt~-cO)m~O)~1i!~~L~U~L-C.~L~o :'0)5~, ~$

O)~A:li 3 /)O)7J-Y{~*x (~l!m, ~&:1(&lf~*Ji~~:t>J) C'.~ Lt::iJ>, $f7C*~~ <
'2;tJ~MO)7J-yf~~~ ffl v\t::~if, *~A:O)fiffiJ~:i:t r'Si <ft~ t:: 0) C', :.tL~~£:~O)~A:
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C: L t~o Lip L, 'J\*Jl.~O)Wi!;j':k~ v\t~ 66, ;: h G0):fJ -'7{'-*~O)Jiv \j,~~~i!;0)1~

""-~;t ~ ~~,n;:J:;J\ 2: ip"'::d~o fAJ:O)-=F/lI~--C:~1:f:j L t~~{lz::':ti1X: 24Na tt1J5l:Mffigib t~ VJ O)~-!f

*,*i!;",,-O):j~Jf1*~ Gy/(24Na-Bq/23Na-gH~/)v \'"(, cp'~l~~i!;&ljfffijly ~~i!;~#5j1j L '"(

~ 4-4 I~~To ;: ;:I~~T:':ti1X:24Na i!;&lj~i!;~~{*~1~/)v\'"(, f.s.d I:t~'"( 1%f!lJ3U::

it. 0 t~o MJz!!O) C: :to VJ, ~""-v \{*O) ib 6 ~{!fl~ /)v \'"( Ii, 1~?~:l7\O);I?M40):k~2: liCPtl:~

:c*!v:¥-A~~ r- !H~~~~~;tit.7,P0 t~o .:c::. --c:, ~""-v \ftO)ib 6~{!fl~/)v\,"(Ii,

m?~ C ('¥:1£j, 20.2cm 0)1~?~:l7\~*4) I~/)v\'"(~!t1JT2:ht~CP'~1:~*EH;f<I~%tT~iffi*O)

Jj.~To

~nJTiffi*Ii, ~,JE Lt~.~~}1J~I~:to't~ CP'~l~:c*!v:¥-)1:ffH~J:: VJ, )d*(~:':ti1X: 2: h

6 24Na i!;j':k~ < ~{t Lit.v \;: C: ~~ L '"(V \60 [PJt~H~, ;f~,JE Lt~1J~~{!f'~/)v\'"(1~

Ght~:c*!v=¥-)1:fh~:ffT~ cp'~l~*EHi< ,~~t L ,"(Ii, fffi~i y ~~i!;""-0)~~1*~Iill

I:f-JE C: it. 0 t~o -jj--c:, CP'~1:~~i!;""-O)~~1*~Ii,iIl:k--c: 8 {iff!l1tO)~{tj, J! Gh~o

~4-4 ofr~iJffi~{!f--C:O)~{lz:AMcp'~l~ 7 !v:C / A ib t~ VJ O)~~'J\*Jl.~CP O):':tJJt 24Na tt1J5l:

Mffig&lj~-!f.~<.i!;""-O)~~1*~ (AP JffiM~{!f)

~1Jffi~{!f ~""-v \ft 2"Na .bt1J5l:Mffig *llS:~1H*~ Gyle4Na-BqP3Na-g)

(24Na-Bq/23Na-g cm2) cP '~1:~*'* i!; fffi~i Y *JR*,*i!;

~~~*4 it. L 1.62xlO-7 8.50xlO-5 1.30xlO-5

i~?~A it. L 1.64xlO-7 6.62xlO-5 1.26xlO-5

i~?~B it. L 1.63xlO-7 6.50XlO-5 1.26xlO-5

1~?~C it. L 1.63xlO-7 6.37xlO-5 1.25xlO-5

1~?~D it. L 1.62xlO-7 6.23X10-5 1.26xlO-5

1~?~ E it. L 1.62xlO-7 6.12xlO-5 1.25xlO-5

1~?~F it. L 1.61xlO-7 6.05X10-5 1.24xlO-5

1~?~G it. L 1.61xlO-7 6.02xlO-5 1.24xlO-5

1~?~ C :::l './~ !J - r- lOcm 1.60xlO-7 3.94xlO-5 1.19xlO-5

:::l / ~ !J - r- 20cm 1.55xlO-7 3.04xlO-5 1.16xlO-5

:::l / ~ !J - r- 30cm 1.52xlO-7 2.67xlO-5 1.14xlO-5

:::l / ~ !J - r- 40cm 1.50xlO-7 2.47xlO-5 1.13xlO-5

:::l / ~ !J - r 50cm 1.49xlO-7 2.37xlO-5 1.12xlO-5

¥~?~ C :m:::l /~ !J - r- lOcm 1.66xlO-7 4.53xlO-5 1.23xlO-5

:m:::l /~ !J - r- 20cm 1.67xlO-7 4.02xlO-5 1.23xlO-5

:m:::l /~ !J - r 30cm 1.67xlO-7 3.79xlO-5 1.22xlO-5

:m:::l './ ~ !J - r- 50cm 1.67xlO-7 3.63xlO-5 1.21xlO-5
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(~ 4-4 (])~.r)~)

~iJffi~{* ~""v \t;1 24Na Jt1ilott1il§ **J-l!jjJJf*~ Gyle4Na-BgP3Na-g)

(24Na-Bq/23Na-g cm2) r:p'r1-T~:a t~§f y ~~:a

&J( 5em 1.69xlO-7 5.20xIO-5 1.27xlO-5

&J( IOem 1.73xIO-7 3.9IxIO-5 1.26x1O-5

&J( 20em 1.75x1O-7 2.45xIO-5 1.25x1O-5

&J( 30em 1.75x1O-7 1.77xIO-5 1.24xlO-5

&J( 50em 1.74xlO-7 1.I8xlO-5 1.23x1O-5

&'ri 5em 1.66xlO-7 5.I6xIO-5 1.25x1O-5

&'ri IOem 1.70x1O-7 4.I2xIO-5 1.24x1O-5

~a 20em 1.73xIO-7 2.74xIO-5 1.24x1O-5

&'ri 50em 1.75xlO-7 1.I5x1O-5 1.22xIO-5

~JIi,Jft\N :::r '/!l 1) - r- IOem 1.64x1O-7 4.52xIO-5 1.23x1O-5

:::r '/!l 1) - r- 20em 1.58xlO-7 3.I3xlO-5 1. 17xlO-5

:::r '/!l 1) - r- 30em 1.54xlO-7 2.60xIO-5 1.14xIO-5

:::r '/!l 1) - r- 40em 1.51xlO-7 2.35xIO-5 1.I3x1O-5

:::r '/!l 1) - r- 50em 1.50x1O-7 2.28xlO-5 1.I2x1O-5

m:::r ,/!l1) - r- IOem 1.68xlO-7 4.54xlO-5 1.24x1O-5

m:::r '/!l 1) - r- 20em 1.68xlO-7 3.59xIO-5 1.22x1O-5

m:::r '/!l 1) - r- 30em 1.68xlO-7 3.33xIO-5 1.21xlO-5

m :::r '/!l 1) - r- 50em 1.67xlO-7 3.37xIO-5 1.21xlO-5

&J( 5em 1.69x1O-7 6.I3xlO-5 1.29xlO-5

&J( lOem 1.72xIO-7 4.35xIO-5 1.28xlO-5

&J( 20em 1.75x1O-7 2.58xlO-5 1.26x1O-5

&J( 30em 1.75xlO-7 1.83x1O-5 1.25xlO-5

&J( 50em 1.74x1O-7 1.20x1O-5 1.24x1O-5

&'ri 5em 1.66x1O-7 6.97xlO-5 1.29x1O-5

~a IOem 1.70x1O-7 5.56xlO-5 1.28xlO-5

&'ri 20em 1.73xIO-7 3.72xIO-5 1.27x1O-5

~a 50em 1.74xIO-7 1.47x1O-5 1.23x1O-5
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rpf1-1--rBn:f < ~;: MT QmJ'f*~~;:1JD;t-C, f*i*J:'±JJJG 24Na :lif-p G y *!H~:li",-O)m:jff*~

~* 4-5 ~;:~To *- t~, rp'~1~~:li~;:A-T Q y ~iI#R:liO)j;l::~fJfit-C~To 31Z:~O)~",-v \U
7J~ib Qm-1?r, y *~*~:lili~ bbb-CfE:< tot~ t~o -1;, **~~<I3tr;t;tW~~j&J Lt~~if,

UWrpC'O)~j&J1JO)~v \~;: ~ ~ r:p'~1~*~:liI;:j:tTQ y iI#R~:liO)j;l::7J~r'i'lJ < tot~ t~o 4.4.1 C' b

~~ Lt~~ ? I;:, ~totQ*~ 60)~i~:t7\0)1t.&n~rRJ L:}!¥:6 O)::t /)7 !J ~ r7Jql? 1**1;:"':)
'v \ -C Ii, ;'jji~TQrp'~1-=f- y *~O) 7 ;t.<r. / Aj;l::7J~~ ? t~ bb, rp'~1~*~A: c!:: y ~iI#R:liO)j;l::li

* 4-5 &-a~ 4-4 ~;:~T~ ? I;:~f~ Lt~o :=. O)**ltHi, *-¥¥:ftl;: ~ Q y *~fEn:f < iI#R:liO)~'f

fiffili, ~1t.&*3j- &-a-=c 0) fl'iJill O)t14m~Wrp ~;:I3*-;h Q**&-a~~;t;t*40)¥~:(£O)m~I;:*~

~~.~~~Q:='c!::~~TbO)c!::~;tQo

*4-5 %*~7m:~ftj:C'0),x*Jl.~~;::'±JJJGT Q 24Na .t::l::~M~~f-p G~.§t y *~*~:li",-O)m:jft*t5c&

-arp'~11-*~:li~;:A-TQ y *~*l''R:li0)j;l:: (AP !ffiM~ftj:)

*~71Jj(~ftj: ~"'-v \;t;f *~:Ii~jff*~

Gy/(24Na-Bq/23Na-g)
y *~*l''RA:/ rp '~i-1-*~:li

(~.§tiI#R:li0) j;U

31Z:~1t.&f4 tot L 8.09x10-6 0.1

i?Gi~ A tot L 6.32x10-5 0.95

7?Gi~ B tot L 8.08xlO-5 1.2

i?Gi~ C tot L 9.34X10-5 1.5

i?GHsz D tot L 1.04xl0-4 1.7

7?Gi~ E tot L 1.20xlO-4 2.0

7?Gi~ F tot L 1.46xl0-4 2.4

~i~G tot L 1.58xlO-4 2.6

¥?Gi~ A ::t /)7 !J - r 10em 4.56x10-5 1.1

::t /)7 !J ~ r 20em 5.65xlO-5 1.8
::t /)7 !J ~ r 30em 7.47xl0-5 2.8

::t /)7 !J - r 40em 9.77xlO-5 4.0

::t /)7 !J - r 50em 1.27xI0-4 5.4

~::t /)7 !J ~ r 10em 4.77xlO-5 1.1

~::t /)7 !J ~ r 20em 6. lOx 10-5 1.5

~::t /)7 !J - r 30em 7.84xlO-5 2.1

~::t /)7 !J - r 50em 1.23x10-4 3.4

~J( 5em 2.43x10-5 0.47

$J( lOem 8.85xlO-6 0.23

$J( 20em 1.89xlO-6 0.08

~fi 5em 6.70xlO-6 0.12

~d 10em 1.06x10-6 0.02
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(:;& 4-5 (1) /)--:) ~ )

~i1*~f!:j: ~"v \;f;j ~:S:~.{*~ y *JH~:S:/'Ptt-T*~:S:

Gy/(24Na -Bq/23Na -g) (:~:Jr~:S:(1) tt)

i~¥f1Z C ::J /' /,J !J - r- 10em 6.50xlO-s 1.7

::J /' /,J !J - r- 20em 7.30XlO-s 2.4

::J /' /,J !J - r- 30em 9. 14xlO-s 3.4

::J /' /,J !J - r- 40em 1.15xlO-4 4.7

::J /' /,J !J - r- 50em 1.47x10-4 6.2

m:::J /' /,J !J - r- 10em 6.49x10-s 1.4

m:::J /' /,J !J - r- 20em 7.31XlO-s 1.8

m:::J /' /,J !J - r- 30em 8.84x10-S 2.3

m: ::J /' /,J !J - r- 50em 1.29xlO-4 3.6

~~ 5em 3.58xlO-s 0.69

&~ 10em 1.24xlO-s 0.32

&~ 20em 2.29XlO-6 0.09

~a 5em 9.02xlO-6 0.17

td lOem 1.36xlO-6 0.03

i?G¥f1Z G ::J /' /,J 1) - r- 10em 1.12x10-4 2.8

::J /' /,J !J - r- 20em 1.16x lO-4 3.7

::J /' /,J 1) - t- 30em 1.35xlO-4 4.9

::J /' /,J !J - t- 40em 1.59x10-4 6.3

::J /' /,J !J - I, 50em 1.96xlO-4 8.0

m:::J /' /,J 1) - r- 10em 1.04xlO-4 2.5

m:::J /' /,J !J - r- 20em 1.05xlO-4 2.4

m:::J /' /,J !J - r- 30em 1.13x10-4 2.8

m:::J /' /,J !J - r- 50em 1.46xlO-4 3.7

&~5em 6.52xlO-s 1.2

&~ lOem 2.13x10-s 0.53

&~ 20em 3.27xlO-6 0.13

td5em 1.59xlO-s 0.32

~a lOem 2.21xlO-6 0.06
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~~9="rtf-1-x;fJv:¥-AM~{tft,r~JE L-C, ~ 4-4 ~~~ Lt=.MtJT{ffi*t,r~~-r- 0 0 ~ t=.,

fBU:f <*(J)1*~&LJ1iJ:M**AM:JJrlDli~, 1::pj<; 24Na (J)J:t1iJ:M1m~~£.-j <fBU:!' <~:5:~Hillil~

-9-;t0i&~t,r~¥tJT Lt=.o

4.5.1 AM9='ttf-1-x ;fJv:¥- ~ 24Na (J)1::pj<;:5:& LJ1!'::-!it*~:5:(J)M{*

AM9='ttf-1-x;fJv:¥-li~, 24Na (J)1::pj<;:5:&LJ1!'::-!it~:5:'~-9-;t 0i&~'~ /)v '-C, ~~x;f

Jv:¥-9="rtE-1-(J)fBUi <~{tft,r{&~ L t=..:c- /'7 j} Jv P H.C'MtJT Lt=.o .:c(J){ffi*, ~ 4-5 ,~
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7 Jvx/7- ~t=. VJ (J) 24Na (J).t:t:1iJ:M1m&LJMJ~ y ****:5:~j:~l~;f'-JE ~ t~'::d=.o Lli'L, 9='

'rtf-1-~:5:''i~ 4-1 ~~~-r-fJ-Y'{*~,~J;t C-C*~ <~1~-r-0:: ~ liVitli'00

-.xfmt:l t:j:J ~Jil(;24Natl:;1iUt1lli

~ -----•••

~ 4-5 'X*Jl~9=' '~1::JJX;-r- 0 24Na (J).~t:1iJ:M1m, 1!'::-!it(J) 9="rtf-1-~:5:, MJ~ y *~~:5:(J)

AM9='t't-rx;fJv:¥-'~~t-r-o{t(;(:Htf (~{lz:AM7 JVX /'A ~ t=. VJ (J){@:)
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;fJV:¥-A"~ rJH'i, ~ 4-2 ipG~ 4-6 (J)J: 5,~*~ <~1~-r-00 {J~;tli', ~j(~r...v'i*

li'G~t!tt-r-09='ttf-r~'i, ~ 4-2(b)(J)J: 5 ~~~9="rtf-rt,rll~ 1v~'i3~t~v'li~, Jd*r7'JC'I'i7k
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;fJv=¥-O)71'1fJ'=:.J: VJ:*:~ tet~~~'5t~tT, :*:J:.:c 1.3 {ff7J)G 1.4 fffO)r",,"'('~{~ L-Clt\~

:. C: ~~ L-Cit \~o tet:t3, [R] C9=',r't_=f.:r.;fJv=¥-I=- J: ~fltlt < I=:.M L-C l:t, tm5f Y *JR~:il:

"O)~.{*~,:tJ\MJIrPJ'=:.{t(Hi:tT, .:c0)~{~,:t 3%J;l,r*J C: tet0t~o :.;hr:t, [R] C:*:~ ~

68



0) Af*e'~1:. LJ~ y k#RO)~1:.tIJ%&lff*I*JO)*,.[*le'¥xlf ~n9 X*lv:¥-:liiJ~~{tLttv'

~S:l f~ J:: 9 0

y k#R*~:liI~~v ,""( b [P]t~H~, ~~JE Lt~k#R7JJR~{tfl~~v ,""(}\Jfl7JrPJ I~xt-t 9~.{;f,~J:0)

~{t:a:-.:c /7 fJ IvO ~t.l~ J:: VJ ~t* Lt~o -t:-0){ffi5!t AP JffiJfl~{tf ~ RLAT JffiJfl~ftfo)~

.{;f,~O)J:;Ui:kJ::-t:- 1.7 iJ'G 1.9 O)ili[n:H~ib VJ, 9=J'r1-i'-*~:Ii,",0)~.'f}f-~J:: VJ b}\Jfl7JrPJ

I~~~:a:-§tlt 9 =. ~ iJ~51tJ'v~ t~o =.nli, A f*i6~::E1~7.k*, M'*tt <!::'O)~:7C*e't~pjG~n

9 t~ 11), y k#R0)7Ji6~9=J'r1-i'- J:: VJ b~~-t 9 t~l1), ~~¥:l$]k#R:Ii ~ Ltd~'%I~ RLAT ,~Jfl~

{tte':k-2: <~y Lttv ,t~l1)t~'~~;tGn9 0

'$f. 4-6 RLAT JffiM~{tfl~:}3lt 9 9=J'r1-i'-fffiJf' <I~{=¥v '{*I*JO)'~*,.[*l'~1:.pjG-t9 24Na 0)J:;l::~

Jfl~iJ~ G~~*~:Ii'"'O)~.{;f,~

1iZ:~~*;t

7~i1JZ c
tt L 1.09xlO-4(1.28)* 1.37xlO-5(1.69)

tt L 8.42XIO-5(1.32) 1.6IxlO-4(1.72)

:::J /!7 1) - !' 10em 5.33XIO-5(1.35) 1.I5xI0-4(1.77)

:::J /!7 1) - !' 20em 4.I6xlO-5(1.37) 1.32XIO-4(1.81)

:::J /!7 1) - r- 30em 3.67xIO-5(1.37) 1.68xlO-4(1.84)

:::J /!7 1) - !' 40em 3.40XlO-5(1.38) 2.I3xI0-4(1.85)

:::J /!7 1) - !' 50em 3.28xlO-5(1.38) 2.74xIO-5(1.86)

m:::J/!71)-!' 10em 6.05xIO-5(1.34) 1.17XlO-4(1.80)

m:::J /!7 1) - !' 20em 5.4IXlO-5(1.35) 1.35xIO-4(1.85)

m:::J/!71)-!' 30em 5. l1x 10-5(1.35) 1.65xI0-4(1.87)

m:::J /!7 !) - !' 50em 4.90xlO-5(1.35) 2.44xIO-4(1.89)

~~ 5em 6.82xIO-5(1.31) 6.3IXlO-5(1.76)

~~ 10em 5.I4xIO-5(1.31) 2.25xlO-5(1.81)

~~ 20em 3.20xlO-5(1.31) 4.25xlO-6(1.86)

~~ 30em 2.30xlO-5(1.30)

~~ 50em 1.52xI0-5(1.29)

*: ( )

~& 5em 6.82xI0-5(1.32)

~& 10em 5.46xlO-5(1.33)

~& 20em 3.59xI0-5(1.31)

fd 50em 1.48xlO-5(1.29)

1.6IxlO-5(1.78)

2.39xI0-6(1. 76)

v' <~tJ~O)$$:~{tfe'~ttJT ~nt~x*lv:¥-511'h:a:-fif~9=J'r1-=f1~~v ,""( Ii, A{*'"'}\M
T 97JrPJ:a:- 300

T~~{t ~it""( 24Na 1:.pjG:Ii&lf*~:liO)M{,~:a:- J:: VJ rt L <~t* Lt~o '$f. 4-7
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O)**:~Hi, AfttT -5 9='tE-=fO) A {*""O)~~ffiijH~xtT -5 ~j&J1~§];1l0) J::tiJ~* ~ <It. -5 t~1JEIt "

:'tiJX:T -5 24Na 0) J::t1iJ:ftt~l§ ~ t:: VJ 0) 9='tt-=f;t,lR;l:iJUf1UmT -5 :. C: ~lMvEI~t:H~ I3A G iJ~t~ L -c It'

-50 1'. t::, 9="~'t-=f0) }d*""O)AfttftJJjtt~xtT -5~~{*~0)~1Ui, AP lHf RLAT Jl~ftt~

{tfJ2Ui--e t, Aftt::r.*!v:¥-t~*1¥itTt~-!E0)1tJl:[p]~~T:' C: iJvJJ-iJ~-5o

*. 4-7 fl£li' <m1ilJ~1tft~)(tT -5 ,jz*,§-*~I~:'t}JjGT -5 24Na O)J::t1iJ:ftt~iJ' G~~9="r't-=f;t,lR;I:""

0)~~{..*~0)~1t

;t,lR;I:""0)~~1*~ Gy/(24Na-Bq/23Na-g)

1$HJl C j':GifJ( C+
50em ::I './ ~ !J - r-

j':GifJ( C

+50em ~~

8.50xlO-S 6.37xlO-s

(1.00)* (1.00)

8=30° 8.86xI0-S 6.69xI0-s

(1.04) (1.05)

8=60° 9.91XlO-s 7.57xI0-s

(1.17) (1.19)

1.09xl0-4 8.42xlO-4

(1.28) (1.32)

2.37xI0-s

(1.00)

2.52xI0-s

(1.06)

2.90xlO-s

(1.22)

3.28xlO-4

(1.38)

1.18xlO-s

(1.00)

1.22xl0-s

(1.03)

1.38xlO-s

(1.17)

1.52xl0-s

(1.29)

®'Cit '-c, AP -&tf RLAT Jffiftt~i~dtft~~It \-c, :'tiJX: 2: n-5 24Na ;1:0) 9="~'t-=ffl£li <a~t~j:3 ,t
-5{*i*J9='O)@Frl'51lfJ~~'t~aH~M:fJfLt::o:.:. -eli, MIRD ~"'E-T'!vO){ltJE~1TIt" ~i'il{*~

¥ffiti[P]'~ ~It '-C 10em T~51WIJL -C, ~~J{~I~;kHt -5:'tiJX: 24Na O)J::t1iJ:ftt~~H~ L t:: o

A{*"'E-T'!vl~AfttT -5 9="r't-=ftUi, *. 4-2 t~lb -51$ifJ( C C: AT './ v A~IMJ1¥~iJ~ G It. -5~{tf

t~ ~It ,-cMit:fJf L t::::r.*!v:¥- A A:. ~ r- Jv~~t:: itt:: o *. 4-8 t~~Jffiftt~{tfl~~It \-cMit:fJf 2:
nt::*.ffiiJ' G O)mgJjt 10em :::.' C: 0):'tiJX: 24Na ;I:~~To

*. 4-8 MIRD ~"'E-T'Jv-eMit:fJf 2: n tdl£Ii<a~*t~:t3 ,t -5:'tiJX: 2: nt:: 24Na 0){*i*J51:tfj

*.ffiiJ' G O)mgJjt(em) 24Na J::t1iJ:ftt~ (24Na-Bq/23Na-g em2)

(a)AP Jl~ftt5Zk{tf 0-10

10-20

(b)RLAT ~ftt5Zk{tf 0-10

10-20

20-30

30-40

* : Aftt9="r't-=f::r.*!V:¥-AA:.~ r-JvO)MittJT~1tfli,

A ~1MJ1¥~iJ' GIt. -5 {;;$:* -e lb -5 0
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2.39xl0-7

9.69xl0-S

1.70xl0-7

9.61xl0-s

3.03xl0-s

6.45xl0-g



f*P'q f-=.:t3ft 0 24Na 1=.JJX:f-=' Ii, fn:X.*lv=¥~9=J'~-ri6~~-9-T0 t=--6O, ;b 0fli13tr51Hffif-=.:5J

:thT 0 to) ~ -=yiJIIJ 2:.n -cv ,t=--o Ll!' L, * 4-8 t-='~T ~:t3 VJ 2 /)O)AM~f* ~ t f-=., AM

cmi6~G lOem y,P'qO)j:l:;~S"J~v \tf~:5J~ 24Na O)~ <Ii 1=.JJX:T 0 =- ~ i6~~F] G1!' ~ t~ ·-::d=--o !f,f

f-=., :t=Jf~,ljcmi6~ G 9=J'~~-ri6~AM L t=--m-ir, f*O)ir: ,¥-:!itt-='fi UNa fill ~ Iv ~":5J:th L t~v \0 =­
.nl'i, 9=J'~-ri6~f*O)ir:'¥-:!it'!~~iMJ Lt~v \ =- ~ f-=.11o;t -C, ~iMJT 0 7JrRJ I-=. /)v \-C 0)Jd*O)

~~ffD~i6~/J'2: v\t=--6O+:5Jt-=.~~ 2:.n0 Mf-='9=J'~-ri6~f*jf-"hj(t±l2:.n0PJmgt~i6~r'!'D<t~ 0

:@E!n-=.J::0 0 f::O)t=--6O, ~ii~.I-=.:t3v\-C~~ (:5J£t) ~ t~0~:!itt-=./)v\-C-¥:t0Lt=--1=.JJX:

24Na O)j:l:;hj(Mmgfll!li, RLAT !ffiM~f*~ J:: VJ IJ' 2: <t~ 0 0 f::O)~*, ~.t*~li* 4-4 ~

* 4-6 0) j:t~i6~G:@~~~~ 0 J:: ') I-=. AP !ffiM~f*J:: VJ t r'!'D < t~ 0 =- ~ i6~:5Ji6~ 0 0

2) f*~O)~~

f*~O)~v \ tAf*9=JO)9=J'~~-rO)~iMJJi!8*t-='~~~-9-;t 0 0 =-.n'! ~M1JTfUflv\td~~~

-;T'lHi, 174em, 71kg (nl"Jf*: 40em(~ii)X20em (~2:) X70em(r'!'D)O)mFIJfl) ~;b00

f:: =-~, nl"Jf*O)*~ 2: ~~f~2:ttt=--Af*~T'lv~fFiJX: L, 1=.iJX: 24Na j:thj(ttmgi6~G 9=J'~-r

-&V:~~f y ~f-=' J:: 0 ~ii"O)~.f*~~~~fJT L t=--o mt=--r-=. f'FiJX: L t=-- ~T'lvO)nl"Jf*O)-t¥:tti,

33.2em(~ii)x 1gem (~2:) X60.6em(r'!'D)O)mFIJfl (162cm, 56kg) &V 44cm (~ii) X22cm

(~2:) X70cm(r'!'D)O)mFIJfl (179cm, 83kg) ~;b00 f*~O)J§;,);fr~T'lvf-='/)v\-C, 9=J

'~-rfEnf'< t-='MT0~*Jl~9=Jf-=.1=.iJX:T0 UNa 0) j:thj(Mmg1J~G~:!it~ii"O)~.f*~~*

4-9 t-='~To

*: 4-9 ~*Jl~t-=.1:JJX:T 0 24Na O)j:thj(ttmgi6~ G~:!it~ii"O)~.f*~O)f*~f-=' J:: 0~f~

(AP lffiM~f*)

f*~ ~7m:~f* ~"v\*-r ~ii~.t*~ Gy(24Na-Bq/23Na-g)

9=J'~-r~ii ~~ y ~~:S:

(a)162cm

56kg

(b)179cm

83kg

-&~~*4 t~L 9.62xlO-5 1.20xlO-5

7~rf1( C t~L 6.97xIO-5 1.14x lO-5

mrf1( C ::J /" -:; 1) ~ r- 50cm 2.44xlO-5 1.02xlO-5

mrf1( C :i:::J /"!J 1) ~ }- 50cm 3.89xlO-5 1. l1x lO-5

mrf1( C ~J; 20cm 2.72xlO-5 1.14x lO-5

7~if1( C ~'ri 20cm 3.00xlO-5 1.13xlO-5

-&~~*4 t~L 8.34xIO-5 1.38xlO-5

mif1( C t~L 6.30xlO-5 1.33xlO-5

mif1( C ::J /"!J 1) ~ }- 50cm 2.39xIO-5 1.18xlO-5

7~if1( C ]I! ::J /"!J 1) ~ }- 50cm 3.61xlO-5 1.28xlO-5

mif1( C ~J; 20cm 2.43xIO-5 1.32xlO-5

mif1( C ~d 20cm 2.72xlO-5 1.30xlO-5
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~.t1fdBi-f-(~J:V) y.t~~n0.:r:.*lv:¥-0)*-9-iJ~*~ < It00 .:c0)M'f5lt ~~(~-':)v'-c~

MJ1l:: L t:::. 9=t'~!±-f-*~tli!J' ~ It{Lfs:~O)jjiJ~r'i'D < It V) , j~Jft~~O)fl!l t *~ < It -':) t:::. o -jj-c:,

{Lfs:P9O)**O)M~&J;t(~f¥v'~1:T0 y ~fi 2.2MeV -c:cb0 t:::.bb, 9=t'~!±-f-J: V) t)'.1Lfs::a:~

i&1 L~Tv '0 {Lfs:~O)/J\ ~ It"£-7"lV('(i, J: V) ~<O)tlMf y *~n~{Lfs:P9(~.:r:.*lv:¥-:a:Y.t~ ~

1t0 ~fH~ f*>1-"1i:ll:tIj ~n0 PJ1f~'~!±n~r'i'D < It 0 0 £AJ:.O){tJ{rPJ Ii, ICRP.&Lf ICRU n~ff;Tfp

tfifiWMitO) 9=t'~!±-f->1-j'f~f2{li < (~~;j- L -C~ltfJT L td~::!i~.fl(;~O){tJ{rPJ ~..g-!5c L -C v' 0 72),73)0

* 4-6 ~* 4-9 0)M'f*:a: J:;t~ L t:::.:tJj}..g-, [PJ-{Lfs:~O)"£-7"lv(~ -':)v '-C AMjjrPJ :a:~f~ ~1t

t:::.:tJj}..g- ~ .bt~ L -C, {Lfs:~li*~t~.fl(;~"-9-;t 0~~n~!J\ ~ v' =- ~ :a:-ff; L -Cv '00=-nli,

9=t'~!±-f-O)AMlID(~)(tT0{Lfs:P99=t0)~*~i&1Jf§:lilitO)J:;tn~,{Lfs:~J: V) tAMjjrPJ(~J: V) *~ <

~1l::T 0:E!Ei33 (~J: 0 0

4.5.3 [PJ-f2{l:f <*(~MTo{Lfs:P91:Jft 24Na t~t:::. V) 0)~~~::!i0)~1~

£AJ:.0)~1tt'TM'f*(~£..-j ~, [PJ-rl£fi <*0) {Lfs: P9 (~1:Jft ~ nt:::. 24Na J:;t1i:ll:M1f~(~)(tT 0*~

to)~1l:::a:!E::!iI¥J(~~~iET 0 0 =- =- -C:fi, *1iJf~-c:t~~ (: L t:::. 174cm, 7lkg 0) )'.1Lfs:"£-7"
lv(~1i:ll:M*~n~AM L t:::.:tJj}..g-(~, 104(24Na-Bq/23Na-g)0) 24Na n~1:Jft L t:::. (: {&lET 0 0

.:c0)M'f*, *- 4-10 (~ff;T J: 5 (~fl£li< *O)~~*~tli, ~*45R{*.&Lf1J5l:M~AMjjrPJ

r~ J: V) 0.24Gy ZP G 3.7Gy (: ~*-c: 15 fiff£ltO)~iJ~1: L:J:::. o i&1~O)~Jlil*i'i.51:(~.tov '-C,

t~~*4$Jill0){Lfs:*&VA{Lfs:"O)1i:ll:M~AMjjrPJf~{* 0 'rIU~fi, lfLWl 0)$~1If-C:1~ Gn -C v' 0
10),11),12)0 .:c O)t:::. 60, *1iJf~-c:O)~Itt'TM'f*:a:fIjJtjT 0 =- ~ (~J: V), ~Jlil*Ml:O)~1:a~(~ {Lfs:P9

24Na ::!i&Lf*i'i.51:O)~1: Lt:::.*~rJffi5Rf*f~£..-j~, ill~f~rl£f:f< *~t:a:-lEO)~lt-C:~'jZ{lffiT0

=- ~ n~-C:~ 0 ~Wl1~~n00

*- 4-10 rRJ-{Lfs:~O)* (l74cm, 71kg) O){Lfs:P9'Jz*Jl~lf~1:JftT 0 24Na O)J:;t1i:ll:M1f~n~

104(24Na-Bq/23Na-g)0):tJj}..g-0)~~*~tO)~1l::

*~iJffi5Rf* ~"v ,tJ ~~9&J&~::!i(Gy)

AP~M RLAT~M

{fr:~~n It L 1.1 1.4

r~i-& C It L 1.7 2.6

Y?Gi& G It L 2.3 3.7

~i&C :J /' /; 0 - r 50cm 1.8 3.2

Y~i-& C ]j!:J /'/; 0 - r 50cm 1.8 3.1

1?Gi-& C ~50cm 0.25 0.29

~i-& C td 50cm 0.24 0.27
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m5 ~ ~9f.:J:iij(a~~H;::t3~t Q1$:P'J(J) 24Na 1:.px:m~;:£~ <
ill~f~*JJtm~f1iffi ¥~ (J)~3B

5.1 ~;ti5~~

m4.-eMCNP::1- F~mv\t~H~~=J:V) 1:!&J1l$i!&a~~={llqjq~=1:.PX:2:tL0 24NaiU=~

~~, ili~~••~~~~~~~0~~~~-~~M*Lko=tLG~M*2:tL~~-~
~=--:)v \-r~i, m 3 .-exT7 IvW••~HJUt*~~~iELt~J: ') ~=, ~~f¥J~=.:c~*':1H'±

iJ~fit~-N2:tL0~,~iJ~lb00 .:c = -e, ~~~I:!&J1l$i!&~~{!f~fI}m-e~ 0)Jf(-1-jr~t1f~~~

1:!&J1l~~~!ll(Transient Experiment Critical Facility, TRACY)78), 79)~U3v \ -r, A{*pq~

24Na 1:.PX:~~~f¥J~=mmE~ 0 = ~ ~= Lt~o = ~9=J'~'±-1-~Jft-e1:.PX: 2: tLt~ 24Na ~1J5(Jftfl~~

~iJlIJ L, =tL~=~~~ ••~'¥{iffi~1Tv" {ill~Cfttd= J: V) ~~=-9-*- GtL0••{[!'[ ~ O)J::I::~~=

J: VJ gt.***~~~iE~00 = = -e, ~~~f!f~=--:)v\-r~i, ••~.~=~~~-9-*-01J5(Jft.

~X;flv::¥-~~) r-/H=--:)v\-r, 1¥i;i:~0~,~i6~lb00 M.~H.~itfJT-Z:'{i, A{;4s:~tt

:J~M4~rl'l'~=1f1:E~ 0f1~ O)~W9=J~=:t3~t 0~~&-aIl2kJ&~Jj.~~lt Lt~o -j]--e, ~~~=

li~,~~ rPJ,jjjH=,ft~*4i6~G1J5(t±:l2:tLt~9=Jt'±-1-iJ~~~v\~W~~~Ltd.&-e, ~.il!0)*, ~

It ~"~t1fm~~ ~t§1iwm ~= J: VJ 2: G~=imX~ L-r, A{*~AJft~0 = ~ b +)jl=~;t GtL
0 0 .:c = -e, ~I5L/t ~"~~trAJft9=J'~'±-1-x;flv::¥-)j1h~i!l1;v \iJ~, {*pql=:t3~t 0 24Na 0)

1:.px:&-a••~'¥{iffi~=-9-*-0~~~=--:)V\-rb~~~0 0
*nv\-r, m 4 .~H.~itfJT~***~~~T'-~ ~ L-rpq~ L-r, [2[~m!ll-e~,~~ 2:tL

0*JR.'~~¥f1~ili~~=-9--;t 0 ~~T A~F7¥J5E~9 0= = -eli, J~~O)I:!&J1l$i!&~¥f1~ii10),11),
12)~~]E L, $i!&OO:1'&~~jli'&I=:t3v \-r b*JR.~'¥{iffi~~~ ~ ~0 J: ') ~= ~~T A~t1f~~0 0
F71He 2:tLt~ ~~T A~=--:)v \-rli, L~CO) TRACY -e~~,~~=:t3~t 0*JR.~,¥~~=jjm~ 0 0
:tIl~S~'=Ii, = ~F7¥J5E 2:tLt~ ~~T Ai6~, IAEA ~~'F~~ 97FfitiJ~2: ~il'il1fl~1rMJt~~~'¥{iffi

i6~~~i6~~i6~~~~iE~ 9 0

= O){ill~=, ~~T'-~ li:i:JfiJ~~-I=fEni <~0~f!f~~JE L-r~it*2:tLt~~-z:', 7F~

~r%'i < ~=X;J~9 ~~T A~jjm'~'±~~~iE~ 0~,~iJ~lb90 .:c = -e, OOpq:tllf)J~I:!&J1l$J!iJ:

~=:t3v \-r,ft~*4JlI < -er%Ii < ~5t\tt~*~*JR.~=--:)\; \-r, ~~T A~= J: VJ ~t±:l2:tLt~f[!,[ ~

~I=~1Jf!! 2: tL-rv \tdill~~-UIH~it* 116)~= J: 0 *** ~ J::I::~~0 0 ~ t~, 1:!&J1l$J!iJ:a~~=:t3~t 0 {*
pq 24Na .'=£~< ••~'¥{iffi~=:t3v\-r, 7Ffit7.P2:~/t01E1-1-~=--:)\;\-r~~L-r,1:!&J1l$J!iJ:

a~'=:t3~t 9••~'¥{iffi~;f:ti'TS~'=~~-;J~0 0 !fif~=, ~.O)~*~ It0{*pq~=1:.px: 2:tL0 24Na

.iJ~, ••~'¥{iffi~=-9--*-0i&V~~it*~0 0

5.2 i&J~lmW~,~~ii:I~;f31t Q~jj{~giE

5.2.1 ~~I:!&J1l~~~!ll(TRACY)

1:!&J1l$i!&~t~mE~0 ~~m~= --:)\; \-r Ii, .:c~.ilJl(~~JEi6~F~ml~§~ It 0 0 )t;T, 1J5(t±:l2:tL
0 x ;flv::¥-)j1hli, tt)j~~=f¥\; \5E1:.~ 0 b ~~=Vt:b-tt0~,~i6~lb00 :t t~, 1:!&J1l$J!iJ:

a~'='i, ~fY0-pq ,= 1017 ::t-~·-f~J3t~tt)j~iJ~5E1:. L-r, .:ctL~={'¥v \9=J'~'±-1-i6~*.~=5E
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~~E:90 PJfm'r1:i6~ ib 0 0 - 1f, ~,~-cr:p'r1:-1-~!Ma~r~, ~* < l.J::#JJiHi, :1:iJX: L t:: 24Na i6~

:C(J)r~, f=~:f{-t 0 PJ~g'r1: t ib 0 0

f*-1-tJ~f1fi6~pJT1f-t0 TRACY Vi, £LI::(J)~f*f=ilfk Lt::~f*~fI}m-c~ 0 0 ~ 5-1 f=
TRACY (J)xPIL'~ '/7 &LJxP~(J)f1fJ§~~T117)0 =- (J):Jj@;~(J)jC*(J) § ~":Ht, m{-&*~ffi!.¥

J'jJ[a~ (J) ~l~MJTE f*¥lb, ~!M*~~I±J !f,f'rl:£, ~!M'r1:~ W(J) M C~ol)'r1:fm t~ (:" ~~~i¥J f=Ml¥ ry:j -t
o =- (: f=ib0 78),79)0 7. T '/ V 7.~IifiJ~(J)~PIL'~ '/7 ft=~(J)rpH.,'p:Jf1fJ§~1f L, i*JfJttJ&LJjj­

fJtIJ(J)p:JO)®:t~Ht, :C.h..:e'.h*,~ 7.6cm &LJ*,~ 52cm (:t~,:)"(V\00 =~PH1f~(J)jj-~ff~f=,

*'~ lO%f=r!Ui ~ .ht::1iIJH[~ 7"7 .::.)vm{-&~t~)J-~Nr,ti6~:1: C0 ~ffi!.:A:~ -cffA-t0 =- (: i6~

iiTfm-C ib 0 0 -1f, i*J~ff~f=ftr:pt1:-1-Il&J!3(fJ(J)IFp '/.iJ -1FT -1 r- i6~!tA ~.h "(V \ 0~~

r-"7 '/:/::L '/ H$i6~1iJA~.h,,(:k> ~, =-.h~~®:1frPH=ijl ~ttz< =- (: f= J:: V), 1i~~7"7.::.

Jvm{-& I=:k>v \"(t~)J-~Nr,ti6~@=- 0 78),79)0 0,J:(J)l*1"Ff= J:: V), TRACY ftmi-&~*-'!-f= J:: V)

J8:1:-t0 ~ffi!.¥J'jJ[a~~t}t~-t0 =- (: i6~PJfm (: t~ 0 0 ~ t::, =- (J):Jj@;~-cltt~)J-~f= J:: ~ *:A:
(J)r:p'r1:-1-&LJ y i#Ri6~JE:1:-t0 t::oo, ~ 5-1 (J)J:: -) f=xP~lt~ 2m (J)J¥ ~ (J) =:I '/7 ~ - r--c
J~-"'.v\~.h -CV\0 0

5.2.2 TRACY I=:k>ft 0.fi[f!::T r- ~ 7 A*mi-&(J)r:p'rl:£-1-Jl~!M~~

AA 3 ~-c~ro::.t:: J:: -) f=, ~?JlIH= J:: 0fj:~iE-c~t, ~:E!!i¥Jt~A f*.:cT'Jv(J)~JEi6~F~~M (: f~ 0 0

~@](J).=:Ef~fj:~1xt~-cib0 r:p'r1:-1-lt, Af*(: (J)fl'l1ifFffli6~jC* (f*-1-~) § Jtf=*~ <~

f*-t 0 t::oo, =-.h~t}t~-t 0 =- (: ~tjt-1- (: .~t~ L"( t rnft-cib 0 0 Lzp L, =-.h~ -cf=A

f* (: 7t~I=-fk Lt::jC**J3.nX:~1f-t 0Ali¥Jt~tJWlt1f1:E L "(V \t~v \0 {frJ:ZJ:f, Af*f=~

~-t 0 r:pt1:-1-i#R:A:~tt~ (:"(J)f~~~!M, ttjE-c~t, l][1ff*:l7\-c~r/RJ(J)*, ~ ;I- ~ 7 !J )v1Mn~

(PMMA)~%a:f=*~MA Lt::77'/ r- Ai6~Af*~,m~-t0 V-1::/~ (: L "(f*ffl~.h"(v \0
118)

a

:c=- -c, *,jiJf~-ctAf*~fii1£i¥Jf=,m~T0.:cT'Jv~f*ffl Lt::o f*i*J(J)'teJET r- ~ 7A
(J)r:p'r1:+tlMjNr,t(J)~iIOff(~t, ~ 4-1 I=~T J:: -) f=r:p,r1:-1-::r.,*Jv:¥-(J)fE:T (: (: t f=:ltno

-t0 a ~ffi!..J'jJ[-CF~~M (: t~ 0 ::r.,*Jv:¥--clt, r:p'rl:£-1-~j:Af*r:p -c.=:EI=**t~ (: (J)1m3fNr,t,

5IM1:'1t~JiL~@=-To :c=--c, Af*i*JI=:k>'t0 24Na :1:nX:f=Jliv\:l7\r.5L~t}tmET0t::oo, **
(J)'2I1f:A:i6~ 10wt%f!l'oJ3t (: Af*f=Jliv \f~~1fT0.fi[f!::T r- !J 7 A (NaC)) *r~{-&~ TRACY

(J)xP~i*J-C!ffi!M Lt::o mi-&~~~f=f~ffl Lt:: t::00, Af*f=~< '2I~.h0~*~'2Itr~W~

ffl v\0 =- (: i6~PJfm (: f~ ':) t::o ~ t::, f*i*J f= J:: V) iliv \~f*-C 24Na (J):1:iJX:~fI}mT 0 t:: 00,

NaCl mi-&(J)71J3t~ O.05moUJJ3t (: L"C T r- !J 7 A(J)'2I1f:A:t 1kg ibt:: V) 1.15g (:, A

{;$:r:p(J)f~(1.4g/kg)(:ili< ~ttt::o =-(J) NaClm{-&~t, 1cmW(J) PMMA -cf1fiJX:~.ht:: 30cm

X 30cm X 15cm (J)-t{:t:~1fT 0 ®:1ff* (7."7 7") ~:l7\(J)77'/ r- A f=MA L t:: o =- (J)

PMMA t, **(J)'2I1f$i6~Af*f=iliv\E!EfEi6'G~,~I=f*fflLt::o =-(J)ft!U=, fBz~i'< l][1&
(J){;$:i*J f=:f.J~t 0 24Na (J))J-/(ff ~fj:~iE-t 0 t::oo, *4!*~MA Lt:: PMMA 77'/ r- A (J)i*Jff~f=

3ml (J) NaCl mi-&~MA Lt:: 7 '//Jv~!jc[i Lt::~f*-ct r:p'rl:£-1-!ffi!M~~:Jj@; L t:: o
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100

inner ~ 50.046
outer ~ 52.146

~..~
outer ~ 7.618

Top plate

Guide tube of
transient rod

-I-_'-+---' (unit: em)

~ 5-1 TRACY 1ft[aJtO)tJ;iti~~ 117)

(a);I;P~SfLrni~, (b);I;P~ftjKi~, (C);I;P{,,7' /' -7 O)WTrni~
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I2?J 5-1 '~~TJ:5'~, NaClfGi~*t;::.''i~4!*{t-t-tALt;::';A=;77''77/t-A''i, fGi~?'/

~ P'!O)@;J1l:tk~{t-!L ~ it. 'v \t;::.tfJ, i~i~?' / Y9='iL\7J' G*~ 2m O)fE§]iMH~~ti: L t;::.o 9='t1-:rlffi

MaifO) TRACY O)~'i~f*''i, * 5-1 '~~T J: 5 ,~ 12.1MJ O)1iXttlx.;tJv:¥-, t~)j-~3E

1:J!lJ'i 3.57 X 1017 -z:;b0 t;::.o

jt~H~IJfXr,tlt ($)

rj =;7 /yllt (gUlL)

iQf~nf1M:Yllt(mol!L)

i~i~-Wlt (g/emS)

fGi~tglt (oC)

:J:fiiL\?' /~ 9='O)Y~i~V~Jv (em)

2.88

397.2

0.61

1.5519

25.4

58.07

12.1

3.566X1017

@;J1l.~~f*{t-f!}:mLt;::. TRACY O)~'ii.&, NaCI y~i~{t--1j-/7°lJ /Y"L, y~i~9="~1:.

)JjG~ht;::. 24Na O)1iXM1llgyllt:a:- Ge ¥~{*~ttl%a:O) y *JR;A~Y t- p;J. t-lJ '~J: VJ IE:l.:Lt;::.o

{JlIJIE'~ frJ!ffl L t;::. Ge ¥~f*~ttl%a:''i, 1iXMttrl"ljflz::51;*O)1iXM~f~{t-IE:l.:T 6 t~ tfJ, 100ml
y~i1JZWi\f4'~ "J'v \'"( fi;*i¥Jit.1iXM'~1t~flO)7t-:rx.;tJv:¥-,~x;j"r,tL t;::.t~ttl5i"j]${t-~frm L'"('v \

t~o -'C -: -z', 9="~1-:r,~M Lt;::.;A =;7 --;l7 7/ t- A7J' G, 3 "JO) 100ml 0) NaCI i~i~Wi\*3f-{t-M1

ttl L t;::.o *fGi~-1j- /7°Jv9='0) 24Na O)1iXM~I'i, 1.37MeV 0)~P2k~)( l::"-Y 7J' GIE:I.: Lt~o

it.i3, TRACY O)~'i'~J: VJ, rfi*P'!O)JJjl:M1l1g V~JVf'i?F~'~r'aJ <it. VJ, 1P*.r-..O)A*I'i

flJIJ~F: ~ h 6 0-'C 0) t;::. tfJ, i~IJIE~frtlaif~IH'i 9="~1-:rlffiM1.&i3 J: -'C 72 aifr",~ ,!::: it. VJ , ¥iJPXWl7J~ 14.96

aifr",~O) 24Na 1iXM~O)7j;1¥:l.:I'ifJJWl1:.)JjG:l.:O) 4%f~lt,!::: it. 0 t;::.o -'C -: -z:, i~IJlEaif~IJ{t- 2000

fry,!::: L'"(, 1.37MeVy~0){JlIJlEf~'~X;j"T6f&Cgtl3~it./FlIi7J,~{t- 1%f~lt'!:::T6*-Z:, rRJl::"

-YO)gt~{t-iT0t~0 -jj, 7/7°Jv-Z:lffiM~ht~NaCI$%a:P'!O) 24Na O)1iXM~'r~I'i, 3

X 3 -1/7 $ 0) NaI(Tl)~/7 V-~ '3 /~ttl%a:-Z:IE:I.:Lt;::.o -: -: -z', 24Na '~x-tT 6~ttl

5i"N¥l l'i , ;A =;7 7"7 7/ t- AP'!-z'!;J'A Lt;::. NaCU~i~{t- ffl'v \'"(, Ge ~ttl%a:'!::: O)tl::~'~ J: VJ ~

IE Lt;::.o

9=''~1-:r lffiMaif'~i~i1JZ P'! '~1:.)JjG ~ h t;::. 24Na 0) tl::1iXM1llgf~ 7J ~ , *c:fyt,~ J: 6 ~:I.:~'JZfiffi0)£

*:I.:,!:::it.6 0 -'C-: -z:, i~IJIE***7J'G¥iJPX~{t-~~LtdJPX~f~lE'~J: VJ, lffiMIOCi.&O)tl::1iXM

1llgf~{t-.ttlT 6£'~7J~;b60 9="~1-:r,~M~~'~I~Jf*T 6 TRACY O)~'iaifr",~,'i, ¥iJPXWl'!:::
tl::~ L'"(+)j-ffl'v \~)j-:;;t-?,"--Z:;b0t~O)-z:, .:cO)r",~O)iJPX~I'i~~Lit.7J'0 t;::.o -jj-Z:,

2000 fyO){JllJlEaifr",~-z'I'i, 24Na ''i.:cO)r",~,~ t 5 %f~J.tiJPX~T60 {JllJlEaifr",~ P'! {t-j!fn: '"( 0)1iX

M1lIgO)ljZ:lt]f~ AM 7J~, ***i¥J'~i~IJIE ~h6f~'!::: [PJ~'!::: it. 6 7J~, {JlIJIE~frtlaifO) 24Na O)1iXM~

'r~As '!:::J2,(TO)I~Jf*7J~;b6 119)D

AM = As x (1- exp(-AM»/(AM) (5-1)
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=- =- -e, AM: ?:IlIJJEa~r~9fi'JO)*!tt~fl!! (*!tt~?:IlIJJEfl!!)

As : ?:IlUJErMJfrila~O)*!tt~fl!!

A : 24Na O)M:t.lJE~ On2/14.96 h = 4.633 x 10-2h'l)

Llt: iJlIJJEa~r~9 (h) -e;bQo

-jj-e, 90 7j-.0-fi'J(1I10 '¥-~:M)O)iJlIJJE-e;b.nl'i, 5-1 ~O) AM C: 5-2 ~-e:~U~.nQ?:IlIJJE

9=' r~9 a~~IJ O)*!ttfi~fl!! AH C: O)~li 0.1%.0- fi'J -e;b Q0

AH =As x exp(-A~t /2) (5-2)

=- =- -e, AN: ?:IlIJJE9='r~9~~IJO)*!ttfi~fl!!-e;bQo

.0-J:-. J: V), ~~*40)?:IlIJJE~*I;::'£"':5 ~, ~!tt~~U7J' GiJtIJJErMJfril1~ 1000 fY~ -eO)a~r~9-3:'

:i!5lt L t~~1"<:fmlE -3:'1TV \, Jl~!tta~l;::.mi1H::>~tpx: ~ .nt~ 24Na O)J:t*!tt~'rl!!-3:'./±j Lt~o

5.2.3 TRACY ;:p~fi'JIU:o't Q 9='tt-=fM*O)H.fij~tJT

'k~~*-3:'~~iE-tQt~Ob, MCNP-4B:3~ F-3:' fflv \--Cj;P{,\7' /:7 0) r/ 7 /i~{~I;::';J:o't Q

t~7j-~-eJE1': Lt~ 9="r1:-=fO);:p~fi'J O)M*-3:'t~mE L t~o =- =- -eli, KCODE 7J~ F-3:'fljffl L
--C, 1 -tt-1:7 )v;bt~ V) O)JE1':9='t1:-=f~-3:' 25000, 2000 -tt-1:7 )vO)H. (5000)]1::: 7, r- !)

~) -3:''k:Jjfff Lt~o ¥-f I;::. , 'k~~O)*!tt~¥-f'r1: C: M~O)fij~tJf~*-3:'l:l:~~~iE-t Qt~ 00, 9="r1:

-=ff,c~LO)~~-3:'fij~tJT-t Qt~ObO)~~O)j;P~O).::cT')v-3:'~JE-tQ =- C: I;::. Lt~o .:c =- -e, [Z] 5-1
O)j;P~ll~[z] J: V), A)j;P{,\7' /:7 O)Jj.-3:':i!5lt L t~ .::cT')v, B)j;P'L\7' / :71HY:j;P~0):3 /:7

!) ~ r- ~-3:':i!5lt L t~ .::cT')V&V C) j;PJL\7' /:7, j;P~0):3 /:7 !) ~ r-~& Vr?fi'JO)=E~t1'J

m~ -3:':i!5lt Lt~ .::cT')vO) 3 ./)O).::cT')v-3:'JE~ L t~o

'k~~*-3:'~~iE-tQF::';bt~0--C, J:-.O) 3 ./)O)j;P~.::cT')v-3:'fflv\--C, 7, 77"7 7 / r- AI;::.

!tA~.nt~ NaCI i~{~I;::'1':PX:~.nQ 24Na O)l:l:*!tt~fl!!-3:'~t. Lt~o mv\--C, NaCI i~{~-3:'

!tJ.-. Lt~A 7 7'"7 7/ r- A C: MIRD ~.::cT')vO)~{jjHl~:t7\& Vt~WO)Jiv \;6~, 24Na 1':i1X::!i

I;::.l};t Q~~-3:'fij~tJT L t~o =- =- -eli, -t¥tli'k~I;::'{~ffl L t~ t 0) C: [P] c -e!f!X*Jl*i-et1'Jpx: ~

.nQ 7, 7 7''7~:t7\7 7 / r- A&V MIRD ~.::cT')v-3:'j;P~fi'J 1;::.{&ml3"JI;::'~~JE Lt~o =- 0) ? ~,

-t¥tO)~ftQ MIRD ~.::cT')vO){ll:tiili, ~ ~ jj(R]O)9=':9=:.:li;:p,L\7' /:7 9='O)i~{~~~ 0)9=':9=:.:

C: [P] C C: L, -¥iiijj(R] I;::../)v\ --C Ii, j;PJL\ 7' /:7 ;6, G.::cT')v9=':9=:.:{ll:tii~ -e0)fi!B1ill-3:'--;!& ~ it

t~o MIRD ~.::cT')v-3:' ffl v\t~MtJT-eli, {*fi'JI;::.1':i1X: ~.nQ 24Na :!i&VJd*fEni <~:!i0)

1~J{~-3:'~t. L, f,c~L~7J~~:!i~.I;::'l};tQ~~-3:':i!5~-tQ =- C: C: Lt~o

.0-J:-.I;::.j]Q;t --C, ~j;P~.::cT')Vfi'Jo)A '7 7"7 7/ r- A~tii{ll:tiiO)~r~9 9=' O)9='tt-=fA~:7 r­

)v-3:'fij~tJT Lt~o =- =- -eli, A{*c: 1:J:1:f"[P] C*~ ~ O)itp:J~JiJ:!JJG (40.4cm(*!\!ffi) x 20.4cm (m:

!\!ffi) xI75cm(~~» -3:':ff-tQ~!FJJF*7'!)~ (F47'!)~) -3:'~~9='I;::'JE~Lt~o itp:J~JiJ:!JJG

I;::../)v\--Cli, 1&T~M'GO)~ ~ 80cm o){ll:tii7J~'k~-e~~tii Lt~A 7 7"7 7/ r- A1&T~~.

7k-¥jj(R] 0) 9="L\7J~A 7 7"7 7/ r- A C: [P] C I;::. ft Q J: ? 1;::..:cO){ll:tii-3:'~JE Lt~o
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5.3 tJlI:Hfjffi-/;7-, T A RADAPAS 0)0036
rrr.O)H.~nfr~:t, {*i*J 24Na :1.:7.)' GA {*:Mz~i'<~:I.:~il'H#I3~~~~ijZ{lffiT 0 t~bbO)~JM*

~'~/)v \""(, ~~*4~l3tJ~iJ:0)~{4<::' c!:: 1~*ME~[~-9-*--t~o -1i\!, $fI$#kft~iJ:~

{*:a:~1lLt~t~bb, $ <0)~{lf!T'-17.J'1:f1:EToo .:c:. \!, M~0)~t.~~tfr\!1~t~T'-7'

:a:>;<j]*I3~[~,fljfflL ""(, illJtft*JR:I.:~ijZ{lffi~ PJ~~ c!:: T 0 II:\fnJj!.lJi!ij:a~[~j3lt 0 {*i*JO)jjj(Mfr:T

I, 1) 1/.b. [~£-0 <illJt~!i~ijZ{lffi7' p -7"7.b. (RApid Dose Assessment £rogram from

Activated .sodium in Human Body for Criticality Accident, RADAPAS) J :a:003ET0 :.

c!:: c!:: L t=.o 0- T [~, t~1f'jK£-0 2: tlf~ 2: h t~ RADAPAS [~J:: 0 *JR:I.:~ijZ{lffi O)t!~ :a:~cT 0

5.3.1 RADAPAS [~j3't o~:I.:~.

fj/t O)I:\fnJj!.lJi!ij:O):l*i5l(~jtL ""(illJt[~*JR:I.:~ijZ{lffiT 0 t~bb[~~:t, .~[j[1.~O)f~I9'J\!A-¥PJ

1Jjgft'I¥f¥~:a:>;<j]*~I~,fljfflTo£,~7.J'iboo .:c:. \!, RADAPAS \!~:t:'0)J:: ') ft'I¥f¥~:a:)<t~15

lBJt\!J\:7J L, /JIIJJE2:htd*i*JO) 24Na O)jjj(M~~{lf!'~£-02:*JR:I.:~~ijZ{lffiTo:' c!:: c!:: Lt~o

j:: t=., rRJ7'p ::~l7 .b.~:t, Windows"/::Z- T.b. C'ibfF2:ito to) c!:: L, {fLffll3~ft/"-:lT Iv::J

/t:".=L-7'\!O){~ffl~PJ1Jjg[~Lt=.o 0-TO)J:: ') [~, RADAPAS C'~:t, .i!ij:[j[1~'~1~Gno

'1¥f¥~7.J\ G 2 /)O):f-itC'*JR!i~ijZ{lffi ~.t±:lT0:' c!:: c!:: L t=.o

M~C'j£.A:t=.~~tfr;f;J!i~H:t, f~~*4JJzLf.:c0)~ill ~f1') ~~v \{*O)tlf@7.J', {*i*Jf~1:.Jft ~

no 24Na !i c!:: *JR!iO)JE!i~ft~.~f*[~*2: ft~~:a:-9-;t 0:' c!:: ~~ Lt=.o ifr±j='.[~j3,t

ol:\fnJj!..i!iX(T){JU\!~:t, lJ~IJ[1~0)1f.WlO)~I9'Jc'*JRi/fjl; c!:: ft of~~N, .:cO)J)!fJillO)tlf@JJzLfrB<

~i'< tlO)*JRi/fjl;c!:: O){lLfii~f*[~{*O'I¥f~7.J'~1§'-~n""(v \0 10),11), 12)0 ~ 5-2 0)1iit r:t , lJi!ij:

iJ'3E"t. Lt~~NJJzLf~illO)~~v \{*~{* c!:: :tlitifrv \~{*~jt§I5~Jt\!~tRL, i*Jll L t=.::z­

~7 r-lvT'-1 (CP'I't-i'-JJzLfy*JR) ~t~*TotO)\!iboo :.n[~J::V), !f-f53IJft~nfr§t.

:a:iT') :. c!:: ft <, j;llJ,}~i{I3~ft.i!ij:fflJffi}O)jjj(M~!f-f'11f ~?'*JE\!2: 0 0 'j:: t=., ~tR L tdJRiJ:tlfill

O)~{*7.J\ G, )<t);tTo~!i~.{*~ (Gy/(24Na-Bq/23Na-g)) t rRJa~[~:flEt±:l2:hoo .:cO)t=.

bb, 24Na 0)jjj(M~~0)i!lIJJE;f;J!i*7)\ GrEni<a~O){*i*J [~j3't 0 24Na 1:.Jft:l.: AINa-24 ~.t±:l L t=.

[j[1~[~, 0-TO)J:: ') [~~l1JRc!:: ftot~~*4JJzLf.:c0)~illtlf@0)'1¥f¥~7.J'G, jjj(M~53IH~~~O)

rB<~i' <*JR!ift c!::"7.J'illJt[~~t. ~noo

D2l1d - r = AINa-24 X CF2nd - r (5-4)

:. :. C', Dn, D2nd- y' Dy: CP'~'t-i'-, tffi5f y~, y ~rB<~i<[~J:: 0 ~!i(Gy)

AINa-24 : tB<I:f< ai~H~{Lis:r:kJl~1:.pX:Lt~ 24Na lt1JJ:Milli (24Na-Bq/23Na-g)

CFn, CF2nd- y , CF y : CP'IIf-i'-, tffi5f y~, y ~rB<~i< [~J::o~:I.:~O)~.{*~

(Gy/(24Na-Bq/23Na-g»
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A1J

~ 5-2 RADAPAS ~-:J: Q*,,'R:S:~t,.yt (1)

-~i®:~fif:~~tRT Q:¥yt-

j: t=-, m4 ~O)~~fJT':t, fiAO)f*~J: ~ t1JJ:M*,,'RO) Af*""-O)AMJJ[P]iMJR:S:~"~-:~~

~ l};t Q:= <!:: ~~ L t=-o .:c:= C', 1JJ:M~ 0)AMJJ[p] <!:: L_c , MJJbHJ1~.IJJJ 0) 2 ___::J 0) 5f:;fif:~
~tR-c~QJ:5~-:Lt=-o :=O)fill~-:, f*1*1 24Na O)!E:s:yt~-:---::JI;\_cI:t, 1*1&~ht=-1fn.i15:lJli\N

~f~JfjT Q:¥ytt L <1:t'i:~;fJ r:7 /'7' (-: J: Q:¥ytO){jjJh7J"~~tRC'~ Qto) <!:: L t=-o :=:=
-c, M:g-O):¥ytC',:t'i:~o)~*J3.~9='~-:1:.hlG~hQ 24Na :S:~£~<!:: L, 1&~I:t'i:~~-::bt=­

0_C1:.hlG~hQ 24Na fl~£~<!::TQ~"{*~~f~Jt~TQo

-JJ, IAEA 7.J>:lt~TQ1JJ:M{~t~l±l~ 53)~flJffl Lt=-i~IJJE, ~~~t"::J- F~ ffl I; \t=-~t_
~~fm-: J: IJ .tij::m~0)1JJ:M~'t1f¥~7J~1~ GhQ RJ-mWt t~;t GhQo IZI 5-3 0)JJytl:t , :=h

GO):¥ytC'1~ Ght=-1JJ:M*"MB"t1~fIJfflTQ:= <!:: ~;f~,!E L_cl; \Qo :=:= C'1:t, 9="t1-=t-:C*lL-­
:3(-- :7..~7 }-JvO),t1f¥~~ A1J L, 7"7 7~~~-: J: ~ :=h~fitiiiNT Qo := O)~JE Lt=-9="t1-=t­
:C;flv:3(-- :7..~7 }-lVO)~ ~"/'O)~_{*~~:t, m4 ~-cO)l¥iS1JJ:M*JRAM~f&JE Lt=-~¥fJT

~-: J: Qfffi*~ 7 7"7 /'~.:L 0) 4 }~ili:ffJ,~ ffll; \_cl*1t~ L_c_I±lTQo ~I; \_c, 5-6 A:&tJ 5-7

A:O) J: 5 ~-:, 'fr:C;fJv:3(-- t:"/'O)~"{*~~ ffll; \_c 24Na fl~-:£---5~~fl~~f{!ffi L, 'i::c

;fJv:3(--~-:---::JI;\_cfl:51 ~ _c, rEnf< *JRfl~"I±lTQo j:t=-, ~ 5-3 O):¥ytC't1JJ:M~O)A

{*""-O) J\MJJ[p]&tJ1JJ:M1JlgO)!EflytO)~tR~ RJ1J~ <!:: Lt=-o
N

D n = AI Na_24 xCI f¢(i) xCFn (i)) (5-6)
;=1

N

D 2nd - r = AI Na_24 X (L f¢ (i) X CF2nd- r (i)) (5-7)
;=1
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AINa-24 : fBH:f< a~I;::{;,tq;l~I;::"!:.PX:Lt=. 24Na .l:1::»5CW~ (24Na-Bq/23Na-g)

f cP (i) : i *§l (J) l::"/I;::-2i~hQ r:p'f:t.:r7 /v:.c/ ;;7.. (J)tlJif

CFn(i), CF2nd-y, (i): Ii'Jt~¥t;:C'1~t=. i *§l (J) l::··/(J)~.t*~(Gy/(24Na-Bq/23Na-g»

N:r:ptt.:r:.c*N~-;;7..~~~N(J)~/(J)~

~il.:~.

· r:p'f1-=r~il.:
·1'flJ1i y *.*~il.:

· y *~*v~il.:

~ 5-3 RADAPAS I;:: J: QrJli:H.¥t;: (2)

-53Ij~~¥tJr ~ ht=.1J:j(M*JJt~'f1 ~*IjJtJTQ~¥t;:-

5.3.2 ~f{iffil;::{tJtJT Q~tHiJlIJt

~f{iffi;m*"i, ~~~Mft c!::"iJ~£:,~ c!:: T Q'fW¥~ c!:: L-C~j]$.I¥:H;::~~T Q£:,~iJ~ib Qo ::C:.

C', RADAPAS C'Ii, ~~TQ1J:j(MrJJt~tf!(J)*mIH;::£:,~c!:: ftQ:i:!f(J)¥:t$JrJJtt~~~T Qo

~ t=., lfu.i11i!J / /~~(J)ii?X:,y{tlrPH;::£--:5 < ~il.:~f{iffi(J);m*Ii, :i:!f(J)1tM~t c!:: t M{lf-T Q

21), 22)0 ::C:. C', :. (J)~¥t;:I;::J: Q~f{iffi;m* c!:: (J).l:I::~~1'l1~PJ~ c!:: T Q t=.'dJ, 1tMrJJtt~~~

T Q:' c!:: c!:: Lt=.o :i:!frJJttliWt(J)*~ ft!ji,Xr.§.*~rJJtt c!:: Illl'~ L < ft ~, 1tM~tli1t*.§.

MlRI;:::jQtt Q~il.:I;::M{lf-T Q(J)C', :.h GI;::-2i~hftv \~$*.§.MIR(J)rJJtil.:t~~TQ:' c!:: c!:: Lt=.o

:'hG:i:-C(J)~tl;::"Jv\-Cli, 4.2 1WC'~~illiLt=.J: '5 I;::, 1J:j(MrJJtl;::J:QfJ!m~tf!~(J)~j]

*(J)~v \~15lt L-C, r:p'f1-=r~t, m1i y ~rJJtt&lj y ~~t~fr-531j L-C~~TQo IRJi*
I;::, ~~TQrJJtt(J)*{lUi, ~J1~:1i\:%=~Fp~~ c!:: T Qi'ifJrJJttfBHi < C'(J)@JtJ ~~Jj. -C, P&~

~t(Gy) c!:: Lt=.o 0,J:(J)J: '5 I;::, RADAPAS Ii, WinEi¥J~tf!(J)~~iJ~Fp~~c!:: ftQ lOOmGy

0,J:(J)fBHi < I;:::jQv \-C, f*1i'J I;::~"!:. L t=. 24Na (J) !t1J:j(M1i~I;::£--:5 ~, ~j]$.S"JI;::fBz"i < rJJtil.:
'fw~~£j.;:t Q:. c!:: iJ~C'~ Q c!:: 15;:t Qo
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5.4 TRACY ~.~I~iHt 6~i!,:gffiffi**5It&LJ~~

5.4.1 ~i5L~O)J&~

~~C' A '7 7"7 7/ j-. A ~~]i: L fdlz:]i:C'O)@Ffl' 9=J 0) 9=J'ti£i'-.::r.;f;vo¥~A~:7 r- ;v(':::

-Jv\-C, 2 -JO)~~4:-7";v (4:-7";v A)&Lf4:-7";v B») C'Altfff~nf=.~*~~ 5-4 (':::~To

~f=., RADAPAS '.:::r*J~~n-Cv\0.::r.*;Vo¥~A~:7 I--;vO)9=J7J>G, ~ 5-l(cH':::~T~JL'

!? /:7 (.:::-*ili:v \~{*C';b0 ~1:£ 20.2cm O)mi11Z;lf.M+0)Jj!fJJm'::::il[~v \{*~~~ ftv \~{*C'

Altfff ~ nf=. b 0) ~{*it-C~To ft.t3, lLv \O).::r.*;vo¥~)-}:th -3:'.rt~T 0 f=.tfJ, ~-C O)9=J·ti£

i'-.::r.;f;vo¥~ A~:7 I--;VI:t€l~tf@:~ 1 ,.:::m,*1~ L -Cv \0 0

~~4:-7";vO)::> 't, ~ /:7 O)Jj.~15l1tLf='4:-7";v A)'':::-Jv\-CAltfff~;hJ='~*':t,

RADAPAS '.:::r*J~ L -Cv \07"~~ (: ili:< ft-:;!=.o -tiC', 1:p~O)~~15l1tLf='4:-7";v B)

C',:t, ~i5L9=J'ti£i'-O)J&~''::: J: 'J ~9=J,ti£i'- &Lf v-tT:;~7°P '/ I-- C'7.K¥ (: ft 0 9=J~~JVEXO)I1)t

51iJ\*~ < ft'J, t~51~'':::Wv\3B1:T0MeV .ij!{lz:O)9=J'ti£i'-O)1!r-9-':tJ1;- ft< ft~f=.o ft:}.) ,

~~r*JO)fJtJm~':t, 9=J'ti£i'-.::r.;f;vo¥~51:th'':::J&~~*~ ft-9-:Z f', 4:-7"!V C) <!::: 4:-7";v B)

,.::: J: 'J ~ltftr ~ nf=..::r.;f;vo¥~51{IH:tili:v \ b 0) <!::: ft~ f=.o

1.0 r-----------------,

._.- _._ . ._._._._.- __ ._._0_._.-·_.'" .-..

---, (A) -'ET)I"A)~H.

_._,- (8) -'E T )1,,8) ~H.
- (C) RADAPAS l1'JilT-~

0,0 l....L.L..................................................w..............c.uwd............uwL................ud......L..............c....................L........................,

10'8 10'7 10'6 10'5 104 10'3 10'2 10,1 100 101

IiJ tt.:r I ;1"JL-=¥- (MeV)

~ 5-4 TRACY ~~r*JO)A '77"77/ I-- A~]i:{lz.:]i:O)@Ffl'9=J'.:::.t3't 0
~'ti£i'-.::r.;f;vo¥~ A~:7 I--;v

~v \-C, ~ 5-5 ,.:::, ~.~C'~]i: Lf='A '7 7"77/ I-- Ar*JO) NaCl mi11Z9=J0)9=J,ti£i'-.::r.;f!v

o¥~51:th~~To =. =. C',:t, 3B1:~'ti£i'-~f=. 'J ,.:::m,*{~~n0 MCNP-4B ::I~ r'[':::J: 0

H.~*f':::, TRACY Jj;'i~'':::3B1: Lf=.~,ti£i'-~-3:'* Cf=.o NaCll'?Gi11Z':t7.k*-3:'~< ~td=.

tfJ, AMa~O).::r.;f;vo¥~'.:::~~WMt <, ~< O)9=J'ti£i'-':tA '77"77/ I-- A9=JC'~~T 0 0 .:c
O)~.j,lt ~-Co)4:-7";vO)~t.~*C'~9=J'ti£i'-O)'!IJ€liJ\~F'ffi'.:::r'iWJ < ft~ -Cv \0 0 Jj!fJimJtJm~

<!::: O)~i5U'::: J: 'J AJiHT 0 ~,ti£i'-O)*§~t~iJ":I:~1JOT0 f=.tfJ, J: 'J ~~O)fJtJm-3:'t~~ Lt=.~{*
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1----- 'E T )" AI---- tTJ!-B)
-- tTJ!-C)

- .. _- ----- '-:~

$t1-1-I*JL-~- (MeV)

~ 5-5 TRACY 1P~V'H~~~lE't Lt~:A 77"7 7 / r AV'H~!tA Lt~ NaCl i~i&'fl'Uo't Q
'fltE-TX*;v=¥-:A~~ r;v

5.4.2 RADAPAS'~ J: Q*fRt~HUfi¥t
9=J'rCf+~M"('1:pjG~nt~ 24Na O)1Jj(M~fll'H~£.r)~, RADAPAS C'*fRt:a:-~tfUfi Lt:. o J;;E

'~7 7:::'/~tiH&tf TLD :a:-*Jilj.15';b-ttt~*fRt~tiJlIJ~ A =;- A'~ J: ~ , TRACY 1P~NO)~

flrt±JfJ ili t:. ~ 0) 9=J'rCf-T&tf y ~O)gHffif~*~:li)j-:miJ~~mIJ ~ n '"(v \Q 120)0 *1IJfJ'E'~::f:)(t Q

24Na t,~£.r) < *fR:li~tfUfili, =- O)~iJlIJif.ff* ~ J;t~T Q =- ~ ~ L t:. o ~t~H~ J: Q y *JR~:li

O)mIJJEf[~]~'i:t~)j-~1:pjG!l&.JO)~.iJ~~:tnQ iJ~, RADAPAS Ii:' O)pjG)j-O)*l}li15lt ~ n
'"(v\f~v\o -t:' --Co, *1IJfJ'EC'Ii, 1:pjG~nQ 24Na :li'~£.r)~, RADAPAS :a:-fflv\,"(9=J'rCf

-T~:li:a:-~~L,"(, ~~if.ff*~tt~.NLko

:. O).~iE~~C'Ii, RADAPAS'~J: Q~:li~HUfi ~ L'"(, ~ 5-2 &tf~ 5-3 0) 2 -';JO)151t

:a:-t*ffl Lt~o ~ 5-2 O)+¥t,~ -';JV \'"( Ii, ~~*4:a:-~tf~iJJ¥:0)'tw¥aiJ~/fPJJz ~ f~ Q0)C', L

~O) ~:jO ~, TRACY 0)1P{,,?, /~t14J§:'~JlIv\¥f£ 20.2cm O)i~i&~*4:a:-~lj., *fRiJJ¥:~ 0)

F~' ,~~"v \{*:a:-~:t f~v \~{*:a:-~~JE Lt~o :t t~, ~V»:~ x-tiiiTQ15rPH~ -';Jv \'"(, -to)W ~

iJ~J:~¥i<f~Q (15cmW~f~Q) J:?'~:A77"77/rA:a:-~tlfLt~0)C', AP~M~f*

:a:-~~JE Lt:. o

~ 5-3 O)+¥t'~-';Jv\'"(Ii, 1J~jI[1'&0),E~IiJ'JC'A+PJ~f~,tw¥a:a:-;fll,JELt:.o -t:' C', ~ 5-4

'~~T~iJJ¥:?' / ~ O)lj.:a:-15lt Lt~.:cT';v AJ &V:'n'~1P~O)::J / ~ !J - r~:a:-1JD;t t~.:c

T';v B) '~-';Jv\'"(, ~~tff~nt~X*!V=¥-A~~ r!v:a:-~:li~t{Ufi'~~JtJ Lt~o M~Ii, :jJ

~jI[1.&'~~iJJ¥:~{*'~fif- Q'tw¥aO)lj.iJ~A+C·~ t~:lXt5L:a:-;mJE Lt~o --15, 1.&~Ii1P~NO)fBl

Ii <~O){lrlE't& V1P§[t14J§:0)'tw¥aiJ~1~ GnQ ~ v\ ? :lXt5L:a:-;mJE L '"(v \Qo :.:. C', 1PNt14

J'ff!I&.JO)JE~Iif~J'!In."m ~, 1J~jI[1.&f~ =-n'~MT Q'tw¥a:a:-lEMIH~A+C'~ QPJ~'tCfli{J±v \
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5.4.3 r:p'rj:~*JR:a:~SjZ{iffi~*

:$( 5-2 1=iT;--t J::.') 1=, ~@]0)'k.I~~t"("*JR:a:~HiffiO)£*<!::--t0"EPX: 24Na O).l::t!b:M~O)iJlIJ!E

~*I'i 1.58X lOs (24Na-Bq/23Na-g)C'(YY::dc.o -15, MCNP-4B::1- FC'MlHJT~;htc.24Na

O).l::t!b:M~O){fill'i, ~~L~O)±~;t 0 .::c7";Vll (:>''kiJlIJ~*I=ili: <ft ~ tc.tJ~, .::c7"J!-- C)O)M~tJT

~*C' 'L 'kiJlIHfilO)~ 75%C'~~ tc. o ~ ;hl'i, :£:""( O)~~L*JRO)*4-tJ~~ltC'~ fttJ,~ tc. tc.~

tc <!:: ~;t G;h00

~Hf1fil

"E-.:r';VIA)

B)

C)

7..7f77/'rA
(lemPMMA ~~H=Vgtt

1.58x105

('k,~1fil/Hjf1fil)
7.67xl04(0.49)
1.04x105 (0.66)
1.16xlOs(0.73)

7.. 77"7 7 /' r A%:J*
(30 ernX 30 ernx 15 em)

6.39x104

8.78x104

9.69xl04

1. llxlOS *3

MIRD ~.::c.:r';!-­

(~"f: A 1*f~~)

6.8lxl04(0.89) *2
8.86x104(0.85)*2
9.80xI04(0.84) *2

*1 : --c;h--c;hO).::c7"JVI=~lt ~;h ""(v \ 0 {**
A) tPIL\)7 /' -Y O)J--;.
B) 1;P'L\)7/'-Y&tf::1/'-Y!J- r~
C) tPIL\)7 /'-Y, ::1 /'-Y !J - r~&tfVg:g:M1fJ§:4&J

*2: ( ) Vg 7..77"77/'rAf=Vgtt~;htc.NaCU~?~r:pI="EPX:--t024NaO).l::t!b:M~I=

M--t 0.1::t (Hjf1filO).l::t~)

*3: 1 em ~O) PMMA ~1=Vgtt~;htc.:J*fl~C'O)"EPX:t (.::c.:r'J!-- C)~fflv\td~tJT)

~t~SjZ{iffil=j;)v \""(I'i, MIRD ~.::c7"Jv <!:: 'k.~C'{~ffl Ltc.7.. 7 7"77 /' r A(7)r~,O)~{PJ~

{tj:&tff;tj{O)jI;v \tJ~, 24Na 0)"EPX:I=4-*-0J&~~T~*mlE--t 0£\~tJ"~00 :$( 5-21=, !/!X

*JI.~C't1fPX: ~;h0{&~I3"Jft 7.. 7 f7 7 /' r A&tf MIRD ~.::c.:r'Jvl= -')v \""(, "EPX: ~;h0

24Na 0).lt!b:M~1filO)Hjf~*~iT;--to 'X*JI.~7 7 /' r A&tfMIRD ~.::c.:r';vl=-')v\""( 'L,
~~L*JRtJ~±~JJQ--t 0 ~{tj:I=fJE~""(, 24Na O)"EPX:ttJ"±~;t ""(v \0 0 7.. 7 f%:J*0)!/!x*Jl.M&7 7 /'

rA<!::'k.~<!:: PMMA~VgI=ttA~;htc.NaC11~?fjiO).l::t~C'I'i, f~*O)15tJ" 24Na "EPX:t

tJ"~tJ,~ tc. o -15c', 'X*JI.~f;t:a--2;-tr77 /' r A C'1'i, 7.. 7 7"%:J*&tf MIRD ~.::c.:r'Jv <!::

v\ .') %:J*tJ"~ft 0 .::c7";vr~,C' 'L, "EPX: ~;h0 24Na to)~SjZ{iffi~*I'illll'1PJ L1fil <!:: ft ~ tc. o

~;hl'i, ~1!ltJ' G~Hiffiii~ltJ"i%v \tc.~, ~fij~{tj:tJ"~:'t VJ *~ <J&~ LfttJ,~ tC.:fIS3I= J:: 0 0

'k~I=fflv \tc. 77 /' r AO) J:: .') 1= PMMA ~tJ~~ VJ, r:p'rj:~0)1~Jf1tJirPJtJ"!Jdtv \~1IDili:

<O)*4-tJ"-2;-:'t;hftv \~il, m?fjiO)~~:!EXC'-¥:l:>J L tc."EPX: 24Na to)1fill'ir%lJ <ft 0 <!:: ~;t G
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h.:s 0 -'C =- \!, "C7";v C)~ ttl I, '-C , ~~~{tj:: c!:: fRJ L < 1cm W(1) PMMA ~:a.-~T .:s;ft:$

i~{/j{J~I¥~H~#A L-t=:fX*,ft~'fl(1)1:nlG 24Na (1)ttjjJ:tt1i~:a.-~t.lJ=:o -'C(1)**:J~Ui, 1.11 x 105

(24Na-Bq/23Na-g) c!:: tt. t], 30cmX 30cmX 15cm (1)77/ 1'- A~{*(1)ffi'i~\!¥M] L-t=:{@:

\!;b.:s 9.69X 104 (24Na- Bq/23Na-g) J:. t] b 15%f~l.tr1'1J <, U L-6 PMMA ,flJ'[~#A6h

t::.. NaCl ~i1Jl[~.:t3 it .:s 1:nlG:I1:\!;b.:s 1.16 X105 (24Na- Bq/23Na-g) c!:: jfr<tt. c;f=:o 0,1:.(1)

***[i, PMMA~ 1cm (1)1ftE(1)~~iJ~, A 7 7"77/1'- A c!:: MIRD ~7 7/1'- }.;.,(1)fiW

~mfjjJ~:l*(1)~I,' J:. t] b, 24Na (1):'£nlG:I1:(1)~I,' [~* ~ tt.~~:a.--9-;t t=:lEI-=f \!;b --::d=: =- c!:: :a.­

~ L- -Cl, \.:so MIRD ~"C7";v c!:: ~~~{tj::(1) NaCl 7~i1Jl[~.:t3't.:s1:nlG 24Na :I1:(1)J;tfi, "C7"

;v B).&LJ"C7";v C)\!, 0.84 c!:: tt.cd=:o -'C=- \!, il\IJJE{@:(1) 1.58X 104i~ 0.84:a.-* Lt=: 1.33

X105(24Na-Bq/23Na-gH~£-0~, RADAPAS :a.- ttl 1, '-C A 7 7"77/ 1'- A (1)aJttif:{lrtif:(1) 'fltt

-=f*~:I1:~~f{IffiT.:s=- c!:: [~ L- t=:o

RADAPAS \!{~ttl L-t=:~.{;H~&LJ*,,'t:l1:~f{Iffi(1)***:a.-* 5-3 '~~To ~ 5-2 i~;b.:s~f{1ffi

tE\!fi, 'fl'rtE-=f~:I1:,,-(1)~.{**Xc!:: L- -C 6.37 X lO'5(Gy/(24Na-Bq/23Na-g»iJ~~tR 6 h,

8.5Gy c!:: 'fl'rtE-=f~:I1:ii~f{lffi 6 ht=:o ~ t=:, 5.2.3 im(1)H.~JffJT\!:J;P~ "C7";v A).&LJ"C7";v

CH~ -'JI, \-C, MIRD ~"C7";v\!~.{*~:a.-~itfJT L- t=: (1) \!, =-h G:a.- ttl I, '-C 'fl'rtE-=f*~:I1::a.-.

tfj L- t=:o -'C (1)***, "C7";v A):a.- ttl I, \-c~itfJT 6 ht=:~.{*~:a.- ttl 1,' t::"~IS-(1)'fl'rtE-=f*~:I1:ii

7.8Gy c!:: tt. t], *JR7m:~{t:j:~~tRL-t=:~f{Iffi\!.tfj6ht=:{@:C!::jfr <tt.~ t=:o jjIj]*(1)~f'j:, ~~

Ii 3 tJzj[;"C-r';v\!;b.:s iJ~, M~(1)~t.~it:fJT\!ii{** J:. t] 7~t~T.:s 'fl'rtE+[~ J:. t] M]~tt.fEn;f

<~§t ,t .:s c!:: I, \ -) .\:fi*1Qtt."C7";v ~fljttl L- t=: c!:: I, \ -) {** (1)~I, '[~jffiIElT.:s b (1) c!::~ ;t Gh.:s 0

~jj, ;tp~~mmE L-t=:"C7";v CH~J:. .:sM:fJT\!1~t=:~.{*~~ffll,'t::,,'fl'rtE-=f*~:I1:[i 6.2Gy

c!:: tt.~ t=:o

*,,'t:l1:~.{*~ 'fl'rtE-=f*,,'t:l1: (Gy)
(Gy / (24Na-Bq/23Na-g»

(a)RADAPAS [~J:. .:s ~f{lffi***
a-I) ~ 5-2 (1)-¥tE 6.37 x10'5 8.5*1
a-2) ~ 5-3 (1)-¥tE
~ 5-4 (1)A.r-::.~ 1'-;vW~@ttl 6.82 x10-5 9.1*1
~ 5-4 (1)A.r-::.~ 1'-;v(B)~@ttl 4.96 xlO-5 6.6*1

(b)MCNP :J - 1"*2
:J;P~"C7";v A) 5.83xlO-5 7.8*1
:J;P~"C7";v C) 4.69x10'5 6.2*1

*1 : 24Na (1) J;tjjJ:M1i~{@: 1.33x105(24Na-Bq/23Na-g) [~£--5 ~.tfj

(~iJlIH@: 1.58X105(24Na-Bq/23Na-gH~{.*~ 0.84 ~* L -C*~JE L-td@:)

*2 : MIRD ~"C7";v:a.- TRACY ~p~"C7";H~~tif: L- -C~.f*~:a.-.tfj
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;f,7Cv \-C, RADAPAS I=: J: VJ ~ 5-3 O)~i~ ~9=J'11-r*~:1:~~'¥{iffi L t::. o =- =- -('I::t, ~ 5-4 f=:
ib Q 2 /)0)9=J'11-+X.*lv::¥~A~:7 ]--lV~fljffl Lt::.o =- 0) j 'G, -'ET'lV A)~M1¥fJT ~tLt::. 9=J

'11-rx.*lV::¥~A~:7 r-lV (~ 5-4 O)A~:7 ]--lVW) ~fljffl Lt::.~'¥{iffiiffi*l::t 9.1Gy ~ ft

VJ, P'lJiX Lt::'1~Uf{iH!{~fljffl Lt::.~'¥{iffi{~J::Jli< ftcd::. o fjfij1rO)~I::t, ljt~9=J'11TX.*lV::¥

~~M1¥fJT~tLt::'T'~7' I=: J: Q~X.*lV::¥~~J;j~(O.4eV 0,-n&.tf 1MeV 0,J::O)X.*lv::¥~

~J;j~I=::t3lt QP'l1Ifii~0)1J0.I=:J: Q~~;t ~tLQo --jj, 1P~O)~~~ltLt::'-'ET'lV B)~fW

fJT2:tLt::'X.*lV::¥~A~:7 ]--lV (~5-4 O)A~:7 ]--lv(B») ~fljffl Ltd~Jh5', 9=J'11-r~:l:1::t

6.6Gy ~ftCJt::.o =-O)iffi:"=I::t, -'ET'lV C)P'lI=:!E~Lt::. MIRD ~-'ET'!v~fflv\-C~HJT~n

t::.~.1*~I=:J:Q~'¥{iffiiffi*O)6.2Gy ~:iiiv\ '1t::., 0,AfH=:1tbtLt::. TLD &tf77'::::'/'~

:l:H~*JlJi.itbitt::.~:l:HjJIIJ"/A 7" .b. I=: J: Q~iJlIJ 120)1)' ~ l::t, 77 /' r- .b.{:)Lti:c'O) 9=J'11+*~

:l:1::t 7.2Gy ~m!E~nQo =-O)iffi*I::t, f{!L;@O)~lf~~ltLt::.~i~I=:J: VJ.tfj2:nt::.*~

:i:1~ ~:iiiv \0

0,J::O)iffi*I::t, .i&a~0)1tl:M;@Ij?f'~1 ~ J: VJ JE6tl=:M1¥i¥J L-C, .:c O)'lw¥R ~fljffl Ltd~it,

J: VJ lE1itft*~5:~'¥{iffitJ~~1~~2: Q =- ~ ~i¥J~ L-Cv \Qo ~jj~, 9=J'11-rx.*lV::¥-7,~:7

r- !vM1¥fJTf=:I::t, ~n~1*0){t1H=:, lJlcI:f < lf0)1:)Lti:, g:~ffi:O)t1tmft ~"O)'lw¥RtJ'£,~ ~ ft 60

LtJ-, L, *M1¥fJTO) J: j I=:Wli <~1*1=:~T6lE1it ft'IW¥RtJ', .i&[l[i~O)%tI9'&~1it~I=:A'f:

C'2: 6 =- ~ 1::t{%~iE~ ~ ftv \0 *1iJfjE0)1JIJ~I::t, 3 tX5G{:$:*9=J O)1tl:M*~~jzHH·.M1¥fJTI=: J: VJ

X.*lV::¥~ A~:7 r- lV~1~6:t ~I=: 6 a~r~'O)H.a~r~, ~~ L t::. o ~1?~1=:1::t, =-nl=:j]p;t-c
H.M1¥fJTO)t::.(J)O)A1JT'~7' fFPX:&tfT'~7' m:f!IlO)t::.(J)O)a~F~'tJ'£'~ ~ ft Qo

~jj, ~@]O)~~I::tf{!L;@tJ~Ij?fI=:~v \~1*~ibCJ t::.tJ', ~ 5-2 f=:ib 6*~i1JjiJw¥RO)Ji.~~

J.t L t::.~'¥{iffi~t, {t!LO)~'¥{iffi~i~ ~ ,tttJi: L-C +35%f~!i~~'¥{iffi~~ t::. o '1 t::., f{!L;@o)ib6

:WJ(=::t3 ft 6*~i1JjiJw¥Rf=:£--:5< ~i~I::t, ~+~f{iffiO)PJlltg'11tJ~{E: < ft 6 0 IAEA l::t, ~J1t.ii31:

i~ 48 a~r~'0,P'lO);@:I:~'¥{iffil=::t3lt6i3q:~pJll~ft/F1ittJ-,~~ L-C 50%0,P'l ~ v\ j t~t~~~ L
-Cv \6 53)tJ" .ii3l:[l[i~O)l2SJ~mti:O)jj~t;iJ(!EI=::t3v \-C£,~ft'lw¥R ~lf;t 6 ~ V\ j !=l ~\H=:t;t

L-C l::t, RADAPAS 1::t~*~liMJt::'T =- J:: ;0~~~ t::. J:: ~;t 60
0,J::tJ-,~, TRACY 1-::t3ft 6~,~I-: J: 6~~iE~, m4 .(7)~t.~1¥fJTiffi*&tf=-tL~£~

T'~7' ~ L-CP'lJiXT6 RADAPAS tJ', ~J1t.ii3l:[l[i~o)illJ*ft*~5:~f{iffif=:+)1JjfflPJ~C'ib

6 =- ~ tJ~1it~,£~nt::. ~~;t 60

5.5 ~W.i&a#O)illJit~*JR:S:~f{iIlir=:tolt 0 RADAPAS O)Ji}tHttO)~giE

*itn~I::t, m4 .~M1¥fJT~tLt::,T'~7' ~P'JJlli-6 RADAPAS (=:/)v\-C, ~~O)~J1t.ii31:

O)*~5:~'¥{iffil=:tt L-cJjffl Lt::.:WJifl=:, f{!L;@0,)rI..O)rzg-rtJ~lf;t 61J0.~~~iET 60

5.5.1 /Fj:?]~f.Jlcli < f=:ttT 6 Jjffl

~J1t.ii3l:~00!;~mti:tJ~£,~J:: ft6 J: j ft:m~ftfNli < ~stltt::.lfl::t, .ii3l:aif'-:tj{~*40)

:iii19¥I=:v\t::. ~~;t ~tL60 :iii~~1:. Lt::. 1997 ~O)p"/7&tf 1999 ~1=:*fflH~3E1:.Lt::.
~J1t.$:f-::t3v \-C t, rl'D*~:i:O)fNli< ~stltt::'1rI::t*~iJ)j(:iii < I=: v\t::. o =-n ~ 2/)0).1531:1-:
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~I; \--e, fEzti' <11f c!:: *~iJJRO)~{jjJI3Vt~{JHj:~~ii c!:: L--e7f~h --el; \0 10), 12)0 ¥-ft=, 1999

{f.0)*iij: ,=:t3 It 01iltfEzt:f <11f0) 2 qs t=~ I; \--e t:t, ~~, t~~*4 c!:: o){lz:ii:~{*;6'*iij:a~O)

tkm~t~~ L t=. -=c '/ l7 7 '/ 7°1il!!:~-z"~)liJ]t~ht=.o =- 0)fl[Ji: LJ=.~{jjJ~{*-=C7'A/~ffll; \--e,

:1§-fJlzti'< tl·O){*j:kJO)~';.5~::ffJ;6>H.~~ ~ V-~3 /t=J:: ~~UlH'=M~tJT~h, ~LI;\/F:t>J

~fEzti< ;6'1it~,-g~ht=. 116)0 =.O)~:t{f,lHft~:l:M~frrO)mr%t~c!:: L--e, ~~t="EJJX:~;ht=. 24Na

a c!:: r:p'rl!:-T, y ~O)fEzti' < ~:I:;6'M~tJT ~h, *~@:1ft=:t3lt 0 24Na mO)~iJllj;ffi:51t ~:I:

~f-{iffi1tl[ 12) c!:: !t~ ~ ht=.o

*iiJf~-z"t:t, RADAPAS O)/F:f:$]~fEzti < '=:t3lt 0~f-{lffiO)*'!HI!:~~~iIT0 t=.6O, =. O)!/&;

W-*iij: 0)35"Ei1r1f '=~iJlIJ ~ht=. 2 qs O)fEzt:f <11fO)~:I:{r.WT0 =- c!:: t= L t=.o =- O)!/&;w*

iij:-z"t:t, fEzt:f < 11f;6LEj3-:J:!JjO)%t~&-z"~iJJRiJi < ;6> Gill:JM L t=. t=. Ih, ~f)JO)t~)j-~t= {'¥ J 1tl:~t*~

0)1fiEj.;6>* ~ ;6)/) t=. c!:: ~ h "('I; \0 12)0 .:c =- -z", 2 qs O)fEzt:f <11ft=~I; \--e, {*i*J t="EJJX: ~ h

t=. 24Na O)J:t:fj5(!ft~~&a*~l'JJRO)~{*;6\G, RADAPAS t=J:: ~~ 5-2 O)-=fi:t:-z"fEz'i<~:I:~

R~~Unt=.W Lt=.o :'tt=., fEzti'< 11f;6'*~l'JJRiJi{9¥t=l;\t=.t=.lh, mJilltj\l€~-z"$:liL~ht=.1IXiiL

*~O)fEzt:f < t=)(iT 01fiEj.t:t/j, ~ ;6)/) t=. 'b 0) c!:: ~;t --e, RADAPAS t= J:: 0*~:I:~f-{lffiO) J t) [g]

5-3 o)-=fi:t:t:t1*ffl Lftl;\=' c!:: c!:: Lt=.o [g] 5-2 t=7fT-=fi:t:t=:t3I;\"(', *JMJJR{**d:tt~~*4o)}tiJ

illt=tff£ Lt=.t41'tn7Ktj\l€'bl3tJ'bO) c!:: Lt=.o .:c0);ffi:51t RADAPAS O)i*JJ1:JX7"-?7 0) J t:>,
'¥-1£ 23,8cm o)i~i~tkO)~*4~13Jj., *~iJJRc!:: O)r~'t=t:t~~\,\{*~13~ ftl; \{**~~tR.Lt=.o

J\{*~O)1Jj(!ft~A!ft7JrpH= ~I; \"('t:t, ~~~h --el; \0fF~a~0)~{ijI31ft~1*;6\ G, *iij:[j[

f&t=fl[Ji: Lt=. 'bO) c!:: /PJ1~H= AP ~!ft~{*{r{&:Ji: Lt=. 12)0 ~UlHft*~:l:M~ffrt:t, r:p'rl!:1-, tffi31
y~&a y *~fEzti' < t= J:: 0*~:I:~#\JIJ L--e Ej.;t --e\, \0 116)O)-z", RADAPAS 'b J:.13cO)~5tJE

eR1'f;6\ G/PJ~t=*~:I:{r#Jjlj L"('.W Lt=.o

*: 5-4 t=, RADAPAS t=J:: ~.W ~ht=.~:l:1tl[{r~t=~1il!!:~h "('I; \0~:t{f,ffiM~frrO);ffi* 116)

c!:: !t~ L--e7fTo =- =- -z"t:t, fiIiJ11f~ J:t!f~T 0 t=.lh, RADAPAS t= J:: 0*~:I:~Hffit=:t31; \--e£
1$ c!:: L t=. 24Na 0) J::t1Jj(M~{tl[t:t, =- O)~:t{f,lHM~fJT-z"q~ Gh--e I; \tdtl[ c!:: L --e \, \ 0 0 ~tR. Lt=.~

{*O)~.{*~t:t, r:p'rl!:-T~:l:t=~ I; \--e t:t 6.23 x 1O-5(Gy/24Na-Bq), tffiJi Y *~~:I:,:t 1.26 x

1O-5(Gy/24Na-Bq)-z".:b ~, r:p'rl!:-T~:I: c!:: Y ~~:l:O)J::tt:t:t3 J::.:c 1.7 c'.:b~ t=.o

(a) RADAPAS t= J:: 0 ~f-{lffi (Gy) (b) ~:t{f,lHM~frr(Gy) 116)

~.{*~

Gy/(Bq/23Na-g) fF~11f A*l {f~11fB*2 ff~11fA 1f~11fB

r:p 'rl!:1-*~:I: 6.23xI0-5 5.55 3.26 5.40 3.19

0031 Y *~~:I: 1.26xl0-5 1.12 0.66 1.10 0.68

y~~:I: 1.04xl0-4 9.27 5.44 11.57 5.36

*1: it~1I~)z;t --el; \t=.11f ; 24Na 0).bt1tl:!ft~1tl[, 8.91 x104 (24Na-Bq/23Na-g) 116)
*2: '7 '7 /i~i~{rttA L--el; \t=.11f ; 24Na O)!t1tl:!ft~'Itl[, 5.23 x104 (24Na-Bq/23Na-g) 116)
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$: 5-4 '=:'~TJ: 5 ,=:., flij1; O)fHt':f' < *~ji'=:, /)v \'"(, '1 ~ Iv ~"O)JJX:51i1~I~V=:'~1i!ff~ n '"(v \
t=.~HlBMltfJTC'1~ Gntdoo:~ ili: < t~0 t=.o -"(0)r:pC', m:t*~ t~~iI~, *i'tI:a~'O:tW&fl~:X

;z '"(v \t=. f'f*;:g-O) 'Y *~*)7'RjiC'1it~£ ~ nt=.o ~¥*lB*~jiO)MlttFr~*'i, :. O)fHt'i < ;:g-il~*i'tI:a~

'=:'~i)jjU=:'xt L,"(~~lEoo~M ~ 'iJ!J~Q~{t:j:C'fHtfi < ~stftt=.:. ~ ~~ L'"(v \Q 116)0 $:

4-6 O)~*iI\GttiJtlJC'~ QJ: 5 ,=:., fHtfi < a~O)~M*~AM~{t:j:,=:. J: V), r:ptt-T~. ~ 'Y~
~.O)ttfiW2{~TQ ~15;zGnQo -"CO)t=.YJ, RADAPAS f=:.J:Q 'Y~~.fi, J:5!H=:.~1i!ff~

nt=.MttFr~*~ 'i~~O)~iI~1:. ct=. t O)C'ibQ ~ttJE L'"(v \Qo

:.O)J: 5 '=:'~~O)~fiibQ to)O), r:p'~i:£-T, 'Y *~~ t'=:'~.{OO:fi, RADAPAS IH)\~HlB

~.O)MtfJT~*'i±50%O)il'ilIDrkJC'~!tL '"(V\Qo £1,J:.'=:.J: V), RADAPAS fi~W*i5J:a~

O)ti\t£ ~ L'"(15;z GnQ/F:l$J'\¥fHtr:f' < f=:.j;j L'"( t, ~fflPJ1i~C'ibQ ~ § ;z J: 50

5.5.2 lfrr.IBz, f,*rkJ*Ji*j~V~ ~"f=:,:}3ft QT r- ;; rJ A7;ff.
RADAPAS ,=:.:}3v \,"(fi, f*rkJ'=:'1:.JJX:~nQ 24Na O).bt~M~{OO:~*~.~ffiffiO)£*~T Qo

lfrr.tfJi~lGI-r:pO) 24Na 0)~M~iJlIJJE1~'i, ~*4r:p0)ft:JET r- !J rJ A.~JE.T Q:' ~ iI'PJ1i~

C'ibQo ~jjC', 3'::,!it:tJ rJ / 7' O)~ft, ICRP iI~~Ti'~H~i¥Jt~Af*T'-7' ,=:.£--j < LiI,t~

v\o ICRP C'fii'~~AT'-7' 'i l.4g/kg ~ L'"(v\QiI~, 1.04g/kg(~Hi:£)&LJ 0.98g/kg(ftji:£)
~ v\ 5 ¥fH:!ffOO: 121)t ib V), :. O)7;ff.mO)/F1itil\~fi3'::,!itjJ rJ /7' '=:.J: V) JE. Lt=. 24Na .,=:.

£--j < ~.~ffiffiO)~5%~~1El ~ t~ Qo

$: 4-8 '=:'~Lt=.J: 5 ,=:., fHt'i< [!'[1~O)lfI-WlO)~stI9'JC'fi, 1:.JJX:~nQ 24Na .'if*rkJC'/F
:l$J~f=:'51;ffiTQtO)~15;zGnQo -"C:'C', PMMA 77/ r-AO)$:oo&LJrkJ~~f=:'NaCl

i~ifJi~t;jA Lt=.7 //;I/~~ct!iL'"(, TRACY '=:':}3v \'"(r:p'~i:£-TJmM~1T0 t=.o ~M1~, ;fr

7/7';1/0)i?GifJir:p,=:.1:.JJX:Lt=. 24Na O)~M1i~fOO:~iJllJJELt=.o [@ 5-6 '=:'~TJ: 5 '=:'~iJlIJC'1it

~B~nt=. 24Na 0)51;ffi0),jffifJ1Hi, ~H~:MltfJT'=:'J:Q~~iE~*~J:<~!tL'"(v\Qo :'O)~*

fi, ~.~f{iffif=:,:}3v \'"( Ii, 24Na iI~f*rkJC':l$J~{~ ~nt=-1~'=:'lfrr.ifJi~f*l&T Q£,~iI~ibQ :. ~
~~ L'"(V \Qo t~:}3, ~~'=:'*OOC'P /.o;~ ffl v\t=. r:p'~i:£-T,~M~.~ 5S)C"i, -"CO)f*rkJO) 24Na

.fi, ~M1~ 2 a~rFl'iI\ G 24 a~rFl,O)rFl"=:',~MLt=.~i\:*4C'j:>J~~ t~0 '"(v \Q:' ~ iI~1it~£~n

'"(v \Qo

£1,J:.0) J: 5 ,=:., f*rkJ ,=:.1:.JJX: ~ nt=. 24Na 0)~M1i~tJlIJJEfi*i5J:1~0)~a~rFl'f~!t ~H~ L'"(
ii' GOOfril~nQ t 0) ~ -yiJlIJ ~ nQ o -"CO)t=.YJ, ~.,=:.~* ~nQfJJWl'=:' f*rkJC'1:.JJX: ~nt=.
24Na O)tt~M1i~fOO:fi, iJlIJJE'fOO:'=:'£-0~ *i5j(a~iI\ GiJlIJJEa~~IJ* C'O)H~a~rFl' ~1511 Lt=.i~:tit

fJ!jlE'=:. J: V) j'H±:l ~nQ £,~iI~ib Qo !j?f,=:., ~!to) r'i'1J v\~M1i~iJlIJJE'=:'fi, tt~i¥J*v \ 24Na

O)iJlIJJEa~rFl'iI~~* ~n, -"CO)rFl"=:' t~M1i~iI~W2{~T QPJ1i~'~i:£iI~ibQo LiI'L, 5-1 A:&LJ
5-2 A:iI\GttiJllJC'~QJ: 5 ,=:., 90 51£1,rkJ(1I10 ¥-imXWl)O)i~IJJEC'ibnfi', i~IJJEf@]itJlIJJEr:prFl'

a~~IJO)fOO: ~ 0.1%£1,rkJ C'~!tT Qo -"CO)t=. YJ, iJlIJJEfOO:~ r:p rFl,a~~IJO)~M1i~fOO: ~ L'"( ft~i¥J'=:'
{JiiX:tittJ!jlETQ:' ~ iI~PJ~C'ibQo ~jj, ;@~O)~W*i'tI:C'fi, ~fy£1,rkJC't~51~O)@;~J1i&:

J;til~~:' Qt=.YJ, -"CO)rFl'O)imX:tit~1511T Q£,~fit~v \ ~ 15;t GnQo :.n'=:.1Jo;t '"(, Af*
O)fi;Wlf'=:. J: Q 24Na O)1:.~'¥:B~¥-imXWlfi 10 El C'ib V) 55), *i'tI:1~0) 1 El C'*~ 7%, 2 El C'ilf'1
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