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ffi tH tr--",h

PrxE ';+friEo+ft#\

PIXE h+fri| L i* Particle Induced X-ray Emission(fi+frRE,nffiX fR)Affl*o: L (".

ffi6a+ z-:,<";df*b'r6i#L, ?ov;l:;{f.-l f.qX+f 6++t+. x frft.bhft,f b: L f.

il . 
-F{t+^ D n#lrHFF.t h'tlfr3. 6 ht|<' &> 6. [r - 0]

EEH!l: l*  tgzoFtvy F."to Johansenn br\ 1 f l  r* l : r tkEutj t* i :>nF.. 2.5

p A a 5MeV FkAr 1 F+ffiHRFf L. t+'f{ x!,&.b Si(LilfAfr?$ ppv.at ) ," 7 afiFJln

O P,S,Ca,Ti,!Cr,Mn,Fe,Cu,Zn,Sr,Zr h LCI Pb bF'l#Ithtfr Lf: L t,, . i WEtt{f#rE

6frVr.n\trn-&t&,<'ffi/-rcTrbtL6 J: a tr:/s-l:" pIXE h'tfii*a tEEo/(S /r4H L

L < iI. ? AIg, X ftRilUEH /) Si(Lil +€{AfA H*S'\ ffi 'E 3 /1. +FH i:ffi{H II X frRA :.

4-tvI-z"<, t tvbifurlts_T 3 6 X ) t:-6->f:I tTh6" ?tLs-(" il. fr#ffi,tjJ,cF,#r,:

6 X lrF, z "'' j | p a iHlt r\ 1- b tL( r, r /: " f Fa r; yr#il - ;?< zL { - h fqfCt *R v . ri .

1 tr al il{ E (" Affi (" 3 6 - t rr [R € 5 tt, 6 f: h, + < a n# & lE B* | : i9 B+ Ffi (" iltj E (" 3

/ l ! t .

thH.Idtn:d*$l'b aFkAF^U , A4 *>ft &'o c-_A l-ffihtf 6 L, ZD+THHH

a t 4' tv 4 - b t#- > ffi'fH X fR l\rE +'tr 6" t+,ft X ftR.a t 1-zL :E - tr. b )L#A E E L.

4n€i'b€Ai'f": & r\,H*6" : tr) x ftR.o#HtfiffifF*it+FHtrtS l,\o(". 'tffiEa

tr#h'6CIw++.x fR/)iquEr\E6E L lt6.

c-AF€ftf i :ro(. t+,fE xftRDi*r. i .Eff i  x fR644f 6. prxE Atfr l*("E:
a@lff i ,  X fRfi*/r t \y 2 ,7, ), F^r&) D. IAHFRni-tk€i_ 6" Li.L. t+,ft X ffR
odAtrittrffi,x frE.DztLi.D Btre)(t8 (. prxE effii*("ij, ,fE+if+fFLt(s/N

lh) rr /F H t: /r 3 u . ar ("ft18 a )E# k ffiE I < fA,H f 6 . L r\ r 3 6 " €T c- t^ q6ry1

i. r -, ( 6t+,f+ x fRitlE4.-+ 6rt:l. .(DrEe&E+ D, - t v F F.At4i. r 6 ffiJ9nrtk

hl ft: &Er,:#, +. L . S/N lt if /( 4.IE <'ME:r"# htf {. ijffi L ( rz, /t r, i.



PIXE h'tfrt*a++1wb*' Lh6 tw'at*tr:E( : & ' \ ' iH*6'

l)HRtr : ppm X 4 HL.Rtr("Affi("3 6"

2)ffi + 5 : iFU € ililf+ a ffi BFt i :6it ( . * /: i*z ar * * & c- ; ("HRff L t+,lt x frRt

i lU€f i 't, l*'I v'.

3)Na i 'b  U *  < 'a?n#&lEF$l :AtF("8 6.

4) ;d fr+ i ,r. E (" R L, : #\ p g D,t B o-_{ f+ (" 6 e tf r B 6 "
s) t ir F i : t" - r^ t W v)'!l 9- &,ift {4 o fi Fl- ft D b 6.Wi. rr' tf -6 3 6 .

0&.p m oc-A zr ty  fk l€ .a .L i : I r< .  * \um fgqalaE/ t>f r4 f r2T)E#ah

tf bifl ':6: L rj("3 6"

: o x i i: PrxE Atfl*rl*,reDt>l)vtx+*L t-<fuL#Fls+htfrt11 ) .

L rrEl6E("bD , ffiah+fr+W.<-it,ftH<.3 /ru.{+{SL v,26" .a/:&; pIXE h+fri{^
rJtr+. ffi+. +.+h+. /(E+. H+, rtrfif++. ffiffit++. €fr+. Mt+f+yr3Da
/F H I : fiE,E r,, ASI ("iFH S tL ( r, . 6 " E ?^- r),fi ,H (" it. Ffi fr h\ I.Ij b ta6 4fft fgfift /r

E D,taat>7 tvt*t*.L L/:Atf't'i6ffi H frt1cnaBfrtrffftl:ry D f * *tt:tfia a*

frilP'ffiti+a;iFlj€i: +r ffiH El 6E L 4 Z t tL 6 "
+ trl+# B. *Y a PIXE +,'A * E A H u . /: E ?-- o rr;- H 6ff +, 2 lnJ t if.4 t: "



ffi 2'*+ +fA*E

+EA)]ig
,/<i9jr(Z= lF-

+8tr+.8+F"k+^+offiffit - : t tvgp l.zx[\r o , >f aryt:>7 )'t -78

€r[ff*$ (XE NEC |t.'v l-. r' :, 5SDH-2 n l-ffiu.<F"64 tl1': /:" E 2-r t&+Efr
, f t , I : f f i r , i / :  PIXE OF^@*Ea)tf f iF6ts bzr;L<v.6. l lEff  Stt f :4 i  >ta-- ' i j .  I+

tv 4 - htfrEffia rcX o ( -;i- tv 4 - h\ffi 3 /1. PIXE V - Y r \- I. /'q+J- 6 " = t) )
- t  -  AE L c-u. f+  1.5mm l . f r ib i ' r .  ;dHaEE L( .  7  r  7?* f i  y l t :xa ' "

7 r 1f -r t  vl&8tf i . - t i rrz3tr in(* i  D. c-A€i i i l r \ /FlESiL6. #, iFlJSit / :A

€Tffi€r. r: )xhlYi'ta4\fi:i*ffi 5 n 6 " n#h+fr1:EY'60> H t, .t*,ft x tfr.a#+ltJ,, pk

+ L"- A D = J 1v+-r\ 2 MeV i. b +MeV o Ffi i\ffi L ( v . 5 " i:{f.-li' b X+.L /: X ftR

il. tft H?$ i.l'.fi.l L . :'_ ;t- zL s - rc yr,lFrJ Lf:€,IrlE ErlAtr4- 5 *, ?fr'tV ffi h'tfr #

(Multi-ChannelAnalyzer:MCA)('f tt )vl\.5it( XfRx-- / Ftv L L(;=Effi 3tu6"

PIXE f - 7z\.-tr1. t^J?E 5tcm a7 )v i = 7 /-\ryJtrfiLtg(". fr/( 40 {Eo;df+ri-z

, > | 'C 3 6't > I p rt tu F' - b #Iffi L ( t, r 6 . HR+'| B+ t. tf 10 6Torr E EaHtr r,:4V7.

fu6.

X ftRfAH?SL L(Adf ft,tr:T;V.('IHfiftE GE #€{ATAfr#bw\,I/:" MN O K"'X

fR(r.sgrxeui:*ff b hfrFHErd l3bev <'b6" fA,H*$oi*"#Dt bt:F q l-tfi btL<

u .5 ff t. iJlF 3 zS.a p ma Be fHli,f{H 5 i 'r( r,.6 " tzl

8  z-z  t . l [H+$ L c-A 7 4 >t ,  B 2-3 i .  PIXE f  tY t \ *Dr f f f i .b ,  8  2 '4  l .

PIXE f t )z t\*6lFIJ a4if.
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ffi 3 H '>+fr+Lfiti

3.1 hfi€.HE L t+,l'+ x!,&.DX,+

tr+^affi++/LEi*Hf;S=;izr,+-olrB r,.h{Arji'b. K ffi. L#, M #t. N FA.
.. L F?iftl( r, \ 6 . L*&DlLi*. 5 b i:6t1p1iAilq L. ?fu r.l j Lr-La. Mr-Mr. Nr-Nr

o> t -  )  1 .4 f t i  6 t t<v ,6"

4 t>rt \ tF+ L' ,r turyt5 L. IH+D\ff iaE+0j,  2 -u>tEElF,Hb^L<.  f f

4 tYfi'r '-l-tv4-t'r+<€,Htr5/16 . €,ffifftkl.tJ, : 0>#*l:*4Lrt:ir?D .o++Lt

xfrR€fso)E+RFU("-="+ Sttt:9lBg.t)€+r\1tr v>. A,hfr:r+/L+- A X frfl L L<rtkfr

f 6 " : a) f* tr v < x.Ef 6 x fFrr t*,ft x fR L 4ij'tl 6 L o <". K #,L #,M HkD ++L

, \4D btLA LZXHj-6x f tRt  K-Xf tR.  L-X#R.  M-XfR,  . . .Lh i+ i t ( r , .6 .  5  b

I .ZtL?tLaxf iRa^( /&EoFL,  \ (3  i  i 'b  K"-X f ;R.  Kr-X fR.  L" -X f rF.  LB-x f ;F .

L,-X frF...0> !-: f:S-51. -h. 'N#+€+r\AAlr-;t-zr,+^-b xftR.L L<frklfl L(6i

ikk Eh 4 I\b D 1.. lE D#* f:trt? tt X D rN# o€7 l: -;i<ur, j i* t + Z< . 8#.t

&h 6ffi fgrj &) 6. : frLij. zf- ) - Ef* L wtJ'tt : o L * rtfr 5 tL 6 E + k t- t

-EA L ry/,("t , \6. B a-t i : f f i iEEa;Eu.A4.g-" [8]



|^fiiE+ ++tTXf,R

4t>

++1'+xf,fi#t

t8f;tE*fi6

t-)tE'T,ffr.fr

trs-t t+'ftXfR4E& Lt-) -EAhkHoEt,.

4 i > L atfitFl:X-](ffi,ft XftR.t#,+.Sit6qa+t.ydyrJ L/:E& L( x fR4Ettfi

ffifc* o * h Hv' 6 " o, iJ6frtil-++Lb +,F\J' 1€,HEWffiffi o i & . t-) -Fl+rtkfr L

a ffi+ffitL(,' xftfr,.D frk'H 3 trL 6 E\6 T h 6 6, *,WA o L DfH L L< + Z b tL 6 "
-t("*J- L

ox - -o.or (3 .1 )

Tb6" F{A coalEr&, tr+*i Ir l#l :}"r(^E/r6rl .  lF+&+7>ff ir tnl  L 6l. tEi l [
' r6++H.kf f i r (L \6"  t r  g-Z I .R+6EL K&.L#o6.yr ,qnEaz. f "  [1 ]
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L
E-
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At  on :  c  I ' l u lT lber

B 3-2 IF,+&+ L K#. . LFka6,yr,tF.E

8.2  t \y77"1r>F '

3.2. I  t \y2r"7r>F'aX,H

PIXE /n ' t f r l * I :n iJ5u \  y )  2"7> F'dl#-Hi l .  l \3 (  - - f l . /n\ tJ 
btL6. --" i1.

^W4 t> LtFfrtlR+t7Lot F.tr<'XH-q A vffF*,. F.6A€h<"a:t\y, ,"t r> F'

y ffiri X fRfAH*$6l*|1r =Yl l- ),fff;l&ftd: L. ?D=l-tvji-o-$rj X f#z-.

) ltvr,:@ffia,,:y ) 2"7 r> l-"L L(rj,tL6"ffi#t*:@Wffr+Ew4 t>tffiL,./:L

3 t:p"Jg L ftb li. ,Aft' l-;i<,,t,sa-ri 3MeV Df,T("&) 6tE6tJ. 5 il L'lt* ( /Jt,."

6 i --ri*, 4 :t>'t#twt:x ,;dt++("83 6ffiiJgthkh{(Bremsstrahlung)("b 4 . :

0)t\y r r"7 t7 F^rrtA,tFRjFAi^F--f AilrlFtr Lrt6" PIXE h'tfit*at26, .0)

ffiilgtrtkff xftF,o#+lfiffifH,i. E+Ifii#otEADXfr 1000 /n\a 1 Df,T<"&) 6 " .orLfr

(". prxE h+frt* t€+ffiiryx fR("it. 6t#€H$t1fffiffir\tEfstr(" 6. prxE Dhfi\E

ff jH! i :zry2 2"j  7-,  n^r i , ,J.5t, .o(",  fAHRtrr\H <'f f iA.r-#Atf("86" I4l



3.2.2 Fxuy.w

PIXE A{fl*l:*:rJ 6XfRilIJ€(".10keV D}Ta^FFtsr,("2\y ' '7 r> F'kH<t6

a&fil6hhkht<'h D. : af'EIv}.p)L* Al. Si. S /3 |l\z\ y 2 r'"7 r> F"irltFSfl(fft

,H(3 / r (  / r6 .L f i \b6 .  * / : .  Ct ,O r t .b4€,Hf  6++++.Xf rR6/ \y2  r "7r>  r^

t ,z i4  tv7  y la t rWL/ t6"

? af:b(Atr '#a(f i<ff iaf:D {: tr  0 f t t  rr fu< L \  6 Be ogDi*i '1..  '? 4 t  -P

Ar o x ) r,: 166.a & + a )E# ("t#FJa 5 ir /: i€EH 6: x frR. o F&.qn {A L L ( fi f+ L fA,:H *$ o>

Ffi i:17. 5 " : ir i. I -) (,fEr l- p 4 - a x fRn\E+RF! l: ryqn 6* S *r 6 " [9]

B.B ;.{t+iFFt

+.R{5frL+h/r Po;df4( E .{++ o+HA\rt\(FtL6LEetJ? a*.* HRfft i-r iJ'r r,, ."

WW, +,lA;dpl-. ffiffi='{f'-l-lr L' il{EI t:> fi'a ; y * > V' ft h'L,W L-f 6" z\ y + > r" fi\ &)

6 L. r i ' r , i .btrf  6ff i , f&x#8,Lft iJgtfrkff i .x,  s/NtLtr#( / tr6"

z\ y * > rM& L(i f .  iS( .  _t '<fF*{-€rlXr,,FIzr*(",H*<r.\( .  ^f t{ryZte

*/rr,  \6a)r\ IL\" FHt: l*.  4-r0 p mfEEa<4 7-EHfi\  f  <,f€H Sir,(v.6.

1, r I r [ 1 2\ y 2 /" 2' > F^ O rr. ft l, . z\ y * > v^ tt b HL \ 6 i \l\. PIXE or{frrffitr t tr-

fr t 6 /) (.. z\ y * > 2 ft alffiF.l/if6t offifi'b /r 5 iL( l, \ A "

3.3 z.:, | )viillE . fr4tfr

+€{AfA,H?$i: x f"Rr\ f'ff 6 &. fA,H+$oA.RiFbIFli..^'ff xftRo>t4-lL+-t.

LY, (frl t- t:E+-iE +L x'f nr 4 6i 3 tL 6 " : rr b D Effi +Ef4't . &,!H *s i : trp 1p L /: H €E t :

l, -> a 4,D 6 h*ll€ t*t. t 4 €ffi f .qn+ s i-r. thffi# a **ll i: €iff zs tv ̂  L L (,H, 3

tL6" :a;€if tzs)v^biE\Ei: f f i f iEf 6at i . I  r .   +f X fRa;r; i< )v+-rt .L?,tFtJv
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t:EEIEEtitv^t1+6: L r\,rfl*6. : o€E t\tv^tJ, +F.tMHA+f*$(MCl')(";t

iIU 3i' l6" &E'M.Hhtf*$("ij. F'EIA+t7J v 2" -7r, )vE&#(.Ainalog to

Digital Converter:ADO)("1, t\tv ̂ iEH l:fg \f 6f t , )vlE-tr.A+fu-q A " t L< .

z o IE t I + t) - LD 1 r y 4, tv t v < +&v.. f r > + tvffi r,: ? D 4 -{ ), I-. +kb --;dw-r

6" t8l

PIXE z.'2 | tvi'b, +)L#e:-BZrfrE.Hll:;+ffif 6fr4t:fr+ltl L(il. zi y 2 2'

7r> l-"o€f;fi X fRz--2 FtvoY',tkL. Gaussian L l-([{t],5i164$14 x ffuo>e
- ) trt:lkt EilA*"ii. Gauss-Newton i*S{tZE Marquart i*/r E 0>}FfrF..Mft4.-*i*

kt l f f iu<7 4 y7 4 >rbt l)  "  &Efrfr , tr t* j r \( t i f r4+frr7 F SAPIXhO]btt l f f iL

f:^

3.4 F-=tr'letfr

3.4.r ffrfr-,.i+

FEA|-tohtrFtt\ffif**ffit:x'f L(-ft(". EELI ? Lf 6-* A ,rft{ifi!f,

f+ D *ffi I. htrF L ( t, \ ( W A e - A o = l- tv + - o +E * n\ Z o fiEtef.K,j ffi 1E (" * 6 I

) t tE6&. c-A zfry l-  S 6jof i t++an# A olT*. NaiJ. fA,HS tLAn# A

a++++.xt+ofi v > f+f y.q L /i 't( 'Hl*.atJ btL6" l4l

Yu =  N, '  La 'Q ' " f f  .ob .o ,  l \a td ) (3.2)

::T. AOliffi,H*$anWfr. QlJc-A z>I:y 1- S 6Jl.H€+'tSti./:.a.ffFn+o-;+lH

w, eff titrAffi#an# A ot+,f4 x fRi.if*4- 6f{frirr4. ab i*;df-|.r. bfAHS$* ra;

Ffi{{+'f+ x f"Rrrry& 3tuf:t+dDp)}.Uy+<'&>6" (g.z)-tl: I.: (, fit++ o)E# A t
EaA4frt 6 . L r\ H*6 . A.yo-; prxE F,.5A*El:*sv.< (3.2) {o LO eff t(476)

t X"r ("Lf iAfbA{}thf- 'rr+L Lf:. QlJ. BI le <'+Z6tL6" /:t  L. BI ttJ,

1 1



, -.f y l-. i.',\+.it 6+8ffi. e ii€-i"#E("b 6. ++++.xfrR.Dl&.Uy+iftA,fl+$ DRt.

,fFH 5 ttf:Be LWWIEI>-"4 7 --i.I 6 Lak"tL?tLebu". abr,. K-X tfl.'aXHl*fi

ff i fHo" L co*- o, ("R-d- & (3.2)tt{l

Y o =  N o ' B I  l e ' x $ ' a b  r " ' e b u , . ' @ r ' o r  ( 3 . 3 )

ot t i :#3  &z6:  L  r i i f  *6 .

*a-r I :E*a PIXE FtrA*Eit I . IJ6 Fe-K",Fe-K,Cl-K",K-Ko Dt fr- , t t+X.u/x

th 6/:Dl:'fEH L/:6iFtJE{H L 511F{H13 ICIt6'!fl ttt+6:. * 3-2 i: Fe-K",Fe-Ko

Cl-K,,,K-K " & k OtrRfrtjt+D +tel{t rr,t "

s - r tA,tf i, + Fl H, a r: o o &'tFrJEiE L h +f iE *j r cff H'i, +

YA N n (/cm2) BI (c) ^ tuuB" abr,, to* . o, (cm') X 
"fi.

1 Fe-Ko 31 636 3.865E+171 .137E-069.904E-01 9 .136E-01 7.495E-23 1.70E-04

2 Fe-K,3 4102 3.865E+171 .137E-069.929E-01 9.365E-01 1.015E-23 1.58E-04

3 Fe-Ko 32387 3.865E+171 .175E-069.904E-01 9.136E-01 7.495E-23 1.68E-04

4 Fe-K6 4294 3.865E+171 .175E-069.929E-019.365E-01 1 .015E-23 1 .61E-04

5 Fe-Ko 19417 5.30E+164.123E-06 9.904E-01 9.136E-01 7.495E-23 1.83E-04

6 Fe-KB 2549 5.30E+164.723E-06 9.929E-01 9.365E-01 '1.015E-23 1.73E-04

7 Fe-Ko 18071 5 .30E+164.473E-069.904E-01 9 .136E-01 7.495E-23 t.B0E-04

B Fe-K6 2451 5.30E+164.473E-069.929E-01 9.365E-01 1.015E-23 1.76E-04

9 cl-K" 12581 6 .89E+164.123E-06 B.5B9E-012.630E-01 5.144E-22 5.33E-05

10 cl-K" 12281 6.BgE+164.473E-06B.5B9E-012.630E-01 5.144E-22 5.49E-05

' t 1
K-Ko 32046 7.53E+164.723E-06 9.341E-015.284E-01 3.41E-22 B.5BE-05

12 K-Ko 30052 7.53E+'164.473E-069 .341E-015.284E-01 3.41E-22 8.49E-05

12



fr s-z +trofhfrirt,F

3.4.2 tf i+[ff iFiE

tf #llt+#i* L ,f . tg-lE;dt'-l-irif L(. Ef,filFoH#;cf+ L rE|JE;--"{f+ tB-+{+<'R
q.J L. H'{fi c-AffiH€tfr,lEht:q ov-, UyAayr,L . x IRXHWffitH, F)}.UyWaffi

E#ff i .  tA,H*$ofAfrrr4ff i#Ri:& D . +tl#a€ehtfrt l1)hltTh6" n#&tr

i* g/cmz D {ELT;I+ b tL 6 .

1 ) v l-. -:^ <'L)l bttf:r : 7 z < >qJ ft , 2 U l: z F y | <'LA btt f:Wffi 4.+h--r*Wql

H|Jfi-tr. L 4/r'f#,j("3. JE5r\F.fH6 D EIEE("b6f:bt{'F[jtH#l*t.I AEA,;

{f /iEl6E<"&) 6" [tt]

3.4.3 hF[t+4i*

6J*llH#i* & iJBtfiiF Ean#k-)L#talJ-;{f,l-i:Iu zLE-t:L, Z DtH-tfuL# L=,*.

f+ tr. # L a e -, uyalE Dlh i.. x frRx,+wffife*. wqn fA o 6E # rR. & fi # otftfr
-,tJ + ffi ftR t 4 ffi. L . & n# o lHtr t * h 6 h tt<. b 6 . #,&xt F_-ehffi b t1 ) tE 6 o> 4 (

o>iFHErr fH 4t 3 tL 6 /: b . f6E a Hv, h'+f f Rb I+ff 6 L a T h 6 . f - If,r\E

E /rWIEa*,t4 l r g L < i*. ? a A.rt\ 10 p I DJ, t e) tu ij- h Ftl4H 4 i* o ffi H rr E HE <" &) D .

x </I

Fe- K" 1 .75x10  4

Fe- K,, 1.67  x1o-4

CI-  K. 5 .41x10-4

K- K., g .54x  10  4
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€ t+^. i4 )r|tk4a/<;df+. ftr&. R+of$irt;dfl/r D t:*f L( ij. h*tlffi1Fi*,\+*H

3t16" H#/r* S oiHtrt  Cs Lg-fLiJ. *b6-#A al#tr Caifh=t("*bbfl

c ̂  = c, *(y u .o', (e). 
"ff , @). ou, (e)) t (y, . o* u (z). 

"ff  ̂@) ob ̂(e)) (3.4)

f:fiL v fJ c- , UyA, o' i* xfiRffi+Wffita. eff iffA,Htr+ , ab trJVry..il\iAoEffi+.

E iJy'.h'f:r*zt,+--. e il X #R-;i<zl,+*-k#J'"

: a )t t*TiJ.  f.tfn+&. tA,tH #on6fr t ilrlF_i_ 6z,F 6 /r ( . -ft tr:htrfr t_f:

c-A6Z' tL5*t / t r , ' "

I4



ffi +# EY. -o>ffiH

4.T Fffifr!-2, ̂ ffi+LF-ffi

+ffi nt J# R A + /( + fih +rr +w*tr * o affi. t 1* a xffi, t- t: "

4.r.r ffinH"t

4.1.1.1 &t / f,iTl: I6H'ltf;F'ffiDJtm{d.ffi

PIXE A6[i*t*. E+. ffi + , H+h+. ffiffiflYre E affir fr/;Woffi,F4Atfrl:fiffi

3 iL. HL.fA,Hffitrr. b lmg. I pI DIT offiffi\,t#f+. frl*fi4 Mt#)F-l/t D Dhffit)

EI68 L / to (t , .b.

JtE'ffi, D h\ W(" ti iE+. ffi a a W2 H. b ffi v, f: Jtffih +H! ffi l*(Photo Dynamic

The r a p y : pD T) r r € fl + fiffi ** s r : *s t ] 6 &&'| +EEB D -$ wfr&. CI + ?Fi 16 ffi + rk 4j ffi i6 ffi l r,ft

b5lhffifrl*or.r L-> L L(ig tr 3tv->->b6.

2005 +. IvanEI-Sayed blr2l l rel l*61 /hi+tf f i ,61:654'3t6: l  l . I  9. &

t / Yfr+ ? D L a b tr E+ffi a-rsaf;EnE t:ffiEF! t.ftSA 3 t 6 : L A ET6E t: L t:. &F

514nm av-t*Jta'ffihl L. al /ri+Dxfll:t 4 H,ll l#Effa/rlEfRHltrrA*sfi,

6a  LeWE L( ! \6 .

El - S ayed b 71\ 4 X V kffi.l6ffiA& J- ) ffr+ t *#'ltl /\,j' /r ( . fl€B t : 5l:€ L k'tklt v

- +i -FRS} b 11 ) * (" t*#fl nfi fiftffit 6 t b 3 /r u . t D. iEH#FnE E L -> ( #{FHH! /r *

W.Tb 6. lEfll:I6fiFfEdFffircffiaflJffit*. XfiJoI r trffil1tlrr<"* 6.- L 6/rr,./:

&). < 4 itrvffifti- 6: L rrEJ6Er&>6"

#ffin<ti. El'Sayed.. bi\ rn uitroT#El-f:frF*t6*i. in uivola*iL\(.

L I- ffi=+lE'E#EnA n &Ef l:&ffiLt:7- i-^v , ^(BALB/cAJcl-nu/ndl:ffiffifisa

15



#t / hi+a"n6:Bh l:iE*t&5 L. Al ) hi+fi\ffi+t.EtfiStrffilrf#R*!l.A 4 tr*iL

6fi'6rt't. PIXE /t>+filtLffiL''(Atf L. .o/iFl;-.titi 5$ffiH!/rft nbt+6. t

&D 3 Lt . .

4 . I .L2 , - ry7t>2 '

, - f 7 < :z 2' t t*, X+rrt:4fAhr'f.*H!*tJ{f I:ffi frJ-i- 6,1+H.& +Z, :S*Rfi!rr*{2

ffi * A + 4fl f 6 F{ 4 (' b 6 " X+h a I4 fr 46t D ffi\'tW t ifr D < . Wryn& 4 a frffi IY,A jgEt

f  6 :Lt t rg jLt6 r^ ,  y l f  l /z \1, )  -y^7Aa€Zha+<'6.RbEAFl i ' - r

ffi |Z+ffiltt : fr1' 1' r 1 rJ. ffi tEfiJ a r)r XrEtA L. Etl (F ffi a WW"t H p! & u a, t*. 4 fr lt tz

H Lffia a#,4.rt\ftbtv<v,6. ffi.tffifriJa&ilJ. #FIEE lFHtlFHffitr L L. t+H!r

hanqE#Hfi#./|/.'loE Hfrtrffi^#11i-6: & l:X 4 Effi/rEtJIFHz-1lS ftd:fo(". H
t, .tttulfF tfu 'tLkft"c : L r\ g * fL 6.

Efi:tr' - r 7 4 > / ofri* t*. t I < EFfr&.+t. X 6 6 o & 4HI9.4It r 6 6 D L. I.

hI]6t16" Eff i&51: t 6r-f7 + >2"t*B6BfEff i^JE,^.l*r&) D, tHW.+.IzL

6' - r 7 t > f r,c Ii E€trftEffi t. f.f L <,f4 r> rt' o> ffifn'l+. t H f 6 *gh w * t r* H'E Fi F,!

*r t/ 7-tfrrJffi-| 6" <a ) ba4\6h*1' *17 .,r > r"t*., f.tklt:ffiR81ttffifn'tta-

H t 6 +rt H z.xfriJ 0> * t, 7 - tt. ffi v \ 6 fr lE L . ff sJJ i. b a wJffitu1 lilt IzI g xHJ o is

fRH'! rrEi* &> 6v.llfi,H t#FN-d- 6frlt t t.JtEU 3 fL 6.

ffi,lR'ffi|#n-fr, e> 6 L r lt,$ zl,* > L v t l, * lfro fiSA l*. e f4 6l <" tB . 6 &ffiW H.

rfrl)t1tr-rcH o +(' 6 3 tzE(ffifl'E/iffi r, r" Ltl\ "r (, i. ) Lf:tEE-lFffi tflHf

irij. ,ir+tu1/rF*f 7 -t >,"rt:ffi?+("* 6" ,ft*H!ltFrJL. L(tJ. fBffElEtffiaffi.tr,

LffiRtu1l.Ed.E&f 6+ ) 2 v*'f tvffi,l#ttr"6hfi!*t 1) 7- & L<Hr,\6il4ribtl
ErtL, "h,E:+i4 )vffil*" LryiJn6. [ta]

firl+tJF ffi +h H. k n&El. ffi RF! I: fiFA 3 t 6 t: d> a * ur lJ 7 * L L ( ffi H!ffi Fi4ll*€

fitj l.61 6 3 *r, ( v . 6 " #,fLa e> 6 +hH.tfiFA 5 t k%h rJ. H fr!ffEfrfr t.Sl] i#f 6 * (..

f6 h <" o ffi E F l: *i r,, . < #4#R h! #FA a fto :. L /c v), ffi,W t vr H. L o fi5A rr +lJwfr 3 tL 6
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: L/ j b -> -C l* /3 5 /i v''" fH F! #EnA l. fl i* U f.'(ktr.ti#r.n.F,rr-5 n l. A, tr * iL. A D I

*iL<h'btJfrr(E& ofi#aii9lBF5 tv6z L arrg* LL\ri. rcffirynw.EgttffiHlfEfa

t.FUjgf 6*ri:r\q43tr6: L /r < . #F[€FFE'l+t+h\ t.#4,("8 /rlJfulf/r b/rr,..

e{A 6r ffi iX F r : 7564H!fi54 e E r L /: 0 . ffit6 L +rJ H. L. D 7f DffiA rr 4 Btrf ir tf . H

ffi-r 6",.jRfi\tr+e>il,ttv \rdttr/r < . E{{fH txfrt 6" [rs]

tt,fAft6Ae f ) w.+ t& E l- f; E fia t. -x{ i 6#,1!l ii,}. /r < . H,l1l[FB I I 4sR H! I : ft ffi 3 t

fc.tk. tffiql /r- {- zr, :i - a v - f * Jft ffi hn i- 6 . L f . I D H,lIl#E fiA A iE+R F.! I.ofrWt

6.Lr \El6E("b6.

#ffi n<' tJfi EGFR(epidermal growth factor receptor ) t.E. RrHffi W+*.tr W)ffi,16

26v,<&-r,/hi+tt4H'!(.b 6ffi+LF-ffi#trffi i:ffiR6'li.A D [* fLA t )#'7/6"

/rts. rEH PIXE hffia#',N,fFrtl:ru\(tJ{&-#D=>' :4*t = l,i jHl.F,5ffi

L  / r5 i \  * f f in t . I4L\ ( l j .  aLv.  i  H- i *D&AL^t t  iEE L( t , \6O(. .  i&4+

a (fr.n# alil^t Ffi ffi l:f a z.Frl /t v' & v, 2- 6.

4.1.1.3 ffi,I#

fr.(#affiffi& f#€t161

tt{f l* B | >, z 14 fi ' b /i IZ l- f:fiH#frnE i. b Ail. 3 tL 6 h +fiY<' &) 6 " ffi.14)} + t*

fu,tr, v? t) > L l-<^nbil,<v,5-fr+Dful9ffi, y..\2 (". tffrE*6#6EbR/r b s ->

Dr 7 x. IgM. IgG. IgA. IgE. IgD r ib6" E 4.1-1 l .zrf  I  i  l l .  f ' :<aft ,E.

lu) U >tJ'E4.H'!/rt#€l L( 2+DtElE/r Hffi(heavychain) L 2+o]tlE/r t ffi

(l ightchain)t$b, ZtL bii S-S fiSArfiSdtrr( 1 ->oy +ry,b Lt:t#EHlttY,,FL

L(t,16. IgG e+l l fr . lHi.e*i l  6r. t f t ,Eiu) t)  >a2 7 z( ' ,  L l- :ct i f r . ,E/

w? 1) >+(Eo> 7o*7bo/ot Eb6"

ft,tr / u ) t) > c a 2 +offiDJif#lr ttJ. 2 {HDtfr,trft*a*lt{tr@^fiF.w, : variable

region)ii &>0 , to>1h.124E.fiF14(constant region)rlffil,\(t,\6" ffialtli-+Ro>*t|/tllz

lJ z {Ha S-S fiSAr\ h->a. L )/r*[JA(hinge region) L ryif,ir6"

T7



fiJF#tgs{f __

firf,H+s{il

tr a.r-t htr2', )1) > c o{#:**

4.r.r.4 ffi,lR

B 1) yfe*.Dtffitr bbffi,tr vr/ F -(ffEnfi#ffifttrr"u) u v)t2ffi,F.ff fi$af 6

& . B y 7z s flq 114lj}tr S ir ( i::\1{ffiffi 1- < YtH.ftEfrEtcS 1y L . fi F L fiSA L /l fiEn€* ffi

tutr, u ) t) > L a D ffi R,H a ft->ffi,W* E Hf 6 " ffitR L ffi,I+a n ffii. tJffiffi /r4#R

,Ef ri b , (. z tLt*ffi.1R/ti*tffi a = tkrL*.1t#ErrR€ 3 ix 6. : iL t z t | -/

(epitope)* tr lif;fitri^f# L Stu<"v, 6 " ffi,lFl:. I a (frUW 3 i'ut: B l/ uzs*(.EH

5 ir6 ffi l+tJz Dffi,lf l.a-c h -/ L abffidt 6. .offim,EEffi L ffiXoHffi t:t

t  ZbtL6.

Y_ > ,ffifr.
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4.I.2 -tt* '  f i l t

4.r.2.r xw$hryn

x - F^v, ^ BALB/cAJcl-nu/nu, ( 5 :Effi 9) 6 E L BALB/cAJcl'nu/+( 5 iEffi 9)G E

f.i.l L . E^, v7ffir'D*ttxw.I:*iL\(. L f.ffitEffi A-431 f;ExE(,t E+llts.w

x)LfrfrFIHI#lSE-Fl:&ffiltk t Eth.It*fiF" 3 fi,tc Latl€.ffit,f="

x - F^-? , ^ BALB/cAJcl-nu/nu aW,l*.Lt +.t-t |.frf. [tl]

# 4.1-1 x- i^?tx BALB/cAJcl-nu/nu offi,Ef

ffi,tH

r€'fAffitt(lE [a+-=,t E)

nu

chromosomell

H-u 'l*lE'F+

fu]tr.fr['frAaRH T #EfrA&HERH(NK Tfr,EIE H)

fu,E,r"u) t) >E+.
IgA : ,fftv r

IgM : EH

IgG : 'fH{A#n\&r6

fu,tr6+.aWW MffiLB.O>RHI' I 6

V I-EE:8frfrfrF,0>&M} 'Hffi "JHE

M*tJ+. #affi+H!ffi1g
fffuffirr^f€ L(1r 6rt\y :z^ffitJp&-t 6

+Er*f+&f 6 rt\ ̂ nH! r. r** €

tu't&.+Wffin Fftl*&'fEt, ''
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a4, v7ff i t t .*srJ a+itH8fto#fiEtJUToiE v) Ta'6"

OtnA'f+EryK fi , v2No.0e-1555 .4.'431 #EBf,af#j\.

# +.t-z t. A-431 frfrE1,a?- ' tE l "
@ftFlf,1s€t.r6ffiffia-rrtrh Lft" (Js&i,& : t-nnnM10%FBS. 37'c. 6%COz)

@fHffi5itt:fEn&& BALB/cAJcI-nu/nu. (5 ffiffi9)6 tr L BALB/cAJcl-nu/+( 5 ffiffi

+ ) 6 V' D fr flF,fqU SFE T trC#M U K.

&ffi#frfifu&.tl 1 EE f:D rx 107 {E/100 p IPBS rb6 "
@&ffilk r ffiFfi{*t:Hffi"

& +.t-z A-431 ftfrffi='- '

fAHH4

6 iE ffi (" frF F" 3 tv klk A R A + k+gh +h FA€ ffi-89. o \Etr € h l. < ffi BSfd H t 11 ": t: "
zk,*fr iffi I- f: 4 n > F&tK t L @ t E ft& L lc 6 D b,ffiN lrtft ti ffi ffi 6Adf+ CE -2( E

^,  v7)a F HtrF3i t t .

ffiH r*t.ftAzkffirJzi* | , v*)ffi.ffit11v,, ffiw.txfif..h{ffiffiffitrtr tlf.ffiLf:"

BALB/cAJcl-nu/nu ar- )l:lti*iEH#Tffilb Dt:&>7 4 )v, --+-y v7tffi.ffiI-
+-

rEEl.ft D-MEM+FBS(10%)

sflffi L I-H*E,E(as ffi. 9)

E6BMn\ fu,trzff-",  ̂1.<E

ts4 t t4  77 4 VAtv I

20



flfrEflip\

4-431 f;EnAoBTfgWlh 19 F H (7 trffi)* ("i: BALB/cAJcl-nu/nu,6 EF

fillrt:E6^E'(" 3 /:. fF,D a BALB/cAJcl-nu/nu,1 [E L BALB/cAJcl-nu/*,6

I.LEfiEI*Ytn\3tt /tf i '->f:. (tr a.r-2. tr 4.1-3)

5 VIII'EEE

[EoL.f i1

g 4.1'2 BALB/cAJcl-nu/nu tr 4.1-3 BALB/cAJcl-nu/+

4.r.2.2 ffi{AfiFAA-r / *n+a(FEi

tft EGFR tftl+L+.f ) Fn+ L DF"e& Ivan El- Sayed blrzlftslafrltf :4 D/:"

b.t / Fn+$i+'14 40nm EY Laboratories)ififti* 20mM HEPES t\y 7 7 (f )1 t

4 7 z2 , P}l=7.4) T, hycyr,tr#iEtr 520nm i.*iL.{Jt+Mtr 0.811 tr:-fs6 X i t:

frfil.Lf:"

40 pI otfu EGFR + / ,  u-f  tvt i . {A (v 9 z, v 2-?) i t lE D HEPES z\y7 r-C'

400pI i : f r {^L/ : .

ht / #,i+itr't&.8ml &frfR \-t:tirlFtEt&.tt zo AFfiiE€/:.

0 .4mI D r%rt0 - f  v>r t )  =* tv( tJr247^r .  MW=2400-10200)Al6Wt

tffiHtf'f i ("Ai:ln Z, ltrt&.t 6000rpm (" 18 AFfiE,L.AHff{#i:fi 'trJf:.

2L



tft EGFR/Au ^r l-, y F bl+hJH^(1*+Xftr#)ad F i:FAffi U/:" (B 4.1-4)

tfr.lF+Ftt+ f l:6qq 6tah+I&.ofFrtil*. b.i ,/ *nA6WEx'f Ll-d DF11A(". HEPES

,,\ y 7 r Lff 1) :rf v> r" I) =-tvtkWt&b)J\Z, iEWb 6000rpm (" 18 aFfiE,L.A

Hfi{&l:Z'lJ/:. Au .<v y F A/+ffH4tr:Hi}ffi]-f:.

th . f i ' r rFWt ' t1 ' : f :7*  F^-z  7x(5) i . i1L( i *A iHtr tH<f  6 f : r ] -DlTD I  i  i :

ttiAftfi AA t / ti+ d: GFi t-f: "
+.t ) *n+itr't& 6ml Lftfr1t9-i:'fFH L. 40 pI offi. EGFR + / , u -t tvttrl6k

HEPES,, \ y 7 r -C' 400 u I t :6ry1 L /: 6 A L 20 AFfi /Erl/: . . D WrfS("A J- / #i+ rt\

t\lFb E: 1- i6D. rftr\sr\ i)\ -> f:&,tr:/t -> f:"

0.4m1 D r%7tr0 -7v> 2" ) =-tv(t)r  7 4 7 7,,  MW=2400-10200)A\EW?

tffiHtf,'h ('&t:in Z, Wt6.b 6000rpm (" B0 AFfiE,L.A-"Bfft#l:i.lJl:" k-,L.Ho,fFtjffi

i : { t '€ l - l : , i  v y |  &i.3Fb((100s D. i}+fH^r 2 f t tr t f t f l lLf-  "

B +.r-+ itffffiaf : ln'ffi.Lf:ffi.f4ff#aaf ) rn+

22



4.r.2.3 f i l t

ffiwffieef /ffi+D#+

ffi,lFw+fl+( r fi+. n=4)o ) rrz- i^v 9 z(r, 2. 3)t.tJ. fi6fs6&J- /ffi+t'&

htffitKlt/tiffi 3rtft 6 o(0.4mD b169'*ut+h{#gLf:"

x - F^v 9 z(ilr,r_r*tt{6#*A&i / tfri+t'Ehtffilrl:r}ffi Srtt:6 o(0.2mD eflaE

8isff#5 L/:.

ffi.|+)F&+f;+( tr fl+. n=1)a 7 * F^? 9 z(+)ti_t*. &J- / hj+a-'ttffiHi<tziAtr 3 t

ft L o(0.4mr)LB6EfriEhj&5 Lt.

Efr:trR Lof;+(mf;+. n=l)ox * i.^v 7 x(o)llt*. isff&5 t11b/ttJ,->tc.

# +J-e +mF+(tft{4ffi6&.-r / *n+y&t&w.4a4az - i-^v , ^DffiE Effi

,fHfff&Elj#+ Effi {48(g)

ffi,ww+F+
I f ; f

1 10 24.0

2 10 23.6

3 11 24.7

5 15 26.7

trilFJFw.+f;+ il f;+ 4 11 23.9

BfiElT La>f;f IIIf,+ 6 16 25.8

fif;{*ffiH

r H+D ) baz - F^v g z(t. 2. 3)("t*. flatrfr1:fi{6fi6Ab.t ./ ffi+wwfttrh{

t*.4 V(i' b 1 H+Ffi 14. --7 tvffimFt:*ir,,<E6B L. ? D[fuDffflffi. nTfiffi. Hlffi. E

I€affiH Lrl. &lHEd.ffi< L(+ffit'{t->fc-7- F^v 7z(b)("tJ. flaiFtr\.ffiffiffi

Ae J- / *,i+WW.t l+.hl#- + L ( i' e, 30 h'&.. z * 7 tv ffiH -F ll fs v,K EfiB t Z o IA
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nfl+a&t ./ rij+a7lb\6EfrtfhlW+t,f:7 -_ F^-? t ;<(4)ttiEff'rhf Cl.tEt L

t:" t afcDfiffi**offi H l*iE*'f& ?fi' b 20 h'Iktt 11 - f."

m#DBAEDltv\x* F^-? '  ^G) t . t* i i+f&+eftbf .  --7tvff iRTtr*;v.<

fTflH. H'[ffi. EI€ ttffiH\-f:"

2 t) tzF y I l:taWffigJtro(F#

x- F^'z 9 z(t-Dfi'bffiH Lrlflffi**t:i.IL. Uf o+l{FrHffiEJiialF'F,ttl'>

f:" [te]

Ikrt' b FWL ti -c t: 7 - F^v 7 x (5. 6) i. b ffi H L /:flffii*ll *.t L ( ll. 4&4 l: I 6

6. 0> lH *.t 4 tR v( @ o rfe t E w t- tc- "
@Eqtr&JEU#trffi. E+[ffi. H.nffi. EI€tr3 4o/ot\7tftvt,7tvf r i^trl.()k-t. _

VhHE"tTs "> f:"

@h Pes (" 3 Eliftifr Ll:.

@)KoftF#l.I 4 #Effiof#rtr*fi\ffitL6ot\fi {/c E. tr€ L/c.ffl{#,frt r0o/o! =ffi
-PBS l.. )Kt. ryF+7fr--Vhffiw.Vttt: ' bielFL. 3 bl:20%V =f*-pBS t:.

)K t. ryF+ Ffi -- Bfr ffi W"v ts71: b iFiH L /c..

@, , t+tv r^l:sg6gffietg#J(oTC = :/t\):, n^)&iffi/: L. #Hm,H b\7.l,fc-"

@, ) t+tv f^47 4 *17 , -+}-(-80"c)t. 5 A*it(frtrffif i- twffiLf:_"

@)FfiE 8tt*Effi frt -2sTTlRELt:.

@;frf.+gl1: OTC =y.t\r> r^t,tftrtJ. ZDLtt.tf.fiFL/c#EffiA#it(. 3 b
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