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C1q-aJ1 ~ iSl.,ICI[ICfl~~. 31TfUr
~ 31f11UT C"!l"RT ~ iSl.,ICli10Cl~

~.
~m ~ ~TT~;r

qU'!lIBlcll >rcnm mfUr ~ ~
cnrm ~ <ToT ~ 31T%. >rcnm

CIlfdClld d{l Ii'al I '!.<'l'(O\4Id~. ~

~~,~, ~~jBl{qBlHljBI{

iSl~('5ulI~I~. ~ ~ ~ ~ ~

ctft ~ ~ ch3-.::'!lliSl{1"iSl1: ~cn
BlH4f{C1J.,I'al1 ~ Cflq)\jJlfd m
~. ~cfit~<Wr .%wm~
~~~. "Q,Ctl~"q1Uft't:'!l1.

4 IU'!ll'T;ft 1:ffifCi3tWR $11("'lOll61{ "f'!lKf "Q,Ctl

~~ CJCfi1. ~~;rr? ''!IT

~tit ~ Cfi1JT Cf{-~ ~

m:Rffif. ~ ~ 31rlUT 4 IU'!l I-.::'!lI



>lCfim ~ I:!;Cfi~ :m%. l1[";f

<nlldf CR-~ ~ >fCfi"R ~ C!"i ?
SlCflIl<IIIOl't.-ilct110kflol ~CR -~irn

~~: qlo~l{fIM~

~. <nlldf cnm-~ ~ ~ -a
~~~,~~~
~ !/lP'll1 {'"l 31'fucf; mffi, ~ ~
~ ita 3TIfUr ~ ~ -mt~
~ ~ emf~ ma. cm;n I:!;Cfi

mrr 3lif 10(\01<11<1. ~ >rCfi1!/11"t::~1

~JI~JIi'iA1 d(ll(1ic41 ~ ~li'iAi.,1

irrRxn fCl~q Id fuBcmf. d ilSlSill ~

d(JI(1iClI ~~ mffi."ct\~
~~cnm.

SlCflI!/lIql~'"l ~ lSl'ilqi\i) -(rr
~JI~JIi'iA1 -q~~. ~~ 31flUT

11)m~ (1q I€H i-:an ~ftrq; -{rri-:an
~~~~"lfT.

SlCflIl<ld(JI Mmoo fum
CRCfTCf, -g ~ "l11trn 31$r. "qUf

~~ ~ 3nffi"ct\~lWT

lSl~(1<11. ~ )fCfl~ ~";f

( diffraction) lO(\O1did.

fc1qd'i lil I %Ci 1001 q(\IO~ lil I I:!;Cfi

mcrr >r<iTrr ~ ~ ~";f ~

III

I
I

"Q'i I----------------------------,

lO(\°I<1I<1.

~~ ell eft"t::~I WR
~mrcit~ t1cf
mtffiUT~~

(R qlo~lill ~

CfiUf <'m "BT'CrftUT

~Hlql~'"l~~,

~~~c=<n
"fm;:ncn:~a1 31TfUT ~~

~~msm~~
mtffiUT ~ emf ~.

~m ~l1t~ Cfi, lSi 31TfOTrr
~~~.~~
qlo~lill CfiUf "BTtm'UT "fmTCn: 311%.

~ (~ mtffiUT "f~H Iq 1tk1i)
~) ~ :m%. Cfi 'CfRff it CfiUf ~
~ ~ 31TfUT-q ~ 4101ilC'Sl. -q

~~it~emf ~lSi~.

31TfUT~~~11)~~

~ mtffiUT ~ rr ~ emf ~.
m I:!;CficRrr ~ ~.

<nl1't.it Cfi q rr <n m";f ~-:an
~{lO~H"t::~1 ~ ~ c'H>IC'Si611

(Wavelength) 3lif lO(\0I<1 1<1. ~1
~~ cRrr f2n:ITuriRmf, ~
<1(JII:cf\ ql(qlf{<1I(frequency) 3lif



?CRT tJr Cblo1dl ?
~~~Cfi1urnT~, ~~~Cl'Rt~1

S1Cfllllllcft&~ ~ lIn~041'al1 ~~ 31cl~

~,m~~ q$oll'"'4l S1CfilliIlCl~C;1~

~. ~ ~ fa"CfiTuft~'R4iCl~q1'"'4l'al I ~

~ ~. 3lm R;&mSlIMl ~ ~641-.;41

q6104Ict("'!lI~~ll;:;(AI'q~~. ~wr-arr

~arRf 31rB ~ CfiT?~ Cfif{01~ q I'"'41'all

CillfStll'allfuCX:lI~~~S1Cfilllltn~~

"cttt('(ffif~~m ~4S1CfiI1l1Iqan~~.

~ Cl'RtCfl{"i~~~~>rctim~

~, "cttt~~~ ~ il;:;(AiCfi~ q~IClRfctc;101l'"'41S1Cfillilldl&~

m ~4S1CfiI1l1l~1d1q q1'"'4l'al I ill IfStll'al I R;0lll'al I S1Cfilllll~ld1~ll~llcil~.

~ CITq~IClRfctS1Cfilllll'ql~ trftuTn:r (~ ;;:jlq("'!lIC'lICl'Rt~1 ~

~ 'il10IClc;1)CIT~ S1CfiI1l1l3l1ctif1l61Wroor~.

3~16~01l~,QI'"'4i'all CillfStll'allfuOlll'al I S1Cfllllllct~~~. ~

~ ({~S1Cfillillct~ fu~OIRI ~ CITfuOlll'al I S1CfillilidCfiTCift-R;W !
~~~1ffi!~, ~~~W:cftfufUr;mfiJr~

fuOllICfi{"i ~ S1Cfillll$lct~ -{1TfqTfufUr, <mr ~ll~lICdOjI~ ~

.~. ~. ~S1=tllllllct fClCfic'sMl~ ~ -R;W, ~ Cfil<:r~? (R

~~S1Cfillilldl& &1&@£l'51~ wi ~ >rcflm ~ ~ -qif ;mfiJr1:iim ~

~ >rcflm q~IClRfctCfldt. J=mT fufH l1l(t:flCl~q:sc's(''!jl~ S1Cfillilldl&

cnrm~~~~~~~-R;W. ~ Cl'51lilllch1~~fufUr

(Colour by subtraction) 1=601ctlct.~, ~iturRn S1Cfillll$llctl'qI~

mcor~~, "ctl<nfuOllI~ ~ 4$011'"'41S1Cfilllll'all~~trftuTn:r

~. ~iRiH~fufUr (Colour by addition)1=60lctlct.

<n~ Cfl~CfiI'q1~ ~6'(t:l1'q1"Cffturn1~~~ {'51Cfii'allm~
trftuTn:rm~~ S1Cfilllli'allm~ ql):oll~iqanWroor~. ~

f.'ro5Tq mcor ~ iIn~qi;l ~ (R ~ ~ w:m:men. trUT~ q f4Cl;:;(AI~

SlCfillll$llct~~(R~~>rcfim~!



\1{llit1IM f?'mft (phase)
~. t1 -er..' , " ;.~.p." '.R;~-l+' ~~
"""'''l'\Il\' <Wllq k"1I"1't,. 31 q a 'Gm. C'GI"C'Il~d\lll'6lll ~ I~(ll ~1C'(l,

~...;:. -er..' , -er..' ';' '.p,.,.. .o.n.,.....A.'(in phase) ~tt sotoldld. ~ 1"1't,. 31 q '''1't,. Cfi C' Iq~'E::?:1~(11 (out of

phase) ~, 3ffi ~~. '-q' ~ ~ @«ft '31', '~', 'Cfi' ~ ~

~~ itrrdt~. ''fi' q '-q' ~ '~@«ft' ~.
~ ~ ~ 11W PtW-qd'q
~a.::mf$. ~ d{lllq{kl <iR

, ~~d{ll~iGft'6llIll"fur~

" 3ffiill, ~-ij'~~~

~o, 3=ffi SOtOldld. 31m

~~~~~

~ ~p.p1Hffi~. ~ ~ ~ RictJl~WCfi 31un d{ll~ iCSlI'6ll1-qiffi

3ffiill, ~-ij~~~ ~ 3ffi SOtOldldq~~900 ~

WCfi 311%,3ffi ~ ~. ~ -q~ ~ d{ll~icsfl'6lll ~ ~ll~lICOllI

d{lIi(1l~ ~~~Cfi\OT~.

~.~~~~~
~ ~Ct5q~ I, (f{ l1Ut ~ -q:;c: ~. ~

~ ~ SlCflI~ld qcil~l{cCfl,g

fcficn M~ICfl,g 'Gm.~~ qlf%~IB

~ MB011=<:1 I M~ 1'6ll1mTCR"Oiltt

~c$.fiMBC1I~.~~~

Cfi>ft~ ~ cfi'r~ q¥il i:Cl ~
~, %tt wran ~a.::mfi$1. %<r~

SlCflllill'6lll ~qdOiI~@.

~~~ q'G:dlinOrnrrm~

'Gm.~ fclirtt ~ 31TfUTfu=arr ~
~ Cfil'C3T,3i q Il:~liICfl"Cfill"RRlCflcq I.
zr:qufR Cflill~I~ I~ mcn-qm. 3"ll(ff

~ ~~ ~ fclittt ~ CfiU

31TfUTCfllll~I'6ll1~iturm3-Jl'SI'q1

~Ncft<:R~~, 3fflTfufR
~-M" .(:;;......A--,.,."Iq~\IC1j'ii1qCt5 ~m. 11-{(1lq\'l1ICflI'6ll1

~Blffi ~~mor 3ffiT 3-Jl'S1'q,

~(f{~, -q1T[~~~

Cfilft $ICfll~ Id cfiCfiumT"fuit~."61tt
SlCflllill-cllI ~qdOi l'q I -qfturrq ~.

CfiIII ~ Ic:f) ~ mCfirc<n Cfi~m ~;r

mr >lCfimWrrT'q"T l1f1f ~m.
~~~~SlCflI~1d cfi'r

~mBm ~urn:, % "fm~CR

mCflI'6ll1 ~ll~lICOllI ~ ~



~ ~ : SlCf)I~II:a Pc! c€l (01

Betl0HI ~1Ol\jjOO!lI'Oll1J;1141~1J\metll'Olll ~ GH ~ f.:re:rurit~

"tImiGI@qJi~. >rflf~~, ~>letlldli1~~it~~~

~ ~ -qfturrq ~ 3i Iq0!lIi11 ~ ffi;crr :a:f~ mrnT.

~ ~ -qfturrq ctlT<:fmum: <:fICf{
3iq~'{., ~. m S1etll~ld(ll ~

~ ~, ~ k5etllOn 4l'i'.ldld,
dotl-.::O!ll~ fi:'~ (phases)

~ l(Cfi;lletl(OII'i'.lI 11fturm ~
31ffiIT.%~~~~~~.~
~ ~ ~ d(lli'Olll ~I(@ll'i'.l

~~~, {fnrr~S1etll~1d

3i~0!lI~ ~. ~ ~ W«ft
~ ~~:a:fmm; 3i~0!lI~

ful~. <n G1~ ~~ 11~
~ S1etll~ld lilllletl{., ~

~ fir<ftcn: q:gOIl-=<OlIS1etll~ll:;:ft

ttsrcnCf1ifiirn~m, {R ~

lilllletl{., tf("(f~ S1etll~ld~

<fuffiT~~~~.
~fu;m 3ilfUrq;@m~

~~aml~cfit, ffidlq('i'.ll ~

~S1etll~lId ~cfit 3lm, %GH
lnfjq~., ~-'q~ 31fCnR 3lTfUr
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~~ ~Cfl~q01I {"l~\jjO'4I{"llal

(3i~~ ~ti'iCflI'fl~"l~

\1;Cfl \1;Cfl >rCflRT {RTf

Gl@fcl<:'1131l%. ~a:mr

l%~ "ff<f~"ff<f ~
(~f~ ~ ..

~ UfPfT >rcfiTffif\TfT"fT

~~m~;r
~~Q~.

m
~ ~ : !>ICfiI~II€l &HflCfi(OI

~ ~-:crroouft~, (R~

~mumfcrcfcHq<:fTBcf ~
~ S1CflI~lct{lli~ Olld'lCfl{OI ~

~ 11fturm itfu.m "'l1Ci5oA<tl

ituTm S1CflI~l"'l 3ffiUT ~ ~ ~

m? 31T~ "'l ICi50A Cfl~ ~rrcl1fCi3<n

~~,~31lq~I<:'1I~~

iIT~~.

""'41 $IJ:lI01 <rr~~~Cfi "'l ICi5oA lj)05

~ ~;raft (f<lK~it, flll"'lSlJ:l 10)

"'l1Ci50A'OllI"'l N~=oql (~"ICfliQ:q'"1"1m
@~ 3H:l~~I) q{lc'1CfCfl <P!~llllq~'1

>rqi~ ~;r mCfRTtt ~

l:ff.:uTm ~ irfuf ;raft wm: ire. tt
;raft ~ CfiW ~, -g 31~

"'l ICi50nct"1<:'1m Cfli-ell I -Fcncrr q {I q JCfl

'1:13~1111q{)<:'1 @'(.s'ij i~ l1T6-of1"cn:

~~.
~ fcl1cn {~I<il0ll-elll qlolll'Olll

~o

~ 'ffifOO 31m ~ ~ >rciim
~, ~ ~ ~ ~ Cf\'Oll1

~ 03i1{~11'8In9111 ~~OOI(l q q{lqdCfl

<P!~lllIq{<''1~: q{lqfdct~. ~

~ q{lqfdct ;r irnT ~~:it ~
~ q ~ @I<:'1'Oll1 <P!~lIl1q~01

3i:mf: q{lqfdct mm, q{lqfdct ~

:icf>m ~ ~ Cf{'afT <p!~

3TIill, ett~~ ~~
~~,(R~~~~
q{lqfJd itffi. (~'term) ~
Cf{'afT <P!~lIllq~"l q{lqRfct ~

>rqiro-ffi:lTq @I <:'1-ell I '1:13 ~ 1111q ~;r

q{lqfdct ~ WI Cf{'afT <p!~

~ ~ S1CflI~lct{ll, -g ~ cWT
~~>rcm=rCfi«ffif. ~-g~
(f{rr~~~,~~
R:~ ~11~lloo=!011 ~ ~ICflctlct. q)RUf

~ ct(1 I1'OllI ~~cWT~



w? ~~ql€Hi=c;q1 ~ ~ 3i--rrit
3ffifq m. ~ ~ ~
~ ~ m. m ~ m fc.ficrr
"Cfit4~<fR 2RTCf~. ~ ~

~~~~,3TIfUT~

~~ ~ ~. wr 1:fiit 31\l~

ro ~ 31B"dTIi. 3roT SlCfi1{'"SlI1

~~ m~~ ~~ql@{l-.::lll

q@iCl~"'l q{lqRfCi i)OI l=<:lI $lCfilltll~

OllctICfi{OI -m q 3nffi ~~ql{<HiCfi~

3TItfUT ~ll~lICOllI Chl"'li(["i ~, W

~11~1163-{1T~.

CflTtt ~~q I@{i~ -{1T~ J I~ Illf~Cfl

3nffi >lCfiTt ~11~lI63 3iqqd"iiCfi

~ ~ l!>CfiI@C11TI:Cfi~

If{d' ~ ~ ~ ~';f

mit.)~ ~ll~llca:ll ~

>lCfiit~~ d{ll i=c;qIW..rnrn
~ 3WJffi, 3TIfUT ~

I ~ {lA~{lA ';f~~%

~.

)l'Cfffi ~ 3TIfUT-am wn q~

I~OII-.::lll qlolll-qi m. 31B

3iqq~f"'l iCfl3i~8~ I mt~

~ ~-;riq; ~~T
,,' • "..,......A.

~SlCflI~II-q1 d{ll~l<Sl "tl'11

f~qJ'1,~q (1iJIHi~l
q Olld'ICfi{OI~ SlCfiI~IId1~ -{1T~cnit~. ~~~ q:gdl'"ill

~, W SlCfilltll=c;q1{i1dl~1iI{ dqJld1 ~ SlCfiI~II=c;q1d{ll~i4hA

~05flll3iICfiI{I-q"1 ~~. ~SlCfilltll-q"1 d{ll~i4)~: ~~oo

it~I"\OO 101111iilT"i=c;qI"G\m~. (~101111iilT"'l~ ~ /~oooooooo

{) ~~oo lOJl'4iilT"'ld{ll~i<=iI101I>l'"Cflm3ilq~-lI~I"~Ii'iOOT~, W~~OO

101I >l'"Cflm~'S1 ~. 51CfiI~II=c;qI irrrcR fcrc«H q OllenCfi{OI ~ tfft:urrq
~ 161 3i Iq("'lll~ I CflTtt ~ 101111iilT"'l=c;qI "tl'Ud' exm:r ~ ~ q Iq{lcfI

.~~ m 3ilq("'llI~1 m itca:li;f\ w~, 'qUT$lCfiI~All

Cfil@~ Itt] t!l~~I~ ~. fcrc«H q Ollet'iCfi{OIl101I $llllllltllc3d q:gd 1051

~1d1 ~ ~ Cllq{dld. fu'BT fcrcr<R ~ (diffraction grating)

d. ~"l"6'T ~~ 3i I~ q I~-.::;q I ~ ~ -Fcticn m~~
I~ll le,"l~ 'lCJ~ fcNTrmr -ftc;:rm, W ~ fcrc«H ~ qtlll~ I

~ "lIT '511~CfiI1011e:rr:R ~ SlCfillt!ldl~ -{1T~ Cfi{Oll1101I ~

$. ~~ lt1l63=c;q1mmTCff~'51Cl05'aj1101tl~W~1l1~1

clUTCfi ~ 3i Ill1 f) ct "Cfi"{(11$ .

-

fcrc«H

~
f?l05flll

101111iilT"'l

iilj1fl2:

101111iilT"'l

qtlOll I

~lIlldld

~~Gltf

qtlOlll

lOtOldl

101tl~~

~.
11t\fffi

tT

3l(R

-Fcticn ~

~11~1163

(~~';f

~
-m,W
tcmdChI

3roT

~ll~llc3

Olld1Cfi{O

~

~

31Cfi -



~ 31Tfm @iH..,~' 't{"B~I'llq{C'i;r
Q{IClfd('1 ~'Oll=<:ll $ICflI~II=a oi<r ~
~~~.
q~~~4i{oIIJil:n ~.
~.m '3"'<.141@{1-c'Q1-q@q{l<.1

Bcfur moor m ~, 31TfUr ~

~ ~~«1{)'Q\'CRT-Rrom~-=laft
f.rm1Jf Cf)"{OlT{t ~~, en ~~
~ 4i{oll!:!ci>3"'<.141@{1:q1~~
furffi.

:tH:-hl-c~lI ~~'lOJ flll q{1<.1~

m"B;~~1fuf ~, m Cf)m li)m

3"'~41@{i=t:f)il~-;ntt. ~.

ctRCf), trm, 1T!"B, mtr <:rrq )fCfiR
,~, -A-.-.-.-.--.
\'I~~ lC1tHllC1. ~ fClBI'=lll'alI
" .. ~ "Ji"lAI6Cfl {lllI11 61 04dlCfl{Olil 31T%.

8lJi'alI'51qCO~~, en (";q1<'1(";q1

~ fClBi-c'Q1~ HU~ CfiU,

~~~m:<i~~.
'l1{fClB1'alllillF >rcfim ~ 4 IfMi <'1,
en~~~, ~-a~a:rrn
fuRl, ~~(lA<il(lA-;ntt, en"4ml

~~~~. l:fUT ~

m"B;~B"tl1~-=l \fSB~
)fCfi~ wcrn-=ly;fCf\

~\UT m-a mfUT ~

~- fuO!IT~furcm:r.
~ fdCflloA 04d1Cfl{OII~

<ituffi ~ ~ 31TfUr~

CfiW\'CRTro:rum%, ~ m:
q 3"'<.14 I@j'all ChSl1cw:fl "<.1'Cf(fcficrr
'q'hftl B I(,k'Q I fTrni:qr ~) m~

f"." f"\.

3'l4chHICflI('jl<:"l q){CfllcH51 3'lq<.1cil"i

;mffi. ~ 31~ 31m, ~ 6~~q\J11

~llCl':Alil ~~~ ~<RT
~~ ~ en o'Qd'ICfl{OIl~Cf\

~~q~-=laft~. ~
'51qco-c'Q1 md'qBlq{ 410'Q1:q1 fciicrr

Q?l<.1:q1mcnr~C8<l"6B, -a~.
~~~, "41Uftfci1crr~~

~~~~~!.:.

1iOO ~ : wfu1 \lllm, ~1:tilll~l~
fcrm;r ftr~ Cf)FfSfi1ffif ~~.

BI<'1(";qI~~~

~: 31fmn "l1'QlllqCfl{, fchB"lclh

Ji61fcl~ 1<.14,em ~~ ~ICfl<'11<'1.

~"fcmm : fSl4~~i;fl ~, ftwts
Cf)~ 31Tli)~31f{Tr, ~u), ~~
041@41 <'1I. "!Tn:ftur 'lOJflll B 1({) ~

d;j:tlHlcH~. ~~"{B".



~ ~ c€t ~ 1HTC1 ~
~m~rm. ~-ClI"",o'Ql(l
~, '3iR<ill<ilI 3iTfUr~~'
'Q1~1{&lI~~~~.
wmr • R;cnyuft 4cfd{I'"1~j'ldt ~
451 'Q~ I filCi5dl d, sT~ <nZTIf

~~44d 4~{~f'!l1 ~ $I011d1 en ~
R;cnyuft G. wRt ~ ;:jClCi5'iXl1

~~ 1s{l'iXl1~~ ~ ~ ~ ItlC~Cflf
~~.;rcRT~ ~ >Tfutc:
3i~~f'!l1 ~ ~ - ~1011ClOOll141lin
~~mrrf;:jClCi5:<:j Ti~~ lim,
~mCl'S;:jClCi5:;:jCflIRq; ••II~ ~m -
~~ 4 IruC''Q I ~. l"fT\1l1tt
;:jClCi5'iXl1'Sl""fu'€<;Jl'SICRen~ dq;I$lOII~l
~. :mn lJml1t-ij 3i f~<il l<ilI-,,'QI
Ji't~ldf'!l1 ~~ ~ ~ 31m
~~311%.

R~Jlf-"'Q1 itCfl"it ~ Cltlf-,;;'QI
Chl{1ClCflI'lICfl~ ~ (j(ffi~.

<:ITchlJ,.IClCflI'lI~lal~ ~ 6?-ffi

mffi -qruft. ~ ~ ~:
~~ "€lS"Cfli1ffil~ ~c;<n
4cfd{I'"1~j'ldt ~14'Sdld. ~~lil'ldtl:fT;i

~~~~.~%~
;:jfq;f)'iXl1 ~ itCflit ~ ~

~ -~ ~&lfUrcn~

3iTfUr ~ ~ ~ 4~{~~ ~
~.

;:jJlldl~ BClfu ~ 4~{~~1 ~
~~3iqf{Chd1~~~~
W:r~~. 3ilflI44d'iXll ~~'iICl«\'i
<:ITtiit-m 1ffim ~oo ~~i{"l ~
4~{~~1 ~ 3'fTci)T311%.BClfu ~
~ $Ioll~l:q1 m ~ ~~
~ mmft~en tiitc;n. en ti~
$I0IId1 'iXl1BClfu CR'iXll $I~ li@{1 4 I'€ti
3ilfll44d ~14'S~f'!l1 ~ @~'iXl1
4 IdC2>ICl{'iXl1~IJ I'QI44d;:f) ~ 't~~'t

~ 311%.~ BClfu ma ~ ~
~ -ij ~~~ "Cfl~T 'iCf)T
$Iolld1d. % ~ ~ 0 ~ 4~{~~
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% ~ 3WCf!f ~. CfiRUTftif@c:fi)ll ~ fch(onfftlff -6Iftl'ifl m-r ~:
<lllllltlII1C1( ~ (random) ~. ~ fct.(onfftlff -61ft1Tft ~ ~~I~

~. '3'GT. 2::Bi %~~ fch(onfftlffm~ m%'. "fl'11i5IT,:mqur ~Wi %

~~, ('f(~~ ~.~~x ~0~~~31Ul~. ~CfiUT3fftNfC'1
.;. 205 ,,~ .c:::~~~ . " .,,'+..,-. -

~ Q 31UT TI"lll ~1<:131JRXn I~, 't1--l~II'1Cf11\1 ~ql('HIC'1 QI~ mRf. ~"!1.
81

~~ ~~ l510lll'Sll G\~('f(m>ffir~ ~.~~ x ~o' 31Ul~
311%. 1'"60I-Jl'SI~ i4c:.GI~1 ~. ~ ~ x ~ 0' 31Ul ~;wmdt ~qidflC'1 ircmf."lllG\"R ~

"ijIr fch(onfftl ff ~ ft ldillil ~ / ~ ffi1~~q ~ / ~ ffi1 ~1W:m3Wrm~
{lqiC1flC'1ilolllftld1 ~.\9 x ~0\9~ ~Pld\~."QUI ~ ~lqcnQICh,g ~/~ ~

~ ~('f(? ~./~ ffi1~~ -6Iftl'Sll G\~('f(m ~. ~~ x ~o' 31UfJ
it 1'"6ul-Jl'Sl~ ~ -61ft 1"Oll1~ f.:n:m ~ftcnQ lil ~. 1'"601-Jl'Sl~ / ~ ffi1

~~, ~/'lS'ffi1~~q ~/'lS'ffi1 ~;wm~-it~ l5"IOll1ftIa"1l51~.\9 x ~0\9

~ ~ ~11Id1~. ~ 312f 31m cfiT, fch(onfftlff ~~~0ll1"Oll1 -61ft I'SII G\

~ "flIT ~~~Olllil fcfidT 31Ul ~ ~, "ll1Cf( ~ ~. ftldilld1~

"flIT~~~0ll1"Oll1 ~ B"&rr \51ft\51~A~ire ~, ~m"G'Qft~ ire~.
l1f;f ftldill'Sll ~ ire ire"fllT~ ~ fch(onfftlff ~ B"&rr ~~Cllol"Olll

"R1+fi il 0llift 161 ("1ill °II(I ~ft l1f;f wzm"fllT ~~ ~C<!llil fcfidT 31Ul iRt, "ll1Cf(
~;mft. 2°~Bi ~~ 31Ul~crtt"flli:qr -61ft I'SIIG\ 31m~cfiT,

• 8~

f.p:if 31Ul ~~ ~qiC'1f):C'1ilOlllftld1 ~.\9 x ~0\9 ~ ~ ("11110"1("1."lll

fuChTUfi ~.\9 x ~c\9% 2::Bi ~ ~-~ (half life) m%' 31it 1'"601dld. ~
fch(on<:"ftlff >iC'1~0ll1'i?l31'<f~ ~11~llci3 31T%. '3'GT. 2:Th "lll mft31JRXn



'~4ii5QICfiS:J\ ~"Q1if'
<n~ ~~oomffi~~~~~. ~-fCt;{oli'&lIWffi

~1I~~i41't:l;mfi, w Ch~I~di-q~iQi>rftrm~"Wffi,

~~~~.

~~-~'f)Ui~'tRcm~.w ::su <n"#r;wr~

~-~\jjClCl5\jjClCl5lJ~Cl'QI~dCh~'t.~ x ~o~~~~. ~

~fcf;crr~~~ ~ 31~-~ 3iflOm'){j ~ fCt;{Ofl(wff~

~.
31ffiT>rJ;f 31m itdT <€I', ~ II ~ IICl?'QI fCt;{OnRollIT 10(~~&l i'&ll fCt;{Ofl ('fill f'&ll

~W'Rl"<'.hW Ch{I'Q-q~i.mTit 226Ra ~mm~~l1R'B
226 SS

~. aaRa <nm;wr ~"'&lT ~ Wr Cl\jj"il'&ll f11<3i:lI't:l1'"{:lfll't:ll ~ ,

flchGIC'51~.~ X ~o~o 31Ul~~. fCt;{on('flllf'&lIll"TtR"ffil1ffiqfqm~

"lfi;fi~ A6'6=lCflf~TfRq~, m;~<n~ fCt;{ofl('fllf

~~~~~, 31B~~, 31TfUT~~~ 1O(C'5~&li'&ll

~~fCt;{Ofl('flllf'&ll ~ m ~~. ~ ~ f1illl'Q~ W, ~

1O(C'5~&l1't:l1~ ~.~ X ~0~o31UIIilci:iG<n~ QIO'Qlflldi~fcfKftWr Cl\jj"il't:lI

m6T~~, ~~~pro2lF:ft fCt;{ofl('fllf ~~, 31B~~.

fCt;{ofl('fl1If'&l I ~:tx:rp1111~~~~~. ~~~ ~.~X~o~o

~, 31B f1A\jjdld. (~~~~ flchGI~1 ~ ~~~

fCt;{on('flllf41 ~) 31Wfuff.t fCt;{Ofl('flllfciilciid'&llG1Cfi{C'5'&l1~~

7fRq Ch{o'QId ~ ~ .• :.



~~~ 3fcfmf 3m C"I=l:flCl5=lOII~~3rr&~

iI dl Pal1\,,1O1lO41rg~is!~C"I~ 3RrC'1".'(YI"R ~ CI5m,~ I:l fd C151=l~ffi5t
cp~fhllcm, 3rnar ~ 6T ~rr~ Cf5m C"IJdIC"II,~ Iis!~C"ICIT ~ Cffi!.CIT.

~ ~ 1ffift 31NOT ~ mdT.
W{. (f{ ~ wro5 WTui % ~ ~
'51llo11lflIJl ~ ~ ~ err em
fllOl'1cfiCl{31~ ~.l{Tf CflIl5"jdt)

emi, .mqurm~, 3ilqC"4I~1

~~~.~~~
3i"rfun:r~~~. ~C1Cfl(,:l(n~

q 6lOilillil ~flC"4IflI{@ ~ ~

mmm. % "flCf ~ ~. 11UTWRfu;5
BCffi;1OI6~lcll~~ 'm'cwrur.

3iTdT 3~1l5{OI10- ~~llIi;:Rmmo
~m.%~~~
~. irll~mcmr. mm~
Cfifuf~~. ~ ulli{"j~m1Cft
~ fu;fr. UTf ~(~a5 ~TImf m
fcJm;rm~ ~ m ~ qwJfT{

~, 11UT~GGo 'm~hft~mtt~
mm. ~ w:r ~ ~. irll
C:TCOCfT ~cmf ~ 31TOT WTcft mar<
1OIIolfll~l11UTm 3i'Bit, ~ 3i'Bit .

.•



~'wm~'
li~<iRT 1lUT ~

'I~ ~.
Cli fd fu Cfl ~

~ ~t~

i~"il. :ml{ld

'~ ~~k'4 !Cl{
l{SClt ~ Ul1mGt, 1lUT

~, ~ ~~~, ~ 'd~Cl~1 CR
lID[ 'im ~ mffi' CfiW CfiT<l ~

>mr~ ?

'{~Rhm'l
~:~."L 'g'~O tr~ ~fB;sI~;s~wR

~ ~ c#iT "~~ 31 1'511{11,"1

/~~~~~,~~
~ CfiRUT~ im C"4 i-c'4ICl{ ~
31IsfitlUT Cfi\UlT{ ;mft ~ ~ m
~". ~ CflI05ldti~ ~, Wr
~ ~~ICl{ m'Rrn f.mfur c;l011'"'4I
~ ~1:ffi1fclt'l~1~iffi.

~~tr~~~
ircftc#iT ~?;IT ~ ~ ~2Ri5T

31TUffiTiffit. ~~munuim
~~"&mftircft. ~~tr{UT

4IClI'4il. ~ chr IOlIol~101 $I~~I

g20~crA Id01 ~f.Rtrft lOj101~101~.

. ~ ~P:f ~'fRf Ul1m~~ ;feR
~maror M050'41~1 ~~I~.
~t iXIT ~ldCflI'ii'Q1ti~ClldI0~~

m~tr~~~.lID[

eft 'fmft <ilCflfSl '4 ~ ;mft .

~ ~ WI ~ Cfim Cfi\<1

~. J~Bf20{:<II'4{ "lIClI"C'41 TflCIl(f ~

~. ~JIIClldC"'41 JICl030n'"lI~mo

~it ! lID[ lTTf.n c;IOII'"'41 ~ >refiT{

~~ (Cowpox). ~~~iRf
~ (Smallpox). ~ mr ~ WI

~<?JI'ii'Q1~ 3aJl~1 JII41'ii'Q1~

tr'CT0T ~ ~ m "lIClI-c'41 ~

~. trl1 ~ ~~ ~ ~

~, 'dTtT~. ~it {sl'S@t1d ~

~.~~~~m
~~. mT~~~;rrtt.
~ 31TfUr ~ ~ ~ ! ~~{'ii'Q1
l:'l\IWilcil~~-&n 01JI~1. m
~.q ~1.9'<.f.~. ~ "lIClI'ii'Q1

~ g20~dllOj'<fu;5~m~ ~.

Vacca ~ 1Wi, ~~ WT Ul1
m~~ ~nn~ ~ ~~
Vaccination. ~ ~fu6<!lld ~

~~~~. '51IJlfdCh ~
~~~ R{c'5'iI~IJ)w:rcq
*~. ':(f. 31fCR:T~ ~'<.1.91.9 ~

~llOjl~'4llOjcdt ~ lOjI01~141(flm
~ ~ ~ ~ ~14;S01.

t.q ~'<.to~~~~Wr-~~
~\jjIJlfdCfl~~~~.

~wmf1:fimc:nrm Sl~IJI~II05ldm

~~~~~.m~

'1
I

------------..:-.-~it;;;;arfUrq;~-;;~~31cl1;J..~-::El',-\30



m "J1T"Umi~ "{UiTIi~Ci5(1'1(f. it
51fu f(j g "{Ui 312lCfT {'ffi H'111Ol ~ ~

~~~~~~,
~ ~1{Cfi{., t!)C'5ICfig. ~ Cf~

51fu f(j ,g d<IT{ Cfi{U<n4l PJ1«fT ~

51IUllidQI ~. ~dt~~
~ fcf;cn fcrqr{t ~mm~~
Hmur ~, m \fo& ~ ;f(R fcl'fcN
~1\51l{iq{~~.~ .•

fciicrr "Blfm. IIIq{l C"l ~lf~

m s'ill ~lll mtmr "R1:rfur ~ ~~
SlR1f?isl'CIl qrn: ~~. tljClidlq{

~ \51"1Iq{I'iXl I~~f.rqfur

~, (fi~~ 1OI1Ulft1C"lI ~~.

<:iT 51CfiI{~lll 51R1f?isiql{"(-i ftl05UIl:::;qI

51R1CfiI{lt l:£l C"ll S::0ll\:~R:d 51R1CfiI{It I:£l

.:....~~.0
\.:-/:: .." :.,...) "\:::,/

~~~mt~~~
311%. ~~ C'5fnCfi{UI~iiSlqullld

~ . ~ ~cft UTfl~ 1:fiUi
"4 " .,.,.,.,..A.d061....... ~,(II ~~ Cfi~";{
~~~. \il*~d{\,9"'\ qqf;fr
~~~WcrWffim - ~
- :ffirCfi~ WT fcl tlll Iq { ~~

~~ihr~Cfi~";{ irm. ('7.ff CfiI051d g)
~1fCltl~l~mfMtmm.~, ~%
W~ (flffi l;1Ull I fft C'5~'qT ~m
lOllf%~n'Cli men. Cfil iSls'il i "II 61UII-ll I

6lIClUAcl{ ~ mtR Cfifrn m.
~~~~effr,~~
~ a:ftur 3ffi~f.rqfurCfi\ffi~.
% ~ ~ m f.n:rfoT q;«f -;n6Rf ~
51R1CfiI{lt I#l "I:fBf f.miuT Cfi{Offi • ~

31m~m~~~~~~ I
~";{ Cfi"fOOlJ,05T

(~~em) , 31TfUr
• en: ~ f.rqfur

~.
~ q:;105I~d{

;rcf(1, 1:fif";{~tfrT
31TfUT fcmm ~
~I@q~ CfiT \i'iCl q
~ f.:rqfuT ~
mm~7:li~
m~G mtmr
~w=Rmorn.



(humoral immunity) J:6oICiICi.

cmft~~~~~cfiT
~1'l.1{I:&'lI$IR1CflI{~I:ffi1"{~ CfiT11Rf

q;TI:ft fcifm ~ ~ ~. en
$ICflI{IZiI q~AqQCi $IR1CflI{~I:ffi1(Cell

mediated immunity) ~CffCf.

iBi1~1{2 WI $ICflI{'&l1m~ %
Cfill=f~.

$Ikttfll { ~ 'SlCfi'R :

~~m~mru.
~ CllffCfl{OI~ 3ffiUr ~ 3:ffi

Cfi«fT$.~ $IR1CflI{~1:ffi1m~
Ulllfc!{lo& mru.~. ~, rTIcR. m
$IR1Cfll{~1:ffi1$IR1fCj:s it!l~ fcficn ~
(antibody/humoral & cell mediated

immunity) mn ~ $ICflI{i/1 ~.

$IR!rq~ tt ~~~ ~~cn:Cfin:i

Cfi"{CffCf. en: ~~m (T & B

lymphocytes)q~fT-clil ~ ~ q

$IR1\jHICl{Cfill=f~. (it q ~ ~

mfUr $IR1ChI{~I:ffi1cilt:Zi~a.1fUrcn ~
~~li~'~~'m"ffigwm
CfNffi~.)

3ifclP-lI~ ~Tmnft. li~

(nonspecific immunity) mm
~.

~) ~1I\lI\Cfl ~ : 3RCfi ~~~

6ccifl'llQI+{"i~ 3iIQR'lIZiI~.

~) ~11{)I\Cfl<i;rcrrr : SlcolllCi~ 3l~

Sicoll iOiI \JiiYI~"i ~ ~, -m:R
"ffi:~ "+ia:l:f it>B q ~ ~ )fBR

~if~ 2/CflCiICi.

~) ~1{){Id1Zi~: wfuTIf ~

wr<R ~. eft ~('Cll ;rro Cfi'{l

:tICflCiICi.~ ~ ~ ~

ZiicilZi'<:lCfl<mft~~!

't) ~ : "ffif ~ 31TfUT

~~~. (~m~IR'llcH

ifcRn~ Ciql~llIZiI ~~m
~(f m~m ~"0MT ~00(ffif.

allallcolll Sll~it!l~ allallcolll ~

wnur~.)
~.

\jjllOli l-cll I ~f1!,,*:;lOIlCl"i~

$IR1Cfll{~1:ffi1m1:fiR 116'Cq 1.•:11 J1I%. itrrrit

~ $l1R'llcH~ cil'<:lIClI:cft~

~mru.
~~ ~Tf05m >fCfiRtt
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cllfTctl{OICfiUn$.~. ~) f$tl;ql~ft~:

~ $ll~ ICl{Fn:nurmurro~fci;crr
~~fICfl{OIl~ f.rs:ITur ~ ~. =<)
3WKft:~. ~CflO5m~~

SlR1CflR~I:ffil.~ qllfq{OlldJl ~

Ri..,;qId >TfuCflTW"#t f.n:rfur Cfi«mf

($/~~) m fcrim-smrm
~ ~ICXSI~I~f1{OIl1."i fl!CXSdld.

?-:ITq;qfq{Olld~ ~~~

~ ~ wf~ ~. (ITCfiTCX5T(f~

c.HICflI{Cfl~ ~~I;q~I~.

mn >lCflI{~ ~ >lR1CflI{~I:ffi)

.~ mmri~ mCfin: >rf~

(immuno globulin) Rmur~, (ft
~~lOiIOlflldcncmrrirnm. ~,

~ (hft~), CfiTCftoo;qIfcl {lOG:'t:l~

SiR1CflI{sI~ mTmf dl~:Sdl~ ~

~TJ't ~q ~. wtt ~
9R1CflR~I:ffil't:lI't:lm.

1l1~lql;q ~ ~ ~

~mffi;t 31TfUTWT/$ (IT ~

mlHT Cfi«f ~ mmr SlR1CflI{~I'tt;'1

~.

Cfircft ~ >IR1CflI{~l:ffil ~

~) ~T fcrfm! >rrJft ~
~~~~:~.

lOil01'81~1't:l00 mcD.~ >lIOlli'il

~.TJ1q{lql*l~ -a ~U&f(f ~cL

~?llI~1 ~ mw IOlIOlfli'iI~.

=<) ~Cfi "B"f~m f.r1Ts'hr

$IR1CflI{~I:ffil: 75ffi A ~ ~WJl~1

Ji:sci1'i1 ~r(k'!(~$llAr ~ ~
$IR1CflI{~I:ffil~.

~) ~ >lR!CflI{~I:ffi1 : ~

f11.6Idl~ ~ ~ ~ ~

~aFl ~ CR~ ~

~ $IR1Cfll{aFl~ em'{., ~. ~.

titfu311~ ~~n't:ll ~ ~T

f1C;flIICfl'tOOf~ f1C;flIICfl~ ~

31m ~ BW $IR1CflI{~l:ffil Rmur
Cfi~~m. Wl.,~>TfuCfln:crrG~

~~~3rnUf~~ .

SlRiCfII{~I :ffi) it 'ffif
CfiUlT~f1JlC"41~~ ~

TJTI! 3TI%. ~ ~ 3Wt ~ -m
~:~ 31TfOr~ 31W >rf~ ll1am
~ 3f)cxs@o;q,:i:l Cfll1l m. ~
<ilurcfimm t5,41CflI{Cflq<ilurcfimm
f.F6%cfl ~mo~ ~ICfldld. l?J1~1't:l

J:t50Idld~~~. ~>lIOlli~ld

en: ~ cf;r ~Cf ftfCflfuCf ~1ffif

~. ~ CfiTwr iMRr ~ <€t

~ >lfu;{, ~ WI<:R ~ ~ ~

q3'ilqC"4I~1t5HICflRCfl31T%,<€twr~

~1~{lOG: >lR1fCi:si't:llq:,~'51q;I201Rmur
Cfim. 31TfOrBCJfu ~ ~ ?-:IT

t5~@I{i~lwf ~~I~ ~~~,

~1RCf t!CflI~C"4I't:l1>rWT~I~CI~ l't:lCR!



~~f4(OI:tIJl ~t:0lo:1ld. wTtt

~ttf4(OI:tI~ wffl ... ~
~! I:'1B1Cfl(OIl'el1 mq lfNT 3,-m. ~
~ ,~ ~JOl ~Id lllc:H1~i ~ ClIC2ildlC'"'llFc:'l(

~ Cf<m:~~ \8;1UT~, 'tJUT

.qm ~quqi ~ mmf acrrmr.
~~'CF.Cf~~~

(R ~ ~ ~ i:1fi dICls'11C1

f.fq1uy-mrrn.-m i d ••m:1. :nrtt~
~ "t f4{CJIl!rA q;JfI ~ ~,
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lllT~~~q~~

~ (,111Idld.~: ~ ~ m
~. ~. fcltllN'cH, cnrc:ftoo, ~.

$Ifd "hl{lt l:£l 'all "hI{@Ir<olldC'lllWT
Wt~~m~.m
"~.qm" ~~nsrhi1T.~
fTl05did,lllT~~~~m
~~- ".
'HII'11 <:;I@cldlct.~ 6.. 31m~

fu:AT (R ~ ~" ~ itm lllT

~ ~ ~~€il{I'q1 ~ ~

~cmf. mr;:r ~~ ~"ifr -&00

~05dld. "'llOflI'1ld~, ~ ~

cil~qd Id. ~ c1::mfl(,1itm ~
m3i'l05@ctlct(receptors). 3rnT~

~~mmGRCl~.~
itm~ 3i'l05@ctlct,~mr:R. W5l

3i'l05@(,11 eiiTGH $I"hl{:;;ft"h14q1Qlma .
~ itm '84{Ulltl:£l r."Cfl"@ffi (R

CfiTh't~: ~irmf.lmcrT~~
f.n:rfur "Cfl"@ffi.mt ~ ~ ~a;mf

~eiiT~~~~
~.

~('f ":tlCfit >rf~'q't ~~,
~ul~;ji;f) @05~C"f)!

~G'ml:
~,~31T,~,~

~,~,~%~GW5l
-q;p:~. CfiRUT~ (,1{"II "h{UI ~.

~, -q)fu31Tq~~~~

~ ~~ ftrcrn ~~. (R

81~unl1~ ~ q tljqfdl'all ~

~ '(ffi(R (Toxoid) :m:ffi mfUr
~@I"hC'llI:Cl~~~. WT
~ ~ ~~ '({ -a (, ftift "B. 7:l1

dQl1l'1ld'q ~~ (,1llldld. Cfm\

~1~IQI~ -a ~ 21:ClQ4d~ ~-

~~~~.~
BCG ~ ~ :m:ffi. "Y1fu3itcR ~.
fi ~~ 3i'mfRf. BCG ~
~ f6"hIUn '({-G ~1<3qSilI~ ~

~ q sror (j(ffi mID. 7:l1~ 7Mh:
~6Qf'(uII11~c:(~111lrllQulmer ~.
-q)fu~ ~ ~ 3i'mfRf. -a f4C'lllq{

~ ~ (ffi1~ ~. ~~ 31tm
"ct'R1Rf ~(R~-qmmcrr. ~
~. ~31T (,1~I"h{UI -atcrr ~
~ 3TI%CfmUT ~m f.1l,J'1l'al1

116'6=1 l'all ~ 31Tq1JT~. ~

~11m~~, mW~. 7:l1

~ 11m~ ~;ffif mID. WT
~:sTCfc:{i"h{"i~~~,
'd'1tllCR~~. 1nq{I'al1 cill*i'ldt!

~ ~. 7:l1~ ltlifcl{l<& {Icilq~('{)

mq;ffi~m~~~ ~.
WT~~ f't05dld. 7:l1~~

>nnUT 3ffifT ~ Cfi1ft mo ~.
~cnnft~-

-=rcfi;:{~ ~ :m:ffi. (,1lttT'all

cill'JIl{ld (R ~ ~. -atcrr MMR



~~ (~l~~~ ~lf{~)

(TTlCR, 7ffi11i "6 q ~;; TTlCR )

Hemophilus influenza B (~),
~"tl:q"aft, fclt:llOi\iq{ICl{~q

~, Cfli>:i10lll, Pneumococcus,

Meningococcus % 4~\iqUCl ~~

~ ~(1Iii1I-Cl~~~ J:i:scJffcl(>qg:

~ 3l$f. cmtt ~, ~ l:fmT[.

CfiTtt~,~~~!~

~ ~ ~ (1~ftfclt:l4) ~ ~~,

~~&1ffi~, :sTCRO{~ft~~,

ct 1<<11041~ ~ ~ Cfil7l Cfil7l q ~

itqfct. ~ (1~ACfl{OI~, 610llQOlI
~ ~8;lMT ~OllICfl~31RfT~

~.~d51~HI~31RfT~~

«Cti3ft Cfl{OI ~ '~' ~ f.n:rfur

Cfl{Olll-Cl~~~.

'QUTfl'tt~m: ~~ "m
~Urncr<~"Cf'l\ctT~m~
itrrTc:R ~ m~~, (R mm

~"Cf'lID~~m.qm". <:rrqT

~m~~'lfmi~ mrr~
~. ~ 3m, ~ trfUft, mm,
fua:rur ~ ~ >rctlR 3i fu ~ 1f!

$I RlCfll{~ I:ffi) 'Cl 3l$f. fll i 'Clig) fcf'ClT<

6Cll. fu lOi••PII-elll 'tfim q I0lll-elli

~~ 3i("l°IlQOlI~~~~

'q"[TJ"Off{ ~. q 10 III @I (1'Cli ffi, ;;
fu("lOIRIm,mrn~~~ 3ffi

~. 'lfmi (1«lCfl{OIICl{m~~
~~.

itcrtt ~ ~ 'ct'tT(1("1ICfl{OIm

mffi~~. ~ illlllOil~ CfiTtt

"tl:Cfl("lllOilNlCflCflI{Olil ~. ~

~(1Iii1ICl{~~f.rtm;fi~~

Qloftg{Clol 31TfUr~ ~2f ~
~ Cli1ft m ~. ~ BCft.n

rq 0ll m ,61 ~ trfUft 31TfUr~
,..rt,.T GTJf ~ 3m "Cf'lT~ ~?~'\"0, ,

-a f?lC6lll(1I""'fCfil"Cf'lT?3iIDllll("llaifcfirrR

3i ICl~llCfl~ moour, ~ m:ruT m

BCff:qr l:l~~(f ~ ~ "Cf'lT?-m ;;
'\ ~~?f?lC6olllctC'"41~ ChIOlflll "1IQCl.

flll ctC'"41~ M 31TfUrlOiHClPI fifct
M? lli'iXlICfl~i1 ~ ~~ mm
wi. flllctC'"41~~ Cfl{14(11~ .• :.

m :m ~ ~ Cfl{Olll("llal

ii11(Y5~lllct~sf. ~ ~H(fl< ~

~~.6f.~~~
~ lOitlfcl~l(Y5lllctOlll&llflli ~.



~at~t~ q)Q ~ ~
\51lISlfB~~fcrm;J~~.~. ~~~~ WI
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