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{!jrT WJT.ff)l Ga;rrLS/- ~6ffl@a;~8i® (!JYii~~fr !d,Wi roruuLS/­
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0 w '{b§jl er CF rr l1J fiM er a;= w ~M:P 'ff>®~ Lb ~t:P w rr a; u u er <Dill u5'i C!!i a; a;, 
@d;0# ®tf!tiil5irit!0rrw, B>LWLJJ-u5'irit!, @®<&YT G/urr~a;writ! ~fr .dPffij/CF11JL.b 
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6151®= /1J {ffifr-=r u5'i i>0 ~fr rffia;fp!Olf, 12._uJifr G0rr6iiT rfjl11J§jl. 

@u U LJJ-4i 0 fT W {ffi a; fp dJ 0.f!jl 6"T W jJ)J @JL W cM = -=r '{b§jl 6"T W fiM fT GlJ 
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u5'i C!!i a; a;w rr w ror w .fJ)J u w CF rr 'ff>® 11J a; &.fJ)J a;= w <Dill ru rA 'ff> fijl C!!i a; €il wrr fr a;w. 
.dPf rDl1 rD.fJ)J W .dPf fij/ B>U L CF CF fT j,fij) l1J W !JjfT W (] LD (] 6lJ Q CF fT W fiM .f!jJ. @<!!jU 
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liiTW.fJ)J GiCFrrwf>Mrrrit!, a;rr[iJrfilrit!rurrwrit!, (§rA11J fYW @rit!rurrwrit! 
12._uJierrrru§jl 6"TW.fJ)J Ga;tiil5! GICFti.Jfij)(!!jUUfTfra;w. ror6ef!ww @ill=fD8i(<!!jW6Yr 
rDlJ ~ rDlJ fT fiM CF fT L fil l1J r5.J a; W !Jj W (!fJ W (] fiM fT fr a; 6YT" fT fiM (!fJ 0 ritJ 12_ u5'J fr a; W 

id LEI u5'i 6iiT a CF [iJ.fJ)J u u ® ® u5'i ro C!!i d>.ffe ru er rr w ritJ -M 0 w B>L ru LiJ- u5'i tiil5i C!!i dJ.f!jJ 
y fDU u LliJ-(!!j8ia;rurr w rorw .fJ)J ror 6l%r -=r 'ff> .f!)JT6l%r (ijl€ilw fD6M. !Jjrit!wGru=w, 
B>L~8ia;LJJ-u5'!GruG11J a;rr0tiil5i'ff>.f!jJL! t.51w=w Glu[iJ.fJ)J# G/CF'{b§jJL! Gurra;rr 

writ! Glwrit!ru Glwrit!ru rffiru'{b§j18i(<!!) f15@6151 rudJG0rrw. @=:2JC811J &® 
0riJGICF11Jrit! !iiTW.fJ)JW GiCFrrrit!€ilwrrfra;w. wriJ!D €ilera;riua;6YF/rit! ' 12._uJifr' 

liiT W jJ)J fY W jJ)J @<!!j dJ 0fT ritJ cM = rDl1 Bi@!J W 0= er LD LL '{b§jl ci; B>LiJ-uJi ritJ 0fT W 
@®8i(<!!)LD CFfT'{fjfij/llJW .dPf®B>w rorw€ilwrrfra;w. 

1LuSlit 6TUUtq. ~!Jtbt.l1~j1>~? 

~-uJifr B>LruLJJ-u5'!rit!0rrw (!JJ0tiil5irit! §jlrDllriu€il11J.f!jJ rorwufij/rit! @uGurr§jl 

B>(!!j'{b§jl fYrD.fJ)J=LD @®ut.51ww, .dP/.f!jl ~f>®tiil5i®dJ.f!jJ GwGru rudJ00rr? 
@rit!=w cMriLJGa; rDllfTCFW GiCFti.JllJ fl,frwrr6ef!'{b00rr? liiTWU.ffe u[iJrfiJ 
CFrA /lJfT a;j, Gl0rA11J<iiillrit!=ru . cM61%r = wuJirit! wrrtiil5! 8i11.Jrufr u 11Jrrrug§I, 
=uG11Jrr G/a;LElrDil!L_rA Gurrww CFrr'{bfij/erffi.Ja;writ! LEl@Jfij)11Jrrf>M C!JJill 

am-riJ !D w ~ riJ u L_ LJJ-® a; 0 rr ~ w 12_ u11 fr ror u u LiJ- ~er w t.51'ff>0 .f!jl ror ru U.f!jJ 
<iiillr§C§rr6efia;<§8i(<!!) CFrA11Jrr a;j, Gi0rA11J<iiillrit!=ru. GiurT.f!jlrDllfT a;# GiCFrrrit!ru 
(!fJ LiJ-11./G LD 0@11 er @0 rD@J U t.516iiT @§jJ liiT W jJ)J €iJ rA ci; Q a;L_ a; Q LD 6l%r L rA 
LDfT fij) rA Q CF fT ritJ ru (!fJ LiJ-/lJ fT .f!jJ. 12._uJi fr Jd,W uJi ritJ C!fJ0tiil5i ritJ G 0fT w fD 6151 ritJ = ru, 
615161%r Q rDlJ W u5'J tiil5i (!!j dJ.f!jJ rDlJ dJ fij) (!!j ci; a; ru fT W 6"T W jJ)J Q CF fT ritJ U rDlJ fr Bi@!J W 
12_61%r (ijl . 

~mLUJrr6TTrt.la;m 

u w a a; rr LiJ- .J$T !D rr u11 er w ~ 6l%r (i}l ai 1§ a;® C!fJ ru f15 L_ a; 0 = 0 @w .fJ)J 
& L_ L_ = rDlJ '{b§jl # Q CF fT ritJ rDlJ 0 rD a;rr m- cM = L_ l1J fT 6YT" riLJ a; <&Yr LEI a;# fil 6lJ a rDlJ . 

12._uJirAw ~L.buf>=0u u[iJrfilu Gua;=a;u5'irit! G/a;rrr§CFw ror#CFrA 8i=a; 

G0=ruuu(i}l€ilfD.f!jJ· LD:2J f15Wt.5l&=a;a;w , filf,0rrdJ08i B>(!!j'{b§jlai<§LW 
(!JJer61%ruL Gru61%rLJJ-u5'i(!!j8i(<!!)w. t.5lerur§<Fj,fij)GwG11J -Mrfi!!iil/w 0ww-=rfr 
!iil/LD 12._WW &Ger &® t.51er€il®® w6ef!0w0rrm-rr ! @i>0=m- Ga;rrLrTWJ 

8 >I• s;mrr!!'irr 

Ga;rrliJ- fJ)L<F'{bfij/errfua;<§w C8rurDil!L_Lrr' fJ)fTW G0rr6iiTrfjl11J.f!jl &® 
<iiilluf>0rr? @rit!= ru ~ 0rrru.f!jl &® rffiUJfij/uJiw ULJJ-11Jrr? &® €il.fJ)J8i®f> 
0 m- LD fT m- (8 rDl1 fij/ u5'J l1J ritJ 6151 U iJ fij) m- fT ritJ 12_ u5'J fr 12_ 6l%r L fT u5'J rD.fJ)J 6"T 6iJT jJ)J 

Gi<Frrrit!uru(!!jw, @11J[iJ=a; <iiillfij)a;ww 0<iiillfrci;a;C!fJLJJ-11Jrr0 <iiill=wwrra; 
!JjfT w t.51w0 a 0 rr w ror w jJ)J GJ CF rr ritJ u w ® w <Dill r§ C§fT 6ef! a;w ru ® cy;; <Dill ritJ 
@®uufijlrit! ~#<FrA11JLEirit!=ru. uGlerr§a; 12._u5'irA11Jrurrwfr f!JfT8i 
Gwrrf>Mrr(ijl (Jacques Monod) rorwuwfr, "&® 0riJGICF11Jrurrm- a;rrrA11Jj,fij/w 
<iiill=w!iil/0rrw 12._uJifr rorwww LEla;uG/urA11J (!JJB>L!y" rorw€ilwrrfr . 
"y er rr 0 m- w rr 8i@).[f)J ® s; <&Yr ror ritJ ru rr w .f!)JT w rr a; 12_ = L dJ 0 f>M . w 6ef! 0 w 
@IJ»fij/uJirit! t.51 erur§<Fd>fijiw 12_-=r fr #fil11J rD!D t.51erwwrr61%rL0fij/w {!>6efi11Jw 
ror w u = 0 .dPf rfiJ d;.f!jl Q s;rr 6l%r @<Dill L_ L rr 6iiT. .dPf <ii11WJ=L11J <Dill fij/G /1J rr 
B>L =wGILlrr ror cy;;0u UL 6151ritJ= ru ." 

lfirf!J6mtb 

12._uJifr ~fr .dPf=wuy <iiillfijici;@j 12._LUL(ijl ®rfi!L!U/L_L_ a;-=rd;fijirit! 
YfDUULL &<!!5 t.511J"ur§<F fJ)rTL a;d>fij/w <FLbuww rorwwrrrit! t.51erur§<F'{b 

.f!jJ 8> (<!!) & ® a; rr er= w aw 61%r (i}l Lb. 12_ u5'i rA w ~er Lb u Lb 0 rr w 12._uJi rA w 
.dP!fri>0i>=0 .dP!rfi!ll./w ®!D!OlfGa;rrrit!. 

@=0 .dPfrfi!<iiill11Jrit! rorL!uliJ- rorfijifrG/a;rr<&YT€ilfD.f!jJ rorwu=0 @6ef! 
urrfruGurrL.b . 
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~=i;;ua;w cl'!LbLE/15 {lj'iillbP'iill§)JL.b 0!0ffl@a;~Lb 8'ffil®a;~Lb 

a;!OffiC£1 cl'iUJdJfijl®ut.Jfra;w. ~=i;;ua;w riill(!l)Lb; w=ru 

61.i rfl a;w ~ = w 11../ w; 0 !Offl@a; 6lfl w ®!!)a; w Q {lj rfl 11../ w; 
~=wa;w fijl(!ljL.bLJL.b; w=<OV fil15fijlvffila;w ~!i)/J../Lb. 
f!j!Offi(£1a;6lf!60T ®tP<'h~W l!_ffila;w <'hlTWISJ-/J../LW ~!1)$.ff)J 
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'§?(LJl ffil® ... 

cl'i!iiYT cj;®fil(][JJ<iiifr. 
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udJ!DJ $ffila;w ~!DJUJGOill!Offl(£1Lb. ror6lf!{lj1T a;# Q8'1TW!OM1Tru 

~{lj fr 8' @ UJ dJ fijJ [T W 6T <iiifr .!J)l !Dr §)1 !Olj W fil = L UJ IT §)1. .f$T .!J)l 
@51(LJl8; a; IT ([}I ~ f!J <OU I'!_ w !iiYT @UJ d5 fijJ fT Lb 6T §)1 !01/ Lb @® 8; a; 

C!:fJLSJ-UJIT§)J. l'!_{ljlTfTGmL.b &® $CT1T@51 @<iiifr~<iiifr, rorrfl8;®Lb 

@(ii)) cj; a;rf/ u5J 60T ~ 15 {lj =!OM I'!_~ Gm 15={lj11../ W ~fD f!J <O\J IT a; 
LDITfD.!J)lriillfblru=w. Qa;1Tf§8'Lb l!_~=Lb @5/[TUJLDIT<'h!OlJL.b 

<J{ljti..JLD1T10M15fijl~Lb {ljuU/@51(£11.b. &® $v1T@51 @<iiirr~<iiifr 
{lj!OffiLriilJIT!iiYT15fblru <jy@Oill§)J !§?(LJlffilfil<iiifr ~=LUJIT!iiYTW. 

~§)1 8'8;fbl=UJ @51[TUJL.b Q8'ti..J'iill.ff)J !§?(LJlffilfil<iiirr=wu5Jw 

.,g;!=LUJIT!iiYTW. l!_~liiffiW 6TWU§)J LD1Tru8;11../<0i> e!:fJW8;&.!J)l 

a;w <'hWIOMIT Ul<iiirr!OMIT 6T60T.!J)l ~=<O\J'iill{lj!OMITru <ii;TfDU@riill§)J. 

Q{ljfr<Jw1T=L!OMWl8;<DY6!roirr @fT!OffiLITW @51fijl Ulvu<§8'15 

f,ilru &(LJlffilfilro(!l)[i3.ff)J &(LJlffilfil<iiirr=w <OJdJu@riill={lj fil®uUI 
~ = l.D 8; a; C!:fJ I.SJ- UJ IT §)1 6T <iiifr fil [!J.ff)J. Br (!lj r5J a; cF Q 8' IT <iiifr !OM IT <OiJ 

'§? (l£l r5J fil <iiifr = l.D i5i [TU<§ 8' 15 fijl <Oil ~ fijJ a;rf/ 15.ff)J 8; Q <'hlT iOffl (] L 
riill(!ljriill={lj @.!J)l15{ljC!:fJLSJ-UJIT§)J. u!iief/ l!_(!!j(t!J'iill.ff)J, C!:fJL=L 
l!_=Lriill§)J, <'hlT<O\JISJ-cF&Oill@a;w ~!f)Oill.ff)J 6Tru<O\JITW fijl(!ljL.b 

U U Q U [!J C!:fJ I.SJ- UJ IT {lj @if! U Lj {lj IT 60T . 
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~ 

~ = <O\J UJ IT <OiJ a; IT <O\J I.SJ- cF Bi 'iill L = L ~ tP 8; a; 15 {lj IT <iiifr C!:fJ I.SJ- IL/ W, I'!_ iOffl 

LIT cf;a; C!:fJ LSJ-UJ IT §)1. @rfl UJIOM IT <OiJ u!iief/ cj;a;L_LSJ-= UJ l!_(!lj 8;a;15{ljlT Oi'rfT C!:fJISJ-11../ W. 

~cf;a;C!:fJLSJ-UJIT§)J; ~{ljfD(t!} l.DfDQ[!JIT(!lj @L15fblru(!ljcf;(t!}W !f)(LJlffil=a;cf; 
a;= i;;u8;a;(]Oill!Offi(£1 Lb . 

@5J<§rf!J1T!iiefla;w rgyfr ~=wuUl<iiirr !§?(LJlffilfil<iiirr=w=UJ ~!iiYTa;a; 

ror<iiifrL_[TUI (Entropy) 6T<iiifrfi![JJ ~!iiYT!OlJGa;1Tru ='iill;j;fijl(!ljci;fi![JJ1Tfra;w. 

&® ®!DJuUIL_L ~=wuUl<OV 6T<iiifr L_vi51u5160T QwlT 15{lj ~!iiYT'@f 

®=f!JUJG'iill ®=f!JUJIT§)J. ~f,ila;rfl15§)JcF;Qa;1T!Offi<JL GulT(t!JW. &® 
6Tru=<O\J=UJ ~=LdJ{fjUl<iiirr ~j){lj ~=wuL/ ~UULSJ-GUJ @<iiifr.!J)l . 
<Ju1T®Lb ! <JUJ1T&'i15§)JL1 UIT(!ljffila;w. Q'iillww=fTIL/Lb {lj!Offi~=fTIL/W 
a;i;;ucf;fildJfra;w. 6Troirr10M ~fi!f!J§)J? l!_~=Lb Qw<Oi>i;;u Qw<Oi>i;;u Q'iill.ff)J 

Q'iill.ff)JULJ8;® riil1$§)1@5/(£1fi![JJ§)J. [i'/fT!OffiLIT'iill.ff)J @5Jf,ilu5J<iiirrul.SJ- l!_~GmL.b 

c;, riilJ d5 0 rA ro ® $§)1 {lj IOffl ~®cf;® 15{lj IT w w IT f!J C!:P LSJ-11../ aw {lj@51 v {lj IOffl ~ 
rflro®dJ.ff)J QOilldJ&®a;a;<OVi;;u. @UJdJ=a;u5Jw @dJ{lj @51fijl l!_u5/rflw l!_fD 

u15fijl8;® C!:fJ[T!OffiU@Oill§)JGUITru <J'f[>1T60T.!J)JW. l!_u5/fr 6T60TU.ff)J !§?(LJlffil(t!J ... 

Bi fD tDJ~ W l!_ W !iiYT ~ ~ e!:fJ <O\J cj; &.!J)l a; W '§? (l£l r5J (t!} Q U.!J)l W (] U IT §)1 

<J'f!>1TW.!J)l'iill.ff)J{lj1T<iiifr l!_u5/fr. &® ISJ-6TW<iiJ e!:Pi;;u8;a;,_.!J)l ~=LD'iill§)J, 

'§? (!lj a; (!lj l!_(!lj 'iill IT 'iill .ff)J 6T <OiJ <O\J IT(] l.D '§? (l£l r5J fil <iiifr ~ fijJ a; rfl U LJl IOM IT <OiJ @51 = !iiYT 

'iill.ff)J'f[>ITW. Q'f[>fr<Jw1T =LIOMW8;1Diu~<iiifr [i'/fT!OffiLIT'iill.ff)J cl'if,iluulSJ­

&(LJlffil® ~ f,ila;rf/ cj;a;<J'iill C!:fJLSJ-UJIT §)1· 

@fb10M1Tru l!_u5/fra;~8;® @d>'f!> @51fijl Qu1T(!ljdJ'f!>1T.ff)J 6TW.!J)l <JUJ1Tfil15 
{b1Tfra;w. 

l!_ iOffl = l.D u5J (] <O\J [i'/§)1 C!:fJ [T iOffl U IT LIT ? @ru = <O\J. @= {b Lj rfl $§)1 
Q a; IT W !iiYT I'!_ r5J a; W <DJi L (£1 o°o U rfl 85 = tJ5 (] UJ IT fil 15.ff)J U U IT (!lj r5J a; W. 

<Ja;1T=Lu5Jru ~fijlro(!ljdJ.ff)J BJroiu a;L_ISJ-a;irr rorC£18;®Lb<Ju1T§)J ®=f!Jd>'f!> 

l!..._~=15={lj (BJ!Oiu) ~f,ila; l!_~GmC!:fJW!iiYT i'!_ffila;w 8'=LDUJ<O\J=f!Jci;® 

~ff)JL1LJfi!dJfra;w. ~ l!..._~=15fijlw rorfijlfr<Ju1T8;®· ~ 8'1T15fblUJwlT 
riill'f!>fD® Qva"ourfl~(]fTL_Lfr Qa;1Ti§8'Lb t.Elroirr8'1TfTW uUJ<iiifru@15fijl 

a;LbuQfT8'=fT @UJ8;fi! 8'=wUJ<O\J=f!Ju516iiT '&(LJlffilfil<iiirr=w'=UJ ~fijl 
a;rf/15.ff)J 8'rf/8;a;L_ISJ-u51(!ljcf;fil[JJ§)l ! rflo"ourfl~<J[TLLfr 6T60TL[TUl=UJ 

®=f!J15'f!>IT~W BrfD.!J)JULJf!J15fbl<OV LEl<iiirr 8'1T[T awlTLLITfr @LITfil 
6TWL[TUI ~={lj@51L ~f,ila;rflcf;fi![JJ§)J . 

~§)1Gu1T<Oi>'f!J1T<iiifr l!_u5/rfl<iiirr !§?(LJlffil® ~f,ila;rflcf;®Lb<Ju1T.ff)J GOill.!J)l 

6T ffi1 a a; IT & (l£l r5J fil w = w ~ fil a; rA 15.ff)J 8' rA a; a; i.:_ I.SJ- @51 C£I fil f!J.ff)J 6T ru u a {lj 
@'ff>W @51!iiYT8;a;Lb. f!ilTW i'!_!Offl~Lb l!_Gm!Olf 8'ci;fijlUJIT<'h LD1T.!J)JL.b<Ju1T.ff)J 

<iiJ fD U (£1 W @51[TUJW{bIT60T U UJ 60T U (£115 {b U UL (£1 I'!_ u5J rfl 60T '§? (l£l r5J a; IT a; 

l.D1TtDJu5l(!ljcj;fil[JJ§)J. l!_u5/fr !iirWU§)J !§?(!ljcl'i{bl.DITIOM 'l!_W~fr !§?(LJlffil®'· 
LJI [TU<§ 8' 15fbl<iiifr '§? (l£l r5J fil<iiifr = l.D ~ fijl a;rf/ U U = {b 'f!>@i) fr cj; a;(]@l C!:fJ LSJ-UJ IT §)1. 
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J1a;1TC3a;1T C31F1T~mm 

l!Lu5Jfr C!fJfbill C!fJfb61Jrr s; ~ wu s;rr 61) s;1_ ioV ~ftfijlru <!!5~ fbdJGaoUJ 
61Jrrs;ft Gfbrrillrfj/UJfbrT liiTW!f)l @ill!!)l GUJrr8'18i«!JU!Gurr!JjJ, .d!JIW!f)l 

rf;i s; {p dJ ff>= ff> G 8' rr ff>= 607 # ao rr = 6lJ u5J ioiJ w !f)1 u L!J- .d!>/ = w 8; s; C!P L!J-11./ w rr 
liiTW!f)l (!JJUJfj}8'1 G!aotilfbrrfrs;ritr. J953ioiJ 8'/s;rrGs;rr uioiJs;@6lJ8is;1:Ps;ftfijiru 
@wrlifs;@61J LDfTGffl'fiillfr 6iv1_rrruru t5J8i61Jfr @ff~@ o°oLJ6'1TrT6iv8ir(!js;@6'/T 

liiT@(t!Jj.1$Qs;rr~1_rrfr. &illrfj/ioiJ s;t_ioi; !Er': LDfDfIJ@ioV wftGfbill, .d!JIW 
Gwrr!Dl5FIUJrr, =~L--vmru aoioiJo°o@u(Jjl . Jd,Wu5!w ~fils;rr61J ardJ!!)J# 

<:!!Jl:Pruru Ulvfilrf;JfiJUJrr s; .d!>l=wfi>fbrrfr. @v~='-11./w &<!!5 L--YJ,Li 
= fiilJ f!;!Jj.1 @= = f!;!Jj.1 ~® s;rr 6lJ will 607 = 6lJ u Gurr ioiJ .d!JI ff> ill 12.fil G '­
w ru Gurr rfjl s; ritr 8'16l.lfiillfD@fIJ# Gao£llftfiji607rrfr . 

8'/ 61) fijl 607 rliJ s; ritr liil1I L (Jjl = fiilJ '{}>ff> rr fr . .d!>/ ff> roiiT t5J ill & <!!) LD rr fil rfJ 

LJ # = 8' LD r§ 8' ritr s;61) rliJ s; 6\)fT s; ~ u5J rD!f)l · .d!>/ fijl ioiJ .d!>/ wG 607 rr .d!>/ Lfj) 61) rliJ s;ritr' 
aofr$s;=v GurrillfIJ aowrraorrvrlils;ritr QfbillULL607. @LJULSJ-ftfbrrill 

C!PfbruioV l!Lu5Jfr liL<!!JfiillrrfiiJu5!<!!J$s;Gfiill~(]jlw . @illWJU! o°ouwrr6iv®s;=w 
@v~(Jjl ®£ll$® ®£ll$fiiJ607rrfr. C!fJfbioV urr$Ll!!_rfJUJrr$s;ritr GfbrTW!f)JW 

liiT roiiT !f)1 liiT fil fr u rr fr fl; {b rr fr s; ritr . .d!JI w u !JjJ fiil1 <!!) 6l!p w rr fiiJ IL/ w .d!J/!Jj.1 rf;i s; l:P 
liilllioiJ@6lJ ! 

l!L u5J fr .d!JI = w fiil1 {b dJ ® .d!JI w G 607 rr .d!JI w 6lJ rliJ s; ritr w L_ (Jjl w Gurr ff> rr !JjJ 

liiTillu!JjJfbrTroiiT @ff>ill <.!PLSJ-liil/· l!Lu5!<!!J$®fl> Gfb=fiill uGvrrL--Ll!!_rus;ritr . 

u G v rr L_ LI!!_ ru s; ritr , .d!>/ w G 607 rr .d!>/ w 6lJ rliJ s; ritr u 6lJ fiil1 dJ= f1J Gao fr fl; ff> rr ioiJ 
/!L~/_fTfiill!JjJ. l!LLWUlioiJ @<!!5$®w uGvrrLLl!!_W fii)J@s;a;ritr 61JL8'$ 
a>Gffl'$a>rr607@fiill . &GiiGfiillrr<!!J uGvrrL--Ll!!_WJW ~fr .d!Jl@aoUJw. 

12 ~' s:.mrr!lirr 
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iLu5Jfr liiTWU!JjJ &@rlila>dJfIJ <:!!J{prf;/@61Ju5!ioiJ ~fr &@rlilr(!j 
.d!>/ = w IL/ w Gurr !JjJ G ff> rr ill !f)1 fiilJ !JjJ. u G v rr L_ LI!!_ ill a; ritr ff> rr ru 
l!L u5J rfJ ill ~rr v w. .d!JI = fiil1 s;ritr .d!JI Li3 G607 rr .d!JI w 6lJ rliJ a;liirf) ill 
an.L--@C!fJUJfj}fFlUJrrioiJ l!L<!!JfiillrTfiill!JjJ. G/a;rr61JrrGmru (collagen) 

&<!!5 liiTliirf!UJ fiill@a> uGvrr:_.:__Ll!!_ru. @=ff> l!L~t_rr$® 

fiil1 ff> dJ ® JO 5 5 .d!>I Li3 G 607 rr .d!>/ w 6lJ rlil a;= w & <!!J ® rfjl u t5J L_ '­

fiill rfl@ ao u5! ioiJ 'ildJurr(]jl GaotiJUJGfiilJ~(]jlw. @filioiJ liillldJ=fb 
liiTW607Gfiil1Wf1JrTioV UJfT(!!jW Qs;rr61JGmru QaotiJfiilJfijiioiJ@6lJ. 

.d!>/!Jj.1 fbrT607rr s;Gfii)J ff>W@607 QaotiJ!JjJGa>rrritrfiiJfIJ!JjJ. Qfiillliirflu5J 

ru(!!j~ liiTdJfb$ (:'!jrfj/UL/W i!LfbliillllL/W @wrfjl. ~ liiTUUL!J-
8' rr ft fil UJ w . 6iv '- rr L!J- 6iv L!J- $ 6iv liil1I fil s; liirfl ill u L!J- JO 5 5 
.d!>/ Li3 G 607 rr .d!>/ w 6lJ rlil s; ritr & <!!J ® rfjl u UI L_ '- fiil1 rfl = ao u5J ioiJ 
.d!>I = w fiilJ ff> dJ® l!L~ 1_rr 607 aorr f!>fij!UJ ;J;BnjJ)J liiT ru607 ? J$®u 
Ulm 260 =aoufr Gurr(]jlrlils;ritr . .d!>lfi:>fb=607 aorr f!;fijJUJrlils;liirf!ioiJ 
& ill !f)1 ! U1 vu r§ 8' fl; fijl ioiJ l!L ritr w Q w rr fl; ff> .d!>/ @11 $ s; liirfl ill 
liiT ~ IDlfefl $ = s; = UJ liilll 1_ .d!JI fil a; liiT "1irrr IDlfefl $ = a;. w rr f1J rr s; 

~ G w rr ® G w rr UI ill, v fl; ff> fl; fijl ioiJ 1iL ritr w u G v rr L_ LI!!_ ill , 
14 6 .d!JI Li3 G 607 rr .d!>/ w ru rliJ a; ritr Q a; rr rom '-!Jj.1. @!Jj.1 an. '­
fbrT 607 rr a; .d!JI = LDfiill !JjJ & <!!) w s; w s; .d!JI rfl fbrT 607 aorr fl; fil UJ Gw. 

& <!!5 s; rr UJ ru rr ill a;='- u5J ioiJ L/ UJ ioiJ s;rr dJ f1J LSJ-i>!Jj.1 ff> rr 607 rr s; 
&<!!5 'a;rrfr' i!L~LrTfiill@f[>UGurrru ! @Liul!J- @®$@s;u5!ioiJ 
l!Lu5Jfr liL~'-rTfiillfbrD® ruL--ao$a;Gffl'$a>rr607 uGvrrL_Li!!_w 

s;w u rlif a;liirf! ;J;fiiJru f1J607. @!Jj.1 liiTu u LSJ- ? ff>!Dl5FI uu L'­
uG vrr L- LI!!_ ru a;ritr l!Lu5J rfJ ill .d!>/ rlil a;rlil s;Gw ff> liil1I v .d!>/ = fiilJGUJ 

l!Lu5J[TioiJ!iilJ. <f!>W@607 fi:>fbrrG607 @VLL!J-UUrr $®w fbW@LD 

fbrT ru l!Lu5Jfr. uGvrr LLl!!_W a;w rrioiJ ~ C!fJL!J-ILJrr !Jj.1. @ff>rD® 
L!J-.liiTWJoJ. G;'l)@fiill. L!J-.liiTW.'iJ. liiTWU!JjJ &<!!5 wrrru$1L/ioi; 
ey:iru$an.!f)l. 8'16l.l Qaoa;~(Jjls;liirflioiJ ff>W@607 @VL--L!J-Li 
urr;i;fiiJ;J;Qs;rrrirr<§LD. GfiilJ!!)J liiT!JjJW ~ QaotiJUJrT!JjJ. uGvrrL-­

Ll!!_W <J;<§W L!J-.liiTW.'iJ.11./W GaofrdJ!JjJ @UJrlilfiiJ607rrioiJ fbrTW 

l!L u5J fr liiT ill !f)1 .d!>/ =ff> ~ = '- UJ rr w w Q ao rr ioiJ ru C!P L!J-11./ w. 

@!Jj.1 @v~(]jl wL--@w Gurr;'l)rr§)l. @v~='-11./W 
Gaofrf[,!JjJU UIL!J-f[,!JjJ@fiilJ$a; fjl(!!j !f5Guliilf Gfiill~@w . fjl(!!j 

fb!Dl5F!LiuL--'- a;rrfruru, =0L-vmru. =~L-vmru 
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~@}Pl fiil/ a;® ':Q_u5! fr' fi'i= L UJ rr tfjJ'. :Q_rfu CErirr :Q_L_ wi.5160 @®8;® w ~@}Pl a; 

CE@rorru i.5lrA;i,0rr60 ~fij;60 6Tfij';~w ':Q_u5!fr' fi'l@LUJrrtfjJ. ®f!5iui.5/L_L_ 

~@}Pl a; Ch rirr & ® 'GL9' 60 ' 67" <iibT WJ w ® Li/-~ a;® rirr & liiifr .f!)J C8 CF® w C8 u rr tfjJ 
':Q_u5!fr' 6TliiifrWJ w f!5L !DOT" w @eEJ:Pfi'! f!Jtfjl . GICF60~8;®rirr @®u Utfjl fi/t;;tJ 
CJr6JlrT[TGivUJLJJrT!DN C86Jlfij;UJ60 GiurT(!!jLCEroYr. &® CF@LJJUJt;;lJ@[JJu5!60 @w0rr, 

CFfrci;CE@[T, Gl@tD?iuTGllii~mu, (!jJL@L C8urrrobT[JJ 0~00~u GiUrT(!!jroYrCEroYr 

0rrrDOrrrCEC86Jl &liiifr.f!)JC8CFfr0.fljJ &® C8CE8;a;rra; wrrf!5/UJ.f!jJ C8urrru ... ~tfjl 
wL_(i)Jw60t;;tJ wrrf!5/UJ C8CE8; <r{iJ.f!)J C8f!)[T;i,fij;60 @fTtDliuTLrrfi'I w[iJGl[!JrT(!!j 

'(8a;8;'=a; :Q_fDliurLrrci;fi'!UJ.fljJ C8urr6'or[JJ ~fb/CFUJW ~· @00 cilll0=0=UJ 
Glw60ru Glw60ru cill!~C§rr~a;irr yrA0.f!jJGla;rrirrw,Z, tfj16Jlriufi'!l1./irrrorrrDOrfr. 

C!JJ0ru60 @tfjl 6T60t;;tJrrC8w Cfj?C8[T CFWUJ;i,fb/60 rff/CEJP00 ~fij;CFUJW 
6T<iibT.f!)J @@!DN{b0rr600rrw fi/8;a;60 @(!!jfi'l[JJ.f!jJ. Glw60ru rff!0rrrDOrwrra; 

~@}Pl ~@}Pl 6JJ rr CE a; rr ru LiJ a; rr ru w rr CE & ® L/ C8 [T rr L_ ill_ w :Q_ ® 6JJ rr !DOT" tfjJ 

6TW.f!)J C8UJrrfil;i,0rr60 ~uu4 Cfj?W.f!)JW GlurAUJ cill!0=0UJrra;,Z, Gl0rA 
UJrT.f!jJ. :Q.._0rf[Tliim"WrTCE ~u5![TUJ uci;a;LiJ G/a;rrtD?iuTL {IjrT6Jl60 &® CE<iim";i,@60 

(!jJC!:£!6JltfjJW C80rrrobTf!5/UJ.f!jJ €rW[JJrr60 ~tfjl cill!dJ=0, [JjLci;CJ;8;a;,_4UJ060t;;tJ. 
~rDOrrr60 67"<!:£!,i,tfjl €r<!:£!,Z,0rr a;, 6JJrA6JJrAUJrr CE C8UJrrfil;i,tfjl ~4,i,tfjl, fij;(!!j;i,fij; 

6TC!:£lfij'; &® 6JJ@~0fij;60 &® 0rr6Jl60 6TC!:£l0uuLL.f!jJ 6TW.f!)J GICFrrw 
rDOrrr60 f!jWU C!JJl.i/-fi'!f!J060ru6Jlrr? ~tfjJC8urr600rrw fi/ci;CErurrrDOr uC8[TrrL_ 
ill_W CEirr ~=w@0JiJ® rff!=f!JUJC86Jl ~6Jla;rr CFW. t;;tJLCFci;CE!iim" ci;CJ;rr!Dlfr 

~ fDliur (i)J a; irr ~ u5! !DOT" 67" w f!J rr 60 f!5 w u C!P Li/- fi'I f!Jtfjl. i.51 fT u ~ CF 0 fij; 60 0 JiJ 
. GiCFUJliil)rT!Dlfr C86Jlfij;UJ60 wrr[iJ[JJriuCEirr CF0rT rffia;JP0.f!jJGla;rrtD?iurC8L @®8; 
fi'JrobTf!JrDOr. ut;;tJcilll0 'urrruwfr'CErirr, CFfrci;CE@[TCErirr, ut;;tJcill!0 Givu4CE 
8; f!5/r;;iv L 60 a;ifr :Q_u5J [T {iJ.f!)J :Q_fDliur L rT fi'J cj;Q a;rr fDliur C8L @@ci;fi'lw f!J!DN. ~@ 6JJ 
:Q_u5J[TrrCE WrT[JJcill!60@t;;tJ 6T~WJW fi/ci;a;t;;tJrr!Dlfr wrrlii15!8;11./60 ~@LDULJCEroYr 

i.5) [TU~ CF fb ffijl 60 CF 0 rT rff/ a; JP dJ.f!jJ Q a; rT fDliur Li/-@ 8; fi'lw f!J !DOT". U ~ 8; a;L_ Li/- u5J ru 
(!!jff,tfjl CF~ci;fi'l[T&;i,@0# Clr{iJ.f!)JW 6Jl@WUJrfJCJ>roYr 6Jl@[T @roil6JJ@CEu5!rurrrDOr 

fi/ci;CJ;rurrrDOr, :Q_u5JrifiJf!J, @46Jl@wuya;Wlw cill!=wfiil/0rrw @uu4u 

u L_ L CE rr rA UJ riJ a; rirr Q 0 rr L fr 0.fljJ rff! a; cgi LiJ C8 u rr tfjJ 0 cilll fr 8; CE C!P Li/- UJ rr 0 
cill!@W!ii!f0rTW :Q_u5Jfr 6TW fi'![JJrrfr CEroYr. 

'ffl fT w fiil/ a; ® C8 w 60 C8 6JJ fij; UJ 60 w rr JiJ f!J riu a; WI 60 fil a; a; 60 ~ fij; Ch rA {btfjJ 

&® a>LL,Z,fij;60 0w=rDOr;i,0rrC81DOr i.5/rA;i,tfjl ~=w;i,tfjlci;G/a;rrirr@Ji.iJ 

0@Jfiji, :Q_u5JrAw ~@L_UJrTWW, 0cill!fr8;CJ; (!jJl.i/-UJrT.fljJ ~=WdJ.f!jJcill!(i)li.iJ . 

inrrmOa; inrrm® 

w{iJGl[JJrT(!!j :Q_u5J@[T, ~tfjl Cfj?(!!j 0riua; wC8rDOrrr, a>[Tuurrw fd,#fi'IC8UJrr, 
urrci;ill_rAUJrrC86Jlrr, 83Giv6JlfrUJrr [TrTC8UJrr U@Lci;CE;i, C80@6JJUJrT!DN 

~@JPJci;a;irr 0 rrw®. a;rrfruw, =fil!DLfTtfSW, ~a;r;mSJmw, =f!5LfTtJS<iibT. 
@ 0 W1 L w i.Ei a;# fil a5J UJ ~ w cill! 60 w JiJ f!J 0~ w riJ a; w. :Q_ u5! rA 60 C8 6Jl.f!)J 
00fij;[TrfJCEW 67".f!jJW @60@ru. 6T60t;;tJrTLJ GiUrT(!!jWCJ>@Wll./W C8urrt;;tJ 
a;,_ L_ L@}PJ 8; CE WI w a;,_ L_ (i)J C!P UJ [iJ fil 0 rr w :Q_ u5! fr . 
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w 6T °"a~ ff@> a Lf) ~.(D (i}j ct a; rr lJ rT a; m 
'u..J rr ill@> lb a a; Ol'f1 rT !' 

IE (!!jW {IjrT WJ w, tIJGiv@fr UJrT [TrT 11./ LiJ' fi'IWltD?iur LWJ LiJ' 

C8CFrr~UJrr a;rrdJfij;ll./LiJ :Q_[!J!iilf0rTW. ~=0 rff!05i.5/8;®LiJ 
~6Jl!iim"riua;rifr0rrw f!jWWLLiJ @60@t;;tJ. vrrmrrci;a;@Jci;®LiJ 

~[TCF(;!!jliil);i,0@(!!j8;@ji.iJ 'fftfTWfiil/8;@) @@ci;fi'l[JJ.f!jJ. ~fDliur@LD 

u5!60 [TrTtJSfTrTtJSC8CFrrWJrA6'or 6JJWCF;i,06Jlfr 'fj?(!!j@fr 0~CFrT'il:J,fr 
~(!!jfi'l60 6Troiv.4.4. Hi> @@;i,@(!!jUU0rra;# GICFtil@ 

u4,Z,C80w. @=0 0wu 6TrDOrci;®0 0UJ8;a;C8w @60=t;;tJ. 

@00 fi'ldJ0~1DOr=UJ cill!rAfiilJu(i)J;i,fij;rDOrrr60 C8w~w 
cilll C8rDOr rr 0riu a; irr 67" cgi LiJ. .f9JT f!JrT u5! [T LiJ ~ fDliur (i)J CJ>@; 8; ® C!P w 

fd,i.Elu5!60 &@filru w~0fra;C8w @®00rDOrfr. ~6JlfrCEWIL 
i.Ei@0tfjl0rr6'or :Q_t;;tJ@w wci;CErirr ~=rDOr6Jl(!!ji.iJ fi'l=w fij 
C80rrw. cill!fij;cill!ruci;C8a; @60=ru. 

rfJ riJ ff>@; LiJ f!j rr WJ LiJ :Q_ [JJ 6JJ rr ? C8 UJ rr fil u C8 u rr w'. ~u5! [T LiJ 

6JJ (!!j ~ riJ a; roYr C!JJWC8 !DOT" Q CF 60 t;;tJ (!jJ UJ [iJfil uC8 u rr LiJ. ~u5! [T LiJ 

6Jl(!!j~W 6TWU.f!jJ CJrwrrfr f!jrT{iJU.f!jJ 0=ru(!jJ@[JJCJ>roYr. 

:Q_rfJCJ;@Jci;® &® 0rrtil, 00=0 6T!DOT"ci;(;!!j &® 0rrtil 
00=0· f!jrTW(;!!j a;rr;i,0rr urrL_4, 6TL(i)/ G/a;rrifr@;;i, 

0rr;i,0rr, urrL_4CErirr &liii.JGl6Jlrr(!!j 0=ru(!jJ@f!Jl1./W f!jrTW 
i.51 w Q CF 60 ~ LiJ C8 u rr tfjJ {Ij LiJ (!jJ w C8 !DOT" rr fr Ch WI w 67" fDliur 

=flci;@CJ; @C!!JWLriua;rrfi'l[JJ.f!jJ. {IjrT{iJU.f!jJ 0@t;;lJ(!jJ@[!Ju5!60 

a;=Bifi'IL_(i)lu urrfriJ0rr60 ut;;tJ t;;tJLCFi.iJ. C8a;rr4B>(;!!j 

C8 w [iJu LL (!jJ<iibTC8rDOr rr fr a;ifr. ~6JJ = [T 6JJ rr J:Pd50 :Q_liil)@w 
w8;a;L_G/0rr@a>@UJ cilllL WCE ~fij;a;LiJ . a;=Bi® 6TriJC8a;rr 

:Q_ = 0 a; fi'I f!Jtfjl. 0 u L/ @tfjl 0 rr <iibT . w ~ 0 @rDOr w C!P 4 cilll 60 
t;;tJrrw60 U[TcillJBiGJCErrtD?iurC8L @00.fljJ 6TriiiiTU.f!jJ0rT<iibT 06Jl.f!)J. 

a>LdJ0 CErrru{b@60 w~0 @rDOri.iJ U[Tcill!rDOrrr~LiJ fiji(!!jWU 

@0.fljJ ~roU6JJUC8UrrtfjJ &riiiiT.f!)JLW &riiiiT.f!)J a;ru00!DN. 

wtD?iur(i)Ji.iJ a;ru0C80rrw. €rrDOrC86Jl 0rrw @=0 @6'orWJLiJ 
i.51<iibTC8rDOrrrcf,fi'I C8UJrrfi'liJ0rr60 &C8v &® 'C!JJ6'orC8rDOrrr(!!jB><;!!j' 
6Jlrj)tfjl rff![iJC8urrw . @tfjl &® GlutD?iur . ~urAci;CE fiiJ6Jlrrirr 
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6lllrurfl<i;s;Gru (!J)l.S/--UJrr.t!)J rorillfiJwrrfrnro'fr 8'1rufr; (!J)l.S/--IL/w rorillfiJwrrfrs;ro'rr 

8'1rufr. ~.f!)J roruGurr.t!)J ffrT:;i;fij)UJwrr®Jii? @fi;{bu Ulrr#8'1~rn-~UJ 
@rr!DW@ 6lll{bwrr s; ~ ~ a;Gru!DW (El w. wrrro a;ILJiv rorill WI w e!:Pru$sn...f!)J 
a; 6YFJ ill @UJ iv t5I ro ® fi;.f!)J (!j) {bro iv ~ ~ s;G ru IDW (El w. ~ IDW ~ w u5I iv 
LD rr ro a, IL/ ru fr u UJ rr ru tJjl ror ill WI w e!:P ru 8; 8n...f!)J CF rr fr fi; {b lL u5I rfl UJ ro iv 
uru (!J)illGrn-fiJf!Jffils;ro'rr f;is;fpfi;.t!)Jro'rrwrn-. @UJfb~a;u51ill ~wB;Grrrr 
[DrTGrn-rr Cilw4Jilla;ro'rr @UJfbLJIUJiv 6lS/fi1a;~8;@j :!LLUL(Ei~{brTill 
@UJffil@j fiJill[JJrn". @filiv ror.t!)Jii:i wrrUJ wfi;filr;rGwrr Cil{bii.Jru# CilCFUJGrurr 
liiT.f!)JW s;IQW~B;®u uL6illiv~ru. ~rn-rriv :?LUJ[!~6llliv wrrro8$1LJiv 

a;~w ULl.S/--UJro(Jjlru.t!)J wL.._(Elw Gurr{brr.t!)J, ~{bfD® Gw~w &ill.f!)J 

@®B;fiJf!J.f!)J· &® s;6lS/~{b~UJ 6ll(!!j~8i®wGurr.t!)J ~~{b a;6lS/'§~ill 
'fi;ILJ[Trrills;6Yflill @UJ$a;w' rorill.f!)J rufr~uu.t!)JGurrru~{brrill; wrrro&ILJiv 

a;~w uLl.S/--UJro@ru.t!)J ®~f!JULL.t!)J. :?Lu51rflill (!j)a;fiJUJ ~~LUJrrww 
rorillrn-? '@[!Ll.S/--UUrT6ll.t!)J' 'Cilrru6YFJGs;~ill' rorillfiJ[JJrrfra;ro'fr. &® 
Q CF iv LJI rfl fiJ f!J.f!)J, LJI rfl fi;.f!)J 8'l f]51.t!)JG f9 rr ~ fi1 iv @rr !OW (£1 u rr fi1 IL/ w (!j) <!:P CF rr 
fiJ[!J.f!)J· &® wrrro$1LJiv {bill~rn-~{brrGrn- a;rruUIUJl.S/--UU.f!)J 6lllfi;~{bUJrT$ 
G{brrillf!Jrurrw; ~rn-rriv f;is;ij;ifiJ[!J.f!)J· G[D[Tl.S/--UJrTrn" CFLDrTCFrT[TW &® 
ror6YFJUJ tJSrTCiJL.DLrfl 6lSJfi'u5/illUl.S/--~ f;/a;ij;ifiJ[!J.f!)J· ~U{brT<!J>[!liiiv @~{DB; 
Ga;L_(Ei f;/8-CFUJW CFfi;G{brr~uu(Eirurrfr. &® wrrro$1LJiv rorill U.f!)J 

&®ru~a>UJrrrn- rul.S/--ruw. ~filiv uro'rrwffils;ro'rr, $LLiva>ro'rr @rr!DW@w 

@®8;®Li:i· ~{bWILill Cilurr(!!jfi;.f!)JW wfbCilf!JrT(!!j wrrro$1LJiv ~s;u 
uL_Lrriv u#CF8> rorill.f!)J $L_Livs;ro'rr uro'frwr5.Js;6Yfliv §?Ll.S/--a;Qa;rrro'rr~w. 

6J~UUt.q.15&tr 

{DW l.S/--61"ill6}' {bill~rn-~{brTGrn- liiTUUl.S/-- @rrLl.S/--UUrT8;fiJ8;Qa;rrro'rr 
fiJ[!J.f!)J rorillu~{b ror6YFIUJ 6J~UUl.S/-- a>~{b 6lS/fi1s;6YFlillul.S/-- urrfr8;a;rurrw. 

l.S/--rorill6}' .[pffiv 6J~ 6lll.S/--6ll~fijliv :?LW!D'IT.f!)J rorillu~{b J9S08;a;6Yfliv 

rurrL.._CFill, 8;rf/8; @®6ll(!!jW a;IQW@LJll.S/--~{brrfra;ro'fr. 

@fi;{b 6J~u5lill ul.S/--a;w f9rTill® ru~a;uuLLrn-. ~~rua;~w 
f;/1LJB;6YFIGUJrr~L@a;ro'fr rorillufr. ~l.S/--~ill. {bGUJrrwill, ~ffLGLrr8'lill, 
(06llrr~ill rorill.f!)J f9rTill@j Gufr. 

&6i.JCil6llrT(!!j 'Ul.S/--ILJW' @fi;{b [DrTill@j f;/IL/8;6YFJGUJrr~L@a>6Yflill 
Qurr(!!jfi;fi'UJ G8?rrl.S/--. ~l.S/--~rn-ill, {bGUJrrWWILill a;#8'l{bwrrs; 

Cilurr(!!jfi;.t!)Jii:i. ~CFLGLrr€i'IWiw, @j6llrT~WIW &ill.!J)JLill &ill.f!)J 
Qurr(!!jfi;.t!)Jii:i. @fi;{b !PffGru~~UJ (!j),f!)lfiJiv CFfrCilrrill.f!)J Ulrfl~{brriv 
@fi;{b Gggrrl.S/--a;ro'rr Ulrflfi;.t!)J6lll@w. w!DW(Elw ~G{b G8?rrl.S/-- fiJ~L<i;@jii:i 
Gurr.t!)J fYLl.S/--B;Qa;rrro'rr~w. @{brn-rriv f9@Gru Ulrfl~{b &® l.S/--rorill6J, 
wrrro8$1LJiv Ulrflfi;{brT~W ~.f!)J w!DW(Eiw &ill.f!)J GCFfr6ll{bfD8>rTrn" 
Cilffii.Jfijl u~filrrwrra; @®$fiJf!J.f!)J· G8?rrl.S/-- Gff(!!jW 6lSJfi1a;ro'rr wrrwrrwiv{brrill 
UlrflfiJill[JJrn". :?Lu51rflill @rrLl.S/--UUrT@jW [!a>€i'IUJW @.ffe{brTill . 
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@~{b Templating - rurrfruuLw ~~LDUU.f!)J rorill.!J)J CilCFrrivrurun-w. 

&® l.S/--rorill6J !PffGru~~UJ 'fijlU'~u Ulrfluu.t!)JGurrruu Ulrfl~{brriv 
Ulrflfi;~ (§tproriu 6J,tJil,l.S/--·rorfi rorill.!J)J CiluUJfr Cils;rr!DWL ~~rrv 
ffLDrrCFrr[Tffil&ro'fr Br{bfi;filrrwrra; ~~rulLJW6ll~[T ~~ru CFLCilLill.!J)J 
G8?rrl.S/-- Gcrfr~.t!)J8>Cila;rrro'rr~w. 6ill~w6l/ wfbCilf!JrT(!!j l.S/--rorill.6J. @.f!)J 
'Cilggrrrr8>1iiiv' Ulrrfil ror(Eluu.t!)JGurrru ~ivru. Cilf9a>l.S/--6ii ~6ll~.f!)J 

GurrL.._GLrr Ulrrfil ror@uu_ffeGurrru. 

l.S/--liiTill6}' liiTUUl.S/-- @rrLl.S/--UUrTfiJ[!J,f!)J rorGiiTU~{b ror6YFlfi1riu ~rffifi;§ji 

Cils;rrro'frw (}j)l.S/--fiJf!J§jl. :?Lu51fr rorillu§jl @§ji wL.._(Eiw ~ivru. :?Lu51fr 
rorillU§jl urrrrwurflUJ# CilCFii.Jfil. l.S/--rorill6J rorffiJGa; urrrrwurf!UJ# 

CiJCFii.Jfil~UJ ~6ll~§jl8>Cila;rr!DWl.S/--(!!j8'fiJ[JJ§jl? liiTUUl.S/-- ~fi;{b# CiJCFii.Jfil~UJ 

~@~{b {b~f0\J(!j)~f!J8i@j U[TUL.JfiJ[!J§jl? 

(!J){broiv CilCFii.Jfil rorffiJGa; @®8ifiJf!J§jl rorill.!J)J urrfruGurrw. :?Lu51rflill 
CilCFii.Jfijl~UJ Cil[D(Eiffila;=-8>fiJiv {DrTCilru(!p~§j)B;s;r;;Yr wL.._(Eiw Cils;rr!DWL 
&® Cilwrrf/)u51iv liiT(!p{bUULL rurr&fiJUJw rorill.!J)J Cilffrrivrururrw. 
A,G,C LDfD.f!)JW T @fi;{b [DrrCilru(!p~§jl8;a;~w8; Cila;rr!DW@ f;(!!j $1DWL 
rurr8ifiJUJW{brTill {DW(!j)~LUJ t;§ill. l.S/--liiTill6}' @[TLl.S/--UUrT@jWGUrr§jl 

@fi;{b rurr8;fiJUJr5.Js;ro'rr u~filrrwrrs; L.Jfi'UJ l.S/--rorill6J sn..LL~6ill~w 
Ulvfi1CilUJ(El$a;uu(ElfiJill f!J<ar. u rr rr wu rflUJ# CilCFii.Jfil Qa;@rufiliv~ru. 

&6i.1Cilrurr(!!j (!j)~f!JILJW @rrLl.S/--UUrT@jii:iGurr§jl 8'lru CFLDUJW ~rfl{brra> 
Ul~tpa>ro'fr G[Dfr6ll§j)IDW@. @fi;{b 6lll~w~ru WILJLGL~ill rorillurrfra;ro'fr. 

LJI fT fi1Cil UJ <£18>® w UI~ tpa>w rr iv{brr ill L/ fi1 UJ ~~ 6V(!j)~ f!Ja>ro'rr L/ f!JU u L_ 
L<ar. &® ~#CFa;~filriu ~#8'1UJfi;fi1v~fi1iv !PfffD.!J)J8'a>=-8>a;rr<ar &Grr 
wrrfilrFIUJrr<ar u<i;s;w Cilru6Yflru(!!jii:iGurr§jl &® u8;a;~fi1iv w8'1 ~fila;wrr 

a;Grurr ~ivru§jl :?Lrufrfi;G{brr @®fi;.ffe 6lSl~fi1UJrrCFwrr<ar &® uci;a;w 
~#CFrT6ll§jl Gurrru ~ivru§jl fDrTCilru(!p~§jlci; a;6lS/~{b ~#aruUl~tp 

6JfbuL.._(Ei wfiJCilf!JrT(!!j a;6lS/~{bUJrT6ll§j)Gurriv {DrT~ rDT(!p~§jl {b~fO\J(!j)~f!J 
rurr8;fiJUJr5.Ja>6Yfliv :!LW!D'IT CilCFii.Jfils;ro'rr wa; $1DWL~6ll. @.Ga;rr~ru 

(e coli) rorillWIW rgyfr ror6YFJUJ urr8;~rflUJrr6lSI GruGUJ Ga;rrl.S/--8>a;=-ci;fiJiv 
rurrfr~~{ba;ro'fr :?Lro'frw<ar. t;§illa;6Yflill Cil{brr@ju~u t;§G<arrrw rorillurrfr 

a;ro'fr. &® urrci;~rflUJrr6llliv t;§G<arrrw ~u51rrw u&a;u L/~~a;w 

~!D'IT62f8i@jU Cilurflar. LD~{b~ill l.S/--rDTill.6)'.~UJ '°'<!:P{b &® .[pfffO\Ja> 
~w6l/ci;®u L/~{bs;ffila;ro'rr G{b~ru. 

ror <ar G 6ll :?L u5I fr ror ill u §jJ fDrT ill Q a; <!:P ~§jl 6ll rr fr~~ {b a; 6YFJ ill WI a; 
wa; wa; $1DWL ff[TW. ~<arrriv ':?Lu51fr' rorillu_ffe Cilru.!J)JW @[TLl.S/--U 

UrT@jW l.S/--·'°'GiiT.6J. CF[TW wL.._(Eiw ~ivru. @~.ffeLill L.JG[TrrLl.S/--ills;~w 
l.S/--·rorill.6JILJW f;~§jl~tpci;@jii:i rgyfr f;UUfi;{bW. 

uGrrrrL.._~illa;ro'rr 'Cildiv' rorillWiw :?Lu51[T~ci;a;~w :?LIDWLrr<i;s;~ 
G{b~6llUJrr<ar Cilurr(!!jro'rra>ro'fr. @fi;{bu L.JGrrrrL.._1.12_illa;~w :?L!DWLrrci;®LiJ 

CilCFii.JfillLJLi:i l.S/--rDTill6}'u51riu Cilurrfilfi;§jiro'rr!D'IT.t!)J. 
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!Jlf1Ttu6'T!f; Gf1>1TlPlji>lf1T~6\) 

w rol fb SL u5I fr GT ru u <0m fb w rr ro 8i IL/ iu GT ru W-f w JP1 L.. u C!JJ r,;v 8i 8n..!J)J 
~rorr615'1iu urrfrciirf!JL.bGurr~ &® [TB'rTUJarfi; G{brryJ/dJB'rT<Om6lJ Gurrr,;v 
uGr:rrrL..~rua;@L.b GTW<Om~L.iJa;@L.b, UJ-6TWq, ~frGTruq, wmmciilLjiu 

8i@W G8'fr~~ GB'UJiuU(J}IW @UJ$filr:rwGurrr,;vfi; Gf!jrTW.!J)JLD. @=!Oll 

a;@#il= L GUJ SLirr rorr & dJ.!J)J= WfL/ w an. L.. (£1 !D@J w 6T ru u~ Q {brfl fi1 !D~. 
@$fb 615'1rorr8ia;fi;gi;Jiu qG{brr fYW.!J)J 615'1L..(£1u Gurru51@8ifil!JJ~· ~~ 
GTWaT GTW.!J)J urrfruGurrw. 
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~ Gl~m-1.f-ffi Ce1>rr@ 

. 
LSJ-fiT~ro;J 6TWU~ C!jJ6lJ8ian..!J)J, ~~ fj?(!!j .ffiffGr,;v~ 

Gurrill!JJ ~<OmWUL.f . 

&® UJ-6T60Tq C!fJ6lJ8ian..!J)J i.Strf!ciia;uuL..Lrriu &roi.JG!Ollrr(!!j 

urrfillL/w @roi.J!Ollrr.!J)J GfRrr/J/- G8'fr$~Ga;rr~@ @r:r~(J)I 
UJ-6Tillq ~@615'1(£/w. 

@uGu rr ~ @$ fb [!)rT L a;f}.;gi;Jiu & (!!j L/ gi;JUJ u rr fi;fijl r:r iJ=fb 
~[J5!cy;a;w G8'tiJr:i1G!JJrrL.b - ~fr.GTru.q. rf!Gurr $1Lj8iW'iu518i 

~wr,;vw. 

'fj?(!!j G8'iu 6TWWJW SLu51[T~<Om!Ollf}.; {!jUJrTrflciia; uGr:rrrL.. 
~ru a;w Gf!j<Om!Oll. '6TW<Om~W' 6TWWJW @rf!UJrr ll.filciifil 
a;<0mrorr fl; {bUJrrrf!ciia;@JL.iJ uGvrrL..~ru a;w G~=!Oll . GTarG!Oll 

uGr:rrrL..~rua;<0mrorr {!>UJrrrflciirf!JL.b '8'<0mwUJiu rf!J[J5ILIL.fa;irr' 

lJ/- 6T 60T <gJ C!jJ 6lJ 8; an. [J5! itJ 6T (!£! fijl u5/ (!!j ci;@ru fJJ al". 6T LJ U lJ/- ? 

[!jfT w <!:Pru L/ Q 8' rr ru al" [!j rr Q <iil) (!£!fl;~ IOlJ rr fr fl;=~ cF 8' r:r r5J 
a;rorrrra;. uGr:rrrL..~ru GTWU~W fj?(!!j JE~L wrrruci; 

IL/iu ~ iur,;v~ C!JJ r,;vciian. .!J)J ~rr 6'of. ~ wGar rr ~ w r,;vri.J a;W/ru 
B'[TW. &roiJG!OllrT(!!j B'[T<J:PW &roiJG!OllrT(!!j uGr:rrrL..~ru. 

UJ-6T60Tq 'fj?(!!j ULISJ-Uliu <Om!Ollf}.;fijl(!!jciifil!JJ~· f!jaTcii(f!Jfi; 
Gf!i= IOll UJ rr ar uGr.rrr L.. ~ru a;W/ dsr u L..UJ-UJ iu - GT iu r,;vrr w 

[!) rr Q r,;v cy;i fl;~ IOlJ rr fr fl;= {ti a; rorr rr a;. 

@$f!i ~wGarrr ~i.fj)r,;vri.Ja;W/ru ULlJ/-Ul<Om<iil) uGr:rrrL.. 

~60T8i6YTfT8i WrTfDfJJ UJ-6TW<gl, ~fr.GTW.<gl. 6TWWJW 

[!j~u==- [!)rT(J}lfilfJJ~· ~fr .GTru.q . 6TW!JJrrliu rf!Gurr 
$IL/ 8i WI u51 cii ~ w r,;v w . @~ @J w [!)rrG r,;v cy;i fl;~ IOll rr fr fl; <0m fb 
a;W/ru !OllrrciifilUJwf!irrill. A,G,c, u.u rorruu~ IL/r:rrrfiliu. 

t§I Gurr<iilJfi;{brrW ~~· 

~fr.6T60T.q. U<iilJ!Oll<OmaiUU(J}lw. @gi;Jiu 6TW.~fr.6Tru.q. 

f!irTW [!)Wciirf!J cy;ciifilUJL.iJ. GTW 6T60TfDrTliu GwB'~B'fr -
Q 8' tiJ g!j1 Q 8' rr iu 6l5i . 

@fliill G!Oll<Om<iil) UJ-6TWqu51iu SLWIOYT uGvrrL..~60T 
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ULIJ/-UJ=ru, ®{J5/u4s;=rorr UIJ/-$ffe Gl<'Troi.Jroroi.J 4Gr;rrrL_~ms;rorrrrs; 

LDfTJD.fl)JLD GlaotiJfij/ $L$j!)Jl@Jj!)J. GltFroiJ~.$(.<!!jroYr @@$(.<!!jLD wroefl Gl{!jrrt:fidJ 
tTrr=rus;=rorr 'rAGurrGcrrrw'-Ribosomes 6Trnufr. d8,fr6Trnr;y Gls;rr~(El 
l@Jd;{!) Glcrtli®=UJ rAGurrGcrrrw ®{J5/u01L_L dPJWG~rr dPJWruriils;=w 
& ru Gl I@) rr m f!J rr a; dPf (El $ @J (!JJ@ L/ G r;r rr L_ ~ ~ rr a; dH, 8; ® fi1 f!Jffe. 11L u5I fr 
@@Uffe dPJWG~rr dPJWruriils;Wlro@~ dPf=w.$s;uu(£1fi1f!Jffe· 6TW.d8,fr. 
6frn .r;y. '6r {!)JD®U L.5/m 6rffe' 6frn u={!) u®rDI/ Glcrtli®@.$fi1f!Jffe· 

@ffe ~d;={!)UJrr~G{!). rAGurrGcrrrw, dPJWG~rr dPJWruriils;=rorr 
dP/ @$® l@Jj!)J. @{!) dJ ® u ~ L w rr JD.fl)J w - L_ r;r rr m rorv o°o u rt dH,fr 6r m r;y 
6TWWJLD wrrro.$11.jroi.l UUJrnu(Elfi1[!Jj!)J. 6TroV<01JrTGw dP/{!j~ {!)W @L$fij/roi.J 
dP/ d; {!) d; {!) s; <OlfOT $ fijl roiJ Gl u rr@ d; ® & @ u G r;r rr L_ ~ m eJ::P ru 8; a;.,_ f!J rr a; 

lDfT.fl)Jl@Jj!)J{!jfTW @d;{!) ~d;={!). @giJ LjrAUJ~roiJ=ru 6TWf!JfTW $1@.J=<OlJu 
uLrr$frs;rorr. @d;{!) r;rcrrrUJ~$fij/m dH,#<FrAUJ$={!) i!L<OlfOTr'rd;ffeGls;rr~ 

LfTW GUrTj!)JLD. 

rAGurrG<Frrw 'Gl{!)rrt:fidJcrrr=ru's;liiYf/roiJ 11LdJu$®UJrr~ uGr;rrrL_~ms;rorr 
dH,u51r;r.$s;<OlfOT8;@JroiJ Gl<FroiJ~8;®6Yr ®rAl@Jj!)JGurrru$ G{!)rrrn{J5/WJLb 9L_(£1 

Glwrr ${!)LDrT a; &@ &@riil® rf;is;{p@Jf!Jffe · 

dPjQJl@JWrDlf{!jrT~fT? 

11Lu5lrt 6r!OiiTUj!)J 'uGr;rrrL_~m u~~liiUj!)J' wL_(Elw{!)rr~rr? 11Lu5lfr 

liiUfTfpl@Jj!)J 6TWUffe @={!j~L ws; fi/8;s;rurT~{!jroV<OlJliiJJfT. GU8il@Jj!)J, 

Ukfa(!!jliiUj!)J, Uf!JUUffe, s;.,_(Els;L_(j}ll@Jj!)J, 6r®fruuffe, Gll@J.fl)JUUffe @Gl{!jiai> 
<OlJfTLD 6rriiJGs; fljW 11Lu5lr;r~~roiJ ufild>®@.$fi1rn[!Jj!)J? @={!)GlUJroV<OlJfTW 
w rr ro .$ 11./ ru fr u UJ rr ru tf/ 6r m Wf w eJ::P ru .$ 8i->..fl)J 11L u5I rA UJ 6iJ eJ::P ru w dP/ {J5I UJ 

(!JJ IJ/- UJ rr ffe . dPf ffe Gl <F rr roiJ liiJJ Gl {!) roiJ ru rr w @ d; {!) l1L u5I r;r ~ 61" u u IJ/­
uG r;r rr L_~ m {!)UJrTr;rrrfi1[!Jj!)J, 6TUUIJ/- @r;rL_1J1-uurrfi1[!Jj!)J 6rrn~ 6rrn~ 

r;raorrUJ~ wrrdJf!Jriils;rorr rf;i_s;{p@mf!J~-

@d;{!) r;raorrUJ~ wrrdJf!Jriils;liiYf/iu 11Lrorr Gfl)rr.$s;riiis;rorr uru 11Lrorrw~. 
l@Jrr{p~roiJ r;rs;fi/UJw r;r<FrrUJ~w wL_(f)IGw @w=ru. dPffilroiJ Glurrfijld; 
fferoYrW <FriiJGs;{!j.$ (!!j{J5/uJ(El 'Glm~LIJ/-8; Gs;rr(j}I.' 

Glm~i..:__IJ/-a; Gs;rr(El 6TWWJLD 11Lu5lrAm r;rs;fi/UJw @{!)IDiiT dPf=wu4 
6froi.Jrurr 11Lu5lrA~riiis;~8;®LiJ 9Gr;r l@)=s;u5lrurr~ffe· dPfd>{b 11Lu5lrA~$fij/m 

LJ${bs;LD dPfffe· ~d;{!) 11Lu5l=r;r 6TUUIJ/- i!L~Lrr.$(.<!!jl@Jj!)J 6rrnU={!) 

61" C!:P ® eJ::P m .fl)1 eJ::P !DiiT f!J rr a; = I@)$ fijl C!5 a,® w ® {J5I uJ (El a; rorr . 

fJ!fr 11Lu5lrA~$fij/<DiiT dP/${!)=~ dPJLDtTriils;=rorrll./w 9ruGll@Jrr@ Glaoroi.Jro 
~w 6T@fil =1@)$®@$(.<!!jLD @d;{!) dPJ=lDULj 6TUUIJ/- (!/J{!jroroi.J 
L/f!JUULLffe 6TWUj!)J{bfTW ws; ws;u GlurAUJ Gs;rorr~ . @{!)JD® 
crrAUJrr~ ufijlroiJ @rnWJW fi1=L.$s;~roi.J=ru. 

r;ym @@Uffe dPJWG~rr dPjW<01Jrfils;rorr, r;y<OiiT fljrTrnGs; f1jrTrnGls;@$ffe 
GggrrlJ/-s;rorr? r;ym ufijl~rrf!Jrrs; @w=ru. dP/ffe r;ym s;wu~L_LrAroiJ 
Gurrru @r;r~(El Gurrj!)JGLD ! 
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r;yG~rr dPjUGUrTffe dP/{!jfTl@Jj!)J (yJ{b6iJ i!Lu5lrAm ~WU $rT<OlJ$ffe.$® 

(!JJ m Gu @ d; {!) 2 O, 4 G {!) rr ffe u L_ IJ/- C!5 8;@ f!Jffe. dPf fijl ro C!5 d>ffe 11L u5I fr 
UIJ1-UU1J1-UJrrs; fi/8;s;rurr@J @uGurrffe Gl@J.fl)J~{bwrrs; wrrdJf!J @UJ<OlJrT{b 
dPJW6>.f8-.® fi/8;s;rurrfi1~L_Lffe . 

@{!)rn s;rrr;r<OlfOT s;rrrAUJriils;=rorr 8'JD.fl)J ~L_uwrrs;u urrfr8;s;rurrw. 
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CL If [J ~CL If ifl u..J rfil CL off 

L fT r'r@11~w urfl=rrw @1/ffil Glwwru, Wla; Glwwru 

@11Jr5.l<!!!jt.b '&® {b{i>.f!)J'iilJW. {b=<D\J(!JJ=f!J8iriiYTrT8i Ul.S/-UUl.S/­
ILJrTai 'Fj(!!j gi_u5JrfJ~t.b {!JW ff:P{brT={ba;=rorr@11L cMfiJa;t.b 

Ul=y;;ci>a;ft, Gl{brfi${b{brT8i 'iilJrorrr'rj){b.f!)J 6TWUC8{b cM{bW 

<Frr [TW. l.S/-61"Wq <Fr;T ft>fijl<DV q IDu(J)it.b WrT.f!)J{bW cMW<D\J.f!)J 

{b'iilJ.f!)J cMUUl.S/-UULL{!jW<D\J. cMffil<DiJ '&® 6r(.1:£!{i>.f!)JL1Ul=y;; 
@05${brr~t.b cM{b~rr<DV @11=rorr1LJ8ian.l.S/-1LJ uC8r;rrrL_/..!'!_w 
a;rirr uru wrrrfi/@1/(j)it.b. uC8[TrTLl..!'!_Wa;rirr{brrrobT l.S/-6Twq=tLJ 

UI r;r ffil Gl tLJ (£1 ci; a; u tLJW u (£1 t.b (!JJciifil tLJ 05ft,r;r {brT rfJ. @{!)~ rr w 
cM${bU t.5l=y;; @1/urf{b @11=rorr='iilJ qIDu(J)ift,ffiJ@11(j)it.b. 

cM (£1 ft>{!) {!) = <D\) (!jJ = f!J cM y;i {B.f!)f@1/ (£1 t.b. 

@fil<015105$.f!)J cMffa='iilJ qIDu(J)ift,{brr{!), 6r<.1:£!{b.f!)fu 
UI = y;;= tLJ {!) rr r5J fiJ 8i Gl a; rr rirr rorr 8; <Jn. l.S/- ILJ u l.S/- Gl tLJ (Jjl 8i ® t.b 

(!JJ = f!J {!) rr w UI = y;; fb.f!)J u C8 u rr a; 'iilJ rr ti..J u L/ rirr rorr .f!)J 6T robT .f!)J 
Gl<FrrW'iilJ.f!)J arruuC8w. cM.f!)J{brTW <Frfi . Ul=y;;u5J~rr<DV 
q ID u (£1 t.b cM WI C8 ~ rr cM WI ru r5J a;r;,Yr 8' ID.f!)J C8 'iilJ.!J)J u L_ L rr 

~t.b .. . cMffiJa;t.b urrffiluLJ qIDu(J)ift,{brrw<DV cM{b~rr<DV 
i!L 6-ITTrr L rr ® t.b u C8 r;r rr L_ /..!'!_ w a; rirr q f!J 8i ® = f!J tLJ cM C8 {!) 

C8rDll=<D\J=ILJ Gl<Fti..JtLJcii<Jn.l.S/-ILJ{brT a; @@cii(!!!jt.b. @UUl.S/-fb{brT!ObT 
Gl wwru Gl wwru, {b'iilJ .f!)J @a;fp ${brr~ t.b {brT r5J fi:JciiGJ a;rr rirr w 8i 

8i.. l.S/-ILJ t.51 r;r ffil 6T (£18; ® t.b (!JJ= f!J= ILJ 'l!Lu5J r'r' {!jcii a; =@) fb.f!)J ci; 

Gl a; rr 6-ITTrr (£1 rirr rorr .f!)J. 

Lrr6iiJC8W~ILJrT uwa;=ruciia;y;;a;ft,={b# S'rTrfj){!j 

i.JL-Lr'r tJSrrr'r@1/fiiiu WID.!J)JLD cM'iilJr'r <Fa;rrciia;r§t.b l.S/-61"Wq 

<Fr;rrDllrfi=<Fu5Jw '&® ~ru ''iilJrrciifi:J1LJr5.Ja;Wlw' cM=wuLJcii 

<!!!jLD cM@l/8ia;05@1/robT @=LC81LJ @11Jr5.l<!!!jt.b S'ciiffil wffiluUl<DV 

Glurrffil(Bffil058i®t.b '05uur'r ~GlwL_rfJ ' cMW<D\J.f!)J i!LtLJr'r{br;r 

&@®®· l.S/-6Twqu5J~t.b @05uu{brra; cMrfi/${brrr'ra;rirr. 
@.f!)f {!) IDGJ <F tLJ ru rr a; Gl {!) rfJ 1LJ@11 w = ru. ~ ~ rr w i!L u5J r;r ID f!J 

wrrrociill./wa;Wlw @tLJciia; @1/ffilcii®t.b, i!Lu5l05rirrrorr l.S/-6Twq 8i 
a;W/w @tLJciia; @1/ffilcii<!!!jt.b 'FJID.f!)l=W @@UU.f!)J ~(Bfijlciia;{!J 

{!jciiai.f!)J. 
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w 
i!L u5J r'r 6T W1 t.b @11 dJ = {!) u5J w i!L rirr rorr w r'r w ft> fijJ w u rfJ w rr =ft> = {!) 

$ r5J a; rirr cM rfi! $.f!)J Gl a; rr rirr rorr C8 'iilJ @fil w (!JJ tLJ w .f!)J rirr C8 rorr w . @.f!)f L/ rfJ tLJ 
@1/w=ru 6T~W a;rDl.l=ruC8rDl.16iirrrLrrt.b. wrrroci;IL/rur'r UtLJrrrutijl, 6T<D\JciiL 
[TrTW =wci>urrw C8a;rruLJa;rirr C8urrwf!J uru a;05@11a;=wcii Gla;rr6iirrr(j)i 
IS/-6TWq @r;rL-1.S/-uUrr(!!!jt.b cM${b @1/j)={b=ILJ 6TLIS/-U urrr'rciifilf!J.f!)J · 
IS/-6Twqu5Jw cM=wut.51<DV Gl<Fti..Jffil GlurrfijldJ.f!)Jrirrrorr.f!)J 6Twuffilw tptLJ 
Wl<DV=ru. '&® a;@11={b=ILJ Gl'iilJ.f!)JW 6T(.1:£!fb.f!)JairorTrTa; urrr'rciia;rurrt.b, 

cMr'rfb{b(!JJrirrrorr '&® a;05ft,{brra;G!ft.b urrr'rciia;rurrt.b. ~C8urr<DV cMl.S/-=~w, 
@i'iilJrr~w, ={btLJrrWlw, =<FC8Lrr~w <Fr;rr5.Ja;wrra;u urrr'ruu.f!)Jt.b, 

@=rDllGltLJ<Dl!rurrt.b C8<Fr'r$0 cill!ffil '&® a;v;iirrr~w rf!f!Jwrra;, '&® 
@L.f!)f=a; uy;;ci;a;wrra;, '&® ~{bffilr;rft> ffiJf!J=WtLJrra; @05Liu.f!)J a;@11={b 

u5Jw Glurr05rirrC8urrru urrr'rciia;rurrt.b. 'F)W.f!)J @ruciia;=t.b WIDf!J.f!)J 

@ruciifi:JtLJ t.b. 

l!L{brrr:r= wrr a; {!JW11f!w fEirTW® 6T(.1:£!{i>.f!)Jciia;=rorr 6T(Jjl{iJ.f!)JciiGla;rrrirr 

C8rDl.lrrt.b. r;r, cM, <F, ='iilJ. @=rDll 0rrw=a;IL/t.b 

B'='iilJ[TcM 

cM='iilJ[TB' 

=rDl.lr;TB'cM 

=@)er cM<F 

@uul.S/- uru@11{b cMr'r{i>{bwIDf!J Gl<FrrIDa;rorrrra; cM=wciia;rurrt.b. cM='iilJ 
a;Wlw @[T6iirrr(Jjl wL_(£it.b0rrw cMr'rfb{b(!JJrirrrorr='iilJ. cM[T<F='iilJ, cM<FCT=rDll' 
cM.f!)JC8urr<Dl!{brrW cMl.S/-Uu=L 6T(.1:£!fb.f!)JBirorTrr~ A, G, C, T <Fr;rr5.Ja;rirr 

cM=~ft>.f!)Jt.b cMr'rfb{b(!JJrirrrorr='iilJ cMW<D\J. &@~ru <Fr;rr5.Ja;rirr{brrw 
uC8r;rrrL_/..!'!_w {btLJrrrfici>(!!!jt.b ®rfiiLiLJa;rirr. 

cM r'r ft> {b(!JJ rirr w ®rfii u L/ a;rirr, cM r'r fb{b w IDf!J ®!J)U u ft,fijlro 05 WfjJ 6T u u IS/-fb 
C80rrwrfii~. 

urrr'ruC8urrt.b ! 

11._ullif16ilr !)"lli"1wlil tll 25 



ii!_ u iJ ~ 6lllii Iii lilld1m'l~tii w 
IL u5J /)" ~ = !DlJ IL/ LD a;~ mi= UJ IL/ LD & LJ t5I L (ljJ /J/- IL/ LD . 

lf)(!!j a;~mi u5Jru ru ruQ u rr (!!jrirr, Q w"1JTQ u rr (!!j rirr ~ ru .f!)J 

@IJ"~@ ru=a; :L~@. 'jJ!!)rTfr@<lrufr, S"rro°ouL_<lrufr. 

a;~mi u5Jru fij)= I)", 1Cl51€rJ>CFU uru€rfla;, ~ {l>@JW @@cii@jLD 

LflruCFrrf)" S"LDrrCFrrf)"ffila;w, filru~a;rirr @=ruGIUJru rurrw 

ruruQ u rr (!!jrirr. a;~IOef/ = UJ u UJffi u@{i;{!){i; <l{!)= ru u u@w 

-=?J, == {!; Q {!)fT Lfr CFfT 0 °o LJ L <lru fr Q wruQ LJ rr (!!jW. !DlJ ij)ciia; 

wrra; @${!) CFrruL_<lrufr lf)(!!j o°ouwrruUI {!)$L/J/-<lrurr 

fil/J/-u5J<lrurr a;~uGiurr{!5lu5Jru /J/-~a; ~"1iT@JLD ~Lfr 

{!)a; L_ /J/-<lru rr @® cii ® w ~ ru ru .f!)J f8 rr u a; <F fil ru ~a; 6Yfl ru 
ufi51$®@cii®w CFffiJ<la;{!) Giwrrffiu51ru ~@{!)ULJLL 

~=={!; Gi{!)rrLfr. lf)(!!j :Lu5Jf)"~~w ~!!J{b{!)rrij) 
~UU/J/-{i;{l>rrffi . ..J!)/.f!)J Giu(!!jLDLJrr~w u<lf)"rrL_~ru a;wrrru 

~!ii6r.t!)J. u<lvrrL_~rua;irr{!)rrffi ~{!)ffi 'jJ!!)rrfr@<lrufr. 

GiCFru€rJ>IDVcF ®~0®@cii@jLD m@~ a;wu~LLrAffi 
uwrr~/J/-ci; <lurrru ~6i.YIDV.t!)J ~{!)ffi :Lrirr<lw filru~a;rorflru 
filroci;a;rrru ~/J/-urra;w <lurrru. Giru.!!)JLD u<lf)"rrL_~ru 

a;= w w L_@w Q {!)FT®{!;{!)= w {!; {!) rr ru ~.f!)J :L u5J fT rr a;rr .f!)J. 

@$ {!) LJ LJ a IJ rr L ~ "1iT a;= w = !DlJ {b.t!)l ~ ru lii6T" Q 8" liJ !DlJ .f!)J 

~ ru u = {!) ~ {!) ru /J/- .~ ru .~. w vu~ I0!5/ ru a; w u !kf,L L 
(!!jcii@j ~==:2> Gi{!)rrLfr<lurrru ~cy;ifi1u51@ciia;<lru~@w 
(IJJWLJ GiCFrrW!ii6r base pairs ~W@JLD ~/J/-UU€rJ>L <ltJ.?rT/J/­

a;6Yf/ W CF IJ l.DfT a;. 

@${!)8' GiCFliJfij) {!)ciia; ®~JEl=ruu5lru uUJruu@w<lurr.t!)J 

:Lu5Jfr t51wcii€il!!J.t!)J. 

@${!) ruruGiurr(!!jirr, GiwruGiurr(!!jirr, u<lf)"rrL_~ru -

/J/-~ffi~ @==ut51ru tfjla;cy;iw filci;a;rurrlii61" IJ"CFrTUJlii61" 

wrrdJwffila;rorflru ~fr tfjlfr=u5Jciia;uuL_L &@ffil® @05cii 
€il!!J.f!)J· CFfD.f!)J IOl5/w8;®@<lwru. 

/J/-~W~ CFIJ{i;fij)ru @@ULJ.f!)J GiCFliJfij). ~${!)8' GiCFliJ 
fij)€rflUJ ~.f!)J, ~UU/J/- LJrA$.t!)JGia;rr~(£1 :Lu511)"~€rfl!Dll 
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:Lfj}u{i;fij) GiCFliJ€ilfD.t!)l· [,fil.f!)J ~u<lurr.t!)J JEla;~${!).f!)J? 

lf}(!!j CFfT{!)fT[T6lffl" LJLLW a;rrdJ{!5lru Uf!JUU.f!)J ~UU/J/-? ~®619@$.f!)J 
~ru !Dll$.f!)J ~LD €rf)a;u5Jru @cy;i8;a; ~{l>fj}<la;fj}f!JU/J/- @@~§)JU Ul/J/-~LD 

IOl5I L@ w u f!J ci; a; €rJl ru ci;@ (] f!J rr w . @.ffe u L_ L w u f!J ci; a; ~ 6Yfl UJ (ljJ €rJl f!J. 

fijffila;w rA<lwrrL_ a;~L_<lvrrru r:yiruw @UJffil®w Giurrw=w ~<lvrru 

aw ru LJ rr fr{!; fij) (!!j LJ i.J fr a;w. ~.f!)J ~ LD !DlJ rr mi ru LJ !!Jcii@j LD CF rr {!) lii6T" LD{!)fT ru. 
~lii6/"rrru ~.f!)J a;L_@uu@{i;{!)Liu@w IOl5/{!)w LJLLw <lurrru <l~fT/J/-UJrTlii61" 

{!)GiJIDV. ~{l>@JW lf)(!!j <lv/J/-<lUJrr /J/-IJfTW~WLLfr rAfFrufr @@cii€il!!J.f!)i· 

~.f!)J g if1i ® $.f!)J ~ @l u L/ w Q CF liJ ®a;= w u Q u dJ.f!)J ~ = ru a; 6Yfl ru 
~fr{i;{!){i;={!)Li LJrA~G/a;rr~@ Giurrw=w u<lw=lii61" filrfj/UJ uGivrru 

<luru <lwrrLLrrfra;w r:yiruw a;L_@uu@.j).f!)J@!D.f!)J· ~w :Lu511J~ 

&® CFrr{Drr!J= LJLLw<lurrru -=?J,!JLDUl-$.f!)J <llJ"/J/-<lUJrr a;~L_<l!Jrrru 
G/urrLD€rJ>LD u<lw!ii6rrra; wrr{!5ll0!5/L_L.f!)J ~W.f!)J GiCFrrrurururrw. {,fil.f!)J 

~fTW€rJ>LI0!5/ru JEla;~${!) l.DrTfD!!JLD ~LD8;@j.j) Gi{!)rA${!S @UJfi;€rJ>a; IOl5/fij)a;w 

r:yi ru w @$ {!) -=?J, 8' CF rA UJ a; fJ" w rr lii6T" w rr .f!)J {!) = ru IOl5I w ci; a; (IJJ /J/- IL/ LD rr ? 

(IJJ /J/- UJ rr .f!)J. 

1010101010101010101010101010101010101010 

fij~L @${!) CTIJ{b€rfl{!) :LfD.f!)JU LJfT(!!jffila;w. @fijlru lf)(!!j &@ffil@j 
@@Liu={!) :Lffila;wrrru a;rumiciia; (IJJ/J/-0®®cii®w. @={!> ~(!:£!.f!)J!Dll{!)fD@i 
lf)(!!j IOl5/fij) ~=LD.j){!jrrru 'JO ~WLJ€rfl{!) 20 {!)L€rfl!Dll ~@{!)~W' ~ru 
!!JrT6i.Y <lurr.t!)JLD. @={!) lf)(!!j GiCFUJ6i.Y(IJJ€rflf!J - ~rua;rrrA{!)W ~ruurrfra;rirr. 

a;~uG/urr{!5lcii® wL_@w ~ruru ~rua;rrrA{!)w ~ffiu.t!)J Giurr.t!)Jrurra; 

~={l>UJfT!Dll.t!)J GJCFliJUJ ~dJuLL GiCFliJ(IJJ=!!Jcii ®a51LiLJa;rorflru Gi{!)rr®LiLJ. 
:Lu L/ w rr Q CF liJ ru .f!)J ~ u u /J/-, Q ru ~ u rr ~ @.f!)J ru .f!)J ~ u u /J/- ? @u u /J/­
u ru GiS"liJ=a;a;@cii® ftfrwrrmici;a;uuL_L (IJJ€rflf!Ja;rirr :LWW!ii6r. 

~${!)# GiCFUJro~w lf)(!!j &@ffil<la;rr ~6i.YIDV.t!)J ®@LDLJ.j) ®@LDLJ 

~={!)<lUJ GiCFliJ!Dll{ljfDa;rrlii6/" ~fj}urr@ @@${Drr<lrurr ~{!)fD@j lf)(!!j 

Gi8"1iJ@j{!51ULJ ~cy;ifij)I0!5/L (IJJ/J/-ILjLD. ~UU/J/-cF GiCFliJUJ @UJIDVfT{!) 
a;rrrAUJffila;=w {!)rT.f!)JLDrTf!JrT!ii6r.t!)J - random 61"Wurrfra;w. @rAG/a;rrrA 

=CF .j) fijlru ~ ru u ru fr 83 i5I ~ w tfj}.!!)J ru lii6T" -=?J.fT rr liJ <F fil UJ rr w fr . @= {!) 
Q {lS 6Yfl ru rr a; ~.f!)J ® u5J L_ (El w w rr fr. Q CF liJ (IJJ = f!J UJ rr a; a;. (!!j ci; a; (IJJ /J/- UJ rr {!) 

a;rrrAUJffila;rirr ~=lii6r-$.t!)JLD {DrT.!!)JLDrTf!JrT!ii6rrrru (random)@UJdJ=a;u5lru 
. IOl5/fij)a;w ~=lii6/"~LD fj?(!!j !Dll€rfl<!hu5Jru GiCFliJ(ljJ€rflf!J<!hW{!jfTW. $!kf,L

0

_Lmim 
LJIOl5IFFfrLiLJ IOl5/fij)a;rirr @UJciia; @l)fij)a;w @=ruGIUJrururrw @UJdJ=a;u5Jru 

@@cii®w &® &@ffil=a;{l; Gi{!)rAIOl5/8;@ruf!Jlii61" . &® :Lu5Jv~IOl5/ru 

/J/-~ru~ ~=wuU!ru @@rurrwrrlii61" &C!:£!ffil® @@cii€ilf!J{!)rr? 

(IJJ {!) ru ru & ® = ru v ~ oo ru /J/-~ ru ~ ~ = w u = u ~ @-$.f!)J a; 
G/a;rr~@ ~fij)ru '§?(!!) &@ffil® a;~@Ul/J/-8.a; (IJJ/J/-IL/LDrr urrfr ci;a;rurrw. 

~UU/J/- a;~@Ul/J/-ci;a; (IJJ/J/-${!)rr6i.Y :Lu51€rfll}"<lUJ fj?(!!j ~rorflUJ o°ourrfr 
(IJJ IDVrT!Dllrra; CFLDWLJrrLrra; wrrdJ{!511Cl51Lrurr<lw ! 
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tfi JD (01 CF 11_1 o\4) 

@UJfi>ma;u51ru 0fi>Gil<FUJIOlJrr!Drfr a;rrrflUJriila>mrorr ~=wuu§)J 
&IOlJUW. fY(!!j ttJrrUJ-i;(!!JW @@ci>(!!JL.b a;rrut.5Jci;G/a;rrL.-mL 

a;mrorr ffiGtJ> G/a;rtL.-(£1riiJa;w. ~=liil.1 €Fl0.f!)Jliil.1§)1 0d> 
Gi<FUJIOlJrrliiM 6lllfiil!/1UIJL.b. &@JG!liil.1rr@ (.IJJ=JIJIL/Lb Glliil.1@JG<iil.1 
fD rr a; 8- €i1 0.f!)J Lb. @@J liil.1 rr .f!)J di Yo!, & 6Yfl u51 cii ~ t..E! 6lJ riil a; 6Yfl ill 
e.!:fJ 6lJ ci; <!fu..f!)J 8i W ~ m LD IL/ W <F [T liil.1 rfl m ff 8i W 0 W Q ff UJ 6lJ rr !OM 
mliil.10rr<Oirr. ~mliil.la>w <OTrulOlJrrw '~u51fr' Glu.f!)Jliil.lfi]lrumlOlJ. 

€il6lJ U/1Jiifij/GUJa> liil.1rflm<F0rrro '~u51fr' ~liil.10W® Gfbmliil.1 
UJ rr !OM ff riiJ G 8i.;D riiJ a;= !Orf ci; Q a;rr €rW UJ-<!!5 ci; &il<Oirr fDIOM. 6T ru 6\) rr 

G10rrLrfl~yb liil.1rrfriim0a;w ~wrorrliiM. ~10Mrrru ~frii0 
(.IJJWrorr liil.lrrfriim0a;w. ~mliil.la;6Yfiru €illOlJG<iil.1 '~u51fr' 

6T@JW ~frii0w. 

~fr 1:>0(.IJJ w rorr tJff GliiM rr Lb 6T u u UJ- liil.1 di0§)1 ? 0 fi>GI <F UJ IOlJrr 
~iulOlJ§)J 6lSifij/UJrr? @1J€CW(£1Gw ~wrorr§)JGurriu G0rr<Oirr.f!)J 

&i1JIJG0 I 6TUUUJ-? 0fi>Gl<FUJ~W 6lllfb11Lfl.b 6TUUUJ- &<Oirrrfii 
liil.1 rr {p&iJ<Oirr fDIOM ? 

a;rr LJ t5J ci;G/a;rr Lm L t!]rr UJ-m UJ a;6l]] [/)ii§)J !fjrr W 6lSJ@ W 

Lf W 6lll0iifi]liu @mJIJUU§)JGUrrlOlJ @@&&ilfD§)l @di0ci> 
a;rr rfl UJ Lb ! ~Lb u a;rr IOlJii fijl ru (.IJJ 0 ru ~u51 fr a; w G 0 rr ill .f!)J 

(.IJJ<Oirr ~L.-€il Glffti..10 6lSJfij)a;w @UJfi>t.51UJ~Lb Gliil.lfij)u51UJ~Lb. 

@mliil.la>6Yfl<Oirr e.!:fJIOlJL.b, @mliil.la>wrrru wL.-(£11.b, &<!!5 ®rfiiu 
t.51LL €Fl0fIJ=IOlJ (randomness) ~@liil.lrrci>a; (.IJJUJ-11./LDrr? 

m CJ m rnb 6T m WI Lb <:91 ~II" w Lb 

@difbB> Ga;w6lllu51<0irr ~(.IJJL.b fb6lll1J(.IJJW ~riila;~ci>®u 
L/ rfl di 0 rr ru tJff G liiM rr Lb 6T 6'oT u §)1 & <!!5 Lf)a; ~ ® <F UJ w rr liiM 
liil.1 roro §)1 6T <Oirr u §)1 L/ rfl IL/ Lb. L rr fr @)} ID1ffl <Oirr u rfl = rr LD 0 ii§)J 

QJ ~ fij)<Oirr e.!:fJ 6lJ W @di 0 ~ f.i/ ff UJ ii m 0 6lSJ !Orf ci; 8i (!jJ UJ-11./ LD rr 
<OTrn- GUJrr€ilii®@ci>&i1JIJrrfr a;w. '0£i>GlffUJru' <OT<Oirru§)J Lby,J,GL 
fiil!/1W 6T ill@/ Lb @IJ L_ UJ- u Ulm Gurr §)1 ~ fi> u (£l Lb Ulm tf> 

28 lit tf.!JillTj!;IT 

w 
u51 ~Lb 6lSI ® 6T <Oirr U§)J ®[/) rffi= IOlJm UJ <F LD rr 6Yfl ci; ®Lb 0 6'oT = LD UJ rr a; Iii!/ Lb 
wrrrfi/6lSl(£i&i1fD§)J · &<!!5 a><Orm-ci>(!!J GurrLiiGl0rflUJrrwru @@di;;orr~Lb 
~u51 [T Lb (.IJJ= ID Gurr LL t.51 <Oirr & <!!5 a;,_:_ Li> fijl ru ff rfl UJ rr IO"OT 6lSI = L 
liil.ldi§)16lll(£lw. ~0rr<Oirr urfl=rrw 0ii§)Jliil.1Lb. ~ t.f)Ja;t.f)Ja; GILD§)Jliil.lrrlO"OT 
6lllfiil!/1UJW. &<!!5 tJffGliiMrrL.b ~u51[Tw 0Lmliil.1 Gl<F~u UlmtJ>ci>a>Gliil.1€CW(£1Lb. 
!d,=liiM<h(!!JLUJ-a>wGurrlOlJ &@JGl<iil.lrr@(.IJJ=JDIL/W (!!JLUJ- Gurr(£lwGurr§)JL.b 
a>@liil.l<Oirr !d,=liiM liil.ldi§)J ~mliil.1a>mrorrii 0rrB><!!)Lb. (!!}LUJ-a>w Gl<Fii§)JL1 
Gurr(!!JL.b. e.!:fJ6'oT.f!)J 0=6lJ(.IJJmJIJu51ru &<!!5 <!!)LUJ- t.51mtJ><h(!!JL.b ~§)1 
(!!JLUJ-Gurr(£lw. 

B;IT!J6ml.b 

@00 @Lii®ru 'a>rr1J<0rm-Lb' <OT<Oirrum0ci> G/a;rr€CW(£1 liil.l{TG<iil.1€CWUJ-u51<!!Jci> 
&ilfD§)J. 'a>rr[T<0rm-Lb' 6TWU§)J ~rfi/6lSIUJ~ci>(!!J G/a;rr~<FL.b ~IOlJfrfiJUJrrliiM 
6lllfiil!/1UJW. @UJfi>ma;u5J<Oirr 6lllfij)a;mw (@UJfi>t.51UJru, Gliil.lfij)u51UJiu) a>rr[J<Orm­

wrr a;# Gi<Frrruliil.lfij)ru 0mLu51rum6lJ. ~liiMrrru &C!5 0fi>Gl<FUJIOlJrr1D"OT 

~=wut.5Jiu a;rr IJ= Lb &6Yfi ~ G/a;rr€CW UJ-<!!J<h&ilfD§)J 6TW.f!)J Giff rr6'oT1iiMrrru 

~di 0 cii a;rr 1J = w (!jJ ti>.f!)J u GI u .!J)J liil.1®ru=6\). ~di 0 cii a;rr 1J = a; fr iifbrr 
UJrrfr? ~§)1 ~ill rffia;tJ>Gliil.1€CW(£lw? Gurr<OirrfD ffriila>LLDrr!DrfT Ga;w6lSJa;w 
6T (!:£! &il<Oirr fD!OM. 

(.IJJ fb ru u rr a,~ rfl UJ rr G {brr ill .f!)J Lb a; rr 6lJ ii fijl ru ~§)1 liil.1 m IJ" @UJ ti> t.51 UJ ru, 
Gliil.lfij)u51UJiu 6lllfij)a;rorrrrru wL.-(£11.b ~<!!Jliil.lrrlO"OT <FIJ"riila>6Yflru fY<Oirr.f!)J 
'~u51rfl<Oirr' ~mLUJrrwriila;w Glufi>JIJ§)J. fbfi>Gl<FUJruru &<!!5 fY(!:£Jriil® 

L/®~ G/a;rr€CWL§)J. ~§)Jliil.lm1J"0rrro GiffrrrulOlJ (.IJJUJ-&ilfD§)J. ~fb6'oTt.5lfD® 
u rfl = rr LD 0 ii§)J liil.1 ii m fb ~fb rr 1J LD rr a; cii GI a; rr €rW (£1 Lb IL/ L_ G L Iii>!/' <Oirr 
t.51mtj>a>w, ®[/)rff/mlOlJ <FLDrr6Yfiu4 @mliil.la>6Yfl<Oirr e.!:fJIOlJW urrci>~rflUJrr 
6lSJ ru (!!j di§)J LDIDrff! 0 W liil.1 m [T liil.1di§)J6lSJ L 6lJ rr W. 

&<!!5 a;rrti.J w€CW==ii Gfbrr€CWUJ- 6T~Lb=uii Gfb(£lL.bGurr§)J 
~fbW® &<!!5 '6lll@uuw' @@&&ilfD§)J. &C!5 ~wurr ~==IDli ®[/)di§)J 
G/a;rrw~LbGurr§)J ~=0 6lll(!:£Jriila>Gliil.1€CW(£JL.b <OT<OirrfD '6T€CW=Lb' 

@@ci>&ilJIJfbrr ... ? ~wurrliiljci>a>rr? @difb '6T€CW6?m"Lb' &C!!J ~u511J&;Jliilj<h((!j 
~€WLrr? 

ufij)ru @rumlOlJ. ~liiMrrru ~u51rfl<Oirr ~wuw ufi>rfii ~rfi/UJ @difbci> 
Ga;w6lSJci>® ufij)ru 0di§)J0rrro ~a>Gliil.1€CW(£1w. 
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CL®mrCLm 

8='J <01.J ·-~f/iffi" (£la; (5 cf;{E!j C!:fJ W LJl LJI fR u5J ,;i] 51 (!!) Q {b!Hi~ <01.)cf; 

a;1TL.fi1$ GlfblTLfr ,fJ;ITLLULJLLffe. a;iJu=<NfblTW. 

@C!!J~W Wl]"LL =<iill$fbjf)J- LDWi{b @<N$fij/<Nfr GIU(!!jW 

LJIT~W &® roiSiUJITfij/ ur;rroiSIUJ{blTW ~!JidJfferoiSIL, &® 
fi1<01.JGr;r Ul=!J)Mil[!JITfrs;w. WcFCFW(!!jUU=fb =<iill$jf)J8; 
Gla;1Too@ ~u5!fr <iill1T{p&ilf!J1Tfra;w. a;@<pL ~<iill<NW. GTru 

<01.JITW UfDf!J1Tcf;®=!D· @C!!J~W GTULJ/.Jj-GUJIT Ul=!J)cf;&il[!J1Tfr 
a;w. GTW<01.J1Tw fl,frdJjf)J Gu1T<N1Tru GTW<N GICFti.JUJuGu1T&il 
G[!JITW GTW.f!)l &®0® <]a;L_a;, 'GTULJ/.Jj-UJIT<iilljf)J CFLDIT 
oouGLJITW. wWJ{bWJLW &® r;rwuw Qa;IT@ GLJITjfjJW. 

Gw=m GICFti.Jffe t.5l=1P0ffeci;Gla;1Tw<iill1TW' GTW&ilf!JITW. 
'~dJfb a;=LfR r;rwuGw ~=LdJg)lroiSIL.LITW ?' GTW.f!)l 
Quoo <]a;L_a;, ufijiru GICFITW<OlJ (!:PIS/-UJroiJlr;,'u=<OlJ. a;(!!jroiSla;w 

GICFti.JUJQJW a;C!!JroiSla;w Gfb=<iill. 

!JjlTW 51riuGl<iill1T(!!j<iill(!!jW GTrjj{b ~WQ/8;® LDfD[!J<iillrAW 
LJITW CFITfrdJfij/(!!jcf;&il<]f!JITW. ~u5!rAw a;=fbfL/W ~{blTW. 
~u5!r;r~ GTWUjf)J LD1T!iii5!8'1LJrua;irr &0ffe=!j)cf;@jw an.L.(£lcf; 
<:!!j@WUW 51riuGl<iill1T<iib7.f!)JW LDfDf!J=fb# fflTfrrjj{bjf)J-

IS/-GT<iib7<0J uGr;r1TL.IS/-GiJ7 a;=w CFITfrrjj{bjf)J- uGr;rlTLIS/-W 
s;w rAGu1TGCF1Tws;w1Tru fbUJ1TrA8;a;uu@<iillffe. ~dJfb0 
{bUJ 1TrA u L/8;a;1T<N ®ifj!u L/ a;w ? .dfH,frGTW<iiJ <@} !:f!UJ IT a; 
IS/- GT <fib7 <OJ {b (!!)@ f!Jjf)J ! (TIT LD = <iN $ {b UJ IT rA cf; s; @ (!!j@<p <ii1frr W 

Gfb=<iill. &ilC!!J@<p=WJa;® Q"'ti.JC!:P=f!J fbC!!J<iillffe Ga;1TroiSirjj 
fbW. ~{bfD$1T<N @jifj)UL.Ja;irr IJ"ITLDWiLw @C!!Jcf;&il[!Jjf)J ! 

6TULil.q 6Ulf;{!:i~ 

GT ru <01.) IT w "'rA {b IT w C!:P {b ru IS/- GT w <OJ GT u LJ IS/- <@} dJ {bjf)J ? 

(!:JJL=L <iilldJfbfblT Ga;1T!:f! <iilldJfbfblT t.5/r;r#fR=<NfblTW. 

@$;'.!> &!j)rDfR=UJ GTUUIS/- fl,frUUjf)J? &® Qa;ITW<OlJW 

@®w=u ~IS/-0ffe GICFti.JfL/w Glu1TC!!J<irra;(58;® @C!!JIDL.J 

Gfb= <iill u u @&ii f!Jffe. 

30 tit !Ji8i!lf!!ilf 

w 
<!:fJ{bW @C!!JWLj &$fij/UJW$(5W Gl<iillL/.Jj-(!!jWLj$(5W GTUUIS/- <iilldJfb<N? 

.d!H,!T wu $fi;iru ~<@}fr a;irr a;ru= <01.J8> Q a;1T oo (£l .d!H,IL/ fbnil a;irr GICF ti.Jfi;i(!!)8'a; 

G<iilloo@w. ~dJ<fb .d!H,IL/<fbnila>=w8> G/a;1Too(£l Ulf!J .d!H,IL/<fbnila>irr GICFti.Jfi;i(!!)u 
u1Tfra;w. 

GTjf)J C!:fJ{b!iiiSIW <iilldJ;'.!)jf)J /.Jj-GTW<OJ? ~W<OlJjf)J uGr;rlTL/.Jj-<NIT? @fbrD® 
ufijlru GICFITW<iillfij/W B>(!!)$jf)J G<iill.f!)JUIT(f}la;irr ~WW<N. 

@w=f!JUJ fiji<N rLu5ir;r~=<@j ~dJ.f!)JG!Jj1T8;@jwGu1Tjf)J /.Jj-GTW<iiJ;'.!)ITW 

GTtJ?LDIT<Nw. 'GTroWILw &® GICFti.J<!:fJ=f!Ju L.J.f>fba>w ~wwffe. ~fi;iru 
GT(!J!fi;iu5!(!!)8;®WUIS/- .dfH,rT<iiJW<iiJ GTWWJW G<iill=<01.JUJITL$=W ~WJUUI 
rAGu1TGCF1Twa;=w GTdJ<fb GTrjj{b uGr;rlTL/.Jj-Wa;=w ;'.!)UJ1TrA8>a; G<iilloo@w 

GTW.f!)l .d!H,==u5!@G<iillw' GTW&ilf!Jffe· uGr;r1TL.IS/-w a;w <fDITW G<iill=<Ol) 
UJITL.a;w. 

IS/-GT<iib7<0J &WLDIT fblT<iib7 @C!!J8'8ilf!Jffe· .dfH,frGT<iib7<0J fblT<iib7 ~ffe GICF1Tru~w 
ur01fefia;=w GTW<OlJITW GwiJGla;1Too(£l GICFUJ<01.J1T8>®8ilf!Jffe· IS/-GTW<iiJILJW 
.dfH,frGTW<iiJILJW ~=wuLJlru 51Grr w1TfijirAUJ1T<N=<iill. 

~IT 6T 6br 6J IL 6\) a; Lb 

1960 Gl<iillroiv!iiiSI .d!H,frQa;ru GTWLJ<iillfr a;!iii5/Gu1TfrWJUJ1TroiSiru .dfH,frGTW<iiJ 

fblTW C!:fJfb!iiiSlru <iilldJfij/C!!J8>a;<01.J1Tw GTW&ilf!J fi1$fblTdJfbi>=<fb Gla;1Too(£l 
<iilldJ{blTfr. uGr;r1TL.~<fib7 a;,,Y,- Bn.L ~ULjf!JW{blTW <iilldJfij/(!!j8'a;G<iillOO@w 
tDT<iib7f!JITfr. uGr;r1TL.IS/-wa;w catalysts GTWWJW 8>rAUJIT IQfilci;&;/a;w. 

@=<iilla;irr @wifj) .dfH,frGTw<OJa;® GICFUJruuL =fbrAUJw fbdifbffe UJITfr? 
I983ru {blT wroiv <OJCF8>, fi)L_<Oef/ .dfH,WLLDW IDT<N @C!!J<iill(!!jW @dJfb.f> 

®!D=LD ®=f!JdJfb ~wroiS!ru .dfH,rTIDTW<OJ-QJ8'Ga; @®dJfi1®8;a;<Ol)ITW 
GT w f!JIT fr a;irr. .d!H,fr IDT w <OJ ;'.[j<iib7 = <N .j, {b IT G<N @r;r L. IS/-u u IT 8; &;i 8;Q a>IT w 

(5 W fij/ f!J W LJ = L .j, ;'.!)jf)} !iii <iN $/ e!'j LJI .j, ;'.!)IT W ~ u5J fr .dfH,IJ" W LJI $ {bjf)J 
.dfH,fr GT W <OJ e!fJ <01.J W GT @,7 .f!)1 Q CF IT W <01.J C!:fJ IS/- IL/ W GT @,7 f!J IT fr a; W. @dJ <f!j 

fi1$;'.!>1TdJfb.f>=;'.!> '.dfH,frGT<iib7<0J ~<01.Ja;w' GTWf!JITfra;m. 

w IT !iii5/ a;IL/ w GT w WI w fY! <01.)a; an..f!)l a;oo wan. L_ 51 ®<@}=a; UJ IT <iN L_ IT fr roiSJ 
WJCFw @®8;a;<01.J1TW GTW.f!)l GUJ1TfR.j,{b1Tfra;w. 

= <@} r;rroiv u iJifj) Ga;wroiSJuu L.IS/-C!!Juufr a;w. =<@} r;rroiv GT<iib7 Uffe &® 
fRifj) UJ IS/-IDTW<OJ ~ru<OlJffe .d!H,frliiTW<OJ CFr;rw. ~=fb uGr;r1TL.~w 

@!PdJ®®a;®w. ~=<iill&(58'® fbW=<N.f,;'.!)ITG<N Ulf!JuUl.f>ffe8;Qa;1Tw 
(5W ;'.!>®fi;i @ru=<01.J. ~fbrD® =<iillr;rroiv &® ~u5!r;r~=<iill$ ;'.!)1T8;a; 
G<iilloo@w. ~=<@}a;=wu uUJrou@.f,fiji fbW=<N @r;rL.IS/-uu1T8>8il8> 
G;/a;1TwwG<iillOO@w. <OYVITW roivua;ruGww GT<iib7LJ<iillrAW urAG(J'IT{b=<N 

fR <01.J .dfH,cF CF rA UJ nil a;= W ~ U (] LJ IT jf)} ~ 00 $ ;'.!)jf)J. 
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i!_ u..Jl ii- i!_ mr L rr A> CJ> C!P 1.J- ILi rn rr ? 

~(l!j urAG8'rT{l)G6>=8; ®YJrruSiru :LuSi[ftD!D Glurr(l!j6Yfa;<DYf} 

ro (l!j fl;~ lL uSJ rt lL 00 L rT 8; a; (!jJ l.S/-11./ LD rT ? U rT 8; 12_ rA ILJ rT 

:LuSi(l!jWW Glurr(l!jW{l)rTW. ~6TWIOJ? :LuSi(l!jci;<§!ji.D :LuSir:rdJ 

f!J{l)tD<§!jW @G61LUULL f]J(l!j Glurr(l!jW ~fi/ro(l!j{i;J!)J 
lL uS/ rt @tLJ 8; a;i; G6> {!) J!)/ (@) 8; a; (!jJ l.S/-11./ W 6T roiJT U G6> {!) 6iv LlJ a; W 
wrrw, ~a;w GurrWf!Jliillrta;w rf;/®Llli;J!)J6Yrwrrrta;rirr. 

(!jJ tD {!51~ W lL uSJ [f tD f!J t;q LU Q U rT (l!j <DYfl ro (l!j fl;~ lL uSJ rt 
J!)J liil1 rfiJ a; C!::P l.S/- ILJ rr J!)J 6T IDiiT u J!)J {!) rr ffi [i)J!)J (@) = r:r a; LD 8; ® i; 
Gl{l)rA{i;{l) lLOOG6>LD. (!JJ{l>W :LuSirt ~rt6TWIOJ ~l.S/-UUG6>L 
uSi ru J!)J liil1 rfiJ fil tLJ J!)J 6T w u J!)J {!) dJ Gurr J!)J u 6t) r:r rr ru & u L/ a; 
Gla;rrwwuuL_L €ili;{l)rrfi;{l)i.D. ~=rrru 6T{i;{l)8; a;L_Li;fi/ru 
l.S/-6TWIOJ, fi>IL/B;<DYf}uS/8; ~Wl<Ot)W, uGr:rrrL_w_ru lLOOLrTci;@j 

fii)j J!)J ~ = fii)j a; <DYfl ro (l!j fi;J!)J l.S/- 6T ill !OJ lL tD u i> fii' ~ {!) tD a; rr = 
<§!j{!51Liya;w l.S/-6TIDiiTro;ruSiG<Ot)GtLJ 6T(!:J;lfi;/uSi(l!jUUJ!)f 6TIDiiTfilf!J 
@m=f!JILJ uoouLL :LuSir:r=LtLJrrwrfila;w J!)J(@Jrfilfil=? 

~a;rr<Ot)i;fiiru (!JJ{l>W :LuSirt G{brTW{J5111J ©Y>rf;i=<Ot)=ILJ 
G8'rr{l)==a; ®YJrrti.Ja;<DYfiru :LooLrrB;a; liilSl<§r§rr~a;w 
Gl8'ti.JJ!)J (@J(l!jW urAGB'rT{l)G6>=a;w ri}J!)J(@JG6>[f Gl1ii11dJ{!5! 

Gl u tD !D {!) rr a;# Gl 8' rr ru 6t) (!jJ l.S/- ILJ rr J!)J . 

~{i;{l) ©W;irf;/=<Ot)uS/ru {l)tDGlfftLJ<Ot)rTa; fft(l!j ~rt6TW"?J 
B'[fW :LuSirAw ~=LtLJrrwwrrfi/tLJ @r:rL_l.S/-uurrci;a;w -

Gl r:ru<DYf!Ga;Gl!/'ru 6TroiiT~ w {lj<§!jfij}G6> tLJ Gl u dJ{J5l(l!j8;filf!JJ!)J. 
~{ljffiLlJffi 6TW<Ot)rTW a;uw 6TWUJ!)J{brTW GlurTJ!)J(@JrT a; 

{l)ILJ 8;a;i;J!)J L roiiT & u L/ ch Gl a;rr w 6'fT u u L_ L 8'1i;fb rr d> {!) w . 

6lll!i>m!l> 

6T<DYfitLJ ~rt6TWIOJ 8'[fW ©Y>rf;i=<Ot)=ILJ CFrTLDrti;fi/tLJ 
w rr a; <F LD rr <DYfl ch a; l.S/- 6T ffi ro;r <F r:r LD rr a; C!::P cy;i lL uSi r:r rr a; 

wrr{J5111JJ!)J{l)rTW !iilS!fi>=0· @/i5{!) !iilS!fi;={l) rf;ia;YJ rf;/=f!JILJ 
CTLDILJLDrTfiluSi(l!jB;filf!JJ!)J, rf;/=f!JILJ {ljliill.fl)J$W rf;ia;lj)d;J!)J Glwru<Ot) 
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w 
Gl w ru 6t) ~J!)J Lll = YJ $a; fil t5I = YJ Gl u rr .fJ)J i;J!)J 6iv fii r:r rf;/= 6t) ~ = L fl; 
fii (l!j 8; fil !DJ!)/ . 

ua11rrl..~m !Fl~!l>rr!i>!l>Lb 

[i}J!)J &® €ili;{l)rrfi;0w 6TIDiiTf!JrTW @0!D® Ga;rtwrrwrra; wdJGlf!JrT(l!j 
8'1i;{l)rrfi;0(!JJi.D @®ci;filf!JJ!)J. ~rt6T6iJTro;T (!jJ{ljroW liill[fliilSIWG6>6t). ~J!)J{brTW 
CJ;G61L8'1. C!::P0roru liill{i;f!>=liill uGr:rrrL_w_rua;w. ~=(@Ja;rirr 6Tuul.S/-GtLJrr 
fi>IL/B;<DYf!uS/B; ~i.E!<Ot)w :L{l)!iilS!uSiw{J51 @r:rL_l.S/-uurrci;a;i; Gl{l)rrLrfilfil= . 

.,!Moo= wuSiru rA ~ IDiiT a;rr fiirA 6T ill u liil1 rt .,!MGl wrA B;a; er rr ill l.S/- GtLJ rr a; 
~r:rrrti.J#8'1 <FrTG6>6t)uS/ru @r:rL_l.S/-uurra;ci;Ckl.S/-ILJ uGlr:rrrL_w_r;;i,7a;G6Jw 
a;oo<£1Llll.S/-i;{l){l)rT a; Gl<FrrrurouSi@B;filwrrrt. uGr:rrrL_w_ffi a;w C!::P0ruru 
G0rrlDiiT{!5iuSi(l!jci;a;<Ot)rrw 6Tmfilw 8'1i;{l)rrfi;0i>=0 rfww G6JL<F6iJT 6TWuliillrt 

(@) ~ (@) rr a;# Gl 8' rr ru ru uSi (l!j 8; fil !D rr rt . 6T J!)J (!jJ 0 ro ru (@) d> {DJ!)/ 6T ffi u 0 tD ® 
@uul.S/- LJ<Ot) 8'1i;0rrd;0rfila;w :Lww=. @uul.S/-i;0rrw J!)JliillrfilfiluSi@B;a; 
G(@Joo<£1w 6TroiiT.fl)J ~l.S/-i>J!)J ~~i;{l)r:rwrra;# Gl<Frrru<Ot) C!:fJl.S/-ILJ!iilS!ru=<Ot). 

lL uSi rt (!jJ 0 ro ru G 0 rr IDiiT {!51 tLJJ!)J a; L ro IDiiT ~YJ i;@ru 6T ffi .fJ)J {!) rr ffi 
@~(@j=r:r a;wuuu(!}lfilf!JJ!)J· 6TUUl.S/- 6TIDiiTu0dJ® u<Ot) iiiJS/wci;a;rfila;w 
@@ut5l~w GlurrJ!)JliilJrTCJ; :LuSirt 6TWUJ!)J {l)dJGurr={l)tLJ l.S/-6Tmro;r, 
~rt6Tru!OJ, uGr:rrrL_w_ffi, fi;YoJ,B;<DYfiuS/8; .,!MWl<Ot) CkLL~tLJrra; f]J(l!j 

& G r:r <F w tLJ i; fii ru G{l) rr w {!51uSi®8; a; C!::P l.S/-tLJ rr J!)J 6T IDiiT u fii ru ~ liil1 rt a; <DYfl L w 
a;®i;J!)J Gliill.fl)Jurr(!)I @ru=<Ot). uGr:rrrL_w_IDiiT a;rirl 0~tLJrra; @®d>fii®B; 
film w= . .,!M WI 6t) rfil a; w 0 ~ tLJ rr a; @® d5 fii ®ch fil w !D =. .,!M =(@)a;= w 
{l) tLJrrrAB;<§!ji.D Gl<Fti.J(!JJ=!DB; <§!j{!51Liya;virr {b~tLJrra; G(@J.fl)J @Li;fiiru 
@®d>fii®B;filww=. 6Tuul.S/-GtLJrr @=(@) &i>~=YJB;a; a;dJ.fl)JB;Gla;rroo(!)I 
GJ LD W 6t) GJ LD W 6t) €i) 8; a;ru ~ fi/ a;rA i;J!)J :LuJi rt 6T W ~ W .,!M G6> L ILJ rT 6'fT W 

GludJw=-

6TUUl.S/-? 

[i}d;{l) '6TUUl.S/-GtLJrr' 6TWUG6>{!) <F{i5G{l)a;LDrra; !iilS!LrrLDW 6TUUl.S/-
6TWUdJ<§!j u<Ot) iiiJS/wci;a;rfila;w 0d>fii®B;filwrrrta;w. @@ru 6TJ!)J <FrA 
6TWUG6>{b @uGurrJ!)J GlCFrrW<Ot) (!JJl.S/-tLJ!iilSIWG6>6t). 

:LuSirt 6TWUJ!)J f]J(l!j ~rt# Gurr<Ot), liil1G6>Wliillrr= liillrTCFruGurr<Ot). 

~{bffi ~fii (@Jl.S/-liilli>=0u urrrti;0rrru a;wB;® !iilS!tLJuurra; @®ci;®Li:J. 
@={!) 6TUUl.S/-ci; a;L_l.S/-=rrrta;w. liilJG6>6'fT!iilSl6iJT f]J(l!j urrfii LD.fl)JUrTfi/ 
@ ru 6t) rr liilSI L_ L._ rr ru liilSI (!:J;l /i5J!)J liilSI (£1 GLD. <OT u u Li/- (@) 0 ;{[>~ (@) = 6'fT 6l/ 6T ffi .fJ)J 

!iilS! tLJuurra; @®ci;®Li:J. 6TUUL!f-8; a;L_L!f-=rrrta;w? &® t5lwrrL_urrr:rw 

.,!MG6>LDi;J!)J (!JJL(!}lci> Gla;rr(!)li;~ ~<§!jW(@JG6>[f a;rri;fii@/i5J!)J .,!M{lj6iJTt5lm 
(!JJL(£ici;Gla;rr(£1i;0=0 ffici;filliilSIL._LrTW {l)TT=rra;Gliill .,!MJ!)J rf;/=<Ot)GlLJ.fl)J 
@w~- ~~GLJrT<Ot){!jrTW :LuSirAw [i}.fl)Jfii (@JL!j-(@JW ff>W $L{f,{!)$rT<Ot) 

(I.fl L_ (£18; Gl a; rr (£1i>0 ru a;= 6'fT J!)J !D /i5J!)J @m .fJ)J rf;i = 6t) Gl u tD {!51 (l!j 8; fil !DJ!)/. 
~G0rr &®liilSlf!>i>fiiru &®(@)=a; 6T<DYf!tLJ :LuSirt rf;/=<Ot) GludJwt5lw 
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L rr ir rilll <Oefl <'F LD .JI dJ {b !iiT 6Yfl UJ fL u5l = [T Gl LD ru ru Gl LD ru ru QJ ro = LD 

Gl LJ f!J 8' Q <'F uJ !!)I LJ ru a QJ .fl)J QJ = cUJ; 6Yfl ru LJ [T QJ IOI/ LD Gl <'F uJ ® (l!j 8; €iJ f!J!f)J. 

.JI dJ {b !iiT 6Yfl UJ (Ip {b ru fL u5l a r;r fil 8; a; ru rr 67IT !!)I. .Jl!f)J !iiT LJ LJ LS/- QJ dJ {b!f)J 
!iiTW.fl)J rilllr§C§rr<Oefla;=w eyi=ruu5lru w1_8;€il (Ja;L_i_rrru 'fbdJGl<FUJru' 

r;;r6b7 €il[Drrir a;6Yr . {bjJQ<FUJa>rr a; .JI {b{blOlf>67f1" &C!:£lr5.i® '€1 jJu LLf/-(l!j8;a; 

C':PLf/-11./LDrT ? .JI {b{blOlf>67f1" fi/8;a;ru .J!IOlf>LDj}fij!(l!j8;a;C':Pl.S/-IL/LDrT ? LJ fijlru 
@ru=ru. 

.!)! W a; IT 651 J18; a; 6i:l 

~ 67IT rr ru @UJ jJ = a; u5l ru LJ ru rilll IOI!/' UJ r5J a; 6Yr fil 8; a; ru rr 67IT = QJ a UJ . 

'fY (l!j 6l5/ {b LD rT 67IT .JI JP a; rT 67IT 'fY C!:£l r5J a; rT 67IT fil 8; a; ru. 'fY (l!j LD IOlf> JP {f,!!)1 W 

fil{b.fl)JQJa{brr &® a;i_dJa;=[T .Jf=wru<lfbrr . .. r;;r®~w @UJdJ=a;uS!ru 

U/8;a;rua;6Yr @=f!Jd>fb &C!:£lr5.i® @®dJ<lfb ~fr€ilf!J!!)l· .Jlfb67rrrrru @UJdJ=a;a;® 
fil a; a; ru Gl u rfl UJ rilll IOJ!/' UJ w ru ru . ® 67IT w ® 67IT w @UJ dJ = a; u5l ro u ru rilll fE> 
rilll rf} QJ = LD u L/ a; 6Yfl ru fil {b f!J ru a; r§ LD fil 8; a; ru a; r§ LD <'F rr {b rr [T = LD rr a; 

.JI IOlf> LD fil W f!J 67IT . 

.JI {b 67IT rr ru fL u5l ir fil 8; a; ru rr 67IT !!)I . .JI {b 67IT rr ru .Jl!f)J {b m <Oefl ff= <'F UJ rr a; 

.JllOlf> wdJfiJl®ci;a;C':PLf/-UJ rr !!)I r;;r6iiT .fl)J Gl crrrruru ®ru <Frr [T t.E!ru= ru. @UJ dJ= a; 
uS!m rilll ®a;6Yr LDL(Jjl<l LD (yJ{bru !LuSi ir !Lrorffr l_rT 8il0lj LD au rr !!)I LDrT61IT = ru 
!iiTW.fl)J Gl<Frrru61Jrurrwrr? &® Qa;L_l.S/-=ru f:!!5LrT8;(!!)Lb<lurr!!)J .JlfiJ!ro 
(l!jj}!f)J !iiT(!J;iLD Gla;rrl.JLfWr5.ia;6Yf/6iJ7 <lurr8;fi!(]ruCJUJ f;(l!j !LuSirflUJci;a;LiJ 

@®uu=fb a;ru<Oef/8;a;rurrw. 

A> 6lJ !J Lb IL uSl @sir 61T !l) IT 7 

{brorffr rDlfllf' rflm wrrro8;1L/ru8ir§ 8;® !LuSiir ru d>fb!!)l<lLJ rrru @UJ r5.i(!!j QJIOlf>{b 
u rr ir a; a; ru rr Lb . ~ 67rr rr ru fb rom rDlfllf' ir Gl a; rr fiJI u u !!)I Lb Gl a; rr u u 6Yfl u u !!)I Lb 

aQJ ®uS!UJru, @UJ dJUl UJru rilll®a;= w <Frr rr dJ<lfb !L6Yr m61IT. !LuSirfl UJa;a;C':Pw 

.J!UULf/-ff>fbrr<l61IT? @ru=ru. &<l!J' &® (]QJ.fl)JUrr(f}l . !LuSirflrn eyiru8;an..fl)J 

a;Wlru .J!fb6ii1 dM(f)l{b{b {blOlf>al(yJIOlf>f!J8;a;rr61IT Gl<Ftli®IL/LD !iiT(!J;i{bULJLLf/-(l!j8; 

fi!f!J!!)J. {bromrDlfl!f'irB; Gla;rruuw r5.Ja;6Yf/ru .JI uul.S/- .Jlruru. @UJjJUlUJru, 

(] ru ® u5l UJ ru rilll fiJI a;6Yr t.Ei r§ UI u au rr 67rr rr ru = ru [T Lb au rr ru .Ji JP a;rr 67rr 
<Div LJ Lf/-8ir5.l 8ilOlf> w fL rom L rr 8;a; (Ip l.S/-11./ LD. = ru [T LD & C!:£l r5J a;rr 67IT !!)I. ~ 67IT rr ru 
fL u5l [T dJ f!J!f)J. & cy;i r5J ® !LuSi [T = w u L/ a;® r;;r ® [T rr 67IT !!)I. fL u5l rfl ro .JI~ rilll ru 
.J!(f}lff>fE> QJrrrf}s;8;a;rr61IT Gl<Ftli® @®B;a;(]QJrom(f)lw. &® w<Oefl{b !LuSirflro 

GJ <'F uJ ® !iiT {f, {blOlf> 67IT rill/ rfl QJ rT 67IT !!)I; rill/ 00 {brT [T LDrT 67IT !!)I. CJ UJ rT fil {f,!!)J U LJ rT (l!j r5J · 

a;i'rr. ~w a;rom~6iiT @f!Jw, <F®LD@f!JLb, <FrrUJru r;;rrururrw ~LD!!)J 

Lf/-!iiTW'€Ju5lru !iiT(!J;ifbt.Jui_<lrurom@w. !LuSiir r;;rmu!f)J ~rrw C':fJWLf 
Gl<FrrW61IT!!)J<lurrru &® ~rrrurom r;;rcy;i{b!!)Ja;6Yr<lurrru. !LuSi[TjJf!J =rur;rw 

<gyQ[Tcy;i{b{brrru u8;a;r5.Ja;=w $/[Tl.JUlUJ L/ff>fba;Lb. 
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£!Pl@!i>~ C!LD6i:l 

@!!)lrulOlf>[T fDrTLD LJrTrT{b{b rill/w8;a;r5.Ja;=w bottom up-fl!/)(l!jj}!f)J 
<lwru .Ji~®C':P=f!J !iiTW.fl)J Gl<Frrrururrira;6Yr. !iiTWUJ u<l[TrrL_~<l67rrrr 
.J!rua>!!)J fbdJGlcrUJrurra; .JllOlf>LDdJfb ~ir!iiTW'€J <F[T<lwrr r;;ruul.S/- !LuSirflm 
.JllOlf>LUJrTWLDrTfilUJ @!TLLf/-LJLJrTci;(!!)Lb (!!jliiMTLD GludJrfil®ci;a;rurrw 

r;;rmu=fb CJUJrrfilfi;<l{brrw. Topdown-<lwro(l!jj}!f)J fl(p !iiTWf!J &® 
.JI~® C':P = f!J IL/ w fL 6Yr w !!)I . @m rfi1 ®a;® w fL u5l rfl 67IT r5J a; 6Yfl ro ® $!!)1 
!f)JQ1r5.Jfil a;rrru{bfij!6iiT UlmGl<Fm.fl)J ~r;rwu@=ruuS!ru .Jl=ru r;;ruul.S/­

@®dJfb61IT, Qlrr {p${!561IT r;;rm LJIOlf>{b YJ,filci;(!!)Lb (yJIOlf>f!J. @fE>dJ® fDrTLD 
rill/ rom Gl ru 6Yfl = UJ (Ip {bro ru a ~rr 8; a;(] ru rom LS/- u5l (l!j 8; fiJ f!J!f)J. 
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mooGrufil1 ~1J>m 

Q ~riJ@ ~6Yufi!GerroUJ1T@5Jru &® GJurAUJ GUfDoo@ 

Gu1Tliill q-rA ~irrrorr.fPJ. 30 @G!Ol.JIT wL_1_fr ~a;!Ol.J(l:Pifrrorr.fPJ. 

@ffil@ 60 Ga;m11_ ~oo@a;C§c;;@ r:Pm &® erlTLCTCF .,,.rA 

f!5Lcriifiierw @51oo~ro®&iffe {blTc;;@ &® GJurAUJ uwrorrw 
~roii"5r(J)luoo~11.J.fPJ. (l:P{broro't) ~.fPJ 90 @G!Ol.JIT wL_1_fr 

~8>!0\Jl.DITB>~LD U!O\J @.w. ~l.DITB>~LD @@fi>{b.fPJ· @roilT.f!)J 
~.{Pl {ij){J5i{b1T@ ~ci;erwm q-rflUJ1T@@5JL_1_.fPJ. !d,W=UJ 

GU{i;.{PJ {b1Tci;@11.J 6>5/oo UUJ~ Gla>IT@ii{b {b@LDY ~.{Pi· 

@fi;{bii {blT$@{b=!O\J G>Too~u u1TfruuG{b a>LIJ-liillLD. 
,ffi!T.f!)JGa>ITLIJ- l_W rii1=1_ GlCFa>oo(J)lci;@j 20ro@fi>.fPJ 30 
@G!Ol.JIT wL_1_fr GGUa;iiiJru GU{i;.fPJ Gw1Tfijliiirr1Tru G>Tmliill 
~@Lb? 

,ffifT .f!)1 ,fj) ro 11.J m Q l.D a; IT /_ m LiJ-.,,. m LiJ- 8; @j CF LD LD IT liill 
{b1T$a>w. ~!Ol.J@ru ~wrorr ~ii{b=liill ~~@oo@a;=rorr 

IL/ LD G CF fr ii {b IT 6iJ an_/_ @ii {b = liill CF 8; ® = 11.J .,,. L /_ IT .{Pl. 

@{bro ~gijJfr<f{ij) !d,Lfilu ufi;={bGUJ ~~ci;@u5l@ci;a; 

GGUoo(j}lw. GlU(!TjLD uirrrorriifilro@fi>.fPJ {bGrr6YT"UUL/_ 
GlUIT(!1jGrr8>Grr ~LG!iill ~~=ii®ru ~@5111.J1T@ a>ITfiJ{J5!6i! 
G>T {!5111.J u u L_ (£l ~u.51 er w @G !O\JIT w L_ 1_ fr {bGrr rorfl ci; an_ 1_ a; 6iJ 

w=!P Glu1TJ/)fi>fii®ci;®w. uu5lfra;w ~=liillii.fPJLi:i ~JP!i>.ffe 
~!O\Ja>LD ~GU=er ~{J5!UJIT{b !d,8>LDULD q-riJuL_(J)l ~J/)6>5/m 

.,,.ru=!O\J=UJi> Gl{blTLLIJ-®c;;®w. a;1_roru @51@fi>fii®fi>{b1Tru 
a;.mmfj) a;1_ riJa;= er t5I erG {b!T ffi1 a;w ~ii {b=liill IL/ w ~JP ff; 
®®ci;@Li:i. LDIT{b.9ia;roiw8>@ru @;rAUJm Y@fiiu5lru w=!D!i> 

fii@ci;@Li:i. ~u5lfra;w @@fi>fil@fi;{b1T6i! ~=liillii.fPJLi:i ~J/)$ 
fii@ci;«!jtb. 

~ci;erwm q-rA Gw1T{bru ~!Ol.J@fiJ®u yfi!UJ{bru!O\J. 

2 2 Ga>ITLIJ- ~00@8>(§8'@ &®r:P=!D GUIT 6iJ f!5LCFii 
®crGwlT G>TrA f!5LcriifilcrGw1T gtfl=UJ {b1Tci;@u5l@.9ifi'lm!Dliill. 
s; L ff; {b a; ,T !O\J ii fi16iJ ~ fijl a; w @®ff; {b liill. id, tfl u5l 6i! ~ u5l fr 
~OOLITGU={b ~fi;{b GLDIT{brua;w ulT®ii.fPJGrrtOYT!iill 
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w 
If) er 6YT" ~ 8>@ LJI = !Pii.fPJ GU jJ {b ~ u5l rfl W U IT= {b ()IJ) UJ ~roil GU uG U IT .{Pl 
~J/Jii.fPJ GU{i;gijJ(l!jci;@ro fD!iill. 

@.fPJGU()IJ)er k:J,WUufi>=fb {b~UJITa>ii{blTW BiGU~iJ.{PJ GU{i;{bGUfra;ifr 
~u5lrAroaT ~wui;()IJ){b ~oo()IJ)w& a>ITruiJ®ru 6>5looGJGUrorflu5lru G{bLi; 

.{Pl GU ffiJ @ u5l (!1j 8;@ ID IT fr a; Grr . 

Ger1TLDIT~UJ {ij)j){b()IJ}!iillUJITrorrfr ~ci;rAr,;if!UJ6iu (Lucretius) 'LJ!eru~CFii 
®ru ~~B>a;w ~/()IJ)!iilliJ.fPJLi:i &Ger G!J()IJ)a; G>TWfDITru, LJleru~CFiiiJro 
@51fijla;w .,,. ffil«!jLD CFLDLD G>TroaT fDITru' ~!Ol.J@ru ~u5/()IJ) er ~00 LIT ci;@UJ 
~JG{b crB>fij)a;w LD{iJfD ~roua;ffila;rorfl~w ~u5/()IJ)er ~roWTl_1Tci;@u5l@B>@t.b 
CFITiifijlUJLD ~GrrtOYT.fPJ' G>TWfDITfr. 

@${b GUIT {bLD CFrflUJIT? 

~ooL_erwLIT Ga;!Ol.)ti;ror{X f!5W wru@GGU G>T~TWJLD UITru roiJ® 
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@~$!!)1 LD.J[)J U lSJ- U rfi v;m fT LD <iilJW fr #€FJ ~ = L $!!)1 U fT cf,~rf) UJ rr@Slro (llj$!!)1 

w <Dtiflfb ~u51vrrfil . ~(J)l{i>f!) rorrf!a;ru ~UJ-0.!J)J fDLb=w rorrururrw ~!fl&@Lb 
<iilJ= v a;rr t>@®ci>a>G<iilJ~(J)lw. 

UUJUULrrfl,fra;itr ! ~f!)f]J@j @'5iiTWJW .JW.J[)JGa;rrUJ- ~~(J)la;itr ~WW!J)J ! 
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§)JDJb~ ffiL~ 

Dead Sea 6TmWJL.b @1D$a; a>L~ruu udJ{JSI Ga;w@Slu 

u L_ IS/- (!!ju t.J fr a; w . ~ u5J rA ~ Lb 6T .fffi@f Lb t5l o;rn y;i $ fij) (!!j ci; a; 

(!:Plf/-11Jrr a; a>Lru. @$a;cii a>Lruru G!iililJGrurr urr cii~rA11JL.b 

6T m WJ Lb JPJ ram-~ u5J fr a; w t5l o;rn y;i $ fij) (!!j M?1 ID a; rr Lb. Dead 
Seau51 ru .,g)f u rA LEI a; wrr ~ ~ u L/ a;o;rn r:r $®(!!ju u a;rr ru .,g)f a;m 
rE fr u u r;r u t5l ..V '& (!!j ~f/F rr LEI u $ ® r;r w rr a; ~i:.__ a;rr fr $.fffi 

Q a; rr w <DYT an. L C!:P IS/- IL/ Lb . .,g)f ®a; .,g)f <DYT "'11 ~ u L/ @$a; 

~rAu5!..V @@Liua;[D@) a;rrr;r=rL.b (!:P@IOll.fffiW @ruL.b 

(!!5fp $®(!!ju LJ a; rr ~Lb B5 rr fr L_ m fl)® u5J ru (!!j $jffi IOlJ (!!j Lb 
[Bir ~@SJ 11J rr fil ~ u t5lm .,g)f <DYT@f u Lf/-U u Lf/-llJ rr a; .,g)f fij) a;rA u u 

a;rr~Lba;rrm. @$a;o;rna;11J ~u5Jir @SJGr;rrr a;wrrm 0!!:Jy>'"'9~ Lb 
u rr 8; ~ rA 11J rr 8; a; w @® u u jp! fj! (!!j 8' rr L_ fil l1J Lb . .,g)/ fij) a; 

~~=Lb ~UL/ tffi=1D$a; ~rA @fiJ..V wL_(J)!LElm{JSI 
.,g)f fij) a; @) 6YFI rA ~Lb u rr 8; ~ rA 11J rr ci; a; w ~ u5J fr 611rrff)611 =a; ci; 

a;r;;rW L {JS!$® (!!jciifil IDrr fr a;w. .,g)f ram-Lrr fr Llf/-ciia;rr@SJ..V ~roiv u 

u rr <DYT r5J a; 6YFI m .,g)f Lf/-u5l ru u rr cii~ rA 11J rr ciia;w IOll rr ff) film ID~. 
6T cii roiv a r;r au rr m ID a;fi'i rA 11J ci;a; 0!!:Jy>= ru IL/ Lb filru u rr cii~ rA 
11J rr ci; a; w a; rr r5J fil cii Q a;rr w film ID~ . ~ m .,g)f ~ ~ o;rn ru 
a; 6YFI ru an. L_ LJ rr ci; ~ rA l1J rr ci; a; w 8' $a a; rr @'f L.D rr a; 611 rr ff) 
filmlD~· IL/ar;rWl11JL.b, U~LGLrrWl11JL.b S'rrut51L_(J)!ci; 

Qa;rr61ffr(J)!. EColi 6TmWJL.b urA<iB'11JL.Drr~ urrcii~rA11Jrr 

fl) Lb = w @SJ L u ru JPJT .!J)J LD L r5J@) a; rr rD ID@$ a;$= a;$ 

a; rr r5J a; cii an. IS/- 11J = IOll . @ :'l> dJ @5 w rr ID rr a; 8' $ fij) r;r WI m 
a;rrdJID@i5a;wdJID ur;rut51..V roivL_Qr;rui:.__ GLrrGa;rrciia;roiv 

6T'iiiiT'f9JW urrci>~rA11Jrr ~u5Jir 611rrf})$fi'!@ciifil1Djpl· 8'irGIOll11Jir 
@SJ 61ffT a;ru $ fij)m a;rr Lli r;rrr@SJ ru Q a;rr $ ® ci; Q a;rr 61ffT Lf/-(!!j $:'l)jffi. 

@r;r 61ffT (£! IOlJ (!!j @'f Lb ~ u5J fr IOlJ rr ff)$ fi'i (!!j ci; fil ID.fffi. · 

@$a; LJ rr ci; ~ rA l1J rr ci; a;o;rn 6YT '0!!5 u LJ fr fd,ff fiJ a; itr ' 6T m ./J)J 

.,g)/ = y;i ci; fil ID rr fr a; w. fj! (!!j a 611 = 6YT @= IOlJ a; w :'l> rr 'iiiiT fl) Lb 
r:yi :'l> rr =a; 11J a r;r rr ! 6T m .!J)J @SJ r§ § rr WI a; w 6T 61ffT ~ 
fil !!Jrr fr a;w. 
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w 
a;(!)!= w 11J rr ~ a a;rr = L a;rr ru{i)fi'i..V r;r rr tJ5 roiv a;rr m au rr m ID t5l r;rGa; 8' r5J 

a;6Yf} ru ~~ =r Lb 4 9 IS/- fil rA = 11J $ a;rr 61ffT (£!Lb. fl)Lb wrr ru :'brr r5J a>(!Jl Lf/- llJ rr .fffi. 
~ ~ rT tDV fil ru ~ u5J rA ~ r5J a>W 5 0 Lf/- fil rA an. L a; rr i5J@j W. filru LJ IT 8;~ rA l1J rT 

@Jo;rna;a;w 70 Lf/-filrAan.L a;rrrAl@)Lb. @=IOlla;o;rn<DYT 'Qa;irGwrro°oo;rnu..V 

~~= @SJ@L.bt5la;w' 6Tmfil1Drrira;w . 1969..V (!:Pa;m(!Jla;rurra; so 
IS/- fil rA :'l> rr r5J a; ci; an. Lf/- /lJ u rr ci; ~ rA 11J rr ~ 611 a; 61ffT L {JS!$ :'l> rr fr a; w . 

a; L_ roi m .,g)/ IS/- u5J ..v .,g)/ $ :'l> .,g)/ @ 15a;15 fi1 ..v 3 so IS/- fil rA 611 = v an. L_ 

~~=Lb ~w<DYT a>Lrulf/- 6TrAwo;rnrua;w ~ram-(£! . .,g)fo;rf)611a>o;rn<DYT ~mi.J$:'l) 

a LJ rr jffi 110 IS/- fil rA 611 = [T :'l> rr r5J a; ci; an. Lf/- /lJ LJ rr ci; ~ rA l1J rr ci; a;= 6YT a; fiirW@ 

t5llf/-{i)jpl @S/11J $a;= a; = !iilfD u LJ fr Qa;frGwrr o°oo;rn u..Vroiv gm ./J)J Q LJ 11JrA LL 
~fr . @m.!J)J611= r;r rAa;rrfr(J)! 169 Lf/-filrA . 

@fi'i..V Ga;w@SJ 6Tm~Q611m1Drr..v @6ill0ll=a; ~u5JrA~r5ia;w 6TULJLf/­

t51 = y;i$ fi1 ® cii film ID~ 6T mu a a;. 
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~W Cl>L~/\) w 
8)LrofiiiiT .,,!P/Lf/- ~.j,@riu liirUULf/- ti@Slff>@@8i<!h(!Jllf/-IL/LD? 

.iLru@<Oi.> .,,!P.f{bfb=!ii15r .iLu51rr a;~w @iirfl11J=!ii15T" # <nrrr!bfb=ID!l 

liirfiiiiT.fl)JfblTill @Slc5<§1TIOefia;w fJ)LDUl!ii15r1Trra;w. @iirflllJ 

Q IDlJ liiffl cF 8' WJ ritJ ru IT LD ritJ {[> IT (@} [.T ffiJ a; W (@} !iiYT [.T (!fl Lf/- /lJ IT .ffe . 

{[>ITIDlJf.Tffiia;=w .iLIDrffT(Jil t..El@a;ffiia;~w. t..El@a;ffiia;=w 

.1L tOrffr (£l LD fiJ !D Wl ®a; ffiJ a;~ w ' LD IOefl {[> rr a;~ w .1L u5I rr (@}IT &P 
@JDITrf a;w. !iirriurulTID!lfiJrfiifiJ®W ~IT[.TW @j,rflllJ fj!liiffl{[>ITliiiiT. 

a;Lrulf/-u5/Gru1T a;rf111J @®L<Jil. fj!rf ~y;i{bj!)J8i((!j Gwriu 

@ii rfl l1J fl! liiffl U IT l1J IT .ffe. 

a;Lriu u<Jil=a;u5lriu rffia;&PIDlJ.ffe &® !Ta;=w . .,,!P.fffiiGa; 

rffi=fD/lJ [.T<TITl1J!ii15rffiia;w rffla;&P@fiiiiTJD!ii15r . .,,!P/fbfb [.T8'1T/1J!ii15T" 
8'8i@=11J G!Jj[.TLf/-/lJIT<!h .1Lu51@8i((!jff, G{b=ID!l/1JIT!ii15T" .1Lliiffiliil/ 

8' ci;fijl l1J IT a; LDIT {iJ JDID!l rii.Jru .fPJ tOrffr ~ u5/ rf a;@ B;L~ ci;a;Lf/- u5/ ritJ 
.iLww!ii15T". @=IDlla;=w G/{brrGwlT Lf.TITo°ou liirW.fl)J ID!l=a;u 
u (Jil ff,j!)J (@} rr . 

@ ~ (@} = a; .1L u5I rfl !ii15T" ffiJ a;= w ci; a; tOrffr (£l L.51 l.S/--ff> {b.ffe & ® 
G/u@w L/f.TLfil liirfiiiiT.fl)J G/.!T1Triururu1Tw. a;Lrulf/-u5lriu 
.iLu.51 rflro u rfl wlT = (@} w rr <F fil {[>= v u5I riu @iirfl 11JG/ (@} liiffl <F 8' w 

8' IT rr 0 {[> u rfl = rr LD IDlJ w rr # 8'I u5I ro ® rb.ffe G (@} .fJ)J @SI fb LD IT a; 

@®8ia;ru1TW liirWJD fil[b{b=!ii15T" L/JDUULL.ffe. 

SJ"""rit>Giv G/ID!lrrm !iirliiiiTWJW U!r;ruru uG/r;rc5a;. <iir@ff> 

{[>ITWrf 'k:f,Wl u51m =w11J ff>.ffe8i((!j &® U/lJIO"fflW' !OTWJD 

&® fJ)ITIDlJriu <iir@fiJlu51@8i@JDITrr. k:f,t..El&a;Lf/-u.5/riu ®=a;a;liifflriu 

@SIG!ii15r1T{b IDlJLf/-IDllffiia;w IDlJIT&PfbfbfblTa; .,,!P.flDlJrT G/<FITW!ii15r 

a;m{b !Jj!Oli!ii15r tW11J1TrutiJu5lliiiiTULf/- <Frfl11Jriuru liirW.fl)J rffi@ 
LJI ci; a; LJ UL (£l @SIL Lj!jl. 8i 1J rliJ a; W G {[>IT tOrffr (£l U IDlJ rf a;= W ci; 

Ga;LLITriu G/<F1Triur;;u1Trra;w. &~G/(@JIT® @Gru1TWLL@W 
G{[>IT tOrffr L G{f>IT 6'ffl L Jd,W ci; a;f.J/--u.5/ riu 2 0 IS/- @rfl Q 8' r;;i.J fi111J Giv 

.1L~liiffiW .,,!P.ffijl<hLDIT((!jLD. @0{[> .1L~IO-m.j,@riu G/u@WUrr 

ru IT !ii15T" .1L tiSi rr a; w IDlJ IT y;i (!fl IS/- UJ IT .ffe. Jd,W u5I riT = LD UJ ff,={[> 
.,,!P.f~((!jW GUIT.ffe .iL~Gm w 3000 L't-@rfl G/<FriufilUJGiv 
~a; .,,!P.ffj;ia;rfl8i@JDj!)J . .,!Pf={[> ..!P/=LIDlJ{bfi>((!jvirT .,,!PJ61J)!ii15rlDlJ@W 
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a;@@# trlTGIDlllTW. 

k:J,LEtu51ro Gwfi>ur:ruU!riu L/@. Jd,#fila;w (@J1Ty;irurrw . ~!ii15T"1Triu 
.1L~!O"fflLDIT!ii15r .,,!P.f{!jW QfJ)cBBi8i((!jw? 

8'/a;1TGa;1T=IDll# Gtrrr[b{!> liirL.1orvroiiT u1TGivlf/-liiiiT <>rliiiiTWJW @SlcB<§ITIOefi 

liir IDrffT c;;; = iLJ ci> @= .fJ)J a;liiffl ro ®0.ffe c;;; IDlJ liiffl 0 u@ w {!jtOrffr ~ rfl riu a;{b)ba; w 

a;ru dJfil ® u u = {!> (};ID!J IOefl ff,j!)J .,,!P/.ffe liir u u IS/- <>r ro .fJ)J @SI UJ [iJ{!>IT rr. .,!Pf ff>{!>= !ii15T" 
~YJ .j5 fj;i ritJ U rr ci; l!2_ rfl UJ IT 67 {[> IT IDlJ j!)J @= </!) cF Q 8' tLJ fijl @ ci; ((!} LD IT liir !ii15T" ci; 

Ga;L_l.S/--®fb{!)ITrr. ~ J.920riu @[b{!>ci> Ga;t0i-r@Slm11J UJrr@w wfijl&a;@Slrii.J=ru. 

J.970a;liifflriu .,!Pf~ !d...=rua;liifflro@~ a;YJIOl/uG/u1T®wa;=w kf,t..Elu51roiiT 

.,!Pf IS/- UJ IT YJ {ij fij1 ritJ L/ = {!> i>.ffe@Sl L ru rr LD rr 1iir W .fJ)J G UJ IT fil {ij {!>GU IT j!)J .,!Pf fb {!> 
~{bfijl~w u1Tci;l!2_rfl11J1Tci>a;w IDlllT&PdJ{!>rrriu .,,!P/fb{!)8' a;!J)u G/u1T®wa;61J)w 
LDIT{iJ[!)iu ur;ruUl@Sl(f;lw liirW.fl)J {[>11Jffii@!ii15r1Trra;t0i'r. 

@ill.fl)J k:f,LEtu51ro ~ff,fijlriu G/fbrrGwrro°oU!riu liirW.fl)J ID!l=a;uu(J}li;{bu 
u(Jilw UIT 8'1!2_rfl11J1T ci;a;IOYr 67<!:9 @Gru1T WLLrr ~wlDlJ=r;r @@UUfblT a; 
~rftW{f>LDIT@IL/WW!ii15T". 

fJj w a;1T ru IS/- u5I riu .1L w w a;fi> u (£l =a; s; 6Yfl riu .!Pl IOrffT @® Wi a; virr liir IOrffT r;;-m fiJ 

f!J=IDll 6'rroiiTu.ffe{!>rrm rffimw. @{!>ill <Frr ff,fijlUJffiia;IOYr filru IDllfla;r;rw1T!ii15T"mlD!l. 

k:f,Wl8's;Lf/-u5/riu G/uL_Gr:r1TroUJu G/u1T®wa;w .1L@IDll1Ta; ruL_<!Tci; 

a;=8>a;1Trm ~IOrffr<Jils;IOYr ~@u51@&@illJD!ii15r <>rillu.ffe Q{!>rfl(b<fb @Sl~UJw. 
.,!Pf= IDlJ a;= w [!__ 6ffl LIT 8>@11J .ffe u IT;}, l!2_ rfl l1J IT ci; s; w 'fblT ro liir ro JDIT riu .,!Pf 0 'fb 

@SI 0 = fb = UJ ' Q LD .ffe IDlJ rr !ii15T" LD IT Ji> fJJ ff,= 'fb .ffe rfl 'fb LJ u (£1 ff, fijl a;. ru u LD IT a; 
G/uL_Gr:r1Triu G/<FtiJ11Jru1TGw ! @.ffe &® <F1Tf}j@11Jw. @GfbGu1Triu 

k:f,LEtu51roiiT .,,!P/Lf/-{!j<fbW ff,fijlriu @@8i((!jLD £5rr filru @Lffila;liifflrii.J .,,!P.ffijla;wrr 8;!01/LD 

fil ru @L ffiJ a; 6Yfl ritJ ((!j 6IJ) JD IDlJ IT a; IOI/ W @@ LJ U 'fb {iJ ((!} U IT ci; l!2_ rfl /lJIT ff IT rr fb <fb 
@SI 6IJ) L G 'fb IS/- ci; Q a; rr tOrffr IS/- ® ci;@ fJJ IT rr a; w . 
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OT&\) &\J rnb u rr ci> IA rf1 u..J rr 

lJ rfl6°iuLGi.J ~rrtiJ#€il CFrrrnruu51ru a;~Lf!)idi{D 6lSl~UJrf,J 

a;w ~#CFrf!UJ wsffl{b{D~. &:1,t.Ei8i® &® @Grurr wL...Lir 

~{bfijlitJ anL urr ci;~rflUJrr ci; a;w U!rn!J){bff)l {Drn!J){bfij/(!!j8i 
filillf!J~ 110 IJ/-@rfl fiillrn!J. urrci;~rflUJrrBia;w iL~~t..b 
{Drrri,Ja;ci;a;,_IJ/-UJrn6ll 6Tillf!Jrr6i.J ~rnfiill 4 @Grurr wL...Lir 

~ {!:, fijl ru an L t5I rn !:Pi> fijl ® ci; a; cYJ IJ/- ll../ t..b. 

€i1 ru 6lSI <B (§rT IOefl a; 6Yr 110 "'ill~ 170 IJ/-@rfl 6lJ rn r;r anL 

.!Pl~@!)lu51ira;w {Drrri,J®t..b "'illfiltIJrrira;w. "'~afiill @ill 

~t..b ~fijia; ~{bfijlru .!Pl~@!)lu5lira;rnwci; a;~Lrrru 

~#.:rrflUJt.Eirurnru. ~#CFrflUJt..b ~rn6ll cYJ{Dliil'JGi.J 6TUUIJ/­
~rf,J(]a; GurrtiJ# G.:rirdi{D~ 6TilluG{!j. urrrntIJa;6'rr fiill!/)UJrra; 

L/ ®di {D~ fiill rr ? @ru{b {D IJ/- $ rfl ru t.EJ {D diff)J ~ t.EJ ff> di {D ~ fiill rr ? 
@rurnru. ~ f!jrrL...a;smru ulJ/-wri,Ja;w ~rnwll..Jt..bGurrff)J 
LDrTLIJ/-ci;G;Ja;rr~L~fiillrT? ~Gi.Ja!ff)J ~{bfijlru fiillrT{pfiillff)J 
{Drrill ~rnfiilla;smill @UJfbrna;UJrr? 

Lrrir6lllill GurrfiltIJGurrci;@ru iLu5lir ff)Jfiillrf,Jfil UJ§)l 

&® ®w{bfijlru "'ill.f!)J GlCFrrill~rrir. 

iLu5lir &:1,t.Eiu51ill ~IJ/- ~fi:,fi}iru cYJ{Droru G{Drrillf!)! 
u51 (!!j8ia;rurrt..b. CFcYJ{f:,fi}ir;r{bfijlill ~IJ/-~{bfij/Grurr a;Lru 

u (f;lrna;u51ill g!/)®8i®t..b urrrntIJL.1 UIJ/-LDri,Ja;smGrurr 
G{Drrill {!5'1u51(!!j8ia;rurr t..b. 

w~GfiilJsmu511iil'J®diffe "'rfla;ru &:1,t.EirnUJ GwrrfijiUJGurr ff)} 

{DrTill ~{Dill GwdJLJf!Jt..b iLu5lir fiillrr!J)fi:, {D{f!)fi}irn UJ @t:Pdi 
fij/(!!j8ia;rurrt..b. C8wJfJ,2Jt..b ~GGYVrrill Gurrirrnfiill @rururr{D 

a u rr ff)} @, rfl UJ Q 6lJ sff) #ff{!:, fijl ill ~ ru L... [f rr 6lJ UJ ru L... L/ !D 
~ {!j rr ci; a; fijl fr a; 6Yr iL u51 rn r;r cYJ C!::P fiill ff)} t..b f!j €i1 {!:, fijl (!!j ci; ® t..b . 
(] U rT {!j rT {!j dJ {f!j 6T rfl LD rn al ci; {f!j !}) W Lf a; W (] fiilJ .f!)J. ~f!j al rT Gi.J 

&:J,t.Ei u51ill a LD dJ u [f LJ t5I ru (yJ {!j ru iL u51fra;6Yr G{!j rr ill f!)! u51 (l!j ci; 

®t..b CFrr{f:,fij/UJri,Ja;w ®rn!Dliil/ 6Till.f!)J f!5t..bu{b G{Drrill.f!)Jfilf!J§)l 

kf,t.EI ci; a; IJ/- u51 ru ~ {!:, {D rn ~ r;r a; rn w @®di fiji (I!) ci; a; rr ff)} 
GwJfJ,2Jt..b iLu5lir iL~LrT6ll{DtD®i> G{DrnfiillUJrr~ 'a;.#.:rrru 
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Gurr®wa;w' &:1,t.Elci;a;IJ/-u51ru @®difij/®8ifilillf!J~. rnfDL...r;rmill, w{i:,GfDill, 
~t..bGwrr!OeflUJrr, rn~L...r;rmill CFGi.Jrnu(f;I 6TGi.Jrurrt..b @®difij/®8ifilf!J§)J. 

@{D ~ rr ru &:1,t.Ei u51 ill ~ IJ/- ~!:Pi> fijl ru ~ fijl a; iL~ = 0 fijl ru iL u51 fr 
ff)J6ll ri,Jfilu51(!!j8ia;rurr t..b 6Till@f!J €il05Drr di{Dt..b 6l1JfJ,2J L.JQ U.f!)Jfilf!J§)J. 

@rn {!j ~fr tf/ {!j W Q CF tiJ UJ ~ Gi.J ruff)} LD.f!)J ci;a; {!j {iJa;rr ru0 fij/ Gi.J LDrT ro ci; ll..J 
ru fr u UJ rr ru tf! "'ill~ t..b ey; ru ci; a;,_.f!)J iL u51 rfl UJ ru cYJ rn f!Jai rn w f!5 rr (£1 
filtIJrrira;w. 

t;§ill &'8iG16llill6Y/9ri,J "'ill~t..b &® iL{bfij/rnUJu uUJillu(£10fijl~rrru 
iL u51 fr a;sff} ill IJ/-"' ill <€f rn UJ ~ ru €i1 ~ rn fiill a;~ B; film L C8 UJ iL 6Yr w u rfl 
=rrw .{PJT!JW 6rill~ 6Tillurnf!j a;~ci;a; cYJIJ/-ll..Jt..b . @fijlliil'J®diff)J 
"'difD iLu51rfl~ri,Ja;w t.Ela;ci; ®rn!!Jdi{D urfl=rrw fiil1Wir#€i/ ~rnLdi 
ff)} 6Yr w ~ "'ill urn 5D ll../ t..b a;~(£! i5J IJ/- ci; a; cYJ IJ/- ll../ t..b. 

~fijla;t..b fiil1Wir#€il GlUf!JrTf!j iLu51rfl~rf,Ja;6Yr (yJ{!jGi.J iLu51rflill ~rnLUJrT 
wri,Ja;rnwu Gu{iJ{!)l(!!jBia;rurrt..b ~ir#&°UJrr (archaea)6Till~t..b iLu51rfl~t..b 
@di f!j 6lJ rn a; u5) Gi.J a; fiilJ ~ W a; 6lJ fr fil f!Jff)J. LD tD f!J U rT ci; ~ rfl UJ rT fiilJ rn a; a; W 
~ fijl a;wrr a; w rr pSJ ll../ 6Yr wG u rr ff)} ~fr#&' UJ rr 6lllill u rfl = rr w a; IJ/-BirT r;r t..b 
Gwruru# G1CFillrffJ®8ifiltIJ§)J . 

Q {!j fr(8 LD rT o°o LJl Gi.J 6T ill~ W iL~ = 6lS/ (!!j W t5/ a;w fd,t.EI u5) ill ~ IJ/­
~{f:, fijl ru fiill rr cP 6lSI ® t..b L/ t..b u rr ci;~ rfl UJ rr ci; a; 6Yr fD rr ill [Dt..b cYJfD ru cYJill 
a~ rr fr a; 6Yr 6T ill .f!)J Q {!j rfl fil !Dff)J. 

rn~uuir {DirC8wrro"ornuru6Yv rorffi~t..b ~fijliL~= 6lSl(!!jt..bLJ/a;w 
{D rr ill f!5 t..b ~fijl cYJ {D ru iL u51 fr a; w. 
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~ o>,. mr ci> ffi rr Sb fi\i ri ffi m 

Q '{!) frG WFT o°oram u rus;ram IOYr (!JJ{broru s;oo (El UI l.l/-i>fb Gu FT ffe 

.M ram ""1 s;ram w 6lSJ s; fiJu wFT s;Gru 6lSJ <§(§FT 6efl s;w Bi<!!Jfil 6CfT FT fr 

s;w. G;Tuul.l/-GUJFT <Mfil ~Git= @@Bi@s;Wlru L/®$ffe 
.M ri.J as; UI ram y>Bi s; ci; s; fiJg;J cj;Q SiFT 00 (El 6lSJ L._ Lffe 6T m g;J 

6T00~6CfTFTfr8iW. @uGUFTffe @$fb8i Si<!!Ji>.ffe WFT{!Sl6lSJL.._ 
Lffe. (!JJ {b ru ~ u5J fr s; w ram 'iJ[D LJ u fr$!> fr G w FT o°o ram u ru s; w 

6Tffi!)JL.b <Mfil~Git= ""5l<!!JL.bUls;w 6Tillu.ffel.b GuFTs;u 

Gu FT s;i> {!>FT m .M ram ru @ram f!J ${!> ~Git= i>.ffe ci>@ {b Lb ram w 
u y>Bi €i'J ci; Q s; FT 00 L 6CfT 6T m u .t5J Lb {b FT ru t!.... 00 ram w. Jd,W ci; 

s; l.l/- u5J 6\) .M 6CfT FT fijl s; rr 6\) ri.J s; IOYr FT s; @ram L LJ u L._ L ff $ffe 

GluFT${bFT6CfT @Lri.JSiW &'lru @ffiWJL' t!....WIOYT6CfT . [!jFT~g;J 
Gs; FT l.l/- ~ oo (El Bi@!J ci; ® (!JJ fiJ u L._ L ""1 FT {p ci; ram s; (!JJ ram{!) u5J 

ro(!!j$,ffe WFTf!JFT{b l!....u5Jrfl6CfTri.Js;w @$fbU GluFT$,ffes;6Yf}6\J 

@mg;JL.b s;FT=uu@fi'iffif!J6CfT. 

ramuG[fFT IJ/-ci>IJ/-UJL.b, .Mci>s;ruL.._l.l/-UJL.b (pyrodyctium, 

occultium) 6TWWJL.b &'Jci;s;ruFT6CfT GluUJfrGls;FTOOL ~- u5Jrfl 
6CfT ri.J s;w <:§{f) @ram 6\J IL/ L ru 8' W [f CF Lb Q CF li.JffeQ SiFT W IOYr FT {b 

Gs;FTramy>s;w 6Tmfi1f!JFTfrs;w. @r0iirg;JL.b Jd,WUJIJ/-u5J6'v <Mfil 
l!....Git = B' $jp]GI u FT $ffe8iram w 6lSJ L.._(El Gl""1 WJG tLJ ruff FT w 6iJ 
Ufferi.1€i'iu51(!!j8i@L.b l!....Git=Li i.5/rfJUJfrs;w ! &fiJ{!Sl~L.b @ramru 
s;Wlru t!....f!J""5l6CfT uFTci>1.2..rf1UJFTci>s;w @ram{!)$:'!> l!....Git=i>ffeBi® 
{b Lb ram w a: w ff CF u u (Eli> fijl ci;Q s;FT oo (El 6lSJ L Q w6\J ru Q w 6\Jru 
@,ramru Jd,t.Elu5Jw GwfiJurruLJci>@ ""1${b6CfT. roT6CfTG""1 l!....u5Jfr 

6TWU.ffe ~JJ>i>filro®$.ffefbFTIDOT GwGru ""1$fb.ffe· 

19816\J @$fb &'li>{bFT$fbL.b ffe""1!51€i'!UJ.ffe . .MQwrflci>s;FT, 
G w rfl 6\) FT 00 (£l u 6iJ s; ram 6\) ci; s; kP s; i> ® m tR FT ci; s; FT fr 6lSJ 6iv 

6Tmuru<!!JL.b 1992 LFTW Gs;FT6\J@ 6TWU""1<!!JL.b ufijlui.5/i>fb 

~FT1i.J#&'J8; s;L.._(Elramrru516'v Gl""16YflUULL @${b Si<!!Ji>.ffe 

@uGuFT!ffi ru~uGlufiJ{!Sl<!!Jci>fi'i.IJ)Jffi. 
~fr cF &'J UJ FT 6T W ~Lb l!.... u5J rfl 6CfT i> fijl W .M ram W LJ ram U 

s; ru 6efl 8; ® Lb G u FT .ffe ~ff Lb u s; FT 6\J i> fijl roi.> ~ u5J rfl 6CfT ri.J s; w 
6T LJ U IJ/- @<!!J {i; {b 6CfT 6T W U {b fiJ Si FT 6CfT .M ram L UJ FT IOYr ri.J Si W 
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w 
fi'iramLBifi'iffif!J6CfT. @ramrus;6'rrfbFTW [I>L.b uooramL [I>FTLs;Wlru uLu 
i..511.l/- u L/ s; w au FT ru i> Q fb rfl fi'i w f!J 6CfT . 

3 5 0 Gs; FT l.l/- ~ oo (El s; w FT s; Jd,tB u5J 6iJ ~ u5J rfl 6CfT ri.J s; w Q fb rr L fr $,ffe 

<Mkfi{i;ffe ULFTW6iJ ru{i;fijl(!!jci>fi'iffif!J6CfT. 6lSJoo~ro<!!)$jp} [fFTL8'8' 
6T rfl s;6\J fbFT 8; @j fb6'u s;ram IOYr IL/ W CF W FT 6YfJ i>ffe l!.... u5J rfl 6CfT W LJlram JJ>i> fijl <!!) B;fi'J f!Jffe. 
6T fijl fr Si FT 6\J i> fijl 6iJ 6T fijl fr U FT [f FT {b {b FT ci; @j {b 6iJ Si ram IOYr IL/ W CF W FT 6YfJ i>.ffe 

GlfbFTLfr$jpl f!5FTW ruFT[pGruFTL.b. 390 Gs;FTIJ/- ~oo@s;@!Jci>@ (!JJW 

@® {i; {b @ram ru ram w G ""1.!')1. .M u Gu FT ffe l!.... u5J rfl 6CfT ri.J Bi@!J 8; ® Gu FT fijl UJ 

~=61./ @6\Jramru. @®ri>fbffe tffiramf!JUJ <:§rflUJ &Wlll./L.b @<!!JL.bLJ, s;[i;{bs;L.b 
GuFTWf!J &'Jru ~fbFTff ffCFFTUJ6CfTu GIUFT(!!j6'rrs;~Gw. <:§rflUJ &WlramUJu 

uUJruu@i>® l!....=ruFTs; wFT{iJg;JL.b GuFTLGLFT&'lillfb!iirl96iv &<!!J &'Jci;s; 

6\JFT6CfT a:wFT a:FT[fL.b. 6T6CfTG""1 ff a:FTUJ6CfT (!JJramf!Js;Wl6'vfbFTW ~ [I>FTL.._s;6Yf}6\J 

~ = 61./ ~ fiJ u i> ® ~ fiJ u L._ l.l/- <!!) ci; s; (!JJ I.!/- IL/ Lb. 

ram'iJ[!)Lff[gW a:6'vo°oramu(El GuFTWf!J [fCFFTUJ6CfTu GluFT<!!JWs;Wlro<!!J~ 
G [!j [f l.l/-UJ FT s; ~,,;; r;;y{) !J1W G {Dram ""1 u5J m {!SI {b6CfT 8; Gs; fiJ {!) ~=ram ""1 $!> UJ FT rfl i> 

.ffeci>Gls;FT w w Bian.IJ/-UJ uFT Bi~rflUJFT ci;s;w &'Jru @®Li uram{b ""5l<§C§FT<Oefl s;w 

8iOOL{!Sl$fil<!!J8i€i'if!JFTfrs;w. @{bWJLW @<!!JL.bLJ, ram'iJ[!)LfftJiW GuFTWf!J 
[f ff FT UJ 6CfT LJ Q U FT<!!) W s;ram IOYr IL/ Lb l!.... = ""1 FT Si LJ U UJ WU (£l i> {b 8; Bn. IJ/- UJ 
U FT ci; ~ rfl UJ FT 8; Si W Si 00 (El LJl IJ/- 8, Si LJ U L (£l W IOYr 6CfT. 

Chu 6"T LITl.D ~ if1 UJ m 
@ram {b Q UJ 6iJ 6\JFT Lb & <!!) G CF [f LJ u FT fr ci>@ Lb Gu FT ffe l!.... u5J rfl 6CfT Lb (!JJ {bro 6iJ 

l!....OOLFTrufbfiJ® <:§rflUJ &Wl Gfbram""1 6Tru€i'if!J &'li>fbFTri>fbL.b <M/.J/-uL@u 
GuFT€i'if!Jffe· s;6\Jramruci>an.L tfrr~ci>s;B;an.l.l/-UJ uFT8i1.2..rflUJFT, @(11jLIJ/-6'uan.L 
t:§6lSl8is;8;an.l.l/- UJ UFT ci>1.2..rflUJFT, s;${bs;L.b, @<!!JL.bLJ, ram'iJ[!)Lfft!JSW GuFTWf!J 
.MIJ/-UUramL GrufijlUJ6iJ GluFT<!!JW s;ramw l!....=ruFT B;fi'Jci;Qs;FTww ci>an.IJ/-UJ 

uFTBi~rfJUJFT <Mfil l!....Git=i>®6D <Mfil ~i>filru ruFT[j)${b uFTBi~rflUJFT 
@ramrufbFTW [I>L.b {bFTi>{bFTBis;w. 

@ram""18i@!JW @rJS!uuFTs; s;${bs; f1ff~UJFT6CfT ramuG[fFT IJ/-ci>IJ/-UJL.b 

(pyrodictium) 6TroWJL.b 110 IJ/-fi'irfl l!....Git= i>ram{bll./W fbFTri.ls;&an.IJ/-UJ 

~ u5J rfl 6CfT Lb fb FT m [I> Lb e.!:P fb FT ram fb 6T m .!')1 G fbFT m g;J €i'i f!Jffe. ~ @ s; [p $ {b!ffi 

BTwFTfr 400 Gs;FTIJ/- ~oo@s;~Bi® (!]Jill . <MfbillUlm @s;[f)$fbffe 
CFrfl i> fijl [f Lb. 

~ & <!!J a 'iJlD Git UJ Lb {b FT m. ~rr Lb u i> fil 6iJ t.EJ s; t.EJ s; ~Git= w FT 6CfT 
<:§y>ro 6iJ !ffi""1 rt.J fi'i UJ l!....u5J rfl 6CfT Lb BT w FT fr 3 so Gs;FT l.l/- ~ oo (El Si@!J ci> ® (!JJ m 
Q w 6iJ ru Q w 6iJ ru @ WJ fr$ fb (§{p@ram ru ram UJ <r w FT WJ 8; s;i> .ffe ""1 ri.J@6CfT. 

.Mfbilli..5/ro rra:FTUJ6CfT wFTfiJf!Ji>fbFT6'v ld..._=61./ Glug;JL.b ®f!Jramw wFT{!SI 
<:§rfl UJ & WJ ram UJ u u UJW u (El i>ffe Lb fijl f!J Lb Q u fiJ f!J6CfT. @ram ru Q UJ 6iJ ru FT Lb 
~:DJ (Eli> {b (El i>ffe tffi s; kP 6lSJ 6iJ ram 6\) . s; FT 6\) Lb s; FT 6\) w FT s; Q CF li.J {b {b ru .!')1 s; w 

elJlruL.b l!....u5Jfr ruFT[j)'{bramrui> Gl-fbrTL(!!jW {bfi;fijlrrri.Js;w SiJDg;JBiGls;FTOOLIDITT" 
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6TW .{[)J GltHT itYiilJlm{!j@l/L' ~67ll LJ)~ @11 LL~ 6TW .{[)J GIB'rr fiiuliill.f!)J{!jrT ro 
Glurr('!5${!5W. {bW~#mB'UJrra> ~iu6V.f!)J UJrrGvrr GwiJurrirmliill 
G18'ti.J.f!)J 6T.f!)JW tfjla;yi@l/iu67ll6U. urfl=rrw liil161Tir#fil8;® IOJa>UULL 

B'WUJW @®dJ®®<i&ilfD.f!)J· 

~ir # fR UJ rr, u rr 8; LJ?_rfl UJ rr, IL/ a;rr ir UJ rr @${!5 eyi ro .{[)J C':P <ii&il UJ wrr .{[)J {!5 it; 

a; lfirr {!j rr ro :!L u5I rfl ro I}' a; fil UJ w. 

54 Ill S:.r:JllT~IT 

w G1 ct=- w ru rr .U 

Q c!F 6illiillrrti.J &ilva;.j:,fiij)iu :!Lu5lira;lfirr virr=~liillrr? Q<fiill 

liillrrti.J &ilva;.j:,fiiilro®dJ.f!)J f;ir 6Trf!a>iu 19B4iu ~mrLrrirL_ 

48;a;rr@l/iu liill{ij.f!)J @11@${!5.f!)J· ~67ll{!j '£Err B'rr' @llc§C§rr~ 
a; lfirr ~ 6Ufil LJ U rT fr .j:, {!j (}, U rT .f!)J :!L u5) rfl W ~ 67ll L UJ rT 6'fT r'!iJ a;lfirr 

@®<ia>6Vrrwrr 6TWfD (J,a;lfirr@ll 6T@uU!~ir. @C'!5${!5rriu 

@llmrGlliill<iiYA 11./L~T w~ {b@J<i®irr= Gl{brrL irGu rr 

®®${!5LJULGliillmr@w. 

G18'6illiillrrti.J &ilva;.j:,®iu :!Lu51rfl~r'!ila;lfirr @®<ia>6Vrrw 

6T ro .{[)J 11 ru .f!)J I B liill .f!)J !Pff w !D rr m-r 4 ro C'!5 dJ a {!5 w ~ {!5 ro 
G18'rrit>ro liilldJ®®<i&ilwrrro . 19w !PffdJ!Drrmr4ro @.Iw® 
liilJ67llfT ~.f!)J :!Lj[)Jfiij)U ULrT{!j{!jrTiu ~${!5 6Tmr=w liill~ 
@11 yi $ {!j.f!)J . 

JB77iu @.j:,{brrroUJ liillrr~UJ6Vrr=ir @f!UJrruuGlviuro 
6Trou liillir G18'6illiillrrti.J &ilva;.j:,fiij)roGwiu Ga;rr@ Ga;rrLrra>.j:, 

Gl{brflliill.f!)J a;mr@ ~67llliill<J>67ll6YT a;rriuliillrr ti.J a;lfirr (canali) 
6TWj[)J GluUJrflLLrrir. @{bro ~IJ/-UU67llLu51iu Gluirfilliilliu 
G6VrrGlliilliu ~mliilla>m6YT G18'6illiillrrti.J &";/va;.j:,fiij)iu liillrr$Pu 

liillira>lfirr @llliillB'rrUJw umr= GlliillLIJ/-UJ a;rriuliillrrti.Ja;lfirr 

6Trowrrir. G18'6illiillrrti.J &ilva;w 'fj}ir :!L6Vir{i5{!5 &ilva;w. 

~®6&®$.f!)J urrir<ima;u51iu !,j,W &® u#=B'u uGB'iu 
GIB'rrir<ia;w. @${!5 a;iJum~u51ro ~4uumLu51iu 

6T#.tiJ.Glliilliuliiiv, J898iu War of the Worlds 6TW@JW fDrTliilliu 

6T@fiiil~ rr ir. ~ m {!5 ~ mr m w u51iu liiiv t.J iu u ir 8; ®m vu 
ULWrTa> 6T@.j:,{!jrrir. 

~~rriu G6VrrGlliilliu G18'rrro~m{!j U6V('!5W Glurfl{!jrr a; 
fD w u@ll iu m 6U . 

!JjrT 6'fT m L@l/ it; GI 8' 6iJ liil1 rr ti.J &iJ fT a; @11liill8' rr UJ fil i> {!j rr {i5 {!j w 

~4uL_@u Gurr~.f!)J. @®$.f!)JW &®fil6Vir G18'6illiillrrti.J 

&ilva>i>®iu &® liil167lla;UJrr~ {brTliillfTW @®<ia>6Vrrw 

6TW.{[)J fDWUl~rrira;lfirr. @{brD® a>rrv=wrra; U('!Jliill~<i® 
U('!JliillW G18'6i.Jrurru51ro G{brrdJwi>®iu ro;r{i!u@w wrrdJwr'!il 
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a;mw GB'rrill~rrfra;rirr. 

~ 00 = wu.51 ru '= 6lJ@ r5J' .ru/oo Q 6lJ IDYfl 8; a;ru r5J a;w fYJ IOI) w Q 8'1Dil !iilJ rr tiJ 
@r:ra;{b_ffe8;® 8'rTfb~r5la;mw ~WJLILll @f!J<i;@ ~fbill woom= 
~ r5JGa;C81LJ u rf/C88' rr ®i:>ffe # Q 8' tiJ fijJ ~ WJ u LJI 1LJC8u rr ffe !Q_u5} r:r m L ILl rr w w 
ro;JffeW @mL<i;a;.ru/rumru. 8'1!iill$fb @r:ra;w, @f!J$fb @r:ra;w rorillfi!f!J 
C!Jl IJ/- 'iii/ a;® {b fb rr ill ru r:r C!Jl IJ/-$ fbffe. ~ oo = w u.51 ru Q 8' IDil ru rr u.51 ru IQ_ u.51 fr 
IQ_ W 6YT f!j rT !OT ill@ f!J f!j fbffe !iilJ fbffe 8; (f!j, fD rT W (!fl roOT Lj Q 8' rT ill~ !OT rfl 8i ru 

~ru8'ru fYJ!OtJW W.f!)JUIJ/- !Q_u.5/fr ru$®C!!Jcii€ilf!Jffe· 

r:;;i 8' IDil ru rr tiJ fi! i $ i:> =-fb & ®a; w ru rr 6efl ru ror IDYfl fD rr a; u u rr fr a; a; IOI) rr w. 
@r:r'iil/ ru rr 6efl ru @fbill 8'1!iill u L/ !El f!JW Q f!j6Yflru rr a;fi:, Q fbrFI 11./ w. Q L ruGilJ 

Ga;rru ru!J)1L1rra;u urrfr{b{brrru ruL Gfbill ffe(!!j6llffila;rirr Gruoomw1LJrra;i> 

Q fb rfl 11./ w. 8'I ru 8' w ILl w ffeT ar u L/ ILl ru ~ IJ/- i>ffe C!Jl @fi! r:r a; i>= fb 11./ w 
fYJIJ/-.ml@w . .ru/ooa;ruffila;mw ~WJLILll @L...GL G8'ill.f!)J urrfr8;ma;u5/ru 
~ fbill G w tiJ u r:r u L/ C!Jl@6llffe w Q u rr IDYfl $.ffe r:r rr L... 8' 8' u u rirr w r5J Bi<§ w 
u 'rirrwi>fbrT8;(f!ja;@w ~==~Gurr~ rorrflwmrua;@w Gf!jrflfi!illf!J~. 
~{bill f!jm!OtJmlLl GurrL....GLrr ~WJL.1Lllu5l(!!j8;€ilf!Jrrfra;w. fb=r:r ~GilJ@ 
Gr:rro1LJ urrmruru~w Gurrrui> Gfbrrill.f!)J€ilf!Jffe· 8'1ru$fb woo, rorffil@~w 
urrmf!J8;a;tiJa;rirr, w=tiJ®.ml1LJrua;rirr, fbi>fbiOYFl8;®t.iJ 0!!f,rAILl &IDYflu51ru 
rf!jlOYFI~ ~~ rurr~w ror~ uraoo5lfb ~urr1LJffil8iW IQ_WW LJl~w ~· 

= w ~ 6ilJ 140 IJ/- @rfl ® IDYfl fr ! 

a;rrtiJ{!51ru Gu(!!jt.iJurr~w a;rrfruill mL1LJrrciim~@. Qa;rrf80!!}oo(£J 

~cii~8.lill, mfDLff8.lill, a;rrtiJf!J@i>fbw. id>t.Bu.5/ru 35000 wL....Lfr 
!Q_ILJfffb@ru @mLuu_ffeGurrru ~i:>fb=~ ®=!D'iil/· ro;Jf!Jcii®=f!JILl 
fDWciirf!j .mloo .ru/IOYF/wy ! fDwmwGurrw ~G~rrro&T Gurrfrmru fi!mLILlrT_ffe. 
~fb~rrru GwtiJur:ruLJ!ru ~ruL....r:rrr ru1LJGtJL a;@fra;rirr GB'rrL....L# 

G8'rrLL ID=~ciirf!jW. Q8'1DiJ6llrrtiJ woo~Lill 'tjlULllLLrrru fDW 
8'a;rrr:rrr urrmruru~w. B'Bi@ ! ~$fbW'iil/.i® FFffW!iJf!J tffiruw. 

a;rrtiJf!JIJ/-fbfbrTru Grua;w 8'/G1.urw1LJw w~8;® 650 @Grurr wL....Lmr:ri> 
Gfbrr@w. L/@@ 50 @GrurrwL....Lfr !iillm[f lLILl(!!jW. 

Gwrri>fbi>®ru G8'1DiJ!iillrrtiJ ~i>fb=~ Gcrwa;rf/1LJwrr~ @Lwruru. 

@fbtiJ® C!Jlciifi!1LJ a;rrr:rroro-w G8'1DilrurrtiJ 8'/ill~ffe· Jd,t.Bu5lru urrfijl. 
~fb~rrru ~fbill FFfruy .mlmB' fDWWru 38 .ml@8;a;rr@fbrrill. @fb~rrw 
artiJ{!51~w :?Lritrw Qa;rrf8B'fDf88'w a;rrtiJmf!J G8'1DiJ!iillrrtiJ @yi~.ru/L...Lffe. 
a;rrtiJf!J@i>fba; ®=f!J!iillrrru FFffw @rumru. $fr 6ll/J/-6llw @rumru. 
G8'!0iJ!iillrrtiJ @r:ra;i>@ru a;rruLJI ~{!51~rrru fbwwrflru .mlyirr_ffe, ~.ml1LJrrfi! 

.mlCEJw. 

® rfl ILl 6efl ro ® $.ffe ~@a; ffeT r:r i> ® ~ rr ~ w ~ fD ro&T G w dJ u r:r u LJI ru 
rf!jGIFlfr ~@a;w. arwrrfr 23 Ga;rr/J/- @Grurr wL....Lfr fDW Jd,Wm1LJ.mlL 

& ill !D= [f w L r5J ® ffeT [f w. @® ru Gurr tiJ lL u.51 fr lL rirr 6YT fb rr !OT ill .f!)J 
G fb (El 6l.lffe .ml r:r ILl w rr ~ a;rr rfl ILl w ror ill .f!)J ror oo = ru rr w. 
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'= ru@ffil' .ml 00 a;ru i> m fb 6lJ IJ/-6ll = w 8; =a; u.51 ru .ml <8 <§ rr 6efl a; rirr 
~ oo L rr fr L... IJ/- cii a; rr i5I r:rG fb 8' i> ® ru lL u.51 rfl ~ r5J a; rirr LJI = yi fi:, ® (!!j u u ffe 
QfbrA$®®$fbrrru G8'iiillrurrtiJ @r:ra;i>fijl~w ~uu/J/- ~!®B;a;rurrw 
rorill.f!)J ~fijlro(!!j~ woo arr:roo/J/- ~®Ga;C81LJ urflGB'rrfbm~ GcrtiJfl./t.iJ 
G r:r rr u rr L... a; m w ~ WJ u i5I ~ rr fr a; rirr. fYJ ill .f!)J u rfl G 8' rr fb m ~a; rirr 
G18'tiJf!j~fr. 

C!Jlfbru urflGB'rr fb=~ 1LJrr~ 6llrTl1.JU urflwrrtiJf!JL.1 urf/L....mcru.5/ru 
!OT ffe w lL .f!)J f?i ILl rr a; a; 00 (£! i51 IJ/- ci; a; (!fl IJ/- ILl .ml rum IOI) . 

@r:rromLrrru_ffe, fYJillf!JrT6llffe urf/Gcrrr{bm~a;IOYF/~w fifrwrr~wrra; 
G8'rrruru C!J!IJ/-$fbffe @ffefbrTill. G8'1DilrurrtiJ @r:ra;i>fijlru woo~ill 
[f 8' rr ILl ~ w rr tiJ f!J r5J a; rirr Id, t.B u.51 ro (!!j $.ffe (!fl tiJ {!51 ~ w G 6lJ .f!)J u L_ L m 6lJ 

rorro&T uGfb. 

~~rrru :?Lu51fr @C!!JL.lufbrra; B'rrL....8'1 @rumru rorillu®ro®$.ffe 
:?Lu51Gr:r @rumru rorill.f!)J Gcrrrruru C!JllJ/-ILlrT fbruru6l.Jrr ' Qa;rrmru 

GCFtiJfb=fb ILlrT(!!jW urrfrciia;.ru/rumru rorillf!Jrrru Qa;rrmruC81LJ fDLciia; 
<OJ5I ru m !OtJ !OT ill .f!)J Q CF rT ru !OtJ (!fl IJ/- ILl rT f!j ru !OtJ 6lJ rT ! 

fDrT w ~ WJ u LJI ILl u rf/G 8' rr fb m ~ (!fl m f!J<'hW Gfb (El w lL u.51 rfl ~ r5J a; rirr 
GCFIDiJ!iillrrtiJ @r:ra;fi:,fij'iru @rumru rorill.f!)J GlCFrrruru C!Jll.S/--dJfbGfb fb.mlr:r 
(!fl tiJ {!51~ w Jd,W u.51 ro (!!j $.ffe G 6ll.f!)J u L_ L [f CF rr ILl ~ w rr tiJ {!J r5J a; rirr fYJ IOI) w 
':?Lu51fr' rorilluffe Gru.f!)l !iillma;u.5/ru 11...ooLrr@ @®<i;a;rurrw rorillumfb 
fDrT<!Irr w.f!)J8;a;.ru/rumru. 

&® .mlf8err~cii a;mfbu.5/ru GrutiJ.f!)J @r:ra;{bfijlru w!Oeflfbill @f!J®a;, 
~{bill BiLIJ/-Lffila;IDYf/ill ~GL fDLLJUrrill . ILlrT(!!jGW @rumru 

rorill.f!)J GCFtiJfijJ ~WJULj!iillrTill. Qa;rrf85 G[Dr:rw a;!fi:ffbffeu urrfri>fbrrru 
BiLIJ/-Lffila;rirr CF!iJ.f!)J [D<hfr$fijJ(!!jcii(f!jW ! 

G1CF!OiJ!iillrru51ill Gfbill-6lJL ffe(!!j6l.IU u®f?ia;IOYF/Grurr ~fbill fb=r:r 
wL....Li>ffe.9;® ~l.S/--u.5/Grurr :?Lu51fr @®<i;a;rurrw. ~!iill8;@r5J urflGCFrrfb 
m~a;rirr ~mrua;mw{b GfbL.rulrumru. 

wrrrfl~fr mru8;@r5J .ru/ooa;ruw fYJ!OtJW ror@i>fb fDrDl'l~ yma;u 

uLffila;IDYf/ru GCFIDilrurrtiJ @r:ra;i>fijlill GwtiJur:ruiJlru IDf?ia;rirr GfbrA€ilillf!J~. 
ro;JrflBi(§W, fD®Bi@W ! @$'[Dfijla;rirr' Jd,Wlu5lru iQ_WW_ffeGurrru G[D6Yfl$_ffe 
Q ID IDYfl d>ffe Q fbrA fi!ill f!J ~. 

~~rrru ~mrua;IOYF/ru fbtiJGurr_ffe fbooOOfr @rumru. !iillffooL 

fDfijla;rirrGurrru{b QfbrA€ilillf!J~. roruGurrGfbrr @®d>fb rurr{pd;{b !Df?ia;IOYF/ill 
Wl#cr ~mLILliTWffila;w ~m6ll . 

!Df?i<i;®i;. Gfbm!iill wmfP, lL(!!jrf!)W u!Oefl. @r:roo@w @ill.f!)J 11...rufr 
tffiruwrra;cii a;rrroro-uu@w Gcr1Dil!iillrru51ru rorffilfi!C!!Jd>ffe roruGurr_ffe $fr 
!iilld;{bffe? 
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@$ {b 6T rfl a; 6i.J Q <'HilHil.J rr tLJ fi'J [Ta; i;, fijl ro @$.f!jl l@J $ {b.f!jl . @.f!jl l@J 1iW! [T 

&@ LtfJill 6Trf!a;i.Ja;w G!<Fliiill@Jrru5/ro@$.f!jl fi'l=Li;.f!j16rrwt0rr . @$fij}UJrr 
6l11~w &@ a;<Di.J 6l11@$@@8ifi'lf!J.f!j1. @=l@)a;liW!w ~!Ol)fi'lu urrr'rff,~fijl<Di.J 
6TW1iirr {!ja;l@J<Di.J fi'lliW!Li;,~.f!jl? 

' 

60 >I• ir.mrrl6rr 

~ OT rfi ffi ~ OT u u Lf- rufr> {b ~ ? 

Q CF 6i.Jl@Jrru5/ro@$.f!jl fil{brfiJUJ a;i.Ja;w Jd,t..El8i® 6TuulS/-

1@)0®@8ia; C!:PIS/-'4LD - 6Trf!WliW!I01) Gil@JIS/-i>~~rr<Di.J @@cia; 

C!:fJIS/-UJrT.f!jJ. ~i>~=t0rr <Fcifijl14ww 6Trf!w=I01) Ql@JIS/-UL.fci® 
<Frrfi,fij}UJt..El<Di.J=!Ol). G!<FliiiJl@JrrtiJ fi'lva;i;,@<Di.J 6l1J~Ql@J<iiYf/u5/ 

6151@$.f!jl G!urfl<Frra; a;<Di.J ~IS/-UL@cF fil{brfj!UJ .f!j18;W{brT60T 

0w=w 1@1$.f!jl G<FfT <Frri;,fij}UJw l!LWW§JJ. 

@${b .f!jla;w Gil@Jw<iiYf/u51ro@$.f!jl 1@)$®@8ia;!Ol)rrwrr 

6TWfJ)rT<Di.J ~.f!jJW <Frri;,fijlUJt..El<Di.J=!Ol) . G!l@Jw<iiYf/u5160T L.f6l11 

FFrTUL.j 6l1iiiW!CF ~@a;wrTfiirr.f!jJ . CF$@vrolro@$.f!jl l@J[T6ljW 
CFrri;,fij}UJW<Di.JliW!!Ol) . 

19826\J G!Lrrt0rrrr<Di.J(])l Gurra;rrr'r(j)l (Donald Bogard) 
6T ill W1 w 6l1I rftj <§ rr roJ Q <F 6iJ l@J rr tiJ fi'I [T a;i;, fijl 6i.J = l@J 8i fi'I ffiJ 
6T (Eli;,~ CF rr W LJi 1iW! !OYT '4 W fi'I !01) 6l1J <Orm G'J l@J <iiYf/ 8; a; dJ a; <iiYfl 607 

CFrrwU!=w14w fYLJU/L_(])lu urrfri;,{b@<Di.J '~r'ra;rrw' 

(Argon) 6TWWJW l@JrT'4 @V~IS/-~w fYGV ~w6l1i<Di.J 
@@ULJ{brra;ci; a;~t_rfiJ$~rrr'r . @@ro@$.f!jl ffej/LLl@JLL 
wrr a; @$ff>8i a;i.Ja;w G!<FliiiJl@Jrru5/ro@$.f!jlff>rT60T 1@1${b=l@J 

6TWLJ.f!jl G!{brfl$.f!j16l1iLL.f!jJ. 

19886\J ~~Lrrr'rL_IS/--8; t.SlvG~CFi;,@<Di.J geliiivurrw ffila;w 

0@Gl@J fi'IL${b tfYr'r 6Trfla;6\J=I01) vs-dlrftjeJrrrola;w ~rrtiJ$~ 
@<Di.J ~.f!jl G!<FliiiJl@JrrtiJ fi'lva;i;,@6151@$.f!jl 1@1$.f!jl 6l11<!:£!${b 
a;<Di.J 6T60TLJ.f!jJW ~{bill [TCFrTUJliirr ~liW!WU!iW!LJ C8f!j rr8i (!!jW 
C8 u rr .f!jJ Jd,W u51 <Di.J u rr 8i ~ rfl UJ rr l!L u5I rfl t0rr ffiJ a;w ro;r dJu (El .j>.f!jl w 

wrr.[J)J{b<Di.Ja;w .d',!/fijl~w G{brrillrfi!UJ={b a;l@Jro/i;,.f!jl G!CFliiiJ 
l@JrrtiJ fi'lv a;d;fijl<Di.J urr ci~rf!UJrr l!Lu5irflt0rr w @@cia;!Ol)rrGwrr 

6TWfJJ Ga;w6l1iiiW!UJ 6T(!:Put.5lt0rrr'r. @={b ~r'rfRl{buu(])li;>{b 
wdJG!f!Jrr@ ~{brrvw C8{bliW!l@JUJrra;6l11@${b.f!jl-

19966i.J flirT<Frr liW!{brflUJwrra; ~rfi!6l11i;,.f!j16l11LL.f!j1. G!CFliiiJ 
l@JrrtiJ fi'lva;i;,fijl<Di.J urr8i~rf!UJrr @@0@@8ia;<DtJrrw 6TW.[f)J. 

@.f!jl l!L<DtJG'Ja;ffii®w uvuvu=u ro;rdJu(])li;,fij}UJ.f!jJ . @giJ 
rf/<!F<FUJwrra;i;, G!{brf!UJ @illWJW fil<DtJ urf!GCFrr{brw>t0rra;w 

G{brw>Gl.Juu(]}lfi'!f!J.f!jl . ~{[JW® @illWJL.b fi)!Ol) 0rrL_a;w 
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·~J/(!jLD. 

1969 tJ?-®rn6lJ 20, i>L61Ja> <Frfli>®vi>®ru (!:Pci>fi! UJwrr~ fij16Mw, 
wrol0ill B'fi;filvroiru a;rrru rnliilli>:fb ®~w . .!rfi;filvWJ8i((!j G"i<Fill.f!)J 
liillfi;:{bliillfra>rirr fil®LiJLJlUJgiiLD ~rlil<la; ro;r:{brrliillgil urrci;~rflUJrr @<!!Jci>((!j<lwrr 
IDTill.f!)J a>liillrn61JuuL....(£l 8'161J ®~rlila;rirr ~6llfra;rnw 0rol<lUJ rnliilli>® 
<!!)fi;:{brrfra;rirr. 

<Ffi;fij)vroiru IOTfi;:fbci> fil<!!JW ll..J LD @rurn6lJ IDTill.f!)J G"l0rflfi;0giiw0rrill 
~liillfra><&;Lill rna; ((!j~<Mi!~rrfra;rirr. 

G"i<Fwliillrr ti.J @va;i>filru wrol0ill a>rr61Jlf/- rnliillci>((!jw<lurrgii @Cl~ 
LJl ET# rn ~ IDT !:P fiiU rr w. @1161%r Q liill 6Yf°I ro ® fi;gii fijl ® w LJl liill ® w a; 6lJ rliJ a; rirT 

~=~i>=fbll..J LD fil<!!JWa>rirT @ru61Jrrwru fbroluu@i>gilw C!:P=f!Ja>rnw 
~ Q w rfl ci; a; fB rr B' rr @.f!)J 6lJ ~ w Q liill 6Yf°I u5J L lf/- ® 8;@ f!Jgif. 

kf,Wu51ru i>Lu5Jfr 6ll[i;:fbgii wa; Lf)a; 0dJG"l<FUJ61Jrr~gii . ro;rGf!>rr &® 
a;=fi>filru fbill=~fi>fbrrG~ @ETL....lf/-fi>gii<'iiG"/a;rrrirT<&;LiJ e!:fJ6lJ<'ii<Tn...f!)J 
i>L61WLrrfil ~fbillLJlill urfl=rrw @S"Jfij)a;rirr G"lurr.!J)JLIGudJf!J~ . 

G"i<FG"iJ6llrrti.J @va;fi;fij)~w 0dJG"l<FUJ61Jrra;, ~fi;fb 0'!!J{prfirn61J8iGa;dJu 
'i>Lu5Jfr' @~rlila;rirr Gfbrrill{!51u51<!!J<'iia><'ii<Tn..(£lw. 

@illrnf!JUJ ®~fi>fijlru fBLDWLw @<!!J<'ii((!jLD <FrrL....8'1UJrua;6Yf/mulS/-
360 Ga;rrlf/- ~6/%r@a;<&;<'ii((!j (!:Pill ~ruGa; i>Lu51rfl<!!J[i;fil<!!J<'iifi!f!Jgil 
IDTill.!J)J G"i<Frrrufi!f!Jrrfra;rirr. 
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w t.11 ir u@CF- mfr>~ 

6llJ 61WG"l6ll6Yf°I u51ill ~fi>filru 0 w 0 L....B'fi>fi1 v rua;6Yf°lro<!!Jfi;gi/ 

& 6Yf°I 6lJ ® IOl!/' ru a; rirT .ffeT v fl; fijl ru @1161J fi!~ . & ® @L fl; rn fl> 

10T61W~uurr<!!Jrlila>rirr. IDTrlil((!jLD IDTrlil((!jLD a><!!JLD urr{p . 
rnw~~ 273 LS/-@rfl<'ii((!j ~®Ga; ((!j6Yf°lfr . ardJ{J51~w 

IDTrlilfil~w G"lliill.!J)Jrnw. 10TuGurr fbrrliillgil G"lfbillu@w &dJ=f!J 
~~<'iia;rirr, a;rr~w<'ii a;fij)fra;rirr . @fi;fl> ®illUJfi;fij)ill 
wfl;fij)u5Jru IDTfijlfrurr[Trr:{D fj!(!!j 8'J{J51UJ . . . Wa;# 8'J{J51UJ 

a; 61%r ~ 8i ((!j fl; Q :fl> rfl UJ rr :fl> .ffeT $ G :fl> rr ill .!J)J fil f!Jgil. G :{Drr ill {!51 
@1161%r Q liill 6Yf°I u5J ru ® rfl liill rn :fl> fl; Q :fl> rr L fr fi! f!Jgil . ~®Ga; 
urrfrfi;:{Drrru @fi;:f!>fi> giia>rirr &® urr<'ii~rflUJrr@S"Jm &dJ=f!J 
QB' ru !OT ill Ugif Q :{[> rfl fil {!Jgil. 

@filru i>Lu5Jfr @®Llu:f!>rra>i> G"l0rflUJ@S"Jivrn6lJ. ~fi;:f!> 

a; (£l rliJ ((!j 6Yf°I rfl ru ~ :{[>ill ~ ~ 8; a; 6YT rr ru !Ba; [T C!:P LS/- UJ rr giJ . 

a; fijl rfl UJ a; a; rli1a;6Yf°I ru ~ LS/- u L.... (£l G 6ll .f!)J liill fi; f5i ® <'ii@ f!Jgii. 
@®fi;giiLD ~gil @illWJLD 8'rra;@1/rurn61J . i>Lu51<!!JLWJLD 
@® u u :f!>rr a>'"-f w QB' rr ru61J C!:P lf/-UJ rr gii. Ga;rr LS/- <'ii a;= <'iia;rr ~ 
~ 61%r (£l a; rirT @ fi; fl> lL u5J [T dJ fJJ - lL u5J ® rirT 6YT .ffeT 8", a; rirT 
@1161%r ~ ru fij1rflUJ61Jrr w. IDT u<l u rr :fl> rr 6llgii & ® @v a;fi;rn :fl> 
~rnLUJ61Jrrw . ~®Ga; fb61WliMf°fr @<!!J<'iia>61Jrrw. LJ61J 

G a;rr LS/- !PfT f!Jrr u5J [T w ~ 61%r (£la><&; <'ii ((!ju L.51 ill ~:fl> dJ ((!j 
liillrr{/)'"-1 6ll[T61Jrrw. ~:f!>W® ~=8'@.f filrnL<'iia>61Jrrw. ~:{Dill 
urfl=rrw <§rrua;rlila;rirr i>L$LJUULJL61Jrrw . ~gil 

:fl> ill rn ~fl; :{DrrG ~ u LS/- Q UJ @<'ii a;fi; giJ 6lJ rliJ a>61J rr w . ~ fi;:{D 8; 
@va;w kf,WUJrra; @<!!J<'iia>61Jrrw. 

a>dJu=~0rrill, @<!!Jfi;gi/LD @$0 B'rrfi;fijJUJw @S"J~<§rrroi 
a; w rr ru fl,@11 v w rr a; u u rfl G 8' rr fij1 a; a; u u L.... (£l rirT w gii . @1161W 

G"l6ll6Yf°lu51ro<!!Jfi;gii i>Lu5Jrflill ~wurlila;rirr 0w filva>i>gii<'ii((!j 
liill[i;gii GB'rrfi;fi1<!!J<'iia>61Jrrw 10Tillfi!f!J 8'1fi>0rrfi;0w @ill.f!)JLD 
fl,@S"JvwlTa> ~rrUJuuL....@ liill<!!Jfi!f!Jgil. @$0 8'1fi>0rrfi;0fi>=0 
2ow JPJTdJf!Jrr61Wlf/-ill ~wui>filru C!:P0roru ~{!51@1Jfl;06llfr 
~G"lliillill ~rflroiUJ~ (Sven Arrhenius) IDTillWJLD ~@LS/-~ 

a_lii~m !Ta;.flu.iiD "' 63 



6l5J ~ ~ rr roJ. 6l5J ~ Q 611 liiYfJ u5I ro ('!) dJ.ffe ® rA dJ.ffe 611 dJ {!) u rr a;/..!!_ rA UJ rr 

~~=~ Jd,ill8;@j 611dJ.ffe Gtn'rdJfil®B;a;rurrL.b "'"ffi[Drrfr. @={!) 'urrffi 
Qufrt.EUJrr' (Panpermia) "'"ffi[Drrfr. '"'"ffiJ®L.b 615Jrom{l)' "'"ffi!D ~fri;,{l)i;,frj)iu 

@${!) {l)i;,,ffe611LD ~/J/-8;a;l.S/- LD.f!)J urA€/ruromrn- Gi<Fti.JUJuuL._(£1 liill(!!jfi;)fD.ffe· 

tLu51 fr !,J,t.E u5I iu {!) rr m C!:P {!) ro iu G{!J rr m rf}I UJ {!) rr ? @iurom ru, t.51 vu~ <F {!; 
@iu "'"t5J a;rr6l.J_ffe G{!jrr.:07 rf}I @t51® liill ${l){l)rT? 

615J~QliillliiYflu5lffi <Ef.S/-rn-LDrrrn- @b£i@romruu51iu ffn.L fj!(!!j urrB;~rAUJrr 

t.51rom~0 ® ® 8; a; C!:P /J/-11../ Lb "'"ffi u .ffe ~ ~ rom w u5) iu u rA G ff rr {!) rom rn- a; rirr 
!YJ6UL.b tffi@t.518;a;uuL-(Jjlrirrw_ffe. 615J~QliillliiYflu5lro'o7 ®liiYfl=vll..fl.b a;frj)rAUJB; 

a; 0 rom {!) 11..f Lb ~ (':£! {!; {!) 8; @j rom fD rom liill 11../ Lb G <F rr {!) rom rn- 8' <F rr rom ru u5I iu tL ~ 
i_rr8;fi;J urr8;~rAUJrrrom611 ~{l)tD@i tLrirrwrr8;fi;Jrn-rrfra;rirr. urrfi18;® 

Gwiu ~i;,{bromrn- ~i_ffiJa;romwll..fl.b {brrt5Jfi;J8;Qa;rr~(Jjl t.51=~0®®${l)rn-. 

2500 ~~(Jjla;rirr 615J~QliillliiYflu5Jiu @(!5${l){l)tD@j FFLrra; ~iuL[TfT 
liillUJG/ruL_ a;frj)fra;romw urr8;~rAUJrr~8;@j Gi6111iiYf!#<FL.b a;rrL_/J/- ~=liill 

a;romw - 263 ll/_fi;)rAu5Jiu rom611i;,,ffeU urAGffrrfiiis.ffeL.I urrfri;,{b11fra;rirr. 

@rom{b615JL8; a;(JjlromwUJrrrm Gffrr{bromrn- @®8;<E(!JJ/Jf-UJrT_ffe. @®~Lb 

fj!(!!j ~ru urrY;~rAUJrr t.51rom~i;,@(!!j8'fi;JfD.ffe· t.Strom~i;,{l),ffe wL_(Jjlt_/j/ffirf}I 

~romliilla;liiYflffi ~11..f~L.b ~@a;rAi;,{l),ffe ! 

615Jv;mQliillliiYflu5lro(!!j$,ffe fl!® urr&~rAUJrr liill${brriu Gurr.ffel.b ! wtiJ!D 
Glf!jiururrL.b urA=rrw 615J@a;liiYf!ffiu/J/- fbL{i;.ffe615J(JjlL.b. o°ouQ[TL_ ~rru51iu, 

615J<i>vw~t5JGa;, Glliillufr Gurrffi[Dliillfra;rirr @${!) ~i;,{brr${bi;,rom{l) fbLDLJ 
fi;J fDrT fr a;rirr. 

@® $.§)} Lb @.ffe Q a; rr ~ <F Lb tJj/ rom a; UJ rr rn- ~ 0 {brr 0 {!) Lb{!) rr ffi "'° ffi .f!)J 
G!u(!!jL.burrG6Urrfr Gi<Frriufi;J[Drrfra;rirr. tLu51fr fbl.b <FC!:fJiJ®vi;@ffi ~l.S/­

~i>fiiiu{brrffi C!:P{broiu G{brrffirf}lu51(!!j8;a; <Frrf};@ UJ t5Ja;rirr ~@a;L.b 

"'".:07 fi;J fDrT fr a; rirr. 

:IL u5I fr "'"rA a; tiJ a; WI ro (!!j $.§)} liilJ 0 {!) {!) rr 6"T ffi u {!) tD ® ~{!) rr [T LD rr J, "'"rA 
a;dJs;liiYf!iu o°ourrliir6/iu Uf.S/-LD ~romLUJrrwt5Ja;rirr @®uu rom{b. Gi<Frriufi;J[Drrfr 

s;rirr . @.ffeliill=fT tffi@t.518;s;uuL_i_ 615Jliil!/'UJL.b ~{brrffi. !,j,t.Eu51iu tLu51fr 

G{brrffi.f!)Jliill{bfiJs;rrs; Gi<Frriu6Uuu(Jj1L.b ~G{b [T<FrrUJrm$ a;6\Jromliillll..fLD 

@ b£i@rom 6U 11..fLD "'°rAs;tiJs;liiYf!~L.b fi;Jromi_isfr51®8;fi;)ffi[Drm "'°ro'o7UGf!j . 

Gi<FroiJliillrrti.J fi;Jvs;iJ@ro('!)$.§)J tLu51fr liill$®®&a;6l.Jrrwrr? Giffffi[D 

~ 0 fijl UJ rr UJ 0 fijl iu Q <F rr .:07 rm u lS/- @.ffe ~Lb <F rr 0 ® UJ Lb {brr .:07 . :IL u5I fr 
"'"ro'o7U.ffe fbLD tL6l.Jfi;JilJ wL_(JjlL.b{!jrrffi ffrrf};@UJL.b "'"ro'o7urom{!j 0L.bu 

0rrL.b {bUJffiJ(!!jfi;JGfDrrL.b. ~${Dis ' {brolromw' 0L.bromw 611rrL._(£1fi;JfD.§)J · fbLD 

4romrms;rom{bs;rirr ~=rmfi>fijl~L.b Gliillfi,J).Jfi;J[Ts; wrol{bfrs;rirr utiJrf}I "'"(':£!.§)1611 

{!) tiJ ® @.ffe {!) rr .:07 s; rr [T =Lb. @0 {!) rom rm 6l5J rA ru rr rm t5I [Tu~ ff {b fijl iu 
.ffe 8; ® liiYfl Yd,~ (Jj1 fi;J [Ts; w rr rm Jd,t_fj/ u5I iu w L_ (Jj1 Lb{!) rr ffi tL u5I fr @® 8, ff:) !D.ffe. 

Gs;rri_rrWJ Gs;rrLrrWJ Gs;rrl.S/- fbL<Ff};fij/[TffiJa;~L.b ~romliill s;romw 8' 

a.fiJ[!)itLJ fii r;rs;t5Js;~L.b '"'"iu6l.JrrL.b Gliill<OivL_i_rr.' 0rrL.b t_/j/a;fi; {l)~UJn wfra;rirr 
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"'°ffiUrom{b fbLDU<i> Clif.S/-6rrLDfTCJi @(!5$fi;)fD.ffe· ~{b6rrrTiuf!jrrffi 615J~Qliill6Yfl 
u51!Dl9(!5$G{brr Gi<FroiJliillrru51ro(!5$G{brr :1Lu5JrAffi ~=LUJrrv;rrffiJs;rirr fbLD$@i 

611 $,ffe G <F fr 0 fijl (!!j $ s; 6lJ rr Lb "'"ffi fi;J fD ~ 0 {!) rr 0 {!) t5J a; rom w 0 fb 6l5J [T LD rr s; 
~[T rr tiJ $,ffe Q s;rr ~ lS/- (!!j 8; fi;J G wrr Lb. 

Gi<FroiJliillrrGUJrr .fli$fi;JvGrmrr GlliillrirrWGUJrr @romliill "'"fijl~L.b :1Lu5ifr 

liill/Jf-liillL.b G{brrmrf}lu51(!5${l)rr~L.b ~=liill LD~{l) @U{i;.ffe8;@iu urA=t.EiJ 
fil®<i;s; C!:Pf.S/-IJ.JrT.ffe "'"ffiu_ffe :IL.f!)J@. Jd,t_fj/U)/<iio7 urA=rrwff. @b£i@rom6U 
wtiJ!D fi;Jva;t5Js;Wliu @iurom6l.J. ~t5JQs;iu6l.JrrL.b tLu51fr @®LIU{l)rrs;iJ 

Q{l)rA UJ 615Jiurom6l.J . @®${brr~ Lb @uGurr .ffe Lb Glf!jrrLfr $fij/(!!)UU{l)rr s;{i; 

Glf!jrAUJ 615Jiurom6l.J. ~UU/J/-fi> Q{!jrrLfrdJ@@dJ{!jfTiJ2)LD ~~7 @ffirom[DUJ 
611 f.S/- liilJ LD fb LD 8' (!!j {!; Q {!) rfl IJ.J liilJ rr tiJ LJ t.51 ilJ r;;m 6lJ . 

fL u5I fr "'"ro'o7.f!)J 0rr Lb s; (!!j.ffe Lb 6l5J rom w rom liill G UJ rr ~ 0.ffe u u rr fr fl; {brT iu 
~,ffe @${!) liill/J/-liillfi>.ffe8;@j 611rj){!j{!jffi ~8'<FrAUJGw {bfiJGi<FUJG6U fbl.bromw 
frj)roma;<i;s; romliilJ$fi;JfD.ffe· 
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i!_ u..11 rT c JI> CF LI 1..11 Ju@; CF rn 

L..51 vu~<F.j;m{I>IL/W ~{bill ~=wumulL/w Gw~w 
Gw~w cn611~ciima;u516i.J ~fI>rD® ~Gff>IT &<!!5 !Ol5ifb.j;@6i.J 
f!jlTW 611/JU C8u1T€ilC8fIJITW ~illUffe Q{I>rfl$@(!!55.CEC86ll~(]}lw 
~illU.ffe ~.f!)l@UJIT€ilf!Jffe· o°ourflwill mL<Fill 'a;~~C8UJIT' 
!Ol5J~Q611mlciia;<i0.j;@ill a;mLfi'I G<Fti.J@a;mlru &ill.f!)J 

C8611{D.f!)l @va;.j;@ill 1LfC81J1TUUIT ~illWJW 8'(!P{i;@1J.j;@ 

~<!!50.ffe 611{6fbffe· ~ffe !Ol5!~(§1T~a;mw w€ilJP#fi'lu516i.J 
~.j;@UJ_ffe. CEITIJ=W ~<iUW ! u~ci;a;L_/J/-. {tfr @<!!5f6fb1T6'u 
~u51fr )i/<!!)UU{I>fDCEIT~ (!j){I>GiJ ~mLUJITWffila;w ~WW~ 
~ill.f!)J ~rT.j;{f>W. '{trflill!J5! ~mLDUJIT_ffe ~<iU<f!j' ~ill.f!)J 

<Fffila;a;1T<i0u LJ<i0611ill G<FITill~.ffe C!PrD!J5!~w ~~=w. 
tE<!!)W fi'l<iU C8611@UJ6i.J eyJruciian..f!)Ja;~w @<!!5f6ff>IT6'u ~u51fr 
C8fI>ITill.f!)J6ll{I>fD CEIT~ <FIT.j;fij)UJffila;w ~@a;w. 

·~u51fr' ~illWJW <FmLDUJ~cii<f!j.j; G{I>m611UJIT~m611 

a;f6fbcnW, @®WLJ, ciiC8w1Trflill, a;1Tfruill C8u1TillfIJ e!JJ<iUU 
Gu1T(!!jrifra;~w {t(!!jW @m611a;mw.j; fb~GUJ fi'lru C8cn1T/J/-
6ll(!!j@'/tffila;w !Ol51L_(El m611.j;{I>IT6i.J @#<FUJW ~u51fr C8{I>1Till!J51 
!Ol5i(J}lw' ~ill€ilfIJITrT rfl#<Ffr(J}l GLrrmvru ~illfIJ !Ol51~ 

!Ol5J~(§IT~. 

{tfr )i/(!!5${I>IT6i.J ~u51fr C8:{!)1Till.f!)JW ~illu_ffe <FrflC8UJ. 
~~IT6i.J !Ol5J~Q611mJu516i.J C8611fD.f!)J€il1Jcn{f;@6i.J ~u.5)fr 
C8fb1Till!J51!0l5!L_Lffe ~ill.f!)J ~.f!)J@UJITcn# GaHruru Gw~w 
8'1TLfi'IUJffiJCEW C8{I>m611. /J/-LrTW~8'W ~WJW fbrrLDIT~.j;{I> 
cn(!!j{b_fferirTW !Ol5!~(§1T~a;w G<F1T6i.J611_ffe tE<!!)W ~wC8~1T 
~Lfilruffila;~w gLfil C8u1TillfIJ @!f'~w C8u1Tfij)UJ a;1Tru 
~611$1T8'(!PW @<!!5f6ff>IT6'u C8UIT_ffeW !Ol5i@uull/- ~u51fr 
611{6C8{I> fb(!!jLD ~ill€ilfIJITrTCEW. ~~IT6i.J fY(!!j Lfila;Lfila; ~mJUJ 
~u51rflill a;L_Lmwumuu u1Tfrciima;u5l6i.J ~@ru tLrirrw 
fi'lci;a;mru C8f!i1T8>«!jma;u5l6i.J ~u51fr ~illu_ffe ld,Lfilu516i.J wL_(Elw 

@a;JPf6fb &<!!5 fbdJG<FUJrulT~ an.L_(J)l(!PUJfD€i'I ~ill.f!)J GCF1T6i.J 
€ilfIJ6llrTCE~W )i/(!!5cii€ilfIJITrTCEW. Jd,W ~u51fr ~illUffe fY(!!j 
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<f!j(!!jLLITwC8u1Tcii<f!j !Ol5imw6lj ~ill.f!)JfblTill @611fra;G1r f!jWLJ€ilfIJ1TrTCEW. 

@fI>rD® LDITfIJITCE @UJ[Dma;u5lill @UJ[Dma;GUJ ~u51fr ~~LIT611fbfD® 
<FIT ff>CELDIT a;.j; {bill=~ ~=wfi>_ffeciiGa;1Tw611G{I>. @=ff> Cosmic Imperative 
'i..511JU~8'cii CELLITUJW' ~ill@fIJITrTCEW. )i/UJ{Di..51UJ6i.J !Ol5J@a;~ci;<f!jrifr 

~C!:JlfI>UULITfI> !Ol51@ fYill.f!)J ~rirrw.ffe. ~ffe ·~u51fr G<Fti.J' ~illuG{!). 
~UU/J/- ~u51fr Q8'ti.J_ffe!Ol51L(Jjl ~{bill !Ol5imW6lj$6YTIT$ LD~w. ~!J5!6lf, 
yrfl{b6i.J @m611a;mW1LfW GCFti.i€ilfIJ.ffe· @UJ[Dma; !Ol5i@a;~ci;® {!)ITW 
~ill ~wC8w1Tw ~illu_ffe u[DfJ5!UJ ~=fr6lJ ~~@ ~illWJW !Ol5iUJciia;.j; 

{b&a; fi'l.j;{blT${bW ~~=w ~~6i.J LD~fI>WJcii® &<!!5 CEIT!J=w ~rD 
UL@ i..511}"U~<F.j;@6i.J &<!!5 UIT.j;@vw 9ilmL.j;,ffe @=fIJ6l/ Qu.f!)J€ilfIJITill. 

uUJru1Tt;§Jciia;6i.J /J/-LrTW~<Fw (Biological Determinism) ~illWJW 

@${!) fi'l.j;{blT${bW f!jLDciiGa;GiJ<ilJITW i..511}"U~8'.j;fiji6i.J &<!!5 GUIT.f!)JULJ.j; 

{!) <!!5 9il f!Jffe. 

@${!) fi'l${b=~=UJ ~@fruu611fr a;w, '~u51fr urfl= Lfil-i;{b,ffe 
G{b1TLfr${b {b{DG<FUJ<iUIT~ ®fJ5iciiC8a;1TwdJfIJ @a;JP6lfa;mlill G{blT<f!iULJ. 
@.f!)J@cii CEIT[f=w ~ill.f!)J ~ffe6ljW 9ilmLUJIT_ffe. ~u51fr ~illU_ffe 

~UU/J/-C8UJIT {b!Ol5Jfr<f,a; (!P/J/-UJITLD6i.J @a;JPf6.ffe!Ol5iLL.ffe' ~ill@fIJITrT8iW. 

~fJ5!!0l5iUJ~cii® 'cnlTIJ=w', '!Ol51@' C8u1TillfIJ 6111Tr'r.j;m{ba;rirr ~6i.J<i01Tw 
~{b61JIT{bm611. {!jmL G<Fti.JUJUULL 6111Tr'r.j;m{!)CEW. LD{!)W, f!jWL.5lciima; 
@m611a;mw# 8'1TrT${b 6111Tfr.j;m{!)CEW ~fJ5!!0l5iUJ~6i.J @®ciia;ci;a;-..LIT.ffe 
~ill.f!)J GCF1T6i.JU611fra;rirr{b1Till Gu(!!jWU1TillmwC8UJ1TrT. 

ld,W ~ 6iJ <iU _ffe G 611 fD.f!)J 9il er a; .j; ® 6iJ ~ @G ru WJ w ~ u5I fr @<!!5 u Uffe 
~.f!)l@uuL_(El!Ol5iL_LIT6i.J ld,Lfilu51ill '~fJ5l!Ol5i<i01T' ~fJ5!!0l5iUJ6i.J fi'l.j;{!)IT${bw 
~=LuL(Jjlu GulT<f!jW. @JP@mru ~fDULLITGiJ ~u51fr C8{!)1Till.f!)Jw 
~illU_ffe @@i..51ciia;uuL_LIT6i.J ~u51(!!jcii<f!j &<!!5 CEIT[f=w @UJ6i.JUIT8i 

~ m LD $,ffe !Ol5J (El@ f!Jffe. 

~u51fr ~rT.j;{!jLDfDfIJ{blT ~ffe &<!!5 <f!j(!!jL(]}l !Ol5imw611rr, ~U.j;{!jLDIT, 

®fJ5iciiC8a;rrwdJfIJ{blT ~ill@fIJ Ga;w!Ol51 LD~{b=~ Llilcn6lJW <Fffila;Luu(J}l~ 
9il f!Jffe. ~ {!)~IT 6iJ {!)IT ill LD rD fIJ 9il [fa; r5J a; ml 6iJ ~ u5I = IJ .j; G {!) (Jjl 9il (!J IT ill. 
i..51cru~<F.j;@ill LDCEIT LDCEIT {b~mLD ~611=~.j; @ma;ci;a; m6llcii€ilfIJ.ffe; 

Q 8' UJ ru ~ ci; 9il f!Jffe. 

~~a611 G<F~6111Tti.J @cra;.j;@ru {bill~#m<FUJITCE ~ffilGa; i..5lfIJ${b 
&<!!5 u1Tcii12-rf1UJ1Tm611 @@i..51.j;{brrGru GulT_ffeW. Ulcru~<Fw u[DfJ5!UJ 
f!jW cn(!!j.j;,ffe8iW ~=~.j;,ffeW @(!!j.j;{!jUUL(]}l!Ol5i(J}lw. 

f!jlTW UJITrT? 

)i/${!).j; G{bLGiJ f!iWmw f!i1TC8w G{b/J/-cii Ga;1TrirT611.ffe. Ulvu~<F.j;@ru 
f!ilTW UJITrT? f!jW Uffil<f!j ~ill~? ~{bfD8ilTCE{f, C8{!)1TillfJ51u5l(!!jcii€ilC8fIJ1TW? 
~{bfDCEITCE f!jLDcii<f!j fi'l{6{I>m~ll./W ~fJ5!6lfW ~fDULLffe? f!jlTW (!j)cii€ilUJLDfDfIJ 
{!j1TillC8{!j1TillfJ51a;wrr @6iJ6m<iU i..51vu~<F{b@ill LJl[TWLDIT~L_ ~6'0'!LDUL.516i.J 
rgj!rT ~ffilCELDIT? i..51cru~8' CEIT~.j;@ill &<!!5 [TITCEWIT? 
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@=~@ilL (IJJ8i@UJwrr~ (]a;w@il lLuSiiT 6"rffiUffe 6"ruGurr~rr@Jffe 

ffe@Jr"!il@UJ~rr @<DiJ6m<D1J 6"ruGurrffe(]LD @@uua;rr? lLuSirT 6"r~T£DrTGV 

Jd,W lLuSirT LDL@W @<DiJ6m<D1J. lLuSirT 6"rffiWJW .dPJ6"6>LDULj lLuSl(!!jWWffe, 

lLuSlr;riJ!Dffe 6"rffifIJ UfT(;!!jUfT(J}I 6"rUGUrrffeaLD @®1>®®8ia;<D1JrrLDrr? 
GwiJ21Lb fild>®i>ffeL1 urr!T{b~rr<DiJ @$~8i (]a;w@il rfjlfDLb LDrT.!J)JW. 

lLuSl@8i® ~wuw @®d>~ 6"rmfD (]a;w@il t.5Jr;ru<~!Y"~8i® ~wuw 
@®d>~~rr 6"r~T@!D (]a;w@ilUJrra; wrrrfi/@il(j)lw. 

J.9w .JWiJ!Drroo(J}I @51~Cf5rrl5ef/a;w t.5Jr;ru~B'w 6"ruaurrffeLb @®d>~ 
~rra;{b~rrro filj>g!jl{b~rr!Ta;w. 

@ffi.!J)J .dPJUULSf-uSIGV6"6><D1J. t51r;ru~8'{bffe8i(;!!j fftrT ~r;rwu CJ;liifflW 

@®d>®@8i@!Dffe 6"r~Tu~iJa;rr~ .dP!rfi/@ilUJ<DiJ ~~rrr;rr!ila;w @=Li> 

ffeWW~. 

t.5Jr;ru~8'W '&ffi.!J)JWGV6m<D1J'uS!ro@d>ffe '6"rGV<D1JfTW @®d>~ffe' 6"rffiU 

~!D® wrrrfi!UJ &® a;={b®<DiJa;rr~T a;rr<D1J(IJJW ffe@Jr"!il@UJffe 6"rffi8"iJ!D 
fil{b~rrd>~i>=~ LD~g!jl<DiJ .dPJ6"6>LDUUffe u5/a;u5/a; a;~LW. t.5Jr;ru~8'(1JJLD 
lLuSl@Lb 6"ruGurrffeLb @®d>~~- 6"ruGurrffeLb @®8i@Lb 6"rffi@!D 

fil{b~rrj>~w w~g!jliru a;iJt.518ia; B'W.!J)J 6"r6Yfl~rr~ffe· @®d>ffeLb ~~rrro 
lL006"6>L.DGUJl5efl<DiJ @~GiiT @516"6>W6llrT$8; @=w8i(;!!JW fil{b~rrj)a;r!ila;w 

€il<D1J @GiiT6mfDUJ fild>~=~o;<DYf}ffiulJf- .dPJUrb~LDrr~ $(!!jrbffe<!h6"6>W !OJW<!h 
a@JOOLSf-@J(f!jW. lL~rrr;r=wrra; &® wa;rr QurAUJ L/rb®B'rrro{b~~w 

t51r;ru~8'{b®<DiJ @®8i@fDffe· .dP!ffe u5oo(J}lw u5oo(J}lw lLuSl!T @JLSf-@Jr"!il 
a;=w t.5/r;ru~B'{b®ro u<D1J ey:i=101Ja;6YFl<DiJ 10JiJu([}l{bffe€iil!Dffe · @@J@Jrr 
Q!DGV<D1JfTW <!h(f!jrbffe$60>W lL0060>WGUJ~8; Qa;rrwwa@JOOLSf-UJ 
8'r"!ilo;t_r"!ilo;w @J(f!j@ffi!D~· 

6"r~a@J lLuSl(IJj8i(;!!)Lb t.5Jr;ru~B'{bffe8i(;!!)Lb fft!T ~r;rwuw @®d>~ffe 
6"rffiUffe~rTGbT (;!!j6m£Dj)~ .dPjW@il<DiJ .dPJU{b~r!iJa;60>W @5160>w@518;(;!!}Li:J 

fil{ba;rrj>~wrra; @®uu~rr<DiJ .dP/=0 a;rrw a;w4a@Jrrw. 
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~ ~ u..J Ji> ma> m~a>m 

@UJiJ6ma;uSlro @il®a;w lLuSirT a~rrrow 8"fT~$L.DrT$ 
.dPJ6"6>LD8ia;uuL.-L60>@JUJrT? 

t.5Jr;ru~B"w lLuSl60>r;r ~!Drfii®d>~a;rr? lL<D1Ja;Li:J wl5efl 

~=~ a;!Tuuw a;rAi>®®d>~~rr? .dPJUULSf-{b~rrro 6"rGiiTfD 
6l.lrT fPrT8i Gwrr~rr(J}I (Jacques Monod) 6"rffiu@J!T @UJiJ=a; 
uSl<DiJ 6"fGV<D1)fT(]LD @r;roo(Ei 8'LDfT8"rT[Tr!iJ<!h6Yflm @5160>Wliilj 

6"rffi£Drr!T. ~iJG8'UJ<DiJ, @51®. @51® 6"rffifIJrr<OiJ ~=<01) 6"r(__Lflrbffe 
6"rGbTfD .dPJrT{b~{b®<DiJ @<DiJ60><D1J . .dPj@JfiJUJL.i:J 6"rffifIJ Gurr® 

6Yfl <DiJ. lL~ rr r;r = wrr a; 03rA UJ = ~ Jd,W @J <D1J Lb 6lJ (f!j@J =a; 
6"r(J}l{bffe8iGo;rrw~r!ilo;w . .dPJ~m (IJJL60>L 6l.1LSf-@18- a;.iJ.!J)J 
urr=~ $YJ,LLl5eflm 4@5/FFrTULj @UJ8ia; @51g!jla;60>W 

8' rr IT d>ffe .dPJ = LD @ !Dffe . a;. tD.!J)J u u rr = ~ uSI <DiJ @J lSf- @J Lb 
@il®uULSf- !fjLUUffe. ~~rr<DiJ (§rAUJWJ8i(;!!j 6"r{b~=m 

.dM ®a a; .dM <DiJ 101J ffe 6"r i> ~ = ~ ffeT r;r i> ® <DiJ Jd,u5I a;. iJ.!J)J@!Dffe 
6"rffiUffe t.5Jr;ru~8'{b®<DiJ ~iJG8'UJ<D1Jrra; rfjla;fPj>~ Gwrr~<DiJ 
a;<DYf}ffi @51=w6lf. 15 (]a;rrlSf- fiil(]<D1Jrr u5L.-LrA<DiJ Bi-iJ.!J)Jfiil!Dffe· 

6"f6"6JL B'W.!J)J wrrrfiiuSi®d>~rr<DiJ 20 (]a;rrLSf-uSIGVan.L o;iJ!D 
<D1JrTW. ~~rr<DiJ OitD.!J)J6l.la~rr (IJJL61f>L 6!.1LSf-@JW. 6"(~(]6!.J 

Jd,u5I 03rA UJ = ~ # Bi-tD.!J)J 6l.lffe @ii® IL/ Lb ~iJQ 8' UJiJ2} Lb u rr g!jJ 
urrg!j1 1 

wiJG!Drr® a;L.B"{bg!jlr;r{b®<DiJ wiJGfDrr® @r;ra;w @a~ 
@(]101Jrru5L_t_!T fferr;T{bg!jl<DiJ B"iiJ.!J)JLb 6"rffi.!J)J G8'rrGV<D1J 

(ljJ LSf-UJ rr ffe. ~~ rr <DiJ FF rT u L/ @5160> 8' .dM 60> 0 & ® (IJJL 60> L 

@J lSf- 6lJ u u rr = ~ uSI <DiJ ~ rr GiiT 8"i iJ fD = @J 8; (;!!) Lb . & ® 6"iv u LSf­
a;{bgijl<DiJ 6lJ LSf-6!.1 i>=~ a UJ rr fil IL/ r!iJ o;w. .dM.f!jJ (IJJ(!Jl8i<!h (IJJ(!Jl8io; 
~iJG8'UJGV .dMW!D @il®uSlro lL~fTl}"liifflW . lLUt.5Jro .dP/@)18; 
<!hLLSf-L Gwrr &® 60>@1r;r8;o;<DiJroro .dPJ@)l 8;a;L__LSf-L Gwrr 
(IJJ(!Jl8i<!h (IJJ(!Jl8i<!h 6"(<01)8;L_r;rrrGiiT L.J(]r;rrrLLrTffi a;~8;@6"6JL 

(] UJ UJ rT ~ FF rT UL/ @5) ® $60> W # ff rT rT j)ffe .dPj 6m LD 6!.1ffe . t.5J [T 
u~B"W (IJJ(!JlffeLD GB"rTLSf-UJ(IJJW 8;(]wrrrAWJLb G8'(1JjW 
(]urrffe fY(]IJ" .dPJ@)l .dPj6"6>LDU60>U{b~rrro Qa;rrw~Li:J. 

@ffe ffeGVroUJLDrr~ @51® @J<ruuL.(Ei rfjla;fP6!.1ffe. 
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!!)Jiiu ro UJ LDrT ~ fl> rj)Q 8' UJ iiu gill LJ fl> W® i!_J;>rTIJ"liirW LD '&® LJ $!@) L 8; a;rr uj 

i!_(!!j w @l!!)J. ..!>l!!)J Ji; Yd,t-:_ L <Oefl ill i;;ill fj) a; ,,;yf) ill LJ LJ/-{b fl> rT !DOT :!2....(!!j 00 L rT ~ LD 
@gJJ fj) u5J iiu g Ji; fl> g 00 =fl iiu rf/ W@ {D!/)J g W U!!)J fl> W Q 8' UJ 6lJ rT ~ !/)J · 
ua;tmL8ia;rrtmUJ :!2....(!!jLLJ/-~rriiu gL.JC8urr!!)JLD fl>rTUJLD ioillC!:f!LD gm.f!)J 
Q 8" rT iiiJ 6lJ (!jJ LJ/- UJ rT !/)J. :!2.... u5J rfl !DOT (8 'fl> rT rj} {D {f; fj) iiiJ g Ji; fl> ..!J.l 6YT <iil./ tOJSl fj), g Ji; fl> 
..!J.16YT6lj fbiJGl.!FUJiiu? C8wrr~rr(£l, 'GIU(!!jLDUrT~LD fbiJGls:UJiiu' gm[DrTfr. 
:!2....u5ifr C8urrm{D 8')8;a;rurr~ ..!J.lmLDUL.f fbiJGl<FUJrurra; ..!J.ltmLD@l<f!jrj)a;rr~ 

<Frr {bfj) UJ 8> Cfu..f!)J t.51 r:r u @j<F{bfj)iiu &®<!:P= fDfl>rr ill rfia; {pfi;fiJJ@8>a;C86l.I oo (El w' 

g !DOT f!J rr fr . 

C86l.l.f!)J fiJ fl>rT 6l./ !!)J @ r:r a;{bfj)iiu :!2....u5ifr a;oo (El t.51 Ll/-B;a;u LJ LL fr iiu (8 LDrT ~ rr 
LJ/-IOOT 8'1{bfbrr Ji;{bw 8'lfl>rfilu Gu rr(<!!jtiJ . t..51 r:ru@j<F tOJS/fj)a;IDYflro fbioillfr B;a; 
<!:P Ll/-UJ rr fl> tOJS/ tm m <iil./ :!2....u51 fr gill u !!)J 'f!5rr w {b<Oefi UJ iiu ru' gill .f!)J f!5LD L/ u 6l.I fr 

a;IDYflm @lrr <f!>LD. 

(8 LD rT ~ rT (El (8 f!5 rr Q LJ iiiJ LJ rfl 8i Q LJ rj} {D 6l./ fr . ..!J.l 6l.I fr 8') {f; fl> rT Ji; 'fl> {b tm fl> 
gfj)fr8i(<!!jLD @{151!0ivLJ/-UJ!OOT LW gmLJ6l.lfr Vital Dust giOOTWJLD Lf{b{ba;{bfj)iiu 
t.51r:ru!§<FGILDl!il(<!!jLD :!2....u5ifr :!2....00LrT@l{brj)a;rr~ <Frr{bfj)UJl!ila;w :!2....W6YT~ · 

g !DOT @ f!J rT fr . :!2_ u51 fr fl> w Q 8' UJ 61) iiu 61). i;;ill fj) u LJ Ll/- ..!>i!/)J 6l./ Ji; (8 fl> fl (!!j LD . 

@ UJ dJ t..51 UJ iiu tOJS/ fj) a; w ..!>!fl> iJ ® u C8 u rr !!)J w rr ~ !!)J . 

:!2....u5ifr gmu!!)J ..!J.IWC8~rr ..!>lt.filrul!ila;IDYflw '&® ®rfilut.51L..L C8<Ffr8itma; 

UJ rT iiu :!2....(!!j6l.I rr 6l.l!/)J. ..!>/ u LJ Ll/- C88' r:r {b{brr ill [i/UJ w= a; ioillfj)a;w ..!>i = wfi;!!)Jw 
m~ gm.f!)J @@lfra;w Gi<Frriiu@[Drrfra;w. 

Q um 8'1iiuC86l.I <Oefl UJ rT u iiua;m ru8'a;!j)a;{bm fl>'* C8<F fr Ji;{[> !Oivtm LW LDW' 
C8r;rrr!Oiv @@@l(!!jlD 'u@uGiurT(!!jW :!2....u5ifr :!2....00LrT6l.lfl>W@) <Frr{ba;LDrr~ 

ioillfj)a;tmm8> tma;u t.51Ll/-8'@fD!!)J' gm[JJ~fr. 8'1L..<Oefl o°ourr<i;!Oiv gmLJ@l(!!jLD 

..!J.1WC8~rr ..!J.lt.filrul!ila;w fl>LDmw f;(!!j@ltma;u5/iiu ..!J.ltmLD{b!!)JB;Qa;rrw~w 
{btma;mw Qa;rrooLtm6l.I' gm@[Drrfr. a;rrru!§Gl<FiOOTf!J 8'1rfliiu Qurrw~w 

L/r:rrr6lJw ' ..!>i@J)Ja;a;~a;® :!2....u5ifr Glu.f!)Jw fl>®fj) :!2....oo(El' gm[Drrfr. 

70"' 8irJl1Tj61T 

w ~WI ci> ¢1>@!!> ci> ®~ G~ rf111...1 m rr ? 

~ @1)18; a; w fl> LD 8;@) w C8 fR rr Ll/- (8 <F (!!j w (8 u rr !!)J :!2.... u51 fr 

Gfbrrill.!!)JLD fj)m<Fu51iiu Gi<Fiiu~w urrtm{btmUJ{b G{bfrfi; 

Q 'fl> (£18' (<!!j w fl>® fj) ..!>/ iiu 6U!!)J <F ~=a; Q a;rr oo L = @l 
gmLJ!!)J Qa;rr@j<FLD f!5LDU8> ~LLDrTBidJfbrr!OOT @@8>@fD!/)J· 

:!2....liirWfr#8'1UJrj)fD tOJS/fj)a;~B;® &® a;rrr:r=(!:PtiJ fbWtm~u 

LJ w {151 UJ t.51r:r8;tm <f!j IL/ LD fl> (!!j6l.l!!)J fl>6l.I .f!)J g !DOT .f!)J LD .f!)J u LJ fl> W® 
a; rr r:r = w [i/!!)J fl>rT ill . [i/ UJ dJtm a; tOJSl fj) a;w ..!>!@1)18> a;~ 8> 
@tmLGUJ [i/UJl!il(<!!)Utm6l.I ..!J.1tm6l.I ilia; ilia; glDYfl{brr~tm6l.I. 

C8f!)fr WI ill ac rr r:r <!fJ w g fj) fr will ac rr r:r (!:PLD &ill m fD f;IOOT .f!)J 
@C!:f!8i(<!!)LD. tJC8~rrw C8urrill{D W/a; 8'18.a;rurr~ a;L..LL 
..!>/ m w u L/ g IDYfl UJ g fj) fr u rr fr a, a; 8; an. Ll/- UJ tOJS/ fj) a; m rr iiu 
:!2....(!!j@lrT(<!!jLD grou!!)J ..!J.l<Frr{bfj)UJwrT~g;J<f!>rTill. [i/UJrj)ma; 

ioillfj) gmu!!)J rf/a;{p<iil./a;=m glDYfltmwuu(El~w '&® 6l.lacfj). 
tJC8~rrw <f!>iJGlacUJrurr~ W/a;wa; 8'18.a;rurr~ ..!J.ltmLDUL.f. 

[i/UJtiJtma; tOJS/fj)a;w fYIOOTrfilro@Ji;!!)J wiJGlfDrrillmfD :!2....oo 
Lrr8>(<!!)6l.lfl>iJa;rr~ glDYflUJ <!:P=fDa;IDYflro ioill6l.lr:rl!ila;w. 
..!>/ tm 6l./ a; 6YT rr iiu an. (El 'fl> ru rr ~ Q 8' iiJ fj) a; w fl> r:r <!:P Ll/- UJ rr !!)J . 
..!J.1tm6l.la;IDYfliiu ':!2....u51fr :!2....00Lrra;L..(Elw' giOOTum<f!> gC!:f!fj) 

= 6l./ 8; a; <!:P Ll/- UJ rT !!)J. 

&C!:f!l!ila;rr~ tOJS/fiJJa;=~ tm6l.1~8;Qa;rroo(El &C!:f!l!ila;iJfD, 
Q ac iiJ fj) ..!>/ L fr Ji; 'fl>, tJC8~ rr w e_yJ ru 8>an. m fD ..!>/ m LD 8; a; <!:P Ll/­
UJ rr !!)J . :!2....u5ifr :!2....00Lrra; [i/UJrj)t..5JUJiiu G@lfj)UJiiu tOJS/fj)a;w 

G fl> m 6l.I fl> rr ~. ~ ~ rr iiu ..!>! m 6l.I LD L_ (El w @m {151 ..!>! tm @l 
a; IDYfl ill 8'1 ru t.D fD iiu a; tm m IL/ w fiJ dJ u (£1{bfj)8; Q a; rr w ~ w 
fj) {Dtm LD IL/ w C8 fl> m 6l./. 8'18; a;ru rr ~ 6l./ Ll/- @l l!il a; w u ru [i/ UJ iJ 
ma;u51iiu :!2....00(El. @tm6l.la;tmm gfiiururrw Fractals gmWJLD 

<!:P=fDtmUJu uUJrou(El{bfi;J '&® a;wuigL..Lfr e_yJruw 
:!2....00Lrr<i;a; <!:PLJ/-IL/LD · i!_u5/tm[T ..!J.IUULS/- '&® fractal 

e_yJ ru w tOJS/@l rfl 8,a; <!:Pll/-IL/ wrr ? ..!>! u u Ll/- @®Ji>fbrr iiu :!2....u5itm r:r 
'&® ~rriiJ.#8'1 B"rrtmruu51GruC8UJ :!2....(!!j6l.lrr8;@ioillL..rurrGw. 

:!2....u5ifr :!2....00LrT6l.l'fl>W® '&® 6l.ltm[TULC8wrr 8'LDW 
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urrCJLrr @®ULJ{bfTai{i; Q{brflUJ61liivGS'6Hit>. 

G8'UJfiJOW>a; lLu5Jir liiTW.fl)l a;wU'IJ,LLrfliv &® 61liOW>mUJrrL(j}I 
lLOO(j}I. fbfiJG8'1LJGSl)fT~ @lli/-@lffiJa;OW>m .,!MOW>LD{i;gjj8iG/a;rrooCJL CJLJfT@lgjl 
~fij)u5Jiv lLu5Jfr CJ{brTffl.fl)i@l{bfiJa;rr~ .,!MOW>LILJfTGYrffiJa;w fi10W>L8ifi1ffitJJ 
~@lrr liiTW;[f)J urrfrDugjj. lLu5Jfr .,!MOW>LUJrrmffila;w liiTW~? &® 
@1 Li/- @1 i; = fl> -_i.51 V fil Q tLJ (£1 u u gjJ, ='M {b fiJ a; rr ~ Q 8' tiJ fi;I ='M di {b @1 Li/-@} i; fi;I 

CJruCJtLJ Gurrfildifil®UUgjj. @difb 61liOW>m1LJrrL(j}I 61liOW>mUJrr(j}l@l{bfTiv 
a;wLi'ld,LLfr fil=v lLu5JirGufiJ.fl)l Q@looCJtLJ @l(!ljW liiTW.fl)l G8'rrivru 

61lliv = ru. lLu5J rfl GJii7 v a;fi/ tLJ w GST ffi .fl)1 "J {bfT@lgjl @® 8i €i1 !D {brr GST ffi u = {b 
a {b Li/-u LJ rr fr 8; a; (!:fl Li/- IL/ w . ='M 6LJ@} m @/{brr ffi. 

Ii; 6U IT 6"f L th .IL uS) Ji c$ 6iJ 

8i@lrrooLw GSTW@Jw ='Mfil.!PfLU .,!Mm61lliv @UJfiJ=a; a@l.fl)i a@l~w 

CJurr<Ji1€iltJJgjj· ='M{bffi @UJB>a;w gjla;wa;mrra;@/w, ='M=rua;mrra;@/w 

.,!M Li/- Bi a; Li/- LD rr .fl)1 fi1 !JJgjl . OW> ~ 8' W LJ fr fi1 W 'rfj/ ff 8' ILJ W ffi OW> LD 6lSJ fij) ' 
ci>@lfTOOLW lLrufi1iv @1LJffil(:!!j€il!JJgjj. &@ffilfi1iv &@ffilfi1ffiOW>LDOW>UJ 

67 fiJu (£1 {!; fb (!:fl Li/- IL/ w rr ? ='Mgjl GST u u Li/- GST ffi .fl)1 a;oo (£1 t.51 li/-i; {brr iv lL u5J rfl ffi 
v a; fil UJ w Lf rfl di.tPJ 6lSI (£1 w "7 ffi €i1 !D rr ir a; w. & @ ffiJ €i1 iv Q 8' tiJ fil @iv= ru. 
&@ffilfi1w=wu5Jiv rfj/OW>tJJUJ Q8'tiJfi;I @®Bi€il!JJ.f!j1- lLu5Jfr @VLli/-UUrr 8>€i18> 

Qa;rrw@lfi;liv &<J:Pffil® @®Bi€il!JJ.f!j1. ='M{bfiJa;rr~ G8'tiJfilci>® &@rfil 
€i1WOW>LD CJ{b'®@JUJ(Ta; @®8i€il!JJ.f!j1. @jtj)UULDrra; @®Bifi1tJJ{bivru@lrr? 

~uCJUJrrGfRill€i'l,;iu GSTW@JW @difb @Juroiv 61llc§C§rrffila;@f!ffi 

(:!!jtj)UUW @ffi@IW fijfrdi{bUfTIJ/-ivOW>ru. @ffiOW>!JJILJ fi;/~ffila;@f!iv Qurr.f!jl 

@1 rr a; [!j w u u u (£1 @1.f!jl lL u5J ir "7 ffi U.f!jl ~{brr v i.51vur§8' 6lSI = GYr@/ . 

='M.f!jl lLOOLfT@l{bfiJ<!hrr~ @Y1rfji=ru "JtDULLrriv lLu5Jfr CJ{brrffirfj/CJUJ 

fi5®w. 

300 ~oo(j)la;mrra; 61llc§C§rr~Lii @tLJfiJOW>a;u5Jffi 61ll=m@fa;OW>m 

"7 00 = LD u u (£1 {!; fi;I .,!M rfjl ILJ ii {brr ffi (!:fl tLJ ffi .fl)1 Q a; rr oo (£1 @1difil(!1j8i fi1 !JJ.f!jl. 

='MfbtD® fil®~li/-CJUJrr fil®~li/- a;frii{brrCJ@lrr CJ{bOW>@JLJLJL61liiv=ru . 

(!:PfbW (!:P{b rurr a; lLu5J rfl GJii7 ~IJ" w u ii= {b CJ UJ rr fi'IB>= a; u5Jiv, ='M filiv 

&® a;rrv=w @®Bi®waurrrui; CJ{brrW.fl)lwCJurr§jJ .,!Mrfj/61litLJroffi 

0rr{!;fi;la;w B'tD.fl)l .!Mli/-UL(j}IU CJurrfi1tJJ§jJ -

72 ll!t <firJlfrj6fr 

w (!PmCm-Ji>.rn ~~ 

LD ffil {b 8' rfl ii fil vii fi;I iv L rr fr 61llffi! ffi u rfl = rr w {b ii.f!jl@l w 

t.E! a; ~t:P w rr ~ u rr fil u = u "J fiJ u (£1 ii fil UJ .f!jJ · ='M = {b ii 
Q{brrLirdi§jJ fi)rfjl,;Yu{b@l fil{B{bOW>~a;@8i(:!!jW Lrrir 

61ll@IBi®w G>JfiJuL_L CJwrr {biva;w &® L/IJ"L fi/a;vwrr~ 
LD rr .fl)1 {b ru rr ~ 6lSJ rf5 (§ rr ~ (!:fl ffi CJ~ fiJ !JJ {!;OW> {b Q a; rr 00 (£1 
@l(!lj@l.f!jl GSTi;{b=~ a;li/-~wrr~ a;rrrfltLJw GSTGSi>TUOW>fb 

rfj/t:!!j t.51 ii{b~. @ffi .fl)1 u rfl = rr w fbii.f!jl@l w u rfl Jd,fr = wrr a; 
fftULfci> Qa;rrwmuuL_li/-®8i€il!JJ.f!jJ- CJurruurrooL@lfran.L 

='M= {b ~flfr@lfi;/8>€iltJJrrir @®fBjpf W filru a;iv~ rfl# 
B'rrOW>rua;@f!iv UOW>tj)ILJ @ltj)Bi@j @ffi.fl)JW Q{brrLfr{B§jJ 

Qa;rroo(fil{brrffi @l(!lj€il!JJ.f!j1- @filiv filru LD{b61liUJrurrmfr 
<!h<f!!;>W CJ8'irfB§jJWGYr~fr. Lrrfr61llffi - 61llivufr o°oCJurrfr,;Yu 
61lrrci>® @lfT{bffila;w @ffi.fl)Jw GSTfi;/Gvrrlii19ii.f!jJB> Qa;rroo(fil 

{bfTGSb7 @®Bifi1ffitJJ~-

lL u5J fr LJ ru CJ a; rr Li/- .ffiJT !JJ fT 00 (£1 a; m rr a; Q LD iv GJI) LJ rfl 61m" 

t.EJ {i;§jJW m .f!jJ GST ffi u = {b @ffi .fl)1 UJ rr ® w LD.fl)l u u fi;I iv= ru. 
@fbfiJa;rr~ B'rrLfiltLJffila;w GSJ[Trrmw. ~~rriv urfl=t.E!ii{b 

UfT'®{b ufiJrfj/iifbrTW <!h(!ljii.f!jl a@l.fl)JUfT(j)la;w lLWGYT"~. 
"7 @fl ILJ W a; "7 @fl UJ lL u5J fr @1 Li/- @1 W Q LD iv GJI) Q LD iv ru 
fi/ci>a;rurr~ @lli/-@Jffila;mrrfi1 wffil{b @~W@JOW>[T @lfB{b.f!jl 

"7 GSb7.fl)J 19 w .ffiJT fiJ !D rr 00 li/- iv [!j w i.51 ~ rr ir a; w. (!:fl ffi a~ fiJ !D 
G;J=fiu5Jiv UIJ/-UUli/-UJfT a; lLu5Jrfl~ w CJwCJrurfjl @jdifil®Bi 

€il!JJ.f!j1 GSTW.fl)l Qa;rrooLrrfr a;w. urr B>~rflUJrr61liro®{B§jJ 

LDffil{bGSb7 @l'®[T @fB{b G;J=fiu5Jiv G;Jrfj/@l(!ljWCJUrr§jJ rfj/OW>!JJILJ 
lLu5Jrfl~ffila;W @OW>LCJILJ 6lSJ[TILJLDOW>LfBfi/(!58i fi)ffif!)~; 

a;YJ ci>a;u u L._ li/-®Bifi1ffi !D~ . wffi! {b lLu5J fr {brr ffi u rfl = rr wii 
fij)GJi>T lLffB'rfj/OW>ru. @6ii@lrr.fl)J{bfTW urufr GSToo=f/8> Qa;rrw 

€iltJJrrfra;w. urfl=rrww GSTWUjpf (!JlffiCJ~fiJtJJw . @UJfiJOW>a; 

6lSI fil a; w lL u5J fr lL oo L rr @1 {b fiJ ® w ='M.f!jl u Li/- u u li/- ILJ rr a; 
[Lffl~{bW .,!M'®L@l{btD®W lL{b@/fi1WtJJ~ GSTW.fl)l @@}fr 

a;w 0w4€iltJJrrfra;w. @[B{bB> a;®ii=fb GSTfi;/fruu@lfra;w 
"7 U LJ Li/- LD ffil {b ffi {b fT ffi lL 8' ii fij) "7 ffi .fl)1 (!:fl ffi Bn. L IJ/-
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~fr LD rr 6efl 8; CE (!fl /.J/- IL/ W. 6J ~ l1_J rr liilJ .ffe LJ lJ/- l1_J rr 6lJ .ffe ? LD 6efl {!j W 6T 6b7 W" 

~uu/.J/- LJ!vfi;fij/Gll_Ja;u t.51v=tJS? 6Tru<Ollrr 2Lu5!rfi~w {b6efifi;{bill=w 
2LW6ff.{PJ. '&fr lLWW-fbW 2LW6ff.{PJ ... (!3{f)rf/=<OlJ=ll_J <Fwrrrarfl8i<!!jw 
<Frrwfrfi;fijill_Jw 2LW6ff.{PJ. 6;l<Ob7 &® urr&Lf!_rfill_Jrran.i_ t5l=!j)chCEfb Q{brfi[i;{b 

QtJS<ObTLDwfbrrill. ~{bill &'18ia;m- rurrlj)6lflru ~/Pl t51=!j)8i€ilf!J.{PJ; Qu@<f!j 
€iJ [D.{PJ; 2L 6ffi fil f!J.ffe. 6T ru 6\J rr (8 LD Q CF ti.J €iJ [D.{PJ. LD 6efl {!j @f 8; @j W ~ {!j tD @j W 
6TWm- Qurfi.g-rra; 6lflfi;ll_Jrr<Fw w6efi{b6ef!Lw 'yfi;f?i<Frrrofi;{bm-w' @®cii 
€ilf!J/Pl· <Frfi, ~=$b =liillfi;.{PJ8iQa;rr6WT(£l urfL_=CF 6T(!Jl{b<Ollrrw. ~m-rrru 
&® 9'f!Jrr w<Ob7Gurr<Oll {E[i;{b (!JJ/.J/-IL/LDrr? &® U(!5{i;.{P}Gurr<Oll Uf!JciiCE 
(!JJ/.J/-ILfLDrr? yfi;f?i<Frrrofi;{bm-w 0w=w 6J~u5!m 2L<Ffilu5!ru =liillfi; 
fiJi@8i€ilf!J/Pl 6TW.ff)J QCFrrruliill.ffe ll_Jrrfr? 0rrw{brrGm-? CT{brrw lLGCFm 
Gurr<Oll fDLD8i<f!j 0rrGw Qwi_rua;w liillrrffil€il8i Qa;rr6WT(£lwG=rrw. 

6;l~u5!ru [DLDcii~ 'fJG!j)' @@UUliillfrCErarf!Lw L/fbf?JCFrrrofi;{bm-Gw 
@ru=rull_Jrr? 

&® 0rru5!m ~=~cii® fDLD8i<f!j a;rr/Pl GCEL<!!jLDrr? &® s;(!Jl€il<Ob7 
~=~cf,® fDLD8i<!!ju urrfr=liill 2L.6ffiLrr? ~s;Gliill 0rrw Gw<Ob7 wciia;w 
6TW.ff)J 0w=w<F Q.g-rrruro8i Qa;rrwru/Pl {buy. LJ!m 6T={b =ruef,.{PJ 
2L u5! rfi W" ffil s; = 6fT LD f?J U t5J (El ru .{Pl ? (8 l1_J rr &'J fb.{PJ U LJ rr fr fb {brr ru &'J 8; s; ru -
complexity @={b =liillef,.{PJ# Qcrrrru<Oll<Ollrrw Gurr<Oi51@8i€ilfD/Pl· Gs;rr/.J/­
~6WT(£ls;~8i<f!j (!Jlill=u6lfli_ @ill.ff)J @roiJ~rus;w t.Bs; t.Bs; &'l&s;rurr 

W-.{PJ. @d;{b &'18>s;rurr<!!jw {bill=w M£l0(£lGru {b=LuuL_i_rr~w 
~ll_J[Trrwru wL_(£1u5!fr Qu[iJ.ff)Jfi;{brrW liill{i;f?i@8i€ilf!J.{PJ· Qw"'U<Oll Qwru<Oll 
liillrr{p~ 6TWU.{PJ (!JJ<ObTGm-fiJrnu urr={bu5!ru{brrill Q{brrLfrdJ.ffp LJll_J<Dmw 
Q CF ti.J .{Pl liilJ {f; fij/ (!5 ff. €iJ f!J.{PJ. 

@d;a; &'l!f;a;=m-u5!~w ®=ws;w 2Lw=m-. i_rrfr10iSlm {bfi;.{Plruw 
QwroG/l_)rr=[T ruroG/l_)rrfr Qliillru~w {bfb.{PlliillW. (!3$jirf/=<Ol)=ll_J CTLDrr 
rarf/B;a; @ll_Jrurr {b 2Lu5!rfim-ffils;w a;rr<OlluGurr 8i€ilru ~ffidJ.ff»u(Elw 6TrouGa; 

~{bill ~{brrlf ar@fiJi · @fijlru '6TfiMurrfruy', (!JlillGm-dJw G0rr8is;w 
61".{PJ~w €il=i_ll_Jrr.{PJ. wrr[iJ{J51u urrfr t.5l=!j)8i€ilf!J{brr urrfr. @ru=<OlJGll_Jru 
Q<Ffi;.{Plu Gurr! wrrdJrnfi>fiJiru Gliill.ff)J 6T{f;::z> G0rr8iCE(!JJW @ru=<Oll. 

u 6\) 2L.u5! rfim- ffiJ CEW s;rr ruuGu rr cii€ilru &'lciis;ru ®= f!J{f;.ffe w LJ rfi= t.B fl; 
fiJi@Bi€ilillf!JW-. lL{!jrr[T<DmLDrrCE 6TUC8Urr.{PJLD Qliillrarfi#CFt.Bru<Ollrr @®W 
Qu rr d;.{Pls;rarf/ru rurr (!JJLD 2L.u5!rfim- ffiJ a;w 0rr== i_6lflru a;6WT a;== 

@!;Pd;fiJi@cii€ilmwm-. Ga;=liillu5!ru<Ollrr{b 2L.ff)Juys;w L/f!J8'CE~8ia;u 
UL(fjlW6ffW". 

74 >I• S:.tJllTj!;IT 

~ @jlq..ffirTJ~m Jb<iDL 

0 
oo LJ fT &'lru ~=i_ll_Jrr6ffffila;== s;liill6efi8i<!!jwGurr/Pl 

CF[Trr CFrfill_Jrr s; 2Lu5!rfim-ffils;w Qwru<Oll Qwru<Oll &'IBis;<OlJ=Ld; 

f?i@UU{brr s;fi;{brrW QCFrr ru<OllGliill6ffi(£l w. 

IDiv Lf!_ U W (8 tfS. (8 CE rr ru (£/ 2L uJ1 rfJ W" ffiJ s; W LD rr .ff)J :2) = <OlJ 
&® <f!j/.J/-Cfirr[Tm 0=L8i<f!j &L1t51<£1€ilf!Jrrfr. arliilldJ{!51ru 
CFrrti.JdJ.ffp Qa;rr6WT/.J/-(!5{i;{b <f!j/.J/-Cfirr[TW {bW6ff"rr/.J/-fi> a;w=rr/.J/­
CF rr 8; $ = L uJ1 ru 6lfi (!:£! €iJ fJJ rr W . CF rr 8; $ = L uJ1 ru 6lfi (!Jl liill .ffe 
~liillm <!!j{!518iGs;rrw 6TW.ff)J QCFrrru<Oll (!JJ/.J/-ll_Jrr{bru<Ollrurr? 
arliillfr {b(£1fi;a;a;rrru ~d;{bu ucl,a;w Gurrti.J 6lfl(!Jld;a;rrm. 
CF rr Bis;= L u5! ru 6lfi (!Jlliill {!jW CF rr fi;fij/ l1_J w, CJT<iill fr {b(fil fb {!j{!jrr ru 
~f?is;w. ~liillfr Q.g-rrruru 6lfl@wt51/1_)/Pl ~{brrm. 2Lu5!fr 
liill/.J/-liillLD &'lciis;<Ollrrm-.{PJ; {b[iJQCF/1_)6\Jrrm-Ga;. &'lciis;<Ollrrliill={b 

&® @11_) fiJ=s; 6lflfijitLJrr s;# QCFrrruru (!JJ/.J/-ll_Jrr /Pl· 

2Lru€il<Ob7 2L.u5!rfim-ffils;rarf/ru Qu@wurr<ObT=w .ffi16WT~ 
u5!frs;G=. &'Jffiis;w, yro, w6efia;m Gurrmw 2Lu5!rfim-ffils;w 

6T6ffi~8>=s;u5!ru fYUt51LLrrru ,ffi16WT~u5!rfim-l!ilCE== 
6lfi L t.B s; t.B $ 8; @j = fJJ ~. 2L uJ1 rfJ W" ffiJ CE W &'J 8; s;= 6\J 

G0rr8i€ilu LJll_J<DffiW QCFti.J€ilmwm- 6Tillu=a; rffi@t.518is; 
~{brr[Tffils;w Gurra;6lflru=<Oll. 

Q LJ C!5 w LJ rr <Ollrr m- 22_ u5! rfJ 11_) ru 6lfl ~ C§rr 6efl s;w 22_ u5! rfJ m 
urfi<DmrrLD LDrr.ff)J{brus;== liill6fffr#&'I, (!JJWGm-dJww 6TW.ff)J 
QCFrrrurufi; a;ll_Jffil<!!j€ilf!Jrrfrs;w. 0rrQwruG<Ollrr@w 6lflf?Ju5!m 
ya;ruliillfrs;w ~ru<Oll. {b[iJQCFll_J<OlJrrs;fi; G{brrill{J51/1_) {b.ff)J 

{b=rus;w ! s;i_~rarflm QCFll_JG<OlJrr, ~liilla;rrv L/®~frs;G=rr 
~ru<Oll. 2L.u5!rfim t.Bs;u u lfliillrurrm- wrr.ff)J{brus;=rrru 

6JtDULL ~Urr[T {b[iJQCFll_JroW 6lfl==~CEW. 0rrw 
Ga;rrm{J51/1_).{PJ 6T{f;::z> 6lflf?Ju5!m rf/fr=ll_Jfi>::z;rr~w ~ruru. 

!OJW @uu/.J/- QCFrrru€ilwrrfrs;w 6Tm- ~[Trrti.Jd;a;rrru 

LD{b 0wt5!Bi=s;s;~Bi®w ~{!516lflll_Jru (!JJ=!Ds;~cT,®w 

lLw= ~/.J/-L..JLJ=L Gliill.ff)Jurr(El Qliillrarfluu(Elw. 2L.u5!fr 
2L.6ffiLrrliill::z>tD® LJ!vu~cr s;rr[T<Dmw @@8i€ilf!J.{PJ 6TW!1Jrrru 

1LuSlrrl~ !J lt;lfllUL.b >I• 75 



cr.rrer= cr.fri;{brr Gfb=6lluu@w. ~fJ)i~tLJru, LDfbiJfij/murrru <FrrtLJ 
a 6lJ oo IJ/- 6lJ ® w . $!__ ri.J er. w er. oo r=fl m L/ ® 6lJ w 67 tiJ u@6ll ff> tiJ ® & ® 
@tLJfiJ=cr. ~fijl @®Bi&ilfI>~ GTW.f!)l G/crrrru6ll=fb fI>WLf6ll~ LElcr.Bi 
cr.IJ/-m-w. ~m-rrru fI>W ~rrerwrrm- 'Gi<Fru' :Lu51er~~m ~=wut..51ru 
<gj)fr cr.=Bi® @®Bi&ilfI>~ GTW.f!)l Gi<Frrru6ll=fb fI>WurDlJrrw. 

@=rDlJ fb=!J)cr.=<OYr {BBifilu urrfri;{brrru &® werw ~{brrerwrrcr. 
fil (!!j 6lJ IJ/- 6lJ iJ fij/ itJ :L W 6YT" {b ru rD1J 6lJ rr ? . ~ IJ/- LD er W , JI rA ll../ W &iJ fi"(f) 6YT" CF. W 
@Liu/J/- ... @LiulJ/-iJfbrrill :Lu51frcr.Wim ~=wu=ull../w GToor=Flu 
u rr fr 8; er, ~ 'jJ)J LD fijl 8; &iJ !I> rr fr er, w. 

wm-w ~fij/6ll<FLJLJLL{brr? 

"t..51eruc§crw fbill=m-iJfbrrGm- ~fJ)irjj~Glcr.rrw~w 6llifl=tLJBi 
cr.oo@UllJ/-iJ~BiG/cr.rrooL~." - ~ruliiiiT L_G/errororDlJfr. 

:L u5I rA m LEI er, LEI er, fiJ 8; er, rD1) rr m- 6lJ IJ/- 6lJ w GT~ ? e.!:P = 6YT" {brr m . e.!:P = 6YT" 

GT u u IJ/- :L ® 6lJ rr m-~ ? ff> {iJ Q <F tLJ rD1J rr er. 6lJ rr ~ fijl u u IJ/- tLJ rr ? LD tiJ fD &iJ er er. ri.J 
cr.Wlru :Lu51fr :LOOLrrm-rrru fI>W :Lu51frcr.w GurrrD1JG6ll ~=6ll @®Bi 
«!JLDrr? G6ll{iJ.f!)l @ercr.ri.Jcr.Wlru :Lu51rAm-ri.Jcr.=<OYriJ Gfb@W &® ®C!:J? 
:LW<OYr~. SETI GTioiiTufr ~=ff>· Search for Extra Terrestrial Intelligence. 

'k:J,LEIBi«!J Gi6llWluuL_L L{i;ff;i<FrrruiJfbm-iJ=fbiJ Gff>Lru'. qerrr<OYrwrrm­
~ooGl6llWlu5/ru GTri.Jcr.rr6ll~ &® e.!:P=rD1Ju51ru fI>w=wu Gurrru 
:Lu51rAm-ri.Jcr.w :L<iimfr'"J, L/rAff>ru Gurrmw fb®f5icr.w GlutiJ.f!)l fI>W(!:PLffi 
GlfbrrLfrL/ G/cr.rrw~w (!:PtLJ{iJfi!u5/iu @®Bicr.rDlJrrw GTW.f!)l @6llfrcr.w 
fI>WL/&ilwrrfrcr.w. :Lu51fr wL_@w ~rurDlJ 'wm-w' GTrou~w Uleruc§<FiJfj;Jru 
~fij/Bicr.uui.:_L~ GTW.f!)l @6llfrcr.w fI>WL/&iltI>rrfrcr.w. 

@diff> GToo=iJff;iru &® fI>wUIBi=cr. :Lw<OYr~. @tLJdJ~cr. ~ff;icr.w 
:Lu51fr :LOOLrr6llfbtD® wL_@LElmfJ)i wm-w :LOOLrr6llfbdJ®w G{brr{brrcr. 
~=LDdifb=6ll GTfiiiiTLJ~. 

@tLJdJ=cr.u51ru 'fi!Bicr.rDlJrrBi«!Jw fbill=w' wm-w GTWfD &ill=fD 
qdJu@iJfb, ~difb wm-iJfijlm e.!:fJrDlJGw @tLJdJ=cr. ~fj;Jcr.Wlm fbill=w=tLJ 
:L=er =6l18i&ilmw~ GTW.f!)l ~fri;{bwrr&ilfI>~· {brr6~ GTUUIJ/­
:L(!!j6llrrGm-rrw GTW.f!)l ~fJ)itLJ fbill=m- :L(!!j6llrr8i&il8i G/cr.rrooL~ . 

@~ <Frri;fij/tLJLDrr? wm-w :LOOLrr&il ~=ff> wm-Gw ~f1)!6ll~ 
<Frri;fij/tLJLDrr? fi!wLJ<FW GTWLJ6llfr '@~ ~Ui;{bw' GTW[Drrfr. 'LD{iJ[D 
filercr.ri.Jcr.Wlru :Lu51=eri; Gfb@6ll~ &® wcr.rr~ertLJwrrm- (!:PtLJ{iJfil. wrolfb 
@m-w Gcr.rr/J/-Bicr.=Bicr.rrm- fbdJGl<FtLJru @cr.{p#filcr.<OYrrrru :L(!!j6llrrm-~. 

~G{b {b{iJGl<FtLJru wdJGlfDrr® filercr.i;ff;i&J2)w ~Gfb wrrfj;JrA @cr.C!:J,Jw 
GTW.f!)l GT00~6ll~ ~uiJfbiJff;im filcr.erw' GTWfI)rrfr. cr.rrfrru 'iYIJrrcr.'iJ)Jw 
@=ff> ~ri.Jf.iicr.rABifilwrrfr. 'tJJtLJrru51erw Gcr.rr/J/- (!:PtLJ{iJfilcr.Wlru &illGfI> 
filW.f!)l{brrffi L/iJ@cmru LDWlfb @m-iJfijlru C!:PIJ/-difb~· ~ wdJGlwrr® 
&ilercr.iJfijlru Uleruc§<Fi;fijlru @cr.C!:J?w GTrou~ ~<Frri;fij/tLJw ' GTWfI)rrfr. 

roro~um GB].Gcr.rrru@w @=ff> ~ri.Jf.iicr.rABi&ilwrrfr. '@ffi.f!)l wrolfb 
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@m-w ~iflf[,§j]uL_Lrrru f5i®wu urrBi~rAtLJrr~ru®di~ :Lu51fr ~6llri.Jfi! 
m-rrru, urA=rrw {I>rrLcr.w LD.f!)JUIJ/- fI>=LGILJ.f!)JLDIT ?' GTW.f!)l Gcr.L_filfI)rrfr. 
'.!FrriJfij/tLJGw @ru=rDlJ. k:J,LE1u51ru :Lu51fr GfbrrillfJ)itLJ~ &® rDlJrrLLrA ! 
@!Pdifb6llfrcr.w Gi6llrnfI>6llfr8i=<OYT"~L_ GToor=FIBi=cr.u51ru LElcr. wcr. 
~fijlcr.w. f!>W fbdJGl<FtLJrDlJrrm- G{brr jww LD.f!)JUIJ/- @cr.!J)G6ll @cr.!J)rr~. 

fbill=m-iJfbrrGm- ~fJ)ill..Jw wrolfb @m-w LD.f!)JUIJ/- 6llerrr~' GTffifI)rrfr. 
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A)rrLLrfl 

8=) LD LJ CF W1 LD a a;rr it> (ijl LD Q CF rr it> IOlJ rm fl> LD j[)J LJ u ffe Lf) <!h6lf LD 

a;~~w. urfl=rrww 6TWUffe &® roi5Ju{bffe fY(!!j fbrD 

GiCFUJit>; &® rurrL.i_rfl. wrolfbill @gil®u51ru Uivuf8CF{b 
®it> {l>Wrm~$ fbrolUJrn 6TrobTj[)J awrr~rr(ijl GiCFrrrn~rm{b 
fY LJ L/ cj;Q a; rr roYr 6YT a@) 00 ~ u5) (!!j 8; fiJ IDffe. @UJ dJrm a; fL u5) fr 

:LooLrrlOl.lrmfb8i @jrfj}{bfb CFiJ2Jrma; Glu{Drfj}(!!j${brrit> ~${!> 
CF iJ2J rm a; UJ rr it> w dJ ID fiJ v a; ffiI a; .,,fl iJ2J w fL u5I fr fL oo '- rr fiJ 
u51(!!j8i@jaLD? 

Ulvuf8CF{b®ru UllD @i_ffila;.,,f/it.J :Lu51fr afb(i}lruffe 
@voo(ijl (}JJ~6lf <!h@8ifi!rm1_ aUJ ~ CFrurr(!ilfi!f!J.tPJ. &®L/IDLD 
~rfjlroi5JUJrum, 6T®iJ2Jw a;rrv=Lf)it.Jrmru, 6Tit>rurraw 
roi5JvUJw 6TWWJLD fb61Slfr8ia; @UJrurr{b (}fl~!Ol/· LD.!J)JLjlDLD 
{l>Wrm~ :L=fr$ffe {l>Wrm~ &@ffil@ju(!il{b®8iGia;rrrilr 
w{b GlfbrA$fb Uivuf8CF ~rmLDULj. JDrrw fbrolUJiuru 
6T ro j[)J 6T 00 = roi5J (!!j LD L/ LD JDLD i5J 8;rm a; tfj!rm ID${!> (}fl~ 6l/ . 

@6ilroi5Jvoo~ru 6Tffe :Lffila;@8i® Ul~i>®®8ifil1Dffe· 
{Bffila;aw g,frwrrrolll..Jffila;rilr. 

Ulvuf8CF{bi:iru fbrolUJrr a; @®8ia; roi51(!!)LDLjfi!{fifr a;wrr? 

~iuruffe wdJID :Lu51rfl~ffila;rilr @®8ia;rurrw, ~IOl.lfr<!h@ 

'-m LD roJ fl> @ ~ LD 6T m IDrr IOlJ ffe fY (!!j JD rr roYr Q {brr'- fr L/ 
G/a;rrrirr@LD ~${!> w~ffil a;rmlOYTll..JLD ~rfj}$ffeGla;rrrilr@LD 
6TW ID JDLD t518irma;ll../'-~ rr? 

(}fl~ 6l/ m v UJ rr a; u rr fl> CF rr rfl u51m @$fl> ru rr 8ifi! UJ ffiJ a;rilr 
@DLj{i>{ba;{i>m{b tfj!mlD!Ol/ GICFtiJUJLJ Glurr(!!j{bfbLDrra; @®8i 

fil1Dffe . 

'Q u rfl UJ fL oo rm w a; rirT u v w 6T .,,fl m w UJ rr ~rm IOlJ' 

6TWj[)J 6Tlim{baUJrr ~wu{b®iu :LIOYTrfj}a~m. uiu 
rurr u5I v w ~oo (!ii <!h@8i® (}JJW ~ rr it> u rr v i:i u51m 
{brr{i>{brrrDlfLD 6TW {brr{i>{brrrDlfLD '&(!!jruav' 6TWj[)J 
Ulm-a~rr8ifi!UJ :Lu51fru uUJ=i>i:iit> .:Trrfbrrv= 
LD rr a; {b Q {!) rfl $ffe Q a;rr roYr 6YT (}fl~ UJ rr fl> rr 6T W ~ ? 
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@illWJw Ulm~n ~ aurr~rriv @ffelOl.lrmV Ut1D$fbffeLD &av 
wrolff>ill. ~IOl.lmcr @ID$fbffeLD &av wrolfbm ... ~u51vw 
aa;rr~ GiuUJfr e!!juffila;.,,f/it.J ~IOl.Jm ... ~IOl.la~ a;rrfil. ~IOl.la~ 
wrrfr~m ... JDrrw, e!!jU wUJ<ha;ffila;rifr . fl>roli>fbrolaUJ :Lu51fru 
'u{Dj[)J' a;rirr. :Lrufi!ru UJrrfr fY(!!jlOl.lfr @ID$fbrriJ2)w ~ffe JDrrrn {brrrn. 
UJ rr fr fY (!!j IOl.1 fr i5J ID$ fl> rr iJ2J w ~ffe JDrr m fl> rr m. lL u5I fr IOl.1 rr !P fb a ru 
s;rrru{b®m &® fbdJa;rrroa; ro;rdJurr(!il{brrm. CFrrfbrrv= Glurrffeu 
L/i>®u51ru :L=vrurraw wrolfbrr ! &®rua~ LJi1DBifil1Drrill . 
fY(!!)IOl.la~ @w8ifi!wrrm. @fb~rriv Ui1DuL/8i@Jw, @1DL1L/8i®w 
'fbrol' ~fr{bfbLD 6Tffe6tfi..Dliumru 6TWj[)J GlurrffeULj{b® G/a;rrooai_ 
Ljrf!UJrurraw ! @mfbaUJ fd,rm~, L/@. L/ru, <!h(!!)LDL/, alOl.lwL/, 
a;vuurrm, G/a;rra;, Ljit>Glrumj[)J .:Ta;ru :Lu51fr vrrfils;@8i®w 

Glurr®i>®BiG/a;rrrifrwrurrw. ':Lu51fr' Gi!Ol.1.,,-f)L.J urrL.~m 6Too=dJw 
fL/_ it> IOlJ ~ IOlJ ffiJ .q;rifr. @$fb IOlJ ~ IOlJ ffiJ a; .,,fl it> LD UJ ffil@j IOlJ ffe LD (}fl UJ ffil@j 

IOl.lffe w IOlJ rr !P8ima;. IOlJ ~ru ffila;rmw u Q u UJfr a;w rrit> ~rmLUJrrw u 
u(i}l{b®tF.Gla;rroo(!il IOl.liimfbU L.(!ilBiG/a;rroo ~(!!j8ifi!<l1Drr w. 

JDWrfj}:- LJfT{bCFrrrfi, ·w~tfj!yiiu' 

w~f;IJ. t_g-®rmru 2002 @ff>yYruru®$ffe 
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ID~lfi Lu51!T 6TmU~ @fT 6ll!i>jDITlfi 

~~s:wl.b. ~lfim !T a;ilw~611>lfi 
~p5l!i>~Ga;rr~LIT6'> 6JjD<'ii@)611>jDUJ 

c$L6l.J~<'ii® ~®iil6'> Ga;rr~@Gs:mw 
~@Lb . Lu51iflm !Ta;s;Jw~611>lfi ~pSlw 

~@>@JIT~a;~Lb <B6lllfilT!i>~a;~Lb Gs:li.Ju.jl.b 

C!P wP> ,fla;611> 61T ~ Glfi rr ®~~ lfi Ii>~ 
~611>6llc$6"J6£l@ii>~ .iJ611>L<'ii@)LD 

(!Plq.6l.jc$611>61T Utq.UU6ll@Bi<Ba; ~L@~@Lb 

<Bp;rr8ia;~~6\) 6T(!PlfiLIULL~ ®!i>lfi l§JT6'>. 
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