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AgUosdp 2

SgdplncwmUlhbr Umc Agdlhrspw ne sgd CUpkw Tmhudprd�

Rsde]mn Anuhmn0 ]mc C]mhdkd F]kkh1

0@rsqnmnlx CdoVqsldms´
TmhudqrhcVc cd Bnmbdobhflnm´

AVqqhn TmhudqrhsVqhn´
Bnmbdobhflnm´ Bghid´

rsdeVmnanuhmn5tcdb-bi

1HL@E z NrrdquVsnqhn @rsqn�rhbn ch @qbdsqh´
IVqfn D- Edqlh 2´ H,2.012 Ehqdmyd´ HsVix

fViih5Vqbdsqh-Vrsqn-hs

Sgd hmsdqokˆx adsvddm bgdlhrsqx ˆmc sgdqlncxmˆlhbr cdsdqlhmdr sgd
ffmˆk ntsbnld ne sgd oqnbdrr ne fqˆuhsˆshnmˆk bnkkˆord ˆmc rdsr sgd bnm,
chshnmr enq sgd enqlˆshnm ne sgd ffqrs bnrlnknfhbˆk naidbsr+ hmbktchmf oqh,
lnqchˆk rtodqlˆrrhud akˆbj gnkdr- Hm sghr bgˆosdq vd vhkk qduhdv sgd
lˆhm bgdlhbˆk qdˆbshnmr ˆmc sgd lnrs hlonqsˆms gdˆshmf.bnnkhmf oqn,
bdrrdr sˆjhmf okˆbd hm ˆ fˆr ne oqhlnqchˆk bnlonrhshnm+ hmbktchmf sgd
dΛdbsr ne knbˆk ˆmc bnrlnknfhbˆk qˆchˆshnm aˆbjfqntmcr-

.- Hmspnctbshnm

Sgd oqhlnqch]k dmuhqnmldms nts ne vghbg sgd ffqrs naidbsr vdqd enqldc

hr bg]q]bsdqhrdc ax vdkk drs]akhrgdc bgdlhb]k hmhsh]k bnmchshnmr rds ax sgd

qdbnlahm]shnm dq]+ sgd ]ardmbd ne gd]ux dkdldmsr %lds]kr.ctrs(+ mn stq,

atkdmbd adenqd sgd enql]shnm ne sgd ffqrs rsqtbstqdr ]mc mn nq udqx vd]j

l]fmdshb ffdkcr- Enq sgdrd qd]rnmr sgd d]qkx Tmhudqrd b]m ad bnmrhcdqdc ]

rhlokhffdc lncdk ne sgd btqqdms hmsdqrsdkk]q ldchtl %HRL(- Lnkdbtk]q gxcqn,

fdm hr sgd l]hm bnnkhmf ]fdms hm sghr rbdm]qhn ]mc hsr oqdrdmbd %nq ]ardmbd(

+ Nqdoqhms ne “ qduhdv unktld bg“osdq sn ad otakhrgdc hm K“she+ L-+ ” Rbgkd,
hbgdq+ C-P-F-+ WSgdqlncxm“lhbr “mc Bgdlhrsqx ne sgd D“qkx Tmhudqrd˚+ Enql“shnm

ne sgd Ehqrs Ak“bi Gnkdr+ 1/07 b×Bnoxqhfgs Vnqkc Rbhdmshffb Ntakhrghmf Bnlo“mx+

gssor9..vvv-vnqkcrbhdmshffb-bnl.vnqkcrbhannir.0/-0031.0/541-
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1 GsdeUmn Anthmn � CUmhdkd EUkkh

b]m chrdms]mfkd chΣdqdms cxm]lhb]k o]sgr- Hm sghr bg]osdq vd vhkk oqdrdms

sgd lnrs qdkdu]ms oqnbdrrdr ]Σdbshmf sgd bgdlhrsqx ne G1 vhsg o]qshbtk]q

enbtr nm sgd l]hm hnmr %G� ]mc G)
1 ( vghbg cdsdqlhmd hsr ]atmc]mbd- Vd

vhkk hmsqnctbd sgd a]rhb bnnkhmf.gd]shmf bnmsqhatshnmr vghbg hlo]bs sgd

sgdqlncxm]lhbr ne sgd f]r ]mc chrbtrr ghfg,dmdqfx oqnbdrrdr %W,q]x ]mc

bnrlhb,q]x( sg]s tmcdq bdqs]hm bnmchshnmr b]m hmfitdmbd sgd bgdlhrsqx ne sgd

d]qkx Tmhudqrd- O]qshbtk]q dlog]rhr vhkk ad fhudm sn sgd q]ch]shnm,hmctbdc

oqnbdrrdr vghbg ]Σdbs sgd cxm]lhbr ne ] oqhlnqch]k g]kn ]mc hsr ntsbnld-

.-.- CUr ihmdshar

Sgd lnshnm ]mc sgd adg]uhntq ne ]m hcd]k f]r %fithc( hr qdftk]sdc ax sgd

lnldmstl+ sgd l]rr ]mc sgd dmdqfx bnmrdqu]shnm k]vr- Sgdrd dpt]shnmr

b]m ad vqhssdm ansg hm Dtkdqh]m ]r vdkk ]r hm K]fq]mfh]m enql %hmsdfq]k

dpt]shnmr( vgdqd hm sgd k]ssdq b]rd ] f]r dkdldms hr enkknvdc ]knmf hsr o]sg-

Hm sghr rdbshnm vd vhkk enbtr nm sgd dmdqfx dpt]shnm ]r vd ]qd hmsdqdrsdc nm

sgd sgdql]k ]mc bgdlhb]k dunktshnm ne sgd f]r-

Sgd dmdqfx dpt]shnm hm K]fq]mfh]m mns]shnm qd]cr ]r

π
C∝
Cs

; �N⟩ − t) �%π. R(� ∆%π. R(. %0(

vgdqd ∝ hr sgd rodbhffb hmsdqm]k dmdqfx %hm dqf f�0(+ N ; %β � 0(π∝ hr sgd

f]r oqdrrtqd %vhsg sgd ]ch]a]shb hmcdw β ; 4<2 enq ] lnmn]snlhb f]r ]mc

β ; 6<4 enq ] etkkx lnkdbtk]q f]r(+ t hr sgd f]r udknbhsx+ � ]mc ∆ ]qd sgd

unktldsqhb gd]shmf ]mc bnnkhmf q]sdr+ qdrodbshudkxW- Hm Dp- %0( sgd ffqrs sdql

nm sgd qhfgs,g]mc rhcd qdoqdrdmsr sgd q]sd ne cnhmf N cT vnqj hm ]ch]a]shb

bnloqdrrhnmr ne sgd f]r- Sgd gd]shmf ]mc bnnkhmf q]sdr ]qd etmbshnmr ne sgd

mtladq cdmrhshdr mg ne sgd bgdlhb]k rodbhdr h %qdoqdrdmsdc gdqd ax sgd l]rr

cdmrhsx π( ]mc sgd f]r sdlodq]stqd R- Ansg sdqlr ]qd rsqnmfkx bntokdc sn

sgd bgdlhb]k dunktshnm ne sgd f]r+ h-d- hsr jhmdshbr-

Qd]bshnmr adsvddm chΣdqdms rodbhdr %hnmr+ mdtsq]k+ nq ognsnmr( nbbtq

sgqntfg bnkkhrhnmr ]mc sgdhq udknbhsx.dflbhdmbx ]qd qdftk]sdc ax sgd qd]bshnm

q]sd bndflbhdms j sg]s hm fdmdq]k hr ] etmbshnm ne sgd f]r sdlodq]stqda-

Sgd jhmdshbr ne ] fhudm rodbhdr h+ h-d- sgd shld u]qh]shnm ne hsr ]atmc]mbd

cmg<cs+ hr dwoqdrrdc uh] ] qVsd dptVshnm sg]s rodbhffdr sgd enql]shnm ]mc

cdrsqtbshnm bg]mmdkr enq sg]s rodbhdr- Enq dw]lokd+ kds tr bnmrhcdq ] rhlokd

bgdlhb]k rxrsdl bnlonrdc ax svn qd]bshnmr+ sgd ognsnhnmhr]shnm ]mc sgd

WMnshbd sg“s sgd rxlank � hr “krn nesdm dloknxdc sn qdoqdrdms ognsnq“sdr-
aHm rnld rodbhffb b“rdr sgd q“sd bndflbhdms b“m “krn cdodmc nm nsgdq o“q“ldsdqr &d-f- sgd
cdmrhsx(-
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qdbnlahm]shnm ne ]snlhb gxcqnfdm

G ) β
j0�≫ G) ) d�. %1(

G) ) d�
j1�≫ G) β. %2(

vgdqd j0 ]mc j1 ]qd sgd q]sd bndflbhdmsr- Mnsd sg]s enq ] ognsnbgdlhb]k

qd]bshnm sgd q]sd hr dwoqdrrdc hm r�0 vghkd rs]mc]qc qd]bshnmr g]ud tmhsr ne

bl2�l�0( r�0+ vhsg l qdoqdrdmshmf sgd mtladq ne qd]bs]msr: rn+ enq dw]l,

okd+ enq 1,ancx qd]bshnmr %l ; 1( sgd tmhsr ]qd bl2 r�0 vghkd enq 2,ancx

qd]bshnmr l ; 2 ]mc sgd q]sd hr hm bl5 r�0- Hm ]cchshnm+ sgd ognsnhnmhr],

shnm q]sd j0 hr ] etmbshnm ne sgd qVchVshnm sdlodqVstqd RpWc bg]q]bsdqhrhmf

sgd q]ch]shnm ffdkc- Sgd q]sd dpt]shnm enq sgd dunktshnm ne gxcqnfdm hm sghr

dw]lokd hr

cmE

cs
; j1%R(mE�md � j0%RpWc(mE. %3(

rgnvhmf sg]s+ fhudm ]m hmhsh]k mE ]atmc]mbd+ hs vhkk hmbqd]rd ]r knmf ]r

sgd qdVbshnm fitw %hm bl�2 r�0( enq sgd qdbnlahm]shnm hr k]qfdq sg]m sgd

ognsnhnmhr]shnm fitw- Sgd dw]lokd ]anud b]m ad fdmdq]khrdc sn ] ltksh,

rodbhdr b]rd vghbg hmbktcdr ]mx sxod ne qd]bshnmr+

cmg
cs

;
∑

i∞E�

)

⎞ji
∑

m∞Fi

mm%i(

⎛

⎝�
∑

i∞⋆�

)

⎞ji
∑

m∞Fi

mm%i(

⎛

⎝ . %4(

vgdqd sgd ffqrs rtl hmbktcdr ]kk sgd sdqlr vghbg enql sgd h,sg rodbhdr %ad,

knmfhmf sn sgd rds Eg(+ vghkd sgd rdbnmc o]qs hr sgd ]m]knfntr enq sgd qd]b,

shnmr sg]s cdrsqnx sgd h,sg rodbhdr %rds Cg(- Sgd i,sg qd]bshnm g]r ] rds ne

qd]bs]msr %Pi(+ ]mc cdodmcr nm sgd mtladq cdmrhsx mm%i( ne d]bg qd]bs]ms

]s shld s-

Sgd dmdqfx dpt]shnm %0( hr trt]kkx rnkudc ax ] rs]mc]qc nodq]snq,

rokhsshmf sdbgmhptd+ vgdqd sgd ffqrs sdql nm sgd qhfgs,g]mc rhcd hr hmsdfq]sdc

]knmfrhcd sgd l]rr ]mc lnldmstl bnmrdqu]shnm dpt]shnmr+ vghkd sgd dm,

dqfx bg]mfd ctd sn bnnkhmf ]mc gd]shmf oqnbdrrdr hr bntokdc sn sgd bgdlhrsqx

%Dp- 4( ]mc ]ccdc sn sgd gxcqncxm]lhbr ]r ] rntqbd sdql- Sgd sgdql]k

]mc bgdlhb]k dunktshnm snfdsgdq qdoqdrdms ] rshΣ rxrsdl ne ffqrs,nqcdq nq,

chm]qx chΣdqdmsh]k dpt]shnmr %NCDr( sg]s qdpthqdr sgd trd ne ]bbtq]sd ]mc

]c]oshud mtldqhb]k rnkudqr %Anuhmn ds Vi-+ 1/02(- Adrhcdr sgdhq rshΣmdrr+ ]r,

sqnogxrhb]k mdsvnqjr ]qd ]krn ro]qrd %h-d- lnrs ne sgd I]bnah]m dkdldmsr ]qd

ydqn( ]mc sghr ]ccr etqsgdq bg]kkdmfdr sn ]m ]kqd]cx dwodmrhud mtldqhb]k

oqnakdl- Hm ]cchshnm+ sgd rxrsdl ne NCDr b]m d]rhkx chudqfd vgdm lnuhmf

eqnl ydqn sn rnk]q lds]kkhbhsx rxrsdlr vgdqd lds]kr+ ctrs+ ]mc gtmcqdcr ne
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rodbhdr g]ud sn ad s]jdm hmsn ]bbntms sn oqnodqkx cdrbqhad sgd jhmdshbr ne

sgd f]r- = qdctbdc mdsvnqj ne BN b]m ]kqd]cx hmbktcd × 3/ rodbhdr ]mc

× 3// qd]bshnmr %Fknudq ds Vi-+ 1/0/: Fq]rrh ds Vi-+ 1/06(-

Enqstm]sdkx+ oqhlnqch]k dmuhqnmldmsr ]qd qdk]shudkx rhlokd ]mc b]m ad

bnmrhcdqdc ]r vdkk drs]akhrgdc oqnakdlr+ vhsg edv tmbdqs]hmshdr ]mc ] bkd]q

mdsvnqj ne qd]bshnmr- =m dw]lokd hr fhudm hm sgd fq]og qdonqsdc hm Ehf- 0+

rgnvhmf ] mdsvnqj ne 8 rodbhdr ]mc qntfgkx 1/ qd]bshnmr sg]s b]m ad dl,

oknxdc enq hmrs]mbd sn ]bbtq]sdkx enkknv sgd enql]shnm ne sgd ffqrs bnrlnknf,

hb]k naidbsr %rdd K]she ds Vi- %1/04( ]mc qdedqdmbdr sgdqdhm(-

Ehf- 0- Fq“og ne “ rhlokd G1,nqhdmsdc oqhlnqch“k mdsvnqi- D“bg “qqnv qdoqdrdmsr “

qd“bshnm o“sg vgdqd sgd qd“bs“msr hmunkudc “qd ridsbgdc “r gta nq nudq sgd “qqnvr- Enq

dw“lokd G1 ) d� oqnctbdr G ) G� “r hmchb“sdc ax sgd qdc bnkntqdc “qqnvr vgdqd
G1 hr qdonqsdc “r “ gta “mc dkdbsqnm “r “ qd“bs“ms+ nq G ) d� fhudr G� ) G� “r

hmchb“sdc ax sgd aktd bnkntqdc “qqnvr- Sghr fq“og g“r addm nas“hmdc vhsg sgd cnalUid

snnk qdkd“rdc vhsg sgd “rsqnbgdlhb“k o“bi“fd eomk� vghbg l“idr trd ne sgd Fq“oguhy
rnesv“qd &grro/..vvv�ap:ogthw�ipa(-

Enkknvhmf sgd bgdlhb]k dunktshnm ne sgd oqhlnqch]k f]r hr udqx hlonq,

s]ms adb]trd hs ]kknvr sn drs]akhrg sgd bnmmdbshnm adsvddm sgd lhbqnogxrhbr

%bgdlhrsqx ]mc bnnkhmf( ]mc sgd l]bqnogxrhbr qdoqdrdmsdc ax sgd gxcqn,

cxm]lhb]k dpt]shnmr %dmdqfx+ l]rr+ ]mc lnldmstl(+ ]mc g]r ] rsqnmf

hlo]bs nm qdkdu]ms ogxrhb]k oqnbdrrdr+ ]r enq hmrs]mbd sgd rs]q,enql]shnm
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oqnbdrr- Bgdlhrsqx hr ]krn mddcdc vgdm bnlo]qhmf sgdnqdshb]k vnqj vhsg

nardqu]shnm]k c]s]- Gnvdudq+ bgdlhb]k rnkudqr b]m qdoqdrdms ] ansskdmdbj

hm lncdqm mtldqhb]k ]rsqnogxrhbr- Enq sghr qd]rnm+ e]rs ]mc dflbhdms ]rsqn,

bgdlhb]k o]bj]fdr ]hldc ]s rnkuhmf sgd bgdlhb]k ]mc sgdql]k dunktshnm ne

sgd f]r g]ud addm cdudknodc hm sgd k]rs xd]qr+ ]r enq hmrs]mbd sgd eomk�

o]bj]fd %Fq]rrh ds Vi-+ 1/03(-

.-1- HkspUuhnkds pUchUshnm rntpadr

Bgdlhrsqx hr ]krn rsqnmfkx bnmmdbsdc sn sgd q]ch]shnm ffdkc+ sgqntfg ogn,

snbgdlhrsqx ]mc ognsngd]shmf+ ]r chrbtrrdc hm sghr rdbshnm- Ognsnbgdlhb]k

oqnbdrrdr hm sgd d]qkx Tmhudqrd ]qd l]hmkx hmctbdc ax tksq],uhnkds %TU(

q]ch]shnm oqnctbdc ax sgd ffqrs %Ono- HHH( ]mc rdbnmc %Ono- HH( fdmdq]shnm

ne rs]qr+ ]mc pt]r]q,khjd hnmhrhmf rntqbdr- Hm o]qshbtk]q sgd Kxl]m,Vdqmdq

%KV( a]bjfqntmc %]s eqdptdmbhdr ne 00-1z02-5 dU+ bnqqdronmchmf sn 801z

00// ffi=( oqnctbdc ax Ono HHH rs]qr cdsdqlhmdr sgd nmrds ne sgd rnes TU

a]bjfqntmc hm sgd Tmhudqrd ]mc g]r ] rsqnmf dΣdbs nm sgd rtardptdms enq,

l]shnm ne rs]qr %G]hl]m ds Vi-+ 0886: Nltj]h+ 1//0(-

Ehf- 1- Nhbsnqh“k qdoqdrdms“shnm ne sgd ch∆dqdms q“ch“shnm rntqbdr vghbg b“m hqq“ch“sd “

oqhlnqch“k rs“q,enqlhmf g“kn &hm ohmi( “s ghfg,qdcrghes+ m“ldkx sgd ld“m TU a“bifqntmc
eqnl Nno- HHH rs“qr dlhssdc “s sgd donbg ne qdhnmhr“shnm+ “mc sgd rsqnmf TU q“ch“shnm

oqnctbdc ax Nno- HHH.Nno- HH rs“qr hm “ md“qax g“kn- Pdcrghesr “mc qdk“shud chrs“mbdr

“qd hmchb“shud “r vdkk “r sgd chqdbshnm ne sgd ognsnmr-

Sgd sns]k TU q]ch]shnm sg]s bntkc ad dwodqhdmbdc ax sgd f]r hm ] c]qj,

l]ssdq g]kn hr sgd rtll]shnm ne sgd ld]m bnrlhb TU a]bjfqntmc oqnctbdc

itrs adenqd sgd donbg ne bnrlhb qdhnmhr]shnm ax l]rrhud rs]qr %Aqnll ]mc

Knda+ 1//2( ]mc ] knb]k a]bjfqntmc bnlhmf eqnl hmchuhct]k rsdkk]q rntqbdr

gnrsdc ax md]qax g]knr %rdd rjdsbg hm Ehf- 1(- Onotk]shnm HHH rs]qr hm sgd gnrs

g]kn %f]k]wx( bntkc ]krn bnmsqhatsd sn sgd ]lntms ne q]ch]shnm snfdsgdq vhsg
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sgd lds]k dmqhbgldms- =r vd ]qd gdqd hmsdqdrsdc hm ] lds]k,eqdd dmuhqnmldms

sgd k]ssdq hr mns s]jdm hmsn bnmrhcdq]shnm-

Hm sgd enkknvhmf vd ]rrtld sg]s lnrs ne sgd q]ch]shnm ]anud sgd Kxl]m

khlhs %02-5 dU( hr ]arnqadc ax GH+ vghkd KV ognsnmr b]m sq]udk knmfdq

ctd sn sgd knv noshb]k cdosg ne sgd f]r ]s sgnrd dmdqfhdr- Sgd sns]k KV

a]bjfqntmc hr sgdm dwoqdrrdc ]r

HIT ; H HHH
ae ) H HHH

knb %5(

vgdqd H HHH
knb hr sgd knb]k TU q]ch]shnm bnlhmf eqnl ] md]qax rs]q,enqlhmf

f]k]wx %Uhra]k ds Vi-+ 1/03: Chijrsq] ds Vi-+ 1//7( oqnctbdc ax hmchuhct]k

Ono- HHH rs]qr+ ]mc H HHH
ae hr sgd ld]m bnrlnknfhb]k a]bjfqntmc+ h-d- sgd lhm,

hltl kdudk ne KV q]ch]shnm sg]s ] g]kn hr dwonrdc sn ]s ]mx fhudm qdcrghes

v- Sgd k]ssdq hr trt]kkx cdffmdc ]r %Fqdhe ]mc Aqnll+ 1//5: Nltj]h+ 1//0:

Nltj]h ds Vi-+ 1//7(

H HHH
ae ∼ 0

edrb

�
fℓ

3νlE

(
MITπHHH

− %v(%0 ) v(2 %6(

vgdqd edrb hr sgd drb]od eq]bshnm ne KV ognsnmr eqnl sgd g]kn+ MIT hr sgd

mtladq ne ognsnmr dlhssdc hm sgd KV a]mcr odq rsdkk]q a]qxnm %MIT ∼
1·0/3+ rdd %Fqdhe ]mc Aqnll+ 1//5((+ f sgd Ok]mbj bnmrs]ms+ ℓ sgd roddc ne
khfgs+ lE sgd oqnsnm l]rr+ ]mc πHHH

− %v( sgd bnlnuhmf cdmrhsx ne Ono HHH rs]qr

]s ] fhudm qdcrghes v- Rhlhk]q dwoqdrrhnmr b]m ad vqhssdm enq sgd q]ch]shnm

oqnctbdc ax Ono HH rs]qrb- ChΣdqdms ]ooqnwhl]shnmr sn sgd ]anud rodbsq]

g]ud addm dk]anq]sdc nudq sgd xd]qr- Pthsd nesdm Ono HHH ]mc Ono HH rodb,

sq] ]qd ]ooqnwhl]sdc ax tmhenql bnmrs]ms rntqbdr hm sdqlr ne ak]bj,ancx

q]ch]shnm dwoqdrrdc ]r HIT%D( ; H10 · 0/�10A%D. R,(<A%D+. R,(+ vgdqd

D+ ; 02σ5 dU+ ]mc R, ; 0/4 J ]mc 0/3 J enq Ono HHH ]mc Ono HH

rs]q+ qdrodbshudkx- Pt]r]q,khjd rntqbdr ]qd lncdkkdc ]r ] rhlokd onvdq,

k]v+ HIT%D( ; H10 · 0/�10%D<D+(
�0- Sxohb]k kdudkr ne KV a]bjfqntmc

q]mfd eqnl H10 ∼ 0/�2 sn 0/�0+ ]mc cdodmc nm sgd rsdkk]q cdmrhsx ]s ]

fhudm qdcrghes %Fqdhe ]mc Aqnll+ 1//5(+ vghkd knb]k rntqbdr b]m g]ud k]qfdq

u]ktdr H10 / 0/2-

Adrhcd sgdrd rhlokhffdc lncdkr+ lnqd qd]khrshb rodbsq] g]ud addm oqn,

onrdc ax chΣdqdms fqntor- Hm Vnkbnss,Fqddm ds Vi- %1/06(: Rtfhltq] ds Vi-

%1/03(: =f]qv]k ]mc Jgnbge]q %1/04(: =f]qv]k ds Vi- %1/05(+ enq dw]l,

okd+ lnqd qd]khrshb rodbsq] oqnctbdc ax Ono- HHH ]mc Ono- HH rs]qr g]ud

addm bnlotsdc ax dloknxhmf rsdkk]q bncdr khjd RS=QATQRS88- Gnvdudq

bSgqntfgnts sghr anni vd dwoqdrr sgd q“ch“shnm a“bifqntmc hm sdqlr ne sgd fitw H1+ “s
sgd Kxl“m khlhs &801 ffi=+ h-d- 02-5 dU(9 HHL ; H1+ � 0/�1+ dqf r�+ bl�1 rq�+ Gy�+-
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sgdrd rodbsq] rgntkc ad s]jdm vhsg b]tshnm ]r sgdx cdodmc nm l]mx o],

q]ldsdqr.tmbdqs]hmshdr+ sgd lnrs hlonqs]ms adhmf sgd hmhsh]k l]rr etmb,

shnm %HLE( ne Ono- HHH rs]qr vghbg hr chflbtks sn bnmrsq]hm- Sgd ro]sh]k

]mc sdlonq]k cdodmcdmbx ne sgd KV a]bjfqntmc g]r addm bnmrhcdqdc ax

d-f- Uhra]k ds Vi- %1/03(: Chijrsq] ds Vi- %1//7(: =f]qv]k ds Vi- %1/01(-

Shld,cdodmcdms ]udq]fd KV a]bjfqntmcr g]ud addm oqnonrdc hm rhlokd

o]q]ldsqhrdc enql ]r ] cdbqd]rhmf etmbshnm ne sgd qdcrghes %Uhra]k ds Vi-+

1/03( ]mc eqnl lnqd ]bbtq]sd b]kbtk]shnmr- Sgd KV a]bjfqntmc hr dw,

odbsdc sn hmbqd]rd vhsg shld %Uhra]k ds Vi-+ 1/03( ats hs v]r drs]akhrgdc

sg]s mdfkdbshmf shld,cdodmcdmbx cndr mns ]Σdbs rhfmhffb]mskx sgd b]kbtk],

shnmr ne sgd ffm]k ognsnq]sdr+ hm o]qshbtk]q ]r fq]uhs]shnm]k bnkk]ord vhkk

nbbtq vhsghm ] bnrlnknfhb]kkx rgnqs shld ro]m-

=r vd vhkk rdd hm sgd rtardptdms rdbshnmr ] TU q]ch]shnm a]bjfqntmc

hm ] oqhlnqch]k f]r g]r sgd b]o]ahkhsx sn ognsnchrrnbh]sd G1 ]mc G
)
1 + ]mc

ognsncds]bg G�- Sgd rg]od ne sgd ]rrtldc rodbsqtl hr rsqnmfkx bnmmdbsdc

sn sgd ]lokhstcd ne sgd ognsnq]sdr enq sgd q]ch]shudkx,hmctbdc qd]bshnmr+

vghbg ]qd hm stqm qdkdu]ms enq sgd cdrsqtbshnm.rtquhu]k ne lnkdbtkdr ]mc

hnmr hm sgd oqhlnqch]k Tmhudqrd- Hm sgd enkknvhmf rdbshnm vd vhkk dw]lhmd hm

cds]hk sgd oqnbdrrdr sg]s ]Σdbs sgd enql]shnm ne sgd lnrs hlonqs]ms rodbhdr

hm sgd d]qkx Tmhudqrd+ lnkdbtk]q gxcqnfdm ]mc hsr ]rrnbh]sdc hnmr-

1- Idw rodbhdr6 E+ff E
�ff Umc E�+ bgdlhrspw

A]rhb]kkx+ sgd bgdlhrsqx ne sgd d]qkx Tmhudqrd qdctbdr sn sgqdd l]hm rodbhdr+

G1+ G
�+ ]mc G)

1 + vgnrd e]sdr ]qd rsqnmfkx bnmmdbsdc- Bgdlhrsqx ne cdt,

sdqhtl hr mns chrbtrrdc hm sghr bg]osdq ats hs hr vnqsg ldmshnmhmf sg]s hs

lhfgs ad qdkdu]ms enq sgd enql]shnm ne oqhlnqch]k knv,l]rr rs]qr sgqntfg enq

dw]lokd g]kn ldqfdqr %Oqhdsn ds Vi-+ 1/03: Anuhmn ds Vi-+ 1/03]: Rgbgdjhmnu

]mc U]rhkhdu+ 1//5( ]mc sgd bnnkhmf ne onrs,rgnbj f]r %Fqdhe ]mc Aqnll+

1//5: M]j]tbgh ds Vi-+ 1/03(-

1-.- G+ agdlhrspv

G1 hr sgd rhlokdrs ]mc sgd cnlhm]ms lnkdbtkd hm sgd Tmhudqrd ]mc ok]xr

] bqtbh]k qnkd hm l]mx ]rsqnogxrhb]k dmuhqnmldmsr- Hs v]r sgd ffqrs rodbhdr

enqldc hm sgd Tmhudqrd ]mc g]c fqd]s qdkdu]mbd hm sgd enql]shnm ne sgd ffqrs

bnrlnknfhb]k naidbsr- Cdrohsd sghr+ G1 hr bg]q]bsdqhrdc ax odbtkh]q bgdlhb]k

oqnodqshdr vghbg ]Σdbs hsr bgdlhrsqx ]mc sgd ogxrhbr vgdqd hs hr hmunkudc-

Adhmf ] gnlnmtbkd]q %rxlldsqhb( lnkdbtkd+ G1 cndr mns onrrdrrdr ] odq,
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l]mdms chonkd lnldms ]mc sgd qnuhaq]shnm]k sq]mrhshnmr hm hsr fqntmc rs]sd

nbbtq sgqntfg pt]cqtonkd q]ch]shnm- =r ] ffqrs bnmrdptdmbd+ sgd enql]shnm

ne G1 ax chqdbs q]ch]shud ]rrnbh]shnm ne fqntmc rs]sd G ]snlr hr mdfkhfh,

akd adb]trd sgdqd ]qd mn ]kknvdc rs]ahkhrhmf sq]mrhshnmr- Hm oqdrdms,c]x

lnkdbtk]q bkntcr+ G1 hr enqldc ax rtqe]bd qd]bshnmr nm ctrs fq]hmr sg]s b]m

dflbhdmskx ]arnqa sgd dmdqfx vghbg ltrs ad qdkd]rdc hm sgd oqnbdrr- Sgd

nmkx b]s]kxrsr ]u]hk]akd sn enql G1 hm ydqn,lds]kkhbhsx bkntc ]qd dkdbsqnmr

]mc oqnsnmr+ q]sgdq lhmnq bnmrshstdmsr ne sgd onrs,qdbnlahm]shnm Tmhudqrd-

KUhm enplUshnm pntsdr Sgd svn qntsdr sn G1 enql]shnm uh] f]r,og]rd

qd]bshnmr hm ] bkntc ne oqhlnqch]k bnlonrhshnm ]qd

G ) G) ≫ G)
1 ) fλ. %7(

G)
1 )G≫ G1 )G) %8(

%sgd G)
1 bg]mmdk( ]mc

G ) d� ≫ G� ) fλ. %0/(

G� )G≫ G1 ) d� %00(

%sgd G� bg]mmdk(- Ne sgdrd svn qntsdr+ sgd k]ssdq hr fdmdq]kkx sgd lnrs

dflbhdms- Gnvdudq+ rhmbd G� g]r ] rl]kkdq ahmchmf dmdqfx sg]m G)
1 %/-643 dU

ur- 1-54 dU(+ hs hr lnqd d]rhkx cdrsqnxdc ax ]mx TU q]ch]shnm qdkd]rdc ax

Ono- HHH rs]qr+ lhmhg]knr ]mc lhbqnpt]r]qr %Fknudq+ 1//6: Bgtygnx ds Vi-+

1//6: Bnoonk] ds Vi-+ 1/02(- Sgd G1 enqldc ax sgdrd qntsdr hr cdrsqnxdc

l]hmkx ax ognsnchrrnbh]shnm

G1 ) fλ ≫ G)G. %01(

]mc ax bnkkhrhnm]k chrrnbh]shnm vhsg G ]snlr

G1 )G≫ G)G)Gσ %02(

MgnsnchrrnbhUshnm Hm rohsd ne hsr knv ahmchmf dmdqfx %3-37 dU(+ G1 b]m,

mns ad d]rhkx ognsnchrrnbh]sdc+ rhmbd chqdbs dwbhs]shnm sn sgd uhaq]shnm]k

bnmshmttl ne sgd fqntmc dkdbsqnmhb rs]sd V0Π)
R hr enqahccdm ax sgd chonkd

rdkdbshnm qtkdr %Ehdkc ds Vi-+ 0855(- Chqdbs dwbhs]shnm sn sgd bnmshmt] ne

ghfgdq dkdbsqnmhb rs]sdr hr ]kknvdc+ ats qdpthqdr ]arnqoshnm ne ] ognsnm vhsg

dmdqfx k]qfdq sg]m 03σ6 dU+ vghbg hr lnqd khjdkx sn ognsnhnmhrd G %sgqdrgnkc

02-5 dU( nq G1 %sgqdrgnkc ]s 04-4 dU(- Sgtr+ chqdbs ognsnchrrnbh]shnm hr udqx

hmdflbhdms %Bnoonk] ds Vi-+ 1/00(- Ognsnchrrnbh]shnm ne G1 l]hmkx nbbtqr
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ax ] svn,rsdo oqnbdrr %]krn b]kkdc Pninlnm oqnbdrr(9 ]arnqoshnm ne sgd Kx,

l]m %V0Π)
R ≫ A0Π)

r + sgqdrgnkc ]s 00-1 dU( nq Vdqmdq %V0Π)
R ≫ B0Λr+

sgqdrgnkc ]s 01-2 dU( a]mc TU ognsnmr+ enkknvdc ax q]ch]shud cdb]x hmsn sgd

uhaq]shnm]k bnmshmttl ne sgd fqntmc dkdbsqnmhb rs]sd %Rsdbgdq ]mc Vhkkh]lr+

0856: Fknudq+ 1//6(- Nm ]udq]fd+ × 04” ne ]kk q]ch]shud cdb]xr enkknvhmf

]arnqoshnm hm sgd Kxl]m,Vdqmdq a]mcr qdrtksr hm chrrnbh]shnm- Rhmbd sgd

Kxl]m,Vdqmdq a]mcr ]qhrhmf eqnl sgd knvdrs qns]shnm]k kdudkr hm sgd fqntmc

rs]sd bnloqhrd rdudq]k gtmcqdc ]arnqoshnm khmdr adsvddm 801 ffi= ]mc 00// ffi=+

sgd ognsnchrrnbh]shnm q]sd ne G1 cdodmcr l]hmkx nm sgd hmsdmrhsx ne sgd TU

q]ch]shnm hm sghr v]udkdmfsg q]mfd+ pt]mshffdc hm sdqlr ne sgd H10-

AnkkhrhnmUk chrrnbhUshnm Vghkd ognsnchrrnbh]shnm hr sgd l]hm cdrsqtb,

shnm oqnbdrr ne G1 hm sgd oqdrdmbd ne ] rhfmhffb]ms TU a]bjfqntmc ]qntmc

0/// ffi=+ oqnuhchmf ]m dflbhdms eddca]bj ldbg]mhrl sn oqdudms etqsgdq bnnk,

hmf ]mc bnkk]ord %G]hl]m ds Vi-+ 0886+ 1///: Bh]qch ds Vi-+ 1///: L]bg]bdj

ds Vi-+ 1//0: Ldrhmfdq ds Vi-+ 1//5(+ bnkkhrhnm]k chrrnbh]shnm cnlhm]sdr ]s sdl,

odq]stqdr k]qfdq sg]m 1/// J ]mc hm cdmrd+ rgnbj,bnloqdrrdc qdfhnmr %Kdoo

]mc Rgtkk+ 0872: L]b Knv ]mc Rgtkk+ 0875(- Sxohb]kkx+ G1 hr bnlokdsdkx chr,

rnbh]sdc ax %mnm,l]fmdshb( rgnbjr vhsg udknbhshdr ]anud × 1/ jl r�0- Sgd

l]hm bnmsqhatshnm sn bnkkhrhnm]k chrrnbh]shnm ]s knv,cdmrhshdr hr sgd chrrn,

bhVshud stmmdihmf- Sghr oqnbdrr hmunkudr pt]rh,antmc rs]sdr+ h-d- dwbhsdc

rs]sdr vghbg ]qd rdo]q]sdc eqnl sgd bnmshmttl ax ] qns]shnm]k a]qqhdq+ ]krn

b]kkdc oqdchrrnbh]shud rs]sdr- Sgdqd hr ] ghfg oqna]ahkhsx sg]s lnkdbtkdr hm

sgdrd rs]sdr b]m chrrnbh]sd uh] stmmdkhmf hmrsd]c sn cdb]x q]ch]shudkx sn ]

antmc,rs]sd %L]qshm ds Vi-+ 0885(-

Sgpdd,ancw pdUbshnmr =s cdmrhshdr ]anud × 0/7 bl�2+ dflbhdms G1 enq,

l]shnm hr oqnuhcdc ax sgqdd,ancx qd]bshnmr %O]kk] ds Vi-+ 0872(+

G ) G )G≫ G1 )G. %03(

G ) G)G1 ≫ G1 )G1. %04(

sgd qdudqrd oqnbdrrdr ne G1 chrrnbh]shnm hmctbdc ax bnkkhrhnmr vhsg G ]mc

G1- Enq sgd hlo]bs ne sgdrd qd]bshnmr nm sgd dunktshnm ne oqhlnqch]k bkntcr

]mc sgd eq]fldms]shnm oqnbdrr+ rdd Stqj ds Vi- %1/00(+ Anuhmn ds Vi- %1/03a(-

1-1- G�+ agdlhrspv

Hm oqdrdms,c]x lnkdbtk]q bkntcr+ G)
1 hr enqldc ax bnrlhb,q]x hnmhr]shnm ne

G1 ]mc q]ohckx sq]mrenqldc hm G)
2 ax bnkkhrhnm vhsg nsgdq G1 lnkdbtkdr-
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Bnmudqrdkx+ hm sgd oqhlnqch]k f]r G)
1 hr enqldc ax q]ch]shud ]rrnbh]shnm

%qd]bshnm 7( hm dwbhsdc uhaq]shnm]k rs]sdr+ ]mc hr cdrsqnxdc ax sgd qdudqrd

qd]bshnm+ ognsnchrrnbh]shnm+ ]s ] q]sd rsqnmfkx cdodmcdms nm sgd chrsqhatshnm

ne dwbhsdc kdudkr %Bnoonk] ds Vi-+ 1/00(- Hm hsr fqntmc uhaq]shnm]k rs]sd+ G)
1

hr ognsnchrrnbh]sdc ax ognsnmr vhsg fλ / 1σ54 dU+ nq κ , 357/ ffi=+ ]mc

sgdqdenqd rtquhudr adssdq sg]m G� sn hmsdmrd TU q]ch]shnm ffdkcr- Hm sgnrd

bhqbtlrs]mbdr+ G)
1 qdoqdrdmsr sgd l]hm rntqbd ne G1 uh] sgd oqnsnm dwbg]mfd

qd]bshnm %3(+ ]r+ d-f- hm sgd onrs,qdbnlahm]shnm Tmhudqrd ]s qdcrghesr v � 2//

%R]rk]v ]mc Yhonx+ 0856: F]kkh ]mc O]kk]+ 0887(- Gnvdudq+ vgdm sgd f]r hr

rtflbhdmskx hnmhrdc+ G)
1 hr oqnloskx qdlnudc ax chrrnbh]shud qdbnlahm]shnm

vhsg dkdbsqnmr+ ] qd]bshnm dmg]mbdc ax sgd oqdrdmbd ne rdudq]k knv,dmdqfx

qdrnm]mbdr %S]j]fh+ 1//1: Rbgmdhcdq ]mc Rtynq,Vdhmdq+ 1//1(-

1-2- G� agdlhrspv

Sgd gxcqnfdm ]mhnm G� %gxcqhcd hnm( hr sgd l]hm b]s]kxrs enq sgd enql],

shnm ne G1 hm sgd oqhlnqch]k f]r- Sghr rodbhdr+ ] oqnsnm vhsg svn antmc

dkdbsqnmr+ g]r ] ahmchmf dmdqfx ne nmkx /σ643 dU ]mc mn antmc dwbhsdc

rs]sdr- Hm sgd oqdrdms,c]x Tmhudqrd+ hs oqnuhcdr sgd bnmshmttl no]bhsx ne

sgd Rtm ]mc lnrs nsgdq k]sd,sxod rs]qr uh] antmc,eqdd ]mc eqdd,eqdd sq]mrh,

shnmr: rhlhk]qkx+ hm sgd onrs,qdbnlahm]shnm Tmhudqrd+ hs qdoqdrdmsr sgd l]hm

rntqbd ne no]bhsx enq sgd bnrlhb lhbqnv]ud a]bjfqntmc q]ch]shnm+ ]ksgntfg

]s kdudkr oqdrdmskx tmcdsdbs]akd %Ak]bj+ 1//5: Rbgkdhbgdq ds Vi-+ 1//7(- Hm

sgd oqhlnqch]k f]r+ G� hr enqldc ax q]ch]shud ]ss]bgldms %qd]bshnm 0/( ]mc

qdlnudc ax ]rrnbh]shud cds]bgldms %qd]bshnm 00(- Qdbdmskx+ qd]bshnm %0/(

g]r addm sgd naidbs ne hmsdmrhud k]anq]snqx dwodqhldmsr ]mc sgdnqdshb]k b]k,

btk]shnmr sg]s g]ud k]qfdkx qdctbdc sgd tmbdqs]hmshdr nm sgd qd]bshnm q]sd ne

sghr bqtbh]k oqnbdrr %Aqtgmr ds Vi-+ 1/0/: Jqdbjdk ds Vi-+ 1/0/: Lhkkdq ds Vi-+

1/00(-

MgnsncdsUbgldms Hm sgd oqdrdmbd ne ] rhfmhffb]ms fitw ne ognsnmr vhsg

fλ / /σ643 dU %κ , 05. 4// ffi=(+ G� hr dflbhdmskx cdrsqnxdc ax ognsncd,

sVbgldms %qdudqrd ne qd]bshnm 0/(- Sgd bqnrr,rdbshnm ne sghr oqnbdrr g]r

addm b]kbtk]sdc ax chΣdqdms fqntor vhsg %Lhx]jd ds Vi-+ 1/0/( ]mc vhsg,

nts %Vhrg]qs+ 0868( qdrnm]ms bnmsqhatshnmr %enq ognsnm dmdqfhdr fqd]sdq

sg]m × 00 dU(- Sgd ognsnchrrnbh]shnm q]sd hr ]krn rsqnmfkx ]Σdbsdc ax

sgd rg]od ne sgd TU rodbsqtl+ ]r enq hmrs]mbd ] sxohb]k onvdq,k]v q]ch],

shnm a]bjfqntmc oqnctbdc ax lhmhpt]r]q b]m annrs sgd q]sd ax ] e]bsnq ne

× 4 %Bgtygnx ds Vi-+ 1//6(- Hm fdmdq]k sgd mds dΣdbs ne sgd ognsncds]bg,
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ldms oqnbdrr hr sn rtooqdrr sgd enql]shnm ne G1 qdctbhmf sgd dflbhdmbx ne

sgd G� bg]mmdk ax ] e]bsnq ne ]ooqnwhl]sdkx 0 ) jog<%jWcmE(+ vgdqd jog
hr sgd ognsncds]bgldms q]sd %qdudqrd ne ]bshnm 0/(+ jWc sgd ]rrnbh]shud cd,

s]bgldms q]sd %qd]bshnm 00(+ ]mc mE sgd mtladq cdmrhsx ne ]snlhb gxcqnfdm

%rdd d-f- Bgtygnx ds Vi- %1//6(: Lhx]jd ds Vi- %1/0/((- Qdbdmskx g]r addm

]krn rtffdrsdc sg]s sq]oodc Kx,� bnnkhmf q]ch]shnm dlhssdc eqnl bnkk]orhmf

f]r %rdd rdb- 4-0-2( bntkc bnmsqhatsd sn sgd ognsncds]bgldms ne G�- Sgd

q]sd enq sghr oqnbdrr g]r addm oqnuhcdc hm Ingmrnm ]mc Chijrsq] %1/06( ]r

] etmbshnm ne sgd bkntc l]rr+ sgd cdmrhsx+ ]mc sgd sdlodq]stqd ne sgd f]r-

2- Ehfg,dmdpfw bgdlhrspw

=r ldmshnmdc hm Rdbs- 1-0+ sgd l]hm bnnkhmf ]fdms hm sgd oqhlnqch]k f]r+ G1+

hr dflbhdmskx ognsnchrrnbh]sdc ax ognsnmr vhsg dmdqfhdr hm sgd q]mfd ne sgd

Kxl]m,Vdqmdq a]mcr %00-1z02-5 dU(- Rhmbd sgdrd ognsnmr ]qd mns rsqnmfkx

]arnqadc ax ]lahdms G ]snlr+ hs hr m]stq]k sn dwodbs sgd enql]shnm ne sgd

udqx ffqrs l]rrhud rs]qr sn ad ]bbnlo]mhdc ax sgd fdmdq]shnm ne ] rsqnmf

TU a]bjfqntmc q]ch]shnm ffdkc %Rdbs- 0-1(+ vghbg hr ]akd hm oqhmbhokd sn

ognsnchrrnbh]sd ]mx qdrhct]k G1 ]mc rtooqdrr etqsgdq rs]q enql]shnm %rdd

Rdbs- 1-0 ]mc qdedqdmbd sgdqdhm(- Hnmhr]shnm ne G1 ax TU ognsnmr+ nm sgd

nsgdq g]mc+ hr qdk]shudkx hmdflbhdms adb]trd hnmhrhmf ognsnmr vhsg dmdqfx

]anud sgd sgqdrgnkc dmdqfx ne 04-3 dU nmkx dwhrs hmrhcd GHH qdfhnmr-

Hm bnmsq]rs+ W,q]xr %fλ / 0 jdU( ]mc+ sn ] k]qfdq dwsdms+ bnrlhb q]xr

%D / 0 LdU( b]m odmdsq]sd oqnsnf]k]bshb bkntcr ]mc hnmhrd ansg G ]mc

G1+ oqnctbhmf hnmr ]mc dwbhsdc lnkdbtkdr sg]s b]m hmsdq]bs vhsg sgd mdt,

sq]k ]snlhb nq lnkdbtk]q f]r %rdd+ d-f- Shdkdmr 1//4(- Sgd hnmhr]shnm ne

]snlhb gxcqnfdm fdmdq]sdr dkdbsqnmr sg]s b]m b]s]kxrd etqsgdq enql]shnm ne

G1+ bnlodmr]shmf+ nq dudm nudqbnlhmf sgd cdrsqtbshnm ne G1 ax sgd r]ld

oqnbdrr- Sgdrd qd]bshnmr b]qqx ]v]x ] rhfmhffb]ms ]lntms ne sgd ]u]hk]akd

dmdqfx hm sgd enql ne bgdlhb]k gd]shmf+ ]mc bnmsqhatsd sn sgd gd]shmf ne sgd

f]r ]r ltbg ]r sgd hnmhr]shnm dkdbsqnmr sgdlrdkudr %Fnkcrlhsg ]mc K]mfdq+

0867: Fk]rrfnkc ds Vi-+ 1/01(-

Onrrhakd rntqbdr ne ]m W,q]x a]bjfqntmc hm sgd d]qkx Tmhudqrd hmbktcd

ghfg,qdcrghes pt]r]qr+ l]rrhud W,q]x ahm]qhdr+ Aqdlrrsq]gktmf ]mc hmudqrd

Bnlosnm dlhrrhnm eqnl Ono- HHH rtodqmnu] qdlm]msr %G]hl]m ds Vi-+ 1///:

Fknudq ]mc Aq]mc+ 1//2: Gtlldk ds Vi-+ 1/04: K]she ds Vi-+ 1/04(- Sgd

k]ssdq ]qd ]krn sgd lnrs khjdkx rntqbdr ne bnrlhb,q]x o]qshbkdr+ ]ksgntfg lnqd

dwnshb oqnbdrrdr khjd sgd cdb]x ne rtodql]rrhud o]qshbkdr ]qd ]krn onrrhakd

%Rgbgdjhmnu ]mc U]rhkhdu+ 1//3: Qho]lnmsh ds Vi-+ 1//6: I]rbgd ds Vi-+ 1//6:
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Gtlldk ds Vi-+ 1/05(- Hm fdmdq]k+ bnrlhb q]xr odmdsq]sd cddodq hmsn ] bkntc

sg]m W,q]xr+ ats sgdhq qdk]shud hlonqs]mbd ]r hnmhrhmf ]mc gd]shmf ]fdmsr

cdodmcr nm onnqkx bnmrsq]hmdc pt]mshshdr khjd sgd hmsdmrhsx+ chrsqhatshnm ]mc

rodbsq]k bg]q]bsdqhrshbr ne sgd rntqbdr- Mtldqhb]k lncdkr rgnv sg]s sgd

dΣdbsr ne ]m W,q]x a]bjfqntmc nm sgd bgdlhb]k ]mc sgdql]k dunktshnm ne

oqnsnf]k]bshb bkntcr bntkc ad rhfmhffb]ms ]s qdk]shudkx knv cdmrhshdr+ vghkd sgd

ghfg,cdmrhsx+ rs]q,enqlhmf f]r qdl]hmr k]qfdkx tm]Σdbsdc %Gtlldk ds Vi-+

1/05(-

3- Rghdkchmf d�dbsr

Vgdm bnmrhcdqhmf ] bkntc hqq]ch]sdc ax ] q]ch]shnm a]bjfqntmc hs hr udqx

hlonqs]ms sn s]jd onrrhakd rghdichmf dΣdbsr hmsn ]bbntms- Sgd ognsnchrrn,

bh]shnm q]sdr ]mc sgd bnnkhmf etmbshnmr u]qx vhsg sgd f]r bnktlm cdmrhsx

]mc nmkx ghfg dmdqfx ognsnmr ]mc bnrlhb q]xr b]m odmdsq]sd cddo hmsn sgd

bkntc %vgdqd bnktlm cdmrhshdr ]qd ghfg(- Hm oqdrdms,c]x lnkdbtk]q bkntcr

ognsnmr b]m ad rghdkcdc ansg ax sgd f]r ]r vdkk ]r ctrs+ sgd k]ssdq adhmf

sgd l]hm bnmsqhatshnm enq dmdqfhdr adknv sgd Kxl]m khlhs-

Hm ] oqhlnqch]k dmuhqnmldms sgd lnrs hlonqs]ms oqnbdrr hr sgd G1 rdie,

rghdichmf- =s ghfg dmntfg cdmrhshdr G1 lnkdbtkdr f]sgdq snfdsgdq bqd]shmf

] sghbj k]xdq ne l]sdqh]k vghbg b]m ]arnqa dmdqfdshb ognsnmr cdbqd]rhmf sgd

ognsnchrrnbh]shnm q]sd- Sghr hr trt]kkx s]jdm hmsn ]bbntms ax ] rtooqdrrhnm

e]bsnq erg+ rn sg]s sgd q]sd hr dwoqdrrdc ]r j
sghbi
og ; ergj

sghm
og + vgdqd erg ; 0 hr

sgd [mn,rghdkchmf˚ b]rd %noshb]kkx sghm qdfhld(+ vghkd erg ; / hr ] bnlokdsd

rghdkchmf+ h- d- q]ch]shnm etkkx ]arnqadc-

Du]kt]shmf sgd rghdkchmf hr mnm,sqhuh]k ]r hs trt]kkx qdpthqdr sgd rnkt,

shnm ne sgd q]ch]shud sq]mronqs dpt]shnmr ]mc sgd bnlots]shnm ne sgd f]r

bnktlm cdmrhsx- Sghr cdodmcr nm fdnldsqx+ cdmrhsx+ sdlodq]stqd+ udknbhsx

fq]chdmsr+ ]mc sgd oqdrdmbd ne stqatkdmbd- =bbtq]sd b]kbtk]shnmr g]ud addm

odqenqldc nudq sgd xd]qr ]mc rhlokd ]m]kxshb]k enqltk]d g]ud addm oqnuhcdc

%Cq]hmd ]mc Adqsnkch+ 0885: Vnkbnss,Fqddm ds Vi-+ 1/00: R]eq]mdj,Rgq]cdq

ds Vi-+ 1/01: G]qsvhf ds Vi-+ 1/04a( a]rdc nm ]ooqnwhl]sd cdffmhshnmr ne sgd

bnktlm cdmrhsx- Sgd k]ssdq hr eqdptdmskx dwoqdrrdc a]rdc nm knb]k oqnodqshdr

]r Mg ; mgX+ vhsg mg adhmf sgd mtladq cdmrhsx ne sgd bnmrhcdqdc rodbhdr

%hm ] oqhlnqch]k bkntc trt]kkx G1( ]mc X ] bg]q]bsdqhrshb kdmfsg- Hsr bgnhbd

gnvdudq cdodmcr rsqnmfkx nm sgd ogxrhb]k oqnakdl+ ]mc sghr ]ooqnwhl]shnm

b]m e]hk sn qdoqnctbd ]bbtq]sd q]ch]shud sq]mredq b]kbtk]shnmr tmcdq o]qshb,

tk]q bnmchshnmr- Cds]hkdc bnlo]qhrnmr adsvddm sgd chΣdqdms bg]q]bsdqhrshb

kdmfsgr g]ud addm oqnuhcdc ax rdudq]k ]tsgnqr %Vnkbnss,Fqddm ds Vi-+ 1/00:
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R]eq]mdj,Rgq]cdq ds Vi-+ 1/01: G]qsvhf ds Vi-+ 1/04a(-

Vgdm b]kbtk]shmf sgd rdke,rghdkchmf nmd ]krn g]r sn s]jd hmsn ]bbntms

stqatkdmbd ]mc sgdql]k Cnookdq aqn]cdmhmf %Qhbghmfr ds Vi-+ 1/03(- Sgd

k]ssdq hr hlonqs]ms enq hmrs]mbd hm sgd rstcx ne bnkk]orhmf f]r vgdqd sgd

rdke,rghdkchmf ne G1 lnkdbtkdr nbbtqr nmkx he qdk]shud udknbhshdr tm ]qd rl]kkdq

sg]m sgd sgdql]k udknbhsx+ tm ≈ usg- =m ]bbtq]sd ldsgnc sn ]bbntms enq

sghr dΣdbs g]r addm cdudknodc ax G]qsvhf ds Vi- %1/04a(-

Sn bnmbktcd+ bg]mfdr hm sgd G1 rdke,rghdkchmf sqd]sldms b]m hmsqnctbd

to sn ]m nqcdq ne l]fmhstcd chΣdqdmbdr nm sgd ffm]k ognsnchrrnbh]shnm q]sd+

]Σdbshmf hm dpt]k ld]rtqd sgd ntsbnld ne mtldqhb]k rhltk]shnmr ne ffqrs

bnrlnknfhb]k naidbsr-

4- SgdplncwmUlhbr hm ophlnpchUk dmuhpnmldmsr

= etmc]ldms]k hmfqdchdms hm ]mx bnrlnknfhb]k rbdm]qhn enq sgd enql]shnm ne

sgd ffqrs rs]qr hr sgd ]ahkhsx ne oqhlnqch]k bkntcr sn q]ch]sd dmdqfx dflbhdmskx

ctqhmf sgd og]rd ne fq]uhs]shnm]k bnkk]ord- Bkd]qkx+ sgd l]hm bnnkhmf ldbg],

mhrlr ]s vnqj hm oqdrdms,c]x bkntcr+ m]ldkx BN ]mc lds]k khmd dlhrrhnm nq

HQ dlhrrhnm eqnl ctrs fq]hmr ]qd mns ]u]hk]akd hm ] bkntc ne ydqn lds]kkhbhsx-

4-.- �nnkhme opnadrrdr

Hm ] G.Gd ok]rl] hm hnmhr]shnm dpthkhaqhtl+ sgdql]k jhmdshb dmdqfx b]m ad

qdlnudc eqnl sgd f]r ax bnkkhrhnm]k dwbhs]shnm.hnmhr]shnm+ qdbnlahm]shnm+

]mc q]ch]shnm ne eqdd dkdbsqnmr rb]ssdqhmf nq eqdd hnmr %eqdd,eqdd dlhrrhnm nq

Aqdlrrsq]gktmf(- Sgd k]ssdq hr hm e]bs sgd oqhl]qx rntqbd ne bnnkhmf enq

ReWr � 0/5 J+ vgdm sgd f]r hr etkkx hnmhrdc+ ats hsr dflbhdmbx cdbqd]rdr vhsg

cdbqd]rhmf sdlodq]stqd- =s R ∼ 0/4 J+ ]mc R ∼ 4 · 0/3 J+ sgd bnnkhmf hr

cnlhm]sdc ax bnkkhrhnm]k dwbhs]shnm ne Gd) ]mc G+ qdrodbshudkx+ enkknvdc ax

q]ch]shud cdb]x %lnrskx hm sgd Kxl]m � khmd ne mdtsq]k gxcqnfdm(- Adknv

R ∼ 0/3 J+ sgd ok]rl] qdbnlahmdr udqx q]ohckx- Sgd udqx edv qdrhct]k

dkdbsqnmr ]qd tm]akd sn dwbhsd sgd ffqrs dwbhsdc kdudk ne G+ vhsg ]m dmdqfx

0/-1 dU ]anud sgd fqntmc rs]sd+ ]mc sgd bnnkhmf q]sd cqnor sn ydqn- Sgd

bkntc sgdm qdk]wdr sn ] rs]akd sgdql]k rs]sd vhsg R ∼ 0/3 J- Vghkd hm ] f]r

ne mnm,ydqn lds]kkhbhsx+ nwxfdm ]mc mhsqnfdm hnmr vhsg sgd knvdrs dmdqfx

kdudkr itrs ] edv dU ]anud sgd fqntmc rs]sd b]m etqsgdq bnnk sgd f]r+ sgd

sgdql]k dunktshnm ne ] oqhlnqch]k bkntc hr bnmsqnkkdc ax sgd ]lntms ne G1

]mc GC+ ]mc+ sn ] kdrrdq dwsdms+ G)
2 + enqldc ax f]r,og]rd qd]bshnmr hm ]

ctrs,eqdd dmuhqnmldms %R]rk]v ]mc Yhonx+ 0856: L]srtc] ds Vi-+ 0858(-
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4-0-0- G1 bnnihmf

Sgd bnnkhmf ne ] lds]k,eqdd bkntc hr cnlhm]sdc ax sgd ronms]mdntr dlhrrhnm

ne qnuhaq]shnm]k kdudkr ne G1 bnkkhrhnm]kkx dwbhsdc l]hmkx ax G ]mc Gd ]snlr

nq nsgdq G1 lnkdbtkdr- Hm sgd noshb]kkx sghm qdfhld+ sgd dlhssdc ognsnmr

b]m eqddkx drb]od sgd bkntc vhsgnts adhmf qd,]arnqadc nq rb]ssdqdc+ sq]mr,

edqqhmf sgdql]k dmdqfx ntsv]qc ]s ] q]sd oqnonqshnm]k sn sgd G1 ]atmc]mbd-

Gnvdudq+ cdrohsd adhmf sgd lnrs ]atmc]ms lnkdbtk]q rodbhdr enqldc ax f]r,

og]rd qd]bshnmr hm ] ydqn,lds]k f]r+ G1 hr mns ]m dflbhdms bnnk]ms- Ctd sn hsr

k]bj ne ] odql]mdms dkdbsqhb chonkd lnldms+ qnuhaq]shnm]k kdudkr ne G1 g]ud

rl]kk sq]mrhshnm oqna]ahkhshdr+ ]mc b]m ad bnkkhrhnm]kkx cd,dwbhsdc dudm ]s

qdk]shudkx knv cdmrhshdr- Hm e]bs+ ]anud ] bqhshbVi cdmrhsx mbphs ∼ 0/3 bl�2+

sgd G1 bnnkhmf q]sd qd]bgdr hsr knb]k sgdqlncxm]lhb dpthkhaqhtl %KSD(

u]ktd+ fhudm ax

∆IL9 ;
∑

rαk

mr>rkDrk. %05(

vgdqd mr hr sgd onotk]shnm cdmrhsx ne G1 hm toodq dmdqfx kdudk t+ >rk hr sgd

sq]mrhshnm oqna]ahkhsx enq ronms]mdntr cdb]x sn dmdqfx kdudk k+ ]mc Drk ;

fλrk- Mnsd sg]s sxohb]kkx+ mbphs ∼ 0/3 bl�2 enq sgd knvdq qns]shnm]k rs]sdr

%Kd Antqkns ds Vi-+ 0888( ats sgd uhaq]shnm]k rs]sdr b]m g]ud ] ghfgdq mbphs

ne ]ants 0/7 bl�2- Gnvdudq+ ghfg uhaq]shnm]k kdudkr vhkk g]ud ] mdfkhfhakd

onotk]shnm ]kqd]cx ]s 7/// J %nmkx sgd ffqrs 1,2 kdudkr vhkk ad onotk]sdc ats

sgd fqntmc vhkk rshkk cnlhm]sd(- Trdetk enqltk]d enq sgd G1 bnnkhmf hm sgd

knv,cdmrhsx ]mc KSD bnmchshnmr b]m ad entmc hm Fknudq ]mc =adk %1//7(

]mc Bnoonk] ds Vi- %1/01(+ qdrodbshudkx- Sgd enqldq qdedqdmbd ]krn bnms]hmr

] sgnqntfg chrbtrrhnm ne sgd G1 nqsgn.o]q] q]shn hm sgd sxohb]k bnmchshnmr

ne oqhlnqch]k bkntcr+ vgdqd hs hr fdmdq]kkx chΣdqdms eqnl sgd dpthkhaqhtl

u]ktd 290 dwodbsdc ]s ghfg cdmrhshdr ]mc sdlodq]stqdr-

=s cdmrhshdr ]anud msghbi ∼ 0/8 bl�2+ G1 adbnldr noshb]kkx sghbj sn hsr

nvm q]ch]shnm+ ]mc sgd dlhssdc qnuhaq]shnm]k ognsnmr b]m ad dflbhdmskx rb]s,

sdqdc ]mc qd,]arnqadc+ cdbqd]rhmf sgd nudq]kk bnnkhmf dflbhdmbx- Gnvdudq+

udknbhsx fq]chdmsr b]m Cnookdq,rghes ognsnmr ntsrhcd sgd noshb]kkx sghbj

bnqdr ne sgd qnuhaq]shnm]k khmdr+ ]kknvhmf sgdl sn kd]ud sgd bkntc %Xnrghc]

ds Vi-+ 1//5: Rs]bx ]mc Aqnll+ 1/02: G]qsvhf ds Vi-+ 1/04](- Hm sghr b]rd+

nmd trt]kkx ]cnosr sgd Rnankdu ]ooqnwhl]shnm+ ]rrtlhmf sg]s d]bg q]ch]shud

sq]mrhshnm oqna]ahkhsx >rk hr qdctbdc ax ] e]bsnq αrk+ sgd rn,b]kkdc [drb]od

oqna]ahkhsx˚+ sg]s cdodmcr nm sgd udknbhsx oqnffkd ne sgd bkntc %Xnrghc]

ds Vi-+ 1//7: Bk]qj ds Vi-+ 1/00: Fqdhe ds Vi-+ 1/00+ 1/01(-
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4-0-1- GC bnnihmf

Hm rohsd ne ] bnrlnknfhb]k C.G q]shn ne × 0/�4+ sgd qnkd ne GC ]r ] bnnkhmf

]fdms hr mns mdfkhfhakd- Ehqrs+ sgd GC lnkdbtkd g]r ] rl]kk odql]mdms

dkdbsqhb chonkd lnldms ]mc q]ch]shud sq]mrhshnm oqna]ahkhshdr × 0// shldr

k]qfdq sg]m sgnrd ne G1- Sgdqdenqd+ sgd bqhshb]k cdmrhsx enq sgd nmrds ne

KSD hm sgd b]rd ne GC bnnkhmf hr k]qfdq sg]m sg]s enq G1+ ne sgd nqcdq ne

mbphs ∼ 0/5 bl�2- Rdbnmc+ adb]trd ne hsr k]qfdq l]rr+ sgd dmdqfx chΣdqdmbd

ne sgd knvdrs qns]shnm]k sq]mrhshnm ne GC bnqqdronmcr sn ] sdlodq]stqd ne

017 J+ q]sgdq sg]m 40/ J ]r hm sgd b]rd ne G1+ ]mc sgdqdenqd b]m dflbhdmskx

bnnk ] f]r sn knvdq sdlodq]stqdr sg]m G1- Sghqc+ rhmbd GC hr lnrskx enqldc

ax sgd qd]bshnm

C) )G1 ≫ GC)G). %06(

vghbg hr dwnsgdqlhb ax 351 J+ hsr ]atmc]mbd qdk]shud sn G1 hr annrsdc

]s knv sdlodq]stqd ]r ZGC<G1“ ∼ 1ZC<G“ dwo%351 J<R( %] oqnbdrr b]kkdc

[cdtsdqhtl eq]bshnm]shnm˚(- Sgtr+ GC hr ]akd sn bnnk sgd f]r sn sdlodq],

stqdr adknv 1// J+ onrrhakx ]kk sgd v]x sn sg]s ne sgd bnrlhb a]bjfqntmc+

vghbg rdsr ] knvdq khlhs sn q]ch]shud bnnkhmf %Ingmrnm ]mc Aqnll+ 1//5:

Fknudq ]mc =adk+ 1//7(- Trdetk enqltk]d enq GC bnnkhmf enq bnkkhrhnmr vhsg

G ]qd fhudm ax Khonuj] ds Vi- %1//4( ]mc Bnoonk] ds Vi- %1/00( hm sgd knv,

cdmrhsx ]mc KSD khlhsr+ qdrodbshudkx-

Hm fdmdq]k+ GC bnnkhmf ok]xr ] l]qfhm]k qnkd enq sgd dunktshnm ne sxohb]k

oqhlnqch]k g]kn l]rrdr %J ∼ 0/5 J∗(+ vgdqd sgd sdlodq]stqd mdudq e]kkr

adknv × 1// J %Aqnll ds Vi-+ 1//1: Xnrghc] ds Vi-+ 1//5(- Gnvdudq+ GC

bnnkhmf b]m ]Σdbs rhfmhffb]mskx sgd bnkk]ord ne knv,l]rr g]knr %J ! 2 ·
0/4 J∗(+ kd]chmf sn ] kdrr l]rrhud rsdkk]q onotk]shnm bnlo]qdc sn sgd b]rd

ne g]knr cnlhm]sdc ax G1 bnnkhmf %Qho]lnmsh ds Vi-+ 1//6: LbFqddq ]mc

Aqx]m+ 1//7(- Hm ]cchshnm+ GC bnnkhmf adbnldr hlonqs]ms hm ]kk rhst]shnmr

vgdqd sgd f]r hr hmhsh]kkx rhfmhffb]mskx hnmhrdc+ ]r hm g]knr enqldc adghmc

rsqnmf rgnbjr %Rg]ohqn ]mc J]mf+ 0876: Ingmrnm ]mc Aqnll+ 1//5: Fqdhe

]mc Aqnll+ 1//5: M]j]tbgh ds Vi-+ 1/03( ]r hm ldqfdq dudmsr %Oqhdsn ds Vi-+

1/03: Anuhmn ds Vi-+ 1/03a( nq hm qdkhb GHH qdfhnmr %L]bjdx ds Vi-+ 1//2:

Ingmrnm ]mc Aqnll+ 1//5(-

= bnlo]qhrnm adsvddm GC ]mc G1 bnnkhmf hr qdonqsdc hm Ehf- 2 snfdsgdq

vhsg G ]mc Gd ]snlhb bnnkhmf-

4-0-2- Ix,� bnnihmf

Sgd dmdqfx kdudkr ne gxcqnfdm ]snlr l]hmkx cdodmc nm svn pt]mstl mtl,

adqr+ sgd dkdbsqnmhb pt]mstl mtladq m+ ]mc sgd nqahs]k pt]mstl mtladq
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Ehf- 2- Bnnkhmf etmbshnmr ctd sn gxcqnfdm &GH(+ gdkhtl &GdH( dwbhs“shnmr+ lnkdbtk“q gx,
cqnfdm G1+ “mc GC “r “ etmbshnm ne sgd f“r sdlodq“stqd enq “ fhudm cdmrhsx k ; 0 bl�2-
Sgd G1+ “mc GC bnnkhmf etmbshnmr “qd bnlotsdc “s ffwdc rodbhdr mtladq eq“bshnmr+ h-d-

sD1 ; 0/�3+ “mc sD7 ; 0/�4- Sgd “snlhb bnnkhmf hr hmrsd“c b“kbtk“sdc “rrtlhmf
bnkkhrhnm“k hnmhr“shnm dpthkhaqhtl &rdd I“sy ds Uk& &0885((-

k+ vhsg dmdqfx rb]khmf ]r 02-5 dU.m1- Vd qdrsqhbs ntq chrbtrrhnm gdqd sn sgd

ffqrs sgqdd dkdbsqnmhb kdudkr+ sdqldc 0p %m ; /. k ; /(+ 1p %m ; 0. k ; /(+ ]mc

1n %m ; 0. k ; 0(- Ronms]mdntr sq]mrhshnmr adsvddm 1pz0p ]qd enqahccdm ax

rdkdbshnm qtkdr+ vghkd sq]mrhshnmr hmunkuhmf sgd fqntmc rs]sd m ; 0 fhud qhrd

sn sgd Kxl]m rdqhdrc-

Sgd rn b]kkdc Kx,� bnnkhmf nqhfhm]sdr eqnl sgd bnkkhrhnm]k dwbhs]shnm ne

gxcqnfdm ]snlr eqnl sgd fqntmc dkdbsqnmhb rs]sd sn sgd 1n rs]sd+ vghbg hm

sgd rtardptdms dlhrrhnm oqnbdrr oqnctbdr Kx,� ognsnmr ]s 0/-1 dU %kdes

rjdsbg hm Ehf- 3(- Hm lds]k,eqdd bkntc sghr bnmsqhatshnm hr bqtbh]k sn aqhmf

sgd f]r cnvm sn 7/// J- Sgd bnnkhmf etmbshnm hr trt]kkx dwoqdrrdc ]r ∆It� ;

md

⎠
g

⎠
r mgD

g
rkEρgrktd⟨+ vhsg md sgd dkdbsqnm cdmrhsx+ mr ]mc mk sgd cdmrhsx

ne sgd toodq ]mc knvdq kdudkr+ Drk sgd dmdqfx chΣdqdmbd adsvddm sgd svn

kdudkr+ ρrk sgd dwbhs]shnm bqnrr,rdbshnm+ ]mc td sgd dkdbsqnm udknbhsx- Mnsd

sg]s sgd bqnrr,rdbshnm hr ]udq]fdc nudq ] L]wvdkkh]m chrsqhatshnm %Rg]ohqn

cVgdm sgd ffm“k rs“sd hr k ; 2+ nq k ; 1 vd qdedq sn sgd N“rbgdm “mc A“kldq rdqhdr+ mns
ne hmsdqdrs hm sghr bg“osdq-
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]mc J]mf+ 0876(-

Ehf- 3- Ridsbg ne sgd gxcqnfdm Kx,� bnnkhmf “mc sgd svn,ognsnm oqnbdrr- Vd nmkx

rgnv sgd ffqrs sgqdd gxcqnfdm kdudkr- Mtladqr qdoqdrdms sgd rdptdmbd ne dudmsr- Sgd
fqdx “qqnvr hmchb“sd sgd dwbhs“shnm ax bnkkhrhnmr vhsg dkdbsqnmr: sgd ak“bi “qqnv sgd

ognsnm dlhrrhnm sg“s oqnctbdr Kx,� ognsnmr: sgd aktd “qqnv sgd cdb“x eqnl 1n sn 1p-

4-0-3- Svn,ognsnm cdbVx

=mnsgdq oqnbdrr vghbg b]m bnmsqhatsd hm o]qs sn sgd bnnkhmf ne sgd f]r

oqnctbhmf Kx,� ognsnmr hr sgd rn b]kkdc svn,ognsnm cdb]x %Rohsydq ]mc

Fqddmrsdhm+ 0840: Nltj]h+ 1//0: Fknudq+ 1//6(- Dudm sgntfg sgd 1pz0p

sq]mrhshnm hr enqahccdm sgdqd hr ] bg]mbd sg]s gxcqnfdm ]snlr %]esdq adhmf

dwbhsdc sgqntfg bnkkhrhnmr vhsg dkdbsqnmr hmsn sgd 1n rs]sd( cdb]x sn sgd 1p

rs]sd ]mc ]qd ]f]hm dwbhsdc sn sgd 1n enkknvdc ax sgd cdb]x sn sgd fqntmc

rs]sd %rdd rjdsbg hm Ehf- 3+ qhfgs(- Sgd rtl ne sgd svn dlhssdc ognsnmr

hr ] mds Kx,� sq]mrhshnm ]s 0/-1 dU- Sghr oqnbdrr hr hm fdmdq]k ×0/7 nqcdqr
ne l]fmhstcd rknvdq sg]m sgd Kx,� chqdbs q]ch]shud cdb]x ]mc cdodmcr nm

chΣdqdms o]q]ldsdqr ]r enq hmrs]mbd sgd Kx,� noshb]k cdosg ne sgd f]r- =m

]m]kxshb]k enqltk] ne sghr bnnkhmf hr fhudm enq dw]lokd hm Nltj]h %1//0(-

4-0-4- Fhfg,cdmrhsx bnnihmf

Vgdm cdmrhshdr hmbqd]rd+ G1 qd]bgdr KSD ]mc hsr b]o]ahkhsx sn bnnk sgd f]r

hr ghfgkx qdctbdc- Sgqdd,ancx qd]bshnmr sgdm sqhffdq sgd bnnkhmf ]s cdm,

rhsx adsvddm 0/7z0/0+ bl�2+ dflbhdmskx bnmsqhatshmf sn sgd bnmudqrhnm ne

gxcqnfdm ]snlr sn G1 lnkdbtkdr- Vgdm cdmrhshdr qd]bg × 0/03 bl�2 sgd
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f]r adbnldr noshb]kkx sghbj sn G1 ]mc sgd G1 bnnkhmf hr bnlokdsdkx hmdfl,

bhdms- Hm sgd ghfg cdmrhsx qdfhld adsvddm 0/03z0/06 bl�2 nsgdq oqnbdrrdr

bnmsqhatsd sn sgd sgdqlncxm]lhbr ne sgd f]r+ ]lnmf sgdrd sgd bnkkhrhnm]k

hmctbdc dlhrrhnm- Hm sgd enkknvhmf vd chrbtrr sgd l]hm bnmsqhatshnmr hm sgd

cdmrhsx qdfhld vgdqd G1 bnnkhmf adbnldr hmdflbhdms+ enbtrhmf hm o]qshbtk]q

nm sgd bnnkhmf oqnctbdc ax bgdlhb]k qd]bshnmr ]mc ax bnmshmttl oqnbdrrdr-

AgdlhbUk bnnkhmf = bgdlhb]k qd]bshnm oqnbddcr hm shld ]knmf hsr qd]b,

shnm o]sg fnhmf eqnl qd]bs]msr sn oqnctbsr sgqntfg chΣdqdms ldbg]mhrlr-

Vd b]m chrshmfthrg adsvddm svn l]hm bk]rrdr ne qd]bshnmr9 %h( dwnsgdqlhb+

]mc %hh( dmcnsgdqlhb- Sgd enqldq nmdr oqnbddc e]rs ]mc qdkd]rd hmsn sgd

ldchtl ] fhudm ]lntms ne dmdqfx dpt]k sn sgd dmsg]kox ne sgd qd]bshnm

ΓF- Nm sgd bnmsq]qx+ dmcnsgdqlhb qd]bshnmr mddc sn ]arnqa dmdqfx eqnl

sgd ldchtl sn s]jd ok]bd- Sgd ntsbnld ne dmcnsgdqlhb qd]bshnmr hr ] mds

bnnkhmf dΣdbs+ vhsg bnnkhmf etmbshnm oqnonqshnm]k sn sgd dmdqfx mddcdc enq

sgd qd]bshnm sn nbbtqr %ΓF(+ sgd ]atmc]mbdr ne sgd qd]bs]msr %h. i(+ ]mc

sgd qd]bshnm q]sd j%R(+ vghbg qdftk]sdr sgd roddc ne sgd dmshqd oqnbdrr d-

Sgd bgdlhb]k gd]shmf ∆bgdl → mgmij%R(ΓF hr dwoqdrrdc hm dqf bl�2 r�0-

Hm ] oqhlnqch]k dmuhqnmldms sgd l]hm rntqbd ne bgdlhb]k bnnkhmf bnldr

eqnl sgd cdrsqtbshnm ne G1 uh] sgqdd,ancx qd]bshnmr %qd]bshnm 04( ]mc bnk,

khrhnm]k chrrnbh]shnm %qd]bshnm 02(+ ]mc qdrtksr hm 3-37 dU b]qqhdc ]v]x eqnl

sgd ldchtl- Sgdrd oqnbdrrdr g]ud ]m hlo]bs nm sgd sgdql]k dunktshnm ne

] bnkk]orhmf f]r ]s cdmrhsx k]qfdq sg]m 0/7 bl�2-

Anmshmttl opnbdrrdr Sgd bnmshmttl bnnkhmf hr trt]kkx dwoqdrrdc ]r

∆bnms ; 3ρR 3ηeWrαdrb+ h-d- ognsnm dlhrrhnm a]rdc nm sgd Rsde]m,Anksyl]mm

k]v %vhsg ρ sgd Rsde]m,Anksyl]mm bnmrs]ms( ats ]ssdmt]sdc ax sgd no]bhsx

ne sgd f]r ηeWr ]mc sgd drb]od oqna]ahkhsx αdrb hmsqnctbdc hm rdb- 4-0-0- Sgd

l]hm oqnbdrrdr vghbg bnmsqhatsd sn sgd no]bhsx ne sgd f]r ]s ghfg,cdmrhshdr

]qd antmc,eqdd ]arnqoshnm ne G+ Gd+ G�+ ]mc G)
1 : eqdd,eqdd ]arnqoshnm ne

G� ]mc G: bnkkhrhnm,hmctbdc ]arnqoshnm ne G1zG1 ]mc G1zGd: Q]xkdhfg

rb]ssdqhmf ne G: ]mc Sgnlrnm rb]ssdqhmf ne dkdbsqnmr %Kdmytmh ds Vi-+ 0880(-

Sgd l]hm bnmsqhatshnm hr oqnuhcdc ax bnkkhrhnm]kkx,hmctbdc ]arnqoshnm

%dlhrrhnm( ne G1 %Kdmytmh ds Vi-+ 0880: Qho]lnmsh ]mc =adk+ 1//3: Xnrghc]

ds Vi-+ 1//7: Ghq]mn ]mc Xnrghc]+ 1/02(- =s ghfg cdmrhshdr sgd mtladq ne

bnkkhrhnmr hr ghfgkx dmg]mbdc: hm o]qshbtk]q G1 b]m hmdk]rshb]kkx bnkkhcd vhsg

nsgdq G1 lnkdbtkdr nq gdkhtl ]snlr hmctbhmf sgd enql]shnm ne ] sq]mrhdms

dEnq qd“bshnmr hmunkuhmf “ sghqc ancx sgd dwoqdrrhnm rgntkc qd“c “r kckikjT&J(Γϵ-
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rtoq]lnkdbtkd vhsg ] mnm,ydqn chonkd lnldms+ vhsg ] ghfg oqna]ahkhsx ne

dlhsshmf ] ognsnm- Sghr hr sgd k]rs q]ch]shud bnnkhmf bg]mmdk ]u]hk]akd

ctqhmf sgd bnkk]ord ne ] oqhlnqch]k bkntc- =anud 0/05 bl�2 sgd f]r adbnldr

bnlokdsdkx no]ptd sn sgd bnmshmttl q]ch]shnm ]mc ]krn bnkkhrhnm]kkx,hmctbdc

dlhrrhnm adbnldr hmdflbhdms %Xnrghc] ds Vi-+ 1//7(-

4-1- GdUshme opnadrrdr

Sgdqd ]qd chΣdqdms v]xr sn gd]s sgd f]r hm sgd HRL+ h-d- sn sq]mredq dm,

dqfx hmsn sgd f]rdntr ldchtl9 %h( uh] ognsnmr.dkdbsqnmr+ %hh( uh] bgdlhb]k

qd]bshnmr+ %hhh( uh] ctrs fq]hmr+ ]mc %hu( uh] cxm]lhb]k oqnbdrrdr- Hm sghr

rdbshnm vd vhkk enbtr nm sgd lhbqnrbnohb oqnbdrrdr qdkdu]ms enq ] oqhlnqch]k

dmuhqnmldms+ l]hmkx sgd bgdlhb]k gd]shmf ]mc sgd ognsngd]shmf- Gnvdudq+

nsgdq oqnbdrrdr ]s l]bqnrb]kdr b]m rsqnmfkx bnmsqhatsd sn sgd gd]shmf+ d-f-

cxm]lhb]k bnloqdrrhnm %ffqrs sdql hm Dp- 0( ctqhmf fq]uhs]shnm]k bnkk]ord+

rgnbjr ]mc stqatkdmbd+ ldbg]mhb]k gd]shmf oqnctbdc ax rsdkk]q vhmcr ]mc

rtodqmnu] dwoknrhnm+ ]mc uhrbntr gd]shmf %d-f- ]lahonk]q chΣtrhnm(- Enq

]m nudquhdv nm sgdrd cxm]lhb]k oqnbdrrdr vd qdedq sn Shdkdmr %1//4(-

4-1-0- BgdlhbVi FdVshmf

Dwnsgdqlhb qd]bshnmr+ h-d- oqnbdrrdr vghbg oqnbddc udqx e]rs+ nesdm vhsgnts

] a]qqhdq+ ]mc vhsg ]m dwbdrr ne dmdqfx+ b]m bnmsqhatsd sn sgd gd]shmf ne sgd

f]r- Hm sghr bk]rr ne qd]bshnmr+ bnkkhrhnmr adsvddm ]snlr ]mc lnkdbtkdr ]qd

trt]kkx bnmudqsdc hmsn %h( sq]mrk]shnm dmdqfx ne sgd mdvkx enqldc lnkdbtkd+

]mc %hh( qns]shnm]k.uhaq]shnm]k dwbhs]shnmr- Hm sgd enqldq b]rd sgd gd]shmf

hr chqdbskx qdkd]rdc hmsn sgd f]r+ hm sgd k]ssdq sgd f]r hr gd]sdc to uh]

rtardptdms cd,dwbhs]shnmr-

Hm ] oqhlnqch]k f]r bgdlhb]k gd]shmf hr l]hmkx ctd sn oqnbdrrdr vghbg

enql lnkdbtk]q gxcqnfdm+ hm o]qshbtk]q sgd G� bg]mmdk+ sgd G)
1 bg]mmdk+

]mc sgqdd,ancx qd]bshnmr- Sgd gd]s cdonrhsdc odq enqldc lnkdbtk]q gxcqn,

fdm hr cdffmdc rhlhk]qkx sn sgd bgdlhb]k bnnkhmf ]r �bgdl ; γmgmij%R(ΓF+

vgdqd ΓF ; 3σ37 dU+ 2-42 dU+ ]mc 0-72 dU qdrodbshudkx enq sgd qd]b,

shnmr bhsdc ]anud- =s u]qh]mbd vhsg bgdlhb]k bnnkhmf+ bgdlhb]k gd]shmf hr

vdhfgsdc ax ] bqhshb]k cdmrhsx e]bsnq γ ; %0 ) mbphs<m(
�0 cdodmchmf nm sgd

bqhshb]k cdmrhsx mbphs+ h-d- sgd q]shn adsvddm sgd Dhmrsdhm bndflbhdms ]mc sgd

bnkkhrhnm]k cd,dwbhs]shnm q]sd %Gnkkdma]bg ]mc LbJdd+ 0868(- Sghr bqhshb]k

cdmrhsx e]bsnq jddor hmsn ]bbntms sgd ]lntms ne dmdqfx vghbg hr q]ch]sdc

]v]x ]mc cn mns bnmsqhatsd sn sgd gd]shmf- Vd b]m cdffmd svn dwsqdld

b]rdr9 he %h( m ≪ mbphs+ sgdm γ ≫ 0+ sgd f]r hr gd]sdc to ax ΓF: %hh( he
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m ≈ mbphs+ sgdm γ ≫ /+ ]mc sgd dmdqfx ΓF hr etkkx knrs ax q]ch]shud dlhr,

rhnm- Sgd b]rdr hm adsvddm bnmsqhatsdr sn sgd gd]shmf ne sgd f]r sn sgd

dwsdms ne ]m ]lntms ne dmdqfx rl]kkdq sg]m ΓF-

4-1-1- OgnsngdVshmf

Sgd ognsnchrrnbh]shnm ]mc ognsnhnmhr]shnm hmctbdc ax TU q]ch]shnm fdmdq,

]sd ]m dwbdrr ne dmdqfx dpt]k sn fλ �D+ vghbg b]m fn hmsn gd]shmf+ vgdqd

fλ hr sgd dmdqfx ne sgd hmbhcdms ognsnm ]mc D+ sgd chrrnbh]shnm.hnmhr]shnm

dmdqfx sgqdrgnkc enq sgd fhudm rodbhdr- Ognsngd]shmf hr l]hmkx b]trdc ax

%h( ognsnhnmhr]shnm ne ]snlr hm GHH qdfhnmr %fλ / 02σ5 dU(+ %hh( ognsnhnmhr],

shnm ne k]qfd lnkdbtkdr ]mc rl]kk ctrs fq]hmr hm GH qdfhnmr %fλ , 02σ5 dU(+

]mc %hhh( ognsnhnmhr]shnm ne lnkdbtkdr hm lnkdbtk]q qdfhnmr- Hm ] oqhlnqch]k

dmuhqnmldms sgd l]hm gd]shmf rntqbd bnldr eqnl ognsnchrrnbh]shnm ne G1

]mc G)
1 + ]mc tmcdq sgd oqdrdmbd ne hnmhrhmf q]ch]shnm+ eqnl sgd ognsnhnm,

hr]shnm ne G+ ]mc Gd- Sgd gd]shmf hr trt]kkx dwoqdrrdc ]r �og ; Fogmg+

vgdqd

Fog ;
3ν

f

∏ ⊙

D+

H%D(ρ%D(

D
%D � D+(ϵ%D( cD %07(

hr sgd ognsngd]shmf q]sd hm dqf r�0 enq sgd fhudm rodbhdr- Hsr u]ktd cdodmcr

nm sgd q]ch]shnm fitw odq dmdqfx H%D(<D+ sgd bqnrr,rdbshnm ρ%D(+ sgd dmdqfx

dwbdrr D � D++ ]mc sgd dflbhdmbx e]bsnq ϵ%D( sg]s cdsdqlhmdr sgd ]lntms

ne dmdqfx qdkd]rdc hmsn sgd f]r-

Sgd gd]shmf oqnctbdc ax sgd ognsnchrrnbh]shnm ne G1 chrbtrrdc hm

Rdb 1-0 hr b]kkdc TU otlohmf gdVshmf ]mc hs hr sgd rtl ne svn chΣdqdms bnm,

sqhatshnmr %rdd rjdsbg hm Ehf- 4(- Sgd ffqrs %qdkd]rhmf /-3 dU( hr sgd gd]shmf

oqnctbdc ax sgd chrrnbh]shnm ne G1 vghbg chqdbskx fndr hmsn jhmdshb dmdqfx

]mc g]r ]m dflbhdmbx × 0/”z04”+ ]r nmkx sghr eq]bshnm ne lnkdbtkdr chrrnbh,

]sdr enkknvhmf sghr o]sg- Sgd rdbnmc bnmsqhatshnm %vghbg qdkd]rdr 1-1 dU( hr

ctd sn sgd cd,dwbhs]shnm oqnbdrrdr vghbg hmunkud uhaq]shnm]k dwbhsdc rs]sdr

ne sgd G1 dkdbsqnmhb fqntmc rs]sd+ ]mc cdodmc nm sgd bqhshb]k cdmrhsx ]kqd]cx

hmsqnctbdc hm rdb- 4-1-0- Ognsngd]shmf b]m ad sgd cnlhm]ms bnmsqhatshnm sn

sgd sgdqlncxm]lhbr ]s knv,cdmrhshdr vgdqd rghdkchmf dΣdbs ]qd mdfkhfhakd

]mc q]ch]shnm b]m odmdsq]sd dflbhdmskx-

5- AgdlhbUk tmbdpsUhmshdr Umc cwmUlhbUk hlokhbUshnmr

=ksgntfg sgd bgdlhrsqx ne sgd d]qkx Tmhudqrd hr antmc sn edv dkdldmsr %G+

Gd+ ]mc C(+ ]mc rhlokd pt]mstl lnkdbtk]q rxrsdlr %G1+ GC(+ rnld ne sgd
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Ehf- 4- G1 TU otlohmf gd“shmf ridsbg- Chrrnbh“shnm oqnctbdr chqdbs gd“shmf bnqqd,

ronmchmf sn /-3 dU+ vghkd bnkkhrhnm“k cd,dwbhs“shnmr qdkd“rd to sn 1-1 dU vhsg “m dflbhdmbx
oqnonqshnm“k sn sgd bqhshb“k cdmrhsx e“bsnq α hmsqnctbdc hm Rdbs- 4-1-0-

hmfqdchdmsr kd]chmf sgd f]r jhmdshbr ]qd ]Σdbsdc ax tmbdqs]hmshdr- Sghr hm

stqm b]m ]ksdq sgd ntsbnld ne bnlots]shnm]k rhltk]shnmr ne sgd enql]shnm

]mc dunktshnm ne ffqrs rs]qr ]mc oqhlnqch]k ak]bj gnkdr-

O]qshbtk]qkx qdkdu]ms ]qd sgd tmbdqs]hmshdr hm rstcxhmf sgd cxm]lhb]k

dunktshnm ne oqhlnqch]k g]knr hqq]ch]sdc ax TU ognsnmr- Sgd e]sd ne sgd

fq]uhs]shnm]k bnkk]ord hr shdc sn sgd enql]shnm.cdrsqtbshnm ne G1 ]mc hsr b],

o]ahkhsx sn bnnk sgd f]r cnvm sn × 1// J- Sgd cdunhc ne G1 b]m rsqnmfkx

lnchex sgd ntsbnld ne sgd fq]uhs]shnm]k oqnbdrr ]mc kd]c enq dw]lokd sn sgd

enql]shnm ne rtodq,l]rrhud ak]bj gnkdr %Nltj]h+ 1//0: Rg]mf ds Vi-+ 1/0/:

K]she ds Vi-+ 1/03(- =r chrbtrrdc hm sghr bg]osdq sgd oqdrdmbd ne ] rsqnmf

dwsq]f]k]bshb TU a]bjfqntmc rtooqdrrdr G1 chqdbskx uh] ognsnchrrnbh]shnm

nq hmchqdbskx sgqntfg sgd ognsncds]bgldms ne G�- Sgd lhmhltl KV q],

ch]shnm fitw qdpthqdc sn dflbhdmskx cdrsqnx G1 ]mc rtooqdrr hsr bnnkhmf hr

cdmnsdc Hbphs- Adrhcdr sgd bgdlhb]k tmbdqs]hmshdr nm rnld ne sgd q]sd bndfl,

bhdmsr+ hs g]r addm rgnvm %Vnkbnss,Fqddm ds Vi-+ 1/00: Rtfhltq] ds Vi-+ 1/03:

Uhra]k ds Vi-+ 1/03: =f]qv]k ]mc Jgnbge]q+ 1/04( sg]s sgd rodbsqtl rg]od+

]mc sgd sqd]sldms ne sgd rdke,rghdkchmf ]qd udqx hlonqs]ms enq cdsdqlhmhmf

sgd bqhshb]k fitw- Rdudq]k vnqjr qdonqsdc u]ktdr ne Hbphs hm sgd q]mfd 1/z0/
4
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%rdd Nltj]h %1//0(: Rg]mf ds Vi- %1/0/(: Hm]xnrgh ]mc Nltj]h %1/00(: K]she

ds Vi- %1/03+ 1/04(: Rtfhltq] ds Vi- %1/03(( ]mc k]qfd chrbqdo]mbhdr g]ud

addm entmc adsvddm rhlokhffdc ydqn,chldmrhnm]k lncdk ]mc lnqd qd]khrshb

sgqdd,chldmrhnm]k gxcqncxm]lhb]k rhltk]shnmr %K]she ds Vi-+ 1/03(- Sgdrd

chΣdqdmbdr ro]m nqcdqr ne l]fmhstcdr vghbg ]qd ltbg lnqd qdkdu]ms sg]m

sgd e]bsnq ne 1 tmbdqs]hmshdr vhsghm sgd bgdlhb]k lncdk hsrdke+ ]r ntskhmdc

d-f- hm Fknudq %1/04]+a(-
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Sghr vnqj v]r %o]qsh]kkx( etmcdc ax sgd BNMHBXS OH= =BS061/22-

Pdedpdmbdr

?fˆqvˆk+ A- ˆmc Jgnbgeˆq+ R- ’1/04(- Pduhrdc qˆsd bndflbhdmsr enq G1 ˆmc G
�

cdrsqtbshnm ax qdˆkhrshb rsdkkˆq rodbsqˆ+ LMP:R 335+ oo- 05/z057+ cnh9
0/-0/82.lmqˆr.rst0862-

?fˆqvˆk+ A-+ Jgnbgeˆq+ R-+ Ingmrnm+ I- K-+ Mdhrsdhm+ D-+ Cˆkkˆ Udbbghˆ+ B- ˆmc
Khuhn+ L- ’1/01(- Tahpthsntr rddchmf ne rtodqlˆrrhud akˆbj gnkdr ax chqdbs
bnkkˆord+LMP:R 314+ oo- 1743z1760+ cnh90/-0000.i-0254,1855-1/01-10540-
w-

?fˆqvˆk+ A-+ Rlhsg+ A-+ Fknudq+ R-+ Mˆsˆqˆiˆm+ O- ˆmc Jgnbgeˆq+ R- ’1/05(- Mdv
bnmrsqˆhmsr nm chqdbs bnkkˆord akˆbj gnkd enqlˆshnm hm sgd dˆqkx Tmhudqrd+
LMP:R 348+ oo- 31/8z3106+ cnh90/-0/82.lmqˆr.rsv818-

Akˆbj+ I- G- ’1//5(- Bgdlhrsqx ˆmc bnrlnknfx+ DUpUcUv Chrbtrrhnmr 022+ o- 16+
cnh90/-0/28.a405726e-

Anuhmn+ R-+ Fqˆrrh+ S-+ Kˆshe+ L- ?- ˆmc Rbgkdhbgdq+ C- P- F- ’1/02(- Hloˆbs ne
ˆm ˆbbtqˆsd lncdkkhmf ne oqhlnqchˆk bgdlhrsqx hm ghfg,qdrnktshnm rstchdr+
LMP:R 323+ oo- K25zK3/+ cnh90/-0/82.lmqˆrk.rks/61-

Anuhmn+ R-+ Kˆshe+ L- ?-+ Fqˆrrh+ S- ˆmc Rbgkdhbgdq+ C- P- F- ’1/03ˆ(- Cˆqj,
lˆssdq gˆkn ldqfdqr ˆr ˆ edqshkd dmuhqnmldms enq knv,lˆrr Onotkˆshnm HHH
rsˆq enqlˆshnm+ LMP:R 330+ oo- 1070z1076+ cnh90/-0/82.lmqˆr.rst603-

Anuhmn+ R-+ Rbgkdhbgdq+ C- P- F- ˆmc Fqˆrrh+ S- ’1/03a(- Oqhlnqchˆk rsˆq enqlˆshnm9
qdkˆshud hloˆbs ne G1 sgqdd,ancx qˆsdr ˆmc hmhshˆk bnmchshnmr+ :�: 450+
?02+ cnh90/-0/40.///3,5250.1/0211276-

Aqnll+ U-+ Bnooh+ O- R- ˆmc Kˆqrnm+ P- A- ’1//1(- Sgd Enqlˆshnm ne sgd Ehqrs
Rsˆqr- H- Sgd Oqhlnqchˆk Rsˆq,enqlhmf Bkntc+ :oI 453+ oo- 12z40+ cnh9
0/-0/75.212836-

Aqnll+ U- ˆmc Knda+ ?- ’1//2(- Enqlˆshnm ne sgd Ehqrs Rtodqlˆrrhud Akˆbj
Gnkdr+ :oI 485+ oo- 23z35+ cnh90/-0/75.266418-

Aqtgmr+ G-+ Jqdbjdk+ G-+ Lhkkdq+ J- ?-+ Tqaˆhm+ W- ˆmc Rˆuhm+ C- V- ’1/0/(-
?arnktsd dmdqfx,qdrnkudc ldˆrtqdldmsr ne sgd G�)G≥G1)d

� ˆrrnbhˆshud
cdsˆbgldms qdˆbshnm trhmf ˆ ldqfdc,adˆl ˆooˆqˆstr+ Ngvr, Pdu, : 71+ 3+
/316/7+ cnh90/-00/2.OgxrPdu?-71-/316/7-

12
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Bgtygnx+ K-+ Jtgkdm+ L- ˆmc Rgˆohqn+ O- P- ’1//6(- Eddcaˆbj eqnl Ehqrs
Pˆchˆshnm Rntqbdr9 G� Ognsnchrrnbhˆshnm+ :oI 554+ oo- K74zK77+ cnh9
0/-0/75.410327-

Bhˆqch+ A-+ Edqqˆqˆ+ ?- ˆmc ?adk+ S- ’1///(- Hmsdqfˆkˆbshb G1 Ognsnchrrnbhˆshnm
ˆmc sgd Rnes Tksqˆuhnkds Aˆbjfqntmc Oqnctbdc ax Onotkˆshnm HHH Naidbsr+
:oI 422+ oo- 483z5//+ cnh90/-0/75.2/7562-

Bkˆqj+ O- B-+ Fknudq+ R- B- N-+ Jkdrrdm+ P- R- ˆmc Aqnll+ U- ’1/00(- Fqˆuhsˆshnmˆk
Eqˆfldmsˆshnm hm Stqatkdms Oqhlnqchˆk Fˆr ˆmc sgd Hmhshˆk Lˆrr Etmbshnm
ne Onotkˆshnm HHH Rsˆqr+ :oI 616+ 00/+ cnh90/-0/77.///3,526W.616.1.00/-

Bnoonkˆ+ B- L-+ CøHmsqnmn+ P-+ Fˆkkh+ C-+ Sdmmxrnm+ I- ˆmc Knmfn+ R- ’1/01(-
Mnm,dpthkhaqhtl G1 Enqlˆshnm hm sgd Dˆqkx Tmhudqrd9 Dmdqfx Dwbgˆmfdr+
Pˆsd Bndflbhdmsr+ ˆmc Rodbsqˆk Chrsnqshnmr+ :oIR 088+ 05+ cnh90/-0/77.
//56,//38.088.0.05-

Bnoonkˆ+ B- L-+ Chnldcd+ O-+ Knmfn+ R- ˆmc Bˆohsdkkh+ L- ’1/00(- G1 ˆmc GC
Chqdbs Ognsnchrrnbhˆshnm hm sgd Bgdlhrsqx ne sgd Oqhlnqchˆk Tmhudqrd+ :oI
616+ 26+ cnh90/-0/77.///3,526W.616.0.26-

Bnoonkˆ+ B- L-+ Fˆkkh+ C-+ Oˆkkˆ+ E-+ Knmfn+ R- ˆmc Bgktaˆ+ I- ’1/02(- Mnm,
sgdqlˆk ognsnmr ˆmc G1 enqlˆshnm hm sgd dˆqkx Tmhudqrd+ LMP:R 323+ oo-
003z011+ cnh90/-0/82.lmqˆr.rss0//6-

Chijrsqˆ+ L-+ Gˆhlˆm+ Y-+ Ldrhmfdq+ ?- ˆmc Vxhsgd+ I- R- A- ’1//7(- Ektbstˆshnmr
hm sgd ghfg,qdcrghes Kxlˆm,Vdqmdq aˆbjfqntmc9 bknrd gˆkn oˆhqr ˆr sgd
nqhfhm ne rtodqlˆrrhud akˆbj gnkdr+ LMP:R 280+ oo- 0850z0861+ cnh90/-
0000.i-0254,1855-1//7-03/20-w-

Cqˆhmd+ A- S- ˆmc Adqsnkch+ E- ’0885(- Rsqtbstqd ne Rsˆshnmˆqx Ognsnchrrnbhˆshnm
Eqnmsr+ :oI 357+ o- 158+ cnh90/-0/75.066578-

Ehdkc+ F- A-+ Rnldquhkkd+ V- A- ˆmc Cqdrrkdq+ J- ’0855(- Gxcqnfdm Lnkdbtkdr hm
?rsqnmnlx+ :P:�: 3+ o- 1/6+ cnh90/-0035.ˆmmtqdu-ˆˆ-/3-/8/055-//0120-

Fˆkkh+ C- ˆmc Oˆkkˆ+ E- ’0887(- Sgd bgdlhrsqx ne sgd dˆqkx Tmhudqrd+ :�: 224+
oo- 3/2z31/-

Fkˆrrfnkc+ ?- D-+ Fˆkkh+ C- ˆmc Oˆcnuˆmh+ L- ’1/01(- Bnrlhb,Pˆx ˆmc W,Pˆx
Gdˆshmf ne Hmsdqrsdkkˆq Bkntcr ˆmc Oqnsnokˆmdsˆqx Chrjr+ :oI 645+ 046+
cnh90/-0/77.///3,526W.645.1.046-

Fknudq+ R- B- N- ’1//6(- Pˆchˆshud eddcaˆbj eqnl hnmhydc fˆr+ LMP:R 268+ oo-
0241z0247+ cnh90/-0000.i-0254,1855-1//6-00676-w-

Fknudq+ R- B- N- ’1/04ˆ(- Rhltkˆshmf sgd enqlˆshnm ne lˆrrhud rddc akˆbj gnkdr
hm sgd dˆqkx Tmhudqrd , H- ?m hloqnudc bgdlhbˆk lncdk+ LMP:R 340+ oo-
1/71z1/85+ cnh90/-0/82.lmqˆr.rsu0/48-

Fknudq+ R- B- N- ’1/04a(- Rhltkˆshmf sgd enqlˆshnm ne lˆrrhud rddc akˆbj gnkdr
hm sgd dˆqkx Tmhudqrd , HH- Hloˆbs ne qˆsd bndflbhdms tmbdqsˆhmshdr+ LMP:R
342+ oo- 18/0z1807+ cnh90/-0/82.lmqˆr.rsu0670-

Fknudq+ R- B- N- ˆmc ?adk+ S- ’1//7(- Tmbdqsˆhmshdr hm G1 ˆmc GC bgdlhrsqx
ˆmc bnnkhmf ˆmc sgdhq qnkd hm dˆqkx rsqtbstqd enqlˆshnm+ LMP:R 277+ oo-
0516z0540+ cnh90/-0000.i-0254,1855-1//7-02113-w-

Fknudq+ R- B- N- ˆmc Aqˆmc+ O- V- I- K- ’1//2(- Pˆchˆshud eddcaˆbj eqnl ˆm dˆqkx
W,qˆx aˆbjfqntmc+ LMP:R 23�+ oo- 10/z115+ cnh90/-0/35.i-0254,7600-
1//2-/5200-w-
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Fknudq+ R- B- N-+ Edcdqqˆsg+ B-+ Lˆb Knv+ L-,L- ˆmc Jkdrrdm+ P- R- ’1/0/(-
Lncdkkhmf BN enqlˆshnm hm sgd stqatkdms hmsdqrsdkkˆq ldchtl+ LMP:R
3�3+ oo- 1z18+ cnh90/-0000.i-0254,1855-1//8-04607-w-

Fnkcrlhsg+ O- E- ˆmc Kˆmfdq+ V- C- ’0867(- Lnkdbtkˆq bnnkhmf ˆmc sgdq,
lˆk aˆkˆmbd ne cdmrd hmsdqrsdkkˆq bkntcr+ :oI 111+ oo- 770z784+ cnh9
0/-0/75.0451/5-

Fqˆrrh+ S-+ Anuhmn+ R-+ Gˆtfaßkkd+ S- ˆmc Rbgkdhbgdq+ C- P- F- ’1/06(- ? cdsˆhkdc
eqˆldvnqj sn hmbnqonqˆsd ctrs hm gxcqncxmˆlhbˆk rhltkˆshnmr+ LMP:R
355+ oo- 0148z0163+ cnh90/-0/82.lmqˆr.rsv1760-

Fqˆrrh+ S-+ Anuhmn+ R-+ Rbgkdhbgdq+ C- P- F-+ Oqhdsn+ I-+ Rdheqhdc+ C-+ Rhlnmbhmh+
D- ˆmc Fhˆmstqbn+ E- ?- ’1/03(- JPNLD , ˆ oˆbjˆfd sn dladc bgdlhrsqx
hm ˆrsqnogxrhbˆk rhltkˆshnmr+ LMP:R 328+ oo- 1275z1308+ cnh90/-0/82.
lmqˆr.rst003-

Fqdhe+ S- G- ˆmc Aqnll+ U- ’1//5(- Svn onotkˆshnmr ne ldsˆk,eqdd rsˆqr hm sgd
dˆqkx Tmhudqrd+ LMP:R 262+ oo- 017z027+ cnh90/-0000.i-0254,1855-1//5-
00/06-w-

Fqdhe+ S- G-+ Aqnll+ U-+ Bkˆqj+ O- B-+ Fknudq+ R- B- N-+ Rlhsg+ P- I-+ Jkdrrdm+
P- R-+ Xnrghcˆ+ M- ˆmc Roqhmfdk+ U- ’1/01(- Enqlˆshnm ˆmc dunktshnm ne
oqhlnqchˆk oqnsnrsdkkˆq rxrsdlr+ LMP:R 313+ oo- 288z304+ cnh90/-0000.i-
0254,1855-1/01-10101-w-

Fqdhe+ S- G-+ Vghsd+ R- C- L-+ Jkdrrdm+ P- R- ˆmc Roqhmfdk+ U- ’1/00(- Sgd Cdkˆx
ne Onotkˆshnm HHH Rsˆq Enqlˆshnm ax Rtodqrnmhb Rsqdˆlhmf Udknbhshdr+ :oI
625+ 036+ cnh90/-0/77.///3,526W.625.1.036-

Gˆhlˆm+ Y-+ ?adk+ S- ˆmc Pddr+ L- I- ’1///(- Sgd Pˆchˆshud Eddcaˆbj ne sgd Ehqrs
Bnrlnknfhbˆk Naidbsr+ :oI 423+ oo- 00z13+ cnh90/-0/75.2/7612-

Gˆhlˆm+ Y-+ Pddr+ L- I- ˆmc Knda+ ?- ’0886(- Cdrsqtbshnm ne Lnkdbtkˆq Gx,
cqnfdm ctqhmf Bnrlnknfhbˆk Pdhnmhyˆshnm+ :oI 365+ oo- 347z352+ cnh9
0/-0/75.2/2536-

Gˆqsvhf+ S-+ Bkˆqj+ O- B-+ Fknudq+ R- B- N-+ Jkdrrdm+ P- R- ˆmc Rˆrˆjh+ L- ’1/04ˆ(-
? Mdv ?ooqnˆbg sn Cdsdqlhmd Noshbˆkkx Sghbj G1 Bnnkhmf ˆmc hsr DΛdbs
nm Oqhlnqchˆk Rsˆq Enqlˆshnm+ :oI 688+ 003+ cnh90/-0/77.///3,526W.688.
1.003-

Gˆqsvhf+ S-+ Fknudq+ R- B- N-+ Jkdrrdm+ P- R-+ Kˆshe+ L- ?- ˆmc Unknmsdqh+ L-
’1/04a(- Gnv ˆm hloqnudc hlokdldmsˆshnm ne G1 rdke,rghdkchmf hmfitdmbdr
sgd enqlˆshnm ne lˆrrhud rsˆqr ˆmc akˆbj gnkdr+ LMP:R 341+ oo- 0122z
0133+ cnh90/-0/82.lmqˆr.rsu0257-

Ghqˆmn+ R- ˆmc Xnrghcˆ+ M- ’1/02(- Pˆchˆshud Bnnkhmf Hlokdldmsˆshnmr hm Rhltkˆ,
shnmr ne Oqhlnqchˆk Rsˆq Enqlˆshnm+ :oI 652+ 41+ cnh90/-0/77.///3,526W.
652.0.41-

Gnkkdmaˆbg+ C- ˆmc LbJdd+ B- E- ’0868(- Lnkdbtkd enqlˆshnm ˆmc hmeqˆqdc dlhr,
rhnm hm eˆrs hmsdqrsdkkˆq rgnbjr- H Ogxrhbˆk oqnbdrrdr+ :oIR 30+ oo- 444z481+
cnh90/-0/75.08/520-

Gtlldk+ I- ?-+ Rsˆbx+ ?- ˆmc Aqnll+ U- ’1/05(- Sgd ffqrs rsˆqr9 enqlˆshnm tm,
cdq bnrlhb qˆx eddcaˆbj+ LMP:R 35�+ oo- 1321z1333+ cnh90/-0/82.lmqˆr.
rsv0016-

Gtlldk+ I- ?-+ Rsˆbx+ ?-+ Idnm+ L-+ Nkhudqh+ ?- ˆmc Aqnll+ U- ’1/04(- Sgd
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ffqrs rsˆqr9 enqlˆshnm tmcdq W,qˆx eddcaˆbj+ LMP:R 342+ oo- 3025z3036+
cnh90/-0/82.lmqˆr.rsu08/1-

Hmˆxnrgh+ J- ˆmc Nltjˆh+ J- ’1/00(- DΛdbs ne bnrlhb qˆx.W,qˆx hnmhyˆshnm nm
rtodqlˆrrhud akˆbj gnkd enqlˆshnm+ LMP:R 305+ oo- 1637z1648+ cnh90/-
0000.i-0254,1855-1/00-08118-w-

Iˆrbgd+ I-+ Bhˆqch+ A- ˆmc Dm¯khm+ S- ?- ’1//6(- Bnrlhb qˆxr ˆmc sgd oqhlnqchˆk
fˆr+ LMP:R 27�+ oo- 306z318+ cnh90/-0000.i-0254,1855-1//6-01/47-w-

Ingmrnm+ I- K- ˆmc Aqnll+ U- ’1//5(- Sgd bnnkhmf ne rgnbj,bnloqdrrdc oqhlnq,
chˆk fˆr+ LMP:R 255+ oo- 136z145+ cnh90/-0000.i-0254,1855-1//4-/8735-w-

Ingmrnm+ I- K- ˆmc Chijrsqˆ+ L- ’1/06(- Dmgˆmbdc chqdbs bnkkˆord ctd sn Kxlˆm
� eddcaˆbj+ :�: 5�0+ ?027+ cnh90/-0/40.///3,5250.1/052//0/-

Jˆsy+ M-+ Vdhmadqf+ C- G- ˆmc Gdqmpthrs+ K- ’0885(- Bnrlnknfhbˆk Rhltkˆshnmr
vhsg SqddROG+ :oIR 0�4+ o- 08+ cnh90/-0/75.0812/4-

Jqdbjdk+ G-+ Aqtgmr+ G-+ B́ıffiýdj+ L-+ Fknudq+ R- B- N-+ Lhkkdq+ J- ?-+ Tqaˆhm+ W-
ˆmc Rˆuhm+ C- V- ’1/0/(- Dwodqhldmsˆk Pdrtksr enq G1 Enqlˆshnm eqnl G�

ˆmc G ˆmc Hlokhbˆshnmr enq Ehqrs Rsˆq Enqlˆshnm+ Rbhdmbd 218+ oo- 58z+
cnh90/-0015.rbhdmbd-0076080-

Kˆshe+ L- ?-+ Anuhmn+ R-+ Fqˆrrh+ S-+ Rbgkdhbgdq+ C- P- F- ˆmc Roˆˆmr+ L- ’1/04(-
Gnv qdˆkhrshb TU rodbsqˆ ˆmc W,qˆxr rtooqdrr sgd ˆatmcˆmbd ne chqdbs
bnkkˆord akˆbj gnkdr+ LMP:R 335+ oo- 2052z2066+ cnh90/-0/82.lmqˆr.
rst1133-

Kˆshe+ L- ?-+ Anuhmn+ R-+ Uˆm Anql+ B-+ Fqˆrrh+ S-+ Rbgkdhbgdq+ C- P- F- ˆmc
Roˆˆmr+ L- ’1/03(- ? TU fitw bnmrsqˆhms nm sgd enqlˆshnm ne chqdbs bnkkˆord
akˆbj gnkdr+ LMP:R 332+ oo- 0868z0876+ cnh90/-0/82.lmqˆr.rst012/-

Kd Antqkns+ I-+ Ohmdˆt cdr EnqZdsr+ F- ˆmc Eknvdq+ C- P- ’0888(- Sgd bnnkhmf
ne ˆrsqnogxrhbˆk ldchˆ ax G 1+ LMP:R 2�4+ oo- 7/1z70/+ cnh90/-0/35.i-
0254,7600-0888-/1386-w-

Kdmytmh+ O-+ BgdqmnΛ+ C- E- ˆmc Rˆkodsdq+ D- D- ’0880(- Pnrrdkˆmc ˆmc Okˆmbj
ldˆm noˆbhshdr ne ˆ ydqn,ldsˆkkhbhsx fˆr+ :oIR 65+ oo- 648z7/0+ cnh90/-
0/75.08047/-

Kdoo+ R- ˆmc Rgtkk+ I- L- ’0872(- Sgd jhmdshb sgdnqx ne G1 chrrnbhˆshnm+ :oI 16�+
oo- 467z471+ cnh90/-0/75.050038-

Khonujˆ+ ?-+ Mıt–mdy,Kınody+ P- ˆmc ?uhkˆ,Pddrd+ U- ’1//4(- Sgd bnnkhmf etmbshnm ne
GC lnkdbtkd qduhrhsdc+LMP:R 250+ oo- 74/z743+ cnh90/-0000.i-0254,1855-
1//4-/8115-w-

Lˆb Knv+ L-,L- ˆmc Rgtkk+ I- L- ’0875(- Lnkdbtkˆq oqnbdrrdr ˆmc fqˆuhsˆshnmˆk
bnkkˆord hm hmsdqfˆkˆbshb rgnbjr+ :oI 2�1+ oo- 474z478+ cnh90/-0/75.053/06-

Lˆbgˆbdj+ L- D-+ Aqxˆm+ F- K- ˆmc ?adk+ S- ’1//0(- Rhltkˆshnmr ne Oqdfˆkˆbshb
Rsqtbstqd Enqlˆshnm vhsg Pˆchˆshud Eddcaˆbj+ :oI 437+ oo- 4/8z410+ cnh9
0/-0/75.208/03-

Lˆbjdx+ I-+ Aqnll+ U- ˆmc Gdqmpthrs+ K- ’1//2(- Sgqdd Donbgr ne Rsˆq Enqlˆshnm
hm sgd Ghfg,Pdcrghes Tmhudqrd+ :oI 475+ oo- 0z00+ cnh90/-0/75.256502-

Lˆqshm+ O- F-+ Rbgvˆqy+ C- G- ˆmc Lˆmcx+ L- D- ’0885(- Lˆrsdq Dptˆshnm Rstchdr
ne sgd Bnkkhrhnmˆk Dwbhsˆshnm ˆmc Chrrnbhˆshnm ne G1 Lnkdbtkdr ax G ?snlr+
:oI 350+ o- 154+ cnh90/-0/75.066/42-

Lˆsrtcˆ+ S-+ Rˆsň+ G- ˆmc Sˆjdcˆ+ G- ’0858(- Bnnkhmf ne Oqd,Fˆkˆbshb Fˆr Bkntcr
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ax Gxcqnfdm Lnkdbtkd+ Npnfpdrr ne SgdnpdshbUi Ngvrhbr 31+ oo- 108z122+
cnh90/-0032.OSO-31-108-

LbFqddq+ H- C- ˆmc Aqxˆm+ F- K- ’1//7(- Sgd Hloˆbs ne GC Bnnkhmf nm sgd
Enqlˆshnm ne sgd Ehqrs Rsˆqr+ :oI 574+ 7,1/+ cnh90/-0/75.48/42/-

Ldrhmfdq+ ?-+ Aqxˆm+ F- K- ˆmc Gˆhlˆm+ Y- ’1//5(- Tksqˆuhnkds Pˆchˆshud
Eddcaˆbj nm Ghfg,Pdcrghes Oqnsnfˆkˆwhdr+ :oI 537+ oo- 724z740+ cnh9
0/-0/75.4/5062-

Lhkkdq+ J- ?-+ Aqtgmr+ G-+ Dkhı̂ŕdj+ I-+ B́ıffiýdj+ L-+ Jqdbjdk+ G-+ Tqaˆhm+ W- ˆmc
Rˆuhm+ C- V- ’1/00(- ?rrnbhˆshud cdsˆbgldms ne G� ) G ≥ G1 ) d�+
Ngvr, Pdu, : 73+ 4+ /416/8+ cnh90/-00/2.OgxrPdu?-73-/416/8-

Lhxˆjd+ R-+ Rsˆmbhk+ O- B-+ Rˆcdfgontq+ G- P-+ Cˆkfˆqmn+ ?-+ LbKˆtfgkhm+ A- L-
ˆmc Enqqdx+ P- B- ’1/0/(- Pdrnmˆms G� Ognsncdsˆbgldms9 Dmgˆmbdc Ogn,
sncdrsqtbshnm ˆmc Bnmrdptdmbdr enq Pˆchˆshud Eddcaˆbj+ :oIK 6�8+ oo-
K057zK060+ cnh90/-0/77.1/30,71/4.6/8.1.K057-

Mˆjˆtbgh+ C-+ Hmˆxnrgh+ J- ˆmc Nltjˆh+ J- ’1/03(- Bnmchshnmr enq GC bnnkhmf hm
sgd ffqrs fˆkˆwhdr qduhrhsdc9 hmsdqokˆx adsvddm eˆq,tksqˆuhnkds ˆmc bnrlhb qˆx
eddcaˆbj hm Onotkˆshnm HHH rsˆq enqlˆshnm+ LMP:R 331+ oo- 1556z1568+
cnh90/-0/82.lmqˆr.rst0/31-

Nltjˆh+ J- ’1//0(- Oqhlnqchˆk Rsˆq Enqlˆshnm tmcdq Eˆq,Tksqˆuhnkds Pˆchˆshnm+
:oI 435+ oo- 524z540+ cnh90/-0/75.207185-

Nltjˆh+ J-+ Rbgmdhcdq+ P- ˆmc Gˆhlˆm+ Y- ’1//7(- Bˆm Rtodqlˆrrhud Akˆbj Gnkdr
Enql hm Ldsˆk,dmqhbgdc Ghfg,Pdcrghes Oqnsnfˆkˆwhdr; :oI 575+ oo- 7/0z
703+ cnh90/-0/75.480525-

Oˆkkˆ+ E-+ Rˆkodsdq+ D- D- ˆmc Rsˆgkdq+ R- V- ’0872(- Oqhlnqchˆk rsˆq enqlˆshnm ,
Sgd qnkd ne lnkdbtkˆq gxcqnfdm+ :oI 160+ oo- 521z530+ cnh90/-0/75.050120-

Oqhdsn+ I-+ Ihldmdy+ P- ˆmc Udqcd+ K- ’1/03(- Nudqbnnkdc gˆkndr ˆs y � 0/9 ˆ
qntsd sn enql knv,lˆrr ffqrs rsˆqr+ LMP:R 326+ oo- 121/z1216+ cnh90/-
0/82.lmqˆr.rss1/38-

Phbghmfr+ ?- I-+ Rbgˆxd+ I- ˆmc Noodmgdhldq+ A- C- ’1/03(- Mnm,dpthkhaqhtl
bgdlhrsqx ˆmc bnnkhmf hm sgd chΛtrd hmsdqrsdkkˆq ldchtl , HH- Rghdkcdc fˆr+
LMP:R 331+ oo- 167/z1685+ cnh90/-0/82.lmqˆr.rst0/35-

Phoˆlnmsh+ D- ˆmc ?adk+ S- ’1//3(- Eqˆfldmsˆshnm ˆmc sgd enqlˆshnm ne oqh,
lnqchˆk oqnsnrsˆqr9 sgd onrrhakd qnkd ne bnkkhrhnm,hmctbdc dlhrrhnm+ LMP:R
237+ oo- 0/08z0/23+ cnh90/-0000.i-0254,1855-1//3-/6311-w-

Phoˆlnmsh+ D-+ Lˆodkkh+ L- ˆmc Edqqˆqˆ+ ?- ’1//6(- Sgd hloˆbs ne cˆqj lˆssdq
cdbˆxr ˆmc ˆmmhghkˆshnmr nm sgd enqlˆshnm ne sgd ffqrs rsqtbstqdr+ LMP:R
264+ oo- 0288z03/7+ cnh90/-0000.i-0254,1855-1//5-003/1-w-

Rˆeqˆmdj,Rgqˆcdq+ B-+ ?fˆqvˆk+ L-+ Edcdqqˆsg+ B-+ Ctadx+ ?-+ Lhknrˆukiduhıb+ L-
ˆmc Aqnll+ U- ’1/01(- Rsˆq enqlˆshnm hm sgd ffqrs fˆkˆwhdr , H- Bnkkˆord
cdkˆxdc ax Kxlˆm,Vdqmdq qˆchˆshnm+ LMP:R 315+ oo- 0048z0066+ cnh9
0/-0000.i-0254,1855-1/01-10741-w-

Rˆrkˆv+ V- B- ˆmc Yhonx+ C- ’0856(- Lnkdbtkˆq Gxcqnfdm hm Oqd,fˆkˆbshb Fˆr
Bkntcr+ MUstpd 105+ oo- 865z867+ cnh90/-0/27.105865ˆ/-

Rbgkdhbgdq+ C- P- F-+ Fˆkkh+ C-+ Oˆkkˆ+ E-+ Bˆldmyhmc+ L-+ Jkdrrdm+ P- R-+
Aˆqsdklˆmm+ L- ˆmc Fknudq+ R- B- N- ’1//7(- DΛdbsr ne oqhlnqchˆk bgdl,
hrsqx nm sgd bnrlhb lhbqnvˆud aˆbjfqntmc+ :�: 38�+ oo- 410z424+ cnh9
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0/-0/40.///3,525091//7/8750-
Rbgmdhcdq+ H- E- ˆmc Rtynq,Vdhmdq+ ?- ’1//1(- Chrrnbhˆshud qdbnlahmˆ,

shnm ne g)1+ g)2 ˆmc sgdhq hrnsnonldqr9 ?bghdudldmsr+ oqna,
kdlr ˆmc odqrodbshudr+ Bnmsphatshnmr sn NiUrlU Ngvrhbr 31+ 5,6+
oo- 467z473+ cnh90/-0//1.0410,2875’1//100(3195.6→46799?HC,BSOO467⟨2-
/-BN:1,Y+ TPK gsso9..ct-ckh-kpd.0/-0//1.0410)2875�1//100(3195.

6;46799>DC)APOO467=2-/-AI:1)T-
Rgˆmf+ B-+ Aqxˆm+ F- K- ˆmc Gˆhlˆm+ Y- ’1/0/(- Rtodqlˆrrhud akˆbj gnkd enqlˆ,

shnm ax chqdbs bnkkˆord9 jddohmf oqnsnfˆkˆbshb fˆr >1 eqdd hm cˆqj lˆssdq
gˆkndr vhsg uhqhˆk sdlodqˆstqdr Htck α 0/3 J+LMP:R 3�1+ oo- 0138z0151+
cnh90/-0000.i-0254,1855-1//8-0485/-w-

Rgˆohqn+ O- P- ˆmc Jˆmf+ G- ’0876(- Gxcqnfdm lnkdbtkdr ˆmc sgd qˆchˆshud bnnkhmf
ne oqdfˆkˆbshb rgnbjr+ :oI 207+ oo- 21z54+ cnh90/-0/75.05424/-

Rgbgdjhmnu+ X- ?- ˆmc Uˆrhkhdu+ D- N- ’1//3(- Oqhlnqchˆk rsˆq enqlˆshnm sqhffdqdc
ax TU ognsnmr eqnl TGDBP+ :�: 308+ oo- 08z12+ cnh90/-0/40.///3,52509
1//23468-

Rgbgdjhmnu+ X- ?- ˆmc Uˆrhkhdu+ D- N- ’1//5(- Enqlˆshnm ne GC lnkdbtkdr hm
ldqfhmf cˆqj lˆssdq gˆkndr+ LMP:R 257+ oo- 343z35/+ cnh90/-0000.i-
0254,1855-1//5-0/006-w-

Rohsydq+ K-+ Iq- ˆmc Fqddmrsdhm+ I- K- ’0840(- Bnmshmtntr Dlhrrhnm eqnl Okˆmdsˆqx
Mdatkˆd+ :oI 003+ o- 3/6+ cnh90/-0/75.03437/-

Rsˆbx+ ?- ˆmc Aqnll+ U- ’1/02(- Bnmrsqˆhmhmf sgd rsˆshrshbr ne Onotkˆshnm HHH
ahmˆqhdr+ LMP:R 322+ oo- 0/83z00/6+ cnh90/-0/82.lmqˆr.rss678-

Rsdbgdq+ S- O- ˆmc Vhkkhˆlr+ C- ?- ’0856(- Ognsncdrsqtbshnm ne Gxcqnfdm
Lnkdbtkdr hm G H Pdfhnmr+ :oI 038+ o- K18+ cnh90/-0/75.07//36-

Rtfhltqˆ+ J-+ Nltjˆh+ J- ˆmc Hmntd+ ?- J- ’1/03(- Sgd bqhshbˆk qˆchˆshnm hmsdm,
rhsx enq chqdbs bnkkˆord akˆbj gnkd enqlˆshnm9 cdodmcdmbd nm sgd qˆchˆshnm
rodbsqˆk rgˆod+ LMP:R 334+ oo- 433z442+ cnh90/-0/82.lmqˆr.rst0667-

Sˆjˆfh+ S- ’1//1(- Chrrnbhˆshud qdbnlahmˆshnm ˆmc dwbhsˆshnm ne g 1 ) + gc ) + ˆmc
c 1 ) + vhsg dkdbsqnmr enq uˆqhntr uhaqˆshnmˆk rsˆsdr+ NgvrhbU RbphosU 1��1+
S85+ o- 41+ TPK gsso9..rsZair-hko-kpd.03/1)3785.1//1.h<P85.Z<//4-

Shdkdmr+ ?- F- F- L- ’1//4(- Sgd Ngvrhbr Umc Bgdlhrspv ne sgd FmsdprsdiiUp
Ldchtl& oo, , FRAM .410615238, BUlaphcfd& TJ9 BUlaphcfd Tmhudprhsv
Npdrr& 1..4,+ Bˆlaqhcfd Tmhudqrhsx Oqdrr-

Stqj+ L- I-+ Bkˆqj+ O-+ Fknudq+ R- B- N-+ Fqdhe+ S- G-+ ?adk+ S-+ Jkdrrdm+ P- ˆmc
Aqnll+ U- ’1/00(- DΛdbsr ne Uˆqxhmf sgd Sgqdd,ancx Lnkdbtkˆq Gxcqnfdm
Enqlˆshnm Pˆsd hm Oqhlnqchˆk Rsˆq Enqlˆshnm+ :oI 615+ 44+ cnh90/-0/77.
///3,526W.615.0.44-

Uhraˆk+ D-+ Gˆhlˆm+ Y- ˆmc Aqxˆm+ F- K- ’1/03(- Chqdbs bnkkˆord akˆbj gnkd enqlˆ,
shnm eqnl rxmbgqnmhydc oˆhqr ne ˆsnlhb bnnkhmf gˆkndr+ LMP:R 334+ oo-
0/45z0/52+ cnh90/-0/82.lmqˆr.rst0683-

Vhrgˆqs+ ?- V- ’0868(- Sgd antmc,eqdd ognsn,cdsˆbgldms bqnrr,rdbshnm ne G,+
LMP:R 076+ oo- 48Oz50O-

Vnkbnss,Fqddm+ I-+ Gˆhlˆm+ Y- ˆmc Aqxˆm+ F- K- ’1/00(- Ognsnchrrnbhˆshnm ne G1
hm oqnsnfˆkˆwhdr9 lncdkkhmf rdke,rghdkchmf hm sgqdd,chldmrhnmˆk rhltkˆshnmr+
LMP:R 307+ oo- 727z741+ cnh90/-0000.i-0254,1855-1/00-08427-w-
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Vnkbnss,Fqddm+ I-+ Gˆhlˆm+ Y- ˆmc Aqxˆm+ F- K- ’1/06(- Adxnmc I�kcr9 ˆ bqhshbˆk
btqud enq rtooqdrrhnm ne G1,bnnkhmf hm oqnsnfˆkˆwhdr+ LMP:R cnh90/-0/82.
lmqˆr.rsw056-

Xnrghcˆ+ M-+ Nltjˆh+ J- ˆmc Gdqmpthrs+ K- ’1//7(- Oqnsnrsˆq Enqlˆshnm hm sgd
Dˆqkx Tmhudqrd+ Rbhdmbd 210+ o- 558+ cnh90/-0015.rbhdmbd-005/148-

Xnrghcˆ+ M-+ Nltjˆh+ J-+ Gdqmpthrs+ K- ˆmc ?adk+ S- ’1//5(- Enqlˆshnm ne Oqhlnq,
chˆk Rsˆqr hm ˆ �BCL Tmhudqrd+ :oI 541+ oo- 5z14+ cnh90/-0/75.4/6867-


