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Edlsnrdbnmc k]rdqr ]qd qntshmdkx trdc enq hmctbhmf knb]k lnchehb]shnm* hmbktchmf m]mnrsqtbstqhmf* ]mc
tksq]e]rs k]rdq rodbsqnrbnox hm rnkhcr- Gnvdudq* sgdrd rstchdr ]qd nesdm adhmf odqenqldc rdo]q]sdkx l]jhmf
sgd tmudhkhmf ne dwbhshmf ogxrhb]k oqnodqshdr ne k]rdq,e]aqhb]sdc l]sdqh]kr nts ne qd]bg- Gdqd* vd oqdrdms ]m
]kk,noshb]k ok]senql bnlahmhmf sgd e]aqhb]shnm ne m]mn sn lhbqnldsdq rhyd rhmfkd,rgns �edlsnrdbnmc,k]rdq,
cdk]lhm]shnm“ ldlaq]mdr nq b]uhshdr ne edqqnl]fmdshb sghm ehklr ]mc ltkshk]xdqr snfdsgdq vhsg sgdhq pt]rh
hm rhst bg]q]bsdqhy]shnm trhmf sgd @aad,khlhsdc hmsdqedqnldsqhb* tksq]e]rs rb]mmhmf ognsn,]bntrshb ]mc
l]fmdsn,ok]rlnmhb lhbqnrbnohdr- Edqqnl]fmdshb mhbjdk ]mc hqnm b]uhshdr chrok]x ghfg,P ]bntrshb
qdrnm]mbdr oqnuhchmf ]bbdrr sn knmf,khudc tksq]ghfg eqdptdmbx bngdqdms ognmnm lncdr hm sgd ]anud
0// FGy eqdptdmbx q]mfd- B]uhshdr hm bna]ks,fnkc ahk]xdqr ]kknv enq l]fmdshb]kkx bnmsqnkkdc rtqe]bd
ok]rlnm qdrnm]mbd dwodqhldmsr hm sgd Nssn bnmehftq]shnm* vghbg hr nsgdqvhrd udqx cheehbtks sn hlokdldms
dwodqhldms]kkx- Pt]mshs]shud dwodqhldms]k bg]q]bsdqhy]shnm ne etmbshnm]k l]fmdshb b]uhshdr* rtoonqsdc ax
sgd mtldqhb]k lncdkhmf ne ]kk dwodqhldms]k c]s]* nodmr ]m ]udmtd sn cdrhfm ]mc e]aqhb]sd stm]akd
m]mnrb]kdc edlsnrdbnmc,k]rdq,cdk]lhm]shnm ]qbghsdbstqdr hm sghm ehklr ]mc ltkshk]xdqr-
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Dwodqhldms]k ]bbdrr sn m]mn ]mc lhbqnldsqhb b]uhshdr
dmbknrdc ax ldlaq]mdr vhsg m]mnldsdq sghbjmdrr hr
bqtbh]k enq etmc]ldms]k rstchdr ne dkdbsqnmhb l]sdqh]kr vhsg
btquhkhmd]q ]mc 2C fdnldsqhdr Z0[- Sgdx e]bhkhs]sd etmc],
ldms]k rstchdr ne tksq]e]rs cxm]lhbr ]mc ]ookhb]shnmr hm
edqqnl]fmdshb sghm ehklr s]qfdshmf sgd FGy,sn,SGy eqd,
ptdmbx q]mfd Z1[ ]mc ghfg,eqdptdmbx rohm cxm]lhbr a]rdc
nm ok]rlnmhb lds]rtqe]bd qdrnm]snqr vhsg knb]kkx dmg]mbdc
SGy l]fmdshb ehdkcr Z2[- Tmcdqrs]mchmf ldbg]mhrlr ne
ghfg,eqdptdmbx ognmnm ]ssdmt]shnm Z3[ nq qdrnm]mskx
dmg]mbdc ognmnm,l]fmnm hmsdq]bshnmr Z4*5[ hr o]qshbtk]qkx
]cu]ms]fdntr hm rtbg m]mnrb]kdc ldlaq]mdr- Nm sgd nsgdq
g]mc* ] rtrodmcdc ehkl ne ]m ]qahsq]qx sghbjmdrr rdo]q]sdc
ax ] lhbqnldsdq k]qfd f]o eqnl ] chdkdbsqhb rtarsq]sd
qdoqdrdmsr nmd ne sgd a]rhb* xds cheehbtks sn hlokdldms*
bnmehftq]shnmr hm ok]rlnmhbr jmnvm ]r sgd Nssn fdnldsqx
Z6�0/[- R]lokd oqdo]q]shnm enq sgd ]enqdldmshnmdc hmudr,
shf]shnmr qdoqdrdmsr ] rhfmhehb]ms bg]kkdmfd* ]mc hs vntkc ad
ghfgkx cdrhq]akd sn cdudkno e]rsdq* bnrs,deehbhdms sdbgmn,
knfhdr- Hm sgd o]rs* edlsnrdbnmc k]rdq m]mne]aqhb]shnm

sdbgmhptdr cdlnmrsq]sdc ] e]rbhm]shmf ekdwhahkhsx hm oqn,
ctbhmf etmbshnm]k lhbqnldbg]mhb]k cduhbdr Z00[* ]m
]ooqn]bg sg]s vd cdudkno hm sghr Kdssdq ax dwoknqhmf sgd
onsdmsh]k ne edlsnrdbnmc k]rdq m]mnrsqtbstqhmf ne sghm ehkl
l]sdqh]kr hm sgd rhmfkd,rgns qdfhld-

M]mnrsqtbstqhmf ne ]arnqahmf sghm ehklr ax edlsnrdbnmc
k]rdq otkrdr hr ]bbnlokhrgdc sgqntfg ] rdptdmbd ne sq]m,
rhdms ogdmnldm] ldch]sdc ax sgd mnmdpthkhaqhtl dkdbsqnm
]mc ognmnm cxm]lhbr ]mc sqhffdqhmf sgd k]rdq,hmctbdc
ldkshmf ]mc qdrnkhchehb]shnm* sgd ]bntrshb nq gxcqncxm]lhb
lnshnm ne sgd l]sdqh]k* nq sgd hqqdudqrhakd qdlnu]k �]ak],
shnm( ne sgd hqq]ch]sdc ehkl eqnl sgd rtarsq]sd Z01*02[-
Mtldqntr c]l]fd nq l]sdqh]k lnchehb]shnm ogdmnldm]
b]m ad oqdbhrdkx bnmsqnkkdc sgqntfg sgdhq sgqdrgnkc k]rdq
ektdmbd �hm I<bl1(* enbtrhmf bnmchshnmr Z03[* ]mc ehkl
sghbjmdrr Z04[-

Sgqntfg rxrsdl]shb rstchdr Z05*06[ vd l]m]fdc sn
bnmsqnk sgd jdx o]q]ldsdqr fnudqmhmf sgd oqnbdrr ]mc
dudmst]kkx rtbbddcdc hm ]bghduhmf ] cdsdqlhmhrshb rdo]q],
shnm �cdk]lhm]shnm( ne sgd dmshqd ehkl nq ltkshk]xdq eqnl sgd
chdkdbsqhb rtarsq]sd bqd]shmf bknrdc �edlsnrdbnmc,k]rdq,
cdk]lhm]shnm“ �EKC( b]uhshdr ZEhf- 0�]([- Sgd od]j k]rdq)Bnms]bs ]tsgnq9 u]rhkx-sdlmnu;bmqr-eq
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ektdmbd ltrs ad b]qdetkkx stmdc sn dwbddc sgd cdk]lhm]shnm
sgqdrgnkc ats qdl]hm adknv sgd sghm,ehkl ]ak]shnm sgqdrgnkc
ZEhf- 0�a([- Vd dudmst]kkx cdlnmrsq]sdc sg]s sgd cdonrhshnm
ne ] sghm @t k]xdq r]mcvhbgdc adsvddm Mh sghm ehkl ]mc
fk]rr rtarsq]sd ]kknvdc sn ]bghdud rhfmhehb]mskx rl]kkdq
]ak]shnm ]mc cdk]lhm]shnm sgqdrgnkcr Z06[- Dmdqfx a]k]mbd
]qftldmsr g]ud addm oqnonrdc sn ]cunb]sd sgd cdodmcdmbd
ne ansg sgqdrgnkcr nm sgd ehkl sghbjmdrr H* rtffdrshmf sg]s
]s kd]rs ] eq]bshnm ne ] edlsnrdbnmc,k]rdq,dwbhsdc sghm ehkl
adbnldr k]rdq,ldksdc Z04*06[- Lnqd bnlokdw ltksho]q],
ldsdq lncdkr g]ud addm cdudknodc sn du]kt]sd sgd udknbhsx
ne sgd ]ak]shmf k]xdq Z07*08[ hm sgd bnmsdws ne sgd rn,b]kkdc
k]rdq,hmctbdc enqv]qc sq]mredq k]rdq sdbgmnknfx* vgdqd
sgd ]ak]shmf l]sdqh]k hr cdonrhsdc nm ] bknrdkx ro]bdc
rtarsq]sd Z1/*10[-

Sgd rhlokhrshb bnmbdos hm Ehf- 0�]( ]rrtldr sg]s sgd
F]trrh]m chrsqhatshnm ne sgd hmbhcdms k]rdq ektdmbd hr mns
]ksdqdc ax noshb]k oqno]f]shnm deedbsr hm sgd rtarsq]sd-
Gnvdudq* hmsdmrd tksq]rgnqs k]rdq otkrdr vhsg ] od]j onvdq
dwbddchmf sgd bqhshb]k onvdq ne rdke,enbtrhmf ]qd jmnvm sn
rteedq eqnl mnmkhmd]q �Jdqq,sxod( rdke,enbtrhmf deedbsr
qdrtkshmf hm sgd cdb]x ne sgd F]trrh]m k]rdq ad]l hm
ltkshokd ehk]ldmsr Z2/*20[* bqd]shmf ] bnlokdw* ro]sh]kkx
hmgnlnfdmdntr chrsqhatshnm ne hmbhcdms k]rdq ektdmbd ]s ]

rtarsq]sd,ehkl hmsdqe]bd- @m dw]lokd ne ] 2// ml sghm ehkl
nm 1 ll fk]rr rtarsq]sd ehmfdqoqhmsr ]m hqqdftk]q rtqe]bd
k]mcrb]od dwbhsdc ax 2// er k]rdq otkrdr hm Ehf- 0�b(-
Od]j onvdq b]m ad knvdqdc ]mc ehk]ldms]shnm deedbsr
rtooqdrrdc ax trhmf knmfdq �5// er( k]rdq otkrdr qdrtkshmf
hm enql]shnm ne cdsdqlhmhrshb EKC b]uhshdr nm sgd r]ld
r]lokd ZEhf- 0�c([- EKC b]uhshdr oqnctbdc vhsg 0// er
k]rdq otkrdr hm lds]kkhb sghm ehkl ]mc ltkshk]xdq r]lokdr
cdonrhsdc nm rta,ll sghm rtarsq]sdr vdqd cdsdqlhmhrshb
ZEhfr- 0�d(* 0�e([- Gnvdudq* dudm hm rtbg sghm rtarsq]sdr
hqq]ch]shnm vhsg rta,0// er k]rdq otkrdr fdmdq]sdc ehk]ldmsr
]mc vghsd khfgs bnmshmttl* ]cunb]shmf sgd mdbdrrhsx ne
trhmf knmfdq k]rdq otkrdr �rl]kkdq od]j onvdqr( sn oqnctbd
cdsdqlhmhrshb b]uhshdr rjdsbgdc hm Ehf- 0�](-

Hm sghr Kdssdq vd rgnv sg]s rtbg pt]rheqddrs]mchmf
cdsdqlhmhrshb EKC ldlaq]mdr gnrs ] qd]bg ogxrhbr sg]s
b]m ad bnmudmhdmskx ]ccqdrrdc uh] m]mnognsnmhb dwodqh,
ldmsr- Sn bg]q]bsdqhyd sgdrd noshb]kkx oqnctbdc EKC
b]uhshdr ]mc sgdhq ogxrhb]k oqnodqshdr vd g]ud hlokdldmsdc
sgqdd chrshmbs ]kk,noshb]k lhbqnrbnohb sdbgmhptdr- Sgd
@aad,khlhsdc hmsdqedqnldsqhb lhbqnrbnox ZEhf- 1R hm
Rtookdldms]k L]sdqh]k �RL( Z11[ [ g]r addm ]ookhdc sn
hcdmshex ]mc bk]rrhex cheedqdms EKC enql]shnm qdfhldr
ZEhfr- 0�b(�0�e([- Edlsnrdbnmc shld,qdrnkudc rb]mmhmf

 )(������������������������������������������������������� a(�������������������������������������������������������������������� b(� ��������������������������������������� c(���

 f(�������������������������������������������������������������������������������������������������������������� g(

 d(��������������������������������������� e(

EHF- 0- �]( Hqq]ch]shnm ne ] lds]kkhb sghm ehkl nq ltkshk]xdq vhsg ] rhmfkd tksq]rgnqs k]rdq otkrd �rdd Ehf- 0R hm RL Z11[( l]x bqd]sd ]
bknrdc EKC b]uhsx vhsghm ] bdqs]hm q]mfd ne ]ookhdc k]rdq ektdmbd- �a( Sgd cdk]lhm]shnm ektdmbd rsqnmfkx cdodmcr nm sgd l]sdqh]k ]mc sgd
ehkl sghbjmdrr- �b(��e( Sgd @aad,khlhsdc hmsdqedqnldsqhb lhbqnrbnox ne hqq]ch]sdc r]lokdr cdkhudqr cheedqdms rtqe]bd lnqognknfx
cdodmchmf nm sgd l]sdqh]k* sghbjmdrr ne sgd ehkl ]mc sgd rtarsq]sd* ]mc sgd otkrd ctq]shnm- �f( Edlsnrdbnmc noshb]k dwbhs]shnm ne
cdk]lhm]sdc sghm ehklr sqhffdqr sgd knmf,khudc nrbhkk]shnmr ne bngdqdms ]bntrshb ognmnmr sgdqdhm oqnadc ax shld,qdrnkudc qdekdbshuhsx-
�g( EKC b]uhshdr vhsg ] rteehbhdmskx k]qfd rdo]q]shnm f]o c ∼ � bnmrshstsd sgd Nssn bnmehftq]shnm enq sgd ]mftk]q,qdrnkudc
�l]fmdsn,(ok]rlnmhb rstchdr- Sgd c]rgdc ]qd] vhsghm sgd b]uhsx chrok]xr sgd b]kbtk]sdc dkdbsqnl]fmdshb ehdkc �GsðyÞ�1 ]s sgd qdrnm]mbd
]mfkd θ ¼ 23ß hm ] r]ooghqd rtarsq]sd ]mc duhcdmbdr sgd ok]rlnm dwbhs]shnm ]s sgd bna]ks,f]o hmsdqe]bd: rdd Ehf- 4R hm RL Z11[-
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ognsn,]bntrshb lhbqnrbnox ZEhf- 0�f( ]mc Ehf- 2R[ v]r
cdudknodc sn hmudrshf]sd sgd cxm]lhbr ne knmf,khudc ]bntr,
shb ognmnm lncdr fdmdq]sdc ]mc bnmehmdc hm EKC b]uhshdr-
Sgd l]fmdsn,ok]rlnmhb lhbqnrbnox hm Ehf- 0�g( ]mc
Ehf- 3R g]r addm cdudknodc sn cdlnmrsq]sd sgd odqenql]mbd
ne EKC b]uhshdr vhsg k]qfdq f]or hm sgd ok]rlnmhb Nssn
bnmehftq]shnm Z6[- Sghr ]kk,noshb]k ok]senql enq rhmfkd,rgns
k]rdq m]mne]aqhb]shnm ]mc mnmcdrsqtbshud pt]rh hm rhst
noshb]k bg]q]bsdqhy]shnm ne EKC b]uhshdr oqnuhcdr ]bbdrr
sn torb]k]akd ]bntrsn,l]fmdsn,ok]rlnmhb ]qbghsdbstqdr*
hmbktchmf ]s tksq]e]rs shldrb]kdr Z21[-

Sgd noshb]k hmsdqedqnldsqhb lhbqnrbnox qdoqdrdmsr sgd
e]rsdrs* ]ksgntfg dwsqdldkx oqdbhrd* ]ooqn]bg sn sgd mnm,
cdrsqtbshud pt]mshs]shud hcdmshehb]shnm ne EKC b]uhshdr- Hm
b]rd ne cntakd,rhcd onkhrgdc sq]mro]qdms rtarsq]sdr hs b]m
ad odqenqldc eqnl ansg rhcdr ne hqq]ch]sdc sghm ehkl-
Nardquhmf sgd md]qkx hcdmshb]k rtqe]bd k]mcrb]odr eqnl
ansg rhcdr ne sgd ehkl ]rrtqdr sg]s sgd cdk]lhm]shnm ne sgd
dmshqd ehkl s]jdr ok]bd* vhsgnts sgd mddc sn cdrsqnx sgd
b]uhshdr ax odqenqlhmf EHA bqnrr,rdbshnmhmf ]mc RDL
]m]kxrhr- Sgqntfgnts sghr hmudrshf]shnm vd g]ud ]m]kxydc
mtldqntr sghm ehklr ]mc ltkshk]xdqr ]mc entmc EKC

b]uhshdr vhsg rdo]q]shnm f]or c q]mfhmf eqnl sgd rhmfkd
chfhs m]mnldsdq hm Ed�0// ml(.LfN Zrdd Ehf- 0�d( ]mc sgd
chrbtrrhnm ne ognsn,]bntrshb lhbqnrbnox hm Ehfr- 1 ]mc 2[
sn ] edv gtmcqdcr ne m]mnldsdqr ]mc lnqd enq ltbg sghbjdq
Bn.@t ahk]xdqr dm]akhmf sgnqntfg l]fmdsn,ok]rlnmhb
hmudrshf]shnmr ZEhf- 0�e([-

Nmd rsqhjhmf dw]lokd vgdqd EKC lhbqn ]mc m]mnb]uhshdr
b]m rgnv sgdhq u]rs onsdmsh]k ansg enq etmc]ldms]k rstchdr
]mc enq ]ookhb]shnmr hr hm sgd hmudrshf]shnm ne tksq]e]rs
ognsn,]bntrshbr- Sgnlrdm ds Zk- Z22[ cdlnmrsq]sdc sg]s sgd
]arnqoshnm ne tksq]rgnqs k]rdq otkrdr ax rnkhc sghm ehklr ]mc
ltkshk]xdqr fdmdq]sd otkrdr ne bngdqdms ]bntrshb ognmnmr*
vghbg b]m ad trdc sn rstcx ognmnm ]ssdmt]shnm Z23[*
dkdbsqnm,ognmnm bntokhmf Z24[* mnmkhmd]q ]bntrshbr Z25[
]mc m]mnrb]kd gd]s sq]mronqs Z26[- Sgd cnlhm]ms cdb]x
bg]mmdk ne sgd noshb]kkx dwbhsdc nrbhkk]shnmr ne bngdqdms
]bntrshb ognmnmr hm ehklr cdonrhsdc nm ] rtarsq]sd v]r
oqnudm sn rsdl eqnl sgd ]bntrshb qdekdbshnm ]s ehkl,rtarsq]sd
hmsdqe]bd- Sghr kdc sn ]m hmbqd]rhmf hmsdqdrs snv]qc dwodqh,
ldmsr hm eqddrs]mchmf ldlaq]mdr* vghbg ]qd dwodbsdc sn
rgnv ] ghfg ]bntrshb qdekdbshnm bndeehbhdms* p]b �p]b ¼ �0
enq ] odqedbs rnkhc,u]bttl hmsdqe]bd(- Gdqd* vd g]ud
cdudknodc ]mc ]ookhdc ] rb]mmhmf ognsn,]bntrshb lhbqnr,
bnox ]ooqn]bg sn rstcx sgd ]bntrshb oqnodqshdr ne eqdd,
rs]mchmf ldlaq]mdr ]r ] qdrtks ne sgd EKC oqnbdrr-

EHF- 1- �](*�a( @bntrshb cxm]lhbr ]bqnrr EKC b]uhshdr ]r ]
etmbshnm ne sgd otlo,oqnad cdk]x shld nm Mh.fk]rr ]mc Ed�0//(.
LfN�0//( r]lokdr- �b(*�c( Sgd ]bntrshb cxm]lhbr nm b]uhshdr
�ataakdr( ]qd bnlo]qdc vhsg sgnrd nm tmodqstqadc ehkl ]mc ehssdc
vhsg ] rtodqonrhshnm ne c]lodc ]bntrshb dhfdmlncdr- �d(*�e( Ent,
qhdq rodbsq] ne sgd cxm]lhbr hm o]mdkr �b(*�c(- �f(*�g( Pt]khsx
e]bsnqr ne hmchuhct]k ognmnm lncdr ]qd ehssdc vhsg sgd ogdmnl,
dmnknfhb]k Dp- �1( sn dwsq]bs sgd ognmnm c]lohmf bnmrs]ms D ]mc
sgd ]bntrshb qdekdbshuhsx p]b ne sgd cdk]lhm]sdc hmsdqe]bd- Dwodq,
hldms]k cds]hkr ]qd fhudm hm Rdb- HU hm RL Z11[-

EHF- 2- �](*�a( Svn,rhcdr hmsdqedqnldsqhb lhbqnrbnox nm Mh ]mc
Ed b]uhshdr- Vgdqd]r Mh b]uhshdr chrok]x ld]rtq]akd f]or
c ≃ 2� ml* Ed b]uhshdr ]qd g]qckx uhrhakd- �b(*�c( Pt]mshs]shud
]m]kxrhr ne sgd ognsn,]bntrshb lhbqnrbnox9 sgd mnql]khydc
eqdptdmbhdr ωd<ð1πdÞ ne sgd ehqrs sgqdd ]bntrshb g]qlnmhbr
chrok]x nmkx ] rkhfgs u]qh]shnm ]bqnrr sgd b]uhsx ats sgdhq P
e]bsnqr hmbqd]rd vhsghm sgd b]uhsx- �d(*�e( Sgd ehqrs entq g]qlnmhbr
]qd ehssdc vhsg Dp- �0( sn l]o sgd ]bntrshb ]ssdmt]shnm ]mc
hmsdqe]bd qdekdbshuhsx* p]b* ]bqnrr sgd b]uhsx- Enq ansg r]lokdr sgd
qdekdbshuhsx u]ktd cqnor adknv p]b ; ��-5 fdsshmf bknrd sn sgd
u]ktd ne ] odqedbskx qdekdbshmf eqdd hmsdqe]bd p]b ¼ �0 bnmehqlhmf
sgd cdk]lhm]shnm ogdmnldmnm- @bntrshb ]ssdmt]shnm D nm EKC
rgnvr rkhfgs hmbqd]rd ]r bnlo]qdc sn sgd qdedqdmbd ehkl-
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EKC b]uhshdr hm 0// ml sghm Mh ]mc Ed* hcdmshehdc sgqntfg
noshb]k �hmsdqedqnldsqhb( lhbqnrbnox* vdqd rb]mmdc sgqntfg
shfgskx enbtrdc lhbqnldsdq,rhydc k]rdq ad]l sn qdbnqc
sgd cxm]lhbr ne ]bntrshb]kkx hmctbdc qdekdbshuhsx vhsg
edlsnrdbnmc sdlonq]k ]mc lhbqnldsdq ro]sh]k qdrnktshnm
ZEhf- 0�b([- Rtbg ognsn,]bntrshb lhbqnrbnox hr oqdrdmsdc hm
Ehfr- 1�](* 1�a( enq EKC b]uhshdr oqnctbdc ax onkxbqxrs]k,
khmd Mh.fk]rr ]mc bqxrs]kkhmd Ed�0//(.LfN�0//( r]lokdr-
Hm ansg l]sdqh]kr edlsnrdbnmc,k]rdq,hmctbdc qdekdbshuhsx
cxm]lhbr hm ] b]uhsx �cdmnsdc ]r ] ataakd( ]qd bg]q]b,
sdqhydc ax dwbdoshnm]kkx knmf,khudc ]bntrshb rhfm]kr ]r
bnlo]qdc sn sgd qdedqdmbd ld]rtqdldmsr nm sgd rtarsq]sd
�cdmnsdc ]r ] ehkl(: rdd Ehfr- 1�b(�1�e(- @kk rhfm]kr b]m ad
]bbtq]sdkx ehssdc hm sgd shld cnl]hm ax rtodqonrhshnm ne ]
edv c]lodc dhfdmlncdr ne ]bntrshb ldlaq]mdr ne sghbj,
mdrr H vhsg eqdptdmbhdr ωd ¼ Qrðπd<HÞ Z5[* vghbg b]m ad
adrs rddm hm sgdhq Entqhdq rodbsq]- Itlohmf ]gd]c sn bnmbkt,
rhnmr vd entmc sg]s ]kk nardqudc ognsn,]bntrshb cxm]lhbr
b]m ad ehssdc vhsg ] rhlokd ogdmnldmnknfhb]k lncdk enq
deedbshud ognmnm c]lohmf* γd* enq d]bg ognmnm lncd*

γdðωdÞ ¼ Dω1
d þ Qr

1H
km

0

�p]b�
� ð0Þ

vgdqd sgd ehqrs sdql ]bbntmsr enq sgd hmsqhmrhb ognmnm
c]lohmf hm sgd l]sdqh]k ]mc sgd rdbnmc sdql ]bbntmsr enq
sgd deedbshud ognmnm c]lohmf ctd sn sgd oqdrdmbd ne ]m
hlodqedbs hmsdqe]bd vhsg ] qdekdbshnm bndeehbhdms �p]b� ; 0-
Sgd k]ssdq l]x ad ctd sn cheetrd ognmnm rb]ssdqhmf ]s ]
qntfg hmsdqe]bd Z26[ nq ehmhsd ]bntrshb sq]mrlhrrhnm eqnl sgd
ehkl sn sgd rtarsq]sd Z27[- Sgd ehm]k pt]mshsx ne hmsdqdrs hr sgd
pt]khsx P e]bsnq*

Ld ¼
ωd

1γd

¼
ωd

1Dω1
d þ Qr

H
km 0

�p]b�
� ð1Þ

enq ]kk ]bntrshb g]qlnmhbr bnlo]qdc hm Ehfr- 1�f(* 1�g(- Sgd
l]whltl P e]bsnqr* ≃3� enq Mh ]mc ≃2� enq Ed* dwbddc sgd
qdrodbshud l]fmnm pt]khsx e]bsnqr j¼ 0<ð1αÞ* vgdqd α
cdmnsdr Fhkadqs c]lohmf[ l]jhmf sgdrd rsqtbstqdr rths]akd
enq rstcxhmf qdrnm]mskx dmg]mbdc ognmnm,l]fmnm hmsdq,
]bshnmr Z5*28[-

Trhmf sgd ldsgncnknfx hkktrsq]sdc hm Ehf- 1 nm svn
qdoqdrdms]shud otlo,oqnad sq]bdr �h-d-* ehkl ]mc ataakd(* vd
g]ud ehssdc ]kk rhfm]kr hm Ehfr- 1�](* 1�a( sn nas]hm sgd
]bntrshb qdekdbshuhsx p]b ]mc ]ssdmt]shnm D ]bqnrr EKC
b]uhshdr- Sgdrd qdrtksr ]qd rgnvm hm Ehf- 2- Hmsdqedqnldsqhb
ld]rtqdldmsr enq Mh ZEhf- 2�]([ ]mc Ed ZEhf- 2�a([ eqnl sgd
]hq ]mc fk]rr rhcdr cdlnmrsq]sd sg]s Mh b]uhshdr onrrdrr ]
vdkk,cdehmdc f]o c ≃ 2� ml* ats hm Ed sgdx ]qd g]qckx
ld]rtq]akd- @ cds]hkdc ]m]kxrhr ne hmsdqedqnldsqhb ld],
rtqdldmsr nm k]rdq,hqq]ch]sdc rtqe]bdr Z12[ rgnv sg]s shmx
og]rd rghesr dpthu]kdms sn adknv ∼0� ml rtqe]bd chrok]bd,
ldms ]qd udqx cheehbtks sn chrbqhlhm]sd ctd sn sgd k]rdq,
hmctbdc lnchehb]shnm ne sgd qdeq]bshud hmcdw- Gnvdudq* sgd
enql]shnm ne EKC b]uhshdr hm Ed b]mmns ad tmdpthunb]kkx

]mc oqdbhrdkx cdsdqlhmdc ax rb]mmhmf ognsn,]bntrshb
lhbqnrbnox- Sgd eqdptdmbhdr ne sgd ehqrs sgqdd ]bntrshb
dhfdmlncdr hm Ehfr- 2�b(* 2�c( rgnv lhmnq u]qh]shnmr ]bqnrr
sgd b]uhsx rtffdrshmf sg]s sgd ehkl sghbjmdrr qdl]hmdc
]ooqnwhl]sdkx bnmrs]ms- @bntrshb pt]khsx e]bsnqr hm sgd
r]ld o]mdkr cdlnmrsq]sd sgd oqnmntmbdc itlo vhsg ltbg
k]qfdq u]ktdr vhsghm EKC b]uhshdr hm ansg l]sdqh]kr- Ehsshmf
sgd P e]bsnqr ne sgd ehqrs edv ]bntrshb lncdr vhsg Dp- �1(
qdrtksr hm sgd l]oohmf ne ]bntrshb qdekdbshuhsx p]b ]mc
c]lohmf D rgnvm hm Ehfr- 2�d(* 2�e(- @ cq]l]shb cdbqd]rd
hm rtqe]bd ]bntrshb qdekdbshuhsx v]r nardqudc hm ansg
r]lokdr…cnvm sn sgd odqedbs u]ktd ne p]b ¼ �0 enq Mh
]mc p]b ¼ ��-5” � �-54 enq Ed- Sghr qdrtks cdlnmrsq]sdr
sg]s ognsn,]bntrshb lhbqnrbnox ]kknvr enq sgd pt]mshs]shud
hcdmshehb]shnm ne EKC enql]shnm dudm hm sgd b]rd ne ]
mdfkhfhakx rl]kk f]o c vgdm sgd udqshb]k qdrnktshnm ne
noshb]k hmsdqedqnldsqx hr mns rteehbhdms sn duhcdmbd sgd
cdk]lhm]shnm ogdmnldmnm- @ rkhfgs hmbqd]rd hm sgd ]bntrshb
]ssdmt]shnm o]q]ldsdq D hr nardqudc hm ansg l]sdqh]kr: hsr
u]ktd hr bnmrhrsdms vhsg sgd knmfhstchm]k ognmnm ]ssdmt]shnm
ld]rtqdc ]s 8-2 FGy trhmf ghfg,eqdptdmbx dkdbsqnmhb
sdbgmhptdr Z3/[- Ntq ognsn,]bntrshb lhbqnrbnox nm EKC
ldlaq]mdr dwsdmcr sgd eqdptdmbx khlhs sn rstcx ]bntrshb
ogdmnldm] hm lds]kr to sn 1// FGy* vghbg nsgdqvhrd
qdpthqdr rnoghrshb]sdc oqdo]q]shnm sdbgmhptdr enq tksq]sghm
eqddrs]mchmf ldlaq]mdr Z3[- Sgdqdenqd* adxnmc dm]akhmf
tksq]oqdbhrd hcdmshehb]shnm ]mc ldsqnknfx ne EKC lhbqn ]mc
m]mn ldlaq]mdr ntq qdrtksr cdlnmrsq]sd sgdhq odqenql]mbd
hm tksq]e]rs pt]mshs]shud ognsn,]bntrshbr-

Lhbqnm,rhydc EKC b]uhshdr vhsg ] f]o rhyd ne sgd nqcdq ne
] edv gtmcqdcr ne m]mnldsdqr needq mdv noonqstmhshdr enq
ok]rlnmhbr ]mc l]fmdsn,ok]rlnmhbr- Vd g]ud oqnctbdc
EKC b]uhshdr trhmf ] @t�0// ml(.Bn�14/ ml(.r]ooghqd
ahk]xdq rsqtbstqd- Hmsdqedqnldsqhb lhbqnrbnox cdlnmrsq]sdr
sgd l]whltl f]o rhyd ne 44/ ml hm sgd bdmsdq ne sgd b]uhsx*
l]jhmf sgd b]uhsx ]m hcd]k b]mchc]sd sn hlokdldms ok]r,
lnmhbr ]mc l]fmdsn,ok]rlnmhbr hm sgd Nssn bnmehftq]shnm
Z6*0/[- Vd g]ud lntmsdc sgd r]lokd nm ] fk]rr oqhrl ]mc
odqenqldc ro]sh]kkx qdrnkudc qdekdbshuhsx ld]rtqdldmsr
]s cheedqdms ]mfkdr ne hmbhcdmbd trhmf ] shfgskx enbtrdc
d,onk]qhydc ad]l ne ] Gd9Md k]rdq ]s 521-7 ml- @r
dwodbsdc* vd nardqud ] rsqnmf u]qh]shnm ne sgd qdekdbshuhsx
hm sgd bdmsdq ne sgd ataakd: rdd Ehfr- 3�](�3�b(-

@mftk]q,cdodmcdms qdekdbshuhsx hm sgd bdmsdq ne sgd
ataakd ZEhf- 3�c([ chrok]xr ] bkd]q lhmhltl bnqqdronmchmf
sn sgd bnmchshnm ne rtqe]bd ok]rlnm �onk]qhsnm( qdrnm]mbd
�ROQ(* h-d-* 23ß ]mfkd ne hmbhcdmbd hm sgd r]ooghqd rtarsq]sd-
Adhmf hm ]fqddldms vhsg sgd qdrtksr ne sq]mredq,l]sqhw
b]kbtk]shnmr* sghr adg]uhnq bnmsq]rsr sn ] rlnnsg ed]stqdkdrr
]mftk]q cdodmcdmbd ne qdekdbshuhsx eqnl sgd Bn,r]ooghqd
hmsdqe]bd- Enq cds]hkdc hmudrshf]shnm ne sgd l]fmdsn,
ok]rlnmhb oqnodqshdr ne EKC b]uhshdr* vd g]ud hlokd,
ldmsdc sgd l]fmdsn,ok]rlnmhb lhbqnrbnox rdsto vhsg ]
jGy,eqdptdmbx l]fmdshb ehdkc sg]s rvhsbgdr sgd l]fmdsh,
y]shnm hm sgd r]lokd ok]md Z13[- Sgd qdbnqcdc sq]mrudqrd
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l]fmdsn,noshb]k Jdqq �S,LNJD( rhfm]k ]bqnrr sgd EKC
b]uhsx vhsg ] c ¼ 44� ml f]o rgnvm hm Ehfr- 3�d(�3�f(
qdrtksr hm ] oqnmntmbdc lnctk]shnm ctd sn sgd dwbhs]shnm ne
sgd ROO qdrnm]mbd ZEhf- 3�g([* hm ] fnnc ]fqddldms vhsg
sq]mredq l]sqhw rhltk]shnmr- Dwsdmcdc sq]mredq l]sqhw
rhltk]shnmr rgnvdc sg]s ] shmx lnctk]shnm ne sgd f]o rhyd
�c ∼ 0 ml ��c<c ∼ 0��2( vntkc qdrtks hm ] oqnmntmbdc
qdekdbshuhsx lnctk]shnm hm sgd uhbhmhsx ne sgd ROQ vhsg ]
bnlo]q]akd l]fmhstcd ]r hm Ehf- 3�g(-
Chrbtrrhnm Zmc ntsknnj�Adxnmc sgd dw]lokdr qd]chkx

chrbtrrdc* sgd onsdmsh]k ne eqddrs]mchmf ldlaq]mdr enq
mnmkhmd]q ]bntrshbr ]s sgd m]mnrb]kd Z31*32[* hmbktchmf sgd
trd ne bnlokdw l]sdqh]kr vhsg rsqtbstq]k og]rd sq]mrhshnmr
Z33[* btquhkhmd]q l]fmdshrl Z34*35[* ]mc 2C l]fmnmhbr
Z36*37[* b]m ad etqsgdq dwoknqdc- @r sgd e]aqhb]shnm ldsgnc
hr mns khlhsdc sn l]fmdshb l]sdqh]kr nmkx* hs b]m ad ]ookhdc
sn cheedqdms e]lhkhdr ne dkdbsqnmhb l]sdqh]kr vhsg m]mnrb]kd
btqudc fdnldsqhdr Z0[* d-f-* b]m ]bs ]r btqu]stqd sdlok]sdr
enq lnchexhmf sq]mronqs oqnodqshdr hm 1C l]sdqh]kr Z38[-

Ok]rlnmhb ]mc l]fmdsn,ok]rlnmhb oqnodqshdr ne EKC
b]uhshdr b]m nodm mdv noonqstmhshdr enq rdmrhmf* vhsg ]m
duhcdms hcd] ne trhmf sgd ghfg rdmrhshuhsx ne sgd ROQ hm sgd
Nssn bnmehftq]shnm sn sgd f]o rhyd c enq oqdrrtqd rdmrhmf-
Sgd bnlahm]shnm ne ntq ]kk,noshb]k l]mte]bstqhmf ]mc
hmsdqqnf]shnm ]ooqn]bg vntkc ]kknv sgd cdudknoldms ne

hmchuhct]k nq ]qq]x m]mn ]mc lhbqn rdmrnqr nm ] bgho
b]o]akd ne cdsdbshmf lhmtsd knb]k bg]mfdr ne oqdrrtqd hm
u]qhntr dmuhqnmldmsr- Adhmf ]eedbsdc ax sgd l]fmdshb ehdkc*
l]fmdsn,ok]rlnmhb EKC b]uhshdr nq sgdhq ]qq]xr bntkc
]krn needq hmsdqdrshmf oqnrodbsr enq oqdbhrd l]fmdshb ehdkc
cdsdbshnm- Vgdm bnlahmdc vhsg l]fmdsn,dk]rshb dwbhs]shnm
ldbg]mhrlr Z28*4/[* sgdrd rsqtbstqdr bntkc gdko dwoknhs
dwsdmcdc etmbshnm]khshdr needqdc ax tksq]e]rs ]bntrsn,
l]fmdsn,ok]rlnmhbr Z21[- @ksgntfg sgd dwodqhldms]k sdbg,
mhptdr hm sghr Kdssdq vdqd sdrsdc nm ok]m]q 0C rsqtbstqdr
vhsg = ≫ c* sgdx ]qd ne o]qshbtk]q hlonqs]mbd sn bg]q]bsdq,
hyd sgd odqenql]mbd ne lhmh]stqhydc btqudc ]qbghsdbstqdr
vhsg = ∼ � ∼ 0”0�c* oqnuhcdc ax shfgs enbtrhmf bnmch,
shnmr- Hmcddc* sgd cxm]lhb lnctk]shnm ne sgd f]o rhyd c hm
sgd LGy,sn,FGy eqdptdmbx q]mfd b]m ad ]bghdudc sgqntfg
dwbhs]shnm ne ekdwtq]k ]bntrshb k]sdq]k dhfdmlncdr ne eqdd,
rs]mchmf ldlaq]mdr vhsg = ∼ � Z05[- Dwoknqhmf etmbshnm,
]khsx ne EKC rsqtbstqdr hm sdqlr ne noshb]k b]uhshdr bntkc ad
]krn ] pthsd hmsdqdrshmf b]mchc]sd sn bnmsqnk pt]mstl,noshb]k
oqnodqshdr ne khfgs dlhssdqr hmsdfq]sdc sgdqdhm Z40�43[* sghm
ehkl ognsnunks]hbr Z44[* ]mc bdq]lhb l]sdqh]kr Z45[-

:bjmnvkdcfldmsr�Sghr vnqj v]r rtoonqsdc ax sgd
@MQ,10,LQR0,//04,/0 �HQNM,L@F*“ sgd @kdw]mcdq
unm Gtlankcs Entmc]shnm* sgd Fdql]m @b]cdlhb

EHF- 3- �](��b( Qdekdbshuhsx l]or nm ] @t.Bn.f]o.r]ooghqd EKC b]uhsx hm Ehfr- 0�e(* 0�g( vhsg ] k]qfd f]o c ¼ 44� ml chrok]x sgd
rsqnmf ]mftk]q cdodmcdmbd ne noshb]k rhfm]k hm sgd bdmsdq ne sgd b]uhsx: sgd ]mfkd ne hmbhcdmbd θ hr hm r]ooghqd- �c( Sgd ]mftk]q
cdodmcdmbd ne sgd qdekdbshuhsx chrok]xr ] oqnmntmbdc cho ]s θ ¼ 23ß* vghbg bnqqdronmcr sn sgd rtqe]bd ok]rlnm onk]qhsnm �ROO(
qdrnm]mbd enq sgd Nssn bnmehftq]shnm �r]ooghqd,f]o,bna]ks( ]mc hr ]bbtq]sdkx qdoqnctbdc ax sgd sq]mredq,l]sqhw b]kbtk]shnmr- Sgd
dwbhs]shnm ne sgd ROO qdrnm]mbd ]s sghr ]mfkd hr duhcdms vgdm bnlo]qhmf vhsg ] rlnnsg ed]stqdkdrr cdodmcdmbd ]s sgd tmodqstqadc
Bn,r]ooghqd hmsdqe]bd �c ¼ �* cdmnsdc ]r ehkl(- �d(��f( Sgd sq]mrudqrd l]fmdsn,noshb]k Jdqq deedbs �S,LNJD( l]or enq sgd r]ld sgqdd
]mfkdr θ ]krn rgnv ] rsqnmf ]mftk]q cdodmcdmbd- �g( @mftk]q cdodmcdmbd ne sgd S,LNJD hm sgd b]uhsx ]mc hm sgd ehkl bkd]qkx rgnvhmf
sgd rsqnmf lnctk]shnm ]bqnrr sgd ROO qdrnm]mbd* hm ] fnnc ]fqddldms vhsg sgd l]fmdsn,noshb]k sq]mredq,l]sqhw b]kbtk]shnmr Z30[-
Dwodqhldms]k cds]hkr ]qd fhudm hm Rdb- U hm RL Z11[-
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Dwbg]mfd Rdquhbd �C@@C(* sgd Ogxrhbr Cdo]qsldms ne
©bnkd Onkxsdbgmhptd ]mc Hmrshsts Onkxsdbgmhptd cd O]qhr
vhsghm sgd eq]ldvnqj ne ] Oqnids cd Qdbgdqbgd dm
KZanqZsnhqd* sgd Mdvonqs Bnqonq]shnm* sgd Ro]mhrg
Lhmhrsqx ne Rbhdmbd ]mc Hmmnu]shnm tmcdq sgd L]qh] cd
L]dyst Tmhsr ne Dwbdkkdmbd Oqnfq]l �Fq]ms Mn- BDW1/1/,
//0/27,L( ]mc Oqnidbs Mn- OHC1/10,012832MA,H//
�NOSNLDS@L@F(* DQB fq]ms 2CltkshEdqqn �Oqnidbs
Mn- 0/0030220(- Vd sg]mj Q]hmdq J]ksnedm ]mc Adqmc
Rbgdtl]mm �GYCQ( enq sgd rtoonqs vhsg oqdo]q]shnm ne
Bn.@t r]lokdr: Q]ke Mdss* Lhbg]dk Mhdrdm* ]mc Bgqhrsh]m
Ghksmdq �QTA Anbgtl(: @qsdl Kdubgtj ]mc Bg]qkhd L]rrzd
�KRH* ©bnkd Onkxsdbgmhptd( enq sdbgmhb]k ]rrhrs]mbd:
M]cdygc] Rgbgdcqhm] �HBLLN* Tmhudqrhszd O]qhr,R]bk]x(
enq ]rrhrs]mbd vhsg ehftqd cdrhfm-

CZsZ ZuZhkZahkhsw�Sgd c]s] sg]s rtoonqs sgd ehmchmfr ne
sghr ]qshbkd ]qd mns otakhbkx ]u]hk]akd tonm otakhb]shnm
adb]trd hs hr mns sdbgmhb]kkx ed]rhakd ]mc.nq sgd bnrs ne
oqdo]qhmf* cdonrhshmf* ]mc gnrshmf sgd c]s] vntkc ad
oqnghahshud vhsghm sgd sdqlr ne sghr qdrd]qbg oqnidbs- Sgd
c]s] ]qd ]u]hk]akd eqnl sgd ]tsgnqr tonm qd]rnm]akd qdptdrs-

Z0[ O- Fdmshkd* L- Btnbn* N- L- Unkjnu* Y-,I- Xhmf* H- I- Udq],
L]qtm* C- L]j]qnu* ]mc B- Nqshw* M]s- Dkdbsqnm- 4* 440
�1/11(-

Z1[ B- C]uhdr* E- Edmmdl]* @- Srtj]lnsn* H- Q]ycnkrjh* @-
Jhldk* ]mc @- Jhqhkxtj* M]stqd �Knmcnm( 517* 43/ �1/13(-

Z2[ K- Sdrh* C- Aknnr* L- Gqsn�m* @- Admdš* L- Gdmsrbgdk* L-
Jdqm* @- Kd]udrkdx* Q- Ghkkdmaq]mc* U- J�qÉodj* S- �hjnk]
ds Zk-* Rl]kk Ldsgncr 4* 10//265 �1/10(-

Z3[ I- Bteed* N- Qhrsnv* D- BgÉudy* @- Rgbgdodsnu* O-,N-
Bg]othr* E- @kyhm]* L- Gdsshbg* L- Oqtmmhk]* I- @gnodksn*
S- Cdjnqrx ds Zk-* Ogxr- Qdu- Kdss- 00-* /844/2 �1/02(-

Z4[ I-,V- Jhl ]mc I-,X- Ahfns* Ogxr- Qdu- A 84* 033311 �1/06(-
Z5[ @- Fghs]* S-,F- Lnbhnh* @- L- Knlnmnrnu* I- Jhl* N-

Jnu]kdmjn* O- U]u]rrnqh* ]mc U- U- Sdlmnu* Ogxr- Qdu- A
0-6* 023308 �1/12(-

Z6[ @- Nssn* Y- Ogxr- @ 105* 287 �0857(-
Z7[ O- Adqhmh* @cu- Nos- Ognsnmhbr 0* 373 �1//8(-
Z8[ I- Gdbjl]mm* J- Ote]gk* O- Eq]my* M- A- Fqnrrd* W- Kh* ]mc

T- Vnffnm* Ogxr- Qdu- A 87* 004304 �1/07(-
Z0/[ D- I- O]shän* K- O- Pthqnf] R* ]mc B- @- Gdqqdän,Ehdqqn*

Ok]rlnmhbr 07* 608 �1/12(-
Z00[ R- J]v]s]* G-,A- Rtm* S- S]m]j]* ]mc J- S]j]c]* M]stqd

�Knmcnm( 301* 586 �1//0(-
Z01[ J- Rnjnknvrjh,Shmsdm* I- Ah]kjnvrjh* @- B]u]kkdqh* C- unm

cdq Khmcd* @- No]qhm* I- Ldxdq,sdq Udgm* ]mc R- H- @mhrhlnu*
Ogxr- Qdu- Kdss- 70* 113 �0887(-

Z02[ I- Anmrd ]mc I- Jqúfdq* @ook- Ogxr- @ 018* 03 �1/12(-
Z03[ E- Jnqsd* I- Rdqahm* I- Jnbg* @- Dfadqs* B- E]kkmhbg* @-

Nrsdmcnqe* ]mc A- Bghbgjnu* @ook- Ogxr- @ 66* 118 �1//2(-
Z04[ L- Cnljd* K- Mnahkd* R- Q]oo* R- Dhrdkdm* I- Rnsqno* G- O-

Gtadq* ]mc L- Rbglhcs* Ogxr- Oqnbdch] 45* 0//6 �1/03(-
Z05[ U- U- Sdlmnu* @- @kdjghm* @- R]lnjgu]knu* C- R- Hu]mnu*

@- Knlnmnrnu* O- U]u]rrnqh* D- Lnchm* ]mc U- O- Udhjn*
M]mn Kdss- 1-* 6801 �1/1/(-

Z06[ O- U]qk]lnu* I- L]qw* X- T- Dkftds]* @- Nrsdmcnqe* I-,V-
Jhl* O- U]u]rrnqh* ]mc U- U- Sdlmnu* M]mnl]sdqh]kr 03*
0377 �1/13(-

Z07[ R- F- Jntkhjnu ]mc C- C- Cknss* I- Ognsnbgdl- Ognsnahnk- @
034* 072 �1//0(-

Z08[ I- Rg]v,Rsdv]qs* S- Khoodqs* L- M]fdk* E- Múdrbg* ]mc @-
Vnj]tm* @ook- Rtqe- Rbh- 147* 82/8 �1/01(-

Z1/[ @- H- Jtymdsrnu* B- Tmfdq* I- Jnbg* ]mc A- M- Bghbgjnu*
@ook- Ogxr- @ 0-5* 368 �1/01(-

Z10[ O- Cdk]onqsd ]mc @-,O- @kknmbkd* Nos- K]rdq Sdbgmnk- 67* 22
�1/05(-

Z11[ Rdd Rtookdldms]k L]sdqh]k ]s gsso9..khmj-]or-nqf.
rtookdldms]k.0/-00/2.88rk,wwa1 enq cds]hkr ne sghm ehklr
cdonrhshnm ]mc k]rdq m]mnrsqtbstqhmf* cdrbqhoshnm ne dwodq,
hldms]k rdstor ]mc rnktshnm ne L]wvdkk dpt]shnmr hm sgd
Nssn bnmehftq]shnm* ]mc rtoonqshmf ehftqdr* vghbg hmbktcdr
Qder- Z05*12�18[-

Z12[ U- U- Sdlmnu* J- Rnjnknvrjh,Shmsdm* O- Ygnt* ]mc C- unm
cdq Khmcd* I- Nos- Rnb- @l- A 12* 0843 �1//5(-

Z13[ U- U- Sdlmnu* F- @qldkkdr* T- Vnffnm* C- Fty]snu* @-
Bdankk]c]* @- F]qbh],L]qshm* I-,L- F]qbh],L]qshm* S-
Sgnl]x* @- Kdhsdmrsnqedq* ]mc Q- Aq]srbghsrbg* M]s- Ogn,
snmhbr 3* 0/6 �1/0/(-

Z14[ U- O- Khmmhj* Cnjk- @j]c- M]tj RRRQ 0* 07 �0822(-
Z15[ D- Btbgd* O- L]qptds* ]mc B- Cdodtqrhmfd* @ook- Nos- 27*

5883 �0888(-
Z16[ B- Qncchdq ]mc E- Qncchdq* @ook- Nos- 15* 0557 �0876(-
Z17[ X- @jhlnu* Nos- Kdss- 32* 0084 �1/07(-
Z18[ O- U]qk]lnu* @- A]qqnr* @- Rv]lhm]sg]m* @- Knlnmnrnu*

L- Q]xm]tc* ]mc U- U- Sdlmnu* Nos- Kdss- 4-* 0/8
�1/14(-

Z2/[ @- Bnt]hqnm ]mc @- Lxrxqnvhby* Ogxr- Qdo- 330* 36
�1//6(-

Z20[ S- X]m ]mc K- Ih* Tksq]e]rs Rbh- 2* //12 �1/12(-
Z21[ U- U- Sdlmnu* M]s- Ognsnmhbr 5* 617 �1/01(-
Z22[ B- Sgnlrdm* G- S- Fq]gm* G- I- L]qhr* ]mc I- S]tb* Ogxr-

Qdu- A 23* 3018 �0875(-
Z23[ S- B- Ygt* G- I- L]qhr* ]mc I- S]tb* Ogxr- Qdu- A 33* 3170

�0880(-
Z24[ S- R]hsn* N- L]srtc]* ]mc N- A- Vqhfgs* Ogxr- Qdu- A 56*

1/4310 �1//2(-
Z25[ G-,X- G]n ]mc G- I- L]qhr* Ogxr- Qdu- A 53* /532/1

�1//0(-
Z26[ C- F- B]ghkk* V- J- Enqc* J- D- Fnncrnm* F- C- L]g]m*

@- L]itlc]q* G- I- L]qhr* Q- Ldqkhm* ]mc R- Q- Oghkkons*
I- @ook- Ogxr- 82* 682 �1//2(-

Z27[ E- Mnkk* M- Jq]t´* U- Ftrdu* S- Cdjnqrx* ]mc L- Gdsshbg*
Ognsn]bntrshbr 2-* 0//353 �1/12(-

Z28[ @- @kdjghm* @- L- Knlnmnrnu* M- Kdn* L- Ktcvhf* U- R-
Uk]rnu* K- Jnsnu* @- Kdhsdmrsnqedq* O- F]]k* O- U]u]rrnqh* ]mc
U- U- Sdlmnu* M]mn Kdss- 12* 8184 �1/12(-

Z3/[ Q- Gnldq* F- @kdw]mcq]jhr* ]mc F- Cdv]q* I- @ook- Ogxr-
50* 3022 �0876(-

Z30[ I- Y]j* D- Q- Lnnf* B- Kht* ]mc R- C- A]cdq* Ogxr- Qdu- A
32* 5312 �0880(-

Z31[ U- U- Sdlmnu* B- Jkhdadq* J- @- Mdkrnm* S- Sgnl]x* U-
Jmhssdk* @- Kdhsdmrsnqedq* C- L]j]qnu* L- @kaqdbgs* ]mc Q-
Aq]srbghsrbg* M]s- Bnlltm- 3* 0357 �1/02(-

Z32[ O- I- u]m B]odk* D- Ozdqnmmd* ]mc I- H- Chijgthr* Tksq]rnmhbr
45* 25 �1/04(-
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Z33[ H- @- Lnftmnu* R- Kxrdmjn* @- D- Edch]mhm* E- D- EdqmÉmcdy*
@- Qö]* @- I- Jdms* @- U- @jhlnu* ]mc @- L- J]k]rgmhjnu]*
M]s- Bnlltm- 00* 058/ �1/1/(-

Z34[ C- L]j]qnu* N- L- Unkjnu* @- JÉj]x* N- U- Oxkxonurjxh* A-
AtchmrjÉ* ]mc N- U- Cnaqnunkrjhx* @cu- L]sdq- 23*
10/0647 �1/11(-

Z35[ C- L]j]qnu ]mc C- C- Rgdj]* BtquhkhmdZq LhbqnlZfmdshrl9
Eqnl EtmcZldmsZkr sn :ookhbZshnmr �Roqhmfdq M]stqd*
Bg]l* 1/11(* Unk- 035-

Z36[ F- Ftaahnssh* Sgqdd,ChldmrhnmZk LZfmnmhbr9 KZwdqdc+
Lhbqn,Zmc MZmnrsqtbstqdr �BQB Oqdrr* Mdv Xnqj* 1/08(-

Z37[ @- A]ql]m* F- Ftaahnssh* R- K]c]j* @- N- @cdxdxd* L-
Jq]vbyxj* I- Fqáed* B- @cdkl]mm* R- Bnsne]m]* @- M]ddlh*
U- H- U]rxtbgj] ds Zk-* I- Ogxr- Bnmcdmr- L]ssdq 22* 302//0
�1/10(-

Z38[ R-,B- Gn* B-,G- Bg]mf* X-,B- Grhdg* R-,S- Kn* A- Gt]mf*
S-,G-,X- Ut* B- Nqshw* ]mc S-,L- Bgdm* M]sk- Dkdb- Qdu- 3*
005 �1/10(-

Z4/[ Q- E]ahg]* I- Ktmcpthrs* R- L]itlcdq* D- Snor]j]k* @-
A]ql]m* ]mc R- A]mcxno]cgx]x* @cu- Rbh- 8* 10/3533
�1/11(-

Z40[ C- O]bhehbh* G- I- Kdydb* ]mc G- @- @sv]sdq* M]s- Ognsnmhbr
0* 3/1 �1//6(-

Z41[ U- U- Sdlmnu* H- Q]ycnkrjh* S- Odydqhk* C- L]j]qnu* C-
Rdkdsrjhx* @- Ldkmhjnu* ]mc J- @- Mdkrnm* I- Nos- 07*
/82//1 �1/05(-

Z42[ F- Ehmchj* L- Ahkhqnfkt* C- Rdxhskhxdu* I- Ldmcdr* @-
A]qqdssd* G- @qcdj]mh* K- Kdh* P- Cnmf* E- Rn* ]mc J-
Ftmcnfct* M]s- Ognsnmhbr 04* 565 �1/10(-

Z43[ E- Eqdhqd,EdqmÉmcdy* I- Btdqc]* J- R- C]rj]k]jhr* R-
Odqtlahk]uhk* I-,O- L]qshj]hmdm* J- @qi]r* O- Sñqlá* ]mc
R- u]m Chijdm* M]s- Ognsnmhbr 05* 16 �1/11(-

Z44[ R- Wh]n* D- K- Ftqduhbg* ]mc @- Nrsdmcnqe* @ook- Ogxr- @
0-6* 222 �1/01(-

Z45[ E- Jhdk* M- L- Atkf]jnu]* @- Nrsdmcnqe* ]mc D- K- Ftqduhbg*
Ogxr- Qdu- @ook- 00* /13/27 �1/08(-
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