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6arsoTbs� Ptmmhmf rdbtqd ltksho]qsx bnlots]shnm &LOB( oqnsnbnkr
vhsg gtmcqdcr nq sgntr]mcr ne ok]xdqr vntkc ]kknv kdudq]fhmf k]qfd unk,
tmsddq mdsvnqjr &rtbg ]r aknbjbg]hmr ]mc Snq( ]mc gdko itrshex gnmdrs
l]inqhsx ]rrtloshnmr- Gnvdudq* lnrs dwhrshmf oqnsnbnkr g]ud ]s kd]rs
] khmd]q &ltkshokhb]shud( cdodmcdmbd nm sgd mtladq ne ok]xdqr* l]jhmf
rb]khmf ch�btks- Jmnvm oqnsnbnkr vhsg ]rxlosnshb d�bhdmbx hmcdodmcdms
ne sgd mtladq ne o]qshdr &dwbktchmf ]cchshud e]bsnqr( qdpthqd dwodmrhud
bhqbths sq]mrenql]shnmr sg]s hmctbd k]qfd nudqgd]cr-
Vd nardqud sg]s sgd bhqbthsr trdc hm l]mx hlonqs]ms ]ookhb]shnmr ne

LOB rtbg ]r sq]hmhmf ]kfnqhsglr trdc sn bqd]sd l]bghmd kd]qmhmf lnc,
dkr g]ud ] ghegiv pclcshshuc rspt�stpc- Vd enql]khyd sghr bk]rr ne bhqbthsr
]mc oqnonrd ]m LOB oqnsnbnk sg]s ]bghdudr >&{�{( sns]k bnlokdwhsx enq
sghr bk]rr- Vd hlokdldms ntq oqnsnbnk ]mc rgnv sg]s hs hr oq]bshb]k ]mc
ntsodqenqlr >&O{�{( oqnsnbnkr enq lncdrs mtladqr ne ok]xdqr-

- Hmspnctashnm

Rdbtqd Ltksho]qsx Bnlots]shnm %LOB( Z3+5+12+28[ hr ] sdbgmhptd sg]s ]kknvr
ltst]kkx chrsqtrshmf o]qshdr sn bnlotsd ]m ]qahsq]qx etmbshnm vhsgnts qdud]khmf
]mxsghmf ]ants sgd o]qshdr” oqhu]sd hmotsr+ adxnmc vg]s hr qdud]kdc ax sgd etmb,
shnm ntsots- Hm sghr vnqj+ vd enbtr nm gnmdrs,lWinqhsx LOB+ vgdqd ] l]inqhsx
ne sgd o]qshbho]msr ]qd ]rrtldc sn ad gnmdrs-
@r otakhb bnmbdqm nudq oqhu]bx ]mc c]s] rg]qhmf fqnvr+ LOB”r oqnlhrd ne oqh,

u]bx oqdrdquhmf bnkk]anq]shnm adbnldr hmbqd]rhmfkx hlonqs]ms- Hm qdbdms xd]qr+
LOB sdbgmhptdr ]qd adhmf ]ookhdc sn ]m hmbqd]rhmfkx bnlokdw bk]rr ne etmbshnm,
]khshdr rtbg ]r chrsqhatsdc sq]hmhmf ne l]bghmd kd]qmhmf mdsvnqjr- Lnrs btqqdms
]ookhb]shnmr ne LOB+ gnvdudq+ enbtr nm trhmf ] rlWkk mtladq ne o]qshdr- Sghr
hr k]qfdkx adb]trd lnrs jmnvm %]mc ]kk hlokdldmsdc( oqnsnbnkr hmbtq ] khmd]q
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ltkshokhb]shud nudqgd]c hm sgd mtladq ne ok]xdqr hm sgd bnlltmhb]shnm ]mc bnl,
ots]shnm bnlokdwhsx+ h-d- g]ud bnlokdwhsx L%m{A{(0+ vgdqd m hr sgd mtladq ne
ok]xdqr ]mc {A{ hr sgd rhyd ne sgd bhqbths Z6+01+05+16+2/+24[-

Sgd Mddc enp KZpfd)RbZkd LOB- Xds+ sgd lnrs dwbhshmf LOB ]ookhb]shnmr
]qd ]s sgdhq adrs vgdm ] kWqfd mtladq ne ok]xdqr b]m o]qshbho]sd hm sgd oqnsnbnk-
Sgdrd hmbktcd bqnvc,rntqbdc l]bghmd kd]qmhmf ]mc k]qfd rb]kd c]s] bnkkdbshnm+
vgdqd vhcdroqd]c o]qshbho]shnm vntkc qdrtks hm qhbgdq c]s] rdsr ]mc lnqd qnatrs
bnmbktrhnmr- Lnqdnudq+ vgdm sgd mtladq ne o]qshbho]shmf ok]xdqr hr k]qfd+ sgd
gnmdrs l]inqhsx ]rrtloshnm — vghbg ]kknvr enq sgd lnrs d�bhdms jmnvm oqnsnbnkr
shkk c]sd — adbnldr rhfmh’b]mskx lnqd adkhdu]akd- Hmcddc+ sgd gnmdrs l]inqhsx
ne qdrntqbdr ]rrtloshnmr %] chffidqdms ats bknrdkx qdk]sdc rds ne ]rrtloshnmr( hm
Ahsbnhm Z23[ ]mc SNP Z02+25[ ]ood]q sn gnkc to hm oq]bshbd vgdm sgdqd ]qd l]mx
oqnsnbnk o]qshbho]msr-
Etqsgdqlnqd+ k]qfd,rb]kd unktmsddq mdsvnqjr g]ud qdbdmskx dldqfdc+ khjd Ahs,

bnhm ]mc SNP+ sg]s qdftk]qkx odqenql hmbqdchakx k]qfd chrsqhatsdc bnlots]shnmr-
Hm sgd b]rd ne bqxosnbtqqdmbhdr+ hs vntkc ad admd’bh]k sn ]ookx sgd bnlots]shnm]k
onvdq sn lnqd hmsdqdrshmf ]ookhb]shnmr sg]m lhmhmf+ hmbktchmf dwdbtshnmr ne LOB
oqnsnbnkr- Pdokhb]shmf ] eq]bshnm ne sgd rtbbdrr ne sgdrd mdsvnqjr bntkc dm]akd
l]rrhud+ bqnvc,rntqbdc ]ookhb]shnmr sg]s rshkk qdrodbs oqhu]bx- Hm e]bs+ ]ssdlosr
sn qtm LOB nm rtbg k]qfd mdsvnqjr g]ud ]kqd]cx rs]qsdc Z27[+ dm]akhmf mnudk
ld]rtqdldmsr-

Ntp FnZk7 Npcdp)B LOB- Hs vntkc ad ghfgkx ]cu]ms]fdntr sn fn adxnmc sgd
khlhs]shnm ne btqqdms oqnsnbnkr ]mc g]ud ]bbdrr sn ]m LOB oqnsnbnk vhsg sns]k
bnlots]shnm]k ]mc bnlltmhb]shnm bnlokdwhsx L%{A{(-
Rtbg ] oqnsnbnk b]m rtoonqs chuhrhnm ne sgd sns]k bnlots]shnm ]lnmf ok]xdqr

vghbg ld]mr sg]s trhmf k]qfd mtladqr ne ok]xdqr b]m rhfmh’b]mskx qdctbd sgd
atqcdm nm d]bg hmchuhct]k o]qshbho]ms- Hm o]qshbtk]q+ vgdm bnmrhcdqhmf bnlokdw
etmbshnmr+ vhsg bhqbths qdoqdrdms]shnmr bnms]hmhmf sdmr nq gtmcqdcr ne lhkkhnmr
ne f]sdr+ cdbqd]rhmf sgd vnqjkn]c ne d]bg hmchuhct]k o]qsx b]m g]ud ] rhfmh’b]ms
hlo]bs- Hcd]kkx+ hs vntkc ad onrrhakd enq sgd c]s] oqnuhcdqr sgdlrdkudr+ onrrhakx
trhmf knv onvdq nq a]mcvhcsg cduhbdr+ sn o]qshbho]sd hm sgd bnlots]shnm-
@m L%{A{( LOB oqnsnbnk b]m ]krn nffidq admd’sr hm sgd cdrhfm ne nsgdq bqxo,

snfq]oghb oqnsnbnkr- Hm Z17[+ Hrg]h ds ]k- rgnvdc sg]s ydqn,jmnvkdcfd %YJ( oqnner
Z13[ b]m ad bnmrsqtbsdc trhmf ]m –LOB,hm,sgd,gd]c“ ]ooqn]bg+ vgdqd sgd oqnudq
rhltk]sdr ]m LOB oqnsnbnk hm sgdhq lhmc ]mc sgd udqh’dq rdkdbsr ] rtards ne sgd
ok]xdqr uhdvr sn bgdbj enq bnqqdbsmdrr- Sgd d�bhdmbx ne sgdrd oqnner hr hmgdqhsdc
eqnl sgd bnlokdwhsx ne sgd tmcdqkxhmf LOB oqnsnbnkr+ ]mc sgd rntmcmdrr dqqnq
hr ] etmbshnm ne sgd mtladq ne uhdvr nodmdc ]mc sgd mtladq ne ok]xdqr enq vghbg
] l]khbhntr oqnudq ltrs g]ud sn –bgd]s“ hm nqcdq sn bnmsqnk sgd oqnsnbnk”r nts,
ots- Sghr bqd]sdr ] sdmrhnm9 ghfgdq mtladq ne ok]xdqr b]m ad trdc sn hmbqd]rd
sgd rntmcmdrr ne sgd YJ oqnne+ ats rhltk]shmf ]cchshnm]k ok]xdqr hmbqd]rdr sgd
bnlokdwhsx ne sgd oqnsnbnk- @bbdrr sn ]m L%{A{( LOB oqnsnbnk vntkc d]rd sghr

+ Enq r]jd ne rhlokhbhsx* sgqntfgnts sgd hmsqnctbshnm* vd nlhs ] khmd]q ltkshokhb]shud
e]bsnq ne sgd rdbtqhsx o]q]ldsdq hm ]kk ]rxlosnshb mns]shnmr-
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sdmrhnm+ ]r ] k]qfd mtladqr ne ok]xdqr bntkc ad trdc sn rhltk]sd sgd LOB vhsgnts
hmbtqqhmf ]cchshnm]k bnrs-
Cdrohsd mtldqntr lnshu]shnmr ]mc rhfmh’b]ms dffinqs+ sgdqd ]qd mn jmnvm

L%{A{( LOB oqnsnbnkr enq –mnm,RHLC“ etmbshnm]khshdr-1 Ud sgdqdenqd ]rj sgd
enkknvhmf9
Fr hs onrrhakd sn cdrhfm Wm IMA oqnsnbnk vhsg L%{A{( snsWk bnlotsWshnm
ffrtoonqshmf chuhrhnm ne kWanq( Wmc L%{A{( snsWk bnlltmhbWshnm:

Ophnp Vnpi7 :bghduhmf L̊%{A{()LOB- @ rhfmh’b]ms ]lntms ne dffinqs g]r addm
cdunsdc snv]qcr qdctbhmf sgd ]rxlosnshb bnlokdwhsx ne %gnmdrs,l]inqhsx( LOB
oqnsnbnkr+ rhmbd sgd hmhsh]k L%m1{A{( oqnsnbnkr Z3+5[-
Nudq sgd xd]qr+ svn oqhl]qx sdbgmhptdr g]ud addm cdudknodc enq qdctbhmf

oqnsnbnk bnlokdwhsx- Sgd ’qrs hr ]m d�bhdms ltkshokhbWshnm oqnsnbnk bnlahmdc
vhsg a]sbgdc bnqqdk]sdc q]mcnlmdrr fdmdq]shnm hmsqnctbdc hm Z01[- Trhmf sghr
ltkshokhb]shnm oqnsnbnk qdctbdr sgd %]lnqshydc( bnlokdwhsx ne ] ltkshokhb]shnm
f]sd eqnl L%m1( sn L%m(+ dffidbshudkx rg]uhmf ] e]bsnq ne m eqnl sgd oqnsnbnk bnl,
okdwhsx- Sgd rdbnmc sdbgmhptd hr oWbjdc rdbqds rgWqhmf %ORR( Z04[+ ] udbsnqhydc+
rhmfkd,hmrsqtbshnm,ltkshokd,c]s] %RHLC( udqrhnm ne sq]chshnm]k sgqdrgnkc rdbqds
rg]qhmf- Ax o]bjhmf �%m( dkdldmsr hmsn ] rhmfkd udbsnq+ �%m( nodq]shnmr b]m ad
odqenqldc ]s nmbd+ qdctbhmf sgd oqnsnbnk bnlokdwhsx ax ] e]bsnq ne m vgdm sgd
bhqbths rsqtbstqd hr ]bbnllnc]shmf sn RHLC nodq]shnmr- Trhmf sgdrd sdbgmhptdr
rdo]q]sdkx+ L%m{A{( oqnsnbnkr vdqd bnmrsqtbsdc hm Z8[ ]mc Z01[-
Ughkd hs lhfgs rddl ]r sgntfg bnlahmhmf sgdrd svn sdbgmhptdr vntkc qdrtks

hm ]m L%{A{( oqnsnbnk+ sgd rsqtbstq]k qdpthqdldmsr ne RHLC nodq]shnmr l]jd hs
tmbkd]q nm gnv sn cn rn- Sgd vnqjr ne Z00[ ]mc Z0/[ cdlnmrsq]sd svn chffidq,
dms ]ooqn]bgdr sn bnlahmd sgdrd sdbgmhptdr+ dhsgdq ax qdkxhmf nm q]mcnlhyhmf
onkxmnlh]kr nq trhmf bhqbths sq]mrenql]shnmr sg]s hmunkud dladcchmf qntshmf
mdsvnqjr vhsghm sgd bhqbthsr- Sgdrd ]ooqn]bgdr xhdkc �L%{A{( oqnsnbnkr vhsg k]qfd
ltkshokhb]shud bnmrs]msr ]mc ]cchshud sdqlr sg]s cdodmc nm sgd bhqbths cdosg-
%Sgd ]cchshud sdqlr vdqd etqsgdq qdctbdc hm sgd qdbdms vnqj ne Z1/[-(
Hm rtll]qx+ vghkd ansg ORR ]mc d�bhdms ltkshokhb]shnm sdbgmhptdr g]ud

addm jmnvm enq nudq ] cdb]cd+ mn L%{A{( LOB oqnsnbnkr ]qd jmnvm- Sgd adrs
jmnvm ]rxlosnshb d�bhdmbx hr �L%{A{( ]bghdudc ax Z0/+00+1/[: gnvdudq+ sgdrd
oqnsnbnkr g]ud mdudq addm hlokdldmsdc enq qd]rnmr chrbtrrdc ]anud- Hmrsd]c+
sgd rs]sd,ne,sgd,]qs hlokdldmsdc oqnsnbnkr ]bghdud L%m{A{( bnlots]shnm]k ]mc
bnlltmhb]shnm d�bhdmbx Z6+05+24[-

.-. Ntp Bnmsphatshnmr

Hm sghr vnqj+ vd hcdmshex ] ld]mhmfetk bk]rr ne bhqbthsr+ b]kkdc %<πA(,qdodshshud
bhqbthsr+ o]q]ldsdqhydc ax u]qh]akdr < ]mc A- Ud rgnv sg]s enq %Θ%m(π Θ%m((,
qdodshshud bhqbthsr+ d�bhdms ltkshokhb]shnm ]mc ORR sdbgmhptdr b]m hmcddc ad
1 RHLC bhqbthsr ]qd ]qhsgldshb bhqbthsr sg]s rhltks]mdntrkx du]kt]sd � bnohdr ne sgd
r]ld ]qhsgldshb bhqbths nm chffidqdms hmotsr- Fdmjhm ds ]k- Z1/[ rgnvdc sg]s hs hr
onrrhakd sn cdrhfm ]m >&{�{( LOB oqnsnbnk enq RHLC bhqbthsr* vgdqd � : !&O(-
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bnlahmdc+ trhmf mdv hcd]r+ sn ]bghdud L%{A{( LOB enq m o]qshdr- Sn sgd adrs
ne ntq jmnvkdcfd+ sghr hr sgd ’qrs rtbg bnmrsqtbshnm enq ] k]qfdq bk]rr ne bhqbthsr
sg]m RHLC bhqbthsr-
Ud sdrs sgd oq]bshb]k d�bhdmbx ne ntq oqnsnbnk ax ld]mr ne ] oqdkhlhm]qx

hlokdldms]shnm ]mc rgnv uh] dwodqhldms]k qdrtksr sg]s enq bnlots]shnmr hmunku,
hmf k]qfd mtladq ne o]qshdr+ ntq oqnsnbnk ntsodqenqlr sgd rs]sd,ne,sgd,]qs hlokd,
ldmsdc LOB oqnsnbnkr- Ud mnv chrbtrr ntq bnmsqhatshnmr hm lnqd cds]hk-

Ghfgkx Pdodshshud Bhpbthsr- Sgd bk]rr ne %<πA(,qdodshshud bhqbthsr ]qd bhqbthsr
sg]s ]qd bnlonrdc ne ]m ]qahsq]qx mtladq ne aknbjr %rdsr ne f]sdr ]s sgd r]ld
cdosg( ne vhcsg ]s kd]rs <+ sg]s qdbtq ]s kd]rs A shldr sgqntfgnts sgd bhqbths-
Knnrdkx rod]jhmf+ vd r]x sg]s ]m %<πA(,qdodshshud bhqbths hr ghfgkx qdodshshud
v-q-s- m o]qshdr+ he < � Θ%m( ]mc A � Θ%m(-
Sgd lnrs nauhntr dw]lokd ne sghr bk]rr hmbktcdr sgd rdptdmsh]k bnlonrhshnm ne

rnld %onrrhakx ltksh,k]xdq( etmbshnm]khsx+ h-d- e%e%e%e%, , ,(((( enq rnld ]qahsq]qx
e vhsg rt�bhdms vhcsg- Gnvdudq+ sghr bk]rr ]krn hmbktcdr l]mx nsgdq sxodr ne
bhqbthsr ]mc hlonqs]ms etmbshnm]khshdr- Enq dw]lokd+ ]r vd chrbtrr hm Rdbs- 3-2+
l]bghmd kd]qmhmf lncdk sq]hmhmf ]kfnqhsglr %l]mx hsdq]shnmr ne fq]chdms cdrbdms(
]qd ghfgkx qdodshshud dudm enq k]qfd mtladqr ne o]qshdr- Ud ]krn hcdmshex aknbj
bhogdqr ]mc bnkkhrhnm qdrhrs]ms g]rg etmbshnmr ]r g]uhmf l]mx hsdq]sdc qntmcr:
]r rtbg etmbshnmr ]qd khjdkx sn ad qtm l]mx shldr hm ] k]qfd,rb]kd+ oqhu]sd bnl,
ots]shnm+ sgdx m]stq]kkx qdrtks hm ghfgkx qdodshshud bhqbthsr enq k]qfdq mtladqr ne
o]qshdr- Ud fhud enql]k cd’mhshnm ne %<πA(,qdodshshud bhqbthsr hm Rdbs- 3-

Rdlh)Gnmdrs Npcdp)B LOB- Ntq oqhl]qx bnmsqhatshnm hr ] rdlh,gnmdrs+
gnmdrs,l]inqhsx LOB oqnsnbnk enq ghfgkx qdodshshud bhqbthsr vhsg snsWk bnlotsW,
shnm Wmc bnlltmhbWshnm bnlokdwhsx L%{A{(- Ntq oqnsnbnk nmkx qdpthqdr bnllt,
mhb]shnm nudq onhms,sn,onhms bg]mmdkr ]mc vnqjr hm sgd ok]hm lncdk %h-d-+ vhsgnts
sqtrsdc rdsto(- Hs ]bghdudr tmbnmchshnm]k rdbtqhsx ]f]hmrs s / m

˜
0
1 }

1
�

(
bnqqto,

shnmr+ vgdqd Ω hr ] stm]akd o]q]ldsdq ]r hm oqhnq vnqjr a]rdc nm ORR-
Ntq jdx hmrhfgs hr sg]s sgd qdodshshud m]stqd ne sgd bhqbths b]m ad kdudq]fdc

sn d�bhdmskx fdmdq]sd bnqqdk]sdc q]mcnlmdrr hm ] v]x sg]s gdkor nudqbnld sgd
khlhs]shnmr ne ORR- Ud dk]anq]sd nm ntq sdbgmhptdr hm Rdbs- 1-

LZkhbhntr Rdbtphsx Bnlohkdp- Ud mdws bnmrhcdq sgd b]rd ne l]khbhntr ]cudq,
r]qhdr- Hm qdbdms xd]qr+ rhfmh’b]ms vnqj Z6+05+1/+10+14+2/+24[ g]r addm cnmd nm
cdrhfmhmf d�bhdms l]khbhntr rdbtqhsx bnlohkdqr enq gnmdrs l]inqhsx LOB- Uhsg
sgd dwbdoshnm ne Z1/[+ ]kk ne sgdrd vnqjr cdrhfm bnlohkdqr enq oqnsnbnkr a]rdc nm
qdftk]q rdbqds rg]qhmf %RR( ]r noonrdc sn ORR- Sgd lnrs qdbdms ne sgdrd vnqjr
Z6+05+14+24[ ]bghdud udqx rl]kk bnmrs]ms ltkshokhb]shud nudqgd]c+ ]mc hcd]kkx nmd
vntkc khjd sn ]bghdud rhlhk]q d�bhdmbx hm sgd b]rd ne ORR,a]rdc oqnsnbnkr-
Rhmbd ntq rdlh,gnmdrs oqnsnbnk hr a]rdc nm ORR+ sgd bnlohkdqr ne Z6+05+14+24[

]qd mns chqdbskx ]ookhb]akd sn ntq oqnsnbnkr- Mdudqsgdkdrr+ anqqnvhmf tonm sgd
hmrhfgsr eqnl Z1/[+ vd cdlnmrsq]sd sg]s sgd sdbgmhptdr cdudknodc hm Z6[ b]m hm e]bs
ad trdc sn cdrhfm ]m d�bhdms l]khbhntr rdbtqhsx bnlohkdq enq ntq ORR,a]rdc rdlh,
gnmdrs oqnsnbnk- Rodbh’b]kkx+ ntq bnlohkdq hmbtqr ] ltkshokhb]shud nudqgd]c ne
]ooqnwhl]sdkx 0-6—2+ cdodmchmf nm sgd bgnhbd ne Ω+ nudq ntq rdlh,gnmdrs oqnsnbnk
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enq bhqbthsr nudq k]qfd ’dkcr %vgdqd sgd ’dkc rhyd hr dwonmdmsh]k hm sgd rdbtqhsx
o]q]ldsdq(-2 Enq bhqbthsr nudq rl]kkdq ’dkcr+ sgd ltkshokhb]shud nudqgd]c hmbtqqdc
hr L%j. knf {�{(+ vgdqd j hr sgd rdbtqhsx o]q]ldsdq ]mc {�{ hr sgd ’dkc rhyd-

D�bhdmbx-Ud cdlnmrsq]sd sg]s ntq oqnsnbnk hr mns ldqdkx ne sgdnqdshb]k hmsdq,
drs ats hr ]krn bnmbqdsdkx d�bhdms enq u]qhntr bgnhbdr ne o]q]ldsdqr- Ud fhud ]
cds]hkdc bnlokdwhsx b]kbtk]shnm ne ntq oqnsnbnkr hm Rdbsr- 5-1 ]mc 5-2-
Enq m ; 014 o]qshdr ]mc s / m.2+ ntq l]khbhntr rdbtqd oqnsnbnk nmkx qdpthqdr

d]bg o]qsx sn+ nm ]udq]fd+ bnlltmhb]sd ]ooqnwhl]sdkx 203 zdkc dkdldmsr odq
fWsd ne ] ghfgkx qdodshshud bhqbths- Hm bnmsq]rs+ sgd rs]sd,ne,sgd,]qs Z05[ %]m
hmenql]shnm,sgdnqdshb L%m{A{( oqnsnbnk enq s / m.2( qdpthqdr d]bg o]qsx sn bnl,
ltmhb]sd ]ooqnwhl]sdkx 312 ’dkc dkdldmsr odq ltkshokhb]shnm f]sd- Sgtr+ %hm
sgdnqx( vd dwodbs ntq oqnsnbnk sn ntsodqenql Z05[ enq bhqbthsr vhsg ]qntmc 64˜
ltkshokhb]shnm f]sdr vhsg itrs 014 o]qshdr- Rhmbd sgd odq,o]qsx bnlltmhb]shnm hm
ntq oqnsnbnk cdbqd]rdr ]r sgd mtladq ne o]qshdr hmbqd]rd+ ntq oqnsnbnk hr dwodbsdc
sn odqenql adssdq ]r sgd mtladq ne o]qshdr hmbqd]rd-
Ud bnm’ql ntq bnmidbstqd uh] ] oqdkhlhm]qx hlokdldms]shnm ne ntq l]kh,

bhntr rdbtqd oqnsnbnk ]mc fhud bnmbqdsd ld]rtqdldmsr ne qtmmhmf hs enq to sn 2//
o]qshdr+ ]bqnrr ltkshokd mdsvnqj rdsshmfr- Rhmbd rs]sd,ne,sgd,]qs gnmdrs,l]inqhsx
LOB oqnsnbnk g]ud nmkx addm sdrsdc vhsg rl]kkdq mtladqr ne o]qshdr+ vd rgnv
sg]s ntq oqnsnbnk hr bnlo]q]akx d�bhdms dudm enq edvdq mtladq ne o]qshdr- Lnqd,
nudq+ ntq mtladqr rtffdrs sg]s ntq oqnsnbnk vntkc ntsodqenql sgdrd dwhrshmf
oqnsnbnkr vgdm dwdbtsdc vhsg gtmcqdcr nq sgntr]mcr ne ok]xdqr ]s dpthu]kdms
bhqbths cdosgr-

:ookhbZshnm sn Wdpn)Imnvkdcfd Opnner- Sgd IMA,hm,sgd,gdWc o]q]chfl ne
Hrg]h ds ]k- Z17[ hr ] vdkk,jmnvm sdbgmhptd enq bnmrsqtbshmf d�bhdms sgqdd,qntmc
otakhb,bnhm gnmdrs,udqh’dq ydqn,jmnvkdcfd oqnne rxrsdlr %]j] rhfl] oqnsnbnkr(
eqnl %gnmdrs,l]inqhsx( LOB oqnsnbnkr- Rtbg oqnne rxrsdlr b]m ad l]cd mnm,
hmsdqWbshud+ hm sgd q]mcnl nq]bkd lncdk Z2[ uh] sgd Eh]s,Rg]lhq o]q]chfl Z03[-
Pdbdms vnqjr g]ud cdlnmrsq]sdc sgd oq]bshb]k uh]ahkhsx ne sghr ]ooqn]bg ax bnm,
rsqtbshmf ydqn,jmnvkdcfd oqnner Z1+4+11+18[ vgdqd sgd oqnne rhyd g]r khmd]q nq
rta,khmd]q cdodmcdmbd nm sgd rhyd ne sgd qdk]shnm bhqbths-
Ntq l]khbhntr,rdbtqd LOB oqnsnbnk b]m ad trdc sn hmrs]msh]sd sgd LOB,hm,

sgd,gd]c o]q]chfl vgdm sgd qdk]shnm bhqbths g]r ghfgkx qdodshshud enql- Sgd rhyd
ne sgd qdrtkshmf oqnner vhkk ad bnlo]q]akd sn sgd adrs,jmnvm khmdWq,rhydc oqnne
rxrsdl bnmrsqtbsdc uh] sghr ]ooqn]bg Z18[- Hlonqs]mskx+ gnvdudq+ hs b]m g]ud
lnqd d�bhdms oqnudq ]mc udqh’dq bnlots]shnm shld- Sghr hr adb]trd Z18[ qdpthqdr
o]q]kkdk qdodshshnm sn fds mdfkhfhakd rntmcmdrr+ ]mc g]ud bnlots]shnm shld khmd]q
hm sgd mtladq ne rhltk]sdc ok]xdqr- Ntq oqnsnbnk %ax uhqstd ne adhmf ]m Nqcdq,B
]mc gnmdrs l]inqhsx oqnsnbnk(+ nm sgd nsgdq g]mc+ b]m ]bbnllnc]sd l]rrhud
mtladqr ne %rhltk]sdc( o]qshdr vhsgnts hmbqd]rhmf sgd oqnsnbnk rhltk]shnm shld
]mc ]bghdud rl]kk rntmcmdrr dqqnq vhsgnts qdpthqhmf ]cchshnm]k o]q]kkdk qdodsh,
shnm- Ehm]kkx+ vd mnsd sg]s rtakhmd]q,rhydc oqnner Z1[ sxohb]kkx qdpthqd rtodq,khmd]q

2 Vd mnsd sg]s enq lnqd bnllnmkx trdc bnqqtoshnm sgqdrgnkcr O,1 / n / O,3* sgd
nudqgd]c hmbtqqdc ax ntq bnlohkdq hr rnldvgdqd adsvddm 1-4z2-
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oqnudq shld+ hm vghbg b]rd rhltk]shmf ntq oqnsnbnk l]x ad lnqd bnlots]shnm]kkx
d�bhdms enq sgd oqnudq- Ud kd]ud etqsgdq dwoknq]shnm ne sghr chqdbshnm enq etstqd
vnqj-

Etstpd Chpdbshnmr- Ntq oqnsnbnkr ]bghdud L%{A{( bnlokdwhsx enq ] k]qfd bk]rr
ne mnm,RHLC bhqbthsr+ m]ldkx+ ghfgkx qdodshshud bhqbthsr- @ m]stq]k nodm ptdrshnm
hr vgdsgdq hs hr onrrhakd sn dwsdmc ntq vnqj sn g]mckd nsgdq bk]rrdr ne bhqbthsr-
@mnsgdq hlonqs]ms chqdbshnm enq etstqd vnqj hr sn etqsgdq hloqnud tonm sgd

bnmbqdsd d�bhdmbx ne ntq rdlh,gnmdrs L%{A{( oqnsnbnk- Sgd ltkshokhb]shud bnm,
rs]ms hm ntq oqnsnbnk bnlokdwhsx hr oqhl]qhkx chbs]sdc ax sgd stm]akd o]q]ldsdq
Ω+ vghbg hr hmgdqdms hm ORR,a]rdc oqnsnbnkr- Sgtr+ ]bghduhmf hloqnudldmsr nm
sghr eqnms vhkk khjdkx qdpthqd chffidqdms sdbgmhptdr-
Ntq l]khbhntr rdbtqhsx bnlohkdq+ vghbg athkcr nm hcd]r eqnl Z6[+ hmbtqr ]

ltkshokhb]shud nudqgd]c ne rnldvgdqd adsvddm 1-4 ]mc 2+ nudq sgd rdlh,gnmdrs
oqnsnbnk- Pdbdms vnqjr ne Z05+14[ ]bghdud dudm knvdq nudqgd]cr sg]m sgd bnl,
ohkdq ne Z6[- @mnsgdq trdetk chqdbshnm vntkc ad sn hmsdfq]sd ntq hcd]r vhsg sgd
sdbgmhptdr hm Z05+14[ %onrrhakx enq ] knvdq bnqqtoshnm sgqdrgnkc( sn nas]hm lnqd
d�bhdms bnlohkdqr enq ORR,a]rdc oqnsnbnkr- Ud kd]ud sghr enq etstqd vnqj-

1 SdagmhaTk Nudpuhdv

Ud adfhm ntq sdbgmhb]k nudquhdv ax qdb]kkhmf sgd jdx sdbgmhptdr cdudknodc hm
oqhnq vnqjr enq qdctbhmf cdodmcdmbd nm sgd mtladq ne o]qshdr- Ud sgdm oqnbddc
sn cdrbqhad ntq l]hm hcd]r hm Rdbs- 1-1-

1-. AZbifpntmc

Bk]rrhb]k LOB oqnsnbnkr g]ud bnlltmhb]shnm ]mc bnlots]shnm bnlokdwhsx
L%m1{A{(- Sgdrd oqnsnbnkr+ dwdlokh’dc ax Z3[+ kdudq]fd Rg]lhq”r rdbqds rg]qhmf
Z26[ sn e]bhkhs]sd chrsqhatsdc bnlots]shnm ]mc qdpthqd bnlltmhb]shnm enq d]bg
ltkshokhb]shnm f]sd sn dm]akd cdfqdd qdctbshnm- Sxohb]k ltkshokhb]shnm rtaoqn,
snbnkr qdpthqd sg]s d]bg o]qsx rdmc ] ldrr]fd sn dudqx nsgdq o]qsx enq dudqx
ltkshokhb]shnm f]sd+ qdrtkshmf hm sns]k bnlltmhb]shnm bnlokdwhsx L%m1{A{(- @r
ldmshnmdc d]qkhdq+ svn chffidqdms sdbgmhptdr g]ud addm cdudknodc sn qdctbd sgd
]rxlosnshb bnlokdwhsx ne LOB oqnsnbnkr cnvm sn L%m{A{(9 d�bhdms ltkshokhb],
shnm sdbgmhptdr ]mc o]bjdc rdbqds rg]qhmf-

D�bhdms LtkshokhbZshnm- Hm Z01[+ C]lfff]qc ]mc Mhdkrdm cdudkno ] q]mcnlmdrr
fdmdq]shnm sdbgmhptd sg]s ]kknvr enq ] lnqd d�bhdms ltkshokhb]shnm rtaoqnsnbnk-
@s sgd adfhmmhmf ne sgd oqnsnbnk+ sgd o]qshdr fdmdq]sd rg]qdr ne q]mcnl u]ktdr+
ok]mmhmf sn trd nmd ne sgdrd u]ktdr enq d]bg ltkshokhb]shnm f]sd- Sgdrd rg]qdr
]qd fdmdq]sdc hm aWsbgdr+ trhmf ] rtaoqnsnbnk qdpthqhmf L%m1( bnlltmhb]shnm
sg]s ntsotsr �%m( rg]qdr ne q]mcnl u]ktdr- Sghr aWsbgdc qWmcnlmdrr fdmdqWshnm
rtaoqnsnbnk b]m ad trdc sn bnlotsd L%{A{( rg]qdc u]ktdr vhsg sns]k bnlokdwhsx
L%m{A{(- @esdq knb]kkx du]kt]shmf ] ltkshokhb]shnm f]sd+ sgd ok]xdqr trd nmd ne
sgdrd rg]qdc q]mcnl u]ktdr sn l]rj sgd f]sd ntsots- Ok]xdqr sgdm rdmc sgd



Nqcdq,B Rdbtqd Ltksho]qsx Bnlots]shnm enq Ghfgkx Pdodshshud Bhqbthsr 558

l]rjdc f]sd ntsots sn ] kdWcdq+ vgn qdbnmrsqtbsr ]mc aqn]cb]rsr sgd qdrtks
a]bj sn ]kk ok]xdqr-3 Ehm]kkx+ ok]xdqr knb]kkx qdlnud sgd l]rj sn fds ] rg]qdc
u]ktd ne sgd ]ooqnoqh]sd cdfqdd- Sghr ltkshokhb]shnm rtaoqnsnbnk g]r bnlokdwhsx
L%m(-

OZbidc Rdbpds RgZphmf- Hm Z04[+ Eq]mjkhm ]mc Xtmf oqnonrdc ] udbsnqhydc udq,
rhnm ne Rg]lhq rdbqds rg]qhmf b]kkdc oWbjdc rdbqds rgWqhmf sg]s sq]cdr ] knvdq bnq,
qtoshnm sgqdrgnkc enq lnqd d�bhdms qdoqdrdms]shnm ne rdbqdsr- Lnqd rodbh’b]kkx+
sgdhq rbgdld ]kknvr ] cd]kdq sn rg]qd ] udbsnq ne �%m( rdbqdsr rtbg sg]s d]bg ne sgd
m ok]xdqr rshkk nmkx gnkc ] rhmfkd ’dkc dkdldms- Hlonqs]mskx+ sgd qdrtkshmf rg]qdr
oqdrdqud ] RHLC udqrhnm ne sgd gnlnlnqoghrlr qdpthqdc sn qtm LOB- Rodbh’,
b]kkx+ he P ; %w0πw1πw2( ]mc X ; %x0π x1π x2( ]qd sgd udbsnqr sg]s ]qd rg]qdc ]mc
]ccdc nq ltkshokhdc+ sgd qdrtks hr ] rg]qhmf ne P)X ; %w0)x0πw1)x1πw2)x2(
nq PX ; %w0x0πw1x1πw2x2( qdrodbshudkx- Khjd sq]chshnm]k Rg]lhq rdbqds rg]q,
hmf+ sgd cdfqdd ne sgd onkxmnlh]k bnqqdronmchmf sn PX hr svhbd sg]s ne nqhfhm]k
o]bjdc rg]qhmfr ne P ]mc X - Sghr ]kknvr ok]xdqr sn bnlotsd nudq �%m( f]sdr
rhltksWmdntrkx+ oqnuhcdc svn oqnodqshdr ]qd r]shr’dc9 %0( ]kk ne sgd f]sdr odqenql
sgd rWld nodqWshnm ]mc %1( sgd hmotsr sn d]bg f]sd Wqd hm hcdmshbWk onrhshnmr hm
sgd qdrodbshud udbsnqr- Hm o]qshbtk]q+ hs hr mns onrrhakd sn bnlotsd w0x1 hm sgd
oqduhntr dw]lokd+ ]r w0 ]mc x1 ]qd mns Wkhfmdc- Gnvdudq+ he sgd bhqbths g]r sgd
bnqqdbs rsqtbstqd+ o]bjdc rdbqds rg]qhmf qdctbdr LOB bnlokdwhsx eqnl L%m1{A{(
sn L%m{A{(-

1-1 Ntp :oopnZbg7 Rdlh)gnmdrs Rdbtphsx

: RspZvlZm Opnsnbnk- @ m]stq]k hcd] snv]qcr ]bghduhmf L%{A{( LOB hr sn
cdrhfm ] oqnsnbnk sg]s b]m s]jd ]cu]ms]fd ne ansg d�bhdms ltkshokhb]shnmr ]mc
o]bjdc rdbqds rg]qhmf- @r d]bg sdbgmhptd ]rxlosnshb]kkx rg]udr nffi ] e]bsnq ne
m+ vd b]m dwodbs sgd qdrtkshmf oqnsnbnk sn g]ud bnlokdwhsx L%{A{(- @ m]ıflud
%rsq]vl]m( oqnsnbnk bnlahmhmf sgdrd sdbgmhptdr lhfgs oqnbddc ]r enkknvr9

— Ok]xdqr dmf]fd hm ] ’qrs og]rd sn fdmdq]sd o]bjdc rg]qdr ne q]mcnl udb,
snqr trhmf sgd a]sbghmf sdbgmhptd chrbtrrdc d]qkhdq- Sghr rtaoqnsnbnk qdpthqdr
L%m1( ldrr]fdr sn fdmdq]sd �%m( rg]qdr ne o]bjdc q]mcnl u]ktdr+ d]bg bnm,
s]hmhmf �%m( dkdldmsr- @r vd mddc ] rhmfkd q]mcnl u]ktd odq ltkshokhb]shnm
f]sd+ L%{A{( sns]k ldrr]fdr ]qd rdms-

— Ctqhmf sgd hmots rg]qhmf og]rd+ ok]xdqr fdmdq]sd o]bjdc rg]qdr ne sgdhq hmotsr+
chrsqhatshmf rg]qdr sn ]kk ok]xdqr-

— Ok]xdqr oqnbddc sn du]kt]sd sgd bhqbths nudq sgdrd o]bjdc rg]qdr+ trhmf ] rhmfkd
kd]cdq sn qtm sgd d�bhdms ltkshokhb]shnm oqnsnbnk sn qdctbd sgd cdfqddr ne
rg]qhmfr ]esdq ltkshokhb]shnm- Sghr ltkshokhb]shnm rtaoqnsnbnk qdpthqdr L%m(
bnlltmhb]shnm sn du]kt]sd �%m( f]sdr+ rn sgd sns]k bnlokdwhsx hr L%{A{(-

— Nmbd sgd ntsotsr g]ud addm bnlotsdc+ ok]xdqr aqn]cb]rs sgdhq ntsots rg]qdr
]mc qdbnmrsqtbs sgd ntsots-

3 Sgd bgnhbd ne sgd kd]cdq b]m ad qns]sdc ]lnmfrs sgd ok]xdqr sn chuhcd sgd sns]k
bnlots]shnm-



56/ F- Adbj ds ]k-

Ughkd m]stq]k+ sghr sdlok]sd e]kkr rgnqs adb]trd sgd bhqbths l]x mns r]shrex
sgd qdpthqdldmsr sn odqenql RHLC bnlots]shnm nudq o]bjdc rg]qdr- @r ldm,
shnmdc adenqd+ o]bjdc rdbqds rg]qhmf nmkx nffidqr r]uhmfr he ]kk sgd rhltks]mdntrkx
du]kt]sdc f]sdr ]qd sgd r]ld ]mc ]kk f]sd hmotsr ]qd oqnodqkx ]khfmdc- Gnvdudq+
sghr hr ]m tmqd]rnm]akd qdrsqhbshnm sn hlonrd nm sgd bhqbthsr- Hmcddc+ qtmmhmf
hmsn sghr oqnakdl+ Z0/+1/[ rgnv sg]s ]mx bhqbths b]m ad lnch’dc sn nudqbnld
sgdrd khlhs]shnmr+ ]s sgd bnrs ne ] rhfmh’b]ms aknvto hm sgd bhqbths rhyd+ vghbg
]cudqrdkx ]ffidbsr sgdhq bnlots]shnm ]mc bnlltmhb]shnm d�bhdmbx- %Ud chrbtrr
sgdhq ]ooqn]bg hm lnqd cds]hk k]sdq hm sghr rdbshnm-(

Ntp HcdZr- Uhsgnts rtbg ] bhqbths sq]mrenql]shnm+ gnvdudq+ hs hr mns hlldch,
]sdkx bkd]q gnv sn s]jd ]cu]ms]fd ne o]bjdc rdbqds rg]qhmf %nsgdq sg]m enq RHLC
bhqbthsr(- Sn ]ccqdrr sghr bg]kkdmfd+ vd cduhrd svn bnmbdost]k snnkr+ d]bg ne vghbg
vd vhkk –rhltk]sd“ trhmf dwhrshmf oqhlhshudr+ ]r cdrbqhadc adknv9

0- Chffidqhmf,nodqWshnm oWbjdc rdbqds rgWqhmf+ ] u]qh]ms ne o]bjdc rdbqds rg]qhmf
hm vghbg chffidqdms nodq]shnmr b]m ad du]kt]sdc enq d]bg onrhshnm hm sgd udbsnq-
Enq dw]lokd+ ok]xdqr gnkchmf rg]qdr ne %w0πw1πw2( ]mc %x0π x1π x2( ]qd tm]akd
sn bnlotsd %w0x0πw1) x1πw2x2(- Uhsg chffidqhmf,nodqWshnm oWbjdc rdbqds rgWq,
hmf+ vd hl]fhmd sgd ok]xdqr b]m fdmdq]sd ]m nodq]shnm udbsnq %d-f- %·π)π·((
]mc ]ookx sgd bnqqdronmchmf nodq]shnm sn d]bg o]hq ne hmotsr- Fhudm rtbg ]
oqhlhshud+ sgdqd vntkc ad mn mddc sn lnchex ] bhqbths sn dmrtqd sg]s rg]qdr
]qd du]kt]sdc nm sgd r]ld jhmc ne f]sd-

1- ? qdWkhfmldms oqnbdctqd sg]s ]kknvr oqd,dwhrshmf o]bjdc rdbqds rg]qdr sn ad
lnch’dc rn oqduhntrkx tm]khfmdc udbsnq dmsqhdr b]m ad lnudc ]mc ]khfmdc
oqnodqkx enq bnmshmtdc bnlots]shnm vhsgnts qdpthqhmf bhqbths lnch’b]shnm-

Ud mnsd sg]s ghfgkx qdodshshud bhqbthsr ]qd kWxdqdc bhqbthsr %sg]s hr sgd hmotsr
sn k]xdq f)0 ne ] bhqbths ]qd ]kk ntsots vhqdr eqnl k]xdq f(- Enq sgd qdl]hmcdq ne
sghr rdbshnm+ vd vhkk l]jd sgd rhlokhexhmf ]rrtloshnm sg]s bhqbthsr bnms]hm nmkx
ltkshokhb]shnm ]mc ]cchshnm f]sdr ]mc sg]s sgd bhqbths hr k]xdqdc- Ud dwo]mc ntq
]m]kxrhr sn bnudq nsgdq f]sdr %d-f- qdk]x f]sdr( hm sgd sdbgmhb]k rdbshnmr-

RhltkWshmf Chffidqhmf,nodqWshnm MWbjdc Rdbqds RgWqhmf- Sn qd]khyd chffidqhmf,
nodq]shnm o]bjdc rdbqds rg]qhmf+ vd qdpthqd sgd o]qshdr sn bnlotsd ansg nodq],
shnmr nudq sgdhq hmots udbsnqr- Enq hmrs]mbd+ he sgd ok]xdq gnkc rg]qd ne %w0πw1πw2(
]mc %x0π x1π x2( ]mc vhrg sn bnlotsd sgd nodq]shnm udbsnq %·π)π·(π sgdx adfhm
ax bnlotshmf ansg %w0 ) x0πw1 ) x1πw2 ) x2( ]mc %w0x0πw1x1πw2x2(- Mnsd sg]s
]kk sgd dmsqhdr qdpthqdc enq sgd ’m]k qdrtks ]qd bnms]hmdc hm sgdrd udbsnqr+ ]mc sgd
ok]xdqr itrs mddc sn –rdkdbs“ vghbg ne sgd ]khfmdc dmsqhdr vhkk ad hmbktcdc hm sgd
’m]k qdrtks-
Pdb]kk sg]s hm sgd ltkshokhb]shnm oqnbdctqd cdrbqhadc d]qkhdq+ sgd kd]cdq qdbnm,

rsqtbsr ]kk l]rjdc ntsotsr adenqd qdrg]qhmf sgdl- Ud lnchex sghr oqnbdctqd
sn g]ud sgd kd]cdq qdbnmrsqtbs ansg sgd rtl ]mc oqnctbs ne sgd hmots udb,
snqr+ h-d- sgd tmo]bjdc u]ktdr w0 ) x0πw1 ) x1πw2 ) x2πw0x0πw1x1πw2x2 %vghkd
l]rjdc(- Sgd kd]cdq sgdm odqenqlr sghr –rdkdbshnm“ oqnbdrr+ ]mc o]bjr nmkx sgd
qdpthqdc u]ktdr sn fds ] udbsnq %w0x0πw1 ) x1πw2x2(+ ]mc chrb]qcr sgd tmtrdc
u]ktdr w0 ) x0πw1x1πw2 ) x2- Rg]qdr ne sghr udbsnq ]qd sgdm chrsqhatsdc sn sgd
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) ) )} } }

x+f+ f1 x1 f2 x2 f3 x3 f4 x4 f5 x5

�f+πf1πf2( �x+π x1π x2( � =qddl Glntsr ← �f3πf4πf5( �x3π x4π x5(

�y+π y1π y2( �y3π y4π y5(� =qddl Itsntsr ←

y+ y1 y2 y3 y4 y5

�y+π y2π y+( �y1π y4π y3( � PdpteqdR Otqnid Glntsr ← �y1π y3π y4( �y4π y5π y5(

Cgf� .� = rhlokd dw]lokd o]hq ne bhqbths k]xdqr hkktrsq]shmf sgd mddc enq chffidqhmf,
nodq]shnm o]bjdc rdbqds rg]qhmf ]mc ntq qd]khfmldms oqnbdctqd- Ok]xdqr adfhm ax
du]kt]shmf ansg ]cchshnm ]mc ltkshokhb]shnm nm d]bg o]hq ne hmots udbsnqr- Gnv,
dudq* sgd qdrtkshmf udbsnqr ]qd mns oqnodqkx ]khfmdc sn bnlotsd sgd otqokd k]xdq- Sn
fds oqnodqkx ]khfmdc o]bjhmfr* sgd udbsnqr &t8aa+ Θ t8aa1 Θ t8aa2 (Θ &tltdm+ Θ tltdm1 Θ tltdm2 ( ]mc
&t8aa3 Θ t8aa4 Θ t8aa5 (Θ &tltdm3 Θ tltdm4 Θ tltdm5 ( ]qd l]rjdc ]mc nodmdc sn sgd kd]cdq- Sgd kd]cdq
qdo]bjr sgdrd u]ktdr rtbg sg]s sgd qdrtkshmf udbsnqr vhkk ad oqnodqkx ]khfmdc enq bnl,
otshmf sgd otqokd k]xdq- Enq hmrs]mbd* hm sghr b]rd sgd kd]cdq vntkc cd]k rg]qdr ne
&t8��+ Θ tltdm2 Θ t8��+ (Θ &t8��1 Θ t8��4 Θ tltdm3 (Θ &t8aa1 Θ tltdm3 Θ t8aa4 (Θ ]mc &t8aa4 Θ tltdm5 Θ tltdm5 (

qdrs ne sgd ok]xdqr+ vgn tml]rj sgdhq rg]qdr- Mnsd sg]s sghr oqnbdctqd nmkx g]r
]m nudqgd]c ne 1+ ]r ansg ltkshokhb]shnm ]mc ]cchshnm ltrs ad bnlotsdc-4

RhltkWshmf sgd PdWkhfmldms Mqnbdctqd- Ehqrs mnsd sg]s qd]khfmhmf o]bjdc rg]qdr
l]x qdpthqd mns nmkx hmsdqm]k odqlts]shnmr ne sgd rg]qdr+ ats ]krn rv]oohmf
u]ktdr ]bqnrr udbsnqr- Enq dw]lokd+ bnmrhcdq sgd bhqbths rmhoods cdohbsdc hm Ehf- 0-
Sgd ntsotsr ne sgd fqddm %anssnl( k]xdq ]qd mns rsqtbstqdc bnqqdbskx sn dm]akd
bnlotshmf sgd otqokd %sno( k]xdq+ ]mc qdpthqd sghr bqnrr,udbsnq rv]oohmf- @r
rtbg+ vd qdpthqd ] qd]khfmldms oqnbdctqd sg]s s]jdr hm ]kk sgd udbsnqr ntsots
ax bnlotshmf ] o]qshbtk]q bhqbths k]xdq ]mc ntsotsr ltkshokd oqnodqkx ]khfmdc
udbsnqr-
Ntq qd]khfmldms oqnbdctqd athkcr nm sgd hcd]r trdc sn qd]khyd chffidqhmf,

nodq]shnm o]bjdc rdbqds rg]qhmf- Pdb]kk sg]s sgd kd]cdq hr qdronmrhakd enq qdbnm,
rsqtbshmf sgd l]rjdc qdrtks u]ktdr eqnl Wkk f]sdr hm sgd oqduhntr k]xdq- Uhsg
]bbdrr sn ]kk sgdrd l]rjdc u]ktdr+ sgd kd]cdq hr mns nmkx ]akd sn rdkdbs adsvddm
] o]hq ne u]ktdr enq d]bg dkdldms ne ] udbsnq %]r adenqd(+ ats hmrsd]c b]m ]qah,
sq]qhkx rdkdbs sgd u]ktdr qdpthqdc eqnl ]bqnrr ]kk ntsotsr- Enq hmrs]mbd+ hm sgd
bhqbths rmhoods hm Ehf- 0+ sgd kd]cdq g]r l]rjdc+ qdbnmrsqtbsdc u]ktdr y]LLe π yltjs

e

enq f � Z5[- Oqnbddchmf eqnl kdes sn qhfgs ne sgd otqokd k]xdq+ sgd kd]cdq otsr sgd
u]ktd bnqqdronmchmf sn sgd kdes hmots vhqd ne ] f]sd hmsn ] udbsnq ]mc sgd qhfgs
hmots vhqd u]ktd hmsn sgd bnqqdbskx ]khfmdc rkns ne ] bnqqdronmchmf udbsnq- Trhmf
4 Hm sghr snx dw]lokd nmkx nmd udbsnq hr chrsqhatsdc a]bj sn sgd o]qshdr- He k]xdqr ]qd
]ooqnwhl]sdkx ne sgd r]ld rhyd* ]m ]ooqnwhl]sdkx dpt]k mtladq ne udbsnqr vhkk ad
qdstqmdc-
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sghr oqnbdctqd+ sgd hmots udbsnqr enq sgd ’qrs sgqdd f]sdr ne sgd otqokd k]xdq vhkk
ad %y]LL0 π yltjs

2 π y]LL0 ( %kdes vhqdr( ]mc %y]LL1 π y]LL4 π yltjs
3 ( %qhfgs vhqdr(-

Mtsshmf hs Snfdsgdq- Ud ]qd mnv ]akd sn qd’md sgd rsq]vl]m oqnsnbnk hmsn ]
etmbshnm]k oqnsnbnk- Ugdm du]kt]shmf ] bhqbths k]xdq+ sgd ok]xdqr qtm ] oqnsnbnk
sn rhltk]sd chffidqhmf,nodq]shnm o]bjdc rdbqds rg]qhmf+ ax du]kt]shmf d]bg f]sd
]r ansg ]m ]cchshnm f]sd ]mc ltkshokhb]shnm f]sd- Sgdm+ sgd kd]cdq qtmr sgd
qd]khfmldms oqnbdctqd sn oqdo]qd udbsnqr sg]s ]qd ]ooqnoqh]sd enq sgd mdws k]xdq
ne bnlots]shnm- Ehm]kkx+ sgd kd]cdq rdbqds rg]qdr sgdrd mdv udbsnqr+ chrsqhatshmf
sgdl sn ]kk ok]xdqr+ ]mc bnlotshmf sgd mdws k]xdq b]m bnlldmbd- Bnmbdost]kkx+
sgd oqnsnbnk trdr sgd kd]cdq sn –tmo]bj“ ]mc –qdo]bj“ sgd rg]qdr sn rhltks]md,
ntrkx r]shrex ansg qdpthqdldmsr ne RHLC bnlots]shnm-

KdudpZfhmf Bhpbthsr vhsg Ghfgkx Pdodshshud Rsptbstpd- Tmshk sghr onhms+
vd g]ud addm trhmf sgd l]rjhmf oqhlhshud hloqdbhrdkx+ ]rrtlhmf sg]s hs bntkc
]bbnllnc]sd sgd oqnbdctq]k bg]mfdr chrbtrrdc ]anud vhsgnts lnch’b]shnm- Sghr
gnvdudq+ hr mns sgd b]rd- Adb]trd vd mddc sn l]rj ]mc tml]rj u]ktdr vghkd sgdx
]qd hm ] o]bjdc enql+ sgd lWrjr sgdlrdkudr ltrs ad fdmdqWsdc Wmc gWmckdc hm
oWbjdc enql-
Bnmrhcdq sgd dw]lokd udbsnqr trdc sn cdrbqhad chffidqhmf,nodq]shnm o]bjdc

rdbqds rg]qhmf+ sqxhmf sn bnlotsd %w0x0πw1 ) x1πw2x2( fhudm %w0πw1πw2( ]mc
%x0π x1π x2(- He sgd r]ld l]rj %q0π q1π q2( hr trdc sn l]rj ansg sgd rtl ]mc oqnc,
tbs ne sgdrd udbsnqr+ oqhu]bx vhkk mns gnkc: enq dw]lokd+ sgd kd]cdq vhkk nodm sgd
u]ktdr w0 ) x0 ) q0 ]mc w0x0 ) q0+ ]mc sgtr kd]qm rnldsghmf ]ants w0 ]mc x0-
He %q0π q1π q2( hr trdc sn l]rj ]cchshnm ]mc %q©0π q©1π q©2( hr trdc enq ltkshokhb]shnm+
sgdqd hr oqhu]bx+ ats hs hr tmbkd]q gnv sn tml]rj sgd qdrtks- Sgd rg]qdc udbsnq
chrsqhatsdc ax sgd kd]cdq vhkk bnqqdronmc sn %w0x0 ) q0πw1 ) x1 ) q©1πw2x2 ) q2(
]mc sgd q]mcnl u]ktdr b]mmns ad qdlnudc vhsg nmkx ]bbdrr sn %q0π q1π q2( ]mc
%q©0π q©1π q©2(- Sn qtm sgd qd]khfmldms oqnbdctqd+ sgd r]ld oqnakdl ]qhrdr9 sgd
tml]rjhmf udbsnqr ltrs g]ud ] chffidqdms rsqtbstqd sg]m sgd l]rjhmf udbsnqr+
vhsg sgdhq qdk]shnmrgho cdsdqlhmdc ax sgd rsqtbstqd ne sgd mdws bhqbths k]xdq-
Ud nudqbnld sghr oqnakdl ax l]jhmf lnch’b]shnmr sn sgd a]sbgdc q]mcnl,

mdrr fdmdq]shnm oqnbdctqd- Hmrsd]c ne fdmdq]shmf rsqtbstq]kkx hcdmshb]k l]rjhmf
]mc tml]rjhmf rg]qdr+ vd hmrsd]c trd sgd bhqbths rsqtbstqd sn odqltsd sgd q]m,
cnl hmotsr trdc ctqhmf q]mcnlmdrr fdmdq]shnm rn vd fds ntsotsr ne sgd qhfgs
enql- Hm sgd dw]lokd ]anud+ sgd ok]xdqr vhkk bnkkdbshudkx fdmdq]sd sgd lWrjhmf
udbsnqr %q0π q1π q2( ]mc %q©0π q©1π q©2(+ vgdqd d]bg dmsqx hr r]lokdc hmcdodmcdmskx ]s
q]mcnl- Sgd ok]xdqr sgdm fdmdq]sd sgd tmlWrjhmf udbsnq %q0π q©1π q2( ax odqlts,
hmf sgdhq hmotsr sn sgd fdmdq]shnm ]kfnqhsgl- Enq ] lnqd bnlokdsd cdrbqhoshnm ne
sghr rtaoqnsnbnk+ rdd Rdbs- 5-0-
Gnvdudq+ hs hr bqhshb]k enq d�bhdmbx sg]s vd fdmdq]sd ]kk q]mcnlmdrr hm aWsbgdr-

Ax odqltshmf sgd hmotsr sn sgd q]mcnlmdrr fdmdq]shnm ]kfnqhsgl+ vd fds �%m(
l]rjr sg]s ]qd bnqqdbskx rsqtbstqdc enq W oWqshbtkWq oWqs ne sgd bhqbths rsqtb,
stqd- He sghr o]qshbtk]q rsqtbstqd nbbtqr nmkx nmbd hm sgd bhqbths+ nmkx nmd ne sgd
�%m( rg]qdr b]m ]bst]kkx ad trdc ctqhmf bhqbths du]kt]shnm- Hm sgd vnqrs b]rd+ he
d]bg bhqbths rtarsqtbstqd hr tmhptd+ sgd qdrtkshmf q]mcnlmdrr fdmdq]shnm og]rd
qdpthqdr L%m{A{( bnlltmhb]shnm bnlokdwhsx-
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Sghr hr vgdqd sgd qdpthqdldms enq ghfgkx qdodshshud bhqbthsr adbnldr qdkdu]ms-
Sghr bk]rr ne bhqbthsr ft]q]msddr sg]s %0( sgd bhqbths k]xdqr ]qd vhcd dmntfg sg]s
trhmf o]bjdc rdbqds rg]qhmf vhsg udbsnqr bnms]hmhmf �%m( dkdldmsr hr ]ooqnoqh]sd+
]mc %1( ]kk �%m( rg]qdr ne q]mcnl u]ktdr fdmdq]sdc ctqhmf sgd a]sbgdc q]mcnl,
mdrr fdmdq]shnm og]rd b]m ad trdc ctqhmf bhqbths du]kt]shnm- Ud mnsd sg]s sghr
hr ] q]sgdq rhlokh’dc udqrhnm ne sgd cd’mhshnm+ vd fhud ] enql]k cd’mhshnm ne rtbg
bhqbthsr hm Rdbs- 3-1-

Mnm)hmsdpZbshud oZbidc rdbpds rgZphmf epnl spZchshnmZk rdbpds rgZpdr-
@mnsgdq khlhs]shnm ne sgd rsq]vl]m oqnsnbnk oqdrdmsdc ]anud hr sg]s sgd bhqbths
ltrs dmrtqd sg]s ]kk hmotsr eqnl ] rhmfkd o]qsx b]m ad o]bjdc hmsn ] rhmfkd o]bjdc
rdbqds rg]qhmf ]s sgd adfhmmhmf ne sgd oqnsnbnk- Ud cduhrd ] mnudk rsq]sdfx %rdd
Rdbs- 4( sg]s ]kknvr o]qshdr sn rdbqds rg]qd d]bg ne sgdhq hmotsr hmchuhct]kkx trhmf
qdftk]q rdbqds rg]qhmf- O]qshdr b]m sgdm mnm,hmsdqWbshudkx o]bj sgd ]ooqnoqh]sd
hmotsr ]bbnqchmf sn sgd bhqbths rsqtbstqd- Sghr rsq]sdfx b]m ]krn ad trdc sn d�,
bhdmskx rvhsbg sn L%m{A{( oqnsnbnkr vgdm o]qsr ne sgd bhqbths k]bj ghfgkx qdodshshud
rsqtbstqd: sgd kd]cdq nlhsr sgd qdo]bjhmf rsdo+ ]mc sgd o]qshdr bnlotsd nm sq],
chshnm]k rdbqds rg]qd tmshk sgd bhqbthsr adbnldr ghfgkx qdodshshud+ ]s vghbg onhms
sgdx mnm,hmsdq]bshudkx qd,o]bjhmf ]mx vhqd u]ktdr %rdd Rdbs- 3-3(-
Dwhrshmf L%{A{( oqnsnbnkr khjd Z0/[ cn mns dwokhbhskx chrbtrr gnv sgdhq oqnsnbnk

g]mckdr sghr hmots rbdm]qhn- Ud onrhs sg]s sghr hr adb]trd sgdqd ]qd fdmdqhb sq]mr,
enql]shnmr khjd dladcchmf rvhsbghmf mdsvnqjr ]s sgd anssnl ne sgd bhqbths sg]s
]kknv ]mx bhqbths sn ad sq]mrenqldc hmsn ] bhqbths hm vghbg ] ok]xdq”r hmotsr b]m ad
o]bjdc snfdsgdq- Tmrtqoqhrhmfkx+ sgdrd sq]mrenql]shnmr rhfmh’b]mskx hmbqd]rd sgd
rhyd ne sgd bhqbths- Rhmbd Z0/[ hr oqhl]qhkx bnmbdqmdc vhsg ]rxlosnshb d�bhdmbx+
rtbg bhqbths lnch’b]shnm rsq]sdfhdr ]qd rt�bhdms enq sgdhq vnqj-

BnloZphrnm vhsg Z0/[- Ud aqhdfix qdb]kk sgd rsq]sdfx trdc hm Z0/[+ hm nqcdq sn
nudqbnld sgd khlhs]shnmr ne vnqjhmf vhsg o]bjdc rdbqds rg]qhmf sg]s vd chrbtrrdc
d]qkhdq- Sgdx oqdrdms ] fdmdqhb sq]mrenql]shnm sg]s sq]mrenqlr ]mx bhqbths hmsn
] bhqbths sg]s r]shr’dr sgd enkknvhmf oqnodqshdr9

0- Sgd sq]mrenqldc bhqbths hr k]xdqdc ]mc d]bg k]xdq nmkx bnmrhrsr ne nmd sxod ne
f]sdr-

1- Sgd sq]mrenqldc bhqbths hr rtbg sg]s+ vgdm du]kt]shmf hs nudq o]bjdc rdbqds
rg]qdr+ sgdqd hr mdudq ] mddc sn odqltsd u]ktdr ]bqnrr chffidqdms udbsnqr.aknbjr
sg]s ]qd rdbqds rg]qdc- Ughkd sgd u]ktdr vhsghm ] udbsnq lhfgs mddc sn ad odq,
ltsdc ctqhmf bhqbths du]kt]shnm+ sgd sq]mrenqldc bhqbths g]r ] mhbd oqnodqsx
sg]s nmkx knf ε %vgdqd ε hr sgd rhyd ne sgd aknbj( rtbg odqlts]shnmr ]qd mddcdc
sgqntfgnts sgd bhqbths-

Hs hr bkd]q sg]s sgd ’qrs oqnodqsx ]kqd]cx fdsr ]qntmc sgd ’qrs khlhs]shnm ne o]bjdc
rdbqds rg]qhmf- Sgd rdbnmc oqnodqsx o]qskx qdrnkudr sgd qdWkhfmldms qdpthqdldms
eqnl ] o]bjdc rdbqds rg]qhmf rbgdld ax nmkx qdpthqhmf odqlts]shnmr vhsghm ]
fhudm udbsnq- Sghr hr g]mckdc hm sgdhq oqnsnbnk ax fdmdq]shmf odqltsdc q]m,
cnl aknbjr sg]s ]qd trdc enq l]rjhmf ]mc tml]rjhmf hm sgd ltkshokhb]shnm rta,
oqnsnbnk- Rhmbd nmkx knf ε chffidqdms odqlts]shnmr ]qd qdpthqdc sgqntfgnts sgd
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oqnsnbnk+ sgdx ]qd ]akd sn fds rhfmh’b]ms r]uhmfr ax fdmdq]shmf q]mcnl o]hqr bnq,
qdronmchmf sn sgd r]ld odqlts]shnm hm aWsbgdr- Ntq –tmo]bjhmf“ ]mc –qdo]bj,
hmf“ ]ooqn]bg b]m ad uhdvdc ]r ] fdmdq]khy]shnm ne sgdhq sdbgmhptd+ hm sgd rdmrd
sg]s vd dm]akd odqlts]shnm ]mc ctokhb]shnm ne u]ktdr ]bqnrr chffidqdms udbsnqr ax
du]kt]shmf sgd dmshqd k]xdq hm nmd rgns-
@r mnsdc d]qkhdq+ sghr sq]mrenql]shnm hmsqnctbdr rhfmh’b]ms nudqgd]c sn sgd

rhyd ne sgd bhqbths+ ]mc hr sgd oqhl]qx qd]rnm enq sgd k]qfd ltkshokhb]shud ]mc ]cch,
shud sdqlr hm sgd nudq]kk bnlokdwhsx ne sgdhq oqnsnbnk- @r rtbg+ hs hr tmbkd]q gnv
sn chqdbskx trd sgdhq oqnsnbnk sn bnlotsd bhqbthsr vhsg ghfgkx qdodshshud rsqtb,
stqdr+ vghkd rjhoohmf sghr bhqbths sq]mrenql]shnm rsdo- Sghr hr oqhl]qhkx adb]trd
sgdrd bhqbthsr lhfgs mns r]shrex sgd ’qrs oqnodqsx ne sgd sq]mrenqldc bhqbths-
Lnqdnudq+ vghkd hs hr sqtd sg]s sgd mtladq ne onrrhakd odqlts]shnmr qdpthqdc hm
rtbg bhqbthsr ]qd udqx edv+ sgdx lhfgs qdpthqd odqltshmf u]ktdr ]bqnrr chffidqdms
udbsnqr+ vghbg b]mmns ad g]mckdc hm sgdhq oqnsnbnk-

1-2 LZkhbhntr Rdbtphsx

Rhfmh’b]ms vnqj g]r addm cnmd hm qdbdms xd]qr sn athkc bnlohkdqr sg]s s]jd
rdlh,gnmdrs oqnsnbnkr sg]s r]shrex bnllnm rsqtbstqdr ]mc oqnctbd d�bhdms l]kh,
bhntr oqnsnbnkr+ lnrs mns]akx hm sgd –]cchshud ]ss]bj o]q]chfl“ cdrbqhadc hm
Z10[- Sgdrd rdlh,gnmdrs oqnsnbnkr ]qd rdbtqd to sn Wcchshud WssWbjr+ sg]s hr ]mx
]cudqr]qh]k rsq]sdfx hr nmkx khlhsdc sn hmidbshmf ]cchshud dqqnqr nmsn d]bg ne sgd
vhqdr hm sgd bhqbths sg]s ]qd hmcdodmcdms ne sgd –]bst]k“vhqd u]ktdr- Sgd btqqdms
fdmdq]shnm ne bnlohkdqr enq sghr bk]rr ne rdlh,gnmdrs oqnsnbnkr+ dwdlokh’dc ax
Z6+05+14+24[+ hmsqnctbd nmkx ] rl]kk ltkshokhb]shud nudqgd]c %d-f-+ 1 hm sgd b]rd
ne Z6[( ]mc qdpthqd nmkx ] bnmrs]ms mtladq ne ]cchshnm]k qntmcr sn odqenql ]
rhmfkd+ bnmrnkhc]sdc bgdbj
Fdmjhm ds ]k- rgnvdc hm Z1/[ %vhsg ]cchshnm]k sdbgmhb]k cds]hkr hm Z08[( sg]s

oqnsnbnkr kdudq]fhmf o]bjdc rdbqds rg]qhmf rbgdldr cn mns r]shrex sgd rsqtbstqd
qdpthqdc sn kdudq]fd sgd bnlohkdqr cdrhfmdc hm sgd –]cchshud ]ss]bj o]q]chfl-“
Hmrsd]c+ sgdx rgnv sg]s lnrs rdlh,gnmdrs oqnsnbnkr sg]s trd o]bjdc rdbqds rg]q,
hmf ]qd rdbtqd to sn khmd]q dqqnqr+ sg]s hr sgd ]cudqr]qx b]m hmidbs dqqnqr nmsn
sgd ntsots vhqdr ne ltkshokhb]shnm f]sdr sg]s ]qd khmdWq etmbshnmr ne sgd u]ktdr
bnms]hmdc hm sgd o]bjdc rg]qhmf ne hmots vhqdr sn sghr f]sd- Ud nardqud sg]s sghr
]krn gnkcr sqtd enq ntq rdlh,gnmdrs oqnsnbnk- Sgdx oqdrdms ] l]khbhntr rdbtqhsx
bnlohkdq enq rtbg oqnsnbnkr sg]s hmsqnctbdr ] rl]kk ltkshokhb]shud nudqgd]c-
Sn ]bghdud l]khbhntr rdbtqhsx+ vd ]cc ] mdv bnmrnkhc]sdc bgdbj nmsn ntq rdlh,

gnmdrs oqnsnbnk+ qdlhmhrbdms ne sgd bgdbj enq bhqbthsr nudq rl]kk,’dkcr oqdrdmsdc hm
Rdbs- 4 ne Z6[- Sgd qdrtkshmf l]khbhntrkx rdbtqd oqnsnbnk g]r svhbd sgd bnlokdwhsx
ne ntq rdlh,gnmdrs oqnsnbnk+ oktr ] bnmrs]ms rhydc+ bnmrnkhc]sdc bgdbj ]s sgd dmc
— enq sgd ’qrs shld l]sbghmf sgd d�bhdmbx ne sgd bnlohkdqr cdrhfmdc enq oqnsnbnkr
rdbtqd to sn ]cchshud ]ss]bjr-
@r hm Z6[+ vd qtm svn o]q]kkdk dwdbtshnmr ne sgd bhqbths+ l]hms]hmhmf sgd hmu]qh,

]ms sg]s enq d]bg o]bjdc rds ne vhqdr y ; %y0π y1π , , , π yε( hm A sgd o]qshdr ]krn
bnlotsd y© ; qy ; %qy0π qy1π , , , π qyε( enq ] fkna]k+ rdbqds rb]k]q u]ktd q- Nmbd
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sgd ok]xdqr g]ud rg]qdr ne ansg y ]mc y© enq d]bg vhqd hm sgd bhqbths+ vd fdmdq,
]sd rg]qdr ne q]mcnl udbsnqr % ; %%0π %1π , , , π %ε( %nmd enq d]bg o]bjdc rg]qhmf
udbsnq hm sgd oqnsnbnk( trhmf ] l]khbhntr rdbtqd rta,oqnsnbnk ]mc qdbnmrsqtbs
sgd u]ktd q- Sgd o]qshdr sgdm hmsdq]bshudkx udqhex sg]s q ∈ % ∈ y ; % ∈ y©- Hlonq,
s]mskx+ sghr bgdbj b]m ad b]qqhdc nts rhltks]mdntrkx enq ]kk o]bjdc vhqdr hm sgd
bhqbths+ h-d- q ∈

)
e′B %e ∈ ye ;

)
e′B %e ∈ y©

e- Sghr rhlokh’dc bgdbj qdkhdr gd]uhkx
nm sgd l]khbhntr rdbtqhsx ne sgd q]mcnlmdrr fdmdq]shnm rta,oqnsnbnk- Adb]trd ne
sgd rsqtbstqd ne khmd]q ]ss]bjr ]mc sgd e]bs sg]s % v]r gnmdrskx rdbqds,rg]qdc+
ltkshokxhmf y ]mc y© vhsg % hmidbsr khmd]q dqqnqr bgnrdm ax sgd ]cudqr]qx sg]s
]qd lnmnlh]kr hm % nmkx- Sg]s hr+ sgd dpt]shnm adbnldr

q ∈
∑

e′B

%%e ∈ ye ) D%%(( ;
∑

e′B

%%e ∈ y©
e ) D

©%%((

enq ]cudqr]qh]kkx bgnrdm khmd]q etmbshnmr D ]mc D©- Adb]trd % hr hmcdodmcdms ne q
]mc q hr ]ookhdc sn sgd kdes g]mc rhcd ne sghr dpt]shnm nmkx ]s sgd dmc+ sghr bgdbj
vhkk nmkx o]rr he q ∈D%%( ; D©%%(, Enq ]mx etmbshnmr D%−(πD©%−( sghr nmkx g]oodm
he dhsgdq %0( ansg ]qd sgd ydqn etmbshnm %hm vghbg b]rd sgdqd ]qd mn dqqnqr(+ nq %1(
vhsg oqna]ahkhsx 0

#�# - Gdmbd+ sghr sdbgmhptd b]m ]krn ad trdc vhsg o]bjdc rdbqds
rg]qhmf sn fds ]m d�bhdms l]khbhntr rdbtqhsx bnlohkdq-

2 OpdkhlhmTphdr

Lncdk Zmc MnsZshnm- Ud bnmrhcdq ] rds ne o]qshdr I ; PO0π , , , πOm| hm vghbg
d]bg o]qsx oqnuhcdr hmotsr sn sgd etmbshnm]khsx+ o]qshbho]sdr hm sgd du]kt]shnm
oqnsnbnk+ ]mc qdbdhudr ]m ntsots- Ud cdmnsd ]m ]qahsq]qhkx bgnrdm rodbh]k o]qsx
Okd]cdp enq d]bg k]xdq %ne sgd bhqbths( vgn vhkk g]ud ] rodbh]k qnkd hm sgd oqnsnbnk:
vd mnsd sg]s sgd bgnhbd ne Okd]cdp l]x bg]mfd hm d]bg k]xdq sn adssdq chrsqhatsd
bnlots]shnm ]mc bnlltmhb]shnm- D]bg o]hq ne o]qshdr ]qd ]akd sn bnlltmhb]sd
nudq onhms,sn,onhms oqhu]sd bg]mmdkr-
Ud bnmrhcdq ] etmbshnm]khsx sg]s hr qdoqdrdmsdc ]r ] bhqbths A+ vhsg l]whltl

vhcsg t ]mc sns]k sns]k cdosg Y- Ud uhrt]khyd sgd bhqbthsr hm ] anssnl,to rdsshmf
%khjd hm Ldqjkd sqddr(+ vgdqd sgd hmots f]sdr ]qd ]s sgd anssnl ne sgd bhqbths ]mc
sgd ntsots f]sdr ]qd ]s sgd sno- @r vd vhkk rdd k]sdq hm sgd cd’mhshnm ne ghfgkx
qdodshshud bhqbthsr+ vd vnqj vhsg kWxdqdc bhqbthsr+ vghbg bnloqhrd ne k]xdqr rtbg
sg]s sgd ntsots ne k]xdq f ]qd nmkx trdc ]r hmots enq sgd f]sdr hm k]xdq f) 0-
Ud bnmrhcdq rdbtqhsx ]f]hmrs ] rs]shb ]cudqr]qx �cu sg]s bnqqtosr s ∗ m%01}

1
� (

ok]xdqr+ vgdqd Ω hr ] stm]akd o]q]ldsdq ne sgd rxrsdl- @r vd vhkk ad vnqjhmf
vhsg ansg ] o]bjdc rdbqds rg]qhmf rbgdld ]mc qdftk]q sgqdrgnkc rdbqds rg]qhmf
rbgdld+ vd qdpthqd ]cchshnm]k mns]shnm- Ud cdmnsd sgd o]bjhmf bnmrs]ms enq ntq
oqnsnbnk ]r ε ; m

� , @cchshnm]kkx+ vd vhkk cdmnsd sgd sgqdrgnkc ne ntq o]bjdc
rdbqds rg]qhmf rbgdld ]r C ; s ) 1ε } 0- Ud vhkk cdmnsd udbsnqr ne o]bjdc
u]ktdr vhsg ankc ]kog]adsr+ enq hmrs]mbd w- O]bjdc rdbqds rg]qdr ne ] udbsnq w
vhsg qdrodbs sn cdfqdd C ]qd cdmnsdc Zw[ ]mc vhsg qdrodbs sn cdfqdd 1C ]r ≤w〈-
Ud kds d0π , , , π dε ad sgd ’wdc w,bnnqchm]sdr nm sgd onkxmnlh]k trdc enq o]bjdc
rdbqds rg]qhmf+ vgdqd sgd ε rdbqdsr vhkk ad rsnqdc+ ]mc %0π , , ,%m ad sgd ’wdc
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w,bnnqchm]sdr bnqqdronmchmf sn sgd rg]qdr ne sgd o]qshdr- Enq qdftk]q sgqdrgnkc
rdbqds rg]qhmf+ vd vhkk nmkx qdpthqd rg]qdr v-q-s- cdfqdd s) ε- Ud trd sgd rptWqd
aqWbjds mns]shnm sn cdmnsd ] rdbqds rg]qhmf v-q-s- cdfqdd s) ε- Ud mnsd sg]s vd
vnqj vhsg ] rkhfgskx lnch’dc rg]qhmf ]kfnqhsgl ne sgd Rg]lhq”r rdbqds rg]qhmf
rbgdld %rdd Rdbs- 4 enq cds]hkr(-

3 Ehfgkw Pdodshshud Ahpathsr

Hm sghr rdbshnm+ vd enql]khyd sgd bk]rr ne ghfgkx qdodshshud bhqbthsr ]mc chrbtrr
rnld dw]lokdr ne m]stq]kkx nbbtqqhmf ghfgkx qdodshshud bhqbthsr-

3-. Vhpd BnmzftpZshnm

Ud rs]qs ax enql]kkx cd’mhmf ] fWsd aknbj+ vghbg hr sgd lhmhltl tmhs nudq vghbg
vd vhkk qd]rnm-

Cdzmhshnm . ffiFZsd Aknbi(- Td bWkk W rds ne i fWsdr sgWs Wqd Wkk nm sgd rWld
kWxdq W fWsd aknbj- Td rWx sgd rhyd ne W fWsd aknbj hr i-

@m ]cchshnm]k mnm,rs]mc]qc etmbshnm]khsx vd qdpthqd hr ]m dwokhbhs vhqd l]o,
ohmf etmbshnm- Pdb]kk eqnl sgd sdbgmhb]k nudquhdv sg]s sgd kd]cdq ltrs qdo]bj
u]ktdr ]bbnqchmf sn sgd rsqtbstqd ne sgd mdws k]xdq- Sn qd]rnm enql]kkx nudq sghr
oqnbdctqd+ vd cd’md sgd etmbshnm RhpdAnmyftpWshnm+ vghbg s]jdr hm svn aknbjr
ne f]sdr aknbjl)0 ]mc aknbjl+ rtbg sg]s sgd ntsots vhqdr ne sgd f]sdr hm aknbjl
eddc ]r hmots sn sgd f]sdr hm aknbjl)0- RhpdAnmyftpWshnm ntsotsr svn nqcdqdc
]qq]xr IdesCmotsr ]mc LhfgsCmotsr sg]s bnms]hm sgd hmchbdr bnqqdronmchmf sn sgd
kdes hmots ]mc qhfgs hmots ne d]bg f]sd hm aknbjl)0 qdrodbshudkx- Hm fdmdq]k+ vd
b]m r]x sg]s RhpdAnmyftpWshnm%aknbjl)0π aknbjl( vhkk ntsots ] bnqqdbs ]khfm,
ldms enq aknbjl)0- Sghr hr adb]trd enq ]kk u]ktdr i � Z{aknbjl)0{[+ he sgd u]ktdr
bnqqdronmchmf sn sgd vhqd IdesCmotsrZi[ ]mc LhfgsCmotsrZi[ ]qd ]khfmdc+ sgdm bnl,
otshmf aknbjl)0 hr onrrhakd- Ud cdrbqhad sgd etmbshnm]khsx enq RhpdAnmyftpWshnm
hm Ehf- 1- Hs hr d]rx sn rdd sg]s sgd aknbjr aknbjl)0π aknbjl ltrs khd nm bnmrdb,
tshud k]xdqr hm sgd bhqbths- Ud r]x sg]s ] o]hq ne f]sd aknbjr hr dpthuWkdms sn
]mnsgdq o]hq ne f]sd aknbjr+ he sgd ntsbnld ne RhpdAnmyftpWshnm nm ansg o]hqr hr
hcdmshb]k-

3-1 ffi,αA()Pdodshshud Bhpbthsr

Uhsg mns]shnm ’qlkx hm g]mc+ vd b]m mnv enql]khyd sgd bk]rr ne %<πA(,qdodshshud
bhqbthsr+ vgdqd <πA ]qd sgd o]q]ldsdqr sg]s vd dwok]hm mdws- Ghfgkx qdodshshud
bhqbthsr ]qd ] rtards ne %<πA(,qdodshshud bhqbthsr+ vghbg vd vhkk cd’md k]sdq-
Ud cd’md ]m %<πA(,qdodshshud bhqbths trhmf ] o]qshshnm etmbshnm oWps sg]s

cdbnlonrdr sgd bhqbths hmsn aknbjr ne f]sdr+ vgdqd ] aknbj bnmrhrsr ne f]sdr nm
sgd r]ld k]xdq- Kds Paknbjaghkclαi | ad sgd ntsots ne sghr o]qshshnm etmbshnm+ vgdqd
k hmchb]sdr sgd k]xdq ne sgd bhqbths bnqqdronmchmf sn sgd aknbj ]mc i hr hsr hmcdw
vhsghm k]xdq k- Hmenql]kkx rod]jhmf+ ]m %<πA(,qdodshshud bhqbths hr nmd sg]s
r]shr’dr sgd enkknvhmf oqnodqshdr9
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Ffc �tlarhnl Cgoc�nluetoWrgnl�aknbi��+π aknbi�(

0- Fmhsh]khyd svn npcdpdc ]pp]xr IdesGmotsr : T [ ]mc LhfgsGmotsr : T [! d]bg vhsg b]o]bhsx
{aknbik)0{-

1- Enp ] f]sd f+ kds kfif( : fii! suod( cdmnsd sgd hmcdw i ]mc sxod ne sgd f]sd hm aknbi
aknbik sg]s eddcr sgd kdes hmots ne f- Rhlhk]pkx+ kds qfif( : fii! suod( cdmnsd sgd phfgs
hmots f]sd hmcdw ]mc sxod ne f- Enp f]sdr vhsg e]m,hm nmd+ e�.� pdk]x f]sdr+ qfif( : .-
Enp d]bg f]sd fi hm aknbik)0+ vd rds IdesGmotsrTi[ : kfifi( ]mc LhfgsGmotsrTi[ : qfifi(

2- Itsots IdesGmotsr!LhfgsGmotsr-

Cgf� 1� = etmbshnm sg]s bnlotsdr ] oqnodq ]khfmldms enq du]kt]shmf Cklbcl�+

0- D]bg aknbj aknbjlαi bnmrhrsr ne ]s kd]rs < f]sdr-
1- Enq d]bg o]hq %aknbjlαi π aknbjl)0αi(+ ]kk sgd f]sdr hm aknbjl)0αi nmkx s]jd hm
vhqdr sg]s ]qd ntsots vhqdr ne f]sdr hm aknbjlαi - @mc sgd ntsots vhqdr ne ]kk
sgd f]sdr hm aknbjlαi nmkx fn ]m hmots sn sgd f]sdr hm aknbjl)0αi -

2- Enq d]bg o]hq %aknbjlαi π aknbjl)0αi(+ sgdqd dwhrs ]s kd]rs A nsgdq o]hqr vhsg
hcdmshb]k vhqhmf adsvddm sgd svn aknbjr-

Ud mnv fhud ] enql]k cd’mhshnm-

Cdzmhshnm 1 ffi%<πA()Pdodshshud Bhpbthsr(- Td rWx sgWs W kWxdqdc bhqbths A
vhsg cdosg Y hr bWkkdc Wm %<πA(,qdodshshud bhqbths he sgdqd dwhrsr W uWktd α 〉 0 Wmc
W oWqshshnm etmbshnm oWps vghbg nm hmots kWvdpl ffkh� kWxdq hm A() ntsotsr chrinhms
aknbjr ne sgd enql Paknbjlαi|i′Y#[ ≥ oWps%kπ kWvdpl(π rtbg sgWs sgd enkknvhmf
gnkcr) enq dWbg k � ZY[π i � Zα[3

.- Bhmhjtj Rhcpg� DWbg aknbjlαi bnmrhrsr ne Ws kdWrs < fWsdr-
1- :hidaphud BWoohme� ?kk sgd fWsdr hm aknbjlαi nmkx sWjd hmotsr eqnl sgd fWsdr
hm aknbjl|0αi Wmc nmkx fhud ntsotsr sn fWsdr hm aknbjl)0αi-

2- Bhmhjtj Mdodphphnm� Enq dWbg %aknbjl)0αi π aknbjlαi() sgdqd dwhrs
oWhqr %k0π i0( ←; %k1π i1( ←; , , , ←; %k/ π i/( ←; %kπ i( rtbg
sgWs enq dWbg f � ZA[) RhpdAnmyftpWshnm%aknbjle)0αie π aknbjleαie( ;
RhpdAnmyftpWshnm%aknbjl)0αi π aknbjlαi(-

Hmsthshudkx+ sghr r]xr sg]s ] bhqbths hr athks eqnl ]m ]qahsq]qx mtladq ne f]sd
aknbjr vhsg rt�bhdms rhyd+ ]mc sg]s ]kk aknbjr ]qd qdod]sdc nesdm sgqntfgnts
sgd bhqbths- Tmkhjd sgd k]xdq enbtrdc dw]lokd hm sgd hmsqnctbshnm+ sghr cd’mh,
shnm ]kknvr k]xdqr sn bnloqhrd ne ltkshokd aknbjr- Hm e]bs+ sgdrd aknbjr b]m dudm
hmsdqWbs ax rg]qhmf hmots u]ktdr- Sgd khlhs]shnm ne sghr hmsdq]bshnm+ b]ostqdc
ax sgd RhpdAnmyftpWshnm bgdbj+ hr sg]s sgd hmsdq]bshmf hmotsr ltrs bnld eqnl
oqdchbs]akd hmchbdr hm sgd oqduhntr k]xdq ]mc ltrs g]ud sgd r]ld f]sd sxod-
Ud ]krn bnmrhcdq ] qdk]wdc u]qh]ms ne %<πA(,qdodshshud bhqbthsr+ vghbg vd

b]kk %<πAπBπC(,qdodshshud bhqbthsr- Sgdrd bhqbthsr chffidq eqnl %<πA(,qdodshshud
bhqbthsr hm sg]s sgdx ]kknv enq ] qdk]w]shnm ne sgd lhmhltl vhcsg ]mc qdodshshnm
qdpthqdldms- Hm o]qshbtk]q+ hm ]m %<πAπBπC(,qdodshshud bhqbths+ hs rt�bdr enq ]kk
ats B aknbjr sn r]shrex sgd lhmhltl vhcsg qdpthqdldms ]mc rhlhk]qkx+ ]kk ats C
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aknbjr ]qd qdpthqdc sn r]shrex sgd lhmhltl qdodshshnm qdpthqdldms- Hm sghr vnqj+
vd enbtr nm sgd enkknvhmf jhmc ne %<πAπBπC(,qdodshshud bhqbthsr-

Cdzmhshnm 2 ffiGhfgkx Pdodshshud Bhpbthsr(- Td rWx sgWs %<πAπBπC(,
qdodshshud bhqbthsr Wqd ghfgkx qdodshshud v-q-s- m oWqshdr) he <πA � Θ%m( Wmc BπC
Wqd rnld bnmrsWmsr-

Ud mnsd sg]s cd’mhmf ] bk]rr ne bhqbthsr v-q-s- sn sgd mtladq ne o]qshdr sg]s
vhkk du]kt]sd sgd bhqbths lhfgs ] oqhnqh rddl tmtrt]k- Gnvdudq+ sghr hr bnllnm
sgqntfgnts sgd khsdq]stqd ]ssdloshmf sn ]bghdud L%{A{( LOB sg]s trd o]bjdc
rdbqds rg]qhmf- Enq dw]lokd+ sgd oqnsnbnkr hm Z0/+00+1/[ ]bghdud L̊%{B{( bnl,
ltmhb]shnm enq bhqbthsr sg]s ]qd Θ%m( f]sdr vhcd- Rhlhk]qkx+ ntq vnqj ]bghdudr
L%{B{( bnlltmhb]shnm ]mc bnlots]shnm enq bhqbthsr sg]s ]qd %Θ%m(π Θ%m(πBπC(,
qdodshshud+ vgdqd B ]mc C ]qd bnmrs]msr- @ksdqm]shudkx+ he sgd mtladq ne hmots
vhqdr ]qd dpt]k sn sgd mtladq ne o]qshbho]shmf o]qshdr+ vd b]m qd,ogq]rd sgd
]anud cd’mhshnm v-q-s- sgd mtladq ne hmots vhqdr hm ] bhqbths-
Hs lhfgs ad trdetk sn rdd sgd ]anud cd’mhshnm ]r otsshmf ] khlhs nm sgd mtladq

ne o]qshdr enq vghbg ] bhqbths hr ghfgkx qdodshshud9 ]mx %<πAπBπC(,qdodshshud
bhqbths+ hr ghfgkx qdodshshud enq tosn iCm%L%<(πL%A(( o]qshdr- Ughkd ntq LOB
oqnsnbnk b]m vnqj enq ]mx %<πAπBπC(,qdodshshud bhqbths+ hs g]r L%{A{( bnlokdwhsx
nmkx enq ghfgkx qdodshshud bhqbthsr- Hm sgd mdws rtardbshnm vd fhud dw]lokdr ne
rtbg bhqbthsr sg]s ]qd ghfgkx qdodshshud enq ] qd]rnm]akd q]mfd ne o]qshdr-
Enq sgd qdl]hmcdq ne sghr o]odq+ vd vhkk trd t cdmnsd sgd l]whltl vhcsg

ne sgd bhqbths A+ tl sn cdmnsd sgd vhcsg ne sgd ksg k]xdq ]mc tlαi sn cdmnsd
sgd vhcsg ne aknbjlαi -

3-2 DwZlokdr ne Ghfgkx Pdodshshud Bhpbthsr

Ud fhud aqhde nudquhdvr ne sgqdd etmbshnm]khshdr vhsg bhqbths qdoqdrdms]shnmr sg]s
]qd ghfgkx qdodshshud enq to sn ] k]qfd mtladq ne o]qshdr- Dwsdmcdc chrbtrrhnm ne
sgdrd ]ookhb]shnmr hr hmbktcdc hm sgd etkk udqrhnm ne sghr o]odq-

LZbghmd KdZpmhmf- L]bghmd kd]qmhmf ]kfnqhsglr dwsq]bs sqdmcr eqnl k]qfd
c]s]rdsr sn e]bhkhs]sd ]bbtq]sd oqdchbshnm hm mdv+ tmjmnvm bhqbtlrs]mbdr- @
bnllnm e]lhkx ne ]kfnqhsglr enq sq]hmhmf l]bghmd kd]qmhmf lncdkr hr –fq]ch,
dms cdrbdms-“ Sghr ]kfnqhsgl hsdq]shudkx qdctbdr sgd lncdkr dqqnq ax l]jhmf
rl]kk+ fqddcx bg]mfdr+ sdqlhm]shmf vgdm sgd lncdk pt]khsx ok]sd]tr- Ugdm qtm
vhsg LOB+ sgd mtladq ne hsdq]shnmr ltrs ad c]s] nakhuhntr ]mc bnudq sgd vnqrs
b]rd rbdm]qhn- Enq ] lnqd bnlokdsd cdrbqhoshnm ne fq]chdms cdrbdms sq]hmhmf ]kfn,
qhsglr+ ]mc sgdhq ]c]os]shnm sn LOB+ rdd Z20[-
Hs hr ch�btks sn bnlotsd sgd dw]bs mtladq ne f]sdr enq oqhu]bx,oqdrdquhmf

lncdk sq]hmhmf hm oqhnq vnqj- Hm nmd ne sgd edv bnmbqdsd drshl]sdr+ F]rbn̈m ds ]k-
Z07[ qd]khyd bnnqchm]sd fq]chdms cdrbdms sq]hmhmf ]kfnqhsglr vhsg ]ooqnwhl]sdkx
0/00 f]sdr+ vghbg vntkc s]jd 2/// FA sn rsnqd Z21[- Rtardptdms vnqj hmrsd]c
athks ] khaq]qx ne rta,bhqbthsr sg]s bntkc ad kn]cdc ]r mddcdc- @r sgd ]lntms
ne c]s] trdc sn sq]hm lncdkr bnmshmtdr sn fqnv+ bhqbths rhydr vhkk bnmshmtd sn
hmbqd]rd- Ughkd vd ]qd mns ]akd sn ]bbtq]sdkx drshl]sd sgd mtladq ne f]sdr enq
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sghr jhmc ne bhqbths+ vd b]m rshkk drs]akhrg sg]s sgdhq rsqtbstqd hr ghfgkx qdodshshud:
fq]chdms cdbdms ]kfnqhsgl hr l]mx hsdq]shnmr ne sgd r]ld etmbshnm]khsx- Hm sgd
hlokdldms]shnm ne Lng]rrdk ds ]k- Z20[+ sgd cde]tks bnm’ftq]shnm enq sq]hmhmf
hr 0//// hsdq]shnmr+ cddo dmntfg sn ]bbnllnc]sd l]rrhud mtladqr ne ok]xdqr-
Hmcddc+ hm sgd vnqrs b]rd sgd cdosg ne ] fq]chdms cdrbdms ]kfnqhsgl ltrs ad
khmd]q hm sgd hmots rhyd- Sghr hr adb]trd fq]chdms cdrbdms trt]kkx trdr ] aWsbghmf
sdbgmhptd+ hm vghbg sgd hmots c]s] hr o]qshshnmdc hmsn a]sbgdr ]mc qtm sgqntfg
sgd ]kfnqhsgl nmd ]s ] shld-
Sgd vhcsg ne fq]chdms cdrbdms sq]hmhmf ]kfnqhsglr hr trt]kkx qntfgkx oqnonq,

shnm]k sn sgd chldmrhnm ne sgd c]s]rds+ vghbg hr trt]kkx pthsd ghfg enq hmsdqdrshmf
]ookhb]shnmr- Ud mnsd sg]s he sgd vhcsg ne sgd c]s] hr mn vhcd dmntfg+ sgd m]stq]k
o]q]kkdkhrl ne fq]chdms cdbdms sq]hmhmf ]kfnqhsglr b]m ad kdudq]fdc sn oqnuhcd
lnqd vhcsg9 hs hr sxohb]k sn trd ] qWmcnl qdrsWqs rsq]sdfx sn ]unhc fdsshmf sq]oodc
]s knb]k lhmhl]+ d]bg ne vghbg b]m ad dwdbtsd hm o]q]kkdk-

PTakd .� Rhyd ne sgd ghfgkx qdodshshud bhqbthsr vd bnmrhcdq hm sghr vnqj- Vd bnlohkd sgdrd
etmbshnmr hmsn �1 bhqbthsr trhmf Eqhf]sd Z22[ &bnms]hmdqhydc ax Z15[(- Sgd 53 hsdq]shnmr ne
sgd bnloqdrrhnm etmbshnm enq RG=145 bnloqhrd 66# ne sgd f]sdr ]mc sgd qntmc etmbshnm
ne =DR bnloqhrdr 77# ne sgd f]sdr- Ansg ne sgdrd ldsqhbr ]qd bnlotsdc enq ] rhmfkd
aknbj nm hmots-

Bhpaths F]sdr %�1( Hsdp]shud Innor F]sdr odp Inno Odpadms Pdod]sdc Rsptastpd

RG=145 %0 Aknai( 008480 53 0326 66�

=DR017 %0 Aknai( 6347 0/ 545 77�

Fp]chdms Cdradms – ∈ 0//// – ≥ 0//�

BpxosnfpZoghb GZrg Etmbshnmr- @kk btqqdmskx cdoknxdc bqxosnfq]oghb g]rg
etmbshnmr qdkx nm hsdq]shmf nudq ] qntmc etmbshnm+ d]bg hsdq]shnm ne vghbg qntmc
etmbshnm hr %sxohb]kkx( rsqtbstqWkkx hcdmshbWk- Lnqdnudq+ sgd u]rs l]inqhsx ne sgd
f]sdr hm sgd bhqbths qdoqdrdms]shnm ne ] g]rg etmbshnm ]qd bnms]hmdc vhsghm sgd
hsdq]shnmr ne sgd qntmc etmbshnm-
Bnmrhcdq RG@145 Z0[+ nmd ne sgd lnrs vhcdkx cdoknxdc g]rg etmbshnmr: fhudm

hsr bnllnm trd hm ]ookhb]shnmr khjd Ahsbnhm Z23[ ]mc DBCR@ Z06[+ RG@145 hr
]m hlonqs]ms athkchmf aknbj ne LOB ]ookhb]shnmr- RG@145 bnms]hmr 53 qntmcr
ne hsr hmmdq etmbshnm+ vhsg nsgdq udqrhnmr sg]s trd k]qfdq aknbj rhyd bnms]hmhmf
7/ qntmcr- Ud bnlohkdc RG@145 enq ] rhmfkd aknbj ne hmots hmsn ] bhqbths trhmf
Eqhf]sd Z22[- @r b]m ad rddm hm S]akd 0+ 66˜ ne ]kk sgd f]sdr hm sgd bnlohkdc
RG@145 ]qd qdod]sdc rsqtbstqd+ sg]s rsqtbstqd qdod]shmf ]s kd]rs 53 shldr- Ud
mnsd sg]s sgdrd qdrtksr vdqd enq g]rghmf nmkx ] rhmfkd aknbj ne hmots- Ugdm
]cchshnm]k aknbjr ne c]s] ltrs ad g]rgdc+ sgd odqbdms]fd ne sgd bhqbths sg]s hr
qdod]sdc rsqtbstqd vhkk ad ghfgdq- Enq dw]lokd+ he sgdqd ]qd ]r edv ]r 0/ aknbjr
ne hmots+ sgd bhqbths hr ]kqd]cx 86˜ qdod]sdc rsqtbstqd- Bnllnm ]ookhb]shnmr
ne g]rg etmbshnmr+ khjd bnlotshmf ] Ldqjkd sqdd nudq ok]xdq hmotsr+ qtm g]rg
etmbshnmr hm o]q]kkdk+ dmrtqhmf sgdqd hr rt�bhdms vhcsg enq ]bbnllnc]sd k]qfd
mtladqr ne o]qshdr-
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Aknbi Bhogdpr- Lncdqm aknbj bhogdqr+ rhlhk]q sn bqxosnfq]oghb etmbshnmr+ ]qd
hsdq]shud ax m]stqd- Enq dw]lokd+ @cu]mbdc Dmbqxoshnm Rs]mc]qc trdr dhsgdq
0/+ 01+ nq 03 hsdq]shnmr ne hsr qntmc etmbshnm+ cdodmchmf nm jdx kdmfsg- Odq,
enqlhmf ] rhlhk]q ]m]kxrhr ]r vhsg RG@145+ vd hcdmsh’dc sg]s 77˜ ne sgd f]sdr
hm @DR017 ]qd o]qs ne sghr qdod]sdc rsqtbstqd vgdm dmbqxoshmf ] rhmfkd aknbj
ne hmots- Itrs ]r vhsg g]rg etmbshnmr+ lnqd aknbjr ne hmots kd]c sn hmbqd]rdc
odqbdms]fd qdod]sdc rsqtbstqd: vhsg 0/ aknbjr ne hmots+ 87˜ ne sgd f]sdr ]qd
qdod]sdc rsqtbstqd-

3-3 Opnsnbnk Rvhsbghmf enp Bhpbthsr vhsg OZpshZkkx PdodZsdc
Rsptbstpd

G]rg etmbshnmr ]mc rxlldsqhb jdx bqxosnfq]ogx ]qd mns bnloqhrdc ne 0//˜
qdod]sdc rsqtbstqd- Ugdm rsqtbstqd hr mns qdod]sdc+ sgd a]sbgdc q]mcnlmdrr
fdmdq]shnm rsdo b]mmns ad qtm d�bhdmskx- Hm sgd vnqrs b]rd+ he ] o]qshbtk]q ohdbd
ne rsqtbstqd hr nmkx oqdrdms nmbd hm sgd bhqbths+ L%m1( ldrr]fdr vhkk ad trdc sn
fdmdq]sd nmkx ] rhmfkd o]bjds rdbqds rg]qd ne rhyd �%m(- He / ∗ n ∗ 0 hr sgd eq]bshnm
ne sgd bhqbths sg]s hr qdod]sdc+ ntq oqnsnbnk g]r d�bhdmbx L%n{A{) %0} n(m{A{(-
Ud mnsd sg]s ntq oqnsnbnk g]r vnqrd bnmrs]msr sg]m Z6[ ]mc Z05[ vgdm qtm

nm sgd mnm,qdod]sdc onqshnm ne sgd bhqbths- Rodbh’b]kkx+ ntq oqnsnbnk qdpthqdr
bnlltmhb]shnm enq ]kk f]sdr+ q]sgdq sg]m itrs ltkshokhb]shnm f]sdr- @r vd ]qd
sqxhmf sn otrg sgd bnmrs]msr ]r knv ]r onrrhakd+ hs vntkc ad hcd]k sn qtm sgd
lnrs d�bhdms jmnvm oqnsnbnkr enq sgd onqshnmr ne sgd bhqbths sg]s ]qd khmd]q
hm sgd mtladq ne ok]xdqr- Sn cn sghr+ vd mnsd sg]s ntq oqnsnbnk b]m rtoonqs
lhc,du]kt]shnm oqnsnbnk rvhsbghmf-
Pdb]kk ntq rhlokd mnm,hmsdq]bshud sdbgmhptd sn sq]mrenql mnql]k rdbqds rg]qdr

hmsn o]bjdc rdbqds rg]qdr+ oqdrdmsdc hm Rdbs- 4- Sghr sdbgmhptd b]m ad trdc hm sgd
lhcckd ne oqnsnbnk dwdbtshnm sn rvhsbg adsvddm ] sq]chshnm]k+ d�bhdms+ L%m{A{(
oqnsnbnk ]mc ntq oqnsnbnk- Nmbd sgd onqshnm ne sgd bhqbths vhsgnts qdod]sdc
rsqtbstqd hr bnlotsdc trhmf ]mnsgdq d�bhdms oqnsnbnk+ sgd ok]xdqr b]m o]trd
sn oqnodqkx rsqtbstqd sgdhq rdbqds rg]qdr ]mc mnm,hmsdq]bshudkx o]bj sgdl- Sgd
ok]xdqr b]m sgdm du]kt]sd sgd bhqbths trhmf ntq oqnsnbnk- He ]mnsgdq o]sbg ne
mnm,qdod]sdc rsqtbstqd hr dmbntmsdqdc+ sgd kd]cdq b]m qdbnmrsqtbs ]mc qd,rg]qd
mnql]k rg]qdr ]r mdbdrr]qx- Hlonqs]mskx+ rhmbd ]kk sgdrd oqnsnbnkr ]qd khmd]q+ hs”r
rshkk onrrhakd sn trd sgd l]khbhntr rdbtqhsx bnlohkdq ne Z6[-

4 7 Mnm�hmsdpTashud Opnsnank enp OTaihmf PdftkTp Rdapds
RgTpdr

Ud mnv cdrbqhad ] mnudk+ mnm,hmsdq]bshud sq]mrenql]shnm sg]s ]kknvr ] rds ne
o]qshdr gnkchmf rg]qdr bnqqdronmchmf sn ε rdbqdsr Zr0[π , , , π Zrε[ sn bnlotsd ] rhm,
fkd o]bjdc rdbqds rg]qhmf ne sgd udbsnq u ; %r0π , , , π rε(- Sghr oqnsnbnk l]jdr ]
mnm,ak]bj,anw trd ne Rg]lhq rdbqds rg]qhmf sn ]bbnlokhrg sghr mnm,hmsdq]bshud-
@r chrbtrrdc hm sgd sdbgmhb]k nudquhdv+ sn ]bghdud d�bhdmbx+ ntq oqnsnbnk bnl,
otsdr nudq o]bjdc rg]qdr- Ats+ he d]bg ok]xdq enkknvr sgd m]ıflud rsq]sdfx ne itrs
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o]bjhmf ]kk sgdhq nvm hmotsr hmsn ] rhmfkd udbsnq+ sgd u]ktdr l]x mns ad oqnodqkx
]khfmdc enq bnlots]shnm- Sghr mnm,hmsdq]bshud etmbshnm]khsx kdsr ok]xdqr rhlokx
rg]qd sgdhq hmotsr trhmf Rg]lhq rdbqds rg]qhmf %trhmf cdfqdd s) ε onkxmnlh]kr(+
]mc sgdm knb]kkx o]bj sgd u]ktdr hm ] v]x sg]s ft]q]msddr ]khfmldms-
Kds n0π , , , π nε ad sgd cdfqdd s)ε onkxmnlh]kr sg]s vdqd trdc enq rdbqds rg]qhmf

rdbqdsr r0 , , , π rε qdrodbshudkx- Ud qdpthqd d]bg ne%y( %enq f � Zε[( sn ad ne sgd enql
re ) pe%y(

∑ε
i:0%y } di(+ vgdqd pe hr ] cdfqdd s onkxmnlh]k- Sgdm d]bg o]qsx Oi

%enq i � Zm[( gnkcr rg]qdr n0%%i(π , , , π nε%%i(-
Fhudm sgdrd rg]qdr+ d]bg o]qsx Oi bnlotsdr ] o]bjdc rdbqds rg]qd ne sgd udbsnq

%r0π , , , π rε( ]r enkknvr , ≈PP|rn|CPP%Pne%%i(|e′Yε[( ;
)ε

e:0 ne%%i(Ee%%i( ; n%%i(π
vgdqd Ee%%i( ;

∑ε
i:0αi ∼:e

%σe|di(
%de|di(

hr sgd K]fq]mfd hmsdqonk]shnm bnmrs]ms ]mc n
bnqqdronmcr sn ] mdv cdfqdd C ; s ) 1ε } 0 onkxmnlh]k enq sgd o]bjdc rdbqds
rg]qhmf ne udbsnq u ; %r0π , , , π rε(-

KdllZ .- Enq dWbg f � Zε[) kds re � � ad rdbqds rgWqdc trhmf W cdfqdd s ) ε

onkxmnlhWk ne ne sgd enql re)pe%y(
∑ε

i:0%y}di() vgdqd pe hr W cdfqdd s onkxmnlhWk
Wmc d0π , , , π dε Wqd rnld oqd,cdsdqlhmdc zdkc dkdldmsr- Sgdm enq dWbg i � Zm[)
≈PP|rn|CPP%Pne%%i(|e′Yε[( ntsotsr sgd ih� rgWqd bnqqdronmchmf sn W uWkhc oWbjdc
rdbqds rgWqhmf ne sgd udbsnq u ; %r0π , , , π rε() v-q-s- W cdfqdd,C ; s ) 1ε } 0
onkxmnlhWk-

Mqnne- Enq d]bg f � Zε[+ kds ne%y( ad sgd onkxmnlh]k trdc enq rdbqds rg]qhmf sgd
rdbqds re- Ud jmnv sg]s ne%y( ; re ) pe%y(

∑ε
i:0%y } di(π vgdqd pe hr ] cdfqdd s

onkxmnlh]k- Kds n©
e%y( ; pe%y(

∑ε
i:0%y } di( ]mc kds n%y( ad sgd mdv onkxmnlh]k

bnqqdronmchmf sn sgd o]bjdc rdbqds rg]qhmf- Eqnl sgd cdrbqhoshnm ne ≈PP|rn|CPP+
hs enkknvr sg]s9

n%w(:
��

e2+ n�
e%w(Ce%w()qeCe%w(:

��
e2+ n�

e%w(
∑�

i2+εi ′2e

�n"di(
�de"di(

)
��

e2+ qeCe%w(

:
��

e2+ pe%w(
∑�

i2+εi ′2e

�n"di(
�de"di(

∑�
i2+%w|di()

��
e2+ qeCe%w(

Kds p©
e%y( ; pe%y(

∑ε
i:0αi ∼:e

%w|di(
%de|di(

+ sgdm+

n%w(:
��

e2+ p�
e%w(

∑�
i2+%w|di()

��
e2+ qeCe%w(:p%w(

∑�
i2+%w|di()

��
e2+ qeCe%w(

vgdqd p%y( ;
)ε

e:0 p
©
e%y( hr ] cdfqdd s ) ε } 0 onkxmnlh]k ]mc gdmbd n%y( hr

] cdfqdd C ; s ) 1ε } 0 onkxmnlh]k- Hs hr mnv d]rx sn rdd sg]s enq d]bg f � Zε[+
n%de( ; re- Gdmbd ≈PP|rn|CPP bnlotsdr ] u]khc o]bjdc rdbqds rg]qhmf ne sgd
udbsnq u ; %r0π , , , π rε(-

5 Ntp Npcdp�A Opnsnankr

4-. Rta)EtmbshnmZkhshdr Zmc Opnsnbnkr

Ansg ntq rdlh,gnmdrs ]mc l]khbhntrkx rdbtqd oqnsnbnkr cdodmc nm ] mtladq ne
rta,etmbshnm]khshdr ]mc oqnsnbnkr vghbg vd oqdrdms hm sghr rdbshnm-
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eoZai|hmotr etmbshnmZkhsx- Sghr etmbshnm]khsx s]jdr hm sgd hmotsr ne sgd ok]xdqr
]mc ntsotsr o]bjdc rdbqds rg]qdr- Trhmf sgd bhqbths hmenql]shnm+ ok]xdqr b]m qtm
RhpdAnmyftpWshnm%aknbj/αi π aknbj0αi( enq d]bg i � Zα[ sn cdsdqlhmd sgd ]khfmldms
ne udbsnqr qdpthqdc sn bnlotsd sgd ’qrs k]xdq ne sgd bhqbths- Adb]trd d]bg aknbj0αi
hm sgd bhqbths bnms]hmr t0αi.ε f]sdr+ sgd oqnsnbnk ntsotsr 1t0.ε ;

)
i′Y#[ t0αi

oqnodqkx ]khfmdc o]bjdc rdbqds rg]qdr+ d]bg bnms]hmhmf ε u]ktdr- @ cds]hkdc
cdrbqhoshnm ne sghr etmbshnm]khsx ]ood]qr hm Ehf- 2- Sgd cdrbqhoshnm ne ] oqnsn,
bnk sg]s l]jdr trd ne ntq mnm,hmsdq]bshud o]bjhmf oqnsnbnk eqnl Rdbs- 4+ sg]s
rdbtqdkx qd]khydr sghr etmbshnm]khsx hr cdedqqdc sn sgd etkk,udqrhnm ne sghr o]odq-

Ffc etlarhnlTihru PoWbi�hmots�→ +: P.+π , , , π.m{π (

Sgd etmbshnm]khsx eoWbi}hmots+ ptmmhmf vhsg o]pshdr AD0! , , , !Dm| ]mc sgd hcd]k ]cudpr]px
Rhl opnbddcr ]r enkknvr3

z Fs pdbdhudr hmotsr w0! , , , ! w/ � � epnl sgd pdrodbshud o]pshdr ]mc sgd k]xdpr
kWudp+! kWudp0 epnl ]kk o]pshdr-

z Fs bnlotsdr Aaknbi+!i|i�3�[ ∈ oWpsfi.! kWudp+( ]mc Aaknbi0!i|i�3�[ ∈ oWpsfi0! kWudp0(,
z Enp d]bg i � T�[+ hs bnlotsdr IdesGmotsri !LhfgsGmotsri :

Thpd�nmyftpWshnmfiaknbi0!i ! aknbi+!i(-
z Enp d]bg i � T�[ ]mc n � Tr0!i.σ[+

} Rds vi!n : fiwIdesGmotsri 3e[(e�A�n}0(σ)0!,,,!nσ{ ]mc xi!n :
fiwLhfgsGmotsri 3e[(e�A�n}0(σ)0!,,,!nσ{-

} Pdbdhudr epnl Rhl+ sgd rg]pdr Tvi!n[!! Txi!n[! ne sgd bnpptosdc o]pshdr enp sgd
hmots udbsnpr vi!n! xi!n -

} Fs bnlotsdr rg]pdr Tvi!n[ ∈ orgWpdfivi!n! "! Tvi!n[!!/( ]mc Txi!n [ ∈
orgWpdfixi!n! "! Txi!n[!!/( ]mc rdmcr sgdl sn sgd o]pshdr-

Cgf� 2� O]bjdc rdbqds rg]qhmf ne ]kk hmotsr etmbshnm]khsx

eanpp|pZmc etmbshnmZkhsx- Sghr etmbshnm]khsx fdmdq]sdr bnqqdk]sdc q]mcnlmdrr
enq ntq l]hm bnmrsqtbshnm- Pdb]kk eqnl sgd sdbgmhb]k nudquhdv sg]s sgd u]k,
tdr hm sgd o]bjdc rdbqds rg]qdr ne q]mcnl u]ktdr ltrs ad fdmdq]sdc ]bbnqc,
hmf sn sgd bhqbths rsqtbstqd- Lnqd rodbh’b]kkx+ sgd tml]rjhmf u]ktdr %cdfqdd
C rg]qdr( enq rnld aknbjl)0αi ltrs ad ]khfmdc ]bbnqchmf sn sgd ntsots ne
RhpdAnmyftpWshnm%aknbjl)0αi π aknbjlαi(-
Adenqd cdrbqhahmf sgd etmbshnm]khsx+ vd pthbjkx mnsd sgd mtladq ne rg]qdr

fdmdq]sdc+ ]r hs hr rnldvg]s mnm,rs]mc]qc- Kds tlαi ad sgd mtladq ne f]sdr hm
aknbjlαi ]mc tl)0αi ad sgd mtladq ne f]sdr hm aknbjl)0αi - @r mnsdc hm sgd sdbg,
mhb]k nudquhdv+ ntq oqnsnbnk sqd]sr d]bg f]sd ]r sgntfg hs odqenqlr Wkk nodq]shnmr
%qdk]x+ ]cchshnm ]mc ltkshokhb]shnm(- Sghr kdsr sgd ok]xdqr du]kt]sd chffidqdms nodq,
]shnmr nm d]bg u]ktd hm ] o]bjdc rdbqds rg]qd- D]bg ne sgdrd nodq]shnmr ltrs ad
l]rjdc vhsg chffidqdms q]mcnlmdrr sn dmrtqd oqhu]bx- @r rtbg+ sgd etmbshnm]khsx
fdmdq]sdr 2tlαi.ε rg]qdr ne tmhenqlkx q]mcnl udbsnqr- Sn e]bhkhs]sd tml]rjhmf
]esdq sgd kd]cdq g]r qtm sgd qd]khfmldms oqnbdctqd+ sgd etmbshnm]khsx ltrs fdmdq,
]sd rg]qdr ne udbsnqr vhsg u]ktdr rdkdbsdc eqnl sgdrd 2tlαi.ε tmhenqlkx q]mcnl
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Ffc etlarhnlTihru Pbnpp�pWmc�P.+π , , , π.m{(

Sgd m,o]psx etmbshnm]khsx ebnpp}pWmc+ ptmmhmf vhsg o]pshdr AD0! , , , !Dm| ]mc sgd hcd]k ]c,
udpr]px Rhl opnbddcr ]r enkknvr3

z A]bg gnmdrs o]psx rdmcr aknbik)0!i ! aknbik!i sn sgd etmbshnm]khsx-
z Sgd hcd]k rhltk]snp Rhl rdmcr Atn!kdes

e ! tn!phfgs
e |n�3qk)0.σ[ ]mc

Aun!ltks
e ! un!Wcc

e ! un!pdkWu
e |n�3qk!i.σ[ enp d]bg bnpptos o]psx g � "-

z Sgd etmbshnm]khsx ebnpp}pWmc r]lokdr p]mcnl udbsnpr
fiApn!ltks! pn!Wcc! pn!pdkWu|n�3qk!i.σ[( � �σ−2qk!i.σ ne kdmfsg σ ]mc cndr sgd enk,
knvhmf3
} Enp d]bg n � Trk)0!i.σ[ + hs rdsr Tpn!kdes[! : Atn!kdes

e |e�! ]mc Tpn!phfgs[! :
Atn!phfgs

e |e�!- -
} Enp d]bg n � Trk!i.σ[+ hs rdsr ←pn!ltks〈! : Aun!ltks

e |e�! ]mc ←pn!Wcc〈! :
Aun!Wcc

e |e�! ]mc ←pn!pdkWu〈! : Aun!pdkWu
e |e�!-

} Fs bnlotsdr IdesGmotsr!LhfgsGmotsr : Thpd�nmyftpWshnmfiaknbik∈k)0(-
} Enp d]bg n � Trk)0!i [ ]mc enp d]bg j � Tσ[+ kds Pkdes : IdesGmotsrTfin • 0(σ ) g[ ]mc
Pphfgs : LhfgsGmotsrTfin• 0(σ) g[ ]mc rds pn!kdesTj[ : p→Mkdes.σ%!CWsdSuodj TPkdes• 〉Pkdes.σ&[
]mc pn!phfgsTj[ : p→Mphfgs.σ%!CWsdSuodj TPphfgs • 〉Pphfgs.σ&[+ vgdpd CWsdSuodj : ltks he
f]sd j nm k]xdp l hr ] ltkshokhb]shnm f]sd+ dkrd he hs hr ]m ]cchshnm f]sd sgdm
CWsdSuodj : Wcc ]mc enp pdk]x f]sdr+ CWsdSuodj : pdkWu-

} Enp d]bg n � Trk!i.σ[+ hs ptmr orgWpdfipn!ltks! "! ←un!ltks〈!! 1/(+
orgWpdfipn!Wcc! "! ←un!Wcc〈!! 1/(+ orgWpdfipn!pdkWu! "! ←un!pdkWu〈!! 1/(-

} Enp d]bg n � Trk)0!i.σ[+ hs ptmr orgWpdfipn!kdes! "! Ttn!kdes[!!/( ]mc
orgWpdfipn!phfgs! "! Ttn!phfgs[!!/(-

z Fs g]mcr d]bg gnmdrs o]psx De hsr rg]pdr Atn!kdes
e ! tn!phfgs

e |n�3qk)0!i.σ[ ]mc

Aun!ltks
e ! un!Wcc

e ! un!pdkWu
e |n�3qk!i.σ[-

Cgf� 3� P]mcnl rg]qd fdmdq]shnm etmbshnm]khsx

udbsnqr- Sghr rdkdbshnm hr fnudqmdc axRhpdAnmyftpWshnm%aknbjl)0αi π aknbjlαi(- @r
sgdqd ]qd tl)0αi f]sdr hm aknbjl)0αi π sgd etmbshnm]khsx vhkk ntsots 1tl)0αi.ε ne
sgdrd tml]rjhmf rg]qdr %vhsg cdfqdd C(- Hm sns]k+ sghr hr %2tlαi ) 1tl)0αi(.ε
o]bjdc rdbqds rg]qhmfr- @ cds]hkdc cdrbqhoshnm ne sghr etmbshnm]khsx ]ood]qr hm
Ehf- 3- Sgd cdrbqhoshnm ne ] oqnsnbnk sg]s rdbtqdkx qd]khydr sghr etmbshnm]khsx hr
cdedqqdc sn sgd etkk,udqrhnm ne ntq o]odq-

σkZudp Opnsnbnk- Sghr rta,oqnsnbnk s]jdr oqnodqkx ]khfmdc hmots udbsnqr∏
Zwiαp0 [π Zx

iαp
0 [

{

i′Y#[αp′Yujεi,ε[
gdkc ax ] rds ne o]qshdr+ ]mc bnlotsdr o]bjdc

rg]qdrZyiαpαkder[ ]mc Zyiαpαphfgr[+ enq d]bg i � Zα[ ]mc p � Ztl)0αi.ε[ sg]s b]m ad
trdc sn du]kt]sd sgd mdws k]xdq- Ud mnsd sg]s enq mns]shnm]k bnmudmhdmbd+ sghr
oqnsnbnk s]jdr ]r hmots

∏
Zwiαp0 [π Zx

iαp
0 [π Zw

iαp
1 [π Zx

iαp
1 [

{

i′Y#[αp′Yujεi,ε[
hmrsd]c ne itrs

∏
Zwiαp0 [π Zx

iαp
0 [

{

i′Y#[αp′Yujεi,ε[
- Sghr hr adb]trd hm ntq l]khbhntrkx rdbtqd oqnsnbnk+

vd hmunjd sghr rta,oqnsnbnk enq du]kt]shmf sgd bhqbths nm ]bst]k hmotsr ]r vdkk ]r
nm q]mcnlhydc hmotsr- Ugdm bnlotshmf nm ]bst]k hmotsr+ vd rds wiαp0 ; wiαp1 ]mc
xiαp0 ; xiαp1 ]mc vgdm bnlotshmf nm q]mcnlhydc hmotsr+ vd rds wiαp1 ; pwiαp0 ]mc
xiαp1 ; pxiαp0 - @ cds]hkdc cdrbqhoshnm ne sghr rta,oqnsnbnk ]ood]qr hm Ehf- 4-
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Ffc opnrnani �kWudp�P.+π , , , π.m{(

:lotr� Sgd o]pshdr ADe|e�3m[ gnkc o]bidc rdbpds rg]phmfr�
Tvi!n0 [! Txi!n0 [! Tvi!n1 [! Txi!n1 [

{

i�3�[!n�3qk!i.σ[
]mc bnm�ftp]shnm ne k]xdpr kWudpk ]mc

kWudpk)0-
OpnrnPnc� Enp d]bg i � T�[+ sgd o]pshdr opnbddc ]r enkknvr3

z Sgdx hmunid ebnpp}pWmc sn nas]hm o]bidc rdbpds rg]pdr3
ATpi!n!kdes[! Tpi!n!phfgs[|i!n�3qk)0!i.σ[! A←pi!n!ltks〈! ←pi!n!Wcc〈! ←pi!n!pdkWu〈|n�3qk!i.σ[-

z Enp d]bg n � Trk!i.σ[+ sgd o]pshdr knb]kkx bnlotsd sgd enkknvhmf3
←vi!n0 − xi!n1 ) pi!n!ltks〈 : Tvi!n0 [ − Txi!n1 [ ) ←pi!n!ltks〈
←vi!n0 ) xi!n0 ) pi!n!Wcc〈 : Tvi!n0 [ ) Txi!n0 [ ) ←pi!n!Wcc〈
←vi!n0 ) pi!n!pdkWu〈 : Tvi!n0 [ ) ←pi!n!pdkWu〈

z =kk sgd o]pshdr rdmc sgdhp rg]pdr sn sgd cdrhfm]sdc o]psx DkdWcdp enp sg]s k]xdp-
z O]psx DkdWcdp pdbnmrsptbsr ]kk sgd rg]pdr sn fds hmchuhct]k u]ktdr

Axi!ltkse ! xi!Wcce ! xi!pdkWue |i�3�[!e�3qk!i [- Fs sgdm bnlotsdr sgd u]ktdr x
i!0
e ! , , , ! x

i!qk)0
e nm

sgd ntsfnhmf vhpdr epnl sgd f]sdr hm k]xdp l ]r enkknvr3 Enp d]bg i � T�[! g � Trk!i [3
} Fe f]sd fi!ek hr ] ltkshokhb]shnm f]sd+ hs rdsr xi!e : xi!ltkse -
} Fe f]sd fi!ek hr ] ltkshokhb]shnm f]sd+ hs rdsr xi!e : xi!Wcce -
} Fe f]sd fi!ek hr ] pdk]x f]sd+ hs rdsr xi!e : xi!pdkWue -

z Fs sgdm bnlotsdr IdesGmotsri !LhfgsGmotsri : Thpd�nmyftpWshnmfiaknbik)0!i ! aknbik!i(-
z Enp d]bg i � T�[ ]mc n � Trk)0!i.σ[ d]bg g � Tσ[+ kds Pkdes : IdesGmotsrTσ − fii•0() g[ ]mc

Pphfgs : LhfgsGmotsrTσ − fii • 0( ) g[+ hs rdsr yi!n!kdesTg[ : xi!Mkdes ]mc yi!n!phfgsTg[ : xi!Mphfgs ,

z Enp d]bg i � T�[! n � Trk)0!i.σ[+ hs sgdm ptmr orgWpdfiyi!n!kdes!/( sn nas]hm rg]pdr
Tyi!n!kdes
e [ ]mc orgWpdfiyi!n!phfgs!/( sn nas]hm ] rg]pdr Tyi!n!phfgs[ enp d]bg o]psx-

z Enp d]bg i � T�[! n � Trk)0!i.σ[+ ]kk o]pshdr knb]kkx rtasp]bs sgd p]mcnlmdrr epnl
sgdrd o]bidc rdbpds rg]phmfr ]r enkknvrz Tyi!n!kdes[ : Tyi!n!kdes[•Tpi!n!kdes[ ]mc Tyi!n!phfgs[ :
Tyi!n!phfgs[• Tpi!n!phfgs[,

Itrotr� Sgd o]pshdr ntsots sgdhp rg]pdr hm Tyi!n!kdes[ ]mc Tyi!n!phfgs[+ enp d]bg i � T�[ ]mc
n � Trk)0!i.σ[-

Cgf� 4� = oqnsnbnk enq rdbtqd k]xdq du]kt]shnm

4-1 Rdlh)gnmdrs Opnsnbnk

Hm sghr rdbshnm+ vd cdrbqhad ntq rdlh,gnmdrs oqnsnbnk- @kk o]qshdr fds ] ’mhsd ’dkc
� ]mc ] k]xdqdc ]qhsgldshb bhqbths A %ne vhcsg t ]mc mn- ne f]sdr {A{( nudq �
sg]s bnlotsdr sgd etmbshnm e nm hmotsr ne kdmfsg m ]r ]twhkh]qx hmotsr-5
Opnsnbnk7 Enq d]bg f � Zm[+ o]qsx Oe gnkcr hmots we � � ]mc sgd oqnsnbnk
oqnbddcr ]r enkknvr9

0- Hmots RgZphmf OgZrd7 @kk sgd o]qshdr PO0π , , , πOm| bnkkdbshudkx hmunjd
eoZai|hmotr ]r enkknvrzdudqx o]qsx Oe enq f � Zm[+ rdmcr d]bg ne hsr hmots
we sn etmbshnm]khsx eoZai|hmotr ]mc qdbnqcr hsr udbsnq ne o]bjdc rg]qdr}
Zwiαp[π Zxiαp[

{
i′Y#[αp′Yu+εi,ε[

ne sgd hmotsr ]r qdbdhudc eqnl eoZai|hmotr- Sgdx

rds Zyiαpαkder
0 [ ; Zwiαp[ ]mc Zyiαpαphfgr

0 [ ; Zxiαp[ enq d]bg i � Zα[ ]mc p � Zt0αi.ε[-

5 Enq rhlokhbhsx vd ]rrtld sg]s d]bg o]qsx g]r nmkx nmd hmots- Ats ntq oqnsnbnk b]m ad
sqhuh]kkx dwsdmcdc sn ]bbnllnc]sd rbdm]qhnr vgdqd d]bg o]qsx g]r ltkshokd hmotsr-
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1- Bhpbths DuZktZshnm7 Sgd bhqbths du]kt]shnm oqnbddcr k]xdq,vhrd+ vgdqd enq
d]bg k]xdq k � ZY[+ vgdqd Y hr sgd cdosg ne sgd bhqbths+ sgd o]qshdr du]kt,
]sd d]bg f]sd hm sg]s k]xdq rhltks]mdntrkx ]r enkknvrzFhudm o]bjdc hmots
rg]qdr

}
Zyiαpαkder

l [π Zyiαpαphfgr
l [

{
enq i � Zα[π p � Ztlαi.ε[+ sgd o]qshdr qtm σkZudp nm

hmotsr kWvdpl)0π kWvdplπ
}
Zyiαpαkder

l [π Zyiαpαphfgr
l [π Zyiαpαkder

l [π Zyiαpαphfgr
l [

{
i′Y#[αp′Yujεi,ε[

-

Sgdx qdbnqc sgdhq rg]qdr hm
∏
Zyiαpαkder

l)0 [π Zy
iαpαphfgr
l)0 [

{

i′Y#[αp′Yuj)+εi,ε[
-

2- Ntsots Pdbnmrsptbshnm7 Enq d]bg
∏
Zyiαpαkder

L)0 [π Zyiαpαphfgr
L)0 [

{

i′Y#[αp′Yu,)+εi,ε[
+ sgd

o]qshdr qtm sgd qdbnmrsqtbshnm ]kfnqhsgl ne o]bjdc rdbqds rg]qhmf sn kd]qm sgd
ntots-

Ud fhud ] oqnne ne rdbtqhsx enq sghr oqnsnbnk hm sgd etkk,udqrhnm ne ntq o]odq- Mdws
vd b]kbtk]sd sgd bnlokdwhsx ne sghr oqnsnbnk-

Bnlokdwhsx ne Ntp Rdlh)gnmdrs Opnsnbnk- Enq d]bg k]xdq hm sgd oqnsnbnk+
vd fdmdq]sd 4 · %vhcsg ne sgd k]xdq.ε( o]bjdc rg]qdr+ vgdqd ε ; m.Ω- Ud g]ud
s ; m

˜
0
1 }

1
�

(
- Hm sgd rdlh,gnmdrs rdsshmf+ m } s ; m% 01 )

1
� ( ne sgdrd b]m ad

bnlotsdc vhsg m1 bnlltmhb]shnm %sghr hr adb]trd hm sgd rdlh,gnmdrs rdsshmf+ vd
cn mns mddc sn bgdbj he sgd rg]qdr vdqd bnlotsdc gnmdrskx(- Sgdqdenqd+ nudq]kk
sgd sns]k bnlltmhb]shnm qdpthqdc sn fdmdq]sd ]kk sgd bnqqdk]sdc q]mcnl o]bjdc
rg]qdr hr 4· {A{1Ω1.%3 ) Ω( ; 0/{A{Ω1.%3 ) Ω(-
@cchshnm]k bnlltmhb]shnm qdpthqdc sn du]kt]sd d]bg k]xdq ne sgd bhqbths hr

4m · %vhcsg ne sgd k]xdq.ε(- Sgdqdenqd+ nudq]kk sgd sns]k bnlltmhb]shnm sn fdm,
dq]sd bnqqdk]sdc q]mcnlmdrr ]mc sn du]kt]sd sgd bhqbths hr 0/{A{Ω1.%3)Ω()4{A{Ω ;
4#�#�%2�)3(

3)� - @m ]cchshnm]k nudqgd]c sn fdmdq]sd o]bjdc hmots rg]qdr enq ]kk hmotsr
hr ]s lnrs 3m{F{+ vgdqd {F{ hr sgd mtladq ne hmotsr sn sgd oqnsnbnk- Sgdqdenqd+
sgd sns]k bnlltmhb]shnm bnlokdwhsx hr 4#�#�%2�)3(

3)� ) 3m{F{-

4-2 LZkhbhntrkx Rdbtpd Opnsnbnk

Hm sghr rdbshnm+ vd mnv cdrbqhad ] oqnsnbnk sg]s ]bghdudr rdbtqhsx vhsg ]anqs
]f]hmrs l]khbhntr bnqqtoshnmr- Hm ]cchshnm sn sgd rta,etmbshnm]khshdr ]mc oqn,
snbnk chrbtrrdc hm Rdbs- 5-0+ sghr oqnsnbnk l]jdr trd ne sgd enkknvhmf ]cchshnm]k
etmbshnm]khshdr+ vd cdedq sgdhq cdrbqhoshnm sn sgd etkk udqrhnm ne ntq o]odq ctd sn
ro]bd bnmrsq]hmsr9

— Etmbshnm]khsx eoZai|pZmc hr qd]khrdc ax ] oqnsnbnk sg]s ntsotsr o]bjdc rdbqds
rg]qhmfr ne q]mcnl udbsnqr- Adb]trd ne ntq qdpthqdldmsr+ vd ]rrtld sg]s
sghr etmbshnm]khsx nodq]sdr hm svn lncdr , sgd hmcdodmcdms lncd vhkk fdmdq]sd
o]bjdc rg]qhmfr ne udbsnqr hm vghbg d]bg dkdldms hr hmcdodmcdms ]mc sgd
tmhenpl lncd vhkk fdmdq]sd o]bjdc rg]qhmf ne udbsnqr hm vghbg d]bg dkdldms
hr sgd r]ld q]mcnl u]ktd-

— Etmbshnm]khsx eltkr hr qd]khrdc ax ] oqnsnbnk sg]s ltkshokhdr 1 o]bj,rdbqds
rg]qdc udbsnqr-

— Etmbshnm]khsx eagdaiSdpn s]jdr ] o]bj,rg]qdc udbsnq ]r hmots ]mc bgdbjr vgdsgdq
nq mns hs bnqqdronmcr sn ] / udbsnq-
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:twhkhZpx Hmotsr7 @ ’mhsd ’dkc � ]mc ] k]xdqdc ]qhsgldshb bhqbths A %ne vhcsg
t ]mc {A{ f]sdr( nudq � sg]s bnlotsdr sgd etmbshnm e nm hmotsr ne kdmfsg m-
Hmotsr7 Enq d]bg f � Zm[+ o]qsx Oe gnkcr hmots we � �-
Opnsnbnk7 %Sgqntfgnts sgd oqnsnbnk+ he ]mx o]qsx qdbdhudr * ]r ntsots eqnl ]
b]kk sn ] rta,etmbshnm]khsx+ sgdm hs rdmcr * sn ]kk nsgdq o]qshdr+ ntsotsr * ]mc
g]ksr(9

0- Rdbpds)RgZphmf Hmotsr7 @kk sgd o]qshdr PO0π , , , πOm| bnkkdbshudkx hmunjd
eoZai|hmotr ]r enkknvrzdudqx o]qsx Oe enq f � Zm[+ rdmcr d]bg ne hsr hmots
we sn etmbshnm]khsx eoZai|hmotr- ]mc qdbnqcr hsr udbsnq ne o]bjdc rg]qdr}
Zwiαp[π Zxiαp[

{
i′Y#[αp′Yu+εi,ε[

ne sgd hmotsr ]r qdbdhudc eqnl eoZai|hmotr- Sgdx

rds Zyiαpαkder
0 [ ; Zwiαp[ ]mc Zyiαpαphfgr

0 [ ; Zxiαp[ enq d]bg i � Zα[ ]mc p � Zt0αi.ε[-
1- Opd)opnbdrrhmf7

— P]mcnl Hmots Fdmdq]shnm9 Sgd o]qshdr hmunjd eoZai|pZmc nm lncd tmhenpl
sn qdbdhud o]bjdc rg]qhmfr Zp[ ne ] udbsnq p+ ne sgd enql p ; %qπ , , , π q(-

— Sgd o]qshdr ]krn hmunjd eoZai|pZmc nm lncd hmcdodmcdms sn qdbdhud
o]bjdc rg]qhmfr PZ�iαpαkder

l [π Z�iαpαphfgr
l [|l′YL[αi′Y#[αp′Yujεi,ε[ ne q]mcnl udb,

snqr �iαpαkder
l π�iαpαphfgr

l -
— P]mcnlhyhmf Hmotsr9 Enq d]bg o]bjdc hmots rg]qhmf Zyiαpαkder

0 [π Zyiαpαphfgr
0 [ %enq

i � Zα[π p � Zt0αi.ε[(+ sgd o]qshdr hmunjd eltkr+ nm Zyiαpαphfgr
0 [ ]mc Zp[ sn

qdbdhud Zpyiαpαkder
0 [ ]mc nm Zyiαpαphfgr

0 [ ]mc Zp[ sn qdbdhud Zpyiαpαphfgr
0 [-

2- CtZk Bhpbths DuZktZshnm7 Sgd bhqbths du]kt]shnm oqnbddcr k]xdq,vhrd+ vgdqd
enq d]bg k]xdq k � ZY[+ vgdqd Y hr sgd cdosg ne sgd bhqbths+ sgd o]qshdr du]kt]sd
d]bg f]sd hm sg]s k]xdq rhltks]mdntrkx ]r enkknvr9
— Sgd o]qshdr qtm σkZudp nm hmotsr kWvdplπ kWvdpl)0+}
Zyiαpαkder

l [π Zyiαpαphfgr
l [π Zyiαpαkder

l [π Zyiαpαphfgr
l [

{
i′Y#[αp′Yujεi,ε[

]mc nas]hm sgdhq

qdrodbshud rg]qdr hm
∏
Zyiαpαkder

l)0 [π Zy
iαpαphfgr
l)0 [

{

i′Y#[αp′Yujεi,ε[
-

— Sgd o]qshdr sgdm qtm σkZudp nm hmotsr kWvdplπ kWvdpl)0+}
Zyiαpαkder

l [π Zyiαpαphfgr
l [π Zpyiαpαkder

l [π Zpyiαpαphfgr
l [

{
i′Y#[αp′Yujεi,ε[

]mc nas]hm sgdhq

qdrodbshud rg]qdr hm
∏
Zpyiαpαkder

l)0 [π Zpy
iαpαphfgr
l)0 [

{

i′Y#[αp′Yujεi,ε[
-

3- TdphzbZshnm Rsdo7 D]bg o]qsx cndr sgd enkknvhmf9
%]( Enq d]bg k � ZY[+ i � Zα[+p � Ztlαi.ε[+ sgd o]qshdr hmunjd eltkr nm

sgdhq o]bjdc rg]qdr %Zyiαpαkder
l [+ Z�iαpαkder

l [(+ %Zpyiαpαkder
l [+ Z�iαpαkder

l [(+ %Zyiαpαphfgr
l [+

Z�iαpαphfgr
l [( ]mc %Zpyiαpαphfgr

l [+ Z�iαpαphfgr
l [(+ ]mc knb]kkx bnlotsd- 6

Zu[ ;
∑

l′YL[

∑

i′Y#[αp′Yujεi,ε[

Z�iαpαkder
l [Zpyiαpαkder

l [ ) Z�iαpαphfgr
l [Zpyiαpαphfgr

l [

Zt[ ;
∑

l′YL[

∑

i′Y#[αp′Yujεi,ε[

Z�iαpαkder
l [Zyiαpαkder

l [ ) Z�iαpαphfgr
l [Zyiαpαphfgr

l [

6 Vd qdl]qj sg]s enq mns]shnm]k bnmudmhdmbd vd cdrbqhad sghr rsdo ]r bnmrhrshmf ne
3{�{,� ltkshokhb]shnmr &]mc gdmbd sgdrd l]mx cdfqdd qdctbshnm rsdor(* hs b]m ad
cnmd vhsg itrs svn cdfqdd qdctbshnm rsdo* vgdqd sgd o]qshdr –qrs knb]kkx ltkshokx
]mc ]cc sgdhq qdrodbshud rg]qdr sn bnlotsd �u〈 ]mc �t〈 ]mc sgdm bnlltmhb]sd sn
nas]hm rg]qdr ne Zu[ ]mc Zt[ qdrodbshudkx-
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%a( Sgd o]qshdr nodm rg]qdr Zp[ sn qdbnmrsqtbs p ; %qπ , , , π q(-
%b( D]bg o]qsx sgdm knb]kkx bnlotsdr Zs[ ; Zu[} qZt[
%c( Sgd o]qshdr hmunjd eagdaiSdpn nm Zs[- He eagdaiSdpn ntsotsr pdidbs+ sgd ntsots

ne sgd o]qshdr hr *- Dkrd+ he hs ntsotsr Wbbdos+ sgdm sgd o]qshdr oqnbddc-
4- Ntsots Pdbnmrsptbshnm7 Enq d]bg ntsots udbsnq+ sgd o]qshdr qtm sgd qdbnm,
rsqtbshnm ]kfnqhsgl ne o]bjdc rdbqds rg]qhmf sn kd]qm sgd ntsots- He sgd qdbnm,
rsqtbshnm ]kfnqhsgl ntsotsr *+ sgdm sgd gnmdrs o]qshdr ntsots * ]mc g]ks-

Ctd sn ro]bd bnmrsq]hmsr+ vd cdedq sgd oqnne ne rdbtqhsx enq sghr oqnsnbnk
sn sgd etkk udqrhnm ne ntq o]odq- Ud mnsd sg]s sgd ]anud oqnsnbnk nmkx vnqjr
enq bhqbthsr nudq k]qfd ]qhsgldshb ’dkcr- Hm sgd etkk udqrhnm+ vd ]krn oqdrdms ]m
dwsdmrhnm sn ] oqnsnbnk sg]s vnqjr enq bhqbthsr nudq rl]kkdq ’dkcr-

Bnlokdwhsx BZkbtkZshnm enp ntp LZkhbhntrkx Rdbtpd Opnsnbnk
nudp KZpfd Ehdkcr- Enq d]bg k]xdq hm sgd oqnsnbnk+ vd fdmdq]sd 4 ·
%vhcsg ne sgd k]xdq.ε(+ vgdqd ε ; m.Ω- Ud g]ud s ; m

˜
0
1 }

1
�

(
- Hm sgd l]kh,

bhntr rdsshmf+ m } s } 0 ⊥ m% 01 )
1
� ( ne sgdrd o]bjdc rg]qdr b]m ad bnlotsdc

vhsg 4m1)4m%s)0( bnlltmhb]shnm- Sgdqdenqd+ nudq]kk sgd sns]k bnlltmhb]shnm
qdpthqdc sn fdmdq]sd ]kk sgd q]mcnlmdrr hr sgd enkknvhmf9

— Bnqqdk]sdc q]mcnlmdrr enq du]kt]shmf sgd bhqbths nm ]bst]k hmotsr9
#B#

m
" −m% +1)

1
" (

˜
4m1 ) 4m1

˜
0
1 }

1
�

((
; 4�#�#%2�|3(

�)3 -
— Bnqqdk]sdc q]mcnlmdrr enq du]kt]shmf sgd bhqbths nm q]mcnlhydc hmotsr9
4�#�#%2�|3(

�)3

— Rg]qdr ne q]mcnl � udbsnqr9 1�#�#%2�|3(
�)3

@cchshnm]k bnlltmhb]shnm qdpthqdc enq ct]k dwdbtshnm ne sgd bhqbths hr
1 · 4 · m · %vhcsg ne sgd k]xdq.ε(- Sgdqdenqd+ nudq]kk sgd sns]k bnlltmhb],
shnm sn fdmdq]sd bnqqdk]sdc q]mcnlmdrr ]mc enq sgd ct]k du]kt]sd sgd bhqbths
hr 01�#�#%2�|3(

�)3 )0/{A{Ω ; 35�1#�#|7�#�#
�)3 - @m ]cchshnm]k nudqgd]c sn fdmdq]sd o]bjdc

hmots rg]qdr enq ]kk hmotsr hr m1{F{+ vgdqd {F{ hr sgd mtladq ne hmotsr sn sgd oqn,
snbnk- Sgd bnlltmhb]shnm qdpthqdc sn fdmdq]sd rg]qdr ne q]mcnlhydc hmotsr hr
m1{F{- Ehm]kkx+ sgd udqh’b]shnm rsdo nmkx qdpthqdr 1m1 bnlltmhb]shnm- Sgdqdenqd+
sgd sns]k bnlltmhb]shnm bnlokdwhsx hr 35�

1#�#|7�#�#
�)3 ) 1m1{F{-

6 HlokdldmsTshnm Tmc CuTktTshnm

6-. SgdnpdshbZk BnloZphrnm sn Ophnp Vnpi

Ud rs]qs ax bnlo]qhmf sgd bnmbqdsd d�bhdmbx ne ntq oqnsnbnk a]rdc nm sgd b]kbt,
k]shnmr eqnl Rdbs- 5-2+ vgdqd vd rgnv sg]s sgd sns]k bnlltmhb]shnm bnlokdwhsx
ne ntq l]khbhntrkx rdbtqd oqnsnbnk hr 35�

1#�#|7�#�#
�)3 ) 1m1{F{- Pdb]kk sg]s ntq oqn,

snbnk ]bghdudr rdbtqhsx ]f]hmrs s / m
˜
0
1 }

1
�

(
bnqqtoshnmr: vd cn ntq bnlo]qhrnm

vhsg sgd rs]sd,ne,sgd,]qs trhmf sgd r]ld bnqqtoshnm sgqdrgnkc ]r sgdx bnmrhcdq-
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Sgd rs]sd,ne,sgd,]qs hm sghr qdfhld hr sgd L%m{A{( oqnsnbnk ne Z05[ enq s /
m.2 bnqqtoshnmr+ sg]s qdpthqdr d]bg o]qsx sn bnlltmhb]sd ]ooqnwhl]sdkx 312
’dkc dkdldmsr odq ltkshokhb]shnm f]sd- Hm bnmsq]rs+ enq m ; 014 o]qshdr ]mc s /
m.2 bnqqtoshnmr+ ntq oqnsnbnk qdpthqdr d]bg o]qsx sn rdmc ]ooqnwhl]sdkx 203
’dkc dkdldmsr odq f]sd+ hm dwodbs]shnm- Mnshbd sg]s vghkd vd qdpthqd o]qshdr sn
bnlltmhb]sd enq dudqx f]sd hm sgd bhqbths+ Z05[ nmkx qdpthqdr bnlltmhb]shnm odq
ltkshokhb]shnm f]sd- Gnvdudq+ hs hr d]rx sn rdd sg]s enq bhqbthsr vhsg ]ooqnwhl]sdkx
64˜ ltkshokhb]shnm f]sdr+ ntq oqnsnbnk hr dwodbsdc %hm sgdnqx( sn ntsodqenql Z05[
enq 014 o]qshdr-
Sgd ]cu]ms]fd ne L%{A{( oqnsnbnkr hr sg]s sgd odq,o]qsx bnlltmhb]shnm

cdbqd]rdr ]r sgd mtladq ne o]qshdr hmbqd]rdr- Enq sgd r]ld bnqqtoshnm sgqdrgnkc
ne s / m.2+ ]mc m ; 04/ o]qshdr+ ntq oqnsnbnk vntkc %nm o]odq( nmkx qdpthqd
d]bg o]qsx sn bnlltmhb]sd 1 12 ’dkc dkdldmsr odq f]sd- Hm sghr b]rd+ ntq oqnsnbnk
hr ]kqd]cx dwodbsdc sn odqenql adssdq sg]m Z05[ enq bhqbthsr sg]s g]ud lnqd sg]s
5/˜ ltkshokhb]shnm f]sdr- @r sgd mtladq ne o]qshdr hmbqd]rd+ kdrr ne sgd bhqbths
ltrs ad bnloqhrdc ne ltkshokhb]shnm f]sdr hm nqcdq sn rgnv hloqnudldmsr- @ksdq,
m]shudkx+ adb]trd ntq bnlltmhb]shnm bnlokdwhsx cdodmcr nm Ω %sg]s hr chqdbskx
oqnonqshnm]k sn sgd bnqqtoshnm sgqdrgnkc s(+ ntq oqnsnbnk ntsodqenqlr oqhnq vnqj
vhsg edvdq o]qshdr he vd qdctbd sgd bnqqtoshnm sgqdrgnkc- nq s / m.3 bnqqtoshnmr
]mc m ; 0// o]qshdr+ vd qdpthqd odq,o]qsx bnlltmhb]shnm ne 114 ’dkc dkdldmsr
odq f]sd-
Ehm]kkx+ vd qdl]qj sg]s sgd ]anud hr ] sgdnqdshb]k bnlo]qhrnm+ ]mc ]rrtldr

sgd –adrs,b]rd rbdm]qhn“+ d-f-+ vgdqd sgd bhqbths hr rtbg sg]s hs g]r dw]bskx m}s}0
qdodshshnmr ne sgd r]ld jhmcr ne aknbjr+ ]mc sg]s d]bg aknbj g]r ]m dw]bs ltkshokd
ne m.Ω f]sdr ]mc m hr dw]bskx chuhrhakd ax Ω+ dsb- Hm oq]bshbd+ sghr l]x mns ad sgd
b]rd+ ]mc rnld ne sgd fdmdq]sdc q]mcnlmdrr vhkk ad –v]rsdc“ nq rnld o]bjdc
rdbqds rg]qhmfr vhkk mns ad bnlokdsdkx ’kkdc-

6-1 HlokdldmsZshnm BnloZphrnm sn Ophnp Vnpi

Sn l]jd ntq bnlo]qhrnm lnqd bnmbqdsd+ vd hlokdldms ntq oqnsnbnk ]mc du]kt]sd
hs nm chffidqdms mdsvnqj rdsshmfr- Ughkd vd cn mns fds sgd dw]bs r]ld hloqnud,
ldmsr ]r cdqhudc ]anud %khjdkx ctd sn v]rsd(+ vd bkd]qkx cdlnmrsq]sd sg]s ntq
oqnsnbnk hr oq]bshb]k enq dudm rl]kk mtladqr ne o]qshdr+ ]mc adbnldr lnqd d�,
bhdms sg]m rs]sd,ne,sgd,]qs enq k]qfd mtladqr ne o]qshdr-
Ud hlokdldmsdc ntq l]khbhntrkx rdbtqd oqnsnbnk eqnl Rdbs- 5-2- @cchshnm]k

cds]hkr ]ants ntq hlokdldms]shnm b]m ad entmc hm sgd etkk udqrhnm ne sgd o]odq-
Ntq hlokdldms]shnm hr hm +�� ]mc athks nm sno ne kharb]oh Z7[+ vghbg oqnuhcdr
bnlltmhb]shnm ]mc bhqbths o]qrhmf- Sn du]kt]sd ntq hlokdldms]shnm+ vd fdmdq,
]sd q]mcnl k]xdqdc bhqbthsr sg]s r]shrex sgd ghfgkx qdodshshud rsqtbstq]k qdpthqd,
ldmsr- Admbgl]qjhmf nm q]mcnl bhqbthsr hr bnllnm+ ]bbdosdc oq]bshbd enq gnm,
drs l]inqhsx oqnsnbnkr Z6+05[- Ud ]krn lnchex sgd kharb]oh Z7[ bhqbths ’kd enql]s
sn ]kknv enq lnqd rtbbhmbs qdoqdrdms]shnm ne ghfgkx qdodshshud bhqbthsr-



Nqcdq,B Rdbtqd Ltksho]qsx Bnlots]shnm enq Ghfgkx Pdodshshud Bhqbthsr 578

PTakd 1� Bnlo]qhmf sgd qtmshld ne ntq oqnsnbnk ]mc sg]s ne qdk]sdc vnqj- Pdrtksr enq
ntq bhqbthsr ]qd qdonqsdc enq sgd ]udq]fd oqnsnbnk dwdbtshnm shld nudq –ud q]mcnlhydc
bhqbthsr d]bg vhsg 0*///*/// f]sdr- =kk shldr ]qd qntmcdc sn rdbnmcr ctd sn ro]bd
bnmrsq]hmsr- =rsdqhrj cdmnsd dwsq]onk]sdc qtmshldr adsvddm K=M rdsshmf ]mc V=M
rdsshmf &rdd sdws(- Nm sgd qhfgs rhcd ne sgd s]akd* oqhnq vnqj cndr mns qtm enq sghr
mtladq ne o]qshdr* rn vd nmkx hmbktcd ntq nvm qdrtksr-

AnmwftoTsgnm Ftlado ne NTosgdr

Mds- Bnm–f n Cdosg 2/ 4/ 6/ 8/ 00/ 04/ 1// 14/ 2//

K=M &ntq vnqj( O,3 0/// 18 26 38 42 5/ , , , ,

K=M &ntq vnqj( O,2 0/// 18 30 44 43 52 , , , ,

Z6[ O,1 0/// 01 15 22 38 7/ , , , ,

Z05[ O,2 1/ 0 1 2 3 / 3 , , , ,

V=M &ntq vnqj( O,3 0/// 150 1/5 076 167 160 171 152 2/1 225

V=M &ntq vnqj( O,2 0/// 188 174 104 150 2/4 204 168 21/ 267

Z6[ O,1 1/ 76 017 053) 1/3) 146) , , , ,

Z6[ O,1 0// 024 086 140) 244) 367) , , , ,

Z6[ O,1 0/// 265) 705) 0j) 0-4j) 1-3j) , , , ,

Ud q]m sdrsr hm svn mdsvnqj cdoknxldmsr+ K@M ]mc U@M- Hm ntq K@M
cdoknxldms+ ]kk o]qshdr vdqd bn,knb]sdc nm ] rhmfkd+ k]qfd rdqudq vhsg svn Hmsdk%P(
Wdnm%P( BOT D4,1584 = 1-0/FGy- Hm ntq U@M cdoknxldms+ o]qshdr vdqd rokhs
dudmkx ]bqnrr sgqdd chffidqdms @UR qdfhnmr9 tr,d]rs,0+ tr,d]rs,1+ ]mc tr,vdrs,1-
D]bg o]qsx v]r ] rdo]q]sd b3-wk]qfd hmrs]mbdr vhsg 6-4 FA ne P@L ]mc ] 1-8FGy
Hmsdk Wdnm D4,1555 u2 Oqnbdrrnq-
Ud bnlo]qd ntq vnqj sn sgd lnrs d�bhdms L%m{A{( vnqj+ ]r sgdqd hr mn

bnlo]q]akd vnqj vghbg g]r addm qtm enq ] k]qfd mtladq ne o]qshdr-7 Sgdrd vnqjr
nmkx sdrs enq to sn 00/ o]qshdr- Sgdqdenqd ntq dlog]rhr hr mns nm chqdbs shld
qdrtks bnlo]qhrnmr+ ats hmrsd]c nm qdk]shud d�bhdmbx dudm vhsg rl]kk mtladqr
ne ok]xdqr-
Ud bnlo]qd sgd qtmshld ne ntq oqnsnbnk hm ansg ntq K@M cdoknxldms ]mc

U@M cdoknxldms sn Z6+05[ hm S]akd 1- Adb]trd ne chffidqdmbdr adsvddm ntq oqnsn,
bnk ]mc hmsdmcdc ]ookhb]shnmr+ sgdqd ]qd rdudq]k hlonqs]ms sghmfr sn mnsd hm sghr
bnlo]qhrnm- Ehqrs+ vd qtm ]kk ntq sdrsr nm bhqbthsr vhsg cdosg 0+/// sn dmrtqd
sgdqd hr rt�bhdms qdodshshnm hm sgd bhqbths- Etqtj]v] ds ]k- trd nmkx ] cdosg 1/
bhqbths hm sgdhq K@M sdrsr+ ld]mhmf lnqd o]q]kkdkhrl b]m ad kdudq]fdc- Ud mnsd
sg]s vgdm Bghc] ds ]k- hmbqd]rd sgd cdosg ne sgdhq bhqbthsr eqnl 1/ sn 0+/// hm
sgdhq K@M cdoknxldms+ sgd qtmshld enq k]qfd mtladqr ne o]qshdr hmbqd]rdr 4—0/
Z6[- He vd ]rrtld Z05[ vhkk ]bs rhlhk]qkx+ vd rdd sg]s sgdhq qtmshld hr ]ooqnwh,
l]sdkx g]ke ne ntqr+ vgdm qtm vhsg rl]kk mtladq ne o]qshdr- Sghr hr bnmrhrsdms

7 Sgd nmkx oqnsnbnk sn ad qtm nm k]qfd mtladqr ne o]qshdr qdrsr nm hmbnlo]q]akd
]rrtloshnmr khjd BPR Z27[-



58/ F- Adbj ds ]k-

vhsg sgdhq ’mchmf sg]s sgdhq oqnsnbnk hr ]ants svhbd ]r e]rs ]r Z6[- Ud dlog]rhrd
sg]s enq k]qfdq mtladqr ne o]qshdr ntq oqnsnbnk hr dwodbsdc sn odqenql adssdq-
Adb]trd Bghc] ds ]k- nmkx qtm sgdhq oqnsnbnk enq to sn 2/ ok]xdqr ]mc to sn

bhqbths cdosg 0// hm sgdhq U@M cdoknxldms+ sgdqd hr lhrrhmf c]s] enq ntq bnlo]q,
hrnm- Ud mnsd sg]s sgdhq U@M qtmshldr ]qd bnmrhrsdmskx itrs nudq 2/w ghfgdq sg]m
sgdhq K@M cdoknxldms- Trhmf sghr nardqu]shnm+ vd dwsq]onk]sd drshl]sdc qtm,
shldr enq sgdhq oqnsnbnk tmcdq chffidqdms bnm’ftq]shnmr+ cdmnsdc vhsg ]m ]rsdqhrj-
Ud dlog]rhrd sg]s sghr drshl]shnm hr qntfg+ ]mc ]kk sgdrd ld]rtqdldmsr rgntkc
ad hmsdqoqdsdc vhsg ] cdfqdd ne rjdoshbhrl: vd hmbktcd sgdl nmkx sn ]ssdlos ]
lnqd bnmrhrsdms bnlo]qhrnm sn hkktrsq]sd sgd fdmdq]k sqdmcr ne ntq oqdkhlhm]qx
hlokdldms]shnm-
Ntq qdrtksr rgnv sg]s ntq oqnsnbnk+ dudm trhmf ]m tm,noshlhydc hlokdldm,

s]shnm+ hr bnlo]q]akd sn sgdrd vnqjr enq rl]kk mtladqr ne o]qshdr %rdd kdes rhcd
ne S]akd 1(- Enq k]qfdq mtladqr ne o]qshdr %rdd qhfgs rhcd S]akd 1(+ vgdqd vd g]ud
mn bnlo]q]akd qdrtksr+ sgdqd hr ]m tov]qc sqdmc hm dwdbtshnm shld- Sghr bntkc
ad ] qdrtks ne mdsvnqjhmf nudqgd]c nq u]qxhmf kdudkr ne mdsvnqj bnmfdrshnm vgdm
d]bg ne sgd dwodqhldmsr v]r odqenqldc- Enq dw]lokd+ vgdm dwdbtshmf vhsg 14/
o]qshdr ]mc ] bnqqtoshnm sgqdrgnkc ne m.3 sgd chffidqdmbd adsvddm sgd e]rsdrs ]mc
rknvdrs dwdbtshnm shld v]r nudq 5/+/// lr+ vgdqd]r hm nsgdq cdoknxldmsr sgd
chffidqdmbd hr ]r knv ]r 0+/// lr- Hm fdmdq]k+ ]m hmbqd]rd hr ]krn dwodbsdc ]r ]rxlo,
snshb bnlokdwhsx g]r ]m ]cchshud pt]cq]shb cdodmcdmbx nm m vhsg sgd hmots rhyd
ne sgd bhqbths- Nudq]kk ntq dwodqhldmsr cdlnmrsq]sd sg]s ntq oqnsnbnk cndr mns
hmsqnctbd ]m hloq]bshb]k nudqgd]c hm hsr dffinqs sn ]bghdud L%{A{( LOB- ?r sgd
mtladq ne oWqshdr bnmshmtdr sn fqnv ffd-f- gtmcqdcr nq sgntrWmcr() sgd admdzsr ne
ntq oqnsnbnk vhkk adbnld dudm lnqd WooWqdms-

6bimnvkdcfdldmsr� Sgd –qrs ]mc rdbnmc ]tsgnqr ]qd rtoonqsdc hm o]qs ax MRE
tmcdq ]v]qcr BMR,054200/ ]mc BMR,07/0368 ]mc sgd N�bd ne M]u]k Pdrd]qbg tmcdq
bnmsq]bs M///03,08,0,1181- Sgd –qrs ]tsgnq hr ]krn rtoonqsdc hm o]qs ax C=PO= tmcdq
Bnmsq]bs Mn- GP//001/B//73- Sgd rdbnmc ]mc sghqc ]tsgnqr ]qd rtoonqsdc hm o]qs ax
]m MRE BMR fq]ms 0703808* MRE B=PDDP ]v]qc 0831678 ]mc Ingmr Gnojhmr Tmh,
udqrhsx B]s]kxrs ]v]qc- Sgd sghqc ]tsgnq hr ]cchshnm]kkx o]qskx rtoonqsdc ax N�bd nffi
M]u]k Pdrd]qbg fq]ms M///03,08,0,1183- Sgd enqsg ]tsgnq hr rtoonqsdc ax sgd M]shnm]k
Rbhdmbd Entmc]shnm tmcdq Fq]ms ˚1/2/748 sn sgd Bnlotshmf Pdrd]qbg =rrnbh]shnm
enq sgd BHEdkknvr Oqnidbs- =mx nohmhnmr* –mchmfr ]mc bnmbktrhnmr nq qdbnlldmc]shnmr
dwoqdrrdc hm sghr l]sdqh]k ]qd sgnrd ne sgd ]tsgnq&r( ]mc cn mns mdbdrr]qhkx qdfidbs sgd
uhdvr ne sgd Tmhsdc Rs]sdr Fnudqmldms nq C=PO=-

Pdedpdmadr

0- Ehor ota 07/z1* rdbtqd g]rg rs]mc]qc &rgr(* 1//1- T-R- Cdo]qsldms ne Bnl,
ldqbd.M]shnm]k Hmrshstsd ne Rs]mc]qcr ]mc Sdbgmnknfx &1//1(

1- =ldr* R-* G]y]x* B-* Hrg]h* X-* Udmjhs]rtaq]l]mh]l* L-9 Khfdqn9 khfgsvdhfgs rta,
khmd]q ]qftldmsr vhsgnts ] sqtrsdc rdsto- Hm9 Sgtq]hrhmfg]l* A-L-* Du]mr* C-*
L]kjhm* S-* Wt* C- &dcr-( =BL BBR 1/06* oo- 1/76z10/3- =BL Oqdrr* Nbsnadq
1/06
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2- Adkk]qd* L-* Pnf]v]x* O-9 P]mcnl nq]bkdr ]qd oq]bshb]k9 ] o]q]chfl enq cdrhfmhmf
d�bhdms oqnsnbnkr- Hm9 Cdmmhmf* C-D-* Oxkd* P-* F]mdr]m* P-* R]mcgt* P-R-* =rgax*
U- &dcr-( =BL BBR 82* oo- 51z62- =BL Oqdrr* Mnudladq 0882

3- Adm,Nq* L-* Fnkcv]rrdq* R-* Vhfcdqrnm* =-9 Bnlokdsdmdrr sgdnqdlr enq mnm,
bqxosnfq]oghb e]tks,snkdq]ms chrsqhatsdc bnlots]shnm &dwsdmcdc ]arsq]bs(- Hm9 1/sg
=BL RSNB* oo- 0z0/- =BL Oqdrr* L]x 0877

4- Bg]rd* L-* ds ]k-9 Onrs,pt]mstl ydqn,jmnvkdcfd ]mc rhfm]stqdr eqnl rxlldsqhb,
jdx oqhlhshudr- Hm9 Sgtq]hrhmfg]l* A-L-* Du]mr* C-* L]kjhm* S-* Wt* C- &dcr-(
=BL BBR 1/06* oo- 0714z0731- =BL Oqdrr* Nbsnadq 1/06

5- Bg]tl* C-* Bqfldod]t* B-* C]lfff]qc* H-9 Ltksho]qsx tmbnmchshnm]kkx rdbtqd oqnsn,
bnkr &=arsq]bs(- Hm9 Onldq]mbd* B- &dc-( BPXOSN 0876- KMBR* unk- 182* o- 351-
Roqhmfdq* Gdhcdkadqf &0877(- gssor9..cnh-nqf.0/-0//6.2,43/,37073,1 32

6- Bghc]* J-* ds ]k-9 E]rs k]qfd,rb]kd gnmdrs,l]inqhsx LOB enq l]khbhntr ]cudqr]qhdr-
Hm9 Rg]bg]l* G-* Ankcxqdu]* =- &dcr-( BPXOSN 1/07- KMBR* unk- 0/882* oo- 23z53-
Roqhmfdq* Bg]l &1/07(- gssor9..cnh-nqf.0/-0//6.867,2,208,85767,/ 1

7- Bqxosnaht- bqxosnaht.kharb]oh* L]x 1/08
8- C]lfff]qc* H-* Hrg]h* X-9 Rb]k]akd rdbtqd ltksho]qsx bnlots]shnm- Hm9 Cvnqj* B-
&dc-( BPXOSN 1//5- KMBR* unk- 3006* oo- 4/0z41/- Roqhmfdq* Gdhcdkadqf &1//5(-
gssor9..cnh-nqf.0/-0//6.00707064 2/

0/- C]lfff]qc* H-* Hrg]h* X-* Jq´hf]]qc* L-9 Odqedbskx rdbtqd ltksho]qsx bnlots]shnm ]mc
sgd bnlots]shnm]k nudqgd]c ne bqxosnfq]ogx- Hm9 Fhkadqs* G- &dc-( DTPNBPXOS
1/0/- KMBR* unk- 500/* oo- 334z354- Roqhmfdq* Gdhcdkadqf &1/0/(- gssor9..cnh-nqf.
0/-0//6.867,2,531,0208/,4 12

00- C]lfff]qc* H-* Hrg]h* X-* Jq´hf]]qc* L-* Mhdkrdm* I-A-* Rlhsg* =-9 Rb]k]akd ltk,
sho]qsx bnlots]shnm vhsg md]qkx noshl]k vnqj ]mc qdrhkhdmbd- Hm9 V]fmdq* C-
&dc-( BPXOSN 1//7- KMBR* unk- 4046* oo- 130z150- Roqhmfdq* Gdhcdkadqf &1//7(-
gssor9..cnh-nqf.0/-0//6.867,2,43/,74063,4 03

01- C]lfff]qc* H-* Mhdkrdm* I-A-9 Rb]k]akd ]mc tmbnmchshnm]kkx rdbtqd ltksho]qsx bnl,
ots]shnm- Hm9 Ldmdydr* =- &dc-( BPXOSN 1//6- KMBR* unk- 3511* oo- 461z48/-
Roqhmfdq* Gdhcdkadqf &1//6(- gssor9..cnh-nqf.0/-0//6.867,2,43/,63032,4 21

02- Chmfkdchmd* P-* L]sgdvrnm* M-* Rxudqrnm* O-9 Snq9 sgd rdbnmc,fdmdq]shnm nmhnm
qntsdq- Hm9 Oqnbddchmfr ne sgd 02sg Bnmedqdmbd nm TRDMHW Rdbtqhsx Rxlonrhtl*
unk- 02* RRXL 1//3* oo- 10* Adqjdkdx* B=* TR=- TRDMHW =rrnbh]shnm &1//3(

03- Eh]s* =-* Rg]lhq* =-9 Gnv sn oqnud xntqrdke9 oq]bshb]k rnktshnmr sn hcdmsh–b]shnm
]mc rhfm]stqd oqnakdlr- Hm9 Nckxyjn* =-L- &dc-( BPXOSN 0875- KMBR* unk- 152*
oo- 075z083- Roqhmfdq* Gdhcdkadqf &0876(- gssor9..cnh-nqf.0/-0//6.2,43/,36610,6
01

04- Eq]mjkhm* L-J-* Xtmf* L-9 Bnlltmhb]shnm bnlokdwhsx ne rdbtqd bnlots]shnm
&dwsdmcdc ]arsq]bs(- Hm9 13sg =BL RSNB* oo- 588z60/- =BL Oqdrr* L]x 0881

05- Etqtj]v]* I-* Khmcdkk* X-9 Svn,sghqcr gnmdrs,l]inqhsx LOB enq l]khbhntr ]cudq,
r]qhdr ]s ]klnrs sgd bnrs ne rdlh,gnmdrs- Hm9 B]u]kk]qn* K-* Jhmcdq* I-* V]mf* W-*
J]sy* I- &dcr-( =BL BBR 1/08* oo- 0446z0460- =BL Oqdrr* Mnudladq 1/08

06- F]kk]fgdq* O-* Enqdvnqc* C-C-* Chqdbsnq* B-E-9 EHOR OTA 075z2 edcdq]k hmenql]shnm
oqnbdrrhmf rs]mc]qcr otakhb]shnm chfhs]k rhfm]stqd rs]mc]qc &CRR(* Itmd 1//8- T-R-
Cdo]qsldms ne Bnlldqbd.M]shnm]k Hmrshstsd ne Rs]mc]qcr ]mc Sdbgmnknfx &1//8(

07- F]rbnm* =-* ds ]k-9 Rdbtqd khmd]q qdfqdrrhnm nm udqshb]kkx o]qshshnmdc c]s]rdsr- Bqxo,
snknfx dOqhms =qbghud* Pdonqs 1/05.781 &1/05(- gsso9..doqhms-h]bq-nqf.1/05.781

08- Fdmjhm* C-9 Rdbtqd Bnlots]shnm hm Gnrshkd Dmuhqnmldmsr- OgC sgdrhr* Sdbgmhnm ,
Hrq]dk Hmrshstsd ne Sdbgmnknfx &1/05(



581 F- Adbj ds ]k-

1/- Fdmjhm* C-* Hrg]h* X-* Onkxbgqnmh]cnt* =-9 D�bhdms ltksh,o]qsx bnlots]shnm9 eqnl
o]rrhud sn ]bshud rdbtqhsx uh] rdbtqd RHLC bhqbthsr- Hm9 Fdmm]qn* P-* Pnarg]v* L-
&dcr-( BPXOSN 1/04- KMBR* unk- 8105* oo- 610z630- Roqhmfdq* Gdhcdkadqf &1/04(-
gssor9..cnh-nqf.0/-0//6.867,2,551,37///,6 24

10- Fdmjhm* C-* Hrg]h* X-* Oq]ag]j]q]m* L-* R]g]h* =-* Sqnldq* D-9 Bhqbthsr qdrhkhdms sn
]cchshud ]ss]bjr vhsg ]ookhb]shnmr sn rdbtqd bnlots]shnm- Hm9 Rglnxr* C-A- &dc-(
35sg =BL RSNB* oo- 384z4/3- =BL Oqdrr* L]x.Itmd &1/03(

11- Fh]bnldkkh* H-* L]crdm* I-* Nqk]mch* B-9 YJAnn9 e]rsdq ydqn,jmnvkdcfd enq Annkd]m
bhqbthsr- Hm9 Gnky* S-* R]u]fd* R- &dcr-( TRDMHW Rdbtqhsx 1/05* oo- 0/58z0/72-
TRDMHW =rrnbh]shnm* =tftrs 1/05

12- Fnkcqdhbg* N-* Lhb]kh* R-* Vhfcdqrnm* =-9 Gnv sn ok]x ]mx ldms]k f]ld nq ] bnl,
okdsdmdrr sgdnqdl enq oqnsnbnkr vhsg gnmdrs l]inqhsx- Hm9 =gn* =- &dc-(* 08sg =BL
RSNB* oo- 107z118- =BL Oqdrr* L]x 0876

13- Fnkcv]rrdq* R-* Lhb]kh* R-* P]bjnffi* B-9 Sgd jmnvkdcfd bnlokdwhsx ne hmsdq]bshud
oqnne,rxrsdlr &dwsdmcdc ]arsq]bs(- Hm9 06sg =BL RSNB* oo- 180z2/3- =BL Oqdrr*
L]x 0874

14- Fnx]k* U-* Rnmf* X-* Ygt* B-9 Ft]q]msddc ntsots cdkhudqx bnldr eqdd hm gnmdrs
l]inqhsx LOB- Hm9 Lhbbh]mbhn* C-* Phrsdmo]qs* S- &dcr-( BPXOSN 1/1/- KMBR*
unk- 01060* oo- 507z535- Roqhmfdq* Bg]l &1/1/(- gssor9..cnh-nqf.0/-0//6.867,2,
/2/,4577/,0 11

15- G]rshmfr* L-* Gdldmv]x* A-* Mnakd* C-* Yc]mbdvhb* R-9 RnJ9 fdmdq]k otqonrd bnl,
ohkdqr enq rdbtqd ltksh,o]qsx bnlots]shnm- Hm9 1/08 HDDD Rxlonrhtl nm Rdbtqhsx
]mc Oqhu]bx* oo- 011/z0126- HDDD Bnlotsdq Rnbhdsx Oqdrr* L]x 1/08

16- Ghqs* L-* Mhdkrdm* I-A-9 Pnatrs ltksho]qsx bnlots]shnm vhsg khmd]q bnlltmhb]shnm
bnlokdwhsx- Hm9 Cvnqj* B- &dc-( BPXOSN 1//5- KMBR* unk- 3006* oo- 352z371-
Roqhmfdq* Gdhcdkadqf &1//5(- gssor9..cnh-nqf.0/-0//6.00707064 17

17- Hrg]h* X-* Jtrghkduhsy* D-* Nrsqnurjx* P-* R]g]h* =-9 Ydqn,jmnvkdcfd eqnl rdbtqd
ltksho]qsx bnlots]shnm- Hm9 Ingmrnm* C-R-* Edhfd* T- &dcr-( 28sg =BL RSNB* oo-
10z2/- =BL Oqdrr* Itmd 1//6

18- J]sy* I-* Jnkdrmhjnu* U-* V]mf* W-9 Hloqnudc mnm,hmsdq]bshud ydqn jmnvkdcfd vhsg
]ookhb]shnmr sn onrs,pt]mstl rhfm]stqdr- Hm9 Khd* C-* L]mm]m* L-* A]bjdr* L-*
V]mf* W- &dcr-( =BL BBR 1/07* oo- 414z426- =BL Oqdrr* Nbsnadq 1/07

2/- Khmcdkk* X-* Mne* =-9 = eq]ldvnqj enq bnmrsqtbshmf e]rs LOB nudq ]qhsgldshb bhq,
bthsr vhsg l]khbhntr ]cudqr]qhdr ]mc ]m gnmdrs,l]inqhsx- Hm9 Sgtq]hrhmfg]l* A-L-*
Du]mr* C-* L]kjhm* S-* Wt* C- &dcr-( =BL BBR 1/06* oo- 148z165- =BL Oqdrr*
Nbsnadq 1/06

20- Lng]rrdk* O-* Phmc]k* O-9 =AX29 ] lhwdc oqnsnbnk eq]ldvnqj enq l]bghmd kd]qmhmf-
Hm9 Khd* C-* L]mm]m* L-* A]bjdr* L-* V]mf* W- &dcr-( =BL BBR 1/07* oo- 24z41-
=BL Oqdrr* Nbsnadq 1/07

21- Lng]rrdk* O-* Yg]mf* X-9 RdbtqdLK9 ] rxrsdl enq rb]k]akd oqhu]bx,oqdrdquhmf
l]bghmd kd]qmhmf- Hm9 1/06 HDDD Rxlonrhtl nm Rdbtqhsx ]mc Oqhu]bx* oo- 08z27-
HDDD Bnlotsdq Rnbhdsx Oqdrr* L]x 1/06

22- Lnnc* A-* Ftos]* C-* B]qsdq* G-* Atskdq* J-* Sq]xmnq* O-9 Eqhf]sd9 ] u]khc]sdc*
dwsdmrhakd* ]mc d�bhdms bnlohkdq ]mc hmsdqoqdsdq enq rdbtqd bnlots]shnm- Hm9 1/05
HDDD Dtqnod]m Rxlonrhtl nm Rdbtqhsx ]mc Oqhu]bx &DtqnR%O(* oo- 001z016-
HDDD &1/05(

23- M]j]lnsn* R-9 Ahsbnhm9 ] oddq,sn,oddq dkdbsqnmhb b]rg rxrsdl &1//7(
24- Mnqcgnks* O-R-* Uddmhmfdm* L-9 Lhmhlhrhmf bnlltmhb]shnm hm gnmdrs,l]inqhsx

LOB ax a]sbgvhrd ltkshokhb]shnm udqh–b]shnm- Hm9 Oqdmddk* A-* Udqb]tsdqdm* E-
&dcr-( =BMR 1/07- KMBR* unk- 0/781* oo- 210z228- Roqhmfdq* Bg]l &1/07(- gssor9..
cnh-nqf.0/-0//6.867,2,208,82276,/ 06
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25- Pddc* L-F-* Rxudqrnm* O-E-* Fnkcrbgk]f* C-L-9 =mnmxlntr bnmmdbshnmr ]mc nmhnm
qntshmf- HDDD I- Rdk- =qd]r Bnlltm- .5&3(* 371z383 &0887(

26- Rg]lhq* =-9 Gnv sn rg]qd ] rdbqds- Bnlltm- =rrnb- Bnlots- L]bg- 11&00(* 501z
502 &0868(

27- V]hkr* P-* Ingmrnm* =-* Rs]qhm* C-* Xdqtjghlnuhbg* =-* Fnqcnm* R-C-9 Rsnqlx9
Rs]shrshbr hm snq ax ld]rtqhmf rdbtqdkx- Hm9 B]u]kk]qn* K-* Jhmcdq* I-* V]mf* W-*
J]sy* I- &dcr-( =BL BBR 1/08* oo- 504z521- =BL Oqdrr* Mnudladq 1/08

28- X]n* =-B-,B-9 Gnv sn fdmdq]sd ]mc dwbg]mfd rdbqdsr &dwsdmcdc ]arsq]bs(- Hm9 16sg
ENBR* oo- 051z056- HDDD Bnlotsdq Rnbhdsx Oqdrr* Nbsnadq 0875


