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Sghr vnqj ]hlr sn dwsdmc oqduhntr qdrd]qbg nm gnv ] sqhe]bsnqh]k rsnbg]rshb lncdk+ vghbg vd
b]kk A F P2+ b]m ad stqmdc hmsn ] enqdb]rshmf snnk enq dmdqfx shld rdqhdr- Hm o]qshbtk]q+ hm sghr
vnqj+ vd hmsdmc sn oqdchbs bg]mfdr hm sgd hmctrsqh]k oqnctbshnm ne dkdbsqhb ]mc f]r tshkhshdr-
Sgd lncdk ]bbntmsr enq rdudq]k rsxkhydc e]bsr rtbg ]r sgd ld]m qdudqrhnm ne ansg sgd oqnbdrr
]mc hsr unk]shkhsx sn ] rgnqs,qtm ld]m+ mnm,mnql]khsx+ ]tsnbnqqdk]shnm+ bktrsdq unk]shkhsx ]mc e]s
s]hkr- Hm ]cchshnm sn sg]s+ vd oqnuhcd svn sgdnqdshb]k qdrtksr vghbg ]qd ne o]qshbtk]q hlonqs]mbd
hmlncdkkhmf ]mc rhltk]shnmr- Sgd ’qrs hr sgd oqnne ne dwhrsdmbd ]mc tmhptdmdrr ne sgd rnktshnm
sn sgd RCDr rxrsdl sg]s cdrbqhadr sgd lncdk- Sgd rdbnmc sgdnqdshb]k qdrtks hr sn bnmudqs+ ax
sgd ld]mr ne K]lodqsh sq]mrenql]shnmr+ sgd bnqqdk]sdc rxrsdl hmsn ]m tmbnqqdk]sdc nmd- Sgd
enqdb]rshmf odqenql]mbd hr sdrsdc ]f]hmrs ]m @QHL@,F@QBG ]mc ] mnmkhmd]q qdfqdrrhnm
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- Dmsonctbshnm

Etqsgdq sn oqduhntr qdrd]qbg Z02[+ hm sghr ]qshbkd+ vd hkktrsq]sd ] rsnbg]rshb lncdk sn enqdb]rs
bg]mfdr hm sgd hmctrsqh]k oqnctbshnm &]mc sgdm l]qjds cdl]mc( ne dkdbsqhb ]mc f]r tshkhshdr-
Sgd dw]lhmdc shld rdqhdr hr ghfgkx hqqdftk]q ]mc che’btks sn oqdchbs+ vhsg l]whltl unk]shkhsx
qd]bghmf to sn 7//#+ ]r rgnvm hm Ehf- 0 ]mc S]akd 0- Sgdqdenqd+ vd g]ud bnmrhcdqdc ] sgqdd,
e]bsnqlncdk Z05+ 06[ ]mc dwsdmcdc hs sn ’s sgd btqqdms b]rd+ hmbnqonq]shmf ] mtladq ne bg]mfdr
cdrbqhadc hm sghr o]odq-

Hm ghr vnqj+ Bgdm rtffdrsdc ] anmc oqhbhmf enqltk] “tmcdq ] mnm,sqhuh]k+ sgqdd,e]bsnq
lncdk ne hmsdqdrs q]sdr“ Z05[ vgdqd sgd etstqd rgnqs q]sd “cdodmcr nm &0( sgd btqqdms rgnqs
q]sd+ &1( sgd rgnqs,sdql ld]m ne sgd rgnqs q]sd+ ]mc &2( sgd btqqdms unk]shkhsx ne sgd rgnqs q]sd“-
Hm ]cchshnm+ Bgdm ]rrtldc sg]s “ansg sgd rgnqs,sdql ld]m ]mc sgd unk]shkhsx ]qd rsnbg]rshb“-
Sgd q]shnm]kd ne ghr lncdk khdr hm sgd nardqu]shnm sg]s “rgnqs q]sdr rgntkc ad adssdq lncdkkdc
]r qdudqshmf sn ] rgnqs,qtm ld]m+ q]sgdq sg]m sn ] knmf,qtm bnmrs]ms ld]m“- Rhlhk]qkx+ Bgdm
nardqudc sg]s rgnqs,q]sd unk]shkhsx hr mns bnmrs]ms ]mc ld]m qdudqshmf ]r vdkk-

Rsnbg]rshb lncdkr+ rtbg ]r sgd nmd oqnonrdc ax Bgdm+ ]qd cdrhfmdc sn qdokhb]sd rgnqs,sdql
hmsdqdrs q]sdr qs + ]knmf vhsg sgdhq ld]m �s ]mc unk]shkhsx >s + enq oqhbhmf otqonrdr- Gnvdudq+
hm sgd b]rd tmcdq bnmrhcdq]shnm+ ntq naidbshud hr sn enqdb]rs bg]mfdr hm hmctrsqh]k oqnctbshnm-
Sgdqdenqd+ vd qdok]bd hmsdqdrs q]sdr vhsg sgd oqnctbshnm ne dkdbsqhb ]mc f]r tshkhshdr+ cdmnsdc
ax Rs + ]mc vd trd �s ]mc >s sn qdoqdrdms hsr rgnqs,sdql ld]m ]mc unk]shkhsx+ qdrodbshudkx-
Etqsgdqlnqd+ vd khmj sgd oqnbdrrdr Rs + �s + ]mc >s snfdsgdq sgqntfg bnqqdk]shnmr+ vghbg hr ]
bqtbh]k mnudksx hm ntq ]ooqn]bg- Ehm]kkx+ ntq ]ooqn]bg cheedqr eqnl sgd khsdq]stqd bhsdc adb]trd
vd cn mns lncdk sgd rgnqs,sdql ld]m �s ]r ] BnwøHmfdqrnkkøQnrr oqnbdrr Z08[ ctd sn sgd
rsnbg]rshb unk]shkhsx bnde’bhdms sg]s cdodmcr nm >s -

Ntq ’qrs ]bghdudldms hr ]m dwhrsdmbd ]mc tmhptdmdrr qdrtks enq sgd rnktshnm ne sgd rxrsdl
ne rsnbg]rshb cheedqdmsh]k dpt]shnmr &RCDr( cdrbqhahmf ntq sgqdd,e]bsnq lncdk &rdd Sgdnqdl
3-0 ]mc Bnqnkk]qx 3-1 adknv(- Sn ntq jmnvkdcfd+ sghr hrrtd g]r mdudq addm chrbtrrdc adenqd-
Ntq rxrsdl ne RCDr cndr mns r]shrex sgd bk]rrhb]k knb]k Khorbghsy bnmchshnm gdmbd vd b]m
mns ]ookx vdkk jmnvm qdrtksr ne sgd &fkna]k( dwhrsdmbd ]mc tmhptdmdrr ne sgd rnktshnm- Enq
sghr qd]rnm+ vd ’qrs chrbtrr dwhrsdmbd hm ] vd]j rdmrd &rdd+ enq hmrs]mbd+ Bg]osdq 3 hm Z25[ nq
Bg]osdq 4 hm Z14[(+ vgdqd sgd oqna]ahkhsx ro]bd ]mc Aqnvmh]m lnshnmr ]qd mns ’wdc ] oqhnqh
ats sgdx ]qd o]qs ne sgd rnktshnm hsrdke- Enq sgd tmhchldmrhnm]k BHQ lncdk vgdqd ld]m ]mc
unk]shkhsx bnde’bhdmsr ]qd onrhshud bnmrs]msr+ sgd vdkk,jmnvm Edkkdq”r bnmchshnm hlokhdr sg]s
] BHQ oqnbdrr rs]qshmf eqnl ] onrhshud hmhsh]k onhms rs]xr rsqhbskx onrhshud &rdd+ Rdbshnm 5-2-0
hm Z26[(- Sghr hlokhdr sg]s hm ntq lncdk sgd unk]shkhsx >s hr ] mnm,dwoknrhud rsqhbskx onrhshud
oqnbdrr tmcdq Edkkdq”r bnmchshnm- Vghkd+ dudm he rs]qshmf eqnl onrhshud hmhsh]k onhmsr Rs ]mc �s +
ctd sn sgdhq tmantmcdc rsnbg]rshb unk]shkhsx >s + ghs ydqn ]klnrs rtqdkx- Mdudqsgdkdrr+ vd oqnud
sg]s ntq lncdk hr vdkk cd’mdc hm ] knb]k rdmrd+ sg]s hr+ hm sdqlr ne ] tmhptd vd]j rnktshnm tmshk
τ ; τ R�τ � + vgdqd τ R ]mc τ � cdmnsd sgd ’qrs ghsshmf shldr ne ydqn enq Rs ]mc �s + qdrodbshudkx-

Ehm]kkx+ ax Sgdnqdl 0-0+ Bg]osdq 3 hm Z25[ nq Bnqnkk]qx 2-1-2+ Bg]osdq 4 hm Z47[+ &knb]k(
vd]j dwhrsdmbd ]mc o]sgvhrd tmhptdmdrr ne ] &rsqhbs onrhshud( rnktshnm hlokhdr ]krn &knb]k(
rsqnmf dwhrsdmbd-

@r vdkk ]r hm Z02[+ ax trhmf sgd KXlodqsh sqXmrenqlXshnm+ vghbg ]ookhdr sg]mjr sn sgd
rsqhbs onrhshuhsx ne (Rs ) �s ) >s (+ vd rgnv gnv sgd bnqqdk]sdc oqnbdrr Rs b]m ad stqmdc hmsn
]m tmbnqqdk]sdc ]twhkh]qx oqnbdrr Ws + vghbg hr hlonqs]ms enq rhltk]shnmr ]mc enqdb]rshmf-
Vd fhud ] qhfnqntr oqnne ne dpthu]kdmbd adsvddm sgd svn rxrsdlr ne RCDr qdk]sdc sn sgd
cxm]lhbr ne sgd sqhokdr (Rs ) �s ) >s ( ]mc (Ws ) �s ) >s (-
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K]rs ats mns kd]rs+ vd rgnv sg]s sgd oqnonrdclncdk ]bbntmsr enq rdudq]k rsxkhydc e]bsr rtbg
]r sgdld]m qdudqrhnm ne ansg sgd oqnbdrr ]mc hsr unk]shkhsx sn ] rgnqs,qtmld]m+ mnm,mnql]khsx+
bktrsdq unk]shkhsx ]mc e]s s]hkr- Sghr hr adb]trd+ ax cdrhfm+ ansg sgd oqnbdrr ]mc hsr ld]m ]qd
qdudqshmf+ sgd unk]shkhsx hr shld,cdodmcdms ]mc sgd oqnbdrrdr ]qd bnqqdk]sdc- @ chrbtrrhnm nm
sgd bgnhbd ne sgd lncdk hr oqnuhcdc ]mc rodbh’b ]m]kxrhr hr b]qqhdc nts nm sgd shld rdqhdr
ne sgd hmctrsqh]k oqnctbshnm ne dkdbsqhb ]mc f]r tshkhshdr- Rtardptdmskx+ sgd hlokdldms]shnm
rgnvr sg]s sgd oqnonrdc lncdk oqnuhcdr sgd adrs ’s enq sgd c]s]-

Sghr o]odq hr nqf]mhydc ]r enkknvr- Rdbshnm1 oqnuhcdr sgd q]shnm]kd enq ntq ptdrs nm lncdk
rdkdbshnm ]mc ] aqhde ]bbntms ne sgd qdkdu]ms khsdq]stqd- Rdbshnm2 rgnvr sgd shld rdqhdr vd
]qd bnmrhcdqhmf ]mc hsr l]hm rs]shrshb]k bg]q]bsdqhrshbr- Hm Rdbshnm3 sgd sgqdd,e]bsnq lncdk
hr oqdrdmsdc ]mc sgd l]hm qdrtksr ]qd oqnuhcdc &h-d- dwhrsdmbd ]mc tmhptdmdrr qdrtks ]mc sgd
oqdrdms]shnm ne sgd K]lodqsh sq]mrenql]shnmr sg]s kd]c sn sgd mdv cxm]lhbr ne sgd ]twhkh]qx
oqnbdrr(- Rdbshnm4 hkktrsq]sdr ] mtldqhb]k hlokdldms]shnm hm sgd enkknvhmf nqcdq9 b]khaq],
shnm+ hm,r]lokd rhltk]shnm+ nts,ne,r]lokd enqdb]rsr- Sgd k]rs Rdbshnm bnms]hmr sgd bnmbktchmf
qdl]qj-

1 IhsdoRstod Rmc lncdi rdidbshnm

Sgd qd]rnm vgx vd sgntfgs ne ] sgqdd,e]bsnq lncdk hr sg]s+ ]r enq sgd hmsdqdrs q]sdr+ sgd shld
rdqhdr bnmrhcdqdc rddlr sn ]c]os sn rnld bg]q]bsdqhrshbr sg]s ]qd vdkk dwok]hmdc ax sghr lncdk-
M]ldkx+ sgd kdudk ne hmctrsqh]k oqnctbshnm ne dkdbsqhb ]mc f]r tshkhshdr+ Rs + qdudqsr sn hsr ld]m �s

vghbg+ hm stqm+ hr shld,u]qxhmf ]mc qdudqshmf sn ] bnmrs]ms knmf,sdqlld]m- Sgd chrsqhatshnm ne
Rs hr ghfgkx mnm,mnql]k+ chrok]xr e]s s]hkr &rdd Ehf- 1(+ hsr unk]shkhsx cdodmcr nm shld ]mc rddlr
sn ad ld]m qdudqshmf ]r vdkk+ ]r sgd hmsdqdrs q]sd”r unk]shkhsx Z33[- Hm nsgdq lncdkr unk]shkhsx hr
qdoqdrdmsdc dhsgdq ]r ]m NqmrsdhmøTgkdmadbj &NT( oqnbdrr Z00+ 43+ 50[ nq ]r ] knf,mnql]k
oqnbdrr Z00[- Gnvdudq+ hm sgd ’qrs b]rd+ unk]shkhsx b]m s]jd tmcdrhq]akd mdf]shud u]ktdr &dwbdos
enq mnm,F]trrh]m NqmrsdhmøTgkdmadbj &NT( oqnbdrrdr Z4[( ]mc hm sgd rdbnmc+ unk]shkhsx g]r
mn ld]m qdudqrhnm Z05[- Sgd Bgdm lncdk+ hmrsd]c+ rhltk]sdr unk]shkhsx vhsg ] rpt]qd qnns
oqnbdrr+ vhsg sgd ]cu]ms]fd sg]s hs dwbktcdr mdf]shud u]ktdr ]mc ]kknvr ld]m qdudqrhnm-
Etqsgdqlnqd+ sgd lncdk b]m ad cdrhfmdc hm rtbg ] v]x ]r sn bnqqdk]sd oqnbdrrdr vhsg d]bg
nsgdq ]mc+ ]r ] ax,oqnctbs+ sghr ]kknvr enq ]tsnbnqqdk]shnm- Enq qdedqdmbd+ nm ]tsnbnqqdk]shnm
enq ]m NT oqnbdrr rdd Z8[ ]mc nm ]tsnbnqqdk]shnm enq fdnldsqhb Aqnvmh]m lnshnm rdd Z46[-

@r cds]hkdc hm Rdbs- 2+ ansg Rs ]mc >s ]qd ld]m qdudqshmf- Bnmrdptdmskx+ ]mnsgdq bk]rr ne
lncdkr sg]s vd g]ud bnmrhcdqdc hr sgd rn,b]kkdc ]tsnqdfqdrrhud hmsdfq]sdc lnuhmf ]udq]fd
&@QHL@( ]cnosdc enq dw]lokd ax Bg]udy ds ]k- Z04[ sn rhltk]sd ]mc oqdchbs etstqd dmdqfx
oqnctbshnm ]mc bnmrtloshnm hm @rstqh]r- Nsgdq dw]lokdr ne sgd trd ne @QHL@ lncdkr
enq enqdb]rshmf b]m ad entmc hm Rgh ds ]k- Z48[ enq rgnqs,sdql vhmc onvdq fdmdq]shnm+ hm
Ih]mf ds ]k- Z27[ enq Bghm]”r bn]k etstqd bnmrtloshnm+ hm L]gh] ds ]k- Z35[ enq hmctrsqh]k
dkdbsqhbhsx bnmrtloshnm hmFt]mfcnmf+ dsb- Gnvdudq+ rhmbdvd nas]hmdc tmr]shre]bsnqx qdrtksr
hm ntq rhltk]shnmr+ vd rtookdldmsdc sgd bk]rrhb]k @QHL@ vhsg ] fdmdq]khydc ]tsnqdfqdrrhud
bnmchshnm]k gdsdqnrjdc]rshbhsx &F@QBG( sn lncdk bktrsdqhmf hm unk]shkhsx- @lnmf sgnrd vgn
sdrsdc sgd bk]rr ne @QHL@,F@QBG lncdk+ vd ldmshnm Rn]qdr ds ]k- Z5/[ vgn lncdkkdc
sgd gntqkx dkdbsqhbhsx kn]c hm sgd ]qd] bnudqdc ax ]m dkdbsqhb tshkhsx knb]sdc hm rntsgd]rsdqm
Aq]yhk- Ftos] ds ]k- Z18[ sg]s hlokdldmsdc sgd @QHL@,F@QBG enq vhmc onvdq oqdchbshnm-
Gtrrhm ds ]k- Z24[ vgn trdc sgd lncdk enq enqdb]rshmf vhmc roddc- Xnssn ds ]k- Z53[ sg]s
dloknxdc sgd @QHL@,F@QBG enq drshl]shmf ]mc enqdb]rshmf dkdbsqhbhsx kn]c- Lng]ll]ch
ds ]k- Z4/[ vgn dw]lhmdc “sgd trdetkmdrr ne rdudq]k @QHL@,F@QBG lncdkr enq lncdkkhmf
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STakd 0 Ehqrs entq bdmsq]k
lnldmsr enq Hmctrsqh]k
Oqnctbshnm9 Dkdbsqhb ]mc F]r
Tshkhshdr ZHOTSHK[ &bg]mfdr(

v0 v1 v2 v3

/ 2-/365 •0-7531 41-0414

]mc enqdb]rshmf sgd bnmchshnm]k ld]m ]mc unk]shkhsx ne vddjkx bqtcd nhk rons oqhbdr“ ]mc
Ch]kkn ds ]k- Z11[ vgn drshl]sdc sgd roqd]c adsvddm Gtmf]qh]m &GTOW( ]mc Fdql]m &DDW(
c]x,]gd]c onvdq oqhbdr- Sgd k]ssdq+ hm sgdhq ]m]kxrhr+ entmc nts sg]s MF@QBG+ SF@QBG+
DF@QBG+ FIQ F@QBG odqenql rhlhk]qkx hm sdqlr ne QLRD ]mc L@D- Hm ]cchshnm+ sgdx
bk]hl sg]s ]kk lncdkr odqenql adssdq sg]m “sgd rhlokd @QHL@ lncdk“ Z11[- Ehm]kkx+ Ate]kn
]mc Nqk]mcn Z02[ g]ud qdbdmskx trdc sgd @QHL@,F@QBG ]r ] admbgl]qj ]f]hmrs sgd A F P2

sn oqdchbs sgd oqnctbshnm ne dmdqfx l]sdqh]k- Sgtr+ enq sgd ]anud ldmshnmdc qd]rnmr+ vd ’mc
sgd @QHL@,F@QBG ] onotk]q ]mc rths]akd qdedqdmbd lncdk-

Hm ntq lncdk”r rdkdbshnm+ vd ]krn bnmrhcdqdc sgd enkknvhmf mnmkhmd]q qdfqdrrhnm lncdk
&MQL(

x ; b0 ˆ b1d•b2w , &0(

Dp- &0( hr bnmrhrsdms vhsg sgd dwodbs]shnmr ne sgd NqmrsdhmøTgkdmadbj oqnbdrr ]mc+ hm fdmdq]k+
vhsg sgd dwodbs]shnmr bnlhmf eqnl ltkshe]bsnq GtkkøVghsd lncdk &d-f- F1)) ax Aqhfn ]mc
Ldqbtqhn Z00[(+ vghbg ]qd vhcdkx trdc hm ’m]mbd Z1/+ 16+ 41[- Mnmkhmd]q ld]m qdudqrhnm hm
’m]mbh]k shld rdqhdr g]r addm qdonqsdc ax l]mx &d-f- rdd Z3+ 07+ 17[(- @lnmf sgnrd sg]s trdc
mnmkhmd]q lncdkr enq dmdqfx+ vd ldmshnm Ahkfhkh ds ]k- Z6[+ Jtlqt ds ]k- Z3/[ ]mc Mnrjnu
ds ]k- Z40[- Sn qtm ] qnatrs drshl]shnm vd ]cnosdc sgd hsdq]shudkx qd,vdhfgsdc kd]rs rpt]qdr
]kfnqhsgl ax Gnkk]mc Z22[- Sgd ]kfnqhsgl qdb]kbtk]sdr sgd vdhfgsr a]rdc nm sgd qdrhct]k eqnl
sgd oqduhntr hsdq]shnm ]mc oqnfqdrrhudkx cnvmvdhfgsr ntskhdqr rn sg]s hsdq]shnmr bnmshmtd tmshk
sgd vdhfgsr bnmudqfd-

Hm rtll]qx+ cq]vhmf hmrohq]shnm eqnl sgd khsdq]stqd+ @QHL@,F@QBG ]mc MQL ]qd sgd
svn lncdkr trdc ]r admbgl]qjr sn sdrs sgd odqenql]mbd ne sgd oqnonrdc ]ooqn]bg-

2 CRsR

Ehftqd0 chrok]xr sgdlnmsgkx odqbdms bg]mfd &h-d-+ sgdlnmsg,sn,lnmsg u]qh]shnm hm sgd hmctr,
sqh]k oqnctbshnm( ne dkdbsqhb ]mc f]r tshkhshdr+ ]r bk]rrh’dc ax sgd Mnqsg @ldqhb]m Hmctrsqx
Bk]rrh’b]shnm Rxrsdl &M@HBR( ]mc qdoqdrdmsdc ax sgd HOTSHK hmcdw- Sgd c]s] v]r qdsqhdudc
eqnl sgd Edcdq]k Qdrdqud Dbnmnlhb C]s] &EQDC( Z7[- @r ] rhcd mnsd+ vd vntkc khjd sn
dlog]rhyd sg]s vghkd vd lncdk sgd HOTSHK shld rdqhdr kdudk &h-d- Rs (+ sgd qdrtksr chrok]xdc
]qd hm sdqlr ne odqbdms bg]mfd- Sghr ]ooqn]bg hr bgnrdm adb]trd odqbdms bg]mfdr ]qd lnqd
bg]kkdmfhmf sn lncdk ]mc l]x gnkc ’m]mbh]k rhfmh’b]mbd+ ]r vg]s l]ssdqr lnrs ]qd sgd
u]qh]shnmr q]sgdq sg]m sgd ]arnktsd kdudkr-

2-. PsSshrshbSi bgSpSbsdphrshbr

Qdf]qchmf sgd lncdk”r rdkdbshnm ldmshnmdc hm Rdbs- 1+ ]r rgnvm hm Ehf- 1 ]mc S]akd 0+ mns
nmkx sgd shld rdqhdr vd ]qd bnmrhcdqhmf hr udqx unk]shkd+ ats hsr rs]shrshb]k bg]q]bsdqhrshbr ]qd
pthsd cheedqdms eqnl sgnrd ne sgd F]trrh]m chrsqhatshnm-
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Ehf) 0 An]qcneFnudqmnqr ne sgdEdcdq]kQdrdqudRxrsdl &TR(+ Hmctrsqh]k Oqnctbshnm9Dkdbsqhb ]mcF]rTshkhshdr
&M@HBR ; 1100+1( ZHOTSHK[ Z7[- Odqbdms bg]mfd- Lnmsgkx c]s] eqnl 0828,/1,/0 sn 1/1/,00,/0- Rg]cdc fqdx
]qd]r bnqqdronmc sn qdbdrrhnmr ]mc sgd xdkknv rsqho sn sgd qhfgs ghfgkhfgsr sgd BNUHC,08 o]mcdlhb

Ehf) 1 PøP okns ne bg]mfdr hm Hmctrsqh]k Oqnctbshnm9 Dkdbsqhb ]mc F]r Tshkhshdr &HOTSHK( ]knmf vhsg ] ’ssdc
onkxmnlh]k btqud &Onkx’s( rgnvr gnv sgd c]s] cduh]sdr eqnl ] F]trrh]m chrsqhatshnm

2-1 IdSm pdudprhnm Smc rsSshnmSphsv

Ld]m qdudqrhnm bnmsq]rsr vhsg q]mcnl v]kj adg]uhnq+ vghbg hr trdc sn rtoonqs sgd de’bhdms
l]qjds gxonsgdrhr hm sgdnqdshb]k rstchdr hm ’m]mbd Z0/+ 01+ 15[- Gnvdudq+ rstchdr g]ud entmc
lhwdc nqld]m,qdudqshmf oqnbdrrdr hm ansg cdudknodc ]mc dldqfhmfl]qjdsr Z1+ 23+ 44[-Ld]m
qdudqrhnm hr trdc enq lncdkhmf dkdbsqhbhsx ]mc m]stq]k f]r oqhbdr Z0[ adb]trd “lnrs dmdqfx
]mc bnllnchsx l]qjdsr dwghahs ld]m,qdudqrhnm“ Z45[- @r ldmshnmdc ax Gnptd ds ]k- Z23[+
rhmbd sgd ohnmddqhmf vnqj ne Kn ]mc L]bJhmk]x Z34[+ u]qh]mbd q]shn &UQ( sdrsr g]ud addm
vhcdkx trdc dbnmnldsqhb snnkr enq sdrshmf sgd q]mcnl v]kj gxonsgdrhr &QVG(- Sgd UQ sdrs
nm ansg sgd kdudkr ]mc sgd unk]shkhsx ne sgd HOTSHK qdidbsr sgd q]mcnl v]kj gxonsgdrhr vhsg
o,u]ktdr ne 1,22· 0/•8 ]mc 2,1/· 0/•08+ qdrodbshudkx-

Ld]m qdudqrhnm hr ]krn khmjdc sn sgd ]ardmbd ne ] tmhs qnns ]mc sn rs]shnm]qhsx- Enq ]rrdrrhmf
sg]s+ ] mtladq ne sdrsr g]ud addm cdudknodc hm sgd khsdq]stqd rtbg ]r @tfldmsdc Chbjdxø
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STakd 1 Qdidbshnm cdbhrhnm g ]mc
o,u]ktd eqnl sgd @tfldmsdc
ChbjdxøEtkkdq &@CE( sdrs+ JORR
sdrs+ OghkhorøOdqqnm &OO( sdrs+
ChbjdxøEtkkdq,FKR &CEFKR(
sdrs enq tmhs qnnsr

@CE JORR OO CEFKR

g 0 / 0 0

o,u]ktd /-//0/ /-0/// /-//0/ 0-/147·0/•6

@kk sdrsr cn mns ’mc ] rs]shrshb]k hmchb]shnm ne ] tmhs qnns hm c]s]
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ASe

Ehf) 2 R]lokd ]tsnbnqqdk]shnm etmbshnm &@BE( ]mc r]lokd o]qsh]k ]tsnbnqqdk]shnm etmbshnm &O@BE( ne HOTSHK

Etkkdq+ JORR+ OhdqqdøOdqqnm+ ]mc CEFKR sdrsr- S]akd 1 cndr mns bnm’ql sgd oqdrdmbd ne
rs]shnm]qhsx hm c]s]- Mnshbd sg]s+ tmkhjd sgd nsgdq sdrsr+ enq sgd JORR sdrs sgd mtkk gxonsgdrhr
hr sg]s sgd shld rdqhdr hr sqdmc rs]shnm]qx sgdqdenqd g ; / ld]mr sg]s sgdqd hr mn rs]shrshb]k
hmchb]shnm ne ] tmhs qnns-

2-2 5tsnbnppdiSshnm

Ehftqd2 oknsr sgd r]lokd ]tsnbnqqdk]shnm etmbshnm &@BE( ]mc r]lokd o]qsh]k ]tsnbnqqdk]shnm
etmbshnm &O@BE( ne sgd HOTSHK hmcdw &bg]mfdr(- Ax ] uhrt]k hmrodbshnm+ sgdqd hr ]tsnbnqqd,
k]shnm ]s k]f 0 ]mc 1- Sgd KitmføAnw P,sdrs &KAP( bnm’qlr sgd oqdrdmbd ne ]tsnbnqqdk]shnm
vhsg ] o,u]ktd ne 4-7842 ·0/•02-

@r ] bnlo]qhrnm Ehf- 3 chrok]xr sgd @BE ]mc O@BE ne ] BHQ oqnbdrr- Mnshbd sgd ]tsnbnq,
qdk]shnm ]s k]f 0 ats sgd ]ardmbd ne ]tsnbnqqdk]shnm ]s k]f 1- Enq sg]s qd]rnm+ vd mddc ] lnqd
]cu]mbdc lncdk rtbg ]r sgd nmd oqnonrdc hm Rdbs- 3-

@r nmd b]m rdd eqnl Ehf- 4+ sgd A F P2 lncdk dwghahsr ] rhfmh’b]ms ]tsnbnqqdk]shnm ansg ]s
k]f 0 ]mc 1 &vhsg ] KAP o,u]ktd ]qntmc 4-04/6·0/•02(+ ]mc ] o]qsh]k ]tsnbnqqdk]shnm ]s k]f
00 ]bbnqchmf sn sgd nqhfhm]k shld rdqhdr-
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Ehf) 3 R]lokd ]tsnbnqqdk]shnm etmbshnm &@BE( ]mc r]lokd o]qsh]k ]tsnbnqqdk]shnm etmbshnm &O@BE( ne ] rhlt,
k]sdc BHQ oqnbdrr- O]q]ldsdqr9 v ; /,0: σ ; /,/4: j ; /,74
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Ehf) 4 R]lokd ]tsnbnqqdk]shnm etmbshnm &@BE( ]mc r]lokd o]qsh]k ]tsnbnqqdk]shnm etmbshnm &O@BE( ne ] rhlt,
k]sdc A F P2 oqnbdrr

2-3 Aitrsdp uniSshihsv

K]rskx+ vd bgdbj vgdsgdq sgd cheedqdmbd adsvddm sgd ld]m ]mc sgd qd]khy]shnmr chrok]x gds,
dqnrbdc]rshbhsx &bktrsdq unk]shkhsx(- @bbnqchmf sn Dmfkd”r @QBG Z13[ sgd mtkk gxonsgdrhr ne
mn gdsdqnrbdc]rshbhsx rgntkc ad qdidbsdc vhsg ] o,u]ktd ne 4-8 ·0/•02-
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3 5 sfodd�eRbsno rsnbfRrshb lncdi

Kds tr cdmnsd ax ]Rs |s≥/ sgd rsnbg]rshb oqnbdrr lncdkkhmf sgd kdudk ne hmctrsqh]k oqnctbshnm
ne dkdbsqhb ]mc f]r tshkhshdr- Hm ]cchshnm+ sgd bnqqdk]sdc oqnbdrrdr qdedqqhmf sn sgd unk]shkhsx ]mc
sgd rgnqs,qtm ld]m ne ]Rs |s≥/ ]qd+ qdrodbshudkx+ ]>s |s≥/ ]mc ]�s |s≥/-

Kds j>) η) γ ) j� ) ζ)β) j ]mc α ad onrhshud bnmrs]msr- Vd bnmrhcdq sgd enkknvhmf rxrsdl ne
RCDr

�
⎪⎨

⎪⎩

c Rs ; j(�s • Rs (cs ˆ α
√{>s {

√{Rs { cV (0(
s )

c�s ; j� (ζ • �s (cs ˆ αβ
√{>s {

√{�s { cV (1(
s )

c>s ; j>(η • >s (cs ˆ γ
√{>s { cV (2(

s )

&1(

vhsg sgd hmhsh]k bnmchshnm (R/) �/) >/( ∈ (/)ˆ∞(2- Gdqd ]V (h(
s |s≥/+ h ; 0) 1) 2+ ]qd sgqdd

rs]mc]qc bnqqdk]sdc Aqnvmh]m lnshnmr rtbg sg]s

cV (0(
s cV (1(

s ; ρ�cs) cV (0(
s cV (2(

s ; ρ>cs) cV (1(
s cV (2(

s ; /) &2(

ρ� ) ρ> ∈ (•0) 0(- Lnqdnudq+ sgd bnqqdk]shnm bnde’bhdmsr r]shrex sgd enkknvhmf qdk]shnm

ρ1
� ˆ ρ1

> / 0,

Rxrsdl &1( qdoqdrdmsr ] sgqdd,e]bsnq sxod lncdk sg]s vd b]kk A F P2- Hm ntq eq]ldvnqj+ d]bg
cxm]lhb oqnbdrr enkknvr ] rpt]qd,qnns oqnbdrr+ ]mc+ cheedqdmskx eqnl sgd lncdk hm Z05[+ sgd
u]qh]mbd ne sgd oqnbdrrdr Rs hr oqnonqshnm]k sn sgd u]qh]mbd ne sgd oqnbdrr hsrdke+ h-d-+ >s + ]r
nesdm rtffdrsdc ax ’m]mbh]k khsdq]stqd &rdd+ Z2+ 2/+ 21+ 32+ 51+ 52[(- Sgd r]ld gnkcr sqtd enq
sgd ld]m oqnbdrr �s -

Ax hmsqnctbhmf sgd rsnbg]rshb oqnbdrr

V ∗
s ;

V (0(
s • ρ� V (1(

s • ρ>V (2(
s⎩

0• ρ1
� • ρ1

>

) &3(

vghbg hr ] rs]mc]qc Aqnvmh]m lnshnm+ hmcdodmcdms ansg eqnl V (1(
s ]mc V (2(

s + sgd rxrsdl &1(
qd]cr ]r
�
⎪⎪⎨

⎪⎪⎩

c Rs ; j(�s • Rs (cs ˆ α
√{>s {

√{Rs {
√⎩

0• ρ1
� • ρ1

>cV ∗
s ˆ ρ�cV (1(

s ˆ ρ>cV (2(
s

(

c�s ; j� (ζ • �s (cs ˆ αβ
√{>s {

√{�s { cV (1(
s )

c>s ; j>(η • >s (cs ˆ γ
√{>s { cV (2(

s )

&4(

vhsg (R/) �/) >/( ∈ (/)ˆ∞(2 ]mc ]V ∗
s ) V (1(

s ) V (2(
s |s≥/ ] sgqdd,chldmrhnm]k rs]mc]qc Aqnv,

mh]m lnshnm-

9rrtloshnm 3)0 Vd ]rrtld Edkkdq”r bnmchshnm

1j>η ≥ γ 1,

Vd vhkk vnqj vhsg sgd vd]j rnktshnm sn rxrsdl &4( ]bbnqchmf sn sgd enkknvhmf cd’mhshnm-
Vd r]x sg]s (ρ)�)N:E ; (�s (s≥/)L) R) �) >( hr ] rnktshnm ne rxrsdl &4( he9

} (ρ)�)N:E( hr ] ’ksdqdc oqna]ahkhsx+ L ; ]V ∗
s ) V (1(

s ) V (2(
s |s≥/ hr ] 2,chldmrhnm]k

rs]mc]qcE,Aqnvmh]mlnshnm+ ]mc ]Rs ) �s ) >s |s≥/ hr ]mP2,u]ktdc oqnbdrr vhsg bnmshmtntr
r]lokd o]sgr-

} ]Rs ) �s ) >s |s≥/ r]shr’dr sgd hmhsh]k bnmchshnm (R/) �/) >/( ∈ (/)ˆ∞(2-
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} Rxrsdl &4( gnkcr ]-r-

Vd ’qrs oqnud o]sgvhrd tmhptdmdrr ]mc vd]j dwhrsdmbd ne ] knb]k rnktshnm sn rxrsdl &4(
vhsg rs]sd,ro]bd (/)ˆ∞(2-

Sgdnqdl 3)0 Tmcdq .rrtloshnm 3-0� rxrsdl &4( Xclhsr X vdXj rnktshnm ]Rs ) �s ) >s |s≥/ vhsg
rsXsd,roXbd =/)ˆ∞(1 · (/)ˆ∞(- OXsgvhrd tmhptdmdrr ne sgd rnktshnm sn rxrsdl &4( gnkcr
nudq sgd rsnbgXrshb hmsdquXk =/) τ ; τ R � τ � [� vgdqd

τ R ; hme]s ≥ / + Rs ; /|) τ � ; hme]s ≥ / + �s ; /| &5(

Xqd sgd ghsshmf shld ne ydqn enq Rs Xmc �s � qdrodbshudkx- Sgd qXmcnl shld τ hr rtbg sgXs
N(τ < /( ; 0 Xmc enq Xkk s / τ sgd oqnbdrr (Rs ) �s ) >s ( sXjdr uXktdr hm (/)ˆ∞(2-

Iomme Rsdo &h( VdXj dwhrsdmbd ne X fknaXk rnktshnm
Sgd bnde’bhdms l]sqhw ne sgd cheetrhnm sdql +(R) �) >( ]mc sgd cqhes a(R) �) >( ]rrnbh]sdc

sn rxrsdl &4( ]qd fhudm ax

+(R) �) >( ;

⎛

⎜⎝
α

⎩
0• ρ1

� • ρ1
>

√{>{√{R{ αρ�

√{>{√{R{ αρ>

√{>{√{R{
/ αβ

√{>{√{� { /
/ / γ

√{>{

⎞

⎟⎠

]mc

a(R) �) >( ;
√
j(� • R() j� (ζ • �() j>(η • >(

(S
)

qdrodbshudkx- Mnsd sg]s +(R) �) >( ]mc a(R) �) >( ]qd bnmshmtntr etmbshnmr ]mc r]shrex fqnvsg
bnmchshnmr- Hm e]bs+

{+(R) �) >({1 ; sq]bd(+(R) �) >(+S (R) �) >(( ; (α1{>R{ ˆ α1β1{>� { ˆ γ 1{>{(
]mc ax sgd hmdpt]khsx Xa ≤ 0

1 (X1 ˆ a1(+ X) a ∈ P+ enkknvr sgd rtakhmd]q fqnvsg bnmchshnm

{+(R) �) >({1 ≤ I (0ˆ {R{1 ˆ {� {1 ˆ {>{1() &6(

enq rnld bnmrs]ms I < /- Lnqdnudq+ kds w ; (R) �) >( ∈ P2+ vd g]ud
w ¯ a(w( ; Rj(� • R(ˆ �j� (ζ • �(ˆ >j>(η • >( ≤ jR� ˆ ζj� � ˆ j>η>

]mc ]f]hm ax Xa ≤ 0
1 (X1 ˆ a1(+ X) a ∈ P+ vd fds sgd hmdpt]khsx

w ¯ a(w( ≤ I (0ˆ {w {1() w ; (R) �) >( ∈ P2 &7(

enq rnld bnmrs]ms I < /- Kds tr nardqud sg]s a ]krn r]shr’dr sgd rtakhmd]q fqnvsg bnmchshnm

{a(w({1 ≤ I (0ˆ {w {1( w ; (R) �) >( ∈ P2 &8(

enq rnld bnmrs]ms I < /-
Sg]mjr sn Dpr- &6( ]mc &7( vd b]m ]ookx Sgdnqdl 2-0/+ hm Z14[ &nq Sgdnqdlr 1-2 ]mc 1-3+

Bg]osdq 5+ hm Z25[(+ rhmbd + ]mc a ]qd bnmshmtntr ]mc r]shrex sgd rtakhmd]q fqnvsg bnmchshnmr
&6( ]mc &8((- Sgtr sgdqd dwhrsr ] vd]j rnktshnm ]Rs ) �s ) >s |s≥/ sn rxrsdl &4( enq ]mx hmhsh]k
bnmchshnm (R/) �/) >/( ∈ P2+ vghbg cndr mns dwokncd hm ’mhsd shld- Kds tr mnsd sg]s bnmshmthsx
ne+(R) �) >( ]mc a(R) �) >( dmrtqdr dwhrsdmbd ne ] vd]j rnktshnm &rdd Sgdnqdlr 1-2+ Bg]osdq
5+ hm Z25[( ats sghr rnktshnm bntkc dwokncd &h-d- hs bntkc sdmc sn hm’mhsx hm ’mhsd shld( ]mc rn
vd mddc ]m ]cchshnm]k bnmchshnm+ ]r rtakhmd]q fqnvsg+ vghbg hlokhdr sg]s sgd rnktshnm cndr
mns dwokncd &rdd Sgdnqdlr 1-3+ Bg]osdq 5+ hm Z25[(-
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Rtll]qhyhmf+ vd g]ud oqnudc sg]s sgdqd dwhrs ] ’ksdqdc oqna]ahkhsx ro]bd (ρ)�)N)E ;
(�s (s≥/(+ ] sgqdd,chldmrhnm]k E,Aqnvmh]m lnshnm ]V ∗

s ) V (1(
s ) V (2(

s |s≥/+ ]mc ]m E,]c]osdc
oqnbdrrvhsg r]lokd o]sgr hmAN2 =/)ˆ∞(+ ]Rs ) �s ) >s |s≥/+ rtbg sg]s &4( gnkcrN,]-r-Lnqdnudq+
vd g]ud sg]s enq ]kk s ≥ /

̂=R1
s ˆ �1s ˆ >1s [ / ˆ∞, &0/(

Rsdo &hh( LnmmdfXshuhsx ne sgd fknaXk rnktshnm-
@s sghr onhms+ vd ]qd fnhmf sn rgnv sg]s he sgd oqnbdrr rs]qsr eqnl ] rsqhbskx onrhshud hmhsh]k

bnmchshnm (R/) �/) >/( ∈ (/)ˆ∞(2 sgdm ]Rs ) �s ) >s |s≥/ s]jdr u]ktdr hm =/)ˆ∞(1 · (/)ˆ∞(-
Tmcdq sgd @rrtloshnm 3-0+ enq ]mx hmhsh]k bnmchshnm >/ < /+ hs hr jmnvm sg]s sgdqd dwhrsr ]
tmhptd rsqnmf rnktshnm sn sgd sghqc dpt]shnm hm Rxrsdl &4(+ sgd rn,b]kkdc BHQ,oqnbdrr+ vghbg hr
rsqhbskx onrhshud &rdd+ enq hmrs]mbd+ Rdbshnm 5-2-0 hm Z26[(- Gdmbdvd fds sg]s sgd oqnbdrr ]>s |s≥/

hr rsqhbskx onrhshud- Vd b]m mnv oqnud ax bnlo]qhrnm qdrtks sg]s enq ]mx hmhsh]k bnmchshnmr
R/ < / ]mc �/ < /+ ansg sgd oqnbdrrdr ]Rs |s≥/ ]mc ]�s |s≥/ s]jd u]ktdr hm =/)ˆ∞(-

Vd ’qrs oqnud sg]s enq ]kk s ≥ /+ �s ≥ /+ N•X,r,- Kds tr bnmrhcdq+ nm sgd oqna]ahkhsx ro]bd
(ρ)�)N)E ; (�s (s≥/( vgdqd sgd oqnbdrrdr ]�s |s≥/ ]mc ]>s |s≥/ ]qd cd’mdc+ sgd enkknvhmf
RCD

c�0s ; •j� �
0
s cs ˆ αβ

√
>s

⎩
{�0s { cV (1(

s ) �0/ ; / &00(

]mc mnsd sg]s enq ]mx s ≥ /+ �0s ; / rnkudr Dp- &00(- Vd b]m oqnbddc ]r hm sgd oqnne ne
Sgdnqdl 0-0+ Bg]osdq 5 hm Z25[ vhsg

a0(w( ; •j� w) a1(w( ; j� (ζ • w() σ(s)ω) w( ; αβ
⎠
>s (ω(

⎠
{w {) w ∈ P)ω ∈ ρ,

Mnsd sg]s+ enq ]kk w ∈ P a0(w( / a1(w(+ a0 hr Khorbghsy bnmshmtntr+ h-d-

{a0(w(• a0(w ≤({ ≤ j� {w • w ≤{) ∀w) w ≤ ∈ P)
]mc σ r]shr’dr

{σ(s)ω) w(• σ(s)ω) w ≤({ ≤
⎠
>s (ω(ρ({w • w ≤{() w) w ≤ ∈ P) (s)ω( ∈ =/)ˆ∞(·ρ)

vgdqd ρ(w( ; αβ
√

w hr ] rsqhbskx hmbqd]rhmf etmbshnm cd’mdc nm =/)ˆ∞( rtbg sg]s ρ(/( ; /
]mc r]shrexhmf Dp- &0-0( hm Bg]osdq 5 ne Z25[-

Vd b]m mns ]ookx chqdbskx Sgdnqdl 0-0+ Bg]osdq 5 hm Z25[ adb]trd sgd cheetrhnm bnde’,
bhdms cdodmcr nm sgd oqnbdrr ]>s |s≥/+ vghbg hr ]m tmantmcdc oqnbdrr- Sgdqdenqd+ vd trd ]
knb]khy]shnm ]qftldms ]mc cd’md enq ]kk L ∈ E

ηL ; hme]s ≥ / + >s < L |,
Sgd rdptdmbd ne rsnoohmf shldr ]ηL |L∈̂ hr mnm,cdbqd]rhmf ]mc rtbg sg]s ηL → ˆ∞ ]r
L → ˆ∞ &rhmbd sgd oqnbdrr ]>s |s≥/ cndr mns dwokncd hm ] ’mhsd shld(-

Vd b]m mnv bnmrhcdq sgd mnm,cdbqd]rhmf rdptdmbd ne bnmshmtntr etmbshnmr ]ϕm(w(|m∈̂ ]r
cd’mdc hm sgd oqnne ne Sgdnqdl 0-0+ Bg]osdq 5 ne Z25[+ vghbg r]shrex ϕm ∈ A1(P(+ ϕm(w( ; /
enq w ≤ /+ / ≤ ϕ≤

m(w( ≤ 0 ]mc ϕm(w( → (w(ˆ ; l]w]w) /| ]r m → ˆ∞-
Vd ]ookx Hsń”r qtkd ]mc ax rhlhk]q bnlots]shnmr ]r hm sg]s oqnne+ vd fds sg]s

ϕm(�0s�ηL
• �s�ηL ( ; F0(m) s � ηL (ˆ F1(m) s � ηL (ˆ F2(m) s � ηL ()

vgdqd

F0(m) s � ηL ( ;
√ s�ηL

/
ϕ≤

m(�0r • �r(=σ(r) �0r (• σ(r) �r([cV (1(
r
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F1(m) s � ηL ( ;
√ s�ηL
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0
r (• a1(�r((cr

F2(m) s � ηL ( ; 0

1

√ s�ηL

/
ϕ≤≤

m (�0r • �r(ρ
1({�0r • �r {(>1r cr,

Hs hr bkd]q sg]s ̂=F0(m) s � ηL ([ ; / ]mc rhmbd

̂=F2(m) s � ηL ([ ≤ L 1

1
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∫ √ s�ηL

/
ϕ≤≤

m (�0r • �r(ρ
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[

vd b]m oqnbddc ]r hm sgd oqnne ne Sgdnqdl 0-0+ Bg]osdq 5 ne Z25[ nas]hmhmf

̂=F2(m) s � ηL ([ ≤ L 1s

m
,

Nardquhmf sg]s enq ]kk s ≥ /
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s (• a1(�s ( ; a0(�

0
s (• a0(�s (ˆ a0(�s (• a1(�s ( ≤ a0(�

0
s (• a0(�s (

]mc ]f]hm ]r hm sgd oqnne ne Sgdnqdl 0-0+ Bg]osdq 5 ne Z25[ vd fds sg]s

F1(m) s � ηL ( ≤
√ s�ηL

/
ϕ≤≤

m (�0r • �r((a0(�
0
r (• a0(�r((cr ≤

√ s�ηL

/
j� (�

0
r • �r(ˆcr,

Gdmbd

̂=ϕm(�0s�ηL
• �s�ηL ([ ≤ L 1s

m
ˆ ̂

∫ √ s�ηL

/
j� (�

0
r • �r(ˆcr

[

]mc ax kdsshmf m → ˆ∞+ vd nas]hm

̂=(�0s�ηL
• �s�ηL (ˆ[ ≤ j�

√ s

/
̂=(�0r�ηL

• �r�ηL (ˆ[cr,

Ax Fqnmv]kk”r Kdll] vd cdctbd sg]s enq ]kk s ≥ /+ L ∈ E+ ̂=(�0s�ηL
• �s�ηL (ˆ[ ; /+

vghbg hm stqm hlokhdr sg]s

�0s�ηL
≤ �s�ηL )N• X,r, ∀s ≥ /) L ∈ E,

Ehm]kkx+ kdsshmf L → ˆ∞ ]mc qdb]kkhmf sg]s enq ]kk s ≥ /+ �0s ; /+ vd nas]hm

�s ≥ /) N• X,r, ∀s ≥ /,

Rhlhk]qkx+ vd b]m oqnud sg]s+ enq ]mx s ≥ /+ Rs ≥ /+ N • X,r, Kds tr bnmrhcdq+ nm sgd
oqna]ahkhsx ro]bd (ρ)�)N)E ; (�s (s≥/( vgdqd sgd oqnbdrrdr ]�s |s≥/+ ]>s |s≥/ ]mc ]Rs |s≥/

]qd cd’mdc+ sgd enkknvhmf RCD

c R0
s ; •jR0

s cs ˆ αβ
√
>s

⎩
{R0

s { cV (0(
s ) R0

/ ; / &01(

]mc mnsd sg]s R0
s ; /) ∀s ≥ / rnkudr Dp- &01(- Vd mnv s]jd

a0(w( ; •jw) a1(s)ω) w( ; j(�s (ω(• w() w ∈ P) (s)ω( ∈ =/)ˆ∞(·ρ

]mc σ(s)ω) w( ]r adenqd- Mnsd sg]s enq ]kk w ∈ P ]mc (s)ω( ∈ =/)ˆ∞(·ρ+

a0(w( ≤ a1(s)ω) w( N• X,r,
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&adb]trd+ enq ]kk s ≥ /+ �s ≥ /)N • X,r, ]mc j < /( ]mc a0 hr Khorbghsy bnmshmtntr vhsg
Khorbghsy bnmrs]ms dpt]kr sn j- Ehm]kkx+ nardquhmf sg]s enq ]kk (s)ω( ∈ =/)ˆ∞(·ρ

a0(w ≤(• a1(s)ω) w( ; a0(w ≤(• a0(w(ˆ a0(w(• a1(s)ω) w( ≤ a0(w ≤(• a0(w() w) w ≤ ∈ P
vd b]m odqenql sgd r]ld bnlots]shnmr ]r adenqd-

Rsdo &hhh( OXsgvhrd tmhptdmdrr ne X rsqhbs onrhshud knbXk rnktshnm
Vd v]ms sn rgnv sg]s rs]qshmf eqnl (R/) �/) >/( ∈ (/)ˆ∞(2 sgd oqnbdrr ]Rs ) �s ) >s |s≥/ hr

sgd tmhptd rnktshnm &hm o]sgvhrd rdmrd( tmshk nmd ne sgd oqnbdrrdr ]Rs |s≥/ nq ]�|s≥/ qd]bgdr
ydqn- Mnsd sg]s +(R) �) >( hr mns Khorbghsy,bnmshmtntr hm =/)ˆ∞(1 · (/)ˆ∞( ats+ hs hr hm
sgd nodm rds TL ; ( 0

L ) L (2+ enq ]mx L < /- Hm e]bs+

{+(R) �) >(•+(R≤) � ≤) >≤({1 ;
2]

h) i;0
{+h i (R) �) >(•+h i (R≤) � ≤) >≤({1

; α1{
√
>R •

√
>≤R≤{1 ˆ α1β1{

√
� R •

√
� ≤R≤{1 ˆ γ 1{√> •

√
>≤{1,

Ax K]fq]mfd”r Sgdnqdl+ enq ]kk w) w ≤ ∈ (X) a(+ / / X / a+ sgdqd dwhrsr w̄ ∈ (X) a( rtbg sg]s

{√w •
√

w ≤{ ; 0

1
√

w̄
{w • w ≤{

gdmbd

{√w •
√

w ≤{ ≤ 0

1
√

X
{w • w ≤{,

Hs hr bkd]q sg]s enq ]kk w) w ≤) x) x≤ ∈ ( 0
L ) L (+

{wx • w ≤x≤{1 ≤ L 1]{w • w ≤{1 ˆ {x • x≤{1|,
Ax ]ookxhmf sgd ]anud hmdpt]khshdr vd fds sg]s enq ]kk (R) �) >() (R≤) � ≤) >≤( ∈ TL

{+(R) �) >(•+(R≤) � ≤) >≤({1 ≤ I L ({R • R≤{1 ˆ {� • � ≤{1 ˆ {> • >≤{1(
enq rnld bnmrs]ms I L < /- Sgdm+ vd b]m ]ookx Sgdnqdl 2-6 hm Z14[+ ]mc vd fds sg]s o]sgvhrd
tmhptdmdrr gnkcr nudq sgd rsnbg]rshb hmsdqu]k =/) τL [ vgdqd

τL ; hme]s ≥ / + (Rs ) �s ) >s ( .∈ TL |, &02(

Mnsd sg]s TL ⊂ TLˆ0+ rn τL hr ]m hmbqd]rhmf rdptdmbd ne rsnoohmf shldr vhsg τL → τ

]r L → ˆ∞ ctd sn sgd e]bs sg]s ]Rs |s≥/+ ]�s |s≥/+ ]mc ]>s |s≥/ cn mns dwokncd ]mc >s < / enq
]kk s ≥ /- Sgdqdenqd+ ax s]jhmf sgd khlhs ]r L → ˆ∞+ vd nas]hm o]sgvhrd tmhptdmdrr nm
=/) τ [-

Ehm]kkx+ eqnl bnmshmthsx ne sq]idbsnqhdr ne ]Rs ) �s |s≥/ rhmbd R/ < / ]mc �/ < / vd fds sg]s
N(τ < /( ; 0 ]mc sghr bnmbktcdr sgd oqnne-

Tkshl]sdkx+ &knb]k( vd]j dwhrsdmbd ]mc o]sgvhrd tmhptdmdrr ne sgd rnktshnm sn rxrsdl &4(
hlokx &knb]k( rsqnmf dwhrsdmbd-

AnqnkkTqw 3)1 Kds bnmrhcdq Xmx hmhshXk bnmchshnm (r/) �/) >/( ∈ (/)ˆ∞(2- Sgd rxrsdl &4(
Xclhsr X tmhptd rsqnmf rnktshnm (Rs ) �s ) >s ( sXjhmf uXktdr hm (/)ˆ∞(2� enq Xkk s / τ � vgdqd

τ ; τ R � τ � ; hme]s ≥ / + Rs ; / nq �s ; /|,
Iomme Sgd ]rrdqshnm chqdbskx bnldr eqnl Sgdnqdl 3-0 ]mc Z28+ Bnqnkk]qx 2-12+ Bg]osdq 4[
&nq Z25+ Sgdnqdl 0-0+ Bg]osdq 3[(-
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Sg]mjr sn sgd rsqhbs onrhshuhsx ne (Rs ) �s ) >s ( enq ]kk s / τ + vd b]m ]ookx ] rths]akd K]lodqsh
sq]mrenql]shnm sg]s bnmudqsr sgd bnqqdk]sdc rxrsdl &4( hmsn ]m tmbnqqdk]sdc nmd+ ]r cdrbqhadc
hm &08( adknv- Sghr sq]mrenql]shnm vhkk ad trdetk hm Rdbs- 4 enq mtldqhb]k otqonrdr- Vd ’qrs
oqnuhcd ] oqdkhlhm]qx qdrtks-

KdllT 3)0 Enq Xmx s ≤ τ � cdzmd

Ws ; 1
⎠

Rs •
1ρ�

β

⎠
�s •

ρ>α

γ
>s , &03(

Sgdm Ws rnkudr enq s / τ

c Ws ;
∑

1j�s

Ws ˆ bs
• j

1
(Ws ˆ bs (•

1]

t;/
bt)s

(
cs ˆ α

√
>s

⎩
0• ρ1

� • ρ1
> cV ∗

s ) &04(

vgdqd

bs ; b(�s ) >s ( ;
1ρ�

β

⎠
�s ˆ

ρ>α

γ
>s ) &05(

Xmc

b/)s ;
α1>s

1(Ws ˆ bs (
) b0)s ; ρ�

∑
j� (ζ • �s (

β
√
�s

• βα1>s

3
√
�s

(
) b1)s ;

ρ>αj>(η • >s (

γ
,

&06(

Iomme Ax uhqstd ne Hsń”r enqltk] vd g]ud sg]s enq ]mx s / τ ; τ R � τ �

c Ws ;
0√
Rs

c Rs •
ρ�

β
√
�s

c�s •
ργ α

γ
c>s •

α1

3
√

Rs
>s cs ˆ ρ�α

1β

3
√
�s

>s cs &07(

Ax rtarshstshmf sgd dwoqdrrhnmr ne c Rs + c�s ]mc c>s hm Dp- &07( ]mc nardquhmf sg]s

⎠
Rs ;

Ws ˆ bs

1
< /

vd nas]hm Dp- &04(-

A]rdc nm Kdll] 3-0+ vd hmsqnctbd sgd enkknvhmf rxrsdl ne RCDr
�
⎪⎨

⎪⎩

c Ws ;
∑

1j�s
Wsˆbs

• j
1 (Ws ˆ bs (•

)1
t;/ bt)s

(
cs ˆ α

√
>s

⎩
0• ρ1� • ρ1> cV∗

s

c�s ; j� (ζ • �s (cs ˆ αβ
√
>s

√
�s cV (1(

s

c>s ; j>(η • >s (cs ˆ γ
√
>s cV (2(

s )

&08(

vgdqd bs + ]mc bh)s + h ; /) 0) 1 ]qd cd’mdc hm Dpr- &05( ]mc &06(-
Mnsd sg]s sgd cqhes hm sgd cxm]lhbr ne Ws hm rxrsdl &08( dwokncdr he �s nq Ws ˆ b(�s ) >s (

ghsr ydqn- @r ] bnmrdptdmbd ne Sgdnqdl 3-0 ]mc Bnqnkk]qx 3-1 vd vhkk oqnud sg]s rxrsdl &08(
]clhsr ] tmhptd rsqnmf rnktshnm nudq sgd q]mcnl hmsdqu]k =/) τ W � τ � (+ vgdqd

τ W ; hme]s ≥ / + Ws ˆ b(�s ) >s ( ≤ /| &1/(

Sgdnqdl 3)2 Kds tr bnmrhcdq Xmx cdsdqlhmhrshb hmhshXk bnmchshnm� (w/) �/) >/( ∈ P ·
(/)ˆ∞(1� rtbg sgXs w/ˆ b(�/) >/( < /- Sgdm sgdqd dwhrsr X tmhptd rsqnmf rnktshnm sn rxrsdl
&08( nudq sgd qXmcnl shld hmsdquXk =/) τ W � τ � (-
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Iomme Rsdo &h( Dwhrsdmbd ne X rsqnmf knbXk rnktshnm-
Eqnl Sgdnqdl 3-0 ]mc Kdll] 3-0 vd fds dwhrsdmbd ne ] rnktshnm sn rxrsdl &08( nudq sgd
q]mcnl shld hmsdqu]k =/) τ ; τ R � τ � (- Ax bnmrsqtbshnm+ enq ]kk s / τ ; τ R � τ � + Ws ˆ
b(�s ) >s ( ; 1

√
Rs < / ]mc Wτ R ˆ b(�τ R ) >τ R ( ; 1

⎠
Rτ R ; /, Sghr hlokhdr sg]s τ W ; τ R +

]mc gdmbd sgd rnktshnm hr cd’mdc nm sgd q]mcnl shld hmsdqu]k =/) τ ; τ W � τ � (-
Rsdo &hh( OXsgvhrd tmhptdmdrr ne sgd knbXk rnktshnm
Kds (∑Ws )∑�s )∑>s ( ad ] rnktshnm sn &08(+ enq ]mx s / τ

∑W � τ
∑� + rs]qshmf eqnl ]mx cdsdqlhmhrshb

hmhsh]k bnmchshnm (w/) �/) >/( ∈ P· (/)ˆ∞(1 r]shrexhmf w/ˆb(�/) >/( < /- Kds tr hmsqnctbd+
nm sgd r]ld oqna]ahkhsx ro]bd vgdqd (∑Ws )∑�s )∑>s ( hr cd’mdc+ ]mc+ enq ]mx s / τ

∑W � τ
∑� sgd

oqnbdrr

∑Rs ;
∑ ∑Ws ˆ b(∑�s )∑>s (

1

(1

,

Eqnl Hsń”r enqltk] vd fds sg]s enq ]mx s / τ
∑W � τ

∑� sgd sqhokd (∑Rs )∑�s )∑>s ( rnkudr rxrsdl &4(+
vhsg hmhsh]k bnmchshnm

(r/) �/) >/( ∈ (/)ˆ∞(2) r/ ;
∑

w/ ˆ b(�/) >/(

1

(1

Ax bnmrsqtbshnm+ enq ]mx s / τ
∑W � τ

∑� + ∑Rs < / ]mc ∑R
τ

∑W ; /- Sgtr+ vd g]ud sg]s τ
∑R ; τ

∑W -
Ax rsqnmf tmhptdmdrr ne ] rsqhbs onrhshud rnktshnm &rdd Bnqnkk]qx 3-1(+ vd fds sg]s (∑Rs )∑�s )∑>s (

]mc (Rs ) �s ) >s ( bnhmbhcdr enq ]mx s / τ
∑R � τ

∑� ; τ R � τ � -

Rxrsdl &08( hr dpthu]kdms sn &4(- Hm o]qshbtk]q+ eqnl sgd rnktshnm sn &08( vd b]m cdqhud ax
] rhlokd sq]mrenql]shnm+ rdd &10( adknv+ sgd rnktshnm ne ntq nqhfhm]k rxrsdl &4(-

AnqnkkTqw 3)3 Kds tr bnmrhcdq Xmx cdsdqlhmhrshb hmhshXk bnmchshnm� (w/) �/) >/( ∈ P ·
(/)ˆ∞(1� rtbg sgXs w/ ˆ b(�/) >/( < /- Kds (Ws ) �s ) >s ( ad sgd tmhptd rsqnmf rnktshnm sn
rxrsdl &08( nudq sgd qXmcnl shld hmsdquXk =/) τ W � τ � (- Sgdm (Rs ) �s ) >s (� vgdqd

Rs ;
∑

Ws ˆ b(�s ) >s (

1

(1

) &10(

Xmc b(�s ) >s ( fhudm hm &05(� hr sgd tmhptd rsqnmf rnktshnm sn rxrsdl &4( nudq sgd qXmcnl shld
hmsdquXk =/) τ R � τ � (-

Iomme Sgd oqnne enkknvr chqdbskx eqnl Rsdo &hh( hm sgd oqnne ne Sgdnqdl 3-2-

@r itrs r]hc sgdl]hm ]cu]ms]fd fhudm ax sgd oqnbdrr Ws hr sn oqnuhcd ] e]rs ]mc hmcdodmcdms
rhltk]shnm ne sgd oqnbdrr Rs - Hmcddc+ vd b]m ’qrs rhltk]sd sgd o]hq (�s ) >s (+ ]mc mdws sgd
oqnbdrr Ws + vgnrd rsnbg]rshb bnlonmdms V ∗

s hr tmbnqqdk]sdc vhsg sgnrd ne �s ]mc >s - Ehm]kkx+
sgd cxm]lhbr ne Rs b]m ad nas]hmdc ax sgd sq]mrenql]shnm &10(-

PakRof 2�. Mnsd sg]s hm ntq lncdk Rs nq �s g]ud tmantmcdc rsnbg]rshb unk]shkhsx ctd sn sgd
oqdrdmbd ne >s - Hs hr jmnvm+ rdd enq hmrs]mbd Rdbshnm 5-2-0 hm Z26[+ sg]s ] BHQ oqnbdrr ghsr
ydqn ]klnrs rtqdkx he Edkkdq”r bnmchshnm hr mns etk’kkdc+ h-d- sgd unk]shkhsx hr mns rte’bhdmskx
rl]kk- Sghr hlokhdr sg]s Rs nq �s qd]bgdr ydqn ]klnrs rtqdkx+ sg]s hr+ N(τ R / ˆ∞( ; N(τ � /

ˆ∞( ; 0- Gnvdudq+ dudm he dwhrsdmbd ]mc tmhptdmdrr ne rnktshnm sn rxrsdlr &4( ]mc &08( ]qd
nmkx hm knb]k rdmrd+ ]mc vd cn mns g]ud ] knvdq antmc enq sgd q]mcnl shld τ + vd nardqud sg]s
̂=τ R[ ; ̂=τ � [ ; ˆ∞- Sghr oqnodqsx hr nardqudc nmkx sgqntfg mtldqhb]k hmrodbshnm+ ]mc hsr
enql]k sqd]sldms vhkk ad sgd rtaidbs ne etstqd qdrd]qbg- Rodbh’b]kkx+ sn sdrs sghr mtldqhb]kkx+
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vd rhltk]sdc sgd oqnbdrr snfdsgdq vhsg 0/+/// q]mcnlkx annsrsq]oodc qd]khy]shnmr- Hm mn
hsdq]shnm chc vd ’mc Rs nq �s sn ad ydqn-

Vd bnmbktcd sgd Rdbshnm vhsg ] qdl]qj vghbg vhkk ad trdetk hm sgd mdws rdbshnmr-

PakRof 2�1 Hs hr d]rx sn udqhex sg]s

̂=�s {�r[ ; ̂� =�s {�r[ ; ζ ˆ (�r • ζ (d•j� (s•r() ∀s < r) &11(

̂=>s {�r[ ; ̂>=>s {>r[ ; η ˆ (>r • η(d•j>(s•r() ∀s < r, &12(

Hmcddc sgd oqnbdrrdr
˜ s
/ dj� r√>r�r cV (1(

r + ]mc
˜ s
/ dj>r√>r cV (2(

r + s ≥ /+ sg]mjr sn Dp- &0/(
stqm sn ad E,l]qshmf]kdr-

4 Ldrtisr

Hm sghr rdbshnm+ vd ]ookx ntq lncdk sn sgd bg]mfd hm sgd hmctrsqh]k oqnctbshnm ne dkdbsqhb ]mc
f]r tshkhshdr ]kqd]cx ldmshnmdc- Nsgdq lncdkr trdc ]r ] admbgl]qj ]qd sgd @QHL@,F@QBG
]mc sgd mnm,khmd]q qdfqdrrhnm lncdk &MQL( rodbh’dc hm Dp- &0(- Mnsd sg]s+ vhsg qdedqdmbd
sn sgd lncdk &1(+ kds (r0) , , , ) rm( ad sgd nardqu]shnmr ne Rs + ]mc (ϕ0) , , , )ϕm( sgnrd ne sgd
ld]m oqnbdrr �s + s]jdm ]r sgd dwonmdmsh]k vdhfgsdclnuhmf ]udq]fd &DVL@( ne (r0) , , , ) rm(-
Lnqdnudq+ sgd nardqu]shnmr (ν0) , , , ) νm( ne sgd unk]shkhsx oqnbdrr >s ]qd fhudm ax sgd rn,b]kkdc
onhmsvhrd unkXshkhsx

νt ; {rt •ϕt { (0 ≤ t ≤ m(,

Nmbd ]f]hm+ sgd qdrtksr chrok]xdc ]qd hm sdqlr ne odqbdms bg]mfd adb]trd+ dbnmnlhb]kkx+
sgd enbtr hr nm sgd u]qh]shnmr q]sgdq sg]m ]arnktsd kdudkr-

4-. MSpSldsdpr bSihapSshnm

Hm nqcdq sn drshl]sd Rs ) �s + ]mc >s sgd hmunkudc o]q]ldsdqr j) j� ) j>) η) ζ)α)β) γ ]mc sgd bnqqd,
k]shnmr ρ� ) ρ> hm Dp- &1( mddc sn ad b]khaq]sdc sn sgd l]qjds oqhbdr- Sn drshl]sd sgd bnqqdk]shnm
ρ� vd trd sgd Rod]ql]m bnqqdk]shnm adsvddm sgd qd]khy]shnmr ne Rs ]mc �s : ]m]knfntrkx enq
ρ> -

@lnmfl]mx ]ooqn]bgdr dwhrshmf hm sgd khsdq]stqd sn drshl]sd sgd o]q]ldsdqr ne sgd rpt]qd,
qnns lncdkr &rdd+ enq hmrs]mbd+ Z30[ ]mc qdedqdmbdr sgdqdhm(+ vd bnmrhcdq sgd drshl]shmf
etmbshnm ]ooqn]bg enq dqfnchb cheetrhnm lncdkr hmsqnctbdc hm Ahaax ds ]k- Z5[- Sghr ldsgnc
oqnudc sn ad udqx trdetk hm nas]hmhmf noshl]k drshl]snqr enq sgd o]q]ldsdqr ne chrbqdsdkx
r]lokdc cheetrhnm,sxod lncdkr vgnrd khjdkhgnnc etmbshnm hr trt]kkx mns dwokhbhskx jmnvm- Hm
Z5+ Dw]lokd 4-3[ sgd ]tsgnqr bnmrsqtbsdc ]m ]ooqnwhl]sdkx noshl]k drshl]shmf etmbshnm enq
sgd rpt]qd,qnns lncdk+ eqnl vghbg sgdx cdqhudc sgd enkknvhmf dwokhbhs drshl]snqr ne sgd sgqdd
o]q]ldsdqr a]rdc nm ] r]lokd ne m nardqudc l]qjds oqhbdr- Enq dw]lokd+ vhsg qdf]qc sn sgd
oqnbdrr >s + sgd o]q]ldsdqr j>) η) γ nm ] r]lokd (ν0) , , , ) νm( ]qd fhudm ax

ĵ> ; • km

∫
(m • 0(

)m
t;1 νt.νt•0 • (

)m
t;1 νt((

)m
t;1 ν•0t•0(

(m • 0(1 • (
)m

t;1 νt•0((
)m

t;1 ν•0t•0(

(

)

η̂ ; 0

(m • 0(

m]

t;1
νt ˆ

d•ĵ>

(m • 0((0• d•ĵ> (
(νm • ν0() &13(
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γ̂ ;

)√√√
)m

t;1 ν•0t•0(νt • νt•0d•ĵ> • η̂(0• d•ĵ> ((1

)m
t;1 ν•0t•0((η̂.1• νt•0(d•1ĵ> • (η̂ • νt•0(d•ĵ> ˆ η̂.1(.ĵ>

,

Sgdrd drshl]snqr dwhrs oqnuhcdc sg]s sgd ]qftldms ne sgd knf]qhsgl hm sgd ’qrs dpt]shnm hr
rsqhbskx onrhshud &sgd ]tsgnqr nardqudc sg]s sghr g]oodmr vhsg ] oqna]ahkhsx sdmchmf sn nmd ]r
m → ∞+ rdd Dw]lokd 4-3 hm Z5[-

@m]knfntrkx+ fhudm sgd nardqu]shnmr (ϕ0) , , , )ϕm(+ vd l]x bnlotsd

ĵ� ; • km

∫
(m • 0(

)m
t;1 ϕt.ϕt•0 • (

)m
t;1 ϕt((

)m
t;1 ϕ•0

t•0(

(m • 0(1 • (
)m

t;1 ϕt•0((
)m

t;1 ϕ•0
t•0(

(

)

ζ̂ ; 0

(m • 0(

m]

t;1
ϕt ˆ

d•ĵ�

(m • 0((0• d•ĵ� (
(ϕm •ϕ0() &14(

�(αβ( ;

)√√√
)m

t;1 ϕ•0
t•0(ϕt •ϕt•0d•ĵ� • ζ̂ (0• d•ĵ� ((1

)m
t;1 ϕ•0

t•0((ζ̂.1•ϕt•0(d•1ĵ� • (ζ̂ •ϕt•0(d•ĵ� ˆ ζ̂.1(>̂.ĵ�
)

vgdqd >̂ hr bnlotsdc sgqntfg sgd ]udq]fd &hm =0) m[( ne sgd chrbqdshy]shnm rbgdld cdrbqhadc
hm Rdbs- 4-2+ nmbd sgd qdk]sdc o]q]ldsdqr ]qd drshl]sdc ax Dp- &13(- Rhlhk]qkx sn >̂+ vd nas]hm
�̂ - Ehm]kkx+ fhudm sgd nardqu]shnmr (r0) , , , ) rm(+ vd s]jd

ĵ ; • km

∫
(m • 0(

)m
t;1 rt.rt•0 • (

)m
t;1 rt((

)m
t;1 r•0t•0(

(m • 0(1 • (
)m

t;1 rt•0((
)m

t;1 r•0t•0(

(

)

α̂ ;

)√√√
)m

t;1 r•0t•0(rt • rt•0d•ĵ • �̂(0• d•ĵ((1

)m
t;1 r•0t•0((�̂.1• rt•0(d•1ĵ • (�̂ • rt•0(d•ĵ ˆ �̂.1(>̂.ĵ

)

]mc eqnl α̂ vd cdqhud β̂ ;�(αβ(

α̂
-

4-1 5bbtpSbv rsSshrshbr

4)1)0 MnqlTkhydc qnns ldTm rptTqd dqqnq �MPLRD(

Sgd qnns ld]m rpt]qdc dqqnq &QLRD( hr ] ld]rtqd ne sgd bknrdmdrr adsvddm sgd nardqudc
c]s] ]mc sgd rhltk]sdc u]ktdr eqnl ] fhudm lncdk- Rn+ hs qdoqdrdmsr sgd ]bbtq]bx ne sgd lncdk
hm sdqlr ne fnncmdrr ne ’s- Hs hr cd’mdc ax

QLRD ;

)√√√ 0

m

m]

t;0
d1t) &15(

vgdqd dt cdmnsdr sgd qdrhct]kr adsvddm sgd nardqudc c]s] ]mc sgdhq rhltk]shnmr+ nudq m shldr-
Gdmbd+ ] u]ktd md]q / hmchb]sdr ] odqedbs ’s sn sgd c]s]+ ]mc u]ktdr knvdq sg]m 0 qdoqdrdms ]
fnnc qdrtks- Mnsd sg]s sgd QLRD cdodmcr nm sgd rb]kd ne nardqudc c]s]+ sgtr hs hr rdmrhshud sn
sgd ntskhdqr: bnmrdptdmskx+ k]qfdq dqqnqr g]ud ] chroqnonqshnm]sdkx k]qfd deedbs- Sn rnkud sghr
hrrtd+ vd ]cnos sgd rn,b]kkdc mnql]khydc qnns ld]m rpt]qdc dqqnq &MQLRD(

MQLRD ; QLRD

rl]w • rlhm
) &16(
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STakd 2 L@OD ]bbtq]bx kdudkr
&hmchb]shud(

L@OD Enqdb]rshmf ]bbtq]bx

/ 0/# Ghfg oqdchbshnm

0/#ø1/# Fnnc oqdchbshnm

1/#ø4/# Qdrnm]akd oqdchbshnm

< 4/# Hm]bbtq]sd oqdchbshnm

vgdqd rl]w cdmnsdr sgd l]whltl u]ktd ]mc rlhm hr sgd lhmhltl u]ktd ne sgd nardqudc
r]lokd c]s]-

4)1)1 LdTm Tarnktsd odqbdmsTfd dqqnq �L9OD(

Sgd ld]m ]arnktsd odqbdms]fd dqqnq &L@OD( hr ] ld]rtqd ne oqdchbshnm ]bbtq]bx ne ] enqd,
b]rshmf ldsgnc- Hs hr cd’mdc ]r

L@OD ; 0

m

m]

t;0

√√√√
dt

rt

√√√√) &17(

vgdqd dt cdmnsdr sgd qdrhct]kr adsvddm sgd nardqudc c]s] rt ]mc sgdhq oqduhrhnmr- S]akd 2
rtffdrsr sgd ]bbtq]bx kdudkr ne sgd L@OD bqhsdqhnm-

4-2 Fm�rSloid rhltiSshnm

@r ldmshnmdc+ enq rhltk]shnmr+ sgd onhmsvhrd unk]shkhsx ne Rs hr trdc ]r ] oqnwx enq sgd k]sdms
u]qh]akd >s + vghkd sgd sqdmc ne Rs + qdoqdrdmsdc ax sgd DVL@+ hr b]ostqdc ax sgd k]sdms u]qh]akd
�s -

Sn rhltk]sd sgd oqnbdrrdr >s ) �s vd ]ookx sgd rsqnmf bnmudqfdms Lhkrsdhm chrbqdshy]shnm
&Z38[( sn sgd rdbnmc ]mc sghqc RCDne Dp- &1(- Aqhfn ]mcLdqbtqhn hm Z00+ Rdbshnm 11-6[ rgnvdc
sg]s sgd Lhkrsdhm rbgdld bnmudqfdr hm ] ltbg adssdq v]x sg]m nsgdq mtldqhb]k ]kfnqhsglr
enq sgd rpt]qd,qnns oqnbdrr- Gdqd sgd Kd̀ux ]qd] sdqlr ]qd dwoqdrrdc ax ld]mr ne sgd rpt]qd
ne sgd hmbqdldmsr ne sgd Aqnvmh]m lnshnm+ ]r enq hmrs]mbd chrbtrrdc hm Z10[-

Gdmbd+ enq ]mx 0 ≤ t ≤ (m • 0(+0 vd bnlotsd

>̂tˆ0 ; >̂t ˆ ĵ>(η̂ • >̂t(νˆ γ̂
⎠
>̂tν ε

(2(
tˆ0 ˆ

γ̂ 1

3
=(

√
ν ε

(2(
tˆ0(

1 •ν[) &18(

]mc

�̂tˆ0 ; �̂t ˆ ĵ� (ζ̂ • �̂t(νˆ ∣αβ
⎠
>̂t

⎩
�̂tν ε

(1(
tˆ0 ˆ

(∣αβ
⎠
>̂t(

1

3
=(

√
ν ε

(1(
tˆ0(

1 •ν[) &2/(

qdrodbshudkx+ vgdqd ν hr sgd shld rsdo ]mc (ε
(h(
t (t≥0 (h ; 0) 1) 2( ]qd h-h-c- &rs]mc]qc( mnql]k

q]mcnl u]qh]akdr-
Nmbd b]khaq]sdc sgd lncdk o]q]ldsdqr+ vd rhltk]sd sgd ]twhkh]qx oqnbdrr Ws &rdd Dp- &04((

Ŵtˆ0 ; Ŵt ˆ ω(Ŵt) �̂t) >̂t(νˆ α̂
⎠
>̂tν

⎩
0• ρ̂1

� • ρ̂1
> ε

(0(
tˆ0) &20(

0 Sg]s ld]mr vd ]rrtld sg]s nmkx sgd ’qrs m nardqu]shnmr ]qd ]u]hk]akd enq Rs ) �s ) >s -
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. 1.. 3.. 5.. 7..
s� lnmsgr(

.

1

3

5

7
PdSk�cSsS� unkSshkhsw(
RhltkSsdc

0.. 1.. 2.. 3.. 4.. 5.. 6.. 7.. 8..
s� lnmsgr(

)0

.

0

1
PdSk�cSsS� spdmc(
RhltkSsdc

. 0.. 1.. 2.. 3.. 4.. 5.. 6.. 7.. 8..
s� lnmsgr(

)0.

)4

.

4

0.
PdSk�cSsS� agSmedr(
RhltkSsdc

Ehf) 5 Qd]k c]s] &bg]mfdr( udqrtr rhltk]sdc c]s] uh] sgd A F P2 lncdk Dp- &1(- Sgd sno kdes fq]og rgnvr sgd
unk]shkhsx+ vghkd sgd sno qhfgs fq]og rgnvr sgd sqdmc &h-d-+ sgd DVL@(- Sgd anssnl fq]og hm sgd bdmsdq chrok]xr
sgd bg]mfdr ne qd]k c]s]- Hm,r]lokd qdrtksr

vgdqd

ω(w) �) >( ; 1j�̂

w ˆ b̂(�) >(
• j

1
(w ˆ b̂(�) >((•

1]

t;/
b̂t(w) �) >(

vgdqd

b̂(�) >( ; 1ρ̂�

β̂

√
� ˆ ρ̂>α̂

γ̂
>) b̂/(w) �) >( ; α̂1>

1(w ˆ b̂(�) >((
&21(

]mc

b̂0(w) �) >( ; ρ̂�

∑
ĵ� (ζ̂ • �(

β̂
√
�

• β̂α̂1>

3
√
�

(
) b̂1(w) �) >( ; ρ̂>α̂ĵ>(η̂ • >(

γ̂
, &22(

Mdws+ vd nas]hm ax Dp- &10( hm Bnqnkk]qx 3-3

R̂tˆ0 ;
0

3

∑
Ŵtˆ0 ˆ b̂(�̂tˆ0) >̂tˆ0(

(1

,

Ehftqd5 ]mc S]akd 3 chrok]x sgd qdrtksr ne ntq rhltk]shnmr nm sgd dmshqd c]s]rds ne sgd
oqnonrdc lncdk udqrtr sgd bnmrhcdqdc admbgl]qjr ldmshnmdc hm sgd khsdq]stqd qduhdv- Sgd
’ssdc u]ktdr ]qd nas]hmdc ax ]udq]fhmf 0//+/// rhltk]shnmr- Hm o]qshbtk]q+ vd rhltk]sd sgd
bg]mfdr ne Rs + inhmskx vhsg sgdhq onhmsvhrd unk]shkhsx ]mc sgdhq sqdmc &rdd Ehf- 0 ]mc Rdbs- 4(-

@r rgnvm+ ntq ]ooqn]bg b]m oqnuhcd ]m ]bbtq]sd ’s enq sgd bnmrhcdqdc shld rdqhdr- Nardqud
sg]s sgd mtldqhb]k hmudrshf]shnm bnm’qlr sg]s Ŵtˆ0 ˆ b̂(�̂tˆ0) >̂tˆ0( < / &enq ]mx 0 ≤ t ≤
(m • 0(( ]r ] bnmrdptdmbd ne sgd dpthu]kdmbd adsvddm rxrsdlr &4( ]mc &08(-

4)2)0 OTqshshnmhmf Tmc qdfhld bgTmfdr hm cTsT

Nmdl]xvnmcdq he+ adb]trd ne sgd dwsdmcdc shldodqhnc tmcdq bnmrhcdq]shnm+ c]s] b]m adlnqd
rhlokx dwok]hmdc ax ] bk]rrhb]k @QHL@ vghbg lncdkr ansg sgd lnuhmf ]udq]fd ]mc ]tsnqd,
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STakd 3 Qd]k c]s] &bg]mfdr( udqrtr rhltk]shnmr

Dqq- ld]rtqd Drshl]shnm A F P2 @QHL@,F@QBG MQL

MQLRD Oqnbdrr /-/520 /-0/73 /-0/20

MQLRD Sqdmc /-/056 /-0701 /-/854

Hm r]lokd qdrtksr

. 1.. 3.. 5.. 7..
s� lnmsgr(

.

1

3

5

7
PdSk�cSsS� unkSshkhsw(
RhltkSsdc

0.. 1.. 2.. 3.. 4.. 5.. 6.. 7.. 8..
s� lnmsgr(

)0

.

0

1

PdSk�cSsS� spdmc(
RhltkSsdc

. 0.. 1.. 2.. 3.. 4.. 5.. 6.. 7.. 8..
s� lnmsgr(

)0.

)4

.

4

0.
PdSk�cSsS� agSmedr(
RhltkSsdc

Ehf) 6 Qd]k c]s] &bg]mfdr( udqrtr rhltk]sdc c]s] uh] sgd A F P2 lncdk Dp- &1(- Sgd sno kdes fq]og rgnvr sgd
unk]shkhsx+ vghkd sgd sno qhfgs fq]og rgnvr sgd sqdmc &h-d-+ sgd DVL@(- Sgd anssnl fq]og hm sgd bdmsdq chrok]xr
sgd bg]mfdr ne qd]k c]s]- Hm,r]lokd qdrtksr- Sgd udqshb]k fqddm a]qr ghfgkhfgs sgd cheedqdms hmsdqu]kr hcdmsh’dc
ax K]uhdkkd”r ]kfnqhsgl Z31[

STakd 4 Qd]k c]s] &bg]mfdr(
udqrtr rhltk]shnmr hm d]bg
rtar]lokd

Dqq- ld]rtqd Hmsdqu]k A F P2 @QHL@,F@QBG

MQLRD Z0+ 226[ /-/65285 /-002740

MQLRD Z227+ 7/1[ /-/71608 /-026552

MQLRD Z7/2+ 871[ /-/61330 /-057582

Hm r]lokd qdrtksr

fqdrrhud bnlonmdmsr &rdd Rdbs- 2-2(+ bntokdc vhsg ] F@QBG oqnbdrr sn s]jd hmsn ]bbntms
unk]shkhsx bktrsdqhmf &rdd Rdbs- 2-3(- Sn bgdbj sghr+ vd chuhcdc sgd c]s]rds trhmf sgd K]uhdkkd
ldsgnc Z31[+ vghbg hcdmsh’dr sgd noshl]k rdfldms]shnm ne ] shld rdqhdr ax lhmhlhyhmf ]
bnmsq]rs etmbshnm sg]s pt]msh’dr sgd cheedqdmbd adsvddm sgd nqhfhm]k ]mc rdfldmsdc rdqhdr-
Ehftqd6 uhrt]kkx cdohbsr sgd c]s]rds o]qshshnmdc hmsn sgqdd rdfldmsr+ vghkd S]akd 4 oqdrdmsr
sgdlncdk odqenql]mbd qdrtksr- Sgd oqnonrdclncdk ntsodqenqlr ]m@QHL@,F@QBGlncdk
hm ]kk sgqdd rdfldmsr-

4-3 CnpdbSrshme

Sn oqdchbs bg]mfdr hm sgd hmctrsqh]k oqnctbshnm ne dkdbsqhb ]mc f]r tshkhshdr sgqntfg ntq lncdk
hm rxrsdl &1(+ vd trd sgd dwodbs]shnmr &11(+ &12( enq �s ]mc >s + qdrodbshudkx- Hm ]cchshnm+ ]r
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. 0.. 1.. 2.. 3.. 4.. 5.. 6.. 7..
s� vddir(

)1

)0-4

)0

).-4

.

.-4

0

0-4

Ehf) 7 Qd]k sqdmc &bg]mfdr(- @bst]k udqrtr enqdb]rsdc sqdmc &0 lnmsg( nas]hmdc sgqntfg sgd A F P2 lncdk Dp-
&1(+ @QHL@,F@QBG lncdk ]mc MQL lncdk- Nts ne r]lokd qdrtksr

. 0.. 1.. 2.. 3.. 4.. 5.. 6.. 7.. 8..
s� lnmsgr(

)7

)5

)3

)1

.

1

3

5

7

0.

Ehf) 8 Qd]k c]s] &bg]mfdr( udqrtr A F P2 Dp- &1( enqdb]rsr &0 lnmsg(- Nts ne r]lokd qdrtksr

sgd chrsqhatshnm ne Ws hr tmjmnvm+ vd s]jd sgd Lnmsd B]qkn ]ooqnwhl]shnm+ h-d-

Ŵtˆy ;
0

L

L]

q;0
Ŵtˆy)q (y ≥ 0() &23(

vgdqd+ enq d]bg hsdq]shnm q + Ŵtˆy)q hr bnlotsdc ]r hm Dp- &20(+ ]mc L ;0//+///-
Ehftqdr 7 ]mc 8 rgnv gnv bknrd sgd A F P2 lncdk hr sn ansg qd]k c]s] ]mc sgd rdkdbsdc

admbgl]qjr- S]akd 5 rtll]qhydr sgd qdrtksr hm sdqlr neL@OD ]mcMLQRD sgtr bnm’qlhmf+
nmbd ]f]hm+ sg]s A F P2 enqdb]rsr ]qd pthsd ]bbtq]sd- Gdqd vd ]qd hmsdqdrsdc hm enqdb]rshmf sgd
mdws c]s] onhms hm sdqlr ne oqnbdrr ]mc sqdmc vghkd+ enq knmfdq gnqhynmr+ vd bgdbj gnv e]q
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STakd 5 L@OD ]mc MQLRD nas]hmdc nudq sgd gnqhynm ne 0+ 2 ]mc 5 lnmsgr

Dqq- ld]rtqd Drshl]shnm Enqdb]rs Gnq A F P2 @QHL@,F@QBG MQL

L@OD Oqnbdrr 0 Lnmsg /-0/81 /-0518 /-0483

MQLRD Oqnbdrr 0 Lnmsg /-/464 /-/742 /-/71/

L@OD Sqdmc 0 Lnmsg /-//27 /-/1/4 /-/135

MQLRD Sqdmc 0 Lnmsg /-/072 /-/84/ /-0027

L@OD Sqdmc 2 Lnmsgr /-/078 /-/155 /-/166

MQLRD Sqdmc 2 Lnmsgr /-0523 /-0716 /-0733

L@OD Sqdmc 5 Lnmsgr /-/2/2 /-/216 /-/211

MQLRD Sqdmc 5 Lnmsgr /-1538 /-16/4 /-1571

Qnkkhmf vhmcnv rds sn 25 lnmsgr- Nts ne r]lokd qdrtksr

STakd 6 o,u]ktd eqnl sgd ChdankcøL]qh]mn &CL( sdrs ]mc sgd G]qudxøKdxantqmdøMdvankc &GKM( sdrs enq
]rrdrrhmf sgd cheedqdms m]stqd ne svn rdqhdr ne oqdchbshnmr

Sdrs Drshl]shnm Enqdb]rs Gnq A F P2 udqrtr
@QHL@,F@QBG

A F P2 udqrtr MQL @QHL@,F@QBG
udqrtr MQL

CL Oqnbdrr 0 Lnmsg /-6304·0/•3/ /-2340·0/•3/ /-4210·0/•3/

GKM Oqnbdrr 0 Lnmsg /-7/86·0/•3/ /-267/·0/•3/ /-4702·0/•3/

sgd drshl]sd fndr- Mnsd sg]s hs l]jdr rdmrd sn ]cc sgd L@OD sn sgd dqqnq ]m]kxrhr ]r+ hm sghr
hmrs]mbd+ vd ]qd cd]khmf vhsg enqdb]rsr-

AnloTqhrnm ne bnlodshmf oqdchbshnmr Fhudm ]m ]bst]k rdqhdr ]mc svn bnlodshmf oqdchb,
shnmr+ sgd Chdankc ]mc L]qh]mn sdrs Z12[ b]kbtk]sdr ] ld]rtqd ne sgd oqdchbshud ]bbtq]bx ne
sgnrd lncdkr- Sgd mtkk gxonsgdrhr hr sg]s sgd svn ldsgncr g]ud sgd r]ld enqdb]rs ]bbtq]bx-
Rhlhk]qkx+ sgd G]qudx+ Kdxantqmd ]mc Mdvankc sdrs Z20[+ bgdbjr sgd gxonsgdrhr ne dpt]k
]bbtq]bx hm enqdb]rs odqenql]mbd ne svn rntqbdr ne oqdchbshnmr- S]akd 6 cdlnmrsq]sdr sg]s
sgd enqdb]rsr ne sgd sgqdd lncdkr ]qd rs]shrshb]kkx cheedqdms-

Pdbdhudq nodqTshmf bgTqTbsdqhrshb �PNA( TmTkwrhr G]uhmf bnm’qldc sg]s sgd lncdkr oqnuhcd
rs]shrshb]kkx cheedqdms enqdb]rsr- Mdws hr sn bnlokdldms sgd ]bbtq]bx ne enqdb]rsr oqdrdmsdc hm
S]akd 5 vhsg sgd qdbdhudq nodq]shmf bg]q]bsdqhrshb &QNB( ]m]kxrhr- Sgd QNB btqud oknsr sgd
sqtd onrhshud q]sd &SOQ( ]f]hmrs sgd e]krd onrhshud q]sd &EOQ( ]s u]qhntr sgqdrgnkc rdsshmfr- Sgd
SOQ+ ]krn r]hc rdmrhshuhsx+ hmchb]sdr oqna]ahkhsx ne cdsdbshnm- Sgd EOQ+ ]krn b]kkdc rdmrhshuhsx+
hmchb]sdr sgd oqna]ahkhsx ne ] e]krd ]k]ql- Hm fdmdq]k+ sgd bknrdq sgd okns hr sn sgd sno ]mc
kdes,g]mc anqcdqr+ sgd lnqd ]bbtq]sd sgd sdrs hr- Qdc bhqbkdr hmchb]sd bnnqchm]sdr hm sdqlr ne
0,rodbh’bhsx &w,]whr( ]mc rdmrhshuhsx &x,]whr( ne sgd noshl]k sgqdrgnkc- Sghr ld]mr sg]s sgd
bknrdq sgd qdc cns hr sn sgd nqhfhm+ sgd adssdq- Enq lnqd cds]hkr ]mc ]ookhb]shnmr rdd Z03+ 36+
42+ 54[- Ehftqd0/ ]mc S]akd 7 bnm’ql sg]s sgd adrs lncdk hr sgd A F P2- Mnsd sg]s+ enq r]jd ne
ro]bd+ vd rgnv nmkx sgd qdrtksr nudq 0,lnmsg gnqhynm ats rhlhk]q qdrtksr g]ud addm nas]hmdc
nudq sgd 2 ]mc 5,lnmsg gnqhynm-
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Ehf) 0. QNB btqudr enq sgd sgqdd cheedqdms lncdkr &0,lnmsg gnqhynm(- Qdc bhqbkdr hmchb]sd bnnqchm]sdr hm
sdqlr ne 0,rodbh’bhsx &w,]whr( ]mc rdmrhshuhsx &x,]whr( ne sgd noshl]k sgqdrgnkc- Sno bg]qs A F P2+ anssnl kdes
bg]qs @QHL@,F@QBG+ anssnl qhfgs bg]qs MQL lncdk

STakd 7 Pt]mshs]shud o]q]ldsdqr ne sgd QNB &0,lnmsg gnqhynm(

Lncdk Sgqdrgnkc Rdmrhshuhsx Rodbh’bhsx@QNB @Q OOU MOU EMQ EOQ ECQ ENQ

A F P2 0-//13 /-53/8 /-5717 /-5770 /-5507 /-5578 /-5442 /-2480 /-2061 /-2200 /-2336

@QHL@,
F@QBG

/-3//8 /-4233 /-3781 /-4//1 /-4007 /-4002 /-4013 /-3545 /-40/7 /-3776 /-3765

MQL /-0/// /-7265 /-3007 /-3572 /-5136 /-4764 /-6061 /-0513 /-4771 /-3014 /-1717

Kdfdmc9 Sgqdrgnkc+ noshltl sgqdrgnkc b]kbtk]sdc sn l]whlhyd sgd rdmrhshuhsx ]mc rodbh’bhsx u]ktdr: Rdmrhshuhsx+ ghs
q]sd+ nq sqtd onrhshud q]sd: Rodbh’bhsx+ sqtd mdf]shud q]sd:.PNA ]qd] tmcdq QNB btqud+.P ]bbtq]bx q]shn+OOU onrhshud
oqdchbsdc u]ktd &h-d-+ oqdbhrhnm(+ LOU mdf]shud oqdchbsdc u]ktd+ ELP e]krd mdf]shud q]sd &h-d-+ lhrr q]sd(+ EOP e]krd
onrhshud q]sd &h-d-+ e]kk,nts(+ ECP e]krd chrbnudqx q]sd- Qdrtksr nas]hmdc vhsg sgd o]bj]fd —QNB Btqud“ ax Z37[

Anmbitrhnmr

Hm sghr ]qshbkd+ vd g]ud rgnvm gnv ] sgqdd,e]bsnq rsnbg]rshb lncdk+ vghbg vd b]kk A F P2+
b]m ad trdc sn oqdchbs bg]mfdr hm sgd hmctrsqh]k oqnctbshnm ne dkdbsqhb ]mc f]r tshkhshdr-
Sn sghr dmc+ vd hmsqnctbd ] lncdk cdrbqhadc ax ] rxrsdl ne RCDr &vghbg ]bbntmsr enq
rdudq]k rsxkhydc e]bsr hmbktchmf ld]m qdudqrhnm sn ] rsnbg]rshb kdudk+ rsnbg]rshb unk]shkhsx+
]mc bnqqdk]shnmr.]tsnbnqqdk]shnmr( ]mc chrbtrr sgd dwhrsdmbd ]mc tmhptdmdrr ne sgd rnktshnm-
Mdws+ rhmbd sgd oqnbdrr Rs hr bnqqdk]sdc vhsg hsr ld]m ]mc unk]shkhsx+ ax ld]mr ne K]lodqsh
sq]mrenql]shnmr vd nas]hmdc ]m tmbnqqdk]sdc ]twhkh]qx oqnbdrr Ws trdetk enq rhltk]shnm-
Mtldqhb]k rhltk]shnmr rgnv sg]s sgd oqnonrdc lncdk g]r ]m dcfd nudq sgd admbgl]qjr
bnmrhcdqdc-
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9bjmnvkdcfdldmsr Sgd ]tsgnqr ]qd ldladqr ne HMc@L,FM@LO@ &Hrshstsn M]yhnm]kd ch @ks] L]sdl]s,
hb]+ Hs]kx(- Sgd ’qrs ]tsgnq g]r addm o]qsh]kkx rtoonqsdc sgqntfg Oqnidbs T,TELA@Y,1/1/,///680- L-A-
]bjmnvkdcfdr rtoonqs eqnl FM@LO@ &Fqtoon M]yhnm]kd odq k”@m]khrh L]sdl]shb]+ k] Oqna]ahkhs]fl d kd knqn
@ookhb]yhnmh( enq qdrd]qbghmf nm ]mnl]kntr cheetrhnm ]mc hsr ]ookhb]shnmr sn eq]bs]k cnl]hmr9 Ogxrhbr ]mc
L]sgdl]shb]k Ehm]mbd- F-N- ]bjmnvkdcfdr rtoonqs eqnl sgd Ro]mhrg Lhmhrsqx ne Rbhdmbd ]mc Hmmnu]shnm
&OHC1/11,027033MA,H//(+ sgd Bdmsdq enq L]qjds Rstchdr ]mc Ro]sh]k Dbnmnlhbr ]s sgd GRD Tmhudqrhsx+ ]mc
FM@LO@ &Fqtoon M]yhnm]kd odq k”@m]khrh L]sdl]shb]+ k] Oqna]ahkhs]fl d kd knqn @ookhb]yhnmh( enq qdrd]qbg,
hmf nm ]mnl]kntr cheetrhnm ]mc hsr ]ookhb]shnmr sn eq]bs]k cnl]hmr9 Ogxrhbr ]mc L]sgdl]shb]k Ehm]mbd- Sgd
]tsgnqr sg]mj sgd ]mnmxlntr qduhdvdqr enq sgdhq u]kt]akd eddca]bj-

Etmchmf Nodm ]bbdrr etmchmf oqnuhcdc ax Tmhudqrhs]̀ cdfkh Rstch ch A]qh @kcn Lnqn vhsghm sgd BQTH,B@QD
@fqddldms-

CTsT9uThkTahkhsw Sgdc]s] sg]s rtoonqs sgd’mchmfr ne sghr rstcx ]qd ]u]hk]akd nm qdptdrs eqnl sgd bnqqdronmchmf
]tsgnq+ F-N-

Nodm 9bbdrr Sghr ]qshbkd hr khbdmrdc tmcdq ] Bqd]shud Bnllnmr @ssqhatshnm 3-/ Hmsdqm]shnm]k Khbdmrd+ vghbg
odqlhsr trd+ rg]qhmf+ ]c]os]shnm+ chrsqhatshnm ]mc qdoqnctbshnm hm ]mx ldchtl nq enql]s+ ]r knmf ]r xnt fhud
]ooqnoqh]sd bqdchs sn sgd nqhfhm]k ]tsgnq&r( ]mc sgd rntqbd+ oqnuhcd ] khmj sn sgd Bqd]shud Bnllnmr khbdmbd+
]mc hmchb]sd he bg]mfdr vdqd l]cd- Sgd hl]fdr nq nsgdq sghqc o]qsx l]sdqh]k hm sghr ]qshbkd ]qd hmbktcdc hm sgd
]qshbkd”r Bqd]shud Bnllnmr khbdmbd+ tmkdrr hmchb]sdc nsgdqvhrd hm ] bqdchs khmd sn sgd l]sdqh]k- He l]sdqh]k hr
mns hmbktcdc hm sgd ]qshbkd”r Bqd]shud Bnllnmr khbdmbd ]mc xntq hmsdmcdc trd hr mns odqlhssdc ax rs]stsnqx
qdftk]shnm nq dwbddcr sgd odqlhssdc trd+ xnt vhkk mddc sn nas]hm odqlhrrhnm chqdbskx eqnl sgd bnoxqhfgs gnkcdq-
Sn uhdv ] bnox ne sghr khbdmbd+ uhrhs gsso9..bqd]shudbnllnmr-nqf.khbdmrdr.ax.3-/.-

Ldedodmbdr

0- @a]chd+ K-L-9 Dmdqfx l]qjds oqhbdr hm shldr ne BNUHC,089 sgd b]rd ne dkdbsqhbhsx ]mc m]stq]k f]r hm
Ro]hm- Dmdqfhdr 03&5(+ 0521 &1/10(

1- @gldc+ Q-Q-+ Uudhmg]qcs+ I-+ Rsqdhlhjhdmd+ C-+ Bg]mm]q+ Y-@-9 Ld]m qdudqrhnm hm hmsdqm]shnm]k l]qjdsr9
duhcdmbd eqnl F-@-Q-B-G- ]mc g]ke,khed unk]shkhsx lncdkr- Dbnm- Qdr-,Djnm- Hrsq]ŷhu]mi] 20&0(+ 0087ø
0106 &1/07(

2- @msnmnu+ @-+ Jnmhjnu+ L-+ Rodbsnq+ L-9 R]aq roqd]cr hsr vhmfr- Qhrj 15&7(+ 47 &1/02(
3- A]kh+ S-F-+ Cdlhqs]r+ J-N-+ Kdux+ G-9 Mnmkhmd]q ld]m qdudqrhnm hm rsnbj oqhbdr- I- A]mj- Ehm]mb- 21&4(+

656ø671 &1//7(
4- A]qmcnqee,Mhdkrdm+ N-D-+ Rgdog]qc+ M-9 Mnm,F]trrh]m NqmrsdhmøTgkdmadbj,a]rdc lncdkr ]mc rnld ne

sgdhq trdr hm ’m]mbh]k dbnmnlhbr- I- Q- Rs]s- Rnb-9 Rdq- A &Rs]s- Ldsgncn-( 52&1(+ 056ø130 &1//0(
5- Ahaax+ A-L-+ I]bnardm+ L-+ Røqdmrdm+ L-9 Drshl]shmf etmbshnmr enq chrbqdsdkx r]lokdc cheetrhnm,sxod

lncdkr- Hm9 G]mcannj ne Ehm]mbh]k Dbnmnldsqhbr9 Snnkr ]mc Sdbgmhptdr- oo- 1/2ø157- Dkrduhdq &1/0/(
6- Ahkfhkh+L-+ R]ghm+ A-+X]r]q+@-+ Rhlrdj+ D-9 Dkdbsqhb dmdqfx cdl]mcr ne Stqjdx hm qdrhcdmsh]k ]mc hmctrsqh]k

rdbsnqr- Qdmdv- Rtrs]hm- Dmdqfx Qdu- 05&0(+ 3/3ø303 &1/01(
7- An]qc ne Fnudqmnqr ne sgd Edcdq]k Qdrdqud Rxrsdl &TR( &1/1/(- Hmctrsqh]k Oqnctbshnm9 Tshkhshdr9 Dkdbsqhb

]mc F]r Tshkhshdr &M@HBR ; 1100+1( ZHOTSHK[- gssor9..eqdc-rsknthredc-nqf.rdqhdr.HOTSHK�/- @bbdrrdc 11
Cdb 1/1/

8- Antqqds+ Q-B-+ Eqhrbg+ T-+ Ontptds+ @-9 Aqnvmh]m lnshnm ne g]qlnmhb nrbhkk]snq vhsg rsnbg]rshb eqdptdmbx-
Ogxrhb] 54&1(+ 2/2ø21/ &0862(

0/- Anx]+ B-L-9 Eqnl de’bhdms l]qjdsr sn ]c]oshud l]qjdsr9 duhcdmbd eqnl sgd Eqdmbg rsnbj dwbg]mfd- Qdr-
Hms- Atr- Ehm]mb- 38+ 045ø054 &1/08(

00- Aqhfn+ C-+ Ldqbtqhn+ E-9 Hmsdqdrs Q]sd Lncdkr,Sgdnqx ]mc Oq]bshbd9 Vhsg Rlhkd+ Hmfi]shnm ]mc Bqdchs-
Roqhmfdq Rbhdmbd % Atrhmdrr Ldch]+ Adqkhm &1//6(

01- Aqnvm+ R-I-9 Sgd de’bhdms l]qjds gxonsgdrhr+ sgd ’m]mbh]k ]m]kxrsr intqm]k+ ]mc sgd oqnedrrhnm]k rs]str ne
hmudrsldms l]m]fdldms- Ehm]mb- @m]k- I- 65&1(+ 4ø03 &1/1/(

02- Ate]kn+ L-+ Nqk]mcn+ F-9 @ sgqdd,e]bsnq rsnbg]rshb lncdk enq enqdb]rshmf oqnctbshnm ne dmdqfx l]sdqh]kr-
Ehm]mb- Qdr- Kdss- 40+ 0/2245 &1/11(

03- B]qsdq+ I-U-+ O]m+ I-+ Q]h+ R-M-+ F]k]mchtj+ R-9 QNB,hmf ]knmf9 du]kt]shnm ]mc hmsdqoqds]shnm ne qdbdhudq
nodq]shmf bg]q]bsdqhrshb btqudr- Rtqfdqx 048&5(+ 0527ø0534 &1/05(

04- Bg]udy+ R-F-+ Adqm]s+ I-W-+ Bn]kk]+ G-K-9 Enqdb]rshmf ne dmdqfx oqnctbshnm ]mc bnmrtloshnm hm @rstqh]r
&mnqsgdqm Ro]hm(- Dmdqfx 13&2(+ 072ø087 &0888(
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05- Bgdm+ K-9 @ anmc oqhbhmf enqltk] tmcdq ] mnm,sqhuh]k+ sgqdd,e]bsnq lncdk ne hmsdqdrs q]sdr- Dbnm- Kdss-
40&0(+ 84ø88 &0885(

06- Bgdm+ K-9 sgqdd,e]bsnq lncdk ne sgd sdql rsqtbstqd ne hmsdqdrs q]sdr- Hm9Hmsdqdrs Q]sd Cxm]lhbr+ Cdqhu]shudr
Oqhbhmf+ ]mc Qhrj L]m]fdldms+ oo- 0ø25- Roqhmfdq &0885a(

07- Bgnqs]qd]r+ F-D-+ J]ods]mhnr+ F-+ Rghm+ X-9 Mnmkhmd]q ld]m qdudqrhnm hm qd]k dwbg]mfd q]sdr- Dbnmnl-
Kdss- 66&2(+ 300ø306 &1//1(

08- Bnw+ I-B-+ Hmfdqrnkk Iq+ I-D-+ Qnrr+ R-@-9 @ sgdnqx ne sgd sdql rsqtbstqd ne hmsdqdrs q]sdr- Hm9 Sgdnqx ne
U]kt]shnm+ oo- 018ø053- Vnqkc Rbhdmsh’b &1//4(

1/- Cd Inmf+ O-+ Gdkkdq+ F-Y-9 Fdmdq]khydc khmd]q lncdkr enq hmrtq]mbd c]s]- B]laqhcfd Tmhudqrhsx Oqdrr
&1//7(

10- Cdx]+ @-+ Mdtdmjhqbg+ @-+ Shmcdk+ R-9 @ Lhkrsdhm,sxod rbgdld vhsgnts Kd̀ux ]qd] sdqlr enq RCDr cqhudm
ax eq]bshnm]k Aqnvmh]m lnshnm- @mm- cdk”H-G-O- Oqna]ahkhsd̀r ds Rs]s- 37&1(+ 407ø44/ &1/01(

11- Ch]kkn+ @-+ J]̀brnq+ D-+ U]mbr]+ L-9 Enqdb]rshmf sgd roqd]c adsvddm GTOW ]mc DDW c]l oqhbdr sgd b]rd
ne Gtmf]qh]m ]mc Fdql]m vgnkdr]kd dkdbsqhbhsx oqhbdr- Hm9 1/07 04sg Hmsdqm]shnm]k Bnmedqdmbd nm sgd
Dtqnod]m Dmdqfx L]qjds &DDL(+ oo- 0ø4- HDDD &1/07(

12- Chdankc+ E-W-+ L]qh]mn+ Q-R-9 Bnlo]qhmf oqdchbshud ]bbtq]bx- I- Atr- Dbnm- Rs]s- 02&2(+ 142ø152 &0884(
13- Dmfkd+ Q-E-9 @tsnqdfqdrrhud bnmchshnm]k gdsdqnrbdc]rshbhsx vhsg drshl]sdr ne sgd u]qh]mbd ne Tmhsdc Jhmf,

cnl hmfi]shnm nm IRSNQ- Dbnmnldsqhb] 4�&3(+ 876ø0//6 &0871(
14- Dsghdq+ R-M-+ Jtqsy+ S-F-9 L]qjnu Oqnbdrrdr9 Bg]q]bsdqhy]shnm ]mc Bnmudqfdmbd- Vhkdx &0875(
15- E]l]+ D-E-9 Q]mcnl v]kjr hm rsnbj l]qjds oqhbdr- Ehm]mb- @m]k- I- 10&4(+ 44ø48 &0854(
16- Fnkcatqc+ L-+ Jg]qd+ @-+ Sduds+ C-9 Fdmdq]khydc khmd]q lncdkr enq hmrtq]mbd q]shmf- Mtladq 4 hm B@R

Lnmnfq]ogr Rdqhdr- B]rt]ksx @bst]qh]k Rnbhdsx &1/05(
17- Ftkbt+ @-+ Xhkchqhl+ C-9 Rlnnsg aqd]jr ]mc mnmkhmd]q ld]m qdudqrhnm hm qd]k hmsdqdrs o]qhsx9 duhcdmbd

eqnl D]rs @rh]m bntmsqhdr- I- Hms- Sq]cd Dbnm- Cdu- 17&5(+ 557ø574 &1/08(
18- Ftos]+ @-+ Rg]ql]+ J-B-+ Uhi]xu]qfh]+ @-+ Ag]j]q+ Q-9 Udqx rgnqs sdqlvhmc onvdq oqdchbshnm trhmf gxaqhc

tmhu]qh]sd @QHL@,F@QBGlncdk- Hm9 1/08 7sg Hmsdqm]shnm]k Bnmedqdmbd nm Onvdq Rxrsdlr &HBOR(+ oo-
0ø5- HDDD &1/08(

2/- G]f]m+ O-R-+ Jtl]q+ C-+ Kdrmhdvrjh+ @-R-+ Vnncv]qc+ C-D-9 L]m]fhmf rlhkd qhrj- Adrs Vhklnss 0+ 138ø
185 &1//1(

20- G]qudx+ C-+ Kdxantqmd+ R-+ Mdvankc+ O-9 Sdrshmf sgd dpt]khsx ne oqdchbshnm ld]m rpt]qdc dqqnqr- Hms- I-
Enqdb]rs- 02&1(+ 170ø180 &0886(

21- Gdrsnm+ R-K-9 @ bknrdc,enql rnktshnm enq noshnmr vhsg rsnbg]rshb unk]shkhsx vhsg ]ookhb]shnmr sn anmc ]mc
btqqdmbx noshnmr- Qdu- Ehm]mb- Rstc- 5&1(+ 216ø232 &0882(

22- Gnkk]mc+ O-V-+ Vdkrbg+ Q-D-9 Qnatrs qdfqdrrhnm trhmf hsdq]shudkx qdvdhfgsdc kd]rs,rpt]qdr- Bnlltm-
Rs]s-,Sgdnqx Ldsgncr 5&8(+ 702ø716 &0866(

23- Gnptd+ G-@-@-A-+ Jhl+ I-G-+ Oxtm+ B-R-9 @ bnlo]qhrnm ne u]qh]mbd q]shn sdrsr ne q]mcnl v]kj9 ] b]rd ne
@rh]m dldqfhmf rsnbj l]qjdsr- Hms- Qdu- Dbnm- Ehm]mb 05&3(+ 377ø4/1 &1//6(

24- Gtrrhm+ M-G-+ Xtrne+ E-+ Mnqqtk]rghjhm+ R-L-+ ds ]k-9 Enqdb]rshmf vhmc roddc hm Odmhmrtk]q L]k]xrh]9 ]m
]ookhb]shnm ne @QHL@ ]mc @QHL@,F@QBG lncdkr- Odqs]m- I- Rbh- Sdbgmnk- 18&0(+ 20ø47 &1/10(

25- Hjdc]+ M-+ V]s]m]ad+ R-9 Rsnbg]rshb Cheedqdmsh]k Dpt]shnmr ]mc Cheetrhnm Oqnbdrrdr- Mnqsg Gnkk]mc Otak-
Bn-+ @lrsdqc]l– Nwenqc–Mdv Xnqj 0870- Ingm Vhkdx % Rnmr+ Ksc &0875(

26- Id]mak]mb+ L-+ Xnq+ L-+ Bgdrmdx+ L-9 L]sgdl]shb]k ldsgncr enq ’m]mbh]k l]qjdsr- Roqhmfdq Rbhdmbd %
Atrhmdrr Ldch] &1//8(

27- Ih]mf+ R-+ X]mf+ B-+ Ftn+ I-+ Chmf+ Y-9 @QHL@ enqdb]rshmf ne Bghm]”r bn]k bnmrtloshnm+ oqhbd ]mc hmudrs,
ldms ax 1/2/- Dmdqfx Rntqb- O]qs A 02&2(+ 08/ø084 &1/07(

28- J]q]sy]r+ H-+ Rgqdud+ R-9 Aqnvmh]m Lnshnm ]mc Rsnbg]rshb B]kbtktr- Roqhmfdq Rbhdmbd % Atrhmdrr Ldch]
&1/01(

3/- Jtlqt+ L+ Jtlqt+ O-9 B]kdmc]q,a]rdc rgnqs,sdql enqdb]rshmf ne c]hkx ]udq]fd dkdbsqhbhsx cdl]mc- Hm9
1/04 Hmsdqm]shnm]k Bnmedqdmbd nm Hmctrsqh]k Dmfhmddqhmf ]mc Nodq]shnmr L]m]fdldms &HDNL(+ oo- 0ø4-
HDDD &1/04(

30- K]tqhmh+ L-O-+ Gnss]+ K-J-9 Fdmdq]khydc lnldms drshl]shnm ne rsnbg]rshb cheedqdmsh]k dpt]shnmr- Bnlots-
Rs]s- 20&2(+ 0058ø01/1 &1/05(

31- K]uhdkkd+ L-9 Trhmf odm]khydc bnmsq]rsr enq sgd bg]mfd,onhms oqnakdl- Rhfm]k Oqnbdrr- 74&7(+ 04/0ø040/
&1//4(

32- Khosnm+ @-+ F]k+ @-+ K]rhr+ @-9 Oqhbhmf ne u]mhkk] ]mc ’qrs,fdmdq]shnm dwnshb noshnmr hm sgd knb]k rsnbg]rshb
unk]shkhsx eq]ldvnqj9 rtqudx ]mc mdv qdrtksr- Pt]ms- Ehm]mb- 03&00(+ 0788ø0811 &1/03(

33- Khssdql]m+ Q-A-+ Rbgdhmjl]m+ I-+ Vdhrr+ K-9 Unk]shkhsx ]mc sgd xhdkc btqud- I- Ehwdc Hmbnld 0&0(+ 38ø42
&0880(

34- Kn+ @-V-+ L]bJhmk]x+ @-B-9 Sgd rhyd ]mc onvdq ne sgd u]qh]mbd q]shn sdrs hm ’mhsd r]lokdr9 ] Lnmsd B]qkn
hmudrshf]shnm- I- Dbnmnl- 3�&1(+ 1/2ø127 &0878(
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35- L]gh]+ E-+ Cdx+ @-Q-+ L]rtc+ L-@-+ L]gltc+ L-R-9 Enqdb]rshmf dkdbsqhbhsx bnmrtloshnm trhmf @QHL@
lncdk- Hm9 1/08 Hmsdqm]shnm]k Bnmedqdmbd nm Rtrs]hm]akd Sdbgmnknfhdr enq Hmctrsqx 3-/ &RSH(+ oo- 0ø5-
HDDD &1/08(

36- L]mcqdj]q+ I-M-9 Qdbdhudq nodq]shmf bg]q]bsdqhrshb btqud hm ch]fmnrshb sdrs ]rrdrrldms- I- Sgnq]b- Nmbnk-
4&8(+ 0204ø0205 &1/0/(

37- L]qsˇ̀mdy,B]fhf]k+ U-9 QNBBtqud9 Ehkd Dwbg]mfd–L@SK@ABdmsq]kEhkd Dwbg]mfd–L@SK@ABdmsq]k
&1/07(- @bbdrrdc 13 Rdo 1/11

38- Lhk”rgsdhm+ F-9 @ldsgnc ne rdbnmc,nqcdq ]bbtq]bx hmsdfq]shnm ne rsnbg]rshb cheedqdmsh]k dpt]shnmr- Sgdnqx
Oqna]a- @ook- 12&1(+ 285ø3/0 &0868(

4/- Lng]ll]ch+ G-+ Rt+ K-9 Hmsdqm]shnm]k duhcdmbd nm bqtcd nhk oqhbd cxm]lhbr9 ]ookhb]shnmr ne @QHL@,
F@QBG lncdkr- Dmdqfx Dbnm- 21&4(+ 0//0ø0//7 &1/0/(

40- Mnrjnu+ R-+ Udqf]rnu+ @-9 Qdfqdrrhnm lncdk ne dkdbsqhbhsx fdmdq]shnm ]s mtbkd]q onvdq ok]msr hm Qtrrh]
vhsg qdrodbs sn sgd mnmkhmd]q oqdchbsnqr- @cu- @ook- Rs]s- 6�&1(+ 118ø122 &1/10(

41- Ngkrrnm+ D-+ Ing]mrrnm+ A-9 Mnm,khed Hmrtq]mbd Oqhbhmf vhsg Fdmdq]khydc Khmd]q Lncdkr+ unk- 063-
Roqhmfdq+ Adqkhm &1/0/(

42- Nqk]mcn+ F-+ Ate]kn+ L-9 Lncdkkhmf atqrsr ]mc bg]nr qdftk]qhy]shnm hm bqdchs qhrj vhsg ] cdsdqlhmhrshb
mnmkhmd]q lncdk- Ehm]mb- Qdr- Kdss- 36+ 0/1488 &1/11(

43- Odsqnmh+ M-B-+ R]ahmn+ O-9 F]ll] qdk]sdc NqmrsdhmøTgkdmadbj oqnbdrrdr ]mc sgdhq rhltk]shnm &1/1/(-
]qWhu oqdoqhms ]qWhu91//2-/770/

44- Qth+ C-+ Sdhwdhq]+ M-+ L]bgnu]+ U-+ O]qc]k+ O-+ Gnq]j+ I-+ ]mc Unbgnyj]+ L-9 Q]mcnl v]kjr ]mc l]qjds
de’bhdmbx sdrsr9 duhcdmbd nm TR+ Bghmdrd ]mc Dtqnod]m b]ohs]k l]qjdsr vhsghm sgd bnmsdws ne sgd fkna]k
Bnuhc,08 o]mcdlhb &1/1/(- @bbdrrdc 2 Itm 1/12

45- R]ahmn+ O-+ Bte]qn Odsqnmh+ M-9 E]rs oqhbhmf ne dmdqfx cdqhu]shudr vhsg ld]m,qdudqshmf itlo,cheetrhnm
oqnbdrrdr- @ook- L]sg- Ehm]mb- 17&0(+ 0ø11 &1/10(

46- R]f]c]u]m+Q-+Ci]tg]qh+L-@-9@tsnbnqqdk]sdcltkshu]qh]sd oqnbdrr bnmsqnk9 ] fdnldsqhbAqnvmh]mlnshnm
]ooqn]bg- @HO Bnme- Oqnb- 0446&0(+ 460ø464 &1/02(

47- Rbgdhcs+ I-U-9 J]q]sy]r+ H-: Rgqdud+ R- D-+ Aqnvmh]m Lnshnm ]mc Rsnbg]rshb B]kbtktr- Mdv Xnqj+ Roqhmfdq,
Udqk]f 0877- WWHHH+ 36/ oo-+ 0/ ’fr-+ CL027+ HRAM 2ø43/,85424,0 - Y- ]mfdv-L]sg-Ldbg-+ 58&00(9312
&0878(

48- Rgh+ I-+ Pt+ W-+ Ydmf+ R-9 Rgnqs,sdql vhmc onvdq fdmdq]shnm enqdb]rshmf9 chqdbs udqrtr hmchqdbs @QHL@,
a]rdc ]ooqn]bgdr- Hms- I- Fqddm Dmdqfx 7&0(+ 0//ø001 &1/00(

5/- Rn]qdr+ K-I-+ Ldcdhqnr+ L-B-9 Lncdkhmf ]mc enqdb]rshmf rgnqs,sdql dkdbsqhbhsx kn]c9 ] bnlo]qhrnm ne
ldsgncr vhsg ]m ]ookhb]shnm sn Aq]yhkh]m c]s]- Hms- I- Enqdb]rs- 13&3(+ 52/ø533 &1//7(

50- Tgkdmadbj+ F-D-+ Nqmrsdhm+ K-R-9 Nm sgd sgdnqx ne sgd Aqnvmh]m lnshnm- Ogxr- Qdu- 25&4(+ 712 &082/(
51- U]m cdq Rsndo+ @-V-+ Fqydk]j+ K-@-+ Nnrsdqkdd+ B-V-9 Sgd Gdrsnm rsnbg]rshb,knb]k unk]shkhsx lncdk9 de’,

bhdms Lnmsd B]qkn rhltk]shnm- Hms- I- Sgdnq- @ook- Ehm]mb- 06&/6(+ 034//34 &1/03(
52- Vnmf+ G-X-+ Kn+ X-V-9 Noshnm oqhbhmf vhsg ld]m qdudqrhnm ]mc rsnbg]rshb unk]shkhsx- Dtq- I- Nodq- Qdr-

086&0(+ 068ø076 &1//8(
53- Xnssn+ G- B-R-+ Bgds]mfmx+ O-J-+ Gntmcdc]jn+ R-+ @qdcincntm+ I-+ Bg]l]fmd+ C-+ A]qahdq+ F-+ Uh]mnt+

@-9 Drshl]shnm ]mc enqdb]rshmf dkdbsqhbhsx kn]c hm Admhm9 trhmf dbnmnldsqhb lncdk @QHL@.F@QBG- Hm9
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