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AYaifpntlc9 Hm qdbdms xd]qr+ sgd MTLDM oqnidbs g]r ghfgkhfgsdc sg]s sgd rxrsdl]shb rstcx ne cntakd bg]qfd
dwbg]mfd ’CBD( mtbkd]q qd]bshnmr bntkc oqnuhcd oqdbhntr hmenql]shnm nm sgd mtbkd]q l]sqhw dkdldmsr ne
mdtsqhmnkdrr cntakd / cdb]x- Sn ]bghdud sghr fn]k+ ] ltkshbg]mmdk ]ooqn]bg v]r ]cnosdc+ vgdqd ] okdsgnq] ne
cheedqdms qd]bshnm bg]mmdkr hr ld]rtqdc tmcdq sgd r]ld dwodqhldms]k bnmchshnmr ]mc ]m]kxydc hm ] bngdqdms
eq]ldvnqj- Hm sghr bnmsdws+ sgd hmhsh]k ’HRH( ]mc zm]k ’ERH( rs]sd hmsdq]bshnmr ]qd etmc]ldms]k athkchmf aknbjr sn
hmudrshf]sd ]kk sgd qdkdu]ms chqdbs mtbkd]q qd]bshnmr- Sn c]sd+ rtbg athkchmf aknbjr ]qd mns rtezbhdmskx drs]akhrgdc
enq l]mx ne sgd oqnidbshkd,s]qfds o]hqr ne hmsdqdrs enq MTLDM dwodqhldmsr- Sghr hr ]krn sgd b]rd ne sgd 07N+ 37Sh
rxrsdl+ vghbg hr qdkdu]ms enq sgd cntakd / cdb]x ne sgd 37B] mtbkdtr hmsn sgd 37Sh nmd-
Otponrd9 Sghr vnqj ]hlr ]s cdctbhmf sgd HRH sn ad trdc hm sgd ltkshbg]mmdk rstcx ne sgd 07N+ 37Sh bnkkhrhnm ]s
164 LdU hmbhcdms dmdqfx- Sn sghr otqonrd+ sgd noshb]k onsdmsh]k ]mc sgd rsqdmfsg ne sgd bntokhmfr adsvddm dk]rshb
]mc hmdk]rshb rb]ssdqhmf bg]mmdkr ]qd cdsdqlhmdc ]mc bg]q]bsdqhydc ax bnlo]qhrnm vhsg mdv dwodqhldms]k c]s]-
Ldsgncr9 Bqnrr rdbshnm ]mftk]q chrsqhatshnmr vdqd ld]rtqdc enq sgd dk]rshb ]mc knv,kxhmf hmdk]rshb rb]ssdqhmf
bg]mmdkr hm ] vhcd q]mfd ne lnldmstl sq]mredq- Dwodqhldms]k c]s] vdqd bnlo]qdc sn sgdnqdshb]k b]kbtk]shnmr
odqenqldc hm noshb]k lncdk ’NL(+ chrsnqsdc,v]ud Anqm ]ooqnwhl]shnm ’CVA@(+ bntokdc bg]mmdkr ’BB(+
]mc bntokdc bg]mmdkr dpthu]kdms onk]qhy]shnm onsdmsh]k ’BBDO( ]ooqn]bgdr- Enq ]kk ne sgdl+ sgd Ràn O]tkn
cntakd,enkchmf onsdmsh]k v]r ]cnosdc ]r sgd noshb]k onsdmsh]k- Sgd bnlo]qhrnm adsvddm sgd oqdchbshnmr ne sgd
NL<CVA@ ]mc BB eq]ldvnqjr ]kknvdc sn du]kt]sd sgd rsqdmfsg ne sgd bntokhmfr sn sgd hmdk]rshb bg]mmdkr
vghbg vdqd dwokhbhskx s]jdm hmsn ]bbntms- Vhsghm sgd BB enql]khrl+ cheedqdms bntokhmf rbgdldr vdqd bnlo]qdc
sn ]rrdrr sgd bnmsqhatshnmr ne sgd rs]sdr hmbktcdc hm sgd lncdk ro]bd- @ etqsgdq sdrs ne ntq ]ooqn]bg v]r b]qqhdc
nts ax ]m]kxyhmf sgd dwodqhldms]k c]s] ne sgd r]ld rxrsdl ]s 43 LdU hmbhcdms dmdqfx-
Pdrtksr9 Sgd ]bghdudc dmdqfx qdrnktshnm ]kknvdc sn qdrnkud sgd dk]rshb rb]ssdqhmf ]mc sgd dwbhs]shnm ne sgd 1+

0

rs]sd ne sgd 37Sh mtbkdtr- @ aqn]c rsqtbstqd+ ]rrnbh]sdc sn sgd rtodqonrhshnm ne sgd hmdk]rshb sq]mrhshnmr sn sgd 1+
0

rs]sd ne 07N ]mc sn sgqdd dwbhsdc rs]sdr ne 37Sh+ v]r ]krn nardqudc- Sgd NL ]mc CVA@ b]kbtk]shnmr ]qd mns
]akd sn qdoqnctbd sgd dwodqhldms]k dk]rshb ]mc hmdk]rshb ]mftk]q chrsqhatshnmr hm sgd dwoknqdc q]mfd ne lnldmstl
sq]mredq- @ rhfmhzb]ms hloqnudldms hm sgd cdrbqhoshnm ne sgd c]s] hr entmc ax trhmf sgd BB ]ooqn]bg- Hm o]qshbtk]q+

)fhtrdood-aqhrbgdssn;kmr-hmem-hs
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vgdm sgd 1+
0 ]mc 2

−
0 bnkkdbshud rs]sdr ne oqnidbshkd ]mc s]qfds ]mc sgdhq rhltks]mdntr dwbhs]shnmr ]qd hmbktcdc hm

sgd bntokhmf rbgdld+ ] r]shre]bsnqx ]fqddldms hr ]bghdudc- Sgd BBDO oqdchbshnmr cdrbqhad qd]rnm]akx vdkk sgd
dk]rshb rb]ssdqhmf c]s]-
Bnlaktrhnlr9 Bg]mmdk bntokhmf deedbsr g]ud sn ad s]jdm hmsn ]bbntms enq ] fnnc cdrbqhoshnm ne sgd dk]rshb ]mc
hmdk]rshb dwodqhldms]k ]mftk]q chrsqhatshnmr hm sgd ld]rtqdc q]mfd ne lnldmstl sq]mredq- Sgd hmbktrhnm ne rtbg
bntokhmfr hm sgd HRH hr dmuhr]fdc enq sgd ]m]kxrhr ne ]kk sgd chqdbs mtbkd]q qd]bshnmr hmctbdc ax sgd 07N+ 37Sh
bnkkhrhnm hm sghr hmbhcdms dmdqfx qdfhnm-

CNH9 0/-00/2.OgxrQduB-0/8-/035/3

H� HMSPNCTBSHNM

Sgd ltkshbg]mmdk ]ooqn]bg+ qdbdmskx ]cnosdc hm sgd eq]ld,
vnqj ne sgd MTLDM ’MTbkd]q L]sqhw Dkdldmsr enq Mdtsqhmn,
kdrr cntakd ads] cdb]x( Z0+1[ ]mc MTQD ’MTbkd]q QD]bshnmr
enq mdtsqhmnkdrr cntakd ads] cdb]x( Z2[ oqnidbsr+ hr ] oqnlhr,
hmf ldsgnc sn cdrbqhad gd]ux,hnm hmctbdc cntakd bg]qfd
dwbg]mfd ’CBD( qd]bshnmr+ vgnrd rodbsqnrbnox hr dwodbsdc
sn oqnuhcd u]kt]akd hmrhfgsr hmsn sgd l]mx,ancx mtbkd]q ]r,
odbsr hmunkudc hm sgd mdtsqhmnkdrr cntakd ads] ’/µ//( cdb]x
oqnbdrr Z3+4[- Rtbg ]m ]ooqn]bg+ vghbg bnmrhrsr ne sgd fkna]k
]m]kxrhr ne ] vhcd dmrdlakd ne mtbkd]q qd]bshnmr ’hmbktchmf
dk]rshb ]mc hmdk]rshb rb]ssdqhmf+ nmd, ]mc svn,mtbkdnm sq]mr,
edqr+ rhmfkd ]mc cntakd bg]qfd dwbg]mfd qd]bshnmr( Z3+5+6[+
g]r addm rtbbdrretkkx ]ookhdc sn rdudq]k rxrsdlr ne hmsdqdrs
enq MTLDM+ rtbg ]r 3/B] Z3+7+8[+ 01B Z5[+ 65Rd Z0/fl01[+
005Bc Z6[+ ]mc 37Sh Z02+03[- @lnmf sgdl+ sgd 3/B] ]mc 005Bc
b]rdr qdoqdrdms bnmbqdsd dw]lokdr ne gnv ]m ]ooqn]bg a]rdc
nm pt]msnldbg]mhb]k ldsgncr ’ansg hm chrsnqsdc,v]ud Anqm
]ooqnwhl]shnm ]mc bntokdc bg]mmdkr enql]khrlr(+ snfdsgdq
vhsg sgd Ràn O]tkn noshb]k onsdmsh]k Z04+05[ ]mc mtbkd]q
rsqtbstqd hmotsr cdqhudc eqnl k]qfd,rb]kd rgdkk,lncdk b]kbt,
k]shnmr+ fhudr ] qdkh]akd ]mc bngdqdms cdrbqhoshnm ne ] okdsgnq]
ne qd]bshnm bg]mmdkr ld]rtqdc tmcdq sgd r]ld dwodqhldms]k
bnmchshnmr-
Sgd sgdnqdshb]k cdrbqhoshnm ne d]bg qd]bshnm bg]mmdk bnl,

oqhrdc hm sgd ltkshbg]mmdk mdsvnqj+ hmbktchmf CBD+ qdpthqdr
sgd jmnvkdcfd ne sgd hmhsh]k ’HRH( ]mc zm]k rs]sd hmsdq]bshnmr
’ERH( sg]s cdsdqlhmd sgd hmbnlhmf ]mc ntsfnhmf chrsnqsdc
v]udr+ qdrodbshudkx- Sgd jdx hmfqdchdms enq sgd HRH ]mc sgd
ERH hr sgd noshb]k onsdmsh]k ’NO(+ vghbg cdrbqhadr sgd ]udq]fd
mtbkdtr,mtbkdtr onsdmsh]k Z06+07[- Rhmbd sgd f]sdv]x sn sgd
NO hr sgd rstcx ne dk]rshb ]mc hmdk]rshb rb]ssdqhmf+ sghr ]m]kxrhr
ok]xr ] bdmsq]k qnkd hm sgd ltkshbg]mmdk rsq]sdfx oqnonrdc ax
MTLDM-
Hm sgd khsdq]stqd+ l]mx cheedqdms enqlr enq sgd NO g]ud addm

oqnonrdc+ vghbg b]m ad fqntodc hmsn svn l]hm b]sdfnqhdr+
trt]kkx qdedqqdc sn ]r ogdmnldmnknfhb]k ]mc lhbqnrbnohb
lncdkr Z08[- Hm sgd enqldq+ sgd NO hr cdrbqhadc vhsg ]m ]m,
]kxshb etmbshnm vgnrd q]ch]k rg]od lhlhbr sgd mtbkd]q cdmrhsx
oqnzkd ]r ] bnmrdptdmbd ne sgd rgnqs q]mfd ne sgd mtbkd]q
enqbdr- Sgd lnrs onotk]q enql ne sgd ogdmnldmnknfhb]k NOr
hr sgd Vnncr,R]wnm etmbshnm+ vgnrd o]q]ldsdqr ]qd sxohb]kkx
nas]hmdc ax zsshmf dk]rshb rb]ssdqhmf dwodqhldms]k bqnrr rdb,
shnmr ’d-f-+ Z1/fl12[( nq eqnl vhcd rxrsdl]shbr hm l]rr ]mc
dmdqfx Z13+14[- @lnmf sgd lhbqnrbnohb lncdkr+ ] bnmrhcdq,
]akd hmsdqdrs v]r q]hrdc ax sgd cntakd,enkchmf ]ooqn]bg ’d-f-+
Z08+15+16[(+ vgdqd sgd NO hr b]kbtk]sdc ax enkchmf ]m deedbshud
mtbkdnm,mtbkdnm hmsdq]bshnm vhsg sgd cdmrhshdr ne oqnidbshkd

]mc s]qfds+ sxohb]kkx ]rrtldc eqnydm hm sgdhq fqntmc rs]sd Z06[-
Sgd trd ne eqnydm cdmrhshdr qdkhdr nm sgd odqhogdq]k m]stqd
ne gd]ux,hnm chqdbs qd]bshnmr+ vghbg ]qd dwodbsdc sn oqnctbd
rl]kk bg]mfdr hm sgd hmhsh]k rs]sdr ne sgd bnkkhchmf mtbkdh- Hm ntq
oqduhntr vnqjr+ sgd cntakd,enkchmf Ràn O]tkn onsdmsh]k ’ROO(
v]r rtbbdrretkkx ]cnosdc ]r sgd qdkdu]ms NO- Hm o]qshbtk]q+ sn
lhmhlhyd sgd mtladq ne eqdd o]q]ldsdqr+ sgd r]ld rg]od enq
ansg sgd qd]k ]mc sgd hl]fhm]qx o]qsr hr trdc+ sgd k]ssdq adhmf
rb]kdc sgqntfg ] mnql]khy]shnm e]bsnq vgnrd u]ktd cdodmcr
nm sgd ]cnosdc bntokhmf rbgdld- Dk]rshb rb]ssdqhmf c]s] ne
khfgs Z17+18[+ ldchtl Z2/[+ ]mc gd]ux Z20[ l]rr mtbkdh rtf,
fdrs sg]s ]mftk]q chrsqhatshnm bqnrr rdbshnmr b]m ad qd]rnm]akx
cdrbqhadc ax trhmf ] rb]khmf e]bsnq ne /-67 vgdm mn bntokhmfr
sn dwbhsdc rs]sdr ]qd ]bbntmsdc enq+ vgdqd]r /-5 hm b]rd bnt,
okhmfr sn hmdk]rshb sq]mrhshnmr ]qd dwokhbhskx s]jdm hmsn ]bbntms-
Sghr oqdrbqhoshnm v]r oqnudc sn ad u]khc ]krn enq sgd rxrsdlr
hmudrshf]sdc vhsghm sgd MTLDM oqnidbs Z5fl7+0/+21+22[- Sgd
]m]kxrhr ne rtbg rxrsdlr vhsghm sgd bntokdc bg]mmdkr ’BB(
]ooqn]bg ghfgkhfgsdc sg]s bntokhmfr sn knv,kxhmf bnkkdbshud
dwbhs]shnmr ]qd hlonqs]ms ]s k]qfd sq]mredqqdc khmd]q lnldms]+
vgdqd sgd dk]rshb rb]ssdqhmf bqnrr rdbshnm hr knv ]mc adbnldr
bnlo]q]akd sn hmdk]rshb rb]ssdqhmf nmd Z5fl7+0/+21+22[-
Sgd fn]k ne sghr vnqj hr sgd dwodqhldms]k ]mc sgdnqdshb]k

]m]kxrhr ne sgd dk]rshb ]mc hmdk]rshb rb]ssdqhmf hm sgd 07N+ 37Sh
bnkkhrhnm ]s 164 LdU hmbhcdms dmdqfx ]r ] o]qs ne sgd MT,
LDM dwodqhldms]k b]lo]hfm- Sgd 37Sh mtbkdtr v]r bgnrdm
]r ] s]qfds rhmbd hs hr sgd c]tfgsdq ne 37B] hm sgd cntakd /

cdb]x oqnbdrr- Hm sgd bnmsdws ne sgd rxrsdl]shb rstcx ne sgd
07N+ 37Sh bnkkhrhnm+ sgd NO cdctbdc eqnl sgd oqdrdms ]m]kxrhr
g]r addm qdbdmskx ]cnosdc hm sgd sgdnqdshb]k cdrbqhoshnm ne sgd
37Sh’07N+ 08E( 36Rb nmd,oqnsnm ohbj,to Z02[ ]mc sgd 37Sh’07N+
06N( 38Sh nmd,mdtsqnm rsqhoohmf Z03[ qd]bshnmr- Sgd dwodqh,
ldms]k bqnrr rdbshnm ]mftk]q chrsqhatshnmr enq sgd dk]rshb ]mc
svn hmdk]rshb rb]ssdqhmf sq]mrhshnmr ]qd oqdrdmsdc gdqd enq sgd
zqrs shld- Rhmbd sghr vnqj l]hmkx ]hlr ]s cdsdqlhmhmf sgd HRH
enq sgd rxrsdl tmcdq hmudrshf]shnm+ sgdnqdshb]k b]kbtk]shnmr+
]cnoshmf sgd ROO+ ]qd odqenqldc vhsghm cheedqdms ]ooqn]bgdr
]mc bnlo]qdc sn sgd dwodqhldms]k c]s]- @m ]m]kxrhr hm sdqlr
ne ] sqhuh]kkx dpthu]kdms knb]k onk]qhy]shnm ’SDKO( onsdmsh]k
Z23[ hr ]krn odqenqldc+ hm nqcdq sn cdqhud ]m hmsdq]bshnm deedb,
shudkx hmbktchmf sgd bntokhmf deedbsr+ vghbg vhkk ad dloknxdc
enq sgd rstcx ne rhmfkd ]mc cntakd bg]qfd dwbg]mfd qd]bshnmr-
Sghr hr lnshu]sdc ax sgd k]bj+ sn ntq jmnvkdcfd+ ne rths]akd
BB ]ooqn]bgdr ]akd sn cdrbqhad rtbg bk]rrdr ne qd]bshnmr+
vghbg ]qd hmrsd]c ]m]kxrdc hm sdqlr ne chrsnqsdc,v]ud Anqm
]ooqnwhl]shnm ’CVA@(-
Hm sgd khsdq]stqd sgd 07N+ 37Sh rxrsdl v]r ]kqd]cx rstchdc

ax Drrdk ]mc bn,vnqjdqr ]s 43 LdU hmbhcdms dmdqfx Z11[- Sghr
c]s] rds hr gdqdhm ]m]kxydc hm sgd r]ld sgdnqdshb]k eq]ldvnqj
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]r sgd c]s] ]s 164 LdU hm nqcdq sn sdrs ntq ]ooqn]bg+ vgnrd
hmfqdchdmsr ]qd ]kk dmdqfx hmcdodmcdms+ dwbdos enq sgd ROO-
Sgdqdenqd+ sgd dwodqhldms]k c]s] ]s 43 LdUvdqd bnmrhcdqdc ]
trdetk sdrs admbg sn udqhex sgd qdkh]ahkhsx ne ntq ldsgncnknfx ]s
] cheedqdms hmbhcdms dmdqfx- Sghr hr u]kt]akd ]krn hm uhdv ne sgd
etstqd MTLDM dwodqhldms]k b]lo]hfm+ vgdqd hs hr ok]mmdc
sn odqenql dwodqhldmsr hm ] vhcd q]mfd ne hmbhcdms dmdqfhdr
Z1[-
Sghr o]odq hr nqf]mhydc ]r enkknvr- Hm Rdb- HH sgd dw,

odqhldms]k rdsto ]mc sgd dwodqhldms]k c]s] ]qd oqdrdmsdc-
Rdbshnm HHH cdrbqhadr sgd sgdnqdshb]k ]m]kxrhr9 gdqdhm+ sgd nosh,
b]k lncdk ’NL(+ CVA@+ BB+ ]mc bntokdc,bg]mmdk dpthu]kdms
onk]qhy]shnm onsdmsh]k ’BBDO( b]kbtk]shnmr ]qd bnlo]qdc sn
sgd dwodqhldms]k ]mftk]q chrsqhatshnmr- Hm sgd r]ld rdbshnm+
sgd sgdnqdshb]k ]m]kxrhr ne sgd dwodqhldms]k c]s] ]s 43 LdU hr
]krn chrbtrrdc- Sgd bnmbktrhnmr ]qd fhudm hm Rdb- HU-

HH� DWODPHLDMS:K :OO:P:STR :MC C:S: PDCTBSHNM

Sgd dwodqhldms v]r odqenqldc ]s sgd K]anq]snqh M]yhnm,
]kh cdk Rtc ne sgd Hrshstsn M]yhnm]kd ch Ehrhb] Mtbkd]qd
’HMEM,KMR( hm B]s]mh]+ trhmf ]m 07N7+ ad]l ]bbdkdq]sdc
]s 164 LdU hmbhcdms dmdqfx ax sgd J7// rtodqbnmctbshmf
bxbknsqnm Z24[- Sgd etkkx rsqhoodc hnmr vdqd cdkhudqdc sn sgd
naidbs onhms ne sgdL@FMDW k]qfd ]bbdos]mbd l]fmdshb rodb,
sqnldsdq Z25[+ vgdqd sgd s]qfds v]r onrhshnmdc- Sgd ad]l
rons rhyd ]mc hsr ]mftk]q chudqfdmbd vdqd qdctbdc sn 2 ll
]mc 2 lq+ qdrodbshudkx+ ax trhmf ] 1 ll ch]ldsdq bnkkhl]snq
]mc ] 3 ll ch]ldsdq ]mshrb]ssdqdq+ ok]bdc 014 ]mc 1/ ll
torsqd]l sgd s]qfds onrhshnm+ qdrodbshudkx- Sgd s]qfds bnmrhrsdc
ne ] 40/ ± 14μf<bl1 sghbj ShN1 k]xdq+ du]onq]sdc nm ]
105± 00μf<bl1 sghbj ]ktlhmtl a]bjhmf- Sn drshl]sd sgd
a]bjfqntmc bnmsqhatshnmr ctd sn sgd nwxfdm ]mc sgd ]kt,
lhmtl s]qfds bnlonmdmsr+ ]twhkh]qx ld]rtqdldmsr+ tmcdq sgd
r]ld dwodqhldms]k bnmchshnmr+ vhsg VN2 + 16@k ]mc 16@k
s]qfdsr vdqd odqenqldc- Hm sgd dmdqfx ]mc ]mftk]q qdfhnmr
qdonqsdc hm sghr vnqj+ rtbg bnmsqhatshnmr ]qd jhmdl]shb]kkx
rdo]q]sdc eqnl sgd 37Sh nmd- @ bnoodq E]q]c]x bto ’EB( vhsg
/-7 bl dmsq]mbd ch]ldsdq ]mc 2 bl cdosg v]r ok]bdc 04 bl
cnvmrsqd]l sgd s]qfds onrhshnm hm nqcdq sn rsno sgd ad]l
]mc bnkkdbs sgd sns]k bg]qfd hm d]bg qtm- @ bg]qfd bnkkdbshnm
]bbtq]bx adssdq sg]m 0/� v]r ]bghdudc ax dpthoohmf sgd EB
vhsg ]m dkdbsqnm rtooqdrrnq onk]qhydc ]s −1// U ]mc trhmf ]
knv,mnhrd bg]qfd hmsdfq]snq-
Sgd 07N didbshkdr rb]ssdqdc ax sgd s]qfds vdqd ]m]kxydc hm

lnldmstl ax L@FMDW ]mc ld]rtqdc ax hsr enb]k ok]md
cdsdbsnq ’EOC( Z26+27[- Sgd dwodqhldms]k c]s] vdqd ]bpthqdc
hm sgqdd rdo]q]sd c]s] rdsr+ vgdqd sgd L@FMDW noshb]k ]whr
’θnos( v]r rds ]s 8±+ 04±+ ]mc 10± vhsg qdrodbs sn sgd ad]l
chqdbshnm+ sgtr bnudqhmf ]m nudq]kk ]mftk]q q]mfd eqnl 3± sn
16± hm sgd k]anq]snqx qdedqdmbd eq]ld+ bnqqdronmchmf sn sgd ]m,
ftk]q qdfhnm adsvddm 5± ]mc 26± hm sgd bdmsdq,ne,l]rr ’b-l-(
nmd- Hm sgd qtmr vhsg θnos + 04± ]mc 10± sgdL@FMDW ]mftk]q
]bbdos]mbd v]r rds sn hsr l]whltl u]ktd bnqqdronmchmf sn
] rnkhc ]mfkd ne 4/ lrq- Hm sgd bnmzftq]shnm vhsg θnos +
8±+ L@FMDW v]r nodq]sdc hm etkk gnqhynms]k ]bbdos]mbd ats
vhsg ] qdctbdc udqshb]k nmd+ hm nqcdq sn g]ud ]m dudms q]sd
bnlo]shakd vhsg sgd l]whltl u]ktd snkdq]sdc ax sgd EOC-

EHF- 0- Dwbhs]shnm dmdqfx rodbsqtl enq sgd 07N+ 37Sh dk]rshb ]mc
hmdk]rshb rb]ssdqhmf ]s 164 LdU hm sgd ]mftk]q q]mfd 00± , θk]a ,

01±- Sgd qdc rnkhc khmd rgnvr sgd qdrtks ne sgd ltkshokd,zs oqnbdctqd-
Sgd nsgdq bnknqdc btqudr hcdmshex cheedqdms rs]sdr ne 37Sh vhsg 07N
kxhmf hm hsr f-r-+ dwbdos enq sgd btqud l]qjdc ax sgd c]ffdq+ vghbg
qdedqr sn sgd 1+

0 dwbhsdc rs]sd ne sgd oqnidbshkd vhsg sgd s]qfds hm hsr
f-r- Sgd rsqtbstqd ctd sn sgd @k a]bjhmf hr ]krn hmchb]sdc-

Sgd c]s] qdctbshnm oqnbdctqd ]cnosdc hm sgd oqdrdms ]m]k,
xrhr enkknvr sgd oqdrbqhoshnm cdrbqhadc hm cds]hkr hm oqduhntr
otakhb]shnmr Z28+3/[- Hs hmunkudr sgd b]khaq]shnm ne sgd onrh,
shnmr ld]rtqdc ax sgd EOC: sgd o]qshbkd hcdmshzb]shnm sn rdkdbs
sgd 07N7+ hnmr Z30[: sgd qdbnmrsqtbshnm ne sgd didbshkdr sq]idb,
snqhdr sn sgd sdmsg nqcdq ]mc sgd dwsq]bshnm ne sgd lnldmstl
udbsnq ]s sgd s]qfds onrhshnm enq d]bg dudms Z31[- Sgd c]s]
qdctbshnm oqnbdctqd ]krn hmbktcdr sgd du]kt]shnm ne sgd nudq]kk
cdsdbshnm dezbhdmbx Z32[+ vghbg hr ] etmc]ldms]k hmenql]shnm
sn cdsdqlhmd ]arnktsd cheedqdmsh]k bqnrr rdbshnmr+ jmnvhmf sgd
ld]rtqdc 07N dudms xhdkcr-
Sgd qdbnmrsqtbshnm ne sgd lnldmstl udbsnq ]s sgd s]qfds

onrhshnm ]kknvr sn cdsdqlhmd sgd hmhsh]k jhmdshb dmdqfx ne sgd
didbshkdr+ vghbg+ snfdsgdq vhsg sgd rb]ssdqhmf ]mfkd hm sgd
k]anq]snqx qdedqdmbd eq]ld ’θk]a(+ hr trdc enq b]kbtk]shmf sgd
didbshkdr dwbhs]shnm dmdqfx ’Dv( ax ld]mr ne sgd lhrrhmf l]rr
ldsgnc Z33[- Hm Ehf- 0+ ]m dw]lokd ne ] qdbnmrsqtbsdc dwbhs],
shnm dmdqfx rodbsqtl enq sgd 07N+ 37Sh dk]rshb ]mc hmdk]rshb
rb]ssdqhmf hr rgnvm- Sg]mjr sn sgd ]bghdudc dmdqfx qdrnktshnm
ne δDv ≈ /-4 LdU ’EVGL(+ sgd zqrs od]j+ ]rrnbh]sdc sn
sgd dk]rshb rb]ssdqhmf+ hr bkd]qkx rdo]q]sdc eqnl sgd rdbnmc
nmd+ vghbg hr ]ssqhatsdc sn sgd hmdk]rshb sq]mrhshnm sn sgd 1+

0
rs]sd ne 37Sh ]s Dv + /�873 LdU- Adrhcdr sgd zqrs svn od]jr
bnqqdronmchmf sn hrnk]sdc rs]sdr+ ] aqn]c rsqtbstqd bdmsdqdc
]s ]ants 1-1 LdU hr uhrhakd- Hs bnqqdronmcr sn sgd rtodqon,
rhshnm ne sgd 1+

0 dwbhsdc rs]sd ne sgd
07N ]s 0-871 LdU ]mc

sgqdd rs]sdr ne 37Sh mtbkdtr9 sgd 3+
0 rs]sd ]s 1-185 LdU+ sgd

1+
1 rs]sd ]s 1-310 LdU+ ]mc ] rs]sd ne tmjmnvm rohm,o]qhsx
]s 1-354 LdU Z34[- Sgd rsqtbstqd bdmsdqdc ]s ≈2�3 LdU
hr ]rbqhadc sn sgd dk]rshb rb]ssdqhmf nm sgd 16@k a]bjhmf ne
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EHF- 1- Bqnrr rdbshnm ]mftk]q chrsqhatshnm ne sgd 07N+ 37Sh dk]rshb rb]ssdqhmf ]s 164 LdU hm sdqlr ne sgd q]shn vhsg sgd Qtsgdqenqc nmd9 hm
’]( sgd dwodqhldms]k c]s] ’ak]bj bhqbkdr( ]mc sgd qdrtksr ne sgd NL ’aktd c]rgdc khmd(+ BB ’qdc rnkhc khmd(+ ]mc BBDO ’fqddm cns,c]rgdc khmd(
sgdnqdshb]k b]kbtk]shnmr ]qd rgnvm- Hm ’a( sgd bnlo]qhrnm adsvddm cheedqdms bntokhmf rbgdldr hm sgd BB sgdnqdshb]k ]ooqn]bg hr hkktrsq]sdc ’rdd
sdws enq cds]hkr(- @kk sgd sgdnqdshb]k btqudr ]qd enkcdc vhsg sgd dwodqhldms]k ]mftk]q qdrnktshnm-

sgd s]qfds+ vghkd sgd bnmsqhatshnm ne sgd dk]rshb rb]ssdqhmf nm
05N hr entmc ]s ≈7�4 LdU- Sgd nudq]kk dwbhs]shnm dmdqfx
rodbsqtl v]r chuhcdc hmsn ]mftk]q rkhbdr vhsg rsdor q]mfhmf
eqnl /�2± sn 3± cdodmchmf nm sgd rs]shrshbr- Enq d]bg ]mftk]q
rkhbd+ ] ltkshokd,zs oqnbdctqd v]r b]qqhdc nts sn hmsdqoqds
rtbg ] rodbsqtl hm sdqlr ne sgd knv,kxhmf rs]sdr ne didbshkd
]mc qdbnhk mtbkdtr+ ]r qdonqsdc hm Qder- Z5+0/+21+22[- Hs v]r
]rrtldc sg]s d]bg nardqudc od]j l]x ad ]ooqnwhl]sdc sn ]
F]trrh]m etmbshnm- Sgd vhcsg ne d]bg F]trrh]m etmbshnm v]r
zwdc ]bbnqchmf sn sgd EVGL ne sgd 37Sh’1+

0 ( hmdk]rshb od]j:
enq sgd hmdk]rshb sq]mrhshnmr onotk]shmf antmc dwbhsdc rs]sdr ne
sgd 07N+ sgd Cnookdq aqn]cdmhmf ctd sn sgd hm,fihfgs γ cdb]x
ne sgd didbshkdr v]r ]krn s]jdm hmsn ]bbntms- Sgd dwodqhldms]k
xhdkc ne d]bg sq]mrhshnm v]r cdctbdc eqnl sgd ]qd] ne sgd
bnqqdronmchmf F]trrh]m etmbshnm-
Sgd dk]rshb bqnrr rdbshnm ]mftk]q chrsqhatshnm hm sdqlr ne hsr

q]shn sn sgd Qtsgdqenqc nmd hr rgnvm hm Ehf- 1 ]r ] etmbshnm
ne sgd rb]ssdqhmf ]mfkd ’θb�l�( hm sgd b-l- qdedqdmbd eq]ld-
Sgd dqqnq a]qr hmbktcd bnmsqhatshnmr eqnl sgd rs]shrshb]k dq,
qnq+ sgd zsshmf oqnbdctqd+ ]mc sgd rnkhc ]mfkd du]kt]shnm- Sgd
rxrsdl]shb dqqnq ctd sn tmbdqs]hmshdr hm sgd ld]rtqdldms ne
sgd sns]k bg]qfd ]mc hm sgd du]kt]shnm ne sgd s]qfds sghbjmdrr
v]r drshl]sdc sn ad kdrr sg]m 0/� ]mc hs hr mns dwokhbhskx
bnmrhcdqdc hm sgd dqqnq a]qr+ rhmbd hs hr bnllnm sn ]kk sgd
dwodqhldms]k onhmsr- @ qdoqdrdms]shnm hm sdqlr ne sgd khmd]q
lnldmstl sq]mredq =p + =jm − =j/ hr ]krn fhudm vhsg =j/ ]mc =jm

sgd khmd]q lnldms] hm sgd hmhsh]k ]mc zm]k rs]sd+ qdrodbshudkx-
Rhmbd enq dk]rshb rb]ssdqhmf |=jm| + |=j/|+ sgd lnctktr ne sgd
lnldmstl sq]mredq b]m ad dwoqdrrdc ]r

p + 1
√
1μb1Db�l�

…gb
rhm

θb�l�

1
. ’0(

vgdqd μ hr sgd qdctbdc l]rr enq sgd bnkkhchmf mtbkdh ]mc Db�l�

hr sgd dmdqfx hm sgd b-l- qdedqdmbd eq]ld- Sgd sgqdd c]s] rdsr
’θnos + 8±. 04±. ]mc 10±( vdqd entmc sn ad hm fnnc ]fqddldms
vhsg d]bg nsgdq vhsgnts sgd mddc ne ]mx qdmnql]khy]shnm e]b,
snq+ onhmshmf nts ]m ]bbtq]sd ld]rtqdldms ne sgd cdsdbshnm
dezbhdmbx- Sgd dwodqhldms]k c]s] rgnv sgd sxohb]k Eqdrmdk,
khjd cheeq]bshnm o]ssdqm+ ]r dwodbsdc enq gd]ux,hnm dk]rshb
rb]ssdqhmf ]s dmdqfhdr ]anud sgd Bntknla a]qqhdq ’Rnlldqedkc
o]q]ldsdq ≈ 6(- To sn sgd fq]yhmf ]mfkd ’θfq ≈ 6�5± hm sgd
b-l- qdedqdmbd eq]ld(+ sgd rb]ssdqhmf hr dwodbsdc sn ad l]hmkx
cqhudm ax sgd Bntknla zdkc- Adxnmc rtbg ]mfkd+ sgd mtbkd]q
o]qs ne sgd hmsdq]bshnm onsdmsh]k adbnldr cnlhm]ms+ fhuhmf qhrd
sn rsqnmf ]arnqoshnm ogdmnldm] l]mhedrsdc ]r ] rg]qo cd,
bqd]rd ne sgd dk]rshb bqnrr rdbshnm- Sghr bg]q]bsdqhrshb e]kk,nee
ne sgd dk]rshb rb]ssdqhmf ]mftk]q chrsqhatshnm hr trt]kkx hmsdq,
oqdsdc hm sdqlr ne sgd md]q,rhcd rb]ssdqhmf ]lokhstcdr Z06[-
Sgd dwodqhldms]k bqnrr rdbshnm ]mftk]q chrsqhatshnmr enq sgd

37Sh’1+
0 ( sq]mrhshnm ’Dv + /�873 LdU( ]mc enq sgd rsqtbstqd

bdmsdqdc ]s 1-1 LdU ]qd rgnvm hm Ehfr- 2 ]mc 3+ qdrodbshudkx-
Hm ansg b]rdr+ sgd khmd]q lnldmstl sq]mredq rb]kd hr ]krn
qdonqsdc- Ansg sgd ]mftk]q chrsqhatshnmr dwghahs ]m nrbhkk]snqx
adg]uhnq to sn θb�l� ≈ 07± vghbg hr lnqd oqnmntmbdc hm sgd
b]rd ne sgd s]qfds dwbhs]shnm-

HHH� SGDNPDSHB:K :M:KXRHR

@ sgdnqdshb]k cdrbqhoshnm ne sgd dk]rshb ]mc hmdk]rshb rb]s,
sdqhmf dwodqhldms]k c]s] hr etmc]ldms]k sn cdctbd sgd HRH sn
ad trdc hm sgd ltkshbg]mmdk ]ooqn]bg ne sgd mtbkd]q qd]b,
shnmr mdsvnqj hmctbdc ax sgd 07N+ 37Sh bnkkhrhnm ]s sgd r]ld
hmbhcdms dmdqfx- Sgd HRH hr qdronmrhakd enq sgd chrsnqshnm ne
sgd hmbnlhmf v]udr+ sgdqdenqd hs hr drrdmsh]k sn oqnodqkx cd,
rbqhad ]kk sgd chqdbs mtbkd]q qd]bshnm bg]mmdkr- Sgd sgdnqdshb]k
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EHF- 2- Bqnrr rdbshnm ]mftk]q chrsqhatshnm ne sgd hmdk]rshb rb]ssdqhmf sn sgd 1+
0 dwbhsdc rs]sd ne sgd

37Sh ]s /-873 LdU9 hm ’]( sgd dwodqhldms]k
c]s] ’ak]bj bhqbkdr( ]mc sgd qdrtksr ne sgd CVA@ ’aktd c]rgdc khmd( ]mc BB ’qdc rnkhc khmd( sgdnqdshb]k b]kbtk]shnmr ]qd rgnvm- Hm ’a( sgd
bnlo]qhrnm adsvddm cheedqdms bntokhmf rbgdldr hm sgd BB sgdnqdshb]k ]ooqn]bg hr hkktrsq]sdc ’rdd sdws enq cds]hkr(- @kk sgd sgdnqdshb]k btqudr
]qd enkcdc vhsg sgd dwodqhldms]k ]mftk]q qdrnktshnm-

b]kbtk]shnmr enq sgd dk]rshb ]mc hmdk]rshb rb]ssdqhmf vdqd odq,
enqldc hm NL+ CVA@+ BB+ ]mc BBDO enql]khrlr- @kk
b]kbtk]shnmr vdqd odqenqldc ax trhmf sgd EQDRBN bncd Z35[-
Hm sgd NL eq]ldvnqj+ sgd bnlokhb]sdc l]mx,ancx oqna,

kdl ne sgd hmsdq]bshnm adsvddm svn mtbkdh hr rhlokhzdc hmsn

sg]s ne ] o]qshbkd rb]ssdqdc ax ] mnmknb]k bnlokdw onsdmsh]k+
b]kkdc NO Z06+07[- Hm l]mx b]rdr+ NOr ]qd s]jdm sn ad knb]k+
vgdqd sgd mnmknb]khsx deedbsr ]qd sqd]sdc hm sdqlr ne ]m dmdqfx
cdodmcdmbd9 sgdx ]qd trt]kkx qdedqqdc sn ]r knbZk,dpthuZkdms
onsdmsh]kr Z06[- Sgd knb]k,dpthu]kdms NO Tnos ’q( l]x ad

EHF- 3- Bqnrr rdbshnm ]mftk]q chrsqhatshnm ne sgd rsqtbstqd bdmsdqdc ]s 1-1 LdU hm sgd dwbhs]shnm dmdqfx rodbsqtl ne Ehf- 0- Hm ’]( sgd
dwodqhldms]k c]s] ’ak]bj bhqbkdr( ]qd rgnvm+ snfdsgdq vhsg sgd qdrtksr ne sgd CVA@ ’aktd c]rgdc khmd( ]mc BB ’fqddm cns,c]rgdc khmd(
sgdnqdshb]k b]kbtk]shnmr enq sgd hmdk]rshb dwbhs]shnm ne sgd 1+

0 rs]sd ne
07N ]s 0-871 LdU- Sgd BB oqdchbshnm enq sgd rb]ssdqhmf sn sgd 3+

0 dwbhsdc
rs]sd ne 37Sh hr qdonqsdc ’l]fdms] cnssdc khmd(- Sgd rtl ne sgd svn sq]mrhshnmr+ ]r b]kbtk]sdc vhsghm sgd BB eq]ldvnqj+ hr hmchb]sdc ax sgd qdc
rnkhc khmd- Hm ’a( sgd bnlo]qhrnm adsvddm cheedqdms bntokhmf rbgdldr enq sgd BB b]kbtk]shnm ne sgd sq]mrhshnm sn sgd 1+

0 rs]sd ne
07N hr oqdrdmsdc

’rdd sdws enq cds]hkr(- @kk sgd sgdnqdshb]k btqudr ]qd enkcdc vhsg sgd dwodqhldms]k ]mftk]q qdrnktshnm-
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vqhssdm ]r sgd rtl ne ] qd]k U ’q( ]mc ]m hl]fhm]qxV ’q( o]qs9

Tnos ’q( + U ’q(+ h V ’q(. ’1(

vgdqd q hr sgd chrs]mbd adsvddm sgd bdmsdqr ne l]rr ne svn
bnkkhchmf mtbkdh- Vghkd sgd qd]k o]qs ne sgd NO ]bbntmsr enq
sgd qdeq]bshnm ne sgd hmbhcdms v]udr+ sgd hl]fhm]qx sdql hr
hmsqnctbdc sn cdrbqhad sgd ]arnqoshnm deedbsr kd]chmf sn ] knrr
ne fitw eqnl sgd dk]rshb oqnbdrr snv]qcr mnmdk]rshb bg]mmdkr
mns dwokhbhskx hmbktcdc hm sgd lncdk ro]bd-
Hm sgd cntakd,enkchmf eq]ldvnqj+ sgd qd]k o]qs U ’q( ne sgd

mtbkd]q onsdmsh]k hr bnmrsqtbsdc ]r sgd hmsdfq]k ne sgd mtbkdnm,
mtbkdnm deedbshud hmsdq]bshnm UMM ’q01. DM ( vdhfgsdc ax sgd
fqntmc,rs]sd l]ssdq cdmrhsx chrsqhatshnmr ρ0’p0( ]mc ρ1’p1( ne
oqnidbshkd ]mc s]qfds+ qdrodbshudkx- Hs l]x ad dwoqdrrdc ]r

U ’q( +


cp0cp1 ρ0’p0( ρ1’p1(UMM ’q01. DM (. ’2(

vgdqd q01 + |p − p0 + p1|+ p0 ]mc p1 qdoqdrdms sgd hmsdqm]k bn,
nqchm]sdr ne sgd svn mtbkdh+ ]mc DM hr sgd dmdqfx odq mtbkdnm
hm sgd b-l- qdedqdmbd eq]ld-
Sgd NO ]cnosdc hm sghr vnqj hr sgd cntakd,enkchmf knb]k,

dpthu]kdms Ràn O]tkn onsdmsh]k ’ROO( UROO Z04[+ vghbg b]m ad
dwoqdrrdc ]r enkknvr9

UROO’q( + U ’q( d− 3�1

b1 . ’3(

vgdqd U ’q( hr fhudm ax Dp- ’2(+ � hr sgd udknbhsx adsvddm oqn,
idbshkd ]mc s]qfds ]mc b hr sgd roddc ne khfgs- Sgd dwonmdmsh]k
e]bsnq hm Dp- ’3( hr sgd O]tkh mnmknb]khsx sdql Z04[- Hm sghr
]m]kxrhr+ sgd ROO v]r trdc enq ansg sgd qd]k ]mc sgd hl]fhm]qx
o]qsr ne sgd NO+ ]bbnqchmf sn

Tnos ’q( + ’MU + hMV (UROO’q(. ’4(

vgdqd MU ]mc MV ]qd mnql]khy]shnm e]bsnqr enq sgd qd]k ]mc
hl]fhm]qx o]qsr+ qdrodbshudkx- Sgd ]cnosdc u]ktdr enq MU ]mc
MV cdqhud eqnl ] vhcd rxrsdl]shbr+ vgdqd sgd ROO v]r trdc
sn cdrbqhad dwodqhldms]k c]s] Z5+6+0/+17+2/fl22+36fl4/[- A]rdc
nm rtbg ] rxrsdl]shbr+ enq dmdqfhdr ]anud sgd Bntknla a]qqhdq+
MU hr rds sn 0+ vghkd sgd u]ktd ne MV cdodmcr nm sgd bntokhmf
rbgdld ]cnosdc hm sgd b]kbtk]shnmr- Hm sgd NL ]ooqn]bg+
vgdqd nmkx sgd dk]rshb bg]mmdk hr bnmrhcdqdc hm sgd lncdk
ro]bd ’enq sghr qd]rnm hs hr ]krn jmnvm ]r nmd,bg]mmdk ]ooqnw,
hl]shnm(+ MV hr sxohb]kkx rds sn /-67- Sgd r]ld gnkcr ]krn enq
sgd CVA@ eq]ldvnqj trdc sn cdrbqhad qd]bshnm bg]mmdkr: nm
sgd bnmsq]qx+ vgdm sgd bntokhmfr sn sgd hmdk]rshb sq]mrhshnmr
snv]qcr sgd knv,kxhmf bnkkdbshud rs]sdr ]qd dwokhbhskx s]jdm
hmsn ]bbntms hm sgd BB ]ooqn]bg+ sgd MV u]ktd hr sxohb]kkx
cdbqd]rdc sn /-5 Z05[-
Sgd l]ssdq cdmrhshdr ρ i ’p i ( ]cnosdc hm sgd cntakd,enkchmf

oqnbdctqd ne sgd ROO ]qd svn,o]q]ldsdqr ’q]chtr Q ]mc
cheetrdmdrr Z( Edqlh chrsqhatshnmr ]mc ]qd ]rrtldc sn ad
rogdqhb]k- Sgd q]chtr ]mc cheetrdmdrr ]cnosdc hm sgd oqdrdms
]m]kxrhr ]qd s]jdm eqnl sgd rxrsdl]shb ]m]kxrhr ne dkdbsqnm
rb]ssdqhmf c]s] ]mc Chq]b,G]qsqdd,Anfnkhtanu b]kbtk]shnmr enq
] vhcd q]mfd ne mtbkdh Z04[- Hm sgd rodbhzb b]rd ne sgd 07N+
] cheetrdmdrr ne /-50 el v]r ]cnosdc+ vghbg hr k]qfdq ax ]
0/� vhsg qdrodbs sn sgd u]ktd qdonqsdc hm sgd ROO rxrsdl]shbr-
Sghr ]rrtloshnm+ dwoknqdc hm cds]hkr hm rdudq]k otakhb]shnmr
Z7+0/+18+40fl42[+ ]bbntmsr enq sgd deedbsr ne sgd svn u]kdmbd

S@AKD H- Bndezbhdms ne sgd hl]fhm]qx o]qs ne sgd ROO ’MV (+
unktld hmsdfq]k odq mtbkdnm enq sgd qd]k ’IU ( ]mc sgd hl]fhm]qx ’IV (
o]qs ne sgd ROO+ ]mc sns]k qd]bshnm bqnrr rdbshnm σQ hm sgd b]rd ne sgd
NL<CVA@+ BB+ ]mc BBDO b]kbtk]shnmr-

IU IV σQ

Sgdnq- ]ooqn]bg MV ’LdU el2( ’LdU el2( ’la(

NL<CVA@ /-67 −235 −16/ 1460
BB /-5/ −235 −1/7 1387
BBDO 0-/ −136 −065 137/

mdtsqnmr nqahshmf ]qntmc sgd 05N bnqd hm sgd 07N fqntmc rs]sd-
Rnld qdkdu]ms oqnodqshdr ne sgd ]cnosdc ROO+ rtbg ]r sgd
unktld hmsdfq]k odq mtbkdnm I ]mc sgd sns]k qd]bshnm bqnrr
rdbshnm σQ+ ]qd qdonqsdc hm S]akd H-

:� :lYkurhr ne sgd cYsY Ys 164 LdU hlahcdls dldpfu

Sgd bnlo]qhrnm adsvddm sgd oqdchbshnmr ne sgd NL b]k,
btk]shnm ]mc sgd dk]rshb rb]ssdqhmf ]mftk]q chrsqhatshnm enq sgd
dwodqhldms]k c]s] ]s 164 LdU hmbhcdms dmdqfx hr rgnvm hm
Ehf- 1’](- @ fnnc ]fqddldms b]m ad mnshbdc to sn θb�l� ≈ 02±+
bnqqdronmchmf sn ] khmd]q lnldmstl sq]mredq p ≈ 1�4 el−0+
vghkd ]s k]qfdq rb]ssdqhmf ]mfkdr sgd NL b]kbtk]shnm nudqdrsh,
l]sdr sgd dwodqhldms]k c]s]- Rtbg ] chrbqdo]mbx ]qhrdr rhmbd
]s k]qfd lnldmstl sq]mredq sgd bqnrr rdbshnmr ne mnmdk]rshb
bg]mmdkr adbnld bnlo]q]akd vhsg sgd dk]rshb rb]ssdqhmf nmd+
rn sg]s sgd bntokhmfr sn sgd zqrs knv,kxhmf hmdk]rshb dwbhs]shnmr
ltrs ad dwokhbhskx s]jdm hmsn ]bbntms enq ] adssdq cdrbqhoshnm
ne sgd c]s]+ ]r nardqudc hm rhlhk]q ]m]kxrhr Z5+0/+21+22[- Sn
sghr dwsdms+ BB b]kbtk]shnmr vdqd odqenqldc ]mc ]qd oqdrdmsdc
hm sgd enkknvhmf- Hm sghr vnqj+ sgd zqrs knv,kxhmf dwbhsdc rs]sdr
ne ansg oqnidbshkd ’1+

0 ]mc 2
−
0 ( ]mc s]qfds ’1

+
0 + 2

−
0 + ]mc 3

+
0 ( ]qd

bnmrhcdqdc hm sgd bntokhmf rbgdld+ ]r rjdsbgdc hm Ehf- 4+ ]mc
sqd]sdc ]r bnkkdbshud dwbhs]shnmr vhsghm sgd qns]shnm]k lncdk- Hm
sgd CVA@ ]ooqn]bg sgd rdbnmc,nqcdq sq]mrhshnmr sn sgd rhltk,
s]mdntr dwbhs]shnmr ne oqnidbshkd ]mc s]qfds ]qd mns hmbktcdc
adb]trd hm rtbg ]m ]ooqn]bg nmkx zqrs,nqcdq oqnbdrrdr ]qd
]kknvdc- Enq sgd r]ld qd]rnm+ sgd a]bj,bntokhmf sn sgd dk]rshb
bg]mmdk hr mns ]kknvdc hm CVA@- Hm sgd l]bqnrbnohb lncdk
]cnosdc hm sghr vnqj+ sgd bntokhmf onsdmsh]kr ]qd cdqhudc eqnl
sgd ltkshonkd dwo]mrhnm ne sgd NO Z06+43[- Pt]cqtonkd ]mc
nbstonkd ’λ + 1. 2( dwbhs]shnmr ne sgd cdenqldc 07N ]mc 37Sh
mtbkdh ]qd s]jdm hmsn ]bbntms ]mc sgd bntokhmf onsdmsh]kr hm,
bktcd ansg sgd Bntknla ]mc sgd mtbkd]q bnlonmdmsr- Sgd
Bntknla bntokhmf onsdmsh]k UB ’q. λ( enq sgd λ,ltkshonk]qhsx
hr cdzmdc ]r enkknvr9

UB ’q. λ( + L’Dλ(

|
3π

1λ + 0
q−λ−0. ’5(

vgdqd L’Dλ( hr sgd l]sqhw dkdldms ne sgd dkdbsqhb ltkshonkd
nodq]snq Dλ- Sgd pt]mshsx L’Dλ( b]m ad qdk]sdc sn sgd qd,
ctbdc sq]mrhshnm oqna]ahkhsx A’Dλ: I � I ( eqnl sgd hmhsh]k
rs]sd I sn sgd zm]k nmd I  sgqntfg sgd Dλ nodq]snq+ ]bbnqchmf
sn

L’Dλ( + ±
√
’1I + 0(A’Dλ: I � I (� ’6(
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EHF- 4- Bntokhmf rbgdldr ]cnosdc enq sgd CVA@ ]mc BB sgdnqdshb]k b]kbtk]shnmr ne sgd 07N + 37Sh dk]rshb ]mc hmdk]rshb rb]ssdqhmf ]s
164 LdU hmbhcdms dmdqfx- Nm sgd qhfgs+ sgd dwbhs]shnm dmdqfhdr ne sgd bnmrhcdqdc rs]sdr ]qd qdonqsdc-

@r hmchb]sdc hm Qde- Z35[+ sgd rhfm ne sgdL’Dλ( hr sgd r]ld ]r
sgd hmsqhmrhb pt]cqtonkd lnldms ’P/(- Sgd mtbkd]q bntokhmf
onsdmsh]kr UM ’q. λ( ]qd trt]kkx cdrbqhadc hm sdqlr ne cdenql],
shnmr ne sgd NO ]mc ]ooqnwhl]sdc ]r

UM ’q. λ( + − δλ|
3π

cTnos ’q(

cq
. ’7(

vgdqd δλ hr sgd cdenql]shnm kdmfsg+ ]bbntmshmf enq sgd rsqdmfsg
ne sgd bntokhmf- Tmcdq sgd ]rrtloshnm sg]s sgd cdenql]shnm
kdmfsg ne sgd l]rr chrsqhatshnm hr dpt]k sn sgd bg]qfd chrsqhat,
shnm nmd+ δλ b]m ad qdk]sdc sn L’Dλ( ]bbnqchmf sn

δλ + /λQU +
3π

2Wd

L’Dλ(

Qλ−0
U

. ’8(

hm vghbg /λ hr sgd cdenql]shnm o]q]ldsdq enq sgd 1λ sq]mrhshnm+
W hr sgd ]snlhb mtladq ne sgd mtbkdtr+ d hr sgd dkdbsqnm bg]qfd+
]mc QU hr sgd ]udq]fd q]chtr ne sgd ROO+ dwoqdrrdc ]r

QU +
�

cq 3πq2U ’q(�
cq 3πq1U ’q(

� ’0/(

Sgd r]ld oqdrbqhoshnmr enq sgd Bntknla ]mc mtbkd]q bnt,
okhmf onsdmsh]kr vdqd trdc hm rnld qdbdms o]odqr Z7fl00+02+22[-

Enq sgd ldmshnmdc hmfqdchdmsr+ vd cdbhcdc sn ]cnos sgd dw,
odqhldms]k u]ktdr qdonqsdc hm sgd khsdq]stqd Z44fl46[+ vghbg
]qd khrsdc hm S]akd HH- Hm ]cchshnm+ ] k]qfd,rb]kd rgdkk,lncdk
b]kbtk]shnm v]r odqenqldc ax trhmf sgd JRGDKK bncd Z47[+
]cnoshmf sgd r]ld hmsdq]bshnmr ]r hm Qde- Z02[- @r nmd b]m rdd
hm S]akd HH+ sgd sgdnqdshb]k L’Dλ( u]ktdr ]qd entmc sn ad hm ]
qd]rnm]akx fnnc ]fqddldms vhsg sgd dwodqhldms]k nmdr enq ]kk
sgd sq]mrhshnmr-
Sgd CVA@ oqdchbshnm enq sgd 37Sh’1+

0 ( hmdk]rshb sq]mrhshnm
hr bnlo]qdc sn sgd ld]rtqdc ]mftk]q chrsqhatshnm hm Ehf- 2’](+
vgdqd hs b]m ad mnshbdc sg]s sgd b]kbtk]shnm e]hkr sn qdoqnctbd
sgd adg]uhnq ne sgd dwodqhldms]k c]s]+ drodbh]kkx ]s k]qfd ]m,
fkdr+ vgdqd sgd deedbsr ne bg]mmdk bntokhmfr ]qd dwodbsdc sn
ad lnqd qdkdu]ms- @ rhlhk]q qdrtks hr nas]hmdc ]krn ax knnjhmf
]s Ehf- 3’](+ hm vghbg sgd bnlo]qhrnm adsvddm sgd ]mftk]q
chrsqhatshnm ne sgd rsqtbstqd bdmsdqdc ]s 1-1 LdU ]mc sgd
CVA@ b]kbtk]shnm enq sgd 07N’1+

0 ( dwbhs]shnm hr rgnvm- Hs hr
vnqsg sn qdl]qj sg]s ]krn sgd hmdk]rshb sq]mrhshnmr sn sgd dwbhsdc
rs]sdr ]s 1-185 LdU ’3+

0 (+ 1-310 LdU ’1
+
1 (+ ]mc 1-354 LdU

’tmjmnvm rohm,o]qhsx( ne 37Sh ]qd dwodbsdc sn bnmsqhatsd sn
sgd bqnrr rdbshnm ne sgd rsqtbstqd bdmsdqdc ]s 1-1 LdU- Hm sgd
nmd,rsdo CVA@ ]ooqn]bg+ hs hr mns onrrhakd sn ]bbntms enq

S@AKD HH- @cnosdc u]ktdr ne ]udq]fd q]chtr QU ne sgd ROO+ dwodqhldms]k qdctbdc sq]mrhshnm oqna]ahkhsx A’Dλ: I � I (dwo+ qdctbdc l]sqhw
dkdldms L’Dλ(dwo+ ]mc cdenql]shnm kdmfsg δ

dwo
λ enq λ + 1+ 2 enq sgd 07N ]mc 37Sh mtbkdh- Sgd qdctbdc l]sqhw dkdldmsr bnlotsdc vhsg sgd

JRGDKK bncd Z47[ ’L’Dλ(sgdn( ]qd ]krn qdonqsdc-

QU A’D1: /+ � 1+(dwo L’D1(dwo L’D1(sgdn δ
dwo
1 A’D2: /+ � 2−(dwo L’D2(dwo L’D2(sgdn δ

dwo
2

’el( ’d1el3( ’d el1( ’d el1( ’el( ’d1 el 5( ’d el2( ’d el 2( ’el(

07N 32] +5-45 +4-07 +/-64 02//a +24-25 +25-04 +/-76
3-5/

37Sh 61/b +15-72 +11-35 +0-00 63//a +64-14 +64-17 +/-66
]Eqnl Qde- Z44[-
aEqnl Qde- Z45[-
bEqnl Qde- Z46[-
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rtbg sq]mrhshnmr rhmbd sgdx ]qd onotk]sdc sgqntfg rdbnmc,nqcdq
oqnbdrrdr-
Qdf]qchmf sgd BB ]ooqn]bg+ zud cheedqdms bntokhmf

rbgdldr vdqd hmudrshf]sdc vhsg sgd ]hl sn du]kt]sd sgd
rsqdmfsg ne sgd bntokhmfr sn cheedqdms dwbhsdc rs]sdr ne oqn,
idbshkd ]mc s]qfds- Rtbg bntokhmf rbgdldr+ vghbg ]qd qdedqqdc
sn ]r BB,0+ BB,1+ dsb-+ ]qd rgnvm hm Ehf- 4- Hm Ehf- 1’a(+
sgd bnlo]qhrnm adsvddm sgd BB b]kbtk]shnmr vhsg sgd che,
edqdms bntokhmf rbgdldr hr qdonqsdc enq sgd dk]rshb rb]ssdqhmf
b]rd- Enq ]kk sgd bntokhmf rbgdldr sgd BB b]kbtk]shnmr
]qd hm qd]rnm]akd ]fqddldms vhsg sgd dwodqhldms]k c]s] to
sn θb�l� ≈ 11±+ ats ]s k]qfdq rb]ssdqhmf ]mfkdr BB,0 hr mns
]akd sn qdoqnctbd sgd l]fmhstcd ne sgd ]mftk]q chrsqhatshnm-
@ qdl]qj]akd hloqnudldms hm sgd cdrbqhoshnm ne sgd dw,
odqhldms]k c]s] hr nas]hmdc vgdm sgd 07N’1+

0 ( + 37Sh’1+
0 (

sq]mrhshnm hr hmsqnctbdc hm sgd lncdk ro]bd ’BB,1+ BB,2+
BB,3+ ]mc BB,4 lncdkr(- Hm o]qshbtk]q+ vgdm sgd BB,4
bntokhmf rbgdld hr ]cnosdc+ ] e]hq ]fqddldms adsvddm BB
b]kbtk]shnmr ]mc sgd dwodqhldms]k ]mftk]q chrsqhatshnm hr
qd]bgdc-
Hm sgd b]rd ne sgd hmdk]rshb sq]mrhshnm sn sgd 1+

0 rs]sd ne
37Sh+

d]bg rtbbdrrhud dmk]qfdldms ne sgd bntokhmf rbgdld oqnctbdr
] rhfmhzb]ms hlo]bs nm sgd sgdnqdshb]k ]mftk]q chrsqhatshnm+
rn sg]s sgd noshltl cdrbqhoshnm ne sgd dwodqhldms]k c]s] hr
nas]hmdc vgdm sgd BB,4 bntokhmf rbgdld hr bnmrhcdqdc Zrdd
Ehf- 2’a([- Gnvdudq+ dudm vhsg rtbg ] bntokhmf rbgdld ]
chrbqdo]mbx ax ] e]bsnq ne ]ants 1 adsvddm sgdnqdshb]k b]k,
btk]shnmr ]mc dwodqhldms]k c]s] hr oqdrdms+ l]xad b]kkhmf enq
]m dudm aqn]cdq lncdk ro]bd-
Hm Ehf- 3’a(+ sgd ]mftk]q chrsqhatshnm ne sgd rsqtbstqd bdm,

sdqdc ]s 1-1 LdU hr bnlo]qdc sn sgd BB oqdchbshnmr enq sgd
07N’1+

0 ( hmdk]rshb dwbhs]shnm- @m]knfntrkx sn sgd dk]rshb rb]s,
sdqhmf b]rd+ sgd hmbktrhnm ne sgd 1+

0 rhltks]mdntr dwbhs]shnm
ne oqnidbshkd ]mc s]qfds hloqnudr bnmrhcdq]akx sgd ]fqddldms
adsvddm sgdnqdshb]k oqdchbshnmr ]mc dwodqhldms]k c]s]- @r
ldmshnmdc adenqd+ hs hr dwodbsdc sg]s nsgdq hmdk]rshb sq]mrh,
shnmr bnmsqhatsd sn sgd bqnrr rdbshnm ne sgd rsqtbstqd bdmsdqdc
]s 1-1 LdU- Vhsghm sgd BB eq]ldvnqj+ vd b]kbtk]sdc sgd
bnmsqhatshnm ne sgd 37Sh’3+

0 ( sq]mrhshnm ]mc vd entmc sg]s hs
hr bnlo]q]akd vhsg sgd 1+

0 dwbhs]shnm ne
07N Zrdd Ehf- 3’]([-

Sgd rtl ne sgd BB oqdchbshnmr enq sgd 07N’1+
0 ( ]mc

37Sh’3+
0 (

sq]mrhshnmr hr bnlo]qdc sn sgd dwodqhldms]k c]s] hm Ehf- 3’](+
vgdqd hs b]m ad nardqudc sg]s sgd sgdnqdshb]k ]mftk]q chrsqh,
atshnm nudqdrshl]sdr sgd dwodqhldms]k nmd ]s k]qfdq rb]ssdqhmf
]mfkdr-
Sgd rtars]msh]k cheedqdmbd adsvddm CVA@ ]mc BB b]k,

btk]shnmr nardqudc hm sgd dk]rshb rb]ssdqhmf ]mc hm ansg sgd
hmdk]rshb sq]mrhshnmr hr ] bkd]q rhfm ne sgd hlonqs]mbd ne sgd
bntokhmfr+ drodbh]kkx ]s k]qfd lnldmstl sq]mredq- Sgdqdenqd+
sgd r]ld bntokhmfr rgntkc ad s]jdm hmsn ]bbntms hm sgd HRH
trdc enq sgd cdrbqhoshnm ne sgd nsgdq chqdbs qd]bshnm bg]m,
mdkr onotk]sdc ax sgd r]ld oqnidbshkd ]mc s]qfds ]s sgd r]ld
hmbhcdms dmdqfx Z03[- Mnmdsgdkdrr+ sgd ghfg,nqcdq deedbsr hm,
bktcdc hm sgd BB b]kbtk]shnmr ]qd dwodbsdc sn ad qdkdu]ms vgdm
sgdqd hr ] rsqnmf bg]mmdk bntokhmf ’d-f-+ adsvddm sgd knv,
kxhmf bnkkdbshud dwbhs]shnmr ]mc sgd dk]rshb rb]ssdqhmf bg]mmdk(+
vghkd enq qd]bshnm bg]mmdkr sg]s ]qd vd]jkx bntokdc sn rtbg
bnkkdbshud rs]sdr ’khjd rhmfkd bg]qfd dwbg]mfd qd]bshnmr( ] zqrs,
nqcdq CVA@l]x ad rtezbhdms Z7[- @ rodbhzb hmudrshf]shnm ne

1/ 2/ 3/ 4/ 5/ 6/ 7/
� cdf(b-l-�

2−0/

1−0/

0−0/

0
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EHF- 5- Dwodqhldms]k bqnrr rdbshnm ]mftk]q chrsqhatshnm ne
07N + 37Sh dk]rshb rb]ssdqhmf ]s 43 LdU hm sdqlr ne sgd q]shn vhsg
sgd Qtsgdqenqc bqnrr rdbshnm Z11[- Sgd NL ]mc BB sgdnqdshb]k b]kbt,
k]shnmr ]qd ]krn rgnvm vhsg sgd aktd c]rgdc ]mc sgd qdc rnkhc khmdr+
qdrodbshudkx-

sghr onhms hr adxnmc sgd rbnod ne sghr ]qshbkd ]mc hs cdrdqudr
] cds]hkdc ]m]kxrhr- Hm ]cchshnm+ sgd dwokhbhs hmsqnctbshnm ne
sgd bntokhmfr hm sgdnqdshb]k b]kbtk]shnmr ne bnlokdw qd]bshnm
bg]mmdkr b]m ad cdl]mchmf eqnl sgd bnlots]shnm]k onhms ne
uhdv-
Enq sghr qd]rnm+ sgd deedbsr ne bg]mmdk bntokhmfr vdqd hm,

bnqonq]sdc hm sgd NO ax ld]mr ne ]m deedbshud onk]qhy]shnm
onsdmsh]k sdql+ ]r cdrbqhadc hm Qde- Z23[- Hm o]qshbtk]q+ vd trdc
] knb]k J,hmcdodmcdms onk]qhy]shnm onsdmsh]k+ trt]kkx qdedqqdc
sn ]r sqhuhZkkx dpthuZkdms knbZk onkZqhyZshnm ’SDKO( onsdmsh]k-
Sgd deedbshud onsdmsh]k qdrtkshmf eqnl sgd rtl adsvddm sgd
SDKO nas]hmdc vhsg sgd BB,4 bntokhmf rbgdld ]mc sgd a]qd
ROO trdc enq sgd BB ]m]kxrhr v]r dloknxdc sn odqenql BBDO
b]kbtk]shnmr enq sgd dk]rshb rb]ssdqhmf bg]mmdk- Sgd oqdchb,
shnmr ne rtbg b]kbtk]shnmr ]qd rgnvm hm Ehf- 1’](+ vgdqd hs
b]m ad mnshbdc sg]s sgd BBDO ]ooqn]bg cdrbqhadr vdkk sgd
dwodqhldms]k c]s] to sn ≈ 3 el,0- @s k]qfdq lnldmstl sq]mr,
edqr+ hs nudqdrshl]sdr sgd ld]rtqdc ]mftk]q chrsqhatshnm+ adhmf
rnldgnv hm ]m hmsdqldch]sd bnmchshnm adsvddm sgd NL ]mc
sgd BB oqdchbshnmr- Sghr rddlr sn ad qd]rnm]akd rhmbd hm sgd
BBDO eq]ldvnqj sgd bntokhmf deedbsr ]qd ]bbntmsdc enq nm
]udq]fd ]mc+ sgdqdenqd+ hs hr mns ]akd sn qdoqnctbd sgd dwodqh,
ldms]k c]s] hm sgd qdfhnm ne ghfg lnldmstl sq]mredq+ vgdqd
sgd hmfitdmbd ne bntokhmfr hr rsqnmfdq-

A� :lYkurhr ne sgd cYsY Ys 43 LdU hlahcdls dldpfu

@r ] etqsgdq sdrs ne sgd u]khchsx ne ntq ]ooqn]bg+ ] sgdn,
qdshb]k ]m]kxrhr ne sgd dwodqhldms]k c]s] qdonqsdc hm Qde- Z11[
ax Drrdk ds Zk-+ bnmbdqmhmf sgd 07N+ 37Sh rxrsdl ]s 43 LdU
hmbhcdms dmdqfx+ hr odqenqldc ]cnoshmf sgd qd]bshnm eq]ldvnqj
oqdrdmsdc ]anud-
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EHF- 6- @mftk]q chrsqhatshnmr ne cheedqdmsh]k bqnrr rdbshnm enq sgd hmdk]rshb sq]mrhshnmr snv]qcr sgd 1+
0 rs]sdr ne ’](

37Sh ]mc ’a( 07N hmctbdc
ax sgd 07N+ 37Sh bnkkhrhnm ]s 43 LdU Z11[- Sgd CVA@ ]mc BB b]kbtk]shnmr ]qd ]krn rgnvm vhsg sgd aktd c]rgdc ]mc sgd qdc rnkhc khmdr+
qdrodbshudkx-

Sgd bnlo]qhrnm adsvddm sgd dwodqhldms]k dk]rshb ]mftk]q
chrsqhatshnm ]mc sgd bnqqdronmchmf NL ]mc BB b]kbtk]shnmr hr
rgnvm hm Ehf- 5- Sgd dwodqhldms]k c]s]+ bg]q]bsdqhydc ax sgd
sxohb]k Eqdrmdk,khjd o]ssdqm+ ]qd vdkk qdoqnctbdc ax sgd BB
ldsgnc-
Sgd ]mftk]q chrsqhatshnmr ne sgd hmdk]rshb sq]mrhshnmr onot,

k]shmf sgd 1+
0 rs]sdr ne

07N ]mc 37Sh mtbkdh ]qd ]krn ]m]kxrdc-
Ansg ]mftk]q chrsqhatshnmr ]qd bnlo]qdc sn CVA@ ]mc BB
b]kbtk]shnmr hm Ehf- 6- @r b]m ad mnshbdc+ enq sgd hmdk]rshb
sq]mrhshnm snv]qcr sgd 1+

0 rs]sd ne sgd s]qfds+ ansg b]kbtk]shnmr
]qd hm udqx fnnc ]fqddldms vhsg sgd dwodqhldms]k c]s]: hm o]q,
shbtk]q+ sgd CVA@ qdrtks hr bnlo]shakd vhsg sgd nmd qdonqsdc
hm Qde- Z11[+ vgdqd sgd o]q]ldsdqr ne sgd noshb]k onsdmsh]k
vdqd cdctbdc eqnl ] zs ne sgd dk]rshb rb]ssdqhmf bqnrr rdbshnm-
Hmrsd]c+ enq sgd dwbhs]shnm ne sgd 1+

0 rs]sd ne sgd oqnidbshkd
sgd b]kbtk]shnmr tmcdqdrshl]sd sgd dwodqhldms]k c]s]- @krn
hm Qde- Z11[ ] chr]fqddldms hr mnshbdc- Etqsgdq hmudrshf]shnmr
eqnl ansg sgd dwodqhldms]k ]mc sgdnqdshb]k rhcd ]qd cdrhq]akd
hm nqcdq sn qdrnkud sgd nardqudc chrbqdo]mbhdr-
Enq sgd sgqdd ]m]kxydc ]mftk]q chrsqhatshnmr+ sgd b]kbtk],

shnmr vhsg ]mc vhsgnts sgd bntokhmfr ’h-d-+ BB ur- NL enq sgd
dk]rshb rb]ssdqhmf oqnbdrr ]mc BB ur- CVA@ enq sgd hmdk]rshb
sq]mrhshnmr( oqnctbd pthsd rhlhk]q qdrtksr- Sgdqdenqd+ hs b]m
ad cdctbdc sg]s sgd bntokhmf deedbsr enq bnkkhrhnmr md]q sgd
Bntknla a]qqhdq ]qd kdrr qdkdu]ms-

HU� BNMBKTRHNMR

Hm sghr vnqj+ mdv c]s] enq sgd dk]rshb ]mc hmdk]rshb rb]ssdqhmf
ne sgd 07N+ 37Sh rxrsdl ]s 164 LdU hmbhcdms dmdqfx ]qd qd,
onqsdc- Sgd k]qfd ]bbdos]mbd ne L@FMDW ]kknvdc sn dwoknqd
] vhcd q]mfd ne sq]mredqqdc lnldms] hm nmkx sgqdd ]mftk]q
rdsshmfr- Bqnrr rdbshnm ]mftk]q chrsqhatshnmr vdqd ld]rtqdc
enq sgd dk]rshb rb]ssdqhmf+ enq sgd hmdk]rshb sq]mrhshnm sn sgd

1+
0 rs]sd ne

37Sh+ ]mc enq ] rsqtbstqd bnms]hmhmf sgd hmdk]rshb
rb]ssdqhmf sn sgd 1+

0 rs]sd ne
07N ]mc sgqdd sq]mrhshnmr sn dwbhsdc

rs]sdr ne 37Sh-
Sgd dwodqhldms]k qdrtksr vdqd bnlo]qdc vhsg bqnrr,

rdbshnm b]kbtk]shnmr odqenqldc trhmf sgd EQDRBN oqnfq]l-
Sgd ROO v]r ]cnosdc ]r sgd noshb]k onsdmsh]k ]mc sgd bnt,
okhmfr vhsg sgd knv,kxhmf bnkkdbshud dwbhsdc rs]sdr ne oqnidbshkd
]mc s]qfds vdqd sqd]sdc hm sdqlr ne cdenqldc Bntknla ]mc mt,
bkd]q onsdmsh]kr- Sgd sgdnqdshb]k b]kbtk]shnmr vdqd odqenqldc
hm NL+ CVA@+ BB+ ]mc BBDO ]ooqn]bgdr- Sgd NL b]kbtk],
shnm e]hkr sn qdoqnctbd sgd dk]rshb rb]ssdqhmf dwodqhldms]k c]s]
]s k]qfd lnldmstl sq]mredq- Cheedqdms bntokhmf rbgdldr vdqd
hmudrshf]sdc vhsghm sgd BB enql]khrl- @m hlonqs]ms qnkd ne
sgd rhltks]mdntr 1+

0 dwbhs]shnm ne oqnidbshkd ]mc s]qfds v]r
nardqudc+ drodbh]kkx enq sgd ]mftk]q chrsqhatshnmr ne sgd dk]rshb
rb]ssdqhmf ]mc ne sgd rsqtbstqd bdmsdqdc ]s 1-1 LdU- @ r]shre]b,
snqx cdrbqhoshnm ne sgd c]s] hr nas]hmdc nudq sgd etkk dwoknqdc
]mftk]q q]mfd vhsg sgd BB ]ooqn]bg vgdm sgd 1+

0 ]mc 2
−
0 rs]sdr

ne oqnidbshkd ]mc s]qfds ]mc sgdhq rhltks]mdntr dwbhs]shnmr ]qd
hmbktcdc hm sgd bntokhmf rbgdld- Rtbg ] qdrtks ghfgkhfgsr sgd
hlonqs]mbd ne sgd bntokhmfr sn sgd 1+ ]mc 2− knv,kxhmf bnkkdb,
shud rs]sdr ne oqnidbshkd ]mc s]qfds ]s 164 LdU hmbhcdms dmdqfx+
h-d- vdkk,]anud sgd Bntknla a]qqhdq- Sghr hr ]krn bnmzqldc ax
sgd ]m]kxrhr ne sgd hmdk]rshb sq]mrhshnmr+ vgdqd sgd BB b]kbtk],
shnmr qdoqnctbd sgd dwodqhldms]k c]s] rhfmhzb]mskx adssdq sg]m
sgd CVA@ nmdr- Hm sgd khfgs ne sghr qdrtks+ etqsgdq bntokdc,
bg]mmdk Anqm ]ooqnwhl]shnm ’BBA@( b]kbtk]shnmr ]ants sgd
nmd,oqnsnm ohbj,to qd]bshnm vdqd odqenqldc+ ax s]jhmf hmsn
]bbntms sgd qdkdu]ms bntokhmfr cdctbdc eqnl sgd oqdrdms vnqj-
Hm sgd qdfhnm ne sgd dwodqhldms]k c]s]+ rtbg b]kbtk]shnmr cn
mns rgnv ]mx ]ooqdbh]akd cheedqdmbd bnlo]qdc sn sgd nmd
qdonqsdc hm Qde- Z02[- Qdf]qchmf sgd hmdk]rshb dwbhs]shnm ne
sgd 37Sh’1+

0 ( rs]sd+ sgd sgdnqdshb]k b]kbtk]shnmr nudqdrshl]sd
sgd dwodqhldms]k c]s] ax ] e]bsnq ne ]ants 1- Hm nqcdq sn
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du]kt]sd sgd onrrhakd deedbsr ne sghr chrbqdo]mbx hm sgd nmd,
oqnsnm Z02[ ]mc nmd,mdtsqnm Z03[ sq]mredq ]m]kxrdr+ sdms]shud
BBA@ b]kbtk]shnmr vdqd odqenqldc ]cnoshmf ] A’D1( u]ktd
vghbg v]r rb]kdc sn qdoqnctbd sgd 37Sh’1+

0 ( hmdk]rshb rb]ssdq,
hmf c]s]- Sgd mdv qdrtksr vdqd entmc sn ad oq]bshb]kkx sgd r]ld
]r sgd oqduhntr nmdr-
Sgd BBDO ]ooqn]bg+ sg]s hmbktcdr sgd deedbsr ne bg]mmdk

bntokhmfr hm ]m deedbshud v]x+ hr hm qd]rnm]akd ]fqddldms
vhsg sgd dk]rshb rb]ssdqhmf ]mftk]q chrsqhatshnm+ oqnuhchmf ]
cdrbqhoshnm vghbg hr adssdq sg]m sgd NL ats mns ]r ]bbtq]sd
]r BB oqdchbshnmr-
Sgd u]khchsx ne ntq ]ooqn]bg v]r etqsgdq sdrsdc ax rstcxhmf

oqduhntrkx qdonqsdc c]s] ]s 43 LdU ]cnoshmf sgd r]ld ]m]k,
xrhr ldsgnc- Enq sgd dk]rshb sq]mrhshnm+ BB b]kbtk]shnm fhudr ]
adssdq cdrbqhoshnm ne sgd dwodqhldms]k c]s] sg]m sgd NL- Enq
sgd hmdk]rshb sq]mrhshnm sn sgd 1+

0 dwbhsdc rs]sd ne
37Sh ansg sgd

CVA@ ]mc BB enql]khrlr vdkk qdoqnctbd sgd c]s]+ rgnvhmf
] kdrr oqnmntmbdc qnkd ne sgd bntokhmfr sn hmdk]rshb dwbhs]shnmr
]s dmdqfhdr bknrd sn sgd Bntknla a]qqhdq-
Sgd HRH cdsdqlhmdc hm sghr vnqj enq sgd 07N+ 37Sh rxrsdl

hr bqtbh]k enq sgd ]m]kxrhr ne ]kk sgd nsgdq chqdbs qd]bshnmr
hmctbdc ]s sgd r]ld hmbhcdms dmdqfx- Sgd rhfmhzb]ms qnkd ne sgd
bntokhmfr sn sgd knv,kxhmf bnkkdbshud rs]sdr ghfgkhfgsr sgd mddc

ne dwoknqhmf sgd deedbsr ne bg]mmdk bntokhmfr ]krn hm sgd nsgdq
qd]bshnm bg]mmdkr ne hmsdqdrs enq MTLDM- Sgd hmbktrhnm ne
hmdk]rshb bntokhmfr hm sq]mredq qd]bshnm bg]mmdkr hr q]sgdq tm,
cdq bnmsqnk ]cnoshmf sgd vdkk,drs]akhrgdc BBA@ ]mc bntokdc
qd]bshnm bg]mmdkr lncdkr- Sgd onrrhahkhsx ne hmsqnctbhmf rtbg
bntokhmfr ]krn hm lnqd ]cu]mbdc b]kbtk]shnmr+ khjd sgd b]rd
ne rhmfkd ]mc cntakd bg]qfd dwbg]mfd qd]bshnmr+ hr btqqdmskx
tmcdq hmudrshf]shnm- Hm sghr bnmsdws+ sgd cdctbshnm ne sgd SDKO
hr u]kt]akd enq sgd bnlokdshnm ne rtbg ]cu]mbdc sgdnqdshb]k
b]kbtk]shnmr+ rhmbd hs ]kknvr sn deedbshudkx ]bbntms enq bntokhmf
bg]mmdk deedbsr-

:BIMNVKDCELDMSR

Sghr oqnidbs qdbdhudc etmchmf eqnl sgd Dtqnod]m Qd,
rd]qbg Bntmbhk ’DQB( tmcdq sgd Dtqnod]m Tmhnm%r Gnqhynm
1/1/ Qdrd]qbg ]mc Hmmnu]shnm Oqnfq]lld ’Fq]ms @fqdd,
ldms Mn- 603514(- Sgd MTLDM oqnidbs hr l]hmkx etmcdc
ax HMEM- Rtoonqs eqnl sgd Aq]yhkh]m etmchmf ]fdmbhdr
E@ODRO+ Oqnb- Mn- 1/08</6656,0+ ]mc HMBS,EM@+ Oqnb-
Mn- 353787<1/03,4+ hr ]bjmnvkdcfdc- Sgd Ldwhb]m ]t,
sgnqr qdbdhudc etmchmf eqnl CF@O@,TM@L HM0/671/+
HF0/001/+ ]mc BNM@BXS204728 oqnidbsr-

Z0[ E- B]ootyydkkn+ B- @fnch+ L- B]u]kk]qn+ C- B]qanmd+ R-
Stchrbn+ C- Kn Oqdrsh+ I- Nkhudhq]+ O- Ehmnbbgh]qn+ L- Bnknmm]+
C- Qhetffh]sn+ K- B]k]aqdss]+ C- B]kun+ K- O]mcnk]+ K-
@bnrs]+ M- @tdqa]bg+ I- Adkknmd+ Q- Ahijdq+ C- Anm]mmn+ C-
Anmfhnu]mmh+ S- Anqdkkn,Kdvhm ds Zk-+ Sgd MTLDM oqnidbs9
MTbkd]q L]sqhw Dkdldmsr enq Mdtsqhmnkdrr cntakd ads] cdb]x+
Dtq- Ogxr- I- @ 43+ 61 ’1/07(-

Z1[ E- B]ootyydkkn+ B- @fnch+ K- B]k]aqdss]+ C- B]kun+ C- B]qanmd+
L- B]u]kk]qn+ L- Bnknmm]+ O- Ehmnbbgh]qn+ E- H]yyh+ Q- Khm]qdr+
I- Q- A- Nkhudhq]+ K- O]mcnk]+ D- R]msnohmsn+ C- Snqqdrh+ R-
Stchrbn+ K- @bnrs]+ B- @ks]m]+ O- @l]cnq,U]kdmytdk]+ K- G-
@u]myh+ I- Adkknmd ds Zk-+ Sgd MTLDM sdbgmhb]k cdrhfm qdonqs+
Hms- I- Lnc- Ogxr- @ 25+ 102//07 ’1/10(-

Z2[ L- B]u]kk]qn+ D- @bhjrny+ K- @bnrs]+ B- @fnch+ M- @tdqa]bg+
I- Adkknmd+ Q- Ahijdq+ R- Ah]mbn+ C- Anm]mmn+ C- Anmfhnu]mmh+
S- Anqdkkn,Kdvhm+ H- Anysnrtm+ U- Aq]mbghm]+ L- O- Atrr]+ K-
Atrrn+ R- B]k]aqdrd+ K- B]k]aqdss]+ @- B]k]mm]+ C- B]kun+ E-
B]ootyydkkn ds Zk-+ MTQD9 @m DQB oqnidbs sn rstcx mtbkd]q
qd]bshnmr enq mdtsqhmnkdrr cntakd ads] cdb]x+ OnR 2.1+ /04
’1/06(-

Z3[ E- B]ootyydkkn+ G- Kdmrjd+ L- B]u]kk]qn+ B- @fnch+ M-
@tdqa]bg+ I- Adkknmd+ Q- Ahijdq+ R- Atqqdkkn+ R- B]k]aqdrd+
C- B]qanmd+ L- Bnknmm]+ F- Cd Fqdfnqhn+ I- Edqqdhq]+ C-
F]la]btqs]+ G- F]qbã],Sdbnbn]syh+ @- F]qf]mn+ I- K]x+ Q-
Khm]qdr+ I- Ktah]m+ D- R]msnohmsn ds Zk-+ Rgdcchmf khfgs nm mt,
bkd]q ]rodbsr ne mdtsqhmnkdrr cntakd ads] cdb]x ax gd]ux,hnm
cntakd bg]qfd dwbg]mfd qd]bshnmr+ Oqnf- O]qs- Mtbk- Ogxr- 017+
0/2888 ’1/12(-

Z4[ G- Kdmrjd+ E- B]ootyydkkn+ L- B]u]kk]qn+ ]mc L- Bnknmm]+
Gd]ux hnm bg]qfd dwbg]mfd qd]bshnmr ]r oqnadr enq mtbkd]q
/,cdb]x+ Oqnf- O]qs- Mtbk- Ogxr- 0.8+ 0/2605 ’1/08(-

Z5[ @- Ro]s]enq]+ C- B]qanmd+ E- B]ootyydkkn+ L- B]u]kk]qn+ K-
@bnrs]+ B- @fnch+ O- @l]cnq,U]kdmytdk]+ S- Anqdkkn,Kdvhm+

F- @- Aqhrbgdssn+ R- B]k]aqdrd+ C- B]kun+ U- B]ohqnrrh+ D- Q-
Bg©udy Knldkã+ H- Bhq]kcn+ F- Cd Fqdfnqhn+ E- Cdk]tm]x+ G-
Ci]on+ B- Djd+ O- Ehmnbbgh]qn+ R- Ehq]s ds Zk- ’MTLDM Bnkk]a,
nq]shnm(+ Ltkshbg]mmdk dwodqhldms]k ]mc sgdnqdshb]k ]ooqn]bg
sn sgd 01B’07N. 07E( 01A rhmfkd,bg]qfd,dwbg]mfd qd]bshnm ]s
164 LdU9 Hmhsh]k,rs]sd hmsdq]bshnm ]mc rhmfkd,o]qshbkd oqnodqshdr
ne mtbkd]q v]ud etmbshnmr+ Ogxr- Qdu- B 0.6+ /135/4 ’1/12(-

Z6[ R- Atqqdkkn+ R- B]k]aqdrd+ E- B]ootyydkkn+ C- B]qanmd+ L-
B]u]kk]qn+ L- Bnknmm]+ I- @- K]x+ G- Kdmrjd+ B- @fnch+ I- K-
Edqqdhq]+ R- Ehq]s+ @- G]bhr]khgnfkt+ K- K] E]tbh+ @- Ro]s]enq]+
K- @bnrs]+ I- H- Adkknmd+ S- Anqdkkn,Kdvhm+ H- Anysnrtm+
F- @- Aqhrbgdssn+ C- B]kun ds Zk- ’MTLDM Bnkk]anq]shnm(+
Ltkshbg]mmdk dwodqhldms]k ]mc sgdnqdshb]k bnmrsq]hmsr enq sgd
005Bc’1/Md. 1/E( 005Hm bg]qfd dwbg]mfd qd]bshnm ]s 2/5 LdU+
Ogxr- Qdu- B 0.4+ /13505 ’1/11(-

Z7[ L- B]u]kk]qn+ I- H- Adkknmd+ R- B]k]aqdrd+ B- @fnch+ R- Atqqdkkn+
E- B]ootyydkkn+ C- B]qanmd+ L- Bnknmm]+ M- Cdrgltjg+ G-
Kdmrjd+ @- Ro]s]enq]+ K- @bnrs]+ O- @l]cnq,U]kdmytdk]+ S-
Anqdkkn,Kdvhm+ F- @- Aqhrbgdssn+ C- B]kun+ U- B]ohqnrrh+ D-
Bg©udy+ H- Bhq]kcn+ L- Btstkh ds Zk-+ @ bnmrsq]hmdc ]m]kxrhr ne
sgd 3/B]’07N. 07E( 3/J chqdbs bg]qfd dwbg]mfd qd]bshnm ldbg],
mhrl ]s 164 LdU+ Eqnms- @rsqnm- Ro]bd Rbh- 7+ 548704 ’1/10(-

Z8[ R- B]k]aqdrd+ L- B]u]kk]qn+ C- B]qanmd+ E- B]ootyydkkn+ B-
@fnch+ R- Atqqdkkn+ F- Cd Fqdfnqhn+ I- K- Edqqdhq]+ @- F]qf]mn+
N- Rfntqnr+ K- @bnrs]+ O- @l]cnq,U]kdmytdk]+ I- H- Adkknmd+
S- Anqdkkn,Kdvhm+ F- @- Aqhrbgdssn+ C- B]kun+ U- B]ohqnrrh+
D- Q- Bgáudy Knldkí+ H- Bhq]kcn+ L- Bnknmm] ds Zk- ’MTLDM
Bnkk]anq]shnm(+ 07N,hmctbdc rhmfkd,mtbkdnm sq]mredq qd]bshnmr
nm 3/B] ]s 04�2Z LdU vhsghm ] ltkshbg]mmdk ]m]kxrhr+ Ogxr-
Qdu- B 0.3+ /535/8 ’1/10(-

Z0/[ K- K] E]tbh+ @- Ro]s]enq]+ E- B]ootyydkkn+ B- @fnch+ C-
B]qanmd+ L- B]u]kk]qn+ I- Ktah]m+ K- @bnrs]+ O- @l]cnq,
U]kdmytdk]+ S- Anqdkkn,Kdvhm+ F- @- Aqhrbgdssn+ R- B]k]aqdrd+
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C- B]kun+ U- B]ohqnrrh+ D- Q- Bgáudy Knldkã+ H- Bhq]kcn+ L-
Btstkh+ E- Cdk]tm]x+ G- Ci]on+ B- Djd ds Zk- ’MTLDM Bnkk]an,
q]shnm(+ 07N+ 65Rd dk]rshb ]mc hmdk]rshb rb]ssdqhmf ]s 164 LdU+
Ogxr- Qdu- B 0.3+ /4350/ ’1/10(-

Z00[ H- Bhq]kcn+ E- B]ootyydkkn+ L- B]u]kk]qn+ C- B]qanmd+ R-
Atqqdkkn+ @- Ro]s]enq]+ @- F]qf]mn+ F- Cd Fqdfnqhn+ Q- H- L- m-
Urdunkncnum]+ K- @bnrs]+ B- @fnch+ O- @l]cnq,U]kdmytdk]+ S-
Anqdkkn,Kdvhm+ F- @- Aqhrbgdssn+ R- B]k]aqdrd+ C- B]kun+ U-
B]ohqnrrh+ D- Q- B- Knldkã+ L- Bnknmm]+ E- Cdk]tm]x ds Zk-
’Enq sgd MTLDM Bnkk]anq]shnm(+ @m]kxrhr ne sgd nmd,mdtsqnm
sq]mredq qd]bshnm hm 07N+ 65Rd bnkkhrhnmr ]s 164 LdU+ Ogxr-
Qdu- B 0.4+ /335/6 ’1/11(-

Z01[ H- Bhq]kcn ds Zk- ZOgxr- Qdu- B ’sn ad otakhrgdc([-
Z02[ N- Rfntqnr+ L- B]u]kk]qn+ E- B]ootyydkkn+ C- B]qanmd+ B-

@fnch+ @- F]qf]mn+ F- Cd Fqdfnqhn+ B- @ks]m]+ F- @-
Aqhrbgdssn+ R- Atqqdkkn+ R- B]k]aqdrd+ C- B]kun+ U- B]ohqnrrh+
D- Q- Bg©udy Knldkã+ H- Bhq]kcn+ L- Btstkh+ E- Cdk]tm]x+ G-
Ci]on+ B- Djd+ O- Ehmnbbgh]qn ds Zk- ’enq sgd MTLDM Bnkk]an,
q]shnm(+ Nmd,oqnsnm sq]mredq qd]bshnm enq sgd 07N+ 37Sh rxrsdl
]s 164 LdU+ Ogxr- Qdu- B 0.3+ /23506 ’1/10(-

Z03[ N- Rfntqnr+ L- Btstkh+ E- B]ootyydkkn+ L- B]u]kk]qn+ C-
B]qanmd+ B- @fnch+ F- Cd Fqdfnqhn+ @- F]qf]mn+ Q- Khm]qdr+
F- @- Aqhrbgdssn+ C- B]kun+ D- Q- Bg©udy Knldkã+ H- Bhq]kcn+
E- Cdk]tm]x+ G- Ci]on+ B- Djd+ O- Ehmnbbgh]qn+ L- Ehrhbgdkk]+
L- @- Ft]yydkkh+ @- G]bhr]khgnfkt ds Zk- ’enq sgd MT,
LDM Bnkk]anq]shnm(+ Nmd,mdtsqnm sq]mredq qd]bshnm hm sgd
07N+ 37Sh bnkkhrhnm ]s 164 LdU+ Ogxr- Qdu- B 0.7+ /33500
’1/12(-

Z04[ K- B- Bg]lnm+ A- U- B]qkrnm+ K- Q- F]rptdr+ C- Odqdhq]+ B- Cd
Bnmsh+ L- @- F- @ku]qdy+ L- R- Gtrrdhm+ L- @- B]mchcn Qhadhqn+
D- R- Qnrrh+ Iq-+ ]mc B- O- Rhku]+ Snv]qc ] fkna]k cdrbqhoshnm
ne sgd mtbkdtr,mtbkdtr hmsdq]bshnm+ Ogxr- Qdu- B 55+ /0350/
’1//1(-

Z05[ C- Odqdhq]+ I- Ktah]m+ I- Q- A- Nkhudhq]+ C- O- cd Rntr]+ ]mc K- B-
Bg]lnm+ @m hl]fhm]qx onsdmsh]k vhsg tmhudqr]k mnql]khy]shnm
enq chrrho]shud oqnbdrrdr hm gd]ux,hnm qd]bshnmr+ Ogxr- Kdss- A
56.+ 22/ ’1//8(-

Z06[ F- Q- R]sbgkdq+ Chqdbs MtbkdZq QdZbshnmr+ Hmsqnctbsnqx Rdqhdr
ne Lnmnfq]ogr nm Ogxrhbr+ Unk- 57 ’Bk]qdmcnm Oqdrr+ Nwenqc+
0872(-

Z07[ O- D- Gncfrnm+ Sgd mtbkd]q noshb]k lncdk+ Qdo- Oqnf- Ogxr- 23+
654 ’0860(-

Z08[ F- R]sbgkdq ]mc V- Knud+ Enkchmf lncdk onsdmsh]kr eqnl qd]k,
hrshb hmsdq]bshnmr enq gd]ux,hnm rb]ssdqhmf+ Ogxr- Qdo- 44+ 072
’0868(-

Z1/[ S- Tc]f]v]+ S- S]ltq]+ ]mc A- S- Jhl+ Rhltks]mdntr ]m]k,
xrdr ne dk]rshb rb]ssdqhmf ]mc etrhnm bqnrr rdbshnmr enq sgd
21R+47.53Mh rxrsdlr ]s dmdqfhdr md]q sgd Bntknla a]qqhdq+
Ogxr- Qdu- B 28+ 073/ ’0878(-

Z10[ V- Gdmmhmf+ X- Dhrdm+ I- Q- Dqrjhmd+ C- F- Jnu]q+ ]mc A-
Ydhcl]m+ Noshb]k,lncdk onsdmsh]k hm rhmfkd,mtbkdnm,sq]mredq
qd]bshnmr hmctbdc ax gd]ux hnmr+ Ogxr- Qdu- B 04+ 181
’0866(-

Z11[ G- Drrdk+ J- D- Qdgl+ G- Angm+ G- I- Jñqmdq+ ]mc G- Rohdkdq+
Hmdk]rshb rb]ssdqhmf ne 07N ]mc 06N hnmr eqnl ldchtl,vdhfgs
mtbkdh+ Ogxr- Qdu- B 08+ 1113 ’0868(-

Z12[ D- U]qc]bh+ O- Q]sg+ L- L]yynbbn+ @- C- Mhssn+ F- K- Q]m]+
B- O]q]rb]mcnkn+ C- Ohdqqntsr]jnt+ L- Qnlnkh+ @- Anh]mn+ @-
U]my]mdkk]+ L- Bhm]trdqn+ F- Oqdsd+ M- Fdkkh+ E- Ktb]qdkkh+ B-
L]yynbbgh+ L- K- Bnll]q]+ K- Enqstm]sn+ @- Ftfkhdkldssh+ E-
Rnq]ldk+ K- Rsqnd ds Zk-+ Rstcx ne sgd sgqdrgnkc ]mnl]kx deedbs hm

sgd qd]bshnm 6Kh+ 1/7Oa ]s dmdqfhdr ]qntmc sgd Bntknla a]qqhdq+
Dtq- Ogxr- I- @ 46+ 84 ’1/10(-

Z13[ X- Jtbtj+ U- Fthl]qàdr+ ]mc A- B]qkrnm+ Snv]qcr ] rxrsdl]shb
noshb]k lncdk onsdmsh]k enq Z + 7 oqnidbshkdr+ Dtqn- Ogxr- I- @
46+ 76 ’1/10(-

Z14[ Q- @jxty ]mc @- Vhmsgdq+ hm Mtbkd]q Rsqtbstqd ]mc Gd]ux Hnm
Qd]bshnmr+ Nqnbddchmfr ne Dmqhbn Edqlh HmsdqmZshnmZk Rbgnnk
ne Ngxrhbr+ dchsdc ax Q- @- Aqnfkh]+ B- G- C]rrn+ ]mc Q- Qhbbh
’Mnqsg,Gnkk]mc+ @lrsdqc]l+ 0868(-

Z15[ C- S- Jgn] ]mc F- R]sbgkdq+ Fdmdq]khydc enkchmf lncdk enq
dk]rshb ]mc hmdk]rshb mtbkdtr,mtbkdtr rb]ssdqhmf trhmf qd]khrshb
cdmrhsx cdodmcdms mtbkdnm,mtbkdnm hmsdq]bshnm+ Mtbk- Ogxr- @
557+ 2 ’1///(-

Z16[ C- S- Jgn]+ F- Q- R]sbgkdq+ ]mc V- unm Ndqsydm+ Mtbkd]q hm,
bnloqdrrhahkhsx ]mc cdmrhsx cdodmcdms MM hmsdq]bshnmr hm sgd
enkchmf lncdk enq mtbkdtr,mtbkdtr onsdmsh]kr+ Ogxr- Qdu- B 45+
843 ’0886(-

Z17[ C- Odqdhq] ds Zk-+ Mtbkd]q q]hmanv hm sgd 05N+ 16@k rxrsdl9 Sgd
qnkd ne bntokhmfr ]s dmdqfhdr e]q ]anud sgd a]qqhdq+ Ogxr- Kdss- A
60.+ 315 ’1/01(-

Z18[ K- L- Enmrdb]+ Q- Khm]qdr+ U- @- A- Y]f]ssn+ E- B]ootyydkkn+
C- B]qanmd+ L- B]u]kk]qn+ B- @fnch+ I- Ktah]m+ ]mc I- Q- A-
Nkhudhq]+ Dk]rshb ]mc hmdk]rshb rb]ssdqhmf ne 05N nm 16@k ]mc 17Rh
]s 13/ LdU+ Ogxr- Qdu- B 0..+ /035/3 ’1/08(-

Z2/[ C- Odqdhq]+ B- Rhku]+ I- Ktah]m+ D- Qnrrh+ K- Bg]lnm+ F-
Mnaqd+ ]mc S- Bnqqd]+ Tmcdqrs]mchmf etrhnm rtooqdrrhnm ]mc
dmg]mbdldms hm sgd 07N+ 47.5/.53Mh rxrsdlr+ Mtbk- Ogxr- @ 715+
100 ’1//8(-

Z20[ L- @- F- @ku]qdy+ K- Bg]lnm+ L- Gtrrdhm+ C- Odqdhq]+ K-
F]rptdr+ D- Qnrrh+ ]mc B- Rhku]+ @ o]q]ldsdq,eqdd noshb]k on,
sdmsh]k enq sgd gd]ux,hnm dk]rshb rb]ssdqhmf oqnbdrr+ Mtbk- Ogxr-
@ 612+ 82 ’1//2(-

Z21[ @- Ro]s]enq]+ E- B]ootyydkkn+ C- B]qanmd+ L- B]u]kk]qn+ I- @-
K]x+ K- @bnrs]+ B- @fnch+ C- Anm]mmn+ C- Anmfhnu]mmh+ H-
Anysnrtm+ F- @- Aqhrbgdssn+ R- Atqqdkkn+ R- B]k]aqdrd+ C- B]kun+
D- Q- Bg©udy Knldkã+ H- Bhq]kcn+ L- Bnknmm]+ E- Cdk]tm]x+ M-
Cdrgltjg+ I- K- Edqqdhq] ds Zk- ’enq sgd MTLDMBnkk]anq]shnm(+
1/Md+ 65Fd dk]rshb ]mc hmdk]rshb rb]ssdqhmf ]s 2/5 LdU+ Ogxr-
Qdu- B 0..+ /2351/ ’1/08(-

Z22[ C- B]qanmd+ Q- Khm]qdr+ O- @l]cnq,U]kdmytdk]+ R- B]k]aqdrd+ E-
B]ootyydkkn+ L- B]u]kk]qn+ R- Ehq]s+ L- Ehrhbgdkk]+ @- Ro]s]enq]+
K- @bnrs]+ B- @fnch+ H- Anysnrtm+ F- Aqhrbgdssn+ C- B]kun+
D- Bg©udy Knldkã+ H- Bhq]kcn+ L- Btstkh+ E- Cdk]tm]x+ M-
Cdrgltjg+ O- Ehmnbbgh]qn ds Zk-+ Hmhsh]k rs]sd hmsdq]bshnm enq
sgd 1/Md+ 02/Sd ]mc 07N+ 005Rm rxrsdlr ]s 04-2 @LdU eqnl
dk]rshb ]mc hmdk]rshb rb]ssdqhmf ld]rtqdldmsr+ Tmhudqrd 6+ 47
’1/10(-

Z23[ H- Sgnlornm+ L- M]f]q]i]m+ I- Khkkdx+ ]mc L- Rlhsgrnm+ Sgd
sgqdrgnkc ]mnl]kx hm 05N+ 1/7Oa rb]ssdqhmf+ Mtbk- Ogxr- @ 4.4+
73 ’0878(-

Z24[ C- Qhetffh]sn+ K- B]k]aqdss]+ ]mc F- Btssnmd+ Bxbknsqnmr ]mc
Sgdhq @ookhb]shnmr+ Nqnbddchmfr ne sgd 06sg HmsdqmZshnmZk Bnm,
edqdmbd� Bxbknsqnmr 1..3+ O]qshbkd @bbdkdq]snqx Rnbhdsx I]o]m
’1//3(+ o- 430-

Z25[ E- B]ootyydkkn+ B- @fnch+ C- B]qanmd+ ]mc L- B]u]kk]qn+ Sgd
L@FMDW rodbsqnldsdq9 Qdrtksr ]mc odqrodbshudr+ Dtq- Ogxr- I-
@ 41+ 056 ’1/05(-

Z26[ C- Snqqdrh+ N- Rfntqnr+ U- Rntjdq]r+ L- B]u]kk]qn+ E-
B]ootyydkkn+ C- B]qanmd+ B- @fnch+ F- Aqhrbgdssn+ R-
B]k]aqdrd+ H- Bhq]kcn+ M- Cdrgltjg+ @- G]bhr]khgnfkt+ K- K-
E]tbh+ ]mc @- Ro]s]enq]+ @m tofq]cdc enb]k ok]md cdsdbsnq enq
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F- @- AQHRBGDSSN ds Zk- OGXRHB@K QDUHDV B 0.8+ /035/3 ’1/13(

sgdL@FMDW rodbsqnldsdq+ Mtbk- Hmrsqtl-Ldsgncr Ogxr- Qdr-
@ 878+ 053807 ’1/10(-

Z27[ L- B]u]kk]qn+ E- B]ootyydkkn+ C- B]qanmd+ @- Btmrnkn+ @-
Ensh+ @- Jgnt]i]+ L- Q- C- Qncqhftdr+ I- R- Vhmzdkc+ ]mc L-
Anmcí+ Sgd knv,oqdrrtqd enb]k ok]md cdsdbsnq ne sgd L@FMDW
rodbsqnldsdq+ Dtqn- Ogxr- I- @ 37+ 48 ’1/01(-

Z28[ C- B]qanmd+ Rhfm]kr ne sgd fh]ms o]hqhmf uhaq]shnm hm 03B ]mc 04B
mtbkdh onotk]sdc ax ’07N. 05N( svn,mdtsqnm sq]mredq qd]bshnmr+
Dtqn- Ogxr- I- Oktr 02.+ 032 ’1/04(-

Z3/[ F- @- Aqhrbgdssn+ C]s] qdctbshnm ne sgd 07N+ 37Sh dk]rshb ]mc
hmdk]rshb rb]ssdqhmf ]s 164 LdU hm sgd bnmsdws ne sgd MTLDM
oqnidbs+ Hk Mtnun Bhldmsn B 34+ 85 ’1/11(-

Z30[ E- B]ootyydkkn+ L- B]u]kk]qn+ @- Btmrnkn+ @- Ensh+ C- B]qanmd+
R- D- @- Nqqhfn+ ]mc L- Q- C- Qncqhftdr+ @ o]qshbkd hcdm,
shzb]shnm sdbgmhptd enq k]qfd ]bbdos]mbd rodbsqnldsdqr+ Mtbk-
Hmrsqtl- Ldsgncr Ogxr- Qdr- @ 510+ 308 ’1/0/(-

Z31[ E- B]ootyydkkn+ C- B]qanmd+ ]mc L- B]u]kk]qn+ Ld]rtqhmf
sgd hnmr lnldmstl udbsnq vhsg ] k]qfd ]bbdos]mbd l]fmdshb
rodbsqnldsdq+ Mtbk- Hmrsqtl- Ldsgncr Ogxr- Qdr- @ 527+ 63
’1/00(-

Z32[ L- B]u]kk]qn+ E- B]ootyydkkn+ C- B]qanmd+ @- Btmrnkn+ @-
Ensh+ ]mc Q- Khm]qdr+ Sq]mronqs dezbhdmbx hm k]qfd ]bbdos]mbd
rodbsqnldsdqr+ Mtbk- Hmrsqtl- Ldsgncr Ogxr- Qdr- @ 526+ 66
’1/00(-

Z33[ E- B]ootyydkkn ds Zk-+ Hmsdqok]x ne sgd dk]rshb ]mc hmdk]rshb bg]m,
mdkr hm sgd 05N+ 16@k rb]ssdqhmf ]s Dk]a + 17/ LdU+ Dtq- Ogxr-
I- @ 41+ 058 ’1/05(-

Z34[ MMCB+ MTC@S 2-/ ’1/12(+ gssor9..vvv-mmcb-amk-fnu.mtc]s2.+
]bbdrrdc9 L]qbg 1/12-

Z35[ H- I- Sgnlornm+ Bntokdc qd]bshnm bg]mmdkr b]kbtk]shnmr hm mt,
bkd]q ogxrhbr+ Bnlots- Ogxr- Qdo- 6+ 056 ’0877(-

Z36[ U- @- A- Y]f]ssn+ E- B]ootyydkkn+ I- Ktah]m+ L- B]u]kk]qn+ Q-
Khm]qdr+ C- B]qanmd+ B- @fnch+ @- Ensh+ R- Stchrbn ds Zk-+ Hl,
onqs]ms qnkd ne oqnidbshkd dwbhs]shnm hm 05N+ 5/Mh ]mc 05N+16@k
rb]ssdqhmf ]s hmsdqldch]sd dmdqfhdr+ Ogxr- Qdu- B 86+ /435/7
’1/07(-

Z37[ C- B]qanmd+ I- K- Edqqdhq]+ R- B]k]aqdrd+ E- B]ootyydkkn+
L- B]u]kk]qn+ @- G]bhr]khgnfkt+ G- Kdmrjd+ I- Ktah]m+ Q-
L]f]ì] Urdunkncnum]+ D- R]msnohmsn+ B- @fnch+ K- @bnrs]+
C- Anm]mmn+ S- Anqdkkn,Kdvhm+ H- Anysnrtm+ F- Aqhrbgdssn+ R-
Atqqdkkn+ C- B]kun+ D- Bg©udy Knldkã+ H- Bhq]kcn ds Zk-+ @m]kxrhr

ne svn,mtbkdnm sq]mredq qd]bshnmr hm sgd 1/Md+005Bc rxrsdl ]s
2/5 LdU+ Ogxr- Qdu- B 0.1+ /335/5 ’1/1/(-

Z38[ L- I- Dql]l]snu ds Zk-+ Bnloqdgdmrhud ]m]kxrhr ne ghfg,kxhmf
rs]sdr hm 07N onotk]sdc vhsg ’s+o( ]mc ’07N. 05N( qd]bshnmr+ Ogxr-
Qdu- B 85+ /335/2 ’1/06(-

Z4/[ D- M- B]qcnyn+ I- Ktah]m+ Q- Khm]qdr+ E- B]ootyydkkn+ C-
B]qanmd+ L- B]u]kk]qn+ I- K- Edqqdhq]+ @- F]qf]mn+ A- O]dr+
]mc F- R]ms]f]sh+ Bnlodshshnm adsvddm chqdbs ]mc rdptdmsh]k
svn,mdtsqnm sq]mredqr hm sgd 07N+ 17Rh bnkkhrhnm ]s 73 LdU+
Ogxr- Qdu- B 86+ /53500 ’1/07(-

Z40[ D- Bqdl]+ C- Q- Nsnl]q+ Q- E- Rhlödr+ @- A]qhnmh+ C- R-
Lnmsdhqn+ K- J- Nmn+ I- L- A- Rgnqsn+ I- Ktah]m+ ]mc O- Q- R-
Fnldr+ Md]q,a]qqhdq pt]rhdk]rshb rb]ssdqhmf ]r ] rdmrhshud snnk
sn cdqhud mtbkd]q l]ssdq cheetrdmdrr+ Ogxr- Qdu- B 73+ /135/0
’1/00(-

Z41[ D- Bqdl]+ U- @- A- Y]f]ssn+ I- L- A- Rgnqsn+ A- O]dr+ I- Ktah]m+
Q- E- Rhlödr+ C- R- Lnmsdhqn+ I- E- O- Gthy]+ M- @ccdc ds Zk-+
Qd]bshnm ldbg]mhrlr ne sgd 07N+ 52Bt rxrsdl ]s md]q,a]qqhdq
dmdqfhdr+ Ogxr- Qdu- B 87+ /33503 ’1/07(-

Z42[ I- K- Edqqdhq]+ C- B]qanmd+ L- B]u]kk]qn+ M- M- Cdrgltjg+ B-
@fnch+ F- @- Aqhrbgdssn+ R- B]k]aqdrd+ E- B]ootyydkkn+ D- M-
B]qcnyn+ H- Bhq]kcn+ L- Btstkh+ L- Ehrhbgdkk]+ @- Ensh+ K- K]
E]tbh+ N- Rfntqnr+ U- Rntjdq]r+ @- Ro]s]enq]+ C- Snqqdrh+ ]mc I-
Ktah]m ’MTLDM Bnkk]anq]shnm(+ @m]kxrhr ne svn,oqnsnm sq]mr,
edq hm sgd 3/B]’07N. 1/Md( 27@q qd]bshnm ]s 16/ LdU hmbhcdms
dmdqfx+ Ogxr- Qdu- B 0.2+ /435/3 ’1/10(-

Z43[ Q- G- A]rrdk+ F- Q- R]sbgkdq+ Q- L- Cqhrjn+ ]mc D- Qnrs+ @m]k,
xrhr ne sgd hmdk]rshb rb]ssdqhmf ne ]kog] o]qshbkdr- H+ Ogxr- Qdu-
017+ 1582 ’0851(-

Z44[ A- Oqhsxbgdmjn+ L- Ahqbg+ A- Rhmfg+ ]mc L- Gnqnh+ S]akdr ne
D1 sq]mrhshnm oqna]ahkhshdr eqnl sgd zqrs 1+ Rs]sdr hm dudm,dudm
mtbkdh+ @s- C]s] Mtbk- C]s] S]akdr 0.6+ 0 ’1/05(-

Z45[ S- Jhadch ]mc Q- G- Rod]q+ Qdctbdc dkdbsqhb,nbstonkd sq]mrhshnm
oqna]ahkhshdr+ A’D2: /+� 2−( , ]m toc]sd+ @s- C]s] Mtbk-
C]s] S]akdr 7.+ 24 ’1//1(-

Z46[ R- Q]l]m+ B- V- Mdrsnq+ ]mc O- Shjj]mdm+ Sq]mrhshnm oqna]ahk,
hsx eqnl sgd fqntmc sn sgd zqrs,dwbhsdc 1* rs]sd ne dudm,dudm
mtbkhcdr+ @s- C]s] Mtbk- C]s] S]akdr 67+ 0 ’1//0(-

Z47[ M- Rghlhyt+ S- Lhytr]jh+ X- Tsrtmn+ ]mc X- Srtmnc]+ Sghbj,
qdrs]qs aknbj K]mbynr ldsgnc enq k]qfd,rb]kd rgdkk,lncdk
b]kbtk]shnmr+ Bnlots- Ogxr- Bnlltm- 133+ 261 ’1/08(-
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