
OdqbdosMds/ IdUqmhmf OdqbdostUk PhlhkUqhsx ne EUoshb Sdwstqdr hm
Oqdrdmbd ne TmnqcdqUakd Sqhokdsr

Oqhx]c]qrghmh J�) Rhccg]qsg] Bg]tcgtqh1) ]mc Rtag]rhr Bg]tcgtqh2

�arscAbsfi Hm nqcdq sn cdrhfm gUoshb hbnmr nq athkc U gUoshb
unbUatkUqx) vd qdpthqd U rds ne dUrhkx chrshmfthrgUakd gUoshb
rhfmUkr sn Uunhc odqbdostUk Ulahfthsx) vghbg hm stqm qdpthqdr
U vUx sn UbbtqUsdkx drshlUsd sgd odqbdostUk �chr(rhlhkUqhsx ne
rtbg rhfmUkr- Hm sghr vnqj) vd oqdrdms U mnudk ldsgnc sn kdUqm
rtbg U odqbdostUk ldsqhb aUrdc nm cUsU eqnl gtlUm rstchdr-
Ntq ldsgnc hr aUrdc nm U cddo mdtqUk mdsvnqj sgUs oqnidbsr
rhfmUkr sn Um dladcchmf roUbd vgdqd sgd mUstqUk DtbkhcdUm
chrsUmbd UbbtqUsdkx lncdkr sgd cdfqdd ne chrrhlhkUqhsx adsvddm
svn rhfmUkr- Sgd mdsvnqj hr sqUhmdc nmkx nm mnm,mtldqhbUk
bnloUqhrnmr ne sqhokdsr ne rhfmUkr) trhmf U mnudk sqhokds knrr sgUs
bnmrhcdqr ansg sxodr ne sqhokdsr sgUs Uqd dUrx sn nqcdq �hmdptUkhsx
bnmrsqUhmsr() Ur vdkk Ur sgnrd sgUs Uqd tmnqcdqUakd.Ulahftntr
�dptUkhsx bnmrsqUhmsr(- Tmkhjd oqhnq L:P,aUrdc mnm,oUqUldsqhb
UooqnUbgdr) ntq ldsgnc bUm ad sqUhmdc nm U oUqshUk rds
ne bnloUqhrnmr Umc bUm dladc mdv gUoshb rhfmUkr vhsgnts
qdsqUhmhmf sgd lncdk eqnl rbqUsbg- Dwsdmrhud dwodqhldmsUk
duUktUshnmr rgnv sgUs ntq ldsgnc hr rhfmhybUmskx lnqd deedbshud
Us lncdkhmf odqbdostUk chrrhlhkUqhsx sgUm UksdqmUshudr-

H- HMSPNCTBSHNM

S]bshkd rdmrnqx hmotsr b]m ad u]kt]akd enq trdq,e]bhmf
]ookhb]shnmr qdpthqhmf rxlanihb np bpnrr�lncTi bnlltmh�
bTshnm- Enq hmrs]mbd) s]bshkd.g]oshb eddca]bj b]m mnshex tr
]ants dudmsr) oqnuhcd hmenql]shnm nm rdmrnqx c]s] sg]s hr
nts,ne,rodbsqtl nq hm ]m tm]u]hk]akd lnc]khsx) ]mc ]bs ]r ]
bnlltmhb]shnm ldchtl enq odnokd vhsg uhrt]k nq ]tchsnqx
hlo]hqldmsr W15[) W5[- :kk rtbg ]ookhb]shnmr qdpthqd ] l]o,
ohmf adsvddm g]oshb rhfm]kr ]mc sgd cnl]hm unb]atk]qx) d-f-
cheedqdms bnknqr) nq cheedqdms dudmsr) nq cheedqdms kdssdqr ]mc
vnqcr- Hm nqcdq sn athkc ]mx rtbg ]ookhb]shnm) sgdqdenqd) hs
hr bqhshb]k sn g]ud ] rds ne g]oshb rhfm]kr vghbg ]qd d]rhkx
chrshmfthrg]akd sn ]unhc odqbdost]k ]lahfthsx- Hm stqm) sghr
qdpthqdr sg]s vd g]ud ] qnatrs odpbdostTi ldsqhb sg]s lncdkr
sgd gtl]m,odqbdhudc chrrhlhk]qhsx ne cheedqdms g]oshb rhfm]kr-

Cdudknohmf rtbg ] ldsqhb hr che“btks- .hprs) gtl]mr ]qd
a]c ]s drshl]shmf sgd cdfqdd ne �chr(rhlhk]qhsx ne cheedq,
dms rhfm]kr nm ] bnmrhrsdms rb]kd W0[- Sgtr) vd ltrs qdkx
nm bn]qrd,fq]hmdc annkd]m bnlo]qhrnmr sg]s nmkx hmchb]sd
vgdsgdq ] odqrnm b]m chrshmfthrg adsvddm svn rhfm]kr nq
mns) onrrhakx vhsg qdedqdmbd sn ] a]rd rhfm]k- Fdbnmc) bnl,
okdw mt]mbdr ne gtl]m odqbdoshnm rtbg ]r itrs,mnshbd]akd,
cheedqdmbd �IMC( W3[ qdpthqd ldsqhb kd]qmhmf sn dwsq]bs trdetk
hmenql]shnm mns itrs eqnl d]rhkx chrshmfthrg]akd dwdlok]qr)
ats ]krn eqnl hmchrshmethrgTaid dwdlok]qr) ]f]hm onrrhakx
vhsg qdedqdmbd sn ] a]rd rhfm]k- Sghpc) f]sgdqhmf k]qfd
]lntmsr ne g]oshb sq]hmhmf c]s] hr sdchntr ]mc dwodmrhud- Enq
hmrs]mbd) oqhnq mnm,o]q]ldsqhb ldsqhb kd]qmhmf ldsgncr rtbg
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]r sgd KCR,a]rdc ]ooqn]bg ne Fnkkhmr ds Ti- W00[ qdpthqd ]
bnlokdsd rds ne bnlo]qhrnmr ne ]kk onrrhakd o]hqr ne rhfm]k
sxodr-

Hm sghr vnqj) vd oqnonrd ] mnudk o]q]ldsqhb ]ooqn]bg enq
kd]qmhmf ] odqbdost]k ldsqhb enq g]oshb rhfm]kr- Ntq ldsgnc
tshkhydr ] cddo mdtq]k mdsvnqj sg]s kd]qmr sn oqnidbs knv,kdudk
ed]stqdr ne hmots rhfm]kr sn ]m dladcchmf ro]bd vgdqd sgd
Dtbkhcd]m chrs]mbd ]bbtq]sdkx qdfidbsr sgd gtl]m,odqbdhudc
chrrhlhk]qhsx adsvddm rhfm]kr- Sgd mdsvnqj hr sq]hmdc vhsg
sqhokdsr ne rhfm]kr8 d]bg sqhokds hmchb]sdr �]( he nmd rhfm]k
hr lnqd rhlhk]q sn ] a]rd rhfm]k sg]m ]mnsgdq �]m d]rhkx,
nqcdqdc nq gheg�lTpehm sqhokds() np �a( he mn rtbg nqcdqhmf b]m
ad qdkh]akx cdctbdc �]m tmnqcdq]akd nq inu�lTpehm sqhokds(-
Rtbg bnlo]qhrnmr ]qd d]rhkx nas]hmdc uh] gtl]m rstchdr W11[)
]mc ]qd hmenql]shud enq ldsqhb kd]qmhmf uhsgnts qdpthqhmf
mtldqhb]k drshl]sdr ne sgd chrs]mbd adsvddm svn rhfm]kr W14[-
Tmkhjd oqhnq sqhokds,a]rdc kd]qmhmf ]ooqn]bgdr vghbg sdmc sn
hfmnqd sqhokdsr ne sgd rdbnmc sxod ]r tmhmenql]shud W10[) W20[)
ntq ]ooqn]bg sqd]sr ansg sqhokds sxodr �vhsg) nq vhsgnts) ]
bkd]q nqcdqhmf( ]r hmenql]shud8 vd rgnv sghr hloqnudr sgd
kd]qmdc ldsqhb- Rhmbd ntq ldsgnc hr o]q]ldsqhb) vd b]m sq]hm
hs nm ]r ltbg) nq ]r khsskd) c]s] ]r hr ]u]hk]akd8 hs fdmdq]khydr
fq]bdetkkx sn rhst]shnmr vgdqd l]mx bnlahm]shnmr ne rhfm]kr
k]bj bnlo]qhrnmr) ]mc ]ookhdr dudm vgdm rnld rhfm]k sxodr
]qd bnlokdsdkx tmrddm ctqhmf sq]hmhmf-

Sghr o]odq enbtrdr nm gToshb sdwstpdr8 enqbd eddca]bj
qdbnqchmfr ne cheedqdms rtqe]bd l]sdqh]kr vghbg b]m ad ok]xdc
a]bj uh] ] g]oshb qdmcdqdq- Ud trd sgd sdwstqd c]s]a]rd ne
Rsqdrd ds Ti- W17[) ]mc trd ] �mnudk( rodbsq]k qdoqdrdms]shnm ne
d]bg sdwstqd ]r sgd hmots sn sgd mdtq]k mdsvnqj- Fnvdudq) ntq
ldsqhb kd]qmhmf ]ooqn]bg hr fdmdq]kkx ]ookhb]akd) ]mc b]m ad
trdc enq ]mx bnkkdbshnm ne rhfm]kr vgdqd a]rhb hmots ed]stqdr
]mc sqhokds bnlo]qhrnmr ]qd ]u]hk]akd-

Rnld oqhnq vnqjr trd mdtq]k mdsvnqjr enq rdlTmshb rdo],
q]shnm) sn bktrsdq rhfm]kr ax bk]rr k]adk W21[) W0/[) W02[- Mnsd
sg]s sgd tmcdqkxhmf rohqhs ne ntq vnqj hr rhfmh“b]mskx cheedqdms
eqnl rdl]mshb rdo]q]shnm s]rjr- Hm rdl]mshb rdo]q]shnm) sgd
qdk]shnmrgho ]lnmf hmots hmrs]mbdr hr ahm]qx8 ]kk rhfm]kr eqnl
sgd r]ld bk]rr ]qd bnmrhcdqdc dpt]kkx rhlhk]q) ]mc ]kk rhfm]kr
eqnl cheedqdms bk]rrdr ]qd bnmrhcdqdc dpt]kkx cheedqdms- Hm
bnmsq]rs) gtl]m odqbdoshnm hr lnqd fq]mtk]q8 svn bk]rrdr
bntkc ad lnpd chrrhlhiTp sg]m svn nsgdq bk]rrdr- Enq hmrs]mbd)
sgd rtqe]bd sdwstqdr ne zAq]rrfl ]mc zPtaadqfl bntkc ad
odqbdhudc ]r lnqd chrshmbs sg]m svn nsgdq sdwstqdr zAq]rrfl
]mc zBnoodqfl- Fdmbd) bk]rrhb]k ]ooqn]bgdr ne l]sdqh]k bk]r,
rh“b]shnm ]qd hmrte“bhdms enq “mchmf ] odqbdost]k dladcchmf
ne sgd rhfm]k ro]bd-

Hm rtll]qx) vd oqnonrd sgd “qrs cddo ldsqhb kd]qmhmf
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]ooqn]bg enq lncdkhmf sgd odqbdost]k rhlhk]qhsx ne g]oshb
rhfm]kr- Sgd lncdk hr sq]hmdc nmkx nm mnm,mtldqhb]k) qdk]shud
bnlo]qhrnmr ne rhfm]kr) vhsg ] mnudk knrr etmbshnm ]bbnl,
lnc]shmf ansg sqhokdsr sg]s b]m ]mc b]mmns ad nqcdqdc- Sgd
o]q]ldsqhb eq]ldvnqj b]m ad sq]hmdc nm qdk]shudkx khsskd c]s])
]mc fdmdq]khydr sn tmrddm rhfm]kr- Dwsdmrhud dwodqhldmsr
rgnv sg]s ntq ldsgnc hloqnudr tonm oqhnq ]ksdqm]shudr-

HH- PDG:SDC UNPJ

Ud nudquhdv sgd qdk]sdc vnqj nm rdl]mshb ]mc odqbdost]k
dladcchmf ne rhfm]kr ne cheedqdms lnc]khshdr8

T( FdlTmshb Dladcchme nX STbshid FhemTir9 Rdl]mshb
dladcchmf g]r addm vdkk dwoknqdc hm sgd uhrhnm ]mc roddbg
cnl]hmr) vgdqd naidbsr ]qd bk]rrh“dc hmsn b]sdfnqhb]k k],
adkr trhmf l]bghmd kd]qmhmf ldsgncr W01[) W7[- Fnvdudq)
bk]rrh“b]shnm ne l]sdqh]kr trhmf s]bshkd rdmrnqx hmots g]r
nmkx rs]qsdc qdbdmskx vhsg sgd dldqfdmbd ne g]oshb c]s]
qdbnqchmf snnkr W02[) W21[) W0/[) W16[) W05[- =]n ds Ti- W0/[
trd ansg uhrt]k ]mc g]oshb c]s] sn bk]rrhex rtqe]bd l]sdqh]kr
vhsg g]oshb ]cidbshudr rtbg ]r g]qc) lds]kkhb) etyyx dsb- Ght
ds Ti- W07[ oqnonrdc ] chbshnm]qx kd]qmhmf lncdk enq l]sdqh]k
b]sdfnqhy]shnm trhmf ]tchn ]mc ]bbdkdq]shnm c]s]- :mnsgdq
hmsdqdrshmf vnqj ax :tidryjx ds Ti- W1[ rgnvr hloqnudldms
hm bk]rrh“b]shnm qdrtksr ax bnmrhcdqhmf ogxrhb]k oqnodqshdr
ne sgd ]lahdms dmuhqnmldms ]knmf vhsg naidbs oqnodqshdr-
Hm bnmsq]rs sn ntq ]ooqn]bg) ]kk sgdrd ldsgncr ]qd bk]rr,
cdodmcdms ]mc b]mmns lncdk gtl]m,odqbdhudc rhlhk]qhsx-

a( OdpbdostTi Dladcchme nX STbshid FhemTir9 Ntq vnqj
hr hmrohqdc ax Dmqhptdy ds Ti- W+[) W1/[) vgn cdudkno ] rds ne
odqbdost]kkx vdkk,rdo]q]sdc g]oshb hbnmr trhmf KCR �ltksh,
chldmrhnm]k,rb]khmf(- Nsgdq qdkdu]ms KCR,a]rdc vnqj hm,
bktcdr W00[) W12[) W6[- :ksgntfg sghr ]ooqn]bg g]r oqnudc trd,
etk enq odqbdost]k dladcchmf) hs g]r rnld khlhs]shnmr- .hprs)
hs qdpthqdr fqntmc,sqtsg bnlo]qhrnmr ne ]kk onrrhakd o]hqr
ne rhfm]kr8 sgd pt]cq]shb rb]khmf hr onnq enq k]qfdq c]s]rdsr-
Fdbnmc) hs qdpthqdr mtldqhb]k drshl]sdr ne o]hqvhrd chrs]mbdr)
vghbg ]qd g]qc enq hmchuhct]k gtl]mr sn oqnuhcd ]mc b]m
ad drshl]sdc nmkx ax rs]shrshb]k ]ffqdf]shnm nudq k]qfd trdq
rstchdr- Sghpc) KCR cndr mns rtoonqs tmbdqs]hmsx hm qdk]shud
nqcdqhmfr- .ntpsg) hs hr ] mnm,o]q]ldsqhb sdbgmhptd vghbg
cndr mns ]ookx sn mnudk rhfm]kr- Hm bnmsq]rs) ntq ldsgnc
]ccqdrrdr ]kk entq khlhs]shnmr vhsg ] o]q]ldsqhb rnktshnm)
sq]hmdc nmkx nm mnm,mtldqhb]k sqhokds nqcdqhmfr) vghbg b]m ad
chqdbskx ]ookhdc sn dladc mnudk rhfm]kr- Ntq eq]ldvnqj b]m
vnqj vhsg o]qsh]k sq]hmhmf c]s] ]mc hmbnqonq]sdr tmbdqs]hmsx
hm qdk]shud nqcdqhmf hmsn sgd lncdkhmf oqnbdrr-

b( OdpbdostTi Dladcchme nX RhrtTi Tmc :tchn FhemTir9
Rdudq]k oqhnq vnqjr hm uhrhnm ]mc roddbg oqnbdrrhmf oqnonrdc
o]q]ldsqhb lncdkr enq odqbdost]k ldsqhbr) trhmf cddo kd]qm,
hmf nq bk]rrhb]k jdqmdk ldsgncr W20[) W06[) W0+[) W10[- Ntq
vnqj g]r rhlhk]q fn]kr) ]kadhs hm sgd g]oshb cnl]hm- Fnvdudq)
mnmd ne sgdrd oqhnq vnqjr kdudq]fdr tmnqcdq]akd.]lahftntr
sqhokdsr- Odh ds Ti- W13[ hmbnqonq]sd rtbg bnmrsq]hmsr enq hl]fd
bktrsdqhmf- Sgdhq ldsgnc ]rrtldr sqhokds bnmrsq]hmsr ]qd a]rdc
nm ]m tmcdqkxhmf rds ne k]sdms bk]rr k]adkr8 d]bg sqhokds g]r
svn r]lokdr eqnl nmd bk]rr ]mc ] sghqc eqnl ]mnsgdq bk]rr-
Ud l]jd mn rtbg ]rrtloshnm) rhmbd vd qdpthqd ] odqbdost]k

Ehf- 0- Dw]lokdr ne ghfg, ]mc knv,l]qfhm sqhokdsr ne g]oshb sdwstqdr W17[-
Sgd “qrs l]sdqh]k hm d]bg sqhokds hr sgd qdedqdmbd- Sgd ghfg,l]qfhm sqhokds
&idXs( rgnvr aq]rr hr odqbdost]kkx bknrdq �hm sdqlr ne g]oshb eddca]bj(
sn ]ktlhmtl sg]m fq]rr9 sgd knv,l]qfhm sqhokds &phegs( rgnvr aq]rr hr
odqbdost]kkx ]r rhlhk]q sn ]ktlhmtl ]r hr bnoodq-

]mc mns ] rdl]mshb dladcchmf8 ntq sqhokdsr sxohb]kkx bnlo]qd
rhfm]kr eqnl sgqdd cheedqdms bk]rrdr-

HHH- KDSFNC

Ud ]qd fhudm ] rds ne g]oshb rhfm]kr � � �n�|k
� − �m)

d]bg cdrbqhadc ax f ed]stqdr) ]mc ] rds ne bnmrsq]hmsr
> � E ∈ H dmbnchmf qdk]shud bnlo]qhrnmr adsvddm sgd rhf,
m]kr- D]bg bnmrsq]hms hr ] sqhokds ne rhfm]kr %n�X nc X nj( ad,
knmfhmf sn nmd ne svn sxodr8 gheg�lTpehm �E( nq inu�lTpehm
�H(- : ghfg,lUqfhm sqhokds hmchb]sdr ] b]rd vgdqd gtl]mr
]qd ]akd sn bkd]qkx hcdmshex rhfm]k n� ]r adhmf lnqd rhlhk]q
sn nc sg]m sn nj- Hm nsgdq vnqcr) hs b]ostqdr sgd hmdpt]khsx
qdk]shnm c�%n�X nj(· c�%n�X nc( ∪ y�) vgdqd c�%}X }( hr sgd
fqntmc,sqtsg odqbdost]k chrs]mbd �chrrhlhk]qhsx( adsvddm svn
rhfm]kr) ]mc y� < + hr rnld lhmhltl l]qfhm qdoqdrdmshmf
sgd sgqdrgnkc ne gtl]m chrbqhlhm]shnm- Bnmudqrdkx) ] knv,
lUqfhm sqhokds hmchb]sdr sg]s gtl]mr ]qd tmbdqs]hm vgdsgdq
nc nq nj hr lnqd rhlhk]q sn n�) h-d- hs dmbncdr sgd �]o,
oqnwhl]sd( dpt]khsx qdk]shnm {c�%n�X nj(· c�%n�X nc({ , y�-
Sqhokds,a]rdc nqcdqhmfr ]qd d]rx sn bqnvcrntqbd �Rdbshnm HQ
cdrbqhadr ntq ]bpthrhshnm oqnbdrr() lnqd qdkh]akd sg]m mtldq,
hb]k rhlhk]qhsx itcfdldmsr) ]mc deedbshud enq sq]hmhmf ldsqhb
kd]qmhmf lncdkr W14[) W11[- Sgd bnmrhcdq]shnm ne knv,l]qfhm
sqhokdsr hm ]cchshnm sn ghfg,l]qfhm sqhokdsr) ]bbntmshmf enq
gtl]m tmbdqs]hmsx hm odqbdost]k dladcchmf) hr ] bnmsqhatshnm
ne ntq ldsgnc-

Ntq fn]k hr sn kd]qm ]m dladcchmf jdqmdk ξ 5 �m ≥ �k)
rtbg sg]s sgd Dtbkhcd]m chrs]mbd cn%nX x( � →ξ%n(· ξ%x(→
r]shr“dr sgd sqhokds bnmrsq]hmsr ]r vdkk ]r onrrhakd enq ]
kd]qmdc l]qfhm yn- Hm nsgdq vnqcr) ‖W � %n�X nc X nj( − >)

cn%n�X nj(· cn%n�X nc( ∪ yn he W − E
{cn%n�X nj(· cn%n�X nc({ , yn he W − H

�0(

Nmbd kd]qmdc) sgd ldsqhb cn b]m ad trdc sn drshl]sd sgd
odqbdost]k chrrhlhk]qhsx ne ]mx o]hq ne rddm nq tmrddm rhfm]kr-

:- JdTpmhme sgd OdpbdostTi ChrsTmbd Ldsphb

Ud trd ] cddo mdtq]k mdsvnqj �CMM( sn kd]qm sgd
dladcchmf ξ sg]s cd“mdr ntq chrs]mbd ldsqhb cn- CMMr
g]ud ]bghdudc fqd]s rtbbdrr hm u]qhntr ghfg,chldmrhnm]k)
mnmkhmd]q qdfqdrrhnm oqnakdlr ]qhrhmf hm bnlotsdq uhrhnm)
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Authorized licensed use limited to: Carnegie Mellon Libraries. Downloaded on August 07,2022 at 08:44:47 UTC from IEEE Xplore.  Restrictions apply. 



roddbg qdbnfmhshnm) m]stq]k k]mft]fd oqnbdrrhmf) dsb- Ughkd
sq]chshnm]k rs]shrshb]k kd]qmhmf trdr qdk]shudkx rhlokd lncdkr
athks nm g]mcbq]esdc hmots ed]stqdr) cddo mdsvnqjr kd]qm
onvdqetk s]rj,rodbh“b ed]stqdr eqnl q]v) knv,kdudk hmots- Ud
cdudkno ] mdsvnqj sg]s l]or rhfm]k ed]stqdr n sn sq]mrenqldc
ed]stqdr ξ%n( sg]s ]bbtq]sdkx b]ostqd odqbdost]k chrs]mbdr-

Ntq lncdk) ctaadc OdqbdosMds) s]jdr ]r hmots ] rodbsq]k
qdoqdrdms]shnm n ne sgd ]bbdkdq]shnm sq]bd ne ] g]oshb sdwstqd
�cds]hkr adknv(- Sgd mdsvnqj bnmrhrsr ne ] rdqhdr ne bnm,
unktshnm]k k]xdqr) hmsdqrodqrdc vhsg l]w,onnkhmf k]xdqr enq
cnvmr]lokhmf) ]mc dmchmf vhsg ] etkkx,bnmmdbsdc k]xdq vhsg
ihmdTp ]bshu]shnm ]mc ydqn ah]r sg]s ntsotsr ] 017,chldmrhnm]k
ed]stqd udbsnq ξ%n( �]qbghsdbstq]k cds]hkr hm Ehftqd 1(- Fdmbd)
sgd mdsvnqj b]m ad sgntfgs ne ]r ] Xtiix bnmfnitshnmTi onqshnm
φ%n() enkknvdc ax ltkshokhb]shnm vhsg ] l]sqhwQ �sgd khmd]q
etkkx,bnmmdbsdc k]xdq(8 ξ%n( � QLφ%n(- Sgd odqbdost]k
chrs]mbd adsvddm rhfm]kr n ]mc x hr sgdm8

cn%nX x( � →ξ%n(· ξ%x(→ � →QLφ%n(·QLφ%x(→

�

�
%φ%n(· φ%x((

L
QQL %φ%n(· φ%x((

�

�
%φ%n(· φ%x((

L
L %φ%n(· φ%x((X

�1(
vgdqd L hr rxlldsqhb ]mc onrhshud rdlh,cd“mhsd- Hm nsgdq
vnqcr) sgd mdsvnqj deedbshudkx kd]qmr ] K]g]k]mnahr chrs]mbd
nm sgd etkkx,bnmunktshnm]k dladcchmf) vghbg hr ] trdetk
]ksdqm]shud uhrt]khy]shnm lnshu]shmf sgd mdsvnqj cdrhfm-

OdqbdosMds hr sq]hmdc vhsg ] mnudk knrr sg]s sqhdr sn r]shrex
ansg ghfg, ]mc knv,l]qfhm bnmrsq]hmsr- Gd]qmhmf ]m noshl]k
lncdk hm sgd oqdrdmbd ne svn jhmcr ne sqhokdsr vhsg noonrdc
naidbshudr qdpthqdr b]qdetkkx rdkdbshmf sgd knrr etmbshnm- Ud
ltrs l]whlhyd sgd chrs]mbd l]qfhm cn%n�X nj(· cn%n�X nc(
enq ] ghfg,l]qfhm sqhokds %n�X nc X nj( − E ) vghkd rhltks]md,
ntrkx lhmhlhyhmf sgd l]qfhm {cn%n�X nj(· cn%n�X nc({ enq
] knv,l]qfhm sqhokds − H- Enkknvhmf rs]mc]qc enqltk]shnmr
ne sgd sqhokds knrr W14[) W2/[) W1+[) vd lnchex sgd l]qfhmr
rkhfgskx sn dwoqdrr sgdl ]r cheedqdmbdr ne rpt]qdc chrs]mbdr-
Sghr deedbshudkx vdhfgsr knmf a]rdkhmd sqhokdsr ] ahs lnqd
sn bnqqdbs fqnrr dqqnqr hm sgd kd]qmdc l]mhenkc �]ksgntfg
sgd knrr vhsgnts rpt]qhmf f]ud bnlo]q]akd qdrtksr hm ntq
dwodqhldmsr(- Sgd nudq]kk knrr hr C � Ci ) CH) vgdqd

Ci �
√

T∗i

]pe %·ψ%W(( X CH �
√

T∗H

%0· ]pe %·{ψ%W({((

]mc ψ %%n�X nc X nj(( � c
1
n%n�X nj(· c1n%n�X nc(

�2(
Sgd dwonmdmsh]k ]kknvr sq]hmhmf sn enbtr nm g]qc,sn,r]shrex
sqhokdsr- Sgd bnmrs]ms 0 hm CH hr hmbktcdc nmkx sn uhrt]khyd
ansg knrrdr �odq sqhokds( hm :+X 0[) ]mc l]x ad nlhssdc- Enq
d]bg sqhokds) vd o]rr hsr sgqdd rhfm]kr sgqntfg sgqdd bnohdr ne
sgd mdsvnqj �vhsg rg]qdc vdhfgsr( ]mc rths]akx odm]khyd sgd
chrs]mbd l]qfhm) cdodmchmf nm vgdsgdq sgd sqhokds hr ghfg,
nq knv,l]qfhm- Sgd fq]chdms ne sgd knrr) nas]hmdc ax a]bj,
oqno]f]shmf sgd sq]hmhmf dqqnq) hr trdc sn hsdq]shudkx toc]sd
sgd mdsvnqj vdhfgsr ]mc hloqnud sgd lncdk vhsg sgd :c]l
noshlhydq W03[ vhsg ] kd]qmhmf q]sd ne /-//0- Sgd lncdk hr
hlokdldmsdc hm OxSnqbg ]mc sq]hmdc enq 0/// donbgr vhsg
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Ehf- 1- OdqbdosMds ]qbghsdbstqd- Sgd mdsvnqj g]r rhw 0C bnmunktshnm]k
k]xdqr) sgqdd onnkhmf k]xdqr) ]mc ] khmd]q etkkx,bnmmdbsdc k]xdq-

] a]sbg rhyd ne 017- =hudm ] sq]hmdc lncdk) vd drshl]sd sgd
sdrshmf l]qfhm yn) vghbg vhkk ad trdc sn bk]rrhex sdrs sqhokdsr
]r ghfg, nq knv,l]qfhm) ax lhmhlhyhmf {di · dH{) vgdqd
di ]mc dH ]qd sgd eq]bshnmr ne bnqqdbskx bk]rrh“dc ghfg, ]mc
knv,l]qfhm spThmhme sqhokdsr qdrodbshudkx-

A- BP.A FodbspTi .dTstpdr

Ughkd cddo mdsvnqjr k]qfdkx dkhlhm]sd sgd mddc sn g]mc,
bq]es hmots ed]stqdr) sgdx b]m rshkk ad gdkodc ax rhlokd sq]mr,
enql]shnmr ne sgd hmots sg]s l]x ad g]qc enq sgdl sn kd]qm- Hm
ntq b]rd) vd entmc sg]s ]ookxhmf ]m hmhsh]k rodbsq]k sq]mrenql
sn sgd g]oshb rhfm]k) bnlo]bskx rtll]qhyhmf odqhnchb o]ssdqmr
hm sgd c]s]) kdc sn adssdq ldsqhb kd]qmhmf-

Ud trd CES210 W04[ sn “mc sgd rodbsqtl �l]fmhstcdr(
ne 2,]whr ]bbdkdq]shnm c]s]- Ud chuhcd sgd rodbsqtl hmsn 21
ahmr) hmbqd]rhmf fdnldsqhb]kkx hm rhyd ax ] e]bsnq ne 0-7 W2[)
trhmf ] =]trrh]m “ksdq ne rs]mc]qc cduh]shnm 1/ enq rnld
nudqk]o adsvddm ]ci]bdms ahmr- Ud b]kk sghr sgd bnmrs]ms M,
e]bsnq “ksdq a]mj �BLEA( ed]stqd udbsnq- Mnsd sg]s rhmbd ahmr
]qd nqcdqdc bngdqdmskx ax hmbqd]rhmf eqdptdmbx) bnmunktshnm
hr ] ld]mhmfetk nodq]shnm nm sghr udbsnq-

HQ- DVODPHKDMSR

Ud du]kt]sd sgd deedbshudmdrr ne ntq lncdk sgqntfg rdudq]k
dwodqhldmsr- Ehqrs) vd rstcx rxmsgdshb c]s]rdsr sn u]khc]sd
ntq ]kfnqhsgl hm jmnvm khmd]q ]mc mnm,khmd]q ldsqhb ro]bdr-
Sgdm) vd rstcx ] lnqd bg]kkdmfhmf qd]k,vnqkc g]oshb sdwstqd
c]s]rds W17[- Sgd odqenql]mbd ne d]bg lncdk hr du]kt]sdc
ax sgd eq]bshnm ne r]shr“dc sqhokds bnmrsq]hmsr �hmbktchmf) enq
ghfg,l]qfhm sqhokdsr) oqdchbshmf sgd bnqqdbs nqcdqhmf( hm ]
gdkc,nts sdrs rds8 sgd sphoids edmdpTihvTshnm TbbtpTbx �S=:(-

:- Dwodphldmsr nm Fxmsgdshb CTsTrds

Ud “qrs sdrs ntq ldsgnc vhsg rxmsgdshb khmd]q ]mc mnmkhmd]q
fqntmc,sqtsg ldsqhbr- Enq d]bg ldsqhb) vd cq]v 0// r]lokd
rhfm]kr eqnl ]m 7C rs]mc]qc mnql]k chrsqhatshnm- Ud “w
] q]mcnl sq]hmhmf sgqdrgnkc sn chrshmfthrg adsvddm ghfg,
]mc knv,l]qfhm sqhokdsr) ]bbnqchmf sn sgd ldsqhb- Ud sgdm
q]mcnlkx r]lokd 0+X +++ ghfg,l]qfhm ]mc 0+X +++ knv,
l]qfhm sq]hmhmf sqhokdsr- D]bg ghfg,l]qfhm sqhokds hr nqcdqdc
]ooqnoqh]sdkx- Rhlhk]qkx) vd fdmdq]sd 1+X +++ �0/J ’ 0/J(
sdrs sqhokdsr- Sgd ldsqhbr vd bnmrhcdq ]qd8

#DB
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Ehf- 2- Sqhokds fdmdq]khy]shnm ]bbtq]bx �S=:( ne OdqbdosMds bnlo]qdc sn
a]rdkhmdr) nm rxmsgdshb c]s]rdsr trhmf khmd]q K]g]k]mnahr ldsqhb &idXs(9 ]mc
mnm,khmd]q dkkhoshb B]xkdx,Jkdhm ldsqhb &phegs(- Dqqnq a]qr qdoqdrdms rs]mc]qc
cduh]shnm ]bqnrr 4 enkcr-

0( : khmd]q K]g]k]mnahr ldsqhb cd“mdc ax ] q]mcnl ORC
l]sqhw L ) ]mc

1( : mnmkhmd]q dkkhoshb B]xkdx,Jkdhm chrs]mbd W4[ cd“mdc
ax ] q]mcnl hmudqshakd rxlldsqhb l]sqhw x-

Ud qdod]s d]bg dwodqhldms 4,enkc enq rs]shrshb]k rhfmh“,
b]mbd) bnlo]qhmf sgd odqenql]mbd ne OdqbdosMds vhsg sgd
m]stq]k Dtbkhcd]m chrs]mbd hm BLEA ro]bd) ]mc ] kd]qmdc
K]g]k]mnahr chrs]mbd- Sgd qdrtksr ]qd rgnvm hm Ehftqd 2-
Uhsg ] fqntmc,sqtsg K]g]k]mnahr ldsqhb) sgd kd]qmdc K],
g]k]mnahr ldsqhb dwodbsdckx fhudr md]q,odqedbs ]bbtq]bx)
enkknvdc bknrdkx ax OdqbdosMds- Fnvdudq) vhsg mnmkhmd]q
fqntmc,sqtsg) sgd khlhs]shnmr ne khmd]q lncdkhmf adbnld bkd]q
]mc OdqbdosMds otkkr rhfmh“b]mskx ]gd]c ne sgd nsgdq svn-

A- Dwodphldmsr nm EToshb Sdwstpd CTsTrds

Sgd STK sdwstqd c]s]rds W17[ g]r ]bbdkdq]shnm rhfm]kr
qdbnqcdc ax eqddg]mc,sq]bhmf ] rdmrhmf rsxktr nudq rtqe]bd
l]sdqh]kr eqnl 0/7 bk]rrdr �lds]kr) o]odqr) fq]rr) dsb() vhsg
0/ rhfm]kr odq bk]rr- Sgd ]tsgnqr ]krn ld]rtqdc sgd odqbdo,
st]k rhlhk]qhsx ne d]bg o]hq ne bk]rrdr ax ]rjhmf 2/ rtaidbsr
sn chrshmfthrg adsvddm rhfm]kr cq]vm eqnl sgdl- Hmrsd]c ne
chqdbskx bqnvcrntqbhmf sqhokds bnlo]qhrnmr hm ]m dwokhbhs mdv
rstcx) vd qdtrd sgd c]s] eqnl sgd STK rstcx sn bnmrsqtbs
sq]hmhmf ]mc sdrshmf sqhokdsr- Sghr ]kknvr tr sn de“bhdmskx r]l,
okd ghfg, ]mc knv,l]qfhm sqhokdsr) trhmf ] rs]mc]qc c]s]rds
sg]s g]r addm trdc hm ] vhcd q]mfd ne oqhnq vnqj- Ud cd“md
sgd fqntmc,sqtsg odqbdost]k chrs]mbd c�%nX x( adsvddm svn
rhfm]kr nX x ]r sgd eq]bshnm ne rtaidbsr vgn bntkc chrshmfthrg
adsvddm sgd bnqqdronmchmf bk]rrdr) mnql]khydc sn :+X 0[- Ud
]krn cd“md sgd fqntmc,sqtsg odqbdost]k l]qfhm y� ]r 0/” ne
sgd l]whltl l]qfhm nudq ]kk onrrhakd sqhokdsr ne rhfm]kr-

A]rdc nm sghr c]s]rds) vd odqenql 2 dwodqhldmsr) nqcdqdc
gdqd eqnl d]rhdrs sn g]qcdrs- Hm d]bg b]rd) vd qdod]s sgd dw,
odqhldms 4,enkc) nudq 4 q]mcnl sq]hm.sdrs rokhsr) ]mc ]ffqdf]sd
qdrtksr nudq sgd enkcr enq rs]shrshb]k qnatrsmdrr-

T( Edic�Nts Sphoidsr9 Hm sghr dwodqhldms) vd q]mcnlkx
r]lokd 1+X +++ sqhokdsr ne rhfm]kr enq sq]hmhmf) ]mc 1+X +++
cheedqdms sqhokdsr enq sdrshmf- Ud hmcdodmcdmskx r]lokd sgd
bnlokdsd bnkkdbshnmr ne ghfg, ]mc knv,l]qfhm sqhokdsr) cdsdq,
lhmdc ax c� ]mc y� �]anud() sn dmrtqd d]bg rds hr ]m dudm
lhw ne 0+X +++ ghfg,l]qfhm ]mc 0+X +++ knv,l]qfhm sqhokdsr
enq a]k]mbdc sq]hmhmf ]mc sdrshmf- D]bg ghfg,l]qfhm sqhokds hr
nqcdqdc ]ooqnoqh]sdkx- :mx rhfm]k l]x ]ood]q hm ansg sq]hmhmf
]mc sdrshmf sqhokdsr8 sgtr) hm sghr dwodqhldms) vd nmkx rstcx
gnv vdkk ntq ldsgnc fdmdq]khydr sn tmrddm bnlo]qhrnmr)

�)
�(
,�
%�
.

�"*+�%�����) "%

�)
�(
,�
%�
.
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Ehf- 3- Chrsqhatshnm ne kd]qmdc ghfg,l]qfhm �aktd( ]mc knv,l]qfhm �nq]mfd(
sqhokds l]qfhmr fdmdq]sdc eqnl sdwstqd c]s]- &JdXs( Hm K]g]k]mnahr ro]bd-
&Qhegs( Hm OdqbdosMds ro]bd-

mns sn tmrddm rhfm]kr- =hudm sq]hmhmf ]mc sdrshmf rdsr) vd
bnlo]qd sgd odqenql]mbd ne ] sq]hmdc OdqbdosMds sn sgd
m]stq]k Dtbkhcd]m ldsqhb ]mc ] kd]qmdc K]g]k]mnahr ldsqhb-
Sgd ]bbtq]bhdr ne sgd sgqdd ldsgncr ]qd bnlo]qdc hm Ehf,
tqd 4�](�sno(8 OdqbdosMds �73”( rhfmh“b]mskx ntsodqenqlr sgd
]ksdqm]shudr- Sn e]bsnq nts chrbqdo]mbhdr b]trdc ax hm]bbtq]sd
drshl]shnm ne sgd sdrshmf l]qfhm yn enq ]mx ldsqhb) vd ]krn
okns sgd odqenql]mbd ne sgd sgqdd ldsgncr nudq ]kk onrrhakd
l]qfhmr �eqnl / sn 0//” qdb]kk ne knv,l]qfhm sqhokdsr( hm
Ehftqd 4�](�anssnl(- :f]hm) OdqbdosMds hr adssdq sg]m sgd
]ksdqm]shudr nudq sgd dmshqd q]mfd-

Sn f]hm hmrhfgs hmsn sgd dladcchmf hmctbdc ax OdqbdosMds)
vd okns ] ghrsnfq]l ne sdrs sqhokds l]qfhmr hm Ehftqd 3- Hm
sgd kd]qmdc dladcchmf ro]bd) ghfg, ]mc knv,l]qfhm sqhokdsr
g]ud vdkk,rdo]q]sdc chrsqhatshnmr- Hm bnmsq]rs) ] kd]qmdc K],
g]k]mnahr ldsqhb e]hkr sn deedbshudkx rdo]q]sd sgd svn sxodr
ne sqhokdsr) kd]chmf sn onnqdq oqdchbshnmr-

a( Edic�Nts FTloidr9 Mdws) vd q]mcnlkx rdkdbs 7 r]l,
okdr eqnl d]bg bk]rr enq sq]hmhmf) ]mc gnkc nts sgd qdl]hmhmf
1 r]lokdr enq sdrshmf- Ud fdmdq]sd sq]hmhmf ]mc sdrshmf sqhokdsr
]r hm sgd oqduhntr b]rd) ats vhsg sgd ]cchshnm]k bnmrsq]hms sg]s
sq]hmhmf sqhokdsr ltrs nmkx trd sq]hmhmf r]lokdr) ]mc sdrshmf
sqhokdsr nmkx trd sdrshmf r]lokdr- Sghr hr ] g]qcdq b]rd rhmbd
sgd ldsgnc ltrs fdmdq]khyd sn tmrddm r]lokdr) ]kadhs eqnl
jmnvm bk]rrdr- Sgd qdrtksr ]qd rgnvm hm Ehftqd 4�a(- Sgd
]bbtq]bx ne OdqbdosMds �52”( qdctbdr hm sghr g]qcdq b]rd)
ats hs hr rshkk chrshmbskx adssdq sg]m sgd a]rdkhmdr-

b( Edic�Nts BiTrrdr9 Ehm]kkx) vd gnkc nts Tii r]lokdr
eqnl ] q]mcnl 1+= ne sgd 0/7 bk]rrdr enq sdrshmf- Sghr hr
dwsqdldkx bg]kkdmfhmf rhmbd sgd ldsgnc ltrs fdmdq]khyd sn
l]sdqh]kr hs g]r mdudq rddm adenqd) ]mc sgd sq]hmhmf ]mc sdrshmf
chrsqhatshnmr ]qd pthsd cheedqdms- :r dwodbsdc) odqenql]mbd
cqnor etqsgdq) ats OdqbdosMds rshkk fdmdq]khydr ltbg adssdq
�+5”) Ehftqd 4�b((-

Ud ]krn nardqudc sg]s hm ]kk sgqdd dwodqhldmsr) sq]hmhmf
OdqbdosMds vhsg BLEA ed]stqdr �S=: 73) 52 ]mc +5”(
odqenqlr adssdq sg]m sgd nqhfhm]k q]v ed]stqdr �57) +3) 42”(-
Sghr hr ] rkhfgskx tme]hq bnlo]qhrnm rhmbd vd rhlokx vhcdmdc
sgd jdqmdk rhydr sn ]c]os OdqbdosMds sn sgd ltbg ghfgdq,
chldmrhnm]k q]v c]s]- : lnqd bnlokdw) g]mc,stmdc mdsvnqj
l]x ad ]akd sn ]bghdud bnlo]q]akd qdrtksr vhsg q]v hmots
]krn- Fnvdudq) BLEA dm]akdr ] rhlokdq) lnqd de“bhdms
]qbghsdbstqd vhsg kdrr l]mt]k deenqs-

Ud b]m l]jd rnld ghfg,kdudk nardqu]shnmr eqnl sgd sqdmcr
hm sgdrd qdrtksr- Hm ]kk sgqdd dwodqhldmsr) sgd odqenql]mbd ne
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�U( Fdkc,nts Sqhokdsr �a( Fdkc,nts R]lokdr �b( Fdkc,nts Bk]rrdr

Ehf- 4- Sqhokds fdmdq]khy]shnm ]bbtq]bx �S=:( enq ]kk sgqdd dwodqhldmsr ne Rdbshnm HQ,A,�])a)b(- Ud rgnv ansg sgd noshl]k ]bbtq]bx drshl]sdc trhmf
sgd kd]qmdc sgqdrgnkc &sno() ]r vdkk ]r sgd ]bbtq]bx nudq sgd etkk q]mfd ne sgqdrgnkcr &anssnl(- Sn mnql]khyd cheedqdms sgqdrgnkc q]mfdr ]bqnrr cheedqdms
ldsqhb lncdkr) vd l]o qdb]kk ne knv,l]qfhm sqhokdsr sn sgd gnqhynms]k ]whr- Hm sgd anssnl oknsr vd ]krn okns sgd ]bbtq]bx ne sgd r]ld mdsvnqj ]qbghsdbstqd)
sq]hmdc vhsgnts tmnqcdq]akd �knv,l]qfhm( sqhokdsr- Mnsd sg]s hm sgd ]ardmbd ne knv,l]qfhm sq]hmhmf sqhokdsr) sgd ldsgnc b]mmns kd]qm ]m noshl]k FK,ur,GK
sgqdrgnkc) ]mc gdmbd cndr mns g]ud dmsqhdr hm sgd a]q fq]ogr ]anud8 sgd odqenql]mbd f]o ]s ]mx fhudm sgqdrgnkc b]m ad itcfdc eqnl sgd anssnl oknsr- Ntq
lncdk rhfmh“b]mskx ntsodqenqlr sgd a]rdkhmdr hm ]kk sgqdd dwodqhldmsr-

Dtbkhcd]m ]mc K]g]k]mnahr ldsqhbr qdl]hmr ∀4/”) rgnvhmf
sg]s sgdrd khmd]q lncdkr ]qd hmrte“bhdms sn qdoqdrdms sgd bnl,
okdw mt]mbdr ne odqbdost]k rhlhk]qhsx- :krn) ]r oqnakdl bnl,
okdwhsx hmbqd]rdr �Ehftqdr 4 ]mc 4 �]( sn �b(() odqenql]mbd
nm knv,l]qfhm sqhokdsr hr ] khsskd adssdq sg]m nm ghfg,l]qfhm
sqhokdsr- Ud adkhdud sghr hr rn adb]trd bnqqdbskx bk]rrhexhmf ]
ghfg,l]qfhm sqhokds qdpthqdr ansg k]qfd rdo]q]shnm Tr udii Tr
bnqqdbs nqcdqhmf ne sgd rhfm]kr) h-d- hcdmshexhmf vghbg rhfm]k hr
md]qdq ]mc vghbg hr etqsgdq eqnl sgd a]rd rhfm]k- Hm bnmsq]rs)
] knv,l]qfhm sqhokds qdpthqdr nmkx sg]s sgd rdo]q]shnm ne sgd
a]rd rhfm]k eqnl sgd nsgdq svn rhfm]kr ad rl]kk-

Hm sgd qdrs ne sghr rdbshnm vd oqdrdms etqsgdq dwodqhldmsr sn
u]khc]sd hlonqs]ms ]rodbsr ne ntq ldsgnc- D]bg hr odqenqldc
hm sgd zgdkc,nts r]lokdrfl rbdm]qhn ]anud8 HQ,A,�a(-

0( HlonpsTmbd nX inu�lTpehm sphoidsr9 : oqhl]qx ed]stqd
ne ntq ldsgnc hr sg]s vd sq]hm vhsg ansg hmdpt]khsx �ghfg,
l]qfhm( ]mc dpt]khsx �knv,l]qfhm( bnmrsq]hmsr- Ud u]khc]sd
sghr bgnhbd ax bnlo]qhmf hs sn svn nsgdq lncdkr vhsg
sgd r]ld mdsvnqj ]qbghsdbstqd- Sgd “qrs fdmdq]sdr sq]hmhmf
sqhokdsr vhsg y� � +) enqbhmf d]bg sqhokds sn ad nqcdqdc �h-d-
ghfg,l]qfhm( dudm vgdm o]qshbho]msr entmc hs che“btks sn
cdsdqlhmd rtbg ]m nqcdqhmf- Mnql]kkx) sqhokdsr vntkc ad
sqd]sdc ]r tmnqcdq]akd.dpthchrs]ms �h-d knv,l]qfhm( sn g]mckd
oqdbhrdkx sghr ]lahfthsx- Fdmbd) sgd c]s] hr mnhrx- Sgd rdbnmc
lncdk hr sq]hmdc vhsg nmkx ghfg,l]qfhm sqhokdsr) bnlokdsdkx
hfmnqhmf sgd knv,l]qfhm sqhokdsr �enq e]hqmdrr) vd ohbj cntakd
sgd trt]k mtladq ne FK sqhokdsr) h-d- 1/)///) sn l]sbg sgd
rs]mc]qc sq]hmhmf rds rhyd(- Fdmbd) hs b]mmns kdudq]fd dpt]khsx
hmenql]shnm eqnl sgd k]ssdq- :kk lncdkr ]qd sdrsdc nm sgd
r]ld sdrs rds bnms]hmhmf ] lhw ne ghfg, ]mc knv,l]qfhm

sqhokdsr- Sgd anssnl oknsr ne Ehftqd 4 rgnv sg]s OdqbdosMds
sq]hmdc vhsg ansg sxodr ne sqhokdsr lnqd ]bbtq]sdkx lncdkr sgd
tmcdqkxhmf ldsqhb ]mc ntsodqenqlr sgd nsgdqvhrd hcdmshb]k
lncdkr sq]hmdc vhsg nmkx ghfg,l]qfhm sqhokdsr-

1( OThpuhrd chrshmethrgTahihsx9 Sgd nqhfhm]k odqbdost]k
rhlhk]qhsx fqntmc,sqtsg W17[ oqnuhcdr o]hqvhrd ld]rtqdldmsr)
vghbg vd dwoknhs sn fdmdq]sd sqhokdsr- :ookhb]shnmr khjd un,
b]atk]qx cdrhfm ]krn trd o]hqvhrd bnlo]qhrnmr W1/[- Fdmbd)
vd udqhex he ntq kd]qmdc ldsqhb b]m ]bbtq]sdkx oqdchbs chrshm,
fthrg]akd ]mc hmchrshmfthrg]akd rhfm]k o]hqr- Ud bnmrhcdq ]
o]hq chrshmfthrg]akd he ∪ 2+= rtaidbsr b]m sdkk sgdl ]o]qs-
Ud sq]hm OdqbdosMds vhsg sqhokdsr ]r trt]k) ats sdrs nm o]hqr
ne gdkc,nts rhfm]kr) trhmf ] sdrshmf sgqdrgnkc sn bk]rrhex sgdl
]r chrshmfthrg]akd nq mns a]rdc nm sgdhq oqdchbsdc rdo]q]shnm-
Ehftqd + rgnvr ] oqdbhrhnm.qdb]kk okns nudq sgd etkk q]mfd ne
sgqdrgnkcr- Ntq ldsgnc hr rhfmh“b]mskx lnqd ]bbtq]sd �:TB
; /-65( sg]m ]ksdqm]shudr �:TB ; /-+6) /-++(- Ud ]krn rgnv
sg]s sgd o]hqvhrd rhlhk]qhsx l]sqhw nm sdrs rhfm]kr) vgdqd d]bg
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Ehf- +- Oqdbhrhnm,qdb]kk okns enq bk]rrhexhmf chrshmfthrg]akd ]mc hmchrshm,
fthrg]akd o]hqr ne rhfm]kr-
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Ehf- 5- Odqbdost]k rhlhk]qhsx l]sqhbdr ne 0/7 l]sdqh]k bk]rrdr8 sgd fqntmc,
sqtsg bnmetrhnm l]sqhw eqnl W17[ &idXs( ]mc OdqbdosMds chrs]mbdr &phegs(-
Ughsd hmchb]sdr knv ]mc ak]bj ghfg rhlhk]qhsx- Rhmbd OdqbdosMds hr sq]hmdc
nmkx nm mnm,mtldqhb]k sqhokdsr ]mc mddc mns g]ud ] khmd]q qdk]shnmrgho vhsg
sgd mtldqhb]k fqntmc,sqtsg bnmetrhnm u]ktdr) sgd svn l]sqhbdr cn mns g]ud
sgd r]ld mnql]khy]shnm ]mc ]qd mns hcdmshb]kkx l]oodc sn sgd fqdxrb]kd
q]mfd- Fnvdudq) sgd sqdmcr hm sgd svn l]sqhbdr ]qd md]q,hcdmshb]k) hmchb]shmf
sgd ]bbtq]bx ne sgd lncdk hm q]mjhmf odqbdost]k rhlhk]qhsx-
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Ehf- 7- Sqhokds fdmdq]khy]shnm ]bbtq]bx ne OdqbdosMds enq cheedqdms sq]hmhmf
rds rhydr- :bbtq]bx hmbqd]rdr lnmnsnmhb]kkx) ats vhsg cdbqd]rhmf admd“sr
enq k]qfdq rhydr-

dmsqx hr sgd mnql]khydc ]udq]fd o]hqvhrd chrs]mbd) b]ostqdr
udqx rhlhk]q sqdmcr ]r sgd =S bnmetrhnm l]sqhw �Ehftqd 5(-

2( Cdodmcdmbd nm spThmhme rds rhvd9 Ntq k]rs dwodqhldms
du]kt]sdr gnv ntq lncdk fdmdq]khydr vhsg sgd mtladq ne
sq]hmhmf sqhokdsr- =hudm ] zetkkfl sq]hmhmf rds ne 1/J sqhokdsr)
vd q]mcnlkx r]lokd rtardsr ne cheedqdms rhydr ]mc sq]hm ]
lncdk nm d]bg rtbg rtards- :r Ehftqd 7 rgnvr) ]bbtq]bx
hmbqd]rdr oqnonqshnm]kkx vhsg sgd rhyd ne sgd sq]hmhmf rds-

Q- BNMBGTRHNM

Hm sghr vnqj) vd oqdrdmsdc ] cddo ldsqhb kd]qmhmf ]ooqn]bg
enq lncdkhmf sgd odqbdost]k rhlhk]qhsx ne g]oshb rhfm]kr- Sgd
lncdk oqnuhcdr ]m dmc,sn,dmc sq]hmhmf eq]ldvnqj enq kd]qm,
hmf chrbqhlhm]shud odqbdost]k ed]stqdr eqnl mnm,mtldqhb]k
sqhokds bnlo]qhrnmr- Knrs rhfmh“b]mskx) vd cdlnmrsq]sd sgd
u]ktd ne hmbnqonq]shmf tmnqcdq]akd.dpthchrs]ms rhfm]kr hmsn
sgd sq]hmhmf oqnbdrr) hm nqcdq sn adssdq dmbncd sgd mt]mbdr ]mc
khlhs]shnmr ne gtl]m odqbdoshnm- Sgqntfg dwsdmrhud dwodqh,
ldmsr) vd rgnv sgd ntq ldsgnc%r ]cu]ms]fdr nudq sq]chshnm]k
ldsqhbr ]mc hsr b]o]bhsx sn fdmdq]khyd sn mdv c]s]- Ud ]krn
“mc sg]s sgd bnlo]bs hmhsh]k dmbnchmf ne ghfg,chldmrhnm]k)
ghfgkx,bnqqdk]sdc) g]oshb ]bbdkdq]shnm sq]bdr ]r BLEA rodb,
sq]k ed]stqdr hloqnudr sgd ]bbtq]bx ne sgd kd]qmdc lncdk- Hm
sgd etstqd) vd vntkc khjd sn lncdk lnqd bnlokdw mt]mbdr ne
gtl]m odqbdoshnm �d-f- itrs,mnshbd]akd cheedqdmbd() fdmdq]khyd
sn vhcdq q]mfdr ne mnudk rhfm]kr) ]mc hmbqdldms]kkx sq]hm sgd
lncdk hm ]m nmkhmd e]rghnm-
—bjmnvkdcfldmsr- Ud sg]mj :lhs Knqd enq trdetk chrbtr,
rhnmr vghbg hloqnudc sgd o]odq-
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