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. FknrrSpw

Ihmmhmf9 ]bshnm dwdqsdc ax hlotqhshdr nm ]m naidbs- Sgd naidbs g]r ]
oqdedqdmsh]k onrhshnm hm ro]bd+ ]mc vhkk nmkx lnud hm qdronmrd sn ]m dwsdqm]k
enqbd he sghr enqbd hr k]qfd dmntfg-
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RbSjhmf9 sgd e]bs sg]s svn pt]mshshdr u]qx ]r ] onvdqk]v ne nmd ]mnsgdq-
PSmcnl lSmhenjc9 ] rhmfkd dk]rshb rsqtbstqd ’khmd+ rgdds( dladccdc hm

] q]mcnl dmuhqnmldms-
:pSff fjSrr9 ] odqhnchb dk]rshb rsqtbstqd dladccdc hm ] vd]jkx chrnq,

cdqdc dmuhqnmldms+ md]qkx ]r nqcdqdc ]r ] rnkhc ats dwghahshmf rnld bg]q]b,
sdqhrshbr mnql]kkx ]rrnbh]sdc vhsg fk]rrdr-

Bpddo9 udqx rknv qdronmrd ]s ffmhsd sdlodq]stqd ne ] ohmmdc rsqtbstqd
hm qdronmrd sn ]m dwsdqm]k enqbd-

1 Cd�mhshnm ne sgd rtaidbs Smc hsr hlonpsSmbd

L]mx rddlhmfkx ch∆dqdms rxrsdlr q]mfhmf eqnl l]fmdsr sn rtodqbnmctb,
snqr+ vhsg dwsqdldkx ch∆dqdms lhbqnrbnohb ogxrhbr+ rg]qd sgd r]ld drrdmsh]k
hmfqdchdmsr+ ]mc b]m ad cdrbqhadc tmcdq sgd tmhexhmf bnmbdos ne chrnqcdqdc
dk]rshb ldch]- Hm ]kk sgdrd rxrsdlr ]m hmsdqm]k dk]rshb rsqtbstqd+ rtbg ]r ]m
hmsdqe]bd adsvddm qdfhnmr ne noonrhsd l]fmdshy]shnm hm sgd l]fmdshb rxrsdlr+
hr rtaidbsdc sn sgd d∆dbsr ne chrnqcdq dwhrshmf hm sgd l]sdqh]k- ? rodbh]kkx
hmsdqdrshmf ed]stqd ne ]kk sgdrd rxrsdlr hr sg]s sgdrd chrnqcdqdc dk]rshb rsqtb,
stqdr b]m ad rds hm lnshnm ax ]ookxhmf ]m dwsdqm]k enqbd nm sgdl ’d-f- ]
l]fmdshb ffdkc rdsr hm lnshnm ] l]fmdshb hmsdqe]bd(+ ]mc sg]s sgd lnshnm
vhkk ad cq]rshb]kkx ]∆dbsdc ax sgd oqdrdmbd ne sgd chrnqcdq- Vg]s oqno,
dqshdr qdrtksr eqnl sghr bnlodshshnm adsvddm dk]rshbhsx ]mc chrnqcdq hr ]m
dwsqdldkx bnlokhb]sdc oqnakdl vghbg bnmrshstsdr sgd drrdmbd ne sgd ogxrhbr
ne chrnqcdqdc dk]rshb ldch]- Sgd qdrtkshmf ogxrhbr oqdrdms bg]q]bsdqhrshbr
sg]s ]qd sgd nmdr ne fk]rrdr- Sghr onrdr dwsqdldkx bg]kkdmfhmf etmc]ldms]k
ptdrshnmr sn cdsdqlhmd sgd rs]shb ]mc cxm]lhb oqnodqshdr ne sgdrd rxrsdlr-
Tmcdqrs]mchmf ansg sgd rs]shb ]mc cxm]lhb oqnodqshdr ne sgdrd naidbsr hr mns
nmkx ]m hlonqs]ms ptdrshnm eqnl ] etmc]ldms]k onhms ne uhdv ats g]r ]krn
rsqnmf oq]bshb]k ]ookhb]shnmr- Hmcddc+ adhmf ]akd sn vqhsd ]m hmsdqe]bd ad,
svddm svn qdfhnmr ne l]fmdshy]shnm nq onk]qhy]shnm ]mc sgd roddc ne vqhshmf
]mc rs]ahkhsx ne rtbg qdfhnmr hr vg]s bnmchshnmr+ hm o]qshbtk]q+ ntq ]ahkhsx sn
rsnqd hmenql]shnm hm rtbg rxrsdlr+ ]r enq dw]lokd qdbnqchmfr nm ] l]fmdshb
g]qc cqhud- Sgd ogxrhbr odqs]hmhmf sn sgd chrnqcdqdc dk]rshb ldch] chqdbskx
bnmchshnm gnv vd b]m trd hm oq]bshrd sgdrd rxrsdlr enq ]ookhb]shnmr-

2 Hmspnctbshnm

Tmcdqrs]mchmf sgd rs]shbr ]mc cxm]lhbr ne dk]rshb rxrsdlr hm ] q]mcnl
dmuhqnmldms hr ] knmfrs]mchmf oqnakdl vhsg hlonqs]ms ]ookhb]shnmr enq ]
gnrs ne dwodqhldms]k rxrsdlr- Rtbg oqnakdlr b]m ad rokhs hmsn svn aqn]c
b]sdfnqhdr9 ’h( oqno]f]shmf hmsdqe]bdr rtbg ]r l]fmdshb Z0+ 1+ 2+ 3“+ rohmsqnmhb
Z4+ 5“+ nq edqqndkdbsqhb Z6+ 7“ cnl]hm v]kkr+ fithc hmu]rhnm hm onqntr ldch] Z8“+
bnms]bs khmd hm vdsshmf Z0/“+ dohs]wh]k fqnvsg Z00“ nq bq]bj oqno]f]shnm Z01+
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Ehftqd 09 Kdes9 ]m hmsdqe]bd hm ] l]fmdshb rxrsdl rdo]q]shmf svn ch∆dqdms
onk]qhy]shnm ne sgd l]fmdshy]shnm ’c]qj ]mc vghsd(- Sgd hl]fd hr 8/ ·
61µf1- Sgd qntfgmdrr ne sgd cnl]hm v]kk ctd sn sgd oqdrdmbd ne chrnqcdq hm
sgd rxrsdl hr nauhntr nm sgd hl]fd- Svn onrhshnmr ne sgd hmsdqe]bd ]qd rgnvm-
C]qj ]mc fqdx bnqqdronmc sn svn bnmrdbtshud hl]fdr ]esdq sgd hmsdqe]bd g]r
addm otkkdc sn sgd qhfgs ax ]ookxhmf ] l]fmdshb ffdkc sn sgd r]lokd e]unqhmf
sgd l]fmdshy]shnm chqdbshnm nm sgd kdes ne sgd hmsdqe]bd- Rtbg ] l]fmdshb
ffdkc ]bsr ]r ] enqbd otkkhmf sgd cnl]hm v]kk ZEqnl Z0“ ’Bnoxqhfgs 0887 ax sgd
?ldqhb]m Ogxrhb]k Rnbhdsx(“- Qhfgs9 ? unqsdw k]sshbd hl]fd+ eqnl Rb]mmhmf
Stmmdkkhmf Lhbqnrbnod+ hm sgd rtodqbnmctbsnq LfA1- Sgd sho ne sgd unqshbdr
nm sgd rtqe]bd ne sgd r]lokd ]qd rgnvm hm sgd hl]fd+ ]mc bnqqdronmc sn sgd
qdc o]qsr- Sgd hl]fd hr ]ants 14/mf1- Hm ] odqedbskx otqd rxrsdl+ sgd
unqsdw k]sshbd hr ] odqhnchb ]qq]mfdldms ’gdqd hm ] sqh]mftk]q k]sshbd( ne
naidbsr ne ] fhudm rhyd ’gdqd sgd bnqd rhyd ne sgd unqsdw(- Chrnqcdq ]∆dbsr
nudq k]qfd chrs]mbd sghr odqedbskx odqhnchb ]qq]mfdldms ZEqnl Z13“ ’Bnoxqhfgs
1//1 ax sgd ?ldqhb]m Ogxrhb]k Rnbhdsx(“-

02“: ’hh( odqhnchb rxrsdlr rtbg ]r unqsdw k]sshbdr hm sxod HH rtodqbnmctbsnqr
Z03+ 04+ 05“+ bg]qfd cdmrhsx v]udr Z06+ 07“+ l]fmdshb ataakdr Z08“+ bnkknhcr
Z1/“+ Vhfmdq bqxrs]kr ne bk]rrhb]k o]qshbkdr Z10“ nq ne dkdbsqnmr Z11+ 12“-
?ksgntfg ]kk sgdrd rxrsdlr g]ud udqx ch∆dqdms lhbqnrbnohb cdrbqhoshnmr+

nmd ]rodbs ne sgdhq ogxrhbr hr hcdmshb]k ]s ] lnqd l]bqnrbnohb rb]kd- ?m
naidbs dwhrsr sg]s nadxr ] l]bqnrbnohb dk]rshb cdrbqhoshnm- Enq sgd b]rd ](
sghr hr ]m hmsdqe]bd rdo]q]shmf svn ch∆dqdms qdfhnmr ne sgd rxrsdl+ enq dw,
]lokd hm ] l]fmdshb l]sdqh]k ] cnl]hm v]kk rdo]q]shmf qdfhnmr ne noonrhsd
l]fmdshy]shnm- ?m dw]lokd ne rtbg ]m hmsdqe]bd hr rgnvm hm Ehf- 0- Rhmbd
bqd]shmf ]m hmsdqe]bd bnrsr dmdqfx+ sgd hmsdqe]bd kdes sn hsrdke vntkc khjd sn ad
fi]s+ ]mc sgdqd hr ]m dk]rshb bnrs sn hsr cdenql]shnmr- Rhmbd sghr naidbs khudr
hmrhcd ] lhbqnrbnohb bqxrs]k vhsg chrnqcdq+ hs hr ]krn rtaidbsdc sn onsdmsh]kr
sg]s sdmc sn qntfgdm hs ]mc ohm hs hm rodbhffb qdfhnmr ne ro]bd- Sghr hmsdqe]bd
b]m ad rds hm lnshnm ax ]ookxhmf ]m dwsdqm]k enqbd nm hs+ b]trdc enq dw]lokd
ax ] l]fmdshb ffdkc enq sgd l]fmdshb cnl]hm v]kk nq ]m dkdbsqhb ffdkc enq ]
edqqndkdbsqhb- Enq sgd b]rd a( ne odqhnchb rxrsdlr ] rhlhk]q ogxrhbr dwhrsr-
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? [bqxrs]kø ne naidbsr ’khmdr enq unqshbdr+ onhmsr enq l]fmdshb ataakdr ]mc
bnkknhcr+ nq rgddsr enq bg]qfd,cdmrhsx v]udr( dwhrsr hmrhcd sgd rxrsdl- Rhmbd
sgdrd naidbsr qdodk d]bg nsgdq+ hm sgd ]ardmbd ne chrnqcdq sgdx vntkc sdmc
sn enql ] odqedbs odqhnchb bqxrs]k- Hm ] v]x rhlhk]q sn sgd hmsdqe]bdr+ rtbg
bqxrs]kr b]m ad rds hm lnshnm ax ]ookxhmf ]m dwsdqm]k enqbd ’enq dw]lokd ]
btqqdms enq sgd b]rd ne unqshbdr(- Sgd chrnqcdq oqdrdms ]s sgd lhbqnrbnohb
kdudk sdmcr sn ohm sghr bqxrs]k- Hs hr hlonqs]ms sn mnsd sg]s nmd hr cd]khmf
gdqd vhsg sgd ogxrhbr ne ] bqxrs]k dladccdc hm ]m dwsdqm]k ldchtl+ bnms]hm,
hmf hlotqhshdr- Sgd chrnqcdq b]m sgtr u]qx ]s ] kdmfsgrb]kd ltbg rl]kkdq
sg]m sgd k]sshbd ro]bhmf ne sgd lnuhmf bqxrs]k+ vghbg kd]cr sn ] ogxrhbr q]c,
hb]kkx mnudk bnlo]qdc sn sgd nmd ne bgdlhb]k hlotqhshdr hm ] qdftk]q rnkhc-
Tmcdqrs]mchmf sgd ogxrhbr+ ansg rs]shb ]mc cxm]lhbr+ ne sgdrd naidbsr g]r
sgtr addm ] bnmrhcdq]akd bg]kkdmfd hm sgd k]rs 4/ xd]qr nq rn- Sgdqd ]qd
rdudq]k qd]rnmr sn sghr hmsdqdrs+ ]mc enq sgd bg]kkdmfdr onrdc ax sghr ffdkc ne
chrnqcdqdc dk]rshb ldch]-
Ehqrs ]s sgd etmc]ldms]k kdudk sgdrd rxrsdlr onrd dwsqdldkx chflbtks ]mc

hlonqs]ms ptdrshnmr- Hs hr jmnvm rhmbd sgd 086/”r sg]s sgd oqdrdmbd ne chr,
nqcdq hr bqtbh]k Z14“ ]mc bg]mfdr sgd ogxrhbr bnlokdsdkx- Tmenqstm]sdkx sgd
qdrtkshmf lncdkr ]qd udqx chflbtks sn rnkud+ ]mc g]ud bnmsqhatsdc sn otrg,
hmf sgd khlhsr ne ntq tmcdqrs]mchmf ne chrnqcdqdc rxrsdlr+ ]mc sn cdudkno
mdv sdbgmhptdr ne rs]shrshb]k ogxrhbr sn cd]k vhsg rtbg hrrtdr- Hm o]qshb,
tk]q hs hr bkd]q sg]s eqnl sgd bnlodshshnm adsvddm chrnqcdq ]mc dk]rshbhsx
dldqfdr ] bnlokhb]sdc dmdqfx k]mcrb]od vhsg l]mx lds]rs]akd rs]sdr- Sghr
qdrtksr hm fk]rrx oqnodqshdr Z15“ rtbg ]r gxrsdqdrhr ]mc ghrsnqx cdodmcdmbd
ne sgd rs]shb bnmffftq]shnm- Hmhsh]kkx uhdvdc ]r rnld snx lncdkr ne fk]rrdr
sgdrd rxrsdlr g]ud ]bpthqdc sgdhq nvm hlonqs]mbd ]mc onrdc sgdhq nvm bg]k,
kdmfhmf ptdrshnmr- Tmcdqrs]mchmf sgd rs]shb oqnodqshdr ne rtbg rxrsdl g]r
rshltk]sdc sgd cdudknoldms ne rnoghrshb]sdc ]ooqn]bgdr rtbg ]r qdokhb] sgd,
nqx Z16“+ etmbshnm]k qdmnql]khy]shnm fqnto Z17“ nq mtldqhb]k ldsgncr- Ltbg
oqnfqdrr v]r qdbdmskx ]bbnlokhrgdc ansg ctd sn sgdrd ]m]kxshb]k ]mc mtldq,
hb]k ]cu]mbdr- He sgd rs]shb ]kknvr tr sn hloqnud ntq sdbgmhptdr ne rs]shrshb]k
ogxrhbr+ sgd cxm]lhbr hr dudm lnqd bnlokhb]sdc rhmbd lnrs ne ntq sgdnqdshb]k
snnkr e]hk- Sgdrd rxrsdl sgtr oqnuhcdr vnmcdqetk lnshu]shnmr sn cdudkno mdv
sdbgmhptdr sn s]bjkd sgd nts ne dpthkhaqhtl cxm]lhbr ne chrnqcdqdc rxrsdlr
]mc sn tmcdqrs]mc ]mc tmhex sgd bnmbdosr ne nts ne dpthkhaqhtl ogxrhbr ne
fk]rrdr-
Rdbnmc+ hm ]cchshnm sn sghr sgdnqdshb]k lnshu]shnm+ sgd onrrhahkhsx ne qd,

]khyhmf rtbg rxrsdl hm rn l]mx ch∆dqdms ogxrhb]k rxrsdlr hr ] sqdldmcntr
lnshu]shnm ]mc bg]kkdmfd- Sgd u]qhntr qd]khy]shnmr ]kknv sn ots rsqhmfdms
sdrsr nm sgd oqnonrdc sgdnqhdr ]mc g]ud+ ]r vd vhkk rdd+ udqx nesdm rdqudc sn
jhkk vqnmf oqnonr]kr nq sn ots sgd sgdnqx nm sgd qhfgs sq]bj hm sgdrd pthsd
bnlokhb]sdc rxrsdlr- Dwodqhldmsr hm sgdrd rxrsdlr b]m ad qdl]qj]akd ax
sgd q]mfd sgdx n∆dq- Enq dw]lokd enq unqsdw rxrsdlr nmd b]m u]qx sgd unqsdw
k]sshbd ro]bhmf ax rdudq]k nqcdqr ne l]fmhstcd+ itrs ax bg]mfhmf sgd l]f,
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mdshb ffdkc ]ookhdc sn sgd r]lokd+ rnldsghmf hlonrrhakd sn cn nm ] rhlokd
bqxrs]k- Rhlhk]qkx+ enq l]fmdshb cnl]hm v]kkr+ ld]rtqdldmsr ne sgd udknbhsx
hm qdronmrd sn ]m dwsdqm]k enqbd ]qd ro]mmhmf ]ants sdm nqcdqr ne l]fmhstcd-
Sghr hmsdqok]x ]mc dwbg]mfd adsvddm sgdnqx ]mc dwodqhldmsr g]r etdkkdc sgd
ffdkc ]mc bnmsqhatsdc fqd]skx sn hsr oqnfqdrr-
K]rs ats mns kd]rs+ sgd ogdmnldm] rstchdc enq chrnqcdqdc dk]rshb ldch]

g]ud ] onsdmsh]k hlo]bs enq ]ookhb]shnmr- Bqd]shmf hmsdqe]bdc hm l]fmdshb nq
lnqd qdbdmskx edqqndkdbsqhb l]sdqh]kr hr ] v]x sn rsnqd hmenql]shnm ’vhsg sgd
[/ø adhmf nmd chqdbshnm ne l]fmdshy]shnm nq onk]qhy]shnm ]mc [0ø adhmf sgd
qdudqrdc nmd(- Sghr hcd] hr ]s sgd qnns ne rsnq]fd ne hmenql]shnm hm ] l]fmdshb
g]qc cqhud nq hm ] edqqndkdbsqhb ldlnqx+ nq ] l]fmdshb ataakd nmd- Gnv vdkk
nmd b]m rsnqd sgd hmenql]shnm hr sgtr chqdbskx qdk]sdc sn sgd oqnodqshdr ansg
rs]shb ]mc cxm]lhbr ne rtbg hmsdqe]bdr- Hm o]qshbtk]q sgd rs]ahkhsx ne sgd
vqhssdm hmenql]shnm hr nmkx dmrtqdc he sgd hmsdqe]bd hr ohmmdc ]mc vhkk mns
ld]mcdq+ enq dw]lokd ax sgdql]k ]fhs]shnm- Hm ] rhlhk]q v]x sgdqd g]r addm
ltbg hmsdqdrs qdbdmskx nm rohmsqnmhb l]sdqh]kr vgdqd sgd l]fmdshb oqnodqshdr
b]m ad l]mhotk]sdc ax ]ookxhmf dkdbsqhb]k btqqdmsr Z4+ 5“- Hm sgd r]ld udhm+
ltkshedqqnhb l]sdqh]kr Z18“ ]kknvr sn l]mhotk]sd edqqndkdbsqhb oqnodqshdr ax
sgd ]ookhb]shnm ne l]fmdshb ffdkcr- Gnv sgd chrnqcdqdc hmsdqe]bdr adg]ud
hm rtbg l]sdqh]kr vhkk bdqs]hmkx bnmchshnm sgdhq onrrhakd trd enq hmenql]shnm
sdbgmnknfx- Hm ] rhlhk]q v]x sgd unqsdw k]sshbd hm ] rtodqbnmctbsnq hr rds hm
lnshnm ax sgd ]ookhb]shnm ne ] btqqdms+ vghkd hsr lnshnm fdmdq]sdr ] unks]fd-
Sgd cxm]lhb oqnodqshdr ne sgd unqsdw k]sshbd+ ]mc gnv vdkk hs hr ohmmdc+ sgtr
chqdbskx bnmchshnm sgd ]ardmbd ne qdrhrs]mbd ne ] rtodqbnmctbsnq Z03+ 04+ 05“+
gdmbd hsr onsdmsh]k trdr- Nsgdq dw]lokdr+ rtbg oqno]f]shnm ne eq]bstqdr+
bkd]qkx rgnv sgd onsdmsh]k hlonqs]mbd ne rtbg ogdmnldm] enq ]ookhb]shnmr-
Sghr bg]osdq oqdrdmsr sgd a]rhb bnmbdosr ]mc qdrtksr hm sghr udqx ]bshud

ffdkc- Rdb- 3-0 oqdrdmsr sgd a]rhb bnmbdosr ]mc chrbtrrdr sgd rs]shb oqnodqshdr
ne hmsdqe]bdr ]mc cnl]hm v]kkr- Rdb- 3-1 cd]kr vhsg sgd odqhnchb rxrsdlr ]mc
sgdhq ch∆dqdmbdr bnlo]qdc sn sgd hmsdqe]bdr- Rdb- 4 oqdrdmsr sgd bnmbdosr
]mc hlonqs]ms ptdrshnmr enq sgd cxm]lhbr ne chrnqcdqdc dk]rshb ldch]+ vhsg
enbtr nm sgd cdohmmhmf hm Rdb- 4-1+ nm sgd k]qfd udknbhsx adg]uhnq hm Rdb- 4-2
]mc qdronmrd sn ] rl]kk dwsdqm]k enqbd hm Rdb- 4-3- Ehm]kkx Rdb- 5 chrbtrrdr
sgd etstqd chqdbshnmr ]mc odqrodbshudr ne sgd ffdkc-

3 RsSshb opnodpshdr ne chrnpcdpdc dkSrshb ldchS

3fi. HmsdpeSbdr Smc aSrhb bnmbdosr

Kds ld hmsqnctbd hm sghr rdbshnm sgd a]rhb hmfqdchdmsr ne sgd rxrsdlr tmcdq
rstcx+ ]mc chrbtrr sgd rodbhffb b]rd ne hmsdqe]bdr- ?m hmsdqe]bd hr ] rgdds
ne chldmrhnm c khuhmf hm ] ro]bd ne chldmrhnmr C- Enq qd]khrshb hmsdqe]bdr
C ; c ) 0 ats fdmdq]khy]shnm ]qd ne bntqrd onrrhakd- B]kkhmf q sgd hmsdqm]k
bnnqchm]sd ne sgd hmsdqe]bd ]mc v ]kk hsr sq]mrudqrd chqdbshnmr+ sgd hmsdqe]bd
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Ehftqd 19 ? nmd chldmrhnm]k hmsdqe]bd ’rtbg ]r ] l]fmdshb cnl]hm v]kk(+
rgnvm hm qdc+ khuhmf hm ] svn chldmrhnm]k ro]bd ’ffkl(- Sgd onrhshnm ne sgd
hmsdqe]bd hr cdsdqlhmdc ’oqnuhcdc sgdqd ]qd mn nudqg]mfr nq ataakdr( ax sgd
chrok]bdldms t’q( eqnl ] fi]s bnmffftq]shnm+ hmchb]sdc ax sgd c]rgdc khmd-
Hm sgd ]ardmbd ne chrnqcdq+ cdmnsdc ax sgd aktd cnsr+ vghbg ohm sgd khmd hm
oqdedqqdc onrhshnmr hm ro]bd+ sgd khmd vntkc ad fi]s- Sgd bnlodshshnm adsvddm
dk]rshbhsx ]mc chrnqcdq kd]cr sn sgd ogxrhbr ne chrnqcdq dk]rshb ldch] ]mc sn
fk]rrx oqnodqshdr- Sgd sghbjmdrr ne sgd khmd+ cdmnsdc qe nq sgd bnqqdk]shnm
kdmfsg ne sgd chrnqcdq cdffmd sgd K]qjhm kdmfsg Kb enq vghbg sgd qdk]shud
chrok]bdldmsr ]qd ne sgd nqcdq ne qe + m]ldkx t’Kb(� t’/( ≤ qe -

onrhshnm hr k]adkkdc ax ] chrok]bdldms t’q( eqnl ] fi]s bnmffftq]shnm- Sghr
cdsdqlhmdr sns]kkx sgd rg]od ne sgd hmsdqe]bd oqnuhcdc sg]s t hr tmhu]ktdc+
h-d- sg]s sgdqd ]qd mn nudqg]mfr nq ataakdr- Sgd lncdkhy]shnm ne ] nmd
chldmrhnm]k hmsdqe]bd ’c ; 0( hm ] svn chldmrhnm]k ffkl hr rgnvm hm Ehf- 1-
Rhmbd sgd hmsdqe]bd chrsnqshnmr bnrs dk]rshb dmdqfx+ hsr ydqn sdlodq]stqd

dpthkhaqhtl bnmffftq]shnm hm sgd ]ardmbd ne chrnqcdq hr sgd fi]s nmd- Cduh]shnm
eqnl sghr dpthkhaqhtl onrhshnm ]qd cdrbqhadc ax ]m G]lhksnmh]m FZt“ vghbg
hr ] etmbshnm ne sgd chrok]bdldmsr t- Enq rl]kk chrok]bdldmsr nmd b]m l]jd
sgd trt]k dk]rshb ]ooqnwhl]shnm

FZt“ ;
0
1

∑
ccn

’1π(c
a’n(t−mtm ’0(

vgdqd tm hr sgd Entqhdq sq]mrenql ne t’q( ]mc a’n( ]qd sgd rn b]kkdc dk]rshb
bndflbhdmsr- He sgd dk]rshb enqbdr ]bshmf nm sgd hmsdqe]bd ]qd rgnqs q]mfdc sgdm
nmd g]r a’n( ; an1 vghbg bnqqdronmcr sn

FZt“ ;
a

1

∑
ccq’|t’q((1 ’1(
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Ehftqd 29 Sgd svn tmhudqr]khsx bk]rrdr ne chrnqcdq ’sgd m]ldr ]qd bnlhmf
eqnl sgd l]fmdshb qd]khy]shnm ne rtbg rxrsdlr(- Hm ansg ffftqdr sgd cnl]hm
v]kk hm qdc+ rdo]q]sdr sn qdfhnmr vhsg ch∆dqdms nqcdq o]q]ldsdqr+ cdmnsdc ax
sgd svn sghbj ak]bj ]qqnvr- Kdes9 q]mcnl anmc chrnqcdq- Sgd hlotqhshdr+
cdmnsdc hm aktd bntokd rxlldsqhb]kkx sn sgd svn rhcdr ne sgd cnl]hm v]kk+
sgtr nmkx sgd hlotqhshdr nm sgd cnl]hm v]kk ’cdmnsdc vhsg sgd nq]mfd bhq,
bkd( bnmsqhatsd sn sgd dmdqfx- Qhfgs9 q]mcnl ffdkc chrnqcdq- Sgd hlotqhshdr+
cdmnsdc ax sgd aktd ]qqnvr+ e]unq nmd ne sgd svn rhcdr- Sgtr ]kk sgd hl,
otqhshdr ’cdmnsdr hm nq]mfd( adsvddm svn bnmffftq]shnmr ne sgd cnl]hm v]kk
bnmsqhatsd sn sgd dmdqfx- Sghr kd]cr sn ] chrnqcdq rddm ax sgd cnl]hm v]kk
vghbg g]r knmf q]mfd bnqqdk]shnmr dudm he sgd lhbqnrbnohb chrnqcdq hr rgnqs
q]mfd bnqqdk]sdc-

Enq rnld hmsdqe]bdr vgdqd knmf q]mfd hmsdq]bshnmr ok]x ] qnkd ch∆dqdms enqlr
enq sgd dk]rshbhsx ]qd onrrhakd- Sghr hr hm o]qshbtk]q sgd b]rd vgdm chonk]q
enqbdr Z2/“ ]qd s]jdm hmsn ]bbntms Z7“ nq enq sgd bnms]bs khmd hm vdsshmf Z20“
]mc bq]bj oqno]f]shnm Z21“-
Hm ]cchshnm sn sgd dk]rshb dmdqfx sgd hmsdqe]bd f]hmr rnld dmdqfx ax bnt,

okhmf sn sgd chrnqcdq- Svn tmhudqr]khsx bk]rrdr enq sgd chrnqcdq dwhrs ’rdd
Ehf- 2(- Sgd rn b]kkdc q]mcnl anmc chrnqcdq bnqqdronmcr sn hlotqhshdr sg]s
chqdbskx ]ssq]bs nq qdodk sgd hmsdqe]bd- Nm sgd bnmsq]qx+ enq sgd rn b]kkdc
q]mcnl ffdkc chrnqcdq sgd ohmmhmf dmdqfx hr ]∆dbsdc ax ]kk sgd q]mcnlmdrr
sg]s sgd hmsdqe]bd g]r dmbntmsdqdc hm hsr oqduhntr lnshnm- Nm ] lnqd sdbg,
mhb]k kdudk+ sgd q]mcnl anmc chrnqcdq bntokdr hm ] rxlldsqhb v]x sn sgd
svn nqcdq o]q]ldsdqr nm d]bg rhcd ne sgd cnl]hm v]kk+ vghkd sgd q]mcnl
ffdkc hmsqnctbdr ]m ]rxlldsqx adsvddm sgdrd svn hmdpthu]kdms nqcdq o]q]l,
dsdqr- He U ’q. v( cdmnsdr sgd q]mcnl onsdmsh]k fdmdq]sdc ax sgd hlotqhshdr
sgd ohmmhmf dmdqfx vqhsdr9

FahrZt“ ;
∑
ccq

]
U ’q. t’q(( q]mcnl anmc
{ rffq(
+ cvU ’q. v( q]mcnl ffdkc.

’2(

?r hr nauhntr eqnl Ehf- 2+ dudm he sgd lhbqnrbnohb chrnqcdq hr rgnqs q]mfd
bnqqdk]sdc+ hm sgd b]rd ne sgd q]mcnl ffdkc chrnqcdq+ sgd e]bs sg]s sgd dmdqfx
ne sgd rxrsdl hmsdfq]sdr adsvddm svn onrhshnmr ne sgd hmsdqe]bdr+ ld]mr sg]s
knmf q]mfd bnqqdk]shnmr dwhrs he nmd bnmrhcdqr nmkx sgd cdrbqhoshnm hm sdqlr
ne sgd hmsdqe]bd- Sgd etkk G]lhksnmh]m fhudm ax ’0( ]mc ’2( cdsdqlhmdr sgd
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oqnodqshdr ne chrnqcdqdc dk]rshb ldch]+ ]mc cdrohsd hsr ]oo]qdms rhlokhbhsx
ghcdr ]m dwsqdldkx qhbg ogxrhbr-
Sgd bnlodshshnm adsvddm chrnqcdq ]mc dk]rshbhsx l]mhedrsr hsrdke hm rdu,

dq]k oqnodqshdr ne sgd hmsdqe]bd- Eqnl sgd dmdqfdshb onhms ne uhdv sghr bnl,
odshshnm kd]cr sn ] bnlokhb]sdc dmdqfx k]mcrb]od enq sgd bnmffftq]shnmr ne
sgd rxrsdl+ vhsg l]mx lds]rs]akd rs]sdr kd]chmf sn fk]rrx oqnodqshdr- Sgd
bnlodshshnm l]mhedrsr hsrdke ]krn hm sgd rg]od ne sgd hmsdqe]bd- Hm o]qshbtk]q+
hs cduh]sdr eqnl sgd fi]s bnmffftq]shnm ]mc adbnldr qntfg- Eqnl sgd rb]khmf
ne sgd qdk]shud chrok]bdldmsr bnqqdk]shnm etmbshnm+ ] qntfgmdrr dwonmdms ζ
b]m ad cdffmdc eqnl sgd bnqqdk]shnm etmbshnm ne sgd chrok]bdldmsr

A’q( ; ∝Zt’q(� t’/(“1〈 $ q1β ’3(

vgdqd ∝ 〈 cdmnsdr sgdqlncxm]lhb ]udq]fd ]mc − − − cdmnsdr chrnqcdq ]udq,
]fd- Sgdqd ]qd qdk]shnmr adsvddm sgd rg]od ne sgd khmd ]mc sgd dmdqfdshb
oqnodqshdr- Hm o]qshbtk]q ’3( rtffdrsr sg]s chrok]bdldmsr vntkc rb]kd vhsg
chrs]mbd ]r t’K( ≤ Kβ - Trhmf ’1( rtffdrsr sg]s sgd dmdqfx ne ] r]lokd ne
rhyd K fitbst]sdr eqnl r]lokd sn r]lokd ]r

�E ’K( ≤ Kc�1)1β ’4(

Fhudm sgd bnlokdwhsx ne sgd oqnakdl+ rdudq]k ]ooqnwhl]sd ldsgncr g]ud
addm ots enqv]qc sn ftdrr sgd qnkd ne sgd chrnqcdq- ? qdl]qj]akd lncdk sn
oqnad sgd ogxrhbr ne rtbg rxrsdlr v]r hmsqnctbdc ax K]qjhm Z14“+ ]mc fndr
ax sgd m]ld ne sgd K]qjhm lncdk- Sgd hcd] hr sn enbtr nm rgnqs kdmfsg rb]kd
oqnodqshdr- Hm sg]s b]rd sgd chrok]bdldmsr ]qd rl]kk ]mc nmd b]m dwo]mc sgd
chrnqcdq sdql hm onvdq ne sgd chrok]bdldmsr

Fahr ;
∑
ccqU ’q. t’q(( &

∑
ccqZU ’q. /( ) |qU ’q. /(〉u4+ t’q(“ ’5(

Sgd ffqrs sdql hr ] sqhuh]k bnmrs]ms ]mc sgd rdbnmc nmd hmchb]sdr sg]s sgd
hmsdqe]bd hr rtaidbsdc sn ] q]mcnl enqbd

FK ;
∑
ccqe’q(t’q( ’6(

?ksgntfg sghr lncdk g]r rdudq]k o]sgnknfhdr+ hs g]r sgd ]cu]ms]fd ne adhmf
pt]cq]shb hm sgd chrok]bdldms ffdkc t ]mc sgtr ne adhmf dw]bskx rnku]akd- Hs
rgnvr sg]s adknv c ; 3+ sgd chrnqcdq ok]xr ] l]inq qnkd- Sgd chrok]bdldmsr
fqnv ]r ] etmbshnm ne chrs]mbd ]mc

A’q( ; q2�c ’7(

Sghr bnmffqlr sg]s sgdqd hr ]kfdaq]hb qntfgdmhmf ne sgd hmsdqe]bd vhsg sgd
chrok]bdldmsr fqnvhmf ]r ] onvdq k]v ne chrs]mbd- Nmd b]m cdffmd sgd rb]khmf
t’K( ≤ Kβ + vhsg sgd K]qjhm lncdk fhuhmf ζ ; ’3 � c(<1- Adknv c ; 3 sgd
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chrnqcdq hr qdkdu]ms ]mc cq]rshb]kkx lnchffdr sgd ogxrhb]k oqnodqshdr ne sgd
hmsdqe]bd bnlo]qdc sn sgnrd ne sgd mnm chrnqcdqdc nmd- Hm ]cchshnm sn sgd
dwonmdms hsrdke+ rhmbd sgd chrok]bdldmsr fqnv tmantmcdckx+ sgdqd dwhrsr ]
kdmfsgrb]kd+ Kb+ b]kkdc sgd K]qjhm kdmfsg ]s vghbg sgd chrok]bdldmsr adbnld
ne sgd nqcdq ne sgd nmkx bg]q]bsdqhrshb rb]kd ]u]hk]akd+ m]ldkx dhsgdq sgd
bnqqdk]shnm kdmfsg ne sgd q]mcnl onsdmsh]k nq sgd rhyd ne sgd hmsdqe]bd qe + ]r
rgnvm hm Ehf- 1- Bkd]qkx sghr hr ]krn sgd kdmfsg vgdqd sgd ]ookhb]ahkhsx ne sgd
K]qjhm lncdk aqd]jr cnvm rhmbd adxnmc sg]s kdmfsg sgd onsdmsh]k U ’q. v( hr
mns rlnnsg ]mxlnqd ]mc sgtr sgd dwo]mrhnm hm onvdqr ne t hr mns itrshffdc-
Adxnmc sghr kdmfsg sgd rxrsdl vhkk sgtr sqtkx eddk sgd d∆dbsr ne sgd q]mcnl
onsdmsh]k- Nmd b]m sgtr dwodbs lds]rs]ahkhsx+ fk]rrx d∆dbsr ]mc ohmmhmf sn
]ood]q ]anud sg]s kdmfsg- Nmd g]r sn cdsdqlhmd sgd ogxrhbr ne sghr qdfhld
]ood]qhmf ]anud sgd K]qjhm kdmfsg+ vghbg vd vhkk b]kk sgd q]mcnl l]mhenkc
qdfhld- Sgd K]qjhm kdmfsg hr sgtr ]m hlonqs]ms kdmfsgrb]kd enq sgd rs]shb
oqnodqshdr rhmbd hs rdo]q]sdr svn ch∆dqdms qdfhldr enq sgd hmsdqe]bd- ?r H vhkk
chrbtrr hm Rdb- 4+ sgd K]qjhm kdmfsg g]r ]krn bnmrhcdq]akd bnmrdptdmbdr enq
sgd cxm]lhbr-
Sn rnkud sgd oqnakdl hm sgd q]mcnl l]mhenkc qdfhld hr mns d]rx ]mc

qdpthqdr fqd]skx rnoghrshb]sdc sdbgmhptdr ne rs]shrshb]k ogxrhbr- Sn fds ]
qntfg hcd]+ nmd b]m rhlokx trd ] rb]khmf ]qftldms+ jmnvm ]r Eknqx ]qftldms
Z03“- ?s sgd rb]kd K sgd dk]rshb dmdqfx rb]kdr ]r aKc�1t’K(1- Sn drshl]sd
sgd chrnqcdq sdql hr lnqd bnlokhb]sdc ats nmd b]m ]rrtld sg]s he K hr k]qfd
dmntfg nmd rtlr q]mcnl u]qh]akdr U ’q. v(- He nmd bnmrhcdqr enq dw]lokd sgd
q]mcnl anmc chrnqcdq+ adb]trd sgd chrnqcdq hr rgnqs q]mfd bnqqdk]sdc nmd
g]r

U ’q0. t0(U ’q1. t1( ; Cδj’t0 � t1(δc’q0 � q1( ’8(

Rhmbd ] δ’q( etmbshnm g]r sgd chldmrhnm ne 0<qc+ sghr kd]cr sn sgd rb]khmf

U ’q. t( ≤ C0ν1t’K(�jν1K�cν1 ’0/(

vgdqd f hr sgd mtladq ne bnlonmdmsr ne t ’enq ]m hmsdqe]bd f ; 0(- Sgd
chrnqcdq sdql sgtr rb]kdr ]r

Fahr ; C0ν1t’K(�jν1Kcν1 ’00(

A]k]mbhmf sgd dk]rshb ]mc chrnqcdq sdql kd]cr sn ] rb]khmf t’K( ≤ Kβ vhsg
ζ ; 2�c

2)j enq sgd q]mcnl anmc b]rd ]mc ζ ; 2�c
2�j enq sgd q]mcnl ffdkc nmd-

Sghr ]qftldms rtffdrsr sg]s dudm hm sgd q]mcnl l]mhenkc+ sgd hmsdqe]bd
qdl]hmr qntfg+ vhsg tmantmcdc chrok]bdldmsr fqnvhmf vhsg ]m YifdapYhb
qntfgmdrr- Sgd u]ktd ne sgd dwonmdms hr bg]q]bsdqhrshb ne sgd tmhudqr]khsx
bk]rr ne sgd chrnqcdq+ ]mc ch∆dqdms eqnl sgd nmd nbbtqqhmf adknv K , Kb
vgdqd sgd K]qjhm lncdk ]ookhdr-
Bkd]qkx sghr rhlokd ]qftldms mddcr sn ad rtars]msh]sdc ax lnqd qhfnq,

ntr b]kbtk]shnmr- Adb]trd sgd rxrsdl hr rtaidbsdc sn ] q]mcnl onsdmsh]k
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]mc sgd lds]rs]ahkhsx ]mc fk]rrx d∆dbsr l]ssdq+ nmd b]m trd sgd sdbgmhptdr
sq]chshnm]kkx trdc enq chrnqcdqdc rxrsdlr ]mc rohm fk]rrdr- Enq ] nmd ch,
ldmrhnm]k hmsdqe]bd+ sghr oqnakdl b]m ad rnkudc dw]bskx ]mc sgd qntfgmdrr
dwonmdms ζ ; 1<2 g]r addm nas]hmdc Z22+ 23“- Mnsd sg]s sghr dw]bs u]ktd hr ne
bntqrd rkhfgskx ch∆dqdms eqnl sgd ld]m ffdkc drshl]sd- Hm ghfgdq chldmrhnmr
sgqdd l]hm ldsgncr g]ud addm trdc sn s]bjkd sghr oqnakdl- Sgd ffqrs nmd
trdc sgd rn b]kkdc qdokhb] sqhbj Z15“ sn ]udq]fd nudq sgd chrnqcdq ]mc sgdm
] u]qh]shnm]k ]ooqn]bg sn rnkud sgd bnqqdronmchmf ffdkc sgdnqx Z16“- Hm sghr
ldsgnc sgd hmhsh]k rxlldsqx adsvddm qdokhb]r hr aqnjdm+ rnldsghmf e]lhkh]q
hm rohm,fk]rrdr ]mc bg]q]bsdqhrshbr ne fk]rrdr vhsg l]mx lds]rs]akd lhmhl]
hm sgd dmdqfx- Sghr ]ooqnwhl]sd ldsgnc fhudr a]bj sgd Eknqx dwonmdms- Sgd
rdbnmc ldsgnc ]ookhdr sgd sq]chshnm]k qdmnql]khy]shnm sdbgmhptd ’QF(+ rn
rtbbdrretk enq rs]mc]qc bqhshb]k ogdmnldm]- Sghr bnmrhrsr hm knnjhmf ]s sgd
oqnakdl ]s k]qfdq ]mc k]qfdq kdmfsgrb]kdr+ dkhlhm]shmf cdfqddr ne eqddcnl+
vghkd bg]mfhmf sgd G]lhksnmh]m sn dmrtqd sg]s sgd k]qfd kdmfsgrb]kd ogxrhbr
qdl]hmr hmu]qh]ms- Trt]kkx nmd b]m dwo]mc sgd hmsdq]bshnm onsdmsh]k+ ]mc
nmkx ] edv sdqlr ]qd qdkdu]ms+ vghbg ld]mr sg]s sgd QF bnmrhrsr hm sgd finv
ne ] edv mtladqr ne bntokhmf bnmrs]msr- Hm sgd b]rd ne chrnqcdqdc dk]rshb rxr,
sdlr+ sgd s]rj hr bnmrhcdq]akx lnqd bnlokdw rhmbd ]kk onvdqr hm sgd dwo]mrhnm
ne sgd bnqqdk]snq ne sgd chrnqcdq g]ud sgd r]ld rb]khmf chldmrhnm- Ctqhmf sgd
finv sgd vgnid bnppdiYsnp ne sgd chrnpcdp hr lnchffdc- Nmd ltrs sgtr enkknv
sgd qdmnql]khy]shnm ne ] vgnkd etmbshnm+ gdmbd sgd m]ld ne etmbshnm]k qdmnq,
l]khy]shnm fqnto ’EQF( Z17“- Sghr kd]cr sn ] qdl]qj]akd oqnodqsx- Adxnmc
] kdmfsgrb]kd sg]s bnhmbhcdr vhsg sgd K]qjhm kdmfsg+ sgd chrnqcdq bnqqdk]snq+
hmhsh]kkx ] rlnnsg ]m]kxshb etmbshnm+ adbnldr mnm,]m]kxshb ]mc cdudknor ]
btro- Sgd ]ood]q]mbd ne sghr mnm ]m]kxshbhsx hr+ hm sghr ldsgnc+ sgd rhfm]k
ne fk]rrx ogxrhbr- Sgd EQF ]kknvr sn nas]hm sgd qntfgdmhmf dwonmdms hm ]
rxrsdl]shb dwo]mrhnm hm δ ; 3�c- Sghr g]r addm vnqjdc nts enq sgd lnldms
to sn rdbnmc nqcdq hm δ ; 3 � c+ kd]chmf sn ζ ; /.1/7187/3δ ) /.//57471δ1

]mc ζ ; δ<2 enq sgd q]mcnl anmc ]mc q]mcnl ffdkc chrnqcdq qdrodbshudkx
Z24“- Mnsd sg]s enq sgd q]mcnl ffdkc sgd ld]m,ffdkc ’Eknqx( dwonmdms v]r
dw]bs ctd sn sgd knmf q]mfd m]stqd ne sgd chrnqcdq- Hm ]cchshnm sn sgdrd ]m,
]kxshb]k ]ooqn]bgdr+ ] udqx trdetk ]ooqn]bg hr oqnuhcdc ax mtldqhb]k rstchdr
ne rtbg rxrsdlr+ trhmf dhsgdq lnkdbtk]q cxm]lhbr rhltk]shnmr Z25“+ Lnmsd
B]qkn sdbgmhptdr Z26+ 27“+ nq rodbh]kkx cdrhfmdc ]kfnqhsglr Z28+ 3/“- Mtldqh,
b]k ]ooqn]bgdr ]qd ne bntqrd pthsd bg]kkdmfhmf ctd sn sgd fk]rrx m]stqd ne sgd
rxrsdl vhsg l]mx lds]rs]akd lhmhl] bknrd sn sgd fqntmc rs]sd- Gnvdudq
sgdx g]ud oqnudm pthsd trdetk hm nas]hmhmf mns nmkx sgd ]rxlosnshb qdfhld
ats ]krn sgd etkk bqnrrnudq adsvddm sgd K]qjhm ]mc q]mcnl l]mhenkc qdfhldr+
]r vdkk ]r hmbnqonq]shmf sgd d∆dbsr ne ffmhsd sdlodq]stqd-
Sgdrd oqdchbshnmr b]m ad udqhffdc dwodqhldms]kkx- H rgnv hm Ehf- 3 sgd

qntfgmdrr dwonmdms ]r ld]rtqdc hm ] l]fmdshb ]mc ] edqqndkdbsqhb ffkl- Sgd
]kfdaq]hb fqnvsg ne sgd bnqqdk]shnm etmbshnm A’q( hr bkd]qkx rddm- Sgdrd svn
dwodqhldms]k rhst]shnmr bnqqdronmc sn svn ch∆dqdms chldmrhnm]khshdr enq sgd
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Ehftqd 39 Ld]rtqdldmsr ne sgd qntfgmdrr dwonmdms ζ hm svn dwodqhldms]k
rxrsdl- Sgdrd svn dw]lokdr rgnv sgd ]kfdaq]hb qntfgmdrr ne sgd cnl]hm
v]kkr- Sgd sno ffftqdr ]qd sgd bnqqdk]shnm etmbshnm ’3( ne sgd chrok]bdldmsr
A’q(+ ]mc sgd anssnl nmdr sgd ld]rtqdc u]ktd ne sgd qntfgmdrr dwonmdms
ζ- Kdes9 L]fmdshb cnl]hm v]kkr hm sghm l]fmdshb ffklr- ?m dwonmdms ne
ζ ≤ /.5 hr ld]rtqdc bnlo]shakd vhsg sgd u]ktd ζ ; 1<2 dwodbsdc enq ]
nmd chldmrhnm]k v]kk hm ] svn chldmrhnm]k ro]bd ZEqnl Z0“ ’Bnoxqhfgs 0887
ax sgd ?ldqhb]m Ogxrhb]k Rnbhdsx(“- Qhfgs9 Edqqndkdbsqhb cnl]hm v]kk hm
] edqqndkdbsqhb ffkl- ?m dwonmdms ne ζ ; /.15 hr ld]rtqdc- Sghr u]ktd hr
bnlo]shakd vhsg sgd u]ktd dwodbsdc enq ] svn chldmrhnm]k v]kk hm ] sgqdd
chldmrhnm]k ro]bd hm oqdrdmbd ne knmf q]mfd chonk]q hmsdq]bshnmr ZEqnl Z7“
’Bnoxqhfgs 1//4 ax sgd ?ldqhb]m Ogxrhb]k Rnbhdsx(“-

cnl]hm v]kkr+ ctd sn sgd ch∆dqdms sghbjmdrr ne sgd l]sdqh]k ]mc ch∆dqdms
bg]q]bsdqhrshbr ne sgd cnl]hm v]kk-
Vd b]m sgtr r]x sg]s mnv vd g]ud ] q]sgdq fnnc tmcdqrs]mchmf ne sgd

rs]shb oqnodqshdr ne sgd hmsdqe]bdr ]s kd]rs enq sgd rhlokd b]rd ne knb]k dk]rshbhsx
rgnv gdqd- Ne bntqrd dudm enq sgd rs]shbr sghr hr mns sgd dmc ne sgd rsnqx rhmbd
rdudq]k lhbqnrbnohb rxrsdlr rtbg ]r sgd bnms]bs khmd ne ] fithc+ nq edqqndkdbsqhb
rxrsdlr g]ud knmf q]mfd hmsdq]bshnmr ’chonk]q hmsdq]bshnmr( l]jhmf dudm sgd
rs]shb oqnodqshdr pthsd bg]kkdmfhmf sn cdsdqlhmd- Nsgdq nodm ptdrshnmr vhkk
ad chrbtrrdc hm Rdb- 5-

3fi1 Idphnchb rwrsdlr Smc 7pSff fkSrr

Rhlhk]q bnmbdosr ]ookx chqdbskx sn sgd b]rd ne odqhnchb rxrsdlr- Hm ]kk sgdrd
rxrsdlr sgd bnmrshstdms dkdldmsr ’khmdr enq unqshbdr+ onhmsr enq bnkknhcr ]mc
l]fmdshb ataakdr+ rgddsr enq og]rd l]whl] hm sgd bg]qfd cdmrhsx v]ud rxr,

00
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Ehftqd 49 Enq ] odqhnchb rxrsdl sgd onrrhahkhsx sn cdffmd ] chrok]bdldms t’q(
enq sgd naidbsr ’aktd cnsr( bnlo]qdc sn sgd odqedbs k]sshbd ’gdqd ] rpt]qd
k]sshbd bnqqdronmchmf sn sgd hmsdqrdbshnmr ne sgd ak]bj khmdr(+ mdbdrrhs]sdr
sgd ]ardmbd ne snonknfhb]k cdedbsr- Kdes9 he sgdqd ]qd mn snonknfhb]k cdedbs
nmd b]m ]rrnbh]sd enq d]bg rhsd L+f ne sgd odqedbs k]sshbd ] chrok]bdldms tf+ ]r
hmchb]sdc ax sgd qdc ]qqnv- Qhfgs9 gdqd sgdqd hr ] snonknfhb]k cdedbs+ cdmnsdc
ax sgd qdc bqnrr+ bnqqdronmchmf sn sgd ]cchshnm ne nmd khmd ne o]qshbkdr- Hm
sg]s b]rd sgd chrok]bdldms tf hr mns tmhu]ktdc- Eqnl sgd onhms ne uhdv ne
sgd o]qshbkdr nm sgd kdes ne sgd snonknfhb]k cdedbs+ sgd nq]mfd o]qshbkd g]r ]
chrok]bdldms t ne g]ke ] k]sshbd ro]bhmf+ vghkd nmd bntkc s]jd t ; / knnjhmf
nmkx ]s o]qshbkdr nm sgd qhfgs ne sgd snonknfhb]k cdedbs-

sdlr( enql ] rnkhc+ sg]s hr dladccdc hmsn sgd lhbqnrbnohb rxrsdl ats b]m
g]ud vhcdkx ch∆dqdms bg]q]bsdqhrshbr ]mc hm o]qshbtk]q vhcdkx ch∆dqdms k]sshbd
ro]bhmf- Enq dw]lokd hm sgd b]rd ne unqshbdr sgd k]sshbd ro]bhmf hr bnmsqnkkdc
ax sgd l]fmdshb ffdkc ]mc b]m d]rhkx ad u]qhdc- ?m hlonqs]ms bg]q]bsdqhrshb
hr sgtr sg]s hm ] rhlhk]q e]rghnm sn sgd hmsdqe]bd+ sghr bqxrs]k b]m ad dl,
adccdc hm sgd [dwsdqm]kø chrnqcdq+ sg]s bnqqdronmcr sn sgd hlodqedbshnmr ne
sgd qd]k lhbqnrbnohb k]sshbd hm vghbg sghr ]qshffbh]k bqxrs]k khudr- Hs hr hlonq,
s]ms sn mnsd sg]s sgd u]qh]shnm ne sgd chrnqcdq onsdmsh]k b]m sgtr nbbtq ]s
kdmfsgrb]kdr ltbg rl]kkdq sg]m sgd k]sshbd ro]bhmf-
D]bg onhms ne sgd rxrsdl b]m ad cdrbqhadc ax ]m dpthkhaqhtl onrhshnm

L+f enqlhmf ] odqedbs k]sshbd ’trt]kkx sqh]mftk]q enq sgd unqsdw k]sshbd(+ ]mc ]
chrok]bdldms tf qdk]shud sn sghr dpthkhaqhtl onrhshnm+ ]r rgnvm nm Ehf- 4- ?r
enq sgd hmsdqe]bdr sgd hmsdq]bshnmr adsvddm sgd naidbsr enqlhmf sgd bqxrs]k
e]unq ] odqedbskx nqcdqdc bqxrs]k- Sgd dmdqfx ne sgd rxrsdl b]m ad dwo]mcdc
enq rl]kk cduh]shnmr ]mc kd]c sn ] pt]cq]shb dwo]mrhnm hm t bg]q]bsdqhrshbr
ne ]m dk]rshb dmdqfx- Hs hr hlonqs]ms sn mnsd sg]s enq rtbg ]m dwo]mrhnm sn
ad u]khc hs hr nmkx mdbdrr]qx enq sgd qdk]shud chrok]bdldmsr tf � ti adsvddm
svn mdhfganqr sn ad rl]kk ats sgd chrok]bdldmsr sgdlrdkudr b]m ad ]qahsq]qx
’enq dw]lokd sq]mrk]shmf sgd vgnkd bqxrs]k ax ] tmhenql chrok]bdldms cndr
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mns bg]mfd sgd dmdqfx(-

F ;
0
1

∫

fi

Bfi’tf � ti(1 ’01(

vgdqd sgd Bfi ]qd sgd dk]rshb bndflbhdmsr ne sgd rxrsdl- Rhmbd sgd hmsdq]b,
shnmr b]m ad knmf q]mfd+ sgd dk]rshb bndflbhdmsr ]qd mns mdbdrr]qhkx khlhsdc sn
md]qdrs mdhfganq nmkx- Mnsd sg]s enq rtbg ]m dwo]mrhnm sn ad ld]mhmfetk+ hs
hr mdbdrr]qx enq sgd chrok]bdldmsr sn ad tmhptdkx cdffmdc- Sghr ]rrtldr sg]s
sgdqd ]qd mn snonknfhb]k cdedbsr ’chrknb]shnmr+ chrbkhm]shnmr( hm sgd bqxrs]k-
Hmcddc hm sgd oqdrdmbd ne rtbg cdedbsr+ ]r rgnvm hm Ehf- 4 sgd chrok]bdldmsr
g]ud svn ch∆dqdms u]ktdr vgdm bhqbkhmf ]qntmc sgd cdedbs- Hm nqcdq sn trd
sgd dk]rshb ]ooqnwhl]shnm hs hr sgtr hlonqs]ms sn ]rbdqs]hm sg]s snonknfhb]k
cdedbsr ]qd mns fdmdq]sdc- H vhkk bnld a]bj sn sghr bqtbh]k onhms adknv-
?r enq sgd hmsdqe]bdr sgd lhmhltl dmdqfx bnmffftq]shnm hr sgd odqedbs

bqxrs]k vhsg ]kk tf ; /- Hm sgd ]ardmbd ne chrnqcdq sghr odqedbs bqxrs]k b]m
nmkx ad ]∆dbsdc ax sgd sgdql]k fitbst]shnmr- He sdlodq]stqd adbnldr snn
k]qfd sgd bqxrs]k vhkk ldks- ? qtkd ne sgtla enq sgd ldkshmf hr vgdm sgd
qdk]shud chrok]bdldmsr adsvddm svn mdhfganqr adbnld ] rhyd]akd eq]bshnm ne
sgd k]sshbd ro]bhmf

∝’tf � tf)0(1〈 ; B1KV
1 ’02(

vgdqd ∝− − − 〈 cdmnsdr sgd sgdql]k ]udq]fd ]mc BK hr ] ogdmnldmnknfhb]k bnm,
rs]ms vghbg stqmr nts sn ad ne sgd nqcdq ne BK ≤ /.0 sn qdoqnctbd qd]rnm]akd
u]ktdr enq sgd nardqudc ldkshmf ne rnkhcr- Sghr qtkd ne sgtla+ b]kkdc sgd Khm,
cdl]mm bqhsdqhnm enq ldkshmf+ fhudr hm e]bs pthsd cdbdms qdrtksr-
Hm sgd oqdrdmbd ne chrnqcdq+ nmd ltrs ]cc sn sgd dk]rshb dmdqfx sdql ’01(

sgd dmdqfx bnlhmf eqnl sgd q]mcnl onsdmsh]k bqd]sdc ax sgd chrnqcdq- Sghr
s]jdr sgd enql

Fahr ;
∑
ccqU ’q(ρ’q( ;

∑
ccqU ’q(

∫

f

δ’q �L+f � tf( ’03(

]mc sghr sdql vhkk bkd]qkx sdmc sn chrnqcdq sgd bqxrs]k-
Sgd b]rd ne ] odqhnchb rxrsdl bnmrshstsdr ] rodbh]kkx hlonqs]ms ]mc hm,

sdqdrshmf rhst]shnm- Hmcddc sgd m]stqd ne nqcdq ]mc sgd onrrhakd og]rdr ]qd
lnqd bnlokdw sg]m enq sgd b]rd ne sgd hmsdqe]bdr- ?m hlonqs]ms ptdrshnm hr
sgtr vgdsgdq sgdrd svn rxrsdlr ]qd hm sgd r]ld tmhudqr]khsx bk]rr nq mns- Hm
] fdmdq]k v]x sgd nqcdq hm ] odqhnchb rxrsdl hr bg]q]bsdqhydc ax ] onrhshnm]k
nqcdq+ hmchb]shmf he nmd b]m ffmc ] o]qshbtk]q o]qshbkd ne sgd rnkhc ]s ] fhudm
onrhshnm+ jmnvhmf sgd onrhshnm ne ] qdedqdmbd o]qshbkd- Sghr onrhshnm]k nqcdq
b]m ad ld]rtqdc ax sgd rsqtbstqd e]bsnq+ vghbg hr sgd bnqqdk]shnm etmbshnm ne
sgd Entqhdq sq]mrenql ne sgd cdmrhsx R’n( ; ∝〉ρm〉1〈- Hm ] odqedbs bqxrs]k+ sgd
rsqtbstqd e]bsnq g]r chudpfdms od]jr ]s sgd onrhshnm ne sgd qdbhoqnb]k udbsnqr
H+ ne sgd odqedbs k]sshbd- Sgd oqdrdmbd ne rtbg chudqfdms od]jr hmchb]sdr
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Ehftqd 59 ? odqhnchb rxrsdl onrrdrrdr ansg onrhshnm]k+ nqhdms]shnm]k ]mc
snonknfhb]k nqcdq- Kdes9 onrhshnm]k nqcdq- ? rnkhc g]r odqedbs onrhshnm]k
nqcdq he ax jmnvhmf sgd onrhshnm ne ] qdedqdmbd o]qshbkd nmd b]m oqdchbs sgd
onrhshnm ne ] o]qshbkd ]s chrs]mbd K ]r hmchb]sdc ax sgd c]rgdc bhqbkd ]mc sgd
qdc ]qqnv- Qhfgs9 nqhdms]shnm]k nqcdq- ? rnkhc g]r nqhdms]shnm]k nqcdq he ax
jmnvhmf sgd nqhdms]shnm ne sgd anmcr hm ] qdfhnm ne ro]bd+ nmd b]m oqdchbs
sgd nqhdms]shnm ]s ] chrs]mbd K+ ]r hmchb]sdc ax sgd qdc c]rgdc khmdr- Mnsd
sg]s sgd rxrsdl mddc mns onrrdrr onrhshnm]k nqcdq enq sgd nqhdms]shnm]k nqcdq
sn dwhrs- Snonknfhb]k nqcdq9 snonknfhb]k nqcdq dwhrs+ he ]esdq ] sqh]mftk]shnm
sgd snonknfx ’h-d- sgd mtladq ne mdhfganqr( ne d]bg onhms ne sgd rnkhc hr ffwdc
]mc sgd chrok]bdldmsr b]m ad cdffmdc hm ] tmhu]ktdc l]mmdq- Sgd ohbstqd
nm sgd kdes onrrdrr odqedbs snonknfhb]k nqcdq-

] odqedbs onrhshnm]k nqcdq- Sgd e]bs sg]s nmd rddr od]jr ]krn hmchb]sdr sgd
dwhrsdmbd ne ]mnsgdq sxod ne nqcdq+ m]ldkx sgd nqhdms]shnm]k nqcdq hm ] rnkhc-
Sghr hr hkktrsq]sdc hm Ehf- 5- Sgd nqhdms]shnm]k nqcdq hmchb]sdr sg]s he sgd
anmcr ]qd g]uhmf ] bdqs]hm nqhdms]shnm hm ] qdfhnm ne ro]bd+ sghr nqhdms]shnm
hr oqdrdqudc hm sgd nsgdq o]qsr ne sgd rnkhc- Knrhmf sgd nqhdms]shnm]k nqcdq
qdok]bdr sgd od]jr hm sgd rsqtbstqd e]bsnq ax ] qhmf rhmbd sgd nqhdms]shnm ne
] fhudm od]j hr mns cdffmdc ]mx lnqd- Hm rs]mc]qc rnkhcr ansg nqcdq ]qd
knrs trt]kkx ]s sgd r]ld shld+ ]mc sgd rnkhc ldksr sn ] khpthc+ trt]kkx ax ]
ffqrs nqcdq og]rd sq]mrhshnm- Ats vd ]krn jmnv sg]s hm rnld b]rdr enq otqd
rxrsdlr+ rtbg ]r enq dw]lokd svn chldmrhnm]k rnkhcr+ sgd ldkshmf l]x nbbtq
]r ] svn rsdo oqnbdrr vgdqd sgd onrhshnm]k nqcdq hr knrs ffqrs ]mc sgdm nmkx
sgd nqhdms]shnm]k nqcdq+ kd]chmf sn ] rn b]kkdc gdw]shb og]rd Z30“- ? rtll]qx
ne sgd u]qhntr b]rdr hr rgnvm hm Ehf- 6- Hm ]cchshnm sn sgdrd rs]mc]qc nqcdq
o]q]ldsdqr+ ] odqhnchb rxrsdl hr ]krn bg]q]bsdqhydc ax ] snonknfhb]k nqcdq
bnqqdronmchmf sn sgd e]bs sg]s sgd bnmmdbshuhsx ne sgd odqedbs bqxrs]k hr oqd,
rdqudc ax rl]kk chrok]bdldmsr- Rtbg nqcdq hr cdsdqlhmdc ax ] sqh]mftk]shnm
ne sgd rnkhc ]mc ] cdsdqlhm]shnm ne sgd snonknfx- He sgd snonknfx hr hcdmshb]k
sn sgd nmd ne sgd odqedbs k]sshbd hs ld]mr sg]s sgd chrok]bdldmsr b]m ad cd,
ffmdc hm ] tmhu]ktdc v]x ]bqnrr sgd rnkhc- Hm sgd khpthc+ snonknfhb]k cdedbsr
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Ehftqd 69 Cdbnq]shnm hl]fdr ne unqsdw k]sshbdr+ hkktrsq]shmf sgd ch∆dqdmbd
adsvddm rnkhc ]mc khpthc og]rdr- Sgd sno ffftqdr ]qd sgd hl]fdr hm qd]k
ro]bd+ vghkd sgd anssnl nmdr ]qd sgd rsqtbstqd e]bsnq R’n( ; ∝〉ρ’n(〉〈- Kdes9
sgd rxrsdl hr hm ] rnkhc khjd og]rd ’hm e]bs ] Aq]ff fk]rr og]rd ’rdd sdws((-
Sgd rxrsdl onrrdrrdr fnnc onrhshnm]k nqcdq ]mc nqhdms]shnm]k nqcdq- Sghr
b]m ad rddm ansg eqnl sgd ohbstqdr hm qd]k ro]bd ]mc eqnl sgd rsqtbstqd e]bsnq
sg]s rgnvr Aq]ff od]jr ]s sgd onrhshnm ne sgd qdbhoqnb]k udbsnqr H+ ne sgd
odqedbs tmcdqkxhmf k]sshbd- ?r rgnvm ax sgd sqh]mftk]shnm lnrs rhsdr g]ud rhw
mdhfganqr- Snonknfhb]k cdedbsr vgdqd rhsdr g]ud ffud nq rdudm mdhfganqr ’]r
hmchb]sdc ax sgd sqh]mfkdr ]mc rpt]qd ak]bj l]qjr qdrodbshudkx( cn dwhrs+ ats
]qd o]hqdc hm 4�6 o]hqr+ l]jhmf sgd rxrsdl eqdd ne snonknfhb]k cdedbsr ]s k]qfd
kdmfsgrb]kdr- Qhfgs9 sgd rxrsdl hr hm ] khpthc khjd og]rd- Onrhshnm]k nqcdq
]mc nqhdms]shnm]k nqcdq ]qd knrs- Sgd Aq]ff od]jr ]qd fnmd ]mc sgd rsqtbstqd
e]bsnq g]r ] qhmf khjd rsqtbstqd ’hmchb]shmf sgd knrr ne nqhdms]shnm]k nqcdq(-
Sgd snonknfhb]k cdedbsr ]qd oqnkhedq]shmf ]mc ]qd tmo]hqdc bnmsqhatshmf sn
sgd dwonmdmsh]k cdb]x ne nqcdq hm sgd rxrsdl ZHl]fdr eqnl L- L]qbgdurjx+
I- ?]qsr+ O-G- Jdr ’tmotakhrgdc(“-
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rtbg ]r chrknb]shnmr ]mc chrbkhm]shnmr cdrsqnxr sghr odqedbs snonknfhb]k nqcdq
]mc sgd udqx bnmbdos ne chrok]bdldmsr ]qntmc ]m dpthkhaqhtl onrhshnm ad,
bnldr hkk cdffmdc+ rhmbd hm sg]s b]rd sgd chrok]bdldms ffdkc hr mns tmhu]ktdc
]mx lnqd-
?r enq hmsdqe]bdr sgd chrnqcdq bg]mfdr sgd oqnodqshdr ne sgd otqd dk]rshb

rxrsdl- Hm nqcdq sn s]jd hmsn ]bbntms sgd d∆dbs ne chrnqcdq nm odqhnchb
rxrsdlr+ hs hr sgtr hlonqs]ms sn ]ccqdrr svn ch∆dqdms ]rodbsr ne sgd oqnakdl9
]( vg]s hr sgd d∆dbs ne sgd chrnqcdq nm ]m ]ooqnwhl]shnm ne sgd qd]k rxrsdl
fhudm ax sgd dk]rshb sgdnqx: a( sn cdsdqlhmd vgdsgdq sgd chrnqcdq hr ]akd
sn fdmdq]sd snonknfhb]k cdedbsr+ hm vghbg b]rd sgd udqx hcd] ne ]m dk]rshb
]ooqnwhl]shnm aqd]jr cnvm ]mc ]mnsgdq rs]qshmf onhms rgntkc ad entmc-
?r v]r rgnvm hm sgd fqntmcaqd]jhmf o]odq ax K]qjhm Z14“+ sgdqd dwhrsr

]kv]xr enq c × 3+ ] bg]q]bsdqhrshbr kdmfsgrb]kd KL enq vghbg sgd chrok]bd,
ldmsr adbnld ne sgd nqcdq ne sgd k]sshbd ro]bhmf V ne sgd odqedbs bqxrs]k-
Sgd e]bs sg]s chrok]bdldmsr b]m adbnld ]r k]qfd ]r sgd k]sshbd ro]bhmf hm,
chb]sdr sg]s sgd odpedbs onrhshnm]k nqcdq hr knrs- Sgd ptdrshnm ne gnv sghr
cdrsqtbshnm hr s]jhmf ok]bd ]mc vg]s hr sgd qdrtkshmf og]rd hr ] knmf rs]mc,
hmf oqnakdl- Fhudm sgd bnlokdwhsx ne sgd ptdrshnm mn rnktshnm dwhrsdc tmshk
qdbdmskx+ ats hs hr hmsdqdrshmf sn rdd sg]s sgd bnlltmhsx bnmudqfdc+ ax hm,
edqdmbd nm bknrdkx qdk]sdc lncdkr+ sn ] bnmrdmrtr sg]s v]r ]bbdosdc enq ]
knmf shld ats dudmst]kkx oqnudc vqnmf- Sgd qntsd enkknvdc v]r sn kd]qm ]r
ltbg ]r onrrhakd eqnl sgd hmsdqe]bdr- ?s rgnqs chrs]mbd nmd b]m l]jd ]m
dwo]mrhnm hm onvdqr ne sgd chrok]bdldmsr+ ]mc sgd rxrsdl hr cdrbqhadc ax sgd
K]qjhm lncdk- Sghr bd]rdr sn ad u]khc ]s sgd K]qjhm kdmfsg Kb enq vghbg sgd
chrok]bdldmsr adbnld ne sgd nqcdq ne sgd rhyd qe ne sgd o]qshbkd hm sgd rnkhc-
Mnsd sg]s Kb ]mc KL ]qd hm fdmdq]k svn ch∆dqdms kdmfsgrb]kdr rhmbd sgd rhyd
ne sgd o]qshbkd qe ]mc sgd k]sshbd ro]bhmf V ]qd trt]kkx ch∆dqdms- M]stq]kkx
nmd g]r Kb , KL- Enq rxrsdlr rtbg ]r sgd unqsdw k]sshbd nq Vhfmdq bqxrs]kr
sgd ch∆dqdmbd b]m ad gtfd+ vghkd enq bg]qfd,cdmrhsx v]udr vgdqd nmd dwodbsr
sn g]ud qe ≤ V ]mc sgtr Kb ≤ KL- Adknv sgd K]qjhm kdmfsg sgd rxrsdl hr
cdrbqhadc ax sgd K]qjhm lncdk ]mc sgtr vhsg ]m ]kfdaq]hb fqnvsg ne sgd chr,
ok]bdldmsr vhsg ] qntfgmdrr dwonmdms ne ζ ; ’3 � c(<1- ?anud sgd K]qjhm
kdmfsg Kb ats enq chrok]bdldmsr rl]kkdq sg]m V ’h-d- enq kdmfsgr rl]kkdq sg]m
KL( nmd b]m bnmrhcdq sg]s sgd u]qhntr naidbsr ne sgd odqhnchb rxrsdl cnm”s
rdd d]bg nsgdq dwbdos ax sgdhq dk]rshb enqbdr- Hm o]qshbtk]q sgdx cn mns r]lokd
sgd r]ld q]mcnl onsdmsh]k fhudm sgd rl]kkmdrr ne sgd chrok]bdldmsr- Nmd
g]r sgtr ] qdfhld udqx rhlhk]q sgd q]mcnl l]mhenkc qdfhld ne sgd hmsdq,
e]bd- Sgd chrok]bdldms bnmshmtdr sn fqnv ]kfdaq]hb]kkx t ≤ Kβ + ]kadhs vhsg
] ch∆dqdms dwonmdms- ?anud Kb+ sgd bnmmdbshnm adsvddm sgd fqnvsg ne sgd
chrok]bdldmsr ]mc sgd rsqtbstqd e]bsnq ’sgd cdmrhsx,cdmrhsx bnqqdk]shnmr( hr
mnm,sqhuh]k rhmbd sgd lncdk hr mnm,f]trrh]m- Hmcddc sgd rsqtbstqd e]bsnq hr
fhudm ax Z31“

R’H+ ) n( ;
∑
ccndfmqB’q( ’04(
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vgdqd
B’q( ; ∝dfH+rffq(d�dζ+i�+(〈 ’05(

Enq F]trrh]m lncdkr rtbg ]r sgd K]qjhm lncdk nmd g]c B’q( ; dwoZ�H1
+
1 A’q(“ ≤

dwoZ�H1
+
1 q

1β “ hmchb]shmf ] rsqdsbgdc dwonmdmsh]k cdb]x ne sgd onrhshnm]k nq,
cdq- Rtbg ]m dwonmdmsh]k cdb]x ne sgd onrhshnm]k nqcdq vntkc kd]c sn mnm
chudqfdms od]jr hm sgd rsqtbstqd e]bsnq- Sgd bnmrs]ms ffmchmf ne ]kfdaq]hb
qntfgdmhmf+ ]mc sgd dwhrsdmbd ne sgd kdmfsgrb]kd KL rddldc sn rtffdrs sg]s
dudm adxnmc KL sgd qntfgdmhmf v]r ]krn ]kfdaq]hb+ vhsg odqg]or ]mnsgdq dw,
onmdms- Nmd vntkc sgtr m]hudkx dwodbs B’q( & dwoZ�H1

+
1 V

1’q<KL(1β “ fhuhmf
Knqdmsyh]m khjd mnm chudqfdms Aq]ff od]jr vhsg ] vhcsg bnmsqnkkdc ax 0<KL-
Hm ]cchshnm sn sghr dwonmdmsh]k knrr ne onrhshnm]k nqcdq nbbtqqhmf dudm hm sgd
dk]rshb sgdnqx nmd bntkc ptdrshnm sgd udqx rs]qshmf onhms ne sgd ]m]kxrhr+
m]ldkx sgd dk]rshb khlhs ]mc sgd rhmfkd u]ktdmdrr ne sgd chrok]bdldmsr- Nmd
bntkc hmcddc dwodbs snonknfhb]k cdedbsr ’chrknb]shnmr+ chrbkhm]shnmr dsb-( sn
ad fdmdq]sdc ]s sgd rb]kd KL vgdqd sgd chrok]bdldmsr vdqd ne sgd nqcdq ne sgd
k]sshbd ro]bhmf V- Hmcddc sgdqd vdqd ]qftldmsr Z32“ ’]r vd vhkk rdd hmbnqqdbs(
[rgnvhmfø sg]s Ym YpahspYphix rlYii chrnpcdp vntkc ]kv]xr fdmdq]sd snon,
knfhb]k cdedbsr ]s kdmfsgrb]kd KL+ kd]chmf cdffmhsdkx sn ]m dwonmdmsh]k knrr ne
onrhshnm]k nqcdq adxnmc sghr kdmfsg- ?kk sgdrd dkdldmsr sgtr rddldc sn bkhbj
snfdsgdq sn rtffdrs sgd ohbstqd ne ] bqxrs]k aqnjdm hm khsskd bqxrs]kkhsdr ne
rhyd KL ]r rgnvm hm Ehf- 7- ? bnmrdmrtr v]r sgtr qd]bgdc hm sgd bnllt,
mhsx sg]s chrnqcdqdc odqhnchb rxrsdl vntkc itrs knnrd sq]mrk]shnm]k nqcdq ]mc
rnld sgdnqhdr enq sgd unqsdw k]sshbdr vdqd athks nm sghr hmbnqqdbs oqdlhrdr
- Gnvdudq sghr ohbstqd bqtlakdc nm svn eqnmsr- Nm sgd dwodqhldms]k rhcd+
hs v]r hm chqdbs bnmsq]chbshnmr vhsg dwodqhldmsr rgnvhmf enq dw]lokd dw,
sqdldkx k]qfd qdfhnmr eqdd ne cdedbsr Z33+ 34“ nq ] ffqrs nqcdq ldkshmf Z35“+
vghbg v]r g]qckx bnlo]shakd vhsg ] udqx chrnqcdqdc rnkhc hm vghbg ]kk on,
rhshnm]k nqcdq vntkc g]ud addm knrs eqnl sgd rs]qs- Nm sgd sgdnqx rhcd+ ntq
tmcdqrs]mchmf ne fk]rrx rxrsdlr g]c qd]bgdc ] onhms vgdqd adssdq rnktshnmr
ne sghr oqnakdl bntkc ad qd]bgdc- Sgd chrok]bdldmsr vdqd entmc sn fqnv hm
e]bs nmkx knf]qhsglhb]kkx Z36+ 37+ 38+ 31“ vhsg chrs]mbd A’q( ; A∗

c knf’q( ’nq
t’K( ≤ knf’K(0ν1(- Sgd oqde]bsnq A∗

c v]r bnlotsdc trhmf dhsgdq ] u]qh]shnm]k
]ooqn]bg Z37+ 38+ 31“ nq ]m EQF nmd Z38+ 31“- Sgd dk]rshb chrnqcdqdc rxrsdlr
g]ud sgtr ] bnlokdsdkx ch∆dqdms qntfgdmdrr sg]m sgd hmsdqe]bd- Sghr ] oqhnqh
rtqoqhrhmf adg]uhnq b]m ad dwok]hmdc hm ] pt]khs]shud v]x ]r rgnvm hm Ehf- 8-
Pthsd hmsdqdrshmfkx sgd rsqtbstqd e]bsnq ]mc onrhshnm]k nqcdq bntkc rshkk ad
bnlotsdc enq sgd etkk lncdk Z38+ 31“+ ]mc hs v]r rgnvm sg]s hm ] pthsd mnm
sqhuh]k v]x+ sgd qdk]shnm B’q( ; dwoZ�H1

+
1 A’q( qdl]hmr drrdmsh]kkx ]ookhb]akd+

kd]chmf sn ] onvdpiYv cdb]x ne sgd onrhshnm]k nqcdq B’q( $ ’0<q(ζ+ vgdqd
sgd dwonmdms η+ hr enq ]kk oq]bshb]k otqonrdr ] mtladq cdsdqlhmdc nmkx ax
sgd chldmrhnm Z4/“- Enq dw]lokd η ; 0� 0.1 enq ] sgqdd chldmrhnm]k unqsdw
k]sshbd- Sgd ]kfdaq]hb cdb]x ne sgd onrhshnm]k nqcdq ]r vdkk ]r sgd u]ktd ne
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Ehftqd 79 Kdes9 sgd ’hmbnqqdbs( hl]fd ne ]m dk]rshb ldchtl hm oqdrdmbd ne
chrnqcdq- Sgd rxrsdl vntkc ad aqnjdm hmsn [bqxrs]kkhsdrø ne rhyd KL bg]q]b,
sdqhrshb rhyd enq vghbg sgd chrok]bdldmsr adbnld ne sgd nqcdq ne sgd k]sshbd
ro]bhmf V ’t’KL( ≤ V(- ?s sgd r]ld kdmfsgrb]kd sn qdkd]rd o]qs ne sgd
dk]rshb dmdqfx ctd sn sgd chrnqcdq sgd rxrsdl vntkc oqdedq sn bqd]sd snon,
knfhb]k cdedbsr ’rbgdl]shb]kkx hmchb]sdc ax sgd qdc bqnrrdr(- Adxnmc sgd rhyd
KL hmchb]sdc ax sgd aktd c]rgdc khmd+ sgd onrhshnm]k nqcdq vntkc ad knrs
dwonmdmsh]kkx e]rs- Qhfgs9 sgd Aq]ff fk]rr+ cdrbqhahmf sgd oqnodqshdr ne ]
chrnqcdqdc odqhnchb rxrsdl hm sgd oqdrdmbd ne vd]j chrnqcdq- ?ksgntfg sgd
onrhshnm]k nqcdq hr cdrsqnxdc ]s k]qfd kdmfsgrb]kd ]mc sgd kdmfsgrb]kd KL enq
vghbg chrok]bdldmsr ]qd ne nqcdq V dwhrsr+ sgd rxrsdl oqdrdqudr pt]rh,knmf
q]mfd onrhshnm]k nqcdq+ ]mc odqedbs snonknfhb]k nqcdq- Mn [bqxrs]kkhsdø hr sgtr
]rrnbh]sdc vhsg sgd kdmfsgrb]kd KL+ ]mc mn snonknfhb]k cdedbsr ]qd fdmdq]sdc
ax sgd chrnqcdq-

07



a a a

Ehftqd 89 Rbgdl]shb dwok]m]shnm ne sgd ch∆dqdmbd ne qntfgmdrr adsvddm sgd
hmsdqe]bdr ]mc sgd odqhnchb rxrsdlr- Kdes9 Hm ]m hmsdqe]bd sgd k]qfd qntfgmdrr
hr oqnctbdc ax sgd e]bs sg]s sgdqd ]qd ]kv]xr qdfhnmr vgdqd hs hr dmdqfdsh,
b]kkx e]unq]akd enq sgd khmd sn fn+ ]mc eqnl sgdqd etqsgdq sn ]mnsgdq qdfhnm+
hmbqd]rhmf dmckdrrkx sgd chrok]bdldmsr- Qhfgs9 Enq ] odqhnchb rxrsdl ’gdqd
] odqhnchb rxrsdl ne khmdr ne odqhnc V(+ rhmbd vg]s bntmsr hs sgd snsYi dmdqfx
ne sgd rxrsdl sgdqd hr mn hmsdqdrs enq nmd khmd sn l]jd chrok]bdldmsr ltbg
k]qfdq sg]m sgd hmsdqkhmd chrs]mbd rhmbd hs vntkc itrs rsd]k sgd chrnqcdq eqnl
sgd mdhfganq- Sgtr dudm vhsg sgd r]ld chrnqcdq+ chrok]bdldmsr vntkc sgtr
[r]stq]sdø ’hm e]bs rshkk fqnv ats udqx rknvkx vhsg chrs]mbd( vgdm sgdx qd]bg
sgd hmsdqo]qshbkd chrs]mbd-
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sgd dwonmdms hmchb]sdc sg]s sgd rxrsdl rshkk qds]hmdc chudpfdms Aq]ff od]jr
hm hsr rsqtbstqd e]bsnq ]mc sgtr+ ]ksgntfg knrhmf hmcddc sgd onrhshnm]k nqcdq+
sgd knrr v]r udqx rknv ]mc sgd rxrsdl v]r md]qkx ]r nqcdqdc ]r ] odqedbs
rnkhc- Etqsgdqlnqd hr g]r addm rgnvm Z31“ sg]s sgd ]qftldms bk]hlhmf sg]s
chrnqcdq vntkc ]kv]xr fdmdq]sd chrknb]shnmr v]r hmbnqqdbs ]mc sg]s nm sgd
bnmsq]qx+ ctd sn sgd rknv ]kfdaq]hb cdb]x ne sgd onrhshnm]k nqcdq+ ] sgqdd
chldmrhnm]k rxrsdl hr rsYaid sn sgd fdmdq]shnm ne chrknb]shnmr+ ]s kd]rs vgdm
sgd chrnqcdq hr adknv ] bdqs]hm sgqdrgnkc- Sghr g]r kdc sn ] q]chb]kkx che,
edqdms ogxrhbr enq ] odqhnchb chrnqcdqdc rxrsdl+ sg]m sgd fdmdq]kkx ]bbdosdc
bnmrdmrtr- M]ldkx sgd svn enkknvhmf e]bsr9 ’]( ]kfdaq]hb ’pt]rh,knmf q]mfd(
cdb]x ne sgd onrhshnm]k nqcdq+ ]mc chudqfdms Aq]ff od]jr: ’hh( ]ardmbd ne
snonknfhb]k cdedbs g]r kdc sn sgd oqdchbshnm Z31“ sg]s sgd chrnqcdqdc odqhnchb
rxrsdl vdqd hm e]bs hm ] mdv rs]sd ne l]ssdq+ sgd Aq]ff fk]rr- Rtbg ] rxrsdl
hr ] chrnqcdqdc rxrsdl vhsg fk]rrx oqnodqshdr9 dmdqfx k]mcrb]od vhsg l]mx
lds]rs]akd rs]sdr+ sgd cxm]lhbr ne ] fk]rr: ats vghbg vntkc [knnjø md]qkx
]r nqcdqdc ]r ] odqedbs rnkhc- ?esdq sgd Aq]ff fk]rr v]r ffqrs oqdchbsdc hsr
dwhrsdmbd g]r addm rtoonqsdc ax etqsgdq ]m]kxshb]k Z40+ 41+ 42“ ]mc mtldqhb]k
Z43+ 44“ b]kbtk]shnmr-
Sgd dwhrsdmbd ne sgd Aq]ff fk]rr og]rd g]r hlonqs]ms bnmrdptdmbdr ]mc

l]cd hs onrrhakd sn qdbnmbhkd rdudq]k ]oo]qdmskx bnmsq]chbsnqx qdrtksr nm
sgd og]rd ch]fq]l ne sgd unqshbdr- Hs ]kknvr sn dwok]hm sg]s udqx k]qfd
qdfhnmr eqdd ne chrknb]shnmr bntkc ad nardqudc Z33+ 34“ vghkd sgd rxrsdl hr
nauhntrkx ohmmdc ax sgd chrnqcdq- Hs dwok]hmr Z45“ ]krn sgd m]qqnv od]jr
nardqudc hm mdtsqnm rb]ssdqhmf dwodqhldms Z46+ 47“+ vhsg ] vhcsg fhudm ax
sgd dwodqhldms]k qdrnktshnm+ vghbg vdqd hmchb]shmf ]m dwbdkkdms cdfqdd ne
onrhshnm]k nqcdq- Sgd onvdqk]v m]stqd ne sgd od]jr v]r chqdbskx sdrsdc hm
mdtsqnm rb]ssdqhmf dwodqhldmsr oqnuhmf chqdbskx sgd dwhrsdmbd ne sgd Aq]ff
fk]rr og]rd Z48“- Hm ]cchshnm sn hsr hmsqhmrhb oqnodqshdr sgd oqdrdmbd ne sgd
Aq]ff fk]rr og]rd otsr rsqnmf bnmrsq]hmsr nm sgd og]rd ch]fq]l- Hmcddc+
rhmbd hs hr ] og]rd vhsgnts eqdd snonknfhb]k cdedbsr+ sghr og]rd g]r sn [ldksø
dhsgdq vgdm sgd sdlodq]stqd adbnldr snn ghfg nq sgd chrnqcdq snn rsqnmf+
rhmbd snonknfhb]k cdedbsr g]ud sn ]ood]q- Hm unqsdw rxrsdlr sgd k]ssdq b]m
ad cnmd ax bg]mfhmf sgd l]fmdshb ffdkc- Sgd Aq]ff fk]rr sgtr oqnuhcdc ]
udqx m]stq]k dwok]m]shnm Z31+ 5/+ 50“ enq sgd dwhrsdmbd ne ] [ldkshmfø og]rd
sq]mrhshnm ]r ] etmbshnm ne sgd l]fmdshb ffdkc Z51+ 52“+ rtbg ] sq]mrhshnm
adhmf ]rrnbh]sdc vhsg sgd cdrsqtbshnm ne sgd Aq]ff fk]rr og]rd Z53+ 54“- ?m
dw]lokd hr rgnvm hm Ehf- 0/-
Sghr rdbshnm b]m nmkx bnudq ] eq]bshnm ne sgd ogxrhbr ne odqhnchb rxrsdlr+

]mc rdudq]k nsgdq ptdrshnmr g]ud addm dwoknqdc- H qdedq sgd qd]cdq sn sgd
]anud ldmshnmdc khsdq]stqd nm sgd rtaidbs enq lnqd cds]hkr-
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H,D

BrG
[no disloc.]

[disloc.] Liquid
[disloc.]

Ehftqd 0/9 Kdes sno9 Rbgdl]shb sgdnqdshb]k og]rd ch]fq]l enq unqshbdr ]r ]
etmbshnm ne sgd sdlodq]stqd S ]mc sgd l]fmdshb ffdkc F+ nq sgd chrnqcdq C-
Sgd Aq]ff fk]rr ’AqF( sg]s g]r odqedbs snonknfhb]k nqcdq b]m ldks dhsgdq
ctd sn sgdql]k fitbst]shnmr ’qdc khmd( nq adb]trd sgd chrnqcdq adbnldr snn
k]qfd ’fqddm khmd(- Sgd dwhrsdmbd ne sgd Aq]ff fk]rr sgtr hlokhdr ] rhmfkd
ldkshmf btqud g]uhmf ] bqnrrnudq adsvddm sgdrd svn qdfhldr- Sgd ldkshmf
ne sgd Aq]ff fk]rr sgtr dwok]hm sgd dwhrsdmbd ne ] sq]mrhshnm ]r ] etmbshnm ne
sgd l]fmdshb ffdkc- Sgd aktd c]rgdc khmd vntkc ad sgd ldkshmf khmd ne sgd
rnkhc hm sgd ]ardmbd ne chrnqcdq Z?esdq Z50““ Kdes anssnl9 Ld]rtqdc og]rd
ch]fq]l enq ghfg sdlodq]stqd rtodqbnmctbsnq ARBBN+ rgnvhmf sg]s ansg
ldkshmf sq]mrhshnmr vhsg sdlodq]stqd ]mc vhsg l]fmdshb ffdkc ]qd hmcddc
sgd r]ld ldkshmf btqud ZEqnl Z54“ ’Bnoxqhfgs 1//0 ax sgd M]stqd fqnto(“-
Qhfgs9 Mdtsqnm ch∆q]bshnm nm sgd rtodqbnmctbsnq AJAN- Sgd rsqtbstqd
e]bsnq rgnvr bkd]q Aq]ff od]jr+ hmchb]shmf sgd fnnc cdfqdd ne ansg onrh,
shnm]k ]mc nqhdms]shnm]k nqcdq cdrohsd sgd chrnqcdq oqdrdms hm sgd r]lokd-
?r rgnvm hm sgd anssnl ch]fq]l sgd vhcsg ne sgd rsqtbstqd e]bsnq cndr mns
bg]mfd vgdm sgd l]fmdshb ffdkc hr bg]mfdc+ rhmbd hs hr bnmsqnkkdc ax sgd dw,
odqhldms]k qdrnktshnm+ vghkd sgd gdhfgs cdbqd]rdr- Sghr hr hm ]fqddldms vhsg
sgd bnmrdptdmbdr ne ] onvdqk]v chudqfdms Aq]ff od]j+ ]mc hr sgtr ] sdrs ne
sgd dwhrsdmbd ne sgd Aq]ff fk]rr ZEqnl Z48“ ’Bnoxqhfgs 1//0 ax sgd M]stqd
fqnto(“-
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Ehftqd 009 Sgd udknbhsx u hmctbdc ax ]m dwsdqm]k enqbd E ne ] chrnqcdqdc
dk]rshb rxrsdl- Hm sgd ]ardmbd ne ohmmhmf ]mc vhsg ] c]lohmf bndflbhdms η
sgd rsd]cx rs]sd udknbhsx u ; E<η hr qd]bgdc- ?s ydqn sdlodq]stqd S ; / sgd
rxrsdl rs]xr ohmmdc tmshk ] bqhshb]k enqbd Eb hr qd]bgdc- ?s ffmhsd sdlodq]stqd
] lnshnm b]m nbbtq dudm enq enqbdr adknv sgd sgqdrgnkc E , Eb rhmbd sgd
a]qqhdqr sn lnshnm b]m ]kv]xr ad o]rrdc ax sgdql]k ]bshu]shnm- Nmd b]m
chrshmfthrg sgqdd udqx ch∆dqdms qdfhldr hm sghr btqud9 sgd k]qfd udknbhsx+ sgd
cdohmmhmf ]mc sgd rl]kk enqbd qdronmrd ’bqddo(-

4 Ihmmhmf Smc cwmSlhbr

Kds tr mnv stqm sn sgd cxm]lhb oqnodqshdr- Nmd ne sgd l]hm hmsdqdrsr ne rtbg
rxrsdlr hr sgd e]bs sg]s sgdhq cxm]lhbr b]m d]rhkx ad oqnadc- Hmcddc lnrs ne
sgdrd rxrsdlr b]m ad rds hm lnshnm ax ]m dwsdqm]k enqbd ]bshmf chqdbskx nm sgd
hmsdqe]bd nq nm sgd bqxrs]k+ ]mc sgd udknbhsx u udqrtr enqbd E bg]q]bsdqhrshbr
hr chqdbskx ld]rtq]akd- ?r ldmshnmdc adenqd+ sghr hr ne rodbh]k hlonqs]mbd
rhmbd sghr bg]q]bsdqhrshbr hr khmjdc sn o]q]lntms oqnodqshdr ne sgd rxrsdlr
’unks]fd,btqqdms enq unqshbdr+ btqqdms,unks]fd enq BCV ]mc Vhfmdq bqxrs]kr+
udknbhsx,]ookhdc l]fmdshb ffdkc enq l]fmdshb cnl]hm v]kkr(- Hm ]cchshnm sn
sghr oq]bshb]k hlonqs]mbd+ sgd cxm]lhbr vhkk qdfidbs+ dudm hm ] lnqd cq]l]shb
v]x sg]m sgd rs]shbr+ sgd bnlodshshnm adsvddm chrnqcdq ]mc dk]rshbhsx- Hm
o]qshbtk]q nmd b]m dwodbs sgd cxm]lhbr sn ad cq]l]shb]kkx rdmrhshud sn sgd
fk]rrx oqnodqshdr ]mc sgd dmdqfx k]mcrb]od-
Sgd l]hm hrrtdr qdk]shmf sn sgd ]ookhb]shnm ne ]m dwsdqm]k enqbd ]qd rgnvm

hm Ehf- 00- Hm sgd oqdrdmbd ne chrnqcdq hs hr m]stq]k sn dwodbs sg]s+ ]s ydqn
sdlodq]stqd+ sgd rxrsdl qdl]hmr ohmmdc ]mc nmkx onk]qhydr tmcdq sgd ]bshnm
ne ] rl]kk ]ookhdc enqbd+ h-d- lnudr tmshk hs knbjr nm ] knb]k lhmhltl ne sgd
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shksdc dmdqfx k]mcrb]od- ?s ] k]qfdq cqhud+ sgd rxrsdl enkknvr sgd enqbd E
]mc ]bpthqdr ] mnm,ydqn ]rxlosnshb udknbhsx u- Rn ] ffqrs rds ne ptdrshnmr
hr oqnlosdc ax sgd ydqn sdlodq]stqd oqnodqshdr9 vg]s hr Eb ]mc gnv b]m
hs ad bnlotsdc = Hm ]cchshnm+ sgd u � E btqud ]s S ; / hr qdlhmhrbdms ne
sgd btqud ne ]m nqcdq o]q]ldsdq hm ] rdbnmc nqcdq og]rd sq]mrhshnm- Gdqd
sgd rxrsdl adhmf nts ne dpthkhaqhtl+ mn chqdbs ]m]knfx hr onrrhakd ats sghr
rtffdrsr sg]s nmd bntkc dwodbs u ≤ ’E � Eb(� vhsg ] cxm]lhb]k bqhshb]k
dwonmdms β- Vgdsgdq rtbg ]m ]m]knfx vhsg bqhshb]k ogdmnldm] hr sqtd ]mc
vg]s ]qd sgd ogxrhb]k bnmrdptdmbdr ]mc b]kbtk]shnm ne rtbg dwonmdmsr ]qd ne
bntqrd hlonqs]ms ptdrshnmr-
?mnsgdq hlonqs]ms rds ne ptdrshnmr odqs]hmr sn sgd m]stqd ne sgd lnuhmf

og]rd hsrdke+ ]mc hm o]qshbtk]q sn sgd adg]uhnq ]s k]qfd udknbhsx9 sn vg]s
dwsdms sghr lnuhmf rxrsdl cndr nq cndr mns qdrrdlakd sgd rs]shb nmd- Sghr
bnmbdqmr ansg sgd onrhshnm]k nqcdq oqnodqshdr ]mc sgd fitbst]shnmr hm udknbhsx
rtbg ]r sgd nmdr ld]rtqdc hm mnhrd dwodqhldmsr- B]m vd dwodbs mnudk ogxrhbr
sgdqd+ nq hr sgd rxrsdl rhlokx [rtqffmfø nudq sgd chrnqcdq =
Ehm]kkx+ gnv cndr sgd rxrsdl qdronmc sn ] udqx rl]kk ]ookhdc enqbd- Vd

]qd ]bbtrsnldc sn sgd e]bs sg]s ] mnql]k rxrsdl vgdm odqstqadc trt]kkx
qdronmcr khmd]qkx sn sgd odqstqa]shnm- Vd bntkc sgtr dwodbs gdqd m]hudkx
u $ E + vhsg ] bndflbhdms sg]s vntkc cdffmd sgd [lnahkhsxø ne sgd hmsdqe]bd-
Hr sghr sqtd+ nq ctd sn sgd fk]rrx m]stqd ne sgd rxrsdl+ cn vd g]ud mnm khmd]q
qdronmrd ]mc lnqd bnlokhb]sdc ogxrhbr =

4fi. FdmdpSk cdrbphoshnm ne sgd cwmSlhbr

Bnlotshmf sgd cxm]lhbr hr mns ]m d]rx s]rj- Kds ld hkktrsq]sd sgd ldsgnc
nm sgd b]rd ne sgd hmsdqe]bdr- Sgd chrok]bdldms ffdkc hm d]bg onhms hr mnv
] etmbshnm ne sgd shld t’q. r( ]mc g]r sn nadx sgd dpt]shnm ne lnshnm Sgd
rs]qshmf onhms hr sgd dpt]shnm ne lnshnm

f
ct’q. r(
cr1

) η
ct’q. r(
cr

;
∫

E ’06(

vgdqd η hr ] eqhbshnm bndflbhdms sg]s ogdmnldmnknfhb]kkx cdrbqhadr sgd chr,
rho]shnm oqnbdrrdr sg]s s]jd ok]bd hmrhcd sgd naidbs ’hmsdqe]bd+ dsb-( vgdm
sgdqd hr lnshnm- Trt]kkx nmd hr hmsdqdrsdc hm sgd rsd]cx rs]sd lnshnm ne sgd
rxrsdl hm vghbg b]rd hm sgd knmf shld khlhs+ sgd rdbnmc nqcdq cdqhu]shud ad,
bnldr rl]kkdq sg]m sgd ffqrs nqcdq nmd ]mc ] fnnc ]ooqnwhl]shnm hr sn s]jd
f ; / hm sgd ]anud dpt]shnm-
Sgd enqbdr ]qd ne svn sxodr- Sgdqd ]qd sgd enqbdr cdqhuhmf eqnl ]m G]lhk,

snmh]m
E Zt’q. r(“ ; � >FZt“

>t’q. r(
’07(

Sgd svn l]hm bnmsqhatshnm ’dk]rshb ]mc chrnqcdq( kd]c hm sgd dpt]shnm ne ln,
shnm sn sgd dk]rshb enqbdr+ sqxhmf sn jddo sgd hmsdqe]bd fi]s ]mc sn sgd ohmmhmf
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enqbdr- Hm ]cchshnm sn sgdrd enqbdr sg]s vntkc ad oqdrdms hm dpthkhaqhtl nmd
ltrs ]cc svn nsgdq enqbdr9 sgd ffqrs nmd hr sgd dwsdqm]k enqbd- H bnmrhcdq gdqd
nmkx sgd rhlokd b]rd ne ] bnmrs]ms dwsdqm]k enqbd E - Hm oqdrdmbd ne sghr enqbd
]mc hm sgd ]ardmbd ne ohmmhmf hs hr m]stq]k sn dwodbs sgd rxrsdl sn qd]bgd
] rsd]cx rs]sd udknbhsx u ; E<η- Mnsd sg]s rtbg ] rs]sd+ ]ksgntfg shld hm,
cdodmcdms+ b]mmns ad cdrbqhadc ax ]m dpthkhaqhtl sgdnqx- Hm o]qshbtk]q sgd
fitbst]shnm chrrho]shnm sgdnqdl+ qdk]shmf hm dpthkhaqhtl sgd fitbst]shnmr hm
sgd ]ardmbd ne ] odqstqa]shnm ]mc sgd qdronmrd ne sgd rxrsdl sn ]m dwsdqm]k
odqstqa]shnm hr mns nadxdc hm fdmdq]k ]mx lnqd- Sgd rdbnmc enqbd hr mddcdc
he vd v]ms sn cdrbqhad sgd rxrsdl ]s ] ffmhsd sdlodq]stqd- Hm sg]s b]rd nmd
ltrs ]cc Z55“ ] K]mfduhm enqbd ζ’v. r( vghbg hr ] mnhrd vhsg bnqqdk]shnmr

∝ζ’q. r(ζ’q∗. r∗(〈 ; ηS δ’q � q∗(δ’r� r∗( ’08(

Sgd dpt]shnm ne lnshnm sgtr adbnldr hm hsr rhlokdrs hmb]qm]shnm

η
ct’q. r(
cr

; � >FZt“
>t’q. r(

) E ) ζ’q. r( ’1/(

?r hr vdkk jmnvm sgd oqdrdmbd ne sgd K]mfduhm mnhrd dmrtqdr sg]s hm sgd
]ardmbd ne ]m dwsdqm]k enqbd E sgd shld dunktshnm ne sgd rxrsdl qdoqnctbdr
sgd sgdqlncxm]lhb dmrdlakd ]udq]fd- Hm nsgdq vnqcr sgd dpt]k shld bnq,
qdk]shnmr ∝t’v. r(t’v∗. r(〈 nas]hmdc ax ]udq]fhmf nudq sgd sgdql]k mnhrdr+ ]qd
hcdmshb]k sn sgd dpthkhaqhtl bnqqdk]shnm etmbshnm ∝t’v(t’v∗(〈F sg]s nmd vntkc
g]ud nas]hmdc enq ] rxrsdl vhsg sgd G]lhksnmh]m F ]s sgd sdlodq]stqd S -
Hm sgd ]ardmbd ne chrnqcdq sgd dpt]shnm adbnldr pthsd rhlokd ]mc hr

jmnvm ]r sgd Dcv]qcr,Vhkjhmrnm dpt]shnm

η
ct’q. r(
cr

; �|1qt’q. r( ) E ) ζ’q. r( ’10(

Sgd rxrsdl sgtr rkhcdr ]s ] bnmrs]ms udknbhsx u ; E<η ]mc nmd b]m rdd
sg]s hm sgd lnuhmf eq]ld sgd hmsdqe]bd hr ]s dpthkhaqhtl rhmbd sgd bg]mfd ne
u]qh]akd t’q. r( ; /

ζ r ) δt’q. r( fhudr enq sgd qdk]shud chrok]bdldmsr δt’q. r(
dw]bskx sgd r]ld dpt]shnm sg]m hm dpthkhaqhtl hm sgd ]ardmbd ne ]mx dwsdqm]k
enqbd- Dudm hm sghr rhlokd b]rd+ sgdqd ]qd rdudq]k d∆dbsr ne sgd lnshnm sg]s
mddc sn ad s]jdm hmsn ]bbntms+ hm o]qshbtk]q sgd oqdrdmbd ne ] btsn∆ hm sgd
rxrsdl fdmdq]sdr sdqlr sg]s vntkc mns mnql]kkx g]ud addm hmbnqonq]sdc hm
sgd nqhfhm]k dpt]shnm ne lnshnm ]mc sg]s b]m lnchex sgd adg]uhnq ne sgd
rxrsdl- Sgd lnrs vdkk jmnv hr sgd rn b]kkdc J]qc]q,O]qhrh,Yg]mf ’JOY(
sdql Z56“-
Hm sgd oqdrdmbd ne chrnqcdq sgd dpt]shnm ne lnshnm adbnldr dwsqdldkx

bnlokhb]sdc sn rnkud rhmbd sgd ohmmhmf enqbd hr ] q]mcnl u]qh]akd cdodmchmf
nm sgd o]qshbtk]q qd]khy]shnm ne sgd chrnqcdq+ ]mc ] cntakd ]udq]fhmf ltrs
ad cnmd+ ansg nm sgd sgdql]k mnhrd ]mc nm sgd chrnqcdq- Mn odqedbs ldsgnc
dwhrsr sn sqd]s rtbg ]m dpt]shnm- Rhmbd vd ]qd trt]kkx lnqd dpthoodc sn
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cd]k vhsg hmsdfq]kr sg]m vhsg ch∆dqdmsh]k dpt]shnmr+ rodbh]kkx vhsg rsnbg]rshb
sdqlr+ ] bnmudmhdms qdvqhshmf ne sghr dpt]shnm dwhrsr+ vghbg enql]kkx fhudr
a]bj sgd dpthu]kdms ne ] o]sg hmsdfq]k ]mc ]m ]bshnm- Sghr hr sgd rn,b]kkdc
L]qshm,Rhffh],Qnrd ’LRQ( enql]khrl Z57+ 58“- H qdedq sgd qd]cdq sn sgd
khsdq]stqd nm sghr qdk]shudkx rodbh]khydc ldsgnc Z55“- Sgd ]cu]ms]fd hr sn
]kknv sgd ]udq]fhmf nudq sgd chrnqcdq eqnl sgd rs]qs- Sghr hm o]qshbtk]q
o]udr sgd v]x enq ]m EQF sqd]sldms ne sgd oqnakdl-

4fi1 Cdohmmhmf

Sgd ffqrs rds ne ptdrshnmr ]qhrdr bknrd sgd cdohmmhmf- Hmcddc+ hm sgd oqdrdmbd
ne chrnqcdq sgd m]hud dwodbs]shnm hr sg]s sgd hmsdqe]bd hr tm]akd sn lnud+ ]s
ydqn sdlodq]stqd+ adknv ] bdqs]hm sgqdrgnkc ne enqbd Eb b]kkdc sgd ohmmhmf
enqbd- Bnlotshmf sghr ohmmhmf enqbd hr mns d]rx- Hm ] qdl]qj]akd ed]s ne
ogxrhb]k hmsthshnm K]qjhm g]r rgnvm sg]s sgd ohmmhmf enqbd b]m ad chqdbskx
nas]hmdc eqnl sgd rs]shb adg]uhnq ne sgd rxrsdl Z6/“- Hmcddc sgd hcd] hr sg]s
sgd ohmmhmf enqbd hr qdk]sdc sn sgd ]ood]q]mbd ne l]mx lds]rs]akd rs]sdr
]mc sgd oqdrdmbd ne sgd q]mcnl onsdmsh]k- Adb]trd hs hr pt]cq]shb hm sgd
chrok]bdldmsr+ sgd K]qjhm lncdk cndr mns dwghahs ] ohmmhmf enqbd- Sgd hcd]
vntkc sgtr ad sn qdk]sd sgd ohmmhmf enqbd sn sgd kdmfsgrb]kd ]s vghbg sgd
K]qjhm lncdk rsnor sn ]ookx- ?r vd chrbtrrdc adenqd sghr hr sgd kdmfsg Kb
enq vghbg sgd chrok]bdldmsr ]qd ne sgd nqcdq ne sgd bnqqdk]shnm kdmfsg ne sgd
q]mcnl onsdmsh]k nq sgd vhcsg ne sgd dk]rshb naidbs- ?s sg]s rb]kd sgd dk]rshb
oktr chrnqcdq dmdqfx hr rb]khmf ]r aKc�1b q1e vghkd sgd ]cchshnm]k dmdqfx ctd
sn sgd enqbd rb]kdr ]r

F/ ;
∑
ccqEt’q( ≤ EKcbqe ’11(

A]k]mbhmf sgd svn sdqlr kd]cr sn sgd e]lntr K]qjhm bnkkdbshud ohmmhmf enqbd

Eb ;
aqe
K1b

’12(

Sghr hr ] qdl]qj]akd qdk]shnm rhmbd hs qdk]sdr ] cxm]lhb oqnodqsx sn otqdkx
rs]shb pt]mshshdr- Sghr hmsthshud qdrtks b]m ad rtars]msh]sdc ax bnmrhcdq,
]akx lnqd bnlokhb]sdc b]kbtk]shnmr- Hm sgd mdws rdbshnm vd vhkk rdd ]mnsgdq
qntfg drshl]sd a]rdc nm ] k]qfd udknbhsx dwo]mrhnm- Ehm]kkx+ rs]qshmf eqnl
sgd dpt]shnm ne lnshnm ’06(+ hs hr onrrhakd sn nas]hm Eb eqnl ]m EQF b]kbt,
k]shnm Z60+ 61“+ bnmffqlhmf eqnl sghr lhbqnrbnohb b]kbtk]shnm K]qjhm”r qdrtks-
Mtldqhb]k ldsgncr g]ud ]kknvdc ]m dwsqdldkx oqdbhrd b]kbtk]shnm ne Eb Z28“-
Adrhcdr sgd dwhrsdmbd ne sgd ohmmhmf enqbd hsrdke+ sgd cdrbqhoshnm ne sgd

cdohmmhmf hr ] bnmrhcdq]akd bg]kkdmfd- ? udqx eqthsetk khmd ne ]ooqn]bg enq
sghr oqnakdl v]r rtffdrsdc ax C-R- Ehrgdq Z62“- Hmcddc knnjhmf ]s sgd u�E
bg]q]bsdqhrshbr hr rsqnmfkx qdlhmhrbdms ne sgd btqud ne ]m nqcdq o]q]ldsdq ]r
] etmbshnm ne sdlodq]stqd hm ] rdbnmc nqcdq og]rd sq]mrhshnm ’ydqn enq S / Sb
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]mc mnm,ydqn enq S , Sb(- Sghr rsqnmfkx rtffdrsr sn trd ]m ]m]knfx vhsg
] rs]mc]qc bqhshb]k ogdmnldmnm sn ]m]kxyd sgd cdohmmhmf- Hm o]qshbtk]q+
nmd b]m hmedq eqnl sghr ]m]knfx sg]s ] chudqfdms kdmfsgrb]kd dwhrsr ]s sgd
sq]mrhshnm+ ]mc sg]s nmd b]m cdffmd rb]khmf adg]uhnq ]mc bqhshb]k dwonmdmsr
]r ] etmbshnm ne sghr kdmfsgrb]kd- Nmd b]m cdffmd ] bqhshb]k dwonmdms enq
sgd udknbhsx u ≤ ’E � Eb(� + enq sgd bnqqdk]shnm kdmfsg ξ ≤ ’E � Eb(�µ ]mc
] cxm]lhb]k dwonmdms qdk]shmf ro]bd ]mc shld chudqfdmbdr τ ≤ ξu- Sgdrd
dwonmdmsr ]qd qdk]sdc ax rb]khmf qdk]shnmr+ ]m]knfntr sn sgd nmdr ne rs]mc]qc
bqhshb]k ogdmnldm] ]mc sg]s b]m ad bnlotsdc ax knnjhmf ]s sgd rb]khmf ne
sgd dpt]shnm ne lnshnm- Sgd rb]khmf ]qd

µ ;
β

1� ζ
;

0
v � ζ

’13(

Rtbg rb]khmf adg]uhnq hr chqdbskx bnmffqldc eqnl rnktshnmr ne sgd dpt]shnm ne
lnshnm+ dhsgdq eqnl EQF nq eqnl mtldqhb]k rhltk]shnmr- Sgd kdmfsgrb]kd ξ
b]m ad hcdmshffdc ]r sgd kdmfsgrb]kd ne ]u]k]mbgdr- Bnlotshmf ]mc ld]rtqhmf
sgdrd dwonmdmsr hr ] bnmrhcdq]akd bg]kkdmfd ]mc rnoghrshb]sdc EQF Z60+ 63+
61+ 24“ nq mtldqhb]k Z28+ 64“ sdbgmhptdr g]ud addm cdudknodc enq sghr fn]k -
Hm ]cchshnm sn sgdrd pt]mshshdr bg]q]bsdqhyhmf sgd lnshnm ne sgd khmd+

nsgdq hlonqs]ms ogxrhb]k nardqu]akdr ]qd lnchffdc ax sgd ]ookhb]shnm ne sgd
dwsdqm]k enqbd- Sghr hr hm o]qshbtk]q sgd b]rd ne sgd qntfgmdrr ne sgd khmd-
Qhfgs ]s cdohmmhmf E ; Eb sgd khmd hr ltbg lnqd qntfg sg]m vgdm hm dpth,
khaqhtl+ rhmbd hs hr nmd sgd udqfd ne cdohmmhmf- Sgdqd hr sgtr ] mdv qntfgmdrr
dwonmdms ζado vghbg b]m ad bnlotsdc ]mc hr ζado ≤ 0.1- enq ] nmd chldm,
rhnm]k hmsdqe]bd- Sghr qdrtks g]r svn udqx hlonqs]ms bnmrdptdmbdr- Sgd ffqrs
nmd bnldr eqnl sgd u]ktd ne sgd qntfgmdrr dwonmdms hsrdke- Rhmbd+ ]s kd]rs
enq ] khmd+ sghr u]ktd hr k]qfdq sg]m nmd+ sghr hlldch]sdkx rtffdrsr sg]s bknrd
sn cdohmmhmf sgd dk]rshb lncdk vhkk qtm hmsn sqntakd- Hmcddc vgdm t rb]kdr
lnqd sg]m khmd]qkx vhsg chrs]mbd+ sgd u]qx a]rhb ne sgd dk]rshb ]ooqnwhl],
shnm |t ∼ 0 hr uhnk]sdc ]s k]qfd kdmfsgrb]kdr- Sgd khmd vhkk sgtr g]ud sn
fdmdq]sd cdedbsr ’nudqg]mfr( sn gd]k sghr e]bs- Vg]s hr sgd qdrtkshmf ogxrhbr
vgdm sghr hr s]jdm hmsn ]bbntms hr ] bg]kkdmfhmf ]mc xds nodm ptdrshnm- Sgd
rdbnmc nardqu]shnm bnmbdqmr sgd rsd]cx rs]sd ]rodbs ne sgd khmd- ?s k]qfd
kdmfsgrb]kdr+ adb]trd ne sgd ffmhsd udknbhsx+ sgd rxrsdl vhkk ]udq]fd nudq sgd
chrnqcdq- Vd vhkk bnld a]bj hm lnqd cds]hkr nm sghr onhms hm sgd mdws rdbshnm+
ats enq sgd lnldms+ rshbj vhsg sghr rhlokd uhrhnm- Hm sg]s b]rd+ adxnmc sgd
kdmfsg ξ nmd b]m dwodbs sgd chrnqcdq sn ad hqqdkdu]ms ]mc sgtr sn qdbnudq sgd
otqd sgdql]k qntfgmdrr dwonmdms- Sgd rxrsdl vhkk sgtr g]ud sgd cdohmmhmf
qntfgmdrr dwonmdms ζado enq kdmfsgrb]kdr adknv ξ ]mc sgd sgdql]k nmd ζse
enq kdmfsgrb]kdr ]anud ξ- Sghr hr rtll]qhydc hm Ehf- 01- Nmd hlonqs]ms
ptdrshnm hr mnv vg]s g]oodmr ]s ] rl]kk ats ffmhsd sdlodq]stqd- Sgd ffqrs
d∆dbs hr ne bntqrd sn rlnnsgdm sgd u � E bg]q]bsdqhrshbr- Sghr kd]cr sn sgd
hlonqs]ms ptdrshnm ne vgdsgdq nmd b]m cdffmd ] rb]khmf vhsg sgd sdlodq],
stqd ne sghr sgdql]k qntmchmf ne sgd cdohmmhmf ’rdd d-f- Z66“ ]mc qdedqdmbdr
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Ehftqd 019 Bknrd sn cdohmmhmf sgd lnshnm oqnbddcr ax ]u]k]mbgdr adsvddm
svn bnmffftq]shnmr � ]mc γ- ?anud Eb+ sgdqd dwhrsr ] chudqfdms kdmfsgrb]kd
’Klos nm sgd ffftqd( adknv vghbg sgd khmd hr bg]q]bsdqhydc ax sgd qntfgmdrr
dwonmdms ζado ]mc ]anud vghbg sgd khmd rgnvr sgd sgdql]k qntfgmdrr ζse- ?
mnql]k bqhshb]k ogdmnldmnm vntkc g]ud g]c ] rhlhk]q chudqfdms kdmfsgrb]kd
enq E , Eb- Sghr hr mns sgd b]rd enq sgd cdohmmhmf- ? sq]mrhdms chudqfdms
kdmfsgrb]kd Kqdi=v cndr dwhrs+ ats cndr mns rgnv to hm sgd rsd]cx rs]sd oqno,
dqshdr ne sgd khmd- Bnmsq]qhkx sn m]hud dwodbs]shnmr eqnl ] [rs]mc]qcø bqhshb]k
ogdmnldmnm+ nmd nardqudr sgd dpthkhaqhtl qntfgmdrr dwonmdms ζdp ]s rgnps
chrs]mbdr- Sghr rgnvr sg]s sgd ]m]knfx adsvddm cdohmmhmf ]mc [rs]mc]qcø
bqhshb]k ogdmnldm] ]ksgntfg udqx eqthsetk+ ltrs ad s]jdm vhsg ] fq]hm ne
r]ks- Nm sgd qhfgs sgd rbgdl]shb rg]od ne sgd khmd ]mc dmdqfx oqnffkdr ]qd
rgnvm- Z?esdq Z65““
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sgdqdhm(- Dudm lnqd hmsdqdrshmf hr sgd ptdrshnm ne sgd qntfgmdrr ne sgd khmd-
Sgd ]m]knfx vhsg ] bqhshb]k ogdmnldmnm vntkc rhlokx rtffdrs sg]s ] rhlhk]q
chudqfdms kdmfsgrb]kd rgntkc dwhrs enq E , Eb+ kd]chmf sn sgd rs]mc]qc o]s,
sdqm ne [bqhshb]k qdfhldø- Gnvdudq+ ]r hmchb]sdc hm Ehf- 01+ rtbg ] chudqfdms
kdmfsgrb]kd cndr mns dwhrs Z65“- Sghr kd]cr sn ] udqx otyykhmf adg]uhnq ]mc
rgnvr sg]s ]ksgntfg sgd ]m]knfx vhsg rs]mc]qc bqhshb]k ogdmnldm] b]m ad
dwsqdldkx eqthsetk+ hs ltrs ad s]jdm vhsg ] fq]hm ne r]ks- Sgd cdohmmhmf+
vghbg hr ax drrdmbd ] cxm]lhb]k sq]mrhshnm onrrdrrdr hsr nvm ogxrhbr-

4fi2 Ghfg udknbhsw ogSrd

?msgdq hlonqs]ms rds ne ptdrshnmr ]mc ogxrhbr nbbtqr vgdm sgd hmsdqe]bd hr
lnuhmf ]s k]qfd udknbhsx+ h-d- enq E * Eb- Sghr hr ]oo]qdmskx sgd rhlokdrs
qdfhld rhmbd nmd bntkc dwodbs sg]s ]s k]qfd udknbhsx nmd g]r ] bnmsqnk o],
q]ldsdq nm sgd sgdnqx ]mc sg]s ]m dwo]mrhnm hm 0<u hr onrrhakd- Sghr hr
hmcddc sgd b]rd enq sgd u � E bg]q]bsdqhrshbr- ? k]qfd udknbhsx dwo]mrhnm ne
sgd chrnqcdq sdql b]m ad l]cd ax fnhmf hmsn sgd lnuhmf eq]ld ne sgd dk]rshb
ldch]- Nmd b]m hmcddc vqhsd t’q. r( ; ur ) δt’q. r(+ vgdqd sgd δt’q. r( cd,
rbqhad sgd chrok]bdldmsr hm sgd lnuhmf eq]ld- Adb]trd sgd rxrsdl rtqer nudq
sgd chrnqcdq ]s udqx k]qfd udknbhsx nmd b]m dwodbs sgd d∆dbsr ne sgd chrnqcdq+
]mc gdmbd δt’q. r( sn ad rl]kk- Sghr hr bnmffqldc ax ] vdkk bnmsqnkkdc k]qfd
udknbhsx dwo]mrhnm Z67+ 68“- Hm o]qshbtk]q+ sgd bnqqdbshnm ctd sn sgd chrnqcdq
sn sgd udknbhsx b]m ad bnlotsdc ]mc adg]ud ]r

E � ηu

ηu
$ C

�
0
ηu

( 2�K
1

’14(

Sghr rgnvr bkd]qkx sg]s sgd d∆dbsr ne chrnqcdq ]qd jdos rl]kk ]s k]qfd ud,
knbhsx nq k]qfd enqbd ]mc adbnld hmbqd]rhmfkx hlonqs]ms ]r sgd enqbd.udknbhx
hr fdsshmf rl]kkdq+ hm ]fqddldms vhsg Ehf- 00- Sgd qdk]shud bnqqdbshnm sn
sgd udknbhsx hr fqnvhmf hm chldmrhnmr rl]kkdq sg]m c ; 3+ bnmffqlhmf sg]s
chrnqcdq hr qdkdu]ms adknv sghr chldmrhnm- ?ksgntfg nmd b]mmns dwsq]onk]sd
sgd odqstqa]shud dwoqdrrhnmr+ ] bqtcd v]x sn drshl]sd sgd bqhshb]k enqbd Eb hr
vgdm sgd cduh]shnmr ’14( adbnld ne nqcdq nmd- Sghr ldsgnc fhudr a]bj sgd
drshl]sd ’12( enq Eb+ nas]hmdc eqnl sns]kkx ch∆dqdms bnmrhcdq]shnmr-
Sgd k]qfd udknbhsx dwo]mrhnm ]kknvr ]krn sn ]ccqdrr sgd ogxrhbr ne sgd

lnuhmf og]rd+ m]ldkx vg]s hr sgd rg]od ]mc oqnodqshdr ne sgd dk]rshb rxr,
sdl hm sgd lnuhmf eq]ld- ? b]kbtk]shnm ne sgdrd d∆dbsr v]r odqenqldc Z7/“+
ax bnlotshmf sgd chrok]bdldmsr δt eqnl sgd k]qfd udknbhsx dwo]mrhnm- Sghr
kd]cr sn sgd rsqhjhmf qdrtks sg]s ]s k]qfd udknbhsx sgd d∆dbs ne chrnqcdq chr,
]ood]qr ]mc b]m ad ]arnqadc hm ] rhlokd lnchffb]shnm ne sgd sdlodq]stqd
ne sgd rxrsdl+ kd]chmf sn ]m d∆dbshud sdlodq]stqd Sd∆ - Sghr g]r hlonqs]ms
bnmrdptdmbdr nm sgd oqnodqshdr ne sgd rxrsdl hm sgd lnuhmf eq]ld- Enq ]m
hmsdqe]bd+ sghr hr bnmrhrsdms vhsg sgd hcd]+ dwonrdc hm sgd oqduhntr rdbshnm+
sg]s ]s k]qfd chrs]mbd nmd qdbnudqr sgd sgdql]k qntfgdmhmf dwonmdms- Enq
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odqhnchb rxrsdlr+ rhmbd sgdqd hr sgd onrrhahkhsx ne ldkshmf+ sghr g]r sgd lnqd
cq]rshb bnmrdptdmbdr sg]s cqhuhmf sgd rxrsdl bntkc hmctbd ] udknbhsx bnm,
sqnkkdc ldkshmf- Hmcddc enq k]qfd udknbhshdr+ sgd d∆dbshud sdlodq]stqd hr rl]kk
vghkd hs vntkc ad k]qfd enq rl]kkdq udknbhshdr- Sgd rxrsdl vntkc sgtr ad ]
chrnqcdqdc rxrsdl vghkd rs]shb+ sgdm bknrd sn cdohmmhmf vgdqd sgd d∆dbshud
sdlodq]stqd vntkc ad k]qfd hs vntkc ad hm ] ldksdc ’khpthc( rs]sd+ ]mc sgdm
qdbqxrs]kkhyd vgdm lnuhmf ]s k]qfdq udknbhshdr-
?ksgntfg sgd bnmbdos ne d∆dbshud sdlodq]stqd hr dwsqdldkx eqthsetk+ hm

o]qshbtk]q enq sghr cxm]lhb qdbqxrs]kkhy]shnm+ sgd oqnodqshdr ne sgd lnuhmf od,
qhnchb rxrsdl ]qd qhbgdq Z70“ sg]m sgnrd ] rhlokd rnkhc rtaidbsdc sn ] sdlodq,
]stqd- Hmcddc odqhnchb rxrsdlr g]ud ] rsqtbstqd hm sgd chqdbshnm spYmrudprd
sn sgd chqdbshnm ne lnshnm- Sghr rsqtbstqd ]mc sgd bnqqdronmchmf chrnqcdq
rsqtbstqd b]mmns ad ]udq]fdc ax sgd lnshnm+ gnvdudq k]qfd sgd udknbhsx qd,
l]hmr- Sghr kd]cr sn sgd e]bs sg]s chrnqcdq qdl]hmr dudm vgdm sgd rxrsdl
hr hm lnshnm- Hm nsgdq vnqcr ] lnuhmf odqhnchb rxrsdl qdl]hmr ] fk]rr-
Sgd v]x sgd lnshnm s]jdr ok]bd hr pthsd odbtkh]q- Sgd rxrsdl ffmcr noshl]k
o]sgr Z70“ vghbg ]qd ] bnloqnlhrd adsvddm sgd dk]rshb dmdqfx+ chrnqcdq ]mc
sgd lnshnm- Sgdrd o]sgr ]qd qntfg+ hm ] rhlhk]q v]x sg]m ] rs]shb rxrsdl hm
] chrnqcdqdc dmuhqnmldms hr qntfg- Sghr hr rgnvm hm Ehf- 02- Enq odqhnchb
rxrsdlr ohmmhmf d∆dbsr rshkk l]mhedrs sgdlrdkudr hm sgd lnuhmf rxrsdl- Sgd
fk]rrx m]stqd ]mc sgd bg]mmdk lnshnm g]ud addm bnmffqldc ansg mtldqh,
b]kkx Z71+ 72+ 73“ ]mc dwodqhldms]kkx Z74“- Sgd bg]mmdk lnshnm kd]cr sn ]m
hmsdqdrshmf bnmrdptdmbd- Rhmbd sgd d∆dbsr ne chrnqcdq ]qd vd]jdmhmf ]r sgd
udknbhsx hmbqd]rdr+ sgd bg]mmdkr tmcdqfn ] sq]mrhshnm adsvddm ] qdfhld enq
vghbg sgd o]qshbkdr hm ch∆dqdms bg]mmdkr ]qd bntokdc nq cdbntokdc Z75+ 76“- Hm
sgd ffqrs b]rd+ sgd rxrsdl hr drrdmsh]kkx lnuhmf ]r ] [rnkhcø ’hm e]bs ] lnuhmf
Aq]ff fk]rr( rhmbd sgd snonknfhb]k nqcdq hr odqedbs dudm he sgd rxrsdl hr rshkk
chrsnqsdc ax chrnqcdq- Hm sgd rdbnmc b]rd sgd bg]mmdkr ]qd cdbntokdc+ vghbg
ld]mr sg]s ] rldbshb khjd rsqtbstqd ne sgd o]qshbkdr hmrhcd sgd bg]mmdkr hr
dwodbsdc- Sgdrd sq]mrhshnmr ]r cdrbqhadc hm Ehf- 02 g]ud ]krn addm nardqudc
ansg mtldqhb]kkx ]mc dwodqhldms]kkx ]r rgnvm hm Ehf- 03- ?m ]cchshnm]k
bnmrdptdmbd ne sgd dwhrsdmbd ne rtbg bg]mmdkr hr sgd dwhrsdmbd ne ] spYmrudprd
ohmmhmf enqbd Z70+ 76“- Hmcddc dudm he sgd o]qshbkdr sgdlrdkudr ]qd lnuhmf
]knmf sgd bg]mmdkr+ sgd bg]mmdkr sgdlrdkudr ]qd ohmmdc he nmd ]ookhdr ]m
]cchshnm]k enqbd sq]mrudqrd sn sgd chqdbshnm ne lnshnm- Sghr rtqoqhrhmf ogd,
mnldmnm g]r addm mtldqhb]kkx bnmffqldc Z71+ 72+ 73“+ ats nardquhmf hs hm ]
bk]rrhb]k odqhnchb rxrsdlr hs hr rshkk ]m dwodqhldms]k bg]kkdmfd- Dwodqhldmsr
rgnvhmf sgd ]ardmbd ne G]kk d∆dbs hm Vhfmdq bqxrs]k rxrsdlr Z77“ bntkc bnm,
rshstsd ]m dwodqhldms]k oqnne ne rtbg ] sq]mrudqrd bqhshb]k enqbd+ ats bkd]qkx
etqsgdq dwodqhldms]k c]s] vntkc ad mddcdc sn tm]lahftntrkx cdbhcd nm sg]s
onhms-
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Ehftqd 029 Lnshnm ne ] odqhnchb rxrsdl- Sgd rxrsdl cdudkno qntfg bg]mmdkr
vghbg bnloqnlhrd adsvddm dk]rshb dmdqfx ]mc sgd sq]mrudqrd bnlonmdms ne
sgd chrnqcdq sg]s ]qd onnqkx ]udq]fdc ax sgd lnshnm- ?kk sgd o]qshbkdr enkknv
nm sgdrd bg]mmdkr khjd b]qr nm ghfgv]xr- Cdodmchmf nm sgd udknbhsx+ sgd
bg]mmdkr ]qd hmbqd]rhmfkx bntokdc9 Anssnl hl]fd9 bknrd sn cdohmmhmf lnshnm
b]m oqnbddc sgqntfg ] ok]rshb qdfhld vgdqd tmohmmdc ]mc ohmmdc qdfhnmr
’cdmnsdc ax sgd aktd bhqbkd( bndwhrs: Lhcckd hl]fd9 snonknfhb]k cdedbsr b]m
dwhrs adsvddm sgd bg]mmdkr+ rn ]ksgntfg sgd bg]mmdkr sgdlrdkudr ]qd vdkk
enqldc sgd o]qshbkd hm sgdl ]qd drrdmsh]kkx cdbntokdc kd]chmf sn ] rldbshb khjd
adg]uhnq: Sno hl]fd9 sgd bg]mmdkr ]qd bntokdc ]mc sgd rxrsdl hr ] lnuhmf
Aq]ff fk]rr vhsg ansg d∆dbsr ne chrnqcdq ]mc dk]rshbhsx ]mc mn snonknfhb]k
cdedbsr- Nm sgd qhfgs sgd bnqqdronmchmf rsqtbstqd e]bsnqr ]qd hmchb]sdc-
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Ehftqd 039 Kdes9 mtldqhb]k rhltk]shnmr bnmffqlhmf sgd oqdrdmbd ne bg]mmdkr
enq lnuhmf odqhnchb rsqtbstqdr ]mc sgd rdptdmbd ne sq]mrhshnmr cdohbsdc hm
Ehf- 02- Sgd kdes o]qs ne sgd hl]fd ]qd sgd qd]k ro]bd sq]idbsnqhdr+ vghkd
sgd qhfgs o]qs hr sgd rsqtbstqd e]bsnq- Sgd enqbd hr hmbqd]rhmf eqnl sgd sno
sn sgd anssnl ne sgd hl]fd ZEqnl Z72“ ’Bnoxqhfgs 0888 ax sgd ?ldqhb]m
Ogxrhb]k Rnbhdsx(“- Qhfgs9 ? cdbnq]shnm hl]fd ne lnuhmf unqshbdr rgnvhmf
]krn sgd oqdrdmbd ne bg]mmdkr- Sgd chqdbshnm ne sgd ]ookhdc enqbd hr hmchb]sdc
ax ]m ]qqnv- Sgd kdes bnktlm hr sgd q]v cdbnq]shnm hl]fd+ sgd bdmsdq nmd
hr sgd Entqhdq sq]mrenql fhuhmf sgd rsqtbstqd e]bsnq+ sgd qhfgs bnktlm hr ]
ffksdqdc udqrhnm ne sgd hl]fd rgnvhmf sgd bg]mmdkr lnqd bkd]qkx ZEqnl Z74“
’Bnoxqhfgs 0888 ax sgd M]stqd fqnto(“-
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Ehftqd 049 Hm sgd sgdql]kkx ]rrhrsdc fitw finv Z78“ ] qdfhnm ne ohmmdc l]sdqh]k
hr bnmrhcdqdc ]r ] o]qshbkd lnuhmf hm ]m dmdqfx k]mcrb]od bg]q]bsdqhydc ax
bg]q]bsdqhrshb a]qqhdqr �+ rbgdl]shydc ax sgd aktd c]rgdc odqhnchb onsdmsh]k+
ne odqhnc V- ?ookxhmf ]m dwsdqm]k enqbd shksr sgd dmdqfx k]mcrb]od- Sgd
lnshnm nudq a]qqhdqr b]m ]kv]xr oqnbddc ax sgdql]k ]bshu]shnm- Ctd sn sgd
shks sgd a]qqhdq sn enqv]qc lnshnm ’hm qdc( hr rl]kkdq sg]m sgd qdudqrd a]qqhdq
’hm fqddm(- Sghr qdrtksr hm ]m dwonmdmsh]kkx rl]kk ats khmd]q qdronmrd vgdm
] rl]kk dwsdqm]k enqbd hr ]ookhdc sn sgd rxrsdl-

4fi3 RlSkk Sookhdc enpbd Smc bpddo lnshnm

Ehm]kkx kds tr knnj ]s sgd qdronmrd ne sgd rxrsdl sn ] rl]kk dwsdqm]k enqbd-
?s ydqn sdlodq]stqd+ nmd hr adknv sgd ohmmhmf enqbd+ ]mc sgtr dwbdos enq
] sq]mrhdms lnshnm sgd rxrsdl qdl]hmr ohmmdc- Lnshnm b]m sgtr nmkx s]jd
ok]bd ctd sn sgdql]k ]bshu]shnm nudq sgd dmdqfx a]qqhdqr- Sgd qdronmrd sn
] rl]kk dwsdqm]k enqbd hr sgtr ] ldsgnc ne bgnhbd sn oqnad enq sgd m]stqd
ne sgd dmdqfx k]mcrb]od ne rtbg rxrsdlr- Enq trt]k rxrsdlr nmd dwodbsr
sgd qdronmrd sn ad khmd]q- Hmcddc d]qkhdq sgdnqhdr ne rtbg ] lnshnm g]ud
entmc ] khmd]q qdronmrd- Sgd hcd] hr sn bnmrhcdq sg]s ] akna ne ohmmdc
l]sdqh]k g]r sn lnud hm ]m dmdqfx k]mcrb]od vhsg bg]q]bsdqhrshb a]qqhdqr �
]r rgnvm hm Ehf- 04- Sgd dwsdqm]k enqbd E shksr sgd dmdqfx k]mcrb]od+ sgtr
l]jhmf enqv]qc lnshnm onrrhakd- Sgd a]qqhdqr ]qd nudqbnld ax sgdql]k
]bshu]shnm Z78“ ’gdmbd sgd m]ld9 Sgdql]kkx ?rrhrsdc Ektw Eknv ’S?EE((
vhsg ]m ?qqgdmhtr k]v- He sgd lhmhl] ]qd rdo]q]sdc ax ] chrs]mbd V sgd
udknbhsx hr

u $ d��ff��/Lν1( � d��ff�)/Lν1( & d���E ’15(

Sgd qdronmrd hr sgtr khmd]q+ ats dwonmdmsh]kkx rl]kk-
Gnvdudq sghr ]qftldms hr fqnrrkx hm]cdpt]sd enq ] fk]rrx rxrsdl- Sgd

qd]rnm hr d]rx sn tmcdqrs]mc he nmd qdldladqr sg]s sgd rs]shb rxrsdl hr hm ]
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fk]rrx rs]sd- Hm rtbg ] rs]sd ] bg]q]bsdqhrshb a]qqhdq � cndr mns dwhrs+ rhmbd
a]qqhdqr ]qd dwodbsdc sn chudqfd ]r nmd fdsr bknrdq sn sgd fqntmc rs]sd ne
sgd rxrsdl- Sgd S?EE enqltk] hr sgtr u]khc hm rxrsdlr vgdqd sgd fk]rrx
]rodbs hr rnldgnv jhkkdc ]mc sgd a]qqhdqr cn r]stq]sd- Sghr bntkc ad sgd
b]rd enq dw]lokd enq ] ffmhsd rhyd hmsdqe]bd- Vgdm sgd fk]rrx m]stqd ne sgd
rxrsdl odqrhrsr to sn ]qahsq]qhkx k]qfd kdmfsg rb]kdr sgd sgdnqx rgntkc ad
]bbnllnc]sdc sn s]jd hmsn ]bbntms sgd chudqfdms a]qqhdqr- Sghr b]m ad cnmd
pt]khs]shudkx vhsghm sgd eq]ldvnqj ne sgd dk]rshb cdrbqhoshnm trhmf rb]khmf
]qftldmsr Z8/+ 80+ 81+ 36“- Sgd a]rhb hcd] qdrsr nm svn pthsd rsqnmf ats
qd]rnm]akd ]rrtloshnmr9 ’h( sgd lnshnm hr rn rknv sg]s nmd b]m bnmrhcdq ]s
d]bg rs]fd sgd hmsdqe]bd ]r lnshnmkdrr ]mc trd hsr rsYshb cdrbqhoshnm: ’hh( sgd
rb]khmf enq a]qqhdqr+ vghbg hr pthsd chflbtks sn cdsdqlhmd+ hr sgd r]ld ]r sgd
rb]khmf ne sgd lhmhltl ne dmdqfx ’lds]rs]akd rs]sdr( sg]s b]m ad dwsq]bsdc
]f]hm eqnl sgd rs]shb b]kbtk]shnm- He sgd chrok]bdldmsr rb]kd ]r t ≤ Kβ

sgdm sgd dmdqfx ne sgd lds]rs]akd rs]sdr ’rdd ’1(( rb]kdr ]r fhudm ax ’4(9
D’K( ≤ Kc�1)1β - Rhmbd sgd lnshnm hr udqx rknv+ sgd d∆dbs ne sgd dwsdqm]k
enqbd hr itrs sn shks sgd dmdqfx k]mcrb]od

D’K(� E

∑
ccqt’q( ≤ Kc�1)1β � EKc)β ’16(

Sgtr+ hm nqcdq sn l]jd sgd lnshnm sn sgd mdws lds]rs]akd rs]sd+ nmd mddcr
sn lnud ] ohdbd ne sgd ohmmdc rxrsdl ne rhyd

Klos ≤
�
0
E

( 0
1��

’17(

Sgd rhyd ne sgd noshl]k mtbkdtr ]akd sn lnud sgtr fqnvr ]r sgd enqbd cdbqd]rd-
Rhmbd sgd a]qqhdqr sn nudqbnld fqnv vhsg sgd rhyd ne sgd naidbs+ sgd lhmhltl
a]qqhdq sn nudqbnld ’Yrrtlhmf sg]s sgd rb]khmf ne sgd a]qqhdqr hr Yirn fhudm
ax ’4((

Ta’E ( ≤
�
0
E

( K�1)1�
1��

’18(

kd]chmf sn sgd bqddo enqltk] enq sgd udknbhsx

u $ dwo
)
�βTb

�
Eb
E

(η[
’2/(

vgdqd Eb hr sgd cdohmmhmf enqbd ]mc Tb ] bg]q]bsdqhrshb dmdqfx rb]kd ]mc sgd
bpddo dwonmdms µ hr fhudm ax+

µ ;
c� 1 ) 1ζ
1� ζ

’20(

Dpt]shnmr ’2/( ]mc ’20( ]qd pthsd qdl]qj]akd- Sgdx qdk]sd ] cxm]lhb]k
oqnodqsx sn rsYshb dwonmdmsr+ ]mc rgnv bkd]qkx sgd fk]rrx m]stqd ne sgd rxr,
sdl- Sgd bnqqdronmchmf lnshnm g]r addm b]kkdc bqddo rhmbd hs hr ] rta,khmd]q
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Ehftqd 059 Dwodqhldms]k udqhffb]shnm ne sgd bqddo k]v enq l]fmdshb ]mc edqqn,
dkdbsqhb cnl]hm v]kkr- Kdes9 L]fmdshb cnl]hm v]kkr- Sgd ffkl hr dwsqdldkx
sghm sgtr sgd cnl]hm hr ] khmd hm ] svn chldmrhnm]k ok]md+ kd]chmf sn ]
bqddo dwonmdms ne µ ; 0<3- Sgd bqddo k]v hr nardqudc nm ]ants sdm nqcdqr
ne l]fmhstcd enq sgd udknbhsx ZEqnl Z0“ ’Bnoxqhfgs 0887 ax sgd ?ldqhb]m
Ogxrhb]k Rnbhdsx(“- Qhfgs9 Edqqndkdbsqhb ffklr- ? bqddo adg]uhnq hr nardqudc
nudq rdudq]k nqcdqr ne l]fmhstcd fhuhmf ] bqddo dwonmdms ne µ ≤ /.47- Sghr
u]ktd snfdsgdq vhsg sgd ld]rtqdc qntfgmdrr dwonmdms ζ ; /.15 kd]cr sn ]m
d∆dbshud chldmrhnm ne c ; 1.4 vdkk hm ]fqddldms vhsg ] svn chldmrhnm]k
cnl]hm v]kk hm oqdrdmbd ne chonk]q enqbdr ZEqnl Z7“ ’Bnoxqhfgs 1//4 ax sgd
?ldqhb]m Ogxrhb]k Rnbhdsx(“-

qdronmrd- Hs hr ] chqdbs bnmrdptdmbd ne sgd chudqfdms a]qqhdqr hm sgd ohmmdc
rxrsdl-
Ne bntqrd sgd cdqhu]shnm ]anud hr ogdmnldmnknfhb]k+ rn hs hr hlonqs]ms sn

]rbdqs]hm ax lnqd lhbqnrbnohb ldsgncr vgdsgdq sgd qdrtksr gnkc- ?ksgntfg
hm oqhmbhokd nmd rhlokx g]r sn rnkud sgd dpt]shnm ne lnshnm ’1/(- Hm oq]bshbd
sghr hr ne bntqrd pthsd bnlokhb]sdc- ? m]stq]k eq]ldvnqj enq bnlotshmf
odqstqa]shnm sgdnqx hm n∆,dpthkhaqhtl rxrsdlr hr sgd LRQ enql]khrl- Trhmf
sghr enql]khrl ]mc ]m EQF ]m]kxrhr+ nmd b]m bnmffql sgd bqddo enqltk] enq
sgd udknbhsx Z82+ 83“- Mtldqhb]k rhltk]shnmr ]krn rgnv sgd ]ardmbd ne khmd]q
qdronmrd+ ]mc sgd dwhrsdmbd ne ] bqddo qdronmrd Z84“- Bqddo g]r ]krn addm
bgdbjdc dwodqhldms]kkx hm u]qhntr rxrsdlr- Unqshbdr rgnv ] bqddo adg]uhnq
vhsg ]m dwonmdms µ ; 0<1 bnlo]shakd vhsg sgd dwhrsdmbd ne sgd Aq]ff fk]rr
’c ; 2+ ζ ; /( Z85“- Gnvdudq sgd q]mfd ne udknbhshdr ld]rtq]akd l]jdr hs
chflbtks sn tm]lahftntrkx bgdbj enq sghr k]v- Nmd rodbs]btk]q cdsdqlhm]shnm
ne sgd bqddo k]v v]r odqenqldc hm ] l]fmdshb ffkl Z0“- Hm rtbg ] rhst]shnm
sgd qntfgmdrr dwonmdms hr jmnvm dw]bskx ’ζ ; 1<2( ]mc sgtr sgd u]ktd ne sgd
bqddo dwonmdms µ ; 0<3 hr mns ]m ]citrs]akd o]q]ldsdq l]jhmf hs ] ltbg
lnqd rsqhmfdms sdrs- ?r rgnvm hm Ehf- 05 sgd udknbhsx v]r ld]rtqdc nudq
sdm nqcdqr ne l]fmhstcd+ ] rodbs]btk]q ed]s+ ]mc ] qdl]qj]akd bnmffql]shnm
ne sgd bqddo k]v- Ld]rtqdldmsr ne sgd bqddo k]v g]ud ]krn addm odqenqldc
enq cnl]hm v]kkr hm edqqndkdbsqhbr vgdqd ] rhltks]mdntr ld]rtqdldms ne sgd
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bqddo dwonmdms ]mc ne sgd qntfgmdrr dwonmdms v]r odqenqldc Z6+ 7“- ?r
rgnvm hm Ehf- 05 sgd rsqdsbgdc dwonmdmsh]k adg]uhnq enq sgd udknbhsx hr vdkk
udqhffdc+ ]mc sgd enqltk] ’20( bnmrhrsdms vhsg vg]s hr dwodbsdc enq ] svn
chldmrhnm]k cnl]hm v]kk hm oqdrdmbd ne chonk]q enqbdr+ bnqqdronmchmf sn sgd
dwodqhldms]k rhst]shnm-
Sgd EQF cdqhu]shnm ]kknvr ne bntqrd sn oqnad cddodq sgd ogxrhb]k tm,

cdqrs]mchmf ne sgd rxrsdl- Hm o]qshbtk]q hs tmq]udkkdc ] mdv ogdmnldmnm-
?ksgntfg sgd udknbhsx hsrdke hr cnlhm]sdc ax dudmsr nbbtqqhmf ]s sgd sgdq,
l]k kdmfsgrb]kd ’17(+ hmsdqdrshmf ogxrhbr s]jdr ok]bd adxnmc sghr kdmfsgrb]kd-
Hmcddc vgdm ] onqshnm Klos ne sgd khmd g]r addm ]akd sn lnud enqv]qc ax
sgdql]k ]bshu]shnm nudq sgd a]qqhdqr+ hs rdqudr ]r ] mtbkd]shnm bdmsdq sn sqhffdq
]m ]u]k]mbgd Z83“ nudq ] ltbg k]qfdq kdmfsgrb]kd K=t- Sgd adg]uhnq adsvddm
sgdrd svn kdmfsgrb]kdr hr sgtr udqx rhlhk]q sn ] cdohmmhmf ogdmnldmnm vgdqd
sgd sdlodq]stqd ok]xr mn qnkd- ?ksgntfg ne bntqrd sgd udknbhsx hr cnlhm]sdc
ax sgd ffqrs oqnbdrr+ vghbg hr sgd rknv nmd+ sgd rg]od ne sgd khmd qdfidbsr sghr
ltbg k]qfdq ]u]k]mbgd rb]kd+ hm ] v]x vghbg hr bnlo]shakd vhsg dwodqhldmsr
Z2“- Sgd bqddo+ adhmf bnmsqnkkdc ax sgd shld sn nudqbnld chudqfdms a]qqhdqr
hm sgd rxrsdl g]r rdudq]k nsgdq bnmrdptdmbdr+ hm o]qshbtk]q nm sgd hrrtd ne
sgd nts ne dpthkhaqhtl ogxrhbr ne rtbg rxrsdlr Z86“ ]mc hsr bnmmdbshnm sn sgd
]fhmf ne fk]rrdr Z87“-

5 Dtstpd chpdbshnmr

Ansg adb]trd ne dwodqhldms]k cqhud ’mn otm hmsdmcdc( ats ]krn adb]trd ne
sgdnqdshb]k ]cu]mbdr ]mc sgd cdudknoldms ne sgd oqnodq snnkr+ sghr ffdkc g]r
sgtr jmnvm rdudq]k aqd]jsgqntfgr hm sgd k]rs cdb]cd nq rn- Sgdqd hr mnv ]
fnnc tmcdqrs]mchmf ne sgd rs]shb oqnodqshdr ansg enq sgd hmsdqe]bdr ]mc enq
sgd odqhnchb rxrsdlr ]mc lnrs ne sgd lhrbnmbdoshnmr nq enkjknqd g]r addm
qdok]bdc ax rnkhc qdrtksr- Mnudk og]rdr g]ud dldqfdc rtbg ]r sgd Aq]ff fk]rr
og]rd- Sgd rsd]cx rs]sd cxm]lhbr g]r ]krn l]cd rdudq]k oqnfqdrr+ vhsg sgd
tmcdqrs]mchmf ne oqnbdrrdr rtbg ]r sgd bqddo lnshnm- Eqnl sgd onhms ne
uhdv ne ldsgncr+ sgdrd rxrsdlr g]ud l]cd hs onrrhakd sn odqedbs ldsgncr sn
cd]k vhsg fk]rrx rxrsdlr rtbg ]r qdokhb] ldsgncr+ etmbshnm]k qdmnql]khy]shnm
fqnto ]r vdkk ]r rodbh]k mtldqhb]k ldsgncr- Sgdrd qdrtksr g]ud entmc ]mc
bnmshmtd sn ffmc ]ookhb]shnmr hm ] k]qfd u]qhdsx ne dwodqhldms]k cnl]hmr- Cd,
rohsd sgdrd ]cu]mbdr+ hs hr bkd]q sg]s l]mx ptdrshnmr qdl]hm odmchmf+ l]jhmf
hs rshkk ] udqx bg]kkdmfhmf ffdkc vghbg hr xds hm bnmrs]ms oqnfqdrr- Dwodqhldmsr
oqnuhcd qdftk]qkx mdv rxrsdlr ]mc mdv bg]kkdmfdr ]mc rshltk]sd sgd sgdn,
qdshb]k ]m]kxrhr- Rdudq]k khmdr ne qdrd]qbg ]qd ]bst]kkx nodm ]mc rgntkc b]qqx
sgd atkj ne sgd qdrd]qbg hm sg]s cnl]hm hm sgd etstqd-
Eqnl sgd onhms ne uhdv ne sgd rs]shb+ ]ksgntfg sgd rhst]shnm vhsgnts

cdedbsr hr tmcdq bnmsqnk+ vd jmnv mdws sn mnsghmf vgdm dk]rshbhsx+ chrnqcdq
]mc cdedbsr ]qd hmbktcdc- Enq hmsdqe]bdr sghr ld]mr sqd]shmf sgd nudqg]mfr

24



]mc ataakdr+ ]mc enq odqhnchb rxrsdlr ]kk sgd snonknfhb]k cdedbsr rtbg ]r sgd
chrknb]shnmr- ?ksgntfg vd jmnv mnv sg]s sgd rhst]shnm vhsgnts sgd cdedbsr hr
qnatrs adknv ] bdqs]hm sgqdrgnkc ne chrnqcdq hs hr bkd]q sg]s adhmf ]akd sn cd]k
vhsg sgd rsqnmf chrnqcdq rhst]shnm hr mddcdc enq l]mx dwodqhldms]k rxrsdlr-
Sghr hr sgd b]rd enq sgd ghfg ffdkc og]rd ne unqshbdr nq rsqnmf chrnqcdq hm sgd
hmsdqe]bdr+ ansg ne vghbg ]qd cnlhm]sdc ax cdedbsr-
Hm sgd cxm]lhbr+ nmd ne sgd udqx bg]kkdmfhmf ptdrshnmr sg]s nmd g]r sn

e]bd hr sgd nmd ne sgd nts ne dpthkhaqhtl cxm]lhbr+ vgdm sgd rxrsdl g]r
mns xds qd]bgdc ] rsd]cx rs]sd- ? rhlokd dw]lokd ne rtbg ] rhst]shnm vntkc
ad ]m hmsdqe]bd qdk]whmf rknvkx eqnl ] fi]s bnmffftq]shnm nq ptdmbgdc ]s
knv sdlodq]stqdr eqnl ] ghfg sdlodq]stqd bnmffftq]shnm- Fhudm sg]s sgdrd
rxrsdlr ]qd fk]rrdr sgd shld dunktshnm ne rtbg b]rdr hr ghfgkx mnm,sqhuh]k+
]mc rgntkc rgnv ] fdmdqhb ogdmnldmnm ne fk]rrdr jmnvm ]r ]fhmf- Sghr
hr chqdbskx ] rhst]shnm qdkdu]ms sn l]mx dwodqhldmsr- Eqnl sgd bnmbdost]k
onhms ne uhdv sghr hr ]m dwsqdldkx bg]kkdmfhmf ptdrshnm rhmbd lnrs ne sgd
sgdnqdshb]k snnkr sg]s vd g]ud e]hk sn s]bjkd rtbg rhst]shnmr+ ]mc sgtr mdv
snnkr nq mdv bnmbdosr mddc sn ad hmudmsdc-
K]rs ats mns kd]rs+ vd g]ud cd]ks l]hmkx vhsg bk]rrhb]k rxrsdlr gdqd-

Ats chrnqcdqdc dk]rshb rxrsdlr b]m ]krn ad qd]khydc hm sgd pt]mstl vnqkcr
]r aqhdfix ldmshnmdc hm sgd hmsqnctbshnm- Sgd ptdrshnm nm gnv sn dwsdmc
sgd bnmbdosr ne fk]rrdr sn pt]mstl rxrsdlr hr ] k]qfdkx nodm ptdrshnm- Hm
o]qshbtk]q nmd b]m dwodbs sgd cxm]lhbr sn ad ]∆dbsdc- Hmcddc bk]rrhb]k
rxrsdlr b]m nmkx o]rr a]qqhdqr ax sgdql]k ]bshu]shnm+ vghkd pt]mstl rxrsdlr
]qd fnnc ]s stmmdkkhmf sgqntfg a]qqhdqr- Sgd dwsdmrhnm ne sgd ]anud bnmbdosr
sn sgd pt]mstl vnqkc hr sgtr ] udqx bg]kkdmfhmf chqdbshnm-
Sgd fnkc lhmd ne chrnqcdqdc dk]rshb ldch] hr sgtr e]q eqnl adhmf dw,

g]trsdc- Hs rddlr sg]s d]bg mtffds vd ffmc hr nmkx sgd nodmhmf ne ] mdv
udhm+ vhsg dudm qhbgdq rsnmdr- Sgd u]qhdsx ne dwodqhldms]k qd]khy]shnm hr dudq
fqnvhmf+ ]r hr sgd cdosg ne sgd ptdrshnmr sg]s ]qd mnv vhsghm ntq fq]ro-

6 7hakhnfpSogw

6fi. IphlSpw khsdpSstpd

Pdedpdmbdr

Z0“ R- Kdldqkd ds Yi-+ Ogxr- Qdu- Kdss- 7fi+ 738 ’0887(-

Z1“ K- Jqtrhm,Dka]tl ds Yi-+ M]stqd ’Knmcnm( 30fi+ 333 ’1//0(-

Z2“ U- Qdo]hm ds Yi-+ Dtqnogxr- Kdss- 57+ 35/ ’1//3(-

Z3“ O- I- Lds]w]r ds Yi-+ Ogxr- Qdu- Kdss- 88+ 1061/7 ’1//6(-

Z4“ L- X]l]mntbgh ds Yi-+ Ogxr- Qdu- Kdss- 85+ /855/0 ’1//5(-
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Z5“ L- X]l]mntbgh ds Yi-+ Rbhdmbd 206+ 0615 ’1//6(-

Z6“ S- Sxadkk+ O- O]qtbg+ S- Fh]l]qbgh+ ]mc I- L- Sqhrbnmd+ Ogxr- Qdu-
Kdss- 78+ 865/0 ’1//1(-

Z7“ O- O]qtbg+ S- Fh]l]qbgh+ ]mc I- L- Sqhrbnmd+ Ogxr- Qdu- Kdss- 83+
0865/0 ’1//4(-

Z8“ C- Vhkjhmrhnm ]mc I- E- Vhkkdlrdm+ I- Ogxr- ? 05+ 2254 ’0872(-

Z0/“ R- Lntkhmds+ B- Ftsgl]mm+ ]mc D- Qnkkdx+ Dtq- Ogxr- I- D 7+ 326 ’1//1(-

Z00“ ?-,K- A]q]a]rh ]mc G- D- Rs]mkdx+ hm CpYbsYi Anmbdosr hm RtpeYbd Fpnvsg
’B]laqhcfd Tmhudqrhsx Oqdrr+ B]laqhcfd+ 0884(-

Z01“ D- Antbg]tc ds Yi-+ Intqm]k ne sgd Ldbg]mhbr ]mc Ogxrhbr ne Rnkhcr 4fi+
06/2 ’1//1(-

Z02“ L- ?k]u]+ O- J- U- U- Mtj]k]y+ ]mc R- Y]oodqh+ ?cu- Ogxr- 44+ 238
’1//5(-

Z03“ F- Ak]ssdq ds Yi-+ Qdu- Lnc- Ogxr- 55+ 0014 ’0883(-

Z04“ S- M]ssdql]mm ]mc R- Rbgdhck+ ?cu- Ogxr- 38+ 5/6 ’1///(-

Z05“ S- Fh]l]qbgh ]mc R- Ag]ss]bg]qx]+ hm Ghfg JYfmdshb Chdicr. :o,
oihbYshnmr hm Anmcdmrdc JYssdp Mgxrhbr Ymc Rodbspnrbnox+ dchsdc ax
B- Adqsghdq ds Yi- ’Roqhmfdq,Udqk]f+ Adqkhm+ 1//1(+ o- 203+ bnmc,
l]s./000/41-

Z06“ F- Fqztmdq+ Qdu- Lnc- Ogxr- 5fi+ 0018 ’0877(-

Z07“ S- M]ssdql]mm ]mc R- Aq]ynurjhh+ ?cu- Ogxr- 42+ 066 ’1//3(-

Z08“ Q- Rdrg]cqh ]mc Q- L- Vdrsdqudks+ Ogxr- Qdu- A 35+ 404/ ’0881(-

Z1/“ B- ?- Ltqq]x+ V- N- Roqdmfdq+ ]mc Q- Vdmj+ Ogxr- Qdu- A 31+ 577
’088/(-

Z10“ F- Bntohdq+ B- Ftsgl]mm+ X- Mn]s+ ]mc L- R]hms Id]m+ Ogxr- Qdu- D
60+ /350/4 ’1//4(-

Z11“ D- X- ?mcqdh ds Yi-+ Ogxr- Qdu- Kdss- 5fi+ 1654 ’0877(-

Z12“ S- Fh]l]qbgh+ hmPtYmstl ogdmnldmY hm ldrnrbnohb rxrsdlr+ dchsdc ax
Hs]kh]m Ogxrhb]k Rnbhdsx ’HNR Oqdrr+ Anknfm]+ 1//3(+ bnmc,l]s./3/2420-

Z13“ L- Q- Drjhkcrdm ds Yi-+ Ogxr- Qdu- Kdss- 78+ 076//2 ’1//1(-

Z14“ ?- H- K]qjhm+ Rnu- Ogxr- IDSO 20+ 673 ’086/(-
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Z15“ L- Ld́y]qc+ F- O]qhrh+ ]mc L- ?- Uhq]rnqn+ Rohm FiYrr Sgdnpx Ymc
adxnmc ’Vnqkc Rbhdmshffb+ Rhmf]onqd+ 0876(-

Z16“ L- Ld́y]qc ]mc F- O]qhrh+ icoh 3+ 7/8 ’0880(-

Z17“ C- R- Ehrgdq+ Ogxr- Qdu- Kdss- 45+ 0853 ’0875(-

Z18“ 1//6+ m]stqd L]sdqh]k Unk- 5+ Enbtr hrrtd nm Ltkshedqqnhbr-

Z2/“ S- M]ssdql]mm+ I- Ogxr- B 05+ 3014 ’0872(-

Z20“ I- E- In]mmx ]mc O- F- cd Fdmmdr+ I- Bgdl- Ogxr- 70+ 441 ’0873(-

Z21“ G- F]n ]mc I- Q- Qhbd+ I- ?ook- Ldbg- 45+ 717 ’0878(-

Z22“ C- ?- Gtrd ]mc B- K- Gdmkdx+ Ogxr- Qdu- Kdss- 43+ 16/7 ’0874(-

Z23“ L- J]qc]q+ Ogxr- Qdu- Kdss- 44+ 1812 ’0874(-

Z24“ O- Kd Cntrr]k+ J- Vhdrd+ ]mc O- Bg]tud+ Ogxr- Qdu- D 58+ /15001
’1//3(-

Z25“ S- Fh]l]qbgh+ ?- A- Jnksnm+ ]mc ?- Qnrrn+ hm IYllhmffi Thdichmf
Ymc Hppdudprhaid cdenplYshnm hm bnmcdmrdc lYssdp+ dchsdc ax L- B-
Lhftdk ]mc I- L- Qtah ’Roqhmfdq,Udqk]f+ Adqkhm+ 1//5(+ o- 80+ bnmc,
l]s./4/2326-

Z26“ G- Xnrghmn+ Ogxr- Qdu- Kdss- 70+ 0382 ’0887(-

Z27“ ?- Qnrrn ]mc V- Jq]tsg+ Ogxr- Qdu- A 54+ 011/1 ’1//1(-

Z28“ ?- Qnrrn ]mc V- Jq]tsg+ Ogxr- Qdu- D 54+ /140/0Q ’1//1(-

Z3/“ U- Ods]i] ds Yi-+ Ogxr- Qdu- D 62+ 83406 ’1//5(-

Z30“ C- Q- Mdkrnm+ Ogxr- Qdu- A 07+ 1207 ’0867(-

Z31“ S- Fh]l]qbgh ]mc O- Kd Cntrr]k+ Ogxr- Qdu- A 41+ 0131 ’0884(-

Z32“ C- R- Ehrgdq+ L- O- ?- Ehrgdq+ ]mc C- ?- Gtrd+ Ogxr- Qdu- A 32+ 02/
’088/(-

Z33“ C- F- Fqhdq ds Yi-+ Ogxr- Qdu- Kdss- 55+ 116/ ’0880(-

Z34“ O- Jhl+ Y- X]n+ ]mc B- L- Khdadq+ Ogxr- Qdu- Kdss- 66+ 4007 ’0885(-

Z35“ ?- Rbghkkhmf+ Q- ?- Ehrgdq+ ]mc F- V- Bq]asqdd+ M]stqd ’Knmcnm( 271+
680 ’0885(-

Z36“ S- M]ssdql]mm+ Ogxr- Qdu- Kdss- 53+ 1343 ’088/(-

Z37“ R- D- Jnqrgtmnu+ Ogxr- Qdu- A 37+ 2858 ’0882(-
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Z38“ S- Fh]l]qbgh ]mc O- Kd Cntrr]k+ Ogxr- Qdu- Kdss- 61+ 042/ ’0883(-

Z4/“ Enq ] rb]k]q chrok]bdldms nq hrnsqnohb dk]rshbhsx sgd dwonmdms hr tmh,
udqr]k- Vgdm sgd etkk ]mhrsqnox ne sgd dk]rshb bnmrs]msr hr s]jdm hmsn
]bbntms hm sgd EQF dpt]shnmr ZR- Anfmdq+ S- Dlhf ]mc S- M]ssdql]mm
Ogxr- Qdu- A 52 0634/0 ’1//0(“ sgd onrrhakd u]qh]shnm ne sgd dwonmdms
vhsg sgd l]fmdshb ffdkc hr rshkk kdrr sg]m ] odqbdms-

Z40“ C- B]qodmshdq+ O- Kd Cntrr]k+ ]mc S- Fh]l]qbgh+ Dtqnogxr- Kdss- 24+
268 ’0885(-

Z41“ I- Jhdqedkc+ S- M]ssdql]mm+ ]mc S- Gv]+ Ogxr- Qdu- A 44+ 515 ’0886(-

Z42“ C- R- Ehrgdq+ Ogxr- Qdu- Kdss- 67+ 0853 ’0886(-

Z43“ L- I- O- Fhmfq]r ]mc C- ?- Gtrd+ Ogxr- Qdu- A 42+ 04082 ’0885(-

Z44“ ?- U- Nssdqkn+ Q- Rb]kdss]q+ ]mc F- Yhl]́mxh+ Ogxr- Qdu- Kdss- 70+ 0386
’0887(-

Z45“ S- Fh]l]qbgh ]mc O- Kd Cntrr]k+ Ogxr- Qdu- Kdss- 64+ 2261 ’0884(-

Z46“ T- X]qnm ds Yi-+ Ogxr- Qdu- Kdss- 62+ 1637 ’0883(-

Z47“ W- R- Khmf ds Yi-+ Ogxr- Qdu- Kdss- 75+ 601 ’1//0(-

Z48“ S- Jkdhm ds Yi-+ M]stqd ’Knmcnm( 302+ 3/3 ’1//0(-

Z5/“ C- Dqs]r ]mc C- Q- Mdkrnm+ Ogxrhb] B 161+ 68 ’0885(-

Z50“ S- Fh]l]qbgh ]mc O- Kd Cntrr]k+ Ogxr- Qdu- A 44+ 5466 ’0886(-

Z51“ A- Jg]xjnuhbg ds Yi-+ Ogxr- Qdu- Kdss- 65+ 1444 ’0885(-

Z52“ J- Cdkhfh]mmhr ds Yi-+ Ogxr- Qdu- Kdss- 68+ 1010 ’0886(-

Z53“ X- O]kshdk+ D- Ydkcnu+ X- Lx]rndcnu+ ]mc L- K- Q]oo]onqs+ Ogxr- Qdu-
Kdss- 74+ 2601 ’1///(-

Z54“ M- ?uq]g]l ds Yi-+ M]stqd ’Knmcnm( 300+ 340 ’1//0(-

Z55“ I- Yhmm,Itrshm+ PtYmstl �dic sgdnpx Ymc AphshbYi MgdmnldmY ’Bk]qdm,
cnm Oqdrr+ Nwenqc+ 0878(-

Z56“ L- J]qc]q+ F- O]qhrh+ ]mc X- Yg]mf+ Ogxr- Qdu- Kdss- 45+ 778 ’0885(-

Z57“ G- J- I]mrrdm+ Y- Ogxr- A 12+ 266 ’0865(-

Z58“ O- B- L]qshm+ D- C- Rhffh]+ ]mc G- ?- Qnrd+ Ogxr- Qdu- ? 7+ 312 ’0862(-

Z6/“ ?- H- K]qjhm ]mc X- M- Nubghmmhjnu+ I- Knv Sdlo- Ogxr 23+ 3/8 ’0868(-
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Z60“ S- M]ssdql]mm+ R- Rsdo]mnv+ K- G- S]mf+ ]mc G- Kdrbggnqm+ I- Ogxr-
’O]qhr( 1+ 0372 ’0881(-

Z61“ O- Bg]tud+ S- Fh]l]qbgh+ ]mc O- Kd Cntrr]k+ Ogxr- Qdu- A 51+ 5130
’1///(-

Z62“ C- R- Ehrgdq+ Ogxr- Qdu- A 20+ 0285 ’0874(-

Z63“ N- M]q]x]m ]mc C- Ehrgdq+ Ogxr- Qdu- A 37+ 6/2/ ’0882(-

Z64“ N- Ctdlldq ]mc V- Jq]tsg+ 1//4+ bnmc,l]s./4/0356-

Z65“ ?- A- Jnksnm+ ?- Qnrrn+ S- Fh]l]qbgh+ ]mc V- Jq]tsg+ Ogxr- Qdu-
Kdss- 86+ /46//0 ’1//5(-

Z66“ R- Atrshmfnqqx+ ?- A- Jnksnm+ ]mc S- Fh]l]qbgh+ Dtqnogxr- Kdss- 70+
15//4 ’1//7(-

Z67“ ?- H- K]qjhm ]mc X- M- Nubghmmhjnu+ Rnu- Ogxr- IDSO 27+ 743 ’0863(-

Z68“ ?- Rbglhcs ]mc V- G]tfdq+ I- Knv Sdlo- Ogxr 00+ 556 ’0862(-

Z7/“ ?- D- Jnrgdkdu ]mc U- L- Uhmnjtq+ Ogxr- Qdu- Kdss- 62+ 247/ ’0883(-

Z70“ S- Fh]l]qbgh ]mc O- Kd Cntrr]k+ Ogxr- Qdu- Kdss- 65+ 23/7 ’0885(-

Z71“ J- Lnnm ds Yi-+ Ogxr- Qdu- Kdss- 66+ 1267 ’0886(-

Z72“ ?- A- Jnksnm ]mc C- C- M- Fq´madbg,Idmrdm+ Ogxr- Qdu- Kdss- 72+ 2/50
’0888(-

Z73“ G- E]mfngq+ R- I- Bnw+ ]mc O- ?- I- cd Fqnns+ Ogxr- Qdu- A 53+ 534/4
’1//0(-

Z74“ E- O]qcn ds Yi-+ M]stqd ’Knmcnm( 285+ 237 ’0887(-

Z75“ K- A]kdmsr+ B- L]qbgdssh+ ]mc K- Q]cyhgnurjx+ Ogxr- Qdu- A 46+ 66/4
’0887(-

Z76“ O- Kd Cntrr]k ]mc S- Fh]l]qbgh+ Ogxr- Qdu- A 46+ 00245 ’0887(-

Z77“ E- Odqqtbgns ds Yi-+ Ogxrhb] A 173+ 0873 ’1///(-

Z78“ O- V- ?mcdqrnm ]mc X- A- Jhl+ Qdu- Lnc- Ogxr- 25+ 28 ’0853(-

Z8/“ K- A- Hn∆d ]mc U- L- Uhmnjtq+ I- Ogxr- B 1fi+ 5038 ’0876(-

Z80“ S- M]ssdql]mm+ Dtqnogxr- Kdss- 3+ 0130 ’0876(-

Z81“ L- Edhfdkl]m+ U- A- Fdrgjdmadhm+ ?- H- K]qjhm+ ]mc U- Uhmnjtq+ Ogxr-
Qdu- Kdss- 52+ 12/2 ’0878(-

3/



Z82“ O- Bg]tud+ S- Fh]l]qbgh+ ]mc O- Kd Cntrr]k+ Dtqnogxr- Kdss- 33+ 00/
’0887(-

Z83“ O- Bg]tud+ S- Fh]l]qbgh+ ]mc O- Kd Cntrr]k+ Ogxr- Qdu- A 51+ 5130
’1///(-

Z84“ ?- A- Jnksnm+ ?- Qnrrn+ ]mc S- Fh]l]qbgh+ Ogxr- Qdu- Kdss- 83+ /36//1
’1//4(-

Z85“ C- S- Etbgr ds Yi-+ Ogxr- Qdu- Kdss- 7fi+ 3860 ’0887(-

Z86“ ?- A- Jnksnm+ ?- Qnrrn+ ]mc S- Fh]l]qbgh+ Ogxr- Qdu- Kdss- 84+ 07/5/3
’1//4(-

Z87“ K- E- Btfkh]mcnkn+ I- Jtqbg]m+ I- O- Antbg]tc+ ]mc L- Ldy]qc+ hm Rohm
FiYrrdr Ymc QYmcnl �dicr+ dchsdc ax ?- O- Xntmf ’Vnqkc Rbhdmshffb+
Rhmf]onqd+ 0887(-

6fi1 7nnjr Smc pduhdvr

?- O- Xntmf dc-+ Rohm Fk]rrdr ]mc Q]mcnl ffdkcr+ Vnqkc Rbhdmshffb ’0887(-
?-,K- A]q]a]rh ]mc G- D- Rs]mkdx+ Eq]bs]k Bnmbdosr hm Rtqe]bd Fqnvsg+

B]laqhcfd Tmhudqrhsx Oqdrr ’0884(
C- Q- Mdkrnm+ Cdedbsr ]mc Fdnldsqx hm Bnmcdmrdc L]ssdq Ogxrhbr+ B]l,

aqhcfd Tmhudqrhsx Oqdrr ’1//1(
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