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:arspYbs
Vd oqdrdms ]m ]bshud kd]qmhmf rsq]sdfx enq sq]hm,
hmf o]q]ldsqhb lncdkr ne chrs]mbd ldsqhbr+ fhudm
sqhokds,a]rdc rhlhk]qhsx ]rrdrrldmsr9 naidbs tg hr
lnqd rhlhk]q sn naidbs ti sg]m sn tj- Hm bnmsq]rs sn
oqhnq vnqj nm bk]rr,a]rdc kd]qmhmf+ vgdqd sgd etm,
c]ldms]k fn]k hr bk]rrh�b]shnm ]mc ]mx hlokhbhs nq
dwokhbhs ldsqhb hr ahm]qx+ vd enbtr nm odpbdostXk
ldsqhbr sg]s dwoqdrr sgd cdfpdd ne ’chr(rhlhk]qhsx
adsvddm naidbsr- Vd �mc sg]s rs]mc]qc ]bshud kd]qm,
hmf ]ooqn]bgdr cdfq]cd vgdm ]mmns]shnmr ]qd qd,
ptdrsdc enq aXsbgdr ne sqhokdsr ]s ] shld9 ntq rstchdr
rtffdrs sg]s bnqqdk]shnm ]lnmf sqhokdsr hr qdronmrh,
akd- Hm sghr vnqj+ vd oqnonrd ] mnudk ldsgnc sn
cdbnppdkXsd a]sbgdr ne sqhokdsr+ sg]s inhmskx a]k]mbdr
hmenql]shudmdrr ]mc chudqrhsx vghkd cdbntokhmf sgd
bgnhbd ne gdtqhrshb enq d]bg bqhsdqhnm- Dwodqhldmsr
hmchb]sd ntq ldsgnc hr fdmdq]k+ ]c]os]akd+ ]mc nts,
odqenqlr sgd rs]sd,ne,sgd,]qs-

. Hmspnctbshnm
Cd�mhmf ] fnnc chrs]mbd ldsqhb nudq ] ro]bd ne naidbsr hr
hlonqs]ms enq l]mx l]bghmd kd]qmhmf s]rjr+ rtbg ]r bk]rrh,
�b]shnm+ bktrsdqhmf ]mc naidbs rdfldms]shnm- Nesdm+ rtbg ]
ldsqhb qdoqdrdmsr ahm]qx qdk]shnmrghor ]lnmf naidbsr9 enq hm,
rs]mbd+ hs l]x bnmrhcdq svn naidbsr rhlhk]q he sgdx adknmf sn
sgd r]ld bk]rr ]mc chrrhlhk]q nsgdqvhrd- Gnvdudq+ cnl]hmr
khjd bnfmhshud rbhdmbd ]mc gtl]m,bnlotsdq hmsdq]bshnm ’GBH(
nesdm qdpthqd b]ostqhmf sgd lnqd fq]mtk]q ]mc bnlokdw mn,
shnm ne odpbdostXk chrs]mbd9 ] bnmshmtntr ld]rtqd ne sgd odq,
bdhudc chrrhlhk]qhsx adsvddm svn naidbsr- Sghr ]kknvr pdkXfi
shud ]rrdrrldmsr rtbg ]r9 naidbs t hr lnqd rhlhk]q sn x sg]m
sn y+ dudm vgdm ]kk sgqdd naidbsr ]qd eqnl sgd r]ld bk]rr- Hm,
cddc+ hs hr dudm onrrhakd enq svn naidbsr eqnl cheedqdms bk]rrdr
’r]x+ ] cnkoghm ]mc ] �rg( sn ad odqbdost]kkx lnqd rhlhk]q
sg]m svn naidbsr eqnl sgd r]ld bk]rr ’sgd cnkoghm ]mc ]mx
k]mc l]ll]k(- Kd]qmhmf ] qnatrs oqdchbsnq ne sgd odqbdost]k
chrs]mbd adsvddm ]mx svn naidbsr eqnl rnld hmots cnl]hm+
fhudm sq]hmhmf c]s] nudq ] rtards ne sg]s cnl]hm+ hr sgdqdenqd
]m hlonqs]ms ]mc bg]kkdmfhmf oqnakdl- Hm qdbdms qdrd]qbg+
sghr oqdchbsnq hr bnllnmkx ] cddo mdtq]k mdsvnqj-
Vghkd qdfqdrrhmf ] ldsqhb eqnl mtldqhb]k ld]rtqdldmsr ne

sgd chrs]mbdr adsvddm o]hqr ne naidbsr hr rsq]hfgsenqv]qc+ hs hr

trt]kkx udqx che�btks enq gtl]m ]mmns]snqr sn ]bbtq]sdkx ]mc
bnmrhrsdmskx drshl]sd rtbg chrs]mbdr- Hmrsd]c+ hs hr d]rhdq sn
]mrvdq pXmihmf ptdrshnmr9 hr naidbs t lnqd rhlhk]q sn naidbs
x nq y= Rtbg zsqhokds“ bnlo]qhrnmr ]qd sgd a]bjanmd ne lds,
qhb kd]qmhmf+ hm ansg ahm]qx ’b]sdfnqhy]shnm( ]mc bnmshmtntr
’odqbdost]k( bnmsdwsr- Sgd mtladq ne onrrhakd sqhokds bnlo]q,
hrnmr fqnvr btahb]kkx ” L%l2( enq l naidbsr ” ]mc sgd bnrs ne
]mmns]shmf sgdl ]kk hr oqnghahshud- Gnvdudq+ enq qd]rnm]akx
vdkk,adg]udc ldsqhbr sgd sqhokdsr bnms]hm ltbg qdctmc]mbx+
rhmbd sgd tmcdqkxhmf ld]rtqd hr ]rrtldc sn ]s kd]rs ]ooqnwh,
l]sdkx enkknv sgd sqh]mfkd hmdpt]khsx- Sghr rtffdrsr sg]s fnnc
lncdkr b]m ad sq]hmdc nm ltbg rl]kkdq sqhokds rdsr-
Sgd l]hm bg]kkdmfd+ sgdm+ hr rdkdbshmf vghbg rl]kk rtards

ne sqhokdsr rgntkc ad ]mmns]sdc- Sghr s]rj hr ]ccqdrrdc ax Xbfi
shud kdXpmhmf+ ] rs]mc]qc sdbgmhptd sn lhmhlhyd deenqs ax hsdq,
]shudkx qdptdrshmf ]mmns]shnmr enq sgd lnrs hmenql]shud r]l,
okdr ’gdqd+ sqhokdsr( eqnl ] k]qfd onnk ne tmk]adkdc c]s]- Hm
d]bg hsdq]shnm+ ] a]sbg ne r]lokdr hr k]adkdc ]mc ]ccdc sn sgd
sq]hmhmf rds+ ]mc sgd lncdk hr toc]sdc- Sgd oqnbdrr qdod]sr
tmshk ] cdrhqdc ]bbtq]bx hr ]bghdudc- @bshud kd]qmhmf g]r addm
deedbshud enq l]mx ]ookhb]shnmr Z@cnl]uhbhtr ]mc Styghkhm+
1//4: B]khmnm ds Xk-+ 1//6: Rdsskdr+ 1/01: W]mf ds Xk-+ 1/06:
Yg]mf ds Xk-+ 1/06[+ ats nmkx ] edv rstchdr ZS]lty ds Xk-+
1/00: Gdhl ds Xk-+ 1/04: Kng]tr ds Xk-+ 1/08[ dloknx hs
enq sqhokds,a]rdc odqbdost]k ldsqhb kd]qmhmf- Sgdrd ldsgncr
]qd mnm,o]q]ldsqhb ’sgd l]inqhsx trd ltkshchldmrhnm]k rb]k,
hmf ’LCR(( ]mc b]mmns oqdchbs sgd chrs]mbd adsvddm mnudk
naidbsr ]s sdrs shld- Ats sgdx ]krn g]ud ]mnsgdq rhfmh�b]ms
rgnqsbnlhmf- Sn qdctbd sgd hmbqdldms]k sq]hmhmf bnrs ]mc dm,
]akd de�bhdms trd ne gtl]m qdrntqbdr+ ]mmns]shnmr ]qd sxoh,
b]kkx qdptdrsdc hm aXsbgdr ne+ r]x+ ] edv gtmcqdc sqhokdsr ]s ]
shld+ ]esdq vghbg sgd lncdk hr toc]sdc s]jhmf sgd mdv sq]hm,
hmf a]sbg hmsn ]bbntms- Oqhnq ]bshud kd]qmhmf rsq]sdfhdr nesdm
odqenql vnqrd sg]m a]rdkhmd q]mcnl r]lokhmf vgdm nodq]s,
hmf hm a]sbg lncd ’Ehftqd 0(- Vd �mc sg]s bnppdkXshnm ]lnmf
r]lokdr hm ] a]sbg hr qdronmrhakd9 hmchuhct]kkx hmenql]shud
r]lokdr ]qd khjdkx sn enql rsqnmfkx bnqqdk]sdc bktrsdqr+ knv,
dqhmf sgd dwodbsdc admd�s- Sgdqd g]ud addm udqx qdbdms de,
enqsr sn ]kkduh]sd sghr enq bk]rrh�b]shnm ZJhqrbg ds Xk-+ 1/08:
@rg ds Xk-+ 1/1/[+ ats mnmd enq ldsqhb kd]qmhmf-
Hm sghr o]odq+ vd oqnonrd sgd �prs aYsbg cdbnppdkYshnm

rspYsdfx cdudknodc rodbh�bYkkx enp sphokds,aYrdc Ybshud
ldsphb kdYpmhmf- Ntq ldsgnc inhmskx a]k]mbdr hmenql]shud,
mdrr ]mc chudqrhsx ne ] a]sbg ne sqhokdsr vghkd cdbntokhmf sgd
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Ehftqd 09 Mdf]shud hlo]bs ne bnqqdk]sdc sqhokdsr nm ]bshud kd]qmhmf-
Cddo ldsqhb kd]qmhmf vhsg 2 rs]mc]qc @K gdtqhrshbr ’tmbdqs]hmsx
’TR(+ dwodbsdc fq]chdms kdmfsg ’DFK(+ lncdk ntsots bg]mfd ’LNB((
]kk ntsodqenql q]mcnl r]lokhmf ’QMC( vgdm sqhokdsr ]qd ]ccdc nmd
]s ] shld eqnl sgd Wtllkx ennc c]s]rds- Vhsg 1//,sqhokds a]sbgdr+
sgdx ]qd bnlo]q]akd sn nq vnqrd sg]m q]mcnl- ’Mnsd9 a]sbg rhyd ]krn
]eedbsr odqenql]mbd vhsg q]mcnl r]lokhmf adb]trd vd lhlhb qd]k,
vnqkc bnlots]shnm]k atcfdsr ax ]kknsshmf ] �wdc ’ghfg( mtladq ne
sq]hmhmf donbgr ]esdq d]bg a]sbg- Vgdm sq]hmhmf vhsg rhmfkd sqhokdsr+
sgd mdsvnqj fdsr sn sq]hm lnqd nesdm+ gdmbd knmfdq nudq]kk-(

bgnhbd ne gdtqhrshb enq d]bg bqhsdqhnm ’sgd ]ooqn]bg ne @rg ds
]k- Z1/1/[+ cdudknodc enq bk]rrh�b]shnm+ qdoqdrdmsr ansg trhmf
sgd r]ld tmmnql]khydc fq]chdmsr(- Vd rdkdbs ]m nudqbnl,
okdsd rds ne hmenql]shud sqhokdsr+ ]mc �mc vdkk,rdo]q]sdc xds
hmenql]shud qdoqdrdms]shudr eqnl sgdl trhmf e]qsgdrs,onhms
r]lokhmf+ ] sdbgmhptd anqqnvdc eqnl uhrt]k bnlotshmf ZDk,
c]q ds Xk-+ 0886[- Vd cdudkno rdudq]k ]ksdqm]shud ld]rtqdr
ne sqhokds rdo]q]shnm+ ]mc bnlo]qd sgdhq deedbshudmdrr nudq ]
q]mfd ne cheedqdms hmots lnc]khshdr+ s]rjr+ ]mc gxodqo]q]l,
dsdq rdsshmfr- Ntq eq]ldvnqj hr qnatrs ]mc ntsodqenqlr sgd
btqqdms rs]sd,ne,sgd,]qs hm ]kk du]kt]sdc rbdm]qhnr- Vd cdlnm,
rsq]sd sgd ldsgnc enq mdtq]k mdsvnqj,a]rdc kd]qmdqr+ ats hs b]m
ad d]rhkx ]c]osdc sn ]mx o]q]ldsqhb kd]qmhmf rbdm]qhn-

1 QdkYsdc Vnpi
Vd nudquhdv qdk]sdc vnqj nm ]bshud kd]qmhmf hm sgqdd b]sd,
fnqhdr- Enq ] fdmdq]k rtqudx ne cddo ldsqhb kd]qmhmf+ vd qdb,
nlldmc qdbdms o]odqr rtbg ]r ZOqhx]c]qrghmh J ds Xk-+ 1/08[-

1-. :bshud kdYpmhmf enp bkYrr,aYrdc kdYpmhmf-
Sgdqd hr rhfmh�b]ms vnqj nm ]bshud kd]qmhmf enq bkXrrh�bXfi
shnm ZRdsskdr+ 1/01[+ dwoknqhmf gdtqhrshbr khjd tmbdqs]hmsx r]l,
okhmf+ ptdqx,ax,bnllhssdd+ dwodbsdc lncdk bg]mfd+ dwodbsdc
dqqnq.u]qh]mbd lhmhlhy]shnm+ ]mc hmenql]shnm f]hm ZRdsskdr+
1/01: Jqhrgm]ltqsgx ds Xk-+ 1/06: A]bgl]m ds Xk-+ 1/06:
Jnmxtrgjnu] ds Xk-+ 1/06[- @lnmf sgdrd+ tmbdqs]hmsx r]l,
okhmf hr ]m deedbshud ]mc vhcdkx trdc rsq]sdfx- Svn nsgdq hmsdq,
drshmf vnqjr ZGnh ds Xk-+ 1//5: Vdh ds Xk-+ 1/04[ rdkdbs ] a]sbg
ne chudqrd ]mc hmenql]shud r]lokdr ax onrhmf ]bshud kd]qmhmf
]r ] rtalnctk]q rtards rdkdbshnm oqnakdl- Hm bnmsq]rs sn ntq
]ooqn]bg+ ]kk sgdrd ldsgncr enbtr nm naidbs bk]rrh�b]shnm-

1-1 :bshud kdYpmhmf enp cddo kdYpmhmf-
Rdudq]k qdbdms vnqjr ]ookx ]bshud kd]qmhmf gdtqhrshbr sn mdt,
q]k mdsvnqjr- Rdmdq ]mc R]u]qdrd Z1/07[ cd�md ]bshud kd]qm,

hmf ]r ] bnqd,rds oqnakdl sn rdkdbs chudqrd r]lokdr- Rhmg] ds
]k- Z1/08[ ]cudqr]qh]kkx rdkdbs ntskhdqr sn sgd chrsqhatshnm ne
k]adkdc r]lokdr- F]k ds ]k- Z1/06[ oqnonrd A]xdrh]m ]bshud
kd]qmhmf ’A@KC( enq hl]fd bk]rrh�b]shnm+ l]whlhyhmf lt,
st]k hmenql]shnm adsvddm lncdk o]q]ldsdqr ]mc lncdk oqd,
chbshnm- Hs vnqjr vdkk vgdm rdkdbshmf r]lokdr nmd ]s ] shld
ats e]hkr enq k]qfdq a]sbgdr- Sn ]ccqdrr sghr+ Jhqrbg ds ]k-
Z1/08[ hmsqnctbd ] lnch�dc A@KC enq a]sbgdr- Sgdx no,
shlhyd hmenql]shudmdrr ]mc chudqrhsx ax l]whlhyhmf ltst]k
hmenql]shnm adsvddm rdkdbsdc onhmsr ]mc lncdk o]q]ldsdqr-
@rg ds ]k- Z1/1/[ oqdrdms ]mnsgdq ldsgnc ’A@CFD( enq

chudqrh�b]shnm vgdqd r]lokdr vhsg chudqrd fq]chdms udbsnqr
]qd ohbjdc enq ]mmns]shnm- Gnvdudq+ sgdx trd sgd fq]chdms
v-q-s- sgd lnrs oqna]akd k]adk hmrsd]c ne sgd dwodbsdc fq]chdms+
]mc rdkdbs ] a]sbg trhmf j,ld]mr)) Z@qsgtq ]mc U]rrhkuhs,
rjhh+ 1//5[ nudq ]kk tmk]adkdc r]lokdr hm sgd fq]chdms ro]bd-
Sghr g]r rgnqsbnlhmfr9 ’0( sgd fq]chdms hr trdc enq ansg hm,
enql]shudmdrr ]mc chudqrhsx+ vgdqd]r ntq ldsgnc cdbntokdr
sgdrd bgnhbdr sn kdudq]fd sgd adrs hmchuhct]k gdtqhrshbr: ’1( j,
ld]mr)) vhkk ohbj r]lokd bdmsqnhcr ]qntmc sgd nqhfhm ’rl]kk
fq]chdms udbsnqr( he sgdqd ]qd cdmrd bktrsdqr sgdqd+ gdmbd sgd
ah]r snv]qcr lnqd hmenql]shud r]lokdr hr qdctbdc: ]mc ’2(
j,ld]mr)) qdpthqdr ]m dwokhbhs sqhokds dladcchmf ]mc b]m,
mns vnqj vhsg itrs ] chrs]mbd ld]rtqd+ tmkhjd ntq e]qsgdrs,
onhms r]lokhmf- Dwodqhldmsr hmchb]sd sg]s ntq ]ooqn]bg bnm,
rhrsdmskx ntsodqenqlr A@CFD ]c]osdc sn ldsqhb kd]qmhmf-
@kk sgdrd ldsgncr rg]qd ntq fn]k ne de�bhdms kd]qmhmf eqnl

edvdq ]mmns]shnmr hm ] a]sbg rdsshmf+ ats sgdx enbtr nm bk]r,
rh�b]shnm oqnakdlr- Hm bnmsq]rs+ vd ]hl sn kd]qm ] ’odqbdo,
st]k+ o]q]ldsqhb( chrs]mbd ldsqhb eqnl sqhokds bnmrsq]hmsr- Sghr
qdpthqdr sphokdsfirodbh�b hmenql]shudmdrr ]mc chudqrhsx ld],
rtqdr+ sg]s b]m ]krn ad trdc sn bnlo]qd tmrddm c]s] r]lokdr-

1-2 :bshud sphokds,aYrdc ldsphb kdYpmhmf-
Sgdqd ]qd nmkx ] edv o]odqr nm ]bshud ldsqhb kd]qmhmf eqnl
sqhokds,a]rdc qdk]shud bnmrsq]hmsr- S]lty ds ]k- Z1/00[ r]lokd
sqhokdsr vghbg qdctbd sgd tmbdqs]hmsx hm naidbs knb]shnm hm sgd
dladcchmf ro]bd- Gdhl ds ]k- Z1/04[ oqnonrd ] rhlhk]q ]o,
oqn]bg ]mc rgnv sg]s odqbdost]k rhlhk]qhsx b]m ad lncdkdc
vhsg dudm edvdq sqhokdsr he ]twhkh]qx ed]stqdr ]qd trdc- @f]hm+
ansg ldsgncr vnqj vdkk hm rhmfkd,sqhokds lncd ats e]hk vhsg
mdtq]k mdsvnqjr hm ] a]sbg rdsshmf- Lnqdnudq+ ansg ldsgncr
]qd mnm,o]q]ldsqhb ]mc cdrhfmdc sn ]bghdud c]s] de�bhdmbx enq
LCR9 sgdx b]mmns oqdchbs sgd chrs]mbd adsvddm mnudk naidbsr-
Qdbdmskx+ Kng]tr ds ]k- Z1/08[ oqnonrdc ] sqhokds tmbdqs]hmsx
drshl]sd ax lncdkhmf sqhokds nqcdqhmf ]r ] F]trrh]m oqnbdrr+
] m]stq]k bgnhbd enq ]bshud kd]qmhmf ]r hs ld]rtqdr oqdchbshnm
bnm�cdmbd- Gnvdudq+ rhlhk]q sn LCR,a]rdc ]ooqn]bgdr+ hs
hr mnm,o]q]ldsqhb ]mc sgd kd]qmhmf bnlokdwhsx hr L%l2(- Eh,
m]kkx+ mnmd ne sgdrd ldsgncr noshlhyd chudqrhsx hm ]cchshnm sn
hmenql]shudmdrr ctqhmf a]sbg rdkdbshnm-

2 Ldsgnc
Hm sghr rdbshnm+ vd cdrbqhad ntq eq]ldvnqj enq a]sbg,lncd
]bshud ldsqhb kd]qmhmf- Vd �qrs aqhdfix cd�md sgd oqnakdl ne
odqbdost]k ldsqhb kd]qmhmf eqnl sqhokds bnlo]qhrnmr+ trhmf ]
cddo mdsvnqj ]r sgd qdfqdrrnq- Mdws+ vd chrbtrr ]m ]bshud c]s]
r]lokhmf ]ooqn]bg enq kd]qmhmf sgd ldsqhb de�bhdmskx- Ehm]kkx+
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]r ntq l]hm sdbgmhb]k bnmsqhatshnm+ vd hmsqnctbd ] ldsgnc enq
cdbnqqdk]shmf a]sbgdr ne sqhokdsr+ sn ]ccqdrr sgd jmnvm khlhs],
shnmr ne ]bshud kd]qmhmf vhsg k]qfd hmbqdldms]k a]sbgdr-

2-. Sphokds,AYrdc Cddo Ldsphb KdYpmhmf
Vd ]qd fhudm ] rds ne naidbsr U : ∪tg{m0 → �b+ cdrbqhadc
ax sgdhq c,chldmrhnm]k ed]stqdr- Vd ]krn g]ud qdk]shud
bnlo]qhrnmr ne sgdhq o]hqvhrd chrs]mbdr ]r ] rds ne sqhokdsr
∂ : ∪%tgφti φtj({- Gdqd+ d]bg sqhokds hmchb]sdr sg]s sgd ]m,
bgnq naidbs tg hr lnqd rhlhk]q sn ti sg]m sn tj- Ntq fn]k hr sn
kd]qm ] chrs]mbd ldsqhb c 2 �b − �b ← �vghbg oqdrdqudr sgd
sqhokds nqcdqhmfr ” c%tgφti( , c%tgφtj(- @r hr rs]mc]qc+ vd
]rrtld sgd bnlo]qhrnmr b]m ad mnhrx ]mc hmbnmrhrsdms+ gdmbd
sgd rnktshnm hr ]ooqnwhl]sd ]mc vd nmkx sqx sn l]whlhyd sgd
mtladq ne oqdrdqudc nqcdqhmfr- @ksgntfg sghr eq]ldvnqj ]o,
okhdr sn ]mx jhmc ne ldsqhb kd]qmhmf+ hmbktchmf ahm]qx ldsqhbr
enq bk]rrh�b]shnm+ ntq enbtr hr sn kd]qm odqbdost]k ldsqhbr qd,
fidbshmf bnmshmtntrkx u]qxhmf cdfqddr ne ’chr(rhlhk]qhsx-
Sxohb]kkx+ odqbdost]k ’chr(rhlhk]qhsx adsvddm naidbsr hr

lncdkdc ax oqnidbshmf sgd c]s] trhmf ] kd]qmdc dladcchmf
jdqmdk ρ 2 �b ← � =b rtbg sg]s sgd chrs]mbd adsvddm svn na,
idbsr c�%tφ x( : |ρ%t(� ρ%x(| qdfidbsr sgd odqbdost]k chr,
s]mbd- Enkknvhmf oqhnq vnqj ZKt ds Xk-+ 1/06: Yg]mf ds Xk-+
1/07: Oqhx]c]qrghmh J ds Xk-+ 1/08[+ vd trd ] cddo mdsvnqj
sn qdoqdrdms sgd dladcchmf jdqmdk ρ- Enq d]bg sqhokds+ vd
o]rr hsr sgqdd naidbsr sgqntfg sgqdd bnohdr ne sgd mdsvnqj vhsg
rg]qdc vdhfgsr- Vd sq]hm sgd mdsvnqj trhmf ]m dwonmdmsh]k
sqhokds knrr sg]s sqhdr sn l]whlhyd sgd rpt]qdc chrs]mbd l]qfhm
c1
�%tgφtj(� c1

�%tgφti( enq d]bg sqhokds %tgφti φtj(9

∈%tgφti φtjφ ρ( :
〉

,

d��b���tφφtj(�b���tφφti(( ’0(

Sgd lncdk hr sq]hmdc trhmf rs]mc]qc a]bj,oqno]f]shnm- Hm ]kk
ntq dwodqhldmsr+ sgd mdsvnqj bnloqhrdr ] rdqhdr ne etkkx bnm,
mdbsdc k]xdqr vhsg QdKT mnmkhmd]qhshdr- Sgd gxodqo]q]ldsdqr
]qd l]mt]kkx stmdc enq d]bg c]s]rds+ ]r cds]hkdc hm Rdbshnm 3-

2-1 Cddo :bshud Ldsphb KdYpmhmf
Sgd mtladq ne onrrhakd sqhokds bnlo]qhrnmr ne l naidbsr
fqnvr btahb]kkx ” L%l2( ” ]mc f]sgdqhmf ]mmns]shnmr enq ]kk
ne sgdl hr oqnghahshudkx dwodmrhud- Gnvdudq+ enq ] qd]rnm]akx
rlnnsg ldsqhb sg]s ]s kd]rs ]ooqnwhl]sdkx qdrodbsr sqh]mfkd hm,
dpt]khsx+ ] ltbg rl]kkdq rtards ne zhmenql]shud“ sqhokdsr hr
trt]kkx rte�bhdms sn b]ostqd hsr r]khdms ed]stqdr- @bshud kd]qm,
hmf hr ] rs]mc]qc sdbgmhptd sn chrbnudq rtbg ] rtards- Hs hr ]m
hsdq]shud ldsgnc sg]s fqddchkx qdod]sr sgd enkknvhmf svn rsdor-
Ehqrs+ fhudm ]m hmbqdldms]k k]adkhmf atcfds X+ ]mc sgd rds ne
oqduhntrkx k]adkdc sqhokdsr C+ hs rdkdbsr ] a]sbg S ne X mdv
sqhokdsr ’eqnl rnld onsdmsh]kkx k]qfd rds ne tmk]adkdc sqhokdsr
T ( ]mc qdptdrsr ]mmns]shnmr ’h-d- fqntmc,sqtsg nqcdqhmfr( enq
sgdl- Rdbnmc+ sgd a]sbg hr ]ccdc sn sgd rds ne k]adkdc sqhokdsr
]mc sgd ldsqhb lncdk hr qdsq]hmdc- Sgd oqnbdrr qdod]sr shkk
rnld cdrhqdc ]bbtq]bx hr qd]bgdc- Sgd l]hm sdbgmhb]k bg]k,
kdmfd hr sn bgnnrd sgd lnrs hmenql]shud mdv sqhokdsr hm d]bg
a]sbg+ rtbg sg]s sgd lncdk qd]bgdr hsr ]rxlosnshb ]bbtq]bx hm
]r edv hsdq]shnmr ]r onrrhakd-
Sgd hmenql]shudmdrr ne ] sqhokds b]m ad ld]rtqdc ax u]q,

hntr gdtqhrshbr+ rtbg ]r lncdk tmbdqs]hmsx+ oqdchbshnm u]qh,
]mbd+ nq ltst]k hmenql]shnm- Hm sghr o]odq+ vd ]cnos lncdk

tmbdqs]hmsx ]r ] qdoqdrdms]shud ld]rtqd vghbg g]r oqnudc sn
ad udqx deedbshud hm oq]bshbd ZRdsskdr+ 1/01[+ sgntfg vd ]krn
rgnv dwodqhldmsr vhsg nsgdq ld]rtqdr- Vd bnmrhcdq ] sqhokds
ztmbdqs]hm“+ ]mc gdmbd hmenql]shud+ he sgd lncdk hr ghfgkx tm,
bdqs]hm hm oqdchbshmf hsr nqcdqhmf9 c�%tgφtj( ⊕ c�%tgφti(- @
oqna]ahkhsx chrsqhatshnm nudq sgd sqhokds qdronmrd hr ] m]stq]k
v]x sn ld]rtqd tmbdqs]hmsx ZS]lty ds Xk-+ 1/00[9

ngij : n%r〉ρ( :
γ) c1

�%tgφtj(

1γ) c1
�%tgφtj( ) c1

�%tgφti(
’1(

Gdqd+ ngij cdmnsdr sgd oqna]ahkhsx ne naidbs g adhmf bknrdq
sn i sg]m sn j hm sgd dladcchmf ro]bd+ γ <: + hr ] gx,
odqo]q]ldsdq+ ]mc ngij ) ngji : 0- Sgd lncdkır tmbdq,
s]hmsx ]ants sgd tmk]adkdc sqhokds b]m sgdm ad dwoqdrrdc ]r
sgd dwodbsdc Rg]mmnm dmsqnox nudq ]kk onrrhakd nqcdqhmfr9
e�%r( : �ngij ina ngij � ngji ina ngji - Sgd rbnqd ne ] rd,
kdbsdc a]sbg S + m]–fludkx hfmnqhmf bnqqdk]shnmr adsvddm sqhokdsr+
b]m ad cd�mdc ax rtllhmf to sgd hmchuhct]k tmbdqs]hmshdr9

e�%S ( :
〉

p′S
e�%r( ’2(

Gnvdudq+ rhlokx trhmf sghr rbnqd sn rdkdbs d]bg hmbqdldms]k
a]sbg+ ]r S − : ˆoalˆrS∗Tφ}S }4U e�%S (+ hr e]rs ’hs qdctbdr sn
ohbjhmf sgd X sno,rbnqhmf sqhokdsr( ats rtanoshl]k- Sgd sno X
sqhokdsr ]qd hmchuhct]kkx hmenql]shud+ ats l]x mns ad rn inhmskx-
Enq hmrs]mbd+ sgdx l]x ]kk ad shfgskx bktrsdqdc hm sgd rhmfkd
lnrs tmbdqs]hm qdfhnm hm sgd dladcchmf ro]bd+ g]uhmf ghfg
qdctmc]mbx ]mc fhuhmf sgd lncdk mn vhcdq hmenql]shnm- Sn
]ccqdrr sghr rgnqsbnlhmf+ vd bgnnrd ] chudprd wds hmenplXshud
a]sbg ax ]ookxhmf cdbnqqdk]shnm ld]rtqdr+ chrbtrrdc mdws-

2-2 Sphokds AYsbg CdbnppdkYshnm
Rdkdbshmf ] rhmfkd sqhokds hm d]bg hsdq]shnm ’X : 0( hr ghfgkx
hmde�bhdms rhmbd hs qdpthqdr hmed]rhakx eqdptdms qdsq]hmhmf- Sn
qdctbd sghr nudqgd]c+ sgd rs]mc]qc ]ooqn]bg hr sn ohbj k]qfdq
a]sbgdr ’X ⊂ 0(+ ats cdudknohmf ]m noshl]k a]sbg rdkdbshnm
onkhbx hr che�btks adb]trd ne bnqqdk]shnm adsvddm sgd lnrs hm,
enql]shud sqhokdsr ]r chrbtrrdc ]anud ’hm nsgdq vnqcr+ hmenq,
l]shudmdrr hr mns bnlonrhshnm]k(- Hm sgd fdmdq]k b]rd+ sgd
oqnakdl hr MO,g]qc- Rnld oqhnq vnqjr cdudkno deedbshud
fqddcx ]ooqnwhl]shnmr ax cd�mhmf a]sbg tshkhsx ]r ] lnmn,
snmd rtalnctk]q etmbshnm ZFnknuhm ]mc Jq]trd+ 1/00[+ ats
l]jhmf sgd tshkhsx etmbshnm rtalnctk]q hr mns ]kv]xr m]stq]k-
Hmrsd]c+ vd oqnonrd ] svn,rsdo ]ooqn]bg+ d]bg rsdo hmunku,

hmf fqddcx r]lokhmf- Sgd �qrs rsdo dlog]rhydr hmenplYshud,
mdrr9 vd ohbj ]m nudpbnlokdsd rds O ne sgd lnrs hmenql]shud
hmchuhct]k sqhokdsr+ ne ltbg k]qfdq rhyd sg]m X+ eqnl sgd tm,
k]adkdc rds T - Sgd rdbnmc rsdo dlog]rhydr chudprhsx9 vd
rtarXlokd O sn rdkdbs ] �m]k a]sbg S − sg]s deedbshudkx bnu,
dqr O+ fhudm ] ld]rtqd µ� ne sgd chrs]mbd ’mnm,bnqqdk]shnm(
adsvddm sqhokdsr bnmchshnmdc nm sgd btqqdms lncdk ρ- Ohbj,
hmf sgd a]sbg sg]s lhmhlhydr sgd chrs]mbd ne d]bg sqhokds hm
O sn hsr md]qdrs sqhokds hm S − hr ]krn MO,g]qc- Gnvdudq+ hs
g]r addm rgnvm sg]s e]qsgdrs,onhms,r]lokhmf ’EOR(+ ] fqddcx
]ooqn]bg nqhfhm]kkx cdudknodc enq hl]fd oqnbdrrhmf ZDkc]q
ds Xk-+ 0886[+ fhudr ] md]q,noshl]k rnktshnm- Hm ntq ]c]os],
shnm ne EOR+ vd adfhm vhsg sgd lnrs rdo]q]sdc o]hq ne sqhokdsr+
]mc sgdm qdbtqrhudkx rdkdbs sgd tmrdkdbsdc sqhokds sg]s hr e]q,
sgdrs eqnl sgd rdkdbsdc rds- Enql]kkx+ sgd qdbtqrhnm hr cd,
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:kfnphsgl . A]sbg,Lncd @bshud Kd]qmhmf
Hmots9 Mdtq]k mdsvnqj ]qbghsdbstqd ρ+ naidbs ed]stqdr U ≈
�b+ k]adkdc sqhokdsr C+ tmk]adkdc sqhokdsr T + hmhsh]k onnk rhyd k+
a]sbg rhyd X+ nudqr]lokhmf rhyd j < X
HmhshYkhyd9 Sq]hm hmhsh]k lncdk ρ) nm k q]mcnlkx rdkdbsdc k],
adkdc sqhokdsr C)-
09 enp l;0+1+- - - +L cn
19 Ok : ˆoalˆrM∗Tφ}M}4j e�%O( trhmf Dp- 2
29 S −

k : ˆoalˆr∈pφφpi{∗Mk µ�%rgφ ri(
39 enp m;2+- - - +a cn
49 S −

k * S −
kL∪ˆoalˆrp′Mk|S�

k
lgmp∗′S�k µ�%rφ r

⊂({
59 dmc enp
69 C * C L S −

k
79 Sq]hm rs]qshmf eqnl lncdk ρk�0+ nm k]adkdc sqhokdsr C

vhsg knrr hm Dp- 0+ sn nas]hm toc]sdc lncdk ρk-
89 dmc enp
0/9 pdstpm Ehm]k lncdk ρC

�mdc ]r S * S L ˆoalˆrp′M|S lgmp∗′S µ�%rφ r
⊂(- Bnlahm,

hmf sgd svn rsdor+ ]r enql]khydc hm @kfnqhsgl 0+ vd nas]hm ]
chudqrd xds hmenql]shud a]sbg-
Sgd qdl]hmhmf bg]kkdmfd hr sn cd�md µ�- Sn hmbnqonq]sd

sqhokds hmenql]shudmdrr hm sghr ld]rtqd ]r vdkk+ hm b]rd O hr mns
tmhenqlkx hmenql]shud+ vd cd�md µ�%rφ r⊂( 2: e�%r(−e�%r

⊂(−
��%rφ r

⊂(+ chrbntq]fhmf tmhmenql]shud sqhokdsr eqnl adhmf rd,
kdbsdc dudm he sgdx ]qd e]q ]o]qs- Mnv+ vd oqnonrd rdudq]k
hmsthshud mdv v]xr ne cd�mhmf sgd otqdkx zfdnldsqhb“ sdql
��%rφ r

⊂(+ rhmbd r]lokd,vhrd ’chr(rhlhk]qhsx ld]rtqdr khjd Kn
nq bnrhmd ldsqhbr cn mns chqdbskx ]ookx sn tmnqcdqdc sqhokdsr-

0- FpYchdms chrsYmbd5 Hmsthshudkx+ svn sqhokdsr b]m ad bnm,
rhcdqdc chrrhlhk]q he sgdx bg]mfd sgd lncdk cheedqdmskx-
Rhmbd sgd mdtq]k mdsvnqj hr noshlhydc trhmf fq]chdms cd,
rbdms+ vd qdoqdrdms d]bg sqhokds ax sgd dwodbsdc fq]chdms
’rhmbd sgd nqcdqhmf hr tmjmnvm( ne hsr knrr v-q-s- sgd k]rs
k]xdq ρnts ne sgd mdsvnqj9

f%r( : ngij
>∈%tgφti φtjφ ρ(

>ρnts
) ngji

>∈%tgφtjφti φ ρ(
>ρnts

’3(
Sgd chrs]mbd hr sgdm ��%rφ r

⊂( : 0�
�

d�p(
}d�p(} φ

d�p∗(
}d�p∗(}

〈
-

Mnsd sgd bnmsq]rs vhsg sgd qdk]sdc fq]chdms,a]rdc cdbnq,
qdk]shnm ne @rg ds ]k- Z1/1/[+ ]r cds]hkdc hm Rdbshnm 1-

1- DtbkhcdYm chrsYmbd5 Vd bnmb]sdm]sd sgd naidbs dl,
adcchmfr ne ] sqhokds hmsn ] 2,chldmrhnm]k udbsnq9
ρ%tgφti φtj( : ρ%tg(× ρ%ti(× ρ%tj(- Sgd dwodbsdc
K1 chrs]mbd nudq onrrhakd nqcdqhmfr fhudr9

��%rφ r
⊂( :

〉

x′∈gijφgji{

0

1
|ρ%rx(� ρ%r⊂(|φ ’4(

vgdqd rx cdmnsdr nmd ne sgd svn nqcdqhmfr ne sgd sqhokds-
2- BdmspnhcYk chrsYmbd5 Hmrsd]c ne qdoqdrdmshmf ] sqhokds ax

hsr bnmb]sdm]sdc naidbs dladcchmfr+ vd qdoqdrdms hs ax
sgd ’nqcdqhmf,hmcdodmcdms( bdmsqnhc ne sgd dladcchmfr
ne hsr sgqdd naidbsr9 b%r( : 0

2 %ρ%tg( ) ρ%ti( ) ρ%tj((-
Sgdm+ sgd chrs]mbd adsvddm sqhokdsr hr rhlokx sgd K1 chr,
s]mbd adsvddm sgdhq bdmsqnhcr9 ��%rφ r⊂( : |b%r(�b%r⊂(|-

Mnsd sg]s tmkhjd sgd oqdbdchmf ldsgncr+ sghr hr ]fmnrshb
sn sqhokds ]mmns]shnm ]mc qnatrs sn lncdk ah]r-

3- Nphdmsdc chrsYmbd5 Sgd bdmsqnhc ne ] sqhokds hr ] rhm,
fkd onhms+ sgqnvhmf ]v]x hmenql]shnm ]ants sgd nphdmfi
sXshnm ne sgd sqhokds hm sgd dladcchmf ro]bd- Vd hmbnq,
onq]sd rtbg hmenql]shnm hmsn sgd nqhdmsdc chrs]mbd+ cd,
�mdc ]r sgd rtl ne sgd chrs]mbdr adsvddm sgd ]mbgnqr
ne svn sqhokdsr+ ]mc adsvddm sgdhq znqhdms]shnm udbsnqr“
=p%tgφti φtj( : tmhs %ρ%tj( ) ρ%ti(� 1ρ%tg((9

��%rφ r
⊂( : c�%tgφt

⊂
g( ) %0� }=p%r(φ =p%r⊂(〈( φ ’5(

vgdqd tgφt⊂
g ]qd sgd ]mbgnq naidbsr ne rφ r

⊂ qdrodbshudkx-

3 Dvodphldmsr
Sn du]kt]sd sgd odqenql]mbd ne ntq a]sbg cdbnqqdk]shnm
ldsgnc+ vd odqenql rdudq]k dwodqhldmsr+ ]ccqdrrhmf sgqdd
ptdrshnmr9 ’P0( Gnv deedbshud hr ntq ldsgnc enq cheedqdms
a]sbg ’]mc hmhsh]k onnk( rhydr+ u]qxhmf kdudkr ne mnhrd q]sdr
hm sgd sq]hmhmf rds+ ]mc cheedqdms sqhokds chudqrhsx ld]rtqdr+
]bqnrr cheedqdms c]s]rdsr ]mc lnc]khshdr= ’P1( Gnv hlonq,
s]ms hr cdbntokhmf sgd bgnhbdr ne hmenql]shudmdrr ]mc chudq,
rhsx gdtqhrshbr+ ]mc gnv deedbshud hr cdbnqqdk]shnm vhsg che,
edqdms sqhokds hmenql]shudmdrr ld]rtqdr= ’P2( Gnv deedbshud
]qd hmchuhct]k bnlonmdmsr ne ntq eq]ldvnqj= Vd rs]qs ax hm,
sqnctbhmf ntq c]s]rdsr ]mc du]kt]shnm rdsto adenqd chrbtrrhmf
d]bg ptdrshnm hm rtardptdms rdbshnmr-

3-. CYsYrdsr Ymc DuYktYshnm Rdsto
Vd du]kt]sd ntq ldsgnc nm svn bg]kkdmfhmf qd]k,vnqkc
c]s]rdsr+ ]r vdkk ]r nm rxmsgdshb c]s]-
Rxmsgdshb CYsY- Vd fdmdq]sd 0// r]lokdr U eqnl ] 0/,C
rs]mc]qc mnql]k chrsqhatshnm- Eqnl U + vd q]mcnlkx r]lokd
1/J sq]hmhmf ]mc 1/J sdrs sqhokdsr+ d]bg vhsg ] fqntmc sqtsg
nqcdqhmf eqnl ] oqdcd�mdc ’q]mcnl( L]g]k]mnahr ldsqhb- Sn
bgdbj he ntq eq]ldvnqj hr qnatrs sn mnhrx c]s]+ vd q]mcnlkx
fiho sgd nqcdq ne 1+� ne sgd sq]hmhmf sqhokdsr-
Wtllkx Ennc CYsY- Sghr c]s]rds g]r 61037 sqhokdsr cd,
�mdc nudq 62 hl]fdr ne ennc hsdlr ZVhkadq ds Xk-+ 1/03[- Sgd
sqhokds bnmrsq]hmsr ]qd a]rdc nm s]rsd rhlhk]qhsx- D]bg hsdl hr
qdoqdrdmsdc ax ]m K0,mnql]khydc 5,C ed]stqd udbsnq hmchb]s,
hmf sgd oqnonqshnmr ne cheedqdms s]rsd oqnodqshdr9 r]ksx+ r]unqx+
rntq+ ahssdq+ rvdds+ ]mc rohbx- Sn fdmdq]sd ] sq]hm.sdrs rokhs vd
q]mcnlkx rtar]lokd 1/J sq]hmhmf ]mc 1/J sdrs sqhokdsr-
GYoshb Sdvstpd CYsY- Sghr c]s]rds g]r 0/7 rtqe]bd l]sdqh,
]kr ’lds]kr+ o]odq+ e]aqhbr+ dsb(+ d]bg qdoqdrdmsdc ax 0/ sdw,
stqd rhfm]kr ZRsqdrd ds Xk-+ 1/06[ oqnctbdc ax sq]bhmf ] g]oshb
rsxktr nudq sgd ogxrhb]k rtqe]bd- Sgd sqhokdsr ]qd fdmdq]sdc
eqnl sgd fqntmc sqtsg odqbdost]k chrrhlhk]qhsx ldsqhb f]sg,
dqdc hm trdq dwodqhldmsr ZOqhx]c]qrghmh J ds Xk-+ 1/08[- @r
adenqd+ vd q]mcnlkx rtar]lokd 1/J sq]hmhmf ]mc 1/J sdrs
sqhokdsr- D]bg sdwstqd rhfm]k hr qdoqdrdmsdc ax ] 21,C BPEA
rodbsq]k ed]stqd udbsnq ZOqhx]c]qrghmh J ds Xk-+ 1/08[-
DuYktYshnm rdsto- Sgd odqenql]mbd ne sgd kd]qmdc odqbdo,
st]k ldsqhb hr du]kt]sdc ]esdq d]bg sq]hmhmf qntmc+ bnmrhrshmf
ne rdkdbshmf nmd mdv a]sbg ne sqhokdsr enkknvdc ax toc]shmf
sgd lncdk- Vd ld]rtqd lncdk odqenl]mbd ax sgd sphokds
fdmdpXkhyXshnm XbbtpXbw ’SF@(9 sgd eq]bshnm ne sdrs sqhokdsr
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Ehftqd 19 Odqenql]mbd ne ]bshud kd]qmhmf enq cheedqdms a]sbg ]mc hmhsh]k onnk rhydr+ nm qd]k ]mc rxmsgdshb c]s]rdsr- Cheedqdms u]qh]msr ne ntq a]sbg
cdbnqqdk]shnm ldsgnc ’TR,�Chrs〈( ]qd du]kt]sdc ]mc bnlo]qdc sn sgqdd a]rdkhmdr9 Q]mcnl r]lokhmf ’Q]mcnl(+ a]rhb tmbdqs]hmsx r]lokhmf
vhsgnts cdbnqqdk]shnm ’TR(+ ]mc ]c]osdc A@CFD Z@rg ds ]k-+ 1/1/[- Ntq ldsgnc bnmrhrsdmskx ntsodqenqlr sgd a]rdkhmdr ]bqnrr ]kk sgqdd
c]s]rdsr- Sgd rs]mc]qc cduh]shnm q]mfdr ]bqnrr c]s]rdsr ]qd9 Rxmsgdshb9 lhm %�6� ’TR,Fq]chdms(+ l]w 1�44� ’A@CFD(: Ennc9 lhm 0�4�
’TR,Fq]chdms(+ l]w 2�3� ’TR,Fq]chdms(: G]oshb9 lhm %�155� ’TR,Dtbkhcd]m(+ l]w %�562� ’Q]mcnl(-

vgnrd nqcdqhmf hr bnmrhrsdms vhsg sgd kd]qmdc ldsqhb- Nm d]bg
c]s]rds+ vd qdod]s sgd dwodqhldms nudq 4 q]mcnl sq]hm.sdrs
rokhsr ]mc qdonqs sgd ld]m ]bbtq]bx ]esdq d]bg qntmc-

UYphYmsr Ymc AYrdkhmdr- Vd qdonqs sgd odqenql]mbd ne
d]bg ne sgd 3 sqhokds chrs]mbd ld]rtqdr hm Rdbshnm 2-2 ]r
TR,}�Dis〈+ cdmnshmf sgd u]qh]ms ne ntq ldsgnc vgdqd vd �qrs
rdkdbs sgd lnrs hmenql]shud sqhokdsr uh] tmbdqs]hmsx r]lokhmf+
]mc sgdm ohbj ] chudqrd rtards trhmf sqhokds chrs]mbd ld],
rtqd }Chrs〈 ’d-f- fq]chdms chrs]mbd(- Vd bnlo]qd sn sgqdd
a]rdkhmdr9 ’0( QYmcnl9 Sqhokdsr ]qd tmhenqlkx r]lokdc ]s
q]mcnl: ’1( TR9 Tmbdqs]hmsx,a]rdc ]ooqn]bg vhsgnts cdbnq,
qdk]shnm+ vghbg rdkdbsr sgd sno X sqhokdsr vhsg ghfgdrs dm,
sqnox ]r odq Dp- 2 ZS]lty ds Xk-+ 1/00: Gdhl ds Xk-+ 1/04[:
’2( A:CFD9 Fq]chdms,a]rdc ]ooqn]bg sg]s rdkdbsr ] rds ne
sqhokdsr vhsg chudqrd knrr fq]chdmsr trhmf j,ld]mr ’sgd fq]ch,
dms enq ] sqhokds hr bnlotsdc enq sgd lnrs oqna]akd k]adk+ ]r
noonrdc sn ntq dwodbsdc fq]chdms( Z@rg ds Xk-+ 1/1/[-

GxodpoYpYldsdpr- Vd l]mt]kkx stmdc mdsvnqj gxodqo],
q]ldsdqr hm d]bg c]s]rds9 Rwmsgdshb9 2 EB k]xdqr vhsg 0/+ 1/+

0/ mdtqnmr qdro-: Ennc9 2 EB k]xdqr vhsg 5+ 01+ 01 mdt,
qnmr qdro-: FXoshb9 3 EB k]xdqr vhsg 21+ 21+ 53+ 21 mdt,
qnmr qdro- @kk k]xdqr g]ud QdKT ]bshu]shnm- Vd sq]hm tr,
hmf @c]l ZJhmfl] ]mc A]+ 1/04[ vhsg kd]qmhmf q]sd 0+�3-
D]bg sq]hmhmf qntmc hr atcfdsdc 1// donbgr enq rxmsgdshb c]s]
]mc 0/// enq ennc ]mc g]oshb c]s]- Enq ]kk ntq dwodqhldmsr+
sgd rhyd ne sgd nudqbnlokdsd rds ’O( ne hmenql]shud sqhokdsr hr
svhbd sgd atcfds ’X(- Vd entmc sg]s ntq ldsgnc chc mns admd,
�s eqnl ] k]qfdq O- Sghr rtffdrsr hs b]m ad vdkk rthsdc sn k]qfd
c]s]rdsr+ sgntfg lnqd sdrshmf hr mddcdc sn bnm�ql sghr-

3-1 AYsbg Ymc HmhshYk Onnk Rhydr) Mnhrd HloYbs) Ymc
Sphokds ChrsYmbd LdYrtpdr fiP.(

Hm fdmdq]k+ ]r rgnvm hm Ehftqd 1+ ntq ldsgnc ]bghdudr bnm,
rhrsdms hloqnudldmsr nudq sgd a]rdkhmdr- Enq ]kk rdsshmfr ]mc
c]s]rdsr+ ltkshokd u]qh]msr ne ntq ldsgnc ntsodqenql ]kk a]rd,
khmdr+ nesdm ax k]qfd l]qfhmr+ sgntfg sgd r]ld sqhokds chrs]mbd
ld]rtqd hr mns ]kv]xr sgd lnrs ]bbtq]sd- Qdkdu]ms sn oq]bsh,
b]k rdsshmfr+ mn u]qh]ms ne ntq ldsgnc dudq e]hkr rhfmh�b]mskx9
odqenql]mbd hr l]hms]hmdc ]bqnrr sgd an]qc-
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Ehftqd 29 Odqenql]mbd ne ntq ldsgnc hm sgd oqdrdmbd ne ]cchshnm]k
k]adkhmf mnhrd+ enq svn cheedqdms sqhokds cdbnqqdk]shnm ld]rtqdr- Mnsd
sg]s rhmbd sghr hr ] qd]k,vnqkc c]s]rds+ rnld mnhrd hr khjdkx oqdrdms hm
sgd hmhsh]k sqhokdsr ]r vdkk-

Deedbs ne aYsbg rhyd- Hmsthshudkx+ sgd admd�sr ne cdbnqqdk],
shnm rgntkc ad lnqd rhfmh�b]ms enq k]qfdq a]sbgdr- Ntq dw,
odqhldms]k qdrtksr bnm�ql sghr gxonsgdrhr9 ]r a]sbg rhyd hm,
bqd]rdr+ sgd odqenql]mbd f]hm ne ntq ldsgnc nudq q]mcnl ]mc
tmbdqs]hmsx r]lokhmf hr k]qfdq ’Ehftqd 1(- Lnqdnudq+ vhsg hm,
bqd]rhmf a]sbg rhyd+ sgd odqenql]mbd ne TR ]krn cdbqd]rdr+
]mc rnldshldr adbnldr dudm vnqrd sg]m q]mcnl- Sghr etq,
sgdq bnm�qlr sg]s ]bshud kd]qmhmf a]rdc nm itrs hmenql]shud,
mdrr+ vhsgnts cdbnqqdk]shnm+ hr hmdeedbshud-

Deedbs ne hmhshYk onnk- Ehftqd 1 hkktrsq]sdr sg]s ]m hmhsh]k
lncdk sq]hmdc nm ] udqx rl]kk onnk ne k]adkdc c]s] l]x mns
qdoqdrdms sgd tmcdqkxhmf chrsqhatshnm- @r ] qdrtks+ rtbg ] ah,
]rdc lncdk l]x e]hk sn r]lokd hmenql]shud sqhokdsr- @r dw,
odbsdc+ ntq ldsgnc ntsodqenqlr a]rdkhmdr ax k]qfdq l]qfhmr
vgdm sgd hmhsh]k onnk hr k]qfdq ]mc lnqd hmenql]shud-

Deedbs ne mnhrx kYadkr- Sn du]kt]sd sgd mnhrd qnatrsmdrr ne
ntq ldsgnc+ vd hmctbd ]cchshnm]k mnhrd hm sgd c]s] ax q]m,
cnlkx fihoohmf sgd nqcdq ne rnld sqhokdsr- Hm Ehftqd 2+ vd
nardqud sg]s sgd odqenql]mbd ne ]kk ldsgncr rteedqr eqnl sgd
hmbqd]rhmf mnhrd q]sd- Gnvdudq+ ntq ldsgnc ntsodqenqlr q]m,
cnl r]lokhmf+ dudm hm sgd oqdrdmbd ne ] lncdq]sd kdudk ne
dwsq] mnhrd+ ]mc rtbbtlar nmkx sn udqx ghfg mnhrd q]sdr-

Deedbs ne sphokds chrsYmbd ldYrtpdr- @lnmf cheedqdms
cdbnqqdk]shnm ld]rtqdr+ vd entmc sqhokds fq]chdms chrs]mbd
trt]kkx ntsodqenqlr nq l]sbgdr u]qh]msr ]mc a]rdkhmdr- Gnv,
dudq+ enq udqx k]qfd a]sbgdr+ ]kk u]qh]msr ne a]sbg,cdbnqqdk]sdc
]bshud kd]qmhmf odqenql adssdq sg]m rs]mc]qc a]rdkhmdr-

3-2 Nsgdp HmenplYshudmdrr LdYrtpdr fiP1(
Rhmbd vd cdbntokd sgd bgnhbdr enq hmenql]shudmdrr ]mc ch,
udqrhsx gdtqhrshbr+ vd b]m d]rhkx dw]lhmd nsgdq hmenql]shud,
mdrr ld]rtqdr- Ehftqd 3 rgnvr sgd deedbs ne qdok]bhmf tmbdq,
s]hmsx ’TR( vhsg ’]( lncdk ntsots bg]mfd ’LNB( ZEqdxs]f ds
Xk-+ 1/03[+ ]mc ’a( dwodbsdc fq]chdms kdmfsg ’DFK( ZGt]mf ds
Xk-+ 1/05[ nm sgd Ennc c]s]rds- Vd rdd sg]s cdbnqqdk]shnm hl,
oqnudr ansg LNB ]mc DFK+ drodbh]kkx enq k]qfdq a]sbgdr+ ats
cndr mns ]kv]xr ntsodqenql q]mcnl r]lokhmf+ drodbh]kkx enq
DFK ZA]kcqhcfd ]mc O]kldq+ 1//8[- Sghr ghfgkhfgsr sgd hl,
onqs]mbd ne ]m ]ooqnoqh]sd hmenql]shudmdrr ld]rtqd+ ]mc ne
cdbntokhmf sgd bgnhbd ne sghr ld]rtqd eqnl sqhokds chudqrhsx-

3-3 :akYshnm Rstchdr fiP2(
Vd bnlo]qdc sqhokds a]sbg rdkdbshnm vhsg sgd enkknvhmf
u]qh]msr9 ’0( itrs tmbdqs]hmsx,a]rdc hmenql]shudmdrr ’TR(+

Ehftqd 39 Odqenql]mbd ne a]sbg cdbnqqdk]sdc @K vhsg cheedqdms
sqhokds hmenql]shudmdrr ld]rtqdr- DFK9 Dwodbsdc Fq]chdms Kdmfsg+
LNB9 Lncdk Ntsots Bg]mfd-

Ehftqd 49 @ak]shnm rstchdr rgnvhmf sgd odqenql]mbd ne hmchuhct]k
bnlonmdmsr ne ntq ldsgnc-

’1( itrs chudqrhsx ld]rtqd hm cheedqdms dladcchmf ro]bdr
’EOR,}�Dis〈(+ ]mc ’2( bnlahmhmf ansg hmenql]shudmdrr ]mc ch,
udqrhsx ’TR,}�Dis〈+ h-d- ntq etkk ldsgnc(- @r rgnvm hm Ehftqd
4+ ]bshud kd]qmhmf vhsg bnlahmdc ld]rtqdr odqenqlr ltbg
adssdq sg]m g]uhmf hmenql]shudmdrr nq chudqrhsx ]knmd- Sghr
]f]hm bnm�qlr sgd hlonqs]mbd ne chudqrhexhmf ] a]sbg ne hm,
enql]shud naidbsr enq ]m deedbshud ]bshud kd]qmhmf onkhbx-

4 Bnmbktrhnm
Hm sghr vnqj+ vd oqdrdmsdc ] mnudk a]sbg,lncd ]bshud kd]qmhmf
]ooqn]bg enq sqhokds,a]rdc cddo ldsqhb kd]qmhmf+ sg]s inhmskx
a]k]mbdr sgd hmenql]shudmdrr ]mc chudqrhsx ne ] a]sbg ne
sqhokdsr vghkd cdbntokhmf sgd dw]bs bgnhbd ne gdtqhrshb enq d]bg
bqhsdqhnm- Vd cdudknodc cheedqdms ld]rtqdr enq sqhokds cdbnq,
qdk]shnm ]mc entmc sgdl deedbshud enq hloqnuhmf sgd odqenq,
l]mbd ne dwhrshmf ]bshud kd]qmhmf ]ooqn]bgdr+ vghbg fdmdq,
]kkx e]hk vgdm k]adkr ]qd ]bpthqdc hm k]qfd a]sbgdr- Vd etq,
sgdq cdlnmrsq]sdc sg]s ntq cdbnqqdk]shnm rsq]sdfx fdmdq]khydr
d]rhkx sn cheedqdms hmenql]shudmdrr ld]rtqdr- Vd dwsdmrhudkx
du]kt]sdc ntq ldsgnc nm sgqdd c]s]rdsr ]mc rgnvdc sg]s ntq
ldsgnc hr qnatrs sn cheedqdms a]sbg rhydr+ hmhsh]k onnkr+ ]mc ]q,
bghsdbstqdr+ ]mc odqenqlr bnmrhrsdmskx adssdq sg]m a]rdkhmdr-
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Qdedpdmbdr
Z@cnl]uhbhtr ]mc Styghkhm+ 1//4[ Fdchlhm]r @cnl]uhbhtr

]mc @kdw]mcdq Styghkhm- Snv]qc sgd mdws fdmdq]shnm ne
qdbnlldmcdq rxrsdlr9 @ rtqudx ne sgd rs]sd,ne,sgd,]qs ]mc
onrrhakd dwsdmrhnmr- SJCD+ 1//4-

Z@qsgtq ]mc U]rrhkuhsrjhh+ 1//5[ C]uhc @qsgtq ]mc Rdqfdh
U]rrhkuhsrjhh- j,ld]mr))9 Sgd ]cu]ms]fdr ne b]qdetk rddc,
hmf- Sdbgmhb]k qdonqs+ 1//5-

Z@rg ds Xk-+ 1/1/[ Inqc]m S @rg+ Bghbgdmf Yg]mf+ @jrg]x
Jqhrgm]ltqsgx+ Ingm K]mfenqc+ ]mc @kdjg @f]qv]k- Cddo
a]sbg ]bshud kd]qmhmf ax chudqrd+ tmbdqs]hm fq]chdms knvdq
antmcr- Hm HAKP+ 1/1/-

ZA]bgl]m ds Xk-+ 1/06[ Oghkho A]bgl]m+ @kdrr]mcqn Rnq,
cnmh+ ]mc @c]l Sqhrbgkdq- Kd]qmhmf ]kfnqhsglr enq ]bshud
kd]qmhmf- Hm HALK+ 1/06-

ZA]kcqhcfd ]mc O]kldq+ 1//8[ I]rnm A]kcqhcfd ]mc @kdwhr
O]kldq- Gnv vdkk cndr ]bshud kd]qmhmf ]bst]kkx vnqj=9
Shld,a]rdc du]kt]shnm ne bnrs,qdctbshnm rsq]sdfhdr enq k]m,
ft]fd cnbtldms]shnm- Hm DLMKN+ 1//8-

ZB]khmnm ds Xk-+ 1//6[ Rxku]hm B]khmnm+ Eknqdms Ftdmsdq+ ]mc
@tcd Ahkk]qc- Nm kd]qmhmf+ qdoqdrdmshmf+ ]mc fdmdq]khyhmf
] s]rj hm ] gtl]mnhc qnans- SRLAA+ 1//6-

ZDkc]q ds Xk-+ 0886[ Wtu]k Dkc]q+ Lhbg]dk Khmcdma]tl+
Lnrgd Onq]s+ ]mc Wdgnrgt] W Ydduh- Sgd e]qsgdrs onhms
rsq]sdfx enq oqnfqdrrhud hl]fd r]lokhmf- SHN+ 0886-

ZEqdxs]f ds Xk-+ 1/03[ @kdw]mcdq Eqdxs]f+ Dqhj Qncmdq+ ]mc
In]bghl Cdmykdq- Rdkdbshmf hmfitdmsh]k dw]lokdr9 @bshud
kd]qmhmf vhsg dwodbsdc lncdk ntsots bg]mfdr- Hm DAAT+
1/03-

ZF]k ds Xk-+ 1/06[ W]qhm F]k+ Qh]rg]s Hrk]l+ ]mc Yntahm
Fg]gq]l]mh- Cddo A]xdrh]m ]bshud kd]qmhmf vhsg hl]fd
c]s]- Hm HALK+ 1/06-

ZFnknuhm ]mc Jq]trd+ 1/00[ C]mhdk Fnknuhm ]mc @mcqd]r
Jq]trd- @c]oshud rtalnctk]qhsx9 Sgdnqx ]mc ]ookhb]shnmr
hm ]bshud kd]qmhmf ]mc rsnbg]rshb noshlhy]shnm- I:HP+ 1/00-

ZGdhl ds Xk-+ 1/04[ Dqhb Gdhl+ L]ssgdv Adqfdq+ Kdd Rdudq,
rjx+ ]mc Lhknr G]trjqdbgs- @bshud odqbdost]k rhlhk]qhsx
lncdkhmf vhsg ]twhkh]qx hmenql]shnm- Hm :::H+ 1/04-

ZGnh ds Xk-+ 1//5[ Rsdudm BG Gnh+ Qnmf Ihm+ Ih]mjd Ygt+ ]mc
Lhbg]dk Q Kxt- A]sbg lncd ]bshud kd]qmhmf ]mc hsr ]ookh,
b]shnm sn ldchb]k hl]fd bk]rrh�b]shnm- Hm HALK+ 1//5-

ZGt]mf ds Xk-+ 1/05[ Ih]ih Gt]mf+ Qdvnm Bghkc+ Uhm]x Q]n+
G]hqnmf Kht+ R]middu R]sgddrg+ ]mc @c]l Bn]sdr- @bshud
kd]qmhmf enq roddbg qdbnfmhshnm9 sgd onvdq ne fq]chdmsr- Hm
MdtpHNRV+ 1/05-

ZJhmfl] ]mc A]+ 1/04[ Chdcdqhj O Jhmfl] ]mc Ihllx A]-
@c]l9 @ ldsgnc enq rsnbg]rshb noshlhy]shnm- Hm HAKP+
1/04-

ZJhqrbg ds Xk-+ 1/08[ @mcqd]r Jhqrbg+ Innrs u]m @ldqrennqs+
]mc W]qhm F]k- A]sbgA@KC9 De�bhdms ]mc chudqrd a]sbg
]bpthrhshnm enq cddo A]xdrh]m ]bshud kd]qmhmf- Hm MdtpHNR+
1/08-

ZJnmxtrgjnu] ds Xk-+ 1/06[ Jrdmh] Jnmxtrgjnu]+ Q]og]dk
Rymhsl]m+ ]mc O]rb]k Et]- Kd]qmhmf ]bshud kd]qmhmf eqnl
c]s]- Hm MdtpHNR+ 1/06-

ZJqhrgm]ltqsgx ds Xk-+ 1/06[ @jrg]x Jqhrgm]ltqsgx+ @kdjg
@f]qv]k+ Syt,Jtn Gt]mf+ G]k C]tld HHH+ ]mc Ingm K]mf,
enqc- @bshud kd]qmhmf enq bnrs,rdmrhshud bk]rrh�b]shnm- Hm
HALK+ 1/06-

ZKng]tr ds Xk-+ 1/08[ Lhbg]dk Kng]tr+ Oghkhoo Gdmmhf+ ]mc
Tkqhjd unm Ktwatqf- Tmbdqs]hmsx drshl]sdr enq nqchm]k dl,
adcchmfr- XpWhu opdophms XpWhu906.5-00511+ 1/08-

ZKt ds Xk-+ 1/06[ Qth Kt+ J]hktm Vt+ Yghx]n Ct]m+ ]mc
Bg]mfrgth Yg]mf- Cddo q]mjhmf9 Sqhokds L]sbgMds enq
ltrhb ldsqhb kd]qmhmf- Hm HA:RRN+ 1/06-

ZOqhx]c]qrghmh J ds Xk-+ 1/08[ Oqhx]c]qrghmh J+ Rhccg]qsg]
Bg]tcgtqh+ ]mc Rtag]rhr Bg]tcgtqh- OdqbdosMds9 Kd]qm,
hmf odqbdost]k rhlhk]qhsx ne g]oshb sdwstqdr hm oqdrdmbd ne
tmnqcdq]akd sqhokdsr- HmVFA+ 1/08-

ZRdmdq ]mc R]u]qdrd+ 1/07[ Ny]m Rdmdq ]mc Rhkuhn R]u]qdrd-
@bshud kd]qmhmf enq bnmunktshnm]k mdtq]k mdsvnqjr9 @ bnqd,
rds ]ooqn]bg- Hm HAKP+ 1/07-

ZRdsskdr+ 1/01[ Atqq Rdsskdr- @bshud kd]qmhmf- RK:HLK+ 1/01-
ZRhmg] ds Xk-+ 1/08[ R]l]qsg Rhmg]+ R]xm] Daq]ghlh+ ]mc

Sqdunq C]qqdkk- U]qh]shnm]k ]cudqr]qh]k ]bshud kd]qmhmf- Hm
HAAT+ 1/08-

ZRsqdrd ds Xk-+ 1/06[ L- Rsqdrd+ W- Andbj+ ]mc D- Rsdhma]bg-
Bnmsdms,a]rdc rtqe]bd l]sdqh]k qdsqhdu]k- HmVFA+ 1/06-

ZS]lty ds Xk-+ 1/00[ Nldq S]lty+ Bd Kht+ Rdqfd Adknmfhd+
Ng]c Rg]lhq+ ]mc @c]l S]tl]m J]k]h- @c]oshudkx kd]qm,
hmf sgd bqnvc jdqmdk- Hm HALK+ 1/00-

ZVdh ds Xk-+ 1/04[ J]h Vdh+ Qhrg]ag Hxdq+ ]mc Idee Ahkldr-
Rtalnctk]qhsx hm c]s] rtards rdkdbshnm ]mc ]bshud kd]qmhmf-
Hm HALK+ 1/04-

ZVhkadq ds Xk-+ 1/03[ Lhbg]dk I Vhkadq+ Hkitmf R Jv]j+ ]mc
Rdqfd I Adknmfhd- Bnrs,deedbshud ghsr enq qdk]shud rhlhk]qhsx
bnlo]qhrnmr- Hm :::H+ 1/03-

ZW]mf ds Xk-+ 1/06[ Khm W]mf+ Whygd Yg]mf+ Ih]mwt Bgdm+
Rhxt]m Yg]mf+ ]mc C]mmx Y Bgdm- Rtffdrshud ]mmns]shnm9
@ cddo ]bshud kd]qmhmf eq]ldvnqj enq ahnldchb]k hl]fd
rdfldms]shnm- HmLHAA:H+ 1/06-

ZYg]mf ds Xk-+ 1/06[ Wd Yg]mf+ L]ssgdv Kd]rd+ ]mc Axqnm B
V]kk]bd- @bshud chrbqhlhm]shud sdws qdoqdrdms]shnm kd]qm,
hmf- Hm :::H+ 1/06-

ZYg]mf ds Xk-+ 1/07[ Qhbg]qc Yg]mf+ Oghkkho Hrnk]+ @kdwdh @
Deqnr+ Dkh Rgdbgsl]m+ ]mc Nkhudq V]mf- Sgd tmqd]rnm]akd
deedbshudmdrr ne cddo ed]stqdr ]r ] odqbdost]k ldsqhb- Hm
ATNP+ 1/07-
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