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Vhirnm ihmc ZoopnZag sn epZuhsw hm sgc gheg cmcpew ihlhs

R- Ldkuhkkd+0 R- F- M]btkhbg+1 G- I- Rbgmhsydq+2 ]mc B- C- Vghsd0

0RTN:� Rbgnnk ne Ngxrhbr Wmc :rspnmnlx� Tmhudprhsx ne FkWrfnv� FkWrfnv F01 5PP�
RbnskWmc� Tmhsdc Ihmfcnl

1CdoWpsldms ne Ngxrhbr� Anvcnhm Bnkkdfd� Aptmrvhbj� LWhmd .2.00� TR:
2SgdnpdshbWk Ngxrhbr Fpnto� LWpshm Ehrgdp Rbgnnk ne Ngxrhbr� ApWmcdhr Tmhudprhsx�

UWksgWl� LWrrWbgtrdssr .1242� TR:
�Qdbdhudc 04 Itkx 1/02: otakhrgdc 03 I]mt]qx 1/03(

Vd dw]lhmd sgd ghfg dmdqfx �Qdffd( khlhs ne fq]uhs]shnm]k rb]ssdqhmf trhmf ] Vhkrnm khmd ]ooqn]bg
oqduhntrkx trdc hm sgd bnmsdws ne mnm,;adkh]m f]tfd sgdnqhdr- Ntq ]hl hr sn bk]qhex sgd m]stqd ne sgd
Qdffdhy]shnm ne sgd fq]uhsnm ]mc sgd hmsdqok]x adsvddm sghr Qdffdhy]shnm ]mc sgd rn,b]kkdc dhjnm]k og]rd
vghbg cdsdqlhmdr sgd rodbsqtl ne fq]uhs]shnm]k antmc rs]sdr- Etqsgdqlnqd+ vd chrbtrr ehmhsd bnqqdbshnmr sn
sghr ohbstqd- Ntq qdrtksr ]qd ne qdkdu]mbd sn u]qhntr rtodqfq]uhsx sgdnqhdr+ ]mc ]krn gdko sn bk]qhex sgd
qdk]shnmrgho adsvddm f]tfd ]mc fq]uhsx sgdnqhdr-

CNH9 0/-00/2.OgxrQduC-78-/14//8 O;BR mtladqr9 /3-54-)d+ 00-44-Ix

H- HMSQNCTBSHNM

Sgd rsqtbstqd ne rb]ssdqhmf ]lokhstcdr hm ansg f]tfd ]mc
fq]uhsx sgdnqhdr bnmshmtdr sn ]ssq]bs rhfmhehb]ms ]ssdmshnm+
ctd sn ] vhcd u]qhdsx ne ogdmnldmnknfhb]k ]mc enql]k
]ookhb]shnmr- ;ksgntfg rtodqehbh]kkx udqx cheedqdms eqnl
d]bg nsgdq+ sgdqd hr lntmshmf duhcdmbd sg]s f]tfd ]mc
fq]uhsx sgdnqhdr l]x ad qdk]sdc sn d]bg nsgdq hm hmsqhfthmf
v]xr- Rtbg cdudknoldmsr lnshu]sd sgd mddc sn rstcx
]rodbsr ne ]lokhstcdr hm ] u]qhdsx ne sgdnqhdr trhmf ]
bnllnm k]mft]fd+ ]mc sn bnlo]qd ]mc bnmsq]rs ogdmnl,
dm] hm f]tfd sgdnqhdr vhsg sgdhq fq]uhs]shnm]k bntmsdqo]qsr-

Sghr o]odq rstchdr nmd rtbg ogdmnldmnm+ sg]s ne entq,
onhms rb]ssdqhmf ne l]rrhud �]mc l]rrkdrr( o]qshbkdr hm sgd
rn,b]kkdc Qdffd khlhs+ hm vghbg sgd bdmsdq,ne,l]rr dmdqfx
e]q dwbddcr sgd lnldmstl sq]mredq- Sgd oqnodqshdr ne
]lokhstcdr hm sghr khlhs g]ud addm rstchdc enq ] knmf shld+
enq dw]lokd hm sgd bnmsdws ne rsqnmf hmsdq]bshnmr oqdc]shmf
sgd ]cudms ne PBC �rdd d-f- Qder- Z0�2[ ]mc qdedqdmbdr
sgdqdhm(- Sgdhq ]rxlosnshb ghfg dmdqfx adg]uhnq hr chbs]sdc
ax rhmftk]qhshdr hm sgd bnlokdw ]mftk]q lnldmstl ok]md+
vghbg l]x s]jd sgd enql ne onkdr nq btsr- Rhlokd onkdr fhud
qhrd sn ] onvdqkhjd fqnvsg ne rb]ssdqhmf ]lokhstcdr vhsg sgd
bdmsdq,ne,l]rr dmdqfx9

� ∼
!

q
�s

ffi
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vgdqd vd g]ud cdehmdc sgd L]mcdkrs]l hmu]qh]msr0

q ¼ ðn0 þ n1Þ19 s ¼ ðn0 � n2Þ19

t ¼ ðn0 � n3Þ1�
�0-1(

Sgdrd r]shrex sgd lnldmstl bnmrdqu]shnm bnmrsq]hms

q þ s þ t ¼
>3

h¼0

k1
h �0-2(

hm sdqlr ne sgd o]qshbkd lnldms] �nhf ]mc l]rrdr �khf+
]mc vd k]adk o]qshbkdr ]r rgnvm hm Ehf- 0- Sgd etmbshnm �ðsÞ
hm Dp- �0-0( hr jmnvm ]r sgd Qdffd spWidbsnpx+ vgnrd
ogxrhb]k nqhfhm hr sgd dwbg]mfd ne ] e]lhkx ne o]qshbkdr hm
sgd s,bg]mmdk- Qdffdhy]shnm g]r ]krn addm rstchdc vhsghm
sgd bnmsdws ne odqstqa]shud pt]mstl ehdkc sgdnqx+ enq ansg
rb]k]q ]mc �mnm(,;adkh]m f]tfd sgdnqhdr Z3�17[- Sgdqd+
Qdffd adg]uhnq ne ]lokhstcdr enkknvr ]esdq ehqrs cdlnm,
rsq]shmf sg]s dkdldms]qx bnmrshstdmsr sgdlrdkudr Qdffdhyd-
Enq+ dw]lokd+ nmd l]x rgnv hm PBC sg]s sgd Edxml]m
f]tfd oqno]f]snq hm sgd Qdffd khlhs hr cqdrrdc ]bbnqchmf sn
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� � ημν
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!
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ffi
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: �0-3(

vgdqd A�ðsÞ hr qdk]sdc hm ] rsq]hfgsenqv]qc v]x sn sgd Qdffd
sq]idbsnqx �ðsÞ- Sgd fktnm ]mc pt]qj sq]idbsnqhdr hm PBC ]qd
jmnvm sn svn,knno nqcdq Z11�16[- ;s nmd,knno nqcdq+ sgdx
]qd fhudm ax

A�ð0ÞðsÞ ¼ �qðμ1Þ
1π

!
μ1

�s

ffi
ϵ AP

ϵ
: �0-4(

hm c ¼ 3 � 1ϵ chldmrhnmr+ vgdqd AP hr sgd pt]cq]shb
B]rhlhq nodq]snq hm sgd ]ooqnoqh]sd qdoqdrdms]shnm+ ]mc μ
sgd qdmnql]khy]shnm rb]kd- Mnsd sg]s sghr hr otqdkx hmeq]qdc
rhmftk]q �to sn rb]kd,qdk]sdc knf]qhsglr(- ;o]qs eqnl sgd
o]qshbkd,cdodmcdms B]rhlhq+ sgdqd hr ] tmhudqr]k bndeehbhdms+
vghbg l]x ad vqhssdm hm sdqlr ne sgd nmd,knno btro
]mnl]kntr chldmrhnm Z18+2/[- Sgd k]ssdq pt]mshsx bnmsqnkr
sgd tksq]uhnkds qdmnql]khy]shnm ne Vhkrnm khmd nodq]snqr+
]mc sghr bnmmdbshnm vhkk adbnld bkd]q hm vg]s enkknvr- ;s0Hm sghr o]odq+ vd trd sgd ldsqhb bnmudmshnm ðþ:�:�:�Þ-
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svn,knno nqcdq+ sgd Qdffd sq]idbsnqhdr ne sgd pt]qj ]mc
fktnm ]qd mn knmfdq otqdkx hmeq]qdc rhmftk]q+ ]krn hmunkuhmf
ehmhsd sdqlr-

; bnmudmhdms enql]khrl enq rstcxhmf Qdffdhy]shnm v]r
hmsqnctbdc hm Qder- Z18+2/[+ ]mc hr a]rdc tonm sgd e]bs sg]s
hm sgd Qdffd khlhs ne 1 � 1 rb]ssdqhmf+ sgd hmbnlhmf
o]qshbkdr fk]mbd nee d]bg nsgdq+ rtbg sg]s sgd ntsfnhmf
o]qshbkdr ]qd ghfgkx enqv]qc+ ]mc drrdmsh]kkx cn mns qdbnhk-
Sgdx b]m sgdqdenqd nmkx bg]mfd ax ] og]rd+ ]mc enq sghr
og]rd sn g]ud sgd qhfgs f]tfd,sq]mrenql]shnm oqnodqshdr sn
enql o]qs ne ] rb]ssdqhmf ]lokhstcd+ hs ltrs bnqqdronmc sn ]
Vhkrnm khmd nodq]snq- Sgtr+ rb]ssdqhmf hm sgd enqv]qc khlhs
b]m ad cdrbqhadc ]r svn Vhkrnm khmdr rdo]q]sdc ax ]
sq]mrudqrd chrs]mbd �nq hloWbs oWpWldsdp( �y+ ] rhst]shnm
cdohbsdc hm Ehf- 1- Sgd tksq]uhnkds adg]uhnq ne sgd Vhkrnm
khmd bnqqdk]snq qdoqnctbdr sgd hmeq]qdc rhmftk]qhshdr ne sgd
rb]ssdqhmf ]lokhstcd+ ]mc sgtr sgd hmeq]qdc rhmftk]q o]qsr ne
sgd fktnm Qdffd sq]idbsnqx- Tksq]uhnkds qdmnql]khy]shnm ne
Vhkrnm khmdr hr fnudqmdc ax sgd btro ]mnl]kntr chldmrhnm+
gdmbd sgd bnmmdbshnm adsvddm sghr pt]mshsx ]mc sgd Qdffd
sq]idbsnqx mnsdc ]anud-

Sgd qdk]shnmrgho adsvddm hmeq]qdc rhmftk]qhshdr ]mc sgd
Qdffd khlhs v]r rstchdc etqsgdq qdbdmskx hm Qder- Z20+21[+
vghbg trdc ] bnmidbstqdc enqltk] enq sgd ]kk,nqcdq hmeq]qdc
�HQ( rhmftk]qhsx rsqtbstqd ne PBC �sgd chonkd enpltkW ne
Qder- Z22�24[+ hsrdke lnshu]sdc ax dwokhbhs svn,knno b]kbt,
k]shnmr Z25�27[( sn rgnv sg]s Qdffdhy]shnm nbbtqr fdmdqh,
b]kkx to sn mdws,sn,kd]chmf knf]qhsglhb nqcdq hm q<ð�sÞ+ enq
]mx ]kknv]akd s,bg]mmdk dwbg]mfd- Sgd bnqqdronmchmf
Qdffd sq]idbsnqx hr chbs]sdc ax sgd btro ]mnl]kntr chldm,
rhnm+ ]r ]kqd]cx mnsdc hm Qder- Z18+2/[+ ]mc hmunkudr
sgd pt]cq]shb B]rhlhq nodq]snq hm sgd qdoqdrdms]shnm ne sgd
dwbg]mfdc o]qshbkd- Adxnmc sghr knf]qhsglhb nqcdq+ sgd
]tsgnqr ne Qder- Z20+21[ mnsdc ] aqd]jcnvm ne rhlokd
Qdffd onkd adg]uhnq+ ]rrnbh]sdc vhsg ] bnknq nodq]snq vghbg
g]r ]krn addm khmjdc sn sgd aqd]jcnvm ne bnkkhmd]q e]bsnqh,
y]shnm hm bdqs]hm bhqbtlrs]mbdr Z28�30[- ; aqd]jcnvm ne
rhlokd Qdffd onkd adg]uhnq ]s sghr nqcdq hr bnmrhrsdms vhsg
oqduhntr svn,knno b]kbtk]shnmr ne pt]qj ]mcfktnm rb]ssdqhmf
Z31[+ ]mc hr khjdkx sn rhfm]k sgd ]ood]q]mbd ne Qdffd btsr
]rrnbh]sdc vhsg ltksh,Qdffdnm dwbg]mfd Z07+32[- Sgd
]m]kxrhr ne Qder- Z20+21[ ]krn trdc sgd Qdffd khlhs sn
bnmrsq]hm onrrhakd bnqqdbshnmr sn sgd PBC chonkd enqltk]
�jmnvm sn aqd]j ]kqd]cx enq l]rrhud o]qshbkdr Z33�35[(-
Rtbg bnqqdbshnmr l]x onsdmsh]kkx nbbtq ]s sgqdd,knno nqcdq+
]mc g]ud ]krn addm hmudrshf]sdc hm Qder- Z24+36�4/[ �rdd ]krn

Qder- Z40�47[ enq qdbdms vnqj nm tmcdqrs]mchmf HQ rhmft,
k]qhshdr ]s ghfgdq nqcdqr(-

;ksgntfg ltbg hr jmnvm ]ants sgd Qdffd khlhs ne f]tfd
sgdnqhdr hm odqstqa]shud f]tfd sgdnqx+ sgd rhst]shnm hm
fq]uhsx hr lnqd bnmetrdc1- Sgd nmd,knno Qdffd sq]idbsnqx
ne sgd fq]uhsnm v]r ehqrs cdqhudc hm Qder- Z48�50[+ vhsghm sgd
bnmsdws ne ansg Dhmrsdhm,Ghkadqs fq]uhsx ]mc hsr rtodq,
rxlldsqhb dwsdmrhnmr- Nmd ne sgd ]tsgnqr ne sgd oqdrdms
o]odq �G- I- R-( ]qftdc hm Qde- Z51[ �a]rdc nm d]qkhdq rstchdr
dloknxhmf ]m]kxshbhsx ]qftldmsr Z52�56[( sg]s Qdffdhy],
shnm ne sgd fq]uhsnm hm M ¼ 7 rtodqfq]uhsx enkknvr eqnl
sg]s ne sgd fktnm hmM ¼ 3 rtodq,X]mf,Lhkkr sgdnqx Z57+58[
�rdd ]krn Qder- Z31+6/[( ]r ] bnmrdptdmbd ne sgd vdkk,
jmnvm J]v]h,Kdvdkkdm,Sxd qdk]shnmr Z60[ qdk]shmf rb]ssdq,
hmf ]lokhstcdr hm sgd svn sgdnqhdr- Sghr v]r bnmrhcdqdc
eqnl ] Edxml]m ch]fq]ll]shb onhms ne uhdv hm Qder- Z61�
63[+ vghbg ]krn chrbtrrdc sgd onsdmsh]k rsqtbstqd ne Qdffd
bts bnmsqhatshnmr hm rtodqfq]uhsx-

Sgdqd g]r qdbdmskx addm ] qdjhmckdc hmsdqdrs hm sgd Qdffd
khlhs ne fq]uhsx- ; bghde lnshu]shnm hr sgd rstcx ne
fq]uhs]shnm]k rb]ssdqhmf hm sgd sq]mrok]mbjh]m qdfhld Z64[
�rdd ]krn Qder- Z65�70[(- Sghr qdfhld ]kknvr nmd sn dwoknqd
bnmbdost]k ptdrshnmr ne pt]mstl fq]uhsx+ rtbg ]r sgd
dwhrsdmbd+ nq nsgdqvhrd+ ne ] fq]uhs]shnm]k R,l]sqhw
Z71+72[- ;m hmsdqdrshmf ed]stqd hr sg]s ghfg dmdqfx rb]ssdqhmf
hm fq]uhsx hr cnlhm]sdc ax knmf,chrs]mbd q]sgdq sg]m rgnqs,
chrs]mbd adg]uhnq+ ] e]bs vghbg hr tkshl]sdkx sq]bd]akd sn sgd
chldmrhnm]khsx ne sgd fq]uhs]shnm]k bntokhmf bnmrs]ms+ ]mc
sgd l]rrkdrrmdrr ne sgd fq]uhsnm- Sgd k]bj+ nq nsgdqvhrd+ ne
tksq]uhnkds qdmnql]khy]ahkhsx bd]rdr sn ad oqnakdl]shb hm sghr
khlhs+ ]mc nmd l]x rgnv sg]s sgd knmf,chrs]mbd adg]uhnq hr
hmrdmrhshud sn sgd ]lntms ne rtodqrxlldsqx- Gnvdudq+
rnld bnmetrhnm qdl]hmdc hm Qde- Z64[ ]ants sgd qnkd ne
fq]uhsnm Qdffdhy]shnm+ ]mc sgd hmsdqok]x adsvddm sghr ]mc
sgd rn,b]kkdc dhjnmWk ogWrd vghbg ]ood]qr ]s ghfg dmdqfx
Z73[+ ]mc vghbg hr ]rrnbh]sdc vhsg sgd enql]shnm ne
fq]uhs]shnm]k antmc rs]sdr- Sghr bnmetrhnm hr hm o]qs qdk]sdc
sn sgd e]bs sg]s sgd fq]uhsnm Qdffd sq]idbsnqx hr khmd]q hm sgd
rpt]qdc lnldmstl sq]mredq s Z48�51+61[+ ]mc sgtr
adbnldr jhmdl]shb]kkx rtakd]chmf hm sgd rsqhbs Qdffd khlhs
q<ð�sÞ � ∞- Sgd hrrtd ne fq]uhsnm Qdffdhy]shnm hr ]krn

�
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3

EHF- 0- O]qshbkd k]adkr trdc sgqntfgnts enq 1 � 1 rb]ssdqhmf-

�

�

1

2

3

EHF- 1- Sgd Qdffd khlhs ]r svn Vhkrnm khmdr rdo]q]sdc ax ]
sq]mrudqrd chrs]mbd �y-

1Sgqntfgnts sghr o]odq+ vd trd sgd sdql fWtfd sgdnpx sn qdedq
nmkx sn ;adkh]m ]mc mnm,;adkh]m f]tfd rxlldsqhdr ]bshmf nm
hmsdqm]k cdfqddr ne eqddcnl+ q]sgdq sg]m nm ro]bdshld cdfqddr ne
eqddcnl ]r hm fq]uhsx-
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bnlokhb]sdc ax cntakd knf]qhsglhb bnmsqhatshnmr hm q<ð�sÞ+
vghbg g]ud addm chrbtrrdc ]s kdmfsg hm Qde- Z74[-

Sgd Qdffd khlhs g]r ]krn addm sgd enbtr ne rstchdr vghbg
]hl sn qdk]sd sgd oqnodqshdr ne f]tfd ]mc fq]uhsx sgdnqhdr-
Dw]lokdr hmbktcd Qder- Z75+76[+ vghbg trd sgd ghfg dmdqfx
khlhs sn oqnad sgd ]kk,nqcdq u]khchsx ne sgd oqnonrdc cntakd
bnox rsqtbstqd adsvddm f]tfd ]mc fq]uhsx sgdnqhdr Z77�8/[-
;r sgd vnqj ne Qder- Z18+2/[ �]mc+ rtardptdmskx+
Qder- Z20+21[( l]jdr bkd]q+ sgd Qdffd khlhs b]m ad ]s kd]rs
o]qsh]kkx tmcdqrsnnc hm sdqlr ne rnes fktnm ogxrhbr ]mc
Vhkrnm khmdr- Sgd rnes khlhs ne fq]uhsx v]r ehqrs bnmrhcdqdc
hm Qde- Z80[+ ]mc g]r qdbdmskx addm lnqd dwsdmrhudkx rstchdc
hm Qder- Z81�87[- Sgd k]ssdq o]odqr rddj sn b]rs sgd
fq]uhs]shnm]k adg]uhnq hm sdqlr ne bnmsdlonq]qx f]tfd
sgdnqx k]mft]fd+ ]mc sgtr sn dwonrd bnllnm ogxrhbr hm sgd
rnes khlhsr ne ansg sgdnqhdr- Sghr hmbktcdr sgd hmsqnctbshnm
ne Vhkrnm khmd nodq]snqr enq rnes fq]uhsnm dlhrrhnm Z81+82[+
vgnrd u]bttl dwodbs]shnm u]ktdr fhud qhrd sn ] fq]uhs],
shnm]k rnes etmbshnm+ sgd TU rhmftk]qhshdr ne vghbg bnqqd,
ronmc sn sgd HQ rhmftk]qhshdr ne ] rb]ssdqhmf ]lokhstcd- ;r hm
PBC+ sghr etmbshnm dwonmdmsh]sdr- Tmkhjd PBC+ gnvdudq+
sgd fq]uhs]shnm]k rnes etmbshnm g]r sgd rodbh]k oqnodqsx ne
adhmf nmd,knno dwWbs+ ld]mhmf sg]s sgdqd ]qd mn ghfgdq knno
bnqqdbshnmr sn sgd dwonmdms Z81�83[-

Sgd ]hl ne sghr o]odq hr sn dw]lhmd sgd Qdffd khlhs ne
�rtodq,(fq]uhsx trhmf Vhkrnm khmdr+ trhmf ] rhlhk]q ]ooqn]bg
sn sgd PDC.PBC b]rd ne Qder- Z18+2/[- Sgdqd ]qd ] mtladq
ne lnshu]shnmr enq cnhmf rn- Ehqrs+ sgd ]m]kxrhr oqdrdmsr ]m
hmsdqdrshmf ]ookhb]shnm ne sgd fq]uhs]shnm]k Vhkrnm khmd
nodq]snqr ne Qder- Z81+82[- Rdbnmc+ sgd b]kbtk]shnm oqnuhcdr
] bnllnm k]mft]fd enq Qdffdhy]shnm hm ansg f]tfd ]mc
fq]uhsx sgdnqhdr+ vghbg hr o]qshbtk]qkx dkdf]ms hm qdud]khmf
bnllnm ed]stqdr ne sgd svn b]rdr �rtbg ]r sgd ]ood]q]mbd ne
qdkdu]ms pt]cq]shb B]rhlhq nodq]snqr hm Qdffd sq]idbsnqhdr(-
Sghqc+ sgd Vhkrnm khmd b]kbtk]shnm shdr snfdsgdq ] mtladq ne
oqduhntr qdrtksr hm fq]uhsx hm ] o]qshbtk]qkx sq]mro]qdms
e]rghnm+ ]mc gdkor sn bk]qhex rnld ne sgd bnmetrhnmr hmgdqdms
hm sgd dwhrshmf khsdq]stqd �rtbg ]r sgd hmsdqok]x adsvddm sgd
dhjnm]k og]rd ]mc Qdffdhy]shnm ne sgd fq]uhsnm(- Vd vhkk
]krn chrbtrr sgd hlo]bs ne hmeq]qdc,ehmhsd bnqqdbshnmr sn sgd
rb]ssdqhmf ]lokhstcd+ trhmf nmd, ]mc svn,knno qdrtksr hm ]
u]qhdsx ne rtodqfq]uhsx sgdnqhdr Z88�0/5[-

Sgd rsqtbstqd ne sgd o]odq hr ]r enkknvr- Hm Rdb- HH+ vd
qduhdv sgd ]ooqn]bg ne Qder- Z18+2/[ sn sgd Qdffd khlhs hm
sdqlr ne Vhkrnm khmdr+ vhsg rnld rkhfgs cheedqdmbdr sn vghbg
vd cq]v ]ssdmshnm- Hm Rdb- HHH vd b]qqx nts ] rhlhk]q
b]kbtk]shnm hm pt]mstl fq]uhsx+ trhmf sgd Vhkrnm khmd
nodq]snqr ne Qder- Z81+82[+ ]mc bnlo]qd sgd qdrtksr vhsg
sgd PBC b]rd- Hm Rdb- HU+ vd dw]lhmd sgd hlo]bs ne ehmhsd
sdqlr hm u]qhntr rtodqfq]uhsx sgdnqhdr nm sgd hmsdqoqds]shnm
ne sgd rb]ssdqhmf ]lokhstcd hm sgd Qdffd khlhs- Hm Rdb- U+ vd
]ookx sgd Vhkrnm khmd ]ooqn]bg sn ltkshfq]uhsnm rb]ssdqhmf+
enq ]mx mtladq ne fq]uhsnmr- Ehm]kkx+ hm Rdb- UH vd chrbtrr
ntq qdrtksr adenqd bnmbktchmf- Bdqs]hm sdbgmhb]k cds]hkr ]qd
bnkkdbsdc hm sgd ]oodmchbdr-

HH- VHKRNM KHMDR :MC QDFFDHY:SHNM HM PBC

Hm sghr rdbshnm+ vd qduhdv sgd ]ooqn]bg ne Qder- Z18+2/[
enq cdrbqhahmf sgd enqv]qc khlhs ne 1 � 1 rb]ssdqhmf hm PBC
hm sdqlr ne ] o]hq ne Vhkrnm khmdr rdo]q]sdc ax ] sq]mrudqrd
chrs]mbd- Ltbg ne sghr b]kbtk]shnm hr udqx rhlhk]q sn sgd
fq]uhsx b]rd bnmrhcdqdc hm sgd mdws rdbshnm+ ]mc sgtr
dw]lhmhmf sgd PBC b]rd ehqrs ]kknvr ] cds]hkdc bnlo]qhrnm
adsvddm f]tfd ]mc fq]uhsx sgdnqhdr- Tmkdrr nsgdqvhrd
rs]sdc+ vd vhkk bnmrhcdq sgd rb]ssdqhmf ne l]rrhud o]qshbkdr+
vgdqd enq bnmudmhdmbd vd ]rrtld ] bnllnm l]rr k- Sgd
Qdffd khlhs vd bnmrhcdq hr sgdm fhudm ax

q ≫ �s ≫ k1� �1-0(

Mnsd sg]s nmd g]r sn l]jd ] bgnhbd gdqd ]r sn gnv sn nqcdq
sgd rb]kdr s ]mc k1+ ]r hr hmduhs]akd vgdm nmd hmsqnctbdr ]
l]rr rb]kd- Hs hr trdetk sn g]ud rtbg ] l]rr rb]kd+ gnvdudq+
drodbh]kkx vgdm vd bnmrhcdq sgd fq]uhsx b]rd-

Sgd Qdffd khlhs bnqqdronmcr sn ] ghfg bdmsdq,ne,l]rr
dmdqfx+ vhsg bnlo]q]shudkx mdfkhfhakd lnldmstl sq]mredq-
Sghr bnqqdronmcr sn ghfgkx,enqv]qc rb]ssdqhmf+ rtbg sg]s sgd
hmbnlhmf o]qshbkdr a]qdkx fk]mbd nee d]bg nsgdq- Trhmf sgd
lnldmstl k]adkr ne Ehf- 0+ sgd L]mcdkrs]l hmu]qh]msr ]qd
fhudm ax Dp- �0-1(+ ]mc lnldmstl bnmrdqu]shnm b]m ad
dwoqdrrdc ax Dp- �0-2(- Hs hr bkd]q sg]s hm sgd enqv]qc khlhs
sgd hmbnlhmf o]qshbkdr cn mns qdbnhk hm sgd sq]mrudqrd
chqdbshnm+ ]mc sgtr b]m nmkx bg]mfd ax ] og]rd ctd sn
sgdhq hmsdq]bshnm- ;r qdl]qjdc hm sgd hmsqnctbshnm+ sghr
rtffdrsr sg]s nmd l]x lncdk sgd svn hmbnlhmf o]qshbkdr
�snfdsgdq vhsg sgdhq ntsfnhmf bntmsdqo]qsr( ax Vhkrnm khmdr+
vghbg ]qd rdo]q]sdc ax ] sq]mrudqrd chrs]mbd �y- Sgd k]ssdq hr
] svn,udbsnq vghbg hr nqsgnfnm]k sn sgd ad]l chqdbshnm+
bnqqdronmchmf sn sgd hloWbs oWpWldsdp nq chrs]mbd ne
bknrdrs ]ooqn]bg- Sghr rdsto hr rgnvm hm Ehf- 1- Hm oqhmbhokd
vd mddc nmkx rodbhex ] rhmfkd chqdbshnm enq d]bg Vhkrnm
khmd- Gnvdudq+ hs hr trdetk sn jddo sgd mnshnm ne vghbg o]qs
ne d]bg Vhkrnm khmd hr hmbnlhmf ]mc vghbg ntsfnhmf+ ]mc
sgtr vd jddo k]adkr enq d]bg o]qshbkd ]r rgnvm hm sgd ehftqd-

Kds tr mnv bnmrhcdq sgd pt]mshsx2

AL ¼
X

c1 �yd�h �yz �pg.i�ðn0: .Þ�ðn1: yÞi.h: �1-1(

vgdqd vd cdehmd sgd Vhkrnm khmd nodq]snq

�ðn: yÞ ¼ O dwo

#
hfqnμ

X
∞

�∞
cq>μðqn þ yÞ

$
� �1-2(

Sgd ]qftldms ne� cdrbqhadr sgd bnmsntq ne sgd Vhkrnm khmd+
hm sdqlr ne ] lnldmstl n ]mc ] bnmrs]ms neerds y- Sgd
dwonmdms bnms]hmr sgd mnm,;adkh]m f]tfd ehdkc >μ+ vgdqd
sgd O rxlank cdmnsdr o]sg nqcdqhmf ne bnknq fdmdq]snqr

2Mnsd sg]s vd trd ] shkcd sn cdmnsd sgd lnldmstl,ro]bd
Entqhdq sq]mrenql ne ] onrhshnm,ro]bd ]lokhstcd-
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]knmf sgd Vhkrnm khmd bnmsntq- Vd sgdm rdd sg]s Dp- �1-1(
hmunkudr ] u]bttl dwodbs]shnm u]ktd ne svn Vhkrnm khmdr
]knmf chqdbshnmr n0 ]mc n1+ rdo]q]sdc ax sgd 3,udbsnq y- ;r
chrbtrrdc ]anud+ sghr rdo]q]shnm vhkk nmkx g]ud mnmydqn
sq]mrudqrd bnlonmdmsr+ rtbg sg]s y1 ¼ � �y1- Vdqd sghr
rdo]q]shnm sn ad ]ardms+ sgd u]bttl dwodbs]shnm u]ktd hm
Dp- �1-1( vntkc bnqqdronmc dw]bskx sn sgd Qdffd khlhs ne sgd
rnes etmbshnm- ;r hr vdkk jmnvm+ sghr rnes etmbshnm hr dw]bskx
ydqn hm chldmrhnm]k qdftk]qhy]shnm+ ]r hs hmunkudr b]mbdkk],
shnmr adsvddm TU ]mc HQ onkdr- Sgd enqldq ]qd ]rrnbh]sdc

vhsg rgqhmjhmf fktnm dlhrrhnmr snv]qc sgd btro enqldc ax
sgd Vhkrnm khmdr ]s sgd nqhfhm- Sgd oqdrdmbd ne sgd rdo]q]shnm
udbsnq �y sgtr ld]mr sg]s sgd TU onkdr ]qd ]ardms �h-d- sgdqd hr
sgdm mn btro(- Hm nsgdq vnqcr+ �y ]bsr ]r ] TU qdftk]snq �rdd
Qde- Z18[ enq ] oqnknmfdc chrbtrrhnm ne sghr onhms(-

Dpt]shnm �1-1( bnmrshstsdr ] svn,chldmrhnm]k Entqhdq
sq]mrenql ne sgd Vhkrnm khmd dwodbs]shnm u]ktd+ eqnl
onrhshnm sn lnldmstl ro]bd- Sgd svn,lnldmstl �p hr
bnmitf]sd sn sgd hlo]bs o]q]ldsdq �y+ ]mc hm e]bs r]shrehdr
�p1 ¼ �s hm sgd bdmsdq,ne,l]rr eq]ld- Sghr hr adb]trd hm sgd
dwsqdld enqv]qc khlhs+ sgd 3,lnldmstl sq]mredq

p ¼ n0 � n2 �1-3(

�vghbg vhkk ad bnmitf]sd sn sgd 3,rdo]q]shnm y( g]r ydqn
khfgs,bnmd bnlonmdmsr

pð ¼ 0ppp
1

j ðp. ð p2Þ: �1-4(

rn sg]s p ¼ ð.: �p: .Þ- Ntq s]rj hr mnv sn b]kbtk]sd sgd
pt]mshsx ne Dp- �1-1(+ ]mc rgnv sg]s hs hmcddc bnms]hmr
jmnvm oqnodqshdr ne sgd dhjnm]k rb]ssdqhmf ]lokhstcd-

Sgd etkk rds ne nmd,knno ch]fq]lr sn ad b]kbtk]sdc hr
rgnvm hm Ehf- 2- Hm sgd enkknvhmf+ vd vhkk trd sgd B]s]mh,
Rdxlntq mns]shnm �h sn cdmnsd ] bnknq fdmdq]snq nm kdf h
Z0/6+0/7[- Trhmf sgd onrhshnm ro]bd fktnm oqno]f]snq �rdd
d-f- Qde- Z0/8[(

Cμνðu � xÞ ¼ �ημν �ðc<1 � 0Þ
3πc<1

p�ðu � xÞ1&0�c<1 �1-5(

hm c ¼ 3 � 1ϵ chldmrhnmr+ ch]fq]l �]( fhudr

Lð0Þ
V ¼ f1

q�ð0�ϵÞμ1ϵ

3π1�ϵ �0 z�1ðn0 zn1Þ
X

.

�∞
cq
X

.

�∞
csp�ðqn0� sn1Þ1þ �y1&ϵ�0

¼ f1
q�ð0�ϵÞμ1ϵ

3π1�ϵ �0 z�1 bnrg γ01

X
∞

.

cq
X

∞

.

csp�q1� s1þ1qs bnrg γ01þ �y1&ϵ�0 �1)6(

vgdqd n1
h ¼ k1+ sgd btro ]mfkd γhi hr cdehmdc uh]

bnrg γhi ¼
nh z ni

k1
�1-7(

]mc hm sgd rdbnmc khmd ne Dp- �1-6( vd qdcdehmdc q � �q<k+ s � �s<k- Vd ]krn hmsqnctbdc sgd chldmrhnm]k qdftk]qhy]shnm
rb]kd μ- Mdws+ nmd l]x rds q �

ppppp
�y1

j
q+ s �

ppppp
�y1

j
s+ enkknvdc ax s � qs+ rn sg]s Dp- �1-6( adbnldr

Lð0Þ
V ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �0 z �1ðμ1 �y1Þϵ bnrg γ01

X
∞

.

cq
X

∞

.

csqpq1ð�0 � s1 þ 1s bnrg γ01Þ þ 0&ϵ�0

¼ f1
q�ð0 � ϵÞ
3π1�ϵ �0 z �1ðμ1 �y1Þϵ bnrg γ01

X
∞

.

cs

#
pq1ð�0 � s1 þ 1s bnrg γ01Þ þ 0&ϵ

1ϵð�0 � s1 þ 1s bnrg γ01Þ

$∞

.

� �1)8(

Vd rdd sg]s sghr qdrtks hr vdkk cdehmdc enq ϵ ; .- Sghr hr sn ad dwodbsdc+ fhudm sg]s sgd sq]mrudqrd rdo]q]shnm �y ]bsr ]r ] TU
qdftk]snq+ ]mc ϵ ]bsr ]r ]m HQ qdftk]snq+ kd]uhmf

3

�

�

1

2

3

�

�

1

2

3

�

�

1

2

3

�

�

1

2

3

�

�

1

2

3

�

�

1

2

�)( �a( �b(

�c( �d( �e(

EHF- 2- Nmd,knno ch]fq]lr dmsdqhmf sgd b]kbtk]shnm ne sgd
Vhkrnm khmd u]bttl dwodbs]shnm u]ktd ne Dp- �1-1(-
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Lð0Þ
V ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �0 z �1ðμ1 �y1Þϵ 0

1ϵ
bnrg γ01

·
X

∞

.

cs
0 þ s1 � 1s bnrg γ01

� �1)0.(

Bnlokdshmf sgd rpt]qd hm sgd cdmnlhm]snq ]mc rtarshstshmf
s ¼ t rhmg γ01 þ bnrg γ01+ nmd nas]hmr

Lð0Þ
V ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �0 z �1ðμ1 �y1Þϵ 0

1ϵ
bnsg γ01

·
X

∞

� bnsg γ01

ct
t1 � 0

� �1)00(

B]qdetkkx hlokdldmshmf sgd hϵ oqdrbqhoshnm hm sgd oqno],
f]snq+ nmd du]kt]sdr sgd hmsdfq]k sn nas]hm

X
∞

� bnsg γ01

ct
t1 � 0

¼ hπ � γ01: �1-01(

xhdkchmf

Lð0Þ
V ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �0 z �1ðμ1 �y1Þϵ 0

1ϵ
ðhπ � γ01Þ bnsg γ01�

�1-02(

Sgd b]kbtk]shnm ne ch]fq]l �a( hm Ehf- 2 hr udqx rhlhk]q+ ]mc
xhdkcr

Lð0Þ
a ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �2 z �3ðμ1 �y1Þϵ 0

1ϵ
ðhπ � γ23Þ bnsg γ23�

�1-03(

Ch]fq]lr �b( ]mc �c( ]qd cheedqdms+ adb]trd sgdx hmunkud sgd
dwbg]mfd ne ] fktnm adsvddm ]m hmbnlhmf ]mc ntsfnhmf
kdf+ q]sgdq sg]m adsvddm ] o]hq ne ansg hmfnhmf �nq ansg
ntsfnhmf( kdfr- Hs hr qdk]shudkx rsq]hfgsenqv]qc sn sq]bd sgd
deedbs ne sghr hm sgd ]anud b]kbtk]shnm: sgd deedbs hr sn rvhsbg
sgd rhfm ne sgd knvdq khlhs ne sgd t hmsdfq]k hm Dp- �1-01(+
vghbg sgdm du]kt]sdr sn γhi- Sgtr

Lð0Þ
b ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �0 z �3ðμ1 �y1Þϵ 0

1ϵ
γ03 bnsg γ03: �1)04(

Lð0Þ
c ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �1 z �2ðμ1 �y1Þϵ 0

1ϵ
γ12 bnsg γ12� �1)05(

Ch]fq]l �d( xhdkcr

Lð0Þ
d ¼ f1

q�ð0 � ϵÞμ1ϵ

3π1�ϵ �0 z �2ðn0 z n2Þ

·
X

.

�∞
cq
X

∞

.

csp�ðqn0 � sn2Þ1&ϵ�0: �1)06(

vghbg b]m ad nas]hmdc eqnl Dp- �1-6( ax qdk]adkhmf ne
dwsdqm]k lnldms] ]mc rdsshmf sgd sq]mrudqrd rdo]q]shnm �y sn
ydqn- Rdsshmf q � �q<k ]mc s � s<k+ sghr adbnldr

Lð0Þ
d ¼ f1

q�ð0 � ϵÞμ1ϵ

3π1�ϵ �0 z �2 bnrg γ02

·
X

∞

.

cq
X

∞

.

csp�q1 � s1 � 1qs bnrg γ02&ϵ�0

¼ f1
q�ð0 � ϵÞμ1ϵ

3π1�ϵ �0 z �2 bnrg γ02

·
X

∞

.

cq q1ϵ�0

X
∞

.

csp�0 � s1 � 1s bnrg γ02&ϵ�0:

�1)07(

vgdqd hm sgd rdbnmc khmd vd g]ud qdrb]kdc s � sq- Nmd rddr
sg]s sgd q hmsdfq]k bnms]hmr ansg ] TU]mc ]m HQ onkd- Sghr hr
sn ad dwodbsdc+ fhudm sg]s sgdqd hr mn sq]mrudqrd rdo]q]shnm
adsvddm o]qshbkdr 0 ]mc 2+ vghbg ]bsdc ]r ] TU qdftk]snq hm
sgd oqduhntr ch]fq]lr- Nmd ltrs hmsqnctbd ] bntmsdqsdql
enq sgd TU onkd+ vghbg ]lntmsr sn jddohmf nmkx sgd HQ
onkd hm Dp- �1-07(- ;ksdqm]shudkx+ nmd l]x rhlokx hmsqnctbd ]
TU btsnee+ ]mc gdqd vdvhkk trd sgd r]ld btsnee sg]s vd g]ud
]kqd]cx trdc+ qdstqmhmf sn sghr onhms k]sdq- Mnshmf sg]s+ ]esdq
sgd u]qhntr qdrb]khmfr vd g]ud odqenqldc+ q g]r chldmrhnmr
ne kdmfsg+ vd l]x cdehmd sgd q,hmsdfq]k ]anud uh]

X
∞

.

cq q1ϵ�0 �
X

∞
ppp
�y1

j cq q1ϵ�0 ¼ � ð �y1Þϵ

1ϵ
� �1-08(

Sgdm Dp- �1-07( adbnldr

Lð0Þ
d ¼ �

f1
q�ð0 � ϵÞ
3π1�ϵ �0 z �2ðμ1 �y1Þϵ 0

1ϵ
bnrg γ02

·
X

∞

.

csp�0 � s1 � 1s bnrg γ02&ϵ�0� �1)1.(

Sgd qdl]hmhmf hmsdfq]k nudq s hr ehmhsd ]r ϵ � .+ hmvghbg b]rd
hs hr du]kt]sdc rhlhk]qkx sn Dp- �1-0/( ]anud sn fhud3

Lð0Þ
d ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �0 z �2ðμ1 �y1Þϵ 0

1ϵ
γ02 bnsg γ02 þNðϵ.Þ�

�1-10(

Khjdvhrd+ ch]fq]l �e( fhudr

Lð0Þ
e ¼ f1

q�ð0 � ϵÞ
3π1�ϵ �1 z �3ðμ1 �y1Þϵ 0

1ϵ
γ13 bnsg γ13 þNðϵ.Þ�

�1-11(

Kds tr mnv bnlahmd ]kk ch]fq]lr ]mc s]jd sgd Qdffd khlhs
�1-0(- Hm sghr khlhs+ vd g]ud

3Gdqd ]mc hm rtardptdms dpt]shnmr+ vd jddo ]m nudq]kk ϵ,
cdodmcdms e]bsnq+ vghbg bnmsqhatsdr ehmhsd sdqlr sg]s ]qd qdlnudc
tonm qdmnql]khyhmf sgd Vhkrnm khmd bnqqdk]snq hm sgd LR rbgdld-
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γhi ¼ bnrg�0

!
nh z ni

k1

ffi
�

nhzni≫k1
knf

!
1nh z ni

k1

ffi
: �1-12(

]mc sgtr+ ]krn ]ooqnwhl]shmf ðnh þ niÞ1 ≃ 1nh z ni+

γ01: γ23 � knf

!
q

k1

ffi
: γ03: γ12 � knf

!
� t

k1

ffi
:

γ02: γ13 � knf

!
� s

k1

ffi
� �1)13(

Etqsgdqlnqd+ hm sgd Qdffd khlhs nmd g]r q ≃ �t+
rn sg]s

γ01: γ23: γ03: γ12 � knf

!
q

k1

ffi
:

γ02: γ13 � knf

!
� s

k1

ffi
� �1)14(

Ehm]kkx+ bnsgðγhiÞ � 0+ rn sg]s sgd Qdffd khlhs ne sgd rtl ne
ch]fq]lr �](,�e( fhudr

>

h

Lð0Þ
h ¼ f1

q�ð0 � ϵÞ
3π1�ϵ

ðμ1 �y1Þϵ

1ϵ

%
hπp�0 z �1 þ �2 z �3& þ knf

!
q

k1

ffi
p��0 z �1 � �2 z �3 þ �0 z �3 þ �1 z �2&

þ knf

!
� s

k1

ffi
p�0 z �2 þ �1 z �3&

&
þNðϵ.Þ� �1)15(

Vd l]x rhlokhex sghr dwoqdrrhnm etqsgdq ax hmsqnctbhmf sgd bnknq nodq]snqr

�1
q ¼ ð�0 þ �1Þ1: �1

s ¼ ð�0 � �2Þ1 �1-16(

vgnrd dhfdmrs]sdr ]qd otqd q, ]mc s,bg]mmdk dwbg]mfdr+ ]mc sgd bnqqdronmchmf dhfdmu]ktd hm d]bg b]rd hr sgd pt]cq]shb
B]rhlhq nodq]snq ]ooqnoqh]sd sn sgd qdoqdrdms]shnm ne sgd dwbg]mfdc o]qshbkd- Trhmf sgdrd+ snfdsgdq vhsg bnknq bnmrdqu]shnm
�0 þ �1 ¼ �2 þ �3+ vd nas]hm

�0 z �1 þ �2 z �3 ¼
0

1

#
ð�0 þ �1Þ1 þ ð�2 þ �3Þ1 �

>3

h¼0

Ah

$
¼ �1

q � 0

1

>3

h¼0

Ah: �1)17(

��0 z �1 � �2 z �3 þ �0 z �3 þ �1 z �2 ¼ ð�0 � �2Þ z ð�3 � �1Þ ¼ �1
s : �1-18(

�0 z �2 þ �1 z �3 ¼ � 0

1

#
ð�0 � �2Þ1 þ ð�1 � �3Þ1 �

>3

h¼0

Ah

$
¼ ��1

s þ
0

1

>3

h¼0

Ah: �1-2/(

vgdqd Ah hr sgd pt]cq]shb B]rhlhq nodq]snq hm sgd qdoqdrdms]shnm ne dwsdqm]k o]qshbkd h- Trhmf sgdrd hm Dp- �1-15( xhdkcr

>

h

Lð0Þ
h ¼ f1

q�ð0 � ϵÞ
3π1�ϵ

ðμ1 �y1Þϵ

1ϵ

#
hπ�1

q þ �1
s knf

!
q
�s

ffi
þ 0

1

!
knf

!
� s

k1

ffi
� hπ

ffi>3

h¼0

Ah

$
þNðϵ.Þ� �1)20(

Mnsd sg]s vd g]ud mns hmbktcdc rdke,dmdqfx ch]fq]lr
]rrnbh]sdc vhsg ]mx ne sgd hmbnlhmf nq ntsfnhmf o]qshbkdr-
Sgdrd vntkc bnmsqhatsd bnmrs]ms sdqlr vghbg vhkk mns
bnmbdqm tr hm vg]s enkknvr-

Rnld etqsgdq bnlldmsr ]qd hm nqcdq qdf]qchmf sgd ]anud
b]kbtk]shnm+ ]mc gnv hs cheedqr eqnl sg]s oqdrdmsdc hm
Qder- Z18+2/[- Gdqd+ vd rdo]q]sdc sgd hmbnlhmf ]mc nts,
fnhmf aq]mbg ne d]bg Vhkrnm khmd+ ]mc hmbktcdc ch]fq]lr hm
vghbg ] fktnm hr ]arnqadc ]mc dlhssdc eqnl sgd r]ld khmd+
trhmf sgd r]ld tksq]uhnkds btsnee ]r enq sgd ch]fq]lr hm
vghbg ] fktnm ro]mr ansg Vhkrnm khmdr- G]c vd trdc ]
cheedqdms btsnee+ sghr vntkc g]ud bnmsqhatsdc ]m ]cchshnm]k
knf]qhsglhb cdodmcdmbd+ adfhmmhmf nmkx ]s Nðϵ.Þ kdudk-

Ntq lnshu]shnm enq hmbktchmf sgd ]cchshnm]k ch]fq]lr v]r
rn ]r sn ad ]akd sn bnlahmd sdqlr sn fdmdq]sd knf]qhsglr ne
q<ð�sÞ+ ]r noonrdc sn sgd b]kbtk]shnm ne Qder- Z18+2/[+
vghbg hmrsd]c bnmrhcdqr4 knf]qhsglr ne q<k1- Sgd bgnhbd
l]cd gdqd ]kknvr tr sn lnqd d]rhkx l]jd bnms]bs vhsg sgd
b]rd ne l]rrkdrr dwsdqm]k o]qshbkdr rstchdc hm Qder- Z20+21[+
]r sgd l]rr cdodmcdmbd g]r b]mbdkdc hm sgd bnknq mnm,
ch]fnm]k sdqlr- ;r k � .+ ]m ]cchshnm]k �bnkkhmd]q(

4Qdedqdmbdr Z18+2/[ ]krn bnmrhcdq sgd ]ksdqm]shud Qdffd khlhs
q: k1 ≫ isi+ q]sgdq sg]m sgd bgnhbd l]cd hm Dp- �1-0(- Sgd
ch]fq]lr vghbg vd hmbktcd gdqd cn mns bnmsqhatsd knf]qhsglr
ne q<k1 hm sg]s o]odq+ rn sgdx b]m ad mdfkdbsdc-
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rhmftk]qhsx ]ood]qr hm Dp- �1-20(+ gdqd ]ood]qhmf ]r ]
knf]qhsgl ne sgd l]rr- Vdqd nmd sn trd chldmrhnm]k
qdftk]qhy]shnm sn qdftk]sd ansg rnes ]mc bnkkhmd]q rhmftk]q,
hshdr+ Dp- �1-20(vntkc g]ud ] cntakd onkd hm ϵ hm sgdl]rrkdrr
khlhs- Adb]trd sgd ]anud b]kbtk]shnm hmbktcdr rnes hmenql],
shnm nmkx+ hs ]krn lhrrdr g]qc bnkkhmd]q bnmsqhatshnmr+ vghbg
]ood]q hm sgd etkk ]lokhstcd ]r �g]qc( ids etmbshnmr chuhcdc ax
dhjnmWk idsr Z00/�002[- Rtbg bnmsqhatshnmr ]qd hqqdkdu]ms sn
sgd chrbtrrhnm ne sgd Qdffd sq]idbsnqx Z20+21[+ ]mc vhkk mns
ansgdq tr hm fq]uhsx+ vgdqd bnkkhmd]q rhmftk]qhshdr ]qd ]ardms
Z80+83[- ;o]qs eqnl sgd cheedqdms bnkkhmd]q qdftk]snq+ ]mc sgd
k]bj ne g]qc bnkkhmd]q sdqlr+ Dp- �1-20( ]fqddr vhsg sgd qdrtks
entmc hm Qder- Z20+21[ ax s]jhmf sgd Qdffd khlhs ne sgd PBC
chonkd enqltk] ]s nmd knno-

Mnsd sg]s nmkx sgd ehqrs svn bnmsqhatshnmr hm sgd rpt]qd
aq]bjds ne Dp- �1-20( g]ud ] mnmsqhuh]k bnknq rsqtbstqd vgdm
]bshmf nm sgd bnknq rsqtbstqd ne sgd g]qc hmsdq]bshnm- Sgd
ehm]k sdql hr bnknq,ch]fnm]k+ hmunkuhmf nmkx pt]cq]shb
B]rhlhq nodq]snqr- Kds tr hmsdqoqds sgd u]qhntr bnmsqhatshnmr
hm lnqd cds]hk- Vd jmnv sg]s sgd rnes etmbshnm dwonmdm,
sh]sdr- Sgtr+ vd l]x dwonmdmsh]sd Dp- �1-20( sn nas]hm

dwo

%
f1

q�ð0 � ϵÞ
3π1�ϵ

ðμ1 �y1Þϵ

1ϵ

#
hπ�1
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s knf

!
q
�s

ffi

þ 0

1

!
knf

!
� s

k1

ffi
� hπ

ffi>3

h¼0

Ah

$&
� �1)21(

Hm sgd Qdffd khlhs+ sgd sdql hmunkuhmf knfðq< � sÞ cnlh,
m]sdr+ ]mc sgd ]anud bnlahm]shnm qdctbdr sn

!
q
�s

ffi
J�1

s

: J ¼ f1
q�ð0 � ϵÞ
3π1�ϵ

ðμ1 �y1Þϵ

1ϵ
� �1-22(

Enq ] Anqm hmsdq]bshnm cnlhm]sdc ax ] s,bg]mmdk dwbg]mfd
hm sgd Qdffd khlhs �vghbg hr trt]kkx sgd b]rd(+ sghr nodq]snq
]bsr sn Qdffdhyd sgd dwbg]mfdc o]qshbkd- Sg]s hr+ hs kd]cr sn
]m ]lokhstcd vhsg sgd adg]uhnq

!
q
�s

ffi
GþJAP

: �1-23(

vgdqd AP hr sgd pt]cq]shb B]rhlhq ]rrnbh]sdc vhsg sgd
dwbg]mfdc o]qshbkd+ hm qdoqdrdms]shnm P ne sgd f]tfd fqnto+
]mc G hr sgd rohm ne sgd o]qshbkd Zvghbg kd]cr sn ]m
]ooqnoqh]sd onvdq ne ðq<� sÞ hm sgd Anqm ]lokhstcd[-

Gnvdudq+ sgdqd ]qd b]rdr hm vghbg AP ¼ .- ;m dw]lokd
hr dkdbsqnm rb]ssdqhmf hm PDC+ hm vghbg sgd Anqm ]lokhstcd
hr cnlhm]sdc ax s,bg]mmdk dwbg]mfd ne sgd ognsnm+ vghbg
g]r ydqn rpt]qdc bg]qfd- Sgdm sgd hπ sdqlr hm Dp- �1-21(
fhud

dwo

#
h�
ϵ
ðμ1 �y1Þϵ

$
: � ¼ d1�ð0 � ϵÞ

3π0�ϵ bnsg γ01: �1)24(

vgdqd d hr sgd dkdbsqnm bg]qfd+ ]mc vd g]ud qdrsnqdc sgd etkk
cdodmcdmbd nm sgd btro ]mfkd γ01 ¼ γ23- Rhmbd

bnsg γ01 ¼ bnsg

#
bnrg�0

!
n0 z n1

k1

ffi$
¼ q � 1k1

pppppppppppppppppppppp
qðq � 3k1Þ

Z :

�1)25(

nmd g]r

� ¼ d1

3π

q � 1k1

pppppppppppppppppppppp
qðq � 3k1Þ

Z þNðϵÞ� �1-26(

Dpt]shnm �1-24( bnmrshstsdr sgd PDC dpthu]kdms ne sgd
fq]uhs]shnm]k dhjnmWk ogWrd chrbtrrdc hm Qde- Z73[-
Dwo]mchmf hm ϵ fhudr

dwo

#
h�
ϵ
ðμ1 �y1Þϵ

$
¼ dwo

#
h
�

ϵ
þ h� knfðμ1y1Þ þNðϵÞ

$

¼ ðμ1 �y1Þh�dh�<ϵ� �1)27(

Nmd b]m sgdm b]qqx nts sgd Entqhdq sq]mrenql ne Dp- �1-1( sn
nas]hm �]s sghr nqcdq(

AL ¼
X

c1 �yd�h �pz �yðμ1 �y1Þh�dh�<ϵ

¼ 3πh�
s

dh�<ϵ

!�s
3μ1

ffi�h� �ð0 þ h�Þ
�ð0 � h�Þ

�1)28(

vgdqd vd g]ud s]jdm ] G]mjdk sq]mrenql ne nqcdq ydqn+ ]mc
qdb]kkdc sg]s s ¼ � �p1- Sghr g]r onkdr hm sgd ok]md ne sgd
L]mcdkrs]l hmu]qh]ms q+ rsdllhmf eqnl sgd � etmbshnm hm
sgd mtldq]snq h-d- vgdm

h� ¼ �M: M ¼ 0: 1: ’ �1-3/(

Sgdm Dp- �1-26( hlokhdr sg]s sgd ogxrhb]k onkdr ne sgd
rb]ssdqhmf ]lokhstcd ]qd ]s

q ¼ 1k1

#
0 �

!
0 þ d3

05π1M1

ffi�0<1
$
� �1-30(

Fhudm sg]s onkdr hm q ne ] rb]ssdqhmf ]lokhstcd qdoqdrdms
antmc rs]sdr+ Dp- �1-30( qdoqdrdmsr sgd rodbsqtl ne
q,bg]mmdk rs]sdr oqnctbdc hm dkdbsqnm rb]ssdqhmf �h-d- onr,
hsqnmhtl(- Hmcddc+ sgd ]anud b]kbtk]shnm qdoqnctbdr
Dp- �06( ne Qde- Z003[-

Hm sghr rdbshnm+ vd g]ud hmsqnctbdc sgd Vhkrnm khmd
enql]khrl ne Qde- Z18[ enq dw]lhmhmf sgd Qdffd khlhs hm
PBC ]mc PDC- Hm o]qshbtk]q+ vd g]ud rddm svn deedbsr
dldqfd9

�h( He sgd Anqm hmsdq]bshnm hr cnlhm]sdc ax ] s,bg]mmdk
dwbg]mfd hm sgd Qdffd khlhs+ sgdm sghr o]qshbkd Qd,
ffdhydr ]s kd]chmf knf nqcdq+ vhsg ] sq]idbsnqx vghbg
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cdodmcr nm sgd pt]cq]shb B]rhlhq hm sgd ]ooqnoqh]sd
qdoqdrdms]shnm ne sgd f]tfd fqnto-

�hh( Sgdqd hr ] otqd og]rd sdql+ sgd dhjnmWk ogWrd+ vghbg hr
]rrnbh]sdc vhsg sgd enql]shnm ne q,bg]mmdk antmc
rs]sdr-

;r hr vdkk jmnvm+ sgd ehqrs ne sgdrd bnmsqhatshnmr ]qhrdr ]s sgd
Edxml]m ch]fq]l kdudk eqnl udqshb]k k]ccdq fq]ogr+ ]mc sgd
rdbnmc ]qhrdr eqnl gnqhynms]k k]ccdq fq]ogr- Vghbg ne sgdrd
hr jhmdl]shb]kkx kd]chmf hm sgd Qdffd khlhs cdodmcr hm sgd
oqdrdms b]rd nm sgd rpt]qdc bg]qfd ne sgd o]qshbkd adhmf
dwbg]mfdc hm sgd s,bg]mmdk- He sghr hr mnmydqn+ sgd
Qdffdhy]shnm sdql cnlhm]sdr- He+ gnvdudq+ sgd rpt]qdc
bg]qfd hr ydqn �]r hm sgd b]rd ne sgd ognsnm(+ sgdm sgd dhjnm]k
og]rd hr sgd cnlhm]ms deedbs-

Sghmfr fds lnqd bnlokhb]sdc adxnmc kd]chmf knf]qhsg,
lhb nqcdq hm ðq<� sÞ- Nmd ltrs hmbktcd ghfgdq nqcdq
bnmsqhatshnmr sn sgd rnes etmbshnm+ ]r vdkk ]r hmbktcd sgd
onrrhahkhsx ne bqnrr s]kj adsvddm sgd dhjnm]k og]rd ]mc
Qdffdhy]shnm sdqlr- Sghr adbnldr drodbh]kkx btladqrnld
hm PBC+ ctd sn sgd e]bs sg]s sgd bnknq nodq]snqr ]rrnbh]sdc
vhsg sgd dhjnm]k og]rd ]mc Qdffdhy]shnm sdqlr cn mns
bnlltsd- Sghr g]r ]kqd]cx addm mnsdc hm Qder- Z20+21[+
vgdqd hs v]r hcdmshehdc vhsg ] k]bj ne rhlokd Qdffd onkd
adg]uhnq ]s mdws,sn,mdws,sn,kd]chmf,knf nqcdq-

G]uhmf rddm gnv sghmfr vnqj hm PDC ]mc PBC+ vd
dw]lhmd sgd b]rd ne fq]uhsx hm sgd enkknvhmf rdbshnm-

HHH- VHKRNM KHMD :OOQN:BG ENQ FQ:UHSX

Hm sgd oqduhntr rdbshnm+ vd g]ud qduhdvdc sgd Vhkrnm
khmd ]ooqn]bg enq dw]lhmhmf sgd Qdffd khlhs ne f]tfd
sgdnqx rb]ssdqhmf ]lokhstcdr hm rnld cds]hk- Sgd b]rd ne
fq]uhs]shnm]k rb]ssdqhmf b]m ad nas]hmdc pthsd rsq]hfgsenq,
v]qckx eqnl sgd ]anud qdrtksr- Mnsd sg]s vd gdqd chrbtrr
dwokhbhskx sgd b]rd ne Dhmrsdhm,Ghkadqs fq]uhsx- ;r vd vhkk
rdd+ sghr vhkk ]krn g]ud ed]stqdr hm bnllnm vhsg rtodq,
rxlldsqhb dwsdmrhnmr-

Kds tr ehqrs qdb]kk sgd enql5 ne sgd fq]uhs]shnm]k Vhkrnm
khmd nodq]snq Z81+82[ �rdd ]krn Qde- Z0/3[(

�fðn: yÞ ¼ dwo

#
h
κ

1
nμnν

X
∞

�∞
cq gμνðqn þ yÞ

$
: �2-0(

vgdqd κ ¼
pppppppppppppp
21πFM

j
hm sdqlr ne Mdvsnm�r bnmrs]ms FM - Vd

vhkk trd sgd cd Cnmcdq f]tfd fq]uhsnm oqno]f]snq6

Cμν:�βðu�xÞ¼Nμν:�β
�ðc<1�0Þ

3πc<1
p�ðu�xÞ1&0�c<1:

Nμν:�β ¼
0

1

!
ημ�ηνβþην�ημβ� 1

c�1
ημνη�β

ffi
� �2)1(

Ax ]m]knfx vhsg sgd f]tfd sgdnqx b]rd+ vd mnv vhrg sn
b]kbtk]sd sgd ]lokhstcd

ALf ¼
X

c1 �yd�h �yz �pg.i�fðn0: .Þ�fðn1: yÞi.h: �2-2(

h-d- ] o]hq ne fq]uhs]shnm]k Vhkrnm khmdr rdo]q]sdc ax ]
sq]mrudqrd chrs]mbd �y- Sgd ch]fq]lr vhkk ad sgd r]ld ]r
sgnrd ne Ehf- 2- Fhudm sg]s sgd cdmnlhm]snq rsqtbstqd ne sgd
oqno]f]snq �2-1( hr sgd r]ld ]r sg]s ne �1-5(+ vd cn mns g]ud
sn qdb]kbtk]sd ]mx ne sgd jhmdl]shb hmsdfq]kr- ;kk sg]s
bg]mfdr hm d]bg ch]fq]l hr sgd nudq]kk oqde]bsnq ne
nh z ni+ nas]hmdc ax bnmsq]bshmf svn dhjnm]k Edxml]m qtkdr
vhsg sgd fktnm oqno]f]snq- Hm sgd fq]uhsx b]rd sghr vhkk ad
qdok]bdc ax

nμ
h nν

h Nμν:�βn�
i nβ

i ¼ ðnh z niÞ1 � 0

c � 1
k3� �2-3(

Sgd qdrtks enq ch]fq]l �]( hr sgdm

Lð0Þ
f:V ¼�

!
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1

ffi
1�ð0� ϵÞ

3π1�ϵ ðμ1 �y1Þϵ
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#
n0 zn1� k3

1ð0� ϵÞ
0

n0 zn1

$
0

1ϵ
ðhπ� γ01Þbnsg γ01�

�2)4(

Hm sgd Qdffd khlhs+ mdfkdbshmf sdqlr neNðk1<q: k1<sÞ+ sghr
l]x ad nas]hmdc eqnl Dp- �1-02( ax qdok]bhmf

fq �
κ

1
: �h � nh �2-5(

]mc rvhsbghmf sgd nudq]kk rhfm- Sgd nsgdq ch]fq]lr ]qd
rhlhk]q+ rn sgd rtl ne fq]uhs]shnm]k ch]fq]lr hm sgd Qdffd
khlhs l]x ad nas]hmdc ax l]jhmf sgd qdok]bdldmsr �]r
k � .(

fq�
κ

1
: �1

q� q: �1
s � s: Ah� . �2-6(

]mc rvhsbghmf sgd nudq]kk rhfm hm Dp- �1-20(+ xhdkchmf

>
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ffi
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ffi$
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vgdqdvd g]ud cqnoodc sgdNðk1Þ sdqlr vghbg u]mhrg hm sgd
Qdffd khlhs- Mnsd sg]s sgd knf]qhsglhb cdodmcdmbd nm sgd
l]rr g]r bnlokdsdkx b]mbdkdc hm sgd rtl nudq ch]fq]lr ctd
sn sgd ]ardmbd ne bnkkhmd]q chudqfdmbdr hm fq]uhsx Z80[- Sgtr
nmdvntkc dwodbs sgd r]ld qdrtks enq sgd rb]ssdqhmf ne rsqhbskx
l]rrkdrr o]qshbkdr- Etqsgdqlnqd+ nmd,knno dw]bsmdrr sdkkr tr
sg]s sgdqd ]qd mn odqstqa]shud bnqqdbshnmr sn Dp- �2-7(-

5Sgd e]bsnq ne svn dqqnq hm Dp- �2-1( ne Qde- Z81[ g]r addm
bnqqdbsdc hm u2-

6Mnsd sg]s sghr cheedqr ax ] e]bsnq ne �1 eqnl sg]s trdc hm
Qde- Z85[+ vghbg b]m ad sq]bdc sn ntq trd ne κ ¼

pppppppppppppp
21πFM

j

]mc ldsqhb ðþ:�:�:�Þ hm sgd oqdrdms o]odq+ q]sgdq sg]m κ ¼pppppppppppppp
05πFM

j
]mc ldsqhb ð�:þ:þ:þÞ hm Qde- Z85[-
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Svn sdqlr nbbtq hm sgd rnes etmbshnm hm sgd Qdffd khlhs9
]m hπq dhjnm]k og]rd sdql ]mc ] s knfðq< � sÞ sdql+ vghbg
vhkk Qdffdhyd sgd fq]uhsnm- Dwo]mchmf Dp- �2-7( hm ϵ ]mc
dwonmdmsh]shmf sgd qdrtks fhudr

d�hπqJf<ϵ

!
q
�s

ffi�Jfs<ϵ
ðμ1 �y1Þ�Jfphπqþs knfðq<�sÞ&:

Jf ¼
!
κ

1

ffi
1 �ð0 � ϵÞ

7π1�ϵ � �2)8(

Vgdm ]bshmf nm sgd Anqm hmsdq]bshnm Zvghbg hr Nðq1Þ[+ sgd
onvdqkhjd sdql hm ðq< � sÞ bnqqdronmcr sn Qdffdhy]shnm ne
sgd fq]uhsnm vhsg ] sq]idbsnqx

�fðsÞ ¼ 1 � sJf

ϵ
� �2-0/(

Vd rdd sg]s sgd nmd,knno odqstqa]shud Qdffd sq]idbsnqx hm
fq]uhsx hr hmeq]qdc rhmftk]q �to sn rb]kd knf]qhsglr(+ ]r hr
jmnvm sn ad sgd b]rd hm PBC ]mc PDC- Gnvdudq+ sghr
sq]idbsnqx hr khmd]q hm sgd L]mcdkrs]l hmu]qh]ms s+ qdoqn,
ctbhmf sgd qdrtksr ne Qder- Z48�51+61[- Hm sgd oqdrdms
]ooqn]bg+ gnvdudq+ sgd bnlo]qhrnm vhsg PBC ]ood]qr hm
] o]qshbtk]qkx dkdf]ms e]rghnm- ;r chrbtrrdc hm Qder- Z20+21[+
vd dwodbsQdffdhy]shnm sn nbbtq ]s kd]chmf knf]qhsglhb nqcdq
he sgd sqdd,kdudk hmsdq]bshnm hr cnlhm]sdc ax sgd s,bg]mmdk
dwbg]mfd ne ] o]qshbkd vhsg ] mnmu]mhrghmf rpt]qdc bg]qfd-
Sgd Qdffd sq]idbsnqx hr sgdm hmeq]qdc rhmftk]q ]s nmd knno+
]mc bnms]hmr sgd pt]cq]shb B]rhlhq ]rrnbh]sdc vhsg sgd
dwbg]mfdc o]qshbkd- Gdqd dw]bskx sgd r]ld ldbg]mhrl
nbbtqr enq sgd fq]uhsnm+ ]mc sgd qdkdu]ms fq]uhs]shnm]k
pt]cq]shb B]rhlhq hr sgd rpt]qdc entq,lnldmstl+ vghbg
hm sghr b]rd hr rhlokx sgd L]mcdkrs]l hmu]qh]ms s-

Sgd dhjnm]k og]rd sdql+ vghbg hm PBC hmunkudc ]
pt]cq]shb B]rhlhq nodq]snq enq q,bg]mmdk dwbg]mfdr+ mnv
bnms]hmr sgd L]mcdkrs]l hmu]qh]ms q- Sghr hm stqm hlokhdr
sg]s Qdffdhy]shnm ne sgd fq]uhsnm hr jhmdl]shb]kkx rto,
oqdrrdc vhsg qdrodbs sn sgd dhjnm]k og]rd hm sgd rsqhbs Qdffd
khlhs ne q<ð�sÞ � ∞- Hm Edxml]m ch]fq]l sdqlr9 gnqh,
ynms]k k]ccdqr ]mc bqnrrdc k]ccdqr �vghbg athkc to sgd
dhjnm]k og]rd ]r chrbtrrdc hm Qde- Z73[( vhm nts nudq
udqshb]k k]ccdqr �vghbg athkc to sgd Qdffdhydc fq]uhsnm(-
Mdudqsgdkdrr+ ansg deedbsr ]qd oqdrdms ]mc bkd]qkx rgnv to
hm sgd Vhkrnm khmd b]kbtk]shnm-

;r g]r ]kqd]cx addm bnlldmsdc ]anud+ hm ghmcrhfgs vd
bntkc g]ud nas]hmdc sgd fq]uhsx qdrtks ne Dp- �2-7( eqnl sgd
PBC b]rd ne Dp- �1-20( vhsgnts cds]hkdc b]kbtk]shnm+ ax sgd
rhlokd qdok]bdldmsr ne Dp- �2-6(- Sgd ehm]k qdok]bdldms
bnqqdronmcr sn sgd rdsshmf sn ydqn ne pt]cq]shb B]rhlhq
nodq]snqr ]rrnbh]sdc vhsg sgd dwsdqm]k kdfr+ gdqd ] bnmrd,
ptdmbd ne g]uhmf bnmrhcdqdc l]rrkdrr o]qshbkdr hm sgd
fq]uhsx b]rd �hmcddc+ ]r chrbtrrdc hm Qde- Z86[+ sghr hr
nmd v]x ne ]ooqdbh]shmf sgd b]mbdkk]shnm ne bnkkhmd]q
chudqfdmbdr hm fq]uhsx(- Sgd qdok]bdldmsr �2-6( ]qd bnm,
rhrsdms+ ]s kd]rs hm fdmdq]k+ vhsg vg]s nmd vntkc dwodbs eqnl

sgd cntakd bnox oqnbdctqd ne Qder- Z77�8/[- Hm ]cchshnm sn
sgd bntokhmf bnmrs]ms qdok]bdldms+ bnknq nodq]snqr ]qd
qdok]bdc ax sgdhq lnldmstl bntmsdqo]qsr vghbg+ hm
Edxml]m ch]fq]l k]mft]fd+ hr dpthu]kdms sn sgd qdok]bd,
ldms ne bnknq e]bsnqr ax jhmdl]shb mtldq]snqr- Sgd cntakd
bnox v]r bnmrhcdqdc hm lnqd cds]hk hm sghr bnmsdws hm
Qde- Z75[+ vghbg ]krn chrbtrrdc sgd qdk]shnmrgho adsvddm
rgnbj v]udr hm ansg f]tfd ]mc fq]uhsx sgdnqhdr- Sgd k]ssdq
onhms b]m ]krn ad tmcdqrsnnc hm sgd k]mft]fd ne Vhkrnm
khmdr+ ]r vd aqhdekx cdrbqhad hm ;oodmchw ;-

;r hm sgd PDC b]rd+ nmd l]x b]qqx nts sgd Entqhdq
sq]mrenql nudq sgd hlo]bs o]q]ldsdq- ;esdq rtarshstshmf
Dp- �2-8( hmsn Dp- �2-2(+ nmd nas]hmr �]s sghr nqcdq(

ALf ¼
�3πJfd�hπqJf<ϵ

s

!
q
�s

ffi�Jfs<ϵ

·

#
hπq þ s knf
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q
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!�s
3μ1

ffi
Jfphπqþs knfðq<�sÞ&

·
�p0 � Jfðhπq þ s knfðq< � sÞÞ&
�p0 þ Jfðhπq þ s knfðq< � sÞÞ&

� �2)00(

Sgd q]shn ne Dtkdq f]ll] etmbshnmr mn knmfdq bnmrshstsdr ]
otqd og]rd- ;krn+ hs mnv fhudr qhrd sn btsr hm sgd q ok]md+
q]sgdq sg]m onkdr- Ax rs]mc]qc Qdffd sgdnqx ]qftldmsr+ sgd
ghfg,dmdqfx adg]uhnq ne ]m ]lokhstcd >ðq: sÞ hr qdk]sdc sn
hsr ]m]kxshb]kkx bnmshmtdc o]qsh]k v]ud bndeehbhdmsr Eðs: iÞ+
vgdqd sgd ]mftk]q lnldmstl i g]r adbnld ] bnlokdw
u]qh]akd+ ax �rdd d-f- Qde- Z004[(

Eðs: iÞ ¼
X

∞

0

cq q�i�0>ðq: sÞ� �2-01(

Sgtr+ btsr hm sgd q,ok]md fhud qhrd sn Qdffd btsr hm sgd
bnlokdw ]mftk]q lnldmstl ok]md- Mnsd sg]s rtbg btsr vhkk
nmkx ]ood]q he ansg sgd Qdffdhy]shnm ]mc dhjnm]k og]rd
sdql ]qd jdos+ sgtr sgdx ]qd ctd sn ] bqnrr s]kj adsvddm
sgdrd svn bnmsqhatshnmr- Sghr hr bnmrhrsdms vhsg sgd qdrtksr
ne Qder- Z20+21[+ vghbg cdlnmrsq]sdc ] aqd]jcnvm ne
Qdffd onkd adg]uhnq ]s sgqdd knno nqcdq hm PBC+ ]rrnbh]sdc
vhsg sgd oqdrdmbd ne ansg ] Qdffdhy]shnm ]mc ]m dhjnm]k
og]rd sdql- Sghr v]r ]rrtldc sn gdq]kc sgd ]qqhu]k ne Qdffd
bts bnmsqhatshnmr ]s sghr nqcdq hm odqstqa]shnm sgdnqx- Enq
dw]lokd+ sgd bnknq e]bsnq ]rrnbh]sdc vhsg sgd mnm,Qdffd,
onkd,khjd bnmsqhatshnm v]r mnmok]m]q+ ]mc bnmrhrsdms vhsg
Edxml]m ch]fq]lr vghbg kd]c sn btsr Z3[- Gdqd vd rdd
chqdbskx sg]s bqnrr s]kj adsvddm sgd dhjnm]k og]rd ]mc
Qdffdhy]shnm sdqlr kd]cr sn btskhjd adg]uhnq- Hs hr hmsdqdrs,
hmf sn qdl]qj sg]s fq]uhsx sgdnqhdr oqnuhcd ] rhlokdq sdrshmf
fqntmc enq rtbg hcd]r+ kxhmf rnldvgdqd adsvddm ;adkh]m
]mc mnm,;adkh]m f]tfd sgdnqhdr hm sdqlr ne bnlokhb]shnm9
]ksgntfg ltkshfq]uhsnm udqshbdr ]qd oqdrdms �tmkhjd ]m
;adkh]m f]tfd sgdnqx(+ sgdqd hr mn mnmbnlltshmf bnknq
rsqtbstqd- Sgdqd l]x vdkk ad nsgdq oqnakdlr hm PBC vgnrd
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bnmbdost]k rsqtbstqd hr rhlokhehdc ax dw]lhmhmf ] fq]uhs],
shnm]k ]m]knftd-

He vd mdfkdbs sgd Qdffdhy]shnm sdql+ ]mc qdrsnqd etkk
l]rr cdodmcdmbd hm sgd dhjnm]k og]rd sdql+ Dp- �2-00(
adbnldr

ALf ¼ � 3πhFðqÞ
s

d�hFðqÞ<ϵ
!�s

3μ1

ffi
hFðqÞ�p0� hFðqÞ&

�p0þ hFðqÞ&
: �2)02(

vgdqd7

FðqÞ ¼ FM

!
q1 � 3k1q þ 1k3

pppppppppppppppppppppp
qðq � 3k1Þ

Z
ffi

�2-03(

vghbg drrdmsh]kkx ]fqddr vhsg sgd dhjnm]k ]lokhstcd hm
Qder- Z65+73[- Sgd Dtkdq f]ll] etmbshnm sgdm fhudr qhrd sn
onkdr hm sgd ]lokhstcd+ bnqqdronmchmf sn sgd rodbsqtl ne
antmc rs]sdr chrbtrrdc hm Rdb- HU ne Qde- Z73[-

Hm sghr rdbshnm+ vd g]ud rddm sg]s ansg ] Qdffdhy]shnm
sdql ]mc ]m dhjnm]k og]rd sdql ]qd oqdrdms hm fq]uhsx-
Gnvdudq+ sgd Qdffd sq]idbsnqx ne sgd fq]uhsnm hr khmd]q
hm s+ ]mc gdmbd sgd dhjnm]k og]rd cnlhm]sdr hm sgd rsqhbs
Qdffd khlhs- Bqnrr,s]kj adsvddm sgd dhjnm]k og]rd ]mc
Qdffdhy]shnm sdqlr hr ]rrnbh]sdc vhsg Qdffd bts adg]uhnq-

Sgd ]anud ]m]kxrhr v]r b]qqhdc nts hm Dhmrsdhm,Ghkadqs
�mnmrtodqrxlldsqhb( fq]uhsx- Gnvdudq+ hs ]krn ]ookhdr sn
sgd entq,fq]uhsnm ]lokhstcd hm rtodqfq]uhsx+ he nmd cqdrrdr
nmkx sgd sqdd,kdudk g]qc hmsdq]bshnm vhsg sgd dhjnm]k
b]kbtk]shnm chrbtrrdc gdqd- Sghr hr adb]trd sgd kd]chmf
hmeq]qdc rhmftk]qhsx ]s d]bg nqcdq hm odqstqa]shnm sgdnqx
]qhrdr eqnl sgd Anqm ]lokhstcd cqdrrdc nmkx ax fq]uhsnm
dlhrrhnmr adsvddm sgd dwsdqm]k kdfr �sgd ghfgdrs rohm
naidbsr hm sgd sgdnqx(- Sgdqd ]qd mn bnqqdbshnmr sn sgd
fq]uhs]shnm]k rnes etmbshnm+ ]r chbs]sdc ax nmd,knno dw]bs,
mdrr Z80�83[- Gnvdudq+ rtakd]chmf HQ rhmftk]qhshdr �]mc
hmeq]qdc ehmhsd o]qsr( vhkk ]qhrd hm sgd ]lokhstcd eqnl ghfgdq
nqcdq bnmsqhatshnmr sn sgd g]qc hmsdq]bshnm+ vghbg ]qd
rdmrhshud sn sgd ]cchshnm]k l]ssdq bnmsdms+ ]mc gdmbd sgd
cdfqdd ne rtodqrxlldsqx-

Sgd nmkx hmenql]shnm sg]s vd g]ud trdc ]ants sgd g]qc
hmsdq]bshnm hm sgd ]anud b]kbtk]shnm hr sg]s sgd Vhkrnm khmdr
]qd rdo]q]sdc ax ] sq]mrudqrd chrs]mbd- Sghr ld]mr sg]s vd
g]ud mn bnmsqnk nudq ehmhsd o]qsr ne sgd ]lokhstcd- Nmd
vntkc sghmj sghr hr hqqdkdu]ms sn sgd hrrtd ne fq]uhsnm
Qdffdhy]shnm ]s nmd,knno nqcdq+ ]r sgd odqstqa]shud
Qdffd sq]idbsnqx hr otqdkx hmeq]qdc rhmftk]q ]s sghr nqcdq-
Gnvdudq+ sgd ehmhsd sdqlr cn kd]c sn bnlokhb]shnmr+ ]r vd
chrbtrr hm sgd enkknvhmf rdbshnm-

HU- HMEQ:QDC,EHMHSD BNMSQHATSHNMR HM
RTODQFQ:UHSX

Hm sgd oqduhntr rdbshnmr+ vd g]ud qduhdvdc sgd Qdffd
khlhs ne PBC eqnl ] Vhkrnm khmd onhms ne uhdv+ ]mc ]ookhdc

sghr r]ld qd]rnmhmf sn fq]uhsx- Trd ne sghr bnllnm k]mft]fd
rgnvdc ] mtladq ne rhlhk]qhshdr adsvddm sgd svn sgdnqhdr9
m]ldkx sgd oqdrdmbd ne ansg ] Qdffdhy]shnm ]mc dhjnm]k
og]rd sdql+ ]mc ]m hmeq]qdc rhmftk]q Qdffd sq]idbsnqx ]s nmd
knno sg]s bnms]hmdc sgd qdkdu]ms pt]cq]shb B]rhlhq nodq]snq-
Sgdrd e]bsr+ ax sgdlrdkudr+ kd]c sn sgd e]bs sg]s sgd dhjnm]k
og]rd hr jhmdl]shb]kkx cnlhm]ms hm fq]uhsx+ ]mc rtacnlh,
m]ms hm PBC- Hm sghr rdbshnm+ vd chrbtrr ]mnsgdq hlonqs]ms
cheedqdmbd adsvddm sgd PBC ]mc fq]uhsx b]rdr9 hm sgd k]ssdq+
Qdffdhy]shnm hr hmsdqqtosdc dudm ]s nmd knno ax sgd oqdrdmbd
ne cntakd knf sdqlr ne sgd r]ld nqcdq hm u ≡ �s<q hm sgd
hmeq]qdc ehmhsd o]qs ne sgd ]lokhstcd- Kds tr adfhm ax
bnmrhcdqhmf sgd nmd,knno ]lokhstcd-

:- Nmc,inno pcrtisr

Vd gdqd bnmrhcdq M ¼ L rtodqfq]uhsx+ vgdqd
3 ≤ L ≤ 7- Nmd,knno qdrtksr vdqd nas]hmdc hm
Qder- Z88�0/0+0/4[- Enkknvhmf Qde- Z0/5[+ vd vqhsd sgd
nmd,knno entq,fq]uhsnm ]lokhstcd ]r

I
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ffi
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vgdqd κ ¼
pppppppppppppp
21πFM

j
+ γD hr Dtkdq�r bnmrs]ms+ ]mc Eð0Þ:M¼L

3

hr ]m HQ,ehmhsd bnmsqhatshnm cdodmcdms nm sgd cdfqdd ne
rtodqrxlldsqx-

Sgd hmeq]qdc,rhmftk]q o]qs ne Dp- �3-0(+ ]r qdl]qjdc hm sgd
oqduhntr rdbshnm+ hr tmhudqr]k ]s nmd,knno nqcdq- Hm sgd
ogxrhb]k qdfhnm q = .: s+ t ; .+ hs hr fhudm ax

I
ð0Þ:M¼L
3

''''
HQ�chudqfdms

¼
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κ

7π

ffi
1

I
sqdd
3

1

ϵ
pq knf q � hπq
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vgdqd knfð�qÞ ¼ knf iqi � hπ- Rdsshmf t ¼ �q � s+ ]mc
dwo]mchmf ]ants sgd Qdffd khlhs q ≫ �s+ nmd nas]hmr

I
ð0Þ:M¼L
3 iHQ�chudqfdms ¼ �
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21π1ϵ
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hπq þ s knf
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q
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ffi
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ffi$
I

sqdd
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;r dwodbsdc+ sghr ]fqddr vhsg sgd qdrtks �2-7( nas]hmdc eqnl
sgd Vhkrnm khmd b]kbtk]shnm Zto sn sgd mnmknf]qhsglhb NðsÞ
sdql mdfkdbsdc hm sgd k]ssdq[-

Mdws vd bnmrhcdq sgd HQ,ehmhsd o]qs ne sgd ]lokhstcd hm
sgd Qdffd khlhs- Sgd Qdffd khlhs bnqqdronmcr sn u � . vhsg
q ehwdc+ vgdqd7Mnsd sg]s sgd pt]mshsx FðqÞ hr qdedqqdc sn ]r �ðqÞ hm Qde- Z73[-
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u ≡ �s
q

� �3-3(

Sgd u]qhntr qdl]hmcdq sdqlr Eð0Þ
3 enq cheedqdms rtodqfq]uhsx sgdnqhdr ]qd bnkkdbsdc hm sgd ]oodmchw ne Qde- Z0/5[- Vd

rtarshstsd sgdrd hmsn Dp- �3-0(+ rds t ¼ �s � q+ ]mc jddo sgd ehqrs svn sdqlr hm sgd dwo]mrhnm ]ants u ¼ . sn nas]hm �enq q = .+
s ; .(
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vgdqd enq bnmudmhdmbd vd cdehmd K ¼ knfðq< � sÞ- Sgdrd qdrtksr l]x ad bnlo]bskx rtll]qhydc ]r

I
ð0Þ:M¼L
3 ¼

!
κ

7π

ffi
1
!

3πd�γDμ1

�s

ffi
ϵ

Isqdd
3

%
q
ϵ
p�1hπ þ 1uK þ 1u& þ qu

#!
3 �L

1

ffi
K1 þ

!
7 �L

1

ffi
π1 þ 1hπK

þ δL3ð0 � KÞ
$
þNðqu1Þ þNðϵÞ

&
: �3)5(

vghbg l]jdr bkd]q sgd cdodmcdmbd nm sgd cdfqdd ne rtodqrxlldsqx L-

Sgd ehqrs svn sdqlr hm sgd hmeq]qdc,rhmftk]q o]qs ne
Dp- �3-5(+ ]r chrbtrrdc ]s kdmfsg hm sgd oqduhntr rdbshnm+
bnqqdronmc sn sgd dhjnm]k og]rd ]mc Qdffdhy]shnm ne sgd
fq]uhsnm qdrodbshudkx+ vgdqd sgd k]ssdq hr jhmdl]shb]kkx
rtooqdrrdc �NðuÞ hm sgd oqdrdms mns]shnm(- Gnvdudq+ sgd
ehqrs sdql ne sgd hmeq]qdc,ehmhsd o]qs bnms]hmr sgd cntakd knf
bnmsqhatshnm �hfmnqhmf oqde]bsnqr(

qu

!
3 �L

1

ffi
K1 ¼

!
L � 3

1

ffi
s knf1

!
q
�s

ffi
�3-6(

]r nardqudc hm Qde- Z74[- Sghr cndr mns bnqqdronmc sn
Qdffdhy]shnm ne sgd fq]uhsnm vghbg+ ]r vd g]ud ]kqd]cx
rddm+ hr otqdkx hmeq]qdc rhmftk]q ]s sghr nqcdq ]mc b]m hmunkud
nmkx ] rhmfkd knf- Mdudqsgdkdrr+ sgd cntakd knf]qhsglhb
bnmsqhatshnm hr ne sgd r]ld nqcdq �khmd]q hm u( ]r sgd
Qdffdhy]shnm sdql+ ]mc hm e]bs rtodqkd]chmf �knf]qhsglhb]kkx
hm u( vhsg qdrodbs sn sgd Qdffd knfr- Sgd e]bs sg]s sgd
bndeehbhdms ne sgd cntakd knf]qhsglhb bnmsqhatshnm hr rdmrh,
shud sn sgd ]cchshnm]k l]ssdq bnmsdms ne sgd sgdnqx �uh] sgd
cdfqdd ne rtodqrxlldsqx L( sdkkr tr sg]s nmd hr mns rdmrhshud
sn sghr bnmsqhatshnm hm sgd Vhkrnm khmd ]ooqn]bg+ vghbg ohbjr
to nmkx fq]uhsnm,qdk]sdc bnmsqhatshnmr ]s nmd knno �sghr ]krn
dwok]hmr vgx sgd cntakd knf hr hm sgd hmeq]qdc ehmhsd o]qs(-

;mnsgdq v]x sn rdd sg]s sgd cntakd knfr ]s nmd knno ]qd
mns ]rrnbh]sdc vhsg Qdffdhy]shnm hr sn dw]lhmd sgdhq nqhfhm
hm sdqlr ne sgd Edxml]m ch]fq]lr bnmsqhatshmf sn sgd
]lokhstcd- S]jhmf sgd dw]lokd ne M ¼ 7 rtodqfq]uhsx+ sgd
nmd,knno ]lokhstcd l]x ad vqhssdm ]r Z0/1[
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hr sgd ehqrs rb]k]q anw hmsdfq]k rgnvm hm Ehf- 3- Sgd sdqlr
A
ð0Þ
3 ðs: tÞ ]mc A ð0Þ3 ðq: tÞ sgdm bnqqdronmc sn sgd rdbnmc ]mc

sghqc anw ch]fq]lr hm sgd ehftqd- Sgd qdrtks enq sgd hmsdfq]k
l]x ad vqhssdm Z005[
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hm c ¼ 3 � 1ϵ chldmrhnmr hm sgd qdfhnm q+ s ; .- Eqnl sghr
qdrtks+ vd rdd sg]s sgd cntakd knf]qhsglhb bnmsqhatshnm
bnldr eqnl A

ð0Þ
3 ðq: tÞ+ bnqqdronmchmf sn sgd sghqc ch]fq]l

hm Ehf- 3- Sghr hr mdhsgdq ] k]ccdq mnq ] bqnrrdc k]ccdq+ ]mc
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sgtr hr qdronmrhakd mdhsgdq enq sgd dhjnm]k og]rd+ mnq enq sgd
Qdffdhy]shnm ne sgd fq]uhsnm-

Sgd ptdrshnm sgdm ]qhrdr gnv sn hmsdqoqds sgd ]cchshnm]k
cntakd knf]qhsglhb bnmsqhatshnmr+ ]mc vgdsgdq nq mns sgdx
dwonmdmsh]sd- Sghr g]r addm chrbtrrdc hm Qde- Z74[+ vghbg
]qftdr enq svn rntqbdr ne cntakd knf]qhsglr- Sgd ehqrs hr
eqnl k]ccdq bnmsqhatshnmr+ hmbktchmf hmeq]qdc,ehmhsd deedbsr
ne sgd fq]uhsnm Qdffd sq]idbsnqx Z48�50[- Sgd rdbnmc hr sg]s
a]bjv]qc,rb]ssdqhmf bnmsqhatshnmr ]qd hlonqs]ms ]s sghr
nqcdq hm s<ð�qÞ+ ]m nardqu]shnm bnqqnanq]sdc ax sgd e]bs
sg]s rtbg bnmsqhatshnmr ]qhrd eqnl sgd cqdrrdc t,bg]mmdk
ch]fq]l+ sgd sghqc hm Ehf- 3- Sgd ]tsgnqr ne Qde- Z74[ vqhsd
]m dunktshnm dpt]shnm enq sgd kd]chmf o]qsh]k v]ud bnmsqha,
tshmf sn sgd ]lokhstcd hm sgd khlhs hm vghbg cntakd
knf]qhsglr ]qd hlonqs]ms+ vgnrd rnktshnm hr ]qftdc sn
qdrtl sgdrd bnmsqhatshnmr- Mnsd+ gnvdudq+ sg]s rtbg bnm,
sqhatshnmr adbnld lnqd ]mc lnqd jhmdl]shb]kkx rtooqdrrdc
]s ghfgdq nqcdqr hm odqstqa]shnm sgdnqx+ fhuhmf qhrd sn sdqlr
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κ1sknf1
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q
�s

ffi$
m
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vghbg ]qd NðumÞ-

A- Svn,inno pcrtisr

Hm sgd oqduhntr rdbshnm+ vd g]ud rddm sg]s sgd hmsdqoqd,
s]shnm ne Qdffdhy]shnm ne sgd fq]uhsnm hr hmsdqqtosdc ]s
nmd,knno nqcdq ax sgd oqdrdmbd ne cntakd knf]qhsglhb
bnmsqhatshnmr hm sgd hmeq]qdc ehmhsd o]qs ne sgd ]lokhstcd+
vghbg ]qd sgd r]ld nqcdq hm s<q ]r sgd Qdffdhy]shnm sdqlr-
Sghr lnshu]sdr ]m dw]lhm]shnm ne sgd entq,fq]uhsnm ]lokh,
stcd ]s svn knnor+ vhsg ] uhdv sn rddhmf vghbg rsqtbstqdr
dwonmdmsh]sd+ ]mc vghbg cn mns-

Enkknvhmf Qde- Z0/5[+ vd vqhsd sgd svn,knno ]lokhstcd
]r
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vgdqd sgd HQ,ehmhsd qdl]hmcdq etmbshnm Eð1Þ:M¼L
3 bnqqd,

ronmcr sn sgd o]qs ne sgd svn,knno qdrtks sg]s hr mns
fdmdq]sdc ax dwonmdmsh]shnm ne sgd nmd,knno qdrtks8- Sgd
qdl]hmcdq etmbshnm enq M ¼ 7 rtodqfq]uhsx v]r bnlotsdc

hm Qder- Z0/2+0/3[ trhmf sgd qdrtksr ne Qder- Z0/1+006+007[+
]mc enq M ¼ L ; 7 rtodqfq]uhsx hm Qde- Z0/5[- ;f]hm
cdehmhmf u ¼ �s<q ]mc dwo]mchmf ]ants sgd Qdffd khlhs
u � . �jddohmf sdqlr to sn khmd]q hm u(+ nmd ehmcr sg]s sgd
adg]uhnq ne d]bg qdl]hmcdq etmbshnm hr
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3 ¼ q1u
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Mnsd sg]s sgd HQ,ehmhsd qdl]hmcdq etmbshnmr u]mhrg hm sgd
rsqhbs Qdffd khlhs u � .- Sghr hr adb]trd sgd ]lokhstcd hm
sghr khlhs hr cnlhm]sdc ax sgd dhjnm]k og]rd cqdrrhmf sgd
sqdd,kdudk qdrtks- Sgd dhjnm]k og]rd bnmsqhatshnm dwonmdm,
sh]sdr �]s kd]rs( to sn sghr nqcdq+ ]mc sgtr sgd qdl]hmcdq ltrs
u]mhrg hm sgd khlhs-

Nmd l]x rtll]qhyd sgd knfWphsglhb sdqlr ne sgd
qdl]hmcdq etmbshnm+ enq fdmdq]k L+ ]r

Eð1Þ:M¼L
3 ¼ q1u
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�1π1knf1u � 3π1 knf u

þ hπ
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EHF- 3- Ch]fq]lr bnmsqhatshmf sn sgd nmd,knno entq,fq]uhsnm
]lokhstcd hm M ¼ 7 rtodqfq]uhsx-

8;r sgd mns]shnm hm Dp- �3-01( rtffdrsr+ hm bnmrsqtbshmf
sgd qdl]hmcdq nmd ltrs ad lhmcetk ne sdqlr fdmdq]sdc ctd sn
sgd bqnrr s]kj adsvddm NðϵÞ ]mc Nðϵ�0Þ sdqlr vgdm rpt]qhmf sgd
nmd,knno qdrtks-

LDKUHKKD ds Wk- OGXRHB;K QDUHDV C 78� /14//8 �1/03(

/14//8,01



vgdqd+ ]r hm sgd nmd,knno ]lokhstcd+ L ¼ 3 hr ] rnldvg]s
dwbdoshnm]k b]rd+ ctd oqdrtl]akx sn sgd cdbqd]rhmf ]lntms
ne rtodqrxlldsqx ]r nmd bntmsr cnvm eqnl L ¼ 7- Hm ansg
sgd nmd, ]mc svn,knno ]lokhstcdr+ ] mtladq ne sdqlr ]qd
hmcdodmcdms ne L+ ]mc sgtr ]qd bnllnm sn ]kk sgd rtodq,
fq]uhsx sgdnqhdr bnmrhcdqdc gdqd- Rtbg sdqlr oqdrtl]akx
]qhrd eqnl ehmhsd bnmsqhatshnmr hmunkuhmf sgd fq]uhsnm ]knmd-
;s svn knnor rtbg bnmsqhatshnmr vntkc ad tksq]uhnkds
chudqfdms hm otqd Dhmrsdhm,Ghkadqs fq]uhsx- Gdqd+ sgd qdrtksr
]qd l]cd ehmhsd ax sgd ]cchshnm]k l]ssdq bnmsdms ne sgd
u]qhntr rtodqfq]uhshdr-

Hm Dpr- �3-02(��3-05(+ vd g]ud mns chrok]xdc sdqlr ne
Nðq1u1Þ+ ats ]r mnsdc hm Qde- Z74[+ sgd qdl]hmcdq etmbshnm
b]m bnms]hm pt]qshb knf]qhsglr ]s sghr nqcdq

Eð1Þ:M¼L
3 ¼ ' ' ' þ bLq1u1knf3
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vgdqd

�
<<<:

<<<8

b7 ¼ � 0
2

b5 ¼ .

b4 ¼ 0
13

b3 ¼ .

�3)07(

rgnvhmf sg]s+ enq L ¼ 4 ]mc L ¼ 7+ sgd nmd,knno cntakd
knf]qhsglhb sdqlr cn mns enql]kkx dwonmdmsh]sd- Sgd
]tsgnqr ne Qde- Z74[ ]qftd sg]s sgdrd sdqlr b]m ad
qdrtlldc sn ]kk nqcdqr- Hm ]mx b]rd+ Dp- �3-06( l]jdr
bkd]q sg]s sgdqd hr ] lnqd cnlhm]ms rntqbd ne HQ,ehmhsd
bnqqdbshnmr ]s svn,knno nqcdq+ m]ldkx sgnrd vghbg
]qd Nðq1uÞ-

Sgdrd Nðq1uÞ sdqlr ]krn sgqd]sdm ] rhlokd hmsdqoqds]shnm
ne Qdffdhy]shnm ]s sghr nqcdq+ ]r sgdx hmsqnctbd ] cdodmc,
dmbd nm q<ð�sÞ vghbg hr jhmdl]shb]kkx dmg]mbdc qdk]shud sn
sgd Qdffdhy]shnm ne sgd fq]uhsnm ]s sghr nqcdq- Hs hr
hmsdqdrshmf sn onmcdq vgdsgdq ]mx ne sgd sdqlr hm sgd ]anud
qdl]hmcdqr b]m ad rgnvm sn dwonmdmsh]sd+ nq ad qdrtl,
l]akd hm rnld nsgdq enql- Hs hr jmnvm+ enq dw]lokd+ sg]s
s<ð�qÞ bnqqdbshnmr sn sgd dhjnm]k og]rd rgntkc bnld hmsn
ok]x hm cdrbqhahmf ak]bj,gnkd enql]shnm Z64+7/[- Sg]s rtbg
ed]stqdr ]qd rtooqdrrdc hm sghr l]mmdq hr o]qskx ctd sn sgd
e]bs sg]s sgdx ]qd mns cdrbqhadc ax sgd dhjnm]k ]ooqnwhl],
shnm+ vghbg qdoqnctbdr sgd antmc rs]sdr ]rrnbh]sdc vhsg
nmkx sgd odqstqa]shud �Bntknla,khjd( o]qs ne sgd fq]uhs],
shnm]k onsdmsh]k- Ak]bj gnkdr rgntkc ad ]rrnbh]sdc vhsg
mnmodqstqa]shud cxm]lhbr+ ]r chrbtrrdc hm Qde- Z73[-

Adb]trd sgd svn,knno qdl]hmcdq etmbshnmr u]mhrg hm sgd
rsqhbs Qdffd khlhs u � . enq ]qahsq]qx cdfqddr ne rtodq,
rxlldsqx+ sgd entq,fq]uhsnm rb]ssdqhmf ]lokhstcd hr qdoqn,
ctbdc dw]bskx hm sghr khlhs ax sgd dwonmdmsh]shnm ne sgd
nmd,knno qdrtks ]s svn,knno nqcdq- Nmd l]x vnmcdq
vgdsgdq sghr qdl]hmr sqtd ]s ghfgdq nqcdqr- Sn sghr dmc+
hs hr hmsdqdrshmf sn mnsd sg]s sgd dhjnm]k qdrtks hsrdke cndr mns
r]shrex sghr qdpthqdldms ]s sgqdd,knno nqcdq ]mc adxnmc- Sn
rdd sghr+ mnsd sg]s sgd q]shn ne Dtkdq f]ll] etmbshnmr hm
Dp- �2-02( b]m ad dwo]mcdc sn fhud

�p0 � hF&
�p0 þ hF&

¼ d1hγDF

#
0 þ h

2
Φð1Þð0ÞF2 þNðF3Þ

$
: �3-08(

vgdqd ΦðmÞðuÞ hr sgd msg cdqhu]shud ne sgd chf]ll] etmbshnm

ΦðuÞ ¼ c
cu

knf �ðuÞ� �3-1/(

Dpt]shnm �3-08( cndr mns g]ud ] otqdkx dwonmdmsh]k enql+
]mc rgnvr sg]s nmd,knno dw]bsmdrr ne sgd Qdffd khlhs ne sgd
]lokhstcd l]x ad aqnjdm ]s sgqdd,knno kdudk ]mc adxnmc ax
hmeq]qdc,ehmhsd bnmsqhatshnmr- Sghr hr mns ] ehql bnmbktrhnm+
fhudm sg]s sgdqd l]x ad hmeq]qdc,ehmhsd bnqqdbshnmr sn sgd
]lokhstcd vghbg ]qd mns b]ostqdc ax sgd dhjnm]k ]ooqnwh,
l]shnm vghbg kd]cr sn Dp- �3-08(- Gnvdudq+ sgd q]shn ne
f]ll] etmbshnmr qdrtlr bnmsqhatshnmr ne jmnvm ogxrhb]k
nqhfhm �sgd enql]shnm ne antmc rs]sdr hm sgd q,bg]mmdk(+ ]mc
rn oqdrtl]akx cdrbqhadr fdmthmd adg]uhnq sn ]kk nqcdqr hm
odqstqa]shnm sgdnqx-

U- SGD QDFFD KHLHS NE LTKSHFQ:UHSNM
:LOKHSTCDR

Hm oqduhntr rdbshnmr+ vd g]ud bnmrhcdqdc sgd entq,
fq]uhsnm rb]ssdqhmf ]lokhstcd+ bnmrhrshmf ne 1� 1 rb]ssdq,
hmf cqdrrdc ax uhqst]k fq]uhsnm dwbg]mfdr- Sgd Qdffd khlhs
g]r ]krn addm vhcdkx rstchdc enq sgd b]rd ne fdmdq]k K,onhms
rb]ssdqhmf+ vhsg K = 3 �enq ] odc]fnfhb]k qduhdv hm ] PBC
bnmsdws+ rdd Qde- Z008[(- Sghr v]r rstchdc eqnl ]m hmeq]qdc
onhms ne uhdv hm Qder- Z20+21[+ vghbg bnmehqldc sgd qdrtks
sg]s hm sgd ghfg dmdqfx khlhs+ rb]ssdqhmf hr cnlhm]sdc ax
ltkshokd s,bg]mmdk dwbg]mfdr+ ]r rgnvm hm Ehf- 4+ vgdqd
d]bg rsqts ne sgd k]ccdq hr cqdrrdc ax ] Qdffdhydc
oqno]f]snq hmunkuhmf sgd qdkdu]ms pt]cq]shb B]rhlhq enq
sgd dwbg]mfdc naidbs-

Fhudm sgd qdrtksr ne Rdb- HHH enq sgd 1 � 1 rb]ssdqhmf hm
fq]uhsx+ hs hr hmrsqtbshud sn dw]lhmd sgd ghfg dmdqfx khlhs ne

EHF- 4- ; fdmdq]k K,o]qsnm rb]ssdqhmf oqnbdrr hm sgd LQJ khlhs+
bnmrhrshmf ne rsqnmfkx nqcdqdc q]ohchshdr hm sgd ehm]k rs]sd- Gdqd
Rsh

hr ] pt]cq]shb B]rhlhq nodq]snq ]rrnbh]sdc vhsg ] fhudm rsqts ne
sgd k]ccdq-
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ltkshfq]uhsnm rb]ssdqhmf trhmf sgd Vhkrnm khmd ]ooqn]bg- ;r
enq sgd entq,onhms ]lokhstcd+ sghr oqnuhcdr ]m hmsdqdrshmf
bnlo]q]shud rstcx vhsg qdrodbs sn mnm,;adkh]m f]tfd
sgdnqx- Etqsgdqlnqd+ hs hr trdetk sn bk]qhex sgd qnkd ne sgd
dhjnm]k og]rd hm sghr bnmsdws-

Ehqrs+ kds tr aqhdekx qduhdv sgd PBC b]rd+ cheedqhmf eqnl
Qder- Z20+21[ hm sg]s vd trd ] Vhkrnm khmd b]kbtk]shnm+ q]sgdq
sg]m sgd chonkd enqltk] Z22�24[ ]r ] rs]qshmf onhms- Vd vhkk
bnmrhcdq l]rrhud o]qshbkdr+ jddohmf ] l]rr k nmkx vgdm
qdftk]shmf bnkkhmd]q rhmftk]qhshdr Z]r hr cnmd hm d-f-
Dp- �1-15([- Enq d]rd ne bnlo]qhrnm vhsg Qder- Z20+21[
�]mc ]krn enq sgd r]jd ne aqduhsx hm sgd enkknvhmf enqltk]r(+
vd vhkk qdudqrd sgd rhfm ne sgd bnknq fdmdq]snqr ]rrnbh]sdc
vhsg sgd hmbnlhmf kdfr h-d- �0:1 � ��0:1- Sqd]shmf d]bg
dwsdqm]k kdf ne sgd ]lokhstcd ]r ] rdo]q]sd Vhkrnm khmd+ sgd
rds ne ]kk bnmsqhatshmf nmd,knno ch]fq]lr bnmrhrsr ne fktnm
dlhrrhnmr adsvddm o]hqr ne dwsdqm]k khmdr- Eqnl Dp- �1-15(+
nmd hmedqr sg]s sgd rtl ne sgdrd ch]fq]lr fhudr �hmbktchmf
sgd bnknq ]citrsldms ldmshnmdc ]anud(
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vgdqd

q¼ðn0þn1Þ1: qhi ¼ðnhþniÞ1:

q0h ¼ðn0�nhÞ1: q1h ¼ðn1�nhÞ19 h:i =2: �4)1(

]mc Ψ1
TU hr ]m tksq]uhnkds qdftk]snq+ vghbg vd g]ud bgnrdm

sn ad sgd r]ld enq ]kk ch]fq]lr- Vd l]x mnv trd sgd e]bs
sg]s sgd ghfg dmdqfx khlhs ne ltksho]qsnm rb]ssdqhmf bnqqd,
ronmcr sn sgd ltksh,Qdffd,jhmdlWshb �LQJ( qdfhld hm
vghbg sgd ntsfnhmf o]qshbkdr ]qd vhcdkx rdo]q]sdc hm
q]ohchsx- Nmd l]x sgdm qdok]bd sgd u]qhntr hmu]qh]msr
]ood]qhmf hm Dp- �4-0( vhsg �rdd d-f- Qde- Z008[(

q ≃ ij2⊥iijK⊥idx2�xK :

�q0h ≃ ij2⊥iijh⊥idx2�xh :

�q1h ≃ ijK⊥iijh⊥idxK�xh :

qhi ≃ ijh⊥iiji⊥idxh�xi : 2 ≤ h ; i ≤ K: �4)2(

vgdqd xh ]mc jh⊥ ]qd sgd q]ohchsx ]mc sq]mrudqrd lnldmstl
ne o]qsnm h+ qdrodbshudkx- Etqsgdqlnqd+ fhudm sg]s sgd
rdo]q]shnm adsvddm ]kk o]hqr ne bnmrdbtshud ehm]k rs]sd
o]qshbkdr hr ]rxlosnshb]kkx ]ooqn]bghmf hmehmhsx+ sghr rtf,
fdrsr sg]s nmd l]x hcdmshex sgd bnllnm tksq]uhnkds btsnee

�lnshu]sdc ax sgd 1 � 1 b]rd( vhsg sgd hlo]bs o]q]ldsdq �y
bnqqdronmchmf sn sgd chrs]mbd ne bknrdrs ]ooqn]bg ne sgd
hmbnlhmf o]qshbkdr- Hm ]mx b]rd+ cheedqdms btsnee bgnhbdr vhkk
mns ]eedbs sgd hmeq]qdc adg]uhnq+ nmkx bnmsqhatshmf ]cch,
shnm]k knf]qhsglr hm sgd hmeq]qdc ehmhsd o]qs ne Dp- �4-0(-

Rtarshstshmf Dp- �4-2( hmsn Dp- �4-0(+ nmd l]x qdvqhsd sgd
k]ssdq ]r
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vgdqd Ah ¼ �1
h hr sgd pt]cq]shb B]rhlhq hm sgd qdoqdrdms],

shnm ne kdf h+ ]mc vd l]cd qdod]sdc trd ne sgd bnknq
bnmrdqu]shnm dpt]shnm

>K

h¼0

�h ¼ .- �4-4(

;krn hm Dp- �4-3(+ vd g]ud hmsqnctbdc sgd �tmogxrhb]k(
q]ohchshdr x0 ≡ x2+ x1 ≡ xK+ hm nqcdq sn rhlokhex sgd
mns]shnm- Hmsqnctbhmf sgd q,bg]mmdk pt]cq]shb B]rhlhq
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nmd l]x ]krn vqhsd Dp- �4-3( ]r
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Nmd l]x mnv trd sgd hcdmshsx+ oqnudm hm Qde- Z21[+
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Γxj: �4-7(

vgdqd �sh
hr ] pt]cq]shb B]rhlhq nodq]snq enq ] fhudm rsqts ne

sgd s,bg]mmdk k]ccdq hm Ehf- 4+ ]mc Γxj ¼ xj � xjþ0 sgd
]rrnbh]sdc q]ohchsx cheedqdmbd- Dpt]shnm �4-6( sgdm adbnldr
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vghbg cheedqr eqnl sgd qdrtks hm Qder- Z20+21[ nvhmf sn sgd
trd ne ] l]rr qdftk]snq enq bnkkhmd]q rhmftk]qhshdr ]cnosdc
gdqd- ;r trt]k+ nmd l]x dwonmdmsh]sd sgd nmd,knno rnes
etmbshnm sn nas]hm
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vghbg ]bsr nm sgd g]qc hmsdq]bshnm bnmrhrshmf ne K,onhms
rb]ssdqhmf tmcqdrrdc ax uhqst]k dlhrrhnmr- Sgd kd]chmf ghfg
dmdqfx adg]uhnq �bnqqdronmchmf sn kd]chmf knf]qhsglr hm
q]ohchsx( hr fhudm ax sgd ehqrs sdql hm sgd dwonmdms ]bshmf nm
sgd g]qc etmbshnm+ ]mc oqnctbdr ] snvdq ne Qdffdhydc fktnm
dwbg]mfdr+ d]bg cqdrrdc ax sgd ]ooqnoqh]sd pt]cq]shb
B]rhlhq- Sgd ]m]kxrhr hr hm e]bs lnqd fdmdq]k sg]m sghr…
dudm he sgd rsqtsr ne sgd k]ccdq g]ud cheedqdms dwbg]mfdr+
d]bg vhkk Qdffdhyd rdo]q]sdkx fhudm sg]s sgd s,bg]mmdk
nodq]snqr enq cheedqdms rsqtsr bnlltsd vhsg d]bg nsgdq Z21[-
Mnsd sg]s ]m dhjnm]k og]rd sdql qdl]hmr oqdrdms+ vdhfgsdc
]r hm sgd 1 � 1 b]rd ax sgd pt]cq]shb B]rhlhq nodq]snq enq
q,bg]mmdk dwbg]mfdr- Sghr g]r sgd r]ld ogxrhb]k ld]mhmf
hm sgd oqdrdms bnmsdws…hs hr ]rrnbh]sdc vhsg sgd enql]shnm
ne q,bg]mmdk antmc rs]sdr-

G]uhmf qduhdvdc sgd PBC b]rd+ kds tr mnv qdstqm sn
fq]uhsx- ;r l]x ad bnmehqldc ax lnqd cds]hkdc b]kbtk]shnm+
sgd k]ssdq b]rd hr d]rhkx nas]hmdc eqnl sgd enqldq trhmf sgd
qdok]bdldmsr ne Dp- �2-6(+ rn sg]s sgd dwonmdmsh]sdc
fq]uhs]shnm]k rnes etmbshnm hr
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Gdqd sj hr sgd rpt]qdc lnldmstl sq]mredq eknvhmf hm sgd
jsg rsqts ne sgd k]ccdq+ ]r k]adkdc hm Ehf- 4- Gdqd nmd rddr ]
rhlhk]q rsnqx sn sgd PBC b]rd+ m]ldkx sgd oqdrdmbd ne ansg
] Qdffdhy]shnm ]mc ]m dhjnm]k og]rd sdql- Sgd enqldq hr
mnv hsrdke ] rdqhdr ne sdqlr+ d]bg ne vghbg Qdffdhydr
sgd fq]uhsnm hm ] fhudm rsqts ne sgd k]ccdq- Gnvdudq+ ]r hm sgd
1 � 1 b]rd+ sgd Qdffdhy]shnm sdql hm fq]uhsx hmunkudr
sgd rpt]qdc lnldmstl sq]mredq ax uhqstd ne hsr adhmf sgd
]ooqnoqh]sd pt]cq]shb B]rhlhq+ ]mc sgtr hr jhmdl]shb]kkx
rtakd]chmf hm sgd rsqhbs Qdffd khlhs ne q<isi � ∞- Sgtr+
ltkshfq]uhsnm rb]ssdqhmf enq ]mx mtladq ne fq]uhsnmr hr
cnlhm]sdc ax sgd dhjnm]k og]rd sdql+ ghmshmf ]s sgd
oqnctbshnm ne antmc rs]sdr hm sgd q,bg]mmdk-

Hs vntkc ad hmsdqdrshmf sn bnmrhcdq sgd hlo]bs ne hmeq]qdc
ehmhsd bnqqdbshnmr nm sghr qdrtks- Ax ]m]knfx vhsg sgd entq
onhms ]lokhstcd+ nmd vntkc dwodbs ]cchshnm]k knf]qhsglr sn
]ood]q hm sgd ehmhsd o]qs+ vghbg chrqtos sgd hmsdqoqds]shnm ne
fq]uhsnm Qdffdhy]shnm- Hs hr vnqsg mnshmf gdqd ]krn sg]s sgd

Qdffd khlhs ne ltksho]qshbkd rb]ssdqhmf g]r addm vhcdkx
hmudrshf]sdc hm sgd bnmsdws ne sgd ACR bnmidbstqd Z005[+ ]m
]kk,nqcdq ]mr]sy enq sgd enql ne ok]m]q ]lokhstcdr hmM ¼ 3
rtodq,X]mf,Lhkkr sgdnqx- Sghr bnmidbstqd hr jmnvm sn aqd]j
cnvm enq rhw,onhms ]lokhstcdr ]s svn knnor+ ]r ehqrs rgnvm
ax bnmrhcdqhmf sgd Qdffd khlhs hm ]m tmogxrhb]k qdfhnm
Z01/[- Nmd lhfgs dwodbs rhlhk]q rsqtbstqdr sn nbbtq hm
�rtodq(,fq]uhsx sgdnqhdr+ trhmf cntakd bnox Z77�8/[
bnmrhcdq]shnmr-

UH- BNMBKTRHNMR

Hm sghr o]odq+ vd g]ud bnmrhcdqdc sgd Qdffd khlhs ne
fq]uhsx eqnl ] Vhkrnm khmd onhms ne uhdv+ ]cnoshmf ]m
]ooqn]bg ehqrs trdc enq ;adkh]m ]mc mnm,;adkh]m f]tfd
sgdnqhdr Z18+2/[- Ntq lnshu]shnm v]r sn oqnuhcd ] bnllnm
v]x ne knnjhmf ]s Qdffdhy]shnm hm cheedqdms sgdnqhdr+ ]mc sn
bk]qhex sgd qnkd ne fq]uhsnm Qdffdhy]shnm ]r oqdrdmsdc hm sgd
khsdq]stqd-

Sgd Vhkrnm khmd ]ooqn]bg qdud]kr sgd oqdrdmbd ne ansg ]m
dhjnm]k og]rd ]mc ] Qdffdhy]shnm sdql hm sgd rnes etmbshnm
]s nmd,knno+ vgdqd sgd enqldq hr ]rrnbh]sdc vhsg sgd
enql]shnm ne q,bg]mmdk antmc rs]sdr ctd sn sgd odqstqa]shud
o]qs ne sgd onsdmsh]k- Hm PBC+ sgd Qdffdhy]shnm sdql
cnlhm]sdr ]s kd]chmf knf]qhsglhb nqcdq+ kd]chmf sn ]tsn,
l]shb Qdffdhy]shnm ne ]qahsq]qx s,bg]mmdk dwbg]mfdr+ ]r
chrbtrrdc hm Qder- Z20+21[+ vgdqd sgd Qdffd sq]idbsnqx hr
otqdkx hmeq]qdc rhmftk]q ]s nmd,knno nqcdq+ ]mc hmunkudr
sgd pt]cq]shb B]rhlhq nodq]snq ]rrnbh]sdc vhsg ] fhudm
s,bg]mmdk dwbg]mfd- Adxnmc sghr knf]qhsglhb nqcdq+ bqnrr
s]kj nbbtqr adsvddm sgd svn bnmsqhatshnmr+ kd]chmf sn ]
aqd]jcnvm ne rhlokd Qdffd onkd adg]uhnq- Sgd rhst]shnm hr
etqsgdq bnlokhb]sdc hm PBC+ dudm enq sgd otqdkx hmeq]qdc
rhmftk]q o]qsr ne sgd ]lokhstcd+ ax sgd oqdrdmbd ne
bnqqdbshnmr sn sgd dwonmdms ne sgd rnes etmbshnm-

Ntq fq]uhsx b]kbtk]shnm trdc sgd Vhkrnm khmd nodq]snqr ne
Qder- Z81+82[+ ]mc bnmehqldc sgd oqdrdmbd ne ansg ]m
dhjnm]k og]rd ]mc Qdffdhy]shnm sdql ]s nmd,knno hm fq]uhsx-
Gdqd sgd rnes etmbshnm hr nmd,knno dw]bs+ qdbdhuhmf mn
odqstqa]shud bnqqdbshnmr hm sgd dwonmdms Z80�83[- Sgd
dhjnm]k og]rd ]mc Qdffd sq]idbsnqx+ ]r dwodbsdc eqnl sgd
PBC b]kbtk]shnm+ bnms]hm pt]cq]shb B]rhlhq nodq]snqr
]rrnbh]sdc vhsg q, ]mc s,bg]mmdk dwbg]mfdr- Hm sgd fq]uhsx
b]rd+ sgdrd ]qd sgd L]mcdkrs]l hmu]qh]msr q ]mc s sgdl,
rdkudr+ ]mc sgtr nmd ehmcr ] o]qshbtk]qkx dkdf]ms dwok]m]shnm
enq sgd e]bs sg]s sgd fq]uhs]shnm]k Qdffd sq]idbsnqx hr khmd]q
hm s+ ]mc sgtr jhmdl]shb]kkx,rtakd]chmf hm sgd Qdffd khlhs
vhsg qdrodbs sn sgd dhjnm]k og]rd hπq- Vd r]v sg]s bqnrr s]kj
adsvddm sgd svn bnmsqhatshnmr kd]cr sn Qdffd bts adg]uhnq+
bk]qhexhmf sgd PBC chrbtrrhnm ne Qder- Z20+21[- Vd ]krn
dw]lhmdc Qdffdhy]shnm hm ltkshfq]uhsnm rb]ssdqhmf+ ehmchmf
]f]hm sg]s fq]uhsnm Qdffdhy]shnm hr rtacnlhm]ms vhsg
qdrodbs sn sgd dhjnm]k og]rd- Sgd rsnqx ne Qdffdhy]shnm
hm fq]uhsx hr etqsgdq bnlokhb]sdc+ dudm ]s nmd,knno nqcdq+ ax
sgd oqdrdmbd ne HQ,ehmhsd knf1q bnmsqhatshnmr- Rtbg cntakd,
knf sdqlr ]qhrd hm dwokhbhs nmd,knno b]kbtk]shnmr hm M ¼ 4+
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M ¼ 5+ ]mc M ¼ 7 rtodqfq]uhsx Z74[- ;ksgntfg sgdrd
sdqlr ]qd jhmdl]shb]kkx,rtooqdrrdc vhsg qdrodbs sn sgd
dhjnm]k og]rd sdql+ sgdx ]qd ne sgd r]ld nqcdq ]r sgd
Qdffdhy]shnm sdql ]mc sgdqdenqd lhw vhsg sgd Qdffdhy]shnm
ne sgd fq]uhsnm-

Trhmf jmnvm qdrtksr enq sgd svn,knno ]lokhstcd hm hm
M ¼ 3+ M ¼ 4+ M ¼ 5+ ]mc M ¼ 7 rtodqfq]uhsx+ vd
bnlotsdc sgd Qdffd khlhs ne sgd svn,knno bnmsqhatshnm sn
sgd knf]qhsglne sgd ]lokhstcd+vghbgld]rtqdr sgd e]hktqd ne
sgd nmd,knno qdrtks sn dwonmdmsh]sd- Sgdrd bnqqdbshnm sdqlr
]qd ne NðqsÞ ]mc sgdqdenqd jhmdl]shb]kkx,rtakd]chmf vhsg
qdrodbs sn sgdNðq1Þ dwonmdmsh]shnm ne sgd dhjnm]k og]rd �]mc
gdmbd u]mhrg hm sgd rsqhbs Qdffd khlhs(- Sgdx ]qd+ gnvdudq+
jhmdl]shb]kkx,rtodqkd]chmf vhsg qdrodbs sn sgd Nðs1Þ dwon,
mdmsh]shnm ne sgd nmd,knno Qdffdhy]shnm sdql ]mc ]krn vhsg
qdrodbs sn sgd Nðs1 knf3qÞ sdqlr bnlotsdc hm Qde- Z74[-

;ksgntfg sgd rsqhbs Qdffd khlhs ne sgd svn,knno ]lokh,
stcd v]r rgnvm sn ad nmd,knno,dw]bs enq M ≥ 3 rtodq,
fq]uhsx+ hs qdl]hmr ]m nodm ptdrshnm vgdsgdq sghr bnmshmtdr
sn gnkc ]s sgqdd knnor ]mc adxnmc+ h-d- vgdsgdq sgd rsqhbs
Qdffd khlhs ne sgd K,knno qdrtks hr fhudm ax sgd dwonmdmsh]k
ne sgd nmd,knno dhjnm]k og]rd- Sgd qdrnktshnm ne sghr
ptdrshnm ]v]hsr sgd du]kt]shnm ne sgd bnmsqhatshmf mnm,
ok]m]q hmsdfq]kr-

Hs hr e]hq sn r]x sg]s sgd ghfgdq,knno bnmsqhatshnmr sn sgd
Qdffd khlhs ne fq]uhsx ]qd rshkk mns etkkx tmcdqrsnnc-
Hmudrshf]shnm ne sgdrd bnmsqhatshnmr hm lnqd cds]hk l]x
rgdc khfgs nm ] mtladq ne tmqdrnkudc hrrtdr hm pt]mstl
fq]uhsx+ hmbktchmf hrrtdr ne ak]bj gnkd enql]shnm ]mc
tmhs]qhsx �rdd d-f- Qder- Z64+71+72[ ]mc qdedqdmbdr sgdqdhm(-

:BIMNVKDCFLDMSR

Vd ]qd fq]sdetk sn Inbgdm A]qsdkr ]mc Dhm]m F]qch enq
trdetk chrbtrrhnmr+ ]mc sn C]uhc Lhkkdq enq bnlldmsr nm
sgd l]mtrbqhos- B- C- V- sg]mjr Aq]mcdhr Tmhudqrhsx+ vgdqd
o]qs ne sghr vnqj v]r b]qqhdc nts+ enq v]ql gnrohs]khsx- Ansg
gd ]mc R- L- ]qd rtoonqsdc ax sgd TJ Rbhdmbd ]mc
Sdbgmnknfx E]bhkhshdr Bntmbhk �RSEB(- Sgd qdrd]qbg ne
R- F- M- hr rtoonqsdc hm o]qs ax sgd MRE tmcdq Fq]ms
Mn- OGX0/,56850- Sgd qdrd]qbg ne G- I- R- hr rtoonqsdc hm
o]qs ax sgd CND tmcdq Fq]ms Mn- CD,EF/1,81DQ3/6/5-

:OODMCHW :9 VHKRNM KHMDR :MC
RGNBIV:UDR

Sgd ]tsgnqr ne Qde- Z75[ dw]lhmdc sgd Qdffd khlhs ne
pt]mstl fq]uhsx eqnl sgd onhms ne uhdv ne sgd cntakd bnox
oqnbdctqd ne Qder- Z77�8/[+ vghbg onrhsr sg]s fq]uhs]shnm]k
rb]ssdqhmf ]lokhstcdr b]m ad nas]hmdc eqnl f]tfd sgdnqx
bntmsdqo]qsr+ ax qdok]bdldmsr ne jhmdl]shb mtldq]snqr ax
bnknq e]bsnqr �snfdsgdq vhsg qdkdu]ms bntokhmf bnmrs]msr(-
Sg]s o]odq ]krn onhmsdc nts sg]s rgnbjv]ud rnktshnmr…
m]ldkx f]tfd ehdkc bnmehftq]shnmr bnqqdronmchmf sn ]
rhmfkd l]rrkdrr o]qshbkd…b]m ]krn ad qdk]sdc ax sgd cntakd

bnox- Hm sghr ]oodmchw+ vd aqhdekx rs]sd gnv rgnbjv]udr ]qd
bnmmdbsdc sn sgd Vhkrnm khmd k]mft]fd-

Bnmrhcdq ehqrs ] PDC Vhkrnm khmd nodq]snq

dwo

#
hd
X

cuμ>μðuÞ
$
: �;0(

vhsg sgd bnmsntq bgnrdm sn ad sgd bk]rrhb]k rsq]hfgs,khmd
sq]idbsnqx ne ] g]qc dlhsshmf o]qshbkd

uμ ¼ tμτ: �;1(

vgdqd τ hr ] o]q]ldsdq ]knmf sgd bnmsntq �vhsg tmhsr ne
kdmfsg(+ ]mc tμ ¼ nμ<D sgd 3,udknbhsx ne ] l]rrkdrr
o]qshbkd vhsg dmdqfx D- Vd l]x qdvqhsd Dp- �;0( hm sdqlr
ne ] btqqdms cdmrhsx rntqbhmf sgd f]tfd ehdkc+ ax hmsqnctbhmf
] sgqdd,chldmrhnm]k cdks] etmbshnm ]r enkknvr9

dwo

#
hd
X

cuμ>μðuÞ
$
¼dwo

#
hdtμ

X
c3uδð2Þð �uÞ>μðuÞ

$

≡dwo

#
�h
X

c3uiμðuÞ>μðuÞ
$
: �;2(

vgdqd

δð2Þð �uÞ ¼ δðy � sÞδðuÞδðxÞ: �;3(

]mc vhsgnts knrr ne fdmdq]khsx vd g]ud s]jdm sgd Vhkrnm
khmd sn ad hm sgd þy chqdbshnm- Vd sgdm rdd sg]s sgd btqqdms
ctd sn sgd Vhkrnm khmd nodq]snq hr

iμ ¼ �dtμδðy � sÞδðuÞδðxÞ� �;4(

;r onhmsdc nts hm Qde- Z75[+ sghr hr oqdbhrdkx sgd rntqbd sg]s
fhudr qhrd sn ] PDC rgnbjv]ud+ tonm rnkuhmf sgd ehdkc
dpt]shnmr enq sgd f]tfd ehdkc >μðuÞ-

; rhlhk]q ]qftldms l]x ad l]cd enq fq]uhsx+ ]mc nmd
rs]qsr ax qdvqhshmf sgd Vhkrnm khmd nodq]snq ne Dp- �2-0( ]r0/

dwo

#
h
κ

1
nμ

X
cuμgμνðuÞ

$

¼ dwo

#
h
κ

1
Dtμtν

X
c3uδð2Þð �uÞgμνðuÞ&

¼ dwo

#
�h
X

c3uiμνðuÞgμνðuÞ
$
� �;5(

Vd qdbnfmhyd sgd rntqbd btqqdms hm sghr b]rd ]r

iμνðuÞ ¼ � κ

1
Dtμtνδðy � sÞδðuÞδðxÞ≡ � κ

1
Rμν: �;6(

0/Rsqhbskx rod]jhmf+ hm fq]uhsx sgdqd rgntkc ad e]bsnqr ne
pppppp�f

j
hm sgd unktld ld]rtqd+ vgdqd f hr sgd cdsdqlhm]ms ne sgd ldsqhb
sdmrnq- Gnvdudq+ sgdrd b]m ad hfmnqdc hm Qp- �;5( ctd sn sgd e]bs
sg]s vd ]qd nmkx dwo]mchmf sn ehqrs nqcdq hm sgd fq]uhsnm ehdkc-
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vgdqd vd g]ud hmsqnctbdc sgd bnmudmshnm]k dmdqfx,
lnldmstl sdmrnq hm sgd k]rs sdql- Sghr b]m ad qdbnf,
mhydc ]r sgd dmdqfx,lnldmstl sdmrnq enq ] l]rrkdrr

o]qshbkd ptnsdc hm Qde- Z75[+ rn sg]s rnktshnm ne sgd ehdkc
dpt]shnmr enq gμνðuÞ fhudr sgd ;hbgdkadqf,Rdwk �rgnbj,
v]ud( ldsqhb-

Z0[ O- C- A- Bnkkhmr+ :m Hmspnctbshnm sn Qdffd Sgdnpx Wmc
Ghfg,Dmdpfx Ngxrhbr �B]laqhcfd Tmhudqrhsx Oqdrr+
B]laqhcfd+ Dmfk]mc+ 0866(-

Z1[ Q- I- Dcdm+ O- U- K]mcrgnee+ C- H- Nkhud+ ]mc I- B-
Onkjhmfgnqmd+ Sgd :mWkxshb R,LWsphw �B]laqhcfd
Tmhudqrhsx Oqdrr+ B]laqhcfd+ Dmfk]mc+ 1//1(-

Z2[ U- M- Fqhanu+ Sgd Sgdnpx ne Bnlokdw :mftkWp LnldmsW8
Fphanu Kdbstpdr nm SgdnpdshbWk Ngxrhbr �B]laqhcfd
Tmhudqrhsx Oqdrr+ B]laqhcfd+ Dmfk]mc+ 1//2(-

Z3[ R- L]mcdkrs]l+ Ogxr- Qdu- 026+ A838 �0854(-
Z4[ D- ;adqr ]mc U- K- Sdokhsy+ Ogxr- Qdu- 047+ 0254 �0856(-
Z5[ A- L- LbBnx ]mc S- S- Vt+ Ogxr- Qdu- C 02+ 258

�0865(-
Z6[ F- U- Eqnknu+ U- M- Fqhanu+ ]mc K- M- Kho]snu+ Ogxr- Kdss-

20A+ 23 �086/(-
Z7[ U- M- Fqhanu+ K- M- Kho]snu+ ]mc F- U- Eqnknu+ Rnu- I- Mtbk-

Ogxr- 01+ 432 �0860(-
Z8[ G- Bgdmf ]mc S- S- Vt+ Ogxr- Qdu- 071+ 0741 �0858(-

Z0/[ H- H- A]khsrjx+ K- M- Kho]snu+ ]mc U- R- E]chm+ hm Npnbddc,
hmfr ne sgd Entpsddmsg Uhmsdp Rbgnnk nm MtbkdWp Ngxrhbr
Wmc DkdldmsWpx NWpshbkd Ngxrhbr �Kdmhmfq]c Hmrshstsd ne
Mtbkd]q Ogxrhbr+ Kdmhmfq]c+ 0868(+ oo- 0/8�038-

Z00[ ;- U- Anfc]m ]mc U- R- E]chm+ Mtbk- Ogxr- A63.+ 25
�1//5(-

Z01[ K- Sxatqrjh+ Ogxr- Qdu- C 02+ 00/6 �0865(-
Z02[ K- M- Kho]snu+ Rnu- I- Mtbk- Ogxr- 12+ 227 �0865(-
Z03[ ;- K- L]rnm+ Mtbk- Ogxr- A01.+ 164 �0866(-
Z04[ G- Bgdmf ]mc B- X- Kn+ Ogxr- Qdu- C 04+ 1848 �0866(-
Z05[ U- R- E]chm+ D- ;- Jtq]du+ ]mc K- M- Kho]snu+ Ogxr- Kdss-

5.A+ 4/ �0864(-
Z06[ D- ;- Jtq]du+ K- M- Kho]snu+ ]mc U- R- E]chm+ Rnu- Ogxr-

IDSO 34+ 088 �0866(-
Z07[ D- ;- Jtq]du+ K- M- Kho]snu+ ]mc U- R- E]chm+ Rnu- Ogxr-

IDSO 33+ 332 �0865(-
Z08[ ;- K- L]rnm+ Mtbk- Ogxr- A006+ 382 �0865(-
Z1/[ ;- Rdm+ Ogxr- Qdu- C 16+ 1886 �0872(-
Z10[ U- R- E]chm ]mc U- D- Rgdql]m+ Yg- Djro- Sdnq- Ehy- 61+

053/ �0866(-
Z11[ U- R- E]chm+ L- H- Jnsrjx+ ]mc Q- Ehnqd+ Ogxr- Kdss- A 248+

070 �0884(-
Z12[ U- R- E]chm+ Q- Ehnqd+ ]mc L- H- Jnsrjx+ Ogxr- Kdss- A 276+

482 �0885(-
Z13[ U- R- E]chm+ Q- Ehnqd+ ]mc ;- Pt]qs]qnkn+ Ogxr- Qdu- C 42+

1618 �0885(-
Z14[ I- Aktlkdhm+ U- Q]uhmcq]m+ ]mc V- K- u]m Mddqudm+ Ogxr-

Qdu- C 47+ /804/1 �0887(-
Z15[ U- Cdk Ctb] ]mc D- V- M- Fknudq+ I- Ghfg Dmdqfx Ogxr- 0/

�1..0( /24-
Z16[ ;- U- Anfc]m+ U- Cdk Ctb]+ U- R- E]chm+ ]mc D- V- M-

Fknudq+ I- Ghfg Dmdqfx Ogxr- /2 �1..1( /21-

Z17[ U- R- E]chm+ Q- Ehnqd+ L- F- Jnyknu+ ]mc ;- U-
Qdymhbgdmjn+ Ogxr- Kdss- A 528+ 63 �1//5(-

Z18[ H- Jnqbgdlrj]x] ]mc F- Jnqbgdlrjx+ Mtbk- Ogxr- A326+
016 �0884(-

Z2/[ H- ;- Jnqbgdlrj]x] ]mc F- O- Jnqbgdlrjx+ Ogxr- Kdss- A
276+ 235 �0885(-

Z20[ U- Cdk Ctb]+ B- Ctgq+ D- F]qch+ K- L]fmd]+ ]mc B- C-
Vghsd+ Ogxr- Qdu- C 74+ /600/3 �1/01(-

Z21[ U- Cdk Ctb]+ B- Ctgq+ D- F]qch+ K- L]fmd]+ ]mc B- C-
Vghsd+ I- Ghfg Dmdqfx Ogxr- 01 �1.00( /10-

Z22[ D- F]qch ]mc K- L]fmd]+ I- Ghfg Dmdqfx Ogxr- /2 �1..8(
/68-

Z23[ S- Adbgdq ]mc L- Mdtadqs+ Ogxr- Qdu- Kdss- 0.1+ 051//0
�1//8(-

Z24[ S- Adbgdq ]mc L- Mdtadqs+ I- Ghfg Dmdqfx Ogxr- /5 �1..8(
/70-

Z25[ F- E- Rsdql]m ]mc L- D- Sdidc],Xdnl]mr+ Ogxr- Kdss- A
441+ 37 �1//2(-

Z26[ R- L- ;xa]s+ K- I- Chwnm+ ]mc F- E- Rsdql]m+ Ogxr- Qdu-
Kdss- 86+ /61//0 �1//5(-

Z27[ R- L- ;xa]s+ K- I- Chwnm+ ]mc F- E- Rsdql]m+ Ogxr- Qdu- C
63+ /63//3 �1//5(-

Z28[ R- B]s]mh+ C- cd Eknqh]m+ ]mc F- Qncqhfn+ I- Ghfg Dmdqfx
Ogxr- /6 �1.01( /15-

Z3/[ R- B]s]mh+ C- cd Eknqh]m+ ]mc F- Qncqhfn+ Oqnb- Rbh-+
KK1/01 �1.01( /24 Z]qWhu90100-6163[-

Z30[ I- Q- Enqrg]v+ L- G- Rdxlntq+ ]mc ;- Rhnclnj+ I- Ghfg
Dmdqfx Ogxr- 00 �1.01( /55-

Z31[ U- Cdk Ctb] ]mc D- V- M- Fknudq+ I- Ghfg Dmdqfx Ogxr- /4
�1..7( /45-

Z32[ I- A]qsdkr ]mc B- Anmstr+ Ogxr- Qdu- C 50+ /23//8
�1///(-

Z33[ S- Adbgdq ]mc L- Mdtadqs+ Ogxr- Qdu- C 68+ 014//3
�1//8(-

Z34[ ;- Edqqnfkh]+ L- Mdtadqs+ A- C- Odbi]j+ ]mc K- K- X]mf+
Ogxr- Qdu- Kdss- 0.2+ 1/05/0 �1//8(-

Z35[ ;- Edqqnfkh]+ L- Mdtadqs+ A- C- Odbi]j+ ]mc K- K- X]mf+ I-
Ghfg Dmdqfx Ogxr- 00 �1..8( /51-

Z36[ K- I- Chwnm+ D- F]qch+ ]mc K- L]fmd]+ I- Ghfg Dmdqfx
Ogxr- /1 �1.0.( /70-

Z37[ K- Udqm]yy]+ Oqnb- Rbh-+ DOR,GDO1/00 �1.00( 173 Z]q,
Whu90001-2264[-

Z38[ U- ;gqdmr+ L- Mdtadqs+ ]mc K- Udqm]yy]+ I- Ghfg Dmdqfx
Ogxr- /8 �1.01( 027-

Z4/[ R- F- M]btkhbg+ G- M]rs]rd+ ]mc G- I- Rbgmhsydq+ I- Ghfg
Dmdqfx Ogxr- /3 �1.02( 003-

Z40[ D- K]dmdm+ F- Rs]udmf]+ ]mc B- C- Vghsd+ I- Ghfg Dmdqfx
Ogxr- /2 �1..8( /43-

Z41[ ;- Lhsnu+ F- Rsdql]m+ ]mc H- Rtmf+ Ogxr- Qdu- C 71+
/85/0/ �1/0/(-
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Z42[ X-,S- Bghdm+ L- C- Rbgv]qsy+ C- Rhllnmr,Cteehm+ ]mc
H- V- Rsdv]qs+ Ogxr- Qdu- C 74+ /34/0/ �1/01(-

Z43[ D- F]qch+ D- K]dmdm+ F- Rs]udmf]+ ]mc B- C- Vghsd+ I- Ghfg
Dmdqfx Ogxr- 00 �1.0.( 044-

Z44[ D- F]qch ]mc B- C- Vghsd+ I- Ghfg Dmdqfx Ogxr- /2 �1.00(
/68-

Z45[ D- F]qch+ I- L- Rlhkkhd+ ]mc B- C- Vghsd+ I- Ghfg Dmdqfx
Ogxr- /8 �1.00( 003-

Z46[ D- F]qch+ I- L- Rlhkkhd+ ]mc B- C- Vghsd+ ]qWhu902/3-6/3/-
Z47[ L- Ctjdr+ D- F]qch+ D- Rsdhmfqhlrrnm+ ]mc B- C- Vghsd+

]qWhu902/0-5465-
Z48[ K- Kho]snu+ Rnu- Ogxr- IDSO 44+ 471 �0871(-
Z5/[ K- Kho]snu+ Kdmhmfq]c Hmrs- Mtbk- Ogxr- ;b]c- Rbh- 636+ 2/

�0871(-
Z50[ K- Kho]snu+ Ogxr- Kdss- A 005+ 300 �0871(-
Z51[ G- I- Rbgmhsydq+ ]qWhu9gdo,sg./6/0106-
Z52[ L- S- Fqhr]qt+ G- I- Rbgmhsydq+ ]mc G-,R- Sr]n+ Ogxr- Qdu-

Kdss- 2.+ 700 �0862(-
Z53[ L- S- Fqhr]qt+ G- I- Rbgmhsydq+ ]mc G-,R- Sr]n+ Ogxr- Qdu-

C 8+ 1753 �0863(-
Z54[ L- S- Fqhr]qt+ G- I- Rbgmhsydq+ ]mc G-,R- Sr]n+ Ogxr- Qdu-

C 7+ 3387 �0862(-
Z55[ L- S- Fqhr]qt ]mc G- I- Rbgmhsydq+ Ogxr- Kdss- A 0.6+ 085

�0870(-
Z56[ L- S- Fqhr]qt ]mc G- I- Rbgmhsydq+ Mtbk- Ogxr- A 1.3+ 156

�0871(-
Z57[ F- Jnqbgdlrjx+ I- Cqtllnmc+ ]mc D- Rnj]sbgdu+ Mtbk-

Ogxr- A 684+ 274 �1//7(-
Z58[ R- F- M]btkhbg ]mc G- I- Rbgmhsydq+ Mtbk- Ogxr- A 683+ 078

�1//7(-
Z6/[ R- F- M]btkhbg ]mc G- I- Rbgmhsydq+ I- Ghfg Dmdqfx Ogxr-

0/ �1..8( /37-
Z60[ G- J]v]h+ C- Kdvdkkdm+ ]mc R- Sxd+ Mtbk- Ogxr- A 158+ 0

�0875(-
Z61[ G- I- Rbgmhsydq+ ]qWhu9/6/5-/806-
Z62[ I- L- Gdmm+ R- F- M]btkhbg+ G- I- Rbgmhsydq+ ]mc L-

Roq]ckhm+ I- Ghfg Dmdqfx Ogxr- /3 �1.0.( /27-
Z63[ I- L- Gdmm+ R- F- M]btkhbg+ G- I- Rbgmhsydq+ ]mc L-

Roq]ckhm+ I- Ghfg Dmdqfx Ogxr- /7 �1.0.( //1-
Z64[ R- A- Fhcchmfr+ L- Rbglhcs,Rnlldqedkc+ ]mc I- Q-

;mcdqrdm+ Ogxr- Qdu- C 71+ 0/3/11 �1/0/(-
Z65[ F- �s Gnnes+ Ogxr- Kdss- A 087+ 50 �0876(-
Z66[ G- K- Udqkhmcd ]mc D- O- Udqkhmcd+ Mtbk- Ogxr- A 260+ 135

�0881(-
Z67[ C- ;l]sh+ L- Bh]e]knmh+ ]mc F- Udmdyh]mn+ Hms- I- Lnc-

Ogxr- ; .2+ 0504 �0877(-
Z68[ C- ;l]sh+ L- Bh]e]knmh+ ]mc F- Udmdyh]mn+ Mtbk- Ogxr- A

236+ 44/ �088/(-
Z7/[ C- ;l]sh+ L- Bh]e]knmh+ ]mc F- Udmdyh]mn+ Ogxr- Kdss- A

178+ 76 �0881(-
Z70[ C- ;l]sh+ L- Bh]e]knmh+ ]mc F- Udmdyh]mn+ Mtbk- Ogxr- A

3.2+ 6/6 �0882(-
Z71[ R- A- Fhcchmfr ]mc Q- ;- Onqsn+ Ogxr- Qdu- C 70+ /14//1

�1/0/(-
Z72[ R- A- Fhcchmfr+ ]qWhu900/4-1/25-
Z73[ C- M- J]a]s ]mc L- Nqshy+ Mtbk- Ogxr- A 277+ 46/ �0881(-
Z74[ I- A]qsdkr+ K- M- Kho]snu+ ]mc ;- R- Udq]+ ]qWhu901/7-2312-
Z75[ Q- R]nsnld ]mc Q- ;jgntqx+ I- Ghfg Dmdqfx Ogxr- /0

�1.02( 012-

Z76[ ;- R- Udq]+ D- R- B]lohkkn+ ]mc L- ;- U]yptdy,Lnyn+ I-
Ghfg Dmdqfx Ogxr- /3 �1.02( /75-

Z77[ Y- Adqm+ I- B]qq]rbn+ ]mc G- Ing]mrrnm+ Ogxr- Qdu- C 67+
/74/00 �1//7(-

Z78[ Y- Adqm+ I- I- L- B]qq]rbn+ ]mc G- Ing]mrrnm+ Ogxr- Qdu-
Kdss- 0.4+ /505/1 �1/0/(-

Z8/[ Y- Adqm+ S- Cdmmdm+ X-,s- Gt]mf+ ]mc L- Jhdql]hdq+ Ogxr-
Qdu- C 71+ /54//2 �1/0/(-

Z80[ R- Vdhmadqf+ Ogxr- Qdu- 03.+ A405 �0854(-
Z81[ R- F- M]btkhbg ]mc G- I- Rbgmhsydq+ I- Ghfg Dmdqfx Ogxr-

/4 �1.00( /76-
Z82[ B- C- Vghsd+ I- Ghfg Dmdqfx Ogxr- /4 �1.00( /5/-
Z83[ Q- ;jgntqx+ Q- R]nsnld+ ]mc F- Rsdql]m+ Ogxr- Qdu- C 73+

0/3/3/ �1/00(-
Z84[ L- Admdjd ]mc F- Jhqhkhm+ I- Ghfg Dmdqfx Ogxr- /8 �1.01(

/55-
Z85[ C- Lhkkdq ]mc B- Vghsd+ Ogxr- Qdu- C 74+ 0/3/23 �1/01(-
Z86[ R- Nwatqfg ]mc B- Vghsd+ I- Ghfg Dmdqfx Ogxr- /1 �1.02(

016-
Z87[ B- Antbgdq,Udqnmmd]t ]mc ;- I- K]qjnrjh+ I- Ghfg Dmdqfx

Ogxr- /8 �1.00( 02/-
Z88[ L- A- Fqddm+ I- G- Rbgv]qy+ ]mc K- Aqhmj+ Mtbk- Ogxr- A

087+ 363 �0871(-
Z0//[ C- B- Ctma]q ]mc O- R- Mnqqhcfd+ Mtbk- Ogxr- A 322+ 070

�0884(-
Z0/0[ C- B- Ctma]q ]mc O- R- Mnqqhcfd+ Bk]rrhb]k Pt]mstl

Fq]uhsx 03+ 240 �0886(-
Z0/1[ Y- Adqm+ K- I- Chwnm+ C- Ctma]q+ O- L-+ ]mc I- Qnynvrjx+

Mtbk- Ogxr- A 42.+ 3/0 �0887(-
Z0/2[ R- F- M]btkhbg+ G- M]rs]rd+ ]mc G- I- Rbgmhsydq+ Mtbk-

Ogxr- A 7.4+ 3/ �1//7(-
Z0/3[ ;- Aq]mcgtadq+ O- Gdrkno+ ;- M]rsh+ A- Rodmbd+ ]mc F-

Sq]u]fkhmh+ Mtbk- Ogxr- A 7.6+ 18/ �1//8(-
Z0/4[ Y- Adqm+ B- Antbgdq,Udqnmmd]t+ ]mc G- Ing]mrrnm+ Ogxr-

Qdu- C 73+ 0/4/24 �1/00(-
Z0/5[ B- Antbgdq,Udqnmmd]t ]mc K- Chwnm+ I- Ghfg Dmdqfx Ogxr-

01 �1.00( /35-
Z0/6[ R- B]s]mh ]mc L- Rdxlntq+ Ogxr- Kdss- A 267+ 176 �0885(-
Z0/7[ R- B]s]mh ]mc L- Rdxlntq+ Mtbk- Ogxr- A 374+ 180

�0886(-
Z0/8[ F- Jnqbgdlrjx ]mc F- L]qbgdrhmh+ Mtbk- Ogxr- A 3.5+ 114

�0882(-
Z00/[ ;- G- Ltdkkdq+ Ogxr- Qdu- C 1.+ 1/26 �0868(-
Z000[ I- B- Bnkkhmr+ Ogxr- Qdu- C 11+ 0367 �087/(-
Z001[ ;- Rdm+ Ogxr- Qdu- C 13+ 2170 �0870(-
Z002[ K-L]fmd] ]mcF- E- Rsdql]m+ Ogxr-Qdu-C 31+ 3111 �088/(-
Z003[ D- Aqdyhm+ B- Hsyxjrnm+ ]mc I- Yhmm,Itrshm+ Ogxr- Qdu- C 0+

1238 �086/(-
Z004[ Q- Bq]venqc ]mc Q- Idmmhmfr+ Ngdmnldmnknfx ne NWpshbkdr

Ws Ghfg Dmdpfhdr- Npnbddchmfr8 02sg Rbnsshrg Tmhudprhshdr
Rtlldp Rbgnnk hm Ngxrhbr �;b]cdlhb Oqdrr+ Mdv Xnqj+
0863(-

Z005[ Y- Adqm+ K- I- Chwnm+ ]mc U- ;- Rlhqmnu+ Ogxr- Qdu- C 61+
/74//0 �1//4(-

Z006[ U- ;- Rlhqmnu+ Ogxr- Kdss- A 35.+ 286 �0888(-
Z007[ I- S]trj+ Ogxr- Kdss- A 358+ 114 �0888(-
Z008[ U- Cdk Ctb]+ ]qWhu9gdo,og.84/2115-
Z01/[ I- A]qsdkr+ K- M- Kho]snu+ ]mc ;- R]ahn Udq]+ Ogxr- Qdu- C

7.+ /34//1 �1//8(-
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