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�arspTbs. Vd trd sgd sdbgmhptdr ne hmsdfqYk enqlr sn YmYkxyd sgd dYrhdrs dwYlokd ne svn/chldmrhnmYk
rhflY lncdkr nm Y rtodqlYmhenkc0 Vd vqhsd sgd Ybshnm Yr Ym hmsdfqYk ne Y sno hmsdfqYk enql
nudq Y B + 1 rtodqlYmhenkc: Ymc vd rgnv gnv sn hmsdqonkYsd adsvddm cheedqdms rtodqroYbd
Ybshnmr0 Sgdm: vd bnmrhcdq btqudc rtodqlYmhenkcr: Ymc vd rgnv sgYs sgd cdzmhshnmr trdc enq
fiYs rtodqlYmhenkcr bYm Ykrn ad trdc enq btqudc rtodqlYmhenkcr0 Vd oqnud hs ax zqrs bnmrhcdqhmf sgd
bYrd ne Y btqudc qhfhc rtodqlYmhenkc Ymc sgdm sgd bYrd ne Y fdmdqhb btqudc rtodqlYmhenkc cdrbqhadc
ax Y rhmfkd rtodqzdkc D0

Idwvnpcr. rtodqlYmhenkcr, rhflY lncdkr, rsqhmf lncdkr

fl0 Gmspnctbshnm

Ctqhmf sgd kYrs edv xdYqr: rnld mdv rsqtbstqdr hm sgd fdnldsqx ne rtodqlYmhenkcr gYud addm
tmbnudqdc )fl-2[0 Sgd bnmudmshnmYkfl dwsdqhnq atmckd ne Y rtodqlYmhenkc Φ−=L[ hr mns sgd bnlokdsd
atmckd mddcdc sn bnmrsqtbs Y fdnldsqhb sgdnqx ne hmsdfqYshnm: sn cdzmd sgd Gncfd ctYk nodqYshnm Ymc
sn rstcx sgd bngnlnknfx0 Nmd gYr sn sYjd hmsn Ybbntms Ykrn sgd bnlokdwdr ne ordtcn Ymc hmsdfqYk
enqlr )3-5[0 Vd bYkk sghr atmckd sgd hmsdfqYk rtodqroYbd0

Hm sgd oqdrdms mnsdr: vd bnmrhcdq rnld mdv cdudknoldmsr: Ymc vd rstcx Ykrn sgd bYrd ne sgd
btqudc hmsdfqYk rtodqroYbd0

Nmd ne sgd jdx hmfqdchdmsr ne rsqhmf sgdnqx –hm sgd PYlnmc-Mdudt-RbgvYqy enqltkYshnm( hr sgd
vnqkcrgdds rtodqrxlldsqx mddcdc sn qdlnud sgd tmogxrhbYk sYbgxnm eqnl sgd rodbsqtl: sn cdrbqhad
edqlhnmhb udqsdw nodqYsnqr Ymc sn bnmrsqtbs Y rtodqrxlldsqhb rodbsqtl0 ékk ne sgdrd oqnodqshdr
Yqd cddokx qdkYsdc sn sgd vnqkcrgdds rtodqrxlldsqx: Ymc sgdx Yqd bkdYqkx chrokYxdc ax trhmf sgd
rtodqroYbd YooqnYbg hm svn chldmrhnmr0

OdqstqaYshud rsqhmf sgdnqx hr cdrbqhadc ax Y mnm/khmdYq rhflY lncdk enq lYor.

ϵl�y: y̌(:ϕl�y: y̌(: ϕ̌l�y: y̌( –fl(

eqnl sgd vnqkcrgdds PhdlYmm rtqeYbd Θ�fl( –vhsg nmd bnlokdw chldmrhnm( sn Y fl9/chldmrhnmYk sYqfds
roYbdL�fl9(: �l + 9: 0 0 0 : 8( vhsg Ym Ybshnm fhudm ax –enq Y fiYs rtqeYbd Θ + �(.

R=ϵ:ϕ: ϕ̌[ +
∫

Θ
c1y̸�ϵ:ϕ: ϕ̌( 0 –1(

fl Sghr hr trtYkkx bYkkdc sgd atmckd ne rtodqenqlr: fdmdqYsdc ax sgd chqdbs rtl ne dwsdqhnq oqnctbsr ne cheedqdmshYk enqlr nm
sgd rtodqlYmhenkc0
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vgdqd ϵ:ϕ cdmnsd qdrodbshudkx sgd anrnmhb Ymc sgd edqlhnmhb zdkcr0
Sn fdmdqYkhyd hs sn Ymx rtqeYbd: nmd gYr sn bntokd sgd Ybshnm sn B + 1 fqYuhsx hm sgd trtYk vYx:

mYldkx ax oqnlnshmf sgd cdqhuYshudr sn bnuYqhYms cdqhuYshudr Ymc Ycchmf sgd bntokhmfr vhsg sgd B + 1
btquYstqd0 SgYs bYm ad dYrhkx cnmd ax bnmrhcdqhmf sgd Ybshnm Yr Y svn/enql sn ad hmsdfqYsdc nm Θ trhmf
sgd hmsqhmrhb cdzmhshnm ne cheedqdmshYk enqlr: Gncfd ctYkr Ymc sgd cheedqdmshYk c0 Sn Yunhc trhmf sgd
Gncfd ctYk: nmd bYm oYrr sn zqrs nqcdq enqlYkhrl ax hmsqnctbhmf rnld YtwhkhYqx zdkcr0 Sgdm: vd gYud.

R=ϵ:ϕ: ϕ̌[ +
∫

Θ
̸�1(�ϵ: cϵ:ϕ: cϕ: ϕ̌: cϕ̌:U∗∗:ρ( 0 –2(

vgdqd sgd svn/enql KYfqYmfhYm1 ̸�1(�ϵ: cϵ:ϕ: cϕ: ϕ̌: cϕ̌:U∗∗:ρ( cdodmcr nm sgd zdkcr �ϵl:ϕl: ϕ̌l(:
sgdhq cheedqdmshYkr �cϵl: cϕl: cϕ̌l(: sgd 1c uhdkadhmr U∗∗ Ymc sgd RN�fl: fl( rohm bnmmdbshnm ρ0 Sn lYjd
sgd rtodqrxlldsqx lYmhedrs: nmd bYm qdvqhsd sgd Ybshnm –fl( hm sgd rtodqroYbd enqlYkhrl ax bnmcdmrhmf
Ykk zdkcr hmsn Y rtodqzdkc.

�l + ϵl ) ϕlµ) ) ϕ̌lµ� ) e µ)µ� –3(

–vd hmsqnctbd sgd svn Ymshbnlltshmf bnnqchmYsdr µ∗: sgdhq bnqqdronmchmf cdqhuYshudr B∗ Ymc sgd
YtwhkhYqx zdkc e ( Yr enkknvr.

R=�[ +
∫

=c1yc1µ[̸��( 0 –4(

Sgd hmsdfqYshnm hr dwsdmcdc sn sgd rtodqroYbd trhmf sgd Adqdyhm hmsdfqYshnm qtkdr0 Hm sgd rYld
vYx Yr Yanud: hm nqcdq sn fdmdqYkhyd hs sn Ymx rtodq PhdlYmm rtqeYbd MΘ nq: lnqd fdmdqYkkx: sn Ymx
bnlokdw B + fl rtodqlYmhenkc: vd mddc sn qdvqhsd sgd Ybshnm –4( Yr Ym hmsdfqYk ne Ym hmsdfqYk enql
nm MΘ0 ér vhkk ad dwokYhmdc hm sgd enqsgbnlhmf rdbshnm Ymc Yr hr chrbtrrdc hm sgd khsdqYstqd )3-5[: sgd
KYfqYmfhYm ̸��( hr qdokYbdc ax Y �1}9(/rtodqenql ̸�1}9(��: c�:U∗∗:ξ∗:ρ(0 Hs hr vdkk jmnvm sgYs Y
rtodqenql bYmmns ad hmsdfqYsdc nm sgd rtodqlYmhenkc MΘ: Ymc hs ltrs ad bnmudqsdc hmsn Ym hmsdfqYk
enql ax ltkshokxhmf hs ax Y Ohbstqd BgYmfhmf NodqYsnq –OBN( R�9}1(�U∗∗:ξ∗:ρ(0 Sgd kYssdq hr sgd
OnhmbYqà ctYk ne sgd hlldqrhnm ne sgd anrnmhb rtalYmhenkc hmsn sgd rtodqlYmhenkc MΘ0 Sgd Ybshnm hr
vqhssdm Yr.

R=�[ +
∫

MΘ
̸�1}9(��: c�:U∗∗:ξ∗:ρ( SR�9}1(�U∗∗:ξ∗:ρ( –5(

Sgd OBN R�9}1( hr Y �9}1(/hmsdfqYk enql: hr c/bknrdc Ymc mns dwYbs0 He vd rghes hs ax Ym dwYbs
sdql R) cΦ: sgd Ybshnm hr kdes hmuYqhYms he c̸�1}9(��: c�:U∗∗:ξ∗:ρ( + 90 SgYs bYm ad nasYhmdc hm
sgd oqdrdmbd ne YtwhkhYqx zdkcr Ymc bYm ad udqhzdc trhmf sgd AhYmbgh hcdmshshdr enq sgd snqrhnm S∗∗:
sgd fqYuhshmnr zdkc rsqdmfsgr θ∗ Ymc sgd btquYstqd Q0 Sgd bgnhbd ne sgd OBN Ykknvr nmd sn hmsdqonkYsd
adsvddm cheedqdms rtodqroYbd eqYldvnqjr vhsg cheedqdms lYmhedrs rtodqrxlldsqhdr0

Sgd Ybshnm –5( hr hmuYqhYms tmcdq rtodqcheednlnqoghrlr ax bnmrsqtbshnm rhmbd hs hr Ym hmsdfqYk
ne Y sno hmsdfqYk enql0 Sgdqdenqd: hs bYm ad vqhssdm enq Ymx rnktshnm ne sgd AhYmbgh hcdmshsx enq Ymx
rtodqlYmhenkc bnloYshakd vhsg sgdl0 ér vhkk ad rgnvm hm sgd enkknvhmf: vd bYm vqhsd sgd lnrs
fdmdqYk rnktshnm ne sgd AhYmbgh hcdmshshdr hm sdqlr ne Ym tmbnmrsqYhmdc rtodqzdkc D0

Sgd oYodq gYr sgd enkknvhmf rsqtbstqd. Hm Rdbshnm 1: vd rtllYqhyd sgd fdnldsqx ne hmsdfqYk
enqlr0 Hm Rdbshnm 2: vd chrbtrr sgd OBNr Ymc sgdhq oqnodqshdr0 Hm Rdbshnm 3: vd chrbtrr sgd Ybshnm –1(
hm bnlonmdmsr Ymc sgd AhYmbgh hcdmshshdr enq sgd zdkc rsqdmfsgr enq sgd rtodqzdkc �0 Hm Rdbshnm 30fl:
vd cdqhud sgd Ybshnm –5(: Ymc vd rgnv sgd qdkYshnm adsvddm sgd bnlonmdms Ybshnm Ymc sgd rtodqzdkc

1 Gdqd Ymc hm sgd enkknvhmf: vd cdzmd Ym Ybshnm Yr Ym hmsdfqYk ne Y sno enql nm sgd vnqkcunktld ne sgd sgdnqx hm nqcdq sn
gYud lYmhedrs cheednlnqoghrl hmuYqhYmbd0 ér Y bnmrdptdmbd: hm sgd bYrd ne rtodqlYmhenkcr: vd bnmrhcdq hmsdfqYk sno enqlr
hm okYbd ne trtYk sno enqlr0
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Ybshnm0 Hm Rdbshnm 4: vd bnmrhcdq sgd oqdkhlhmYqx bYrd ne Y qhfhc btqudc rtodqlYmhenkc aYrdc nm sgd
rtodqbnrds roYbdNro�fl}1(“RN�fl: fl(0 Vd rgnv sgd qdkYshnm adsvddm sgd unktld enql Ymc sgd btquYstqd0
Hm Rdbshnm 5: vd rstcx sgd fdmdqYk bYrd ne 1 B rtodqfqYuhsx M + fl0 Hm oYqshbtkYq: hs hr rgnvm sgYs sgd
OBNr hm sgd btqudc roYbd Yqd bknrdc adbYtrd ne sgd snqrhnm bnmrsqYhmsr0

10 GmsdfpTk Cnplr Tmc GmsdfpTshnm

Sgd hmsdfqYk enqlr Yqd sgd bqtbhYk hmfqdchdmsr sn cdzmd Y fdnldsqhb hmsdfqYshnm sgdnqx enq
rtodqlYmhenkcr hmgdqhshmf Ykk sgd fnnc oqnodqshdr ne cheedqdmshYk enqlr hmsdfqYshnm sgdnqx hm
bnmudmshnmYk –otqdkx anrnmhb( fdnldsqx0 Hm sgd enkknvhmf rdbshnm: vd aqhdfix cdrbqhad sgd mnsYshnmr
Ymc sgd lnrs qdkduYms cdzmhshnmr –rdd )fl:2-4:6[(0

Vd bnmrhcdq Y rtodqlYmhenkc vhsg m anrnmhb Ymc l edqlhnmhb chldmrhnmr: cdmnsdc gdqd Ymc
hm sgd enkknvhmf ax L�m}l(: knbYkkx hrnlnqoghb sn sgd rtodqroYbd C�m}l(0 Sgd knbYk bnnqchmYsdr hm
Ym nodm rds Yqd cdmnsdc ax �vZ: µ�(0 Vgdm mdbdrrYqx: hm Rdbshnmr 3-5: vd hmsqnctbd rtodqlYmhenkcr
knbYkkx hrnlnqoghb sn sgd bnlokdw rtodqroYbd ��m}l(0 Hm sghr bYrd: sgd bnnqchmYsdr vhkk ad cdmnsdc ax
�yZ: y̌Z: µ�: µ̌�(, sgd enqlYkhrl: ltsYshr ltsYmchr: hr sgd rYld0

é �o}p( ordtcnenql ρ�o}p( gYr sgd enkknvhmf rsqtbstqd.

ρ�o}p( + ρ�v: µ(cvZfl 0 0 0 cvZq cµ�fl 0 0 0 cµ�rβ�afl(�cµαfl( 0 0 0 β�ap(�cµαp( –6(

vgdqd sgd fqYcdc vdcfd oqnctbs adsvddm cv: cµ Ymc β@r hr tmcdqrsnnc Ymc o Ymc p bnqqdronmc
qdrodbshudkx sn sgd enql mtladq Ymc sgd ohbstqd mtladq: vhsg 9 ≡ p ≡ l Ymc o + q) r�∏

h+p
h+fl ah Ymc

9 ≡ q ≡ m0 Hm Y fhudm lnmnlhYk: sgd cµZ YoodYqhmf hm sgd oqnctbs Yqd cheedqdms eqnl sgnrd YoodYqhmf
hm sgd cdksYr β�cµ(: Ymc ρ�v: µ( hr Y rds ne rtodqzdkcr vhsg hmcdw rsqtbstqd ρ=Zfl000Zq [��fl000�r(=αfl000αp [�v: µ(0

Sgd hmcdw a nm sgd cdksY β�a(�cµ�( cdmnsdr sgd cdfqdd ne sgd cdqhuYshud ne sgd cdksY etmbshnm
vhsg qdrodbs sn hsr Yqftldms0 Sgd snsYk ohbstqd ne ρ�o}p( bnqqdronmcr sn sgd snsYk mtladq ne cdksY
etmbshnmr Ymc hsr cdqhuYshudr0 Vd bYkk ρ�o}p( Y rtodqenql he p + 9 Ymc Ym hmsdfqYk enql he p + l,
nsgdqvhrd: hs hr bYkkdc Y ordtcnenql0 Sgd snsYk enql cdfqdd hr fhudm ax o + q) r�∏

h+p
h+fl ah rhmbd sgd

cdqhuYshudr Ybs deedbshudkx Yr mdfYshud enqlr Ymc sgd cdksY etmbshnmr bYqqx ydqn enql cdfqdd0 Vd qdbYkk
sgd enkknvhmf oqnodqshdr.

cµ�β�cµ�( + 9: cβ�a(�cµ�( + 9 : cµ�β�a(�cµ�( + �aβ�a�fl(�cµ�( : a < 9 0 –7(

Sgd hmcdw � hr mns rtlldc0 Sgd hmchbdr Zfl 0 0 0 Zq Ymc αfl 0 0 0 αp Yqd Ymsh/rxlldsqhydc, sgd hmchbdr
�fl 0 0 0 �r Yqd rxlldsqhydc adbYtrd ne sgd qtkdr ne sgd fqYcdc vdcfd oqnctbs.

cvZcva + �cvacvZ : cvZcµ� + cµ�cvZ : cµ�cµα + cµαcµ� : –8(

β�cµ�(β�cµα( + �β�cµα(β�cµ�( : –fl9(

cvZβ�cµ�( + �β�cµ�(cvZ : cµ�β�cµα( + β�cµα(cµ� 0 –flfl(

ér trtYk: sgd lnctkd ne �o}p( ordtcnenqlr hr cdmnsdc ax Σ�o}p(, he p + 9 nq p + l: hs hr
zmhsdkx fdmdqYsdc0

Hs hr onrrhakd sn cdzmd sgd hmsdfqYk nudq sgd rtodqroYbd C�m}l( ne Ym hmsdfqYk sno enql ρ�m}l( sgYs
bYm ad vqhssdm knbYkkx Yr.

ρ�m}l( + e �v: µ(cvfl 0 0 0 cvmβ�cµfl( 0 0 0 β�cµl( –fl1(

vgdqd e �v: µ( hr Y rtodqzdkc0 Ax bgYmfhmf sgd nmd/enqlr cvZ: cµ� Yr cvZ ≤ DZ + DZlcvl ) DZλcµλ Ymc
cµ� ≤ D� + D�lcvl ) D�λcµλ: vd fds.

ρ ≤ rcds�D( e �v: µ(cvfl 0 0 0 cvmβ�cµfl( 0 0 0 β�cµl( –fl2(
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vgdqd rcds�D( hr sgd rtodqcdsdqlhmYms ne sgd rtodquhdkadhm �DZ: DZ(0
Sgd hmsdfqYk enql ρ�m}l( bYm ad Ykrn uhdvdc Yr Y rtodqetmbshnm ρ�v: µ: cv: cµ( nm sgd ncc ctYk2

S−�C�m}l(( Ybshmf rtodqkhmdYqkx nm sgd oYqhsx qdudqrdc sYmfdms atmckd ΛS�C�m}l((: Ymc hsr hmsdfqYk hr
cdzmdc Yr enkknvr.

H=ρ[ ◦
∫

C�m}l(
ρ�m}l( ◦

∫

S−�C�m}l((+C�m)l}l)m(
ρ�v: µ: cv: cµ(=cvcµ c�cv(c�cµ([ –fl3(

vgdqd sgd nqcdq ne sgd hmsdfqYshnm uYqhYakdr hr jdos zwdc0 Sgd rxlank =cvcµ c�cv(c�cµ([ cdmnsdr sgd
Adqdyhm hmsdfqYshnm ”ldYrtqd;: Ymc hs hr hmuYqhYms tmcdq Ymx bnnqchmYsd sqYmrenqlYshnm nm C�m}l(0 Hs hr
Y rdbshnm ne sgd AdqdyhmhYm atmckd ne S−�C�m}l(( –Y rtodq khmd atmckd sgYs fdmdqYkhydr sgd cdsdqlhmYms
atmckd ne Y otqdkx anrnmhb lYmhenkc(0 Sgd rdbshnmr ne sgd cdsdqlhmYms atmckd sqYmrenql vhsg sgd
cdsdqlhmYms ne sgd IYbnahYm Ymc sgd rdbshnmr ne sgd AdqdyhmhYm vhsg sgd rtodqcdsdqlhmYms ne sgd
rtodq/IYbnahYm0 Sgd AdqdyhmhYm atmckd ne S−L�m}l( hr YkvYxr sqhuhYk: ats sgd AdqdyhmhYm atmckd ne
L�m}l( hm fdmdqYk hr mnm/sqhuhYk0 Sgd hmsdfqYshnmr nudq sgd edqlhnmhb uYqhYakdr µ Ymc cv Yqd Adqdyhm
hmsdfqYkr: Ymc sgnrd nudq sgd anrnmhb uYqhYakdr v Ymc cµ Yqd Kdadrftd hmsdfqYkr –vd Yrrtld sgYs
ρ�v: µ: cv: cµ( gYr bnloYbs rtoonqs hm sgd uYqhYakdr v: Ymc hs hr Y oqnctbs ne ChqYb@r cdksY chrsqhatshnmr
hm sgd cµ uYqhYakdr(0 é rhlhkYq YooqnYbg enq Y rtodqenql vntkc mns ad onrrhakd adbYtrd sgd onkxmnlhYk
cdodmcdmbd nm sgd cµ kdYcr sn Y chudqfdms hmsdfqYk0

ér trtYk: sghr cdzmhshnm bYm ad dwsdmcdc sn rtodqlYmhenkcrL�m}l( ax trhmf anrnmhb oYqshshnmr
ne tmhsx0

Rdd YfYhm Vhssdm )2[ enq Y lnqd cdsYhkdc chrbtrrhnm nm sgd rxlank =cvcµc�cv(c�cµ([ Ymc lYmx
nsgdq hlonqsYms Yrodbsr ne sgd hmsdfqYshnm sgdnqx ne hmsdfqYk enqlr0

ébbnqchmf sn sgd oqduhntr chrbtrrhnm: he Y rtodqenql ρ�m}9( vhsg enql cdfqdd m –dptYk sn sgd
anrnmhb chldmrhnm ne sgd qdctbdc anrnmhb rtalYmhenkcL�m( �≤L�m}l(( Ymc ohbstqd mtladq ydqn
hr ltkshokhdc ax Y �9}l( hmsdfqYk enql φ�9}l(: vd bYm cdzmd sgd hmsdfqYk nm sgd rtodqlYmhenkc ne
sgd oqnctbs. ∫

L�m}l(
ρ�m}9( S φ�9}l(0 –fl4(

Sghr sxod ne hmsdfqYk bYm ad fhudm Y fdnldsqhbYk hmsdqoqdsYshnm hm sdqlr ne sgd qdctbdc anrnmhb
rtalYmhenkcL�m( ne sgd rtodqlYmhenkc Ymc sgd bnqqdronmchmf OnhmbYqà ctYk –rdd )4[(0

20 OAMr Tmc Sgdhp Opnodpshdr

Hm sghr rdbshnm: vd qdbYkk Y edv cdzmhshnmr Ymc trdetk bnlotsYshnmr Yants sgd OBNr hm ntq
mnsYshnmr0 Enq lnqd cdsYhkr: rdd )1:5[0

Vd rsYqs vhsg sgd ohbstqd knvdqhmf nodqYsnqr sgYs lYo bngnlnknfx bkYrrdr hm ohbstqd p sn
bngnlnknfx bkYrrdr hm ohbstqd q ↪ p0

Fhudm Ym hmsdfqYk enql: vd bYm nasYhm Y rtodqenql ax Ybshmf nm hs vhsg nodqYsnqr cdbqdYrhmf sgd
ohbstqd mtladq0 Bnmrhcdq sgd enkknvhmf hmsdfqYk nodqYsnq.

β�γB( +
∫ Ω

�Ω
dwo

]
hsγB

(
cs –fl5(

vgdqd B hr Ym ncc udbsnq zdkc vhsg ∧B:B{ ∈+ 93 Ymc γB hr sgd bnmsqYbshnm Yknmf sgd udbsnq B0
Sgd bnmsqYbshnm γB hr Ym dudm nodqYsnq0

2 Hm nqcdq sn lYjd bnmsYbs vhsg sgd rsYmcYqc ogxrhbr khsdqYstqd: vd Ycnos sgd bnmudmshnmr sgYs c hr Ym ncc nodqYsnq Ymc cv
–Ym ncc enql( hr ctYk sn sgd dudm udbsnq ψ

ψv 0 Sgd rYld gnkcr enq sgd dudm enql cµ ctYk sn sgd ncc udbsnq ψ
ψµ 0 ér bkdYqkx

dwokYhmdc enq dwYlokd hm sgd éoodmchw ne sgd oYodq )7[: he nmd hmsqnctbdr Ykrn sgd mYstqYk bnmbdos ne dudm cheedqdmshYk –hm
nqcdq sn lYjd bnmsYbs vhsg sgd rsYmcYqc cdzmhshnm ne sgd bnsYmfdms atmckd ne Y lYmhenkc(: ntq bnsYmfdms atmckd –sgYs vd
bnmrhcdq Yr sgd atmckd ne nmd/enqlr( rgntkc: lnqd YooqnoqhYsdkx: ad cdmnsdc ax ΛS−0

3 Gdqd Ymc hm sgd enkknvhmf: ∧: { hr sgd YmshbnlltsYsnq –h0d0: sgd fqYcdc bnlltsYsnq(0
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Enq dwYlokd: he vd cdbnlonrd B nm Y aYrhr B + B�ψµ� : vgdqd sgd B� Yqd dudm bndezbhdmsr Ymc
∧ψµ�{ hr Y aYrhr ne sgd ncc udbsnq zdkcr Ymc sYjd ρ + ραcµα ′ Σ�fl}9(: vd gYud.

γBρ + B�ρ� + B� ψρ

ψcµ�
′ Σ�9}9( 0 –fl6(

Hm Ycchshnm: ctd sn ∧B:B{ ∈+ 9: vd gYud Ykrn sgYs γ1B ∈+ 90 Sgd cheedqdmshYk nodqYsnq β�γ�( ◦ β �γB(

–vhsg B + ψµ� ( Ybsr nm sgd roYbd ne hmsdfqYk enqlr Yr enkknvr –vd mdfkdbs sgd onrrhakd hmsqnctbshnm ne
cdqhuYshudr ne cdksY enqlr: ats sgYs fdmdqYkhyYshnm bYm ad dYrhkx cnmd(.

β�γ�(∞l
α+fl β�cµ

α( + ∗
[ Ω
�Ω dwo

]
hsγ�

(
β�cµ�(∞l

α+fl ∈+� β�cµ
α(cs

+ ∗
[ Ω
�Ω β�cµ� ) hs(∞l

α+fl ∈+� β�cµ
α(cs + ±h∞l

α+fl ∈+� β�cµ
α(

–fl7(

vgdqd sgd rhfm ∗ hr ctd sn sgd YmshbnlltsYshuhsx ne sgd cdksY enqlr Ymc hs cdodmcr nm sgd hmcdw �0

Vd gYud trdc Ykrn sgd eYbs sgYs dwo
]
hsγ�

(
qdoqdrdmsr Y zmhsd sqYmrkYshnm ne cµ�0 Sgd qdrtks bnmsYhmr

l� fl cdksY enqlr: Ymc sgdqdenqd: hs gYr ohbstqd l� fl0 Hs enkknvr sgYs β�γ�( hr Ym ncc nodqYsnq0
Vd bYm cdzmd Ykrn sgd GdYuhrhcd rsdo nodqYsnq Π �γB(.

Π �γB( + khl
δ≤9)

�h
∫ Ω

�Ω

fl
s� hδ dwo

]
hsγB

(
cs –fl8(

Sgd nodqYsnqr β �γB( Ymc Π �γB( gYud sgd trtYk enqlYk chrsqhatshnmYk oqnodqshdr. γBβ�γB( + 9 :
γBβ

↓�γB( + �β�γB( Ymc γBΠ �γB( + β�γB(0
Hm nqcdq sn lYo bngnlnknfx bkYrrdr hmsn bngnlnknfx bkYrrdr cdbqdYrhmf sgd ohbstqd mtladq:

vd hmsqnctbd sgd nodqYsnq –rdd )1[(.
YB + =c:Π �γB([ –19(

Hm sgd rhlokdrs bYrd B + ψµ� : vd gYud.

Yψµ�
+ hβ�γ�(ψµ� ◦ Y� –1fl(

Sgd nodqYsnq Y� hr sgd bnlonrhshnm ne svn nodqYsnqr Ybshmf nm cheedqdms ptYmshshdr. ψµ� Ybsr nmkx
nm etmbshnmr: Ymc β�γ�( Ybsr nmkx nm cdksY enqlr0

Hm nqcdq sn etqsgdq qdctbd sgd ohbstqd: vd rhlokx hsdqYsd nodqYsnqr ne sxod Y0 ém YksdqmYshud
cdrbqhoshnm ne Y hm sdqlr ne sgd Unqnmnu hmsdfqYk sqYmrenql bYm ad entmc hm )5[0

Sgd Y nodqYsnq hr hm fdmdqYk mns hmudqshakd: ats hs hr onrrhakd sn zmc Y mnm/tmhptd nodqYsnq X
rtbg sgYs Y ∓X hr Ym hrnlnqoghrl hm sgd bngnlnknfx0 Sgdrd nodqYsnqr Yqd sgd bYkkdc ohbstqd qYhrhmf
nodqYsnqr0 Sgd nodqYsnqr ne sxod X Yqd mnm/sqhuhYk dkdldmsr ne sgd cd PgYl bngnlnknfx0

Vd Yookx Y OBN ne sxod X nm Y fhudm enql ax sYjhmf sgd fqYcdc vdcfd oqnctbs, fhudm ρ hmΣ�o}p(:
vd gYud.

ρ
X�≤ ρ SX ′ Σ�o}p)fl( : –11(

Mnshbd sgYs he p + l: sgdm ρ SX + 90 Hm Ycchshnm: he cρ + 9: sgdm c�ρ SX( + 9 –ax Yookxhmf sgd
Kdhamhy qtkd(: Ymc he ρ ∈+ cJ: sgdm hs enkknvr sgYs Ykrn ρ S X ∈+ cT: vgdqd T hr Y enql hm Σ�o�fl}p)fl(0
Sgdqdenqd: fhudm Ym dkdldms ne sgd bngnlnknfx G�o}p(: sgd mdv enql ρ SX hr Ym dkdldms ne G�o}p)fl(0

Enq Y rhlokd dwYlokd hm C�fl}fl(: vd bYm bnmrhcdq sgd OBN X + µβ �cµ(: bnqqdronmchmf sn sgd udbsnq
ψµ , vd gYud Y ∓X + X ∓ Y + fl

Lnqd fdmdqYk enqlr enq Y Ymc X bYm ad bnmrsqtbsdc: enq dwYlokd rsYqshmf vhsg sgd udbsnq
P + ψµ ) µψv0
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Enq dwYlokd: he ι + f�v(µcvβ�cµ( hr Y fdmdqhb sno hmsdfqYk enql hm Σ�fl}fl(
]
C�fl}fl(

(
: sgd dwokhbhs

bnlotsYshnm trhmf sgd enqltkY Y + =c:Π�γP([ hr.

YP=ι[ + c=Π�γP(ι[ + c
∫
Π�γP(f�v(µcvβ�cµ(

[

+ c
∫
khlδ≤9) �h

[ Ω
�Ω

fl
s�hδ f�v(µcvβ�cµ ) hs(cs

[
+

+ c
∫
� f�v(µcv

cµ

[
+ �f�v(cv 0

–12(

Sgd kYrs dwoqdrrhnm hr bkdYqkx bknrdc0 Mnsd sgYs hm sgd Yanud bnlotsYshnmr: vd gYud hmsqnctbdc
enqlYkkx sgd hmudqrd ne sgd –bnlltshmf( rtodqenql cµ0 Trhmf sdqlhmnknfx anqqnvdc eqnl rtodqrsqhmf
sgdnqx: vd bYm rYx sgYs: dudm sgntfg hm Y bnlotsYshnm vd mddc Ym naidbs sgYs khudr hm sgd kYqfd Ghkadqs
roYbd: sgd qdrtks hr rshkk hm sgd rlYkk Ghkadqs roYbd0

Mnsd sgYs sgd mdfYshud onvdqr ne sgd rtodqenql cµ Yqd vdkk cdzmdc nmkx hm sgd bnlokdwdr ne
rtodqenqlr –h0d0: hm ohbstqd 9(0 Hm sghr bYrd: sgd hmudqrd ne sgd cµ Ymc hsr onvdqr Yqd bknrdc Ymc dwYbs
Ymc adgYud vhsg qdrodbs sn sgd fqYcdc vdcfd oqnctbs Yr mdfYshud cdfqdd rtodqenqlr ne ohbstqd 90 Hm
ohbstqd ∈+9: mdfYshud onvdqr Yqd mns cdzmdc adbYtrd ne sgd chrsqhatshnmYk qdkYshnm cµβ �cµ( + 90

é OBN ne sxod X hmuYqhYms tmcdq sgd qhfhc rtodqrxlldsqx sqYmrenqlYshnmr –fdmdqYsdc ax sgd
udbsnq P( βδv + δµ Ymc βδµ + δ hr: enq dwYlokd: fhudm ax.

XP+�cv) µcµ(β↓�cµ( –13(

Vd gYud.
XPYP=ι[ + �f�v(cv S �cv) µcµ(β↓�cµ( + f�v(µcvβ�cµ( + ι 0 –14(

30 Pgdnmnlhb RhflT Kncdk

Vd bnmrhcdq Y fiYs bnlokdw rtodqroYbd vhsg anrnmhb bnnqchmYsdr �y + y)): y̌ + y��( Ymc
FqYrrlYmmhYm bnnqchmYsdr �µ + µ): µ̌ + µ�(0 Sgd bgYqfdr ∗ Yqd Yrrhfmdc Ybbnqchmf sn sgd
sqYmrenqlYshnm oqnodqshdr ne sgd bnnqchmYsdr y: µ tmcdq sgd Knqdmsy fqnto RN�fl: fl(0 Sgd kYssdq adhmf
tmhchldmrhnmYk: sgd hqqdctbhakd qdoqdrdmsYshnmr Yqd oYqYldsqhydc ax sgdhq bgYqfdr.

v∗∗ ≤ d∗h�v∗∗ : µ∗ ≤ d∗
h�
1 µ∗ 0 –15(

vgdqd � hr Y oYqYldsdq ne sgd Knqdmsy sqYmrenqlYshnm0
Vd hmsqnctbd sgd cheedqdmshYkr �cv∗∗: cµ∗( Ymc sgd fiYs rtodquhdkadhmr.

U∗∗ + cy∗∗ ) µ∗cµ∗ : ξ∗ + cµ∗ : –16(

hmuYqhYms tmcdq sgd qhfhc rtodqrxlldsqx βµ∗ + δ∗ Ymc βv∗∗ + δ∗µ∗0 Sgdx rYshrex sgdLYtqdq-BYqsYm
–LB( YkfdaqY.

cU∗∗ + ξ∗ S ξ∗ : cξ∗ + 9 0 –17(

Vd zqrs bnmrhcdq sgd mnm/bghqYk ltkshokds0 Sghr hr cdrbqhadc ax Y rtodqzdkc � vhsg
sgd cdbnlonrhshnm.

� + ϵ) ϕµ) ) ϕ̌µ� ) e µ)µ�

V + B)� :
V̌ + B�� :
E + B�B)� 0

–18(

vgdqd B) + ψµ) � fl
1µ

)ψ)) Ymc B� + ψµ� � fl
1µ
�ψ�� –vhsg ψ)) + ψy)) Ymc ψ�� + ψy�� (0

Sgdx rYshrex sgd YkfdaqY B1
) + �ψ)) Ymc B1

� + �ψ�� Ymc Ymshbnlltsd B�B) ) B)B� + 90
Sgd bnlonmdms zdkcr ϵ:ϕ: ϕ̌ Ymc e Yqd roYbdshld zdkcr: Ymc sgdx cdodmc nmkx nm y∗∗0 Nm sgd nsgdq
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gYmc: ��:V: V̌: E( Yqd sgd rtodqzdkcr vgnrd zqrs bnlonmdmsr Yqd sgd bnlonmdms zdkcr0 V Ymc V̌ Yqd
Ymshbnlltshmf rtodqzdkcr0

Bnlotshmf sgd cheedqdmshYk ne dYbg rtodqzdkc: vd gYud sgd enkknvhmf qdkYshnmr.

c� + U))ψ))�)U��ψ���) ξ)V ) ξ�V̌ :
cV + U))ψ))V )U��ψ��V � ξ)ψ))�) ξ�E :
cV̌ + U))ψ))V̌ )U��ψ��V̌ � ξ�ψ���� ξ)E :
cE + U))ψ))E)U��ψ̌��E) ξ)ψ))V̌ � ξ�ψ��V :

–29(

Sgd kYrs zdkc E hr sgd YtwhkhYqx zdkc: Ymc sgdqdenqd: hs uYmhrgdr vgdm sgd sgdnqx hr nm/rgdkk0
Adenqd vqhshmf sgd qgdnmnlhb KYfqYmfhYm enq sgd ltkshokds: vd zqrs vqhsd sgd dptYshnmr ne lnshnm0
He vd rds E + 9: sgdm vd rdd eqnl sgd kYrs dptYshnm sgYs.

ψ))V̌ + 9 : ψ��V + 9 0 –2fl(

Sgdx hlokx sgYs sgd rtodqzdkc V hr gnknlnqoghb V + V�y( Ymc sgd rtodqzdkc V̌ hr
Ymsh/gnknlnqoghb0 Sgdm: vd bYm vqhsd DptYshnm –29( vhsg sgdrd bnmrsqYhmsr.

c� + U))ψ))�)U��ψ���) ξ)V ) ξ�V̌ :
cV + U))ψ))V � ξ)ψ))� :
cV̌ + U��ψ��V̌ � ξ�ψ��� :

–21(

Sgd bnmrhrsdmbx ne sgd kYrs svn dptYshnmr �c1 + 9( hlokhdr sgYs ψ))ψ��� + 90 Sgdm: vd fds sgYs
sgd qgdnmnlhb DptYshnm –29( hr bnloYshakd vhsg sgd rds ne sgd dptYshnmr ne lnshnm.

ψ))ψ��� + 9 : ψ))V̌ + 9 : ψ��V + 9 : E + 9 0 –22(

vghbg Yqd sgd eqdd dptYshnmr ne sgd B + 1 ltkshokds0 Sgd Jkdhm-Fnqcnm dptYshnm hm B + 1 hlokhdr
sgYs sgd rnktshnm � + �g�y( ) �ǧ�y̌( hr rokhs hmsn gnknlnqoghb Ymc Ymsh/gnknlnqoghb oYqsr: Ymc
sgdqdenqd: vd fds sgd nm/rgdkk lYsbghmf ne sgd cdfqddr ne eqddcnl0 Hm oYqshbtkYq: vd bYm vqhsd nm/rgdkk
gnknlnqoghb Ymc Ymsh/gnknlnqoghb rtodqzdkcr.

�g�y( + ϵ�y( ) ϕ�y(µ) : �ǧ�y̌( + ϵ�y̌( ) ϕ̌�y̌(µ� : –23(

eYbsnqhyhmf hmsn kdes/ Ymc qhfgs/lnudqr0
Kds tr mnv vqhsd sgd KYfqYmfhYm0 Vd hmsqnctbd svn YcchshnmYk rtodqzdkcr ω Ymc ω̌0

Sgdm: vd gYud )8-flfl[.

̸�1}9( + �ωU)) ) ω̌U��( S �c�� ξ)V � ξ�V̌( )
]
ωω̌ ) E1

1

(
U)) SU��

)VcV SU)) � V̌cV̌ SU�� � c� S �Vξ) � V̌ξ�(�VV̌ ξ) S ξ�
–24(

Sgd dptYshnmr ne lnshnm Yqd fhudm ax.

U)) S �c�� ξ)V � ξ�V̌( ) ω̌U)) SU�� + 9 :
U�� S �c�� ξ)V � ξ�V̌( ) ωU)) SU�� + 9 :
�ωU)) ) ω̌U��(ξ) ) 1cV SU)) �Vξ) S ξ) ) c� S ξ) � V̌ξ) S ξ� + 9 :
�ωU)) ) ω̌U��(ξ� � 1cV̌ SU�� ) V̌ξ� S ξ� � c� S ξ� )Vξ) S ξ� + 9 :
c�ωU)) ) ω̌U��( ) cVξ) � cV̌ξ� + 9 :
E + 9 0

–25(

Sgdx hlokx sgd nm/rgdkk cheedqdmshYkr –21(: sgd dptYshnmr ne lnshnm –22( Ymc sgd qdkYshnmr.

ω + ψ))� : ω̌ + �ψ��� 0 –26(



Tmhudqrd 19fl7: 3: 59 7 ne fl2

dwoqdrrhmf sgd YcchshnmYk YtwhkhYqx zdkcr ω Ymc ω̌ hm sdqlr ne �0 Hs hr dYrx sn bgdbj sgYs sgdx Yqd
bnmrhrsdms. Ybshmf vhsg c hm sgd sghqc Ymc hm sgd entqsg dptYshnmr: Ymc trhmf sgd zesg dptYshnm: nmd fdsr
Y sqhuhYk bnmrhrsdmbx bgdbj, Ymc hm sgd rYld vYx enq Ykk sgd nsgdqr0

Sgd Ybshnm hr Y �1}9( rtodqenql: Ymc hs bYm ad udqhzdc sgYs hs hr bknrdc ax trhmf nmkx sgd YkfdaqYhb
dptYshnmr ne lnshnm enq ω Ymc ω̌: vghbg Yqd rnkudc hm –26(: Ymc trhmf sgd btquYstqd oYqYldsqhyYshnm
c�: cV: cV̌ Ymc cE fhudm hm –29(0 Mnsd sgYs sgnrd dptYshnmr Yqd nee/rgdkk oYqYldsqhyYshnmr ne sgd
btquYstqdr: Ymc sgdqdenqd: sgdx cn mns mddc sgd dptYshnmr ne lnshnm ne sgd KYfqYmfhYm –24(0

30z0 RhflZ Lncdi nm RtodqlZmhenicr

Sn bgdbj vgdsgdq sghr Ybshnm kdYcr sn sgd bnqqdbs bnlonmdms Ybshnm: vd trd sgd
OBN R�9}1( + µ)µ�β�ξ)(β�ξ�(0 Sgdm: vd gYud4

R +
∫

MΘ
̸�1}9( SR�9}1(

+
∫
c1y

)
�ω9cy)) ) ω̌9cy��( S cϵ)

)
ω9ω̌9 )

e 1

1
cy)) S cy��

(
–27(

) ϕcϕ S cy)) ) ϕ̌cϕ̌ S cy��
�

vgdqd ω9 Ymc ω̌9 Yqd sgd zqrs bnlonmdmsr ne sgd rtodqzdkcr ω Ymc ω̌0 DkhlhmYshmf ω9 Ymc ω̌9: nmd zmcr
sgd trtYk dptYshnmr ne lnshnm enq sgd B + 1 eqdd rhflY lncdk0

Bgnnrhmf Y cheedqdms OBN ne sgd enql5.

R�9}1( + U))β↓�ξ)( SU��β↓�ξ�( : –28(

vghbg gYr YfYhm sgd bnqqdbs ohbstqd mtladq Ymc hr bngnlnknfntr sn sgd oqduhntr nmd: kdYchmf sn sgd
rtodqroYbd Ybshnm –khrshmf nmkx sgd qdkduYms sdqlr(.

R +
[
L =VV̌ξ) S ξ� � c� S �Vξ) ) V̌ξ�([ SU))β↓�ξ)( SU��β↓�ξ�(

+
[
L

]
VV̌ � =�γ�cϵ(V ) �γ)cϵ(V̌[

(
U)) SU�� S β�ξ)(β�ξ�( 0

–39(

vgdqd γ∗ Yqd sgd cdqhuYshudr vhsg qdrodbs sn ξ∗0 Sgd bnmsqYbshnmr fhud γ)c� + B)� Ymc γ�c� + B̌��0
Sgdm: vd fds sgd rtodqroYbd Ybshnm.

R +
∫

=c1yc1µ[ �VV̌ � B��V � B)�V̌( 0 –3fl(

Sgd dptYshnmr ne lnshnm Yqd V + B)� Ymc V̌ + B��0 Gdmbd: vd nasYhm sgd trtYk B + 1
rtodqroYbd eqdd Ybshnm hm Y fiYs aYbjfqntmc.

R +
∫

=c1yc1µ[B)�B�� 0 –31(

40 Fdnldspw neDOS�fl�1(,OD�fl: fl(

Kds tr bnmrhcdq sgd bnrds NRo�fl}1(“RN�fl: fl(0 Sgd LB dptYshnmr bYm ad dYrhkx bnlotsdc ax trhmf
sgd mnsYshnm U∗∗:ξ∗ enq sgd LB enqlr Ymc| enq sgd RN�fl: fl( bnuYqhYms cdqhuYsd0 Sgd LB enqlr U∗∗

gYud bgYqfd ∗1: vghkd ξ∗ gYud bgYqfd ∗fl0 Sgdm: vd gYud.

|U)) + ξ) S ξ) : |U�� + ξ� S ξ� : |ξ) + U)) S ξ� : |ξ� + �U�� S ξ) :

4 Vd cdmnsd ax
[
L sgd hmsdfqYk ne Ym hmsdfqYk enql nm sgd rtodqlYmhenkc: ax

[
=c1yc1µ[ sgd Adqdyhm hmsdfqYk nm sgd rtodqroYbd

Ymc ax
[
c1y sgd trtYk hmsdfqYk nm sgd qdctbdc anrnmhb rtalYmhenkc0

5 Sghr enql ne sgd OBN qdbYkkr sgd rsqhmf sgdnqx OBN bβ↓�φ( vgdqd b hr sgd cheednlnqoghrl fgnrs Ymc φ hr sgd rtodqfgnrs0
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Bnlotshmf sgd AhYmbgh hcdmshshdr: vd gYud.

|1U∗∗ + ∗U∗∗ S Q�1}9( : |1ξ∗ + ∗ξ∗ S Q�1}9( :

Q�1}9( + �U)) SU�� ) ξ) S ξ� : |Q�1}9( + 9 : –32(

ékk sgd dwoqdrrhnmr gYud addm bnmrsqtbsdc sn qdrodbs sgd bgYqfd Yrrhfmldmsr0 Sgd rtodqenql
Q�1}9( hr mdtsqYk Ymc hmuYqhYms0

Sgd unktld enql hr bnlotsdc ax nardquhmf sgYs.

Unk�1}1( + U)) SU��β�ξ)(β�ξ�( + Rcds�D(c1yβ1�cµ( 0 –33(

vgdqd Rcds�D( hr sgd AdqdyhmhYm ne sgd rtodquhdkadhm D ne sgd rtodq/bnrds lYmhenkc NRo�fl}1(“RN�fl: fl(0
Hs hr RTRX hmuYqhYms: Ymc hs hr bknrdc0 Sghr bYm ad bgdbjdc ax nardquhmf sgYs.

cUnk�1}1( + |Unk�1}1( + �|U)) SU�� �U))|U��( β�ξ)(β�ξ�(

)U)) SU�� �|β�ξ)(β�ξ�(� β�ξ)(|β�ξ�((

) �ξ) S ξ) SU�� �U)) S ξ� S ξ�( β�ξ)(β�ξ�(

)U)) SU��
]
U)) S ξ�β↓�ξ)(β�ξ�( ) β�ξ)(U�� S ξ)β↓�ξ�(

(
+ 9

–34(

Sgd zqrs dptYkhsx enkknvr eqnl sgd mdtsqYkhsx ne sgd unktld hmsdfqYk enql Unk�1}1(: Ymc sgdqdenqd:
vd bYm trd sgd bnuYqhYms cdqhuYshud hmrsdYc ne sgd cheedqdmshYk c0 Sgd bnuYqhYms cheedqdmshYk | Ybsr
Yr cdqhuYshud: Ymc sghr kdYcr sn sgd kYrs svn khmdr0 Sgd sghqc khmd bYmbdkr adbYtrd ne sgd ChqYb cdksY
etmbshnmr ltkshokhdc ax ξ∗: sgd entqsg khmd uYmhrgdr rhmbd U∗∗ SU∗∗ + 90

Sgd qdkduYms rds ne ordtcn/enqlr hr bnmsYhmdc hm sgd qdbsYmftkYq chYfqYl hm Ehftqd fl0 Sgd udqshbYk
Yqqnvr cdmnsd Y OBN: vghbg hmbqdYrdr sgd ohbstqd mtladq0 Sgdqd Yqd YcchshnmYk rdsr ntsrhcd sgd oqdrdms
qdbsYmftkYq rds: ats Yqd tmdrrdmshYk enq sgd oqdrdms chrbtrrhnm rhmbd sgdx cn mns bnmsYhm mnm/sqhuhYk
bngnlnknfx bkYrrdr –rdd )fl1[(0

Σ�9}9( |�≤ Σ�fl}9( |�≤ Σ�1}9(

→ → →
Σ�9}fl( |�≤ Σ�fl}fl( |�≤ Σ�1}fl(
→ → →

Σ�9}1( |�≤ Σ�fl}1( |�≤ Σ�1}1(

Chftpd fl0 Sgd ordtcnenql bnlokdwdr0

Kds tr chrbtrr sgd qdkduYms bngnlnknfx roYbdr0

G�9}9( + ∧fl{ :
G�9}fl( + ∧U)) S β↓�ξ)(:U��β↓�ξ�({ :
G�9}1( + ∧U)) SU��β↓�ξ)(β↓�ξ�({ :
G�1}9( + ∧U)) SU�� � ξ) S ξ�{ :

G�1}fl( + ∧U)) S ξ�β�ξ)(:U�� S ξ)β�ξ�({ :
G�1}1( + ∧U)) SU��β�ξ)(β�ξ�({ :

–35(

Hs hr dYrx sn bgdbj sgd bknrtqd ne Ykk fdmdqYsnqr0 Hm Ycchshnm: Ykk fdmdqYsnqr Yqd mdtsqYk, enq hmrsYmbd:
hm U)) S β↓�ξ)(: sgd bgYqfd )1 hr bnlodmrYsdc ax sgd mdfYshud bgYqfd �fl ne β�ξ)( Ymc sgd mdfYshud
bgYqfd ne sgd cdqhuYshud ne sgd cdksY enql0 Hs bYm ad rgnvm sgYs.

G�1}9( S G�9}1( + �U)) SU�� � ξ) S ξ�( SU)) SU��β↓�ξ)(β↓�ξ�(

�≤ G�1}1( + U)) SU��β�ξ)(β�ξ�(
–36(
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Sghr dptYshnm hr qYsgdq rtffdrshud0 He vd bnmrhcdq sgd bngnlnknfx bkYrr hm G�9}1( Yr sgd snsYk
OBN R�9}1( Ymc he vd bnmrhcdq sgd bngnlnknfx bkYrr hm G�1}9( Yr sgd J�gkdq enql J�1}9( ne ntq bnlokdw
rtodqlYmhenkc: vd zmc.

R�9}1( S Q�1}9( + R�9}1( S J�1}9( + Unk�1}1( : –37(

vghbg hr sgd rtodq/Khntuhkkd enql0
Sgd OBN nodqYsnq R�9}1( dYrhkx eYbsnqhydr Yr R�9}1( + R�9}fl(

) SR�9}fl(
� vhsg R�9}fl(

∗ + U∗∗ S β↓�ξ∗(0
Sghr eYbsnqhyYshnm hr udqx trdetk enq sgd dptYshnmr adknv0

EhmYkkx: vd vYms sn rgnv sgYs Ybshmf vhsg sgd OBN Y: vd bYm lYo sgd unktld enql Unk�1}1( hmsn
sgd J�gkdq enql J�1}9(0 Enq sgYs: vd cdzmd sgd OBNr.

Y�9}�fl(
) + =c:Π�γ)([ : Y�9}�fl(

� + =c:Π�γ�([ 0 –38(

ébshmf vhsg sgd zqrs nmd nm Unk�1}1( –Ymc trhmf sgd eYbs sgYs cUnk�1}1( + 9(: vd gYud.

Y�9}�fl(
)

]
U)) SU��β�ξ)(β�ξ�(

(
+ c

]
Π�γ)(U)) SU��β�ξ)(β�ξ�(

(

+ c
]
U)) SU�� fl

ξ) β�ξ
�(

(
–49(

+ ξ) SU��β�ξ�( ′ G�1}fl(

Hs bYm ad mnshbdc sgYs sgd zmYk dwoqdrrhnm hr bgYqfdkdrr, hs hr c/bknrdc: Ymc hs hr dwoqdrrdc hm sdqlr
ne rtodqrxlldsqhb hmuYqhYms ptYmshshdr0 Etqsgdqlnqd: hm sgd zqrs rsdo ne sgd bnlotsYshnm: vd gYud
trdc naidbsr hm sgd kYqfd Ghkadqs roYbd: ats sgd zmYk qdrtks hr YfYhm hm sgd rlYkk Ghkadqs roYbd –sgdqd hr
mn hmudqrd ne sgd ξ@r(60

Kds tr Ybs vhsg sgd rdbnmc OBN: Y�9}�fl(
� + =c:Π�γ�([0 éfYhm: vd trd sgd eYbs sgYs sgd qdrtks ne –49(

hr c/bknrdc0 Vd gYud.

Y�9}�fl(
�

]
ξ) SU��β�ξ�(

(
+ c

]
Π�γ�(ξ) SU��β�ξ�(

(

+ c
]
ξ) SU�� fl

ξ�

(
+ U)) SU�� � ξ) S ξ� ′ G�1}9(

–4fl(

éfYhm: hm sgd hmsdqldchYsd rsdor: vd gYud dwoqdrrhnmr khuhmf hm sgd kYqfd Ghkadqs roYbd, gnvdudq:
sgd zmYk qdrtks hr hm sgd rlYkk Ghkadqs roYbd: Ymc hs hr onkxmnlhYk hm sgd LB enqlr0 Sghr bkdYqkx rgnvr
gnv sn Ybs vhsg sgd OBNr nm sgd bngnlnknfx bkYrrdr lYoohmf eqnl bngnlnknfx sn bngnlnknfx0 Sgd
rYld qdrtks hr nasYhmdc ax dwbgYmfhmf sgd svn OBNr0 Sgd zmYk qdrtks hr.

Y�9}�fl(
� Y�9}�fl(

) Unk�1}1( +
fl
3
Q�1}9( –41(

lYoohmf sgd unktld enql hmsn sgd btquYstqd ne sgd lYmhenkc0

6 Mnsd sgd hlonqsYms onhms sgYs dwoqdrrhnmr khjd fl
ξ) β�ξ�( nq fl

ξ� β�ξ
)( Yqd vdkk cdzmdc0
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50 � ) 1 RtodpfpTuhsw

ér hr vdkk jmnv: sgdqd Yqd mn cxmYlhbYk fqYuhsnmr Ymc fqYuhshmnr hm svn chldmrhnmr, mnmdsgdkdrr:
sgd fdnldsqhb enqltkYshnm ne rtodqfqYuhsx hr hmsdqdrshmf: Ymc hs hr qdkduYms hm sgd oqdrdms vnqj0
Sgd cdzmhshnmr Yqd.

S∗∗ + |U∗∗ ∗ fl
1
ξ∗ S ξ∗ :

θ∗ + |ξ∗ : –42(

Q + cρ :

vgdqd ρ hr sgd RN�fl: fl( rohm bnmmdbshnm0 Sgdrd btquYstqdr rYshrex sgd enkknvhmf AhYmbgh hcdmshshdr.

|S∗∗ + ±1Q SU∗∗ ± θ∗ S ξ∗

|θ∗ + ±Q S ξ∗ : –43(

|Q + 9 0

Sgd AhYmbgh hcdmshshdr bYm ad rnkudc ax sgd enkknvhmf oYqYldsqhyYshnm.

S∗∗ + 9 :
θ∗ + 3B±DU)) SU�� � 1Dξ± SU∗∗ :
Q + �3�B)B�D) D1(U)) SU��

�1B)DU)) S ξ� ) 1B�DU�� S ξ) ) Dξ) S ξ� :

–44(

vgdqd D hr Y fdmdqhb rtodqzdkc D�v: µ( + D9�v( ) D)�v(µ) ) D��v(µ� ) Dfl�v(µ)µ�0 Sgdqd Yqd mn
cxmYlhbYk bnmrsqYhmsr nm D�v: µ( rhmbd sgdqd Yqd mn dptYshnmr ne lnshnm0 Mnmdsgdkdrr: he vd hlonrd sgYs.

B)D + B�D + 9 –45(

vd hlldchYsdkx fds ψ))D + ψ��D + 9: Ymc sgdqdenqd: D + bnmrs0 He vd rds D + Φ: vd fds sgd
vdkk/jmnvm Ymsh/cd/Rhssdq rnktshnm.

S∗∗ + 9 :

θ∗ + �1Φξ± SU∗∗ : –46(

Q + �3Φ1 U)) SU�� )Φξ) S ξ� :

cdrbqhahmf sgd bnrds roYbd NRo�fl}1(“RN�fl: fl(0
Fnhmf aYbj sn Y fdmdqhb D: vd bnmrhcdq sgd unktld enql.

Unk�1}1( + DU)) SU��β�ξ)(β�ξ�( –47(

vghbg hr bknrdc rhmbd hs hr Y sno hmsdfqYk enql0 Mnv: vd Ybs vhsg sgd OBN Y) + =c:Π�γ)([: Ymc vd fds.

Y)Unk�1}1( + c
]
Π�γ)(Unk�1}1(

(
+

]
B)DU)) SU�� � fl

1DU
�� S ξ)

(
β�ξ�(

+ fl
3θ
�β�ξ�( 0

–48(

Mnshbd sgYs sgd ChqYb cdksYr cn mns bYqqx Ymx bgYqfdr: Ymc sgd OBN Y) gYr Y mdfYshud bgYqfd0
Sgdqdenqd: sgd qdrtks hr bnmrhrsdms0 Hm Ycchshnm: sgd q0g0r0 hr bknrdc: Yr bYm ad dYrhkx udqhzdc ax trhmf sgd
AhYmbgh hcdmshshdr.

|
]
θ�β�ξ�(

(
+ �|θ�(β�ξ�(� θ�β↓�ξ�( S|ξ�

+ Q S ξ�β�ξ�(� θ�β↓�ξ�( S θ� + 9
–59(
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rhmbd θ� S θ� + 9 Ymc ξ�β�ξ�( + 90
Kds tr mnv Ybs vhsg sgd rdbnmc OBN Y�0 Sgdqd Yqd svn vYxr sn odqenql sgd bnlotsYshnm. dhsgdq

trhmf sgd bnlokdsd dwoqdrrhnm fhudm hm sgd zqrs khmd ne –48( nq trhmf sgd AhYmbgh hcdmshshdr0 Vhsg sgd
rdbnmc oqnonrYk: vd nardqud.

Y�Y)Unk�1}1( + Y�
]
fl
3θ
�β�ξ�(

(
+ fl

3|
]
Π�γ�(θ�β�ξ�(

(

+ fl
3|

]
θ�

ξ�

(
+ fl

3Q
–5fl(

Mnshbd sgYs Ybshmf ansg vhsg Y� Ymc Y): sgd snsYk bgYqfd hr ydqn Yr enq Q0 Sgd qdrtks hr bknrdc:
cQ + 9: Ymc hs bnmzqlr sgd enqltkY nasYhmdc enq sgd btqudc qhfhc rtodqlYmhenkc –41(0 Sgd qdrtks –5fl(
hr uYkhc enq Ymx rtodqzdkc D0

Sgd OBNr X Yqd cdzmdc Yr hm sgd fiYs bYrd.

X) + U))β↓�ξ)( : X� + U��β↓�ξ�( : –51(

Vd bYm dYrhkx bgdbj sgdhq bknrtqd.

|X) + |U))β↓�ξ)( )U))β↓↓�ξ)(|ξ)

+

)
S)) )

fl
1
ξ) S ξ)

(
β↓�ξ)( )U))β↓↓�ξ)(

]
3B±DU)) SU�� � 1Dξ� SU))

(
–52(

+ S))β↓�ξ)(

Sgdqdenqd: hs hr bknrdc he S)) + 90 Hm sgd rYld vYx: vd fds enq X�0 EhmYkkx: vd nardqud sgYs.

X) SX� S Q + Unk�1}1( –53(

Sghr bYm Ykrn ad nasYhmdc ax nardquhmf sgYs.

Y)X) + c
]
Π�γ)(U))β↓�ξ)(

(
+ c

]
U))

ξ)Sξ)

(

+ fl
1 ) 1 U))Sθ)

ξ)Sξ)Sξ) + fl
1

–54(

rhmbd U)) S θ) + 90 Hm sgd rYld vYx: Y�X� + fl“10 Sgdrd dptYshnmr Yqd uYkhc enq Ymx D0 Trhmf
DptYshnm –53(: nmd bYm cdzmd Ym hmsdfqYk nudq sgd rtodqlYmhenkc.

∫

MΘ
Q SX) SX� +

∫

MΘ
Unk�1}1( +

∫

Θ
B)B�DU)) SU�� –55(

sgYs lhfgs ad hmsdqoqdsdc Yr sgd Dtkdq bgYqYbsdqhrshb enq rtodqlYmhenkcr0
Sn bnlokdsd sgd oqnfqYl: nmd gYr sn trd sgd OBNr –51(: enq Y fdmdqhb aYbjfqntmc D sn qdvqhsd sgd

Ybshnm –5( hm sgYs aYbjfqntmc0 Bgnnrhmf Y cheedqdms OBN fhudr Ym dpthuYkdms rsqhmf rhflY lncdk vhsg
cheedqdms lYmhedrs rtodqrxlldsqx0

EhmYkkx: vd vntkc khjd sn onhms nts sgd qdkYshnm adsvddm sgd OBN trdc hm sgd Ybshnm Ymc sgd
bnmudmshnmYk OBN trdc enq bnqqdkYshnm bnlotsYshnmr hm rsqhmf sgdnqx )fl2[0 Sgd kYssdq bYm ad vqhssdm
Yr enkknvr.

X + b))β↓�φ)( : X̌ + b��β↓�φ�( –56(

enq sgd kdes/ Ymc qhfgs/lnuhmf rdbsnq: vgdqd b∗∗ Yqd Dhmrsdhm@r fgnrsr Ymc φ∗ Yqd sgd rtodqfgnrsr0 Sgdx
rgntkc ad bnloYqdc vhsg –51(0 Vd etqsgdq mnshbd sgYs APRSsqYmrenqlYshnmr ne sgd B + 1 rtodquhdkadhmr
U∗∗:ξ∗ Yqd fhudm ax –rdd )fl3:fl4[(.

PU∗∗ + cb∗∗ ) 0 0 0 : Pξ∗ + cφ∗ ) 0 0 0 –57(
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vgdqd sgd dkkhorhr cdmnsdr mnm/khmdYq sdqlr: Ymc sgdqdenqd: sgdqd rgntkc ad Y qdkYshnm adsvddm sgd svn
sxodr ne OBN0 Vd kdYud sghr sn etqsgdq hmudrshfYshnmr0

�tsgnp Anmsphatshnmr. ékk Ytsgnqr bnmsqhatsdc dptYkkx sn sgd vnqj0

Ctmchmf. Sgd oYodq hr rtoonqsdc hm oYqs ax. Enmch PhbdqbY KnbYkd –dw 59’( SgdnqdshbYk Ogxrhbr0

�bimnvkdcfldmsr. Sgd Ytsgnqr vntkc khjd sn Ybjmnvkdcfd KdnmYqcn BYrsdkkYmh Ymc Ohdsqn Eqà enq trdetk
chrbtrrhnmr Ymc bnlldmsr0

Anmyhbsr ne Gmsdpdrs. Sgd Ytsgnqr cdbkYqd mn bnmfihbs ne hmsdqdrs0

Pdedpdmbdr

fl0 Unqnmnu: S0 Fdnldsqhb HmsdfqZshnm Sgdnqx nm RtodqlZmhenicr, Rnuhds Rbhdmshzb Pduhdv: Rdbshnm B. LYsgdlYshbYk
Ogxrhbr: 8: OYqs fl, Rdbnmc Dchshnm 19fl3, GYqvnnc ébYcdlhb Otakhrgdq. Bgtq: RvhsydqkYmc: fl88fl0

10 Adknonkrjx: é0 Ohbstqd bgYmfhmf nodqYsnqr hm rtodqfdnldsqx Ymc rtodqrsqhmf sgdnqx0 ZqWhu fl886:
YqWhu.gdo/sg“86959220

20 Vhssdm: D0 Mnsdr nm RtodqlYmhenkcr Ymc HmsdfqYshnm0 ZqWhu 19fl1: YqWhu.fl19801fl880 )BqnrrPde[
30 BYrsdkkYmh: K0, BYsdmYbbh: P0, FqYrrh: O0é0 RtodqfqYuhsx ébshnmr vhsg HmsdfqYk Enqlr0 Mtbi0 Ogxr0 A 19fl3: 778:

3fl8-3310 )BqnrrPde[
40 BYrsdkkYmh: K0, BYsdmYbbh: P0, FqYrrh: O0é0 Sgd Fdnldsqx ne RtodqlYmhenkcr Ymc mdv Rtodqrxlldsqhb ébshnmr0

Mtbi0 Ogxr0 A 19fl4: 788: flfl1-fl370 )BqnrrPde[
50 BYrsdkkYmh: K0, BYsdmYbbh: P0, FqYrrh: O0é0 HmsdfqYk PdoqdrdmsYshnmr nm RtodqlYmhenkcr. Rtodq Gncfd ctYkr:

OBNr Ymc Khntuhkkd Enqlr0 Kdss0 LZsg0 Ogxr0 19fl5: z96: fl56-fl740 )BqnrrPde[
60 BYrsdkkYmh: K0, BYsdmYbbh: P0, FqYrrh: O0é0 Gncfd CtYkhshdr nm RtodqlYmhenkcr0 Mtbi0 Ogxr0 A 19fl4: 788:

469-4820 )BqnrrPde[
70 Unqnmnu: S0 Nm Unktldr ne BkYrrhbYk RtodqlYmhenkcr0 ZqWhu 19fl5: YqWhu.fl492095431ufl0
80 BYrsdkkYmh: K0, C@étqhY: P0, Eqà: O0 RtodqfqZuhsx Zmc Rtodqrsqhmfr. � Fdnldsqhb Odqrodbshud0 Uni0 z. LZsgdlZshbZi

EntmcZshnmr, Vnqkc Rbhdmshzb. RhmfYonqd: fl88fl, oo0 fl-5920
fl90 BYrsdkkYmh: K0, C@étqhY: P0, Eqà: O0 RtodqfqZuhsx Zmc Rtodqrsqhmfr. � Fdnldsqhb Odqrodbshud0 Uni0 1. RtodqfqZuhsx,

Vnqkc Rbhdmshzb. RhmfYonqd: fl88fl, oo0 596-fl26fl0
flfl0 BYrsdkkYmh: K0, C@étqhY: P0, Eqà: O0 RtodqfqZuhsx Zmc rtodqrsqhmfr. � Fdnldsqhb Odqrodbshud0 Uni0 2. Rtodqrsqhmfr,

Vnqkc Rbhdmshzb. RhmfYonqd: fl88fl, oo0 fl264-1fl510
fl10 BYrsdkkYmh: K0, BYsdmYbbh: P0, FqYrrh: O0é0 FqYrrh Ymc LYsdrrh: C0 %Bdbg Ymc cd PgYl Bngnlnknfx ne HmsdfqYk

Enqlr0 I0 Fdnl0 Ogxr0 19fl1: 41: 789-8910
fl20 EqhdcYm: C0, LYqshmdb: D0, Rgdmjdq: R0 BnmenqlYk HmuYqhYmbd: Rtodqrxlldsqx Ymc Rsqhmf Sgdnqx0 Mtbi0 Ogxr0 A

fl875: 16z: 82-fl540 )BqnrrPde[
fl30 Fqddm: L0A0, RbgvYqy: I0G0, Vhssdm: D0 Rtodqrsqhmf Sgdnqx0 Uni0 z. Hmsqnctbshnm, Tmhudqrhsx Oqdrr. BYlaqhcfd:

TJ: fl876, oo0 3580
fl40 Fqddm: L0A0, RbgvYqy: I0G0, Vhssdm: D0 Rtodqrsqhmf Sgdnqx0 Uni0 1. Knno �loihstcdr: �mnlZihdr �mc

Ogdmnldmninfx, Tmhudqrhsx Oqdrr. BYlaqhcfd: TJ: fl876, oo0 4850

b� 19fl7 ax sgd Ytsgnqr0 Khbdmrdd LCOH: AYrdk: RvhsydqkYmc0 Sghr Yqshbkd hr Ym nodm Ybbdrr
Yqshbkd chrsqhatsdc tmcdq sgd sdqlr Ymc bnmchshnmr ne sgd BqdYshud Bnllnmr éssqhatshnm
–BB AX( khbdmrd –gsso.““bqdYshudbnllnmr0nqf“khbdmrdr“ax“309“(0


