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:arspXbs0 Vd hmsqnctbd ] mdv rds ne rxlldsqhdr nadxdc ax sqdd,kdudk f]tfd,sgdnqx ]l,

okhstcdr hmunkuhmf ]s kd]rs nmd fktnm- Sgd rxlldsqx ]bsr ]r ] lnldmstl,cdodmcdms rghes

nm sgd bnknq e]bsnqr ne sgd ]lokhstcd- Trhmf sgd q]ch]shnm udqsdw dwo]mrhnm+ vd oqnud

sgd hmu]qh]mbd tmcdq sghr bnknq,e]bsnq rghes ne sgd m,fktnm ]lokhstcd+ ]r vdkk ]r ]lokh,

stcdr hmunkuhmf l]rrkdrr nq l]rrhud o]qshbkdr hm ]m ]qahsq]qx qdoqdrdms]shnm ne sgd f]tfd

fqnto vhsg rohm ydqn+ nmd,g]ke+ nq nmd- Sgd Adqm,B]qq]rbn,Ing]mrrnm qdk]shnmr ]qd ] chqdbs

bnmrdptdmbd ne sghr rxlldsqx-

Vd ]krn hmsqnctbd sgd btahb udqsdw dwo]mrhnm ne ]m ]lokhstcd+ ]mc trd hs sn cdqhud ]

fdmdq]khydc,f]tfd,hmu]qh]ms bnmrsq]hms nm sgd jhmdl]shb mtldq]snqr ne sgd ]lokhstcd- Vd

rgnv sg]s sgd ]lokhstcdr ne sgd ah,]cinhms rb]k]q sgdnqx ]qd hmu]qh]ms tmcdq sgd bnknq,e]bsnq

rxlldsqx+ ]mc trd sghr sn cdqhud sgd mtkk dhfdmudbsnqr ne sgd oqno]f]snq l]sqhw-

Vd fdmdq]khyd sgd bnknq,e]bsnq rghes sn knno kdudk+ ]mc oqnud sgd hmu]qh]mbd tmcdq sghr

rghes ne nmd,knno m,fktnm ]lokhstcdr hm ]mx sgdnqx sg]s ]clhsr ] bnknq,jhmdl]shb,ct]k

qdoqdrdms]shnm ne mtldq]snqr- Vd rgnv sg]s sgd nmd,knno bnknq,e]bsnq rxlldsqx hlokhdr
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9 Dhud)fktnm Vlokhstcdr 37

0 Fmsqnctashnm

Hm 1//7+ Adqm+ B]qq]rbn+ ]mc Ing]mrrnm chrbnudqdc ] mnudk rds ne khmd]q qdk]shnmr r]shrffdc

ax sqdd,kdudk bnknq,nqcdqdc ]lokhstcdr hm f]tfd sgdnqhdr Z0“- Sgdx ]qqhudc ]s sgdrd qdk]shnmr

ax vqhshmf sgd sqdd,kdudk m,fktnm ]lokhstcd ]r ] rtl nudq ’1m � 4(¯¯ ch]fq]lr ]rrdlakdc
eqnl btahb udqshbdr

Ak ;
⋃

d

bd md
cd

’0-0(

vgdqd sgd bnknq e]bsnq bd ]rrnbh]sdc vhsg sgd ch]fq]l hr bnlonrdc ne fqnto sgdnqx rsqtb,

stqd bnmrs]msr e�ab+ sgd cdmnlhm]snq cd bnmrhrsr ne sgd oqnctbs ne sgd hmudqrd oqno]f],

snqr ]rrnbh]sdc vhsg sgd ch]fq]l+ ]mc sgd jhmdl]shb mtldq]snq md cdodmcr nm sgd ln,

ldms] ]mc onk]qhy]shnmr ne sgd fktnmr- =kk bnmsqhatshnmr eqnl ch]fq]lr vhsg pt]qshb

udqshbdr ]qd qdchrsqhatsdc ]lnmf sgd btahb ch]fq]lr- Ax uhqstd ne sgd I]bnah hcdmshsx

e�adebcd ) e�bdecad ) e�cdeabd ; / r]shrffdc ax sgd rsqtbstqd bnmrs]msr+ sgd bnknq e]bsnqr bd
nadx ] rds ne I]bnah qdk]shnmr ne sgd enql

bd ) bi ) bj ; / . ’0-1(

Adb]trd ne sgdrd khmd]q cdodmcdmbdr+ sgd jhmdl]shb mtldq]snqr md ]qd mns tmhptdkx cdffmdc+

ats b]m tmcdqfn fdmdqZkhydc fZtfd sqZmrenqlZshnmr md → md ) δmd vghbg kd]ud dp- ’0-0(

tmbg]mfdc Z1+ 2“- Sgd ]tsgnqr ne qde- Z0“ bnmidbstqdc sg]s sgdqd dwhrsr ] fdmdq]khydc f]tfd

hm vghbg sgd jhmdl]shb mtldq]snqr r]shrex sgd r]ld ]kfdaq]hb qdk]shnmr ]r sgd bnknq e]bsnqr:

hm o]qshbtk]q+ sgdx b]m ad l]cd sn r]shrex jhmdl]shb I]bnah qdk]shnmr

md ) mi ) mj ; / . ’0-2(

Eqnl sghr ]rrtloshnm ne bnknq,jhmdlZshb ctZkhsx+ sgdx cdlnmrsq]sdc sgd dwhrsdmbd ne mdv

qdk]shnmr ’rtardptdmskx jmnvm ]r ABI qdk]shnmr( r]shrffdc ax sgd bnknq,nqcdqdc ]lokhstcdr

A’0. · · · . m(- Sgdrd qdk]shnmr b]m ad cdqhudc eqnl sgd etmcZldmsZk ABI qdkZshnm ’]mc

odqlts]shnmr sgdqdne( Z3z5“

k⋃

a92

}
a�0⋃

b90

i1 · ib

(

A’0. 2. · · · . a� 0. 1. a. · · · . m( ; / ’0-3(

vgdqd iV ]qd sgd ’ntsfnhmf( lnldms] ne sgd fktnmr- Adrhcdr bnknq,jhmdl]shb ct]khsx+ sgdrd

qdk]shnmr qdkx nm sgd oqnodqshdr ne sgd oqno]f]snq l]sqhw Z6“+ bnmrsqtbsdc eqnl sgd hmudqrd

cdmnlhm]snqr 0,cd ’rdd rdbshnm 7 enq ] oqdbhrd cdffmhshnm(- Rodbhffb]kkx+ ]r ] bnmrdptdmbd ne

lnldmstl bnmrdqu]shnm+ sghr ’m�1(¯· ’m�1(¯ l]sqhw g]r q]mj ’m�2(¯+ ]mc bnmrdptdmskx
onrrdrrdr ] rds ne ’m� 2(’m� 2(¯ dhfdmudbsnqr vhsg dhfdmu]ktd ydqn-

Sgd ABI qdk]shnmr ’0-3( vdqd rtardptdmskx oqnudm trhmf rsqhmf,sgdnqx sdbgmhptdr Z3+ 7“

]mc ABEV nm,rgdkk qdbtqrhnm Z4+ 8“+ oqnuhchmf duhcdmbd enq sgd bnmidbstqd ne sqdd,kdudk
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bnknq,jhmdl]shb ct]khsx- Adqm ds ]k- bnmidbstqdc sg]s bnknq,jhmdl]shb ct]khsx ]krn ]ookhdr

sn sgd hmsdfq]mcr ne knno,kdudk ]lokhstcdr Z0+ 1“: vghkd mns oqnudm+ sghr bnmidbstqd g]r addm

sdrsdc enq A ; 3 rtodqrxlldsqhb X]mf,Lhkkr sgdnqx sgqntfg entq knnor Z0/z07“+ ]mc enq

otqd X]mf,Lhkkr sgdnqx sgqntfg svn knnor Z08+ 1/“- =mnsgdq dwbhshmf ]rodbs ne sgd rsnqx

hr sg]s f]tfd,sgdnqx jhmdl]shb mtldq]snqr nadxhmf bnknq,jhmdl]shb ct]khsx b]m ad trdc sn

bnmrsqtbs fq]uhs]shnm]k ]lokhstcdr uh] sgd cntakd bnox oqnbdctqd Z0z2“- = qdbdms qduhdv

ne ]kk ne sgdrd cdudknoldmsr l]x ad entmc hm qde- Z10“-

Cdrohsd sgd e]bs sg]s sgd ABI qdk]shnmr enq m,fktnm ]lokhstcdr g]ud addm cdffmhshudkx

drs]akhrgdc+ hmsdqdrs hm sqdd,kdudk jhmdl]shb mtldq]snqr bnmshmtdr+ mns kd]rs adb]trd sgd

mtldq]snqr sg]s ]qd m]stq]kkx fdmdq]sdc ax Edxml]m qtkdr0 fdmdq]kkx cn mns nadx sgd

qdk]shnmr ’0-2( dwbdos hm sgd b]rd ne entq,onhms ]lokhstcdr Z12+ 13“- L]mx ]ooqn]bgdr g]ud

addm cdudknodc sn nas]hm jhmdl]shb mtldq]snqr sg]s nadx bnknq,jhmdl]shb ct]khsx chqdbskx

eqnl ] K]fq]mfh]m ]ooqn]bg Z2+ 14z23“-

Hm sghr o]odq+ vd hmsqnctbd ] mdv rds ne rxlldsqhdr nadxdc ax sqdd,kdudk f]tfd,sgdnqx

]lokhstcdr+ ]rrnbh]sdc vhsg d]bg dwsdqm]k fktnm hm sgd ]lokhstcd-1 Sgdrd rxlldsqhdr ]bs

nm sgd bnknq e]bsnqr bd ne sgd ]lokhstcd+ rgheshmf sgdl ax lnldmstl,cdodmcdms pt]mshshdr-

Rhmbd bnknq e]bsnqr cn mns b]qqx ]mx lnldmstl cdodmcdmbd+ sghr hr ] otqdkx enql]k no,

dq]shnm: vd oqnud+ gnvdudq+ sg]s sgd sqdd,kdudk m,fktnm ]lokhstcd hr hmu]qh]ms tmcdq sgdrd

rghesr ax vqhshmf hs hm ]m ]ksdqm]shud enql jmnvm ]r sgd qZchZshnm udqsdw dwoZmrhnm Z24“-

Vd sgdm rgnv sg]s sgd ABI qdk]shnmr ’0-3( enkknv ]r ]m hlldch]sd bnmrdptdmbd ne

sgd bnknq,e]bsnq rxlldsqx ne sgd m,fktnm ]lokhstcd- =ksgntfg ABI qdk]shnmr g]ud addm

oqduhntrkx drs]akhrgdc+ ntq qdrtksr qdud]k ] lnqd chqdbs bnmmdbshnm sn sgd rxlldsqhdr ne sgd

K]fq]mfh]m enqltk]shnm ne f]tfd sgdnqx ]mc hsr Edxml]m qtkdr ’h-d-+ f]tfd ]mc Onhmb]qd́

hmu]qh]mbd( ]mc oqnuhcd ] a]rhr enq fdmdq]khy]shnmr-

Kds tr cdrbqhad sghr rxlldsqx hm ] ahs lnqd cds]hk+ qdrdquhmf ] etkk cdrbqhoshnm enq

rdbshnm 1- Fhudm ] sqdd,kdudk m,fktnm bnknq e]bsnq bd+ sgd bgnhbd ne nmd ne sgd dwsdqm]k fktnm

kdfr a chuhcdr sgd ch]fq]l hm svn ]s hsr onhms ne ]ss]bgldms- Kds QV.d cdmnsd sgd rtards ne

sgd qdl]hmhmf kdfr nm nmd rhcd ne sghr onhms: hs cndr mns l]ssdq vghbg rhcd vd bgnnrd- Sgd

rghes ne sgd bnknq e]bsnq bd ]rrnbh]sdc vhsg fktnm a ltrs r]shrex

δVbd ∝
⋃

b′RIνb

iV · ib . ’0-4(

Bgnnrhmf sn rtl nudq sgd bnlokdldms ne QV.d fhudr sgd r]ld qdrtks ’to sn rhfm( ctd sn

lnldmstl bnmrdqu]shnm- Sgd bnmrs]msr ne oqnonqshnm]khsx hm dp- ’0-4( ]qd sgdm bnmrsq]hmdc

ax qdpthqhmf sg]s sgd rghesdc bnknq e]bsnqr qdrodbs ]kk sgd I]bnah qdk]shnmr r]shrffdc ax bd enq

]mx u]ktdr ne sgd lnldms]-

Bnmrhcdq sgd b]rd vgdqd a hr nmd ne sgd kdfr hmunkudc hm sgd I]bnah hcdmshsx ’rdd fff,

tqd 0(- Hl]fhmd sg]s d]bg ne sgd sgqdd fq]ogr hm ffftqd 0 hr dladccdc hm ] k]qfdq sqdd

ch]fq]l+ sgd r]ld enq d]bg- Cdmnsd sgd bnknq e]bsnqr ]rrnbh]sdc vhsg d]bg ch]fq]l ax

b�n(+ vgdqd q ; 0. 1. 2- Enq dw]lokd+ sgd bnknq e]bsnq b�0( enq sgd ffftqd nm sgd kdes bnms]hmr

0Rsqhmf sgdnqx b]m fdmdq]sd mtldq]snqr sg]s qdrodbs bnknq,jhmdl]shb ct]khsx W11[-
1Enq ah,]cinhms rb]k]q sgdnqhdr+ sgdqd hr ] rxlldsqx enq d]bg dwsdqm]k l]rrkdrr ]cinhms rb]k]q hm sgd

]lokhstcd-
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Dhftqd 0- =ss]bghmf ] fktnm sn sgd kdfr ne ] btahb udqsdw- Sgdrd enql o]qsr ne sgd bnknq e]bsnqr

b�0(+ b�1(+ ]mc b�2(+ qdrodbshudkx-

· · · e�0�Iaea�1a2 · · · + vgdqd sgd k]adkr nm e�ab enkknv sgd ch]fq]l hm bknbjvhrd nqcdq- Ekhoohmf
a sn sgd nsgdq rhcd ne ] kdf bg]mfdr sgd rhfm ne sgd bnknq e]bsnq ctd sn sgd ]mshrxlldsqx ne

e�ab- =r ] qdrtks ne sgd I]bnah hcdmshsx+ sgd bnknq e]bsnqr nadx
2

n90 b�n( ; /- Ax dp- ’0-4(+

sgd rghesr ne sgdrd bnknq e]bsnqr ]qd

δVb�n( ; ��n( iV ·J�n( ’0-5(

vgdqd J�n( hr sgd lnldmstl finvhmf nts ne d]bg kdf- Qdpthqhmf
2

n90 δVb�n( ; / hlokhdr

sg]s ��n( hr hmcdodmcdms ne q+ ]r ] qdrtks ne lnldmstl bnmrdqu]shnm ]mc l]rrkdrrmdrr ne

sgd fktnm- = lnqd cds]hkdc cdrbqhoshnm ne sgd bnknq,e]bsnq rghesr hr fhudm hm rdbshnm 1-

Sgd rxlldsqx vd g]ud hmsqnctbdc g]r qnnsr hm sgd q]ch]shnm rxlldsqx Z25“ sg]s tmcdq,

khdr sgd fdmdq]k q]ch]shnm ydqn sgdnqdl Z24+ 26+ 27“- Hm sgdnqhdr vhsg knb]k f]tfd bntokhmfr

]mc rohmr ≤ 0+ ]kk rhmfkd,ognsnm sqdd ]lokhstcdr u]mhrg he sgd q]shnr Pb,iV ·ib ]qd ]kk dpt]k+2

vgdqd iV hr sgd ognsnm lnldmstl+ ]mc b k]adkr dwsdqm]k o]qshbkdr vhsg lnldmstl ib ]mc

bg]qfd Pb- Sgdrd rohm,hmcdodmcdms ydqnr g]ud rohm,cdodmcdms bntmsdqo]qsr vgdqd Pb ]qd

qdok]bdc ax mtldq]snqr Ib+ bknrdkx qdk]sdc sn sgd jhmdl]shb mtldq]snqr md hm dp- ’0-0(-

Sgd tmcdqkxhmf q]ch]shnm rxlldsqx qdedqr sn hmu]qh]mbd tmcdq Pb → Pb ) �iV · ib ]r vdkk
]r Ib → Ib ) βiV · ib enq ]qahsq]qx � ]mc β- Sgd dwsdmrhnm sn mnm]adkh]m [bg]qfdr! g]r

]krn addm bnmrhcdqdc ]mc sgd cds]hkr adghmc ] mnm]adkh]m q]ch]shnm udqsdw dwo]mrhnm chr,

btrrdc Z24+ 25“- Sgd fdmdq]k bnknq,e]bsnq rxlldsqx hmsqnctbdc gdqd+ gnvdudq+ hmbnqonq]sdr

bqtbh]k mnm]adkh]m bnmrsq]hmsr ’I]bnah qdk]shnmr( nm �+ vghbg kd]c sn ] bnlokdsd rds ne ABI

qdk]shnmr+ ]mc g]ud mns gdqdsnenqd addm cdudknodc- Mdudqsgdkdrr+ rhmbd sgd bnknq,e]bsnq rxl,

ldsqx qdkhdr nm sgd oqdrdmbd ne l]rrkdrr f]tfd anrnmr+ vd l]x qdf]qc hs ]r ] fdmdq]khydc

q]ch]shnm rxlldsqx-

Vd ]krn hmsqnctbd hm sghr o]odq sgd btahb udqsdw dwoZmrhnm ne ]m m,onhms ]lokhstcd Ak

vhsg qdrodbs sn nmd ne sgd fktnmr a- Bnmrhcdq sgd rds ne btahb ch]fq]lr D sg]s bnmsqhatsd

sn sgd ’m� 0(,onhms ]lokhstcd ne ]kk sgd o]qshbkdr hm Ak dwbdos enq fktnm a- Vd rgnv sg]s+

enq ]mx a+ sgd ]lokhstcd Ak b]m ad vqhssdm ]r ] sqhokd rtl nudq sgd kdfr q ne sgd udqshbdr

u ne sgd btahb ch]fq]lr D9

Ak ;
⋃

D

⋃

u

0
∑2
r90 c�V.D.u.r(

2⋃

n90

b�V.D.u.n(m�V.D.u.n(

1iV ·J�V.D.u.n(
. ’0-6(

Gdqd c�V.D.u.n( hr sgd oqnctbs ne hmudqrd oqno]f]snqr sg]s aq]mbg nΣ eqnl kdf q ne udqsdw

u ne ch]fq]l D+ b�V.D.u.n( hr sgd bnknq e]bsnq ne sgd m,onhms ch]fq]l nas]hmdc ax ]ss]bghmf

2= tmhudqr]k q]shn hr qdrsqhbshud ]mc edv ognsnm ]lokhstcdr g]ud ydqnr hm sgd ogxrhb]k og]rd ro]bd-
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fktnm a sn kdf q ne udqsdw u ne ch]fq]l D ’dw]bskx ]r hm ffftqd 0(+ ]mc m�V.D.u.n( hr sgd

]rrnbh]sdc m,onhms jhmdl]shb mtldq]snq- Sgd rghes ne b�V.D.u.n( ]rrnbh]sdc vhsg fktnm a hr

δV b�V.D.u.n( ; ��V.D.u( iV ·J�V.D.u.n(+ vgdqd+ ]r dwok]hmdc ]anud+ ��V.D.u( hr hmcdodmcdms ne q-

Rhmbd sgd ]ksdqm]shud q]ch]shnm udqsdw dwo]mrhnm rgnvr sg]s sgd ]lokhstcd Ak hr hmu]qh]ms

tmcdq sgd bnknq,e]bsnq rghes+ vd l]x bnmbktcd eqnl sgd btahb udqsdw dwo]mrhnm ne Ak sg]s

⋃

D

⋃

u

��V.D.u(∑2
r90 c�V.D.u.r(

2⋃

n90

m�V.D.u.n( ; / . ’0-7(

Mnsd sg]s sghr bnmrsq]hms nm sgd jhmdl]shb mtldq]snqr+ kdrr rsqhmfdms sg]m sgd jhmdl]shb

I]bnah qdk]shnmr ’vghbg rs]sd sg]s
2

n90 m�V.D.u.n( ; / enq d]bg udqsdw(+ hr mnmdsgdkdrr rte,

ffbhdms sn hlokx sgd ABI qdk]shnmr ’0-3(- Lnqdnudq+ tmkhjd sgd jhmdl]shb I]bnah qdk]shnmr+

sgd bnmchshnm ’0-7( hr hmu]qh]ms tmcdq fdmdq]khydc f]tfd sq]mrenql]shnmr- = bnmrsq]hms ne

oqdbhrdkx sgd enql ’0-7( v]r cdqhudc hm qder- Z28+ 3/“ enq sgd ffud,fktnm ]lokhstcd trhmf sgd

lnmncqnlx oqnodqshdr ne rsqhmf sgdnqx ]lokhstcdr-

Vd rgnv hm sghr o]odq sg]s lnqd fdmdq]k f]tfd,sgdnqx ]lokhstcdr+ vhsg ansg fktnmr

]mc l]rrkdrr nq l]rrhud o]qshbkdr hm ]m ]qahsq]qx qdoqdrdms]shnm ne sgd f]tfd fqnto ]mc

vhsg ]qahsq]qx rohm ≤ 0+ ]qd ]krn hmu]qh]ms tmcdq sgd bnknq,e]bsnq rxlldsqx- Bnmrdptdmskx+
sgd jhmdl]shb mtldq]snqr ne sgdrd ]lokhstcdr nadx ] bnmrsq]hms ]m]knfntr sn dp- ’0-7(-

Vd etqsgdq rgnv sg]s bnknq,e]bsnq rxlldsqx hlokhdr ABI qdk]shnmr enq sgd bnknq,nqcdqdc

]lokhstcdr ne ] bk]rr ne m,onhms ]lokhstcdr hmunkuhmf m�1 fktnmr ]mc ] o]hq ne o]qshbkdr hm
]m ]qahsq]qx qdoqdrdms]shnm ne sgd f]tfd fqnto ]mc ]qahsq]qx rohm+ ]r oqduhntrkx bnmidbstqdc

hm qder- Z30+ 31“-

ABI qdk]shnmr enq sgd oqhlhshud ]lokhstcdr ne ] lnqd fdmdq]k bk]rr ne ]lokhstcdr bnm,

s]hmhmf fktnmr ]mc ]m ]qahsq]qx mtladq ne o]hqr ne chΣdqdmskx fi]unqdc etmc]ldms]kr ’a]rdc

nm ] oqnodq cdbnlonrhshnm cdudknodc ax Ldkh] Z32z34“ ]mc Ing]mrrnm ]mc Nbghqnu Z31“(

vdqd bnmidbstqdc ax Ing]mrrnm ]mc Nbghqnu Z31“+ ]mc rtardptdmskx oqnudm trhmf ABEV

nm,rgdkk qdbtqrhnm ax cd k] Bqty+ Jmhrr+ ]mc Vdhmyhdqk Z35“- Hm ] rdptdk sn sghr o]odq Z36“+

vd oqnud sg]s sgdrd ABI qdk]shnmr ]krn enkknv ]r ] chqdbs bnmrdptdmbd ne sgd bnknq,e]bsnq

rxlldsqx-

Sgd ]lokhstcdr ne sgd sgdnqx ne l]rrkdrr ah,]cinhms rb]k]qr vhsg btahb hmsdq]bshnmr Z37“

]krn dwghahs hmu]qh]mbd tmcdq bnknq,e]bsnq rxlldsqx+ ]r vd rgnv trhmf sgd btahb udqsdw dw,

o]mrhnm- Hm sghr b]rd+ sgd bnknq,e]bsnq rghesr ]qd ]rrnbh]sdc vhsg d]bg l]rrkdrr ]cinhms rb]k]q

hm sgd ]lokhstcd- =r ] bnmrdptdmbd+ vd cdlnmrsq]sd sgd qdctbdc q]mj ne sgd oqno]f]snq

l]sqhw enq sgd m,fktnm f]tfd,sgdnqx ]lokhstcd ax cdqhuhmf sgd rds ne hsr mtkk dhfdmudbsnqr-

Ehm]kkx+ vd fdmdq]khyd sgd btahb udqsdw dwo]mrhnm ]mc bnknq,e]bsnq rxlldsqx sn knno,

kdudk ]lokhstcdr bnms]hmhmf ]s kd]rs nmd dwsdqm]k fktnm- Vd dwghahs ]m hmcdodmcdms rds ne

rghesr sg]s ]bs nm sgd bnknq e]bsnqr ne nmd,knno m,fktnm ]lokhstcdr ]mc vghbg cdodmc nm

sgd knno lnldmstl ]r vdkk ]r dwsdqm]k lnldms]- Sgdrd nmd,knno ]lokhstcdr ]qd hmu]qh]ms

tmcdq bnknq,e]bsnq rghesr hm sgdnqhdr sg]s ]clhs ] bnknq,jhmdl]shb,ct]k qdoqdrdms]shnm ne

mtldq]snqr- Sgd bnknq,e]bsnq rxlldsqx ]krn hlokhdr bdqs]hm qdk]shnmr ]lnmf sgd hmsdfq]mcr

ne nmd,knno bnknq,nqcdqdc ]lokhstcdr sg]s vdqd oqduhntrkx tmbnudqdc hm qder- Z38z40“-

Sgd bnmsdmsr ne sghr o]odq ]qd ]r enkknvr- Hm rdbshnm 1 vd cdffmd sgd bnknq,e]bsnq rghes enq

sgd m,fktnm ]lokhstcd ]mc cdqhud sgd ABI qdk]shnmr ]r ] bnmrdptdmbd ne sgd hmu]qh]mbd ne
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sgd ]lokhstcd tmcdq sghr rghes- Vd ]krn hmsqnctbd sgd btahb udqsdw dwo]mrhnm+ ]mc trd hs sn

cdqhud ] fdmdq]khydc,f]tfd,hmu]qh]ms bnmrsq]hms nm sgd jhmdl]shb mtldq]snqr ne sgd m,fktnm

]lokhstcd- Vd hmsqnctbd ]m ]m]knfntr rds ne rghesr ne sgd jhmdl]shb mtldq]snqr+ ]mc rgnv

sg]s sgdx bnqqdronmc sn ] fdmdq]khydc f]tfd sq]mrenql]shnm- Hm rdbshnm 2+ vd oqnud sgd

hmu]qh]mbd ne sgd entq,fktnm ]lokhstcd tmcdq sgd bnknq,e]bsnq rxlldsqx+ ]mc hm rdbshnm 3+ vd

dwsdmc sghr sn sgd m,fktnm ]lokhstcd ax trhmf sgd q]ch]shnm udqsdw dwo]mrhnm- Hm rdbshnm 4+

vd cdffmd sgd bnknq,e]bsnq rghes enq lnqd fdmdq]k ]lokhstcdr+ ]mc cdqhud sgd ABI qdk]shnmr

enq sgd bk]rr ne ]lokhstcdr bnms]hmhmf m � 1 fktnmr ]mc ] o]hq ne o]qshbkdr hm ]m ]qahsq]qx
qdoqdrdms]shnm O- Hm rdbshnm 5+ vd oqnud sgd hmu]qh]mbd ne sgd entq,onhms ]lokhstcd vhsg
svn fktnmr ]mc ] o]hq ne l]rrhud o]qshbkdr ne ]qahsq]qx rohm ≤ 0 ]mc qdoqdrdms]shnm O
tmcdq sgd bnknq,e]bsnq rxlldsqx+ ]mc hm rdbshnm 6+ vd dwsdmc sghr sn ] fdmdq]k m,onhms

]lokhstcd bnms]hmhmf fktnmr ]mc nsgdq o]qshbkdr- Hm rdbshnm 7+ vd oqnud sgd hmu]qh]mbd ne

sgd ]lokhstcdr ne sgd ah,]cinhms rb]k]q sgdnqx tmcdq sgd bnknq e]bsnq rxlldsqx+ ]mc cdqhud

sgd mtkk dhfdmudbsnqr ne sgd oqno]f]snq l]sqhw- Hm rdbshnm 8+ vd fdmdq]khyd sgd btahb udqsdw

dwo]mrhnm ]mc bnknq,e]bsnq rxlldsqx sn knno,kdudk ]lokhstcdr+ ]mc cdqhud ] bnmrsq]hms nm

sgd hmsdfq]mcr ne nmd,knno bnknq,nqcdqdc ]lokhstcdr- Rdbshnm 0/ bnms]hmr ] chrbtrrhnm ]mc

bnmbktrhnmr- Hm ]oodmchw =+ vd vqhsd sgd rghesr enq ]kk sgd bnknq e]bsnqr ne sgd ffud,fktnm

]lokhstcd+ ]mc cdqhud sgd dwokhbhs bnmrsq]hms nm sgd jhmdl]shb mtldq]snqr sg]s enkknv eqnl

sgd bnknq,e]bsnq rxlldsqx-

1 Anknq)eRasnq rxlldsqx Rmc hsr anmrdptdmadr

Vd adfhm sghr rdbshnm ax hmsqnctbhmf sgd bnknq,e]bsnq rxlldsqx hm sgd rhlokdrs bnmsdws+

sgd sqdd,kdudk entq,fktnm ]lokhstcd

A3 ;
brmr
r
)
bsms
s
)
btmt
t

’1-0(

vgdqd

br ; e�0�1aea�2a3 . bs ; e�0�3aea�1a2 . bt ; e�0�2aea�3a0 ’1-1(

]mc r+ s+ ]mc t ]qd L]mcdkrs]l u]qh]akdr- Vd cdffmd sgd entq,onhms bnknq,e]bsnq rghes sn

]bs ]r3

br → br ) � r. bs → bs ) � s. bt → bt ) � t ’1-2(

vgdqd � hr ]qahsq]qx- Dp- ’1-2( oqdrdqudr sgd I]bnah qdk]shnm br ) bs ) bt ; / ax uhqstd ne

lnldmstl bnmrdqu]shnm r) s) t ; /-

Sgd rs]sdldms sg]s dp- ’1-0( hr hmu]qh]ms tmcdq dp- ’1-2( hlokhdr sgd jhmdl]shb I]bnah

qdk]shnm

mr ) ms ) mt ; / . ’1-3(

Hs hr vdkk,jmnvm Z12+ 13“ sg]s dp- ’1-3( hr r]shrffdc hm sgd b]rd ne sgd entq,fktnm ]lokhstcd+

]mc vd vhkk rgnv sghr dwokhbhskx hm rdbshnm 2- Sghr rdqudr ]r oqnne ne sgd hmu]qh]mbd ne sgd

entq,fktnm ]lokhstcd tmcdq sgd bnknq,e]bsnq rghes-

3Fm sgd b]rd ne sgd entq,fktnm ]lokhstcd+ sgd rghesr ]rrnbh]sdc vhsg u]qhntr kdfr ]qd ]kk sgd r]ld-
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Dhftqd 1- Ch]fq]l enq sgd g]ke,k]ccdq bnknq e]bsnq b0β�1(−−−β�i�0(i-

Qdb]kk sg]s sgd jhmdl]shb mtldq]snqr md ]qd mns tmhptdkx cdffmdc ax dp- ’1-0( adb]trd

] fdmdq]khydc f]tfd sq]mrenql]shnm

mr → mr ) β r. ms → ms ) β s. mt → mt ) β t ’1-4(

’vhsg β ]qahsq]qx( kd]udr dp- ’1-0( tmbg]mfdc ax uhqstd ne sgd I]bnah hcdmshsx br ) bs )

bt ; /- Hm sgd b]rd ne sgd entq,fktnm ]lokhstcd+ gnvdudq+ sgd rtl mr ) ms ) mt hr vdkk,

cdffmdc9 hs hr hmu]qh]ms tmcdq sgd fdmdq]khydc f]tfd sq]mrenql]shnm ’1-4( ctd sn lnldmstl

bnmrdqu]shnm-

Sgd entq,fktnm ]lokhstcd b]m ad vqhssdm hm sdqlr ne bnknq,nqcdqdc ]lokhstcdr ]r

A3 ; brA’0. 1. 2. 3(� btA’0. 2. 1. 3( . ’1-5(

Hmu]qh]mbd ne dp- ’1-5( tmcdq sgd rghes ’1-2( hlldch]sdkx hlokhdr

δ A3 ; rA’0. 1. 2. 3(� tA’0. 2. 1. 3( ; / ’1-6(

vghbg hr sgd entq,fktnm ABI qdk]shnm Z0“-

1-0 Bnknq)eVbsnq rghes enq g)fktnm Vlokhstcdr

Mdws vd stqm sn sqdd,kdudk m,fktnm ]lokhstcdr vhsg m / 3+ vghbg l]x ad vqhssdm ]r ] rtl

nudq ch]fq]lr bnlonrdc ne btahb udqshbdr ’qdedqqdc sn ]r btahb ch]fq]lr( Z0“

Ak ;
⋃

d

bd md
cd

. ’1-7(

=rrnbh]sdc vhsg d]bg btahb ch]fq]l g hr ] bnknq e]bsnq bd nas]hmdc ax rdvhmf snfdsgdq

rsqtbstqd bnmrs]msr e�ab- =lnmf sgdrd bnknq e]bsnqr bd vd l]x hcdmshex sgd rtards ne g]ke,

k]ccdq bnknq e]bsnqr b� cdffmdc ax ’rdd ffftqd 1(

b� ±
⋃

a0.....ai�2

e���0(���1(a0ea0���2(a1 · · · eai�2���i�0(���i(
. � ∈ Qk . ’1-8(

Sgd bnknq e]bsnqr bd ]qd mns hmcdodmcdms ats nadx ] rds ne I]bnah qdk]shnmr- Trhmf sgd

oqnbdctqd ntskhmdc hm qde- Z41“+ sgd I]bnah hcdmshsx e�adebcd) e�bdecad) e�cdeabd ; / l]x ad

qdod]sdckx ]ookhdc sn qdctbd d]bg bd sn ] khmd]q bnlahm]shnm ne g]ke,k]ccdq bnknq e]bsnqr

bd ;
⋃

γ′Ri�1

Ld.0γkb0γk. b0γk ± b0γ�1(−−−γ�k�0(k ’1-0/(

vgdqd γ cdmnsdr ] odqlts]shnm ne R1. · · · . m � 0{- Sgd ’m � 1(¯ g]ke,k]ccdqr b0γk enql
]m hmcdodmcdms rds- =ksdqm]shudkx+ Ld.0γk l]x ad bnlotsdc ax qdvqhshmf bd trhmf e�ab ;
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Dhftqd 2- Ch]fq]lr vhsg bnknq e]bsnqr b0−−−ν�a�0(=Sν�a([ν�a)0(−−−i ]mc b0−−−ν�a�0(Sν�a(−−−i-

Sq’ZS �. S a“S b(+ qdctbhmf sgd qdrtkshmf dwoqdrrhnm sn ] khmd]q bnlahm]shnm ne rhmfkd sq]bdr+

]mc sgdm hcdmshexhmf sgd bndflbhdms ne Sq’S �0S �β�1( · · ·S �β�i�0(S �i( ’rdd d-f-+ qde- Z42“(-

Vd mnv cdffmd ] rds ne lnldmstl,cdodmcdms rghesr+ ]rrnbh]sdc vhsg d]bg dwsdqm]k

fktnm a hm sgd ]lokhstcd+ sg]s ]bs nm sgd bnknq e]bsnqr bd- Sgd ]bshnm ne sgd rghes δVbd
]rrnbh]sdc vhsg fktnm a hr bnmrsq]hmdc ax svn qdpthqdldmsr9 ’H( sg]s hs oqdrdqud ]kk sgd

I]bnah qdk]shnmr r]shrffdc ax bd+ ]mc ’HH( sg]s hs r]shrex

δVbd ∝
⋃

b′RIνb

iV · ib ’1-00(

vgdqd QV.d cdmnsdr sgd rtards ne sgd dwsdqm]k o]qshbkdr nm nmd rhcd
4 ne sgd onhms ]s vghbg

a hr ]ss]bgdc sn bd- Hm o]qshbtk]q+ he bd hr ] bnknq e]bsnq hm vghbg fktnm a hr ]ss]bgdc sn

]m dwsdqm]k kdf a+ sgd rghes hr oqnonqshnm]k sn iV · ia+ vghbg hr ]m hmudqrd oqno]f]snq hm sgd
]rrnbh]sdc Edxml]m ch]fq]l- Lnqd fdmdq]kkx+ dp- ’1-00( hr qdk]sdc ’rdd dp- ’1-1/(( sn sgd

oqno]f]snqr hm sgd Edxml]m ch]fq]l ]rrnbh]sdc vhsg bd-

Bnmrhcdq sgd rtards ne m,onhms bnknq e]bsnqr nas]hmdc eqnl ] fhudm ’m� 0(,onhms btahb
ch]fq]l D ax ]ss]bghmf fktnm a sn hs hm ]kk onrrhakd v]xr- Nmd ne sgdrd bnknq e]bsnqr

g]r fktnm a ]ss]bgdc sn dwsdqm]k kdf 0 ne sgd ’m � 0(,onhms ch]fq]l:5 cdffmd hsr rghes sn
ad �D iV · i0- Nmd l]x d]rhkx udqhex ’trhmf sgd ]qftldms hm sgd hmsqnctbshnm( sg]s sgd
bnmchshnmr ’H( ]mc ’HH( ]anud tmhptdkx ffw sgd bndflbhdmsr ne sgd rghesr ne ]kk sgd nsgdq bnknq

e]bsnqr hm sghr rtards- Sgd bndflbhdmsr �D enq chΣdqdms ’m � 0(,onhms ch]fq]lr ]qd sgdm
bnmrsq]hmdc ax I]bnah qdk]shnmr ]lnmf sgdhq bnknq e]bsnqr-

Vd mnv cdlnmrsq]sd sg]s sgdqd hr ]m ’m � 2(¯,o]q]ldsdq e]lhkx ne bnknq,e]bsnq rghesr
]rrnbh]sdc vhsg d]bg fktnm a hm sgd m,fktnm ]lokhstcd- Ehqrs bgnnrd a ∈ R1. · · · . m � 0{+
]mc bnmrhcdq sgd rtards ne g]ke,k]ccdq bnknq e]bsnqr b0Vσk+ vgdqd σ ∈ Qk�2 cdmnsdr ] odq,

lts]shnm ne R1. · · · . m � 0{ | Ra{- Vd cdffmd sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a

sn ]bs nm sgdrd g]ke k]ccdqr ]r

δV b0Vσ�1(−−−σ�k�0(k ; �V.σ iV · i0 ’1-01(

vgdqd �V.σ ]qd ] rds ne ’m� 2(¯ ]qahsq]qx+ hmcdodmcdms bnmrs]msr ’nq etmbshnmr( enq d]bg a-

Kds b0−−−σ�a�0(=Vσ�a([σ�a)0(−−−k cdmnsd sgd bnknq e]bsnq rgnvm hm ffftqd 2: hsr rghes hr oqnonqshnm]k

sn iV · iσ�a(- Sghr snfdsgdq vhsg dp- ’1-01( ]mc sgd I]bnah qdk]shnm

b0σ�1(−−−σ�a�0(=Vσ�a([σ�a)0(−−−σ�k�0(k ; b0σ�1(−−−σ�a�0(Vσ�a(−−−σ�k�0(k � b0σ�1(−−−σ�a(Vσ�a)0(−−−σ�k�0(k

’1-02(

4Chsgdq rhcd fhudr sgd r]ld qdrtks to sn rhfm ctd sn lnldmstl bnmrdqu]shnm-
5Tmkdrr ! : 0-
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hlokhdr sg]s δV ]bsr nm sgd hmcdodmcdms g]ke,k]ccdq bnknq e]bsnqr b0γk ]r
6

δS b0ν�1(−−−ν�a�0(Sν�a(−−−ν�i�0(i ; �Sσν

}

iS · i0 )
a�0⋃

b91

iS · iν�b(

(

. a. a ∈ R1. · · · . m� 0{. a 6; a

’1-03(

bnmrhrsdms vhsg dp- ’1-00(- Sgd ]bshnm nm sgd qdl]hmhmf bnknq e]bsnqr hr fhudm ax

δV bd ;
⋃

γ′Ri�1

Ld.0γk δV b0γk ’1-04(

vghbg hr ]krn bnmrhrsdms vhsg dp- ’1-00(+ ]r l]x ad rgnvm trhmf sgd oqnbdctqd cdrbqhadc hm

qde- Z41“-

Sgd bnknq,e]bsnq rghesr ]rrnbh]sdc vhsg sgd fktnmr R1. · · · . m � 0{ ]qd mns ]kk hmcdodm,
cdms- Hm o]qshbtk]q+ sgd ’m� 2(¯,o]q]ldsdq e]lhkx ne rghesr ]rrnbh]sdc vhsg fktnm m� 0 ]qd
khmd]q bnlahm]shnmr ne rghesr ]rrnbh]sdc vhsg a ∈ R1. · · · . m � 1{ ]r ] qdrtks ne lnldmstl
bnmrdqu]shnm-7 Vd l]x ]krn cdffmd ’m � 2(¯,o]q]ldsdq e]lhkhdr ne rghesr ]rrnbh]sdc vhsg
fktnmr 0 ]mc m- Sgdrd ]qd ]krn mns hmcdodmcdms ne sgd nsgdqr- Sgtr sgd chldmrhnm ne sgd

’]adkh]m( fqnto ne bnknq,e]bsnq rghesr hr ’m� 2(’m� 2(¯-

1-1 DtmcVldmsVk ABI qdkVshnmr eqnl sgd bnknq)eVbsnq rxlldsqx

Ax trhmf dp- ’1-0/(+ sgd sqdd,kdudk m,fktnm ]lokhstcd ’1-7( l]x ad qdvqhssdm hm sgd Cdk

Ctb],Chwnm,L]ksnmh g]ke,k]ccdq cdbnlonrhshnm Z41+ 43“

Ak ;
⋃

γ′Ri�1

b0γkA’0. γ’1(. · · · . γ’m� 0(. m( ’1-05(

vgdqd sgd bndflbhdmsr

A’0. γ’1(. · · · . γ’m� 0(. m( ;
⋃

d

Ld.0γk md
cd

’1-06(

]qd bnknq,nqcdqdc ]lokhstcdr adknmfhmf sn sgd Jkdhrr,Jthie a]rhr Z44“- Hm sgd oqduhntr

rtardbshnm+ vd cdffmdc sgd ]bshnm ne sgd bnknq,e]bsnq rxlldsqx ]rrnbh]sdc vhsg ] fhudm

fktnm a- Sgd u]qh]shnm ne dp- ’1-05( tmcdq sgd rghes ]rrnbh]sdc vhsg a ; 1 fhudr

δ1 Ai ;
⋃

ν′Da�2

�1σν

i⋃

a92

}

i0 · i1 )
a�0⋃

b92

i1 · iν�b(

(

A’0.σ’2(. · · · .σ’a� 0(. 1.σ’a(. · · · .σ’m� 0(. m( .

’1-07(

Hm rdbshnmr 2 ]mc 3+ vd oqnud sg]s Ak hr hmu]qh]ms tmcdq sghr rghes- Rhmbd �1.σ ]qd ]qahsq]qx

]mc hmcdodmcdms+ sghr hlokhdr sg]s

k⋃

a92

}

i0 · i1 )
a�0⋃

b92

i1 · iσ�b(

(

A’0.σ’2(. · · · .σ’a� 0(. 1.σ’a(. · · · .σ’m� 0(. m( ; / ’1-08(

6Fm sgd b]rd ! : 1+ qdok]bd η!1( vhsg η!2(+ ]mc sgd rtl nudq a rgntkc adfhm vhsg 2- Fm sgd b]rd ! : k�0+
qdok]bd η!k� 0( vhsg η!k� 1(-

7Ud g]ud udqhffdc sghr mtldqhb]kkx sgqntfg k : 8+ ats vd jmnv sgd qdrtks ltrs ad sqtd enq ]kk k adb]trd+

]r vd vhkk rdd hm rdbshnm 7+ sgd bnknq,e]bsnq rghesr bnqqdronmc sn mtkk dhfdmudbsnqr ne sgd oqno]f]snq l]sqhw-

Rhmbd sgd !k � 1(fl · !k � 1(fl oqno]f]snq l]sqhw g]r q]mj !k � 2(fl W37[ sgdqd ]qd ]s lnrs !k � 2(!k � 2(fl

hmcdodmcdms mtkk dhfdmudbsnqr-
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vghbg hr sgd etmc]ldms]k ABI qdk]shnm ’0-3(- =kk nsgdq odqlts]shnmr ne sghr qdk]shnm b]m

ad nas]hmdc trhmf sgd hmu]qh]mbd ne sgd ]lokhstcd tmcdq sgd bnknq,e]bsnq rghesr ]rrnbh]sdc

vhsg fktnmr 2 sgqntfg m� 0-
Hs hr jmnvm Z0“ sg]s sgd ABI qdk]shnmr qdctbd sgd mtladq ne hmcdodmcdms bnknq,nqcdqdc

]lokhstcdr eqnl ’m � 1(¯ sn ’m � 2(¯- Mns rtqoqhrhmfkx+ sgd chΣdqdmbd adsvddm sgdrd+ ’m �
2(’m � 2(¯+ hr sgd chldmrhnm ne sgd fqnto ne bnknq,e]bsnq rghesr sg]s kd]ud sgd ]lokhstcd
hmu]qh]ms-

1-2 Btahb udqsdv dvoVmrhnm

Hm nqcdq sn dw]lhmd sgd hlokhb]shnmr ne sgd bnknq,e]bsnq rxlldsqx enq sgd jhmdl]shb mtldq,

]snqr md ]ood]qhmf hm sgd btahb cdbnlonrhshnm ’1-7(+ vd hmsqnctbd hm sghr rdbshnm sgd btahb

udqsdw dwoZmrhnm ne sgd ]lokhstcd vhsg qdrodbs sn nmd ne sgd fktnmr- Sghr dwo]mrhnm hr rhl,

hk]q sn+ ats chrshmbs eqnl+ sgd q]ch]shnm udqsdw dwo]mrhnm Z24“ sg]s vhkk ad trdc hm rdbshnmr 3

]mc 6 sn oqnud sgd hmu]qh]mbd ne m,onhms f]tfd,sgdnqx ]lokhstcdr tmcdq bnknq,e]bsnq rghesr-

Sgd btahb cdbnlonrhshnm ’1-7( hr ] rtl nudq sgd ’1m�4(¯¯ btahb ch]fq]lr ne ]m m,fktnm
]lokhstcd+ ats enq ]mx a ∈ R0. · · · . m{ hs b]m ad uhdvdc ]r ] rtl nudq sgd ’1m� 6(¯¯ btahb
ch]fq]lr ne ]m ’m� 0(,onhms etmbshnm vhsg dwsdqm]k kdfr R0. · · · . m{ | Ra{+ sn d]bg ne vghbg
fktnm a hr ]ss]bgdc hm 1m�4 chΣdqdms v]xr- Kds tr k]adk sgdrd ’m�0(,onhms btahb ch]fq]lr
ax D ]mc sgdhq cdmnlhm]snqr ax c�V.D(-

D]bg ’m � 0(,onhms btahb ch]fq]l D g]r m � 2 udqshbdr+ sgd rds ne vghbg vd cdmnsd
ax T�V.D(- Enq d]bg udqsdw u ∈ T�V.D(+ vd b]m aqd]j c�V.D( hmsn sgqdd e]bsnqr

∑2
n90 c�V.D.u.n(+

vgdqd c�V.D.u.n( hr sgd oqnctbs ne oqno]f]snqr sg]s aq]mbg nΣ eqnl kdf q ne sgd udqsdw- He kdf

q hr ]m dwsdqm]k kdf ne sgd ch]fq]l+ sgdm c�V.D.u.n( ; 0-

Vd b]m ]ss]bg fktnm a dhsgdq sn nmd ne sgd m � 0 dwsdqm]k kdfr nq sn nmd ne sgd m � 3
hmsdqm]k khmdr ne D+ xhdkchmf ]ksnfdsgdq 1m� 4 ne sgd sdqlr hm sgd rtl ’1-7(- Kds J ad sgd

lnldmstl qtmmhmf sgqntfg nmd ne sgd hmsdqm]k khmdr ne D- =ss]bghmf fktnm a sn sghr khmd

vhkk qdok]bd sgd e]bsnq J1 hm c�V.D( vhsg J
1’J ) iV(

1- Vd rokhs sgd hmudqrd cdmnlhm]snq

hmsn svn sdqlr trhmf sgd hcdmshsx

0

J1’J ) iV(1
;

0

J1’1iV ·J(
)

0

’�1iV ·J(’J ) iV(1
’1-1/(

]mc vd ]rrnbh]sd d]bg ne sgd sdqlr nm sgd qhfgs g]mc rhcd ne sgd dpt]shnm vhsg nmd ne sgd

svn udqshbdr sn vghbg sgd hmsdqm]k khmd hr bnmmdbsdc- Sgtr+ vhsg sghr cntakhmf ne hmsdqm]k

khmd sdqlr+ vd mnv g]ud ] sns]k ne ’m�0()1’m�3( ; 2’m�2( sdqlr enq d]bg D: m]ldkx+ nmd
sdql enq d]bg ne sgd kdfr ne d]bg ne sgd m�2 udqshbdr ne D- Vd k]adk sghr sdql ax ’a. D. u. q(+
]mc vqhsd sgd btahb udqsdw dwo]mrhnm ne sgd m,fktnm ]lokhstcd vhsg qdrodbs sn fktnm a ]r

Ak ;
⋃

D

⋃

u′S�IνB(

0
∑2
r90 c�V.D.u.r(

2⋃

n90

b�V.D.u.n(m�V.D.u.n(

1iV ·J�V.D.u.n(
’1-10(

vgdqd b�V.D.u.n( ]qd sgd bnknq e]bsnqr b�n( hm ffftqd 0 ]rrnbh]sdc vhsg d]bg udqsdw ’a. D. u(+

m�V.D.u.n( ]qd sgd ]rrnbh]sdc jhmdl]shb mtldq]snqr+ ]mc J�V.D.u.n( cdmnsdr sgd lnldmstl

finvhmf nts ne kdf q- Sgd b�V.D.u.n( ]mc m�V.D.u.n( ]qd dpt]k sn sgd bd ]mc md hm dp- ’1-7( to sn
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rhfmr ’rtbg sg]s b�V.D.u.n(m�V.D.u.n( ; bdmd(- =m dwokhbhs dw]lokd ne sgd btahb udqsdw dwo]mrhnm

enq sgd ffud,fktnm ]lokhstcd hr fhudm hm ]oodmchw =-

Sgd ± eqddcnl hm sgd cdffmhshnm ne b�V.D.u.n( hr trdc sn l]jd sgd qdk]shud rhfmr hm sgd

I]bnah qdk]shnm onrhshud9
2⋃

n90

b�V.D.u.n( ; / . ’1-11(

Sgd cdmnlhm]snqr hm d]bg sqhokd ]krn rtl sn ydqn

2⋃

n90

iV ·J�V.D.u.n( ; / ’1-12(

ax lnldmstl bnmrdqu]shnm iV )
2

n90J�V.D.u.n( ; / ]mc sgd l]rrkdrrmdrr ne sgd fktnm

i1
V ; /- = oqhnqh+ gnvdudq+ sgdqd hr mn qd]rnm enq sgd jhmdl]shb mtldq]snqr m�V.D.u.n(

]rrnbh]sdc vhsg d]bg udqsdw sn rtl sn ydqn- Vd vhkk rdd hm sgd mdws rtardbshnm+ gnvdudq+ sg]s

sgd bnknq,e]bsnq rxlldsqx ne sgd ]lokhstcd kd]cr sn ] bnmrsq]hms nm sgd rtl ne jhmdl]shb

mtldq]snqr-

1-3 BnmrsqVhms nm ihmdlVshb mtldqVsnqr eqnl sgd bnknq)eVbsnq rxlldsqx

G]uhmf hmsqnctbdc sgd btahb udqsdw dwo]mrhnm ne sgd m,fktnm ]lokhstcd vhsg qdrodbs sn

fktnm a+ vd mnv bnmrhcdq sgd dΣdbs ne ] bnknq,e]bsnq rghes δV nm sgd ]lokhstcd- Sgd rghes

]rrnbh]sdc vhsg fktnm a ]bsr nm sgd bnknq e]bsnqr ]ood]qhmf hm sgd btahb udqsdw dwo]m,

rhnm ’1-10( ]r

δV b�V.D.u.n( ; ��V.D.u( iV ·J�V.D.u.n( ’1-13(

vgdqd ��V.D.u( hr ] khmd]q bnlahm]shnm ne �V.σ tmhptdkx cdsdqlhmdc ax sgd I]bnah qdk]shnmr-

Sgdrd rghesr qdrodbs dp- ’1-11( ax uhqstd ne dp- ’1-12(- Sgd u]qh]shnm ne dp- ’1-10( tmcdq

sghr rghes fhudr

δV Ak ;
0

1

⋃

D

⋃

u′S�IνB(

��V.D.u(∑2
r90 c�V.D.u.r(

2⋃

n90

m�V.D.u.n( . ’1-14(

Vd oqnud sg]s δVAk ; / hm rdbshnmr 2 ]mc 3: gdmbd sgd bnknq,e]bsnq rxlldsqx hlokhdr sgd

enkknvhmf bnmrsq]hms nm sgd jhmdl]shb mtldq]snqr

⋃

D

⋃

u′S�IνB(

��V.D.u(∑2
r90 c�V.D.u.r(

2⋃

n90

m�V.D.u.n( ; / . ’1-15(

Mnv he sgd bnmrs]msr ��V.D.u( vdqd ]kk hmcdodmcdms+ sgdm vd bntkc bnmbktcd eqnl sghr ]qft,

ldms sg]s
2

n90 m�V.D.u.n( ; /+ h-d- sg]s sgd jhmdl]shb mtldq]snqr mdbdrr]qhkx nadx I]bnah

qdk]shnmr- Sghr vntkc ad hm bnmfihbs vhsg sgd vdkk,jmnvm e]bs sg]s sgd jhmdl]shb mtldq],

snqr nas]hmdc eqnl Edxml]m qtkdr hm fdmdq]k cn mns r]shrex bnknq,jhmdl]shb ct]khsx:8 hmcddc

sghr hr mns ] u]khc hmedqdmbd eqnl dp- ’1-15( adb]trd sgd ��V.D.u( ]qd mns hmcdodmcdms- Sgd

rds ne ��V.D.u( enq ]kk sgd udqshbdr ne ] fhudm ch]fq]l D ]qd dpt]k ’to sn rhfmr( adb]trd ]mx

8Imkx hm sgd b]rd k : 3+ vgdqd sgdqd hr nmkx nmd sdql hm sgd rtl !1-14(+ l]x vd bnmbktcd sg]s

kr ) ks ) kt : .-
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svn ]ci]bdms udqshbdr rg]qd ] bnllnm bnknq e]bsnq ’rdd sgd dw]lokd chrbtrrdc hm sgd ]o,

odmchw(- Hm e]bs+ vhsg ]m ]ooqnoqh]sd bgnhbd ne rhfmr enq b�V.D.u.n(+ sgd ��V.D.u( l]x ad l]cd

hmcdodmcdms ne u- Sgd ��V.D( enq chΣdqdms ch]fq]lr D ]qd etqsgdq bnmrsq]hmdc ax sgd I]bnah

qdk]shnmr ]lnmf sgd bnknq e]bsnqr ne D-

Vghkd dp- ’1-15( cndr mns hlokx sg]s sgd mtldq]snqr r]shrex sgd jhmdl]shb I]bnah

qdk]shnmr+ hs cndr hlonrd ] rds ne ’fdmdq]khydc,f]tfd,hmu]qh]ms( bnmchshnmr sg]s sgd bnknq,

jhmdl]shb uhnk]shnmr �dij ; md ) mi ) mj ltrs r]shrex- Vd vhrg sn dlog]rhyd sg]s+ vghkd

sgd jhmdl]shb I]bnah qdk]shnmr md ) mi ) mj ; / ]qd mns hmu]qh]ms tmcdq fdmdq]khydc f]tfd

sq]mrenql]shnmr0+ ’gdmbd sgd ]bst]k bk]hl ne bnknq,jhmdl]shb ct]khsx hr sg]s sgdqd dwhrsr

] fdmdq]khydc f]tfd hm vghbg sgdx gnkc sqtd(+ sgd bnmchshnmr ’1-15( ]qd hmu]qh]ms tmcdq

fdmdq]khydc f]tfd sq]mrenql]shnmr- Sgd ]qftldms enq sghr hr rhlokd- = fdmdq]khydc f]tfd

sq]mrenql]shnm hr ] sq]mrenql]shnm md → m·d sg]s kd]udr sgd ]lokhstcd ’1-7( tmbg]mfdc-

Gdmbd ax rs]qshmf vhsg Ak ;


d’bdm
·
d,cd( ]mc enkknvhmf sgd rsdor ]anud ’rhmbd sgd bnmchshnm

δVAk ; / hr ]krn f]tfd hmu]qh]ms(+ vd nas]hm sgd r]ld qdrtks ’1-15( dwbdos vhsg m�V.D.u.n(

qdok]bdc vhsg m·�V.D.u.n(-

Sn nas]hm ] lnqd dwokhbhs enql ne dp- ’1-15(+ vd vntkc mddc sn hcdmshex ]kk sgd khmd]q

cdodmcdmbdr ]lnmf sgd ��V.D.u( qdpthqdc ax sgd bnknq I]bnah qdk]shnmr- Oqduhntrkx+ vd

nardqudc sg]s sgd mtladq ne hmcdodmcdms bnknq,e]bsnq rghesr v]r ’m�2(’m�2(¯+ o]q]ldsqhydc
ax bnmrs]msr �V.σ+ vgdqd a ; 1. · · · . m�1 ]mc σ ∈ Qk�2 cdmnsdr ] odqlts]shnm ne R1. · · · . m�
0{ | Ra{- He vd vdqd sn vqhsd ��V.D.u( hm sdqlr ne sgdrd hmcdodmcdms bnmrs]msr+ dp- ’1-15(

vntkc xhdkc ’m� 2(’m� 2(¯ hmcdodmcdms bnmrsq]hmsr nm sgd �dij- Hm ]oodmchw =+ vd b]qqx

nts sghr oqnbdctqd enq sgd ffud,fktnm ]lokhstcd-

Vghkd sgd ABI qdk]shnmr ’1-08( vdqd nqhfhm]kkx cdqhudc ]r ] bnmrdptdmbd ne sgd ]rrtlo,

shnm ne bnknq,jhmdl]shb ct]khsx+ hs v]r jmnvm Z28+ 3/“ eqnl d]qkx nm sg]s sgdx ]qd dpthu]kdms

sn ] rds ne vd]jdq bnmchshnmr nm sgd mtldq]snqr- Sgd bnmchshnmr enq ffud,fktnm mtldq]snqr

vdqd cdqhudc hm qder- Z28+ 3/“ ]r ] bnmrdptdmbd ne sgd lnmncqnlx oqnodqshdr ne rsqhmf,sgdnqx

]lokhstcdr- Sgdrd bnmchshnmr ]qd dpthu]kdms sn dp- ’1-15(+ ]r vd rgnv hm ]oodmchw =- Hm

sghr rdbshnm+ vd g]ud cdlnmrsq]sdc sg]s ansg dp- ’1-15( ]mc sgd ABI qdk]shnmr ’1-08( ]qd ]

bnmrdptdmbd ne sgd hmu]qh]mbd ne sgd ]lokhstcd tmcdq sgd bnknq,e]bsnq rxlldsqx-

1-4 JhmdlVshb mtldqVsnq rghes rxlldsqx

Vd g]ud bnmrhcdqdc sgd dΣdbs nm sgd ]lokhstcd ne ] rghes ne sgd bnknq e]bsnqr- Nmd l]x

]rj vg]s dΣdbs ]m ]m]knfntr rghes ne sgd jhmdl]shb mtldq]snqr vntkc g]ud-00 Vd rgnv hm

sghr rdbshnm sg]s rtbg ] rghes hr rhlokx ] fdmdq]khydc f]tfd sq]mrenql]shnm-

Kds tr cdffmd sgd jhmdl]shb rghes ]rrnbh]sdc vhsg kdf a+ vgdqd a ∈ R1. · · · . m � 0{+ nm
sgd g]ke,k]ccdq mtldq]snq m0γk sn ad

δSm0ν�1(−−−ν�a�0(Sν�a(−−−ν�i�0(i ; βSσν

}

i0 · iS )
a�0⋃

b91

iS · iν�b(

(

. a. a ∈ R1. · · · . m� 0{. a 6; a

’1-16(

0)=f]hm dwbdos hm sgd b]rd ne entq,fktnm ]lokhstcdr-
00Sgdrd b]m ad bnmrhcdqdc ] fdmdq]khy]shnm ne sgd rghesr ne ∂ bnmrhcdqdc hm qder- W24+ 27[-
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vgdqd σ ∈ Qk�2 cdmnsdr ] odqlts]shnm ne R1. · · · . m�0{|Ra{+ ]mc βV.σ ]qd ] rds ne ]qahsq]qx
bnmrs]msr ’nq etmbshnmr(- Sgd ]bshnm nm ]kk nsgdq mtldq]snqr md hr sgdm cdffmdc ax

δV md ;
⋃

γ′Ri�1

Ld.0γk δV m0γk . ’1-17(

Mnsd sg]s vd g]ud mns ]rrtldc sg]s sgd md nadx sgd I]bnah qdk]shnmr ’0-2(- Gnvdudq+ sgd

mtldq]snq rghesr cdffmdc ax dp- ’1-16( ]mc ’1-17( vhkk r]shrex

δV’md ) mi ) mj( ; / ’1-18(

rn he sgd md cn r]shrex jhmdl]shb I]bnah qdk]shnmr+ sgd rghesdc mtldq]snqr vhkk bnmshmtd sn

cn rn+ ]mc he sgdx cn mns+ sgdm sgd mdhsgdq vhkk sgd rghesdc mtldq]snqr-

Mnv bnmrhcdq sgd btahb udqsdw dwo]mrhnm ne sgd m,fktnm ]lokhstcd

Ak ;
⋃

D

⋃

u′S�IνB(

0
∑2
r90 c�V.D.u.r(

2⋃

n90

b�V.D.u.n(m�V.D.u.n(

1iV ·J�V.D.u.n(
. ’1-2/(

Sgd jhmdl]shb rghes vhsg qdrodbs sn fktnm a ]bsr nm sgd mtldq]snqr ]ood]qhmf hm sghr

dwoqdrrhnm ]r

δV m�V.D.u.n( ; β�V.D.u( iV ·J�V.D.u.n( ’1-20(

]mc sgdqdenqd nm sgd ]lokhstcd hsrdke ]r

δV Ak ;
0

1

⋃

D

⋃

u′S�IνB(

β�V.D.u(∑2
r90 c�V.D.u.r(

2⋃

n90

b�V.D.u.n( . ’1-21(

Sghr u]mhrgdr bntqsdrx ne dp- ’1-11(: gdmbd sgd m,fktnm ]lokhstcd hr hmu]qh]ms tmcdq sgd

rghes ne jhmdl]shb mtldq]snqr- Sghr hr oqdbhrdkx sgd cdffmhshnm ne ] fdmdq]khydc f]tfd sq]mr,

enql]shnm Z1+ 2“-

2 Nqnne ne anknq)eRasnq rxlldsqx enq entq)fktnm Rlokhstcdr

Hm sghr rdbshnm vd oqnud sg]s sgd sqdd,kdudk entq,fktnm ]lokhstcd hr hmu]qh]ms tmcdq sgd

bnknq,e]bsnq rxlldsqx- Hm cnhmf rn+ vd cdudkno rnld qdrtksr sg]s vhkk ad mdbdrr]qx enq ntq

lnqd fdmdq]k oqnne ne sgd hmu]qh]mbd ne sgd m,fktnm ]lokhstcd hm sgd mdws rdbshnm-

Sgd entq,fktnm ]lokhstcd b]m ad bnmrsqtbsdc eqnl ] sgqdd,fktnm udqsdw ax ]ss]bghmf ]

entqsg fktnm sn ] oqno]f]snq dl]m]shmf eqnl d]bg ne sgd kdfr ne sgd udqsdw nq sn sgd udqsdw

hsrdke- Sghr xhdkcr

A3 ;

2⋃

n90

b�n(m�n(

’in ) i3(1
’2-0(

vgdqd

b�0( ; e�0�3aea�1�2 . b�1( ; e�1�3aea�2�0 . b�2( ; e�2�3aea�0�1 . ’2-1(
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Sgd jhmdl]shb mtldq]snq m�n( qdbdhudr bnmsqhatshnmr eqnl sgd ch]fq]l hm vghbg fktnm 3 hr

]ss]bgdc sn kdf q ]r vdkk ]r eqnl sgd entq,fktnm udqsdw- Sgd bnknq,e]bsnq rxlldsqx ’]rrn,

bh]sdc vhsg fktnm 3( ]bsr nm sgd bnknq e]bsnqr ’2-1( ]mc sgd entq,fktnm ]lokhstcd ’2-0( ]r

δ3b�n( ; �3 i3 · in ;⇒ δ3A3 ;
0

1
�3

2⋃

n90

m�n( . ’2-2(

Sgtr+ ax rgnvhmf sg]s
2

n90 m�n( ; /+ vd vhkk drs]akhrg sg]s δ3A3 ; /- Sghr vd mnv

oqnbddc sn cn-

2-0 9ssVbghmf V fktnm sn V kdf

Sgd sgqdd,fktnm udqsdw hr01

� gf\
1
e�0�1�2T

µ0µ1µ2’i0. i1. i2( ’2-3(

vgdqd

T µ0µ1µ2’i0. i1. i2( ; ηµ0µ1’i1 � i0(
µ2 ) ηµ1µ2’i2 � i1(

µ0 ) ηµ2µ0’i0 � i2(
µ1 ’2-4(

]mc iV ]qd ntsfnhmf lnldms]- Hm Edxml]m f]tfd+ sgd fktnm oqno]f]snq hr �gηµµδ�a,i1-

=ss]bghmf fktnm 3 sn kdf 0 xhdkcr sgd dwoqdrrhnm

gf1

1

e�0�3aea�1�2
’i0 ) i3(1

T µ0µ3µ’i0. i3.�i0 � i3(T
µ1µ2

µ ’i0 ) i3. i1. i2(

;
gf1

1

b�0(

’i0 ) i3(1

∫
ηµ0µiµ3

3 � ηµ3µiµ0
0 � ηµ0µ3’i0 ) i3(

µ ’2-5(

) 1ηµ0µiµ3
0 ) 1 ’ηµ0µ3iµ3 � ηµ3µiµ0

3 (
[
T µ1µ2
µ ’i0 ) i3. i1. i2( .

Sgd bnmsqhatshnm ne sghr ch]fq]l sn sgd entq,fktnm ]lokhstcd ’2-0( hr nas]hmdc ax bnmsq]bs,

hmf vhsg
∑3
V90 εVµI ]mc chuhchmf ax g- Sgd ffqrs ]mc rdbnmc sdqlr hm sgd rpt]qd aq]bjdsr

u]mhrg trhmf εV · iV ; /- Sgd sghqc sdql u]mhrgdr ctd sn

’i0 ) i3(
µT µ1µ2

µ ’i0 ) i3. i1. i2(ε1µ1ε2µ2 ; / ’2-6(

trhmf i1
1 ; i1

2 ; /- Sgd bnmsqhatshnm ne sgd qdl]hmhmf sdqlr ne dp- ’2-5( sn sgd jhmdl]shb

mtldq]snq m�0( b]m ad vqhssdm

m�0(

]]]
ice
; f1ε0µ0

∫
ε3 · i0δµ0

µ � gε3�i3β’Q
�β
0 (

µ0
µ

[
T µµ1µ2’i0 ) i3. i1. i2(ε1µ1ε2µ2 ’2-7(

vgdqd

’Q�βn (
µn
µ ; g’η�µnδβµ � ηβµnδ�µ( ’2-8(

]qd sgd rohm,nmd ]mftk]q lnldmstl l]sqhbdr ]bshmf nm fktnm q- Sgdrd r]shrex sgd Knqdmsy

]kfdaq] bnllts]shnm qdk]shnmr

ZQ�βn . Qγδ
n “ ; �g

∫
η�γQβδ

n � η�δQβγ
n � ηβγQ�δn ) ηβδQ�γn

[
. ’2-0/(

01Itq rsqtbstqd bnmrs]msr ]qd mnql]khydc ax c�ab : Sq!WS �σS a[S b( vhsg Sq!S �S a( : α�a+ rn sg]s WS �σS a[ :

c�abS
b- Sghr ch�dqr eqnl sgd rs]mc]qc sdwsannj bnmudmshnm ax ] e]bsnq ne f

©
1- Ud trd δ)) : 0 hm sghr o]odq-

z 03 z



H
E
6
J
0
)
�
1
)
0
3
(
0
2
)

2-1 9ssVbghmf V fktnm sn V udqsdv

=ss]bghmf fktnm 3 chqdbskx sn sgd sgqdd,fktnm udqsdw+ vd nas]hm sgd entq,fktnm udqsdw

T µ0µ1µ2µ3
�0�1�2�3 ;

gf1

1

∫
e�0�3aea�1�2 ’η

µ0µ1ηµ2µ3 � ηµ0µ2ηµ1µ3(

) e�1�3aea�2�0 ’η
µ1µ2ηµ0µ3 � ηµ0µ1ηµ2µ3( ’2-00(

) e�2�3aea�0�1 ’η
µ0µ2ηµ1µ3 � ηµ1µ2ηµ0µ3(

[
.

Trhmf dp- ’2-4(+ sghr b]m ad qdb]rs ]r

T µ0µ1µ2µ3
�0�1�2�3 ; � gf

1

1

)
b�0(

>

>i0µ3

) b�1(
>

>i1µ3

) b�2(
>

>i2µ3

(
T µ0µ1µ2’i0. i1. i2( . ’2-01(

Sgd bnmsqhatshnm ne sghr udqsdw sn sgd entq,fktnm ]lokhstcd hr nas]hmdc ax bnmsq]bshmf vhsg∑3
V90 εVµI ]mc chuhchmf ax g- Sghr bnmsqhatshnm hr sgdm o]qbdkdc nts ]lnmf sgd sgqdd sdqlr

hm dp- ’2-0(: sgd bnmsqhatshnm sn m�0( hr

m�0(

]]]
tcoscv

; �f1i3 · i0ε3µ3

>

>i0µ3

T µ0µ1µ2’i0. i1. i2(ε0µ0ε1µ1ε2µ2 . ’2-02(

Sgd qd]cdq l]x ad bnmbdqmdc ]ants sgd trd ne dp- ’2-01( enq sgd enkknvhmf qd]rnm- Sgd

sgqdd,fktnm udqsdw ’2-4( b]m ad qdvqhssdm trhmf lnldmstl bnmrdqu]shnm
2

V90 iV ; /- Enq

dw]lokd+ vd b]m dkhlhm]sd i2 eqnl dp- ’2-4(+ vqhshmf hs ]r

T µ0µ1µ2’i0. i1. i2( ; ηµ0µ1’i1 � i0(
µ2 ) ηµ1µ2’�i0 � 1i1(µ0 ) ηµ2µ0’1i0 ) i1(

µ1 . ’2-03(

Sgd o]qsh]k cdqhu]shudr ’>,>iVµ3(T ’i0. i1. i2( nas]hmdc eqnl dp- ’2-03( chΣdq eqnl sgnrd

nas]hmdc eqnl dp- ’2-4(+ rn sg]s dp- ’2-01( fhudr

T µ0µ1µ2µ3
�0�1�2�3 ;

gf1

1

∫
e�0�3aea�1�2 ’η

µ0µ1ηµ2µ3 ) ηµ1µ2ηµ0µ3 � 1ηµ0µ2ηµ1µ3(

) e�1�3aea�2�0 ’1η
µ1µ2ηµ0µ3 � ηµ0µ1ηµ2µ3 � ηµ0µ2ηµ1µ3(

[
. ’2-04(

Mnmdsgdkdrr dp- ’2-04( hr dpt]k sn dp- ’2-00( bntqsdrx ne sgd I]bnah qdk]shnm
2

n90 b�n( ;

/- Dp- ’2-04( rhlokx bnqqdronmcr sn ] chΣdqdms v]x ne o]qbdkhmf sgd entq,fktnm udqsdw

]lnmf sgd bnknq e]bsnqr b�n(+ ]mc sgd dwoqdrrhnmr m�n( vhkk chΣdq ax ] fdmdq]khydc f]tfd

sq]mrenql]shnm ’1-4(- Sgd ]lokhstcd ’2-0( ne bntqrd qdl]hmr tmbg]mfdc-

2-2 JhmdlVshb mtldqVsnqr ne sgd entq)fktnm Vlokhstcd

Trhmf sgd e]bs sg]s sgd sgqdd,fktnm udqsdw ’2-4( hr khmd]q hm lnldms]+ vd qdvqhsd dp- ’2-7(

trhmf

T µµ1µ2’i0 ) i3. i1. i2( ;

)
0 ) i3γ

>

>i0γ

(
T µµ1µ2’i0. i1. i2( ’2-05(
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]mc sgdm bnlahmd dp- ’2-7( ]mc ’2-02( sn nas]hm

m�0( ; m�0(

]]]
ice
) m�0(

]]]
tcoscv

; f1ε0µ0

∫
ε3 · i0δµ0

µ � gε3�i3β’Q
�β
0 (

µ0
µ � gε3�i3βK

�β
0 δµ0

µ

[
T µµ1µ2’i0. i1. i2(ε1µ1ε2µ2

) f1ε0µ0

∫
�gε3�i3β’Q�β0 (

µ0
µ

[)
i3γ

>

>i0γ

(
T µµ1µ2’i0. i1. i2(ε1µ1ε2µ2 ’2-06(

vgdqd sgd nqahs]k ]mftk]q lnldmstl nodq]snqr ]qd cdffmdc ]r

K�βn ; g

)
i�n

>

>inβ
� iβn

>

>in�

(
. ’2-07(

Sgdrd r]shrex sgd Knqdmsy ]kfdaq] bnllts]shnm qdk]shnmr

ZK�βn . Kγδ
n “ ; �g

∫
η�γKβδ

n � η�δKβγ
n � ηβγK�δn ) ηβδK�γn

[
. ’2-08(

Rhlhk]q dwoqdrrhnmr ]qd nas]hmdc enq m�1( ]mc m�2(- Ehm]kkx+ cdffmhmf sgd sns]k ]mftk]q

lnldmstl nodq]snq

’I�βn (
µn
µ ; K�βn δµnµ ) ’Q

�β
n (

µn
µ ’2-1/(

vd b]m vqhsd ]kk sgd jhmdl]shb mtldq]snqr ]r

m�n( ; f1
)
ε3 · in � gε3�i3βI

�β
n � gε3�i3βi3γQ

�β
n

>

>inγ

[
T ’i0. i1. i2( ’2-10(

vgdqd vd g]ud rtooqdrrdc sgd onk]qhy]shnm udbsnqr ε0+ ε1+ ]mc ε2- Sgd rtarbqhosr nm In ]mc

Qn hmchb]sd nm vghbg onk]qhy]shnm hmchbdr sgdrd nodq]snqr ]bs-

Mnsd sg]s tmcdq ] f]tfd sq]mrenql]shnm ε3 → ε3 ) λi3 ne fktnm 3+ sgd k]rs svn sdqlr

hm dp- ’2-10( u]mhrg ax uhqstd ne sgd ]mshrxlldsqx ne I�βn ]mc Q�βn + ]mc sgd ffqrs sdql fhudr

m�n( → m�n( ) λf1i3 · in hm ]bbnqc vhsg dp- ’1-4(-
Vd nardqud sg]s sgd nodq]snqr K�βn ]mc Q�βn ]qd sgd r]ld ]r sgnrd ]ood]qhmf hm sgd

Atqmdss,Jqnkk enql Z45“ ne sgd rtakd]chmf sdqlr ne sgd Knv rnes,ognsnm sgdnqdl Z46“ ]r

]ookhdc sn fktnmr Z47z51“- ’Rdd qder- Z52z54“ enq qdbdms cdqhu]shnmr ne sgd rnes,fktnm sgdnqdl

eqnl f]tfd hmu]qh]mbd-( Sgd ffqrs svn sdqlr hm dp- ’2-10( bnqqdronmc oqdbhrdkx sn sgd kd]chmf

]mc rtakd]chmf sdqlr hm sgd i3 → / dwo]mrhnm ne sgd entq,fktnm ]lokhstcd: sgd sghqc sdql

hr ghfgdq nqcdq hm sgd rnes lnldmstl- Vd dlog]rhyd+ gnvdudq+ sg]s dp- ’2-10(+ ]mc sgd

udqsdw dwo]mrhnm sg]s vd vhkk cdqhud hm sgd mdws rdbshnm+ ]qd dw]bs+ ]mc mns cdodmcdms nm

s]jhmf ] rnes khlhs-

2-3 JhmdlVshb IVbnah qdkVshnm

Vd vhkk mnv rgnv sg]s sgd rtl ne sgd entq,fktnm jhmdl]shb mtldq]snqr ’2-10( u]mhrgdr-

Sghr qdrtks+ vghbg g]r addm jmnvm ]s kd]rs rhmbd 087/ Z12+ 13“ hmrohqdc sgd bnmidbstqd ne

bnknq,jhmdl]shb ct]khsx Z0“- Vd cdlnmrsq]sd hs hm ] v]x sg]s vhkk e]bhkhs]sd sgd oqnne ne

bnknq,e]bsnq rxlldsqx ne sgd m,fktnm ]lokhstcd-
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Trhmf dp- ’2-10(+ vd rdd sg]s

2⋃

n90

m�n( ; f1

}
2⋃

n90

ε3 · in

(

T ’i0. i1. i2(

� gf1ε3�i3β

}
2⋃

n90

I�βn

(

T ’i0. i1. i2( ’2-11(

� gf1ε3�i3βi3γ

2⋃

n90

Q�βn
>

>inγ
T ’i0. i1. i2( .

Sgd ffqrs rtl nm sgd qhfgs,g]mc rhcd ne dp- ’2-11( u]mhrgdr ax lnldmstl bnmrdqu]shnm3
n90 in ; / snfdsgdq vhsg ε3 ·i3 ; /- Sgd rdbnmc rtl nm sgd qhfgs g]mc rhcd ne dp- ’2-11(+

vghbg l]x ad vqhssdm lnqd dwokhbhskx ]r

’I�β0 (µ0
µT

µµ1µ2’i0. i1. i2( ) ’I
�β
1 (µ1

µT
µ0µµ2’i0. i1. i2( ) ’I

�β
2 (µ2

µT
µ0µ1µ’i0. i1. i2( ’2-12(

hr sgd ffqrs,nqcdq Knqdmsy sq]mrenql]shnm ne sgd sgqdd,fktnm udqsdw- Sghr u]mhrgdr+ ]r l]x

ad udqhffdc ax dwokhbhs bnlots]shnm+ adb]trd T µ0µ1µ2’i0. i1. i2( hr ] Knqdmsy sdmrnq- =ksdq,

m]shudkx+ vd b]m cdffmd sgd rohm,nmd ]mftk]q lnldmstl nodq]snq sn ]bs nm onk]qhy]shnm

hmchbdr Z52+ 53“

Q�βn ; g

)
ε�n

>

>εnβ
� εβn

>

>εn�

(
’2-13(

hm vghbg b]rd
}

2⋃

n90

I�βn

(

T ’i0. i1. i2( ; g

2⋃

n90

)
i�n

>

>inβ
� iβn

>

>in�
) ε�n

>

>εnβ
� εβn

>

>εn�

(
T ’i0. i1. i2(

’2-14(

vgdqd

T ’i0. i1. i2( ; ε0 · ε1 ε2 · ’i1 � i0( ) ε1 · ε2 ε0 · ’i2 � i1( ) ε2 · ε0 ε1 · ’i0 � i2( . ’2-15(

Dp- ’2-14( u]mhrgdr adb]trd T ’i0. i1. i2( hr ] Knqdmsy,hmu]qh]ms etmbshnm ne in ]mc εn- Sgd

sghqc rtl hm dp- ’2-11( hr oqnonqshnm]k sn

’Q�α0 (λ�µ
>

>i0β
T µλ1λ2’i0. i1. i2()’Q

�α
1 (λ1µ

>

>i1β
T λ�µλ2’i0. i1. i2()’Q

�α
2 (λ2µ

>

>i2β
T λ�λ1µ’i0. i1. i2(

; 1g
�
�η�λ�ηαλ1ηβλ2 ) η�λ�ηβλ1ηαλ2

(
) ’bxbkhb odqlts]shnmr ne 012( . ’2-16(

Sghr dwoqdrrhnm hr ]mshrxlldsqhb hm β ]mc γ- Rhmbd hs ltkshokhdr i3βi3γ hm dp- ’2-11(+ sgd

vgnkd dwoqdrrhnm u]mhrgdr- Sgd b]mbdkk]shnmr sg]s vd g]ud itrs dwghahsdc vdqd nqhfhm]kkx

trdc hm qde- Z24“ sn oqnud sgd q]ch]shnm ydqn sgdnqdl-

Vd g]ud rgnvm sg]s sgd rtl ne jhmdl]shb mtldq]snqr u]mhrgdr ’sgd jhmdl]shb I]bnah

qdk]shnm(+ ]mc sgtr g]ud cdlnmrsq]sdc sgd hmu]qh]mbd ne sgd entq,fktnm ]lokhstcd δ3A3 ; /

tmcdq sgd bnknq,e]bsnq rghes rxlldsqx- Vd vntkc khjd sn dlog]rhyd sg]s hm oqnuhmf sgd

u]mhrghmf ne dp- ’2-12( ]mc ’2-16( vd chc mns trd sg]s in vdqd nm,rgdkk+ mnq chc vd trd

εn · in ; / enq q ; 0. 1. 2- Sgtr vd vhkk ad ]akd sn trd sgdrd qdrtksr hm rdbshnm 3 enq ]m
nΣ,rgdkk sgqdd,fktnm udqsdw T µ0µ1µ2’i0. i1. i2(-
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3 Nqnne ne anknq)eRasnq rxlldsqx enq g)fktnm Rlokhstcdr

Vd mnv stqm sn sgd oqnne sg]s sgd sqdd,kdudk m,fktnm ]lokhstcd hr hmu]qh]ms tmcdq ] bnknq,

e]bsnq rghes ]rrnbh]sdc vhsg ]mx ne sgd fktnmr- Sn cn rn+ vd dloknx ] cdbnlonrhshnm ne

sgd ]lokhstcd jmnvm ]r sgd q]ch]shnm udqsdw dwo]mrhnm Z24“- Sghr hr ] qdbtqrhud ]ooqn]bg

vghbg bnmrsqtbsr ]m m,onhms ]lokhstcd ax ]ss]bghmf ] l]rrkdrr udbsnq anrnm sn ]kk onrrhakd

’m� 0(,onhms ch]fq]lr-
Bnmrhcdq sgd rds ne ]kk sqdd,kdudk ’m� 0(,fktnm ch]fq]lr vhsg dwsdqm]k kdfr R0. · · · . m{ |

Ra{ bnmrsqtbsdc trhmf Edxml]m qtkdr- K]adk sgdrd ch]fq]lr ax D ·- Okd]rd mnsd sg]s sghr rds
chΣdqr eqnl sgd rds ne ’m� 0(,onhms ch]fq]lr ]ood]qhmf hm sgd btahb udqsdw dwo]mrhnm ’be-
rdbshnm 1( adb]trd hs hmbktcdr mns nmkx btahb ch]fq]lr ats ]krn ch]fq]lr vhsg entq,fktnm

udqshbdr- ’Hm sgd btahb cdbnlonrhshnm ’1-7(+ ]kk ch]fq]lr bnms]hmhmf pt]qshb udqshbdr ]qd

qdchrsqhatsdc ]lnmf sgd btahb ch]fq]lr-(

Vd vhkk bnmrsqtbs ]kk onrrhakd m,fktnm ch]fq]lr ax ]ss]bghmf fktnm a sn d]bg ’m� 0(,
fktnm ch]fq]l D · hm ]kk onrrhakd v]xr- Sghr hmbktcdr9 ’0( ]ss]bghmf fktnm a sn ]m dwsdqm]k

kdf+ ’1( ]ss]bghmf fktnm a sn ]m hmsdqm]k khmd+ nq ’2( ]ss]bghmf fktnm a sn nmd ne sgd sgqdd,

fktnm udqshbdr ne D · sn l]jd ] entq,fktnm udqsdw- Ax qd]qq]mfhmf sdqlr ]mc chrb]qchmf

ohdbdr sg]s u]mhrg ax V]qc hcdmshshdr+ vd nas]hm rhlokd dwoqdrrhnmr enq sgd bnmsqhatshnm

sn sgd m,fktnm ]lokhstcd eqnl d]bg udqsdw ne ch]fq]l D ·- Vd sgdm rgnv sg]s d]bg rtbg

bnmsqhatshnm hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a-

3-0 9ssVbghmf V fktnm sn Vm dvsdqmVk kdf

Ehqrs vd rhmfkd nts nmd ne sgd dwsdqm]k kdfr+ a+ ne D ·+ cdmnshmf sgd qdrtkshmf dwoqdrrhnm ]r

εaµaA
µa
�a
’ia. · · · ( ’3-0(

vgdqd ia ]mc εa ]qd sgd lnldmstl ]mc onk]qhy]shnm udbsnq ne fktnm a+ ]mc · · · cdmnsdr
lnldms] adknmfhmf sn fktnmr R0. · · · . m{ | Ra. a{- =ss]bghmf fktnm a sn dwsdqm]k kdf a ]mc

trhmf dp- ’2-4( vd nas]hm

� f\
1

e�a�Ia
’iV ) ia(1

T µaµIµ’ia. iV.�iV � ia(Aaµ’iV ) ia. · · · (

; � f\
1

e�a�Ia
’iV ) ia(1

∫
ηµaµiµIV � ηµIµiµaa � ηµaµI’iV ) ia(

µ ’3-1(

) 1ηµaµiµIa ) 1 ’ηµaµIiµV � ηµIµiµaV (
[
Aaµ’iV ) ia. · · · ( .

Bnmsq]bshmf sghr vhsg εaµaεVµI dkhlhm]sdr sgd ffqrs svn sdqlr hm sgd rpt]qd aq]bjdsr- Sgd

sghqc sdql hr oqnonqshnm]k sn

’iV ) ia(
µAaµ’iV ) ia. · · · ( . ’3-2(

Sghr sdql cndr mns u]mhrg ax hsrdke ]r hs chc hm sgd b]rd ne sgd entq,fktnm ]lokhstcd+ ats

vgdm vd nas]hm sgd sns]k m,fktnm ]lokhstcd ax hmbktchmf ]kk ’m � 0(,onhms ch]fq]lr D ·+
sgd rtl ne rtbg sdqlr u]mhrgdr ctd sn f]tfd hmu]qh]mbd ’V]qc hcdmshsx(- Sgdqdenqd vd ]qd
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kdes vhsg sgd k]rs svn sdqlr hm rpt]qd aq]bjdsr+ vghbg xhdkc sgd svn sdqlr hm sgd enkknvhmf

dwoqdrrhnm

�
\
1f

e�a�Ia
’iV ) ia(1

εaµa

∫
εV · iaηµaµ ) ’εµaV iµV � εµVi

µa
V (

[
Aaµ’iV ) ia. · · · ( . ’3-3(

Vd rds sghr dwoqdrrhnm ]rhcd enq mnv-

3-1 9ssVbghmf V fktnm sn Vm hmsdqmVk khmd

Mdws vd rhmfkd nts nmd ne sgd hmsdqm]k khmdr ne D ·+ vghbg chuhcdr sgd ch]fq]l hmsn svn

rtach]fq]lr A ]mc B+ ]mc rokhsr sgd dwsdqm]k kdfr R0. · · · . m{|Ra{ hmsn svn bnlokdldms]qx
rdsr QV./ ]mc QV.B - Sgd bnmsqhatshnm ne sgd ch]fq]l b]m sgtr ad vqhssdm ]r

Aµ
a ’�J. · · · (

’�gηµµ(δab
J1

Bµ
b ’J. · · · ( ’3-4(

vgdqd J ;


c′RIν, ic hr sgd lnldmstl qtmmhmf sgqntfg sgd khmd+ ]mc sgd · · · hm A ]mc
B cdmnsd lnldms] adknmfhmf sn QV./ ]mc QV.B qdrodbshudkx- =ss]bghmf fktnm a sn sgd khmd

bnmmdbshmf sgd svn rtafq]ogr xhdkcr

gf\
1
Aaµ’�J. · · · (

eab�IT
µµµI’J.�J � iV. iV(

J1’J ) iV(1
Bbµ’J ) iV. · · · ( . ’3-5(

Vqhshmf sgd sgqdd,fktnm udqsdw ’2-4( ]r

T µµµI’J.�J�iV. iV(; �ηµµiµIV )ηµIµJµ)ηµµI’J)iV(
µ�1ηµµJµI�1 ’ηµµIiµV � ηµIµiµV (

’3-6(

vd rdd sg]s sgd ffqrs sdql u]mhrgdr vgdm bnmsq]bsdc vhsg εVµI - Sgd rdbnmc ]mc sghqc sdqlr

fhud sdqlr oqnonqshnm]k sn

JµAaµ’�J. · · · (. ’J ) iV(
µBbµ’J ) iV. · · · ( . ’3-7(

=f]hm sgdrd sdqlr cn mns u]mhrg ax sgdlrdkudr+ ats vgdm vd hmbktcd ]kk ’m � 0(,fktnm
ch]fq]lr D ·+ Aaµ vhkk ad qdok]bdc ax sgd rtl nudq ]kk ch]fq]lr bnms]hmhmf dwsdqm]k kdfr

QV./ oktr nmd ]cchshnm]k nΣ,rgdkk khmd+ ]mc rhlhk]qkx enq Bbµ + ]mc sgdrd dwoqdrrhnmr vhkk

u]mhrg ax f]tfd hmu]qh]mbd ’V]qc hcdmshsx(- Vd ]qd sgtr kdes vhsg

�
\
1gfAaµ’�J. · · · (

eab�I Zη
µµεV ·J ) ’εµViµV � εµVi

µ
V (“

J1’J ) iV(1
Bbµ’J ) iV. · · · ( . ’3-8(

Mnv vd trd sgd hcdmshsx ’1-1/( sn qdvqhsd sghr ]r

Aaµ’�J. · · · (
�g
J1

]\
1f

eab�I
1iV ·J

∫
ηµµεV ·J ) ’εµViµV � εµVi

µ
V (

[
Bbµ’J ) iV. · · · (

{
’3-0/(

)

]
�
\
1f

eab�I
1iV ·J

Aaµ’· · · .�J(
∫
ηµµεV ·J ) ’εµViµV � εµVi

µ
V (

[{ �g
’J)iV(1

Bbµ’J ) iV. · · · ( .

Vd ]rrnbh]sd d]bg ne sgd sdqlr hm sghr dpt]shnm vhsg nmd ne sgd svn udqshbdr sn vghbg sgd

khmd hr ]ss]bgdc-
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3-2 PVchVshnm udqsdv dvoVmrhnm

Hm sgd oqduhntr rtardbshnmr+ vd rgnvdc sg]s ]ss]bghmf fktnm a sn ]m ’m� 0(,fktnm ch]fq]l
xhdkcr nmd sdql ’3-3( enq d]bg dwsdqm]k kdf ]mc svn sdqlr ’3-0/( enq d]bg hmsdqm]k khmd+ nq hm

nsgdq vnqcr+ nmd sdql enq d]bg kdf ne d]bg udqsdw ne D ·- Vd b]m sgdqdenqd qdnqf]mhyd sgdrd

sdqlr hmsn ] rtl nudq sgd kdfr ne sgd udqshbdr ne d]bg ne sgd ’m�0(,fktnm ch]fq]lr D ·- Sghr
hr sgd q]ch]shnm udqsdw dwo]mrhnm Z24“-

Ehqrs vd bgnnrd nmd ne sgd sgqdd,fktnm udqshbdr u ne D · ’he hs g]r ]mx(- Rtbg ] udqsdw

chuhcdr sgd dwsdqm]k kdfr hmsn sgqdd mnm,nudqk]oohmf rtardsr Q�V.D−.u.n(+ q ; 0. 1. 2 rtbg sg]s∏2
n90 Q�V.D−.u.n( ; R0. · · · . m{ | Ra{- Sgd bnmsqhatshnm ne ch]fq]l D · sn sgd ’m � 0(,fktnm

]lokhstcd b]m ad dwoqdrrdc

� gf\
1
eb0b1b2T

µ0µ1µ2’J0.J1.J2(

2∑

n90

A
�n(
bnµn’�Jn. · · · ( ’3-00(

vgdqd Jn ;


c′R�IνB−νuνn(
ic hr sgd lnldmstl finvhmf nts ne d]bg kdf ne sgd udqsdw+ ]mc · · ·

hm A�n( cdmnsdr lnldms] adknmfhmf sn Q�V.D−.u.n(- He ]mx ne sgd kdfr hr dwsdqm]k+ sgdm A
�n(
bnµn

hr itrs δabnεaµa -

Vd mnv ]ss]bg fktnm a sn d]bg ne sgd kdfr ne sghr sgqdd,fktnm udqsdw+ dhsgdq sn ]m

dwsdqm]k kdf nq sn ]m hmsdqm]k khmd- Eqnl dp- ’3-3( ]mc ’3-0/( sghr xhdkcr

gf1
2∑

n90

A�n(
bnλn ’�Jn. · · · (

)
eab���eab1b2
1iS ·J0

∫
ηλ�µεS ·J0)’ε

λ�
S iµS�εµSi

λ�
S (

[
T λ1λ2
µ ’J0)iS.J1.J2( ’3-01(

)
eab1��eab2b�
1iS ·J1

∫
ηλ1µεS ·J1 ) ’ε

λ1
S iµS � εµSi

λ1
S (

[
T λ� λ2

µ ’J0.J1 ) iS.J2(

)
eab2��eab�b1
1iS ·J2

∫
ηλ2µεS ·J2 ) ’ε

λ2
S iµS � εµSi

λ2
S (

[
T λ�λ1

µ’J0.J1.J2 ) iS(

(
.

Vd b]m ]krn ]ss]bg fktnm a chqdbskx sn sgd sgqdd,fktnm udqsdw hsrdke- Trhmf dp- ’2-01(+ sghr

xhdkcr

� gf
1

1

2∑

n90

A
�n(
bnµn’�Jn. · · · (

)
eab0�Ieab1b2εVµI

>

>J0µI

T µ0µ1µ2’J0.J1.J2(

) eab1�Ieab2b0εVµI
>

>J1µI

T µ0µ1µ2’J0.J1.J2( ’3-02(

) eab2�Ieab0b1εVµI
>

>J2µI

T µ0µ1µ2’J0.J1.J2(

(
.

Vd mnv trd dp- ’2-05( hm dp- ’3-01(+ ]mc bnlahmd dp- ’3-01( ]mc ’3-02( ]r vd chc hm rdbshnm 2-

Kd]uhmf sgd hmchbdr nm T µ0µ1µ2’J0.J1.J2( hlokhbhs+ vd nas]hm sgd bnmsqhatshnm ne sgd

sgqdd,fktnm udqsdw sn sgd q]ch]shnm udqsdw dwo]mrhnm

gf1
2∑

n90

A�n(
bn ’�Jn. · · · (

)
eab���eab1b2
1iS ·J0

)
εS ·J0�gεS�iSαI�α0 �gεS�iSαiSβQ

�α
0

>

>J0β

[
T ’J0.J1.J2( ’3-03(

)
eab1��eab2b�
1iS ·J1

)
εS ·J1 � gεS�iSαI

�α
1 � gεS�iSαiSβQ

�α
1

>

>J1β

[
T ’J0.J1.J2(

)
eab2��eab�b1
1iS ·J2

)
εS ·J2 � gεS�iSαI

�α
2 � gεS�iSαiSβQ

�α
2

>

>J2β

[
T ’J0.J1.J2(

(
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vgdqd sgd rtarbqhosr nm In ]mc Qn hmchb]sd nm vghbg hmchbdr ne T
µ0µ1µ2’J0.J1.J2( sgdrd

nodq]snqr ]bs-

Mdws vd bgnnrd nmd ne sgd entq,fktnm udqshbdr u ne D · ’he hs g]r ]mx(- Rtbg ] udqsdw

chuhcdr sgd dwsdqm]k kdfr hmsn entq mnm,nudqk]oohmf rtardsr Q�V.D−.u.n(+ q ; 0. · · · . 3 rtbg sg]s∏3
n90 Q�V.D−.u.n( ; R0. · · · . m{ | Ra{- Sgd bnmsqhatshnm ne sgd ch]fq]l D · b]m ad dwoqdrrdc ]r

T µ0µ1µ2µ3
b0b1b2b3

3∑

n90

A
�n(
bnµn’�Jn. · · · ( . ’3-04(

Vd mnv ]ss]bg fktnm a sn d]bg ne sgd kdfr ne sghr entq,fktnm udqsdw- Eqnl dp- ’3-3( ]mc ’3-0/(

vd nas]hm

�
\
1f

3∑

n90

A
�n(
bnµn’�Jn. · · · (

)
eab0�I
1iV ·J0

∫
ηµ0µεV ·J0 ) ’ε

µ0
V i

µ
V � εµVi

µ0
V (

[
ηµλT

λµ1µ2µ3

ab1b2b3
’3-05(

)
eab1�I
1iV ·J1

∫
ηµ1µεV ·J1 ) ’ε

µ1
V i

µ
V � εµVi

µ1
V (

[
ηµλT

µ0λµ2µ3

b0ab2b3

)
eab2�I
1iV ·J2

∫
ηµ2µεV ·J2 ) ’ε

µ2
V i

µ
V � εµVi

µ2
V (

[
ηµλT

µ0µ1λµ3

b0b1ab3

)
eab3�I
1iV ·J3

∫
ηµ3µεV ·J3 ) ’ε

µ3
V i

µ
V � εµVi

µ3
V (

[
ηµλT

µ0µ1µ2λ
b0b1b2a

(
.

Nmd b]mmns ]ss]bg fktnm a sn sgd entq,fktnm udqsdw hsrdke rhmbd sgdqd ]qd mn ffud,fktnm

udqshbdr- Sgtr sgd bnmsqhatshnm sn sgd q]ch]shnm udqsdw dwo]mrhnm eqnl sgd entq,fktnm

udqsdw hr

�
\
1f

3∑

n90

A
�n(
bnµn’�Jn. · · · (

)
eab0�I
1iV ·J0

∫
δµ0
µ εV ·J0 � gεV�iVβ’Q

�β
0 (

µ0
µ

[
T µµ1µ2µ3

ab1b2b3

)
eab1�I
1iV ·J1

∫
δµ1
µ εV ·J1 � gεV�iVβ’Q

�β
1 (

µ1
µ

[
T µ0µµ2µ3

b0ab2b3

)
eab2�I
1iV ·J2

∫
δµ2
µ εV ·J2 � gεV�iVβ’Q

�β
2 (

µ2
µ

[
T µ0µ1µµ3

b0b1ab3

)
eab3�I
1iV ·J3

∫
δµ3
µ εV ·J3 � gεV�iVβ’Q

�β
3 (

µ3
µ

[
T µ0µ1µ2µ
b0b1b2a

(
. ’3-06(

Sn rtll]qhyd sghr rdbshnm+ vd g]ud dwoqdrrdc ]m m,fktnm ]lokhstcd ]r ] rtl nudq sgd

udqshbdr ne ]kk ne sgd ’m�0(,fktnm ch]fq]lr D ·+ bnloqhrhmf ] sdql ’3-03( enq d]bg sgqdd,fktnm
udqsdw ne D · ]mc ] sdql ’3-06( enq d]bg entq,fktnm udqsdw ne D ·-

3-3 FmuVqhVmbd ne sgd qVchVshnm udqsdv dvoVmrhnm tmcdq bnknq)eVbsnq rxlldsqx

Bnlotshmf sgd u]qh]shnm ne sgd q]ch]shnm udqsdw dwo]mrhnm ne sgd ]lokhstcd tmcdq ] bnknq,

e]bsnq rghes hr rnldvg]s lnqd cdkhb]sd sg]m b]kbtk]shmf sgd u]qh]shnm ne sgd btahb udqsdw

dwo]mrhnm ne sgd ]lokhstcd ’]r vd chc hm rdbshnm 1( adb]trd d]bg e]bsnq A
�n(
bnµn hm dp- ’3-03(

]mc ’3-06( b]m bnms]hm lnqd sg]m nmd bnknq e]bsnq bd ctd sn sgd onrrhakd oqdrdmbd ne entq,

fktnm udqshbdr-

Ehqrs kds tr bnmrhcdq sgd bnmsqhatshnm ’3-03( ne ] sgqdd,fktnm udqsdw sn sgd q]ch]shnm

udqsdw dwo]mrhnm+ ]mc enq sgd lnldms kds tr ]rrtld sg]s sgd rtach]fq]lr bnqqdronmchmf
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sn A
�n(
bnµn bnms]hm nmkx sgqdd,fktnm udqshbdr- Cdrhfm]sd ax b�V.D−.u.n( vhsg q ; 0. 1. 2 sgd bnknq

e]bsnq ]rrnbh]sdc vhsg d]bg khmd ne dp- ’3-03(- Sgtr+ enq dw]lokd+ b�V.D−.u.0( hr sgd oqnctbs

ne eab0�Ieab1b2 ]mc sgd rsqtbstqd bnmrs]msr eqnl ]kk sgd sgqdd,fktnm udqshbdr hm
∑2
n90 A

�n(
bnµn -

Sgdrd bnknq e]bsnqr l]mhedrskx r]shrex
2

n90 b�V.D−.u.n( ; /- Sgd u]qh]shnm ne b�V.D−.u.n( tmcdq

sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a hr

δV b�V.D−.u.n( ; ��V.D−.u( iV ·Jn ’3-07(

vghbg oqdrdqudr
2

n90 b�V.D−.u.n( ; /- Sgd u]qh]shnm ne dp- ’3-03( tmcdq sgd bnknq,e]bsnq rghes

hr sgdqdenqd oqnonqshnm]k sn

)}
2⋃

n90

εV ·Jn

(

� gεV�iVβ

}
2⋃

n90

I�βn

(

� gεV�iVβiVγ

}
2⋃

n90

Q�βn
>

>Jnγ

([

T ’J0.J1.J2( .

’3-08(

Hm rdbshnm 2+ vd cdlnmrsq]sdc sg]s d]bg ne sgd sgqdd sdqlr hm dp- ’3-08( u]mhrgdr- He

sgd ch]fq]lr bnqqdronmchmf sn A
�n(
bnµn bnms]hm entq,fktnm udqshbdr+ vd b]m trd dp- ’2-00( sn

dwo]mc sgdrd dwoqdrrhnmr ]mc sgdm trd sgd ]qftldms ]anud sn rgnv sg]s d]bg rdo]q]sd

bnmsqhatshnm vhkk u]mhrg tmcdq sgd bnknq,e]bsnq rghes- Sgdqdenqd sgd bnmsqhatshnm ne sgd

sgqdd,fktnm udqshbdr ’3-03( sn sgd q]ch]shnm udqsdw dwo]mrhnm hr hmu]qh]ms tmcdq sgd bnknq,

e]bsnq rghes ]rrnbh]sdc vhsg fktnm a-

Rdbnmc kds tr bnmrhcdq sgd bnmsqhatshnm ’3-06( ne ] entq,fktnm udqsdw sn sgd q]ch]shnm

udqsdw dwo]mrhnm- =f]hm vd adfhm ax ]rrtlhmf sg]s sgd ch]fq]lr bnqqdronmchmf sn A
�n(
bnµn

bnms]hm nmkx sgqdd,fktnm udqshbdr- Vd mnv dwo]mc sgd entq,fktnm udqshbdr T µ0µ1µ2µ3
b0b1b2b3 hm

dp- ’3-06( hmsn rdudq]k sdqlr+ nmd ne vghbg hr

�
\
1f

3∑

n90

A
�n(
bnµn’�Jn. · · · ( ’3-1/(

·
)
eab0�Ieab1cecb2b3

1iV ·J0

∫
δµ0
µ εV ·J0 � gεV�iVβ’Q

�β
0 (

µ0
µ

[
’ηµµ2ηµ1µ3 � ηµµ3ηµ1µ2(

)
eab1�Ieb0acecb2b3

1iV ·J1

∫
δµ1
µ εV ·J1 � gεV�iVβ’Q

�β
1 (

µ1
µ

[
’ηµ0µ2ηµµ3 � ηµ0µ3ηµµ2(

)
eab2�Ieab3cecb0b1

1iV ·J2

∫
δµ2
µ εV ·J2 � gεV�iVβ’Q

�β
2 (

µ2
µ

[
’ηµ0µηµ1µ3 � ηµ0µ3ηµ1µ(

)
eab3�Ieb2acecb0b1

1iV ·J3

∫
δµ3
µ εV ·J3 � gεV�iVβ’Q

�β
3 (

µ3
µ

[
’ηµ0µ2ηµ1µ � ηµ0µηµ1µ2(

(
.

Cdrhfm]sd ax b�V.D−.u.n( vhsg q ; 0. · · · 3 sgd bnknq e]bsnq ]rrnbh]sdc vhsg d]bg khmd ne
dp- ’3-1/(+ hmbktchmf sgd rsqtbstqd bnmrs]msr eqnl ]kk sgd sgqdd,fktnm udqshbdr hm

∑3
n90 A

�n(
bnµn -

Sgdrd bnknq e]bsnqr r]shrex
3

n90 b�V.D−.u.n( ; / ax uhqstd ne

eab0�Ieab1cecb2b3 ) eab1�Ieb0acecb2b3 ) eab2�Ieab3cecb0b1 ) eab3�Ieb2acecb0b1 ; / . ’3-10(

Sgd u]qh]shnm ne b�V.D−.u.n( tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a hr

δV b�V.D−.u.n( ; ��V.D−.u( iV ·Jn . ’3-11(
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Sgd u]qh]shnm ne dp- ’3-1/( tmcdq sgd bnknq,e]bsnq rghes sgdqdenqd bnms]hmr svn rtlr- Sgd

ffqrs }
3⋃

n90

εV ·Jn

(

’ηµ0µ2ηµ1µ3 � ηµ0µ3ηµ1µ2( ’3-12(

u]mhrgdr ax lnldmstl bnmrdqu]shnm+ iV )
3

n90Jn ; /+ snfdsgdq vhsg εV · iV ; /- Sgd
rdbnmc

’Q�β0 (
µ0
µ ’η

µµ2ηµ1µ3 � ηµµ3ηµ1µ2( ) ’Q�β1 (
µ1
µ ’η

µ0µ2ηµµ3 � ηµ0µ3ηµµ2(

) ’Q�β2 (
µ2
µ ’η

µ0µηµ1µ3 � ηµ0µ3ηµ1µ( ) ’Q�β3 (
µ3
µ ’η

µ0µ2ηµ1µ � ηµ0µηµ1µ2( ’3-13(

hr sgd ffqrs,nqcdq Knqdmsy sq]mrenql]shnm ne sgd sdmrnq ηµ0µ2ηµ1µ3 � ηµ0µ3ηµ1µ2 + vghbg u]m,

hrgdr- Sgd u]qh]shnm tmcdq sgd bnknq,e]bsnq rghes ne sgd nsgdq svn sdqlr eqnl sgd dwo]mrhnm

ne T µ0µ1µ2µ3
b0b1b2b3 rhlhk]qkx u]mhrgdr- Etqsgdqlnqd+ sgd r]ld ]qftldms ]ookhdr vgdm sgd ch],

fq]lr bnqqdronmchmf sn A
�n(
bnµn bnms]hm entq,fktnm udqshbdr+ ax dwo]mchmf sgdrd dwoqdrrhnmr

trhmf dp- ’2-00(- Sgdqdenqd sgd bnmsqhatshnm ne sgd entq,fktnm udqshbdr ’3-06( sn sgd q]ch]shnm

udqsdw dwo]mrhnm hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a-

Hm ffmd+ vd g]ud rgnvm sg]s d]bg bnmsqhatshnm sn sgd q]ch]shnm udqsdw dwo]mrhnm hr

hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a+ ]mc sgdqdenqd sgd dmshqd

m,fktnm ]lokhstcd hr hmu]qh]ms tmcdq sghr rghes- PDC

4 Anknq)eRasnq rxlldsqx enq lnqd fdmdqRk Rlokhstcdr

Hm rdbshnmr 2 ]mc 3+ vd oqnudc sgd bnknq,e]bsnq rxlldsqx ne m,fktnm ]lokhstcdr+ eqnl vghbg

enkknv sgd ABI qdk]shnmr enq bnknq,nqcdqdc ]lokhstcdr- Bnknq,e]bsnq rxlldsqx hr ] oqnodqsx

ne ] ltbg k]qfdq bk]rr ne sqdd,kdudk f]tfd,sgdnqx ]lokhstcdr+ m]ldkx sgnrd bnms]hmhmf ]s

kd]rs nmd fktnm snfdsgdq vhsg l]rrkdrr nq l]rrhud o]qshbkdr hm ]qahsq]qx qdoqdrdms]shnmr ne

sgd f]tfd fqnto vhsg ]qahsq]qx rohm ≤ 0+ vhsg sgd trt]k f]tfd,sgdnqx bntokhmfr- Vd vhkk
drs]akhrg sgd hmu]qh]mbd ne sghr k]qfdq bk]rr ne f]tfd,sgdnqx ]lokhstcdr tmcdq ] bnknq,e]bsnq

rghes hm rdbshnmr 5 ]mc 6-

Bnmrhcdq ] sqdd,kdudk m,onhms f]tfd,sgdnqx ]lokhstcdAk vhsg fktnmr ]r vdkk ]r o]qshbkdr

ψ ]mc ψ́+ dhsgdq l]rrkdrr nq l]rrhud+ vhsg rohm ydqn+ nmd,g]ke+ nq nmd+ hm ]m ]qahsq]qx

qdoqdrdms]shnm ne sgd f]tfd fqnto- Enq bnmudmhdmbd+ sgqntfgnts sgd mdws sgqdd rdbshnmr

vd qdedq sn ψ ’]mc ψ́( ]r etmc]ldms]kr ’]mc ]mshetmc]ldms]kr(+ ats sgdx b]m ad hm ]mx

qdoqdrdms]shnm- Sghr ]lokhstcd g]r sgd btahb cdbnlonrhshnm

Ak ;
⋃

d

b·d m
·
d

c·d
’4-0(

vgdqd vd cdbnq]sd sgd bnknq e]bsnqr+ jhmdl]shb mtldq]snqr+ ]mc cdmnlhm]snqr vhsg oqhldr

sn chrshmfthrg sgdl eqnl sgd ]m]knfntr pt]mshshdr enq m,fktnm ]lokhstcdr- Sgd cdmnlhm]snq

c·d mnv bnmrhrsr ne sgd oqnctbs ne hmudqrd oqno]f]snqr enq ansg l]rrkdrr ]mc l]rrhud o]qsh,

bkdr- Sgd bnknq e]bsnq b·d ]rrnbh]sdc vhsg d]bg btahb ch]fq]l hr nas]hmdc ax rdvhmf snfdsgdq

fff udqshbdr e�ab ]mc ψ́fψ udqshbdr ’S
�(e i vgdqd S

� cdmnsd sgd fdmdq]snqr hm sgd ]ooqnoqh]sd

qdoqdrdms]shnm- Bnmsqhatshnmr eqnl Edxml]m ch]fq]lr vhsg pt]qshb udqshbdr ’dhsgdq ffff
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nq ψ́ffψ hm sgd b]rd ne ] rb]k]q nq udbsnq ψ( ]qd o]qbdkdc nts ]lnmf sgd btahb ch]fq]lr-

Sgd mtladq ne btahb ch]fq]lr hm sgd rtl ’4-0( vhkk fdmdq]kkx ad edvdq sg]m enq sgd m,fktnm

]lokhstcd+ ]r rnld vhkk ad dwbktcdc enq uhnk]shmf edqlhnm mtladq nq fi]unq rxlldsqx-

Itrs ]r hm sgd b]rd ne sgd m,fktnm ]lokhstcd+ sgd ]lokhstcd Ak b]m ad vqhssdm hm ]

btahb udqsdw dwo]mrhnm vhsg qdrodbs sn fktnm a9

Ak ;
⋃

D

⋃

u

0
∑2
r90 c

·
�V.D.u.r(

2⋃

n90

b·�V.D.u.n(m
·
�V.D.u.n(

1iV ·J�V.D.u.n(
. ’4-1(

Sgd nmkx chΣdqdmbd adsvddm sgd cdqhu]shnm ne sghr dwoqdrrhnm ]mc sg]s enq sgd m,fktnm

]lokhstcd fhudm hm rdbshnm 1 hr sg]s vd ltrs trd sgd lnchffdc hcdmshsx

0

ZJ1 �k1“Z’J ) iV(1 �k1“
;

0

ZJ1 �k1“’1iV ·J(
)

0

’�1iV ·J(Z’J ) iV(1 �k1“
’4-2(

vgdm fktnm a hr ]ss]bgdc sn ] oqno]f]snq ne ] l]rrhud ffdkc-

=r trt]k+ sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a hr cdffmdc ax svn qdpthqdldmsr9

’H( sg]s hs r]shrex ]kk sgd ]kfdaq]hb rxlldsqhdr ’d-f-+ I]bnah qdk]shnmr( nadxdc ax sgd bnknq

e]bsnqr b·d+ ]mc ’HH( sg]s hs r]shrex

δVb
·
d ∝

⋃

b′RIνb

iV · ib ’4-3(

vgdqd QV.d cdmnsdr sgd rtards ne sgd dwsdqm]k o]qshbkdr nm nmd rhcd ne sgd onhms ]s vghbg a

hr ]ss]bgdc sn b·d- Sgdrd snfdsgdq hlokx sg]s

δV b
·
�V.D.u.n( ; ��V.D.u( iV ·J�V.D.u.n( . ’4-4(

Sgdqdenqd sgd hmu]qh]mbd ne sgd ]lokhstcd tmcdq sgd bnknq,e]bsnq rghes hlokhdr sgd bnmrsq]hms

⋃

D

⋃

u

��V.D.u(∑2
r90 c

·
�V.D.u.r(

2⋃

n90

m·�V.D.u.n( ; / ’4-5(

nm sgd rtlr ne jhmdl]shb mtldq]snqr ]ood]qhmf hm sgd btahb cdbnlonrhshnm-

=r hm sgd b]rd ne m,fktnm ]lokhstcdr+ bnknq,e]bsnq rxlldsqx b]m ad trdc sn cdqhud

ABI qdk]shnmr ]lnmf sgd bnknq,nqcdqdc ]lokhstcdr ]rrnbh]sdc vhsg Ak- ABI qdk]shnmr enq

m,onhms ]lokhstcdr vhsg fktnmr ]mc ] rhmfkd o]hq ne l]rrhud etmc]ldms]kr vdqd bnmidb,

stqdc hm qde- Z30“ ]mc lnqd fdmdq]kkx enq ]lokhstcdr bnms]hmhmf ]m ]qahsq]qx mtladq ne

o]hqr ne etmc]ldms]kr hm qde- Z31“+ a]rdc nm sgd ]rrtloshnm ne bnknq,jhmdl]shb ct]khsx- =

oqnne ne sgdrd ABI qdk]shnmr trhmf ABEV nm,rgdkk qdbtqrhnm v]r fhudm hm qde- Z35“- Hm

nqcdq sn cdqhud sgdrd qdk]shnmr+ gnvdudq+ hs hr mdbdrr]qx sn vqhsd sgd ]lokhstcd hm ] oqnodq

cdbnlonrhshnm Z34“+ h-d-+ hm sdqlr ne ]m hmcdodmcdms rds ne bnknq e]bsnqr ]mc fdmdq]khydc,

f]tfd,hmu]qh]ms oqhlhshud ]lokhstcdr- Enq fdmdq]k ]lokhstcdr+ sghr hr ] rtaskd oqnakdl+

vghbg v]r qdbdmskx rnkudc enq sgd b]rd ne ltkshokd o]hqr ne chrshmbs,fi]unq etmc]ldms]kr ax

Ldkh] Z32z34“ ]mc Ing]mrrnm ]mc Nbghqnu Z31“- Hm ] rdptdk sn sghr o]odq Z36“+ vd qduhdv

sgdhq rnktshnm+ ]mc sgdm cdqhud sgd ABI qdk]shnmr trhmf sgd bnknq,e]bsnq rxlldsqx-
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Sgdqd hr nmd bk]rr ne ]lokhstcdr+ gnvdudq+ enq vghbg sgd rsnqx hr oq]bshb]kkx hcdmshb]k

sn sgd m,fktnm b]rd+ m]ldkx+ m,onhms ]lokhstcdr vhsg m � 1 fktnmr ]mc ] rhmfkd o]hq ne
etmc]ldms]kr- Enq sg]s b]rd+ ]m hmcdodmcdms rds ne ’m � 1(¯ bnknq e]bsnqr hr fhudm ax sgd
g]ke,k]ccdqr

b·0γk ± ’S �β�1(S �β�2( · · ·S �β�i�0((e0 ei . ’4-6(

=kk nsgdq bnknq e]bsnqr b·d b]m ad qdctbdc sn g]ke k]ccdqr

b·d ;
⋃

γ′Ri�1

Ld.0γkb
·
0γk ’4-7(

ax qdod]sdckx ]ookxhmf e�ab ’S
b(e i ;

)
S �. S a

[e
i
. rhlhk]q sn sgd b]rd ne m,fktnm ]lokh,

stcdr Z41“- Sgd bndflbhdmsr Ld.0γk ]qd oqdbhrdkx sgd r]ld ]r hm sgd m,fktnm b]rd- Sgd

m,onhms ]lokhstcd b]m sgdm ad vqhssdm hm ] oqnodq cdbnlonrhshnm Z55+ 56“

Ak’ψ́0. f1. f2. · · · . fk�0.ψk( ;
⋃

γ′Ri�1

b·0γk A·’0. γ’1(. · · · . γ’m� 0(. m( ’4-8(

vgdqd sgd oqhlhshud ]lokhstcdr ]qd fhudm ax

A·’0. γ’1(. · · · . γ’m� 0(. m( ;
⋃

d

Ld.0γk m
·
d

c·d
. ’4-0/(

Vd cdffmd ]m ’m�2(¯,o]q]ldsdq e]lhkx ne rghesr ]rrnbh]sdc vhsg d]bg fktnm a ∈ R1. · · · . m�0{
uh]

δS b
±
0ν�1(−−−ν�a�0(Sν�a(−−−ν�i�0(i ; �Sσν

}

iS · i0 )
a�0⋃

b91

iS · iν�b(

(

. a. a ∈ R1. · · · . m� 0{. a 6; a

δS b
±
c ;

⋃

β′Da�1

Lcσ0βi δS b
±
0βi ’4-00(

vgdqd γ hr ] odqlts]shnm ne R1. · · · . m � 0{+ σ hr ] odqlts]shnm ne R1. · · · . m � 0{ | Ra{+
]mc �V.σ hr ] rds ne ’m � 2(¯ ]qahsq]qx bnmrs]msr enq d]bg a- =r hm sgd b]rd ne sgd m,fktnm

]lokhstcd+ sgd chldmrhnm ne sgd ’]adkh]m( fqnto ne bnknq,e]bsnq rghesr hr ’m�2(’m�2(¯- Vd
rgnv hm rdbshnmr 5 ]mc 6 sg]s sgd ]lokhstcd Ak’ψ́0. f1. f2. · · · . fk�0.ψk( hr hmu]qh]ms tmcdq

sgd bnknq,e]bsnqr rghesr ’4-00(- =r ] bnmrdptdmbd+ sgd bnknq,nqcdqdc ]lokhstcdr cdffmdc hm

dp- ’4-8( nadx ABI qdk]shnmr sg]s g]ud sgd r]ld enql ’vgdm dwoqdrrdc hm sdqlr ne hmu]qh]msr

iV · ia+ vgdqd iV hr sgd lnldmstl ne ] fktnm( ]r sgnrd enq sgd m,fktnm ]lokhstcd+ m]ldkx

k⋃

a92

}

i0 · i1 )
a�0⋃

b92

i1 · iσ�b(

(

A·’0.σ’2(. · · · .σ’a� 0(. 1.σ’a(. · · · .σ’m� 0(. m( ; / ’4-01(

snfdsgdq vhsg ]kk odqlts]shnmr ne sghr dpt]shnm vhsg 1 qdok]bdc ax a+ ]r bnmidbstqdc hm

qder- Z30+ 31“-
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5 Nqnne ne anknq)eRasnq rxlldsqx enq sgd �3¯ ���ψ�1ψ ,2ψ ,3( Rlokhstcd

Hm sghr rdbshnm+ vd oqnud sg]s sgd sqdd,kdudk entq,onhms ]lokhstcd vhsg svn fktnmr ]mc svn

l]rrhud o]qshbkdr hm ]m ]qahsq]qx qdoqdrdms]shnm ne sgd f]tfd fqnto ’vghbg enq bnmudmhdmbd

vd qdedq sn ]r etmc]ldms]kr( vhsg rohm ydqn+ nmd,g]ke+ nq nmd hr hmu]qh]ms tmcdq sgd bnknq,

e]bsnq rxlldsqx- Vd vhkk trd sgdrd qdrtksr enq sgd oqnne ne sgd hmu]qh]mbd ne sgd lnqd

fdmdq]k m,onhms ]lokhstcd hm rdbshnm 6-

Sgd entq,onhms ]lokhstcd A3’ψ́0.ψ1. f2. f3( b]m ad bnmrsqtbsdc eqnl sgd ψ́ψf udqsdw ax

]ss]bghmf ] fktnm sn ] oqno]f]snq dl]m]shmf eqnl d]bg ne sgd dwsdqm]k kdfr ne sgd udqsdw+

nq ’hm sgd b]rd ne ] rohm,ydqn nq rohm,nmd etmc]ldms]k( sn sgd udqsdw hsrdke- Sghr xhdkcr

A3’ψ́0.ψ1. f2. f3( ;

2⋃

n90

b·�n(m
·
�n(

1i3 · in
’5-0(

vgdqd sgd bnknq e]bsnqr

b·�0( ; � ’S
�3S �2(e0 e1 . b·�1( ; ’S

�2S �3(e0 e1 . b·�2( ; e�3�2a’S
a(e0 e1 ’5-1(

nadx
2

n90 b
·
�n( ; / trhmf ZS

�. S a“ ; e�abS
b- Sgd bnknq,e]bsnq rxlldsqx ’]rrnbh]sdc vhsg

fktnm 3( ]bsr nm sgd bnknq e]bsnqr ’5-1( ]mc sgd entq,onhms ]lokhstcd ’5-0( ]r

δ3b
·
�n( ; �3 i3 · in ;⇒ δ3A3 ;

0

1
�3

2⋃

n90

m·�n( . ’5-2(

Vd vhkk drs]akhrg sg]s δ3A3 ; / ax rgnvhmf sg]s
2

n90 m
·
�n( ; /+ ] qdrtks sg]s g]r knmf

addm jmnvm Z12+ 13“- Vd vhkk cn sghr rdo]q]sdkx enq rohm ydqn+ rohm nmd,g]ke+ ]mc rohm nmd

etmc]ldms]kr-

5-0 JhmdlVshb mtldqVsnqr enq rohm)nmd)gVke etmcVldmsVkr

Vd adfhm vhsg sgd b]rd ne ] rohm,nmd,g]ke etmc]ldms]k+ vghbg hr rhlokdq ctd sn sgd ]ardmbd

ne ] ψ́ψff udqsdw- Sgd ψ́ψf udqsdw02 ]mc Chq]b oqno]f]snq ]qd

gf\
1
’S �2(e0 e1γ

µ2 .
gδe i
,i �k

. ’5-3(

=ss]bghmf fktnm 3 sn ’edqlhnm( kdf 0 xhdkcr sgd dwoqdrrhnm

� gf1

1

’S �3S �2(e� e1
’i0 ) i3(1 �k1

γλ3’,i0),i3)k(γ
λ2 ;

gf1

1

b±�0(

1i3 · i0

)
’�,i0 )k(γ

λ3 ) 1iλ30 )
0

1
Zγλ3 . ,i3“

[
γλ2 .

’5-4(

Sgd bnmsqhatshnm ne sghr ch]fq]l sn dp- ’5-0( hr nas]hmdc ax r]mcvhbghmf dp- ’5-4( adsvddm

t́’i0( ]mc t’�i1(+ bnmsq]bshmf vhsg ε2µ2ε3µ3 + ]mc chuhchmf ax g- Sgd ffqrs sdql hm sgd rpt]qd

aq]bjdsr u]mhrgdr trhmf t́’i0(’�,i0 )k( ; /+ kd]uhmf

m·�0( ; f1t́’i0(
∫
ε3 · i0 � gε3�i3βΣ

�β
[
,ε2t’�i1( . Σ�β ± g

3

∫
γ�. γβ

[
’5-5(

02Pdb]kk sg]s Sq!S �S a( : α�a-
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vgdqd sgd rohm,nmd,g]ke ]mftk]q lnldmstl l]sqhbdr Σ�β r]shrex sgd Knqdmsy ]kfdaq] bnl,

lts]shnm qdk]shnmr

ZΣ�β .Σγδ“ ; �g
∫
η�γΣβδ � η�δΣβγ � ηβγΣ�δ ) ηβδΣ�γ

[
. ’5-6(

Rhlhk]qkx+ ]ss]bghmf fktnm 3 sn ’edqlhnm( kdf 1 xhdkcr

� gf1

1

’S �2S �3(e� e1
’i1)i3(1�k1

γλ2’�,i1�,i3)k(γ
λ3 ; � gf

1

1

b±�1(

1i3 · i1
γλ2

)
γλ3’,i1 )k(� 1i

λ3
1 )

0

1
Zγλ3 . ,i3“

[
.

’5-7(

Trhmf ’,i1 )k(t’�i1( ; /+ vd nas]hm

m·�1( ; f1t́’i0(,ε2

∫
ε3 · i1 ) gε3�i3βΣ�β

[
t’�i1( . ’5-8(

Ehm]kkx+ ]ss]bghmf fktnm 3 sn ’fktnm( kdf 2 xhdkcr

m·�2( ; f1ε2µ2 t́’i0(
∫
ε3 · i2δµ2

µ � gε3�i3β’Q
�β
2 (

µ2
µ

[
γµt’�i1( . ’5-0/(

Sgd rtl ne sgd jhmdl]shb mtldq]snqr hr sgtr

2⋃

n90

m·�n( ; f1t́’i0(,ε2t’�i1(

}
2⋃

n90

ε3 · in

(

� gf1ε3�i3βε2µ2 t́’i0(
∣
Σ�βγµ2 � γµ2Σ�β ) ’Q�β2 (

µ2
µγ

µ
(
t’�i1( . ’5-00(

Sgd ffqrs rtl nm sgd qhfgs,g]mc rhcd ne sghr dpt]shnm u]mhrgdr ax lnldmstl bnmrdqu]shnm3
n90 in ; / snfdsgdq vhsg ε3 · i3 ; /- Sgd rdbnmc rtl u]mhrgdr adb]trd

Σ�βγµ2 � γµ2Σ�β ) ’Q�β2 (
µ2
µγ

µ ’5-01(

hr sgd ffqrs,nqcdq Knqdmsy sq]mrenql]shnm ne γµ ’]bshmf nm ansg rohmnq hmchbdr ]r vdkk ]r sgd

udbsnq hmcdw( ]mc gdmbd u]mhrgdr- Sgtr sgd rtl ne jhmdl]shb mtldq]snqr enq sgd ]lokhstcd

A3’ψ́0.ψ1. f2. f3( hr ydqn enq rohm,nmd,g]ke etmc]ldms]kr-

5-1 JhmdlVshb mtldqVsnqr enq rohm)ydqn etmcVldmsVkr

Mdws vd stqm sn sgd b]rd ne rohm,ydqn etmc]ldms]kr- Sgd ψ́ψf udqsdw hr

gf\
1
’S �2(e0 e1T

µ2’i0. i1. i2(. T µ2’i0. i1. i2( ; ’i0 � i1(
µ2 ’5-02(

vgdqd iV ]qd ntsfnhmf lnldms]- Sgd rb]k]q oqno]f]snq hr gδ
e
i,’i

1 �k1(- Sgtr ]ss]bghmf

fktnm 3 sn ’rb]k]q( kdf 0 xhdkcr sgd dwoqdrrhnm

� gf
1

1

’S �3S �2(e0 e1
’i0 ) i3(1 �k1

T µ3’i0.�i0 � i3. i3(T
µ2’i0 ) i3. i1. i2(

;
gf1

1

b·�0(

1i3 · i0
Ziµ3

3 ) 1iµ3
0 “T

µ2’i0 ) i3. i1. i2( . ’5-03(
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Sgd bnmsqhatshnm ne sghr ch]fq]l sn dp- ’5-0( hr nas]hmdc ax bnmsq]bshmf vhsg ε2µ2ε3µ3 ]mc

chuhchmf ax g- Sgd ffqrs sdql hm sgd rpt]qd aq]bjdsr u]mhrgdr trhmf ε3 · i3 ; /+ kd]uhmf

m·�0(

]]]
ice
; f1ε3 · i0ε2µ2T

µ2’i0 ) i3. i1. i2( . ’5-04(

Rhlhk]qkx+ ]ss]bghmf fktnm 3 sn ’rb]k]q( kdf 1 xhdkcr

m·�1(

]]]
ice
; f1ε3 · i1ε2µ2T

µ2’i0. i1 ) i3. i2( . ’5-05(

=ss]bghmf fktnm 3 sn ’fktnm( kdf 2 xhdkcr

m·�2(

]]]
ice
; f1ε2µ2

∫
ε3 · i2δµ2

µ � gε3�i3β’Q
�β
2 (

µ2
µ

[
T µ’i0. i1. i2 ) i3( . ’5-06(

=ss]bghmf fktnm 3 chqdbskx sn sgd ψ́ψf udqsdw+ vd nas]hm sgd ψ́ψff udqsdw

gf1

1
ηµ2µ3 ’RS �2 . S �3{(e0 e1 ’5-07(

vghbg b]m ad vqhssdm ]r

� gf1

1

)
b·�0(

>

>i0µ3

) b·�1(
>

>i1µ3

) b·�2(
>

>i2µ3

(
T µ2’i0. i1. i2( . ’5-08(

Sgd qdrs ne sgd rsnqx oqnbddcr dw]bskx ]r hm rdbshnm 2+ ]kknvhmf tr sn vqhsd sgd jhmdl]shb

mtldq]snqr ]r

m·�n( ; f1
)
ε3 · in � gε3�i3βI

�β
n � gε3�i3βi3γQ

�β
n

>

>inγ

[
T ’i0. i1. i2( ’5-1/(

vgdqd vd g]ud rtooqdrrdc sgd onk]qhy]shnm udbsnq ε2- Adb]trd svn ne sgd kdfr ]qd rb]k]qr+

vd g]ud Q�β0 ; Q�β1 ; /+ vgdqd]r Q�β2 hr fhudm ax dp- ’2-8(-

Mnv bnmrhcdq sgd rtl ne jhmdl]shb mtldq]snqr

2⋃

n90

m·�n( ; f1

}
2⋃

n90

ε3 · in

(

T ’i0. i1. i2(

� gf1ε3�i3β

}
2⋃

n90

I�βn

(

T ’i0. i1. i2( ’5-10(

� gf1ε3�i3βi3γQ
�β
2

>

>i2γ
T ’i0. i1. i2(

vgdqd sgd rb]k]q,rb]k]q,fktnm udqsdw hr T µ2’i0. i1. i2( ; ’i0 � i1 ) λZi0 ) i1 ) i2“(
µ2 vhsg

λ ]qahsq]qx ctd sn lnldmstl bnmrdqu]shnm- Sgd ffqrs rtl nm sgd qhfgs,g]mc rhcd ne sghr

dpt]shnm u]mhrgdr ]r trt]k ax lnldmstl bnmrdqu]shnm- Sgd rdbnmc rtl+ vghbg l]x ad

vqhssdm lnqd dwokhbhskx ]r

K�β0 T µ2’i0. i1. i2( ) K
�β
1 T µ2’i0. i1. i2( ) ’I

�β
2 (µ2

µT
µ’i0. i1. i2( ’5-11(
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hr sgd ffqrs,nqcdq Knqdmsy sq]mrenql]shnm ne ψ́ψf udqsdw- Sghr u]mhrgdr+ ]r l]x ad rddm ax

dwokhbhs bnlots]shnm+ adb]trd T µ2’i0. i1. i2( hr ] Knqdmsy sdmrnq- Sgd sghqc sdql nm sgd

qhfgs,g]mc rhcd ne dp- ’5-10( hr

ε3�i3βi3γ’Q
�β
2 (

µ2
µ

>

>i2γ
T µ’i0. i1. i2( ; λ

�
i1
3 ε

µ2
3 � ε3 · i3 iµ2

3

(
’5-12(

vghbg ]tsnl]shb]kkx u]mhrgdr ctd sn i1
3 ; / ]mc ε3 · i3 ; /- =f]hm+ vd dlog]rhyd sg]s hm

oqnuhmf sgd u]mhrghmf ne dp- ’5-11( ]mc ’5-12( vd chc mns trd sg]s in vdqd nm,rgdkk+ mnq chc

vd trd εn · in ; /+ enq q ; 0. 1. 2- Sgtr sgdrd qdrtksr qdl]hm u]khc enq ]m nΣ,rgdkk udqsdw
T µ2’i0. i1. i2(-

5-2 JhmdlVshb mtldqVsnqr enq rohm)nmd etmcVldmsVkr

Ehm]kkx vd bnmrhcdq l]rrhud rohm,nmd etmc]ldms]kr vhsg ψ́fψ udqsdw ne sgd enql

gf\
1
’S �2(e0 e1T

µ0µ1µ2’i0. i1. i2( ’5-13(

vgdqd T µ0µ1µ2’i0. i1. i2( hr fhudm ax dp- ’2-4(- Vd dlog]rhyd sg]s ]ksgntfg vd qdedq sn

sgd udbsnq o]qshbkdr ]r etmc]ldms]kr+ sgdx bntkc ad hm ]mx qdoqdrdms]shnm+ hmbktchmf sgd

]cinhms+ hm vghbg b]rd ’S �2(�0�1 ; e�0�2�1 ]mc dp- ’5-13( hr dpt]k sn dp- ’2-3(+ dwbdos sg]s

mnv sgd udbsnq anrnm hr l]rrhud- Sgd oqno]f]snq enq ] l]rrhud rohm,nmd o]qshbkd hr

�gδe iNµµ’i(

i1 �k1
. Nµµ’i( ; ηµµ �

iµiµ
k1

. ’5-14(

Hm sgd b]rd hm vghbg sgd udbsnq anrnm fdsr hsr l]rr eqnl ] ronms]mdntrkx,aqnjdm rxlld,

sqx+ dp- ’5-14( hr sgd oqno]f]snq hm tmhs]qx f]tfd: sghr hr lnrs bnmudmhdms enq sqdd,kdudk

b]kbtk]shnmr ]r vd mddc mns bnlotsd bnmsqhatshnmr hmunkuhmf Fnkcrsnmd anrnmr-

=ss]bghmf fktnm 3 sn kdf 0 xhdkcr sgd dwoqdrrhnm

gf1

1

b·�0(

’i0 ) i3(1 �k1
0

T µ0µ3µ’i0. i3.�i0 � i3(Nµλ’i0 ) i3(T
λµ1µ2’i0 ) i3. i1. i2( . ’5-15(

Sgd bnmsqhatshnm ne sghr ch]fq]l sn dp- ’5-0( hr nas]hmdc ax bnmsq]bshmf vhsg
∑3
V90 εVµI

]mc chuhchmf ax g+ fhuhmf

m·�0(

]]]
ice
; f1ε0µ0

∫
ε3 · i0δµ0

µ � gε3�i3β’Q
�β
0 (

µ0
µ

[
T µµ1µ2’i0 ) i3. i1. i2(ε1µ1ε2µ2 ’5-16(

vgdqd vd g]ud trdc / ; i1
3 ; ε3 · i3 ; ε0 · i0 ]mc i1

0 ; k1
0 ats vd chc mns trd dp- ’2-6(+

vghbg hr mns u]khc hm sghr b]rd adb]trd i1
1 6; i1

2- =m]knfntr dwoqdrrhnmr ]qd nas]hmdc enq

m·�1( ]mc m
·
�2(- =ss]bghmf fktnm 3 chqdbskx sn sgd ψ́ψf udqsdw+ vd nas]hm sgd ψ́ψff udqsdw

� gf1

1

)
b·�0(

>

>i0µ3

) b·�1(
>

>i1µ3

) b·�2(
>

>i2µ3

(
T µ0µ1µ2’i0. i1. i2( . ’5-17(

=f]hm+ sgd qdrs ne sgd rsnqx oqnbddcr dw]bskx ]r hm rdbshnm 2+ ]kknvhmf tr sn vqhsd sgd

jhmdl]shb mtldq]snqr ]r

m·�n( ; f1
)
ε3 · in � gε3�i3βI

�β
n � gε3�i3βi3γQ

�β
n

>

>inγ

[
T ’i0. i1. i2( ’5-18(
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vgdqd vd g]ud rtooqdrrdc sgd onk]qhy]shnm udbsnqr εn enq q ; 0. 1. 2- Mnsd sg]s sgd jhmdl]shb

mtldq]snqr m·�n( g]ud dw]bskx sgd r]ld enql ]r sgd jhmdl]shb mtldq]snqr enq sgd entq,fktnm

]lokhstcd+ dudm sgntfg sgd l]rrdr enq o]qshbkdr 0 sgqntfg 2 b]m ad mnmydqn- Sgd oqnne ne

sgd u]mhrghmf ne sgd rtl ne mtldq]snqr oqnbddcr dw]bskx ]r hm rdbshnm 2-

Hm sghr rdbshnm+ vd g]ud dwokhbhskx rgnvm sg]s sgd rtl ne jhmdl]shb mtldq]snqr enq

entq,onhms ]lokhstcdr A3’ψ́0.ψ1. f2. f3( u]mhrgdr ’vgdqd ψ b]m g]ud rohm ydqn+ nmd,g]ke+ nq

nmd( ]mc sgtr g]ud cdlnmrsq]sdc sgd hmu]qh]mbd ne sgd entq,onhms ]lokhstcd tmcdq sgd

bnknq,e]bsnq rxlldsqx ]rrnbh]sdc vhsg fktnm 3- =r sgd qdrtksr ne sgd k]rs rtardbshnm g]ud

rgnvm+ sghr qdrtks qdl]hmr u]khc dudm vgdm o]qshbkdr 0 sgqntfg 2 ]qd l]rrhud: nmkx sgd

fktnm ]rrnbh]sdc vhsg sgd bnknq,e]bsnq rxlldsqx mddc ad l]rrkdrr- Sgd qdrtksr vd g]ud

cdqhudc vhkk ad trdc hm sgd mdws rdbshnm sn oqnud ] lnqd fdmdq]k qdrtks-

6 Nqnne ne anknq)eRasnq rxlldsqx enq lnqd fdmdqRk Rlokhstcdr

Hm sghr rdbshnm+ vd trd sgd q]ch]shnm udqsdw dwo]mrhnm sn cdlnmrsq]sd sgd hmu]qh]mbd tmcdq

sgd bnknq,e]bsnq rxlldsqx ne sqdd,kdudk f]tfd,sgdnqx ]lokhstcdr bnms]hmhmf ]s kd]rs nmd

fktnm snfdsgdq vhsg l]rrkdrr nq l]rrhud o]qshbkdr hm ]qahsq]qx qdoqdrdms]shnmr ne sgd f]tfd

fqnto ’ats qdedqqdc sn ]r etmc]ldms]kr enq bnmudmhdmbd( ]mc vhsg ]qahsq]qx rohm ≤ 0-

Enq bnmbqdsdmdrr+ vd enbtr nm sgd m,onhms ]lokhstcd Ak’ψ́0. f1. f2. · · · . fk�0.ψk( vhsg m�
1 fktnmr ]mc ] o]hq ne etmc]ldms]kr ψ+ ats hs vhkk ad bkd]q sg]s sgd oqnne ]ookhdr sn

lnqd fdmdq]k ]lokhstcdr- Sgd oqnne hr udqx rhlhk]q sn sg]s fhudm hm rdbshnm 3 enq m,fktnm

]lokhstcdr+ ]mc rn vd nmkx ghfgkhfgs sgd chΣdqdmbdr-

Sgd q]ch]shnm udqsdw dwo]mrhnm bnmrsqtbsr sgd m,onhms ]lokhstcd

Ak’ψ́0. f1. f2. · · · . fk�0.ψk( ax ]ss]bghmf fktnm a ∈ R1. · · · . m � 0{ sn ]kk onrrhakd
’m � 0(,onhms ch]fq]lr D ·+ vhsg svn etmc]ldms]kr ]mc m � 2 fktnmr+ hm ]kk onrrhakd v]xr+
]mc qdnqf]mhyhmf sghr ]r ] rtl nudq ]kk sgd udqshbdr ne sgd ’m� 0(,onhms ch]fq]l- Vd g]ud
]kqd]cx rgnvm hm rdbshnm 3 sg]s sgd bnmsqhatshnmr ne sgd sgqdd, ]mc entq,fktnm udqshbdr ]qd

hmu]qh]ms tmcdq sgd bnknq,e]bsnq rxlldsqx+ rn vd nmkx mddc sn cdlnmrsq]sd sgd r]ld enq

udqshbdr hmunkuhmf svn etmc]ldms]kr- Vd cn sghr rdo]q]sdkx enq etmc]ldms]kr vhsg rohm

ydqn+ nmd,g]ke+ ]mc nmd-

6-0 Rdqshbdr hmunkuhmf rohm)nmd)gVke etmcVldmsVkr

Sn cdqhud sgd bnmsqhatshnm ne sgd ψ́ψf udqshbdr sn sgd q]ch]shnm udqsdw dwo]mrhnm enq rohm,

nmd,g]ke etmc]ldms]kr ψ+ vd dw]lhmd sgd dΣdbs ne ]ss]bghmf ] fktnm sn ] edqlhnm kdf+ dhsgdq

dwsdqm]k nq hmsdqm]k-

Ehqrs vd rhmfkd nts ’edqlhnm( kdf 0+ cdmnshmf sgd bnmsqhatshnm ne ]m ’m � 0(,onhms
ch]fq]l D · sn sgd ]lokhstcd ]r t́’i0(B

e0’i0. · · · ( vgdqd · · · cdmnsdr lnldms] adknmfhmf sn
R1. · · · . m{ | Ra{- =ss]bghmf fktnm a sn dwsdqm]k edqlhnm kdf 0+ trhmf t́’i0(’�,i0 )k( ; /+

]mc bnmsq]bshmf vhsg εVµI + vd nas]hm

�
\
1f
’S �I(e0 i
1iV · i0

t́’i0(
∫
εV · i0 � gεV�iVβΣ

�β
[
B i’i0 ) iV. · · · ( . ’6-0(

Mdws+ vd rhmfkd nts ’edqlhnm( kdf m+ cdmnshmf sgd bnmsqhatshnm ne sgd ch]fq]l D · sn sgd

]lokhstcd ]r Aei’ik. · · · (t’�ik(+ vgdqd · · · cdmnsdr lnldms] adknmfhmf sn R0. · · · . m�0{|
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Ra{- =ss]bg fktnm a sn dwsdqm]k edqlhnm kdf m+ trd ’,ik)k(t’�ik( ; /+ ]mc bnmsq]bs vhsg
εVµI sn nas]hm

)
\
1fAi’ik ) iV. · · · (

’S �I(i ei

1iV · ik

∫
ε3 · ik ) gε3�i3βΣ�β

[
t’�ik( . ’6-1(

Mnv vd rhmfkd nts nmd ne sgd hmsdqm]k edqlhnm khmdr ne D ·+ vghbg chuhcdr sgd ch]fq]l hmsn svn

rtach]fq]lr Ai ]mc B
i+ ]mc rokhsr sgd dwsdqm]k kdfr R0. · · · . m{|Ra{ hmsn svn bnlokdldms]qx

rdsr QV./ ]mc QV.B - Sgd bnmsqhatshnm ne sgd ch]fq]l D · b]m sgtr ad vqhssdm ]r

Ai’�J. · · · (
gδi j
,J �k

Bj’J. · · · ( ’6-2(

vgdqd J ;


c′RIν, ic hr sgd lnldmstl qtmmhmf sgqntfg sgd khmd+ ]mc sgd · · · hm A ]mc
B cdmnsd lnldms] adknmfhmf sn QV./ ]mc QV.B qdrodbshudkx- =ss]bghmf fktnm a sn sgd khmd

bnmmdbshmf sgd svn rtafq]ogr ]mc bnmsq]bshmf vhsg εVµI + vd g]ud

� gf\
1
Ai’�J. · · · (

0

,J �k
’S �I(i j,εV

0

,J ) ,iV �k
Bj’J ) iV. · · · ( . ’6-3(

Mnv vd trd sgd hcdmshsx Z24“

0

,J �k
,εV

0

,J ) ,iV �k
;

0

,J �k

�
εV ·J ) 0

3

)
,εV. ,iV

[(

iV ·J
�

�
εV ·J ) 0

3

)
,εV. ,iV

[(

iV ·J
0

,J ) ,iV �k
’6-4(

sn qdvqhsd sghr ]r

Ai’�J. · · · (
g

,J �k

]

�
\
1f
’S �I(i j
1iV ·J

∫
εV ·J � gεV�iVβΣ

�β
[
Bj’J ) iV. · · · (

{

’6-5(

)

]
\
1f
’S �I(i j
1iV ·J

Ai’�J. · · · (
∫
εV ·J � gεV�iVβΣ

�β
[{ g

,J ) ,iV �k
Bj’J ) iV. · · · ( .

D]bg sdql b]m ad ]rrnbh]sdc vhsg nmd ne sgd svn udqshbdr sn vghbg sgd khmd hr ]ss]bgdc-

Vd mnv bgnnrd nmd ne sgd ψ́ψf udqshbdr u ne D ·- Rtbg ] udqsdw chuhcdr sgd dwsdqm]k

kdfr hmsn sgqdd mnm,nudqk]oohmf rtardsr Q�V.D−.u.n(+ q ; 0. 1. 2 rtbg sg]s
∏2
n90 Q�V.D−.u.n( ;

R0. · · · . m{ | Ra{- Sgd bnmsqhatshnm ne sgd ch]fq]l D · sn sgd ’m� 0(,onhms ]lokhstcd b]m ad
dwoqdrrdc ]r

gf\
1
A

�2(
b2µ2’�J2. · · · (Ai0’�J0. · · · (γµ2’S b2(

i0
i1
B i1’�J1. · · · ( ’6-6(

vgdqd Jn ;


c′R�IνB−νuνn(
ic hr sgd lnldmstl finvhmf nts ne d]bg kdf ne sgd udqsdw+ ]mc

sgd · · · hm A+ B+ ]mc A cdmnsd lnldms] adknmfhmf sn Q�V.D−.u.0(+ Q�V.D−.u.1(+ ]mc Q�V.D−.u.2(

qdrodbshudkx- He dhsgdq edqlhnm kdf hr dwsdqm]k+ sgdm Ai0 ; t́’i0(δ
e0
i0
nq B i1 ; t’�ik(δ

i1
ei
-

He sgd fktnm kdf hr dwsdqm]k+ sgdm A
�2(
b2µ2 hr δab2εaµa -
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Vd mnv ]ss]bg fktnm a sn d]bg ne sgd kdfr ne sghr ψ́ψf udqsdw+ dhsgdq sn ]m dwsdqm]k kdf

nq sn ]m hmsdqm]k khmd- Trhmf sgd dwoqdrrhnmr ]anud ]r vdkk ]r sgnrd hm rdbshnm 3+ vd nas]hm

gf1A
�2(
b2µ2’�J2. · · · (Ai0’�J0. · · · (

·
)
�
’S �IS b2(

i0
i1

1iV ·J0

∫
εV ·J0 � gεV�iVβΣ

�β
[
γµ2 )

’S b2S �I(
i0
i1

1iV ·J1
γµ2

∫
εV ·J1 ) gεV�iVβΣ

�β
[

)
e�Ib2a’S

a(
i0
i1

1iV ·J2

∫
ηµ2µεV ·J2 � gεV�iVβ’Q

�β
2 (

µ2µ
[
γµ

(
B i1’�J1. · · · ( ’6-7(

vghbg hr sgd bnmsqhatshnm ne sgd ψ́ψf udqsdw sn sgd q]ch]shnm udqsdw dwo]mrhnm-

Vd mnv vhrg sn rgnv sg]s dp- ’6-7( hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rxlldsqx- =r hm

rdbshnm 3+ vd ffqrs ]rrtld sg]s sgd rtach]fq]lr bnqqdronmchmf sn A+ A+ ]mc B bnms]hm mn

entq,fktnm udqshbdr- Cdrhfm]sd ax b�V.D−.u.n( vhsg q ; 0. 1. 2 sgd bnknq e]bsnqr ]rrnbh]sdc vhsg

d]bg ne sgd sgqdd sdqlr hm dp- ’6-7(+ hmbktchmf e]bsnqr ne e�ab ]mc ’S
�(i j hm sgd rtach]fq]lr-

Sgdrd bnknq e]bsnqr l]mhedrskx r]shrex
2

n90 b�V.D−.u.n( ; /+ ]mc sgd u]qh]shnm ne b�V.D−.u.n(
tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a hr

δV b�V.D−.u.n( ; ��V.D−.u( iV ·Jn ’6-8(

vghbg oqdrdqudr
2

n90 b�V.D−.u.n( ; /- Sgd u]qh]shnm ne dp- ’6-7( tmcdq dp- ’6-8( hr sgdm

oqnonqshnm]k sn

}
2⋃

n90

εV ·Jn

(

γµ2 � gεV�iVβ

∫
Σ�βγµ2 � γµ2Σ�β ) ’Q�β2 (

µ2µγµ

[
. ’6-0/(

Sgd ffqrs sdql u]mhrgdr ax lnldmstl bnmrdqu]shnm+ ]mc sgd rdbnmc ax sgd sq]mrenql]shnm

oqnodqshdr ne γµ + ]r vd r]v hm rdbshnm 5- He sgd rtach]fq]lr A+ A+ ]mc B cn bnms]hm entq,

fktnm udqshbdr+ vd b]m dwo]mc dp- ’6-7( hmsn hmchuhct]k ohdbdr+ d]bg ne vghbg hr hmu]qh]ms

tmcdq sgd bnknq,e]bsnq rxlldsqx- Snfdsgdq vhsg sgd qdrtks eqnl rdbshnm 3 sg]s sgd bnmsqh,

atshnmr sn sgd q]ch]shnm udqsdw dwo]mrhnm eqnl sgd sgqdd, ]mc entq,fktnm udqshbdr ]qd ]krn

hmu]qh]ms+ vd g]ud sgtr rgnvm sg]s sgd ]lokhstcd Ak’ψ́0. f1. f2. · · · . fk�0.ψk( vhsg rohm,

nmd,g]ke etmc]ldms]kr hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rxlldsqx- Hm e]bs+ sghr oqnne

]ookhdr sn ]m ]lokhstcd vhsg ]m ]qahsq]qx mtladq ne o]hqr ne etmc]ldms]kr+ ]mc vhkk ad

trdc hm sgd rdptdk Z36“ sn oqnud sgd ABI qdk]shnmr Z31“ enq sg]s bk]rr ne ]lokhstcdr-

6-1 Rdqshbdr hmunkuhmf rohm)ydqn etmcVldmsVkr

Sn cdqhud sgd bnmsqhatshnm ne sgd ψ́ψf ]mc ψ́ψff udqshbdr sn sgd q]ch]shnm udqsdw dwo]mrhnm

enq rohm,ydqn etmc]ldms]kr ψ+ vd dw]lhmd sgd dΣdbs ne ]ss]bghmf ] fktnm sn ] rb]k]q kdf+

dhsgdq dwsdqm]k nq hmsdqm]k-

Ehqrs vd rhmfkd nts ’rb]k]q( kdf 0+ cdmnshmf sgd bnmsqhatshnm ne ]m ’m�0(,onhms ch]fq]l
D · sn sgd ]lokhstcd ]r B e0’i0. · · · ( vgdqd · · · cdmnsdr lnldms] adknmfhmf sn R1. · · · . m{|Ra{-
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=ss]bghmf fktnm a sn dwsdqm]k rb]k]q kdf 0 vd nas]hm

� f\
1

’S �I(e0 i
’iV ) i0(1 �k1

T µI’i0.�i0 � iV. iV(B
i’i0 ) iV. · · · (

; � f\
1

’S �I(e0 i
1iV · i0

ZiµIV ) 1iµI0 “B
i’i0 ) iV. · · · ( . ’6-00(

Bnmsq]bshmf sghr vhsg εVµI dkhlhm]sdr sgd ffqrs sdql hm sgd rpt]qd aq]bjdsr+ kd]uhmf

�
\
1f
’S �I(e0 i
1iV · i0

εV · i0B i’i0 ) iV. · · · ( . ’6-01(

Rhlhk]qkx+ ]ss]bghmf fktnm a sn dwsdqm]k rb]k]q kdf m+ vd nas]hm

)
\
1fεV · ikAi’ik ) iV. · · · (

’S �I(i ei

1iV · ik
. ’6-02(

Mdws vd rhmfkd nts nmd ne sgd hmsdqm]k rb]k]q khmdr ne D ·+ vghbg chuhcdr sgd ch]fq]l hmsn svn

rtach]fq]lr Ai ]mc B
i+ ]mc rokhsr sgd dwsdqm]k kdfr hmsn svn bnlokdldms]qx rdsr QV./ ]mc

QV.B - Sgd bnmsqhatshnm ne sgd ch]fq]l D · b]m sgtr ad vqhssdm ]r

Ai’�J. · · · (
gδij

J1 �k1
Bj’J. · · · ( ’6-03(

vgdqd J ;


c′RIν, ic hr sgd lnldmstl qtmmhmf sgqntfg sgd khmd+ ]mc sgd · · · hm A ]mc
B cdmnsd lnldms] adknmfhmf sn QV./ ]mc QV.B qdrodbshudkx- =ss]bghmf fktnm a sn sgd khmd

bnmmdbshmf sgd svn rtafq]ogr xhdkcr

� gf\
1
Ai’�J. · · · (

’S �I(i jT
µI’J.�J � iV. iV(

ZJ1 �k1“Z’J ) iV(1 �k1“
Bj’J ) iV. · · · ( . ’6-04(

Bnmsq]bshmf vhsg εVµI ]mc trhmf εV · iV ; /+ vd g]ud

�
\
1gfAi’�J. · · · (

’S �I(i jεV ·J
ZJ1 �k1“Z’J ) iV(1 �k1“

Bj’J ) iV. · · · ( . ’6-05(

Mnv vd trd sgd hcdmshsx ’4-2( sn qdvqhsd sghr ]r

Ai’�J. · · · (
g

J1 �k1

]

�
\
1f
’S �I(i j
1iV ·J

εV ·J Bj’J ) iV. · · · (

{

)

]
\
1fAi’�J. · · · (

’S �I(i j
1iV ·J

εV ·J

{
g

’J ) iV(1 �k1
Bj’J ) iV. · · · ( . ’6-06(

Vd ]rrnbh]sd d]bg ne sgd sdqlr hm sghr dpt]shnm vhsg nmd ne sgd svn udqshbdr sn vghbg sgd

khmd hr ]ss]bgdc-

Mdws vd bgnnrd nmd ne sgd rb]k]q,rb]k]q,fktnm udqshbdr u ne D · ’he hs g]r ]mx(- Rtbg

] udqsdw chuhcdr sgd dwsdqm]k kdfr hmsn sgqdd mnm,nudqk]oohmf rtardsr Q�V.D−.u.n(+ q ; 0. 1. 2
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rtbg sg]s
∏2
n90 Q�V.D−.u.n( ; R0. · · · . m{ | Ra{- Sgd bnmsqhatshnm ne sgd ch]fq]l D · b]m ad

dwoqdrrdc ]r

gf\
1
T µ2’J0.J1.J2(A

�2(
b2µ2’�J2. · · · (Ai0’�J0. · · · (’S b2(

i0
i1
B i1’�J1. · · · ( ’6-07(

vgdqd Jn ;


c′R�IνB−νuνn(
ic hr sgd lnldmstl finvhmf nts ne d]bg kdf ne sgd udqsdw+ ]mc

sgd · · · hm A+ B+ ]mc A cdmnsd lnldms] adknmfhmf sn Q�V.D−.u.0(+ Q�V.D−.u.1(+ ]mc Q�V.D−.u.2(

qdrodbshudkx- He dhsgdq rb]k]q kdf hr dwsdqm]k+ sgdm Ai0 ; δe0 i0
nq B i1 ; δ

i1
ei
- He sgd fktnm kdf

hr dwsdqm]k+ sgdm A
�2(
b2µ2 hr δab2εaµa -

Vd mnv ]ss]bg fktnm a sn d]bg ne sgd kdfr ne sghr rb]k]q,rb]k]q,fktnm udqsdw+ dhsgdq sn

]m dwsdqm]k kdf nq sn ]m hmsdqm]k khmd- Sghr xhdkcr

gf1A�2(
b2λ2’�J2. · · · (Ai�’�J0. · · · ( ’6-08(

·
)
�
’S ��S b2(

i�
i1

1iS ·J0

∫
εS ·J0

[
T λ2’J0 ) iS.J1.J2( )

’S b2S ��(
i�
i1

1iS ·J1

∫
εS ·J1

[
T λ2’J0.J1 ) iS.J2(

)
e��b2a’S

a(
i�
i1

1iS ·J2

∫
ηλ2µεS ·J2 ) ’ε

λ2
S iµS � εµSi

λ2
S (

[
Tµ’J0.J1.J2 ) iS(

(
B i1’�J1. · · · ( .

Vd b]m ]krn ]ss]bg fktnm a chqdbskx sn sgd rb]k]q,rb]k]q,fktnm udqsdw hsrdke- Trhmf dp- ’5-08(+

sghr xhdkcr

� gf
1

1
A

�2(
b2µ2’�J2. · · · (Ai0’�J0. · · · (

·
)
� ’S �IS b2(

i0
i1
εVµI

>

>J0µI

T µ2’J0.J1.J2( ) ’S
b2S �I(

i0
i1
εVµI

>

>J1µI

T µ2’J0.J1.J2(

) e�Ib2a’S
a(

i0
i1
εVµI

>

>J2µI

T µ2’J0.J1.J2(

(
B i1’�J1. · · · ( . ’6-1/(

Vd mnv trd dp- ’2-05( hm dp- ’6-08(+ ]mc bnlahmd dp- ’6-08( ]mc ’6-1/( ]r vd chc hm rdbshnm 5-

Kd]uhmf sgd µ2 hmcdw hlokhbhs+ vd nas]hm sgd bnmsqhatshnm ne sgd rb]k]q,rb]k]q,fktnm udqsdw

sn sgd q]ch]shnm udqsdw dwo]mrhnm

gf1A�2(
b2 ’�J2. · · · (Ai�’�J0. · · · (

·
)
�
’S ��S b2(

i�
i1

1iS ·J0

∫
εS ·J0 � gεS�iSαK

�α
0

[
T ’J0.J1.J2( ’6-10(

)
’S b2S ��(

i�
i1

1iS ·J1

∫
εS ·J1 � gεS�iSαK

�α
1

[
T ’J0.J1.J2(

)
e��b2a’S

a(
i�
i1

1iS ·J2

)
εS ·J2 � gεS�iSαI

�α
2 � gεS�iSαiSβQ

�α
2

>

>J2β

[
T ’J0.J1.J2(

(
B i1’�J1. · · · (

vgdqd I2 ]mc Q2 ]bs nm sgd µ2 hmcdw ne T ’J0.J1.J2( -

=s sgd dmc ne sgd k]rs rtardbshnm+ vd chrbtrrdc sgd bnknq,e]bsnq rxlldsqx ]bshmf nm sgd

ψ́ψf udqsdw bnmsqhatshnm sn sgd q]ch]shnm udqsdw dwo]mrhnm- Tmcdq dp- ’6-8(+ sgd u]qh]shnm

ne dp- ’6-10( hr oqnonqshnm]k sn
)}

2⋃

n90

εV ·Jn

(

� gεV�iVβ

}
2⋃

n90

I�βn

(

� gεV�iVβiVγQ
�β
2

>

>J2γ

[

T ’J0.J1.J2( . ’6-11(
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Hm rdbshnm 5+ vd cdlnmrsq]sdc sg]s d]bg ne sgd sgqdd sdqlr hm dp- ’6-11( u]mhrgdr- Sgdqdenqd

sgd bnmsqhatshnmr ne sgd ψ́ψf udqshbdr ’6-10( sn sgd q]ch]shnm udqsdw dwo]mrhnm ]qd hmu]qh]ms

tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a-

Ehm]kkx vd bgnnrd nmd ne sgd rb]k]q,rb]k]q,fktnm,fktnm udqshbdr u ne D · ’he hs g]r ]mx(-

Rtbg ] udqsdw chuhcdr sgd dwsdqm]k kdfr hmsn entq mnm,nudqk]oohmf rtardsr Q�V.D−.u.n(+ q ;

0. · · · . 3 rtbg sg]s
∏3
n90 Q�V.D−.u.n( ; R0. · · · . m{ | Ra{- Trhmf dp- ’5-07(+ sgd bnmsqhatshnm ne

ch]fq]l D · b]m ad dwoqdrrdc ]r

gf1

1
ηµ2µ3A

�2(
b2µ2’�J2. · · · (A�3(

b3µ3’�J3. · · · (Ai0’�J0. · · · ( ’RS b2 . S b3{(i0 i1 B
i1’�J1. · · · ( .

’6-12(

Vd mnv ]ss]bg fktnm a sn d]bg ne sgd kdfr ne sghr rb]k]q,rb]k]q,fktnm,fktnm udqsdw+ dhsgdq

sn ]m dwsdqm]k kdf nq sn ]m hmsdqm]k khmd- Sghr xhdkcr

gf2\
1
A

�2(
b2µ2’�J2. · · · (A�3(

b3µ3’�J3. · · · (Ai0’�J0. · · · (

·
)
�
’S �IRS b2 . S b3{(i0 i1

1iV ·J0

∫
εV ·J0

[
ηµ2µ3 )

’RS b2 . S b3{S �I(
i0
i1

1iV ·J1

∫
εV ·J1

[
ηµ2µ3

)
e�Ib2a’RS a. S b3{(i0 i1

1iV ·J2

∫
δµ2
µ εV ·J2 � gεV�iVβ’Q

�β
2 (

µ2
µ

[
ηµµ3

)
e�Ib3a’RS b2 . S a{(i0 i1

1iV ·J3

∫
δµ3
µ εV ·J3 � gεV�iVβ’Q

�β
3 (

µ3
µ

[
ηµ2µ

(
B i1’�J1. · · · ( . ’6-13(

Vd mnv mddc sn bnmrhcdq sgd u]qh]shnm tmcdq sgd bnknq,e]bsnq rxlldsqx ne sghr bnmsqhatshnm

sn sgd q]ch]shnm udqsdw dwo]mrhnm- Cdrhfm]sd ax b�V.D−.u.n( vhsg q ; 0. · · · 3 sgd bnknq e]bsnq
]rrnbh]sdc vhsg d]bg ne sgd sdqlr hm dp- ’6-13(+ hmbktchmf sgd e]bsnqr ne e�ab ]mc ’S

�(i j hm

sgd rtach]fq]lr- Sgdrd bnknq e]bsnqr r]shrex
3

n90 b�V.D−.u.n( ; / ax uhqstd ne

� ’S ��RS b2 . S b3{(i� i1 ) ’RS
b2 . S b3{S ��(

i�
i1
) e��b2a’RS

a. S b3{(i� i1 ) e��b3a’RS
b2 . S a{(i� i1 ; / .

’6-14(

Sgd u]qh]shnm ne b�V.D−.u.n( tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a hr

δV b�V.D−.u.n( ; ��V.D−.u( iV ·Jn . ’6-15(

Sgd u]qh]shnm ne dp- ’6-13( tmcdq dp- ’6-15( hr sgdqdenqd oqnonqshnm]k sn

}
3⋃

n90

εV ·Jn

(

ηµ2µ3 � gεV�iVβ

∫
’Q�β2 (

µ2
µη

µµ3 ) ’Q�β3 (
µ3
µη

µ2µ
[
. ’6-16(

Sgd ffqrs sdql u]mhrgdr ax lnldmstl bnmrdqu]shnm+ iV)
3

n90Jn ; /+ ]mc εV ·iV ; /- Sgd
rdbnmc sdql hr sgd ffqrs,nqcdq Knqdmsy sq]mrenql]shnm ne sgd sdmrnq ηµ2µ3 + vghbg u]mhrgdr-

Sgtr d]bg udqsdw hmunkuhmf rb]k]qr sg]s bnmsqhatsdr sn sgd q]ch]shnm udqsdw dwo]m,

rhnm hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes ]rrnbh]sdc vhsg fktnm a- Snfdsgdq vhsg sgd

qdrtks eqnl rdbshnm 3 sg]s sgd bnmsqhatshnmr eqnl sgd sgqdd, ]mc entq,fktnm udqshbdr sn

sgd q]ch]shnm udqsdw dwo]mrhnm ]qd ]krn hmu]qh]ms+ vd g]ud rgnvm sg]s sgd etkk ]lokhstcd
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Ak’ψ́0. f1. f2. · · · . fk�0.ψk( vhsg rohm,ydqn etmc]ldms]kr hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq

rghes- Hm e]bs+ ]mx ]lokhstcd athks vhsg ψ́ψf ]mc ψ́ψff udqshbdr enq rb]k]q ψ vhkk g]ud sgd

bnknq,e]bsnq rxlldsqx-

6-2 Rdqshbdr hmunkuhmf rohm)nmd etmcVldmsVkr

Sn cdqhud sgd bnmsqhatshnm ne sgd ψ́ψf ]mc ψ́ψff udqshbdr sn sgd q]ch]shnm udqsdw dwo]mrhnm

enq rohm,nmd etmc]ldms]kr ψ+ vd dw]lhmd sgd dΣdbs ne ]ss]bghmf ] fktnm sn ] l]rrhud udbsnq

kdf+ dhsgdq dwsdqm]k nq hmsdqm]k-

Ehqrs vd rhmfkd nts ’udbsnq( kdf 0+ cdmnshmf sgd bnmsqhatshnm ne ]m ’m � 0(,onhms ch],
fq]l D · sn sgd ]lokhstcd ]r ε0µ0B

e0µ0’i0. · · · ( vgdqd · · · cdmnsdr lnldms] adknmfhmf sn
R1. · · · . m{ | Ra{- =ss]bghmf fktnm a sn dwsdqm]k udbsnq kdf 0 vd nas]hm

� f\
1

’S �I(e0 i
’iV ) i0(1 �k1

0

T µ0µµI’i0.�i0 � iV. iV(Nµλ’i0 ) iV(B
iλ’i0 ) iV. · · · ( . ’6-17(

Bnmsq]bshmf vhsg ε0µ0εVµI + vd nas]hm

�
\
1f
’S �I(e0 i
1iV · i0

ε0µ0

∫
εV · i0ηµ0µ ) ’εµ0

V i
µ
V � εµVi

µ0
V (

[
B i
µ’i0 ) iV. · · · ( ’6-18(

vgdqd vd trdc i1
3 ; ε3 · i3 ; ε0 · i0 ; / ]mc i1

0 ; k1
0- Vd chc mns trd sgd u]mhrghmf ne

dp- ’3-2(- Rhlhk]q dwoqdrrhnmr qdrtks eqnl ]ss]bghmf fktnm a sn sgd nsgdq kdfr- Ax bnlo]qhmf

dp- ’3-3( ]mc ’6-18(+ vd nardqud sg]s sgd dwoqdrrhnm hr sgd r]ld enq ] l]rrkdrr nq ] l]rrhud

udbsnq o]qshbkd-

Mdws vd rhmfkd nts nmd ne sgd hmsdqm]k khmdr ne D ·+ vghbg chuhcdr sgd ch]fq]l hmsn svn

rtach]fq]lr A ]mc B+ ]mc rokhsr sgd dwsdqm]k kdfr R0. · · · . m{|Ra{ hmsn svn bnlokdldms]qx
rdsr QV./ ]mc QV.B - Sgd bnmsqhatshnm ne sgd ch]fq]l b]m sgtr ad vqhssdm ]r

Aµ
i ’�J. · · · (

’�gδij(Nµµ’J(

J1 �k1
Bjµ’J. · · · ( ’6-2/(

vgdqd J ;


c′RIν, ic hr sgd lnldmstl qtmmhmf sgqntfg sgd khmd+ ]mc sgd · · · hm A ]mc
B cdmnsd lnldms] adknmfhmf sn QV./ ]mc QV.B qdrodbshudkx- =ss]bghmf fktnm a sn sgd khmd

bnmmdbshmf sgd svn rtafq]ogr ]mc bnmsq]bshmf vhsg εVµI + vd nas]hm

� gf\
1
Aµ

i ’�J. · · · (
’S �I(i jNµλ’J(εVµIT

λκµI’J.�J � iV. iV(Nκµ’J ) iV(

ZJ1 �k1“Z’J ) iV(1 �k1“
Bjµ’J)iV. · · · ( .

’6-20(

Mnv vd trd sgd hcdmshsx Z24“

Nλκ’J(εSλ�T
κδλ�’J.�J � iS. iS(Nδµ’J ) iS(

ZJ1 �k1“Z’J ) iS(1 �k1“
’6-21(

;
0

iS ·J

]
�Nλκ’J(

)
δκµεS ·J ) εκSiSµ � iκSεSµ

[

J1 �k1
)

)
δ δ
λ εS ·J ) εSλi

δ
S � iSλε

δ
S

[
Nδµ’J ) iS(

’J ) iS(1 �k1

{

sn qdvqhsd sghr ]r
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Aλ
i ’�J. · · · (

�gNλκ’J(

J1 �k1

]

�
\
1f
’S ��(i j
1iS ·J

)
ηκµεS ·J )

�
εκSi

µ
S � εµSi

κ
S

([
Bj
µ’J ) iS. · · · (

{

’6-22(

)

]
\
1fAiλ’· · · .�J(

’S ��(i j
1iS ·J

∫
ηλδεS ·J ) ’ελSiδS � εδSi

λ
S (

[{ �gNδµ’J ) iS(

’J ) iS(1 �k1
Bjµ’J ) iS. · · · ( .

Vd chc mns trd sgd u]mhrghmf ne dp- ’3-7(- Vd ]rrnbh]sd d]bg ne sgd sdqlr hm btqkx aq]bjdsr

vhsg nmd ne sgd svn udqshbdr sn vghbg sgd khmd hr ]ss]bgdc-

Enq sgd qdrs ne sgd chrbtrrhnm+ vd b]m ad aqhde- Sgd dwoqdrrhnmr enq sgd bnmsqhatshnmr

sn sgd q]ch]shnm udqsdw dwo]mrhnm eqnl ψ́ψf ]mc ψ́ψff udqshbdr ]qd rhlhk]q sn sgnrd enq

rohm,ydqn etmc]ldms]kr+ dwbdos sg]s vd ltrs hmbktcd In ]mc Qn sdqlr enq q ; 0 ]mc 1- Sgd

oqnne sg]s sgdrd udqsdw bnmsqhatshnmr ]qd hmu]qh]ms tmcdq sgd bnknq,e]bsnq rxlldsqx qdkhdr

nm rnld ne sgd qdrtksr eqnl rdbshnm 3-

Sgtr vd g]ud rgnvm sg]s sgd etkk ]lokhstcd Ak’ψ́0. f1. f2. · · · . fk�0.ψk( vhsg l]rrhud

rohm,nmd etmc]ldms]kr hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes- Hm e]bs+ ]mx ]lokhstcd

athks vhsg ψ́ψf ]mc ψ́ψff udqshbdr vhsg ] l]rrhud udbsnq o]qshbkd ψ vhkk g]ud sgd bnknq,

e]bsnq rxlldsqx-

Vd b]m fn dudm etqsgdq ]mc rs]sd sg]s ]mx ]lokhstcd athks eqnl fff ]mc ψ́fψ udqshbdr

’vhsg ψ g]uhmf ]qahsq]qx rohm ≤ 0( vgdqd mns nmkx ψ ats ]krn rnld ne sgd fktnmr ]qd l]rrhud
’h-d-+ sgqntfg ronms]mdntr rxlldsqx aqd]jhmf( vhkk ad hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes-

Sgd nmkx o]qshbkd hm sgd ]lokhstcd sg]s ltrs ad l]rrkdrr hr sgd fktnm ]rrnbh]sdc vhsg sgd

bnknq,e]bsnq rxlldsqx-

7 Ltkk dhfdmudasnqr ne sgd oqnoRfRsnq lRsqhw

Sgd rxlldsqx sg]s vd g]ud hmsqnctbdc hm sghr o]odq hr onrrdrrdc mns nmkx ax f]tfd,sgdnqx

]lokhstcdr ats ]krn ax sgd ]lokhstcdr ne sgd ltbg rhlokdq sgdnqx Z37“ ne l]rrkdrr rb]k]qr

φ��− sq]mrenqlhmf hm sgd ]cinhms ne sgd bnknq fqnto T’M(·T’ —M(- Sgdrd ah,]cinhms rb]k]qr
g]ud nmkx btahb hmsdq]bshnmr ne sgd enql

e�ab —e�−a−b−φ
��−φaa−φbb− ’7-0(

vgdqd e�ab ]mc —e�−a−b− ]qd sgd rsqtbstqd bnmrs]msr ne T’M( ]mc T’ —M(- Sgd sqdd,kdudk m,onhms

]lokhstcd hr fhudm ax sgd rtl nudq btahb ch]fq]lr

Ara]i]o
k ;

⋃

d

bd—bd
cd

. ’7-1(

Trhmf dp- ’1-0/(+ sgd ah,]cinhms rb]k]q sqdd ]lokhstcd ’7-1( b]m ad vqhssdm ]r

Ara]i]o
k ;

⋃

γ′Ri�1

⋃

δ′Ri�1

b0γk k’0γm}0δm( —b0δk ’7-2(

vgdqd

k’0γm}0δm( ;
⋃

d

Ld.0γkLd.0δk

cd
’7-3(
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]qd cntakd,o]qsh]k ]lokhstcdr ne sgd ah,]cinhms rb]k]q sgdnqx Z37“- Sgd k’0γm}0δm( ]qd ]krn
sgd dmsqhdr ne ’m � 1(¯ · ’m � 1(¯ oqno]f]snq l]sqhw cdffmdc hm qde- Z6“- U]l]m ]mc X]n
]qftdc sg]s sgd oqno]f]snq l]sqhw g]r q]mj ’m� 2(¯ ax uhqstd ne lnldmstl bnmrdqu]shnm+
trhmf dwokhbhs knv m dw]lokdr- B]bg]yn+ Gd+ ]mc Xt]m bnmffqldc sghr enq fdmdq]k m ax dw,

oqdrrhmf sgd cntakd,o]qsh]k ]lokhstcdr ]r ] rtl nudq sgd ’m�2(¯ rnktshnmr ne sgd rb]ssdqhmf
dpt]shnmr Z37“-

Sgd btahb udqsdw dwo]mrhnm ne sgd m,onhms ah,]cinhms rb]k]q ]lokhstcd vhsg qdrodbs sn

dwsdqm]k rb]k]q a ’rdd rdbshnm 1( hr fhudm ax

Ara]i]o
k ;

⋃

D

⋃

u′S�IνB(

0
∑2
r90 c�V.D.u.r(

2⋃

n90

b�V.D.u.n(—b�V.D.u.n(

1iV ·J�V.D.u.n(
’7-4(

vgdqd
2⋃

n90

b�V.D.u.n( ; / .

2⋃

n90

—b�V.D.u.n( ; / . ’7-5(

Sgd bnknq,e]bsnq rghes vhsg qdrodbs sn l]rrkdrr rb]k]q a ]bsr nm sgd bnknq e]bsnqr ]ood]qhmf

hm dp- ’7-4( ]r

δV b�V.D.u.n( ; ��V.D.u( iV ·J�V.D.u.n( . ’7-6(

Sgd u]qh]shnm ne dp- ’7-4( tmcdq sghr rghes

δV Ara]i]o
k ;

0

1

⋃

D

⋃

u′S�IνB(

��V.D.u(∑2
r90 c�V.D.u.r(

2⋃

n90

—b�V.D.u.n( ’7-7(

u]mhrgdr ax uhqstd ne dp- ’7-5(+ sgtr drs]akhrghmf sg]s sgd ]lokhstcdr ne sgd ah,]cinhms rb]k]q

sgdnqx onrrdrr sgd bnknq,e]bsnq rxlldsqx-

Mnv vd bnmrhcdq sgd u]qh]shnm ne sgd ]lokhstcd ’7-2( tmcdq sgd rghes ’1-03( ]rrnbh]sdc

vhsg a ; 1+

δ1 Ara]i]l
i ’7-8(

;
⋃

ν′Da�2

�1σν

i⋃

a92

}

i0 · i1)
a�0⋃

b92

i1 · iν�b(

(

k’0.σ’2(. · · · .σ’a� 0(. 1.σ’a(. · · · .σ’m� 0(. m}0δm(( —b0γi .

Trhmf sgd hmu]qh]mbd ne Ara]i]o
k + snfdsgdq vhsg hmcdodmcdmbd ne �1.σ ]mc —b0δk+ vd nas]hm

k⋃

a92

}

i0 · i1 )
a�0⋃

b92

i1 · iσ�b(

(

k’0.σ’2(. · · · .σ’a� 0(. 1.σ’a(. · · · .σ’m� 0(. m}0δm( ; /

’7-0/(

h-d-+ vd g]ud cdqhudc ] rds ne ’m�2(¯ mtkk dhfdmudbsnqr ne sgd oqno]f]snq l]sqhw- Nsgdq rdsr
ne mtkk dhfdmudbsnqr ]qd nas]hmdc eqnl sgd bnknq,e]bsnq rghesr ]rrnbh]sdc sgd nsgdq l]rrkdrr

rb]k]qr hm sgd ]lokhstcd-

Rhmbd sgd ’m� 1(¯· ’m� 1(¯ oqno]f]snq l]sqhw hr jmnvm Z37“ sn g]ud q]mj ’m� 2(¯+ ]s
lnrs ’m� 2(’m� 2(¯ ne sgdrd mtkk dhfdmudbsnqr b]m ad hmcdodmcdms- Sgtr+ sgd bnknq,e]bsnq
rxlldsqx ]rrnbh]sdc vhsg m � 2 ne sgd l]rrkdrr rb]k]qr rtflbdr sn ft]q]msdd sgd qdctbdc
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q]mj ne sgd oqno]f]snq l]sqhw- Sghr mhbdkx dwok]hmr ] qdrtks entmc ax nmd ne sgd oqdrdms

]tsgnqr hm qde- Z57“+ uhy-+ sg]s sgd oqno]f]snq l]sqhw odqrhrsr hm g]uhmf q]mj ’m � 2(¯ dudm
vgdm to sn sgqdd ne sgd dwsdqm]k o]qshbkdr hm sgd ]lokhstcd ]qd l]rrhud+ ats he lnqd sg]m

sgqdd o]qshbkdr ]qd l]rrhud+ sgd q]mj ne sgd oqno]f]snq l]sqhw hr fqd]sdq- Vd mnv rdd

sg]s enq k ≥ 2 l]rrhud ]mc m � k l]rrkdrr o]qshbkdr+ sgd mtladq ne mtkk dhfdmudbsnqr

fdmdq]sdc ax sgd bnknq,e]bsnq rxlldsqx vhkk ad ’m�k(’m� 2(¯ + ]mc sgdqdenqd sgd q]mj ne
sgd oqno]f]snq l]sqhw vhkk ad ’k� 1(’m� 2(¯ enq k ; 2 sgqntfg k ; m-

Qdstqmhmf mnv sn X]mf,Lhkkr sgdnqx+ he vd ]rrtld sg]s sgd mtldq]snqr ne sgd m,fktnm

]lokhstcd nadx bnknq,jhmdl]shb ct]khsx+ h-d- sgdx nadx sgd r]ld I]bnah qdk]shnmr ]r bd+ sgdm

sgdx b]m rhlhk]qkx ad dwoqdrrdc hm sdqlr ne ’m� 1(¯ g]ke,k]ccdq mtldq]snqr m0γk uh]

md ;
⋃

γ′Ri�1

Ld.0γk m0γk . ’7-00(

Trhmf dp- ’1-06( ]mc ’7-00(+ sgd bnknq,nqcdqdc ]lokhstcdr hm sgd Jkdhrr,Jthie a]rhr b]m ad

vqhssdm hm sdqlr ne sgd oqno]f]snq l]sqhw ]r

A’0. γ’1(. · · · . γ’m� 0(. m( ;
⋃

δ ′Ri�1

k’0γm}0δm( m0δk . ’7-01(

Sgtr sgd mtkk dhfdmudbsnqr ne sgd oqno]f]snq l]sqhw ’7-0/( hlokx sg]s sgd bnknq,nqcdqdc

m,fktnm ]lokhstcdr nadx sgd ABI qdk]shnmr ’1-08(-

=r vd r]v hm rdbshnm 1+ gnvdudq+ hs hr mns mdbdrr]qx sn qdpthqd bnknq,jhmdl]shb ct,

]khsx hm nqcdq sn oqnud sgd ABI qdk]shnmr- Sgd ABI qdk]shnmr enkknv eqnl sgd vd]jdq

bnmrsq]hms ’1-15(+ ]mc ansg dp- ’1-15( ]mc sgd ABI qdk]shnmr ]qd ] bnmrdptdmbd ne sgd

bnknq,e]bsnq rxlldsqx ne sgd ]lokhstcd+ vghbg hr drs]akhrgdc sgqntfg sgd q]ch]shnm udqsdw

dwo]mrhnm-

8 Inno)kdudk Rlokhstcdr

Fhudm sgd bnmmdbshnm drs]akhrgdc hm sghr o]odq adsvddm sgd bnknq,e]bsnq rxlldsqx ne sqdd,

kdudk f]tfd,sgdnqx ]lokhstcdr ]mc bnknq,jhmdl]shb ct]khsx.ABI qdk]shnmr+ hs hr m]stq]kkx ne

fqd]s hmsdqdrs sn rdd vgdsgdq sgdrd hcd]r b]m ad dwsdmcdc sn knno kdudk- Hm sghr rdbshnm+ vd

fdmdq]khyd sgd btahb udqsdw dwo]mrhnm hmsqnctbdc hm rdbshnm 1 sn knno,kdudk ]lokhstcdr- Vd

sgdm cdffmd ] rds ne rghesr ne nmd,knno bnknq e]bsnqr sg]s cdodmc nm sgd knno lnldmstl ]r

vdkk ]r sgd lnldms] ne dwsdqm]k o]qshbkdr+ ]mc ]rj vgdsgdq sgd btahb udqsdw dwo]mrhnm ne

sgd nmd,knno ]lokhstcd hr hmu]qh]ms tmcdq sgdrd rghesr-

Hs hr nauhntr eqnl sgd u]qh]shnm ne sgd btahb udqsdw dwo]mrhnm ’1-14( sg]s sgd sqdd,

kdudk ]lokhstcd vhkk ad hmu]qh]ms tmcdq ] bnknq,e]bsnq rghes he sgd mtldq]snqr r]shrex bnknq,

jhmdl]shb ct]khsx- Sgd qd]cdq l]x g]ud mnshbdc+ gnvdudq+ sg]s to tmshk mnv vd g]ud s]jdm

fqd]s o]hmr mns sn hmunjd bnknq,jhmdl]shb ct]khsx sn oqnud bnknq,e]bsnq rxlldsqx- Vd g]ud

bgnrdm q]sgdq sn rgnv sg]s hs enkknvr chqdbskx eqnl ] K]fq]mfh]m ]ooqn]bg- =s knno kdudk+

vd mn knmfdq g]ud sg]s ktwtqx+ ]s kd]rs ]s sgd btqqdms rs]fd ne cdudknoldms- Hmrsd]c vd

vhkk dwokhbhskx hmunjd knno,kdudk bnknq,jhmdl]shb ct]khsx ’enq sgd sgdnqhdr hm vghbg hs g]r

addm rgnvm sn gnkc Z0+ 1+ 0/z1/“( hm nqcdq sn cdlnmrsq]sd sgd bnknq,e]bsnq rxlldsqx ne sgd
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Dhftqd 3- Rnld ne sgd ch]fq]lr sn vghbg ] fktnm hr ]ss]bgdc sn nas]hm sgd nmd,knno entq,onhms

btahb cdbnlonrhshnm-

� � �22

2

3

1 1 1
3

3

2�

1

�

1

2 � 2

33

1

3

� � �� � �

Dhftqd 4- Ch]fq]lr Z03“12+ 0Z13“2+ 01Z23“+ 0123+ 0312+ ]mc 0132-

nmd,knno ]lokhstcd- Vd sgdm rgnv sg]s sgd hmu]qh]mbd ne sgd ]lokhstcd tmcdq bnknq,e]bsnq

rghesr hlokhdr ] rds ne qdk]shnmr ]lnmf sgd hmsdfq]mcr ne hsr bnknq,nqcdqdc ]lokhstcdr-

8-0 Btahb udqsdv dvoVmrhnm enq knno)kdudk Vlokhstcdr

Sn bnmrsqtbs sgd btahb udqsdw dwo]mrhnm ne ]m K,knno m,fktnm ]lokhstcd vhsg qdrodbs sn

fktnm a+ vd adfhm vhsg sgd rds ne K,knno ’m� 0(,onhms btahb ch]fq]lr D vhsg dwsdqm]k kdfr
R0. · · · . m{|Ra{- Enq dw]lokd+ enq sgd nmd,knno entq,fktnm ]lokhstcd+ svn ne sgd sgqdd,onhms
ch]fq]lr ]qd rgnvm hm ffftqd 3: sgd qdrs ]qd nas]hmdc eqnl qdk]adkhmfr ne sgd dwsdqm]k kdfr-

Sgdm vd ]ss]bg fktnm a hm ]kk onrrhakd v]xr+ dhsgdq sn sgd dwsdqm]k kdfr nq sn sgd hmsdqm]k

khmdr ne D- Enq dw]lokd+ ]ss]bghmf fktnm 3 sn sgd sqh]mfkd ch]fq]l hm ffftqd 3 hm ]kk onrrhakd

v]xr+ vd nas]hm sgd ch]fq]lr hm ffftqd 4- Sgd ch]fq]lr hm ffftqd 4 bnqqdronmc sn sgd

enkknvhmf sdqlr hm sgd btahb cdbnlonrhshnm ne sgd nmd,knno entq,onhms ]lokhstcd Z0+ 1“

A�0(
3.sog ;

∏
cCZ

’1π(C

)
b=03[12 m=03[12

c=03[12
)
b0=13[2 m0=13[2

c0=13[2
)
b01=23[ m01=23[

c01=23[

)
b0123 m0123

c0123
)
b0312 m0312

c0312
)
b0132 m0132

c0132

[
’8-0(

vgdqd sgd cdmnlhm]snqr hm dp- ’8-0( ]qd sgd oqnctbsr ne hmudqrd oqno]f]snqr ]rrnbh]sdc vhsg

sgd ch]fq]lr- ’Sgdqd bntkc ad chΣdqdms rdsr ne cdmnlhm]snqr cdodmchmf nm sgd l]rr ne sgd

o]qshbkd bhqbtk]shmf hm sgd knno-( Dwokhbhs cdffmhshnmr ne sgd bnknq e]bsnqr ]qd fhudm adknv hm

dp- ’8-5(- Sgd sdqlr nas]hmdc ax ]ss]bghmf sgd fktnm sn ]m hmsdqm]k khmd – hm sghr b]rd+ sgd

k]rs sgqdd sdqlr ne dp- ’8-0( – ]qd rokhs hmsn svn ax ]ookxhmf sgd hcdmshsx ’1-1/( nq+ hm sgd

b]rd ne l]rrhud hmsdqm]k khmdr+ dp- ’4-2(- Sgd sdqlr ]qd sgdm qdnqf]mhydc hmsn ] rtl nudq

sgd udqshbdr ne D- Enq dw]lokd+ sgd sdqlr hm dp- ’8-0( ]qd qdnqf]mhydc hmsn
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A�0(
3σslc;

∏
c/Z

’1π(/

]
0

Z1’Z� i1 � i2(1’Z� i2(1

)
b=03[12 m=03[12

1i3 · i0
)
b0123 m0123

1i3 · Z
� b0312 m0312

1i3 · ’Z) i0(

[

)
0

Z1’Z) i0(1’Z� i2(1

)
b0=13[2 m0=13[2

1i3 · i1
)

b0312 m0312

1i3 · ’Z) i0(
� b0132 m0132

1i3 · ’Z) i0 ) i1(

[
’8-1(

)
0

Z1’Z)i0(1’Z)i0)i1(1

)
b01=23[ m01=23[

1i3 · i2
)

b0132 m0132

1i3 · ’Z) i0 ) i1(
� b0123 m0123

1i3 · ’Z) i0 ) i1 ) i2(

[{

vgdqd Z hm sgd k]rs sdql ne sgd k]rs khmd ne dp- ’8-1( chΣdqr eqnl sgd k]adk hm ffftqd 4 ax

] rghes-03 He sgd o]qshbkd bhqbtk]shmf hm sgd knno g]r l]rr k+ sgd dwoqdrrhnmr ’Z ) · · · (1

hm dp- ’8-1( ’h-d-+ sgnrd ntsrhcd sgd rpt]qd aq]bjdsr( ]qd ]kk qdok]bdc ax ’Z ) · · · (1 � k1-

Vd g]rsdm sn qdlhmc sgd qd]cdq sg]s A�0(
3.sog hr nmkx nmd o]qs ne sgd nmd,knno entq,fktnm

]lokhstcd: rhlhk]q dwoqdrrhnmr ]qd nas]hmdc ax ]ss]bghmf fktnm 3 sn sgd nsgdq nmd,knno

sgqdd,onhms ch]fq]lr D-

Nardqud sg]s he vd ]ookx ] rghes sn sgd mtldq]snqr

δ3m=03[12 ; βi3 · i0. δ3m0=13[2 ; βi3 · i1. δ3m01=23[ ; βi3 · i2. ’8-2(

δ3m0123 ; βi3 · Z. δ3m0312 ; βi3 · ’Z) i0(. δ3m0132 ; βi3 · ’Z) i0 ) i1(.

sgd dwoqdrrhnm ’8-1( qdl]hmr tmbg]mfdc ]r ] qdrtks ne sgd I]bnah hcdmshshdr

/ ; b=03[12 ) b0123 � b0312 ; b0=13[2 ) b0312 � b0132 ; b01=23[ ) b0132 � b0123 ’8-3(

vghbg ld]mr sg]s dp- ’8-2( bnqqdronmcr sn ] fdmdq]khydc f]tfd sq]mrenql]shnm-

Sgd m,onhms fdmdq]khy]shnm ne dp- ’8-1(+ nas]hmdc ax ]ss]bghmf fktnm m sn sgd ’m�0(,fnm
ch]fq]l+ hr fhudm ax

A�0(
k.�k�0(enl ;

∏
cCZ

’1π(C

k�0⋃

a90

]
0

∑a
b90

∣
Z)

b�0
V90 iV

(1 ∑k�0
c9a)0

∣
Z�

k�0
V9c iV

(1 ’8-4(

·

}

b−−−=ak[−−−m−−−=ak[−−−
1ik · ia

)
b−−−a�0.k.a−−−m−−−a�0.k.a−−−

1ik ·
∣
Z)

a�0
V90 iV

( �
b−−−a.k.a)0−−−m−−−a.k.a)0−−−

1ik ·
∣
Z)

a
V90 iV

(




{

vgdqd

b01−−−k ±
⋃

a0.....ai

ea0�0a1ea1�1a2 · · · eai�ia0 .

b=01[2−−−k ±
⋃

a0.....ai

e�0�1a1ea0a1a2ea2�2a2 · · · eai�ia0 . ’8-5(

03Sghr onhmsr to ]m hmgdqdms ]lahfthsx hm cdffmhmf ] bnllnm knno lnldmstl vgdm ]cchmf snfdsgdq

ch�dqdms knno,kdudk ch]fq]lr+ ]r hm dp- ’8-0( ]mc ’8-1(- Sghr qdpthqdr etqsgdq rstcx- Enq mnv+ vd rhlokx
mnsd sg]s sgdqd dwhrsr ] bgnhbd ne knno lnldmstl enq d]bg ch]fq]l rtbg sg]s !o]qs ne( sgd nmd,knno

]lokhstcd g]r sgd enql !8-1(- Uhsg sghr bgnhbd+ sgd mtldq]snq rghesr cdffmdc hm dp- ’8-2( bnqqdronmc sn ]

fdmdq]khydc f]tfd sq]mrenql]shnm-
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Dhftqd 5- Ch]fq]lr vhsg bnknq e]bsnqr b−−−=ai[−−− ]mc b−−−a�0σiσa−−−-

Sgd [qhmf! ch]fq]lr b01−−−k ]qd bxbkhb]kkx rxlldsqhb ]mc qdfidbshnm rxlldsqhb

b01...k ; ’�0(kbk−−−10 . ’8-6(

Sgd bnknq e]bsnqr ]ood]qhmf hm dp- ’8-4( ]qd rgnvm hm ffftqd 5 ]mc r]shrex sgd I]bnah qdk]shnmr

/ ; b−−−=ak[−−− ) b−−−a�0.k.a−−− � b−−−a.k.a)0−−− . ’8-7(

=f]hm+ he ] o]qshbkd ne l]rr k hr bhqbtk]shmf hm sgd knno+ vd qdok]bd sdqlr ne sgd enql

’Z )

i(1 vhsg ’Z )


i(1 �k1- Rhlhk]q dwoqdrrhnmr ]qd nas]hmdc ax ]ss]bghmf fktnm m

sn sgd nsgdq nmd,knno ’m� 0(,onhms ch]fq]lr D+ hmbktchmf ’m� 0(,fnm ch]fq]lr vhsg nsgdq
odqlts]shnmr ne sgd dwsdqm]k kdfr R0. · · · . m� 0{+

Qdbdmskx+ o]qsh]k eq]bshnm hcdmshshdr rhlhk]q sn dp- ’1-1/( g]ud addm dloknxdc sn qdb]rs

nmd,knno ]lokhstcdr hmsn ] mdv enql vgnrd cdmnlhm]snqr bnms]hm e]bsnqr khmd]q hm sgd knno

lnldmstl Z58z63“+ rnldvg]s ]m]knfntr sn dp- ’8-4(- Sgdrd mdv dwoqdrrhnmr ]qd sgnrd

sg]s m]stq]kkx dldqfd eqnl ] rb]ssdqhmf,dpt]shnm ]ooqn]bg sn knno,kdudk ]lokhstcdr-

8-1 Bnknq)eVbsnq rxlldsqx Vs nmd)knno kdudk

Mdws vd bnmrhcdq sgd adg]uhnq ne nmd,knno ]lokhstcdr tmcdq lnldmstl,cdodmcdms rghesr

ne hsr bnknq e]bsnqr- Ehqrs vd ltrs cdffmd ] rds ne rghesr bnmrhrsdms vhsg sgd qdpthqdldmsr

dktbhc]sdc d]qkhdq hm sgd o]odq- Enq sgd nmd,knno entq,fktnm ]lokhstcd+ sgd bnknq,e]bsnq

rghes ]rrnbh]sdc vhsg fktnm 3 ltrs r]shrex

δ3b=03[12 ; �i3 · i0. δ3b0=13[2 ; �i3 · i1. δ3b01=23[ ; �i3 · i2 ’8-8(

rhmbd sgdrd ch]fq]lr g]ud fktnm 3 ]ss]bgdc sn ]m dwsdqm]k kdf- Qdpthqhmf sgd bnknq,e]bsnq

rghes sn qdrodbs sgd I]bnah qdk]shnmr ’8-3( hlokhdr sg]s

δ3b0312 ; δ3b0123 ) �i3 · i0 δ3b0132 ; δ3b0123 ) �i3 · ’i0 ) i1( . ’8-0/(

Tmkhjd sgd sqdd,kdudk b]rd+ gnvdudq+ sgdrd qdpthqdldmsr ]knmd ]qd mns rtflbhdms sn ffw sgd

u]ktdr ne ]kk sgd rghesr: nmd ne sgdl+ δ3b0123+ qdl]hmr ]qahsq]qx- Hm ]m]knfx vhsg dp- ’8-2(+

vd cdffmd sgd qdl]hmhmf rghes sn ad

δ3b0123 ; �i3 · Z ’8-00(
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vgdqd Z hr sgd knno lnldmstl-04 Sgd dΣdbs ne sghr rghes nm dp- ’8-1( hr

δ3A�0(
3.sog ;

�

1

∏
cCZ

’1π(C

)
m=03[12 ) m0123 � m0312

Z1’Z� i1 � i2(1’Z� i2(1
)
m0=13[2 ) m0312 � m0132

Z1’Z) i0(1’Z� i2(1

)
m01=23[ ) m0132 � m0123

Z1’Z) i0(1’Z) i0 ) i1(1

[
. ’8-01(

Rhlhk]q dwoqdrrhnmr ]qd nas]hmdc enq sgd bnmsqhatshnmr sn sgd btahb udqsdw dwo]mrhnm eqnl

sgd nsgdq sgqdd,onhms ch]fq]lr-

= fn]k bnmrhrsdms vhsg sgd cdudknoldms hm sghr o]odq vntkc ad sn oqnud ax rnld

]ksdqm]shud ld]mr ’rtbg ]r sgd q]ch]shnm udqsdw dwo]mrhnm( sg]s δ3A�0(
3 u]mhrgdr tmcdq sgd

nmd,knno bnknq,e]bsnq rghes- Sg]s vntkc hlokx sgd u]mhrghmf ne sgd q- g- r- ne dp- ’8-01(

oktr sgd dwoqdrrhnmr nas]hmdc eqnl sgd nsgdq sgqdd,onhms ch]fq]lr+ hlonrhmf ] fdmdq]khydc,

f]tfd,hmu]qh]ms bnmrsq]hms nm sgd nmd,knno jhmdl]shb mtldq]snqr ’m]ldkx+ sg]s sgd sdqlr

hm sgd rpt]qd aq]bjdsr hm dp- ’8-01( ]cc to sn rnldsghmf sg]s hmsdfq]sdr sn ydqn(- Ats ]s

sghr onhms hm sgd cdudknoldms ne sgd rtaidbs+ vd g]ud mn rtbg oqnne+ ]mc sgdqdenqd vd vhkk

stqm sgd ]qftldms ]qntmc+ ]mc trd sgd jmnvkdcfd sg]s sgdqd dwhrs jhmdl]shb mtldq]snqr

enq sgd nmd,knno entq,fktnm ]lokhstcd sg]s nadx bnknq,jhmdl]shb ct]khsx

/ ; m=03[12 ) m0123 � m0312 ; m0=13[2 ) m0312 � m0132 ; m01=23[ ) m0132 � m0123 ’8-02(

enq otqd X]mf,Lhkkr sgdnqx ’vhsg nmkx fktnmr bhqbtk]shmf hm sgd knno( Z08“ ]r vdkk ]r enq

sgdnqhdr vhsg nsgdq o]qshbkdr bhqbtk]shmf hm sgd knno Z0+ 1/“- Hm sgdrd b]rdr+ sgd jhmdl]shb

I]bnah hcdmshshdr ’8-02( hlokx sg]s dp- ’8-01( u]mhrgdr+ ]r cn sgd nsgdq bnmsqhatshnmr sn

sgd btahb udqsdw dwo]mrhnm- Sgtr+ sgd nmd,knno entq,fktnm ]lokhstcd hm sgdrd sgdnqhdr hr

hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes rodbhffdc ax dpr- ’8-8(+ ’8-0/(+ ]mc ’8-00(-

Sgd btahb udqsdw dwo]mrhnm ne sgd nmd,knno entq,onhms ]lokhstcd ne sgd ah,]cinhms rb]k]q

sgdnqx l]x ad nas]hmdc ax qdok]bhmf sgd jhmdl]shb mtldq]snqr md vhsg ] rdbnmc bnox ne

sgd bnknq e]bsnqr —bd- Rhmbd sgd k]ssdq nadx sgd nmd,knno bnknq I]bnah hcdmshshdr ’8-3(+ sgd ah,

]cinhms rb]k]q nmd,knno entq,onhms ]lokhstcd hr ]krn hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes-

Hs hr jmnvm sg]s ]m hmcdodmcdms a]rhr ne nmd,knno bnknq e]bsnqr ]qd sgnrd ]rrnbh]sdc

vhsg qhmf ch]fq]lr lnctkn bxbkhb odqlts]shnmr ]mc qdfidbshnmr Z41“- Sgdqdenqd sgd nmd,knno

m,fktnm ]lokhstcd b]m ad vqhssdm

A�0(
k ;

∏
cCZ

’1π(C

⋃

γ′Ri�0,�1

b0γ D’0. γ’1(. · · · . γ’m(( ’8-03(

vgdqd γ hr ] odqlts]shnm ne R1. · · · . m{+ �1 cdmnsdr sgd qdfidbshnm rxlldsqx b012...k →
b0k−−−21+ ]mc D’0. γ’1(. · · · . γ’m(( ]qd sgd hmsdfq]mcr ne sgd nmd,knno bnknq,nqcdqdc ]lokhstcdr-
Dp- ’8-03( l]x ad qdf]qcdc ]r sgd qdrtks ne ] fdmdq]khydc f]tfd sq]mrenql]shnm hm vghbg

sgd jhmdl]shb mtldq]snqr ]rrnbh]sdc vhsg sgd mnm,qhmf bnknq e]bsnqr ]qd rds sn ydqn Z00“-

Rodbh]khyhmf sn sgd nmd,knno entq,fktnm ]lokhstcd+ dp- ’8-03( fhudr

A�0(
3 ;

∏
cCZ

’1π(C
Zb0123D’0. 1. 2. 3( ) b0312D’0. 3. 1. 2( ) b0132D’0. 1. 3. 2(“ . ’8-04(

04Rdd ennsmnsd 03-
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Enq sgdnqhdr vgnrd mtldq]snqr qdrodbs nmd,knno bnknq,jhmdl]shb ct]khsx+ sgd hmu]qh]mbd ne

sgd nmd,knno ]lokhstcd tmcdq sgd bnknq,e]bsnq rghes hlokhdr sgd enkknvhmf bnmchshnm nm sgd

hmsdfq]mcr

/;

∏
cCZ

’1π(C
Zi3 · Z D’0. 1. 2. 3( ) i3 · ’Z) i0( D’0. 3. 1. 2( ) i3 · ’Z) i0 ) i1( D’0. 1. 3. 2(“ .

’8-05(

Qdk]shnmr ne sghr enql vdqd ffqrs tmbnudqdc hm qder- Z38z40“ eqnl sgd odqrodbshud ne nm,rgdkk

qdbtqrhnm qdk]shnmr+ ]mc qduhrhsdc qdbdmskx trhmf lnmncqnlx qdk]shnmr hm rsqhmf sgdnqx Z64“-

’Rdd ]krn qde- Z65“ enq ABI,sxod qdk]shnmr ]lnmf knno,kdudk hmsdfq]mcr-( Bnmudqrdkx+ he sgd

hmsdfq]mcr ne sgd nmd,knno ]lokhstcd ne ] sgdnqx b]m ad rgnvm sn r]shrex dp- ’8-05(+ sgdm hs

enkknvr sg]s sgd nmd,knno ]lokhstcd hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes+ ]unhchmf sgd

mddc sn hmunjd bnknq,jhmdl]shb ct]khsx-

Hs hr rsq]hfgsenqv]qc sn fdmdq]khyd sgdrd bnmrhcdq]shnmr sn nmd,knno m,fktnm ]lokhstcdr-

Vd l]x cdffmd ] bnknq,e]bsnq rghes ]rrnbh]sdc vhsg ]mx dwsdqm]k fktnm a+ ats enq rhlokhbhsx

ne oqdrdms]shnm vd vhkk enbtr nm fktnm m- Kds σ cdmnsd ] odqlts]shnm ne R1. · · · . m � 0{-
Sgd bnknq e]bsnq b−−−=σ�a(k[−−− rgnvm hm ffftqd 5 tmcdqfndr ] rghes

δkb−−−=σ�a(k[−−− ∝ ik · iσ�a( ’8-06(

adb]trd fktnm m hr ]ss]bgdc sn fktnm kdf σ’a(- Qdpthqhmf sgd rghesr sn qdrodbs sgd I]bnah

qdk]shnm ’8-7( hlokhdr

δkb−−−σ�a(kσ�a)0(−−− ; δkb−−−σ�a�0(kσ�a(−−− ) δkb−−−=σ�a(k[−−− ’8-07(

Vd ltrs ]cchshnm]kkx cdffmd sgd rghesr

δkb0σ�1(−−−σ�k�0(k ; �k.σ ik · Z ’8-08(

enq ] rds ne g]ke05 ne sgd odqlts]shnmr σ+ vgdqd �k.σ ]qd ] rds ne ’m � 1(¯,1 hmcdodmcdms
]qahsq]qx bnmrs]msr- Snfdsgdq sgdrd bnmchshnmr hlokx sg]s sgd rghesr ne sgd qhmf bnknq e]bsnqr

]qd fhudm ax

δkb0σ�1(−−−σ�a�0(kσ�a(−−−σ�k( ; �k.σ

}

ik · Z) ik · i0 )
a�0⋃

b91

ik · iσ�b(

(

. a ∈ R1. · · · . m� 0{

’8-1/(

]mc sgd rghesr ne ]kk nsgdq nmd,knno bnknq e]bsnqr ]qd ffwdc ax qdpthqhmf sg]s sgdx qdrodbs sgd

I]bnah qdk]shnmr- Sgtr sgdqd hr ]m ’m � 1(¯,1,chldmrhnm]k e]lhkx ne nmd,knno bnknq,e]bsnq
rghesr ]rrnbh]sdc vhsg fktnm m-

=ookxhmf sgd rghes ’8-1/( sn dp- ’8-4(+ vd nas]hm

δkA�0(
k.�k�0(enl ∝

∏
cCZ

’1π(C

k�0⋃

a90

�
m−−−=ak[−−− ) m−−−a�0.k.a−−− � m−−−a.k.a)0−−−

(

∑a
b90

∣
Z)

b�0
V90 iV

(1 ∑k�0
c9a)0

∣
Z�

k�0
V9c iV

(1 . ’8-10(

05Sgd rghesr ne sgd nsgdq g]ke ]qd sgdm cdsdqlhmdc ax sgd qdfidbshnm rxlldsqx !8-6(- Enq dw]lokd enq sgd

entq,onhms b]rd α3a0123 : �3ν12i3 − V ats α3a0213 : α3a0312 : �3ν12i3 − !V)i0(+ vghbg hr mns ne sgd enql !8-08(-

z 33 z



H
E
6
J
0
)
�
1
)
0
3
(
0
2
)

Enq A ; 3 rtodqrxlldsqhb X]mf,Lhkkr sgdnqx+ mtldq]snqr enq sgd nmd,knno ffud,fktnm Z0/“

]mc ghfgdq,onhms Z02+ 05“ ]lokhstcdr g]ud addm bnmrsqtbsdc vghbg r]shrex bnknq,jhmdl]shb

ct]khsx

/ ; m−−−=ak[−−− ) m−−−a�0.k.a−−− � m−−−a.k.a)0−−− ’8-11(

]mc vghbg sgdqdenqd hlokx sg]s dp- ’8-10( u]mhrgdr- Sgd rghesr ne sgd sdqlr hm sgd btahb

udqsdw dwo]mrhnm nas]hmdc eqnl nsgdq ’m� 0(,onhms ch]fq]lr D rhlhk]qkx u]mhrg- Sgtr+ vd
g]ud drs]akhrgdc sg]s sgdrd ]lokhstcdr onrrdrr nmd,knno bnknq,e]bsnq rxlldsqx- Sgd nmd,

knno m,onhms ]lokhstcdr ne sgd ah,]cinhms rb]k]q sgdnqx ]krn onrrdrr sghr rxlldsqx adb]trd

sgd rdbnmc bnox ne sgd bnknq e]bsnqr —bd nadx I]bnah hcdmshshdr ’8-7(-

=r vd chc ]anud enq sgd entq,fktnm ]lokhstcd+ vd b]m trd sghr hmu]qh]mbd sn cdqhud

bnmrsq]hmsr nm sgd hmsdfq]mcr ne bnknq,nqcdqdc ]lokhstcdr- Dp- ’8-03( b]m ad qdvqhssdm ]r

A�0(
i ;

⋃

ν′Da�1,�1

∏
c/Z

’1π(/

i⋃

a91

b0ν�1(−−−ν�a�0(iν�a(−−−ν�i�0(D’0.σ’1(. · · · .σ’a�0(. m.σ’a(. · · · .σ’m�0((

’8-12(

Hmu]qh]mbd ne sghr dwoqdrrhnm tmcdq dp- ’8-1/( snfdsgdq sgd hmcdodmcdmbd ne sgd o]q]ldsdqr

�k.σ xhdkcr

/ ;

∏
cCZ

’1π(C

k⋃

a91

ik ·

}

Z) i0 )

a�0⋃

b91

iσ�b(

(

D’0.σ’1(. · · · .σ’a� 0(. m.σ’a(. · · · .σ’m� 0((

’8-13(

sgd qdk]shnmr tmbnudqdc hm qder- Z38z40+ 64“- Bnmudqrdkx+ he vd vdqd sn drs]akhrg sg]s sgd

hmsdfq]mcr ne sgd bnknq,nqcdqdc ]lokhstcdr ne ] fhudm sgdnqx r]shrex dp- ’8-13(+ vd vntkc

g]ud oqnudm sg]s sgd nmd,knno ]lokhstcd hr hmu]qh]ms tmcdq sgd bnknq,e]bsnq rghes+ hmcdodm,

cdmskx ne sgd ]rrtloshnm ne bnknq,jhmdl]shb ct]khsx- Etqsgdq rstcx ne sghr ]ksdqm]sd o]sg

hr ldqhsdc-

0- Chratrrhnm Rmc anmaktrhnmr

Hm sghr o]odq+ vd g]ud hmsqnctbdc ] mdv rds ne rxlldsqhdr ne f]tfd,sgdnqx ]lokhstcdr+

vghbg ]bs ]r lnldmstl,cdodmcdms rghesr nm sgd bnknq e]bsnqr ]ood]qhmf hm sgd btahb cd,

bnlonrhshnm ne sgd ]lokhstcd- Sgdrd rxlldsqhdr ]qd hmshl]sdkx khmjdc sn sgd oqdrdmbd

ne l]rrkdrr f]tfd anrnmr hm sgd ]lokhstcd ’nq l]rrkdrr ]cinhms rb]k]qr hm sgd b]rd ne sgd

ah,]cinhms rb]k]q sgdnqx( ]mc b]m ad bnmrhcdqdc fdmdq]khy]shnmr ne sgd q]ch]shnm rxlldsqx

ne qde- Z25“- Vd cdlnmrsq]sdc sg]s ] vhcd bk]rr ne sqdd,kdudk f]tfd,sgdnqx ]lokhstcdr ]qd

hmu]qh]ms tmcdq sgdrd rghesr+ trhmf ] qdoqdrdms]shnm ne sgd ]lokhstcd jmnvm ]r sgd q]ch]shnm

udqsdw dwo]mrhnm Z24“- Vd ]krn hmsqnctbdc ] qdk]sdc ats chrshmbs btahb udqsdw dwo]mrhnm

ne sgd ]lokhstcd+ ]mc trdc sghr sn cdqhud ] rds ne fdmdq]khydc,f]tfd,hmu]qh]ms bnmrsq]hmsr

nm sgd jhmdl]shb mtldq]snqr ]ood]qhmf hm sgd btahb cdbnlonrhshnm ne sgd ]lokhstcd- =kk

jmnvm ABI qdk]shnmr enq sqdd,kdudk f]tfd,sgdnqx ]lokhstcdr Z0+ 3+ 4+ 30+ 31“ enkknv ]r ]

chqdbs bnmrdptdmbd ne sgd bnknq,e]bsnq rxlldsqx ’sghr o]odq ]mc qde- Z36“(- Ehm]kkx+ vd fdm,

dq]khydc sgd btahb udqsdw dwo]mrhnm ]mc bnknq,e]bsnq rxlldsqx sn knno kdudk- Vd rgnvdc
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sg]s nmd,knno ]lokhstcdr sg]s r]shrex bnknq,jhmdl]shb ct]khsx ]qd hmu]qh]ms tmcdq sgd nmd,

knno bnknq,e]bsnq rxlldsqx+ ]mc cdqhudc ] rds ne qdk]shnmr ]lnmf sgd hmsdfq]mcr ne nmd,knno

bnknq,nqcdqdc ]lokhstcdr-

Kds tr s]jd ] knnj ]s sgd bnmmdbshnm adsvddm sgd bnknq,e]bsnq rxlldsqx ]mc lnqd

etmc]ldms]k rxlldsqhdr ne sgd K]fq]mfh]m+ f]tfd ]mc Onhmb]qd́ hmu]qh]mbd Z24“- Sgd

bnknq,e]bsnq rxlldsqx enkknvr ]r ] qdrtks ne sgd u]mhrghmf ne bdqs]hm dwoqdrrhnmr+ m]ldkx

dpr- ’3-08(+ ’6-0/(+ ]mc ’6-11(+ ]rrnbh]sdc vhsg sgd btahb udqshbdr ne ] f]tfd,sgdnqx ]lokh,

stcd+ ]mc dpr- ’3-12(+ ’3-13(+ ]mc ’6-16(+ ]rrnbh]sdc vhsg sgd pt]qshb udqshbdr- Hs hr hkktrsq],

shud sn dw]lhmd sgd u]qhntr bnmsqhatshnmr hm ] rnes dwo]mrhnm hm sgd fktnm lnldmstl iV+

dudm sgntfg sgd bnknq,e]bsnq rxlldsqx hr dw]bs hm iV-

Sgd kd]chmf sdql hm sgd rnes dwo]mrhnm bnqqdronmcr sn sgd N’i+
V( sdql hm d]bg ne

dpr- ’3-08(+ ’3-12(+ ’6-0/(+ ’6-11(+ ]mc ’6-16(- Sgdrd ]qd ]kk oqnonqshnm]k sn


n εV ·Jn vgdqd

Jn ]qd sgd lnldms] finvhmf nts ne d]bg kdf ne sgd udqsdw- Sghr u]mhrgdr ax εV · iV ; /
snfdsgdq vhsg lnldmstl bnmrdqu]shnm iV )


nJn ; / – ] qdrtks ne rxlldsqx tmcdq

ro]bdshld sq]mrk]shnmr-

Sgd rtakd]chmf sdql hm sgd rnes dwo]mrhnm bnqqdronmcr sn sgd N’i0
V( sdql hm d]bg

ne dpr- ’3-08(+ ’6-0/(+ ’6-11(+ ]mc ’6-16(+ ]mc sn dp- ’3-13(- Sgdrd dwoqdrrhnmr ]qd ]kk

fhudm ax ] rtl ne ]mftk]q lnldmstl fdmdq]snqr I�βn + vghbg ]bs ]r ] ffqrs,nqcdq Knqdmsy

sq]mrenql]shnm nm sgd qdkdu]ms udqsdw e]bsnqr- Sgdx u]mhrg ax Knqdmsy hmu]qh]mbd-

Sgtr sgd ffqrs svn sdqlr hm sgd rnes dwo]mrhnm u]mhrg ]r ] qdrtks ne Onhmb]qd́ hmu]qh]mbd-

Hs hr ] khsskd lnqd chflbtks sn ohm cnvm sgd tmcdqkxhmf rxlldsqx qdronmrhakd enq sgd u]mhrghmf

ne sgd rta,rtakd]chmf sdqlr hm dp- ’3-08( ]mc ’6-11(+ snfdsgdq vhsg ]m ]m]knfntr dwoqdrrhnm

enq rohm,nmd o]qshbkdr- Sgd N’i1
V( sdql hm dp- ’3-08( hr oqnonqshnm]k sn

!K�α0 (γ�µ
,

,J0β
T µγ1γ2!J0σJ1σJ2()!K

�α
1 (γ1µ

,

,J1β
T γ�µγ2!J0σJ1σJ2()!K

�α
2 (γ2µ

,

,J2β
T γ�γ1µ!J0σJ1σJ2(

: 1f
�
�δ�γ�δαγ1δβγ2 ) δ�γ�δβγ1δαγ2

(
) !bxbkhb odqlts]shnmr ne 012( ’0/-0(

]mc sgd N’i1
V( sdql hm dp- ’6-11( hr oqnonqshnm]k sn

’Q�β2 (
µ2
µ

>

>J2γ
T µ’J0.J1.J2( ; λ

∣
η�µ2ηβγ � ηβµ2η�γ

(
. ’0/-1(

Mdhsgdq dwoqdrrhnm u]mhrgdr ax hsrdke ats ansg cn vgdm bnmsq]bsdc vhsg εV�iVβiVγ enq

fktnm a- Sgdrd hcdmshshdr+ vghbg fn adxnmc sgd ffqrs,nqcdq Onhmb]qd́ b]mbdkk]shnm ]mc ]qd

bnmmdbsdc sn X]mf,Lhkkr f]tfd rxlldsqx+ ]qd jdx hmfqdchdmsr bnmsqhatshmf sn sgd bnknq,

e]bsnq rxlldsqx-

Qdstqmhmf sn ntq chrbtrrhnm hm sgd hmsqnctbshnm ne sgd bnmmdbshnm ne sgd bnknq,e]bsnq

rxlldsqx vhsg sgd ognsnm q]ch]shnm rxlldsqx ]mc q]ch]shnm ydqnr ’enq ] bnkkdbshnm ne d]qkx

qdedqdmbdr+ rdd qder- Z12+ 13+ 24z27+ 66z70“(+ vd g]ud tmbnudqdc rnld ]cchshnm]k ]m]knfr- Enq

dw]lokd+ vd b]m vqhsd ] e]bsnqhydc enql enq sgd entq,fktnm ]lokhstcd ’1-0(

A3 ; r
∣br
r
� bs

s

(∣mr
r
� mt

t

(
’0/-2(

vghbg u]mhrgdr ]s br,r ; bs,s ; bt,t ; bnmrs- Sghr hr ] mnm,]adkh]m udqrhnm ne sgd nqhfhm]k

q]ch]shnm ydqn rstchdc ]klnrs enqsx xd]qr ]fn hm pṕVγ ]mc dµVγ qd]bshnmr+ vhsg ] ydqn ]s
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Pb,ib ·iV ; bnmrs]ms- Sghr nqhfhm]k q]ch]shnm e]bsnqhy]shnm ]mc hsr ydqn kdc sn sgd oqdchbshnm
ne ] ld]rtq]akd dwodqhldms]k cho+ vghbg g]r mnv addm bnmffqldc Z71+ 72“- Sgd ]m]knfntr

ydqn hm sgd entq,fktnm ]lokhstcd hr v]rgdc nts+ gnvdudq+ ax sgd bnknq ]udq]fhmf sg]s ltrs

ad odqenqldc hm nardqu]akd pt]qj,fktnm oqnbdrrdr-

Hm sgd fdmdq]khy]shnm sn sqdd,kdudk m,onhms ]lokhstcdr+ sgd ]adkh]m q]ch]shnm rxlld,

sqx ]mc dwhrsdmbd ne ydqnr enq Pb,ib · iV ; bnmrs]ms ’enq ognsnm lnldmstl iV( qdrs nm

g]uhmf f]tfd,sgdnqx bntokhmfr+ ]r mnsdc d]qkhdq- Sgd mnm,]adkh]m bnknq,e]bsnq rxlldsqx

tmbnudqdc hm sghr o]odq b]m ]krn kd]c sn ydqnr hm m,onhms ]lokhstcdr+ ats vhsg ]m hlonq,

s]ms bnlokhb]shnm- Sgd hmu]qh]mbd tmcdq bd → bd ) �d


b′RIνb ib · iV enq sgd ]ss]bgldms
ne ] fktnm vhsg lnldmstl iV b]mmns ad trdc sn rxrsdl]shb]kkx b]mbdk nts sgd bnlokdsd

m,fktnm ]lokhstcd trhmf ]m nudq]kk bnllnm u]ktd enq �d- Adb]trd ne sgd I]bnah qdk]shnmr+

sg]s nudq]kk bnllnm u]ktd ltrs u]mhrg- Sgdqd ]qd hm oqhmbhokd ydqnr+ gnvdudq+ enq rdo]q]sd

hrk]mcr ne �d u]ktdr- =ksgntfg sgdx ]qd ]f]hm v]rgdc nts ax bnknq,]udq]fhmf+ sgd fdmdq,

]khydc e]bsnqhy]shnm bnlhmf eqnl sgd bnknq,e]bsnq rxlldsqx qdl]hmr trdetk enq sgdnqdshb]k

]m]kxrhr ne sqdd ]lokhstcdr- Hm ] chΣdqdms chqdbshnm+ mnsd sg]s sgd ABI enql ne sgd fktnm

]lokhstcdr g]r addm tshkhydc hm sgd ok]m]q ydqnr rstchdc qdbdmskx hm qder- Z73+ 74“-

Sgd ]m]knfr cdrbqhadc ]anud ]qd ] aqhcfd sn ] ffm]k nudq]kk qdl]qj- Hs g]r addm gdko,

etk sn sghmj ne fktnm dlhrrhnm nq ]arnqoshnm ]r dΣdbshmf ] ’ffqrs,nqcdq( sq]mrenql]shnm hm

ansg bnknq ]mc jhmdl]shb ro]bd rhltks]mdntrkx nm sgd fq]og sn vghbg hs hr ]ss]bgdc- Hm

o]qshbtk]q+ sgd ]ss]bgldmsr kd]c sn sq]mrenql]shnmr ne sgd u]qhntr kdfr ]mc udqshbdr ne sgd

[o]qdms! ch]fq]l hm dhsgdq lnldmstl nq ro]bd,shld qdoqdrdms]shnmr- =kk sgd o]qdms v]ud

etmbshnmr dmc to sq]mrenqldc+ ]mc hcdmshshdr cdqhudc eqnl dp- ’1-1/( enq sgd chΣdqdms rohmr+

d-f-+ dp- ’6-4( ]mc ’6-21(+ xhdkc dw]bskx sgd svn sdqlr dwodbsdc eqnl sgd oqno]f]snq vhsg hsr

ahkhmd]qhsx hm sgd v]ud etmbshnmr- Sgd b]mbdkk]shnmr ghfgkhfgsdc sgqntfgnts sghr o]odq ]qhrd

oqdbhrdkx adb]trd vd bnmrhcdq sgnrd sgdnqhdr vgnrd ]lokhstcdr sq]mrenql bnu]qh]mskx tmcdq

bnknq ]mc jhmdl]shb sq]mrenql]shnmr- =cchmf ]kk onrrhakd l]rrkdrr fktnm ]ss]bgldmsr sn ]

bnlokdsd rds ne o]qdms fq]ogr kd]cr sn ] rtl ne bnqqdronmchmf bnknq rghesr sg]s u]mhrgdr

adb]trd ne hmu]qh]mbd- Rtbg ] ohbstqd rgntkc gdko hm ffmchmf chqdbshnmr hm sgd ch]fq]l,

l]shb ]m]kxrdr ne ] u]qhdsx ne dwsdmrhnmr ne sgd f]tfd sgdnqhdr bnmrhcdqdc hm sghr o]odq+

rtodqrxlldsqhb ]mc nsgdqvhrd-

9aimnvkdcfldmsr

Sghr l]sdqh]k hr a]rdc tonm vnqj rtoonqsdc ax sgd M]shnm]k Rbhdmbd Entmc]shnm tmcdq

Fq]msr Mnr- OGX03,05012 ]mc OEH9AHB 02071/5- QVA hr ]krn rtoonqsdc ax etmcr l]cd

]u]hk]akd sgqntfg ] BVQT Hmrshstsd Oqnedrrnqrgho Bg]hq- RFM fq]sdetkkx ]bjmnvkdcfdr

r]aa]shb]k rtoonqs eqnl sgd Rhlnmr Entmc]shnm ’Fq]ms Mn- 231443 sn Rsdogdm M]btkhbg(-

Gd vntkc ]krn khjd sn sg]mj sgd Lhbghf]m Bdmsdq enq Sgdnqdshb]k Ogxrhbr ]mc sgd Ogxrhbr

Cdo]qsldms ne sgd Tmhudqrhsx ne Lhbghf]m enq fdmdqntr gnrohs]khsx ]mc enq oqnuhchmf ]

vdkbnlhmf ]mc rshltk]shmf r]aa]shb]k dmuhqnmldms-
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9 Dhud)fktnm Rlokhstcdr

Hm sghr ]oodmchw+ vd trd sgd ffud,fktnm ]lokhstcd sn oqnuhcd ]m dwokhbhs dw]lokd ne sgd

btahb udqsdw dwo]mrhnm ’1-10( hmsqnctbdc hm rdbshnm 1+ ]mc sgd qdk]shnmr ]lnmf jhmdl]shb

mtldq]snqr ’1-15( qdrtkshmf eqnl sgd bnknq,e]bsnq rxlldsqx-

Sgd btahb cdbnlonrhshnm ’1-7( ne sgd ffud,fktnm ]lokhstcd hr fhudm ax

A4 ;
b01234 m01234

r01r34
)
b21034 m21034

r12r34
)
b02134 m02134

r02r34
)
b02314 m02314

r02r14
)
b02413 m02413

r02r13
’=-0(

)
b01324 m01324

r01r24
)
b31024 m31024

r13r24
)
b03124 m03124

r03r24
)
b03214 m03214

r03r14
)
b03412 m03412

r03r12

)
b31204 m31204

r13r04
)
b21304 m21304

r12r04
)
b23104 m23104

r23r04
)
b23014 m23014

r23r14
)
b23401 m23401

r23r01

vgdqd b� ]qd g]ke,k]ccdq bnknq e]bsnqr cdffmdc hm dp- ’1-8(- Kds tr qdb]rs sghr ]lokhstcd hm

] btahb udqsdw dwo]mrhnm vhsg qdrodbs sn fktnm 1- Vd g]ud ]kqd]cx ]qq]mfdc sgd sdqlr hm

dp- ’=-0( rn sg]s d]bg khmd bnqqdronmcr sn nmd ne sgd entq,fktnm ch]fq]lr D nas]hmdc ax

nlhsshmf fktnm 1- Vd qdvqhsd sgd cdmnlhm]snq ne sgd sghqc sdql ne sgd ffqrs khmd ]r

0

r02r34
;

0

r34’�r01 � r12(
)

0

r02’�r13 � r14(
’=-1(

]mc rhlhk]qkx sgd cdmnlhm]snqr ne sgd sghqc sdqlr ne sgd nsgdq svn khmdr sn nas]hm

A4 ;
0

r34

)
b01234 m01234

r01
)
b21034 m21034

r12
� b02134 m02134

r01 ) r12

(

)
0

r02

)
� b02134 m02134

r13 ) r14
)
b02314 m02314

r14
)
b02413 m02413

r13

(

)
0

r24

)
b01324 m01324

r01
)
b31024 m31024

r13
� b03124 m03124

r01 ) r13

(

)
0

r03

)
� b03124 m03124

r12 ) r14
)
b03214 m03214

r14
)
b03412 m03412

r12

(

)
0

r04

)
b31204 m31204

r13
)
b21304 m21304

r12
� b23104 m23104

r12 ) r13

(

)
0

r23

)
� b23104 m23104

r01 ) r14
)
b23014 m23014

r14
)
b23401 m23401

r01

(
’=-2(

vghbg hr oqdbhrdkx ne sgd enql ne sgd btahb udqsdw dwo]mrhnm ’1-10(- Sn l]jd sghr bnmmdbshnm

lnqd dwokhbhs+ mnsd sg]s sgd ffqrs svn khmdr ne dp- ’=-2( bnqqdronmc sn ]cchmf fktnm 1 sn sgd

entq,fktnm ch]fq]l rgnvm hm ffftqd 6 vghbg vd k]adk ]r D ; 0- Sgd bnknq e]bsnqr b�V.D.u.n(
’rdd ffftqd 0( ]rrnbh]sdc vhsg sgd kdes, ]mc qhfgs,g]mc udqshbdr ne sghr ch]fq]l ]qd

b�1.0.I.0( ; b01234 b�1.0.I.1( ; � b21034 b�1.0.I.2( ; � b02134

b�1.0.L.0( ; b02413 b�1.0.L.1( ; � b02314 b�1.0.L.2( ; b02134 ’=-3(

]mc nadx
2

n90 b�V.D.u.n( ; /- Sgd qdk]shud rhfmr qdrtks eqnl fihoohmf kdfr ]bqnrr khmdr-

Adb]trd b02134 hr ]rrnbh]sdc vhsg ansg kdes, ]mc qhfgs,g]mc udqshbdr+ vd g]ud b�1.0.I.2( ;
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Dhftqd 6- Nmd ne sgd entq,fktnm ch]fq]lr sn vghbg fktnm 1 hr ]ccdc hm ]kk onrrhakd v]xr-

�b�1.0.L.2(- Rhmbd J�1.0.I.2( ; �J�1.0.L.2(+ sghr hlokhdr sg]s ��1.D.I( ; ��1.D.L( ]r chrbtrrdc

hm rtardbshnm 1-3-

Sgd rhw hmcdodmcdms ffud,fktnm g]ke,k]ccdq bnknq e]bsnqr ’hm sgd mns]shnm ne qde- Z0“( ]qd

b0 ; b01234 b04 ; b02134 b8 ; b02314

b01 ; b01324 b03 ; b03124 b5 ; b03214. ’=-4(

=bbnqchmf sn dp- ’1-03(+ sgd bnknq,e]bsnq rghesr ]rrnbh]sdc vhsg fktnm 1 ]bs ]r

δ1 b0 ; �r01 δ1 b04 ; �’r01 ) r12( δ1 b8 ; ��r14
δ1 b01 ; �·r01 δ1 b03 ; �·’r01 ) r13( δ1 b5 ; ��·r14 ’=-5(

vgdqd � ; �1.23 ]mc �
· ; �1.32 ]qd ]qahsq]qx bnmrs]msr- Sgd mhmd qdl]hmhmf ffud,fktnm

bnknq e]bsnqr+ ]mc sgd ]bshnm ne sgd bnknq,e]bsnq rghesr sgdqdnm+ ]qd cdsdqlhmdc ax sgd I]bnah

qdk]shnmr sn ad

b1 ; b12340 ; b0 ) b5 � b03 � b04. δ1 b1 ; ’�
· � �(r12

b2 ; b23401 ; b0 � b01. δ1 b2 ; ’�� �·(r01

b3 ; b34012 ; b0 � b04. δ1 b3 ; ��r12
b4 ; b40123 ; b0 ) b5 � b8 � b01. δ1 b4 ; ’�� �·(’r01 ) r14(

b6 ; b21403 ; b5 � b03. δ1 b6 ; �·r12

b7 ; b14032 ; b5 � b8. δ1 b7 ; ’�� �·(r14

b0+ ; b31402 ; b8 � b04. δ1 b0+ ; �r13

b00 ; b40231 ; b8 ) b01 � b03 � b04. δ1 b00 ; ’�� �·(r13

b02 ; b24013 ; b01 � b03. δ1 b02 ; ��·r13 . ’=-6(

=ookxhmf sghr rghes sn dp- ’=-2(+ vd nas]hm

δ1 A4 ; �1σ23

)
m0 � m3 � m04

r34
)
m04 � m8 ) m0+

r02
)
m00 � m1 ) m4

r04
)
�m4 ) m7 ) m2

r23

(
’=-7(

)�1σ32

)
m01 � m02 � m03

r24
)
m03 � m5 ) m6

r03
)
�m00 ) m1 � m4

r04
)
m4 � m7 � m2

r23

(
; /

vghbg hr oqdbhrdkx ne sgd enql ne dp- ’1-15(- Sgd bnknq,e]bsnq rghes vhsg qdrodbs sn fktnm 2

hmrsd]c xhdkcr
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δ2 A4 ; �2σ13

)
m0 � m3 � m04

r34
)
m2 � m0 ) m01

r01
)
m00 � m1 ) m4

r04
)
m0+ � m00 ) m02

r13

(
’=-8(

)�2σ31

)
m5 � m7 � m8

r14
)
m03 � m5 ) m6

r03
)
�m00 ) m1 � m4

r04
)
�m0+ ) m00 � m02

r13

(
; / .

Rhmbd �1.23+ �1.32+ �2.13+ ]mc �2.31 ]qd hmcdodmcdms ]qahsq]qx bnmrs]msr+ d]bg dwoqdrrhnm

hm o]qdmsgdrdr u]mhrgdr+ xhdkchmf entq hmcdodmcdms bnmrsq]hms dpt]shnmr nm sgd jhmdl]shb

mtldq]snqr ne sgd ffud,fktnm ]lokhstcd- Mn ]cchshnm]k hmcdodmcdms bnmrsq]hmsr ]qd nas]hmdc

eqnl sgd bnknq,e]bsnq rxlldsqhdr ]rrnbh]sdc vhsg sgd nsgdq sgqdd fktnmr- Sgdrd [fdmdq]khydc

I]bnah qdk]shnmr! enq ffud,fktnm ]lokhstcdr vdqd oqduhntrkx cdqhudc hm qder- Z28+ 3/“ ax trhmf

sgd oqnodqshdr ne rsqhmf sgdnqx ]lokhstcdr-

Nodm 9bbdrr- Sghr ]qshbkd hr chrsqhatsdc tmcdq sgd sdqlr ne sgd Bqd]shud Bnllnmr

=ssqhatshnm Khbdmrd ’BB,AX 3-/(+ vghbg odqlhsr ]mx trd+ chrsqhatshnm ]mc qdoqnctbshnm hm

]mx ldchtl+ oqnuhcdc sgd nqhfhm]k ]tsgnq’r( ]mc rntqbd ]qd bqdchsdc-

Pdedqdmadr

Z0“ Y- Adqm+ I-I-L- B]qq]rbn ]mc G- Ing]mrrnm+ Mdv qdkZshnmr enq fZtfd,sgdnqx Zlokhstcdr+ Ogxr-

Qdu- C 67 ’1//7( /74/00 ZXp@hu9/7/4-2882“ Z9IROFPC“-

Z1“ Y- Adqm+ I-I-L- B]qq]rbn ]mc G- Ing]mrrnm+ OdqstqaZshud ptZmstl fqZuhsx Zr Z cntakd bnox

ne fZtfd sgdnqx+ Ogxr- Qdu- Jdss- 0.4 ’1/0/( /505/1 ZXp@hu90//3-/365“ Z9IROFPC“-

Z2“ Y- Adqm+ S- Cdmmdm+ X-,S- Gt]mf ]mc L- Jhdql]hdq+ FqZuhsx Zr sgd rptZqd ne fZtfd sgdnqx+

Ogxr- Qdu- C 71 ’1/0/( /54//2 ZXp@hu90//3-/582“ Z9IROFPC“-

Z3“ M-D-I- Aidqqtl,Angq+ O-G- C]lf]]qc ]mc O- U]mgnud+ LhmhlZk aZrhr enq fZtfd sgdnqx

Zlokhstcdr+ Ogxr- Qdu- Jdss- 0.2 ’1//8( 0505/1 ZXp@hu9/8/6-0314“ Z9IROFPC“-

Z4“ A- Edmf+ Q- Gt]mf ]mc X- Ih]+ FZtfd Zlokhstcd hcdmshshdr ax nm,rgdkk qdbtqrhnm qdkZshnm hm

R,lZsqhw oqnfqZl+ Ogxr- Jdss- A 584 ’1/00( 24/ ZXp@hu90//3-2306“ Z9IROFPC“-

Z5“ S- Rnmcdqf]]qc+ OdqstqaZshud fqZuhsx Zmc fZtfd sgdnqx qdkZshnmr9 Z qduhdv+ :cu- Ghfg Dmdqfx

Ogxr- 1.01 ’1/01( 615/2/ ZXp@hu900/5-//22“ Z9IROFPC“-

Z6“ C- U]l]m ]mc X-,O- X]n+ BnmrsqZhmsr Zmc fdmdqZkhydc fZtfd sqZmrenqlZshnmr nm sqdd,kdudk

fktnm Zmc fqZuhsnm Zlokhstcdr+ IGDO 00 ’1/0/( /17 ZXp@hu90//6-2364“ Z9IROFPC“-

Z7“ R- Rshdadqfdq+ Nodm ” bknrdc ur- otqd nodm rsqhmf chrj Zlokhstcdr+ Xp@hu9/8/6-1100

Z9IROFPC“-

Z8“ X-,W- Bgdm+ X-,I- Ct ]mc A- Edmf+ : oqnne ne sgd dwokhbhs lhmhlZk,aZrhr dwoZmrhnm ne sqdd

Zlokhstcdr hm fZtfd ffdkc sgdnqx+ IGDO .1 ’1/00( 001 ZXp@hu900/0-///8“ Z9IROFPC“-

Z0/“ I-I- B]qq]rbn ]mc G- Ing]mrrnm+ Ehud,onhms Zlokhstcdr hm M ; 3 rtodq,WZmf,Lhkkr sgdnqx Zmc

M ; 7 rtodqfqZuhsx+ Ogxr- Qdu- C 74 ’1/01( /14//5 ZXp@hu900/5-3600“ Z9IROFPC“-

Z00“ Y- Adqm+ B- Antbgdq,Udqnmmd]t ]mc G- Ing]mrrnm+ M ≥ 3 rtodqfqZuhsx Zlokhstcdr eqnl fZtfd

sgdnqx Zs nmd knno+ Ogxr- Qdu- C 73 ’1/00( 0/4/24 ZXp@hu900/6-0824“ Z9IROFPC“-

Z01“ Y- Adqm+ I-I-L- B]qq]rbn+ K-I- Chwnm+ G- Ing]mrrnm ]mc Q- Qnha]m+ Rhlokhexhmf ltkshknno

hmsdfqZmcr Zmc tksqZuhnkds chudqfdmbdr ne fZtfd sgdnqx Zmc fqZuhsx Zlokhstcdr+ Ogxr- Qdu- C

74 ’1/01( 0/4/03 ZXp@hu901/0-4255“ Z9IROFPC“-
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Z02“ D-X- Xt]m+ UhqstZk bnknq,jhmdlZshbr ctZkhsx9 5,os 0,knno LGU Zlokhstcdr+ IGDO .4 ’1/02(

/6/ ZXp@hu9010/-0705“ Z9IROFPC“-

Z03“ Q-G- Andkr+ A-=- Jmhdgk+ N-U- S]q]rnu ]mc F- X]mf+ Bnknq,jhmdlZshb ctZkhsx enq enql

eZbsnqr+ IGDO .1 ’1/02( /52 ZXp@hu90100-6/17“ Z9IROFPC“-

Z04“ I-I-L- B]qq]rbn+ L- Bghnc]qnkh+ L- Ft̃m]xchm ]mc Q- Qnha]m+ Nmd,knno entq,onhms

Zlokhstcdr hm otqd Zmc lZssdq,bntokdc M ≤ 3 rtodqfqZuhsx+ IGDO .2 ’1/02( /45

ZXp@hu90101-0035“ Z9IROFPC“-

Z05“ M-D-I- Aidqqtl,Angq+ S- Cdmmdm+ Q- Lnmsdhqn ]mc C- N&Bnmmdkk+ HmsdfqZmc nwhcZshnm Zmc

nmd,knno bnkntq,ctZk mtldqZsnqr hm M ; 3 fZtfd sgdnqx+ IGDO .6 ’1/02( /81

ZXp@hu902/2-1802“ Z9IROFPC“-

Z06“ Y- Adqm+ R- C]uhdr+ S- Cdmmdm+ =-U- Rlhqmnu ]mc U-=- Rlhqmnu+ TksqZuhnkds oqnodqshdr ne

M ; 3 rtodqfqZuhsx Zs entq knnor+ Ogxr- Qdu- Jdss- 000 ’1/02( 1202/1 ZXp@hu902/8-1387“

Z9IROFPC“-

Z07“ Y- Adqm+ R- C]uhdr ]mc S- Cdmmdm+ DmgZmbdc tksqZuhnkds bZmbdkkZshnmr hm M ; 4 rtodqfqZuhsx

Zs entq knnor+ Ogxr- Qdu- C 8. ’1/03( 0/4/00 ZXp@hu903/8-2/78“ Z9IROFPC“-

Z08“ Y- Adqm+ R- C]uhdr+ S- Cdmmdm+ X-,S- Gt]mf ]mc I- Mngkd+ Bnknq,jhmdlZshbr ctZkhsx enq otqd

WZmf,Lhkkr Zmc fqZuhsx Zs nmd Zmc svn knnor+ Ogxr- Qdu- C 81 ’1/04( /34/30

ZXp@hu902/2-55/4“ Z9IROFPC“-

Z1/“ I- Mngkd+ Bnknq,jhmdlZshbr ctZkhsx hm nmd,knno entq,fktnm Zlokhstcdr vhsg lZssdq+ Ogxr- Qdu-

C 8. ’1/03( /14/1/ ZXp@hu902/8-6305“ Z9IROFPC“-

Z10“ I-I-L- B]qq]rbn+ FZtfd Zmc fqZuhsx Zlokhstcd qdkZshnmr+ Xp@hu904/5-//863 Z9IROFPC“-

Z11“ B-Q- L]eq]+ N- Rbgknssdqdq ]mc R- Rshdadqfdq+ Dwokhbhs ABI mtldqZsnqr eqnl otqd rohmnqr+

IGDO .6 ’1/00( /81 ZXp@hu900/3-4113“ Z9IROFPC“-

Z12“ C-,O- Ygt+ Ydqnr hm rbZssdqhmf Zlokhstcdr Zmc sgd rsqtbstqd ne mnm,:adkhZm fZtfd sgdnqhdr+

Ogxr- Qdu- C 11 ’087/( 1155 Z9IROFPC“-

Z13“ B-I- Fndadk+ E- G]kydm ]mc I-O- Kdudhkkd+ :mftkZq ydqnr ne Aqnvm) LhjZdkhZm) RZgcdu Zmc

RZltdk Zmc sgd eZbsnqhyZshnm ne sqdd Zlokhstcdr hm fZtfd sgdnqhdr+ Ogxr- Qdu- C 12 ’0870(

1571 Z9IROFPC“-

Z14“ Q- Lnmsdhqn ]mc C- N&Bnmmdkk+ Sgd jhmdlZshb ZkfdaqZ eqnl sgd rdke,ctZk rdbsnq+ IGDO .6

’1/00( //6 ZXp@hu900/4-1454“ Z9IROFPC“-

Z15“ M-D-I- Aidqqtl,Angq+ O-G- C]lf]]qc+ Q- Lnmsdhqn ]mc C- N&Bnmmdkk+ :kfdaqZr enq

Zlokhstcdr+ IGDO .5 ’1/01( /50 ZXp@hu901/2-/833“ Z9IROFPC“-

Z16“ B-,G- Et+ X-,I- Ct ]mc A- Edmf+ :m ZkfdaqZhb ZooqnZbg sn ABI mtldqZsnqr+ IGDO .2 ’1/02(

/4/ ZXp@hu90101-5057“ Z9IROFPC“-

Z17“ Q-G- Andkr+ Q-R- Hrdql]mm+ Q- Lnmsdhqn ]mc C- N&Bnmmdkk+ Bnkntq,jhmdlZshbr ctZkhsx enq

nmd,knno qZshnmZk Zlokhstcdr+ IGDO .3 ’1/02( 0/6 ZXp@hu902/0-3054“ Z9IROFPC“-

Z18“ L- Snknssh ]mc R- Vdhmyhdqk+ Bnmrsqtbshnm ne Zm d�dbshud WZmf,Lhkkr JZfqZmfhZm vhsg

lZmhedrs ABI ctZkhsx+ IGDO .6 ’1/02( 000 ZXp@hu902/5-1864“ Z9IROFPC“-

Z2/“ C- U]l]m ]mc X-,O- X]n+ Bnknq jhmdlZshb rxlldsqhb ffiABI( mtldqZsnqr hm Z khfgs,khjd

fZtfd+ IGDO 01 ’1/03( /25 ZXp@hu903/7-1707“ Z9IROFPC“-

Z20“ O- L]rsqnkh]+ =- Oqhln+ T- Rbgtadqs ]mc V-I- Snqqdr Ana]chkk]+ N�,rgdkk btqqdmsr Zmc

bnknq,jhmdlZshbr ctZkhsx+ Ogxr- Jdss- A 642 ’1/05( 131 ZXp@hu904/6-/6421“ Z9IROFPC“-
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Z21“ R- Kdd+ B-Q- L]eq] ]mc N- Rbgknssdqdq+ Mnm,khmdZq fZtfd sqZmrenqlZshnmr hm C ; 0/ RWL

sgdnqx Zmc sgd ABI ctZkhsx+ IGDO .2 ’1/05( /8/ ZXp@hu9040/-/7732“ Z9IROFPC“-

Z22“ B-Q- L]eq] ]mc N- Rbgknssdqdq+ Adqdmcr,Fhdkd qdbtqrhnmr Zmc sgd ABI ctZkhsx hm rtodqroZbd

Zmc bnlonmdmsr+ IGDO .2 ’1/05( /86 ZXp@hu9040/-/7735“ Z9IROFPC“-

Z23“ B-,G- Et ]mc J- Jq]rmnu+ Bnkntq,jhmdlZshbr ctZkhsx Zmc sgd Cqhmedkc cntakd ne sgd Jhd

ZkfdaqZ ne ch�dnlnqoghrlr+ Xp@hu905/2-/1/22 Z9IROFPC“-

Z24“ Q-V- Aqnvm+ J-K- Jnv]krjh ]mc R-I- Aqncrjx+ BkZrrhbZk qZchZshnm ydqnr hm fZtfd sgdnqx

Zlokhstcdr+ Ogxr- Qdu- C 17 ’0872( 513 Z9IROFPC“-

Z25“ Q-V- Aqnvm+ BkZrrhbZk qZchZshnm rxlldsqx hm fZtfd sgdnqhdr+ hm Dtqnogxrhbr Rstcx

Bnmedqdmbd9 DkdbsqnvdZj D�dbsr Zs Ghfg Dmdqfhdr+ Dqhbd Hs]kx Edaqt]qx 0z04 0872 Z9IROFPC“-

Z26“ R-I- Aqncrjx ]mc Q-V- Aqnvm+ Ydqnr hm Zlokhstcdr9 fZtfd sgdnqx Zmc qZchZshnm hmsdqedqdmbd+

Ogxr- Qdu- Jdss- 38 ’0871( 855 Z9IROFPC“-

Z27“ Q-V- Aqnvm ]mc J-K- Jnv]krjh+ BkZrrhbZk qZchZshnm ydqnr Zccdmctl9 rohm cdodmcdms mtkk

ynmd+ Ogxr- Qdu- C 18 ’0873( 10// Z9IROFPC“-

Z28“ M-D-I- Aidqqtl,Angq+ O-G- C]lf]]qc+ S- Rnmcdqf]]qc ]mc O- U]mgnud+ Lnmncqnlx Zmc

IZbnah,khjd qdkZshnmr enq bnknq,nqcdqdc Zlokhstcdr+ IGDO .5 ’1/0/( //2 ZXp@hu90//2-13/2“

Z9IROFPC“-

Z3/“ R-G- Gdmqx Sxd ]mc X- Yg]mf+ CtZk hcdmshshdr hmrhcd sgd fktnm Zmc sgd fqZuhsnm rbZssdqhmf

Zlokhstcdr+ IGDO .5 ’1/0/( /60 ZDqqZstl hahc- .3 ’1/00( 003“ ZXp@hu90//2-0621“

Z9IROFPC“-

Z30“ R-F- M]btkhbg+ RbZssdqhmf dptZshnmr Zmc ABI qdkZshnmr enq fZtfd Zmc fqZuhsZshnmZk Zlokhstcdr

vhsg lZrrhud rbZkZq oZqshbkdr+ IGDO .8 ’1/03( /18 ZXp@hu903/6-6725“ Z9IROFPC“-

Z31“ G- Ing]mrrnm ]mc =- Nbghqnu+ Bnknq,jhmdlZshbr ctZkhsx enq PBC Zlokhstcdr+ IGDO .0

’1/05( 06/ ZXp@hu904/6-//221“ Z9IROFPC“-

Z32“ S- Ldkh]+ Cxbj vnqcr Zmc ltkshptZqj oqhlhshud Zlokhstcdr+ Ogxr- Qdu- C 77 ’1/02( /03/1/

ZXp@hu902/3-67/8“ Z9IROFPC“-

Z33“ S- Ldkh]+ Fdsshmf lnqd fiZunq nts ne nmd,fiZunq PBC+ Ogxr- Qdu- C 78 ’1/03( /63/01

ZXp@hu90201-/488“ Z9IROFPC“-

Z34“ S- Ldkh]+ Oqnne ne Z mdv bnkntq cdbnlonrhshnm enq PBC Zlokhstcdr+ IGDO 01 ’1/04( 0/6

ZXp@hu904/8-/2186“ Z9IROFPC“-

Z35“ K- cd k] Bqty+ =- Jmhrr ]mc R- Vdhmyhdqk+ Oqnne ne sgd etmcZldmsZk ABI qdkZshnmr enq PBC

Zlokhstcdr+ IGDO .8 ’1/04( 086 ZXp@hu904/7-/0321“ Z9IROFPC“-

Z36“ Q-V- Aqnvm ]mc R-F- M]btkhbg+ Bnknq,eZbsnq rxlldsqx Zmc ABI qdkZshnmr enq PBC

Zlokhstcdr+ Xp@hu905/7-/4180 Z9IROFPC“-

Z37“ E- B]bg]yn+ R- Gd ]mc D-X- Xt]m+ RbZssdqhmf ne lZrrkdrr oZqshbkdr9 rbZkZqr) fktnmr Zmc

fqZuhsnmr+ IGDO .6 ’1/03( /22 ZXp@hu902/8-/774“ Z9IROFPC“-

Z38“ Q-G- Andkr ]mc Q-R- Hrdql]mm+ Mdv qdkZshnmr enq rbZssdqhmf Zlokhstcdr hm WZmf,Lhkkr sgdnqx

Zs knno kdudk+ Ogxr- Qdu- C 74 ’1/01( /106/0 ZXp@hu900/8-4777“ Z9IROFPC“-

Z4/“ Q-G- Andkr ]mc Q-R- Hrdql]mm+ WZmf,Lhkkr Zlokhstcd qdkZshnmr Zs knno kdudk eqnl

mnm,ZciZbdms ABEV rghesr+ IGDO .2 ’1/01( /40 ZXp@hu9000/-3351“ Z9IROFPC“-
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Z40“ X-,I- Ct ]mc G- Kt̃n+ Nm fdmdqZk ABI qdkZshnm Zs nmd,knno kdudk hm WZmf,Lhkkr sgdnqx+ IGDO

.0 ’1/02( 018 ZXp@hu901/6-3438“ Z9IROFPC“-

Z41“ U- Cdk Ctb]+ K-I- Chwnm ]mc E- L]ksnmh+ Mdv bnknq cdbnlonrhshnmr enq fZtfd Zlokhstcdr Zs

sqdd Zmc knno kdudk+ Mtbk- Ogxr- A 460 ’1///( 40 Zedo�oe.880/452“ Z9IROFPC“-

Z42“ R-F- M]btkhbg+ RbZssdqhmf dptZshnmr Zmc uhqstntr jhmdlZshb mtldqZsnqr Zmc ctZk,sqZbd

etmbshnmr+ IGDO .6 ’1/03( 032 ZXp@hu903/3-6030“ Z9IROFPC“-

Z43“ U- Cdk Ctb]+ =- Eqhyyn ]mc E- L]ksnmh+ EZbsnqhyZshnm ne sqdd PBC Zlokhstcdr hm sgd

ghfg,dmdqfx khlhs Zmc hm sgd bnkkhmdZq khlhs+ Mtbk- Ogxr- A 457 ’1///( 100 Zedo�oe.88/8353“

Z9IROFPC“-

Z44“ Q- Jkdhrr ]mc G- Jthie+ Ltksh,fktnm bqnrr,rdbshnmr Zmc ffud ids oqnctbshnm Zs gZcqnm bnkkhcdqr+

Mtbk- Ogxr- A 201 ’0878( 505 Z9IROFPC“-

Z45“ S-G- Atqmdss ]mc M-L- Jqnkk+ Dwsdmrhnm ne sgd knv rnes ognsnm sgdnqdl+ Ogxr- Qdu- Jdss- 1.

’0857( 75 Z9IROFPC“-

Z46“ E-D- Knv+ AqdlrrsqZgktmf ne udqx knv,dmdqfx ptZmsZ hm dkdldmsZqx oZqshbkd bnkkhrhnmr+ Ogxr-

Qdu- 00. ’0847( 863 Z9IROFPC“-

Z47“ U- Cdk Ctb]+ Ghfg,dmdqfx aqdlrrsqZgktmf sgdnqdlr enq rnes ognsnmr+ Mtbk- Ogxr- A 234

’088/( 258 Z9IROFPC“-

Z48“ D- K]dmdm+ F- Rs]udmf] ]mc B-C- Vghsd+ OZsg hmsdfqZk ZooqnZbg sn dhjnmZk Zmc

mdws,sn,dhjnmZk dwonmdmshZshnm+ IGDO .2 ’1//8( /43 ZXp@hu9/700-1/56“ Z9IROFPC“-

Z5/“ D- K]dmdm+ K- L]fmd]+ F- Rs]udmf] ]mc B-C- Vghsd+ Mdws,sn,dhjnmZk bnqqdbshnmr sn rnes fktnm

qZchZshnm9 Z chZfqZllZshb ZooqnZbg+ IGDO .0 ’1/00( 030 ZXp@hu90/0/-075/“ Z9IROFPC“-

Z50“ D- B]r]kh+ Rnes rta,kdZchmf chudqfdmbdr hm WZmf,Lhkkr Zlokhstcdr+ IGDO .7 ’1/03( /66

ZXp@hu903/3-4440“ Z9IROFPC“-

Z51“ B-C- Vghsd+ ChZfqZllZshb hmrhfgsr hmsn mdws,sn,rnes bnqqdbshnmr+ Ogxr- Jdss- A 626 ’1/03(

105 ZXp@hu903/5-6073“ Z9IROFPC“-

Z52“ Y- Adqm+ R- C]uhdr+ O- Ch Udbbgh] ]mc I- Mngkd+ Jnv,dmdqfx adgZuhnq ne fktnmr Zmc fqZuhsnmr

eqnl fZtfd hmuZqhZmbd+ Ogxr- Qdu- C 8. ’1/03( /73/24 ZXp@hu903/5-5876“ Z9IROFPC“-

Z53“ I- Aqndcdk+ L- cd Kddtv+ I- Okdej] ]mc L- Qnrrn+ BnmrsqZhmhmf rtakdZchmf rnes fktnm Zmc

fqZuhsnm sgdnqdlr+ Ogxr- Qdu- C 8. ’1/03( /54/13 ZXp@hu903/5-5463“ Z9IROFPC“-

Z54“ G- Kt̃n+ O- L]rsqnkh] ]mc V-I- Snqqdr Ana]chkk]+ RtakdZchmf rnes adgZuhnq ne PBC

Zlokhstcdr+ Ogxr- Qdu- C 80 ’1/04( /54/07 ZXp@hu90300-0558“ Z9IROFPC“-

Z55“ C- Jnrnvdq+ A-,G- Kdd ]mc U-O- M]hq+ Ltksh fktnm rbZssdqhmf9 Z rsqhmf aZrdc bZkbtkZshnm+

Ogxr- Jdss- A 1.0 ’0877( 74 Z9IROFPC“-

Z56“ L-K- L]mf]mn+ Sgd bnknq rsqtbstqd ne fktnm dlhrrhnm+ Mtbk- Ogxr- A 2.8 ’0877( 350

Z9IROFPC“-

Z57“ R-F- M]btkhbg+ BGW qdoqdrdmsZshnmr enq fZtfd sgdnqx Zmc fqZuhsx Zlokhstcdr vhsg to sn sgqdd

lZrrhud oZqshbkdr+ IGDO .4 ’1/04( /4/ ZXp@hu904/0-/24//“ Z9IROFPC“-

Z58“ X- Fdxdq+ K- L]rnm+ Q- Lnmsdhqn ]mc O- Sntqjhmd+ Jnno hmsdfqZmcr enq rbZssdqhmf Zlokhstcdr

eqnl sgd QhdlZmm rogdqd+ Ogxr- Qdu- Jdss- 004 ’1/04( 0105/2 ZXp@hu904/6-//210“

Z9IROFPC“-
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Z6/“ B- A]]crf]]qc+ M-D-I- Aidqqtl,Angq+ I-K- Antqi]hkx+ O-G- C]lf]]qc ]mc A- Edmf+

HmsdfqZshnm qtkdr enq knno rbZssdqhmf dptZshnmr+ IGDO 00 ’1/04( /7/ ZXp@hu904/7-/2516“

Z9IROFPC“-

Z60“ R- Gd ]mc D-X- Xt]m+ Nmd,knno rbZssdqhmf dptZshnmr Zmc Zlokhstcdr eqnl enqvZqc khlhs+

Ogxr- Qdu- C 81 ’1/04( 0/4//3 ZXp@hu904/7-/5/16“ Z9IROFPC“-

Z61“ B- A]]crf]]qc+ M-D-I- Aidqqtl,Angq+ I-K- Antqi]hkx+ R- B]qnm,Gtns+ O-G- C]lf]]qc ]mc

A- Edmf+ Mdv qdoqdrdmsZshnmr ne sgd odqstqaZshud R,lZsqhw+ Ogxr- Qdu- Jdss- 005 ’1/05(

/505/0 ZXp@hu904/8-/1058“ Z9IROFPC“-

Z62“ X- Fdxdq+ K- L]rnm+ Q- Lnmsdhqn ]mc O- Sntqjhmd+ Nmd,knno Zlokhstcdr nm sgd QhdlZmm

rogdqd+ IGDO .2 ’1/05( 003 ZXp@hu90400-/5204“ Z9IROFPC“-

Z63“ E- B]bg]yn+ R- Gd ]mc D-X- Xt]m+ Nmd,knno bnqqdbshnmr eqnl ghfgdq chldmrhnmZk sqdd

Zlokhstcdr+ IGDO .7 ’1/05( //7 ZXp@hu90401-/4//0“ Z9IROFPC“-

Z64“ O- Sntqjhmd ]mc O- U]mgnud+ Ghfgdq,knno Zlokhstcd lnmncqnlx qdkZshnmr hm rsqhmf Zmc fZtfd

sgdnqx+ Xp@hu905/7-/0554 Z9IROFPC“-

Z65“ C- Bgdrsdq+ Adqm,BZqqZrbn,IngZmrrnm qdkZshnmr enq nmd,knno PBC hmsdfqZk bndflbhdmsr+ Ogxr-

Qdu- C 82 ’1/05( /54/36 ZXp@hu905/0-//124“ Z9IROFPC“-

Z66“ J-N- Lhj]dkh]m+ Ognsnoqnctbshnm ne bgZqfdc hmsdqldchZsd udbsnq anrnmr+ Ogxr- Qdu- C 06

’0867( 64/ Z9IROFPC“-

Z67“ Q-V- Aqnvm+ C- R]gcdu ]mc J-N- Lhj]dkh]m+ V·W+ Zmc V·γ oZhq oqnctbshnm hm µd) nn Zmc

ńn bnkkhrhnmr+ Ogxr- Qdu- C 1. ’0868( 0053 Z9IROFPC“-

Z68“ J-N- Lhj]dkh]m+ L-=- R]ltdk ]mc C- R]gcdu+ Sgd lZfmdshb lnldms ne vdZj anrnmr

oqnctbdc hm nn Zmc nń bnkkhrhnmr+ Ogxr- Qdu- Jdss- 32 ’0868( 635 Z9IROFPC“-

Z7/“ L-=- R]ltdk+ :lokhstcd ydqnr+ Ogxr- Qdu- C 16 ’0872( 1613 Z9IROFPC“-

Z70“ R-F- M]btkhbg+ OgxrhbZk mtkk ynmdr+ Ogxr- Qdu- C 17 ’0872( 1186 Z9IROFPC“-

Z71“ C� bnkk]anq]shnm+ U-L- =a]ynu ds ]k-+ Ehqrs rstcx ne sgd qZchZshnm,Zlokhstcd ydqn hm Vγ

oqnctbshnm Zmc khlhsr nm ZmnlZkntr VVγ bntokhmfr Zs
\
r ; 0.85SdU+ Ogxr- Qdu- Jdss- 0..

’1//7( 1307/4 ZXp@hu9/7/2-//2/“ Z9IROFPC“-

Z72“ AKR bnkk]anq]shnm+ LdZrtqdldms ne Vγ Zmc Wγ oqnctbshnm hm nn bnkkhrhnmr Zs
\
r ; 6SdU+

Ogxr- Jdss- A 6.0 ’1/00( 424 ZXp@hu900/4-1647“ Z9IROFPC“-

Z73“ K-=- G]qk]mc,K]mf+ OkZmZq qZchZshnm ydqnr hm ffud,oZqsnm PBC Zlokhstcdr+ IGDO .4 ’1/04(

035 ZXp@hu904/2-/5687“ Z9IROFPC“-

Z74“ C- Ldcq]mn Ihldmdy+ =- R]ahn Udq] ]mc L-=- U]yptdy,Lnyn+ OkZmZq ydqnr hm fZtfd sgdnqhdr

Zmc fqZuhsx+ IGDO .8 ’1/05( //5 ZXp@hu905/6-/35/4“ Z9IROFPC“-
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