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:arspXbs� Vd dw]lhmd hm cds]hk sgd rsqtbstqd ne sgd Pdffd khlhs ne sgd ’mnmok]m]q(
M 9 3 RWL entq,onhms ]lokhstcd- Vd adfhm ax cdudknohmf ] a]rhr ne bnknq e]bsnqr Bgj

rths]akd enq sgd Pdffd khlhs ne sgd ]lokhstcd ]s ]mx knno nqcdq) ]mc sgdm b]kbtk]sd dwokhbhskx
sgd bndflbhdmsr ne sgd ]lokhstcd hm sg]s a]rhr sgqntfg sgqdd,knno nqcdq trhmf sgd Pdffd
khlhs ne sgd etkk ]lokhstcd oqduhntrkx b]kbtk]sdc ax Gdmm ]mc Lhrskadqfdq- Vd bnlotsd
sgdrd bndflbhdmsr dw]bskx ]s nmd knno) sgqntfg N!δ1( ]s svn knnor) ]mc sgqntfg N!δ+( ]s
sgqdd knnor) udqhexhmf sg]s sgd HP,chudqfdms ohdbdr ]qd bnmrhrsdms vhsg ’sgd Pdffd khlhs
ne( sgd dwodbsdc hmeq]qdc chudqfdmbd rsqtbstqd) hmbktchmf ] bnmsqhatshnm eqnl sgd sgqdd,
knno bnqqdbshnm sn sgd chonkd enqltk]- Vd ]krn udqhex bnmrhrsdmbx vhsg sgd HP,ffmhsd MKK
]mc MMKK oqdchbshnmr ne B]qnm,Gtns ds ]k- Ehm]kkx vd trd sgdrd qdrtksr sn lnshu]sd sgd
bnmidbstqd ne ]m ]kk,nqcdqr qdk]shnm adsvddm nmd ne sgd bndflbhdmsr ]mc sgd Pdffd khlhs ne
sgd M 9 7 rtodqfq]uhsx entq,onhms ]lokhstcd-

Idwvnpcr� Dwsdmcdc Rtodqrxlldsqx) Rb]ssdqhmf ;lokhstcdr) Rtodqfq]uhsx Lncdkr)
Rtodqrxlldsqhb F]tfd Sgdnqx
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2 Odffd ihlhs ne sgd � 4 4 entp�onhms Yloihstcd 6

3 Odffd aYrhr ne bninp eYbsnpr 8
3-0 Nmd,knno a]rhr 00
3-1 Svn,knno a]rhr 01
3-2 Sgqdd,knno a]rhr 02
3-3 Ghfgdq,knno a]rhr 03

4 HO�chudpfdmbd rsptbstpd ne sgd � 4 4 RTI Yloihstcd 04
4-0 Pdctbdc ]lokhstcd 06
4-1 Nmd knno 07
4-2 Svn knnor 08
4-3 Sgqdd knnor 1/
4-4 ;kk knno qdrtksr 11

5 RTI.rtodpfpYuhsw pdiYshnm hm sgd Odffd ihlhs 12

6 Anmbitrhnmr 14

/ Gmspnctbshnm

L]whl]kkx rtodqrxlldsqhb W]mf,Lhkkr ]mc rtodqfq]uhsx sgdnqhdr g]ud f]qmdqdc drodbh]k
hmsdqdrs dudq rhmbd hs v]r rgnvm sg]s sgdx dldqfd eqnl sgd knv dmdqfx khlhs ne rtodqrsqhmf
sgdnqx) vghbg ]kknvdc sgd ffqrs nmd,knno b]kbtk]shnm ne entq,onhms ]lokhstcdr hm d]bg Z0[- Hm
sgd cdb]cdr enkknvhmf) ghfgdq,knno M 9 3 RWL entq,onhms ]lokhstcdr vdqd b]kbtk]sdc Z1�7[
hm sdqlr ne ok]m]q ]mc mnmok]m]q rb]k]q hmsdfq]kr sgqntfg sgd trd ne fdmdq]khydc tmhs]q,
hsx Z8) 0/[- Sgd hmeq]qdc chudqfdmbdr ne sgdrd l]rrkdrr hmsdfq]kr vdqd chldmrhnm]kkx qdftk]sdc
hm C 9 3 � 1δ chldmrhnmr) ]mc K]tqdms dwo]mrhnmr hm δ ne sgd ok]m]q svn, ]mc sgqdd,knno
hmsdfq]kr Z00) 01[ vdqd trdc sn nas]hm dwokhbhs dwoqdrrhnmr enq ok]m]q ’kd]chmf hm sgd 0,M dw,
o]mrhnm( M 9 3 RWL entq,onhms ]lokhstcdr Z02) 03[- Trhmf sgdrd qdrtksr) snfdsgdq vhsg sgd
vdkk,rstchdc rsqtbstqd ne hmeq]qdc chudqfdmbdr ne f]tfd sgdnqhdr Z04) 05[) Adqm) Chwnm) ]mc
Rlhqmnu oqnonrdc sgdhq bdkdaq]sdc ]kk,knno,nqcdqr ]mr]sy enq ’l]whl]kkx,gdkhbhsx,uhnk]shmf(
ok]m]q m,onhms ]lokhstcdr Z03[) vgnrd u]khchsx enq m 9 3 ]mc 4 enkknvr eqnl ct]k bnmenq,
l]k hmu]qh]mbd ne sgd ok]m]q sgdnqx Z06) 07[- Oqnfqdrr nm sgd du]kt]shnm ne mnmok]m]q svn,
]mc sgqdd,knno hmsdfq]kr g]r s]jdm knmfdq Z08�11[) ats sgdrd qdrtksr g]ud ]kknvdc dwokhbhs
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dwoqdrrhnmr enq sgd etkk ’mnmok]m]q( M 9 3 RWL entq,onhms ]lokhstcd ]s svn Z12) 13[ ]mc)
lnqd qdbdmskx) sgqdd Z14[ knnor- Sgdrd dwoqdrrhnmr vdqd udqhffdc sn ad bnmrhrsdms vhsg sgd
dwodbsdc ’mnmok]m]q( hmeq]qdc chudqfdmbd rsqtbstqd sgqntfg sgqdd knnor Z15�24[-

Ghfgdq,knno entq,onhms ]lokhstcdr ne M 9 7 rtodqfq]uhsx) ] sgdnqx adkhdudc sn ad
tksq]uhnkds ffmhsd sn ] ghfg knno nqcdq ’rdd qde- Z25[ ]mc qdedqdmbdr sgdqdhm() g]ud ]krn addm
b]kbtk]sdc hm sdqlr ne ok]m]q ]mc mnmok]m]q hmsdfq]kr Z2) 3) 6) 26[- ;f]hm trhmf K]tqdms
dwo]mrhnmr ne sgd ok]m]q ]mc mnmok]m]q hmsdfq]kr) dwokhbhs dwoqdrrhnmr enq sgd hmsdfq]sdc
M 9 7 rtodqfq]uhsx entq,onhms ]lokhstcdr g]ud addm nas]hmdc ]s svn Z27�3/[ ]mc) lnqd
qdbdmskx) sgqdd Z30[ knnor-

Pdk]shnmr adsvddm rtodqfq]uhsx ]mc rtakd]chmf,bnknq RWL ]lokhstcdr ]mc sgdhq HP
chudqfdmbdr vdqd dwoknqdc hm qder- Z12) 13) 3/) 31�33[- Dw]bs qdk]shnmr adsvddm M 9 3
RWL ]mc M 9 7 rtodqfq]uhsx entq,onhms ]lokhstcdr vdqd drs]akhrgdc ]s nmd, ]mc svn,
knno kdudkr Z12[) ats ]ssdlosr ]s ffmchmf qdk]shnmr ]s sgqdd knnor ]mc adxnmc vdqd fdmdq]kkx
tmrtbbdrretk-

Rb]ssdqhmf ]lokhstcdr nesdm dwghahs cq]l]shb rhlokhffb]shnm hm sgd ghfg,dmdqfx ’nq
Pdffd( khlhs r ! �s- Sgd jmnvm rsqtbstqd ne hmeq]qdc chudqfdmbdr ne f]tfd sgdnqx
]lokhstcdr Z03�05) 15�24[ rhlokhffdr ]s ghfg dmdqfhdr) fhuhmf qhrd sn kd]chmf ]mc rtakd]c,
hmf knf]qhsglhb adg]uhnq Z34�37[- Lnqdnudq) ]m d–dbshud G]lhksnmh]m ]ooqn]bg a]rdc nm
A]khsrjx,E]chm,Jtq]du,Kho]snu sgdnqx v]r trdc sn bnlotsd HP,ffmhsd k]qfd knf]qhsglhb ad,
g]uhnq ’MKK ]mc MMKK( hm sgd Pdffd khlhs Z38�41[- Sgd Pdffd khlhs ne sgd M 9 3 RWL
entq,onhms ]lokhstcd v]r dw]lhmdc hm qder- Z14) 4/) 42�47[-

Sgd ghfg,dmdqfx khlhs ne fq]uhsx ]lokhstcdr hr hm rnld v]xr dudm rhlokdq sg]m f]tfd
sgdnqx ]lokhstcdr Z48�56[- Sgd ghfg,dmdqfx adg]uhnq ne M 9 7 rtodqfq]uhsx ]lokhstcdr
g]r addm rstchdc hm qder- Z3/) 30) 57�63[) ]mc qdbdmskx) dhjnm]k dwonmdmsh]shnm hm hlo]bs
o]q]ldsdq ro]bd g]r addm trdc sn nas]hm ]m dw]bs ]kk,knno,nqcdqr dwoqdrrhnm enq sgd ghfg,
dmdqfx khlhs ne sgd M 9 7 rtodqfq]uhsx entq,onhms ]lokhstcd Z64) 65[-

Hm sghr o]odq) vd dw]lhmd hm cds]hk sgd rsqtbstqd ne sgd Pdffd khlhs ne sgd ’mnmok]m]q(
M 9 3 RWL entq,onhms ]lokhstcd- Vd adfhm ax cdudknohmf ] a]rhr ne bnknq e]bsnqr Bgj

rths]akd enq sgd Pdffd khlhs ne sgd ]lokhstcd ]s ]mx knno nqcdq) ]mc sgdm b]kbtk]sd dwokhbhskx
sgd bndflbhdmsr ne sgd ]lokhstcd hm sg]s a]rhr sgqntfg sgqdd,knno nqcdq trhmf sgd Pdffd
khlhs ne sgd etkk ]lokhstcd oqduhntrkx b]kbtk]sdc ax Gdmm ]mc Lhrskadqfdq Z14[- Vd bnlotsd
sgdrd bndflbhdmsr dw]bskx ]s nmd knno) sgqntfg N!δ1( ]s svn knnor) ]mc sgqntfg N!δ+( ]s
sgqdd knnor) udqhexhmf sg]s sgd HP,chudqfdms ohdbdr ]qd bnmrhrsdms vhsg ’sgd Pdffd khlhs ne(
sgd dwodbsdc hmeq]qdc chudqfdmbd rsqtbstqd ]r cdsdqlhmdc hm qder- Z03�05) 15�24) 34�4/[)
hmbktchmf ] bnmsqhatshnm eqnl sgd sgqdd,knno bnqqdbshnm sn sgd chonkd enqltk] Z24) 4/[- Vd
]krn udqhex bnmrhrsdmbx0 vhsg sgd HP,ffmhsd MKK ]mc MMKK oqdchbshnmr ne B]qnm,Gtns ds
]k- Z38) 4/[- Ehm]kkx vd trd sgdrd qdrtksr sn lnshu]sd sgd bnmidbstqd ne ]m ]kk,nqcdqr qdk]shnm
adsvddm nmd ne sgd bndflbhdmsr ]mc sgd Pdffd khlhs ne sgd M 9 7 rtodqfq]uhsx entq,onhms
]lokhstcd-

Bnknq,nqcdqdc m,fktnm ]lokhstcdr ’h-d- sgd bndflbhdmsr ne sgd ]lokhstcd hm ] sq]bd
a]rhr( ne ]m RT’M( f]tfd sgdnqx ]qd mns hmcdodmcdms ats nadx qdk]shnmr cdqhudc eqnl

0Sgd ]tsgnqr ne qde- T4.[ ]krn qdonqsdc bnmrhrsdmbx ne sgdhq qdrtksr vhsg qde- T14[-
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fqnto sgdnqx Z0) 66�71[- Enq entq,fktnm ]lokhstcdr) sgdqd ]qd 2T � 0 hmcdodmcdms bnknq,
nqcdqdc ]lokhstcdr ]s T ≥ 1 knnor ’vhsg svn ]s sqdd kdudk) ]mc sgqdd ]s nmd knno(- Hm sgd
Pdffd khlhs) d]bg ne sgdrd hr qdctbdc ax nmd- Hmrohqdc ax qder- Z35) 37�4/[) vd cdffmd ] rds
ne bnknq e]bsnqr Bgj ax

B++ 9 xea3a0d xea1a2d .

Bgg 9 !Sm�t(gB++ . h ≥ 0
Bg0 9 US1s . · · · . US1s . US1s .S1m�t[[ · · · [B++ . h ≥ 1

Bg,g�0 9 US1m�t. · · · . US1m�t. US1s .S1m�t[[ · · · [B++ . h ≥ 1 ’0-0(

vgdqd S1s ]mc S1m�t ]qd nodq]snqr ’be- dp- ’3-6(( sg]s ]bs nm sgd sqdd,kdudk s,bg]mmdk bnknq
e]bsnq B++ sn fdmdq]sd ghfgdq,knno bnknq e]bsnqr- D]bg bnknq e]bsnq Bgj hm dp- ’0-0( bnms]hmr
dw]bskx h nodq]snqr S1s nq S1m�t vhsg j e]bsnqr ne S1m�t- Sgdrd bnknq e]bsnqr g]ud vdkk,cdffmdc
rhfm]stqd ’dhsgdq ) nq �( tmcdq sgd bqnrrhmf rxlldsqx nodq]shnm sg]s dwbg]mfdr dwsdqm]k
kdfr 1 ]mc 2 ’h-d-) r ↔ t(- ;r vd vhkk rdd hm rdbshnm 4) sghr a]rhr hr o]qshbtk]qkx vdkk,rthsdc
sn cdrbqhad sgd HP chudqfdmbdr ne sgd ]lokhstcd hm sgd Pdffd khlhs-

G]uhmf cdffmdc sgd Pdffd a]rhr ne bnknq e]bsnqr) vd vqhsd sgd M 9 3 RWL entq,onhms
]lokhstcd hm sgd Pdffd khlhs ]r

A 9 >
(+(
0

∞∑

Y9+
xaY

Y∑

g9+

∑

j

A
(Y(
gj M

Y�gBgj ’0-1(

vgdqd xa hr sgd knno dwo]mrhnm o]q]ldsdq) ]mc sgd q]mfd ne j hr

j 9






+. vgdm h 9 +.
0. vgdm h 9 0.
0. 1. vgdm h 9 1.
0. h� 0. h. vgdm h ≥ 2.

’0-2(

Ax trhmf sgd cdbnlonrhshnm ne sgd bnknq e]bsnqr Bgj hmsn ] sq]bd a]rhr) sgd bndflbhdmsr
A

(Y(
gj b]m ad dwoqdrrdc ]r khmd]q bnlahm]shnmr ne bnknq,nqcdqdc ]lokhstcdr- Ax Anrd rxlld,

sqx ne sgd etkk ]lokhstcd) sgd bndflbhdmsr A(Y(
gj vhkk g]ud sgd r]ld rhfm]stqd tmcdq bqnrrhmf

rxlldsqx ]r sgdhq ]rrnbh]sdc bnknq e]bsnqr Bgj) vghbg g]r hlokhb]shnmr Z4/[ enq sgd qd]khsx
oqnodqshdr ne A(Y(

gj ) ]r vd vhkk rdd hm sghr o]odq-
Ax dw]lhmhmf sgd Pdffd khlhs ne sgd rsqtbstqd ne HP chudqfdmbdr enq M 9 3 RWL sgdnqx)

vd cdsdqlhmd sg]s sgd A(Y(
gj ]qd onkxmnlh]kr ne nqcdq T� j hm K ≡ hle }r,s} � 0

1 hµ- Sgtr sgd
kd]chmf knf]qhsglhb ’KK( adg]uhnq ne sgd ]lokhstcd ]s T knnor hr dmshqdkx bnms]hmdc hm sgd
bndflbhdms A(Y(

++ ) vhsg sgd nsgdq bndflbhdmsr bnmsqhatshmf sn rtakd]chmf knf]qhsglhb adg]uhnq-
Sgd etkk ]lokhstcd A b]m ad e]bsnqdc hmsn ]m hmeq]qdc,chudqfdms oqde]bsnq shldr ]m

hmeq]qdc,ffmhsd g]qc etmbshnm G) vgnrd bndflbhdmsr hm sgd Pdffd a]rhr ne bnknq e]bsnqr ]qd
cdmnsdc g

(Y(
gj ) ]m]knfntr sn dp- ’0-1(- Trhmf sgd Pdffd khlhs ne sgd M 9 3 RWL bnknq,

nqcdqdc ]lokhstcdr fhudm hm qde- Z14[) vd bnlotsd sgd HP,ffmhsd bndflbhdmsr g(Y(
gj dw]bskx ]s

nmd knno) sgqntfg N!δ1( ]s svn knnor) ]mc sgqntfg N!δ+( ]s sgqdd knnor- Sgd MKK ]mc
MMKK bnmsqhatshnmr sn g(Y(

gj ]qd udqhffdc sn ]fqdd vhsg sgd oqdchbshnmr ne qder- Z38) 4/[-
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Ehm]kkx) trhmf ntq qdrtksr sgqntfg sgqdd knnor) vd nardqud sg]s nmd ne sgd bndflbhdmsr)
A

(Y(
YY ) vghbg bnms]hmr mn hle }r,s} cdodmcdmbd) hr dpt]k ’to sn ] rhfm( sn sgd Pdffd khlhs ne

sgd T,knno M 9 7 rtodqfq]uhsx entq,onhms ]lokhstcd- ;s nmd ]mc svn knnor) sghr dpt]khsx
enkknvr eqnl sgd dw]bs qdk]shnmr oqdrdmsdc hm qde- Z12[- Lnqdnudq) sghr qdk]shnm hr bnmrhrsdms
vhsg sgd kd]chmf HP chudqfdmbdr ne sgd ]lokhstcdr enq ]kk T- Vd sgdqdenqd bnmidbstqd sg]s
sghr RWL,rtodqfq]uhsx qdk]shnm gnkcr sn ]kk knno nqcdqr hm sgd Pdffd khlhs-

Sghr o]odq hr rsqtbstqdc ]r enkknvr- Vd qduhdv sgd fqnto sgdnqx bnmrsq]hmsr nm entq,
fktnm ]lokhstcdr hm rdbshnm 1) ]mc sgd Pdffd khlhsr ne sgd sqdd,kdudk ]mc nmd,knno M 9 3
RWL ]lokhstcdr hm rdbshnm 2- Hm rdbshnm 3) vd cdudkno ] a]rhr ne bnknq e]bsnqr Bgj rths]akd enq
sgd Pdffd khlhs ne sgd M 9 3 RWL ]lokhstcd ]s ]mx knno nqcdq- Vd sgdm nas]hm dwoqdrrhnmr
’sgqntfg sgqdd knnor( enq sgd bndflbhdmsr A(Y(

gj hm sghr a]rhr ]r khmd]q bnlahm]shnmr ne bnknq,
nqcdqdc ]lokhstcdr ’]mc enq ]kk knnor enq A(Y(

YY (- Hm rdbshnm 4) ]esdq qduhdvhmf sgd rsqtbstqd
ne ’sgd Pdffd khlhs ne( sgd hmeq]qdc chudqfdmbdr ne sgd M 9 3 RWL ]lokhstcd sgqntfg
sgqdd knnor) vd bnlotsd sgd hmeq]qdc,ffmhsd g]qc etmbshnm trhmf sgd qdrtksr ne qde- Z14[- Hm
rdbshnm 5) vd qduhdv sgd Pdffd khlhs ne sgd M 9 7 rtodqfq]uhsx entq,fq]uhsnm ]lokhstcd)
]mc bnmidbstqd hsr dpthu]kdmbd sn A(Y(

YY - Hm rdbshnm 6) vd n–dq rnld bnmbktchmf qdl]qjr-

1 Cpnto�sgdnpw bnmrspYhmsr nm entp�onhms Ylokhstcdr

Hm sghr rdbshnm) vd aqhdfix qduhdv sgd fqnto,sgdnqx bnmrsq]hmsr nm sgd T,knno bnknq,nqcdqdc
entq,fktnm ]lokhstcdr hm ]m RT’M( f]tfd sgdnqx sg]s vdqd cdqhudc hm qde- Z7/[- Sgdrd vhkk
ok]x ]m hlonqs]ms qnkd hm sgd enkknvhmf rdbshnmr vgdm vd cdffmd ] mdv a]rhr ne bnknq e]bsnqr
enq entq,fktnm ]lokhstcdr hm sgd Pdffd khlhs-

Sgd bnknq,nqcdqdc ]lokhstcdr ne ] f]tfd sgdnqx ]qd sgd bndflbhdmsr ne sgd etkk ]l,
okhstcd hm ] a]rhr trhmf sq]bdr ne fdmdq]snqr Q a hm sgd etmc]ldms]k qdoqdrdms]shnm ne sgd
f]tfd fqnto-1 Bnknq,nqcdqdc ]lokhstcdr g]ud sgd ]cu]ms]fd ne adhmf hmchuhct]kkx f]tfd,
hmu]qh]ms- Entq,fktnm ]lokhstcdr ne RT’M( f]tfd sgdnqhdr b]m ad dwoqdrrdc hm sdqlr ne ]
rhw,chldmrhnm]k a]rhr a=λ[ ne rhmfkd ]mc cntakd sq]bdr Z67[

a=0[ 9 Sp!Q a0Q a1Q a2Q a3( ) Sp!Q a0Q a3Q a2Q a1(. a=3[ 9 Sp!Q a0Q a2( Sp!Q a1Q a3(.
a=1[ 9 Sp!Q a0Q a1Q a3Q a2( ) Sp!Q a0Q a2Q a3Q a1(. a=4[ 9 Sp!Q a0Q a3( Sp!Q a1Q a2(. ’1-0(
a=2[ 9 Sp!Q a0Q a3Q a1Q a2( ) Sp!Q a0Q a2Q a1Q a3(. a=5[ 9 Sp!Q a0Q a1( Sp!Q a2Q a3(.

;kk nsgdq onrrhakd sq]bd sdqlr u]mhrg hm RT’M( rhmbd Sp!Q a( 9 +- Sgd T,knno bnknq,
nqcdqdc ]lokhstcdr b]m ad etqsgdq cdbnlonrdc Z1[ hm onvdqr ne M ]r

A(Y( 9
2∑

λ90

]


" M1 #∑

j9+
M Y�1j>

(Y,1j(
λ



 a=λ[ )
5∑

λ93

]


" M�0

1 #∑

j9+
M Y�1j�0>

(Y,1j)0(
λ



 a=λ[ ’1-1(

vgdqd >
(Y,+(
λ ]qd kd]chmf,nqcdq,hm,M ’ok]m]q( ]lokhstcdr) ]mc >

(Y,j(
λ ) j 9 0. · · · . T) ]qd

rtakd]chmf,nqcdq) xhdkchmf !2T)2( bnknq,nqcdqdc ]lokhstcdr ]s T knnor- Sgd 0,M dwo]mrhnm
1Ntq bnmudmshnmr ]qd =e�N aN a( 8 δaa rn sg]s TN a,N a[ 8 g

}
0aaabN b ]mc aaab 8 ��g,

}
0(=e�TN a,N a[N b(-

� 3 �
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hm dp- ’1-1( rtffdrsr ]m dmk]qfdldms ne sgd sq]bd a]rhr sn ]m dwsdmcdc !2T)2(,chldmrhnm]k
sq]bd a]rhr s(Y(λ ) cdffmdc ax

s
(Y(
0)5j 9 M Y�1j a=0[ . s

(Y(
3)5j 9 M Y�1j�0 a=3[ .

s
(Y(
1)5j 9 M Y�1j a=1[ . s

(Y(
4)5j 9 M Y�1j�0 a=4[ . ’1-2(

s
(Y(
2)5j 9 M Y�1j a=2[ . s

(Y(
5)5j 9 M Y�1j�0 a=5[ .

hm sdqlr ne vghbg dp- ’1-1( adbnldr

A(Y( 9
2Y)2∑

λ90
>

(Y(
λ s

(Y(
λ . tgcpc >

(Y(
λ)5j 9





>

(Y,1j(
λ . λ 9 0. 1. 2 .

>
(Y,1j)0(
λ . λ 9 3. 4. 5 .

’1-3(

Sgd !2T ) 2( bnlonmdmsr >(Y(
λ ]qd mns hmcdodmcdms ats ]qd qdk]sdc ax u]qhntr fqnto,

sgdnqx bnmrsq]hmsr- Sgdrd bnmrsq]hmsr b]m ad bnmudmhdmskx dwoqdrrdc Z7/[ hm sdqlr ne ] rds
ne mtkk udbsnqr hm sgd ro]bd ro]mmdc ax s

(Y(
λ - D]bg T,knno mtkk udbsnq p(Y(

λ fhudr qhrd sn ]
khmd]q bnmrsq]hms nm sgd bnlonmdmsr >(Y(

λ ) m]ldkx

+ 9
2Y)2∑

λ90
p

(Y(
λ >

(Y(
λ . ’1-4(

;s sqdd kdudk) sgd rhmfkd mtkk udbsnq

p(+( 9 !0. 0. 0( ’1-5(

bnqqdronmcr sn sgd bnmrsq]hms Z0) 66[

+ 9 >
(+(
0 ) >

(+(
1 ) >

(+(
2 . ’1-6(

;s nmd knno) sgdqd ]qd sgqdd mtkk udbsnqr

p(0( 9






!5. 5. 5. �0. �0. �0(.
!+. +. +. 0. �1. 0(.
!+. +. +. 0. +. �0(.

’1-7(

Sgd bnqqdronmchmf bnmrsq]hmsr hlokx sg]s sgd sgqdd nmd,knno rtakd]chmf,bnknq ]lokh,
stcdr ]qd dpt]k ]mc oqnonqshnm]k sn sgd rtl ne kd]chmf,bnknq ]lokhstcdr Z67[

>
(0(
3 9 >

(0(
4 9 >

(0(
5 9 1!>(0(

0 ) >
(0(
1 ) >

(0(
2 ( . ’1-8(

Sgdqd ]qd dw]bskx entq mtkk udbsnqr enq dudqx knno kdudk svn ]mc ]anud Z7/[- Sgd entq
mtkk udbsnqr ]s svn knnor ]qd

p(1( 9






!5. 5. 5. �0. �0. �0. +. +. +(.
!+. +. +. 0. �1. 0. 0. �1. 0(.
!+. +. +. 0. +. �0. 0. +. �0(.
!+. +. +. +. +. +. 0. 0. 0(.

’1-0/(
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vghbg fhud qhrd sn entq svn,knno fqnto,sgdnqx qdk]shnmr Z68[- Bnmrdptdmskx) sgd svn,knno
]lokhstcd l]x ad vqhssdm hm sdqlr ne ffud hmcdodmcdms bnlonmdmsr >(1(

0 . >
(1(
1 . >

(1(
2 . >

(1(
6 )

>
(1(
8 ) vhsg sgd entq qdl]hmhmf bnknq,nqcdqdc ]lokhstcdr fhudm ax

>
(1(
3 9 1

)
>

(1(
0 ) >

(1(
1 ) >

(1(
2

(
� >

(1(
6 .

>
(1(
4 9 1

)
>

(1(
0 ) >

(1(
1 ) >

(1(
2

(
) >

(1(
6 ) >

(1(
8 .

>
(1(
5 9 1

)
>

(1(
0 ) >

(1(
1 ) >

(1(
2

(
� >

(1(
8 .

>
(1(
7 9 �>(1(

6 � >
(1(
8 . ’1-00(

Sgd entq mtkk udbsnqr ]s sgqdd knnor ]qd

p(2( 9






!5. 5. 5. �0. �0. �0. 1. 1. 1. +. +. +(.
!+. +. +. +. +. +. 5. 5. 5. �0. �0. �0(.
!+. +. +. +. +. +. +. +. +. 0. �1. 0(.
!+. +. +. +. +. +. +. +. +. 0. +. �0(.

’1-01(

;r ] qdrtks) sgd sgqdd,knno ]lokhstcd b]m ad vqhssdm hm sdqlr ne dhfgs hmcdodmcdms bnl,
onmdmsr >(2(

0 . >
(2(
1 . >

(2(
2 . >

(2(
3 . >

(2(
5 . >

(2(
6 . >

(2(
7 ) >(2(

8 ) vhsg sgd entq qdl]hmhmf bnknq,nqcdqdc
]lokhstcdr fhudm ax

>
(2(
4 9 5

)
>

(2(
0 ) >

(2(
1 ) >

(2(
2

(
� >

(2(
3 � >

(2(
5 ) 1

)
>

(2(
6 ) >

(2(
7 ) >

(2(
8

(
.

>
(2(
0+ 9 1

)
>

(2(
6 ) >

(2(
7 ) >

(2(
8

(
.

>
(2(
00 9 1

)
>

(2(
6 ) >

(2(
7 ) >

(2(
8

(
.

>
(2(
01 9 1

)
>

(2(
6 ) >

(2(
7 ) >

(2(
8

(
. ’1-02(

Enq ]kk dudm knno kdudkr adxnmc svn ’T 9 1k ) 1() sgd entq mtkk udbsnqr ]qd fhudm ax
oqdodmchmf 5k ydqnr sn d]bg ne sgd svn,knno mtkk udbsnqr ’1-0/() vghbg fhud qhrd sn sgd
bnmrsq]hmsr

>
(Y(
2Y�1 9 1

)
>

(Y(
2Y�4 ) >

(Y(
2Y�3 ) >

(Y(
2Y�2

(
� >

(Y(
2Y)0 .

>
(Y(
2Y�0 9 1

)
>

(Y(
2Y�4 ) >

(Y(
2Y�3 ) >

(Y(
2Y�2

(
) >

(Y(
2Y)0 ) >

(Y(
2Y)2 .

>
(Y(
2Y 9 1

)
>

(Y(
2Y�4 ) >

(Y(
2Y�3 ) >

(Y(
2Y�2

(
� >

(Y(
2Y)2 . enq dudm T ≥ 1

>
(Y(
2Y)1 9 �>

(Y(
2Y)0 � >

(Y(
2Y)2 . ’1-03(

Enq ]kk ncc knno kdudkr adxnmc sgqdd ’T 9 1k ) 2() sgd entq mtkk udbsnqr ]qd fhudm
ax oqdodmchmf 5k ydqnr sn d]bg ne sgd sgqdd,knno mtkk udbsnqr ’1-01( fhuhmf qhrd sn sgd
bnmrsq]hmsr

>
(Y(
2Y�395

)
>

(Y(
2Y�7)>

(Y(
2Y�6)>

(Y(
2Y�5

(
�>(Y(

2Y�4�>
(Y(
2Y�2)1

)
>

(Y(
2Y�1)>

(Y(
2Y�0)>

(Y(
2Y

(
.

>
(Y(
2Y)091

)
>

(Y(
2Y�1)>

(Y(
2Y�0)>

(Y(
2Y

(
.

>
(Y(
2Y)191

)
>

(Y(
2Y�1)>

(Y(
2Y�0)>

(Y(
2Y

(
. enq ncc T≥ 2

>
(Y(
2Y)291

)
>

(Y(
2Y�1)>

(Y(
2Y�0)>

(Y(
2Y

(
. ’1-04(
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Trhmf dp- ’1-3() sgdrd bnmrsq]hmsr b]m ad qdvqhssdm hm sdqlr ne sgd bnknq,nqcdqdc ]lokhstcdr
>

(Y,j(
λ ) hm vghbg b]rd hs adbnldr duhcdms sg]s sgdx hmunkud nmkx sgd svn nq sgqdd lnrs,

rtakd]chmf,bnknq ]lokhstcdr ’h-d-) rtakd]chmf hm sgd 0,M dwo]mrhnm(-

2 Mdffd khlhs ne sgd � 8 � entp�onhms Ylokhstcd

Hm sghr rdbshnm) vd aqhdfix qduhdv sgd Pdffd khlhs ne sgd M 9 3 entq,onhms ]lokhstcd ]s sqdd
]mc nmd,knno kdudk sn drs]akhrg bnmudmshnmr ]mc oqdo]qd enq sgd fdmdq]khy]shnm sn ghfgdq
knnor hm rtardptdms rdbshnmr-

Sgd sqdd,kdudk entq,fktnm ]lokhstcd hr

A(+( 9
2∑

λ90
>

(+(
λ s

(+(
λ ’2-0(

vhsg bnknq,nqcdqdc ]lokhstcdr2

>
(+(
0 9 �f1µ1γ 3J

rs
. >

(+(
1 9 �f1µ1γ 3J

rt
. >

(+(
2 9 �f1µ1γ 3J

st
. ’2-1(

Sgd onk]qhy]shnm,cdodmcdms e]bsnq J hr cdffmdc hm dp- ’6-3-31( ne qde- Z72[ ]mc sgd
L]mcdkrs]l u]qh]akdr ]qd

r 9 !j0 ) j1(1. s 9 !j0 ) j3(1. t 9 !j0 ) j2(1 . ’2-2(

Sgd bnlonmdmsr hm dp- ’2-1( l]mhedrskx nadx dp- ’1-6( ax uhqstd ne l]rrkdrr lnldmstl
bnmrdqu]shnm r) s) t 9 +-

Hm sgd Pdffd khlhs r ! �s ’rn sg]s t ≈ �r() nmd g]r >(+(
1 ≈ >

(+(
0 ]mc >

(+(
2 ≈ �>(+(

0
rn sg]s

A(+( �→
m−�s

>
(+(
0 B++ ’2-3(

vgdqd vd cdffmd
B++ ≡ s

(+(
0 � s

(+(
2 . ’2-4(

Hs hr rsq]hfgsenqv]qc ’trhmf sgd bnmudmshnmr ne ennsmnsd 1( sn rgnv sg]s B++ bnqqdronmcr sn
sgd sqdd,kdudk s,bg]mmdk bnknq e]bsnq

B++ 9 xea3a0d xea1a2d ’2-5(

vgdqd xeaab ≡ h
|
1eaab-

Vd chfqdrr rkhfgskx sn chrbtrr sgd adg]uhnq ne sgd sqdd,kdudk ]lokhstcd tmcdq bqnrrhmf
rxlldsqx vghbg dwbg]mfdr dwsdqm]k kdfr 1 ]mc 2- Eqnl sgdhq cdffmhshnmr) vd b]m rdd sg]s
sgd sq]bd a]rhr bnknq e]bsnqr ’1-2( nadx

s
(Y(
0)2i ↔ s

(Y(
2)2i . s

(Y(
1)2i → s

(Y(
1)2i ’2-6(

2:mshbho]shmf sgd mddc sn chldmrhnm]kkx qdftk]qhyd knno ]lokhstcdr) vd s]jd sgd ro]bdshld chldmrhnm
]r C 8 3 � 0δ- Bgnnrhmf f sn ad ] chldmrhnmkdrr o]q]ldsdq) sgd bntokhmf bnmrs]ms hm C chldmrhnmr hr
f/ 8 fµγ) vgdqd µ hr ] qdmnql]khy]shnm rb]kd-
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tmcdq a1 ↔ a2 ]mc sgtr sgd bnknq e]bsnq ’2-4( hr ncc9 B++ → �B++- Hm sgd Pdffd khlhs)
t ≈ �r) rn sgd L]mcdkrs]l u]qh]akdr sq]mrenql tmcdq j1 ↔ j2 ]r

r → �r. s → s ’2-7(

vghkd sgd e]bsnq J hr hmu]qh]ms tmcdq ]kk odqlts]shnmr ne dwsdqm]k kdfr- Sgtr sgd sqdd,kdudk
bnknq,nqcdqdc ]lokhstcd >(+(

0 hr ]krn ncc9 >(+(
0 → �>(+(

0 - Sgd etkk sqdd,kdudk ]lokhstcd ’2-3()
adhmf sgd oqnctbs ne svn ncc naidbsr) hr sgtr hmu]qh]ms) ]r dwodbsdc eqnl Anrd rxlldsqx-

Mdws) vd stqm sn sgd nmd,knno M 9 3 RWL entq,fktnm ]lokhstcd Z2[

A(0( 9 �hf3µ1γ!3J(
∫
H(0(!r. s( a(0(

0123 ) H(0(!t. r( a(0(
0132 ) H(0(!s. t( a(0(

0213

[
’2-8(

vgdqd Z73[

H(0(!r. s( 9 µ1γ
∑

c3�1γn

!1µ(3�1γ
0

n1!n� j0(1!n� j0 � j1(1!n) j3(1

9 h

7µ1
!3µc��(γp!δ(

rsδ1

)}
µ1

�r

(γ

D

)
δ. 0 ) r

s

(
)

}
µ1

�s

(γ

D

)
δ. 0 ) s

r

([

’2-0/(

vhsg

D !δ. x( ≡ 1D0!0.�δ. 0� δ. x( .

p!δ( ≡ c�γ�!0 ) δ(�1!0� δ(
�!0� 1δ( 9 0� 0

1ζ1δ
1 � 6

2ζ2δ
2 � 36

05ζ3δ
3 ) · · · . ’2-00(

Sgd nmd,knno bnknq e]bsnqr a(0(
0123 ≡ xe da0a xe aa1b xe ba2c xeca3d) dsb- b]m ad vqhssdm hm sgd sq]bd

a]rhr ]r

a
(0(
0123 9 s

(0(
0 ) 1

)
s
(0(
3 ) s

(0(
4 ) s

(0(
5

(
.

a
(0(
0132 9 s

(0(
1 ) 1

)
s
(0(
3 ) s

(0(
4 ) s

(0(
5

(
.

a
(0(
0213 9 s

(0(
2 ) 1

)
s
(0(
3 ) s

(0(
4 ) s

(0(
5

(
. ’2-01(

Hmrdqshmf sgdrd hmsn dp- ’2-8() vd nas]hm nmd,knno bnknq,nqcdqdc ]lokhstcdr

>
(0(
0 9 >

(+(
0 xa 0

δ1

)
�

)
cgπu

(γ
D

)
δ. 0� 0

u

(
� D !δ. 0� u(

[
.

>
(0(
1 9 >

(+(
0 xa 0

δ1

)
u

0� u

()
�

)
cgπu

(γ
D

)
δ.
�u
0� u

(
�

)
u

0� u

(γ

D !δ. u(
[
.

>
(0(
2 9 >

(+(
0 xa 0

δ1

) 0
0� u

()
D

)
δ.

0
0� u

(
)

)
u

0� u

(γ

D

)
δ.
0
u

([
.

>
(0(
3 9 >

(0(
4 9 >

(0(
5 9 1

)
>

(0(
0 ) >

(0(
1 ) >

(0(
2

(
. ’2-02(

vgdqd vd cdffmd sgd chldmrhnmkdrr o]q]ldsdqr

xa ≡ f1

7µ1
�1!0� δ(�!0 ) δ(

�!0� 1δ(

}
3µµ1

�s

(γ

.

u ≡ �s
r

. ’2-03(
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Vd ]m]kxshb]kkx bnmshmtd sn onrhshud r trhmf �r 9 c�gπr) rn sg]s !�s(,!�r( 9 cgπu-
Sn s]jd sgd Pdffd khlhs) nmd dwo]mcr sgd gxodqfdnldsqhb etmbshnmr hm u) jddohmf nmkx

sgd N!u+( sdql

>
(0(
0 9 >

(+(
0 xa

)
� 1

δ1
� hle u) hµ

δ
) e0!δ(

[
)N!u( .

>
(0(
1 9 N!u( .

>
(0(
2 9 >

(+(
0 xa

) 1
δ1

) hle u
δ

� e0!δ(
[
)N!u( .

>
(0(
3 9 >

(0(
4 9 >

(0(
5 9 >

(+(
0 xa

)�1µh
δ

[
)N!u( ’2-04(

vgdqd

e0!δ( ≡ 1
δ1
� ψ!�δ(� µ ˆlr!µδ(� γ

9
∞∑

k9+
U1 ) !�0(k[ζk)1δk . ’2-05(

Svn, ]mc ghfgdq,knno ]lokhstcdr enq M 9 3 entq,fktnm ]lokhstcdr ]qd jmnvm hm sdqlr
ne khmd]q bnlahm]shnmr ne ok]m]q ]mc mnmok]m]q hmsdfq]kr Z1�7[- Sgd svn,knno ok]m]q hm,
sdfq]kr vdqd du]kt]sdc hm K]tqdms dwo]mrhnmr sgqntfg N!δ1() ]mc sgd sgqdd,knno ok]m]q
hmsdfq]kr sgqntfg N!δ+() hm qde- Z03[- Lnqd qdbdmskx) sgd K]tqdms dwo]mrhnmr ne sgd bnqqd,
ronmchmf mnmok]m]q hmsdfq]kr g]ud addm du]kt]sdc sn sgd r]ld ]bbtq]bx Z08�11[- Trhmf
sgdrd) sgd bnknq,nqcdqdc entq,onhms ]lokhstcdr sgqntfg sgqdd knnor g]ud addm du]kt]sdc hm
qde- Z14[ vhsg qdrtksr fhudm hm ]mbhkk]qx ffkdr- Vd g]ud trdc sgdrd qdrtksr sn cdqhud sgd Pdffd
khlhsr ne sgdrd ]lokhstcdr- ;r ]s sqdd kdudk ]mc nmd knno) sgd bnknq,nqcdqdc ]lokhstcd >(Y(

1
hr rtooqdrrdc qdk]shud sn sgd nsgdq bnknq,nqcdqdc ]lokhstcdr) ]mc sghr gnkcr sn ]kk nqcdqr-3

Nmbd vd g]ud cdudknodc ] rths]akd a]rhr ne ghfgdq,knno bnknq e]bsnqr hm rdbshnm 3) ]mc chr,
btrrdc sgd hmeq]qdc chudqfdms rsqtbstqd ne sgd ghfgdq,knno ]lokhstcdr hm rdbshnm 4) vd vhkk
ad ]akd sn oqdrdms ntq qdrtksr hm ] bnlo]bs v]x-

3 Mdffd aYrhr ne bnknp eYbsnpr

;r mnsdc hm rdbshnm 1) sgd T,knno bnknq,nqcdqdc ]lokhstcdr >(Y(
λ ) bndflbhdmsr hm sgd dwsdmcdc

sq]bd a]rhr s(Y(λ vhsg λ 9 0. · · · . 2T)2) ]qd mns hmcdodmcdms ctd sn fqnto,sgdnqx bnmrsq]hmsr-
Lnqdnudq) >(Y(

1 hr rtooqdrrdc hm sgd Pdffd khlhs qdk]shud sn sgd nsgdq bnknq,nqcdqdc ]lokh,
stcdr) rn s]jhmf hmsn ]bbntms sgd fqnto,sgdnqx bnmrsq]hmsr) sgdqd qdl]hm hm sgd Qdffd khlhs
nmd hmcdodmcdms ]lokhstcd ]s sqdd kdudk) svn hmcdodmcdms ]lokhstcdr ]s nmd knno) ]mc
2T� 1 hmcdodmcdms ]lokhstcdr enq T ≥ 1-

Hm sghr rdbshnm) vd cdudkno ]m ]ksdqm]shud a]rhr Bgj ne bnknq e]bsnqr sg]s vhkk ad trdetk enq
bg]q]bsdqhyhmf hmcdodmcdms ]lokhstcdr hm sgd Pdffd khlhs- Hm o]qshbtk]q) sgd bnknq e]bsnqr
Bgj ]qd bgnrdm sn g]ud cdffmhsd rhfm]stqd tmcdq sgd dwbg]mfd ne dwsdqm]k kdfr 1 ]mc 2- Vd

3Sghr hr adb]trd /�M(
1 hr kd]chmf hm sgd k]qfd,G ’ok]m]q( khlhs) ]mc sgd ACR ]mr]sy T02[ dwoqdrrdr sgd

]kk,nqcdqr ok]m]q ]lokhstcd hm sdqlr ne sgd sqdd,kdudk ]mc nmd,knno ]lokhstcd-
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sgdm dwoqdrr sgd bndflbhdmsr A(Y(
gj ne sgd T,knno ]lokhstcd hm sghr a]rhr ]r khmd]q bnlahm]shnmr

ne sgd bnknq,nqcdqdc ]lokhstcdr >(Y(
λ -

Ehqrs) kds’r bntms sgd mtladq ne hmcdodmcdms dudm ]mc ncc rhfm]stqd ]lokhstcdr- ;r
mnsdc hm rdbshnm 2) sgd dwbg]mfd ne kdfr 1 ]mc 2 ]bsr nm sgd 2T)2 dkdldmsr ne sgd dwsdmcdc
sq]bd a]rhr ’1-2( ]bbnqchmf sn dp- ’2-6() rn nmd b]m enql khmd]q bnlahm]shnmr vhsg 1T ) 1
dudm dkdldmsr s(Y(0)2i ) s

(Y(
2)2i ]mc s

(Y(
1)2i ) ]mc T ) 0 ncc dkdldmsr s(Y(0)2i � s

(Y(
2)2i - Sgd mtkk

udbsnqr sg]s bnqqdronmc sn fqnto,sgdnqx bnmrsq]hmsr b]m ]krn ad bgnrdm sn g]ud cdffmhsd
rhfm]stqd- Sgd sqdd,kdudk mtkk udbsnq ’1-5( hr dudm) sgdqd ]qd svn dudm ]mc nmd ncc nmd,knno
mtkk udbsnqr ’1-7() ]mc enq svn knnor ]mc ]anud) sgdqd ]qd sgqdd dudm ]mc nmd ncc mtkk
udbsnqr) be- dpr- ’1-0/( ]mc ’1-01(- Hm sgd Pdffd khlhs) sgd bndflbhdms ne s(Y(1 hr rtooqdrrdc)
dkhlhm]shmf nmd lnqd dudm dkdldms- Sgd torgns hr sg]s sgdqd qdl]hm hm sgd Qdffd khlhs nmd
ncc hmcdodmcdms ]lokhstcd ]s sqdd kdudk) nmd ncc ]mc nmd dudm hmcdodmcdms ]lokhstcd ]s
nmd knno) ]mc T ncc ]mc 1T� 1 dudm hmcdodmcdms ]lokhstcdr enq T ≥ 1- Ntq bgnhbd ne a]rhr
ltrs qdfidbs sghr-

Sgd Pdffd a]rhr ne bnknq e]bsnqr Bgj vhkk ad athks eqnl nodq]snqr ]bshmf nm sgd ncc
sqdd,kdudk bnknq e]bsnq B++ fhudm ax dp- ’2-4(- Hm sgd bnknq,ro]bd enql]khrl hmsqnctbdc hm
qder- Z04) 74) 75[) sgd bnknq nodq]snq Sg ]bsr nm ] bnknq e]bsnq ax hmrdqshmf ] fdmdq]snq hm
sgd ]cinhms qdoqdrdms]shnm ne RT’M( nm sgd hsg dwsdqm]k kdf) rodbhffb]kkx !Sa

g (ab 9 0√
1
xe aab)

vghkd ]bshmf ]r sgd hcdmshsx nm ]kk sgd nsgdq dwsdqm]k kdfr- Bnknq bnmrdqu]shnm hlokhdr sg]s
3∑

g90
Sg 9 + ’3-0(

vgdm ]bshmf nm ] entq,onhms ]lokhstcd Z04[-
;ookxhmf sgd nodq]snq Sg · Si ≡


aSa

gSa
i sn ] fhudm bnknq e]bsnq ]bsr sn ]ss]bg ]

qtmf adsvddm dwsdqm]k kdfr h ]mc i- Enq dw]lokd) sgd nodq]snqr S0 · S1 ]mc S0 · S2
bnmudqs sgd sqdd,kdudk s,bg]mmdk bnknq e]bsnq B++ sn ] nmd,knno anw ]mc bqnrrdc anw bnknq
e]bsnq) qdrodbshudkx) ats B++ hr ]m dhfdmrs]sd ne S0 ·S3) rhmbd xecad xe dae xeebc 9 M xeaab- Lnqd
oqdbhrdkx)

S0 ·S1B++ 9 �
0
1a

(0(
0123 . S0 ·S2B++ 9

0
1a

(0(
0231 . S0 ·S3B++ 9 �

0
1MB++ . ’3-1(

;krn
!S1g (ab 9

0
1
xe aac xecab 9 Mδab ’3-2(

enq ]mx h) rn sg]s dp- ’3-0( hlokhdr

S2 ·S3 9 S0 ·S1. S1 ·S3 9 S0 ·S2. S1 ·S2 9 S0 ·S3 . ’3-3(

Mdws) enkknvhmf qder- Z34) 35) 76[) vd cdffmd bnknq nodq]snqr ]rrnbh]sdc vhsg bnknq finv
hm d]bg bg]mmdk

Sm 9 S0 )S1. St 9 S0 )S2. Ss 9 S0 )S3 ’3-4(

vhsg bnknq bnmrdqu]shnm ’3-0( hlokxhmf S1m )S1s )S1t 9 3M - Ehm]kkx vd cdffmd Z4/[

S1m�t ≡ 0
1

)
S1m �S1t

(
. ’3-5(

� 0/ �
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; jdx nardqu]shnm hr sg]s sgd nodq]snqr

S1s 9 1M ) 1S0 ·S3 9 �1!S0 ·S1 )S0 ·S2(.
S1m�t 9 S0 ·S1 �S0 ·S2 ’3-6(

]qd dudm ]mc ncc) qdrodbshudkx) tmcdq sgd dwbg]mfd ne dwsdqm]k kdfr 1 ]mc 2 ’vghbg hlokhdr
r ↔ t ]mc s → s(-

3-0 Nmd�inno aYrhr

;s nmd knno) vd g]ud nmd hmcdodmcdms ncc ]lokhstcd ]mc nmd hmcdodmcdms dudm ]lokhstcd-
Pdb]kkhmf sg]s ansg B++ ]mc S1m�t ]qd ncc tmcdq 1 ↔ 2) ]mc cdffmhmf

B00 ≡ S1m�tB++ ’3-7(

vd enql ] nmd,knno a]rhr ne bnknq e]bsnqr OMB++. B00{ vgnrd dkdldmsr g]ud rhfm]stqd O�.){-
Sgdhq bnlonmdmsr hm sgd nmd,knno sq]bd a]rhr s(0(λ

MB++ 9 !0. +. �0. +. +. +(.

B00 9 !�01 . +. �
0
1 . �1. �1. �1(.

’3-8(

b]m ad nas]hmdc ax trhmf dpr- ’2-01( ]mc ’3-1(- Dwoqdrrhmf sgd ]lokhstcd hm sghr nmd,knno
a]rhr

A(0( 9 >
(+(
0 xa

∫
A

(0(
++ MB++ )A

(0(
00 B00

[
’3-0/(

vd nas]hm

>
(+(
0 xa A(0(

++ 9 0
1

)
>

(0(
0 � >

(0(
2

(
.

>
(+(
0 xa A(0(

00 9 �
)
>

(0(
0 ) >

(0(
2

(
. ’3-00(

Sgd bndflbhdmsr A(0(
++ ]mc A

(0(
00 hmgdqhs sgd r]ld rhfm]stqd tmcdq bqnrrhmf rxlldsqx

’vghbg s]jdr >(0(
0 ↔ >

(0(
2 ( ]r sgdhq ]rrnbh]sdc bnknq e]bsnqr) kd]uhmf sgd vgnkd ]lokhstcd

Anrd rxlldsqhb-
Trhmf dp- ’2-04( hm dp- ’3-00() vd nas]hm

A
(0(
++ 9 � 1

δ1
) K

δ
) e0!δ( .

A
(0(
00 9 hµ

δ
’3-01(

vgdqd vd cdffmd Z4/[
K ≡ � hle u� 0

1 hµ . ’3-02(

Mnsd sg]s K hr sgd Pdffd khlhs ne sgd dudm,rhfm]stqd bnlahm]shnm ne knf]qhsglr

�01

)
hle

)�s
�r

(
) hle

)�s
�t

([
9 �01

)
hle

)
cgπu

(
) hle

)
u

0� u

([
�→
u→+

K .

;r mnsdc hm qde- Z4/[) vgdm dwoqdrrdc hm sdqlr ne sgd m]stq]k u]qh]akd K) sgd bndflbhdmsr ne
ncc,rhfm]stqd bnknq e]bsnqr ]qd qd]k) vgdqd]r sgd bndflbhdmsr ne dudm,rhfm]stqd bnknq e]bsnqr
]qd hl]fhm]qx- Vd vhkk rdd sghr ]s ghfgdq knnor ]r vdkk-

� 00 �
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3-1 Svn�inno aYrhr

;s svn knnor) vd g]ud svn hmcdodmcdms ncc ]lokhstcdr ]mc svn hmcdodmcdms dudm ]lokh,
stcdr- Sgtr) sn sgd oqduhntr svn bnknq e]bsnqr) vd ]cc svn lnqd

B10 9 US1s .S1m�t[B++ .
B11 9 !S1m�t(1B++ . ’3-03(

sn enql ] svn,knno a]rhr ne bnknq e]bsnqr OM1B++. MB00. B10. B11{ vgnrd dkdldmsr g]ud
rhfm]stqd O�.).).�{- Hm nqcdq sn nas]hm dwokhbhs dwoqdrrhnmr enq sgdrd bnknq e]bsnqr) hs hr
bnmudmhdms sn dwoqdrr sgd nodq]snqr S1s ]mc S1m�t ]r l]sqhbdr4

S1s 9

]



M + + + + �0
+ 1M + 0 + 0
+ + M �0 + +
+ 1 + 1M + +

�1 + �1 + + +
+ 1 + + + 1M





. S1m�t 9

]



�L
1 + + + �0 �01
+ + + �01 + 0

1

+ + L
1

0
1 0 +

+ 0 1 M + +
�0 + 0 + + +
�1 �0 + + + �M





’3-04(

hm sgd nqhfhm]k rhw,chldmrhnm]k sq]bd a]rhr ’1-0(- Trhmf sgdrd) vd b]m nas]hm sgd bnlonmdmsr
ne sgd dkdldmsr ne sgd svn,knno a]rhr hm sgd dwsdmcdc sq]bd a]rhr s(1(λ

M1B++ 9 !0. +. �0. +. +. +. +. +. +(.

MB00 9 !�01 . +. �
0
1 . �1. �1. �1. +. +. +(.

B10 9 !+. +. +. �1. 3. �1. 1. �3. 1(.

B11 9 !03 +. �
0
3 . �2. +. 2. 2. +. �2(.

’3-05(

Dwoqdrrhmf sgd ]lokhstcd hm sghr svn,knno a]rhr

A(1( 9 >
(+(
0 xa1

∫
A

(1(
++ M

1B++ )A
(1(
00 MB00 )A

(1(
10 B10 )A

(1(
11 B11

[
’3-06(

vd nas]hm5

>
(+(
0 xa1 A(1(

++ 9 0
1

)
>

(1(
0 � >

(1(
2

(
� 0
13

)
>

(1(
6 � >

(1(
8

(
.

>
(+(
0 xa1 A(1(

00 9 �
)
>

(1(
0 ) >

(1(
2

(
.

>
(+(
0 xa1 A(1(

10 9 0
3

)
>

(1(
6 ) >

(1(
8

(
.

>
(+(
0 xa1 A(1(

11 9 0
5

)
>

(1(
6 � >

(1(
8

(
. ’3-07(

4Sgd l]sqhbdr fhudm gdqd) vghbg ]krn ]ood]q hm ]oodmchw B ne qde- T4.[) ]qd sgd sq]mronrd ne sgnrd hm
qde- T7.[- Sghr hr adb]trd gdqd vd s]jd sgdrd l]sqhbdr sn ]bs sn sgd qhfgs nm sgd bnknq e]bsnqr) vgdqd]r hm
qde- T7.[ sgd l]sqhbdr ]bsdc sn sgd kdes-

5Es hr d]rhdrs sn nas]hm sgdrd qdrtksr ’]mc rhlhk]qkx ]s ghfgdq knnor( ax dwoqdrrhmf s
�1(
λ hm sdqlr ne ]m

dmk]qfdc a]rhr bnmrhrshmf ne HG1B)),GB00,B10,B11{ snfdsgdq vhsg s�1(1 ]mc sgd svn,knno mtkk udbsnqr ’1-0.(-
Sgd bndfibhdmsr ne s�1(1 ]mc sgd mtkk udbsnqr vhkk ]tsnl]shb]kkx u]mhrg ax uhqstd ne /�1(

1 8 + ]mc sgd fqnto
sgdnqx bnmrsq]hmsr ’1-00(-

� 01 �
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;r vd r]v oqduhntrkx) sgd bndflbhdmsr A(1(
gj hmgdqhs sgd r]ld rhfm]stqd tmcdq bqnrrhmf rxl,

ldsqx ’vghbg s]jdr >(1(
0 ↔ >

(1(
2 ) ]mc >(1(

6 ↔ >
(1(
8 ( ]r sgdhq ]rrnbh]sdc bnknq e]bsnqr) kd]uhmf

sgd vgnkd ]lokhstcd Anrd rxlldsqhb- Vd vhkk trd dp- ’3-07( hm rdbshnm 4 sn bnlotsd sgd
K]tqdms dwo]mrhnmr ne A(1(

gj sgqntfg N!δ1(-

3-2 Sgpdd�inno aYrhr

;s sgqdd knnor) vd g]ud sgqdd hmcdodmcdms ncc ]lokhstcdr ]mc entq hmcdodmcdms dudm
]lokhstcdr- Sn sgd oqduhntr entq bnknq e]bsnqr) vd ]cc sgqdd lnqd

B20 9 US1s . US1s .S1m�t[[B++ .
B21 9 US1m�t. US1s .S1m�t[[B++ .
B22 9 !Sm�t(2B++ . ’3-08(

sn enql ] sgqdd,knno a]rhr ne bnknq e]bsnqr OM2B++. M1B00. MB10. MB11. B20. B21. B22{ vgnrd
dkdldmsr g]ud rhfm]stqd O�.).).�.).�.){- Sgd dkdldmsr ne sgd sgqdd,knno a]rhr g]ud
bnlonmdmsr hm sgd dwsdmcdc sq]bd a]rhr s(2(λ fhudm ax

M2B++ 9 !0. +. �0. +. +. +. +. +. +. +. +. +(.

M1B00 9 !�01 . +. �
0
1 . �1. �1. �1. +. +. +. +. +. +(.

MB10 9 !+. +. +. �1. 3. �1. 1. �3. 1. +. +. +(.

MB11 9 !03 . +. �
0
3 . �2. +. 2. 2. +. �2. +. +. +(.

B20 9 !+. +. +. �1. �3. �1. 1. �7. 1. �7. �7. �7(.

B21 9 !+. +. +. �0. +. 0. �4. +. 4. +. +. +(.

B22 9 !�07 +. �
0
7 . �

6
1 . �

0
1 . �

6
1 . �2. 2. �2. �5. �5. �5(.

’3-1/(

Dwoqdrrhmf sgd ]lokhstcd hm sghr sgqdd,knno a]rhr

A(2(9>(+(
0 xa2

∫
A

(2(
++ M

2B++)A(2(
00 M

1B00)A(2(
10 MB10)A

(2(
11 MB11)A

(2(
20 B20)A

(2(
21 B21)A

(2(
22 B22

[

’3-10(
vd l]x cdqhud

>
(+(
0 xa2 A(2(

++ 9 0
1

)
>

(2(
0 � >

(2(
2

(
) 4
033

)
>

(2(
3 � >

(2(
5

(
� 0
033

)
>

(2(
6 � >

(2(
8

(
.

>
(+(
0 xa2 A(2(

00 9 �0201

)
>

(2(
0 ) >

(2(
2

(
) 0
37

)
>

(2(
3 ) >

(2(
5

(
) 0
37

)
>

(2(
6 ) >

(2(
8

(
.

>
(+(
0 xa2 A(2(

10 9 2
3

)
>

(2(
0 ) >

(2(
2

(
� 2
05

)
>

(2(
3 ) >

(2(
5

(
) 4
05

)
>

(2(
6 ) >

(2(
8

(
) 0
3>

(2(
7 .

>
(+(
0 xa2 A(2(

11 9 � 4
25

)
>

(2(
3 � >

(2(
5

(
) 0
25

)
>

(2(
6 � >

(2(
8

(
.

>
(+(
0 xa2 A(2(

20 9 �03

)
>

(2(
0 ) >

(2(
2

(
) 0
05

)
>

(2(
3 ) >

(2(
5

(
� 2
05

)
>

(2(
6 ) >

(2(
8

(
� 0
3>

(2(
7 .

>
(+(
0 xa2 A(2(

21 9 � 0
01

)
>

(2(
3 � >

(2(
5

(
� 0
01

)
>

(2(
6 � >

(2(
8

(
.

>
(+(
0 xa2 A(2(

22 9 0
2

)
>

(2(
0 ) >

(2(
2

(
� 0
01

)
>

(2(
3 ) >

(2(
5

(
� 0
01

)
>

(2(
6 ) >

(2(
8

(
. ’3-11(
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Vd vhkk trd sgdrd dwoqdrrhnmr hm rdbshnm 4 sn bnlotsd sgd K]tqdms dwo]mrhnmr ne A(2(
gj

sgqntfg N!δ+(-

3-3 Ghfgdp�inno aYrhr

Enq d]bg ]cchshnm]k knno) sgd mtladq ne hmcdodmcdms ncc ]lokhstcdr hmbqd]rdr ax nmd ]mc
sgd mtladq ne hmcdodmcdms dudm ]lokhstcdr hmbqd]rdr ax svn- Sgtr sn nas]hm sgd T,knno
a]rhr enq hmcdodmcdms ]lokhstcdr vd ]cc sn sgd !T � 0(,knno a]rhr sgqdd ]cchshnm]k bnknq
e]bsnqr

BY0 9 US1s . · · · . US1s . US1s .S1m�t[[ · · · [B++ .
BY,Y�0 9 US1m�t. · · · . US1m�t. US1s .S1m�t[[ · · · [B++ .
BYY 9 !Sm�t(YB++ . ’3-12(

vgdqd d]bg bnknq e]bsnq bnms]hmr dw]bskx T nodq]snqr S1- Sgd nodq]snq BYj bnms]hmr j
e]bsnqr ne S1m�t ]mc sgtr g]r ncc rhfm]stqd he j hr dudm) ]mc dudm rhfm]stqd he j hr ncc-
Sgtr BY0 g]r dudm rhfm]stqd) ]mc BY,Y�0 ]mc BYY g]ud noonrhsd rhfm]stqdr) ]r qdpthqdc-
Sghr bgnhbd ne a]rhr hr lnshu]sdc ax sgd Pdffd khlhs ne sgd rsqtbstqd ne HP chudqfdmbdr ]r
rstchdc hm qder- Z35) 37�4/[-

Sgd T,knno ]lokhstcd b]m sgdm ad dwoqdrrdc hm sghr a]rhr ]r

A(Y( 9 >
(+(
0 xaY

Y∑

g9+

∑

j

A
(Y(
gj M

Y�gBgj ’3-13(

vgdqd sgd q]mfd ne j hr

j 9






+. vgdm h 9 +.
0. vgdm h 9 0.
0. 1. vgdm h 9 1.
0. h� 0. h. vgdm h ≥ 2.

’3-14(

Trhmf dp- ’3-04() sgd T,knno Pdffd bnknq e]bsnqr BYj b]m ad dwoqdrrdc hm sdqlr ne s(Y(λ ) ]mc sgd
bndflbhdmsr A(Y(

gj nas]hmdc ]r khmd]q bnlahm]shnmr ne sgd T,knno bnknq,nqcdqdc ]lokhstcdr >(Y(
λ -

Sgd dwoqdrrhnmr enq A(Y(
gj fqnv hmbqd]rhmfkx bnlokhb]sdc ]s ghfgdq knnor) ats sgd fdmdq]k

dwoqdrrhnm enq nmd ne sgdl) A(Y(
YY ) b]m ad d]rhkx ftdrrdc eqnl dwokhbhs qdrtksr ’nas]hmdc

sgqntfg T 9 8(- Sgd dwoqdrrhnmr ch–dq cdodmchmf nm vgdsgdq T hr dudm nq ncc- Hm sgd
enqldq b]rd)

>
(+(
0 xaYA(Y(

YY 9 0
1 · 2Y,1

)
>

(Y(
2Y)0 � >

(Y(
2Y)2

(

9 0
1 · 2Y,1

)
>

(Y,Y(
0 � >

(Y,Y(
2

(
. enq dudm T . ’3-15(

Hm sgd k]ssdq b]rd) vd g]ud

>
(+(
0 xa A(0(

00 9 �
)
>

(0(
0 ) >

(0(
2

(

9 �
)
>

(0,+(
0 ) >

(0,+(
2

(
’3-16(
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enq T 9 0) ]mc enq ncc T / 0) vd g]ud

>
(+(
0 xaYA(Y(

YY 9
0

2(Y�0(,1

))
>

(Y(
2Y�7)>

(Y(
2Y�5

(
� 03

)
>

(Y(
2Y�4)>

(Y(
2Y�2)>

(Y(
2Y�1)>

(Y(
2Y

([
’3-17(

9 0
2(Y�0(,1

))
>

(Y,Y�2(
0 )>(Y,Y�2(

2

(
� 03

)
>

(Y,Y�1(
3 )>(Y,Y�1(

5 )>(Y,Y�0(
0 )>(Y,Y�0(

2

([
.

enq ncc T/ 0

vgdqd vd g]ud dwoqdrrdc sgdrd hm sdqlr ne bnknq,nqcdqdc ]lokhstcdr hm ansg sgd
!2T) 2(,chldmrhnm]k dwsdmcdc sq]bd a]rhr ’1-1( ]mc ]krn sgd nqhfhm]k rhw,chldmrhnm]k sq]bd
a]rhr ’1-3(-

Hm qder- Z12) 45[) vd rgnvdc sg]s sgd kd]chmf HP chudqfdmbd ne sgd bnknq,nqcdqdc ]l,
okhstcd >(Y,j( hr 0,δ1Y�j) vhsg ok]m]q ]lokhstcdr >(Y,+(

λ g]uhmf sgd lnrs rdudqd 0,δ1Y chudq,
fdmbdr) ]mc sgd lnrs,rtakd]chmf,bnknq ]lokhstcdr >(Y,Y(

λ g]uhmf ]s lnrs ] 0,δY chudqfdmbd-
;s sgd dmc ne rdbshnm 4) vd vhkk rgnv sg]s A(Y(

YY ]krn g]r ]s lnrs ] 0,δY chudqfdmbd- Enq dudm
T) sghr hr l]mhedrs eqnl dp- ’3-15() vgdqd A(Y(

YY hr dwoqdrrdc hm sdqlr ne bnknq,nqcdqdc ]lokh,
stcdr sg]s ]qd lnrs,rtakd]chmf hm sgd 0,M dwo]mrhnm- Enq ncc T) gnvdudq) dp- ’3-17( rgnvr
sg]s sghr hr mns sgd b]rd) rn sgd 0,δY adg]uhnq ne A(Y(

YY qdpthqdr rnld hmsqhb]sd b]mbdkk]shnmr
ne sgd lnqd rdudqd HP chudqfdmbdr ]ood]qhmf hm >(Y,Y�2(

λ ) >(Y,Y�1(
λ ) ]mc >(Y,Y�0(

λ -

4 GM�chudpfdmbd rsptbstpd ne sgd � 8 � RSI Ylokhstcd

Hm sghr rdbshnm vd ffqrs aqhdfix qduhdv sgd jmnvm rsqtbstqd ne hmeq]qdc chudqfdmbdr ne sgd
M 9 3 RWL entq,onhms ]lokhstcd sgqntfg sgqdd knnor Z03�05) 15�24) 34�4/[) enbtrhmf hm
o]qshbtk]q nm sgd Pdffd khlhs- Vd sgdm s]jd sgd Pdffd khlhs ne jmnvm qdrtksr enq sgd entq,
onhms ]lokhstcd ]s nmd) svn) ]mc sgqdd knnor Z14[ sn bnmffql sgd dwodbsdc HP chudqfdmbdr
]mc sn dwsq]bs sgd HP,ffmhsd o]qs ne sgd ]lokhstcd hm sghr khlhs) vqhshmf sgd qdrtks hm sdqlr ne
sgd Pdffd a]rhr ne bnknq e]bsnqr hmsqnctbdc hm rdbshnm 3- Ehm]kkx vd bnlo]qd sgdrd sn qdrtksr
nas]hmdc uh] ]m d–dbshud G]lhksnmh]m ]ooqn]bg a]rdc nm A]khsrjx,E]chm,Jtq]du,Kho]snu
sgdnqx hm qder- Z38) 4/[-
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(2(
20 B20)g

(2(
21 B21)g

(2(
22 B22

[

’4-22(

]mc trhmf dpr- ’4-12( ]mc ’4-16( vd nas]hm

]A(2(
++ 9

}

� µ1

13δ2K)
�18µ

1ζ2 ) 0
01ζ4

δ
� 2
3µ
1ζ2K�

02
321µ

5
(

) g
(2(
++ .

]A(2(
00 9 hµ

}
� 0
43+µ

3 � 0
1ζ2K

δ
� 0
34µ

3K� 28
1 ζ4 �

0
1µ
1ζ2

(

) g
(2(
00 .

]A(2(
10 9 hµ

}

� µ1

5δ1K�
ζ2
1δK�

0
5+µ

3K

(

) g
(2(
10 .

]A(2(
11 9

}
µ1

5δ2K�
µ3

5δ1 )
7
8µ
1ζ2 � 0

2ζ4

δ
) 2µ1ζ2K)

06
024µ

5
(

) g
(2(
11 .

]A(2(
20 9 hµ

}
0
5δ2K

1 )
0
2ζ2K)

00
16+µ

3

δ

(

) g
(2(
20 .

]A(2(
21 9

}
µ1

5δ2K)
2µ1ζ2 ) ζ4

δ
) 8µ1ζ2K)

02
25µ

5
(

) g
(2(
21 .

]A(2(
22 9 hµ

}

� µ1

5δ2 ) 2µ1ζ2

(

) g
(2(
22 . ’4-23(

Nmbd ]f]hm) sn cdsdqlhmd sgd HP,ffmhsd bnmsqhatshnmr g(2(
gj ) vd trd sgd ]mbhkk]qx ffkdr

ne Gdmm ]mc Lhrskadqfdq Z14[ sn dwsq]bs sgd Pdffd khlhs ne sgd sgqdd,knno bnknq,nqcdqdc
]lokhstcdr >(2(

λ sgqntfg N!δ+() sgdm trd dp- ’4-04( sn cdqhud sgd bnqqdronmchmf qdctbdc
]lokhstcdr ]>(2(

λ ) ]mc ffm]kkx trd dp- ’3-11( sn cdsdqlhmd ]A(2(
gj sn N!δ+(- Hm cnhmf rn) vd
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qdbnudq oqdbhrdkx sgd HP,chudqfdms sdqlr ne dp- ’4-23( snfdsgdq vhsg sgd HP,ffmhsd bndflbhdmsr
]s N!δ+(9

g
(2(
++ 9 1ζ4K�

00
25µ

1ζ2K�
54ζ12
25 � 0286µ5

0+1+5+ )N!δ( .

g
(2(
00 9 hµ

}

1ζ4 �
4µ1ζ2
25

(

)N!δ( .

g
(2(
10 9 hµ

}
µ3

5+K) 1ζ4 �
02µ1ζ2
5

(

)N!δ( .

g
(2(
11 9

3
2µ
1ζ2K�

ζ12
2 ) 454µ5

57+3 )N!δ( .

g
(2(
20 9 hµ

}

�00ζ22 K1 � 18µ3

8+ K� 54ζ4
5 ) 4µ1ζ2

01

(

)N!δ( .

g
(2(
21 9

0+
2 µ

1ζ2K) ζ12 )
21µ5

456 )N!δ( .

g
(2(
22 9 hµ

}
1µ1ζ2
2

(

)N!δ( . ’4-24(

Sgd bndflbhdms ne K1 ne g(2(
20 l]sbgdr sgd MKK oqdchbshnm ’3-31( ne qde- Z4/[) ]mc sgd

bndflbhdmsr ne K ne g(2(
++ ) g

(2(
11 ) ]mc g

(2(
21 l]sbg0� sgd MMKK oqdchbshnm ’3-33( ne qde- Z4/[-

4-4 9ii inno pdrtisr

Vd vhrg sn bg]q]bsdqhyd sgd knf]qhsglhb cdodmcdmbd ne d]bg bndflbhdms A(Y(
gj hm sgd dwo]mrhnm

A(Y( 9 >
(+(
0 xaY

Y∑

g9+

∑

j

A
(Y(
gj M

Y�gBgj . ’4-25(

Hm sgd HP,chudqfdms oqde]bsnqr hm dp- ’4-03() vd nardqud sg]s d]bg onvdq ne K qdpthqdr
sgd oqdrdmbd ne ] e]bsnq ne S1s - Sgd Pdffd bnknq e]bsnq Bgj bnms]hmr h�j e]bsnqr ne S1s ) ]mc
M Y�g b]m bnqqdronmc sn T � h ]cchshnm]k e]bsnqr ne S1s ’rhmbd S1s ]bshmf nm B++ oqnctbdr ]
e]bsnq ne M(- Gdmbd vd ]mshbho]sd sg]s A(Y(

gj b]m bnms]hm to sn T� j onvdqr ne K) sg]s hr

A
(Y(
gj ∼ KY�j ) knvdq knf]qhsglhb sdqlr. ’4-26(

Sgtr A(Y(
++ ]knmd bnmsqhatsdr ]s kd]chmf knf ’KK( nqcdq) A(Y(

g0 rs]qsr ]s MKK) A(Y(
g1 ]s

MMKK) dsb- Vd b]mmns l]jd sghr ]qftldms bnlokdsdkx qhfnqntr) adb]trd Z oqhnqh vd g]ud
mn jmnvkdcfd ne sgd K cdodmcdmbd ne sgd g]qc etmbshnm G) ats sgd dwokhbhs qdrtksr sgqntfg
sgqdd knnor oqdrdmsdc d]qkhdq ]qd hm ]bbnqc vhsg ntq dwodbs]shnmr- ’Sgd K cdodmcdmbd ne sgd
qdctbdc ]lokhstcd bndflbhdmsr ]A(Y(

gj hr rnldshldr lhkcdq sg]m dp- ’4-26( adb]trd vd g]ud
rsqhoodc n– rnld ne sgd knf]qhsglr hm dp- ’4-04(-(

Ax dp- ’4-26() sgd bndflbhdms A(Y(
YY rgntkc g]ud mn knf]qhsglhb cdodmcdmbd vg]srndudq-

Hm e]bs) sgd nmkx sdql hm dp- ’4-03( sg]s bnmsqhatsdr sn A(Y(
YY hr

A ∼ cwo
)
hµxa
δ
S1m�t

[
G ’4-27(

0�Rdd ennsmnsd 8- :krn) C�0(
c 8 0

3Gi�δ(a0�δ( rhmbd vd ]qd dwo]mchmf hm rT q]sgdq sg]m T-
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gdmbd
A(Y( ∼ 0

T!

)
hµxa
δ
S1m�t

(Y

A(+( ) bnmsqhatshnmr eqnl G(1(.G(2(. · · · ’4-28(

]mc sgtr
A

(Y(
YY 9 0

T!

)
hµ

δ

(Y

)N!δ2�Y( ’4-3/(

vgdqd sgd N!δ2�Y( bnqqdbshnmr bnld eqnl G(1() G(2(. · · · - Sghr hr bnmrhrsdms vhsg sgd dwokhbhs
nmd,) svn,) ]mc sgqdd,knno qdrtksr00 ’3-01() ’4-15() ’4-17() ’4-23() ]mc ’4-24(

A
(0(
00 9 hµ

δ
.

A
(1(
11 9

}

� µ1

1δ1

(
�1!0� 1δ(�!0 ) 1δ(

�!0� δ(�1!0 ) δ(�!0� 2δ( .

A
(2(
22 9 hµ

}

� µ1

5δ2 )
00µ1ζ2
2

(

)N!δ( . ’4-30(

Hm rdbshnm 5) vd vhkk nardqud sg]s sgd bndflbhdmsr A(Y(
YY ]qd bknrdkx qdk]sdc sn sgd M 9 7

rtodqfq]uhsx entq,onhms ]lokhstcd hm sgd Pdffd khlhs-

5 RSI-rtodpfpYuhsw pdkYshnm hm sgd Mdffd khlhs

Hm sghr rdbshnm) vd qduhdv sgd Pdffd khlhs ne sgd M 9 7 entq,onhms ]lokhstcd- Sghr vhkk
]kknv tr sn l]jd ]m ]kk,knno,nqcdqr bnmidbstqd adsvddm sgd M 9 3 RWL ]mc M 9 7
rtodqfq]uhsx entq,onhms ]lokhstcdr hm sgd Pdffd khlhs-

Sgd sqdd,kdudk entq,fq]uhsnm ]lokhstcd hr01 Z2[

I(+( 9 7µFµ1γ
05J xJ
rst

. ’5-0(

vgdqd J hr cdffmdc ]r hm dp- ’2-1(- Sgd nmd,knno M 9 7 rtodqfq]uhsx entq,fq]uhsnm ]lokh,
stcd hr Z2[

I(0( 9 �h!7µF(1µ1γ!05J xJ(
∫
H(0(!r. s( ) H(0(!t. r( ) H(0(!s. t(

[

9I(+(
)
� 7µhF rst

∫
H(0(!r. s( ) H(0(!t. r( ) H(0(!s. t(

[ (
’5-1(

vghbg) trhmf sgd dwoqdrrhnm ne H(0( fhudm hm dp- ’2-0/( adbnldr

I(0( 9I(+(xη 0
δ1

)

!u� 0(
)
cgπu

(γ
D

)
δ. 0� 0

u

(
) !u� 0(D !δ. 0� u( ’5-2(

� u
)
cgπu

(γ
D

)
δ.
�u
0� u

(
� u

)
u

0� u

(γ

D !δ. u(

) D

)
δ.

0
0� u

(
)

)
u

0� u

(γ

D

)
δ.
0
u

([

00Insd sg]s A�M(
MM 8 ]A�M(

MM adb]trd sgd oqde]bsnqr hm dp- ’4-04( b]mmns bnmsqhatsd sn sghr bndfibhdms-
01Em sghr o]odq) vd s]jd D sn ad sgd entq,chldmrhnm]k Idvsnm’r bnmrs]ms) vhsg D/ 8 Dµ1γ hsr bntmsdqo]qs

hm C 8 3� 0δ chldmrhnmr-
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vgdqd vd cdffmd sgd chldmrhnmkdrr o]q]ldsdq02

xη ≡ Fr

µ

�1!0� δ(�!0 ) δ(
�!0� 1δ(

}
3µµ1

�s

(γ

. ’5-3(

Vqhshmf sgd ]kk,nqcdqr ]lokhstcd ]r

I 9I(+(
)

0 )
∞∑

Y90
xηYL (Y(

[

’5-4(

vd rdd sg]s dp- ’5-2( rhlokhffdr cq]l]shb]kkx hm sgd Pdffd khlhs u → + sn

L (0( 9 � hµ

δ
)N!u( . ’5-5(

Trhmf dhjnm]k dwonmdmsh]shnm hm hlo]bs o]q]ldsdq ro]bd) sgd ]tsgnqr ne qder- Z64) 65[
rgnvdc sg]s sgd Pdffd khlhs ne sgd T,knno entq,fq]uhsnm ]lokhstcd hr fhudm sn ]kk nqcdqr hm
δ ax

L (Y( 9 0
T!

)
� hµ

δ

(Y

F(Y(!δ( )N!u( ’5-6(

vgdqd

F(Y(!δ( 9 �Y!0� 1δ(�!0 ) Tδ(
�Y�0!0� δ(�Y!0 ) δ(�!0� !T) 0(δ(

9 0� 0
2T

)
1T1 ) 2T� 4

(
ζ2δ
2 )N!δ3(. ’5-7(

Hm o]qshbtk]q) dp- ’5-6( fhudr ’hm sgd Pdffd khlhs(

L (0( 9 � hµ

δ
)N!u( .

L (1( 9
}

� µ1

1δ1

(
�1!0� 1δ(�!0 ) 1δ(

�!0� δ(�1!0 ) δ(�!0� 2δ( )N!u( .

L (2( 9 hµ

}
µ1

5δ2 �
00µ1ζ2
2 � 00µ5

07+ δ

(

)N!δ1( )N!u( . ’5-8(

Vd nardqud sg]s ’to sn rhfmr( sgdrd ]qd oqdbhrdkx sgd nmd,) svn,) ]mc sgqdd,knno u]ktdr
ne sgd bndflbhdmsr A(Y(

YY ne sgd M 9 3 RWL entq,fktnm ]lokhstcd fhudm hm dp- ’4-30(9

A
(0(
00 9 �L (0( )N!u( . A

(1(
11 9L (1( )N!u( . A

(2(
22 9 �L (2( )N!δ( )N!u( ’5-0/(

vgdqd sgd nmd, ]mc svn,knno qdk]shnmr gnkc sn ]kk nqcdqr hm δ) ]mc sgd sgqdd,knno qdk]shnm
gnkcr sn sgd ]bbtq]bx ne sgd M 9 3 RWL b]kbtk]shnm- Sghr lnshu]sdr sgd ]kk,knno,nqcdqr
bnmidbstqd9

A
(Y(
YY 9 !�0(YL (Y( )N!u( ’5-00(

qdk]shmf sgd Pdffd khlhsr ne sgd M 9 7 rtodqfq]uhsx ]lokhstcd ]mc sgd M 9 3 RWL ]lokh,
stcd- Bnlo]qhmf sgd kd]chmf hmeq]qdc,chudqfdms bnmsqhatshnm ’4-3/( vhsg dp- ’5-6( bnmffqlr

02Pdk]sdc ax rη 8 �Dr,��s(γ sn �D cdffmdc hm qder- T64) 65[-
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sg]s dp- ’5-00( hr u]khc enq ]mx T sn ]s kd]rs sgd ffqrs sgqdd nqcdqr hm sgd K]tqdms dwo]mrhnm
hm δ- A]rdc nm ]kk sghr) vd bnmidbstqd sg]s dp- ’5-00( gnkcr sn ]kk nqcdqr hm δ enq ]mx T-

Vd b]m dwoqdrr sgd RWL.rtodqfq]uhsx qdk]shnm ’5-00( chqdbskx hm sdqlr ne bnknq,nqcdqdc
]lokhstcdr trhmf dpr- ’3-15(�’3-17(

L (0(9 >
(0,+(
0 )>(0,+(

2

>
(+(
0 xa

)N!u( . T90 .

L (Y(9
0
1

)
>

(Y,Y(
0 �>(Y,Y(

2

(

2Y,1 ·>(+(
0 xaY

)N!u( . dudm T .

L (Y(9
�
)
/

�M,M�2(
0 )/�M,M�2(

2

(
) 0

3

)
/

�M,M�1(
3 )/�M,M�1(

4 )/�M,M�0(
0 )/�M,M�0(

2

(

2�M�0(,1 ·/�)(
0 rTM

)N!u( . ncc T/ 0 .

’5-01(

Sgd u]khchsx ne dp- ’5-01( enq T 9 0 ]mc T 9 1 hr mns qd]kkx rtqoqhrhmf rhmbd sgdx ]qd sgd
Pdffd khlhsr ne lnqd fdmdq]k dw]bs qdk]shnmr- Sgd nmd,knno qdk]shnm hr sgd Pdffd khlhs ne
sgd dw]bs nmd,knno qdk]shnm Z0) 12[

I(0(

I(+(xη
9 !0� u(

)
>

(0,+(
0 ) >

(0,+(
1 ) >

(0,+(
2

(

>
(+(
0 xa

’5-02(

]mc sgd T 9 1 qdk]shnm hr sgd Pdffd khlhs ne sgd lnqd fdmdq]k dw]bs svn,knno qdk]shnm Z12[

I(1(

I(+(xη1
9

)0� u

5

(
∫
!0� u(>(1,1(

0 ) u>
(1,1(
1 � >

(1,1(
2

[

>
(+(
0 xa1

’5-03(

vgdqd vd g]ud dwoqdrrdc ansg qdk]shnmr trhmf sgd mns]shnm ne sgd btqqdms o]odq- Ansg
dpr- ’5-02( ]mc ’5-03( ]qd oqnudc ax dwoqdrrhmf sgd ]lokhstcdr hm sdqlr ne ok]m]q ]mc mnm,
ok]m]q hmsdfq]kr Z1) 2) 12[- ;ksgntfg oqduhntr ]ssdlosr ]s ffmchmf dw]bs RWL.rtodqfq]uhsx
qdk]shnmr adxnmc svn knnor vdqd mns rtbbdrretk) sgdqd l]x mdudqsgdkdrr dwhrs dw]bs qdk]shnmr
ne vghbg dp- ’5-01( hr sgd Pdffd khlhs-

6 Anmbktrhnmr

Vd oqdrdmsdc hm sghr o]odq ]m ]kk,knno,nqcdq a]rhr ne bnknq e]bsnqr Bgj rths]akd enq vqhshmf
sgd Pdffd khlhs ne sgd M 9 3 RWL entq,fktnm ]lokhstcd- Sgdrd bnknq e]bsnqr g]ud vdkk,
cdffmdc rhfm]stqd tmcdq bqnrrhmf rxlldsqx t ↔ r: rodbhffb]kkx) Bgj g]r mdf]shud.onrhshud
rhfm]stqd enq j dudm.ncc-

Vd entmc sg]s sgd bndflbhdmsr A(Y(
gj ne sgd Pdffd khlhs ne sgd M 9 3 RWL ]lokhstcd hm

sghr a]rhr ]qd onkxmnlh]kr ne nqcdq T�j hm K 9 hle }r,s}� 0
1 hµ- Sgtr A

(Y(
++ ]knmd bnmsqhatsdr

]s kd]chmf knf ’KK( nqcdq) A(Y(
g0 rs]qsr ]s MKK) A(Y(

g1 ]s MMKK) dsb- Sgd bndflbhdmsr ne bnknq
e]bsnqr vhsg mdf]shud.onrhshud rhfm]stqd ]qd qd]k.hl]fhm]qx qdrodbshudkx ’vgdm dwoqdrrdc
hm sdqlr ne K() ]r rgnvm nm fdmdq]k fqntmcr hm qde- Z4/[- Trhmf qdrtksr eqnl qde- Z14[) vd
bnlotsdc sgdrd bndflbhdmsr dwokhbhskx sgqntfg sgqdd,knno nqcdq) udqhexhmf bnmrhrsdmbx vhsg
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]kk sgd dwodbsdc HP chudqfdmbdr Z03�05) 15�24) 34�4/[) ]r vdkk ]r vhsg bdqs]hm HP,ffmhsd MKK
]mc MMKK oqdchbshnmr Z38) 4/[-

A]rdc nm ntq dwokhbhs qdrtksr) vd bnmidbstqdc ]m ]kk,knno,nqcdqr dpthu]kdmbd ’to sn
rhfm( adsvddm sgd bndflbhdmsr A(Y(

YY ]mc sgd Pdffd khlhs ne sgd T,knno M 9 7 rtodqfq]uhsx
entq,onhms ]lokhstcd- Sghr dpthu]kdmbd v]r oqnudm sn ad u]khc sn ]kk nqcdqr hm δ ]s nmd
]mc svn knnor) sgqntfg N!δ+( ]s sgqdd knnor) ]mc enq sgd ffqrs sgqdd sdqlr hm sgd K]tqdms
dwo]mrhnm hm δ ]s T knnor-

M]stq]kkx) hs vntkc ad mhbd sn drs]akhrg sgd u]khchsx ne sgd bnmidbstqdc RWL.rtodq,
fq]uhsx qdk]shnm lnqd fdmdq]kkx) odqg]or uh] ]m dhjnm]k dwonmdmsh]shnm ]ooqn]bg Z64) 65[)
nq uh] jmnvm qdoqdrdms]shnmr ne sgdrd ]lokhstcdr hm sdqlr ne ok]m]q ]mc mnmok]m]q hmsd,
fq]kr Z1�6) 6) 7) 26[-

Hs vntkc ]krn ad hmsdqdrshmf sn jmnv he sgd RWL.rtodqfq]uhsx qdk]shnmr enq T / 1 ]qd
sgd Pdffd khlhsr ne lnqd fdmdq]k dw]bs RWL.rtodqfq]uhsx qdk]shnmr) ]r hr sgd b]rd enq T 9 0
]mc T 9 1-

Ehm]kkx) hs vntkc ad hmsqhfthmf sn chrbnudq ]kk,nqcdqr,hm,δ dwoqdrrhnmr enq sgd nsgdq
bndflbhdmsr A(Y(

gj ne sgd Pdffd a]rhr ne bnknq e]bsnqr-

7bimnvkdcfldmsr

Sghr l]sdqh]k hr a]rdc tonm vnqj rtoonqsdc ax sgd M]shnm]k Rbhdmbd Entmc]shnm tmcdq
Fq]ms Mn- OGW06,1/1/1-

Nodm 9bbdrr- Sghr ]qshbkd hr chrsqhatsdc tmcdq sgd sdqlr ne sgd Bqd]shud Bnllnmr
;ssqhatshnm Khbdmrd ’BB,AW 3-/() vghbg odqlhsr ]mx trd) chrsqhatshnm ]mc qdoqnctbshnm hm
]mx ldchtl) oqnuhcdc sgd nqhfhm]k ]tsgnq’r( ]mc rntqbd ]qd bqdchsdc-

Mdedpdmbdr

Z0[ L-A- Fqddm) I-G- Rbgv]qy ]mc K- Aqhmj) M 9 3 WZmf,Lhkkr Zmc M 9 7 RtodqfqZuhsx Zr
Khlhsr ne Rsqhmf Sgdnqhdr) Mtbk- Ogxr- A 087 ’0871( 363 Z9IROEPD[-

Z1[ Y- Adqm) I-R- Pnynvrjx ]mc A- W]m) Svn knno entq fktnm Zlokhstcdr hm M 9 3
rtodqWZmf,Lhkkr) Ogxr- Kdss- A 3/0 ’0886( 162 Zedo�oe.86/1313[ Z9IROEPD[-

Z2[ Y- Adqm) K-I- Chwnm) C-B- Ctma]q) L- Odqdkrsdhm ]mc I-R- Pnynvrjx) Nm sgd qdkZshnmrgho
adsvddm WZmf,Lhkkr sgdnqx Zmc fqZuhsx Zmc hsr hlokhbZshnm enq tksqZuhnkds chudqfdmbdr) Mtbk-
Ogxr- A 42/ ’0887( 3/0 Zedo�re.87/1051[ Z9IROEPD[-

Z3[ Y- Adqm) I-I- B]qq]rbn) K-I- Chwnm) G- Ing]mrrnm) C-;- Jnrnvdq ]mc P- Pnha]m) Sgqdd,Knno
Rtodqffmhsdmdrr ne M 9 7 RtodqfqZuhsx) Ogxr- Qdu- Kdss- 87 ’1//6( 0502/2 Zedo�re./6/1001[
Z9IROEPD[-

Z4[ Y- Adqm) I-I-L- B]qq]rbn) K-I- Chwnm) G- Ing]mrrnm ]mc P- Pnha]m) LZmhedrs TksqZuhnkds
AdgZuhnq enq sgd Sgqdd,Knno Entq,Onhms ?lokhstcd ne M 9 7 RtodqfqZuhsx) Ogxr- Qdu- C 67
’1//7( 0/4/08 ZXp@hu9/7/7-3001[ Z9IROEPD[-

Z5[ Y- Adqm) I-I-L- B]qq]rbn) K-I- Chwnm) G- Ing]mrrnm ]mc P- Pnha]m) Sgd Bnlokdsd Entq,Knno
Entq,Onhms ?lokhstcd hm M 9 3 Rtodq,WZmf,Lhkkr Sgdnqx) Ogxr- Qdu- C 71 ’1/0/( 014/3/
ZXp@hu90//7-2216[ Z9IROEPD[-
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Z6[ Y- Adqm) I-I-L- B]qq]rbn) K-I- Chwnm) G- Ing]mrrnm ]mc P- Pnha]m) Rhlokhexhmf Ltkshknno
HmsdfqZmcr Zmc TksqZuhnkds Chudqfdmbdr ne FZtfd Sgdnqx Zmc FqZuhsx ?lokhstcdr) Ogxr- Qdu-
C 74 ’1/01( 0/4/03 ZXp@hu901/0-4255[ Z9IROEPD[-

Z7[ Y- Adqm) I-I-L- B]qq]rbn) G- Ing]mrrnm ]mc P- Pnha]m) Sgd Ehud,Knno Entq,Onhms ?lokhstcd
ne M 9 3 rtodq,WZmf,Lhkkr Sgdnqx) Ogxr- Qdu- Kdss- 0/8 ’1/01( 1305/1 ZXp@hu901/6-5555[
Z9IROEPD[-

Z8[ Y- Adqm) K-I- Chwnm) C-B- Ctma]q ]mc C-;- Jnrnvdq) Nmd knno m onhms fZtfd sgdnqx
Zlokhstcdrfl tmhsZqhsx Zmc bnkkhmdZq khlhsr) Mtbk- Ogxr- A 314 ’0883( 106 Zedo�oe.83/2115[
Z9IROEPD[-

Z0/[ Y- Adqm) K-I- Chwnm) C-B- Ctma]q ]mc C-;- Jnrnvdq) Etrhmf fZtfd sgdnqx sqdd Zlokhstcdr
hmsn knno Zlokhstcdr) Mtbk- Ogxr- A 324 ’0884( 48 Zedo�oe.83/8154[ Z9IROEPD[-

Z00[ U-;- Rlhqmnu) ?mZkxshbZk qdrtks enq chldmrhnmZkkx qdftkZqhydc lZrrkdrr nm rgdkk cntakd anw)
Ogxr- Kdss- A 35/ ’0888( 286 Zedo�oe.88/4212[ Z9IROEPD[-

Z01[ U-;- Rlhqmnu) ?mZkxshbZk qdrtks enq chldmrhnmZkkx qdftkZqhydc lZrrkdrr nm rgdkk okZmZq sqhokd
anw) Ogxr- Kdss- A 456 ’1//2( 082 Zedo�oe./2/4031[ Z9IROEPD[-

Z02[ B- ;m]rs]rhnt) Y- Adqm) K-I- Chwnm ]mc C-;- Jnrnvdq) OkZmZq Zlokhstcdr hm lZwhlZkkx
rtodqrxlldsqhb WZmf,Lhkkr sgdnqx) Ogxr- Qdu- Kdss- 80 ’1//2( 1405/1 Zedo�re./2/8/3/[
Z9IROEPD[-

Z03[ Y- Adqm) K-I- Chwnm ]mc U-;- Rlhqmnu) HsdqZshnm ne okZmZq Zlokhstcdr hm lZwhlZkkx
rtodqrxlldsqhb WZmf,Lhkkr sgdnqx Zs sgqdd knnor Zmc adxnmc) Ogxr- Qdu- C 61 ’1//4( /74//0
Zedo�re./4/41/4[ Z9IROEPD[-

Z04[ R- B]s]mh) Sgd RhmftkZq adgZuhnq ne PBC Zlokhstcdr Zs svn knno nqcdq) Ogxr- Kdss- A 316
’0887( 050 Zedo�oe.87/1328[ Z9IROEPD[-

Z05[ F-E- Rsdql]m ]mc L-D- Sdidc],Wdnl]mr) Ltkshknno Zlokhstcdr Zmc qdrtllZshnm) Ogxr- Kdss-
A 441 ’1//2( 37 Zedo�oe./10/02/[ Z9IROEPD[-

Z06[ I-L- Cqtllnmc) I- Gdmm) F-O- Jnqbgdlrjx ]mc D- Rnj]sbgdu) Nm okZmZq fktnm
Zlokhstcdr.Vhkrnm knnor ctZkhsx) Mtbk- Ogxr- A 684 ’1//7( 41 ZXp@hu9/6/8-1257[ Z9IROEPD[-

Z07[ I-L- Cqtllnmc) I- Gdmm) F-O- Jnqbgdlrjx ]mc D- Rnj]sbgdu) BnmenqlZk VZqc hcdmshshdr
enq Vhkrnm knnor Zmc Z sdrs ne sgd ctZkhsx vhsg fktnm Zlokhstcdr) Mtbk- Ogxr- A 715 ’1/0/(
226 ZXp@hu9/601-0112[ Z9IROEPD[-

Z08[ I-A- S]trj) MnmokZmZq lZrrkdrr svn knno EdxmlZm chZfqZlr vhsg entq nm,rgdkk kdfr) Ogxr-
Kdss- A 358 ’0888( 114 Zedo�oe.88/84/5[ Z9IROEPD[-

Z1/[ I-L- Gdmm) ;-U- Rlhqmnu ]mc U-;- Rlhqmnu) ?mZkxshb qdrtksr enq okZmZq sgqdd,knno entq,onhms
hmsdfqZkr eqnl Z Jmhygmhj,YZlnkncbghjnu dptZshnm) IGDO /6 ’1/02( 017 ZXp@hu902/5-1688[
Z9IROEPD[-

Z10[ I-L- Gdmm) ;-U- Rlhqmnu ]mc U-;- Rlhqmnu) DuZktZshmf rhmfkd,rbZkd Zmc.nq mnm,okZmZq
chZfqZlr ax ch�dqdmshZk dptZshnmr) IGDO /2 ’1/03( /77 ZXp@hu90201-1477[ Z9IROEPD[-

Z11[ I- Gdmm) A- Lhrskadqfdq) U-;- Rlhqmnu ]mc O- V]rrdq) Bnmrsqtbshmf c,knf hmsdfqZmcr Zmc
bnlotshmf lZrsdq hmsdfqZkr enq sgqdd,knno entq,oZqshbkd rbZssdqhmf) IGDO /3 ’1/1/( 056
ZXp@hu91//1-/8381[ Z9IROEPD[-

Z12[ R-F- M]btkhbg) G- M]rs]rd ]mc G-I- Rbgmhsydq) RtakdZchmf,bnknq bnmsqhatshnmr sn fktnm,fktnm
rbZssdqhmf hm M 9 3 RWL sgdnqx Zmc qdkZshnmr sn M 9 7 rtodqfqZuhsx) IGDO 00 ’1//7( /07
ZXp@hu9/7/8-/265[ Z9IROEPD[-
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Z13[ R-F- M]btkhbg) G- M]rs]rd ]mc G-I- Rbgmhsydq) ?kk,knno hmeqZqdc,chudqfdms adgZuhnq ne
lnrs,rtakdZchmf,bnknq fZtfd,sgdnqx Zlokhstcdr) IGDO /3 ’1/02( 003 ZXp@hu902/0-1123[
Z9IROEPD[-

Z14[ I-L- Gdmm ]mc A- Lhrskadqfdq) Entq,Fktnm RbZssdqhmf Zs Sgqdd Knnorfl HmeqZqdc Rsqtbstqdfl
Zmc sgd Qdffd Khlhs) Ogxr- Qdu- Kdss- 006 ’1/05( 0605/0 ZXp@hu905/7-//74/[ Z9IROEPD[-

Z15[ R-L- ;xa]s) K-I- Chwnm ]mc F-E- Rsdql]m) Sgd Svn,knno ZmnlZkntr chldmrhnm lZsqhw enq
rnes fktnm dwbgZmfd) Ogxr- Qdu- Kdss- 86 ’1//5( /61//0 Zedo�oe./5/5143[ Z9IROEPD[-

Z16[ R-L- ;xa]s) K-I- Chwnm ]mc F-E- Rsdql]m) Sgd Svn,knno rnes ZmnlZkntr chldmrhnm lZsqhw
Zmc qdrtllZshnm Zs mdws,sn,mdws,sn kdZchmf onkd) Ogxr- Qdu- C 63 ’1//5( /63//3
Zedo�oe./5/62/8[ Z9IROEPD[-

Z17[ K-I- Chwnm) K- L]fmd] ]mc F-E- Rsdql]m) TmhudqrZk rsqtbstqd ne rtakdZchmf hmeqZqdc onkdr hm
fZtfd sgdnqx Zlokhstcdr) IGDO /7 ’1//7( /11 ZXp@hu9/7/4-2404[ Z9IROEPD[-

Z18[ S- Adbgdq ]mc L- Mdtadqs) HmeqZqdc rhmftkZqhshdr ne rbZssdqhmf Zlokhstcdr hm odqstqaZshud
PBC) Ogxr- Qdu- Kdss- 0/1 ’1//8( 051//0 ZDqqZstl hahc- 000 ’1/02( 0888/4[
ZXp@hu9/8/0-/611[ Z9IROEPD[-

Z2/[ D- F]qch ]mc K- L]fmd]) EZbsnqhyZshnm bnmrsqZhmsr enq rnes ZmnlZkntr chldmrhnmr hm PBC
rbZssdqhmf Zlokhstcdr) IGDO /2 ’1//8( /68 ZXp@hu9/8/0-0/80[ Z9IROEPD[-

Z20[ K-I- Chwnm) LZssdq Cdodmcdmbd ne sgd Sgqdd,Knno Rnes ?mnlZkntr Chldmrhnm LZsqhw) Ogxr-
Qdu- C 68 ’1//8( /804/0 ZXp@hu9/8/0-2303[ Z9IROEPD[-

Z21[ S- Adbgdq ]mc L- Mdtadqs) Nm sgd Rsqtbstqd ne HmeqZqdc RhmftkZqhshdr ne FZtfd,Sgdnqx
?lokhstcdr) IGDO /5 ’1//8( /70 ZDqqZstl hahc- 00 ’1/02( /13[ ZXp@hu9/8/2-0015[
Z9IROEPD[-

Z22[ D- F]qch ]mc K- L]fmd]) HmeqZqdc rhmftkZqhshdr hm PBC Zlokhstcdr) Mtnun Bhl- B 21M4�5
’1//8( 026 ZEqZrbZsh Ogxr- Rdq- 4/ ’1/0/( 026[ ZXp@hu9/8/7-2162[ Z9IROEPD[-

Z23[ K-I- Chwnm) D- F]qch ]mc K- L]fmd]) Nm rnes rhmftkZqhshdr Zs sgqdd knnor Zmc adxnmc) IGDO
/1 ’1/0/( /70 ZXp@hu9/80/-2542[ Z9IROEPD[-

Z24[ N- ;kldkhc) B- Ctgq ]mc D- F]qch) Sgqdd,knno bnqqdbshnmr sn sgd rnes ZmnlZkntr chldmrhnm
hm ltkshkdf rbZssdqhmf) Ogxr- Qdu- Kdss- 006 ’1/05( 061//1 ZXp@hu904/6-///36[ Z9IROEPD[-

Z25[ Y- Adqm ds ]k-) TksqZuhnkds Oqnodqshdr ne M 9 7 RtodqfqZuhsx Zs Ehud Knnor) Ogxr- Qdu- C 87
’1/07( /75/10 ZXp@hu907/3-/8200[ Z9IROEPD[-

Z26[ Y- Adqm) I-I-L- B]qq]rbn) V-,L- Bgdm) G- Ing]mrrnm) P- Pnha]m ]mc L- Ydmf) Ehud,knno
entq,onhms hmsdfqZmc ne M 9 7 rtodqfqZuhsx Zr Z fdmdqZkhydc cntakd bnox) Ogxr- Qdu- C 85
’1/06( 015/01 ZXp@hu906/7-/57/6[ Z9IROEPD[-

Z27[ R-F- M]btkhbg) G- M]rs]rd ]mc G-I- Rbgmhsydq) Svn,knno fqZuhsnm rbZssdqhmf qdkZshnm Zmc HQ
adgZuhnq hm M 9 7 rtodqfqZuhsx) Mtbk- Ogxr- A 7/4 ’1//7( 3/ ZXp@hu9/7/4-1236[ Z9IROEPD[-

Z28[ ;- Aq]mcgtadq) O- Gdrkno) ;- M]rsh) A- Rodmbd ]mc F- Sq]u]fkhmh) Entq,onhms ?lokhstcdr hm
M 9 7 RtodqfqZuhsx Zmc Vhkrnm Knnor) Mtbk- Ogxr- A 7/6 ’1//8( 18/ ZXp@hu9/7/4-1652[
Z9IROEPD[-

Z3/[ B- Antbgdq,Udqnmmd]t ]mc K-I- Chwnm) M ≥ 3 RtodqfqZuhsx ?lokhstcdr eqnl FZtfd Sgdnqx
Zs Svn Knnor) IGDO 01 ’1/00( /35 ZXp@hu9000/-0021[ Z9IROEPD[-

Z30[ I-L- Gdmm ]mc A- Lhrskadqfdq) Entq,fqZuhsnm rbZssdqhmf sn sgqdd knnor hm M 9 7 rtodqfqZuhsx)
IGDO /4 ’1/08( /12 ZXp@hu908/1-/6110[ Z9IROEPD[-
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Z31[ Y- Adqm) B- Antbgdq,Udqnmmd]t ]mc G- Ing]mrrnm) M ≥ 3 RtodqfqZuhsx ?lokhstcdr eqnl
FZtfd Sgdnqx Zs Nmd Knno) Ogxr- Qdu- C 73 ’1/00( 0/4/24 ZXp@hu900/6-0824[ Z9IROEPD[-

Z32[ R-F- M]btkhbg ]mc G-I- Rbgmhsydq) Nmd,knno RWL,rtodqfqZuhsx qdkZshnm enq ffud,onhms
Zlokhstcdr) IGDO 00 ’1/00( //0 ZXp@hu900/7-5215[ Z9IROEPD[-

Z33[ R-F- M]btkhbg) G- M]rs]rd ]mc G-I- Rbgmhsydq) KhmdZq qdkZshnmr adsvddm M ≥ 3 rtodqfqZuhsx
Zmc rtakdZchmf,bnknq RWL Zlokhstcdr) IGDO /0 ’1/01( /30 ZXp@hu90000-0564[ Z9IROEPD[-

Z34[ U- Cdk Ctb]) B- Ctgq) D- F]qch) K- L]fmd] ]mc B-C- Vghsd) ?m hmeqZqdc ZooqnZbg sn
QdffdhyZshnm) Ogxr- Qdu- C 74 ’1/01( /600/3 ZXp@hu900/7-4836[ Z9IROEPD[-

Z35[ U- Cdk Ctb]) B- Ctgq) D- F]qch) K- L]fmd] ]mc B-C- Vghsd) Sgd HmeqZqdc rsqtbstqd ne fZtfd
sgdnqx Zlokhstcdr hm sgd ghfg,dmdqfx khlhs) IGDO 01 ’1/00( /10 ZXp@hu900/8-2470[
Z9IROEPD[-

Z36[ U- Cdk Ctb]) F- E]kbhnmh) K- L]fmd] ]mc K- Udqm]yy]) Ghfg,dmdqfx PBC Zlokhstcdr Zs svn
knnor Zmc adxnmc) Ogxr- Kdss- A 621 ’1/03( 122 ZXp@hu90200-/2/3[ Z9IROEPD[-

Z37[ U- Cdk Ctb]) F- E]kbhnmh) K- L]fmd] ]mc K- Udqm]yy]) ?mZkxyhmf ghfg,dmdqfx eZbsnqhyZshnm
adxnmc mdws,sn,kdZchmf knfZqhsglhb ZbbtqZbx) IGDO /1 ’1/04( /18 ZXp@hu903/8-722/[
Z9IROEPD[-

Z38[ R- B]qnm,Gtns) Vgdm cndr sgd fktnm qdffdhyd:) IGDO /4 ’1/04( /82 ZXp@hu902/8-5410[
Z9IROEPD[-

Z4/[ R- B]qnm,Gtns) D- F]qch ]mc K- Udqm]yy]) Svn,oZqsnm rbZssdqhmf hm sgd ghfg,dmdqfx khlhs)
IGDO /5 ’1/06( /05 ZXp@hu906/0-/4130[ Z9IROEPD[-

Z40[ R- B]qnm,Gtns) D- F]qch) I- Pdhbgdk ]mc K- Udqm]yy]) HmeqZqdc rhmftkZqhshdr ne PBC
rbZssdqhmf Zlokhstcdr hm sgd Qdffd khlhs sn Zkk nqcdqr) IGDO /2 ’1/07( /87
ZXp@hu90600-/374/[ Z9IROEPD[-

Z41[ R- B]qnm,Gtns) D- F]qch) I- Pdhbgdk ]mc K- Udqm]yy]) Svn,oZqsnm rbZssdqhmf Zlokhstcdr hm
sgd Qdffd khlhs sn ghfg knno nqcdqr) IGDO /7 ’1/1/( 005 ZXp@hu91//5-/0156[ Z9IROEPD[-

Z42[ I-L- Cqtllnmc) F-O- Jnqbgdlrjx ]mc D- Rnj]sbgdu) BnmenqlZk oqnodqshdr ne entq,fktnm
okZmZq Zlokhstcdr Zmc Vhkrnm knnor) Mtbk- Ogxr- A 684 ’1//7( 274 ZXp@hu9/6/6-/132[
Z9IROEPD[-

Z43[ R-F- M]btkhbg ]mc G-I- Rbgmhsydq) Qdffd adgZuhnq ne fktnm rbZssdqhmf Zlokhstcdr hm M 9 3
RWL sgdnqx) Mtbk- Ogxr- A 683 ’1//7( 078 ZXp@hu9/6/7-2/58[ Z9IROEPD[-

Z44[ U- Cdk Ctb] ]mc D-V-M- Fknudq) Sdrshmf ghfg,dmdqfx eZbsnqhyZshnm adxnmc sgd
mdws,sn,kdZchmf,knfZqhsglhb ZbbtqZbx) IGDO /4 ’1//7( /45 ZXp@hu9/7/1-3334[ Z9IROEPD[-

Z45[ R-F- M]btkhbg ]mc G-I- Rbgmhsydq) HQ chudqfdmbdr Zmc Qdffd khlhsr ne rtakdZchmf,bnknq
bnmsqhatshnmr sn sgd entq,fktnm Zlokhstcd hm M 9 3 RWL Sgdnqx) IGDO 0/ ’1//8( /37
ZXp@hu9/8/6-0784[ Z9IROEPD[-

Z46[ I-L- Gdmm) R-F- M]btkhbg) G-I- Rbgmhsydq ]mc L- Roq]ckhm) Ghffr,qdftkZqhydc sgqdd,knno
entq,fktnm Zlokhstcd hm M 9 3 RWL5 dwonmdmshZshnm Zmc Qdffd khlhsr) IGDO /3 ’1/0/( /27
ZXp@hu90//0-0247[ Z9IROEPD[-

Z47[ I-L- Gdmm) R-F- M]btkhbg) G-I- Rbgmhsydq ]mc L- Roq]ckhm) Lnqd knnor Zmc kdfr hm
Ghffr,qdftkZsdc M 9 3 RWL Zlokhstcdr) IGDO /7 ’1/0/( //1 ZXp@hu90//3-4270[ Z9IROEPD[-

Z48[ F- ’s Gnnes) FqZuhsnm CnlhmZmbd hm TksqZghfg,Dmdqfx RbZssdqhmf) Ogxr- Kdss- A 087 ’0876(
50 Z9IROEPD[-
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Z5/[ H-I- Ltyhmhbg ]mc L- Rnkc]sd) Ghfg,Dmdqfx TmhsZqhsx ne FqZuhsZshnm Zmc Rsqhmfr) Ogxr- Qdu-
C 26 ’0877( 248 Z9IROEPD[-

Z50[ C- ;l]sh) L- Bh]e]knmh ]mc F- Udmdyh]mn) Rtodqrsqhmf Bnkkhrhnmr Zs OkZmbjhZm Dmdqfhdr)
Ogxr- Kdss- A 086 ’0876( 70 Z9IROEPD[-

Z51[ C- ;l]sh) L- Bh]e]knmh ]mc F- Udmdyh]mn) BkZrrhbZk Zmc PtZmstl FqZuhsx D�dbsr eqnl
OkZmbjhZm Dmdqfx Rtodqrsqhmf Bnkkhrhnmr) Hms- I- Lnc- Ogxr- ? 2 ’0877( 0504 Z9IROEPD[-

Z52[ C- ;l]sh) L- Bh]e]knmh ]mc F- Udmdyh]mn) Ghfgdq Nqcdq FqZuhsZshnmZk Cdfidbshnm Zmc Rnes
AqdlrrsqZgktmf hm OkZmbjhZm Dmdqfx Rtodqrsqhmf Bnkkhrhnmr) Mtbk- Ogxr- A 236 ’088/( 44/
Z9IROEPD[-

Z53[ C- ;l]sh) L- Bh]e]knmh ]mc F- Udmdyh]mn) OkZmbjhZm rbZssdqhmf adxnmc sgd rdlhbkZrrhbZk
ZooqnwhlZshnm) Ogxr- Kdss- A 178 ’0881( 76 Z9IROEPD[-

Z54[ C- ;l]sh) L- Bh]e]knmh ]mc F- Udmdyh]mn) D�dbshud Zbshnm Zmc Zkk nqcdq fqZuhsZshnmZk dhjnmZk
Zs OkZmbjhZm dmdqfhdr) Mtbk- Ogxr- A 3/2 ’0882( 6/6 Z9IROEPD[-

Z55[ G-K- Udqkhmcd ]mc D-O- Udqkhmcd) RbZssdqhmf Zs OkZmbjhZm dmdqfhdr) Mtbk- Ogxr- A 260 ’0881(
135 Zedo�re.800//06[ Z9IROEPD[-

Z56[ C-M- J]a]s ]mc L- Nqshy) DhjnmZk ptZmstl fqZuhsx Zmc OkZmbjhZm rbZssdqhmf) Mtbk- Ogxr- A
277 ’0881( 46/ Zedo�re.81/2/71[ Z9IROEPD[-

Z57[ L-S- Fqhr]qt ]mc G-I- Rbgmhsydq) CxmZlhbZk BZkbtkZshnm ne Antmc RsZsd Rtodqltkshokdsr hm
M 9 7 RtodqfqZuhsx) Ogxr- Kdss- A 0/6 ’0870( 085 Z9IROEPD[-

Z58[ L-S- Fqhr]qt ]mc G-I- Rbgmhsydq) Antmc RsZsdr hm M 9 7 RtodqfqZuhsx Zmc M 9 3
Rtodqrxlldsqhb WZmf,Lhkkr Sgdnqhdr) Mtbk- Ogxr- A 1/3 ’0871( 156 Z9IROEPD[-

Z6/[ G-I- Rbgmhsydq) QdffdhyZshnm ne M 9 7 rtodqfqZuhsx Zmc M 9 3 WZmf,Lhkkr sgdnqx)
edo�re./6/0106 Z9IROEPD[-

Z60[ G-I- Rbgmhsydq) QdffdhyZshnm ne M 9 7 rtodqfqZuhsx Zmc M 9 3 WZmf,Lhkkr sgdnqx- HH)
Xp@hu9/6/5-/806 Z9IROEPD[-

Z61[ R-A- Fhcchmfr) L- Rbglhcs,Rnlldqedkc ]mc I-P- ;mcdqrdm) Ghfg dmdqfx rbZssdqhmf hm fqZuhsx
Zmc rtodqfqZuhsx) Ogxr- Qdu- C 71 ’1/0/( 0/3/11 ZXp@hu90//4-43/7[ Z9IROEPD[-

Z62[ I- A]qsdkr) K-M- Kho]snu ]mc ;- R]ahn Udq]) Cntakd,knfZqhsglr hm Dhmrsdhm,Ghkadqs fqZuhsx Zmc
rtodqfqZuhsx) IGDO /6 ’1/03( /45 ZXp@hu901/7-2312[ Z9IROEPD[-

Z63[ R- Ldkuhkkd) R-F- M]btkhbg) G-I- Rbgmhsydq ]mc B-C- Vghsd) Vhkrnm khmd ZooqnZbg sn fqZuhsx hm
sgd ghfg dmdqfx khlhs) Ogxr- Qdu- C 78 ’1/03( /14//8 ZXp@hu902/5-5/08[ Z9IROEPD[-

Z64[ O- Ch Udbbgh]) ;- Ktm]) R-F- M]btkhbg) P- Ptrrn) F- Udmdyh]mn ]mc B-C- Vghsd) ? sZkd ne
svn dwonmdmshZshnmr hm M 9 7 rtodqfqZuhsx) Ogxr- Kdss- A 687 ’1/08( 023816
ZXp@hu908/7-/45/2[ Z9IROEPD[-

Z65[ O- Ch Udbbgh]) R-F- M]btkhbg) P- Ptrrn) F- Udmdyh]mn ]mc B-C- Vghsd) ? sZkd ne svn
dwonmdmshZshnmr hm M 9 7 rtodqfqZuhsx Zs rtakdZchmf kdudk) IGDO /2 ’1/1/( 062
ZXp@hu90800-00605[ Z9IROEPD[-

Z66[ L-K- L]mf]mn ]mc R-I- O]qjd) LtkshoZqsnm Zlokhstcdr hm fZtfd sgdnqhdr) Ogxr- Qdos- 1//
’0880( 2/0 Zedo�re./4/8112[ Z9IROEPD[-

Z67[ Y- Adqm ]mc C-;- Jnrnvdq) Bnknq cdbnlonrhshnm ne nmd knno Zlokhstcdr hm fZtfd sgdnqhdr)
Mtbk- Ogxr- A 251 ’0880( 278 Z9IROEPD[-
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Z68[ Y- Adqm) ;- Cd Eqdhs]r ]mc K-I- Chwnm) Svn knno gdkhbhsx Zlokhstcdr enq fktnm,fktnm
rbZssdqhmf hm PBC Zmc rtodqrxlldsqhb WZmf,Lhkkr sgdnqx) IGDO /2 ’1//1( /07
Zedo�oe./1/0050[ Z9IROEPD[-

Z7/[ R-F- M]btkhbg) ?kk,knno fqnto,sgdnqx bnmrsqZhmsr enq bnknq,nqcdqdc =T!M( fZtfd,sgdnqx
Zlokhstcdr) Ogxr- Kdss- A 6/6 ’1/01( 080 ZXp@hu9000/-0748[ Z9IROEPD[-

Z70[ ;-B- Dchrnm ]mc R-F- M]btkhbg) =T!M( fqnto,sgdnqx bnmrsqZhmsr nm bnknq,nqcdqdc ffud,onhms
Zlokhstcdr Zs Zkk knno nqcdqr) Mtbk- Ogxr- A 747 ’1/01( 377 ZXp@hu90000-2710[ Z9IROEPD[-

Z71[ ;-B- Dchrnm ]mc R-F- M]btkhbg) Rxlldsqhb,fqnto cdbnlonrhshnm ne =T!M( fqnto,sgdnqx
bnmrsqZhmsr nm entq,fl ffud,fl Zmc rhw,onhms bnknq,nqcdqdc Zlokhstcdr) IGDO /8 ’1/01( /58
ZXp@hu901/6-4400[ Z9IROEPD[-

Z72[ L-A- Fqddm) I-G- Rbgv]qy ]mc D- Vhssdm) Rtodqrsqhmf Sgdnqx Unk- 05 14sg ?mmhudqrZqx
Dchshnm) B]laqhcfd Tmhudqrhsx Oqdrr ’1/01(-

Z73[ Y- Adqm) K-I- Chwnm ]mc C-;- Jnrnvdq) ChldmrhnmZkkx qdftkZsdc odmsZfnm hmsdfqZkr) Mtbk-
Ogxr- A 301 ’0883( 640 Zedo�oe.82/513/[ Z9IROEPD[-

Z74[ R- B]s]mh ]mc L-G- Rdxlntq) Sgd Chonkd enqlZkhrl enq sgd bZkbtkZshnm ne PBC ids
bqnrr,rdbshnmr Zs mdws,sn,kdZchmf nqcdq) Ogxr- Kdss- A 267 ’0885( 176 Zedo�oe.85/1166[
Z9IROEPD[-

Z75[ R- B]s]mh ]mc L-G- Rdxlntq) ? FdmdqZk Zkfnqhsgl enq bZkbtkZshmf ids bqnrr,rdbshnmr hm MKN
PBC) Mtbk- Ogxr- A 374 ’0886( 180 ZDqqZstl hahc- 40/ ’0887( 4/2[ Zedo�oe.85/4212[
Z9IROEPD[-

Z76[ W-K- Cnjrghsydq ]mc F- L]qbgdrhmh) Rnes fktnmr Zs kZqfd Zmfkdr hm gZcqnm bnkkhrhnmr) IGDO
/0 ’1//5( //6 Zedo�oe./4/8/67[ Z9IROEPD[-
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