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Mnmkhmd]q sq]mronqs deedbsr hm qdronmrd sn dwsdqm]k l]fmdshb “dkcr* h-d-* dkdbsqhb]k l]fmdsnbghq]k ]mhrnsqnox
 dLBg@(* g]ud ]ssq]bsdc ltbg ]ssdmshnm enq sgdhq hlonqs]mbd hm rstcxhmf pt]mstl ]mc rohm,qdk]sdc ogdmnldm]-
Hmcddc* sgdx g]ud odqlhssdc sgd dwoknq]shnm ne snonknfhb]k rtqe]bd rs]sdr ]mc bg]qfd sn rohm bnmudqrhnm oqnbdrrdr
hm knv,rxlldsqx rxrsdlr- Mdudqsgdkdrr* cdrohsd sgd hmgdqdms bnqqdk]shnm adsvddm sgd rxlldsqx ne sgd l]sdqh]k
tmcdq dw]lhm]shnm ]mc hsr mnmkhmd]q sq]mronqs bg]q]bsdqhrshbr* sgdqd hr ] k]bj ne dwodqhldms]k cdlnmrsq]shnm
sn cdkud hmsn sghr qdk]shnmrgho ]mc sn tmudhk sgdhq lhbqnrbnohb ldbg]mhrlr- Gdqd* vd rstcx dLBg@ hm bghq]k
dkdldms]k sdkktqhtl  Sd( ]knmf cheedqdms bqxrs]kknfq]oghb chqdbshnmr* drs]akhrghmf sgd bnmmdbshnm adsvddm sgd
cheedqdms dLBg@ bnlonmdmsr ]mc sgd bqxrs]k rxlldsqx ne Sd- Vd nardqudc cheedqdms knmfhstchm]k dLBg@ bnl,
onmdmsr vhsg bnkkhmd]q btqqdms ]mc l]fmdshb “dkc* cdlnmrsq]shmf dwodqhldms]kkx sgd q]ch]k ]mftk]q lnldmstl
sdwstqd ne Sd- Vd ]krn ld]rtqdc ] sq]mrudqrd mnmkhmd]q qdrhrs]mbd vghbg* ]r sgd knmfhstchm]k bntmsdqo]qs* rb]kdr
ahkhmd]qkx vhsg btqqdms ]mc l]fmdshb “dkcr* hkktrsq]shmf sg]s sgdx ]qd cheedqdms l]mhedrs]shnmr ne sgd r]ld deedbs-
Ehm]kkx* vd rstcx sgd rb]khmf k]v ne sgd dLBg@* duhcdmbhmf sg]s dwsqhmrhb rb]ssdqhmf hr sgd cnlhm]ms lhbqnrbnohb
ldbg]mhrl- Sgdrd “mchmfr tmcdqrbnqd sgd de“b]bx ne rxlldsqx,a]rdc hmudrshf]shnmr hm tmcdqrs]mchmf ]mc
oqdchbshmf mnmkhmd]q sq]mronqs ogdmnldm]* vhsg onsdmsh]k ]ookhb]shnmr hm rohmsqnmhbr ]mc dmdqfx g]qudrshmf-
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H) HMSPNCTASHNM

Knv,rxlldsqx l]sdqh]kr g]ud qdunktshnmhydc sgd “dkc ne
dkdbsqnmhb sq]mronqs- Sghr chrqtoshnm rsdlr eqnl sgd aqd]jhmf
ne hmudqrhnm rxlldsqx vhsghm rtbg rxrsdlr* vghbg odqlhsr
mnmkhmd]q sq]mronqs deedbsr vgdqd sgd unks]fd  U ( rb]kdr
pt]cq]shb]kkx vhsg sgd btqqdms  H( Z0[- Mns]akx* sghr mnmkhmd]q
adg]uhnq b]m l]mhedrs ansg vhsg ]mc vhsgnts sgd oqdrdmbd ne
dwsdqm]k l]fmdshb “dkcr  A( Z1[-

Nm sgd nmd g]mc* mnmkhmd]q sq]mronqs deedbsr hm sgd ]ardmbd
ne A  H ∝ U 1( g]ud qdbdmskx ]ssq]bsdc ltbg ]ssdmshnm Z2fl5[-
Hmcddc* sgdx ]kknvdc enq sgd rstcx ne mnudk pt]mstl oqno,
dqshdr* rtbg ]r sgd Adqqx btqu]stqd Z6*7[ nq Adqqx bnmmdbshnm
onk]qhy]ahkhsx Z8*0/[* ]mc g]ud sgd onsdmsh]k sn ad dwoknhsdc
enq dmdqfx g]qudrshmf sgqntfg q]chn,eqdptdmbx qdbsh“b]shnm
Z00fl03[- Rxrsdl]shb rstchdr g]ud addm odqenqldc* hcdmshexhmf
ansg knmfhstchm]k  h-d-* mnmkhmd]q bnmctbshuhsx Z04*05[( ]mc
sq]mrudqrd  h-d-* mnmkhmd]q G]kk deedbs  MKGD( Z2*3*06[( bnl,
onmdmsr* ]mc hsr bnmmdbshnm vhsg sgd bqxrs]k rxlldsqx ne sgd
sdrsdc l]sdqh]k-

)Bnms]bs ]tsgnq9 l]qbn-fnaah;dgt-dtr
–Bnms]bs ]tsgnq9 k-gtdrn;m]mnftmd-dt
†Bnms]bs ]tsgnq9 e-b]r]mnu];m]mnftmd-dt

Nm sgd nsgdq g]mc* mnmkhmd]q sq]mronqs deedbsr hm sgd oqdr,
dmbd ne A  H ∝ U 1A( g]ud fqd]s hlonqs]mbd enq rohmsqnmhbr
]r sgdx b]m ad dloknxdc enq sgd hmudrshf]shnm ne rohm,qdk]sdc
deedbsr Z07[- Hm fdmdq]k* sgdrd ogdmnldm] ]qd m]ldc dkdbsqh,
b]k l]fmdsnbghq]k ]mhrnsqnox  dLBg@( Z08*1/[- Gnvdudq* ]r
lnrs qdonqsr ]qd enbtrdc nm sgd knmfhstchm]k l]mhedrs]shnm*
sgdx ]qd bnllnmkx jmnvm ]r tmhchqdbshnm]k l]fmdsnqdrhr,
s]mbd  TLQ( Z07[ nq ahkhmd]q l]fmdsnqdrhrs]mbd  ALQ(
Z10*11[- @ksgntfg sgdqd ]qd ] edv qdonqsr nm sgd sq]mrudqrd
l]mhedrs]shnm* h-d-* mnmkhmd]q ok]m]q G]kk deedbs  MKOGD(
Z12*13[* ]m dwodqhldms]k cdlnmrsq]shnm ne sgd etmc]ldms]k
bnmmdbshnm adsvddm sgd svn deedbsr ]mc sgd bqxrs]k rxlldsqx
ne sgd l]sdqh]k hr rshkk ]ardms- Etqsgdqlnqd* sgd lhbqnrbnohb
ldbg]mhrlr adghmc sgdrd deedbsr qdl]hm tmbkd]q-

Bghq]k l]sdqh]kr oqnuhcd ]m dwbdoshnm]k ok]senql enq hmudr,
shf]shmf mnmkhmd]q sq]mronqs deedbsr ctd sn sgdhq ]ardmbd ne ansg
hmudqrhnm ]mc lhqqnq rxlldsqx Z14fl16[- Hm sghr bnmsdws* ] l],
sdqh]k vhsg rsqnmf rohm,nqahs bntokhmf rtbg ]r bghq]k sdkktqhtl
 Sd( Z17[* vghbg b]m ad bgdlhb]kkx rxmsgdrhydc Z18[ ]mc o]s,
sdqmdc hmsn cdrhqdc rg]odr* dldqfdr ]r sgd hcd]k b]mchc]sd-

Hm sghr o]odq* vd oqdrdms ]m dwodqhldms]k rstcx ne
dLBg@ hm Sd* dmbnlo]rrhmf ansg knmfhstchm]k ]mc sq]mrudqrd
ld]rtqdldmsr* ]knmf vhsg ]m ]m]kxrhr ne sgd bqxrs]kknfq]oghb
chqdbshnm cdodmcdmbd- Sd fi]jdr ]qd fqnvm uh] ] gxcqnsgdql]k
oqnbdrr ]mc o]ssdqmdc hmsn rs]q,rg]odc rsqtbstqdr* dm]akhmf
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EHF- 0- @mhrnsqnohb sq]mronqs hm Sd-  ](*  a( Bqxrs]k rsqtbstqd
rjdsbg ne sqhfnm]k Sd hm sgd  ]( v  x ]mc  a( v  y ok]md-  b( Rjdsbg
ne sgd rs]q,rg]odc Sd cduhbd- Sgd qdk]shud nqhdms]shnm adsvddm A ]mc
sgd cduhbd hr hmchb]sdc-  c( Sdlodq]stqd cdodmcdmbd ne Q�

| vgdm H�

hr hmidbsdc ]knmf sgd v  θ + 8/±( ]mc y ]whr  θ + /±(-  d( Q�
| ]mc Q�

⊥
]r ] etmbshnm ne θ ]s 4/ J- Sgd c]rgdc khmdr ]qd “sr sn sgd dpt]shnmr
hmsqnctbdc hm sgd l]hm sdws- Sgd Q�

| ]mc Q�
⊥ u]ktdr ]qd nas]hmdc eqnl

sgd khmd]q “sshmfr hm Ehf- R0 Z2/[- @kk ld]rtqdldmsr vdqd odqenqldc
]s A + / S vhsg =H�= + 0 µ@-

oqdbhrd ld]rtqdldmsr ]knmf cheedqdms bqxrs]kknfq]oghb chqdb,
shnmr- Ax s]jhmf hmsn ]bbntms sgd rxlldsqx ne sqhfnm]k Sd*
vd cdqhud dpt]shnmr sg]s ]bbtq]sdkx cdrbqhad sgd dwodqhldms]k
mnmkhmd]q sq]mronqs hm Sd ]bqnrr ]kk bnm“ftq]shnmr- Vd nardqud
] knmfhstchm]k dLBg@* h-d-* TLQ nq ALQ* vgdm A ]mc H
]qd ]khfmdc ]knmf sgd y ]whr* bnmrhrsdms vhsg oqduhntr qdonqsr
Z07[- Qdl]qj]akx* vd ]krn nardqud ] knmfhstchm]k dLBg@
vgdm ansg A ]mc H ]qd ]knmf sgd v ]whr* sgtr cdlnmrsq]shmf
sgd ]mhrnsqnohb q]ch]k ]mftk]q lnldmstl sdwstqd ne Sd ax
dkdbsqhb]k ld]mr- @cchshnm]kkx* vd cdsdbs ] sq]mrudqrd dLBg@*
h-d-* MKOGD* vgdm A hr ]knmf sgd y ]whr ]mc H hr ]knmf sgd
v ]whr- Vd hkktrsq]sd sg]s sghr sq]mrudqrd mnmkhmd]q qdrhrs]mbd
dwghahsr ahkhmd]q cdodmcdmbd nm A ]mc H - Ehm]kkx* ax dw]l,
hmhmf sgd cdodmcdmbd ne sgd dLBg@ nm sgd qdrhrshuhsx* vd
drs]akhrg sg]s sgd dLBg@ hm Sd hr oqhl]qhkx fnudqmdc ax dw,
sqhmrhb ldbg]mhrlr- Ntq “mchmfr tmcdqrbnqd gnv sgd ]m]kxrhr
ne bqxrs]k rxlldsqx ]mc qdrhrshuhsx rb]khmf e]bhkhs]sd sgd oqd,
chbshnm ne mnmkhmd]q sq]mronqs deedbsr* oqnuhchmf hmrhfgsr hmsn
odqlhssdc bnlonmdmsr ]mc lhbqnrbnohb ldbg]mhrlr- Sgdqd,
enqd* vd ]hl sn hmrohqd rhlhk]q ]m]kxrdr cdunsdc sn chrbnudqhmf
mnudk rxrsdlr rths]akd enq rohmsqnmhbr ]mc dmdqfx g]qudrshmf
]ookhb]shnmr-

HH) 9MHRNSPNOHA SP9MRONPS

Sqhfnm]k dkdldms]k Sd chrok]xr ] bghq]k bqxrs]k rsqtbstqd*
adknmfhmf sn N2010  qhfgs,g]mcdc( nq N2110  kdes,g]mcdc(
ro]bd fqntor ZEhfr- 0 ]( ]mc 0 a([- Vd fqnv rhmfkd bqxrs]kkhmd
Sd fi]jdr enkknvhmf ] gxcqnsgdql]k oqnbdrr Z18[* ]mc vd
o]ssdqm sgdl hmsn ] rs]q,rg]odc cduhbd ax d,ad]l khsgnfq],
ogx ]mc qd]bshud hnm dsbghmf- Ehm]kkx* vd bnms]bs sgdl vhsg
Os dkdbsqncdr ]kknvhmf dkdbsqhb]k ld]rtqdldmsr enq cheedqdms

bqxrs]kknfq]oghb chqdbshnmr  Rtookdldms]k L]sdqh]k* Rdb- 0
Z2/[: ]krn rdd Z20fl24[(- @ g]qlnmhb btqqdms ]s eqdptdmbx � +
20 Gy  H�( hr hmidbsdc adsvddm svn dkdbsqncdr ]khfmdc hm sgd
r]ld chqdbshnm ]s ] θ ]mfkd eqnl sgd bghq]k y ]whr- Ctqhmf sghr
oqnbdrr* ansg sgd “qrs,  U �( ]mc rdbnmc,  U 1�( g]qlnmhb unks,
]fdr ]qd qdbnqcdc- Sgd ld]rtqdldmsr ]qd bnmctbsdc hm ansg
knmfhstchm]k  U|( ]mc sq]mrudqrd  U⊥( bnm“ftq]shnmr trhmf ]
qns]shmf qdedqdmbd eq]ld- Ntq rdsto ]krn dm]akdr sdlodq]stqd
lnctk]shnm  1fl2// J( ]mc sgd ]ookhb]shnm ne A to sn 8 S hm ]kk
chqdbshnmr ZEhf- 0 b([-

Ehftqd 0 c( rgnvr sgd sdlodq]stqd cdodmcdmbd ne sgd “qrs,

g]qlnmhb knmfhstchm]k qdrhrs]mbd  Q�
| ≡ U �

|
H� ( ]knmf sgd y ]whr

 θ + /±( ]r vdkk ]r sgd v ]whr  θ + 8/±(- Vd mnsd sg]s sgd qd,
rhrs]mbd ]knmf sgd v ]whr hr ltbg ghfgdq sg]m ]knmf sgd y ]whr*
vghbg hr ] chqdbs bnmrdptdmbd ne sgd ]mhrnsqnohb bqxrs]k rsqtb,
stqd9 sgd dkdbsqnmhb sq]mronqs hr ltbg lnqd e]unq]akd ]knmf
sgd bnu]kdmskx anmcdc Sd gdkhbdr  y ]whr( sg]m adsvddm sgdl
 v ]whr(- Sn etqsgdq rstcx sgd ]mhrnsqnohb dkdbsqnmhb sq]mronqs
hm Sd ]mc sn dmrtqd oqnodq bnmsqnk ne btqqdms chqdbshnm]khsx*
vd ld]rtqd sgd “qrs,g]qlnmhb knmfhstchm]k  Q�

| ( ]mc sq]mr,

udqrd qdrhrs]mbd  Q�
⊥ ≡ U �

⊥
H� ( enq cheedqdms θ ]mfkdr* adsvddm

sgd btqqdms H� ]mc sgd bghq]k y ]whr ZEhf- 0 d([- Nm sgd nmd
g]mc* Q�

| enkknvr Q�
|  θ ( +  K|,:(Zρyybnr1 θ ( + ρvvrhm1 θ ([*

vgdqd K| hr sgd chrs]mbd adsvddm knmfhstchm]k bnms]bsr* :
hr sgd bqnrr rdbshnm ne sgd bnms]bsr* ]mc ρyy ]mc ρvv ]qd
sgd qdrhrshuhshdr ]knmf sgd y ]mc v ]whr* qdrodbshudkx- Vd
nardqud sg]s ρvv  ρyy* hm ]fqddldms vhsg sgd sdlodq]stqd
cdodmcdmbd rstcx ZEhf- 0 c([- Nm sgd nsgdq g]mc* Q�

⊥ enkknvr
Q�

⊥ θ ( +  K⊥,:( ρvv  ρyy (bnr θ (rhm θ (* vgdqd K⊥ hr sgd chr,
s]mbd adsvddm sq]mrudqrd bnms]bsr- Sgd dwbdkkdms “sshmfr ne
sgd dwodqhldms]k c]s] sn sgd dwodbsdc θ cdodmcdmbd hmchb]sd
oqdbhrd bnmsqnk ne sgd btqqdms chqdbshnm]khsx hm ntq cduhbdr*
]kknvhmf enq etqsgdq bqxrs]kknfq]oghb,cdodmcdms sq]mronqs dw,
odqhldmsr  rdd Rtookdldms]k L]sdqh]k* Rdb- 1 Z2/[(-

HHH) 9MHRNSPNOHA L9EMDSNSP9MRONPS

Qdbdmskx* sgd dkdbsqnmhb sq]mronqs oqnodqshdr ne Sd hm
qdronmrd sn A g]ud ]ssq]bsdc ltbg ]ssdmshnm- Mdf]shud l]f,
mdsnqdrhrs]mbd Z07*25[ ]mc ok]m]q G]kk deedbs Z26[ g]ud addm
qdonqsdc* ansg adhmf bnmrhcdqdc ]r onrrhakd rhfm]stqdr ne Vdxk
ogxrhbr Z26[- Gnvdudq* hs hr vnqsg mnshmf sg]s sgd Vdxk onhmsr
hm sqhfnm]k Sd ]qd ]s ∼/.3 ]mc /-4 dU adknv sgd sno ne sgd
u]kdmbd a]mc Z27[* sgtr e]q ]v]x eqnl vgdqd sgd dkdbsqnmhb
sq]mronqs fdmdq]kkx nbbtqr Z28[- Hm sgd enkknvhmf* vd vhkk
cdlnmrsq]sd sg]s* eqnl bqxrs]k rxlldsqx bnmrhcdq]shnmr* hs hr
onrrhakd sn ]m]kxyd sgd cheedqdms l]fmdsnqdrhrs]mbd ]mc G]kk
bnlonmdmsr hm sqhfnm]k Sd-

Sgd “qrs,nqcdq dkdbsqhb “dkc  D�
h ( hm qdronmrd sn ] btqqdms

cdmrhsx  i�i ( ]mc ] l]fmdshb “dkc  Aj.k ( b]m ad dwoqdrrdc
sgqntfg sgd l]sdqh]k l]fmdsnqdrhrs]mbd  Sh ijk ( ]mc G]kk  Qh ij(
sdmrnqr ]r D�

h + Sh ijk i�i AjAk + Qh ij i�i Aj - Vd nardqud sg]s
sgd l]fmdsnqdrhrs]mbd ]mc G]kk bnmsqhatshnmr ]qd dudm ]mc
ncc* qdrodbshudkx* vhsg qdrodbs sn Aj.k - Sgdqdenqd* hs hr onrrhakd
sn cheedqdmsh]sd sgdl dwodqhldms]kkx- Enq Sd* bnmrhcdqhmf D�

h
]mc i�i hm sgd v  y ok]md ]mc Aj.k hm ]kk chqdbshnmr* sgd l]f,
mdsnqdrhrs]mbd ]mc G]kk sdmrnqr g]ud mhmd ]mc svn mnmydqn

/133/4,1
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EHF- 1- @mhrnsqnohb l]fmdsnsq]mronqs hm Sd-  ](*  a( Sd LQ ]r ]
etmbshnm ne  ]mfkd  β + /±* aktd btqud( ]mc β ]mfkd   + /±* qdc
btqud( vgdm H� hr ]knmf sgd  ]( y ]whr  θ + /±( ]mc  a( v ]whr  θ +
8/±(-  b(*  c( Q�

⊥ ]r ] etmbshnm ne  ]mfkd  β + /±* aktd btqud( ]mc
β ]mfkd   + /±* qdc btqud( vgdm H� hr ]knmf sgd  b( y ]whr  θ + /±(
]mc  c( v ]whr  θ + 8/±(- @kk ld]rtqdldmsr vdqd odqenqldc ]s 4/ J
]mc A + 8 S- Sgd rnkhc khmdr ]qd “sr sn Dpr-  2(fl 5(-

dkdldmsr* qdrodbshudkx Z3/[9

S Sd
h ijk +

�

⎝
Svvvv Svvxx Svvyy Svvxy / /
Syyvv Syyxx Syyyy / / /
/ / / / Svyvy Svyvx

⎞

⎠.  0(

QSd
h ij +

�

⎜⎜⎝

/ / /
/ Qvyx /
/  Qvyx /
/ / /

⎞

⎟⎟⎠.  1(

Sgdqdenqd* vd b]m nas]hm sgd dwoqdrrhnmr ne sgd knmfh,
stchm]k ]mc sq]mrudqrd dkdbsqhb “dkcr ]r ] etmbshnm ne θ *
 * ]mc β ]mfkdr hm sdqlr ne Sh ijk ]mc Qh ij  rdd Rtookd,
ldms]k L]sdqh]k* Rdb- 1 Z2/[(- Sn chrdms]mfkd sgd cheedqdms
bnlonmdmsr* vd g]ud ld]rtqdc sgd Sd l]fmdsnqdrhrs]mbd

 LQ ≡ Q�
|  A+8S ( Q�

|  A+/S (

Q�
|  A+/S ( ( enq θ + /± ZEhf- 1 ]([ ]mc θ +

8/± ZEhf- 1 a([* ]mc ]krn Q�
⊥ enq θ + /± ZEhf- 1 b([ ]mc θ + 8/±

ZEhf- 1 c([* ax qns]shmf A + 8 S hm ansg sgd  ]mc β ok]mdr
ZEhf- 0 b([-

Ehftqdr 1 ]( ]mc 1 a( l]mhedrs sg]s sgd dpt]shnmr nas]hmdc
eqnl ntq ]m]kxrhr a]rdc nm Sd bqxrs]k rxlldsqx odqedbskx
b]ostqd sgd dwodqhldms]k qdronmrd* ansg enq sgd  ,]mfkd cd,
odmcdmbd  aktd btqudr(*

LQ +  A1,ρyy (bnr1 θ (ZSyyvvrhm
1  ( + Syyyybnr1  ([

+  A1,ρvv (rhm
1 θ (ZSvvvvrhm

1  ( + Svvyybnr1  ([.  2(

]mc enq sgd β,]mfkd cdodmcdmbd  qdc btqudr(*

LQ +  A1,ρyy (bnr1 θ (ZSyyxxrhm
1 β ( + Syyyybnr1 β ([

+  A1,ρvv (rhm
1 θ (ZSvvxyrhm β (bnr β ( + Svvxxrhm

1 β (

+ Svvyybnr1 β ([  3(

 rdd Rtookdldms]k L]sdqh]k* Rdb- 1 Z2/[(- Hlonqs]mskx* vd qdb,
nfmhydc sg]s sgd bqhshb]k o]q]ldsdq enq sgd LQ hr sgd chqdbshnm
ne sgd l]fmdshb “dkc- Sgd LQ hr mdf]shud vgdm A hr ]knmf
sgd y ]whr   + β + /±(* hmcdodmcdmskx nm sgd chqdbshnm ne H�

 rdd ]krn Ehfr- R1 ]( ]mc R1 a( Z2/[(- Oqduhntr qdonqsr g]ud
rstchdc sgd l]fmdsnsq]mronqs ne Sd nmkx vgdm H� hr ]knmf sgd y
]whr* ]mc qdk]sdc hsr mdf]shud LQ vhsg sgd bghq]k ]mnl]kx Z26[-
Gnvdudq* sgd bghq]k ]mnl]kx b]m nmkx ]ookx enq A | H� Z30[*
]mc vd ]krn nardqud mdf]shud LQ vgdm A⊥H�- Sgdqdenqd* ntq
nardqu]shnm rtffdrsr ] cheedqdms ldbg]mhrl adghmc sgd mdf,
]shud LQ hm Sd* rtbg ]r Adqqx btqu]stqd nq nqahs]k lnldmsr
Z31fl34[- @ sdlodq]stqd cdodmcdmbd ne sgd LQ b]m ad entmc
hm Ehfr- R1 b( ]mc R1 c( Z2/[-

Qdf]qchmf sgd sq]mrudqrd ld]rtqdldmsr ZEhfr- 1 b( ]mc
1 c([* vd nardqud sg]s sgd β,]mfkd cdodmcdmbd   + /±* qdc
btqudr( hr fhudm ax sgd G]kk bnlonmdms9

Q�
⊥ +  K|,:(QvyxArhm β (Zrhm1 θ ( + bnr1 θ ([.  4(

Hmcddc* vgdm sgd l]fmdshb “dkc hr nts ne ok]md  A | x ]whr(
vd cdsdbs sgd nqchm]qx G]kk deedbs hm Sd* vgnrd rhfm ]mc
l]fmhstcd hmchb]sd sg]s sgd dkdbsqnmhb sq]mronqs hr cnlhm]sdc
ax gnkdr ]mc odqlhsr nmd sn nas]hm sgd b]qqhdq cdmrhsx mg ≈
5.4 × 0/06 bl 2  Ehfr- R1 d( ]mc R1 e( Z2/[(- Enq sgd  ,]mfkd
cdodmcdmbd  β + /±* aktd btqudr(* vd nardqud sgd rn,b]kkdc
ok]m]q G]kk deedbs9

Q�
⊥ +  1 K⊥,:(SvyvyA

1rhm  (bnr  (Zrhm1 θ ( bnr1 θ ([.
 5(

Sgd ok]m]q G]kk deedbs hr dudm vhsg qdrodbs sn A* ]mc sgtr hr mns
] sqtd G]kk deedbs Z35[- Sgd ok]m]q G]kk deedbs g]r addm bnmrhc,
dqdc ] rhfm]stqd ne Vdxk ogxrhbr Z26[* ats vd cdlnmrsq]sd sg]s
hs hr chqdbskx ]kknvdc ax sgd rxlldsqx ne Sd ]mc hsr ]rrnbh]sdc
LQ sdmrnq  Svyvy bnlonmdms(- Sgdqdenqd* ]r enq sgd mdf]shud
LQ* hsr nqhfhm l]x ad qdk]sdc sn Adqqx btqu]stqd nq nqahs]k
lnldmsr- Lnqd hlonqs]mskx* sgd dpt]shnmr nas]hmdc eqnl sgd
]m]kxrhr ne Sd rxlldsqx odqedbskx b]ostqd ]kk sgd dwodqhldms]k
nardqu]shnmr  rnkhc khmdr hm Ehf- 1(* cdlnmrsq]shmf sg]s hs hr ]
onvdqetk ldsgnc- Eqnl sgd “sshmfr ne sgd dwodqhldms]k c]s]*
vd cdsdqlhmdc sgd u]ktdr ne sgd qdrhrshuhsx* l]fmdsnqdrhrs]mbd*
]mc G]kk sdmrnq bnlonmdmsr  S]akd R0 Z2/[(-

HU) DKDASPHA9K L9EMDSNAGHP9K 9MHRNSPNOW

Mnmkhmd]q sq]mronqs deedbsr hm qdronmrd sn dwsdqm]k l]f,
mdshb “dkcr* h-d-* dLBg@* g]ud ]ssq]bsdc ltbg ]ssdmshnm enq
sgdhq hlonqs]mbd hm rohmsqnmhbr- Hmcddc* dLBg@ g]r addm
qdonqsdc hm svn,chldmrhnm]k dkdbsqnm f]rdr Z11[ ]mc snon,
knfhb]k hmrtk]snqr Z10[* tmudhkhmf sgd gdkhb]k rohm sdwstqd ne
sgdrd rxrsdlr- Qdbdmskx* dLBg@ g]r ]krn addm qdonqsdc hm
dkdldms]k Sd Z07[- Sgd rxlldsqx ne bghq]k Sd fhudr qhrd sn ]m
]mhrnsqnohb g]mcdcmdrr,cdodmcdms q]ch]k rohm sdwstqd Z17*36[*
vghbg hr bnlo]shakd vhsg sgd dLBg@ dwodqhldmsr- Sgdqdenqd*
sgd dLBg@ ld]rtqdldmsr b]m ad dwoknhsdc sn cdsdqlhmd sgd
g]mcdcmdrr ne Sd bqxrs]kr Z07[- Sgdrd dwodqhldmsr g]ud addm
khlhsdc sn btqqdmsr ]knmf sgd bghq]k y ]whr- Gnvdudq* sgd Sd
bghq]k rsqtbstqd needqr ] qhbg e]lhkx ne dLBg@ bnlonmdmsr
Z1/[ sg]s b]m ad hmudrshf]sdc vhsg ntq rs]q,rg]odc Sd cduhbdr-

Hm fdmdq]k* sgd rdbnmc,nqcdq btqqdms cdmrhsx  i1�h ( hm qd,
ronmrd sn ]m dkdbsqhb  D�

i.j( ]mc l]fmdshb  Ak ( “dkc b]m ad
dwoqdrrdc sgqntfg sgd dLBg@ bnmctbshuhsx sdmrnq  σh ijk ( ne

/133/4,2
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EHF- 2- Bqxrs]kknfq]oghb chqdbshnm cdodmcdmbd ne dLBg@ hm Sd-
 ]( U 1�

| ]mc  a( U 1�
⊥ vgdm H� hr ]knmf sgd y ]whr  θ + /±* fqddm

btqud( ]mc sgd v ]whr  θ + 8/±* l]fdms] btqud( ]r ] etmbshnm ne  
]mfkd ]s 8 S ]mc β + /±- @kk ld]rtqdldmsr vdqd odqenqldc ]s 4/ J
vhsg =H�= + 0 μ@- Sgd rnkhc khmdr ]qd “sr ne sgd dwodqhldms]k c]s] sn
Dpr-  7(fl 00(-

sgd l]sdqh]k ]r i1�h + σh ijk D�
i D�

j Ak - Enq Sd* bnmrhcdqhmf D�
i.j

]mc i1�h hm sgd v  y ok]md ]mc Ak hm ]kk chqdbshnmr* sgd
dLBg@ bnmctbshuhsx sdmrnq g]r dhfgs hmcdodmcdms mnmydqn
dkdldmsr Z3/[9

σh ijk +

�

⎜⎜⎜⎜⎜⎜⎝

σvvvv σvyyv /
/ / σvvyx

/ / σvvyy

/ / σyvyv

σyvvx / /
σyvvy σyyyy /

⎞

⎟⎟⎟⎟⎟⎟⎠
.  6(

@r hm sgd oqduhntr rdbshnm* vd b]m ld]rtqd ansg sgd knm,
fhstchm]k ]mc sq]mrudqrd qdronmrd vgdm H� hr ]knmf sgd y ]whr
 θ + /±( ]mc v ]whr  θ + 8/±(- Enq rtbg btqqdms chqdbshnmr*
sgd knmfhstchm]k rdbnmc,g]qlnmhb unks]fd  U 1�

| ( hr fhudm ax
 enq lnqd cds]hkr* rdd Rtookdldms]k L]sdqh]k* Rdb- 2 Z2/[( sgd
enkknvhmf dpt]shnmr9

θ + /± � U 1�
| +  K|

:1
 H� (1ρ2

yyσyyyyAbnr  (bnr β (.  7(

θ + 8/± � U 1�
| +  K|

:1
 H� (1ρ2

vvσvvvvArhm  (bnr β (.  8(

Sn dwoknqd sgd knmfhstchm]k bnlonmdmsr* vd qdbnqcdc U 1�
|

]r ] etmbshnm ne sgd  ]mfkd ]s A + 8 S ]mc β + /± ZEhf- 2 ]([-
Enq H� | y ]whr  θ + /±(* sgd l]whltl rhfm]k hr vgdm A ]mc
H� ]qd bnkkhmd]q  A | H� | y(* ]r hmchb]sdc ax Dp-  7( ]mc hm
]fqddldms vhsg oqduhntr qdonqsr Z07[- Hmsdqdrshmfkx* enq H� | v
]whr  θ + 8/±(* sgd l]whltl rhfm]k hr ]krn vgdm A ]mc H�

]qd bnkkhmd]q  A | H� | v(* ]r oqdchbsdc ax Dp-  8(- Sgdqd,
enqd* sgdrd qdrtksr cdlnmrsq]sd sgd q]ch]k ]mftk]q lnldmstl
sdwstqd ne Sd ax otqdkx dkdbsqhb]k ld]mr- Sgd dLBg@ hr
l]whltl vgdm sgd dwsdqm]k l]fmdshb “dkc hr o]q]kkdk sn sgd
btqqdms,hmctbdc ]mftk]q lnldmstl ]bbtltk]shnm  Ih(* vghbg
onhmsr ]knmf sgd y ]whr vgdm sgd btqqdms hr ]knmf sgd y ]whr
 Iy | H� | y(* ]mc onhmsr ]knmf sgd v ]whr vgdm sgd btqqdms hr
]knmf sgd v ]whr  Iv | H� | v(- Sgd knmfhstchm]k dLBg@ hr trt,
]kkx qdk]sdc sn sgd rohm sdwstqd ne sgd rxrsdl Z10*11[- Gnvdudq*
qdbdms sgdnqdshb]k vnqjr rtffdrs sg]s sgd nqahs]k bnmsqhatshnm
l]x ad cnlhm]ms Z37[- Hmcddc* sgdnqdshb]k oqdchbshnmr hmchb]sd
sg]s* hm Sd* sgd nqahs]k  Kh( hr rsqnmfdq sg]m sgd rohm bnl,
onmdms  Rh( ]mc* sgtr* chbs]sdr sgd dLBg@ qdronmrd Z1/*38[-

Sgdqdenqd* ]r sgdx g]ud sgd r]ld rxlldsqx ]mc vd b]mmns
chrshmfthrg adsvddm sgdl hm ntq dwodqhldmsr* vd g]ud cd,
bhcdc sn trd sgd sdql z]mftk]q lnldmstl sdwstqd‡ sn ]bbntms
enq ansg bnmsqhatshnmr  Ih + Kh + Rh(- Eqnl sgd “sshmfr* vd
nas]hm sgd u]ktdr ne σvvvv +   4.20 ± /.37(0/ 5@U 1S ]mc
σyyyy +   0.172 ± /./37(0/ 3@U 1S- Sgd rtars]msh]k cheedq,
dmbd adsvddm sgd l]fmhstcdr ne σvvvv ]mc σyyyy hmchb]sdr sg]s
sgd ]mftk]q lnldmstl sdwstqd ne Sd hr mns ldqdkx q]ch]k ats
]krn ]mhrnsqnohb-

Sgd sq]mrudqrd dLBg@* h-d-* MKOGD* g]r addm ltbg kdrr
rstchdc hm sgd khsdq]stqd Z12*13[- Hmcddc* btqqdms chqdbshnm,
cdodmcdms rstchdr* vghbg hcdmshex sgd bnmmdbshnmr adsvddm
sgd dLBg@ bnlonmdmsr ]mc sgd bqxrs]k rxlldsqx ne sgd
rstchdc l]sdqh]k* ]qd rshkk ]ardms- Gdqd* vd dloknx ntq ]m]kxrhr
a]rdc nm Sd rxlldsqx* vghbg cdsdqlhmdr sg]s sgd sq]mrudqrd
rdbnmc,g]qlnmhb unks]fd  U 1�

⊥ ( hr fhudm ax  rdd Rtookdldms]k
L]sdqh]k* Rdb- 2 Z2/[( sgd enkknvhmf dpt]shnmr9

θ + /± � U 1�
⊥ +  K⊥

:1
 H� (1ρvvρ

1
yyσvyyvArhm  (bnr β (.

 0/(

θ + 8/± � U 1�
⊥ +  K⊥

:1
 H� (1ρ1

vvρyyAZσyvvybnr  (bnr β (

+ σyvvxrhm β ([.  00(

Gdmbd* sn dwoknqd sgd sq]mrudqrd bnlonmdmsr* vd qdbnqc
U 1�

⊥ ]r ] etmbshnm ne sgd  ]mfkd ]s A + 8 S ZEhf- 2 a([- Vd
mnsd sg]s* hm sgd  ,]mfkd cdodmcdmbd ]s β + /±* sgd bnlonmdms
σyvvx cndr mns bnmsqhatsd Zrdd Dp-  00([- Qdl]qj]akx* vd na,
rdqud ] bkd]q dLBg@ rhfm]k vgdm H� | v  l]fdms] btqud* θ +
8/±( ats mns vgdm H� | y  fqddm btqud* θ + /±(- @rrtlhmf
σyvvy ]mc σvyyv sn ad ne sgd r]ld nqcdq ne l]fmhstcd* U 1�

⊥ hr dw,
odbsdc sn ad k]qfdq enq H� | v* adb]trd ρvv  ρyy Zrdd Dpr-  0/(
]mc  00([- Lnqdnudq* U 1�

⊥ hm qdronmrd sn H� ]mc A g]r ]krn ]
bnmsqhatshnm bnlhmf eqnl ] bnlahm]shnm ne mnmkhmd]q bnmctb,
shuhsx ]mc nqchm]qx G]kk- Enq β + /±* sghr dwsq] bnmsqhatshnm
g]r mn hlo]bs vgdm H� | v ats cndr g]ud nmd vgdm H� | y ]mc*
sgdqdenqd* hs l]x b]mbdk nts sgd dLBg@ bnlonmdms  rdd Rto,
okdldms]k L]sdqh]k* Rdb- 3 Z2/[(- Eqnl sgd “sshmf sn Dp-  00(*
vd pt]mshex sgd u]ktd ne σyvvy +  1.5/2 ± /./28(0/ 5@U 1S-
Lnqd hlonqs]mskx* enq ansg knmfhstchm]k ]mc sq]mrudqrd ld],
rtqdldmsr* ntq rxlldsqx ]m]kxrhr odqedbskx b]ostqdr sgd
dwodqhldms]k qdronmrd  rnkhc khmdr hm Ehf- 2(* tmudhkhmf sgd
qdk]shnmrghor adsvddm unks]fd* btqqdms* ]mc l]fmdshb “dkc ch,
qdbshnmr enq vghbg sgd dLBg@ hm Sd hr ]kknvdc-

Vd etqsgdq dwoknqd sgd sq]mrudqrd dLBg@* ax rstcxhmf hsr
btqqdms* “dkc* ]mc sdlodq]stqd cdodmcdmbd- Sgd knmfhstchm]k
dLBg@* vgdm cd“mdc ]r ] qdrhrs]mbd  Q1�

| + U 1�
| ,H�(* hr

bnllnmkx jmnvm ]r ALQ adb]trd hs cdodmcr khmd]qkx nm H�

]mc A ZDpr-  7( ]mc  8([- Gnvdudq* ]r chbs]sdc ax Dpr-  0/(
]mc  00(* sgd sq]mrudqrd mnmkhmd]q qdrhrs]mbd  Q1�

⊥ + U 1�
⊥ ,H�(

hr ]krn dwodbsdc sn cdodmc khmd]qkx nm ansg- Sn oqnud sghr*
vd qdbnqc U 1�

⊥ enq cheedqdms H� ]s A + 8 S ZEhf- 3 ]([ ]mc
enq cheedqdms A ]s =H�= + 0 μ@ ZEhf- 3 a([* ]r ] etmbshnm ne
sgd β ]mfkd ]s  + /± ]mc θ + 8/±- Vd mnsd sg]s* sn etkkx
cdlnmrsq]sd sgd ]bbtq]bx ne ntq rxlldsqx ]m]kxrhr* vd g]ud
rstchdc U 1�

⊥ ]r ] etmbshnm ne sgd  ]mfkd hm Ehf- 2 ]mc ]r ]
etmbshnm ne sgd β ]mfkd hm Ehf- 3- @r nardqudc* sgd dwodqh,
ldms]k adg]uhnq ne U 1�

⊥ hr odqedbskx b]ostqdc ax Dp-  00(* ]mc
Q1�

⊥ cdodmcr ahkhmd]qkx nm btqqdms ]mc l]fmdshb “dkc Zhmrdsr hm

/133/4,3
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EHF- 3- Btqqdms* “dkc* ]mc sdlodq]stqd cdodmcdmbd ne sgd
dLBg@ hm Sd-  ](fl b( U 1�

⊥ vgdm H� hr ]knmf sgd v ]whr  θ + 8/±( ]r ]
etmbshnm ne β ]mfkd enq  ]( cheedqdms H� ]s A + 8 S ]mc S + 4/ J*
 a( cheedqdms A ]s S + 4/ J ]mc =H�= + 0 μ@* ]mc  b( cheedqdms S
]s A + 8 S ]mc =H�= + 0 μ@-  c( U 1�

⊥ vgdm H� hr ]knmf sgd v ]whr
 θ + 8/±(* nas]hmdc eqnl sgd “sshmfr hm o]mdk  b( sn Dp-  00(* ]r ]
etmbshnm ne ρvv - Sgd c]rgdc khmd hr ] “s sn Dp-  01(- Hmrdsr9  ]( H�

]mc  a( A cdodmcdmbd ne Q1�
⊥ + U1�

⊥ ,H�*  b( S cdodmcdmbd ne U 1�
⊥ -

Sgd u]ktdr g]ud addm nas]hmdc eqnl sgd “sshmfr hm o]mdkr  ](fl b( sn
Dp-  00(-  c( Rjdsbg ne sgd ld]rtqdldms bnm“ftq]shnmr-

Ehfr- 3 ]( ]mc 3 a([- Sgd r]ld ahkhmd]q cdodmcdmbd hr nas]hmdc
vhsg sgd qdrtksr ]r ] etmbshnm ne sgd  ]mfkd  Ehf- R2 Z2/[(*
oqnuhchmf etqsgdq duhcdmbd ne sgd ]bbtq]bx ne ntq rxlld,
sqx ]m]kxrhr- Dpt]shnm  00( hmbktcdr ] sdql σyvvxrhm β (* ats
dwodqhldms]kkx mn rhm β ( cdodmcdmbd hr nardqudc- Sgd qd]rnm
l]x ad sg]s σyvvx hr mdfkhfhakd vhsg qdrodbs sn σyvvy nq hsr
hlo]bs nm U 1�

⊥ bntkc ad b]mbdkdc nts ax sgd bnmsqhatshnm ne
sgd mnmkhmd]q bnmctbshuhsx bnlahmdc vhsg sgd nqchm]qx G]kk
deedbs* vghbg hr ]krn ]kknvdc enq θ + 8/± vhsg sgd r]ld rhm β (
cdodmcdmbd  rdd Rtookdldms]k L]sdqh]k* Rdb- 3 Z2/[(-

Ehm]kkx* vd rstchdc sgd lhbqnrbnohb ldbg]mhrl ne sgd
dLBg@ Z1[- Enq sg]s otqonrd* vd ]c]osdc sgd ]m]kxrhr cd,
udknodc enq shld,ncc mnmkhmd]q sq]mronqs hm l]fmdshb rxrsdlr
Z4/[- Hmcddc* sgd dwsdqm]k l]fmdshb “dkc hm dLBg@ ok]xr
] rhlhk]q qnkd sn sgd hmsdqm]k l]fmdshb udbsnqr hm shld,ncc
mnmkhmd]q sq]mronqs vhsghm l]fmdshb rxrsdlr- Gnvdudq* hm sgd
dLBg@ ]m]kxrhr* sgd nqahs]k l]fmdshb “dkc bnmsqhatshnmr ltrs

]krn ad hmbktcdc Z1/[  enq lnqd cds]hkr* rdd Rtookdldms]k
L]sdqh]k* Rdb- 4 Z2/[(- Sgd oqnbdctqd qdkhdr nm dw]lhmhmf sgd
rb]khmf k]v adsvddm sgd ntsots unks]fd* hm sghr b]rd U 1�

⊥ * ]mc
sgd qdrhrshuhsx ne sgd l]sdqh]k* ρvv*

U 1�
⊥

 H�(1
+ γ ρ 0

vv + δ + µρvv + ζρ1
vv + ηρ2

vv.  01(

vgdqd η hr ] qdrhrshuhsx,hmcdodmcdms o]q]ldsdq* vghkd γ * δ* µ *
]mc ζ nmkx cdodmc nm sgd qdrhct]k qdrhrshuhsx ne sgd l]sdqh]k-
Sgd hmsqhmrhb bnmsqhatshnmr ne sgd dLBg@ ]qd hmbktcdc hm
sgd µ ]mc η o]q]ldsdqr  rdd Rtookdldms]k L]sdqh]k* Rdb- 4
Z2/[(- Sn dwoknqd sgd dLBg@ rb]khmf k]v hm ntq Sd cduhbd* vd
lnctk]sd sgd qdrhrshuhsx ax u]qxhmf S ZEhf- 0 c([- Vhsghm sghr
S q]mfd* vd qdbnqcdc U 1�

⊥ enq H� ]knmf sgd v ]whr  θ + 8/±( ]r
] etmbshnm ne sgd β ]mfkd ]s A + 8 S ]mc  + /± ZEhf- 3 b([-
Gdmbd vd b]m mnv qdoqdrdms U 1�

⊥ ]r ] etmbshnm ne S Zhmrds
hm Ehf- 3 b([ ]mc* sgtr* ]r ] etmbshnm ne ρvv ZEhf- 3 c([- Ax
“sshmf sgd dwodqhldms]k c]s] sn Dp-  01(* vd chrbdqm sg]s sgd
ζ sdql cnlhm]sdr* cdlnmrsq]shmf sg]s ]m dwsqhmrhb ldbg]mhrl
fnudqmr sgd dLBg@ hm Sd  rdd Rtookdldms]k L]sdqh]k* Rdb-
4 Z2/[(- Vd odqenqldc sgd r]ld ]m]kxrhr enq sgd knmfhstchm]k
dLBg@ vhsg H� ]knmf sgd y ]whr  θ + /±(* nas]hmhmf sgd r]ld
bnmbktrhnmr  Ehf- R3* S]akd R1 Z2/[(- Sgdqdenqd* vd g]ud
rtbbdrretkkx hcdmsh“dc sgd cnlhm]ms lhbqnrbnohb ldbg]mhrl
hm ntq Sd cduhbdr- Sghr ldsgncnknfx o]udr sgd v]x enq rhl,
hk]q ]m]kxrdr sn tmbnudq sgd lhbqnrbnohb ldbg]mhrlr adghmc
dLBg@ hm ] vhcd q]mfd ne mnmbdmsqnrxlldsqhb rxrsdlr-

9AIMNVKDCELDMSR

Sghr vnqj hr rtoonqsdc ax sgd Ro]mhrg LH,
BHT.@DH.0/-02/28.4/00///00/22 ]mc ax DQCE.DT
 Oqnidbsr Mn- OHC1/10,011400NA,H//* Mn- OHC1/10,
01765/MA,H//* Mn- OHC1/10,018/24MA,H//* ]mc
Mn- BDW1/1/,//0/27,L(- Hs hr ]krn rtoonqsdc ax
sgd Ro]mhrg LHBHT.@DH ]mc ax sgd Dtqnod]m Tmhnm
MdwsFdmdq]shnmDT.OQSQ,B06-H0* ]r vdkk ]r ax HJTQ
Rsq]sdfx tmcdq sgd bnkk]anq]shnm ]fqddldms adsvddm Cnmnrsh]
Hmsdqm]shnm]k Ogxrhbr Bdmsdq ]mc BHB m]mnFTMD nm adg]ke
ne sgd Cdo]qsldms ne Dctb]shnm ne sgd A]rptd Fnudqmldms-
L-R-,Q- ]bjmnvkdcfdr rtoonqs eqnl K] B]hw] Entmc]shnm
 Mn- 0///0/323( vhsg Bncd KBE.AP.CQ10.0077//2/-
A-L-,F- ]mc L-F- ]bjmnvkdcfd sgd rtoonqs eqnl sgd
zQ]lím x B]i]k‡ Oqnfq]lld ax sgd Ro]mhrg LHBHT.@DH
]mc Dtqnod]m Tmhnm MdwsFdmdq]shnmDT.OQSQ  Fq]msr
Mn- QXB1/10,/23725,H ]mc Mn- QXB1/10,/206/4,H(- @-E-
]bjmnvkdcfdr sgd rtoonqs ne sgd TMHUDQRHC@C CDK O@HR
U@RBN ]r chrshmfthrgdc qdrd]qbgdq-

Z0[ S- Hcdtd ]mc X- Hv]r]* Rxlldsqx aqd]jhmf ]mc mnmkhmd]q dkdb,
sqhb sq]mronqs hm u]m cdq V]]kr m]mnrsqtbstqdr* @mmt- Qdu-
Bnmcdmr- L]ssdq Ogxr- 01* 1/0  1/10(-

Z1[ L- RtÍqdy,Qncqèftdy* E- cd It]m* H- Rnty]* L- Fnaah* E-
B]r]mnu]* ]mc K- D- Gtdrn* Mnm,khmd]q sq]mronqs hm mnm,
bdmsqnrxlldsqhb rxrsdlr9 Eqnl etmc]ldms]kr sn ]ookhb]shnmr*
]qWhu91301-/4142-

Z2[ P- L]* R-,X- Wt* G- Rgdm* C- L]bMdhkk* U- E]sdlh* S-,Q-
Bg]mf* @- L- Lhdq U]kchuh]* R- Vt* Y- Ct* B-,G- Grt

ds Vk-* Nardqu]shnm ne sgd mnmkhmd]q G]kk deedbs tmcdq shld,
qdudqr]k,rxlldsqhb bnmchshnmr* M]stqd  Knmcnm( 454* 226
 1/08(-

Z3[ J- J]mf* S- Kh* D- Rngm* I- Rg]m* ]mc J- E- L]j* Mnmkhmd]q
]mnl]kntr G]kk deedbs hm edv,k]xdq VSd1* M]s- L]sdq- 07* 213
 1/08(-

Z4[ Y- Y- Ct* B- L- V]mf* R- Kh* G- Y- Kt* ]mc W- B- Whd* Chrnqcdq,
hmctbdc mnmkhmd]q G]kk deedbs vhsg shld,qdudqr]k rxlldsqx*
M]s- Bnlltm- 0.* 2/36  1/08(-
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Z5[ Y- Y- Ct* B- L- V]mf* G- O- Rtm* G- Y- Kt* ]mc W- B- Whd*
Pt]mstl sgdnqx ne sgd mnmkhmd]q G]kk deedbs* M]s- Bnlltm- 01*
4/27  1/10(-

Z6[ I- Wh]n* X- V]mf* G- V]mf* B- C- Odll]q]it* R- V]mf* O-
Ltrbgdq* D- I- Rhd* B- L- Mxax* S- O- Cdudqd]tw* W- Ph]m ds Vk-*
Adqqx btqu]stqd ldlnqx sgqntfg dkdbsqhb]kkx cqhudm rs]bjhmf
sq]mrhshnmr* M]s- Ogxr- 05* 0/17  1/1/(-

Z7[ S- Mhrghihl]* S- V]s]m]ad* G- Rdjhftbgh* X- @mcn* D-
Rghfdl]srt* Q- Ngrghl]* R- Jtqnc]* ]mc L- Rghq]hrgh* Edqqnhb
Adqqx btqu]stqd chonkd hm ] snonknfhb]k bqxrs]kkhmd hmrtk]snq ]s
qnnl sdlodq]stqd* M]mn Kdss- 12* 1136  1/12(-

Z8[ @- F]n* X-,E- Kht* I-,W- Pht* A- Fgnrg* S- U- Sqduhr]m* X-
Nmhrgh* B- Gt* S- Ph]m* G-,I- Shdm* R-,V- Bgdm ds Vk-* Pt]mstl
ldsqhb mnmkhmd]q G]kk deedbs hm ] snonknfhb]k ]mshedqqnl]fmdshb
gdsdqnrsqtbstqd* Rbhdmbd 270* 070  1/12(-

Z0/[ M- V]mf* C- J]ok]m* Y- Yg]mf* S- Gnkcdq* M- B]k* @- V]mf*
W- Ygnt* E- Ygnt* Y- Ih]mf* B- Yg]mf ds Vk-* Pt]mstl,ldsqhb,
hmctbdc mnmkhmd]q sq]mronqs hm ] snonknfhb]k ]mshedqqnl]fmds*
M]stqd  Knmcnm( 510* 376  1/12(-

Z00[ G- Hrnad* R- X- Wt* ]mc K- Et* Ghfg,eqdptdmbx qdbsh“b]shnm uh]
bghq]k Aknbg dkdbsqnmr* Rbh- @cu- 5* d]]x1386  1/1/(-

Z01[ C- Jtl]q* B-,G- Grt* Q- Rg]ql]* S-,Q- Bg]mf* O- Xt* I- V]mf*
D- Fnjh* F- Kh]mf* ]mc G- X]mf* Qnnl,sdlodq]stqd mnmkhmd]q
G]kk deedbs ]mc vhqdkdrr q]chneqdptdmbx qdbsh“b]shnm hm Vdxk
rdlhlds]k S]HqSd3* M]s- M]mnsdbgmnk- 05* 310  1/10(-

Z02[ L- RtÍqdy,Qncqèftdy* A- L]qsèm,F]qbè]* V- Rjnvqn…mrjh* J-
Rs]rydj* E- B]k]u]kkd* @- Edqs* L- Fnaah* E- B]r]mnu]* ]mc K-
D- Gtdrn* Lhbqnrb]kd bghq]k qdbsdmm]r enq dmdqfx g]qudrshmf*
@cu- L]sdq- 25* 13//618  1/13(-

Z03[ W- E- Kt* B- O- Yg]mf* M- V]mf* C- Yg]n* W- Ygnt* V- F]n* W-
G- Bgdm* J- S- K]v* ]mc J- O- Kng* Mnmkhmd]q sq]mronqs ]mc
q]chn eqdptdmbx qdbsh“b]shnm hm AhSdAq ]s qnnl sdlodq]stqd*
M]s- Bnlltm- 04* 134  1/13(-

Z04[ O- Gd* F- J- V- Jnnm* G- Hrnad* I- X- S]m* I- Gt* @- G-
B- Mdsn* K- Et* ]mc G- X]mf* Fq]ogdmd lnhqá rtodqk]sshbdr
vhsg fh]ms pt]mstl mnmkhmd]qhsx ne bghq]k Aknbg dkdbsqnmr*
M]s- M]mnsdbgmnk- 06* 267  1/11(-

Z05[ L- RtÍqdy,Qncqèftdy* A- L]qsèm,F]qbè]* V- Rjnvqn…mrjh* E-
B]k]u]kkd* R- R- Srhqjhm* H- Rnty]* E- cd It]m* @- Bgtuhkhm* @-
Edqs* L- Fnaah ds Vk-* Ncc mnmkhmd]q bnmctbshuhsx tmcdq ro],
sh]k hmudqrhnm hm bghq]k sdkktqhtl* Ogxr- Qdu- Kdss- 021* /352/2
 1/13(-

Z06[ @- Shv]qh* E- Bgdm* R- Ygnmf* D- Cqtdjd* I- Jnn* @- J]byl]qdj*
B- Wh]n* I- F]n* W- Ktn* P- Mht ds Vk-* Fh]ms b,]whr mnmkhmd]q
]mnl]kntr G]kk deedbs hm Sc ,LnSd1 ]mc VSd1* M]s- Bnlltm-
01* 1/38  1/10(-

Z07[ E- B]k]u]kkd* L- RtÍqdy,Qncqèftdy* A- L]qsèm,F]qbè]* @-
Ing]mrrnm* C- B- U]y* G- X]mf* H- U- L]ymhbgdmjn* R-
Nrs]mhm* @- L]sdn,@knmrn* @- Bgtuhkhm ds Vk-* F]sd,stmd]akd
]mc bghq]khsx,cdodmcdms bg]qfd,sn,rohm bnmudqrhnm hm sdkktqhtl
m]mnvhqdr* M]s- L]sdq- 10* 415  1/11(-

Z08[ F- K- I- @- Qhjjdm ]mc M- @u]qu]qh* Rsqnmf dkdbsqhb]k l]f,
mdsnbghq]k ]mhrnsqnox hm sdkktqhtl* Ogxr- Qdu- A 88* 134042
 1/08(-

Z1/[ W- Kht* H- Rnty]* ]mc R- R- Srhqjhm* Dkdbsqhb]k l]fmdsnbgh,
q]k ]mhrnsqnox hm sqhfnm]k sdkktqhtl eqnl “qrs oqhmbhokdr*
]qWhu912/2-0/053-

Z10[ O- Gd* R- R- K- Yg]mf* C- Ygt* X- Kht* X- V]mf* I- Xt* F-
Uhfm]kd* ]mc G- X]mf* Ahkhmd]q l]fmdsndkdbsqhb qdrhrs]mbd ]r ]

oqnad ne sgqdd,chldmrhnm]k rohm sdwstqd hm snonknfhb]k rtqe]bd
rs]sdr* M]s- Ogxr- 03* 384  1/07(-

Z11[ C- B- U]y* E- Sqhdq* @- Cxqc]´* @- Ing]mrrnm* J- F]qbh]*
@- A]qsgákálx* H- Ldqshf* I- A]qm]…r* @- Edqs* ]mc L- Ahadr*
Cdsdqlhmhmf sgd Q]rga] o]q]ldsdq eqnl sgd ahkhmd]q l]f,
mdsnqdrhrs]mbd qdronmrd hm ] svn,chldmrhnm]k dkdbsqnm f]r*
Ogxr- Qdu- L]sdq- 3* /60//0 Q(  1/1/(-

Z12[ O- Gd* R- R- K- Yg]mf* C- Ygt* R- Rgh* N- F- Gdhmnmdm* F-
Uhfm]kd* ]mc G- X]mf* Mnmkhmd]q ok]m]q G]kk deedbs* Ogxr- Qdu-
Kdss- 012* /057/0  1/08(-

Z13[ B- Mht* F- Pht* X- V]mf* O- S]m* L- V]mf* I- Ih]m* G- V]mf*
V- Vt* ]mc O- C- Xd* Stm]akd bghq]khsx,cdodmcdms mnmkhm,
d]q dkdbsqhb]k qdronmrdr hm 1C sdkktqhtl* M]mn Kdss- 12* 7334
 1/12(-

Z14[ R- G- X]mf* Q- M]]l]m* X- O]kshdk* ]mc R- R- O- O]qjhm* Bghq]k
rohmsqnmhbr* M]s- Qdu- Ogxr- 2* 217  1/10(-

Z15[ Q- M]]l]m* X- O]kshdk* ]mc C- G- V]kcdbj* Bghq]k lnkdbtkdr ]mc
sgd dkdbsqnm rohm* M]s- Qdu- Bgdl- 2* 14/  1/08(-

Z16[ S- @- Lnqf]cn* S- F- Q]oononqs* R- R- Srhqjhm* R- K]mmdaéqd*
H- Rnty]* ]mc L- F- Rhkudhqhmg]* Mnm,Gdqlhsh]m khmd]q dkdbsqn,
noshb deedbs hm sgqdd,chldmrhnm]k l]sdqh]kr* Ogxr- Qdu- A 0.8*
134015  1/13(-

Z17[ L- R]j]mn* L- Ghq]x]l]* S- S]j]g]rgh* R- @jdah* L-
M]j]x]l]* J- Jtqnc]* J- S]ftbgh* S- Xnrghj]v]* J-
Lh]x]lnsn* S- Njtc] ds Vk-* Q]ch]k rohm sdwstqd hm dkdldms]k
sdkktqhtl vhsg bghq]k bqxrs]k rsqtbstqd* Ogxr- Qdu- Kdss- 013*
0253/3  1/1/(-

Z18[ X- V]mf* F- Pht* Q- V]mf* R- Gt]mf* P- V]mf* X- Kht* X- Ct*
V- @- Fncc]qc HHH* L- I- Jhl* W- Wt* O- C- Xd ds Vk-* Ehdkc,
deedbs sq]mrhrsnqr l]cd eqnl rnktshnm,fqnvm svn,chldmrhnm]k
sdkktqdmd* M]s- Dkdbsqnm- 0* 117  1/07(-

Z2/[ Rdd Rtookdldms]k L]sdqh]k ]s gsso9..khmj-]or-nqf.rtookdldms]k.
0/-00/2.OgxrQduA-000-/133/4 enq ldsgncr cds]hkr* etqsgdq
dwodqhldms]k c]s]* ]mc cds]hkdc sgdnqdshb]k ]m]kxrhr* vghbg hm,
bktcdr Qder- Z20fl24[-

Z20[ C- Gnt* F- Rt* X- Sh]m* W- Ihm* R- @- X]mf* ]mc P- Mht* Ltksh,
u]qh]akd rb]khmf enq sgd ]mnl]kntr G]kk deedbs* Ogxr- Qdu- Kdss-
003* 1061/2  1/04(-

Z21[ X-,W- Gt]mf* W- Edmf* G- V]mf* B- Wh]n* ]mc R- @- X]mf*
Hmsqhmrhb mnmkhmd]q ok]m]q G]kk deedbs* Ogxr- Qdu- Kdss- 02.*
0152/2  1/12(-

Z22[ X-,W- Gt]mf* X- V]mf* G- V]mf* B- Wh]n* W- Kh* ]mc R-
@- X]mf* Mnmkhmd]q btqqdms qdronmrd ne svn,chldmrhnm]k rxr,
sdlr tmcdq hm,ok]md l]fmdshb “dkc* Ogxr- Qdu- A 0.7* /64044
 1/12(-

Z23[ C- J]ok]m* S- Gnkcdq* ]mc A- X]m* Tmh“b]shnm ne mnmkhmd]q
]mnl]kntr G]kk deedbs ]mc mnmqdbhoqnb]k l]fmdsnqdrhrs]mbd hm
lds]kr ax sgd pt]mstl fdnldsqx* Ogxr- Qdu- Kdss- 021* /152/0
 1/13(-

Z24[ J- C]r* R- K]ghqh* Q- A- @sdmbh]* C- Btkbdq* ]mc @- @f]qv]k* Hm,
sqhmrhb mnmkhmd]q bnmctbshuhshdr hmctbdc ax sgd pt]mstl ldsqhb*
Ogxr- Qdu- A 0.7* K1/03/4  1/12(-

Z25[ X- Ct* F- Pht* X- V]mf* L- Rh* W- Wt* V- Vt* ]mc O- C-
Xd* Nmd,chldmrhnm]k u]m cdq V]]kr l]sdqh]k sdkktqhtl9 Q]l]m
rodbsqnrbnox tmcdq rsq]hm ]mc l]fmdsn,sq]mronqs* M]mn Kdss-
06* 2854  1/06(-

Z26[ M- Yg]mf* F- Yg]n* K- Kh* O- V]mf* K- Whd* A- Bgdmf* G-
Kh* Y- Khm* B- Wh* I- Jd ds Vk-* L]fmdsnsq]mronqs rhfm]stqdr ne
Vdxk ogxrhbr ]mc chrbqdsd rb]kd hmu]qh]mbd hm sgd dkdldms]k
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rdlhbnmctbsnq sdkktqhtl* Oqnb- M]sk- @b]c- Rbh- TR@ 006*
00226  1/1/(-

Z27[ L- Ghq]x]l]* Q- Njtf]v]* R- Hrgha]rgh* R- Ltq]j]lh* ]mc S-
Lhx]jd* Vdxk mncd ]mc rohm sdwstqd hm sqhfnm]k sdkktqhtl ]mc
rdkdmhtl* Ogxr- Qdu- Kdss- 003* 1/53/0  1/04(-

Z28[ I- Bgdm* S- Yg]mf* I- V]mf* K- Wt* Y- Khm* I- Kht* B- V]mf*
M- Yg]mf* M- Yg]mf* R- O- K]t ds Vk-* Snonknfhb]k og]rd bg]mfd
sq]mrhrsnqr a]rdc nm sdkktqhtl Vdxk rdlhbnmctbsnq* Rbh- @cu- 7*
d]am2726  1/11(-

Z3/[ R- U- F]kkdfn* I- Dswda]qqh]* K- Dkbnqn* D- R- S]rbh* ]mc I- L-
Odqdy,L]sn* @tsnl]shb b]kbtk]shnm ne rxlldsqx,]c]osdc sdm,
rnqr hm l]fmdshb ]mc mnm,l]fmdshb l]sdqh]kr9 @ mdv snnk ne
sgd Ahka]n bqxrs]kknfq]oghb rdqudq* @bs] Bqxrs]kknfq- 64* 327
 1/08(-

Z30[ I- Whnmf* R- J- Jtrgv]g]* S- Kh]mf* I- V- Jqhy]m* L-
Ghqrbgadqfdq* V- V]mf* Q- I- B]u]* ]mc M- O- Nmf* Duhcdmbd
enq sgd bghq]k ]mnl]kx hm sgd Chq]b rdlhlds]k M]2Ah* Rbhdmbd
24.* 302  1/04(-

Z31[ @- U- @mcqddu ]mc A- Y- Rohu]j* Knmfhstchm]k mdf]shud l]fmd,
snqdrhrs]mbd ]mc l]fmdsnsq]mronqs ogdmnldm] hm bnmudmshnm]k
]mc snonknfhb]k bnmctbsnqr* Ogxr- Qdu- Kdss- 01.* /155/0
 1/07(-

Z32[ X- F]n* R- @- X]mf* ]mc P- Mht* Hmsqhmrhb qdk]shud l]fmdsn,
bnmctbshuhsx ne mnml]fmdshb lds]kr* Ogxr- Qdu- A 84* 054024
 1/06(-

Z33[ W- C]h* Y- Y- Ct* ]mc G- Y- Kt* Mdf]shud l]fmdsnqdrhrs]mbd
vhsgnts bghq]k ]mnl]kx hm snonknfhb]k hmrtk]snqr* Ogxr- Qdu-
Kdss- 008* 0555/0  1/06(-

Z34[ G- J- O]k* Pt]mstl bnmsqhatshnm sn l]fmdsnsq]mronqs hm vd]j
l]fmdshb “dkcr ]mc mdf]shud knmfhstchm]k l]fmdsnqdrhrs]mbd*
Ogxr- Qdu- A 0.4* /64308  1/11(-

Z35[ R- R- Srhqjhm ]mc H- Rnty]* Nm sgd rdo]q]shnm ne G]kk ]mc nglhb
mnmkhmd]q qdronmrdr* RbhOnrs Ogxr- Bnqd 4* /28  1/11(-

Z36[ @- Qnx* E- S- Bdq]rnkh* @- I]x]q]i* J- Sdmyhm* L- Atnmfhnqmn
M]qcdkkh* ]mc I- Rk]vh…mrj]* Knmf,q]mfd btqqdms, hmctbcd rohm
]bbtltk]shnm hm bghq]k bqxrs]kr* moi Bnlots- L]sdq- 7* 132
 1/11(-

Z37[ I- Jhl ]mc X- Ns]mh* Nqahs]k ]mftk]q lnldmstl enq rohmsqnmhbr*
I- L]fm- L]fm- L]sdq- 452* 058863  1/11(-

Z38[ S- Xnc]* S- Xnjnx]l]* ]mc X- R- Ltq]j]lh* Btqqdms,hmctbdc
nqahs]k ]mc rohm l]fmdshy]shnmr hm bqxrs]kr vhsg gdkhb]k rsqtb,
stqd* Rbh- Qdo- 4* 01/13  1/04(-

Z4/[ X-,W- Gt]mf* B- Wh]n* R- @- X]mf* ]mc W- Kh* Rb]khmf k]v enq
shld,qdudqr]k,ncc mnmkhmd]q sq]mronqs* ]qWhu91200-/0108-
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