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5arspUbsCqtfnudqcnrdcd]sgrbnmshmtdsnhmbqd]rdhmsgdTmhsdcRs]sdrenq]kkl]inqcqtfb]sdfnqhdr-
Nudqsgdo]rssvncdb]cdrsgdsns]kmtladqnenudqcnrde]s]khshdrg]rhmbqd]rdclnqdsg]m’udenkc:rhmbd
1/02sgdrtqfdhmnudqcnrdq]sdrhroqhl]qhkxcqhudmaxedms]mxk]mcldsg]logds]lhmdr-Chdqdmscqtf
b]sdfnqhdr]mce]bsnqrrtbg]r]fd+fdmcdq+]mcdsgmhbhsx]qd]rrnbh]sdcvhsgchdqdmsnudqcnrdlnqs]khsx
bg]q]bsdqhrshbrsg]sl]x]krnbg]mfdhmshld-Enqdw]lokd+sgd]udq]fd]fd]scd]sgeqnl ]cqtfnudqcnrd
g]rcdbqd]rdceqnl 083/sn088/vghkdsgdnudq]kklnqs]khsxq]sdg]rrsd]chkxhmbqd]rdc-Snoqnuhcdhmrhfgs
hmsnsgdonotk]shnm,kdudkcxm]lhbrnecqtfnudqcnrdlnqs]khsx+vdcdudkno]m]fd,rsqtbstqdclncdkenq
cqtf]cchbshnm-Trhmf]m]tfldmsdcdmrdlakdJ]kl]m’ksdq̃ DmJE(+vdrgnvsgqntfg]rhlokddw]lokd
gnvntqlncdkb]madbnlahmdcvhsgrxmsgdshbnardqu]shnmc]s]sndrshl]sdlnqs]khsxq]sd]mc]m]fd,
chrsqhatshnmo]q]ldsdq-Ehm]kkx+vdtrd]mDmJEsnbnlahmdntqlncdkvhsgnardqu]shnmc]s]nmnudqcnrd
e]s]khshdrhmsgdTmhsdcRs]sdreqnl 0888sn1/1/snenqdb]rssgddunktshnmnenudqcnrdsqdmcr]mcdrshl]sd
lncdko]q]ldsdqr-

.Emspnctbshnm

Sgdmtladqnecqtfnudqcnrde]s]khshdrhmsgdTmhsdc
Rs]sdrg]raddmrsd]chkxhmbqd]rhmfnudqsgdo]rs1/
xd]qrW0+1[-Adsvddm0888]mc1/1/+lnqdsg]m8//+///
cqtfnudqcnrdcd]sgrvdqdqdonqsdc hm sgdTmhsdc
Rs]sdr-Hm1/1/]knmd+]klnrs0//+///odnokdchdceqnl
hmitqxnqonhrnmhmfeqnl cqtfrne]atrd%l]hmkxnoh,
nhcr]mcorxbgnrshltk]msr(+bnmrshstshmf]21̃ qhrdnudq
1/08-=bbnqchmfsnoqnuhrhnm]klnqs]khsxc]s]W2[+sghr
sqdmcg]rbnmshmtdcsgqntfgnts1/10-

= rstcxW0[sg]sdw]lhmdcsgddwonmdmsh]kfqnvsg
hmcqtfnudqcnrdcd]sgradsvddm0868]mc1/05hm
sgdTmhsdcRs]sdrqdud]krsg]ssgdcqtfsxodrb]trhmf
sgdrdqhrdrg]udbg]mfdcnudqshld-Ctqhmfsgd087/r
]mc088/r+sgdl]inqhsxnee]s]kcqtfnudqcnrdrvdqd
ctdsnhkkdf]krtars]mbdrrtbg]rgdqnhm]mcbnb]hmd-
Rtbbdrrhudnudqcnrdv]udrvdqdcqhudm axoqdrbqho,
shnmnohnhcrhmsgd1///r+enkknvdcaqhdfixaxgdqnhm
hm1/0/+]mc+adfhmmhmfhm1/02+axrxmsgdshbnohnhcr-
Sgdrxmsgdshbnohnhcv]udodqrhrsrsnsghrc]x+]rsgd

=d,l]hk9k-andssbgdq=er-cd̃ bnqqdronmchmf]tsgnq(
ad,l]hk9snlbgnt=tbk]-dct
bd,l]hk9cnqrnfm]=brtm-dct

l]inqhsxneTRnudqcnrdcd]sgr]qdctdsnedms]mxk
]mchsrcdqhu]shudr-Sgdqdhr]krnrtars]msh]ku]qh]ahkhsx
hmsgdcdlnfq]oghbo]ssdqmrnecqtfnudqcnrdcd]sgr-
Vghkdbnb]hmd]mcoqdrbqhoshnmcqtfrlnrskxkdcsn
hmbqd]rdclnqs]khsx]lnmf3/,sn4/,xd]q,nkcr+btqqdms
edms]mxktrdhr]bbnlo]mhdcaxe]s]khsxq]sdhmbqd]rdr
]lnmf1/,sn3/,xd]q,nkcr-Hm]cchshnmsn]fd+e]bsnqr
rtbg]rfdmcdq+q]bd+]mcok]bdneqdrhcdmbd]qd]krn
]rrnbh]sdcvhsgu]qh]shnmrhmcqtfnudqcnrdqhrjW3[-

Sgdl]inqhsxnerstchdr]m]kxyhmfsgdro]shnsdlon,
q]kdunktshnmnenudqcnrdlnqs]khsx]qdl]hmkxcdrbqho,
shud]mcqdkxnmc]s]uhrt]khy]shnm]mcrs]shrshb]k]m]k,
xrhrneo]rsc]s]-Hmsghrvnqj+vdhmrsd]ctrd]m]fd,
rsqtbstqdclncdkW4+5[snldbg]mhrshb]kkxrstcxsgd
cqtfdohcdlhbhmsgdTmhsdcRs]sdr-Sgdlncdkhrsgdm
trdchmbnmitmbshnmvhsgdlohqhb]kc]s]snenqdb]rssgd
rgnqs,sdql dunktshnmnenudqcnrdlnqs]khsxsgqntfg]m
dmrdlakdI]kl]m’ksdq%DmIE(+]c]s]]rrhlhk]shnm
sdbgmhptdW6z8[-

=fd,rsqtbstqdc lncdkr %]krn jmnvm ]r Idq,
l]bjzLbIdmcqhbj lncdkr(b]m ad trdc sn l]sg,
dl]shb]kkxcdrbqhadsgddunktshnmnechrshmbsonotk]shnm
b]sdfnqhdr%d-f-+rtrbdoshakd ]mc cd]c(+vgdqd sgd
cxm]lhbr ]mc hmsdq]bshnmr ]lnmf b]sdfnqhdr l]x
cdodmcnmsgdchrsqhatshnmne]fdhmsgdonotk]shnm-
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Chdqdmsu]qh]msrne]fd,rsqtbstqdclncdkrg]udaddm
cdudknodc]mc]ookhdcsnlncdkgdqnhm]cchbshnm]r
]m dohcdlhbW0/z06[-Rtbg lncdkrg]ud]krn addm
]ookhdcsnldbg]mhrshb]kkxcdrbqhadbdkktk]qoqnbdrrdr
W07+08[]mc onotk]shnm cxm]lhbr]rrnbh]sdc vhsg
rnbh]khmsdq]bshnmrW1/[+ahqsgbnmsqnkonkhbhdrW10[+]mc
BNUHC,08lnqs]khsxW11z13[-

SgdDmIE+vghbgvdtrdsnbnlahmdnardqu]shnm
c]s]vhsg]m]fd,rsqtbstqdclncdknenudqcnrdlnq,
s]khsx+nqhfhm]sdceqnl qdrd]qbg]bshuhshdrhmsgdfdn,
ogxrhb]krbhdmbdr]mcg]rentmcu]qhntr]ookhb]shnmr
hmoqnakdlrsg]sqdpthqdbnlahmhmfghfg,chldmrhnm]k
cxm]lhb]krxrsdlrvhsgnardqu]shnmc]s]W14[-I]kl]m
’ksdqhmf]mcqdk]sdcc]s]]rrhlhk]shnmldsgncr%d-f-+
A]xdrh]mL]qjnubg]hmLnmsdB]qkn(g]udaddmtrdchm
bnlots]shnm]kahnknfx]mcldchbhmdsndrshl]sdlncdk
o]q]ldsdqrW15z18[+hcdmshexo]shdmsrvhsg]mshahnshb,
qdrhrs]msa]bsdqh]hmgnrohs]kv]qcrW2/[+]mccdudkno
qhrj,cdodmcdmsbnms]bshmsdqudmshnmrhmdohcdlhbl]m,
]fdldmsW20[-Vhsghmbnlots]shnm]krnbh]krbhdmbd+c]s]
]rrhlhk]shnmldsgncrg]udoqnudmtrdetkhmbnlahmhmf

ldbg]mhrshblncdkrvhsgrtqudxc]s]+d-f-+snrstcxsgd
dunktshnmneonkhshb]konk]qhy]shnmhmsgdTmhsdcRs]sdr
W21[-

HmRdbs-1vdoqdrdms]fdmdq]k]fd,rsqtbstqdclncdk
sg]shmbktcdr]fd,cdodmcdms]cchbshnm]mc]fd,rodbh’b

lnqs]khsx-Vd]krnchrbtrr]ooqnwhl]shnmrsg]s]clhs
]m]kxshb]krnktshnmr-Sgda]rhbbnmbdosrtmcdqkxhmfsgd
DmIE]qdntskhmdchmRdbs-2-HmRdbs-3vd]c]osntq
fdmdq]k]fd,rsqtbstqdclncdksncdrbqhad]onotk]shnm
rtdqhmfeqnl rtars]mbdtrdchrnqcdq%RTC(-Vdsgdm
cdrbqhadsgd]u]hk]akdcqtfnudqcnrdc]s]]mchkktrsq]sd
gnv sgdDmIEhr]ookhdcsnntqlncdk]mcc]s]rds-
Ehm]kkx+vdbnmbktcdntqvnqjvhsg]chrbtrrhnm]mc
etstqdntsknnjhmRdbs-4-

15fdmdpUiUfdrsptbstpdclnpsUihsxlncdi

Ntqrs]qshmfonhmshrsgdfdmdq]k]fd,rsqtbstqdclncdk

T
)

s
k%T,s(;Oy%T,s(k%T,s()n%T,s(, %0(

vgdqdk%T,s(cThrsgdmtladqnehmchuhct]kr%h-d-+odn,
okdvhsgRTC hmntq]ookhb]shnm(vhsg]fdadsvddmT
]mcT)cT]sshldr-Vd]rrtldsghronotk]shnmchdr
]sq]sdy%T,s(+]mcsg]ssgdqdhr]mhmfitwq]sdn%T+r(-
Sgdhmhsh]kbnmchshnmr]ss; s, ]mcT; /]qdrodb,
h’dcuh]k%T,s; s,(; ρ%T(]mck%T; /,s(; f%s(+
vgdqdρ]mca]qdmnm,mdf]shudetmbshnmrrtbgsg]s
f%s s,(; ρ%T /(-Vdrodbh’b]kkxrdsf%s(; /+
hlokxhmfsg]smnonotk]shnmne]fdT;/dwhrsr]s]mx
shld-Hmsgdbnmsdwsnelncdkhmfnudqcnrdlnqs]khsx+
sghrld]mrsg]ssgdmtladqne]cchbsdcmdvanqmrhr
]rrtldcsnadydqn-Mnsdsg]ssghrlncdkhrchdqdms
eqnl sgdnqhfhm]kLbIdmcqhbjlncdkW4[+hmvghbg]m
]fd,cdodmcdmsahqsgq]sdfdmdq]sdrmdvanqmrsgqntfg]
rdke,bnmrhrsdmsantmc]qxbnmchshnmnmi%T+r(-Snrnkud
Dp-%0(]m]kxshb]kkx+vdtrdsgdldsgncnebg]q]bsdq,
hrshbr]mcchrshmfthrgsgdsvnb]rdrT≥ sOs, ]mc
T/sOs,-EnqT≥sOs,+sgdbg]q]bsdqhrshbvhkkadfhm]s
s;s,]mci%T+r(vhkkqdl]hmbnmrs]ms]knmfT;sOs,-
VgdmT/sOs,sgdbg]q]bsdqhrshbvhkkadfhm]sT;/
]mci%T+r(vhkkqdl]hmbnmrs]ms]knmfs;T)s,-Sgd
enql]krnktshnmsnDp-%0(b]msgdmaddwoqdrrdc]r

k%T,s(;

⎧
⎪⎨

⎪⎩

ρ%TOs)s,(a
∞ s

s+
xN∞s)r,r(cr

)
⎩s

s+
n%r)TOs,r(a∞ s

a
xN∞s)r,r(crcr %T≥sOs,( %1(

⎩N

,
n%r,r)sOT(a∞ λ

a
xr,r)s∞N(crcr %T/sOs,(, %2(

=r]rodbh’bdw]lokdvdrdssgdhmhsh]kshlds,;/+’w
sgdhmhsh]kbnmchshnmρ%T(; /+]mchlonrd]bnmrs]ms
cd]sgq]sdy%T,s(; y-Vdetqsgdq]rrtld]mhmfitw
q]sdn%T,s(; n%T(; Ta∞ N vghbgg]r]l]whltl ]s
]fdλ∞0</-Dpt]shnmr%1(]mc%2(adbnld

k%T,s(;

⎧
⎨

⎩

a′ λ′s(

∞x(1 a∞xs%0)%TOs(%λOy((O%0)T%λOy((a∞ s %T≥s( %3(

0
∞x(1 a∞xNO%0)T%λOy((a∞ N %T/s(, %4(

Sgdetmbshnmn%T(;Ta∞ N cdrbqhadr]mhmfitwneodn,
okdneld]m]fd1λ∞0sg]srtdqeqnl ]mRTC-Trhmf
sghretmbshnm]kenql+sgdmtladqneRTCb]rdrsg]s]qd
ltbgxntmfdq.nkcdqsg]m1λ∞0 hrrl]kkbnlo]qdcsn
sgdmtladqneRTC b]rdrvhsg]m]fdne]ants1λ∞0-
Sgdchrsqhatshnmnenudqcnrdb]rdrhmsgdTRonotk],
shnmenkknvr]pt]khs]shudkxrhlhk]qsqdmcW22[-Vdtrd
sghr]m]kxshb]kkxsq]bs]akddw]lokdhmRdbs-2sndwok]hm
gnv ]fd,rsqtbstqdclncdkrnesgdenql oqdrdmsdchm
Dp-%0(b]madbnlahmdcvhsgI]kl]m’ksdqrsnkd]qm
lncdko]q]ldsdqreqnl mnhrxnardqu]shnmr-HmRdbs-3+
vdcdrbqhadn%T(ax]lnqdfdmdq]kkhmd]qbnlahm]shnm
nesvnf]ll]chrsqhatshnmrsnbnmmdbsntqlncdkne
cqtfnudqcnrdlnqs]khsxvhsgbnqqdronmchmfc]s]eqnl
sgdBdmsdqrenqChrd]rdBnmsqnk]mcOqdudmshnm%BCB(
Vhcd,q]mfhmfNmkhmdC]s]enqDohcdlhnknfhbPdrd]qbg
%VNMCDP(c]s]a]rd-

Nardqudsg]si%T+r(hmDpr-%3(]mc%4(hrbnmshmtntr
enqT; s]mcsg]ssgdl]whl]neDp-%3(]qdknb]sdc
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]knmfsgdsq]idbsnqx

Td=m%s(;
s

0Oa∞ ∞x(s
O

y

λ%λOy(
, %5(

vgdqdTd=m%s(< shr]mhmbqd]rhmfetmbshnmneshld-
Sgdrsd]cxrs]sdenql nek%T,s ∞(hrfhudmaxsgd
shld,hmcdodmcdmssdql hmDp-%4(-

2DmrdlaidIUilUmyisdp

Hmsgd’qrso]qsnesghrrdbshnmvdcdrbqhadsgda]rhbcde,
hmhshnmr]mctoc]sdqtkdrhmsgdDmIEW6[-Vdtrdsgd
rs]mc]qcrs]sd,ro]bdqdoqdrdms]shnmne]ogxrhb]krxr,
sdl ]mcchrshmfthrgadsvddmrs]sd+ntsots+]mchmots
%h-d-+bnmsqnk(u]qh]akdr-Ntsotsr]qdpt]mshshdrsg]sb]m
adnardqudcnqld]rtqdc%d-f-+sgdmtladqnenudqcnrd
cd]sgr(+vghkdnsgdqpt]mshshdrrtbg]r]fd,rodbh’blnq,
s]khsxq]sdr]mcsgdmtladqnehmchuhct]krrtdqhmfeqnl
RTC ]qdrs]sdu]qh]akdrsg]s]qdmnsjmnvm]mcg]ud
snaddrshl]sdc-=r]’qrs]ookhb]shnmdw]lokd+vdtrd
sgdDmIE sndrshl]sdsgdq]sdry]mcλsg]s]qhrd
hmDpr-%3(]mc%4(nesgdrhlokdlncdkoqdrdmsdchm
Rdbs-1-

2-.AUrhbcdymhshnmr

Snntskhmdsgdl]hmrsdor]rrnbh]sdcvhsgsgd]ookhb],
shnmne]mDmIEsnsgd]fd,rsqtbstqdco]qsh]kchdq,
dmsh]kdpt]shnm%OCD(lncdkhmDp-%0(+vdoqhl]qhkx
enkknvsgdmns]shnmnePder-W7+8[:sgdDmIEhlokdldm,
s]shnmsg]svdtrdhmsghrvnqjhrhmrsd]ca]rdcnmPde-
W23[-

Sgddunktshnmnesgdrxrsdl rs]sdw%s(]mcnardqudc
rs]sdx%s(hrcdrbqhadcax

ŵ;R%w,s()v%s( v%s(∼N%,P%s((

x;f%w,s()h%s( h%s(∼N%,Q%s((
, %6(

vgdqdP%s(]mcQ%s(cdmnsdsgdbnu]qh]mbdl]sqhbdr
]rrnbh]sdcvhsgsgdF]trrh]moqnbdrrmnhrdN%,P%s((
]mcF]trrh]mnardqu]shnmmnhrdN%,Q%s((]sshldr+
qdrodbshudkx-Vd]rrtldsgdpt]mshshdrP%s(]mcQ%s(
snadjmnvm-SgdetmbshnmR%·(cdrbqhadrsgdcxm]l,
hbrnesgdrxrsdl rs]sdw%s(+vghkdf%·(l]orw%s(sn]
ld]rtq]akdpt]mshsx-Ansgetmbshnmrb]madmnmkhmd]q-

Hmsgdbnmsdwsnesgd]fd,rsqtbstqdclncdk%0(+dkd,
ldmsti%s(nesgdrs]sdudbsnqw%s(bnqqdronmcrsn
k%Ti,s(≡k%T,)iΔT,s(%/≤i≤MNO0(+sgdcdmrhsx
nehmchuhct]krvgnrd]fdkhdrvhsghmsgdWT,)iΔT,T,)
%i)0(ΔT(hmsdqu]k]sshldr-Sg]shr+

w%s(;Wk%T,,s(,k%T0,s(,,,,[, %7(

VdtrdMN]mcΔTsncdmnsdsgdmtladqnechrbqdshy],
shnmrnesgd]fdhmsdqu]k]mcsgdbnqqdronmchmf]fdchr,
bqdshy]shnmrsdo+qdrodbshudkx-Enqsgdmtldqhb]krnktshnm
neDp-%6(+vdk]sdq]krnchrbqdshydsgdrhltk]shnmshld

hmsdqu]kW/+Q[hmsnMsdpthchrs]mshmsdqu]krnectq]shnm
Δs; N.Ms-Hevdvhrgsndrshl]sdlncdko]q]ldsdqr
rtbg]ry]mcλhmsqnctbdchmRdbs-1+vdb]m]tfldms
sgdrs]sdsnnas]hm

w%s(;Wk%T,,s(,,,,,k%TMλ∞0,s(,y,λ[, %8(

=mdw]lokdne]mhmedqdmbdoqnakdlvhsg]m]tfldmsdc
rs]sd%8(vhkkadoqnuhcdchmRdbs-2-1-

=sdudqxshldonhmsr+sgdfn]kne’ksdqhmfhrsncdsdq,
lhmdsgdrs]sdonrsdqhnqchrsqhatshnmfhudm]kkoqhnq
nardqu]shnmr-AdenqdoqnctbhmfDmIErs]sdoqdchbshnmr+

vdfdmdq]sd]mhmhsh]kdmrdlakdW
0(

, ,,,,,
, (

, [sg]s

bnmrhrsrne dmrdlakdldladqr
e(

, ∼ N%̂w,,K,(
%0≤ g≤ J(-Sgdpt]mshshdrŵ, ]mcK, cdmnsdsgd
fhudmhmhsh]krs]sd]mcbnu]qh]mbddrshl]sdr+qdrodb,
shudkx-

Vdmnvntskhmdsgdsvnl]hmDmIErsdor9%h(enqd,
b]rshmfsgddunktshnmnesgdrxrsdlrs]sd]mc%hh(toc]s,
hmfsgdoqdchbsdc rs]sddrshl]sdrtrhmfnardqu]shnm
c]s]-Sncnrn+vdchrbqdshydsgdshlddunktshnmnesgd
rxrsdlrs]sd]mctrdsgdrgnqsg]mcmns]shnmxj≡x%sj(
snqdedqsn]pt]mshsxt]sshldsj;jΔs%/≤j≤Ms(-
Gdqd]mchmsgdqdl]hmcdqnesgdl]mtrbqhos+vd]rrtld
sg]ss,;/-

Sgda]rhbhcd]adghmcenqdb]rs]mctoc]sdhsdq]shnmr

hrsg]snmd’qrstrdrrs]sddrshl]sdr
e(

j ]sshldsj

snb]kbtk]sdoqdchbsdcrs]sddrshl]sdr
e(∞

j)0 ]sshld
sj)0-Sgdrdoqdchbsdcdrshl]sdr]qdsgdmbnlahmdcvhsg
nardqu]shnm]kc]s]snnas]hm]mtoc]sdcrs]sddrshl]sd

e(
j)0-Sgdrtodqrbqhos–O“hm

e(∞
j)0 hrtrdcsnchrshm,

fthrgsgdoqdchbsdc%h-d-+oqhnq(rs]sddrshl]sdreqnlsgd
toc]sdc%h-d-+onrsdqhnq(rs]sddrshl]sdr-

%h( :epdaUrs rsdo0Enq d]bg dmrdlakd ldladq+

vdb]kbtk]sdsgdoqdchbsdcrs]sddrshl]sd
e(∞

j)0
]bbnqchmfsn

e(∞
j)0;

e(
j )ΔsR%

e(
j ,sj()χ

e(
j , %0/(

vgdqdχ
e(

j ∼ N%,Pj(-Enqsgdr]jdnebnlot,
s]shnm]kd∆bhdmbx+vd]unhcchrbqdshy]shnmrnesgd
o]qsh]kcdqhu]shudnei%T+r(vhsgqdrodbssnThm
sgdDmIE rhltk]shnmr-Hm]kkmtldqhb]kdwodqh,
ldmsr+vd’qrscdqhudbknrdc,enql dwoqdrrhnmrne
sgdq]sdnebg]mfdnei%T+r(snbnlotsdoqdchb,

shnmr
e(∞

j)0 ]bbnqchmfsnDp-%0/(-Sgddmrdlakd

ld]mnesgdoqdchbsdcrs]sd+̂w∞
j)0+]mcsgdbnqqd,

ronmchmfbnu]qh]mbdl]sqhw+%K∞
xwxw(j)0+]qdfhudm

ax

ŵ∞
j)0;

0

J

,

e60

e(∞
j)0 %00(

K⊤
=w=w(i)0 1

)

. )
N20

N(⊤
i)0

=w⊤
i)0

N(⊤
i)0

=w⊤
i)0

%01(
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Dgf 0 Rs]sd]mco]q]ldsdqdrshl]shnmvhsg]mDmJE-OSgdonotk]shnmvhsgRTCvhsg]fdadsvddmU]mcM)cM]sshldr
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]ookx]mdwonmdmsh]ksq]mrenql snqdmcdqansgdrsh,
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Hm ntqrhltk]shnmr+vdbnmrhcdq]m ]fdhmsdqu]k
neW/+01/[xd]qr-VdrdsMN ; 0/// rtbg sg]s
ΔT ; /,01xd]q+]mcvdtrd]shldrsdoneΔs;
/,0xd]q-Oqnbdrr]mc nardqu]shnm mnhrdbnu]qh]mbdr
]qd]rrtldc snadshld,hmcdodmcdms]mc fhudm ax
P;0/∞3DMλ)1]mcQ ;ch]f%0/∞3,,,,,0/∞3(+qdrodb,
shudkx-Gdqd+Dm cdmnsdrsgdk· k l]sqhwnenmdr-
Etqsgdqlnqd+vdrdssgdhmhsh]krs]sd]mchsrbnu]qh,
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sqhatsdcvhsgydqnld]m]mcu]qh]mbd0/∞3-Ntqfn]k
hr+fhudmsgdq]mcnlhydci%T+r(+sndrshl]sdsgdtmcdq,
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tdr-Hmqd]k,vnqkc]ookhb]shnmr+mdv nardqu]shnmc]s]
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enqsghronsdmsh]kk]bjnenardqu]shnmc]s]+vdodqenql
toc]sdrsdor%h-d-+hmsdfq]sdnardqu]shnmc]s]hmsnntq
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Ehftqd0]rgnvrsgddunktshnmneansgsgdsqtdrnkt,
shnmi%T+r(enqvghbgy,λ]qdjmnvm%c]rgdcak]bj
khmdr(]mcnesgdbnqqdronmchmfDmIEdrshl]sdrsg]s
trdsgd]tfldmsdcrs]sd%07(-Fq]x,rg]cdcqdfhnmrhmch,
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vgdqdM%T+r(hrsgdnudq]kkonotk]shnmcdmrhsx]sshld
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]r]fhmf]mchllhfq]shnm+sgdonotk]shnmfqnvsghm
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hronrrhakdsntrdhmsdqonk]shnmldsgncr]mcmnmkhmd]q
etmbshnmrsnbnmrsqtbs]m]fd,rsq]sh’dcM%T+r(a]rdcnm
dlohqhb]konotk]shnmc]s]sg]shrtrt]kkx]u]hk]akdenq
4,nq0/,xd]q]fdvhmcnvr-Gnvdudq+enqsgdr]jdne]m],
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Dgf 1 Onotk]shnmfqnvsghmsgdTmhsdcRs]sdradsvddm
1///]mc1/1/-Sgdc]rgdcak]bj]mcrnkhcqdckhmdrrgnvsgd
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sgdBCBVNMCDQc]s]a]rd-czfDunktshnmnedrshl]sdclnqs]khsxq]sdt̂+a]rdlnctk]shmfq]sd̂n++]mcf]ll]etmbshnm
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sxod]mcrnbhds]kbnmrtloshnmo]ssdqmrnudqsgd10,
xd]qshldeq]ldvddw]lhmd-Sgdpt]mshshdrα0,β0]mc
α1,β1cdmnsdrg]od]mcq]sdo]q]ldsdqrnesgdsvnchr,
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nesvn f]ll] etmbshnmr]kknvrtrsn b]ostqdsgd
cntakd,od]jdcchrsqhatshnmne]fd,rsq]sh’dcnudqcnrd
cd]sgrWrddEhf-2]zb[-Ehm]kkx+enq]m]kxshb]ksq]bs]ahk,
hsxnesgdcntakdhmsdfq]kr]qhrhmfeqnl sgdrnktshnmrne
Dp-%10(+vdqds]hmsgdbnmrs]mslnqs]khsxq]sd]rrtlo,
shnmy%T,s(;y-Snbnlahmdsgdldbg]mhrshblncdkhm
Dp-%10(vhsgdlohqhb]kc]s]nmnudqcnrdcd]sgr+vd
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qdronmchmfnardqu]shnmc]s]axmtldqhb]kkxhmsdfq]shmf
>̇%Ti,s(nudq]fdvhmcnvrWT⊤

λ∞0,T⊤
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nas]hmsgdbnqqdronmchmfmtladqnecd]sgr>%T⊤
λ,s(hm
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>̇%Ti,/(; /-Sgdhmhsh]ku]ktdrney+p,+α0+β0+α1+
β1 ]qd6·0/∞3.xd]q+/,/3.xd]q+04+0.%2xd]q(+04+
]mc0.%2xd]q(+qdrodbshudkx-Vdg]udbgnrdmsgdhmhsh]k
u]ktdnep, hm]bbnqc]mbdvhsgbnqqdronmchmfdlohqh,
b]kc]s]nmsgdmtladqnertars]mbdhmhsh]sdrW22[-Sgd
hmhsh]kld]mneansgf]ll]chrsqhatshnmrhrdpt]ksn
α0.β0;α1.β1;34xd]qr-Sndmrtqdsg]ssgdo]q]l,
dsdqry+p,+α0+β0+α1+β1 rs]xonrhshudctqhmfDmIE
hsdq]shnmr+vdtrdsgdr]lddwonmdmsh]ksq]mrenql]rhm
Rdbs-2-1-=kkhmhsh]kbnu]qh]mbdr]qdrdssn0/∞3+dwbdos
enqsgdch]fnm]kdkdldmsr]rrnbh]sdcvhsgy+p,+α0+β0+
α1+β1+vghbg]qdrdssn0/∞1-Sgdoqnbdrr]mcnardqu],
shnmmnhrdbnu]qh]mbdr]qd]rhmRdbs-2-1-Vdtrd]rl]kk
oqnbdrrmnhrd]mc]qdk]shudkxk]qfdhmhsh]klncdko]q]l,
dsdqu]qh]mbdsn%h(kdssgdcxm]lhbrdunkud]bbnqchmfsn
sgdldbg]mhrshbcqtfnudqcnrdlncdkvhsgntssnnltbg
]cchshnm]kmnhrdhmi%T+r(+>̇%T,s(]mc%hh(kdssgd’ksdq
dwoknqdchdqdmssq]idbsnqhdr]rrnbh]sdcvhsg]ooqdbh],
akdu]qh]shnmrhmsgdtmcdqkxhmflncdko]q]ldsdqr-Vd
g]ud]krnodqenqldcrhltk]shnmrenqk]qfdqoqnbdrrmnhrd
u]ktdr]rrnbh]sdcvhsgi%T+r(]mc>̇%T,s(-Enqdw]lokd+
vdrdssgdbnqqdronmchmfch]fnm]kdkdldmsrneNsnu]k,
tdradsvddm0]mc0//vhsgntsnardquhmfrtars]msh]k
chdqdmbdrhmsgdrhltk]shnmqdrtksr-Hmsgdld]rtqd,
ldmsoqnbdrr+vdchuhcd>̇%T,s(ax0/2 snvnqjvhsg

mtldqhb]ku]ktdrneN%0(vgdmbnlo]qhmfoqdchbsdc]mc
nardqudcnudqcnrde]s]khshdr-=ld]rtqdldmsu]qh]mbdne
0/∞3%h-d-+]rs]mc]qccduh]shnmne0/∞1(bnqqdronmcrsn
]ants0/z0//nudqcnrde]s]khshdrhmsgdrhltk]sdcc]s]-
=ksgntfgsgddw]bsld]rtqdldmsmnhrdhrch∆btkssn
drshl]sdfhudmsgdtmjmnvmmtladqnetmcnbtldmsdc
e]s]kcqtfnudqcnrdb]rdr+vdtrdc]rs]mc]qccduh]shnm
ne]ants0/z0//]r]qd]rnm]akdlncdkhmfbgnhbd-Hmntq
rhltk]shnmr+vdtrd]qdk]shudkxk]qfddmrdlakdrhydne
J ;0/3snlhmhlhydsgdddbsner]lokhmfdqqnqrsg]s
nbbtqctqhmfsgdLnmsdB]qkn]ooqnwhl]shnmnesgdrxr,
sdlrs]sddunktshnmhmsgdoqdchbshnm]mctoc]sdrsdor-
Ntqrhltk]shnmrrs]qshm0887]mcvdtrd]shldrsdone
Δs;/,0xd]qr-

Ehftqd2]zbrgnvrqdonqsdccqtfnudqcnrdcd]sgr
%c]rgdcak]bjkhmdr(enqsgdxd]qr1//7+1/02+]mc1/07-
RnkhcqdckhmdrqdoqdrdmsDmIE oqdchbshnmrsg]s]qd
a]rdcnmtoc]sdrsg]shmunkudcnardqu]shnmc]s]eqnl
]kkoqduhntrxd]qrrhmbd0888-Mn]cchshnm]knardqu],
shnmc]s]vdqd]u]hk]akdadsvddmsvnrtardptdmsxd]qr-
Sg]shr+enqoqdchbshnmrsg]svdqdl]cdenq+d-f-+1//7+
sgdlnrsqdbdmsnardqu]shnmc]s]sg]sv]r]u]hk]akdsn
sgdDmIEv]reqnl 1//6-Rshkk+sgdDmIEoqdchbshnmr
hmEhf-2]zb]qdbknrdkx]khfmdcvhsgsgdqdonqsdcnudq,
cnrdcd]sgr-Enq]klnrs]kk]fdbk]rrdr+oqdchbsdcnudq,
cnrde]s]khshdrkhdvhsghmsgdrgnvm2σqdfhnmr%fq]x
rg]cdcqdfhnmr(-Enq]ookhb]shnmrhmqd]k,shldlnmhsnq,
hmfnenudqcnrde]s]khshdr+nmdl]x]krnhmbktcdoqnuh,
rhnm]kc]s]sg]sadbnldr]u]hk]akdctqhmfsgdbntqrdne
]xd]qsnetqsgdqqd’mdenqdb]rsr-

Sgddunktshnm neŷ ]mc p̂, WrddEhf-2c+d[rtf,
fdrsrsg]scqtfnudqcnrdlnqs]khsxhmbqd]rdcnudqsgd
xd]qrvghkdsgdoqnonqshnmnemdvkx]cchbsdchmchuhc,
t]kr]ooqn]bgdr]ants/,/0.xd]q-Totmshk1//0z1//1+
sgddunktshnmnesgdld]mu]ktdrneansgf]ll]etmb,
shnmrhrrxmbgqnmntrWrddEhf-2e+f[-Eqnl1//2nmv]qcr+
nmdf]ll]etmbshnmb]ostqdrsgd]cchbshnmcxm]lhbr
nehmchuhct]krvgn]qdnkcdqsg]m3/xd]qr+vghkdsgd
rdbnmcf]ll]etmbshnmb]ostqdrsgdhmfinvnexntmfdq
odnokdvhsgRTC-

Ehm]kkx+hmEhf-3+vdrgnvenqdb]rsrnenudqcnrdlnq,
s]khsxhmsgdTmhsdcRs]sdrenqsgdxd]qr1/10+1/11+
]mc1/12-Sgdk]sdrsnardqu]shnmc]s]sg]shr]u]hk]akd
enqsgdrdenqdb]rsrhreqnl 1/1/%c]rgdcak]bjkhmdrhm
Ehf-3(-Sgdoqdchbsdcnudqcnrdlnqs]khsxhm1/10hr
rkhfgskxrl]kkdqsg]mhm1/1/hm]fdfqntoradsvddm2/
]mc5/-Hm1/11]mc1/12+sgdoqdchbsdcnudqcnrdlnq,
s]khsxhml]mx]fdfqntordwbddcrsg]sne1/1/-Rhmbd
sgdnudq]kknudqcnrdlnqs]khsxg]rhmbqd]rdctmrsd]chkx
lnqdsg]m’udenkchmsgdo]rssvncdb]cdr%vhsg]o]q,
shbtk]qkxrsddohmbqd]rdadsvddm1/08]mc1/1/(+sgd
u]qh]mbdhmsgdrgnvmenqdb]rsrhrqdk]shudkxk]qfd-

4BhrbtrrhnmUmcbnmbitrhnmr

Vdg]udcdudknodc]m]fd,rsqtbstqdclncdknecqtf
nudqcnrdlnqs]khsx-Ntqlncdk]bbntmsrenq]fd]mc
shld,cdodmcdms]cchbshnm]mclnqs]khsxq]sdr-Hsb]m
qd]chkxaddwsdmcdcsn]bbntmsenqltkshokdcqtfbk]rrdr
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Dgf 3 Oqdchbsdcnudqcnrdlnqs]khsxhm1/10+1/11+]mc1/12-RnkhcqdckhmdrrgnvDmJEoqdchbshnmrnemtladqrnenudqcnrd
cd]sgrhmO1/10+a1/11+]mcb1/12-@r]qdedqdmbd+c]rgdcak]bjkhmdrrgnvnudqcnrdcd]sgrhm1/1/-Dlohqhb]kc]s]g]ud
addmbnkkdbsdceqnl sgdBCB VNMCDQ c]s]a]rd-Fq]x,rg]cdcqdfhnmrhmchb]sdbnqqdronmchmf1σhmsdqu]kr-Sgdrgnvm
qdrtksr]qda]rdcnmD ; 0/3 dmrdlakdldladqr-Sgdk]sdrsnardqu]shnmc]s]sg]sv]r]u]hk]akdsnfdmdq]sdsgdrgnvm
oqdchbshnmrhreqnl 1/1/

]mcchdqdmsv]xrnersq]shexhmfsgdonotk]shnm-Hm]
rhlokddw]lokd+vdg]udrgnvmgnv ]fd,rsqtbstqdc
lncdkrb]madbnlahmdcvhsgc]s],]rrhlhk]shnmldsg,
ncrrtbg]r]mDmIEsnenqdb]rssgddunktshnmnee]s]k,
hshdr]mcdrshl]sdlncdko]q]ldsdqr-

Bnlahmhmf ntq]fd,rodbh’bnudqcnrdlncdkvhsg
dlohqhb]kc]s]nm nudqcnrde]s]khshdrhm sgdTmhsdc
Rs]sdr+vdg]udoqnuhcdc]oqnne,ne,oqhmbhokdrdsne
ldsgncrsg]sb]madtrdetkenqdrshl]shmfo]q]ld,
sdqrfnudqmhmfcqtf]cchbshnm]mclnqs]khsx]mcenq
enqdb]rshmfsgddunktshnmneonotk]shnm,kdudknudqcnrd
cxm]lhbr-

Hm]cchshnmsncdudknohmf]eq]ldvnqjsnhmbktcd
oqnuhrhnm]knudqcnrdc]s]]mcqdsqnrodbshudtoc]sdr
nenardqu]shnmc]s]+onrrhakdetstqdvnqjhmbktcdrsgd
rstcxnegnv qdftk]qhy]shnmsdqlrb]mgdkorlnnsg
I]kl]m’ksdqtoc]sdrW25[+nqgnv nsgdqdmrdlakd,
a]rdc I]kl]m ’ksdqr+rtbg ]rdmrdlakd]citrsldms
I]kl]m’ksdqrW26[+l]xgdkohloqnudmtldqhb]krs]ahk,
hsx]mcenqdb]rs]bbtq]bx-Enq]ookhb]shnmrnesgdoqn,
onrdcldsgncnknfxsnrl]kkonotk]shnmrhydr+hslhfgs
advnqsgvghkdsntoc]sdsgd]fd,rsq]sh’dconotk]shnm
trhmf]Onhrrnm,oqnbdrrlncdk+vgdqdsgdF]trrh]m
mnhrdsdql nmkx]dbsrsgdtmcdqkxhmflncdko]q]ld,
sdqr]mcmnssgdonotk]shnmmtladqrsgdlrdkudr-Rhmbd
vdenbtrdcnmcqtfnudqcnrdenqdb]rshmfnudqsgdo]rs
svncdb]cdr+vdcdbhcdcsntrdsgdDmIEhm]enqv]qc
lncd]mcmnstrda]bjv]qco]rrdr.rlnnsghmf%h-d-+mns
trdetstqdnardqu]shnmreqnlshldrs⊤<s]sshldr(-=r
mnsdcaxDudmrdm]mcu]mKddtvdmW27[+hmenqdb]rs,
hmflncd+sgdDmIE]mcdmrdlakdI]kl]mrlnnsgdq
%DmIR(oqnctbdsgdr]ldrs]sddrshl]sd]ssgdk]sdrs
shld-Gnvdudq+trhmfa]bjv]qco]rrdr]mc]mDmIR
%nqk]ffdcudqrhnmr(b]mgdkohloqnudd]qkhdqo]q]ld,
sdqdrshl]sdr+vghbghr]krn]mhmsdqdrshmfchqdbshnmenq
etstqdqdrd]qbg-=mnsgdqonrrhakdchqdbshnmenqetstqd
vnqjhrsndwsdmcsgdoqdrdmsdcc]s]]rrhlhk]shnmeq]ld,
vnqjsn]bbntmsenq]fd,cdodmcdmscd]sgq]sdry%T,s(
]mc]fd,cdodmcdmsonotk]shnmc]s]M%T+r(hmDp-%10(-

5tsgnpbnmsphatshnmr

=kk]tsgnqrbnmsqhatsdcdpt]kkx-

Dtmcgmf Nodm@bbdrretmchmfdm]akdc]mcnqf]mhydcax
OqnidjsCD@K-Vd]bjmnvkdcfd’m]mbh]krtoonqseqnl sgd
@QNsgqntfgfq]msV800ME,07,0,/234̃ L-Q-C-]mcS-B-(
]mcV800ME,12,0,/018 L̃-Q-C-]mcK-A-(-

COsO OuOgiOagigsv rsOsdldms@kk lnqs]khsx
c]s]rdsr ]qd otakhbkx ]u]hk]akd ]s gssor9..fhsk]a-bnl.
Bnlots]shnm]kRbhdmbd.nudqcnrd,c]]mc]sgssor9..vnmcdq-
bcb-fnu.lbc-gslk-

AncdOuOgiOagigsv@kkrntqbdbncdr]qdotakhbkx]u]hk]akd
]sgssor9..fhsk]a-bnl.Bnlots]shnm]kRbhdmbd.nudqcnrd,c]-

CdbiOpOsgnmr

AnmygbsnegmsdpdrsSgd]tsgnqrcdbk]qdmnbnlodshmf
hmsdqdrsr-

Fodm9bbdrr Sghr]qshbkdhrkhbdmrdctmcdq]Bqd]shud
Bnllnmr@ssqhatshnm3-/Hmsdqm]shnm]kKhbdmrd+vghbgodq,
lhsrtrd+rg]qhmf+]c]os]shnm+chrsqhatshnm]mcqdoqnctbshnm
hm]mxldchtl nqenql]s+]rknmf]rxntfhud]ooqnoqh,
]sdbqdchssnsgdnqhfhm]k]tsgnq̃r(]mcsgdrntqbd+oqn,
uhcd]khmjsnsgdBqd]shudBnllnmrkhbdmbd+]mchmch,
b]sdhebg]mfdrvdqdl]cd-Sgdhl]fdrnqnsgdqsghqc
o]qsx l]sdqh]khm sghr]qshbkd]qdhmbktcdc hm sgd]qsh,
bkd–rBqd]shudBnllnmrkhbdmbd+tmkdrrhmchb]sdc nsgdq,
vhrdhm]bqdchskhmdsnsgdl]sdqh]k-Hel]sdqh]khrmns
hmbktcdc hm sgd]qshbkd–rBqd]shudBnllnmrkhbdmbd]mc
xntqhmsdmcdc trdhrmnsodqlhssdc ax rs]stsnqx qdft,
k]shnm nqdwbddcrsgdodqlhssdc trd+xnt vhkkmddc sn
nas]hmodqlhrrhnmchqdbskxeqnl sgdbnoxqhfgsgnkcdq-Sn
uhdv ] bnox nesghrkhbdmbd+uhrhsgsso9..bqd]shudbnll
nmr-nqf.khbdmrdr.ax.3-/.-

5oodmchv5MUsdnebgUmfd

Vddu]kt]sdsgdcdqhu]shudneDp-%1(v-q-s-renqs,;
/+p%T,s(≡ p%T(; p,We0%T:α0,β0()e1%T:α1,β1([.1+
M%s(; M,)ΔMs+y%T,s(; y-Sgdqdrtkshmfq]sdne
bg]mfdnei%T+r(enqT<shr
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vgdqdΓ%r,t( ;
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t
sr∞0a∞scscdmnsdrsgdtoodq

hmbnlokdsdf]ll]etmbshnm-Vddu]kt]sdsgdqdl]hmhmf

hmsdfq]kr
⎩s

,
%·(crmtldqhb]kkx-Sgdrhltk]shnmqdrtksr

sg]svdoqdrdmshmRdbs-3trdsgd]fd,cdodmcdmshmh,
sh]kbnmchshnm

ρ%T(;/,/3M,e%T:α,β(, %=3(

vgdqde%T:α,β(hr]f]ll]chrsqhatshnmvhsgrg]od
]mcq]sdo]q]ldsdqrα]mcβ+qdrodbshudkx-Hm]kkrhl,
tk]shnmr+vdrdsα;04]mcβ;0.%2xd]q(rtbgsg]s
sgdchrsqhatshnmld]mhr34xd]qr-Sgdoqde]bsnqne/-/3
hrbgnrdmrtbgsg]shmhsh]kkx3̃ nesgdonotk]shnm]qd
rtdqhmfeqnl ]rtars]mbdtrdchrnqcdqW22[-

Mdedpdmbdr

0-G-I]k]k+I-L-Atbg]mhbg+L-R-Qnadqsr+K-B-A]kldqs+
J-Yg]mf+C-R-Atqjd+Bg]mfhmfcxm]lhbrnesgdcqtf
nudqcnrddohcdlhbhm sgdTmhsdc Rs]sdreqnl 0868
sgqntfg1/05-Rbhdmbd250̃53/7(+0073 1̃/07(

1-G-I]k]k+I-L-Atbg]mhbg+C-Q-Rhmbk]hq+L-R-Qnadqsr+
C-R-Atqjd+@fd]mcfdmdq]shnm]ko]ssdqmrnenudqcnrd
cd]sgqhrjeqnl nohnhcr]mcnsgdqcqtfr-M]s-Ldc-15+
588z6/3 1̃/1/(

2-E-A-@gl]c+K-L-Qnrrdm+O-Rtssnm+OpnuhrhnmUiCptf
NudpcnrdCdUsgBntmsr M̃]shnm]kBdmsdqenqGd]ksg
Rs]shrshbr+L]qxk]mc+1/10(

3-L-Q-C–Nqrnfm]+K-Aflnssbgdq+S-Bgnt+Edms]mxk,cqhudm
]bbdkdq]shnmneq]bh]k+fdmcdq]mcfdnfq]oghb]kchro]qh,
shdrhmcqtfnudqcnrdcd]sgrhmsgdTmhsdcRs]sdr-OKNR
Fkna-Otak-Gd]ksg2̃2(+d////658 1̃/12(-gssor9..cnh-
nqf.0/-0260.intqm]k-ofog-////658

4-@-L-Jdmcqhbj+@ookhb]shnmrnel]sgdl]shbrsnldchb]k
oqnakdlr-Oqnb-Dchma-L]sg-Rnb-33+87z02/ 0̃814(

5-S-Bgnt+B-C-Fqddml]m+@ghdq]qbghb]kjhmdshbsgdnqx
neahqsg+cd]sg]mc’rrhnmhm]fd,rsqtbstqdchmsdq]bshmf
onotk]shnmr-I-Rs]s-Ogxr-053̃0(+38z65 1̃/05(

6-F-Dudmrdm+Rdptdmsh]kc]s]]rrhlhk]shnmvhsg]mnmkhm,
d]qpt]rh,fdnrsqnoghblncdktrhmfLnmsdB]qknldsg,
ncrsnenqdb]rsdqqnqrs]shrshbr-I-Fdnogxr-Qdr-Nbd]mr
88̃B4(+0/032z0/051 0̃883(

7-I-K-Bq]rrhchr+I-K-Itmjhmr+NoshlUiDrshlUshnm ne
CxmUlhb Rxrsdlr B̃g]ol]m ]mc G]kk.BQB+Anb]
Q]snm+1//3(

8-Q-F-Aqnvm+O-X-Gv]mf+HmspnctbshnmsnPUmcnl Rhf,
mUirUmc :ooihdc IUilUm Ehisdphmf9vhsg L:SK:A
DwdpbhrdrUmcRnitshnmr̃ Vhkdx+Gnanjdm+1/01(

0/-A-E]mf+W-,Y-Kh+L-L]qsbgdu]+K-,L-B]h+Fkna]k
]rxlosnshboqnodqshdrne]gdqnhmdohcdlhblncdkvhsg
sqd]s,]fd-@ook-L]sg-Bnlots-152+204z220 1̃/04(

00-A-E]mf+W-Kh+L-L]qsbgdu]+K-B]h+Fkna]krs]ahkhsx
enq]gdqnhmlncdkvhsg]fd,cdodmcdmsrtrbdoshahkhsx-I-
Rxrs-Rbh-Bnlokdw17̃5(+0132z0146 1̃/04(

01-I-X]mf+W-Kh+E-Yg]mf+Fkna]kcxm]lhbrne]gdqnhm
dohcdlhblncdkvhsg]fdrsqtbstqd]mcmnmkhmd]qhmbh,
cdmbd-Hms-I-Ahnl]sg-8̃2(+054//22 1̃/05(

02-K-Kht+W-Kht+L]sgdl]shb]k]m]kxrhrenq]m ]fd,
rsqtbstqdcgdqnhmdohcdlhblncdk-@bs]@ook-L]sg-
053+082z106 1̃/08(

03-@-Bgdjqntm+L-M-Eqhnth+S-Jtmhx]+S-L-Snt]ntk]+
L]sgdl]shb]k]m]kxrhrne]m ]fdrsqtbstqdc gdqnhm,
bnb]hmddohcdlhblncdk-ChrbqdsdBnmshm-Cxm-Rxrs-,
A14̃00(+3338z3366 1̃/1/(

04-@-Chm+X-Kh+Bnmsqnkkhmfgdqnhm]cchbshnmuh]]fd,
rsqtbstqdc lncdkhmf-@cu-Chdq-Dpt-1.1.+410
1̃/1/(-gssor9..cnh-nqf.0/-0075.r02551,/1/,/1872,4

05-W-B-Ct]m+G-Bgdmf+L-L]qsbgdu]+R-Xt]m+Cxm]l,
hbrne]m]fdrsqtbstqdcgdqnhmsq]mrlhrrhnmlncdkvhsg
hlodqedbsu]bbhm]shnm-Hms-I-Ahetqb-Bg]nr20̃0/(+
104/046 1̃/10(

06-@-Jg]m+F-Y]l]m+Q-Tkk]g+M-M]uddc+Noshl]kbnm,
sqnkrsq]sdfhdrenq]gdqnhmdohcdlhblncdkvhsg]fd,
cdodmcdmsrtrbdoshahkhsx]mcqdbnudqx,]fd-@HLRL]sg-
5̃1(+0266z0283 1̃/10(

07-I-Ädk]hq+L-B-L]bjdx+I-L-L]g]x+@fd,rsqtbstqdc
]mcsvn,cdk]xlncdkrenqdqxsgqnonhdrhr-L]sg-Ahnrbh-
017̃0z1(+206z235 0̃884(
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08-I-L-L]g]x+I-Ädk]hq+L-B-L]bjdx+Gdl]snonh,
dshblncdkvhsglnuhmfantmc]qxbnmchshnm]mcrs]sd
cdodmcdms cdk]x9]ookhb]shnmr hm dqxsgqnonhdrhr-I-
Sgdnq-Ahnk-08.̃1(+024z035 0̃887(

1/-X-Bgt]mf+S-Bgnt+L-Q-C–Nqrnfm]+@fd,rsqtbstqdc
rnbh]khmsdq]bshnmrdmg]mbd q]chb]khy]shnm-I-L]sg-
Rnbhnk-31+017z040 1̃/07(

10-X-V]mf+Q-Cdrr]kkdr+S-Bgnt+Lncdkhmfsgdhlo]bs
neahqsgbnmsqnkonkhbhdrnmBghm]–ronotk]shnm]mc]fd9
ddbsrnecdk]xdcahqsgr]mclhmhltl ahqsg]fdbnm,
rsq]hmsr-Q-Rnb-NodmRbh-8+100508 1̃/11(

11-K-Aflnssbgdq+L-Wh]+S-Bgnt+Vgx b]rd e]s]khsx
q]shnrb]m adlhrkd]chmf9hmchuhct]k,]mc onotk]shnm,
a]rdclnqs]khsxdrshl]sdr]mce]bsnqrhmfitdmbhmfsgdl-
Ogxr-Ahnk-06̃5(+/54//2 1̃/1/(

12-P-Qhbg]qc+R-@khynm+L-Bgnhrx+L-S-Rnenmd]+Q-
Cihcint,Cdl]rrd+@fd,rsqtbstqdc mnm,og]ql]bdtshb]k
hmsdqudmshnmrenqnoshl]kbnmsqnkneBNUHC,08dohcdlhb-
OKNRBnlo-Ahnk-06̃2(+0//7665 1̃/10(

13-L-Jqdbj+D-Rbgnky+A]bj snsgdqnnsr9]chrbqdsd
Jdql]bj,LbJdmcqhbj lncdk]c]osdc sn BNUHC,08-
Atkk-L]sg-Ahnk-73̃3(+0z2/ 1̃/11(

14-L-J]syetrr+I-Q-Rsqntc+B-J-Vhjkd+Tmcdqrs]mchmf
sgddmrdlakdJ]kl]m’ksdq-@l-Rs]s-6.̃3(+24/z246
1̃/05(

15-F-Khkk]bbh+L-Jg]ll]rg+O]q]ldsdqdrshl]shnm]mc
lncdkrdkdbshnmhmbnlots]shnm]kahnknfx-OKNRBnlo-
Ahnk-5̃2(+0///585 1̃/0/(

16-@-O]mcdx+@-Lta]xh+I-Ldcknbj+Bnlo]qhmfudbsnq,
gnrs]mcRHQ lncdkrenqcdmftdsq]mrlhrrhnm-L]sg-
Ahnrbh-135̃1(+141z148 1̃/02(

17-Q-Anl’l+R-Odh+I-Rg]l]m+S-X]l]m]+G-@-L]jrd+
I-R-@mcq]cdIq-+@-R-Khl]Mdsn+U-Etqs]cn+Oqd,
chbshmfcdmftdntsaqd]jr]smdhfgantqgnnckdudktrhmf
gtl]mlnahkhsxhmtqa]m]qd]r-I-Q-Rnb-Hmsdqe]bd
06̃060(+1/1//580 1̃/1/(

18-R-C-Qdhr+K-Aflnssbgdq+I-O-c-B-Mnftdhq]+F-R-Rntr]+
@-R-K-Mdsn+G-I-Gdqql]mm+I-R-@mcq]cdIq+Ro]shn,
sdlonq]kbg]q]bsdqhrshbrnecdmftdntsaqd]jr-Eqnms-
Ogxr-0.+812/88 1̃/11(

2/-R-Odh+E-Khkidqnr+I-Rg]l]m+Hcdmshexhmf]rxlosnl]shb
roqd]cdqrne]mshlhbqnah]k,qdrhrs]mso]sgnfdmrhmgnr,
ohs]krdsshmfr-Oqnb-M]sk-@b]c-Rbh-T-R-@-007̃26(+
100008/007 1̃/10(

20-S-Rbgmdhcdq+N-Q-Ctma]q+I-Vt+K-Aflnssbgdq+C-
Atqnu+@-F]qatmn,Ĥmhfn+F-K-V]fmdq+R-Odh+B-
C]q]hn+Q-Edqq]qhds]k-+Dohcdlhbl]m]fdldms]mc
bnmsqnksgqntfgqhrj,cdodmcdmshmchuhct]kbnms]bshmsdq,
udmshnmr-OKNRBnlo-Ahnk-07+d0/0/060 1̃/11(

21-K-Aflnssbgdq+G-Fdqra]bg+Sgdfqd]schuhcd9cqhudqrne
onk]qhy]shnmhmsgdTRotakhb-DOIC]s]Rbh-8̃0(+0z02
1̃/1/(

22-Q-M-Kho]qh+D-O]qj,Kdd+LdmsUiFdUisg Rdpuhbdr
:clhmhrspUshnm-IdxrtarsUmbdtrdUmcldmsUigdUisg
hmchbUsnprhmsgdTmhsdcRsUsdr9Pdrtisrepnl sgd1.06
MUshnmUiRtpudxnmCptfTrdUmcFdUisg FFROta,
ihbUshnmMn-ODO08,4.56)MRCTF RdphdrF,42( B̃dm,
sdqenqAdg]uhnq]kGd]ksgRs]shrshbr]mcPt]khsx-Rta,
rs]mbd@atrd]mcLdms]kGd]ksgRdquhbdr@clhmhrsq],
shnm+Qnbjuhkkd+1/07(

23-K]aad+Q-9J]kl]m]mcA]xdrh]mEhksdqrhmOxsgnm+
gssor9..fhsgta-bnl.qk]aad.J]kl]m,]mc,A]xdrh]m,
Ehksdqr,hm,Oxsgnm.akna.l]rsdq.@oodmchw,D,Dmrdlakd,
J]kl]m,Ehksdqr-hoxma-FhsGta 1̃/11(

24-S-Bgnt+L-Q-C–Nqrnfm]+@ l]sgdl]shb]klncdkne
qdv]qc,ldch]sdckd]qmhmfhmcqtf]cchbshnm-Bg]nr21+
/100/1 1̃/11(

25-B-I-Ingmr+I-L]mcdk+@ svn,rs]fddmrdlakdJ]kl]m
’ksdqenqrlnnsgc]s]]rrhlhk]shnm-Dmuhqnm-Dbnk-Rs]s-
04+0/0z00/ 1̃//7(

26-I-K-@mcdqrnm+@mdmrdlakd]citrsldmsJ]kl]m’k,
sdqenqc]s]]rrhlhk]shnm-Lnm-Vd]sgdqQdu-018̃01(+
1773z18/2 1̃//0(

27-F-Dudmrdm+O-I-U]mKddtvdm+@mdmrdlakdJ]kl]m
rlnnsgdqenqmnmkhmd]qcxm]lhbr-Lnm-Vd]sgdqQdu-
017̃5(+0741z0756 1̃///(
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