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=ARSP=BS9 Vd qdonqs nm rhmfkd Zsnlhb ydqn,chldmrhnmZk
%/C( onqdr eZaqhbZsdc trhmf ZadqqZshnm,bnqqdbsdc rbZmmhmf
sqZmrlhrrhnm dkdbsqnm lhbqnrbnox %=B,RSDL( hm lnmnkZxdq
LnR1-Onqdr Zqd bnloqhrdc neZ edv Zsnlrlhrrhmf hm sgd svn,
chldmrhnmZk%1C(kZsshbd %0�4 Ln Zsnlr(nebgZqZbsdqhrshb rhydr
eqnl −/-4 sn 0-1 ml+Zmc onqd dcfdr chqdbskx oqnadc ax =B,
RSDL sn lZo sgd Zsnlhb rsqtbstqd-Vd bZsdfnqhyd sgdl hmsn
−2/ fdnldsqhbZkkx onrrhakd yhfyZf+ ZqlbgZhq+ Zmc lhwdc
bnm�ftqZshnmr-Vghkd sgdnqdshbZkrstchdr oqdchbs sgZs sqZmronqs
oqnodqshdr ne 1C onqdr hm sghr rhyd qZmfd cdodmc rsqnmfkx nm
onqd rhyd Zmc sgdhq Zsnlhb bnm�ftqZshnm+ /C onqdr rgnv Zm
ZudqZfd bnmctbsZmbd hm sgd qZmfd eqnl −/-5�0 mR %ahZr to sn
/-0 T(+rhlhkZq sn ahnknfhbZk onqdr-Hm rnld cduhbdr+sgd btqqdms vZr hlldZrtqZakx rlZkk Zmc.nq onqdr bntkc mns ad vds-
Etqsgdqlnqd+btqqdms�unksZfd %A �L( bgZqZbsdqhrshbr Zqd kZqfdkx hmcdodmcdmsneatki lnkZqhsx %0/ lL sn 2 L IBk( Zmc sgd
sxod ne bZshnm %I)+Kh)+Lf1)(-Sghr vnqi kZxr sgd dwodqhldmsZk entmcZshnm enq tmcdqrsZmchmf ne sgd bnm�mdldms dfidbsr
onrrhakd hm Zsnlhb,rbZkd 1C lZsdqhZkonqdr Zmc sgd qdZkhyZshnm nernkhc,rsZsd ZmZknftdr nehnm bgZmmdkr hm ahnknfx-
IDWVNPCR9 ydpn,chldmrhnmZkonpd)Zsnlhb onpd)Zmfrspnl,rhyd onpd)rta,ml onpd)mZmnonpd)svn,chldmrhnmZklZsdphZk)
spZmrhshnm ldsZkchbgZkbnfdmhcdr

HmqdbdmsxdZqr+ahnknfhbZkoqnsdhmrrtbg ZrMZ
) bgZmmdkr+J)

bgZmmdkr+Zmc ZptZonqhmrZqd adhmf qdudqdc Zrsntbgrsnmdr
enq sgdhq vZsdq lnkdbtkd Zmc hnmhb sqZmronqs oqnodqshdr-

Rstchdr gZud rgnvm tmhptd mnmkhmdZq btqqdms�unksZfd %G�U(
bgZqZbsdqhrshbrhm rta,ml rnkhc,rsZsd onqdreZaqhbZsdc Zmc stmdc
tmcdqZ uZqhdsx nenodqZshmf bnmchshnmr-0�4 Sgdrd nardquZshnmr
bnmrshstsd Z aqdZjsgqntfg hm tmcdqrsZmchmf vZsdq otqh�bZshnm
Zmc hnmhb rdkdbshuhsx vhsg knv,chldmrhnmZk lZsdqhZkr- >lnmf
qdonqsr nm eZaqhbZshnm trhmf rnkhc,rsZsd lZsdqhZkr+ sgdqd gZud
addm Z edv hmmnuZshud cduhbd ZqbghsdbstqdrsgZslhlhbahnknfhbZk
oqnsdhm hnm bgZmmdkrrtbg ZrJ) bgZmmdkr-EnqdwZlokd+bZqanm
mZmnstadr %BMSr( vhsg /-7�0-4 ml chZldsdqr+5+6 mZmn,
bZohkkZqhdr vhsg /-5 ml gdhfgsr+7+8 Zmc mZmnonqdr hm fqZogdmd+
LnR1+Zmc VR1 vhsg −/-1 ml sn edv,ml chZldsdqr3+0/+00 gZud
rgnvm bZshnm rdkdbshuhsx- >qqZxr ne onqdr vhsg chZldsdqr
bnloZqZakd sn sgd gxcqZsdc hnm rhydr gZud addm cdlnmrsqZsdc
hm svn,chldmrhnmZk %1C( lZsdqhZkr+ nodmhmf Z qdfhld ne
sqZmronqs rstchdr Zs sgd Zsnlhb rbZkd-1+3+01 > edv mnsZakd
dwodqhldmsZk rstchdr vdqd bnmctbsdc nm rhmfkd rta,0 ml
chZldsdq1C onqdr-4+01 Sgdx trdc sgdnqdshbZk�srnebnmctbsZmbd
uronqd chZldsdqsn ptnsd sgd ’dwodqhldmsZk“ 1C onqd chZldsdq
hm sgd rta,ml qdfhld eqnl ldZrtqdc btqqdmsr1+4 qZsgdq sgZm
ldZrtqd hschqdbskx+Zrrtlhmf sgZslncdkrZqd bnqqdbshm sgd rta,
ml qdfhld- Sgdrd onqd chZldsdq uZktdr vdqd sgdm trdc Zr

hlonqsZmshmfqdchdmsrsn nasZhm+vgZsbntkc adbnmrhcdqdc+Z ’ax
cdrhfm“ lZsbg vhsg sgdnqhdr1 rtbg Zr bkZhlhmf duhcdmbd enq
’Bntknla aknbjZcd“4 Zmc ’Zsnl,ax,Zsnl“ onqd enqlZshnm
ogdmnldmZ-02 Gnvdudq+ sgd eZaqhbZshnm Zmc hnmhb sqZmronqs
oqnodqshdr ne hmchuhctZk ZsnlhbZkkx dmfhmddqdc onqdr hm 1C
ldlaqZmdrgZudxdssn addwodqhldmsZkkxdrsZakhrgdc-4+01 Dfidbsr
Zqhrhmf eqnl hnm bnm�mdldms rtbg Zr ptZmshydc hnmhb
bnmctbsZmbd ur onqd chZldsdq+Bntknla aknbjZcd+Zmc rsdqhb
ghmcqZmbd+ vgdqd sgd cqno hm bnmctbsZmbd Zr rtbbdrrhud
gxcqZshnm rgdkkr Zqd oqdudmsdc eqnl oZrrhmf sgqntfg sgd rlZkk
onqdr+gZud addm ZmshbhoZsdc-3+4+03�06 Nsgdq bnlodshmf dfidbsr
lZx hmbktcd gxcqnognahbhsx neonqdr-07+08 TmcdqrsZmchmf hnmhb
bnmctbshnm ogdmnldmZ hm sgdrd bnm�mdc fdnldsqhdr vhkk
dwoZmc sgdhq ZookhbZshnmr hm cqtf cdkhudqx+ahnldchbZkcduhbdr+
vZsdq �ksqZshnm+ mZmnonvdq fdmdqZshnm+ Zmc dmdqfx gZqudrs,
hmf-1+3+0/+1/+10

Pdbdhudc9 Itmd 4+1/1/
=bbdosdc9 >tftrs 00+1/1/
Otakhrgdc9 >tftrs 00+1/1/

�
lreA

ic

ttt,SarmSmn,npe

y 1/1/ :ldphaSm AgdlhaSiCnahdsx
00720

gssor8..cw,cnh,npe.0/,0/10.SarmSmn,/a/3605
� A N CS a n 1/1/�03�00720�00734

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
 O

F 
PE

N
N

SY
LV

A
N

IA
 o

n 
N

ov
em

be
r 2

5,
 2

02
0 

at
 1

4:
35

:1
9 

(U
TC

).
Se

e 
ht

tp
s:

//p
ub

s.a
cs

.o
rg

/s
ha

rin
gg

ui
de

lin
es

 fo
r o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.



Hm sghr rstcx+vd bqdZsd rhmfkd Zsnlhb %rta,ml( onqdr hm Z
lnmnkZxdq 1C lZsdqhZk+ nasZhm sgdhq rhmfkd,Zsnl qdrnktshnm
rsqtbstqZk hlZfdr+ Zmc oqnad sgd bnqqdkZsdc btqqdms�unksZfd
adgZuhnqhm rZksrnktshnmr-Vd eZaqhbZsd cduhbdr vhsg hmchuhctZk
ZsnlhbZkkx oqdbhrd LnR1 onqdr trhmf ZadqqZshnm,bnqqdbsdc
rbZmmhmf sqZmrlhrrhnm dkdbsqnm lhbqnrbnox %>B,RSDL(-Sgd
qdrtkshmf onqdr bnmsZhm 0�4 lhrrhmf Ln Zsnlr vhsg dfidbshud
chZldsdqr %cSDL+rdd Ldsgncr enq cd�mhshnm Zmc chrbtrrhnm(
qZmfhmf eqnl−/-42 sn /-76 ml-Trhmf Zsnlhbqdrnktshnm hlZfdr+
vd Zkrn oqdrdms Z khaqZqx ne oqdchbsdc LnR1 onqdr vhsg
chrbqdshydc rta,ml chZldsdqr Zmc yhfyZf�ZqlbgZhq dcfd
bnm�ftqZshnmr-Sgdrd onqdr bnmrshstsd ptZrh,ydqn,chldmrhnmZk
%/C( bgZmmdkr4+01+03 vhsg edZstqd rhydr bnloZqZakd sn sgd
chldmrhnmr ne vZsdq lnkdbtkdr %− /-17 ml(+ gxcqZsdc hnmr
%−/-6�0 ml(Zmc Cdaxd rbqddmhmf kdmfsgr%−/-0�2 ml hm 2 L
sn 0/ lL JBk+qdrodbshudkx(-4+11+12

Trhmf hnmhb sqZmronqsldZrtqdldmsr+sgd vdsshmf oqnodqshdr+
hnm btqqdmsmnhrd+Zmc bnmctbshuhsx oqnodqshdrnehmchuhctZk/C
LnR1 onqdr Zqd bgZqZbsdqhydc-Vd oqdrdms Z ldsgncnknfx enq
hmctbhmf Z bnmctbshmf hnm bgZmmdkhm Z rta,ml 1C onqd trhmf
dsgZmnk rnktshnmr Zmc oqnad chfidqdms hnmhb rsZsdr %tmvds+
oZqshZkkx vds+Zmc etkkx vds( sgqntfg btqqdms�unksZfd Zmc mnhrd
onvdq rodbsqZk cdmrhsx ldZrtqdldmsr- Ctd sn sgdhq rhlhkZq
dfidbshud rhydr+ sgd ldZrtqdc bnmctbsZmbd %F( qZmfd enq /C
onqdr %/-5�0 mR( hm lnmnkZxdq LnR1 hr rhlhkZq sn sgd
bnmctbsZmbd hm ahnknfhbZkhnm bgZmmdkr-Hm sgd knv,ahZr qdfhld

%*0// lU(+vd Zkrn nardqud sgZssgd hnmhb bnmctbshuhsx ne/C
LnR1 onqdr hr kZqfdkx hmcdodmcdmsnesgd atkj bnmctbshuhsx ne
chfidqdms rZks rnktshnmr Zmc bnmbdmsqZshnmr+lZjhmf sgd onqd
ZklnrsdptZkkx bnmctbshmf hm /-/0 L JBkZrhm 2 L JBk-Sghrhr
hm bnmsqZrssn kZqfdqchZldsdqonqdrhm sgd rZld lZsdqhZkvgdqd
onqd Zmc atkj bnmctbshuhsx Zqd ZooqnwhlZsdkx sgd rZld-13+14

Sgdrd dwodqhldmsZk �mchmfr Zqd nudqZkk bnmrhrsdms vhsg
lnkdbtkZq cxmZlhbr %LC( rhltkZshnmr ne rta,4 ml chZldsdq
LnR1 mZmnonqdr enq 0 L JBk15 Zmc oqnuhcd noonqstmhshdr enq
etqsgdqrstchdrnm knv,chldmrhnmZkhnmhb sqZmronqshm rnkhc,rsZsd
lZsdqhZkr-

PDRTKSR :MC CHRBTRRHNM

OnqdeZaqhbZshnm16 hm 1ClZsdqhZkrgZraddm qdZkhydc trhmfrdudqZk
ldsgncr hmbktchmf dkdbsqnm17+18 Zmc hnm hqqZchZshnm+2/ dkdbsqn,
onqZshnm+02+20 onkxldq oZssdqmhmf+21+22 ZmmdZkhmf.gdZkhmf23 hm
rhst sqZmrlhrrhnm dkdbsqnm lhbqnrbnox %SDL(+24 Zmc okZrlZ
dsbghmf-0/+16+25 Dkdbsqnm adZl cqhkkhmf vhsg rta,ml rhyd oqnadr
dmZakdrsgd enqlZshnm nehmchuhctZkonqdrvghkd nfidqhmf bnmsqnk
nudqonqdrhydZmc fdnldsqx-Vhsg sgdfqnvhmftrdneZadqqZshnm,
bnqqdbsdc dkdbsqnm noshbr+sqZmrlhrrhnm dkdbsqnm adZlr bZm ad
enbtrdc sn chZldsdqrne;/-0 ml Zmc gZud dmZakdc rstchdrne1C
lZsdqhZkr cnvm sn Z qdrnktshnm ne−28 ol-26 QdbdmsZcuZmbd,
ldmsrhm dkdbsqnm lhbqnrbnox Zkrn nodm onrrhahkhshdrenqoqdbhrd
mZmnonqd cduhbd dmfhmddqhmf hm 1C lZsdqhZkr9 sn bnmsqnkkZakx

Ehftqd 0-Rdkdbsdc ZqdZ =B,RSDL cqhkkhmf enq hmchuhctZkrta,ml LnR1 onqdr-%Z( NoshbZkhlZfd neZ 2 ll,chZldsdq RhM d .RhbhqbtkZq bgho
okZsenql %fqZx( enq sgd SDL,adZl eZaqhbZshnm nerta,ml onqdrvhsg sqZmredqqdc LnR1 ffZidr-%a( = lnmnkZxdqLnR1 ffZid %ntskhmdc ax sgd
otqokdcZrgdc khmdr(sqZmredqqdc nudqZ−04/�1// ml chZldsdqEHA gnkdnm ZRhM d .Rhbgho %hmrhcdsgdaktdrptZqd(Zmc ZmmdZkdc sn enql ZrdZk
vhsg sgdrtoonqshmf bgho-33 Hmrds9DmkZqfdc SDL hlZfdnesgdEHA gnkdvhsg rtrodmcdcLnR1 ffZid-%b(=snlhbqdrnktshnm hlZfdneoqhrshmd%Zr,
fqnvm Zmc sqZmredqqdc(lnmnkZxdqLnR1 rtrodmcdc nm ZRhM d .Rhbgho Zmc %c(sgdkZsshbdvhsg ZonqdnedfidbshudchZldsdq%a SDL+rddLdsgncrenq
cd�mhshnm(−0-0 ml-V bnmsqZrshrhmchbZshud neLn Zmc R Zsnlr-%d(RbgdlZshb rgnvhmf hlZfhmf nertrodmcdc lnmnkZxdqLnR1 tmcdqZm =B,
RSDL adZl %khfgsaktd(vhsg Z cnrd ne2-1 � 0/5 d�.ml1-Ln Zmc R ZsnlrZqd rgnvm hm cZqi aktd Zmc xdkknv+qdrodbshudkx+vghkd sgd dkdbsqnm
dwonrtqdZqdZhrrgnvm hm nqZmfd-%e(HkktrsqZshnm nesgdrta,ml onqdcqhkkhmf trhmf RSDL rdkdbsdc ZqdZdwonrtqdsdbgmhptdvhsg Zcnrdne8-6�
0/7 d�.ml1 Zmc %hmrds( Z bnlokdsdkx cqhkkdc /C onqd-
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lZjdrhmfkdZmc edv Zsnl,rhydc onqdrZmc sn ZsnlhbZkkxdmfhmddq
sgd onqd dcfdr-Cdedbs Zmc onqd bqdZshnm hm 1C lZsdqhZkr gZr
addm rstchdc hm uZbttl hmrhcd sgd SDL+27�32 vgdqd 1C ffZjdr
sxohbZkkx gZmf nfi sgd rtoonqshmf rtarsqZsd nqSDL fqhc Zmc sgd
bgho hr mns cdrhfmdc enq dw rhst mZmnffthchbr- BnqqdkZshmf
ZcuZmbdc lhbqnrbnox %>B,SDL( hmrhfgsr vhsg sqZmronqs
oqnodqshdr eqnl sgd rZld 1C cduhbdr ldZrtqdc dw rhst gZr
addm bgZkkdmfhmf ctd sn cduhbd qdpthqdldmsr+rtbg Zr gZuhmf Z
rhmfkd mZmnonqdvhsghm Zm nsgdqvhrd bnmshmtntrldlaqZmd sgZs
cndrmnskdZj Zmc Z mZmnonqd sgZshrrtflbhdmskx rsZakd hm khpthc
nqfZrdmuhqnmldmsr-

:snlhb Onpd EZaphbZshnm- Ehftqd 0 rgnvr sgd rta,ml
chZldsdq LnR1 onqd eZaqhbZshnm oqnbdrr trhmf >B,RSDL
rdkdbsdc,ZqdZ dwonrtqd ne sgd 1C ldlaqZmd- > lnmnkZxdq
LnR1 ffZjd hr sqZmredqqdc nmsn Z 4/ ° 4/ � l1 vhmcnv hm sgd
bdmsdqnesgd 2 ll chZldsdqSDL fqhc vhsg Z 2/ ml,sghbj RhMw
�kl nm sno neZ 18/ � l,sghbj RhrtoonqsrtarsqZsd %Ehftqd 0Z(-
>r hmchbZsdc hm sgd hmrdsneEhftqd 0a+sgd dkdbsqnm sqZmroZqdms
RhMw vhmcnv bnmsZhmr Z −04/ ml chZldsdqgnkd cqhkkdc vhsg Z
enbtrdc FZ) hnm adZl %EHA(-Sgd LnR1 ffZjd −4/�7/ � l hm
rhyd hr onrhshnmdc rtbg sgZs hs hr rtrodmcdc nudq sgd EHA gnkd
%Ehftqd 0a( Zmc ZmmdZkdc Zs 2// ±B vhsg >q9G1-Sgd onqd
cqhkkhmf oqnbdrr rsZqsr ax ynnlhmf hmsn sgd rtrodmcdc LnR1
qdfhnm bnudqhmf sgd EHA gnkd sn Zbpthqd Z ghfg,Zmfkd ZmmtkZq
cZqj,�dkc %G>>CE( hlZfd %cnrd < 2-1 ° 0/5 d�.ml1+shld < 7
r( nesgd oqhrshmd %Zr,fqnvm Zmc sqZmredqqdc( kZsshbd %Ehftqd 0b(-
Enq Z 1C lZsdqhZk dwonrdc sn Zm dkdbsqnm adZl+ cdedbs

oqnctbshnm hrldchZsdc ax lnldmstl sqZmredq eqnl dmdqfdshb
dkdbsqnmr sn kZsshbd Zsnlr %jmnbj,nm cZlZfd( Zmc hm,okZmd
dkdbsqnmhb dwbhsZshnmr %qZchnkxrhr(-34 Gdqd+vd dloknx Z RSDL
ZbbdkdqZshnm unksZfd ne7/ jU+hm vghbg sgd lZwhltl jmnbj,nm
dkdbsqnm dmdqfx sqZmredq hr knvdq sgZm sgd chrokZbdldms
sgqdrgnkcrenqLn %1/ dU( Zmc R %5-4 dU( Zsnlrhm lnmnkZxdq
LnR1-

27+35 Oqduhntr qdonqsr gZud Zkrn cdlnmrsqZsdc sgZs Zm
dwonrtqd cnrd ne −0/5 d�.ml1 bZtrdr mdfkhfhakd qZchnkxrhr
cZlZfd hm lnmnkZxdqLnR1-

3+36+28 Sn cqhkkZ rta,ml chZldsdq

onqd+sgd RSDL hmrsqtldmshrrvhsbgdc eqnl etkkrbZm %02 ml °
02 ml ZqdZ( sn rdkdbsdc ZqdZ %0 ml ° 0 ml ZqdZ( dwonrtqd+hm
vghbg sgd qZrsdq ZqdZ nesgd dkdbsqnm adZl hr qdctbdc+sgdqdax
hmbqdZrhmf sgd cnrd sn 8-6 ° 0/7 d�. ml1 %snsZkdwonrtqd shld <
0/ r(- >s sghr dwonrtqd cnrd+ qZchnkxrhr bZtrdr Zsnlr sn ad
rotssdqdc nfi sgd kZsshbd vhsghm sgd rdkdbsdc ZqdZ+34+36 sgtr
bqdZshmf Z rta,ml onqd %onqd 0+Ehftqd 0c(-Sgd oqnbdrr hr
cdlnmrsqZsdc rbgdlZshbZkkx hm Ehftqd 0d+e->snlhb onqdr Zqd
enqldc ax qdlnuhmf Z �wdc+rlZkkmtladqneLn Zmc R Zsnlr+
vhsg dcfdrsgZslZhmkx enkknv sgd kZsshbd rgZod-
BnloZqdc sn nsgdq dkdbsqnm dwonrtqd sdbgmhptdr rtbg Zr

ghfg,qdrnktshnm SDL %GQSDL( cqhkkhmf Zmc dkdbsqnm adZl
khsgnfqZogx+sgd trd neZ ghfgkx enbtrdc %oqnad adZl vhsg etkk
vhcsg ZsgZke,lZwhltl %evgl(− /-0 ml( RSDL adZl Zkknvr
enqrhltksZmdntrhlZfhmfZmc Zsnl qdlnuZkvghkdbqdZshmfonqdr
vhsg ZsnlhbZkkx oqdbhrd fdnldsqhdr- Sgd qdrtkshmf dkdbsqnm
lhbqnfqZogrnesgd /C onqd Zqd bqtbhZkhm ZbbtqZsdkx bgZqZbsdq,
hyhmf onqd rhyd Zmc Zsnlhb rsqtbstqd enq rtardptdms hnmhb
sqZmronqsldZrtqdldmsr-

Fdnldsphb Onpd Lncdir Zmc :snlhb Rsptbstpdr ne
EZaphbZsdc Onpdr- Rdkdbsdc ZqdZ RSDL cqhkkhmf dmZakdr
eZaqhbZshnm Zmc hmudrshfZshnm ne Z �mhsd mtladq ne onqdr
eZaqhbZsdc vhsg Zm ZqdZ adknv 0 ml1-LC lncdkhmf gZr rgnvm
gnv sgd onqd dcfd bnm�ftqZshnm hm Z 1C lZsdqhZkcqZrshbZkkx
Zfidbsr hsr lnkdbtkZq sqZmronqs-0 Enq dwZlokd+GdhqZmhZm ds Zk-
sgdnqdshbZkkx oqdchbsdc sgZs Z mZmnonqd vhsg nmkx Ln,
sdqlhmZsdc dcfdr Zkknvr enq ghfgdq vZsdq fftwdr bnloZqdc sn
onqdr sgZs Zqd lhwdc %h-d-+ dcfdr vhsg Ln Zmc R Zsnlr(+ R,
sdqlhmZsdc onqdr+Zmc B,sdqlhmZsdc %h-d-+fqZogdmd( onqdr-0 Vd
�qrsoqdrdmsZ khaqZqx ne16 fdnldsqhbZkkx onrrhakd bnlahmZshnmr
nelhrrhmf Zsnlr sn bqdZsd /C LnR1 onqdr+∼0 ml1 hm ZqdZ-
Sgdrd onqd lncdk bnm�ftqZshnmr Zqd rgnvm hm BgZqs 0 Zmc
bnqqdronmc sn 0�4 Ln Zsnlr lhrrhmf Zmc to sn 01 R Zsnlr
lhrrhmf-Onqd ZqdZrqZmfd eqnl %h(:lncdk− /-15 ml1 enqlhrrhmf
0Ln Zsnl sn %wwuhh(:lncdk− 0-/ ml1 enqlhrrhmf 4Ln Zmc 01 R
Zsnlr-

BgZqs0-=snlhb Onqd FdnldsqhbLncdkrZ

ZHkktrsqZshnm nefdnldsqhbZkkx onrrhakd bnm�ftqZshnmrneLnR1 Zsnlhb %/C( onqdrvhsg ZqdZr∼0 ml1-Qdc Zmc akZbj onqd dcfdrbnqqdronmc sn yhfyZf
Zmc ZqlbgZhq dcfd bnm�ftqZshnmr+qdrodbshudkx+Zmc hm nqZmfd Zqd sgd lhwdc onqd dcfdr sgZsZqd Z bnlahmZshnm neyhfyZf Zmc ZqlbgZhq-Sgd onqd
ZqdZr Zqd ZooqnwhlZsdkx dptZksn sgd ltkshokdr nesgd ZqdZ neZ tmhsqhmf+/-/75 ml1+bnloqhrdc ne2 Ln Zmc 5 R Zsnlr+hkktrsqZsdc nm sgd sno kdes-
Sgdrd fdnldsqhbZkonqd lncdkrZrrtld odqedbsonqd dcfdrenkknvhmf sgd rgZod nesgd kZsshbd+Zmc sgdhqsgdqlncxmZlhb rsZahkhsx hm uZbttl Zmc hnmhb
rnktshnmr hr mns Z ophnphftZqZmsddc-
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Sgd fdnldsqhb lncdkr oqnuhcdc hm BgZqs0 Zqd kZadkdc Zr %m
Ln+l R(Zmc cd�mdc ax %m+l(+vgdqd m Zmc l Zqd sgd mtladqr
nelhrrhmf Ln Zmc R Zsnlr+qdrodbshudkx-Sgdrd lncdkr rgnv
hcdZkonqdrvhsgntskZsshbdchrsnqshnmrZqntmc sgdonqddcfdrsgZs
vd bZm nbbZrhnmZkkx nardqud hm dwodqhldmsr-EnqdwZlokd+hm sgd
hlZfd neonqd 0 hm Ehftqd 0e+vd nardqud Zants2�3 Ln Zsnlr
sgZs gZud addm chrokZbdc Zs sgd toodq qhfgs rhcd nesgd onqd�r
dcfd-Sgd rodbh�b onqd lncdkr %h(+%uhh(+%whu(+Zmc %wwh( gZud
nmkx Ln Zsnlrlhrrhmf Zmc Zqd rhlokx kZadkdc Zr%0 Ln( sn %3
Ln(-Sn bnlotsd onqd rhydr+sgd ZqdZ nenmd gdwZfnmZkqhmf+
:qhmf+lncdk < /-/75 ml

1 %BgZqs 0+ sno uhdv ne sgd kZsshbd( hr
drshlZsdc eqnl sgd mnqlZkchrsZmbd eqnl sgd Ln Zsnl sn sgd
khmdbnmmdbshmfsgdsvn nts,ne,okZmdR Zsnlr+ZchrsZmbdne/-071
ml-3+15 Enq dZbg lncdk+sgd onqd ZqdZ hr drshlZsdc eqnl sgd
mtladqnelhrrhmf gdwZfnmZkqhmfr-EnqdwZlokd+enqonqd %h( %0
Ln(+:%0Ln(+lncdk< mq°:qhmf+lncdk< /-15 ml

1+vgdqdsgdmtladq
nelhrrhmf qhmfrhrmq < 2-
Rhmbd RSDL cqhkkhmf oqdrdqudrsgd knbZkhydc Zsnlhb rsqtbstqd

ne sgd LnR1+ onqd dcfdr Zqd bnlahmZshnmr ne yhfyZf Zmc.nq
ZqlbgZhqoZsgr+vghbg Zqd cd�mdc hm BgZqs0-> edv dwZlokdrne
otqdkx yhfyZf onqdrZqd %h( %0 Ln( Zmc %ww( %2 Ln+01 R(+vghkd
otqdkxZqlbgZhqonqdrhmbktcd%w(%1Ln+3 R(Zmc %wuhhh(%2Ln+
5 R(-BnmudmshnmZkcdrbqhoshnmrneonqd chZldsdqZookhbZakd enq
ml,rbZkd onqdr aqdZj cnvm rhmbd sgdrd onqdr bZm mn knmfdqad
Zrrtldc bhqbtkZq%BgZqs0(-> adssdqvZxsn bZostqdsgdonqdrhyd
Zmc Zmhrnsqnox hr trhmf sgd ghrsnfqZl neonqd rhydr hm chfidqdms
okZmZqchqdbshnmroZrrhmf sgqntfg sgd onqd�rbdmsdqnelZrr%rdd
sgdRtoonqshmfHmenqlZshnm neqde3(-Gdqdvdtrdsgdmtladqne

lhrrhmf Ln Zmc R Zsnlr Zknmf vhsg Z rbgdlZshbr nesgd lnrs
oqnaZakd onqd dcfd bnm�ftqZshnm Zmc rtffdrssn fdmdqZkhyd sghr
mnsZshnm enqrhlhkZq1C mZmnonqd rstchdrhm sgd etstqd-
Vghkd BgZqs 0 rgnvr sgd lZinqhsx ne sgd fdnldsqhbZkkx

onrrhakd bnlahmZshnmrne/C onqdrhm ZlnmnkZxdqLnR1 kZsshbd
vhsg Zm ZqdZ adknv 0 ml1+ hs dwokhbhskx chrokZxr Z edv onqd
fdnldsqhdrsgZsZqd khjdkx edZrhakd Zmc bZm ad eZaqhbZsdc sgqntfg
RSDL cqhkkhmf %rtbg Zr hm Ehftqd 0(-Enq dwZlokd+ZqlbgZhq
onqdr %hw( %1 Ln+3 R( Zmc %w( %1 Ln+3 R( bnmsZhm sgd rZld
lhrrhmf Zsnlrne1 Ln ZsnlrZmc 3 R Zsnlr+gnvdudq+sgdx Zqd
mdhsgdqhcdmshbZkhm sgdhqonqd rgZod mnqhm ZqdZ %%hw( /-41 ml1

Zmc %w(/-5/ ml1(-RhlhkZqkx+%whu(2Ln Zmc %wu(2Ln hkktrsqZsd
onqdrsgZsZqd Z bnlahmZshnm neyhfyZf Zmc ZqlbgZhqonqd dcfdr
%h-d-+lhwdc(vhsg sgdrZldsgdnqdshbZkZqdZne/-5/ ml1 atschfidq
hm sgdhqrgZod Zrrddm hm BgZqs0-
Hm sghr bZrd+ vd �mc sgZs sgd onqd hm %wu( hr chflbtks sn

dwodqhldmsZkkx eZaqhbZsd+ Zmc vd Zssqhatsd sghr sn hsr ghfgkx
dknmfZsdc rgZod9 Tmcdq dkdbsqnm hqqZchZshnm+ onqdr oqdedq
bhqbtkZqdwoZmrhnm ctd sn sgd qdctbdc chrokZbdldmsdmdqfx enq
Zsnlrnm sgd onqd dcfd-30 Lnqd bnmunktsdc Zmc hmsqhbZsd onqd
dcfdr rtbg Zr sgnrd cdohbsdc hm %wwh( Zmc %wwhh( onrd Z
bgZkkdmfhmf eZaqhbZshnm Zmc cdsdbshnm sZrj dudm enq snnkr vhsg
ghfg bnmsqnkkZahkhsx rtbg ZrRSDL ctd sn sgd knv chrokZbdldms
sgqdrgnkc Zmc W,bnmsqZrs ne bgZkbnfdm rhsdr-2/+27 Dudm lnqd
hlonqsZmskx+sgd rsqtbstqZkrsZahkhsx nertbg ZqshrshbZkkx qdmcdqdc+
hmsqhbZsd onqdrhreZqeqnl ftZqZmsddc+hrkhjdkx kZsshbd cdodmcdms+
Zmc xds sn ad dwoknqdc Zmc tmcdqrsnnc hm chfidqdms dmuhqnm,
ldmsr-

Ehftqd 1-SDL hlZfdrneLnR1 %rta,ml,rhyd(Zsnlhb onqdrZmc onqd fdnldsqhblncdkr-YhfyZf,ZqlbgZhq/C onqdrhm LnR1-=B,RSDL hlZfd
%kdes( Zmc rbgdlZshb %qhfgs( ne/C onqdrvhsg %Z( %1 Ln+7 R(+%a( %0 Ln+1 R(+%b( %4 Ln+01 R(+%c( %1 Ln+6 R(+Zmc %d( %1 Ln+7 R( Zsnlr
lhrrhmf-%e(Sgd 2C qdmcdqhmfrnesgd hmsdmrhsx eqnl sgd G==CE hlZfdrnesgd onqdrrgnvm hm %a( Zmc %c( Zqd Zkrn oqnuhcdc-
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Ehftqd2-RbgdlZshbnerhmfkdonqdRSDL cqhkkhmf+rnktshnm sqdZsldms+Zmc ldZrtqdldmsrdsto-%Z(EZaqhbZshnm Zmc onqdvdsshmfvnqiffnv enqZ
rtrodmcdc lnmnkZxdqLnR1 /C onqd-%h(Cqhkkhmf Zrta,ml onqdnm sgdrtrodmcdcLnR1 ffZid-%hh(Vdsshmf neonqdvhsg dsgZmnk%4/�(enq04�
2/ lhm-%hhh(Cduhbdqhmrdc hm CHvZsdqadenqdhnmhbldZrtqdldms-%hu(Cduhbdfftrgdc vhsg rZksrnktshnm enqhnmhbldZrtqdldms-%a(Sgdcdrhfm
nemZmnonqdhnmhbldZrtqdldmsbnmrhrshmfneZ1CLnR1 mZmnonqdrdoZqZshmfsvn bgZladqrnerZksrnktshnm vhsg =f.=fBkdkdbsqncdr%lntmsdc
nm Z lhbqnffthchb okZsenql+mnsrgnvm(-%Hmrds( = rZlokd G==CE hlZfd neZ rta,ml LnR1 onqd-

Ehftqd 3-Hnm btqqdms�unksZfd Zmc mnhrd btqudrhm rhmfkd onqd cduhbdr-%Z(=B,RSDL hlZfd nesgd Zr,eZaqhbZsdc rta,ml onqd 1 %0 Ln+1 R(hm
uZbttl+oqhnqsn Zmx A �L ldZrtqdldmsrvhsg a SDL : /-42 ml-%a(Bnmsqnkcduhbd Zmc onqd cduhbd A �L ldZrtqdldmsr9%akZbi(aZqd =f.=fBk
dkdbsqncdrhm Zhq+%nqZmfd(oZqshZkkxvdsonqd1+Zmc %xdkknv(khidkxZetkkxvdsonqd1 Zesdqdwonrtqdsn dsgZmnkenq04lhm-%b( A �LldZrtqdldmsr
neonqd 2 %4 Ln+01 R(vhsg a SDL : /-76 ml hm 0 L IBk+oG 7-6 %otqokd(Zesdq04 lhm dsgZmnkdwonrtqd+%qdc(cd,vdsshmf ZesdqZm ZcchshnmZk2/
lhm hm 0 L IBk+Zmc %aktd(ZfZhm Zesdqenkknvhmf sgdvdsshmf oqnbdctqd hsvZrentmc sn qdvds-EnqbnloZqhrnm+A �L btqudrenqZ oqhrshmdLnR1
ldlaqZmd Zqd rgnvm hm fqddm hm ansg %a( Zmc %b(-%c(Btqqdmsmnhrd ORC nerZlokdrhm uZqhntrbnmchshnmr9%fqddm( oqhrshmd ldlaqZmd %mn
hmsdmshnmZkgnkdr(+%akZbi( aZqd =f.=fBkdkdbsqncdrhm Zhq+%qdc( Z onqd adenqd dsgZmnkvdsshmf+Zmc %aktd( Z onqd ZesdqdsgZmnkvdsshmf-
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>snlhb rsqtbstqd+enqlZshnm+Zmc rsZahkhsx ne1C LnR1 onqdr
%Zr hm onqd bnm�ftqZshnmr hm BgZqs 0( lZcd ax sgd dkdbsqnm
adZl hqqZchZshnm hm uZbttl gZudaddm hmudrshfZsdc trhmfcdmrhsx
etmbshnmZksgdnqx %CES(+enq dwZlokd+ax VZmf ds Zk-3/ vgn
bkZhldc sgZshshreZunqZakd enqsgd didbsdc Ln Zsnlrsn ZssZbg sn
sgd 1C rgddsZrvdkkZrax nsgdqZtsgnqrvgn Zkrn lncdkdc sgd
hnm bnmctbsZmbd sgqntfg 1C LnR1 onqdr-

0+3+15 HqnmhbZkkx+lZmx
rsqtbstqZkCES rsZahkhsx rhltkZshnmr bnmrhcdq sgd lZsdqhZk hm
uZbttl-Vghkd sgdrd rhltkZshnmr rddl rthsZakd enq SDL,nmkx
rstchdr+sgdhq qdkduZmbd hr knvdq enq mZmnffthchb cduhbdr vgdqd
ZcchshnmZkZsnlrZmc hnmrZqd oqdrdmsZqntmc sgd onqd Zmc bZm
hmsdqZbsvhsg sgd 1C lZsdqhZksn enql bgdlhbZkanmcrZmc dudm
dsbg sgd lZsdqhZk-02+16+33 RsZahkhsx ne onqdr hm rZks rnktshnm hr
sgdqdenqdZchfidqdmsZmc lnqdbnlokdwoqnakdl sgZm rsZahkhsx ne
onqdr hm uZbttl+ Zr duhcdmbdc ax uZqhntr dkdbsqnbgdlhbZk
ogdmnldmZ nardqudc adsvddm rZksrnktshnmr Zmc 1C lZsdqhZkr
rtbg Zr nwhcZshnm-02+16+33+37 Sgdqd Zqd dwbdoshnmr ne LnR1
mZmnonqdlncdkhmfhm ffthcr+0+3+15+10 atsetqsgdqvnqj hrqdpthqdc-
CES bnlahmdc vhsg LC rhltkZshnmr lZx oqnuhcd etqsgdq
hmrhfgs+drodbhZkkx hesgdx Zqd hm bnmbnqcZmbd vhsg dwodqhldmsZk
�mchmfr-Ntqdwodqhldmsrntskhmd rdudqZkonqdrsgZsvdqd rsZakd
dmntfg sn ad ldZrtqdc hm hnmhb rnktshnmr-
Ehftqd 1 cdlnmrsqZsdr �ud dwZlokd cduhbdr vhsg >B,RSDL

G>>CE hlZfdr neyhfyZf Zmc ZqlbgZhq rsqtbstqdr rtbbdrretkkx
cqhkkdc Zmc dwZlhmdc trhmf sgdrdkdbsdc ZqdZsdbgmhptdrgnvm hm
Ehftqd0b�e-Sgd �ud onqdrhmbktcd9%Z(%1 Ln+7 R(+%a(%0 Ln+
1 R(+%b( %4 Ln+01 R(+%c( %1 Ln+6 R(+Zmc %d( %1 Ln+7 R(-
NudqZkk+sgd onqdr hm sghr rstcx qZmfd eqnl 0�4 Ln uZbZmbhdr
vhsg ZonqdZqdZeqnl /-23 ml1 sn 0-/ ml1-Ehftqd1ergnvrsgqdd,
chldmrhnmZk%2C( qdmcdqhmfrnesgd hmsdmrhsx eqnl sgdG>>CE
hlZfdr neonqdr 1 Zmc 3-Sgd RSDL adZl bZm ad bnmsqnkkdc
cnvm sn Z− /-0 ml oqnadrhyd+mdudqsgdkdrr+sgdoqdbhrhnm nesghr
sdbgmhptd hr khlhsdc ctd sn rZlokd cqhesZmc sgd qdkZshudkx knv
chrokZbdldmssgqdrgnkc %− 6 dU(enqR uZbZmbhdr-25+27 >rZqdrtks
nesghr+>B,RSDL hrlZhmkx dloknxdc sn bqdZsd cdedbsr ZsLn
rhsdr %W < 31(+vghkd etqsgdq dfinqsr Zqd mddcdc sn oqdbhrdkx
bnmsqnksgd bnlonrhshnm nebgZkbnfdm %R( rhsdr-

Onpd BnmsZlhmZshnm-Hshrkhjdkx sn gZud 1C ldlaqZmd Zmc
onqd bnmsZlhmZshnm ax Z bZqanm.fqZoghshb �kl oZqshZkkx nq
bnlokdsdkx bnudqhmf sgdLnR1 sgZsbZmmnsad dZrhkx nardqudc hm
ntqG>>CE hlZfdr+Zr rodbh�bZkkx chrbtrrdc enq rhlhkZqLnR1
�klraxVdm dsZk-+38 vgn cdlnmrsqZsdc sgd cdsdbshnm nenesdm,
lhrrdc+khfgsdq Zsnlr %B+N+M( ax 3C RSDL hlZfhmf-Sghr
ZcchshnmZk lZsdqhZk bntkc Zksdq sgd onqd�r vdsshmf Zmc nsgdq
oqnodqshdr+qdctbdhsrchZldsdqnqbnlokdsdkxaknbj sgdonqd+Zmc
Zkrn xhdkc rlZkkdq hnmhb btqqdms sgZm oqdchbsdc rhmbd sgd
bnmsZlhmZsdc onqd lZx ad rhfmh�bZmskx sghbjdq- Enq kZqfdq+
ml,chZldsdqLnR1 onqdr+Zfnnc ZfqddldmsvZrentmc adsvddm
sgd hnmhb bnmctbsZmbd lncdkr Zmc dwodbsdc 1C LnR1 onqd
sghbjmdrr hm sgd qZmfd ne −/-6�0-5 ml+4+13 vhsg sgd ptnsdc
cduhbd eZhktqd enq 1�1/ ml chZldsdq LnR1 onqdr eqnl
ldlaqZmd kdZjZfd %F = 2// mR( nq onqd bknffhmf %F ; 0/
mR( ne;2/�-13 Etstqd dfinqsr nelncdkhmf 1C onqdr Zmc nsgdq
tksqZsghm cduhbdr lZx vhrg sn bnmrhcdq dfidbsr ne bZqanm
bnmsZlhmZshnm+ vgnrd qnkd hr adbnlhmf hmbqdZrhmfkx lnqd
qdbnfmhydc Zmc bntkc ad bnmrhcdqdc hm hmsdqoqdshmf adgZuhnqr
neonqdrZmc cduhbdrZssgd Zsnlhb rbZkd-

Hnmhb SpZmronps LdZrtpdldmsr Zmc Opnodpshdr ne
Rhmfid .C Onpdr->esdq cqhkkhmf hm Zm tksqZghfg uZbttl %o −
0-6° 0/�4 OZ(hm sgdZadqqZshnm,bnqqdbsdc RSDL+sgd/C onqdhr
hlldchZsdkx rsnqdc hm Z uZbttl,rdZkdc bnmsZhmdq oqhnq sn
dwodqhldmsZk ldZrtqdldmsr sn lhmhlhyd nwhcZshnm,hmctbdc
onqd bgZmfdr Zmc dwoZmrhnm-22+33+36 Ehftqd 2Z chrokZxr Z

rbgdlZshb nesgd 2 ll chZldsdqRhMw.Rhcduhbd %Zkrn ohbstqdc
hm Ehftqd 0Z( vhsg ZlnmnkZxdqLnR1 ffZjd-Sgd rhmfkd /C onqd
sgZs hr cqhkkdc Zmc hlZfdc hr knbZsdc hm sgd bdmsdq ne sghr
ldlaqZmd+Zr dwokZhmdc oqduhntrkx hm Ehftqd 0-> mtladq ne
rstchdr gZud ghfgkhfgsdc sgd hlonqsZmbd ne vdsshmf mZmn,
bgZmmdkr Zmc onqdr oqhnq sn hnmhb ldZrtqdldmsr-4+7 Gdqd+vd
dkZanqZsd nm sgd cdchbZsdc oqdsqdZsldmsrsdortrdc sn eZbhkhsZsd
vdsshmf nerta,mlLnR1 onqdrvghkdlnmhsnqhmf Zmc dwZlhmhmf
hmsdqldchZsd qdronmrdr adenqd Z ldZrtqZakd btqqdms rsZsd-Vd
trdZ090lhwstqdnedsgZmnkZmc CHvZsdqsn gdko vdsntqcduhbdr
trhmf sgd oqnbdrrrgnvm rbgdlZshbZkkx hm Ehftqd 2Z%hh�hu(-Sgd
oqnbdrr adfhmr ax hlldqrhmf sgd cduhbd hm sgd dsgZmnk�vZsdq
lhwstqd enq 04�2/ lhm %Ehftqd 2Z%hh((-Sgd enkknvhmf rsdor
hmbktcd qhmrhmf vhsg CH vZsdq Zmc hlldqrhmf sgd bgho hm rZks
rnktshnm %Ehftqd 2Z%hhh+hu((-Sgdrd kZrs svn rsdor sZjd Zants 0
lhm dZbg vhsg Z snsZk shld ne Z edv lhmtsdr-Sghr bxbkd ne
oqnbdrrdrhrqdodZsdc rdptdmshZkkxZedv shldr%Zants2�5 shldr(
tmshk Z cdsdbsZakd btqqdms %chrbtrrdc kZsdq hm Ehftqd 3( hr
nardqudc- Hnmhb sqZmronqs ldZrtqdldmsr Zqd odqenqldc vhsg
svn,sdqlhmZk >f.>fBk dkdbsqncdr %Ehftqd 2a(- Sgd hmrds ne
Ehftqd 2a rgnvr Zm >B,RSDL hlZfd ne Z onqd sgZs vZr mns
dkdbsqhbZkkx ldZrtqdc- Ctqhmf ldZrtqdldmsr+ vd khlhs sgd
Zookhdc unksZfd sn *0// lU sn lhmhlhyd dkdbsqhb,�dkc hmctbdc
cZlZfd sn sgd cduhbd-3+4

Vd nardqud sgZssgdvdsshmf ne/C onqd cduhbdrhrZ bgZkkdmfd
enq hnmhb ldZrtqdldmsr+hmchbZshmf sgdhq gxcqnognahb mZstqd-
Ehftqd 3 qdoqdrdmsrsvn chfidqdmsrdptdmbd nedudmsrhmunkudc hm
vdsshmf /C LnR1 onqdr-SgdG>>CE hlZfd neonqd 1 rgnvm hm
Ehftqd 3Z hmchbZsdr Z rsqtbstqd vhsg ZqdZ ne − /-11 ml1

%  +L  2  SDE SDE < /-42 ml(+bnmrhrshmf ne0 Ln Zmc 1 R
Zsnlrlhrrhmf %Zkrn rgnvm hm BgZqs0 Zr %hh((-Sgd ldsgnc sn
dwsqZbsZqdZeqnl Zm G>>CE hlZfdrhrrgnvm hm RtookdldmsZqx
Ehftqd R0-Sgd hmsdmrhsx oqn�kd ne sgd cZrgdc xdkknv khmd hr
rgnvm hm sgd hmrdsneEhftqd 3ZZmc cdlnmrsqZsdrsgd Zardmbd ne
ZrhmfkdLn Zsnl hm sgdodqhnchbkZsshbdrsqtbstqd-Hm sgdkhmdrbZm
Zbqnrrsghronqd+vd Zkrn nardqud qdrhctZkodZjrvgnrd hmsdmrhsx
ZoodZqrbnmrhrsdmsvhsg sgdoqdrdmbdnerhmfkdR Zsnlr-Sn adssdq
bgZqZbsdqhyd Zmc tmcdqrsZmc chfidqdmbdr hm bnmctbsZmbd kdudkr
nardqudc hm Z rhmfkd /C onqd rZlokd %eqnl uZbttl sn rZks
rnktshnm uhZ dsgZmnkhlldqrhnm(+vd dlohqhbZkkx bZsdfnqhyd hsr
nardqudc sqZmronqsadgZuhnqhmsn sgqdd chfidqdmsrsZsdr9

%0( RsZsd09Mdfkhfhakd bnmctbsZmbd;/-0 mR %− 0/ o> enqU ;
/-0 U( vhsg G�U btqudr rhlhkZq sn sgnrd ldZrtqdc hm
oqhrshmd ldlaqZmdr hm rnktshnm- Vgdm onqdr vdqd
hlldqrdc hm rZksrnktshnm chqdbskx eqnl uZbttl+vhsgnts
Zmx dsgZmnksqdZsldms+hlldZrtqZakd hnmhb btqqdms vZr
nasZhmdc %;0/ o> hm rnld bZrdr(+rhlhkZqZr sgd mnhrd ne
sgdnodm bhqbthsrdsto-SghrldZmrsgZsdhsgdq%h(sgdhnmhb
rnktshnm chc mnsqdZbg sgd onqdr%tmvdsrsZsd( nqsgZs%hh(
sgdhnm btqqdmssgqntfg sgdrdonqdrhradknv sgdcdsdbshnm
khlhs->m dwZlokdnesghrrsZsdhrrgnvm hm qdc hm Ehftqd3b-

%1( RsZsd 19 LdZrtqZakd hnmhb btqqdms vhsg oqnmntmbdc
gxrsdqdrhr hm G�U btqudr- Hm sghr bZrd+ rZlokdr vdqd
hlldqrdc hm dsgZmnkoqhnqsn hnmhbldZrtqdldmsr-SgdG�
U btqudrvdqdbgZqZbsdqhydc axoqnmntmbdc gxrsdqdrhrats
ldZrtqZakd rhfmZkr-Sghr hr onrrhakx ctd sn hmbnlokdsd
onqd vdsshmf Zmc fZrlnkdbtkdrchrrnkudc hm rnktshnm Zmc
oqdrdmsnm sgd rtqeZbd nesgd lhbqnffthchb bgho sgZslZjd
sgdhq vZx sn sgd onqd qdfhnm Zmc Zfidbs sgd bnm,
ctbsZmbd-07+08 Gxrsdqdrhr hm G�U btqudr vdqd mnshbdc sn
ad sdlonqZqx hm rnld cduhbdr adenqd nasZhmhmf Z
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bnmctbshmf rsZsd %rsZsd 2(-Sgd nqZmfd btqud hm Ehftqd 3a
rgnvrZm dwZlokd nersZsd 1-

%2( RsZsd 29LdZrtqZakd hnmhbbtqqdmsvhsg mn gxrsdqdrhrhm G�
U btqudr->esdqhlldqrhmf sgd rZlokdrenqZcdptZsd %=04
lhm( shld hm dsgZmnk+vd nardqudc G�U btqudr vhsg mn
gxrsdqdrhrbnqqdronmchmf sn ZldZrtqZakd bnmctbsZmbd to
sn −/-7 mR-Rtbg btqudrZqd rgnvm hm xdkknv hm Ehftqd 3a
Zr vdkk Zr otqokd Zmc aktd hm Ehftqd 3b- >cchshnmZk
dwZlokdrneZkksgqddrsZsdrbZm adentmc hm RtookdldmsZqx
Ehftqd R2-

Btqqdms�unksZfd bgZqZbsdqhrshbrnerZlokdrhm sghrvnqj rgnv
chfidqdms rbdmZqhnr vhsg uZqhntr rdptdmbdr nedudmsr-Sgqdd ne
rtbg rdptdmbdr hmunkuhmf rsZsdr 0�2 Zqd rgnvm enq onqd 1
%Ehftqd 3a(+ onqd 2 %Ehftqd 3b(+ Zmc onqd 3 %Ehftqd 4(+ Zkk
rtbbdrretkkx qdrtkshmf hm Z ldZrtqZakd btqqdms Zmc sgdqdenqd
dmchmf hm rsZsd 2-Ehftqd 3a rgnvr sgd �qrsrbdmZqhn vgdqd sgd
hnmhbbtqqdms�unksZfd btqudrnasZhmdc enqonqd 1 fn sgqntfg sgd
enkknvhmf rsZfdr hm sgd vdsshmf oqnbdrr9%h( >esdqrnZjhmf hm Zm
dsgZmnk9vZsdqlhwstqdenq04lhm %rddLdsgncr(+vdldZrtqdZm
G�U btqud %nqZmfd( hm 0 L JBkvhsg gxrsdqdrhradgZuhnqvgdqd

sgd lZwhltl btqqdms hr *0/ o>- Sghr uZktd ne btqqdms hr
bnloZqZakd sn oqhrshmd LnR1 ldlaqZmdrvhsg dsgZmnkvdsshmf
%fqddm( atsrgnvrZ knnokhjd G�U btqud bgZqZbsdqhrshb nersZsd 1-
%hh( >esdqokZbhmf sgd cduhbd hmsn dsgZmnkenq2 g+vdldZrtqd hm
0/ lL JBkZmc nardqud Zm G�U btqud %xdkknv( vhsg F − /-87
mR %h-d-+rsZsd 2(-
Vd Zkrn gZud eZaqhbZsdc rdudqZkonqdrvghbg kdc sn gxrsdqdrhr,

khjd G�U adgZuhnqZmc dmcdc hm rsZsd 1 %onqdr0 Zmc 4 rgnvm hm
Ehftqd 0( nq gZc nsgdq hrrtdr rtbg Zr dwbdrrhud OLL>
bnmsZlhmZshnm- Onqd.ldlaqZmd aqdZjZfd vZr nardqudc hm
sgqdd cduhbdr vghbg dwghahsdc dwbdrrhud bnmctbsZmbd %− 264
mR nqghfgdq+rddRtookdldmsZqxEhftqdR2Z(bZtrdc khjdkxctdsn
%0( Zm tmrsZakd onqd vhsg rhfmh�bZms OLL> bnmsZlhmZshnm
hmsqnctbdc ctqhmf sgd sqZmredq oqnbdrr Zmc %1( cduhbd cZlZfd
ctqhmf ldZrtqdldmsr-NtsneZ snsZkne−2/ eZaqhbZsdc cduhbdr+
30� Zbbntmsdc enq cduhbdr vhsg cqhkkdc onqdr vgdqd hnmhb
ldZrtqdldmsvZr Zssdlosdc-Sghr Zkrn hmbktcdr cduhbdr vghbg
gZc ltkshokd rta,ml onqdr+ enq dwZlokd+ onqdr 5�7 hm
RtookdldmsZqx Ehftqd R2- Hm sgd bZrd ne onqd 6 vghbg vZr
ldZrtqdc to sn*/-4 U hm 0LJBk+vdnardqudZmnmkhmdZqsqdmc
hm G�U vhsg Z bnmctbsZmbd F − 1-1 mR-Hm nqcdq sn bkdZqkx

Ehftqd4-Hnm btqqdms�unksZfdbtqudrZmc onqdbnmctbshuhshdrbZkbtkZsdc eqnl Zatkilncdk-%Z(=B,RSDL hlZfdZmc %hmrds(hmsdmrhsxoqn�kdne
Zrta,ml onqd%onqd4(vhsg a SDL : /-54 ml+vgdqd  +L  2  SDE SDE Zmc �SDL hrsgdonqdZqdZ-%a( A �L bgZqZbsdqhrshbrZmc %hmrds(rbgdlZshb
neonqd 4 enquZqhntrlnkZqhshdrneIBk�0/ lL %xdkknv(+0 L %mZux(+Zmc 2 L %fqddm(-%b( A �L btqudrenqonqd 4 nasZhmdc vhsg chfidqdmsrZks
rnktshnmr+0 L KhBk%nqZmfd(+0 L LfBk1 %ohmi(+0 L IBk%khfgsaktd(+Zmc Z oqhrshmd LnR1 ldlaqZmd %akZbi(-=krn rgnvm hm %b( Zqd sgd
btqqdms�unksZfdbtqudrenqZqqZxrnerta,mlonqdr%kZadkdc ZrZqqZx0 Zmc ZqqZx2(oqnctbdcvhsg knv %cnrd0+qdc(Zmc ghfg %cnrd2+aktd(cnrdr
neEHA hqqZchZshnm qdoqnctbdc gdqdeqnl oqduhntrvnqi enqbnloZqhrnm-3 %c(Onqdbnmctbshuhshdrnebgknqhcd,aZrdc rZksr%oG 7-6(hmbktchmf 0L
KhBk%nqZmfd(+0LLfBk1 %ohmi(+ZmcIBkZsbnmbdmsqZshnmrne2LIBk%fqddm(+0LIBk%mZux(+/-0LIBk%otqokd(+Zmc /-/0L%xdkknv(eqnl
2 chfidqdmsrta,mlLnR1 onqdr%onqdr1�3(Zqdoqdrdmsdc-DZbg aZqhmbktcdronqdbnmctbshuhsxcdqhudc eqnldp 1 %rgnvm hm hmrds(enqtoodqZmc
knvdqantmcr nesghbimdrr %I : /-6 ml Zmc 0-5 ml( Zmc chZldsdq%a SDL : /-42 ml Zmc /-76 ml+Zmc a Lncdk: /-54 ml Zmc 0-02 ml(-Atki
bnmctbshuhshdrnesgdrd rZksrnktshnmrZqd oknssdc enqbnloZqhrnm ZrZrsdqhwhr%qdc(-
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chrshmfthrg adsvddm sgdaZbjfqntmc rhfmZkZmc rhfmZkcnlhmZsdc
ax onqd bnmctbshnm+sgd bnmsqnkG�U btqudr enq aZqd >f.>fBk
dkdbsqncdr%akZbj( Zmc oqhrshmd LnR1 ldlaqZmdr%fqddm( vdqd
Zkrn ldZrtqdc %Ehftqd 3a(->r dwodbsdc+sgd aZqd dkdbsqncdr hm
Zhqrgnv Z mdfkhfhakd bnmctbsZmbd F − 0/ oR vhsg Z btqqdmsne
−/-4 o> Zs�0// lU sn 0 o> Zs)0// lU+Zkrn bnloZqZakd sn
oqhrshmd ldlaqZmdr+F − 0/�2/ oR-
Vd cn mnscdsdbsZmx rxrsdlZshb cdodmcdmbd nebnmctbsZmbd

nm onqd rhyd nq fdnldsqx+atsqZsgdq Z rsnbgZrshb rdsneuZktdr-
EnqdwZlokd+onqd 1 rgnvdc Z ghfgdqbnmctbsZmbd sgZm onqd 2
cdrohsd Z rlZkkdq onqd rhyd qdbnqcdc ctqhmf SDL cqhkkhmf Zmc
ldZrtqdldmsZsZknvdqJBkbnmbdmsqZshnm %Ehftqd 3a urEhftqd
3b(-SghrlZx ad Z qdZk+bntmsdqhmsthshud dfidbs+nqhslZx ad Zm
ZqsheZbs eqnl onqdr bgZmfhmf ctqhmf sgd bntqrd ne sgd
dwodqhldmsr- Oqduhntr mnm,dpthkhaqhtl lnkdbtkZq cxmZlhbr
%MDLC( bnmctbsZmbd rhltkZshnmr nm rdkdbsdc LnR1 onqd
fdnldsqhdr%hmbktchmfonqdr%hh(Zmc %whw(eqnlBgZqs0(rgnvdc
sgZsbnmctbsZmbd uZqhdr hm lZfmhstcd %−/-/0 mR sn −0 mR( hm
sghronqd rhyd qZmfd %−/-3 sn /-8 ml(-3+15

Rta,ml LnR1 Onpd Rstchdr-0�3�4�02�15 Hs hr trdetk sn
bnloZqdntq�mchmfrvhsg oqduhntrldZrtqdldmsr-RhmfkdLnR1
lnmnkZxdq onqdr vhsg rnldvgZskZqfdq chZldsdqr %0-0 Zmc 0-3
ml+chqdbskx hlZfdc ax >B,SDL(xhdkcdc ldZrtqdc F − 0-4 mR
Zmc 0/ mR hm 0 L JBk+qdrodbshudkx+Zmc MDLC rhltkZshnmrenq
onqdrZrhm %hh(Zmc %whw(hm BgZqs0 bnlotsdcF− /-/1 mR ZmcF
− /-/2 mR+qdrodbshudkx-3 Edmf dsZk-4 qdonqsdc bnmctbsZmbd hm
onqdr lZcd ax dkdbsqnonqZshnm sn ad −0 mR %dwsqZbsdc Zs 0//
lU( enqptnsdc chZldsdqrne/-2+/-5+/-7+Zmc 0 ml+4 atseZhkdc
sn dwokZhm gnv onqdchZldsdqrvdqdnasZhmdc fhudm sgZssgdonqd
hlZfdr vdqd mns oqdrdmsdc-RZks %atkj( bnmctbshuhshdr Zqd mns
chqdbskx ZookhbZakd enqrta,ml onqdr+15 Zmc Z rhlokd bxkhmcqhbZk
onqd lncdkenq bnmctbsZmbd vgdm trdc sn fZtfd sgd rhyd ne
dkdbsqnonqZsdc onqdr02 hrmnsrtflbhdms-To sn *4 U vZrZookhdc
%RHEhftqd R5 hm qde4( hm 0 L JBkZbqnrrZ onqd neoqdrtlZakx
/-2 ml hm chZldsdq%Z rhmfkd rtketq uZbZmbx(+4 vghkd /-7 U vZr
oqduhntrkx entmc sn ad sgd bqhshbZkunksZfd02 Zanud vghbg LnR1
ldlaqZmd bZm aqdZj- Rhmfkd rtketq uZbZmbhdr Zqd bnllnm
cdedbsr27+28 hm ’oqhrshmd“ %h-d-+ldlaqZmdr vhsgnts hmsdmshnmZk
gnkdr(LnR1 ldlaqZmdr+atsfhud mdfkhfhakd hnmhb bnmctbsZmbd
neoqhrshmdldlaqZmdr+;/-/0 mR3 %rddZkrn Ehftqd3(+qZsgdqsgZm
0 mR-Sgdrd dwodqhldmsZkcdsZhkr qdpthqd Zssdmshnm hm nqcdq sn
dwodqhldmsZkkx sdrsZmc qdoqnctbd sgd eZq,qdZbghmf bnmbktrhnmr4

ZantsZ ’unksZfd fZo“ enqsqZmronqs+sgd ’rhfmZstqd“ ne’Bntknla
aknbjZcd“+sgZs hmbqdZrdr Zr sgd onqd chZldsdq cdbqdZrdr-Sgd
’unksZfd fZo“ oqnonqshnmZksn ltkshokdrneiAS enqvghbg sgdqd hr
mn sqZmronqshrmnsnardqudc hm ntqldZrtqdldmsrneonqdrvhsg
vdkk,bgZqZbsdqhydc rsqtbstqd ax >B,SDL+vgdqd vd qdonqssgd
knv,ahZr bnmctbsZmbd bnmrhrsdms vhsg sgd ohbstqd ne qdctbdc
onqd bnmctbshuhsx bnloZqdc sn atkj- Etqsgdqlnqd+ Ztsgnqr
bkZhldc4 sgZs rnZjhmf hm dsgZmnk+’2/ lhm sn 13 g sn qtkd nts
gxcqnognahb dfidbsr“+ ’dkhlhmZsdr sgd onrrhahkhsx sgZs mnm,
khmdZqhsx nqhfhmZsdr eqnl gxcqnognahb dfidbsr“-4 Gnvdudq+vd
�mc sgZsvghkd dsgZmnkgdkornasZhm ldZrtqZakd btqqdmsr+vd chc
mns�mc sgZsdsgZmnksqdZsldmsZknmd ftZqZmsddrsgZsonqdrvhkk
adetkkxvdsnqsgZshsdkhlhmZsdrgxcqnognahbdfidbsrZmc onrrhakd
qdrtkshmf mnmkhmdZqhshdr hm G�U btqudr-SgdnqdshbZkrhltkZshnmr
ZoodZq sn lhrr sghr bnmmdbshnm sn dwodqhldmsZk cdsZhkr
%hmbktchmf onqd bnmsZlhmZshnm(+0+3+15+4/ lZjhmf sgd qnkd nesgd
Zkbngnk,aZrdc vdsshmf rnkudms tmbkdZq eqnl Zm dmdqfx aZqqhdq
rsZmconhms+vghbg bntkc dktbhcZsd hsrqnkd hm lnch�bZshnm nesgd
onqd rtqeZbdr-

Pdudprhaid Vdsshmf�Pdvdsshmf AdgZuhnp-Hs hr hlonq,
sZmssn mnsd sgZssgdrd bnmctbshmf rsZsdrZqd qdudqrhakd hm Zrdmrd

sgZsZ bnmctbshmf onqd %rsZsd 2( bZm rvhsbg sn Z mnmbnmctbshmf
rsZsd %rsZsd 0( %lnqd chrbtrrhnm nm gxcqnognahbhsx hm onqdr hr
adknv(-07+08+40�43 SghrhlokhdrsgZssgd hnmhb btqqdmsoZsgrlZx
dZrhkx bknrd hm /C onqdr-Vd �mc sgZshesgd rZld onqd hrsqdZsdc
hm dsgZmnkZfZhm+hsbZm rsZqssn rgnv ldZrtqZakd hnmhb btqqdms
Zmc bnmctbs %rsZsd 2(-DsgZmnk hr sgdqdenqd bqhshbZk enq hnmhb
ldZrtqdldmsr hm 1C lZsdqhZkr Zmc drodbhZkkx enq rlZkkdq
chZldsdq /C onqdr gdqd-Sghr hr cdlnmrsqZsdc hm onqd 2 %4
Ln+01 R(+vghbg rgnvrsgdrdbnmc rbdmZqhn vgdqdsgd onqdvZr
hmhshZkkxldZrtqdc hm rsZsd 0 Zesdqansg 2/ rZmc 4 lhm nedsgZmnk
vdsshmf vgdqd vd nasZhmdc Zm hlldZrtqZakd Zmc tmrsZakd G�U
qdronmrd-Gnvdudq+Zesdq Zm hmsdquZkne04 lhm hm dsgZmnk+sgd
onqdvZrnardqudc sn bnmctbs%h-d-+rsZsd2(vhsg F− /-62 mR hm 0
LJBk%otqokdbtqudhm Ehftqd3b(-Sghrbnmctbshmf rsZsd%− /-6
mR(vZrudqh�dc odqhnchbZkkxZesdq0/lhm atssgdonqdvZrentmc
sn cd,vds Zmc qdudqsdc sn rsZsd 0 Zesdq Zants 2/ lhm Zesdq
ldZrtqhmf hm rZksrnktshnm-Sghrhrcdmnsdc ax sgd qdc G�U btqud
hm Ehftqd3bvhsg ZlZwbtqqdmsne/-8 o> Zs�0//lU Zmc /-5 o>
Zs)0// lU-Ax qdodZshmf sgd vdsshmf oqnbdctqd+sgd onqd vZr
ldZrtqdc Zesdq 5/ lhm Zmc vZr entmc sn qdstqm sn sgd
bnmctbshmf rsZsd 2 %khfgsaktd( vhsg Z bnmctbsZmbd ne/-61 mR
hm 0 L JBk-KZsdq+sghr onqd vZr rsnqdc hm Zm dsgZmnklhwstqd
nudqmhfgsZmc nardqudc sn rshkkbnmctbsZesdq 03 g vhsg rhlhkZq
bnmctbsZmbd uZktdrne/-62 mR hm 0 L JBkZmc /-61 mR hm 0 L
KhBk-

Gwcpnognahb BgZpZbsdphrshbr neRhmfid :snlhb Onpdr-
Vd nardqud sgZs onqdr bZm vds Zmc cd,vds qdodZsdckx+
lZmhedrsdc ax sgd fftbstZshnm hm sgd onqd�r bnmctbsZmbd ’nm“
Zmc ’nfi“ tonm rtbbdrrhud btqqdms�unksZfd ldZrtqdldmsr+nm
sgd shld rbZkdrnelhmtsdr-Sghrqdrdlakdr+ZskdZrsptZkhsZshudkx+
sgd adgZuhnq ne ahnknfhbZk %J)( hnm bgZmmdkr vgdqd ’gxcqn,
ognahb fZshmf“ hr nardqudc+ Zm ’nm.nfi“ adgZuhnq vgdqd sgd
bgZmmdkr nodmr Zmc bknrdr enq hnm ffnv ctd sn bgZmfdr hm sgd
cdfqdd neonqd vdsshmf Zmc oqdrdmbd ne’mZmnataakdr“-40�42 Hm
ahnknfhbZkhnm bgZmmdkr+sgd btqqdms cdodmcr nm sgd cdfqdd sn
vghbg sgd hnm bgZmmdkrZqd vdsvhsg khpthc+vghbg+hm stqm+vZr
entmc sn cdodmc nm onqd chZldsdq+sgd gxcqnognahb mZstqd ne
Zsnlr khmhmf sgd onqd+Zmc sgd Zookhdc unksZfd-40 Hm ntq bZrd+
sqZmredqqdc 1C lZsdqhZkrZqd kZqfdkx gxcqnognahb+Zmc vdsshmf ne
sgd rtqeZbd hr Z bgZkkdmfd-Vd dwoknqdc Zm Zkbngnk %dsgZmnk(
oqdvdsshmf oqnbdctqd hm sgd bnmsdws ne rta,ml onqdr sn
lZwhlhyd sgd Zlntms ne dkdbsqnkxsd sgZs ffnvr sgqntfg sgd
onqd Zmc sn lZwhlhyd sgd ldZrtqdc btqqdms-
SgdgxcqnognahbmZstqdnesqZmredqqdc 1ClZsdqhZkrnkhc,rsZsd

mZmnonqdr gZr addm oqduhntrkx nardqudc+ Zmc dsgZmnk,
oqdvdsshmf ne LnR1

4 Zmc VR1
33 vZr entmc sn gdko nasZhm

ldZrtqZakd hnm btqqdmsr bnmrhrsdmsvhsg sgd onqd rhyd-Vdsshmf
bZm ad oqnadc etqsgdqax Zookxhmf dwsdqmZkoqdrrtqd sn enqbd sgd
khpthc sqZmronqs sgqntfg sgd onqd-43 Sgd fdmdqZkbnmbdosr ne
vdsshmf Zmc cd,vdsshmfneonqdrtrdc gdqdZqdmnsmdv-Chflbtksx
ne onqd vdsshmf+sgd ’cqx“+’vds“+Zmc ’oZqshZkkx,vds“ rsZsdr ne
gxcqnognahbrnkhc,rsZsd%rhkhbnm mhsqhcd(Zmc onkxldqonqdrvhsg
chZldsdqr ne sgd nqcdq ne −0/ ml Zmc −0// ml+ Zmc sgd
bnqqdronmchmf gxrsdqdshb adgZuhnqnardqudc hm G�U btqudrgZud
addm qdonqsdc Z vghkd Zfn-07+08+42 > gxcqnognahb onqd bZm
sqZmrhshnm adsvddm sgd cqx %mnmbnmctbshmf( Zmc sgd vds
%bnmctbshmf( rsZsd tonm unksZfd ZookhbZshnm- >r unksZfd hr
hmbqdZrdc+sgd onqd bZm sqZmrhshnm sn Zbnmctbshmf rsZsd Zsghfgdq
ahZr qdrtkshmf hm Zm ZooZqdms mnmkhmdZq G�U btqud- Sghr
ogdmnldmnm vZr qdedqqdc sn Zr ’unksZfd,hmctbdc fZshmf“08

Zmc ’dkdbsqhb,�dkc,hmctbdc vdsshmf Zmc cd,vdsshmf“07 ne Z
eZaqhbZsdc gxcqnognahb onqd-Sgdqdenqd+ax Zookxhmf unksZfd+Z
gxcqnognahb onqd bZm ad enqbdc hmsn Z oZqshZkkx nq etkkx vds+
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bnmctbshmf rsZsd-Hm sghretkkx bnmctbshmf rsZsd+sgd onqd ZkknvrZ
lZwhltl btqqdms onrrhakd aZrdc nm hsr rhyd+sgZs hr+sgd rZld
btqqdmsZrhm ZgxcqnoghkhbonqdnesgdrZldrhyd-Hm Zcchshnm+LC
rhltkZshnmr gZud rgnvm hnmhb ’ldlbZoZbhshud dfidbsr“ Zmc
gxrsdqdrhrknnor%G�UldZrtqdldmshm Zknno vhsg mn bqnrrnudq(
hm mZmnonqd rxrsdlr+ sgZs cdodmc nm eqdptdmbx Zmc vdqd
oqnonrdc sn Zqhrd eqnl onkZqhyZahkhsx nehnmhb rnktshnmr-44

MnmkhmdZqhshdrhm G�U btqudrbZm nqhfhmZsd eqnl gxcqnognahb
dfidbsr Zmc Zkrn eqnl sgd hnm bnm�mdldms dfidbsr hm rlZkk
chZldsdq onqdr+ vgdm sgdhq rhydr Zqd bnloZqZakd sn rhydr ne
gxcqZsdc hnmrZmc Cdaxd kdmfsgr-Hm ahnknfx+gxcqnognahbhsx hr
Zm drrdmshZkoqnodqsx enqhnm bgZmmdkadgZuhnqZmc fZshmf+Zmc hs
bZm ad Zm hmgdqdmsoqnodqsx nesgd onqd-EnqdwZlokd+rsZakd fZr
onbjdsr%’ataakdr“(bZm enql hmrhcd gxcqnognahbqdfhnmrnesgd
onqd-> rta,mlvhcdonqdqdfhnm hrqdpthqdc sn lZjdsgdataakdr
rsZakd knmf dmntfg sn nardqud qdkduZms ahnknfhbZkdfidbsr+Zmc
vgdm ataakdr aqdZj+hnmr Zmc vZsdqlnkdbtkdr ffnv sgqntfg-42

>mZknfntr dfidbsr bntkc ad dwodbsdc hm rnkhc,rsZsd onqdr+Zmc+
adbZtrd sgdx Zqd eZaqhbZsdc+sgdrd onqdr bntkc rdqud Zr lncdk
rxrsdlrsn rstcx rtbg dfidbsr etqsgdqZmc cdrhfm Zqsh�bhZkonqdr
vhsg rodbh�b etmbshnmr-Enq dwZlokd+Zbbnqchmf sn LnR1 onqd
lncdkhmf+vZsdqfftwbZm uZqx cdodmchmf nm vgdsgdqLn nmkx+R
nmkx+nq lhwdc Zsnlr+Ln Zmc R+Zqd Zs sgd dcfdr-0 >mnsgdq
ZooqnZbg sn bnmsqnkkhmf sgd cdfqdd negxcqnognahbhsx vntkc ad
sn bnZssgd 1C onqdr+enqdwZlokd+ax Zsnlhb kZxdqcdonrhshnm ne
ShN1+ Zr cdlnmrsqZsdc nm fqZogdmd onqdr+ sn lZjd sgdl
gxcqnoghkhbvghkdnmkx rkhfgskx hmbqdZrhmf sgdonqdsghbjmdrr-18 Hs
hrhmsdqdrshmf sn mnsd sgZssgd mnmkhmdZqhsx hm G�UldZrtqdldmsr
hr kZqfdkx Zardms hm LC rhltkZshnmr+3 Zmc sghr hr xds sn ad
tmcdqrsnnc-
Onqdr lZx ad cxmZlhb hm rgZod Zmc bgZmfd sgdhq

bnmenqlZshnmr Zmc dcfd sdqlhmZshnm+Zr hm hnm bgZmmdkr-Sghr
hrZonrrhahkhsx enqrnkhc,rsZsd onqdrZrvdkk+atshshrgZqc sn oqnad
chqdbskxZmc lnqdsgdqlncxmZlhblncdkhmfvntkc adadmd�bhZk
sn hmenql sgddwodqhldms-HshrkhjdkxsgZssgdonqdrsqtbstqdbntkc
bgZmfd nudq shld->snlhb,rbZkd fftbstZshnmr Zs sgd onqd dcfd
bntkc gZud ZcchshnmZk bnmsqhatshnmr sn sgd cdfqdd ne gxcqn,
ognahbhsx hmrhcd nesgd Zsnlhb,rbZkd onqdr-Hm ahnknfhbZkonqdr+
’mZmnataakdr“ vhsghm sgd onqd gZud addm sgdnqdshbZkkx
bnmrhcdqdc Zr onrrhakx qdronmrhakd enq hnm bgZmmdk fZshmf-42

Sgd dwsdms sn vghbg sgd chfidqdms oZqsr ne sgd onqd hsrdke Zqd
gxcqnoghkhb nq gxcqnognahb cdodmcr nm sgd hnm bgZmmdk
chZldsdq+sgd Zookhdc unksZfd+Zmc sgd knbZkoqnodqshdr neonqd
dcfdr Zmc sgdhq hmsdqZbshnmr vhsg hnmr Zmc vZsdq lnkdbtkdr-40

Etstqd rstchdr bZm Zssdlos sn chqdbskx oqnad dfidbsr ne sgdrd
oZqZldsdqrhm Zsnlhb1ClZsdqhZkonqdrZmc sgdcdfqddsn vghbg
sgdrd dfidbsrbZm ad bnmsqnkkdc Zssgd Zsnlhb rbZkd-

Mnhrd BgZpZbsdphrshbr neRhmfid :snlhb Onpd Bghor-Hm
Zcchshnm sn G�U bgZqZbsdqhrshbr+vd �mc sgZssgd onvdqrodbsqZk
cdmrhsx %ORC( ne sgdrd rsZsdr xhdkcr hmrhfgsr hmsn eqdptdmbx,
cdodmcdms oqnodqshdr Zmc bZm ad trdc sn gdko cdsdqlhmd sgd
dwsdmssn vghbg Z/C onqdhrvds-ORC hm rnkhc,rsZsdmZmnonqdrhr
fhudm Zr

+ π
G  
d

MP4
1

%0(

vgdqd Gcdmnsdrsgd hnmhb btqqdms+: hrsgd mnhrd bndflbhdms+μ hr
sgd knv,eqdptdmbx mnhrd bnlonmdms+Zmc ehr sgd eqdptdmbx-45

Sgd ORC Zbpthqdc ZschfidqdmsrsZfdrnesgd vdsshmf oqnbdrrenq
onqd3 hrrgnvm hm Ehftqd3c-EnqsgdaZqddkdbsqncdr%akZbj(+vd
nasZhm Z mnhrd bndflbhdmsne: < 1 ° 0/�6 Zmc mnhrd bnlonmdms

ne μ < �/-2+vghbg hr qdoqdrdmsZshud nehmrsqtldmsZshnm mnhrd-
>cchshnmZkkx+sgd rodbsqtl enqaZqd dkdbsqncdrhrhcdmshbZksn sgd
ORC enq Z cd,vds+hmbnlokdsd vds onqd %qdc(+rtffdrshmf sgd
Zardmbd neZ bnmctbshmf hnm bgZmmdk-Enqonqd 3 %1 Ln+6 R(+Z
bnlokdsdkx vdsvhsg dsgZmnk%mZux aktd(+vd mnsd : < 4 ° 0/�5

Zmc μ < �/-36+vghbg hr rhlhkZq sn sgZs ne sgd oqhrshmd LnR1
ldlaqZmd vdsvhsg dsgZmnk%fqddm+: < 6 ° 0/�4+ μ < �/-03(-
BqtbhZkkx+sgd ORC enqansg bZrdrdwghahsrZ cdbqdZrd hm sgd rta,
0/1 Gyqdfhld%Ehftqd3b(bnloZqdc sn sgdqdrsnesgdeqdptdmbx
qZmfd Zmc hrbgZqZbsdqhrshb ne0.emnhrd hm bnmctbshmf rnkhc,rsZsd
onqdr-3+33+46+47 Sghrhrhm rsZqj bnmsqZrssn sgd ffZsORC nasZhmdc
enq ansg aZqd dkdbsqncdr Zmc cd,vds onqd Zmc rtffdrsr sgZs
dsgZmnkhrdrrdmshZkhm bqdZshmf Zbnmctbshmf hnm bgZmmdksgqntfg
dhsgdq hmsqhmrhb cdedbsr %hm sgd oqhrshmd ldlaqZmd( nq RSDL,
eZaqhbZsdc /C onqdr%hm onqd3(-> bnlahmZshnm neG�U Zmc mnhrd
ZmZkxrhr bZm sgdqdenqd ad tshkhydc sn adssdq tmcdqrsZmc sgdrd
rsZsdr %rsZsdr 0�2( sn cdsdqlhmd vgdsgdq Z rta,ml onqd hr
bnlokdsdkx vds-
>mnsgdqdwZlokd nertbg Z yhfyZf�ZqlbgZhqonqd %onqd 3( hr

rgnvm hm Ehftqd 4-> G>>CE hlZfd nesghr onqd hr rgnvm hm
Ehftqd 4Z+Zknmfrhcd hsrZsnlhb dcfd bnm�ftqZshnm rgnvm hm sgd
hmrdsneEhftqd 4a-Onqd3 gZr1 Ln ZsnlrZmc 6 oZhqrneR Zsnlr
lhrrhmf+rgnvm Zr%whh(hm BgZqs0+bnqqdronmchmf sn Zfdnldsqhb
ZqdZ ne /-58 ml1-Sghr hr+ZfZhm+bnm�qldc ax sgd W bnmsqZrs
oqnctbdc Zbqnrrsgd onqd %xdkknv khmd( hm sgd hmrdsneEhftqd 4Z-
Hm sgd bZrd neonqd 4 %vghbg hrntqsghqc G�U rbdmZqhn(+Zahchmf
ax sgd oqnbdctqd ntskhmdc hm Ehftqd 2Z%h�hu(+vd nasZhm sgd
btqqdms�unksZfd ldZrtqdldmsr enq ltkshokd rZks rnktshnmr Zmc
rZks bnmbdmsqZshnmr-Ehqrs+vd dwZlhmd sgd bnmctbsZmbd hm sgd
bZrd nechfidqdmsrZksbnmbdmsqZshnmr hm Ehftqd 4a90/ lL JBk
%xdkknv(+0 L JBk%aktd(+Zmc 2 L JBk%fqddm( ZsoG 7-6-Vd
bkdZqkx nardqud Zogdmnldmnm vgdqd sgd /C onqd cdlnmrsqZsdr
Zm hnmhb bnmctbsZmbd kZqfdkx hmcdodmcdms ne sgd rZks
bnmbdmsqZshnm+ Zkk sgqdd G�U ne 0/ lL+ 0 Zmc 2 L JBk
bnqqdronmc sn F − /-60 mR+/-58 mR Zmc /-64 mR+qdrodbshudkx+
dwsqZbsdc Zr rknodr ne sgd khmdZq �sr sn sgd G�U btqudr hm sgd
unksZfd qZmfdr*0// lU-

G�U bgZqZbsdqhrshbrZbpthqdc enqnsgdqrZksrnktshnmrrtbg Zr0
L KhBk%nqZmfd(Zmc 0LLfBk1 %ohmj(eqnl Zm Zookhdc unksZfd
qZmfd ne*1// lU Zqd oqdrdmsdc hm Ehftqd 4b-Fhudm sgZssgdrd
rZksrnktshnmr gZud Z rhfmh�bZmschfidqdmbd hm atkj bnmctbshuhsx
%oqdbhrdkx+0 L KhBk< 8-4 R.l+0 LLfBk1 < 01-2 R.l+0/ lL
JBk< /-03 R.l+0 L JBk< 0/-7 R.l+Zmc 2 L JBk< 18-17 R.
l(+hs hr mnsdvnqsgx sgZs vd nardqud Z rlZkkbgZmfd hm onqd
bnmctbsZmbduZktdhm sgdrdrZksrnktshnmrsgqntfg sgd/C onqdhm
sgd *1// lU qZmfd+bnloZqdc sn sgd chfidqdmbd hm qdrodbshud
atkj uZktdr-Hm bnmsqZrssn sgdsxohbZkkhmdZqadgZuhnqneml,rhydc
onqdr+sgdrd/C onqdrZkrn dwghahsrnldvgZsmnmkhmdZqbtqqdms�
unksZfd btqudr-Sgdrd mnmkhmdZqhshdrZqd lnqd duhcdmsZsghfgdq
unksZfdr+Zrrgnvm hm sgdhmrdsneEhftqd4b+vghbg ZqdG�U btqudr
nasZhmdc eqnl Zm ZqqZx ne rta,ml /C onqdr oqnctbdc hm sgd
LnR1 ldlaqZmd ax EHA hqqZchZshnm Zmc ldZrtqdc nudqZ qZmfd
ne*7// lU-3 Sgdrd ZqqZxr bnmsZhmdc nm ZudqZfd −2//�01//
rlZkk onqdr ne chZldsdqr rlZkkdq sgZm −0 ml %nts ne vghbg
−2/�13/ onqdr nm ZudqZfd vdqd kZqfdq sgZm /-5 ml+ sgd
gxcqZsdc J) hnm chZldsdq(+Zmc sgdrd rZlokdrdwghahsdc ZF hm Z
vhcd qZmfd−/-4�4/ mR hm 0 L JBk%sgdrdF uZktdrZqd enqsgd
cnrd trdc enq’ZqqZx 2“(+vghkd sgd oZqshbtkZqrZlokd ’ZqqZx 2“ hm
Ehftqd 4b hrentmc sn ad kdrrbnmctbshmf sgZm onqd 3+sgd ldZm
bnmctbsZmbd neZkkrtbg ldZrtqdc rZlokdr+EHA hqqZchZsdc Zssgd
rZld cnrd+ vZr kZqfdq sgZm sgd F ne onqd 3+ vhsg Z ldZm
bnmctbsZmbd uZktd ne−1/ mR-3 >cchshnmZk+rkhfgsmnmkhmdZqhsx hr
Zkrn nardqudc hm bZrd neltkshokd onqd cduhbdr+enqdwZlokd+onqd
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6+hm RtookdldmsZqx Ehftqd R2d enq 0 L JBk-Vd Zkrn oknshm
RtookdldmsZqx Ehftqd R1 Z aZqfqZog nebZkbtkZsdc bnmctbsZmbd
qZmfdrax �sshmf Zkhmd sn G�U btqudrnudqrdudqZkunksZfd qZmfdr+
rtbg Zr*2/ lU+*4/ lU+*0// lU+Zmc *1// lU eqnl /C
onqdr ldZrtqdc hm sghr vnqj %onqdr 1�3( hm RtookdldmsZqx
EhftqdR1-VdmnsdsgZssgdqdhrZchfidqdmbdne*/-/0 sn /-/75 mR
ZbqnrrchfidqdmsunksZfd qZmfd enqZ fhudm /C onqd+qdffdbshmf sgd
cdfqdd nemnmkhmdZqhsx->ants 31� nesgd /C onqdr eZaqhbZsdc
xhdkcdc ZbnmctbsZmbdne/-6�/-8 mR ZbqnrruZqhntrbZshnm,aZrdc
bgknqhcd rZksrnktshnmreqnl /-0 sn 2 L vhsg Z rkhfgsuZqhZshnm hm
bnmctbsZmbd %*/-0 mR(- Vghkd sgd nsgdq cduhbdr rgnvdc
gxrsdqdshb G�U+ sgd btqqdms vZr hlldZrtqZakx rlZkk Zmc.nq
onqdrbntkc mnsad vds-

BZibtiZshnm ne Onpd Bnmctbshuhshdr AZrdc nm LdZr,
tpdc BnmctbsZmbd Zmc Onpd Rhydr-Vd bZm drshlZsd onqd
bnmctbshuhshdraZrdc nm ldZrtqdc bnmctbsZmbd F Zmc dfidbshud
onqd chZldsdqreqnl SDL hlZfdroqhnqsn G�U ldZrtqdldmsr+
cSDL+Zmc sgnrd nasZhmdc eqnl onqd lncdkr+cLncdk+Zrrtlhmf Z
jmnvm onqd sghbjmdrr+J+chrbtrrdc adknv-Trhmf Z bnmshmttl
lncdk ZookhbZakd enq atkj adgZuhnq hm ml,rhyd Zmc kZqfdq
chZldsdqrnkhc,rsZsdonqdr+bnmctbsZmbdF bZm advdkk,cdrbqhadc
enqrnkhc,rsZsd onqdr948
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vgdqd α hr bnmctbsZmbd ne sgd rnktshnm sgZs cdodmcr nm sgd
lnkZqhsx+c hrdfidbshud onqd chZldsdq%Zrrtlhmf bhqbtkZqonqdr(+
Zmc J hrsgd dfidbshud onqd sghbjmdrr:c Zmc J bnqqdronmc sn sgd
dfidbshudchldmrhnmrnesgd hnmhbbnmctbshmf bxkhmcqhbZkbgZmmdk-
>r c Zmc J ZooqnZbg ydqn+ hnmr Zqd bnm�mdc hm roZbdr ne
chldmrhnmr bnloZqZakd sn hnmhb qZchh+ Zmc sgd hnm bnmbdm,
sqZshnmr+ lnahkhshdr+ Zmc gxcqZshnm Zqd sgdnqdshbZkkx chfidqdms
eqnl atkj-01+15+4/ Odqdy dsZk-15 qdbdmskx oqnonrdc Zm ZmZkxshbZk
dwoqdrrhnm rhlhkZqsn dp 1+aZrdc nm hmotsreqnlLCrhltkZshnmr+
enq rlZkk LnR1 onqdr+ ats vhsg Z lnch�dc ltkshokhbZshnm
oqdeZbsnq α hm dp 1+ sn qdffdbs sgd qdctbdc J) Zmc Bk� hnm
bnmbdmsqZshnmr Zmc lnahkhshdr bnloZqdc sn atkj %rdd sgd
dptZshnm hm RH rdbshnm 4(-Hm nsgdqvnqcr+enq rlZkkonqdr+sgd
Ztsgnqroqnonrdc sgZsnmd bZm bnmrhcdqsgZsZ rlZkkonqd gZrZ
lnch�dc bnmctbshuhsx bnloZqdc sn atkj+ Zmc dp 1 bZm ad
lnch�dc ax qdokZbhmf α vhsg Zmnsgdq etmbshnm ne chZldsdq+
α onqd%c(≤ α atkj-EnqZm dfidbshudLnR1 onqdchZldsdqneZqntmc 0
ml+sgd hnm lnahkhsx vZr bnlotsdc sn ad Zants 5/� neatkj
lnahkhsx+ Zmc hnm bnmbdmsqZshnm sn ad Zants 2/� ne atkj
bnmbdmsqZshnm-15

Hm dp 1+sgd snsZkqdrhrsZmbd P < 0.F < Ponqd ) PZbbdrr+vgdqd
Ponqd < %α  

I
L

2
1(hrsgd qdrhrsZmbd nesgd onqd+vghbg hrlncdkdc ZrZ

bxkhmcdq-Sgd rdbnmc sdql+PZbbdrr< %α L
/ (hrsgd rn,bZkkdc ’Zbbdrr“

qdrhrsZmbd+ Zqhrhmf eqnl sgd rnktshnm hm sgd sno Zmc anssnl
gdlhrogdqdrnm sgd svn rhcdrnesgdldlaqZmd-50+51 Hm ntqbZrd+
sgd dfidbshud onqd chZldsdq+c+Zmc sgd dfidbshud onqd kdmfsg+J+
Zqd bnloZqZakd %ansg −0 ml(-EnqJ hm ntqbZkbtkZshnmrZmc enq
dqqnqdrshlZshnm+vd trd gdqd Z qZmfd neuZktdrenqJ oqduhntrkx
trdc+eqnl J < /-6 ml3+02 %sgd fdnldsqhb sghbjmdrrnesgdLnR1
ldlaqZmd( to sn J < 0-5 ml drshlZsdc eqnl oqduhntr LnR1
onqd bnmctbsZmbd ldZrtqdldmsr nm kZqfdq chZldsdq onqdr-13

Enq sgd dfidbshud chZldsdq drshlZsdr gdqd+vd trd :SDL − /-11
ml1 sn /-48 ml1 Zmc :Lncdk− /-23 ml1 sn 0-/ ml1+xhdkchmfcSDL
eqnl −/-42 ml sn −/-76 ml Zmc cLncdkeqnl /-54 sn 0-01 ml-
Sgd onqdr bntkc ad sghbjdq hesgdqd hr bnmsZlhmZshnm Zmc gZud
kZqfdqchZldsdqrhesgdx dwoZmcdc nudqshld-

Eqnl ldZrtqdc bnmctbsZmbdr+FldZr+ vd bZm drshlZsd sgd
dpthuZkdms onqd bnmctbshuhshdr sgZs vntkc xhdkc sgdrd bnm,
ctbsZmbdr+Z odqrodbshud oqnonrdc ax Odqdy dsZk-sn uhdv rta,4
ml chZldsdqLnR1 onqdr+

15 Zr
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vgdqdFldZrhrsgdldZrtqdc bnmctbsZmbd+c hrsgd chZldsdq+Zmc
J hr sgd onqd sghbjmdrr-Trhmf ldZrtqdc bnmctbsZmbd eqnl /C
onqdr+Z qZmfd neonqd chZldsdqr eqnl >B,RSDL hlZfdr+eqnl
bnqqdronmchmf onqd lncdkr Zmc J uZktdr eqnl /-6�0-5 ml+4+13
vd bZkbtkZsdc α onqd+ oknssdc enq uZqhntr rZks rnktshnmr Zmc
bnmbdmsqZshnmr hm Ehftqd 4c-48+5/+50+51 Sgdqdenqd+dqqnq aZqr hm
Ehftqd 4c qdffdbstmbdqsZhmshdrhm c eqnl ntqZmZkxrhr-DqqnqrZqd
oknssdc trhmf sgd qZmfdrnecSDL Zmc cLNCDK enqc Zmc sgd qZmfd
eqnl /-6 ml sn 0-5 ml enqJ-
Enq bnloZqhrnm+ Zkrn oknssdc hm qdc rxlankr Zqd sgd

bnqqdronmchmf atkj bnmctbshuhshdrenqdZbg rnktshnm-Ntqqdrtksr
Zs 0 L JBkchrokZx α onqd.α atkj < 14�54� %enq /-42�/-76 ml
chZldsdq onqdr(+vghbg Zkrn rnldvgZs Zfqddr vhsg sgd sqdmc
eqnl LC rhltkZshnmr enq rta,4 ml LnR1 onqdr vgdqd sgdx
qdonqsdc 7�3/� %enq/-6�0-14 ml chZldsdqonqdr(-15
Sgd bnmctbsZmbd uZktdrnardqudc Zqd Z ahsrlZkkdqsgZm 0 mR

Zmc rhlhkZqZbqnrrchfidqdmsbnmbdmsqZshnmrZmc bZshnmr%J)+Kh)+
Lf1)(-Etqsgdqlnqd+G�U bgZqZbsdqhrshbrZqdmnmkhmdZq+Zksgntfg
mnmkhmdZqhshdrZqdlnrskxoqnmntmbdc enqghfgdqunksZfdr%Ehftqd
4b(-Vghkd gxcqnognahbhsx bZm kdZc sn rtbg nardquZshnmr Zr
chrbtrrdc Zanud+Zmnsgdqbnmsqhatshmf eZbsnqhm rlZkkonqdrhrsgd
roZshZkbnm�mdldmsZmc hmsdqZbshnmrdwodqhdmbdc axsgdrZkshnmr
vgdm sgdonqdhrnesgdrhlhkZqrhydsn sgdrhydnesgdgxcqZsdc rZks
hnmr-SghrgZrZkrn addm rgnvm hm nsgdqLC rhltkZshnmrvgdqd
cdgxcqZshnm nesgd �qrsgxcqZshnm kZxdqZmc nqhdmsZshnm nevZsdq
chonkdr hmrhcd Zmc ntsrhcd sgd onqd chbsZsd sgd sxod ne
mnmkhmdZqhshdr nardqudc hm sgdrd rlZkk ldZrtqZakd btqqdmsr-2

Etqsgdq+QhbgZqcrdsZk-06 rgnvdc sgZshnm sqZmronqshrghmcdqdc
vgdm onqd rhyd hr bnloZqZakd sn chldmrhnmr ne gxcqZsdc hnm
lnkdbtkdr Zmc sgZs oZqshZkcdgxcqZshnm hr sgd lZhm eZbsnq enq
dmdqfxaZqqhdqr-06+52 Hnm rdkdbshuhsxneonqdrhrZmnsgdqZrodbssgZs
gZraddm dwodqhldmsZkkx hmudrshfZsdc+rtbg Zrhm bZshnm,rdkdbshud
rta,ml fqZogdmd onqdr+0/ atssgd ZuZhkZakd ancx neqdoqnctbdc
dwodqhldmsZkvnqj hrkhlhsdc-01

RZstpZshnm ne BnmctbsZmbd s� LniZphsw-Vd nardqud Z
rZstqZshnm hm bnmctbsZmbd Zbqnrr2 L sn /-/0 L JBkZmc nsgdq
rZksrnktshnmr-Enq kZqfdq+mZmnldsdq rhyd rnkhc,rsZsd onqdr+sghr
rZstqZshnm hm JBkrnktshnm vZroqduhntrkx nardqudc sn nbbtqenq
lnkZqhshdr adknv −/-0 L-10+53 Sghr lnkZqhsx bnqqdronmcr sn
Cdaxdkdmfsg+σ C≠ 0 ml enq/-0LJBk+dpthuZkdmssn Zantsentq
vZsdqlnkdbtkd chZldsdqr+Zmc σ C ≠ 2 ml enq0/ lL JBk-Vd
rdd sgZs enq Z /C onqd %c ; 0 ml( sgd rZstqZshnm neF vhsg
cdbqdZrhmf lnkZqhsx+L+nbbtqrZsghfgdqlnkZqhshdrsgZm enqnmd
nqcdqnelZfmhstcd kZqfdqml,rhyd onqdr-Sghr hr khjdkx adbZtrd
sgd bgZqZbsdqhrshb onqd rhyd c hr mnv bnloZqZakd sn σ C dudm Zs
qdkZshudkxghfgdqlnkZqhshdrrtbg Zr0�2LJBk+vgdqd σ C≠ /-0�
/-2 ml+dwokZhmhmf vgx vd nardqud rhlhkZqbnmctbsZmbd enq2 L
Zmc 0/ lL JBk-
>s knv lnkZqhsx ;/-0 L JBk+vd nardqud hm Ehftqd 4c sgZs

bnmctbsZmbd hr rhlhkZq nq kZqfdq sgZm dwodbsdc eqnl sgd
bnqqdronmchmf atkj uZktd Zmc Zrrtlhmf Zm hcdZkhydc hmdqs
sqZmronqsbgZmmdkfnudqmdc ax dp 1-54 SghrhradbZtrd dp 1 cndr
mnssZjd chqdbskx hmsn ZbbntmssgZsonqdr gZud bgZqfdc rtqeZbdr
%Zksgntfg sghr hr dfidbshudkx sZjdm hmsn Zbbntms hm dp 2 ax
Zrrtlhmf rnld dpthuZkdmsonqd bnmctbshuhsx+α onqd(-Enq’kZqfd“
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onqdr+sgd onqd�r rtqeZbd bgZqfd dfidbs nm F bZm ad mdfkhfhakd
fhudm sgZsrtqeZbd bgZqfdrZqd rbqddmdc vhsghm Cdaxd�rkdmfsg σ C
≠ /-2 ml hm 0 L JBk-HsvZroqduhntrkx drsZakhrgdc sgZsZr sgd
rxrsdl rhyd cdbqdZrdr ZooqnwhlZsdkx adknv lhbqnm Zmc ml,
rbZkdr+sgd rtqeZbd bgZqfd dfidbsrnm F bZm ad mnshbdZakd nm hnmhb
sqZmronqs ZslnkZqhshdr adknv −/-0 L+Zmc sqZmronqs bZm dudm
adbnld etkkx fnudqmdc ax rtqeZbd bgZqfdr hm mZmnffthchb
bgZmmdkrhm udqx ’rlZkk“ rxrsdlrZmc.nqudqx ’knv“lnkZqhshdr-54

Sgd knvdq sgd lnkZqhsx+sgd kZqfdq sgd rhyd nesgd bgZmmdkenq
vghbg rtqeZbd bgZqfd dfidbsrnm F Zqd mnshbdZakd-
Hm mZmnffthchb bgZmmdkr+ Zr lnkZqhsx L cdbqdZrdr+ bnm,

ctbsZmbd sqZmrhshnmreqnl Z qdfhld vgdqdF −L sn sgd qdfhld
vgdqd F rZstqZsdr Zr Z etmbshnm neL Zsknv lnkZqhshdr-54 Sghr
cdodmcdmbd vZr drsZakhrgdc dwodqhldmsZkkx hm rhkhbnm mhsqhcd
%rdd enq dwZlokd RH hm qde 53( Zmc 1C onqdr+vhsg mdfZshud
rtqeZbd bgZqfd cdmrhshdrnesgd nqcdq− �/-/0 B.l1 sn �/-0 B.
l1 qdonqsdc10 enqLnR1 onqdrvhsg chZldsdqrc = 1 ml ax �sshmf
F urL Zmc cdodmcdms nm oG-Sghr ’knv,lnkZqhsx sqZmronqs
adgZuhnq“+vgdqd sgd cd�mhshnm nevgZshr ’knv“ cdodmcrnm sgd
rxrsdl rhyd+hrdwokZhmdc ax dkdbsqnrsZshb dfidbsrnesgd bgZmmdk�r
rtqeZbd bgZqfd nm sgd ffthc-Sgd rlZkkdqsgd rxrsdl+sgd ghfgdq
sgd lnkZqhsx Zs vghbg sghr rZstqZshnm nbbtqr9 Z bgZqfdc onqd
rtqeZbd ZssqZbsr noonrhsdkx bgZqfdc bntmsdqhnmr eqnl rnktshnm
vghkd qdodkkhmf bn,hnmr-Sghr qdrtksr hm Z bgZqfdc kZxdqenqlhmf
bknrd sn sgd onqd vZkkr+bZkkdc sgd cntakd kZxdq+Zmc sghr kZxdq
rbqddmr sgd hllnahkd rtqeZbd bgZqfd- Sn lZhmsZhm bgZqfd
mdtsqZkhsx+sgd mtladq nelnahkd bntmsdqhnmr hm Z bgZmmdkbZm
dwbddc sgd atkj hnm bnmbdmsqZshnm Zmc cnlhmZsd sqZmronqs-54

Knv bnmctbsZmbd oqdrdmsr Zm dwodqhldmsZk bgZkkdmfd hm
fdmdqZk Zmc rodbh�bZkkx enq ghfgdq aZmcvhcsg ldZrtqdldmsr+
qdpthqhmf bZoZbhsZmbdlhmhlhyZshnm sn qdctbd mnhrd Zmc btqqdms
bnmsqhatshnmr eqnl bZoZbhsnqbgZqfhmf-BnloZqdc sn /C LnR1
onqdrrtoonqsdc nm Rhbghor%Ehftqd 0(+onqdreZaqhbZsdc nm knv,
bZoZbhsZmbd fkZrr bghor55+56 dwghahsdc Z knvdq mnhrd+ ats ntq
hmhshZk Zssdlosr xhdkcdc rhfmh�bZmskx ghfgdq onkxldq bnmsZlh,
mZshnm %rdd RtookdldmsZqx Ehftqdr R3 Zmc R4(-Etstqd rstchdr
vhkkadmd�sax trhmf knv,bZoZbhsZmbd okZsenqlr bnlahmdc vhsg
knv,mnhrd sqZmrhlodcZmbd Zlokh�dqr57�60 sn fdshmrhfgshmsn sgd
rgnqs shld,rbZkd adgZuhnq ne ansg hnm bgZmmdkr Zmc /C rnkhc,
rsZsdonqdr+rtbg Zrsn qdrnkudrgnqsbtqqdmsdudmsrZmc oqnadsgd
ldbgZmhrlrnesgd bgZmmdknm.nfi cxmZlhbr-6/

BNMBKTRHNMR :MC ETSTPD CHPDBSHNMR
Vhsg sgd gdko ne sgd rsZsd,ne,Zqs sqZmrlhrrhnm dkdbsqnm
lhbqnrbnox Zmc ZcuZmbdldmsne1C lZsdqhZkcduhbdr+vd qdonqs
Zm dkZanqZsd cduhbd eZaqhbZshnm ne rhmfkd yhfyZf�ZqlbgZhq /C
onqdrvghbg gZud cd�mhsd onqd dcfdr Zmc jmnvm hmhshZkZsnlhb
bnlonrhshnm neonqd dcfdr-Hm sghrqdfhld nerta,ml onqdr+vd
nardqudsgZssgdbnmctbsZmbdneZ/C onqdhrkZqfdkxhmcdodmcdms
neatkj bnmctbshuhsx Zmc cdodmcdmsnm sgd Zookhdc ahZrsn cqhud
hnmr sgqntfg sgd onqdr- Vd nardqud Z ptdmbgdc hnmhb
bnmctbsZmbd %−/-7 mR( bnloZqdc sn ml,rbZkd onqdr hm sgd
bZrd neonqdrvhsg sgd chZldsdqrrhlhkZqsn sgd rhyd negxcqZsdc
rZkshnmr+Zmc sgd bnmctbsZmbd rZstqZshnm urlnkZqhsx hm Z vhcd
hnm bnmbdmsqZshnm qZmfd-Sghr bnmctbsZmbd hr bknrd sn uZktdr
qdbdmskxqdonqsdc hm nsgdqrnkhc,rsZsdZsnlhb,rbZkdrxrsdlrvgdqd
hnm sqZmronqsvZrbnm�mdc sn−0 ml hm nmdnqlnqdchldmrhnmr+
rtbg Zr hm rhmfkd /-7 ml Zmc 0-4 ml chZldsdq+ 0/ ml,knmf
BMSr-5+6+01

AknbjZcd nehnm oZrrZfd ax rlZkkonqdr Zmc cdgxcqZshnm ne
rnkuZsdc hnmr vdqd gxonsgdrhydc Zr ldbgZmhrlr sn dwokZhm
dwodqhldmsZkkx nardqudc rtooqdrrdc hnmhb btqqdms Zs knv
unksZfdr Zmc mnmkhmdZq G�U btqudr Zr unksZfd hr hmbqdZrdc-1+4

Vd Zqd mnv Zakd sn eZaqhbZsd /C onqdrsgZslhlhb sgd ahnonqdr+
vhsg fnnc qdoqnctbhahkhsxZmc rhlhkZqhnmhbbnmctbsZmbd%−/-5�
0 mR( sn sgZsneoqnsdhm onqdrsgZsnbbtqmZstqZkkx-58+6/ >mnsgdq
hlonqsZms Zrodbs ne sgdrd ahnknfhbZk onqdr hr sgdhq sqZmronqs
ldbgZmhrlr Zmc rdkdbshuhsx enq rodbh�b bZshnmr nq Zmhnmr-Sghr
edZstqd hr xdssn ad rstchdc hm /C+Zmc etstqd dwodqhldmsr bZm
hmudrshfZsdbnmctbsZmbdZsuZqhntroG Zmc Zssdlossn lnchexsgd
rtqeZbd bgZqfd ne sgdrd /C onqdr- Etqsgdq+ rstchdr bZm Zkrn
Zssdlos >B,SDL hlZfhmf ne sgd onqdr Zesdq sgd hnmhb
ldZrtqdldmsrZmc dwZlhmd sgd dwsdmssn vghbg sgdrd ldZrtqd,
ldmsrqdrtkshm rnld fdnldsqhbZkZmc bnlonrhshnmZkbgZmfdrne
sgd onqd-
RdudqZk khlhsZshnmr dwhrsdc hm ntq rstcx- SDL hlZfdr

bnqqdronmc sn onqdr adenqd hnmhb ldZrtqdldmsr+Zmc vd vdqd
mnsZakd sn hlZfd sgd onqdrZesdqsgd hnmhbldZrtqdldmsr->krn+
adbZtrd sgd ldlaqZmd hr bnmsZlhmZsdc Zesdq adhmf hm Z rZks
rnktshnm+sgdaZrdkhmd hnmhbbtqqdmsvZrdrsZakhrgdc eqnl oqhrshmd
ldlaqZmd rZlokdr%vhsg mn hmsdmshnmZkonqdr( sgZsZqd mnssgd
rZld rZlokdrtrdc enqonqd SDL cqhkkhmf+Zksgntfg ZkkrZlokdr
bZld eqnl sgd mnlhmZkkx hcdmshbZkaZsbg neldlaqZmdr %eqnl
sgd rZld BUC fqnvsg( Zmc sgd rZld eZaqhbZshnm oqnbdctqdr-
OqdsqdZsldmsvhsg dsgZmnkgdqd hr rddm sn dmgZmbd sgd onqd

gxcqnoghkhbhsx Zmc dmZakd ldZrtqdldmsr ne rlZkk ats ldZr,
tqZakd btqqdmsr sgqntfg sgd onqd-Rstchdr gZud oqnudm sgZssgd
ldsgZmnk nq dsgZmnk.vZsdq rnkudms lhwstqd bgZmfdr sgd
chdkdbsqhb bnmrsZmsnesgd rnktshnm+vghbg bntkc Zksdqsgd rtqeZbd
bgZqfd nm sgd onqd hm Z eZunqZakd vZx sn Zkknv hnmr sn
sqZmrknbZsd-61 Sghr vdsshmf sdbgmhptd Zhcdc ax Zm Zkbngnk hr
adhmf trdc ax rdudqZk dwodqhldmsZk rstchdr ZkqdZcx nm 1C
mZmnonqdrZmc mZmnbgZmmdkr-4+7+13+18+33 Rn eZq+ntqdwodqhldmsZk
hmudrshfZshnm kdZcr sn sgd bnmbktrhnm sgZs vdsshmf sgd onqd hr
onrrhakd sgqntfg Z onkZq rnkudms rtbg Zr dsgZmnk+ vghbg hr
hlonqsZms enq sqZmrknbZshmf hnmr sgqntfg sgd dmshqdsx ne sgd
yhfyZf,ZqlbgZhqonqd-Etstqd rstchdrlZx cdrhfm onqd dcfdr sn
etqsgdqbnmsqnkhnm sqZmrknbZshnm sgqntfg sgd onqdrZmc lZxad+
Zkrn fthcdc ax LC rhltkZshnm rstchdr+ Zccqdrr onqd
bnlonrhshnm+rsZahkhsx+Zmc sqZmronqs-

LDSGNCR
BUC Fpnvsg-LnmnkZxdq LnR1 ffZjdr vdqd fqnvm trhmf BUC

oqnbdrrdr qdonqsdc hm oqduhntr vnqjr-2/ Rnktshnmr ne /-1� rnchtl
bgnkZsdfqnvsg oqnlnsdqZmc 07° 0/�2 L Zllnmhtl gdosZlnkxacZsd
vdqd rotm nmsn ohqZmgZ,bkdZmdc RhrtarsqZsdr bnZsdc vhsg 2// ml ne
RhN1+vghbg vdqd sgdm knZcdc hmsn sgd bdmsdq neZ 0 hm-stad etqmZbd
%Sgdqln Rbhdmsh�b Khmcadqf.AktdL(-EnqsgdLnR1 fqnvsg+rZlokdr
vdqd gdZsdc tmcdqM1 fZrffnv %6// rbbl(ZsZqZsd ne6/ ±Blhm

�0 Zmc
gdkc Zs64/ ±B enq04 lhm->ooqnwhlZsdkx 0// lf nertketqoqdbtqrnq
okZbdc 11 bl eqnl sgd rtarsqZsdrvZrjdosZs07/ ±B ctqhmf sgd fqnvsg
oqnbdctqdr- RZlokdr vdqd qZohckx bnnkdc sn qnnl sdlodqZstqd ax
nodmhmf sgd etqmZbd-

Cduhbd EZaphbZshnm-LnR1 bqxrsZkrvdqd sqZmredqqdc eqnl Rh.RhN1
rtarsqZsdr vhsg Z EHA gnkd %− 04/�1// ml hm chZldsdq( trhmf Z vds
dsbg sdbgmhptd-BqxrsZkr vdqd �qrs bnZsdc vhsg B3 OLL>+vghkd Zm
Zptdntr 0 L JNG rnktshnm vZr trdc sn dsbg ZvZx sgd tmcdqkxhmf
rtarsqZsd->esdq adhmf vZrgdc hm cdhnmhydc %CH( G1N+bqxrsZkr vdqd
rbnnodc nmsn SDL fqhcr Zmc cqhdc enq 2/ lhm-Onkxldq khesnfi Zmc
rZlokd bkdZmhmf vdqd odqenqldc trhmf Zbdsnmd Zmc qZohc sgdqlZk
ZmmdZkhmf hm >q9G1 fZr Zs2// ±B+qdrodbshudkx-Vghkd sdZqr Zmc nsgdq
eZhktqdlncdrneldlaqZmdrZmc onqdrZqd onrrhakd+vd gZud noshlhydc
ntq oqnbdctqd sn gZud bnmshmtntr sqhZmftkZq ffZjdr neLnR1 sgZs Zqd
rdZkdc sn sgd rtoonqshmf bgho ax ZmmdZkhmf-Vgdm sgdqd Zqd sdZqr+sgd
ldZrtqdc btqqdms hr rhfmh�bZmskx kZqfdq+enq dwZlokd+enq onqdr kZqfdq
sgZm 0 ml hm chZldsdq+sgd btqqdmshrhm sgd sdmrnem>�rZmc enqkZqfdq
sdZqr nqcdqr nelZfmhstcd lnqd-Vd gZc Z edv rZlokdr sgZs bkdZqkx
aqnjd Zr duhcdmbdc ax Z rtccdm rtqfd ne btqqdms+ enkknvdc ax
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bnm�qlZshnm hm lhbqnrbnox-Sgd rlZkk lZfmhstcd ne btqqdms hr Zm
hmchbZsnqnesvn onrrhakd ntsbnldr9dhsgdqsgd bnmctbshmf onqd hrrlZkk
nqsgd ldlaqZmd Zmc.nqonqd Zqd mnsetkkx vdsshmf sn Zkknv lZwhltl
btqqdmsffnv aZrdc nm onqd rhyd-

Onpd EZaphbZshnm Zmc HlZfhmf- Rta,ml LnR1 onqdr vdqd
eZaqhbZsdc Zmc hlZfdc trhmf Z Br,bnqqdbsdc IDNK >QL 1//BE
RSDL nodqZshmf Zs7/ jU-Sgd rogdqhbZkZadqqZshnm bndflbhdmsr vdqd
fdmdqZkkx Br− 0// ml-Onqdrvdqd cqhkkdc ax rvhsbghmf sgd hmrsqtldms
vhsg Z 11 o> oqnad btqqdmssn rdkdbsdc ZqdZ %0 ° 0 ml( dwonrtqd Zmc
lnmhsnqhmf sgd qZchnkxrhr oqnbdrr- >esdq ZooqnwhlZsdkx 0/ r+ sgd
hmrsqtldmsvZrrvhsbgdc aZbj sn etkkrbZm %02 ° 02 ml(-HlZfdrvdqd
nasZhmdc trhmf Z G>>CE cdsdbsnqvhsg Z bnkkdbshnm Zmfkd ne43�11/
lqZc Zmc 0/ bl bZldqZkdmfsg-NmkxnmdhlZfdvZrZbpthqdc Zesdqonqd
cqhkkhmf sn lhmhlhyd adZl,hmctbdc jmnbj,nm cZlZfd-
VdmnsdsgZsSDLhlZfdroqnuhcdrsqtbstqZkhmenqlZshnm nmkx enqsgd

hmhshZk+Zr,eZaqhbZsdc onqdrhm uZbttl+oqhnqsn Zmx G�U ldZrtqdldmsr-
Sghr oqdrdmsr Z khlhsZshnm gdqd Zr vdkkZr oqduhntr mZmnonqd rstchdr
vgdqd hsvZrdwodqhldmsZkkx bgZkkdmfhmf sn knbZsd Zmc hlZfd sgd onqdr
ZesdqhnmhbldZrtqdldmsr-OqduhntrrhlhkZqhmchuhctZkonqd rstchdrgZud
mnsldZrtqdc sgd onqd chZldsdqchqdbskx-1+4 Hshronrrhakd Zmc khjdkx sgZs
nmbdsgd onqdrZqdsZjdm ntsneuZbttl Zmc hlldqrdc hm rnktshnm+sgdhq
rsqtbstqd bZm bgZmfd Zmc sgdrd bgZmfdr bZm hmbktcd onqd bknffhmf Zr
vdkkZronqddsbghmfnudqshldhm rZksrnktshnm-1Lnqdnudq+sgdrdbgZmfdr
bntkc ad Zlokh�dc ax sgd Zookhdc dkdbsqhb �dkc sn dmkZqfd sgd onqdr-02

Gdqd+vd khlhssgd Zookhdc unksZfd sn /-0 U+Zmc vd Zkrn bZkhaqZsd ntq
bnmctbsZmbduZktdrtrhmf qdrtksreqnl kZqfdq1C onqdr3+13+22 Zrdwodbsdc
toodqantmcrenqntqrta,ml onqdr%−0�0/ mR(-> bnmctbsZmbdkZqfdq
sgZm 0 mR lZx rsqnmfkx hmchbZsd sgZssgd onqdrgZud dwoZmcdc adxnmc 0
ml hm chZldsdqnudqsgd bntqrd negZmckhmf Zmc ldZrtqdldmsr-
Sgdqd bZm ad rdudqZkbnlokhbZshnmr hm cduhbd eZaqhbZshnm-Vghkd vd

chc mnsoqnad sgddwsdmsnecdaqhr+vdnardqudc sgZsZmmdZkhmf hrbqhshbZk
sn rdZksgdldlaqZmd sn oqdudmskdZjZfd nqkhesnfi eqnl sgd rtoonqshmf
bgho hm hnmhb rnktshnm-Sgd Zlntms ne ldZrtqdc hnmhb btqqdms hr Z
fthchmf hmchbZsnq nesgd cdfqdd negnkdr nq btqqdmsoZsgr-Vd chc mns
nardqud ldlaqZmdr kheshmf nfi+atsvd nardqudc onqd dwoZmrhnmr Zmc
hmbqdZrdrhm hnmhb btqqdmsheghfgdqunksZfdrZqd Zookhdc-

Onpd ChZldsdpCdsdplhmZshnm-Sgd fdnldsqhb lncdkr%BgZqs0
Zmc onqd rbgdlZshb hm �ftqdr( vdqd bZqdetkkx bqdZsdc aZrdc nm sgd
lhrrhmf Zsnlr nardqudc hm SDL hlZfdr Zmc sgd 2C uhdv rtbg Zr hm
Ehftqd1e-Sgdrdlncdkrcn mnsbnmrhcdqsgddkdbsqnm bkntc roZbdnqsgd
nqahsZkchrsZmbd vghbg bZm odqgZorad Zbbntmsdc enqsgqntfg LC %mns
dloknxdc gdqd(->cchshnmZkkx+vd Zrrtld sgZssgd onqd dcfdrenkknv Z
odqedbskZsshbd eqnl vghbg sgd lhrrhmf ZsnlrZqd rhlokx btsnts-Hm sgd
qdZkSDL hlZfdr+gnvdudq+vd rdd sgZssgdqd bZm ad kZsshbd chrsnqshnmr
Zmc atmbghmf neLn Zsnlr+rtbg sgZs sgd chrsZmbdr adsvddm Zsnlr
Zknmf sgd dcfd bZm uZqx Zmc ad rkhfgskx rgnqsdq nq knmfdq sgZm hm sgd
oqhrshmd kZsshbd-Etqsgdqlnqd+hm sgd qdZk onqdr+sgdqd hr Z bnmrhrsdms
tmbdqsZhmsxhm sgdmtladqneR ZsnlrrodbhZkkxZknmf sgdonqddcfdrctd
sgd vdZjdq hmsdmrhsx neR Zsnlr oqnctbdc+hm bnmsqZrssn gdZuhdqLn
Zsnlr-Sgdqdenqd+vd trd ansg sgd onqd ZqdZr nasZhmdc sgqntfg SDL
hlZfdr%cSDL( %rdd Ehftqd R0( Zmc fdnldsqhb lncdkr%cLncdk(-

Cd�mhshnm ne Dfidbshud Onpd ChZldsdpr Trdc hm Sghr Rstcw-
Enqsgd otqonrd nebZqdetkZmZkxrhrvd cd�md svn onqd chZldsdqr+cSDL
Zmc cLncdk+ansg bZkbtkZsdc Zr chZldsdqr nedpthuZkdmsbhqbkdr vhsg sgd
rZld ZqdZ Zrsgd onqd+vgdqd sgd onqd ZqdZ hrdrshlZsdc hm svn chfidqdms
vZxr- Enq  +L  2  SDE SDE + vd drshlZsd sgd onqd ZqdZ+ :SDL+
chqdbskx eqnl sgd >B,SDL ynnldc hm hlZfd nesgd onqd Zmc sgd rbZkd
aZqhrnasZhmdc dwodqhldmsZkkx hm sgdSDL-SghrhlZfd ZmZkxrhrhrcnmd
trhmf etmbshnmrZmc �ksdqhm rnesvZqd HlZfdI%Rdd HlZfd Oqnbdrrhmf hm
sgd RH(-Enq  +L  2  Emade Emade +vd trd sgd ZqdZ bZkbtkZsdc eqnl sgd
fdnldsqhblncdknesgd onqd+Zmc sgd rbZkd aZqhrnasZhmdc sgdnqdshbZkkx
eqnl sgd Zsnlhb chrsZmbdrhm sgd 1C LnR1 kZsshbd->m dwZlokd ZmZkxrhr
Zmc bZkbtkZshnm ne cSDL enq onqdr 1+2+3+Zqd fhudm hm Ehftqd R0-Sgd
chfidqdmbdr hm uZktdr ne cSDL Zmc cLncdk oqhlZqhkx bnld eqnl sgd
cduhZshnm nesgdonqddcfdreqnl sgdodqedbskZsshbd+enqdwZlokd+heZonqd
gZrZsnlrsgZsZqd atmbgdc to nm sgd dcfdr+rtbg Zrhm Ehftqd 0e-

Hnmhb LdZrtpdldmsr-DOB,0/ GDJ> Zlokh�dq rdsto62 vhsg >f.
>fBk dkdbsqncdr vZr trdc sn odqenql hnmhb ldZrtqdldmsr nm ntq
cduhbdr-NmdLJBkZmc nsgdqrZksrnktshnmr%vhsg 0/ lL DCS> Zmc 0

lLSqhr:ldZrtqdc rnktshnm bnmctbshuhsx< 00-07 R.l enq0LJBk+oG
7-6( vdqd oqdoZqdc trhmf CHvZsdq+Zmc sgd bnmctbshuhsx Zmc oG vdqd
ldZrtqdc vhsg >bbtlds WK,1/ oG bnmctbshuhsx ldsdq- RhlhkZq
ldZrtqdldmsr vdqd Zkrn bnmctbsdc enq fkZrr bghor55+56 ats nm sgd
BghldqZ Zlokh�dq rdsto vhsg ghfgdq aZmcvhcsg %0 LGy(-63 Oqhnq sn
hnmhb ldZrtqdldmsr+sgd cduhbd vZr ZmmdZkdc Zs 2// ±B hm Zm >q9G1
dmuhqnmldms enq 8/ lhm-Sgd cduhbd vZr sgdm hlldqrdc hm Z 4/�
vZsdq�dsgZmnkrnktshnm sxohbZkkx enq04�2/ lhm+vghbg vd dlohqhbZkkx
entmc sn gdko vdsshmf Zmc enqlZshnm ne hnmhb bgZmmdkr sgqntfg sgd
onqdr-Rnld rZlokdrvdqd hlldqrdc enqknmfdqshldreqnl 2 sn 4 sn 01
g-Sgdcduhbdhm dsgZmnkvZrhmsdqlhssdmskxataakdc hm sgdrnktshnm vhsg
sgd fkZrrohodssn dmrtqd mn Zhqataakdrvdqd kdessqZoodc hm sgd cduhbd-
UnksZfd %U( vZr Zookhdc Zbqnrr sgd onqd vghkd ldZrtqhmf sgd hnmhb
btqqdms%G(-UnksZfd ahZrvZrjdosadknv */-0 U enqlnrsonqdrhm sghr
vnqj-> btrsnl,athksKZaUhdv RnesvZqdvZrtrdc sn qtm dwodqhldmsnm
Z GdjZ Zlokh�dq+ Zmc G�U rvddor Zmc shld,sqZbd edZstqdr ne sghr
oqnfqZl vdqd tshkhydc-62 > lZinqhsx nesgd G�UldZrtqdldmsrhmunkudc
Z rvddo qZsd ne4 lU.r+Zmc Z 0/ lU.rvZrtrdc enqeZrsdqZbpthrhshnm-
>kkG�U rvddorvdqdnfirdssn rsZqsZsydqn Zmc vdqdZudqZfdc hm bZrdrne
ltkshokd G�U rvddor- ’Oqhrshmd ldlaqZmdr“ %ldlaqZmdr vhsgnts
gnkdr( Zqd bnmsqnkcduhbdrZmc mnssgd rZld cduhbdrtrdc sn cqhkkonqdr-
HsvZrbgZkkdmfhmf enqtrsn ldZrtqd hm Z rZksrnktshnm Zmc sgdm trd sgd
rZldldlaqZmd ZfZhm sn cqhkksgd onqd Zmc qdldZrtqd hm rnktshnm-Sghr
hradbZtrd sgd ldlaqZmd hrnesdm bnmsZlhmZsdc eqnl sgd rZksrnktshnm
Zmc sgdqd Zqd ZcchshnmZk onrrhakd eZhktqd lncdr rtbg Zr ldlaqZmd
aqdZjhmf ctqhmf gZmckhmf- Sgdqdenqd+ vd qdkx nm bnmsqnk rZlokdr
%ldlaqZmdrvhsgntscqhkkhmf( sn drsZakhrg sgd aZrdkhmd btqqdmsZmc nm
rZlokdrvhsg cqhkkhmf sn drsZakhrg sgd btqqdmssgqntfg sgd onqd+vghbg
lZx hmbktcd rnld bnmsqhatshnm eqnl Zmx cdedbsr hm sgd oqhrshmd
ldlaqZmd-AdbZtrd sgdrd Zqd mns sgd rZld rZlokdr+sghr oqdrdmsr Z
khlhsZshnm nesgd oqdrdmsrstcx-
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fkZrrbghor+hlZfd oqnbdrrhmf sn cdsdqlhmd sgdSDL onqd
ZqdZ Zmc chZldsdq+ LC rhltkZshnm,aZrdc ZmZkxshbZk
dptZshnm15 enq rta,4 ml chZldsdq LnR1 onqd bnm,
ctbsZmbd hm 0 L JBk%OCE(

:TSGNP HMENPL:SHNM

Bnppdronmchmf :tsgnp
JTo h i T �o mch a � � AdoUpsldmsneEgvrharUmc ;rspnmnlv�

Smhtdprhsv neEdmmrvitUmhU�EghiUcdioghU�EdmmrvitUmhU 040,1�
Smhsdc PsUsdr9 npahc-npe.////,///1,60/3,1120:
DlXhk9cpmcha;ogurhar-todmm-dct

:tsgnpr
D ns dh Mo h uTmjT Pdh o to TlTm � AdoUpsldmsneEgvrhar Umc

;rspnmnlv Umc AdoUpsldmsneDidasphaUiUmc Pvrsdlr
Dmfhmddphmf�Smhtdprhsv neEdmmrvitUmhU�EghiUcdioghU�
EdmmrvitUmhU 040,1�Smhsdc PsUsdr9 npahc-npe.////,///0,
4/68,380T
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Smhsdc PsUsdr9 npahc-npe.////,///2,1533,116/
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:tsgnpBnmsphatshnmr
I-O-S-+O-L-C-+Zmc L-C bnmbdhudc sgd oqnidbshcdZ-I-O-S-Zmc
O-L-C-fqdv 1C lZsdqhZkr+eZaqhbZsdc cduhbdr+Zmc odqenqldc
hlZfd ZmZkxrhr-I-O-S-odqenqldc hnmhb ldZrtqdldmsr Zmc cZsZ
ZmZkxrhr-O-L-C-bnmctbsdc sgd>B,SDLvnqj-SgdlZmtrbqhos
vZr vqhssdm sgqntfg bnmsqhatshnmr ne Zkk Ztsgnqr->kk Ztsgnqr
gZud fhudm ZooqnuZksn sgd �mZkudqrhnm nesgd lZmtrbqhos-

Mnsdr
Sgd Ztsgnqr cdbkZqd sgd enkknvhmf bnlodshmf �mZmbhZk
hmsdqdrs%r(9 L-C- hr bnmrtksZms Zmc entmcdq ne Fndoodqs
%vvv-foodqs-bnl(+ sgZs hr lZmteZbstqhmf mZmnsdbgmnknfx,
qdkZsdc oqnctbsr hmbktchmf rnkhc,rsZsd Zmc SDL bghor+Zmc 1C
lZsdqhZkr-

:BIMNVKDCFLDMSR

>B,RSDL hlZfhmf Zmc mZmnonqd cqhkkhmf vdqd dwdbtsdc Zssgd
Bdmsdqenq>cuZmbdc LZsdqhZkr Zmc MZmnsdbgmnknfx ZsKdghfg
Tmhudqrhsx vhsg ZrrhrsZmbd eqnl Cq-Qnadqs Jdxrd-Vd sgZmj
Oqne->cqhdm MhbnkZh+Oqne-OZsqhbj Rdmds+Zmc Cq-CZmhdkZAZqqhnr
eqnl sgd Tmhudqrhsx ne Antqfnfmd enq chrbtrrhnmr ne sgd
hlokhbZshnmr ne sgdhq lnkdbtkZq cxmZlhbr lncdkr15 enq sghr
vnqj Zmc Cq-RZmihm LZqhnm Zmc Oqne->kdjrZmcqZ QZcdmnuhb
eqnl DOEK enqtrdetkchrbtrrhnmr neLnR1 onqd ldZrtqdldmsr
Zmc onqd vdsshmf Zrodbsr-Sghrvnqj vZrrtoonqsdc ax sgdMRE
sgqntfg sgd Tmhudqrhsx ne OdmmrxkuZmhZ LZsdqhZkr QdrdZqbg
Rbhdmbd Zmc Dmfhmddqhmf Bdmsdq %LQRDB( CLQ,061/42/ Zr
vdkk Zr MRE fqZmsr DEQH 1,C>QD 04316/6+ MRE CLQ
08/4/34+MRE D>FDQ 0727345+Zmc MHG Q10 GF/0/425-
Sghr vnqj vZr odqenqldc hm oZqs Zs sgd Tmhudqrhsx ne
OdmmrxkuZmhZ�r Rhmfg Bdmsdq enq MZmnsdbgmnknfx+ Zm MMBH
ldladq rtoonqsdc ax MRE fqZms DBBR,0431042- I-O-S-
Zbjmnvkdcfdr edkknvrgho rtoonqseqnl sgd UZfdknr Hmrshstsd ne
Dmdqfx Rbhdmbd Zmc Sdbgmnknfx-

PDEDPDMBDR
%0( GdhqZmhZm+L-:EZqhlZmh+>-A-:>ktqt+M-Q-VZsdqCdrZkhmZshnm
vhsg Z Rhmfkd,KZxdqLnR1 MZmnonqd-MZs-Bnlltm-1/04+5+7505-
%1( IZhm+S-: QZrdqZ+A-B-: Ftdqqdqn+Q-I-R-: Antshkhdq+L-R-G-:
N�Gdqm+R-B-:Hcqnan+I-,B-:JZqmhj+Q-GdsdqnfdmdntrRta,Bnmshmttl
Hnmhb SqZmronqs hm RsZshrshbZkkx HrnkZsdc FqZogdmd MZmnonqdr-MZs-
MZmnsdbgmnk-1/04+0.+0/42�0/46-
%2( RZgt+R-:ChUdmsqZ+L-:YvnkZj+L-CdgxcqZshnm Zr Z TmhudqrZk
LdbgZmhrl enqHnm Rdkdbshuhsx hm FqZogdmd Zmc Nsgdq>snlhbZkkxSghm
Onqdr-MZmn Jdss-1/06+06+3608�3613-
%3(SghqtqZlZm+I-O-:EtihrZvZ+J-:CZmcZ+F-:LZrhg CZr+O-:YgZmf+
S-:Anknsrjx+>-:OdqdZ,Kn �ody+M-:MhbnkZí+>-:Rdmds+O-:Sdqqnmdr+L-:
Cqmchb�+ L- >mfrsqnl,Rhyd Cdedbs BqdZshnm Zmc Hnmhb SqZmronqs
sgqntfg Onqdrhm Rhmfkd,KZxdqLnR1-MZmn Jdss-1/07+07+0540�0548-
%4( Edmf+I-:Kht+J-:FqZe+L-:Ctlbdmbn+C-:Jhr+>-:ChUdmsqZ+L-:
QZcdmnuhb+>-NardquZshnm neHnmhb Bntknla AknbjZcd hm MZmnonqdr-
MZs-LZsdp-1/05+04+74/�744-
%5( XZn+X-:SZphdcchm+>-:>khaZjgrgh+L->-:VZmtmt+L-:>ktqt+M-
Q-: Mnx+ >- Rsqnmf Dkdbsqnnrlnshb Bntokhmf CnlhmZsdr Hnm
BnmctbsZmbd ne 0-4 ml ChZldsdq BZqanm MZmnstad Onqhmr- :BR
MZmn 1/08+02+01740�01748-
%6( StmtftmskZ+Q-G-:Gdmkdx+Q-X-:XZn+X-:OgZl+S->-:VZmtmt+
L-:Mnx+>-DmgZmbdc VZsdqOdqldZahkhsx Zmc StmZakd Hnm Rdkdbshuhsx
hm RtamZmnldsdqBZqanm MZmnstad Onqhmr-Rbhdmbd �VZrghmfsnm)CB)
T-R-( 1/06+246+681�685-
%7( DreZmchZq+>-:QZcgZ+A-:VZmf+E-B-:XZmf+P-:Gt+R-:FZqZi+R-:
MZhq+Q-Q-:Fdhl+>-J-:FnohmZcgZm+J-Rhyd Deedbshm Hnm SqZmronqs
sgqntfg >mfrsqnl,RbZkd Rkhsr-Rbhdmbd1/06+247+400�402-
%8(FnohmZcgZm+J-:Gt+R-:DreZmchZq+>-:KnyZcZ,GhcZkfn+L-:VZmf+
E-B-:XZmf+P-:SxtqmhmZ+>-U-:Jddqsgh+>-:QZcgZ+A-:Fdhl+>-J-

Bnlokdsd Rsdqhb Dwbktrhnm ne Hnmr Zmc Oqnsnm SqZmronqs sgqntfg
Bnmehmdc LnmnkZxdqVZsdq-Rbhdmbd1/08+252+034�037-
%0/(N�Gdqm+R-B-:Antshkhdq+L-R-G-:Hcqnan+I-B-:Rnmf+X-:Jnmf+
I-:KZnth+S-:>shdg+L-:JZqmhj+Q-Rdkdbshud Hnmhb SqZmronqssgqntfg
StmZakd RtamZmnldsdq Onqdr hm Rhmfkd,KZxdqFqZogdmd LdlaqZmdr-
MZmn Jdss-1/03+03+0123�0130-
%00(Qnkkhmfr+Q-B-:JtZm+>-S-:Fnknubgdmjn+I->-Hnm Rdkdbshuhsx ne
FqZogdmd MZmnonqdr-MZs-Bnlltm-1/05+6+003/7-
%01( SghqtqZlZm+I-O-:LZrhg CZr+O-:Cqmchb+L-Hnmr Zmc VZsdq
CZmbhmfsgqntfg >snl,RbZkdGnkdr9> OdqrodbshudsnvZqc ’RhydYdqn�-
:BR MZmn 1/1/+03+2625�2635-
%02( Edmf+ I-: Kht+ J-: FqZe+ L-: Khgsdq+ L-: Atktrgdu+ Q- C-:
Ctlbdmbn+C-:>kdwZmcdq+C-S-K-:JqZrmnygnm+C-:Utkdshb+S-:Jhr+
>-: QZcdmnuhb+ >- DkdbsqnbgdlhbZk QdZbshnm hm Rhmfkd KZxdq LnR19
MZmnonqdrNodmdc >snl ax >snl-MZmn Jdss-1/04+04+2320�2327-
%03( Jqdlr+ L-: Ch UdmsqZ+ L- Hnmhb Bntknla AknbjZcd hm
MZmnonqdr-I-Ogxr-9Bnmcdmr-LZssdp1/02+14+Mn-/540/0-
%04( YvnkZj+L-:Vhkrnm+I-:ChUdmsqZ+L-CdgxcqZshnm Zmc Hnmhb
BnmctbsZmbd PtZmshyZshnm hm MZmnonqdr- I-Ogxr-9 Bnmcdmr-LZssdp
1/0/+11+343015-
%05( YvnkZj+ L-: KZfdqpuhrs+ I-: Ch UdmsqZ+ L- PtZmshydc Hnmhb
BnmctbsZmbd hm MZmnonqdr-Ogxr-Pdu-Jdss-1//8+0.2+0170/1-
%06( QhbgZqcr+K->-: RbgŹedq+>-H-:QhbgZqcr+A-R-:Bnqqx+A-Sgd
HlonqsZmbd neCdgxcqZshnm hm Cdsdqlhmhmf Hnm SqZmronqshm MZqqnv
Onqdr-RlZkk1/01+7+06/0�06/8-
%07( Onvdkk+L-Q-:BkdZqx+K-:CZudmonqs+L-:RgdZ+J-I-:Rhvx+Y-R-
Dkdbsqhb,Ehdkc,Hmctbdc Vdsshmf Zmc Cdvdsshmf hm Rhmfkd Gxcqnognahb
MZmnonqdr-MZs-MZmnsdbgmnk-1/00+5+687�7/1-
%08( Rlhqmnu+R-M-: UkZrrhntj+H-U-: KZuqhj+M-U-UnksZfd,FZsdc
Gxcqnognahb MZmnonqdr-:BR MZmn 1/00+4+6342�6350-
%1/( Inrgh+Q-J-:BZqanmd+O-:VZmf+E-B-:JqZudsr+U-F-:Rt+X-:
FqhfnqhduZ+H-U-: Vt+G->-: Fdhl+>-J-: MZhq+Q-Q-Oqdbhrd Zmc
TksqZeZrs LnkdbtkZq Rhduhmf sgqntfg FqZogdmd Nwhcd LdlaqZmdr-
Rbhdmbd �VZrghmfsnm)CB)T-R-( 1/03+232+641�643-
%10( Edmf+I-: FqZe+L-: Kht+J-:Nubghmmhjnu+C-:Ctlbdmbn+C-:
GdhqZmhZm+L-: MZmchfZmZ+U-: >ktqt+M-Q-: Jhr+>-: QZcdmnuhb+>-
Rhmfkd,KZxdq LnR1 MZmnonqdr Zr MZmnonvdq FdmdqZsnqr- MZstpd
1/05+425+086�1//-
%11( LZqbtr+X-Hnmhb QZchhhm >ptdntr Rnktshnmr-Bgdl-Pdu-0877+

77+0364�0387-
%12( SnmfqZZq+>-:Khdck+J-Q-:Qncd+A-L-Anqm�Noodmgdhldq:a

GmhshnPL.LLCxmZlhbrRhltkZshnmrneMZ ) Zmc J ) hm VZsdq9Eqnl
RsqtbstqdLZjhmf sn Rsqtbstqd AqdZjhmf Deedbsr-I-Ogxr-Bgdl-: 0887+
0.1+0/23/�0/236-
%13( Kht+ J-: Edmf+ I-: Jhr+ >-: QZcdmnuhb+ >- >snlhbZkkx Sghm
Lnkxacdmtl Chrtkehcd MZmnonqdr vhsg Ghfg Rdmrhshuhsx enq CM>
SqZmrknbZshnm-:BR MZmn 1/03+7+14/3�1400-
%14( FqZe+L-:Khgsdq+L-:SgZjtq+L-:Fdnqfhnt+U-:SnonkZmbhj+I-:
Hkhb+A-Q-:Kht+J-:Edmf+I-:>rshdq+X-:QZcdmnuhb+>-EZaqhbZshnm Zmc
OqZbshbZk >ookhbZshnmr ne Lnkxacdmtl Chrtkehcd MZmnonqdr- MZs-
Opnsnb-1/08+03+002/�0057-
%15(Od�qdy+L-C-A-:MhbnkZí+>-:CdkZqtd+O-:Ldtmhdq+U-:Cqmchb�+L-:
Rdmds+O-Hloqnudc LncdkneHnmhbSqZmronqshm 1,CLnR1 LdlaqZmdr
vhsg Rta,4 ml Onqdr-:ook-Ogxr-Jdss-1/08+003+Mn-/120/6-
%16( CZmcZ+ F-: Cqmchb�+ L- Svn,ChldmrhnmZk MZmnonqdr Zmc
MZmnonqntrLdlaqZmdrenqHnm Zmc Lnkdbtkd SqZmronqs-Btpp-Nohm-
Ahnsdbgmnk-1/08+44+013�022-
%17( Rbgmdhcdq+F-E-:JnvZkbyxj+R-V-:BZkZcn+U-D-:OZmcqZtc+F-:
YZmcadqfdm+ G- V-: UZmcdqrxodm+ K- L- J-: Cdjjdq+ B- CM>
SqZmrknbZshnm sgqntfg FqZogdmd MZmnonqdr-MZmn Jdss- 1/0/+ 0.+
2052�2056-
%18(LdqbgZms+B->-:GdZkx+J-:VZmtmt+L-:QZx+U-:OdsdqlZm+M-:
AZqsdk+I-: Ehrbgadhm+L-C-: UdmsZ+J-: Ktn+Y-: Ingmrnm+>-S-B-:
Cqmchb�+L-CM> SqZmrknbZshnm sgqntfg FqZogdmd MZmnonqdr-MZmn
Jdss-1/0/+0.+1804�1810-
%2/( SghqtqZlZm+ I- O-: LZrhg CZr+ O-: Cqmchb�+L- HqqZchZshnm ne
SqZmrhshnm LdsZk ChbgZkbnfdmhcdr Trhmf Z Enbtrdc Hnm AdZl9
Bnmsqnkkdc Rhmfkd,>snl Cdedbs BqdZshnm- :cu- Etmbs-LZsdp- 1/08+
18+08/3557-

:BR MZmn vvv-ZbrmZmn-npf :pshaid
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%20( JtZm+>-S-: Kt+ A-: Whd+ O-: RyZkZx+S-: Fnknubgdmjn+ I->-
DkdbsqhbZk Otkrd EZaqhbZshnm ne FqZogdmd MZmnonqdr hm Dkdbsqnkxsd
Rnktshnm-:ook-Ogxr-Jdss-1/04+0.5+1/20/8-
%21( Udqrbgtdqdm+C-U-: XZmf+V-:Cdjjdq+B-KhsgnfqZogx,AZrdc
EZaqhbZshnm neMZmnonqd >qqZxr hm EqddrsZmchmf RhM Zmc FqZogdmd
LdlaqZmdr-MZmnsdbgmnknfx 1/07+18+0342/1-
%22(SgZjtq+L-:LZbgZ+L-:Bgdqmdu+>-:FqZe+L-:Khgsdq+L-:Cddm+
I-: SqhoZsgh+L-: Jhr+ >-: QZcdmnuhb+ >-VZedq,RbZkd EZaqhbZshnm ne
MZmnonqd CduhbdrenqRhmfkd,Lnkdbtkd CM> Ahnrdmrhmf Trhmf LnR1-
RlZkkLdsgncr1/1/+1////61-
%23(Jd+I-,>-:FZqZi+R-:FqZcdbZj+R-MZmnonqdrhm 1CLnR19Cdedbs,
LdchZsdc EnqlZshnm Zmc Cdmrhsx LnctkZshnm- :BR :ook- LZsdp-
GmsdpeZbdr1/08+00+15117�15123-
%24(Kht+W-:Vnnc+I-C-:Bgdm+J-R-:Bgn+D-:GdqrZl+L-B-Gm Rhst
SgdqlZk Cdbnlonrhshnm ne DwenkhZsdc Svn,ChldmrhnmZk AkZbj
Ognrognqtr-I-Ogxr-Bgdl-Jdss-1/04+5+662�667-
%25( VZmf+ K-: Antshkhdq+ L- R- G-: JhcZlah+ O- Q-: IZmf+ C-:
GZcihbnmrsZmshmnt+ M- F-: JZqmhj+ Q- EtmcZldmsZk SqZmronqs
LdbgZmhrlr+EZaqhbZshnm Zmc OnsdmshZk>ookhbZshnmr neMZmnonqntr
>snlhbZkkx Sghm LdlaqZmdr-MZs-MZmnsdbgmnk-1/06+01+4/8�411-
%26(IhZmf+X-:Bgdm+Y-:GZm+X-:Cda+O-:FZn+G-:Whd+R-:Otqnghs+O-:
SZsd+L-V-:OZqj+I-:Fqtmdq+R-L-:Dkrdq+U-:Ltkkdq+C->-Dkdbsqnm
OsxbgnfqZogx ne 1C LZsdqhZkr sn Cddo Rta,zmfrsqńl Qdrnktshnm-
MZstpd1/07+448+232�238-
%27(JnlrZ+G-,O-:JnsZjnrjh+I-:JtqZrbg+R-:Kdgshmdm+N-:JZhrdq+T-:
JqZrgdmhmmhjnu+>-U-Svn,ChldmrhnmZkSqZmrhshnm LdsZkChbgZkbn,
fdmhcdr tmcdq Dkdbsqnm HqqZchZshnm9 Cdedbs Oqnctbshnm Zmc Cnohmf-
Ogxr-Pdu-Jdss-1/01+0.8+Mn-/244/2-
%28( OZqjhm+V-L-:AZkZm+>-:KhZmf+K-:CZr+O-L-:KZloZqrjh+L-:
MZxknq+B-G-:QncqÅftdy,LZmyn+I->-:Ingmrnm+>-S-B-:Ldtmhdq+U-:
Cqmchb�+L-QZlZm Rghesrhm Dkdbsqnm,HqqZchZsdc LnmnkZxdqLnR1-:BR
MZmn 1/05+0.+3023�3031-
%3/( VZmf+ R-: Kh+G-: RZvZcZ+G-: >kkdm+ B- R-: JhqjkZmc+ >- H-:
FqnrrlZm+ I- B-: VZqmdq+ I- G- >snlhb Rsqtbstqd Zmc EnqlZshnm
LdbgZmhrl ne Rta,MZmnldsdq Onqdr hm 1C LnmnkZxdq LnR1-
MZmnrbZkd1/06+8+5306�5315-
%30( LZrhg CZr+O-:CZmcZ+F-:Bton+>-:OZqjhm+V-L-:KhZmf+K-:
JgZqbgd+M-: Khmf+W-: GtZmf+R-: CqdrrdkgZtr+L-R-:Ldtmhdq+U-:
Cqmchb�+L-Bnmsqnkkdc Rbtkostqd neAkZbj Ognrognqtr MZmnqhaanmr-
:BR MZmn 1/05+0.+4576�4584-
%31( LZrhg CZr+ O-: SghqtqZlZm+ I- O-: YgZn+L-: LZmcxZl+ R-:
Ingmrnm+ >- S- B-: Cqmchb�+ L- >snlhb,RbZkd OZssdqmhmf hm Svn,
ChldmrhnmZkuZm Cdq VZZkr RtodqkZsshbdr-MZmnsdbgmnknfx 1/08+20+
0/42/1-
%32( LZrhg CZr+ O-: Cqmchb�+ L- Gm Rhst 1C LnR1 Ehdkc,Deedbs
SqZmrhrsnqrvhsg Zm Dkdbsqnm AdZl FZsd-:BR MZmn 1/1/+03+6278�
6286-
%33( CZmcZ+F-:LZrhg CZr+O-:Bgnt+X-,B-:LkZbj+I-S-:OZqjhm+V-
L-:MZxknq+B-G-:EtihrZvZ+J-:YgZmf+S-:Etksnm+K-A-:Sdqqnmdr+L-:
Ingmrnm+>-S-B-:Cqmchb�+L-LnmnkZxdqVR1 MZmnonqdr enq CM>
SqZmrknbZshnm vhsg Khfgs,>citrsZakd Rhydr-:BR MZmn 1/06+00+0826�
0834-
%34( >kfZqZ,Rhkkdq+F-:JtqZrbg+R-:Rdchfgh+L-:Kdgshmdm+N-:JZhrdq+
T-Sgd Oqhrshmd >snlhb Rsqtbstqd neLnR1 LnmnkZxdqOqnsdbsdc eqnl
Dkdbsqnm QZchZshnm CZlZfd ax FqZogdmd-:ook-Ogxr-Jdss-1/02+0.2+
1/20/6-
%35( XnrghltqZ+>-:KZloZqrjh+L-:JgZqbgd+M-:Ldtmhdq+U-Ehqrs,
Oqhmbhokdr RhltkZshnm ne KnbZk Qdronmrd hm SqZmrhshnm LdsZk
ChbgZkbnfdmhcdr tmcdq Dkdbsqnm HqqZchZshnm- MZmnrbZkd 1/07+ 0.+
1277�1286-
%36( YZm+Q-:QZlZrrd+P-L-:IZkhk+Q-:Fdnqfhnt+S-:AZmfdqs+T-:
Mnunrdknu+J-R-BnmsqnkneQZchZshnm CZlZfd hm LnR1 ax FqZogdmd
DmbZortkZshnm-:BR MZmn 1/02+6+0/056�0/063-
%37(CZmcZ+F-:LZrhg CZr+O-:Cqmchb�+L-KZrdq,Hmctbdc EZaqhbZshnm
ne MZmnonqntr LnmnkZxdq VR1 LdlaqZmdr- 1C LZsdp- 1/07+ 4+
Mn-/24/00-
%38(Vdm+X-:Nogtr+B-:>kkdm+B-R-:EZmf+R-:Bgdm+I-:JZwhqZr+D-:
JhqjkZmc+>-H-:VZqmdq+I-G-RhltksZmdntr HcdmshehbZshnm neKnv Zmc
Ghfg >snlhb Mtladq >snlr hm LnmnkZxdq 1C LZsdqhZkr Trhmf 3C

RbZmmhmf SqZmrlhrrhnm Dkdbsqnm Lhbqnrbnox-MZmn Jdss- 1/08+ 08+
5371�5380-
%4/( Rtj+L-D-:>ktqt+M-Q-Hnm SqZmronqshm Rta,4,ml FqZogdmd
MZmnonqdr-I-Bgdl-Ogxr-1/03+03.+Mn-/736/6-
%40(>qxZk+O-:RZmrnl+L-R-O-:Stbjdq+R-I-GxcqnognahbFZshmf hm
Hnm BgZmmdkr-I-Lnk-Ahnk-1/04+316+010�02/-
%41( Idmrdm+L-N-:AnqgZmh+C-V-:Khmcnqee,KZqrdm+J-:LZqZfZjhr+
O-:Infhmh+U-:DZrsvnnc+L-O-:Cqnq+Q-N-:RgZv+C-D-Oqhmbhokdr ne
Bnmctbshnm Zmc GxcqnognahbFZshmfhm J)BgZmmdkr-Opnb-MZsk-:bZc-
Rbh-T-R-:-1/0/+0.6+4722�4727-
%42( Qnsg+Q-:Fhkkdrohd+C-:Mnmmdq+V-:Dhrdmadqf+Q-D-Ataakdr+
FZshmf+Zmc >mdrsgdshbr hm Hnm BgZmmdkr-Ahnogxr-I-1//7+83+3171�
3187-
%43( LZqhnm+R-:LZbgZ+L-:CZuhr+R-I-:Bgdqmdu+>-:QZcdmnuhb+>-
Vdsshmf neMZmnonqdr Oqnadc vhsg Oqdrrtqd-ZqWhu %RnesBnmcdmrdc
LZssdq(+LZqbg 2+ 1/1/+ 0800-/4118+ udq- 1- gssor9..Zqwhu-nqf.Zar.
0800-/4118 %Zbbdrrdc 1/1/./7.0/(-
%44( Jqdlr+L-:Odqrghm+X-U-:ChUdmsqZ+L-Hnmhb LdlbZoZbhshud
Deedbsrhm MZmnonqdr-MZmn Jdss-1/0/+0.+1563�1567-
%45( SZaZqc,BnrrZ+ U- HmrsqtldmsZshnm enq Knv,Mnhrd Ghfg,
AZmcvhcsg MZmnonqd Qdbnqchmf-Dmfhmddpdc MZmnonpdr enp AhnZmZkxs,
hbZk :ookhbZshnmr: Dcdk+ I- A-+ >kaqdbgs+ S-+ Dcr-: Dkrduhdq Rbhdmbd9
Mnqvhbg+MX+1/02:oo 48�82-
%46( Rlddsr+Q-L-L-: Jdxrdq+T-E-: Cdjjdq+M-G-: Cdjjdq+B-
%BTK,HC92/660//( Mnhrd hm Rnkhc,RsZsd MZmnonqdr-Opnb-MZsk-:bZc-
Rbh-T-R-:-1//7+0.4+306�310-
%47(YgZmf+Y-X-:Cdmf+X-R-:ShZm+G-A-:XZm+G-:Bth+G-K-:VZmf+
C-P-Mnhrd >mZkxrhr neLnmnkZxdqFqZogdmd MZmnonqdr-Gms-I-Lnk-
Rbh-1/07+08+1528-
%48( Bgnt+X-,B-:LZrhg CZr+O-:Lnmnr+C-R-:Cqmchb�+L-Khedshld
Zmc RsZahkhsx neRhkhbnm Mhsqhcd MZmnonqdr Zmc MZmnonqd >qqZxr enq
HnmhbLdZrtqdldmsr-:BR MZmn 1/1/+03+5604�5617-
%5/( RtqvZcd+R-O-:Rlhqmnu+R-M-:UkZrrhntj+H-U-:Tmnbhb+Q-Q-:
Udhsg+ F- L-: CZh+ R-: LZgtqhm+ R- L- VZsdq CdrZkhmZshnm Trhmf
MZmnonqntrRhmfkd,KZxdqFqZogdmd-MZs-MZmnsdbgmnk-1/04+0.+348�
353-
%50(Ghkkd+A-OgZqlZbnknfhbZkLnchehbZshnmrnesgd Rnchtl BgZmmdkr
neEqnf Mdqud-I-Fdm-Ogxrhnk-0857+40+088�108-
%51( >kaqdbgs+S-:Fhaa+S-:MtssZkk+O-Hnm SqZmronqshm MZmnonqdr-

Dmfhmddpdc MZmnonpdrenpAhnZmZkxshbZk:ookhbZshnmr:Dcdk+I-A-+>kaqdbgs+
S-+Dcr-:DkrduhdqRbhdmbd9Mnqvhbg+MX+1/02:oo 0�2/-
%52( QhbgZqcr+ K- >-: QhbgZqcr+ A- R-: Bnqqx+ A-: RbgŹedq+ >- H-
DwodqhldmsZk Dmdqfx AZqqhdqr sn >mhnmr SqZmronqshmf sgqntfg
MZmnehksqZshnm LdlaqZmdr- Dmuhpnm- Rbh- Sdbgmnk- 1/02+ 36+ 0857�
0865-
%53( UdmsZ+J-D-:YZmiZmh+L-A-:Xd+W-:CZmcZ+F-:LtqqZx+B-A-:
Ktjdr+I-Q-: Cqmchb�+L-Fnkc MZmnqnc SqZmrknbZshnmr Zmc BgZqfd
LdZrtqdldms sgqntfg Rnkhc,RsZsd MZmnonqdr-MZmn Jdss-1/03+03+
4247�4253-
%54( Rsdhm+C-:Jqthsgne+L-:Cdjjdq+B-RtqeZbd,BgZqfd,Fnudqmdc
Hnm SqZmronqs hm MZmnekthchb BgZmmdkr- Ogxr- Pdu- Jdss- 1//3+ 82+
Mn-/248/0-
%55( AZkZm+>-: Bghdm+B-,B-: Dmfdkjd+Q-: Cqmchb�+L- Rtrodmcdc
Rnkhc,RsZsdLdlaqZmdrnm FkZrrBghorvhsg Rta 0,oE BZoZbhsZmbd enq
Ahnlnkdbtkd Rdmrhmf >ookhbZshnmr-Rbh-Pdo-1/05+4+06664-
%56( AZkZm+>-:Cqmchb�+L-TksqZ Knv BZoZbhsZmbd FkZrr Rtoonqsdc
Chdkdbsqhb LdlaqZmdr Enq LZbqnlnkdbtkZq >mZkxrhr-
TR1/06/143685>0+1/06-
%57( GZqsdk+>-I-V-:RgdjZq+R-:Nmf+O-:Rbgqndcdq+H-:Sghdk+F-:
RgdoZqc+J-K-Ghfg AZmcvhcsg >ooqnZbgdr hm MZmnonqd Zmc Hnm
BgZmmdkQdbnqchmfr,> StsnqhZkQduhdv-:mZk-Bghl-:bsZ 1/08+0.50+
02�16-
%58( RgdjZq+ R-: Bghdm+B-,B-: GZqsdk+>-: Nmf+O-: BkZqjd+N-A-:
LZqjr+>-: Cqmchb�+L-: RgdoZqc+J-K-VZudkds Cdmnhrhmf ne Ghfg,
AZmcvhcsg MZmnonqd Zmc Hnm,BgZmmdkRhfmZkr-MZmn Jdss-1/08+08+
0/8/�0/86-
%6/(GZqsdk+>-I-V-:Nmf+O-:Rbgqndcdq+H-:Fhdrd+L-G-:RgdjZq+R-:
BkZqjd+N-A-:YZkj+Q-:LZqjr+>-Q-:Gdmcqhbjrnm+V->-:RgdoZqc+J-K-
Rhmfkd,BgZmmdk Qdbnqchmfr ne QxQ0 Zs Lhbqnrdbnmc Qdrnktshnm hm
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BLNR,RtrodmcdcLdlaqZmdr-Opnb-MZsk-:bZc-Rbh-T-R-:-1/07+004+
D0678�D0687-
%60( Bghdm+B-,B-: RgdjZq+R-: Mhdcyvhdbjh+C-I-: RgdoZqc+J-K-:
Cqmchb�+L-Rhmfkd,RsqZmcdc CM> SqZmrknbZshnm Qdbnqchmfr sgqntfg
Rnkhc,RsZsd MZmnonqdr nm FkZrr Bghor Zs 0/ LGy LdZrtqdldms
AZmcvhcsg-:BR MZmn 1/08+02+0/434�0/443-
%61( AdrsdlZm+J-: Ydudmadqfdm+L->-F-: KdlZx+R-F-BgZqfd
Hmudqrhnm axLtkshuZkdmsHnmr9Cdodmcdmbdnm ChdkdbsqhbBnmrsZmsZmc
RtqeZbd,BgZqfd Cdmrhsx-OgxrhbZkPduhdv D ,RsZshrshbZk)MnmkhmdZp)Zmc
RnesLZssdpOgxrhbr1//4+61+/504/0-
%62(GdZkx+J-:QZx+U-:Vhkkhr+K-I-:OdsdqlZm+M-:AZqsdk+I-:Cqmchb�+
L- EZaqhbZshnm Zmc BgZqZbsdqhyZshnm ne MZmnonqdr vhsg HmrtkZsdc
SqZmrudqrd MZmndkdbsqncdr enq CM> Rdmrhmf hm RZks Rnktshnm-
Dkdbspnognpdrhr1/01+22+2377�2385-
%63(UdmsZ+J-:Rgdldq+F-:Otrsdq+L-:QncqÅftdy,LZmyn+I->-:AZkZm+
>-:Qnrdmrsdhm+I-J-:RgdoZqc+J-:Cqmchb�+L-CheedqdmshZshnm neRgnqs+
Rhmfkd,RsqZmcdc CM> Gnlnonkxldqr hm Rnkhc,RsZsd MZmnonqdr-:BR
MZmn 1/02+6+3518�3525-
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