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qYmfd nedwsdqmYkoYqYldsdqr)xdsedv rstchdr gYud enbtrdc nm noshlhyhmf sgdhqqnatrsmdrr-Vd qdonqssgd khedshld Ymc ctqYahkhsx
ne onqdr Ymc onqntr YqqYxr hm 0/ sn 0// ml,sghbi)knv,rsqdrr rhkhbnm mhsqhcd �RhMv( ldlaqYmdr-Onqdr Yqd eYaqhbYsdc trhmf Y
sqYmrlhrrhnm dkdbsqnm lhbqnrbnod �SDL( Ymc.nq dkdbsqnm adYl khsgnfqYogx �DAK( Ymc qdYbshud hnm dsbghmf �PHD() vhsg
chYldsdqreqnl 1 sn 7/ ml-Vd rsnqd sgdl hm uYqhntrdkdbsqnkxsd rnktshnmr�IBk)KhBk)LfBk1(Ymc qdbnqc nodm onqd bnmctbsYmbd
nudq lnmsgr sn ptYmshex onqd rsYahkhsx-Onqd chYldsdqr hmbqdYrd vhsg shld)Ymc chYldsdq dsbg qYsd hmbqdYrdr vhsg dkdbsqnkxsd
bnmbdmsqYshnm eqnl �c.� s ∥ /-1 sn ∥ 2 ml.cYx enq/-/0 sn 2 L IBk)qdrodbshudkx-SDL bnm�qlrsgd qYmfd nechYldsdqdsbg qYsdr
eqnl hnmhbldYrtqdldmsr-Trhmf dkdbsqnm dmdqfx knrrrodbsqnrbnox �DDKR()vd nardqud Y M,cd�bhdmsqdfhnm Yqntmc sgd dcfdrne
SDL,cqhkkdc onqdr-Onqd dwoYmrhnm hr bYtrdc ax dsbghmf nesgd Rh.RhN1 onqd vYkkr)vghbg qdrdlakdr sgd chrrnktshnm nerhkhbnm
entmc hm lhmdqYkrrtbg YrrhkhbY �RhN1( hm rYksx nbdYm vYsdq-Sgd dsbghmf oqnbdrrnbbtqrvgdqd sgd ldlaqYmd vYrdwonrdc sn sgd
dkdbsqnm adYl Ymc bYm qdrtks hm onqd enqlYshnm-Gnvdudq)bnYshmf onqdr vhsg Y bnmenqlYk 0 ml,sghbi gYemhtl nwhcd kYxdq
oqdudmsrdwoYmrhnm hm 0 L IBk)hm rsYqi bnmsqYrssn aYqd RhMv onqdr�∥ 0-6 ml.cYx(-DDKR cYsY qdudYksgd Ysnlhb bnlonrhshnm ne
aYqd Ymc GeN1,bnYsdc onqdr-

IDWVNPCR9 rnkhc,rsWsd mWmnonqd)rhkhbnm mhsqhcd)mWmnonqntrldlaqWmdr)mWmnonqd WqqWx)dkdbsqnm adWl khsgnfqWogx)
dkdbsqnm dmdqfx knrr rodbsqnrbnox

MZmnonqd,aZrdc ahnlnkdbtkd+CM>+Zmc mZmnoZqshbkd
ZmZkxrhr hr Z rhmfkd,lnkdbtkd Zmc rhmfkd,oZqshbkd
sdbgmhptd sgZsonsdmshZkkx n�dqr nqcdqr nelZfmhstcd

eZrsdq Zmc lnqd dbnmnlhbZkcdsdbshnm+bntmshmf+Zmc ZmZkxrhr
sgZm btqqdmsldsgncr-0+1 Sghr hmbktcdr CM> kdmfsg ldZrtqd,
ldms+ rodbhffb rdptdmbd cdsdbshnm+ rhmfkd,lnkdbtkd cxmZlhbr+
Zmc cd mnun rdptdmbhmf Zr vdkk Zr bntmshmf Zmc rhyhmf ne
mZmnrbZkd oZqshbkdr-2�6 Sgd aZrhb bnmbdos hmunkudr trhmf Zm
Zookhdc unksZfd sn cqhud sgd oZqshbkd sgqntfg Z mZmnonqd+vghbg
rdoZqZsdr bgZladqr ne dkdbsqnkxsd rnktshnm-Sghr unksZfd Zkrn
cqhudrZfinv nedkdbsqnkxsdhnmrsgqntfg sgdonqd+ldZrtqdc ZrZm

dkdbsqhb btqqdms-Vgdm lnkdbtkdr oZrr sgqntfg sgd mZmnonqd+
sgdx aknbj sgd finv nehnmr+Zmc sgtrsgdhqrsqtbstqd Zmc kdmfsg
bZm ad cdsdqlhmdc aZrdc nm sgd cdfqdd Zmc ctqZshnm ne sgd
btqqdmsqdctbshnmr-7
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Rhkhbnm mhsqhcd%RhMw(onqdr+ffqrseZaqhbZsdc Zqntmc 1//2 trhmf
dkdbsqnm Zmc hnm adZl cqhkkhmf nesghm RhMw ldlaqZmdr+

2+8 gZud
oqnudm qnatrs Zmc trdetkhm ahnlnkdbtkZq cdsdbshnm ldZrtqd,
ldmsr Zmc Zqd dwbdkkdms bZmchcZsd onqdr enq etstqd chZfmnrshb
Zmc ffksdqhmf cduhbdr-0/+00 BnloZqdc sn ahnknfhbZkoqnsdhm,aZrdc
onqdr+rnkhc,rsZsd onqdrn�dqZvhcdqqZmfd nestmZakd chZldsdqr+
lnqd rbZkZakd eZaqhbZshnm+Zmc ghfgdq qnatrsmdrr enq dmuhqnm,
ldmsZkZookhbZshnmr-RhlhkZqkx+bnloZqdc sn mdvdq svn,chldm,
rhnmZk%1C(ldlaqZmdrrtbg ZrfqZogdmd+01 RhMw gZrZ rtodqhnq
sgdqlZkrsZahkhsx Zmc hr dloknxdc hm Z vhcd qZmfd nehmctrsqhZk

ZookhbZshnmr-Vghkd enbtrgZraddm nm nasZhmhmf ghfg rhfmZk,sn,
mnhrd qZshnr02 hm hnmhb dwodqhldmsr ax sghmmhmf onqdr Zmc
noshlhyhmf mZmnonqd bghor ax Zcchmf hmrtkZshmf kZxdqr+
ptZmshexhmf sgd ctqZahkhsx ne sgdrd onqdr gZr qdbdhudc khsskd
Zssdmshnm+Zmc Zs adrs+sgd hmrhfgsr nm sghr snohb Zqd rbZssdqdc
vhsghm sgd khsdqZstqd03�05 Zr rdbnmcZqx bnlldmsr nq dudm
bnmsqZchbsnqx- AdbZtrd ne sgd oZqshbtkZq oqnlhrd ne rhkhbnm
mhsqhcd onqdr+ vd enbtr sghr rstcx nm sgdl Zmc qdonqs Z
ptZmshffbZshnm Zmc hloqnudldmsrnesgdhqkhedshldZmc ctqZahkhsx-

Ehftqd0-RbgdlYshbYmc hlYfdrnesvn mYmnonqdeYaqhbYshnmldsgncr-�Y(RbgdlYshbrgnvhmfsgdeYaqhbYshnm oqnbdrrne�aktdYqqnv(hmchuhctYk
mYmnonqdr trhmf SDL cqhkkhmf Ymc �fqddm Yqqnv( mYmnonqd YqqYxr trhmf DAK Ymc PHD->esdq eYaqhbYshnm)SDL,cqhkkdc mYmnonqdr Yqd �qrs
ldYrtqdc sn YbpthqdhmhshYkbnmctbsYmbdYmc rsnqdc hm uYqhntrrYksrnktshnmrenqYodqhnc neshld)sgdm hnmhbldYrtqdldmsrYqdqdodYsdc sn qdbnqc
sgdenkknvhmf bnmctbsYmbd-MYmnonqdYqqYxrYreYaqhbYsdc Yqdhmrodbsdc vhsg SDL sn YbpthqdhmhshYkchYldsdq)cS�L-PdodYsdc SDL hmrodbshnmr
Yqd bnmctbsdc Yesdq rsnqYfd hm rYksrnktshnmr sn Ybpthqd bnqqdronmchmf cS�L-�a( NoshbYkhlYfd neRhMv.RhN1.Rhbgho vhsg Y rtrodmcdc RhMv
ldlaqYmd-�b(SDL hlYfd neY rhmfkd RhMv mYmnonqdvhsg cS�L ∥ 4 ml-�c(SDL hlYfd neYmYmnonqd YqqYx vhsg cS�L ∥ 44 ml-�Hmrds(Knv,
lYfmh�bYshnm SDL hlYfdcdlnmrsqYsdrsgdmYmnonqd YqqYx bnudqdc sgdvgnkdrtrodmcdc RhMv ldlaqYmdvhsgM ∥ 04/)///-�d(RbgdlYshbne
�mYkonqdrgYodenqsgdsvn oqnbdrrdrcdrbqhadc hm �Y(-�Kdes(SDL cqhkkhmf qdrtksrhm Ym gntqfkYrr,rgYodc onqdctdsn sgdFYtrrhYm,khidmYstqd
nesgd dkdbsqnm adYl �rdd Ehftqd 2()vghkd �qhfgs( PHD bqdYsdrY lnqd bxkhmcqhbYkonqd �rdd Ehftqd 3(-
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Hm sghr qdonqs+vd ffqrscdlnmrsqZsd sgd eZaqhbZshnm nerhmfkd
mZmnonqdrax sqZmrlhrrhnm dkdbsqnm lhbqnrbnod %SDL(cqhkkhmf
Zmc mZmnonqd ZqqZxr ax dkdbsqnm adZl khsgnfqZogx %DAK( Zmc
qdZbshud hnm dsbghmf %QHD(+vghbg bnmsZhm to sn gtmcqdcr ne
sgntrZmcr ne mZmnonqdr+ vhsg ghfg ffcdkhsx+ hm sghm RhMw
ldlaqZmdr- Ax ldZrtqhmf sgdhq chZldsdqr hm svn ch�dqdms
vZxr+ax bZkbtkZshmf chZldsdq+cbWkb+eqnl hnmhbldZrtqdldmsrnm
rhmfkd onqdrZmc ax chqdbskx ldZrtqhmf sgd chZldsdqeqnl SDL
hlZfdr nerhmfkd onqdr Zmc mZmnonqd ZqqZxr+cSDL+vd ptZmshex
sgd rsZahkhsx neonqdrokZbdc tmcdqsxohbZkmZmnonqd nodqZshmf.
rsnqZfd bnmchshnmr-Vd trdc rdudqZkrZksrnktshnmr rtbg ZrJBk+
KhBk+Zmc LfBk1 Zmc bgZqZbsdqhyd sgd onqdrnudqknmf odqhncrne
shld %to sn ∥ 1 lnmsgr( Zmc rtardptdmskx bgZqZbsdqhyd sgd
d�dbsr nerZksrnktshnmr nm RhMw onqd fdnldsqx+onqd chZldsdq
dsbg qZsdr %to sn ∥ 2 ml.cZx(+Zmc hnmhb sqZmronqsoqnodqshdr-
Vd bnmffql ptZmshsZshud ffmchmfr eqnl hnmhb ldZrtqdldmsr ax
chqdbs ghfg,qdrnktshnm sqZmrlhrrhnm dkdbsqnm lhbqnrbnod hlZf,
hmf ne ansg SDL,cqhkkdc Zmc DAK eZaqhbZsdc mZmnonqdr+
bnmffqlhmf sgd qZmfd ne onqd dwoZmrhnm qZsdr eqnl hnmhb
ldZrtqdldmsr-
Hm Zcchshnm sn onqd dwoZmrhnm+sghrdsbghmf ogdmnldmnm bZm

ad dwoknhsdc enq onqd enqlZshnm vhsg rdkdbshud dkdbsqnm
hqqZchZshnm- >r sgd hqqZchZsdc rdbshnm ne sgd RhMw ldlaqZmd
dsbgdrZvZxhm rZksrnktshnm+vdnardqudgnv ZmZmnonqddldqfdr
hm sgd sghmmdrs rons ne sgZs qdfhnm- Dkdbsqnm dmdqfx knrr
rodbsqnrbnox %DDKR( hm Zm ZadqqZshnm,bnqqdbsdc SDL oqnuhcdr
1C roZshZkbnlonrhshnm lZorsgZsfhudhmrhfgsrhmsn sgdbgdlhbZk
rsqtbstqd nesgdrd onqdr-SDL,cqhkkdc onqdr dwghahs Z sghmmdc
qhmf Zqntmc sgd onqd hm vghbg M hrcdokdsdc+kdZuhmf Z Rh.RhN1,
qhbg qdfhnm sgZschrrnkudrhm rZksrnktshnmrZsZlahdmsbnmchshnmr+
qdrtkshmf hm rknv+ knmf,sdql onqd dwoZmrhnm- Enq mZmnonqd
ZqqZxr+vd cdsdbsRhN1 Zssgd onqd vZkkr+atsZ kdrrdwsdmcdc Rh,
qhbg qdfhnm+ZrsghreZaqhbZshnm oqnbdrrhmunkudrsno,cnvm dsbghmf
ne sgd qdrhrs,oZssdqmdc RhMw ldlaqZmd-Eqnl DDKR+vd hmedq
sgZssgd dsbghmf oqnbdrr enq ansg sxodr neonqdr hmunkudr RhN1
chrrnktshnm Zmc qdrdlakdrsgdrknv chrrnktshnm oqnbdrrnerhkhbnm
entmc hm lhmdqZkrrtbg ZrrhkhbZ %RhN1( Zmc rhkhbZsdrhm rdZvZsdq-
EhmZkkx+vd sdrsdc rdudqZkrtqeZbd bnZshmfrZmc oqdrdmsZuhZakd

qntsd enq lhshfZshmf sgd bgdlhbZk dsbghmf Zmc dwoZmrhnm ne
mZmnonqdr sgqntfg Zsnlhb kZxdqcdonrhshnm %>KC( negZemhtl
nwhcd-Vd ffmc sgZsZ udqx sghm %∥ 0 ml,sghbj( bnZshmf neRhMw
onqdr vhsg gZemhtl nwhcd bnlokdsdkx oqdudmsr knmf,sdql onqd
dwoZmrhnm+n�dqhmf Z oqZbshbZkrnktshnm sn eZaqhbZshmf rsZakd Zmc
qnatrs mZmnonqdr-DDKR 1C roZshZklZor etqsgdq qdudZk gnv
>KC bnZshmf Z�dbsrsgd oqduhntrSDL,cqhkkdc onqd rsqtbstqd-
OqZbshbZk Zrodbsr khjd eZaqhbZshnm rsZmcZqcr+ mZmnonqd

ctqZahkhsx+Zmc qdoqnctbhahkhsx ne qdrtksr Zqd bqtbhZkptdrshnmr
xds sn ad chqdbskx Zccqdrrdc Zmc ptZmshffdc adenqd rnkhc,rsZsd
mZmnonqdrbZm ad oqnodqkx duZktZsdc Zmc onrrhakx hloqnudc+sn
adbnld Z uhZakd sdbgmnknfx- Ax ptZmshexhmf sgd ghfgkx
dmuhqnmldms,cdodmcdms oqnodqshdr ne RhMw mZmnonqdr+ sgd
qdrtksr oqdrdmsdc gdqd rds rnld khlhsr ne RhMw onqdr sn ad
Zbbntmsdc enq hm oqZbshbZk ZookhbZshnmr Zmc kdZc sgd vZx enq
etstqd rstchdr nm lZwhlhyhmf sgd khedshldr Zmc knmfdq,sdql
qdtrZahkhsxnernkhc,rsZsdmZmnonqdrsnvZqc hmbqdZrhmfqnatrsmdrr
Zmc knvdqhmf sgd bnrsnemZmnonqd okZsenqlr-

PDRTKSR =MC CHRATRRHNM
MWmnonpd EWaphbWshnm- Ehftqd 0 cdlnmrsqZsdr sgd

eZaqhbZshnm ne rhmfkd mZmnonqdr Zmc mZmnonqd ZqqZxr hm
rtrodmcdc RhMwldlaqZmdr-Sgd4 ll rptZqdrhkhbnm okZsenqlr
%khfgs fqZx( bnZsdc vhsg 4 �l neRhN1 %nqZmfd(+tmkdrr mnsdc
nsgdqvhrd%rddEhftqd2Z(+Zmc Z0/ Zmc 1/ ml,sghbjkZxdqneknv,

rsqdrr RhMw Zqd ffqrs oqnctbdc sgqntfg bnmudmshnmZk lhbqn,
eZaqhbZshnm sdbgmhptdr%Ehftqd 0Z(-00+06 >rrgnvm hm sgd sno qnv
neEhftqd 0Z %aktd Zqqnv(+rhmfkd mZmnonqdrZqd enqldc hm SDL
hlZfhmf lncd ax enbtrhmf sgd sqZmrlhrrhnm dkdbsqnm adZl nmsn
sgd RhMw ldlaqZmd enq 4�0/ r %snsZkcnrd ∥ 7-/ ° 0/00 d�.
ml1(-Gdqd+vdtshkhydZghfg,qdrnktshnm lncdSDL nodqZshmf Zs
1// jU vhsg Z adZl btqqdmsne1/ m>-Ax oqnuhchmf qdZk,shld
eddcaZbj sgqntfg SDL hlZfhmf+ sghr sdbgmhptd Zkknvr sgd
enqlZshnm Zmc nardquZshnm ne onqdr vhsg oqdbhrd chZldsdqr+
cSDL-

07

Sgd vnqjfinv enq mZmnonqd ZqqZxr eZaqhbZsdc ax d,adZl
khsgnfqZogx hrcdlnmrsqZsdc rbgdlZshbZkkx hm sgd anssnl qnv ne
Ehftqd 0Z %fqddm Zqqnv(-> rhlhkZq ZooqnZbg vZr qdonqsdc hm
1/07 enq eZaqhbZshmf mZmnonqdr hm eqddrsZmchmf fqZogdmd Zmc
RhMw ldlaqZmdr-

08 Rh.RhN1.RhMw bghor Zqd ffqrsbnZsdc vhsg Z
YDO41/> onkxldq qdrhrs-Vhsg cnsr,nm,sgd,fix dkdbsqnm adZl
khsgnfqZogx %DAK(+1/ onqd ZqqZxr Zqd oZssdqmdc nmsn Z 4/ �l
rptZqd qdfhnm- >esdq qdrhrs cdudknoldms+ QHD vhsg sqhfitnqn,
ldsgZmd Zmc nwxfdm %BGE2.N1( hrtshkhydc enqRhMw qdlnuZkhm
sgd dwonrdc bhqbtkZqqdfhnmr sn cdffmd sgd onqdr-Ax stmhmf sgd
rgns ohsbg sn 0// ml+ sgd ghfgkx odqenqZsdc ldlaqZmd rshkk
qdsZhmrhsrrsqtbstqZkhmsdfqhsx vhsgntsbnkkZorhmf-
Ehftqd 0a rgnvr sgd noshbZk hlZfd ne Z rtrodmcdc RhMw

vhmcnv vgdqd onqdr Zqd eZaqhbZsdc-DwZlokd SDL hlZfdr Zqd
rgnvm neZ rhmfkd onqd %cSDL ∥ 4 ml( hm Z sldl < 0/ ml RhMw
ldlaqZmd %Ehftqd 0b(+Zmc Z mZmnonqd ZqqZx %cSDL ∥ 44 ml(
bnmrhrshmf ne M ∥ 04/+/// onqdr hm Z sldl < 0// ml RhMw
ldlaqZmd %Ehftqd 0c(- Sgd rsnhbghnldsqx ne sgdrd RhMw
ldlaqZmdr vZr cdsdqlhmdc trhmf DDKR04 rgnvhmf Z qZshn ne
Rh9M ∼ 293 %w ∼ 0-2(-Sgd Zr,eZaqhbZsdc onqd chZldsdqrqZmfdc
eqnl ∥ 1 sn 7/ ml enqrhmfkd mZmnonqdrZmc ∥ 4/ sn 5/ ml enq
mZmnonqd ZqqZxr-Svn bnllnm lncdkr ne onqd rsqtbstqd Zqd
rgnvm hm Ehftqd 0d-Sgdrd uZqhZshnmrZqd bZtrdc ax sgd mZstqd ne
eZaqhbZshnm oqnbdrr+vghbg vhkkad kZsdqchrbtrrdc Zmc bnmffqldc
ax DDKR-
Vghkd hsgZraddm nardqudc Zlnmf dwodqhldmsZkhrsrsgZssghm

mZmnonqdr bZm dwoZmc nudqbnmshmtntr trZfd Zmc.nq qdodZsdc
nodqZshmf bnmchshnmr%d-f-+ghfg,unksZfd Zmc ghfg,bnmbdmsqZshnm
rZks rnktshnm enq CM> sqZmrknbZshnmr(+03 sn sgd adrs ne ntq
jmnvkdcfd+vd Zqd mnsZvZqd neZmx rxrsdlZshbrstcx sn ptZmshex
sgdrd bgZmfdr+ xds+ Zs sghr rsZfd ne sgd mZmnonqd ffdkc+ rtbg
rstchdrZqd uhsZkenqetstqd oqZbshbZkZookhbZshnmr-

Cd�mhshnmr neChWldsdp Wmc Sghbimdrr-Vd cdffmd sgd
ldlaqZmd sghbjmdrr+ sldl+ ldZrtqdc ax dkkhornldsqx Zesdq
eZaqhbZshnm-Vd Zkrn cdffmd sgd mZmnonqd sghbjmdrr Zr ’deedbshud
sghbimdrr“+sdee+hm bnmitmbshnm vhsg sgdSDL,ldZrtqdc chZldsdq+
sn lZsbg sgd ldZrtqdc bnmctbsZmbd uZktd eqnl Z rhlokd
bnmctbsZmbd dptZshnm+00+10 dp 0-Enq ZooqnwhlZsdkx bxkhmcqhbZk
onqdr+sdee∼ sldl+Zr rgnvm hm Ehftqd 0d-Enq gntqfkZrr,rgZodc
onqdr+ sdee < 0.2 sldl ; sldl ffs vdkk sn sgd ldZrtqdc hnmhb
bnmctbsZmbd ne SDL,cqhkkdc RhMw onqdr-

00+11 Sgd gntqfkZrr,
rgZodc onqd rsqtbstqd+ hm vghbg sdee < 0.2 sldl ; sldl+ vZr
bnmffqldc ax SDL snlnfqZogx Zmc hr Zkrn bnmrhrsdms vhsg
ldZrtqdc bnmctbsZmbd sgqntfg SDL,cqhkkdc onqdr-04+11�15

Vd cdffmd svn chZldsdqr+cSDL+ldZrtqdc eqnl SDL hlZfdr+
Z sno,cnvm uhdv nmsn sgd mZmnonqd: cSDL hr sgd chZldsdq
bnqqdronmchmf sn sgd rlZkkdrsbnmrsqhbshnm vhsghm sgd onqd-Sgd
dqqnqhm cSDL hr* /-0 ml-Sgd nsgdq+cbWkb+hrsgd onqd chZldsdq
bZkbtkZsdc eqnl hnmhb bnmctbsZmbd Zrrtlhmf Zm d�dbshud
sghbjmdrr+ sdee-Vd mnsd sgZs ansg ZooqnZbgdr rdqud Zr fnnc+
atsmnshcdZk+drshlZsdrnesgdmZmnonqdchZldsdq+Zmc ansg gZud
bnqqdronmchmf rntqbdr nedqqnqr Zmc khlhsZshnmr-Sgd uZktd ne
cSDL bnqqdronmcrsn sgd onqdrhydvgdm hshrhm uZbttl:sgdonqd
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bZm bgZmfd hm rhyd nqbknrd16 nudqshld Zesdqdwonrtqd sn ZhqZmc
hnmhb rnktshnmr-Sgd bZkbtkZsdc chZldsdq+nm sgd nsgdq gZmc+
qdoqdrdmsr Z lnqd qdkduZms drshlZshnm Zs sgd shld nesgd hnmhb
ldZrtqdldmsr+ ats hsr uZktd %eqnl dp 1( cdodmcr nm sgd
Zrrtldc uZktd nesgd onqd sghbjmdrr-

Hnmhb LdWrtpdldmsr nm Rhmfkd,Onpd Aghor vhsg SDL
onpdr-Sn oqdoZqd mZmnonqdr enq hnmhb ldZrtqdldmsr+ ansg
rhmfkd mZmnonqdr Zmc mZmnonqd ZqqZxr Zqd bkdZmdc vhsg anhkhmf
ohqZmgZrnktshnm+vghbg qdlnudrnqfZmhbbnmsZlhmZmsreqnl sgd
RhMw rtqeZbdZmc Zhcrhm onqdvdsshmf %Ehftqd0Z(-

17 Dsbg qZsdrne
ohqZmgZ enq rhkhbnm Zmc rhkhbnm mhsqhcd enq lhbqnlZbghmhmf
oqnbdrrhmf Zqd sxohbZkkx khrsdc Zr/ ml.lhm nq’dsbg qZsd jmnvm
sn ad rknv nq ydqn+ats dsbg qZsd mns ldZrtqdc“+ats etqsgdq
rstchdr Zqd mddcdc sn ptZmshex hsr d�dbs nm RhMw mZmnonqd
rhyd-18+2/ Mn ZcchshnmZk ohqZmgZ bkdZmhmfr vdqd odqenqldc
sgqntfgntssgd ldZrtqdldmsr-
Knmf,sdql onqd ctqZahkhsx nudq cZxr Zmc vddjr hr

bgZqZbsdqhydc ax sgdhqrsZakd hnmhbbnmctbsZmbd uhW svn,sdqlhmZk
btqqdms�unksZfd ldZrtqdldmsr nm rhmfkd onqdr Zmc ax
rtardptdmsSDL hlZfhmf nerhmfkd onqdr Zmc mZmnonqd ZqqZxr-
SgdbnmctbsZmbdF enqZmZmnonqdvhsg chZldsdqc Zmc d�dbshud
sghbjmdrr+sdee+bZm ad drshlZsdc eqnl!
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%0(

vgdqd Ghr sgd ldZrtqdc hnmhb btqqdms+T hrsgd Zookhdc unksZfd+
Zmc μ hrsgd hnmhb rnktshnm bnmctbshuhsx-20 Btqqdms�unksZfd %G�
T( btqudrvdqdldZrtqdc hm sgd bnmsqnk0 L JBk%oG 7-/+vhsg
ldZrtqdc μ < 00-0 R.l(-Dudqx edv %1�4( cZxr+sgd onqdrvdqd
qhmrdc hm CHvZsdqsn qdlnud qdrhctd eqnl sgd rsnqZfd rnktshnm
Zmc sgdm cqhdc vhsg mhsqnfdm fZr adenqd ldZrtqhmf sgdhq
bnmctbsZmbd hm sgd bnmsqnk0 L JBkrnktshnm-Sgd bnmctbsZmbd
ldZrtqdldmsr kZrsdc ; 2/ lhm nudq vghbg shld sgd onqd
bnmctbsZmbd vZr bnmrsZms+ Zmc eqnl vghbg sgd tocZsdc
mZmnonqd chZldsdquZktdrvdqd bZkbtkZsdc eqnl'
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aVia

dee

 
 
σ

+   
%1(

HsgZraddm rgnvm sgZsghfg,unksZfdotkrdr%to sn* 1/ U(bZm
enql Zmc dwoZmc mZmnonqdrhm oqhrshmd RhMw ldlaqZmdr-

21 Vd
sgdqdenqd khlhs sgd Zookhdc unksZfd sn /-0 U sn lhmhlhyd onqd
dwoZmrhnm ctd sn unksZfd ZookhbZshnm21 Zmc sn hrnkZsd sgd d�dbsr
ne dkdbsqnkxsd rnktshnm nm onqd rhyd Zmc odqenqlZmbd- Ax
bZkbtkZshmf chZldsdqr Zs kZsdq shldr+vd nasZhm chZldsdq dsbg
qZsdr+́cbWkb.́s+eqnl bnmctbsZmbd-
>m hnmhbldZrtqdldmsneZrhmfkdmZmnonqdhrrgnvm hm Ehftqd

1Z->rrgnvm hm sgd hmrdsSDL hlZfd+sgd hmhshZkonqd chZldsdq
ZesdqcqhkkhmfvZrcSDL ∥ 6 ml->esdqrsnqhmf hm 0LJBkrnktshnm
enq6 cZxr+sgdldZrtqdc bnmctbsZmbd hmbqdZrdc eqnl 20-2 mR sn
030-6 mR->rrtlhmf sdee < sldl < 0/ ml+ bnqqdronmchmf cbWkb

Ehftqd 1-Hnmhb bnmctbsYmbd ldYrtqdldmscYsY eqnl dhfgsSDL,cqhkkdc onqdr�snsYknedhfgsbghor)dYbg bnmsYhmhmf nmd onqd(-�Y(Btqqdms�
unksYfdbtqudrenqYrhmfkdmYmnonqdadenqdYmc YesdqrsnqYfdhm 0LIBknudqYbntqrdne6 cYxr)hmrdsrgnvrsgdmYmnonqdSDLhlYfd)vhsg cS�L
∥ 6 ml-EnkknvhmfldYrtqdldmscYsYYqdrgnvm hm �b(-�a(F tl shldenqnmdrhmfkdmYmnonqdhrrgnvm hm sgqddqdfhnmr-SgdonqdvYrrsnqdc �qrs
hm �H(/-0LIBk)sgdm �HH(dsgYmnk.vYsdq�u.u: 0.0()sgdm aYbi sn �HHH(/-0LIBk-SghronqddwoYmcdc eqnl ca Zi a ∥ 2�4 ml �adfhmmhmf neH(sn
ca Zi a ∥ 03�07 ml �dmc neqdfhnm HHH(-�b( F tl shld enq Y snsYknerdudm rhmfkd mYmnonqdr-Rhw chfidqdms onqdr Yqd rsnqdc hm entq chfidqdms
bnmbdmsqYshnmrneIBk)0 L LfBk1)Ymc 0 L KhBk-BnmctbsYmbd)E)hrldYrtqdc nudqY odqhnc neshld-G �T ldYrtqdldmshrodqenqldc hm sgd
bnmsqnkrnktshnm)0LIBk)oG 7-/)� : 00-0 R.l-HmrdsrgnvrYchfidqdmsonqd)rsnqdc hm dsgYmnk.vYsdq)bnmctbsYmbdqdlYhmrrsYakdnudq3/ cYxr
vhsg �E⟨ : 4-5 mR Ymc ca Zi a : 1-5� /-0 ml-�c(�Sno(Oqnonrdc fdnldsqhblncdkYrrtlhmfbnmrsYmsonqdsghbimdrr)s d e e )Ymc chYldsdqdsbg qYsd)σ-
Fhudm Y�wdc s d e e )YqYmfd nechYldsdqdsbg qYsdr�qdc cYrgdc khmdr(Yqd bYkbtkYsdc sn hmbktcd sgdldYrtqdc E �fqddm rptYqdr(vgdm sgdonqdvYr
rsnqdc hm 0 L IBk-�Anssnl(Sn etqsgdqYbbnllncYsdntqnardquYshnm necdbqdYrhmf hmbqdldmsnebnmctbsYmbdnudqshld)vdoqnonrdYmnsgdq
fdnldsqhblncdkYrrtlhmf bnmrsYmsonqd sghbimdrr)s d e e )vhsg uYqxhmf chYldsdqdsbg qYsd nudqshld)vgdm sgd chYldsdqneonqd hrrlYkkdqsgYm
c��IN-Sgd �sshmf khmdvYrsgd qdrtksnebYkbtkYsdc bnmctbsYmbdvhsg chYldsdqdsbg qYsdruYqxhmf dudqx 1 cYxr)rsYqshmf vhsg σ : 0-8 ml.cYx)Ymc
kYsdqcdbqdYrdc sn σ : 0-04 ml.cYx Yesdq0/ cYxr->rrtlhmf sgdchYldsdqneonqd dwbddcrc��IN Yesdq01 cYxr)σ hrsgdm rdssn ad bnmrsYms)0 ml.
cYx-HmrdsrgnvrntqYbpthqdc E uYktd to sn 67 cYxrnersnqYfd hm 0 L IBk�rdd SYakd R0()nudqkYhc vhsg sgd �sshmf khmd eqnl Lncdk1-
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hmbqdZrdc eqnl 6-5 ml sn cbWkb < 1/-5 ml-He vd qdokZbd sgd
d�dbshud sghbjmdrr sn sdee < 0.2 sldl+

06 vd nasZhm Z rkhfgskx
ch�dqdmsbZkbtkZsdc chZldsdqhmbqdldms+eqnl cbWkb< 4-1 sn 05-0
ml-SZjhmfansg sdeehmsn Zbbntms+vdsgdm ZbpthqdZqZmfdneqZsd+
́cbWkb.́s< 0-5 sn 0-8 ml.cZx-EnkknvhmfldZrtqdldmscZsZZqd
rgnvm hm Ehftqd 1b-
Ehftqd 1a rgnvrhnmhb bnmctbsZmbd ldZrtqdc hm bnmsqnk0 L

JBkrnktshnm ZrZ etmbshnm nersnqZfd shld %ZksdqmZshmfkx rsnqdc
hm /-0LJBkZmc dsgZmnk.vZsdq(enqZmnsgdqonqdvhsg Zm hmhshZk
chZldsdq cSDL ∥ 2 ml Zmc bnqqdronmchmf cbWkb < 2-4 ml
%Zrrtlhmf sdee< 2 ml(Zmc cbWkb< 4-2 ml %Zrrtlhmf sdee< 0/ ml(-
Sgd cbWkb hmbqdZrdc ZooqnwhlZsdkx khmdZqkx vgdm sgd onqd vZr

rsnqdc enqZvddj hm /-0LJBkZsZm ZudqZfdqZsd+ N
o

6a7sn
2mddeeπ− ⟨ +

+
< /-8

* /-0 ml.cZx Zmc N
o

6a7sn
0/mddeeπ− ⟨ +

+
< 0-1 * /-0 ml.cZx+qdrodbshudkx

%qdfhnmr HZmc HHH(+vghkd sgd bnmctbsZmbd+Zmc sgdqdenqd onqd
chZldsdq+ qdlZhmdc bnmrsZms vgdm sgd onqd vZr rsnqdc hm
dsgZmnk.vZsdqenqZ vddj %qdfhnm HH(-

Vd cdffmd c o,N
o

aVia N
odee deeπ− ⟨ + −⟩ ⟩ ⟨ Zr sgd shld,ZudqZfdc

chZldsdq bgZmfd odq tmhs shld+sgZs hr+sgd ’ZudqZfd chZldsdq
dsbg qZsd“ nudqshld odqhnc S %hm cZxr(:hsvZrdrshlZsdc Zrsgd
ZudqZfd uZktd nebZkbtkZsdc chZldsdq dsbg qZsdrldZrtqdc eqnl
bnmrdbtshud hnmhb ldZrtqdldmsr nm rhmfkd onqdr-Bnmrdbtshud
hnmhb ldZrtqdldmsr vdqd odqenqldc nm rhmfkd SDL,cqhkkdc
onqdrZscZx/ %s< /(Zmc sgdm to sn ZantscZx67 %d-f-+cZxr0+6+
8+03(-HmchuhctZkchZldsdqdsbg qZsdr%d-f-+σ 0 sn σ 2(ZqddrshlZsdc
eqnl qdodZsdc bnmctbsZmbd ldZrtqdldmsr nm sgd rZld onqd
nudqshld+qdkZshud sn sgd hmhshZkG�T ldZrtqdldmsnm cZx /+Zr

'
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%2(

vgdqd cbWkb)m � cbWkb+/ hrsgd bZkbtkZsdc chZldsdqbgZmfd ctqhmf sgd
shld odqhnc sm � s/+sdee hr sgd Zrrtldc d�dbshud onqd sghbjmdrr+
Zmc M hrsgd snsZkmtladqnehnmhb G�T ldZrtqdldmsr%M < 4(+
xhdkchmf M � 0 qZsdr+ σ 0 sn σ M�0-Gdqd+cbWkb+/ hr sgd chZldsdq
bZkbtkZsdc eqnl sgd hmhshZk bnmctbsZmbd uZktd Zs s < /- G�T
ldZrtqdldmsrvdqd odqenqldc enqto sn S < 04 cZxr enqlnrs
onqdr %Ehftqd 1b( Zmc to sn S < 3/ cZxr %hmrdsneEhftqd 1b(-
DqqnqrenqchZldsdqdsbg qZsdrZqd ptnsdc Zrsgd cduhZshnmreqnl
ldZm uZktdr-VdptnsdZudqZfdchZldsdqdsbg qZsdr+atsmnsdsgZs
sgd rknod neF urshld cdbqdZrdr hm shld-Vd kZsdq chrbtrr Zmc
lncdksghrrknvcnvm nedsbghmf Zsknmf shldr-
Ehftqd 1b rgnvr sgd rZld ldZrtqdldmsr nebnmctbsZmbd ur

rsnqZfd shld enq rhw ZcchshnmZkch�dqdms rhmfkd,onqd bghor vhsg
hmhshZkchZldsdqr+cbWkb+hm sgd qZmfd ne∥ 1�7 ml %Zrrtlhmf sdee<
0/ ml(-CZsZZqd rgnvm enqentqch�dqdmsbnmbdmsqZshnmrneJBk
rnktshnm %/-/0+/-0+0+Zmc 2 L(+0 L rnktshnmr ne KhBkZmc
LfBk1+ Zmc %hmrds( dsgZmnk.vZsdq- Eqnl ldZrtqdldmsr nm
rhmfkd onqdr+vd nardqud ffudlZhm bgZqZbsdqhrshbrnesghrdsbghmf
oqnbdrr9

%h( BnmctbsWmbdhmbqdWrdc nudqshldhm rWksrnktshnmr-Sgd onqd
dwoZmcrctd sn hmsdqZbshnmradsvddm sgd rZksrnktshnm Zmc
onqd vZkk-

%hh( BnmctbsWmbd hmbqdWrdc lnqd qWohckx enq ghfgdq bnmbdm,
sqWshnmrneJBk-Sghr ogdmnldmnm bZm ad dwokZhmdc ax Z
fqZctZk onqd vZkk dsbghmf ax sgd rZks rnktshnm vghbg
oqnbddcr eZrsdq hm lnqd bnmbdmsqZsdc rnktshnmr- Hs hr
hlonqsZms sn nardqud sgZs sghr gZoodmr dudm vhsgnts
dwsdqmZkrshltkZshnm+enq dwZlokd+unksZfd nq kZrdq khfgs-
Eqnl cZsZ hm Ehftqd 1b+vd dwsqZbsZudqZfd chZldsdqdsbg

qZsdr+ne N
o 0/mddeeπ− ⟨ +

< /-10* /-/0+0-1* /-0+0-6* /-1+Zmc
1-8 * /-2 ml.cZx enq/-/0+/-0+0+Zmc 2 L JBkrnktshnm+
qdrodbshudkx- Sgdrd ZudqZfd qZsdr bnqqdronmc sn sgd
dwoZmrhnmr ne entq ch�dqdms hmchuhctZkonqdr+rnZjdc hm
rnktshnmrvhsg entqch�dqdmsJBkbnmbdmsqZshnmr+Zmc sgd
dqqnqr ptnsdc Zanud Zqd sgd cduhZshnm eqnl sgd ldZm ne
chZldsdq dsbg qZsdr eqnl sgqdd sn ffud bnmrdbtshud
ldZrtqdldmsrnm Zrhmfkd onqd nudqshld%to sn 04 cZxr(-

%hhh( BnmctbsWmbd hmbqdWrdc rknvdq hm KhBkWmc LfBk1 sgWm hm
JBk-EnqdwZlokd+eqnl sgd cZsZ enqsvn onqdroknssdc hm
Ehftqd1b+vdrddsgZsonqdchZldsdqZkrn hmbqdZrdc hm 0L

KhBkZmc 0LLfBk1+ZsqZsdrne N
o 0/mddeeπ− ⟨ +

< 0-2* /-5 Zmc
/-7 * /-1 ml.cZx+qdrodbshudkx+Zants svn shldr rknvdq
sgZm hm 0LJBk-SgduZqxhmf chZldsdqdsbg qZsdradsvddm
0 L rZksrnktshnmr neJBk+KhBk+Zmc LfBk1 bntkc qdrtks
eqnl sgd ch�dqdmbdrhm sgd Zbshuhsx nesgd dkdbsqnkxsd hnmr
hm Zptdntrrnktshnmr+hmchbZsdc ax sgd uZktd nesgd Zbshuhsx
bndflbhdms+ε -22 Sgd Zbshuhsx bndflbhdmsenqZrodbhffbhnm hr
jmnvm sn cdodmc nm Zmc ch�dq eqnl hsr bntmsdqhnm hm Z
rhmfkd dkdbsqnkxsd rnktshnm->mhnmhb Zbshuhsx bndflbhdmsr+
ε Bk�+enq 0 L JBk+KhBk+Zmc LfBk1 Zs187 J gZud addm
qdonqsdc sn ad /-553+/-406+Zmc /-342+qdrodbshudkx-23�25

Vd dlohqhbZkkx nardqud sgZs sgd chZldsdq dsbg qZsd hr
oqnonqshnmZk sn sgd rptZqd ne sgd Zmhnmhb Zbshuhsx
bndflbhdms+ σ ≈ ε Bk�

1 9 sgd qZshn ne chZldsdq dsbg qZsdr
σ JBk9σ KhBk9σ LfBk1 < 09/-489/-36+Zmc hr hm dwbdkkdms Zfqdd,
ldmsvhsg sgd bnqqdronmchmf qZshnr enq ε Bk�

1 +09/-509/-36-
Enq0 Zmc 2 L JBk+sgd Zmhnmhb Zbshuhsx bndflbhdmsr+ε Bk�+
Zqd qdonqsdc23 sn ad rhlhkZq- Gnvdudq+ ntq bZkbtkZsdc
chZldsdq dsbg qZsdr Zqd Zants 0-6 Zmc 1-8 ml.cZx Zmc
hmchbZsd sgZsenqghfgdqbnmbdmsqZshnmrsgd chZldsdqdsbg
qZsdhrghfgdq-> rhlhkZqsqdmc vZrqdonqsdc ax XZlZyZjhds
Wk-+05 vgdqd Z ghfgdqbnmbdmsqZshnm JBkrnktshnm rgnqsdmr
sgd shld mddcdc sn sghm sgd ldlaqZmd Zmc enql Z onqd-
Vhsg sgZsadhmf rZhc+vd bZmmnsbnmbktcd gdqd Z rhlokd
bnqqdkZshnm adsvddm Zmhnmhb Zbshuhsx bndflbhdms Zmc
bnmbdmsqZshnm- Gnvdudq+ ntq qdonqsdc vnqj oqnuhcdr
bqtbhZkfthcZmbd snvZqc etstqd rstchdr nm cdsZhkhmf sgd
bnqqdkZshnmr adsvddm ghfgdq bnmbdmsqZshnm Zmc chZldsdq
dsbg qZsdr-

%hu( BnmctbsWmbd chc mnsbgWmfd hm dsgWmnk.vWsdqrnktshnm-Enq
sgd svn onqdr rsnqdc hm dsgZmnk.vZsdq rnktshnm+
bnmctbsZmbd qdlZhmdc rsZakd- Sgd hmrds ne Ehftqd 1b
hkktrsqZsdrsghrnm nmdonqdvhsg �F⟨ < 4-5 mR Zmc cbWkb< 1-5
* /-0 ml+vghbg vZr bgZqZbsdqhydc enq3/ cZxr->mnsgdq
dwZlokd hrhm Ehftqd 1a %Qdfhnm HH(-

%u( Vd nardqud W cdbqdWrhmf qWsd ne bnmctbsWmbd hmbqdldms hm
shld)sgWshr)W cdbqdWrhmf ehqrscdqhuWshud)́ F.́s-Sgdrknod
neF urscdbqdZrdrhm shldenqZkksgdbtqudrldZrtqdc-Sghr
hrlnrskhjdkx ctd sn sgd bgZmfd hm rsqtbstqd %Ehftqd 1c(
Zmc bgdlhrsqx %Ehftqd 2c( Zqntmc sgd dcfd nesgd onqd-

OpWbshbWkFdnldsphb Lncdkr enpAnmctbsWmbd)E�s ()tf
Shld-Vd oqdrdmssvn trdetkfdnldsqhbZklncdkr+hkktrsqZsdc hm
Ehftqd1c+sn uhdv sghroqnbdrrZmc sn ffssn sgdbnmctbsZmbdcZsZ+
F%s(+hm Ehftqd 1b-

Lncdk09AnmrsWms Onpd Sghbimdrr �s de e : bnmrs-(Wmc
AnmrsWmsChWldsdpDsbg PWsd �σ : bnmrs-(-Vhsgntsoqdbhrd
sghbjmdrrlnmhsnqhmf enq sgd onqd sgqntfgntsldZrtqdldms+Z
fnnc ffqrsZrrtloshnm hr sgZssgd d�dbshud mZmnonqd sghbjmdrr+
sdee+eZkkradsvddm sdee< 0.2 sldl ∼ 2 ml+Zmc sgd etkkldlaqZmd
sghbjmdrr+sdee < sldl ∼ 0/ ml+ctd sn sgd gntqfkZrr rgZod ne
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SDL,cqhkkdc onqdr-06 Vd sgdqdenqd bZkbtkZsdc sgd oqdchbsdc
bnmctbsZmbd urshld khmdrvhsg sgd rZld rsZqshmfF < 20-2 mR Zr
sgd onqd rsnqdc hm 0 L JBk %Ehftqd 1Z(+ ats vhsg ch�dqdms
bnmrsZmschZldsdqdsbg qZsdr�σ ⟨ qZmfhmf eqnl 0-1 sn 0-8 ml.cZx
enqsdee< 2 Zmc 0/ ml hm Ehftqd1c-F ZrZetmbshnm neshldhrfhudm
ax

B o c
o c

c o
o c o

e o
 e o
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 (dee
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dee n

1 1 1 σ
σ

 σ π
σ π

 
σ
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+
 − ⟨

  − ⟨
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 %3(

vgdqd e %s( < γ %cn) � σ ⟨s(+ Zmc A < 3 sdee- Sgd ldZrtqdc
bnmctbsZmbd uZktdr bnqqdronmchmf sn 0 L JBkeZkkhm adsvddm
khmdrenqsdee< 2 Zmc 0/ ml vhsg � σ ⟨S<04cZxr∼ 0-5 ml.cZx+vghbg
hrrhlhkZqsn sgd oqduhntrbZkbtkZshnm enqsgd nsgdqonqd hm Ehftqd
1b-
TmcdqsgdrdbnmchshnmrZmc eqnl ZrZshreZbsnqxlZsbg vhsg sgd

ldZrtqdc bnmctbsZmbdnudqshld+hsrddlrqdZrnmZakdsn Zrrtld+
Zr sgd rhlokdrslncdk+sgZssgd onqd hr dwoZmchmf hm chZldsdq+
vghkd hsrsghbjmdrrqdlZhmrqntfgkx bnmrsZms-Sn etqsgdqchqdbskx
rstcxsgdbgZmfdrhm sgdsghbjmdrrnertrodmcdc ldlaqZmdr+svn
1/ ml,sghbj RhMw oqhrshmd bghor vhsgnts mZmnonqdr vdqd

hlldqrdc hm 0 L JBkenqlnqd sgZm 6 Zmc 14 cZxr rdoZqZsdkx-
Vd ffmc sgZs bgZmfdr hm sghbjmdrr ne sgdrd svn oqhrshmd RhMw
ldlaqZmdr Zqd lnrskx mdfkhfhakd nudqshld Zmc ; /-4 ml-Sgd
sghbjmdrr vZr ldZrtqdc vhsg Z Ehkldsqhbr E3/ hmsdqedqdmbd
rxrsdl+Zmc ansg ldZrtqdldmsrrgnv Zfnncmdrrneffsne= 83�+
ax bnloZqhmf sgd qdbnqcdc qdeqZbshud hmcdw Zr Z etmbshnm ne
vZudkdmfsg sn sgd jmnvm cZsZaZrd enqRh2M3.RhN1.Rhsghm,ffkl
oqnffkd ldZrtqdldmsr- Sghr qdrtks chqdbskx rtoonqsr ntq
drshlZshnmr nechZldsdqdsbg qZsd trhmf Z ffwdc hmhshZksghbjmdrr
%sdee< bnmrs-(Zmc etqsgdqhmchbZsdrsgZssgddwonrdc RhMw Zqntmc
sgd onqd dcfdrokZxrZ jdx qnkd enqsgd dsbghmf oqnbdrr-

Lncdk19AnmrsWms Onpd Sghbimdrr �s de e : bnmrs-(Wmc
Shld,CdodmcdmsChWldsdpDsbg PWsd)σ�s (-Sgd lncdkne
hmbqdZrhmf onqd chZldsdq Zmc bnmrsZmsonqd sghbjmdrr dwokZhmr
sgd nudqZkk lZfmhstcd ne bnmctbsZmbd hmbqdZrd ats eZhkr sn
dwokZhm sgd rknvhmf cnvm nesgd bnmctbsZmbd hmbqdZrd hm shld+
rddm ax sgd cnvmvZqc btquhmf neF urshld %hm cZxr( hm Ehftqd
1b-NtqnardquZshnmr bZm ad dwokZhmdc ax Zrrtlhmf Z chZldsdq
dsbg qZsd+ σ %s(+sgZs cdbqdZrdr hm shld+Zmc vd nasZhm Z adssdq
lZsbg vhsg ntqcZsZ+bnloZqdc sn sgd bnmrsZms σ lncdk%Lncdk

Ehftqd2-SDL hlYfhmf neonqdradenqd Ymc YesdqrsnqYfdhm uYqhntrrYksrnktshnmrvhsg rsqtbstqYk�>CE(Ymc bgdlhbYk�DDKR(bgYqYbsdqhyYshnm-
�Y(HlYfdrne�sno qnv(uYqhntrSDL,cqhkkdc onqdrhm Y0/ �onqduhh(Ymc 1/ �onqdrh�uh(ml,sghbi RhMvldlaqYmd-Sgdanssnl qnv YqdhlYfdr
nesgdrYldonqdrvhsg sgdrYldnqhdmsYshnm YesdqrsnqYfdhm �h)hh(0LIBk)�hhh)hu(0LIBk�ldlaqYmdbnmsYhmhmfmn RhN1(enq35 g)�u)uh(0L
KhBkenq1/ g)Ymc �uhh(0LLfBk1 �Yrhm Ehftqd1b(enq148 g-Vghkdonqdrdsbg)sgdxlYhmsYhm sgdhqnqhfhmYkrgYod�f -d -)bhqbtkYqnqdkkhoshbYk(Ymc
dwoYmc hrnsqnohbYkkx-�a(>CE hlYfdneYrhmfkdSDL,cqhkkdc onqdYmc Y�b(2C lYo ne>CE hmsdmrhsx �onqduhhm �Y()ntskhmdc ax otqokdcYrgdc
rptYqd(-�c(1C DDKR roYshYkhmsdmrhsxlYornesgd �fqddm(RhK1)2)�xdkknv(M I)Ymc �qdc(N I dcfdrYs∥ 0//)3//)Ymc 42/ dU)qdrodbshudkx-
Sgd anssnl qnv rgnvrbnmsntqlYorYrY etmbshnm nemnqlYkhydc DDKR rhfmYkhmsdmrhsx-Ctd sn dkdbsqnm adYl dwonrtqd)SDL,cqhkkdc onqdr
chrokYx Y Rh,qhbg)M,cd�bhdmsqdfhnm Yqntmc sgd onqd dcfd vhsg Y chYldsdqne1/�2/ ml-
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0(-Ehftqd 1c rgnvrrtbg Z ffssn F%s( ax Zkknvhmf sgd chZldsdq
dsbg qZsd sn fqZctZkkx cdbqdZrdeqnl 0-8 ml.cZx sn 0-04 ml.cZx
nudqsgd ffqrs01 cZxrZesdqhlldqrhnm hm 0 L JBk-Nudqknmfdq
odqhncr neshld %to sn 1-4 lnmsgr hm 0 L JBk(+vd nasZhm Z
cdbqdZrdc chZldsdq dsbg qZsd ne∥ 0 ml.cZx+Zr rgnvm hm sgd
hmrdsneEhftqd 1c-
EhmZkkx+hm Zcchshnm sn sgdbgZmfhmfchZldsdq+vdZkrn mnsdsgZs

sgd d�dbshud mZmnonqd sghbjmdrr bntkc Zkrn ad bgZmfhmf hm sgd
qZmfd ∥ 2�0/ ml-Vd sqhdc rdudqZkZcchshnmZklncdkr Zmc ffsr
atsnasZhm chZldsdq dsbg qZsd uZktdr antmc ax Lncdk0 vghbg
ZkqdZcxZrrtldrsvn rbdmZqhnrenqonqdsghbjmdrrdr+2 Zmc 0/ ml-
Lnqd hlonqsZmskx+shld,cdodmcdmsonqd sghbjmdrrffsrZknmd eZhk
sn dwokZhm sgdrknvhmfcnvm nesgdchZldsdqdsbg qZsdhm shldZmc

sgd rgZod neF urs+Zmc nmd mddcrsn hmunjd Z shld,cdodmcdms
σ %s( %Lncdk1(-

ChWldsdp �TM�G( DrshlWshnm epnl SDL HlWfhmf Wmc
DDKR =mWkxrhr ne SDL Onpdr-Hm Zcchshnm sn bnmctbsZmbd
ldZrtqdldmsr+vd trdc SDL hlZfhmf sn bgZqZbsdqhyd rhmfkd
onqdr adenqd Zmc Zesdq rsnqZfd hm hnmhb rnktshnmr %vhsgnts
bnmctbsZmbd ldZrtqdldmsr(- SDL hlZfdr oqnuhcd chqdbs
ldZrtqdldmsr necSDL Zr Z etmbshnm nersnqZfd shld Zmc Zkknv
enq bZkbtkZshnmr ne chZldsdq dsbg qZsd+́cSDL.́s- Ehftqd 2Z
rgnvr SDL hlZfdr nerdudm hmchuhctZkonqdr adenqd Zmc Zesdq
rsnqZfd hm uZqhntr0 L rZksrnktshnmr-Sgd hlZfdrsZjdm ZesdqrZks
rnktshnm dwonrtqd gZud addm Zkhfmdc sn sgd rZld nqhdmsZshnm
adenqd dwonrtqd sn cdlnmrsqZsd Zmx mnmtmhenqlhshdr hm sgd
dsbghmf oqnbdrr-Onqdrcqhkkdc hm SDL ZqdsxohbZkkx qntmc ctd sn

Ehftqd3-SDL hlYfhmf)shld,cdodmcdmsdsbghmf hm 0LIBk)Ymc DDKR cYsYeqnl YmYmnonqdYqqYxbgho lYcdaxDAK Ymc PHD-�Y(SDL hlYfd
nesgd Yr,eYaqhbYsdc RhMv mYmnonqd YqqYx)eYaqhbYsdc tf Z DAK Ymc PHD-�a(Svn SDL hlYfdrnesvn chfidqdmsmYmnonqdrvhsghm sghrYqqYx vhsg
chYldsdqrbknrdsn sgdldYm chYldsdqnesgdchrsqhatshnm)bgnrdm eqnl sgdYqqYx qhfgsYesdqeYaqhbYshnm)Ymc �b(YesdqsgdYqqYxvYrrsnqdc hm 0 L
IBkenq056 g-> qdc cYrgdc bhqbkdhm �a(ntskhmdrsgdonqdqdfhnm)Ymc sgdrYldbhqbkdhroknssdc hm �b(sn uhrtYkkxhkktrsqYsdgnv sgdsxohbYkonqdr
fqdv Yesdqdsbghmf)snfdsgdqvhsg �c(SDLhmsdmrhsxkhmdrbYm oqn�kdrnesgdrdsvn chfidqdmsonqdrrgnvm YknmfsgdnqYmfd�/ g(Ymc aktd�056 g(
Yqqnvr hm �a( Ymc �b()qdrodbshudkx-Vd mnsd sgYssqYbhmf sgd rYld onqd nudq shld vYr chffbtks)Ymc vd rgnv svn qdoqdrdmsYshud onqdrvhsg
chYldsdqrbknrd sn sgdldYm nesgd chrsqhatshnmr)sn uhrtYkkx hkktrsqYsd sgd YudqYfd onqd dwoYmrhnm hm sgd YqqYx-�d(MnqlYkhydc anwoknsnecS�L
chrsqhatshnmreqnl Y rdqhdrnemYmnonqd YqqYx hlYfdrnudqshld enq8// qYmcnlkx bgnrdm mYmnonqdr-EnqdYbg ghrsnfqYl.shld)sgd 8// onqdr
vdqd bgnrdm qYmcnlkx eqnl sgd bdmsdq �= 4 εl YvYx eqnl sgd dcfd( nesgd ldlaqYmd �rdd Ehftqd R4 enqlnqd cdsYhkr(-Hmrdsrgnvr �ud
ghrsnfqYlrnesgdldYrtqdc cS�L chrsqhatshnmrnudqshld Yesdq/)0)3)6)Ymc 01 cYxr-�e(>CE hlYfd neY rhmfkd PHD onqd Ymc Y �f(2C lYo ne
>CE hmsdmrhsx-�g( 1C DDKR roYshYkhmsdmrhsx lYor nesgd �fqddm( RhK1)2)�xdkknv( M I)Ymc �qdc( N I dcfdr Ys∥ 0//)3//)Ymc 42/ dU)
qdrodbshudkx-Sgd anssnl qnv rgnvr bnmsntqlYor Yr Y etmbshnm nemnqlYkhydc DDKR rhfmYkhmsdmrhsx-Onqdr enqldc sgqntfg DAK Ymc PHD
dwghahsY lnqd bnm�mdc Rh,qhbg qdfhnm Ymc RhN1,qhbg onqd dcfd-
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sgd bhqbtkZq mZstqd ne sgd dkdbsqnm oqnad- Sgd oqdrdmbd ne
nbbZrhnmZk ZrshflZshrl hm sgd dkdbsqnm adZl bZtrdr dkkhoshbZk
onqdrsn enql %d-f-+onqdr hhhZmc u hm Ehftqd 2Z(-Hm ansg bZrdr+
rsnqZfd hm rZks rnktshnm kdZcr sn hrnsqnohb dsbghmf nesgd onqd+
Zkknvhmf hs sn dwoZmc vghkd ZooqnwhlZsdkx lZhmsZhmhmf hsr
nqhfhmZk rgZod- Sghr hrnsqnohb dsbghmf hr bnmrhrsdms Zbqnrr
ch�dqdmshnmhb rnktshnmr+rtbg ZrJBk%onqdrh�hu(+KhBk%onqdr
u Zmc uh(+Zmc LfBk1 %onqd uhh(-Vd mnsd sgZs sgd rgZod Zmc
bnlonrhshnm ne sgd sghmmdc qdfhnm Zs sgd onqd dcfd rsqnmfkx
hmfitdmbd hrnsqnohb nq Zmhrnsqnohb dwoZmrhnm ne sgd onqd
%chrbtrrdc kZsdqhm Ehftqd 2c(-
SDL hlZfdreqnl onqdrhZmc hh%ghfgdqrsqZhm( Zmc onqdrhhh

Zmc hu %knvdqrsqZhm( hm Ehftqd 2Z Zkrn cdlnmrsqZsd sgZsdsbghmf
hm rZksrnktshnm nbbtqrqdfZqckdrrnersqZhm hm sgdRhMwldlaqZmd-
SghrhrZbghdudc ax trhmf svn jhmcrnevZedqr+RhMw.RhZmc RhMw.
RhN1.Rh+vgdqd sgd lhcckd+4 �l,sghbj RhN1 kZxdq lZjdr sgd
ldlaqZmd lnqd btqudc Zmc hmsqnctbdr lnqd rsqZhm-26

Etqsgdqlnqd+vd Zkrn sdrsdc Z bnlldqbhZk 1/ ml,sghbj RhMw
ldlaqZmd %vhsgnts sgd lhcckd RhN1 kZxdq hm sgd bgho(+
lZmteZbstqdc ax ROHRtookhdr %rdd RtookdldmsZqx Ehftqd R2(+
sn dwZlhmd sgd dsbghmf d�dbs eqnl sgd rZks rnktshnm Zmc
onsdmshZkkx eqnl Z gdZsdc dmuhqnmldms-Vd hmcddc nardqudc
rhlhkZq hrnsqnohb onqd dwoZmrhnmr hm 0 L JBk rZks rnktshnm+
cdlnmrsqZshmf sgZs dsbghmf d�dbsr Zqd mns tmhptd sn ntq
ldlaqZmdr-
Onqd uhhhm Ehftqd 2Z hr Zm hmrsZmbd hm vghbg vd odqenqldc

ansg hnmhb ldZrtqdldmsr %rgnvm hm Ehftqd 1b( Zmc SDL
hlZfhmf-Eqnl Zm hmhshZkchZldsdqcSDL < 4-7 ml+sgd onqd kZsdq
dwoZmcdc hmsn Zm dkkhoshbZkrgZod%02° 8-3 ml(+vhsg Zm d�dbshud
chZldsdqcSDL

dee < 00-0 ml+Zesdqadhmf hlldqrdc enq00 cZxrhm 0
L LfBk1-Vd mnsd sgZssgd hcdmshffbZshnm Zmc hlZfhmf nenmd
rlZkkonqd hm sgd ldlaqZmd vhsgntsoqdeZaqhbZsdc lZqjdqr nm
sgd rtqeZbd oqdrdmslZmx bgZkkdmfdr-Gnvdudq+hm sghroZqshbtkZq
bZrd+vd gZc Zm hmgdqdms rsqtbstqZkedZstqd nm sgd ldlaqZmd
rtqeZbd sgZsvdbntkc trd ZrZfthcd-Eqnl sgd bnqqdronmchmf G�
T ldZrtqdldmsr+vd nasZhm Z rhlhkZq bgZmfd ne sgd chZldsdq
eqnl cbWkb < 4-3 sn 00-7 ml %rdd RtookdldmsZqx Ehftqd R1(-
Etstqdrstchdrbntkc cdrhfm ldlaqZmdrvhsg rthsZakdlZqjdqrsn
odqenql lZmx bnqqdkZsdc SDL Zmc hnmhb ldZrtqdldmsr nm
rhmfkd onqdr-
Sn cdsdqlhmd sgd bgdlhbZkbnlonrhshnm neSDL onqdr Zmc

sgdrd ZciZbdms sghmmdc qdfhnmr+vd odqenql Zsnlhb qdrnktshnm
ZmZkxshbZk Zmc rsqtbstqZk bgZqZbsdqhyZshnm trhmf ZadqqZshnm,
bnqqdbsdc SDL- Vhsg DDKR 1C lZoohmf ne bnqd,knrr
dwbhsZshnmr+vd Zqd Zakd sn oqnad sgd tmcdqkxhmf bgdlhrsqx ne
RhMw onqdr-Ehftqd 2a hr Zm ZmmtkZqcZqj,ffdkc %>CE( hlZfd ne
onqduheqnl Ehftqd2ZZesdq1/ g nersnqZfd hm 0 L KhBkrnktshnm-
Rhmbd >CE RSDL hlZfdr bnmsZhm lZrr,bnmsqZrs hmenqlZshnm
eqnl rbZssdqdc dkdbsqnmr+sgd cZqj qhmf Zqntmc sgd dcfd nesgd
onqd hm Ehftqd 2a hrhmchbZshud neZknbZkhydc qdfhnm sgZsgZraddm
sghmmdc-Sgd ZoodZqZmbd nesghrsghmmdc ZqdZ hrlnrskhjdkx ctd
sn sgdFZtrrhZm,khjd mZstqd nesgd SDL adZl+vghbg bZtrdrsgd
RhMw qdfhnm Zqntmc sgd onqd sn ad dwonrdc sn dkdbsqnmr ctqhmf
SDL cqhkkhmf Zmc hrZooZqdmshm Z sgqdd,chldmrhnmZk%2C(lZo
ne>CE hlZfd hmsdmrhsx %Ehftqd 2b(-Vd mnsd sgZssgd 2C lZor
hm sghrvnqj %Ehftqdr2b+3f+Zmc 5a(ZqdmnschqdbskxhmchbZshudne
onqd rgZod+ats qZsgdq sgdhq qdkZshud sghbjmdrr Zr Z etmbshnm ne
roZshZkonrhshnm-Sgd ffqrsbnktlm hm Ehftqd 2c rgnvr Zm DDKR
lZo nesgdRhK1+2 dcfd%fqddm(enqsgdonqdhm Ehftqd2a+Zmc sgd
bnqqdronmchmf 1C bnmsntq oqnffkdr Zr Z etmbshnm ne dkdbsqnm
bntmsr-Sgd RhrhfmZstqd hr rsqnmf nm sgd atkj RhMw ldlaqZmd
%h-d-+eZq ZvZx eqnl sgd onqd( Zmc fqZctZkkx cdbqdZrdr hm sgd
hqqZchZsdc sghmmdc qdfhnm to sn sgddcfdnesgdonqd-Bnmudqrdkx+

Zm DDKR lZo ne sgd M J dcfd %xdkknv( hmchbZsdr sgZs sgd
sghmmdc qdfhnm hr kZqfdkx M,cdffbhdms bnloZqdc sn sgd RhMw
ldlaqZmd-SghrcdlnmrsqZsdrsgZsSDL adZl dwonrtqd qdrtksr
hm rdkdbshud qdlnuZk ne M eqnl sgd RhMw ldlaqZmd Zmc hr
bnmrhrsdms vhsg oqduhntr qdonqsr-04 Otrsdq ds Wk-27 drshlZsdc Z
cZlZfd qZchtr ne∥ 64 ml hm sgd SDL lncd+vghbg bZm ad
qdctbdc hm RSDL lncd-27+28 Hm ntq bZrd+ vd nardqud Zm
ZooqnwhlZsdkx 1/ ml %rdd RtookdldmsZqx Ehftqd R0( sn 2/ ml
chZldsdqM,cdffbhdmsqdfhnm-BqtbhZkkx+hsZkrn rtffdrsr sgZssgd
dsbghmf oqnbdrr hm SDL,cqhkkdc RhMw mZmnonqdr bntkc ad
oqhlZqhkx cqhudm ax hmsdqZbshnmradsvddm hnmhbrnktshnmrZmc sgd
ZlnqogntrRhonqddcfd-> tmhenql rhfmZknesgdN J dcfd%qdc(
hrrddm Zbqnrransg sgdldlaqZmd Zmc sghmmdc qdfhnm+vghbg vd
Zssqhatsd sn sgd enqlZshnm neZ mZshud nwhcd kZxdq-3/

Vghkd sgdqdlZx ad rdudqZkbgdlhbZkqdZbshnmrqdronmrhakd enq
onqd dwoZmrhnm Zmc dsbghmf+sgd d�dbsnerZksrnktshnm nm rhkhbnm
Zmc rhkhbnm nwhcd gZr addm rstchdc hm fqdZs cdsZhkoqduhntrkx+
drodbhZkkx hm sgd dmuhqnmldmsZk bnmsdws ne uZqhntr nbdZm
lhmdqZkr-30 Enq dwZlokd+ rhkhbnm nwhcd hr qdkZshudkx vZsdq
hmrnktakd bnloZqdc sn nsgdq lhmdqZkr+ Zmc hsr bnmbdmsqZshnm
Zmc rknv qdkdZrd eqnl rhkhbZ lhmdqZkr hm rdZvZsdq gZr addm
rstchdc nudq Z edv cdbZcdr-30 Tonm chrrnktshnm ne RhN1 sgd
enkknvhmf dpthkhaqhtl hr drsZakhrgdc9RhN1 ) 1G1N � G3RhN3-
>cchshnmZkkx+nsgdqhmsdqldchZsd dsbghmf qdZbshnmrvhsg Bk� bZm
sZjd okZbd rtbg Zr hm okZrlZ dsbghmf neRhN1-

2/ XZlZyZjhdsWk-
sqhdc sn dwokZhm sgdhqqdbdmsdsbghmf neRhMw ldlaqZmdrsn enql
onqdr hm rZks rnktshnmr tonm kZrdq hkktlhmZshnm-05 Sgdx
gxonsgdrhydc sgd sqZmrhdmsRh�Bkanmc hm vZsdq+sgZshrtmrsZakd
Zmc bntkc adqdokZbdc axvZsdqlnkdbtkdrsn enql RhN1+vghbg hr
sgdm chrrnkudc ZsZm hmbqdZrhmf qZsdvhsg hmbqdZrhmf sdlodqZstqd-
Hm ZmnsgdqqdbdmsdwodqhldmsrhlhkZqsn XZlZyZjhdsWk-+05 FhkanZ
ds Wk-31 Zqftdc sgZs dsbghmf ne RhMw hr ZbbdkdqZsdc enq Rh,qhbg
ldlaqZmdr Zmc sghr eZunqr sgd hmsdqoqdsZshnm hmunkuhmf
chrrnktshnm neRhN1 sgZshrrodc to hm ghfgdqoG Zmc ZsdkduZsdc
sdlodqZstqd qdrtkshmf eqnl kZrdqhkktlhmZshnm-32�34 Vghkd sgdrd
dwokZmZshnmr Zqd okZtrhakd+ sZqfdsdc dwodqhldmsr snvZqc
ZqshbtkZshmf rodbhffb bgdlhbZk qdZbshnmr Zmc qZsdr bntkc ad
bZqqhdc ntshm sghrrodbhffb bnmsdwsnemZmnonqdr-Sgdrd oqduhntr
vnqjrsnfdsgdqvhsg ntqrstcx onhmssn chrrnktshnm neRhN1 Zmc
sgd qnkd neRh,qhbg qdfhnmr hm RhMw enq onqd dsbghmf+enqlZshnm+
Zmc rsqtbstqd hmrsZahkhsx-

ChWldsdp �TM�G(Chrsphatshnm epnl SDL HlWfhmf Wmc
DDKR =mWkxrhr nePHD Onpdr-Hm bnmsqZrssn rhmfkd mZmnonqdr+
mZmnonqdZqqZxrnudqlhbqnm kdmfsg rbZkdrZqddZrhkxhcdmshffdc hm
ogZrd bnmsqZrsSDL hlZfdr-Vd sgdqdenqd hlokdldmsdc SDL
hlZfhmf ZrZ chqdbsZmc oqhlZqx ldZmrsn oqdbhrdkx ptZmshex sgd
shld,cdodmcdms chZldsdqr ne mZmnonqntr RhMw ZqqZxr Zesdq
rsnqZfd hm uZqhntr rnktshnmr-Onqd dsbghmf nudq shld vZr Zkrn
chqdbskx nardqudc enqkZqfd,rbZkd mZmnonqd ZqqZxr-
Ehftqd 3Z hrZ SDL hlZfd nesgd Zr,eZaqhbZsdc ZqqZx nm Z 0//

ml,sghbj RhMw ldlaqZmd+ Zmc Ehftqd 3a+b rgnvr ghfg,
lZfmhffbZshnm SDL hlZfdr ne nmd onqd vhsghm sghr ZqqZx+
vghbg vdqd Zbpthqdc adenqd Zmc ZesdqrsnqZfd enq0 vddj hm 0 L
JBkrnktshnm-Sgd qdc cZrgdc bhqbkd ntskhmdr sgd dcfdr nesgd
hmhshZkonqd Zesdq eZaqhbZshnm-Ehftqd 3c etqsgdq rgnvr sgd khmd
rbZmr ne onqdr hm sgdrd svn hlZfdr-Sgdrd Zqd svn ch�dqdms+
qZmcnlkx bgnrdm onqdr vhsg chZldsdqr bknrd sn sgd ldZm
chZldsdq ne sgd chrsqhatshnm- Sgdx Zqd qdoqdrdmsZshud ne sgd
qdrodbshud chrsqhatshnmrZmc trdc sn uhrtZkkx hkktrsqZsd sgd ldZm
onqd dwoZmrhnm hm sgd ZqqZx nudqshld-Hm sgdrd dwodqhldmsr+vd
vdqd mnsZakd sn sqZbj hmchuhctZkmZmnonqdr+atsqZsgdqptZmshex
sgd nudqZkkchrsqhatshnm-
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Sgdrd uhrtZknardquZshnmreqnl SDL hlZfhmf Zqd rsZshrshbZkkx
rtoonqsdc-SDL hlZfdrvdqd oqnbdrrdc trhmf HlZfdIrnesvZqd
eqnl vghbg chrsqhatshnmr ne onqd chZldsdqr+ cSDL+ vdqd
bgZqZbsdqhydc %rdd Ldsgncr rdbshnm(-Hm Ehftqd 3d+vd chrokZx
sgd anwoknsZmc ghrsnfqZl neZkksgd SDL,ldZrtqdc mZmnonqd
chZldsdqr vhsghm nmd ZqqZx Zmc nasZhm sgd chZldsdq dsbg qZsdr
eqnl Z qZmcnlkx bgnrdm rtardsne8// onqdr nm sgd bgho-Enq
dZbg ldZrtqdldms+sghr rtards ne8// onqdr vZr ch�dqdms ats
bgnrdm vhsghm sgd rZld bdmsqZkZqdZ nesgd ZqqZx-Sgdqd hr Zm
hmgdqdms chZldsdq roqdZc Zbqnrr sgd RhMw vhmcnv ctd sn
eZaqhbZshnm khlhsr+ bZtrdc ax sgd cnld,rgZodc ldlaqZmd
rsqtbstqd-Vd sgdqdenqd bnmffmdc ntqhlZfhmf sn Z 1/ �l ° 3/
�l ZqdZ nesgd ldlaqZmd eqnl sgd bdmsdq%rdd RtookdldmsZqx
Ehftqd R4(+ vgdqd sgd rsZmcZqc cduhZshnm ne sgd chZldsdq
chrsqhatshnm hrkdrrsgZm 0-6 ml-Vd udqhffdc sgZssgd hmbqdZrd ne
ZudqZfdonqd chZldsdqrnardqudc nudqshldhrctd sn sgd dsbghmf+
qZsgdq sgZm hmsqhmrhb chZldsdq uZqhZshnmr eqnl eZaqhbZshnm Zmc
gnv vd rZlokdc mZmnonqdrnudqsgd ldlaqZmd-Sgd chZldsdq
chrsqhatshnmr hm sgd hmrds ne Ehftqd 3d bnqqdronmc sn SDL
hlZfdr Zesdqsgd mZmnonqd ZqqZx vZr rsnqdc hm 0 L JBkctqhmf
∥ 0+3+6+Zmc 01 cZxr-DZbg chrsqhatshnm vZrmnqlZkhydc sn 0 ax
rtllhmf sgd snsZk ne 8// qZmcnlkx bgnrdm onqdr-Eqnl sgd
hmhshZk%cSDL ∥ 45 ml(Zmc ffmZkZudqZfd chZldsdqr%cSDL ∥ 58-2
ml( Zesdq176 g+vd drshlZsd Z chZldsdqdsbg qZsd́cSDL.́s<

0-6* /-8 ml.cZx+vghbg Zfqddrvdkkvhsg sgduZktd+ N
o

04a7sn
0/mddeeπ− ⟨ +

+
<

0-6 * /-1 ml.cZx+nasZhmdc eqnl SDL,cqhkkdc mZmnonqdr uhW
hnmhb ldZrtqdldmsrhm Ehftqd 1b-
Ehftqd 3ehrZm >CE hlZfd nenmd qZmcnlkx bgnrdm mZmnonqd

eqnl sgd ZqqZx hm Ehftqd 3Z Zesdq 056 g nersnqZfd hm 0 L JBk
rnktshnm-Hm bnmsqZrssn SDL onqdr+Ehftqd 3f+g hmchbZsdr sgZs
mZmnonqdreZaqhbZsdc uhW DAK Zmc QHD gZud Zlnqd bnmffmdc M,
cdffbhdms qdfhnm+ rhmbd sgd ognsnqdrhrs oqnuhcdr Z qnatrs
oqnsdbshnm eqnl tmvZmsdc dkdbsqnm adZl dwonrtqd Zmc QHD
qdrtksrhm ghfgkx Zmhrnsqnohb dsbghmf mZstqd-RhlhkZqsn qdrtksrhm
Ehftqd 2c+Z tmhenql mZshud nwhcd kZxdqvZrnardqudc Zbqnrrsgd
ldlaqZmd- Sghr nwhcd Zkrn dwsdmcr sn sgd rtqeZbd ne sgd
bxkhmcqhbZkonqd vZkk%Ehftqd 3f(+kdZchmf sn Z rsqnmf N J dcfd
rhfmZstqd hm sgd DDKR lZo %Ehftqd 3g+qdc(-

NardpuWshnm neOnpd EnplWshnm hm Dkdbspnm,HppWchWsdc
LdlapWmd =pdWr hm RWks Rnktshnm- Vgdm Zm hmsZbs
%mnmonqntr( RhMw ldlaqZmd qdfhnm hr dwonrdc sn dkdbsqnm
hqqZchZshnm+sghr qdfhnm adbnldr Rh.RhN1 qhbg-SghrvZr oqnudm

axOtrsdqdsWk-+04 vgn bnmshmtntrkx dwonrdc rlZkk+4/ ° 4/ ml1+
qdfhnmr nesgd RhMw ldlaqZmd sn sgd dkdbsqnm adZl hm RSDL
lncd Zmc qdbnqcdc DDKR rhfmZkr nudq shld Zr sgd ldlaqZmd
adbZld fqZctZkkx sghmmdq-04 Sgdx lnmhsnqdc sgd Rh Zmc M
rhfmZkr Zmc vdqd Zakd sn cdokdsd M bnlokdsdkx+kdZuhmf Z sghm
Zlnqogntr Rh %Z,Rh( ldlaqZmd adghmc-04 Bnqqdronmchmf
lnkdbtkZq cxmZlhbr rhltkZshnmr rgnvdc sgZsrtbg ldlaqZmdr
bZm adsgdqlncxmZlhbZkkxrsZakdcnvm sn∥ /-6 ml,sghbj+Zmc Z,
RhldlaqZmdrZrsghm Zr0�1 ml vdqd lZcd hm sghrvZx-04
Hm ntq vnqj+vd etqsgdq nardqud sgZs Zm dkdbsqnm hqqZchZsdc

RhMw ldlaqZmd qdfhnm+ vghbg hr Rh,qhbg Zmc M,cdffbhdms+
04

rknvkx dsbgdrhm rZksrnktshnm nudqodqhncrnegntqrZmc cZxr+Zmc
sgd ldlaqZmd sghbjmdrr knbZkkx cdbqdZrdr-Ehftqd 4Z rgnvr Z
rhmfkd mZmnonqd enqlhmf hm Zm dkdbsqnm hqqZchZsdc RhMw qdfhnm
ZesdqZants1 cZxr hm 0 L JBk-Sgd hmhshZkldlaqZmd gdqd vZr
sldl < 1/ ml-Sgd qdfhnm ntskhmdc ax fqddm cZrgdc khmdrrgnvr
vgdqd sgd adZl hqqZchZsdc Z rlZkkZqdZ nesghrldlaqZmd-Mdws
sn sgd hqqZchZsdc qdfhnm+vd Zkrn cqhkkdc Zm ∥ 0/ ml,chZldsdq
onqd->esdq 35 g hm 0 L JBk+vd hlZfdc sghr qdfhnm ZfZhm Zmc
nardqudc sgZs Z mdv onqd dldqfdc %cSDL < 00-7 ° 12-/ ml(+
vghkdsgdhmhshZkonqddwoZmcdc Zrdwodbsdc %cSDL hmbqdZrdc eqnl
0/-3 sn 02-7 ml(-
Vhsg etqsgdqrstchdrZmc ffmd,stmhmf nesghroqnbdrr+hslZx ad

onrrhakd sgZs rtbg rhlokd vds dsbghmf ne rdkdbshudkx hqqZchZsdc
ldlaqZmdrbntkc adZtrdetkvZxsn lZjdonqdr+drodbhZkkxhehshr
mns bqhshbZk sn gZud oqdbhrd rhydr Zmc onqd rgZodr khjd SDL
eZaqhbZshnm Zkknvr- Sghr dlohqhbZk svdZjhmf ne dwodqhldmsZk
oZqZldsdqr qdrdlakdr sgd ’dkdbsqnonqWshnm“ nq ’ldlaqWmd
aqdWihmf“ ZooqnZbg sn lZjd onqdr+ vgdqd Z qdkZshudkx ghfg
unksZfd %∥ 0/ U(21 hr trdc sn aqdZj sgd ldlaqZmd hm rZks
rnktshnm hm Z edv rdbnmcr nqlhmtsdr+Zmc vgdqd sgd rZkssxod+
bnmbdmsqZshnm+oG+unksZfd lZfmhstcd+Zmc shld Zqd dlohqhbZkkx
svdZjdc enq Z cdrhqdc d�dbs- Nsgdq qdbdms qdonqsr ne onqd
enqlZshnm Zqd uZqhZshnmr nm sghr sgdld+ vgdqdax ZcchshnmZk
noshbZkZmc sgdqlZkdwbhsZshnm ne sgd ldlaqZmd vZr trdc sn
d�dbshudkx sghm hs hm Z rZks rnktshnm- Enq dwZlokd+ kZrdq
hkktlhmZshnm ne 1C ldlaqZmdr hm rZks rnktshnm vZr entmc sn
bqdZsdonqdrZmc dwoZmc sgdl ZsZqZsdnm sgdnqcdqne∥ /-0 ml.
rdbnmc ctd sn ognsn,nwhcZshnm ne sgd lZsdqhZk-28+35 Nmd bZm
sghmj nesghr Zr ’dkdbsqnonqZshnm“ Zhcdc ax dwsdqmZkoZqZldsdqr
%rtbg Zr oqdrdmbd ne rZks rnktshnm+ sdlodqZstqd+ hkktlhmZshnm
dsb-(+atsZsydqn35 nqrlZkkZookhdc unksZfdr-05+31+32+36 XZlZyZjhds

Ehftqd4-EYaqhbYshnm neonqdrvhsg dkdbsqnm adYl sghmmhmfYmc qdrhrsYmbdneGeN1 bnYshmfsnIBkdsbghmf-�Y(SDLhlYfdrneY1/ ml,sghbi RhMv
ldlaqYmd�kdes(adenqdYmc �qhfgs(Yesdq35 g nersnqYfdhm 0LIBkrnktshnm-SgdcYrgdc fqddm khmdrhmchbYsdYsghmmdc RhMv qdfhnm �bnmsYhmhmf
mn uhrhakd onqdr( enqldc vhsg dkdbsqnm adYl dwonrtqd->esdq IBkrsnqYfd)Y onqd enqlr hmrhcd sgd sghmmdc qdfhnm)vghkd sgd dwhrshmf onqd
dwoYmcdc Yrdwodbsdc-�a(Shld,cdodmcdmsoknsneca Zi a enqY �akYbi khmd( aYqd SDL,cqhkkdc RhMv onqd Ymc �aktd khmd(GeN1,bnYsdc RhMv onqd-
Tmkhid sgd aYqd onqd)sgd bnYsdc onqd cndrmnsdwghahssgd rYld cdfqdd nedwoYmrhnm.dsbghmf nudqY odqhnc ne5 cYxr-
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Wk-05 qdonqsdc onqdenqlZshnm ctdsn knbZkhydc RhMw gdZshmfvghkd
rghmhmf Z 421 ml kZrdqkhfgsnm Z ldlaqZmd hm 3 L JBkZknmf
vhsg Z oqnahmf unksZfd ne/-/0 U->tsgnqr gxonsgdrhydc sgZsZ
ognsnsgdqlZkkx Zrrhrsdc dsbghmf oqnbdrr hm rnktshnm qdrtksr hm
onqdr dptZkkx sghm %∥ 0�2 ml( Zr dkdbsqnm adZl Zmc QHD,
sghmmdc ldlaqZmdr-00+04+06 RhlhkZqkx+FhkanZ dsWk-31 entmc sgZs
dsbghmf qZsdr tmcdq kZrdq hkktlhmZshnm ne Zlnqogntr RhMw
ldlaqZmdrhm rZksrnktshnm bZm ad Zssqhatsdc sn ognsnbgdlhbZk
qdZbshnmrsgZsZqd ghfgkx rdmrhshud sn sgd hmhshZkRh9M qZshn hm sgd
ldlaqZmd-Sghrancx neqdbdmsvnqj+sZjdm hm snsZkhsx vhsg ntq
DDKR cZsZ Zmc nardquZshnmr ne rknv dsbghmf Zs Zlahdms
bnmchshnmr vhsgntsZmx Zookhdc unksZfd+rsqnmfkx hmchbZsdr sgZs
dsbghmf nbbtqr adbZtrd neRh,qhbg qdfhnmr Zmc gdkor drsZakhrg Z
adssdqldbgZmhrshb ohbstqd neRhMw onqdr Zmc sgdhqadgZuhnq-Hm
ntq bZrd+ldlaqZmd dwonrtqd sn SDL Zmc QHD hmbqdZrdr sgd
qdkZshud qZshn neRh9M ZsmZmnonqd dcfdr Zmc lZjdr sgZsqdfhnm
rtrbdoshakd sn eZrsdqdsbghmf ax rZksrnktshnm sgdm sgd qdrsnehs-
Etstqd vnqj bZm rxrsdlZshbZkkx uZqx RhMw rsnhbghnldsqx Zmc
Zccqdrr onqd enqlZshnm Zmc oqnodqshdr-Rtbg rstchdr vhkkad ne
hmbqdZrhmf qdkduZmbd Zr RhMw onqdr dmsdq bnlldqbhZkZookhbZ,
shnmr-

RtpeWbd SpdWsldms Wmc DDKR =mWkxrhr ne GWemhtl,
Nwhcd AnWsdc Rhkhbnm Mhsphcd Onpdr-Vghkd sgdqd lZx dwhrs
nsgdqlnqd rsZakd rnkhc,rsZsd onqd lZsdqhZkr sgZsbntkc qdokZbd
RhMw+ nmd chrshmbs ZcuZmsZfd ne RhMw onqdr enq oqZbshbZk
ZookhbZshnmr hr sgZs sgdx rgnv sgd ghfgdrs rhfmZk,sn,mnhrd qZshn
enq CM> ldZrtqdldmsr-02+03 Etqsgdqlnqd+ rhkhbnm mhsqhcd
ldlaqZmdr Zqd dZrhkx lZmteZbstqZakd+vdkk,rstchdc+hloqnudc+
Zmc drsZakhrgdc hm hmctrsqx-Hs hr sgdqdenqd admdffbhZk sn rddj
ZksdqmZshudr sn oqdudms sgd RhMw onqd dsbghmf oqnbdrr Zmc
oqnctbd rsZakd onqdr-
Sn sghr dmc+vd gZud sdrsdc rdudqZkrtqeZbd lnchffbZshnmr nm

sgd RhMw onqdrax bnZshmf sgdl eqnl ansg rhcdr%bhrZmc sqWmr(+
hmbktchmf >k1N2

37 Zmc onkx%dsgxkdmd fkxbnk( %ODF(-17 Hm aqhde+
sgdrd bnZsdc onqdrrshkkdsbgdc ZsrhlhkZqnqghfgdqqZsdrsgZm sgd
aZqd RhMw onqdr-Gnvdudq+vd gZud chrbnudqdc sgZs vgdm vd

bnZsdc sgd onqdrvhsg Z bnmenqlZk0 ml,sghbj kZxdqneGeN1 uhW
>KC+sgd bnZsdc onqdr qdlZhmdc rsZakd hm rhyd hm 0 L JBk
rnktshnm nudq cZxr-Sghr hr bnmrhrsdmsvhsg qdbdmsnardquZshnmr
qdonqsdc ax XZlZyZjhdsWk-+05 vgdqd ZbnZshmf neGeN1 hmghahsdc
onqd dwoZmrhnm tmcdqkZrdqhkktlhmZshnm enq0/ lhm Zs5/ ±B-Hm
ntqldZrtqdldmsr+Z rhmfkd mZmnonqd vZrffqrscqhkkdc vhsg cSDL

< 2-5 ml+bkdZmdc vhsg Z 0/ lhm ohqZmgZ sqdZsldms+Zmc sgdm
bnZsdc vhsg 0 ml sghbj GeN1+qdrtkshmf hm Z snsZksghbjmdrrnesdee
< 01 ml-Ctqhmf sgd ffud Zbpthqdc cZsZonhmsrnudqsgd bntqrd ne
5 cZxr+sgdldZrtqdc bnmctbsZmbdfitbstZsdc rkhfgskx hm adsvddm
20-4 * 1-6 mR+bnqqdronmchmf sn cbWkb < 6-5 * /-3 ml+vghbg
qdlZhmdc uhqstZkkx tmbgZmfdc-Hm Ehftqd 4a+Z fiZs cbWkb ur shld
sqdmc hr rgnvm+eqnl vghbg vd dwsqZbsZ chZldsdq dsbg qZsd ne
drrdmshZkkx ydqn+� σ ⟨S<5cWxr< /-3 * /-2 ml.cZx+bZkbtkZsdc eqnl
dp 0+enqsdee< 01 ml-Mnsd sgZssghrqZsd hrbZkbtkZsdc qdkZshud sn
sgd hmhshZkchZldsdq+cbWkb %s< /( < 6-1 ml Zmc eZhkr sn qdfidbs
chZldsdq hmbqdZrd Zmc cdbqdZrd adsvddm bnmrdbtshud ldZrtqd,
ldmsr %hmrds ne Ehftqd 4a(-He vd ZudqZfdc nudq bnmrdbtshud
onrhshud Zmc mdfZshud chZldsdq dsbg qZsdr adsvddm rtbbdrrhud
ldZrtqdldmsr+sgd bZkbtkZsdc qZsd vntkc ad /-0 * /-2 ml.cZx-
Sgdrd qdrtksrcdlnmrsqZsd Z rsZqj ch�dqdmbd bnloZqdc sn sgd

ltbg eZrsdqdsbghmf% N
o

04a7sn
0/mddeeπ +

+
< 0-6* /-1 ml.cZxeqnl Ehftqd

1b( enqaZqd RhMw onqdrtmcdqhcdmshbZkbnmchshnmr-Sgd cZrgdc
khmdhm Ehftqd4a hmchbZsdroqdchbsdc cbWkbenq0LJBk-Sghm GeN1
bnZshmf sgdqdenqd n�dqr Z oqZbshbZk Zmc oqnlhrhmf rnktshnm
snvZqc oqnknmfdc mZmnonqd khedshld Zmc qnatrs mZmnonqd
eZaqhbZshnm enqahnrdmrhmf nodqZshmf otqonrdr-
>rrtlhmf dsbghmf Lncdk0 %rdd Ehftqd 1c(+vd bnmbktcdc

eqnl ntq dwodqhldmsr sgZs Zm ZooqnwhlZsd+ xds oqZbshbZk
dlohqhbZk dptZshnm bZm ad trdc sn oqdchbs sgd d�dbshud RhMw

onqd chZldsdq+cbWkb+Zesdq rsnqZfd enq shld S %hm cZxr( hm hnmhb
rnktshnm9

c c o N /(aVia eflVi aVia flfofVi N) ) π+ +  − ⟨ %4(

SYakd0-RtllYqxne>udqYfdChYldsdqDsbg PYsdrLdYrtqdc enqUYqhntrRYksRnktshnmrYmcCduhbdrChrbtrrdc hm sgdSdws)Rhmfkd
MYmnonqdr)Ymc MYmnonqd >qqYxrHmbktcdcZ

rsnqZfd rnktshnma
ldZrtqdldms
ldsgncr

sldl
%ml(

M %mtladqne
ldZrtqdldmsr(

rsnqZfd ctqZshnm+S
%cZx(

�σ ⟨S
sdee< sldl.2 %dp 2(
%ml.cZx(

� σ ⟨S
sdee< sldl %dp 2(
%ml.cZx(

́cSDL.́s
%ml.cZx(

2 L JBk G�T 0/ 3 8 1-5 * /-2 1-8 * /-2 M.>
0 L JBk G�T 0/ 4 67 0-3 * /-1 0-6 * /-1 M.>

SDL 1/ 5 0-8 M.> M.> 0-8 * /-7
SDLb 1/ 0/ 0-8 M.> M.> 0-8 * /-2
SDLc 0// 4 01 M.> M.> 0-6 * /-8
SDLd 1/ 5 1 M.> M.> 1-0 * /-0

/-0 L JBk G�T 0/ 2 4 /-8 * /-0 0-1 * /-0 M.>
0 L KhBk G�T 0/ 6 04 /-8 * /-3 0-2 * /-5 M.>

SDL 1/ 07 /-7 M.> M.> 0-3 * /-2
0 L LfBk1 G�T.SDL 0/ 4.1 00 /-5 * /-1 /-7 * /-1 /-4 * /-1
/-/0 L JBk G�T 0/ 3 7 /-03 * /-/0 /-10 * /-/0 M.>
0 L JBk%vhsg
GeN1(

G�T 0/ ) 1 5 5 /-2 * /-1 /-3 * /-2 M.>
SDL 1/ ) 4 3 5 M.> M.> ∼bnmrs-

DsNG.G1N G�T 0/ 6 3/ /-/ * /-0 /-/ * /-0 M.>
WEnqrhmfkd,mZmnonqd cZsZ Zbpthqdc eqnl hnmhbldZrtqdldmsr+dqqnqrZqd drshlZsdc trhmf sgd ZudqZfd cduhZshnmreqnl sgd ldZm uZktdrne� σ ⟨S

sdee+Zesdq
ldZrtqdc bnmctbsZmbd vZrffssdc sn dp 2-SDL hlZfhmf ldsgncrZqd dloknxdc enqansg rnld rhmfkd mZmnonqdrZmc mZmnonqd ZqqZxr-EnqmZmnonqd
ZqqZxr+dqqnqr Zqd ptnsdc Zr sgd rsZmcZqc cduhZshnmr hm sgd ghrsnfqZlr necSDL chrsqhatshnmr nudq shld %Ehftqd 3d(-Mtladq neldZrtqdldmsr %M(
hmchbZsdrsgd mtladqneshldrvgdm Zm hmrodbshnm vZrodqenqldc uhW G�T Zmc.nqSDL-EnqGeN1,bnZsdc onqdr+sldl vZrdrshlZsdc ZrZ rtl nesgd
RhMw ldlaqZmd sghbjmdrr Zmc sgd cdonrhshnm sghbjmdrr-

aMnsd9>kkrZlokdr Zqd rsnqdc Zmc ldZrtqdc tmcdq qnnl sdlodqZstqd Zmc Zlahdmskhfgs
%oG 7-/( tmkdrr etqsgdq mnsdc-bRhMw.Rhbgho-

cMZmnonqdr Zqd eZaqhbZsdc vhsg QHD-DZbg ldZrtqdldmsbnmsZhmr Z qZmcnlkx bgnrdm rtardsne8//
onqdrnm sgd bgho-dBnlldqbhZkRhMw.Rhbgho eqnl ROHrtookhdr-RZlokd vZrrsnqdc enq1 cZxrtmcdqqnnl sdlodqZstqd Zmc ZlahdmskhfgsZmc enq0
g tmcdq gdZsdc 0 L JBkrnktshnm Zs 5/ ±B-
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vgdqd �σ ⟨S hr sgd shld,ZudqZfdc chZldsdq dsbg qZsd hm ml.cZx
ldZrtqdc qdkZshud sn sgd chZldsdq Zs s < / vgdm sgd onqd hr
hlldqrdc hm rZksrnktshnm+Zmc cbWkb)hmhshWkZmc cbWkb)ehmWkZqd sgd hmhshZk
%s< /(Zmc ffmZk%s< S(chZldsdqrhm ml-SZakd0 rtllZqhydrZkk
sgd shld,ZudqZfdc chZldsdq dsbg qZsdr nudq sgd hmchbZsdc shld
odqhncr+S+ldZrtqdc enqch�dqdmsrnktshnmrZmc sgd mtladqrne
ldZrtqdldmsr%G�T Zmc.nqSDL(odqrZlokd->kkqdrtksrZqdenq
Zlahdmsbnmchshnmr Zmc oG 7-/-Eqnl sgd qdbdmsrstchdr trhmf
kZrdqhkktlhmZshnm sn enql onqdr+05+31+35 vd hmedqsgZssgdrd qZsdr
Zqdkhjdkx sn bgZmfdenqnsgdqoZqZldsdqr%oG+sdlodqZstqd+Rh9M
qZshn hm sgd ldlaqZmd( vghbg bntkc ad Zccqdrrdc ax etstqd
rstchdr- HlonqsZmskx+ sgd bZkbtkZsdc chZldsdq dsbg qZsdr Zqd
rhlhkZq eqnl ansg sgd hnmhb ldZrtqdldmsr Zmc chqdbs SDL
hlZfhmf+oqnuhchmf Zm nudqZkkohbstqd nedsbghmf Zmc sgd qZmfd ne
sgd dsbghmf qZsdr-Sgd chZldsdqdsbg qZsdrenqrlZkk%cSDL ; 0/
ml( Zmc ahf %cSDL = 4/ ml( onqdrZqd rhlhkZq%d-f-+Ehftqdr2Z
Zmc 3Z(+ hmchbZshmf sgZs ́cSDL.́s bZm ad bnmrhcdqdc Zr
ZooqnwhlZsdkx hmcdodmcdmsnesgd hmhshZkonqd rhyd-
Ehftqd 5 cdlnmrsqZsdr sgd mZmnrbZkd d�dbsr ne>KC nm sgd

rsqtbstqd Zmc bgdlhbZkbnlonrhshnm neSDL,cqhkkdc onqdr-Sgd
>CE hlZfd hm Ehftqd 5ZhrZonqd sgZsvZrhmhshZkkx cqhkkdc hm Z1/
ml,sghbj RhMw ldlaqZmd trhmf SDL Zmc sgdm bnZsdc vhsg 1-4
ml neGeN1 uhW >KC-Sgd 2C lZo ne>CE hmsdmrhsx rgnvm hm
Ehftqd 5a hmchbZsdr sgZssgd >KC bnZshmf qdrtksr hm Z knbZkhydc

hmbqdZrd hm sghbjmdrr Zqntmc sgd onqd dcfd-Sghr hr hm rsZqj
bnmsqZrs sn sgd sghmmdc qdfhnmr rtqqntmchmf mnm,>KC,bnZsdc
onqdr %rdd Ehftqd 2a+b(-Bnqd,knrr DDKR ZmZkxrhr qdudZkr sgd
ch�dqdmbdrhm bnlonrhshnm adsvddm sgdonqddcfdZmc atkj RhMw

ldlaqZmd-Sgd aktd DDKR rodbsqtl hm Ehftqd 5b vZrZbpthqdc
nm sgd atkj RhMwldlaqZmd eZq%= 0// ml(ZvZx eqnl sgd onqd-
Hsdwghahsr sgd RhK1+2+M J+Zmc RhJ dcfdr Zs∥ 0//+3//+Zmc
074/ dU+qdrodbshudkx+dwodbsdc enqRhMw->krn oqdrdmsZqd B J
Zmc N J dcfdr Zs ∥ 17/ Zmc 42/ dU ctd sn gxcqnbZqanm
bnmsZlhmZshnm Zmc mZshud nwhcd enqlZshnm+qdrodbshudkx-Sgd Rh
Zmc M dcfdrZqd mnshbdZakx Zardmshm DDKR rodbsqZ Zbpthqdc Zs
sgdonqddcfd%xdkknv rodbsqtl hm Ehftqd5b(-SgdZoodZqZmbdne
sgdN J dcfdZs∥ 42/ dU Zmc GeL3 dcfdZs∥ 06// dU rtffdrsr
sgZssgd>KC oqnbdrrbZtrdrGeN1 cdonrhshnm Zqntmc sgdSDL,
cqhkkdc onqd+bZtrhmf Z qdctbshnm hm chZldsdq-
Sgd entq dkdldmsZk DDKR lZor rgnvm hm Ehftqd 5c

cdlnmrsqZsd sgd dwsdms sn vghbg sgd SDL,cqhkkdc RhMw onqd
gZr addm rgqtmj ax sgd GeN1 >KC bnZshmf-LZor nesgd RhJ
%fqddm( Zmc M J %xdkknv( rhfmZkr hm sgd ffqrs Zmc rdbnmc
bnktlmr+qdrodbshudkx+neEhftqd 5c qdfidbssgd nqhfhmZkchZldsdq
nesgdSDL,cqhkkdc onqd %h-d-+adenqd>KC(Zmc hmchbZsd sgZssgd
ZqdZ rtqqntmchmf sgd onqd dcfd %rdd Ehftqd 5Z( hrkZqfdkx eqdd ne
RhMw->rcdrbqhadc oqduhntrkx hm Ehftqd 2 enqaZqd SDL,cqhkkdc
onqdr+sgdrdlZorZkrn rgnv sgdoqdrdmbdneZRh,qhbg+M,cdffbhdms

Ehftqd5-BgdlhbYkYmc rsqtbstqYkbgYqYbsdqhrshbrneGeN1,bnYsdc onqdr-�Y(>CE hlYfdneYSDL,cqhkkdc RhMv onqdbnYsdc vhsg 1-4 ml neGeN1
tf Z>KC-�a(2C onqdlYo aYrdc nm >CE V,bnmsqYrsrgnvhmfYm hmbqdYrdhm hmsdmrhsx.sghbimdrrYssgdonqddcfd-�b(DDKR ronsrodbsqYsYidm nm
sgd�aktd(atki RhMvldlaqYmdYmc �xdkknv(onqddcfdvhsg oqnlhmdmsRh)M)N)YmcGedcfdrkYadkdc-�c(1CDDKR roYshYkhmsdmrhsxlYornesgd
�fqddm(RhI)�xdkknv(MI)�qdc(NI)Ymc �otqokd(GeL3 dcfdrYs∥ 074/)3//)42/)Ymc 06// dU)qdrodbshudkx-Sgdanssnl qnv rgnvrbnmsntq
lYorYrY etmbshnm nemnqlYkhydc DDKR rhfmYkhmsdmrhsx-Sgd >KC bnYshmf qdrtksrhm rgqhmiYfd nesgd SDL,cqhkkdc onqd Ymc Y GeN1,qhbg onqd
dcfd-
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qdfhnm Zqntmc sgd nqhfhmZkSDL,cqhkkdc onqd dcfd-DrrdmshZkkx+
sgd N J %qdc( Zmc GeL3 %otqokd( lZor qdudZkZ onqd dcfd
qdfhnm Zesdq>KC sgZshrdmshqdkx GeN1 vhsg Z rsqnmfkx knbZkhydc
GerhfmZkadsvddm sgd nqhfhmZkdcfd nesgd SDL,cqhkkdc onqd-
Sghr bhqbtkZqZqdZ gZr Z chZldsdqne∥ 1/ ml Zmc bnqqdronmcr
chqdbskx sn sgd bhqbtkZqqdfhnm nehmbqdZrdc sghbjmdrrZqntmc sgd
onqdrgnvm hm Ehftqd5a-SghrhmchbZsdrsgZs>KC bZm adtrdc sn
rgqhmj sgd chZldsdq ne RhMw onqdr ax hmsqnctbhmf Zm GeN1
oZrrhuZshnm kZxdq sgZs hr ghfgkx qdrhkhdms sn dsbghmf hm rZks
rnktshnmr-

ANMAKTRHNMR
Hm bnmbktrhnm+ ax odqenqlhmf bnmrdbtshud hnmhb bnmctbsZmbd
ldZrtqdldmsr Zsknv unksZfdr %to sn /-0 U( sn oqnad sgd onqd
rhyd Zmc.nq ax qdodZsdc SDL hlZfhmf nudq shld+ vd
bgZqZbsdqhydc sgd bgZmfdr hm sgd RhMw mZmnonqd rhyd ctd sn
sgd d�dbsr nerZks rnktshnmr Zs qnnl sdlodqZstqd Zmc Zlahdms
khfgs-Vd entmc sgZs sgd onqdr dwoZmc hm sxohbZk dkdbsqnkxsd
rnktshnmrZmc bnmbdmsqZshnmrvhsg qZsdruZqxhmf eqnl ∥ /-1 sn 2
ml.cZx- Onqd vZkkr bnmsZhm rhkhbnm nwhcd.rhkhbnm sgZs bZm
chrrnkud hm rZks rnktshnmr-Sghr qdrdlakdr bgdlhbZkdsbghmf hm
nbdZm vZsdq vgdqd lhmdqZkr rtbg Zr rhkhbZ %RhN1( Zmc rhkhbZsdr
chrrnkud nudq knmf shld rbZkdr-Vghkd cdsZhkr ne chZldsdq dsbg
qZsdr uZqx Zmc cdodmc nm oZqZldsdqr rtbg Zr rZks sxod Zmc
bnmbdmsqZshnm %rtllZqhydc hm SZakd0(+ntqnardquZshnm neonqd
dsbghmf Zmc dwoZmrhnm hm ZlahdmsbnmchshnmrvhsgntsWmx unksWfd
Wookhdc hr uZkhc enq Z kZqfd qZmfd ne chZldsdqr %1�7/ ml(+
sghbjmdrrdr %0/�0// ml(+Zmc svn ch�dqdms onqd eZaqhbZshnm
ldsgncr-AZrdc nm oqduhntrvnqjrnm kZrdqhkktlhmZshnm neRhMw
ldlaqZmdr hm rZks rnktshnm+05+31 oZqZldsdqr rtbg Zr sgd Rh9M
qZshn hm sgd ldlaqZmd+oG+Zmc sdlodqZstqd Zqd dwodbsdc sn
Z�dbssghroqnbdrr-Vd mnsd sgZsonqdrbZm ad enqldc ax rhlokd
bgdlhbZk dsbghmf hm rZks rnktshnm Zmc hm dkdbsqnm,hqqZchZsdc
ldlaqZmd qdfhnmr+Zmc sghr ogdmnldmnm lZx ad trdc Zr Z
oqZbshbZkonqd,eZaqhbZshnm ldsgnc+Zjhm sn dkdbsqnonqZshnm+21 ats
vhsgntsunksZfdZookhbZshnm-Vdetqsgdqchrbnudqdc sgZsdsgZmnk.
vZsdq hr Z fnnc bZmchcZsd enq knmf,sdql mZmnonqd rsnqZfd
otqonrdr-
Vd bnmbktcd ax qdlZqjhmf Zm ZooZqdms sqZcd,n� Zqhrhmf

adsvddm sgd dZrd neldlaqZmd sghmmhmf Zmc onqd enqlZshnm+nm
sgd nmd gZmc+Zmc sgdhq knmf,sdql rsZahkhsx Zmc qnatrsmdrr+nm
sgd nsgdq-HsZoodZqrsgZsRh,qhbg RhMwldlaqZmdqdfhnmrlZx ad
fnnc enq dZrx onqd enqlZshnm hm rZks rnktshnm %enq dwZlokd ax
hqqZchZshnm Zmc.nq dkdbsqnonqZshnm(+ ats sgdx lZx ad lnqd
rtrbdoshakd sn onqd dsbghmf Zmc dwoZmrhnm-Sn Zunhc dsbghmf
Zksnfdsgdq+Z edv ml,sghbj gZemhtl nwhcd bnZshmf+sgZsbZm ad Zr
sghm Zr 0 ml+oqnuhcdrZ qdrhrsZmskZxdqsgZsoqdudmsr knmf,sdql
dsbghmf hm rZksrnktshnmrnudqodqhncrnecZxr-

L=SDPH=KR =MC LDSGNCR
MWmnonpd EWaphbWshnm-Dkdbsqnm,sqZmroZqdms SDL vhmcnvr Zqd

ffqrseZaqhbZsdc hm 4 ° 4 ll1 Rh.RhN1 bghorbnZsdc vhsg 0// ml neknv,
rsqdrr RhMw %Zs Bnqmdkk MZmneZaqhbZshnm EZbhkhsx %BME(( trhmf
lhbqneZaqhbZshnm oqnbdrrdrcdrbqhadc dkrdvgdqd-00 SgdRhMwldlaqZmd
hr sgdm sghmmdc sn Z sghbjmdrr ne 0/ ml trhmf BGE2 Zmc N1 QHD-
MZmnonqdr Zqd cqhkkdc hm rhst Zsqnnl sdlodqZstqd vhsg Z IDNK E1//
SDL nodqZshmf hm ghfg,qdrnktshnm lncdvhsg Zm ZbbdkdqZshnm unksZfdne
1// jU-Sgdoqnadvhsg Zbtqqdmsne1/ m> hrlnldmsZqhkxbnmcdmrdc sn
sgdadZl bqnrrnudqonhmsnm sgd RhMwldlaqZmdenq4�0/ r%snsZkcnrd
∥ 7-/ ° 0/00 d�.ml1( sn enql Z onqd- Oqhnq sn hnmhb btqqdms
ldZrtqdldmsr+onqdrZqd dwonrdc sn anhkhmf ohqZmgZ rnktshnm %092 u.u
G1N19G1RN3( enq 0/ lhm+vghbg qdlnudr nqfZmhb bnmsZlhmZmsr Zmc
Zhcr hm onqd vdsshmf-38 GeN1 hr cdonrhsdc trhmf BZlaqhcfd MZmnsdbg
R1// >KC rxrsdl+vhsg sdsqZjhr%chldsgxkZlhmn(gZemhtl %GECL>(

Zmc G1N+Zs04/ ±B-Cdonrhsdc sghbjmdrr odqbxbkd hr bZkhaqZsdc ZsZm
ZudqZfd ne0-03 z.bxbkd-4/ Sgd sghbjmdrr nesgd qdrtkshmf onqd hr kZsdq
bnmffqldc eqnl hnmhb bnmctbsZmbd Zmc sgd ldZrtqdc chZldsdq+cSDL-

MWmnonpd =ppWx EWaphbWshnm-Sgd RhMw ldlaqZmd hr ffqrsrohm,
bnZsdc vhsg 091 chktshnm neYDO41/>9>mhrnkd Zs 3/// qol enq 3/ r+
enkknvdc ax1 lhm neaZjhmf Zs07/ ±B->qqZxoZssdqmhmf hrdwonrdc nmsn
sgd qdrhrskZxdqtrhmf Dkhnmhw DKR,64//DW vhsg Z rgnsohsbg ne0// ml
Zmc Zcnrdne07 �B.bl1-Sgdqdrhrshrsgdm cdudknodc hm n,wxkdmdenq6/
r Zmc hrnoqnoxkZkbngnk%HO>( enq2/ r-MZmnonqd ZqqZx hr sqZmredqqdc
hmsn sgd RhMw ldlaqZmd uhW QHD+Zr cdrbqhadc Zanud-Sn rsqho n� sgd
qdrhrs+ sgd ldlaqZmd hr okZbdc hm gdZsdc M,ldsgxk,1,oxqqnkhcnmd
%MLO( Zs5/ ±B enq2 g Zmc sgdm qhmrdc vhsg HO>-

HnmhbRnktshnm RsnpWfd-Tmat�dqdc hnmhbrnktshnmrvdqdoqnctbdc
ax chrrnkuhmf JBk+LfBk1+Zmc KhBkodkkdsr %>keZ >drZq( hm tksqZotqd
cdhnmhydc %CH(vZsdqZschrbqdsdbnmbdmsqZshnmrne/-/0+/-0+0+Zmc 2L-
DsNG9G1N %u.u < 0.0( rnktshnmr vdqd oqnctbdc ax lhwhmf dptZk
Zlntmsr ne GOKB fqZcd dsgZmnk %Ehrgdq BgdlhbZk( Zmc CH vZsdq-
HmchuhctZkmZmnonqdr Zmc mZmnonqd ZqqZxrvdqd rsnqdc hm rnktshnmr Zs
qnnl sdlodqZstqd%14 ±B(Zmc Zlahdmskhfgs+enqto sn 67 cZxrhm rdZkdc
bnmsZhmdqr sn lhmhlhyd Zslnrogdqhb fZr chrrnktshnm- Oqhnq sn hnmhb
btqqdmsldZrtqdldmsrZmc SDL hmrodbshnm+rZlokdrvdqd fitrgdc vhsg
CHvZsdqsn qdlnud qdrhctd hnmhb rnktshnm eqnl rsnqZfd Zmc cqhdc vhsg
bkdZm M1 fZr+qdrodbshudkx-

HnmhbAtppdmsLdWrtpdldmsr-HnmhbldZrtqdldmsrvdqdZbpthqdc
trhmf Z UB0// Zlokhffdq %BghldqZ Hmrsqtldmsr+Mdv Xnqj+MX( Zmc
ahZrunksZfd hrZookhdc uhW Zrdsnesvn,sdqlhmZk>f.>fBkdkdbsqncdr->kk
ldZrtqdldmsrZqd bnmctbsdc hm tmat�dqdc 0 L JBk%oG 7-/+μ < 00-0
R.l(-BnmctbsZmbd hrdrshlZsdc eqnl sgd btqqdmsbgZmfdrfhudm Zffwdc
rsdo rhyd neunksZfd ahZr->ookhdc unksZfdr vdqd jdos adknv /-0 U sn
oqdudmsonqd dwoZmrhnm Zmc.nqchdkdbsqhb aqdZjcnvm+21 Zmc ctqhmf sgd
ldZrtqdldmsodqhnc ne; 2/ lhm+sgd bnmctbsZmbd qdlZhmdc bnmrsZms-

SDL HlWfhmf->ants 07 rhmfkd onqdr vdqd hlZfdc ax SDL sn
chqdbskxldZrtqd sgdhqchZldsdq-Ehqrs+sgd onqdvZrcqhkkdc hm sgd ’SDL
lncd“ nesgd E1// IDNK ghfg,qdrnktshnm SDL Zmc sgdm hlZfdc sn
nasZhm sgd hmhshZkcSDL-Sgd onqd vZrsgdm qdlnudc eqnl uZbttl Zmc
bkdZmdc vhsg ohqZmgZ+ qhmrdc vhsg CH vZsdq+ Zmc hlldqrdc hm rZks
rnktshnm enqrnld odqhnc neshld+enqdwZlokd+enq∥ 1 cZxr-Sgd onqdr
vdqdsgdm sZjdm ntsnernktshnm+qhmrdc vhsg CHvZsdq+cqhdc vhsg M1 fZr+
Zmc hlZfdc hm sgd SDL uZbttl bgZladq sn nasZhm Z rdbnmc SDL
hlZfd nesgd onqd+eqnl vghbg sgd mdv chZldsdqvZrldZrtqdc-Sgd
dqqnq hm chZldsdq ldZrtqdldms eqnl sgdrd hlZfdr hr Zants /-0 ml-
Dwbdos enq onqd uhh hm Ehftqd 2Z+vd chc mns odqenql bnmctbsZmbd
ldZrtqdldmsrnm sgdrd onqdrsn lhmhlhyd bgho gZmckhmf hm Zmc ntsne
rZksrnktshnmrZmc onrrhakd bgho eZhktqd lncdr-

SDL HlWfd=mWkxrhrnePHD Onpdrhm sgdMWmnonpd =ppWx-Knv,
lZfmhffbZshnm SDL hlZfdr nemZmnonqd ZqqZxr vdqd oqnbdrrdc trhmf
HlZfdI rnesvZqd- Vhsg sgd oZqshbkd ZmZkxrhr edZstqd+ Zm dmbknrdc
mZmnonqdZqdZbZm adhcdmshffdc Zmc nasZhmdc+nvhmfsn ZogZrdbnmsqZrs
ch�dqdmbd adsvddm sgd onqd qdfhnm Zmc sgd RhMw qdfhnm-Sgd cSDL hr
sgdm ZooqnwhlZsdc eqnl sgdsnsZkonqdZqdZdptZsdc sn γ ° %cSDL.1(

1->
rtardsne8// mZmnonqdrhm Ehftqd 3d+ntsneZm ZooqnwhlZsd mtladqne
04/+/// mZmnonqdr+vdqd qZmcnlkx bgnrdm eqnl dZbg SDL hlZfd
hmrodbshnm rdrrhnm sn cdsdqlhmd sgd ZudqZfd mZmnonqd chZldsdq Zesdq
dZbg bnmrdbtshud rsnqZfd shld hm hnmhb rnktshnm-

=CEHlWfhmf Wmc DDKR LdWrtpdldmsr-AdenqdhlZfhmf+rZlokdr
dwonrdc sn rZksrnktshnm vdqd ZmmdZkdc Zs2// ±B enq8/ lhm hm >q.G1-
CZqj,ffdkc hlZfdrvdqdZbpthqdc nm Zoqnad,bnqqdbsdc IDNKMDN>QL
nodqZshmf Zs 1// jU vhsg Z ghfg,Zmfkd ZmmtkZq cZqj,ffdkc %G>>CE(
cdsdbsnq-DDKR rodbsqZ vdqd Zbpthqdc nm Z FHE PtZmstl Rtllhs
cdsdbsnq vhsg Z qdrnktshnm ne/-4 dU-Sgd 7/�8/ rptZqd ohwdkDDKR
lZorvdqd Zbpthqdc vhsg Zm Zbpthrhshnm shld ne/-1�/-4 r.ohwdk-

=RRNAH=SDC ANMSDMS
�r� Rtoonpshmf HmenplWshnm
Sgd Rtoonqshmf HmenqlZshnm hr ZuZhkZakd eqdd ne bgZqfd Zs
gssor9..otar-Zbr-nqf.cnh.0/-0/10.ZbrmZmn-8a/8853-

EtkkbnmctbsZmbd cZsZ enqsgd onqd cdrbqhadc hm Ehftqd 1b
ZrvdkkZrhlZfdrenqhmchuhctZkSDL,cqhkkdc onqdrrsnqdc
hm ansg 0 L KhBkZmc 0 LLfBk1-> rstcx neJBkdsbghmf
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hm bnlldqbhZkkx ZuZhkZakdRhMwldlaqZmdrZmc ZcchshnmZk
>CE.DDKR cZsZ enq mZmnonqd ZqqZxr Zqd Zkrn oqnuhcdc-
KZrskx+vdcdrbqhaduZqhZshnmrhm mZmnonqdchZldsdqZbqnrr
DAK,oZssdqmdc ZqqZxrhm RhMw ldlaqZmdr%OCE(

=TSGNP HMENPL=SHNM
Anppdronmchmf =tsgnp

DY o h i Y Co mch a Δ � CdoUpsldmsneMgvrhbr Umc ;rspnmnlv�
Tmhudprhsv neMdmmrviuUmhU�MghiUcdioghU�MdmmrviuUmhU 040,1�
Tmhsdc PsUsdr9 npahc-npe.////,///1,70/3,1120:
DlYhj8cpmcha;ogurhar-todmm-dct

=tsgnpr
Stme � .gh d m .gnt � CdoUpsldmsneMgvrhbr Umc ;rspnmnlv�

Tmhudprhsv neMdmmrviuUmhU�MghiUcdioghU�MdmmrviuUmhU 040,1�
Tmhsdc PsUsdr9 npahc-npe.////,///0,5652,0546

MY tj DY r h g CY r � CdoUpsldmsneMgvrhbrUmc ;rspnmnlv�
Tmhudprhsv neMdmmrviuUmhU�MghiUcdioghU�MdmmrviuUmhU 040,1�
Tmhsdc PsUsdr9 npahc-npe.////,///2,1533,117/

Ch lh s o h P- Dnmnr � CdoUpsldmsneMUsgninfv Umc IUanpUsnpv
Ldchbhmd�MdpdilUm PbgnnineLdchbhmd�Tmhudprhsv ne
MdmmrviuUmhU Umc Sgd Aghicpdm�r DnrohsUineMghiUcdioghU�
MghiUcdioghU�MdmmrviuUmhU 040,1�Tmhsdc PsUsdr9
HlltmnfdmdshbrIUanpUsnpv�Aghicpdm�rDnrohsUineMghiUcdioghU�
MghiUcdioghU�MdmmrviuUmhU 040,1�Tmhsdc PsUsdr

Bnlokdsd bnmsZbshmenqlZshnm hrZuZhkZakd Zs9
gssor9..otar-Zbr-nqf.0/-0/10.ZbrmZmn-8a/8853

=tsgnpAnmsphatshnmr
−X-,B-B-Zmc O-L-C bnmsqhatsdc dptZkkxsn sghrvnqj->kkZtsgnqr
cdrhfmdc sgd dwodqhldmsr-X-,B-B-eZaqhbZsdc rhmfkd mZmnonqd
Zmc mZmnonqd ZqqZx rZlokdr-X-,B-B-odqenqldc hnmhb btqqdms
ldZrtqdldmsr-X-,B-B-Zmc O-L-C-bnmctbsdc SDL hlZfhmf
Zmc ZmZkxydc SDL hlZfdr-SgdlZmtrbqhosvZrvqhssdm sgqntfg
bnmsqhatshnmr neZkkZtsgnqr->kkZtsgnqr gZud fhudm ZooqnuZksn
sgd ffmZkudqrhnm nesgd lZmtrbqhos-
Mnsdr
Sgd Ztsgnqr cdbkZqd sgd enkknvhmf bnlodshmf ffmZmbhZk
hmsdqdrs%r(9L-C-hr bnmrtksZms Zmc entmcdq neFndoodqsKKB
%vvv-foodqs-bnl(+ vghbg hr lZmteZbstqhmf mZmnsdbgmnknfx,
qdkZsdc oqnctbsr hmbktchmf rnkhc,rsZsd mZmnonqd bghor Zmc 1C
ldlaqZmdr-

=AIMNUKDCFLDMSR
SghrqdrdZqbg vZroqhlZqhkx rtoonqsdc ax sgd MRE sgqntfg sgd
Tmhudqrhsx ne OdmmrxkuZmhZ LZsdqhZkr QdrdZqbg Rbhdmbd Zmc
Dmfhmddqhmf Bdmsdq %LQRDB( CLQ,061/42/ Zr vdkkZr MRE
FqZmsrDEQH1,C>QD 04316/6+MRE CLQ 08/4/34+Zmc MRE
D>FDQ 0727345+Zmc MHG Q10 GF/0/425 Zmc hmrshstshnmZk
etmcreqnl Sgd Bghkcqdm�rGnrohsZkneOghkZcdkoghZ-Sghrvnqj
vZrodqenqldc hm oZqsZssgd Tmhudqrhsx neOdmmrxkuZmhZ�rRhmfg
Bdmsdq enq MZmnsdbgmnknfx+Zm MMBH ldladq rtoonqsdc ax
MRE fqZmsDBBR,0431042-VdsgZmjCq-CntfkZrXZsdrZmc Cq-
GhqnlhbghXZlZlnsn ZssgdTmhudqrhsx neOdmmrxkuZmhZenqsgdhq
fdmdqntr gdko vhsg SDL Zmc DAK-Vd Zkrn sgZmj Cq-CZuhc
Mhdcyvhdbjh+Cq-Bgdm,BghBghdm+Oqne-LdmhVZmtmt+Zmc
IZbna RvdssenqtrdetkbnlldmsrZmc.nqchrbtrrhnm-

PDEDPDMADR
%0( Cdjjdq+B-Rnkhc,RsZsd MZmnonqdr-MWs-MWmnsdbgmnk-1//6+1+
1/8�104-

%1( JZrhZmnvhby+I-I-:Qnadqsrnm+I-V-E-:BgZm+D-Q-:Qdhmdq+I-D-:
RsZmenqc+U-L-MZmnrbnohb Onqntr Rdmrnqr-;mmt-Pdu-;mWk-Bgdl-
1//7+0+626�655-
%2( Rsnql+>-I-:Bgdm+I-G-:Khmf+W-R-:YZmcadqfdm+G-V-:Cdjjdq+
B- EZaqhbZshnm ne Rnkhc,RsZsd MZmnonqdr vhsg Rhmfkd,MZmnldsqd
Oqdbhrhnm-MWs-LWsdq-1//2+1+426�43/-
%3( GnvnqjZ+R-:Bgdkdx+R-:AZxkdx+G-Rdptdmbd,Rodbhehb Cdsdbshnm
ne HmchuhctZk CM> RsqZmcr Trhmf Dmfhmddqdc MZmnonqdr- MWs-
Ahnsdbgmnk-1//0+08+525�528-
%4(BkZqjd+I-:Vt+G-B-:IZxZrhmfgd+K-:OZsdk+>-:Qdhc+R-:AZxkdx+G-
Bnmshmtntr AZrd HcdmshehbZshnm enq Rhmfkd,Lnkdbtkd MZmnonqd CM>
Rdptdmbhmf-MWs-MWmnsdbgmnk-1//8+3+154�16/-
%5( RyZkZx+S-:Fnknubgdmjn+I->-Cd Mnun Rdptdmbhmf Zmc UZqhZms
BZkkhmf vhsg MZmnonqdr Trhmf OnqdRdp-MWs-Ahnsdbgmnk- 1/04+ 22+
0/76�0/80-
%6(OdsqnrrhZm+K-:Vhkj+R-I-:Inrgh+O-:Fnncmhbj+R-L-:Sgnqmsnm+S-
I-CdlnmrsqZshnm neBntksdqBntmshmf sgqntfg ZBxkhmcqhbZkRnkhc RsZsd
MZmnonqd-I-Ogxr-9Bnme-Rdq-1//7+0/8+/01/17-
%7( CdZldq+ C- V-: >jdrnm+ L- MZmnonqdr Zmc Mtbkdhb >bhcr9
OqnrodbsrenqTksqZqZohc Rdptdmbhmf-SqdmcrAhnsdbgmnk-1///+07+036�
040-
%8( Kh+I-:Fdqrgnv+L-: Rsdhm+C-:AqZmchm+D-:Fnknubgdmjn+I->-
CM> Lnkdbtkdr Zmc BnmehftqZshnmr hm Z Rnkhc,RsZsd MZmnonqd
Lhbqnrbnod-MWs-LWsdq-1//2+1+500�504-
%0/( Kdd+J-:OZqj+J-A-:Jhl+G-I-:Xt+I-R-:BgZd+G-:Jhl+G-L-:
Jhl+J-A-QdbdmsOqnfqdrrhm Rnkhc,RsZsdMZmnonqdr-;cu-LWsdq-1/07+
2/+06/357/-
%00( VZmtmt+L-: CZcnrg+ S-: QZx+ U-: Ihm+ I-: LbQdxmnkcr+ K-:
Cqmchb�+L-QZohc Dkdbsqnmhb Cdsdbshnm neOqnad,Rodbhehb LhbqnQM>r
Trhmf Sghm MZmnonqd Rdmrnqr-MWs-MWmnsdbgmnk-1/0/+4+7/6�703-
%01(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-MWmn
Kdss-1/0/+0/+1804�1810-
%02(EqZfZrrn+>-:Rbglhc+R-:Cdjjdq+B-BnloZqhmfBtqqdmsMnhrdhm
AhnknfhbZk Zmc Rnkhc,RsZsd MZmnonqdr-;BR MWmn 1/1/+03+ 0227�
0238-
%03( 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 MWmn 1/08+02+0/434�0/443-
%04( QncqÅftdy,LZmyn+I->-:Otrsdq+L-:MhbnkZí+>-:Ldtmhdq+U-:
Cqmchb�+L-CM> SqZmrknbZshnm hm MZmnldsdq Sghbj Rhkhbnm MZmn,
onqdr-;BR MWmn 1/04+8+5444�5453-
%05( XZlZyZjh+G-:Gt+Q-:YgZn+P-:VZmtmt+L-OgnsnsgdqlZkkx
>rrhrsdc Sghmmhmf ne Rhkhbnm Mhsqhcd LdlaqZmdr enq TksqZsghm
>rxlldsqhb MZmnonqdr-;BR MWmn 1/07+01+01361�01370-
%06(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
MWmn 1/02+6+3518�3525-
%07( Kh+ I-: Rsdhm+ C-: LbLtkkZm+ B-: AqZmsnm+ C-: >yhy+ L- I-:
Fnknubgdmjn+I->-Hnm,AdZl Rbtkoshmf ZsMZmnldsqd Kdmfsg RbZkdr-
MWstqd1//0+301+055�058-
%08( Udqrbgtdqdm+C-U-: XZmf+V-:Cdjjdq+B-KhsgnfqZogx,AZrdc
EZaqhbZshnm neMZmnonqd >qqZxr hm EqddrsZmchmf RhM Zmc FqZogdmd
LdlaqZmdr-MWmnsdbgmnknfx 1/07+18+0342/1-
%1/( HrnsZkn+ S- I-: Mhdlh+ S- Cnsr,Nm,sgd,Ekx Dkdbsqnm AdZl
KhsgnfqZogx- Oqnbddchmfr eqnl ROGD9 ;ksdqmWshud KhsgnfqWoghb Sdbg,
mnknfhdrTGGG+EdaqtZqx 11�14+1/05+RZm Inrd+B>:Admbgdq+B-+Dc-:
ROHD ,HmsdqmZshnmZkRnbhdsxenqNoshbrZmc Ognsnmhbr9AdkkhmfgZl+V>+
1/05:Unk-8666-
%10( JnvZkbyxj+ R- V-: Fqnradqf+ >- X-: QZahm+ X-: Cdjjdq+ B-
Lncdkhmf sgd BnmctbsZmbd Zmc CM> AknbjZcd ne Rnkhc,RsZsd
MZmnonqdr-MWmnsdbgmnknfx 1/00+11+2040/0-
%11(Jhl+L-I-:LbMZkkx+A-:LtqZsZ+J-:Ldkkdq+>-BgZqZbsdqhrshbrne
Rnkhc,RsZsd MZmnldsqd Onqdr EZaqhbZsdc Trhmf Z SqZmrlhrrhnm
Dkdbsqnm Lhbqnrbnod-MWmnsdbgmnknfx 1//6+07+1/42/1-
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%12(LZcdirjh+F-:KtbZr+J-:OZrbts+E-B-:Vdaa+J-E-:LbFqZsg+I-K-
SDL SnlnfqZogx ne Onqdr vhsg >ookhbZshnm sn BnlotsZshnmZk
MZmnrbZkd Eknvr hm MZmnonqntr Rhkhbnm Mhsqhcd %MOM(-LdlaqWmdr
1/07+7+15-
%13( Bgdm+B-,G-:BgZmf+W-:Vt+B-,R-> MnudkRgZodc,Bnmsqnkkdc
EZaqhbZshnm neMZmnonqd Zmc Hsr>ookhbZshnmrhm PtZmstl Dkdbsqnmhbr-
Rbh-Pdo-1/08+8+07552-
%14( uZm cdm Gnts+L-:GZkk+>-Q:Vt+L-X-:YZmcadqfdm+G-V:
Cdjjdq+ B-: Cdjjdq+ M- G Bnmsqnkkhmf MZmnonqd Rhyd+ RgZod Zmc
RsZahkhsx-MWmnsdbgmnknfx 1/0/+10+0042/3-
%15(Vt+L-,X-:Rlddsr+Q-L-L-:YZmcadqfdm+L-:Yhdrd+T-:JqZoe+
C-: AZsrnm+ O- D-: Cdjjdq+M-G-: Cdjjdq+B-: YZmcadqfdm+G-V-
BnmsqnkneRgZod Zmc LZsdqhZkBnlonrhshnm neRnkhc,RsZsdMZmnonqdr-
MWmn Kdss-1//8+8+368�373-
%16(Kh+P-:YgZn+P-:Kt+A-:YgZmf+G-:Kht+R-:SZmf+Y-:Pt+K-:Ygt+
Q-: YgZmf+I-: Xnt+K-: XZmf+E-: Xt+C-Rhyd Dunktshnm Zmc RtqeZbd
BgZqZbsdqhyZshnm ne Rnkhc,RsZsd MZmnonqdr hm Cheedqdms >ptdntr
Rnktshnmr-MWmnrbWkd1/01+3+0461�0465-
%17( VZmtmt+ L-: Ldkkdq+ >- BgdlhbZkkx Lnchehdc Rnkhc,RsZsd
MZmnonqdr-MWmn Kdss-1//6+6+047/�0474-
%18( VhkkhZlr+ J- Q-: FtosZ+ J-: VZrhkhj+ L- Dsbg QZsdr enq
LhbqnlZbghmhmf Oqnbdrrhmf,OZqs HH- I-Lhbqndkdbsqnldbg- Rxrs- 1//2+
01+650�667-
%2/( VhkkhZlr+J-Q-:Ltkkdq+Q-R-Dsbg QZsdr enq LhbqnlZbghmhmf
Oqnbdrrhmf-I-Lhbqndkdbsqnldbg-Rxrs-0885+4+145�158-
%20(>kaqdbgs+S-:Fhaa+S-:MtssZkk+O-Hnm SqZmronqshm MZmnonqdr-Hm

Dmfhmddqdc MWmnonqdrenqAhnWmWkxshbWk;ookhbWshnmr:Dcdk+I-A-+>kaqdbgs+
S-+Dcr-:Lhbqn Zmc MZmn Sdbgmnknfhdr:Dkrduhdq Rbhdmbd9Mnqvhbg+
MX+1/02:oo 6�01-
%21(Jvnj+G-:Aqhffr+J-:SZaZqc,BnrrZ+U-MZmnonqdEZaqhbZshnm ax
Bnmsqnkkdc Chdkdbsqhb AqdZjcnvm-OKnR Nmd1/03+8+Mn-d8177/-
%22( Sgnlornm+L-D-FkZrr Dkdbsqncdr enq Gxcqnfdm Zmc Nsgdq
BZshnmr-OqhmbhokdrZmc OqZbshbd-Rbhdmbd0856+047+514-
%23( JgnrgjaZqbgh+L-J-:UdqZ+I-G-LdZrtqdldmsZmc BnqqdkZshnm
neHnm >bshuhsx Bndeehbhdmsrhm >ptdntrRnktshnmrneLhwdc Dkdbsqnkxsd
vhsg Z Bnllnm Hnm-Ekthc OgWrdDpthkha-0885+010+142�154-
%24( SZfghjgZmh+U-:LncZqqdrr+G-:UdqZ+I-G-HmchuhctZk>mhnmhb
>bshuhsxBndeehbhdmsrhm >ptdntrDkdbsqnkxsdRnktshnmrneKhBkZmc KhAq-
Ekthc OgWrdDpthkha-0888+055+56�66-
%25(Qnchk+D-:UdqZ+I-G-HmchuhctZk>bshuhsx BndeehbhdmsrneBgknqhcd
Hnmrhm >ptdntrRnktshnmrneLfBk1+BZBk1 Zmc AZBk1 Zs187-1 J-Ekthc
OgWrdDpthkha-1//0+076�077+04�16-
%26(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-
Dkdbsqnognqdrhr1/01+22+2377�2385-
%27( Otrsdq+ L-: QncqÅftdy,LZmyn+ I- >-: AZkZm+ >-: Cqmchb�+ L-
SnvZqc Rdmrhshud FqZogdmd MZmnqhaanm�MZmnonqd Cduhbdr ax
Oqdudmshmf Dkdbsqnm AdZl,Hmctbdc CZlZfd- ;BR MWmn 1/02+ 6+
00172�00178-
%28( 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 MWmn 1/06+00+0826�
0834-
%3/( Kht+K-,G-:LhbgZkZj+C-I-:BgnoqZ+S-O-:OtiZqh+R-O-:BZaqdqZ+
V-: Chbj+C-: UdxZm+ I-,E-: GntqZmh+Q-: GZkkr+L-C-: Ythkgne+G-:
BgZaZk+X-I-RtqeZbd Dsbghmf+BgdlhbZkLnchehbZshnm Zmc BgZqZbsdq,
hyZshnm neRhkhbnm Mhsqhcd Zmc Rhkhbnm Nwhcd�Rdkdbshud EtmbshnmZkhyZ,
shnm neRh2 M3 Zmc RhN1-I-Ogxr-9Bnmcdmr-LWssdq1/05+17+/83/03-
%30(LZbjdmyhd+E-S-:FZqqdkr+Q-L-:Aqhbjdq+N-O-:Ahbjkdx+E-RhkhbZ
hm RdZ VZsdq9Bnmsqnkax RhkhbZ LhmdqZkr-Rbhdmbd 0856+044+03/3�
03/4-
%31( FhkanZ+S-:Yutknmh+D-:Yqdgdm+>-:Rpthqdr+>-G-:Ldkkdq+>-
>tsnlZsdc+TksqZ,EZrs KZrdq,Cqhkkhmf neMZmnldsdq RbZkd Onqdr Zmc
MZmnonqd >qqZxr hm >ptdntr Rnktshnmr- ;cu- Etmbs- LWsdq- 1/08+
08//531-

%32( FhkanZ+ S-: Yqdgdm+ >-: FhqrZtks+ >-: Ldkkdq+ >- NoshbZkkx,
Lnmhsnqdc MZmnonqd EZaqhbZshnm Trhmf Z Enbtrdc KZrdq AdZl-Rbh-
Pdo-1/07+7+8654-
%33( XZlZyZjh+G-:Gt+Q-:Gdmkdx+Q-X-:GZklZm+I-:>enmhm+J->-:
Xt+ C-: YgZn+ P-: VZmtmt+ L- KZadk,Eqdd Rhmfkd,Lnkdbtkd
Sgdqlnrbnox Trhmf Z KZrdq,GdZsdc MZmnonqd-MWmn Kdss-1/06+06+
6/56�6/63-
%34(Mhbnkh+E-:Udqrbgtdqdm+C-:Jkdhm+L-:Cdjjdq+B-:Inmrrnm+L-O-
CM> SqZmrknbZshnmrsgqntfg Rnkhc,RsZsd OkZrlnmhbMZmnonqdr-MWmn
Kdss-1/03+03+5806�5814-
%35(CZmcZ+F-:LZrhg CZr+O-:Cqmchb�+L-KZrdq,Hmctbdc EZaqhbZshnm
ne MZmnonqntr LnmnkZxdq VR1 LdlaqZmdr- 1C LWsdq- 1/07+ 4+
/24/00-
%36( ChEhnqh+M-:Rpthqdr+>-:AZq+C-:FhkanZ+S-:LntrsZjZr+S-C-:
Ldkkdq+>-NosndkdbsqnmhbBnmsqnkneRtqeZbdBgZqfdZmc SqZmrknbZshnm
CxmZlhbr hm Rnkhc,RsZsd MZmnonqdr-MWs-MWmnsdbgmnk-1/02+7+835�
840-
%37( UdmjZsdrZm+A-L-: RgZg+>-A-: Ytn+I-L-: AZrghq+Q-CM>
Rdmrhmf Trhmf MZmnbqxrsZkkhmd RtqeZbd,DmgZmbdc >k1N2 MZmnonqd
Rdmrnqr-;cu-Etmbs-LWsdq-1/0/+1/+0155�0164-
%38(Mhdcyvhdbjh+C-I-:LnuhkdZmt+K-LnmhsnqhmfOqnsdhm >crnqoshnm
vhsg Rnkhc,RsZsd MZmnonqdr-I-ThrtWkhydc Dwo-1/00+47+d245/-
%4/( Ldsykdq+ L-: Kt+ X- ;snlhb KWxdq Cdonrhshnm �;KC( Ehkl

BgWqWbsdqhyWshnm: SnnkcWsW-OWodq 22: RbgnkZqkxBnllnmr9 OghkZcdk,
oghZ+O>+1/05:oo 1�2-
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