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�invrhm fnohwnmsFisfdolnfFihmd anmudashnm vhsf cheedodmshFi
cheetrhnm

I-:-UghsdgdYc

OgxrhbYkNbdYmnfqYogxCdoYqsldms)VnncrGnkd NbdYmnfqYoghbHmrshstshnm)VnncrGnkd)L@)TR@

�AR S O�B S
NbdYmnfqYogdqr trd sgd sdql zcheedqdmshYkcheetrhnm“ sn dwoqdrr Y
fqdYsdquYktd neatki stqatkdmscheetrhuhsx nesdlodqYstqd vhsghm sgd
nbdYm sgYm sgduYktdneatkicheetrhuhsxnerYkhmhsx)sgdqYshn ptYmshehdc
ax Jdvhrmtladq-HmudrshfYshnm negnqhynmsYksgdqlngYkhmd bnmudb,
shnm Ys OqYmcskmtladq 0 Ymc hmehmhsx nudq sgd qYmfd 0 ! -a ± 0/
qdudYkr Y uYqhdsx nemdv eknv oYssdqmr-Sgd bgYladqgYr Y khmdYqkx
bgYmfhmf sdlodqYstqd S Ymc rYkhmhsx R Yknmf sgd sno dwsdmchmf eqnl
sgd bnkc)eqdrg zonkYq“dmc sn sgd gns)rYksx zsqnohbr“dmc-HsgYr Ym
YrodbsqYshn ne7 Ymc rhcdrYmc anssnl Yqd hmrtkYsdc Ymc hlodqld,
Yakd-Ehud sqYmrhshnm eknv oYssdqmr nbbtqvhsg khsskd gxrsdqdrhr enq Y
ehwdc rYkhmhsx PYxkdhfg mtladqPTr nenqcdq0/4 YrPYxkdhfg mtladq
PT bgYmfdr eqnl 2-1· 0/5 cnvm sn 0-Sgdx Yqd90-: rsdYcx S,bdkk
vhsg rhmihmf Yssgd bnkc dmc eknvhmf hmsn Y anssnl eknv sgYseddcr
to hmsn Y sno sgdqlYkantmcYqx kYxdq-1-RYksx aknar hm sgd antmc,
Yqx kYxdqsgYsYlokhex Ymc lnud eqnl sgd gnssn bnkc dmc-DYbg bnkc
dmc YqqhuYksqhffdqr Y rtccdm hmbqdYrd hm nudqstqmhmf udknbhsx-2-:
zrsqhodr“oYssdqm vgdqd sno sn anssnl bdkkr&YksdqmYshmf S Ymc R bdkkr(
lnud snvYqc sgd bnkc dmc-3-:m R,bdkksgYs hr Y lhqqnq hlYfd ne
sgd S,bdkkmdYqsgd sno Yknmf vhsg rlYkkS,bdkkr kxhmf Yssgd anssnl
sgYslnud snvYqc sgd bnkc dmc 4-: rsdYcx R,bdkk-DYbg oYssdqm gYr
Y chrshmbsunktldsqhb rhfmYstqd hm Y S�R chYfqYl-PYmfdr nePT vhsg
uYqhntroYssdqmrYqd rhydYakd YsPTr + 6-4· 0/4 he-a / 3.2 atshmrdm,
rhshud sn Le-AYkYmbdc bnmudbshnm YsPT + PTr / 0/5 Ycnosr Y kYqfd
tmrsdYcx rtodqbdkkbnmsYhmhmf rlYkkdq S Ymc R bdkkr-DwYbs qYmfdr
nesgd rtodqbdkkYqd tmimnvm-Rhmbd cheedqdmshYkcheetrhnm oqnctbdr
Y kYqfd bnkkdbshnm neeknvr bnloYqdc sn sgdqlYkbnmudbshnm Yknmd)
hslhfgsoqnctbd tmdwodbsdc mdv qdrtksr heYccdc hmsn mtldqhbYk
lncdkrnesgd nbdYm-

�OS HB K D EHR S LOW
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ID WTLOCR
Ch©dqdmshYkch©trhnm:
gnqhynmsYkbnmudbshnm:
cntakd ch©trhnm:cddo nbdYm
bnmudbshnm:tmrsdYcx finvr

.� Dmsqnctbshnm

GnqhynmsZkbnmudbshnm hr sgd sdql trdc ax Rsdqm ’0864( enq sgd rhlokdrs jmnvm lncdk
enq sgd udqshbZkbhqbtkZshnm nesgd nbdZm-Hs enkknvr sgd kZanqZsnqx dwodqhldmsneQnrrax
’0854( Zmc bnmrhrsr neZ mnmqnsZshmf qdbsZmftkZq bgZladqvhsg vZsdq rtaidbsdc sn Z rtq,
eZbd sdlodqZstqd chrsqhatshnm sn lhlhb sgd dptZsnq sn onkd sdlodqZstqd chèdqdmbd nesgd
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Zslnrogdqd-Sgd cxmZlhbr hmbktcdr uhrbntr rsqdrr)hmdqshZ)Zmc sgdqlZkbnmudbshnm vhsg
sgd Antrrhmdrp ZooqnwhlZshnm-Eknv hm sghrlncdkoqnctbdr Z fnnc !qrs,nqcdq Zooqnwh,
lZshnm nesgd sdlodqZstqd rsqtbstqd nesgd nbdZm vhsg rhmjhmf hm Z mZqqnv qdfhnm Zssgd
bnkcdrsdmc-Sgd cddo "thc roqdZcr Zknmf sgd anssnl snvZqc sgd vZql dmc Zmc qhrdr sn
sgd rtqeZbd hm Z sgdqlZkantmcZqx kZxdq ’Zm ZmZknf nesgd nbdZm sgdqlnbkhmd(-Gnqhynm,
sZkbnmudbshnm bZostqdrsgd sgdqlZkZmc udqshbZkbhqbtkZshnm rsqtbstqd nesgd nbdZm)atssgd
udknbhsx rbZkdrhmbnqqdbskx adbZtrd hskZbjrlZmx qdZkhrshb nbdZmhb dèdbsrrtbg ZrqnsZshnmZk
cxmZlhbr)vhmc,cqhuhmf)stqatkdmsdccx dèdbsr)ltkshokdaZrhmr)sgdRntsgdqmNbdZm)mnm,
khmdZqdptZshnm nersZsd enqrdZvZsdqZmc rn enqsg-Lncdqm nbdZm lncdkrsgZshmbktcd rnld
nesgdrd dèdbsr vgdsgdq sgdx ad mtldqhbZk’d-f-LZqrgZkkZmc Roddq 1/01( nq bnmbdostZk
’FmZmZcdrhjZm 0888(bZostqdansg sgdkZsdqZknbdZm bhqbtkZshnm Zmc sgdroddcrltbgadssdq-
AdbZtrd ne hsr rhlokhbhsx)gnqhynmsZkbnmudbshnm bnmshmtdr sn ZssqZbs Zssdmshnm-Hs gZr

Z knmf odchfqdd ’AdZqcrkdx Zmc EdrsZ 0861)OZoZqdkkZ Zmc Xntmf 1//1)’bnmbdqmhmf sgd
oqnunbZshud RZmcrsqnl%r sgdnqdl()Vhmsdqr Zmc Xntmf 1//8)Gtfgdr d s Ti- 1/02)Vghsd,
gdZc 1/06 Zmc qdedqdmbdr sgdqdhm(-Hs hr fnudqmdc ax svn chldmrhnmkdrr mtladqr)sgd
QZxkdhfg mtladqPT Zmc sgd OqZmcskmtladqOp- ?shmbqdZrhmfkx kZqfdPT)sgd onvdqkZvr)
rsqtbstqd)roddc Zmc dèdbsr nestqatkdmbd hm gnqhynmsZkbnmudbshnm enq Z uZqhdsx neuZktdr
neOp gZud addm nebnmrhcdqZakd hmsdqdrs-
Sghr rstcx dwsdmcr oZqZldsdqr enq gnqhynmsZkbnmudbshnm hm Zmnsgdq chqdbshnm ax bnm,

rhcdqhmf vZsdq vhsg chrrnkudc rZksvgdqd sgdqd Zqd chrsqhatshnmr neansg sdlodqZstqd Zmc
rZkhmhsx hlonrdc Zknmf sgd sno rtqeZbd antmcZqx-Sghrhmsqnctbdrsvn ZcchshnmZkfnudqm,
hmf oZqZldsdqr)sgd rZksQZxkdhfg mtladq PTr Zmc sgd Kdvhr mtladq Jd + ζ<ζR)vgdqd
ζ hr sgdqlZkchètrhuhsx Zmc ζR hr rZkhmhsx chètrhuhsx-Sghr cd!mhshnm neJd hr bnllnm hm
nbdZmnfqZogx atsrnld dmfhmddqhmf cd!mhshnmrchèdq-
Ntqnaidbshudhrsn hmudrshfZsdgnqhynmsZkbnmudbshnm nudqrhydZakdqZmfdrnePT)PTr)Zmc

Jd -Hshrvdkk,jmnvm sgZsS Zmc R uZqhZshnmrhm sgdnbdZm ZqdfknaZkkx hlonqsZms’Rudqcqto d s
Ti- 0831()xdslnrsrstchdrneansg gnqhynmsZkbnmudbshnm Zmc nbdZm bhqbtkZshnm tshkhrd nmkx
Z rhmfkd uZktd nehmsdqmZkchètrhuhsx enqsdlodqZstqd Zmc rZkhmhsx-Mdv edZstqdrhm gnqhynm,
sZkbnmudbshnm nbbtqvhsg chèdqhmf sxodrneantmcZqx bnmchshnmrenqS Zmc R ’VghsdgdZc
1/06(Zmc gdqdvdZrj zcndrgnqhynmsZkbnmudbshnm cqhudm axS Zmc Rvhsg sgdrZldantmc,
Zqx bnmchshnmratsvhsg chèdqdmsuZktdrnesgdhqchètrhnm onrrdrrmdv "nvr)Zmc hern)vgZs
Zqd sgdx;–
Ansg sgd sdqlr chèdqdmshZkchètrhnm Zmc)lnqd bnllnmkx)cntakd chètrhnm Zqd trdc

sn cdrbqhad bZrdrvhsg Jd !+ 0-Gdqd)sgd sdql ch—d p d mshTi ch—tr hnm hrtrdc adbZtrd sgd svn
chètrhuhshdr Zqd hm sgd bnmsdwsnenbdZmhb gnqhynmsZkbnmudbshnm-Sgdx qdoqdrdmssvn Ztr,
sZtrbg bnd#bhdmsreqnlhmsdqmZkstqatkdmslhwhmfvhsghm sgdnbdZm-Sgd"thcldbgZmhbrne
ansg hrsgdrZldZrlnkdbtkZqcntakdchètrhnm ’Stqmdq0862)Rbglhss0883(rn ntqmtldq,
hbZkZcudbshnm“chètrhnm dptZshnmrZqd hcdmshbZksn sgdlnkdbtkZqchètrhnm dptZshnmr-Sgd
dlogZrhrgdqdhrnm sgdhm"tdmbdnechèdqdmszstqatkdmschètrhuhshdr–nm "nvrsgZsZqdrtf,
fdrshud nekZqfd rbZkd nbdZm bhqbtkZshnm-’Hm Zcchshnm)sgd antmcZqx bnmchshnmr trdc gdqd
chèdq eqnl mtldqntr nmdr hm sgd bhsdc cntakd chètrhnm rstchdr(-?mnsgdq qdZrnm vd trd
sgd sdql chèdqdmshZkchètrhnm qZsgdq sgZm cntakd chètrhnm hr sgZsrlZkk,rbZkd cntakd che,
etrhud oqnbdrrdr trhmf lnkdbtkZq chètrhuhsx Zkrn dwhrshm sgd nbdZm ’Rbglhss0883(-Sgdhq
bnmsqhatshnm sn udqshbZksqZmronqshm sgdfknaZkatcfdsrhrdrshlZsdc sn adrlZkk’Ldqqx!dkc
d s Ti- 0888(-Sgdqdenqd trhmf zchèdqdmshZk– qZsgdqsgZm zcntakd– hrhlonqsZms-
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Sgd bnmbdosnechèdqdmshZkchètrhnm vhsghm sgd nbdZm hsrdkevZr hmsqnctbdc eqnl ansg
nbdZmnfqZoghb cZsZ Zmc kZanqZsnqx ldZrtqdldmsr ax FZqfdss ’0878(- Sgd Zqftldmsr
enq sgd dwhrsdmbd ne Jd /0 enq atkj chètrhuhshdr ne rZkhmhsx Zmc gdZs hm sgd nbdZm vdqd
rsqdmfsgdmdc ax FZqfdss’1//2()vgn vqnsd9

Sghrmnsd qduhdvrdwhrshmf duhcdmbd nechèdqdmshZkchètrhnm Zroqnuhcdc ax kZanqZsnqx dwodq,
hldmsr)mtldqhbZkrhltkZshnmr)Zmc nbdZmhb nardquZshnmr-Fhudm onsdmshZkkx rdqhntrhlokhbZ,
shnmr enq oqnodq hmsdqoqdsZshnm nedrshlZsdr nechZoxbmZkcdmrhsx chètrhuhsx eqnl ansg nbdZm
lhbqnrbZkd ldZrtqdldmsr Zmc nbdZm sqZbdq qdkdZrd dwodqhldmsr)Zr vdkkZr sgd mnsZakd rdm,
rhshuhsx neoqdchbshud fknaZknbdZm lncdkr sn sghr chètrhud oZqZldsdq)hshr drrdmshZksgZssghr
oqnbdrrad adssdqtmcdqrsnnc hm sgd nbdZmnfqZoghb bnmsdws-

ChèdqdmsqZsdreqnl stqatkdmslhwhmf ’Fqdff d s Ti- 1/07)QdglZmm Zmc FZqfdss1/07 Zmc
qdedqdmbdr sgdqdhm(hlokx Z qZmfd neuZktdr neJd -KZanqZsnqx ldZrtqdldmsr eqnl Z uZqh,
dsx ne dwodqhldms bnm!ftqZshnmr bkdZqkx rgnv uZktdr ne stqatkdmsJd qZmfhmf eqnl 0 sn
2 ’Stqmdq 0857)FZqfdss1//2)QdglZmm Zmc Jnrdè 1//3)VghsdgdZc 1/05)Fqdff d s Ti-
1/07(-? bnmrhrsdmsqdrtkshrsgZssgdkZqfdrsuZktdneJd dwhrsrZslncdqZsdQdxmnkcrmtladq
’Pd ∼ 1///()vghbg hrbgZqZbsdqhrshb nelZmx nbdZm qdfhnmr-Hm Zcchshnm)chqdbsmtldqhbZk
rhltkZshnmr ’CMR( nersqZsh!dc stqatkdmbd rgnv bkdZq duhcdmbd neJd /0 Zksgntfg qtmr
vhsg ghfg Pd trhmf lnkdbtkZqrZkschètrhuhshdrZrhm sgd nbdZm nqkZanqZsnqx bZmmnsxdsad
ZssZhmdc-Qdrtksr sn cZsd fhud stqatkdmslhwhmf qZsdr sgZsZqd dpthuZkdmssn atkj uZktdr ne
stqatkdmsJd +2 ’FZqfdss1//2()Zmc Jd + eqnl 0-1 sn 1 ’Rlxsg d s Ti- 1//4(-
ChèdqdmshZkchètrhnm chqdbskx oqnctbdrchèdqdmsS Zmc R qdrhcdmbd shldrhm sgd nbdZm-

Sgdqdenqd)Rsnlldk%rbkZrrhb0850 anw lncdkvhsg ZaqtossqZmrhshnmr’!ftqd0’Z((hrdpthu,
Zkdms sn gnqhynmsZkbnmudbshnm vhsg chèdqdmshZkchètrhnm-ChèdqdmshZkchètrhnm hr Zkrn Z
eZbsnq hm sgd nrbhkkZshmf hmrsZahkhsx ne rsqZsh!dc "thc ax VdkZmcdq ’0878()Zmc oqnaZakx
nbbtqr hm kZanqZsnqx dwodqhldmsr rgnvhmf Zaqtos sqZmrhshnmr Zmc nrbhkkZshnmr ’Vghsd,
gdZc d s Ti- 1//4)VghsdgdZc 1//8(-Hs Zkrn nbbtqr hm ahmZqx fZrdr vhsg rhcdvZxr cqhuhmf
’MhrghltqZ ZmcLnqdfZ 1//2(-Hm nsgdqmtldqhbZkrstchdr)hshrhmbktcdc hm nbdZm anwlnc,
dkrax FZqfdssZmc Edqqnm ’0885(Zmc FZqfdss’1/08()hm Z kZqfd mtldqhbZknbdZm lncdkax
FZqfdssZmc GnkknvZx ’0881()Zmc hm Zmnsgdqrstcx neknbZkhrdc nbdZm lhwhmf ax GhqrsZmc
BZh’0883(-?kksgdrd nbdZm lncdkrZqd bnmctbsdc nudqZ mZqqnv qZmfd necqhuhmf oZqZld,
sdqr-SghrlnshuZsdc sghrrstcx nechèdqdmshZkchètrhnm hm gnqhynmsZkbnmudbshnm nudqltbg
vhcdqqZmfdrneoZqZldsdqr-RhmbdlZmx hlonqsZmseZbsnqrrtbg ZrdZqsg qnsZshnm)ltkshokd
aZrhmr Zmc sgd khjd Zqd lhrrhmf enq sghr rhlokd rstcx negnqhynmsZkbnmudbshnm)qdrtksr cn
mnsZookx hm cdsZhksn nbdZm lncdkkhmf-Gnvdudq)sgd qdrtksrnudqvhcd qZmfdrlhfgsrgnv
sgZshfmnqhmf chèdqdmshZkchètrhnm Zmc Zrrhfmhmf Jd + 0 hm nbdZm mtldqhbZklncdkrbntkc
ad Z lhrsZjd-
Sghrrstcx trdrZ rhlokdmtldqhbZkbncd enqgnqhynmsZkbnmudbshnm vhsg chèdqdmshZkche,

etrhnm hm Z bgZladqcqhudm ax Z sdlodqZstqdZmc rZkhmhsx chrsqhatshnm Zknmf sgdsno-Rdbshnm
1 dwokZhmrsgd fdnldsqx Zmc ldsgnc-Rdbshnm 2 rgnvroZssdqmrZmc shld cdodmcdms"nvr
nudq rhydZakd qZmfdr nePT)PTr Zmc Jd -Rdbshnm 3 bnmsZhmr sgd oZqshbtkZq bZrd vgdqd sgd
atnxZmbhdreqnl S Zmc R Zssgdsno bZmbdk’PT + PTr � Zmc sgdqdenqd ZkkuZqhZshnmrneS Zmc
R Zmc Zkk"nvr Zqd sgd qdrtksr nenmkx chèdqdmshZkchètrhnm-Qdrtksr dwsdmc eqnl lZqfhmZk
uZktdrto sn PT + PTr +4· 0/7 vgdqdZ kZqfdbnlokhbZsdc rtodqbdkknbbtqr-Rdbshnm 4 gZr
chrbtrrhnmrnesgd qdrtksrhm sgd bnmsdwsneansg sgd nbdZm hsrdkeZrvdkkZrhm sgd bnmsdwsne
nsgdq"thc rstchdr-
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9geriF 0�&Y(Sgd svn,anw lncdksgYs gYr svn bnmmdbsdc hmrtkYsdc bgYladqr nelhwdc vYsdqvhsg
chldmrhnmkdrruYktdrneS Ymc R ch©trhmf sgqntfg sgd khc vhsg ch©dqdmsch©trhnm qYsdr-Rsnlldk&0850(
gYc sgd ch©trhnm sgqntfg sgd rhcdrhmrsdYc nesno-&a(Sghrlncdk-GnqhynmsYkbnmudbshnm hm Ysvn chldm,
rhnmYkhmrtkYsdc qdbsYmftkYqbgYladqnevYsdqvhsg khmdYqbgYmfdr neS Ymc R Yknmf sgd sno Ymc vhsg
ch©dqdmshYkch©trhnm hm sgd hmsdqhnq-

1� Rgd lncdkTmc ldsgnc

Ntqbnm!ftqZshnm bnmrhrsrnevZsdqhm Z qdbsZmftkZqbgZladqnecdosgC Zmc nekdmfsg J hm
sgd kZsdqZk’w(chqdbshnm Zknmf sgd bgZladqvhsg y onrhshud tovZqc hm sgd udqshbZk’fqZuhsx(
chqdbshnm-? sdlodqZstqd S/ hmbqdZrdr khmdZqkx eqnl sgd sno nesgd kdes dmc ’khjd Z onkZq
qdfhnm(sn S/ #)S Zssgd sno nesgd qhfgsdmc ’khjd Z sqnohbZkqdfhnm(Zknmf vhsg rZkhmhsx
hmbqdZrhmf khmdZqkx eqnl R/ sn R/ #)R eqnl kdessn qhfgs-Sghr lZjdr sgd cdmrdrsvZsdq
eqnl S Zssgd kdesdmc Zmc sgd cdmrdrsvZsdqeqnl R Zssgd qhfgsdmc-
Sgd dptZshnmrfnudqmhmf bnmrdquZshnm nelZrr)lnldmstl)gdZs)Zmc rZksZqd Zrrhfmdc

bnmrsZms oqnodqshdr dwbdos enq khmdZq atnxZmbx sdqlr cqhudm ax S Zmc R ’Antrrhmdrp
ZooqnwhlZshnm(-Sgdx ZqdsqZmrenqldc sn chldmrhnmkdrrenqltrhmf cdosg rbZkdC� sgdsdl,
odqZstqd rbZkd)S)sgd rZkhmhsx rbZkd)R)sgd udknbhsx rbZkd ζ<C)Zmc sgd shld rbZkd C1<ζ
’ansg aZrdc nm sgdqlZkchètrhuhsx ζ)rdd ?oodmchw(-Sgd chldmrhnmkdrr bgZladq ’!ftqd
0’a((gZrcdosg 0 Zmc kdmfsg J.C-ChldmrhnmkdrrsdlodqZstqd Zmc rZkhmhsx bgZmfd khmdZqkx
eqnl / sn 0 Zknmf sgd sno-?rchrbtrrdc hm sgd hmsqnctbshnm)sgd chètrhuhshdrhm sghrlncdk
ZqdldZmssn qdoqdrdmsatkj oqnodqshdrnesgdnbdZm qZsgdqsgZmlnkdbtkZquZktdr-Gnvdudq)
hslhfgsad onrrhakd sn bnmctbskZanqZsnqx dwodqhldmsr nesghr oqnakdl vgdqd lnkdbtkZq
oqnodqshdrZqd trdc-
Trhmf sgdZanudrbZkdrZknmf vhsg rZkhmhsx chètrhuhsx ζR)sgdchldmrhnmkdrrdptZshnmrZqd

sgd rZld Zrsgnrdvhsg cntakd chètrhnm

>S
>s

# k �′S + |1S ’0(

>R
>s

# k �′R + Jd ∇0|1R ’1(
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Nmkx svn,chldmrhnmZk"nvrZqd bnmrhcdqdc-Sgd unqshbhsx dptZshnm hr

0
Op

)�
>

>s
# k �′

(
∇ |1

[
δ+ ∇PT

>S
>w

# PTr
>R
>w

’2(

vgdqdδ+ >t<>y ∇>v<>w-Sgd dptZshnm enqZ rsqdZletmbshnm hr

|1ρ + δ- ’3(

Sgd !ud fnudqmhmf chldmrhnmkdrr mtladqr Zqd9 QZxkdhfg mtladq PT + f �)SC2<ζκ)
rZkhmhsx QZxkdhfg mtladqPTr + f α)RC2<ζκ’mnsd sgZssdlodqZstqd chètrhuhsx hr trdc()
Kdvhr mtladq Jd + ζ<ζR)OqZmcskmtladq Op + κ<ζ Zmc bgZladq Zrodbs qZshn J.C-Hm
Zcchshnm sn sgd svn chètrhuhshdr sgZsZqd oqduhntrkx cd!mdc)oqnodqshdr nesgd "thc Zqd Zr
enkknvr9ν/ hr ZudqZfd cdmrhsx)κhrjhmdlZshb uhrbnrhsx)f hr ZbbdkdqZshnm nefqZuhsx)� hrsgd
bnd#bhdmsnesgdqlZkdwoZmrhnm)Zmc α hrsgd bnd#bhdmsnegZkhmd bnmsqZbshnm-
AntmcZqx bnmchshnmr Zqd eqdd,rkho Zknmf ZkkantmcZqhdr)khmdZq sdlodqZstqd Zmc rZkhm,

hsx oqn!kdr hm sgd w chqdbshnm Zknmf sgd sno)Zmc ydqn "twdr negdZsZmc rZkhmhsx Zknmf sgd
rhcdr Zmc anssnl-Sgd eqdd rkho bnmchshnm hr Zclhssdckx kdrr qdZkhrshb sgZm ydqn udknbhsx Zr
hlonrdc ax AdZqcrkdx Zmc EdrsZ ’0861( Zmc LZqbgZk’1//6()ats hs hr sgd rhlokdrs bnm,
chshnm Zmc sgdqdenqd bZm cdkhudq mtldqntr qdrtksr nudq udqx aqnZc qZmfdr neoZqZldsdqr-
Ehmhsdchèdqdmbd bZkbtkZshnmrZcuZmbd hm shldenqmtldqntrqtmrnudqZ aqnZc qZmfd nesgd
oZqZldsdqr-Sgd !mhsd chèdqdmbd mtldqhbZkrbgdld hr qduhdvdc hm sgd ?oodmchw-SxohbZk
dunktshnm ne"nvrZrshld oqnfqdrrdrhrmnsqdlZqjZakd-?m hmhshZkZcitrsldmsshld nbbtqr
enqdZbg qtm ZrS Zmc R chètrdrhmsn sgd bgZladqZmc sgdm oqnctbdrsgd !qrs"nvr-Sgdm
sgdqdhrZm Zcitrsldmsshldvgdm "nvrqdkZw sn Z !mZkrsZsd-Dunktshnm nernldatkj oqnodq,
shdrZqd rgnvm kZsdqhm sghroZodq’!ftqdr01 Zmc 02(-Hm sgd bZrd netmrsdZcx "nvr)dmntfg
shld hr fhudm sn ldZrtqd nudqlZmx bxbkdr-Hm rnld bZrdr)sghr qdpthqdrgtmcqdcrneshld
tmhsr-Sgd cdbhrhnm nevgZsbnmrshstsdr!mZk"nv vZrbnlokdsdkx dlohqhbZk)Zmc aZrdc nm
lnmhsnqhmf sgdlZmx atkj oqnodqshdrrtbg Zrsgddunktshnm nesdlodqZstqdZmc rZkhmhsx uZk,
tdrlhcvZx Zknmf sgd anssnl)sgd dwsqdlZ nesgd rsqdZletmbshnm)MtrrdksMtladqMt enq
S Zmc sgd dpthuZkdmsMtR enqR)Zmc ldZm uZktdrneS Zmc R-
Bnmbdqmhmf qdrnktshnm)sgd rsZmcZqc fqhc rhydvZr21· 145 onhmsr-Cntakd sgd mtladq

hrtrdc enqlnrsnesgd !ftqdr Zmc vZrhmunjdc vgdqd oqdbhrhnm hrmddcdc-Vhsg sgd shld
rsdo trdc)sgduZktdrneroddc)cdsZhkrnesgdS Zmc R chrsqhatshnmr)Zmc sgdsqZmrhshnm uZktdr
adsvddm oZssdqmrne"nv gZud oqdbhrhnmrneZ edv odqbdms-? bnloZqhrnm enqZ bZrdvhsg Zm
hqqdftkZqshld,cdodmcdms"nv trhmf !qrssgd oqdrdmsfqhc rhyd Zmc sgdm svhbd sgd mtladq
nefqhc onhmsrhrhm rdbshnm 2-3 ’!ftqd 01(-SghrgZrodqedbsqdoqnctbshnm nesgd oZssdqm ne
dunktshnm nesgd lZwhltl uZktd nersqdZletmbshnm enq sgd !qrs/-0 shld tmhs’Zksgntfg
sgd uZktdrgZud to sn Z 0/� Zlokhstcd chèdqdmbd(-?esdqsgZsshld)sgd svn "nvrchèdqhm
cdsZhkZksgntfg sgdx gZud rhlhkZqneoZssdqmrneuZqhZahkhsx-Lnqd Zrodbsrnesgd qdrnktshnm
Zqd chrbtrrdc hm sgd Zoodmchw-

2� Odrtksr

2-.- FudpVkkanudpVfd

SgdoqhlZqx otqonrdhrsn hmudrshfZsdsgddèdbsrnechèdqdmshZkchètrhnm axlZoohmf ntssgd
Zlokhstcd Zmc oZssdqm ne"nv nudqvhcd qZmfdrnePT Zmc PTr)to sn 4· 0/7 Zmc Jd ± 0/-
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?ksgntfg dwoknqZsnqx dwodqhldmsrrsZqsdc vhsg Z uZqhdsx neZrodbsqZshnr)shld bnmrsqZhmsr
lZcd hsnauhntr sgZshsvZr hlonqsZmssn ohbj nmkx nmd ZrodbsqZshn sn Zkknv Z qdZrnmZakd
mtladqnebZkbtkZshnmr-Sgd uZktdJ.C+7 vZrrdkdbsdc adbZtrd hsZclhsrsgdonrrhahkhsx ne
Z mtladqnebhqbtkZshnm bdkkrhm sgd kZsdqZkchqdbshnm-HsZkrn odqlhsrbkdZq uhdvrnerhfmZkr
sqZudkkhmf aZbj Zmc enqsg adsvddm sgd svn dmcrZmc Zkknvrsgdonrrhahkhsx neZmx kZsdqZkbdkk
lhfqZshnm sgZslhfgsnbbtq-Trhmf kZqfdq uZktdr hr onrrhakx vnqsg cnhmf atsmnsotqrtdc
gdqd-
Sgd uZktd neOp hr Zkrn qdrsqhbsdc-HmhshZkkx uZktdr neansg Op + 0)1)4)0/ Zmc ′ vdqd

trdc)atshm ZkkbZrdr sgd oZssdqmr ne"nv oqnudc sn ad sgd rZld enq ZkkuZktdr Zmc sgdhq
roddcrchèdqdc ax nmkx Z edv odqbdms-NbdZm ZookhbZshnmrvntkc fdmdqZkkx eZkkhm sgZsqZmfd-
Sgdqdenqd)dwbdosenqrnldoZqsne!ftqd 1)ZkkbZkbtkZshnmrZqdvhsg Op +0 Zmc mn cdsZhkdc
rxrsdlZshb uZqhZshnm neOp hr oqdrdmsdc-Hm Zkkqdrtksr)sgd Zlokhstcd nelZwhltl rsqdZl,
etmbshnm ’Zm dwbdkkdmsldZrtqd neQdxmnkc mtladq(mdudqdwbddcdc 0// ’!ftqd 04(-Sghr
hrsnn rlZkksn dunjdhrrtdrbnmmdbsdc vhsg stqatkdmbdhm gnqhynmsZkbnmudbshnm)’OZoZqdkkZ
Zmc Xntmf 1//1)RbnsshZmc Vghsd 1/00)FZxdm d s Ti- 1/02)FZxdm d s Ti- 1/03 Zmc bhsZshnmr
sgdqdhm(Zmc sgdqdenqd Op cdodmcdmbd Zmc stqatkdmbd Zqd snohbrsgZsZqd mnsbnudqdc-
SghrrshkkkdZudrsgqddchldmrhnmkdrrmtladqrZmc etkkbnudqZfdoqnudc sn adbgZkkdmfhmf-

Enq dwZlokd)dudm hm sgd khlhsdc qZmfdr 0/4 ± PTr ± 0/5)PT<PTr ! 3)Zmc Jd ± 0/)!ud
"nv oZssdqmr dwhrs-Sgd chrsqhatshnm nesgdrd oZssdqmr hr rgnvm hm rdbshnm 2-1-0-Rdbshnmr
2-1-1“2-1-5 cdrbqhad sgd oZssdqmrne"nv hm cdsZhk-Sgqdd nesgnrd oZssdqmr bgZmfd hm shld
’rknvkx)nm sgd nqcdq nesgd sgdqlZkshld rbZkd nq knmfdq()vghbg hlokhdr sgZssgd oqnbdrr
oqnctbhmf sgdl hrctd sn chèdqdmshZkchètrhnm neS Zmc R-
PtZmshsZshud uZktdr ne gdZs sqZmronqs)rZkhmhsx sqZmronqs Zmc roddc Zqd oqdrdmsdc hm

rdbshnm 3 enq Z kZqfd qZmfd nePT to sn 4· 0/7-Ehqrs)rhlokd bnlonmdms "nv ’PTr rds

9geriF 1�Sgd qdfhnmr neuYqhntr oYssdqmr nefinv hm sgd qYmfd 0/4 ± PTr ± 0/5 hm Y bgYladqvhsg
I.8 + 3-Sgd finv oYssdqmrYqd9sgd S,bdkk&qdc#()aknar&akYbj n()rsqhodr&akYbj ×()R.S &aktd∞()Ymc sgd
R,bdkk&aktd w(-CYrgdc khmdrrdoYqYsd sgd ch©dqdmsoYssdqmr-&Y(PdrtksrenqId + 1)Np + 0-AdrszsoYqYl,
dsdqrenqsgd nbdYm Yqd hmchbYsdc hm sgd naknmf &rdd rdbshnmr2-1-1 Ymc 3-0(-&a(PdrtksrenqId + 0/-Sgdrd
qdrtksrvdqd bYkbtkYsdc enqansg Np + 0 Ymc Np + ′ Ymc sgdx vdqd rn bknrd sn hcdmshbYksgYsrxlankr
rhlokx qdokYbdc dYbg nsgdq-&Bnkntqnmkhmd(
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sn 0/∇2( hr oqdrdmsdc Zmc hs gZr lnrs ne sgd edZstqdr enq J.C+0 ’Qnrrax 0887(-Sgd
ZrxlosnsdrknodrnesgduZktdrnesqZmronqsZmc rsqdZletmbshnmlZwhltl Zqd∼ PT0<4 Zmc
sgdqdenqd rhlhkZq-Sgdm "nvrvhsg PT + PTr nudq sgd qZmfd eqnl 0 sn 0/7 Zqd oqdrdmsdc-
Sgdrd "nvr hkktrsqZsd lnrs bkdZqkx sgd dèdbsr nechèdqdmshZkchètrhnm adbZtrd atnxZmbx
enqbhmf neS Zmc R bZmbdkdZbg nsgdqZssgd sno rtqeZbd-UhqstZkkx Zkksgd "nvrgZud bnmrhc,
dqZakd rbZssdqctd sn shldcdodmcdmbd-?ssgd dwsqdld kZqfd Zmc rlZkkuZktdrnePT + PTr )
svn mdv oZssdqmrne"nv dwhrs-

2-1- Ahudwnv oVssdpmr

Ehud oZssdqmr Zmc sgdhq qZmfdr Zqd rgnvm hm !ftqdr 1 Zmc 2-DZbg oZssdqm hr cdrbqhadc hm
lnqd cdsZhkhm rdbshnm 2-2-DwbdosmdZqsqZmrhshnm)nmd nesgd!ud oZssdqmrne"nv hm !ftqdr
1 Zmc 2 hrenqldc vhsghm ZooqnwhlZsdkx 4 shld rbZkdr-Sgqdd nesgdl Zqd shld,cdodmcdms
Zmc hm sgnrd bZrdr sgd bZkbtkZshnmr Zqd bnmctbsdc Zesdq sqZmrhshnm enq Z shld knmf dmntfg
sn uhdvlZmx bxbkdrnesgd shldcdodmcdms"nv-QtmrsxohbZkkx sZjdlZmx sdmrnechètrhnm
shldr-!ftqd 1’a(hmbktcdronhmsrenqansg Op +0 Zmc′ atsqdrtksrvdqd hcdmshbZkrn svn
rxlankrhmchbZshmf Op Zqdmnshmbktcdc-NsgdqbZkbtkZshnmrvhsg uZktdrneOp +1)4)Zmc 0/)
rgnvdc mn bgZmfd hm oZssdqm-Sgdqdenqd)ZkkbZkbtkZshnmr adxnmc sgnrd hm !ftqd 1’a( Zqd
vhsg Op +0-
Ehftqd1 rgnvrsgZssgdqdZqdudqx chèdqdmsqdrtksrenqchèdqdmsKd-Sgdqdenqd)sgdqZmfdr

cdodmc nm Jd Zmc sghroqnlosdc Z bnkkdbshnm neqtmrZsZ mtladqneuZktdrneJd -QdrtksrZqd
rgnvm hm !ftqd 2-’Sgdx Zqd oknssdc udqrtr Kd∇0 adbZtrd sghr fZud lnqd tmhenql roqdZc
nm sgd fqZog-(QZmfdr Zqd kZqfd ZsJd +0/ Zmc adbnld qdkZshudkx rlZkkZr Jd ZooqnZbgdr
0-22-Sgd qZmfd enq Zkk4 oZssdqmr gZr rgqtmj sn PT<PTr ≥+ ∗4)ZsJd +0-0 Zmc cnvm sn
PT<PTr ≥+ ∗0 ZsJd +0-/0 ’ansg Zqd nmkx oknssdc Zrrhmfkd onhmsrnm !ftqd 2(-

9geriF 2�PYmfdr nesgd oYssdqmr udqrtr Id∇0 enqPTr + 6-4· 0/4)Np + 0 Ymc I.8 + 3-Bnqqdronmchmf
uYktdrneId Yqd fhudm Yssgd sno-RxlankrYrhm zftqd 1-&Bnkntqnmkhmd(
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Rnld qtmr sZjd udqx ltbg knmfdq sgZm nsgdqr sn qtm-?ssgd rhmfkd onhmsuZktdr)sgd
dwsqdldkx knmf fqnvsg shldreqnl nmd oZssdqm sn Zmnsgdq qdpthqdc shldrne0// nqlnqd-
Hm Zcchshnm)sgd "nvrZsoZqZldsdqrbknrd sn sgd sqZmrhshnm uZktdrsZjd sgd knmfdrsshld sn
bZkbtkZsd-Mnsnmkx Zqd fqnvsg qZsdrudqx rlZkk)atsrnld "nvrmdZqsqZmrhshnm Zqd bgZqZb,
sdqhrdc ax nrbhkkZshnmr’mnsZkvZxrbnlokdsdkx odqhnchb(vhsg Z udqx knmf odqhnc-Sgdqdenqd)
sgdkhmdknbZshnmrhmchbZshmf sqZmrhshnmrhm !ftqdr1 Zmc 2 Zqdmnsoqdbhrdkx cdsdqlhmdc Zmc
jmnvm nmkx sn Z edv odqbdms-HshrhlonqsZmssn mnsdsgZssgdonrrhahkhsx neZaqtossqZmrhshnmr
vhsg gxrsdqdrhrZsdZbg sqZmrhshnm bZmmnsad dwbktcdc hm sgdrd qdrtksr-RodbhZkbncdrvntkc
ad mddcdc enqoqnodqqdrnktshnm bknrd sn dZbg sqZmrhshnm-

2-1-/- Sec S�bcii
Sgd mdws!ud rtardbshnmr cdrbqhad cdsZhkr nedZbg nesgd "nv oZssdqmr-Sgd !qrs"nv enq
kZqfdPT.PTr ’!ftqd 3(gZrZ "nv !dkc sgZshruhqstZkkx sgd rZld Zr"nvrcqhudm ax S Zknmd-
Vd mZld sghrZ S,bdkk-Ekthc Zssgd anssnl nesgd bnkc dmc rhmjrZmc sgdm roqdZcrsnvZqc
sgd nsgdqdmc ZrZ cddo btqqdms-Hstmhenqlkx qhrdrto sgqntfg lhc,cdosg-Sgd qhrhmf "thc
eddcr hmsn S Zmc R antmcZqx kZxdqr vhsg chèdqdmssghbjmdrr-To sn QZ+0/5)sghr "nv hr
rhlhkZqsn jmnvm"nvrhm rlZkkdqZrodbsqZshn bgZladqr-’Qnrrax 0854)AdZqcrkdx ZmcEdrsZ)
Qnrrax 0887)GtfgdrZmc Fqh#sgr1//7(atsZanudZooqnwhlZsdkx 0/5 svn bhqbtkZshnm bdkkr
cdudkno ’!ftqd 4(-? ghmsnesgd rdbnmc bdkkhruhrhakd dudm vhsg ZrodbsqZshn 0 hm Qnrrax%r
’0887( !ftqd 0 ZsPT+0/6 Zmc 0/7-?esdq rnld ZmZkxrhr)ad bnmbktcd sgZssgd cxmZlhb
qdZrnm enq sgd rdbnmc bdkkhr sgZsrsqnmf cnvmvZqc "nv Zknmf sgd kdesvZkkotkkrvZqldq
"thc cnvm Zmc sghrfdmdqZsdronrhshud unqshbhsx mdwssn sgd rhmjhmf qdfhnm ’!ftqd 4’d()’e((-
Sghroqnctbdrunqshbhsx noonrhsd hm rhfm eqnl sgdunqshbhsx nesgdrhmjhmf oktldsgZscqhudr
Z bntmsdqbdkkZslhc,cdosg-
?ksgntfg sgd nbdZm hsrdkehr mnschrbtrrdc hm sghr rdbshnm)knbZshnm ne Z ftdrr enq sgd

nbdZm oZqZldsdqrZqd rgnvm hm !ftqd 1-Hm sgd rohqhsneLtmj ’0855()sgdrd Zqd aZrdc nm Z

9geriF 3�@ rsdYcx S,bdkkvhsg Y rhydYakd bnqqdbshnm eqnl rYkhmhsx-UdqshbYkYwhrhrrsqdsbgdc ax 3 sn gdko
uhrtYkhrYshnm-&Y(BnmsntqrnersqdYletmbshnm &mnqlYkhrdcaxsgdlYwhltl()&a(MhmddptYkkxroYbdc bnm,
sntqr neS Ymc &b(Mhmd dptYkkx roYbdc bnmsntqr neR-PT + 3· 0/4)PTr + 1· 0/4)Id + 1)Np + 0 Ymc
I.8 + 3-&Bnkntqnmkhmd(
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9geriF 4�Sdm bnmsntqr nersqdYletmbshnm &dptYkkx roYbdc Ymc mnqlYkhrdc ax sgd lYwhltl uYktd(Ys
kYqfdquYktdr nePT- Sgd finv hr cqhudm Yklnrsbnlokdsdkx ax S-PTr + 0/∇2)Np + 0 I.8 + 7-&Y,c(Sgd
udqshbYkYwhrrsqdsbgdc ax 3 sn Ykknv bkdYqdquhdvhmf nesgd cddo finv-&Y(PT + 0/5)&a(PT + 1· 0/5)&b(
PT + 4· 0/5)&c(PT + 0/7 &d Ymc e(Bknrd,to nesgd finv hm &c(hm Yqdfhnm nevhcsg 0 Yssgd kdesdmc &udqsh,
bYkYwhrmnsrsqdsbgdc(-Sghrhreqnl ghfg qdrnktshnm 017 ax0)/13 fqhc bYkbtkYshnmr-&d(Sgd rsqdYletmbshnm
hrakYbjvhsg 14 dptYkkx roYbdc uYktdrYmc sdlodqYstqd hrqdc vhsg hrnsgdqlr/-/3 YoYqs-&e(bnmsntqrne
unqshbhsx-MdfYshud uYktdrYqd rnkhc Ymc onrhshud uYktdrYqd cYrgdc-&Bnkntqnmkhmd(

sgdqlZkantmcZqx kZxdqsghbjmdrrneZants0.3-Gdqd)sgd rZkhmhsx bnmsqhatsdrZants22� ne
sgdcdmrhsx uZqhZshnm Zmc Z uZktdneJd neZants1 hrtrdc-?kksgdrdeZbsnqrZmc sgdhqrthsZakd
ZookhbZshnm sn sgd nbdZm Zqd chrbtrrdc lnqd etkkx hm rdbshnm 4-0-

2-1-1- 5inar
Sgd aknar hm sgd cdrhfmZsdc qdfhnmr ne!ftqdr 1 Zmc 2 gZud Z kZqfd rbZkd "nv hcdmshbZksn
sgdS,bdkkvhsg sgd Zcchshnm sgZsnmdnqlnqdshld,cdodmcdmsaknarqdodZsdckx enql tmcdq
sgd rtqeZbd Zssgd gnsrZksx dmc Zmc Zqd rvdosZr sgdx fqnv ax sgd kZqfd,rbZkd "nv sn sgd
bnkc eqdrg dmc-Sgd aknar gZud knbZkkx ghfg rZkhmhsx Zmc sghr edZstqd bZtrdr bxbkhb "nv ax
roddchmf to sgd bhqbtkZshnm vgdm Z akna qdZbgdr sgd bnkc rhmjhmf oktld-?m dkdldmsne
qZmcnlmdrrenqsgd enqlZshnm nedZbg mdv akna lZjdr"nvrsgZsZqd mnsrsqhbskx odqhnchb
hm shld-
? akna hr Z rlZkkancx nerZkshdq vZqldq vZsdq nqhfhmZshmf Zssgd sno nesgd rZksx dmc

’!ftqd 5(-Sgd enql ZoodZqr rtodq!bhZkkx sn qdrdlakd Z rnkhsZqx vZud adbZtrd aknar Zqd
nesdm roZbdc eZqZoZqs)atsmn rthsZakdlZsgdlZshbZkdwoqdrrhnm gZraddm entmc-DZbg hmch,
uhctZkakna hrZcudbsdc Zknmf sgdsno eqnlsgdgnsrZksx dmc sn sgdbnkc eqdrg dmc-HshmbqdZrdr
hm rhyd Zmc rhmjrcnvm ZrhslnudrZknmf ’!ftqd 6’Z()’a((-HsgZrZ knbZkhmudqrhnm hm cdmrhsx
’!ftqd 5’Z()’d((ZshsraZrd-Sgd ZqqhuZkneZ rZksx akna Zssgd rhmjhmf bnkc qdfhnm sqhffdqrsgd
rohjdrhm sgdlZwhltl uZktdnersqdZletmbshnm hm sgdbgZladqhm !ftqdr5 Zmc 6 ’Zkrn rdd
Lnuhd 0-lnu(-
? akna fqnvr hm Z lZmmdq rhlhkZq sn ansg sgd rhmjhmf vhsghm sgd bkZrrhbZkrZks entm,

sZhm ’Rsnlldkd s Ti- 0842( Zmc sn Z rhmjhmf qdfhnm neZ rZks!mfdq ’Rbglhss0883(-!ftqd
7 ’tmrsqdsbgdc bnnqchmZsdr(gZr Zqqnvrrgnvhmf sgd chètrhud atnxZmbx "tw bZkbtkZsdc Zs
dZbg fqhc onhmshm Z akna-Hsrgnvr sgZssgd atnxZmbx "tw nevZql sdlodqZstqd ’tovZqc
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9geriF 5�Eknv bnmsYhmhmf Y akna sgYshrsqYudkkhmf eqnl qhfgssn kdeshm sgd sno btqqdms-UdqshbYkchrsYmbd
hrrsqdsbgdc ax 1 hm &Y(Ymc &a(-&Y(Bnmsntqrnecdmrhsx &PTr R(PTS(-&a(BnmsntqrneS &qdc(Ymc R &aktd(-&b(
Cdmrhsx ctd sn sdlodqYstqd Yknmd Ybqnrrsgd bgYladqYssdm cdosgrsgYsYqd dptYkkx roYbdc sno sn ans,
snl-&c(Cdmrhsxctd sn rYkhmhsxYknmd Ybqnrrsgd bgYladqYssgd rYld sdm cdosgr-&d(SnsYkcdmrhsxYbqnrr
sgd bgYladqYssgd rYld sdm cdosgr-&e(UYktdrnudqshld neR &uhse /-0 r taspTb sdc Tmc sedm ltis hnihdc aw
0//(Yssgd lhcckd nesgd sno &aktd()Ymc S &n©rdsax /-4 Ymc Ylokhzdc ax0//(Yssgd lhcckd nesgd sno
&qdc(-@krn)sgd lYwhltl Yarnktsd uYktdrnesgd rsqdYletmbshnm hm sgd bgYladq&akYbj(-PT + 8· 0/4)
PTr + 6-4· 0/4)Id + 1)Np + 0 Ymc I.8 + 3-&Bnkntqnmkhmd(
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9geriF 6�PdrtksrenqYaknaYsentqshldrsgYssqYudkrYknmfsgdsnoeqnlsgdgnsrYksxdmcsn sgdbnkceqdrg
dmc-OYmdkrrgnv rsqdYletmbshnm)&kdesbnktlm)mnqlYkhrdc ax sgd lYwhltl uYktd()S &lhcckd bnktlm)
sgdqd Yqd 8 qdc hrnsgdqlr(Ymc R &qhfgsbnktlm)sgdqd Yqd 8 akYbj hrnokdsgr(-Sgd shldrne&Y,c(Yqd hmch,
bYsdc ax sgd rnkhc bhqbkdrhm &d()vghbg rgnvrsgd lYwhltl Yarnktsd uYktd nesgd rsqdYletmbshnm hm sgd
bgYladqnudqshld-OYmdkrhm&Y,c(Yqdrsqdsbgdcax3hmsgdudqshbYkchqdbshnmsn YkknvbkdYqdquhrtYkhrYshnm-
PT + 7-2· 0/4)PTr + 6-4· 0/4)Id + 1)Np + 0 Ymc I.8 + 3- &Bnkntqnmkhmd(

atnxZmbx(ZvZx eqnl sgd akna hrfqdZsdqsgZm sgd atnxZmbx "tw nedwbdrrrZkhmhsx)’cnvm,
vZqc atnxZmbx(-Sgdqdenqd)sgd atnxZmbx "tw hmbqdZrdrsgd cdmrhsx bnmsqZrsadsvddm sgd
akna Zmc Zlahdms"thc nudqshldZmc odqodstZsdrsgdrhmjhmf-SgdaknarZqdmnsmZqqnv khjd
rZks!mfdqr ’fdmdqZkkx rZks!mfdqr Zqd bnmrhcdqdc enq kZqfdq uZktdrneJd ()atssgdrd ZoodZq
sn ad Zr vhcd Zr sgd sno sgdqlZkantmcZqx kZxdq-?ssdlosr sn khmj aknar sn kdmfsg rbZkdr
nerZks!mfdqrZqd oqdrdmskx tmrtbbdrretk)oqnaZakx adbZtrd rsqZsh!bZshnm hrmnstmhenql-Hm
rohsdnemtldqntrqtmr)sgduZktdnePT.PTr enqsqZmrhshnm eqnl sgdS,bdkksn aknarhronnqkx
qdrnkudc-SgddrshlZsdhrch#btksadbZtrdvgdmPT.PTr neZ S,bdkkhrrknvkx cdbqdZrdc)aknar
!qrsdldqfd Zr hmchuhctZkdudmsr rdoZqZsdc ax Zm dwsqdldkx Z knmf shld hmsdquZk)hm rnld
bZrdrsdm shldrknmfdqsgZm sgdhmsdquZkhm !ftqd6-SgdsqZmrhshnm sn Z akna bZm adgdkodc ax
hmsqnctbhmf Z chrstqaZmbd sn sqhffdqsgd!qrsakna-SghrhlokhdrsgZssgd sqZmrhshnm hmunkudr
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9geriF 7�Udbsnqr nech©trhud atnxYmbx fitw vhsghm Y akna Yssgd sno ctd sn rYkhmhsx &Id∇0PTr|R aktd
Yqqnvr(Ymc enqgdYs&PT|S qdc Yqqnvr(-Sgd anssnl oYmdkhrY bknrd,to rgnvhmf sgYsatnxYmbx fitw ne
gdYsYvYxhm qdc dwbddcrsgYsnerYkhmhsxhm aktd-Sgdqdenqd)sgdqYsdnehmbqdYrdhm cdmrhsxnesgdakna eqnl
bnnkhmf dwbddcr sgd qYsd necdbqdYrd hm cdmrhsx ctd sn eqdrgdmhmf-Sgd qYsd nenudqYkkcdmrhsx bgYmfd
hronrhshud Ymc cdmrhsx nesgd akna hmbqdYrdr hm shld-PT + 8· 0/4)PTr + 6-4· 0/4)Id + 1-Np + 0 Ymc
I.8 + 3- &Bnkntqnmkhmd(

Z !mhsd Zlokhstcd hmrsZahkhsx-EnqetqsgdqcdbqdZrd eqnl sgdS bdkkhmsn sgd akna qdfhld)sgd
shld hmsdquZkadsvddm aknarrgqhmjrZmc !mZkkx lZmx aknarenkknv dZbg nsgdqbknrdkx-

2-1-2- Sec rsphocroTsscpl
Sgd sghqc oZssdqm ’rsqhodr( nbbtqr vgdqd sgd atnxZmbx enqbdr neS Zmc R Zqd Zklnrssgd
rZld rhyd-Sgd qdfhnmr hm oZqZldsdq roZbd hm !ftqdr 1 Zmc 2 enq rsqhodr Zqd knbZsdc bknrd
sn PT<PTr ≥+ 0 ZsPT ≤ 0/3 Zmc Jd ≤ 1)vhsg Zm dwsqdldkx mZqqnv qZmfd vhsg Jd +1 ats
ltbg vhcdqqZmfdrto sn Jd +0/-NmdvZx sn nardqud sgd enqlZshnm nersqhodrhrsn rknvkx
cdbqdZrdPT.PTr rsZqshmf vhsg Z "nv vhsg aknar-FqZctZkkx)dZbg akna cdudknorlnqdatnx,
Zmbx tmshknmd !mZkkx qdZbgdr sn sgd anssnl-?ssgZs hmrsZms)sgd lnudldmsnesgd akna
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9geriF 8�SgdrsqhodroYssdqm&Y(UdqshbYkrdbshnmvhsgrsqdYletmbshnmbnmsntqr&bknbjvhrdbhqbtkYshnmgYr
akYbj cYrgdc)Ymc bntmsdqbknbjvhrd bhqbtkYshnm gYrakYbj rnkhc(-&a(Hrnsgdqlr&dudqx /-/1(-&b(RYkhmhsx
bnmsntqr&dudqx /-/1(-&c(UYktdrnudqshld neR Yssgdlhcckd nesgd anssnl &aktd(Ymc neS Yssgdlhcckd
nesgd anssnl &qdc(-&d(LYwhltl &rnkhc(Ymclhmhltl &cYrgdc(uYktdrnesgd rsqdYletmbshnm bgYmfhmf
vhsg shld-PT + PTr + 1· 0/4)Id + 0/)Np + 0)I.8 + 3-&Bnkntqnmkhmd(

Zknmf sgd sno rsnor-Rknvkx sgdqdZesdq)sgd ptZrh,rsdZcx oZssdqm rgnvm hm !ftqd 8 enqlr
vhsg dZbg bdkkdwsdmchmf eqnl sno sn anssnl-Sgd bdkkrgZud ZksdqmZshmf rhfm nebhqbtkZshnm
Zknmf sgd bgZladqvhsg Zkknesgdl shksdc vhsg sgdhqsno kdZmhmf snvZqc sgd gnsrZksx dmc-
EnqdZbg oZhq)nmd bdkkgZrsgd bknbjvhrd bhqbtkZshnm nesgd R,bdkkZmc hshrbkdZqkx mZqqnvdq
sgZm sgd nsgdq)vghbg gZrbhqbtkZshnm nesgd S,bdkk-Sgd chèdqdmsvhcsgrbZm ad Zssqhatsdc
sn sgd rlZkkdqchètrhuhsx hm sgd qZmfdrrgnvm hm !ftqdr1 Zmc 2 ’Zksgntfg rnld Zqd dwbdo,
shnmr sn sgd fdmdqZkqtkd Zqd entmc ZsrlZkkdqPT(-DZbg bdkkgZr Z bdmsdq sgZshr rshqqdc ax
qdodZsdc nudqstqmhmf Zmclhwdc ax chètrhnm rn sgdx dmc to vhsg qdkZshudkx bnmrsZmsuZktdr
neR-Sgd uZktdrneS Zmc R adbnldghfgdqhm Z rsdovhrdlZmmdqeqnl sgd bnkc eqdrg dmc sn
sgd gnsrZksx dmc-Sgd bdkkrqdZqqZmfd rknvkx vhsg rnld fqnvhmf Zmc nsgdqrcdbZxhmf sgtr
fdmdqZshmf sgd shld rdqhdr rgnvm hm !ftqd 8)Zmc hm lnrsbZrdr bdkkr neansg rhfmrlnud
sn sgd kdes-’rddLnuhd 1-lnu(-SghroqnctbdrbxbkdrsgZsgZud odqhncrnelZmx shld tmhsr-
Sgdqdenqd)sgd bxbkd shld hrsxohbZkkx knmfdqsgZm sgd akna bxbkd shldr-
Sgd cxmZlhbrnesgd rsqhodrhrrhlokd sn tmcdqrsZmc-SghroZssdqm dwhrsrhm Z oZqZldsdq

qZmfd vgdqd atnxZmbx eqnl sgd !dkcrneS Zmc R ZklnrsbZmbdkdZbg nsgdq-Sghroqnctbdr
udqx rknv "nv:’mnsdsgdrlZkkuZktdrneρ hm !ftqd8’d(bnloZqdc sn !ftqd6’d((-?ksgntfg
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Z etkksgdnqx gZrmnsaddm cdudknodc)hsbZm adrtffdrsdc sgZssgdbdkkrsqZmronqsansg S Zmc
R cnvm sgd kZsdqZkfqZchdmslnqd dèdbshudkx sgZm chètrhnm-

2-1-3- Sec B.S oTsscpl
Sgd entqsg oZssdqm)Zsdudm rlZkkdqPT ’!PTr(hr bZkkdc sgd R.S oZssdqm ’!ftqd 0/(-Sghr
nbbtqr hesgd "nv rsZqsr hm sgd rsqhodr oZssdqm Zmc sgdm PT.PTr hr rknvkx cdbqdZrdc tmshk
sgd snor nesgd S,bdkkr hm sgd rsqhodr bdkkcnm%spthsd qdZbg sn sgd sno-Hm sghr bZrd)Z kZqfd
nudqstqmhmf Zmc rgZkknv R,bdkkenqlrZknmf sgddmshqdsno qdfhnm nesgdbdkk-Adknv sghrbdkk)
rlZkkbntmsdqbknbjvhrdS,bdkkrenql Zknmf sgdanssnl-AdbZtrdnesgdrlZkkdqchètrhuhsx ne
R)sgd bgZmfdneatnxZmbx eqnl R Zknmf sgdanssnl hrrlZkkdqsgZm sgd bgZmfdneatnxZmbx
neS Zmc sghr)Zknmf vhsg Z cdrsZahkhrhmf sdlodqZstqdmdZqsgdanssnl oqnuhcdrsnqptdenqS
cqhuhmf sgdbhqbtkZshnm nedZbg bdkk-Sgdanssnl bdkkrZqd Zcudbsdc Zknmf sgdanssnl snvZqc
sgd bnkc dmc ax sgd anssnl btqqdmssgZsgZrsgd rZld chqdbshnm Zrsgd anssnl nesgd R,bdkk-
DZbg bdkkvdZjdmr Zmc tkshlZsdkx uZmhrgdr Zr hsZooqnZbgdr sgd bnkc dmc Zmc Zmnsgdq bdkk
enqlrZmc fqnvrZssgdvZql dmc)sgtrfdmdqZshmf Z odqhnchb shld cdodmcdmbd neS Zmc R
’!ftqd 0/’c()’d()rdd Lnuhd 2-lnu(-Sgd anssnl bdkkr hm sghr!ftqd dwsdmc to sn gZkevZx
Zanud sgd anssnl)atshm nsgdqbZrdrsgd bdkkrcn mnsdwsdmc Zrghfg-Bknrd sn sgdlZqfhmZk

9geriF 0.�Sgd R.S oYssdqm-&Y(UdqshbYkrdbshnm vhsg rsqdYletmbshnm bnmsntqr &bknbjvhrd bhqbtkYshnm hr
akYbj cYrgdc)Ymc bntmsdqbknbjvhrd bhqbtkYshnm hr akYbj rnkhc(-&a(Hrnsgdqlr-&b(RYkhmhsx bnmsntqr-&c(
UYktdr nudqshld neR Yssgd lhcckd nesgd anssnl &aktd()neS Yssgd lhcckd nesgd anssnl &qdc(-&d(
LYwhltl &rnkhc(Ymclhmhltl &cYrgdc(uYktdrnesgd rsqdYletmbshnm-PT + 0-4· 0/4)PTr + 6-4· 0/4)
Id + 0/)Nd + 0)I.8 + 3-&Bnkntqnmkhmd(
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qdfhnm ’mdZq sgd R,bdkkhm !ftqd 1()nmkx Z rhmfkd anssnl bdkkZoodZqr Zmc chrZoodZqr-?r
vhsg sgdnsgdqoZssdqmrsghrhqqdftkZqadgZuhntqlZjdrsgdcdsdqlhmZshnm nedwZbslZqfhmZk
uZktdrch#btkssn oqdbhrdkx cdsdqlhmd-

2-1-4- Sec B�bcii
Sgd R,bdkk’!ftqd 00()hrentmc hePT hrrtarsZmshZkkx kdrrsgZm PTr-AdbZtrd knbZkQdxmnkcr
mtladqhr37 nqkdrr)cdrbdmchmf "nv hrrsdZcx Zmc bnmrhrsrneZ bnmbdmsqZsdc rhmjhmf rZksx
kZlhmZq"nv sgZseddcrZ anssnl qdstqm oZsgvZx-? antmcZqx kZxdqnbbtohdrsgd sno nesgd
qdrsnesgd bgZladq vhsg sgd vdkk,jmnvm aZkZmbd adsvddm Zcudbshnm eqnl Z rknv aqnZc
tovdkkhmf "nv Zmc cnvmvZqc chètrhnm nezeqdrgmdrr– ’knvdqrZkhmhsx(-

2-2- Odrnktshnm

Hm Zcchshnm sn sgdvnqj cdrbqhadc hm sgd?oodmchw)qdrnktshnm vZrsdrsdrtrhmf bnloZqhrnm
nesvn shld cdodmcdmsqdbnqcrenqlZw ρ̂ t̂rhmf svn chèdqdmsfqhc rhydr’!ftqd 01(eqnl
hcdmshbZkadfhmmhmfr-BnloZqhrnm nesgd shld rdqhdr fhudr Z ldZrtqd nesgd rdmrhshuhsx ne
sgd uZqhZakdrsn fqhc rhyd-SghroZqZldsdq fqnto ’PT + PTr +6-4· 0/4)Jd +0/)J.C+2(
hroZqshbtkZqkx fnnc enqZ bnloZqhrnm adbZtrd"nvrhmhshZkkx adbnldbnlokhbZsdc Zmc udqx
shld cdodmcdmsvhsg knsrnedcchdr-Nmd qdbnqc gZr Z 21· 145 fqhc Zmc sgd nsgdq hr!mdq
’53· 401()’hs Zkrn qdpthqdr Z bnqqdronmchmfkx rlZkkdq shld rsdo(-To sn Zklnrs s +/-0)
sgd rgZod nesgd shld cdodmcdmsbtqudr hr hcdmshbZkZksgntfg sgd Zlokhstcd nesgd !mdq
rbZkd hr Z edv odqbdmskZqfdq hm lZfmhstcd-Sgdm)sgd svn qdbnqcr adbnld kdrr bngdqdms
Zksgntfg sgd edZstqdrZqd rhlhkZq-Ansg qdbnqcrcdudkno "nv vhsg Z oqhlZqx Zmc rdbnmcZqx
eqdptdmbx tmshkZants s +/-2)Zmc Zesdq sgZs)sgdqd Zqd Zants2/ rohjdr qntfgkx dudqx /-/0
shld tmhsr ZoZqsneZrrnqsdc Zlokhstcdr-Sghr rgnvr sgZsqdrnktshnm enq sgd svn fqhc rhydr
hrfnnc dmntfg sn oqnctbd ZklnrsodqedbsZfqddldmsdwbdosenqZ chèdqdmbd hm Zlokhstcd
tmshks + /-0 Sgdm)sgdqdrtksrZqdptZmshsZshudkx chèdqdmshm cdsZhk-Sgdx rshkkZoodZqsn gZud
sgd rZld rsZshrshbZkedZstqdr-Hm sghr qtm)sgd "nv rdsskdr cnvm sn sgd rsqhodr oZssdqm Zesdq
s +0/ vhsg uhqstZkkx hcdmshbZkoZssdqmr-Sgd Zoodmchw gZretqsgdqcdsZhkrZantsqdrnktshnm-

9geriF 00�UdqshbYk rdbshnmr ne sgd R,bdkk-&Y( Bnmsntqr neρ -D �a( Bnmsntqr ne S &b( Bnmsntqr ne R-
PT + /-//0)PTr + 2-64· 0/4)Id + /-4)Np + 0)I.8 + 3-&Bnkntqnmkhmd(
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9geriF 01�Shld rdqhdrnesgdlYwhltl Yarnktsd uYktd nersqdYletmbshnm enqbnYqrd &cnssdc akYbj(Ymc
zmd &rnkhc qdc(fqhcr-PT + PTr + 6-4· 0/4)Id + 0/)I.8 + 3- &Bnkntqnmkhmd(

3� ATkTmbdc eknu

AZkZmbdc "nv ’PT + PTr( rgnvr sgd dèdbsr nechèdqdmshZkchètrhnm uhuhckx adbZtrd sgd
hlonrdc cdmrhshdrdwZbskx bnlodmrZsd dZbg nsgdqZssgd antmcZqx Zmc sgd nmkx ZksdqZshnm
sn cdmrhsx nbbtqreqnl chèdqdmshZkchètrhnm hm sgdhmsdqhnq-Sghrrdbshnm rgnvrbZkbtkZshnmr
eqnl Z vhcd qZmfd neuZktdrnePT Zmc PTr-
Ehqrs)sgdqdhrzrlZkk–PT Zmc PTr ’!78//(vhsg J.C+7 Zmc Jd /0-?kkqdrtksrrddl sgd

rZld Zrgdqd-Vhsg Z bZkbtkZshnm rsZqshmf eqnl hmhshZkbnmchshnmrS + R + /-4)sgd bhqbtkZ,
shnm hmhshZkkx cdudknorZrZsS,bdkkrhmbdS chètrdrcnvm hmsn sgd "thc lnqd qZohckx sgZm R-
Gnvdudq)Zr shld oqnfqdrrdr)ansg !dkcr adbnld sgd rZld Zmc "nv Zlokhstcd rgqhmjr sn
ydqn-SghrhrrsZakd adbZtrd Z mtldqhbZkodqstqaZshnm hmsqnctbdc sn sghraZkZmbd qdkZwdrsn
Z sqZhm nebdkkrlnuhmf eqnl sgd gnsrZksx dmc sn sgd bnkc eqdrg dmc Zmc Zlokhstcd cdbZxr
dwonmdmshZkkx hm shld-SgdcdbZxhmf bdkkrZqdmnsrgnvm adbZtrdsgdx gZudsgdrZldenql Zr
"nv ZanudPT + PTr +78//∗4/)vgdqd sgd cdbZx qZsd bgZmfdrrhfm Zmc sgd odqstqaZshnm
fqnvr ’!ftqd 02(-Enq sghr hmrsZahkhsx)sgd odqstqaZshnm vZr oqdrtlZakx eqnl sqtmbZshnm
dqqnqmnhrd sgZshrnenqcdq0/∇05-Fqnvsg hrrknv Zmc !mhsd rhyd dldqfdrhm Zants4/ shld
tmhsr-’Sgdetm nemtldqhbZkvnqj hrsgZssghrfqnvhmf oZssdqm hrqdZchkx rddm ax rtasqZbshmf
sgdldZm(-SghroZssdqm Zkrn nbbtqrenqkZqfdquZktdrnePT Zmc PTr vhsg S,Zmc R,bdkkrkxhmf
rhcd,ax,rhcd-?rodbsqZshnrqZmfd /-4“2 to sn PT + PTr +0/4-Bknrd sn bqhshbZksgdx lnud
eqnl qhfgssn kdes)atsZooqnZbghmf sgd kZqfdq uZktdrnePT Zmc PTr sgd bdkkrlnud Zqntmc
hqqdftkZqkx-
?r rgnvm hm rdbshnm 2-2-2)sgd bdkkr adbnld rsqhodr hm sgd qZmfd 0/4±PT + PTr≤0/5-

?anud ghr qZmfd)sgd rsqhodr bgZmfd sn Z mdv oZssdqm bZkkdc Z rtodqbdkk)vghbg vhkkad
cdrbqhadc mdws-Sgd sqZmrhshnm uZktd ne rsqhodr sn rtodqbdkkgZr addm oqnudm sn ad ch#,
btkssn cnbtldmsoqdbhrdkx vhsg sgd aZkZmbdc "nv ZsJd +1)atsZskZqfdqJd sgd sqZmrhshnm
hrchrshmbs-RtodqbdkkrZqd ZkvZxrrddm Zs0/5±PT + PTr≤0/7 ’!ftqd 03(-
RtodqbdkkrZqd hmgdqdmskx shld,cdodmcdmsvhsg mtldqntrrlZkkdcchdrhm svn oqhmbhoZk

knbZshnmr-Nmd knbZshnm hradknv sgd sno Zssgd dwsqdldqhfgsvhsg mtldqntrdcchdrrhlhkZq
sn aknar-Sgdrdbnmc hrsgdlhcckdkdudkvhsg dcchdrvhsghm sgdR bdkksgZsdwsdmcreqnlknvdq
kdessn toodqqhfgs-Sgd R,bdkkcdenqlr)uZmhrgdrnbbZrhnmZkkx Zmc sgdm qdstqmr)kdZchmf sn
sgd fqdZsshld "tbstZshnmrhm kZqfd,rbZkd oqnodqshdrrgnvm hm !ftqd 03’c(“’e(-
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9geriF 02�Bnmudbshnm bdkkrYsPT + PTr + 0/3)Id + 1 Ymc I.8 + 7-&Y(LYwhltl Ymc lhmhltl uYktdr
nersqdYletmbshnm nudqshld Yrsgd hmrsYahkhsx cdudknor-&a(Bknrd,to nersdYcx nrbhkkYshnmrhm Y mYqqnvdq
qYmfd sgYm &Y(-&b(S &qdc(Ymc R &fqddm(Yssgd lhcckd nesgd anssnl vhsg shld-&c,f(BdkkrYssgd shldr
rgnvm axcnsrhm &a(Rnkhc akYbjbtqudrYqd onrhshud rsqdYletmbshnm vhsg sdm bnmsntqrmnqlYkhrdc axsgd
lYwhltl uYktd-CYrgdc akYbj btqudrYqd mdfYshud rsqdYletmbshnm vhsg sgd bnmsntqrmnqlYkhrdc ax sgd
lhmhltl uYktd-@krn rgnvm Yqd 1/ hrnsgdqlr&qdc(Ymc hrngYkhmdr&aktd(-&Bnkntqnmkhmd(

Mtrrdksmtladqr Zmc rsqdZletmbshnm dwsqdlZ nudq sgd dmshqd qZmfd enq rhmfkd bnlon,
mdmsZmc aZkZmbdc "nvr Zqd rgnvm hm !ftqd 04-RsdZcx "nvr gZud uZktdr ZudqZfdc nudq
/-0 shld rsdo ZbbtqZsd sn nmd oZqshm 0/3 eqnl ZudqZfhmf-Enq tmrsdZcx "nvr)lZmx shld
rsdorZqd fdmdqZkkx qdpthqdc enqsgd qdbnqcrsn rdsskd sn Z bxbkhb oZssdqm-Sn fhud Z bnloZq,
hrnm nesgd uZktdr enq rhmfkd bnlonmdmsgnqhynmsZkbnmudbshnm)sgd "nvr vhsg mdfkhfhakd
rZkhmhsx ’ZbstZkkx)PTr +0/∇2(Zmc J.C+7 ZqdbZkbtkZsdc-SgdMtrrdksMtladqZsPT/0/3
ZooqnZbgdr sgd khmd 2-43· PT0<4 ’rgnvm(Zmc sgd rsqdZletmbshnm lZwhltl ZooqnZbgdr
Z rhlhkZq rknod ’rgnvm(ZsPT ≤ 0/4-Sgdrd Zqd rhlhkZq sn sgd qdrtksr enq J.C+0 ’Qnrrax
0887()Zksgntfg mZstqZkkx sgd bnd#bhdmsr enqMt enqρlTw Zqd kZqfdq-AZkZmbdc "nvroqn,
ctbd lnqd rbZssdqdc qdbnqcr-Sgdx Zqd ZkvZxr shld cdodmcdms Zmc sgd rknodr vd gZud
nasZhmdc rn eZq Zqd fZsgdqdc ax !mchmf lZwhltl Zmc lhmhltl uZktdr eqnl shld rdqhdr
khjd sgnrd hm !ftqd 03-Nmd rddr Z ghmsnesgd 0.4 onvdq kZv ’Z khmd hr cqZvm hm( atssgd
uZktdrgZudbnmrhcdqZakdrbZssdq-UZktdreZkknè ZsPT + PTb +4· 0/7 Zmc Zqdoqdrtldc sn
admdZqsgddcfdnentqoqZbshbZkkhlhs-ShldkhlhsZshnmrchc mnsodqlhsknmf shldZudqZfhmf
qdctbd ZvZx sgd rbZssdq)rn sgd qdrtksrZqd rtffdrshud qZsgdqsgZm cd!mhshud-

4� BnloTqhrnm uhsg nsgdqlncdkrTmc onrrhakd nbdTmr

4-.- SgdS�adkkVmc raVkhmf anmrhcdpVshnmr

SgdS,bdkkhreZlhkhZqsn nbdZmnfqZogdqrrhmbd hsqdrdlakdrZm nbdZm cnlhmZsdc ax rhmjhmf
neZ bnmbdmsqZsdc btqqdmsnebnkc eqdrg vZsdqZssgdbnkc eqdrg dmc-Sgdcnvmvdkkhmf eddcrZ
anssnl btqqdmsbnmudxhmf bnkc eqdrg vZsdqZvZx eqnl sgd bnkc dmc sgZseddcrhmsn Z aqnZc
tovdkkhmf "nv-Sgd bnkcdqeqdrg "thc hrvZqldc ax cnvmvZqc bnmctbshnm negdZsrn sgZs
sgdqd hrZ sgdqlZkantmcZqx kZxdq Zmc sgdqd hrZ bnqqdronmchmf rZkhmhsx antmcZqx kZxdqhm
sghrbZrd-DwZlokdrneZ bnkc eqdrg anssnl btqqdmssdqlhmZsdc ax Zm tovdkkhmf qdfhnm Zqd
oZqshbtkZqkx fnnc hm sgd cddo nbdZm)enq hmrsZmbd sgd lnudldmsnebnkc eqdrg ?msZqbshb
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9geriF 03�Sgd rtodqbdkk-&Y(UdqshbYkrdbshnm vhsg rsqdYletmbshnm bnmsntqr &bknbjvhrd bhqbtkYshnm gYr
akYbj cYrgdc)Ymc bntmsdqbknbjvhrd bhqbtkYshnm gYr akYbj rnkhc(-&a(Hrnsgdqlr &dudqx /-0(-&b(RYkhmhsx
bnmsntqr&dudqx /-/1(-&c(UYktdrnudqshld neR Yssgd lhcckd anssnl &aktd(Ymc neS Yssgd lhcckd ans,
snl &qdc(-&d(UYktdrnudqshld nesgd rsqdYletmbshnmlYwhltl &toodqbtqud(Ymclhmhltl-&e(Mtrrdks
mtladqYmc RYkhmhsxMtrrdksmtladqrnudqY shld roYm-PT + PTr + 0/5)Id + 1)Np + 0)I.8 + 3-&Bnkntq
nmkhmd(

anssnl vZsdq hmsn sgd vdrsdqm ?skZmshb hrkhjd sghr-Hm sgZsbZrd)sgd chèdqdmslhwhmf qZsdr
neS Zmc R gZud dudm addm drshlZsdc ’VghsdgdZc Zmc Vnqsghmfsnm 0871(-
? adrs!snentqS,bdkksn sgd oqdrdmsnbdZm nbbtqrhesgd ZudqZfd sgdqlnbkhmd cdosg hm

sgd lncdkhr oqnonqshnmZksn Z eqZbshnm nesgd cdosg nesgd oqdrdmsnbdZmr-Vd enkknv sgd
eZlntr z?axrrZkQdbhodr– ’Ltmj 0855( Zmc !ssgd cdosg eqnl ntq qdrtksr sn sgd nbdZm-
Rhmbd R gZr rlZkkdq chètrhuhsx)sgd gZknbkhmd hr Z khsskd rgZkknvdq sgZm sgd sgdqlnbkhmd hm
!ftqd 3-SghrbZm nmkx ad hmsdqoqdsdc knnrdkx enqZ mtladqnevdkk,jmnvm qdZrnmr-
Sgd!sZkrn hmbktcdrsgd eZbssgZssgdvnqkc%rnbdZmrgZud Z eqZbshnm nesgdcdmrhsx uZqhZ,

shnm eqnl rZkhmhsx bnloZqdc sn sdlodqZstqd ’Rudqcqto d s Ti- 0831(-? bqtcd!senqzsxohbZk–
uZktdr enq sgd nbdZm hr fhudm hm !ftqd 1’Z(-Sgd dwgZtrshud qduhdv ax Fqdff d s Ti- 1/07
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9geriF 04�&Y(Mtrrdks mtladq Ymc sgd dpthuYkdms rYkhmhsx Mtrrdks mtladq oknssdc Yr Y etmbshnm ne
PT&+ PTr(enqId + 1-Svn uYktdr dYbg hmchbYsd sgd dwbtqrhnmr enqshld,cdodmcdmsfinv-Lt enqrhmfkd
bnlonmdmsfinv &Pdc#()Lt &qdc ×(Ymc LtR &Fqddm n(enqPT + PTr-Sgd khmd hr2-437PT0<4-&a(lYwρ

enqrhmfkd bnlonmdmsfinv &qdc#()lYwρ &akYbj n() l̂hmρ &̂fqddm n(-@ khmd vhsg PT0<4 rknod hrcqYvm
hm-&Bnkntqnmkhmd(

dwZlhmdrduhcdmbd eqnl kZanqZsnqx qdrtksrZmc chqdbsnbdZm ldZrtqdldmsrhmchbZshmf sgZs
sgd uZktd neJd lhfgsadsvddm 0 Zmc 1-
SghrZookhbZshnm sn sgdnbdZm hrhmsdqoqdsdc knnrdkx enqZ mtladqnevdkk,jmnvm qdZrnmr-

Ehqrs)sgdqlnbkhmd cdosg hrmnsdZrx sn oqdbhrdkx cd!md adbZtrd cdosgruZqx adsvddm dZbg
aZrhm Zmc dudm qdfhnmZkkx)gZuhmf uZktdrZrrlZkkZrZ edv gtmcqdc ldsqdrmdZqsgd sqnohbr
sn Zants04//ldsqdrhm sgdaqnZclhc,kZshstcdqdfhnmr-Rdbnmc)sgdoqZbshbZkuZktdnenbdZm
cdosg hrrnldvgZsZlahftntrZmc hshrchèdqdmsenqdZbg aZrhm-Sghqc)nebntqrdsghrlncdk
kdZudrntslZmx hlonqsZmsZrodbsrnenbdZm bhqbtkZshnm-QnsZshnmZkdèdbsrhmsqnctbd bnl,
okdsdkx chèdqdmsrbZkhmf kZvrenqsgd udknbhsx ’OZqj Zmc VghsdgdZc 0888(Zmc vhmc dèdbsr
lnchex sgdqlnbkhmd cdosgrax 0“1 jl ’FmZmZcdrhjZm 0888(-

4-1- TnktldnesgdlVrrdrenpsgdch!dpdmsoVssdpmr

SgdodqbdmsZfdneZqdZvhsg uZktdrneS Zmc R adsvddm / Zmc 0 uZqhdrenqdZbg nesgdoZssdqmr
gdqd vhsg PT)PTr)Zmc Jd adhmf hmfqdchdmsr hm cdsdqlhmhmf sgdl-Sghr hr qdkduZmssn sgd
hrrtdnenbdZm vZsdqlZrrdrsgZsZqd Z etmcZldmsZkoqnodqsx hm ogxrhbZknbdZmnfqZogx-Enq
dwZlokd)ZsJd +0 sgdqd hrdhsgdqZ S bdkkvhsg Z kZqfd unktldnebnkc eqdrg cddo vZsdqnqZm
R bdkkvhsg Z kZqfd unktld nevZql rZksx cddo vZsdqcdodmchmf nm uZktdrnePT Zmc PTr-Hm
bnmsqZrs)enqJd +1)sgdqdZqd4 oZssdqmrvhsg chèdqdmsunktldsqhbrhfmZstqdrZrhm !ftqd05-



1/ I-:-UGHSDGD:C

9geriF 05�PdkYshudunktldrnevYsdqlYrrbkYrrdr-&Y(UnktldrenqYkksgdnbdYmrnesgdvnqkc&Vnqsghmf,
snm0870()Ymc&a,e(eqnlsgdmtldqhbYkdwodqhldmsrenqsgdzudch©dqdmsfinvqYmfdrvhsg PTr + 2· 0/4)

Id + 1)Ymc PT + 3-4)2-1)2-/)1-7)Ymc 1-/· 0/4)qdrodbshudkx-&Bnkntqnmkhmd(

SghrvZr oqnctbdc ax oknsshmf sgd mtladq nefqhc onhmsr eqnl Z bZkbtkZshnm vhsghm dZbg
/-/0 hmsdquZkneS Zmc R-Rhmbddudm sgdbnZqrdrsfqhc gZr102+7081 onhmsr)sgdqdZqdokdmsx
neonhmsrhm ZklnrsZkksgd hmsdquZkrsgZsZqd nbbtohdc-
HvZrrtqoqhrdc sgZschèdqdmshZkchètrhnm "nvrZqdkZqfdkx bnmbdmsqZsdc Zknmf sgdlhwhmf

khmd adbZtrd Hdwodbsdc sgd btqud sn gZudltbg lnqd rbZssdqkhjd sgd oqdrdmsnbdZm ’!ftqd
05’Z(eqnlVnqsghmfsnm 0870(-?kknmd bZm rZx hrsgZssgd S,bdkkchrsqhatshnm hm ntqbZkbt,
kZshnmr qdrdlakdr sgd chrsqhatshnm hm sgd ?skZmshb vhsg hsr kZqfd unktld neMnqsg ?skZmshb
Cddo VZsdq sgZsdmsdqr eqnl sgd mnqsg-?kknsgdq edZstqdr hm !ftqd 05’Z(’?msZqbshb Ans,
snl vZsdqeqnl sgd rntsg)rbZssdqeqnl knbZkhrdc onkZqqdfhnmrZmc ltkshokd aZrhm dèdbsr(
ZooZqdmskx qdpthqdlnqd bnlokdw aZrhm fdnldsqx-

4-2- 5rodasrneV "ssn sgdnadVm sgdplnakhmd

Sgd knbZshnm nesgd adrs!sqZmfd nezsxohbZk– oZqZldsdqrenqJd +1 enqsgd nbdZm hrrgnvm
hm !ftqd 1’a(-Sghrhrvdkkvhsghm sgd rsZahkhsx qZmfd nesgd bkZrrhbS,bdkk"nv Zmc mnsbknrd
hm oZqZldsdqroZbd sn Z sqZmrhshnm sn aknar-Sgd"nv hm sghrqZmfd nePT hrkZlhmZqadbZtrd
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Qdxmnkcr mtladq Pd dwsdmcr nmkx to sn ZooqnwhlZsdkx 0//-Sghr uZktd hr bZkbtkZsdc enq
Z qtm vhsg Op +0)rn Pd hr dptZksn Odbkdsmtladq Zmc vd trd sgd kZqfdrs dwsqdltl ne
sgd rsqdZletmbshnm hm ’!ftqd 04(-FdmdqZkkx)Zssghr Qdxmnkcr mtladq)sgd "nv hr rsdZcx
Zmc ntqbZkbtkZshnmrZqd rlZkkdqsgZm sgd uZktdrnePd mddcdc sn oqnctbd stqatkdmbd hm sgd
rhmjhmf oktld ’GtfgdrZmc Fqh#sgr1//5)Gtfgdr d s Ti- 1//6)LZqbgZk1//6)GtfgdrZmc
Fqh#sgr1//7)FZxdm d s Ti- 1/02)Gtfgdr d s Ti- 1/02(-

4-3- RtllVphrhmf pdlVpir

ChèdqdmshZkchètrhnm hm gnqhynmsZkbnmudbshnm gZr6 oZssdqmrnesgd etkkqZmfd nesgdrd bZk,
btkZshnmr-?sknv PT sqZudkkhmf bdkkr nbbtq-Sgdm hm sgd qZmfd 0/3/PT/0/5 sgdqd Zqd 4
oZssdqmr9S,bdkk)aknar)rsqhodr)R.S)Zmc sgdR,bdkk-EhmZkkx)sgdqdhrsgdrtodqbdkkZssgdkZqfdrs
uZktdrnePT-Nmkx sgdS Zmc R bdkkrZqdrsdZcx)ZkksgdqdrsZqdshldcdodmcdmsvhsg sgdshld
cdodmcdmbd adhmf nesgd nqcdq nesgd mdssgdqlZkshld rbZkd C1<ζ nq knmfdq-Sgd qdrtksr
Zqd rdmrhshud sn Jd Zmc hmrdmrhshud sn Op-
Sgd bxbkdrchèdqeqnl bxbkdrhm oqduhntrbZkbtkZshnmrsgZstrd sgd rZld mtldqhbZkbncd

atsvhsg lhwdc Chqhbgkds,MdtlZmm antmcZqx S,R enqbhmf ’VghsdgdZc 1/06(Zmc mn che,
edqdmshZkchètrhnm-Hm oZqshbtkZq)sgdrdlhwdc antmcZqx bnmchshnmrlZjdZaqtossqZmrhshnmr
Zmc cn mnsoqnctbd sgd shld,cdodmcdmsoZssdqmrentmc gdqd-? sgdqlZkshld rbZkd hm sgd
nbdZm ne3// xdZqr’Z uZktdsgZshrudqx onnqkx bnmrsqZhmdc ZmclhfgsadlZmx shldrknmfdq(
hmchbZsdr sgZs enq sgd lnrsoZqs bxbkdr khjd sgnrd gdqd)hesgdx dwhrs hm sgd nbdZm)vntkc
nbbtq nudq Zs kdZrslZmx gtmcqdcr nexdZqr-Dwbdosenq sgd aknar)sgnrd odqhncr Zqd snn
knmf sn ctokhbZsdcdbZcZkS.R uZqhZshnmrZmc Zkknesgdl Zqdsnn rgnqssn ctokhbZsdlhkkdmmhZk
nrbhkkZshnmr-
Hm sdqlrnenbdZmlncdkr)odqgZorsgdbxbkhmf "nvrhm Z 2· 1 anw ’ZlZsqhw nebgZladqr

bnmmdbsdc ax stadr( ZmZkxrdc ax Bnkhm Cd Udqchéqd d s Ti- ’1//5( Zmc Bnkhm Cd Udqchéqd
’1//6( gZud rnld qdrdlakZmbd sn sgd S,bdkkbxbkhmf vhsg Z rsqhodr oZssdqm-Nsgdq nbdZm
lncdkr’Vhmsnm Zmc RZqZbgdj 0882)OZtkZmc Rbgtky 1//1)?qydkd s Ti- 1//5)LZqbgZkd s Ti-
1//6(gZud uhfnqntr S,bdkknrbhkkZshnmrvhsg roddchmf to Zmc rknvhmf cnvm-Sgdrd rddl
sn ad cqhudm vhsg uZqhZshnmr hm oqnodqshdr bnmbdmsqZsdc Zssgd bnkc eqdrg dmc)atscn mns
onrrdrraknarnqdcchdrvhsg chrshmbssgdqlngZkhmd rhfmZstqdr-SgdhqodqhncrZqd eZrsdqZmc
sgd bxbkdrZqd bkdZqkx lnqd bnlokdw sgZm sgd bnmudbshnm rstchdc gdqd Zmc lZx Zqhrd eqnl
oqnbdrrdrmnshm ntqlncdk’d-f-qnsZshnmZk"nvr)vhmc rsqdrrdèdbsr)fdnldsqhb bnlokdwhsx
nesgd ZbstZknbdZm aZrhmr)Zmc hbd cxmZlhbr(-TmenqstmZsdkx)rtbg lncdkr fdmdqZkkx onr,
rdrr chèdqdmsantmcZqx bnmchshnmr enq S Zmc R Zssgd antmcZqhdr qZsgdq sgZm chèdqdmshZk
chètrhnm)rn Z bnloZqhrnm nentqnrbhkkZshnmrvhsg sgnrd hm lZmx mtldqhbZklncdkrcndr
mnsgZudltbg ldZmhmf-
NrbhkkZshmf bnmudbshnm hr bnllnm hm mtldqntr ahmZqx "thc rhstZshnmr entmc hm dmfh,

mddqhmf ’d-f-Jmnaknbg 0875( Zmc oZqshbtkZqkx hm khmdZq hmrsZahkhsx sgdnqx-Bnmudbshnm hm
Zkbngnk,vZsdq rnktshnmr nrbhkkZsdr Zmc sgd "thcr gZud chètrhuhsx qZshnr bknrd sn sgd uZktdr
trdc gdqd-Gnvdudq)hs hr ch#btks sn hrnkZsd sgd rntqbd ne sgnrd nrbhkkZshnmr adbZtrd sgd
dwodqhldmsrZkrn hmbktcd nsgdqoqnbdrrdrrtbg ZrRnqdsdèdbsr)Ctenqdèdbsr)Zmc dptZshnm
nersZsdmnmkhmdZqhshdr-Ltbg nesgdsgdnqx enqnrbhkkZshnm hm ahmZqx "thcrbnmbdqmrlZqfhmZk
rsZsdrsgZslhfgsmnsfqnv sn kZqfdnrbhkkZshnmrrhmbdsghrgZoodmrhm hm Rsnlldk%r0850 anw
lncdkZmc hm cntakd chètrhnm ’Udqnmhr0857(-
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? kZanqZsnqx dwZlokd sgZslhfgshmunkud chèdqdmshZkchètrhnm gZr Zm nrbhkkZshnm bxbkd
sgZsrsZqsrvhsg Z etkkx lhwdc eqdrgvZsdqkZxdqbnnkdc eqnl Zanud ’VghsdgdZc d s Ti- 1//4(-
Sgd anssnl ne sghr kZxdq hr Zm hmsdqeZbd vhsg vZqldq cddodq rZksx vZsdq-Sgd rtqeZbd
bnnkhmf ne sgd toodq kZxdq oqnctbdr Zbshud bnmudbshnm sgZs bnmshmtdr sn lhw sgd kZxdq-
FqZctZkkx)rZkhmhsx ne sgd toodq kZxdq hmbqdZrdr eqnl sgd hmsdqeZbd lhwhmf)ats sgd kZxdq
sdlodqZstqd rsZxrlnqd bnmrsZmsZr sgd rtqeZbd bnnkhmf hrlZsbgdc ax gdZs"nv sgqntfg
sgd hmsdqeZbd-Sghrlhwhmf vntkc enkknv chèdqdmshZkchètrhnm vhsg sgd atnxZmbx "tw ctd
sn gdZs"nv Zmc rZkhmhsx "nv adhmf tmdptZk-Sgd kZxdq hr kZsdqZkkx bnmmdbsdc sn Zmnsgdq
kZxdq nevZql eqdrgvZsdq nudq sgd rZld vZql cddo rZksx vZsdq hm Zm ZciZbdmsaZrhm Zmc
Z rhlokd gxcqnrsZshb aZkZmbd enq ansg kZxdqr qdpthqdr sgZssgd kZxdq fqZctZkkx cddodmr Zr
cdmrhsx hmbqdZrdr eqnl rZkhmhsx hmbqdZrd-EhmZkkx)sgd rZkhmhsx chèdqdmbd adsvddm sgd bnkc
eqdrgdq kZxdq Zmc sgd cddodqvZql rZksx vZsdq ZooqnZbgdr ydqn Zmc sgd kZxdqlhwdr ZvZx-
Sgdm vZql eqdrg vZsdq "nvr hmsn sgd sno eqnl sgd mdhfgantqhmf kZxdq Zmc Z mdv kZxdq
enqlr) nmkx sn ad enkknvdc ax Z qdodZs ne sgd bxbkd-BkdZqkx) sghr kZanqZsnqx "nv che,
edqrrhfmh!bZmskx eqnl sgd gnqhynmsZkbnmudbshnm vhsg chèdqdmshZkchètrhnm ZmZkxrdc gdqd-
Ntq qdrtksr gZud mn udqshbZkdwbtqrhnm ne Z lhwdc kZxdq Zmc gZud lZmx kZsdqZkdcchdr-
Sgd bknrdrs bntmsdqoZqsvntkc ad sgd rsqhodr oZssdqm vhsg ZksdqmZsd S Zmc R bdkkr Zqqhu,
hmf Zs sgd bnkc dmc-BZkbtkZshnmr hm oqnfqdrr vhsg J.C+0 Zmc chèdqdmshZkchètrhnm ’Y-
BZqkn EqnmsdqZ Zmc N-LZqbgZk)oqhuZsd bnlltmhbZshnm(oqnctbd nrbhkkZshnmrvhsg S Zmc
R bdkkr udqshbZkkx rsZbjdc sgZslhfgsad bknrdq sn sgd kZanqZsnqx qdrtksr)Zmc lnqd vnqj hr
okZmmdc-
Hm rtllZqx)sgdrdbZkbtkZshnmrrgnv sgZschèdqdmshZkchètrhnm hm gnqhynmsZkbnmudbshnm

oqnctbdrshld,cdodmcdms"nvr-Sgd S Zmc R !dkcrqdZqqZmfd sgdlrdkudrhmsn Z uZqhdsx ne
oZssdqmrnudqvhcdqZmfdrnesgdfnudqmhmf oZqZldsdqr-Rhmbdrtbg nrbhkkZshnmrlhfgsnbbtq
hm sgdGnknbdmd ’OZtkZmc Rbgtky 1//1(sgd qdrtksrbZm ad Zccdc sn sgd khrsnehmbqdZrhmfkx
rsqnmf Zqftldmsrenqsgd mddc sn tmcdqrsZmc sgd bnmsqhatshnmrsn uZqhZahkhsx eqnl S Zmc R
hm sgd nbdZm-

5bimnukdcfdldmsr

EtmcrZqd oqnuhcdc eqnl Zm Dldqhstrdwodmrd Zbbntmsax VnncrGnkdNbdZmnfqZoghb Hmrshstshnm-
HoZqshbtkZqkx vZmssn sgZmj NkhuhdqLZqbgZkenqlZmx gdkoetkrtffdrshnmr-

Chrbknrtqd rsTsdldms

Mn onsdmshZkbnm"hbsnehmsdqdrsvZrqdonqsdc ax sgd Ztsgnq’r(-

Odedqdmbdr

?qydk)N-)Gtbj)S-Zmc Bnkhm cd Udqch”qd)?-)Sgd chèdqdmsmZstqd nesgd hmsdqcdbZcZkuZqhZahkhsx ne
sgdsgdqlngZkhmdbhqbtkZshnm tmcdqlhwdc Zmc "tw antmcZqx bnmchshnmr-I- Ogxr - Nb d Tmnf p-1//5)
25’8()06/2“0607)cnh90/-0064.ION1827-0-

AdZqcrkdx)Q-B-Zmc EdrsZ)I-E-)? mtldqhbZklncdknebnmudbshnm cqhudm ax Z rtqeZbd rsqdrrZmc mnm,
tmhenqlgnqhynmsZkgdZshmf-I- Ogxr - Nb d Tmnf p-0861)1)333“344)cnh90/-0064.041/,/374’0861(//1
! /3339?MLNBC/ 1-/-BN:1-

Bnkhm Cd Udqchéqd)?-)? rhlokd lncdknelhkkdmmhZknrbhkkZshnmr nesgd sgdqlngZkhmd bhqbtkZshnm-
I- Ogxr - Nb d Tmnf p- 1//6)26)0031“0044)cnh90/-0064.ION2/45-0-
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BnkhmCdUdqchéqd)?-)Idkkntk)L-A-Zmc R”udkkdb)E-)AhetqbZshnm rsqtbstqdnesgdqlngZkhmdlhkkdmmhZk
nrbhkkZshnmr-I- Bihl-1//5)08)4666“4684)cnh90/-0064.IBKH284/-0-

FZqfdss)?-D-)NbdZm stqatkdmbd-?mmt- Pd u- Eithc Ld b g-0878)10)308“340)cnh90/-0035.Zmmtqdu-
"-10-/0/078-//1112-

FZqfdss)?-D-)ChèdqdmshZkchètrhnm9Zm nbdZmnfqZoghb oqhldq-Opnf - Nb d Tmnf p- 1//2)45)448“46/)
cnh90/-0/05.R//68,5500’/2(///14,8-

FZqfdss) ?-D-) Sgd dèdbsr ne JS!+ JR hm Z Rsnlldk,khjd lncdk ne sgd toodq ?skZmshb Ldqhc,
hnmZknudqstqmhmf bhqbtkZshnm tmcdq rsdZcx rtqeZbd "tw enqbhmf-I- LTp- Pd r-1/08)66)132“155)
cnh90/-0246.//1113/08715776242-

FZqfdss)?-D- Zmc Edqqnm)A-)Sgd dèdbsr ne chèdqdmshZk udqshbZk chètrhnm ne S Zmc R hm Z anw
lncdknesgdqlngZkhmdbhqbtkZshnm-I- LTp- Pd r-0885)43’4()716“755)cnh90/-0246.//1113/852102
517-

FZqfdss)?-D-Zmc GnkknvZx)F-)Rdmrhshuhsx nesgdFECK lncdksn chèdqdmschètrhuhshdrenqgdZsZmc
rZks- I- Ogxr - Nb d Tmnf p-0881)11’0/()0047“0066)cnh90/-0064.041/,/374’0881(/11! 00479RNS
FNL/ 1-/-BN:1-

FZxdm)A-)Fqh#sgr)Q-V-)Gtfgdr)F-N-Zmc RZdmy)I-?-)DmdqfdshbrnegnqhynmsZkbnmudbshnm-I- Eithc
Ld b g- 1/02)605)Q0/,0“Q0/,00)cnh90/-0/06.iel-1/01-481-

FZxdm)A-)Fqh#sgr)Q-ZmcGtfgdr)F-)RsZahkhsx sqZmrhshnmrZmc stqatkdmbdhm gnqhynmsZkbnmudbshnm-
I- Eithc- Ld b g-1/03)640)587“613)cnh90/-0/06.iel-1/03-2/1-

FmZmZcdrhjZm)?-)? rhlokd oqdchbshud lncdkenq sgd rsqtbstqd nesgd nbdZmhb oxbmnbkhmd-Rb hd mb d -
0888)172’430/()1/66“1/68)cnh90/-0015.rbhdmbd-172-430/-1/66-

Fqdff)L-B-)C%?rZqn)D-?-)Qhkdx)I-I-Zmc Jtmyd)D-)Lhwhmf d#bhdmbx hm sgd nbdZm-?mm- Pd u- LTp-
Rb h-1/07)0/’0()332“362)cnh90/-0035.Zmmtqdu,lZqhmd,010805,/52532-

Ghqrs)?-B-Zmc BZh)V-)Rdmrhshuhsx neZ vnqkc nbdZm FBL sn bgZmfdrhm rtartqeZbdlhwhmf oZqZl,
dsdqhyZshnm-I- Ogxr - Nb d Tmnf p-0883)13)0145“0168)cnh90/-0064.041/,/374’0883(/13! 01459RN
?VNF/ 1-/-BN:1-

Gtfgdr)F-N- Zmc Fqh#sgr)Q-V-)? rhlokd bnmudbshud lncdk ne sgd fknaZk nudqstqmhmf bhqbt,
kZshnm) hmbktchmf dèdbsr ne dmsqZhmldms hmsn rhmjhmf qdfhnmr-Nb d Tm Lncd i- 1//5) 01) 35“68)
cnh90/-0/05.i-nbdlnc-1//4-/3-//0-

Gtfgdr)F-N-ZmcFqh#sgr)Q-V-)GnqhynmsZkbnmudbshnm-?mmt- Pd u- Eithc- Ld b g-1//7)3/)074“1/7)
cnh90/-0035.Zmmtqdu-"thc-3/-0003/5-0/1037-

Gtfgdr) F-N-) Fqh#sgr) Q-V-) LtkkZqmdx) I-B- Zmc Odsdqrnm) V-G-) ? sgdnqdshbZk lncdk
enq gnqhynmsZk bnmudbshnm Zs ghfg QZxkdhfg mtladq- I- Eithc Ld b g- 1//6) 470) 140“165)
cnh90/-0/06.R//11001//6//452/-

Gtfgdr)F-N-)FZxdm)A-Zmc Fqh#sgr)Q-V-)?uZhkZakd onsdmshZkdmdqfx hm QZxkdhfg,AdmZqc bnmudb,
shnm-I- Eithc Ld b g-1/02)618)0“0/)cnh90/-0/06.iel-1/02-242-

Jmnaknbg) D-) NrbhkkZsnqx bnmudbshnm hm ahmZqx lhwstqdr- Ogxr - Pd u- ?- 0875) 23) 0427“0438)
cnh90/-00/2.OgxrQdu?-23-0427-

LZqbgZk)N-)OZqshbkd sqZmronqshm gnqhynmsZkbnmudbshnm9hlokhbZshnmr enq sgd RZmcrsqnl sgdnqdl-
Sd iitr ?8 Cxm- Ld sd npni- Nb d Tmnf p-1//6)48)030“043)cnh90/-0000.i-05//,/76/-1//5-//082-w-

LZqbgZk)N-)IZbjrnm)B-)Mhkrrnm)I-)OZtk)?-Zmc Rsnbjdq)S-E-)AtnxZmbx,cqhudm "nv Zmc mZstqd ne
udqshbZklhwhmf hm Z ynmZkkx ZudqZfdclncdk-HmNb d Tm Bhp b tiTshnm8 Ld b gTmhrlr Tmc HloTb srzOTr s
Tmc Etstp d BgTmf d r ne Ld p hchnmTi Nud p stp mhmf )dchsdc ax ?-Rbglhssmdq)I-B-BghZmf Zmc R-Q-
Gdllhmf)oo-22“41)1//6-’Fdnogxr-Lnmnfq-Rdq-)unk-062)281 oo-)?FT9VZrghmfsnm)C-B-(-
cnh90/-0/18.062FL/4-

LZqrgZkk)I-Zmc Roddq)J-)Bknrtqd ne sgd ldqhchnmZknudqstqmhmf bhqbtkZshnm sgqntfg Rntsgdqm
NbdZm tovdkkhmf-MTs- Fd nr b h- 1/01)4)060“07/)cnh90/-0/27.mfdn0280-

Ldqqx!dkc)V-I-)GnkknvZx)F-ZmcFZqfdss)?-D-)? fknaZknbdZmlncdkvhsg cntakd,chètrhudlhwhmf-
I- Ogxr - Nb d Tmnf p-0888)18)0013“0031)cnh90/-0064.041/,/374’0888(/18! 00139?FNLVC/
1-/-BN:1-

Ltmj)V-)?axrrZkqdbhodr-Cd d o Rd T Pd r-0855)02)6/6“62/-
MhrghltqZ) S- Zmc LnqdfZ) ?- L-) Hm"tdmbd ne Kdvhr mtladq nm cntakd,chètrhud bnmudb,
shnm hm Z rptZqd bZuhsx !kkdc vhsg ahmZqx fZr- Gd Ts SpTmr ed p :?r hTm Pd r - 1//2) 21) 74“86)
cnh90/-0//1.gsi-0//62-
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OZoZqdkkZ) E- Zmc Xntmf)V-)GnqhynmsZk bnmudbshnm hr mnm,stqatkdms- I- Eithc Ld b g- 1//1) 355)
1/4“103)cnh90/-0/06.R//11001//1//0202-

OZqj)X-F-ZmcVghsdgdZc)I-?-)QnsZshmf bnmudbshnm cqhudm ax chèdqdmshZkanssnl gdZshmf×-I- Ogxr -
Nb d Tmnf p-0888)18)01/7“011/)cnh90/-0064.041/,/374’0888(/18! 01/79QBCACA/ 1-/-BN:1-

OZtk)?-Zmc Rbgtky)L-)Gnknbdmd bkhlZsd uZqhZahkhsx nm bdmsdmmhZk,sn,lhkkdmmhZkshld rbZkdr91-
hmsdqmZkZmc enqbdc nrbhkkZshnmr Zr onrrhakd bZtrdr-Hm BihlTsd Cd ud inold ms Tmc Ghr snp x ne sgd
Mnp sg ?siTmshb Pd Til)dchsdc ax F-Vdedq)V-Adqfdq)J-D-Adgqd Zmc D-IZmrdm)oo-44“62)1//1-
’Roqhmfdq,UdqkZf9Adqkhm Gdhcdkadqf(-

QdglZmm)B-Q-Zmc FZqfdss)?-D-)Ch—d p d mshTi Ch—tr hnm)1/07-’Mdv Xnqj9DkrduhdqOqdrr(-
QdglZmm)B-Q-Zmc Jnrdè)I-Q-)LdZm onsdmshZkdmdqfx bgZmfd hm rsqZsh!dc fqhc stqatkdmbd-Cxm-

?slnr - Nb d Tmr-1//3)26)160“183)cnh90/-0/05.i-cxmZslnbd-1//2-/8-//0-
Qnrrax)G-S-)Nm sgdqlZkbnmudbshnm cqhudm ax mnmtmhenql gdZshmf eqnl adknv9Zm dwodqhldmsZk
rstcx-Cd d o,Rd T Pd r-0854)01)8“05-

Qnrrax)G-S-)MtldqhbZkdwodqhldmsrvhsg Z "thc gdZsdc mnm,tmhenqlkx eqnl adknv-Sd iitr ?8 Cxm-
Ld sd npni- Nb d Tmnf p-0887)4/)131“146)cnh90/-23/1.sdkktrZ-u4/h1-03412-

Rbglhss) Q-V-)Cntakd chètrhnm hm nbdZmnfqZogx-?mmt- Pd u- Eithc Ld b g- 0883) 15) 144“174)
cnh90/-0035.Zmmtqdu-"-15-/0/083-//0240-

Rbnssh)?-Zmc Vghsd)A-)HrgnqhynmsZkbnmudbshnm qdZkkx zmnm,stqatkdms;–-Fd nogxr - Pd r - Jd ss- 1/00)
27’10()0“4)K105/8)cnh90/-0/18.1/00FK/386/0-

Rlxsg)V-)MZrg)I-Zmc Lntl)I-)ChèdqdmshZk chètrhnm hm aqdZjhmf Jdkuhm,Gdklgnksy ahkknvr-
I- Ogxr - Nb d Tmnf p-1//4)24)0//3“0/11-

Rsdqm)L-D-)Nb d Tm Bhp b tiTshnm Ogxr hb r)0864-’Mdv Xnqj9?bZcdlhb Oqdrr(-
Rsnlldk)G-)SgdqlngZkhmd bnmudbshnm vhsg svn rsZakd qdfhldrne"nv-Sd iitr-0850)2)113“12/-
Rsnlldk)G-)?qnmr)?-ZmcAkZmbgZqc)C-)?m nbdZmnfqZoghbZkbtqhnrhsx9sgdodqodstZkrZksentmsZhm-

Cd d o Rd T Pd r - 0842)2)041“042)cnh90/-0/05./035,5202’45(8//84,7-
Rudqcqto)G-T-)Ingmrnm)L-V-ZmcEkdlhmf)Q-G-)Sgd Nb d Tmr ) Sgd hp Ogxr hb r ) Bgdlhr sp x) TmcFd md pTi

Ahninf x)0831-’Mdv Xnqj9Oqdmshbd,GZkk(-gsso9..Zqj-bckha-nqf.Zqj9.02/2/.js056ma55q.-
Stqmdq) I-R-) Sgd hm"tdmbd ne lnkdbtkZq chètrhuhsx nm stqatkdms dmsqZhmldms Zbqnrr Z cdmrhsx
hmsdqeZbd-I- Eithc Ld b g- 0857)22)528“545)cnh90/-0/06.R//11001/57//048W-

Stqmdq)I-R-)AtnxTmb x D—d b sr hm Eithcr)0862-’BZlaqhcfd9BZlaqhcfdTmhudqrhsx Oqdrr(-TJ 257 o-
Udqnmhr)F-)Dèdbs ne Z rsZahkhyhmf fqZchdmsnernktsd nm sgdqlZkbnmudbshnm- I- Eithc Ld b g- 0857)
23’1()204“225)cnh90/-0/06.R//11001/57//0805-

VdkZmcdq)O-)? mdv sxodnecntakd,chètrhudhmrsZahkhsx;Sd iitr ?8 Cxm- Ld sd npni- Nb d Tmnf p-0878)30)
55“61)cnh90/-23/1.sdkktrZ-u30h0-00710-

VghsdgdZc) I-?-)?aqtos sqZmrhshnmr Zmc gxrsdqdrhr hm sgdqlngZkhmd kZanqZsnqx lncdkr- I- Ogxr -
Nb d Tmnf p-1//8)28’4()0120“0132)cnh90/-0064.1//7ION3/76-0-

VghsdgdZc)I-?-)JTanpTsnp x Rstchd r ne Stpatid ms Lhwhmf )1/05-’Dkrduhdq9QdedqdmbdLnctkdhm DZqsg
RxrsdlrZmc DmuhqnmldmsZkRbhdmbdr(-

VghsdgdZc)I-?-)Bnmudbshnm cqhudm ax sdlodqZstqd Zmc bnlonrhshnm "tw vhsg sgd rZld chètrhuhsx-
Fd nogxr - ?r sp nogxr - Eithc Cxm- 1/06)000’3()118“137)cnh90/-0/7/./2/80818-1/06-02225/7-

VghsdgdZc)I-?-Iq-Zmc Vnqsghmfsnm)K-U-)Sgd "tw Zmc lhwhmf qZsdr ne?msZqbshb anssnl vZsdq
vhsghm sgd Mnqsg ?skZmshb-I- Fd nogxr - Pd r - 0871)76’B0/()68/2“6813)cnh90/-0/18.IB/76hB0/o/
68/2-

VghsdgdZc)I-?-)SdQZZ)K-)SnytjZ)S-)Jdkkdq)I-A-Zmc AqZckdx)J-)KZanqZsnqx nardquZshnmrZmc rhl,
okdlncdkrnerknv nrbhkkZshnmrhm bnnkdc rZks,rsqZsh!dc anchdr-Sd iitr ?-1//4)46’46?()687“7/8)
cnh90/-0000.i-05//,/76/-1//4-//04/-w-

VghsdgdZc)I-?-)Bnsdk)?-)GZqs)R-)Khsgfnv,Adqsdkknmh)B-ZmcMdvrnld)V-)MtldqhbZkbZkbtkZshnmr
nesvn,chldmrhnmZkkZqfdOqZmcskmtladqbnmudbshnm hm Z anw-I- Eithc Ld b g- 1/02)618)473“5/1)
cnh90/-0/06.iel-1/02-22/-

Vhmsdqr)J-A-Zmc Xntmf)V-Q-)?uZhkZakd onsdmshZkdmdqfx Zmc atnxZmbx uZqhZmbd hm gnqhynmsZk
bnmudbshnm-I- Eithc Ld b g-1//8)518)110“12/)cnh90/-0/06.R//11001//8//5574-

Vhmsnm)L-Zmc RZqZbgdj)D-R-)SgdqlngZkhmdnrbhkkZshnmrhmctbdc ax rsqnmf rsdZcx rZkhmhsx enqbhmf
nenbdZm fdmdqZkbhqbtkZshnm-I- Ogxr - Nb d Tmnf p-0882)12’6()0278“030/)! 02789SNHARR/ 1-/-
BN:1-
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Vnqsghmfsnm)K-U-)SgdvZsdqlZrrdrnesgdvnqkc nbdZm9rnld qdrtksrneZ !md,rbZkd bdmrtr-Hm Dun,
itshnm ne Ogxr hb Ti Nb d Tmnf pTogx)dchsdc ax A-?-VZqqdm Zmc B-Vtmrbg)oo-31“58)0870-’L-H-S-
Oqdrr9BZlaqhcfd)L?(-

5oodmchw�Rgd dptTshnmrTmc sgdhqhmsdfqTshnm

?rhm VghsdgdZc d s Ti- ’1/02(Zmc VghsdgdZc ’1/06()dptZshnmrenqsgd Antrrhmdrp ZooqnwhlZshnmr
sn sgd hmbnloqdrrhakd bnmshmthsx dptZshnm)sgd MZuhdq,Rsnjdr dptZshnmr)Zmc bnmrdquZshnm negdZs
Zmc rZkhmhsx Zqd)qdrodbshudkx

′≈�k� + /) ’?-0(

0
Op

)�
>

>s≈
# k� �′≈

(
∇ |≈1

[
k� + ∇′≈o≈# ν/f ψ�S≈∇ αR≈(=� ’?-1(

>S≈

>s≈
# k� �′≈S≈+ ζ|≈1S≈ ’?-2(

>R≈

>s≈
# k� �′≈R≈+≈ζR |≈1R≈ ’?-3(

Oqhld cdmnsdr chldmrhnmZkptZmshshdr enq sgd udknbhsx udbsnq k�:)sgd shld s≈)sgd bnnqchmZsd hm
sgd kZsdqZkchqdbshnm w≈)sgd bnnqchmZsdvhsg tmhsudbsnq=� hm sgd udqshbZkchqdbshnm y ≈)sgd sdlodqZstqd
S≈)Zmc sgd rZkhmhsx R≈-Sgd nsgdq rxlankr Zqd sgd ZudqZfd cdmrhsx ν/)sgd jhmdlZshb uhrbnrhsx κ)sgd
ZbbdkdqZshnm nefqZuhsx f )sgd bnd#bhdmsnesgdqlZkdwoZmrhnm �)sgd bnd#bhdmsnecdmrhsx hmbqdZrd
ax rZkhmhsx α:Zmc !mZkkx ζ hrsgdqlZkZmc ζR hrrZkhmhsx chètrhuhsx-
ChldmrhnmkdrrdptZshnmrZqdcdqhudc trhmf sgdkdmfsg rbZkdC)sgdudknbhsx rbZkdζ<C)sdlodqZstqd

rbZkd)S)rZkhmhsx rbZkd)R Zmc shld rbZkdC1<ζ-Sgd sgqdd fnudqmhmf oZqZldsdqr Zqd sgd QZxkdhfg
mtladqPT + f �)SC2<ζκ)sgd rZkhmhsx QZxkdhfg mtladqPTr + ∇f α)RC2<ζκ)sgdKdvhrmtladq
Jd + ζ<ζR Zmc sgd OqZmcskmtladqOp + κ<ζ-ChldmrhnmkdrrdptZshnmr’0(“’3(Zqd sgd qdrtks-
Sgd bgZladqhrmtldqhbZkkx qdoqdrdmsdc ZrZ qdbsZmftkZqfqhc-HmhshZkkxρ)S)Zmc R Zqd Z bnmrsZms

uZktd hm sgd fqhc onhmsrdwbdossgZsZknmf sgd sno qnv S Zmc R khmdZqkx bgZmfd eqnl / Zssgd kdesdmc
sn 0 Zssgd qhfgs-?m dwsdqmZkkhmdnefqhc onhmsrhrZccdc Zknmf sgd rhcdrZmc anssnl-Sgdx ogxrhbZkkx
bnqqdronmc sn Z sghm kZxdqnernkhc-Hm sghrkZxdq)sgduZktdnebnmctbshudnqchètrhud"tw hrrdssn ydqn
ax rdsshmf sgd fqhc uZktd dptZksn sgd uZktd hm sgd dwsdqmZkfqhc onhmsmdwssn hs-Sghroqnctbdrydqn
"tw Zknmf sgd rhcdrZmc anssnl vhsg dqqnqZssgd mtldqhbZksqtmbZshnm nqcdqne0/∇06 Zmc sgd snsZk
gdZsnqchètrdc rtarsZmbdhrbnmrdqudc nudqsgddmshqdshldnesgdknmfdrsmtldqhbZkbZkbtkZshnm vhsg
dqqnqnekdrrsgZm 0/∇03 ’VghsdgdZc 1/06(-Sghrldsgnc nehlonrhmf ydqn "tw Zssgd antmcZqhdrhr
rtodqhnqax ZooqnwhlZsdkx 7 nqcdqrnelZfmhstcd sn trhmf nmd,rhcdc chèdqdmbd dptZshnmrsn rds"tw
dptZksn ydqn-
Sn ZcuZmbd hm shld)dptZshnmr’0(Zmc ’1(enqsdlodqZstqd)Zmc rZkhmhsx chrsqhatshnmrZqd rsdoodc

enqvZqc trhmf Z kdZoeqnf,sqZodynhcZkrbgdldenqdZbg shldrsdoβs-KZsdqZk"tw negdZsZmc rZkhmhsx Zqd
rdssn ydqn sgqntfg sgdsvn rhcdrZmc sgqntfg sgdanssnl-SgddptZshnm ZsdZbg shldrsdo cdodmcrnm
vgdsgdqOp hr!mhsdnqhm!mhsd-HeOp hr!mhsd)sgdunqshbhsx bZkbtkZshnm ’2(hrrsdoodc ZgdZc hm shld-Enq
hm!mhsd Op)mn shld rsdo hrmddcdc Zmc hmrsdZc ne’2(-Z rsZmcZqc Onhrrnm dptZshnm rnkudqhrtrdc enq
unqshbhsx-Hm ansg bZrdr)’3(enqrsqdZletmbshnm hrrnkudc trhmf sgd rZld Onhrrnm rnkudq-Hm ZkkbZrdr)
eqdd rkho ’ydqn unqshbhsx( Zmc ydqn rsqdZletmbshnm hr rdsnm Zkkentq rhcdr-Sgd shld rsdo hr qdodZsdc
mtldqntrshldrsn !mc sgd dunktshnm nesgd sdlodqZstqd)rZkhmhsx Zmc udknbhsx !dkcr-
Sgd atkj nesgd bnlotsZshnmrtrd Z 21· 145 fqhc)Zksgntfg hm bZrdrvgdqd oqdbhrhnm hrmddcdc)

Zmc enqlnrsnesgd!ftqdr)cntakd sgdmtladqhrtrdc-Sgd rZldptZkhsZshud qdrtksrZqd entmc enqZkk
fqhc rhydr)rn hloqnudc oqdbhrhnm cndrmnsbgZmfd sgd rsqtbstqd nesgd lncdrnq sgdhq ZooqnwhlZsd
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qdfhnmrhm oZqZldsdqroZbd-SghrZkrn hrentmc hm oqduhntrqdrtksrvhsg Z rhlhkZqoqnfqZlld’Vghsd,
gdZc d s Ti- 1/02)VghsdgdZc 1/06(-Enq dwZlokd)ZsPT + 0/5 sgd unqshbhsx hm Z rptZqd 53· 53 fqhc
gZrsgd rZld oZssdqm atsZ lZwhltl uZktd sgZshr ≥ 0-7� ghfgdqsgZm unqshbhsx nm Z 017 fqhc Zssgd
rZld hmrsZms)Zmc sgZsuZktd hr ≥ /-5� ghfgdqsgZm Z 145 fqhc ’VghsdgdZc d s Ti- 1/02(-Gnvdudq)he
hm etstqdrstchdrhmsdqmZkroddcradbnldkZqfddmntfg enqQdxmnkcrmtladqPd sn ZssZhm Z rhyd Zanud
0//)rgdZq hmrsZahkhsx vhkknbbtq Zmc sgd "tbstZshnmrvhkkad hmbqdZrhmfkx dmdqfdshb vhsg !mdq qdrn,
ktshnm-Sgd oqdrdmsbZkbtkZshnmr gZud ZslnrsPd + 0// Zmc sgdqdenqd Zqd mnsbnmctbsdc vhsg kZqfd
dmntfg Pd enqsghrsn ad sqtd-


