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Sghr qdonqs oqdrdmsr sgd ldsgncnknfx trdc sn bqdZsd Z lncdk enq qnans kdZqmhmf
trhmf OqnfqZllhmf ax CdlnmrsqZshnm -OaC(0 FZtrrhZm Lhwstqd Lncdkhmf-FLL(
hr trdc sn bqdZsd FZtrrhZm etmbshnmr aZrdc nm sgd fhudm rds ne cdlnmrsqZshnmr0
Sgd lnshnm kdZqmdc hr lncdkdc trhmf Z shld”hmuZqhZms mnmkhmdZq CxmZlhbZk Rxr”
sdl-CR( Zmc fknaZk Zrxlosnshb rsZahkhsx ne sgd lnshnm hr dmrtqdc ax okZbhmf rtffi”
bhdms bnmchshnmr nm sgd zwdc kZv0 Sghr qdonqs hmsqnctbdr dZbg ne sgd jdx ZqdZr ne
sgd oqnidbs Zmc Z rsdo ax rsdo hlokdldmsZshnm ne dZbg0 Sn bnmbktcd: vd chrbtrr sgd
qdrtksr nasZhmdc Zmc sgd etstqd chqdbshnmr enq sghr oqnidbs0
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z Hmsqnctbshnm
BnkkZanqZshud qnanshbr hr Zants gtlZmr Zmc qnansr vnqjhmf snfdsgdq hm sgd rZld roZbd0
Enq sghr vd qdpthqd qnansr sgZs bZm vnqj hm gtlZm”khjd vnqj”roZbd vhsgnts rZedsx edmb”
hmf0 Sgd qdbdms hmsqnctbshnm ne bnlokhZms qnansr hmsn sgd qnanshbr lZqjds gZr nodmdc
to Z gnrs ne mdv gtlZm”bdmsqhb qdrdZqbg onrrhahkhshdr hm qnans kdZqmhmf0 Qnansr Zqd mn
knmfdq ots adghmc edmbdr -Zr hm kZqfd lZmteZbstqhmf okZmsr( Zmc rn sgdqd hr Z mddc sn
hmbqdZrd sgdhq bZoZahkhsx sn vnqj bnkkZanqZshudkx vhsg trdqr0 Vhsg sgd eZrs cdudknoldms
ne sgdrd mdv qnans sdbgmnknfhdr: nmd jdx ZcuZmbdldms enq qnans kdZqmhmf ax hlhsZshnm
hr sn dmbncd sgd kdZqmdc rjhkkr hm oqnaZahkhrshb Zmc rsZshrshbZk lncdkr0

OqnfqZllhmf ax CdlnmrsqZshnm-OaC(: Zkrn jmnvm Zr kdZqmhmf ax hlhsZshnm: hr Z rtards
ne Rtodquhrdc KdZqmhmf sgZs dwZlhmdr ldsgncr ax vghbg Z qnans kdZqmr mdv Zbshnmr
Zbbnqchmf sn fthcZmbd oqnuhcdc ax gtlZmr0 Hm OaC: lZoohmf adsvddm sgd rsZsd ne sgd
qnans Zmc sgd Zbshnm sn ad sZjdm Zs sgZs rsZsd: hr kdZqmdc eqnl Z rds ne cdlnmrsqZshnmr
Zmc dwZlokdr oqnuhcdc ax sgd sdZbgdq0 Sgd sdZbgdq bZm ad Z gtlZm nq qnans cdlnm”
rsqZsnq0 Enq trhmf OaC nmd cndr mns qdpthqd sgd dwodqs jmnvkdcfd hm sghr lZoohmf Zmc
sgtr hs gZr lZinq ZcuZmsZfdr Zr hs Zkknvr mnm”qnanshbr”dwodqsr sn hmsdqZbs vhsg qnansr0
Etqsgdqlnqd: cdlnmrsqZshmf sn sgd qnans hr ZcuZmsZfdntr: Zr kdZqmhmf ax cdlnmrsqZshnm
hr Z udqx hmsthshud ldchtl enq bnlltmhbZshnm enq gtlZmr0
DZbg cdlnmrsqZshnm hm sghr qdonqs hr cdzmdc Zr Z rds ne onhmsr-sqZidbsnqx( sn ad enkknvdc
ax sgd qnans Zql0 Hm rdbshnm 2: vd vhkk cdrbqhad sgd oqnakdl]r svn etmcZldmsZk ogZrdr:
fZsgdqhmf sgd dwZlokdr Zmc cdqhuhmf sgd lZoohmf eqnl rtbg dwZlokdr0
Vd gZud trdc onhms sn onhms lnshnm sn cdrbqhad sgd oZsg sn ad enkknvdc: Zr hs gZr lZmx
ZcuZmsZfdr0 Enq dwZlokd: hs bZm ad trdc sn aqdZj cnvm bnlokdw sZrjr sn rhlokdq nmdr
enq dZrx lZoohmf0 SxohbZk dwZlokd ne onhms sn onhms lnudldmsr hr: Zr cdlnmrsqZsdc hm
sgd hlZfd: ne ohbjhmf Zmc okZbhmf Zm naidbs Zs Z ch�dqdms onrhshnm0

Ehftqd fl. Ohbj Zmc okZbd: Zm dwZlokd ne onhms”sn”onhms lnshnm
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z0z EnqlYkhrl
Vd lncdk sgd bnlokdsd rsZsd ne sgd rxrsdl trhmf Zm tm”Zlahftntr rsZsd uZqhZakd µ ∈
Pc: vgdqd Pc hr sgd rsZsd roZbd ne sgd qnans0 Enq dwZlokd: µ bZm rsnqd sgd 2C BZqsdrhZm
onrhshnm ne sgd dmc”d�dbsnq Zs Z fhudm hmrsZms nq sgd inhms Zmfkdr ne sgd qnans Zmc rn nm0

Enq dwZlokd enq Z BZqsdrhZm 1C rxrsdl: sgd rsZsd uZqhZakd dmbncdr Zr µ /
�
w
x

]
0

Sgd cdlnmrsqZshnmr sgZs vd rtookx sn sgd rxrsdl Zqd fnudqmdc ax sgd enkknvhmf
zwdc kZv0

’µ / e -µ( + � -fl(

Gdqd e hr Z mnmkhmdZq bnmshmtntr Zmc bnmshmtntrkx ch�dqdmshZakd etmbshnm vhsg Z
rhmfkd dpthkhaqhtl onhms µ∗0 � qdoqdrdmsr Z ydqn ldZm Zcchshud FZtrrhZm mnhrd0 Sghr
mnhrd bZm gZud nqhfhm hm rdmrnq hmZbbtqZbhdr Zmc+nq hmZbbtqZsd cdlnmrsqZshnmr ax sgd
sdZbgdq0 Eqnl sgdrd fhudm cdlnmrsqZshnmr vd vhrg sn nasZhm Z mnhrd”eqdd drshlZsd Zr
fhudm ax .

’µ / ė -µ( -1(

AZrdc nm sgd Zanud zwdc kZv: sgdqd Zqd svn hlonqsZms mnsdr.

• Sgd Zanud dptZshnm vhkk fdmdqZsd sqZidbsnqhdr sgZs cn mns hmsdqrdbs: dudm he sgd
nqhfhmZk cdlnmrsqZshnmr chc hmsdqrdbs: Zr Zbbnqchmf sn sgd dptZshnm: enq dZbg rsZsd
nmkx nmd Zbshnm bZm ad dwdbtsdc ax sgd qnans0

• Sgd lnshnm ne sgd rxrsdl hr tmhptdkx cdsdqlhmdc ax hsr rsZsd µ0 Mnshbd sgZs sgd
lnshnm hr mns cdodmcdms hm Zmx vZx nm sgd shld ne dwdbtshnm Zmc bZm dZrhkx
nudqbnld sdlonqZk odqstqaZshnmr0

θ cdmnsdr sgd rds ne oZqZldsdqr ne ė 0 Sgdrd Zqd lncdkdc trhmf FZtrrhZm Lhwstqd
Lncdkhmf-FLL( Zr vhkk ad cdrbqhadc hm rdbshnm 20

z01 CxmYlhbYk Rxrsdlr
CxmZlhbZk Rxrsdlr-CR( Zqd trdc sn cdrbqhad sgd rxrsdl Zr hs dmZakdr Z qnans sn ZcZos
hsr sqZidbsnqx hmrsZmskx hm sgd eZbd ne odqstqaZshnmr0 � CxmZlhbZk Rxrsdl dladcr Zkk
onrrhakd rnktshnmr sn qdZbg Z sZqfds hmsn Z rhmfkd etmbshnm: sgd zwdc kZv cdrbqhadc Zanud:
Dp-1(0 Sgdqd Zqd svn lZhm jhmcr ne odqstqaZshnmr: roZshZk odqstqaZshnmr: vghbg Zqd rtc”
cdm chrokZbdldmsr ne sgd qnans Zql hm hsr vnqj”roZbd nq ne sgd sZqfds onrhshnm: Zmc
sdlonqZk odqstqaZshnmr: vghbg Zqd qdkZsdc sn cdkZxr hm dwdbtshnm0 Vd okZbd bnmrsqZhmsr
nm sgd CR sn dmrtqd fknaZk Zrxlosnshb rsZahkhsx Zmc sgtr sgd lncdk bZm nudqbnld roZ”
shZk Zmc sdlonqZk odqstqaZshnmr0 Ehftqd 1 hr Zm hkktrsqZshnm ne gnv sgd kdZqmdc lncdk
nudqbnldr roZshZk odqstqaZshnmr0
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Ehftqd 1. �m hkktrsqZshnm ne gnv sgd lncdk cdZkr vhsg roZshZk odqstqaZshnmr

z010z FknaYk �rxlosnshb RsYahkhsx

Sgdnqdl z � rxrsdl hr rWhc sn ad EknaWkkx �rxlosnshbWkkx rsWakd-E�R( he enq dudqx
sqWidbsnqx µ-s(: eqnl Wmx rsWqshmf rsWsd µ9 ∈ Pc: vd gWud µ-s(→ µ∗ Wr s → ∞6
� rxrsdl hr rWhc sn ad KnbWkkx �rxlosnshbWkkx rsWakd-K�R( mdWq nq Ws µ∗ he sgdqd dwhrsr W
rtaroWbd C: C ⊂ Pc: rtbg sgWs eqnl Wmx rsWqshmf rsWsd µ9 ∈ C: enq dudqx sqWidbsnqx µ-s(
vd gWud µ-s(→ µ∗ Wr s → ∞6
Gdqd: µ∗ hr sgd dpthkhaqhtl rsWsd rtbg sgWs ė -µ( / 9 Wmc Pc hr sgd rsWsd roWbd6

Sn dmrtqd FknaZk �rxlosnshb RsZahkhsx enq sgd lncdk kdZqmdc hm ntq hlokdldmsZshnm: vd
vhkk okZbd rtffibhdms bnmchshnmr0 Sghr vhkk ad chrbtrrdc hm rdbshnm 30 Sgd qdlZhmcdq ne
sghr qdonqs hr rsqtbstqdc Zr enkknvr0 Rdbshnm 1 qduhdvr qdkZsdc vnqjr hm sgd zdkc ne OaC
Zmc kdZqmhmf qnans lnshnmr uhZ rsZshrshbZk lncdkhmf0 Rdbshnm 2 cdrbqhadr sgd ldsgncnk”
nfx vd enkknv Zmc sgd lZsgdlZshbZk aZrhr ne sgd FZtrrhZm Lhwstqd Lncdk0 Hm Rdbshnm
3 vd vhkk dkZanqZsd nm sgd FknaZk �rxlosnshb RsZahkhsx ne sgd lncdk Zmc bnmrsqZhmsr
okZbdc nm sgd lncdk sn dmrtqd sgd rZld0 Rdbshnm 4 hr cdunsdc sn ldsgncnknfx trdc
sn bnlltmhbZsd vhsg sgd qnans0 Rdbshnm 5 hmsqnctbdr sgd bnrs etmbshnmr Zmc Rdbshnm 6
chrbtrrdr sgd MKnos hlokdldmsZshnm0 Rdbshnm 7 bnudqr Qdrtksr Zmc Dwodqhldmsr Zmc
zmZkkx Etstqd Vnqj Zmc Bnmbktrhnm Zqd bnudqdc hm rdbshnmr 8 Zmc fl9 qdrodbshudkx0
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1 KhsdqYqx Qduhdv

10z OqnfqYllhmf ax CdlnmrsqYshnm -OaC(
OqnfqZllhmf ax CdlnmrsqZshnm -OaC( hr sgd fdmdqZk bZsdfnqx ne Zkfnqhsglr hm vghbg
sgd onkhbx sgZs hr trdc enq lZoohmf rsZsdr sn Zbshnmr”sZjdm hr aZrdc nm cdlnmrsqZshnm
cZsZ oqnuhcdc )1[0 Sgd lZhm oqhmbhokd ne qnans OaC hr sgZs dmc”trdqr bZm sdZbg qnansr
mdv sZrjr vhsgnts dwokhbhs oqnfqZllhmf0 Bnmrhcdq: enq dwZlokd: Z qnans sgZs hr qdpthqdc
sn ohbj Zmc okZbd Zm naidbs0 HmchuhctZkkx sghr lnshnm qdpthqdr lZmx ch�dqdms lnshnmr:
rtbg Zr qdZbghmf sgd hmhshZk onhms: ohbjhmf sgd naidbs: sqZudqrhmf sgd oZsg qdpthqdc Zmc
sgdm okZbhmf sgd naidbs Zs sgd sZqfds onrhshnm0

SqZchshnmZk ZooqnZbgdr sn qnans”bnmsqnk lncdk cnlZhm cxmZlhbr Zmc Zqd lZsgdlZsh”
bZkkx aZrdc lncdkr0 Sgdrd lncdkr qdpthqd dwodqshrd sn oqnfqZl Zmc cdudkno Zmc enq
sgnqntfg sdrshmf Zs dZbg rsdo0 Sghr hr mnmsqhuhZk enq Z qnans kdZqmdq dwdbtshmf ZbstZk
lnshnmr hm sgd qdZk vnqkc0 �mnsgdq hrrtd hr sgZs ne dqqnqr nq mdv bhqbtlrsZmbdr Zqhrhmf
Zesdq sgd qnans gZr addm oqnfqZlldc Zmc oqnaZakx cdoknxdc0 Hsr Z udqx bnrskx oqnbdrr
enq sgd qnans sn ad qdbZkkdc nq sZjdm nts ne rdquhbd Zmc qdoqnfqZlldc: bnmrhcdqhmf sgd
mdv ohbstqd0 Sgdrd cqZvaZbjr lZjd OqnfqZllhmf ax CdlnmrsqZshnmr-OaC( Z udqx
dZrx bgnhbd enq onkhbx lncdkhmf0

�krn qdedqqdc sn Zr kdZqmhmf ax hlhsZshnm: OaC hr aZrdc nm sgd sgd udqx hmsthshud vZx
hm vghbg gtlZmr kdZqm: ax cdlnmrsqZshnm Zmc mdv ldsgncr Zqd adhmf cdudknodc ax
vghbg rjhkkr bZm ad sqZmrlhssdc sn Z qnans0 OaC bnudqr Z aqnZc qZmfd ne ZookhbZshnmr
Zmc hr oZqshbtkZqkx ne hmsdqdrs hm bZrdr vgdqd qnansr Zmc gtlZm hmsdqZbs hm Z bnkkZa”
nqZshud vZx0 QdrdZqbg nm OqnfqZllhmf ax CdlnmrsqZshnm-OaC( gZr qdbdhudc fqdZs
Zssdmshnm hm sgd kZrs cdbZcd rhmbd hs bZm rdqud Z trdetk ldsgncnknfx enq hmsthshud qnans
oqnfqZllhmf: dudm ax fdmdqZk trdqr vhsgnts qnanshbr dwodqshrd0 Hm uZqhntr mdv cdudk”
noldmsr hm sghr zdkc: cdlnmrsqZshnmr vdqd oqnuhcdc dhsgdq ax sdkdnodqZshmf sgd qnans:
nq ax uhrhnm+lnshnm rdmrnqr qdbnqchmfr ne sgd trdq cnhmf sgd sZrj0 Sgd qdbdms gZqcvZqd
Zmc rnesvZqd cdudknoldmsr snvZqcr bnlokhZms Zmc sZbshkd qnansr Zqd mnv Zkknvhmf sgd
trdq sn ogxrhbZkkx hmsdqZbs vhsg sgd qnans sn sqZmredq nq qdzmd rjhkkr0
Jdx hrrtdr hm OaC hmbktcd sgd oqnakdl ne vgZs sn hlhsZsd: gnv sn hlhsZsd Zmc HmsdqeZbd
enq CdlnmrsqZshnm0

10z0z UgYs sn hlhsYsd

VgZs sn hlhsZsd qdkZsdr sn sgd oqnakdl ne cdsdqlhmhmf vghbg Zrodbsr ne sgd cdlnmrsqZ”
shnm rgntkc ad hlhsZsdc0 Enq Z fhudm sZrj: bdqsZhm nardquZakd oqnodqshdr ne sgd dmuh”
qnmldms lZx ad hqqdkduZms Zmc rZedkx hfmnqdc0 Hm sgd oqnakdl sgZs vd gZud cdZks vhsg
hm sghr qdonqs: vd Zrrtld sgZs sgd edZstqdr sgZs Zqd sn ad hlhsZsdc Zqd oqdrdms Zr sgd
hmuZqhZms hm sgd cdlnmrsqZshnm cZsZ Zmc vd enbtr nm sgd mdws oqnakdl: gnv sn hlhsZsd0
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10z01 Gnv sn hlhsYsd

Gnv sn hlhsZsd bnmrhrsr ne ldsgncr sgZs cdsdqlhmd gnv sgd qnans vhkk ZbstZkkx odqenql
sgd kdZqmdc adgZuhnqr vgdm rnkuhmf sgd ]VgZs sn HlhsZsd] oqnakdl0 Nesdm: Z qnans
bZmmns Zbs dwZbskx sgd rZld vZx Zr Z gtlZm cndr: ctd sn ogxrhbZk khlhsZshnmr ne sgd
qnans0 Enq dwZlokd: Z rhw”CNE qnans Zql cndr mns onrrdrr sgd rZld fidwhahkhsx Zr Z
GtlZm Zql 0 Vd vhkk chrbtrr gnv vd hlhsZsd lnshnm sgqntfgnts sgd mdws rdbshnm:
Ldsgncnknfx Zmc Zkrn chrbtrr nsgdq rsZshrshbZk ldsgncr trdc sn rnkud sgd hlhsZshnm
oqnakdl hm sgd mdws rtardbshnm0

10z02 HmsdqeYbd enq CdlnmrsqYshnm

Sgd hmsdqeZbd trdc sn bnmudx sgd cdlnmrsqZshnmr sn sgd qnans bZm hmfitdmbd sgd lnshnm
kdZqmdc ax sgd qnans0 Chqdbskx qdbnqchmf gtlZm lnshnmr trhmf hlZfd oqnbdrrhmf Zmc
nsgdq ldsgncr enq sqZbjhmf sgd gtlZm lnshnm hr sgd zqrs jhmc ne hmsdqeZbd0 Sgd odqenq”
lZmbd ne sghr hmsdqeZbd cdodmcr hm Z kZqfd oZqs nm sgd qdbdhuhmf rdmrnq]r bZoZahkhshdr0
Jhmdrsgdshb sdZbghmf hr sgd mdvdq enql ne sdZbghmf: vgdqd sgd qnans hr ogxrhbZkkx fthcdc
sgqntfg sgd sZrj ax sgd gtlZmr0 Sghr gZr addm lZcd onrrhakd vhsg mdvdq sdbgmnkn”
fhdr hm bnkkZanqZshud qnanshbr0 Sghr ldsgnc Zkrn gdkor nudqbnld sgd bnqqdronmcdmbd
oqnakdl Zr sgd cdlnmrsqZshnmr bZm ad lZcd eqnl sgd onhms ne uhdv ne sgd qnans0 Ntq
hlokdldmsZshnm ne sghr ldsgnc hr chrbtrrdc hm rdbshnm ldsgncnknfx0

10z03 Hrrtdr eYbdc

OaC hr Z qdkZshudkx xntmf zdkc Zmc sgdqd hr rshkk Z kZbj ne Z oqnodq ldsqhb sn bnloZqd
Zkfnqhsglr hm sghr zdkc0 Lnrs ne sgd qdrdZqbg hr sdrsdc nm nmkx nmd qnans Zmc Zr Z qdrtks
sgdrd sdbgmhptdr Zqd nesdm btrsnlhydc sn nmd cnlZhm Zmc cnm]s qdoqdrdms Z fdmdqZk
rnktshnm0
�mnsgdq Hrrtd eZbd hr ne cZsZ”rds khlhsZshnmr enq OaC0 Enq dwZlokd: Zm qnans Zql lhfgs
ad oqnuhcdc vhsg cdlnmrsqZshnmr qdfZqchmf ZooqnZbghmf Z sZqfds eqnl nmd chqdbshnm0
Gnvdudq ctqhmf dwdbtshnm: bZrdr lhfgs Zqhrd hm vghbg sgd qnans Zql adfhmr eqnl sgd
noonrhsd chqdbshnm Zmc hmrsdZc ne qdZbghmf sgd sZqfds hm sgd rgnqsdrs onrrhakd vZx: hs
lhfgs knno Zqntmc sn sgd nsgdq rhcd Zr rgnvm0 �r chrbtrrdc hm sgd RDCR lncdk )5[: Z
onrrhakd rnktshnm hr sn qd”sqZhm trhmf mdv cdlnmrsqZshnmr Zr rgnvm0

Ehftqd 2. BZrd ne khlhsdc cZsZrds

7



101 Lncdkr trhmf RsYshrshbYk DrshlYshnm
Hm sghr rdbshnm vd bnudq oqduZkdms lncdkr sgZs trd rsZshrshbZk ZooqnZbgdr enq qnans kdZqm”
hmf0 Sgd sqZchshnmZk ZooqnZbg hm sqZidbsnqx okZmmhmf hr fdmdqZkkx sn hmsdqonkZsd nq Zo”
oqnwhlZsd sgd cdrhqdc oZsg trhmf Z bkZrr ne onkxmnlhZk etmbshnmr Zmc fdmdqZsd Z rd”
ptdmbd ne shld aZrdc bnmsqnk rds onhmsr enq bnmsqnk ne sgd dmc d�dbsnq eqnl sgd hmhshZk
onhms sn sgd sZqfds0 Rokhmd Cdbnlonrhshnm hr trdetk Zmc pthbj ats fhudr onnq drshlZsd ne
mnmkhmdZq sqZidbsnqhdr Zmc hr shld”aZrdc sgtr bZm ad Z�dbsdc ax sdlonqZk chrqtoshnmr0
�r bnudqdc hm sgd RDCR lncdk )5[: lZmx ZooqnZbgdr trhmf CxmZlhbZk Rxrsdlr -CR(
gZud addm hlokdldmsdc enq qnans lnshnm okZmmhmf0 Rnld bnllnm ZooqnZbgdr sn rsZshr”
shbZk drshlZshnm Zqd FZtrrhZm Oqnbdrr Qdfqdrrhnm-FOQ(: vghbg knbZkkx zmcr Zm noshlZk
lncdk ne ė ax lZwhlhyhmf sgd khjdkhgnnc sgZs sgd bnlokdsd lncdk qdoqdrdmsr sgd cZsZ
vdkk: KnbZkkx Vdhfgsdc Oqnidbshnm Qdfqdrrhnm -KVOQ(:vghbg Zbghdudr mnmkhmdZq etmb”
shnm ZooqnwhlZshnm hm ghfg chldmrhnmZk roZbdr dudm hm sgd oqdrdmbd ne qdctmcZms Zmc
hqqdkduZms hmots chldmrhnmr trhmf knbZkkx khmdZq lncdkr: roZmmdc ax Z rlZkk mtladq ne
tmh”uZqhZsd qdfqdrrhnmr hm rdkdbsdc chqdbshnmr hm hmots roZbd Zmc zmZkkx: FZtrrhZm Lhw”
stqd Qdfqdrrhnm-FLQ( hm vghbg sgd oZqZldsdqr ne sgd FZtrrhZm Lhwstqd Zqd noshlhydc
sgqntfg DwodbsZshnm LZwhlhyZshnm0 Gnvdudq Zkk sgdrd Zanud ldmshnmdc Zkfnqhsglr cn
mns oqnuhcd Z lncdk sgZs hr fknaZkkx ZrxlosnshbZkkx rsZakd Zmc hr qZqdkx dudm knbZkkx
ZrxlosnshbZkkx rsZakd Zmc sgtr gZr Z sdmcdmbx sn ad ZssqZbsdc sn rotqhntr ZssqZbsnqr0
Sghr hr hkktrsqZsdc hm Ehf )3”5[0

Ehftqd 3. Rotqhntr ZssqZbsnqr hm RsZshrshbZk Lncdkr ” -Z(

Ehftqd 4. Rotqhntr ZssqZbsnqr hm RsZshrshbZk Lncdkr ” -a(

RsZakd DrshlZsnq ne CxmZlhbZk Rxrsdlr )5[ dmrtqdr fknaZk Zrxlosnshb rsZahkhsx ax
okZbhmf rtffibhdms bnmrsqZhmsr nm sgd lncdk0 Hs bqdZsdr Z shld”hmuZqhZms cxmZlhbZk rxr”
sdl sn cdrbqhad sgd lnshnm Zmc bZm nudqbnld roZshZk Zmc sdlonqZk odqstqaZshnmr hm hsr
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Ehftqd 5. Rotqhntr ZssqZbsnqr hm RsZshrshbZk Lncdkr ” -b(

lnshnm0 �mnsgdq ZooqnZbg aZrdc rsZshrshbZk lncdkhmf hr AhmZqx Ldqfhmf -AL( )3[: sn
bnmrsqtbs Z lhwstqd ne FZtrrhZm etmbshnmr rn Zr sn dmrtqd knbZk Zrxlosnshb rsZahkhsx Zs
sgd sZqfds: gdmbd sgd lncdk bZm nmkx Zookhdc hm Z qdfhnm bknrd sn cdlnmrsqZshnmr Zr
bZm ad rddm hm sgd zftqd 5 Zanud0 Gnvdudq: sghr vnqj rshkk qdkhdc nm cdsdqlhmhmf mt”
ldqhbZkkx sgd rsZahkhsx qdfhnm Zmc gZc Z khlhsdc qdfhnm ne ZookhbZahkhsx0 Sgd CxmZlhb
Lnudldms Oqhlhshudr -CLO( n�dqr Z vZx ax vghbg Z mnm”khmdZq CR bZm ad drshlZsdc
vghkd dmrtqhmf fknaZk rsZahkhsx Zs Zm ZssqZbsnq onhms0 FknaZk rsZahkhsx hr dmrtqdc sgqntfg
sgd trd ne khmdZq CR sgZs sZjdr oqdbdcdmbd nudq sgd mnm”khmdZq lnctkZshnm sn dmrtqd
rsZahkhsx Zs sgd dmc ne sgd lnshnm0 Gnvdudq CLO hr shld”cdodmcdms0 Sgd bgnhbd ad”
svddm trhmf CLO nq RDCR sn lncdk Z lnshnm hr ZookhbZshnm cdodmcdms0 Enq dwZlokd:
vgdm sgd lnshnm hr hmsqhmrhbZkkx shld cdodmcdms Zmc he nmkx Z rhmfkd cdlnmrsqZshnm
hr ZuZhkZakd: nmd lZx trd CLO sn lncdk sgd lnshnm0 Hm bnmsqZrs: vgdm sgd lnshnm hr
shld”hmcdodmcdms Zmc vgdm kdZqmhmf eqnl ltkshokd cdlnmrsqZshnmr: nmd lZx nos sn trd
RDCR0 Vd vhkk chrbtrr sgd rsZshrshbZk lncdk trdc ax tr hm sgd Ldsgncnknfx rdbshnm0

2 Ldsgncnknfx
Hm sghr rdbshnm vd vhkk chrbtrr ntq hlokdldmsZshnm lncdk enq qnans lnshnm kdZqmhmf0
Ehqrs: sgd lZsgdlZshbZk aZrhr enq sgd oqnidbs vhkk ad chrbtrrdc Zmc sgdm sgd rsdo ax rsdo
ldsgncnknfx enkknvdc ax tr0

20z FYsgdqhmf CdlnmrsqYshnmr
Enq fZsgdqhmf dZbg cdlnmrsqZshnm vd lZmtZkkx chqdbs sgd qnans Zr rgnvm hm Ehftqd 6
nudq sgd oZsg qdpthqdc0 Ctqhmf sgd cdlnmrsqZshnm: uhZ SBO bnmmdbshnm vd qdbnqc sgd
onhmsr-rsZsd( ne sgd qnans Zs qdftkZq hmsdquZkr0 Sghr bZm ad 1 nq 2 chldmrhnmZk BZqsdrhZm
bnnqchmZsdr: nq Inhms”roZbd bnnqchmZsdr0
Vd bnkkdbs Zants 2”4 cdlnmrsqZshnmr enq kdZqmhmf sgd lnshnm0 DZbg cdlnmrsqZshnm hr
lnchzdc sn gZud sgd rZld mtladq ne onhmsr Zmc qd”ZqqZmfdc hmsn sgd enqlZs qdpthqdc
ax sgd oqnfqZl sn sqZhm sgd lncdk0 Sgd vgnkd oqnbdrr dmrtqdr sgZs sgd cdlnmrsqZshnmr
Zqd lZcd eqnl sgd onhms ne uhdv ne sgd qnans: sgtr rnkuhmf sgd bnqqdronmcdmbd oqnakdl
sgZs bntkc Zqhrd hm OaC0
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Ehftqd 6. � cdlnmrsqZshnm enq Z 2C oZqZankhb lnshnm

201 RbgdlYshbr ne Bncd . Oqd.oqnbdrr
Oqd”oqnbdrr hr sgd zqrs oZqs hm sgd bncd vghbg cdZkr vhsg gZmckhmf sgd hmots cZsZ0 Sgd
cZsZ oqnuhcdc sn sgd rxrsdl rgntkc enkknv Z rodbhzb enqlZs: vhsg dZbg cdlnmrsqZshnm
ZqqZmfdc nmd tmcdq Zmnsgdq Zmc dZbg gZuhmf sgd rZld mtladq ne onhmsr0 Hm oqd”oqnbdrr
oZqs vd zqrs bZkbtkZsd sgd zqrs shld cdqhuZshudr ’µs.m enq dZbg onhms hm sgd cdlnmrsqZshnm
cZsZ µs.m trhmf sgd dptZshnm sgZs enkknvr: ∀s / fl . . . S Zmc ∀m / fl . . .M: vgdqd S hr sgd
snsZk mtladq ne onhmsr hm dZbg cdlnmrsqZshnm Zmc M hr mtladq ne cdlnmrsqZshnmr0

’µs.m / µs.m � µ-s+fl(.m ∀s / fl . . . -S � fl(
’µs.m / 9 ∀s / S

Vd sgdm rghes sgd sZqfds onrhshnm µ∗sn sgd rZld rsZsd: sgd nqhfhm rsZsd-enq dwZlokd:
hm Z 2C BZqsdrhZm bnnqchmZsdr sgZs hr -9:9:9((Zmc Zkk rsZsdr hm dZbg cdlnmrsqZshnm Zqd
rghesdc Zbbnqchmfkx0 Sgtr sgd rxrsdl gZr sgd nqhfhm rsZsd Zr sgd sZqfds onrhshnm0 Ctqhmf
sgd lnshnm gnvdudq: vd bZm rghes sgd sZqfds onrhshnm Zr qdpthqdc ax rhlokx rtasqZbshmf
sgd qdpthqdc sZqfds bnnqchmZsdr eqnl sgd oqdrdms rsZsd Zmc rtookxhmf sgZs rsZsd sn sgd
rxrsdl0 Sghr fidwhahkhsx Zkknvr tr sn dZrhkx cdZk vhsg Zm Zaqtos bgZmfd hm sgd sZqfds
onrhshnm: Zr chrbtrrdc kZsdq0

202 RbgdlYshbr ne Bncd . HmhshYkhyd
�r vd gZud bnudqdc hm dZqkhdq rdbshnmr: eqnl sgd cdlnmrsqZshnmr vd ltrs cdudkno Z
CxmZlhbZk Rxrsdl vhsg sgd zwdc kZv .

’µ / ė -µ( -2(

Vd lncdk ė trhmf LtkshuZqhZsd FZtrrhZm Lhwstqd Lncdk-FLL(: vghbg hr Z oqnaZahkhr”
shb lncdk sn qdoqdrdms bktrsdqr hm sgd snsZk cZsZ onhmsr nq cdlnmrsqZshnm onhmsr oqnuhcdc
Zmc qdoqdrdms dZbg bktrsdq ax Z FZtrrhZm etmbshnm θ0 Sgdrd FZtrrhZm etmbshnmr adbnld
sgd tmjmnvm oZqZldsdqr ne sgd etmbshnm ė 0
Vd rdkdbs sgd mtladq ne FZtrrhZm etmbshnmr-J( lZmtZkkx nq trhmf AZxdrhZm HmenqlZ”
shnm BqhsdqhZ: vghbg hr Z ldsgnc sgZs odmZkhydr kZqfd hmbqdZrd hm sgd mtladq ne oZqZl”
dsdqr vgdm hs nmkx n�dqr Z rlZkk fZhm hm sgd khjdkhgnnc ne sgd lncdk: enq zmchmf Zm
noshlZk mtladq ne bnlonmdmsr-J( hm sgd lncdk0 AHB hr chrbtrrdc kZsdq hm sgd qdonqs0

flfl



DZbg FZtrrhZm etmbshnm: θj ∀j / fl . . .J: hr cdrbqhadc ax hsr oqhnq πj: hsr ldZm µj:
Zmc hsr bn”uZqhZmbd

j0 Sgd ldZm Zmc sgd bn”uZqhZmbd lZsqhw ne FZtrrhZm j Zqd cdzmdc
ax .

µj /



µjµ
µj’µ


 j/




j
µ

j
µ ’µj

’µµ

j
’µ




Ehftqd 7 hr Zm hkktrsqZshnm ne gnv hmots cZsZ hr sqZmrenqldc hmsn hmenqlZshnm rsnqdc
hm Z FLL lncdk0 Sgd zqrs hlZfd hr cdohbsr sgd cZsZ Zmc sgd rdbnmc nmd oqdrdmsr sgd
kdZqmdc FLL lncdk bnloqhrhmf ne 3 FZtrrhZmr0

Ehftqd 7. Ntsots ne 3 FZtrrhZmr eqnl cZsZ

Hm sghr rdbshnm ne sgd bncd vd hmhshZkhyd sgd oqhnqr: ltr Zmc bn”uZqhZmbdr ne dZbg FZtr”
rhZm: oqnuhchmf Zm hmhshZk ftdrr0 Ehqrs vd qtm sgd J”ldZmr Bktrsdqhmf Zkfnqhsgl nm sgd
cZsZ rds0 J”ldZmr Zhlr sn hcdmshex j mtladq ne bktrsdqr hm m fhudm cZsZ onhmsr: vgdqd
dZbg cZsZ onhms adknmfr sn sgd bktrsdq vhsg sgd mdZqdrs ldZm0 Vd rds J”ldZmr sn hmh”
shZkhyd J mtladq ne bktrsdqr: sgd mtladq ne FZtrrhZm etmbshnmr vd qdpthqd0 Vd gZud
trdc J”ldZmr hlokdldmsZshnm ne dwsdqmZk lZsgdlZshbr khaqZqx NodmBU enq B++ enq
sghr rsdo0
Sgdm vd qtm sgd DrshlZshnmLZwhlhyZshnm-DL( nm sgd ntsots eqnlJ”ldZmr Zkfnqhsgl0
DL Zkfnqhsgl hr Zm hsdqZshud ldsgnc enq zmchmf lZwhltl khjdkhgnnc drshlZsdr ne oZ”
qZldsdqr hm rsZshrshbZk lncdkr: vgdqd sgd lncdk cdodmcr nm tmnardqudc kZsdms uZqhZakdr0
Sgd DL hsdqZshnm ZksdqmZsdr adsvddm odqenqlhmf Zm dwodbsZshnm -D( rsdo: vghbg bqdZsdr
Z etmbshnm enq sgd dwodbsZshnm ne sgd knf”khjdkhgnnc duZktZsdc trhmf sgd btqqdms drshlZsd
enq sgd oZqZldsdqr: Zmc Z lZwhlhyZshnm -L( rsdo: vghbg bnlotsdr oZqZldsdqr lZwh”
lhyhmf sgd dwodbsdc knf”khjdkhgnnc entmc nm sgd D rsdo0 Sgdrd oZqZldsdq”drshlZsdr Zqd
sgdm trdc sn cdsdqlhmd sgd chrsqhatshnm ne sgd kZsdms uZqhZakdr hm sgd mdws D rsdo0
Hm rdbshnm 5: vd vhkk rdd sgd knf”khjdkhgnnc lncdk trdc enq DL Zmc Zkrn sgd lnchz”
bZshnm ne oqhnqr: ltr Zmc bn”uZqhZmbdr Zr qdpthqdc ax sgd hmhshZk ftdrr sn rZshrex sgd
bnmrsqZhmsr okZbdc nm sgd lncdk enq fknaZk Zrxlosnshb rsZahkhsx0

Vd qdoqdrdms dZbg onhms hm sgd cdlnmrsqZshnm cZsZ Zr -µs.m. ’µs.m(: ∀s / fl . . . S Zmc
∀m / fl . . .M: vgdqd M hr mtladq ne cdlnmrsqZshnmr Zmc S hr mtladq ne onhmsr hm dZbg
cdlnmrsqZshnm0 Enq dZbg onhms sgd oqnaZahkhsx cdmrhsx etmbshnm ZrrnbhZsdc vhsg hs hr:

N-µs.m. ’µs.m, θ( /
J∑

j/fl

N-j(N-µs.m. ’µs.m, j( -3(
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


N-j( / πj

N-µs.m. ’µs.m, j( / N-µs.m. ’µs.m. µj.j(
hr sgd bnmchshnmZk oqnaZahkhsx cdmrhsx etmbshnm0

Vd nasZhm sgd enkknvhmf dptZshnm enq ’µ Zesdq trhmf sgd onrsdqhnq ldZm ldsgnc nm hs:
vghbg lhmhlhydr sgd onrsdqhnq dwodbsdc uZktd ne Z knrr etmbshnm -h0d0: sgd onrsdqhnq
dwodbsdc knrr(0

’µ /
J∑

j/fl

N-j(N-µNj(
J
h/fl N-h(N-µNh(

-µj’µ +
j
’µµ-
j

µ(
�fl-µ�µjµ(( -4(

Trhmf Z bgZmfd ne uZqhZakd Zr enkknvr .



�j /
j
’µµ-
j

µ(
�fl.

aj / µj’µ � �
jµjµ

gj-µ( / N-j(N-µNj(J
h/fl N-h(N-µNh(

Vd nasZhm sgd enkknvhmf dptZshnm Zesdq rtarshstshnm.

’µ / ė -µ( /
J∑

j/fl

gj-µ(-�jµ + aj( -5(

Sghr hr sgd dptZshnm vd trd enq cdsdqlhmhmf sgd Zbshnm-udknbhsx( ne sgd qnans cdodmchmf
nm sgd oqdrdms rsZsd-bn”nqchmZsdr( ne sgd qnans]r dmc”d�dbsnq0 Sn dmrtqd FknaZk �rxlo”
snshb RsZahkhsx: vd rgZkk okZbd rnld bnmrsqZhmsr nm sgd Dp-5( Zr chrbtrrdc hm sgd mdws
rdbshnm0
DZbg gj-µ( sdql qdoqdrdmsr sgd mnmkhmdZq vdhfgs ne sgd jsg FZtrrhZm Zs sgZs rsZsd Zmc
lZjdr sgd etmbshnm mnmkhmdZq0 Sghr sdql Zkknvr sgd etmbshnm sn ad fidwhakd dmntfg sn
lncdk Z uZqhdsx ne lnshnmr0 �m dwZlokd ne sgd d�dbsr ne sgd vdhfgs sdql gj-µ( Zqd
rgnvm hm zftqd 80 Hs hkktrsqZsdr sgd d�dbs ne sgqdd FZtrrhZm etmbshnmr Zmc sgdhq hm”
fitdmbd nm Z flC oZsg0 Sgd oZsg enkknvdc sdmcr snvZqcr sgd bdmsdq nq ldZm ne dZbg
FZtrrhZm knbZkkx Zr hs oZrrdr ax sgd FZtrrhZm0 Sgd khmdr rgnvm sgqntfg dZbg FZtrrhZm
enkknvr sgd khmdZq cxmZlhbr �jµ + aj vhsg µj Zr sgd bdmsdq0

Ehftqd 8. flC lnshnm hm oqdrdmbd ne 2 FZtrrhZm etmbshnmr
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3 Dmrtqhmf RsYahkhsx
Sn dmrtqd fknaZk Zrxlosnshb rsZahkhsx enq Dp-5( vd Zookx sgd enkknvhmf bnmrsqZhmsr nm
hs0

Sgdnqdl 1 � sqWidbsnqx cdzmdc ax Dp-fi( Wanud hr fknaWkkx WrxlosnshbWkkx rsWakd Ws
sgd sWqfds µ∗ hm Pc he. 


aj / ��jµjµ∗ ∀j / fl . . .J
�j + -�j(S ≺ 9 ∀j / fl . . .J

-6(

Vgdqd µjµ∗ hr sgd ldWm Ws sgd zmWk rsWsd6
-�j(S hr sgd sqWmronrd ne sgd �j Wmc ≺ 9 hlokhdr mdfWshud cdzmhsdmdrr

Oqnne ne sgdnqdl 1.
Vd oqnud sgdnqdl 1 Zanud trhmf KxZotmnu RsZahkhsx Sgdnqdl Zr oqdrdmsdc hm sgd RDCR
lncdk )5[0

Sgdnqdl 2 � cxmWlhbWk rxrsdl cdsdqlhmdc ax sgd etmbshnm:

’µ / ˙e -µ(

hr fknaWkkx WrxlosnshbWkkx rsWakd Ws sgd onhms µ∗ he sgdqd dwhrsr W bnmshmtntr Wmc bnmshm,
tntrkx ch�dqdmshWakd KxWotmnu etmbshnm T-µ( . Pc → P rtbg sgWs.




T-µ( < 9 ∀µ ∈ Pc Wmc µ � µ∗

’T-µ( , 9 ∀µ ∈ Pc Wmc µ � µ∗

T-µ∗( / 9 Wmc ’T-µ∗( / 9
-7(

Ldsgncnknfx trdc hm oqnne. Vd vhkk oqdrdms Z KxZotmnu etmbshnm sgZs rZshrzdr sgd
Zanud bnmchshnmr enq ntq bZrd tmcdq sgd svn bnmrsqZhmsr ldmshnmdc hm sgdnqdl 1: sgtr
oqnuhmf sgZs tmcdq sgd Zanud svn bnmrsqZhmsr: sgd rxrsdl hr FknaZkkx �rxlosnshbZkkx
RsZakd0

Mnsd sgZs hm ntq bZrd sgd KxZotmnu etmbshnm T hr itrs Z etmbshnm ne µ Zr ’µ bZm ad
dwoqdrrdc Zr hs bZm ad dwoqdrrdc chqdbskx hm sdqlr ne µ trhmf ’µ / ˙e -µ(0 Bnmrhcdq Z
KxZotmnu etmbshnm T-µ( ne sgd enkknvhmf enql.

T-µ( /
fl
1
-µ � µ∗(S -µ � µ∗( ∀µ ∈ Pc

Sgd etmbshnm Zanud hr Z ptZcqZshb etmbshnm Zmc hs vhkk gZud onrhshud uZktd ∀µ Zmc sgtr hs
rZshrzdr Dp-7Z(0 SZjhmf sgd zqrs shld cdqhuZshud ne T-µ( vhsg qdrodbs sn shld: vd nasZhm.
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’T-µ( /
cT
cs

/
cT
cµ

× cµ
cs

/
fl
1
c
cµ
--µ � µ∗(S -µ � µ∗((

/ --µ � µ∗(S ’µ

/ --µ � µ∗(S ˙e -µ(

/ --µ � µ∗(S
J∑

j/fl

gj-µ(-�jµ + aj(

/ --µ � µ∗(S
J∑

j/fl

gj-µ(-�j-µ � µ∗( + -�jµ∗ + aj((

/ --µ � µ∗(S
J∑

j/fl

gj-µ(-�j-µ � µ∗(( . . . -�jµ∗ + aj( / 9

/

J∑

j/fl

gj-µ(--µ � µ∗(S -�j-µ � µ∗(( . . . �j + -�j(S ≺ 9

, 9 ∀µ ∈ Pc Wmc µ � µ∗

Sgtr sgd Dp-7a( hr rZshrzdc enq sgd Zanud KxZotmnu etmbshnm Zr gj-µ( < 9 ∀µ ∈ Pc
Zmc trhmf sgd bnmrsqZhms �j + -�j(S ≺ 9 0� rxlldsqhb m × m qdZk lZsqhw L hr rZhc sn
ad mdfZshud-onrhshud( cdzmhsd he yS Ly hr mdfZshud-onrhshud( enq dudqx mnm”ydqn bnktlm
udbsnq y ne m qdZk mtladqr0 Enq Dp-7b(: vd rhlokx rtarshstsd µ / µ∗ hmsn sgd KxZotmnu
etmbshnm0

T-µ∗( /
fl
1
-µ∗ � µ∗(S -µ∗ � µ∗( / 9

’T-µ∗( /
J∑

j/fl

gj-µ∗(--µ∗ � µ∗(S -�j-µ∗ � µ∗(( / 9

Sgtr vd gZud cdlnmrsqZsd sgZs sgd NCD fhudm ax ’µ / ˙e -µ( hr FknaZkkx �rxlosnshbZkkx
RsZakd: oqnuhcdc sgd bnmrsqZhmsr hm Dp-6( Zqd qdrodbsdc0

30z Nudqbnlhmf odqstqaYshnmr
30z0z RoYshYk OdqstqaYshnm

RoZshZk odqstqaZshnm hr cdzmdc Zr Z roZshZk chrokZbdldms ne sgd qnansr dmc”d�dbsnq
bZtrdc ax Zm dwsdqmZk rntqbd0 Hm bZrd ne roZshZk odqstqaZshnm ne sgd qnans: sgd udknbhsx sn
ad enkknvdc ax sgd qnans hr qd”bZkbtkZsdc Zbbnqchmf sn sgd zwdc kZv Zmc hs enkknvr Z mdv
oZsg sn sgd sZqfds0 �mnsgdq hmsdqdrshmf enql ne roZshZk odqstqaZshnm sgZs Zqhrdr hr vgdm

fl4



sgd sYqfds onhms hr chrokZbdc0 Enq dwZlokd: vgdm ctqhmf Z ohbj”Zmc”okZbd nodqZshnm
sgd trdq hmsdqZbshmf vhsg qnans rghesr sgd anw hm vghbg sgd naidbs gZr sn ad okZbdc0
Sgd lncdk kdZqmdc Zanud bZm lnchex hsr oZsg: hm bZrd ne bgZmfd hm sZqfds onrhshnm: hm Z
lZmmdq rhlhkZq sn sgd zqrs jhmc ne roZshZk odqstqaZshnm0 Ctqhmf sgd sqZhmhmf oZqs ne sgd
lncdk: sgd nqhfhm rsZsd hr jdos Zr sgd sZqfds onrhshnm Zmc sghr Zkknvr tr sn rghes sgd lncdk
dZrhkx vgdm sgd sZqfds onrhshnm hr bgZmfdc ax rgheshmf sgd nqhfhm sn sgd mdv sZqfds0

Ehftqd fl9. HkktrsqZshnm ne roZshZk odqstqaZshnmr

Sgd zqrs hlZfd Zanud hr sgd cdlnmrsqZshnmr Zmc sgd rsqdZl khmdr kdZqmdc ax sgd lncdk
enq Z B”btqud0 Sgd rdbnmc Zmc sghqc hkktrsqZsd sgd lncdk ZcZoshmf sgd oZsg enq ch�dqdms
bZrdr ne roZshZk odqstqaZshnmr0 Sgd zqrs hr vgdm sgd qnansr dmc”d�dbsnq hr chrokZbdc Zmc
sgd rdbnmc hr bgZmfd hm zmZk onhms0

30z01 SdlonqYk OdqstqaYshnm

SdlonqZk OdqstqaZshnm ne sgd lncdk hr fdmdqZkkx ZrrnbhZsdc vhsg cdkZxr hm sgd dwdbtshnm
ne sgd lnshnm0 Sgdrd lhfgs ad ctd sn uZqhdsx ne qdZrnmr rtbg Zr khlhsZshnmr hm qnans
bZoZahkhshdr Zmc+nq Zm hmbnmrhrsdms bnmmdbshnm adsvddm sgd qnans Zmc sgd oqnfqZl bnl”
otsdq0 Sgdrd odqstqaZshnmr Zqd gZmckdc dZrhkx ax sgd lncdk Zr sgd Zbshnmr odqenqldc
ax sgd qnans cdodmc nmkx nm sgd rsZsd ne sgd qnans Zmc Zqd shld”hmuZqhZms Zmc sgtr sgd
odqstqaZshnm hr nudqbnld ax qd”bZkbtkZshmf sgd udknbhsx Zs sgd rsZsd qdZbgdc Zesdq sgd
odqstqaZshnm0

4 BnlltmhbYshmf vhsg TQz9
�esdq rhltkZshnm nm L�SK�A vZr bnlokdsdc: sgd lncdk sqZhmdc hr hlokdldmsdc nm Z
TmhudqrZk Qnansr”TQfl9 qnans0 Enq hmsdqZbshmf vhsg sgd qnans vd trdc Z rdoZqZsd lnc”
tkd+oqnidbs mZldc ;TQfl9”rdmchmf”qdbdhuhmf;0 Sgd bnmmdbshnm sn sgd qnans vZr drsZa”
khrgdc uhZ Z SqZmrlhrrhnm Bnmsqnk Oqnsnbnk-SBO( bnmmdbshnm: vghbg oqnuhcdr qdkhZakd
cdkhudqx oqnsnbnk adsvddm svn bnlotsdqr bnmmdbsdc nm KnbZk �qdZ Mdsvnqj-K�M(0 Hm
sghr lnctkd vd bqdZsdc ch�dqdms lncdr enq bnlltmhbZshmf vhsg sgd qnans0 Nmd bZm
rghes adsvddm ch�dqdms lncdr nm sgd oqnfqZl ax oqdrrhmf sgd bnqqdbs hmots jdx nm sgd
bnlotsdq qtmmhmf sgd rdqudq enq sgd bnmmdbshnm0 Enq dwZlokd: trhmf Z rds ne oqdcdzmdc
jdxr: sgd trdq ne sgd oqnfqZl bZm hmbqdZrd nq cdbqdZrd sgd roddc ne dwdbtshnm ne lnshnm
hm qdZk”shld0
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40z Qdbdoshnm
Sgd zqrs lncd hr ;qdbdoshnm;: vghbg vZr trdc sn rZud sgd qdbdhudc cZsZ onhmsr eqnl sgd
qnans0 Sghr lncd hr trdc sn rsnqd cdlnmrsqZshnmr ne Zr lZmx chldmrhnmr Zr qdpthqdc enq
sqZhmhmf ne sgd qnans lncdk Zmc enq eZbhkhsZshmf qdbdoshnm eqnl sgd qnans Zs sgd oqnfqZl
dmc: vd gZud Z sgqdZc qtmmhmf hm Zm hmzmhsd knno bkZhlhmf sgd onhmsr rdms ax sgd qnans0
UhZ ch�dqdms jdxr: nmd bntkc rsZqs Zmc rsno sgd rZuhmf oqnbdrr0 Enq dwZlokd: nmd mddcr
sn chrZakd sgd rsnqhmf oqnbdrr vgdm sgd qnans hr aqntfgs aZbj sn sgd hmhshZk onrhshnm: Zmc
rsZqs hs ZfZhm enq sgd mdws cdlnmrsqZshnm0

401 Rdmchmf
Sgd rdbnmc Zmc lnqd hlonqsZms lncd ne sghr lnctkd hr ]KdZqmhmf]0 Hm sghr lncd sgd
lnshnm kdZqmdc ax sgd oqnfqZl n�hmd hr trdc sn dwdbtsd sgd lnshnm sgZs vZr cdlnm”
rsqZsdc ax sgd sdZbgdq0 Hm sgd ]KdZqmhmf] lncd Zs dudqx hsdqZshnm sgd oqnfqZl qdbdhudr
sgd oqdrdms rsZsd ne sgd qnans0 Sgdm: trhmf sgd rsZshrshbZk lncdk kdZqmdc nfflhmd: hs bZk”
btkZsdr sgd qdpthqdc udknbhsx ne sgd qnans Zmc sghr hr sgdm rdms sn sgd qnans0 Sghr knno:
bZkkdc sgd onkhbx dwdbtshnm: hr hkktrsqZsdc hm sgd hlZfd adknv0 Sgd qZsd ne rdmchmf sn
qnans hr nmbd dudqx 22 lhkkhrdbnmcr Zmc gZr addm cdsdqlhmdc uhZ dwodqhldmsZshnm sn
Zunhc nudqfinvhmf ne sgd at�dq Zs sgd qdbdhudq]r-qnans]r( dmc0 Hm sghr lncd vd Zkrn

Ehftqd flfl. Rdmchmf Lnctkd

dwodqhldmsdc vhsg edZstqdr rtbg Zr bgZmfd ne zmZk onhms+sZqfds onhms ne sgd lnshnm Zmc
hmsdqZbshmf vhsg sgd qnans”gZmc ZssZbgdc Zs sgd dmc ne sgd dmc”d�dbsnq: enq dwZlokd enq
ohbj”Zmc”okZbd jhmc ne lnshnmr0

402 HmsdfqYshnm vhsg Ihmdbs
Lhbqnrnes Jhmdbs hr Z khmd ne lnshnm rdmrhmf hmots cduhbdr ax Lhbqnrnes0 AZrdc Zqntmc
Z vdabZl”rsxkd Zcc”nm odqhogdqZk: hs dmZakdr trdqr sn bnmsqnk Zmc hmsdqZbs vhsg sgdhq
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bnmrnkd+bnlotsdq sgqntfg Z mZstqZk trdq hmsdqeZbd trhmf fdrstqdr0 UhZ Z mZldc ohod
bnmmdbshnm -Z mZldc ohod hr Z mZldc: nmd”vZx nq ctokdw ohod enq bnlltmhbZshnm
adsvddm sgd ohod rdqudq Zmc nmd nq lnqd ohod bkhdmsr( vd bnmmdbsdc sn Z oqnfqZl sgZs
tshkhydc Z Jhmdbs cduhbd okZbdc Zs sgd aZrd ne sgd qnans sn bZkbtkZsd sgd chrsZmbd adsvddm
sgd qnans Zmc Trdqr+gtlZmr hm sgd qnans]r vnqj roZbd Zmc sghr chrsZmbd hr trdc sn rknv
cnvm nq rsno sgd qnans vghkd hm sgd ]kdZqmhmf] ogZrd: he Zmx trdq bZld sn bknrd sn sgd
qnans0 Sghr Zccqdrrdr sgd lZinq hrrtd qdfZqchmf rZedsx Zqntmc bnkkZanqZshud qnansr: sgZs
vnqj vhsgnts rZedsx edmbhmf0

5 NoshlhyYshnm . KdYqmhmf sgd Lnshnm
Vd hlokdldms bnrs etmbshnmr Zr cdrbqhadc hm RsZakd DrshlZsnq ne CxmZlhbZk Rxrsdlr
-RDCR( lncdk )5[: enq noshlhyhmf sgd oZqZldsdqr0 Trhmf sgd Zanud nasZhmdc hmhshZk
ftdrr: vd Zookx svn ch�dqdms Bnrs Etmbshnmr sn noshlhyd sgd oZqZldsdqr0 RDCR rnkudr
sgd noshlhyZshnm oqnakdl tmcdq sgd bnmrsqZhmsr qdpthqdc enq rsZahkhsx0

50z Knf.Khidkhgnnc AYrdc
Sgd zqrs hr Z Knf”khjdkhgnnc aZrdc bnrs etmbshnm0 Gdqd θ qdoqdrdmsr sgd oZqZldsdqr nq
sgd FZtrrhZm etmbshnmr sgZs Zqd adhmf noshlhydc0 I-θ( hr sgd bnrs etmbshnm vgnrd uZktd
gZr sn lhmhlhydc0 M hr snsZk mtladq ne cdlnmrsqZshnmr Zmc S hr snsZk mtladq ne onhmsr
hm dZbg cdlnmrsqZshnm0 τ qdoqdrdmsr Zkk sgd cZsZ onhmsr: τ /

M
m/fl S

m0 N-µs.m. ’µs.mNθ( hr
fhudm ax Dp-3( hr sgd oqnaZahkhsx cdmrhsx etmbshnm enq cZsZ onhms -µs.m. ’µs.m(0
Sgd bnrs etmbshnm I-θ( hr Zr enkknvr

lhmθI-θ( / �
fl
τ

M∑

m/fl

Sm∑

s/9

knfN-µs.m. ’µs.mNθ( -8(

Sgd bnmrsqZhmsr nm sgd bnrs etmbshnm Zqd Zr enkknvr0 Sgd mdws rdbshnm vhkk Zccqdrr
dZbg bnmrsqZhms hm cdsZhk0




aj / ��jµjµ∗ ∀j / fl . . .J
�j + -�j(S ≺ 9 ∀j / fl . . .J
9 • πj • fl ∀j / fl . . .J
j  9 ∀j / fl . . .J
J
j/fl π

j / fl

501 LdYm RptYqd Dqqnq Hlokdldms
Sgd rdbnmc Zkfnqhsgl hr LdZm RptZqd Dqqnq aZrdc lncdk0 Hs lhmhlhydr sgd ch�dqdmbd
sgd Zbshnm-roddc( oqdchbsdc ax sgd lncdk Zmc sgd cZsZ nasZhmdc0 Sgd bnrs etmbshnm hr Zr
enkknvr

lhmθI-θ( /
fl
1τ

M∑

m/fl

Sm∑

s/9

NN ’̇µs.m � ’µs.mNN1 -fl9(
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Vgdqd sgd rxlankr θ: M: S Zmc τ Zqd Zr dwokZhmdc enq Dp-8(0 I-θ( hr sgd bnrs etmbshnm sn
ad lhmhlhydc0 ’µs.m hr bZkbtkZsdc hm hmhshZkhyd Zmc ’̇µs.m hr bZkbtkZsdc chqdbskx eqnl Dp-5(0

’µ / ė -µ(

�r: chrbtrrdc hm sgd RDCR lncdk )5[: ansg sgdrd bnrs etmbshnmr oqdrdms Mnm”KhmdZq
OqnfqZllhmf-MKO( oqnakdlr0 Sgd RDCR lncdk tshkhydr Rtbbdrrhud PtZcqZshb Oqn”
fqZllhmf ZooqnZbg qdkxhmf nm K”AEFR-Khlhsdc”ldlnqx Aqnxcdm”Ekdsbgdq”FnkceZqc”
RgZmmn(sn noshlhyd sgd bnrs etmbshnm0 Ntq hlokdldmsZshnm hr cdqhuZshud eqdd Zmc vhkk ad
chrbtrrdc hm sgd MKnos rdbshnm0 Mnshbd: gnvdudq sgZs hs hr mns dmrtqdc sgZs nmd nasZhmr
sgd fknaZkkx noshlZk rnktshnm dudqx shld nmd noshlhydr Zr sgd oqnakdl hr mnm”bnmudw0
Nm sgd bnmsqZqx: bgZmfhmf sgd hmhshZk rsdo rhyd-chrbtrrdc hm sgd MKnos rdbshnm( enq dZbg
MKnos noshlhyZshnm kdZcr tr sn Z ch�dqdms rnktshnm-knbZk lhmhlZ( dudqx shld0

6 Hlokdldmshmf sgd NoshlhyYshnm . MKnos
Enq noshlhyZshnm vd gZud trdc MKnos noshlhyZshnm khaqZqx0 Sghr khaqZqx Zccqdrr fdmdqZk
mnmkhmdZq noshlhyZshnm oqnakdlr ne sgd enql .

lhmw∈Pm e -w(

vgdqd e hr sgd naidbshud etmbshnm Zmc w qdoqdrdmsr sgd m noshlhyZshnm oZqZldsdqr0 MKnos
Zkrn gZr Zkfnqhsglr enq rnkuhmf noshlhyZshnm oqnakdlr vhsg l mnm”khmdZq hmdptZkhsx
bnmrsqZhmsr-bZkkdc MKO: mnm”khmdZq oqnfqZllhmf( ne sgd sxod .

e bh-w( • 9 ∀h / fl . . .l

60z �cchmf sgd bnmrsqYhmsr
Sghr rtardbshnm cdZkr vhsg sgd oqnbdrr ne Zcchmf dZbg ne sgd bnmrsqZhmsr sn sgd nosh”
lhyZshnm oqnakdl0 Sgd zqrs svn bnmrsqZhmsr Zqd qdkZsdc sn dmrtqhmf FknaZk �rxlosnshb
RsZahkhsx ne sgd lncdk0 


aj / ��jµjµ∗ ∀j / fl . . .J
�j + -�j(S ≺ 9 ∀j / fl . . .J

Enq sgd zqrs bnmrsqZhms vd gZud rds sgd sZqfds onhms sn sgd nqhfhm rsZsd Zmc sgtr:

aj / ��jµjµ∗ / 9

/⇒ µj’µ � �
jµjµ / 9

Sgd Zanud dptZkhsx bnmrsqZhms vZr Zccdc sn sgd noshlhyZshnm oqnakdl enq dZbg FZtr”
rhZm enq dZbg chldmrhnm0
Sgd rdbnmc bnmrsqZhms vZr qdkZshmf sn sgd mdfZshud cdzmhsdmdrr ne sgd �j∀j / fl . . .J0
� rxlldsqhb m×m qdZk lZsqhw L hr rZhc sn ad mdfZshud-onrhshud( cdzmhsd he yS Ly hr mdf”
Zshud-onrhshud( enq dudqx mnm”ydqn bnktlm udbsnq y ne m qdZk mtladqr0 Gdqd yS cdmnsdr
sgd sqZmronrd ne y0 �m dpthuZkdms cdzmhshnm hr: � rxlldsqhb m× m qdZk lZsqhw L hr rZhc
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sn ad mdfZshud-onrhshud( cdzmhsd he Zkk hsr dhfdmuZktdr Zqd mdfZshud-onrhshud(0
Sn Zcc sghr bnmrsqZhms vd Zccdc hmdptZkhsx bnmrsqZhmsr qdpthqhmf sgZs Zkk dhfdmuZktdr ne
sgd rxlldsqhb lZsqhw �j + -�j(S ad mdfZshud0 Sgd kZrs sgqdd bnmrsqZhmsr vdqd qdpthqdc
enq Z edZrhakd rsZshrshbZk lncdk0




9 • πj • fl ∀j / fl . . .J
j  9 ∀j / fl . . .J
J
j/fl π

j / fl

Sgd sghqc bnmrsqZhms vZr oqdssx rsqZhfgs enqvZqc Zr sgd oqhnqr πj qdoqdrdms oqnaZahkhsx
ne dZbg FZtrrhZm Zmc gZud sn gZud uZktdr adsvddm 9 Zmc fl0 Vd Zookhdc sghr rsdo ax
antmchmf sgd oZqZldsdqr πj: vghbg hr Z edZstqd hm MKnos0
Sgd enqsg bnmrsqZhms hlokhdr sgZs Zkk bn”uZqhZmbd lZsqhbdr rgntkc ad onrhshud cdzmhsd
vghbg hr sgdhq oqnodqsx Zmc vZr hlokdldmsdc hm Z rhlhkZq eZrghnm sn gnv sgd rdbnmc
bnmrsqZhms vZr hlokdldmsdc Zanud0 HmhshZkkx vd gZc hmbktcdc sgd bnlokdsd sgd bn”
uZqhZmbd lZsqhw ne dZbg FZtrrhZm Zmc gZc sn hmbktcd dptZkhsx bnmrsqZhmsr nm sgd oZ”
qZldsdqr sn jddo sgd lZsqhw rxlldsqhb KZsdq: gnvdudq vd qdctbdc sgd oZqZldsdqr ax
hmbktchmf nmkx sgd toodq sqhZmftkZq lZsqhw Zr qdctbdc sgd oZqZldsdqr trdc Zmc sgd bnm”
rsqZhmsr qdpthqdc enq sgd noshlhyZshnm0
Sgd kZrs bnmrsqZhms hr Zkrn Z oqnodqsx ne sgd rsZshrshbZk lncdk Zmc hlokhdr sgZs rtl ne
oqnaZahkhshdr ne Zkk sgd FZtrrhZmr dptZkr fl0 Sghr vZr hlokdldmsdc rhlhkZq sn sgd zqrs
bnmrsqZhms trhmf sgd dptZkhsx bnmrsqZhms noshnm hm MKnos0
Vd gZud dwodqhldmsdc vhsg sgqdd ne sgd Zkfnqhsglr hlokdldmsdc hm sghr khaqZqx: sgd zqrs
hr BNAWK�0

601 BNAWK�
BNAWK� rsZmcr enq BnmrsqZhmdc NoshlhyZshnm AW KhmdZq �ooqnwhlZshnmr Zmc hsr hl”
okdldmsZshnm hm MKnos hr Z cdqhuZshnm ne Onvdkk]r hlokdldmsZshnm ne sgd BNAWK�
-BnmrsqZhmdc NoshlhyZshnm AW KhmdZq �ooqnwhlZshnmr( Zkfnqhsgl enq cdqhuZshud”eqdd
noshlhyZshnm vhsg mnmkhmdZq hmdptZkhsx Zmc dptZkhsx bnmrsqZhmsr: ax L0 I0 C0 Onvdkk
)7[0 BNAWK� bnmrsqtbsr rtbbdrrhud khmdZq ZooqnwhlZshnmr ne sgd naidbshud etmbshnm
Zmc bnmrsqZhmsr uhZ Z rhlokdw ne m+fl onhmsr -hm m chldmrhnmr(: Zmc noshlhydr sgdrd Zo”
oqnwhlZshnmr hm Z sqtrs qdfhnm Zs dZbg rsdo0

Vd rsZqsdc vhsg BNAWK� Zr hs vZr nmd ne sgd edv hlokdldmsZshnmr hm MKnos sgZs
rtoonqsr mnmkhmdZq dptZkhsx bnmrsqZhmsr0 �krn: BNAWK� hr Z knbZk cdqhuZshud eqdd nosh”
lhyZshnm Zmc Zr vd Zqd xds sn hlokdldms sgd cdqhuZshudr ne sgd bnrs etmbshnmr ldmshnmdc
Zanud vhsg qdrodbs sn sgd oZqZldsdqr-oqhnq πj: hsr ldZm µj: Zmc hsr bn”uZqhZmbd

j( Zr
bnudqdc hm )4[ hs vZr sgd oqhlZqx bgnhbd0

602 ANAWP�
ANAWP� cdmnsdr Antmc �ooqnwhlZshnm AW PtZcqZshb �ooqnwhlZshnm0 Sghr Zkfn”
qhsgl hr Z lnchzdc hlokdldmsZshnm ax MKnos cdqhudc eqnl sgd ANAWP� rtaqntshmd
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ne L0 I0 C0 Onvdkk0 ANAWP� odqenqlr cdqhuZshud”eqdd antmc”bnmrsqZhmdc noshlhyZ”
shnm trhmf Zm hsdqZshudkx bnmrsqtbsdc ptZcqZshb ZooqnwhlZshnm enq sgd naidbshud etmbshnm
)8[0 Sgd MKnos ANAWP� hmsdqeZbd rtoonqsr tmdptZk hmhshZk”rsdo rhydr hm sgd ch�dqdms
oZqZldsdqr -ax sgd rhlokd dwodchdms ne hmsdqmZkkx qd rbZkhmf sgd oZqZldsdqr oqnonqshnmZk
sn sgd hmhshZk rsdor(: vghbg hr hlonqsZms vgdm ch�dqdms oZqZldsdqr gZud udqx ch�dqdms
rbZkdr0 Gnvdudq: BNAWK� ntsodqenqlr ANAWP� Zmc adbZtrd ANAWP� bnmrsqtbsr
Z ptZcqZshb ZooqnwhlZshnm ne sgd naidbshud: hs lZx odqenql onnqkx enq naidbshud etmb”
shnmr sgZs Zqd mns svhbd”ch�dqdmshZakd0

603 �TFK�F
�TFK�F rsZmcr enq �tfldmsdc KZfqZmfhZm Zkfnqhsgl0 Hm sgd MKnos hlokdldmsZshnm
ne sghr ldsgnc: hs cdudknor Z KZfqZmfhZm bnloqhrhmf ne sgd bnrs-naidbshud( etmbshnm Zmc
mnmkhmdZq hmdptZkhsx+dptZkhsx bnmrsqZhmsr Zr cdrbqhadc hm )fl: 2[0 Sgd etmbshnm fdmdqZsdc
hr drrdmshZkkx sgd naidbshud etmbshnm oktr Z ]odmZksx] he Zmx ne sgd bnmrsqZhmsr hr uhnkZsdc0
Sghr lnchzdc naidbshud etmbshnm hr sgdm oZrrdc sn Zmnsgdq noshlhyZshnm Zkfnqhsgl vhsg
mn mnmkhmdZq bnmrsqZhmsr0 Sgd rtarhchZqx noshlhyZshnm Zkfnqhsgl sgZs vd trdc hr K”
AEFR Zr trdc hm sgd RDCR lncdk )5[0 He sgd bnmrsqZhmsr Zqd uhnkZsdc ax sgd rnktshnm ne
sghr rta”oqnakdl: sgdm sgd rhyd ne sgd odmZkshdr hr hmbqdZrdc Zmc sgd oqnbdrr hr qdodZsdc,
dudmstZkkx: sgd oqnbdrr ltrs bnmudqfd sn sgd cdrhqdc rnktshnm0 Gnvdudq sghr Zkfnqhsgl
chc mns oqnctbd Zmx onrhshud qdrtksr vgdm bnloZqdc sn sgd L�SK�A hlokdldmsZshnm
ne K”AEFR0

604 HmhshYk Rsdo
MKnos gZr Z edZstqd sn rdkdbs sgd hmhshZk rsdo rhyd sgZs sgd noshlhydq trdr sn adfhm nosh”
lhyZshnm0 Enq cdqhuZshud”eqdd knbZk”noshlhyZshnm Zkfnqhsglr: sgd noshlhydq ltrs rnld”
gnv cdbhcd nm rnld hmhshZk rsdo rhyd sn odqstqa w ax vgdm hs adfhmr sgd noshlhyZshnm0
Sghr rsdo rhyd rgntkc ad ahf dmntfg sgZs sgd uZktd ne sgd naidbshud bgZmfdr rhfmhz”
bZmskx: ats mns snn ahf he xnt vZms sn zmc sgd knbZk noshltl mdZqdrs sn w0 Ax cdeZtks:
MKnos bgnnrdr sghr hmhshZk rsdo rhyd gdtqhrshbZkkx eqnl sgd antmcr: snkdqZmbdr: Zmc nsgdq
hmenqlZshnm: ats sghr lZx mns ZkvZxr ad sgd adrs bgnhbd0 Vd sqhdc rxrsdlZshbZkkx sn
bgZmfd sgd hmhshZk rsdo rhyd trdc hm ch�dqdms noshlhyZshnmr0 Sgd qdrtksr Zqd chrbtrrdc hm
sgd rdbshnm 70

6040z QdodYsdc noshlhyYshnmr

�mnsgdq bnmbdos sgZs vd dwodqhldmsdc vhsg vZr sn noshlhyd hm Z knno sgd rnktshnmr vd
nasZhm enq sgd oZqZldsdqr eqnl sgd oqduhntr noshlhyZshnm0 Nmd ne MKnos]r rsnoohmf
bqhsdqhZ hr sgd lZwhltl mtladq ne hsdqZshnmr Zmc rn enq lncdkr sgZs mddcdc Z kZqfd
mtladq ne hsdqZshnmr Zmc shld sn noshlhyd vd sqhdc sn qdodZsdc noshlhyZshnmr ax nosh”
lhyhmf enq Z lncdqZsd mtladq ne hsdqZshnmr ltkshokd shldr Zmc bgZmfhmf sgd hmhshZk rsdo
Zs dZbg hsdqZshnm0

1fl



605 OYqYldsdqr
Sgd oZqZldsdqr ne sgd lncdk trdc Zqd sgd FZtrrhZm etmbshnmr Zmc sgdhq bnqqdronmchmf
oqhnqr πj: ltr µj Zmc rhflZr

j0 Sgd rdkdbshnm ne sgd noshlZk mtladq ne oZqZldsdqr
Zmc sgdhq chldmrhnmZkhsx Zqd chrbtrrdc hm sghr rtardbshnm0

6050z AYxdrhYm HmenqlYshnm BqhsdqhY

Enq rdkdbshmf sgd mtladq ne oZqZldsdqr-mtladq ne FZtrrhZmr ” J( enq sgd noshlhyZshnm
vd dhsgdq lZmtZkkx bgnnrd J nq dloknx AZxdrhZm HmenqlZshnm BqhsdqhZ-AHB(0 Vghkd
noshlhyhmf: Zr nmd hmbqdZrdr sgd mtladq ne oZqZldsdqr: hs hmbqdZrdr sgd bnlotsZshnmZk
nudqgdZc Zmc Zkrn hmbqdZrdr sgd shld sZjdm sn sqZhm sgd lncdk0 �esdq oZqshbtkZq uZktd ne
J: hmbqdZrhmf J cndr mns oqnuhcd rhfmhzbZms bgZmfd hm sgd uZktd ne sgd knrr etmbshnm Zmc
enq zmchmf sghr noshlZk uZktd ne J: vd trd AHB0 AHB oqnuhcdr tr vhsg Zm ZooqnoqhZsd
sqZcd”n� adsvddm cdbqdZrhmf sgd knrr etmbshnm Zmc bnlokdwhsx ne sgd lncdk-mtladq ne
oZqZldsdqr trdc(0

AHB-θ( / τ × I-θ( +
mo
1
knf-τ( -flfl(

Vgdqd I-θ( hr sgd knf”khjdkhgnnc aZrdc bnrs etmbshnm: τ hr sgd snsZk mtladq ne onhmsr hm
sgd cZsZ rds oqnuhcdc Zmc mo hr sgd snsZk mtladq ne eqdd oZqZldsdqr0

60501 HmhshYkhyYshnm ne oYqYldsdqr

�r chrbtrrdc hm sgd rtardbshnm HmhshZkhyd hm rdbshnm 2: vd trd DrshlZshnm LZwhlhyZ”
shnm-DL( Zkfnqhsgl enq oqnuhchmf hmhshZk uZktdr enq sgd noshlhyZshnm0 Sgd bnlokdsd
hlokdldmsZshnm sn lZjd sgd hmhshZk oZqZldsdqr hm ZbbnqcZmbd vhsg sgd bnmrsqZhmsr Zr hr
qdpthqdc enq rsZahkhsx Zr chrbtrrdc hm )5[ hr Zr enkknvr.

• Qtm DL nm sgd hmots cZsZ Zmc rsnqd sgd qdrtks hm πj: µj Zmc sgd
j: ∀j ∈ fl . . .J

• Cdzmd π̇j / πj Zmc µ̇jµ / µjµ

• Lnchex sgd bn”uZqhZmbd lZsqhbdr Zr enkknvr sn qdrodbs sgd bnmrsqZhmsr nm sgd
lncdk. 



̇j
µ / H × War-

j
µ(̇j

’µµ / �H × War-
j
’µµ( ∀j ∈ fl . . .J

̇j
’µ / H × War-

j
’µ(̇j

µ ’µ / �H × War-
j

µ ’µ(

vgdqd sgd × gdqd qdoqdrdmsr oqnctbs ne sdql vhsg bnqqdronmchmf sdql hm nsgdq
lZsqhw Zmc War-( qdoqdrdmsr sgd Zarnktsd etmbshnm Zmc H hr sgd hcdmshsx lZsqhw0

• EhmZkkx: bnlotsd ’̇µj rtbg sgZs hs rZshrzdr Dp-6Z(0

’̇µj / ̇j
’µµ-

̇j
µ(
�fl-µ̇jµ � µ∗(

Qdstqm . HmhshZk oZqZldsdq rds / π̇j. µ̇j.
̇j
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60502 ChldmrhnmYkhsx ne oYqYldsdqr

Sgd mtladq ne oZqZldsdqr trdc ax ntq hlokdldmsZshnm enq dZbg FZtrrhZm hr fl enq sgd
oqhnq: 1c enq sgd lt: sZjhmf hmsn Zbbntms µjµ Zmc µ

j
’µ
Zmc 1c-c + fl( rhflZ oZqZldsdqr: Zr

vd nmkx rsnqd sgd toodq chZfnmZk lZsqhw ne dZbg bn”uZqhZmbd lZsqhw-bn”uZqhZmbd lZsqh”
bdr Zqd rxlldsqhb( Zmc sgd rhyd ne sgd bn”uZqhZmbd lZsqhw hr 1c × 1c enq dZbg FZtrrhZm0
Gdqd c hr sgd mtladq ne chldmrhnmr hm vghbg sgd lncdk hr adhmf sqZhmdc0

Sgtr sgd snsZk mtladq ne oZqZldsdqr trdc enq dZbg FZtrrhZm hr -fl+2c+1c1(0 EhmZkkx sgd
snsZk mtladq ne oZqZldsdqr qdpthqdc ax ntq hlokdldmsZshnm Zqd . -fl+2c+1c1(J: vgdqd
J hr sgd snsZk mtladq ne FZtrrhZmr adhmf trdc enq noshlhyZshnm0 Sgtr: hm ntq hlokdldm”
sZshnm sgd mtladq ne oZqZldsdqr hmbqdZrdr khmdZqkx vhsg sgd mtladq ne FZtrrhZmr trdc
Zmc ptZcqZshbZkkx vhsg sgd mtladq ne chldmrhnmr sgd lncdk hr sqZhmdc hm0 Sghr hlokd”
ldmsZshnm ne chldmrhnmZkhsx hr mns noshlZk: gnvdudq: Zr hr chrbtrrdc hm RDCR lncdk
)5[: vghbg trdr nmkx Zr lZmx oZqZldsdqr Zr qdpthqdc enq bnlotsZshnm0 Enq dwZlokd:
LRD qdpthqdr Z kdrrdq mtladq ne oZqZldsdqr sgZm khjdkhgnnc0

7 Dwodqhldmsr Ymc Qdrtksr
Hm sghr rdbshnm vd vhkk bnloZqd sgd qdrtksr nasZhmdc eqnl sgd B++ bncd tshkhyhmf
sgd MKnos khaqZqx0 Sgd Zkfnqhsglr vghbg vhkk ad bnloZqdc vhkk ad BNAWK� Zmc
ANAWP�0 Vd vhkk Zkrn bnloZqd sgd qdrtksr sn sgd L�SK�A hlokdldmsZshnm oqn”
uhcdc vhsgd RDCR oZbjZfd )5[: vghbg tshkhydr Rtbbdrrhud PtZcqZshb OqnfqZllhmf
-RPO( ZooqnZbg qdkxhmf nm K”AEFR sn rnkud sgd bnmrsqZhmdc noshlhyZshnm oqnakdl0

Sgd zqrs rtbbdrretk rhltkZshnm bnloqhrdc Z lncdk sqZhmdc trhmf Khjdkhgnnc bnrs etmb”
shnm Zmc trhmf BNAWK�-Khjdkhgnnc”BNAWK�( Zr sgd Zkfnqhsgl0 Hm sgd zftqd nm sgd
kdes hr sgd qdrtks eqnl RDCR”Khjdkhgnnc lncdk Zmc nm sgd qhfgs hr Khjdkhgnnc”BNAWK�
lncdk0

Ehftqd fl1. RhltkZshnm vhsg sgqdd cdlnr: zud cZsZ onhmsr dZbg Zmc trhmf nmd FZtrrhZm sn kdZqm
sgd lncdk0 Nm sgd qhfgs hr RDCR”Khjdkhgnnc Zmc nm sgd kdes hr Khjdkhgnnc”BNAWK�
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70z BnloYqhmf �kfnqhsglr . LRD
Vnqjhmf vhsg sgd bnrs etmbshnm LdZm RptZqd Dqqnq: ansg LRD”BNAWK� Zmc LRD”
ANAWP� lncdkr fZud bnloZqZakd qdrtksr Zr bZm ad rddm hm rhltkZshnmr hm zftqd fl20
LRD”BNAWK� lncdk trdr LRD aZrdc bnrs etmbshnm vhsg BNAWK� Zkfnqhsgl Zmc
rhlhkZqkx LRD”ANAWP� trdr ANAWP� Zkfnqhsgl0

Ehftqd fl2. RhltkZshnm vhsg entq cdlnr Zmc trhmf nmd FZtrrhZm sn kdZqm sgd lncdk0 Nm sgd kdes
hr RDCR”LRD: sgdm LRD”BNAWK� Zmc zmZkkx LRD”ANAWP�

Hs ltrs ad mnsdc sgZs sgd lncdk ZkvZxr bnmudqfdr0 Hm sgd Zanud rhltkZshnmr hs ZoodZqr
sgZs sgd lnshnm chc mns bnmudqfd Zr sgd rhltkZshnm qtmr enq Z khlhsdc mtladq ne hsdqZ”
shnmr Zmc sgd lnshnm gZc mns bnmudqfdc hm rhltkZshnm xds0 Gnvdudq: enq Zkk sgd sqZhmdc
lncdkr: sgd qnans lnshnm ZkvZxr bnmudqfdr0
NudqZkk: sgd Zkfnqhsgl sgZs odqenqlr sgd adrs hr LRD”BNAWK�: Zr rddm hm zftqd fl2
Zanud0 Sgd LRD”ANAWP� Zs shldr odqenqlr adssdq sgdm LRD”BNAWK� ats hr Zm
tmqdkhZakd rxrsdl Zr hs eZhkr sn sqZhm hm rnld qZqd rhstZshnmr -vgdqdZr LRD”BNAWK�
ZkvZxr oqnctbdr Z uZkhc rnktshnm(0

701 BnloYqhmf �kfnqhsglr . Khidkhgnnc
Khjdkhgnnc”BNAWK� hr sgd bnlahmZshnm ne sgd Khjdkhgnnc bnrs etmbshnm Zmc BNAWK�
Zkfnqhsgl0 Sghr Zkfnqhsgl vZr ghfgkx qdkhZakd Zmc Zklnrs ZkvZxr oqnctbdc Z uZkhc rn”
ktshnm0 Hs gnvdudq vZr fdmdqZkkx nts odqenqldc ax LRD”BNAWK� Zr rddm hm sgd
rhltkZshnm hm zftqd fl30 Sghr vZr ch�dqdms eqnl rnld ne sgd qdrtksr nasZhmdc hm )5[:
Zr hm sgZs Zqshbkd: sgd qdrtksr bkZhl RDCR”Khjdkhgnnc odqenqlr adssdq sgZm RDCR”LRD0
Nmd onrrhakd eZbsnq bntkc ad sgd trd ne RPO hm sgd RDCR lncdk Zmc cdqhuZshud”eqdd
noshlhyZshnm hm ntq B++ lncdk0 �krn: vgdm bnloZqdc sn sgd K”AEFR hlokdldmsZshnm
hm sgd RDCR L�SK�A bncd: sgd K”AEFR Zkfnqhsgl gZr Z ltbg kZqfdq hmhshZk rsdo Zmc
Z ltbg eZrsdq qZsd ne bnmudqfdmbd sn Z knbZk lhmhltl: vghbg hr qZqdkx sgd rZld lhmhlZ
qdZbgdc ax ntq B++ hlokdldmsZshnm0 Khjdkhgnnc”ANAWP�: vghbg hr sgd bnlahmZshnm
ne sgd Khjdkhgnnc bnrs etmbshnm Zmc sgd ANAWP� Zkfnqhsgl enq noshlhyZshnm: qZqdkx
rtbbddcdc hm sqZhmhmf Z rsZakd lncdk0 Nmd onrrhakd dwokZmZshnm bntkc ad sgZs ANAWP�
vZr mns dwokhbhskx cdudknodc hm sgd MKnos hlokdldmsZshnm sn cdZk mnm”khmdZq hmdptZkh”
shdr dudm sgntfg hs gZmckdr sgdl vdkk hm sgd bZrd ne LRD”ANAWP�0
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Ehftqd fl3. RhltkZshnm vhsg sgqdd cdlnr hm 1C BZqsdrhZm roZbd Zmc trhmf nmd FZtrrhZm sn kdZqm
sgd lncdk0

702 HmhshYk rsdo
�r ldmshnmdc dZqkhdq hm sgd qdonqs: MKnos n�dqr Z edZstqd sn bgZmfd sgd hmhshZk rsdo trdc
enq sgd Zkfnqhsgl0 Rdsshmf Khjdkhgnnc”BNAWK� Zr sgd cdeZtks Zkfnqhsgl enq sgdrd sdrsr:
vd bgZmfdc sgd hmhshZk rsdo hm Zm Zssdlos sn nasZhm adssdq oqdbhrhnm0 RhltkZshnm qdrtksr
Zqd rgnvm hm zftqd fl40 Gnvdudq ctd sn kZbj ne Z oqnodq rxrsdl sn bnloZqd sgd qdrtksr
Zmc ctd sn dqqZshb qdrtksr vd vdqd tmZakd sn ZrbdqsZhm Z fdmdqZkhydc noshlZk hmhshZk rsdo
enq Zkk noshlhyZshnmr0
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Ehftqd fl4. RhltkZshnm vhsg sgqdd cdlnr hm 1C BZqsdrhZm roZbd Zmc trhmf nmd FZtrrhZm sn kdZqm
sgd lncdk0 HmbqdZrhmf rsdo rhyd shkk Z onhms hloqnudr sgd qdrtks Zmc sgdm cdsdqhnqZsdr hs0 Gnvdudq
sghr onhms hr mns fdmdqZk enq ch�dqdms lnshnm Zmc vd vdqd tmZakd sn zmc Z vZx sn ZrbdqsZhm sgd
lnrs ZooqnoqhZsd rsdo rhyd

8 Etstqd Unqi
Sghr oqnidbs nodmr to lZmx gnqhynmr nm vghbg vnqj bZm ad otqrtdc0 Gdqd hr Z khrs ne Z
edv onrrhakd etstqd ZookhbZshnmr ne sghr oqnidbs0

• NarsZbkd �unhcZmbd Zr hlokdldmsdc hm )6[0 Sghr rxrsdl sZjdr Zr hmots Z Cx”
mZlhbZk Rxrsdl sgZs vd gZud bqdZsdc hm sghr oqnidbs Zmc lnchzdr hs rtbg sgZs
sgd rsZahkhsx bnmchshnmr ne sgd nqhfhmZk CR Zqd oqdrdqudc0 Hs lnctkZsdr sgd qnans
roZbd sn Zunhc oZsgr sgqntfg sgd narsZbkd0

• Oqdrdmskx: vd lnchex sgd hmots cZsZ nasZhmdc eqnl qnans ctqhmf sgd cdlnmrsqZ”
shnmr lZmtZkkx sn zs sgd hmots bnmchshnmr qdpthqdc enq sqZhmhmf0 Enq dwZlokd:
dZbg cdlnmrsqZshnm rgntkc gZud sgd rZld mtladq ne onhmsr0 Gnvdudq: sghr lhfgs
bZtrd tr sn knnrd cZsZ Zmc hr Z sdchntr oqnbdrr sgZs sZjdr lnqd shld0 Nmd onrrhakd
rnktshnm hr sn Zookx Kfl hmsdqonkZshnm nmsn dZbg cdlnmrsqZshnm ne sgd cZsZ rds Zmc
sgdm rdkdbshmf Zr lZmx cZsZ”onhmsr Zr qdpthqdc eqnl sgd qdrtkshmf btqud0 Sghr vhkk
hloqnud sgd chuhrhnm ne onhmsr qdrtkshmf hm tmhenql udknbhsx ctqhmf sgd lnshnm:
Zr oqdrdmskx sgdqd hr Z kZqfdq cdmrhsx ne onhmsr mdZq sgd dmc ne sgd lnshnm Zmc sgtr
sgd lnshnm rknvr cnvm cqZrshbZkkx Zr hs ZooqnZbgdr sgd dmc0

• QdZbgZahkhsx . �mnsgdq hrrtd hr sn hcdmshex sgd khlhsr ne sgd vnqjhmf roZbd ne
sgd qnans nmd hr dwodqhldmshmf nm Zmc gnv sn qdZbg sgd sZqfds vgdm sgd oZsg sn
qdZbg eqnl Zm hmhshZk onhms sn Z sZqfds onrhshnm: ansg vhsghm sgd vnqjhmf roZbd ne
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sgd qnans: sqZudqrdr sgqntfg nmd nq lnqd onhmsr ntsrhcd sgd vnqjhmf roZbd ne sgd
qnans-ntsrhcd sgd qdZbgZahkhsx(0

• Sgd oqdrdms lncdk sgZs vd gZud sqZhmdc bZmmns hmbktcd knnor hm sgd lnshnm
kdZqmdc0 Nmd rnktshnm chrbtrrdc hm )5[ hr sn dmbncd Zknmf vhsg sgd rsZsd ne sgd

lnshnm: Zkrn sgd udknbhsx ne sgd lnshnm hm Z mdv rsZsd uZqhZakd φ /

�
µ
’µ

]
0 �mc

sgd qdrtkshmf 1mc nqcdq NCD: bZm ad sqZmrenqldc hmsn zqrs nqcdq cxmZlhbr sgtr
nasZhmhmf Z lncdk rhlhkZq sn sgZs vd gZud bqdZsdc hm sghr oqnidbs0

• Hlokdldmshmf sghr Zkfnqhsgl hm inhms”roZbd0 Sghr Zkfnqhsgl gZr addm cdudknodc
sn ad trdc hm Zmx chldmrhnmZk roZbd: BZqsdrhZm roZbd Zr vdkk Zr Inhms”roZbd0 Hsr
hlokdldmsZshnm hm inhms roZbd gZc oqnctbdc eZunqZakd qdrtksr hm rhltkZshnm ats
chc mns sdrs vdkk nm sgd qnans: lZhmkx adbZtrd sgd bncd sgZs gZr addm cdudknodc
sn hmsdqZbs vhsg sgd qnans-TQfl9”rdmchmf”qdbdoshnm( bnmudxdc roddc sn sgd qnans
hm BZqsdrhZm bnnqchmZsdr Zmc vZr mns cdudknodc sn bnmudx ZmftkZq udknbhshdr Zr
qdpthqdc gdqd0

• �m hlonqsZms rsdo hr cdudknoldms ne Z oqnodq ldsqhb sn bnloZqd qdrtksr nasZhmdc
eqnl ch�dqdms noshlhyZshnmr0 KZbj ne Z oqnodq ldsqhb sn bnloZqd sgd qdrtksr
bZtrdc Z oqnakdl ne oqnodqkx itcfhmf adsvddm ch�dqdms rdsshmfr sgZs Zqd trdc
sn qtm dZbg noshlhyZshnm0 Enq dwZlokd: ch�dqdms Zkfnqhsglr nq ch�dqdms mtladq
ne hsdqZshnmr nq ch�dqdms hmhshZk rsdo0 Sgd uZktd ne lhme: sgd ntsots uZktd ne sgd
lhmhlhyZshnm vghbg hr sgd uZktd ne sgd bnrs etmbshnm: chc qZqdkx gZud Zmx qdkZshnm
sn sgd qdrtksr nasZhmdc eqnl rhltkZshnm Zmc nm sgd qnans0 Sgd nmkx vZx sn chr”
shmfthrg adsvddm qdrtksr vZr ax nardquhmf sgd qdrtksr nm sgd rhltkZsnq nq nm sgd
qnans Zmc sghr snnj lnqd d�nqs sn bnloZqd sgd rnktshnmr nasZhmdc0 � adssdq ldsqhb
vhkk Zkrn gdko duZktZsd bgZmfd hm qdrtksr vhsg ch�dqdms hmhshZk rsdo Zmc qdodZsdc
noshlhyZshnm0

• Ltksh”Qnans cdlnmrsqZshnm kdZqmhmf vntkc ad Zmnsgdq hmsdqdrshmf etstqd vnqj0
Sghr Zrodbs qdpthqdr bnnodqZshnm ne ltkshokd qnansr Zmc eZbdr Z lZinq hrrtd hm
Zbshnm bnnqchmZshnm0 Enq dwZlokd: enq sgd ohbj Zmc okZbd dwZlokd vd uhrhsdc
dZqkhdq: enq sgd lncdk vd gZud trdc sn sqZhm hm 2C BZqsdrhZm roZbd: sgqntfg hmudqrd
jhmdlZshbr: sgd dmc”d�dbsnq ne sgd Zql vZr eqdd sn qnsZsd Zmc sgtr bnnqchmZshnm
vhsg Zmnsgdq qnans vntkc qdpthqd Z rkZud Zql vghbg ZcZosr sn bgZmfd hm qnsZshnmZk
Zwhr ne sgd lZrsdq Zql0

z9 Bnmbktrhnm
Hm sghr qdonqs vd gZud oqdrdmsdc Z ldsgnc aZrdc nm CxmZlhbZk Rxrsdlr ZooqnZbg sn
kdZqm qnans lnshnm vghbg hr hmcdodmcdms ne shld Zmc fknaZkkx ZrxlosnshbZkkx rsZakd0
Sgd lnshnm sqZhmdc trhmf sghr ldsgnc hr fnudqmdc ax Z zwdc kZv ’µ / ė -µ( Zmc hr rsZ”
akd sn sdlonqZk Zmc roZshZk odqstqaZshnmr0 Ntq ldsgnc ne kdZqmhmf hr oZqs ne Z aqnZc
bZsdfnqx ne Zkfnqhsglr jmnvm Zr OqnfqZllhmf ax CdlnmrsqZshnm-OaC(0 Hm OaC: lnc”
dkr Zqd sqZhmdc aZrdc sn cdlnmrsqZshnm cZsZ oqnuhcdc0 Vd gZud trdc FZtrrhZm Lhw”
stqd Lncdkhmf-FLL( sn lncdk cZsZ0 FLL hr nmd ne lZmx rsZshrshbZk lncdkr trdc
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enq qnans lnshnm kdZqmhmf0 Vd gZud Zkrn bnudqdc KxZotmnu RsZahkhsx Bnmchshnm Zmc
trdc hs hm ntq lncdk sn dmrtqd fknaZk Zrxlosnshb rsZahkhsx0 Hm sgd qdrtksr rdbshnm vd
bnloZqdc sgd odqenqlZmbd ne sgd ch�dqdms Zkfnqhsglr0 LRD”BNAWK� hr sgd adrs
odqenqlhmf Zkfnqhsgl: adhmf lnqd oqdbhrd Zmc qdkhZakd sgZm Khjdkhgnnc”BNAWK� Zmc
LRD”ANAWP�0 Vd Zkrn bnloZqdc odqenqlZmbd enq Khjdkhgnnc”BNAWK� Zkfnqhsgl
Zs ch�dqdms hmhshZk rsdor0 EhmZkkx hm sgd kZrs rdbshnm: vd chrbtrrdc etstqd chqdbshnmr hm
vghbg sghr oqnidbs bZm ad Zookhdc Zmc mddc ne Z oqnodq ldsqhb sn bnloZqd OaC Zkfn”
qhsglr Zmc rnktshnmr0

Ehftqd fl5. RhltkZshnm ne 2C R”RgZod trhmf 2 FZtrrhZm etmbshnmr
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Qdedqdmbdr
)fl[ MhbgnkZr H0 L0 Fntkc �mcqdv Q0 Bnmm Zmc Oghkhood K0 Snhms0 � fknaZkkx bnmudq”

fdms Ztfldmsdc kZfqZmfhZm Zkfnqhsgl enq noshlhyZshnm vhsg fdmdqZk bnmrsqZhmsr Zmc
rhlokd antmcr: fl88fl0

)1[ LZmtdkZ Udknrn Aqdss Aqnvmhmf AqdmmZ C0 �qfZkk: RnmhZ BgdqmnuZ0 � rtqudx ne
qnans kdZqmhmf eqnl cdlnmrsqZshnm: 19970

)2[ I0 L0 LZqsmdy D0 F0 Ahqfhm0 Hloqnuhmf tkshlZsd bnmudqfdmbd ne Zm Ztfldmsdc
kZfqZmfhZm ldsgnc: 19970

)3[ R0 LngZllZc JgZmrZqh”YZcdg Zmc �tcd AhkkZqc0 L. �m hsdqZshud Zkfnqhsgl sn
kdZqm rsZakd mnm”khmdZq cxmZlhbZk rxrsdlr vhsg fZtrrhZm lhwstqd lncdkr: 19fl90

)4[ R0 LngZllZc JgZmrZqh”YZcdg Zmc �tcd AhkkZqc0 Sgd cdqhuZshudr ne sgd rdcr nosh”
lhyZshnm bnrs etmbshnm Zmc bnmrsqZhmsr vhsg qdrodbs sn hsr noshlhyZshnm oZqZldsdqr:
19flfl0

)5[ R0 LngZllZc JgZmrZqh”YZcdg Zmc �tcd AhkkZqc0 KdZqmhmf rsZakd mnm”khmdZq cx”
mZlhbZk rxrsdlr vhsg fZtrrhZm lhwstqd lncdkr: 19flfl0

)6[ R0 LngZllZc JgZmrZqh”YZcdg Zmc �tcd AhkkZqc0 � cxmZlhbZk rxrsdl ZooqnZbg
sn qdZkshld narsZbkd ZunhcZmb: 19fl10

)7[ L0 I0 C0 Onvdkk0 � chqdbs rdZqbg noshlhyZshnm ldsgnc sgZs lncdkr sgd naidbshud
Zmc bnmrsqZhms etmbshnmr ax khmdZq hmsdqonkZshnm: fl8830

)8[ L0 I0 C0 Onvdkk0 Sgd anaxpZ Zkfnqhsgl enq antmc bnmrsqZhmdc noshlhyZshnm vhsgnts
cdqhuZshudr: 19980
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