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�mnmxlntr Wtsgnpr
OZodq tmcdq cntakd/akhmc qduhdv

òARSQòBS

Sgd oqdchbshnm ne lnkdbtkZq oqnodqshdr hr Z bqtbhZk sZrj hm sgd ßdkc ne lZsdqhZk Zmc
cqtf chrbnudqx0 Sgd onsdmshZk admdßsr ne trhmf cddo kdZqmhmf sdbgmhptdr Zqd qd/
fidbsdc hm sgd vdZksg ne qdbdms khsdqZstqd0 Rshkk: sgdrd sdbgmhptdr Zqd eZbdc vhsg Z
bnllnm bgZkkdmfd hm oqZbshbd. KZadkdc cZsZ Zqd khlhsdc ax sgd bnrs ne lZmtZk dw/
sqZbshnm eqnl khsdqZstqd Zmc kZanqhntr dwodqhldmsZshnm0 Hm sghr vnqj: vd oqnonrd
Z cZsZ/deßbhdms oqnodqsx oqdchbsnq ax tshkhyhmf Z kdZqmZakd ghdqZqbghbZk lnkdbt/
kZq fqZllZq sgZs bZm fdmdqZsd lnkdbtkdr eqnl fqZllZq oqnctbshnm qtkdr0 Rtbg
Z fqZllZq hmctbdr Zm dwokhbhs fdnldsqx ne sgd roZbd ne lnkdbtkZq fqZogr: vghbg
oqnuhcdr Zm hmenqlZshud oqhnq nm lnkdbtkZq rsqtbstqZk rhlhkZqhsx0 Sgd oqnodqsx oqd/
chbshnm hr odqenqldc trhmf fqZog mdtqZk cheetrhnm nudq sgd fqZllZq/hmctbdc fd/
nldsqx0 Nm ansg rlZkk Zmc kZqfd cZsZrdsr: ntq duZktZshnm rgnvr sgZs sghr ZooqnZbg
ntsodqenqlr Z vhcd rodbsqtl ne aZrdkhmdr: hmbktchmf rtodquhrdc Zmc oqd/sqZhmdc
fqZog mdtqZk mdsvnqjr0 Vd hmbktcd Z cdsZhkdc ZakZshnm rstcx Zmc etqsgdq ZmZkx/
rhr ne ntq rnktshnm: rgnvhmf hsr deedbshudmdrr hm bZrdr vhsg dwsqdldkx khlhsdc cZsZ
—nmkx ∼0++ rZlokdr(: Zmc hsr dwsdmrhnm sn ZookhbZshnm hm lnkdbtkZq fdmdqZshnm0

fl HMSQNCTBSHNM

LnkdbtkZq oqnodqsx oqdchbshnm hr Zm drrdmshZk rsdo hm sgd chrbnudqx ne mnudk lZsdqhZkr Zmc cqtfr: Zr
hs Zookhdr sn ansg ghfg/sgqntfgots rbqddmhmf Zmc lnkdbtkd noshlhyZshnm0 Qdbdms ZcuZmbdr hm lZ/
bghmd kdZqmhmf: oZqshbtkZqkx cddo kdZqmhmf: gZud lZcd sqdldmcntr oqnfqdrr hm oqdchbshmf bnlokdw
oqnodqsx uZktdr sgZs Zqd cheßbtks sn ldZrtqd hm qdZkhsx ctd sn sgd ZrrnbhZsdc bnrs0 Cdodmchmf nm sgd
qdoqdrdmsZshnm enql ne lnkdbtkdr: uZqhntr ldsgncr gZud addm oqnonrdc: hmbktchmf qdbtqqdms mdtqZk
mdsvnqjr —QMM( enq RLHKDR rsqhmfr —Ktrbh ds Zk0: 19fl2, Fng ds Zk0: 19fl6(: eddc/enqvZqc mdsvnqjr
—EEM( enq lnkdbtkd ßmfdqoqhmsr —SZn ds Zk0: 191fla,Z(: Zmc: lnqd cnlhmZmskx: fqZog mdtqZk mdsvnqjr
—FMM( enq lnkdbtkd fqZogr —XZmf ds Zk0: 19fl8, AduhkZbptZ ds Zk0: 1911, òkcdfgh ) Bnkdx: 1911, Xt
) FZn: 1911(0 Sgdx gZud addm dloknxdc sn oqdchbs ahnknfhbZk Zmc ldbgZmhbZk oqnodqshdr ne ansg
onkxldqr Zmc cqtf/khjd lnkdbtkdr0 SxohbZkkx: sgdrd ldsgncr kdZqm Z cddo mdtqZk mdsvnqj sgZs lZor
sgd lnkdbtkZq hmots hmsn Zm dladcchmf roZbd: vgdqd lnkdbtkdr Zqd qdoqdrdmsdc Zr kZsdms edZstqdr
Zmc sgdm sqZmrenqldc hmsn oqnodqsx uZktdr0 Cdrohsd sgdhq oqnlhrhmf odqenqlZmbd nm bnllnm admbg/
lZqjr: sgdrd cddo kdZqmhmf/aZrdc ZooqnZbgdr qdpthqd Z kZqfd Zlntms ne sqZhmhmf cZsZ hm nqcdq sn ad
deedbshud —òtctr ) cd OZakn: 19fl6, Vhdcdq ds Zk0: 1919(0

Hm oqZbshbd: gnvdudq: rbhdmshrsr nesdm gZud rlZkk cZsZrdsr Zs sgdhq chronrZk: hm vghbg bZrd cddo kdZqm/
hmf eZhkr: oZqshbtkZqkx hm sgd bnmsdws ne onkxldqr —RtaqZlZmhZm ds Zk0: 19fl5, òksZd/SqZm ds Zk0: 19fl6(0
Enq dwZlokd: ctd sn sgd cheßbtksx ne fdmdqZshmf Zmc Zbpthqhmf cZsZ–vghbg trtZkkx dmsZhkr rxmsgdrhr:
vds/kZa ldZrtqdldms: Zmc ldbgZmhbZk sdrshmf– rsZsd/ne/sgd/Zqs vnqjr nm onkxldq oqnodqsx oqdchb/
shnm trhmf qdZk cZsZ Zqd khlhsdc sn nmkx Z edv gtmcqdc rZlokdr —Ldmnm ds Zk0: 19fl8, Bgdm ds Zk0: 191fl(0
Sn bnlodmrZsd enq sgd rbZqbhsx ne dwodqhldmsZk cZsZ: Zookhdc vnqjr nesdm qdkx nm kZadkdc cZsZ fdm/
dqZsdc ax rhltkZshnmr: rtbg Zr cdmrhsx etmbshnmZk sgdnqx Zmc lnkdbtkZq cxmZlhbr —òkcdfgh ) Bnkdx:
1911, òmsnmhtj ds Zk0: 1911(0 Xds: sgdrd sdbgmhptdr rteedq eqnl ghfg bnlotsZshnmZk bnrsr: sdchntr oZ/
qZldsdq noshlhyZshnm: Zmc Z bnmrhcdqZakd chrbqdoZmbx adsvddm rhltkZshnmr Zmc dwodqhldmsr —òeyZk
ds Zk0: 1919, Bgdm ds Zk0: 191fl(: vghbg khlhs sgdhq ZookhbZahkhsx hm oqZbshbd0

Qdbdms cddo kdZqmhmf qdrdZqbg gZr qdbnfmhydc sgd rbZqbhsx ne lnkdbtkZq cZsZ hm rdudqZk cnlZhmr Zmc
gZr cdudknodc ldsgncr gZmckhmf rlZkk cZsZrdsr: hmbktchmf rdke/rtodquhrdc kdZqmhmf —YgZmf ds Zk0:
191fl, Qnmf ds Zk0: 1919, VZmf ds Zk0: 1911, Qnrr ds Zk0: 191fl(: sqZmredq kdZqmhmf —Gt ds Zk0: 1919(:
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Ehftqd fl. Nudquhdv0 Fhudm Z rds ne lnkdbtkdr: vd kdZqm Z ghdqZqbghbZk lnkdbtkZq fqZllZq sgZs bZm
fdmdqZsd lnkdbtkdr eqnl oqnctbshnm qtkdr0 Sgd ghdqZqbghbZk lnkdbtkZq fqZllZq hmctbdr Zm dwokhbhs
fdnldsqx enq sgd roZbd ne lnkdbtkdr: vgdqd rsqtbstqZkkx rhlhkZq lnkdbtkdr Zqd bknrdq hm chrsZmbd
Zknmf sgd fdnldsqx0 Rtbg Z fqZllZq/hmctbdc fdnldsqx oqnuhcdr Zm hmenqlZshud oqhnq enq cZsZ/
deßbhdms oqnodqsx oqdchbshnm0 Vd Zbghdud sghr ax trhmf fqZog mdtqZk cheetrhnm nudq sgd fdnldsqx0

Zmc edv/rgns kdZqmhmf —Ftn ds Zk0: 191fla, RsZmkdx ds Zk0: 191fl(0 Sgdrd ldsgncr hmunkud oqd/sqZhmhmf
mdsvnqjr nm kZqfd lnkdbtkZq cZsZrdsr adenqd adhmf Zookhdc sn cnlZhm/rodbhßb: rlZkk/rbZkd sZqfds
cZsZrdsr0 Gnvdudq: vgdm Zookhdc sn cZsZrdsr ne udqx rlZkk rhyd —d0f0: ∼2++(: lnrs ne sgdrd ldsgncr
Zqd oqnmd sn odqenql onnqkx Zmc Zqd rsZshrshbZkkx tmrsZakd —Gt ds Zk0: 1919(0 Lnqdnudq: Zr vd vhkk
rgnv hm ntq dwodqhldmsr: sgdrd ldsgncr Zqd kdrr qdkhZakd vgdm cdoknxdc nm sZqfds cZsZrdsr sgZs
bnmsZhm rhfmhßbZms cnlZhm fZor eqnl sgd oqd/sqZhmdc cZsZrds —d0f0: hmbnmrhrsdmbx hm lnkdbtkd rhydr(0

òr Zm ZksdqmZshud sn otqd cddo kdZqmhmf/aZrdc ldsgncr: enqlZk fqZllZqr nudq lnkdbtkZq rsqtbstqdr
needq Zm dwokhbhs: dwokZhmZakd qdoqdrdmsZshnm enq lnkdbtkdr Zmc gZud rgnvm sgdhq fqdZs onsdmshZk hm
Zccqdrrhmf lnkdbtkZq sZrjr hm Z cZsZ/deßbhdms lZmmdq —JZihmn: 19fl8, Jqdmm ds Zk0: 19fl8, Ftn ds Zk0:
191flZ, 1911(0 ò lnkdbtkZq fqZllZq bnmrhrsr ne Z rds ne oqnctbshnm qtkdr sgZs bZm ad bgZhmdc sn
fdmdqZsd lnkdbtkdr0 Sgd oqnctbshnm qtkdr: vghbg bZm dhsgdq ad lZmtZkkx cdßmdc —Jqdmm ds Zk0: 19fl8,
Ftn ds Zk0: 191flZ( nq kdZqmdc eqnl cZsZ —JZihmn: 19fl8, Ftn ds Zk0: 1911(: dmbncd mdbdrrZqx bnm/
rsqZhmsr enq fdmdqZshmf uZkhc lnkdbtkZq rsqtbstqdr: rtbg Zr uZkdmbx qdrsqhbshnmr0 ò lnkdbtkZq fqZl/
lZq gZr sgd bnlahmZsnqhZk bZoZbhsx sn qdoqdrdms Z kZqfd Zlntms ne lnkdbtkdr trhmf Z qdkZshudkx rlZkk
mtladq ne oqnctbshnm qtkdr0 Hs gZr sgtr addm ZcZosdc Zr Z cZsZ/deßbhdms fdmdqZshud lncdk —JZihmn:
19fl8, Ftn ds Zk0: 1911(0 Vghkd lnkdbtkZq fdmdqZshnm aZrdc nm fqZllZqr gZr addm vhcdkx rstchdc
Zmc hr qdkZshudkx rsqZhfgsenqvZqc: dwsdmchmf sgd cZsZ/deßbhdmbx ZcuZmsZfd ne fqZllZqr sn oqnodqsx
oqdchbshnm gZr mns xds addm vdkk/dwoknqdc0

LnshuWshnm0 Hm sghr oZodq: vd oqnonrd Z eqZldvnqj enq ghfgkx cZsZ/deßbhdms oqnodqsx oqdchbshnm
aZrdc nm Z kdZqmZakd lnkdbtkZq fqZllZq0 Sgd hmsthshnm adghmc hr sgZs sgd oqnctbshnm qtkd rdptdmbdr
enq lnkdbtkd fdmdqZshnm oqnuhcd qhbg hmenqlZshnm qdfZqchmf sgd rhlhkZqhsx ne lnkdbtkZq rsqtbstqdr0
Enq hmrsZmbd: svn lnkdbtkZq rsqtbstqdr sgZs rgZqd Z bnllnm rtarsqtbstqd vntkc trd sgd rZld rd/
ptdmbd ne fqZllZq oqnctbshnm qtkdr0 òr hs hr vhcdkx qdbnfmhydc hm bgdlhmenqlZshbr sgZs lnkdbtkdr
vhsg rhlhkZq rsqtbstqdr gZud rhlhkZq oqnodqshdr —Ingmrnm ) LZffhnqZ: fl889, LZqshm ds Zk0: 1991(:
fqZllZq oqnctbshnm rdptdmbdr bZm sgtr ad trdc Zr Z rsqnmf rsqtbstqZk oqhnq sn oqdchbs lnkdbtkZq
oqnodqshdr0 Vd Zhl sn cdudkno Z lncdk sgZs dwokhbhskx qdoqdrdmsr fqZllZq oqnctbshnm rdptdmbdr Zmc
bZostqdr sgd rsqtbstqd/kdudk rhlhkZqhsx adsvddm lnkdbtkdr0 Dudm eqnl Z edv lnkdbtkdr: sghr lncdk hr
dwodbsdc sn qdudZk Z vdZksg ne hmenqlZshnm qdfZqchmf sgd rsqtbstqZk qdkZshnmrgho adsvddm lnkdbtkdr:
oqnuhchmf sgd jdx sn Z cZsZ deßbhdms oqnodqsx oqdchbsnq0

EpWldvnpi0 Ehftqd fl ntskhmdr ntq ZooqnZbg0 òs sgd gdZqs ne ntq ldsgnc hr Z fqZllZq/hmctbdc
fdnldsqx —hm sgd enql ne Z fqZog( enq sgd roZbd ne lnkdbtkdr0 Hm sgd fdnldsqx: dudqx oZsg sqZb/
hmf eqnl sgd qnns sn Z kdZe qdoqdrdmsr Z fqZllZq oqnctbshnm rdptdmbd sgZs fdmdqZsdr Z oZqshbtkZq
lnkdbtkd0 Rtbg Z fdnldsqx dwokhbhskx bZostqdr sgd hmsqhmrhb bknrdmdrr adsvddm lnkdbtkdr: vgdqd
rsqtbstqZkkx rhlhkZq lnkdbtkdr Zqd bknrdq hm chrsZmbd Zknmf sgd fdnldsqx0 Hm bnmsqZrs sn sgd dladc/
chmf roZbd trdc hm lnrs cddo kdZqmhmf ldsgncr: ntq fqZllZq/hmctbdc fdnldsqx hr dmshqdkx dwokhbhs:
vghbg bZm ad hmsdfqZsdc vhsg sgd oqnodqsx oqdchbsnq ax bnmrhcdqhmf Zkk hmunkudc lnkdbtkdr rhltk/
sZmdntrkx0 Sn bnmrsqtbs sgd fdnldsqx: vd oqnonrd Z ghdqXqbghbXk lnkdbtkXq fqXllXq bnmrhrshmf ne
svn oZqsr. Z oqd/cdßmdc ldsX fqXllXq Zs sgd sno Zmc Z kdZqmZakd lnkdbtkXq fqXllXq Zs sgd anssnl0
Vd oqnuhcd ansg sgdnqdshbZk Zmc dwodqhldmsZk duhcdmbd sn cdlnmrsqZsd sgZs sgd ghdqZqbghbZk lnkdbt/
kZq fqZllZq hr bnloZbs xds bnlokdsd0 Sn oqdchbs oqnodqshdr: vd dwoknhs sgd rsqtbstqZk oqhnq bZostqdc
ax sgd fqZllZq/hmctbdc fdnldsqx trhmf Z fqZog mdtqZk cheetrhnm lncdk nudq sgd fdnldsqx0 ò inhms
noshlhyZshnm eqZldvnqj hr oqnonrdc sn rhltksZmdntrkx kdZqm ansg sgd fdnldsqx Zmc sgd cheetrhnm0
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Bnmsphatshnmr0 Ntq duZktZshnm bnudqr svn rlZkk cZsZrdsr ne onkxldqr —dZbg bnmsZhmhmf ∼2++ rZl/
okdr( Zmc svn kZqfd cZsZrdsr ne cqtf/khjd lnkdbtkdr —bnmsZhmhmf ∼5++ Zmc ∼0. +++ rZlokdr: qd/
rodbshudkx(0 Ntq ZooqnZbg ntsodqenqlr ansg bnlodshshud rsZsd/ne/sgd/Zqs FMM ZooqnZbgdr Zmc oqd/
sqZhmdc ldsgncr ax kZqfd lZqfhmr0 ò etqsgdq ZmZkxrhr rgnvr sgZs vgdm sqZhmdc nm nmkx Z rtards ne
sgd sqZhmhmf cZsZ —∼0++ rZlokdr(: ntq ldsgnc bZm Zbghdud odqenqlZmbd bnloZqZakd sn oqd/sqZhmdc
FMMr ßmd/stmdc nm sgd vgnkd sqZhmhmf rds ne sgd cnvmrsqdZl oqdchbshnm sZrj: sgtr cdlnmrsqZshmf
sgd deedbshudmdrr ne ntq ldsgnc nm dwsqdldkx rlZkk cZsZrdsr0 Vd Zkrn rgnv sgZs ntq ldsgnc bZm ad
hmsdfqZsdc vhsg lnkdbtkZq fdmdqZshnm sn fthcd sgd chrbnudqx ne lnkdbtkdr vhsg noshlZk oqnodqshdr0

PdkWsdc Unpi0 Ntq ldsgnc hr lZhmkx qdkZsdc sn sgqdd ZqdZr. fl( lZbghmd kdZqmhmf: oZqshbtkZqkx
fqZog mdtqZk mdsvnqjr enq lnkdbtkZq oqnodqsx oqdchbshnm: hm vghbg vd sZqfds sgd rZld oqnakdl
ats oqnonrd Zm dmshqdkx mdv ZooqnZbg, 1( fqZllZqr enq lnkdbtkZq lZbghmd kdZqmhmf: vghbg Zqd
trdc hm dwhrshmf vnqjr enq lnkdbtkZq fdmdqZshnm: vghkd vd trd fqZllZqr sn hmctbd Z fdnldsqx enq
lnkdbtkZq oqnodqsx oqdchbshnm, Zmc 2( fdnldsqhb cddo kdZqmhmf: vgdqd cddo mdsvnqjr Zqd Zookhdc sn
mnm/DtbkhcdZm cnlZhmr0 Vd aqhdfix chrbtrr sgd kZssdq svn hm Rdbshnm 1 Zr mdbdrrZqx aZbjfqntmc enq
ntq ZooqnZbg Zmc qdedq sn òoodmchw F enq Zm hm/cdosg chrbtrrhnm ne qdkZsdc vnqjr0

1 OQDKHLHMòQHDR

LnkdbtkWp GxodpfpWog FpWllWp -LGF(0 Hm LGFr: lnkdbtkdr Zqd qdoqdrdmsdc Zr gxodqfqZogr
G ;%U.D(: vgdqd mncdr qdoqdrdms bgdlhbZk Zsnlr Zmc gxodqdcfdr qdoqdrdms bgdlhbZk anmcr nq
qhmf/khjd rtarsqtbstqdr0 ò LGF E;%J .∆.O.V ( bnmsZhmr Z rds J ne mnm/sdqlhmZk mncdr: Z rds ∆
ne sdqlhmZk mncdr qdoqdrdmshmf bgdlhbZk Zsnlr: Zmc Z rsZqshmf mncd V 0 Hs cdrbqhadr gnv lnkdbtkZq
gxodqfqZogr Zqd fdmdqZsdc trhmf Z rds ne oqnctbshnm qtkdr O ; {nf}g ; 0. .... j{ ne enql nf 9 HER →
LER : vgdqd sgd kdes/ Zmc qhfgs/gZmc rhcdr —HER Zmc LER ( Zqd gxodqfqZogr0 RsZqshmf Zs V : Z
lnkdbtkd hr fdmdqZsdc ax hsdqZshudkx rdkdbshmf Z qtkd vgnrd HER lZsbgdr Z rta/gxodqfqZog hm sgd
btqqdms gxodqfqZog Zmc qdokZbhmf hs vhsgLER tmshk nmkx sdqlhmZk mncdr qdlZhm0 Enq dZbg oqnctbshnm
qtkd: sgd HER bnmsZhmr nmkx mnm/sdqlhmZk mncdr Zmc mn sdqlhmZk mncdr: vgdqdZr sgd LER bZm
bnmsZhm ansg mnm/sdqlhmZk Zmc sdqlhmZk mncdr0 Ansg rhcdr ne sgd oqnctbshnm qtkd gZud sgd rZld
mtladq ne Zmbgnq mncdr: vghbg hmchbZsd bnqqdronmcdmbdr vgdm HER hr qdokZbdc ax LER hm Z
oqnctbshnm rsdo0 Enq Z enqlZk cdßmhshnm: rdd Ftn ds Zk0 —1911(0

FpWog Cheetrhnm lncdkr sgd hmenqlZshnm oqnoZfZshnm adsvddm mncdr nm Z fqZog trhmf gdZs dptZ/
shnmr0 Sgd mncd edZstqdr Zqd tocZsdc enkknvhmf Z cheetrhnm OCD Zr enkknvr.

RR ; R+ )

∑ R

+

>Rs

>s
cs.

>Rs

>s
; G�Rs. —fl(

vgdqd lZsqhwRs qdoqdrdmsr sgd edZstqdr ne Zkk mncdr hm sgd fqZog Zs shld s Zmc sgd lZsqhw G�: vghbg
gZr sgd rZld roZqrhsx rsqtbstqd Zr Z fqZog KZokZbhZm: qdoqdrdmsr sgd cheetrhuhsx cdßmdc nm Zkk dcfdr
hm sgd fqZog0 G� hr bZkbtkZsdc trhmf V%·. ·:�( oZqZldsdqhydc ax �: h0d0 Kfi ; V%T �f(

s . T �i(
s :�( enq Zkk

bnmmdbsdc mncd oZhqr %g. i(0 Enq lnqd cdsZhkr: rdd BgZladqkZhm ds Zk0 —191fl(0

MnsWshnm0 Enq Z fqZog fqZllZq E ; %J .∆.O.V (: vd rZx Z fqZog G bZm ad cdqhudc eqnl sgd
fqZllZq he sgdqd hr Z rdptdmbd ne oqnctbshnm qtkdr eqnl O sgZs fdmdqZsdr sghr fqZog: cdmnsdc ax
V �⇒

′
G 0 G0

o⇒G1 cdmnsdr nmd/rsdo fqZllZq oqnctbshnm sgZs sqZmrenqlr fqZogG0 sn fqZogG1 trhmf
qtkd n0 òr Z rodbhZk enql ne fdmdqZk fqZog: Z sqdd hr cdmnsdc Zr R Zmc sgd rds ne Zkk onrrhakd sqddr hr
cdmnsdc Zr R 0 Mnsd sgZs Zkk sqddr chrbtrrdc hm sghr oZodq Zqd tmqnnsdc vhsgnts nqcdq: h0d0 bnmmdbsdc
Zbxbkhb tmchqdbsdc fqZogr —Admcdq ) VhkkhZlrnm: 19fl9(0 �%R ( cdmnsdr sgd lZwhlZk cdfqdd ne R 0
SD�%R0. R1( cdmnsdr sgd sqdd dchs chrsXmbd adsvddm sqdd R0 Zmc sqdd R1 Zr cdßmdc hm YgZmf —fl885(
Zmc OZZzdm —19fl7(0 }O} cdmnsdr sgd mtladq ne qtkdr hm Z oqnctbshnm qtkd rds O Zmc }R } cdmnsdr sgd
rhyd ne Z sqdd R 0

2 FQòLLòQ/HMCTBDC FDNLDSQX ENQ OQNODQSX OQDCHBSHNM

20fl FQòLLòQ/HMCTBDC FDNLDSQX

Opnakdl EnpltkWshnm0 òlnkdbtkZq oqnodqsx oqdchbsnq bZm ad dwoqdrrdc Zr Z etmbshnm π%·( 9 G→E
sgZs lZor lnkdbtkdr enqltkZsdc Zr gxodqfqZogr G ;%U.D( ∈ G hmsn rbZkZq uZktdr0 Sgd lZoohmf
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Single Bond

Aromatic Bond

Oxygen Atom Node

Carbon Atom Node

Chlorine Atom Node

Anchor Node

Initial Node

Non-terminal Node

(a) Molecular hypergraph grammar

(b) Grammar-induced geometry

Ehftqd 1. —Z( DwZlokd ne Z lnkdbtkZq gxodqfqZog fqZllZq Zmc —a( hsr hmctbdc fdnldsqx0 òkk onrrh/
akd oqnctbshnm rdptdmbdr sn fdmdqZsd sgqdd lnkdbtkdr Zqd ntskhmdc hm sgd fdnldsqx: vgdqd sgd mncdr
qdoqdrdms hmsdqldchZsd nq lnkdbtkZq gxodqfqZogr Zmc sgd dcfdr qdoqdrdms oqnctbshnm rsdor0 Rsqtb/
stqZkkx rhlhkZq lnkdbtkdr gZud Z rlZkkdq rgnqsdrs oZsg adsvddm sgdl Zmc Zqd sgtr bknrdq hm chrsZmbd
Zknmf sgd fdnldsqx0

etmbshnm π ; f ◦ e bnmsZhmr svn bnlonmdmsr. Zm dladcchmf etmbshnm e%·( 9 G→Em sgZs lZor
hmots gxodqfqZogr hmsn Zm DtbkhcdZm kXsdms edXstqd roXbd —Zkrn jmnvm Zr sgd dladcchmf roXbd(:
Zmc Z sqZmrenqlZshnm etmbshnm f%·( 9 Em→E —trtZkkx Z rhlokd khmdZq etmbshnm( vghbg lZor kZsdms
edZstqdr hmsn oqnodqsx uZktdr0 Sgd dladcchmf etmbshnm hr cdrhfmdc sn bZostqd sgd rhlhkZqhsx adsvddm
lnkdbtkdr: rtbg sgZs lnkdbtkdr vhsg rhlhkZq oqnodqshdr Zqd bknrdq hm sgd dladcchmf roZbd hm sdqlr ne
DtbkhcdZm chrsZmbd —BZxsnm: 1994(0 Sgd jdx qdZrnm vgx lnrs rtodquhrdc lZbghmd kdZqmhmf ldsgncr
eZhk hm cZsZ/roZqrd bZrdr hr sgZs sgd dladccdc etmbshnm eZhkr sn bZostqd lnkdbtkZq rhlhkZqhsx rhmbd
hs nmkx gZr Zbbdrr sn Z khlhsdc mtladq ne rZlokdr vhsg oqnodqsx kZadkr0 Sn Zccqdrr sghr hrrtd: vd
oqnonrd Zm ZcchshnmZk: dwokhbhs oqhnq nm lnkdbtkZq rhlhkZqhsx sgZs cndr mns cdodmc nm cZsZ kZadkr: ats
oqnuhcdr uZktZakd hmenqlZshnm enq oqnodqsx oqdchbshnm0

FpWllWp,hmctbdc Fdnldspx0 Ntq deenqsr Zqd lnshuZsdc ax sgd eZbs sgZs rsqtbstqd;kdudk rhlhkXqhsx
adsvddm lnkdbtkdr hr jmnvm sn ad rsqnmfkx bnqqdkZsdc vhsg sgdhq oqnodqshdr: d0f0: nqfZmhb lnkdbtkdr
rgZqhmf Z etmbshnmZk fqnto Zqd oqnudm sn gZud rhlhkZq bgdlhbZk oqnodqshdr —Ingmrnm ) LZffhnqZ:
fl889, LZqshm ds Zk0: 1991(0 Vd dwokhbhskx lncdk sghr rsqtbstqd/kdudk rhlhkZqhsx Zr Zm hmenqlZshud oqhnq
enq cZsZ/deßbhdms oqnodqsx oqdchbshnm0

Hmrohqdc ax sgd eZbs sgZs fqZllZqr Zqd fdmdqZshud lncdkr enq lnkdbtkdr aZrdc nm bnlahmZshnmr
ne lnkdbtkZq rtarsqtbstqdr: vd dwoknhs sgd lnkdbtkZq gxodqfqZog fqZllZq sn bZostqd sgd rsqtb/
stqZk rhlhkZqhsx adsvddm lnkdbtkdr0 Ehftqd 1 ntskhmdr gnv Z lnkdbtkZq gxodqfqZog fqZllZq
E;%J .∆.O.V ( bZm ad trdc sn bnmrsqtbs Z fdnldsqx enq sgd roZbd ne lnkdbtkdr hm sgd enql ne
Z fqZog F;%T. E(fl0 Sgd fdnldsqx dmtldqZsdr Zkk onrrhakd oqnctbshnm rdptdmbdr: vgdqd dudqx onr/
rhakd hmsdqldchZsd nq lnkdbtkZq gxodqfqZog hr qdoqdrdmsdc Zr Z mncd hm T ; {t}t;Gu%Uu. Du({: Zmc
dZbg oqnctbshnm rsdo hr qdoqdrdmsdc Zr Zm dcfd hm E ; {%p. s(}Gr

o⇒Gs. n ∈ O{0 Hm sghr fdnldsqx:
dudqx kdZe mncd qdoqdrdmsr Z lnkdbtkd0 Dudqx oZsg sqZbhmf eqnl sgd qnns Gpnns;%V .�( sn Z kdZe
qdoqdrdmsr Z oqnctbshnm rdptdmbd sgZs fdmdqZsdr sgd bnqqdronmchmf lnkdbtkd0 Rhmbd Zkk sgd lnkdbtkdr
bZm ad cdqhudc eqnl sgd hmhshZk mncd V : Zmx svn kdZudr qdoqdrdmshmf svn lnkdbtkdr Zqd bnmmdbsdc
hm sghr fdnldsqx: vgdqd sgd oZsg adsvddm sgdl qdoqdrdmsr sgd rdptdmbd ne sqZmrenqlhmf eqnl nmd
lnkdbtkZq rsqtbstqd sn sgd nsgdq0 Lnqd rsqtbstqZkkx rhlhkZq lnkdbtkdr gZud Z rlZkkdq rgnqsdrs oXsg Zr
sgdhq lnkdbtkZq gxodqfqZogr rgZqd Z bnllnm hmsdqldchZsd gxodqfqZog0 Sgd chrsZmbd adsvddm svn
lnkdbtkdr hr cdßmdc Zr sgd rgnqsdrs/oZsg chrsZmbd adsvddm sgdl Zknmf sgd fdnldsqx vhsg tmhs vdhfgs
Zs dZbg dcfd0 òr Z qdrtks: rsqtbstqZkkx rhlhkZq lnkdbtkdr Zqd bknrdq hm chrsZmbd Zknmf sgd fdnldsqx0 Vd
trd sghr fdnldsqx Zr Zm ZcchshnmZk hmots sn sgd lnkdbtkZq oqnodqsx oqdchbsnq. π∗%·. ·( 9 G·�→ E:
vgdqd F ∈ � hr sgd fqZllZq/hmctbdc fdnldsqx0 Sgd fdnldsqx bZm ad noshlhydc hm bnmitmbshnm
vhsg sgd oqnodqsx oqdchbsnq hm nqcdq sn lhmhlhyd sgd oqdchbshnm knrr0 òr sgd fdnldsqx hr cdsdqlhmdc
ax sgd fqZllZq: sgd noshlhyZshnm ne sgd fdnldsqx bZm ad bnmudqsdc hmsn sgd kdZqmhmf ne oqnctbshnm
qtkdr: vgdqd sgd kZssdq bZm ad Zbghdudc trhmf sgd ldsgnc cdrbqhadc hm Ftn ds Zk0 —1911(0

Sgd bqtbhZk qdlZhmhmf ptdrshnm hr gnv sn bnmrsqtbs sghr fdnldsqx F;%T. E( eqnl Z fhudm lnkdbtkZq
gxodqfqZog fqZllZq“ ò jdx bgZqZbsdqhrshb ne sgd fqZllZq/hmctbdc fdnldsqx hr sgZs dZbg mncd hm

flSn chrshmfthrg sgd fqZog ne sgd fdnldsqx eqnl sgd fqZog ne lnkdbtkdr: vd trd gxodqfqXogr sn enqltkZsd
sgd lnkdbtkZq fqZogr fdmdqZsdc eqnl fqZllZq oqnctbshnm0

3
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sgd fdnldsqx qdoqdrdmsr Z tmhptd hmsdqldchZsd gxodqfqZog nq lnkdbtkZq gxodqfqZog0 Sghr dmrtqdr
sgZs sgd fdnldsqx hmbktcdr sgd lhmhlZk oZsg adsvddm svn lnkdbtkdr0 Sn rZshrex sghr bgZqZbsdqhrshb:
vd trd aqdZcsg/ßqrs rdZqbg —AER( nqhfhmZshmf eqnl sgd qnnsGpnns;%V .�( sn hsdqZshudkx dwoZmc sgd
fdnldsqx0 òs dZbg hsdqZshnm vgdm vd uhrhs Z mncd t: vd dmtldqZsd Zkk sgd oqnctbshnm qtkdr sgZs bntkc
ad Zookhdc sn sgd hmsdqldchZsd gxodqfqZog Gu qdoqdrdmsdc ax sgd btqqdms mncd0 Sgdm vd oqnctbd
Z mdv gxodqfqZog G�f(

mcv enq dZbg ZookhbZakd qtkd nf. {G�f(
mcv}Gu

ob⇒G�f(
mcv. nf ∈ O{0 Enq dZbg mdv

gxodqfqZog G�f(
mcv: he G

�f(
mcv ̸;Gu∗ enq Zkk t∗ ∈ T : vd bqdZsd Z mdv mncd t�f(mcv ;G

�f(
mcv: Zcc hs sn sgd

mncd rds T : Zmc bqdZsd Z mdv dcfd %t. t�f(mcv( sgZs fdsr Zccdc sn sgd dcfd rds E ne sgd fdnldsqx0 He
sgdqd hr Zm hrnlnqoghb gxodqfqZog hm sgd dwhrshmf mncd rds: h0d0 G=u ;G

�f(
mcv. ]t ∈ T : vd cn mns bqdZsd

Zmx mdv mncd, hmrsdZc: vd Zcc Zm dcfd %t. ]t( adsvddm sgd lZsbgdc mncd ]t Zmc sgd btqqdmskx uhrhsdc
mncd t0 Sgd Zkfnqhsgl sdqlhmZsdr nmbd Zkk sgd lnkdbtkdr hmunkudc hm sgd oqnodqsx oqdchbshnm sZrj
gZud addm uhrhsdc hm sgd fdnldsqx0

Hm oqZbshbd: sgd bnmrsqtbshnm ne fqZllZq/hmctbdc fdnldsqx hr udqx bnrskx: Zmc nesdm bnlotsZshnmZkkx
hmsqZbsZakd enq lnqd bnlokdw fqZllZqr0 Ax sdrshmf vhsg qZmcnl fqZllZqr kdZqmdc eqnl Ftn ds Zk0
—1911(: vd ßmc sgZs hs hr hmedZrhakd sn bnmrsqtbs sgd fdnldsqx vgdm sgdqd Zqd lnqd sgZm sdm oqnctbshnm
qtkdr0 Sgd lZinq ansskdmdbj bnldr eqnl sgd bnlahmZsnqhZk bnlokdwhsx ne oqnctbshnm qtkdr. Sgd
lnqd qtkdr Z fqZllZq gZr: sgd lnqd hmsdqldchZsd gxodqfqZogr hs bZm fdmdqZsd0 òr sgd cdosg ne sgd
fdnldsqx hmbqdZrdr: sgd mtladq ne hmsdqldchZsd gxodqfqZogr hmbqdZrdr dwonmdmshZkkx0 Sghr hmbtqr Z
rhfmhßbZms bnlotsZshnmZk bnrs: Zr dZbg mdvkx dwoZmcdc gxodqfqZog qdpthqdr oZhq/vhrd hrnlnqoghrl
sdrsr0 Sghr bnrs Zkrn onrdr Z rdqhntr narsZbkd sn sgd noshlhyZshnm ne sgd fdnldsqx: rhmbd sgd fdnldsqx
ltrs ad qdathks Zs dZbg noshlhyZshnm hsdqZshnm0

201 GHDQòQBGHBòK LNKDBTKòQ FQòLLòQR

Vd oqnonrd Z ghdqXqbghbXk lnkdbtkXq fqXllXq sn Zccqdrr sgd bnlotsZshnmZk bgZkkdmfd ldmshnmdc
Zanud0 Ntq hmrhfgs rsdlr eqnl sgd eZbs sgZs dudqx gxodqfqZog bZm ad qdoqdrdmsdc Zr Z sqdd/rsqtbstqd
naidbs: h0d0 Z itmbshnm sqdd trhmf sqdd cdbnlonrhshnm —Chdrsdk: 1994(0 Sgd sqdd qdoqdrdmsZshnm aqhmfr
svn admdßsr. fl( Hs Zkknvr tr sn ldZrtqd sgd tmcdqkxhmf rsqtbstqZk rhlhkZqhsx adsvddm lnkdbtkdr ax
qdfidbshmf sgd rbZeenkc ne sgd rtarsqtbstqd bnlonmdmsr —Ihm ds Zk0: 19fl7(, Zmc 1( Zr Z lnqd bnloZbs
qdoqdrdmsZshnm: sgd onrrhakd itmbshnm sqdd rsqtbstqdr Zqd bnmrhcdqZakx edvdq sgZm lnkdbtkZq gxodq/
fqZogr: Zmc sgdqdenqd bZm ad dmtldqZsdc0 Ax bZqdetkkx cdrhfmhmf sgd enql ne fqZllZq qtkdr: vd
chuhcd sgd fdmdqZshnm oqnbdrr ne Z lnkdbtkZq gxodqfqZog hmsn svn oZqsr. ßqrs fdmdqZshmf Z sqdd vhsg
gnlnfdmdntr sqdd mncdr: sgdm bnmudqshmf sgd sqdd hmsn Z lnkdbtkZq gxodqfqZog ax rodbhexhmf Z rta/
gxodqfqZog odq sqdd mncd0 Sgd fqZllZq/hmctbdc fdnldsqx bZm sgtr ad chuhcdc hmsn svn oZqsr. Z sno
oZqs vgdqd fdnldsqx mncdr qdoqdrdms nmkx sqddr Zmc Z anssnl oZqs vgdqd sgd kdZudr ne sgd fdnldsqx
qdoqdrdms lnkdbtkZq gxodqfqZogr0 Ctd sn sghr ghdqZqbghbZk cdbnlonrhshnm: sgd sno oZqs ne sgd fdnld/
sqx hr cZsZ/hmcdodmcdms Zmc bZm ad bnlotsdc nefihmd sn Zookx sn Zmx lnkdbtkZq cZsZrdsr0 òs qtm/shld:
vd nmkx mddc sn bnmrsqtbs sgd anssnl oZqs ne sgd fdnldsqx: vghbg hr enqltkZsdc Zr Z axoqnctbs
ne fqZllZq kdZqmhmf hm ntq ZooqnZbg0 òr Z qdrtks ne sgd fdnldsqx bnmrsqtbshnm: dZbg lnkdbtkd hr
bnmmdbsdc sn nmd itmbshnm sqdd hm sgd sno oZqs0 LnkdbtkZq rsqtbstqd rhlhkZqhsx hr cdsdqlhmdc ax sgd
chrsZmbd adsvddm sgdhq bnqqdronmchmf itmbshnm sqddr Zknmf sgd fdnldsqx0

ò ghdqZqbghbZk lnkdbtkZq fqZllZq bnmrhrsr ne svn rta/fqZllZqr sgZs fdmdqZsd svn oZqsr ne sgd fd/
nldsqx qdrodbshudkx0 Vd qdedq sn sgd rta/fqZllZq sgZs nmkx fdmdqZsdr sqddr Zr Z ldsX fqXllXq
Zmc sgd sno/oZqs fdnldsqx hs bnmrsqtbsr Zr Z ldsX fdnldsqx0 Vd oqnuhcd enqlZk cdßmhshnmr ne ldsZ
fqZllZq Zmc cdlnmrsqZsd sgZs cdrohsd sgd ZcchshnmZk ghdqZqbghbZk bnmrsqZhms: ntq ghdqZqbghbZk lnkdb/
tkZq fqZllZq hr Xr dwoqdrrhud Xr sgd fdmdqZk lnkdbtkZq gxodqfqZog fqZllZq hm Ftn ds Zk0 —1911(0
Ehftqd 2 rgnvr Zm nudquhdv ne Z ghdqZqbghbZk lnkdbtkZq fqZllZq Zmc hsr hmctbdc fdnldsqx0

LdsW FpWllWpr0 Sgd enqlZk cdßmhshnm ne Z ldsZ fqZllZq hr Zr enkknvr0

Cdzmhshnm fi0 � ldsZ fqZllZq E ; %J .�.O,.V ( hr X gxodqfqXog fqXllXq: vghbg nmkx bnmsXhmr
mnm;sdqlhmXk mncdr Xmc nmkx fdmdqXsdr sqddr: h0d0 ∀v ∈ {v}V �⇒

′
�

v{. v ∈ R 0
� ldsX fqXllXq E hr j/cdfqdd he: enq Xkk sqddr R ne lXwhlXk cdfqdd �%R ( ≤ j: vd gXud V �⇒

′
�

R 0

� ldsX fqXllXq E hr dchs/bnlokdsd he: enq Xmx sqdd oXhq %R. R ∗( vhsg }R } , }R ∗}: sqdd dchs chrsXmbd
SD�%R. R ∗( ; 0: Xmc V �⇒

′
�

R. R ∗: sgdqd hr X qtkd n ∈ O, rtbg sgXs R
o⇒R ∗0

� j;cdfqdd: dchs;bnlokdsd ldsX fqXllXq E hr lhmhlZk he sgdqd hr mn nsgdq rtbg ldsX fqXllXq E
∗

vhsg }O,∗ } , }O,}0
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Ehftqd 2. —Z( Nudquhdv ne sgd fdnldsqx hmctbdc ax ghdqZqbghbZk lnkdbtkZq fqZllZq0 —a( ò oqd/
cdßmdc ldsZ fqZllZq hr trdc sn oqd/bnlotsd sgd ldsZ fdnldsqx nefihmd0 —b( òs qtm/shld: lnkdbtkZq
fqZllZq hr nasZhmdc trhmf lnkdbtkZq qtkd kdZqmhmf0 DZbg lnkdbtkd hr bnmudqsdc hmsn Z itmbshnm sqdd
Zmc hr bnmmdbsdc sn Z ldsZ sqdd mncd ne sgd ldsZ fdnldsqx sgZs qdoqdrdmsr Zm hrnlnqoghb ldsZ sqdd0

Hm òoodmchw G: vd oqnuhcd sgd enqlZk bnmrsqtbshnm ne ldsZ fqZllZqr enq fdmdqZshmf sqddr vhsg
ZqahsqZqx cdfqdd Zmc lnqd dkZanqZshnm nm sgd sgqdd ZcchshnmZk Zssqhatsdr0
Opnonrhshnm fi0 � ldsX fqXllXq E vhsg X ldsX qtkd rds O, bnmrsqtbsdc hm �oodmchw G hr ne cdfqdd
j: dchs;bnlokdsd: Xmc lhmhlXk0

òoodmchw G Zkrn oqnuhcdr sgd oqnne sgZs sgd sgqdd Zssqhatsdr Zqd rZshrßdc0 FdmdqZkkx rodZjhmf: vd
bnmrsqtbs ldsZ qtkd rdsr ne ZqahsqZqx cdfqddr ax hmctbshnm eqnl 0/cdfqdd ldsZ fqZllZq vghbg bnm/
rhrsr ne nmkx nmd ldsZ qtkd0 Hm oqZbshbd: Z ldsZ fqZllZq vhsg Z qdZrnmZakd cdfqdd rgntkc ad bgnrdm
sn dmrtqd sgd bnudqZfd ne lnrs lnkdbtkdr0 Hm ntq dwodqhldmsr: vd ßmc hs rteßbhdms sn trd Z ldsZ qtkd
rds ne cdfqdd 3: vghbg bnmsZhmr 7 qtkdr hm snsZk0

GhdpWpbghbWk LnkdbtkWp FpWllWpr0 Vd cdßmd ghdqZqbghbZk lnkdbtkZq fqZllZq Zr enkknvr:
Opnonrhshnm 10 � ghdqZqbghbZk lnkdbtkZq fqZllZq 4 ; %E.Elnk( bnmrhrshmf ne svn gxodqfqXog
fqXllXqr. fi( X j;cdfqdd: dchs;bnlokdsd: Xmc lhmhlXk ldsX fqXllXqE cdzmdc hm Cdzmhshnm fi, Xmc
1( X lnkdbtkZq fqZllZq Elnk ; %J .∆.Olnk.�( vgdqd sgd LER ne Xmx lnkdbtkXq qtkd hm Olnk
nmkx bnmsXhmr sdqlhmXk mncdr -h0d0 Xsnlr(: hr X bnlokdsd fqXllXq0

Lnqd chrbtrrhnm nm sgd oqnonrhshnm hr hm òoodmchw G0 Sgd bnlokdsdmdrr ne ntq ghdqZqbghbZk lnkdb/
tkZq fqZllZq Zkrn rgnvr sgZs sgdqd hr mn knrr ne qdoqdrdmsZshnm bZoZbhsx Zr bnloZqdc sn fdmdqZk
lnkdbtkZq gxodqfqZog fqZllZqr0

Fdnldspx Bnmrsptbshnm Wmc LnkdbtkWp FpWllWp IdWpmhmf0 Sgd fdnldsqx hmctbdc ax sgd ghdq/
ZqbghbZk lnkdbtkZq fqZllZq hr bnmrsqtbsdc hm svn ogZrdr: Zr rgnvm hm Ehftqd 2—Z(. sgd sno enq sgd
ldsZ fqZllZq Zmc sgd anssnl enq sgd lnkdbtkZq fqZllZq0 Rhmbd sgd ldsZ fqZllZq hr oqd/cdßmdc:
sgd sno ldsZ fdnldsqx bZm ad oqd/bnlotsdc nefihmd enkknvhmf sgd AER oqnbdctqd cdrbqhadc hm Rdb/
shnm 20fl vhsg Z fhudm lZwhltl AER cdosg0 DZbg mncd hm sgd ldsZ fdnldsqx qdoqdrdmsr Z sqdd ne
mnm/sdqlhmZk mncdr0 Vd bZkk sgd sqdd fdmdqZsdc trhmf sgd ldsZ fqZllZq Z ldsX sqdd Zmc sgd mncd hm
sgd ldsZ fdnldsqx Z ldsX sqdd mncd0 Vd ßmc hs rteßbhdms sn trd Z lZwhltl cdosg ne 0+ hm oqZbshbd0
Sgd anssnl oZqs ne sgd fdnldsqx cdsdqlhmdr gnv dZbg lnkdbtkd hr bnmmdbsdc sn sgd ldsZ fdnldsqx
Zr Z lnkdbtkXq kdXe sgqntfg hsr itmbshnm sqdd rsqtbstqd0 Vd nasZhm sgd itmbshnm sqddr ne lnkdbtkdr
rhltksZmdntrkx vhsg sgd kdZqmhmf ne lnkdbtkZq fqZllZq qtkdr0 Ehftqd 2—b( hkktrsqZsdr sgd oqnbdrr0
Sgtr: sgd fdnldsqx noshlhyZshnm bZm ad Zbghdudc ax kdZqmhmf sgd lnkdbtkZq fqZllZq0

Vd enkknv sgd fqZllZq kdZqmhmf eqnl Ftn ds Zk0 —1911( ats bnmrsqZhm sgd kdZqmdc qtkdr sn bnmsZhm
nmkx sdqlhmZk mncdr nm sgd LER : rn Zr sn rZshrex sgd lnkdbtkZq fqZllZq0 DZbg lnkdbtkd hr bnm/
rhcdqdc Zr Z gxodqfqZog: Zmc Z rds ne gxodqdcfdr hr hsdqZshudkx rZlokdc eqnl sgd gxodqfqZog tmshk
Zkk gxodqdcfdr Zqd uhrhsdc0 Vd bnmrsqtbs sgd lnkdbtkZq qtkdr Zknmf vhsg sgd itmbshnm sqdd0 òs dZbg
hsdqZshnm: Z lnkdbtkZq qtkd hr bnmrsqtbsdc enq dZbg bnmmdbsdc bnlonmdms: vgdqd sgd HER bnmsZhmr
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Z rhmfkd mnm/sdqlhmZk mncd Zmc sgd LER bnmsZhmr sgd bnmmdbsdc bnlonmdms0 Enq sgd itmbshnm sqdd:
vd Zcc Z sqdd mncd qdoqdrdmshmf sgd bnmmdbsdc bnlonmdms Zmc bqdZsd Z sqdd dcfd adsvddm svn mncdr
he sgdhq bnqqdronmchmf bnmmdbsdc bnlonmdmsr rgZqd Z bnllnm gxodqfqZog mncd0 Sgd hsdqZshud rZl/
okhmf enkknvr Zm h0h0c0 Adqmntkkh chrsqhatshnm aZrdc nm Z oqnaZahkhsx etmbshnm ϕ%d: θ( cdßmdc nm dZbg
gxodqdcfd d vhsg kdZqmZakd oZqZldsdqr θ0 òs sgd bnmbktrhnm ne sgd rZlokhmf oqnbdrr: vd bZm nasZhm
Z itmbshnm sqdd ne sgd lnkdbtkZq gxodqfqZog Zknmf vhsg Z rds ne lnkdbtkZq qtkdr enq bnmudqshmf sghr
itmbshnm sqdd aZbj sn sgd nqhfhmZk gxodqfqZog0 Sgd lnkdbtkd hr sgdm bnmmdbsdc sn sgd ldsZ sqdd mncd
hm sgd ldsZ fdnldsqx sgZs qdoqdrdmsr sgd hrnlnqoghb ldsZ sqdd sn sgd itmbshnm sqdd0 Vd oqnuhcd Z
cdsZhkdc enqltkZshnm ne sgd bnmrsqtbsdc lnkdbtkZq qtkd Zmc sgd qdrtkshmf itmbshnm sqdd hm òoodmchw H:
Zmc lnqd cdsZhkr ne sgd fqZllZq/hmctbdc fdnldsqx bnmrsqtbshnm hm òoodmchw I0

202 FQòOG CHEETRHNM NUDQ FQòLLòQ/HMCTBDC FDNLDSQX

Oqnodqsx oqdchbshnm qdpthqdr Z lncdk sgZs bZm nodqZsd nm ntq fqZllZq/hmctbdc fdnldsqx Zmc hr rths/
Zakd enq rbZqbd cZsZ0 Vd bgnnrd sgd fqZog mdtqZk cheetrhnm lncdk FQòMC —BgZladqkZhm ds Zk0:
191fl( enq hsr deedbshudmdrr hm nudqbnlhmf sgd nudqrlnnsghmf sgZs okZftdr lnrs FMMr0 Sgqdd kdZqm/
Zakd bnlonmdmsr Zqd trdc hm Z fqZog cheetrhnm oqnbdrr. Zm dmbncdq etmbshnm φ cdßmdc nm Zkk sgd
mncdr hm sgd fqZllZq/hmctbdc fdnldsqx: Z cdbncdq etmbshnm ψ cdßmdc nm lnkdbtkZq kdZudr: Zmc Z
fqZog cheetrhnm oqnbdrr fhudm hm DptZshnm fl0 RodbhßbZkkx: sgd dmbncdq φ xhdkcr sgd hmhshZk rsZsd ne sgd
cheetrhnm oqnbdrrR+ ; φ%Rhm(: vgdqdRhm hr sgd lZsqhw enql ne sgd hmots edZstqdr ne Zkk sgd mncdr0
Sgd cdbncdq oqnctbdr oqdchbsdc oqnodqsx uZktdr ne Zkk lnkdbtkZq kdZudr eR ; ψ%L ⊙RR (: vgdqd
RR hr sgd mncd/edZstqd lZsqhw eqnl sgd ßmZk cheetrhnm rsZsd: L hr Z ahmZqx lZrj sgZs lZrjr nts
sgd qnvr bnqqdronmchmf sn mnm/lnkdbtkd mncdr: ⊙ hr sgd GZcZlZqc oqnctbs: Zmc eR hr sgd qdrtkshmf
udbsnq bnmsZhmhmf oqnodqsx uZktdr ne Zkk lnkdbtkZq kdZudr0 Ntq noshlhyZshnm naidbshud dmbncdr sgd
kdZqmhmf enq ansg sgd fqZllZq/hmctbdc fdnldsqx Zmc sgd cheetrhnm lncdk.

lgm
αϕ�ψϕθϕ�(

k%eR . ]e( ; lgm
α

lgm
�ψϕθϕ�(

k%eR . ]e(. —1(

vgdqd ]e qdoqdrdmsr sgd udbsnq ne fqntmc/sqtsg oqnodqsx uZktdr enq Zkk kdZudr Zmc k%·. ·( hr Z qdfqdrrhnm
knrr0 QdbZkk sgZs sgd fdnldsqx hr nmkx cdsdqlhmdc ax sgd lnkdbtkZq qtkdr: rn sgd lnkdbtkZq fqZllZq
kdZqmhmf oZqZldsdqr θ Zqd sgd nmkx oZqZldsdqr qdkduZms enq nasZhmhmf sgd fdnldsqx0 Rhmbd θ Zmc
%φ.ψ. �( Zqd svn fqntor ne hmcdodmcdms uZqhZakdr: vd dwoknhs aknbj bnnqchmZsd cdrbdms —Vqhfgs:
19fl4( sn noshlhyd sgd naidbshud0 ò cdsZhkdc cdqhuZshnm hr oqnuhcdc hm òoodmchw J0

3 DUòKTòSHNM

Sgd dwodqhldmsr cdlnmrsqZsd sgd fdmdpWkhsx ne ntp WoopnWbg Zmc Zmrvdq sgd enkknvhmf ptdrshnmr.

ˇ Cndr ntq ZooqnZbg ntsodqenql dwhrshmf ldsgncr nm rlWkk cWsWrdsr“
ˇ Gnv vdkk cndr ntq ZooqnZbg odqenql nm kWpfd: vhcdkx,rstchdc cWsWrdsr“
ˇ Sn vgZs dwsdms hr ntq ZooqnZbg deedbshud nm dwspdldkx rlWkk cWsWrdsr“
ˇ BZm ntq ZooqnZbg fthcd fdmdpWshud lncdkr snvZqc lnkdbtkdr vhsg noshlZk oqnodqshdr“

30fl DWODQHLDMS RDSTO

CWsW0 Vd duZktZsd ntq ZooqnZbg nm dhfgs cZsZrdsr. BQNV —Z btqZsdc cZsZrds eqnl khsdqZstqd(: Odqld/
Zahkhsx —XtZm ds Zk0: 191fl(: EqddRnku —Lnakdx ) Ftsgqhd: 19fl3(: Khonoghkhbhsx —VZmf ds Zk0: 19fl4(:
GNOU —Knody ds Zk0: 19fl5(: CHKH —LZ ds Zk0: 1919(: Zmc OSB —Wt ds Zk0: 19fl7(0 Sgdrd cZsZrdsr
bnudq. fl( bnllnmkx trdc admbglZqj cZsZrdsr hmbktchmfLnkdbtMds —EqddRnku: Khonoghkhbhsx: GNOU:
BkhmSnw( Zmc STCZsZrds —OSB(: 1( ansg bkZrrhßbZshnm —CHKH: OSB: BkhmSnw( Zmc qdfqdrrhnm sZrjr
—BQNV: OdqldZahkhsx: EqddRnku: Khonoghkhbhsx: GNOU(: Zmc 2( rhydr sgZs Zqd rlZkk —BQNV: Odqld/
Zahkhsx: GNOU: OSB( Zmc kZqfd —EqddRnku: Khonoghkhbhsx: BkhmSnw(0 Vd qdonqs sgd ldZm Zarnktsd
dqqnq —LòD( Zmc sgd bndeßbhdms ne cdsdqlhmZshnm —Q1( enq qdfqdrrhnm: Zmc òbbtqZbx Zmc QNB/òTB
rbnqdr enq bkZrrhßbZshnm0 Rdd òoodmchw D enq lnqd cdsZhkr0

AWrdkhmdr0 Vd bnloZqd ntq ZooqnZbg vhsg uZqhntr ZooqnZbgdr. QZmcnl Enqdrs: EMM: vC/LOMM
—C/LOMM(: DRòM: GL/FMM: OM: Zmc Oqd/sqZhmdc FHM0 Enq cdrbqhoshnmr: rdd òoodmchw E0 Sn
rgnv sgd fdmdqZkhyZahkhsx ne ntq ohodkhmd —bZkkdc Fdn/CDF(: vd hlokdldms svn udqrhnmr: dZbg vhsg
Z cheedqdms cheetrhnm dmbncdq: FHM Zmc LOMM0 òoodmchw E oqnuhcdr sgd hlokdldmsZshnm cdsZhkr0

6



Tmcdq qduhdv Zr Z bnmedqdmbd oZodq Zs HBKQ 1912

SZakd fl. Qdrtksr nm svn rlZkk cZsZrdsr ne onkxldqr —adrs qdrtks ankcdc: rdbnmc/adrs tmcdqkhmdc(0 Ntq
ZooqnZbg —Fdn/CDF( ntsodqenqlr rsZsd/ne/sgd/Zqs FMMr Zmc oqd/sqZhmdc ldsgncr ax kZqfd lZqfhmr0

BPNU OdpldWahkhsx
L�D ↓ L� ↑ L�D ↓ L� ↑

QZmcnl Enqdrs 1608 & 201 9056 & 9097 9047 & 909fl 9061 & 9092
EEM 1309 & 10fl 9073 & 9091 9045 & 9093 9062 & 9095

vC/LOMM 1905 & fl02 9078 & 9091 9035 & 9092 9079 & 9092
DRòM 150fl & fl02 9068 & 9091 9039 & 9092 907fl & 9092

GL/FMM 2907 & fl07 9065 & 909fl 9038 & 9092 9057 & 909fl

OM —ßmdstdc( 1fl0fl & fl02 9078 & 909fl 9037 & 9093 9069 & 9092
Oqd/sqZhmdc FHM —ßmdstdc( fl802 & fl03 908fl & 909fl 9035 & 9093 9058 & 9091

Fdn,CDF -FHM( fi609 & fi03 9081 & 909fi 9023 & 9091 9073 & 9091
Fdn,CDF -LOMM( fl704 & fl01 908fl & 909fl 9021 & 9092 9072 & 9091

301 QDRTKSR NM RLòKK CòSòRDSR

Sn Zmrvdq sgd ßqrs ptdrshnm onrsdc Zs sgd adfhmmhmf: vd bnmctbs dwodqhldmsr nm ßud rlZkk cZsZrdsr.
BQNV: OdqldZahkhsx: GNOU: CHKH: Zmc OSB0 SZakd fl rgnvr sgd qdrtksr nm sgd ßqrs svn cZsZrdsr:
vghbg bnmsZhm onkxldqr0 QdfZqchmf LòD: sgd aZrdkhmdr DRòM Zmc GL/FMM Zqd nmkx bnloZqZ/
akd vhsg rhlokd: mnm/cddo kdZqmhmf ldsgncr —d0f0: qZmcnl enqdrs(: vghkd oqd/sqZhmdc FHM Zmc vC/
LOMM odqenql qdZrnmZakx vdkk0 Ansg uZqhZmsr ne ntq ldsgnc ntsodqenql Zkk sgd nsgdq ldsgncr ax
Z kZqfd lZqfhm0 Qdrtksr Zmc chrbtrrhnm nm sgd nsgdq cZsZrdsr Zqd fhudm hm òoodmchw ò0

Chrbtrrhnmr0 Hm fdmdqZk: BQNV hr Z lnqd bgZkkdmfhmf cZsZrds sgZm OdqldZahkhsx: Zr hs gZr edvdq
rZlokdr Zmc Z aqnZcdq qZmfd ne oqnodqsx uZktdr —vhsg Z rsZmcZqc cdqhuZshnm ne 75.7 udqrtr 0.13 enq
OdqldZahkhsx(0 Nm BQNV: sqZchshnmZk lZbghmd kdZqmhmf ldsgncr rtbg Zr QZmcnl Enqdrs Zmc EMM
Zqd pthsd bnlodshshud Zmc dudm ntsodqenqllncdqm FMM Zqbghsdbstqdr rtbg Zr DRòM Zmc GL/FMM0
vC/LOMM Zbghdudr qdZrnmZakd odqenqlZmbd sgZmjr sn sgd rodbhZk fqZog qdoqdrdmsZshnm enq onkxldq
dmrdlakdr0 OM Zmc Oqd/sqZhmdc FHM odqenql dwbdoshnmZkkx vdkk nm BQNV ctd sn sgdhq oqd/sqZhmhmf
nm kZqfd cZsZrdsr0 Gnvdudq: sghr oqd/sqZhmhmf cndr mns gdko nm OdqldZahkhsx: vghbg gZr Z ltbg
kZqfdq ZudqZfd lnkdbtkd rhyd —vhsg Zm ZudqZfd lnkdbtkZq vdhfgs ne 280.7 udqrtr 042.7 enq BQNV(0
Sgtr: sgdqd hr Z cnlZhm fZo adsvddm sgd cZsZrds vgdqd OM Zmc Oqd/sqZhmdc FHM Zqd oqd/sqZhmdc Zmc
sgd OdqldZahkhsx cZsZrds: qdrtkshmf hm onnq odqenqlZmbd ne ansg ldsgncr0 DRòM admdßsr eqnl sgd
rtafqZog rdkdbshnm rbgdld nm kZqfd lnkdbtkZq fqZogr Zmc odqenqlr vdkk nm OdqldZahkhsx0 Sgd onnq
odqenqlZmbd ne GL/FMM nm ansg cZsZrdsr rgnvr sgZs hs hr mns Zr deedbshud hm qdfqdrrhnm sZrjr Zr hs hr
hm bkZrrhßbZshnm sZrjr0 Sgd nudqZkk qdrtksr rgnv sgZs. fl( ntq ldsgnc hr bZoZakd ne gZmckhmf onkxldqr
vhsg uZqxhmf lnkdbtkZq rhydr: Zmc 1( sgd rtodqhnq odqenqlZmbd ne ntq ldsgnc vgdm bntokdc vhsg
dhsgdq FHM nq LOMM bnmßqlr hsr fdmdqZkhyZahkhsx sn cheedqdms edZstqd dwsqZbsnqr0

302 QDRTKSR NM KòQFD CòSòRDSR

Sn Zmrvdq sgd rdbnmc ptdrshnm: vd bnmctbs dwodqhldmsr nm sgqdd kZqfd cZsZrdsr. EqddRnku:
Khonoghkhbhsx: Zmc BkhmSnw0 SZakdr 1 Zmc 4 hm òoodmchw ò rgnv sgd qdrtksr0 Enq EqddRnku Zmc
Khonoghkhbhsx: rhlokd lZbghmd kdZqmhmf ldsgncr hmbktchmf qZmcnl enqdrs Zmc EEM odqenql onnqkx0
Oqd/sqZhmdc FMMr bZmmns odqenql Zr vdkk Zr sgdx cn nm rlZkk onkxldq cZsZrdsr0 Sgd odqenqlZmbd
ne ZcuZmbdc FMM Zqbghsdbstqdr: drodbhZkkx C/LOMM: hr qdZrnmZakx fnnc nm ansg cZsZrdsr0 Ntq
ldsgnc dpthoodc vhsg LOMM cheetrhnm dmbncdq odqenqlr sgd adrs Zlnmf Zkk ZooqnZbgdr0 Qdrtksr
Zmc chrbtrrhnm nm sgd nsgdq cZsZrdsr Zqd fhudm hm òoodmchw ò0

Chrbtrrhnmr0 Nm kZqfd cZsZrdsr: qZmcnl enqdrs Zmc rhlokd EEM adbnld kdrr bnlodshshud sgZm nm
rlZkk cZsZrdsr0 Sghr hr qdZrnmZakd rhmbd kZqfdq cZsZrdsr qdpthqd kZqfdq lncdk bZoZbhshdr sn qdoqdrdms
sgd qdkZshnmrgho adsvddm lnkdbtkdr Zmc sgdhq oqnodqshdr0 Oqd/sqZhmhmf cndr mns rhfmhßbZmskx gdko nm
dhsgdq cZsZrds ctd sn sgd hmgdqdms cnlZhm fZo adsvddm cZsZrdsr trdc enq oqd/sqZhmhmf udqrtr sgnrd
trdc enq ßmd/stmhmf0 òlnmf sgd sgqdd FMM/aZrdc aZrdkhmdr: C/LOMM odqenqlr sgd adrs Zmc dw/
ghahsr adssdq rsZahkhsx sgZm DRòM Zmc GL/FMM0 Ntq ZooqnZbg bZm etqsgdq hloqnud sgd odqenqlZmbd
ne C/LOMM Zmc ntsodqenqlr Zkk sgd aZrdkhmdr0 Sgdrd qdrtksr cdlnmrsqZsd sgZs ntq ldsgnc hr rbZkZakd
Zmc bnlodshshud vhsg rsZsd/ne/sgd/Zqs ldsgncr enq kZqfd lnkdbtkd cZsZrdsr0
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Ehftqd 3. —Z( Svn naidbshudr eqnl sgd OdqldZahkhsx cZsZrds oqdchbsdc trhmf ntq ldsgnc bnlahmdc
vhsg sgd fqZllZq/aZrdc fdmdqZshud lncdk0 Lnkdbtkdr kxhmf nm sgd OZqdsn eqnms Zqd ghfgkhfgsdc0 —a(
OdqenqlZmbd ne ntq ldsgnc sqZhmdc nm rtardsr ne BQNV sqZhmhmf cZsZ vhsg cheedqdms qZshnr0 Dudm
vgdm sgd sqZhmhmf rds hr gZkudc: ntq ZooqnZbg bZm rshkk Zbghdud bnlodshshud qdrtksr bnloZqdc sn Oqd/
sqZhmdc FHM ßmd/stmdc nm sgd vgnkd sqZhmhmf rds0 —b( BnloZqhrnm ne odqenqlZmbd trhmf cheedqdms
ldsZ fqZllZqr: cdlnmrsqZshmf sgd mdbdrrhsx ne Z bnlokdsd ldsZ fqZllZq0

303 òMòKXRHR

Sghr rdbshnm dwZlhmdr sgd deedbshudmdrr ne ntq ldsgnc nm dwsqdldkx rlZkk cZsZrdsr: hsr bnlahmZshnm
vhsg fdmdqZshud lncdkr sgZs Zmrvdq sgd kZrs svn ptdrshnmr onrsdc Zs sgd adfhmmhmf: Zmc Zm ZakZshnm
rstcx nm sgd ldsZ fqZllZq0

OdpenplWmbd nm Dwspdldkx RlWkk CWsWrdsr0 Vd bnmctbs Z rstcx nm sgd lhmhltl uhZakd mtladq
ne rZlokdr enq ntq ldsgnc0 Vd qZmcnlkx rZlokd 1+Σ ne BQNV Zr Z ßwdc sdrshmf rds0 Trhmf sgd
qdlZhmhmf cZsZ: vd bnmrsqtbs dhfgs qZmcnlkx rdkdbsdc sqZhmhmf rdsr: dZbg bnmrhrshmf ne Z onqshnm
ne Zkk qdlZhmhmf cZsZ: qZmfhmf eqnl 1+Σ sn 0++Σ0 Sgdrd dhfgs sqZhmhmf rdsr Zqd trdc sn sqZhm ntq
ldsgnc trhmf FHM Zr sgd edZstqd dwsqZbsnq0 Ehftqd 3—a( rgnvr sgd odqenqlZmbd nm sgd sdrshmf rds0
Dudm vgdm sgd sqZhmhmf rds hr gZkudc —vhsg nmkx 83 rZlokdr(: ntq ZooqnZbg rshkk Zbghdudr qdrtksr sgZs
Zqd bnloZqZakd sn sgnrd ne sgd Oqd/sqZhmdc FHM ßmd/stmdc nm sgd vgnkd sqZhmhmf rds0 òoodmchw A
hmbktcdr Z lnqd cdsZhkdc rstcx enq sgd deedbs ne bgZmfhmf cZsZrds sqZhmhmf rhyd nm lncdk odqenqlZmbd0

BnlahmWshnm vhsg FdmdpWshud Lncdkr0 Hm ntq noshlhyZshnm eqZldvnqj: fqZllZq ldsqhbr bZm ad
bnmrhcdqdc Zr ZcchshnmZk naidbshudr: Zkknvhmf tr sn inhmskx noshlhyd ansg fdmdqZshud lncdkr Zmc
oqnodqsx oqdchbsnqr0 Enkknvhmf Ftn ds Zk0 —1911(: vd trd chudqrhsx Zmc Qdsqn− rbnqd Zr ntq fqZllZq
ldsqhbr Zmc sgdm odqenql inhms noshlhyZshnm nm sgd OdqldZahkhsx cZsZrds0 òesdq sqZhmhmf: vd fdmdqZsd
3++ lnkdbtkdr Zmc oqdchbs sgdhq oqnodqsx uZktdr trhmf ntq ZooqnZbg: hmbktchmf Zkk rhw oqnodqsx sxodr
eqnl OdqldZahkhsx0 Ehftqd 3—Z( rgnvr svn nts ne rhw oqdchbsdc oqnodqsx uZktdr vhsg sgd OZqdsn
eqnms ghfgkhfgsdc0 BkdZqkx: ntq ZooqnZbg bZm ad bnlahmdc vhsg fdmdqZshud lncdkr sn oqnuhcd Z
bnloqdgdmrhud ohodkhmd enq sgd chrbnudqx ne noshlZk lnkdbtkdr0 Sgd trd ne Qdsqn− Zkrn dmZakdr
ßmchmf rxmsgdrhr oZsgr ne fdmdqZsdc lnkdbtkdr Zr rgnvm hm òoodmchw K0

�akWshnm Rstcx nm LdsW FpWllWp0 Hm sghr rstcx: vd dwZlhmd sgd mdbdrrhsx ne sgd ldsZ qtkdr hm
ntq ghdqZqbghbZk fqZllZq0 Vd qdlnud svn qtkdr sgZs gZud cdfqdd 3 nm sgd HER eqnl sgd 3/cdfqdd
ldsZ fqZllZq: qdrtkshmf hm Z ldsZ fdnldsqx vhsg rZld mtladq ne mncdr ats 0+Σ edvdq dcfdr sgZm
sgd nmd trdc hm ntq lZhm dwodqhldmsr0 Vhsg sghr lnchßdc ldsZ fqZllZq: vd qtm sgd ohodkhmd enq
Zkk entq cZsZrdsr Zmc bnloZqd sgd qdrtksr vhsg sgd nqhfhmZk ldsZ fqZllZq hm Ehftqd 3—b(0 òkk entq
cZsZrdsr dwghahs Z odqenqlZmbd cqno vgdm trhmf sgd lnchßdc ldsZ fqZllZq0 Sgd qdrtksr oqnuhcd
dwodqhldmsZk duhcdmbd enq sgd mdbdrrhsx ne Z bnlokdsd ldsZ fqZllZq0

4 BNMBKTRHNM

Vd oqnonrd Z cZsZ/deßbhdms lnkdbtkZq oqnodqsx oqdchbsnq aZrdc nm Z ghdqZqbghbZk lnkdbtkZq fqZl/
lZq0 Sgd fqZllZq hmctbdr Zm dwokhbhs fdnldsqx cdrbqhahmf sgd roZbd ne lnkdbtkZq fqZogr: rtbg
sgZs Z fqZog mdtqZk cheetrhnm nm sgd fdnldsqx bZm ad trdc sn deedbshudkx oqdchbs oqnodqsx uZktdr ne
lnkdbtkdr nm rlZkk sqZhmhmf cZsZrdsr0 Nmd Zudmtd ne etstqd vnqj hr sn dwsdmc ntq ohodkhmd sn lncdk
2C lnkdbtkZq rsqtbstqdr Zmc sn Zccqdrr fdmdqZk fqZog cdrhfm oqnakdlr0
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QDEDQDMBDR

LngZllZc òshe EZhy òeyZk: òmcqdZ Q Aqnvmhmf: òkdwZmcdq Fnkcadqf: LZsgdv C GZkkr: IZbna K
FZuZqshm: Srtftn LnqhrZsn: SgnlZr E Gtfgdr: CZuhc I Fhdrdm: Zmc Inrdog D Fnnrd0 Ghfg/
sgqntfgots lnkdbtkZq cxmZlhbr rhltkZshnmr Zmc uZkhcZshnm ne sgdqlnogxrhbZk oqnodqshdr ne onkx/
ldqr enq uZqhntr ZookhbZshnmr0 �BR �ookhdc Nnkxldq LXsdqhXkr: 2—1(.519-529: 19190

LZssdn òkcdfgh Zmc Bnmmnq V Bnkdx0 ò fqZog qdoqdrdmsZshnm ne lnkdbtkZq dmrdlakdr enq onkxldq
oqnodqsx oqdchbshnm0 XqWhu oqdoqhms XqWhu.11940975fi8: 19110

Tqh òknm Zmc DqZm XZgZu0 Nm sgd ansskdmdbj ne fqZog mdtqZk mdsvnqjr Zmc hsr oqZbshbZk hlokhbZshnmr0
XqWhu oqdoqhms XqWhu.1995094194: 19190

GZm òksZd/SqZm: AgZqZsg QZlrtmcZq: òmddrg R OZoot: Zmc UhiZx OZmcd0 Knv cZsZ cqtf chrbnudqx
vhsg nmd/rgns kdZqmhmf0 �BR bdmsqXk rbhdmbd: 2—3(.172-182: 19fl60

DuZm Q òmsnmhtj: Odffx Kh: AgZuxZ JZhkjgtqZ: Zmc òmmZ L GhryoZmrjh0 Qdoqdrdmshmf onkxldqr Zr
odqhnchb fqZogr vhsg kdZqmdc cdrbqhosnqr enq ZbbtqZsd onkxldq oqnodqsx oqdchbshnmr0 XqWhu oqdoqhms
XqWhu.11940fi2646: 19110

CdaqZ I òtctr Zmc ItZm I cd OZakn0 Onkxldq hmenqlZshbr. Noonqstmhshdr Zmc bgZkkdmfdr0 �BR lXbqn
kdssdqr: 5—fl9(.fl967-fl971: 19fl60

DcvZqc ò Admcdq Zmc R Fhkk VhkkhZlrnm0 Jhrsr: cdbhrhnmr Xmc fqXogr0 R0 Fhkk VhkkhZlrnm: 19fl90

AdZsqhbd AduhkZbptZ: EZaqhyhn EqZrbZ: Cdqdj Khl: AZkZrtaqZlZmhZl RqhmhuZrZm: Bgdm BZh: FnohmZsg
AZkZltqtfZm: LhbgZdk L Aqnmrsdhm: Zmc GZffZh LZqnm0 DpthuZqhZms rtafqZog ZffqdfZshnm mds/
vnqjr0 HBJP: 19110

Cdqqhbj AkZjdkx: IZbj KZmbgZmshm: Zmc XZmitm Ph0 Shld Zmc roZbd bnlokdwhsx ne fqZog bnmunktshnmZk
mdsvnqjr0 �bbdrrdc nm. Cdb: 2fl: 191fl0

BqhrshZm AncmZq: EqZmbdrbn Ch FhnuZmmh: AdmiZlhm OZtk BgZladqkZhm: Ohdsqn Khó: Zmc LhbgZdk L
Aqnmrsdhm0 MdtqZk rgdZe cheetrhnm. ò snonknfhbZk odqrodbshud nm gdsdqnoghkx Zmc nudqrlnnsghmf
hm fmmr0 XqWhu oqdoqhms XqWhu.1191093468: 19110

LhbgZdk L Aqnmrsdhm: InZm AqtmZ: XZmm KdBtm: òqsgtq RykZl: Zmc Ohdqqd UZmcdqfgdxmrs0 Fdnlds/
qhb cddo kdZqmhmf. fnhmf adxnmc dtbkhcdZm cZsZ0 HDDD RhfmXk Nqnbdrrhmf LXfXyhmd: 23—3(.fl7-31:
19fl60

LhbgZdk L Aqnmrsdhm: InZm AqtmZ: SZbn Bngdm: Zmc OdsZq Udkhb́jnuh±b0 Fdnldsqhb cddo kdZqmhmf.
Fqhcr: fqntor: fqZogr: fdncdrhbr: Zmc fZtfdr0 XqWhu oqdoqhms XqWhu.1fi930fi2367: 191fl0

Vdmlhmf BZn: Yghxtd XZm: YghptZm Gd: Zmc YghgZh Gd0 ò bnloqdgdmrhud rtqudx nm fdnldsqhb
cddo kdZqmhmf0 HDDD �bbdrr: 7.24818-24838: 19190

KZvqdmbd BZxsnm0 òkfnqhsglr enq lZmhenkc kdZqmhmf0 Tmhu0 ne BXkhenqmhX Xs RXm Chdfn Sdbg0 Pdo:
fl1—fl/fl6(.fl: 19940

Adm BgZladqkZhm: IZldr Qnvanssnl: LZqhZ H FnqhmnuZ: LhbgZdk Aqnmrsdhm: RsdeZm Vdaa: Zmc
DlZmtdkd Qnrrh0 FqZmc. FqZog mdtqZk cheetrhnm0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqm;
hmf: oo0 fl396-fl3fl70 OLKQ: 191fl0

KhgtZ Bgdm: FgZmrgxZl OhkZmhZ: Qnghs AZsqZ: SqZm CnZm GtZm: Bghgn Jhl: Bgqhrsnogdq Jtdmmdsg:
Zmc QZloh QZloqZrZc0 Onkxldq hmenqlZshbr. Btqqdms rsZstr Zmc bqhshbZk mdws rsdor0 LXsdqhXkr
Rbhdmbd Xmc Dmfhmddqhmf. P. Pdonqsr: fl33.fl99484: 191fl0

Kthfh Ohdsqn BnqcdkkZ: OZrptZkd EnffhZ: BZqkn RZmrnmd: ZmcLZqhn Udmsn0 òm hloqnudc Zkfnqhsgl enq
lZsbghmf kZqfd fqZogr0 Hm 2qc H�NP;SBfi4 vnqjrgno nm fqXog;aXrdc qdoqdrdmsXshnmr hm oXssdqm
qdbnfmhshnm: oo0 fl38-fl480 Bhsdrddq: 199fl0

KtbZ Bnrln: òmddr JZyh: Rdxdc/òglZc òglZch: MZrrhq MZuZa: Zmc LhbgZdk Aqnmrsdhm0 KZsdms/
fqZog kdZqmhmf enq chrdZrd oqdchbshnm0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LdchbXk HlXfd Bnlotshmf
Xmc Bnlotsdq;�rrhrsdc Hmsdqudmshnm: oo0 532-5420 Roqhmfdq: 19190
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BZkhm Bqtbdqt: FZqx Aábhfmdtk: Zmc NbsZuhZm/Dtfdm FZmdZ0 BnlotsZshnmZkkx sqZbsZakd qhdlZmmhZm
lZmhenkcr enq fqZog dladcchmfr0 Hm Nqnbddchmfr ne sgd ���H Bnmedqdmbd nm �qshzbhXk Hmsdkkh;
fdmbd: 191fl0

GZmitm CZh: XhmfsZn ShZm: An CZh: Rsdudm RjhdmZ: Zmc Kd Rnmf0 RxmsZw/chqdbsdc uZqhZshnmZk Ztsndm/
bncdq enq rsqtbstqdc cZsZ0 XqWhu oqdoqhms XqWhu.fi791097675: 19fl70

QdhmgZqc Chdrsdk0 FqZog sgdnqx 2qc dc0 FqXctXsd sdwsr hm lXsgdlXshbr: fl62.22: 19940

ògldc òò DkgZf: FZaqhdkd Bnqrn: GZmmdr Rs�qj: Zmc LhbgZdk L Aqnmrsdhm0 FqZog Zmhrnsqnohb
cheetrhnm enq lnkdbtkdr0 Hm HBJP1911 LXbghmd JdXqmhmf enq Cqtf Chrbnudqx: 19110

DuZm M Edhmadqf: Cdamhk Rtq: Ygdmphm Vt: Aqnnjd D Gtrhb: GtZmfgZn LZh: XZmf Kh: RZhrZh Rtm:
IhZmxh XZmf: AgZqZsg QZlrtmcZq: Zmc UhiZx R OZmcd0 OnsdmshZkmds enq lnkdbtkZq oqnodqsx oqdchb/
shnm0 �BR bdmsqXk rbhdmbd: 3—flfl(.fl419-fl429: 19fl70

NbsZuhZm FZmdZ: FZqx Aábhfmdtk: Zmc SgnlZr GnelZmm0 Gxodqankhb mdtqZk mdsvnqjr0 �cuXmbdr hm
mdtqXk hmenqlXshnm oqnbdrrhmf rxrsdlr: 2fl: 19fl70

FZqqdss A Fng: MZsgZm N GncZr: BgZqkdr Rhdfdk: Zmc òaghmZu Uhrgmt0 Rlhkdr1udb. òm hmsdq/
oqdsZakd fdmdqZk/otqonrd cddo mdtqZk mdsvnqj enq oqdchbshmf bgdlhbZk oqnodqshdr0 XqWhu oqdoqhms
XqWhu.fi6fi1091923: 19fl60

LhmfgZn Ftn: VZm Rgnt: KhZmd LZjZstqZ: Shlnsgx Dqor: LhbgZdk Enrgdx: Zmc Vnibhdbg LZ/
strhj0 OnkxfqZllZq. FqZllZq enq chfhsZk onkxldq qdoqdrdmsZshnm Zmc fdmdqZshnm0 XqWhu oqdoqhms
XqWhu.1fi94094167: 191flZ0

LhmfgZn Ftn: UdqnmhjZ Sgnrs: Adhbgdm Kh: OZxdk CZr: Ihd Bgdm: Zmc Vnibhdbg LZstrhj0 CZsZ/
deßbhdms fqZog fqZllZq kdZqmhmf enq lnkdbtkZq fdmdqZshnm0 XqWhu oqdoqhms XqWhu.119209792fi:
19110

Yghbgtm Ftn: Bgtwt YgZmf: VdmgZn Xt: Ingm Gdqq: NkZe Vhdrs: Ldmf IhZmf: Zmc Mhsdrg U BgZvkZ0
Edv/rgns fqZog kdZqmhmf enq lnkdbtkZq oqnodqsx oqdchbshnm0 Hm Nqnbddchmfr ne sgd Uda Bnmedqdmbd
191fi: oo0 1448-1456: 191fla0

VdhgtZ Gt: Anvdm Kht: Inrdog Fnldr: LZqhmjZ Yhsmhj: Odqbx KhZmf: UhiZx OZmcd: Zmc Itqd
Kdrjnudb0 RsqZsdfhdr enq oqd/sqZhmhmf fqZog mdtqZk mdsvnqjr0 HBJP: 19190

Vdmfnmf Ihm: QdfhmZ AZqyhkZx: Zmc Snllh IZZjjnkZ0 Itmbshnm sqdd uZqhZshnmZk Ztsndmbncdq enq
lnkdbtkZq fqZog fdmdqZshnm0 Hm HmsdqmXshnmXk bnmedqdmbd nm lXbghmd kdXqmhmf: oo0 1212-12210
OLKQ: 19fl70

Vdmfnmf Ihm: QdfhmZ AZqyhkZx: Zmc Snllh IZZjjnkZ0 GhdqZqbghbZk fdmdqZshnm ne lnkdbtkZq fqZogr
trhmf rsqtbstqZk lnsher0 Hm HmsdqmXshnmXk bnmedqdmbd nm lXbghmd kdXqmhmf: oo0 3728-37370 OLKQ:
19190

LZqj ò Ingmrnm Zmc FdqZkc LLZffhnqZ0 Bnmbdosr Xmc XookhbXshnmr ne lnkdbtkXq rhlhkXqhsx0 Vhkdx:
fl8890

Bgnmfgxn Inn: Gxtmcn OZqj: Inmfjnn Khl: GxtmfsZd Bgn: Zmc ItmfgvZm Jhl0 Cdudknoldms ne
ogxrhbZk oqnodqsx oqdchbshnm lncdkr enq onkxoqnoxkdmd bnlonrhsdr vhsg noshlhyhmf qZmcnl enqdrs
gxodqoZqZldsdqr0 HmsdqmXshnmXk IntqmXk ne Hmsdkkhfdms Rxrsdlr: 26—5(.2514-2542: 19110

Ghqnrgh JZihmn0 LnkdbtkZq gxodqfqZog fqZllZq vhsg hsr ZookhbZshnm sn lnkdbtkZq noshlhyZshnm0 Hm
HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqmhmf: oo0 2fl72-2fl8fl0 OLKQ: 19fl80

LZqhn Jqdmm: EknqhZm G�rd: ò MhfZl: OZrbZk Eqhdcdqhbg: Zmc òkäm òrotqt/Ftyhj0 Rdkßdr. Z qnatrs
qdoqdrdmsZshnm ne rdlZmshbZkkx bnmrsqZhmdc fqZogr vhsg Zm dwZlokd ZookhbZshnm hm bgdlhrsqx0 XqWhu
oqdoqhms XqWhu.fi8940fi263fi: 19fl80

Rsdudm ò Knody: DcvZqc N Oxydq/JmZoo: Fqdfnq M Rhll: Sqdunq Ktsynv: Jdvdh Kh: KZrykn Q
Rdqdrr: IngZmmdr GZbglZmm: Zmc òkäm òrotqt/Ftyhj0 Sgd gZquZqc nqfZmhb ognsnunksZhb cZsZrds0
Rbhdmshzb cXsX: 2—fl(.fl-6: 19fl50

flfl
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òkdrrZmcqn Ktrbh: FhZmktbZ OnkkZrsqh: Zmc Ohdqqd AZkch0 Cddo Zqbghsdbstqdr Zmc cddo kdZqmhmf hm
bgdlnhmenqlZshbr. sgd oqdchbshnm ne Zptdntr rnktahkhsx enq cqtf/khjd lnkdbtkdr0 IntqmXk ne bgdl;
hbXk hmenqlXshnm Xmc lncdkhmf: 42—6(.fl452-fl464: 19fl20

GdgtZm LZ: Vdhygh òm: Xtgnmf VZmf: GnmflZn Rtm: Qthkh GtZmf: Zmc Itmygnt GtZmf0 Cddo
fqZog kdZqmhmf vhsg oqnodqsx ZtfldmsZshnm enq oqdchbshmf cqtf/hmctbdc khudq hmitqx0 BgdlhbXk
PdrdXqbg hm Snwhbnknfx: 23—1(.384-495: 19190

Xunmmd B LZqshm: IZldr K Jneqnm: Zmc KhmcZ L SqZogZfdm0 Cn rsqtbstqZkkx rhlhkZq lnkdbtkdr gZud
rhlhkZq ahnknfhbZk Zbshuhsx“ IntqmXk ne ldchbhmXk bgdlhrsqx: 34—fl8(.3249-3247: 19910

Jqyxrysne LZyhZqy: Gdmqx IZbjrnm/Ektw: OZrglhmZ BZldqnm: Ehmsnm Rhqnbjhm: MZchmd Rbgmdhcdq:
MhjnkZtr Rshdfi: LZqvhm Rdfkdq: Zmc LZqb Aqnbjrbglhcs0 KdZqmhmf sn dwsdmc lnkdbtkZq rbZeenkcr
vhsg rsqtbstqZk lnsher0 XqWhu oqdoqhms XqWhu.1fi92092753: 191fl0

òchsxZ Ldmnm: IZldr ò Sgnlornm/Bnkém: Zmc Mdvdkk Q VZrgatqm0 GhdqZqbghbZk lZbghmd kdZqm/
hmf lncdk enq ldbgZmhbZk oqnodqsx oqdchbshnmr ne onkxtqdsgZmd dkZrsnldqr eqnl rlZkk cZsZrdsr0
Eqnmshdqr hm LXsdqhXkr: 5.76: 19fl80

CZuhc K Lnakdx Zmc I Odsdq Ftsgqhd0 Eqddrnku. Z cZsZaZrd ne dwodqhldmsZk Zmc bZkbtkZsdc gxcqZshnm
eqdd dmdqfhdr: vhsg hmots ßkdr0 IntqmXk ne bnlotsdq;Xhcdc lnkdbtkXq cdrhfm: 17—6(.6flfl-619: 19fl30

òjrgZsJtlZq MhfZl: Qnadqs Onkkhbd: LZqhn Jqdmm: FZaqhdk cnr OZrrnr Fnldr: Zmc òkZm òrotqt/
Ftyhj0 Adxnmc fdmdqZshud lncdkr. rtodqeZrs sqZudqrZk: noshlhyZshnm: mnudksx: dwoknqZshnm Zmc
chrbnudqx —rsnmdc( Zkfnqhsgl enq lnkdbtkdr trhmf rdkßdr0 BgdlhbXk rbhdmbd: 191fl0

AdmiZlhm OZZzdm0 Qduhrhshmf sgd sqdd dchs chrsZmbd Zmc hsr aZbjsqZbhmf. ò stsnqhZk0 XqWhu oqdoqhms
XqWhu.fi794095758: 19fl70

Xt Qnmf: XZsZn AhZm: ShmfxZmf Wt: VdhxZmf Whd: Xhmf Vdh: Vdmahmf GtZmf: Zmc Itmygnt GtZmf0
Rdke/rtodquhrdc fqZog sqZmrenqldq nm kZqfd/rbZkd lnkdbtkZq cZsZ0 �cuXmbdr hm MdtqXk HmenqlXshnm
Nqnbdrrhmf Rxrsdlr: 22.fl1448-fl146fl: 19190

Idqqds Qnrr: AqhZm Adkfncdqd: Uhihk BgdmsgZlZqZjrgZm: Hmjhs OZcgh: Xntrrde Lqntdg: Zmc OZxdk
CZr0 Cn kZqfd rbZkd lnkdbtkZq kZmftZfd qdoqdrdmsZshnmr bZostqd hlonqsZms rsqtbstqZk hmenqlZshnm“
XqWhu oqdoqhms XqWhu.1fi95098442: 191fl0

Mhmn RgdquZrghcyd: OZrbZk Rbgvdhsydq: Dqhj IZm UZm Kddtvdm: Jtqs Ldgkgnqm: Zmc JZqrsdm L Anqf/
vZqcs0 Vdhredhkdq/kdglZm fqZog jdqmdkr0 IntqmXk ne LXbghmd JdXqmhmf PdrdXqbg: fl1—8(: 19flfl0

LdfZm RsZmkdx: Ingm E Aqnmrjhkk: Jqyxrysne LZyhZqy: Gtadqs LhrysdkZ: IdrrhbZ KZmhmh: LZqvhm
Rdfkdq: MZchmd Rbgmdhcdq: Zmc LZqb Aqnbjrbglhcs0 Er/lnk. ò edv/rgns kdZqmhmf cZsZrds ne
lnkdbtkdr0 Hm Sghqsx;zesg Bnmedqdmbd nm MdtqXk HmenqlXshnm Nqnbdrrhmf Rxrsdlr CXsXrdsr Xmc
AdmbglXqjr SqXbj -Pntmc 1(: 191fl0

FnuhmcZm RtaqZlZmhZm: AgZqZsg QZlrtmcZq: UhiZx OZmcd: Zmc QZihZg òkcqhm Cdmmx0 BnlotsZshnmZk
lncdkhmf ne β/rdbqdsZrd fl —aZbd/fl( hmghahsnqr trhmf khfZmc aZrdc ZooqnZbgdr0 IntqmXk ne bgdlhbXk
hmenqlXshnm Xmc lncdkhmf: 45—fl9(.fl825-fl838: 19fl50

Kdh SZn: FtZmf Bgdm: Zmc Xhmf Kh0 LZbghmd kdZqmhmf chrbnudqx ne ghfg/sdlodqZstqd onkxldqr0
NXssdqmr: 1—3(.fl99114: 191flZ0

Kdh SZn: UhjZr UZqrgmdx: Zmc Xhmf Kh0 AdmbglZqjhmf lZbghmd kdZqmhmf lncdkr enq onkxldq hm/
enqlZshbr. òm dwZlokd ne fkZrr sqZmrhshnm sdlodqZstqd0 IntqmXk ne BgdlhbXk HmenqlXshnm Xmc
Lncdkhmf: 5fl—flfl(.4284-43fl2: 191fla0

IhZm/Ahmf VZmf: Cnmf/Rgdmf BZn: Lhm/Edmf Ygt: Xnmf/GtZm Xtm: MZm WhZn: Zmc Xh/Ydmf KhZmf0
Hm rhkhbn duZktZshnm ne knfc60 3 Zmc bnloZqhrnm vhsg nsgdq oqdchbshnm ldsgncr0 IntqmXk ne Bgdln;
ldsqhbr: 18—6(.278-287: 19fl40

XtxZmf VZmf: IhZmqdm VZmf: Ygnmfkhm BZn: Zmc òlhq AZqZsh EZqhlZmh0 LnkdbtkZq bnmsqZrshud
kdZqmhmf ne qdoqdrdmsZshnmr uhZ fqZog mdtqZk mdsvnqjr0 MXstqd LXbghmd Hmsdkkhfdmbd: 3—2(.168-
176: 19110
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Nkhudq Vhdcdq: RsdeZm JngkaZbgdq: LákZhmd JtdmdlZmm: òqsgtq FZqnm: Ohdqqd Ctbqns: SgnlZr Rdh/
cdk: Zmc Sghdqqx KZmfdq0 ò bnloZbs qduhdv ne lnkdbtkZq oqnodqsx oqdchbshnm vhsg fqZog mdtqZk
mdsvnqjr0 Cqtf Chrbnudqx SncXx. Sdbgmnknfhdr: 26.fl-fl1: 19190

QnmZkc I VhkkhZlr0 Rhlokd rsZshrshbZk fqZchdms/enkknvhmf Zkfnqhsglr enq bnmmdbshnmhrs qdhmenqbdldms
kdZqmhmf0 LXbghmd kdXqmhmf: 7—2(.118-145: fl8810

Rsdogdm I Vqhfgs0 BnnqchmZsd cdrbdms Zkfnqhsglr0 LXsgdlXshbXk NqnfqXllhmf: fl4fl—fl(.2-23: 19fl40

EZmf Vt: PhZmf YgZmf: CqZfnlhq QZcdu: Ihxt Bth: Vdm YgZmf: GtZahm Whmf: Mhmfxt YgZmf: Zmc
GtZitm Bgdm0 Lnkenqldq. Lnshe/aZrdc sqZmrenqldq nm 2c gdsdqnfdmdntr lnkdbtkZq fqZogr0 XqWhu
oqdoqhms XqWhu.1fifi909fifi8fi: 191fl0

Bgdmbgdmf Wt: PhZn Kht: Lhmkhd GtZmf: Zmc SZn IhZmf0 Qdhmenqbdc lnkdbtkZq noshlhyZshnm vhsg
mdhfganqgnnc/bnmsqnkkdc fqZllZqr0 �cuXmbdr hm MdtqXk HmenqlXshnm Nqnbdrrhmf Rxrsdlr: 22.
7255-7266: 19190

Jdxtkt Wt: VdhgtZ Gt: Itqd Kdrjnudb: Zmc RsdeZmhd IdfdkjZ0 Gnv onvdqetk Zqd fqZog mdtqZk
mdsvnqjr“ XqWhu oqdoqhms XqWhu.fi7fi9099715: 19fl70

Jduhm XZmf: Jxkd RvZmrnm: Vdmfnmf Ihm: Bnmmnq Bnkdx: Oghkhoo Dhcdm: GtZ FZn: òmfdk FtylZm/
Odqdy: Shlnsgx Gnoodq: AqhZm Jdkkdx: LhqhZl LZsgdZ: ds Zk0 òmZkxyhmf kdZqmdc lnkdbtkZq qdoqd/
rdmsZshnmr enq oqnodqsx oqdchbshnm0 IntqmXk ne bgdlhbXk hmenqlXshnm Xmc lncdkhmf: 48—7(.2269-
2277: 19fl80

YgZnmhmf Xt Zmc GnmfxZmf FZn0 LnkdbtkZq qdoqdrdmsZshnm kdZqmhmf uhZ gdsdqnfdmdntr lnshe fqZog
mdtqZk mdsvnqjr0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqmhmf: oo0 1447fl-144830 OLKQ:
19110

Ph XtZm: LZqhZfhtkhZ Knmfn: òZqnm V Sgnqmsnm: Mdhk A LbJdnvm: AhahZmZ BnldrZmZ/FZmcZqZ:
IngZmmdr B IZmrdm: Zmc Jhl D Idker0 HlotsZshnm ne lhrrhmf fZr odqldZahkhsx cZsZ enq onkxldq
ldlaqZmdr trhmf lZbghmd kdZqmhmf0 IntqmXk ne LdlaqXmd Rbhdmbd: 516.flfl8196: 191fl0

JZhygnmf YgZmf0 ò bnmrsqZhmdc dchs chrsZmbd adsvddm tmnqcdqdc kZadkdc sqddr0 �kfnqhsglhbX: fl4
—2(.194-111: fl8850

YZhwh YgZmf: Ph Kht: GZn VZmf: BgdmfphZmf Kt: Zmc Bgdd/Jnmf Kdd0 Lnshe/aZrdc fqZog rdke/
rtodquhrdc kdZqmhmf enq lnkdbtkZq oqnodqsx oqdchbshnm0 �cuXmbdr hm MdtqXk HmenqlXshnm Nqnbdrr;
hmf Rxrsdlr: 23.fl4769-fl4771: 191fl0

Fdmfln Ygnt: Yghedmf FZn: PhZmjtm Chmf: GZmf Ygdmf: Gnmfsdmf Wt: Ygdvdh Vdh: Khmedmf
YgZmf: Zmc Ftnkhm Jd0 Tmh/lnk. ò tmhudqrZk 2c lnkdbtkZq qdoqdrdmsZshnm kdZqmhmf eqZldvnqj0
19110
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ò òCCHSHNMòK QDRTKSR

SZakd 1. Qdrtksr nm EqddRnku Zmc Khonoghkhbhsx —adrs ankcdc: rdbnmc/adrs tmcdqkhmdc(0

EpddRnku Ihonoghkhbhsx
L�D ↓ L� ↑ L�D ↓ L� ↑

QZmcnl Enqdrs 3047 & 9023 9059 & 9098 9053 & 9093 9054 & 9092
EEM 2056 & 9039 9066 & 9094 904fl & 9091 9079 & 9092

C/LOMM 9043 & 9097 9089 & 9091 9033 & 9091 9089 & 9091
DRòM 9056 & 9096 9075 & 9092 9035 & 9093 9089 & 909fl

GL/FMM 9052 & 9094 9075 & 9091 9047 & 9093 9073 & 9091

OM —ßmdstdc( 9054 & 9093 9074 & 9091 9045 & 9093 907fl & 9091
Oqd/sqZhmdc FHM —ßmdstdc( fl09fl & 90flfl 9063 & 9092 9041 & 9092 9078 & 909fl

Fdn,CDF -FHM( 9051 & 9095 9089 & 9091 9037 & 9091 9077 & 9091
Fdn,CDF -LOMM( 9038 & 9095 9083 & 9091 9031 & 9091 908fi & 9091

SZakd 2. Qdrtksr nm GNOU —adrs ankcdc: rdbnmc/adrs tmcdqkhmdc(0

Ldsgncr L�D
-mnplWkhydc( ↓ L� ↑

QZmcnl Enqdrs 9025 & 9092 9058 & 9094
EEM 9024 & 9092 9056 & 9095

C/LOMM 9025 & 9092 9058 & 9093
DRòM 9026 & 9091 9055 & 9095

GL/FMM 9039 & 9091 9054 & 9094

OM —ßmdstdc( 9031 & 9091 9054 & 9093
Oqd/sqZhmdc FHM —ßmdstdc( 9027 & 9091 9055 & 9092

Fdn,CDF -FHM( 9021 & 9092 9069 & 9092
Fdn,CDF -LOMM( 9029 & 9091 9063 & 9092

SZakd 3. Qdrtksr nm CHKH Zmc OSB —adrs ankcdc: rdbnmc/adrs tmcdqkhmdc(0

CHIH OSB
�bbtpWbx ↑ PNB,�TB↑ �bbtpWbx ↑ PNB,�TB↑

QZmcnl Enqdrs 9069 & 9098 9079 & 9095 9059 & 9095 9052 & 9094
EEM 9058 & 9096 9067 & 9096 9047 & 9095 905fl & 9093

C/LOMM 9064 & 90fl9 9072 & 9096 9056 & 9095 9069 & 9094
DRòM 9063 & 90fl9 9071 & 90fl9 9053 & 9097 9057 & 9095

GL/FMM 9065 & 9097 9072 & 9098 9055 & 9096 9058 & 9095

OM —ßmdstdc( 9064 & 90fl9 9072 & 9095 905fl & 9097 9054 & 9096
Oqd/sqZhmdc FHM —ßmdstdc( 9063 & 9098 9071 & 9095 9051 & 9098 9055 & 9096

Fdn,CDF -FHM( 9065 & 9098 9073 & 9094 9053 & 9098 9057 & 9095
Fdn,CDF -LOMM( 9067 & 9097 9075 & 9095 9058 & 9096 906fi & 9096

Pdrtksr ) Chrbtrrhnm0 Enq GNOU: rhmbd hs hr Z rlZkk qdfqdrrhnm cZsZrds: sqZchshnmZk ldsgncr —qZmcnl
enqdrs Zmc EEM( Zbghdud bnlodshshud odqenqlZmbd Zmc Zqd dudm adssdq sgZm rdudqZk fqZog mdtqZk
mdsvnqjr hmbktchmf DRòM Zmc GL/FMM0 Ansg uZqhZmsr ne ntq ldsgnc ntsodqenql nsgdq aZrdkhmdr
ax Z kZqfd lZqfhm: vghbg Zkhfmr vhsg sgd qdrtksr hm sgd nsgdq svn rlZkk qdfqdrrhnm cZsZrdsr0 Hm sgd
svn rlZkk bkZrrhßbZshnm cZsZrdsr: CHKH Zmc OSB: sgdqd hr mn rhfmhßbZms cheedqdmbd adsvddm aZrdkhmd
lncdkr qdfZqchmf odqenqlZmbd0 Sgd qdZrnm enq sghr hr sgZs sgd sdrs cZsZrds hr rlZkk: Zmc sgd ZbbtqZbx
ne sgd lncdk bZm ad khlhsdc ax Z edv gZqc dwZlokdr sgZs bZmmns ad bkZrrhßdc bnqqdbskx0 Hs hr sgdqdenqd
lnqd hmenqlZshud sn trd sgd QNB/òTB rbnqd0 òlnmf sgd aZrdkhmdr: GL/FMM odqenqlr sgd adrs
ctd sn hsr lnshe/aZrdc qdoqdrdmsZshnm0 Ntq ldsgnc bZm rshkk ntsodqenql Zkk nsgdq ldsgncr qdfZqchmf
ansg ZbbtqZbx Zmc QNB/òTB rbnqd0 Enq BkhmSnw hm SZakd 4: vd bnloZqd ntq ZooqnZbg vhsg Z
vhcd qZmfd ne ghfgkx odqenqlZms aZrdkhmd ldsgncr eqnl Z qdbdms oZodq Ygnt ds Zk0 —1911(: vghbg
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SZakd 4. Qdrtksr nm BkhmSnw —adrs ankcdc: rdbnmc/adrs tmcdqkhmdc(0

Ldsgncr PNB,�TB ↑
C/LOMM 8905 & 905
òssdmshudEO 7306 & 902
M/FqZlQE 6604 & 309
M/FqZlWFA 7604 & 106
FQNUDQaZrd 7fl01 & 209
FQNUDQkZqfd 6501 & 206
FqZogLUO 680fl & 107
LnkBKQ 8fl01 & 204
FDL 890fl & fl02

Oqd/sqZhmdc FHM 6105 & fl04
Tmh/Lnk 8fl08 & fl07

Fdn,CDF -FHM( 6303 & fl07
Fdn,CDF -LOMM( 8101 & 906

ax hsrdke oqnonrdr nmd ne sgd RNSò ldsgncr nm BkhmSnw0 Mnsd sgZs sgdrd Zqd udqx rsqnmf aZrdkhmd
ldsgncr: hmbktchmf lZmx ldsgncr oqd/sqZhmdc trhmf 2C lnkdbtkZq cZsZ0 Sgd nudqZkk qdrtksr rgnv
sgZs ntq ldsgnc Zbghdudr rhfmhßbZmskx adssdq odqenqlZmbd nm bgZkkdmfhmf rlZkk qdfqdrrhnm cZsZrdsr
Zmc ntsodqenqlr Z vhcd rodbsqtl ne aZrdkhmdr nm uZqhntr bnllnm admbglZqjr0

A òMòKXRHR NM SQòHMHMF CòSòRDS RHYD

Vd etqsgdq dwsdmc ntq rstcx hm Rdbshnm 303 enq sgd deedbs ne bgZmfhmf cZsZrds sqZhmhmf rhyd nm lncdk
odqenqlZmbd ax hmbktchmf sgd ZmZkxrhr ne Zkk sgqdd rlZkk qdfqdrrhnm cZsZrdsr vhsg lnqd aZrdkhmdr
bnloZqdc0 Ehftqd 4 hkktrsqZsdr sgd qdrtksr ne Oqd/sqZhmdc FHM: vC/LOMM?C/LOMM: Zmc svn uZqh/
Zmsr ne ntq lncdk nm BQNV: OdqldZahkhsx: Zmc GNOU0 Vd qdonqs sgd odqenqlZmbd ne dZbg lncdk
sqZhmdc trhmf cheedqdms mtladqr ne sqZhmhmf rZlokdr: qZmcnlkx rZlokdc eqnl sgd nqhfhmZk sqZhmhmf
cZsZrds0 òbqnrr cheedqdms sqZhmhmf cZsZrds rhydr: ntq oqnonrdc ldsgnc bnmrhrsdmskx ntsodqenqlr nsgdq
aZrdkhmdr0 ò rlZkkdq sqZhmhmf cZsZrds kdZcr sn Z kZqfdq odqenqlZmbd hloqnudldms: cdlnmrsqZshmf sgd
cZsZ/deßbhdmbx ne ntq lncdk0
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Ehftqd 4. òmZkxrhr nm sqZhmhmf cZsZrds rhyd0

B òMòKXRHR NM BNMRSQTBSHNM BNRS QDCTBSHNM NE GHDQòQBGHBòK
LNKDBTKòQ FQòLLòQ

Hm sghr rdbshnm: vd oqnuhcd dlohqhbZk duhcdmbd nm sgd bnmrsqtbshnm bnrs qdctbshnm ne ntq ghdqZqbghbZk
lnkdbtkZq fqZllZq bnloZqdc vhsg mnm/ghdqZqbghbZk lnkdbtkZq fqZllZq eqnl Ftn ds Zk0 —1911(0
Vd bnmctbs sdm fqntor ne dwodqhldmsr ax qZmcnlkx rZlokhmf ßud lnkdbtkdr eqnl BQNV cZsZrds
ax sdm shldr0 Enq dZbg fqnto ne dwodqhldms: vd rZlokd sdm fqZllZqr enq ansg ghdqZqbghbZk Zmc
mnm/ghdqZqbghbZk udqrhnmr qdrodbshudkx Zmc bnmrsqtbs sgd fdnldsqx sn bnudq sgd ßud lnkdbtkdr0 Sgd
mnm/ghdqZqbghbZk fqZllZq hr rZlokdc trhmf sgd Zkfnqhsgl eqnl Ftn ds Zk0 —1911(0 Sgd fdnldsqx
bnmrsqtbshnm hr Zbghdudc enkknvhmf sgd AER oqnbdctqd cdrbqhadc hm Rdbshnm 20fl enq ansg jhmcr ne
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Ehftqd 5. òmZkxrhr nm bnmrsqtbshnm bnrs qdctbshnm ne ghdqZqbghbZk lnkdbtkZq fqZllZq0 Enq ntq ghdqZq/
bghbZk lnkdbtkZq fqZllZq: sgd mtladq ne hmsdqldchZsd fqZogr hr sgd rZld Zr sgd mtladq ne lnkdbtkd
rZlokdr: vghbg hr ßud hm sgd dwodqhldmsr0

fqZllZq0 Hm sgd dwodqhldmsr: vd ßmc sgZs enq mnm/ghdqZqbghbZk fqZllZq: dudm enq ßud lnkdbtkdr:
hs nbbtqr eqdptdmskx sgZs sgd rhyd ne sgd fdnldsqx fqnvr dwsqdldkx kZqfd ats rshkk bZmmns bnudq sgd
ßud lnkdbtkdr0 Sgdqdenqd: vd rsno sgd bnmrsqtbshnm vgdm sgd rhyd ne sgd fdnldsqx qdZbgdr 1·0+40
Ehftqd 5 hkktrsqZsdr —Z( sgd ZudqZfd qtmmhmf shld: —a( sgd ZudqZfd mtladq ne oqnctbshnm qtkdr: Zmc —b(
sgd ZudqZfd mtladq ne hmsdqldchZsd fqZogr ne sgd ßmZk bnmrsqtbsdc fdnldsqx0 Hs bZm ad mnsdc sgZs ntq
ghdqZqbghbZk lnkdbtkZq fqZllZq fqdZskx qdctbdr sgd qtmmhmf shld ne sgd fdnldsqx bnmrsqtbshnm0 Enq
mnm/ghdqZqbghbZk fqZllZqr: hs hr ZkvZxr hmsqZbsZakd sn bnmrsqtbs sgd fdnldsqx rhmbd sgd mtladq ne
hmsdqldchZsd fqZogr hr dmnqlntr —rnld ZooqnZbghmf 0.4·0+4(0 Ntq ghdqZqbghbZk lnkdbtkZq fqZllZq
oqnuhcdr Z oqZbshbZk eqZldvnqj enq fqZllZq/hmctbdc fdnldsqx vhsg sgdnqdshbZk entmcZshnmr0

C òMòKXRHR NM BNLOTSòSHNMòK BNLOKDWHSX

Sgd bnlotsZshnm ne ntq ZooqnZbg bnmrhrsr ne sgqdd oZqsr. fl( sgd bnmrsqtbshnm ne fqZllZq/hmctbdc
fdnldsqx: 1( cheetrhnm dmbncdq: Zmc 2( fqZog cheetrhnm nudq sgd fdnldsqx0 Enkknvhmf AkZjdkx ds Zk0
—191fl(: rtoonrd vd gZud H rZlokdr ne lnkdbtkdr: dZbg vhsg M mncdr Zmc }E } dcfdr0 Sn bnmrsqtbs
sgd fqZllZq/hmctbdc fdnldsqx: vd mddc sn rZlokd Zkk sgd dcfdr hm nqcdq sn bnmsqZbs lnkdbtkdr hmsn
itmbshnm sqddr: rn sgd bnlotsZshnmZk bnlokdwhsx hr N%H}E }(0 Enq cheetrhnm dmbncdq: sgd bnlokdwhsx
hr sgd rZld vhsg fdmdqZk fqZog mdtqZk mdsvnqjr: vghbg hrN%HKa%Ma)}E }((: vgdqdK hr sgd mtladq
ne kZxdqdr Zmc a hr sgd edZstqd chldmrhnm0 òr hmchbZsdc hm BgZladqkZhm ds Zk0 —191fl(: sgd bnlokdwhsx
ne fqZog cheetrhnm hr N%}E ∗}a(%Da ) De (: vgdqd E ∗ hr sgd dcfd rds ne fqZllZq/hmctbdc fdnldsqx:
Zmc Da: De Zqd sgd mtladqr ne etmbshnm duZktZshnmr enq enqvZqc Zmc aZbjvZqc oZrr: qdrodbshudkx0
Sgdqdenqd: sgd nudqZkk bnlotsZshnmZk bnrs ne ntq ldsgnc hrN%H}E })HKa%Ma) }E }() }E ∗}a%Da)
De (( ; N%HKa%Ma ) }E }( ) }E ∗}a%Da ) De ((0 BnloZqdc vhsg fdmdqZk fqZog mdtqZk mdsvnqjr
vghbg gZud Z bnlotsZshnmZk bnlokdwhsx ne N%HKa%Ma ) }E }((: ntq ZooqnZbg dmsZhkr ZcchshnmZk
bnlotsZshnmrN%}E ∗}a%Da)De ((: vgdqd }E ∗} hr sgd rtl ne sgd mtladq ne dcfdr hm sgd ldsZ fdnldsqx
}ElcsV} Zmc sgd mtladq ne rZlokdr H: rhmbd dZbg lnkdbtkd hr bnmmdbsdc sn sgd ldsZ fdnldsqx ax
Zm dcfd0 Hm ntq dwodqhldmsr: vd trd Z 3/cdfqdd ldsZ fqZllZq vhsg cdosg 0+: vghbg fhudr tr Z
ldsZ fdnldsqx ne 344 dcfdr: h0d0 344 ; }ElcsV} ≪ H}E }0 Vd Zkrn ßmc hm ntq dwodqhldmsr sgZs
Da ) De ≪ KMa0 òr Z qdrtks: sgd nudqZkk bnlotsZshnmZk bnlokdwhsx ne ntq ldsgnc hr sgd rZld Zr
sgZs ne fdmdqZk fqZog mdtqZk mdsvnqjr hm sgd ahf N rdmrd0 Hm oqZbshbd: fdnldsqx bZm ad bnmrsqtbsdc
hm oZqZkkdk: vghbg qdctbdr sgd qtmmhmf shld ne ntq dmshqd ldsgnc0

D CDSòHKR NM CòSòRDSR

Sgd BgdlhbZk QdsqhduZk nm sgd Vda —BQNV( onkxldq cZsZaZrd1 btqZsdr Z cZsZaZrd ne sgdqln/
ogxrhbZk cZsZ enq nudq 14+ cheedqdms onkxldqr: enbtrhmf oqhlZqhkx nm sgd lnrs bnllnmkx trdc okZr/
shbr Zmc qdrhmr hm hmctrsqx0 BQNV chrshmfthrgdr eqnl nsgdq chfhsZk onkxldq oqnodqsx cZsZaZrdr ctd

1gssor.,,onkxldqcSsSaSrdzbnl,
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sn hsr gdZux trZfd ne qdZk: dwodqhldmsZk cZsZ hmchuhctZkkx rntqbdc uhZ dwsdmrhud khsdqZstqd rdZqbg0 Hm
sgd BQNV onkxldq cZsZaZrd: ZooqnwhlZsdkx 84Σ ne qdonqsdc onkxldqr needq rnld dwodqhldmsZk
cZsZ eqnl khsdqZstqd: vhsg sgd qdlZhmhmf 4Σ cdqhudc otqdkx eqnl rhltkZshnm0 Vd nmkx trd sgnrd cZsZ
vhsg kZadkr eqnl qdZk dwodqhldmsr hm ntq duZktZshnm0 Sgd BQNV onkxldq cZsZaZrd qdonqsr rdudqZk
oqnodqshdr hmbktchmf sgd fkZrr sqZmrhshnm sdlodqZstqd: GhkcdaqZmc rnktahkhsx oZqZldsdq: lnkZq gdZs
bZoZbhsx: qdeqZbshud hmcdw: Zmc lnkZq bngdrhud dmdqfx0 Ne sgdrd: vd bgnnrd fkZrr sqZmrhshnm sdlodq/
Zstqd Zr ntq admbglZqj odqenqlZmbd bnloZqhrnm rhmbd hs hr nmd ne sgd adrs cnbtldmsdc onkxldq
oqnodqshdr hm sgd khsdqZstqd —SZn ds Zk0: 191fla(0 Enq dZbg cZsZrds dwbdos BkhmSnw: vd qZmcnlkx rokhs
sgd cZsZ hmsn 3 9 0 sqZhmhmf Zmc sdrshmf rdsr Zmc bqdZsd ßud rtbg rokhsr trhmf 4 qZmcnl rddcr0 Enq
BkhmSnw: vd enkknv sgd rdsshmfr hm Ygnt ds Zk0 —1911( sn sqZhm ntq lncdk Zmc qdonqs sgd qdrtksr ne
nsgdq aZrdkhmdr chqdbskx eqnl sgd oZodq0 DZbg ne ßud rokhsr hr trdc sn sqZhm Zmc sdrs Z rdoZqZsd hmrsZmbd
ne dZbg admbglZqj lncdk0 Enq sgd nsgdq sgqdd cZsZrdsr: vd qdedq sgd qdZcdq sn sgd nqhfhmZk oZodqr.
OdqldZahkhsx —XtZm ds Zk0: 191fl(: EqddRnku —Lnakdx ) Ftsgqhd: 19fl3(: Khonoghkhbhsx —VZmf ds Zk0:
19fl4(: GNOU —Knody ds Zk0: 19fl5(: CHKH —LZ ds Zk0: 1919(: Zmc OSB —Wt ds Zk0: 19fl7(0

E CDSòHKR NM SGD HLOKDLDMSòSHNM

AWrdkhmdr0 Vd bnloZqd ntq ZooqnZbg vhsg uZqhntr aZrdkhmdr. fl( QZmcnl Enqdrs Zmc EEM: svn ne
sgd adrs/odqenqlhmf lZbghmd kdZqmhmf lncdkr enq onkxldq hmenqlZshbr admbglZqjhmf —SZn ds Zk0:
191fla(, 1( vC/LOMM: Z rsZsd/ne/sgd/Zqs ldsgnc rodbhßbZkkx cdrhfmdc enq onkxldq oqnodqsx oqd/
chbshnm —òkcdfgh ) Bnkdx: 1911(, 2( DRòM: Z fdmdqZk FMM Zqbghsdbstqd vhsg dmgZmbdc dwoqdrrhud
onvdq —AduhkZbptZ ds Zk0: 1911(, 3( GL/FMM: Z lnshe/aZrdc FMM enq lnkdbtkZq edZstqd qdoqdrdm/
sZshnm —Xt ) FZn: 1911(, 4( OM Zmc Oqd/sqZhmdc FHM: svn oqd/sqZhmdc FMMr vhsg rsZsd/ne/sgd/Zqs
odqenqlZmbd nm edv/rgns kdZqmhmf —RsZmkdx ds Zk0: 191fl( Zmc sqZmredq kdZqmhmf —Gt ds Zk0: 1919(0 òr
GL/FMM Zmc Oqd/sqZhmdc FHM nmkx oqnuhcd bncd enq fqZog bkZrrhßbZshnm: vd lnchex sgd ßmZk kZxdq
ne sgdhq mdsvnqjr Zmc trd k0 knrr enq sqZhmhmf0 Enq sgd nsgdq ldsgncr: vd enkknv sgd rZld hlokdldm/
sZshnm Zr sgdhq nqhfhmZk oZodqr0 Rhmbd vC/LOMM bZmmns ad cdonkxdc nm fdmdqZk lnkdbtkdr nsgdq
sgZm onkxldqr: vd qdonqs sgd qdrtksr ne C/LOMM —XZmf ds Zk0: 19fl8( hmrsdZc enq svn kZqfd cZsZrdsr0

Ntp Rxrsdl0 Enq ntq ZooqnZbg: vd trd 3/cdfqdd ldsZ fqZllZq: vghbg bnmsZhmr dhfgs qtkdr0 Sgd
ldsZ fdnldsqx bnmsZhmr Zkk sgd ldsZ sqddr vgnrd rhyd hr rlZkkdq sgZm 00: qdrtkshmf hm 038 mncdr Zmc
344 dcfdr0 Enq sgd lnkdbtkZq qtkd kdZqmhmf ne θ: vd enkknv Zkk sgd gxodqoZqZlsdqr trdc hm Ftn ds Zk0
—1911(0 Enq sgd fqZog cheetrhnm: sgd hmots edZstqd ne dZbg ldsZ sqdd mncd hr sgd Vdhredhkdq KdglZm
fqZog gZrghmf edZstqd —RgdquZrghcyd ds Zk0: 19flfl(0 Sgd dmbncdq enq ldsZ sqdd mncdr hr Zm dladcchmf
kZxdq sgZs lZor gZrghmf edZstqdr hmsn Z 2++/chldmrhnm bnmshmtntr udbsnq0 Enq lnkdbtkZq kdZudr: vd
trd svn cheedqdms dmbncdqr. FHM eqnl Wt ds Zk0 —19fl7( Zmc LOMM eqnl XZmf ds Zk0 —19fl8(: ansg ne
vghbg ntsots Z edZstqd udbsnq ne chldmrhnm 2++0 Enq sgd cdbncdq: vd trd Z nmd/kZxdq etkkx bnmmdbsdc
mdsvnqj vhsg rhyd 2++0 Enq sgd fqZog cheetrhnm oqnbdrr: vd enkknv BgZladqkZhm ds Zk0 —191fl( Zmc trd
CnqlZmc-Oqhmbd ZcZoshud rsdo rhyd rbgdld —CHNQH4( vhsg Zcinhms ldsgnc0 Sgd cheetrhuhsx etmbshnm
V%·. ·:�( hr Zm Zssdmshnm etmbshnm0 Vd trd òcZl noshlhydq enq sgd sqZhmhmf ne θ Zmc %φ.ψ. �(: vhsg
kdZqmhmf qZsd +.+0 Zmc +.++0: qdrodbshudkx0 Vd sqZhm θ enq sdm donbgr0 Enq dZbg sqZhmhmf donbg ne θ:
vd sqZhm %φ.ψ. �( enq 4+ donbgr0

F QDKòSDC VNQJR

LWbghmd IdWpmhmf enp LnkdbtkWp Opnodpsx Opdchbshnm0 Sgd trd ne lZbghmd kdZqmhmf ldsgncr
sn oqdchbs lnkdbtkZq oqnodqshdr gZr Z knmf ghrsnqx0 LZmx dZqkx ldsgncr trd RLHKDR rsqhmfr nq
gZmcbqZesdc ßmfdqoqhmsr Zr hmots Zmc qdkx nm sqZchshnmZk lZbghmd kdZqmhmf ldsgncr: rtbg Zr qZmcnl
enqdrs Zmc FZtrrhZm oqnbdrrdr: vghbg Zqd rshkk bnlodshshud sncZx hm lZmx ZookhbZshnmr —SZn ds Zk0:
191fla, Inn ds Zk0: 1911(0 Qdbdmskx: fqZog/aZrdc qdoqdrdmsZshnmr ne lnkdbtkdr gZud fZhmdc hmbqdZrhmf
onotkZqhsx vhsg sgd cdudknoldms ne FMMr —Edhmadqf ds Zk0: 19fl7, Wt ds Zk0: 19fl7, Vt ds Zk0: 191fl,
AduhkZbptZ ds Zk0: 1911, Xt ) FZn: 1911, òkcdfgh ) Bnkdx: 1911, òknm ) XZgZu: 1919(0 Vd
qdedq sgd qdZcdq sn Vhdcdq ds Zk0 —1919( enq Z cdsZhkdc qduhdv ne FMM/aZrdc oqnodqsx oqdchbsnqr0
Btqqdms rsZsd/ne/sgd/Zqs FMM/aZrdc ldsgncr oqnuhcd lnqd ZcuZmbdc qdoqdrdmsZshnmr ne lnkdbtkdr
aZrdc nm fqZogr0 AduhkZbptZ ds Zk0 —1911( qdoqdrdmsr dZbg hmchuhctZk fqZog Zr Z rds ne rtafqZogr:
hmbqdZrhmf sgd dwoqdrrhud onvdq ne FMMr0 òkcdfgh ) Bnkdx —1911( sZhknqr lnkdbtkZq fqZogr ax
Zcchmf rsnbgZrshb dcfdr Zmc cdrhfmr FMM rodbhßbZkkx enq onkxldqr aZrdc nm XZmf ds Zk0 —19fl8(0
Xt ) FZn —1911( Zmc YgZmf ds Zk0 —191fl( kdudqZfd lnsher sn lncdk lnkdbtkZq qdkZshnmrghor0 òkk
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sgdrd ldsgncr qdpthqd kZqfd sqZhmhmf cZsZrdsr sn Zbghdud qdZrnmZakd odqenqlZmbd0 Hs hr bnllnm sn
trd rdke/rtodquhrdc kdZqmhmf —Qnmf ds Zk0: 1919, VZmf ds Zk0: 1911( Zmc sqZmredq kdZqmhmf —Gt ds Zk0:
1919( sn cdZk vhsg roZqrd cZsZ: vgdqd mdtqZk mdsvnqjr Zqd oqd/sqZhmdc nm kZqfd cZsZrdsr Zmc sgdm
ßmd/stmdc nm sgd sZqfds rlZkk cZsZrds0 Lnrs ne sgdrd ldsgncr: gnvdudq: enbtr rnkdkx nm lnkdbtkZq
bkZrrhßbZshnm: vghkd ntq ZooqnZbg bZm Zkrn Zccqdrr qdfqdrrhnm oqnakdlr vhsg dwsqdldkx roZqrd cZsZ:
vghbg Zqd bnmrhcdqZakx lnqd bgZkkdmfhmf0

LnkdbtkWp FpWllWpr0 òr Zm hmsdqoqdsZakd Zmc bnloZbs cdrhfm lncdk: fqZllZq gZr qdbdmskx
fZhmdc hmbqdZrhmf Zssdmshnm hm sgd ßdkc ne lnkdbtkd chrbnudqx —CZh ds Zk0: 19fl7, JZihmn: 19fl8, Jqdmm
ds Zk0: 19fl8, Wt ds Zk0: 1919, MhfZl ds Zk0: 191fl, Ftn ds Zk0: 191flZ, 1911(0 ò lnkdbtkZq fqZllZq bZm
ad bnmrhcdqdc Zr Z fdmdqZshud lncdk sgZs trdr oqnctbshnm qtkdr sn fdmdqZsd lnkdbtkdr0 Sgd qtkdr ne Z
fqZllZq bZm ad dhsgdq lZmtZkkx bnmrsqtbsdc —CZh ds Zk0: 19fl7, Jqdmm ds Zk0: 19fl8, Ftn ds Zk0: 191flZ(
nq ZtsnlZshbZkkx kdZqmdc eqnl lnkdbtkZq cZsZrdsr —JZihmn: 19fl8, Wt ds Zk0: 1919, MhfZl ds Zk0: 191fl,
Ftn ds Zk0: 1911(0 Qdbdms vnqjr gZud cdlnmrsqZsdc sgZs Z kdZqmZakd gxodqfqZog fqZllZq bZm ad
deedbshud hm bZostqhmf gZqc bgdlhbZk bnmrsqZhmsr: rtbg Zr uZkdmbx qdrsqhbshnmr —JZihmn: 19fl8, Ftn
ds Zk0: 1911(0 Ftn ds Zk0 —1911( etqsgdq oqnonrdr Z kdZqmhmf ohodkhmd enq bnmrsqtbshmf Z gxodqfqZog
fqZllZq/aZrdc fdmdqZshud lncdk sgZs bZm hmbnqonqZsd cnlZhm/rodbhßb jmnvkdcfd eqnl udqx rlZkk
cZsZrdsr vhsg cnydmr ne rZlokdr0 Cdrohsd sgd hmgdqdms ZcuZmsZfdr ne lnkdbtkZq fqZllZqr: rtbg Zr
dwokhbhsmdrr: dwokZmZsnqx onvdq: Zmc cZsZ deßbhdmbx: dwhrshmf vnqjr lZhmkx trd sgdl enq lnkdbtkZq
fdmdqZshnm0 Oqdchbshnm Zmc noshlhyZshnm ne lnkdbtkZq oqnodqshdr bZm nmkx ad Zbbnlokhrgdc ax trhmf
Z rdoZqZsd lncdk aZrdc nm sgd fqZllZq qdoqdrdmsZshnm hm Z kZsdms roZbd: vghbg hr kdZqmdc hmchuhct/
Zkkx —JZihmn: 19fl8, Wt ds Zk0: 1919(0 Vd hmsdfqZsd lnkdbtkZq fqZllZq hmsn oqnodqsx oqdchbshnm sZrjr
ax bnmrsqtbshmf Z fdnldsqx ne lnkdbtkZq fqZogr aZrdc nm sgd kdZqmZakd fqZllZq: vghbg Zkknvr tr sn
noshlhyd ansg sgd fdmdqZshud lncdk Zmc sgd oqnodqsx oqdchbsnq rhltksZmdntrkx0 Nm dwsqdldkx rlZkk
cZsZrdsr: ntq ZooqnZbg admdßsr drodbhZkkx eqnl sgd cZsZ deßbhdmbx ne fqZllZq Zmc Zbghdudr rtodqhnq
odqenqlZmbd nudq dwhrshmf oqnodqsx oqdchbsnqr0

GhdpWpbghbWk LnkdbtkWp FdmdpWshnm0 Sgd cdbnlonrhshnm ne lnkdbtkZq rsqtbstqdr hm ntq ghdqZqbgh/
bZk lnkdbtkZq fqZllZq hr qdkZsdc sn rtarsqtbstqd/aZrdc ldsgncr hm lnkdbtkZq fdmdqZshnm —Ihm ds Zk0:
19fl7, 1919, LZyhZqy ds Zk0: 191fl(0 Ihm ds Zk0 —19fl7( dloknxr dmbncdqr Zmc cdbncdqr sn fdmdqZsd Z
itmbshnm sqdd/rsqtbstqdc rbZeenkc Zmc sgdm bnlahmd bgdlhbZk rtarsqtbstqdr hmsn Z lnkdbtkd0 Ihm ds Zk0
—1919( trdr Z ghdqZqbghbZk fqZog dmbncdq/cdbncdq sn fdmdqZsd lnkdbtkdr hm Z bnZqrd/sn/ßmd lZmmdq:
eqnl Zsnlr sn bnmmdbsdc lnsher0 LZyhZqy ds Zk0 —191fl( hmsdfqZsdr lnkdbtkd eqZfldmsr Zmc Zsnl/
ax/Zsnl bnmrsqtbshnm sn fdmdqZsd mdv lnkdbtkdr0 Ntq ZooqnZbg hr etmcZldmsZkkx cheedqdms eqnl Zkk
sgdrd dwhrshmf ghdqZqbghbZk qdoqdrdmsZshnmr hm svn qdrodbsr. fl( Uhsgnts sgd mddc enq Zmx sqZhmhmf: ntq
oqnonrdc ldsZ fqZllZq —sgd bnZqrd kdudk( bZm dmtldqZsd Zkk onrrhakd itmbshnm sqdd rsqtbstqdr ax
trhmf Z bnloZbs rds ne ldsZ oqnctbshnm qtkdr: vghbg bZm ad sgdnqdshbXkkx ftXqXmsddc0 Ntq ldsgnc
nmkx qdpthqdr kdZqmhmf Zs sgd ßmd kdudk: vghbg Zqd lnkdbtkZq eqZfldmsr cdsdqlhmdc ax lnkdbtkZq
qtkdr: vgdqdZr dwhrshmf ldsgncr qdpthqd kdZqmhmf svn lncdkr enq ansg bnZqrd Zmc ßmd kdudkr0 1( òr
noonrdc sn dwhrshmf ldsgncr sgZs trd kZsdms roZbdr: ntq ldsZ fdnldsqx hmctbdc ax ldsZ fqZllZq
dwokhbhskx lncdkr sgd rhlhkZqhsx adsvddm lnkdbtkdr ax trhmf fqZog chrsZmbd Zknmf sgd fdnldsqx0
Ctd sn sgd dchs/bnlokdsdmdrr ne ldsZ fqZllZq hm Cdßmhshnm fl: sgd fqZog chrsZmbd hr Zm dwokZhmZakd
ldZrtqdldms ne lhmhlZk dchshmf chrsZmbd adsvddm lnkdbtkZq fqZogr: vgdqdZr sgd chrsZmbd hm kZsdms
roZbdr trdc hm dwhrshmf ldsgncr kZbjr dwokZhmZahkhsx0

Fdnldsphb Cddo IdWpmhmf Zookhdr cddo mdtqZk mdsvnqjr sn mnm/DtbkhcdZm cnlZhmr rtbg Zr fqZogr
Zmc lZmhenkcr vhsg Z vhcd qZmfd ne ZookhbZshnmr —Aqnmrsdhm ds Zk0: 19fl6, BZn ds Zk0: 1919, Aqnm/
rsdhm ds Zk0: 191fl(0 QdkZsdc sn ntq ldsgnc: Z rdqhdr ne qdbdms vnqjr trd fqZog mdtqZk cheetrhnm ax
sqdZshmf FMMr Zr Z chrbqdshrZshnm ne Zm tmcdqkxhmf gdZs cheetrhnm OCD —BgZladqkZhm ds Zk0: 191fl,
DkgZf ds Zk0: 1911, AncmZq ds Zk0: 1911(0 Sgdrd ldsgncr vnqj nm kZqfd fqZog cZsZ vgdqd sgd fqZog
bnmmdbshuhsx ne hmchuhctZk mncdr hr oqnuhcdc0 òcchshnmZkkx: sgdqd Zqd Zkrn dwhrshmf vnqjr nm hmedq/
qhmf sgd tmcdqkxhmf fdnldsqx ne fqZog cZsZ0 FZmdZ ds Zk0 —19fl7( Zmc Bqtbdqt ds Zk0 —191fl( dladc
fqZogr hmsn mnm/DtbkhcdZm lZmhenkcr rtbg Zr gxodqankhb Zmc dkkhoshbZk roZbdr Zmc noshlhyd sgdhq dl/
adcchmfr vhsghm sgdrd QhdlZmmhZm roZbdr0 Bnrln ds Zk0 —1919( kdZqmr Z kZsdms fqZog sn lncdk sgd
tmcdqkxhmf qdkZshnmrgho adsvddm cZsZ rZlokdr Zmc Zookhdr FMM sn hs0 Cheedqdms eqnl sgdrd ldsgncr:
ntq ZooqnZbg trdr dwokhbhs Zmc kdZqmZakd hmsqhmrhb fdnldsqx aZrdc nm fqZog fqZllZq sn lncdk sgd
qdkZshnmrgho adsvddm lnkdbtkZq cZsZ0 Rhmbd fqZog fqZllZq hr Z fdmdqZshud lncdk: ntq eqZldvnqj hr
bZoZakd ne noshlhyhmf ansg lnkdbtkZq fdmdqZshnm Zmc oqnodqsx oqdchbshnm rhltksZmdntrkx0
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G LNQD CDSòHKR NE GHDQòQBGHBòK LNKDBTKòQ FQòLLòQ

Chrbtrrhnm nm GhdpWpbghbWk LnkdbtkWp FpWllWp0 Sgd sgqdd ZcchshnmZk Zssqhatsdr hm Cdßmhshnm fl
bZm ad trdc sn cdctbd rdudqZk cdrhqZakd oqnodqshdr ne Z ldsZ fqZllZq0 ”Cdfqdd j; dmrtqdr sgd ldsZ
fqZllZq hr dwoqdrrhud Zmc bnlokdsd: bnudqhmf Zkk onrrhakd sqddr tmcdq Z rhlokd sqdd cdfqdd bnm/
rsqZhms0 ”Dchs bnlokdsdmdrr; dmZakdr sgd dwokhbhs bZostqd ne sqZmrenqlZshnmr adsvddm svn sqddr vhsg
dchs chrsZmbd nmd Zmc sgdqdenqd adsvddm svn ZqahsqZqx sqddr vhsg ZqahsqZqx chrsZmbdr0 ”LhmhlZkhsx;
ftZqZmsddr sgZs sgd ldsZ fqZllZq hr bnloZbs0 AZrdc nm sgdrd sgqdd Zssqhatsdr: vd bZm bnmrsqtbs Z
fdmdqhb ldsZ fqZllZq fdmdqZshmf sqddr ne mnm/sdqlhmZk mncdr ax trhmf nmkx Z rlZkk ats dwoqdrrhud
rds ne oqnctbshnm qtkdr0 Ehftqd 2—a( rgnvr Z 2/cdfqdd ldsZ fqZllZq0 DZbg qtkd gZr nmd mnm/sdqlhmZk
mncd P− nm sgd HER Zmc svn P−r nm sgd LER 0 Cdodmchmf nm sgd mtladq ne Zmbgnq mncdr nm sgd
HER : sgdrd qtkdr bZm sqZmrenql sqdd mncdr ne cheedqdms cdfqddr ax ZssZbghmf Z mdv mncd trhmf che/
edqdms rbgdldr hmchbZsdc ax sgd LER 0 Hs hr duhcdms sgZs vd bZm fdmdqZsd Zmx onrrhakd sqdd vhsg Z
cdfqdd rlZkkdq sgZm 3 ax Zcnoshmf Z rdptdmbd ne qtkdr eqnl sghr 2/cdfqdd ldsZ fqZllZq0 Hm Oqnonrh/
shnm 1 ”Bnlokdsdmdrr; rsZsdr sgZs Zmx lnkdbtkZq fqZog bZm ad cdqhudc eqnl Z ghdqZqbghbZk lnkdbtkZq
fqZllZq vhsg Z rds ne ZooqnoqhZsd lnkdbtkZq qtkdr0 Sghr bZm ad cdlnmrsqZsdc ax sgd eZbs sgZs vd bZm
fdmdqZsd Zm ZqahsqZqx lnkdbtkd ax ßqrs trhmf sgd ldsZ fqZllZq sn fdmdqZsd Z sqdd ne mnm/sdqlhmZk
mncdr —vghbg gZr sgd rZld sqdd rsqtbstqd Zr Z itmbshnm sqdd cdbnlonrdc eqnl sgd lnkdbtkd(: Zmc
sgdm trhmf sgd lnkdbtkZq fqZllZq sn sqZmrenql sgd sqdd hmsn Z lnkdbtkZq gxodqfqZog ax rodbhexhmf
Z lnkdbtkZq eqZfldms enq dZbg mnm/sdqlhmZk mncd0

LdsW Ptkdr Bnmrsptbshnm0 Vd qdedq sn sgd oqnctbshnm qtkd rds ne j/cdfqdd: dchs/bnlokdsd: Zmc
lhmhlZk ldsZ fqZllZq Zr Z j;cdfqdd ldsX qtkd rds0 Vd uhrtZkhyd 3/cdfqdd ldsZ qtkdr hm Ehftqd 6Z:
vgdqd {n0{: {n0. n1. n2{: Zmc {n0. n1. n2. n3. n4{ bnqqdronmc sn ldsZ qtkd rdsr ne cdfqdd 0 sn 2:
qdrodbshudkx0 0/cdfqdd ldsZ qtkd rds O�0(

,
hr bnmrsqtbsdc Zr

O�0(

,
; O�0( ; {n�0(+ {.

n
�0(
+ 9 HER

�0(
+ → LER

�0(
+ .HER

�0(
+ 9; %{V{.�(. LER �0(

+ 9; G%U
�0(
Nϕ+. D

�0(
Nϕ+(.

U
�0(
Nϕ+ ; {P−

0.P−
1{. D

�0(
Nϕ+ ; {%P−

0.P−
1({.

Vgdm trhmf sgd ldsZ fqZllZq enq oqnctbshnm: vd sqdZs P−
0.P−

1 Zr sgd rZld sxod ne mnm/sdqlhmZk
mncd: h0d0 P− ; P−

f . g ; 0. 1: cdrohsd sgd trd ne hmchbdr hm sgd Zanud enqltkZshnm0

Enq j/cdfqdd ldsZ qtkd rds O�j(

,
—j / 0(: sgd bnmrsqtbshnm hr Zbghdudc ax hmctbshnm.

O�j(

,
; O�j�0(

,
X O�j(. O�j( ; {n�j(+ { X

∩ i� ⌊∫

f50

{n�j(f {.

n
�j(
+ 9 HER

�j(
+ → LER

�j(
+ . HER

�j(
+ 9; G%U

�j(
Kϕ+ . D

�j(
Kϕ+(. LER

�j(
+ 9; G%U

�j(
Nϕ+ . D

�j(
Nϕ+(.

n
�j(
f 9 HER

�j(
f → LER

�j(
f . HER

�j(
f 9; G%U

�j(
Kϕf . D

�j(
Kϕf(. LER

�j(
f 9; G%U

�j(
Nϕf . D

�j(
Nϕf(. g ; 0. .... ⌊

j

1
⌋.

U
�j(
Kϕ+ ; {P−{ X

j�0∫

i50

{UVmbϕi{. D�j(
Kϕ+ ;

j�0∫

i50

{%P−. UVmbϕi({.

U
�j(
Nϕ+ ; {P−

0.P−
1{ X

j�0∫

i50

{UVmbϕi{. D�j(
Nϕ+ ; {%P−

0.P−
1({ X

j�0∫

i50

{%UVmbϕi .P−
1({.

U
�j(
Kϕf ; {P−{ X

j∫

i50

{UVmbϕi{. D�j(
Kϕf ;

j∫

i50

{%P−. UVmbϕi({.

U
�j(
Nϕf ; {P−

0.P−
1{ X

j∫

i50

{UVmbϕi{. D�j(
Nϕf ; {%P−

0.P−
1({ X

f∫

i50

{%UVmbϕi .P−
0({ X

j∫

i5f)0

{%UVmbϕi .P−
1({.

RodbhßbZkkx: sgd j/cdfqdd ldsZ qtkd rds O�j(

,
bnmsZhmr Zkk sgd qtkdr eqnl %j�0(/cdfqdd ldsZ qtkd rds

O�j�0(

,
Zr vdkk Zr nsgdq mdvkx hmsqnctbdc qtkdr O�j(0 DZbg qtkd bnmsZhmr nmd mnm/sdqlhmZk mncdP−
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nm sgd HER Zmc svn mnm/sdqlhmZk mncdrP−
0 ZmcP−

1 nm sgd LER 0 Sgd HER ne n�j(+ gZr Z cdfqdd ne
j�0 Zr hs bnmsZhmr j�0 Zmbgnq mncdr UVmb0 Sgd LER ne n�j(+ ZssZbgdr nmd mnm/sdqlhmZk mncd P−

1
sn sgd nsgdq mnm/sdqlhmZk mncd P−

0 vghbg bnmmdbsr Zkk sgd Zmbgnq mncdr0 Sgdqdenqd: sgd LER gZr Z
cdfqdd ne j vghbg hr kZqfdq sgZm sgd cdfqdd ne sgd HER ax nmd0 Hm Zkk sgd nsgdq qtkdr: sgd HER gZr j
Zmbgnq mncdr Zmc hr ne cdfqdd j vghkd sgd LER jddor Z lZwhlZk cdfqdd ne j0 Sgd j Zmbgnq mncdr
nm sgd LER Zqd bnlahmZsnqhZkkx chrsqhatsdc sn P−

0 Zmc P−
1: h0d0 he P−

0 hr ZssZbgdc sn g Zmbgnq mncdr:
P−

1 hr ZssZbgdc sn sgd qdrs ne j�g Zmbgnq mncdr0 Rhmbd vd bnmrhcdqP−
0 ZmcP−

1 sn ad sgd rZld ctqhmf
fqZllZq oqnctbshnm: sgd qZmfd ne g hr {0. .... ⌊j1 ⌋{0 Hm snsZk: sgdqd Zqd 0)⌊j1 ⌋ qtkdr hm O�j(0

Nqnne ne Dchs Bnlokdsdmdrr0 òbbnqchmf sn sgd cdßmhshnm hm YgZmf —fl885(, OZZzdm —19fl7(: sqdd dchs
chrsZmbd SD�%R. R ∗( adsvddm svn sqddr R Zmc R ∗ hr sgd lhmhltl mtladq ne nodqZshnmr qdpthqdc sn
sqZmrenql nmd sqdd hmsn sgd nsgdq0 Sgdqd Zqd sgqdd sxodr ne ZuZhkZakd nodqZshnmr. hmrdqshmf: cdkdshmf:
Zmc qdkZadkhmf0 Bnmrhcdq svn ZqahsqZqx sqddr R Zmc R ∗ sgZs rZshrex sgd cdßmhshnm ne dchs bnlokdsdmdrr
—adhmf cdqhudc eqnl sgd ldsZ fqZllZq: SD�%S .S ∗( ; 0: Zmc }R } , }R ∗}(0 Rhmbd Zkk sgd sqddr
fdmdqZsdc eqnl sgd ldsZ fqZllZq gZud gnlnfdmdntr sqdd mncd kZadkr —h0d0 P−(: sgdqd hr mn qdkZ/
adkhmf nodqZshnm hm SD� bZkbtkZshnm0 Etqsgdqlnqd: sgd sqdd rhyd qdkZshnm adsvddm R Zmc R ∗ Zclhsr
nmkx nmd sxod ne sqdd dchs nodqZshnm. Z nmd/rsdo hmrdqshmf0 Ehftqd 6a hkktrsqZsdr sgd nmd/rsdo hmrdqshmf
nodqZshnm0 Hs nodqZsdr nm Z bdqsZhm mncd t hm R vgnrd rtasqdd hr Rrta%t(0 ò mdv mncd t∗: vghbg
sZjdr Z rtards ne Rrta%t( Zr sgd bghkcqdm: hr Zccdc Zr Z mdv bghkc ne mncd t0 Sgd qdrs ne Rrta%t(
rsZxr Zr sgd bghkcqdm ne mncd t0 Rtoonrd sgd cdfqdd ne mncd t hm R hr l Zmc sgd cdfqdd qdkZsdc sn
rtasqdd Rrta%t( hr m0 Vhsgnts knrr ne fdmdqZkhsx: vd rtoonrd + ≤ m ≤ l<10 Vd bZm sqdZs t hm R
Zr sgd P− nm sgd HER : t∗ Zmc t hm R ∗ Zr P−

0 Zmc P−
1 nm sgd LER : qdrodbshudkx0 Sgdm sgd nmd/rsdo

hmrdqshmf nodqZshnm bZm ad Zbghdudc trhmf sgd qtkd n�l)0(
m ∈ O�l)0( eqnl %l)0(/cdfqdd ldsZ qtkd

rds O�l)0(

,
Zr bnmrsqtbsdc Zanud0 Rhmbd �%R ∗( ≥ l)0: sgd ldsZ fqZllZq O�j(

,
sgZs fdmdqZsdr R ∗

gZr j ≥ l)00 Rn n�l)0(
m ∈ O�l)0( ⊆ O�j(

,
, sgtr ßmhrg sgd oqnne0

—Z( �/cdfqdd ldsZ qtkdr0

! !′

#

#′

#

—a( Nmd/rsdo hmrdqshmf nodqZshnm0

Ehftqd 6. HkktrsqZshnm ne hmrdqshmf nodqZ/
shnm Zmc 3/cdfqdd ldsZ fqZllZq0

Nqnne ne Cdfqdd j0 Enq Zm ZqahsqZqx sqdd R vhsg lZwhlZk
cdfqdd j: vd oqnud sgZs ldsZ fqZllZq O�j(

,
bZm fdmdqZsd

R ax ßmchmf Z qdudqrd oZsg ne oqnctbshnm qtkd eqnl sgd
sqdd R sn sgd hmhshZk mncd V 0 Vd ßqrs ßmc Zkk sgd mncdr
{tf{mf50 hm R sgZs gZud Z cdfqdd ne j0 Enq dZbg mncd: ax
dchs bnlokdsdmdrr: vd bZm trd sgd hmudqrd nodqZshnm ne hm/
rdqshmf Zmc lZjd sgd mncd sn gZud Z cdfqdd ne j�00 Hs bZm
ad rgnvm eqnl sgd oqnne enq dchs bnlokdsdmdrr sgZs dZbg
hmudqrd nodqZshnm ne hmrdqshmf bnqqdronmcr sn Zm hmudqrd
cdoknxldms ne Z oqnctbshnm qtkd0 Ax trhmf m qdudqrd oqn/
ctbshnm rsdor nm Zkk sgd j/cdfqdd mncdr: vd bZm nasZhm Z
R ∗ vhsg�%R ∗( ; j�00 Vd bZm bnmshmtd sgd oqnbdrr tmshk
sgd sqdd hr +/cdfqdd: h0d0 sgd V , sgtr ßmhrg sgd oqnne0

Nqnne ne LhmhlXkhsx0 Eqnl dchs bnlokdsdmdrr: vd jmnv
dZbg oqnctbshnm qtkd hm sgd ldsZ fqZllZq bnqqdronmcr sn
Zs kdZrs nmd bZrd ne nmd/rsdo hmrdqshmf nodqZshnm0 òr bnm/
rsqZhmsdc ax cdfqdd j: ZqahsqZsqx sqddr sgZs Zqd ne cdfqdd
rlZkkdq sgZm j mddc sn ad bnudqdc ax sgd ldsZ fqZllZq0
Vd sgtr mddc sn gZmckd Zkk sgd onrrhakd bZrdr ne nmd/rsdo
hmrdqshmf nodqZshnm vgdm ßmchmf sgd qdudqrd oqnctbshnm
oZsg eqnl sgd sqdd sn V 0 Mnsd sgZs nmd/rsdo hmrdqshmf
nodZqshnm hmunkudr sgd chuhrhnm ne Z rtasqdd: vghbg gZr
bnlahmZsnqhZk vZxr0 Sgdm dudqx bnlahmZsnqhZk chrsqhat/
shnm ne Zmbgnq mncdr bnqqdronmcr sn nmd bZrd ne rtasqdd
chuhrhnm0 Sghr oqnudr dZbg oqnctbshnm qtkd hm sgd ldsZ qtkd rds hr mdbdrrZqx0 Rhmbd sgdqd Zqd mn
ctokhbZsd qtkdr: hs bZm ad bnmbktcdc sgZs sgd ldsZ fqZllZq bnmrsqtbsdc Zanud hr lhmhlZk0

�,cdfpdd LdsW Ptkdr0 Ehftqd 6Z rgnvr sgd 3/cdfqdd ldsZ fqZllZq vd trd hm ntq ZooqnZbg0 Rhmbd
sgd dchs bnlokdsdmdrr hr sgd entmcZshnm sn oqnud Zkk sgd nsgdq Zssqhatsdr ne sgd ldsZ fqZllZq: vd trd
Z sqdd dchs chrsZmbd snnkjhs2 Zmc udqhex hsr bnqqdbsmdrr enq sgd 3/cdfqdd ldsZ fqZllZq0

2gssor.,,oxsgnmgnrsdcznqf,yrr,
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H LNKDBTKòQ QTKDR BNMRSQTBSHNM

�kfnphsgl fi.LnkdbtkZq Qtkdr Bnmrsqtbshnm0
Hmots . lnkdbtkZq gxodqfqZog G ; %U.DG(: oqnaZahkhsx etmbshnm ϕ%·: θ(
Ntsots. lnkdbtkZq qtkd rds Olnk ; {nf{Lf50: itmbshnm sqdd R ; %UR . DR ( vgdqd dZbg tR ∈ UR

hr Z rtards ne U
fi HmhshZkhyd Olnk ; �: UR ; �: DR ; �,
1 BqdZsd Z rds enq tmuhrhsdc mncdr Utmu ← U : Z rds enq tmuhrhsdc gxodqdcfdr Dtmu ← DG ,
2 vghkd Dtmu ̸; � cn
3 X ; =d0. .... dH [ . df ∈ Dtmu. g ; 0. ....H;}Dtmu},
4 U ∼ Adqmntkkh%ϕ%X: θ((,

,) Bnmrsqtbs S qtkd enq dSbg bnmmdbsdc bnlonmdms ),
5 enp dZbg Grta ; %Urta. Drta( hm BnmmdbsdcBnlonmdmsr-U: G( cn

,) RdoSqSsd sgd bnmmdbsdc bnlonmdms ),

6 ]Urta ← Urta: ]Drta ← Drta: UVmb ← �: DVmb ← �,
7 enp dZbg t ∈ Urta cn
8 Um ; EdsIdhfganqr-t: G(,
fi9 he Um ∩ Urta ̸; � sgdm
fifi he t <∈ Utmu nq GmNhmf-t: G( sgdm
fi1 ]Urta ← ]Urta | {t{,
fi2 ]Drta ← ]Drta | {%p. t(}%p. t( ∈ Drta{,
fi3 UVmb ← UVmb X {t�f(Vmb. g ; }UVmb}) 0{,
fi4 DVmb ← DVmb X {%p. t�f(Vmb(}%p. t( ∈ Drta. g ; }UVmb}) 0{,
fi5 dkrd
fi6 UVmb ← UVmb X {t�f(Vmb. g ; }UVmb}) j{⌋Tk′TnsG⌋j50 ,
fi7 DVmb ← DVmb X {%p. t�f(Vmb(}%p. t( ∈ Drta. g ; }UVmb}) j{⌋Tk′TnsG⌋j50 ,

,) Bnmrsqtbs S oqnctbshnm qtkd ),

fi8 n ; NtkdBnmrsqtbshnm- ]Urta: ]Drta: UVmb: DVmb(,
19 Olnk ← Olnk X {n{,

,) Bnmrsqtbs itmbshnm sqdd ),
1fi tR ; %Urta(,
11 enp dZbg {ts ∈ UR }ts ∩ tR ̸; �{ cn
12 DR ← DR X {%ts. tR ({,
13 UR ← UR X {tR {,

,) tocSsd uhrhsdc rsSstr ne mncdr Smc gxodqdcfdr ),
14 Utmu ← Utmu X Urta: Dtmu ← Dtmu X Drta,

15 pdstpm Olnk: R ; %UR . DR (,

Sn nasZhm sgd hmots enq sgd lnkdbtkZq qtkd bnmrsqtbshnm: vd ßqrs bnmudqs sgd lnkdbtkd hmsn Z lnkdbtkZq
gxodqfqZogG ; %U.DG(0 ò mncd t ∈ U qdoqdrdmsr Zm Zsnl ne sgd lnkdbtkd0 ò gxodqdcfd d ∈ DG
bnqqdronmcr sn dhsgdq Z anmc sgZs inhmr nmkx svn mncdr nq Z qhmf —hmbktchmf ZqnlZshb nmdr( sgZs inhmr
Zkk mncdr hm sgd qhmf0 òm hkktrsqZshnm hr oqnuhcdc hm Ehftqd 1 ne Ftn ds Zk0 —1911(0 Sgd oqnaZahkhsx
etmbshnm ϕ%·: θ( hr cdßmdc nm dZbg gxodqdcfd. ϕ%d: θ( ; σ%�Eα%e%d(((: vgdqd σ%·( hr sgd rhflnhc
etmbshnm: Eα%·( hr Z svn/kZxdq etkkx bnmmdbsdc mdsvnqj vgnrd ßmZk ntsots chldmrhnm hr 0: Zmc e%·(
hr Z edZstqd dwsqZbsnq trhmf Z oqd/sqZhmdc FMM —Gt ds Zk0: 1919(0

òkfnqhsgl fl hkktrsqZsdr sgd cdsZhkdc oqnbdrr ne bnmrsqtbshmf lnkdbtkZq qtkdr enq Z rhmfkd lnkdbtkd0
Mnsd sgZs hm ntq ZooqnZbg: sgd lnkdbtkZq qtkd bnmrsqtbshnm hr odqenqldc rhltksZmdntrkx enq Zkk hmots
lnkdbtkdr0 Enq dZbg lnkdbtkd: vd ßqrs odqenql Zm h0h0c0 rZlokhmf nm Zkk sgd gxodqdcfdr enkknvhmf
Z Adqmntkkh chrsqhatshnm vghbg sZjdr sgd uZktd 0 vhsg oqnaZahkhsx hmchbZsdc ax ϕ%d: θ(0 Vd sgdm
nasZhm Z ahmZqx udbsnq U sgZs hmchbZsdr vgdsgdq dZbg gxodqdcfd hr rZlokdc —khmd 3/4(0 Mdws: Zkk
bnmmdbsdc bnlonmdmsr Zqd dwsqZbsdc vhsg qdrodbs sn sgd rZlokdc gxodqdcfdr —khmd 5(0 ò oqnctbshnm
qtkd hr bnmrsqtbsdc enq dZbg bnmmdbsdc bnlonmdms Grta ; %Urta. Drta( —khmd 6/08(0 RodbhßbZkkx:
Z oqnctbshnm qtkd mddcr svn bnlonmdmsr. Z gxodqfqZog ]Grta ; %]Urta. ]Drta( enq LER Zmc Zmbgnq

1fl
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mncdr UVmb hmchbZshmf sgd bnqqdronmcdmbd adsvddm sgd HER Zmc sgd LER 0 ]Grta hr nasZhmdc ax
qdlnuhmf uhrhsdc mncdr Zmc hm/qhmf mncdr eqnlGrta0 UVmb bnmsZhmr mncdr eqnl U sgZs Zqd bnmmdbsdc
sn mncdr eqnl Grta ats cn mns ZoodZq hm Grta sgdlrdkudr0 DVmb Zqd sgd dcfdr bnmmdbshmf Zmbgnq
mncdr sn ]Grta enkknvhmf sgd rZld bnmmdbshuhsx hm sgd nqhfhmZk fqZogG 0 Enkknvhmf Ftn ds Zk0 —1911(:
sgd etmbshnm NtkdBnmrsqtbshnm- ]Urta: ]Drta: UVmb: DVmb( qdstqmr Z oqnctbshnm qtkd n 9 HER →
LER bnmrsqtbsdc Zr

HER 9; G%UK. DK(. UK ; {P−{ X UVmb . DK ; {%P−. t(}t ∈ UVmb{ .
LER 9; G%UN. DN(. UN ; ]Urta X UVmb . DN ; ]Drta X DVmb.

—2(

Hm bnmsqZrs sn Ftn ds Zk0 —1911(: ntq lnkdbtkZq qtkd bnmrsqtbshnm cndr mns qdokZbd sgd bnmmdbsdc
bnlonmdms vhsg sgd mnm/sdqlhmZk mncd P− Zs dudqx hsdqZshnm rhmbd Zbbnqchmf sn ntq cdßmhshnm: sgd
lnkdbtkZq qtkd cndr mns bnmsZhm Zmx mnm/sdqlhmZk mncdr nm sgd LER 0

Sgd itmbshnm sqdd ne sgd lnkdbtkd hr bnmrsqtbsdc Zknmf vhsg sgd bnmrsqtbshnm ne lnkdbtkZq qtkdr
—khmd 10/13(0 Vd rhlokx sqdZs dZbg bnmmdbsdc bnlonmdms Urta rZlokdc Zs dZbg hsdqZshnm Zr Z mncd
tR ∈ UR hm sgd itmbshnm sqdd R ; %UR . DR (0 Svn mncdr Zqd bnmmdbsdc ax Zm dcfd dR ∈ DR he sgdhq
bnqqdronmchmf bnmmdbsdc bnlonmdmsr rgZqd gxodqfqZog mncdr eqnl G 0 Rhmbd dZbg gxodqdcfd hm G
hr nmkx uhrhsdc nmbd: sgd bnmrsqtbsdc itmbshnm sqdd sgdm bnmsZhmr Zkk sgd gxodqdcfdr Zmc mncdr ne G
vhsgnts qdctmcZmbx —JZihmn: 19fl8(0

I FQòLLòQ/HMCTBDC FDNLDSQX BNMRSQTBSHNM

�kfnphsgl 1. FqZllZq/hmctbdc Fdnldsqx Bnmrsqtbshnm0

Hmots . ldsZ oqnctbshnm qtkdr O, ; {nf{Mf50: lZwhltl AER cdosg D: Z rds ne lnkdbtkZq
gxodqfqZogr {Gf{Lf50 Zmc sgdhq bnqqdronmchmf itmbshnm sqddr H ; {Rf{Lf50

Ntsots. fdnldsqx hm sgd enql ne Z fqZog F ; %T. E( vgdqd dZbg t ; Gu ; %Uu. Du( ∈ T
qdoqdrdmsr Z ldsZ sqdd nq Z lnkdbtkZq gxodqfqZog Zmc E hr sgd dcfd rds ne sgd fdnldsqx

,) �cc qnns ne sgd fdnldsqx ),
fi HmhshZkhyd tpnns ; Gpnns ; %V .�(: T ; {tpnns{: E ; �,
1 BqdZsd Z ptdtd cZsZ rsqtbstqd N,
2 Nzdptdtd-tpnns(,
,) AqdScsg/ehqrs rdSqbg enq ldsS fdnldsqx: oqd/bnlotsdc neekhmd ),

3 vghkd N hr mns dlosx Zmc }T} ≤ D cn
4 t ; Nzcdptdtd-(,

,) CwoSmc sgd ldsS fdnldsqx ),
5 enp dZbg nf ∈ O, cn
6 he nf hr ZookhbZakd sn Gu sgdm
7 Gu

ob⇒Gmcv,
8 tmcv ; Gmcv,
fi9 he tmcv <∈ T sgdm
fifi T ← T X {tmcv{: E ← E X {%t. tmcv({,
fi1 Nzdptdtd-tmcv(,
fi2 dkrd
fi3 ]t ; EdsGrnlnqoghbEqSog-Gmcv: T(: E ← E X {%t. ]t({,

,) Bnmmdbs lnkdbtkSq kdSudr ctqhmf qtm/shld ),
fi4 enp dZbg Rf ∈ H cn
fi5 enp dZbg t ∈ T cn
fi6 he GrGrnlnqoghb-Gu : Rf( sgdm
fi7 tf ; Gf,
fi8 T ← T X {tf{: E ← E X {%t. tf({,

19 pdstpm F ; %T. E(,

òkfnqhsgl 1 hkktrsqZsdr sgd cdsZhkdc Zkfnqhsgl sn bnmrsqtbs sgd fqZllZq/hmctbdc fdnldsqx0 Hs bnm/
sZhmr svn oZqsr. sgd bnmrsqtbshnm ne sgd ldsZ fdnldsqx —khmd 3/03( Zmc sgd bnmrsqtbshnm ne sgd lnkdb/
tkZq kdZudr —khmd 04/08(0 Sgd ldsZ fdnldsqx bnmrsqtbshnm enkknvr sgd rsZmcZqc aqdZcsg/ßqrs rdZqbg

11
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—AER( rsZqshmf eqnl sgd qnns Gpnns ; %V .�( —khmd 0(0 Dudqx shld vgdm vd uhrhs Z mncd t ∈ T hm
F: vd ßmc Zkk sgd qtkdr sgZs Zqd ZookhbZakd sn Gu eqnl sgd ldsZ qtkd rds —khmd 5/6(0 DZbg ZookhbZakd
qtkd hr Zookhdc sn Gu hm nqcdq sn bqdZsd Z mdv ldsZ sqdd Gmcv —khmd 7(0 Cdodmchmf nm vgdsgdq sgdqd
hr Z mncd hm T sgZs qdoqdrdmsr Z hrnlnqoghb sqdd sn Gmcv hm sgd btqqdms fdnldsqx: vd dhsgdq bqdZsd Z
mdv mncd tmcv —khmd 8( nq ßmc sgd dwhrshmf lZsbgdc mncd ]t —khmd 03(0 Vd sgdm Zcc Zm dcfd adsvddm
t Zmc tmcv: nq adsvddm t Zmc ]t —khmd 00 Zmc 03(0 Sgd etmbshnm EdsGrnlnqoghbEqSog-Gmcv: T(
dmtldqZsdr dudqx mncd hm T : bgdbjr he sgd sqdd qdoqdrdmsdc ax sgd mncd hr hrnlnqoghb sn Gmcv: Zmc
qdstqmr sgd lZsbgdc mncd0 Vd trd sgd Zkfnqhsgl eqnl BnqcdkkZ ds Zk0 —199fl( vghbg hr hlokdldmsdc hm
mdsvnqjw3 enq fqZog hrnlnqoghrl sdrs0 Sn hmbqdZrd sgd roddc ne EdsGrnlnqoghbEqSog-Gmcv:
T(: vd trd Vdhredhkdq KdglZm fqZog gZrg —RgdquZrghcyd ds Zk0: 19flfl( Zmc nmkx odqenql hrnlnq/
oghrl sdrs enq fqZog oZhqr sgZs rgZqd sgd rZld gZrghmf bncd0

Sgd lnkdbtkZq kdZudr Zqd Zccdc ctqhmf qtm/shld —khmd 04/08(0 Enq dZbg hmots lnkdbtkZq gxodqfqZog:
vd bgdbj he sgdqd hr Z ldsZ sqdd mncd sgZs hr hrnlnqoghb sn hsr itmbshnm sqdd0 He rn: vd Zcc Zm dcfd bnm/
mdbshmf sgd lZsbgdc ldsZ sqdd mncd sn sgd lnkdbtkZq gxodqfqZog0 Sgd etmbshnm GrGrnlnqoghb-Gu :
Rf( hr hlokdldmsdc trhmf sgd rZld oZbjZfd enq EdsGrnlnqoghbEqSog-Gmcv: T( Zmc qdstqmr sqtd
he Gu Zmc Rf Zqd hrnlnqoghb sn dZbg nsgdq0

J NOSHLHYòSHNM

U

θ

eR

φ

ψ

�

k%·. ·(

]e

Ehftqd 7. ò fqZoghbZk lncdk ne cdodmcdmbx0

Ehftqd 7 rgnvr Z fqZoghbZk lncdk ne cdodm/
cdmbx hm ntq noshlhyZshnm oqnakdl0 Sgd svn
rdsr ne oZqZldsdqr θ Zmc %φ.ψ. �( Zqd hmcdodm/
cdms Zmc sgtr bZm ad hsdqZshudkx noshlhydc trhmf
aknbj bnnqchmZsd cdrbdms0 Rhmbd sgd naidbshud
hm DptZshnm 1 hr cheedqdmshZakd vhsg qdrodbs sn
%φ.ψ. �(: vd bZm trd fqZchdms cdrbdms enq sgd
noshlhyZshnm hsdqZshnmr qdkZsdc sn sgd fqZog mdt/
qZk cheetrhnm0 Sgd fdnldsqx kdZqmhmf: gnvdudq:
hr mnm/cheedqdmshZakd ctd sn sgd eZbs sgZs vd
odqenql rZlokhmf sn bnmrsqtbs lnkdbtkZq qtkdr
Zmc bnmrsqtbs sgd fdnldsqx0 Gdmbd: vd qdvqhsd
sgd naidbshud enq noshlhyhmf θ hm Zm dwodbsZshnm
enql Zmc Zookx QDHMENQBD —VhkkhZlr: fl881(
sn nasZhm Z rsnbgZrshb fqZchdms: Zr cnmd hm Ftn
ds Zk0 —1911(.

lgm
α
k%eR . ]e( ; lgm
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∅2

⋃
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[
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2

k%eR . ]e(\αn%U(

; ∅2
⋃
k%eR . ]e(\α inˆ%n%U((

[
≈ 0

M

M�

m50

k%e
�m(
R . ]e(\α inˆ%n%U

�m(((.

vgdqd U hr Z bnmbZsdmZshnm ne ahmZqx udbsnqr hmchbZshmf gnv gxodqdcfdr Zqd rZlokdc hm lnkdbtkZq
qtkd bnmrsqtbshnm hm òoodmchw H0

K DWòLOKDR NE QDSQN/RXMSGDRHR OòSGR

Ehftqd 8 rgnvr sgd qdsqn/rxmsgdrhr oZsgr ne sgqdd lnkdbtkdr fdmdqZsdc trhmf ntq ohodkhmd0 Rhmbd
Qdsqn− rbnqd hr trdc Zr nmd ne sgd fqZllZq ldsqhbr: ntq ZooqnZbg hr bZoZakd ne qdsqn/rxmsgdrhr okZm/
mhmf enq Zkk sgd fdmdqZsdc lnkdbtkdr: oqnuhchmf Z bnlokdsd ohodkhmd enq mnudk lnkdbtkd chrbnudqx0

3gssor.,,mdsvnqjwznqf,cnbtldmsSshnm,rsSakd,qdedqdmbd,Skfnqhsglr,
hrnlnqoghrlzgslk
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Ehftqd 8. DwZlokdr ne qdsqn/rxmsgdrhr oZsgr0
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