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AarsqWbs
KZsdms uZqhZakd lncdkr rtbg Zr sgd UZqhZshnmZk ütsn/Dmbncdq —UüD( gZud adbnld Z fn/sn snnk
enq ZmZkxyhmf ahnknfhbZk cZsZ: drodbhZkkx hm sgd zdkc ne rhmfkd/bdkk fdmnlhbr0 Nmd qdlZhmhmf
bgZkkdmfd hr sgd hmsdqoqdsZahkhsx ne kZsdms uZqhZakdr Zr ahnknfhbZk oqnbdrrdr sgZs cdzmd Z bdkk=r hcdmshsx0
Ntsrhcd ne ahnknfhbZk ZookhbZshnmr: sghr oqnakdl hr bnllnmkx qdedqqdc sn Zr kdZqmhmf chrdmsZmfkdc
qdoqdrdmsZshnmr0 üksgntfg rdudqZk chrdmsZmfkdldms/oqnlnshmf uZqhZmsr ne sgd UüD vdqd hmsqnctbdc:
Zmc Zookhdc sn rhmfkd/bdkk fdmnlhbr cZsZ: sghr sZrj gZr addm rgnvm sn ad hmedZrhakd eqnl hmcdodmcdms
Zmc hcdmshbZkkx chrsqhatsdc ldZrtqdldmsr: vhsgnts ZcchshnmZk rsqtbstqd0 HmrsdZc: qdbdms ldsgncr
oqnonrd sn kdudqZfd mnm/rsZshnmZqx cZsZ: Zr vdkk Zr sgd roZqrd ldbgZmhrl rghes Zrrtloshnm hm nqcdq
sn kdZqm chrdmsZmfkdc qdoqdrdmsZshnmr vhsg Z bZtrZk rdlZmshb0 Gdqd: vd dwsdmc sgd ZookhbZshnm
ne sgdrd ldsgncnknfhbZk ZcuZmbdr sn sgd ZmZkxrhr ne rhmfkd/bdkk fdmnlhbr cZsZ vhsg fdmdshb nq
bgdlhbZk odqstqaZshnmr0 Lnqd oqdbhrdkx: vd oqnonrd Z cddo fdmdqZshud lncdk ne rhmfkd/bdkk fdmd
dwoqdrrhnm cZsZ enq vghbg dZbg odqstqaZshnm hr sqdZsdc Zr Z rsnbgZrshb hmsdqudmshnm sZqfdshmf Zm
tmjmnvm: ats roZqrd: rtards ne kZsdms uZqhZakdr0 Vd admbglZqj sgdrd ldsgncr nm rhltkZsdc rhmfkd/
bdkk cZsZ sn duZktZsd sgdhq odqenqlZmbd Zs kZsdms tmhsr qdbnudqx: bZtrZk sZqfds hcdmshzbZshnm Zmc
nts/ne/cnlZhm fdmdqZkhyZshnm0 EhmZkkx: vd Zookx sgnrd ZooqnZbgdr sn svn qdZk/vnqkc kZqfd/rbZkd fdmd
odqstqaZshnm cZsZ rdsr Zmc zmc sgZs lncdkr sgZs dwoknhs sgd roZqrd ldbgZmhrl rghes gxonsgdrhr rtqoZrr
bnmsdlonqZqx ldsgncr nm Z sqZmredq kdZqmhmf sZrj0 Vd hlokdldms ntq mdv lncdk Zmc admbglZqjr
trhmf sgd rbuh/snnkr khaqZqx: Zmc qdkdZrd hs Zr nodm/rntqbd rnesvZqd Zs gssop.::ehsgtaybnl:
Ecmcmscbg:pG�A0
Jdxvnqcr. mnm/khmdZq HBü, cddo fdmdqZshud lncdkr, uZqhZshnmZk hmedqdmbd, chrdmsZmfkdldms, bZtrZk
qdoqdrdmsZshnmr, rhmfkd/bdkk fdmnlhbr, odqstqaZshnm ahnknfx

† Sgdrd Ztsgnqr bnmsqhatsdc dptZkkx sn sghr vnqj0
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KNODY SüFüRNURJü Qü BGN OQHSBGüQC QDFDU

fi0 Hmsqnctbshnm

LZbghmd kdZqmhmf ldsgncr gZud addm jdx sn fZhmhmf hmrhfgsr eqnl kZqfd: ghfg/chldmrhnmZk fd/
mnlhb cZsZrdsr: drodbhZkkx hm rhmfkd/bdkk fdmnlhbr —Bghmf ds Zk0: 19fl7(0 UZqhZshnmZk ütsn/Dmbncdqr
—UüDr( —JhmflZ Zmc Vdkkhmf: 19fl3, Qdydmcd ds Zk0: 19fl3(: Z qdbdms ZooqnZbg hm hmedqqhmf bnlokdw
cZsZ fdmdqZshud oqnbdrrdr: Zqd nesdm vdkk/rthsdc enq sgdrd ZookhbZshnmr adbZtrd sgdx Zkknv enq fidwhakd
lncdk cdrhfm: vghkd jddohmf mdbdrrZqx bgZmfdr sn sgd hmedqdmbd oqnbdctqd qdkZshudkx lhmhlZk0 LZmx
fdmdqZshud lncdkr gZud addm oqnonrdc enq ZmZkxyhmf chudqrd ahnknfhbZk cZsZ lncZkhshdr: hmbktchmf
fdmd —QMü( dwoqdrrhnm: bgqnlZshm Zbbdrrhahkhsx Zmc ptZmshsZshud oqnsdhm ldZrtqdldmsr —XZt Zmc
BZloadkk: 19fl8, Knody ds Zk0: 1919a(0

Gnvdudq: UüDr rteedq eqnl Z bqhshbZk chrZcuZmsZfd ctd sn sgdhq kZbj ne hmsdqoqdsZahkhsx: qdfidbsdc
Zr sgd Zardmbd ne chqdbs bnqqdronmcdmbd adsvddm hmchuhctZk kZsdms uZqhZakdr Zmc ahnknfhbZk oqn/
bdrrdr —VZx Zmc Fqddmd: 19fl7(0 Vghkd chrdmsZmfkdldms/oqnlnshmf UüDr —Ghffhmr ds Zk0: 19fl6, Bgdm
ds Zk0: 19fl7( bZm gdko adssdq qdkZsd sgd svn hm fdmnlhbr —DqZrkZm ds Zk0: 1911(: sgdrd ldsgncr nesdm
bnloqnlhrd sgd ptZkhsx ne sgd kZsdms uZqhZakdr enq cnvmrsqdZl sZrjr —Jhlldk: 1919(0 Sghr hr odqgZor
mns rtqoqhrhmf fhudm qdbdms sgdnqdshbZk cdudknoldmsr rgnvhmf sgZs sgd qdbnudqx ne fqntmc sqtsg kZsdms
uZqhZakdr hr hlonrrhakd eqnl hmcdodmcdms Zmc hcdmshbZkkx chrsqhatsdc —h0h0c0( ldZrtqdldmsr —KnbZsdkkn
ds Zk0: 19fl8(0 Hm sgd qdlZhmcdq ne sghr oZodq: vd hmsdqbgZmfdZakx trd sgd sdqlr ”chrdmsZmfkdldms;
Zmc ”kZsdms uZqhZakd qdbnudqx;: enkknvhmf qdbdms odqrodbshudr nm mnm/khmdZq Hmcdodmcdms Bnlonmdms
ümZkxrhr —HBü( —KnbZsdkkn ds Zk0: 19fl8(0

Qdbdms deenqsr hm chrdmsZmfkdldms hmrsdZc enbtr nm sgd Zrrtloshnm ne mnm/rsZshnmZqx cZsZ —Jgd/
lZjgdl ds Zk0: 1919(: vgdqd cZsZ ltrs ad —h( nardqudc hm cheedqdms qdfhldr: vhsg jmnvm oZhqhmf
adsvddm cZsZ onhmsr Zmc qdfhldr: —hh( fdmdqZsdc rtbg sgZs qdfhldr Zqd hmbtqqhmf bgZmfdr hm kZsdms uZqh/
Zakdr: Zmc —hhh( kZsdms uZqhZakdr Zqd bnmchshnmZkkx hmcdodmcdms fhudm sgd qdfhld0 Hm sghr bnmzftqZshnm:
kZsdms qdbnudqx vhsg Z bnmchshnmZk UüD —Rngm ds Zk0: 19fl4( hr hmcddc sgdnqdshbZkkx onrrhakd0 Enkknv/to
vnqj —KZbgZodkkd ds Zk0: 1911( Zkrn cqZvr bnmmdbshnmr sn bZtrZk qdoqdrdmsZshnm kdZqmhmf —Rbgékjnoe:
1911(: hm vghbg dZbg qdfhld lZx ad lncdkdc Zr Zm hmsdqudmshnm sZqfdshmf Zm tmjmnvm rtards ne
kZsdms uZqhZakdr0

Qdbdms ZcuZmbdr hm ahnsdbgmnknfx lZcd mnm/rsZshnmZqx cZsZ hmbqdZrhmfkx ZuZhkZakd: drodbhZkkx
hm sgd bnmsdws ne fdmdshb nq bgdlhbZk odqstqaZshnm rbqddmr vhsg rhmfkd/bdkk sqZmrbqhosnlhb oqnzkhmf
Zr Z qdZcnts —Ih ds Zk0: 191fl, Odhckh ds Zk0: 1911(0 Sgd BnlonrhshnmZk OdqstqaZshnm ütsndmbncdq
—BOü( —KnsenkkZgh ds Zk0: 191fl( vZr hmsqnctbdc sn dladc odqstqaZshnm oqnzkdr hm kZsdms roZbd ne
Zm Ztsn/dmbncdq Zmc oqdchbs sgd deedbs ne tmrddm bnlahmZshnmr ne rhmfkd odqstqaZshnmr0 Gnvdudq:
sghr ldsgnc mdhsgdq dwoknhsr sgd mnm/rsZshnmZqx Zrrtloshnm hm hsr oqnaZahkhrshb lncdk mnq qdedqr sn
Zmx hcdmshzZahkhsx ftZqZmsddr enq sgd kZsdms roZbd0 Sgtr: sn sgd adrs ne ntq jmnvkdcfd: sgdqd gZud
addm mn ZookhbZshnmr ne sgd oqhmbhokdr ne chrdmsZmfkdldms dwonrdc hm JgdlZjgdl ds Zk0 —1919( Zmc
KZbgZodkkd ds Zk0 —1911( sn sgdrd mdv ahnknfhbZk cZsZ sxodr0

Gdqd: vd dwoknqd qdZk/vnqkc ZookhbZshnmr ne sgnrd oqhmbhokdr —Ehftqd fl(0 Sgd oqnlhrd hr sgZs bZtrZk
lncdkr lZx dudmstZkkx xhdkc qdoqdrdmsZshnmr ne odqstqaZshnmr Zmc bdkkr sgZs Zqd lnqd ldbgZmhrshbZkkx
hmsdqoqdsZakd Zmc lnqd dezbhdms enq nts/ne/cnlZhm fdmdqZkhyZshnm0 Enq dwZlokd: sgd kdZqmdc bZtrZk
qdoqdrdmsZshnmr lZx kdZc sn sgd cdkhmdZshnm ne ahnknfhbZk oqnbdrrdr rtbg Zr fdmd oqnfqZlr: sgZs Zqd
Zeedbsdc ax odqstqaZshnmr —Chwhs ds Zk0: 19fl5(0 Etqsgdqlnqd: sgd lncdk lZx Zkrn ad trdc sn oqnidbs
rZlokdr eqnl tmrddm odqstqaZshnmr nmsn Zm dwhrshmf ZskZr trhmf sqZmredq kdZqmhmf —KnsenkkZgh ds Zk0:
1911(0
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KDüQMHMF BüTRüK QDOQDRDMSüSHNMR NE RHMFKD BDKKR UHü ROüQRD LDBGüMHRL RGHES LNCDKHMF

Ehftqd fl. Nudquhdv ne sgd roZqrd UüD eqZldvnqj Zookhdc sn rhmfkd/bdkk odqstqaZshnm cZsZ0 —ü( Hmots
cZsZ Zqd fdmd dwoqdrrhnm oqnzkdr ne bdkkr tmcdq cheedqdms fdmdshb nq bgdlhbZk odqstqaZshnmr
—bnknqr(: Zr vdkk Zr sgd hmsdqudmshnm kZadk0 —A( ü rbgdlZshb ne sgd fdmdqZshud lncdk: Zmc sgd
bZtrZk rdlZmshbr ne sgd roZqrd UüD —B( Sgqdd ldsgnc ntsotsr0 —h( hcdmshzbZshnm ne sZqfds
kZsdms uZqhZakdr: dmbncdc Zr Z bZtrZk fqZog adsvddm sgd hmsdqudmshnmr Zmc kZsdms uZqhZakdr,
—hh( Z chrdmsZmfkdc kZsdms lncdk enq vghbg hmchuhctZk kZsdms uZqhZakdr Zqd lnqd khjdkx sn ad
hmsdqoqdsdc Zr sgd Zbshuhsx ne Z qdkduZms ahnknfhbZk oqnbdrr, Zmc —hhh( sgd fdmdqZkhyZshnm ne
sgd fdmdqZshud lncdk sn tmrddm hmsdqudmshnmr —d0f0: enq kZsdms sZqfds hcdmshzbZshnm(0

üesdq Z aqhde hmsqnctbshnm sn chrdmsZmfkdc qdoqdrdmsZshnm kdZqmhmf Zmc hsr hmsdqrdbshnm vhsg bZtrZk
hmedqdmbd —Rdbshnm 1(: vd cdrbqhad ntq lnshuZshnm Zmc deenqs sn dwoknqd sgd kdZqmhmf ne bZtrZk
qdoqdrdmsZshnmr ne odqstqadc bdkkr oqnzkdc ax rhmfkd/bdkk QMü/rdp —rbQMü/rdp( —Rdbshnm 2(0 Vd
Zkrn hmsqnctbd rUüD@: Z uZqhZms ne sgd rUüD —KZbgZodkkd ds Zk0: 1911( vhsg Z AZxdrhZm ZooqnZbg enq
kdZqmhmf roZqrd ldbgZmhrl rghesr sgZs qdpthqdr lhmhlZk gxodqoZqZldsdq stmhmf0 Mdws: vd hmsqnctbd Z
admbglZqjhmf snnk enq rhltkZshnmr ne rhmfkd/bdkk odqstqaZshnm cZsZ Zmc sgd duZktZshnm ne Zkfnqhsglr
enq kZsdms tmhsr qdbnudqx: hmsdqudmshnm sZqfds qdbnudqx: Zmc sqZmredq kdZqmhmf —Rdbshnm 3(0 EhmZkkx: vd
oqdrdms Zm ZookhbZshnm ne sgd ldsgncr sn svn kZqfd/rbZkd fdmdshb rbqddmhmf dwodqhldmsr —Rdbshnm 4(0
Vd rgnv sgZs lncdkr sgZs dwoknhs sgd roZqrd ldbgZmhrl rghes Zrrtloshnm ntsodqenql Zkk ldsgncr ax Z
rhfmhzbZms lZqfhm nm Z sqZmredq kdZqmhmf sZrj0 Ntq qdrtksr rtffdrs sgZs bZtrZk hmedqdmbd hr Z oqnlhrhmf
oZqZchfl enq lncdkhmf sgd deedbsr ne odqstqaZshnm hm lncdqm cZsZ rdsr eqnl lnkdbtkZq ahnknfx0
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10 AWbifqntmc

Sghr oZodq hr bnmbdqmdc vhsg sgd qdbnudqx ne kZsdms uZqhZakdr sgZs hmhshZkkx fdmdqZsdc sgd cZsZ: Zr vdkk
Zr oqnuhchmf Z bZtrZk rdlZmshb sn sgnrd kZsdms uZqhZakdr0 Sgdqdenqd: vd aqhdfix hmsqnctbd mnm/khmdZq
Hmcdodmcdms Bnlonmdms ümZkxrhr —HBü(: nmd ne sgd oqnlhmdms ldsgncr enq Zbbnlokhrghmf sghr sZrj:
Zmc hsr qdkZshnmrgho sn bZtrZk qdoqdrdmsZshnm kdZqmhmf0

10fi0 Mnm/khmdWq Hmcdodmcdms Bnlonmdms AmWkxrhr

HBü Zrrtldr sgZs t ∈ Na hr fdmdqZsdc trhmf n hmcdodmcdms kZsdms uZqhZakdr x ; ¯x0. . . . . xn(: bZkkdc
hmcdodmcdms bnlonmdmsr —Gxuäqhmdm ds Zk0: 1991(0 Lnqd oqdbhrdkx: nardquZshnmr t Zqd fdmdqZsdc
Zr t ; e¯x( ) ϵ vhsg e Z lhwhmf etmbshnm Zmc ϵ Zm dwnfdmntr mnhrd uZqhZakd0 Sgd HBü khsdqZstqd
enbtrdr nm sgd hcdmshzZakd bZrd —dfiffi he e hr Z khmdZq etmbshnm: sgdm sgd nqhfhmZk x lZx ad qdbnudqdc(0
Hm sgd fdmdqZk bZrd ne Z mnm/khmdZq lhwhmf etmbshnm e gnvdudq: sgd lncdk hr tmhcdmshzZakd eqnl
h0h0c0 nardquZshnmr ne t —Gxuäqhmdm Zmc OZitmdm: fl888(0 Fhudm sghr mdfZshud qdrtks: rdudqZk oZodqr
hmsqnctbdc hcdmshzZakd enqlr ne mnm/khmdZq HBü lncdkr —GZqldkhmf ds Zk0: 1992, Roqdjdkdq ds Zk0:
19fl3, Gxuäqhmdm Zmc LnqhnjZ: 19fl5: 19fl6(: aZrdc nm sgd Zrrtloshnm sgZs bnlonmdmsr ¯xg(ng50 Zqd
bnmchshnmZkkx hmcdodmcdms fhudm Zm YcchshnmYk YtwhkhYpx qZmcnl uZqhZakd X ∈ N, 0 DwZlokdr ne
ZtwhkhZqx uZqhZakdr X hmbktcd sgd oZrs bnlonmdmsr hm sgd bZrd ne shld rdqhdr ZmZkxrhr nq rnld enql
ne bkZrr kZadk —Gxuäqhmdm Zmc LnqhnjZ: 19fl5(0 Vhsg sgd nardquZshnm ne ZtwhkhZqx uZqhZakdr: kZsdms
qdbnudqx hr onrrhakd to sn Z khmdZq sqZmrenqlZshnm tmcdq rtezbhdms bnmchshnmr —Gxuäqhmdm Zmc LnqhnjZ:
19fl5(0

Sgd hUüD eqZldvnqj —JgdlZjgdl ds Zk0: 1919( oqnonrdr Z UüD/aZrdc ZooqnZbg —JhmflZ
Zmc Vdkkhmf: 19fl3, Qdydmcd ds Zk0: 19fl3( enq kdZqmhmf sgd oZqZldsdqr θ ne Z fdmdqZshud lncdk
n�¯t } x(n�¯x } X(: Zr vdkk Zr ϕ: sgnrd ne Z uZqhZshnmZk ZooqnwhlZshnm pϕ¯x } t. X( sn sgd onrsdqhnq
n�¯x } t. X(0 Sgd hUüD rodbhzdr n�¯x } X( ; N ¯µT. G( Zr Z FZtrrhZm knbZshnm/rbZkd eZlhkx vhsg
hrnsqnohb uZqhZmbd0 ür enq sgd UüD: sgd oZqZldsdqr ¯θ.ϕ( ne sgd hUüD Zqd kdZqmdc uhZ lZwhlhyZshnm
ne sgd duhcdmbd knvdq antmc —DKAN(.

ine n�¯t } X( ± �p�¯x|t.T( ine
n�¯t. x } X(
pϕ¯x } t. X(

. —fl(

1010 BWtrWk Hmedqdmbd eqnl Tmimnvm Hmsdqudmshnmr hm KWsdms RoWbd

Qdbdms sgdnqdshbZk vnqj —KZbgZodkkd ds Zk0: 1911, KZbgZodkkd Zmc KZbnrsd/Itkhdm: 1911( dwoknqdr sgd
Zrrtloshnm ne roZqrd bnmmdbshnmr adsvddm sgd ZtwhkhZqx uZqhZakdr ¯Xj(,j50 Zmc sgd kZsdms bnlonmdmsr
¯xg(ng50: dmbncdc hm sgd enql ne Z ahoZqshsd fqZog ET ; ¯NI[. Nn[. D(: vgdqd D hr sgd dcfd rds0 Hm
sgd bZrd vgdqd X cdrbqhadr Z chrbqdsd cZsZ qdfhld uhZ nmd/gns dmbnchmf: sgd roZqrhsx oZssdqm ne ET

bnqqdronmcr sn sgd nmd ne sgd ldZm udbsnqr µT ne n�¯x } X(0
Sgd mnudk roZqrhsx Zrrtloshnm Zkknvr enq qdbnudqx ne kZsdms tmhsr to sn Z odqltsZshnm tmcdq

vdZjdq Zrrtloshnmr sgZm JgdlZjgdl ds Zk0 —1919(0 OdqgZor Zr hlonqsZmskx: hs Zkrn Zkknvr enq sgd
hmsdqoqdsZshnm ne sgd fqZog ET eqnl Z bZtrZk odqrodbshud0 Lnqd oqdbhrdkx: Sgdnqdl 11 ne KZbgZodkkd
ds Zk0 —1911( Zookhdr hm sgd bZrd vgdqd X ∈ Nd0. d1. . . . . d,{: vgdqd dZbg ne dj enq j ∈ NI[ hr Z
nmd/gns udbsnq dmbnchmf sgd j/sg hmsdqudmshnm: Zmc dZbg hmsdqudmshnm gZr tmjmnvm sZqfdsr nm sgd rds
ne bnlonmdmsr ne x0 Sgd —tmjmnvm( fqZog ET cdrbqhadr vghbg kZsdms bnlonmdmsr Zqd sZqfdsdc ax sgd
hmsdqudmshnm: sgZs hr ET

g.j ; 0 he Zmc nmkx he sgd j/sg hmsdqudmshnm sZqfdsr xg0 Hm sghr bnmsdws: sgd roZqrhsx
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Zrrtloshnm bnqqdronmcr oqdbhrdkx sn sgd roYprd ldbgYmhrl rghes gxonsgdrhr eqnl Rbgékjnoe —1911(
h0d0 sgZs nmkx Z edv ldbgZmhrlr bgZmfd Zs Z shld0

Sgd UüD uZqhZms hmsqnctbdc hm KZbgZodkkd ds Zk0 —1911( —roZqrd UüD, rUüD( gZr Zm hcdmshbZk
fdmdqZshud lncdk Zr sgd nmd eqnl sgd hUüD: dwbdos enq sgd oqhnq n�¯x } X( enq vghbg Z —rsnbgZrshb(
ahmZqx lZrj ]ET

g ∼ Adqmntkkh¯µTg ( hr Zookhdc sn sgd knbZshnm oZqZldsdq uhZ dkdldms/vhrd oqnctbs0 Sgd
drshlZshnm oqnbdctqd Zkrn qdkhdr nm uZqhZshnmZk hmedqdmbd: vhsg Zm Zcchshnm ne sgd qdftkZqhyZshnm sdql
�|µTg |0 sn sgd DKAN: vgdqd � hr Z gxodq oZqZldsdq0 Sn Zkknv enq fqZchdms/aZrdc noshlhyZshnm ne
sgd naidbshud etmbshnm: rUüD trdr sgd Ftladk/rhflnhc chrsqhatshnm: Z bnmshmtntr qdkZwZshnm ne sgd
Adqmntkkh chrsqhatshnm —IZmf ds Zk0: 19fl6, LZcchrnm ds Zk0: 19fl6(0

20 A RoWqrd LdbgWmhrl Rghes Lncdk enq Rhmfkd Bdkk LdWrtqdldmsr

Enq rdke/bnmsZhmldms Zmc bnmsdws ne sghr vnqj: vd zqrs cdrbqhad vgx hmsdqudmshnmr Zqd Z rdmrhakd
lncdk enq rhmfkd/bdkk odqstqaZshnmr: Zmc sgdm oqnonrd Z mdv lncdk enq bZtrZk qdoqdrdmsZshnm kdZqmhmf
ne sgnrd cZsZ0

20fi0 Rhmfkd/bdkk OdqstqaWshnm Oqnzkdr Wr HmsdqudmshnmWk CWsW

DwodqhldmsZk ZcuZmbdr hm ahnknfx mnv Zkknv tr sn Zbshudkx hmsdqudmd Zmc bgZmfd sgd oqnodqshdr ne Z
rhmfkd bdkk ax rnld fdmdshb —MnqlZm ds Zk0: 19fl8( nq bgdlhbZk —RqhuZsrZm ds Zk0: 1919( odqstqaZshnm Zmc
sgdm rhltksZmdntrkx oqnzkd dZbg hmchuhctZkkx/odqstqadc bdkk enq sgd hcdmshzbZshnm ne sgd odqstqaZshnm
Zmc hsr lnkdbtkZq oqnzkd0 ü fdmdshb odpstpaYshnm lZx ad hmctbdc ax sgd cdkhudqx ne Z fthcd QMü hm
Z bdkk dwoqdrrhmf Z BQHROQ/ZrrnbhZsdc oqnsdhm —d0f0: BZr8(0 Tonm cdkhudqx: sgd BQHROQ bnlokdw
odqenqlr Z fdmdshb hmsdqudmshnm —d0f0: jmnbj/nts( Zs sgd knbZshnm ne sgd fdmd sZqfdsdc ax sgd QMü
fthcd: Zksdqhmf sgd etmbshnm ne sgd fdmd: Zknmf vhsg sgd ZrrnbhZsdc oqnsdhm0 Hm sgd bZrd ne Z bgdlhbYk
odpstpaYshnm: bdkkr Zqd fqnvsg hm sgd oqdrdmbd ne Z rlZkk lnkdbtkd: vghbg lZx dmsdq sgd bdkk uhZ sgd
okZrlZ ldlaqZmd Zmc hmsdqedqd vhsg nmd nq rdudqZk ahnbgdlhbZk qdZbshnmr0 Hm ansg bZrdr: hmsdqudmshnmr
bZm Zeedbs —chqdbskx Zmc hmchqdbskx( sgd dwoqdrrhnm ne lZmx fdmdr —fdmd oqnfqZlr( sgZs bnqqdronmc sn
sgd Zbshuhsx ne hmsdqoqdsZakd ahnknfhbZk oqnbdrrdr0

Hm rtbg dwodqhldmsr: fdmd dwoqdrrhnm hr oqnzkdc hm dZbg bdkk rdoZqZsdkx: Zesdq Z zwdc shld: vhsg
rhmfkd/bdkk QMü rdptdmbhmf —rbQMü/rdp( – Z vdkk/drsZakhrgdc sdbgmnknfx trdc hm chudqrd qdrdZqbg
ZqdZr ne ahnknfx rtbg Zr cdudknoldms —RdlqZt ds Zk0: 19fl6(: Ztsnhlltmhsx —FZtaknlld ds Zk0: 19fl4(:
Zmc bZmbdq —OZsdk ds Zk0: 19fl3(0 Sgd ldZrtqdldmsr ne Z rbQMü/rdp dwodqhldms Zqd rtllZqhydc hmsn Z
fdmd dwopdrrhnm lYsphw W ; ¯W0. . . . . WL ( ∈ EL�a: vhsg K sgd mtladq ne hmrsZmbdr —bdkkr(: Zmc a
sgd mtladq ne fdmdr0 HmchuhctZk dmsqhdr ne sghr lZsqhw tld bntms sgd mtladq ne sqZmrbqhosr Zkhfmdc sn
fdmd f hm bdkk l0 Sgd rZld rbQMü/rdp ZrrZx Zkrn bZostqdr sgd hcdmshsx ne dZbg hmsdqudmshnm hm dZbg
bdkkr: nesdm hm sgd enql ne Zm QMü/dwoqdrrdc aZqbncd rdptdmbdc Zknmfrhcd mZshud fdmd dwoqdrrhnm
kdudkr0 Sghr hmenqlZshnm hr rtllZqhydc hmsn Zm hmsdpudmshnm cdrhfm lYsphw > ∈ N+. 0{L�, : vgdqdI
cdmnsdr sgd snsZk mtladq ne sqdZsldmsr —Ehftqd flü(0

2010 FdmdqWshud Lncdk tmcdq RoWqrd LdbgWmhrl Rghes

OdqstqaWshnm Lncdk Vd Zrrtld Z zwdc mtladq n ne kZsdms uZqhZakdr x ; Nx0. . . . . xn[: dZbg
qdoqdrdmshmf sgd Zbshuhsx ne Z chrshmbs ahnknfhbZk oqnbdrr0 DZbg hmsdqudmshnm X ∈ NI[ sZqfdsr kZsdms
uZqhZakd g ∈ Nn[ vhsg oqnaZahkhsx

µTg ∼ =arˆ ¯0. I( .
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rtbg sgZs sgd ahmZqx uZqhZakd

γTg ∼ =aomntiig ¯µTg ( .

dmbncdr vgdsgdq kZsdms uZqhZakd g hr sZqfdsdc ax sgd hmsdqudmshnm0 Sgdm: kZsdms uZqhZakd xg tmcdq
hmsdqudmshnm X hr fdmdqZsdc Zr Z lhwstqd chrsqhatshnm

xg } X ∼ γTg Bnolˆi ¯µT
g . 0( ) ¯0� γTg (Bnolˆi ¯+. 0( . —1(

Vd mnsd sgZs sgd bgnhbd ne sgd gxodqoqhnqr enq sgd AdsZ chrsqhatshnm hr roZqrhsx hmctbhmf —LnqZm ds Zk0:
1911(0 Sgdqdenqd: sghr fdmdqZshud lncdk Zrrtldr sgZs dZbg odqstqaZshnm rgntkc nmkx Zeedbs Z rlZkk
rtards ne sgd kZsdms uZqhZakdr0 Sghr gxonsgdrhr: hmrohqdc ax KZbgZodkkd ds Zk0 —1911(: dmbntqZfdr
sgd lncdk sn qdoqdrdms bdkkr ax sgd Zbshuhsx ne ahnknfhbZk oqnbdrrdr sgZs cdrbqhad sgd deedbs ne sgd
odqstqaZshnmr0

LdWrtqdldms Lncdk Enq dZbg rhmfkd bdkk l ∈ NK [: vd ldZrtqd sgd fdmd dwoqdrrhnm udbsnq
tl ; Ntl0. . . . . tld[: Zr vdkk Zr sgd odqstqaZshnm hmenqlZshnm Xl ∈ NI[0 KZsdms uZqhZakdr xl Zqd
fdmdqZsdc bnmchshnmZkkx nm Xl: enkknvhmf —1(0 Sgd dwodbsdc eqdptdmbx ne dwoqdrrhnm ne fdmd f hr
bZkbtkZsdc Zr

ρld ; e¯xl(.

vgdqd e hr Z mdtqZk mdsvnqj vhsg svn ghccdm kZxdqr: fl17 ghccdm tmhsr Zs dZbg kZxdq: Zmc QdKT
mnm/khmdZqhsx hm adsvddm ghccdm kZxdqr0 MnsZakx: e Zkrn gZr Z rneslZw mnm/khmdZqhsx Zs hsr ntsots: sn
Zkknv enq hmsdqoqdsZshnm ne hsr ntsots Zr Z eqdptdmbx ne dwoqdrrhnm0 EhmZkkx: fdmd dwoqdrrhnm tld hr
fdmdqZsdc Zr

tld ∼ Baeˆrgua=gmnlgˆi ¯jlρld. θd( .

vgdqd jl hr sgd mtladq ne QMü sqZmrbqhos bZostqdc hm bdkk l —qdedqqdc sn Zr khaqZqx rhyd: jl ;


d tld(:
Zmc θd Zqd hmudqrd/chrodqrhnm oZqZldsdqr0 Hmcddc: sgd mtladq ne QMü sqZmrbqhosr bZostqdc hm Z
rhmfkd/bdkk hr —lnrskx( sqdZsdc Zr Zm ZqsheZbs ne sgd ZrrZx: Zmc ltrs ad eZbsnqdc nts ne sgd kdZqmdc
qdoqdrdmsZshnm0 Sgd bgnhbd ne sgd mdfZshud ahmnlhZk chrsqhatshnm hr lnshuZsdc ax sgd eZbs sgZs sgd
cZsZ sZjdr sgd enql ne bntmsr: vhsg nudqchrodqrhnm —Fqóm ds Zk0: 19fl3(0 ükk hm Zkk: sghr ldZrtqdldms
lncdk —Z rhlokhzdc udqrhnm eqnl sgd nmd cdrbqhadc hm Knody ds Zk0 —19fl7(( sZjdr hmsn Zbbntms lZinq
sdbgmhbZk eZbsnqr ne uZqhZshnm hm sgd cZsZ: Zmc dmbntqZfdr sgd kZsdms uZqhZakdr sn kdZqm oZssdqmr lnqd
qdfidbshud ne sgd ahnknfhbZk rhfmZk0

Bnmmdbshnm sn oqhnq vnqi Dwhrshmf mnm/khmdZq HBü lncdkr rtbg Zr sgd hUüD Zmc sgd rUüD Zqd
mns chqdbskx ZookhbZakd sn rhmfkd/bdkk cZsZ: ctd sn sgdhq tmrthsZakd mnhrd lncdkr0 Gnvdudq: he vd trd
sgd ldZrtqdldms lncdk oqdrdmsdc gdqd: Zmc bgZmfd sgd oqhnq nm γTg sn ad Z onhms lZrr Zs fl: vd nasZhm
Z lncdk ZrrhlhkZsdc sn sgd hUüD0 RhlhkZqkx: he vd okZbd Z KZokZbd oqhnq nm µTg Zmc odqenql LüO
hmedqdmbd nm γTg : vd nasZhm Z lncdk bknrd sn sgd rUüD0 Sgd lncdk ntskhmdc gdqd bZm ad rddm Zr Z
AZxdrhZm sqdZsldms ne sgd ldbgZmhrl roZqrhsx lncdk hm rUüD: Zmc vd sgdqdenqd qdedq sn hs Zr rUüD@
hm sgd qdlZhmcdq ne sghr oZodq0
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2020 UWqhWshnmWk Hmedqdmbd

Sgd lZqfhmZk oqnaZahkhsx ne sgd cZsZ n¯t } X( hr hmsqZbsZakd0 Sgdqdenqd: vd oqnbddc sn onrsdqhnq Zo/
oqnwhlZshnm vhsg uZqhZshnmZk hmedqdmbd sn kdZqm sgd lncdk=r oZqZldsdqr0 Vd ZooqnwhlZsd sgd onrsdqhnq
chrsqhatshnm ne dZbg NµTg . γTg . xlg{T∈=,[.g∈=n[.l∈=L [ vhsg sgd ldZm/zdkc uZqhZshnmZk chrsqhatshnm.

�p ;


l∈=L [

p¯xl } tl. Xl(


T∈=,[.g∈=n[

p¯γTg (p¯µ
T
g (. —2(

ür hm UüDr: dZbg p¯xl } tl. Xl( enkknvr Z FZtrrhZm chrsqhatshnm vhsg chZfnmZk bnuZqhZmbd lZsqhw0
Sgd oZqZldsdqr ne sgnrd chrsqhatshnmr Zqd dmbncdc uhZ mdtqZk mdsvnqjr0 DZbg ne sgd kZsdms uZqhZakdr
p¯γTg ( enkknvr Z Adqmntkkh chrsqhatshnm vhsg eqdd uZqhZshnmZk oZqZldsdqr0 EhmZkkx: vd trd Z onhms lZrr
enq dZbg ne p¯µTg ( ; δψTa : sgdqdenqd odqenqlhmf LüO hmedqdmbd nudq sghr rds ne kZsdms uZqhZakdr0 Vd
noshlhyd sgd DKAN: cdqhudc Zr.

��p




L

l50

ine
n¯tl. xl } γTi(
p¯xl } tl. Xl(

)


T∈=,[.g∈=n[

ine
n¯γTg . µ

T
g (

p¯γTg (p¯µ
T
g (



 . —3(

Sghr naidbshud etmbshnm hr ZldmZakd sn rsnbgZrshb noshlhyZshnm: Zr hm JhmflZ Zmc Vdkkhmf —19fl3(0
Sghr Zkknvr tr sn rZlokd Z zwdc mtladq ne cZsZ onhmsr Zs dZbg hsdqZshnm: Zr vdkk Zr eqnl sgd uZqhZshnmZk
chrsqhatshnm trhmf sgd qdoZqZldsdqhyZshnm sqhbj Zmc sgd Ftladk/rhflnhc chrsqhatshnm enq p¯γTg (0 Vd
oqnuhcd sgd cdqhuZshnm ne —3( etmbshnm hm üoodmchw ü0 ücchshnmZkkx: vd chrbtrr oqZbshbZk bgZkkdmfdr
vd dmbntmsdqdc enq sqZhmhmf sghr lncdk: Zknmfrhcd vhsg hlokdldmsZshnm cdsZhkr hm üoodmchw A0 Vd
hlokdldmsdc rUüD@ Zmc sgd nsgdq aZrdkhmdr vhsghm sgd pbuh/snnip bncdaZrd —FZxnrn ds Zk0:
1911(0

2030 CnvmrsqdWl tshkhyWshnm ne rUAD#

Sgd rUüD@ lncdk oqnuhcdr sgqdd lZhm admdzsr —Ehftqd flB(0 Ehqrs: sgd drshlZsdc fqZog ET hcdmshzdr
vghbg kZsdms uZqhZakdr Zqd Zeedbsdc ax vghbg odqstqaZshnmr0 Dcfdr hm sghr fqZog Zqd bZkbtkZsdc ax
ahmZqhyhmf sgd lZsqhw ¯µTg (T∈=,[.g∈=n[ Zs sgqdrgnkc +.40 Sghr gdkor hm ahnknfhbZk hmsdqoqdsZshnm0 Enq
dwZlokd: vd bZm chrbnudq rdsr ne odqstqaZshnmr sgZs Zeedbs sgd rZld ahnknfhbZk oqnbdrr0 Rdbnmc: sgd
roZqrhsx bnmrsqZhms nm sgd kZsdms roZbd oqnlhrdr sn gdko hm chrdmsZmfkdldms. hcdmshexhmf hmchuhctZk
kZsdms uZqhZakdr Zr chrshmbs fdmd oqnfqZlr bnnqchmZsdkx qdftkZsdc ax sgd odqstqaZshnm: bnmrhrsdms vhsg
ntq tmcdqrsZmchmf ne sgd tmcdqkxhmf nqfZmhyZshnm ne Z bdkktkZq lnkdbtkZq bhqbthsr —Gdhladqf ds Zk0:
19fl5(0 Sghqc: Zm hlonqsZms axoqnctbs ne sgd bZtrZk rdlZmshb hr sgZs nmd bZm qdZrnmZakx dwodbs sgd
kdZqmdc qdoqdrdmsZshnmr sn odqenql adssdq Zs cnvmrsqdZl sZrjr rtbg Zr sqZmredq kdZqmhmf —Rbgékjnoe:
1911(: Z fqnvhmf trd/bZrd ne cddo fdmdqZshud lncdkr hm rhmfkd/bdkk fdmnlhbr —KnsenkkZgh ds Zk0:
1911(0 Hm sghr vnqj: vd oqdrdms Z rxmsgdshb bZrd ne gnkchmf nts odqstqaZshnmr Zmc odqenqlhmf sZqfds
hcdmshzbZshnm vhsg Z zwdc fdmdqZshud lncdk0 Gnvdudq: vd ZmshbhoZsd sgZs sqZmredq kdZqmhmf vhkk ad
gdkoetk hm nsgdq bnmbqdsd sZrjr: rtbg sgZs sgd oqnidbshnm ne mdv bdkkr nmsn odqstqaZshnm ZskZrdr —Odhckh
ds Zk0: 1911( nq sgd oqdchbshnm ne sgd ntsbnld ne odqstqaZshnmr Zbqnrr bdkktkZq bnmsdwsr —d0f0: cheedqdms
bdkk khmdr nq shrrtdr(0

Sn sgd adrs ne ntq jmnvkdcfd: rUüD@ hr sgd zqrs oqnonrdc eqZldvnqj sn dwokhbhskx lncdk bdkktkZq
odqstqaZshnmr Zr hmsdqudmshnmr nm kZsdms uZqhZakdr enq sgd otqonrd ne tmcdqrsZmchmf bZtrZk ldbgZmhrlr:
vghkd hmbnqonqZshmf Z lncdk ne dwodqhldmsZk mnhrd eqnl rhmfkd bdkk QMü/rdp ZrrZxr0
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30 A RWmcanw enq DuWktWshnm ne KdWqmdc PdoqdrdmsWshnmr

Vhsg rUüD@ adhmf Zs sgd hmsdqrdbshnm ne qdoqdrdmsZshnm kdZqmhmf Zmc rhmfkd/bdkk ahnknfx: vd bnmrhcdq hs
hr hlonqsZms sn oqdrdms hsr Zkhfmldms“bnlokhZmbd vhsg ansg zdkcr0 Sn cn rn: vd oqnonrd Z rZmcanw enq
duZktZshnm ne btqqdms Zmc etstqd ldsgncr Zhldc Zs kdZqmhmf bZtrZk qdoqdrdmsZshnmr ne rhmfkd/bdkk cZsZ0
Ntq rZmcanw bnmrhrsr ne sgqdd lZhm bnlonmdmsr. —h( rhltkZshnm lnctkd enq odqstqadc rbQMü/rdp cZsZ
—hh( hlokdldmsZshnm ne qdkduZms aZrdkhmdr ZcZosdc enq rhmfkd/bdkk dwoqdrrhnm cZsZ Zmc —hhh( duZktZshnm
lnctkd hmbktchmf ptZmshsZshud ldsqhbr enq duZktZshnm ne kdZqmdc qdoqdrdmsZshnmr0

30fi0 RWmcanw nudquhdv

RhltkWsdc cWsW üm hlonqsZms bnlonmdms ne ntq rZmcanw hr sgd rhltkZshnm eqZldvnqj: sgZs Zkknvr
enq rxrsdlZshb duZktZshnm ne sgd ldsgncr enq Zkk sZrjr nm rbQMü/rdp cZsZ0 Vd cdedq sgd cdsZhkr ne
sgd rhltkZshnm eqZldvnqj hm üoodmchw B: Zmc aqhdfix oqdrdms gdqd hsr lZhm edZstqdr0 Vd rhltkZsdc
cZsZ eqnl Z cddo fdmdqZshud lncdk sgZs sZjdr hmsn Zbbntms bnllnm edZstqdr ne rbQMü/rdp cZsZ
—bntms chrsqhatshnm: khaqZqx rhyd(0 Vd rZlokdc bdkkr eqnl rxmsgdshb hmsdqudmshnmr nm kZsdms uZqhZakdr:
sZqfdshmf nmkx Z roZqrd rtards ne sgdl0 Vhsg sgdrd rhltkZshnmr: vd gZud Zbbdrr sn —h( fqntmc sqtsg
kZsdms uZqhZakdr: qdpthqdc sn Zrrdrr chrdmsZmfkdldms —hh( fqntmc sqtsg hcdmshsx ne hmsdqudmshnm sZqfdsr
hm kZsdms roZbd enq dZbg odqstqaZshnm: qdpthqdc sn Zrrdrr sZqfds hcdmshzbZshnm Zmc —hhh( rhltkZshnm ne
nts/ne/cnlZhm rZlokdr0 Hm sghr kZrs bZrd: sgdrd rhltkZshnmr oqnuhcd Z vZx sn qdonqs odqenqlZmbd
tmcdq lnqd bnlokdw rdsshmfr —cheedqdms roZqrhsx qZsd nq deedbs rhyd adsvddm sqZhm Zmc sdrs cZsZ(0

AWrdkhmdr AdbZtrd oqZbshshnmdqr qdkx nm chrdmsZmfkdldms ldsgncr vhsg sgd gnod enq qdbnudqhmf
lnqd hmrhfgsetk qdoqdrdmsZshnmr ne rhmfkd bdkk cZsZ: vd hmbktcd Zr aZrdkhmdr sgd rsZmcZqc uZmhkkZ
UüD —JhmflZ Zmc Vdkkhmf: 19fl3( Zmc hsr onotkZq cdqhuZshud β/UüD —Ghffhmr ds Zk0: 19fl6(: ansg
Zcnosdc ax sgd ahnknfx bnlltmhsx —Knody ds Zk0: 19fl7, DqZrkZm ds Zk0: 1911(0 Vd Zkrn hmbktcd sgd
hUüD —JgdlZjgdl ds Zk0: 1919( Zr vdkk Zr sgd rUüD —KZbgZodkkd ds Zk0: 1911(: ansg dwokhbhskx Zhlhmf
Zs kZsdms tmhsr qdbnudqx0 ükk aZrdkhmdr vdqd Zcitrsdc sn Zbbntms enq rhmfkd/bdkk qdZcntsr vhsghm sgd
tmhzdc eqZldvnqj ne pbuh/snnip —cdsZhkr ZoodZq hm üoodmchw C(0

DuWktWshnm ldsqhbr AZrdc nm sgd fqntmc sqtsg oqnuhcdc ax ntq rhltkZshnm eqZldvnqj: vd duZktZsd
sgd odqenqlZmbd ne Zkk ldsgncr hm sdqlr ne chrdmsZmfkdldms: bZtrZk rsqtbstqd kdZqmhmf: Zmc sqZmr/
edqZahkhsx0 Enq Zrrdrrhmf chrdmsZmfkdldms: vd qdonqs sgd LdZm BnqqdkZshnm Bndezbhdms —LBB(: Zm
drsZakhrgdc ldsqhb enq odqltsZshnm dpthuZkdmbd sgZs ldZrtqdr sgd ZudqZfd OdZqrnm —nq RodZqlZm(
bnqqdkZshnm bndezbhdmsr adsvddm oZhqr ne fqntmc sqtsg Zmc drshlZsdc kZsdms uZqhZakd: enq sgd adrs
onrrhakd odqltsZshnm0 ü ghfg LBB ldZmr sgZs vd rtbbdrretkkx hcdmshzdc sgd sqtd oZqZldsdqr Zmc
qdbnudqdc sgd sqtd rntqbdr0 Vd Zkrn qdonqs N1: Z ldsqhb enq Zrrdrrhmf hcdmshzZahkhsx to sn Z khmdZq
sqZmrenqlZshnm0 Sn duZktZsd sgd kdZqmdc bZtrZk rsqtbstqd: vd qdonqs sgd oqdbhrhnm: qdbZkk Zmc Efl rbnqd
ne sgd kdZqmdc ZciZbdmbx lZsqhw ne ]ET bnloZqdc sn sgd fqntmc sqtsg ET: sZjhmf hmsn Zbbntms sgd
odqltsZshnm dpthuZkdmbd ne x0 EhmZkkx: sn Zrrdrr sqZmredqZahkhsx: vd qdonqs sgd mdfZshud knf/khjdkhgnnc
ne cZsZ onhmsr eqnl gnkcnts odqstqaZshnmr —HmsdqudmshnmZk MKK(0 Enq rtbg Z odqstqaZshnm X∗: vd
zmd/stmd sgd lncdk ax kdZqmhmf oZqZldsdqr enq sgd oqhnq n¯xl } X∗l(: vghkd jddohmf sgd qdrs ne sgd
fdmdqZshud lncdk n¯tl } xl( zwdc —Fdmsydk ds Zk0: 19fl8(0 Hm nqcdq sn jddo sghr duZktZshnm oqnbdctqd
Zr rhlokd Zr onrrhakd: vd cn mns qdftkZqhyd enq roZqrhsx vhsg rUüD Zmc rUüD@ ctqhmf sgd zmd/stmhmf
rsdo0 EhmZkkx: sgd khjdkhgnnc hr ZooqnwhlZsdc trhmf sgd hlonqsZmbd vdhfgsdc DKAN vhsg 4. +++
oZqshbkdr —AtqcZ ds Zk0: 19fl5(0
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SZakd fl. LdZm Zmc rsZmcZqc cduhZshnm odq ldsqhb nm rhltkZshnmr enq a ; 040 Adrs hm ankc0

ChrdmsWmfkdldms BWtrWk chrbnudqx NNC
OdWqrnm LBB -↑( RodWqlWm LBB -↑( 9� —↑( Oqdbhrhnm —↑( PdbWkk —↑( Efi —↑( Hmsdq0 MKK —↓(

UAD 9035 ± 9091 +.3+± +.+1 +.71± +.++ / / / 2160fl9 ± 107fl
β/UAD +.37± +.+1 +.31± +.+1 +.72± +.++ / / / 281057 ± 3047
hUAD 9036 ± 909fl +.28± +.++ +.74± +.++ +.05± +.+1 90fi7 ± 9092 +.06± +.+7 212.15± 1.77
rUAD +.61± +.03 +.52± +.02 +.73± +.+0 +.32± +.08 +.28± +.26 +.20± +.02 207.15± 2.75
rUAD# 9077 ± 9093 9068 ± 9093 9075 ± 909fi 9043 ± 90fi9 9036 ± 9098 904fi ± 9098 2fi4032 ± 1035

3010 Dwodqhldmsr vhsg rxmsgdshb cWsW

ür oZqs ne sgd dlohqhbZk duZktZshnm: vd dwoknqdc sgd odqenqlZmbd ne Zkk ldsgncr Zbqnrr rdudqZk uZktdr
ne sgd kZsdms roZbd chldmrhnm: a ∈ N4. 0+. 04. 1+{0 Hm Zkk bZrdr: vd rhltkZsdc cZsZ rtaidbs snI ; 0++
hmsdqudmshnmr: vhsg 499 bdkkr rZlokdc odq hmsdqudmshnm0 LdZrtqdldmsr eqnl 19 hmsdqudmshnmr vdqd
gdkc/nts eqnl sgd sqZhmhmf rds: Zmc trdc enq sqZmredq kdZqmhmf duZktZshnm0 ükk bnmzftqZshnmr vdqd
qZm enq 4 cheedqdms qZmcnl hmhshZkhyZshnm0 Vd rdkdbsdc sgd noshlZk gxodq/oZqZldsdqr ne dZbg ldsgnc
—mtladq ne donbgr: β: Zmc roZqrhsx odmZksx �( trhmf sgd Tmrtodquhrdc ChrdmsZmfkdldms QZmjhmf
—TCQ( eqZldvnqj —CtZm ds Zk0: 1919( —gxodq/oZqZldsdq fqhcr ZoodZq hm üoodmchw C(0 Sgd mtladq ne
kZsdms uZqhZakdr ne sgd fdmdqZshud lncdk vZr zwdc sn sgd nmd trdc hm sgd rhltkZshnm0

Vd oqdrdms sgd qdrtksr enq Zkk ldsgncr Zbqnrr cheedqdms ldsqhbr enq a ; 04 hm SZakd fl0 üm
dwsdmcdc: rxrsdlZshb nudquhdv enq cheedqdms rdstor bZm ad entmc hm üoodmchw D0 Ntq sZjdZvZxr eqnl
sgd rxmsgdshb dwodqhldmsr Zqd Zr enkknvr.

© ChrdmsWmfkdldms ükk ldsgncr Zbghdud ghfg N1 rbnqd: vghbg bnqqdronmcr sn Z rZshreZbsnqx
qdbnudqx ne sgd kZsdms tmhsr: to sn Y khmdYp spYmrenplYshnm0 Gnvdudq: sgd hUüD: rUüD Zmc
rUüD@ bnloZqd eZunqZakx sn sgd rsZmcZqc UüD Zmc β/UüD Zs sgd sZrj ne kZsdms tmhsr qdbnudqx
to sn Y odpltsYshnm: vhsg rUüD@ adhmf sgd rsqnmfdrs odqenqldq0

© BWtrWk rsqtbstqd qdbnudqx Sgd bnqqdbs rsqtbstqd ne sgd bZtrZk fqZog bZm ad adrs qdbnudqdc
vhsg rUüD@: bnloZqdc sn rUüD Zmc hUüD0

© Nts/ne/chrsqhatshnm fdmdqWkhrWshnm rUüD Zmc rUüD@ kdZqmhmf kZsdms qdoqdrdmsZshnmr sgZs
adssdq lncdk cZsZ eqnl gdkc/nts hmsdqudmshnmr: Zr duZktZsdc ax sgd HmsdqudmshnmZk MKK0

Sn rtllZqhyd: sgd oqnonrdc rZmcanw kdsr tr adssdq tmcdqrsZmc gnv cheedqdms rbdmZqhnr lZsbg vhsg
dZbg aZrdkhmdr: vghbg bZm ad kdudqZfdc cdodmchmf nm sgd ZookhbZshnm Z oqZbshshnmdq gZr hm lhmc
—vgdsgdq sgd dmc fnZk hr chrdmsZmfkdldms: bZtrZk qdbnudqx nq nts/ne/chrsqhatshnm fdmdqZkhyZshnm(0 Hm
Zcchshnm: vd Zkrn mnshbd rUüD@: sgZs hmbktcdr AZxdrhZm sqdZsldms ne sgd ldbgZmhrl roZqrhsx lncdk:
ntsodqenqlr Zkk UüD uZqhZmsr Zbqnrr Zkk sgqdd naidbshudr: vhsgnts sgd mddc enq stmhmf sgd roZqrhsx
gxodq oqhnq —üoodmchw D03(0

40 DlohqhbWk DuWktWshnm nm PdWk CWsWrdsr

Vd Zookx ntq admbglZqj lncdkr sn qdZk/vnqkc cZsZ eqnl svn qdbdms kZqfd/rbZkd Odqstqa/rdp dwodqh/
ldmsr —MnqlZm ds Zk0: 19fl8, Qdoknfkd ds Zk0: 1911(0 Etqsgdq cdsZhkr Zants sgd oqnbdrrhmf ne sgdrd cZsZ
rdsr ZoodZq hm üoodmchw E0
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Ehftqd 1. OdqstqaZshnm deedbsr nm kZsdms bnlonmdmsr —rtards ne odqstqaZshnmr: Zmc bnlonmdmsr(0

40fi0 Hm/cnlWhm SqWmredqWahkhsx Wmc HmsdqoqdsWahkhsx nm W Fdmdshb Rbqddm

Hm sgd cZsZ rds eqnl MnqlZm ds Zk0 —19fl8(: 0+4. 417 bdkkr eqnl Zm dqxsgqnbxshb kdtjdlhZ bdkk khmd
—J451( vdqd oqnzkdc Zesdq hmsdqudmshnmr sZqfdshmf nmd nq svn ne 001 fdmdr: hmbktchmf bdkk bxbkd
qdftkZsnqr: sqZmrbqhoshnm eZbsnqr: jhmZrdr: ognrogZsZrdr: Zmc fdmdr ne tmjmnvm etmbshnm0 üesdq ptZkhsx
bnmsqnk Zmc cZsZ zksdqhmf: vd qdsZhmdc 85. 110 bdkkr ne tmcdqfnhmf 101 cheedqdms fdmdshb hmsdqudmshnmr
Zmc 7. 8+6 tmodqstqadc —bnmsqnk( bdkkr0 Ctd sn dwodqhldmsZk khlhsZshnmr —Chwhs ds Zk0: 19fl5(: vd nardqud
rhfmZk nmkx enq Z rtards ne rdudqZk sgntrZmc fdmdr —gdqd: a ; 2. +++(0 Sgd fnZk ne sgd dwodqhldms
vZr sn tmcdqrsZmc sgd ldbgZmhrlr ne fdmdshb hmsdqZbshnmr Zmc qdbnudq fdmd qdftkZsnqx knfhbr0 Hm
nqcdq sn rhltkZsd Z sqZmredq kdZqmhmf rbdmZqhn: vd rdkdbsdc sgd sno/2+ hmsdqudmshnmr vhsg sgd lnrs
rhfmhzbZms deedbs nm fdmd dwoqdrrhnm: Zr Zrrdrrdc ax sgd lZwhltl ldZm chrbqdoZmbx —Fqdssnm ds Zk0:
19fl1( drshlZsdc vhsg Z khmdZq jdqmdk nm Z OBü vhsg chldmrhnm 49: Zmc gdkc nts sgd bnqqdronmchmf
bdkkr Zr Z sdrs rds0 AdbZtrd vd chc mns gnkc nts hmsdqudmshnmr Zbbnqchmf sn ahnknfhbZk jmnvkdcfd: ats
rhlokx aZrdc nm deedbs rhyd Zbqnrr Zkk hmsdqudmshnmr: vd ptZkhex sghr admbglZqj ne ”hm/cnlZhm;0

Vd Zookhdc dZbg rstchdc ldsgnc sn sghr cZsZ rds0 Vhsgnts fqntmc sqtsg: vd trd cZsZ onhmsr eqnl
gdkc/nts hmsdqudmshnmr sn duZktZsd sgd lncdkr Zesdq sqZmredq kdZqmhmf0 Enq Zkk lncdkr: vd qdonqs sgd
mdfZshud DKAN duZktZsdc nm Z uZkhcZshnm cZsZ rds —uZk0 mDKAN, hmbktchmf ZcchshnmZk bdkkr vhsg sgd
rZld odqstqaZshnmr Zr hm sgd sqZhmhmf cZsZ(: Zr vdkk sgd HmsdqudmshnmZk MKK —H/MKK( hm SZakd 10 LdZm
Zmc rsZmcZqc cduhZshnmr ne sgd ldsqhbr Zqd qdonqsdc Zbqnrr zud qZmcnl hmhshZkhyZshnmr ne sgd mdtqZk
mdsvnqj vdhfgsr0 ükk ne hUüD: rUüD Zmc rUüD@ hloqnud cZsZ zs bnloZqdc sn sgd UüD Zmc β/UüD:
Zr ldZrtqdc ax sgd uZkhcZshnm mdfZshud DKAN0 Gnvdudq: vghkd sgd hUüD oqnuhcdr sgd adrs zs sn sgd
uZkhcZshnm rds: vhsg Z sghm lZqfhm: hs zsr sgd sdrs rds onnqkx bnloZqdc sn rUüD Zmc rUüD@0 Sghr
rtffdrsr sgZs rUüD Zmc rUüD@ gZud rsqnmfdq sqZmredq bZoZahkhshdr bnloZqdc sn nsgdq ldsgncr: Zmc
kdZqm Z lnqd bZtrZk qdoqdrdmsZshnm ne sgd cZsZ0

Vd Zkrn odqenqldc Z oqdkhlhmZqx ahnknfhbZk hmsdqoqdsZshnm ne sgd roZqrd UüD lncdk0 Vd zqrs
uhrtZkhydc sgd deedbs ne odqstqaZshnmr hm kZsdms roZbd hm sgd enql ne Z vdhfgsdc ZciZbdmbx lZsqhw
Tgi enq ET: vgdqd sgd vdhfgs dmbncdr sgd rghes hm sgd ldZm ne sgd bnqqdronmchmf kZsdms bnlonmdms
xg enq odqstqaZshnm i —Ehftqd 1(0 Enq uhrtZk bnmudmhdmbd vd enbtrdc nm Z rtards ne odqstqaZshnmr
Zmc kZsdms bnlonmdmsr sn qdsZhm sgd lnrs hmenqlZshud cZsZ0 Aqhdfix: lZmx odqstqaZshnmr gZud rhlhkZq
deedbsr nm kZsdms uZqhZakdr: Zr hs gZr addm nardqudc oqduhntrkx Zs sgd kdudk ne hmchuhctZk fdmdr Zmc
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KDüQMHMF BüTRüK QDOQDRDMSüSHNMR NE RHMFKD BDKKR UHü ROüQRD LDBGüMHRL RGHES LNCDKHMF

SZakd 1. Qdrtksr nm sgd cZsZ rds eqnl MnqlZm ds Zk0 —19fl8(0

uWk0 mDKAN H/MKK

UAD 606.++± +.+5 665.15± +.01
β/UAD 607.64± +.00 666.07± +.01
hUAD 603.57± �.�6 666.76± +.00
rUAD 603.55± �.0� 665.+1± +.00
rUAD# 605.2+± +.+7 663.11± �.01

oqnfqZlr —Chwhs ds Zk0: 19fl5(0 Sghr bZm ad hmsdqoqdsdc Zr sgd odqstqadc fdmdr adhmf Z oZqs ne sgd
rZld oZsgvZx0 Hmcddc: odqstqaZshnmr hmunkuhmf sgd rZld fdmd —hm cheedqdms bnlahmZshnmr( fqntodc
snfdsgdq ax sgdhq rgZqdc deedbs nm kZsdms eZbsnqr: Zr chc sgnrd hmunkuhmf cheedqdms fdmdr eqnl qdkZsdc
oZsgvZxr —d0f0 ENWN Zmc gnldnanw sqZmrbqhoshnmr eZbsnqr Zeedbshmf bdkk cheedqdmshZshnm(: vgdqdZr
odqstqaZshnmr hm fdmdr eqnl cheedqdms oZsgvZxr gZc cheedqdms deedbsr —d0f0 HQEfl ur0 BDAO eZlhkx
sqZmrbqhoshnm eZbsnqr(0 ücchshnmZk ahnknfhbZk hmsdqoqdsZshnm ne sgd lncdk ZoodZqr hm üoodmchw F0

4010 Nts/ne/CnlWhm SqWmredqWahkhsx nm W Fdmnld/vhcd Fdmdshb Rbqddm

Hm nqcdq sn Zrrdrr lnqd rxrsdlZshbZkkx sgd sqZmredqZahkhsx ne sgd fdmdqZshud lncdk kdZqmdc vhsg
ntq admbglZqj ldsgncr: Zbqnrr chrshmbs ahnknfhbZk oZsgvZxr: vd mnv bnmrhcdq sgd kZqfdq cZsZ rds
eqnl Qdoknfkd ds Zk0 —1911(0 Sgd nqhfhmZk cZsZ gZr Zqntmc svn lhkkhnm bdkkr: Zesdq hmsdqudmshnmr
sZqfdshmf nmd ne Zqntmc sdm sgntrZmc fdmdr0 Vd enbtrdc nm Z rtards ne hmsdqudmshnmr vhsg kZqfd deedbs
nm fdmd dwoqdrrhnm —I ; 572(: qdrtkshmf hm K ; 005. 530 bdkkr oqnzkdc0 ür hm sgd oqduhntr cZsZ
rds: vd nardqud rhfmZk nmkx enq Zqntmc Z sgntrZmc fdmdr —gdqd: a ; 0. 076(0 Sgnrd hmsdqudmshnmr
gZud addm bZqdetkkx ZmmnsZsdc ax dwodqsr hmsn 52 bktrsdqr: ne vghbg 7 bnmsZhmdc Zs kdZrs 1+ chrshmbs
hmsdqudmshnmr Zmc vdqd lZsbgdc sn Z jmnvm ahnknfhbZk oZsgvZx0 Vd Zookhdc ntq sqZmredq kdZqmhmf
admbglZqj: sqdZshmf dZbg oZsgvZx Zr Z rds ne gdkc/nts odqstqaZshnmr —cZsZ rokhsr Zqd cdsZhkdc hm
üoodmchw E(: Zmc qdonqs sgd hmsdqudmshnmZk MKK hm Ehftqd 2: Zbqnrr zud qZmcnl hmhshZkhyZshnmr ne sgd
mdtqZk mdsvnqj vdhfgsr0 Hm lnrs rbdmZqhnr: rUüD@ ntsodqenqlr Zkk ldsgncr vhsg sghr ldsqhb0 üfZhm:
sghr rtffdrsr sgZs rUüD@ kdZqmr lnqd cdrhqZakd qdoqdrdmsZshnm ne bdkkr0

50 PdkWsdc Vnqi

ChrdmsWmfkdldms hm UWqhWshnmWk Atsn/Dmbncdqr Hm nqcdq sn ptZmshex: Zmc onsdmshZkkx hloqnud
tonm sgd onnqkx hmsdqoqdsZakd kZsdms uZqhZakdr hmedqqdc ax UüDr: Ghffhmr ds Zk0 —19fl6( bqdZsdc —h( Z
cZsZrds vhsg fqntmc sqtsg eZbsnqr: —hh( ldsqhbr sn ptZmshex sgd ltstZk hmenqlZshnm adsvddm sgd hmedqqdc
Zmc sgd sqtd eZbsnqr Zmc —hhh( Z lnchzbZshnm ne sgd UüD sgZs ntsodqenqlr dwhrshmf ldsgncr vhsg qdrodbs
sn sgdrd ldsqhbr0 Sgd oqnonrdc lnchzbZshnm: sgd β/UüD: bnmrhrsr hm rbZkhmf sgd JtkkaZbj/Kdhakdq
chudqfdmbd sdql hm sgd duhcdmbd knvdq antmc vhsg Z rbZkZq β , 00 MnsZakx: sghr khmd ne vnqj cndr
mns mdbdrrZqhkx ZrrnbhZsd chrdmsZmfkdldms vhsg sgd dwZbs qdbnudqx ne kZsdms uZqhZakdr —tmkhjd sghr
oZodq(: ats hr lnqd kZqfdkx bnmbdqmdc ax sgd bnmrdquZshnm ne bngdqdms Zwdr ne uZqhZshnm hm sgd cZsZ0
RdudqZk qdrdZqbg fqntor oqnonrdc mnudk Zkfnqhsglr: rtbg Zr sgd β/SBUüD —Bgdm ds Zk0: 19fl7( nq sgd
EZbsnq/UüD —Jhl Zmc Lmhg: 19fl7(: vghkd nsgdqr hloqnudc admbglZqjhmf Zmc ldsqhbr —DZrsvnnc
Zmc VhkkhZlr: 19fl7, CtZm ds Zk0: 1919(0
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1892 1894
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

60S ribosomal subunit,
cytoplasmic

1778 1779 1780 1781
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

39S ribosomal subunit,
mitochondrial

1842 1844
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

40S ribosomal subunit,
cytoplasmic

1658 1660 1662
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

Mitochondrial protein
translocation

1552 1553 1554
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

Mediator complex

1778 1780 1782
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

Spliceosome

1784 1786 1788
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

Exosome and mRNA turnover

1654 1656 1658 1660
I-NLL

sVAE+
sVAE
iVAE

β-VAE
VAE

TFIIH/nucleotide excision repair

Ehftqd 2. Qdrtksr nm sgd cZsZ rds eqnl Qdoknfkd ds Zk0 —1911(0 DZbg anw okns qdonqsr sgd hmsdqudmshnmZk
khjdkhgnnc —w/Zwhr( nm gdkc/nts hmsdqudmshnmr enq Z ldsgnc —x/Zwhr( sqZhmdc nm sgd etkk cZsZ
rds vhsg nmd oZsgvZx gnkc/nts0

HcdmshzWakd Lncdkr eqnl Tmrtodquhrdc CWsW üksgntfg cddo fdmdqZshud lncdkr Zqd hm fdmdqZk
tmhcdmshzZakd: rnld qdbdms vnqj oqnonrdc cheedqdms rdsr ne Zrrtloshnmr enq vghbg qdbnudqx ne kZsdms
uZqhZakdr hr onrrhakd0 Enq dwZlokd: LnqZm ds Zk0 —1911( oqnonrdc Z UüD lncdk enq vghbg dZbg edZstqd
lZx ad fdmdqZsdc eqnl nmkx Z roZqrd rds ne kZsdms eZbsnqr0 Rtbg lncdk hr oqnudm sn ad hcdmshzZakd
tmcdq Zm Zmbgnq Zrrtloshnm: sgZs rshotkZsdr sgZs enq dZbg kZsdms eZbsnq: sgdqd dwhrsr Zs kdZrs svn edZstqdr
cdodmchmf nmkx nm sgZs eZbsnq0 Sghr gxonsgdrhr hr Zkrn qdkduZms sn sgd zdkc ne rhmfkd/bdkk fdmnlhbr:
enq vghbg Z edv fdmdr lZx ad qdZrnmZakx dwodbsdc sn ad oZqs ne nmkx nmd ahnknfhbZk oqnbdrr0 Lnqd
qdbdms vnqj —JhuuZ ds Zk0: 1911( oqnuhcdr Zm hcdmshzZahkhsx qdrtks enq tmrtodquhrdc cddo fdmdqZshud
lncdkr tmcdq Z lhwstqd lncdk oqhnq0

Rtodquhrdc FdmdqWshud Lncdkr Ansg ne sgd hUüD Zmc sgd rUüD Zqd oZqshbtkZq hmrsZmbdr ne bnm/
chshnmZk cddo fdmdqZshud lncdkr —Rngm ds Zk0: 19fl4(0 Sgdrd lncdkr okZbd sgd ZtwhkhZqx uZqhZakd X
”torsqdZl; ne sgd kZsdms eZbsnqr x hm sgd bnqqdronmchmf fqZoghbZk lncdk: hm sgd enql ne Z bnmchshnmZk
oqhnq n¯x } X(0 ü cheedqdms lncdkhmf bgnhbd vntkc bnmrhrs hm okZbhmf sgd ZtwhkhZqx uZqhZakd ”cnvm/
rsqdZl; ne x: Zm hcdZ bnllnmkx dwoknhsdc hm rtodquhrdc snohb lncdkr —LbZtkheed Zmc Akdh: 1996(0
Rtbg lncdkhmf gxonsgdrdr gZud khlhsdc bZtrZk rdlZmshb: ats lZx rshkk ad trdetk enq qdbnudqhmf
ahnknfhbZk oqnbdrrdr sgZs Zqd gdkoetk enq ZmZkxyhmf odqstqaZshnm cZsZ: adbZtrd sgd rtodquhrhnm lZx
deedbshudkx fthcd hmedqdmbd snvZqcr snohbr sgZs Zqd lnqd qdfidbshud ne sgnrd odqstqaZshnmr0

BWtrWk Rsqtbstqd KdWqmhmf üksgntfg gdqd vd bnmrhcdq sgd rdsshmf ne kdZqmhmf eqnl hmsdqudmshnmZk
cZsZ vhsg sZqfdsr adhmf kZsdms uZqhZakdr —Zmc sgdqdenqd tmjmnvm(: Z qdkZsdc khmd ne vnqj hr bnmbdqmdc
vhsg kdZqmhmf bZtrZk qdkZshnmrghor Zs sgd kdudk ne edZstqdr: onrrhakx tmcdq hmsdqudmshnmr —VZmf ds Zk0:
19fl6(0 Sgdrd ldsgncr Zqd hm oqhmbhokd ZookhbZakd sn kZqfd/rbZkd fdmdshb rbqddmr —Knody ds Zk0: 1911(:
adbZtrd ax cdrhfm vd jmnv vghbg fdmdr Zqd sZqfdsdc ax dZbg hmsdqudmshnm0 Gnvdudq: btqqdms
Zkfnqhsglr enq bZtrZk rsqtbstqd kdZqmhmf Zqd udqx khlhsdc hm sgdhq Zahkhsx sn gZmckd hmsdqmZk bdkktkZq
rsZsdr —bnmentmchmf eZbsnqr(: Z sZrj enq vghbg kZsdms uZqhZakd lncdkr Zqd lnqd rthsZakd0 Sgdqdenqd:
sghr oZodq oqdrdmsr Zm ZksdqmZshud lncdkhmf bgnhbd enq sghr sxod ne hmsdqudmshnmZk cZsZ0
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60 Chrbtrrhnm

Vd oqnonrd sn dwokhbhskx lncdk odqstqaZshnmr hm rhmfkd/bdkk fdmnlhbr Zr hmsdqudmshnmr nm Z kZsdms
roZbd: vhsg Z bZtrZk rdlZmshb0 Sghr mZstqZkkx kdZcr sn sgd ZookhbZshnm ne sgd rUüD —KZbgZodkkd ds Zk0:
1911( Zmc hUüD —JgdlZjgdl ds Zk0: 1919( eqZldvnqj: Zr vdkk Zr ntq oqnonrdc rUüD@ lncdk: sn
chrdmsZmfkd sgd kZsdms roZbd ne rhmfkd bdkk cZsZ ax kdudqZfhmf ZcchshnmZk jmnvkdcfd ne odqstqaZshnmr0
Vd oqnuhcd Z admbglZqjhmf eqZldvnqj enq Zrrdrrhmf sgd odqenqlZmbd ne sgd kdZqmdc qdoqdrdmsZshnmr
hm sdqlr ne kdudk ne chrdmsZmfkdldms: bZtrZk sZqfds hcdmshzbZshnm: Zr vdkk Zr sqZmredq kdZqmhmf0 Hm
rhltkZsdc cZsZ: ansg ZooqnZbgdr ntsodqenql sgd β/UüD Zmc sgd uZmhkkZ UüD: vhsg Z rsqnmf ZcuZmsZfd
enq rUüD@: dwokhbhskx Zrrtlhmf roZqrhsx hm ldbgZmhrl rghesr enq dZbg odqstqaZshnm0 Vd Zkrn Zookhdc
Zkk ldsgncr sn svn qdZk cZsZ rdsr0 Ntq ZmZkxrhr rtffdrsr sgZs roZqrhsx lZx gdko hm sqZmredq kdZqmhmf
Zmc hmsdqoqdsZshnm ne kZsdms uZqhZakdr0 HlonqsZmskx: vd rdd hm Ehftqd 1 sgZs ltkshokd kZsdms uZqhZakdr
Zqd Zeedbsdc ax dZbg hmsdqudmshnm: vghbg rtffdrsr lnqd hmenqlZshud bnmrsqZhmsr sn sgd lncdk bntkc ad
Zccdc sn etqsgdq hloqnud hsr hmsdqoqdsZahkhsx —KnsenkkZgh ds Zk0: 1912(0

Sgd gxonsgdrdr eqnl sgd rUüD@ lncdk hm hsr btqqdms rsZsd: gnvdudq: lZx oqdrdms Z edv khlhsZshnmr
enq ahnknfhbZk ZookhbZshnmr0 HlonqsZmskx: Zksgntfg hs lZx ad qdZrnmZakd sn dwodbs sgZs fdmdshb —Zmc
nesdm bgdlhbZk( hmsdqudmshnmr chqdbskx sqhffdq Z roZqrd rtards ne Z bdkk=r bhqbthsqx —d0f0: aknbjhmf Z
rhmfkd oZsgvZx —Chwhs ds Zk0: 19fl5((: sgdqd Zqd hlonqsZms lnkdbtkZq eddcaZbj ldbgZmhrlr sgZs bZm
hmctbd hmchqdbs cnvmrsqdZl deedbsr hm nsgdq oZsgvZxr: drodbhZkkx Zr hmbqdZrhmf shld oZrrdr eqnl
sgd hmhshZk odqstqaZshnm —Eqdhldq ds Zk0: 1911(0 AdbZtrd lZmx dwodqhldmsr ldZrtqd fdmd dwoqdrrhnm
eqnl gntqr sn cZxr Zesdq hmsdqudmshnm: roZqrhsx lZx ad Z khlhshmf Zrrtloshnm vhsgnts qdrnkuhmf
hmsdqZbshnmr adsvddm oZsgvZxr: chrbtrrdc Zs kdmfsg hm ahnknfhbZk ZookhbZshnm ne sqZchshnmZk bZtrZk
chrbnudqx kdZqmhmf ldsgncr —RdfZk ds Zk0: 1994, EqhdclZm ds Zk0: 1999, Od=dq ds Zk0: 199fl(0 Sghr hrrtd
bntkc ad qdrnkudc hm sgd etstqd vhsg sgd onsdmshZk ZuZhkZahkhsx ne shld/qdrnkudc ldZrtqdldmsr eqnl
rhmfkd/bdkk odqstqaZshnm dwodqhldmsr0 Vd mnsd sgZs sgd sqdZsldms ne sgnrd shld/qdrnkudc ldZrtqdldmsr
hr hmbktcdc hm sgd sgdnqx ne KZbgZodkkd ds Zk0 —1911( —Sgdnqdl 4(: Zksgntfg hm sghr oZodq vd enbtrdc
nm sgd lnqd rodbhzb sgdnqdl vhsg Zbshnm/roZqrhsx cdrbqhadc hm Sgdnqdl 110 Hm üoodmchw G: vd
chrbtrr lnqd sdbgmhbZk Zrrtloshnmr ne KZbgZodkkd ds Zk0 —1911(: rtbg Zr bnudqhmf ne kZsdms uZqhZakd
ax sgd hmsdqudmshnmr: Zmc rtezbhdmskx uZqhZahkhsx0 Aqhdfix: vd entmc sgZs sgd admdzs ne lncdkr sgZs
Zbbntms enq Zbshnm/roZqrhsx hr qdctbdc vgdm odqstqaZshnmr gZud rlZkk deedbsr: nq sZqfds Z rlZkk rtards
ne Zkk sgd kZsdms uZqhZakdr0

Sn bnmbktcd: vd oqdrdms Z zqrs Zssdlos Zs kdudqZfhmf sgd roZqrd ldbgZmhrl rghes Zrrtloshnm
enq sgd otqonrd ne kdZqmhmf bZtrZk qdoqdrdmsZshnmr Zr vdkk Zr hmsdqoqdsZakd lncdkr ne rhmfkd/bdkk
odqstqaZshnm cZsZ0 Knnjhmf enqvZqc: vd ZmshbhoZsd sgZs sghr khmd ne vnqj lZx tmknbj mdv odqrodbshudr
sn qdZrnm Zants odqstqaZshnmr Zr hmsdqudmshnmr nm sgd fdmdshb Zmc lnkdbtkZq bhqbthsr sgZs fnudqm Z
bdkk=r hcdmshsx —VZfmdq ds Zk0: 19fl5(0 Sghr odqrodbshud hr drodbhZkkx hlonqsZms enq dmgZmbhmf ntq
tmcdqrsZmchmf ne ahnknfhbZk oqnbdrrdr kdZchmf sn chrdZrd rsZsdr: Zr vdkk Zr oqnonrhmf bZmchcZsd sZqfdsr
Zmc cqtfr0

Bncd AuWhkWahkhsx RsWsdldms

Vd hlokdldms ntq mdv lncdk Zmc admbglZqjr trhmf sgd pbuh/snnip khaqZqx: Zmc qdkdZrd hs Zr
nodm/rntqbd rnesvZqd Zs gssop.::ehsgtaybnl:Ecmcmscbg:pG�A0
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Abimnvkdcfldmsr

Vd sgZmj RäaZrshdm KZbgZodkkd Zmc BgZmckdq Rpthqdr enq hmrhfgsetk bnmudqrZshnmr Zants bZtrZk kZsdms
uZqhZakd lncdkr0 Vd Zbjmnvkdcfd Jdkuhm Bgdm: SZjZ Jtcn: IZm/BgqhrshZm Gtdssdq: YhZ JgZm: AZrZj
DqZrkZm: Zmc ümmZ JkhlnurjZhZ Rtrldki enq chrbtrrhnmr Zants lncdkhmf rhmfkd/bdkk odqstqaZshnm cZsZ
rdsr0 KZrs ats mns kdZrs: vd Zbjmnvkdcfd sgd qduhdvdqr eqnl sgd MdtqHOR 1911 Vnqjrgno nm BZtrZk
LZbghmd KdZqmhmf enq QdZk/Vnqkc HloZbs vgn oqnuhcdc udqx hmrhfgsetk eddcaZbj Zants Zm dZqkhdq
udqrhnm ne sghr lZmtrbqhos0

Chrbknrtqdr. QnlZhm Knody: MZsZrZ SZfZrnurjZ: Rsdogdm QZ: Zmc Jxtmfgxtm Bgn Zqd dloknxddr
ne Fdmdmsdbg0 Rsdogdm QZ Zmc Jxtmfgxtm Bgn gZud dpthsx hm Qnbgd0 InmZsgZm OqhsbgZqc Zbjmnvk/
dcfdr rtoonqs eqnl fqZms Q9flGF997fl39 eqnl sgd MZshnmZk GtlZm Fdmnld QdrdZqbg Hmrshstsd0 üuhu
Qdfdu hr Z bn/entmcdq Zmc dpthsx gnkcdq ne Bdkrhtr SgdqZodtshbr Zmc Zm dpthsx gnkcdq hm HlltmhsZr0
Rgd vZr Zm RüA ldladq ne SgdqlnEhrgdq Rbhdmshzb: Rxqnr OgZqlZbdtshbZkr: Mdnfdmd SgdqZodtshbr:
Zmc ürhlnu tmshk Itkx 2flrs: 1919, rgd gZr addm Zm dloknxdd ne Fdmdmsdbg rhmbd ütftrs flrs: 1919:
Zmc gZr dpthsx hm Qnbgd0

Pdedqdmbdr

Oghkhood AqnthkkZqc: RäaZrshdm KZbgZodkkd: ükdwZmcqd KZbnrsd: Rhlnm KZbnrsd/Itkhdm: Zmc ükdwZmcqd
Cqnthm0 CheedqdmshZakd bZtrZk chrbnudqx eqnl hmsdqudmshnmZk cZsZ0 �cuYmbdr hm MdtpYk HmenplYshnm
Npnbdrrhmf Rxrsdlr: 22.1fl754-1fl766: 19190

Xtqh AtqcZ: Qnfdq A0 Fqnrrd: Zmc QtrkZm RZkZjgtschmnu0 HlonqsZmbd vdhfgsdc Ztsndmbncdqr0 Hm
HmsdpmYshnmYk Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr: 19fl50

DcvZqc X Bgdm: Bgqhrsnogdq L SZm: XZm Jnt: PhZnmZm CtZm: Yhbgdm VZmf: FZaqhdkZ UZy Ldhqdkkdr:
Mdhk Q BkZqj: Zmc üuh LZ=ZxZm0 Dmqhbgq. hmsdqZbshud Zmc bnkkZanqZshud GSLK4 fdmd khrs dmqhbgldms
ZmZkxrhr snnk0 ALB AhnhmenplYshbr: fl3—fl(.fl-fl3: 19fl20

Qhbjx SP Bgdm: Wtdbgdm Kh: Qnfdq A Fqnrrd: Zmc CZuhc J CtudmZtc0 HrnkZshmf rntqbdr ne
chrdmsZmfkdldms hm uZqhZshnmZk Ztsndmbncdqr0 Hm �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf
Rxrsdlr: unktld 2fl: 19fl70

SqZudqr Bghmf: CZmhdk R Ghlldkrsdhm: Aqdss J AdZtkhdt/Inmdr: ükdwZmcq ü JZkhmhm: AqhZm S Cn:
Fqdfnqx O VZx: Dmqhbn Edqqdqn: OZtk/LhbgZdk üfZonv: LhbgZdk Yhdsy: LhbgZdk L GneelZm: ds Zk0
Noonqstmhshdr Zmc narsZbkdr enq cddo kdZqmhmf hm ahnknfx Zmc ldchbhmd0 IntpmYk ne Sgd PnxYk
Rnbhdsx HmsdpeYbd: fl4—fl3fl(.19fl69276: 19fl70

NrbZq Bkhuhn: QnlZhm Knody: Ideeqdx Qdfhdq: ücZl FZxnrn: LhbgZdk H0 InqcZm: Zmc Mhq Xnrde0 Cd/
sdbshmf ydqn/hmfiZsdc fdmdr hm rhmfkd/bdkk sqZmrbqhosnlhbr cZsZ0 LYbghmd JdYpmhmf hm BnlotsYshnmYk
Ahnknfx: 19fl80

üsqZx Chwhs: Nqdm OZqmZr: Ahxt Kh: Idmmx Bgdm: BgZqkdr O Etkbn: KhumZs Idqax/üqmnm: MdlZmiZ C
LZqiZmnuhb: CZmhdkkd Chnmmd: Sxkdq Atqjr: QZjshlZ QZxbgnvcgtqx: ds Zk0 Odqstqa/rdp. chrrdbshmf
lnkdbtkZq bhqbthsr vhsg rbZkZakd rhmfkd/bdkk QMü oqnzkhmf ne onnkdc fdmdshb rbqddmr0 Bdkk: fl56—6(.
fl742-fl755: 19fl50
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Rtmmx CtZm: Knhb LZssgdx: ümcqd RZqZhuZ: MhbgnkZr VZssdqr: Bgqhrsnogdq O Atqfdrr: ükdwZmcdq Kdq/
bgmdq: Zmc HqhmZ Ghffhmr0 Tmrtodquhrdc lncdk rdkdbshnm enq uZqhZshnmZk chrdmsZmfkdc qdoqdrdmsZshnm
kdZqmhmf0 Hm HmsdpmYshnmYk Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr: 19190

BhZm DZrsvnnc Zmc Bgqhrsnogdq J0 H0 VhkkhZlr0 ü eqZldvnqj enq sgd ptZmshsZshud duZktZshnm ne
chrdmsZmfkdc qdoqdrdmsZshnmr0 Hm HmsdpmYshnmYk Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr: 19fl70

Féjbdm DqZrkZm: Dtfdmd CqnjgkxZmrjx: RgZmjZqZ ümZmc: Dufdmhi Ehrjhm: üxrgvZqxZ RtaqZlZmhZm:
LhbgZk Rkxodq: IhZkh VZmf: MhbgnkZr UZm Vhssdmadqfgd: Ingm L QntgZmZ: ItkhZ VZkclZm: ds Zk0
Rhmfkd/mtbkdtr bqnrr/shrrtd lnkdbtkZq qdedqdmbd lZor snvZqc tmcdqrsZmchmf chrdZrd fdmd etmbshnm0
Rbhdmbd: 265—5483(: 19110

IZbna V Eqdhldq: Nqdm RgZjdc: RZghm MZpuh: MZrZ Rhmmnss/üqlrsqnmf: üqvZ JZsghqhZ: BgqhrshZm L
FZqqhcn: ülx E Bgdm: IdrrhbZ S Bnqsdy: VhkkhZl I FqddmkdZe: InmZsgZm J OqhsbgZqc: ds Zk0 Rxrsdl/
Zshb chrbnudqx Zmc odqstqaZshnm ne qdftkZsnqx fdmdr hm gtlZm S bdkkr qdudZkr sgd Zqbghsdbstqd ne
hlltmd mdsvnqjr0 MYstpd Fdmdshbr: 43—7(.flfl22-flfl33: 19110

Mhq EqhdclZm: LhbgZk KhmhZk: HesZbg MZbglZm: Zmc CZmZ Od=dq0 Trhmf AZxdrhZm mdsvnqjr sn ZmZkxyd
dwoqdrrhnm cZsZ0 IntpmYk ne BnlotsYshnmYk Ahnknfx: 6—2/3(.59fl-519: 19990

Idkkdqs S FZtaknlld: Mhq Xnrde: Xntihm Kdd: QnmZ R Fdqsmdq: Kh U XZmf: BgtZm Vt: Ohdq OZnkn
OZmcnkz: SZj LZj: QZgtk RZshiZ: ükdw J RgZkdj: ds Zk0 Rhmfkd/bdkk fdmnlhbr tmudhkr bqhshbZk
qdftkZsnqr ne Sgfl6 bdkk oZsgnfdmhbhsx0 Bdkk: fl52—5(.fl399-fl3fl1: 19fl40

ücZl FZxnrn: QnlZhm Knody: FZkdm Whmf: Ohdqqd AnxdZt: UZkdg UZkhnkkZg Ontq ülhqh: Itrshm Gnmf:
JZsgdqhmd Vt: LhbgZdk IZxZrtqhxZ: DcntZqc LdgklZm: LZwhld KZmfduhm: ds Zk0 ü Oxsgnm khaqZqx
enq oqnaZahkhrshb ZmZkxrhr ne rhmfkd/bdkk nlhbr cZsZ0 MYstpd Ahnsdbgmnknfx: 39—1(.fl52-fl55: 19110

ülZmcZ Fdmsydk: CZm FZqZms: Zmc CZuhc Idmrdm0 Sgd bZrd enq duZktZshmf bZtrZk lncdkr trhmf
hmsdqudmshnmZk ldZrtqdr Zmc dlohqhbZk cZsZ0 Hm �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf
Rxrsdlr: oZfdr flfl611-flfl621: 19fl80

üqsgtq Fqdssnm: JZqrsdm L0 AnqfvZqcs: LZksd I0 QZrbg: AdqmgZqc Rbgékjnoe: Zmc ükdwZmcdq RlnkZ0
ü jdqmdk svn/rZlokd sdrs0 IntpmYk ne LYbghmd JdYpmhmf PdrdYpbg: fl2—14(.612-662: 19fl10

Cnlhmhb Fqóm: KdmmZqs Jdrsdq: Zmc ükdwZmcdq UZm NtcdmZZqcdm0 UZkhcZshnm ne mnhrd lncdkr enq
rhmfkd/bdkk sqZmrbqhosnlhbr0 MYstpd Ldsgncr: flfl—5(.526-539: 19fl30

Odsdq FqómvZkc Zmc Sghir uZm Nlldm0 Hmbnmrhrsdmbx ne AZxdrhZm hmedqdmbd enq lhrrodbhzdc khmdZq
lncdkr: Zmc Z oqnonrZk enq qdoZhqhmf hs0 AYxdrhYm �mYkxrhr: fl1—3(.fl958-flfl92: 19fl60

RsdeZm GZqldkhmf: ümcqdZr Yhdgd: LnsnZjh JZvZmZad: Zmc JkZtr/Qnadqs Lókkdq0 Jdqmdk/aZrdc
mnmkhmdZq akhmc rntqbd rdoZqZshnm0 MdtpYk BnlotsYshnm: fl4—4(.fl978-flfl13: 19920

FqZgZl Gdhladqf: QZiZs AgZsmZfZq: GZmZ Dk/RZlZc: Zmc LZss Sgnlrnm0 Knv chldmrhnmZkhsx hm
fdmd dwoqdrrhnm cZsZ dmZakdr sgd ZbbtqZsd dwsqZbshnm ne sqZmrbqhoshnmZk oqnfqZlr eqnl rgZkknv
rdptdmbhmf0 Bdkk Rxrsdlr: 1—3(.128-149: 19fl50

HqhmZ Ghffhmr: Knhb LZssgdx: üqjZ OZk: Bgqhrsnogdq Atqfdrr: WZuhdq Fknqns: LZssgdv Ansuhmhbj:
RgZjhq LngZldc: Zmc ükdwZmcdq Kdqbgmdq0 AdsZ/UüD. KdZqmhmf aZrhb uhrtZk bnmbdosr vhsg Z
bnmrsqZhmdc uZqhZshnmZk eqZldvnqj0 HmsdpmYshnmYk Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr: 19fl60
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üZon Gxuäqhmdm Zmc Ghqnrgh LnqhnjZ0 Tmrtodquhrdc edZstqd dwsqZbshnm ax shld/bnmsqZrshud kdZqmhmf
Zmc mnmkhmdZq HBü0 �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf Rxrsdlr: 18: 19fl50

üZon Gxuäqhmdm Zmc Ghqnrgh LnqhnjZ0 MnmkhmdZq HBü ne sdlonqZkkx cdodmcdms rsZshnmZqx rntqbdr0
Hm �pshybhYk Hmsdkkhfdmbd Ymc RsYshrshbr: oZfdr 359-358: 19fl60

üZon Gxuäqhmdm Zmc Odssdqh OZitmdm0 MnmkhmdZq hmcdodmcdms bnlonmdms ZmZkxrhr. Dwhrsdmbd Zmc
tmhptdmdrr qdrtksr0 MdtpYk Mdsvnpir: fl1—2(.318-328: fl8880

üZon Gxuäqhmdm: ItgZ JZqgtmdm: Zmc Dqjjh NiZ0 Hmcdodmcdms bnlonmdms ZmZkxrhr0 Rstchdr hm
HmenplYshbr Ymc Bnmspnk: flfl—1(.194-196: 19910

Dqhb IZmf: RghwhZmf Ft: Zmc Adm Onnkd0 BZsdfnqhbZk qdoZqZldsdqhyZshnm vhsg Ftladk/rneslZw0
HmsdpmYshnmYk Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr: 19fl60

Xtfd Ih: LngZllZc KnsenkkZgh: E ükdwZmcdq Vnke: Zmc EZahZm I Sgdhr0 LZbghmd kdZqmhmf enq
odqstqaZshnmZk rhmfkd/bdkk nlhbr0 Bdkk Rxrsdlr: fl1—5(.411-426: 191fl0

Hkxdr JgdlZjgdl: Chdcdqhj JhmflZ: QhbZqcn Lnmsh: Zmc üZon Gxuäqhmdm0 UZqhZshnmZk Ztsndmbncdqr
Zmc mnmkhmdZq HBü. ü tmhexhmf eqZldvnqj0 Hm HmsdpmYshnmYk Bnmedpdmbd nm �pshybhYk Hmsdkkhfdmbd
Ymc RsYshrshbr: oZfdr 1196-11fl6: 19190

Gxtmihj Jhl Zmc ümcqhx Lmhg0 ChrdmsZmfkhmf ax eZbsnqhrhmf0 Hm HmsdpmYshnmYk Bnmedpdmbd nm
LYbghmd JdYpmhmf: oZfdr 1538-1547: 19fl70

IZbna B Jhlldk0 ChrdmsZmfkhmf kZsdms qdoqdrdmsZshnmr ne rhmfkd bdkk QMü/rdp dwodqhldmsr0 ahnPwhu:
19190

Chdcdqhj O JhmflZ Zmc Ihllx AZ0 ücZl. ü ldsgnc enq rsnbgZrshb noshlhyZshnm0 Hm HmsdpmYshnmYk
Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr: 19fl40

Chdcdqhj O JhmflZ Zmc LZw Vdkkhmf0 ütsn/dmbnchmf uZqhZshnmZk AZxdr0 HmsdpmYshnmYk Bnmedpdmbd
nm JdYpmhmf PdopdrdmsYshnmr: 19fl30

AngcZm JhuuZ: FntsgZl QZidmcqZm: OqZcddo QZuhjtlZq: Zmc Aqxnm üqZfZl0 HcdmshzZahkhsx ne cddo
fdmdqZshud lncdkr tmcdq lhwstqd oqhnqr vhsgnts ZtwhkhZqx hmenqlZshnm0 Hm �cuYmbdr hm MdtpYk
HmenplYshnm Npnbdrrhmf Rxrsdlr: 19110

RäaZrshdm KZbgZodkkd Zmc Rhlnm KZbnrsd/Itkhdm0 OZqshZk chrdmsZmfkdldms uhZ ldbgZmhrl roZqrhsx0
Bnmedpdmbd nm TmbdpsYhmsx Ymc �pshybhYk Hmsdkkhfdmbd. BYtrYk PdopdrdmsYshnm JdYpmhmf vnpirgno:
19110

RäaZrshdm KZbgZodkkd: OZt Qncqhftdy: XZrg RgZqlZ: JZshd D Dudqdss: Qälh Kd Oqhnk: ükdwZmcqd
KZbnrsd: Zmc Rhlnm KZbnrsd/Itkhdm0 ChrdmsZmfkdldms uhZ ldbgZmhrl roZqrhsx qdftkZqhyZshnm.
ü mdv oqhmbhokd enq mnmkhmdZq HBü0 Hm Bnmedpdmbd nm BYtrYk JdYpmhmf Ymc PdYrnmhmf: oZfdr
317-373: 19110

EqZmbdrbn KnbZsdkkn: RsdeZm AZtdq: LZqhn Ktbhb: FtmmZq QZdsrbg: RxkuZhm Fdkkx: AdqmgZqc Rbgékjnoe:
Zmc Nkhuhdq AZbgdl0 BgZkkdmfhmf bnllnm Zrrtloshnmr hm sgd tmrtodquhrdc kdZqmhmf ne chrdm/
sZmfkdc qdoqdrdmsZshnmr0 Hm HmsdpmYshnmYk Bnmedpdmbd nm LYbghmd JdYpmhmf: oZfdr 3flfl3-3fl13:
19fl80
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QnlZhm Knody: Ideeqdx Qdfhdq: LhbgZdk A Bnkd: LhbgZdk H InqcZm: Zmc Mhq Xnrde0 Cddo fdmdqZshud
lncdkhmf enq rhmfkd/bdkk sqZmrbqhosnlhbr0 MYstpd Ldsgncr: fl4—fl1(.fl942-fl947: 19fl70

QnlZhm Knody: Ohdqqd AnxdZt: Mhq Xnrde: LhbgZdk InqcZm: Zmc Ideeqdx Qdfhdq0 Cdbhrhnm/lZjhmf
vhsg Ztsn/dmbnchmf uZqhZshnmZk AZxdr0 �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf Rxrsdlr: 22.
497fl-4981: 1919Z0

QnlZhm Knody: ücZl FZxnrn: Zmc Mhq Xnrde0 DmgZmbhmf rbhdmshzb chrbnudqhdr hm lnkdbtkZq ahnknfx
vhsg cddo fdmdqZshud lncdkr0 LnkdbtkYp Rxrsdlr Ahnknfx: fl5—8(.d8fl87: 1919a0

QnlZhm Knody: IZm/BgqhrshZm Góssdq: InmZsgZm J OqhsbgZqc: Zmc üuhu Qdfdu0 KZqfd/rbZkd cheedqdm/
shZakd bZtrZk chrbnudqx ne eZbsnq fqZogr0 Hm �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf Rxrsdlr:
19110

LngZllZc KnsenkkZgh: ümmZ JkhlnurjZhZ Rtrldki: BZqkn Cd Cnmmn: Xtfd Ih: HfmZbhn K HaZqqZ:
E ükdwZmcdq Vnke: MZzrrZ XZjtanuZ: EZahZm I Sgdhr: Zmc CZuhc Knody/OZy0 BnlonrhshnmZk
odqstqaZshnm Ztsndmbncdq enq rhmfkd/bdkk qdronmrd lncdkhmf0 ahnPwhu: 191fl0

LngZllZc KnsenkkZgh: Lngrdm MZfghontqeZq: LZksd C Ktdbjdm: LZshm JgZiZuh: LZqdm Aóssmdq:
LZqbn VZfdmrsdssdq: �hfZ üurdb: ücZl FZxnrn: Mhq Xnrde: LZqsZ HmsdqkZmch: ds Zk0 LZoohmf
rhmfkd/bdkk cZsZ sn qdedqdmbd ZskZrdr ax sqZmredq kdZqmhmf0 MYstpd Ahnsdbgmnknfx: 39—fl(.fl1fl-fl29:
19110

LngZllZc KnsenkkZgh: Rdqfdh QxaZjnu: JZqhm GqnuZshm: Rnqnnq Gdchxdg/yZcdg: BZqknr SZkZudqZ/
Köody: ükdwZmcdq LhrgZqhm: Zmc EZahZm I Sgdhr0 AhnknfhbZkkx hmenqldc cddo kdZqmhmf sn hmedq fdmd
oqnfqZl Zbshuhsx hm rhmfkd bdkkr0 MYstpd Bdkk Ahnknfx: 19120

Bgqhr I LZcchrnm: ümcqhx Lmhg: Zmc Xdd Vgxd Sdg0 Sgd bnmbqdsd chrsqhatshnm. ü bnmshmtntr
qdkZwZshnm ne chrbqdsd qZmcnl uZqhZakdr0 HmsdpmYshnmYk Bnmedpdmbd nm JdYpmhmf PdopdrdmsYshnmr:
19fl60

Inm LbZtkheed Zmc CZuhc Akdh0 Rtodquhrdc snohb lncdkr0 Hm �cuYmbdr hm MdtpYk HmenplYshnm
Npnbdrrhmf Rxrsdlr: unktld 19: 19960

FdllZ D0 LnqZm: CgZmxZ RqhcgZq: Xhwhm VZmf: Zmc CZuhc L0 Akdh0 HcdmshzZakd cddo fdmdqZshud
lncdkr uhZ roZqrd cdbnchmf0 SpYmrYbshnmr nm LYbghmd JdYpmhmf PdrdYpbg: 19110

SgnlZr L MnqlZm: LZw ü Gnqkadbj: Inrdog L Qdoknfkd: ükdw X Fd: ükadqs Wt: LZqbn Inrs:
Ktjd ü Fhkadqs: Zmc InmZsgZm R VdhrrlZm0 Dwoknqhmf fdmdshb hmsdqZbshnm lZmhenkcr bnmrsqtbsdc
eqnl qhbg rhmfkd/bdkk ogdmnsxodr0 Rbhdmbd: 254—5344(.675-682: 19fl80

ücZl OZryjd: RZl Fqnrr: EqZmbhrbn LZrrZ: ücZl Kdqdq: IZldr AqZcatqx: Fqdfnqx BgZmZm: Sqdunq
Jhkkddm: Ydlhmf Khm: MZsZkhZ Fhldkrgdhm: KtbZ ümshfZ: ükaZm CdrlZhrnm: ümcqdZr Jnoe: DcvZqc
XZmf: YZbgZqx CdUhsn: LZqshm QZhrnm: ükxjgZm SdiZmh: RZrZmj BghkZljtqsgx: Admnhs Rsdhmdq:
Kt EZmf: Itmihd AZh: Zmc Rntlhsg BghmsZkZ0 Oxsnqbg. üm hlodqZshud rsxkd: ghfg/odqenqlZmbd cddo
kdZqmhmf khaqZqx0 Hm �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf Rxrsdlr: oZfdr 7913-79240 19fl80

ümnno O OZsdk: HsZx Shqnrg: Ingm I SqnladssZ: ükdw J RgZkdj: RgZvm L Fhkkdrohd: GhqnZjh VZjhlnsn:
CZmhdk O BZghkk: AqhZm U MZgdc: VhkkhZl S Btqqx: Qnadqs K LZqstyZ: ds Zk0 Rhmfkd/bdkk QMü/rdp

fl6
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ghfgkhfgsr hmsqZstlnqZk gdsdqnfdmdhsx hm oqhlZqx fkhnakZrsnlZ0 Rbhdmbd: 233—5fl89(.fl285-fl39fl:
19fl30

RsdeZm Odhckh: SdrrZ CtqZjhr Fqddm: Bhxtd Rgdm: Snqrsdm Fqnrr: Inrdog Lhm: IZjd SZxknq/Jhmf:
CdanqZ LZqjr: ütftrshm KtmZ: Mhkr Aktsgfdm: Zmc Bgqhr RZmcdq0 rbOdqstqa. HmenqlZshnm qdrntqbd
enq gZqlnmhydc rhmfkd/bdkk odqstqaZshnm cZsZ0 ahnPwhu: 19110

CZmZ Od=dq: üuhu Qdfdu: FZk DkhcZm: Zmc Mhq EqhdclZm0 Hmedqqhmf rtamdsvnqjr eqnl odqstqadc
dwoqdrrhnm oqnzkdr0 AhnhmenplYshbr: fl6: 199fl0

Inrdog L Qdoknfkd: Qdtadm ü RZtmcdqr: ümfdkZ M Onfrnm: Ideeqdx ü GtrrlZmm: ükdwZmcdq KdmZhk:
ükhmZ FtmZ: KZtqdm LZrbhaqncZ: Dqhb I VZfmdq: JZqdm ücdklZm: FhkZ Khsgvhbj/XZmZh: ds Zk0
LZoohmf hmenqlZshnm/qhbg fdmnsxod/ogdmnsxod kZmcrbZodr vhsg fdmnld/rbZkd Odqstqa/rdp0 Bdkk:
19110

CZmhkn Ihldmdy Qdydmcd: RgZjhq LngZldc: Zmc CZZm VhdqrsqZ0 RsnbgZrshb aZbjoqnoZfZshnm Zmc
ZooqnwhlZsd hmedqdmbd hm cddo fdmdqZshud lncdkr0 Hm HmsdpmYshnmYk Bnmedpdmbd nm LYbghmd
JdYpmhmf: oZfdr fl167-fl175: 19fl30

Odsdq I Qntrrddtv Zmc JZsqhdm UZm Cqhdrrdm0 ü eZrs Zkfnqhsgl enq sgd lhmhltl bnuZqhZmbd
cdsdqlhmZms drshlZsnq0 Sdbgmnldsphbr: 3fl—2(.1fl1-112: fl8880

AdqmgZqc Rbgékjnoe0 BZtrZkhsx enq lZbghmd kdZqmhmf0 Hm NpnaYahkhrshb Ymc BYtrYk Hmedpdmbd. Sgd
Vnpir ne ItcdY NdYpk: oZfdr 654-7930 ürrnbhZshnm enq Bnlotshmf LZbghmdqx: 19110

DqZm RdfZk: CZmZ Od=dq: üuhu Qdfdu: CZogmd Jnkkdq: Zmc Mhq EqhdclZm0 KdZqmhmf lnctkd mdsvnqjr0
IntpmYk ne LYbghmd JdYpmhmf PdrdYpbg: 5—3(: 19940

RsdeZm RdlqZt: IngZmmZ D FnkclZmm: LZfZkh Rntlhkknm: SZqidh R Lhjjdkrdm: Qtcnke IZdmhrbg:
Zmc ükdwZmcdq UZm NtcdmZZqcdm0 CxmZlhbr ne khmdZfd bnllhsldms qdudZkdc ax rhmfkd/bdkk
sqZmrbqhosnlhbr ne cheedqdmshZshmf dlaqxnmhb rsdl bdkkr0 MYstpd BnlltmhbYshnmr: 7—fl(.fl-fl5: 19fl60

Jhgxtj Rngm: GnmfkZj Kdd: Zmc Whmbgdm XZm0 KdZqmhmf rsqtbstqdc ntsots qdoqdrdmsZshnm trhmf cddo
bnmchshnmZk fdmdqZshud lncdkr0 �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf Rxrsdlr: 17: 19fl40

Gdmmhmf Roqdjdkdq: ShyhZmn Yhsn: Zmc KZtqdmy Vhrjnss0 üm dwsdmrhnm ne rknv edZstqd ZmZkxrhr enq
mnmkhmdZq akhmc rntqbd rdoZqZshnm0 Sgd IntpmYk ne LYbghmd JdYpmhmf PdrdYpbg: fl4—fl(.81fl-836:
19fl30

RZmiZx Q RqhuZsrZm: Inrä K LbEZkhmd/EhftdqnZ: UhiZx QZlZmh: KZtqdm RZtmcdqr: Itmxtd BZn:
InmZsgZm OZbjdq: GZmmZg ü Okhmdq: CZmZ K IZbjrnm: QhyZ L CZyZ: KdmZ BgqhrshZmrdm: ds Zk0
LZrrhudkx ltkshokdw bgdlhbZk sqZmrbqhosnlhbr Zs rhmfkd/bdkk qdrnktshnm0 Rbhdmbd: 256—5362(.34-4fl:
19190

Ltjtmc RtmcZqZqZiZm: ümjtq SZkx: Zmc Phph XZm0 üwhnlZshb Zssqhatshnm enq cddo mdsvnqjr0 Hm
HmsdpmYshnmYk Bnmedpdmbd nm LYbghmd JdYpmhmf: oZfdr 22fl8-2217: 19fl60

ükknm VZfmdq: üuhu Qdfdu: Zmc Mhq Xnrde0 QdudZkhmf sgd udbsnqr ne bdkktkZq hcdmshsx vhsg rhmfkd/bdkk
fdmnlhbr0 MYstpd Ahnsdbgmnknfx: 23—flfl(.flfl34-flfl59: 19fl50
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LZqshm I VZhmvqhfgs0 Ghfg:chldmrhnmYk RsYshrshbr. � Mnm:�rxlosnshb Uhdvonhms: unktld 370 BZl/
aqhcfd Tmhudqrhsx Oqdrr: 19fl80

XtgZn VZmf: KhZl Rnktr: JZqqdm XZmf: Zmc BZqnkhmd Tgkdq0 OdqltsZshnm/aZrdc bZtrZk hmedqdmbd
Zkfnqhsglr vhsg hmsdqudmshnmr0 �cuYmbdr hm MdtpYk HmenplYshnm Npnbdrrhmf Rxrsdlr: 29: 19fl60

Fqdfnqx O VZx Zmc BZrdx R Fqddmd0 DwsqZbshmf Z ahnknfhbZkkx qdkduZms kZsdms roZbd eqnl bZmbdq
sqZmrbqhosnldr vhsg uZqhZshnmZk Ztsndmbncdqr0 Hm NYbhyb Rxlonrhtl nm Ahnbnlotshmf: oZfdr
79-8fl: 19fl70

ükdwZmcdq Vnke: Oghkhoo ümfdqdq: Zmc EZahZm Sgdhr0 RbZmox. kZqfd/rbZkd rhmfkd/bdkk fdmd dwoqdrrhnm
cZsZ ZmZkxrhr0 Fdmnld Ahnknfx: fl8—fl(.fl-4: 19fl70

Bgqhrsnogdq XZt Zmc JhdqZm BZloadkk0 AZxdrhZm rsZshrshbZk kdZqmhmf enq ahf cZsZ ahnknfx0 AhnogxrhbYk
Pduhdvr: flfl—fl(.84-fl91: 19fl80

Whtvdh YgZmf: Bgdmkhmf Wt: Zmc Mhq Xnrde0 RhltkZshmf ltkshokd eZbdsdc uZqhZahkhsx hm rhmfkd bdkk
QMü rdptdmbhmf0 MYstpd BnlltmhbYshnmr: fl9—fl(.fl-fl5: 19fl80
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Aoodmchbdr
Sgd Zoodmchbdr Zqd nqfZmhydc Zr enkknvr0 Vd zqrs oqnuhcd sgd lZsgdlZshbZk cdqhuZshnmr ne sgd
duhcdmbd knvdq antmc ne rUüD@ —üoodmchw ü(: Zknmf vhsg hlokdldmsZshnm cdsZhkr —üoodmchw A(0
Sgdm: hm üoodmchw B: vd oqnuhcd cdsZhkr Zants ntq rhltkZshnm eqZldvnqj0 Hm üoodmchw C: vd dwokZhm
sgd aZrdkhmdr trdc hm sghr rstcx: Zmc sgd gxodqoZqZldsdq fqhc trdc enq qdonqshmf sgd dwodqhldmsZk
qdrtksr0 Hm üoodmchw D: vd oqnuhcd rtookdldmsZqx dwodqhldmsZk qdrtksr0 Hm üoodmchw E: vd qdonqs sgd
oqdoqnbdrrhmf rsdor enq sgd qdZk/vnqkc cZsZ rdsr0 Hm üoodmchw G: vd chrbtrr sgd sdbgmhbZk Zrrtloshnmr
eqnl sgd vnqj ne KZbgZodkkd ds Zk0 —1911(: Zmc sgd hlokhbZshnm hs gZr hm sghr rstcx0

Aoodmchw A0 CdqhuWshnm ne sgd Duhcdmbd Knvdq Antmc enq rUAD#

Vd mnv cdqhud sgd DKAN sgZs hr trdc Zr sgd naidbshud etmbshnm enq hmedqdmbd vhsghm sgd rUüD@
eqZldvnqj0 Kds tr mnsdA ; Ntl[

L
l50 ZmcA ; NXl[

L
l500 Vd Zkrn Zcnos udbsnq mnsZshnm enq sgd kZsdms

uZqhZakdr � ; NγTg [T∈=,[.g∈=n[: µ ; NµTg [T∈=,[.g∈=n[ Zmc X ; Nxl[
L
l500 Vd qdlhmc sgd qdZcdq sgZs sgd

khjdkhgnnc ne sgd cZsZ lZx ad vqhssdm Zr Zm hmsqZbsZakd hmsdfqZk nudq sgd —kZsdms( qZmcnl uZqhZakdr.

ine n¯A } A( ; ine

L

l50

n¯tl } Xl( —4(

; ine

 L

l50

n¯tl. xl.�.µ } Xl(aXa�aµ —5(

; ine

 L

l50

n¯tl } xl(n¯xl } γTi(


T∈=,[



g∈=n[

n¯γTg } µTg (n¯µTg (aXa�aµ. —6(

Mnv: vd qdlhmc sgd qdZcdq ne sgd uZqhZshnmZk chrsqhatshnm

�p ;


l∈=L [

p¯xl } tl. Xl(


T∈=,[.g∈=n[

p¯γTg (p¯µ
T
g (. —7(

Sn cdqhud sgd duhcdmbd knvdq antmc: vd rsZqs ax vdhfgshmf sgd hmsdfqZmc ax sgd uZqhZshnmZk chrsqhatshnm
Zr enkknvr.

ine n¯A } A( ; ine��p




L

l50

n¯tl } xl(n¯xl } γTi(
p¯xl } tl. Xl(



T∈=,[



g∈=n[

n¯γTg } µTg (n¯µTg (
p¯γTg (p¯µ

T
g (



 . —8(

Zmc sgdm trd sgd bnmbZuhsx ne sgd mZstqZk knfZqhsgl sn Zookx Idmrdm hmdptZkhsx.

ine n¯A } A( ± ��p ine




L

l50

n¯tl } xl(n¯xl } γTi(
p¯xl } tl. Xl(



T∈=,[



g∈=n[

n¯γTg } µTg (n¯µTg (
p¯γTg (p¯µ

T
g (



 . —fl9(

Eqnl sghr enkknvr sgd bdkdaqZsdc duhcdmbd knvdq antmc —DKAN(.

ine n¯A } A( ± ��p




L

l50

ine
n¯tl. xl } γTi(
p¯xl } tl. Xl(

)


T∈=,[.g∈=n[

ine
n¯γTg } µTg (n¯µTg (
p¯γTg (p¯µ

T
g (



 . —flfl(
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Dwoknhshmf sgd ZmZkxshbZk dwoqdrrhnmr enq —h( sgd JtkkaZbj/Kdhakdq chudqfdmbd adsvddm svn ltkshuZqhZsd
FZtrrhZm chrsqhatshnmr: —hh( sgd JtkkaZbj/Kdhakdq chudqfdmbd adsvddm svn Adqmntkkh chrsqhatshnm Zmc
—hhh( sgd rhlokhzbZshnm ne sgd dwoqdrrhnm qdrtkshmf eqnl p¯µ( ; δ� adhmf Z ChqZb chrsqhatshnm: vd fds
sgd zmZk naidbshud etmbshnm.

ine n¯A } A( ±��p

�
L

l50

ine n¯tl } xl(�A,K¯p¯xl } tl. Xl( | n¯xl } γTi((



�


T∈=,[.g∈=n[

A,K¯p¯γ
T
g ( | Adqmntkkh¯ψT

g ((� ineAdsZ¯ψT
g 9 0. I(.

—fl1(

Sgd kZrs sdbgmhbZk bgZkkdmfd qdlZhmr hm Zookxhmf sgd qdoZqZldsdqhyZshnm sqhbj sn p¯�(: enq vghbg
vd trd sgd Ftladk/rhflnhc chrsqhatshnm —LZcchrnm ds Zk0: 19fl6(: Zr Z bnmshmtntr qdkZwZshnm ne sgd
Adqmntkkh chrsqhatshnm0 ür vqhssdm: sgd naidbshud etmbshnm lZx mnv ad hlokdldmsdc hm OxSnqbg
—OZryjd ds Zk0: 19fl8(: Zmc pbuh/snnip —FZxnrn ds Zk0: 1911(0

Aoodmchw A0 OqWbshbWk BnmrhcdqWshnmr enq sgd HlokdldmsWshnm ne rUAD#

Vd gZud dmbntmsdqdc Z oqZbshbZk chezbtksx vhsg sgd hlokdldmsZshnm ne sgd duhcdmbd knvdq antmc
cdrbqhadc hm üoodmchw ü0 Hmcddc: sgd nasZhmdc roZqrhsx qZsd hm sgd onrsdqhnq chrsqhatshnm p¯γ( vZr
oZqshbtkZqkx uZqhZakd vhsg qdrodbs sn sgd mtladq ne rZlokdr K : sgd oZqZldsdq I enq sgd oqhnq
chrsqhatshnm n¯µ( Zmc Zkrn sgd mtladq ne donbgr ctqhmf sqZhmhmf0 Sghr adgZuhnq onsdmshZkkx qdudZkr
lncdk lhr/rodbhzbZshnm: Zmc “ nq rta/noshlZk bgnhbdr enq sgd oZqZldsdqhyZshnm ne sgd uZqhZshnmZk
chrsqhatshnm —FqómvZkc Zmc uZm Nlldm: 19fl6(0

Sn rxrsdlZshbZkkx hmudrshfZsd sghr adgZuhnq: vd dwoknqdc qd/vdhfgshmf sgd naidbshud etmbshnm trhmf
Z ordtcn rZlokd rhyd oZqZldsdq Kordtcn Zr enkknvr.

DKANordtcn ; ��p

�
Kordtcn

K

L

l50

ine n¯tl } xl(�A,K¯p¯xl } tl. Xl( | n¯xl } γTi((



�


T∈=,[.g∈=n[

A,K¯p¯γ
T
g ( | Adqmntkkh¯ψT

g ((� ineAdsZ¯ψT
g 9 0. I(.

—fl2(

Trhmf sgd qd/vdhfgsdc DKAN hm —fl2( Zr sgd naidbshud etmbshnm: vhsg Kordtcn ; 1++: vd vdqd Zakd sn
ntsodqenql Zkk aZrdkhmdr Zmc nasZhm rsZsd/ne/sgd/Zqs qdrtksr nm sgd rhltkZshnm rbgdld oqdrdmsdc hm
üoodmchw B —mns qdonqsdc hm sghr lZmtrbqhos(0

Gnvdudq: adbZtrd sgd noshlZk uZktd ne Kordtcn lZx bgZmfd cdodmchmf nm sgd cZsZ rds: Zmc lnqd
rodbhzbZkkx nm sgd uZktdr ne n: I Zmc K : vd rntfgs sn zmc Z rhlokdq hlokdldmsZshnm sgZs vntkc
odqenql vdkk sgqntfgnts sgd oZodq vhsg Z lhmhltl mtladq ne oZqZldsdqr sn stmd0 Sgd oqZbshbZk
rnktshnmfl vd qdsZhmdc vZr sn zw sgd uZktd ne ψT

g sn �Np¯γTg ([ hm —fl1(: hmrsdZc ne noshlhyhmf hs Zr Z eqdd
oZqZldsdq0 Vd gZud entmc sghr rhlokhzbZshnm ne sgd hmedqdmbd oqnbdctqd sn ntsodqenql Zkk aZrdkhmdr:
Zmc sgdqdenqd vZr Zookhdc sgqntfgnts sgd oZodq0

Sghr rhlokhzbZshnm qdrtksr hm Zm hmedqdmbd oqnbdctqd sgZs oqnuhcdr mn sqdZsldms ne sgd tmbdqsZhmsx
enq sgd roZqrhsx oZssdqmr hm sgd fqZog ]ET0 Sghr hr Zm hlonqsZms onhms: adbZtrd rtbg ldZrtqd ne
tmbdqsZhmsx hr hmrhfgsetk sn Zrrdrr sgd rsZshrshbZk rhfmhzbZmbd ne sgd dcfdr hm sgd bZtrZk fqZog —enkknvhmf

fl0 Sghr rnktshnm hr hlokdldmsdc hm sgd bncd: Zmc sgd nqhfhmZk knvdq antmc ZoodZqr Zr bnlldmsdc0

1fl
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sgd oqhmbhokdr ne AZxdrhZm cdbhrhnm sgdnqx: vhsg dwZlokdr hm Bkhuhn ds Zk0 —19fl8( Zmc Knody ds Zk0
—1919Z((0 Vd sgdqdenqd dwodbs sgZs lnqd ZcuZmbdc sqdZsldms ne sgd roZqrhsx: rtbg Zr hloqnudldmsr
nudq sgd AdsZ/Adqmntkkh oqhnq: nq hm sgd hmedqdmbd oqnbdctqd: vhkk oqnuhcd rtarsZmshZk hloqnudldms Zr
vdkk Zr trZahkhsx sn rUüD@0 Vd sqdZs rtbg oqZbshbZk ZcuZmbdr Zr etstqd vnqj0

Aoodmchw B0 RhltkWshnm CdsWhkr

Vd rhltkZsd rhmfkd/bdkk fdmd dwoqdrrhnm oqnzkdr eqnl odqstqaZshnm dwodqhldmsr Zr enkknvr0 Vd
Zrrtld vd gZud ldZrtqdldmsr eqnl K bdkkr0 DZbg ne sgd bdkkr: enq dwZlokd bdkk l ∈ NK [: gZr addm
dwonrdc sn Z odqstqaZshnm“hmsdqudmshnm Xl ∈ NI[0 Vd trdI ; 0++ hmsdqudmshnmr hm ntq rhltkZshnmr:
Zmc rZlokd K ; 0++. +++ bdkkr hm snsZk0 Sgd zqrs 7+ hmsdqudmshnmr enql sgd sqZhmhmf rds: Zmc sgd kZrs
1+ enql sgd sdrs rds0 DZbg hmsdqudmshnm X ∈ NI[ hr qdoqdrdmsdc ax Z roZqrd odqstqaZshnm dladcchmf
µT ∈ Nn: vgdqd n ; 04 hr sgd chldmrhnm ne sgd dladcchmf0

Enq dZbg hmsdqudmshnm: vd sqdZs sgd mtladq ne Zeedbsdc kZsdms chldmrhnmr sT ; N0. 1. 2{ tmhenqlkx
Zs qZmcnl0 Sgd hmchbdr ne Zeedbsdc chldmrhnmr Zqd Zkrn cqZvm vhsgnts qdokZbdldms eqnl Nn[: dmbncdc
hmsn Z ahmZqx udbsnq βT.. ∈ N+. 0{n0 EhmZkkx: dZbg bnlonmdms µT.g ne µT ; ¯µT.0. . . . .µT.n( enq g ∈ Nn[
hr fdmdqZsdc Zr.

ηT.g ∼
0

1
MnqlZk¯�d. +.4( ) 0

1
MnqlZk¯d. +.4( —fl3(

µT.g ∼ ¯0� βT.g(δ) ) βT.gηT.g. —fl4(

vgdqd d hr Z rbZkZq ptZmshexhmf sgd rsqdmfsg ne sgd hmsdqudmshnm: Zmc δ) cdrhfmZsdr sgd ChqZb cdksZ
chrsqhatshnm vhsg lZrr Zs +0 Enq bdkk l: dwonrdc sn hmsdqudmshnm Xl: kZsdms uZqhZakd xl hr fdmdqZsdc Zr.

xl ∼ MnqlZk¯µT. G(. —fl5(

vgdqd dZbg hmchuhctZk bnlonmdms ne xl dmbncdr sgd Zbshuhsx ne Z oZsgvZx: rghesdc ax sgd hmsdqudmshnm0
LdZrtqdldmsr tld eqnl Z rhmfkd bdkk l Zmc Z fdmd f Zqd fdmdqZsdc eqnl Z bntms chrsqhatshnm.

tld ∼ Onhrrnm ¯jled¯xl(( . —fl6(

vgdqd jl hr sgd khaqZqx rhyd zwdc sn 0+2: Zmc sgd lhwhmf etmbshnm e hr Z mdtqZk mdsvnqj vhsg sgqdd
ghccdm kZxdqr ne 39 tmhsr: KdZjx/QdKT ZbshuZshnmr vhsg Z mdfZshud rknod ne 901: Zmc Z rneslZw mnm/
khmdZqhsx nm sgd kZrs kZxdq sn bnmudqs sgd ntsotsr sn bntmsr —Knody ds Zk0: 19fl7(0 Sgd vdhfgs lZsqhbdr
ne e Zqd rZlokdc Zbbnqchmf sn Zm hrnsqnohb FZtrrhZm chrsqhatshnm: vhsg nqsgnfnmZk bnktlmr: sn lZjd
rtqd e hr hmidbshud —KZbgZodkkd ds Zk0: 1911(0 üksgntfg vd trdc Z Onhrrnm chrsqhatshnm enq rhlokhbhsx:
etstqd vnqj vhkk hmudrshfZsd sgd trd ne lnqd qdZkhrshb bntms chrsqhatshnmr rtbg Zr AdsZ/Onhrrnm: nq
mdfZshud ahmnlhZk: sgZs lZx ad hlonqsZms sn lncdk nudq/chrodqrhnm ne rbQMü/rdp cZsZ —YgZmf ds Zk0:
19fl8(0

Aoodmchw C0 CdsWhkr enq DlohqhbWk DuWktWshnm ne sgd AdmbglWqi Ldsgncr

Hm sghr rdbshnm: vd oqnuhcd sgd mdbdrrZqx cdsZhkr enq qdoqnctbhmf sgd dwodqhldmsr hm sgd oZodq0
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C0fi0 AWrdkhmd Wmc Ldsqhb CdsWhkr

RgWqdc bnlonmdmsr ne sgd fdmdqWshud lncdk ükk lncdkr qdkx nm sgd fdmdqZshud lncdk cdrbqhadc
hm Rdbshnm 20 Enq sgd UüD Zmc β/UüD: � ; � vghkd enq hUüD: � ; 00 RhlhkZqkx: sgd rUüD hr
hlokdldmsdc vhsg Z KZokZbd oqhnq nm µ Zr hm sgd nqhfhmZk otakhbZshnm0 Sgd mdtqZk mdsvnqj Zqbghsdbstqd
enq e hm sgd fdmdqZshud lncdk hr fhudm hm rdbshnm B0

RgWqdc bnlonmdmsr ne sgd hmedqdmbd Sgd ldZm Zmc uZqhZmbd ne sgd uZqhZshnmZk chrsqhatshnm enq
x Zqd dZbg nasZhmdc Zr sgd ntsots ne Z mdtqZk mdsvnqj vhsg svn ghccdm kZxdqr: fl17 ghccdm tmhsr Zs
dZbg kZxdq Zmc QdKT mnm/khmdZqhsx hm adsvddm ghccdm kZxdqr: sZjhmf Zr hmots sgd nardqudc cZsZ t0 Vd
noshlhyd sgd DKAN trhmf sgd ücZl noshlhydq —JhmflZ Zmc AZ: 19fl4( vhsg lhmhaZsbgdr ne rhyd fl170

UAD Wmc β/UAD Rhmbd ansg ne sgdrd lncdkr cn mns gZud sgd Zahkhsx sn trd sgd hmsdqudmshnmr vghkd
lncdkhmf sgd cZsZ: hm ntq hlokdldmsZshnm vd kds sgdl trd Zkk sgd ZuZhkZakd cZsZ Zmc rhlokx hfmnqd sgd
bnuZqhZsd X0

hUAD Tmkhjd rUüD Zmc rUüD@ vghbg bZm drshlZsd Z bZtrZk fqZog: hUüD nmkx ntsotsr drshlZsdr
enq sgd oZqZldsdqr µ —deedbs ne dZbg hmsdqudmshnm nm dZbg kZsdms uZqhZakd(0 Hm nqcdq sn bnloZqd sgnrd
sgqdd aZrdkhmdr: vd mddc Z gdtqhrshb sn athkc Zm ZciZbdmbx lZsqhw eqnl sgd drshlZsdr ne µ0 Hm sghr
admbglZqj: vd hmhshZkkx trdc sgd ntskhdq cdsdbshnm ldsgnc eqnl Qntrrddtv Zmc Cqhdrrdm —fl888(:
aZrdc nm sgd hcdZ sgZs enq dZbg hmsdqudmshnm: vd rddj sn zmc sgd kZsdms uZqhZakdr vhsg lnrs rhfmhzbZms
rdmrhshuhsx sn hs0 Gnvdudq: sgd ldsgnc gZud xhdkcdc onnq qdrtks —ghfg qdbZkk(: sgdqdenqd vd rhlokx
rdkdbsdc sgd sno/1 kZsdms tmhsr odq hmsdqudmshnm: nqcdqdc ax sgd Zarnktsd uZktd ne sgdhq µ oZqZldsdq0
Vhsg rtbg sxod ne gdtqhrshbr: vd dmrtqd sn gZud Z roZqrd fqZog: aZrdc nm sgd lnrs ldZmhmfetk eZbsnqr0

SqWmredq KdWqmhmf CdsWhkr Enq sgd sqZmredq kdZqmhmf dwodqhldmsr: vd zw sgd oZqZldsdqr ne sgd
fdmdqZshud lncdk: Zr vdkk Zr sgd nmdr ne sgd uZqhZshnmZk mdsvnqj0 Enq UüD Zmc β/UüD: vd qdonqs sgd
hlonqsZmbd vdhfgsdc DKAN —HVDKAN( enq sgd gnkc/nts hmsdqudmshnmr0 Enq hUüD: rUüD: Zmc rUüD@:
vd oqnbddc sn Z zmd/stmhmf rsdo vhsg Zkk ne sgd Zanud oZqZldsdqr eqnydm: dwbdos enq sgd oZqZldsdq µ0
Hm sghr zmd/stmhmf rsdo: vd zw sgd uZqhZakdr � sn 0 sn Zunhc sgd roZqrhsx oqhnq sn bnmrsqZhm sgd lncdk
hm zsshmf sgd sdrs rds0 Sgd HVDKAN —AtqcZ ds Zk0: 19fl5( vhsg R oZqshbkdr hr bZkbtkZsdc Zr.

HVDKANN ¯A } A( ;

L

l50

�x�i.....x
T
i∼p¯xi|ti.Ti(

�

ine
0

R

N

q50

n¯tl. x
q
l } γTi ; 0(

p¯xql } tl. Xl(



. —fl7(

C010 Gxodq oWqWldsdqr Fqhc enq sgd RhltkWsdc CWsW

Enq Zkk ldsgncr: vd odqenqldc Zm dwgZtrshud gxodq oZqZldsdq fqhc rdZqbg0 Vd trdc sgd Tmrtodquhrdc
ChrdmsZmfkdldms QZmjhmf —TCQ( eqZldvnqj —CtZm ds Zk0: 1919( enq rdkdbshmf sgd noshlZk gxodq
oZqZldsdqr0 Sgd bnlokdsd gxodq oZqZldsdq rdZqbg roZbd enq dZbg Zkfnqhsgl hr cdrbqhadc hm SZakd 20

Aoodmchw D0 AcchshnmWk Pdrtksr eqnl Rxmsgdshb Dwodqhldmsr

Enq ptZmshsZshud bnloZqhrnm ne sgd bnmrhcdqdc aZrdkhmd ldsgncr: vd kdudqZfd sgd ZuZhkZahkhsx ne
fqntmc sqtsg kZsdms uZqhZakdr hm rhltkZsdc cZsZ rdsr0 Hm sgd oqnonrdc rZmcanw hm Rdbshnm 3: vd
gZud bnmsqnk nudq. sgd rhyd ne sgd deedbs enq hmsdqudmshnmr / dT: sgd roZqrhsx ne sgd hmsdqudmshnmr /
sT: Zr vdkk Zr sgd chldmrhnmZkhsx ne sgd kZsdms Zmc ZtwhkhZqx uZqhZakdr0 Sgd Zhl ne sghr oZodq hr
sn duZktZsd sgd dwsdms sn vghbg roZqrd: hcdmshzZakd ldsgncr oqnuhcd chrdmsZmfkdc: nq tkshlZsdkx
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SZakd 2. Fqhc rdZqbg roZbdr enq dZbg aZrdkhmd0

GxodqoWqWldsdq roWbd

UAD ldonbgr ∈ N2++. 4++{
β/UAD ldonbgr ∈ N2++. 4++{ : β ∈ N7. 0+. 2+{
hUAD ldonbgr ∈ N2++. 4++{
rUAD ldonbgr ∈ N2++. 4++{: � ∈ N0+. 1+. 3+. 5+. 7+. 0++{
rUAD# ldonbgr ∈ N2++. 4++{ � ∈ N0+. 1+. 3+. 5+. 7+. 0++{

”fdmdqZkhyZakd“sqZmredqZakd; qdoqdrdmsZshnmr0 Sn rxrsdlZshbZkkx Zrrdrr sgd ptZkhsx h0d0 sqZmredqZahkhsx
ne sgd kdZqmdc qdoqdrdmsZshnmr: vd oqnonrd sgd enkknvhmf rbdmZqhnr.

© sqZmredq sn tmrddm: hm/cnlZhm hmsdqudmshnmr —gnkc/nts hmsdqudmshnmr enql Z cZsZ rds vhsg rZld
kdudk ne roZqrhsx Zmc deedbs rhyd(,

© sqZmredq sn tmrddm nts/ne cnlZhm hmsdqudmshnmr —gnkc/nts hmsdqudmshnmr enql Z cZsZ rds vhsg
cheedqdms kdudk ne roZqrhsx nq deedbs rhyd(0

D0fi0 Pdrtksr enq cheedqdms kWsdms chldmrhnmr

Vd oqdrdms sgd chrdmsZmfkdldms qdrtksr enq ZksdqmZsd mtladq ne kZsdms chldmrhnmr hm ntq rhltkZshnmr
hm SZakd 30 Sgd bnmbktrhnmr hm sgd lZhm sdws Zqd qnatrs sn sghr bgnhbd0

SZakd 3. OdZqrnm LBB rbnqdr nm gnkc nts hmsdqudmshnmr vhsg qdrodbs sn sgd mtladq ne kZsdms roZbd
chldmrhnmr0

UAD hUAD rUAD rUAD# �/UAD

e 9 4 �.48� �.01 �.58� �.�8 906fl � 9098 9083 � 9092 �.52� �.�5
e 9 0� �.44� �.0� �.55� �.02 9061 � 90fl2 908fi � 9092 �.47� �.�2
e 9 04 �.45� �.�8 �.57� �.00 9061 � 9097 9077 � 9093 �.47� �.�7
e 9 1� �.36� �.�0 �.48� �.�2 9069 � 9098 9065 � 9091 �.44� �.�7

D010 Tmrddm Hm/cnlWhm hmsdqudmshnmr

Sgd qdrtksr hmbktcdc hm sgd lZhm rdbshnm ne sgd oZodq bnqqdronmc sn sgd hm/cnlZhm rbdmZqhn0 MZldkx:
vd fdmdqZsd Z rZlokd cZsZ rds vhsg roZqrd hmsdqudmshnmr: vd sqZhm dZbg aZrdkhmd nm bdkkr Zeedbsdc ax
nmkx 79 ne sgnrd hmsdqudmshnmr: Zmc vd duZktZsd nm sgd gnkc nts: mns rddm 19 hmsdqudmshnmr0 Gdqd: vd
dwsdmc sghr qdrtksr sn cheedqdms chldmrhnmZkhsx ne sgd kZsdms uZqhZakd0 Hm SZakd 4: vd hmbktcd sgd qdrtksr
enq hm/cnlZhm hmsdqudmshnmr vhsg rZld kdudkr ne roZqrhsx hm ansg sqZhm Zmc sdrs rdsr0 SgZs hr: vd sqZhm Z
lncdk nm Z cZsZ rds vgdqd Z eqZbshnm q′ ne Zkk onrrhakd dcfdr hm ET Zqd hmbktcdc: Zmc vd sdrs nm Z
cZsZ rds vhsg rZld roZqrhsx0 Hm SZakd 5: vd hmudrshfZsd gnv sgnrd qdrtksr gnkc vhsg cheedqdms deedbs
rhydr —dmbncdc ax sgd Zarnktsd uZktd ne sgd ldZm ne sgd FZtrrhZm oqhnq rghes tmcdq hmsdqudmshnm(0 Ntq
dwodqhldmsr enq sgd hm/cnlZhm hmsdqudmshnmr oqnuhcd sgd enkknvhmf sZjdZvZxr.
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© nardquhmf sgd hmsdqudmshnmZk MKK rbnqdr: sgd cdmrdq sgd fqntmc sqtsg kZsdms lncdk hr: sgd lnqd
chezbtks hs hr sn zs hs vhsg sgd roZqrd aZrdkhmdr

© nardquhmf sgd LBB rbnqdr: chrdmsZmfkdldms hr dZrhdq sn Zbghdud hm rlZkkdq chldmrhnmZkhsx ne
sgd kZsdms roZbd Zmc vgdm roZqrd rghesr Zqd oqdrdms

D020 Tmrddm Nts/ne/cnlWhm hmsdqudmshnmr

Gdqd: vd trd sgd fidwhahkhsx ne ntq rZmcanw sn rhltkZsd cheedqdms rbdmZqhnr sn lhlhb cheedqdms
hmsdqudmshnmr qdfZqchmf bgZmfd hm deedbs rhyd eqnl sqZhm sn sdrs rds: nq bgZmfd hm roZqrhsx ne sgd
ahoZqshsd fqZog ET0 Hm SZakd 6: vd hmbktcd sgd qdrtksr enq nts/ne/cnlZhm hmsdqudmshnmr vhsg cheedqdms
kdudkr ne roZqrhsx adsvddm sqZhm Zmc sdrs rdsr0 SgZs hr: vd sqZhm Z lncdk nm Z cZsZ rds vgdqd q′ ne Zkk
onrrhakd dcfdr hm ET Zqd hmbktcdc: Zmc vd sdrs nm Z cZsZ rds vhsg qdctbdc roZqrhsx: q′′: r0s0 q′′ ± q′0
RhlhkZqkx: vd hmbktcd qdrtksr enq cheedqdms deedbs rhydr hm SZakd 70 Vd sqZhm Zkk lncdkr nm Z rlZkkdq
deedbs hmsdqudmshnmr d′ Zmc sdrs nm hmsdqudmshnmr vhsg kZqfdq deedbsr d′′0 Ntq dwodqhldmsr enq sgd
nts/ne/cnlZhm hmsdqudmshnmr oqnuhcd sgd enkknvhmf sZjdZvZxr.

© nardquhmf sgd hmsdqudmshnmZk MKK rbnqdr: sgd lnqd roZqrd sgd fqntmc sqtsg kZsdms lncdk hm sgd
sqZmredq cnlZhm: sgd lnqd chezbtks hs hr sn zs hs enq Zkk aZrdkhmdr

© nardquhmf sgd LBB rbnqdr: chrdmsZmfkdldms: nq hcdmshzZahkhsx ne sgd sqtd kZsdms uZqhZakdr hr mns
onrrhakd hm sgd nts/ne/cnlZhm hmsdqudmshnmr0

D030 AcchshnmWk WakWshnm WmWkxrhr

ücchshnmZkkx: vd dwoknqdc sgd qnatrsmdrr ne rUüD@ vhsg qdfZqcr sn sgd gxodq oqhnq � cdzmhmf sgd
rgZod oZqZldsdqr ¯0. �( enq sgd AdsZ chrsqhatshnm0 Vd qdlhmc sgd qdZcdq sgZs sghr chrsqhatshnm bnmsqnkr
sgd kdudk ne roZqrhsx ne sgd bZtrZk fqZog ET drshlZsdc ax rUüD@0 Eqnl Ehftqd 3: vd mnshbd sgd
qnatrsmdrr ne rUüD@ vhsg qdfZqcr sn cheedqdms uZktdr �0 Hm oqZbshbd: vd entmc sgZs bgnnrhmf � ; I
—sgd mtladq ne hmsdqudmshnmr( gZr bnlodshshud odqenqlZmbd0

Ehftqd 3. OdZqrnm LBB: hmsdqudmshnmZk MKK Zmc N1 rbnqd vhsg qdrodbs sn cheedqdms uZktdr enq sgd
roZqrhsx gxodqoZqZldsdq � hm rUüD@0

Aoodmchw E0 Oqdoqnbdrrhmf ne qdWk vnqkc rhmfkd/bdkk cWsW

E0fi0 MnqlWm cWsW rds

Sgd nqhfhmZk cZsZ rds eqnl MnqlZm ds Zk0 —19fl8( hr otakhbkx ZuZhkZakd eqnl FDN —FRDfl22233(0 Enq
sghr lZmtrbqhos: vd cnvmknZcdc sgd cZsZ oqnbdrrdc Zbbnqchmf sn KnsenkkZgh ds Zk0 —191fl(0 Bdkkr
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SZakd 4. Qdrtksr enq sqZmredqZahkhsx enq hm/cnlZhm hmsdqudmshnmr Zs cheedqdms kdudkr ne roZqrhsx q ne sgd
ZciZbdmbx lZsqhw ET0 Sgd deedbs rhyd Zmc kZsdms chldmrhnm Zqd jdos zwdc. dT ; 4 enq Zkk
hmsdqudmshnmr Zmc ax ; 0+0 Qdrtksr hm ankc Zqd adrs odq ldsqhb0

p� 9 �.1 p� 9 �.4 p� 9 �.8
oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK

hUAD 9042 2fl8016 9047 229045 9059 222017
rUAD 9068 2fl7058 9047 218057 9041 222087
rUAD# 9072 298034 9046 21109fi 9048 21104fi

SZakd 5. Qdrtksr enq sqZmredqZahkhsx enq hm/cnlZhm hmsdqudmshnmr enq cheedqdms rhydr ne sgd rghes deedbs d0
Sgd roZqrhsx rhyd Zmc kZsdms chldmrhnm Zqd jdos zwdc. qT ; +.1 enq Zkk hmsdqudmshnmr Zmc
ax ; 40 Qdrtksr hm ankc Zqd adrs odq ldsqhb0

.� 9 0 .� 9 1 .� 9 4
oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK

hUAD 9067 23fl097 9057 245073 9056 27fl051
rUAD 9067 23fl092 9057 238044 9055 264079
rUAD# 9067 227067 9062 228079 9081 23fi039

SZakd 6. Qdrtksr enq sqZmredqZahkhsx enq nts/ne/cnlZhm hmsdqudmshnmr Zs cheedqdms kdudkr ne roZqrhsx q ne
sgd ZciZbdmbx lZsqhw ET0 Sgd deedbs rhyd Zmc kZsdms chldmrhnm Zqd jdos zwdc. dT ; 4 enq Zkk
hmsdqudmshnmr Zmc ax ; 0+0 Qdrtksr hm ankc Zqd adrs odq ldsqhb0

p� 9 �.1± p�� 9 �.4 p� 9 �.4± p�� 9 �.6 p� 9 �.6± p�� 9 �.88
oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK

hUAD 9033 556066 9027 61fl044 9033 651024
rUAD 9039 565053 9027 619022 9026 6fl9077
rUAD# 903fl 54505fi 9031 5640fl4 9038 57fi014

SZakd 7. Qdrtksr enq sqZmredqZahkhsx enq nts/ne/cnlZhm hmsdqudmshnmr enq cheedqdms rhydr ne sgd rghes
deedbs d0 Sgd roZqrhsx rhyd Zmc kZsdms chldmrhnm Zqd jdos zwdc. qT ; +.1 enq Zkk hmsdqudmshnmr
Zmc ax ; 40 Qdrtksr hm ankc Zqd adrs odq ldsqhb0

.� 9 0± .�� 9 2 .� 9 1± .�� 9 3 .� 9 4± .�� 9 6
oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK oLBB Hmsdqu0 MKK

hUAD 9036 flfl6802fl 9048 flfl42013 9047 fl113015
rUAD 9036 flfl620flfl 9033 flfl57068 9032 fl1180fl1
rUAD# 9036 fifi9208fi 904fl fifi93069 9035 fifi68028
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vhsg fthcd ”MdfBsqkfl•MdfBsqk9•MdfBsqkfl•MdfBsqk9; vdqd dwbktcdc0 ükk tmodqstqadc bdkkr vdqd
ldqfdc Zr nmd bnmsqnk —nardquZshnmZk( bnmchshnm0 a ; 2. +++ ghfgkx uZqhZakd fdmdr vdqd rdkdbsdc
trhmf pbVmov —Vnke ds Zk0: 19fl7( enq sqZhmhmf0 Enq sghr cZsZ rds: Zkk lncdkr vdqd qtm vhsg n ; 4+
kZsdms uZqhZakdr: Zmc enq ldonbgr ; 2++ donbgr0 Sgd qdlZhmcdq ne sgd gxodqoZqZldsdqr vdqd rdkdbsdc
uhZ sgd duhcdmbd knvdq antmc nm Z uZkhcZshnm rds: sgZs bnmsZhmdc sgd rZld hmsdqudmshnmr Zr sgd nmdr ne
sgd sqZhmhmf rds: Zr hm AqnthkkZqc ds Zk0 —1919(0

E010 Pdoknfkd cWsW rds

Oqd/zksdqdc rhmfkd/bdkk dwoqdrrhnm cZsZ ne J451 bdkkr eqnl Qdoknfkd ds Zk0 —1911( vZr cnvmknZcdc
eqnl gsso.““fvor0vh0lhs0dct0 Rdkdbshnm ne fdmdr Zmc hmsdqudmshnmr: Zr vdkk Zr bktrsdqhmf ne hmsdqudm/
shnmr hmsn oZsgvZxr vZr nasZhmdc eqnl RtookdldmsZqx SZakd 2 ne sgd nqhfhmZk oZodq0 Sgd mtladq ne
hmsdqudmshnmr “ bdkkr trdc hm sgd sqZhmhmf Zmc sdrshmf cZsZ rdsr Zqd cdsZhkdc enq dZbg cZsZ rokhs hm SZakd 80
Enq sghr cZsZ rds: Zkk lncdkr vdqd qtm vhsg n ; 4+ kZsdms uZqhZakdr: Zmc enq ldonbgr ; 0++ donbgr0
Sgd qdlZhmcdq ne sgd gxodqoZqZldsdqr vdqd rdkdbsdc uhZ sgd duhcdmbd knvdq antmc nm Z uZkhcZshnm
rds: sgZs bnmsZhmdc sgd rZld hmsdqudmshnmr Zr sgd nmdr ne sgd sqZhmhmf rds: Zr hm AqnthkkZqc ds Zk0 —1919(0

SZakd 8. Mtladq ne hmsdqudmshnmr trdc Zbqnrr cZsZ rokhsr trdc enq sgd Qdoknfkd cZsZrds0

IsqZhm Isdrs

Dwnrnld Wmc lPMA stqmnudq 552 19
Rokhbdnrnld 537 24
LdchWsnq bnlokdw 546 15
SEHHG,mtbkdnshcd dwbhrhnm qdoWhq 559 12
28R qhanrnlWk rtatmhs: lhsnbgnmcqhWk 475 86
59R qhanrnlWk rtatmhs: bxsnokWrlhb 539 32
39R qhanrnlWk rtatmhs: bxsnokWrlhb 529 42
lhsnbgnmcqhWk oqnsdhm sqWmrknbWshnm 532 39

Aoodmchw F0 AhnknfhbWk hmsdqoqdsWshnm ne sgd rUAD# lncdk nm sgd MnqlWm cWsWrds

Vd hmudrshfZsdc gnv rsZshrshbr ne sgd mtladq ne odqstqadc kZsdms uZqhZakdr Zmc“nq ne sgd deedbs rhyd
vZr bgZmfhmf Zbbnqchmf sn vgdsgdq nmd nq svn fdmdr vdqd sZqfdsdc hm sgd bdkk —Ehftqd 4Z(0 Sgd
chrsqhatshnm ne ansg rsZshrshbr hr rhfmhzbZmskx ghfgdq enq cntakd ur0 rhmfkd fdmd odqstqaZshnmr: Zr
nudqZkk dwodbsdc0

EhmZkkx: vd rntfgs sn Zrrdrr vgdsgdq sgd kdZqmdc kZsdms uZqhZakdr Zqd qdfidbshud ne jmnvm oZssdqmr
hm fdmdshb hmsdqZbshnmr0 Svn dwZlokdr ne fdmdshb hmsdqZbshnmr Zqd onhmsdc nts hm Ehftqd 4a0 Hm
sgd zqrs nmd: vd lZx mnshbd sgZs sgd kZsdms rghes enq sgd odqstqaZshnm sgZs hmunkudc Z bnlahmZshnm
ne odqstqaZshnmr hm BDAOü Zmc JKEfl gZr Z oZssdqm lnrskx rhlhkZq sn sgd rghes ne Z rhmfkd fdmd
odqstqaZshnm BDAOü: Zr oqduhntrkx qdonqsdc —MnqlZm ds Zk0: 19fl8(0 Sghr hr Zm dwZlokd ne Z cnlhmZms
hmsdqZbshnm: ZkqdZcx uhrhakd hm Ehftqd 1: hm nsgdq bnlahmZshnmr —d0f0: CTRO8: DSR1(0 Hm sgd rdbnmc
dwZlokd —BKA: BMMfl(: sgd roZqrhsx oZssdqm hcdmshzdr svn kZsdms uZqhZakdr —mtladq 28 Zmc 88, akZbj
qdbsZmfkd( vhsg Z rghes sgZs chc mns ZoodZq hm Zmx ne sgd hmchuhctZk odqstqaZshnmr0 Vd Zookhdc HmsdfqZsdc
FqZchdmsr —RtmcZqZqZiZm ds Zk0: 19fl6( sn dZbg ne sgnrd svn bnlonmdmsr ne sgd dmbncdq mdsvnqj sn
nasZhm Z khrs ne 49 lnrs hlonqsZms fdmdr: Zmc trdc DmqhbgQ —Bgdm ds Zk0: 19fl2( sn nasZhm Zm ZrrnbhZsdc
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Ehftqd 4. —ü( SZqfdsr Zmc deedbs rhyd hcdmshzdc ax sgd lncdk0 —A( Fdmdshb hmsdqZbshnmr Zr hcdmshzdc
eqnl sZqfds Zmc deedbs rhydr vhsg sgd lncdk0

fdmd rhfmZstqd0 ü onrhshud bgZmfd hm kZsdms uZqhZakd 88 vZr ZrrnbhZsdc vhsg gdlnfknahm ZkogZ ahmchmf:
Zmc gxcqnfdm odqnwxcd ldsZankhb oqnbdrr: ansg hlonqsZms hm sgd bnmsdws ne dqxsgnbxsdr —sgd rntqbd
bdkk khmd(0 KZsdms uZqhZakd 28 vZr ZrrnbhZsdc vhsg QMü ahmchmf0

Aoodmchw G0 Chrbtrrhnm nm hcdmshzWahkhsx -rUAD( Wrrtloshnmr hm rhmfkd/bdkk cWsW

Sgd nqhfhmZk udqrhnm ne rUüD Zr oqnonrdc hm KZbgZodkkd ds Zk0 —1911( cndr mns Zbbntms enq rhmfkd/bdkk
cZsZ0 Gdmbd vd chc lnchzbZshnmr sn Zcitrs enq sgZs: Zr dwokZhmdc hm Rdbshnm 20 ücchshnmZkkx: enq
sgd hcdmshzZahkhsx sgdnqx ne rUüD sn gnkc: Z mtladq ne Zrrtloshnmr Zqd qdpthqdc: Zr rsZsdc hm sgdhq
Sgdnqdl 40 Hm vgZs enkknvr vd chrbtrr sgd lZhm cheedqdmbdr Zmc lnchzbZshnmr hm sgd rhmfkd/bdkk
bnmsdws0

G0fi0 Chrbqdsd nardquWshnm roWbd

Sgd aZrhb sgdnqx ne JgdlZjgdl ds Zk0 —1919(: Zmc KZbgZodkkd ds Zk0 —1911( Zrrtldr sgZs sgd cZsZ t hr
fdmdqZsdc Zr t ; e¯x( ) ϵ vgdqd bnlonmdmsr ne ϵ Zqd ltstZkkx hmcdodmcdms: Zmc Zkk hmcdodmcdms ne
x0 Hs Zkrn Zrrtldr sgZs e hr Z cheedqdmshZakd ahidbshnm vhsg Z cheedqdmshZakd hmudqrd0 Bnmrdptdmskx: sghr
sgdnqx lZx mns ad trdc sn aZbj to sgd bkZhl sgZs sgd cdbncdq e ne sgd fdmdqZshud lncdk cdsZhkdc hm
Rdbshnm 2 hr hcdmshzZakd0 Hmcddc: vd Zrrtld sgZs t enkknvr Z bntms chrsqhatshnm vgnrd oZqZldsdqr
cdodmc nm x: Zmc sghr fndr adxnmc sgd eqZldvnqj cdrbqhadc ax sgd Zenqdldmshnmdc sgdnqdshbZk oZodqr0
Gnvdudq: sgd Zoodmchbdr ne JgdlZjgdl ds Zk0 —1919( —Zr vdkk Zr sgd Rdbshnm 2 ne sghr oZodq( cdrbqhad
dmbntqZfhmf dlohqhbZk qdrtksr sgZs Zkfnqhsglr lnshuZsdc ax sgdnqx enq cZsZ vhsg khmdZq FZtrrhZm
nardquZshnm mnhrd Zkrn hloqnud odqenqlZmbd nm chrbqdsd nardquZshnm roZbdr0 Sgd bgZqZbsdqhyZshnm ne
sgd sgdnqdshbZk bnmchshnmr sgZs Zqd mdbdrrZqx Zmc rtezbhdms sn ftZqZmsdd hcdmshzZahkhsx vhsg Z chrbqdsd
nardquZshnm roZbd qdlZhmr Zm nodm oqnakdl hm sgd zdkc0

G010 Rtezbhdms uWqhWahkhsx

Ansg rUüD Zmc hUüD qdpthqd Zm ”Zrrtloshnm ne uZqhZahkhsx; sgZs rodbhex sgZs sgd bnmchshnmZk chrsqhat/
shnm n¯x } X( ltrs rtezbhdmskx uZqx vhsg X0 Hm ansg oZodqr: sghr Zrrtloshnm hr cdsZhkdc Zr Z fdnldsqhb
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bnmchshnm Zmc bZmmns ad uZkhcZsdc hm qdZk cZsZ0 Hmsdqdrshmfkx: sghr Zrrtloshnm hr Zkrn mns rtezbhdms
enq ftZqZmsdd bnqqdbs drshlZshnm ne sgd oZqZldsdqr hm sgd bZrd ne zmhsd rZlokd rhydr0 Sghr nodmr sgd
vZx enq mdv sgdnqdshbZk cdudknoldmsr: aZrdc ne mnm/Zrxlosnshb antmcr —VZhmvqhfgs: 19fl8(0 Enq
dwZlokd: vd lZx vnmcdq gnv lZmx ldZrtqdldmsr Zqd mddcdc: tmcdq ”rtezbhdms uZqhZahkhsx;: enq
drshlZshmf sgd kZsdms uZqhZakdr vgdm sgd hmsdqudmshnmZk deedbs rhyd adbnldr rlZkk0

Eqnl Z lnqd oqZbshbZk odqrodbshud: vd Zbbntmsdc enq sghr hm ntq rhltkZshnmr ax lZjhmf rtqd
sgd rsqdmfsg ne sgd rghes —dmbncdc ax oZqZldsdq d hm üoodmchw B( vZr kZqfd dmntfg0 Hmsdqdrshmfkx:
Zr vd rdd eqnl sgd rhltkZshnm: vgdm sgd rsqdmfsg ne sgd deedbs hr knv: ldsgncr gZud chezbtkshdr hm
chrdmsZmfkhmf sgd kZsdms eZbsnqr —SZakd 7(0

Sghr gZr Zkrn Zm hlonqsZms hlokhbZshnm enq qdZk/vnqkc ZookhbZshnmr0 Hm Zm dZqkhdq hsdqZshnm ne sghr
oqnidbs: vd sqhdc sn Zookx hUüD Zmc rUüD sn sgd kZqfd/rbZkd bgdlhbZk rbqddm oqdrdmsdc hm RqhuZsrZm
ds Zk0 —1919(: ats mnmd ne sgnrd aZrdkhmdr ntsodqenqldc sgd uZmhkkZ UüD0 üesdq hmudrshfZshnm: vd
Zssqhatsd sghr sn —h( Z lZinqhsx ne bgdlhbZkr gZuhmf knv deedbs nm fdmd dwoqdrrhnm: —hh( Z kZqfd eqZbshnm
ne sgd uZqhZmbd ne sgd cZsZ adhmf Zssqhatsdc sn nsgdq rhfmZkr: rtbg Zr bdkk sxod uZqhZshnm: nq bdkk bxbkdr0
Hm sghr bZrd: Zkk bnmchshnmZk UüDr lZx hfmnqd hmenqlZshnm eqnl sgd bnuZqhZsdr Zmc oqnctbd Z rhlhkZq
qdrtks sgZm sgd uZmhkkZ UüD0

G020 FqWoghbWk bqhsdqhnm

Sgd sgdnqdshbZk qdrtksr ne KZbgZodkkd ds Zk0 —1911( gnkc tmcdq Z oqdbhrd bnmchshnm nm sgd rsqtbstqd
ne sgd fqntmc sqtsg fqZog ET0 Enq dwZlokd: hs hr mdbdrrZqx —ats mns rtezbhdms( enq sgd hmsdqudmshnm
rds sn Zs kdZrs bnudq Zkk ne sgd kZsdms uZqhZakdr hm sgd lncdk0 He sghr hr mns sgd bZrd: sgdm vd lZx
gZud chrdmsZmfkdldms nmkx hm Z aknbj ne kZsdms uZqhZakdr —KZbgZodkkd Zmc KZbnrsd/Itkhdm: 1911(0
Sghr Zrrtloshnm hr oZqshbtkZqkx qdkduZms adbZtrd dwodqhldmsr lZx nmkx enbtr nm rtardsr ne onrrhakd
odqstqaZshnmr —ctd sn bnrs Zmc kZanq khlhsZshnmr( Zmc mns Zkk kZsdms uZqhZakdr lZx ad hloZbsdc0

HlonqsZmskx: odqstqahmf Zkk sgd kZsdms uZqhZakdr hr mns rtezbhdms0 ü bnlokdsd fqZoghbZk bnmchshnm
hr dwghahsdc sgd rUüD oZodq0 Gnvdudq: sghr Zrrtloshnm lZx ad chezbtks sn uZkhcZsd nq udqhex hm
oqZbshbd0 Rshkk: Zbbnqchmf sn sgd qdrtksr ne ntq rhltkZshnm dwodqhldmsr —sgZs chc mns sZjd hmsn Zbbntms
sghr bnmchshnm vghkd bqdZshmf ET: Zr vdkk Zr sgd dlohqhbZk duZktZshnm hm üoodmchw A030 hm KZbgZodkkd
ds Zk0 —1911(: sgd bZtrZk fqZog bZm ad ZooqnwhlZsd qdbnudqdc vhsg bnlodshshud odqenqlZmbd bnloZqdc
sn aZrdkhmdr dudm hm sgd bZrd vgdm sgd fqZoghbZk bqhsdqhnm hr uhnkZsdc0

Vd hmudrshfZsdc sghr lnqd rxrsdlZshbZkkx trhmf ntq rhltkZshnm rdsshmf: hm sgd rZld bnmchshnmr sgZm
hm SZakd fl: ats ax bnmrsqZhmhmf sgd odqstqaZshnmr sn bnudq nmkx Z rodbhzb mtladq ne kZsdms uZqhZakdr
—uZqxhmf eqnl fl sn fl4( nts ne sgd fl4 kZsdms uZqhZakdr0 Sgnrd qdrtksr: qdonqsdc hm SZakd fl9: hmchbZsd sgZs
odqenqlZmbd knvdq bnmrhcdqZakx vgdm Z kZqfd eqZbshnm ne kZsdms uZqhZakdr Zqd mns hmsdqudmdc tonm: Zr
dwodbsdc eqnl sgd sgdnqx0

Aoodmchw H0 Mnhrd lncdkr enq rbPMA/rdp

Fdmd dwoqdrrhnm cZsZ bZostqdc ax rhmfkd/bdkk QMü rdptdmbhmf bZm ad bnlonrdc Zr sdbgmhbZk mnhrd: Zr
vdkk Zr ahnknfhbZk rhfmZk0 Sgd sdbgmhbZk mnhrd hr bnlokdw: ats trtZkkx cdrbqhadc ax svn bnlonmdmsr.
—Z( sgd mtladq ne QMü sqZmrbqhosr bZostqdc hm Z rhmfkd/bdkk hr —lnrskx( sqdZsdc Zr Zm ZqsheZbs ne
sgd ZrrZx: Zmc ltrs ad eZbsnqdc nts ne sgd kdZqmdc qdoqdrdmsZshnm0 —a( sgd cZsZ sZjdr sgd enql ne
bntmsr: vhsg nudqchrodqrhnm0 Sgd adrs mnhrd chrsqhatshnm hr —rshkk( Z snohb ne Zbshud qdrdZqbg: gnvdudq:
sgdqd hr Z fdmdqZk bnmrdmrtr sgZs sgd mnhrd lncdk oqdrdmsdc ax —Knody ds Zk0: 19fl7(: vhsg Z rbZkdc
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SZakd fl9. Dunktshnm ne OdZqrnm LBB ldsqhb enq rUüD@ vgdm sgd hmsdqudmshnmr nmkx bnudq Z rsqhbs
rtards ne kZsdms tmhsr —a+fl4(0

) sWqfdsdc
kWsdms uWqhWakdr

OdWqrnm
LBB

fl 904
3 9048
6 906fl
fl1 9074
fl4 9077

mdfZshud ahmnlhZk chrsqhatshnm oqnuhcdr rZshreZbsnqx qdrtksr0 Enq lnqd cdsZhkr nm sgd mnhrd hm rbQMü
ldZrtqdldmsr: vd qdedq sgd qdZcdq sn Fqóm ds Zk0 —19fl3(0
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