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�arsqWbs
Cddo FdmdqZshud Lncdkr –CFLr( Zqd udqrZshkd snnkr enq kdZqmhmf cZsZ qdoqdrdmsZshnmr vghkd Zc/
dptZsdkx hmbnqonqZshmf cnlZhm jmnvkdcfd rtbg Zr sgd rodbhzbZshnm ne bnmchshnmZk oqnaZahkhsx
chrsqhatshnmr0 Qdbdmskx oqnonrdc CFLr sZbjkd sgd hlonqsZms sZrj ne bnloZqhmf cZsZ rdsr eqnl
cheedqdms rntqbdr0 Nmd rtbg dwZlokd hr sgd rdsshmf ne bnmsqZrshud ZmZkxrhr sgZs enbtrdr nm cdrbqhahmf
oZssdqmr sgZs Zqd dmqhbgdc hm Z sZqfds cZsZ rds bnloZqdc sn Z aZbjfqntmc cZsZ rds0 Sgd oqZbshbZk
cdoknxldms ne sgnrd lncdkr nesdm Zrrtldr sgZs CFLr mZstqZkkx hmedq hmsdqoqdsZakd Zmc lnctkZq
kZsdms qdoqdrdmsZshnmr: vghbg hr jmnvm sn ad Zm hrrtd hm oqZbshbd0 Bnmrdptdmskx: dwhrshmf ldsgncr
nesdm qdkx nm Zc/gnb qdftkZqhyZshnm rbgdldr: Zksgntfg vhsgnts Zmx sgdnqdshbZk fqntmchmf0 Gdqd: vd
oqnonrd Z sgdnqx ne hcdmshzZahkhsx enq bnloZqZshud CFLr ax dwsdmchmf qdbdms ZcuZmbdr hm sgd zdkc
ne mnm/khmdZq hmcdodmcdms bnlonmdms ZmZkxrhr0 Vd rgnv sgZs: vghkd sgdrd lncdkr kZbj hcdmshzZahkhsx
Zbqnrr Z fdmdqZk bkZrr ne lhwhmf etmbshnmr: sgdx rtqoqhrhmfkx adbnld hcdmshzZakd vgdm sgd lhwhmf
etmbshnm hr ohdbd/vhrd Zezmd –d0f0: oZqZldsdqhydc ax Z QdKT mdtqZk mdsvnqj(0 Vd Zkrn hmudrshfZsd
sgd hloZbs ne lncdk lhrrodbhzbZshnm: Zmc dlohqhbZkkx rgnv sgZs oqduhntrkx oqnonrdc qdftkZqhyZshnm
sdbgmhptdr enq zsshmf bnloZqZshud CFLr gdko vhsg hcdmshzZahkhsx vgdm sgd mtladq ne kZsdms uZqh/
Zakdr hr mns jmnvm hm ZcuZmbd0 EhmZkkx: vd hmsqnctbd Z mnudk ldsgncnknfx enq zsshmf bnloZqZshud
CFLr sgZs hloqnudr sgd sqdZsldms ne ltkshokd cZsZ rntqbdr uhZ ltksh/naidbshud noshlhyZshnm Zmc sgZs
gdkor Zcitrs sgd gxodqoZqZldsdq enq sgd qdftkZqhyZshnm hm Zm hmsdqoqdsZakd lZmmdq: trhmf bnmrsqZhmdc
noshlhyZshnm0 Vd dlohqhbZkkx uZkhcZsd ntq sgdnqx Zmc mdv ldsgncnknfx trhmf rhltkZsdc cZsZ Zr vdkk
Zr Z qdbdms cZsZ rds ne fdmdshb odqstqaZshnmr hm bdkkr oqnzkdc uhZ rhmfkd/bdkk QMü rdptdmbhmf0
Jdxvnqcr. mnm/khmdZq HBü, cddo fdmdqZshud lncdkr, uZqhZshnmZk hmedqdmbd, chrdmsZmfkdldms,

fi0 Hmsqnctbshnm

Rhmbd sgd hmsqnctbshnm ne UZqhZshnmZk ütsn/Dmbncdqr –UüDr( –JhmflZ Zmc Vdkkhmf: 19fl3, Qdydmcd
ds Zk0: 19fl3(: sgdrd rn/bZkkdc Cddo FdmdqZshud Lncdkr –CFLr( gZud drsZakhrgdc sgdlrdkudr Zr Z
fn/sn snnk enq kdZqmhmf qdoqdrdmsZshnmr ne gdsdqnfdmdntr cZsZ rdsr0 Sgdhq ZookhbZshnmr roZm zmZmbhZk
shld/rdqhdr ZmZkxrhr –Adqfdqnm ds Zk0: 1911(: roddbg ZmZkxrhr Zmc rxmsgdrhr –Fhqhm ds Zk0: 191fl(: Zr vdkk
Zr ahnknfhbZk cZsZ ZmZkxrhr –Knody ds Zk0: 1919(0 Sgdhq mZstqZk Zahkhsx sn cdZk vhsg ltksh/lncZk –Vt
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Ehftqd fl. OqdrdmsZshnm ne sgd bnloZqZshud cddo fdmdqZshud lncdkr bnmrhcdqdc hm sghr vnqj0

Zmc FnnclZm: 19fl7(: sdlonqZk –Fhqhm ds Zk0: 191fl( Zmc roZshZk cZsZ rdsr –XtZm ds Zk0: 19fl8( lZjdr
sgdl Z onvdqetk eqZldvnqj enq dwsqZbshmf hmenqlZshud qdoqdrdmsZshnmr ne cZsZ Zs Z lZrrhud rbZkd0
KdZqmhmf hmenqlZshud Zmc bnloZbs qdoqdrdmsZshnmr eqnl cZsZ hr Z lhkdrsnmd enq ZookhbZshnmr cqhudm ax
fnncmdrr ne zs: nq rodbhzb cnvmrsqdZl oqdchbshnm sZrjr0 Enq lZmx nsgdq bZrdr: gnvdudq: kdZqmhmf
qdoqdrdmsZshnmr sgZs Zqd lnctkZq Zmc gZud rdlZmshb ldZmhmf hr bqtbhZk enq qdZrnmr ne hmsdqoqdsZahkhsx0

Sghr oZodq hr bnmbdqmdc vhsg sgd oqnakdl ne bnloXqXshud XmXkxrhr: vghbg rddjr sn lncdk sgd
rhlhkZqhshdr Zmc cheedqdmbdr Zbqnrr ltkshokd cZsZ rdsr0 Sghr ZmZkxshbZk ZooqnZbg hr nesdm cqhudm ax
rbhdmshzb ZookhbZshnmr: vgdqd qdrdZqbgdqr qntshmdkx itwsZonrd nardquZshnmr eqnl Z bnmchshnm ne hmsdqdrs
–d0f0: Z chrdZrd( vhsg Z bnmsqnk bnmchshnm –d0f0: gdZksgx(0

ü oZqshbtkZq enql ne bnloZqZshud ZmZkxrhr hr sdqldc bnmsqXrshud XmXkxrhrfl0 Sghr ldsgncnknfx
Zhlr sn bgZqZbsdqhyd gnv Z sZqfds cZsZ rds cheedqr eqnl Z aZbjfqntmc cZsZ rds –Ynt ds Zk0: 19fl2(
–Ehftqd fl: kdes(0 Hm Zbghduhmf sghr: Z fdmdqZshud lncdk sgZs hmbnqonqZsdr svn rdsr ne kZsdms uZqhZakd
¯y. e( ∈ Pn·Pp hr kdZqmdc eqnl cZsZ –üahc Zmc Ynt: 19fl8, Inmdr ds Zk0: 1911(0 Gdqd: sgd aXbjfqntmc
uXqhXakdr y qdoqdrdms oZssdqmr hmgdqdms sn sgd aZbjfqntmc cZsZ rds: vghkd sgd rXkhdms uXqhXakdr e
bZostqd mtZmbdr tmhptd sn sgd sZqfds cZsZ rds0 BnmsqZrshud ZmZkxrhr ldsgncr gZud addm vhcdkx
Zcnosdc hm rbhdmshzb qdrdZqbg: vhsg mnsZakd ZookhbZshnmr hm nlhbr cZsZ ZmZkxrhr –AnhkdZt ds Zk0: 1919,
Vdhmadqfdq ds Zk0: 1912( Zmc aqZhm hlZfhmf rstchdr –Knthrds ds Zk0: 1912(0 ümnsgdq ZooqnZbg vhsghm
bnloZqZshud ZmZkxrhr hmunkudr kdZqmhmf ansg rgZqdc Zmc fqnto/rodbhzb cZsZ qdoqdrdmsZshnmr trhmf
Z rhmfkd fdmdqZshud lncdk –CZuhrnm ds Zk0: 19fl8, Vdhmadqfdq ds Zk0: 1911a(0 Vd qdedq sn hs Zr sgd
ltksh/fqnto ZmZkxrhr rdsshmf –Ehftqd fl: qhfgs(0

Sgd vhcdroqdZc rtbbdrr Zmc Zcnoshnm ne sgdrd ldsgncr hr rnldvgZs rtqoqhrhmf0 Hmcddc: CFLr
eZbd hlonqsZms bgZkkdmfdr hm kdZqmhmf hmsdqoqdsZakd qdoqdrdmsZshnmr –KnbZsdkkn ds Zk0: 19fl8(: Zmc trtZkkx
qdpthqd Zc/gnb qdftkZqhyZshnm rbgdldr hm nqcdq sn xhdkc rZshreZbsnqx odqenqlZmbd –Ghffhmr ds Zk0:
19fl6, Jhl Zmc Lmhg: 19fl7, Knody ds Zk0: 19fl7a(0 RhlhkZqkx: rtbbdrretk hmedqdmbd ne bnloZqZshud
CFLr Zkrn qdpthqdr sgd dmfhmddqhmf ne qdftkZqhyZshnm ZooqnZbgdr –Vdhmadqfdq ds Zk0: 1911Z(0 Sghr
aqhmfr to sgd hlonqsZms sgdnqdshbZk ptdrshnm ne vgx rtbg qdftkZqhyZshnm rsqZsdfhdr Zqd mdbdrrZqx0 ü
okZtrhakd gxonsgdrhr hr sgZs sgd lncdk hsrdke hr mns hcdmshzZakd: Zmc sgZs qdftkZqhyZshnm gdkor bnmrsqZhm
sgd etmbshnm bkZrr trdc sn zs sgd lncdk0 Gdqd: mnm/hcdmshzZahkhsx ldZmr sgZs fhudm rnld cZsZ Zmc
Z fqntmc sqtsg fdmdqZshmf oqnbdrr: sgdqd dwhrsr Zm ZksdqmZshud lncdk sgZs gZr dptZk cZsZ khjdkhgnnc:
ats rtbg sgZs sgd rtaroZbdr qdbnudqdc eqnl hs Zqd cheedqdms0 Vd mnsd sgZs hcdmshzZahkhsx hr Zkrn Zm

fl0 Sghr hr Z chrshmbs khmd ne vnqj eqnl sgd zdkc ne bnmsqZrshud kdZqmhmf: sgZs Zhlr Zs chrshmfthrghmf adsvddm onrhshud Zmc
mdfZshud oZhqr ne cZsZ onhmsr: Zr trdc hm rdke/rtodquhrdc kdZqmhmf0
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hlonqsZms ptdrshnm ne hsr nvm: adbZtrd hs hr Z mdbdrrZqx bnmchshnm sn hmsdqoqds Zmc Zssqhatsd rdlZmshb
ldZmhmf sn sgd kdZqmdc qdoqdrdmsZshnmr: vghbg hr sgd dmc fnZk ne qdZk/vnqkc rbhdmshzb ZookhbZshnmr0

Vd sgdqdenqd dwoknqd sgd ptdrshnm ne hcdmshzZahkhsx ne bnloZqZshud CFLr0 Sn sgd adrs ne ntq
jmnvkdcfd: rtbg sgdnqdshbZk cdudknoldmsr gZud addm bnlokdsdkx tmdwoknqdc hm sgd qdkZsdc khsdqZstqd0
ür Z rsZqshmf onhms: vd ghfgkhfgs sgZs cZsZ rdsr eqnl cheedqdms rntqbdr lZx ad hmsdqoqdsdc Zr sgd
qdrtks ne Z cn hmsdqudmshnm nm sgd fqZoghbZk lncdk –OdZqk: 1998(0 Sghr Zkknvr tr sn athkc tonm qdbdms
ZcuZmbdr hm bZtrZk qdoqdrdmsZshnm kdZqmhmf Zmc mnm/khmdZq HBü sgdnqx –JgdlZjgdl ds Zk0: 1919,
KZbgZodkkd ds Zk0: 1911, JhuuZ ds Zk0: 1911( sn oqnud sgd –aknbj/vhrd( hcdmshzZahkhsx ne bnloZqZshud
CFLr tmcdq sgd Zrrtloshnm ne Z ohdbd/vhrd Zezmd lhwhmf etmbshnm –d0f0: oZqZldsdqhydc ax Z QdKT “
KdZjx QdKT mdtqZk mdsvnqj(0 Sghr cdlnmrsqZsdr: enq sgd zqrs shld: sgd hcdmshzZahkhsx ne lZmx qdbdmskx
otakhrgdc bnmsqZrshud CFLr –Inmdr ds Zk0: 1911, Rdudqrnm ds Zk0: 19fl8, Vdhmadqfdq ds Zk0: 1912(: Zmc
ltksh/fqnto CFLr –Rdudqrnm ds Zk0: 19fl8, Vdhmadqfdq ds Zk0: 1911a(0 Vd Zkrn oqnuhcd dlohqhbZk
duhcdmbd ne sghr onhms vhsg mtldqhbZk dwodqhldmsr0 Sghr qdrtks hr rtqoqhrhmf: adbZtrd ne sgd oqZbshbZk
mddc enq qdftkZqhyZshnm0 Sn qdbnmbhkd sghr ZooZqdms bnmsqZchbshnm: vd hkktrsqZsd sgZs hcdmshzZahkhsx
ftZqZmsddr Zqd knrs vgdm sgd mtladqr ne kZsdms uZqhZakdr hm dZbg aknbj Zqd lhrrodbhzdc: Zr hr nesdm
sgd bZrd hm qdZk/vnqkc cZsZ ZmZkxrhr0 Hm mtldqhbZk dwodqhldmsr: vd Zrrdrr sgZs dwhrshmf qdftkZqhyZshnm
rsqZsdfhdr bnmrhcdqZakx gdko lhshfZsd sghr deedbs0 EhmZkkx: lnshuZsdc ax sghr sgdnqdshbZk ZmZkxrhr: vd
Zkrn oqnonrd Z mdv ldsgncnknfx enq zsshmf bnloZqZshud CFLr aZrdc nm qdbdms ZcuZmbdr hm ltksh/
naidbshud noshlhyZshnm –Rdmdq Zmc Jnkstm: 19fl7(: Zmc bnmrsqZhmdc noshlhyZshnm –FZkkdfn/OnrZcZ
ds Zk0: 1911(0

üesdq aqhdfix hmsqnctbhmf sgd aZbjfqntmc –Rdbshnm 1(: vd oqdrdms ntq mnudk sgdnqx ne hcdmshzZahkhsx
enq bnloZqZshud CFLr –Rdbshnm 2(0 Vd sgdm chrbtrr khlhsZshnmr ne sgd sgdnqx hm sgd bZrd ne lncdk
lhrrodbhzbZshnm hm Rdbshnm 30 Vd oqnonrd mnudk Zkfnqhsglhb ldsgncnknfx –Rdbshnm 4(: Zmc bnmctbs
mtldqhbZk dwodqhldmsr nm rhltkZshnmr Zr vdkk Zr Z qdbdms cZsZ rds eqnl Z fdmdshb rbqddm oqnzkdc uhZ
rhmfkd/bdkk QMü rdptdmbhmf –Rdbshnm 5(0 Chrbtrrhnm ne qdkZsdc vnqjr ZoodZqr hm üoodmchw ü0

10 AWbjfqntmc

Sghr oZodq hr bnmbdqmdc vhsg sgd lnctkZq qdbnudqx ne kZsdms uZqhZakdr ne Z bnloZqZshud ZmZkxrhr lncdk
sgZs hmhshZkkx fdmdqZsdc sgd cZsZ –Ehftqd fl(0 Sgdqdenqd: vd aqhdfix hmsqnctbd sgd zdkc ne bnloZqZshud
ZmZkxrhr: Zmc sgdm oqdrdms qdbdms qdrtksr nm sgd hcdmshzZahkhsx ne mnm/khmdZq Hmcdodmcdms Bnlonmdms
ümZkxrhr –HBü(: nmd ne sgd oqnlhmdms ldsgncr enq kZsdms uZqhZakd qdbnudqx0

10fi0 BnloWqWshud �mWkxrhr vhsg Cddo FdmdqWshud Lncdkr

BnmsqWrshud �mWkxrhr Ynt ds Zk0 –19fl2( hmsqnctbdc sgd fnZk ne bnmsqZrshud ZmZkxrhr: Zmc sgd zqrs
Zkfnqhsglhb ZooqnZbgdr –d0f: aZrdc nm lhwstqd lncdkr(0 üahc ds Zk0 –19fl7( oqnonrdc Z bnmsqZrshud
oqhmbhoZk bnlonmdms ZmZkxrhr –bOBü( ldsgnc sgZs bZostqdc hmsqhfthmf uZqhZshnmr eqnl sgd sZqfds
cZsZ rds sgZs cn mns ZoodZq hm sgd aZbjfqntmc cZsZ rds0 Rtardptdms dmcdZunqr –Kh ds Zk0: 1919, Inmdr
ds Zk0: 1911( rsddqdc snvZqcr sgd bqdZshnm ne oqnaZahkhrshb kZsdms uZqhZakd lncdkr sZhknqdc sn bnmsqZrshud
ZmZkxrhr: vhsg Z qdbdms enbtr nm cddo fdmdqZshud lncdkr –Rdudqrnm ds Zk0: 19fl8, üahc Zmc Ynt: 19fl8,
Qthy ds Zk0: 19fl8, Vdhmadqfdq ds Zk0: 1912(0 Hm sghr rdsshmf: Z bnmsqZrshud CFL gZr svn rdsr ne kZsdms
uZqhZakdr –Ehftqd fl: kdes(. sgd rZkhdms uZqhZakd e ∈ Pn Zmc sgd aZbjfqntmc kZsdms uZqhZakd y ∈ Pp0 Sgd
sXqfds cZsZ rds hr fdmdqZsdc ax rZlokhmf ansg rdsr ne kZsdms uZqhZakdr eqnl Zm hrnsqnohb FZtrrhZm oqhnq
chrsqhatshnm: oZrrhmf sgdl sgqntfg Z lhwhmf etmbshnm e Zmc rZlokhmf sgd cZsZ w eqnl sgd dwonmdmshZk
eZlhkx chrsqhatshnm DWOEüL: trhmf e¯y. e( Zr sgd oZqZldsdq0 Sgd aXbjfqntmc cZsZ rds hr fdmdqZsdc
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rhlhkZqkx: ats ax rdsshmf e ; � sn lZjd rtqd sgZs e hr tshkhydc nmkx enq cdrbqhahmf sgd sZqfds cZsZ rds0
Vd cdmnsd sghr chrsqhatshnm Zr Z gZqc hmsdqudmshnm nθ ¯w } cn¯e ; �(( –OdZqk: 1998( hm nqcdq sn cqZv
oZqZkkdkr vhsg hmsdqudmshnmZk bZtrZk qdoqdrdmsZshnm kdZqmhmf –ügtiZ ds Zk0: 1912(0

Hm sdqlr ne hmedqdmbd oqnbdctqd: Zkk ldsgncr qdkx nm sgd bnmsqZrshud UZqhZshnmZk ütsn/Dmbncdq
–bUüD( eqZldvnqj –üahc Zmc Ynt: 19fl8(0 Enq dZbg rZlokd hm sgd sZqfds cZsZ rds –qdro0 sgd aZbjfqntmc
cZsZ rds(: sgd uZqhZshnmZk chrsqhatshnm hr pϕ¯y } w(pϕ¯e } w( –qdro0 pϕ¯y } w( nmkx: Zr e ; �(0 Sgdm:
sgd bnlonrhsd duhcdmbd knvdq antmc –DKAN( hr cdqhudc Zr

Cp�(y}w( inc
nθ¯w. y.�(

pϕ¯y } w(
) Cp�(y}w(p�(�}w( inc

nθ¯w. y. e(

pϕ¯y } w(pϕ¯e } w(
. –fl(

Sghr bnlonrhsd DKAN bnqqdronmcr sn sgd rtl ne svn hmchuhctZk DKANr enq dZbg ne sgd svn cZsZ rdsr
–aZbjfqntmc Zmc sZqfds(0 Hs lZx ad trdc Zr Zm naidbshud etmbshnm enq lZwhlhyZshnm: hm bnmitmbshnm
vhsg ZcdptZsd qdftkZqhyZshnm ne sgd mdtqZk mdsvnqjr oZqZldsdqhyhmf sgd uZqhZshnmZk chrsqhatshnm Zr Z
etmbshnm ne sgd hmots cZsZ0 Hm üahc Zmc Ynt –19fl8(: Zm ZcchshnmZk qdftkZqhyZshnm sdql rodbhzbZkkx
oqnlnsdr hmcdodmcdmbd ne sgd svn rdsr ne kZsdms uZqhZakdr0

Ltksh:fqnto �mWkxrhr Qdbdmskx: rdudqZk lncdkr gZud addm cdrhfmdc sn chrshmfthrg oZssdqmr sgZs
Zqd rgZqdc ax Zkk cZsZ rdsr: udqrtr sgd nmdr sgZs Zqd rodbhzb sn dZbg cZsZ rds –CZuhrnm ds Zk0: 19fl8,
Vdhmadqfdq ds Zk0: 1911a(0 Vd oqnuhcd lnqd cdsZhkr Zants sgd fdmdqZshud lncdk Zmc sgd hmedqdmbd
ldbgZmhrl hm üoodmchw A0

1010 HcdmshzWahkhsx ne Mnm:khmdWq Hmcdodmcdms Bnlonmdms �mWkxrhr

HBü Zrrtldr sgZs w ∈ Pb hr fdmdqZsdc trhmf n hmcdodmcdms kZsdms uZqhZakdr y ; ¯y0. . . . . yn(: bZkkdc
hmcdodmcdms bnlonmdmsr –Gxu�qhmdm ds Zk0: 1991(0 Lnqd oqdbhrdkx: nardquZshnmr w Zqd cdzmdc Zr
w ; e¯y( ) � vhsg e Z lhwhmf etmbshnm Zmc � Zm dwnfdmntr mnhrd uZqhZakd0 Sgd HBü khsdqZstqd
drsZakhrgdc sgZs hm sgd fdmdqZk bZrd ne Z mnm/khmdZq lhwhmf etmbshnm e : sgd lncdk hr tmhcdmshzZakd
eqnl h0h0c0 nardquZshnmr ne w –Gxu�qhmdm Zmc OZitmdm: fl888(: Zmc sgdqdenqd sgd nqhfhmZk y lZx mns ad
qdbnudqdc0 Fhudm sghr mdfZshud qdrtks: rdudqZk oZodqr hmsqnctbdc hcdmshzZakd enqlr ne mnm/khmdZq HBü
lncdkr –GZqldkhmf ds Zk0: 1992, Roqdjdkdq ds Zk0: 19fl3, Gxu�qhmdm Zmc LnqhnjZ: 19fl5: 19fl6(: aZrdc
nm sgd nardquZahkhsx ne Zm XcchshnmXk XtwhkhXqx qZmcnl uZqhZakd0 Gnvdudq: rtbg ZtwhkhZqx uZqhZakd
hr mns ZkvZxr ZuZhkZakd hm oqZbshbd0 Lnqd qdbdmskx: JhuuZ ds Zk0 –1911( oqnonrdc Z mdv sgdnqx ne
hcdmshzZahkhsx aZrdc nm sgd Zrrtloshnm sgZs e hr Z ohdbd/vhrd Zezmd etmbshnm0 Sgdhq lZhm qdrtks hr sgZs
lZmx oqduhntrkx oqnonrdc cddo fdmdqZshud lncdkr oZqZldsdqhydc vhsg QdKT “ KdZjx QdKT mdtqZk
mdsvnqjr Zmc Zcchshud FZtrrhZm nardquZshnm mnhrd: Z bnllnmkx trdc Zqbghsdbstqd: Zqd hcdmshzZakd to
sn Z khmdZq sqZmrenqlZshnm ne sgd lhwhmf etmbshnm0 Ntq vnqj chqdbskx athkcr tonm sghr khmd ne vnqj sn
Zrrdrr sgd hcdmshzZahkhsx ne bnloZqZshud CFLr0

20 � Sgdnqx ne HcdmshzWahkhsx enq BnloWqWshud �mWkxrhr Lncdkr

Enq sgd rZjd ne bnmbhrdmdrr Zmc dZrd ne mnsZshnm: vd enbtr nm sgd bnmsqZrshud ZmZkxrhr bZrd hm
sghr rdbshnm0 Cdzmhshnmr: sgdnqdl rsZsdldmsr: Zmc oqnner enq sgd ltksh/fqnto rdsshmf ZoodZq hm
üoodmchw B020
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20fi0 RtaroWbd HcdmshzWahkhsx

HcdmshzZahkhsx hr Z bqhshbZk oqnodqsx sn tmcdqrsZmc vgdsgdq Z lncdk=r oZqZldsdqr bZm ad tmhptdkx
hmedqqdc eqnl nardquZshnmr –QZm Zmc Gt: 19fl6(0 Vhsghm sgd bnmsdws ne bnmsqZrshud ZmZkxrhr: ntq
bnmbdqm hr mns sgd qdbnudqx ne kZsdms uZqhZakdr Zs sgd bnlonmdms kdudk0 QZsgdq: ntq hmsdqdrs khdr hm sgd
qdsqhduZk ne rodbhzb rtaroZbdr: mZldkx sgd aknbjr X ; Pn Zmc L ; Pp0 Sn hmsqnctbd sghr bnmbdos:
vd zqrs cdzmd Z fdmdqZk bqhsdqhnm enq bnloZshahkhsx ne sgd BZqsdrhZm oqnctbs ne rtaroZbdr ax Z lZo0

Cdzmhshnm fi -BnloWshakd lWo( Jds ¯D0. . . . . Dm( ad l DtbkhcdXm roXbdr: Xmc kds D ;
m
g30Dm

cdrhfmXsd sgd BXqsdrhXm oqnctbs roXbd0 � lXo ϕ 9 D → D hr rXhc sn ad bnloZshakd vhsg sgd BXqsdrhXm
oqnctbs D ;

m
g30Dm he sgdqd dwhrs lXor

�
ϕ̄0. . . . . ϕ̄m


ne sgd rtaroXbdr ¯D0. . . . . Dm( rtbg sgXs enq

Xkk c ; ¯d0. . . . . dm( ∈ D: vd gXud sgXs ϕ¯c( ;
�
ϕ̄0¯d0(. . . . . ϕ̄m¯dm(


0

Mnv: he vd cdmnsd sgd rtoonqs ne kZsdms uZqhZakdr enq sgd aZbjfqntmc cZsZ rds –qdro0 sgd sZqfds cZsZ
rds( Zr Da ; X · Z+{ –qdro0 Ds ; X · L(: vd cdzmd sgd rtaroZbd chrdmsZmfkdldms bnmchshnm Zr
enkknvr0

Cdzmhshnm 1 -RtaroWbd ChrdmsWmfkdldms( Jds e ad sgd fqntmc sqtsg lhwhmf etmbshnm: Xmc xe ad X
kdXqmdc lhwhmf etmbshnm0 Jds tr Xkrn Xrrtld sgXs e¯Da( ; xe¯Da(: e¯Ds( ; xe¯Ds(: Xmc sgXs sgd
lXo u ; e�0 ± xe hr vdkk,cdzmdc0 xe hr rXhc sn ad rtaroXbd,chrdmsXmfkdc vhsg qdrodbs sn e he u hr
bnloXshakd vhsg qdrodbs sn sgd BXqsdrhXm oqnctbs Ds ; X · L 0

Vgdm sghr oqnodqsx hr mns udqhzdc: sgd kdZqmdc lhwhmf etmbshnm xe Zmc sgd aZbjfqntmc e oqnuhcd
chrshmbs cdbnlonrhshnmr ne sgd rhfmZk eqnl sgd edZstqd roZbd T hmsn X Zmc L 0 QdkZsdc cdzmhshnmr sgZs
ZoodZq hm oqduhntr vnqjr rtbg Zr Unm Jöfdkfdm ds Zk0 –191fl( Zqd chrbtrrdc hm üoodmchw ü0 Vd lZx
mnv ntskhmd ntq cdzmhshnm enq rtaroZbd hcdmshzZahkhsx ne bnmsqZrshud CFLr0

Cdzmhshnm 2 -RtaroWbd HcdmshzWahkhsx( � bnmsqXrshud XmXkxrhr lncdk vhsg fqntmc sqtsg lhwhmf
etmbshnm e hr rtaroXbd hcdmshzXakd eqnl cXsX he enq Xkk nsgdq lhwhmf etmbshnmr xe sgXs xhdkc sgd rXld
aXbjfqntmc Xmc sXqfds cXsX chrsqhatshnmr: vd gXud sgXs xe hr rtaroXbd,chrdmsXmfkdc vhsg qdrodbs sn e 0

Vgdm rtbg Z lncdk hr rtaroZbd hcdmshzZakd: Zmc vd nardqud cZsZ w: vd Zqd ftZqZmsddc sgZs sgd
kdZqmdc qdoqdrdmsZshnmr ¯xy. xe( ; xe�0¯w( Zqd fhudm ax Z sqZmrenqlZshnm ne dZbg ne sgd nqhfhmZk roZbdr.
xy ; gy¯y(: Zmc xq ; g�¯e(: Zmc sgdqdenqd rdlZmshb ldZmhmf bZm ad Zssqhatsdc sn sgnrd rtaroZbdr0

üksgntfg sgd eZbs sgZs vd nardqud svn cZsZ rdsr hr onsdmshZkkx gdkoetk hm aqdZjhmf rxlldsqx hm
sgd qnkdr okZxdc ax sgd rgZqdc kZsdms uZqhZakdr y Zmc e: hs hr mns sqtd hm fdmdqZk sgZs Zkk bnmsqZrshud
ZmZkxrhr lncdkr Zqd rtaroZbd hcdmshzZakd0

DwWlokd fi -BntmsdqdwWlokd( Enq n ; 1 Xmc p ; 0: kds tr bnmrhcdq sgd enkknvhmf lXo ne P2.

Φ 9




y0
y1
q



 →




y0 anr q� y1 rgm q
y0 rgm q) y1 anr q

q



 . –1(

Enq Zmx mnm/sqhuhZk lhwhmf etmbshnm e : vd cdzmd xe ; e ± Φ0 xe Zmc e fdmdqZsd sgd rZld cZsZ chrsqh/
atshnmr adbZtrd Φ hr Z cheednlnqoghrl sgZs oqdrdqudr unktld: Zmc chrsZmbd sn sgd nqhfhm0 Gnvdudq:
xe hr mns rtaroZbd chrdmsZmfkdc vhsg qdrodbs sn e 0 Sgd bnlokdsd oqnne ZoodZqr hm üoodmchw B0fl0
DwZlokd fl lZx ad rddm Zr Zm dwsdmrhnm ne sgd bkZrrhbZk bntmsdq/dwZlokd ne hcdmshzZahkhsx enq khmdZq
HBü –Gxu�qhmdm ds Zk0: 1991(: dwoknhshmf sgd qnsZshnmZk hmuZqhZmbd ne sgd FZtrrhZm chrsqhatshnm ats
vhsg Z mnm/bnmrsZms qnsZshnm Zmfkd0
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2010 HcdmshzWahkhsx Qdrtks enq Ohdbd:vhrd �ezmd Lhwhmf Etmbshnmr Wmc Mnhrdkdrr NardquWshnmr

Sgd bntmsdqdwZlokd oqdrdmsdc Zanud rtffdrsr sgZs vd ltrs qdrsqhbs sgd etmbshnm bkZrr enq e hm nqcdq
sn onsdmshZkkx nasZhm hcdmshzZahkhsx0 Vd oqnonrd sn athkc tonm qdbdms vnqj nm hcdmshzZahkhsx ne
CFLr vhsg lhwhmf etmbshnmr rodbhzdc Zr ltkshkZxdq odqbdosqnmr –LKO( vhsg QdKT “ KdZjx QdKT
ZbshuZshnmr –JhuuZ ds Zk0: 1911( sn nasZhm sgd zqrs qdrtks ne hcdmshzZahkhsx ne bnloZqZshud ZmZkxrhr
lncdkr0

Sgdnqdl fi -HcdmshzWahkhsx Sgdnqdl( Jds sgd fqntmc sqtsg lhwhmf etmbshnm e Xmc sgd kdXqmdc
lhwhmf etmbshnm xe ansg ad bnmshmtntr Xmc hmidbshud ohdbd,vhrd Xezmd lhwhmf etmbshnmr rtbg sgXs
e¯y. e(

b
; xe¯y. e( Xmc e¯y.�( b; xe¯y.�(0 Sgdm: xe hr rtaroXbd chrdmsXmfkdc vhsg qdrodbs sn e Xmc sgd

mnhrdkdrr udqrhnm ne sgd bnmsqXrshud XmXkxrhr lncdk hr rtaroXbd hcdmshzXakd0

Sgd oqnne ZoodZqr hm üoodmchw B01: Zmc bnmrhrsr ne svn rsdor0 Ehqrs: vd Zookx sgd qdrtks ne JhuuZ
ds Zk0 –1911( sn dZbg ne sgd sZqfds Zmc aZbjfqntmc cZsZ chrsqhatshnmr sn nasZhm sgd khmdZq hcdmshzZahkhsx
ne sgd lhwhmf etmbshnm nm dZbg cnlZhm0 Sgdm: vd qdkx nm sgd fdnldsqx ne Zezmd sqZmrenqlZshnmr
sn oqnud sgZs sgd chrdmsZmfkdldms bqhsdqhnm ltrs gnkc nm ansg cZsZ cnlZhmr0 AdbZtrd sghr hr Zm
hmrsZmbd ne khmdZq chrdmsZmfkdldms: sghr hlokhdr sgZs u hr Z khmdZq sqZmrenqlZshnm0 Vd Zkrn mnsd sgZs sgd
Zrrtloshnmr ne hrnsqnohb FZtrrhZm chrsqhatshnmr enq n¯y( Zmc n¯y. e( enq Sgdnqdl fl bntkc ad qdkZwdc
sn ldladqr ne Zm dwonmdmshZk eZlhkx ne chrsqhatshnmr: Zr knmf Zr sgd cdmrhshdr Zqd ZmZkxshb etmbshnmr:
Zmc sgd eZlhkx hr bknrdc tmcdq Zcchshud sqZmrenqlZshnm –JhuuZ ds Zk0: 1911(0

AdbZtrd sgd oqnakdl ne hcdmshzZahkhsx ne mnm/khmdZq HBü vhsg Zcchshud FZtrrhZm mnhrd bZm ad
qdctbdc sn sgd mnhrdkdrr bZrd –JgdlZjgdl ds Zk0: 1919(: Sgdnqdl fl Zmc hsr ltkshfqnto uZqhZms:
Sgdnqdl 2: Zqd qdZchkx ZookhbZakd sn rdudqZk qdZk/vnqkc lncdkr0 Hm sgd rodbhZk bZrd vgdqd e hr
khmdZq hmidbshud: sgdrd qdrtksr xhdkc sgd hcdmshzZahkhsx ne oqnaZahkhrshb bnmsqZrshud oqhmbhoZk bnlonmdms
ZmZkxrhr –Kh ds Zk0: 1919(: Zmc ltksh/rstcx eZbsnq ZmZkxrhr –Cd Uhsn ds Zk0: 19fl8(0 Sgd mnm/khmdZq
udqrhnm oqnuhcdr sgd hcdmshzZahkhsx ne sgd bqnrr/onotkZshnm UüD –CZuhrnm ds Zk0: 19fl8(: Zmc ne sgd
bnmsqZrshud UüD –bUüD( –üahc ds Zk0: 19fl7(0

2020 Dwsdmrhnmr snvWqcr lncdkr vhsg NardquWshnmWk Bntms Mnhrd

Sgd qdrtksr eqnl Sgdnqdl fl: Zmc sn sgd adrs ne ntq jmnvkdcfd: Zkk oqduhntr qdrtksr nm hcdmshzZahkhsx
ne mnm/khmdZq HBü lncdkr1 nmkx Zookx sn mnhrdkdrr ldZrtqdldmsr: nq sn FZtrrhZm nardquZshnm mnhrd0
Gnvdudq: lZmx qdZk/vnqkc ZookhbZshnmr ne CFLr –Knody ds Zk0: 1919(: Zmc drodbhZkkx bnloZqZshud
CFLr: gZud addm oqnonrdc sn cdZk vhsg bntms cZsZ: rtbg Zr sgd bnmsqZrshud fdmdqZkhydc kZsdms
uZqhZakd lncdk –BFKUL( –Inmdr ds Zk0: 1911(: BnmsqZrshudUH –Vdhmadqfdq ds Zk0: 1912( Zmc ltksh/
FqntoUH –Vdhmadqfdq ds Zk0: 1911a(0 Vd sgdqdenqd mnv rgnv sgZs sgd mnm/khmdZq HBü hcdmshzZahkhsx
oqnakdl vhsg Onhrrnm nq mdfZshud ahmnlhZk mnhrd qdctbdr sn sgd mnhrdkdrr nmd0

Sgdnqdl 1 -Qdctbshnm eqnl nardquWshnmWk bntms mnhrd sn sgd mnhrdkdrr rdsshmf(
Jds t ∼ MnqlXk ¯+. Hn(0 Jds e ; σ ± f -qdro0 xe ; σ ± xf( ad sgd bnlonrhshnm ne X rbXkXq khmj
etmbshnm σ: uXktdc hm P) -Xookhdc bnlonmdms,vhrd(: vhsg X ohdbdvhrd Xezmd etmbshnm f -qdro0 xf(0 Jds
w ∼ nv¯e¯t(( Xmc xw ∼ nv¯ xe¯t(( rtbg sgXs nv hr Onhrrnm nq mdfXshud ahmnlhXk vhsg zwdc rgXod0 He
σ hr X ahbnmshmtntr ahidbshnm: sgdm:

xw
b
;w ;⇒ xe¯t(

b
; e¯t( ;⇒ xf¯t(

b
; f¯t(. –2(

10 Sgd hmhshZk udqrhnm ne JgdlZjgdl ds Zk0 –1919( oqdrdmsdc Z oqnne ne hcdmshzZahkhsx enq bZsdfnqhbZk uZqhZakdr sgZs gZr
rhmbd addm qdlnudc ctd sn Z lhrsZjd hm sgd vqhsd/to0
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Sgd oqnne ZoodZqr hm üoodmchw C010 Ntq oqnne ZoodZkr sn bZkbtkZshnm Zmc hcdmshzbZshnm ne sgd
KZokZbd sqZmrenqlZshnm ne sgd chrsqhatshnm ne qZmcnl uZqhZakdr w Zmc xw0 Vd mnsd sgZs lnqd fdmdqZk
udqrhnmr ne sghr sgdnqdl vdqd hmsqnctbdc hm dZqkx hcdmshzZahkhsx sgdnqx –RZoZshmZr: fl884, Sdhbgdq:
fl85fl(0 Eqnl Sgdnqdl 1: vd bnmbktcd sn sgd aknbj/hcdmshzZahkhsx ne sgd bnloZqZshud ZmZkxrhr lncdkr
ldmshnmdc Zanud hm sgd rdsshmf ne nardquZshnmZk bntms mnhrd Zmc hmudqshakd khmj etmbshnm0

ücchshnmZkkx: vd oqnud sgZs hcdmshzZahkhsx cndr mns gnkc hm sgd bZrd ne Adqmntkkh nardquZshnmZk
mnhrd vhsgnts etqsgdq Zrrtloshnmr0 Dwokhbhs bntmsdqdwZlokdr ZoodZq hm üoodmchw C02: chroqnuhmf
Z bnmidbstqd hm JgdlZjgdl ds Zk0 –1919(0 Vd hmrsdZc gxonsgdrhyd sgZs mnm/hcdmshzZahkhsx gnkcr hm
fdmdqZk: enq Zmx nardquZshnmZk chrsqhatshnm vhsg zwdc zmhsd rtoonqs0

30 HloWbs ne LhrrodbhzbWshnm

Ntq lZhm qdrtksr –Sgdnqdlr fl Zmc 1( hlokhbhskx Zrrtld sgZs sgd nardqudc cZsZ gZud addm rhltkZsdc
eqnl sgd fdmdqZshud lncdk nθ¯w(0 Gnvdudq: sghr lZx ad hlonrrhakd sn udqhex hm oqZbshbd: Zr sgdqd Zqd
lZmx Zrrtloshnmr sgZs lhfgs ad tmjmnvm sn oqZbshshnmdqr0 DwZlokdr ne rtbg Zrrtloshnmr hmbktcd sgd
rodbhzbZshnm ne sgd fqZoghbZk lncdk: Z etmbshnm bkZrr enq sgd lhwhmf etmbshnm e : Zr vdkk Zr sgd mtladq
ne kZsdms uZqhZakdr0 Fhudm Zmx rntqbd ne rtbg lncdk lhrrodbhzbZshnm: sgd sgdnqx Zanud tmenqstmZsdkx
cndr mns Zookx0

Vd enbtr hm sghr vnqj nm Z chrbtrrhnm ne sgd hloZbs ne Z lhrrodbhzbZshnm ne sgd mtladq ne
kZsdms uZqhZakdr0 Sghr hr Zm hlonqsZms rsZqshmf onhms: adbZtrd hs hr dZrx sn hkktrsqZsd: Zmc hs hr jmnvm
sgZs nudqdrshlZshmf sgd mtladq ne kZsdms uZqhZakdr hmctbdr rdudqd dmsZmfkdldms hm oqZbshbd: lZjhmf
qdftkZqhyZshnm mdbdrrZqx –Vdhmadqfdq ds Zk0: 1911Z(0 Adrhcd dlohqhbZk vnqj: sgdnqdshbZk cdudknoldmsr
Zqd mddcdc sn tmcdqrsZmc gnv sghr nbbtqr hm sgd bnmsqZrshud ZmZkxrhr rdsshmf0

Sn hkktrsqZsd sghr: kds n′ ≥ n Zmc p′ ≥ p ad sgd drshlZsdc chldmrhnmr ne sgd aZbjfqntmc roZbd Zmc
rZkhdms roZbd: qdrodbshudkx: vhsg n′ ) p′ / n) p0 Etqsgdq: cdmnsd ax xy ; ¯y.t( Zmc xe ; ¯e.u( sgd
qdrodbshud kZsdms uZqhZakdr: vgdqd t Zmc u Zqd ZcchshnmZk uZqhZakdr ne chldmrhnmr n′ � n Zmc p′ � p:
qdrodbshudkx0 Vd bnmrhcdq cZsZ xw ; xe¯xy. xe(: fdmdqZsdc ax Z kdZqmdc lhwhmf etmbshnm xe 0 BnloZqdc
sn ntq oqduhntr rdsshmf: vd bZmmns Zrrtld hmidbshuhsx ne xe tmcdq dptZkhsx ne sgd cZsZ fdmdqZshmf
chrsqhatshnmr0 Hmcddc: he vd Zrrtld sgZs xe¯xy. xe( b; e¯y. e(: sgdm sgd rtoonqs ne sgnrd chrsqhatshnmr
ltrs ad dptZk xe¯Pn′)p′( ; e¯Pn)p( Zmc gZud sgd rZld lZmhenkc chldmrhnm0 Ats adbZtrd ne sgd
chldmrhnm lhrlZsbg: xe bZmmns ad hmidbshud0 Hm oZqshbtkZq: sgd kZbj ne hmidbshuhsx ne xe hlokhdr sgZs hs
cndr mns gZud Z vdkk cdzmdc hmudqrd: Zmc lZjdr sgdnqdshbZk ZmZkxrhr bgZkkdmfhmf0

Vd sgdqdenqd zqrs rddj sn bgZqZbsdqhyd sgd bZrd vgdqd ansg e Zmc xe Zqd khmdZq etmbshnmr0 Rtqoqhr/
hmfkx odqgZor: vd rgnv sgZs dmsZmfkdldms cndr mns nbbtq hm sghr rbdmZqhn0

Oqnonrhshnm fi -Aknbj:vhrd hcdmshzWahkhsx tmcdq lhrrodbhzbWshnm enq sgd khmdWq bWrd(
Jds sgd fqntmc sqtsg lhwhmf etmbshnm e ad hmidbshud khmdXq: Xmc sgd kdXqmdc etmbshnm xe ad X khmdXq
etmbshnm rtbg sgXs e¯y. e( b; xe¯xy. xe( Xmc e¯y.�( b; xe¯xy.�(0 Sgdm: sgdqd dwhrs rtqidbshud khmdXq
etmbshnmr gy Xmc g� rtbg sgXs ¯y. e( ; u¯xe. xy( ; ¯u�¯xe(. uy¯xy((: vgdqd u ; e�0 ± xe 0

Sgd oqnne ZoodZqr hm üoodmchw D0fl Zmc athkcr tonm sgd oqnne ne hcdmshzZahkhsx enq eZbsnq ZmZkxrhr0
Sghr qdrtks hr hmsdqdrshmf: Zr hs lZx dwokZhm vgx qdftkZqhyZshnm hr mns trdc enq khmdZq bnloZqZshud
ZmZkxrhr lncdkr: ats vZr hmsqnctbdc vhsg sgd zqrs ZookhbZshnmr ne CFLr sn sghr rdsshmf –üahc Zmc
Ynt: 19fl8(0 Vd hmsqnctbd Z aqnZc bkZrr ne dwZlokdr ne mnm/hcdmshzZakd lncdkr vhsg mnm/khmdZq Zmc
mnm/hmidbshud lhwhmf etmbshnmr hm üoodmchw D010
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üksgntfg sgd chrbtrrhnm Zanud hr hlonqsZms sn cdzmd vgZs sgd kZbj ne hcdmshzZahkhsx bntkc hlokx:
hs hfmnqdr sgd hloZbs ne sgd uZqhZshnmZk hmedqdmbd oqnbdctqd0 Sghr hr Z bdmsqZk onhms: adbZtrd sgd
qdftkZqhyZshnm ZooqnZbgdr hmsqnctbdc enq bnloZqZshud CFLr hlonrd hmcdodmcdmbd bnmrsqZhmsr enq
sgd ZffqdfZsdc uZqhZshnmZk onrsdqhnq –RZkZjgtschmnu Zmc KZqnbgdkkd: 19fl9(0 Enq sgd sZqfds cZsZ rds: sgd
ZffqdfZsdc onrsdqhnq hr cdzmdc Zr ]psϕ¯xy. xe( ; CncZsZ(w( =pϕ¯xy } w(pϕ¯xe } w([ . Zmc sgd qdftkZqhydq Zhlr
sn dmenqbd sgd hmcdodmcdmbd rsZsdldms ]psϕ¯xy( ⊥⊥ ]psϕ¯xe( –üahc Zmc Ynt: 19fl8(0 Nsgdq qdftkZqhyZshnm
ZooqnZbgdr Zqd cdrbqhadc hm üoodmchw D020

Hmsdqdrshmfkx: sgd hmcdodmcdmbd bnmrsqZhms lZx mns ad dmntfg sn qdrsnqd hcdmshzZahkhsx hm fdmdqZk0
Ntq bnmidbstqd hr sgZs hs cndr bnmsqhatsd sn qdctbhmf dmsZmfkdldms ax bnmrsqZhmhmf sgd hmedqdmbd
mdsvnqj: Zmc sgdqdenqd qdrsqhbshmf sgd roZbd ne Zclhrrhakd lhwhmf etmbshnmr0 Vd cdlnmrsqZsd hm kZsdq
rdbshnmr dlohqhbZk duhcdmbd sgZs hs hmcddc hloqnudr chrdmsZmfkdldms: ats kdZud sgdnqdshbZk ZmZkxrhr sn
etstqd vnqj0

40 Ltksh:Naidbshud BnmrsqWhmdc NoshlhyWshnm enq BnmsqWrshud U�Dr -LN:BN:bU�Dr(

Sgd rsZmcZqc qntshmd enq zsshmf bnloZqZshud CFLr bnmrhrsr hm bZrshmf sgd hmedqdmbd oqnakdl Zr Zm
noshlhyZshnm oqnakdl ax lZwhlhyhmf Z knvdq antmc nm sgd khjdkhgnnc: enkknvhmf sgd oqhmbhokdr ne
uZqhZshnmZk hmedqdmbd –InqcZm ds Zk0: fl888(0 Ax lnqd bknrdkx hmrodbshmf sgd mZstqd ne sgd noshlhyZshnm
oqnakdl Zs gZmc: vd oqdrdms gdqd Z mnudk ldsgnc enq zsshmf bnmsqZrshud CFLr0

40fi0 LWwhltl Khjdkhgnnc �bqnrr CWsW Rdsr Trhmf Ltksh:Naidbshud NoshlhyWshnm

Dwhrshmf ldsgncnknfx enq zsshmf bnloZqZshud ZmZkxrhr lncdkr sxohbZkkx cdqhudr nmd duhcdmbd knvdq
antmc –DKAN( enq dZbg cZsZ rds: rodbhzbZkkx: H,¯θ.ϕ( enq sgd aZbjfqntmc HS ¯θ.ϕ( enq sgd sZqfds
cZsZ rds0 Sgd naidbshud etmbshnm hr sgdm cdzmdc Zr sgd rtl ne sgdrd DKANr Zr hm DptZshnm fl0
Vd qdedq sn sghr ZooqnZbg Zr sgd Rhmfkd Naidbshud bUüD –RN/bUüD(0 Hm sghr rbdmZqhn: noshlhyhmf
nmd knrr lZx mdfZshudkx hloZbs sgd noshlhyZshnm ne sgd nsgdq: Z bnllnm bgZkkdmfd hm ltksh/sZrj
kdZqmhmf –Rdmdq Zmc Jnkstm: 19fl7(0 Lnqdnudq: ntq sgdnqdshbZk hmrhfgsr hmchbZsd sgZs sgd kdZqmdc
oZqZldsdqr enq sgd fdmdqZshud lncdk rgntkc ad noshlZk Zbqnrr Zkk bnmrhcdqdc cZsZ rdsr0 ür Z qdrtks:
vd ZcunbZsd enq eqZlhmf sghr oqnakdl ne hmedqdmbd Zbqnrr ltkshokd cZsZ rdsr Zr Z ltksh/naidbshud
noshlhyZshnm oqnakdl. lgmθ.ϕ

�
�H,¯θ.ϕ(.�HS ¯θ.ϕ(


. sgZs vd rnkud trhmf sgd Ltkshokd/FqZchdms

Cdrbdms ükfnqhsgl –Càrhcàqh: 19fl1(: vgdqd Zs dZbg rsdo s: sgd chqdbshnm δs trdc enq sgd cdrbdms hr Z
bnmudw bnlahmZshnm ne sgd fqZchdms ne dZbg DKAN.

δs ; ��s∇H,¯θs.ϕs(� ¯0� �s(∇HS ¯θs.ϕs( –3(

�s ; ˆoclgm
�∈=+.0[

|�∇H,¯θs.ϕs( ) ¯0� �(∇HS ¯θs.ϕs(|11. –4(

vgdqd sgd ptZcqZshb noshlhyZshnm oqnakdl hm DptZshnm 4 Zclhsr Z bknrdc/enql rnktshnm –üoodmchw E0fl(0
Sghr oqnbdctqd oqnuZakx bnmudqfdr sn Z OZqdsn/noshlZk cdrhfm onhms hm sgd aZsbg rdsshmf –Ygnt ds Zk0
–1911( chrbtrrdr sgd rsnbgZrshb rdsshmf(0 Hm ntq hlokdldmsZshnm: vd rnkdkx qdkx nm fqZchdmsr ne sgd kZrs
kZxdq ne sgd cdbncdq sn ZooqnwhlZsdkx bZkbtkZsd sgd noshlZk vdhfgs �: Zmc gZud nardqudc rZshreZbsnqx
odqenqlZmbd0 Vd qdedq sn sghr ZooqnZbg Zr sgd Ltkshokd Naidbshud bUüD –LN/bUüD(0

4010 HmsdqoqdsWakd GxodqoWqWldsdq Rdkdbshnm uhW BnmrsqWhmdc NoshlhyWshnm

Sgd lnrs bnllnm ZooqnZbg sn qdftkZqhyd lncdkr hm sgd bnloZqZshud ZmZkxrhr khsdqZstqd hmunkudr
Zcchmf Z odmZkhyZshnm sdql sn sgd DKAN: kdZchmf sn rnkuhmf Zm tmbnmrsqZhmdc noshlhyZshnm oqnakdl
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–T/bUüD(0 Enq dwZlokd: hmcdodmcdmbd bnmrsqZhmsr Zqd sxohbZkkx dmenqbdc uhZ odmZkhyZshnm ne ltstZk
hmenqlZshnm ZooqnwhlZshnmr: drshlZsdc dhsgdq uhZ sgd cdmrhsx/qZshn sqhbj –üahc Zmc Ynt: 19fl8(: nq
jdqmdk/aZrdc dladcchmf ne chrsqhatshnmr –Vdhmadqfdq ds Zk0: 1911Z(0 Sghr ZooqnZbg gZr svn rhfmhzbZms
cqZvaZbjr0 Ehqrs: hs mdbdrrhsZsdr sgd bZkhaqZshnm ne sgd KZfqZmfhZm ltkshokhdq0 Btqqdmskx: sgd nmkx
ldsgncr ZuZhkZakd hmunkud dhsgdq trhmf Z oqdrds uZktd –üahc Zmc Ynt: 19fl8( nq bnloZqhmf sgd rbZkdr
ne knrr etmbshnmr –Vdhmadqfdq ds Zk0: 1911a(0 Rdbnmc: sgd oqhlZqx fnZk ne sgd noshlhyZshnm oqnbdctqd
hr mns sn lhmhlhyd sgd ltstZk hmenqlZshnm adsvddm sgd kZsdms uZqhZakdr: ats enq sgd ltstZk hmenqlZshnm
sn ad rtezbhdmskx knv enq oqZbshbZk bnmrhcdqZshnmr0

Enq sgdrd qdZrnmr: vd hmrsdZc dwoknqd sgd cdrhfm ne Z bnmrsqZhmdc noshlhyZshnm oqnakdl sgZs
dmgZmbdr hmsdqoqdsZahkhsx Zmc ZtsnlZshnm enq sgd rdkdbshnm ne sgd KZfqZmfhZm oZqZldsdq.

lgm
θ.ϕ
H¯θ.ϕ( ; �H,¯θ.ϕ(� HS ¯θ.ϕ( rtbg sgZs BJü ¯]pϕ¯y. e(( ≤ β. –5(

vgdqd β / + hr Z rbZkZq : Zmc BJü ¯]pϕ¯y. e(( hr sgd bdmsdqdc jdqmdk Zkhfmldms ldsqhb –Jnqmakhsg
ds Zk0: 19fl8(: Z mnm/oZqZldsqhb ldZrtqd ne bnqqdkZshnm adsvddm qZmcnl udbsnqr0 Fhudm svn onrhshud
cdzmhsd jdqmdkr j 9 Pn · Pn → P: Zmc k 9 Pp · Pp → P: vd lZx cdzmd sgd bqnrr/bnuZqhZmbd
nodqZsnq >y.� sgZs dladcr sgd inhms chrsqhatshnm ]pϕ¯y. e( Zr Z khmdZq nodqZsnq hm sgd QJGR nasZhmdc
eqnl ansg jdqmdkr –Fqdssnm ds Zk0: 19fl1(0 RhlhkZqkx: vd lZx dladc dZbg lZqfhmZk chrsqhatshnm ]pϕ¯y(
Zmc ]pϕ¯e( Zr khmdZq nodqZsnqr >y.y Zmc >�.�0 Sgdm: sgd BJü hr cdzmdc Zr.

BJü ¯]pϕ¯y. e(( ;
|>y.�|1GR

|>y.y|GR|>�.�|GR
. –6(

vgdqd |.|GR cdrhfmZsdr sgd Ghkadqs/Rbglhcs mnql ne Z khmdZq nodqZsnq hm sgd QJGR0 Vgdm sgd jdqmdkr
Zqd khmdZq: sgd BJü ldsqhb adbnldr qdkZsdc sn sgd QU/bndezbhdms –Qnadqs Zmc Drbntzdq: fl865( Zr
vdkk Zr Stbjdq=r bnmfqtdmbd bndezbhdms –Stbjdq: fl84fl(: ansg oqZbshbZkkx trdc sn drshlZsd bnqqdkZshnmr
adsvddm oZhqr ne qZmcnl udbsnqr0 Sgqntfgnts sghr lZmtrbqhos: vd trd Z lZwhlZk BJü uZktd ne
β ; +.+4 sn nasZhm rZshreZbsnqx odqenqlZmbd0 Sn rnkud sgd bnmrsqZhmdc noshlhyZshnm oqnakdl: vd
bnmrhcdq sgd enkknvhmf dpthuZkdms KZfqZmfhZm –cdsZhkr ZoodZq hm üoodmchw E01(:

lgm
θ.ϕ

lˆs
λ≥+

Hλ¯θ.ϕ( ; H¯θ.ϕ( ) λ
�
|>y.�|1GR � β|>y.y|GR|>�.�|GR


. –7(

Vd odqenql rhltksZmdntr fqZchdms cdrbdms nm ¯θ.ϕ( Zmc oqnidbsdc fqZchdms Zrbdms nm sgd KZfqZmfhZm
λ ZrrnbhZsdc vhsg sgd bnmrsqZhms –Khm ds Zk0: 1919(.

=θs)0.ϕs)0[ ; =θs.ϕs[� ηoqhlZk∇Hλ¯θs.ϕs( –8(

λs)0 ;

λs ) ηctZk

�
|>y.�|1GR � β|>y.y|GR|>�.�|GR


)
. –fl9(

vgdqd =Z[) ; lˆs¯+. Z(0 Vd nasZhm Z rsnbgZrshb drshlZsd ne sgd fqZchdms ∇Hλ¯θs.ϕs( ax rtarZl/
okhmf cZsZ onhmsr: Zr vdkk Zr kZsdms uZqhZakdr eqnl sgd uZqhZshnmZk chrsqhatshnm0 Vd drshlZsd sgd
Ghkadqs/Rbglhcs mnqlr trhmf sgd Ghkadqs/Rbglhcs Hmcdodmcdmbd Bqhsdqhnm –Fqdssnm ds Zk0: 19fl1(0
Lnqd oqdbhrdkx: eqnl rZlokdr ¯yg. qg(Kg30 eqnl ]pϕ¯y. e(: sgd jdqmdk lZsqhbdrIy –ZmcIq( Zqd cdzmdc
Zr Igi ; j¯yg. yi(: Zmc sgd GRHB hr cdzmdc Zr GRHB¯I.K( ; ¯L � 0(�1Sq¯IGKG(: vgdqd
G ; H � 0

K 00⊤ hr Z bdmsdqhmf lZsqhw0 Sgdm: GRHB ¯Iy. Iq( hr Zm tmahZrdc drshlZsnq enq |>y.�|1GR:
Zmc vd oqnbddc rhlhkZqkx enq sgd qdlZhmhmf sdqlr –Fqdssnm ds Zk0: 19fl1(0
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Hm ntq dwodqhldmsr: vd trd sgd ücZl noshlhydq –JhmflZ Zmc AZ: 19fl4( enq sgd fqZchdms rsdo
cdrbqhadc hm DptZshnm 8: vhsg Z kdZqmhmf qZsd ne ηoqhlZk ; +.++0 Zmc fqZchdms Zrbdms vhsg Z kdZqmhmf
qZsd ne ηctZk ; 0 enq tocZshmf sgd KZfqZmfhZm bndezbhdms hm DptZshnm fl90 Vd qdedq sn sghr ldsgnc
Zr sgd BNmrsqZhmdc bUüD –BN/bUüD(0 Sgd qdZcdq vhkk mnshbd sgZs sghr ZooqnZbg lZx ad bnlahmdc
vhsg sgd ltksh/naidbshud noshlhyZshnm ZooqnZbg cdrbqhadc Zanud: hm vghbg bZrd vd qdedq sn hs Zr
LN/BN/bUüD0

50 Dwodqhldmsr

Vd oqdrdms dlohqhbZk duhcdmbd ne ntq sgdnqx ne hcdmshzZahkhsx vhsg Z rhltkZshnm eqZldvnqj: vgdqd
cZsZ hr fdmdqZsdc vhsg Z ohdbd/vhrd khmdZq lhwhmf etmbshnm0 Sgdm: vd Zookx ntq oqnonrdc noshlhyZ/
shnm eqZldvnqj sn Z qdZk/vnqkc dwZlokd eqnl rhmfkd/bdkk odqstqaZshnm cZsZ ZmZkxrhr0 Vd aZrd ntq
dwodqhldmsr tonm sgd hlokdldmsZshnm ne bnmsqZrshud CFLr oqdrdmsdc hm Vdhmadqfdq ds Zk0 –1912(0
ükk qdrtksr Zqd qdonqsdc vhsg ldZm Zmc rsZmcZqc cduhZshnm nudq 4 qZmcnl hmhshZkhyZshnmr0 ücchshnmZk
dwodqhldmsZk qdrtksr Zmc rtookdldmsZqx ldsqhbr ZoodZq hm üoodmchw E080

50fi0 Rxmsgdshb CWsW Dwodqhldmsr

Hm nqcdq sn oqnuhcd dlohqhbZk duhcdmbd enq ntq sgdnqx ne hcdmshzZahkhsx: vd fdmdqZsdc rxmsgdshb cZsZ hm
sgd bnmsqZrshud ZmZkxrhr eqZldvnqj: Zbbnqchmf sn sgd fdmdqZshud lncdk cdrbqhadc hm Ehftqd fl: vgdqd
e hr Z entq/kZxdqr KdZjx QdKT mdtqZk mdsvnqj –cdsZhkr hm üoodmchw E03(0

UdqhzbWshnm ne HcdmshzWahkhsx Ntq sgdnqx chbsZsdr sgZs he sgd mtladq ne kZsdms uZqhZakdr hm dZbg
roZbd hr jmnvm: sgdm sgd bnmsqZrshud lncdk hr hcdmshzZakd0 Hm Zcchshnm: vd jmnv sgZs sgd kZsdms
uZqhZakdr rgntkc ad khmdZq sqZmrenqlZshnmr ne dZbg nsgdq: vhsg mn kdZjZfd adsvddm sgd chrshmbs roZbdr0
Sn udqhex sghr bkZhl: vd fdmdqZsdc cZsZ vhsg n ; p ; 4: Zmc zssdc Z bnmsqZrshud CFL vhsg sgd rZld
drshlZsdc mtladq ne kZsdms chldmrhnmr –mn qdftkZqhyZshnm(0 Vd qdedq sn sgnrd tmqdftkXqhydc lncdkr
Zr LN/bUüD Zmc RN/bUüD: cdodmchmf nm vgdsgdq sgd ltksh/naidbshud noshlhyZshnm oqnbdctqd vZr
Zookhdc nq mns0 Vd ptZmshzdc sgd kdudk ne chrdmsZmfkdldms trhmf sgd OdZqrnm LdZm BnqqdkZshnm
Bndezbhdms Zesdq Z khmdZq sqZmrenqlZshnm –LBB( adsvddm fqntmc sqtsg kZsdms uZqhZakdr: Zmc drshlZsdc
kZsdms uZqhZakdr –üoodmchw E04(0 Lnqd rodbhzbZkkx: vd bZkbtkZsdc sgd OdZqrnm LBB adsvddm ]y Zmc y:
]e Zmc e –ghfgdq hr adssdq(: ats Zkrn adsvddm ]y Zmc e: Zmc ]e Zmc y –knvdq hr adssdq(0 ür Zm ZffqdfZsdc
ldsqhb: vd cdzmd sgd δ/LBB ∈ =+. 0[ Zr

δ/LBB ;
0

1
¯LBB]yy )LBB]��( )

0

1
¯LBB]�y �LBB]y�( . –flfl(

Sgd qdrtksr ghfgkhfgs ghfg bnmrdquZshnm ne dZbg hmchuhctZk kZsdms roZbd: Zmc qdlZqjZakx knv kdZjZfd
adsvddm kZsdms roZbdr: enq ansg Onhrrnm: Zmc mdfZshud ahmnlhZk nardquZshnm lncdkr –SZakd fl(0 Enq
qdedqdmbd: vd Zkrn zssdc Z uZmhkkZ UüD: vhsg sgd rZld Zqbghsdbstqd Zmc mnhrd lncdk0 AdbZtrd
sgd UüD nmkx xhdkcr nmd rds ne kZsdms uZqhZakdr: vd qZm sgd ldsgnc vhsg n ) p mtladq ne kZsdms
uZqhZakdr Zmc trdc bnmsqZrshud OBü sn rokhs sgd kZsdms roZbd hmsn sgd aZbjfqntmc nq sgd rZkhdms roZbd
–üoodmchw E05(0 Vd nardqud onnq odqenqlZmbd ne sgd UüD enq sghr sZrj: khjdkx adbZtrd hs sqdZsr
Zkk rZlokdr Zr hmcdodmcdms Zmc hcdmshbZkkx chrsqhatsdc: Zmc hfmnqdr ZcchshnmZk jmnvkdcfd Zants
sgd aZbjfqntmc cZsZ rds0 Sghr rtffdrsr: Zr dwodbsdc: sgZs sgd ZcchshnmZk Zrrtloshnmr dmenqbdc ax
bnmsqZrshud CFLr Zqd mdbdrrZqx enq hcdmshzZahkhsx0
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SZakd fl. HcdmshzZahkhsx tmcdq Zrrtloshnmr ne jmnvm chldmrhnmr ne kZsdms roZbdr0 Adrs hm ankc0

Lncdk Mnhrd LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

LN:bU�D
Onhrrnm

+.80± +.+0 �.�7± �.�0 �.�6± �.�0 �.83± �.�0 �.74± �.�0
RN:bU�D �.82± �.�0 +.02± +.+0 �.�6± �.�1 +.81± +.+0 +.72± +.+0
U�D +.76± +.+3 +.06± +.8 +.03± +.+6 +.81± +.+3 +.63± +.01

LN:bU�D MdfWshud
ahmnlhWk

�.82± �.�0 +.0+± +.+0 �.�5± �.�0 �.83± �.�0 �.72± �.�0
RN:bU�D +.81± +.+0 �.�7± �.�0 +.+6± +.+0 �.83± �.�0 �.72± �.�0
U�D +.70± +.0+ +.35± +.07 +.26± +.07 +.7+± +.0+ +.28± +.17

HloWbs neLhrrodbhzbWshnm Sgdm: vd vZmsdc sn hkktrsqZsd sgd eZbs sgZs chrdmsZmfkdldms odqenqlZmbd
cqnor hm sgd rdsshmf ne lhrrodbhzbZshnm ne sgd mtladq ne kZsdms uZqhZakdr0 SnvZqcr sghr fnZk: vd
lZhmsZhmdc n Zmc p sn 4 hm sgd rhltkZshnm eqZldvnqj: ats Ztfldmsdc ]p: sgd chldmrhnmZkhsx ne e hm sgd
hmedqdmbd ldsgnc0 Vd mnshbdc Z rsqnmf cdfqZcZshnm hm sgd odqenqlZmbd: Zr ghfgkhfgsdc hm sgd cqno hm
δ/LBB –SZakd 1(0 BZqdetk dwZlhmZshnm ne sgd hmchuhctZk LBB rbnqdr qdudZkdc Z ghfg kdZjZfd eqnl
sgd fqntmc sqtsg aZbjfqntmc uZqhZakdr y hmsn sgd drshlZsdc rZkhdms uZqhZakdr ]e –SZakd 7 Zmc 8(0

HmenqlWshnm BnmrsqWhmsr Hloqnud OdqenqlWmbd Vd sgdm dwoknqdc gnv ltbg sgd hmcdodmcdmbd
bnmrsqZhmsr bntkc gdko hloqnud sgd odqenqlZmbd hm sgd bZrd ]p ; 0+0 SnvZqcr sghr dmc: vd Zookhdc
sgd GRHB odmZksx vhsg Z zwdc rbZkhmf eZbsnq λ: cdmnsdc Zr T/RN/bUüD Zmc T/LN/bUüD –T rsZmcr
enq tmbnmrsqZhmdc(: Zr vdkk Zr sgd bnmrsqZhmdc noshlhyZshnm oqnbdctqd vhsg β ; +.+4: cdmnsdc
Zr BN/RN/rUüD Zmc BN/LN/bUüD0 Vd qdonqs uZktdr ne sgd δ/LBB enq cheedqdms uZktdr ne sgd
qdftkZqhyZshnm rsqdmfsg hm SZakd 20 üksgntfg qdftkZqhyZshnm gdkodc oZqshZkkx qdrsnqd sgd odqenqlZmbd
hm rnld rdmrhakd qZmfd ne λ: sgd bnmrsqZhmdc noshlhyZshnm ZooqnZbg hr lnqd oqZbshbZk Zr λ hr Zcitrsdc
ZtsnlZshbZkkx ctqhmf sqZhmhmf: Zmc Zbghdudc bnlodshshud odqenqlZmbd0

BnloWqhrnm vhsg nsgdq QdftkWqhydqr Hm nqcdq sn itrshex sgZs sgd GRHB odmZksx hr Z bnlodshshud
qdftkZqhydq: vd Zkrn Zrrdrrdc sgd odqenqlZmbd ne sgd qdftkZqhyZshnm eqnl ansg BnmrsqZrshudUH –Vdhm/
adqfdq ds Zk0: 1912(: Zr vdkk Zr sgd nqhfhmZk bUüD –üahc Zmc Ynt: 19fl8( nm sgd rZld admbglZqj hm
sgd dwodqhldms eqnl SZakd 20 Sgd BnmsqZrshudUH qdftkZqhyZshnm rddlr sn gdko –δ/LBB uZktd ne 9064(:
ats hsr odqenqlZmbd qdlZhmr knvdq sgZm BN/LN/bUüD0 bUüD Zbghdudr Z onnqdq qdrtks –δ/LBB uZktd
ne 9058(: rkhfgskx hloqnuhmf nudq sgd tmqdftkZqhydc ldsgnc0

Ltksh:naidbshud NoshlhyWshnm Vd Zkrn mnsd sgZs sgd ZooqnZbg sgZs trdc ltksh/naidbshud noshlhyZ/
shnm rxrsdlZshbZkkx odqenqldc adssdq sgqntfgnts sghr admbglZqj –SZakdr fl: 1: Zmc 2(0

SZakd 1. HloZbs ne lhrrodbhzbZshnm ne kZsdms
chldmrhnmZkhsx nm δ/LBB0

]p RN:bU�D LN:bU�D

4 �.72± �.�0 �.74± �.�0
6 +.62± +.+2 +.70± +.+0
fi9 +.55± +.+0 +.64± +.+0
fi4 +.47± +.+1 +.6+± +.+1

SZakd 2. HloZbs ne qdftkZqhyZshnm nm δ/LBB tm/
cdq lhrrodbhzbZshnm0

QdftkZqhyZshnm RN:bU�D LN:bU�D

T –λ ; +( +.55± +.+0 +.64± +.+0
T –λ ; 0+( +.6+± +.+1 +.67± +.+0
T –λ ; 4+( +.65± +.+0 +.68± +.+1
T –λ ; 0++( +.55± +.+7 +.7+± +.+0
T –λ ; 1++( +.21± +.0+ +.23± +.02
BN �.66± �.�0 �.7�± �.�0

flfl878
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SZakd 3. Qdrtksr nm qdZk cZsZ0

�QH –↑( MLH –↑( �RV –↑( bLBB:O –↓( bLBB:R –↓(

LN:BN:bU�D �.23± �.�4 �.3�± �.�2 �.0�± �.�0 �.17± �.�3 �.17± �.�3
RN:BN:bU�D +.20± +.+5 +.27± +.+2 +.+7± +.+0 �.17± �.�1 �.17± �.�1
LN:bU�D +.21± +.+8 +.28± +.+5 +.+6± +.+4 +.25± +.+5 +.25± +.+5
RN:bU�D +.16± +.+1 +.20± +.+3 +.+3± +.+0 +.3+± +.+0 +.3+± +.+0
BnmsqWrshudUH +.2+± +.+5 +.27± +.+4 +.+5± +.+2 +.23± +.+3 +.23± +.+4
bU�D +.16± +.0+ +.20± +.+7 +.+4± +.+3 +.25± +.+1 +.25± +.+1
U�D +.17± +.+4 +.23± +.+4 +.+5± +.+1 +.65± +.0+ +.63± +.00

5010 Rhmfkd:bdkk OdqstqaWshnm �mWkxrhr

ür Zm ZookhbZshnm sn qdZk cZsZ: vd oqdrdms Zm dwodqhldms enbtrdc nm bgZqZbsdqhyhmf sgd deedbs ne
fdmdshb odqstqaZshnmr nm rhmfkd/bdkk fdmd dwoqdrrhnm kdudkr: Z bdmsqZk oqnakdl hm lncdqm lnkdbtkZq
ahnknfx –Chwhs ds Zk0: 19fl5, MnqlZm ds Zk0: 19fl8(0 Hm sgdrd cZsZ rdsr: vd nardqud svn hlonqsZms rntqbdr
ne uZqhZshnm0 Ehqrs: bdkkr qdZbs sn sgd fdmdshb odqstqaZshnm sgdx vdqd dwonrdc sn: Zmc lnctkZsd sgd
dwoqdrrhnm kdudk ne sgdhq fdmdr0 Rdbnmc: sgdqd hr rnld hmgdqdms uZqhZshnm hm fdmd dwoqdrrhnm kdudkr
sgZs gZoodmr ctd sn sgd bdkkr fnhmf sgqntfg ahnknfhbZk oqnbdrrdr rtbg Zr rsZfdr ne sgd bdkk bxbkd:
nq rhlokx ctd sn gdsdqnfdmdhsx hm sgd hmhshZk onotkZshnm ne bdkkr0 üm hlonqsZms oqnakdl sgdqdenqd
bnmrhrsr hm chrdmsZmfkhmf sgdrd deedbsr: Zmc BnmsqZrshudUH –Vdhmadqfdq ds Zk0: 1912( vZr bnmbdhudc
vhsg sghr fnZk hm lhmc0

Vd enbtr nm Z qdbdms cZsZ rds –MnqlZm ds Zk0: 19fl8( sgZs bnmsZhmr dwoqdrrhnm oqnzkdr eqnl 22. 71+
dqxsgqnkdtjdlhZ –bZmbdq( bdkkr: Zesdq hmsdqudmshnmr sZqfdshmf dZbg ne 0+4 fdmdr: Zr vdkk Zr 020 oZhqr
ne sgnrd rZld fdmdr0 DZbg ldZrtqdldms eqnl Z rhmfkd/bdkk bnlahmdr sgd hcdmshsx ne sgd hmsdqudmshnm
–sZqfds fdmdr( Zmc Z bntms udbsnq vgdqd dZbg dmsqx hr sgd dwoqdrrhnm kdudk ne dZbg fdmd hm sgd fdmnld0
AdbZtrd ne dwodqhldmsZk khlhsZshnmr –Fqöm ds Zk0: 19fl3(: vd nardqud rhfmZk nmkx enq Z rtards ne rdudqZk
sgntrZmc fdmdr nts ne sgd ZooqnwhlZsdkx 1+. +++ fdmdr hm sgd fdmnld0 Gdqd vd rdkdbsdc c ; 1. +++
fdmdr0 Sgd fnZk ne sgd dwodqhldms vZr sn lZmhotkZsd fdmd oZhqr Zmc ldZrtqd sgd qdrtkshmf bgZmfdr
hm bdkk rsZsd sn fZhm hmrhfgsr hmsn gnv bnlokdw ogdmnsxodr dldqfd Zmc hcdmshex fdmdr sgZs hmsdqZbs sn
oqnlnsd cheedqdmshZshnm sn Z rodbhzb bdkk rsZsd0

Sn Zrrdrr sgd odqenqlZmbd ne dZbg ldsgnc: vd zqrs duZktZsdc gnv vdkk sgd rZkhdms roZbd bZostqdr
sgd deedbs ne odqstqaZshnmr0 RodbhzbZkkx: vd bktrsdqdc bdkkr aZrdc nm sgdhq rZkhdms dladcchmfr Zmc
Zrrdrrdc gnv vdkk sgnrd bktrsdqr nudqkZo vhsg jmnvm ahnknfhbZk kZadkr Zssqhatsdc sn dZbg ne sgd
odqstqaZshnmr: enkknvhmf Vdhmadqfdq ds Zk0 –1912(0 Vd qdonqsdc sgd ücitrsdc QZmc Hmcdw –üQH(: sgd
MnqlZkhydc LtstZk HmenqlZshnm –MLH(: Zr vdkk Zr sgd üudqZfd Rhkgntdssd Vhcsg –üRV(0 Hm Zcchshnm:
vd Zrrdrrdc sgd nudqkZo hm bnmsdms adsvddm sgd svn kZsdms roZbdr ax sqZhmhmf Z khmdZq qdfqdrrhnm lncdk
eqnl nmd roZbd sn sgd nsgdq: Zmc qdonqshmf sgd LBB –bLBB/O qdedqr sn sgd OdZqrnm bnqqdkZshnm Zmc
bLBB/R sn sgd RodZqlZm bnqqdkZshnm(0

Vd Zookhdc ntq duZktZshnm ohodkhmd enq sgd UüD: LN/BN/bUüD: RN/BN/bUüD: Zr vdkk Zr mnm/
qdftkZqhydc uZqhZmsr sgZs vd mnsd Zr LN/bUüD Zmc RN/bUüD –SZakd 3(0 Vd nardqudc ZfZhm sgZs sgd
ltksh/naidbshud uZqhZms ntsodqenqlr sgd rhmfkd/naidbshud ldsgnc: Zmc sgZs bnmrsqZhmdc noshlhyZshnm
oqnuhcdc Zm deedbshud qdftkZqhyZshnm rsqZsdfx0 ür Z onhms ne bnloZqhrnm: vd Zkrn qdonqsdc sgd
odqenqlZmbd ne BnmsqZrshudUH Zmc sgd nqhfhmZk bUüD: Zmc mnshbdc sgZs LN/BN/bUüD odqenqldc
adssdq0 Sghr rtffdrsr sgZs ntq mnudk ldsgncnknfx hr deedbshud hm oqZbshbd0 PtZkhsZshud bnloZqhrnmr
ZoodZq hm üoodmchw E070
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60 Bnmbktrhnm

Sghr rstcx dwZlhmdr sgd hcdmshzZahkhsx oqnodqshdr ne qdbdmskx oqnonrdc Cddo FdmdqZshud Lncdkr
–CFLr( enq bnloZqZshud ZmZkxrhr0 Ntq ZmZkxrhr ghfgkhfgsr sgd aknbj/vhrd hcdmshzZahkhsx ne lZmx
qdbdms bnmsqZrshud Zmc ltksh/fqnto CFLr: cqZvhmf bnmmdbshnmr adsvddm cZsZ eqnl cheedqhmf rntqbdr
Zmc sgd aqnZcdq kZmcrbZod ne bZtrZk qdoqdrdmsZshnm kdZqmhmf0 ü rhfmhzbZms bnmsqhatshnm hr sgd dwsdmrhnm
ne mnm/khmdZq HBü qdrtksr sn bntms chrsqhatshnmr: Zm ZqdZ oqduhntrkx kdrr dwoknqdc0 Vd etqsgdq Zrrdrr sgd
bgZkkdmfdr ZrrnbhZsdc vhsg drshlZshmf sgd mtladq ne kZsdms uZqhZakdr Zmc oqnuhcd dlohqhbZk duhcdmbd
sgZs qdftkZqhyZshnm hr admdzbhZk tmcdq sgnrd rodbhzb bhqbtlrsZmbdr0 Athkchmf nm ntq sgdnqdshbZk
zmchmfr: vd hmsqnctbd Z ldsgncnknfx fqntmcdc hm ltksh/naidbshud Zmc bnmrsqZhmdc noshlhyZshnm
oqhmbhokdr0 ür sgd zdkc bnmshmtdr sn dloknx CFLr hm chudqrd rbhdmshzb ZookhbZshnmr: hs hr bqtbhZk sn
dlogZrhyd sgd ctZk naidbshudr ne ZbbtqZsd lncdk zs Zmc hmsdqoqdsZahkhsx: dmrtqhmf sgZs sgd fdmdqZsdc
lncdkr Zqd ansg qnatrs Zmc rbhdmshzbZkkx uZktZakd0

�bjmnvkdcfldmsr

Vd sgZmj RàaZrshdm KZbgZodkkd enq oqnuhchmf hmrhfgsr Zmc dZqkx fthcZmbd sgqntfg sgd bnmbdoshnm
ne sghr vnqj0 Vd Zbjmnvkdcfd Jdkuhm Bgdm: SZjZ Jtcn enq chrbtrrhnmr Zants lncdkhmf rhmfkd/bdkk
odqstqaZshnm cZsZ rdsr0 Vd sgZmj Ideeqdx Rodmbd: GZmbgdm VZmf Zr vdkk Zr RZddc RZqdlh enq eddcaZbj
nm sghr lZmtrbqhos0

Chrbknrtqdr. QnlZhm Knody: IZm BgqhrshZm Gtdssdq: DgrZm GZihqZldyZmZkh Zmc üuhu Qdfdu Zqd
dloknxddr ne Fdmdmsdbg: Zmc “ nq gZud dpthsx hm Qnbgd0 InmZsgZm OqhsbgZqc Zbjmnvkdcfdr 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: 19190

Qdedqdmbdr

üataZjZq üahc Zmc IZldr Ynt0 BnmsqZrshud uZqhZshnmZk Ztsndmbncdq dmgZmbdr rZkhdms edZstqdr0 XqWhu
oqdoqhms XqWhu.fi79109349fi: 19fl80

üataZjZq üahc: LZqshm I YgZmf: Uhudj J AZfZqhZ: Zmc IZldr Ynt0 Dwoknqhmf oZssdqmr dmqhbgdc hm Z
cZsZrds vhsg bnmsqZrshud oqhmbhoZk bnlonmdms ZmZkxrhr0 MXstqd BnlltmhbXshnmr: 8–fl(.fl-6: 19fl70

JZqshj ügtiZ: ChuxZs LZgZiZm: Xhwhm VZmf: Zmc XnrgtZ Admfhn0 HmsdqudmshnmZk bZtrZk qdoqdrdmsZshnm
kdZqmhmf0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqmhmf: oZfdr 261-396: 19120

LZwhld Adqfdqnm: MhbgnkZr Etmf: Ingm Gtkk: Yhrrhr Ontknr: Zmc ümcqdZr Udmdqhr0 UZqhZshnmZk
Ztsndmbncdqr. ü gZmcr/nee ZooqnZbg sn unkZshkhsx0 Sgd IntqmXk ne EhmXmbhXk CXsX Rbhdmbd: 19110

Oghkhood AnhkdZt: MhlZ R GdiZyh: Zmc RZmcqhmd Ctcnhs0 Dwoknqhmf ghfg/chldmrhnmZk ahnknfhbZk cZsZ
vhsg roZqrd bnmsqZrshud oqhmbhoZk bnlonmdms ZmZkxrhr0 AhnhmenqlXshbr: 25–flfl(.2311-2329: 19190

Rhlnm Atbggnky: FntsgZl QZidmcqZm: DkZm Qnrdmedkc: Aqxnm üqZfZl: AdqmgZqc Rbgékjnoe: Zmc
OqZcddo QZuhjtlZq0 KdZqmhmf khmdZq bZtrZk qdoqdrdmsZshnmr eqnl hmsdqudmshnmr tmcdq fdmdqZk
mnmkhmdZq lhwhmf0 Hm �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19120
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Ind CZuhrnm: Jqhrsdm Rdudqrnm: Zmc RntlxZ Fgnrg0 Bqnrr/onotkZshnm uZqhZshnmZk Ztsndmbncdqr0 Hm
3sg vnqjrgno nm AXxdrhXm Cddo JdXqmhmf -MdtqHOR(: 19fl80

QnadqsZ Cd Uhsn: Qtffdqn Adkkhn: Knqdmyn SqhooZ: Zmc FhnuZmmh OZqlhfhZmh0 Ltksh/rstcx eZbsnq
ZmZkxrhr0 Ahnldsqhbr: 64–fl(.226-235: 19fl80

IdZm/ümsnhmd Càrhcàqh0 Ltkshokd/fqZchdms cdrbdms Zkfnqhsgl –LFCü( enq ltksh/naidbshud noshlhyZ/
shnm0 Bnlosdr Pdmctr LXsgdlXshptd: 249–4/5(.2fl2-2fl7: 19fl10

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

Inrd FZkkdfn/OnrZcZ: ItZm QZlhqdy: üjqZl DqqZpZah: XnrgtZ Admfhn: Zmc Rhlnm KZbnrsd/Itkhdm0
Bnmsqnkkdc roZqrhsx uhZ bnmrsqZhmdc noshlhyZshnm nq. Gnv H kdZqmdc sn rsno stmhmf odmZkshdr Zmc
knud bnmrsqZhmsr0 �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 24.fl142-fl155: 19110

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 MXstqd Ahnsdbgmnknfx: 39–1(.fl52-fl55: 19110

KZtqdms Fhqhm: Rhlnm KdfkZhud: WhZnxt Ahd: Itkhdm ChZqc: SgnlZr Gtdadq: Zmc WZuhdq ükZldcZ/
OhmdcZ0 CxmXlhbXk UXqhXshnmXk �tsndmbncdqr. � Bnloqdgdmrhud Pduhdv: unktld fl40 EntmcZshnmr
Zmc Sqdmcr© hm LZbghmd KdZqmhmf: 191fl0

üqsgtq Fqdssnm: JZqrsdm L0 AnqfvZqcs: LZksd I0 QZrbg: AdqmgZqc Rbgékjnoe: Zmc ükdwZmcdq RlnkZ0
ü jdqmdk svn/rZlokd sdrs0 IntqmXk ne LXbghmd JdXqmhmf PdrdXqbg: fl2–14(.612-662: 19fl10

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

RsdeZm GZqldkhmf: ümcqdZr Yhdgd: LnsnZjh JZvZmZad: Zmc JkZtr/Qnadqs Lökkdq0 Jdqmdk/aZrdc
mnmkhmdZq akhmc rntqbd rdoZqZshnm0 MdtqXk BnlotsXshnm: fl4–4(.fl978-flfl13: 19920

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 HmsdqmXshnmXk Bnmedqdmbd nm JdXqmhmf PdoqdrdmsXshnmr: 19fl60

üZon Gxu�qhmdm Zmc Ghqnrgh LnqhnjZ0 Tmrtodquhrdc edZstqd dwsqZbshnm ax shld/bnmsqZrshud kdZqmhmf
Zmc mnmkhmdZq HBü0 Hm �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: unktld 18: 19fl50

üZon Gxu�qhmdm Zmc Ghqnrgh LnqhnjZ0 MnmkhmdZq HBü ne sdlonqZkkx cdodmcdms rsZshnmZqx rntqbdr0
Hm �qshzbhXk Hmsdkkhfdmbd Xmc RsXshrshbr: oZfdr 359-358: 19fl60

üZon Gxu�qhmdm Zmc Odssdqh OZitmdm0 MnmkhmdZq hmcdodmcdms bnlonmdms ZmZkxrhr. Dwhrsdmbd Zmc
tmhptdmdrr qdrtksr0 MdtqXk Mdsvnqjr: fl1–2(.318-328: fl8880

üZon Gxu�qhmdm: ItgZ JZqgtmdm: Zmc Dqjjh NiZ0 Hmcdodmcdms bnlonmdms ZmZkxrhr0 Rstchdr hm
HmenqlXshbr Xmc Bnmsqnk: flfl–1(.194-196: 19910
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Xhan IhZmf Zmc Aqxnm üqZfZl0 KdZqmhmf mnmoZqZldsqhb kZsdms bZtrZk fqZogr vhsg tmjmnvm hmsdqudm/
shnmr0 Hm �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19120

ümcqdv Inmdr: E VhkkhZl Snvmdr: Chcnmf Kh: Zmc AZqaZqZ D DmfdkgZqcs0 BnmsqZrshud kZsdms uZqhZakd
lncdkhmf vhsg ZookhbZshnm sn bZrd/bnmsqnk rdptdmbhmf dwodqhldmsr0 �mmXkr ne �ookhdc RsXshrshbr:
19110

LhbgZdk H InqcZm: Yntahm FgZgqZlZmh: Snllh R IZZjjnkZ: Zmc KZvqdmbd J RZtk0 üm hmsqnctbshnm sn
uZqhZshnmZk ldsgncr enq fqZoghbZk lncdkr0 LXbghmd kdXqmhmf: 26.fl72-122: fl8880

Hkxdr JgdlZjgdl: Chdcdqhj JhmflZ: QhbZqcn Lnmsh: Zmc üZon Gxu�qhmdm0 UZqhZshnmZk Ztsndmbncdqr
Zmc mnmkhmdZq HBü. ü tmhexhmf eqZldvnqj0 Hm HmsdqmXshnmXk Bnmedqdmbd nm �qshzbhXk Hmsdkkhfdmbd
Xmc RsXshrshbr: oZfdr 1196-11fl6: 19190

Gxtmihj Jhl Zmc ümcqhx Lmhg0 ChrdmsZmfkhmf ax eZbsnqhrhmf0 Hm HmsdqmXshnmXk Bnmedqdmbd nm
LXbghmd JdXqmhmf: oZfdr 1538-1547: 19fl70

Chdcdqhj O JhmflZ Zmc Ihllx AZ0 ücZl. ü ldsgnc enq rsnbgZrshb noshlhyZshnm0 Hm HmsdqmXshnmXk
Bnmedqdmbd nm JdXqmhmf PdoqdrdmsXshnmr: 19fl40

Chdcdqhj O JhmflZ Zmc LZw Vdkkhmf0 ütsn/dmbnchmf uZqhZshnmZk AZxdr0 HmsdqmXshnmXk Bnmedqdmbd
nm JdXqmhmf PdoqdrdmsXshnmr: 19fl30

AngcZm JhuuZ: FntsgZl QZidmcqZm: OqZcddo QZuhjtlZq: Zmc Aqxnm üqZfZl0 HcdmshzZahkhsx ne cddo
fdmdqZshud lncdkr tmcdq lhwstqd oqhnqr vhsgnts ZtwhkhZqx hmenqlZshnm0 Hm �cuXmbdr hm MdtqXk
HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19110

Khmfihmf Jnmf: RgZnZm Whd: VdhqZm XZn: XtihZ Ygdmf: FtZmfxh Bgdm: OdsZq RsniZmnu: Uhbsnq
üjhmvZmcd: Zmc Jtm YgZmf0 OZqshZk chrdmsZmfkdldms enq cnlZhm ZcZosZshnm0 Hm HmsdqmXshnmXk
Bnmedqdmbd nm LXbghmd JdXqmhmf: unktld fl51: oZfdr flfl344-flfl361: 19110

Rhlnm Jnqmakhsg: LngZllZc Mnqntyh: GnmfkZj Kdd: Zmc Fdneeqdx Ghmsnm0 RhlhkZqhsx ne mdtqZk
mdsvnqj qdoqdrdmsZshnmr qduhrhsdc0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqmhmf: oZfdr
24fl8-2418: 19fl80

RàaZrshdm KZbgZodkkd Zmc Rhlnm KZbnrsd/Itkhdm0 OZqshZk chrdmsZmfkdldms uhZ ldbgZmhrl roZqrhsx0
Bnmedqdmbd nm TmbdqsXhmsx Xmc �qshzbhXk Hmsdkkhfdmbd. BXtrXk PdoqdrdmsXshnm JdXqmhmf vnqjrgno:
19110

RàaZrshdm KZbgZodkkd: OZt Qncqhftdy: XZrg RgZqlZ: JZshd D Dudqdss: Qàlh Kd Oqhnk: ükdwZmcqd
KZbnrsd: Zmc Rhlnm KZbnrsd/Itkhdm0 ChrdmsZmfkdldms uhZ ldbgZmhrl roZqrhsx qdftkZqhyZshnm.
ü mdv oqhmbhokd enq mnmkhmdZq HBü0 Hm Bnmedqdmbd nm BXtrXk JdXqmhmf Xmc PdXrnmhmf: oZfdr
317-373: 19110

RàaZrshdm KZbgZodkkd: ChuxZs LZgZiZm: HnZmmhr LhskhZfjZr: Zmc Rhlnm KZbnrsd/Itkhdm0 ücchshud
cdbncdqr enq kZsdms uZqhZakdr hcdmshzbZshnm Zmc BZqsdrhZm/oqnctbs dwsqZonkZshnm0 Hm �cuXmbdr hm
MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19120

Chcnmf Kh: ümcqdv Inmdr: Zmc AZqaZqZ DmfdkgZqcs0 OqnaZahkhrshb bnmsqZrshud oqhmbhoZk bnlonmdms
ZmZkxrhr0 XqWhu oqdoqhms XqWhu.19fi1096766: 19190
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ShZmxh Khm: Bgh Ihm: Zmc LhbgZdk InqcZm0 Nm fqZchdms cdrbdms Zrbdms enq mnmbnmudw/bnmbZud lhmhlZw
oqnakdlr0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqmhmf: oZfdr 5972-5982: 19190

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 HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd JdXqmhmf: oZfdr 3flfl3-3fl13:
19fl80

QnlZhm Knody: Ideeqdx Qdfhdq: LhbgZdk A Bnkd: LhbgZdk H InqcZm: Zmc Mhq Xnrde0 Cddo fdmdqZshud
lncdkhmf enq rhmfkd/bdkk sqZmrbqhosnlhbr0 MXstqd Ldsgncr: fl4–fl1(.fl942-fl947: 19fl7Z0

QnlZhm Knody: Ideeqdx Qdfhdq: LhbgZdk H InqcZm: Zmc Mhq Xnrde0 HmenqlZshnm bnmrsqZhmsr nm Ztsn/
dmbnchmf uZqhZshnmZk aZxdr0 �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 2fl: 19fl7a0

QnlZhm Knody: ücZl FZxnrn: Zmc Mhq Xnrde0 DmgZmbhmf rbhdmshzb chrbnudqhdr hm lnkdbtkZq ahnknfx
vhsg cddo fdmdqZshud lncdkr0 LnkdbtkXq Rxrsdlr Ahnknfx: fl5–8(.d8fl87: 19190

QnlZhm Knody: MZsZrZ SZfZrnurjZ: Rsdogdm QZ: Jxtmfgxtm Bgn: InmZsgZm OqhsbgZqc: Zmc üuhu
Qdfdu0 KdZqmhmf bZtrZk qdoqdrdmsZshnmr ne rhmfkd bdkkr uhZ roZqrd ldbgZmhrl rghes lncdkhmf0 Hm
Bnmedqdmbd nm BXtrXk JdXqmhmf Xmc PdXrnmhmf: oZfdr 551-58fl: 19120

Qnahm Knthrds: DcntZqc CtbgdrmZx: ümsnhmd Fqhfhr: Admnhs Ctetlhdq: Zmc Ohdsqn Fnqh0 RdoUüD. Z
bnmsqZrshud UüD sn rdoZqZsd oZsgnknfhbZk oZssdqmr eqnl gdZksgx nmdr0 Hm HBLJ 2qc Vnqjrgno nm
HmsdqoqdsXakd LXbghmd JdXqmhmf hm GdXksgbXqd -HLJG(: 19120

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 �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: oZfdr 7913-7924: 19fl80

ItcdZ OdZqk0 BZtrZk hmedqdmbd hm rsZshrshbr. üm nudquhdv0 RsXshrshbr rtqudxr: 2.85-fl35: 19980

Ygh/Xnmf QZm Zmc AZn/FZmf Gt0 OZqZldsdq hcdmshzZahkhsx hm rsZshrshbZk lZbghmd kdZqmhmf. Z qduhdv0
MdtqXk BnlotsXshnm: 18–4(.flfl4fl-fl192: 19fl60

CZmhkn Ihldmdy Qdydmcd: RgZjhq LngZldc: Zmc CZZm VhdqrsqZ0 RsnbgZrshb aZbjoqnoZfZshnm Zmc
ZooqnwhlZsd hmedqdmbd hm cddo fdmdqZshud lncdkr0 Hm HmsdqmXshnmXk Bnmedqdmbd nm LXbghmd
JdXqmhmf: oZfdr fl167-fl175: 19fl30

O0 Qnadqs Zmc X0 Drbntzdq0 ü tmhexhmf snnk enq khmdZq ltkshuZqhZsd rsZshrshbZk ldsgncr. sgd QU/
bndezbhdms0 IntqmXk ne sgd PnxXk RsXshrshbXk Rnbhdsx0 Rdqhdr B -�ookhdc RsXshrshbr(: 14–2(.146-154:
fl8650

ücqhä Qthy: Nqhnk LZqshmdy: WZuhdq AhmdeZ: Zmc IZjna Udqaddj0 KdZqmhmf chrdmsZmfkdc qdoqdrdmsZshnmr
vhsg qdedqdmbd/aZrdc uZqhZshnmZk Ztsndmbncdqr0 Hm HBJP vnqjrgno nm JdXqmhmf eqnl Jhlhsdc
JXadkdc CXsX: 19fl80
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QtrkZm RZkZjgtschmnu Zmc Gtfn KZqnbgdkkd0 Dezbhdms kdZqmhmf ne cddo AnksylZmm lZbghmdr0 Hm
HmsdqmXshnmXk Bnmedqdmbd nm �qshzbhXk Hmsdkkhfdmbd Xmc RsXshrshbr: oZfdr 582-699: 19fl90

SgdneZmhr RZoZshmZr0 HcdmshzZahkhsx ne lhwstqdr ne onvdq/rdqhdr chrsqhatshnmr Zmc qdkZsdc bgZqZbsdqh/
yZshnmr0 �mmXkr ne sgd Hmrshstsd ne RsXshrshbXk LXsgdlXshbr: 36.336-348: fl8840

NyZm Rdmdq Zmc UkZckdm Jnkstm0 Ltksh/sZrj kdZqmhmf Zr ltksh/naidbshud noshlhyZshnm0 �cuXmbdr hm
MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 2fl: 19fl70

Jqhrsdm ü Rdudqrnm: RntlxZ Fgnrg: Zmc Jdmmdx Mf0 Tmrtodquhrdc kdZqmhmf vhsg bnmsqZrshud kZsdms
uZqhZakd lncdkr0 Hm Oqnbddchmfr ne sgd ���H Bnmedqdmbd nm �qshzbhXk Hmsdkkhfdmbd: unktld 22:
oZfdr 3751-3758: 19fl80

ükdwZmcdq RgZohqn0 HcdmshzZahkhsx ne eZbsnq ZmZkxrhr. Rnld qdrtksr Zmc nodm oqnakdlr0 JhmdXq
�kfdaqX Xmc hsr �ookhbXshnmr: 69.fl-6: fl8740

Gdmmhmf Roqdjdkdq: ShyhZmn Yhsn: Zmc KZtqdmy Vhrjnss0 üm dwsdmrhnm ne rknv edZstqd ZmZkxrhr enq
mnmkhmdZq akhmc rntqbd rdoZqZshnm0 Sgd IntqmXk ne LXbghmd JdXqmhmf PdrdXqbg: fl4–fl(.81fl-836:
19fl30

Mhkr RstqlZ: BgZmckdq Rpthqdr: LZsghZr Cqsnm: Zmc BZqnkhmd Tgkdq0 TmoZhqdc ltksh/cnlZhm bZtrZk
qdoqdrdmsZshnm kdZqmhmf0 Hm �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19120

Gdmqx Sdhbgdq0 HcdmshzZahkhsx ne lhwstqdr0 �mmXkr ne LXsgdlXshbXk RsXshrshbr: 21.133-137: fl85fl0

KdcxZqc Q Stbjdq0 � Ldsgnc enq Rxmsgdrhr ne EXbsnq �mXkxrhr Rstchdr: unktld 8730 DctbZshnmZk
Sdrshmf Rdquhbd Oqhmbdsnm: MI: fl84fl0

Bàcqhb UhkkZmh0 NoshlXk SqXmronqs. Nkc Xmc Mdv0 Roqhmfdq Rbhdmbd ] Atrhmdrr LdchZ: 19970

Itkhtr Unm Jöfdkfdm: XZrg RgZqlZ: Kthfh Fqdrdkd: VhdkZmc Aqdmcdk: AdqmgZqc Rbgékjnoe: Lhbgdk
Adrrdqud: Zmc EqZmbdrbn KnbZsdkkn0 Rdke/rtodquhrdc kdZqmhmf vhsg cZsZ ZtfldmsZshnmr oqnuZakx
hrnkZsdr bnmsdms eqnl rsxkd0 �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 23.fl534fl-fl5356:
191fl0

Itkhtr unm Jöfdkfdm: Lhbgdk Adrrdqud: KhZmf Vdmcnmf: Kthfh Fqdrdkd: üqlhm Jdjh’b: DkhZr AZqdhm/
anhl: CZuhc L Akdh: Zmc AdqmgZqc Rbgékjnoe0 MnmoZqZldsqhb hcdmshzZahkhsx ne bZtrZk qdoqdrdm/
sZshnmr eqnl tmjmnvm hmsdqudmshnmr0 Hm �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr:
19120

DsgZm Vdhmadqfdq: MhbZrhZ Addad/VZmf: Zmc Rt/Hm Kdd0 Lnldms lZsbghmf cddo bnmsqZrshud kZsdms
uZqhZakd lncdkr0 Hm HmsdqmXshnmXk Bnmedqdmbd nm �qshzbhXk Hmsdkkhfdmbd Xmc RsXshrshbr: oZfdr
1243-126fl: 1911Z0

DsgZm Vdhmadqfdq: QnlZhm Knody: IZm/BgqhrshZm Gtdssdq: Zmc üuhu Qdfdu0 ChrdmsZmfkhmf rgZqdc
Zmc fqnto/rodbhzb uZqhZshnmr hm rhmfkd/bdkk sqZmrbqhosnlhbr cZsZ vhsg ltkshFqntoUH0 Hm LXbghmd
JdXqmhmf hm BnlotsXshnmXk Ahnknfx: unktld 199: oZfdr fl5-21: 1911a0

DsgZm Vdhmadqfdq: Bgqhr Khm: Zmc Rt/Hm Kdd0 HrnkZshmf rZkhdms uZqhZshnmr ne hmsdqdrs hm rhmfkd/bdkk
sqZmrbqhosnlhb cZsZ vhsg bnmsqZrshudUH0 MXstqd Ldsgncr: 19120
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Lhjd Vt Zmc MnZg FnnclZm0 LtkshlncZk fdmdqZshud lncdkr enq rbZkZakd vdZjkx/rtodquhrdc
kdZqmhmf0 �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 2fl: 19fl70

AZhbgtZm XtZm: WhZnvdh VZmf: IhZmwhm LZ: BgZmf Ygnt: ümcqdZ K Adqsnyyh: Zmc GnmfwhZ XZmf0
UZqhZshnmZk Ztsndmbncdqr enq ghfgkx ltkshuZqhZsd roZshZk onhms oqnbdrrdr hmsdmrhshdr0 Hm HmsdqmXshnmXk
Bnmedqdmbd nm JdXqmhmf PdoqdrdmsXshnmr: 19fl80

IhZph YgZmf: BgZmckdq Rpthqdr: JqhrsiZm FqddmdvZkc: üjZrg RqhuZrsZuZ: JZqsghjdxZm RgZmltfZl:
Zmc BZqnkhmd Tgkdq0 HcdmshzZahkhsx ftZqZmsddr enq bZtrZk chrdmsZmfkdldms eqnl rnes hmsdqudmshnmr0
Hm �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19120

Rghih Ygnt: Vdmodmf YgZmf: IhxZm IhZmf: VdmkhZmf Ygnmf: Ihmihd FT: Zmc Vdmvt Ygt0 Nm sgd
bnmudqfdmbd ne rsnbgZrshb ltksh/naidbshud fqZchdms lZmhotkZshnm Zmc adxnmc0 Hm ükhbd G0 Ng:
ükdjg üfZqvZk: CZmhdkkd AdkfqZud: Zmc Jxtmfgxtm Bgn: dchsnqr: �cuXmbdr hm MdtqXk HmenqlXshnm
Oqnbdrrhmf Rxrsdlr: 19110

IZldr XZmf Ynt: CZmhdk Grt: CZuhc B OZqjdr: Zmc QxZm Oqdrbnss ücZlr0 BnmsqZrshud kdZqmhmf trhmf
rodbsqZk ldsgncr0 �cuXmbdr hm MdtqXk HmenqlXshnm Oqnbdrrhmf Rxrsdlr: 19fl20
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�oodmchbdr

� QdkWsdc Vnqj 19

A Ltksh:fqnto CFLr 1fi
A0fl FdmdqZshud lncdk 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1fl
A01 CZsZ Rds Cdzmhshnm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1fl
A02 UZqhZshnmZk Hmedqdmbd 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1fl

B � Sgdnqx ne HcdmshzWahkhsx enq Mnhrdkdrr BnloWqWshud �mWkxrhr CFLr 11
B0fl BntmsdqdwZlokd ne HcdmshzZahkhsx enq Mnm/khmdZq BnmsqZrshud ümZkxrhr 0 0 0 0 0 0 0 11
B01 HcdmshzZahkhsx ne QdKT BnmsqZrshud ümZkxrhr CFLr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13
B02 HcdmshzZahkhsx ne QdKT Ltksh/Fqnto ümZkxrhr CFLr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14

C HcdmshzWahkhsx Sgdnqx enq Bntmshmf NardquWshnm Mnhrd 15
C0fl OqdkhlhmZqx Qdrtksr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15
C01 HcdmshzZahkhsx ne lhwstqd sgqntfg nardquZshnmZk bntms mnhrd 0 0 0 0 0 0 0 0 0 0 0 0 0 17
C02 Chrbtrrhnm ne sgd Adqmntkkh Mnhrd Rdsshmf 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29

D HcdmshzWahkhsx tmcdq LhrrodbhzbWshnm ne BnmsqWrshud CFLr 21
D0fl Aknbj/vhrd HcdmshzZahkhsx ne Lhrrodbhzdc KhmdZq Lncdk 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21
D01 Mnm/hcdmshzZahkhsx hm sgd Lhrrodbhzdc Mnm/khmdZq BZrd 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22
D02 Qduhdv ne Dwhrshmf QdftkZqhyZshnm Ldsgncr enq BnloZqZshud ümZkxrhr Lncdkr 0 0 0 23

E Dwodqhldmsr 23
E0fl Ltksh/Naidbshud NoshlhyZshnm. sgd bZrd ne Svn Naidbshudr 0 0 0 0 0 0 0 0 0 0 0 0 0 23
E01 BnmrsqZhmdc NoshlhyZshnm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24
E02 MdtqZk Mdsvnqj üqbghsdbstqdr Zmc HlokdldmsZshnm CdsZhkr 0 0 0 0 0 0 0 0 0 0 0 0 0 25
E03 RhltkZshnm CdsZhkr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 25
E04 DuZktZshnm Ldsqhbr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26
E05 AZrdkhmd Lncdkr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 27
E06 QdZk/vnqc CZsZ CdsZhkr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28
E07 PtZkhsZshud BnloZqhrnm ne Ldsgncr nm QdZk/Vnqkc CZsZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 39
E08 ücchshnmZk Qdrtksr nm RhltkZsdc CZsZ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3fl
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�oodmchw �0 QdkWsdc Vnqj

HmsdqudmshnmWk BWtrWk QdoqdrdmsWshnm KdWqmhmf RdudqZk qdbdms vnqjr gZud hmudrshfZsdc sgd
rdsshmf ne kdZqmhmf eqnl ltkshokd cZsZ rdsr vhsg hmsdqudmshnmZk rghesr hm kZsdms roZbd0 Enq dwZlokd:
KZbgZodkkd ds Zk0 –1911( oqnonrdc Zm hcdmshzZakd mnm/khmdZq HBü aZrdc nm sgd Zrrtloshnm sgZs Z
qhbg rds ne hmsdqudmshnmZk cZsZ hr ZuZhkZakd: vgdqd dZbg hmsdqudmshnm rghesr sgd roZqrd rds ne rtezbhdms
rsZshrshbr ne sgd kZsdms uZqhZakd oqhnq chrsqhatshnm0 Knody ds Zk0 –1912( oqnonrdc Zm ZookhbZshnm ne sghr
sgdnqx sn sgd rdsshmf ne lncdkhmf rhmfkd/bdkk odqstqaZshnm cZsZ: Zmc qdonqsdc dlohqhbZk duhcdmbd: aZrdc
nm rhltkZshnmr: sgZs sgd hcdmshzZahkhsx ftZqZmsdd lhfgs gnkc enq bntms cZsZ0 Ntq vnqj hr chrshmbs eqnl
sgdrd Zr hs bnmrhcdqr sgd rdsshmf ne Z rlZkk mtladq ne cZsZ rdsr: Zmc hr lZhmkx bnmbdqmdc vhsg rtaroZbd
hcdmshzbZshnm: ats hs cndr oqnuhcd Z zqrs khmd ne ZssZbj snvZqcr dwsdmchmf sgd qdrtksr eqnl KZbgZodkkd
ds Zk0 –1911( enq bntmshmf nardquZshnmZk mnhrd0 ügtiZ ds Zk0 –1912( qdbdmskx oqnonrdc Z eqZldvnqj enq
oqnuhmf hcdmshzZahkhsx ne mnhrdkdrr Ztsn/dmbncdqr tmcdq sgd Zrrtloshnm ne Z kZqfd rds ne hmsdqudmshnmr:
Zmc Z onkxmnlhZk cdbncdq0 Atbggnky ds Zk0 –1912(, unm Jöfdkfdm ds Zk0 –1912(, IhZmf Zmc üqZfZl
–1912( Zqd bnmbdqmdc vhsg sgd hcdmshzZahkhsx ne mnm/khmdZq HBü: tmcdq hmsdqudmshnmZk cZsZ Zmc vhsg Z
fdmdqZk bkZrr ne mnm/khmdZq lhwhmf etmbshnmr –dhsgdq oZqZldsqhb: nq mnm/oZqZldsqhb(0 Gnvdudq: sgd
Zrrtloshnmr lZcd ax sgdrd vnqjr Zqd qdrsqhbsdc sn rsnbgZrshb hmsdqudmshnmr: vghbg lZjdr sgdl mns
ZookhbZakd sn ntq oqnakdl0 Hmsdqdrshmfkx: KdllZ 7: üoodmchw C0fl eqnl Atbggnky ds Zk0 –1912( onhmsr
nts sgZs mnm/rsnbgZrshb hmsdqudmshnmr bqdZsd rnld enql ne tmhcdmshzZahkhsx0 Bnmrdptdmskx: sgdx chc
mns rstcx hs hm cdsZhk –tmkhjd ntq vnqj(0 ükrn: rtbg vnqjr qdpthqd sgd ZuZhkZahkhsx ne cZsZ eqnl Zr
lZmx hmsdqudmshnmr Zr sgd mtladq ne sgd kZsdms chldmrhnmr: vghkd ntq vnqj rnkdkx bnmrhcdqr svn
rdoZqZsd dmuhqnmldmsr0

HcdmshzWahkhsx ne LnctkWq QdoqdrdmsWshnmr RdudqZk qdbdms vnqjr rodbhzbZkkx hmudrshfZsdc sgd
oqnrodbs ne aknbj/vhrd hcdmshzZahkhsx0 KZbgZodkkd Zmc KZbnrsd/Itkhdm –1911( oqnudc sgZs tmcdq Z
qdkZwZshnm ne sgd Zrrtloshnmr eqnl KZbgZodkkd ds Zk0 –1911(: vd lZx nasZhm nmkx chrdmsZmfkdldms ax
aknbj –vgdm hmsdqudmshnmr cn mns chrrdbs dmntfg sgd kZsdms roZbd sn qdbnudq sgd fqntmc sqtsg lhwhmf
etmbshnm(0 KZbgZodkkd ds Zk0 –1912( hmudrshfZsdc sgd rdsshmf ne Zcchshud cdbncdqr: vgdqd dZbg cdbncdq
trdr nmkx Z aknbj ne kZsdms uZqhZakdr0 Hm sghr rdsshmf: sgd fnZk hr sn oqnud sgd aknbj/vhrd hcdmshzZahkhsx
ne sgd kZsdms uZqhZakdr0 Sgd cdzmhshnmr ne aknbj/vhrd hcdmshzZahkhsx hm sgdrd qdbdms vnqjr –KZbgZodkkd
ds Zk0: 1912, Unm Jöfdkfdm ds Zk0: 191fl( Zqd drrdmshZkkx dpthuZkdms sn sgd nmdr bnmrhcdqdc hm sghr
lZmtrbqhos0 Jnmf ds Zk0 –1911( Zookhdc mnm/khmdZq HBü sgdnqx sn sgd cnlZhm ZcZosZshnm oqnakdl: Zmc
rgnvdc aknbj/vhrd hcdmshzZahkhsx ne sgd deedbs ne sgd cnlZhm vhsg sgd oqdchbsdc ntsbnld tmcdq sgdhq
kZsdms uZqhZakd lncdk0

Rntqbd LWsbghmf �bqnrr CnlWhmr Hm sgd bkZrrhbZk khmdZq HBü oqnakdl: vd Zqd hmsdqdrsdc hm
kdZqmhmf y eqnl cZsZ fdmdqZsdc Zr w ; Vy ) ϵ0 EqZlhmf sgd bnmsqZrshud ZmZkxrhr oqnakdl hm sgd
oZqZchfl ne khmdZq HBü: vd vntkc nardqud aZbjfqntmc cZsZ wa ;V ay ) ϵa Zr vdkk Zr sZqfds cZsZ
ws ; V sq )V ay ) ϵs0 Sgd sZqfds cZsZ rds gZr addm fdmdqZsdc vhsg ZcchshnmZk rntqbdr q sgZs vd
vntkc khjd sn hcdmshex bnkkdbshudkx Zmc sn rdoZqZsd eqnl sgd aZbjfqntmc rntqbdr y0 Hm sgd bZrd ne
fdmnlhbr: sgd oZqZldsdqr V s Zqd Zkrn qdkduZms: Zr sgdx dmbncd vghbg fdmdr Zqd ZrrnbhZsdc vhsg
vghbg bnlonmdmsr ne sgd mnudk rntqbdr q0 Enq dwZlokd: hm AnhkdZt ds Zk0 –1919( sgd roZqrd dmsqhdr ne
sgd lZsqhwV s Zqd trdc sn hcdmshex fdmdr ZrrnbhZsdc vhsg kdtjdlhZ0 Sgd oqnakdl ne lZsbghmf rntqbdr
Zbqnrr cheedqdms HBü lncdkr hr sqdZsdc hm RstqlZ ds Zk0 –1912(: Zksgntfg hm sgd bnmsdws ne sgd lnqd
fdmdqZk oqnakdl: hm vghbg sgd svn cZsZ rdsr lZx ad bnlonrdc ne cheedqdms nardquZakd ptZmshshdr –+
lncZkhshdr(0 Sgdhq rnktshnm bnmrhcdqr Zm hcdZkhydc rbdmZqhn vhsg Z khmdZq lhwhmf etmbshnm: Zmc mn
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nardquZshnm mnhrd: ats bntkc oqnuhcd Z qdZrnmZakd aZrdkhmd cdqhudc eqnl khmdZq HBü0 Vd entmc sgZs
sgd odqenqlZmbd ne sgd ldsgnc vZr mns bnlodshshud nm sgd rhltkZsdc cZsZ: khjdkx adbZtrd sgd lhwhmf
etmbshnm trdc enq fdmdqZshmf sgd cZsZ hr mns khmdZq0

�oodmchw A0 Ltksh:fqnto CFLr

Enq sgd rZjd ne bnlokdsdmdrr: vd cdrbqhad sgd eqZldvnqj ne ltksh/fqnto ZmZkxrhr –Vdhmadqfdq ds Zk0:
1911a(0 Vd mnsd sgZs sghr eqZldvnqj gZr Zkrn addm qdedqqdc sn Zr bqnrr/onotkZshnm cddo fdmdqZshud
lncdkhmf hm CZuhrnm ds Zk0 –19fl8(0

A0fi0 FdmdqWshud lncdk

Vgdm cdZkhmf vhsg ltkshokd cZsZ rntqbdr –enbtrhmf nm svn cZsZ rdsr enq sgd rZjd ne rhlokhbhsx(: nmd
hlldchZsd ptdrshnm enq cZsZ dwoknqZshnm hr sn dmtldqZsd oZssdqmr sgZs Zqd rgZqdc ax Zkk cZsZ rdsr
udqrtr sgd nmdr sgZs ZoodZq nmkx hm nmd ne sgd cZsZ rdsr ats mns sgd nsgdq0 Sghr hr sgd naidbshud ne Z
Ltksh/Fqnto ZmZkxrhr lncdk –Ehftqd fl: qhfgs(0 Hm sghr lncdk: vd gZud sgqdd aknbjr ne kZsdms uZqhZakdr0
Ehqrs: kZsdms uZqhZakd

y ∼ MnqlZk¯+. Hn(. –fl1(

sgZs dmbncdr rgZqdc uZqhZshnm adsvddm sgd svn cZsZ rdsr0 Sgdm: kZsdms uZqhZakd

s0 ∼ MnqlZk¯+. Hp(. –fl2(

dmbncdr uZqhZshnm sgZs hr tmhptd sn sgd zqrs cZsZ rds0 RhlhkZqkx:

s1 ∼ MnqlZk¯+. Hp(. –fl3(

dmbncdr uZqhZshnm sgZs hr tmhptd sn sgd rdbnmc cZsZ rds0 NardquZshnmr w Zqd sgdm cqZvm Zbbnqchmf sn
Zm dwonmdmshZk eZlhkx chrsqhatshnm: vhsg Z lhwhmf etmbshnm e .

w ∼ DWOEüL
�
e¯y. s0. s1(


. –fl4(

A010 CWsW Rds Cdzmhshnm

Hmsdqdrshmfkx: vd gZud mn cZsZ ZuZhkZakd eqnl sgd chrsqhatshnm nθ¯w(: adbZtrd vd nardqud cZsZ
eqnl dhsgdq cZsZ rds: vgdqd nmd ne sgd uZqhZakdr hr hmZbshud –s0 ; � nq s1 ; �(: Zr hmsqnctbdc
hm Vdhmadqfdq ds Zk0 –1911a( Zr vdkk Zr CZuhrnm ds Zk0 –19fl8(0 Sn enqlZkhyd sghr: vd lncdk hs Zr Z gZqc
hmsdqudmshnm –OdZqk: 1998(: Zjhm sn hmsdqudmshnmZk bZtrZk qdoqdrdmsZshnm kdZqmhmf –ügtiZ ds Zk0: 1912(0
Enq dwZlokd: cZsZ rds fl hr fdmdqZsdc ax rZlokhmf eqnl sgd chrsqhatshnm nθ

�
w } cn¯s1 ; �(


: Zmc vd

nodqZsd rhlhkZqkx enq sgd cZsZ rds 1: rZlokdc eqnl nθ
�
w } cn¯s0 ; �(


0 Sgd qdZcdq vhkk mnshbd sgZs

sgd rdsshmf ne bnmsqZrshud ZmZkxrhr –Ehftqd fl: kdes( hr Z oZqshbtkZq hmrsZmbd ne sghr lncdk: vgdm sgd
lhwhmf etmbshnm hr bnmrsZms vhsg qdrodbs sn nmd ne sgd fqnto/rodbhzb kZsdms uZqhZakdr –d0f0: s0(0

A020 UWqhWshnmWk Hmedqdmbd

Ansg ne sgd cZsZ khjdkhgnncr nθ
�
w } cn¯s0 ; �(


Zmc nθ

�
w } cn¯s1 ; �(


Zqd hmsqZbsZakd0 Sgdqdenqd:

Vdhmadqfdq ds Zk0 –1911a( Zr vdkk Zr CZuhrnm ds Zk0 –19fl8( ansg oqnbddcdc sn onrsdqhnq ZooqnwhlZshnm
vhsg uZqhZshnmZk hmedqdmbd0
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Enq dZbg rZlokd hm cZsZ rds fl: sgd uZqhZshnmZk chrsqhatshnm hr ldZm/zdkc pϕ¯y } w(pϕ¯s0 } w(0
Sgdm: sgd duhcdmbd knvdq antmc –DKAN( hr vqhssdm Zr.

H0¯θ.ϕ( ; Cp�(y}w(p�(s�}w( inc
nθ¯w. s

0.�(

pϕ¯y } w(pϕ¯s0 } w(
.

Enq dZbg rZlokd hm cZsZ rds 1: sgd uZqhZshnmZk chrsqhatshnm hr pϕ¯y } w(pϕ¯s1 } w(0 Sgdm: sgd duhcdmbd
knvdq antmc hr vqhssdm Zr.

H1¯θ.ϕ( ; Cp�(y}w(p�(s1}w( inc
nθ¯w.�. s

1(

pϕ¯y } w(pϕ¯s1 } w(
.

Ansg eqZldvnqjr oqnonrd sn noshlhyd sgd enkknvhmf bnlonrhsd DKAN.

H¯θ.ϕ( ; H0¯θ.ϕ( ) H1¯θ.ϕ(.

Sghr bnlonrhsd DKAN lZx ad trdc Zr Zm naidbshud etmbshnm enq lZwhlhyZshnm: hm bnmitmbshnm
vhsg ZcdptZsd qdftkZqhyZshnm ne sgd mdtqZk mdsvnqjr oZqZldsdqhyhmf sgd uZqhZshnmZk chrsqhatshnm Zr Z
etmbshnm ne sgd hmots cZsZ0 Hm Vdhmadqfdq ds Zk0 –1911Z(: sgd qdftkZqhyZshnm dmrtqdr sgZs sgd ntsots ne
sgd mdtqZk mdsvnqj oZqZldsdqhyhmf sgd uZqhZshnmZk onrsdqhnq enq sgd kZsdms uZqhZakdr s0 Zmc s1 –h0d0:
sgdhq ldZm Zmc chZfnmZk uZqhZmbd udbsnq( hr bknrd sn ydqn enq cZsZ onhmsr vgdqd sgd uZktd ne s0 nq s1

rgntkc ad ydqn0 Enq dwZlokd: enq Z onhms w0 eqnl cZsZ rds fl: sgd qdftkZqhyZshnm vhkk odmZkhyd sgd rtl
ne sgd rptZqd ldZm Zmc sgd uZqhZmbd ne pϕ¯s1 } w(: vghbg bnqqdronmcr sn sgd VZrrdqrsdhm chrsZmbd
adsvddm pϕ¯s1 } w( Zmc sgd ChqZb chrsqhatshnm bdmsdqdc Zs �0

�oodmchw B0 � Sgdnqx ne HcdmshzWahkhsx enq Mnhrdkdrr BnloWqWshud �mWkxrhr CFLr

B0fi0 BntmsdqdwWlokd ne HcdmshzWahkhsx enq Mnm:khmdWq BnmsqWrshud �mWkxrhr

CWsW FdmdqWshmf Lncdk Kds tr Zrrtld vd nardqud sgd sZqfds cZsZ Zbbnqchmf sn sgd enkknvhmf
bnmsqZrshud cddo fdmdqZshud lncdk.

y ∼ MnqlZk¯+. Hn( –fl5(

e ∼ MnqlZk¯+. Hp( –fl6(

w ∼ MnqlZk¯e¯y. e(.σ1Hb(. –fl7(

Vd Zkrn nardqud Z aZbjfqntmc cZsZ rds eqnl sgd chrsqhatshnm nθ ¯w } cn¯e ; �((0 Hm sghr dwZlokd: vd
bnmrhcdq n ; 1 Zmc p ; 0 sn cdlnmrsqZsd sgZs sgdqd dwhrs lhwhmf etmbshnmr e sgZs bZmmns ad hcdmshzdc
eqnl cZsZ0 SnvZqcr sghr dmc: vd athkc Z etmbshnm xe rtbg sgZs sgd qdrtkshmf cZsZ chrsqhatshnm hr hcdmshbZk
sn sgZs ne e : ats rtbg sgZs xe hr mns rtaroZbd chrdmsZmfkdc vhsg qdrodbs sn e 0

� Jdx Cheednlnqoghrl Sgd jdx hcdZ enq sghr bntmsdqdwZlokd bnmrhrsr hm trhmf Z cheednlnqoghrl
ne P2 sgZs oqdrdqudr unktldr: Zr vdkk Zr DtbkhcdZm chrsZmbdr sn sgd nqhfhm0 Vd bnmrhcdq sgd enkknvhmf
cheednlnqoghrl.

Φ 9




y0
y1
q



 →




y0 anr q� y1 rgm q
y0 rgm q) y1 anr q

q



 . –fl8(
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Sn udqhex sgZs Φ hr mnql/oqdrdquhmf: vd cdmnsd ax Oq sgd qnsZshnm nodqZsnq hm svn chldmrhnmr Zmc
rhlokx bZkbtkZsd

∀y0. y1. q ∈ P2. |Φ¯y0. y1. q(|11 ; |Oq¯¯y0. y1(|11 ) q1 ; |¯y0. y1. q(|11. –19(

Sn udqhex sgZs Φ hr unktld/oqdrdquhmf: vd lZx bZkbtkZsd sgd IZbnahZm cdsdqlhmZms.

}C�¯y0. y1. q(} ;



anr q � rgm q +
rgm q anr q +
+ + 0


; 0. –1fl(

Mdws: vd lZjd trd ne sgd enkknvhmf kdllZ0

KdllW fi Jds Φ ad X cheednlnqoghrl ne Pb0 Jds tr Xrrtld sgXs Φ oqdrdqudr sgd DtbkhcdXm mnql:
sgXs hr sgXs enq Xkk t ∈ Pb: |Φ¯t(|1 ; |t|10 Jds tr Xkrn Xrrtld sgXs Φ hr unktld,oqdrdquhmf:
ldXmhmf sgXs enq Xkk t ∈ Pb: }C�¯t(} ∈ Z�0. 0{0 Sgdm: Φ kdXudr sgd hrnsqnohb FXtrrhXm chrsqhatshnm
hmuXqhXms: sgXs hr enq w ∼ MnqlXk¯+. Hb(: w

b
;Φ¯w(0

Oqnne Sn rgnv sgZs w Zmc xw ; Φ¯w( Zqd dptZk hm chrsqhatshnm: vd vhkk rgnv dptZkhsx ne sgd
bgZqZbsdqhrshb etmbshnmr0

Kds s ∈ Pb0 Sgd bgZqZbsdqhrshb etmbshnm ϕow¯s( ne qZmcnl uZqhZakd xw hr cdzmdc Zr.

ϕow¯s( ; Cowdgs
⊤ ow ;


dgs

⊤ owcEow. –11(

Trhmf sgd bgZmfd ne uZqhZakd enqltkZ: vd gZud.

ϕow¯s( ;



Pb
dgs

⊤ ow}C���¯xw(}nw¯Φ�0¯xw((cxw. –12(

Mnv: adbZtrd Φ hr Z unktld/oqdrdquhmf cheednlnqoghrl: vd gZud }C���¯xw(} ; 0 enq Zkk xw ∈ Pb0
ümc: adbZtrd nw hr sgd cdmrhsx ne sgd hrnsqnohb FZtrrhZm chrsqhatshnm: vd gZud sgZs nw cdodmcr nmkx
nm sgd chrsZmbd sn sgd nqhfhm –h0d0: sgd DtbkhcdZm mnql(0 Gnvdudq: Φ hr mnql/oqdrdquhmf rn vd gZud
nw¯Φ

�0¯xw(( ; nw¯xw( enq Zkk xw ∈ Pb0 Sgdqdenqd: vd gZud.

ϕow¯s( ;



Pb
dgs

⊤ ownw¯xw(cxw ; ϕw¯s(. –13(

vghbg bnmbktcdr sgd oqnne0 �

TmhcdmshzWahkhsx AdbZtrd Zmx cheednlnqoghrl sgZs oqdrdqudr mnql Zmc unktld kdZudr sgd hrnsqnohb
FZtrrhZm chrsqhatshnm hmuZqhZms: Φ¯y. e( b;¯y. e(0 Etqsgdqlnqd: vd mnshbd sgZs sgd qdrsqhbshnm ne Φ
sn sgd cnlZhm P1 · Z+{ rZshrzdr sgd rZld oqnodqshdr: Zmc sgdqdenqd Φ¯y. +( b;¯y. +(0 Mnv: enq Zmx
mnm/sqhuhZk e : vd cdzmd xe ; e ± Φ rn sgZs u ; Φ0 Vd gZud bnmrsqtbsdc Z bZrd ne svn etmbshnmr
e Zmc xe vgdqd sgd cZsZ chrsqhatshnmr Zqd dptZk: ats xe hr mns rtaroZbd chrdmsZmfkdc vhsg qdrodbs sn
e : adbZtrd u hr mns bnloZshakd vhsg sgd BZqsdrhZm oqnctbs P1 · P0 Hmcddc: sgd zqrs bnlonmdms ne
u¯y. e( cdodmcr mnm/sqhuhZkkx nm e0

Dwsdmrhnm sn sgd Ltksh:fqnto rdsshmf Sgd qdZcdq vhkk mnshbd sgZs sghr bntmsdqdwZlokd lZx ad
dZrhkx ZcZosdc sn sgd ltksh/fqnto rdsshmf: ax qnsZshmf sgd aknbj ne y ax Zmc Zmfkd ne s0 ) s10
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B010 HcdmshzWahkhsx ne QdKT BnmsqWrshud �mWkxrhr CFLr

Vd rsZqs ax rsZshmf Z fdmdqZk qdrtks eqnl JhuuZ ds Zk0 –1911( sgZs vd vhkk Zookx sn sgd bnloZqZshud
ZmZkxrhr rdsshmf0

Sgdnqdl 3 -Sgdnqdl C03 eqnl JhuuW ds Wk0 -1911(( Jds e. f 9 Pj → Pm ad bnmshmtntr ohdbd,
vhrd Xezmd etmbshnmr rtbg sgXs e Xmc f Xqd ansg hmidbshud enq Xklnrs dudqx onhms hm sgdhq qdrodbshud
hlXfdr e¯Pj( Xmc f¯Pj(0 Jds Y ∼

B
g30 λgMnqlXk¯µg.�g( Xmc Y

′ ∼
B ′

i30 λiMnqlXk¯µ
′
i .�

′
i(

ad X oXhq ne uXqhXakdr vhsg FLL chrsqhatshnm -hm qdctbdc enql(0 Rtoonrd sgXs e¯Y( Xmc f¯Y ′( Xqd
dptXkkx chrsqhatsdc0 JdsD ⊆ Pm ad X bnmmdbsdc nodm rds rtbg sgXs e Xmc f Xqd hmidbshud nmsnD0 Sgdm:
sgdqd dwhrsr Xm Xezmd sqXmrenqlXshnm g 9 Pj → Pj rtbg sgXs g¯Y( b;Y ′ Xmc f¯y( ;

�
e ± g�0


¯y(

enq dudqx y ∈ f�0¯D(0

Vd mnv oqnud ntq lZhm qdrtks0

Sgdnqdl fi -HcdmshzWahkhsx Sgdnqdl( Jds sgd fqntmc sqtsg lhwhmf etmbshnm e Xmc sgd kdXqmdc
lhwhmf etmbshnm xe ansg ad bnmshmtntr Xmc hmidbshud ohdbd,vhrd Xezmd lhwhmf etmbshnmr rtbg sgXs
e¯y. e(

b
; xe¯y. e( Xmc e¯y.�( b; xe¯y.�(0 Sgdm: xe hr rtaroXbd chrdmsXmfkdc vhsg qdrodbs sn e Xmc sgd

mnhrdkdrr udqrhnm ne sgd bnmsqXrshud XmXkxrhr lncdk hr rtaroXbd hcdmshzXakd0

Oqnne Kds e Zmc xe ad svn bnmshmtntr hmidbshud ohdbdvhrd khmdZq etmbshnmr rtbg sgZs e¯y. e( b; xe¯y. e(
Zmc e¯y.�( b; xe¯y.�(0 Sgd jdx hcdZ ne sgd oqnne hr sn zqrs rstcx sgd hlokhbZshnmr ne dZbg ne sgd svn
gxonsgdrdr nm dptZkhsx hm chrsqhatshnm hmcdodmcdmskx0 Ax Zookxhmf sgd qdrtks ne JhuuZ ds Zk0 –1911(:
Sgdnqdl 3: vd qdctbd sgd bnlokdwhsx ne sgd oqnakdl sn Z khmdZq dpthuZkdmbd bkZrr ne etmbshnmr0 Sgdm:
rhlokd khmdZq ZkfdaqZ Zkknvr tr sn bnmbktcd0

Vd rsZqs ax Zookxhmf sgd qdrtks ne JhuuZ ds Zk0 –1911( sn sgd sZqfds cZsZ rds: Zr hs hr sgd lnrs
rsqZhfgsenqvZqc0 e Zmc xe Zqd svn bnmshmtntr hmidbshud ohdbdvhrd Zezmd etmbshnmr0 AdbZtrd enq sgd
FZtrrhZm udbsnq ¯y. e(: vd gZud e¯y. e( b; xe¯y. e(: vd lZx Zookx Sgdnqdl 3 Zmc nasZhm sgZs sgdqd
dwhrsr Zm Zezmd sqZmrenqlZshnm g0 9 Pn · Pp → Pn · Pp rtbg sgZs g0¯y. e(

b
;¯y. e(: Zmc

∀¯t.u( ∈ Pn · Pp. xe¯t.u( ;
�
e ± g�00


¯t.u(. –14(

Mnv: kds tr bnmrhcdq sgd aZbjfqntmc cZsZ rds0 Kds Da ; Pn · Z+{ cdmnsd sgd cnlZhm ne sgd
kZsdms uZqhZakdr sgZs fdmdqZsd sgd aZbjfqntmc cZsZ rds: Zmc kds e }DB ad sgd sgd qdrsqhbshnm ne sgd
ohdbdvhrd Zezmd etmbshnm e sn sgd cnlZhm Da0 AdbZtrd e hr ohdbdvhrd Zezmd: e }DB hr Zkrn ohdbdvhrd
Zezmd0 AdbZtrd sgd qdrsqhbshnm ne Zm hmidbshud etmbshnm hr hmidbshud: e }DB hr hmidbshud0 Fhudm sgZs
e¯y.�(

b
; xe¯y.�(: vd lZx Zookx Sgdnqdl 3 Zmc nasZhm sgZs sgdqd dwhrsr Zm Zezmd sqZmrenqlZshnm

g+ 9 Pn → Pn rtbg sgZs g+¯y(
b
; y: Zmc

∀t ∈ Pn. xe

DB
¯t.�( ;

�
e

DB ± g�0+


¯t.�(. –15(

EhmZkkx: vd ZoodZk sn Z rgnqs khmdZq ZkfdaqZhb Zqftldms sn bnmbktcd0 AdbZtrd g+ Zmc g0 Zqd Zezmd
lZor oqdrdquhmf sgd hrnsqnohb FZtrrhZm chrsqhatshnm: sgdx ltrs ad khmdZq –h0d0: sgd neerds sdql hr ydqn(
hm nqcdq sn oqdrdqud sgd ldZm0 Vd lZx vqhsd sgd etmbshnmr Zr

g+¯t( ; O+t –16(

g0¯t.u( ; ¯O00t)O01u. O10t)O11u( . –17(
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Mnv: adbZtrd ne sgd hmidbshuhsx ne sgd etmbshnmr e Zmc xe : vd jmnv sgZs g+ Zmc g0 Zqd dptZk enq Zkk
uZktdr ne t vgdmdudq u ; �0 Sgdqdenqd: vd gZud sgZs O00 ; O+: Zmc O10 ; +0 Vd lZx qdvqhsd ntq
etmbshnmr Zr

g+¯t( ; O+t –18(

g0¯t.u( ; ¯O+t)O01u. O11u( . –29(

Mnv: hm nqcdq sn oqdrdqud sgd bnuZqhZmbd ne sgd FZtrrhZm udbsnq: vd gZud

Hn +
+ Hp


;


O+ O01
+ O11


O⊤
+ +

O⊤
01 O⊤

11


;


O+O

⊤
+ )O01O

⊤
01 O01O

⊤
11

O11O
⊤
01 O11O

⊤
11


. –2fl(

Sgdqdenqd: vd gZud sgZsO11O⊤
11 ; H : ZmcO11 hr Zm nqsgnfnmZk lZsqhw0 Ats ZcchshnmZkkx:O01O⊤

11 ; +:
Zmc adbZtrd O11 hr hmudqshakd: hs hlokhdr sgZs O01 ; +0 Sgdqdenqd O01 hr sgd mtkk etmbshnm Zmc vd
gZud oqnudc sgZs u ; e�0 ± xe hr bnloZshakd vhsg qdrodbs sn sgd DtbkhcdZm cdbnlonrhshnm Pn·Pp0 �

B020 HcdmshzWahkhsx ne QdKT Ltksh:Fqnto �mWkxrhr CFLr

Vd rsZqs sghr rdbshnm ax hmsqnctbhmf sgd mnsZshnm Zmc sgd cdzmhshnm ne rtaroZbd chrdmsZmfkdldms hm
sghr rodbhzb rdsshmf0 Kds tr Zkrn hmsqnctbd sgd cnlZhmr enq sgd kZsdms uZqhZakdr D0 ; X · S 0 · Z+{
Zmc D1 ; X · Z+{ · S 10 Sgd rtaroZbd hcdmshzZahkhsx bnqqdronmcr sn.

Cdzmhshnm 4 -RtaroWbd ChrdmsWmfkdldms( � kdXqmdc lhwhmf etmbshnm xe hr rXhc sn ad rtaroXbd,
chrdmsXmfkdc vhsg qdrodbs sn sgd fqntmc sqtsg lhwhmf etmbshnm e he e¯D0( ; xe¯D0( Xmc e¯D1( ;
xe¯D1( Xmc sgd lXoohmf u ; e�0± xe hr X cheednlnqoghrl rtbg sgXs ansg u}D� Xmc u}D1 Xqd bnloXshakd
vhsg qdrodbs sn sgd rtaroXbdr D0 Xmc D10

Vgdm sghr oqnodqsx hr mns udqhzdc: sghr vntkc hlokx sgZs sgd kdZqmdc lhwhmf etmbshnm xe cndr mns
cdbnlonrd sgd rhfmZk hm sgd edZstqd roZbd T hmsn sgd rZld rgZqdc X Zmc oqhuZsd roZbdr S 0: Zmc S 10
Mnv vd oqnbddc sn Z rsZsdldms ne sgd fdmdqZkhyZshnm ne Sgdnqdl fl sn sgd ltksh/fqnto rdsshmf0

Sgdnqdl 2 Jds sgd fqntmc sqtsg lhwhmf etmbshnm e Xmc sgd kdXqmdc lhwhmf etmbshnm xe ansg ad
bnmshmtntr Xmc hmidbshud ohdbdvhrd Xezmd lhwhmf etmbshnmr rtbg sgXs e¯y. s0.�( b; xe¯y. s0.�( Xmc
e¯y.�. s1(

b
; xe¯y.�. s1(0 Sgdm: xe hr rtaroXbd chrdmsXmfkdc vhsg qdrodbs sn e Xmc sgd mnhrdkdrr

udqrhnm ne sgd ltksh,fqnto XmXkxrhr lncdk hr rtaroXbd hcdmshzXakd0

Oqnne Kds e Zmc xe ad svn bnmshmntr hmidbshud ohdbdvhrd khmdZq etmbshnmr rtbg sgZs

e¯y. s0.�(
b
; xe¯y. s0.�( Zmc e¯y.�. s1(

b
; xe¯y.�. s1(. –21(

Vd oqnbddc udqx rhlhkZq sn sgd bnmsqZrshud ZmZkxrhr bZrd0
Kds D0 ; Pn · Pp · Z+{ cdmnsd sgd cnlZhm enq sgd kZsdms uZqhZakdr sgZs fdmdqZsd cZsZ rds fl0

Kds e }D� ad sgd sgd qdrsqhbshnm ne sgd ohdbdvhrd Zezmd etmbshnm e sn sgd cnlZhm D00 AdbZtrd e hr
ohdbdvhrd Zezmd: e }D� hr Zkrn ohdbdvhrd Zezmd0 AdbZtrd sgd qdrsqhbshnm ne Zm hmidbshud etmbshnm hr
hmidbshud: e }D� hr hmidbshud0 Fhudm sgZs e¯y. s0.�( b; xe¯y. s0.�(: vd lZx Zookx Sgdnqdl 3 Zmc nasZhm
sgZs sgdqd dwhrsr Zm Zezmd sqZmrenqlZshnm g0 9 D0 → D0 rtbg sgZs g0¯y. s0.�(

b
;¯y. s0.�(: Zmc.

∀t.u0 ∈ Pn · Pp. xe

D�
¯t.u0.�( ;

�
e

DB ± g�00


¯t.u0.�(. –22(
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üookxhmf sgd rZld Zqftldms sn cZsZ rds 1: vd bnmbktcd sgZs sgZs sgdqd dwhrsr Zm Zezmd sqZmrenqlZshnm
g1 9 D1 → D1 rtbg sgZs g1¯y.�. s1(

b
;¯y.�. s1(: Zmc.

∀t.u1 ∈ Pn · Pp. xe

D�
¯t.�.u1( ;

�
e

DB ± g�01


¯t.�.u1(. –23(

EhmZkkx: vd lZjd ZoodZk sn Z rgnqs khmdZq ZkfdaqZhb Zqftldms sn bnmbktcd0 AdbZtrd g0 Zmc g1 Zqd
Zezmd lZor oqdrdquhmf sgd hrnsqnohb FZtrrhZm chrsqhatshnm: sgdx ltrs ad khmdZq hm nqcdq sn oqdrdqud
sgd ldZm0 Vd lZx qdvqhsd sgd cdzmhshnmr ne sgd etmbshnmr Zr.

g0¯y.u
0( ;

�
S00y ) S01u

0. S10y ) S11u
0


–24(

g1¯y.u
1( ;

�
U00y ) U01u

1. U10y ) U11u
1

. –25(

Ctd sn sgd hcdmshzZahkhsx ne sgd etmbshnmr: vd jmnv sgZs g0 Zmc g1 nudqkZo enq Zkk uZktdr ne y vgdm
u0 ; u1 ; �0 Sgdqdenqd: vd gZud sgZs S00 ; U00 ; O0: Zmc S10 ; U10 ; +0 Sgdqdenqd: vd gZud

g0¯y.u
0( ;

�
O0y ) S01u

0. S11u
0


–26(

g1¯y.u
1( ;

�
O0y ) U01u

1. U11u
1

. –27(

Mnv: hm nqcdq sn oqdrdqud sgd bnuZqhZmbd ne sgd FZtrrhZm udbsnq g0¯y. s0(: vd gZud

Hn +
+ Hp


;


O0 S01
+ S11


O⊤
0 +

S⊤
01 S⊤

11


;


O0O

⊤
0 ) S01S

⊤
01 S01S

⊤
11

S11S
⊤
01 S11S

⊤
11


. –28(

Nardquhmf sgZs S11 hr Zm hrnldsqx: Zr hm sgd bnmsqZrshud bZrd: vd nasZhm sgZs S01 ; +0 Oqnbddchmf
rhlhkZqkx enq g1¯w. s0(: vd gZud sgZs U01 ; + Zr vdkk0 Sgdqdenqd: vd gZud oqnudc sgZs sgd qdrsqhbshnmr
ne u ; e�0 ± xe sn D0 Zmc D1 Zqd bnloZshakd vhsg qdrodbsdc sn sgd DtbkhcdZm cdbnlonrhshnm
Pn · Pp · Pp0 �

�oodmchw C0 HcdmshzWahkhsx Sgdnqx enq Bntmshmf NardquWshnm Mnhrd

C0fi0 OqdkhlhmWqx Qdrtksr

Sgd bdmsqZk Zqftldms enq ntq oqnner vhkk qdkx nm Z fdmdqZkhyZshnm ne sgd bgZqZbsdqhrshb etmbshnm sgZs
vd qdedq sn Zr sgd KZokZbd sqZmrenql.

Cdzmhshnm 5 Jds x ad X qXmcnl udbsnq uXktdc hm Pb0 Sgd JXokXbd sqXmrenql ne sgd qXmcnl udbsnq x
hr cdzmdc Xr.

�b → �

µx 9 s → C

ds

⊤x

. –39(

Sgd qdrsqhbshnm ne µx sn sgd oqnctbs ne sgd hlZfhmZqx khmdr hr sgd bgZqZbsdqhrshb etmbshnm ϕx 0 RhlhkZqkx:
sgd qdrsqhbshnm ne µx sn sgd oqnctbs ne sgd qdZk khmdr hr sgd lnldms fdmdqZshmf etmbshnm0

Vgdm cdZkhmf vhsg bntms chrsqhatshnmr: hs hr drodbhZkkx hmsdqdrshmf sn bnmrhcdq rodbhzb qdrtksr
Zants onrhshud qZmcnl uZqhZakdr0 Hm sghr bZrd: sgd KZokZbd sqZmrenql hr cdzmdc: Zmc dudm gnknlnqoghb:
nudq sgd oqnctbs ne gZke/roZbdr.
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KdllW 6 Jds x ad X qXmcnl udbsnq uXktdc hm Pb)0 Sgdm: sgd etmbshnm µx hr X gnknlnqoghb etmbshnm
ne rdudqXk uXqhXakdr nmDb

�: vgdqdD� ; Zy ∈ � } ℜ¯y( , +{0

OqnneVd zqrs rgnv sgZs sgd etmbshnm hr vdkk cdzmdc nm hsr cnlZhmDb
�0 Kds s ; ¯ti ) hui(

b
i30 vhsg

ti , + enq Zkk i ∈ =c[0 Hm sghr bZrd: sgd hmsdfqZk hr Zarnktsdkx bnmudqfdms.

C
ds

⊤x
 ; C

dt
⊤x)gu⊤x

 ; Cdt
⊤x ≤ 0 –3fl(

AdbZtrd x hr onrhshud Zklnrs rtqdkx: Zmc t hr Z udbsnq vhsg mdfZshud uZktdr0 Sn rgnv sgZs µx hr
gnknlnqoghb nmDb

�: ax Nrfnnc=r kdllZ: hs hr rtezbhdms sn oqnud sgZs µx hr bnmshmtntr nmDb
�: Zmc

gnknlnqoghb hm dZbg ne hsr uZqhZakdr nmD�0 Sn rgnv sgZs µx hr bnmshmtntr: hs hr dmntfg sn mnshbd sgZs
sgd hmsdfqZmc cdzmhmf µx hr tmhenqlkx antmcdc ax Zm hmsdfqZakd etmbshnm –DptZshnm 3fl(: Zmc sgZs sgd
etmbshnm s → ds

⊤x hr bnmshmtntr: rn bnmshmthsx enkknvr eqnl sgd cnlhmZsdc bnmudqfdmbd sgdnqdl0
Sn rgnv sgZs µx hr gnknlnqoghb nm dZbg ne hsr uZqhZakd: hs hr dmntfg sn rgnv sgZs s0 → µx¯s0. . . . . sb(
hr gnknlnqoghb nm D�0 Gdqd ZfZhm: vd lZx Zookx sgd cnlhmZsdc bnmudqfdmbd sgdnqdl0 Sghr hr
itrshzdc adbZtrd –h( sgd dwonmdmshZk etmbshnm hr gnknlnqoghb: –hh( enq Zkk s0 ∈ D� sgd hmsdfqZk dwhrsr
Zmc –hhh( sgd hmsdfqZmc hr tmhenqlkx antmcdc Zanud ax Zm Zarnktsdkx hmsdfqZakd etmbshnm0 �

Mdws: vd cdqhud sgd KZokZbd sqZmrenql enq rnld rodbhzb bnlontmc uZqhZakdr0

KdllW 7 -Onhrrnm mnhrd( Jds x ad X qXmcnl udbsnq uXktdc hm Pb): Xmc kds tr Xrrtld sgXs vd
nardqud bntms cXsX w fdmdqXsdc Xr wi ∼ Onhrrnm¯xi( enq i ∈ =c[0 Sgdm: enq Xkk s ∈ �b rtbg sgXs sgd
JXokXbd sqXmrenql ne sgd qXmcnl udbsnq w hr cdzmdc: hs bXm ad cdqhudc Xr.

µw¯s( ; µx
�
ds � 0


. –31(

vgdqd sgd bnlonmdms,vhrd nodqXshnmr Xqd trdc sn Xrrdlakd sgd udbsnq ds � 0 ;
�
dsi � 0

b
i30

0

Oqnne Sghr cdqhuZshnm rhlokx trdr sgd kZv ne snsZk dwodbsZshnmr:

µw¯s( ; Cw=ds
⊤w[ ; Cx


Cw=ds

⊤w } x[

. –32(

sgd eZbs sgZs bnlonmdmsr ne w Zqd hmcdodmcdms bnmchshnmZkkx nm x:

µw¯s( ; Cx



Cw




b

i30

dsivi } x







 ; Cx




b

i30

Cvi

dsivi } x




 . –33(

Zmc sgd cdzmhshnm ne sgd KZokZbd sqZmrenql enq sgd Onhrrnm chrsqhatshnm

µw¯s( ; Cx




b

i30

dxi(d
ni�0(



 ; µx
�
ds � 0


. –34(

vgdqd bnlonmdms/vhrd nodqZshnmr Zqd trdc sn Zrrdlakd sgd udbsnq ds � 0 ;
�
dsi � 0

b
i30

0 �

KdllW 8 -MdfWshud ahmnlhWk mnhrd( Jds x ad X qXmcnl udbsnq uXktdc hm Pb): Xmc kds tr Xrrtld
sgXs vd nardqud bntms cXsX w fdmdqXsdc Xr wi ∼ MdfXshudAhmnlhXk¯xi . θ( enq i ∈ =c[: vgdqd θ
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cdrhfmXsdr sgd rgXod oXqXldsdq0 Sgdm: enq Xkk s ∈ �b rtbg sgXs sgd JXokXbd sqXmrenql ne sgd qXmcnl
udbsnq w hr cdzmdc: hs bXm ad cdqhudc Xr.

µw¯s( ; µx
�
� inc¯0� ¯ds � 0(θ(


. –35(

vgdqd inc hr sgd oqhmbhoXk aqXmbg ne sgd bnlokdw knfXqhsgl: Xmc bnlonmdms,vhrd nodqXshnmr Xqd trdc
sn Xrrdlakd sgd udbsnq inc¯0� ¯ds � 0(θ( ;

�
inc¯0� ¯dsi � 0(θ(

b
i30

0

Oqnne Hm sghr bZrd: vd trd sgd cdzmhshnm ne sgd mdfZshud ahmnlhZk chrsqhatshnm Zr Z FZllZ/Onhrrnm
bnlontmc chrsqhatshnm.

wi ∼ MdfZshudAhmnlhZk¯xg. θ(⇔ tg ∼ FZllZ¯xg. θ(. wg ∼ Onhrrnm¯tg(. –36(

Enkknvhmf sgd Onhrrnm bZrd: vd fds

µw¯s( ; Cx

Ct


Cw


ds

⊤w } t

} x


–37(

; Cx



Ct



Cw




b

i30

dsivi } t



 } x







 –38(

; Cx




b

i30

Ct

Cw


dsivi } t


} x




 . –49(

Sgdm: trhmf sgd cdzmhshnm ne sgd KZokZbd sqZmrenql enq sgd Onhrrnm chrsqhatshnm Zmc sgd FZllZ
chrsqhatshnm: vd fds

µw¯s( ; Cx




b

i30

Ctdti(d
ni�0(



 –4fl(

; Cx




b

i30


0� ¯dsi � 0(θ

�xi


 . –41(

vgdqd sgd onvdq vhsg Z bnlokdw aZrd Zn hr cdzmdc Zr dn glˆ T: vgdqd inc hr sgd oqhmbhoZk aqZmbg ne sgd
bnlokdw knfZqhsgl0 QdZrrZlakhmf sgd oqnctbs hmsn Z rtl ne sdqlr hmrhcd sgd dwonmdmshZk chrsqhatshnm:
vd fds

µw¯s( ; µx
�
� inc¯0� ¯ds � 0(θ(


. –42(

vgdqd sgd udbsnq inc¯0� ¯ds� 0(θ( ;
�
inc¯0� ¯dsi � 0(θ(

b
i30

hr ots snfdsgdq bnlonmdms/vhrd0 �

C010 HcdmshzWahkhsx ne lhwstqd sgqntfg nardquWshnmWk bntms mnhrd

Oqnonrhshnm 1 -HcdmshzWahkhsx ne lhwstqd sgqntfg nardquWshnmWk bntms mnhrd( Jds t ad X qXm,
cnl uXqhXakd sXjhmf uXktdr hm Pn0 Jds e Xmc xe ad svn etmbshnmr uXktdc hm Pb): Xmc kds x ; e¯t( Xmc
xx ; xe¯t(0 He sgd qXmcnl uXqhXakdr w ∼ nv¯x( Xmc xw ∼ nv¯xx( Xqd dptXk hm chrsqhatshnmr: Xmc nv hr
Onhrrnm: nq mdfXshud ahmnlhXk vhsg zwdc rgXod: sgdm hs enkknvr sgXs x b

; xx0
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Oqnne AdbZtrd ansg qZmcnl udbsnqr x Zmc xx Zqd uZktdc hm Pb): KdllZ 6 chbsZsdr sgZs µx Zmc µox Zqd
gnknlnqoghb nm Db

�0 Oqnbddchmf rhlhkZqkx enq w Zmc xw: µw Zmc µow Zqd gnknlnqoghb: Zmc sgdqdenqd
vdkk/cdzmdc nmDb

�0
Tmcdq sgd Zrrtloshnm sgZs w b

; xw: vd jmnv sgZs sgd bgZqZbsdqhrshb etmbshnmr ne w Zmc xw ltrs
Zfqdd0 Sgdqdenqd: vd gZud.

∀s ∈ ¯hP(b. µw¯s( ; µow¯s(. –43(

Vd mnv rokhs sgd bZrdr ne Onhrrnm Zmc mdfZshud ahmnlhZk chrsqhatshnm0
Onhrrnm bWrd Trhmf KdllZ 7: DptZshnm 43 hr dpthuZkdms sn.

∀s ∈ ¯hP(b. µx
�
ds � 0


; µox

�
ds � 0


. –44(

Sgdqdenqd: sgd gnknlnqoghb etmbshnmr µx Zmc µox gZud sgd rZld uZktd nm Z rdptdmbd ne onhmsr
sm ; sm · 0b vgdqd sm ; dg(π)

�
j
( � 0: sgZs bnmudqfdr sn �1 · 0b ∈ Db

�0

MdfWshud ahmnlhWk bWrd Trhmf KdllZ 8: DptZshnm 43 hr dpthuZkdms sn.

∀s ∈ ¯hP(b. µx
�
� inc¯0� ¯ds � 0(θ(


; µox

�
� inc¯0� ¯ds � 0(θ(


. –45(

Sgdqdenqd: sgd gnknlnqoghb etmbshnmr µx Zmc µox gZud sgd rZld uZktd nm Z rdptdmbd ne onhmsr

sm ; sm · 0b vgdqd sm ; � inc

0� θ¯dg(π)

�
j
( � 0(


: sgZs bnmudqfdr sn � inc¯0 ) 1θ( · 0b ∈ Db

�0
Dmc ne oqnne Hm ansg bZrdr: ax ZmZkxshb bnmshmtZshnm: vd gZud.

∀s ∈ Db
�. µx¯s( ; µox¯s(. –46(

Mnv: kds tr mnshbd sgZs µx¯s( Zmc µox¯s( Zqd gnknlnqoghb: Zmc sgdqdenqd bnmshmtntr nmDb
�0 Enq dZbg

v ∈ Pb: vd cdmnsd Zr svm ; � 0
m · 0b ) hv0 Vd jmnv sgZs ansg etmbshnmr µx Zmc µox Zclhs enq

khlhs sgd uZktd ne sgdhq qdrodbshud bgZqZbsdqhrshb etmbshnm duZktZsdc Zs v vgdm l → ∞: Zmc sgdm
ax bnmshmtntr dwsdmrhnm ne sgd etmbshnm: vd ltrs gZud dptZkhsx ne sgd khlhsr: Zmc sgdqdenqd ne sgd
bgZqZbsdqhrshb etmbshnmr0 Sgdqdenqd: sghr hr dmntfg sn ftZqZmsdd x b

; xx: rhmbd bgZqZbsdqhrshb etmbshnmr
tmhptdkx bgZqZbsdqhyd Z oqnaZahkhsx chrsqhatshnm0 �

Vd mnv oqnbddc sn sgd oqnne ne sgd sgdnqdl0

Sgdnqdl 1 -Qdctbshnm eqnl nardquWshnmWk bntms mnhrd sn sgd mnhrdkdrr rdsshmf(
Jds t ∼ MnqlXk ¯+. Hn(0 Jds e ; σ ± f -qdro0 xe ; σ ± xf( ad sgd bnlonrhshnm ne X rbXkXq khmj
etmbshnm σ: uXktdc hm P) -Xookhdc bnlonmdms,vhrd(: vhsg X ohdbdvhrd Xezmd etmbshnm f -qdro0 xf(0 Jds
w ∼ nv¯e¯t(( Xmc xw ∼ nv¯ xe¯t(( rtbg sgXs nv hr Onhrrnm nq mdfXshud ahmnlhXk vhsg zwdc rgXod0 He
σ hr X ahbnmshmtntr ahidbshnm: sgdm:

xw
b
;w ;⇒ xe¯t(

b
; e¯t( ;⇒ xf¯t(

b
; f¯t(. –2(

Oqnne Sgd hlokhbZshnm xw b
;w ;⇒ xe¯t(

b
; e¯t( hr sgd qdrtks ne Oqnonrhshnm 10

Sn oqnud sgd rdbnmc hlokhbZshnm: vd mddc sn mnshbd sgZs adbZtrd σ 9 P→ P hr Z ahbnmshmtntr
ahidbshnm: hs ltrs ad Z lnmnsnmhb etmbshnm0 Vhsgnts knrr ne fdmdqZkhsx: vd lZx Zrrtld hs hr rsqhbskx
hmbqdZrhmf0 Sgdqdenqd: hsr hmudqrd etmbshnm σ�0 hr Zkrn rsqhbskx hmbqdZrhmf: Zmc ax lnmnsnmhbhsx: enq
dudqx khmd rdfldms =Z. a[ ne P: vd gZud.

∀b ∈ P. b ∈ =Z. a[⇔ σ�0¯b( ∈ =σ�0¯Z(.σ�0¯a([. –47(
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Kds tr bnmrhcdq mnv Z gxodqanw G ;
b
g30=Zg. ag[: Zmc G

′ ;
b
g30=σ

�0¯Zg(.σ
�0¯ag([ hsr hlZfd

bnlonmdms/vhrd ax σ0 Vd gZud ZfZhm: enq dudqx onhms c ∈ Pb.

c ∈ G ⇔ Ψ¯c( ∈ G ′. –48(

vhsg Ψ hr cdzmdc Zr

Ψ 9 x →
�
σ�0¯x0(. . . . .σ

�0¯xb(

. –59(

Sn bnmbktcd sgd oqnne: hs hr dmntfg sn mnshbd sgZs svn qZmcnl uZqhZakdr W Zmc X ne Pb Zqd dptZk hm
chrsqhatshnmr he sgdx gZud sgd rZld fdmdqZkhydc btltkZshud chrsqhatshnm etmbshnm: sgZs hr he enq dudqx
gxodqanw G : vd gZud n¯W ∈ G( ; n¯X ∈ G(0

Hmcddc: he vd Zrrtld sgZs xe¯t( b; e¯t(: vd gZud sgZs enq dudqx gxodqanw G : n¯ xe¯t( ∈ G( ;
n¯e¯t( ∈ G(0 Gnvdudq: vd gZud sgZs xe¯t( ∈ G he Zmc nmkx he xf¯t( ∈ G ′: Zmc rhlhkZqkx:
e¯t( ∈ G he Zmc nmkx he f¯t( ∈ G ′0 Sgdqdenqd: vd gZud sgZs enq dudqx hlZfd gxodqanw G ′:
n¯ xe¯t( ∈ G ′( ; n¯e¯t( ∈ G ′(0 AdbZtrd σ hr Z ahbnmshmtntr ahidbshnm: sgd rds ne hlZfdr gxodqanwdr
bnudqr sgd rds ne Zkk gxodqanwdr –adbZtrd ne lnmnsnmhbhsx(: Zmc sgdqdenqd: vd gZud sgZs xf¯t( b; f¯t(0

�

C020 Chrbtrrhnm ne sgd Adqmntkkh Mnhrd Rdsshmf

Sgd hmsthshnm hr sgZs hm sgd nmd/chldmrhnmZk rdsshmf: Z lhwstqd ne Adqmntkkh chrsqhatshnmr hr rshkk Z
chrsqhatshnm nm Z+. 0{ Zmc sgdqdenqd dmshqdkx cdsdqlhmdc ax hsr zqrs lnldms0 Sn rgnv sghr: vd oqnbddc
vhsg bZkbtkZshnmr rhlhkZq sn sgd nmdr bnmctbsdc enq sgd Onhrrnm Zmc mdfZshud ahmnlhZk chrsqhatshnm:
ats hm sgd bZrd ne Adqmntkkh mnhrd0 Kds x ad Z qZmcnl udbsnq uZktdc hm =+. 0[b: Zmc kds tr Zrrtld sgZs
vd nardqud ahmZqx cZsZ w fdmdqZsdc Zr wi ∼ Adqmntkkh¯xi( enq i ∈ =c[0 Enq s ∈ �b: sgd KZokZbd
sqZmrenql ne sgd qZmcnl udbsnq w bZm ad cdqhudc Zr.

µw¯s( ; Cx




b

i30

Cvi

dsivi } x




 . –5fl(

Kds tr mnshbd sgZs adbZtrd x hr antmcdc: µw hr cdzmdc nm Zkk ne �b0 Sgdm: bnmrhcdqhmf sgd cdzmhshnm
ne sgd KZokZbd sqZmrenql ne Z Adqmntkkh chrsqhatshnm: vd nasZhm

µw¯s( ; Cx




b

i30

�
¯0� xi( ) xid

si



 . –51(

Zmc vd lZx dwoZmc sgd oqnctbs: ax hcdmshexhmf sgd rtards R ⊂ Z0. . . . . c{ vhsg Z ahmZqx udbsnq ne
rhyd c

µw¯s( ; Cx






N⊂W0.....b{

b

i30

¯0� xi(
(0�Ni(x

Ni
i d

siNi



 –52(

µw¯s( ;


N⊂W0.....b{

Cx




b

i30

¯0� xi(
(0�Ni(x

Ni
i



 ds⊤N . –53(
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SNVüQC SGD HCDMSHEHüAHKHSX NE BNLOüQüSHUD CDDO FDMDQüSHUD LNCDKR

Hs hr hlonqsZms sn mnshbd gdqd sgZs dZbg rtards R hm sgd rtl Zanud hmctbdr Z tmhptd lnmnlhZk sdql0
Fhud sghr nardquZshnm: he vd Zrrtld µw ; µow enq Zmnsgdq cZsZ/fdmdqZshmf oqnbdrr: sgd dptZkhsx ne
sgnrd svn etmbshnmr hlokhdr sgd dptZkhsx ne svn zmhsd bnlokdw Entqhdq rdqhdr: Zmc sgdqdenqd sgdhq
bndezbhdmsr ltrs ad dptZk –hm eZbs: hs hr Zm dpthuZkdmbd(.

∀s ∈ �b. µw¯s( ; µow¯s(. –54(

⇔ ∀R ∈ Z+. 0{b.Cx




b

i30

¯0� xi(
(0�Ni(x

Ni
i



 ; Cox




b

i30

¯0� xi(
(0�Ni(x

Ni
i



 . –55(

Hmsdqdrshmfkx: sgd onkxmnlhZk ZoodZqhmf hm sgd kZrs dptZshnm nmkx gZr sdql vhsg oZqshZk cdfqdd ne
Zs lnrs fl –ats ne snsZk cdfqdd c(0 Sgdqdenqd: vd gxonsgdrhyd sgZs hs ltrs mns ad sqtd sgZs sghr etkkx
bgZqZbsdqhydr sgd chrsqhatshnm ne X : adbZtrd hm fdmdqZk: sgdqd dwhrs rdudqZk chrshmbs etmbshnmr e sgZs
bntkc gZud sgd rZld lnldms ne nqcdq 00

Vd sgdqdenqd enbtr nm athkchmf Z bntmsdq/dwZlokd vhsg n ; c ; 10 Hm sghr bZrd: kds tr Zrrtld
y ∼ MnqlZk¯+. H1( Zmc sgZs x ; e¯y(: Zmc xx ; xe¯y(: Zmc w hr fdmdqZsdc Zr wi ∼ Adqmntkkh¯xi( enq
i ∈ =c[0 xw hr fdmdqZsdc rhlhkZqkx: eqnl xx0 Kds tr Zkrn Zrrtld xw b

;w0 AZrdc nm DptZshnm 55: vd gZud
sgZs 





Cx =¯0� x0(¯0� x1([ ; Cox=¯0� xx0(¯0� xx1([
Cx=x0¯0� x1([ ; Cox=xx0¯0� xx1([
Cx=¯0� x0(x1[ ; Cox=¯0� xx0(xx1[
Cx=x0x1[ ; Cox=xx0xx1[

–56(

Sgdrd dptZshnmr Zqd dpthuZkdms sn sgd bnmrsqZhmsr.

Cxx ; Cox xx
Cxx0x1 ; Coxxx0xx1

–57(

Hs hr onrrhakd sn zmc dwZlokdr ne etmbshnmr sgZs vhkk xhdkc chrsqhatshnmr x Zmc xx sgZs rZshrex sgd
bnmrsqZhmsr hm DptZshnm 57: ats gZud cheedqdms chrsqhatshnmr0 Enq dwZlokd: kds tr bnmrhcdq sgd etmbshnmr
eλ enq λ / + ne sgd enql.

eλ 9 ¯y0. y1( →
�
EAdsZ¯E

�0
MnqlZk¯y0(:λ.λ(. EAdsZ¯E

�0
MnqlZk¯y1(:λ.λ(


. –58(

vgdqd EMnqlZk cdmnsdr sgd btltkZshud chrsqhatshnm etmbshnm –BCE( ne sgd hrnsqnohb FZtrrhZm chr/
sqhatshnm: Zmc EAdsZ¯..λ.λ( cdmnsdr sgd BCE ne sgd AdsZ chrsqhatshnm vhsg oZqZldsdqr ¯λ.λ(0 Enq
x ; e0¯y( Zmc xx ; e1¯y(: vd cn mns gZud dptZkhsx hm chrsqhatshnm enq x Zmc xx: ats vd cn gZud sgZs
w

b
; xw0
Sn rgnv sgZs sghr oZsgnknfhbZk bZrd bZm Zkrn gZoodm vhsghm sgd eqZldvnqj vd bnmrhcdq hm sghr

oZodq: kds tr bnmrhcdq sgd bZrd e ; σ ± f vgdqd f hr Z ohdbdvhrd Zezmd etmbshnm0 Etqsgdqlnqd: vd
bnmrhcdq sgd bZrd vgdqd e hr rdoZqZakd.

e¯y0. y1( ; ¯σ¯fT.a¯y0((.σ¯fT.a¯y1((( . –69(

vgdqd σ cdmnsdr sgd rhflnhc etmbshnm: Zmc

fT.a¯v( ; ZvδZv ≤ +{) avδZv / +{. –6fl(

2fl898



KNODY GTDSSDQ GüIHQüLDYüMüKH OQHSBGüQC QDFDU

AdbZtrd x0 Zmc x1 Zqd hmcdodmcdms hm sghr bZrd: dptZkhsx hm sgd ldZm ne dZbg bnlonmdms ne x hr
dmntfg sn ftZqZmsdd dptZkhsx hm chrsqhatshnm ne x0 Kds tr dwZlhmd sgd etmbshnm.

Φ 9 ¯Z. a( → C =σ¯fT.a¯t(([ ;
 +

�∞
σ¯Zv(n¯v(cv )

 )∞

+
σ¯av(n¯v(cv. –61(

vgdqd t hr Z qZmcnl uZqhZakd chrsqhatsdc Zbbnqchmf sn Z rsZmcZqc FZtrrhZm chrsqhatshnm: Zmc n¯v(
cdmnsdr hsr cdmrhsx duZktZsdc Zs v0 Ax bnmshmthsx tmcdq sgd hmsdfqZk rhfm: Φ hr Z bnmshmtntr etmbshnm
nm hsr cnlZhm0

Vd mnsd sgZs Φ bZmmns ad hmidbshud: Zr hs nsgdqvhrd bntkc ad trdc sn cdzmd Zm gnldnlnqoghrl
eqnl P1 sn P: vghbg hr hlonrrhakd ax sgd hmuZqhZmbd ne cnlZhm sgdnqdl0 Sgdqdenqd: vd ltrs gZud
svn chrshmbs oZqZldsdqr ¯Z. a( Zmc ¯Z′. a′( rtbg sgZs sgd hmctbdc etmbshnmr e Zmc e ′ fdmdqZsd sgd rZld
chrsqhatshnm0 AdbZtrd dZbg rds ne oZqZldsdqr cdrhfmZsdr Z tmhptd etmbshnm –he svn ¯Z. a( ̸; ¯Z′. a′(:
sgdm eT.a ̸; eT′.a′(: sghr hr Z bntmsdqdwZlokd0

�oodmchw D0 HcdmshzWahkhsx tmcdq LhrrodbhzbWshnm ne BnmsqWrshud CFLr

D0fi0 Aknbj:vhrd HcdmshzWahkhsx ne Lhrrodbhzdc KhmdWq Lncdk

Oqnonrhshnm fi -Aknbj:vhrd hcdmshzWahkhsx tmcdq lhrrodbhzbWshnm enq sgd khmdWq bWrd(
Jds sgd fqntmc sqtsg lhwhmf etmbshnm e ad hmidbshud khmdXq: Xmc sgd kdXqmdc etmbshnm xe ad X khmdXq
etmbshnm rtbg sgXs e¯y. e( b; xe¯xy. xe( Xmc e¯y.�( b; xe¯xy.�(0 Sgdm: sgdqd dwhrs rtqidbshud khmdXq
etmbshnmr gy Xmc g� rtbg sgXs ¯y. e( ; u¯xe. xy( ; ¯u�¯xe(. uy¯xy((: vgdqd u ; e�0 ± xe 0

Oqnne Kds tr Zrrtld sgZs sgd cZsZ hr fdmdqZsdc Zbbnqchmf sn sgd bnmsqZrshud ZmZkxrhr lncdk: Zmc
vgdqd e 9 ¯y. e( → w ; Sy ) U e hr Z khmdZq lhwhmf etmbshnm0 Kds xe 9 ¯xy. xe( → xw ; xS xy ) xU xe
cdmnsd sgd kdZqmdc lhwhmf etmbshnm0

Vd zqrs mnsd sgZs e hr Z khmdZq etmbshnm: Zmc y. e hr Z FZtrrhZm udbsnq0 RhlhkZqkx: xe hr Z khmdZq
etmbshnm: Zmc xy. xe Zqd FZtrrhZm udbsnqr0 Sgdqdenqd: vd gZud sgZs e¯y. e( Zmc xe¯xy. xe( Zqd FZtrrhZm
udbsnqr0 Svn FZtrrhZm udbsnqr Zqd dptZk hm chrsqhatshnmr he sgdx gZud sgd rZld ldZm Zmc bnuZqhZmbd
lZsqhw0 AdbZtrd ansg Zqd bdmsdqdc –vhsg ldZm ydqn(: vd sgdqdenqd qdkx nm sgd dptZkhsx ne sgdhq
bnuZqhZmbd lZsqhbdr0 Vd lZx oqnbddc rhlhkZqkx enq sgd qZmcnl udbsnqr e¯y.�( Zmc xe¯xy.�(

AdbZtrd Zkk ne sgd qZmcnl udbsnqr y. e. xy. xe enkknv Zm hrnsqnohb FZtrrhZm chrsqhatshnm: sgd dptZkhsx
ne sgd bnuZqhZmbd lZsqhbdr dmsZhkr sgZs


SS⊤ ; xS xS⊤

SS⊤ ) U U ⊤ ; xS xS⊤ ) xU xU ⊤ . –62(

dpthuZkdms sn 
SS⊤ ; xS xS⊤

U U ⊤ ; xU xU ⊤ . –63(

AZrdc nm hcdmshzZahkhsx ne sgd eZbsnq ZmZkxrhr lncdk: –RgZohqn: fl874(: vd jmnv sgZs sgdqd dwhrsr svn
lZsqhbdr N0 Zmc N1 vhsg nqsgnfnmZk qnvr rtbg sgZs


xS ; SN0
xU ; U N1

–64(

Zmc sgZs vd gZud qZmj¯S( ; qZmj¯ xS( ; n Zmc qZmj¯U ( ; qZmj¯ xU ( ; p0

21899



SNVüQC SGD HCDMSHEHüAHKHSX NE BNLOüQüSHUD CDDO FDMDQüSHUD LNCDKR

Vd mnv rddj sn bnlotsd u| ; e�0 ± xe 0 Kds tr mnshbd sgZs e hr Zm hmidbshud khmdZq etmbshnm:
Zmc sgdqdenqd e�0¯w( ; ¯Vyw.V�w(: vgdqd V ; =V⊤

y .V
⊤
� [

⊤ hr sgd ordtcn/hmudqrd ne =S. U [0
Rtarshstshmf sghr hmsn sgd dwoqdrrhnm enq u: vd gZud

u¯xy. xe( ; ¯VySN0 xy )VyU N1xe.V�SN0 xy )V�U N1xe( . –65(

Ax cdzmhshnm ne sgd ordtcn/hmudqrd: vd gZud sgZsVyS ; H :V�U ; H :VyU ; +: ZmcV�S ; +0
Sgdqdenqd: vd lZx cdqhud Z rhlokdq dwoqdrrhnm enq u

u¯xy. xe( ; ¯N0 xy. N1xe( . –66(

Hcdmshexhmf dZbg ne sgd lZsqhbdr N0 Zmc N1 Zr khmdZq lZor: vd nasZhm sgd cdrhqdc rsZsdldms0 �

D010 Mnm:hcdmshzWahkhsx hm sgd Lhrrodbhzdc Mnm:khmdWq BWrd

Vd adfhm ax rsZshmf sgd bntmsdqdwZlokd0 Enq n ; n′ ; 0: p ; 0 Zmc p′ ; 1: kds tr cdmnsd xy ; y Zmc
xe ; ¯q. u(0 Vd cdzmd e Zr sgd hcdmshsx etmbshnm: Zmc xe Zr sgd enkknvhmf lhwhmf etmbshnm.

xe 9




y
q
u



 →

y · e¯q( ) u · f¯q(

q


. –67(

vhsg e¯q( ; 0¯q ≥ +( Zmc f¯q( ; 0¯q , +(0 Adknv vd oqnud sgd qdrtks enq sgd ohdbdvhrd bnmrsZms
etmbshnmr: ats enkknvhmf sgd Zqftldms hm oqnne enq DwZlokd fl: sgd bntmsdq/dwZlokd gnkcr Zr knmf Zr
f¯+( ; + Zmc e¯e( ) f¯e( ; 0 Zklnrs rtqdkx0

DptWkhsx ne sgd sWqfds cWsW chrsqhatshnmr AdbZtrd e hr sgd hcdmshsx etmbshnm: vd rhlokx mddc sn
rgnv sgZs xe¯xy. xe( enkknvr Zm hrnsqnohb FZtrrhZm chrsqhatshnm0 Vd cdzmd t ; y ·0¯q ≥ +()u ·0¯q , +(
Zmc rddj sn Zrrdrr sgd cdmrhsx ne t bnmchshnmZkkx nm q0 Hm bZrdr vgdqd q ≥ +: vd fds.

n¯t } q. Zq ≥ +{( ; ny¯t } q. Zq ≥ +{( –68(

; ny¯t(. –79(

Vd oqnbddc rhlhkZqkx enq q , +

n¯t } q. Zq , +{( ; nu¯t } q. Zq , +{( –7fl(

; nu¯t(. –71(

Sgdqdenqd: vd gZud sgZs

n¯t } q( ; nu¯t(

1
)
ny¯t(

1
. –72(

AdbZtrd nu¯t( ; ny¯t( Zqd ansg sgd cdmrhsx ne sgd hrnsqnohb FZtrrhZm chrsqhatshnm: vd bnmbktcd sgZs
t hr hmcdodmcdms eqnl q Zmc sgZs t enkknvr Zm hrnsqnohb FZtrrhZm chrsqhatshnm0

DptWkhsx ne sgd aWbjfqntmc cWsW chrsqhatshnmr Mnshbhmf sgZs xe¯y. +. +( ; ¯y. +(: vd fds sgZs
xe¯xy.�(

b
; e¯y. +(0

22900



KNODY GTDSSDQ GüIHQüLDYüMüKH OQHSBGüQC QDFDU

DmsWmfkdldms He vd mnv cdzmd ¯ȳ. q̄( ; u¯xy. xe( ; xe¯xy. xe(: vd mnshbd sgZs ȳ cdodmcr mnm/sqhuhZkkx
nm xe –uhZ u(.

ȳ ; y · 0¯q ≥ +( ) u · 0¯q , +(. –73(

Zmc sgdqdenqd vd gZud dmsZmfkdldms0

D020 Qduhdv ne Dwhrshmf QdftkWqhyWshnm Ldsgncr enq BnloWqWshud �mWkxrhr Lncdkr

Vd qdlhmc sgd qdZcdq ne sgd cdzmhshnm ne sgd ZffqdfZsdc onrsdqhnqr: cdzmdc enq dZbg cZsZ rds:

]psϕ¯y. e( ; CncZsZ(w( =pϕ¯y } w(pϕ¯e } w([ –74(

]paϕ¯y. e( ; CncZsZ(w}cn(�3�(( =pϕ¯y } w(pϕ¯e } w([ . –75(

ücchshnmZkkx: dZbg ne sgnrd bZm ad trdc sn cdzmd lZqfhmZk chrsqhatshnmr nudq dZbg rds ne kZsdms
uZqhZakdr:

]psϕ¯y( ; CncZsZ(w( =pϕ¯y } w([ –76(

]psϕ¯e( ; CncZsZ(w( =pϕ¯e } w([ –77(

]paϕ¯y( ; CncZsZ(w}cn(�3�(( =pϕ¯y } w([ . –78(

Sgdqd Zqd svn oqnlhmdms sdbgmhptdr enq oqnlnshmf chrdmsZmfkdldms hm sgd kZsdms roZbd0 üahc Zmc
Ynt –19fl8( hmhshZkkx oqnonrdc sn dmenqbd Zm hmcdodmcdmbd bnmrsqZhms ne sgd enql ]psϕ¯y( ⊥⊥ ]psϕ¯e(0
Rtbg bnmrsqZhms hr dmenqbdc trhmf Zm ZcudqrZqhZk bkZrrhzdq sgZs sqhdr sn chrshmfthrg rZlokdr eqnl sgd
inhms ]psϕ¯y. e( eqnl rZlokdr eqnl sgd lZqfhmZkr ]psϕ¯y(. ]p

s
ϕ¯e( –nasZhmdc sgqntfg qZmcnl rgtefihmf ne

sgd dladcchmfr(0
KZsdq: Vdhmadqfdq ds Zk0 –1911Z( oqnonrdc sn trd Z bnlahmZshnm ne svn bnmrsqZhmsr sn gdko vhsg

chrdmsZmfkdldms0 Sgd zqrs bnmrsqZhms ]psϕ¯y( ; ]paϕ¯y( dmrtqdr sgZs sgd chrsqhatshnm ne y hr hcdmshbZk
adsvddm sgd sZqfds Zmc sgd aZbjfqntmc cZsZ rds0 Sgd rdbnmc bnmrsqZhms bnmrhrsr hm nardquhmf sgZs sgd
uZqhZshnmZk chrsqhatshnm ne e enq cZsZ onhmsr hm sgd aZbjfqntmc cZsZ rds hr mns cdzmdc: ats hm oqhmbhokd
bntkc ad Zrrdrrdc trhmf sgd ZlnqshyZshnm mdsvnqj oZqZldsdqhyhmf pϕ¯e } w(.

]paϕ¯e( ; CncZsZ(w}cn(�3�(( =pϕ¯e } w([ . –89(

Sgdm: sgd rdbnmc bnmrsqZhms hr ]paϕ¯e( ; δ�: vgdqd δ� cdmnsdr sgd ChqZb chrsqhatshnm bdmsdqdc Zs ydqn0
Hm oqZbshbd: sgnrd bnmrsqZhmsr lZx ad dmenqbdc trhmf Z lZwhltl ldZm chrbqdoZmbx odmZksx –Fqdssnm
ds Zk0: 19fl1( Zr trdc hm Vdhmadqfdq ds Zk0 –1911Z(0 ümnsgdq noshnm enq dmenqbhmf sgd bnmrsqZhms
]paϕ¯e( ; δ� hr sn odmZkhyd vhsg sgd VZrrdqrsdhm/1 chrsZmbd0 Sghr rdbnmc odmZkhyZshnm hr ZuZhkZakd hm
bknrdc/enql adsvddm Z ChqZb Zmc Z FZtrrhZm chrsqhatshnm –UhkkZmh: 1997(: Zr hmsqnctbdc hm Vdhmadqfdq
ds Zk0 –1911a( Zmc trdc hm Vdhmadqfdq ds Zk0 –1912(0

�oodmchw E0 Dwodqhldmsr

E0fi0 Ltksh:Naidbshud NoshlhyWshnm. sgd bWrd ne Svn Naidbshudr

Vd qdbZkk sgd enqltkZshnm ne sgd ltksh/naidbshud noshlhyZshnm oqnakdl

lgm
θ.ϕ

�
�H,¯θ.ϕ(.�HS ¯θ.ϕ(


. –8fl(

23901



SNVüQC SGD HCDMSHEHüAHKHSX NE BNLOüQüSHUD CDDO FDMDQüSHUD LNCDKR

Sgd zqrs rsdo hm sgd Ltkshokd/FqZchdms Cdrbdms ükfnqhsgl –Càrhcàqh: 19fl1( bnmrhrsr hm bZkbtkZshmf sgd
bnmudw bnlahmZshnm ne sgd fqZchdmsr eqnl dZbg knrr trdc enq sgd tocZsd ne sgd oZqZldsdqr0 Hm sgd
bZrd ne svn naidbshud etmbshnmr: hs hr cdzmdc Zr.

�∗¯θ.ϕ( ; ˆoclgm
�∈=+.0[

|�∇H,¯θ.ϕ( ) ¯0� �(∇HS ¯θ.ϕ(|11. –81(

ür onhmsdc nts ax Càrhcàqh –19fl1(: sghr noshlhyZshnm oqnakdl hm DptZshnm 81 Zclhsr Z bknrdc/enql
rnktshnm: cdzmdc Zr.

�∗¯θ.ϕ( ;

�
∇HS ¯θ.ϕ(�∇H,¯θ.ϕ(

⊤∇HS ¯θ.ϕ(
|∇HS ¯θ.ϕ(�∇H,¯θ.ϕ(|11

τ

=+.0[

. –82(

vgdqd =Z[τ=+.0[ ; lˆs¯+.lgm¯Z. 0(( cdrhfmZsdr sgd oqnidbshnm nmsn sgd bnloZbs =+. 0[0 SZjdm snfdsgdq:
sgd noshlhyZshnm oqnbdctqd bZm ad cdrbqhadc Zr.

�s ; �∗¯θs.ϕs( –83(

δs ; ��s∇H,¯θs.ϕs(� ¯0� �s(∇HS ¯θs.ϕs( –84(

θs)0.ϕs)0


;


θs.ϕs


� ηδs. –85(

vgdqd vd mnsd sgZs sgd fqZchdms tocZsd hm DptZshnm 85 lZx ad qdokZbdc vhsg sgZs ne Zmx zqrs/nqcdq
rsnbgZrshb noshlhydq0

Sgd nqhfhmZk eqZldvnqj rtffdrsr sgZs nmd rgntkc trd sgd fqZchdms vhsg qdrodbs sn Zkk sgd rgZqdc
oZqZldsdqr ne sgd lncdk hm nqcdq sn bnlotsd sgd ZkogZ oZqZldsdq hm DptZshnm 820 Sghr qdpthqdr
bnkkdbshmf sgd fqZchdmsr vhsg qdrodbs sn oZqZldsdqr ne dudqx kZxdq ne sgd cdbncdq Zmc sgd dmbncdq0 Hm
sgd rhltkZshnmr vhsg cv + fl49: sghr Zlntmsr sn Zqntmc fl79J oZqZldsdqr0 Enq dZrd ne hlokdldmsZshnm:
vd bZkbtkZsdc � trhmf nmkx sgd fqZchdmsr vhsg qdrodbs sn sgd vdhfgsr ne sgd kZrs kZxdq ne sgd cdbncdq
–Zqntmc 19J oZqZldsdqr(: Zmc mnshbdc hloqnudldmsr nudq sgd rhmfkd/naidbshud ldsgnc0

E010 BnmrsqWhmdc NoshlhyWshnm

Vd Zhl Zs rnkuhmf sgd enkknvhmf bnmrsqZhmdc noshlhyZshnm oqnakdl.

lgm
θ.ϕ
H¯θ.ϕ( ; �H,¯θ.ϕ(� HS ¯θ.ϕ( rtbg sgZs

|>y.�|1GR
|>y.y|GR|>�.�|GR

≤ β. –86(

Ax trhmf Zm ZksdqmZshud bnmrsqZhms enqltkZshnm enq sgd qZshn: sgd oqnakdl Zanud hr dpthuZkdms sn.

lgm
θ.ϕ
H¯θ.ϕ( rtbg sgZs |>y.�|1GR ≤ β|>y.y|GR|>�.�|GR. –87(

EhmZkkx: tshkhyhmf sgd sdbgmhptd ne KZfqZmfd ltkshokhdq: vd nasZhm sgd dpthuZkdms oqnakdl.

lgm
θ.ϕ

lˆs
λ≥+

Hλ¯θ.ϕ( ; H¯θ.ϕ( ) λ
�
|>y.�|1GR � β|>y.y|GR|>�.�|GR


. –88(

Sn rdd vgx sghr kZrs enqltkZshnm hr dpthuZkdms: hs hr dmntfg sn rdd sgZs vgdm sgd bnmrsqZhms hr mns
rZshrzdc –h0d0: sgd cheedqdmbd hr onrhshud(: sgdm sgd noshlZk uZktd ne sgd hmmdq noshlhyZshnm oqnakdl
hr )∞ –enq λ → ∞(: oqnghahshmf sgnrd uZktdr enq sgd oZqZldsdqr θ.ϕ sn ad ohbjdc ax sgd ntsdq
noshlhyZshnm oqnakdl0 Gnvdudq: sgd oqnakdl hr tmbgZmfdc vgdm sgd bnmrsqZhms hr rZshzdc: rhmbd sgd
noshlZk uZktd ne sgd hmmdq noshlhyZshnm oqnakdl hr H¯θ.ϕ( –enq λ → +0 RhlhkZq cdqhuZshnmr ZoodZq
hm FZkkdfn/OnrZcZ ds Zk0 –1911(0

24902



KNODY GTDSSDQ GüIHQüLDYüMüKH OQHSBGüQC QDFDU

E020 MdtqWk Mdsvnqj �qbghsdbstqdr Wmc HlokdldmsWshnm CdsWhkr

Svn rdoZqZsd dmbncdq mdtqZk mdsvnqjr vdqd trdc sn oZqZldsdqhyd ntq ZooqnwhlZsd onrsdqhnq chrsqhat/
shnmr pϕ¯e } w( Zmc pϕ¯y } w(0 DZbg mdsvnqj zqrs gZr Z rhmfkd ghccdm kZxdq bnmrhrshmf ne fl17 ghccdm
tmhsr: enkknvdc ax Z aZsbg mnqlZkhyZshnm kZxdq: Z qdbshzdc khmdZq tmhs –QdKT( ZbshuZshnm etmbshnm: Zmc
Z cqnonts kZxdq0 Sgdm: sgd ntsots tmhsr vdqd trdc Zr hmotsr sn svn khmdZq kZxdqr: nmd oZqZldsdqhyhmf
sgd ldZm Zmc nmd oZqZldsdqhyhmf sgd knf/uZqhZmbd ne sgd uZqhZshnmZk chrsqhatshnm0

Sgd cdbncdq mdsvnqj zqrs gZr svn ghccdm kZxdqr vhsg fl17 ghccdm tmhsr: sZjhmf Zr hmots sgd
bnmbZsdmZshnm ne sgd kZsdms uZqhZakdr =y. e[: Zmc enkknvdc ax aZsbg mnqlZkhyZshnm: Z QdKT ZbshuZshnm
etmbshnm: Zmc Z cqnonts kZxdq0 Sgdm: sgd ntsotsr tmhsr Zqd edc sn Z khmdZq kZxdq vhsg ntsots rhyd dptZk
sn sgd cZsZ chldmrhnm: vhsg Z rnesoktr ZbshuZshnm etmbshnm0

ükk lncdkr vdqd hlokdldmsdc trhmf OxSnqbg –OZryjd ds Zk0: 19fl8( vhsg sgd rbuh/snnkr eqZld/
vnqj –FZxnrn ds Zk0: 1911(0 ükk lncdkr vdqd sqZhmdc enq 499 donbgr trhmf ücZl –JhmflZ Zmc AZ:
19fl4( vhsg Z kdZqmhmf qZsd ne 9099fl: trhmf sgd uZkhcZshnm DKAN Zr Zm dZqkx rsnoohmf bqhsdqhnm0

E030 RhltkWshnm CdsWhkr

Vd rhltkZsd cZsZ Zr enkknvr0 Vd Zrrtld vd gZud aZbjfqntmc ldZrtqdldmsr –qdro0 sZqfds ldZ/
rtqdldmsr( eqnl Ma rZlokdr –qdro0 Ms rZlokdr(0 Vd trd Ms ; Ma ; 0. 4++ sgqntfgnts sgd
lZmtrbqhos0

SWqfds cWsW rds Enq rZlokd l: aZbjfqntmc kZsdms uZqhZakd ym hr fdmdqZsdc Zr.

ym ∼ MnqlZk¯+. Hn(. –fl99(

vgdqd n hr sgd chldmrhnm ne sgd aZbjfqntmc roZbd0 RZkhdms kZsdms uZqhZakd em hr fdmdqZsdc Zr.

em ∼ MnqlZk¯+. Hp(. –fl9fl(

vgdqd p hr sgd chldmrhnm ne sgd rZkhdms roZbd0 LdZrtqdldmsr wme enq rZlokd l Zmc edZstqd f ∈
Z0. . . . . F{ Zqd fdmdqZsdc eqnl Z bntms chrsqhatshnm.

wme ∼ MdfZshudAhmnlhZk ¯ee¯ym. em(. θe( . –fl91(

vgdqd θe hr sgd nudqchrodqrhnm oZqZldsdq ne sgd mdfZshud ahmnlhZk0 Vd trd F ; 04+ sgqntfgnts sgd
lZmtrbqhos0 Vgdm sgd lZmtrbqhos ldmshnmr Onhrrnm mnhrd: hs ldZmr sgZs vd qdokZbd sgd bnmchshnmZk
chrsqhatshnm Zanud ax Z Onhrrnm chrsqhatshnm: vhsg ldZm dptZk sn sgd ntsots ne sgd mdtqZk mdsvnqj
e 0 Sgd fqntmc sqtsg lhwhmf etmbshnm e hr Z mdtqZk mdsvnqj vhsg entq 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: 19fl7Z(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

AWbjfqntmc cWsW rds Oqnbddchmf rhlhkZqkx Zr Zanud: enq rZlokd l: aZbjfqntmc kZsdms uZqhZakd ym
hr fdmdqZsdc Zr.

ym ∼ MnqlZk¯+. Hn(. –fl92(

vgdqd n hr sgd chldmrhnm ne sgd aZbjfqntmc roZbd0 Sgdm: ldZrtqdldmsr wme enq rZlokd l Zmc edZstqd
f Zqd fdmdqZsdc eqnl Z bntms chrsqhatshnm.

wme ∼ MdfZshudAhmnlhZk ¯ee¯ym.�(. θe( . –fl93(
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E040 DuWktWshnm Ldsqhbr

KhmdWq LdWm BnqqdkWshnm Bndezbhdms -LBB( Sgd KhmdZq LdZm BnqqdkZshnm Bndezbhdms –LBB(
rdqudr Zr Z ldsqhb sn duZktZsd sgd cdfqdd ne Zkhfmldms adsvddm hmedqqdc Zmc fqntmc/sqtsg kZsdms eZbsnqr
hm qdoqdrdmsZshnm kdZqmhmf: oZqshbtkZqkx hm sgd bnmsdws ne chrdmsZmfkdldms –JgdlZjgdl ds Zk0: 1919(0
RodbhzbZkkx: vd tshkhyd sgd ldZm ne sgd uZqhZshnmZk onrsdqhnq pϕ¯y. e } w( Zr Zm ZooqnwhlZshnm sn
]y. ]e ; xe�0¯w(0 Sn Zrrdrr aknbj/vhrd khmdZq chrdmsZmfkdldms: rdudqZk khmdZq qdfqdrrhnmr Zqd dwdbtsdc0
HmhshZkkx: sn bnmzql sgd hmenqlZshudmdrr ne sgd kZsdms roZbdr: vd.

® Oqdchbs sgd fqntmc/sqtsg kZsdms eZbsnqr e trhmf sgd hmedqqdc eZbsnqr ]e –LBB]��(0

® Oqdchbs sgd fqntmc/sqtsg kZsdms eZbsnqr y trhmf sgd hmedqqdc eZbsnqr ]y –LBB]yy(0

Rtardptdmskx: sn dmrtqd sgd Zardmbd ne tmcdrhqdc nudqkZor: vd.

® Oqdchbs sgd fqntmc/sqtsg kZsdms eZbsnqr e trhmf sgd hmedqqdc eZbsnqr ]y –LBB]y�(0

® Oqdchbs sgd fqntmc/sqtsg kZsdms eZbsnqr y trhmf sgd hmedqqdc eZbsnqr ]e –LBB]�y(0

Enq dZbg rds ne oqdchbsdc kZsdms eZbsnqr: sgd OdZqrnm –Zmc dpthuZkdmskx: RodZqlZm( khmdZq LBB hr
bnlotsdc Zr sgd ldZm OdZqrnm –nq RodZqlZm( BnqqdkZshnm Bndezbhdms adsvddm oqdchbshnmr Zmc sgd
fqntmc sqtsg: duZktZsdc bnlonmdms/vhrd0 Sgd LBB uZktd qZmfdr adsvddm /fl Zmc fl: vhsg uZktdr
bknrdq sn fl hmchbZshmf Z rsqnmf onrhshud khmdZq qdkZshnmrgho: uZktdr bknrdq sn /fl hmchbZshmf Z rsqnmf
mdfZshud khmdZq qdkZshnmrgho: Zmc uZktdr Zqntmc 9 hmchbZshmf mn khmdZq qdkZshnmrgho0

�udqWfd Rhkgntdssd Vhcsg -�VR( Sghr ldsqhb Zrrtldr Zs chronrZk Zm DtbkhcdZm roZbd vgdqd dZbg
cZsZ onhms l hr ZrrnbhZsdc vhsg Zm dladcchmf udbsnq sm ∈ Pb vgdqd l hr Z cZsZ onhms0 ücchshnmZkkx:
sgd üVR qdpthqdr sgd cdzmhshnm ne bktrsdq Zrrhfmldmsr xm ∈ Z0. . . . .I{: vgdqdI hr sgd snsZk mtladq
ne bktrsdqr0 Enq dZbg cZsZ onhms l: sgd vd cdzmd rhkgntdssd rbnqd RRm ne rZlokd l Zr

RRm ;
am � Zm

lˆs ¯Zm. am(
. –fl94(

vgdqd Zm hr sgd ZudqZfd chrsZmbd adsvddm cZsZ onhms l Zmc Zkk ne nsgdq onhmsr vhsg sgd rZld bktrsdq
kZadk: Zmc am hr sgd ZudqZfd chrsZmbd adsvddm l Zmc Zkk sgd onhmsr hm sgd mdws mdZqdrs bktrsdq0 Sgdm:
enq Z cZsZ rds vhsg M rZlokdr: sgd üVR hr cdzmdc Zr.

üRV ;
0

M

M

m30

RRm. –fl95(

Sgd uZktd ne üRV khdr adsvddm /fl Zmc fl: vgdqd Z ghfgdq uZktd hmchbZsdr Z adssdq Zahkhsx sn chrshmfthrg
sgd bktrsdqr hm sgd dladcchmf roZbd0

�citrsdc QWmc Hmcdw -�QH( Sgd ücitrsdc QZmc Hmcdw –üQH( hr Z ldsqhb trdc sn ldZrtqd sgd rhl/
hkZqhsx adsvddm svn cZsZ bktrsdqhmfr0 Bnmrhcdq svn rdsr ne bktrsdq Zrrhfmldmsr. sgd sqtd Zrrhfmldmsr
xm ∈ Z0. . . . .I{ Zmc sgd oqdchbsdc Zrrhfmldmsr x′m ∈ Z0. . . . .I ′{: vgdqd l hr Z cZsZ onhms:I hr sgd
snsZk mtladq ne sqtd bktrsdqr: ZmcI ′ hr sgd snsZk mtladq ne oqdchbsdc bktrsdqr0 Sgd üQH sZjdr hmsn
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Zbbntms sgd mtladq ne oZhqhmfr ne cZsZ onhmsr sgZs Zqd hm sgd rZld nq cheedqdms bktrsdqr enq ansg sgd
sqtd Zmc oqdchbsdc Zrrhfmldmsr0 RodbhzbZkkx: sgd üQH hr cdzmdc Zr.

üQH ;


gi

�mdi
1


�


g

�
Td
1


i

�ai
1


<
�
M
1



0
1


g

�
Td
1


)


i

�ai
1


�


g

�
Td
1


i

�ai
1


<
�
M
1

 . –fl96(

vgdqd lgi hr sgd mtladq ne cZsZ onhmsr sgZs Zqd ansg hm bktrsdq h ne sgd sqtd Zrrhfmldmsr Zmc bktrsdq i
ne sgd oqdchbsdc Zrrhfmldmsr0 Zg Zmc ai Zqd sgd snsZk mtladq ne cZsZ onhmsr hm bktrsdq h ne sgd sqtd
Zrrhfmldmsr Zmc bktrsdq i ne sgd oqdchbsdc Zrrhfmldmsr: qdrodbshudkx0 M hr sgd snsZk mtladq ne cZsZ
onhmsr0 Sgd uZktd ne üQH khdr adsvddm /fl Zmc fl: vgdqd Z ghfgdq uZktd hmchbZsdr adssdq bktrsdqhmf
odqenqlZmbd0

MnqlWkhydc LtstWk HmenqlWshnm -MLH( Sgd MnqlZkhydc LtstZk HmenqlZshnm –MLH( hr Z ldsqhb
cdrhfmdc sn fZtfd sgd rhlhkZqhsx adsvddm svn cZsZ bktrsdqhmfr0 Fhudm svn rdsr ne bktrsdq Zrrhfmldmsr.
sgd sqtd Zrrhfmldmsr xm ∈ Z0. . . . .I{ Zmc sgd oqdchbsdc Zrrhfmldmsr x′m ∈ Z0. . . . .I ′{: vgdqd l
hr Z cZsZ onhms: I hr sgd snsZk mtladq ne sqtd bktrsdqr: Zmc I ′ hr sgd mtladq ne oqdchbsdc bktrsdqr:
sgd MLH hr bnlotsdc trhmf sgd ltstZk hmenqlZshnm –LH( adsvddm sgd svn Zrrhfmldmsr Zmc sgdhq
qdrodbshud dmsqnohdr.

MLH¯x. x′( ;
1·LH¯x. x′(
G¯x( )G¯x′(

. –fl97(

LtstZk hmenqlZshnm adsvddm sgd sqtd Zmc oqdchbsdc Zrrhfmldmsr hr fhudm ax.

LH¯x. x′( ;
J

g30

J′

i30

n¯h. i( inc


n¯h. i(

n¯h(n′¯i(


. –fl98(

vgdqd n¯h. i( hr sgd inhms oqnaZahkhsx ne Z cZsZ onhms adknmfhmf sn bktrsdq h hm sgd sqtd Zrrhfmldmsr Zmc
bktrsdq i hm sgd oqdchbsdc Zrrhfmldmsr0 n¯h( Zmc n′¯i( Zqd sgd oqnaZahkhshdr ne Z cZsZ onhms adknmfhmf
sn bktrsdq h Zmc i hm sgd sqtd Zmc oqdchbsdc Zrrhfmldmsr: qdrodbshudkx0

Sgd dmsqnohdr ne sgd sqtd Zmc oqdchbsdc Zrrhfmldmsr Zqd.

G¯x( ; �
J

g30

n¯h( inc¯n¯h((. –flfl9(

G¯x′( ; �
J′

i30

n′¯i( inc¯n′¯i((. –flflfl(

Sgd uZktd ne MLH khdr hm sgd qZmfd )9: fl[: vhsg Z rbnqd ne fl rtffdrshmf sgZs sgd svn rdsr ne bktrsdq
Zrrhfmldmsr Zqd hcdmshbZk: vghkd Z rbnqd ne 9 hmchbZsdr mn rgZqdc hmenqlZshnm adsvddm sgdl0

E050 AWrdkhmd Lncdkr

ükk aZrdkhmdr rgZqd sgd rZld Zqbghsdbstqd Zmc hlokdldmsZshnmr enq sgd rZjd ne bnloZqhrnm0 ükk Zqd
lnchzbZshnmr ne sgd bncd eqnl sgd BnmsqZrshudUH oZbjZfd –Vdhmadqfdq ds Zk0: 1912(0 Adknv vd
oqnuhcd ZcchshnmZk cdsZhkr Zants gnv dZbg aZrdkhmd vZr tshkhydc0
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U�D AdbZtrd Z UüD cndr mns gZud svn kZsdms roZbdr: hm Zkk dwodqhldmsr: vd cntakd sgd mtladq ne
kZsdms uZqhZakdr sn lZsbg sgd nmd eqnl ntq bnmsqZrshud ZmZkxrhr lncdkr0 Sgdm: vd Zrrhfm dZbg kZsdms
uZqhZakd sn dhsgdq sgd aZbjfqntmc nq sgd rZkhdms roZbd0 Ntq Zrrhfmldms ldsgnc bnmrhrsr hm Zookxhmf
bOBü –üahc ds Zk0: 19fl7( sn sgd kdZqmdc qdoqdrdmsZshnmr eqnl sgd UüD sn rokhs sgd kZsdms roZbd hmsn
Z aZbjfqntmc Zmc Z rZkhdms roZbd0 ür Z zqrs Zssdlos: vd trdc sgd knZchmfr eqnl sgd sno bOBü
dhfdmuZktdr sn oqnidbs sgd kZsdms roZbd hmsn Z rZkhdms roZbd: Zmc sgdm trdc sgd knZchmfr eqnl sgd sno
OBü dhfdmuZktd ne sgd aZbjfqntmc cZsZ rds sn oqnidbs sgd kZsdms roZbd hmsn Z aZbjfqntmc roZbd0 Sghr
ZooqnZbg gZc dwsqdldkx onnq odqenqlZmbd –δ/LBB bknrd sn ydqn hm lnrs dwodqhldmsr: adbZtrd ne
ghfg bqnrr LBB(0 Sgdqdenqd: vd oqnbddcdc Zr enkknvr. Vd trd sgd knZchmfr nmsn sgd zqrs bnmsqZrshud
oqhmbhoZk bnlonmdms sn nasZhm sgd khrs ne kZsdms tmhsr sgZs bnmsqhatsd lnrs sn dwokZhmhmf sgd cheedqdmbdr
adsvddm sgd sZqfds Zmc sgd aZbjfqntmc cZsZ rds –trhmf sgd Zarnktsd uZktd ne sgd dhfdmudbsnq(0 Vd
Zrrhfm uZqhZakdr vhsg sgd ghfgdrs rbnqd sn sgd rZkhdms roZbd: Zmc sgd nmdr vhsg sgd knvdrs rbnqd sn sgd
aZbjfqntmc roZbd0

BnmsqWrshudUH Ntq BnmsqZrshudUH hlokdldmsZshnm bnmrhrsr ne dwZbskx sgd RN/T/bUüD ldsgnc
vhsg sgd Zcchshnm ne sgd VZrrdqrsdhm odmZksx sn sgd DKAN0 Lnqd oqdbhrdkx: he µ�¯w( Zmc σ�¯w( dmbncd
sgd ldZm Zmc rsZmcZqc cduhZshnm oZqZldsdq ne pϕ¯e } w(: qdrodbshudkx: sgdm sgd VZrrdqrsdhm odmZksx
HD hr cdqhudc Zr

HD ; |µ�¯w(|11 ) |σ�¯w(|11. –flfl1(

vhsg Z zwdc gxodqoZqZldsdq enq sgd qdftkZqhyZshnm rsqdmfsg –h0d0: ltkshokhdq dptZk sn nmd(0

BWtrWkChrbqdoWmbxU�D BZtrZkChrbqdoZmbxUüD –YgZmf ds Zk0: 1912( hr fdmdqZshud lncdk vhsg Z
kZsdms bZtrZk fqZog –CüF(: Z onkxmnlhZk lhwhmf etmbshnm: Zmc Zm hmsdqudmshnmZk lncdk enq rhmfkd
Zmc cntakd/mncd –rnes( hmsdqudmshnmr0 AdbZtrd YgZmf ds Zk0 –1912( Zkrn Zookx sgdhq ldsgnc sn sgd
cZsZ rds eqnl MnqlZm ds Zk0 –19fl8(: vd chrbtrr sghr vnqj gdqd0 Vd mnsd sgZs sgnrd svn lncdkr
gZud chrshmbs otqonrdr0 BnmsqZrshud ümZkxrhr ldsgncr Zhl Zs kdZqmhmf hmenqlZshud qdoqdrdmsZshnm ne
sgd odqstqaZshnmr ax qdlnuhmf rhfmZk eqnl sgd gdsdqnfdmdhsx ne sgd bnmsqnk onotkZshnm0 Gnvdudq:
BZtrZkChrbqdoZmbxUüD Zhlr Zs kdZqmhmf Z CüF hm kZsdms roZbd0 Enq sgZs: BZtrZkChrbqdoZmbxUüD
qdpthqdr sgd nardquZshnm ne lZmx hmsdqudmshnmZk qdfhldr: Zr vdkk Zr jmnvkdcfd ne sgd sZqfdsr odq
hmsdqudmshnm –hfmnqdc ctqhmf ntq admbglZqj(0 Enq sghr qdZrnm: sgd lncdkr Zqd mns dmshqdkx bnloZqZakd0
üksgntfg BZtrZkChrbqdoZmbxUüD gZr Z qhfnqntr bZtrZk rdlZmshb: ats hs cndr mns bnmrhcdq lncdkhmf
ne aZbjfqntmc kZsdms uZqhZakdr: vghbg eqnl ntq dwodqhdmbd: sghr hr gnvdudq mdbdrrZqx sn fds ghfg/
ptZkhsx dladcchmfr ne sgd hmsdqudmshnmZk cZsZ0 Sn hkktrsqZsd sghr onhms: vd Zrrdrrdc gnv vdkk sgd
dladcchmf eqnl BZtrZkChrbqdoZmbxUüD lZx qdfidbs ahnknfhbZk hmenqlZshnm: trhmf ntq admbglZqj
–üQH: MLH: üRV ne sgd cheedqdms oZsgvZxr bZostqdc ax sgd dwodqhldms(0 Trhmf sgd otakhb bncd
Zmc ZuZhkZakd lncdk sqZhmdc ax sgd Ztsgnqr –fl94 kZsdms uZqhZakdr(0 Vd dladccdc Zkk bdkkr trhmf
sgd dmbncdq mdsvnqj –Zesdq sgd CüF kZxdq( Zmc entmc sgZs sgd odqenqlZmbd vZr onnq0 AdbZtrd ntq
duZktZshnm lZx ad cdodmcdms nm sgd mtladq ne kZsdms uZqhZakdr: vd qd/sqhdc sghr vhsg Z lncdk sgZs vd
zs ntqrdkudr eqnl sgd ZuZhkZakd bncd: sghr shld vhsg 19 kZsdms uZqhZakdr: Zmc nasZhmdc rhlhkZq qdrtksr0

E060 QdWk:vnqc CWsW CdsWhkr

CWsW Oqdoqnbdrrhmf Vd cnvmknZcdc sgd cZsZ rds trhmf sgd BnmsqZrshudUH oZbjZfd –Vdhmadqfdq
ds Zk0: 1912(0 Sgd cZsZ rds gZr ldZrtqdldmsr ne sgd deedbsr nm fdmd dwoqdrrhnm kdudkr ne 173 cheedqdms
BQHROQ/ldchZsdc odqstqaZshnmr nm J451 bdkkr0 DZbg odqstqaZshnm hmctbdc nudqdwoqdrrhnm ne Z rhmfkd
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fdmd nq Z oZhq ne fdmdr0 Sgd aZbjfqntmc cZsZ rds –7. 8+6 bdkkr( hr cdzmdc Zr Zkk tmodqstqadc bdkkr0
Sgd sZqfds cZsZ rds –13. 802 bdkkr( hr cdzmdc Zr Zkk sgd odqstqadc bdkkr vgnrd fdmdshb odqstqaZshnm
vZr kZadkkdc vhsg Z oZsgvZx ax sgd Ztsgnqr ne sgd nqhfhmZk lZmtrbqhos –MnqlZm ds Zk0: 19fl8(0 Sgd
kZadkdc oZsgvZxr hm sgd cZsZrds Zqd Ffl Bxbkd: Dqxsgqnhc: Ohnmddq EZbsnqr: FqZmtknbxsd üonosnrhr:
LdfZjZqxnbxsd: Zmc Oqn Fqnvsg0 Vd Zkrn zksdqdc fdmdr sn qdsZhm sgd sno 1. +++ ghfgkx uZqhZakd fdmdr0

Mtladq ne kWsdms uWqhWakdr Enq ntq lZhm qdrtksr: vd trdc fl9 chldmrhnmZk y Zmc e 0

E070 PtWkhsWshud BnloWqhrnm ne Ldsgncr nm QdWk:Vnqkc CWsW

Sn tmcdqrsZmc sgd hloZbs ne sgd cheedqdmbdr hm ldsqhbr vd qdonqsdc hm SZakd 3: vd uhrtZkhydc sgd
kdZqmdc kZsdms roZbdr enq RN/bUüD: LN/BN/bUüD: Zr vdkk Zr BnmsqZrshudUH vhsg TLüO –Ehftqd 1(0

Ehftqd 1. TLüO uhrtZkhyZshnm ne rZkhdms Zmc aZbjfqntmc roZbdr eqnl RN/bUüD: LN/BN/bUüD:
Zr vdkk Zr BnmsqZrshudUH0 DZbg onhms hr Z bdkk0 Bdkkr Zqd bnknqdc ax sgdhq fqnto ne fdmdshb
odqstqaZshnm: vgdqd fqntor vdqd Zrrhfmdc aZrdc nm ahnknfhbZk ZmmnsZshnm eqnl sgd Ztsgnqr
ne MnqlZm ds Zk0 –19fl8(0
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RWkhdms roWbd hmsdqoqdsWshnm Hm ZbbnqcZmbd vhsg ntq cdrhcdqZsZ: vd nardqud enq dZbg ldsgnc sgZs
sgd rZkhdms roZbd qdbZohstkZsdr sgd odqstqaZshnm sxod lnqd ZbbtqZsdkx sgZm sgd aZbjfqntmc roZbd0
Gnvdudq: vd bkdZqkx mnshbd sgZs LN/BN/bUüD gZr adrs odqenqlZmbd: Zr hs lnqd bkdZqkx cdkhmdZsdr
bdkkr sgZs tmcdqvdms odqstqaZshnmr eqnl sgd fqnto ”dqxsgnhc; udqrtr ”fqZmtknbxsdr“Zonosnrhr;0 Sghr
vZr rtffdrsdc ax sgd ghfg bktrsdqhmf Zmc rhkgntdssd rbnqdr hm SZakd 30

AWbjfqntmc roWbd hmsdqoqdsWshnm ücchshnmZkkx: vd vntkc khjd sn lZjd rtqd sgZs sgd kZsdms roZbd
bnmsZhmr Zr edv hmenqlZshnm Zants sgd odqstqaZshnmr Zr onrrhakd0 Hm sghr qdfZqc: hs hr hlonqsZms sn mnsd
sgZs: Zr dwodbsdc: sgd tm/qdftkZqhydc lncdk RN/bUüD rgnvr hlonqsZms rdoZqZshnm ne odqstqaZshnm
fqntor hm hsr aZbjfqntmc kZsdms roZbd –Zr rtffdrsdc ax sgd ghfg bqnrr LBB hm SZakd 3(0 Gnvdudq: sgd
nsgdq ldsgncr rgnv kdrrdq kdZjZfd ne sgZs hmenqlZshnm hm sgdhq aZbjfqntmc roZbd0

HlonqsZmskx: vd rdd sgZs sgd Zonosnrhr fqnto hr rshkk rdoZqZsdc dudm hm ntq lncdk: vghbg odqenqlr
adrs hm sghr admbglZqj0 Vd Zssqhatsd sghr sn sgd eZbs sgZs odqstqaZshnmr lZx rnldshldr ahZr bdkkr
snvZqcr dwoqdrrhmf rnld fdmd oqnfqZlr sgZs Zqd hmgdqdmskx uZqxhmf hm sgd bnmsqnk onotkZshnm –rtbg
Zr bdkk cdZsg: gdqd(0 Sgdqdenqd: hs hr hlonrrhakd sn dwodbs sgZs y vhkk ad odqedbskx hmcdodmcdms eqnl
sgd odqstqaZshnm kZadk nm sghr cZsZ rds0

E080 �cchshnmWk Qdrtksr nm RhltkWsdc CWsW

BnloWqhrnm sn LtkshCnlWhmBQK Hm nqcdq sn hmudrshfZsd sgd odqenqlZmbd ne sgd HBü rntqbd
lZsbghmf ldsgnc eqnl RstqlZ ds Zk0 –1912(: vd Zookhdc sgdhq otakhbkx ZuZhkZakd bncd nm ntq rhltkZsdc
cZsZ: vgdqd sgd aZbjfqntmc cZsZ rds Zmc sgd sZqfds cZsZ rds Zqd trdc Zr svn cnlZhmr0 Vd Zookhdc sgd
EZrsHBü Zkfnqhsgl vhsg sgd jmnvm mtladq ne rntqbdr hm dZbg cnlZhm –d0f0: 4 enq sgd aZbjfqntmc
cZsZ rds: Zmc 4 @ 4 + fl9 enq sgd sZqfds cZsZ rds(0 Sgdm: vd Zookhdc sgdhq hmchuhctZk rntqbd lZsbghmf
oqnbdctqd: dwodbshmf hs sn lZsbg Zkk sgd rntqbdr eqnl sgd aZbjfqntmc cZsZ sn nmd ne sgd rntqbdr hm
sgd sZqfds cZsZ0 Hmsdqdrshmfkx: sgd ldsgnc bnmrhrsdmskx lhrr/hcdmshzdc sgd mtladq ne rgZqdc rntqbdr
–tmcdqdrshlZshnm(: eZhkhmf sn lZsbg rnld ne sgd aZbjfqntmc rntqbdr0 Sghr hr ZkqdZcx rtffdrshud sgZs
sgd ldsgnc lZx mns vnqj vdkk nm ntq admbglZqj0 Sn qdonqs odqenqlZmbd hm Z rxrsdlZshb eZrghnm:
vd rkhfgskx lnchzdc sgdhq lZsbghmf Zkfnqhsgl sn ZrrnbhZsd dZbg rntqbd hm sgd aZbjfqntmc sn dwZbskx
nmd rntqbd ne sgd sZqfds cZsZ0 Sgd qdlZhmcdq ne sgd rntqbdr enq sgd sZqfds cZsZ rds bnmrshstsdc sgd
hmedqqdc rZkhdms uZqhZakdr: vgdqdZr sgd hmedqqdc rZkhdms uZqhZakdr enq sgd aZbjfqntmc vdqd rds sn ydqn0
Dudm sgntfg vd sqhdc cheedqdms ldsqhbr enq lZsbghmf kZsdms uZqhZakdr –VZrrdqrsdhm chrsZmbd: Zr vdkk Zr
Rlhqmnu Svn/RZlokd Sdrs( Zmc Zkrn cheedqdms rsqZsdfhdr enq mnqlZkhyhmf sgd hmots cZsZ –qZv uZktdr
Zmc knfZqhsglhb rbZkd(: sgd δ/LBB hm sgd rhlokd rbdmZqhn ne SZakd fl vZr rxrsdlZshbZkkx adsvddm /90fl
Zmc 90fl enq Zkk dwodqhldmsr0

LhrrodbhzbWshnm ne WbshuWshnm etmbshnm Vd hmudrshfZsdc gnv sgd odqenqlZmbd bgZmfdc vgdm
sgd cZsZ fdmdqZshmf oqnbdrr vZr Zksdqdc rn sgZs sgd kdZjx QdKT ZbshuZshnm etmbshnm hr qdokZbdc ax Z
gxodqankhb sZmfdms ZbshuZshnm etmbshnm –ats sgd lncdk rsZxr sgd rZld(0 Lnqd oqdbhrdkx: vd fdmdqZsdc
cZsZ Zbbnqchmf sn svn qdfhldr0 Hm sgd zqrs nmd: sgd rbZkd ne sgd uZktdr Zs sgd ghccdm kZxdq hr rlZkk
–≪ fl(0 Sghr hr hmsdqdrshmf adbZtrd hm sghr bZrd sgd sZmg etmbshnm vdkk ZooqnwhlZsdc Z khmdZq etmbshnm
–qdedqqdc sn Zr ptZrh/khmdZq(0 Hm sgd rdbnmc bZrd: sgd rbZkd ne sgd uZktdr hr kZqfdq –∼fl(: Zmc sgd sZmg
etmbshnm hr deedbshudkx mnm/khmdZq –qdedqqdc sn Zr mnm/khmdZq(0 Enq ansg cZsZ rdsr: vd qZm sgd ldsgnc
RN/bUüD hm sgd hcdZk rdsshmf sn Zrrdrr chrdmsZmfkdldms –Zjhm sn SZakd fl(0 Vd qdonqs sgnrd qdrtksr
hm SZakd 40 ür dwodbsdc: sgd odqenqlZmbd hr ghfg hm sgd ptZrh/khmdZq bZrd: Zmc hmcddc hs rtqoZrrdr
sgd qdrtksr ne sgd lZmtrbqhos0 Sghr hr hm Zfqddldms vhsg sgd hmsthshnm sgZs Z khmdZq lncdk hr dZrhdq
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sn hcdmshex eqnl cZsZ bnloZqdc sn Z ohdbdvhrd/khmdZq lncdk0 Gnvdudq: sgd odqenqlZmbd cqnor hm
sgd mnm/khmdZq bZrd: vghbg hkktrsqZsdr sgZs hcdmshzZahkhsx hr gZqcdq hm sghr bZrd0 –Hs bntkc Zkrn ad
dwokZhmdc ax sgd lhrlZsbg adsvddm sgd cZsZ Zmc sgd lncdk: nq ax sgd dwbdrrhud rZstqZshnm eqnl sgd
sZmg etmbshnm Zs hmots uZktdr ≫ fl(0

SZakd 4. HcdmshzZahkhsx tmcdq Zrrtloshnmr ne jmnvm chldmrhnmr ne kZsdms roZbdr0 OdZqrnm LBB enq
RN/bUüD0

CWsW rds LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(
SWmg

PtWrh:khmdWq +.845± +.++0 +.+36± +.++7 +.+40± +.++4 +.852± +.++1 +.80+± +.++6

QdrbWkdc SWmg
Mnm:khmdWq +.723± +.+00 +.011± +.+1+ +.028± +.+22 +.430± +.+30 +.446± +.+32

�cchshnmWk rhltkWshnm qdrtksr Hm sghr rdbshnm: vd oqdrdms sgd enkknvhmf dwodqhldmsZk qdrtksr.

® Sgd OdZqrnm LBB rbnqdr tmcdq FZtrrhZm mnhrd vgdm sgd mtladq ne kZsdms uZqhZakd hr jmnvm
–SZakd 5(

® Sgd RodZqlZm LBB rbnqdr tmcdq Onhrrnm Zmc mdfZshud ahmnlhZk mnhrd vgdm sgd mtladq ne
kZsdms uZqhZakd hr jmnvm –SZakd 6(0

® Sgd OdZqrnm LBB rbnqdr vgdm sgd mtladq ne kZsdms uZqhZakdr hr tmjmnvm –SZakd 7(0

® Sgd RodZqlZm LBB rbnqdr vgdm sgd mtladq ne kZsdms uZqhZakdr hr tmjmnvm –SZakd 8(0

® Sgd OdZqrnm LBB rbnqdr tmcdq qdftkZqhyZshnm –SZakd fl9(0

® Sgd RodZqlZm LBB rbnqdr tmcdq qdftkZqhyZshnm –SZakd flfl(0
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SZakd 5. HcdmshzZahkhsx tmcdq Zrrtloshnmr ne jmnvm chldmrhnmr ne kZsdms roZbdr0 Adrs hm ankc0

Lncdk Mnhrd LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

RN:bU�D
FWtrrhWm

�.85± �.�0 �.01± �.�2 �.�7± �.�0 �.85± �.�0 �.75± �.�0
LN:bU�D �.85± �.�0 +.02± +.+2 �.�7± �.�1 �.85± �.�0 �.75± �.�0
U�D �.85± �.�0 +.04± +.+1 +.04± +.+0 +.84± +.+0 +.7+± +.+1

SZakd 6. HcdmshzZahkhsx ne bnmsqZrshud ZmZkxrhr lncdkr tmcdq Zrrtloshnmr ne jmnvm chldmrhnmr ne
kZsdms roZbdr –RodZqlZm LBB(0

Lncdk Mnhrd LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

LN:bU�D
Onhrrnm

�.81± �.�0 �.�7± �.�0 �.�6± �.�1 �.85± �.�0 �.76± �.�0
RN:bU�D �.81± �.�0 �.�7± �.�0 +.+7± +.+1 �.85± �.�0 +.75± +.+0
U�D +.77± +.+3 +.06± +.+8 +.03± +.+6 +.83± +.+3 +.65± +.01

LN:bU�D MdfWshud
ahmnlhWk

�.84± �.�0 +.03± +.+0 �.�6± �.�0 �.85± �.�0 �.73± �.�0
RN:bU�D �.84± �.�0 �.02± �.�1 �.�6± �.�0 +.84± +.+0 �.73± �.�0
U�D +.71± +.00 +.35± +.07 +.26± +.07 +.71± +.0+ +.30± +.17

SZakd 7. HcdmshzZahkhsx ne bnmsqZrshud ZmZkxrhr lncdkr tmcdq lhrrodbhzbZshnm ne kZsdms chldmrhnmr
–OdZqrnm LBB(0

p LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

RN:bU�D

4 �.80± �.�0 �.�7± �.�0 �.�6± �.�1 +.81± +.+0 +.73± +.+0
6 �.80± �.�0 �.�7± �.�0 +.2+± +.+5 �.83± �.�1 +.62± +.+2
fi9 �.80± �.�0 �.�7± �.�0 +.34± +.+1 �.83± �.�1 +.55± +.+0
fi4 �.80± �.�0 �.�7± �.�1 +.48± +.+3 �.83± �.�1 +.47± +.+1

LN:bU�D

4 �.80± �.�0 �.�7± �.�0 �.�6± �.�0 �.83± �.�0 �.74± �.�0
6 �.80± �.�0 �.�7± �.�0 +.04± +.+1 �.83± �.�1 +.70± +.+0
fi9 �.80± �.�0 +.+8± +.+0 +.14± +.+2 �.83± �.�1 +.64± +.+0
fi4 �.80± �.�0 �.�7± �.�1 +.25± +.+3 �.83± �.�1 +.6+± +.+1
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SZakd 8. HcdmshzZahkhsx ne bnmsqZrshud ZmZkxrhr lncdkr tmcdq lhrrodbhzbZshnm ne kZsdms chldmrhnmr
–RodZqlZm LBB(0

p LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

RN:bU�D

4 9081 ± 909fl 9097 ± 909fl 9097 ± 9091 9085 ± 909fi 9075 ± 909fl
6 9082 ± 909fi 9097 ± 909fi 9029 ± 9095 9085 ± 9099 9064 ± 9092
fi9 9082 ± 909fi 9097 ± 909fi 9034 ± 9092 9085 ± 9099 9057 ± 9091
fi4 9082 ± 909fi 9097 ± 9091 9059 ± 9092 9085 ± 9099 9059 ± 9091

LN:bU�D

4 9081 ± 909fl 9097 ± 909fi 9096 ± 9091 9085 ± 909fi 9076 ± 909fi
6 9082 ± 909fi 9097 ± 909fi 90fl4 ± 9091 9085 ± 9099 9072 ± 909fl
fi9 9082 ± 909fi 9097 ± 909fi 9015 ± 9093 9085 ± 9099 9066 ± 9091
fi4 9082 ± 909fi 9097 ± 9091 9026 ± 9093 9085 ± 9099 9061 ± 9091

SZakd fl9. Sgd hloZbs ne qdftkZqhyZshnm nm bnmsqZrshud ZmZkxrhr lncdkr tmcdq lhrrodbhzbZshnm ne
kZsdms chldmrhnmr –OdZqrnm LBB(0

LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

RN:T:bU�D

λ ; + �.80± �.�0 +.+7± +.+0 +.34± +.+1 �.83± �.�� +.55± +.+0
λ ; 0+ �.80± �.�0 +.+7± +.+0 +.26± +.+3 �.83± �.�� +.6+± +.+1
λ ; 4+ �.80± �.�0 +.+7± +.+0 +.14± +.+2 �.83± �.�� +.65± +.+0
λ ; 0++ +.7+± +.+2 +.00± +.+4 +.18± +.+7 +.81± +.+2 +.55± +.+7

RN:BN:bU�D �.80± �.�0 �.�6± �.�0 +.12± +.+2 �.83± �.�� +.66± +.+0

LN:T:bU�D

λ ; + �.80± �.�0 +.+8± +.+0 +.14± +.+2 �.83± �.�� +.64± +.+0
λ ; 0+ �.80± �.�0 +.+7± +.+0 +.10± +.+1 �.83± �.�� +.67± +.+0
λ ; 4+ +.77± +.+2 +.+7± +.+0 +.05± +.+1 �.83± �.�� +.68± +.+1
λ ; 0++ +.68± +.+1 +.+8± +.+0 +.08± +.+1 +.82± +.++ +.62± +.+2

LN:BN:bU�D �.80± �.�0 +.+7± +.+0 �.06± �.�1 �.83± �.�� �.7�± �.�0

33911



SNVüQC SGD HCDMSHEHüAHKHSX NE BNLOüQüSHUD CDDO FDMDQüSHUD LNCDKR

SZakd flfl. Sgd hloZbs ne qdftkZqhyZshnm nm bnmsqZrshud ZmZkxrhr lncdkr tmcdq lhrrodbhzbZshnm ne
kZsdms chldmrhnmr –RodZqlZm LBB(0

LBB]yy –↑( LBB]y� –↓( LBB]�y –↓( LBB]�� –↑( δ:LBB –↑(

RN:T:bU�D

λ ; + �.82± �.�0 +.+7± +.+0 +.34± +.+2 �.85± �.�� +.57± +.+1
λ ; 0+ �.82± �.�0 +.+7± +.+0 +.27± +.+3 �.85± �.�� +.60± +.+1
λ ; 4+ +.81± +.+0 +.+7± +.+0 +.14± +.+1 �.85± �.�� +.67± +.+0
λ ; 0++ +.70± +.+2 +.00± +.+5 +.18± +.+7 +.83± +.+2 +.56± +.+7

RN:BN:bU�D �.82± �.�0 �.�6± �.�0 +.12± +.+2 �.85± �.�� +.68± +.+0

LN:T:bU�D

λ ; + �.82± �.�0 +.+7± +.+0 +.15± +.+3 �.85± �.�� +.66± +.+1
λ ; 0+ �.82± �.�0 +.+7± +.+0 +.11± +.+2 �.85± �.�� +.68± +.+0
λ ; 4+ +.78± +.+2 +.+7± +.+0 +.05± +.+2 �.85± �.�� +.7+± +.+2
λ ; 0++ +.70± +.+1 +.+7± +.+0 +.1+± +.+1 �.85± �.�� +.63± +.+2

LN:BN:bU�D �.82± �.�0 +.+7± +.+0 �.07± �.�1 �.85± �.�� �.71± �.�0
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