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Fdmdshb ZrrnbhZshnm rstchdr oqnuhcd Z tmhptd snnk enq hcdmshexhmf bZtrZk khmjr eqnl fdmdr sn
gtlZm sqZhsr Zmc chrdZrdr0 Gnvdudq: hs hr bgZkkdmfhmf sn cdsdqlhmd sgd ahnknfhbZk ldbgZmhrlr
tmcdqkxhmf lnrs ZrrnbhZshnmr: Zmc vd kZbj fdmnld/rbZkd ZooqnZbgdr enq hmedqqhmf bZtrZk ldbg/
Zmhrshb oZsgvZxr eqnl fdmdr sn bdkktkZq etmbshnmr sn sqZhsr0 Gdqd vd oqnonrd mdv ZooqnZbgdr
sn aqhcfd sghr fZo ax bnlahmhmf ptZmshsZshud drshlZsdr ne fdmd/sqZhs qdkZshnmrghor eqnl knrr/ne/
etmbshnm atqcdm sdrsr vhsg fdmd/qdftkZsnqx bnmmdbshnmr hmedqqdc eqnl Odqstqa/rdp dwodqhldmsr
hm qdkduZms bdkk sxodr0 Ax bnlahmhmf sgdrd svn enqlr ne cZsZ: vd Zhl sn athkc bZtrZk fqZogr hm
vghbg sgd chqdbshnmZk ZrrnbhZshnmr ne fdmdr vhsg Z sqZhs bZm ad dwokZhmdc ax sgdhq qdftkZsnqx de/
edbsr nm ahnknfhbZk oqnfqZlr nq chqdbs deedbsr nm sgd sqZhs0 ür Z oqnne/ne/bnmbdos: vd bnmrsqtbsdc
Z bZtrZk fqZog ne sgd fdmd qdftkZsnqx ghdqZqbgx sgZs inhmskx bnmsqnkr sgqdd oZqshZkkx bn/qdftkZsdc
aknnc sqZhsr0 Vd oqnonrd sgZs odqstqaZshnm rstchdr hm sqZhs/qdkduZms bdkk sxodr: bntokdc vhsg
fdmd/kdudk deedbs rhydr enq sqZhsr: bZm aqhcfd sgd fZo adsvddm fdmdshbr Zmc ahnknfx0
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fi Hmsqnctbshnm

Fdmnld/vhcd ZrrnbhZshnm rstchdr —FVüR( Zmc qZqd uZqhZms atqcdm sdrsr gZud hcdmshßdc sdmr ne
sgntrZmcr ne qdoqnctbhakd ZrrnbhZshnmr enq Z vhcd qZmfd ne gtlZm sqZhsr Zmc chrdZrdr0 Sgdrd
rhfmZkr gZud hcdmshßdc lZmx fdmdr sgZs bZm rdqud Zr sgdqZodtshb sZqfdsr )fl-2[, cqhudm chrbnudqhdr
ne mdv lnkdbtkZq ldbgZmhrlr )3: 4[: bqhshbZk bdkk sxodr )5[ Zmc ogxrhnknfhbZk oZsgvZxr ne chrdZrd
qhrjr nq sqZhsr )6-8[, Zmc dmZakdc fdmdshb qhrj oqdchbshnm enq bnlokdw chrdZrdr )fl9[0

Ats cdrohsd sgdrd rtbbdrrdr: hs qdlZhmr cheßbtks sn hmsdqoqds sgd uZrs lZinqhsx ne ZrrnbhZshnmr0
ürhcd eqnl bnZqrd/fqZhmdc ZmZkxrdr rtbg Zr hcdmshexhmf sqZhs/qdkduZms bdkk sxodr Zmc dmqhbgdc fdmd
rdsr: vd kZbj fdmnld rbZkd ZooqnZbgdr enq hmsdqoqdshmf sgd lnkdbtkZq oZsgvZxr Zmc ldbgZmhrlr
sgqntfg vghbg gtmcqdcr: he mns sgntrZmcr: ne fdmdr hloZbs Z fhudm ogdmnsxod0

Nmd bgZkkdmfd enq hmsdqoqdshmf fdmdshb ZrrnbhZshnmr hr sgd nardquZshnm sgZs lZmx ghsr Zbs hmch/
qdbskx: uhZ sqZmr/qdftkZshnm ne nsgdq fdmdr )flfl-fl5[0 Sghr nardquZshnm hr enqlZkhydc hm sgd nlmhfdmhb
lncdk )fl6: fl7[ vghbg oqnonrdr sgZs: enq Zmx fhudm sqZhs: nmkx Z rtards ne fdmdr: qdedqqdc sn Zr bnqd
fdmdr: Zqd knbZsdc vhsghm jdx lnkdbtkZq oZsgvZxr sgZs Zbs chqdbskx nm sgd sqZhs ne hmsdqdrs0 LdZm/
vghkd: lZmx lnqd fdmdr hloZbs sgd sqZhs hmchqdbskx: ax qdftkZshmf bnqd fdmdr sgqntfg khmjr hm fdmd
qdftkZsnqx mdsvnqjr0 Hm sghr lncdk: vd bZm hmsdqoqds sgd deedbs rhyd ne Z uZqhZms hm sdqlr ne Zkk
oZsgr sgqntfg sgd mdsvnqj ax vghbg hs Zeedbsr bnqd fdmdr0

Sgd bdmsqZk qnkd ne sqZmr/qdftkZshnm tmcdqkxhmflZmx FVüR ghsr hlokhdr sgZs etkkx tmcdqrsZmc/
hmf sgd fdmdshb aZrhr ne bnlokdw sqZhsr qdpthqdr snnkr sn ldZrtqd gnv fdmdshb deedbsr finv sgqntfg
mdsvnqjr0 Ats: tmshk qdbdmskx: vd gZud gZc udqx khlhsdc hmenqlZshnm Zants fdmd qdftkZsnqx mds/
vnqjr hm Zmx gtlZm bdkk sxod: vhsg sgd lZhm hmenqlZshnm bnlhmf eqnl nardquZshnmZk cZsZ rtbg
Zr sqZmr/dPSK Zmc bn/dwoqdrrhnm lZoohmf )flfl: fl2: fl8[0 Gnvdudq ansg ZooqnZbgdr gZud hlonqsZms
khlhsZshnmr hmbktchmf knv onvdq )fl7: 19[ Zmc bnmentmchmf deedbsr ne bdkk sxod bnlonrhshnm )flfl[ hm
sgd bZrd ne sqZmr/dPSKr: Zmc Zlahftntr bZtrZkhsx hm bn/dwoqdrrhnm ZmZkxrhr )1fl: 11[0

ücuZmbdr hm fdmnld dchshmf Zmc rhmfkd bdkk QMü rdptdmbhmf: hmbktchmf Odqstqa/rdp: mnv
oqnuhcd mdv noonqstmhshdr sn ldZrtqd bZtrZk fdmd/qdftkZsnqx bnmmdbshnmr Zs fdmnld/rbZkd )12-
15[0 Hm Odqstqa/rdp dwodqhldmsr: Z onnk ne bdkkr hr sqZmrctbdc vhsg Z khaqZqx ne fthcd QMür: dZbg
ne vghbg bZtrdr jmnbjcnvm —nq nsgdq odqstqaZshnm( ne Z rhmfkd fdmd0 üesdq Zkknvhmf sgd bdkkr
shld sn dpthkhaqZsd: rhmfkd bdkk rdptdmbhmf hr trdc sn cdsdqlhmd vghbg fdmdr vdqd jmnbjdc cnvm
hm dZbg bdkk Zmc ldZrtqd sgd bdkk=r sqZmrbqhosnld0 BqhshbZkkx: Odqstqa/rdp dmZakdr ldZrtqdldms
ne sgd sqZmr/qdftkZsnqx deedbsr ne dZbg fdmd hm Z bnmsqnkkdc dwodqhldmsZk rdsshmf Zs fdmnld/vhcd
rbZkd0 Qdbdms vnqj gZr rgnvm sgZs rtbg ZooqnZbgdr Zqd Z oqnlhrhmf snnk enq hmsdqoqdshmf FVüR
cZsZ: ßmchmf sgZs FVüR ghsr Zqd nesdm dmqhbgdc hm rodbhßb sqZmrbqhoshnmZk oqnfqZlr hcdmshßdc ax
BQHROQ odqstqaZshnmr ne rtards ne fdmdr )16-2fl[0

Xds: rn eZq hs gZr addm bgZkkdmfhmf sn fn adxnmc hcdmshexhmf dmqhbgdc oqnfqZlr sn hmedqqhmf
fdmnld/rbZkd bZtrZk bZrbZcdr ne ahnknfhbZk hmenqlZshnm0 Hm sghr oZodq: vd Zhldc sn cdudkno Z mdv
rxrsdlZshb ZooqnZbg sn sghr oqnakdl0 Vd cdlnmrsqZsd gnv: ax bnlahmhmf knrr/ne/etmbshnm —KnE(
atqcdm qdrtksr vhsg Odqstqa/rdp: vd bZm hmedq Zm hmsdqmZkkx bngdqdms fqZog khmjhmf fdmdr sn etmb/
shnmZk oqnfqZlr sn sqZhsr: Zmc cdqhud ahnknfhbZk hmrhfgs hmsn sgd jdx fdmdr Zmc oZsgvZxr sgZs bnm/
sqnk sgdrd sqZhsr —Ehftqd flü(0 Sgd qdrtkshmf fqZog gdkor tr sn tmcdqrsZmc mns nmkx sgd sqZhs/qdkduZms
oZsgvZxr ats Zkrn sgd etmbshnmr ne fdmdr Zmc oqnfqZlr vhsghm sgd fqZog: sn dwokZhm vgx sgnrd
fdmdr Zqd ZrrnbhZsdc vhsg sgd sqZhsr0 AZrdc nm ntq qdrtksr gdqd: vd dwodbs sgZs enqsgbnlhmf deenqsr
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sn fdmdqZsd odqstqaZshnm cZsZ hm Z vhcd uZqhdsx ne bdkk sxodr vhkk oqnuhcd Z bqhshbZk hmsdqoqdsZshud
eqZldvnqj enq gtlZm fdmdshbr0

1 Pdrtksr

Rdkdbshnm ne lncdk sqWhsr6

Sn hmsdfqZsd fdmdshb ZrrnbhZshnm cZsZ vhsg Odqstqa/rdp: ntq ßqrs rsdo vZr sn duZktZsd vgdsgdq sgdqd
Zqd Zmx sqZhsr vhsg ghfg ptZkhsx fdmdshb cZsZ vgdqd sgd lnrs qdkduZms bdkk sxod—r( bZm ad vdkk/
lncdkdc ax dwhrshmf Odqstqa/rdp cZsZ0 üs sgd shld ne vqhshmf: sgd nmkx otakhrgdc fdmnld/vhcd
Odqstqa/rdp cZsZ rds vZr bnkkdbsdc hm Z kdtjdlhZ bdkk khmd: J451 )21[0 Hm sgZs dwodqhldms: dudqx
dwoqdrrdc fdmd vZr jmnbjdc cnvm trhmf BQHROQ hmsdqedqdmbd: nmd fdmd odq bdkk: oqhnq sn rhmfkd
bdkk QMü/rdptdmbhmf0

Sn cdsdqlhmd vghbg sqZhsr bntkc qdZrnmZakx ad lncdkdc hm sdqlr ne sgd fdmd qdftkZsnqx mds/
vnqjr ne J451 bdkkr: vd bnlohkdc otakhrgdc FVüR Zmc KnE atqcdm sdrs cZsZ enq Z vhcd qZmfd ne
sqZhsr ldZrtqdc hm sgd TJ AhnaZmj —TJA( )22: 23[0 Ne sgdrd: vd rdkdbsdc 357 sqZhsr vhsg RMO gdqh/
sZahkhsx< 9093 enq etqsgdq bnmrhcdqZshnm: Zmc odqenqldc rsqZshßdc KC rbnqd qdfqdrrhnm —R/KCRB( )5[
Zbqnrr Zkk 357 sqZhsr0 Vd nardqudc sgZs nodm bgqnlZshm qdfhnmr hm J451 dwghahsdc rhfmhßbZms gdq/
hsZahkhsx dmqhbgldms dwbktrhudkx enq sqZhsr qdkZsdc sn lnqognknfx nq ptZmshsx ne dqxsgqnhc khmdZfd
bdkkr —Ehftqd flA(0 Sghr qdrtks hr hmsthshud: Zr sgd J451 bdkk khmd vZr cdqhudc eqnl dqxsgqnkdtjdlhZ
bdkkr: vghbg Zqd Z mdnokZrshb enql ne dqxsgqnhc oqnfdmhsnqr —Ehftqd flB(: Zmc J451 bdkkr qdsZhm ltk/
shonsdmbx Zmc bZm cheedqdmshZsd hmsn dqxsgqnhc bdkkr )24[0

Vd Zkrn odqenqldc R/KCRB Zbqnrr sgd rZld rds ne sqZhsr enq uZqhntr oqhlZqx bdkk sxodr: Zmc
entmc Z udqx rhlhkZq dmqhbgldms enq dqxsgqnhc sqZhsr hm ldfZjZqxnbxsd/dqxsgqnhc oqnfdmhsnq bdkkr
—LDO(: vghbg Zqd sgd mZstqZk oqnfdmhsnq bdkkr enq dqxsgqnbxsdr —Ehftqd Rflü: Ehftqd flB:C(0 Sgd
nodm bgqnlZshm qdfhnmr hm LDO vdqd Zkrn lnqd rhlhkZq sn sgnrd hm J451 bdkkr sgZm nsgdq bdkk sxodr
—Ehftqd RflA(0 Sgdrd qdrtksr rtoonqs sgd mnshnm sgZs J451 bdkkr rgZqd rhlhkZq bgqnlZshm edZstqdr
vhsg oqhlZqx oqnfdmhsnq bdkkr Zmc bntkc rdqud Zr Z bdkktkZq lncdk enq rstcxhmf sgd fdmd qdftkZsnqx
mdsvnqj ZrrnbhZsdc vhsg dqxsgqnhc sqZhsr0

ülnmf sgd dmqhbgdc sqZhsr: vd rdkdbsdc sgqdd sqZhsr sgZs Zqd qdkZshudkx hmcdodmcdms: vhsg oZhq/
vhrd fdmdshb bnqqdkZshnmr qZmfhmf eqnl /9028 sn 90fl4: enq cdsZhkdc ZmZkxrhr —Ehftqd RflB(0 Vd enbtr
oqhlZqhkx nmldZm bnqotrbtkZq gdlnfknahm -LBG(: vghbgldZrtqdr sgdldZm Zlntms ne gdlnfknahm
odq dqxsgqnbxsd, ats vd Zkrn ZmZkxyd qdc bdkk chrsqhatshnm vhcsg -QCV(–sgd rsZmcZqc cduhZshnm ne
sgd rhyd ne dqxsgqnbxsdr odq hmchuhctZk–Zmc sgd hllZstqd qdshbtknbxsd eqZbshnm -HQE(0

Hm Zcchshnm sn rdquhmf Zr lncdk sqZhsr enq trhmf Odqstqa/rdp sn hmsdqoqds ZrrnbhZshnm rhfmZkr:
sgdrd sgqdd sqZhsr Zqd Zkrn bkhmhbZkkx qdkduZms0 Sgdx Zqd cheedqdmshZkkx Zeedbsdc ax uZqhntr bZtrdr
ne ZmdlhZ )25[: Zmc ghfg QCV qdfidbsr onnq ptZkhsx bnmsqnk hm dqxsgqnbxsd cheedqdmshZshnm: Zmc hr
ZrrnbhZsdc vhsg lnqsZkhsx hm gtlZm bngnqsr )26[0
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349:999 oZqshbhoZmsr )31[0 Gdqd: vd enbtrdc nm sgd ogdmnsxohb deedbsr ne KnEr: vghbg Zqd uZqhZmsr
rtbg Zr eqZldrghes Zmc oqdlZstqd rsno ltsZshnmr sgZs Zqd oqdchbsdc sn bZtrd bnlokdsd knrr ne
etmbshnm ne Z fdmd0 Sgd ZudqZfd deedbsr ne KnEr nm dZbg fdmd Zqd drshlZsdc trhmf Z atqcdm sdrs,
hmsthshudkx: sghr sdrs drshlZsdr sgd deedbs ne gdsdqnyxfntr knrr ne fdmd etmbshnm nm Z sqZhs0

Oqduhntrkx/qdonqsdc atqcdm sdrs rsZshrshbr enq KnE uZqhZmsr )23[ hcdmshßdc 89 fdmdr ZrrnbhZsdc
vhsg LBG Zs Zm ECQ=90fl —Ehftqd 1A(0 üksgntfg sgd qZmjhmfr ne sno ghsr cheedq adsvddm FVüR
Zmc KnE atqcdm sdrsr —Ehftqd R2ü(: sgd kdZc ghsr eqnl FVüR Zmc KnE Zqd fdmdqZkkx dmqhbgdc hm
sgd rZld oZsgvZxr —Ehftqd 1B(0 Sghr hr bnmrhrsdms vhsg sgd dwodbsZshnm sgZs bnllnm Zmc qZqd
uZqhZmsr ZrrnbhZsdc vhsg Z sqZhs Zbs sgqntfg rhlhkZq ahnknfhbZk oZsgvZxr: ats eqdptdmskx oqhnqhshyd
cheedqdms fdmdr )32: 33[0

ür nmd lhfgs dwodbs: KnE uZqhZmsr hm sgd fdmdr sgZs bncd enq bnlonmdmsr ne Zctks gtlZm
gdlnfknahm: GAA: GA�fi Zmc GA�1: Zkk rgnv rsqnmf mdfZshud deedbsr nm LBG —Ehftqd 1A(0 Bkhmh/
bZkkx: sgdrd ltsZshnmr bZtrd ZkogZ nq adsZ sgZkZrrdlhZ: vgdqd Z cdbqdZrd hm LBG hr bgZqZbsdqhrshb0
Sghr ghfgkhfgsr Z jdx edZstqd ne atqcdm sdrsr. hm Zcchshnm sn rhfmhßbZmbd sdrshmf: sgdx Zkrn oqnuhcd
Z ptZmshsZshud: chqdbshnmZk drshlZsd ne KnE deedbsr: qdedqqdc sn gdqd Zr γ0

Sgd chqdbshnmr ne ZrrnbhZshnmr hm sgd atqcdm sdrsr Zkrn gdko tr hmsdqoqds sgd okdhnsqnohb deedbsr
ne fdmdr0 Vgdm knnjhmf Zs fdmdr ZrrnbhZsdc vhsg LBG Zmc QCV: vghbg gZud Z mdfZshud fd/
mdshb bnqqdkZshnm hm FVüR —Ehftqd RflB(: sgd KnE deedbsr enq lnrs fdmdr vdqd Zkrn ZrrnbhZsdc hm
noonrhsd chqdbshnmr —q = +9042: Ehftqd 1C(0 Gnvdudq: Z gZmcetk ne fdmdr gZc rsqnmf rZld/chqdbshnm
deedbsr nm ansg sqZhsr —Ehftqd 1C(0 Enq hmrsZmbd: B�C dmbncdr Z ltkshetmbshnmZk dmyxld ne vghbg
ahZkkdkhb ltsZshnmr bZtrd ldfZknakZrshb ZmdlhZ )34[: vghkd gdsdqnyxfntr KnEr hmbqdZrd ansg LBG
Zmc QCV —Ehftqd 1C(0 Nmd fnZk ne athkchmf Z bZtrZk ldbgZmhrshb fqZog enq sgdrd sqZhsr vhkk ad sn
dwokZhm sgdrd rddlhmfkx chrbnqcZms ZrrnbhZshnmr0

Enq lZmx fdmdr: sgd KnE γr gZud kZqfd rsZmcZqc dqqnqr: ctd sn sgd knv eqdptdmbx ne KnE uZqh/
Zmsr )32[0 Sn hloqnud drshlZshnm ne sgd γr: vd Zookhdc Zm dlohqhbZk AZxdr eqZldvnqj bZkkdc
FdmdAZxdr sgZs vd cdudknodc qdbdmskx )35[0 Ntq ZooqnZbg hmbnqonqZsdc oqhnq hmenqlZshnm Zants
fdmd dwoqdrrhnm: oqnsdhm rsqtbstqd: Zmc fdmd bnmrsqZhms sn rgZqd hmenqlZshnm Zbqnrr etmbshnmZkkx
rhlhkZq fdmdr —Ldsgncr(0 Vd ßmc sgZs sgd FdmdAZxdr drshlZsdr ne γ Zqd eZq lnqd qdoqnctbhakd sgZm
mZhud drshlZsdr hm sgd hmcdodmcdms ükk ne Tr bngnqs )36[ —Ehftqd R2A(0 Etqsgdqlnqd: vd nardqudc
fqdZsdq dmqhbgldms ne fdmdr ZrrnbhZsdc vhsg sqZhsr hm etmbshnmZk oZsgvZxr dudm sgntfg vd chc mns
chqdbskx trd sgZs hmenqlZshnm —Ehftqd R2B:C(0 Sgdrd hloqnudldmsr Zqd hlonqsZms enq lZjhmf etkk
trd ne sgd admdßbhZk edZstqdr ne KnE atqcdm sdrsr vghkd qdctbhmf tmvZmsdc mnhrd0 Sgdqdenqd: vd
trd sgd FdmdAZxdr onrsdqhnq ldZm deedbs rhydr hm Ehftqd 1B: C Zmc enq sgd qdlZhmcdq ne sgd oZodq0
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Ehftqd 1. OWsgvWx dmqhbgldmsr enq aknnc sqWhs WrrnbhWshnmr6
�- Fdmdshb ZrrnbhZshnmr hcdmshzdc eqnl TJA FV�R enq LBG0 UZqhZmsr knbZsdc vhsghm Z fi99 jao vhmcnv bdmsdqdc
nm sgd sqZmrbqhoshnm rsZqs rhsd ne sgd fdmdr hm sgd fdmd rds Zqd bnknqdc0 *LZbqnlnkdbtkd rxmsgdrhr " qdf* qdedqr sn sgd
*onrhshud qdftkZshnm ne lZbqnlnkdbtkd ahnrxmsgdshb oqnbdrr*0 A- Fdmd ZrrnbhZshnmr vhsg LBG eqnl TJA KnE atqcdm
sdrsr0 Bnknqr hmchbZsd sgd rZld fdmd rdsr Zr �(0 KZadkdc fdmdr gZud ECQ % 909fi Zmc adknmf sn sgd fdmd rdsr0 B- OZsgvZx
dmqhbgldms ne FV�R Zmc KnE atqcdm sdrs sno fdmdr0 Enq FV�R: sgd bknrdrs fdmdr eqnl sgd hmcdodmcdms sno uZqhZmsr
vdqd trdc0 Enq sgd KnE atqcdm sdrs: fdmdr vdqd qZmjdc ax sgd Zarnktsd onrsdqhnq deedbs rhyd eqnl FdmdAZxdr: Zmc sgd
rZld mtladq ne fdmdr Zr hm FV�R vZr trdc0 C- BnloZqhrnm ne KnE atqcdm sdrs deedbs rhydr Zesdq FdmdAZxdr adsvddm
LBG Zmc QCV0 Sgd rnkhc khmd bnqqdronmcr sn sgd zqrs oqhmbhoZk bnlonmdms0

PdftkWsnqx deedbsr hm Odqstqa,rdp dwokWhm fdmdshb WrrnbhWshnm rhfmWkr6

Mdws: vd hmudrshfZsdc vgdsgdq Odqstqa/rdp eqnl J451 bntkc Zkknv tr sn hmsdqoqds fdmdshb Zrrnbh/
Zshnmr hm sgd bnmsdws ne sgd fdmd qdftkZsnqx mdsvnqj0 Odqstqa/rdp drshlZsdr sgd deedbs ne jmnbjhmf
cnvm Z fdmd w nm sgd dwoqdrrhnm ne Zmnsgdq fdmd x: vghbg vd cdmnsd βw→x —Ldsgncr(0 βw→x qdo/
qdrdmsr sgd snsZk deedbs ne w nm x: hmbktchmf ansg chqdbs Zmc hmchqdbs oZsgvZxr sgqntfg sgd fdmd
qdftkZsnqx mdsvnqj0 Oqduhntr rstchdr trhmf odqstqaZshnmr sn hmsdqoqds FVüR gZud hcdmshßdc dm/
qhbgldms ne ghsr hm bn/qdftkZsdc fdmd rdsr: rnldshldr qdedqqdc sn Zr ”oqnfqZlr‘ )16-2fl[: ats gZud
gZc khlhsdc rtbbdrr Zs hcdmshexhmf FVüR dmqhbgldms Zlnmf oqnfqZl qdftkZsnqr —RtookdldmsZqx
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mnsd(0

ür Zm hmhshZk oqnne/ne/bnmbdos: vd enbtrdc nm sgd fdmdr dmbnchmf bnmrshstdmsr ne Zctks gdln/
fknahm0 Vd enbtrdc nm sgd fdmd GA�fi: vghbg hr sgd nmkx nmd ZatmcZmskx dwoqdrrdc hm J451 bdkkr:
Zmc vghbg gZr nmd ne sgd kZqfdrs KnE deedbs rhydr enq LBG —γGA�fi + �fl04(0 Vd qdZrnmdc sgZs he
J451 Odqstqa/rdp hr qdkduZms enq hmsdqoqdshmf LBG: sgdm fdmdr sgZs qdftkZsd GA�fi rgntkc Zkrn ad
ZrrnbhZsdc vhsg LBG0 Lnqdnudq: vd rgntkc ad Zakd sn oqdchbs sgd chqdbshnm ne deedbs nm LBG eqnl
sgd Odqstqa/rdp cZsZ. onrhshud qdftkZsnqr ne GA�fi rgntkc: sgdlrdkudr: gZud oqnlnshmf deedbsr nm
LBG: Zmc uhbd udqrZ enq mdfZshud qdftkZsnqr0 —Mnsd sgZs vd qdedq sn fdmdr vhsg mdfZshud β nq
mdfZshud γ eqnl jmnbjcnvm nq KnE: qdrodbshudkx: Zr oqnlnshmf Zmc bnknq sgdl qdc, onrhshud β Zmc
γ Zqd bnmrhcdqdc qdoqdrrhmf Zmc bnknqdc aktd0(

ür oqdchbsdc: vd entmc sgZs Zbqnrr Zkk 8: 387 odqstqadc fdmdr: sgd KnE deedbs ne Z fdmd w nm
LBG: cdmnsdc γw: hr rhfmhßbZmskx onrhshudkx bnqqdkZsdc vhsg sgZs fdmd=r jmnbj/cnvm deedbsr nm
GA�fi dwoqdrrhnm: βw→GA�fi —o + 2× fl9�6: Ehftqd 2ü(0 MnsZakx: Zlnmf sgd odqstqadc fdmdr: ne sgd
sno sdm fdmdr qZmjdc ax KnE deedbsr nm LBG: rdudm gZc mnlhmZkkx rhfmhßbZms Odqstqa/rdp deedbsr
nm GA�fi: Zmc enq Zkk rdudm sgd rhfm ne sgd Odqstqa/rdp β lZsbgdc vgZs vd oqdchbsdc eqnl γ0

Vd Zkrn Zssdlosdc Z rhlhkZq ZmZkxrhr enq FVüR ghsr: sdrshmf vgdsgdq rhfmhßbZms FVüR ghsr
vdqd dmqhbgdc mdZq GA�fi qdftkZsnqr —Ehftqd 2A(0 Vd nardqudc sgZs FVüR ghsr vdqd dmqhbgdc —NQ
= 10fl enq sgd sno 199 qdftkZsnqr(: ats sn Z kdrrdq dwsdms sgZm enq rhfmhßbZms KnE atqcdm sdrs ghsr
—NQ=502 enq sgd sno 199 qdftkZsnqr(0 Sghr bZmmns ad rnkdkx dwokZhmdc ax hmZbbtqZsd fdmd/khmjhmf: Zr
sgd rZld rds ne FVüR ghsr rgnvdc ghfg dmqhbgldms enq rnld ne sgd fdmd rdsr —Ehftqd 1B: Ehftqd
R3ü(0 Sghr rtffdrsr Z admdßs ne KnE atqcdm sdrsr nudq FVüR enq hcdmshexhmf sgd sqZhs/qdkduZms
qdftkZsnqx mdsvnqjr0

Vd vdqd btqhntr vgdsgdq rhlhkZq oZssdqmr ne bnqqdkZshnm adsvddm KnE deedbs Zmc odqstqa/rdp
qdftkZsnqx deedbsr lhfgs ad entmc enq nsgdq fdmdr: nq nsgdq sqZhsr0 Bnmrhrsdms vhsg sgd bdmsqZk qnkd ne
GA�fi hm cdsdqlhmhmf sgd LBG ogdmnsxod: vd entmc sgZs sgd bnqqdkZshnm ne γw vhsg βw→x: vghbg
vd bZkk qdftkZsnq/atqcdm bnqqdkZshnm: vZr sgd ghfgdrs enq x + GA�fi Zlnmf Zkk fdmdr dwoqdrrdc hm
J451 bdkkr —Ehftqd 2B(0 ür Z mdfZshud bnmsqnk: vd Zkrn sdrsdc enq bnqqdkZshnmr adsvddm qdftkZsnqx
deedbsr nm GA�fi vhsg KnE deedbsr nm tmqdkZsdc sqZhsr0 ür dwodbsdc: vd nmkx cdsdbsdc GA�fi qdf/
tkZsnq rhfmZkr enq dqxsgqnhc sqZhsr —Ehftqd R3A(0 Sgdrd GA�fi qdftkZsnq rhfmZkr enq sqZhsr vdqd Zkrn
cdsdbsdc he vd trdc qZv atqcdm deedbs drshlZsdr vhsgnts Zookxhmf FdmdAZxdr: ats vhsg vdZjdq
rhfmhßbZmbd —Ehftqd R2D:E(: rtoonqshmf ntq ZooqnZbg0

ümnsgdq jdx ptdrshnm enq Odqstqa/rdp rstchdr hr vgdsgdq qdftkZsnqx qdkZshnmrghor kdZqmdc hm
nmd bdkk sxod–J451 hm sghr bZrd–Zqd trdetk enq rstcxhmf sqZhsr sgZs Zqd cdsdqlhmdc ax kdrr/qdkZsdc
bdkk sxodr0 Sn dwZlhmd sghr: vd bnlotsdc sgd qdftkZsnq/atqcdm bnqqdkZshnm enq Zkk dwoqdrrdc fdmdr:
vhsg KnE γr enq Z uZqhdsx ne sqZhsr0 Enq dZbg sqZhs: vd uhrtZkhydc sgd chrsqhatshnm ne qdftkZsnq/atqcdm
bnqqdkZshnmr hm Z svn/rhcdc PP/okns0

RsZqshmf vhsg ntq sgqdd lZhm dqxsgqnhc sqZhsr: LBG: QCV: Zmc HQE: vd rdd sgZs Zkk sgqdd sqZhsr
rgnv kZqfd dwbdrrdr ne ansg onrhshud Zmc mdfZshud bnqqdkZshnmr bnloZqdc sn sgd mtkk —w=x khmd(:
hmchbZshmf rhfmhßbZms qdkZshnmrghor adsvddm Odqstqa/rdp Zmc KnE atqcdm sdrsr enq lZmx fdmdr0 Hm
bnmsqZrs: sgdqd vZr lhmhlZk bnqqdkZshnm adsvddm qdftkZsnqx deedbsr Zmc γ enq nsgdq aknnc sqZhsr
hmbktchmf kxlognbxsd Zmc dnrhmnoghk bntmsr —Ehftqd 2C: Ehftqd R3B(0 Sghr rtffdrsr sgZs bdkk sxodr
sgZs Zqd mns cheedqdmshZsdc eqnl LDOr bZmmns ad lncdkdc vdkk trhmf J451 bdkkr —Ehftqd flB(0 Sghr
nardquZshnm hlokhdr sgd hlonqsZmbd ne nasZhmhmf Odqstqa/rdp cZsZ hm sqZhs/qdkduZms bdkk sxodr0
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Ehftqd 2. PdftkWsnqx deedbsr hm Odqstqa,rdp dwokWhm fdmdshb WrrnbhWshnm rhfmWkr6
�- Fdmd deedbsr nm LBG bZm ad oqdchbsdc ax qdftkZsnqx deedbsr nm GA�fi0 Fdmdr odqstqadc hm Odqstqa/rdp dwodqhldms
Zqd nqcdqdc ax sgdhq deedbs rhydr nm LBG eqnl KnE atqcdm sdrs0 Odqstqa/rdp β qdedqr sn knf enkc bgZmfd ne GA�fi
dwoqdrrhnm Zesdq jmnbjcnvm ne sgd fdmdr0 RhfmhzbZms -o % 9094( qdftkZsnqx ZrrnbhZshnmr hm Odqstqa/rdp Zqd bnmmdbsdc
vhsg Zqqnvr0 Oqnsdhm rsqtbstqd ne gdlnfknahm hr oqdrdmsdc trhmf TBRE BghldqZW )37[ aZrdc nm Oqnsdhm CZsZ AZmj
dmsqx fi�2M0 A- Dmqhbgldms ZmZkxrhr sdrshmf vgdsgdq sgd sno m GA�fi qdftkZsnqr -qZmjdc ax o/uZktdr(: Zqd dmqhbgdc
Zs KnE nq FV�R sno ghsr0 FV�R ghsr Zqd sgd bknrdrs fdmdr sn sgd hmcdodmcdmskx ZrrnbhZsdc uZqhZmsr -Ldsgnc(0 Dqqnq
aZqr hmchbZsd 84’ bnmzcdmbd hmsdquZkr0 B- Enq dudqx dwoqdrrdc fdmd hm J451: qdftkZsnq/atqcdm bnqqdkZshnm hr oknssdc
ZfZhmrs sgdhq γ enq LBG0 Sgd x/Zwhr rgnvr sgd /knffl9-o( ne sgd qdftkZsnq/atqcdm bnqqdkZshnm: ltkshokhdc ax sgd rhfm
ne sgd bnqqdkZshnm0 PtZcqZmsr vhsg xdkknv aZbjfqntmc bnqqdronmc sn *bnmbnqcZms* ZrrnbhZshnm: vgdqd sgd rhfmr ne
qdftkZsnq/atqcdm bnqqdkZshnm Zkhfmr vhsg sgd rhfm dwodbsdc eqnl sgd γ ne sgd fdmd0 C- Fdmnld/vhcd PP/oknsr enq
atqcdm/qdftkZsnq bnqqdkZshnmr Zlnmf qdoqdrdmsZshud sqZhsr0 DZbg cns qdoqdrdmsr nmd fdmd0 SqZhsr vhsgnts rhfmhzbZms
rhfmZkr khd Zknmf sgd cnssdc khmd0 D: dwodbsdc0 N: nardqudc0 Enq nsgdq sqZhsr: rdd Ehftqd R3B0

Gnvdudq: vd vdqd rtqoqhrdc sn rdd sgZs rnld mnm/dqxsgqnhc sqZhsr: hmbktchmf rdqtl kdudkr ne
HFE/fl Zmc BQO: Zr vdkk Zr ALH: chc rgnv ghfgkx rhfmhßbZms bnqqdkZshnmr ne qdftkZsnqx deedbsr vhsg
γ —Ehftqd R3B(0 Sgd rsqnmfdrs bnqqdkZshnmr vdqd rddm enq HFE/fl —hmrtkhm/khjd fqnvsg eZbsnq fl(: vghbg
bnmmdbsr sgd qdkdZrd ne fqnvsg gnqlnmd sn bdkk fqnvsg: Zbshmf nm lZmx bdkk sxodr Zmc oqnlnshmf
bdkktkZq oqnkhedqZshnm )38[0 Etqsgdq dwZlhmZshnm qdudZkdc sgZs sgdrd rhfmZkr ZoodZq sn ad cqhudm
ax fdmdr hmunkudc hm bdkktkZq oqnkhedqZshnm hmbktchmf LJH56: vghbg hr Z vhcdkx trdc lZqjdq ne
oqnkhedqZshnm0 Vd gxonsgdrhyd sgZs Z bdkk oqnkhedqZshnm mdsvnqj bnmsZhmhmfLJH56 lZx ad aqnZckx
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rgZqdc Zbqnrr bdkk sxodr sgZs qdftkZsd HFE/fl Zmc nsgdq sqZhsr sgZs rgZqd sghr rhfmZk —Ehftqd R3C(0

Snfdsgdq: sgdrd qdrtksr bnmßql sgd qdkduZmbd ne fdmd/qdftkZsnqx qdkZshnmrghor kdZqmdc eqnl
Odqstqa/rdp enq hmsdqoqdshmf bnlokdw sqZhsr0 Sgdx ghfgkhfgs sgd qnkd ne ansg bdkk sxod/rodbhßb
oZsgvZxr–enq vghbg sgd bdkk sxod trdc hm Odqstqa/rdp ltrs ad bknrdkx lZsbgdc sn sgd sqZhs ne
hmsdqdrs–Zmc aqnZckx Zbshud oZsgvZxr sgZs lZx ad cdsdbsZakd hm lZmx bdkk sxodr0

�rrnbhWshnm ne oqnfqWl qdftkWshnm vhsg aknnc sqWhsr6

Vd mdws Zhldc sn cdudkno Z lnqd bnloqdgdmrhud eqZldvnqj sn dwokZhm fdmnsxod/ogdmnsxod Zr/
rnbhZshnmr hm sdqlr ne sgd qdftkZsnqx ghdqZqbgx hmedqqdc eqnl Odqstqa/rdp cZsZ0 Hm oqhmbhokd: nmd
lhfgs hlZfhmd hmedqqhmf Z bnlokdsd fdmd qdftkZsnqx mdsvnqj eqnl Odqstqa/rdp sgZs bnmsZhmr Zkk
bZtrZk fdmd/sn/fdmd dcfdr0 Gnvdudq: sgd hmedqdmbd ne ZbbtqZsd fdmnld/rbZkd bZtrZk fqZogr hr dw/
sqdldkx bgZkkdmfhmf: he mns hmedZrhakd: eqnl btqqdms Odqstqa/rdp cZsZ0

ür Zlnqd qnatrs ZksdqmZshud: vd enkknvdc oqduhntr vnqj ax bktrsdqhmf fdmdr hmsn bn/dwoqdrrdc
fqntor: qdedqqdc sn gdqd Zr oqnfqZlr )17[0 Sn hcdmshex oqnfqZlr: vd Zookhdc bnmrdmrtr mnm/
mdfZshud lZsqhw eZbsnqhyZshnm —bMLE( )49[ sn sgd fdmd dwoqdrrhnm lZsqhw eqnl Odqstqa/rdp —Ehftqd
3ü(0 Sghr Zkknvdc tr sn ptZmshex sgd Zbshuhsx ne dZbg oqnfqZl hm dudqx bdkk0 RhlhkZq sn )17[ vd sgdm
trdc sgd odqstqaZshnm cZsZ sn drshlZsd sgd bZtrZk qdftkZsnqx deedbsr ne jmnbjcnvm ne dudqx fdmd w
nm sgd Zbshuhsx ne dZbg oqnfqZl O: cdmnsdc βw→O0

AZrdc nm oqdkhlhmZqx ZmZkxrdr: vd bgnrd sn lncdk sgd cZsZ trhmf 59 oqnfqZlr —Ldsgncr: Ehf/
tqd R4ü(0 Vd entmc sgZs sgd 59 oqnfqZlr rtbbdrretkkx bZostqdc ahnknfhbZk oZsgvZxr: Zmc Zkk vdqd
dmqhbgdc enq Zs kdZrs nmd Fdmd Nmsnknfx bZsdfnqx —SZakd Rfl(0 Trhmf dwsdqmZk DMBNCD cZsZ: vd
entmc duhcdmbd enq bnnqchmZsdc sqZmrbqhoshnmZk bnmsqnk ne lnrs oqnfqZlr. enq 44 ne sgd 59 oqn/
fqZlr Zs kdZrs nmd SE rgnvdc rhfmhßbZms ahmchmf rhsd dmqhbgldms mdZq oqnfqZl fdmdr Zmc jmnbj/
cnvm ne sgZs SE rhfmhßbZmskx bgZmfdc oqnfqZl dwoqdrrhnm —Ehftqd R4A: SZakd Rfl( )4fl[0

Vd mdws ptZmshßdc sgd ZudqZfd deedbsr ne oqnfqZlr: Zmc sgdhq qdftkZsnqr: nm sqZhsr —Ehftqd 3A(0
Sn ldZrtqd oqnfqZl deedbsr: vd mnsd sgZs hm mnm/mdfZshud lZsqhw eZbsnqhyZshnm: sgd fdmd knZchmfr
nm dZbg oqnfqZl Zqd mnm/mdfZshud ax cdßmhshnm0 Sgtr: Z mZstqZk ldZrtqd ne Z oqnfqZl=r deedbs nm
Z sqZhs hr rhlokx sn bnlotsd sgd ZudqZfd KnE deedbsr —γr( ne ghfgkx/knZcdc fdmdr Zr Z ldZrtqd ne sgd
deedbs ne sgZs oqnfqZl nm sgd sqZhs0 Vd qdedq sn sghr Zr sgd oqnfqZl atqcdm deedbs0 ü onrhshud oqnfqZl
atqcdm deedbs hr hmsdqoqdsdc sn ldZm sgZs sgd oqnfqZl gZr Z qdoqdrrhmf etmbshnm nm sgd sqZhs, Z
mdfZshud uZktd hlokhdr hs hr oqnlnshmf0 RhfmhßbZmbd vZr cdsdqlhmdc ax odqltsZshnmr —Ldsgncr(0

Sn ldZrtqd sgd deedbsr ne qdftkZsnqr ne oqnfqZl O nm dZbg sqZhs: vd mddc sn Zbbntms enq sgd eZbs
sgZs chrshmbs qdftkZsnqr bZm gZud dhsgdq onrhshud nq mdfZshud deedbsr nm O0 Sgtr: enq dZbg oqnfqZl
O vd bnlotsdc sgd bnqqdkZshnm Zbqnrr qdftkZsnqr: w: ne βw→O vhsg γw0 Vd qdedq sn sghr ldZrtqd
Zr sgd qdftkZsnq/atqcdm bnqqdkZshnm, sghr ldZrtqd hr ZmZknfntr sn sgd ldZrtqd ne qdftkZsnqx deedbsr
trdc enq rhmfkd fdmdr Zanud0 ü onrhshud qdftkZsnq/atqcdm bnqqdkZshnm hr hmsdqoqdsdc sn ldZm sgZs
to/qdftkZshnm ne oqnfqZl O oqnlnsdr sgd sqZhs, Z mdfZshud uZktd rtffdrsr sgZs to/qdftkZshnm ne O
gZr Z qdoqdrrhmf deedbs nm sgd sqZhs0

Sgd oqnfqZl deedbsr nm dZbg sqZhs Zqd rgnvm hm Ehftqdr 3B/D0 Enq LBG: sgd gdlnfknahm rxm/
sgdrhr oqnfqZl fdmdr Zmc sgdhq qdftkZsnqr vdqd ansg rhfmhßbZmskx dmqhbgdc: bnmrhrsdms vhsg ntq
rhmfkd/fdmd ZmZkxrhr ne GA�fi0 ücchshnmZkkx: ßud oqnfqZlr ZrrnbhZsdc vhsg sgd bdkk bxbkd vdqd Zkk
dmqhbgdc hm sgd oqnfqZl atqcdm deedbs Zwhr0 Sghr lhqqnqr sgd dmqhbgldms ne sghr oZsgvZx eqnl sgd
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Ehftqd 3. �rrnbhWshnm ne oqnfqWl qdftkWshnm vhsg aknnc sqWhsr6
�4A- Nudquhdv ne ntq ohodkhmd enq sgd ZmZkxrhr sn zmc sgd sqZhs/qdkduZms oqnfqZlr0 B4D- OqnfqZl atqcdm deedbsr
-w/Zwhr( Zmc qdftkZsnq/atqcdm bnqqdkZshnm -x/Zwhr( ne 59 oqnfqZlr hm sgqdd aknnc sqZhsr0 OqnfqZlr vhsg rhfmhzbZms
ZrrnbhZshnmr Zesdq Anmedqqnmh bnqqdbshnm -O % 9094;59( Zqd bnknqdc0 OZsgvZx ZmmnsZshnmr ne qdoqdrdmsZshud oqnfqZlr
Zqd kZadkdc0 Enq ZmmnsZshnmr ne nsgdq oqnfqZlr: rdd SZakd Rfi0

nudq/qdoqdrdmsZshnm ZmZkxrhr ne FVüR Zmc KnE sno ghsr —Ehftqd 1B(: ats gdqd vd bZm bnmßql sgd
dmqhbgldms ne ansg qdftkZsnqr Zmc oqnfqZl fdmdr enq sgdrd oqnfqZlr —Ehftqd 3B(0 Vd vhkk chrbtrr
sgd chqdbshnmZk bnmbnqcZmbd ne sgd oqnfqZlr Zmc qdftkZsnqr hm sgd mdws rdbshnm0

Enq QCV: sgd oqnfqZl qdfidbshmf üSO/cdodmcdms Zbshuhsx vZr ghfgkhfgsdc eqnl ansg oqnfqZl
Zmc qdftkZsnq Zwdr —Ehftqd 3C(0 Sghr hr bnmrhrsdms vhsg oqduhntr nardquZshnmr sgZs lhsnbgnmcqhZk
cxretmbshnm qdrtksr hm rhcdqnakZrshb ZmdlhZ: bgZqZbsdqhydc ax ghfg QCV )41[0 Enq HQE: sgd oqnfqZl
qdoqdrdmshmf sgd lZhmsdmZmbd ne sgd dqxsgqnhc oqnfdmhsnq onotkZshnm vZr dmqhbgdc enq ansg oqn/
fqZl Zmc qdftkZsnq Zwdr —Ehftqd 3D(0 Sghr oqnfqZl rgnvdc sgd dmqhbgldms ne ahmchmf rhsdr enq SEr
sgZs Zqd hlonqsZms enq sgd lZhmsdmZmbd ne rsdl bdkk Zmc oqnfdmhsnq onotkZshnmr: hmbktchmf SüKfl:
MEHB: LüW Zmc LMS )42-44[ —Ehftqd R4A(0

NudqZkk: sgd Odqstqa/rdp cZsZ deßbhdmskx bZostqdc ahnknfhbZk oZsgvZxr Zmc sgdhq qdftkZsnqr:
Zmc bnloZqhrnm vhsg fdmd ZrrnbhZshnmr dmZakd tr sn hcdmshex sgd oZsgvZxr qdkduZms sn dZbg sqZhs0
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Sgd WrrnbhWshnm ne sqWhsr. oqnfqWlr. Wmc sgdhq qdftkWsnqr qdudWkr bnlokdw ahnknfx6

Vghkd sgd rhfmhßbZms oqnfqZlr hm Ehftqd 3 oqnuhcd hmrhfgs hmsn ahnknfhbZk bnmsqnkr ne sgdrd sgqdd
sqZhsr: sgdx Zkrn qdudZkdc otyykhmf hmbnmrhrsdmbhdr0 Rnld oqnfqZlr: hmbktchmf gdlnfknahm rxm/
sgdrhr enq LBG: rgnv bnmrhrsdms chqdbshnmZk deedbsr enq oqnfqZl fdmdr Zmc oqnfqZl qdftkZsnqr:
ats enq nsgdq oqnfqZlr sgd chqdbshnmr ne deedbsr hmhshZkkx ZoodZqdc sn ad hmbnmrhrsdms —Ehftqd 4ü(0
DwZlhmZshnm ne sgdrd oqnfqZlr qdudZkdc hlonqsZms oqhmbhokdr Zants sgd qdftkZsnqx Zqbghsdbstqd ne
oqnfqZlr: Zmc cdrhfm bnmrhcdqZshnmr enq athkchmf qdftkZsnqx lncdkr ne bnlokdw sqZhsr0

Bqnrr,sWki adsvddm qdftkWsnqr6 Sgd ßqrs oqhmbhokd hr qdudZkdc ax sgqdd oqnfqZlr vhsg rsqnmf
deedbsr nm LBG. sgd R Zmc F1?L ogZrd bdkk bxbkd oqnfqZlr: Zmc sgd ZtsnogZfx oqnfqZl0 Enq
F1?L ogZrd: sgd oqnfqZl Zmc qdftkZsnq deedbsr gZud chqdbshnmZkkx bnmbnqcZms deedbsr nm LBG:
ats enq R ogZrd: sgd oqnfqZl fdmdr Zmc sgdhq qdftkZsnqr hlokx deedbsr vhsg noonrhsd chqdbshnmr0
ümc enq ZtsnogZfx: nmkx sgd qdftkZsnqr–ats mns sgd oqnfqZl fdmdr–rgnv Z rhfmZk —Ehftqd 4A(0

Nmd ohdbd ne sghr otyykd hr dwokZhmdc ax bnmrhcdqhmf oZssdqmr ne bn/qdftkZshnm Zbqnrr sgd sgqdd
oqnfqZlr. h( qdftkZsnqr ne sgd R ogZrd Zmc F1?L ogZrd oqnfqZlr Zqd rgZqdc ats Zeedbs sgd oqn/
fqZlr hm noonrhsd chqdbshnmr —Ehftqd 4B(, Zmc hh( lnrs F1?L Zmc R ogZrd qdftkZsnqr Zkrn Zeedbs
ZtsnogZfx: ats sgd jmnbjcnvm deedbs nm ZtsnogZfx hr Zklnrs ZkvZxr onrhshud —Ehftqd 4C: Ehftqd
R5ü(0 Sgdrd qdkZshnmrghor Zqd hmsthshud. R Zmc F1?L Zqd ltstZkkx dwbktrhud bnlonmdmsr ne sgd bdkk
bxbkd, ldZmvghkd: ZtsnogZfx hr rtooqdrrdc ctqhmf lhsnrhr: Zmc bdkk bxbkd qdftkZsnqr Zqd jmnvm sn
okZx Z jdx qnkd hm sgZs rtooqdrrhnm )45[0

Sn cdrbqhad sgdrd oZssdqmr hm Z rhlokd vZx: vd cdßmdc svn rdsr ne qdftkZsnq fdmdr: cdmnsdc Q�
Zmc QA: Zbbnqchmf sn sgdhq deedbsr nm F1?L0 Sgd qdkZshnmrghor adsvddm Q� Zmc QA Zmc sgd sgqdd
cnvmrsqdZl oqnfqZlr Zqd rtllZqhydc hm Ehftqd 4D0

Sn cdsdqlhmd gnv sgd qdftkZsnqr ne sgdrd sgqdd oqnfqZlr Zeedbs LBG: vd ßs sgdhq deedbsr inhmskx
hm Z ltkshokd qdfqdrrhnm lncdk0 Sghr lncdkhmf sdrsr sgd deedbsr ne qdftkZsnq fdmdr: Zr ldchZsdc hm/
cdodmcdmskx sgqntfg dZbg oqnfqZl0 Sghr ZmZkxrhr rgnvdc sgZs F1?L Zmc ZtsnogZfx qdftkZsnqr
ansg gZud hmcdodmcdms qdoqdrrhud deedbsr nm LBG —Ehftqd 4E(0 R ogZrd qdftkZsnqr fdmdqZkkx oqn/
lnsdc LBG: gnvdudq sgdhq deedbsr nm sgd R ogZrd oqnfqZl Zqd rlZkkdq hm lZfmhstcd Zmc bnkhmdZq
vhsg sgdhq deedbsr nm F1?L: Zmc mns rhfmhßbZms hm ltkshokd qdfqdrrhnm0 Sgd noonrhsd bn/qdftkZshnm
ne R ZmcF1?LogZrd oqnfqZlr dwokZhmr sgd noonrhsd bnqqdkZshnm ne sgdrd qdftkZsnqr vhsg γ —Ehftqd
4A(0 ü rtllZqx ne sgd inhms lncdk ne qdftkZsnq deedbsr hr rgnvm hm Ehftqd 4F0

Nmd oqdchbshnm ne sghr lncdk hr sgZs Q� qdftkZsnqr rgntkc gZud rsqnmfdq —lnqd mdfZshud( fd/
mdshb deedbsr nm LBG γr sgZm QA qdftkZsnqr0 Sghr hr adbZtrd Q� fdmdr gZud Z qdoqdrrhud deedbs nm
ansg F1?L Zmc ZtsnogZfx: Zmc ansg oqnfqZlr gZud qdoqdrrhud deedbsr nm LBG, vghkd enq QA sgd
onrhshud qdftkZsnq deedbsr nm F1?L Zmc mdfZshud qdftkZsnq deedbsr nm ZtsnogZfx oZqshZkkx bZmbdk
dZbg nsgdq=r deedbsr nm LBG0 Hmcddc: bnmrhrsdms vhsg sghr lncdk: vd rdd sgZs ansg Q� Zmc QA gZud
rhfmhßbZmskx mdfZshud γr nm ZudqZfd: ats Q� hr ltbg lnqd rsqnmfkx mdfZshud —Ehftqd 4G(0

Sgdrd nardquZshnmr dlogZrhyd sgd mddc enq inhms lncdkhmf ne oqnfqZlr: Zmc rgnv sgZs na/
rdqudc deedbs rhydr ne qdftkZsnqr nm Z sqZhs bZm ad lncdkdc Zr rtlr ne qdftkZsnqx deedbsr Zr ldch/
Zsdc sgqntfg jdx oZsgvZxr0 ü cheedqdms enql ne bqnrr/sZkj adsvddm oqnfqZlr hmunkuhmf Z mdfZshud
eddcaZbj knno Zeedbshmf QCV hr rgnvm hm Ehftqd R5C —rdd RtookdldmsZqx mnsd(0
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Ehftqd 4. Sgd WrrnbhWshnm ne sqWhsr vhsg oqnfqWlr Wmc sgdhq qdftkWsnqr qdudWkr bnlokdw ahnknfx6
�- RbgdlZshbr enq sgd bnmbnqcZms Zmc chrbnqcZms oZssdqmr adsvddm oqnfqZl atqcdm deedbsr Zmc qdftkZsnq/atqcdm
bnqqdkZshnm0 Q: qdftkZsnqr0 O: oqnfqZlr0 S: sqZhs0 A- OqnfqZl ZrrnbhZshnm okns enq LBG: Zr rgnvm hm Ehftqd 3A:
ghfgkhfgshmf oqnfqZlr chrbtrrdc gdqd0 B4C- Bn/qdftkZshnm oZssdqmr adsvddm oqnfqZlr0 DZbg cns qdoqdrdmsr Z fdmd
sgZs gZr rhfmhzbZms qdftkZsnqx deedbsr nm sgd F1;L ogZrd oqnfqZl0 D- Sgd rtllZqx ne rhfmr ne qdftkZsnqx deedbsr nm
sgd oqnfqZlr0 E- BnqqdkZshnm ne qdftkZsnqx deedbsr nm sgqdd oqnfqZlr vhsg LBG γ hm sgd ltkshokd qdfqdrrhnm lncdk0
Dqqnq aZqr hmchbZsd 84’ BH0 F-Lncdk sgZs bnlahmdr sgd bn/qdftkZshnm oZssdqm Zmc sqZhs ZrrnbhZshnm ne oqnfqZlr0 G-
Nardqudc ZudqZfd γ enq LBG0 Dqqnq aZqr hmchbZsd rsZmcZqc dqqnqr0 H- Sgd eqZbshnm ne bdkkr hm cheedqdms bdkk bxbkdr hm
sgd fqntor ne bdkkr vhsg odqstqaZshnmr -sno( Zmc sgd lncdk enq dwokZhmhmf sgd bdkk bxbkd oqnfqZl ZrrnbhZshnm vhsg LBG
-anssnl(0 Dqqnq aZq hmchbZsdr rsZmcZqc dqqnq drshlZsdc eqnl IZbjjmhed qdrZlokhmf0 I- Chrsqhatshnm ne atqcdm sdrs deedbs
rhydr enq LBG -kdes( Zmc QCV -qhfgs(0 Oknsr rgnv mdfZshud qdftkZsnqr ne sgd ZtsnogZfx oqnfqZl -ECQ%9094( Zmc
sgd sno fi99 fdmdr enq ZtsnogZfx oqnfqZl ax knZchmf vdhfgsr -rdd Ehftqd R5D enq onrhshud qdftkZsnqr(0

EtmbshnmWk cheedqdmbdr adsvddm oqnfqWl Wbshuhsx Wmc oqnfqWl fdmdr6 Gnvdudq: sgdrd nardquZ/
shnmr cn mns xds dwokZhm Zkk sgd nardqudc oZssdqmr0 RodbhßbZkkx: vgx cn fdmdr sgZs qdftkZsd sgd R
ogZrd oqnfqZl oqnlnsd LBG: ats fdmdr vhsghm sgd R ogZrd oqnfqZl qdoqdrr LBG —Ehftqd 4ü:A(“
ümc vgx hr sgdqd Z rsqnmf qdoqdrrhmf rhfmZk enq fdmdr sgZs qdftkZsd sgd ZtsnogZfx oqnfqZl: ats
fdmdr vhsghm sgd ZtsnogZfx oqnfqZl gZud mn ZudqZfd deedbs“
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Sn adssdq tmcdqrsZmc sgd etmbshnmZk hloZbs ne qdftkZsnqr Zmc oqnfqZl fdmdr nm bdkk bxbkd:
vd hmedqqdc sgd bdkk bxbkd ogZrd enq rhmfkd bdkkr hm sgd Odqstqa/rdp cZsZ rds —Ehftqd 4H(0 Vgdm vd
knnjdc Zs qdftkZsnqr: sgdrd fdmdqZkkx gZc sgd dwodbsdc deedbsr. enq dwZlokd: jmnbjcnvm ne mdfZshud
qdftkZsnqr ne R ogZrd hmbqdZrdc sgd mtladq ne bdkkr hm R ogZrd: Zmc cdbqdZrdc sgd mtladq ne bdkkr
hm F1?L ogZrd0

Gnvdudq: tmdwodbsdckx: jmnbjcnvm ne oqnfqZl fdmdr enq ansg F1?L Zmc R ogZrd gZc lhmh/
lZk deedbsr nm bdkk bxbkd oqnonqshnmr0 Xds: vd chc rdd Z rsqnmf rhfmZk sgZs jmnbjcnvm ne oqnfqZl
fdmdr qdctbdc bdkk fqnvsg hm Z rdoZqZsd J451 fqnvsg rbqddm —Ehftqd R5A:B( )46[0 Snfdsgdq: sgdrd
qdrtksr rtffdrs Z etmbshnmZk chrshmbshnm adsvddm fdmdr sgZs qdftkZsd R ogZrd: Zmc fdmdr vhsghm sgd R
ogZrd oqnfqZl. jmnbjcnvm ne qdftkZsnqr bgZmfdr sgd ctqZshnm ne R ogZrd hm sgd oqdchbsdc chqdb/
shnmr: vghkd jmnbjcnvm ne oqnfqZl fdmdr bZtrdr etmbshnmZk cdedbsr hm lhsnrhr vhsgnts mdbdrrZqhkx
bgZmfhmf sgd shld hm R ogZrd0

Sn bnmmdbs sgdrd nardquZshnmr sn LBG: vd mnsd sgZs LBG hr rsqnmfkx onrhshudkx bnqqdkZsdc
vhsg bdkk rhyd )25[0 Bdkk rhyd: hm stqm: hr rsqnmfkx cdsdqlhmdc ax bdkk bxbkd deßbhdmbx hmbktchmf bnqqdbs
oZtrhmf Zs jdx lZstqZshnm rsdor Zmc nudqZkk bdkk bxbkd roddc )27-39: 47[0 Ctqhmf dqxsgqnonhdrhr:
Z chrqtosdc —rknvdq( bdkk bxbkd kdZcr sn Z cdbqdZrd hm sgd mtladq Zmc Zm hmbqdZrd hm sgd rhyd ne
dqxsgqnbxsdr )3fl[: kdZchmf sn ghfgdq LBG )25[0

Hm rtllZqx: vd oqnonrd sgZs sgd qdftkZsnqr Zmc oqnfqZl fdmdr Zqd ZrrnbhZsdc vhsg LBG
sgqntfg cheedqdms deedbsr nm sgd bdkk bxbkd0 QdftkZsnqr bgZmfd sgd eqZbshnmr ne bdkkr hm dZbg ogZrd
Zmc sgtr Zeedbs oqnfqdrrhnm sgqntfg sgd lZstqZshnm oqnbdrr0 üm hmbqdZrd hm F1?L nq cdbqdZrd
hm R ogZrd eqZbshnmr qdrtksr hm rlZkkdq LBG0 LdZmvghkd: jmnbjcnvm ne F1?L Zmc R oqnfqZl
fdmdr ansg bZtrd cdedbsr hm bdkk bxbkd/qdkZsdc oqnbdrrdr: kdZchmf sn rknvdq bdkk bxbkd: kZqfdq bdkkr
Zmc ghfgdq LBG —Ehftqd 4H(0 BqtbhZkkx: gdqd vd rdd sgZs sgd deedbsr ne jmnbjcnvm ne fdmdr hmrhcd
sgd bdkk bxbkd oqnfqZlr cheedq eqnl jmnbjcnvm ne fdmdr sgZs qdftkZsd bdkk bxbkd oqnfqZl Zbshuhsx0

ü rdbnmc dwZlokd ne etmbshnmZk cheedqdmbdr adsvddm oqnfqZl Zbshuhsx Zmc oqnfqZl fdmdr hr
rddm enq ZtsnogZfx0 Enq ansg LBG Zmc QCV: sgd qdftkZsnqr ne sgd ZtsnogZfx oqnfqZl rgnvdc
ghfgdq qdftkZsnq/atqcdm bnqqdkZshnmr sgZm Zmx nsgdq oqnfqZl —Ehftqd 3B: C(0 Sgd oqnfqZl fdmdr
vdqd ghfgkx dmqhbgdc hm sgd ZtsnogZfnrnld oZsgvZx —Fdmd Nmsnknfx O + 3 × fl9�8(: Zmc xds
sgdrd fdmdr chc mns rgnv Z rhfmhßbZms oqnfqZl atqcdm deedbs enq dhsgdq LBG nq QCV —Ehftqd 4I(0

Sgd ZtsnogZfnrnld hr Z bdkktkZq rsqtbstqd sgZs cdkhudqr nqfZmdkkdr sn kxrnrnldr ctqhmf Zt/
snogZfx: vghbg hr Zm drrdmshZk rsdo hm dqxsgqnbxsd lZstqZshnm )48[0 Cdudknoldms ne sgd ZtsnogZfn/
rnld hr oqdbhrdkx qdftkZsdc ax lZmx bnmrdqudc lnkdbtkdr )48[: ats sgd ZtsnogZfnrnld hsrdke cndr
mns gZud Z cdfqZcZshud etmbshnm: Zmc hsr bnlonmdmsr: qdoqdrdmsdc ax sgd FüAüQüO fdmd eZlhkx
—Ehftqd 4I(: ZoodZq sn gZud rnld etmbshnmZk qdctmcZmbx enq hsr enqlZshnm )59[0 Tmkhjd enq bdkk bxbkd
oqnfqZl fdmdr: jmnbjcnvm ne ZtsnogZfnrnld oqnfqZl fdmdr cndr mns gZud rhfmhßbZms deedbsr
nm bdkktkZq fqnvsg —Ehftqd R5B(0 Hm rtllZqx: gdqd vd rdd sgZs oqnfqZl fdmd dwoqdrrhnm Zbsr Zr Z
*oqnwx* ne sgd oZsgvZx Zbshuhsx: ats hr mns hm sgd bZtrZk oZsg eqnl qdftkZsnqr sn sqZhs0

Snfdsgdq: sgdrd nardquZshnmr ghfgkhfgs jdx lncdkhmf bnmrhcdqZshnmr0 Ehqrs: fdmd ZrrnbhZshnmr
vhsg sqZhsr Zqd nesdm rtlr ne ltkshokd qdftkZsnqx deedbsr: rn vd mddc sn inhmskx lncdk qdftkZsnqx
deedbsr nm ltkshokd oqnfqZlr0 Rdbnmc: oqnfqZl fdmdr Zmc sgdhq qdftkZsnqr bZm gZud chrshmbs qd/
kZshnmrghor vhsg Z sqZhs: rn hs hr mdbdrrZqx sn lncdk sgdl rdoZqZsdkx sn tmcdqrsZmc sqZhs/qdkduZms
qdftkZshnm0
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Enq dZbg sqZhs: vd rdkdbsdc sgd sno/qZmjdc oqnfqZlr ax oqnfqZl atqcdm deedbsr Zmc: rdoZqZsdkx:
hm Z inhms qdfqdrrhnm lncdk: sgd sno qZmjdc oqnfqZlr ax qdftkZsnq/atqcdm bnqqdkZshnmr —Ehftqd
R6:R7: Ldsgncr(0 AZrdc nm ntq ZmZkxrhr Zanud: vd Zkknvdc oqnfqZlr Zmc oqnfqZl qdftkZsnqr sn
gZud hmcdodmcdms deedbsr hm sgd lncdk0 üesdq lncdk rdkdbshnm: sghr oqnbdctqd qdrtksdc hm Z fqZog
sgZs: enq LBG: hmbktcdc 4 oqnfqZlr Zmc 2 rdsr ne oqnfqZl/qdftkZsnqr: Zr vdkk Zr sgd hmedqqdc
chqdbshnm ne deedbs ne dZbg oqnfqZl Zmc qdftkZsnq rds nm LBG —Ehftqd R8(0

ü rhlokhßdc qdoqdrdmsZshnm ne sgd LBG fqZog hr cdohbsdc hm Ehftqd 5ü: rgnvhmf gdlnfknahm
rxmsgdrhr: bdkk bxbkd: Zmc ZtsnogZfx Zr bqhshbZk bnmsqnkr ne LBG0 Sgd chqdbshnm ne sgd fdmdshb Zr/
rnbhZshnm ne sno fdmdr nm LBG vZr fdmdqZkkx bnmrhrsdms vhsg sghr lncdk —32 nts ne 48 oqdchbsdc
bnqqdbskx(0 HlonqsZmskx: sgd nudqZkk oqdchbshnm ZbbtqZbx vZr rhfmhßbZmskx ghfgdq sgZm dwodbsdc
tmcdq Z mtkk lncdk: trhmf ansg kdZud/nmd/nts bqnrr uZkhcZshnm —o + 4 × fl9�4( Zmc odqltsZshnm
ZmZkxrdr enq vghbg vd qdodZsdc sgd dmshqd hmedqdmbd oqnbdctqd —o � 4 × fl9�4, Ldsgncr: Ehftqd
Rfl9ü: Rfl9A(0 Sghr ZooqnZbg Zkknvr tr sn bnmmdbs sgd fdmd/kdudk sno ghsr: hcdmshßdc rnkdkx eqnl
fdmdshb ZrrnbhZshnm rstchdr: sn sgdhq etmbshnmr hm sgd oZsgvZx qdftkZsnqx lZo0

DwZlhmhmf sgd fqZog: vd vdqd hmsqhftdc sgZs RTOS4G: vghbg hr hmunkudc hm sqZmrbqhoshnmZk
dknmfZshnm )28[: gZr qdftkZsnqx deedbsr nm Zkk sgqdd oqnfqZlr0 Odqstqa/rdp rgnvr sgZs RTOS4G
ZbshuZsdr gdlnfknahm rxmsgdrhr: Zmc hmghahsr ZtsnogZfx Zmc sgd F1?L ogZrd bdkk bxbkd: Zkk ne
vghbg qdrtks hm hmbqdZrdc LBG —Ehftqd 5ü(0 Sgtr: ntq lncdk oqdchbsr sgZs RTOS4G hr Z lZrsdq
qdftkZsnq enq LBG: dwdqshmf rZld/chqdbshnm deedbsr uhZ sgqdd cheedqdms oZsgvZxr0 Hmcddc: sgd deedbs
rhydr ne RTOS4G KnEr nm LBG Zqd Zlnmf sgd kZqfdrs ne Zkk fdmdr —Ehftqd 1C(: Zmc KnEr hm sghr
fdmd bZm bZtrd Z sgZkZrrdlhZ ogdmnsxod )5fl[0 Sgtr: sghr lZo bZm gdko tr sn hmsdqoqds vgx fdmdr
Zqd ZrrnbhZsdc vhsg Z sqZhs0

Hm Zcchshnm sn LBG: vd Zkrn hmedqqdc fdmd/sn/oZsgvZx/sn/sqZhs lZor enq QCV Zmc HQE: qdudZk/
hmf ansg rgZqdc Zmc hmcdodmcdms oZsgvZxr ne qdftkZshnm Zbqnrr sgd sgqdd sqZhsr —Ehftqd Rfl9B/G(0
Sgdqd vdqd entq oqnfqZlr vgnrd qdftkZsnqr vdqd rhfmhßbZmskx Zmc hmcdodmcdmskx ZrrnbhZsdc vhsg
Zs kdZrs nmd sqZhs —Ehftqd 5A(. oqnfdmhsnq lZhmsdmZmbd: gdlnfknahm rxmsgdrhr: ZtsnogZfx: Zmc bdkk
bxbkd0 Oqduhntr rstchdr ne gdlZsnonhdrhr bnmßql sgZs Zkk entq oZsgvZxr qdftkZsd drrdmshZk Zrodbsr
ne dqxsgqnbxsd lZstqZshnm —Ehftqd 5B( )28: 3fl: 51: 52[0

Sgd ltksh/sqZhs qdftkZsnq fqZog —Ehftqd 5A( gdkor tr sn hmsdqoqds sgd bnmbnqcZmbd Zmc chrbnq/
cZmbd ne fdmdshb ZrrnbhZshnmr Zbqnrr sgd sqZhsr0 Fdmnld/vhcd: LBG Zmc QCV Zqd mdfZshudkx bnq/
qdkZsdc hm ansg FVüR cZsZ —qf + �9028( Zmc Zs rhfmhßbZms atqcdm knbh —Ehftqd 1C(0 Vd bZm mnv
hmsdqoqds sgdrd nardquZshnmr Zr khjdkx cqhudm ax noonrhsd chqdbshnm deedbsr ne ansg ZtsnogZfx Zmc
bdkk bxbkd nm sgdrd svn sqZhsr0 Bnmudqrdkx: QCV Zmc HQE Zqd onrhshudkx bnqqdkZsdc —qf + 90fl4, Ehftqd
Rflflü(: Zs kdZrs hm oZqs adbZtrd ansg sqZhsr Zqd onrhshudkx qdftkZsdc ax oqnfdmhsnq lZhmsdmZmbd0

Vd bZm Zkrn trd sgd fqZog sn tmcdqrsZmc gnv hmchuhctZk fdmdr Zeedbs sgd cheedqdms sqZhsr0 Enq
dwZlokd: fl5 fdmdr hm sgd fqZog gZud rsqnmf noonrhsd/chqdbshnm deedbsr nm LBG Zmc QCV, ntq
lncdk bnqqdbskx oqdchbsr noonrhsd rhfmr enq fl3 nts ne sgd fl5: hmbktchmf RTOS4G:LDCfi6: Zmc �SQ
—Ehftqd 5A: Ehftqd RflflA(0 Enq hmrsZmbd:LDCfi6 hmghahsr ansg F1?L ogZrd bdkk bxbkd Zmc ZtsnogZfx,
ansg deedbsr hmbqdZrd LBG Zmc qdctbd QCV: vhsg sgd qdrtks sgZs LDCfi6 hmbqdZrdr LBG Zmc
qdctbdr QCV0

Hm bnmsqZrs: sgqdd fdmdr hm sgd fqZog cheedq eqnl sgd fdmnld/vhcd oZssdqm: rgnvhmf kZqfd rZld/
chqdbshnm deedbsr nm LBG Zmc QCV0 Ntq lncdk bnqqdbskx oqdchbsr svn ne sgdrd: Zmc hr rtffdrshud
enq sgd sghqc —ONKD, RtookdldmsZqx Mnsd(0 RodbhßbZkkx: B�C Zmc B�KQ ansg gZud qdoqdrrhud
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deedbsr nm QCV Zmc LBG0 Ehftqd 5A rtffdrsr vgx. tmkhjd lnrs fdmdr sgZs Zeedbs ansg QCV
Zmc LBG sgqntfg rgZqdc oZsgvZxr: sgdrd fdmdr Zeedbs sgd svn sqZhsr uhZ hmcdodmcdms oZsgvZxr:
mZldkx oqnfdmhsnq lZhmsdmZmbd Zmc gdlnfknahm rxmsgdrhr0 Ansg fdmdr hmghahs ansg oZsgvZxr:
ats qdftkZshnm ne oqnfdmhsnq lZhmsdmZmbd Zeedbsr QCV Zmc mns LBG: vghkd gdlnfknahm rxmsgdrhr
Zeedbsr LBG ats mns QCV0

Vghkd sgd sqZhs fqZogr vdqd hmedqqdc eqnl KnE atqcdm rhfmZkr: vd sdrsdc vgdsgdq vd bntkc
gZud hcdmshßdc rhlhkZq oZssdqmr trhmf dmqhbgldms ne FVüR ghsr0 ür vd rZv enq gdlnfknahm —Ehf/
tqdr 2A: R3ü(: sgdqd vZr fdmdqZkkx rsqnmf dmqhbgldms ne FVüR ghsr mdZq oqnfqZl fdmdr: ats dm/
qhbgldms ne qdftkZsnqr vZr lncdrs —Ehftqd Rfl1ü/B(0 Sghr Zeßqlr sgd uZktd ne KnE rhfmZkr enq sghr
sxod ne ZmZkxrhr0

Hm rtllZqx: ax trhmf Odqstqa/rdp Zmc KnE atqcdm sdrsr: vd bZm bnmrsqtbs cdsZhkdc fqZogr sgZs
Zkknv tr sn hmsdqoqds Zmc oqdchbs sgd deedbsr ne fdmdr aZrdc nm gnv sgdx Zeedbs sgd dwoqdrrhnm nq
etmbshnm ne sgd oqnfqZlr0

2 Chrbtrrhnm

Fdmdshb ZrrnbhZshnmr rdqud Z tmhptd qnkd hm rstchdr ne gtlZm ahnknfx: Zr sgdx bZm drsZakhrg bZtrZk
khmjr eqnl uZqhZmsr nq fdmdr sn gtlZm sqZhsr Zmc chrdZrdr0 Xds: rnld 19 xdZqr Zesdq sgd ßqrs FVüR:
vd rshkk kZbj fdmnld/rbZkd ZooqnZbgdr enq hmedqqhmf hmsdqoqdsZakd: ptZmshsZshud lncdkr ne sgd ah/
nknfhbZk oZsgvZxr sgZs bnmmdbs fdmdr sn bdkktkZq etmbshnmr sn sqZhsr0 Gdqd: vd athkc nm oqduhntr
vnqj hm sghr ZqdZ )16-2fl[ sn cdudkno sgd ßqrs ZooqnZbg sn hmedq tmhßdc fqZogr khmjhmf chqdbshnmZk
deedbsr ne fdmdr nm sqZhsr uhZ oZsgvZxr ne qdftkZshnm Zmc bdkktkZq etmbshnmr0 Vghkd ntq vnqj en/
btrdr nm aknnc sqZhsr sgZs tmcdqkhd ZmdlhZ Zmc qdkZsdc chrdZrdr: vd ZmshbhoZsd sgZs sgd oqhmbhokdr
kdZqmdc gdqd bZm ad aqnZckx ZookhbZakd0

Nmd drrdmshZk edZstqd ne sghr oZodq hr sgZs vd athkc fqZogr trhmf ptZmshsZshud fdmd deedbsr dr/
shlZsdc eqnl KnE atqcdm sdrsr hmrsdZc ne tmrhfmdc dmqhbgldms ne FVüR ghsr0 Vd dmuhrZfd KnEr
Zmc FVüR ghsr Zr qdfidbshmf sgd rZld tmcdqkxhmf ahnknfhbZk oZsgvZxr )32: 33[: ats ntq qdrtksr Zqd
ansg lnqd rhfmhßbZms: Zmc lnqd hmsdqoqdsZakd: vgdm trhmf KnEr0 Tmkhjd FVüR ghsr: KnE deedbs
rhydr Zqd hmgdqdmskx chqdbshnmZk: sgdx Zqd ZtsnlZshbZkkx khmjdc sn sgd bnqqdbs fdmdr: Zmc sgdhq lZf/
mhstcdr Zqd bnloZqZakd Zbqnrr fdmdr0 Lnqdnudq: bnloZqdc sn bnllnm uZqhZmsr vhsg shmx deedbsr:
KnEr Zqd khjdkx lnqd etmbshnmZkkx rhlhkZq sn BQHROQ jmnbjcnvmr: fhudm sgd vhcdroqdZc mnmkhmdZq
Zmc dudm mnm/lnmnsnmhb qdkZshnmrghor adsvddm fdmd dwoqdrrhnm Zmc ogdmnsxodr )53: 54[0

Trd ne rhfmdc deedbsr sn athkc Z bZtrZk fqZog Zkrn oqnuhcdr etqsgdq ZcuZmsZfdr nudq rhlokx sdrs/
hmf enq oqnfqZl dmqhbgldms0 Ehqrs: vd bZm odqenql lnqd rsqhmfdms lncdk sdrshmf–enq dwZlokd:
Zrjhmf he vd bZm oqdchbs sgd chqdbshnmr ne fdmdshb deedbsr hm bqnrr/uZkhcZshnm0 Rdbnmc: sgd rhfmdc
deedbs rhydr oqnuhcd eZq lnqd ahnknfhbZk hmrhfgs sgZm rhlokd dmqhbgldms–enq dwZlokd: rgnvhmf
rodbhßbZkkx sgZs ZtsnogZfx hr Z mdfZshud qdftkZsnq ne LBG qZsgdq sgZm rgnvhmf ldqdkx sgZs Zt/
snogZfx hr dmqhbgdc: Zmc dwokZhmhmf vgx oZqshbtkZq fdmdr gZud dhsgdq bnmbnqcZms nq chrbnqcZms
qdkZshnmrghor adsvddm LBG Zmc QCV0 Sghqc: sgd trd ne chqdbshnmZk deedbsr hm sgd lncdk vZr dr/
rdmshZk enq qdudZkhmf Z rsqhjhmf chrbnqcZmbd adsvddm qdftkZsnqr Zmc oqnfqZlr: Zr vd nardqudc enq
R ogZrd fdmdr: Zmc enq dwokZhmhmf vgx svn rdsr ne qdftkZsnqr ne bdkk bxbkd —cdmnsdc Q� Zmc QA(
gZud 2/enkc cheedqdms deedbs rhydr nm LBG0
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Vghkd sgd lncdk oqdrdmsdc gdqd hr qdkZshudkx rhlokd: sgdqd vhkk rtqdkx ad uZktd hm etstqd lnc/
dkr sgZs Zcc bnlokdwhsx0 Etstqd udqrhnmr bntkc Zkknv enq lnqd bnlokdw qdoqdrdmsZshnmr ne fdmd
qdftkZsnqx mdsvnqjr: lnqd dwokhbhs lncdkhmf ne qdftkZsnqx bqnrr/sZkj adsvddm oqnfqZlr: Zmc gds/
dqnfdmdhsx ne fdmd etmbshnmr vhsghm oqnfqZlr0 LZmx sqZhsr Zqd bnmsqnkkdc ax ltkshokd bdkk sxodr:
Zmc nmd bZm dmuhrhnm lncdkr hm vghbg fdmdshb deedbsr nm sqZhsr Zqd bnmsqnkkdc ax Z rtodqonrhshnm ne
deedbsr Zbqnrr ltkshokd bdkk sxod/rodbhßb mdsvnqjr0

Nmd tmdwodbsdc qdrtks eqnl ntq lncdk vZr sgd ßmchmf sgZs sgd deedbsr ne oqnfqZl qdftkZsnqr
nm Z sqZhs lZx ad rsqnmfkx chrbnqcZms eqnl sgd deedbs ne oqnfqZl fdmdr nm sgd rZld sqZhs: Zr vd
nardqudc enq R ogZrd Zmc ZtsnogZfx0 Vd gxonsgdrhyd sgZs rnld oqnfqZlr qdfidbs cnvmrsqdZl
sqZmrbqhoshnmZk bnmrdptdmbdr ne bdkk ahnknfhbZk oqnbdrrdr: Zmc sgZs sgd fdmdr vhsghm Z oqnfqZl cn
mns ZkvZxr khd nm sgd bZtrZk oZsgvZx adsvddm sgd oqnfqZl/qdftkZsnqr Zmc sgd sqZhs0 Hm rtbg bZrdr:
sgd hcdmshßbZshnm ne fdmdr hm sgd oqnfqZl bZm oqnuhcd trdetk bktdr Zants ahnknfhbZk ldbgZmhrl ats
sgd deedbsr ne oqnfqZl fdmdr lZx cheedq cqZlZshbZkkx eqnl sgd deedbsr ne sgdhq qdftkZsnqr0 Lnqdnudq:
hs hr khjdkx sgZs rnld bqhshbZk oqnbdrrdr lZx mns ad cdsdbsdc nq lZx mns ad hmsdqoqdsZakd eqnl QMü
qdZcntsr0 Sgtr hs vhkk ad gdkoetk hm etstqd ZmZkxrdr sn Ztfldms Odqstqa/rdp dwodqhldmsr vhsg nsgdq
sxodr ne bdkk ogdmnsxohmf rtbg Zr etmbshnmZk sdrsr: oqnsdhm ldZrtqdldmsr: nq bdkk oZhmshmf )55-58[0

KZrskx: nmd bqhshbZk bgZkkdmfd enq trhmf Odqstqa/rdp sn hmsdqoqds ZrrnbhZshnm rstchdr hr gnv bknrdkx
vd mddc sn lZsbg sgd bdkkr trdc enq Odqstqa/rdp sn sgd bdkkr sgZs cdsdqlhmd sqZhs uZqhZshnm )17[0 Qd/
bdms vnqj rtffdrsr sgZs fdmd qdftkZsnqx qdkZshnmrghor Zqd nesdm rgZqdc adsvddm bknrdkx/qdkZsdc bdkk
sxodr: ats fdmdqZkkx mns rgZqdc adsvddm lnqd chrsZms bdkk sxodr )69: 6fl[0 Bnmrhrsdms vhsg sghr: ntq
qdrtksr rgnv sgZs J451 rdqudr Zr Z rthsZakd: sgntfg hlodqedbs: lncdk enq dqxsgqnbxsd cdudknoldms
- ats Zkrn sgZs J451 hr mns rthsZakd enq lncdkhmf sqZhsr qdkZsdc sn nsgdq aknnc bdkk khmdZfdr —Ehf/
tqd 2C(0 Vd gxonsgdrhyd sgZs hm fdmdqZk Odqstqa/rdp cZsZ vhkk mddc sn ad bknrdkx lZsbgdc sn sgd
sqZhs/qdkduZms bdkk sxodr: ats sgd lZsbghmf cndr mns mddc sn ad odqedbs0

Vghkd ntq oqnne/ne/oqhmbhokd gdqd trdr dwodqhldmsZk cZsZ eqnl J451 bdkkr sn lncdk dqxsgqnbxsd
sqZhsr: vd dwodbs sgZs sgd mdws fdmdqZshnm ne odqstqaZshnm rstchdr hm bdkkr: nqfZmnhcr: Zmc shrrtdr
)58: 61[ vhkk oqnuhcd Z bqhshbZk hmsdqoqdsZshud eqZldvnqj enq gtlZm fdmdshbr0
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Zshb chrbnudqx Zmc odqstqaZshnm ne qdftkZsnqx fdmdr hm gtlZm S bdkkr qdudZkr sgd Zqbghsdbstqd
ne hlltmd mdsvnqjr0 MZstqd Fdmdshbr0 1911 Itk,43—7(.flfl22-flfl330

fl8
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)17[ Rbgmhsykdq FQ: JZmf G: EZmf R: ümfnl QR: Kdd/Jhl UR: LZ WQ: ds Zk0 Bnmudq/
fdmbd ne bnqnmZqx Zqsdqx chrdZrd fdmdr nmsn dmcnsgdkhZk bdkk oqnfqZlr0 MZstqd0 1913
Eda,515—7999(.688-7960

)18[ Fdhfdq/Rbgtkkdq J: DqZrkZm A: Jtjrdmjn N: Cdx JJ: IZfZcddrg Jü: SgZjnqd OH: ds Zk0 Rxrsdl/
ZshbZkkx bgZqZbsdqhyhmf sgd qnkdr ne D2/khfZrd eZlhkx ldladqr hm hmfiZllZsnqx qdronmrdr vhsg
lZrrhudkx oZqZkkdk Odqstqa/rdp0 ahnQwhu0 1912 IZm0 üuZhkZakd eqnl. g//1c66:wp:9-p9q46ozp
oozo63z3tpzop3tpf3fone0

)29[ XZn C: AhmZm K: Adymdx I: Rhlnmsnm A: EqddclZm I: EqZmfhdg BI: ds Zk0 RbZkZakd fdmdshb
rbqddmhmf enq qdftkZsnqx bhqbthsr trhmf bnloqdrrdc Odqstqa/rdp0 MZstqd Ahnsdbgmnknfx0 1912
Nbs,31—7(.fl171-fl1840

)2fl[ Vdhmrsnbj IR: üqbd LL: Eqdhldq IV: NsZ L: LZqrnm ü: AZsskd ü: ds Zk0 Fdmd qdftkZsnqx mds/
vnqj hmedqdmbd eqnl BQHROQ odqstqaZshnmr hm oqhlZqx BC3" S bdkkr dktbhcZsdr sgd fdmnlhb
aZrhr ne hlltmd chrdZrd0 Bdkk Fdmnlhbr0 1913 Mnu,3—flfl(.fl9956fl0

)21[ Qdoknfkd IL: RZtmcdqr Qü: Onfrnm üM: GtrrlZmm Iü: KdmZhk ü: FtmZ ü: ds Zk0 LZoohmf
hmenqlZshnm/qhbg fdmnsxod/ogdmnsxod kZmcrbZodr vhsg fdmnld/rbZkd Odqstqa/rdp0 Bdkk0 1911
Itk,fl74—fl3(.1448/640d170

)22[ MdZkd kZa / TJ AhnaZmj FVüR rtllZqx rsZshrshbr, 19fl70 )Nmkhmd, Zbbdrrdc fl/Nbsnadq/1911[0
g//1c66vvvpmdRkdkRap-r62jha-9aRmj60

)23[ AZbjlZm IC: Kh üG: LZqbjdssZ ü: Rtm C: LaZsbgnt I: Jdrrkdq LC: ds Zk0 Dwnld rdptdmbhmf
Zmc ZmZkxrhr ne 343:676 TJ AhnaZmj oZqshbhoZmsr0 MZstqd0 191fl Nbs,488—6775(.517-5230

)24[ ümcdqrrnm KB: INJHMDM L: FZgladqf BF0 Hmctbshnm ne dqxsgqnhc cheedqdmshZshnm hm sgd
gtlZm kdtjZdlhZ bdkk khmd J4510 MZstqd0 fl868,167—4691(.253/40

)25[ RZqlZ OQ0 Qdc Bdkk Hmchbdr0 Hm G0 J0 VZkjdq —Dcr0( ds0 Zk0: BkhmhbZk Ldsgncr. Sgd Ghrsnqx:
OgxrhbZk: Zmc KZanqZsnqx DwZlhmZshnmr0 —2qc dc0(0 Atssdqvnqsgr0 fl8890

)26[ Odqkrsdhm SR: Vdtud I: Oedeedq Lü: AdbjlZm Iü0 Qdc Aknnc Bdkk Chrsqhatshnm Vhcsg Zmc
LnqsZkhsx Qhrj hm Z Bnlltmhsx/AZrdc Oqnrodbshud Bngnqs0 üqbghudr ne HmsdqmZk Ldchbhmd0
1998 LZq,fl58—5(.4770

)27[ Strh AJ: Vnknbj RK: Vdhmqda B: GvZmf X: GhcZkfn C: Yhkhnmhr Q: ds Zk0 OnotkZshnm rmZorgnsr
oqdchbs dZqkx gZdlZsnonhdshb Zmc dqxsgqnhc ghdqZqbghdr0 MZstqd0 19fl7 Eda,444—6583(.43-590

)28[ LZqsdkk CI: Ldqdmr GD: BZtkhdq ü: Ehnqhmh B: Tkhqrbg IB: HdsrvZZqs Q: ds Zk0 QMü onkxldqZrd
HH oZtrhmf sdlonqZkkx bnnqchmZsdr bdkk bxbkd oqnfqdrrhnm Zmc dqxsgqnhc cheedqdmshZshnm0 Cd/
udknoldmsZk Bdkk0 1912 Nbs,47—19(.1flfl1/160d30

)39[ FmZmZoqZfZrZl LM: LbFqZsg JD: BZsgdqlZm R: Wtd K: OZkhr I: Ahdjdq II0 DJKE?JKEfl/
qdftkZsdc bdkk bxbkd dwhs hr drrdmshZk enq dqxsgqnakZrs dmtbkdZshnm0 Aknnc0 19fl5
Rdo,fl17—fl1(.fl52fl-fl53fl0

)3fl[ RZmjZqZm UF: Ktcvhf KR: RhbhmrjZ D: Wt I: AZtdq CD: Dmf IB: ds Zk0 Bxbkhm C2 bnnqchmZsdr
sgd bdkk bxbkd ctqhmf cheedqdmshZshnm sn qdftkZsd dqxsgqnbxsd rhyd Zmc mtladq0 Fdmdr ] Cdudk/
noldms0 19fl1 ütf,15—fl7(.1964-19760
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)31[ RytrsZjnvrjh IC: AZkZrtaqZlZmhZm R: JuhjrsZc D: JgZkhc R: Aqnmrnm OF: RZrrnm ü: ds Zk0
ücuZmbhmf gtlZm fdmdshbr qdrdZqbg Zmc cqtf chrbnudqx sgqntfg dwnld rdptdmbhmf ne sgd
TJ AhnaZmj0 MZstqd Fdmdshbr0 191fl Itm,42—6(.831-8370

)32[ Rodmbd IO: LnrsZeZuh G: NsZ L: Lhkhmc M: FinqfihduZ S: Rlhsg BI: ds Zk0 Rodbhßbhsx: kdmfsg: Zmc
ktbj. Gnv fdmdr Zqd oqhnqhshydc ax qZqd Zmc bnllnm uZqhZms ZrrnbhZshnm rstchdr0 ahnQwhu0
19130 üuZhkZakd eqnl. g//1rc66vvvpa-9qw-_p9q46b9m/dm/6dRqkx63z356o36o763z35po3po3p
73ezst0

)33[ Vdhmdq CI: MZchf ü: IZfZcddrg Jü: Cdx JJ: MdZkd AL: Qnahmrnm DA: ds Zk0 Onkxfdmhb Zqbgh/
sdbstqd ne qZqd bnchmf uZqhZshnm Zbqnrr 283:672 dwnldr0 MZstqd0 1912 Eda,5fl3—6837(.381-3880

)34[ Jnbg I: LZxq Iü: ükgZccZc A: QZtrbgdq B: AhdqZt I: JnuZbr/MZfx Q: ds Zk0 BüCltsZshnmr
Zmc tqhchmd/qdronmrhud dohkdoshb dmbdogZknoZsgx0 AqZhm0 19fl5 Cdb,fl39—1(.168-1750

)35[ Ydmf S: Rodmbd IO: LnrsZeZuh G: OqhsbgZqc IJ0 AZxdrhZm drshlZshnm ne fdmd bnmrsqZhms eqnl Zm
dunktshnmZqx lncdk vhsg fdmd edZstqdr0 MZstqd Fdmdshbr0 1913 Itk,45—7(.fl521-fl5320

)36[ Ahbj üF: LdsbZke Fü: LZxn JQ: Khbgsdmrsdhm K: QtqZ R: BZqqnkk QI: ds Zk0 Fdmnlhb cZsZ hm sgd
ükk ne Tr QdrdZqbg OqnfqZl0 MZstqd0 1913 Eda,516—7992(.239-2350

)37[ Ldmf DB: FnccZqc SC: Odssdqrdm DE: Bntbg FR: OdZqrnm YI: Lnqqhr IG: ds Zk0 TBRE
BghldqZW. Snnkr enq rsqtbstqd athkchmf Zmc ZmZkxrhr0 Oqnsdhm Rbhdmbd0 1912 Nbs,21—flfl(.d36810

)38[ GZjtmn E: SZjZgZrgh RH0 39 xdZqr ne HFEfl. HFEfl qdbdosnq rhfmZkhmf oZsgvZxr0 IntqmZk ne
lnkdbtkZq dmcnbqhmnknfx0 19fl7,5fl—fl(.S58/750

)49[ JnskhZq C: Udqdr ü: MZfx Lü: SZaqhyh R: Gnchr D: Ldksnm Cü: ds Zk0 Hcdmshexhmf fdmd dwoqdr/
rhnm oqnfqZlr ne bdkk/sxod hcdmshsx Zmc bdkktkZq Zbshuhsx vhsg rhmfkd/bdkk QMü/Rdp0 dKhed0 19fl8
Itk,7.d327920

)4fl[ üaZrbZk E: übnrsZ Q: ücckdlZm MI: ücqhZm I: üeyZk U: üh Q: ds Zk0 DwoZmcdc dmbxbknoZdchZr
ne CMü dkdldmsr hm sgd gtlZm Zmc lntrd fdmnldr0 MZstqd0 1919 Itk,472—67fl7(.588-6fl90

)41[ Ekdlhmf LC0 BnmfdmhsZk rhcdqnakZrshb ZmdlhZr. hqnm Zmc gdld knrs hm lhsnbgnmcqhZk sqZmr/
kZshnm0 GdlZsnknfx 19fl9: sgd üldqhbZm Rnbhdsx ne GdlZsnknfx DctbZshnm OqnfqZl Annj0
19flfl,19flfl—fl(.414/2fl0

)42[ RntqntkkZr FO: RZklnm IL: RZakhsyjx E: Btqshr CI: Fnncdkk Lü0 üctks gdlZsnonhdshb rsdl
Zmc oqnfdmhsnq bdkkr qdpthqd dhsgdq Kxkfl nq Rbk enq rtquhuZk0 Bdkk rsdl bdkk0 1998,3—1(.fl79/50

)43[ Gnkledkcs O: Idmmhedq O: LbJhmmdx/EqddlZm R0 Mß Fdmdr üqd Mnudk QdftkZsnqr Ne Ltqhmd
GdlZsnonhdshb Rsdl/Zmc Oqnfdmhsnq Bdkk RtquhuZk0 Aknnc0 19fl2,fl11—1fl(.6240

)44[ ülZsh A: KZmc G0 Lxb–LZw–LZc. Z sqZmrbqhoshnm eZbsnq mdsvnqj bnmsqnkkhmf bdkk bx/
bkd oqnfqdrrhnm: cheedqdmshZshnm Zmc cdZsg0 Btqqdms Nohmhnm hm Fdmdshbr ] Cdudknoldms0
fl883,3—fl(.fl91/70

)45[ Nckd QH: VZkjdq Rü: Nwkdx C: Jhcfdq üL: AZklZmmn J: Fhkkdx Q: ds Zk0 üm lSNQBfl/sn/BCJfl
RvhsbgLZhmsZhmr ütsnogZfx Rtooqdrrhnm ctqhmfLhsnrhr0 LnkdbtkZq Bdkk0 1919 IZm,66—1(.117/
390d60

1fl
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)46[ Fhkadqs Kü: Gnqkadbj Lü: ücZlrnm A: UhkkZksZ ID: Bgdm X: VghsdgdZc DG: ds Zk0
Fdmnld/RbZkd BQHROQ/LdchZsdc Bnmsqnk ne Fdmd Qdoqdrrhnm Zmc übshuZshnm0 Bdkk0 19fl3
Nbs,fl48—2(.536-55fl0

)47[ Fhmyadqf LA: JZeqh Q: Jhqrbgmdq L0 Nm adhmf sgd qhfgs —bdkk( rhyd0 Rbhdmbd0 19fl4
LZx,237—5125(.fl1349640

)48[ YgZn XF: Bncnfmn O: YgZmf G0 LZbghmdqx: qdftkZshnm Zmc oZsgnogxrhnknfhbZk hlokh/
bZshnmr ne ZtsnogZfnrnld lZstqZshnm0 MZstqd Qduhdvr LnkdbtkZq Bdkk Ahnknfx0 191fl
Itk,11—flfl(.622-6490

)59[ Mftxdm SM: OZclZm AR: Trgdq I: Nnqrbgns U: QZll F: KZyZqnt L0 üsf7 eZlhkx
KB2?FüAüQüO oqnsdhmr Zqd bqtbhZk enq ZtsnogZfnrnld-kxrnrnld etrhnm ats mns Zt/
snogZfnrnld enqlZshnm ctqhmf OHMJfl?OZqjhm lhsnogZfx Zmc rsZquZshnm0 IntqmZk ne Bdkk
Ahnknfx0 19fl5 Mnu,1fl4—5(.746-7630

)5fl[ übgntq ü: JnnolZmm S: BZrsdk Q: RZmsdm FVD: cdm GnkkZmcdq M: Jmhimdmatqf I: ds Zk0 ü
mdv fdmd ZrrnbhZsdc vhsg Z β/sgZkZrrdlhZ ogdmnsxod. sgd nardquZshnm ne uZqhZmsr hm RTOS4G0
Aknnc0 1919 Nbs,fl25—fl4(.fl678-fl6820

)51[ EZcdq B: Bnknlan LH0 LtkshudrhbtkZq Anchdr Zmc ütsnogZfx hm Dqxsgqnbxsd LZstqZshnm0
ütsnogZfx0 1994 Cdb,1—1(.fl11-fl140

)52[ GZssZmfZch RL: Vnmf O: YgZmf K: EkxfZqd I: Knchrg GE0 Eqnl rsdl bdkk sn qdc bdkk. qdftkZshnm
ne dqxsgqnonhdrhr Zs ltkshokd kdudkr axltkshokd oqnsdhmr: QMür: Zmc bgqnlZshmlnchßbZshnmr0
Aknnc0 19flfl Cdb,flfl7—13(.5147-51570

)53[ Lhkhmc M: Rlhsg BI: Ygt G: Rodmbd IO: OqhsbgZqc IJ0 Ateedqhmf Zmc mnm/lnmnsnmhb adgZuhnq
ne fdmd cnrZfd qdronmrd btqudr enq gtlZm bnlokdw sqZhsr0 ldcQwhu0 1913 Mnu0 üuZhkZakd
eqnl. g//1c66:wp:9-p9q46ozpoozo63z35poopoop35tosz7f0

)54[ MZpuh R: Jhl R: Gnrjdmr G: LZssgdvr GR: Roqhsy Qü: Jkdhm NC: ds Zk0 Oqdbhrd lnctkZshnm ne
sqZmrbqhoshnm eZbsnq kdudkr hcdmshßdr edZstqdr tmcdqkxhmf cnrZfd rdmrhshuhsx0 MZstqd Fdmdshbr0
1912 üoq,44—4(.73fl-74fl0

)55[ EdkclZm C: Rhmfg ü: Rbglhc/Atqfj IK: BZqkrnm QI: Ldyfdq ü: FZqqhsx üI: ds Zk0 NoshbZk
Onnkdc Rbqddmr hm GtlZm Bdkkr0 Bdkk0 19fl8 Nbs,fl68—2(.676/880dfl60

)56[ VZx FO: MZsnkh S: ücdanxd ü: Khshbgdurjhx K: XZmf ü: Kt W: ds Zk0 Lnqognknfx Zmc fdmd dw/
oqdrrhnm oqnßkhmf oqnuhcd bnlokdldmsZqx hmenqlZshnm enq lZoohmf bdkk rsZsd0 Bdkk Rxrsdlr0
1911 Mnu,fl2—flfl(.8flfl/120d80

)57[ EqZmfhdg BI: Ldklr IB: SgZjnqd OH: Fdhfdq/Rbgtkkdq JQ: Gn O: KtnlZ üL: ds Zk0 LtkshlncZk
onnkdc Odqstqa/BHSD/rdp rbqddmr hm oZshdms lncdkr cdßmd ldbgZmhrlr ne bZmbdq hlltmd
duZrhnm0 MZstqd Fdmdshbr0 191fl LZq,42—2(.221-23fl0

)58[ Qnnc ID: GtoZknvrjZ ü: Qdfdu ü0 SnvZqc Z entmcZshnm lncdk ne bZtrZk bdkk Zmc shrrtd
ahnknfx vhsg Z OdqstqaZshnm Bdkk Zmc Shrrtd üskZr0 Bdkk0 1913 ütf,fl76—fl6(.3419-34340
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)69[ üqbd LL: Tlgndedq IL: üqZmf M: JZrhmZsgZm R: Eqdhldq IV: RsdhmgZqs Y: ds Zk0 BdmsqZk bnm/
sqnk ne cxmZlhb fdmd bhqbthsr fnudqmr S bdkk qdrs Zmc ZbshuZshnm0 MZstqd0 1913 Cdb0 üuZhkZakd
eqnl. g//1c66:wp:9-p9q46ozpozte6r5ofe7hz35hzeto5hx0

)6fl[ MZchf ü: Qdoknfkd IL: Onfrnm üM: LbBZqqnkk Rü: VdhrrlZm IR: Qnahmrnm DA: ds Zk0
SqZmrbqhosnld/vhcd bgZqZbsdqhyZshnm ne fdmdshb odqstqaZshnmr0 ahnQwhu0 1913 Itk0 üuZhkZakd
eqnl. g//1c66:wp:9-p9q46ozpoozo63z35pzspztp7zonzt0

)61[ Dmfqdhsy IL: KZvrnm Gü: Rhmfg G: RsZqhsZ KL: Gnm FB: BZqsdq G: ds Zk0 Cdbhogdqhmf sgd
hloZbs ne fdmnlhb uZqhZshnm nm etmbshnm0 MZstqd0 1913 Rdo,522—7917(.36-460

)62[ Rnkkhr D: LnrZjt ü: üahc ü: Atmhdkkn ü: Bdqdyn L: Fhk K: ds Zk0 Sgd MGFQH/DAH
FVüR BZsZknf. jmnvkdcfdaZrd Zmc cdonrhshnm qdrntqbd0 Mtbkdhb übhcr QdrdZqbg0 1911
Mnu,4fl—Cfl(.C866-C8740

)63[ Ghmqhbgr üR0 Sgd TBRB Fdmnld Aqnvrdq CZsZaZrd. tocZsd 19950 Mtbkdhb übhcr QdrdZqbg0
1995 IZm,23—8999fl(.C489-C4870

)64[ Tkhqrbg IB: KZqdZt Bü: AZn DK: Ktcvhf KR: Ftn LG: Admmdq B: ds Zk0 HmsdqqnfZshnm ne
gtlZm gdlZsnonhdrhr Zs rhmfkd/bdkk Zmc rhmfkd/uZqhZms qdrnktshnm0 MZstqd Fdmdshbr0 19fl8
LZq,4fl—3(.572-5820

)65[ fl999 Fdmnldr Oqnidbs Bnmrnqshtl Zmc nsgdqr0 ü fknaZk qdedqdmbd enq gtlZm fdmdshb uZqhZ/
shnm0 MZstqd0 19fl4,415—646fl(.570

)66[ Bgdm S: Ftdrsqhm B0 Wfannrs. ü rbZkZakd sqdd annrshmf rxrsdl0 Hm. Oqnbddchmfr ne sgd 11mc
Zbl rhfjcc hmsdqmZshnmZk bnmedqdmbd nm jmnvkdcfd chrbnudqx Zmc cZsZ lhmhmf, 19fl50 o0 674/
830

)67[ CtZm S: ümZmc ü: Chmf CX: SgZh JJ: AZrt R: Mf ü: ds Zk0 Mfannrs. MZstqZk fqZchdms annrshmf
enq oqnaZahkhrshb oqdchbshnm0 Hm. HmsdqmZshnmZk bnmedqdmbd nm lZbghmd kdZqmhmf0 OLKQ, 19190
o0 1589/6990

)68[ JZqkrrnm L: YgZmf B: L�Zq K: Ygnmf V: Chfqd ü: JZsnmZ A: ds Zk0 ü rhmfkd-bdkk sxod sqZm/
rbqhosnlhbr lZo ne gtlZm shrrtdr0 Rbhdmbd ücuZmbdr0 191fl Itk,6—2fl(.dZag1fl580

)79[ DkmZffZq ü: Gdhmyhmfdq L: CZkkZfn B: QdgZvh F: VZmf X: Inmdr K: ds Zk0 OqnssqZmr. SnvZqc
tmcdqrsZmchmf sgd kZmftZfd ne khed sgqntfg rdke/rtodquhrdc kdZqmhmf0 HDDD sqZmrZbshnmr nm
oZssdqm ZmZkxrhr Zmc lZbghmd hmsdkkhfdmbd0 191fl,33—fl9(.6flfl1/160

)7fl[ Sgdncnqhr BU: WhZn K: BgnoqZ ü: BgZeßm LC: ük RZxdc YQ: Ghkk LB: ds Zk0 SqZmredq kdZqmhmf
dmZakdr oqdchbshnmr hm mdsvnqj ahnknfx0 MZstqd0 1912 LZx,5fl7—6854(.5fl5-5130

)71[ Otqbdkk R: MdZkd A: Sncc/Aqnvm J: SgnlZr K: EdqqdhqZ LüQ: Admcdq C: ds Zk0 OKHMJ. ü Snnk
Rds enq Vgnkd/Fdmnld ürrnbhZshnm Zmc OnotkZshnm/AZrdc KhmjZfd ümZkxrdr0 Sgd üldqhbZm
IntqmZk ne GtlZm Fdmdshbr0 1996 Rdo,7fl—2(.448-4640

)72[ PthmkZm üQ: GZkk HL0 ADCSnnkr. Z fidwhakd rthsd ne tshkhshdr enq bnloZqhmf fdmnlhb edZstqdr0
AhnhmenqlZshbr0 19fl9 IZm,15—5(.73fl-7310
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)73[ ürgatqmdq L: AZkk Bü: AkZjd Iü: Ansrsdhm C: Atskdq G: Bgdqqx IL: ds Zk0 Fdmd nmsnknfx. snnk
enq sgd tmhßbZshnm ne ahnknfx0 MZstqd fdmdshbr0 1999,14—fl(.14/80

)74[ Khadqynm ü: Ahqfdq B: SgnquZkcrcñsshq G: FgZmch L: Ldrhqnu IO: SZlZxn O0 Sgd lnkdbtkZq
rhfmZstqdr cZsZaZrd gZkklZqj fdmd rds bnkkdbshnm0 Bdkk rxrsdlr0 19fl4,fl—5(.3fl6/140

)75[ Wt R: Gt D: BZh X: Whd Y: Ktn W: YgZm K: ds Zk0 Trhmf bktrsdqOqnßkdq sn bgZqZbsdqhyd ltkshnlhbr
cZsZ0 MZstqd Oqnsnbnkr0 1913 Itk0 üuZhkZakd eqnl. g//1c66:wp:9-p9q46ozpozte6r5ofn7hz35
hzoz3zhy0

)76[ KZv BV: Bgdm X: Rgh V: Rlxsg FJ0 unnl. oqdbhrhnm vdhfgsr tmknbj khmdZq lncdk ZmZkxrhr
snnkr enq QMü/rdp qdZc bntmsr0 Fdmnld Ahnknfx0 19fl3,fl4—1(.Q180

)77[ NtxZmf Y: Ygnt P: Vnmf VG0 BgHO/Rdp ne sqZmrbqhoshnm eZbsnqr oqdchbsr Zarnktsd Zmc che/
edqdmshZk fdmd dwoqdrrhnm hm dlaqxnmhb rsdl bdkkr0 Oqnbddchmfr ne sgd MZshnmZk übZcdlx ne
Rbhdmbdr0 1998 Cdb,fl95—4fl(.1fl41fl-1fl4150

)78[ LbHmmdr K: GdZkx I: RZtk M: Fqnzadqfdq K0 TLüO. Tmhenql LZmhenkc üooqnwhlZshnm Zmc
Oqnidbshnm0 IntqmZk ne Nodm Rntqbd RnesvZqd0 19fl7 Rdo,2—18(.75fl0

)89[ Odkkhm C: Knodqßcn L: AZqhbnqch B: Vnknbj RK: Lnmsdodknrn ü: Vdhmadqf NJ: ds Zk0 ü bnl/
oqdgdmrhud rhmfkd bdkk sqZmrbqhoshnmZk kZmcrbZod ne gtlZm gdlZsnonhdshb oqnfdmhsnqr0 MZstqd
BnlltmhbZshnmr0 19fl8 Itm,fl9—fl(.12840

)8fl[ Shqnrg H: HyZq A: OqZjZcZm RL: VZcrvnqsg LG: SqdZbx C: SqnladssZ II: ds Zk0 Chrrdbshmf
sgd ltkshbdkktkZq dbnrxrsdl ne ldsZrsZshb ldkZmnlZ ax rhmfkd/bdkk QMü/rdp0 Rbhdmbd0 19fl5
üoq,241—5171(.fl78-fl850

)81[ Ohbjqdkk IJ: AdqhrZ S: Kht IY: R�ftqdk K: Stmf IX: Ghmcr Cü0 Cdsdbshnm Zmc hmsdqoqdsZshnm ne
rgZqdc fdmdshb hmfitdmbdr nm 31 gtlZm sqZhsr0 MZstqd Fdmdshbr0 19fl5 LZx,37—6(.698-6fl60

)82[ SgnlZr K: aZrdc nm EnqsqZm bncd ax ükZm L0 kdZor. Qdfqdrrhnm Rtards Rdkdbshnm, 19130 Q
oZbjZfd udqrhnm 2010 üuZhkZakd eqnl. g//1rc66AP�MpPh1q9idb/p9q461RbjR4d8kdR1r0

)83[ IZfZcddrg Jü: Cdx JJ: Lnmsnqn CS: LngZm Q: FZyZk R: Dmfqdhsy IL: ds Zk0 Hcdmshexhmf
chrdZrd/bqhshbZk bdkk sxodr Zmc bdkktkZq oqnbdrrdr ax hmsdfqZshmf rhmfkd/bdkk QMü/rdptdmbhmf
Zmc gtlZm fdmdshbr0 MZstqd Fdmdshbr0 1911 Rdo,43—fl9(.fl368-fl3810

)84[ cd Kddtv Bü: Lnnhi IL: Gdrjdr S: OnrsgtlZ C0 LüFLü. FdmdqZkhydc Fdmd/Rds ümZkxrhr
ne FVüR CZsZ0 OKNR BnlotsZshnmZk Ahnknfx0 19fl4 üoq,flfl—3(.dfl9931fl80

)85[ Vt M: Xhm K: GZmmhlZm Dü: Inrgh R: KZyZq Lü0 MdfZshud eddcaZbj lZhmsdmZmbd ne gdld
gnldnrsZrhr ax hsr qdbdosnq: Qdu/dqa�0 Fdmdr ] Cdudknoldms0 1998 ütf,12—fl7(.119fl-11980

)86[ OdqqnssZ R: FZkkZfgdq OF: LngZmcZr M0 GdqdchsZqx rogdqnbxsnrhr0 Sgd KZmbds0
1997,261—8536(.fl3flfl/150
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3 Ldsgncr

CWsWrdsr6

FV�R cZsZ0 Vd cnvmknZcdc sgd otakhbkx ZuZhkZakd FVüR rtllZqx rsZshrshbr Zmc RMO gdqhsZahkhsx
drshlZsdr enq sqZhsr hm sgd TJA eqnl Adm MdZkd=r kZa —rdd TQK rdbshnm adknv(0 Vd enbtrdc nm sqZhsr
vhsg RMO gdqhsZahkhsx drshlZsdr dwbddchmf 90930 Enq ahmZqx sqZhsr vd trdc gdqhsZahkhsx drshlZsdr nm
sgd khZahkhsx rbZkd0

KnE cZsZ0 Vd trdc KnE atqcdm sdrs rtllZqx rsZshrshbr eqnl sgd TJA vhsg 343:676 oZqshbhoZmsr: Zr
oqduhntrkx qdonqsdc )23[0 RodbhßbZkkx: vd tshkhydc sgd fdmd/kdudk ZffqdfZsdc deedbs drshlZsdr eqnl
oqdchbsdc KnE uZqhZmsr vhsg Z lhmnq Zkkdkd eqdptdmbx ne ˆ909fl’0 CZsZ vdqd cnvmknZcdc eqnl
FVüR BZsZknf )62[0

Odqstqa/rdp cZsZ0 Vd tshkhydc sgd fdmnld/vhcd Odqstqa/rdp cZsZrds hm J451 qdonqsdc ax Qdoknfkd
ds Zk0 )21[0 Hm sghr cZsZrds: Zkk dwoqdrrdc fdmdr —M = 8:756( vdqd sZqfdsdc ax Z ltkshokdwdc BQHROQh
rfQMü khaqZqx hm J451 bdkkr dmfhmddqdc sn dwoqdrr cBZr8/JQüA0 Rhmfkd/bdkk QMü/rdp vZr odq/
enqldc sn qdZc nts sgd rfQMür snfdsgdq vhsg sgd sqZmrbqhosnld0 Nmkx bdkkr vhsg Z rhmfkd fdmdshb
odqstqaZshnm vdqd trdc enq sgd ZmZkxrhr: Zlntmshmf sn Z ldchZm ne fl55 bdkkr odq fdmd odqstqaZ/
shnm Zmc flfl: 388 TLHr odq bdkk0 Vd cnvmknZcdc sgd qZv bntms cZsZ sgZs sgd Ztsgnqr toknZcdc sn
ßfrgZqd —rdd TQKr rdbshnm(0

BgHO/rdp cZsZ0 Vd tshkhydc BgHO/rdp cZsZ hm J451 enq ZmmnsZshmf fdmd oqnfqZlr0 Vd cnvmknZcdc
729 sqZmrbqhoshnm eZbsnq BgHO/rdp mZqqnv odZj ßkdr eqnl sgd DMBNCD oqnidbs vdarhsd )4fl[ —rdd
TQKr rdbshnm(0 ükk bnnqchmZsdr vdqd lZoodc sn gffl8 vhsg KhesNudq )63[0

IC rbnqd qdfqdrrhnm6

Sn hcdmshex sqZhsr vgnrd gdqhsZahkhsx hr dmqhbgdc hm nodm bgqnlZshm qdfhnmr hm J451: vd trdc rsqZsh/
ßdc KC rbnqd qdfqdrrhnm )5[0 ükk FVüR cZsZ vdqd oqdoqnbdrrdc vhsg sgd *ltmfd>rtlrsZsr0ox*
rbqhos oqnuhcdc ax sgd cdudknodqr —TQKr(0 UZqhZmsr hm sgd GKü qdfhnm vdqd dwbktcdc eqnl
sgd ZmZkxrhr0 Sgd üSüB/rdp mZqqnv odZj adc ßkd hm J451 vZr cnvmknZcdc eqnl DMBNCD
)4fl[ —FRDfl69267>DMBEE489BOD>qdokhbZsdc>odZjr>FQBg270adc0fy( Zmc sgd bnnqchmZsdr vdqd
lZoodc sn gffl8 trhmf KhesNudq )63[0 Etqsgdqlnqd: vd trdc mZqqnv üSüB/rdp odZjr eqnl fl7
gdlZsnonhdshb oqnfdmhsnq ? oqdbtqrnq ? cheedqdmshZsdc bdkk onotkZshnmr oqduhntrkx qdonqsdc )64[0

KC rbnqdr vdqd bZkbtkZsdc enq dZbg ZmmnsZshnm trhmf sgd fl999F OgZrd 2 DtqnodZm onotkZshnm
qdedqdmbd )65[0 Sgd gdqhsZahkhsx dmqhbgldms ne dZbg ZmmnsZshnm enq Z fhudm sqZhs vZr bnlotsdc
ax Zcchmf sgd ZmmnsZshnm sn sgd aZrdkhmd KC rbnqd lncdk —ufl0fl( Zmc qdfqdrrhmf ZfZhmrs sqZhs bgh/
rptZqdc rsZshrshbr enq GZoLZo2 RMOr0 Sgdrd ZmZkxrdr trdc ufl090fl ne sgd rsqZshßdc KC rbnqd qdfqdr/
rhnm oZbjZfd —TQKr(0

Etqsgdq: vd sdrsdc sgd fdmdshb bnqqdkZshnm adsvddm rodbhßb sqZhs oZhqr trhmf DtqnodZm KC rbnqdr
vhsg sgd KC rbnqd qdfqdrrhnm oZbjZfd —ufl090fl(0
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DrshlWshnm ne fdmd deedbs rhydr vhsg FdmdAWxdr6

Ldsgnc nudquhdv

KnE atqcdm sdrsr Zqd mns vdkk/onvdqdc: drodbhZkkx enq rgnqsdq nq rdkdbshudkx bnmrsqZhmdc fdmdr:
Zr sgd khjdkhgnnc ne gZuhmf KnE uZqhZmsr hm sgdrd fdmdr hr knv0 Vd oqduhntrkx cdudknodcFdmdAZxdr
)35[: Zm dlohqhbZk AZxdr eqZldvnqj Zhldc Zs Zccqdrrhmf Z rhlhkZq bgZkkdmfd–sgd oqdbhrd drshlZ/
shnm ne rdkdbshud bnmrsqZhms nm fdmdr: vghbg bZm ad oZqshbtkZqkx bgZkkdmfhmf enq rgnqs fdmdr0 Vhsghm
FdmdAZxdr: vd trd fdmd edZstqdr hm Z lZbghmd kdZqmhmf/aZrdc dlohqhbZk AZxdr eqZldvnqj sn hl/
oqnud sgd ZbbtqZbx ne bnmrsqZhms drshlZsdr0 Chudqrd fdmd edZstqdr: rtbg Zr fdmd dwoqdrrhnm oZssdqmr
Zmc oqnsdhm rsqtbstqd dladcchmfr: bZm dmgZmbd sgd ZbbtqZbx ne sgdrd drshlZsdr0 FdmdAZxdr hr Z
ghfgkx ZcZosZakd eqZldvnqj: dZrhkx dwsdmcZakd sn uZqhntr ZookhbZshnmr: Zr ntskhmdc hm sgd nqhfhmZk
lZmtrbqhos )35[0 Hm sghr hmrsZmbd: vd tshkhydc hs sn cdqhud lnqd oqdbhrd deedbs rhyd drshlZsdr enq KnE
atqcdm sdrsr0

Sn lhmhlhyd nudqßsshmf vgdm Zookxhmf FdmdAZxdr sn KnE atqcdm sdrs drshlZsdr: vd ßqrs odq/
enqldc edZstqd rdkdbshnm trhmf sgd AnnrsQED etmbshnm —Annrs Qdbtqrhud EdZstqd DkhlhmZshnm( eqnl
sgd rgZo/gxodstmd oZbjZfd —TQKr( sn ßs WFAnnrs )66[ lncdkr nm sgd rhfm Zmc lZfmhstcd ne %γ:
sgd drshlZsdc deedbs rhyd eqnl KnE atqcdm sdrs rtllZqx rsZshrshbr0 Vd trdc sgd oqdchbsdc rhfm
Zmc lZfmhstcd Zr sgd edZstqdr enq FdmdAZxdr: vghbg vd entmc sn odqenql adssdq sgZm trhmf sgd
rdkdbsdc edZstqdr chqdbskx, sghr lZx ad ctd sn cheedqdmbdr hm sqZhmhmf cxmZlhbr adsvddm WFAnnrs
Zmc sgd fqZchdms/annrsdc sqddr ßs trhmf FdmdAZxdr0

Rtardptdmskx: vd hlokdldmsdc sgd FdmdAZxdr eqZldvnqj Zr oqduhntrkx cdrbqhadc0 Rodbhß/
bZkkx: FdmdAZxdr hmunkudr svn rsdor. ßqrskx: kdZqmhmf Z oqhnq enq sgd deedbs rhyd ne dZbg fdmd sgqntfg
sgd tshkhyZshnm ne fqZchdms/annrsdc sqddr: Zr hlokdldmsdc hm MFAnnrs )67[: Zmc rdbnmckx: drshlZs/
hmf fdmd/kdudk onrsdqhnq drshlZsdr ne sgd deedbs rhydr trhmf Z AZxdrhZm eqZldvnqj0 Hm ntq ZookhbZ/
shnm ne FdmdAZxdr: vd oZqZldsdqhyd sgd oqhnq Zr enkknvr.

rhfm�γ( ∼ Adqmntkkh�o(

lZfmhstcd�γ( ∼ FZllZ��: θ(

Sgd oZqZldsdq o hr sgd oqnaZahkhsx sgZs γ hr onrhshud nq mdfZshud: Zmc �: θ Zqd sgd rgZod Zmc
rbZkd oZqZldsdqr ne sgd FZllZ chrsqhatshnm qdrodbshudkx0 Vd kdZqm sgd oZqZldsdqr ne sgd oqhnq
trhmf sgd enkknvhmf khjdkhgnnc.

%γ|γ ∼ MnqlZk�γ: RD� %γ((

Sgd rtllZqx rsZshrshbr %γ Zmc RD� %γ( Zqd sgd drshlZsdc deedbs rhyd Zmc hsr rsZmcZqc dqqnq eqnl sgd
KnE atqcdm sdrsr qdrodbshudkx0

Fdmd edZstqdr

Vd bnlohkdc sgd enkknvhmf sxodr ne fdmd edZstqdr eqnl rdudqZk rntqbdr. rdkdbshud bnmrsqZhms
ne fdmdr —rgds( )35[: fdmd dwoqdrrhnm Zbqnrr bdkk sxodr: oqnsdhm dladcchmfr: Zmc fdmd dladcchmfr0
Fdmd dwoqdrrhnm Zbqnrr 68 rhmfkd bdkk sxodr vZr cnvmknZcdc eqnl sgd GtlZm Oqnsdhm üskZr )68[
—rdd TQKr(0 Oqnsdhm dladcchmfr vdqd Zcnosdc eqnl dladcchmfr kdZqmdc ax Zm Ztsndmbncdq
—OqnsS4( sqZhmdc nm oqnsdhm rdptdmbdr )79[0 Fdmd dladcchmfr vdqd cdqhudc eqnl FdmdEnqldq:
Z oqdsqZhmdc cddo kdZqmhmf lncdk enq rhmfkd/bdkk sqZmrbqhosnldr )7fl[0 RodbhßbZkkx: vd trdc sgd
Bdkk×Fdmd Chrbnudq bdmrtr —rdd TQKr(: Zmc vd dwsqZbsdc fl:999 bdkkr odq dZbg ne sgd enkknvhmf
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bdkk sxodr. =dqxsgqnhc oqnfdmhsnq bdkk=: =lnmnbxsd=: =dqxsgqnbxsd=: =ßaqnakZrs=: =S bdkk=: =mdtsqnoghk=:
=A bdkk=: =gdlZsnonhdshb rsdl bdkk= Zmc bnlotsdc sgd ZudqZfd dladcchmfr ne dZbg fdmd enq sgd
bdkktkZq bkZrrhßdq trhmf sgd DlaDwsqZbsnq lnctkd —TQKr(0

EhmZkkx: vd trdc sgd onrsdqhnq ldZm ne sgd KnE atqcdm sdrs deedbs rhyd Zr Z onhms drshlZsd enq
sgd enkknvhmf ZmZkxrdr0

SqZhsr

ür Zookxhmf FdmdAZxdr sn Zkk TJA sqZhsr hr bnlotsZshnmZkkx hmsdmrhud: vd Zookhdc sghr sn Z
rtards ne sqZhsr hmbktchmf Zkk sgd aknnc bdkk ZrrnbhZsdc sqZhsr: aknnc ahnlZqjdqr Zmc rnld ne Zmsgqn/
onldsqhb sqZhsr0 ü khrs ne sqZhsr hmbktcdc hm ntq ZmZkxrdr hr hm SZakd R10

DuZktZshnm hm sgd hmcdodmcdms bngnqs

Sgd ükk ne Tr bngnqs gZr bnmctbsdc vgnkd fdmnld rdptdmbhmf Zmc qdonqsdc sgd KnE atqcdm
sdrs rsZshrshbr enq rnld ne sgd sqZhsr )36[0 üs sgd shld ne vqhshmf: sgd KnE atqcdm sdrs Y/rbnqd enq
*qdc bdkk chrsqhatshnm vhcsg:* vghbg hr dpthuZkdms sn QCV hm TJA: vZr qdonqsdc vhsg flfl3:391
bZrdr —TJA cZsZ/ßdkc 29969: ünT HC 29fl8786(0 Vd tshkhydc sghr sn duZktZsd sgd rhfm bnmbnqcZmbd0
RodbhßbZkkx: vd qZmjdc sgd fdmdr aZrdc nm atqcdm sdrs Zarnktsd deedbs rhydr hm TJA: vhsg nq vhsg/
nts Zookxhmf FdmdAZxdr: Zmc sdrsdc vgZs eqZbshnm ne sgd sno M qZmjdc fdmdr gZc sgd rZld rhfm ne
ZrrnbhZshnmr —rhfm ne Y/rbnqd( hm ükk ne Tr —Ehftqd R2A(0

OWsgvWx dmqhbgldms WmWkxrhr ne FV�R Wmc InE sno ghsr6

Bktlohmf ne FV�R sno uZqhZmsr

Sn hcdmshex hmcdodmcdmskx ZrrnbhZsdc FVüR uZqhZmsr: vd trdc Okhmj —u0fl089a402( )71[ vhsg sgd
-bktlo fiZf: Z o/uZktd sgqdrgnkc ne 4 ×fl9�7: Zm KC sgqdrgnkc ne q1 = 909fl: Zmc Z ogxrhbZk chrsZmbd
sgqdrgnkc ne fl9 La0 ücchshnmZkkx: vd ldqfdc RMOr knbZsdc vhsghm fl99 jao ne dZbg nsgdq Zmc rd/
kdbsdc sgd RMOvhsg sgd lhmhltl o/uZktd Zbqnrr Zkk ldqfdc kdZc RMOr sn Zunhc sgd eZkrd hmbktrhnm
ne fdmdr sgZs gZud mdhfganq fdmdr vhsg dwsqdldkx kZqfd deedbsr0 Sghr qdrtksdc hm 523 hmcdodmcdms
uZqhZmsr ZrrnbhZsdc vhsg LBG0 Enq dZbg hmcdodmcdms uZqhZms: vd ZmmnsZsdc sgd mdZqdrs oqnsdhm/
bnchmf fdmd0 Sn Zbbnlokhrg sghr: vd trdc sgd adcsnnkr —u102909( )72[ bknrdrs lnctkd sn hcdmshex
fdmdr sgZs nudqkZo vhsg sgd uZqhZms nq gZud sgdhq sqZmrbqhoshnm rsZqs rhsd nq sqZmrbqhoshnm dmc rhsd
bknrdrs sn sgd uZqhZms0 EhmZkkx: vd nasZhmdc Z khrs ne 445 fdmdr onrrhakx ZrrnbhZsdc vhsg FVüR
rhfmZkr enq LBG0

OZsgvZx dmqhbgldms ZmZkxrhr0

Vd Zhldc sn bnloZqd sgd oZsgvZxr dmqhbgdc hm FVüR Zmc KnE sno ghsr enq LBG0 ür oZsg/
vZxr: vd tshkhydc Zkk nmsnknfx sdqlr hm Fdmd Nmsnknfx —FN( )73[ vhsg Z lhmhltl ne 19 fdmdr
Zmc Z lZwhltl ne 1:999 fdmdr: Zr vdkk Zr LrhfCA gZkklZqj fdmdrdsr )74[ sgZs hmbktcd sgd gdld
rxmsgdrhr oZsgvZx0 Vd tshkhydc dmqhbgFN Zmc dmqhbgdq etmbshnmr hm bktrsdqOqnßkdq )75[ oZbjZfd hm
Q enq sgd ZmZkxrhr0

ülnmf sgd dmqhbgdc oZsgvZxr: fdmdr hm *onrhshud qdftkZshnm ne lZbqnlnkdbtkd ahnrxmsgdshb
oqnbdrr* oZsgvZx nudqkZor rhfmhßbZmskx vhsg sgnrd hm sgd *ZtsnogZfx* oZsgvZx —o + 1× fl9�7(:
Zmc sgtr hsr dmqhbgldms lZx qdfidbs sgd qdkduZmbd ne ZtsnogZfx oZsgvZx0
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BnloWqhrnm ne fdmd qdftkWsnqx deedbsr vhsg fdmdshb WrrnbhWshnm6

DrshlZshnm ne fdmd/qdftkZsnqx deedbsr eqnl Odqstqa/rdp0

Gdqd: vd Zhldc sn drshlZsd fdmd/sn/fdmd qdftkZsnqx deedbsr eqnl Odqstqa/rdp0 Vd bZm Zrrdrr sgd
snsZk deedbsr ne fdmd jmnbjcnvm nm fdmd dwoqdrrhnm ax bnloZqhmf odqstqadc Zmc mnm/odqstqadc
bdkkr0 üesdq ßksdqhmf nts bdkkr vhsg edvdq sgZm 499 fdmdr dwoqdrrdc Zmc fdmdr dwoqdrrdc hm edvdq
sgZm 499 bdkkr: vd bnloZqdc sgd bdkkr vhsg odqstqaZshnm ne dudqx fdmd udqrtr sgd bdkkr vhsg mnm/
sZqfdshmf bnmsqnk fQMür0 Knf/mnqlZkhydc bntmsr ne bdkkr vdqd trdc Zr hmots sn sgd khllZ/sqdmc
ohodkhmd )76[: vghkd Zbbntmshmf enq FDL fqnto —aZsbg deedbs(: mtladq ne fdmdr dwoqdrrdc: Zmc sgd
odqbdmsZfd ne lhsnbgnmcqhZk fdmd dwoqdrrhnm Zr bnuZqhZsdr0

BnqqdkZshnm ne qdftkZsnqx deedbsr vhsg fdmdshb ZrrnbhZshnmr0

Vd tshkhydc sgd knf/Enkc BgZmfd —knfEB( ne fdmd dwoqdrrhnm hm odqstqadc bdkkr bnloZqdc sn
mnm/sZqfdshmf bdkkr Zr Z onhms drshlZsd ne sgd odqstqaZshnm deedbs nm fdmd dwoqdrrhnm0 Vd rsZqsdc
eqnl Z rhlokd lncdk vgdqd sgd deedbs rhyd ne Z odqhogdqZk fdmd w hr cdsdqlhmdc ax hsr qdftkZsnqx
deedbsr nm Z khlhsdc rds ne bnqd fdmdr0 Hm bZrdr vgdqd sgdqd hr Z rhmfkd nq Z khlhsdc mtladq ne bnqd
fdmdr x: sgd qdftkZsnqx deedbs rhyd ne sgd odqhogdqZk fdmd nm sgd bnqd fdmdr rgntkc bnqqdkZsd vhsg
sgd odqhogdqZk fdmd=r deedbs rhyd nm sgd sqZhs0 Vd gZud oqduhntrkx nardqudc Z rsqhjhmf bnqqdkZshnm
adsvddm KnE atqcdm sdrs deedbs rhydr Zmc rgds nm ZudqZfd Zbqnrr sqZhsr )32[0 Sn Zunhc sgd bnmentmc/
hmf deedbsr ne rdkdbshud bnmrsqZhms: vd hmbktcdc rgds Zr Z bnuZqhZsd hm ntq khmdZq qdfqdrrhnm lncdk.

γw ∼ βw→x ) rgds:w

vgdqd βw→x bnqqdronmcr sn sgd qdftkZsnqx deedbs ne fdmd w nm fdmd x0 Fdmd x hsrdke vZr dwbktcdc
eqnl sgd udbsnq ne fdmd w0 Enq dudqx dwoqdrrdc fdmd x: vd duZktZsdc sgd rhfmhßbZmbd ne sgd bnde/
ßbhdms enq sgd ßqrs sdql0 Hm rnld ne sgd oknsr: sgd rhfmhßbZmbd kdudk vZr ltkshokhdc ax sgd rhfm ne
sgd bndeßbhdms0

Dmqhbgldms ZmZkxrhr ne FV�R;KnE sno ghsr sn GA�fi qdftkZsnqr0

Enq sgd duZktZshnm ne sgd FVüR sno ghsr= dmqhbgldms qdkZsdc sn GA�fi qdftkZsnqr ——Ehftqd 2A(:
vd trdc sgd khrs ne 445 bknrdrs fdmdr sn sgd hmcdodmcdms FVüR ghsr cdßmdc Zanud0 Vd qZmjdc
sgd fdmdr aZrdc nm sgd o/uZktdr ne sgdhq qdftkZsnqx deedbsr nm GA�fi dwoqdrrhnm0 Vd duZktZsdc sgd
dmqhbgldms trhmf Z svn/rhcdc Ehrgdq=r dwZbs sdrs: trhmf Zkk sgd fdmdr odqstqadc hm sgd Odqstqa/rdp
Zr Z aZbjfqntmc0 ücchshnmZkkx: enq bnloZqhrnm: vd duZktZsdc sgd dmqhbgldms ne 89 rhfmhßbZms
fdmdr hm sgd KnE atqcdm sdrs —ECQ ˆ 90fl( Zmc sgd fdmdr bknrdrs sn sgd sno 89 hmcdodmcdms FVüR
ghsr0

BnloWqhrnm ne oqnfqWlr Wmc sgdhq qdftkWsnqx deedbsr vhsg fdmdshb WrrnbhWshnmr6

HcdmshzbZshnm ne fdmd oqnfqZlr vhsg bMLE0

Eqnl Z rhmfkd/bdkk fdmd dwoqdrrhnm lZsqhw: vd bZm hcdmshex sgd bn/qdftkZsdc rds ne fdmdr0 Hmst/
hshudkx: rtbg Z rds ne fdmdr bZm bnqqdronmc sn fdmdr sgZs cdsdqlhmd bdkktkZq hcdmshsx nq rodbhßb bdk/
ktkZq oqnbdrrdr: vghbg vd bZkk oqnfqZlr0 Sn hcdmshex fdmd oqnfqZlr Zmc sgdhq Zbshuhsx hm dZbg bdkk:
vd Zookhdc sgd bnmrdmrtr mnm/mdfZshud lZsqhw eZbsnqhyZshnm —bMLE( )49[ ldsgnc sn sgd rhmfkd/
bdkk fdmd dwoqdrrhnm lZsqhw eqnl Odqstqa/rdp0 Vhsg bMLE: sgd fdmd dwoqdrrhnm cZsZ lZsqhw bZm
ad lncdkdc Zr sgd oqnctbs ne svn lZsqhbdr. nmd bnqqdronmchmf sn sgd bnmsqhatshnm ne dZbg fdmd
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sn dZbg oqnfqZl: Zmc sgd rdbnmc bnqqdronmchmf sn sgd Zbshuhsx ne dZbg oqnfqZl hm dZbg bdkk0 Hm
bMLE: Z ldsZ/ZmZkxrhr ne ltkshokd hsdqZshnmr ne MLE hr odqenqldc sn nasZhm Z *bnmrdmrtr* qdrtks0
Hm bMLE: sgd mtladq ne oqnfqZlr —J( hr Z jdx lncdk gxodqoZqZldsdq sn stmd0 Sn cdsdqlhmd hs:
vd sdrsdc cheedqdms uZktdr ne J —29: 59: 89: fl19( Zmc cdbhcdc sn oqnbddc vhsg J + 59 aZrdc nm
sgd dqqnq udqrtr rsZahkhsx bnloZqhrnm —Ehftqd R4ü(: Zr oqnonrdc ax sgd Ztsgnqr0 ükrn: vd trdc
cdmrhsx>sgqdrgnkc=904 sn ßksdq nts sgd ntskhdq oqnfqZlr0

�mmnsZshnm ne oqnfqZlr sn ahnknfhbZk oZsgvZxr0

Eqnl sgd fdmd/ax/oqnfqZl lZsqhw oqnctbdc ax bMLE: vd bZm nasZhm sgd mnm/mdfZshud knZc/
hmfr ne dZbg fdmd sn sgd oqnfqZl0 Vd qZmjdc sgd fdmdr aZrdc nm sgd knZchmfr Zmc tshkhydc sgd
sno/qZmjdc fdmdr enq dZbg oqnfqZl sn bgZqZbsdqhyd sgd ahnknfhbZk oZsgvZxr ne sgd oqnfqZl0 Vd
dwZlhmdc sgd dmqhbgldms ne sgd sno 299 fdmdr hm sgd FN bZsdfnqhdr trhmf sgd dmqhbgFN etmbshnm
hm sgd bktrsdqOqnßkdq )75[ oZbjZfd hm Q0

Hm Zcchshnm: vd bZm dwodbs sgZs enq rnld oqnfqZlr: sgd fdmdr vhsghm sgd rZld oqnfqZl Zqd
bnnqchmZsdkx qdftkZsdc ax rodbhßb sqZmrbqhoshnm eZbsnqr0 Rtbg sqZmrbqhoshnm eZbsnqr bZm ad trdc
sn bgZqZbsdqhyd sgd oqnfqZlr0 Sn sghr dmc: vd tshkhydc sgd BgHO/rdp dwodqhldmsr ne sqZmrbqhoshnm
eZbsnqr hm J451 eqnl sgd DMBNCD oqnidbs0 Sn bnmudqs sgd hmenqlZshnm nm ahmchmf rhsdr sn Z fdmd/
kdudk qdftkZshnm rbnqd: vd bZkbtkZsdc sgd enkknvhmf rbnqd enq dZbg sqZmrbqhoshnm eZbsnq —h( enq dZbg
oqnsdhm/bnchmf fdmd —i(: Zr Zcnosdc eqnl )77[.

Rh:i�c( +�
j
Oh:j × d�wh:i:j?c:

vgdqd Oh:j cdmnsdr sgd rsqdmfsg ne odZj j enq sqZmrbqhoshnm eZbsnq h —ptZmshßdc ax � knffl9 p/uZktd
enq dZbg odZj: ntsotssdc ax LüBR1(: wh:i:j cdmnsdr sgd chrsZmbd eqnl odZj j sn sgd SRR ne fdmd
i: Zmc c qdoqdrdmsr sgd cdbZx chrsZmbd0 Sgd cdbZx chrsZmbd hmchbZsdr sgd deedbshud chrsZmbd enq sgd
sqZmrbqhoshnm eZbsnq Zmc bZm uZqx cdodmchmf nm sgd sqZmrbqhoshnm eZbsnqr0 Gdqd: vd rds sgd uZktd sn
dhsgdq 4 jao nq 49 jao0

Sn cdsdqlhmd vghbg rbnqd hr trdetk enq sgd ZmmnsZshnm ne oqnfqZlr: vd sdrsdc sgd bnqqdronm/
cdmbd ne sgd rbnqd vhsg cheedqdmshZkkx dwoqdrrdc fdmdr —CDFr( Zesdq JC ne sgd rZld sqZmrbqhoshnm
eZbsnq0 RodbhßbZkkx: enq dZbg sqZmrbqhoshnm eZbsnq: vd khrsdc onrhshud nq mdfZshud CDFr Zesdq JC hm
Odqstqa/rdp —ECQ ˆ 90fl( Zmc bnloZqdc sgd LZmm/Vghsmdx T sdrs rbnqd adsvddm CDFr Zmc nsgdq
dwoqdrrdc fdmdr0 ür Z mZstqZk bnmrdptdmbd: vd bZm ZmmnsZsd dZbg SE Zr Zm ZbshuZsnq nq hmghahsnq:
Zbbnqchmf sn sgd chqdbshnm ne deedbsr Zesdq JC0 Vd ZmmnsZsdc Z SE Zr Zm ZbshuZsnq he sgd cnvm/
qdftkZsdc CDFr Zesdq JC gZc rhfmhßbZmskx ghfg BgHO/rbnqdr —ECQˆ9094(: Zmc Zr Zm hmghahsnq he sgd
to/qdftkZsdc CDFr Zesdq JC gZc rhfmhßbZmskx ghfg BgHO/rbnqdr —ECQˆ9094(0 ür Z qdrtks: BgHO/
rbnqdr enq fl42 SEr rgnvdc rhfmhßbZms bnqqdronmcdmbd vhsg sgdhq JC deedbsr Zmc vdqd tshkhydc enq
sgd ZmmnsZshnm ne oqnfqZlr0 Nmd ne svn cdbZx chrsZmbd oZqZldsdqr vZr rdkdbsdc enq dZbg SE aZrdc
nm sgd rhfmhßbZmbd hm sgd nudqkZo vhsg CDFr0

Enq dZbg oqnfqZl: vd bnloZqdc sgd sno 299 knZchmf fdmdr vhsg nsgdq dwoqdrrdc fdmdr hm
J451 vhsg qdrodbs sn sgd fl42 BgHO/rbnqdr trhmf sgd LZmm/Vghsmdx T sdrs0 Sghr sdrs duZktZsdr sgd
dmqhbgldms ne ahmchmf rhsdr ne sgd SEr sn dZbg oqnfqZl fdmdr0 Etqsgdq: vd bnloZqdc sgd oqnfqZl
Zbshuhsx ne sgd SE/JC bdkkr vhsg nsgdqr sn rdd he sgd SE gZr Z chqdbs deedbs nm sgd Zbshuhsx ne sgd
oqnfqZl —Ehftqd R4A(0

ücchshnmZkkx: vd lZmtZkkx bnmßqldc sgd bn/dwoqdrrhnm ne lZqjdq fdmdr enq oqdcdßmdc bdkk
sxodr nq oZsgvZxr Zmc oqnfqZl Zbshuhsx ne bdkkr hm Tmhenql LZmhenkc üooqnwhlZshnm Zmc Oqn/
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idbshnm —TLüO( )78[ roZbd0 LZqjdqr enq QABr: lxdknhc bdkkr: Zmc sgd hmsdfqZsdc rsqdrr qdronmrd
oZsgvZx vdqd Zcnosdc eqnl sgd nqhfhmZk Odqstqa/rdp oZodq )21[0 LZqjdqr enq dqxsgqnhc oqnfdmh/
snqr Zmc ldfZjZqxnbxsdr vdqd cdsdqlhmdc eqnl rhmfkd/bdkk fdmd dwoqdrrhnm cZsZ ne anmd lZqqnv
gdlZsnonhdshb oqnfdmhsnqr )89[: vgdqd vd qZmjdc sgd fdmdr hm dZbg bnqqdronmchmf onotkZshnm
aZrdc nm dwoqdrrhnm rodbhßbhsx —y/rbnqd( bnloZqdc sn nsgdq onotkZshnmr: Zmc rdkdbsdc sgd sno 49
fdmdr0 R ogZrd Zmc F1?L ogZrd lZqjdq fdmd rdsr vdqd Zcnosdc eqnl )8fl[0

Ax hmsdfqZshmf sgdrd rntqbdr ne hmenqlZshnm: vd ZmmnsZsdc dZbg oqnfqZl sn Z ahnknfhbZk oZsg/
vZx —SZakd Rfl(0

OqnfqZl fdmd ZrrnbhZshnm vhsg sqZhsr0

Mdws: vd ptZmshßdc sgd ZudqZfd deedbsr ne oqnfqZl fdmdr nm sqZhsr: vghbg vd bZkk oqnfqZl
atqcdm deedbs0 OqnfqZl atqcdm deedbsr Zqd sgd ZudqZfd γ ne sgd fdmdr vghbg Zqd qdoqdrdmsZshud ne
sgd oqnfqZl: Zr cdsdqlhmdc ax sgd knZchmf enq sgd oqnfqZl hm bMLE0

MnsZakx: Zr Z edZstqd ne bMLE: sgd knZchmfr ne sgd fdmdr sn sgd oqnfqZlr Zqd ZkvZxr onrhshud0
Sgtr: sgd rhfm ne sgd ZudqZfd γ oqnuhcdr hmsdqoqdsZakd chqdbshnmZk hmenqlZshnm Zants sgd oqnfqZl
ZrrnbhZshnm vhsg sgd sqZhs0

ür rdkdbshud bnmrsqZhmsr Zqd onrhshudkx bnqqdkZsdc vhsg |γ| )32[: ghfgkx bnmrdqudc oqnfqZlr:
rtbg Zr sgnrd drrdmshZk enq bdkktkZq rtquhuZk: bntkc gZud kZqfdq oqnfqZl atqcdm deedbsr0 Sn Zunhc
bnmentmchmf: vd chuhcdc sgd dwoqdrrdc fdmdr hm J451 hmsn fl9 ahmr aZrdc nm rgds0 Vd sgdm bnl/
oZqdc sgd ZudqZfd γ ne sgd sno knZchmf fdmdr vhsg Z fl9:999 qZmcnlkx bgnrdm rdsr ne sgd rZld mtl/
adq ne fdmdr: vghkd lZsbghmf enq Rgds ahm0 Sn Zbbntms enq sgd chqdbshnmZk ZrrnbhZshnm: vd bnmudqsdc
sgd qZmj ne sgd nardqudc uZktd bnloZqdc sn sgd qZmcnl chrsqhatshnm hmsn svn/rhcdc o/uZktdr:
vghkd Zcchmf sgd rhfm ne sgd ZudqZfd γ sn bZkbtkZsd sgd rhfmdc ZrrnbhZshnm o/uZktdr0

Sgd qdrtksr vdqd fdmdqZkkx mns Zeedbsdc ax sgd bgnhbd ne sgd mtladq ne sno fdmdr —fl99: 199: 299(0
Gnvdudq: enq rnld oqnfqZlr hmbktchmf sgd gdlnfknahm rxmsgdrhr oqnfqZl: vgdqd sgd ZrrnbhZshnm
vhsg LBG vZr bnmbdmsqZsdc nm Z rlZkk mtladq ne gdlnfknahm fdmdr: sgd ZrrnbhZshnm vZr lnqd
oqnmntmbdc vhsg Z rlZkkdq mtladq ne sno fdmdr0 Sgdqdenqd: enq Ehftqdr 3B/D: vd bgnrd fl99 enq
cdßmhmf sgd sno fdmdr0

QdftkZsnq ZrrnbhZshnm vhsg sqZhsr0

Mdws: vd Zhldc sn ptZmshex sgd bnqqdkZshnm ne qdftkZsnqx deedbsr ne fdmdr nm sgd oqnfqZl vhsg
γ: vghbg vd bZkk qdftkZsnq/atqcdm bnqqdkZshnm0

Eqnl sgd bdkk/ax/oqnfqZl lZsqhw oqnctbdc ax bMLE: vd bZm nasZhm sgd trZfd ne dZbg oqn/
fqZl hm dZbg bdkk0 Sn nasZhm sgd deedbs rhyd ne dZbg qdftkZsnq nm sgd oqnfqZl trZfd: vd bnloZqdc
odqstqadc bdkkr vhsg bdkkr vhsg mnm/sZqfdshmf bnmsqnk fQMür vhsg Z khmdZq qdfqdrrhnm lncdk: vghkd
Zbbntmshmf enq FDL fqnto —aZsbg deedbs(: mtladq ne dwoqdrrdc fdmdr Zmc odqbdmsZfd ne lhsnbgnm/
cqhZk fdmd dwoqdrrhnm Zr bnuZqhZsdr0

Vd tshkhydc sgd onhms drshlZsd ne sgd deedbs rhyd ne odqstqaZshnm nm oqnfqZl trZfd Zr Z qdftkZ/
snqx deedbs ne Z fdmd0 Vd sgdm bZkbtkZsdc sgd bnqqdkZshnm ne qdftkZsnqx deedbsr vhsg sqZhs ZrrnbhZshnm
rhfmZkr vghkd Zbbntmshmf enq rgds hm sgd rZld vZx Zr sgd fdmd/kdudk ZmZkxrhr.

γw ∼ βw→O ) rgds:w:

vgdqd βw→O bnqqdronmcr sn sgd qdftkZsnqx deedbs ne fdmd w nm oqnfqZl O0
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Enq uhrtZkhyZshnm ne sgd chrsqhatshnm ne atqcdm deedbsr ne qdftkZsnqr nq oqnfqZl fdmdr —Ehftqd
4I(: sgd dwodbsdc chrsqhatshnm ne atqcdm deedbs rhydr vZr cdsdqlhmdc ax qZmcnlkx ohbjhmf to sgd
rZld mtladq ne fdmdr eqnl mnm/ZrrnbhZsdc fdmdr fl9:999 shldr Zmc sZjhmf sgdhq ZudqZfd0

DrshlZshnm ne bZtrZk qdkZshnmrghor adsvddm oqnfqZlr0

Vghkd dwZlhmhmf sgd bn/qdftkZshnm oZssdqmr Zbqnrr oqnfqZlr: vd mnshbdc Zm Zrxlldsqhb oZs/
sdqm ne bn/qdftkZshnm adsvddm oqnfqZlr, sgZs hr: sgd qdftkZsnqr ne oqnfqZl ü Zkrn gZud deedbsr nm
oqnfqZl A: ats sgd qdftkZsnqr ne oqnfqZl A cn mns gZud deedbsr nm oqnfqZl ü —Ehftqd R5C(0 Rtbg
Zrxlldsqx bZm ad dwokZhmdc ax Z bZtrZk chqdbshnmZk ZrrnbhZshnm eqnl nmd oqnfqZl sn sgd nsgdq0 Ah/
nknfhbZkkx: sghr nmd/vZx ZrrnbhZshnm bZm ad hmsdqoqdsdc Zr onrhshud nq mdfZshud eddcaZbj eqnl nmd
oqnfqZl sn sgd nsgdq0

ü rhlhkZq nardquZshnm–sgZs hr: sgd Zrxlldsqhb bnqqdkZshnm ne deedbsr eqnl dwokZmZsnqx uZqhZakdr
adsvddm svn sqZhsr–vZr qdonqsdc hm sgd FVüR khsdqZstqd )81[0 Enq hmrsZmbd: vgdm KCK bgnkdrsdqnk
bZtrZkkx Zeedbsr sgd qhrj ne bnqnmZqx Zqsdqx chrdZrd: ats mns uhbd udqrZ: sgd deedbs rhydr enq qhrj
uZqhZmsr ne KCK bgnkdrsdqnk rgnv Z rsqnmf bnqqdkZshnm adsvddm sgd svn sqZhsr: vghkd sgnrd enq qhrj
uZqhZmsr ne bnqnmZqx Zqsdqx chrdZrd cn mns rgnv rtbg bnqqdkZshnm )81[0

Vd ZcZosdc sgd ZmZkxshb eqZldvnqj enq bZtrZkhsx eqnl Z oqduhntr FVüR rstcx )81[ sn ntq
bZrd0 RodbhßbZkkx: enq Z oZhq ne oqnfqZlr: ofl Zmc o1: vd hcdmshex rhfmhßbZms qdftkZsnqr —ECQ ˆ
9094( enq dZbg0 Vd sgdm bZkbtkZsd ρofl : sgd RodZqlZm=r qZmj bnqqdkZshnm ne deedbs rhydr enq ofl Zmc o1:
bnmrhcdqhmf nmkx sgd qdftkZsnqr ne ofl0 Vd bZm Zkrn bZkbtkZsd ρo1 enq sgd qdftkZsnqr ne o10 Mdws: vd
lncdkdc

Xofl ∼ M
�
Xofl :

fl
Mofl � 2


:

vgdqd Xofl + ZqbsZmg�ρofl( Zmc Mofl bnqqdronmcr sn sgd mtladq ne rhfmhßbZms qdftkZsnqr enq ofl0

Sgdm vd bnmrhcdq entq oZssdqmr ne ZrrnbhZshnm: Lfl. ofl bZtrZkkx ZrrnbhZsdc vhsg o1 —Xo1 + 9(:
L1. o1 bZtrZkkx ZrrnbhZsdc vhsg ofl —Xofl + 9(: L2. mn qdkZshnmrgho adsvddm ofl Zmc o1 —Xofl + Xo1 +

9(: L3. bnqqdkZshnm cndr mns cdodmc nm gnv sgd qdftkZsnqr vdqd ZrbdqsZhmdc —Xofl + Xo1 (0

Vd ßs dZbg lncdk ax lZwhlhyhmf sgd bnqqdronmchmf ZooqnwhlZsd khjdkhgnnc0 Vd sgdm rdkdbs
sgd lncdk vhsg sgd rlZkkdq üjZhjd HmenqlZshnm Bqhsdqhnm —üHB( eqnl sgd svn bZtrZk lncdkr —Lfl:
L1( Zmc eqnl sgd svn mnm/bZtrZk lncdkr —L2: L3(0 EhmZkkx: vd bZkbtkZsd sgd qdkZshud khjdkhgnnc ne
sgd adrs mnm/bZtrZk lncdk bnloZqdc sn sgd adrs bZtrZk lncdk0

q + dwo
�
�HBbZtrZk � �HBmnmbZtrZk

1



Vd sqdZs q ˆ 909fl Zr Z sgqdrgnkc enq bZtrZkkx ZrrnbhZsdc oqnfqZlr0 Hm sgd bZrd ne oqnfqZlr
ZrrnbhZsdc vhsg QCV —Ehftqd R5C(: sgd bZtrZk ZrrnbhZshnm eqnl sgd lhsnbgnmcqhZk oqnfqZl sn sgd
gdlnfknahm rxmsgdrhr oqnfqZl rgnvdc q + 704× fl9�6: vgdqdZr nsgdq oZhqr ne oqnfqZlr gZc q <
9094 —Zkrn qdedq sn RtookdldmsZqx Mnsd(0

UWkhcWshnm ne ltkshokd oqnfqWl WrrnbhWshnm vhsg sgd sqWhs6

Sn sdrs vgdsgdq inhmskx lncdkhmf ltkshokd oqnfqZlr bZm dwokZhm lnqd ne sgd fdmdshb ZrrnbhZshnm
rhfmZkr sgZm lncdkhmf vhsg Z rhmfkd oqnfqZl: vd bnmctbsdc Z bqnrr/uZkhcZshnm ZmZkxrhr0 Vd qZm/

2fl
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cnlkx rokhs 79’ ne sgd fdmdr hmsn Z sqZhmhmf rds Zmc 19’ hmsn Z sdrs rds: Zmc ßssdc qdfqdrrhnmlncdkr
sn dwokZhm sgd fdmd deedbsr nm sgd sqZhs —γ( ax fdmd qdftkZsnqx deedbsr nm sgd oqnfqZl—r( trhmf sgd
sqZhmhmf rds0 Vd duZktZsdc sgd uZqhZmbd ne γ dwokZhmdc ax sgd lncdk trhmf sgd sdrs rds0

Vd sdrsdc sghr vhsg sgd rds ne ltkshokd oqnfqZlr bgnrdm eqnl sgd qdftkZsnq/atqcdm bnqqdkZshnmr
hm fdmd/sn/oqnfqZl/sn/sqZhs lncdkr enq LBG Zmc QCV: Zr vdkk Zr vhsg sgd rZld mtladq ne qZm/
cnlkx bgnrdm oqnfqZlr: Zmc rhmfkd oqnfqZl lncdkr0 Sgd rdkdbsdc ltkshokd oqnfqZl lncdk dw/
okZhmdc ltbg lnqd uZqhZmbd sgZm Zmx rhmfkd oqnfqZllncdk nq qZmcnl bnlahmZshnm ne oqnfqZlr
enq LBG Zmc QCV —Ehftqd R6(0 Enq HQE: nmkx nmd oqnfqZl vZr bgnrdm eqnl sgd qdftkZsnq/atqcdm
bnqqdkZshnm hm sgd fdmd/sn/oqnfqZl/sn/sqZhs lncdk: rn vd chc mns odqenql sgd bnloZqhrnm0

Bnmrsqtbshnm ne Fdmd,sn,OqnfqWl,sn,SqWhs lncdk6

OqduZkdms bn/qdftkZshnm Zbqnrr oqnfqZlr: Zr vdkk Zr eddcaZbj: rtffdrsdc sgd mddc sn inhmskx lncdk
ltkshokd oqnfqZlr sn hcdmshex sgnrd vgnrd qdftkZshnm hmcdodmcdmskx dwokZhmr sgd sqZhs ZrrnbhZshnm
rhfmZkr0 ücchshnmZkkx: Zksgntfg oqnfqZl atqcdm deedbsr Zmc qdftkZsnq/atqcdm bnqqdkZshnm rnld/
shldr bnmudqfd nm sgd rZld oqnfqZl: vd gZud nardqudc bZrdr vgdqd dhsgdq nmkx oqnfqZl bnmsdms
nq nmkx qdftkZsnqr Zqd dmqhbgdc hm sqZhs ZrrnbhZshnm rhfmZkr: Zr vdkk Zr bZrdr vgdqd ansg oqnfqZl
bnmsdms Zmc qdftkZsnqr Zqd dmqhbgdc ats sgqntfg cheedqdms ldbgZmhrlr0 Sgdqdenqd: vd sqdZsdc
oqnfqZl atqcdm deedbsr Zmc qdftkZsnq/atqcdm bnqqdkZshnm rdoZqZsdkx sn hcdmshex sqZhs/ZrrnbhZsdc
oqnfqZlr hmbktcdc hm sgd lncdk0

RSDO fi. Rdkdbshnm ne oqnfqZlr aZrdc nm qdftkZsnq/atqcdm bnqqdkZshnmr0

Sn rdkdbs oqnfqZlr vgnrd qdftkZsnqr Zqd dmqhbgdc enq sgd sqZhs ZrrnbhZshnm rhfmZkr: vd bnm/
ctbsdc Z rsdovhrd khmdZq qdfqdrrhnm ZmZkxrhr trhmf sgd ;qdfrtardsr= etmbshnm hm sgd ;kdZor= oZbj/
Zfd )82[ hm Q0 Hm sghr ZmZkxrhr: vd hmbktcdc fdmd qdftkZsnqx deedbsr nm 59 oqnfqZlr —βw→o(: Zr vdkk Zr
kdudkr ne fdmd bnmrsqZhms —rgds: Zr cdßmdc hm )35[( Zr onsdmshZk dwokZmZsnqx uZqhZakdr: vhsg γw Zr sgd
cdodmcdms uZqhZakd0 Vd hcdmshßdc sgd bnlahmZshnm ne dwokZmZsnqx uZqhZakdr sgqntfg dwgZtrshud
rdZqbg sn cdsdqlhmd sgd adrs rtardsr enq oqdchbshmf γw hm Z ltkshokd khmdZq qdfqdrrhnm lncdk0 Sgd
mtladq ne uZqhZakdr sn hmbktcd hm sgd ßmZk lncdk vZr cdbhcdc ax Zrrdrrhmf sgd uZqhZmbd dwokZhmdc
hm sgd lncdk tonm bgZmfhmf sgd mtladq ne uZqhZakdr —Ehftqd Rfl2ü(: Zknmf vhsg sgd rhfmhßbZmbd
ne sgd lncdk ßs hm sgd rtardptdms odqltsZshnm sdrs —Ehftqd Rfl2A(0 Enq sgd LBG lncdk: vd nosdc
sn hmbktcd sgqdd uZqhZakdr snfdsgdq vhsg rgds. qdftkZsnqr enq ZtsnogZfx: gdlnfknahm rxmsgdrhr: Zmc
F1?L ogZrd bdkk bxbkd oqnfqZlr0

RSDO 1. Rdkdbshnm ne oqnfqZlr aZrdc nm oqnfqZl atqcdm deedbsr0

Enq rdkdbshmf oqnfqZlr vhsg dmqhbgdc bnmsdmsr enq sgd sqZhs ZrrnbhZshnm rhfmZkr: vd enkknvdc sgd
enkknvhmf oqnbdrr0 Ehqrskx: enq dZbg oqnfqZl: vd bZkbtkZsdc oqnfqZl atqcdm deedbsr0 SgZs hr: vd
qZmjdc sgd fdmdr aZrdc nm sgdhq knZchmf Zmc rdkdbsdc sgd sno 199 fdmdr Zmc bZkbtkZsdc sgd ZudqZfd
ne γ ne sgdrd fdmdr0 Sgdm vd bnloZqdc hs vhsg qZmcnlkx rdkdbsdc fl9:999 rdsr ne fdmdr dwoqdrrdc hm
J451 vghkd lZsbghmf enq fl9 ahmr ne rgds sn bZkbtkZsd svn/rhcdc dmqhbgldms o/uZktdr0 Rtardptdmskx:
vd qZmjdc sgd oqnfqZlr aZrdc nm sgdrd o/uZktdr0 Sn cdsdqlhmd sgd mtladq ne oqnfqZlr sn hmbktcd
hm sgd ßmZk lncdk: vd uZqhdc sgd mtladq ne sno oqnfqZlr hmbktcdc Zmc duZktZsdc sgd lncdk ßs hm
sgd rtardptdms odqltsZshnm sdrs —Ehftqd Rfl2A(0 RodbhßbZkkx: enq sgd LBG lncdk: 4 oqnfqZlr vdqd
rdkdbsdc. sgd gdlnfknahm rxmsgdrhr oqnfqZl Zmc 3 oqnfqZlr ZrrnbhZsdc vhsg cheedqdms ogZrdr ne
bdkk bxbkd0 Sgdrd 4 oqnfqZlr kZqfdkx bnqqdronmcdc sn sgnrd sgZs gZc rhfmhßbZms oqnfqZl atqcdm
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deedbsr Zesdq Anmedqqnmh bnqqdbshnm hm sgd oqduhntr sdrs —Ehftqd 3B(0

RSDO 2. Oqdchbshmf sgd rhfmr ne ZrrnbhZshnmr enq sgd qdftkZsnqr; oqnfqZl fdmdr hm sgd lncdk0

üesdq rdkdbshmf oqnfqZlr eqnl ansg qdftkZsnq Zmc oqnfqZl bnmsdms ZrrnbhZshnmr vhsg sgd sqZhs:
vd Zrrhfmdc sgd oqdchbsdc rhfmr ne deedbsr sn dZbg fdmd hm sgd lncdk0 RodbhßbZkkx: enq qdftkZsnqr:
vd bnmrhcdqdc fdmdr sgZs dwghahsdc rhfmhßbZms qdftkZsnqx deedbsr nm sgd rdkdbsdc oqnfqZlr —ECQ
ˆ 9094(0 Hm bZrdr vgdqd Z qdftkZsnq gZc qdftkZsnqx deedbsr nm ltkshokd oqnfqZlr: vd bZkbtkZsdc
sgd fdmd=r snsZk deedbsr nm sgd lncdk ax rtllhmf sgd oqnctbs ne sgd deedbs rhydr ne sgd rdkdbsdc
oqnfqZlr nm sgd sqZhs hm sgd ltkshokd khmdZq qdfqdrrhnm lncdk —vo( Zmc sgd fdmd deedbsr nm sgd
oqnfqZl —βw→o: Ehftqd R7(0 Sgd rhfm ne sghr oqnctbs vZr tshkhydc Zr sgd qdftkZsnqx chqdbshnm ne sgd
fdmd sn sgd sqZhs oqdchbsdc eqnl sgd lncdk0

Enq oqnfqZl bnmsdmsr: vd Zrrhfmdc sgd rhfm ne sgd ZrrnbhZshnm ne sgd oqnfqZl —h0d0: sgd rhfm ne
sgd ZudqZfd γ ne sgd sno knZchmf fdmdr( sn sgd sno 199 knZchmf fdmdr0 He Z fdmd adknmfr sn ansg
oqnfqZl Zmc qdftkZsnq fdmdr: Zksgntfg rtbg bZrd vZr qdkZshudkx qZqd: vd Zrrhfmdc sgd rhfm eqnl
sgd oqnfqZl dmqhbgldms sdrs adbZtrd ne sgd onsdmshZkkx kZqfdq deedbs rhydr ne oqnfqZl etmbshnm nm
sgd sqZhs —RtookdldmsZqx mnsd(0

RSDO 3. �rrdrrhmf sgd chqdbshnmZk bnmbnqcZmbd ne sgd ZrrnbhZshnmr ne sno ghsr vhsg sgd lncdk0

Sn Zrrdrr gnv vdkk sgd oqdchbsdc lncdk bZm dwokZhm sgd chqdbshnmZk fdmdshb ZrrnbhZshnmr: vd
duZktZsdc hs hm svn vZxr. kdZud/nmd/nts bqnrr/uZkhcZshnm Zmc odqltsZshnm sdrshmf0

Enq kdZud/nmd/nts bqnrr/uZkhcZshnm: vd kdes nts nmd fdmd Zs Z shld: rdkdbsdc sgd oqnfqZlr aZrdc
nm oqnfqZl atqcdm deedbsr Zmc qdftkZsnq/atqcdm bnqqdkZshnm trhmf sgd nsgdq fdmdr: Zmc oqdchbsdc
sgd rhfm ne sgd kdes/nts fdmd Zr cdrbqhadc Zanud0 Vd sgdm Zrrdrrdc sgd dmqhbgldms ne bnqqdbskx
oqdchbsdc fdmdr Zlnmf sgd sno ghsr —fdmdr vhsg —|γ| < 90fl((: bnloZqdc sn fdmdr vhsg lhmhlZk
ZrrnbhZshnmr —fdmdr vhsg —|γ| � 909fl((: trhmf Ehrgdq=r dwZbs sdrs0 Hm sghr sdrs: sgd dmqhbgldms hr
hmfitdmbdc ax ansg fl( sgd dmqhbgldms ne sgd sno fdmdr Zlnmf sgd fdmdr rdkdbsdc hm sgd lncdk
—rhfmhßbZms qdftkZsnqr nq oqnfqZl fdmdr hm sgd lncdk( Zmc 1( sgd ZbbtqZbx ne sgd oqdchbsdc rhfmr
Zlnmf sgd fdmdr hm sgd lncdk0 Ntq qdrtks enq sgd LBG lncdk rgnvdc sgZs sgd sno fdmdr vdqd
dmqhbgdc hm ansg fl( rdkdbsdc fdmdr hm sgd lncdk —NQ + fl07(: Zmc 1( rhfm bnmbnqcZmbd —NQ + fl08(:
vhsg Zm nudqZkk dmqhbgldms ne o + 4 × fl9�4 Zmc NQ + 1010 Sghr qdrtks rtoonqsdc sgd trd ne
Odqstqa/rdp enq oqdchbshmf sgd chqdbsdc fdmd ZrrnbhZshnmr0

Enq sgd odqltsZshnm sdrs: vd bqdZsdc 19:999 rdsr ne odqltsdc γ ax odqltshmf fdmd kZadkr0
Vd sgdm enkknvdc sgd rZld oqnfqZl rdkdbshnm Zmc rhfm Zrrhfmldmsr oqnbdrrdr: vghkd ßwhmf sgd
mtladq ne rdkdbsdc oqnfqZlr eqnl ansg oqnfqZl atqcdm deedbsr Zmc qdftkZsnq/atqcdm bnqqdkZshnm0
Hm dZbg odqltsZshnm: vd bntmsdc sgd mtladq ne sno fdmdr vgnrd rhfm ne ZrrnbhZshnm vZr bnqqdbskx
oqdchbsdc ax sgd lncdk Zmc duZktZsdc sgd dmqhbgldms nudq nsgdq fdmdr trhmf Ehrgdq=r dwZbs sdrs0
EhmZkkx: vd bnloZqdc sgd Ehrgdq=r sdrs o/uZktd ne sgd nardqudc cZsZ sn sgnrd ne sgd odqltsdc
rdsr Zmc bZkbtkZsdc sgd odqltsZshnm o/uZktd —Ehftqd Rfl9A: C: E(0 RhlhkZq sn kdZud/nmd/nts bqnrr/
uZkhcZshnm: vd nardqudc sgZs sgd nardqudc fdmdshb ZrrnbhZshnm cZsZ gZc lZmx lnqd bnmbnqcZms
fdmdr: Zknmf vhsg Z ghfgdq qZshn ne bnmbnqcZms sn chrbnqcZms oqdchbsdc rhfmr bnloZqdc sn sgd
odqltsdc cZsZ —Ehftqd Rfl9ü: B: D(0 Sgd odqltsZshnm sdrs bZm duZktZsd sgd ßs ne ntq lncdk sn sgd
fdmdshb ZrrnbhZshnm rhfmZkr0

Enq sgd odqltsdc cZsZrds: vd rkhfgskx lnchßdc sgd vZx enq oqnfqZl rdkdbshnm0 Gdqd: hmrsdZc ne
lZsbghmf enq rgds: vd bnloZqdc sgd chrsqhatshnm ne γw adsvddm sgd sno knZchmf fdmdr Zmc qZmcnlkx

22

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 24, 2025.;https://doi.org/10.1101/2025.01.22.634424doi:bioRxiv preprint



rdkdbsdc fdmdr dwoqdrrdc hm J451 trhmf sgdLZmm/VghsmdxT sdrs sn bZkbtkZsd dmqhbgldms o/uZktdr0
Rtardptdmskx: vd qZmjdc sgd oqnfqZlr aZrdc nm sgdrd o/uZktdr Zmc rdkdbsdc sgd rZld mtladq ne
sno oqnfqZlr0 Sghr gdkor sn fqdZskx roddcr to sgd oqnbdrr: Zksgntfg sgd qdrtkshmf odqltsZshnm
o/uZktd enq sgd lncdk hr onsdmshZkkx bnmrdquZshud0

Vd qZm sgd odqltsZshnm sdrsr vghkd cheedqhmf sgd oZqZldsdqr enq sgd lncdkhmf0 Sgd lncdk ßs sn
sgd cZsZ vZr qnatrs sn sgd bgnhbd ne sgd mtladq enq cdßmhmf oqnfqZl fdmdr —fl99: 199: nq 299( Zmc
sn cheedqdms sgqdrgnkcr enq cdßmhmf ghfg/deedbs fdmdr —|γ|( —Ehftqd Rfl2B(0 Vd bgnrd sgd mtladq ne
oqnfqZl fdmdr sn ad 199 Zmc sgqdrgnkc enq |γ| sn ad 90fl aZrdc nm sgd ghfgdrs ßs ne sgd lncdk0

RSDO 4. CqZvhmf fdmd/sn/oqnfqZl/sn/sqZhs lZo0

EhmZkkx: vd Zhl sn cqZv Z lZo sn hmsdqoqds sgd etmbshnmr ne sgd sqZhs/ZrrnbhZsdc fdmdr0 Gdqd: vd
hmbktcdc Zkk sgd sno ghsr vhsg |γ| < 90fl vgnrd chqdbshnm ne ZrrnbhZshnm vZr bnmbnqcZms vhsg sgZs
oqdchbsdc eqnl sgd lncdk hmsn sgd lZo —Ehftqd 5ü(0 Vgdm qdftkZsnqr gZud bnmbnqcZms qdftkZsnqx
deedbsr nm ltkshokd oqnfqZlr: vd hmbktcdc Zkk oZsgr hm sgd lZo0

TPIr6

MdZkd kZa TJA cZsZ. g//1c66vvvpmdRkdkRap-r62jha-9aRmj

Qdoknfkd ds Zk0 Odqstqa/rdp cZsZ. g//1rc661k2rp=-4rgRqdpb9l6Rq/-bkdr6:R/Rrd/6uCR11-m4u-m
=9qlR/-9mhq-bgu4dm9/x1dh1gdm9/x1dukRm:rbR1druv-/gu4dm9ldhrbRkduNdq/2qahrd+uPd1k94k
dud/uRku3z33u1q9bdrrd:uNdq/2qahrd+u:R/Rrd/r63zz3ntes

KCRB rnesvZqd. g//1rc664-/g2apb9l6a2k-j6k:rb

DMBNCD cZsZaZrd. g//1rc66vvvpdmb9:d1q9idb/p9q46

rgZo/gxodqstmd oZbjZfd. g//1rc664-/g2apb9l6bdqkxlRqb96rgR1hgx1d/2md

Fdmd dwoqdrrhnm hm rhmfkd bdkk sxodr. g//1rc66vvvp1q9/d-mR/kRrp9q46g2lRm1q9/d9ld6r-m4kd.
bdkk./x1d

BdkkwFdmd Chrbnudq bdmrtr. g//1rc66bgRmy2bjdqadq4p4-/g2ap-96bdkkw4dmdhbdmr2r6

FdmdEnqldq dladcchmf dwsqZbsnq lnctkd. g//1rc664dmd=9qldqpqdR:/gd:9brp-96dm6kR/dr/6
4dmd=9qldqpdlaudw/qRb/9qpg/lk
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�bimnvkdcfldmsr

Sghr qdrdZqbg gZr addm bnmctbsdc trhmf sgd TJ AhnaZmj qdrntqbd tmcdq ZookhbZshnm mtladq
412630 Vd tshkhydc sgd ükk ne Tr qdrntqbd tmcdq vnqjroZbd HC Znt/qv/b29aZ82a0 Vd Zqd fqZsd/
etk sn U0 F0 RZmjZqZm enq uZktZakd eddcaZbj nm Zm dZqkhdq cqZes ne sgd lZmtrbqhos: Zmc I0 Dmfqdhsy:
G0 LnrsZeZuh: Q0 Ygt: Q0 Knody: M0 Lhkhmc: B0 I0 Rlhsg: Zmc ldladqr ne sgd OqhsbgZqc kZa enq gdko/
etk bnmudqrZshnmr: Zmc S0 SnkoZ enq gdko vhsg sgd ßftqd cdrhfm0 Sghr vnqj vZr etmcdc ax fqZmsr
Q9flGF997fl39: Q9flGF9flfl321: Zmc T9flGF9fl19580 ü0 L0 qdbdhudc etmchmf eqnl sgd Rhlnmr Entm/
cZshnm: Kknxc I0 Nkc RSüQ üvZqc —BZmbdq QdrdZqbg Hmrshstsd(: OZqjdq Hmrshstsd enq BZmbdq Hl/
ltmnsgdqZox: HmmnuZshud Fdmnlhbr Hmrshstsd: KZqqx K0 Ghkkaknl EntmcZshnm —fqZms 1919/C/991/
MDS(: Mnqsgdqm BZkhenqmhZ ICQE Bdmsdq ne Dwbdkkdmbd: sgd Axdqr eZlhkx: J0 InqcZm Zmc sgd BQHROQ
Btqdr enq BZmbdq HmhshZshud0 L0 N0 hr rtoonqsdc ax ürsdkkZr EntmcZshnm enq QdrdZqbg nm LdsZankhb
Chrnqcdq Zmc BgtfZh EntmcZshnm enq HmmnuZshud Cqtf Chrbnudqx Rbhdmbd0 D0 C0 hr rtoonqsdc ax Zm
DLAN OnrscnbsnqZk Edkknvrgho0
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RtookdldmsWqx LWsdqhWk

RtookdldmsWqx Mnsdr

FV�R dmqhbgldms sn fdmd qdftkWsnqx mdsvnqir eqnl Odqstqa,rdp6

Oqduhntr rstchdr gZud hmudrshfZsdc sgd dmqhbgldms ne FVüR rhfmZkr sn sgd oqnfqZlr Zmc qdft/
kZsnqr hcdmshßdc ax Odqstqa/rdp )17-29[ —Zmc qdkZsdc oZodqr )16: 2fl[(0 Bnmrhrsdms vhsg ntq FVüR
ZmZkxrhr gdqd: sgd oqduhntr rstchdr sgZs Zhldc sn khmj FVüR sn Odqstqa/rdp gZud fdmdqZkkx entmc
rhfmhßbZms dmqhbgldms Zs sgd oqnfqZl kdudk: ats khlhsdc dmqhbgldms ne qdftkZsnqr0 Vd chrbtrr
rnld ne sgd jdx oZodqr gdqd.

ü ohnmddqhmf rstcx ax Rbgmhsykdq ds Zk0 )17[ sdrsdc sgd dmqhbgldms ne bnqnmZqx Zqsdqx chrdZrd
FVüR uZqhZmsr sn oqnfqZlr Zmc qdftkZsnqr hcdmshßdc eqnl Odqstqa/rdp hm sdknldqZrd/hllnqs/
Zkhydc gtlZm Znqshb dmcnsgdqhZk bdkkr: vgdqd sgdx odqstqadc fl:55fl fdmdr bknrd sn FVüR ghsr0 Sgdx
Zookhdc bMLE sn sgdhq cZsZrds Zmc hcdmshßdc ßud nts ne 49 oqnfqZlr enq vghbg sgd tmhnm ne oqn/
fqZl Zmc qdftkZsnq fdmdr rgnvdc rhfmhßbZms dmqhbgldms sn FVüR/khmjdc fdmdr0 Sgdhq rhfmZk vZr
oqhlZqhkx cqhudm ax FVüR ghsr Zs sgd oqnfqZl kdudk: Zmc hm snsZk nmkx rhw qdftkZsnqr nudqkZoodc
FVüR/khmjdc fdmdr enq sgd ßud dmqhbgdc oqnfqZlr0 Trhmf qdkZshnmrghor adsvddm qdftkZsnqr Zmc
oqnfqZlr hmedqqdc eqnl sgd Odqstqa/rdp cZsZ: sgdx oqnonrdc Z qdftkZsnqx oZsgvZx sgZs bnmsqnkr
jdx oqnfqZlr: ats sghr nmkx bnmsZhmdc svn FVüR/khmjdc fdmdr0 Vghkd sgd Ztsgnqr rtbbdrretkkx
uZkhcZsdc sgd qnkdr ne sgdrd jdx qdftkZsnqr —BBL1 Zmc SKMQCfi( hm Zsgdqnrbkdqnrhr dshnknfx: hs lZx
ad cheßbtks sn fdmdqZkhyd sghr ZooqnZbg sn bnmmdbs qdftkZsnqx oZsgvZxr sn sqZhsr Zs fdmnld/rbZkd0

XZn ds Zk0 )29[ odqenqldc Odqstqa/rdp hm SGOfl bdkkr vhsg nq vhsgnts KOR rshltkZshnm: vgdqd
sgdx odqstqadc 487 fdmdr hm Z bdkk/onnkdc dwodqhldms0 Sgdx hcdmshßdc sgqdd lnctkdr ne qdftkZsnqr
sgZs gZc rhlhkZq deedbsr nm sqZmrbqhoshnmZk oqnfqZlr0 Nmd lnctkd —fdmdr sgZs rtooqdrr sgd KOR
qdronmrd( vZr entmc sn ad dmqhbgdc enq onkxfdmhb rhfmZkr enq 1 nts ne 53 sdrsdc sqZhsr —kxlognbxsd
Zmc mdtsqnoghk odqbdmsZfdr( hm Zm ZmZkxrhr trhmf rb/khmjdq )83[0 Onrhshud qdftkZsnqr ne sgd KOR
qdronmrd chc mns rgnv dmqhbgldms sn Zmx ne sgd sqZhsr0 Hm bnmsqZrs: sgdx nardqudc lZmx dwZlokdr
ne cnvmrsqdZl fdmd rhfmZstqdr —fdmdr vgnrd dwoqdrrhnm hr Zeedbsdc ax JC ne Z enbZk fdmd( sgZs
vdqd dmqhbgdc sn uZqhntr sqZhsr? chrdZrdr0

Fdhfdq/Rbgtkkdq ds Zk0 )18[ odqenqldc Odqstqa/rdp hm lntrd oqhlZqx cdmcqhshb bdkkr: sZqfdshmf
fl:fl29 fdmdr ZrrnbhZsdc vhsg D2 khfZrdr0 Sgdx sdrsdc sgd dmqhbgldms ne lnctkdr ne qdftkZsnqr sn
onkxfdmhb qhrj ne 59 sqZhsr?chrdZrdr vhsg rb/khmjdq )83[ Zmc LüFLü )84[: Zmc sgdx qdonqsdc sgZs
nmd qdftkZsnq fdmd lnctkd vZr dmqhbgdc Zbqnrr Zkk sqZhsr: vhsg qdkZshudkx ghfgdq dmqhbgldms sn
hlltmd ldchZsdc chrdZrdr0 Hm bnmsqZrs: oqnfqZl fdmdr rgnvdc lnqd sqZhs/rodbhßb dmqhbgldms
oZssdqmr0

üksgntfg sgdrd rstchdr trdc cheedqdms dwodqhldmsZk Zmc ZmZkxshbZk oqnsnbnkr: sgdhq nardquZ/
shnmr gZud rhlhkZqhshdr. cdrohsd sqZhs/rodbhßb dmqhbgldms ne bn/qdftkZsdc fdmd oqnfqZlr: oqnfqZl
qdftkZsnqr chc mns rgnv dmqhbgldms sn FVüR rhfmZkr: nq Zmx dmqhbgldms sgZs vZr entmc vZr mns
sqZhs/rodbhßb0

Vd oqnonrd sgZs sgd cheßbtkshdr hm hcdmshexhmf sqZhs/rodbhßb qdftkZsnqr eqnl FVüR dmqhbgldms
ZmZkxrdr Zqhrd eqnl svn Zrodbsr0 Ehqrs: enq FVüR rhfmZkr: dmqhbgldms sdrsr bZmmns Zbbntms enq
sgd chqdbshnm ne ZrrnbhZshnm ne fdmdr0 ür nardqudc hm sgd rstchdr Zanud )18:29[ Zmc hm ntq ZmZkxrhr:
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fdmdr nesdm gZud qdftkZsnqx deedbsr nmltkshokd oqnfqZlrvhsg cheedqdms chqdbshnmr0 übbntmshmf enq
sgdrd chqdbshnmZk deedbsr lZx ad hlonqsZms mns nmkx enq fZhmhmf onvdq hm sgd dmqhbgldms ZmZkxrhr
ats Zkrn enq tmcdqrsZmchmf sgd sqZhs/rodbhßb dmqhbgldms0 Rdbnmc: sgd bhr/deedbs rhyd ne bnllnm
uZqhZmsr nm fdmd cnrZfd hr dwodbsdc sn ad rlZkkdq sgZm sgZs ne KnE uZqhZmsr0 Etqsgdqlnqd: sgd
sqZmr deedbsr ne fdmdr Zqd mns khmdZq hm qdkZshnm sn fdmd cnrZfd enq lZmx fdmdr: Z ogdmnldmnm
jmnvm Zr ateedqhmf )53: 54[0 Sgtr: sgd qZmjhmf ne FVüR sno ghsr aZrdc nm sgdhq deedbs rhyd nm sgd
sqZmr oqnfqZl lZx mns Zkhfm vhsg sgd qZmjhmf ne sgd bhr/fdmd=r sqZmr deedbs nm sgd oqnfqZl tmcdq
sgd JC dwodqhldmsr0 Snfdsgdq: sgd sno ghsr oqhnqhshydc ax FVüR lZx mns nudqkZo vdkk vhsg sgd
sno qdftkZsnqr hm Odqstqa/rdp: Zmc KnE atqcdm sdrs bntkc ad Z fnnc ZksdqmZshud enq hs0

MdfWshud,eddcaWbi Wmc bn,qdftkWshnm Wbqnrr oWsgvWxr dwokWhm PCV WrrnbhWshnmr6

Hm QCV: sgd gdlnfknahm rxmsgdrhr oqnfqZl dwghahsdc Z chrbnqcZms dmqhbgldms oZssdqm hm qdftkZsnq/
atqcdm bnqqdkZshnm Zmc oqnfqZl atqcdm deedbsr —Ehftqd 3C(0 Onrhshud oqnfqZl atqcdm deedbsr hmch/
bZsd sgZs sgd chrqtosdc gdlnfknahm rxmsgdrhr oqnbdrr kdZcr sn ghfgdq QCV0 Bnmrhcdqhmf sgZs QCV
hr cdßmdc Zr sgd rsZmcZqc cduhZshnm ne dqxsgqnhc rhyd: vghbg ptZmshßdr sgd ptZkhsx ne dqxsgqnbxsdr:
sghr nardqudc chqdbshnm lZjdr ahnknfhbZk rdmrd0 Gnvdudq: sgd qdftkZsnq/atqcdm bnqqdkZshnm hmch/
bZsdc sgZs to/qdftkZshnm ne gdlnfknahm rxmsgdrhr oqnfqZl qdrtksr hm ghfgdq QCV0 Sgdrd qdrtksdc
hm rddlhmfkx chrbnqcZms dmqhbgldms oZssdqm0 Gnv bZm vd hmsdqoqds sghr nardquZshnm“

Gdqd: qdftkZsnqr ne sgd gdlnfknahm rxmsgdrhr oqnfqZl Zkrn gZc deedbsr nm sgd üSO/cdodmcdms
Zbshuhsx oqnfqZl: sgd nsgdq dmqhbgdc oqnfqZl0 Gnvdudq: qdftkZsnqr ne sgd üSO Zbshuhsx oqnfqZl
chc mns gZud rhfmhßbZms deedbsr nm sgd gdlnfknahm rxmsgdrhr oqnfqZl: nm ZudqZfd —Ehftqd R5C(0
Sghr oZssdqm rtffdrsr Z chqdbshnmZk qdkZshnmrgho eqnl gdlnfknahm rxmsgdrhr oqnfqZl Zbshuhsx sn
üSO Zbshuhsx: bnqqdronmchmf sn sgd ahnknfhbZk mdfZshud eddcaZbj nardqudc adsvddm sgdrd svn oZsg/
vZxr )85[0 Vd Zookhdc Z bZtrZk hmedqdmbd ldsgnc nqhfhmZkkx trdc enq hmsdqoqdshmf FVüR sno uZqh/
Zms ZrrnbhZshnmr )81[ sn ntq bZrd —Ldsgncr( Zmc hmcddc nardqudc sgZs sgd bZtrZk lncdk vZr fl95

shldr lnqd khjdkx sgZm sgd mnm/bZtrZk lncdkr0 Sgtr: sgd qdftkZsnqx oZssdqmr hm sgd Odqstqa/rdp
cZsZ rtffdrsdc Z mdfZshud eddcaZbj eqnl sgd gdlnfknahm rxmsgdrhr oZsgvZx sn sgd üSO Zbshuhsx
oZsgvZx0

Hm rtbg bZrd: qdftkZsnqr ne sgd gdlnfknahm rxmsgdrhr oqnfqZl hloZbs nm QCV sgqntfg sgdhq
deedbs nm üSO Zbshuhsx0 Hs bZm qdrtks hm chrbnqcZms qdftkZsnq dmqhbgldms enq sgd gdlnfknahm oqnfqZl
hm sgd lZqfhmZk sdrs0

Hm Zcchshnm: qdftkZsnqr ne sgd üSO Zbshuhsx Zmc ZtsnogZfx oqnfqZlr Zqd ghfgkx rgZqdc0 Sgd
ltkshokd qdfqdrrhnm lncdk rtffdrsdc sgZs ZtsnogZfx qdftkZshnm gZr sgd kZqfdrs deedbs nm QCV
Zlnmf sgdrd oqnfqZlr —Ehftqd R5C(0

Hm fdmdqZk: vgdm sqZhs/qdkduZms oqnfqZlr Zqd bnmmdbsdc ax sghr jhmc ne eddcaZbj knno Zmc?nq
bn/qdftkZshnm: hs bZm qdrtks hm rddlhmfkx chrbnqcZms dmqhbgldms0

NudqkWo ne oqnfqWl fdmdr Wmc qdftkWsnq fdmdr hm sgd lncdk6

üksgntfg mns udqx eqdptdms: rnld ne sgd fdmdr vdqd ansg sno/knZchmf oqnfqZl fdmdr Zmc rhfmhe/
hbZms qdftkZsnqr hm sgd rdkdbsdc lncdk enq sgd sqZhs hm sgd fdmd/sn/oqnfqZl/sn/sqZhs lZo —Ehftqd R8
enq LBG(0 Rhmbd vd bZmmns ptZmshex sgd oqnfqZl fdmd JC deedbs nm oqnfqZl etmbshnm: tmkhjd hsr
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dwoqdrrhnm kdudkr: hs hr cheßbtks sn oqdchbs sgd snsZk deedbsr ne sgd fdmd nm sgd sqZhs Zmc sgd rhfmr ne
ZrrnbhZshnmr hm sghr bZrd0

Hm rtbg bZrdr: vd oqhnqhshydc sgd rhfmr ne oqnfqZl atqcdm deedbsr: aZrdc nm sgd Zrrtloshnm sgZs
sgd fdmd deedbsr nm oqnfqZl etmbshnmr Zqd fdmdqZkkx kZqfdq sgZm sgdhq qdftkZsnqx deedbsr nm nsgdq
oqnfqZlr0

Enq dwZlokd: ONKD vZr nmd ne sgd sno/knZchmf oqnfqZl fdmdr enq sgd R ogZrd bdkk bxbkd oqn/
fqZl0 üs sgd rZld shld: hs vZr Z mdfZshud qdftkZsnq enq ansg sgd gdlnfknahm rxmsgdrhr oqnfqZl
Zmc sgd ZtsnogZfx oqnfqZl0 Sgdrd oqnfqZlr vdqd Zkk ZrrnbhZsdc vhsg LBG0

ür sgd rhfm ne ZrrnbhZshnm ne sgd R ogZrd oqnfqZl vhsg LBG: oqdchbsdc eqnl oqnfqZl atqcdm
deedbsr: vZr qdoqdrrhmf: sgd oqdchbsdc chqdbshnm ne ONKD enq LBG Zr Zm R ogZrd oqnfqZl fdmd vZr
*qdoqdrrhmf*0

Nm sgd bnmsqZqx: sgd qdftkZsnq/atqcdm bnqqdkZshnm hmchbZsdc sgZs sgd ptZmshsx ne sgd gdlnfknahm
rxmsgdrhr oqnfqZl vZr onrhshudkx ZrrnbhZsdc vhsg LBG: vghkd sgd ZtsnogZfx oqnfqZl vZr mdfZ/
shudkx ZrrnbhZsdc0 Sgtr: sgd qdftkZsnqx deedbsr ne ONKD nm sgdrd svn oqnfqZlr bZmbdkdc dZbg nsgdq
nts: kdZchmf sn ntq oqdchbsdc rhfmr ne sgd deedbsr ne ONKD nm LBG Zr Z qdftkZsnq adhmf vdZjkx
*ZbshuZshmf*0

Hm ntq lncdk: vd oqdchbsdc sgZs hsr deedbs nm LBG vZr *qdoqdrrhmf* Zr vd oqhnqhshyd sgd rhfmr
eqnl oqnfqZl atqcdm deedbsr0 Hm sghr bZrd: hs vZr bnmbnqcZms vhsg sgd nardqudc γ ne sghr fdmd nm
LBG0

Hm bnmsqZrs: QCV vZr nmkx ZrrnbhZsdc vhsg ONKD uhZ hsr qdftkZsnqx deedbsr nm sgd ZtsnogZfx
oqnfqZl0 ükrn hm sghr bZrd: sgd rhfm ne ZrrnbhZshnm vZr oqdchbsdc bnmrhrsdmskx eqnl sgd lncdk0

Sgtr: hm sghr bZrd: sgd oqdchbsdc chqdbshnmr ne ONKD ZrrnbhZshnmr vhsg sgd sqZhsr vdqd bnqqdbs enq
ansg sqZhsr0 Gnvdudq: sghr ZrrtloshnmlZx mns ZkvZxr gnkc sqtd0 Enq dwZlokd: Z fdmd bn/qdftkZsdc
vhsg nsgdq etmbshnmZk oqnfqZl fdmdr lZx mns gZud chqdbs deedbsr nm oqnfqZl etmbshnmr ax hsrdke0

�rrnbhWshnm ne LJB1�S vhsg LBG Wmc PCV6

KnE ne RKB3�fi gZc sgd rsqnmf deedbsr nm LBG Zmc QCV hm sgd rZld chqdbshnm —Ehftqd 1C(: hm
bnmsqZrs sn sgd mdfZshud fdmdshb bnqqdkZshnm ne sgdrd sqZhsr0 RKB3�fi dmbncdr Z bdkk rtqeZbd oqnsdhm
dwoqdrrdc nm dqxsgqnbxsdr0 KnE ne nmd bnox ne sghr fdmd hr Z jmnvm bZtrd ne gdqdchsZqx rogdqn/
bxsnrhr )86[0 Rogdqnbxsnrhr kdZcr sn sgd rdbnmcZqx gdlnkxrhr: vghbg bZm hmbqdZrd ansg QCV Zmc
LBG )86[0 Hm sghr bZrd: sghr fdmd Zeedbsr sgdrd sqZhsr mns sgqntfg sgd qdftkZshnm ne nsgdq fdmdr0 üs
sgd rZld shld: Z ptZmshsZshud bgZmfd hm sghr fdmd lZx mns ad khmdZqkx ZrrnbhZsdc vhsg sgd sqZhs–enq
hmrsZmbd: Z 19’ cdbqdZrd hm fdmd cnrZfd lZx mns qdrtks hm gdlnkxrhr0 Sgd etmbshnm ne sghr sxod
ne fdmd nm sgd sqZhs bZmmns ad hmudrshfZsdc rnkdkx sgqntfg Odqstqa/rdp, dwodqhldmsZk Zmc bkhmhbZk
jmnvkdcfd hr mddcdc sn bnlokdldms hs0
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RtookdldmsWqx Ehftqdr6

RtookdldmsWqx SWakdr6

SZakd Rfl. �mmnsWshnm ne bMLE oqnfqWlr sn ahnknfhbWk oWsgvWxr6

SZakd R1. Ihrs ne bnmsqnk sqWhsr6
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Ehftqd Rfl. �mWkxrhr ne sgd gdqhsWahkhsx ne ltkshokd sqWhsr eqnl FV�R. qdkWsdc sn Ehftqd fi6 �-
GdqhsZahkhsx dmqhbgldms ne TJA sqZhsr sn fi7 oqhlZqx gdlZsnonhdshb bdkk sxodr )64[ Zmc J4510 GdqhsZahkhsx dmqhbgldms
vZr drshlZsdc vhsg R/KCRB ax Zcchmf dZbg ZmmnsZshnm sn sgd aZrdkhmd lncdk0 SqZhsr ZrrnbhZsdc vhsg sgd lnqognknfx
nq ptZmshsx ne QAB: lnmnbxsd;fqZmtknbxsd nq okZsdkds Zqd kZadkdc nm sno0 Ansg bdkk sxodr -qnvr( Zmc sqZhsr -bnktlmr(
Zqd ghdqZqbghbZkkx bktrsdqdc aZrdc nm sgdhq oZssdqmr ne dmqhbgldms0 J451 rgnvdc sgd bknrdrs rhlhkZqhsx sn LDO0 A-
RhlhkZqhsx ne nodm bgqnlZshm qdfhnmr ne oqhlZqx bdkk sxodr sn J4510 Oknssdc Zqd IZbbZqc hmcdw: vghbg bZostqdr sgd
oqnonqshnm ne nodm bgqnlZshm qdfhnmr sgZs Zqd rgZqdc vhsg J4510 B- Fdmdshb bnqqdkZshnm Zbqnrr sqZhsr vghbg vdqd
dmqhbgdc sn J451 hm R/KCRB ZmZkxrhr0
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Ehftqd R1. OWsgvWx dmqhbgldmsr enq aknnc sqWhs WrrnbhWshnmr6. qdkWsdc sn Ehftqd 1 �- Fdmdshb Zrrnbh/
Zshnmr hcdmshzdc eqnl TJA FV�R enq QCV0 UZqhZmsr knbZsdc vhsghm Z fi99 jao vhmcnv bdmsdqdc nm sgd sqZmrbqhoshnm
rsZqs rhsd ne sgd fdmdr hm sgd fdmd rds Zqd bnknqdc0 A- Fdmd ZrrnbhZshnm vhsg QCV eqnl TJA KnE atqcdm sdrs0 Bnknqr
hmchbZsd sgd rZld fdmd rdsr Zr �(0 Fdmdr kZadkdc gZud ECQ % 909fi Zmc adknmf sn sgd fdmd rdsr0 B- OZsgvZx dmqhbgldms
ne FV�R Zmc KnE atqcdm sdrs sno fdmdr enq QCV0 Enq FV�R: sgd bknrdrs fdmdr eqnl sgd hmcdodmcdms sno uZqhZmsr
vdqd trdc0 Enq sgd KnE atqcdm sdrs: fdmdr vdqd qZmjdc ax sgd Zarnktsd onrsdqhnq deedbs rhyd Zesdq FdmdAZxdr: Zmc sgd
rZld mtladq ne fdmdr Zr hm FV�R vZr trdc0 C- Fdmdshb ZrrnbhZshnmr hcdmshzdc eqnl TJA FV�R enq HQE0 UZqhZmsr
knbZsdc vhsghm Z fi99 jao vhmcnv bdmsdqdc nm sgd sqZmrbqhoshnm rsZqs rhsd ne sgd fdmdr hm sgd fdmd rds Zqd bnknqdc0 D-
Fdmd ZrrnbhZshnm vhsg HQE eqnl TJA KnE atqcdm sdrs0 Bnknqr hmchbZsd sgd rZld fdmd rdsr Zr C(0 Fdmdr kZadkdc gZud
ECQ % 904 Zmc adknmf sn sgd fdmd rdsr0 E- OZsgvZx dmqhbgldms ne FV�R Zmc KnE atqcdm sdrs sno fdmdr enq HQE0 Enq
FV�R: sgd bknrdrs fdmdr eqnl sgd hmcdodmcdms sno uZqhZmsr vdqd trdc0 Enq sgd KnE atqcdm sdrs: fdmdr vdqd qZmjdc ax
sgd Zarnktsd onrsdqhnq deedbs rhyd Zesdq FdmdAZxdr: Zmc sgd rZld mtladq ne fdmdr Zr hm FV�R vZr trdc0
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Ehftqd R2. DuWktWshnm ne FdmdAWxdr. qdkWsdc sn Ehftqd 1 Wmc 26 �- BnloZqhrnm ne FV�R Zmc KnE
atqcdm sdrs ZrrnbhZshnmr enq LBG0 Vd snnj sgd lhmhltl FV�R o/uZktd vhsghm Zm KC aknbj: Zmc sgd lhmhltl KnE
atqcdm sdrs o/uZktd enq Zmx fdmd sgZs nudqkZor sgd KC aknbj0 Cnssdc khmdr hmchbZsd o + 4× fl9�7 enq FV�R Zmc o
+ 4× fl9�3: vghbg bnqqdronmcr sn Zm ECQ ne 90fi enq sgd KnE atqcdm sdrs0 Mtladqr ne aknbjr hm dZbg ptZcqZms Zqd
cdohbsdc nm sgd sno qhfgs bnqmdq0 o/uZktd hr eqnl Z svn/rhcdc Ehrgdq=r dwZbs sdrs0 A- Rhfm bnmbnqcZmbd ne atqcdm sdrs
sno ghsr hm �kk Ne Tr0 Sgd qdrtks hr enq QCV0 Vd qZmjdc sgd fdmdr aZrdc nm Zarnktsd atqcdm sdrs deedbs rhyd hm TJA:
dhsgdq adenqd nq Zesdq FdmdAZxdr: Zmc Zrrdrrdc sgd eqZbshnm ne fdmdr sgZs gZc sgd rZld rhfm ne ZrrnbhZshnmr hm �kk Ne Tr0
B- Dmqhbgldms ne FN Zmc LrhfCa gZkklZqj oZsgvZxr enq fdmdshb ZrrnbhZshnmr hm LBG: adenqd -kdes( nq Zesdq -qhfgs(
FdmdAZxdr0 Enq FV�R: sgd bknrdrs fdmdr sn sgd kdZc ghsr vdqd nqcdqdc ax o/uZktdr0 Enq sgd KnE atqcdm sdrs: vgdsgdq
nq mns FdmdAZxdr vZr Zookhdc: fdmdr vdqd nqcdqdc ax Zarnktsd deedbs rhydr0 Enq ansg FV�R Zmc KnE: sgd sno 199 fdmdr
vdqd trdc enq sgd dmqhbgldms ZmZkxrdr0 C- Dmqhbgldms ne sno 199 fdmdr eqnl FV�R nq KnE sno ghsr vhsg nq vhsgnts
Zookxhmf FdmdAZxdr sn qdoqdrdmsZshud oZsgvZxr0 D- QdftkZsnq/atqcdm bnqqdkZshnm enq LBG hr bnloZqdc vhsg sgdhq γ
enq LBG0 RZld bnloZqhrnm vhsg Ehftqd 2B: ats sghr shld trhmf γ adenqd Zookxhmf FdmdAZxdr0 Cnssdc khmdr hmchbZsd
sgd rZld sgqdrgnkc vhsg Ehftqd 2B0 E- BnqqdkZshnm rhfmhzbZmbd ne GA�fi qdftkZsnqx deedbsr vhsg fdmd deedbsr Zbqnrr Z
uZqhdsx ne sqZhsr0 RZld bnloZqhrnm vhsg Ehftqd R3�: ats sghr shld trhmf γ adenqd Zookxhmf FdmdAZxdr0 Cnssdc khmd
hmchbZsdr sgd rZld sgqdrgnkc vhsg Ehftqd R3�0 31

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 24, 2025.;https://doi.org/10.1101/2025.01.22.634424doi:bioRxiv preprint



Ehftqd R3. PdkduWmbd ne fdmd qdftkWsnqx deedbsr nm sqWhs WrrnbhWshnmr. qdkWsdc sn Ehftqd 26 �-
Dmqhbgldms ne gdlnfknahm ldsZankhrl fdmdrds enq FV�R Zmc KnE kdZc ghsr0 Enq ansg FV�R bknrdrs fdmdr Zmc sgd KnE
atqcdm sdrs: fdmdr vdqd qZmjdc ax ZrrnbhZshnm o/uZktdr: Zmc sno fdmd dmqhbgldms enq sgd fdmdrds vZr Zrrdrrdc trhmf
Ehrgdq=r dwZbs sdrs0 Dqqnq aZqr hmchbZsd 84’ bnmzcdmbd hmsdquZkr0 A- BnqqdkZshnm rhfmhzbZmbd ne GA�fi qdftkZsnqx
deedbsr vhsg fdmd deedbsr -γ( Zbqnrr Z uZqhdsx ne sqZhsr0 B- Fdmnld/vhcd PP/oknsr enq atqcdm/qdftkZsnq bnqqdkZshnmr
enq Z vhcd uZqhdsx ne sqZhsr0 DZbg cns hmchbZsdr nmd fdmd0 AkZbj rnkhc khmd hmchbZsdr sgd ldchZm Zbqnrr dZbg bZsdfnqx
ne sqZhsr0 Enq rdqtl ahnlZqjdq sqZhsr: 4 sqZhsr vghbg rgnvdc dwsdmrhud ZrrnbhZshnm vhsg LJH56 qdftkZsnqx deedbsr Zqd
oknssdc rdoZqZsdkx0 C- BnqqdkZshnm rhfmhzbZmbd ne LJH56 qdftkZsnqx deedbsr vhsg fdmd deedbsr Zbqnrr Z uZqhdsx ne sqZhsr0
Cnssdc khmd hmchbZsdr sgd sgqdrgnkc enq Anmedqqnmh rhfmhzbZmbd0

32

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 24, 2025.;https://doi.org/10.1101/2025.01.22.634424doi:bioRxiv preprint



Ehftqd R4. �mmnsWshnm ne oqnfqWlr ax sqWmrbqhoshnm eWbsnq ahmchmf rhsdr. qdkWsdc sn Ehftqd 36 �-
Mtladq ne bMLE bnlonmdmsr ZfZhmrs rnktshnm rsZahkhsx ldZrtqdc ax sgd dtbkhcdZm chrsZmbd rhkgntdssd rbnqd ne sgd
bktrsdqhmf: Zmc Eqnadmhtr dqqnq ne sgd bnmrdmrtr rnktshnm: ntsotssdc ax bMLE0 A- Dmqhbgldms ne sqZmrbqhoshnm eZbsnq
ahmchmf rhsdr sn oqnfqZl fdmdr0 MZqqnv odZjr eqnl BgHO/rdp ne sqZmrbqhoshnm eZbsnqr -SE( hm J451 bdkkr vdqd trdc sn
bZkbtkZsd sgd dmqhbgldms -Ldsgncr(0 Enq rhfmhzbZmskx dmqhbgdc SE/oqnfqZl oZhqr -ECQ % 9094(: vd sdrsdc sgd deedbs ne
jmnbjcnvm ne sgd SE nm oqnfqZl Zbshuhsx Zmc lZqjdc Zm Zrsdqhrj he sgd JC Zkrn gZc Zm deedbs hm sgd dwodbsdc chqdbshnm,
sgZs hr: he sgd JC ne Zm ZbshuZsnq sqZmrbqhoshnm eZbsnq cdbqdZrdc sgd oqnfqZl Zbshuhsx -o % 9094(: vd lZqjdc hs: Zmc uhbd
udqrZ enq qdoqdrrnq0
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Ehftqd R5. �rrnbhWshnm ne oqnfqWlr Wmc qdftkWsnqr vhsg sqWhsr. qdkWsdc sn Ehftqd 46 �- Bn/qdftkZshnm
oZssdqm adsvddm R ogZrd Zmc ZtsnogZfx oqnfqZlr0 DZbg cns hr Z fdmd sgZs gZr rhfmhzbZms qdftkZsnqx deedbsr nm R
ogZrd oqnfqZl0 A- Deedbsr ne bdkk bxbkd oqnfqZl fdmdr JC nm bdkktkZq fqnvsg0 Fqnvsg rbqddmhmf cZsZ vdqd nasZhmdc
eqnl Zm hmcdodmcdms dwodqhldms trhmf J451 )46[0 Sgd deedbs rhyd hr Z mnqlZkhydc ldZrtqd ne sgd hloZbs ne JC nm
bdkktkZq fqnvsg bnloZqdc sn vhkc sxod: cdmnsdc Zr fZllZ hm sgd nqhfhmZk lZmtrbqhos0 B- Deedbsr ne oqnfqZl fdmdr
JC nm bdkktkZq fqnvsg )46[0 Gdqd: enq dZbg oqnfqZl: vd bqdZsdc fi99:999 rdsr ne bnmsqnk fdmdr lZsbgdc enq Rgds Zmc
bnloZqdc sgd ldZm deedbsr nm bdkktkZq fqnvsg0 C- Bn/qdftkZshnm oZssdqm adsvddm �SO cdodmcdms Zbshuhsx: gdlnfknahm
rxmsgdrhr Zmc ZtsnogZfx oqnfqZlr0 Fdmdr vhsg qdftkZsnqx deedbsr nm gdlnfknahm oqnfqZl Zbshuhsx Zkrn gZc deedbsr
nm �SO Zbshuhsx: ats sgd noonrhsd vZr mns sqtd0 Qhfgs. RbgdlZshbr enq qdftkZsnq ZrrnbhZshnm vhsg sgd oqnfqZlr Zmc
sqZhs0 D- Chrsqhatshnm ne atqcdm sdrs deedbs rhydr enq LBG -kdes( nq QCV -qhfgs( enq onrhshud qdftkZsnqr ne ZtsnogZfx
oqnfqZl0 Mnsd sgZs sgd mtladq ne onrhshud qdftkZsnqr hr ltbg rlZkkdq sgZm sgZs ne mdfZshud qdftkZsnqr -Ehftqd 4I(0
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Ehftqd R6. UWqhWmbd dwokWhmdc ax ltkshokd oqnfqWl qdftkWsnqr6 �- Vd rokhs sgd fdmdr hmsn Z sqZhmhmf
rds Zmc Z sdrs rds: Zmc zssdc ltkshokd nq rhmfkd qdfqdrrhnm lncdkr sn sdrs sgd ZrrnbhZshnm adsvddm sgd fdmd qdftkZsnqx
deedbsr nm sgd oqnfqZl-r( Zmc sgd fdmd deedbsr nm sgd sqZhs -γ(0 Vd duZktZsdc sgd uZqhZmbd dwokZhmdc ax sgd lncdk
trhmf sgd sdrs fdmd rds0 A4B- UZqhZmbd dwokZhmdc ax sgd qdfqdrrhnm lncdkr enq LBG -A( Zmc QCV -B(0 *OqnfqZlr:
rdkdbsdc* qdedqr sn sgd oqnfqZlr rdkdbsdc eqnl sgd qdftkZsnq/atqcdm bnqqdkZshnmr hm sgd fdmd/sn/oqnfqZl/sn/sqZhs lZo0
*OqnfqZlr: qZmcnl* qdedqr sn sgd qZmcnlkx rdkdbsdc rdsr ne ltkshokd oqnfqZlr0 Rhmfkd oqnfqZlr rgnvm Zqd sgd sno 4
oqnfqZlr Zr sn sgd uZqhZmbd dwokZhmdc0 Dqqnq aZqr hmchbZsd fl085× rsZmcZqc dqqnqr0
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Regulator-burden correlation Program burden effects

Programs selected by step-wise regression

γx ~ w1βx→P1+ w2βx→P2+ w3βx→P3

X1

X6
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MCH
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w
1
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w
1
βx2→P1

Predicted total
regulatory effects

βx1→P1 P5

P3

Programs selected by program burden effects

X7
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γ

γ

γ

X10

X10 X11

X11

X1 X2 X5X3 X4 X6 X9X7 X8... ...

X11X2 X3 X4 X6 X9... ...

Regulators Program genes

γ (top hits of LoF burden test)

Test directional concordance
Predicted effects

Gene-to-program-to-trait map

Ehftqd R7. RbgdlWshbr enq lWihmf ltkshokd oqnfqWl WrrnbhWshnm lncdk6
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synthesis

P40 Hemoglobin
synthesis

P16 Autophagy
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HBA1
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CCNF

Positive regulators
(USP10)
(XPOT)

BPGM
UBE2D3

Positive regulators
HSPA9
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MED23
(MTOR)
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(SALL4)
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CBFA2T3
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Negative regulators
MED14
MED17
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Negative regulators
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EIF3F
EIF3M
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MED13L
MED14
MED17
MED26
(MTOR)
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RNF20
(RPTOR)
RTTN
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SYMPK
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TRAPPC10
WDFY3

CLSPN
(EEF2)
POLE

Programsselectedby
programburdeneffects

Programsselectedby
regulator-burdencorrelation

(x): genes discordant to the whole model

Direcrtionsdeterminedby
programburdeneffects

Direcrtionsdeterminedby
regulator-burdencorrelation

Ehftqd R8. OqnfqWlr rdkdbsdc enqlncdkhmfLBG WrrnbhWshnmr6 OqnfqZlr vdqd rdkdbsdc aZrdc nm oqnfqZl
atqcdm deedbsr -kdes( nq qdftkZsnq/atqcdm bnqqdkZshnmr -qhfgs(0 Enq dZbg oqnfqZl: sno ghsr -|γ| < 90fl( enq LBG sgZs
nudqkZo vhsg sgd sno 199 knZchmf fdmdr -enq oqnfqZl fdmdr( nq qdftkZsnqr -ECQ % 9094: enq qdftkZsnq fdmdr( Zqd khrsdc0
Sgd bnknq ne fdmdr bnqqdronmc sn sgd rhfm ne γ0 Fdmdr hm oZqdmsgdrdr Zqd chrbnqcZms eqnl sgd oqdchbsdc chqdbshnmr eqnl
sgd nudqZkk lncdk0 Rnld ne sgd fdmdr Zqd ZrrnbhZsdc vhsg ltkshokd oqnfqZlr nq qdftkZsnqr0
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Ehftqd Rfl9. Fdmd sn oqnfqWl sn sqWhs lWor. qdkWsdc sn Ehftqd 56 �- Mtladq ne sno ghsr -|γ| < 90fl( enq
LBG vgnrd chqdbshnm ne ZrrnbhZshnmr vdqd bnmbnqcZms nq chrbnqcZms vhsg sgZs oqdchbsdc eqnl sgd lncdk0 Fqdx onhmsr
Zmc sgdhq cdmrhsx okns Zqd sgd qdrtksr eqnl 19:999 odqltsZshnmr0 Qdc onhms rgnvr sgd nardqudc cZsZ0 A- Chrsqhatshnm
ne sno ghsr bnmbnqcZmbd o/uZktdr hm odqltsZshnm sdrsr enq LBG0 Hm dZbg odqltsZshnm: vd bntmsdc sgd mtladq ne sno
ghsr bnmbnqcZms vhsg sgd lncdk Zmc duZktZsdc hsr dmqhbgldms -Ldsgncr(0 Sgd nardqudc qdrtks rgnvdc sgd ghfgdrs
bnmbnqcZmbd bnloZqdc sn odqltsdc rdsr0 B4E- RZld oknsr Zr -�( Zmc -A(: enq QCV -B:C( Zmc HQE -D: E(0 F4G- Fdmd
sn oqnfqZl sn sqZhs lZo enq QCV -F( Zmc HQE -G(0
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Ehftqd Rflfl. Bqnrr,sqWhs bnloWqhrnmr ne fdmd deedbsr. qdkWsdc sn Ehftqd 56 �- BnloZqhrnm ne KnE atqcdm
sdrs deedbs rhydr Zesdq FdmdAZxdr adsvddm HQE Zmc QCV0 Sgd rnkhc khmd bnqqdronmcr sn sgd zqrs oqhmbhoZk bnlonmdms0 A-
Bqnrr/sqZhs chqdbshnmZk qdkZshnmrghor ne fdmd deedbsr hm sgd oqdchbsdc fdmd/sn/oqnfqZl/sn/sqZhs lncdk Zmc qZv cZsZ eqnl
sgd KnE atqcdm sdrs0 Sgd kdes sZakd rgnvr sgd bnloZqhrnm adsvddm LBG Zmc QCV: vghkd sgd qhfgs sZakd rgnvr sgd
bnloZqhrnm adsvddm QCV Zmc HQE0 Enq dZbg sZakd: nmkx fdmdr sgZs gZud rsqnmf deedbsr hm ansg sqZhsr -|γ| < 90fl( Zmc
rdkdbsdc hm sgd oqdchbsdc lncdk enq ansg sqZhsr Zqd bnmrhcdqdc0 Enq hmrsZmbd: "fi ldZmr sgZs sgd fdmd gZr rsqnmf deedbsr
enq ansg sqZhsr hm sgd rZld chqdbshnm0 LBG Zmc HQE rgZqd edv fdmdr vhsg rsqnmf deedbsr Zmc bntkc mns ad bnloZqdc0 B-
BnqqdkZshnm ne qdftkZsnqx deedbsr nm entq oqnfqZlr nq rgds vhsg γ0 Enq dZbg sqZhs: bnqqdkZshnm bndezbhdmsr vdqd drshlZsdc
vhsg sgd ltkshokd qdfqdrrhnm lncdk0 Dqqnq aZqr hmchbZsd 84’ BH0
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Enrichment to regulators in the model Enrichment to program genes in the model Enrichment, totalA MCH

Enrichment to regulators in the model Enrichment to program genes in the model Enrichment, totalB RDW

Enrichment to regulators in the model Enrichment to program genes in the model Enrichment, totalC IRF
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Ehftqd Rfl1. Dmqhbgldms ne FV�R Wmc InE sno ghsr hm sgd qdftkWsnqr Wmc oqnfqWl fdmdr hm sgd
lncdk6 �4B- Eqnl sgd fdmd/sn/oqnfqZl/sn/sqZhs lZo enq LBG -�(: QCV -A( nq HQE -B(: vd chuhcdc sgd fdmdr hmsn
qdftkZsnqr: vghbg gZud rhfmhzbZms qdftkZsnqx deedbsr nm sgd rdkdbsdc oqnfqZl: Zmc oqnfqZl fdmdr: vghbg Zqd Zlnmf sgd
sno 199 knZchmfr ne sgd rdkdbsdc oqnfqZlr0 Vd qZmjdc sgd fdmdr bknrdrs sn sgd FV�R sno ghsr aZrdc nm o/uZktdr Zmc sgd
fdmdr vhsg KnE atqcdm sdrs aZrdc nm Zarnktsd γ0 Trhmf cheedqdms sgqdrgnkcr enq sno fdmdr: vd sdrsdc sgd dmqhbgldms hm
sgd fdmdr rdkdbsdc ax sgd lncdk trhmf Ehrgdq=r dwZbs sdrs0 *SnsZk* qdedqr sn sgd qdrtksr enq oqnfqZl Zmc qdftkZsnq fdmdr
bnlahmdc0

4fl
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Ehftqd Rfl2. Bgnhbd ne oWqWldsdqr enq fdmd,sn,oqnfqWl,sn,sqWhs lWo6 �- �citrsdc q1 Zmc AZxdrhZm
HmenqlZshnm Bqhsdqhnm -AHB( hm sgd rsdo/vhrd inhms qdfqdrrhnm lncdk0 Sghr hr Z qdrtks enq rdkdbshmf sgd mtladq ne
oqnfqZlr vgnrd qdftkZsnqr Zqd ZrrnbhZsdc vhsg LBG0 Cnssdc khmdr hmchbZsd sgd mtladq ne oZqZldsdqr bgnrdm hm sgd
lncdk0 A-Lncdk zs o/uZktd: drshlZsdc eqnl 19:999 odqltsZshnmr: enq cheedqdms mtladqr ne oqnfqZlr hmbktcdc hm sgd
lncdk enq LBG0 Vd uZqhdc sgd mtladq ne oqnfqZlr rdkdbsdc eqnl qdftkZsnq/atqcdm bnqqdkZshnmr -w/Zwhr( Zmc oqnfqZl
atqcdm deedbsr -x/Zwhr( Zmc duZktZsdc sgd zs ne sgd sno ghsr sn sgd lncdk0 B-Lncdk zs o/uZktd enq cheedqdms cdzmhshnmr
ne oqnfqZl fdmdr nq sno ghs fdmdr eqnl sgd odqltsZshnm sdrs0 Gdqd: vd sdrsdc enq LBG vhsg sgd rZld mtladq ne
oqnfqZlr hm sgd zmZk lncdk0
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