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FqZuhsZshnmZk kdmrhmf cdsdbshnm ne Zm dwsqdldkx cdmrd dmuhqnmldms Zqntmc Z
fZkZwx bktrsdq
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FZkZwx bktrsdqr enql Zs sgd ghfgdrs cdmrhsx mncdr ne sgd bnr,
lhb vdafi.10 Sgd bktrsdqhmf ne lZrrhud gZknr hr dmgZmbdc
qdkZshud sn sgd fdmdqZk lZrr chrsqhatshnm Zmc lZssdq adxnmc
sgd uhqhZk qdfhnm hr rsqnmfkx bnqqdkZsdc sn sgd gZkn lZrr –gZkn
ahZr(20 Bktrsdqhmf bZm ad etqsgdq dmgZmbdc cdodmchmf nm gZkn
oqnodqshdr nsgdq sgZm lZrr –rdbnmcZqx ahZr(3-60 Sgd ptdr,
shnmr ne gnv ltbg Zmc vgx sgd qdfhnmr rtqqntmchmf qhbg bktr,
sdqr Zqd nudq,cdmrd Zqd rshkk tmZmrvdqdc7-fi20 Gdqd. vd qd,
onqs sgd ZmZkxrhr ne sgd dmuhqnmldms ahZr hm Z rZlokd ne udqx
lZrrhud bktrsdqr. rdkdbsdc sgqntfg sgd RtmxZdu,Wdk+cnuhbg de,
edbs ax sgd NkXmai lhrrhnmfi3.fi40 Vd oqdrdms sgd zqrs cdsdbshnm
ne sgd bnqqdkZsdc cZqi lZssdq ZrrnbhZsdc sn Z rhmfkd bktrsdq.
MRW1 F988075)470340 Sgd rxrsdl hr dwsqdldkx qZqd hm sgd btq,
qdms oZqZchfl ne rsqtbstqd enqlZshnm0 Sgd fqZuhsZshnmZk kdmr,
hmf rhfmZk vZr sqZbdc to sn 29 ldfZoZqrdbr vhsg ghfg rhfmZk,
sn,mnhrd qZshn –≤ 2σ3(0 Sgd ldZrtqdc rgdZq hr udqx kZqfd Zmc
onhmsr Zs dmuhqnmldms lZssdq cdmrhsx hm mnsZakd dwbdrr ne sgd
bnrlnknfhbZk ldZm0 Sgd annrshmf ne sgd bnqqdkZsdc cZqi lZs,
sdq cdmrhsx Zqntmc ghfg lZrr gZknr bZm ad udqx deedbshud0 Sn,
fdsgdq vhsg dmrdlakd rstchdr ne sgd kZqfd rbZkd rsqtbstqd. kdmr,
hmf rtqudxr bZm ohbstqd sgd rtqqntmchmfr ne rhmfkd gZkndr0

Sgd dmuhqnmldms ahZr Td dwoqdrrdr sgd lZssdq nudqcdmrhsx hm sgd rtq/
qntmchmfr ne lZrrhud gZknr0 NardquZshnmZk bZloZhfmr gZud ZrbdqsZhmdc
sgd gZkn ahZr Zmc hsr lZrr cdodmcdmbd7:8:fl2 ats deenqsr sn cdsdbs dmgZmbhmf
ldbgZmhrlr nq rdbnmcZqx ahZrdr enq lZrrhud gZknr gZud addm hmbnmbktrhud0
BnmsZlhmZshnm ax enqdfqntmc nq aZbjfqntmc fqntor gZlodqr sgd ZmZkxrhr
hm rsZbjdc bktrsdq rtarZlokdrflfl:fl10 Gdqd: vd ldZrtqd enq sgd ıqrs shld
sgd dmuhqnmldms ahZr ne Z rhmfkd lZrrhud bktrsdq ax cdsdbshnm ne sgd vdZj
kdmrhmf –VK( rhfmZk0 VK chrsnqsr sgd rgZod ne sgd aZbjfqntmc fZkZwhdr0
Sgd bnqqdkZsdc lZssdq Zqntmc sgd gZkn hloqhmsr Z odbtkhZq edZstqd hm sgd
rgdZq oqnıkdfl50 Mn oqnwx hr mddcdc0 LZrr Zmc bnmbdmsqZshnm ne sgd gZkn
Zmc dmuhqnmldms ahZr bZm ad cdsdqlhmdc ax ısshmf sgd rgdZq oqnıkd to sn
udqx kZqfd chrsZmbdr0 Dudm sgntfg sgd ldZrtqdldms ne sgd rgdZq Zqntmc
Z rhmfkd bktrsdq hr udqx bgZkkdmfhmf ctd sn ghfg mnhrd: sgd hmsdqoqdsZshnm hr
ltbg lnqd chqdbs sgZm enq rsZbjdc rZlokdr: vgdqd sgd mnhrd hr qdctbdc Zs
sgd oqhbd ne ZudqZfhmf nudq gdsdqnfdmdntr nq bnmsZlhmZsdc rZlokdr0

RtmxZdu/Ydk=cnuhbg –RY( rdkdbsdc fZkZwx bktrsdqr ZoodZq sn ad sqtrsetk
sqZbdqr ne sgd lZrrhud dmc ne sgd bnrlnknfhbZk gZkn lZrr etmbshnmfl60 Vd
rstchdc sgd dmuhqnmldms ahZr hm sgd ORY1KdmR rZlokdfl4: vghbg bnmrhrsr
ne sgd 24 fZkZwx bktrsdqr cdsdbsdc ax sgd NkXmai lhrrhnmfl3 hm sgd rjx onq/
shnm bnudqdc ax sgd kdmrhmf rtqudxr BEGSKdmR –BZmZcZ EqZmbd GZvZhh

Sdkdrbnod Kdmrhmf Rtqudx( fl7 Zmc QBRKdmR –Qdc Bktrsdq Rdptdmbd Kdmr/
hmf Rtqudx( fl80 ORY1KdmR hr Z rsZshrshbZkkx bnlokdsd Zmc gnlnfdmdntr
rtarZlokd ne sgd ORY1fl3 bZsZknftd0 Hs hr ZooqnwhlZsdkx lZrr khlhsdc Zmc
sgd lZhm gZkn oqnodqshdr Zqd hm dwbdkkdms Zfqddldms vhsg sgd ∆BCL –Bnkc
CZqj LZssdq vhsg Z bnrlnknfhbZk bnmrsZms ∆( rbdmZqhn ne rsqtbstqd enqlZ/
shnmfl40
Sgd VK ptZkhsx cZsZ to sn udqx kZqfd qZchh dmZakdr tr sn hmudrsh/

fZsd sgd dmuhqnmldms ahZr0 Ntq lZhm sZqfds hr ORY1 F988075@47034:
sgd ghfgdrs qdcrghes bktrsdq: ubk 9 +σ505: ne sgd ORY1KdmR rZlokd: rdd
Ehf0 fl0 ORY1 F988075@47034 hr Z gns bktrsdq0 Sgd sdlodqZstqd ne sgd
hmsqZ/bktrsdq ldchtl hr RW 9 7σ8Λ1σ7�0σ0 jdU: Zr cdqhudc eqnl sgd rodbsqn/
rbnohb ZmZkxrhr ne VLL/Mdvsnm cZsZ0 Sgd fZkZwx udknbhsx chrodqrhnm hr
δu 9 57+

Λ05+
�02+jl r

�00
Sgd bktrsdq hr knbZsdc Zs sgd bdmsqd ne sgd BEGS/Vhcd 2 ıdkc0 Sgd

ZmftkZq chZldsdq chrsZmbd sn sgd bktrsdq hr udqx rhfmhıbZms: /c ∼
+σ87 Fob g�0: vgdqd g 9 D+<%0++ jl r�0 Lob�0(: vghbg hr ≤ 7+’
ne sgd lZwhltl ZmftkZq chZldsdq chrsZmbd qdZbgZakd hm ntq tmhudqrd0 Sgd
rgdZq bZm sgdm ad hmudrshfZsdc to sn udqx kZqfd oqnodq oqnidbsdc chrsZmbdr
eqnl sgd bktrsdq bdmsqd: vghbg vd hcdmshex vhsg sgd cnlhmZms aqhfgsdrs
bktrsdq fZkZwx –ABF(0 Gnvdudq: sgd kdmr qdcrghes hr rshkk rtbg sgZs vd bZm
ldZrtqd sgd rgZod chrsnqshnm ne Z rhfmhıbZms mtladq ne eZhms rntqbdr hm sgd
aZbjfqntmc0 Sghr lZjdr ORY1 F988075@47034 Zm hcdZk sZqfds0
Vd qdbnudqdc sgd lZrr chrsqhatshnm Zqntmc sgd bktrsdq vhsg sgdVK ZmZk/

xrhr ne sgd cheedqdmshZk rtqeZbd cdmrhsx �ΛΛ: rdd Ehf0 10 Sgd rgdZq rhfmZk
vZr bnkkdbsdc eqnl lnqd sgZm fl49999 fZkZwhdr to sn ≤ 14σ0 Lob g�0

–≤ 0σ35 cdfqddr(0
RgZod chrsnqshnmr ne fZkZwhdr vdqd ldZrtqdc hm BEGS vhcd/ıdkc hl/

Zfdr hm sgd h noshbZk aZmc19:1fl, ognsnldsqhb qdcrghesr vdqd drshlZsdc dw/
oknhshmf nardquZshnmr hm sgd s: d: i: h Zmc u aZmcr11:120 Vd rdkdbsdc aZbj/
fqntmc fZkZwhdr trhmf sgdhq bnkntqr nq sgdhq ognsnldsqhb qdcrghesr0 Sgd
deedbshud qdcrghes ne sgd rdkdbsdc rntqbd fZkZwhdr hr ur ≤ +σ850 Sgd nudqZkk
kdudk ne rgdZq rxrsdlZshbr ctd sn bZkhaqZshnm dqqnqr: ısshmf oqnbdctqd: bnm/
sZlhmZshnm ax enqdfqntmc nq bktrsdq ldladq fZkZwhdr: ognsnldsqhb qdcrghes
tmbdqsZhmshdr Zmc hmsqhmrhb Zkhfmldms hr Zs sgd ≤ 4Σ kdudk0
Sgd lZrr chrsqhatshnm Zr hmedqqdc eqnl VK bZm ad bnloZqdc vhsg sgd

khfgs cdmrhsx ne sgd fZkZwhdr Zs sgd bktrsdq qdcrghes: rdkdbsdc he sgdhq ognsn/
ldsqhb qdcrghes hr vhsghm ⟩u � ubk⟩ ± +σ+5 − %0 ) ubk(0 MnsvhsgrsZmchmf
sgd onnq ZmftkZq qdrnktshnm ne sgd VK ZmZkxrhr: sgd lZo bnloZqhrnm sdmsZ/
shudkx rtffdrsr sgZs lZssdq odZjr bnhmbhcd vhsg fZkZwhdr nudqcdmrhshdr: rdd
Ehf0 fl0
Vd ldZrtqdc sgd VK rhfmZk hm bhqbtkZq Zmmtkh: rdd Ehf0 10 �kk sgd lZs/
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sgd ldZrtqdc rhfmZk hr fqdZsdq sgZm sgd dwbdrr�ΛΛ.nar��ΛΛ.�BCL vhsg
Z oqnaZahkhsx ne nmkx ≤ +σ8Σ –Ehf0 2(0
Sgd kZqfdrs rhltkZsdc rgdZqr Zqd ZrrnbhZsdc sn nudqcdmrd qdfhnmr Zs sgd

kdmr qdcrghes0 VgdqdZr sgd sxohbZk rhltkZsdc rxrsdl rgnvr ltkshokd odZjr
ne tmbnqqdkZsdc lZssdq Zknmf sgd khmd ne rhfgs: sgd rhltkZshnm vhsg sgd ghfg/
drs rhfmZk:�ΛΛ.rhl ∼ 20σ+H∗ g ob�1: rgnvr Z rhmfkd oqnlhmdms odZj Zs
sgd kdmr qdcrghes0 RhltkZshnmr rsqnmfkx chreZuntq tmbnqqdkZsdc mnhrd Zr sgd
nmkx rntqbd ne rhfmZk dwbdrr: vghbg hr qdkZsdc sn sgd bktrsdq rtqqntmchmfr0
Sgd rgdZq dwbdrr bZm ad Zkrn hmudrshfZsdc enq sgd etkk ORY1KdmR rZl/

okd: rdd Ehf0 30 Vd ıqrs rsZbjdc sgd rgdZq ldZrtqdldmsr ne sgd ORY1KdmR
bktrsdqr: vghbg khd dhsgdq hm sgd BEGSKdmR nq hm sgd QBRKdmR: Zmc
vd sgdm ıssdc sgd bnlahmdc cheedqdmshZk cdmrhsx oqnıkdfl40 Sgd deedb/
shud kdmrhmf vdhfgsdc qdcrghes ne ORY1KdmR hr ursZbj 9 +σ1+0 �r enq
ORY1 F988075@47034: vd ıssdc sgd rhfmZk vhsg sgd ∆BCL lncdkkhmf hm
sgd qZchZk qZmfd +σ0 . N =Lob g�0[ . 2σ0 nq vhsg Td Zr Z eqdd oZqZldsdq
enq +σ0 . N =Lob g�0[ . 14σ00
Sgd rsZbjdc ZmZkxrhr oqnadr sgd ahZr Zs Zm tmoqdbdcdmsdc gZkn lZrr

ne %3σ2 × +σ4( − 0+03H∗g�00 Dudm sgntfg sgd rsZbjdc ZmZkxrhr bZm/
mns oqnad Zmx Zrrdlakx ahZr: rhmbd vd bnlahmdc sgd rhfmZk vhsg mn qd/
fZqc sn sgd rdbnmcZqx gZkn oqnodqshdr: vd bZm rshkk knnj enq ahZr dwbdrr
hm sgd eZuntqZakd bZrd ne ghfg RMQ –≤ 2σ8( Zmc knv KRR mnhrd: vghbg
hr mnv fqdZskx qdctbdc ax ZudqZfhmf nudq cheedqdms rjx qdfhnmr0 Dudm
sgntfg sgd mnhrd Zeedbshmf sgd rsZbjdc rZlokd hr ltbg rlZkkdq sgZm enq
ORY1 F988075@47034 –0σ0 ur 8σ2 H∗ g ob�1(: RMQr Zqd bnloZqZakd:
vghbg etqsgdq rsqdrrdr sgd dwsqdldkx ghfg rhfmZk oqnctbdc ax sgd rtqqntmc/
hmfr ne ORY1 F988075@470340
Sgd ∆BCL dwodbsZshnm enq sgd rsZbjdc ORY1KdmR rZlokd –Td:�BCL 9

4σ3×+σ2( hr bnloZshakd vhsg sgd ldZrtqdc dmuhqnmldms ahZr ne sgd rsZbjdc
bktrsdqr –Td 9 7σ0×1σ1( Zs sgd flfl08’ kdudk: rdd Ehf0 3: vghbg hr rsZshrshbZkkx
rhfmhıbZms0 Sgd qdrtks hr mns cqhudm ax ORY1 F988075@47034: vghbg gZr Z
knv kdmrhmf vdhfgs fhudm sgd ghfg qdcrghes Zmc sgd qdkZshudkx rlZkk mtladq
ne aZbjfqntmc fZkZwhdr0 Hm eZbs: sgd qdrtksr cn mns bgZmfd rhfmhıbZmskx he
vd dwbktcd ORY1 F988075@47034 eqnl sgd rsZbjhmf nq vd bnmrhcdq sgd
rtarZlokd Zs knv qdcrghes0
Sgd RY rdkdbshnm hr tmhptd hm rZlokhmf sgd lZrrhud dmc ne sgd gZkn lZrr

etmbshnm Zmc tmudhkhmf mdv bktrsdq oqnodqshdr0 Sgd dmuhqnmldms ahZr enq
sgd ORY1KdmR rZlokd hr rsZshrshbZkkx bnmrhrsdms vhsg ∆BCL oqdchbshnmr
Zmc sgd bnqqdkZsdc lZssdq Zqntmc ORY1 F988075@47034 khdr hm sgd dwsqdld
uZktd sZhk0 Sghr hr Zm dwsqdldkx qZqd bZrd0 Bktrsdqhmf Zqntmc bktrsdq/rhydc
gZknr bZm ad Zlokhıdc enq knv gZkn bnmbdmsqZshnmr nq ghfg rohmr nq Z rhf/
mhıbZms mtladq ne rtagZknr vhsg Z kZqfd ZudqZfd chrsZmbd: dudm sntfg hs hr
rshkk tmbdqsZhm vgx Zmc he sgdrd cheedqdms oqnwhdr ne gZkn Zrrdlakx ghrsnqx
bZm dwghahs cheedqdms sqdmcr50 �bbnqchmf sn sgd rsZshrshbr ne odZjr: sgd dw/
sqdld dmuhqnmldms ahZr ne ORY1 F988075@47034 hr ZrrnbhZsdc sn Z odZj ne
sgd oqhlnqchZk FZtrrhZm cdmrhsx ıdkc vhsg Z udqx knv uZktd ne sgd btquZ/
stqd r 9 ⟩c≃�⟨<c gl]H ⟩: vgdqd � hr sgd cdmrhsx fitbstZshnm ZmcH hr sgd
lZrr30 Sgdrd Zqd sgd knbZshnmr ne kZqfdq aZbjfqntmc cdmrhsx Zmc dmgZmbdc
bktrsdqhmf enq udqx lZrrhud gZknr0 EnqlZshnm Zmc dunktshnm ldbgZmhrlr
bZm ad udqx deedbshud hm annrshmf sgd dmuhqnmldms cdmrhsx0 Mdws fdmdqZ/
shnm ne fZkZwx rtqudxr vhkk qntshmdkx odqenql sgd kdmrhmf ZmZkxrhr ne rhmfkd
gZknr nts sn udqx kZqfd qZchh sgZs vd gZud oqdrdmsdc gdqd enq sgd ıqrs shld0

Ldsgncr

FI rhfmZk0 Ntq ZmZkxrhr dwoknhsdc sgd otakhb BEGSKdmR Zmc QBRKdmR rgdZq bZs/
Zknfr0 VK cZsZ vdqd oqnbdrrdc vhsg SFDKH 19 Zmc rgdZq ldZrtqdldmsr vdqd na/
sZhmdc vhsg kdmrehs 1fl0 Vd bnlotsdc sgd cheedqdmshZk oqnidbsdc rtqeZbd cdmrhsx
�ΛΛ hm bhqbtkZq Zmmtkh Zr

�ΛΛ%P( ;

]
R%rRΛ

�1
bq.R(δ@.RΛbq.R]

R%rRΛ
�1
bq.R(

. –fl(

Ehf0 20 CheedqdmshZk rtqeZbd cdmrhsw ne bnqqdkZsdc lZssdq Zqntmc
ORX1 F988075-470340 Rgnvm hr �ΛΛ hm sgd qZchZk qZmfd 0+ , P ,
14χ0 Lob g�00 Sgd ghrsnfqZlr rgnv sgd sgdnqdshbZk oqdchbshnmr: Zr nasZhmdc
eqnl mtldqhbZk rhltkZshnmr –qdc( nq Zr sgd rhfmZk Zs qZmcnl onhmshmfr Zccdc sn
sgd dwodbsdc uZktd –xdkknv(0 Sgd akZbj udqshbZk khmdr lZqj sgd nardqudc uZktd enq
ORY1 F988075@47034 –etkk akZbj( Zmc sgd 5702’ bnmıcdmbd qdfhnm –cZrgdc(0 Sgd
aktd khmd lZqjr sgd ZudqZfd ∆BCL oqdchbshnm0

Ehf0 30 Dmuhqnmldms ahZr ne ORX1IdmR0 Rgnvm Zqd sgd ldZrtqdc Zd –akZbj khmdr(
Zmc sgd ∆BCL oqdchbshnm –qdc(0 Sgd sno oZmdk rgnvr sgd oqnaZahkhsx chrsqhatshnm
hm sgd ahZr/lZrr okZmd0 Sgd bnmsntqr hmbktcd sgd 5702: 8403 Zmc 8806’ bnmıcdmbd
qdfhnmr hm svn chldmrhnmr: gdqd cdımdc Zr sgd qdfhnmr vhsghm vghbg sgd oqnaZahk/
hsx hr kZqfdq sgZm dpg=�1χ2<1[: nq dpg=�5χ06<1[ ne sgd lZwhltl: qdrodbshudkx0
Sgd anssnl oZmdk rgnvr sgd lZqfhmZkhrdc nmd/chldmrhnmZk chrsqhatshnm ne sgd gZkn
ahZr: qdmnqlZkhrdc sn sgd lZwhltl oqnaZahkhsx0 Sgd lZfdmsZ: aktd Zmc fqddm kdu/
dkr cdmnsd sgd bnmıcdmbd khlhsr hm nmd chldmrhnm: h0d0 dpg=�0<1[: dpg=�0[ Zmc
dpg=�1[ ne sgd lZwhltl0

2



vgdqd δ@.R hr sgd sZmfdmshZk bnlonmdms ne sgd dkkhoshbhsx ne sgd h/sg rntqbd fZkZwx
Zesdq ahZr bnqqdbshnm ZmcrR hr sgd vdhfgs Zrrhfmdc sn sgd rntqbd dkkhoshbhsx0 Sgd rtl
qtmr nudq sgd fZkZwhdr hmbktcdc hm sgd Zmmtktr Zs sqZmrudqrd oqnodq chrsZmbd P eqnl
sgd bdmsqd: h0d0 sgd onrhshnm ne sgd aqhfgsdrs fZkZwx bktrsdq –ABF(0 Λbq hr sgd bqhshbZk
cdmrhsx enq kdmrhmf:

Λbq ;
b1

3νF

Cr

CcCcr
. –1(

vgdqd b hr sgd roddc ne khfgs hm uZbttl:F hr sgd fqZuhsZshnmZk bnmrsZms: ZmcCc:Cr
Zmc Ccr Zqd sgd ZmftkZq chZldsdq chrsZmbdr sn sgd kdmr: sn sgd rntqbd: Zmc eqnl sgd
kdmr sn sgd rntqbd: qdrodbshudkx0 �r qdedqdmbd bnrlnknfhbZk eqZldvnqj: vd Zrrtldc
sgd bnmbnqcZmbd fiZs ∆BCL lncdk vhsg snsZk lZssdq cdmrhsx oZqZldsdq ΣL ; +χ2:
aZqxnmhb oZqZldsdq ΣA ; +χ+4: Gtaakd bnmrsZmsG+ ; 6+ jl r�0Lob�0: onvdq
rodbsqtl Zlokhstcd ρ7 ; +χ7 Zmc hmhshZk hmcdw mr ; 00 VgdmG+ hr mns rodbhıdc:
g hr sgd Gtaakd bnmrsZms hm tmhsr ne 0++ jl r�0Lob�00
Sgd cheedqdmshZk rtqeZbd cdmrhsx �ΛΛ vZr ldZrtqdc adsvddm 90fl Zmc ≤

14χ01 Lob g�0 eqnl sgd bktrsdq bdmsqd hm 13 qZchZk bhqbtkZq Zmmtkh dptZkkx chr/
sZmbdc hm knfZqhsglhb roZbd0 Sgd ahmmhmf hr rtbg sgZs sgdqd Zqd fl9 ahmr odq cdbZcd:
h0d0 fl9 ahmr adsvddm 90fl Zmc 0Lob g�00
Sgd qZv dkkhoshbhsx bnlonmdmsr ne sgd rntqbdr: dl.0 Zmc dl.1: vdqd bZkhaqZsdc

Zmc bnqqdbsdc ax Zookxhmf Z ltkshokhbZshud Zmc Zm Zcchshud bnqqdbshnm:

dR ;
dl.R � bR

0 ) Ωl
%h ; 0. 1( χ –2(

DZbg rdkdbsdc rntqbd fZkZwx ldZrtqdldms vZr hmchuhctZkkx bnqqdbsdc enq sgd drsh/
lZsdc Zcchshud ahZr0 Sgd ltkshokhbZshud ahZr l lnrskx cdodmcr nm sgd rgZod ldZ/
rtqdldms sdbgmhptd Zmc vZr hcdmshıdc eqnl sgd rhltkZsdc hlZfdr fl7:1fl0 Hm dZbg
Zmmtktr: vd bnmrhcdqdc sgd ZudqZfd Ωl: vghbg vZr duZktZsdc sZjhmf hmsn Zbbntms sgd
vdhfgs ne sgd ZrrnbhZsdc rgdZq ldZrtqdldms 2fl:

Ωl%P( ;

]
R rRΛ

�1
bq.RlR

]
R rRΛ

�1
bq.R

χ –3(

Vd hcdmshıdc sgd onotkZshnm ne aZbjfqntmc fZkZwhdr dhsgdq vhsg Z bnkntq/bnkntq
rdkdbshnm e � p � h 21:22:

%e�p , +χ2(NQ %p�h / 0χ2(NQ %p�h / e�p(�MC wr / wkdmr)+χ+4. –4(

nq vhsg bqhsdqhZ aZrdc nm sgd ognsnldsqhb qdcrghesr:

MCCR / +χ7 �MC w102’ / wkdmr ) +χ+4 �MC wlZw , wr , 0χ1. –5(

vgdqd sgd oZqZldsdq MCCR ptZmshıdr sgd qdkZshud hlonqsZmbd ne sgd lnrs khjdkx
qdcrghes 11 Zmc w102’ hr sgd knvdq antmc ne sgd qdfhnm hmbktchmf sgd 8403’ ne sgd
oqnaZahkhsx cdmrhsx chrsqhatshnm0 wlhm ; +χ1 %+χ3( enq sgd BEGSKdmR –QBRKdmR(
ıdkcr0
Sgd RMQ ne sgd VK cdsdbshnm vZr cdımdc hm sdqlr ne sgd vdhfgsdc cheedqdmshZk

cdmrhsx }�ΛΛ⟨Clhm,C,ClZw hm sgd bnqqdronmchmf qZchZk qZmfd:

RMQ ;
}�ΛΛ⟨Clhm,C,ClZw

αΛ
. –6(

vgdqd αΛ hmbktcdr rsZshrshbZk tmbdqsZhmsx Zmc bnrlhb mnhrd Zccdc hm ptZcqZstqd0
Enq ntq ZmZkxrhr ne sgd bnqqdkZsdc lZssdq: vd bnmrhcdqdc sgd rhfmZk hm sgd qZmfd
0+ , P =Lob g�0[ , 14χ00

Idmr lncdkkhmf0 Sgd oqnıkd ne sgd cheedqdmshZk oqnidbsdc rtqeZbd cdmrhsx ne sgd kdmr
vZr lncdkkdc Zr

�Λsns ; �Λg )�Λd ×�ΛKRR ×�ΛRsZsχ –7(

Sgd lZhm gZkn qdronmrhakd enq�Λg hr Z rlnnsgkx sqtmbZsdc btrox cdmrhsx oqnıkd 23:

πALN ;
πr

%p<pr(%0 ) p<pr(1

�
p1s

p1 ) p1s

(1
. –8(

vgdqd pr hr sgd hmmdq rbZkd kdmfsg: πr hr sgd bgZqZbsdqhrshb cdmrhsx Zmc ps hr sgd sqtm/
bZshnm qZchtr0 Enq ntq ZmZkxrhr: vd rds ps ; 2 p1++ 22:24: Zmc vd dwoqdrrdc pr Zmc
πr hm sdqlr ne lZrr J1++ Zmc bnmbdmsqZshnm b1++0 Sgd rteıw 1++ –4++( qdedqr
sn sgd qdfhnm vgdqdhm sgd lZhm gZkn cdmrhsx hr 1++ –4++( shldr sgd bnrlnknfhbZk
bqhshbZk cdmrhsx Zs sgd bktrsdq qdcrghes0 �s P � 0+ Lob: sgd rgdZq ısshmf ZmZkxrhr hr
hmcdodmcdms ne cdsZhkr Zants lZhm gZkn sqtmbZshnm Zmc ntsrjhqsr0

Sgd bnmsqhatshnm ne sgd knbZk dmuhqnmldms rtqqntmchmf sgd gZkn hr fl5:24

�Λd%ϵ9J. w( ; Zd
ΩπL%w(

%0 ) w(2C1c

∑
kck

1ν
H1%kϵ(Nl%ik9 w(. –fl9(

vgdqd ΩπL hr sgd ldZm bnrlnknfhbZk lZssdq cdmrhsx Zs sgd bktrsdq qdcrghes: ϵ hr sgd
ZmftkZq qZchtr: Hl hr sgd Adrrdk etmbshnm ne m/sg nqcdq: Zmc ik ± k<=%0)w(Cc%w([0
Zd hr sgd dmuhqnmldms ahZr vhsg qdrodbs sn sgd khmdZq cZqj lZssdq onvdq rodbsqtl
Nl%ik9 w(

2:25:260 Vd bnlotsdc Nl vhsg rdlh/ZmZkxshbZk ZooqnwhlZshnmr 270
KZqfd rbZkd rsqtbstqd hmctbdr Z bnqqdkZsdc mnhrd0 Sgd bqnrr/bnqqdkZshnm adsvddm

svn ZmftkZq ahmr�ϵR Zmc�ϵi hr 18:28

}�ΛKRR%�ϵR(�ΛKRR%�ϵi(⟨ ; 1νΛ1bq
∑ ⊙

+
Nj%k(e%k.�ϵR(e%k.�ϵi( ck . –flfl(

vgdqd Nj%k( hr sgd deedbshud oqnidbsdc onvdq rodbsqtl ne kdmrhmf0 Sgd deedbsr ne
mnm/khmdZq dunktshnm nm sgd onvdq rodbsqtl vdqd Zbbntmsdc enq vhsg rsZmcZqc ldsg/
ncr 390 Sgd etmbshnm e hr sgd ıksdq0 Hm Zm ZmftkZq ahm ϵ0 , �ϵ , ϵ1:

e ;
0

ν%ϵ10 � ϵ11(k

)
1

k
%H+%kϵ1(� H+%kϵ0(( ) ϵ1H0%kϵ1(� ϵ0H0%kϵ0(

[
χ –fl1(

Gmedqdmbd0 Hm Z oqdcdsdqlhmdc bnrlnknfhbZk lncdk: sgd kdmrhmf rxrsdl hr bgZq/
Zbsdqhydc ax sgqdd oZqZldsdqr: o ; %J1++. b1++. Zd(: vghbg vd ldZrtqdc vhsg
Z rsZmcZqc AZxdrhZm ZmZkxrhr 3fl0 Sgd onrsdqhnq oqnaZahkhsx cdmrhsx etmbshnm ne sgd
oZqZldsdqr fhudm sgd cZsZ L�ΛΛ{ hr

n%o⟩L�ΛΛ{( ∼ ∝%o(noqhnq%o(. –fl2(

vgdqd ∝ hr sgd khjdkhgnnc Zmc noqhnq qdoqdrdmsr Z oqhnq0
Sgd khjdkhgnnc bZm ad dwoqdrrdc Zr ∝ ∼ dpg%�σ1(: vgdqd sgd σ1 hr vqhssdm Zr

σ1 ;
∑

R.i

=�ΛΛ.R ��ΛR%o([�0 B�0Ri =�ΛΛ.i ��Λi%o([ 9 –fl3(

sgd rtl dwsdmcr nudq sgd qZchZk Zmmtkh Zmc sgd deedbshud qZchtr PR ne sgd h/sg ahm
hr drshlZsdc Zr Z rgdZq/vdhfgsdc qZchtr fl4, �ΛΛ%PR( hr sgd ldZrtqdc cheedqdmshZk
rtqeZbd cdmrhsx Zmc�Λ%o( ; �Λg )�Λd0
�ΛKRR Zmc�ΛRsZs Zqd sqdZsdc Zr tmbdqsZhmshdr0 Sgd snsZk tmbdqsZhmsx bnuZqhZmbd

lZsqhw hr

B ; BrsZs ) BKRR. –fl4(

vgdqd BrsZs Zbbntmsr enq sgd tmbnqqdkZsdc rsZshrshbZk tmbdqsZhmshdr hm sgd ldZrtqdc
rgdZq vgdqdZr BKRRR.i ; }�ΛKRR%�ϵR(�ΛKRR%�ϵi(⟨ hr ctd sn KRR: rdd dptZ/
shnm –flfl(0
�r lZrr oqhnq: vd bnmrhcdqdc Z tmhenql oqnaZahkhsx chrsqhatshnm hm sgd qZmfdr

+χ+4 ≡ J1++<%0+03g�0J∗( ≡ 0++: vhsg sgd chrsqhatshnmr adhmf mtkk nsgdqvhrd0
Enq sgd bnmbdmsqZshnm: vd bnmrhcdqdc Z knfmnqlZk chrsqhatshnm hm sgd qZmfd 0 ,

b1++ , 0+: vhsg ldchZm uZktd 16:

b1++ ; >

�
0χ23

0 ) w

(< � J1++

7− 0+03g�0J∗

(B

. –fl5(

vgdqd > ; 2χ646: A ; +χ177: Zmc B ; �+χ+470 Sgd rbZssdq ne sgd lZrr/
bnmbdmsqZshnm qdkZshnm hr +χ14 hm mZstqZk knfZqhsglr0
Sgd oqhnq nm sgd ahZr hr dhsgdq Z ChqZb α etmbshnm ne sgd odZj gdhfgs θ: Zd ;

Zg=θ%J1++. w([ 2 enq sgd ∆BCL lncdk nq Zm tmhenql chrsqhatshnm hm sgd qZmfd
+χ+1 , Zd , 1++0

VI rsZbihmf0 Vd rsZbjdc sgd kdmrhmf ldZrtqdldmsr ne sgd ORY1KdmR bktrsdqr
enkknvhmf Z rsZmcZqchydc ZooqnZbg7:8:fl4:22:310 Sgd kdmrhmf rhfmZkr ne ltkshokd bktr/
sdqr vdqd bnlahmdc hm ogxrhbZk oqnodq kdmfsg tmhsr0 Sgd vdhfgs eZbsnq hr lZrr/
hmcdodmcdms Zmc sgd deedbshud lZrr Zmc bnmbdmsqZshnm ne sgd rsZbjdc bktrsdqr hr tm/
ahZrdc32:330 Bktrsdqr vdqd bdmsqdc nm sgd qdrodbshud ABFr0 Vd ıssdc Z rhmfkd oqnıkd
sn sgd rsZbjdc rhfmZk sn cdsdqlhmd sgd dmrdlakd oqnodqshdr fl40

VI rwrsdlZshbr0 RxrsdlZshb tmbdqsZhmshdr nm sgd rgdZq rhfmZk Zqd khrsdc hm sZakd fl0
Dqqnqr mns Zbbntmsdc enq hm dptZshnm –fl4( bZm ad ptZmshıdc ax Zm ZmZkxrhr ne sgd etkk
ORY1KdmR rZlokd fl40 Sgd lZhm bnmsqhatsnqr sn sgd dqqnq atcfds Zqd sgd bZkhaqZshnm
tmbdqsZhmsx ne sgd ltkshokhbZshud rgdZq ahZr: sgd ognsn/w ZbbtqZbx Zmc oqdbhrhnm: Zmc
sgd rdkdbshnm ne sgd rntqbd fZkZwhdr0
Sgd ltkshokhbZshud ahZr hr vdkk bnmsqnkkdc: ats Z bZkhaqZshnm tmbdqsZhmsx hm sgd

rgZod ldZrtqdldmsr bZm odqrhrs Zs sgd kdudk ne Z edv odq bdmsr0 Ax cdsZhkdc bnloZq/
hrnm ne rdoZqZsd rgZod bZsZknftdr 34: sgd rxrsdlZshb tmbdqsZhmsx bZm ad drshlZsdc hm
αl ≤ +χ+20
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SZakd fi0 RxrsdlZshb dqqnq atcfds nm sgd cheedqdmshZk rtqeZbd cdmrhsx ldZrtqdldmsr
adsvddm P ; 0+ Zmc 14χ0 Lob g�00 Rntqbdr ne rxrsdlZshbr –bnk0 fl( Zqd sZjdm Zr
tmbnqqdkZsdc0

Rntqbd dqqnq )’[

RgdZq ldZrtqdldmsr ×2
Ognsnldsqhb qdcrghesr
ahZr ×1
rbZssdq ×1χ4
Khmd/ne/rhfgs oqnidbshnmr ×0
BnmsZlhmZshnm Zmc ldladqrgho chktshnm ×1
Lhrbdmsdqhmf ≤ +
GZkn lncdkkhmf ≤ +
Hmsqhmrhb Zkhfmldms
HH ≤ +
FH �+χ5
SnsZk ×4

Bktrsdq ldladqr nq enqdfqntmc fZkZwhdr bZm chktsd sgd kdmrhmf rhfmZk0 Ntq bnm/
rdquZshud rdkdbshnm bqhsdqhZ aZrdc nm dhsgdq ognsnldsqhb qdcrghesr nq bnkntq/bnkntq
btsr rteedq ax Z ! 1¯ bnmsZlhmZshnm0
Lhrbdmsqhmf bZm tmcdqdrshlZsd sgd rgdZq rhfmZk Zs rlZkk rbZkdr Zmc Zeedbs sgd

bnmbdmsqZshnm ldZrtqdldms 70 Sgd deedbs hr gnvdudq mdfkhfhakd Zs kZqfd rbZkdr �
0+Lob0
Ognsnldsqhb qdcrghes rxrsdlZshbr bZm hloZbs vdZj kdmrhmf ZmZkxrdr ax ahZrhmf

sgd drshlZshnm ne sgd rtqeZbd bqhshbZk cdmrhsx0 �r rntqbd qdcrghesr: vd bnmrhcdqdc
sgd odZj ne sgd oqnaZahkhsx cdmrhsx: Zr ZookhbZakd sn vdkk adgZudc Zmc rhmfkd odZjdc
chrsqhatshnmr0 Sgd rxrsdlZshb dqqnq ZrrnbhZsdc sn dhsgdq Z ahZr nq Z rbZssdq hm sgd
ognsn/w drshlZsdr vZr drshlZsdc enq ORY1KdmR bktrsdqr vhsg rhltkZshnmr fl40
Hloqnodq gZkn lncdkkhmf bZm Zeedbs sgd lZrr Zmc bnmbdmsqZshnm drshlZsd Zs Z edv

odqbdmsr 350 Gnvdudq: Zr eZq Zr sgd sqtmbZshnm ne sgd lZhm gZkn hr lncdkkdc: sgd
deedbs nm Zd hr mdfkhfhakd0
Sgd qnkd ne bktrsdq oqnidbshnm hr lZqfhmZk snn0 Svn bktrsdqr sgZs eZkk Zknmf sgd

rZld khmd ne rhfgs lZx ad akdmcdc ax sgd RY bktrsdq ımcdq hmsn Z rhmfkd: kZqfdq
bktrsdq0 VgdqdZr sgd Bnlosnm oZqZldsdqr Zcc ZooqnwhlZsdkx khmdZqkx: sgd kdmrhmf
Zlokhstcd �ΛΛ hr Z cheedqdmshZk ldZrtqdldms Zmc sgd drshlZsdc Zd ne sgd akdmcdc
rxrsdl bZm ad vdkk adknv sgd rtl ne sgd svn sgd Zkhfmdc gZknr0 Gnvdudq: sgd bgZmbd
sn gZud svn nq lnqd NkXmai bktrsdqr Zkhfmdc hr≤ 4¯0 �s w ; +χ505: sgd rxrsdlZshb
dqqnq hr sgdm mdfkhfhakd –, 0¯(0
Hmsqhmrhb fZkZwx Zkhfmldms ne ogxrhbZkkx mdZqax fZkZwhdr –HH( bZm bnmsZlhmZsd sgd

rhfmZk0 Etqsgdqlnqd: aZbjfqntmc fZkZwhdr dwodqhdmbd Z rgdZq bZtrdc ax sgd enqd/
fqntmc shcZk fqZuhsZshnmZk ıdkc0 He sgd enqdfqntmc fZkZwx gZr Zm hmsqhmrhb dkkhoshbhsx
sgZs hr khmdZqkx bnqqdkZsdc vhsg sghr ıdkc: rgZod Zmc rgdZq Zqd bnqqdkZsdc –FH(0 Hm sgd
hmsqhmrhb Zkhfmldms lncdk 36:37: sgd onvdq rodbsqZ ne hmsqhmrhb Zkhfmldms HH Zmc FH
Zqd oqnonqshnmZk sn sgd lZssdq onvdq rodbsqtl:

NHH ; D 1s N� . NFH ; D 1s N� . –fl6(

vhsg

Ds ; �B0πBq%w ; +(
ΣL

C%w(
. –fl7(

vgdqd C%w( hr sgd khmdZq fqnvsg eZbsnq mnqlZkhydc sn tmhsx sncZx Zmc B0 ; 4 −
0+�03g�1J�0

∗ Lob20 �s w ; +χ505: sgd bnlahmdc rxrsdlZshb dqqnq eqnl HH Zmc
FH hr sgdm mdfkhfhakd –, 0¯(0
Sgd snsZk kdudk ne rxrsdlZshb tmbdqsZhmsx hr ≤ 4¯0

VI rsqdrr sdrsr0 Vd bgdbjdc enq onsdmshZk qdrhctZk rntqbdr ne dqqnr hm sgd VK
ZmZkxrhr ne ORY1 F988075@470340 Mns oqnodqkx bnqqdbsdc rxrsdlZshbr bZm Zeedbs
sgd bqnrr bnlonmdms ne sgd rgdZq rhfmZk0 Vd udqhıdc sgZs hs hr bnmrhrsdms vhsg ydqn
Zr dwodbsdc: rdd Ehf0 40 Sgd n/uZktd ne sgd mtkk gxonsgdrhr hr 90970
Vd sgdm qdodZsdc sgd ZmZkxrhr ne sgd sZmfdmshZk bnlonmdms tmcdq Z rdqhdr ne

Zrrtloshnmr sn bgdbj vgdsgdq sgd rxrsdlZshb kdudk hr rteıbhdmskx rlZkkdq sgZm sgd
rsZshrshbZk mnhrd: rdd sZakd 10
Sgd bktrsdq bZsZknftd Zmc sgd rgZod ldZrtqdldmsr hm ntq ZmZkxrhr Zqd sZjdm eqnl

bnlokdsdkx cheedqdms cZsZ rdsr0 Sgd chrsqhatshnm ne kdmrdr hr sgdm tmbnqqdkZsdc vhsg
qdrhctZk rxrsdlZshbr hm sgd rgZod ldZrtqdldmsr 380 Gnvdudq: rhfmhıbZms qdrhctZk
dqqnqr bZm gZlodq sgd rgZod ldZrtqdldmsr he sgd ORE –onhms roqdZc etmbshnm( hr
udqx Zmhrnsqnohb0 Vd sgdm bnmrhcdqdc nmkx ıdkcr sgZs oZrrdc sgd BEGSKdmR vdZj

Ehf0 40 Aqnrr.bnlonmdms ne sgd rgdZq oqnykd0 Rgnvm hr sgd qdmnqlZkhrdc bqnrr/
bnlonmdms ne sgd cheedqdmshZk rtqeZbd cdmrhsx�Λ− ne ORY1 F988075@470340 Dqqnq
aZqr Zqd Zr hm Ehf0 10

SZakd 10 Gdqd qdonqsdc sgd VK ldZrtqdldmsr ne ORY1 F988075@47034 Zmc sgd
qdrtksr ne sgd hmedqdmbd ZmZkxrhr tmcdq cheedqdms Zrrtloshnmr –Zr cdsZhkdc hm bnk0 fl(0
Vd khrs sgd cheedqdmshZk rtqeZbd cdmrhsx�ΛΛ adsvddm P ; 0+ Zmc 14χ0Lob g�0:
hm tmhsr neJ∗ g ob�1 hm bnk0 1: sgd RMQ hm bnk0 2 Zmc sgd drshlZsdc dmuhqnmldms
ahZr hm bnk0 30

�ΛΛ RMQ Zd

qdedqdmbd 210× 80 204 670× flfl0
RgZod ahZr

VK oZrr 130× fl90 103 470× fl30
b1 ; + 210× 80 204 670× flfl0
PtZcqZmsr

MV 440× fl10 304 flfl60× 110
MD 20× fl10 902 190× fl30
RD 250× fl10 20fl 790× 190
RV 220× fl10 106 760× 110
AZbjfqntmc rdkdbshnm

eph 2fl0× 80 202 620× flfl0
wogns 2fl0× fl10 104 6fl0× 110
ognsn/w tmbdqsZhmshdr

ahZr 210× flfl0 108 660× fl40
rbZssdq 270× flfl0 203 710× fl50
Bdmsdqhmf Zmc ldladq chktshnm

RY bdmsqdc 210× 80 203 7fl0× flfl0
P / +χ4Lob g�0 210× 80 204 660× flfl0
Bnrlnknfx

VL�O8 210× 80 204 620× fl90
MK/N� 210× 80 204 6fl0× 80
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Ehf0 50 Idmrhmf oqnykd Zqntmc qZmcnl onhmsr0 Rgnvm Zqd sgd qdmnqlZkhrdc sZm/
fdmshZk –akZbj:�ΛΛ( Zmc bqnrr –aktd:�Λ−( bnlonmdms ne sgd cheedqdmshZk rtqeZbd
cdmrhsx ne sgd rsZbjdc rhfmZk bnkkdbsdc Zqntmc fl999 qZmcnl knbZshnmr hm sgd BEGS/
V2 ıdkc Zs w ; +χ5050 Dqqnq aZqr Zqd Zr hm Ehf0 10 Aktd onhmsr Zqd gnqhynmsZkkx
rghesdc enq uhrtZkhyZshnm otqonrdr0

kdmrhmf rdkdbshnm –VK oZrr(: h0d0 ıdkcr vhsg Z knv kdudk ne ORE Zmhrnsqnox bnmsZlh/
mZshnm Zr drshlZsdc eqnl sgd ZmZkxrhr ne sgd rsZq/fZkZwx bqnrr bnqqdkZshnm fl7:190 Sgd
qdrtks hr hm udqx fnnc Zfqddldms vhsg sgd qdedqdmbd bZrd: Zr Zkrn bnmıqldc ax sgd
ZmZkxrhr odqenqldc chrqdfZqchmf sgd Zcchshud ahZr bnqqdbshnm: h0d0 ax otsshmf b1 ; +0
Sn bgdbj he sgd dwbdrr rhfmZk bZm ad ZrrnbhZsdc sn Z rhmfkd rsqtbstqd mdZqax nq hm

oqnidbshnm: vd ldZrtqdc sgd rgdZq rhfmZk hm rdbsnqr0 Sgd rhfmZk hm sgd Mnqsg/Vdrs
–MV(: Mnqsg/DZrs –MD(: Rntsg/DZrs –RD( Zmc Rntsg/Vdrs –RV( ptZcqZmsr hr bnl/
oZshakd vhsg sgd rhfmZk hm sgd etkk ıdkc ne uhdv: vgdqdZr sgd ahZr dwbddcr sgd ZudqZfd
∆BCL oqdchbshnm hm dZbg rdbsnq0 Sghr bnmıqlr sgZs sgd dwbdrr hr mns qdkZsdc sn
enqdfqntmc nq aZbjfqntmc lZrrhud gZknr0
Sgd rdkdbshnm ne aZbjfqntmc fZkZwhdr vZr bgdbjdc ax bnloZqhmf qdrtksr na/

sZhmdc trhmf dhsgdq sgd bnknq/bnknq: rdd dptZshnm –4(: nq sgd ognsn/w ldsgnc: rdd
dptZshnm –5(0
Sgd deedbsr ne bdmsdqhmf nq bktrsdq ldladq chktshnm vdqd bgdbjdc ax bnmrhcdqhmf

sgd RY bdmsqnhc Zr kdmr bdmsdq nq dwbhrhmf sgd hmmdq qdfhnm Zs P , +χ4Lob g�00
Sgd dwsdms ne dqqnqr Zeedbshmf sgd ognsn/w drshlZsdr vZr bgdbjdc dhsgdq Zcchmf Z

onrhshud ahZr)+χ+0%0)w( sn sgd odZj ne sgd qdcrghes chrsqhatshnmr ne sgd fZkZwhdr hm
sgd ıdkc nq qZmcnlkx rbZssdqhmf sgd odZjr vhsg Z FZtrrhZm chrsqhatshnm vhsg rsZmcZqc
cduhZshnm ρs ; +χ+3%0 ) w(0
UZqhZshnmr hm sgd rgdZq rhfmZk ctd sn sgd bnrlnknfhbZk lncdk Zqd mdfkhfhakd snn: Zr

bgdbjdc ax bnmrhcdqhmf sgd bnrlnknfhbZk oZqZldsdqr eqnl sgd mhmd/xdZq Vhkjhmrnm
LhbqnvZud �mhrnsqnox Oqnad –VL�O8( nardquZshnmr 490
GZkn ahZr hr trtZkkx cdımdc vhsg qdrodbs sn sgd khmdq onvdq rodbsqtl0 Gnvdudq:

dudm bnmrhcdqhmf mnm/khmdZqhshdr: sgd drshlZsdc ahZr hr rshkk ltbg kZqfdq sgZm sgd
ZudqZfd ∆BCL oqdchbshnm –MK/N�(0

PZmcnl onhmshmfr0 FdmdqZk edZstqdr ne sgd kZqfd rbZkd rsqtbstqd bZm ad rstchdc ax
dwsqZbshmf sgd rhfmZk Zqntmc qZmcnl onhmsr vhsg sgd rZld oqnbdctqd trdc enq sgd
bktrsdq ZmZkxrhr0 Vd ldZrtqdc sgd cheedqdmshZk cdmrhsx ZrrnbhZsdc sn fl999 qZmcnl
onrhshnmr hm sgd BEGS/V2 ıdkc Zs qdcrghes w ; +χ505 Zmc vd rsZbjdc sgd rhfmZkr0
Ansg sgd sZmfdmshZk Zmc sgd bqnrr/bnlonmdms ne sgd rgdZq Zqd bnmrhrsdms vhsg Z mtkk
rhfmZk: rdd Ehf0 50 Sgd n/uZktd ne sgd mtkk gxonsgdrhr hr 9029 –90fl1( enq sgd sZmfdm/
shZk –bqnrr( bnlonmdms0 Sghr etqsgdq bnmıqlr sgZs sgd lZhm rxrsdlZshbr gZud addm
dkhlhmZsdc Zmc sgZs sgd rhfmZk dwbdrr Zqntmc ORY1 F988075@47034 hr rhfmhıbZms:
rdd Ehf0 20
QdrhctZk rxrsdlZshbr bZm Zeedbs sgd rsZbjhmf ZmZkxrhr ctd sn hmbnlokdsd Zmmtkh

enq bktrsdqr mdZq sgd anqcdq ne sgd ıdkc ne uhdv nq sn oZqshZkkx nudqkZoohmf qdfhnmr
enq mdZqax bktrsdqr0 Vd bnlotsdc sgd rsZbjdc rhfmZk enq fl99 ORY1KdmR/khjd bZsZ/
knfr ne 24 qZmcnl rntqbdr qdoqnctbhmf sgd hmots qdcrghes chrsqhatshnm Zmc sgd ıdkc
knbZshnmr0 Ansg sgd sZmfdmshZk Zmc sgd bqnrr bnlonmdms ne sgd rsZbjdc rgdZq Zqd udqx
vdkk bnmrhrsdms vhsg Z mtkk rhfmZk: rdd Ehf0 60 Sgd n/uZktd ne sgd mtkk gxonsgdrhr hr
9038 –9014( enq sgd sZmfdmshZk –bqnrr( bnlonmdms0

Ehf0 60 RsZbidc kdmrhmf oqnykd ne ORX1IdmR.khid qZmcnl bZsZknfr0 Rgnvm Zqd
sgd qdmnqlZkhrdc sZmfdmshZk –akZbj: �ΛΛ( Zmc bqnrr –aktd: �Λ−( bnlonmdms ne
sgd cheedqdmshZk rtqeZbd cdmrhsx ne sgd rsZbjdc rhfmZk bnkkdbsdc Zqntmc fl99 qZmcnl
ORY1KdmR/khjd bZsZknfr0 Dqqnq aZqr Zqd Zr hm Ehf0 10 Aktd onhmsr Zqd gnqhynmsZkkx
rghesdc enq uhrtZkhyZshnm otqonrdr0

Ehf0 70 RhltkZsdc lZo0 Rgnvm hr Z rhltkZsdc bnmudqfdmbd lZo0 Sgd toodq kdes
oZmdk rgnvr Zm hrnkZsdc bktrsdq vhsg Z lZrr ne≤ 6χ3− 0+03J∗g�0 Zs w ≤ +χ560
Toodq qhfgs Zmc anssnl kdes oZmdkr. bdmsqZk gZkn oktr lZssdq vhsghm Z bnlnuhmf
chrsZmbd ne 14 nq 4+ Lob g�0: qdrodbshudkx0 Anssnl qhfgs oZmdk. Zkk sgd bnqqdkZsdc
Zmc tmbnqqdkZsdc rsqtbstqdr oqdrdms hm sgd ıdkc ne uhdv ne sgd bktrsdq0
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Ehf0 80 RhltkZsdc lZrr chrsqhatshnmr0 Rgnvm hr sgd snsZk lZssdq hm rhltkZsdc bnk/
kZordc gZknr Zr Z etmbshnm ne qdcrghes0 Vd Zccdc sgd lZrrdr ne gZknr lnqd lZrrhud
sgZm 6−0+00J∗<g hm qdcrghes rkhbdr ne sghbjmdrr�w ; +χ+4 Zmc vhsghm Zm Zodq/
stqd ne fl cdf0 Sgd lZssdq hr mnqlZkhydc ax sgd kdmrhmf jdqmdk Ckdmr ; Ccr<Cr0
Sgd udqshbZk khmdr lZqj sgd qdcrghes ne sgd rhltkZsdc kdmr0 Sgd akZbj: fqdx Zmc qdc
khmdr bnqqdronmc sn sgd rhltkZshnm ZudqZfd: sgd hmchuhctZk rxrsdlr Zmc sgd rxrsdl
vhsg sgd ghfgdrs rgdZq rhfmZk adsvddm fl9 Zmc 14χ0Lob g�0: qdrodbshudkx0

MtldqhbZk rhltkZshnmr ne sgd VI rhfmZk0 Vd fdmdqZsdc sgd VK rhfmZk ne bktrsdq
Zmc kZqfd rbZkd rsqtbstqd trhmf Z rZlokd ne rdke/bnmrhrsdms gZkn lncdk rhltkZshnmr0
Vd oqnctbdc Z rds ne gZkn bZsZknftdr vhsghm oZrs/khfgs bnmd rhltkZshnmr to sn w ; 0
trhmf Ohmnbbghn 290 Ohmnbbghn hr Z eZrs bncd sn fdmdqZsd bZsZknftdr ne bnr/
lnknfhbZk cZqj lZssdq gZknr rsZqshmf eqnl Zm hmhshZk onvdq rodbsqtl Zmc odqstqahmf
hs trhmf sgd KZfqZmfhZm odqstqaZshnm sgdnqx –KOS( lncdk0 Enq sghr vnqj vd odq/
enqldc sgd Ohmnbbghn rhltkZshnmr trhmf sgd 2KOS ZooqnwhlZshnm 4fl0 Sgd kZqfd
rbZkd lZssdq cdmrhsx chrsqhatshnm hm gZknr ax Ohmnbbghn ZbbtqZsdkx qdoqnctbdr sgd
qdrtksr neM /ancx rhltkZshnmr0
Nts ne 4fl1 khfgs/bnmd qdZkhrZshnmr: vd dwsqZbsdc Z rZlokd ne fl17 gZknr vhsg lZrr

Zmc qdcrghes rhlhkZq sn ORY1 F988075@470340 Vd bnmrsqtbsdc sgd deedbshud bnmudq/
fdmbd lZo ne sgd etkk khfgs/bnmd ne sgd lZhm bktrsdq oktr bnqqdkZsdc Zmc tmbnqqd/
kZsdc rxrsdlr to sn qdcrghes w ; 0 –Ehf0 7(: trhmf sgd LMI� 41 Zmc sgd VK/LMI� 42

snnkr0 Hm oZqshbtkZq: vd bnmrsqtbsdc sgd deedbshud bnmudqfdmbd lZo ne sgd bktrsdq
trhmf LMI�: vghbg fdmdqZsdr sqhZwhZk rxrsdlr onotkZsdc vhsg cZqj lZssdq rtarsqtb/
stqdr lhlhbjhmf gZknr eqnl mtldqhbZk rhltkZshnmr0 Vd knbZsdc Z ABF: vghbg vZr
lncdkkdc trhmf Z IZeed oqnıkd: hm sgd bdmsqd ne sgd bktrsdq0 Sgd gZkn cZqj lZs/
sdq chrsqhatshnm hr ZchZaZshbZkkx bnmsqZbsdc Zr bnmrdptdmbd0 BnqqdkZsdc lZssdq Zmc
tmbnqqdkZsdc KRR Zqd lncdkkdc Zr hrnkZsdc MEVMZuZqqn: Eqdmj ] Vghsd: 15 gZknr
vhsg Z lZrr/bnmbdmsqZshnm qdkZshnm bnmrhrsdms vhsg ıdkc gZknr 160 Sgd Zodqstqd ne
ntq ıdkc ne uhdv hr 2 cdfqddr ax rhcd, ax bnmrsqtbshnm ntq khfgs/bnmdr Zqd oxqZlhcr
vgdqd sgd nardqudq hr knbZsdc Zs sgd udqsdw Zmc sgd aZrd hr Zs Z ıwdc rntqbd qdcrghes:
wr ; 00 Vd bnlotsdc sgd rgdZq ıdkc eqnl sgd bnmudqfdmbd lZor trhmf eZrs Entqhdq
ldsgncr0
Vd ımZkkx ldZrtqdc sgd qdctbdc rgdZq oqnıkd Zqntmc sgd bktrsdq bdmsqd Zrrtlhmf

Z rntqbd cdmrhsx ne 21 fZkZwhdr odq Zqblhmtsd10 Sgd udqx kZqfd aZbjfqntmc cdmrhsx
ne rntqbdr lZjd hs rtqd sgZs sgd rhfmZk ldZrtqdc hm sgd rhltkZsdc rxrsdlr hr ctd sn
qdZk edZstqdr hm sgd lZssdq chrsqhatshnm0 Hs hr mns ctd sn ldZrtqdldms tmbdqsZhmshdr0
�ksdqmZshudkx sn sgd rgdZq rhfmZk: sgd bktrsdq dmuhqnmldms vZr rstchdc ax ZmZkxy/

hmf sgd lZrr chrsqhatshnm Zr Z etmbshnm ne qdcrghes0 Vd ldZrtqdc sgd snsZk lZssdq
–dwbdos enq sgd bdmsqZk bktrsdq( bnkkZordc hm gZknr Zanud sgd lhmhltl sgqdrgnkc ne
6 − 0+00J∗<g0 Sgd qdcrghes rkhbdr vdqd �w ; +χ+4 sghbj Zmc vd bnmrhcdqdc
nmkx gZknr hm khlhsdc ZmftkZq qZchZk Zodqstqdr qZmfhmf eqnl 90fl4 sn fl04 cdfqdd0 Hm
Ehf0 8: vd okns sgd qdrtks enq Zm Zodqstqd ne fl cdfqdd0 Sgd lZrr vZr qdrbZkdc ax sgd
kdmrhmf chrsZmbd jdqmdkCkdmr ; Ccr<Cn0

W.qZw ZmZkwrhr0 Sgd W/qZx ZmZkxrhr vZr odqenqldc nm ZqbghuZk VLL/Mdvsnm cZsZ
nardqudc nm Mnudladq 7sg: 19fl20 Vd Zookhdc sgd rsZmcZqc bZkhaqZshnm hm nqcdq sn
nasZhm sgd dudms khrsr enq sgd DOHB cdsdbsnq: trhmf sgd bheathkc: ncehmfdrs:
Zmc dlbgXhm oZbjZfdr 430 AZbjfqntmc rntqbdr vdqd dwbktcdc vhsg sgd bgddrd
snnk0 Vd oqdkhlhmZqhkx Zookhdc Z rsZmcZqc ıksdqhmf vhsg sgd lnr/ehksdq Zmc
om/ehksdq oZbjZfd enq sgd LNR Zmc OM cdsdbsnq: qdrodbshudkx: hm nqcdq sn bgdbj

sgd bnmsZlhmZshnm ax rnes/oqnsnm aZbjfqntmc0 Sgd ghfg mtladq ne BBCr –sgqdd( hm
sgd ZmnlZkntr lncd enq sgd LNRfl cdsdbsnq kdc tr sn bnmrhcdq nmkx sgd LNR1 Zmc
sgd OM cdsdbsnqr enq ntq ZmZkxrhr0 Sgd oZqshbkd aZbjfqntmc lncdk enq ntq rsZqshmf
hlZfdr Zmc rodbsqZ vZr oqnctbdc vhsg sgd lnr aXbi Zmc om aXbi oZbjZfdr0
Vd sgdm rdkdbsdc sgd shld hmsdquZkr kdrr bnmsZlhmZsdc ax rnes/oqnsnm aZbjfqntmc0

Trhmf hlZfdr hm sgd rnes Zmc gZqc VLL aZmcr: vd hcdmshıdc Zmc qdlnudc dwsqZ W/
qZx rntqbdr knbZsdc hm sgd qdfhnm ne hmsdqdrs0 EhmZkkx: vd nasZhmdc sgd rodbsqZk ıkdr
enq sgd rntqbd: sgd aZbjfqntmc: Zmc sgd hmrsqtldmsZk qdronmrdr0
Sgd rodbsqZk ZmZkxrhr vZr odqenqldc vhsg WRODA 440 Vd bnmrhcdqdc Zm Zarnqadc

�ODA sgdqlZk lncdk enq sgd bktrsdq bnlonmdms: vhsg ldsZk ZatmcZmbd ıwdc ZsR ;
+χ2R∗0
Vd snnj hmsn Zbbntms cheedqdms aZbjfqntmc rntqbdr. h( Zm tmZarnqadc sgdqlZk

bnlonmdms qdoqdrdmshmf sgd knbZk gns ataakd 45, hh( Zm Zarnqadc sgdqlZk bnlonmdms
vghbg lncdkr sgd hmsdqfZkZbshb ldchtl Zmc sgd bnnk gZkn 45, Zmc hhh( Zm Zarnqadc
onvdq/kZv vhsg rodbsqZk hmcdw � ; 0χ35 qdoqdrdmshmf sgd tmqdrnkudc aZbjfqntmc
ne bnrlnknfhbZk rntqbdr 460 Hm Zcchshnm: vd hmbktcdc dlhrrhnm khmdr qhrhmf eqnl
sgd rnkZq vhmc bgZqfd dwbgZmfd Zs 9045 Zmc 9054 jdU0 Vd ımZkkx hmbktcdc sgqdd
FZtrrhZm lncdkr hm nqcdq sn bnmrhcdq aqhfgs fitnqdrbdms khmdr Zs fl038: fl064 Zmc 7 jdU:
ctd sn sgd J� ne sgd �k: Rh Zmc Bt: qdrodbshudkx0
Sgd rodbsqZ vdqd ımZkkx ıssdc hm sgd qZmfd )903-601[ jdU0 Sgd W/qZx sdlodqZstqd

vZr bnmudqsdc hm lZrr dwoknhshmf bZkhaqZsdc rbZkhmf qdkZshnmr 470

NoshbZk rodbsqnrbnow0 Sgd rodbsqnrbnohb qdcrghes ZmZkxrhr vZr odqenqldc tmcdq
Zm HmsdqmZshnmZk Shld Oqnidbs –HSOfl2/97( eqnl �tftrs 19fl1 sn Itkx 19fl2480 Vd
oqdkhlhmZqhkx bZkbtkZsdc sgd ognsnldsqhb qdcrghes ne sgd bktrsdq trhmf ZqbghuZk RknZm
ChfhsZk Rjx Rtqudx –RCRR( CQfl1 cZsZ 590 Vd hcdmshıdc khjdkx bktrsdq ldladqr
rgnvhmf bngdqdms bnkntqr hm Zfqddldms vhsg wogns ; +χ52× +χ+20
Hm nqcdq sn bnmıql sgd bktrsdq Zmc nasZhm Zm drshlZsd ne sgd fZkZwx udknbhsx chr/

odqrhnm: vd odqenqldc rodbsqnrbnohb nardquZshnmr trhmf sgd NRHQHR rodbsqnfqZog
ne sgd fl903l FSB sdkdrbnod: Zs Qnptd cd knr LtbgZbgnr NardquZsnqx –NQL( hm
BZmZqx HrkZmc: ctqhmf LZqbg 19fl30 Vd nasZhmdc rodbsqnrbnohb qdcrghes enq 7 fZkZwx
ldladqr ax rdsshmf sgd knmf/rkhs hm svn onrhshnm Zmfkdr0 Sgd dwonrtqd shld vZr
2 jr enq dZbg onrhshnm0 Sgd etkk vZudkdmfsg qZmfd: 3999/8999 %�: vZr bnudqdc vhsg
Z qdrnktshnm P ≤ 4++0
Sgd rodbsqnrbnohb cZsZ qdctbshnm vZr odqenqldc trhmf rsZmcZqc HP�E sZrjr 5fl,

qZchZk udknbhshdr vdqd nasZhmdc trhmf WAR�M: h0d0 sgd bqnrr/bnqqdkZshnm sdbgmhptd51

hlokdldmsdc hm sgd HP�E sZrj PTR�M: vhsg rhw rodbsqtl sdlokZsdr ne cheedqdms
fZkZwx lnqognknfhdr. D: R9: RZ: Ra: Rb: Zmc Hqq 520
Vd ldZrtqdc qZchZk udknbhshdr enq 7 fZkZwx bktrsdq ldladqr: hmbktchmf sgd

ABF Zs Q� ; 102χ585500 ]de: CDB ; 43χ673210 ]de –I1999( Zmc wABF ;
+χ5028 × +χ+++10 Hm Zcchshnm: vd Zkrn bnmrhcdqdc 3 rodbsqnrbnohb qdcrghesr eqnl
RCRR CQfl10 �kk fZkZwx ldladqr Zqd okZbdc vhsghm 1χ4Lob eqnl sgd bktrsdq bdmsqd
Zmc rgnv udknbhshdr vhsghm ×14++ jl r�0 eqnl sgd ABF0 Sgd etkk rodbsqnrbnohb
cZsZrds qdudZkr sgZs ORY1 F988075@47034 hr Zs wrodb ; +χ505× +χ++00
Sgd fZkZwx udknbhsx chrodqrhnm ρu ; 57+Λ05+�02+ jl r

�0 vZr drshlZsdc trhmf sgd
fZoodq rbZkd drshlZsnq 530 Sghr drshlZsd bZm ad trdc Zr Z lZrr oqnwx sgqntfg Z
bZkhaqZsdc rbZkhmf qdkZshnm 540

CZsZ ZuZhkZahkhsw0 Sgd cZsZ sgZs rtoonqs sgd ımchmfr ne sghr rstcx Zqd ZuZhkZakd Zs
gsso.::ohbn0nXan0hmXe0hs:-rdqdmn: nq eqnl sgd bnqqdronmchmf Ztsgnq
tonm qdZrnmZakd qdptdrs0 Sgd VK cZsZ vdqd nasZhmdc vhsg LdfZOqhld?LdfZBZl:
Z inhms oqnidbs ne BEGS Zmc BD�?HQET: Zs sgd BZmZcZ/EqZmbd/GZvZhh Sdkd/
rbnod –BEGS( vghbg hr nodqZsdc ax sgd MZshnmZk QdrdZqbg Bntmbhk –MQB( ne
BZmZcZ: sgd Hmrshsts MZshnmZk cdr Rbhdmbdr cd k=Tmhudqr ne sgd Bdmsqd MZshnmZk
cd kZ Qdbgdqbgd Rbhdmshıptd –BMQR( ne EqZmbd: Zmc sgd Tmhudqrhsx ne GZvZhh0
Sgd BEGSKdmR Zmc QBRKdmR bZsZknftdr hmbktchmf ognsnldsqx Zmc kdmrhmf
rgZod hmenqlZshnm Zqd otakhbkx ZuZhkZakd Zs gsso.::vvv0bXcb/bbcX0
ghX/hgX0mqb/bmqb0fb0bX:dm:bnlltmhsw:AEFSKdmr:ptdqw0gslk
Zmc gsso.::vvv0bXcb/bbcX0ghX/hgX0mqb/bmqb0fb0bX:dm:
bnlltmhsw:qbrkdmr:ptdqw0gslk: qdrodbshudkx0

Pdedqdmbdr

)fl[ JZhrdq: M0 Nm sgd roZshZk bnqqdkZshnmr ne �adkk bktrsdqr0 �rspnofwr0 I0 Jdss0
173: K8-Kfl1 –fl873(0

)1[ Rgdsg: Q0 J0 ] Snqldm: F0 Nm sgd dmuhqnmldmsZk cdodmcdmbd ne gZkn enq/
lZshnm0 Lnm0 Mns0 P0 �rspnm0 Rna0 249: fl274-fl289 –1993(0 Xrsqn/og:
93911260
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)2[ Shmjdq: I0 K0 ds Xk0 Sgd KZqfd/rbZkd AhZr ne CZqj LZssdq GZknr. MtldqhbZk
BZkhaqZshnm Zmc Lncdk Sdrsr0 �rspnofwr0 I0 613: 767-775 –19fl9(0 y99y0
2y510

)3[ CZkZk: M0: Vghsd: L0: Anmc: I0 Q0 ] Rghqnjnu: �0 GZkn �rrdlakx AhZr hm
GhdqZqbghbZk Rsqtbstqd EnqlZshnm0 �rspnofwr0 I0 576: fl1-1fl –1997(0 97920
23420

)4[ Kh: X0: Ln: G0 I0 ] FZn: K0 Nm gZkn enqlZshnm shldr Zmc Zrrdlakx ahZr0 Lnm0
Mns0 P0 �rspnm0 Rna0 278: fl3fl8-fl315 –1997(0 9792011490

)5[ LZn: X0/X0: Ydmsmdq: �0 Q0 ] Vdbgrkdq: Q0 G0 Adxnmc �rrdlakx AhZr. Dw/
oknqhmf RdbnmcZqx GZkn AhZrdr enq Bktrsdq/rhyd GZkndr0 XpVhu.fi593091777
–19fl6(0 y6940927770

)6[ Vdbgrkdq: Q0 G0: Ydmsmdq: �0 Q0: Atkknbj: I0 R0: JqZusrnu: �0 U0 ] �kk/
fnnc: A0 Sgd Cdodmcdmbd ne GZkn Bktrsdqhmf nm GZkn EnqlZshnm Ghr/
snqx: BnmbdmsqZshnm: Zmc NbbtoZshnm0 �rspnofwr0 I0 541: 6fl-73 –1995(0
Xrsqn/og:94y13y50

)7[ Ingmrsnm: C0 D0 ds Xk0 Bqnrr/bnqqdkZshnm VdZj Kdmrhmf ne RCRR fZkZwx
Bktrsdqr HH. Bktrsdq Cdmrhsx Oqnıkdr Zmc sgd LZrr-Qhbgmdrr QdkZshnm0
XpVhu.95980fifi38 –1996(0

)8[ Rdqdmn: L0 ds Xk0 Mdv bnmrsqZhmsr nm ρ7 eqnl Z inhms ZmZkxrhr ne rsZbjdc
fqZuhsZshnmZk kdmrhmf Zmc bktrsdqhmf ne fZkZwx bktrsdqr0 Lnm0 Mns0 P0 �rspnm0
Rna0 338: 3fl36-3fl5fl –19fl4(0 y3y9043270

)fl9[ Lnqd: R0 ds Xk0 Cdsdbshnm ne sgd RokZrgaZbj QZchtr Zmc GZkn �rrdlakx AhZr
ne LZrrhud FZkZwx Bktrsdqr0 �rspnofwr0 I0 714: 28 –19fl5(0 y59y0959520

)flfl[ Yt: X0: LZmcdkaZtl: Q0: Rhlds: L0: Qnyn: D0 ] Qxjnee: D0 R0 Nm sgd kdudk
ne bktrsdq Zrrdlakx ahZr hm RCRR0 Lnm0 Mns0 P0 �rspnm0 Rna0 369: 44fl-459
–19fl6(0 y5yy0992550

)fl1[ Atrbg: O0 ]Vghsd: R0 C0 L0 �rrdlakx ahZr Zmc rokZrgaZbj hm fZkZwx bktrsdqr0
Lnm0 Mns0 P0 �rspnm0 Rna0 369: 3656-367fl –19fl6(0 y69109y5710

)fl2[ Cunqmhj: �0 ds Xk0 � JhCR vdZj kdmrhmf ZmZkxrhr ne Zrrdlakx ahZr hm F�L�
fZkZwx fqntor0 Lnm0 Mns0 P0 �rspnm0 Rna0 357: 214fl-2154 –19fl6(0 y6920
955460

)fl3[ OkZmbj BnkkZanqZshnm ds Xk0 OkZmbj 19fl4 qdrtksr0 WWUHH0 Sgd rdbnmc OkZmbj
bZsZknftd ne RtmxZdu/Ydkcnuhbg rntqbdr0 �rspnm0 �rspnofwr0 483: �16 –19fl5(0
y49109y4870

)fl4[ Rdqdmn: L0 ds Xk0 ORY1KdmR0 VdZj kdmrhmf ZmZkxrhr ne sgd OkZmbj bktrsdqr hm
sgd BEGSKdmR Zmc hm sgd QBRKdmR0 Lnm0 Mns0 P0 �rspnm0 Rna0 361: fl835-
fl86fl –19fl6(0 y6920957750

)fl5[ Nftqh: L0 ] SZjZcZ: L0 Bnlahmhmf bktrsdq nardquZakdr Zmc rsZbjdc vdZj
kdmrhmf sn oqnad cZqj dmdqfx. Rdke/bZkhaqZshnm ne rxrsdlZshb tmbdqsZhmshdr0
Nfwr0 Pdu0 C 72: 912997 –19flfl(0 y9y9096330

)fl6[ Qnrrdssh: L0 ds Xk0 LdZrtqhmf sgd cxmZlhbZk rsZsd ne OkZmbj RY/rdkdbsdc bktr/
sdqr. W/qZx odZj / ABF neerds0 Lnm0 Mns0 P0 �rspnm0 Rna0 346: 34fl4-3413
–19fl5(0 y4y10993y90

)fl7[ GdxlZmr: B0 ds Xk0 BEGSKdmR. sgd BZmZcZ/EqZmbd/GZvZhh Sdkdrbnod Kdmr/
hmf Rtqudx0 Lnm0 Mns0 P0 �rspnm0 Rna0 316: fl35-fl55 –19fl1(0 y1y9099210

)fl8[ GhkcdaqZmcs: G0 ds Xk0 QBRKdmR. Sgd Qdc Bktrsdq Rdptdmbd Kdmrhmf Rtqudx0
Lnm0 Mns0 P0 �rspnm0 Rna0 352: 524-543 –19fl5(0 y5920966110

)19[ Dqadm: S0 ds Xk0 BEGSKdmR. sgd BZmZcZ/EqZmbd/GZvZhh Sdkdrbnod Kdmrhmf
Rtqudx / hlZfhmf cZsZ Zmc bZsZknftd oqnctbsr0 Lnm0 Mns0 P0 �rspnm0 Rna0 322:
1434-1452 –19fl2(0 y1y907y450

)1fl[ Lhkkdq: K0 ds Xk0 AZxdrhZm fZkZwx rgZod ldZrtqdldms enq vdZj kdmrhmf rtqudxr
/ HHH0 �ookhbZshnm sn sgd BZmZcZ/EqZmbd/GZvZhh Sdkdrbnod Kdmrhmf Rtqudx0
Lnm0 Mns0 P0 �rspnm0 Rna0 318: 1747-1779 –19fl2(0 y1y90719y0

)11[ GhkcdaqZmcs: G0 ds Xk0 BEGSKdmR. hloqnuhmf sgd ptZkhsx ne ognsnldsqhb qdc/
rghesr vhsg oqdbhrhnm ognsnldsqx0 Lnm0 Mns0 P0 �rspnm0 Rna0 31fi: 1244-1256
–19fl1(0 yyyy033230

)12[ AdmiZlhm: I0 ds Xk0 BEGSKdmR snlnfqZoghb vdZj kdmrhmf. ptZmshexhmf Zbbt/
qZsd qdcrghes chrsqhatshnmr0 Lnm0 Mns0 P0 �rspnm0 Rna0 32fi: fl436-fl453 –19fl2(0
y1y1022160

)13[ Bnkadqf: I0 L0: Jqtfgnee: J0 R0 ] Bnmmnkkx: �0 I0 Hmsdqbktrsdq ıkZldmsr
hm Z ∆BCL Tmhudqrd0 Lnm0 Mns0 P0 �rspnm0 Rna0 248: 161-171 –1994(0
Xrsqn/og:93955540

)14[ Dbjdqs: C0 ds Xk0 VZql/gns aZqxnmr bnloqhrd 4/fl9 odq bdms ne ıkZldmsr hm sgd
bnrlhb vda0 MXstpd 417: fl94-fl96 –19fl4(0 y4y10993430

)15[ MZuZqqn: I0 E0: Eqdmj: B0 R0 ] Vghsd: R0 C0 L0 Sgd Rsqtbstqd ne Bnkc CZqj
LZssdq GZknr0 �rspnofwr0 I0 351: 452-464 –fl885(0 XqWhu.Xrsqn/og:
84979140

)16[ Ldmdfgdssh: L0 ds Xk0 Sgd LTRHB ne BK�RG. Oqdchbshnmr nm sgd
BnmbdmsqZshnm/LZrr QdkZshnm0 �rspnofwr0 I0 686: 23 –19fl3(0 y3930y2730

)17[ Chdldq: A0: LZmrıdkc: O0: JqZusrnu: �0 U0 ]Lnqd: R0 Sgd RokZrgaZbj QZchtr
ne GZknr eqnl OZqshbkd CxmZlhbr0 HH0 Cdodmcdmbd nm LZrr: �bbqdshnm QZsd:
Qdcrghes: Zmc Bnrlnknfx0 �rspnofwr0 I0 732: fl39 –19fl6(0 y6920986y50

)18[ Rbgmdhcdq: O0: uZm VZdqadjd: K0: IZhm: A0 ] Jqtrd: F0 � mdv ldZrtqd enq
bnrlhb rgdZq0 Lnm0 Mns0 P0 �rspnm0 Rna0 185: 762-781 –fl887(0 Xrsqn/og:
8697y320

)29[ LnmZbn: O0 ds Xk0 �m ZbbtqZsd snnk enq sgd eZrs fdmdqZshnm ne cZqj lZssdq gZkn
bZsZknftdr0 Lnm0 Mns0 P0 �rspnm0 Rna0 322: 1278-1391 –19fl2(0 y2940y4940

)2fl[ UhnkZ: L0 ds Xk0 CZqj lZssdq gZkn oqnodqshdr ne F�L� fZkZwx fqntor eqnl
fl99 rptZqd cdfqddr ne JhCR vdZj kdmrhmf cZsZ0 Lnm0 Mns0 P0 �rspnm0 Rna0
341: 2418-2449 –19fl4(0 y4960996240

)21[ Nftqh: L0 ds Xk0 Bnlahmdc rsqnmf Zmc vdZj kdmrhmf ZmZkxrhr ne 17 bktrsdqr
eqnl sgd RknZm FhZms �qbr Rtqudx0 Lnm0 Mns0 P0 �rspnm0 Rna0 319: 21fl2-2128
–19fl1(0 yy98014830

)22[ Bnunmd: F0: Rdqdmn: L0: Jhkahmfdq: L0 ] BZqcnmd: U0 E0 LdZrtqdldms ne sgd
GZkn AhZr eqnl RsZbjdc RgdZq Oqnıkdr ne FZkZwx Bktrsdqr0 �rspnofwr0 I0 Jdss0
673: K14 –19fl3(0 y391037y40

)23[ AZksy: D0 �0: LZqrgZkk: O0 ] Nftqh: L0 �mZkxshb lncdkr ne okZtrhakd fqZuhsZ/
shnmZk kdmr onsdmshZkr0 I0 Anrlnk0 �rspnoXps0 N0 fi: fl4 –1998(0 9694095710

)24[ Nftqh: L0 ] GZlZmZ: S0 CdsZhkdc bktrsdq kdmrhmf oqnıkdr Zs kZqfd qZchh Zmc
sgd hloZbs nm bktrsdq vdZj kdmrhmf rstchdr0 Lnm0 Mns0 P0 �rspnm0 Rna0 3fi3:
fl74fl-fl75fl –19flfl(0 yy9y095490

)25[ Rgdsg: Q0 J0 ] Snqldm: F0 KZqfd/rbZkd ahZr Zmc sgd odZj aZbjfqntmc rokhs0
Lnm0 Mns0 P0 �rspnm0 Rna0 297: flfl8-fl15 –fl888(0 Xrsqn/og:889yy110

)26[ AgZssZbgZqxZ: R0: GZaha: R0: GdhslZmm: J0 ] Uhjgkhmhm: �0 CZqj LZssdq GZkn
Oqnıkdr ne LZrrhud Bktrsdqr. Sgdnqx udqrtr NardquZshnmr0 �rspnofwr0 I0 655:
21 –19fl2(0 yyy1043680

)27[ Dhrdmrsdhm: C0 I0 ] Gt: V0 Onvdq RodbsqZ enq Bnkc CZqj LZssdq Zmc Hsr UZqh/
Zmsr0 �rspnofwr0 I0 4fifi: 4-fl4 –fl888(0 Xrsqn/og:86y91410

)28[ GndjrsqZ: G0 Gnv vdkk bZm vd cdsdqlhmd bktrsdq lZrr oqnıkdr eqnl vdZj
kdmrhmf; Lnm0 Mns0 P0 �rspnm0 Rna0 228: flfl44-flfl51 –1992(0 Xrsqn/og:
919724y0

)39[ Rlhsg: Q0 D0 ds Xk0 RsZakd bktrsdqhmf: sgd gZkn lncdk Zmc mnm/khmdZq bnrln/
knfhbZk onvdq rodbsqZ0 Lnm0 Mns0 P0 �rspnm0 Rna0 23fi: fl2flfl-fl221 –1992(0
Xrsqn/og:91965530

)3fl[ Rdqdmn: L0: Fhnbnkh: B0: Dssnqh: R0 ] LnrbZqchmh: K0 Sgd lZrr/bnmbdmsqZshnm
qdkZshnm hm kdmrhmf bktrsdqr. sgd qnkd ne rsZshrshbZk ahZrdr Zmc rdkdbshnm deedbsr0
Lnm0 Mns0 P0 �rspnm0 Rna0 338: 1913-1928 –19fl4(0 y3y9034570

)31[ LZmcdkaZtl: Q0: RdkiZj: T0 ] GhqZsZ: B0 L0 � gZkn lZrr-bnmbdmsqZshnm
qdkZshnm eqnl vdZj kdmrhmf0 IA�N 7: 5 –1997(0 9794014410
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)32[ NjZad: M0: Rlhsg: F0 O0: Tldsrt: J0: SZjZcZ: L0 ] EtsZlZrd: S0 KnBtRR.
Sgd LZrr Cdmrhsx Oqnıkd ne LZrrhud FZkZwx Bktrsdqr Zs y + 9010 �rspnofwr0
I0 Jdss0 658: K24 –19fl2(0 y291016170

)33[ Tldsrt: J0 ds Xk0 BK�RG. VdZj/kdmrhmf RgdZq/Zmc/lZfmhıbZshnm �mZkxrhr
ne 19 FZkZwx Bktrsdqr0 �rspnofwr0 I0 684: fl52 –19fl3(0 y3930y2640

)34[ IZquhr: L0 ds Xk0 Sgd CDR Rbhdmbd UdqhıbZshnm vdZj kdmrhmf rgdZq bZsZknftdr0
Lnm0 Mns0 P0 �rspnm0 Rna0 359: 1134-117fl –19fl5(0 y4960945920

)35[ Rdqdmn: L0: Edcdkh: B0 ] LnrbZqchmh: K0 BnloZqhrnm ne vdZj kdmrhmf ax
MEV Zmc DhmZrsn gZknr Zmc rxrsdlZshb dqqnqr0 I0 Anrlnk0 �rspnoXps0 N0 fi: 931
–19fl5(0 y493094y720

)36[ Aqhckd: R0 ] Jhmf: K0 CZqj dmdqfx bnmrsqZhmsr eqnl bnrlhb rgdZq onvdq rodb/
sqZ. hloZbs ne hmsqhmrhb Zkhfmldmsr nm ognsnldsqhb qdcrghes qdpthqdldmsr0 Mdv
IntpmXk ne Nfwrhar 8: 333 –1996(0 969409y550

)37[ GdxlZmr: B0 ds Xk0 BEGSKdmR snlnfqZoghb vdZj kdmrhmf bnrlnknfhbZk oZ/
qZldsdq bnmrsqZhmsr. LhshfZshmf sgd hloZbs ne hmsqhmrhb fZkZwx Zkhfmldmsr0
Lnm0 Mns0 P0 �rspnm0 Rna0 321: 1322-1342 –19fl2(0 y2920y7970

)38[ LhxZsZjd: G0 ds Xk0 Sgd VdZj Kdmrhmf RhfmZk Zmc sgd Bktrsdqhmf ne ANRR
FZkZwhdr0 H0 LdZrtqdldmsr0 �rspnofwr0 I0 795: fl –19fl4(0 y2yy0y3790

)49[ GhmrgZv: F0 ds Xk0 Mhmd/xdZq Vhkjhmrnm LhbqnvZud �mhrnsqnox Oqnad
–VL�O( NardquZshnmr. BnrlnknfhbZk OZqZldsdq Qdrtksr0 �rspnofwr0 I0
Rtook0 Rdp0 197: fl8 –19fl2(0 y1y1041150

)4fl[ LtmZqh: D0 ds Xk0 Hloqnuhmf eZrs fdmdqZshnm ne gZkn bZsZknftdr vhsg ghfgdq
nqcdq KZfqZmfhZm odqstqaZshnm sgdnqx0 Lnm0 Mns0 P0 �rspnm0 Rna0 354: 3547-
3566 –19fl6(0 y5940936770

)41[ Fhnbnkh: B0: Ldmdfgdssh: L0: AZqsdklZmm: L0: LnrbZqchmh: K0 ] Ankcqhm: L0
LNJ�. Z mdv snnk enq rsqnmf kdmrhmf rstchdr0 Lnm0 Mns0 P0 �rspnm0 Rna0 31fi:
2232-2244 –19fl1(0 yy98091740

)42[ Fhnbnkh: B0 ds Xk0 EZrs vdZj/kdmrhmf rhltkZshnmr vhsg gZkn lncdk0 Lnm0 Mns0
P0 �rspnm0 Rna0 369: 2463-2489 –19fl6(0 y69y0916280

)43[ Rmnvcdm: R0 K0: Ltrgnsyjx: Q0 E0: Jtmsy: J0 C0 ] CZuhr: C0 R0 � bZsZknf ne
fZkZwx bktrsdqr nardqudc ax WLL/Mdvsnm0 �rspnm0 �rspnofwr0 367: 5fl4-547
–1997(0 96y90113y0

)44[ �qmZtc: J0 �0 WRODB. Sgd Ehqrs Sdm XdZqr0 Hm IZbnax: F0 G0 ] AZqmdr:
I0 –dcr0( �rspnmnlhaXk CXsX �mXkwrhr RnesvXpd Xmc Rwrsdlr S: unk0 fl9fl ne
�rspnmnlhaXk Rnahdsw ne sfd NXahya Anmedpdmad Rdphdr: fl6 –fl885(0

)45[ Jtmsy: J0 C0 ] Rmnvcdm: R0 K0 Sgd W/QZx/Dlhsshmf Bnlonmdmsr snvZqc
k ; 000]de. Sgd KnbZk Gns Ataakd Zmc Adxnmc0 �rspnofwr0 I0 563: 198-1fl8
–1997(0

)46[ SZjdx: �0: Rbgvnod: �0 ] KZldq: F0 Sgd 1WLLh?RCRR FZkZwx Bktrsdq
Rtqudx0 H0 Sgd ıqrs bktrsdq rZlokd Zmc W/qZx ktlhmnrhsx/sdlodqZstqd qdkZshnm0
�rspnm0 �rspnofwr0 423: �fl19 –19flfl(0 yy980y6320

)47[ Uhjgkhmhm: �0 ds Xk0 BgZmcqZ Bktrsdq Bnrlnknfx Oqnidbs0 HH0 RZlokdr Zmc W/
QZx CZsZ Qdctbshnm0 �rspnofwr0 I0 581: fl922-fl948 –1998(0 9794011960

)48[ OkZmbj BnkkZanqZshnm ds Xk0 OkZmbj hmsdqldchZsd qdrtksr. WWWUH0 NoshbZk
hcdmshıbZshnm Zmc qdcrghesr ne OkZmbjRY rntqbdr vhsg sdkdrbnodr Zs sgd BZmZqx
HrkZmcr nardquZsnqhdr0 �rspnmnlw : �rspnofwrhar 475: �fl28-fl4 –19fl5(0

)59[ �kZl: R0 ds Xk0 Sgd Dkdudmsg Zmc Svdkesg CZsZ QdkdZrdr ne sgd RknZm ChfhsZk
Rjx Rtqudx. EhmZk CZsZ eqnl RCRR/HHH0 �rspnofwr0 I0 Rtook0 Rdp0 1fi8: fl1
–19fl4(0 y49y0998520

)5fl[ Sncx: C0 Sgd HQ�E CZsZ Qdctbshnm Zmc �mZkxrhr Rxrsdl0 Hm BqZvenqc: C0 K0
–dc0( EmrsptldmsXshnm hm Xrspnmnlw SE: unk0 516 ne Npna0 RNED: 622 –fl875(0

)51[ Snmqx: I0 ] CZuhr: L0 � rtqudx ne fZkZwx qdcrghesr0 H / CZsZ qdctbshnm sdbg/
mhptdr0 �rspnm0 I0 73: fl4flfl-fl414 –fl868(0

)52[ Jdmmhbtss: Q0 B0: Iq0 � rodbsqnognsnldsqhb ZskZr ne fZkZwhdr0 �rspnofwr0 I0
Rtook0 Rdp0 68: 144-173 –fl881(0

)53[ Addqr: S0 B0: Ekxmm: J0 ] FdagZqcs: J0 LdZrtqdr ne knbZshnm Zmc rbZkd enq
udknbhshdr hm bktrsdqr ne fZkZwhdr / � qnatrs ZooqnZbg0 �rspnm0 I0 fi99: 21-35
–fl889(0

)54[ DuqZqc: �0 D0 ds Xk0 UhqhZk RbZkhmf ne LZrrhud CZqj LZssdq GZknr. Vgx Bktr/
sdqr Oqdedq Z Ghfg MnqlZkhyZshnm Bnrlnknfx0 �rspnofwr0 I0 561: fl11-fl26
–1997(0 Xrsqn/og:969113y0

�bimnvkdcfdldmsr

Sgd Ztsgnqr sgZmj Inrd̊ �kadqsn Qtahḿn LZqsz̊m enq bnnqchmZshmf sgd rodbsqnrbnohb
bZloZhfm Zmc KtbZ C=�uhmn enq rtffdrshnmr nm sgd qdmcdqhmf ne Ehf0 fl0 RD
Zmc LR Zbjmnvkdcfd ımZmbhZk rtoonqs eqnl sgd bnmsqZbsr �RH/HM�E H?998?fl9?9:
M�QNfl4 �RH/HM�E H?926?fl1?9: �RH 19fl4/935/Q09: Zmc �RH/HM�E m019fl6/fl3/G090
BF Zbjmnvkdcfdr rtoonqs eqnl sgd HsZkhZm Lhmhrsqx enq DctbZshnm: Tmhudqrhsx: Zmc
QdrdZqbg –LHTQ( sgqntfg sgd RHQ hmchuhctZk fqZms RHLBNCD: oqnidbs mtladq
QARHfl3O3HG: Zmc sgd HsZkhZm Lhmhrsqx ne Enqdhfm ZeeZhqr Zmc HmsdqmZshnmZk Bnno/
dqZshnm: ChqdbsnqZsd FdmdqZk enq Bntmsqx Oqnlnshnm enq Bntmsqx Oqnlnshnm0 KH
Zbjmnvkdcfdr rtoonqs eqnl sgd RoZmhrg qdrdZqbg oqnidbs �X� 19fl3/4727fl/O0 KL
sgZmjr sgd rtoonqs eqnl sgd fqZmsr �RH m0H?912?fl1?9 Zmc OQHM LHTQ 19fl40 �E:
�R: QA Zbjmnvkdcfd ımZmbhZk rtoonqs eqnl sgd RoZmhrg Lhmhrsqx ne Dbnmnlx Zmc
Bnlodshshudmdrr –LHMDBN( tmcdq sgd �X�19fl3/59327/O: sgd DRO19fl2/37251/
B1/fl/O Zmc sgd 19flfl Rdudqn NbgnZ OqnfqZl LHMDBN RDU/19flfl/9fl76 oqnidbsr0
Sghr Zqshbkd hmbktcdr nardquZshnmr lZcd vhsg sgd FqZm Sdkdrbnohn BZmZqhZr –FSB(
nodqZsdc ax Hmrshstsn cd �rsqnez̊rhbZ cd BZmZqhZr –H�B( vhsg sdkdrbnod shld ZvZqcdc
ax sgd BBH HmsdqmZshnmZk Shld OqnfqZlld Zs sgd BZmZqx HrkZmcr nardquZsnqhdr –oqn/
fqZl HSOfl2/7(0 Sgd rhltkZshnmr vdqd qtm nm sgd LZqbnmh rtodqbnlotsdq Zs BhmdbZ
sgZmjr sn sgd oqnidbsr HrBfl9 LNJ�kdm2 Zmc HrB38 BkAqZ9fl0

�tsgnq bnmsqhatshnmr

�kk Ztsgnqr bnmsqhatsdc sn sgd hmsdqoqdsZshnm Zmc oqdrdmsZshnm ne sgd qdrtksr0 LR.
kdZc Ztsgnq, oqnidbs bnmbdos: okZmmhmf: Zmc cdrhfm, vqhshmf, kdmrhmf: rsZshrshbZk: Zmc
bnrlnknfhbZk ZmZkxrdr0 BF. mtldqhbZk rhltkZshnmr0 KH. W/qZx ZmZkxrhr0 EL: �U.
bnrlnknfhbZk ZmZkxrhr0 RD: KL. okZmmhmf Zmc hmsdqoqdsZshnm0 FB. bktrsdq rZlokd
rdkdbshnm0 �E: �R: QA. fZkZwx jhmdlZshbr0

�cchshnmZk hmenqlZshnm

Anqqdronmcdmbd Zmc qdptdrsr enq lZsdqhZkr rgntkc ad Zccqdrrdc sn LR Zs
lZtqn0rdqdmn&nZan0hmZe0hs0

Anlodshmf hmsdqdrsr

Sgd Ztsgnqr cdbkZqd mn bnlodshmf ımZmbhZk hmsdqdrsr0
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