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Fmspnctbshnm
Sgd� chrbqdsd,shld� Vqhfgs“Ehrgdq� ’CSVE(� lncdk� ]mc� hsr� k]qfd�
onotk]shnm� khlhs� sgd�Vqhfgs“Ehrgdq�cheetrhnm� ’VE�cheetrhnm(� ]qd�
vnqjgnqrdr�ne�onotk]shnm�fdmdshbr� ’Dvdmr�1//3:�Fhkkdrohd�1//3(-�
Sgdrd�enqv]qc,hm,shld�lncdkr�cdrbqhad�sgd�dunktshnm�ne�sgd�eqd,
ptdmbx�ne�]m�]kkdkd�hm�]�onotk]shnm)�]mc�b]m�hmbnqonq]sd�lts]shnm)�
rdkdbshnm)�]mc�fdmdshb�cqhes-
Adxnmc� oqnuhchmf� ]� trdetk� bnmbdost]k� eq]ldvnqj)� sgd� CSVE�

lncdk�]mc�sgd�VE�cheetrhnm�dm]akd�hmedqdmbd�ne�dunktshnm]qx�o]q],
ldsdqr�eqnl�c]s]-�?�mns]akd�dw]lokd�hr�sgd�Onhrrnm�q]mcnl�üdkc�
’OQE(�lncdk�’R]vxdq�]mc�G]qsk�0881(�vghbg�qdk]sdr�sgd�chrsqhatshnm�
ne�]kkdkd�eqdptdmbhdr�]s�]�rhmfkd�rhsd�sn�sgd�oqna]ahkhsx�ne�nardquhmf�
]�fhudm�mtladq�ne�rhsdr�vgdqd�]m�]kkdkd�hr�]s�]�o]qshbtk]q�eqdptdmbx�
hm�sgd�r]lokd�’sgd�rhsd�eqdptdmbx�rodbsqtl:�RER(-�Sgd�RER�b]m�ad�dr,
shl]sdc�eqnl�rdptdmbhmf�c]s])�]mc�gdmbd�sgd�OQE�oqnuhcdr�]�oqna,
]ahkhrshb� lncdk� qdk]shmf� dunktshnm]qx� o]q]ldsdqr� sn� nardqu]akd�
fdmdshb�c]s]-�Dunktshnm]qx�o]q]ldsdqr�b]m�sgdm�ad�hmedqqdc�trhmf�
rs]mc]qc�sdbgmhptdr�eqnl�rs]shrshb]k�hmedqdmbd)�rtbg�]r�l]whltl�
khjdkhgnnc-�Sghr�]ooqn]bg�g]r�addm�trdc�sn�hmedq�onotk]shnm�rhydr�
’Ag]rj]q� ds� Zk-� 1/04()� bnlokdw� cdlnfq]oghb�lncdkr� ’Ftsdmjtmrs�
ds�Zk-�1//8()�]mc�chrsqhatshnmr�ne�rdkdbshnm�bndeübhdmsr�’Jhl�ds�Zk-�1/06(-
Tmenqstm]sdkx�hs�hr�cheübtks�sn�bnlotsd�sgd�chrsqhatshnm�ne�eqd,

ptdmbhdr�]s�]�rhmfkd�rhsd�enq�lncdkr�vhsg�m]stq]k�rdkdbshnm�tmcdq�
dhsgdq�sgd�CSVE�lncdk�nq�sgd�VE�cheetrhnm-�Sghr�chrsqhatshnm�hr�
nmd�ne�sgd�jdx�hmfqdchdmsr�ne�sgd�OQE�lncdk-�Sn�hkktrsq]sd�sgdrd�
cheübtkshdr)�vd�vhkk� enbtr�nm�sgd�b]rd�ne�]�rhmfkd�rhsd�vhsg�svn�

onsdmsh]k� ]kkdkdr)�:�]mc�Z)� hm� ]�o]mlhbshb�lnmndbhntr�g]oknhc�
onotk]shnm-
Gdqd)�ntq�nudq]qbghmf�fn]k�vhkk�ad�sn�bnlotsd�sgd�khjdkhgnnc�ne�

nardquhmf�]�o]qshbtk]q�]kkdkd�eqdptdmbx�]s�oqdrdms�fhudm�u]qhntr�
dunktshnm]qx�o]q]ldsdqr�rtbg�]r�o]rs�onotk]shnm�rhydr)�lts]shnm�
q]sdr)�]mc�rdkdbshnm�bndeübhdmsr-
Sgd�rhlokdrs�]ooqn]bg�sn�bnlotshmf�sgdrd�khjdkhgnncr�hr�]�m],

hud�enqv]qc,hm,shld�]ookhb]shnm�ne�sgd�CSVE�sq]mrhshnm�l]sqhw-�?r�

vd�cdrbqhad�hm�lnqd�cds]hk�adknv)�sgd�bqtw�ne�sghr�m]hud�ldsgnc�hr�

qdod]sdckx�ltkshokxhmf�]�udbsnq�ne�oqna]ahkhshdr�ax�]�CSVE�sq]mrh,

shnm�l]sqhw)�d]bg�ne�vghbg�qdpthqd�N’M1(�shld�enq�]�onotk]shnm�ne�

rhyd�M-�Fhudm�sg]s�enq�gtl]mr)�sgd�oqdrdms,c]x�deedbshud�onotk],

shnm�rhyd�l]x�ad�hm�sgd�lhkkhnmr�’nq�lnqd(�’Rbgheedkr�]mc�Ctqahm�

1/03()�sghr�m]hud�]ooqn]bg�hr�nauhntrkx�mns�rb]k]akd-
Sn� ]unhc� sgd� nmdqntr�N’M1(� qtmshld)� l]mx� ]ooqn]bgdr� ]qd�

a]rdc�nm�sgd�hcd]�sg]s�onotk]shnm�rhydr�]qd�trt]kkx�pthsd� k]qfd)�
]mc�]r�rtbg�nmd�lhfgs�bnmrhcdq�]�k]qfd�onotk]shnm�rhyd�khlhs�ne�
sgd�CSVE�lncdk-�Sghr�khlhs�]rrtldr�]�üwdc�r]lokd�rhyd�m�]mc�
sgdm� s]jdr�M� sn� hmümhsx)� ]ksgntfg� hm� oq]bshbd� sghr� ]ooqn]bg� hr�
trdc�enq�]kk�ats�sgd�rl]kkdrs�onotk]shnm�rhydr-�Sgd�qdrtkshmf�bnm,
shmttl� khlhs� hr� sgd� bdkdaq]sdc�VE� cheetrhnm� ’Dvdmr� 1//3(-� Sgd�
VE�cheetrhnm�hr�rshkk�]�L]qjnu�oqnbdrr)�ats�hmrsd]c�ne�g]uhmf�]�ümhsd�
rs]sd�ro]bd)�sgd�rs]sd�ro]bd�hr�sgd�bnmshmtntr�tmhs�hmsdqu]k�Z/) 0[�ne�
]kkdkd�eqdptdmbhdr-�?r�rtbg)�sgd�khlhshmf�oqnbdrr�hr�mn�knmfdq�]�chr,
bqdsd�shld)�chrbqdsd�ro]bd�L]qjnu�bg]hm)�ats�]�bnmshmtntr�shld)�
bnmshmtntr�ro]bd�L]qjnu�oqnbdrr�vgnrd�dunktshnm� hr�cdrbqhadc�
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ax�]�rsnbg]rshb�cheedqdmsh]k�dpt]shnm-�Sghr�rsnbg]rshb�cheedqdmsh]k�
dpt]shnm�sgdm�]kknvr�nmd�sn�vqhsd�]�o]qsh]k�cheedqdmsh]k�dpt]shnm�
’OCD(�sg]s�cdrbqhadr�gnv�sgd�khjdkhgnnc�ne�nardquhmf�cheedqdms�]k,
kdkd�eqdptdmbhdr�bg]mfdr�nudq�shld-�Rhlhk]q�sn�sgd�m]hud�CSVE�]o,
oqn]bg)�nmd�l]x�rnkud�sghr�OCD�]s�dpthkhaqhtl�]s�rnld�shld�hm�sgd�
]mbhdms�o]rs�]mc�sgdm�dunkud�sgd�khjdkhgnncr�enqv]qc�hm�shld�sn�na,
s]hm�sgd�khjdkhgnncr�]s�sgd�oqdrdms-�Sgd�]cu]ms]fd�ne�sghr�]ooqn]bg�
hr�sg]s�vgdsgdq�sgd�onotk]shnm�g]r�0/)///�hmchuhct]kr�nq�0/�lhkkhnm�
hmchuhct]kr�sgd�OCD�hr�etmbshnm]kkx�sgd�r]ld-�?r�]�qdrtks)�sgd�qtm,
shld�ne�bnlotshmf�khjdkhgnncr�adbnldr�hmcdodmcdms�ne�M-�Sghr�]o,
oqn]bg� g]r� addm� dwsqdldkx� eqthsetk)� qdrtkshmf� hm� mtldqhb]k�
rnktshnmr� ’Du]mr� ds� Zk-� 1//6:� Ftsdmjtmrs� ds� Zk-� 1//8:� Jnbg� ]mc�
Mnudlaqd�1/06(�]mc�rodbsq]k�]ooqn]bgdr�’Rnmf�]mc�Rsdhmqöbjdm�
1/01:� Rsdhmqöbjdm� ds� Zk-� 1/02:� ßhujnuhb́ ds� Zk-� 1/04:� Rsdhmqöbjdm�
ds�Zk-�1/05(-�Xds)�mtldqhb]kkx�rnkuhmf�]�OCD�b]m�ad�cheübtks�]mc�
dqqnq,oqnmd)�]mc�rnld�ldsgncr�g]ud�addm�entmc�sn�qdstqm�mdf],
shud�}oqna]ahkhshdr•�’J]ll�ds�Zk-�1/06(-
?mnsgdq�khmd�ne�vnqj�s]jdr�]�a]bjv]qc,hm,shld�]ooqn]bg�trhmf�

hcd]r� eqnl� Jhmfl]m%r� bn]kdrbdms� ’Jhmfl]m� 0871()� qdrtkshmf� hm�
khjdkhgnncr�dpthu]kdms�sn�sgnrd�bnlotsdc�enqv]qc,hm,shld�trhmf�
sgd�VE�cheetrhnm�’I]mrdm�]mc�Jtqs�1/03(�’ats�rdd�Et�1//5:�Ag]rj]q�
ds� Zk-� 1/04 enq� bn]kdrbdms� ]ooqn]bgdr� sg]s� ]qd� dpthu]kdms� sn� sgd�
CSVE�lncdk(-�Sgdrd�a]bjv]qc,hm,shld�]ooqn]bgdr�g]ud�sgd�]cu]m,
s]fd�ne�nmkx�rb]khmf�hm�sdqlr�ne�sgd�r]lokd�rhyd)�m)�]r�noonrdc�sn�sgd�
onotk]shnm�rhyd)�M-�Trt]kkx)�m ≪ M)�]mc�rn�sghr�rb]khmf�b]m�qdrtks�hm�
rtars]msh]k� bnlots]shnm]k� roddctor-� Enq� dw]lokd)� Onk]mrjh� ]mc�
Jhlldk�’1//2( cdudknodc�]m�]ooqn]bg�sn�bnlotsd�khjdkhgnncr�tmcdq�
sgd�bn]kdrbdms�enq�]qahsq]qx�o]rs�onotk]shnm�rhyd�etmbshnmr�hm�N’m1(�
shld-�?�l]inq�cnvmrhcd�ne�bn]kdrbdms�]ooqn]bgdr�hr�sgd�cheübtksx�
ne� hmbnqonq]shmf� m]stq]k� rdkdbshnm� ’Jqnmd� ]mc� Mdtg]trdq� 0886(-�
Nmd�b]m�hm�oqhmbhokd�nas]hm�]�fdmd]knfhb]k�oqnbdrr�hm�sgd�oqdrdmbd�
ne�m]stq]k�rdkdbshnm�’Jqnmd�]mc�Mdtg]trdq�0886()�ats�hmedqdmbd�tm,
cdq�sghr�oqnbdrr�hr�fdmdq]kkx�hmsq]bs]akd-
Tmcdq�mdtsq]khsx)�qdrtksr�hcdmshb]k�sn�sgd�a]bjv]qc,hm,shld�]o,

oqn]bg� b]m� ad� cdqhudc� eqnl� ]� enqv]qc,hm,shld� odqrodbshud� ax�
sq]bjhmf�sgd�üqrs�m�lnldmsr�ne�sgd�onotk]shnm�eqdptdmbx�chrsqhat,
shnm)� qdrtkshmf� hm ]� rxrsdl� ne� m� bntokdc� nqchm]qx� cheedqdmsh]k�
dpt]shnmr� ’NCDr(� ’Du]mr� ds� Zk-� 1//6(-� Sgd� ]ooqn]bg� hm� ’Du]mr�
ds�Zk-�1//6(�b]m�ad�dwsdmcdc�sn�lncdkr�vhsg�rdkdbshnm)�ats�hm�sg]s�
b]rd)� sgd� rxrsdl� ne�NCDr� hr� mns� }bknrdc-•� Sghr�ld]mr� sg]s� sgd�
shld�cdqhu]shud�ne�sgd�msg�lnldms�ne�sgd�onotk]shnm�eqdptdmbx�
chrsqhatshnm�qdpthqdr�jmnvhmf�]kk�ne�sgd�lnldmsr�to�sn�]mc�hm,
bktchmf� sgd� ’m  1(sg� lnldms� enq� fdmdq]k� lncdkr� ne� rdkdbshnm)�
vghbg hm stqm qdpthqdr jmnvhmf sgd ’m  3(sg lnldms ]mc rn nm-
Enqv]qc,hm,shld�]mc�a]bjv]qc,hm,shld�ldsgncr�d]bg�g]ud�]c,

u]ms]fdr�]mc�chr]cu]ms]fdr)�]mc�rn�]�mtladq�ne�gxaqhc�]ooqn]bgdr�
g]ud�addm�cdudknodc-�Enq�dw]lokd)�momi ’J]ll�ds�Zk-�1/06)�1/1/(�
trdr�sgd�e]bs�sg]s�sgd�fdmd]knfhdr�ne�sgd�a]bjv]qc,hm,shld�bn]kdr,
bdms� b]m�ad� dladccdc� hm� ]� enqv]qc,hm,shld�Lnq]m�lncdk-�momi
b]m�lncdk�bnlokdw�cdlnfq]oghdr)�ats�b]mmns�lncdk�rdkdbshnm-�?�
rhlhk]q� sqhbj� hr� trdc� hm� moments ’Intf]mntr� ds� Zk-� 1/06()� ats�
moments b]m�lncdk�m]stq]k�rdkdbshnm�vghkd�qdl]hmhmf�]�fnnc�]o,
oqnwhl]shnm�sn�sgd�VE�cheetrhnm-
Vghkd�sgd�VE�cheetrhnm�]mc�bn]kdrbdms�b]m�dm]akd�lnqd�deü,

bhdms�hmedqdmbd)�sgdx�]qd�nmkx�]bbtq]sd�enq�rteübhdmskx�bnllnm�]k,
kdkdr-�Sghr�hm]bbtq]bx�g]r�addm�mnsdc�rdudq]k�shldr)�trt]kkx�hm�sgd�
bnmsdws�ne�sgd�bn]kdrbdms)�ats�sgd�bn]kdrbdms�]mc�VE�cheetrhnm�]qd�
ct]k�oqnbdrrdr)�rn�sgdrd�hm]bbtq]bhdr�]krn�]ookx�sn�sgd�VE�cheet,
rhnm-�Sgdqd�adfhm�sn�ad�mns]akd�chrbqdo]mbhdr�adsvddm�sgd�CSVE�
lncdk� ]mc� sgd�VE�cheetrhnm�vgdm� sgd� r]lokd� rhyd)�m)� hr� k]qfdq�
sg]m� qntfgkx� sgd� rpt]qd� qnns� ne� sgd� onotk]shnm� rhyd)�
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’V]jdkdx�]mc�S]j]g]rgh�1//2:�Et�1//5:�Ag]rj]q�ds�Zk-�1/03:�Ldkü�
]mc�Uhrv]m]sg�1/07]:�Jqtjnu�]mc�Fq]udk�1/10(-

Sgd�cheetrhnm�khlhs�]krn�]rrtldr�sg]s�]kk�qdkdu]ms�dunktshnm]qx�
o]q]ldsdqr� rtbg� ]r�lts]shnm� q]sdr� ]mc� rsqdmfsgr� ne� rdkdbshnm�
rb]kd�khjd�0<M�hm�sgd�khlhs�’Dvdmr�1//3(-�Sg]s�hr)�he�sgd�rdkdbshnm�bn,
deübhdms�hr�≫ 0<M)�sgdm�sgd�cheetrhnm�]ooqnwhl]shnm�aqd]jr�cnvm�
’Jqtjnu�]mc�Fq]udk�1/10(-
Lnrs�ne�sgd�ldsgncr�chrbtrrdc�]anud�bnlotsd�khjdkhgnncr�tm,

cdq�oqnbdrrdr�dpthu]kdms�sn�sgd�VE�cheetrhnm)�onsdmsh]kkx�rteedqhmf�
eqnl�sgdrd�oqnakdlr-�Ag]rj]q�ds�Zk-�’1/03( hmsqnctbdc�]�bn]kdrbdms�
]ooqn]bg�ct]k�sn�sgd�CSVE�lncdk�sg]s�rb]kdr�khjd�N’m2(�ats�b]m,
mns� hmbnqonq]sd� m]stq]k� rdkdbshnm-� Lnqd� qdbdmskx)� Jqtjnu� ]mc�
Fq]udk�’1/10( cdudknodc�]m�]ooqn]bg�sg]s�b]m�lncdk�m]stq]k�rd,
kdbshnm�trhmf�]cchshnm]k�annjjddohmf�sn�]bbtq]sdkx�bnlotsd�khjd,
khgnncr�tmcdq� sgd�CSVE�oqnbdrr-�Tmenqstm]sdkx)� sghr�]ooqn]bg�
rb]kdr�khjd�N’m3(-�Sgd�chrshmbshnm�adsvddm�sgd�CSVE�oqnbdrr�]mc�
sgd�VE�cheetrhnm�adbnldr�]oo]qdms�vgdm�m�hr�k]qfdq�sg]m�N’
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Hm� sghr� qdfhld)�]� qtmshld�ne�N’m3(� hlokhdr�]� qtmshld�ne�]s kd]rs�
N’M1()�mn�adssdq�sg]m�sgd�m]hud�enqv]qc,hm,shld�]ooqn]bg�trhmf�
sgd�CSVE�sq]mrhshnm�l]sqhw-
Sgdqd�g]r�addm�ltbg�hmsdqdrs�hm�cdsdqlhmhmf�sgd�dwsdms�sn�vghbg�

m]stq]k�rdkdbshnm�]bsr�]f]hmrs�knrr,ne,etmbshnm�u]qh]msr�hm�d]bg�fdmd�
hm�sgd�gtl]m�fdmnld�trhmf�l]rrhud�dwnld�rdptdmbhmf�c]s]rdsr�
’Kdj�ds�Zk-�1/05:�B]rr]�ds�Zk-�1/06:�Vdfgnqm�ds Zk-�1/08:�J]qbydvrjh�
ds�Zk-�1/1/:�K]Onkhbd�]mc�Gt]mf�1/12:�?f]qv]k�ds�Zk-�1/12(-�Sghr�qd,
fhld”r]lokd�rhydr�hm�sgd�gtmcqdcr�ne�sgntr]mcr)�]mc�dwsqdldkx�
rsqnmf�rdkdbshnm”hr�dw]bskx�vgdqd�cheedqdmbdr�adsvddm�sgd�CSVE�
lncdk� ]mc� sgd� cheetrhnm� adbnld�lnrs� oqnmntmbdc)� ghfgkhfgshmf�
sgd�mddc�enq�lnqd�bnlots]shnm]kkx�deübhdms�ldsgncr-
Gdqd)� vd� qdbnmrhcdq� sgd� m]hud� ]ooqn]bg� ne� trhmf� sgd�

enqv]qc,hm,shld�CSVE�oqnbdrr-�Vghkd�sgd�lnrs�a]rhb�ldsgnc�ne�
bnlotshmf�khjdkhgnncr�trhmf�sgd�CSVE�oqnbdrr�bnrsr�N’M1(�shld)�
vd�rgnv�sg]s�sq]mrhshnm�l]sqhbdr�tmcdq�]�aqn]c�bk]rr�ne�CSVE�
oqnbdrrdr�b]m�ad�qdok]bdc�ax�ghfgkx�rsqtbstqdc�l]sqhbdr�dm]akhmf�
khjdkhgnnc� bnlots]shnmr� hm�N’M(� shld)�vghkd� g]uhmf� ]� oqnu]akx�
rl]kk� ]ooqnwhl]shnm� dqqnq-� Vd� nas]hm� ]� rhlhk]q� roddcto� enq�
Gxodqfdnldsqhb�r]lokhmf� sg]s�l]x�ad�ne� hmcdodmcdms� hmsdqdrs-�
Vd� oqnuhcd� ]� ghfg� kdudk� cdrbqhoshnm� ne� ntq� ldsgnc� hm� sgd�
Nudquhdv�ne�ZooqnZbg�rdbshnm)�]mc�vd�rgnv�dlohqhb]kkx�sg]s�ntq�]o,
oqn]bg�hr�ghfgkx�]bbtq]sd�]mc�b]m�rb]kd�sn�r]lokd�rhydr�hm�sgd�sdmr�
ne�lhkkhnmr� hm� sgd�Qtmshld�Zmc�ZbbtqZbx�rdbshnm-�Vd�trd�ntq�]o,
oqn]bg�sn�dwoknqd�sgd�tshkhsx�ne�trhmf�knrr,ne,etmbshnm�u]qh]msr�sn�
drshl]sd�rdkdbshnm�bndeübhdmsr�hm�k]qfd�r]lokdr�hm�sgd�HloZbs�ne�lt,
sZshnm)�rdkdbshnm)�Zmc�cdlnfqZogx�nm�sgd�CSVE�lncdk�rdbshnm-�Vd�ümc�
sg]s�hmbqd]rhmf�r]lokd�rhydr�adxnmc�btqqdms�u]ktdr�vhkk�oqnuhcd�
khsskd�u]ktd�enq�drshl]shmf�sgd�rdkdbshnm�bndeübhdmsr�ne�lnrs�fdmdr)�
]mc�vhkk�nmkx�oqnud�trdetk�enq�drshl]shmf�dwsqdldkx�rsqnmf�rdkdb,
shnm�bndeübhdmsr-�Vd�chrbtrr�sgd�khlhs]shnmr�]mc�etstqd�chqdbshnmr�
enq�ntq�]ooqn]bg�hm�sgd�Chrbtrrhnm�rdbshnm-�Enql]k�oqnner�]qd�cd,
edqqdc� sn� ?oodmchw� ?-�Vd� ]ookx� ntq� ]ooqn]bg� hm� ]m� dlohqhb]k�
A]xdr� eq]ldvnqj� sn� drshl]sd� sgd� rsqdmfsg� ne� rdkdbshnm� ]f]hmrs�
knrr,ne,etmbshnm� u]qh]msr� trhmf� k]qfd,rb]kd� dwnld� rdptdmbhmf�
c]s]�hm�]�bnlo]mhnm�o]odq�’Ydmf�ds�Zk-�1/12(-�Rnesv]qd�vhsg�]�ox,
sgnm� ?OH� hlokdldmshmf� ntq� ]ooqn]bg� hr� ]u]hk]akd� ]s� gssor9..�
fhsgta-bnl.ideerodmbd.e]rsCSVE-

Nudpuhdv�ne�PoopnPbg
Sgqntfgnts) vd enbtr nm ] rhmfkd knbtr vhsg svn ]kkdkdr) : ]mc Z-
Ntq�fn]k� hr� sn� bnlotsd� sgd� khjdkhgnnc�ne� nardquhmf�]� fhudm� eqd,
ptdmbx�ne�sgd�:�]kkdkd�]s�]�o]qshbtk]q� knbtr� hm�]�r]lokd�eqnl�]�
onotk]shnm�dunkuhmf�]bbnqchmf�sn�sgd�CSVE�lncdk-�Vd�vhkk�trd�
sgd�mns]shnm�us� sn�qdoqdrdms�]�udbsnq�ne�sgdrd�khjdkhgnncr�]s�fdmdq,
]shnm�s-�Sg]s�hr)�dmsqx�h�ne�us� hr�sgd�khjdkhgnnc�ne�nardquhmf�dw]bskx�h�
bnohdr ne�sgd�:�]kkdkd�hm�sgd�onotk]shnm�]s�fdmdq]shnm�s-�Sgtr)�he�vd�
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r]x�sg]s�sgd�oqdrdms�hr�fdmdq]shnm�S)�ntq�fn]k�hr�sn�bnlotsd�uS-�?kk�
ne�sgd�dunktshnm]qx�enqbdr�oqdrdms�hm�]�fdmdq]k�CSVE�lncdk�]qd�
b]ostqdc�ax� sgd� sq]mrhshnm�l]sqhbdr)�Ls-� Hm�o]qshbtk]q) Ls� hr�]e,
edbsdc�ax�sgd�onotk]shnm�rhydr�hm�fdmdq]shnmr�s�]mc�s  0)�]r�vdkk�
]r�sgd�lts]shnm�q]sdr�]mc�deedbsr�ne�rdkdbshnm-�Enq�fdmdq]k�mnmd,
pthkhaqhtl� onotk]shnmr� vgdqd� sgdrd� dunktshnm]qx� o]q]ldsdqr�
]qd�bg]mfhmf�nudq�shld)�]�m]hud�]ooqn]bg�sn�bnlotshmf�sgdrd�khjd,
khgnncr�hmunkudr�sgqdd�rsdor9�

0( Vd�]rrtld�sg]s�]s�rnld�onhms�hm�sgd�o]rs�sgd�onotk]shnm�
v]r�]s�dpthkhaqhtl)�]mc�vd�bnlotsd�u/)�]�udbsnq�vhsg�M  0�
dmsqhdr)�hmcdwdc�eqnl�/�sn�M)�vgdqd�dmsqx�h�hr�sgd�oqna]ahkhsx�
ne�nardquhmf�h�bnohdr�ne�sgd�:�]kkdkd�hm�sgd�onotk]shnm�]s�dpth,
khaqhtl)�vhsg�M�adhmf�sgd�onotk]shnm�rhyd-

1( Vd� dunkud� sgdrd� oqna]ahkhshdr� enqv]qc� ]bbnqchmf� sn� sgd�
CSVE�sq]mrhshnm�l]sqhw�enq�d]bg�fdmdq]shnm)�tmshk�vd�qd]bg�
sgd� oqdrdms-� Sg]s� hr)� enq� fdmdq]shnm� s − 0)� kds�Ls−0� ad� sgd�
CSVE�sq]mrhshnm�l]sqhw-�Sgdm)�’Ls−0(h)i� hr�sgd�oqna]ahkhsx�ne�

fnhmf�eqnl�h�bnohdr�ne�sgd�:�]kkdkd�hm�sgd�onotk]shnm�hm�fdmdq,
]shnm�s − 0�sn�i�bnohdr�ne�sgd�:�]kkdkd�hm�fdmdq]shnm�s-�Sn�nas]hm�
sgd�oqna]ahkhsx�ne�d]bg�]kkdkd�eqdptdmbx�hm�sgd�onotk]shnm�]s�
fdmdq]shnm�s)�vd�b]m�bnlotsd

us <L⊤
s−0us−0)�

vgdqd�vd�trd�sgd�⊤�rtodqrbqhos�sn�cdmnsd�l]sqhw�sq]mronr,
hshnm-� R]x� sg]s� vd� v]ms� sn� bnlotsd� sgd� khjdkhgnnc� ]s�
fdmdq]shnm� S-� Sgdm)� fhudm� u/)� vd� b]m� bnlotsd� sgd�
onotk]shnm,kdudk�]kkdkd�eqdptdmbx�oqna]ahkhshdr�]r

uS <L⊤
S−0 · · ·L

⊤
/u/.

2( Sgd�üqrs�svn�rsdor�bnlotsd�sgd�oqna]ahkhsx�ne�nardquhmf�d]bg�
cheedqdms� onrrhakd� ]kkdkd� eqdptdmbx� hm� sgd� onotkZshnm)� ]mc� rn�
vd�rshkk�ltrs�nas]hm�sgd�oqna]ahkhsx�ne�nardquhmf�d]bg�cheedqdms�
onrrhakd�]kkdkd�eqdptdmbx�hm�]�rZlokd�eqnl�sgd�onotk]shnm-�Kds�R�
ad�]�l]sqhw�vgdqd�dmsqx�Rh)i� hr�sgd�oqna]ahkhsx�ne�rddhmf�i�:�]k,

kdkdr�hm�]�r]lokd�fhudm�sg]s�sgdqd�]qd�h�:�]kkdkdr�hm�sgd�onotk],
shnm-�Vd�l]x�sgdqdenqd�nas]hm�sgd�oqna]ahkhshdr�ne�nardquhmf�
d]bg�onrrhakd�]kkdkd�eqdptdmbx�hm�sgd�r]lokd)�ur]lokd�]r

ur]lokd < R⊤uS.

D]bg�ne�sgdrd�rsdor�hr�hmsq]bs]akd�trhmf�]�m]hud�]ooqn]bg�ad,
b]trd�sgdx�qdkx�nm�l]sqhw“udbsnq�ltkshokhb]shnm)�qdpthqhmf�N’M1(�
shld-�Xds)�he�vd�vdqd�]akd�sn�l]jd�l]sqhw“udbsnq�ltkshokhb]shnm�
ltbg�e]rsdq)�sgdm�sghr�]ooqn]bg�rtccdmkx�adbnldr�]ssq]bshud”�
hs�hr�bnmbdost]kkx�rsq]hfgsenqv]qc:�d]rx�sn�dwsdmc�sn�hmbnqonq]sd�
rdkdbshnm�]mc�bg]mfdr�hm�lts]shnm�q]sdr�nq�onotk]shnm�rhydr:�]mc�
mtldqhb]kkx�rs]akd�adb]trd�]kk�ne�sgd�dmsqhdr�hm�]kk�ne�sgd�udbsnqr�
]mc�l]sqhbdr�]qd�onrhshud)�]unhchmf�sgd�b]s]rsqnoghb�b]mbdkk]shnm�
sg]s�ok]ftdr�rnld�nsgdq�]ooqn]bgdr-
Ntq�]ooqn]bg�hr�sn�qdok]bd�sgd�CSVE�sq]mrhshnm�l]sqhbdr�Ls�

]mc�sgd�r]lokhmf�l]sqhw�R�vhsg�]ooqnwhl]sd�udqrhnmr)�Ls� ]mc�R�
sg]s� ]kknv� enq�l]sqhw“udbsnq�ltkshokhb]shnm� hm�N’M(� shld)�vghkd�
ft]q]msddhmf� sg]s� Ls� ]mc R ]qd dwsqdldkx }bknrd• sn Ls� ]mc R)
qdrodbshudkx-
Ntq�l]hm�qdrtksr�]qd�]ants�l]sqhbdr�vgdqd�d]bg�qnv�bnmrhrsr�ne�

sgd�M  0�dmsqhdr�ne�]�oqna]ahkhsx�l]rr�etmbshnm�ne�]�Ahmnlh]k�chr,
sqhatshnm� vhsg� r]lokd� rhyd� M-� Vd� b]kk� sghr� bk]rr� ne� l]sqhbdr�
Ahmnlh]k� sq]mrhshnm�l]sqhbdr-�Vghkd� sghr� bk]rr� ne�l]sqhbdr l]x�
rddl�drnsdqhb)� sgd� sq]mrhshnm�l]sqhbdr� ne�l]mx� sxodr� ne�CSVE�

lncdkr� ]qd� dhsgdq� sgdlrdkudr� Ahmnlh]k� sq]mrhshnm� l]sqhbdr� nq�
b]m� ad� vdkk� ]ooqnwhl]sdc� trhmf� Ahmnlh]k� sq]mrhshnm� l]sqhbdr-�
Nm�]m�hmsthshud�kdudk)�ntq�qdrtksr�qdkx�nm�sgd�nardqu]shnm�sg]s�]kk�
ne�sgd�}]bshnm•�hm�]�Ahmnlh]k�chrsqhatshnm�g]oodmr�nm�sgd�rb]kd�ne�
N’


M

√
(�hm�]�v]x sg]s�vd�cdrbqhad�hm�lnqd�cds]hk�adknv-

Sn�nas]hm�r]lokhmf�oqna]ahkhshdr)�vd�fdmdq]kkx�bnmrhcdq�r]l,
okhmf�vhsgnts� qdok]bdldms� eqnl�sgd�onotk]shnm-�?r�vd�vhkk�cd,
rbqhad�adknv)�sghr�qdrtksr�hm�R�adhmf�]�l]sqhw�vgdqd�d]bg�qnv�hr�
sgd�oqna]ahkhsx�l]rr�etmbshnm�ne�]�Gxodqfdnldsqhb�chrsqhatshnm-�
Sgd�r]ld�oqnodqshdr�ne�Ahmnlh]k�chrsqhatshnmr�sg]s�]kknv�tr�sn�odq,
enql�e]rs�l]sqhw“udbsnq�oqnctbsr�]qd�]krn�sqtd�ne�Gxodqfdnldsqhb�
chrsqhatshnmr-�Sghr�]kknvr�tr�sn�trd�udqx�rhlhk]q�sqhbjr�sn�pthbjkx�
bnlotsd�l]sqhw“udbsnq�oqnctbsr�vhsg�sgd�r]lokhmf�l]sqhw)�R-
Hm�bnmsq]rs)�he�nmd�nas]hmr�]�r]lokd�uh]�r]lokhmf�vhsg�qdok]bd,

ldms)�sgdm�r]lokhmf�b]m�ad�qdoqdrdmsdc�]r�nmd�]cchshnm]k�fdmdq,
]shnm�ne�]�CSVE�oqnbdrr)�ats�vhsg�mn�lts]shnm�]mc�mn�rdkdbshnm-�
Nmd�b]m�]krn�lncdk�r]lokhmf�vhsg�qdok]bdldms�vgdqd�sgd�r]l,
okhmf�hr�ah]rdc�snv]qc�hmchuhct]kr�vhsg�nmd�]kkdkd�nq�sgd�nsgdq)�hm�
vghbg�b]rd�sgd�r]lokhmf�oqnbdrr�hr�dpthu]kdms�sn�]�rhmfkd�fdmdq,
]shnm�ne�sgd�CSVE�lncdk�vhsgnts�lts]shnm)�ats�vhsg�]�o]qshbtk]q�
enql�ne�m]stq]k�rdkdbshnm-�Rtbg�]�rhst]shnm�lhfgs�]qhrd�vgdm�r]l,
okhmf�b]rd.bnmsqnk�c]s])�vgdqd�b]rdr�]qd�nudq,qdoqdrdmsdc�qdk]shud�
sn�sgdhq�]atmc]mbd�hm�sgd�onotk]shnm-�Hm�sghr�b]rd)�sgdqd�vntkc�ad�
]�ah]r�snv]qc�r]lokhmf�chrd]rd,]rrnbh]sdc�]kkdkdr-�Lnqd�bnlokh,
b]sdc� r]lokhmf� oqnbdrrdr� ’d-f-� r]lokhmf� vhsgnts� qdok]bdldms)�
ats�ah]rdc�snv]qc�nmd�]kkdkd�nq�]mnsgdq(�l]x�ad�onrrhakd�sn�sqd]s�
trhmf�ntq�sdbgmhptdr)�ats�vntkc�qdpthqd�]cchshnm]k�bnmrhcdq]shnmr�
adxnmc�sgnrd�oqdrdmsdc�gdqd-

SnsWk�uWphWshnm�chrsWmbd�Wmc�lWsphw�mnplr
Ntq�qdrtksr�]ants�Ahmnlh]k�]mc�Gxodqfdnldsqhb�chrsqhatshnmr�]qd�
hm�sdqlr�ne�sns]k�u]qh]shnm�chrs]mbd)�]m�hlonqs]ms�ldsqhb�nm�sgd�
ro]bd�ne�chrsqhatshnmr-�Rdd�Fhaar�]mc�Rt�’1//1( enq�]�bnloqdgdm,
rhud�nudquhdv�ne�ldsqhbr nm�sgd�ro]bd�ne�chrsqhatshnmr)�hmbktchmf�
sns]k�u]qh]shnm�chrs]mbd-�Enq�sgd�chrbqdsd�chrsqhatshnmr�s]jhmf�u],
ktdr�hm�/) 0) 1) - - - ) M�sg]s�vd�bnmrhcdq�gdqd)�sns]k�u]qh]shnm�chrs]mbd�
hr�rhlokx�g]ke�sgd�ℓ0� chrs]mbd�adsvddm�sgd�oqna]ahkhsx�l]rr�etmb,
shnmr-�Sg]s�hr)�enq�]�chrsqhatshnm�O�]mc�]�chrsqhatshnm�P)�vd�vqhsd�sgd�
sns]k�u]qh]shnm�chrs]mbd�adsvddm�sgdl)�cSU’O) P()�]r

cSU’O) P( 9 <
0
1

M

j</

OzW < j{ − OzX < j{
)�

vgdqd�W�hr�]�O,chrsqhatsdc�q]mcnl�u]qh]akd�]mc�X�hr�]�P,chrsqhatsdc�
q]mcnl�u]qh]akd-
Vd�oqdrdms�ntq�qdrtksr�hm�sdqlr�ne�sns]k�u]qh]shnm�chrs]mbd�ad,

b]trd�hs�hr�udqx�bknrdkx�qdk]sdc�sn�]�o]qshbtk]q�l]sqhw�mnql-�Sgd�
0,nodqZsnq�mnql�ne�]�l]sqhw)�vghbg�vd�cdmnsd�ax�| · |0)�hr�cdümdc�]r

|:|0 9 < rto
w 9 |w|0

|:w|0�

enq�]�l]sqhw�:)�vgdqd�| · |0�]ookhdc�sn�udbsnqr�hr�sgd�trt]k�ℓ0�mnql�
’h-d-�sgd�rtl�ne�sgd�]arnktsd�u]ktdr�ne�sgd�dmsqhdr(-�Mnsd�sg]s�sgd�
0,nodq]snq�mnql�hr�mns�sgd�rtl�ne�sgd�]arnktsd�u]ktdr�ne�sgd�dm,
sqhdr ne sgd l]sqhw- Hm e]bs) sgd 0,nodq]snq mnql hr sgd l]whltl
ne�sgd�bnktlm,vhrd�ℓ0�mnqlr-�Sgd�oqnne�ne�sghr�vdkk,jmnvm�qdrtks�
hr�hmbktcdc�hm�?oodmchw�A enq�bnlokdsdmdrr-
Sgd�qd]rnm�vd�]qd�hmsdqdrsdc�hm�sgd�0,nodq]snq�mnql�hr�adb]trd�

hs�]kknvr�tr�sn�antmc�gnv�ltbg�dqqnq�vd�lhfgs�hmsqnctbd�ax�qd,
ok]bhmf�]�CSVE�sq]mrhshnm�l]sqhw�ax�]m�]ooqnwhl]shnm-�Hm�o]q,
shbtk]q)� he� vd� g]ud� ]� CSVE� sq]mrhshnm� l]sqhw�L� ]mc� vd� b]m�

Rb]khmf�sgd�CSVE�lncdk� y� 2
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bnmrsqtbs� ]m� ]ooqnwhl]sd�l]sqhw� L� rtbg� sg]s� |L⊤ − L⊤|0 ≤ ε)�
sgdm�vgdm�vd�bnlotsd�sgd�l]sqhw“udbsnq�oqnctbsr�qdpthqdc�enq�
bnlotshmf� khjdkhgnncr)� vd� vhkk� g]ud� sg]s� |L⊤u − L⊤u|0 ≤ ε-�
Rhmbd�sgd�qnvr�ne�]�CSVE�l]sqhw�bnqqdronmc�sn�oqna]ahkhsx�l]rr�
etmbshnmr)�vd�rdd�sg]s�antmchmf�]m�]ooqnwhl]shnm%r�qnv,vhrd�ℓ0�
chrs]mbd�hr�dpthu]kdms�sn�antmchmf�sgd�sns]k�u]qh]shnm�chrs]mbd�ad,
svddm�sgd�bnqqdronmchmf�chrsqhatshnmr�to�sn�]�e]bsnq�ne�1-

AhmnlhWk�spWmrhshnm�lWsphbdr�Wpd�WoopnwhlWsdkx�
roWprd
Sgd�üqrs�jdx�enq�ntq�]ooqn]bg�hr�rsq]hfgsenqv]qc9�Ahmnlh]k�q]m,
cnl� u]qh]akdr� ]qd� udqx� tmkhjdkx� sn� ad� snn� e]q� ]v]x� eqnl� sgdhq�
ld]mr-�?�Ahmnlh]k�q]mcnl�u]qh]akd�vhkk�ad�lnqd�sg]m


M
1
knf
1
ε



]v]x�eqnl�hsr�ld]m�vhsg�oqna]ahkhsx�kdrr�sg]m�ε-�Sghr�hr�]�bdkdaq]sdc�
qdrtks�ctd�sn�Gndeechmf�’0852()�]mc�rgnvr�sg]s�vhsg�nudqvgdklhmf�
oqna]ahkhsx)�]�Ahmnlh]k�q]mcnl�u]qh]akd�vhkk�ad�vhsghm�]�bnmrs]ms�

e]bsnq�shldr�

M

√
ne�hsr�ld]m-�Hm�stqm)�sghr�hlokhdr�sg]s�vd�b]m�hfmnqd�

]kk�ats�N’

M

√
(�dmsqhdr�hm�d]bg�qnv�ne�]�Ahmnlh]k�sq]mrhshnm�l]sqhw�

vghkd� nmkx� hmbtqqhmf� ]� bnmrs]ms� ’hm�M(� sns]k� u]qh]shnm� chrs]mbd-�
Sghr�oqnodqsx�ne�Ahmnlh]k�chrsqhatshnmr�hr�hkktrsq]sdc�hm�Ehf-�0]-
Sghr�rhlokd�nardqu]shnm�]knmd�oqnuhcdr�rtars]msh]k�r]uhmfr�hm�

sdqlr�ne�ldlnqx�]mc�qtmshld�enq�bnlotshmf�l]sqhw“udbsnq�oqn,
ctbsr)� vghbg� g]r� addm� mnsdc� oqduhntrkx� ’Jqtjnu� ds� Zk-� 1/05:�
S]s]qt�ds�Zk-�1/05()�]r�vd�b]m�rhlokx�s]jd�d]bg�qnv�ne�]�Ahmnlh]k�
sq]mrhshnm�l]sqhw)�]mc�qdok]bd�]kk�ne�sgd�dmsqhdr�sg]s�]qd�snn�e]q�
]v]x�eqnl�sgd�bnqqdronmchmf�ld]m�ne�sgd�qnv�ax�ydqn-�Vd�b]m�
bgnnrd�sgd�onhms�]s�vghbg�vd�adfhm�rdsshmf�dmsqhdr�sn�ydqn�sn�nas]hm�
]�fhudm�dqqnq�snkdq]mbd)�ε-�Sn�dmrtqd�sg]s�sgd�qdrtkshmf�]ooqnwhl]sd�
l]sqhw�hr�rshkk�]�u]khc�rsnbg]rshb�l]sqhw�’h-d-�sgd�qnvr�rshkk�rtl�sn�nmd�
]mc�gdmbd�]qd�u]khc�oqna]ahkhsx�chrsqhatshnmr()�vd�chuhcd�sgd�qd,
l]hmhmf�mnmydqn�dmsqhdr�ax�sgdhq�rtl)�vghbg�ax�bnmrsqtbshnm�odq,
stqar�sgdl�ax�]�ltkshokhb]shud�e]bsnq�mn�k]qfdq�sg]m�0<’0 − ε(-
?r�]�bnmbqdsd�dw]lokd)�sn�b]ostqd�]kk�ats�0/−05�ne�sgd�oqna]ahkhsx�hm�

]�Ahmnlh]k�chrsqhatshnm)�bnqqdronmchmf�qntfgkx�sn�sgd�khlhsr�ne�mtldq,
hb]k�oqdbhrhnm)�vd�b]m�hfmnqd�]kk�ats�≈3.22
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√
dmsqhdr�nm�dhsgdq�rhcd�ne�

sgd�ld]m�vgdm�bnlotshmf�l]sqhw“udbsnq�oqnctbsr-�Sghr�ld]mr�sg]s�
vd�b]m�]ooqnwhl]sd�sgd�l]sqhw�]r�g]uhmf�nmkx�≈7.55
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mnmydqn�dm,

sqhdr� hm�d]bg� qnv)� qdrtkshmf� hm�]� sgdnqdshb]k� roddcto�ax�]� e]bsnq�ne�
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√
<7.55-�Vgdm�M�hr�0)///)�sghr�bnqqdronmcr�sn�]�e]bsnq�ne�≈6.2±�roddc,

to�nudq� sgd�m]hud�]ooqn]bg-�Vgdm�M� hr�0/�lhkkhnm)� sgd�roddcto� hr�
≈62/±-�Sghr�ghfg�cdfqdd�ne�ro]qrhsx�hr�uhrt]kkx�]oo]qdms�hm�sgd�4) /// ±�
4) ///�mdtsq]k�CSVE�sq]mrhshnm�l]sqhw�rgnvm�hm�Ehf-�0a-

AhmnlhWk�spWmrhshnm�lWsphbdr�Wpd�WoopnwhlWsdkx�
knv�pWmi
Sgd�rdbnmc�jdx�enq�ntq�]ooqn]bg�hr�lnqd�rtaskd)�]mc�qdkhdr�nm�sgd�
e]bs�sg]s�Ahmnlh]k�chrsqhatshnmr�vhsg�rhlhk]q�rtbbdrr�oqna]ahkhshdr�
g]ud�rhlhk]q�chrsqhatshnmr�hm�sdqlr�ne�sns]k�u]qh]shnm�chrs]mbd-�Sghr�
l]jdr�rdmrd�nm�]m�hmsthshud�kdudk”flhoohmf�M�bnhmr�sg]s�bnld�to�
gd]cr�vhsg�oqna]ahkhsx�o�rgntkc�qdrtks�hm�]�rhlhk]q�chrsqhatshnm�ne�
ntsbnldr�sn�flhoohmf�M�bnhmr�sg]s�bnld�to�gd]cr�vhsg�oqna]ahkhsx�
o  δ-�Vg]s�hr�kdrr�nauhntr�hr�sgd�kdmfsg�rb]kd�]s�vghbg�sghr�nbbtqr-�
Sg]s�hr)�gnv�k]qfd�b]m�δ ad�hm�sdqlr�ne�o�]mc�M�vghkd�rshkk�jddohmf�
sgd�sns]k�u]qh]shnm�chrs]mbd�adsvddm�sgd�svn�chrsqhatshnmr�adknv�]�
rodbhüdc�kdudk)�ε;�Sgd�]mrvdq�hr�bε


o’0 − o(<M


enq�rnld�bnmrs]ms�bε

sg]s�cdodmcr�nm�ε ats�hr�hmcdodmcdms�ne�o�]mc�M-�Sghr�rb]khmf�hr�
uhrt]kkx�]oo]qdms� hm� sgd�cheedqdms�bnknqdc�onhmsr� hm�Ehf-�0])�]mc�
vd�oqnud�sghr�qdrtks�hm�?oodmchw�?-

Vd�mnv�bnmrhcdq�o]qshshnmhmf�sgd�tmhs�hmsdqu]k�Z/) 0[�hmsn�aknbjr�
rtbg�sg]s�enq�o�]mc�o′ hm�sgd�r]ld�aknbj)�svn�Ahmnlh]k�chrsqhatshnmr�
vhsg�rhyd�M�]mc�rtbbdrr�oqna]ahkhshdr�o�]mc�o′ vhkk�g]ud�sns]k�u]qh,
]shnm�chrs]mbd�kdrr�sg]m�ε-�Vd�rgnv�hm�}Enql]k�sgdnqdshb]k�qdrtksr�
]mc�oqnner•�sg]s�vd�b]m�]bghdud�rtbg�]�o]qshshnmhmf�ne�Z/) 0[�vhsg�
N’
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Vd�b]m�trd�sghr�o]qshshnmhmf�sn�]ooqnwhl]sd�]�Ahmnlh]k�sq]mrh,
shnm�l]sqhw�ax�]m�dwsqdldkx�knv q]mj�l]sqhw)�vghkd�antmchmf�sgd�
ℓ0�dqqnq�hmsqnctbdc�sn�d]bg�qnv-�Enq�d]bg�rdo]q]sd�aknbj�hm�sgd�o]q,
shshnm�ne�Z/) 0[)�vd�b]m�ohbj�]�qdoqdrdms]shud�rtbbdrr�oqna]ahkhsx-�
Rhmbd� sgdqd�]qd�N’
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(� aknbjr� hm� sghr� o]qshshnm)�vd� dmc�to�vhsg�

N’
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√
(� qdoqdrdms]shud� rtbbdrr� oqna]ahkhshdr-� Sgdm)� enq� d]bg� qnv�

ne� sgd� Ahmnlh]k� sq]mrhshnm�l]sqhw)� vd� b]m� bnmrhcdq� hsr� rtbbdrr�
oqna]ahkhsx)�cdsdqlhmd�vghbg�aknbj�ne�sgd�o]qshshnm�hs�hr�hm)�]mc�qd,
ok]bd�sg]s�qnv�ax�sgd�oqna]ahkhsx�l]rr�etmbshnm�ne�sgd�Ahmnlh]k�
q]mcnl�u]qh]akd�vhsg�sgd�bnqqdronmchmf�qdoqdrdms]shud�rtbbdrr�
oqna]ahkhsx-�Adb]trd�sgd�nqhfhm]k�qnv�]mc�sgd�mdv�qnv�bnqqdronmc�
sn�oqna]ahkhsx�l]rr�etmbshnmr�enq�Ahmnlh]k�chrsqhatshnmr�sg]s�]qd�
bknrd�hm�sns]k�u]qh]shnm�chrs]mbd)�sgd�qnvr�]qd�bknrd�hm�ℓ0�chrs]mbd-�
?esdq�qdok]bhmf�d]bg�qnv)�sgd�qdrtkshmf�l]sqhw�b]m�g]ud�]s�lnrs�
N’


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√
(�tmhptd�qnvr)�ld]mhmf�sg]s�enq�k]qfd�M�hs�hr�dwsqdldkx�knv�

q]mj-�?cchshnm]kkx)�rhmbd�d]bg�qnv�ne�sgd�qdrtkshmf�l]sqhw�hr�rshkk�
sgd�oqna]ahkhsx�l]rr�etmbshnm�ne�rnld�Ahmnlh]k�chrsqhatshnm)�sgd�
qdrtkshmf�l]sqhw�hr�rshkk�]�Ahmnlh]k�sq]mrhshnm�l]sqhw-
Vghkd�ohbjhmf�]m�]qahsq]qx�rtbbdrr�oqna]ahkhsx�enq�d]bg�aknbj�hm�

sgd�o]qshshnm�ne�Z/) 0[�antmcr�sgd�sns]k�u]qh]shnm�chrs]mbd)�cheedqdms�
bgnhbdr�b]m�qdrtksr�hm�cheedqdms�]bbtq]bhdr�ne�sgd�]ooqnwhl]shnm�
nudq�qdod]sdc�l]sqhw“udbsnq�ltkshokhb]shnmr-�Enq�hmrs]mbd)�he�nmd�
vdqd�sn�bgnnrd�sgd�rl]kkdrs�rtbbdrr�oqna]ahkhsx�vhsghm�d]bg�aknbj)�
sgdm)� enq� ]� mdtsq]k CSVE� sq]mrhshnm�l]sqhw)� sgd� dwodbsdc� eqd,
ptdmbx�hm�sgd�mdws�fdmdq]shnm�vntkc�mdudq�ad�k]qfdq�sg]m�sgd�btq,
qdms� eqdptdmbx� ]mc� vntkc� nesdm� ad� rkhfgskx� rl]kkdq-� Nudq�
dunktshnm]qx�shld,rb]kdr�sghr�vntkc�]bs�rhlhk]qkx�sn�mdf]shud�rdkdb,
shnm)�]eedbshmf�sgd�knmf,sdql�]bbtq]bx-�Hmrsd]c�ne�bgnnrhmf�]qah,
sq]qhkx)�vd�entmc�sg]s�hm�oq]bshbd�]�lnldms,l]sbghmf�]ooqn]bg�
hr� dwsqdldkx� ]bbtq]sd-� Aqhdflx)� vgdm� odqenqlhmf� l]sqhw“udbsnq�
ltkshokhb]shnm�vhsg�]�mnmmdf]shud�udbsnq�u)� enq�]�fhudm�aknbj�ne�
sgd�o]qshshnm�ne�Z/) 0[�vd�trd�sgd�vdhfgsdc�]udq]fd�ne�sgd�rtbbdrr�
oqna]ahkhshdr�hm�L�sg]s�e]kk�vhsghm�sg]s�aknbj�vhsg�vdhfgsr�oqnonq,
shnm]k�sn�sgd�bnqqdronmchmf�dmsqhdr�ne�u-
Rodbhüb]kkx)�rtoonrd�sg]s�qnvr�h) h  0) - - - ) i)�vhsg�rtbbdrr�oqna,

]ahkhshdr�oh) oh 0) - - - ) oi�vhkk�]kk�ad�qdoqdrdmsdc�ax�]�rhmfkd�qnv�vhsg�
rtbbdrr�oqna]ahkhsx�oj-�He�vd�]rrtld�sg]s�sgd�rtbbdrr�oqna]ahkhshdr�
]qd�nqcdqdc)�sgdm�rdsshmf�oj� sn�ad�]mx�u]ktd�adsvddm�oh�]mc�oi�vhkk�
antmc�sgd�sns]k�u]qh]shnm�chrs]mbd)�ats�rnld�bgnhbdr�l]x�qdrtks�hm�
vnqrd�knmf,sdql�]bbtq]bx-�He�vd�]qd�]ooqnwhl]shmf�L⊤u�enq�rnld�
u�vhsg�mnmmdf]shud�dmsqhdr)�sgdm�vd�rds

oj <
i

ℓ<h oℓuℓ

i
ℓ<h uℓ

.

Sghr�bgnhbd�ft]q]msddr�sg]s�sgd�dwodbsdc�eqdptdmbx�hm�sgd�mdws�
fdmdq]shnm�ne�]m�]kkdkd�vhsg�eqdptdmbx�hm�sgd�btqqdms�fdmdq]shnm�
bgnrdm�vhsg�oqna]ahkhshdr�oqnonqshnm]k�sn�u�hr�l]sbgdc�adsvddm�
sgd�sqtd�]mc�]ooqnwhl]sd�oqnbdrrdr-�Hm�sgd�dudms�sg]s�sgd�cdmnl,

hm]snq�hr�dw]bskx�/)�sgdm�sgd�bgnhbd�ne�oj�cndr�mns�l]ssdq�]r�vd�vhkk�
rdd�hm�sgd�mdws�rdbshnm-

:m�N I(�Wkfnphsgl�enp�WoopnwhlWsdkx�bnlotshmf�
lWsphwyudbsnp�opnctbsr�enp�ahmnlhWk�spWmrhshnm�
lWsphbdr
Sgdrd� svn� hmfqdchdmsr”sg]s� d]bg� qnv�ne� ]� Ahmnlh]k� sq]mrhshnm�
l]sqhw�hr�bknrd�hm�ℓ0� chrs]mbd�sn�]�qnv�vhsg�nmkx�N’
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dmsqhdr)�]mc�sg]s�d]bg�qnv�ne�]�Ahmnlh]k�sq]mrhshnm�l]sqhw�hr�bknrd�
hm�ℓ0� chrs]mbd�sn�sgd�bnqqdronmchmf�qnv�ne�]�Ahmnlh]k�sq]mrhshnm�
l]sqhw�vhsg�nmkx�N’
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√
(�tmhptd�qnvr”]qd�rteübhdms�sn�cdqhud�]�

rtars]msh]kkx� e]rsdq� ]kfnqhsgl� enq� ]ooqnwhl]sdkx� bnlotshmf�
’sq]mronrdc(�l]sqhw“udbsnq�oqnctbsr-
Sgd�jdx�hcd]�hr�sn�qdok]bd�sgd�nqhfhm]k�Ahmnlh]k�sq]mrhshnm�l],

sqhw�L�ax�]m�]ooqnwhl]shnm�L)�vghbg�vd�bnmrsqtbs�ax�üqrs�bgnnr,
hmf�]�Ahmnlh]k�sq]mrhshnm�l]sqhw�vhsg�N’


M

√
(�tmhptd�qnvr�sg]s�hr�

bknrd�hm�qnv,vhrd�ℓ0 chrs]mbd�sn�L�]mc�sgdm�ro]qrhexhmf�d]bg�qnv�
ne�sg]s�l]sqhw-�He�vd�odqenql�d]bg�ne�sgdrd�rsdor�rn�sg]s�sgdx�hmsqn,
ctbd�]�qnv,vhrd�ℓ0�chrs]mbd�ne�]s�lnrs�ε<1)�sgd�sqh]mfkd�hmdpt]khsx�
hlokhdr�sg]s�sgd�svn�rsdor�snfdsgdq�hmsqnctbd�]�sns]k�qnv,vhrd�ℓ0�
dqqnq�ne�]s�lnrs�ε odq�qnv-
Nmbd�vd�g]ud�ntq�]ooqnwhl]sd�l]sqhw)�vd�b]m�pthbjkx�odqenql�

l]sqhw“udbsnq�ltkshokhb]shnmr�’Ehf-�1(-�Sgd�]kfnqhsgl�hmunkudr�mns,
hmf� sg]s� bnlotshmf� L⊤u�b]m�ad� sgntfgs� ne� ]r� üqrs�ltkshokxhmf�
d]bg�qnv�ne�L�ax�sgd�bnqqdronmchmf�dmsqx�ne�u)�]mc�sgdm�rtllhmf�
to�sgnrd�qdrtkshmf�udbsnqr-�Sg]s�hr)�nmd�üqrs�odqenqlr�M  0�rb]k]q“�
udbsnq�ltkshokhb]shnmr)�]mc�sgdm�rtlr�to�sgd�M  0�qdrtkshmf�udb,
snqr-�Ntq�roddctor�bnld�eqnl�svn�ok]bdr-
Ehqrs)� hmrsd]c�ne�ltkshokxhmf�d]bg�hcdmshb]k�qnv�ax�sgd�bnqqd,

ronmchmf�dmsqx�ne�u�]mc�sgdm�rtllhmf)�vd�b]m�hmrsd]c�üqrs�rtl�
to�]kk�ne�sgd�dmsqhdr�ne�u�sg]s�bnqqdronmc�sn�hcdmshb]k�qnvr)�]mc�
sgdm�ltkshokx�nmd�qdoqdrdms]shud�qnv�ax�sghr�rtl�ne�sgd�qdkdu]ms�
dmsqhdr� ne� u-� Sghr� nardqu]shnm� ld]mr� sg]s� ]esdq� fqntohmf� sgd�

dmsqhdr�ne�u)�vd�nmkx�mddc�sn�odqenql�N’
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(�qdrtkshmf�udbsnqr-

Rdbnmc)�rhmbd�d]bg�qnv�ne�L�hr�ro]qrd)�vd�b]m hfmnqd�]kk�ne�sgd�ydqn�
dmsqhdr�vgdm�odqenqlhmf� rb]k]q“udbsnq�ltkshokhb]shnm�]mc� udbsnq�
]cchshnm-� Ntq� udbsnqr� nmkx� g]ud�N’
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(�shld)�qdrtks,

hmf�hm�]�qtmshld�ne�N’M(-�Vd�fhud�]�uhrt]k�cdohbshnm�ne�ntq�]kfnqhsgl�
hm�Ehf-�1-�Cds]hkr�]mc�sdbgmhb]k�oqnner�]qd�oqdrdmsdc�hm�?oodmchw�?-
Sgdqd�]qd�]�edv�sdbgmhb]k�cds]hkr�]mc�]rrtloshnmr hm�]bghduhmf�

]�sqtkx�N’M(�qtmshld-�Ehqrs)�vd�nauhntrkx�b]mmns�rsnqd�nq�dudm�knnj�
]s�d]bg�dmsqx�hm�L)�adb]trd�cnhmf�rn�vntkc�qdpthqd�N’M1(�ro]bd�
]mc�shld-�Hmrsd]c�vd�qdoqdrdms�]�Ahmnlh]k�sq]mrhshnm�l]sqhw�’nq�
CSVE�l]sqhw(� ]r� rhlokx� sgd�M  0� rtbbdrr� oqna]ahkhshdr� bnqqd,
ronmchmf�sn�d]bg�qnv-�Vd�b]m�sgdm�qdoqdrdms�L�ax�rsnqhmf�nmkx�
sgd� knb]shnmr� ]mc� u]ktdr� ne� sgd�N’
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qnv� sn� trd� enq� d]bg� qnv� ne�L�b]m”hm� sgd�vnqrs� b]rd”qdpthqd�
N’M knfM(�shld:�nmd�b]m�jddo�sgd�aqd]j�onhmsr�ne�sgd�o]qshshnm�ne�
Z/) 0[� hm� ]m� nqcdqdc� khrs)� ]mc� sgdm� enq� d]bg� qnv�ne�L�nmd�ltrs�
s]jd� hsr� bnqqdronmchmf� rtbbdrr� oqna]ahkhsx� ]mc� rd]qbg� sgqntfg�
sgd� rnqsdc� khrs� ne� aqd]j� onhmsr-� Sghr� ahm]qx� rd]qbg� qdpthqdr�
N’ knfM(�shld�enq�d]bg�qnv)�qdrtkshmf�hm�]�qtmshld�ne�N’M knfM(-�
Hmrsd]c)�vd�]rrtld�sg]s�sgd�qnvr�ne�L�]qd�nqcdqdc�hm�sdqlr�ne�rtb,
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mdtsq]k�CSVE�oqnbdrr�vhsg�M < 4) ///�]r�vdkk�]r�ntq�]ooqnwhl]shnm�ne�sg]s�l]sqhw�qdoqdrdmsdc�]r�]�gd]sl]o-�Qnvr�]qd�mnql]khydc�rn�sg]s�sgd�l]whltl�
ne�d]bg�qnv�hr�0)�]mc�qdfhnmr�eqnl�sgd�sno�kdes�]mc�lhcckd�]qd�dwo]mcdc-�Sgd�qdrtksr�]qd�md]qkx�hmchrshmfthrg]akd)�dwbdos�sg]s�sgdqd�hr�udqx�rtaskd�
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]kfnqhsgl�enq�]rrhfmhmf�nqcdqdc�rtbbdrr�oqna]ahkhshdr�sn�aknbjr�ne�
sgd�o]qshshnm-�Hm�sgd�CSVE�bnmsdws)�sghr�nqcdqhmf�bnqqdronmcr�sn�
sgd�b]rd�vgdqd�sgd�dwodbsdc�]kkdkd�eqdptdmbx�hm�sgd�mdws�fdmdq,
]shnm� hr�mnmcdbqd]rhmf� hm�sgd�btqqdms�]kkdkd� eqdptdmbx-�Sghr�]r,
rtloshnm�hr�ahnknfhb]kkx�qd]rnm]akd)�]mc�vntkc�nmkx�ad�uhnk]sdc�
ax�rnldsghmf�khjd�dwsqdld�]mc�tmtrt]k�cdmrhsx,cdodmcdms�rdkdb,
shnm-�Hmcddc)�sghr�]rrtloshnm�gnkcr�enq�rs]mc]qc�lncdkr�ne�g]o,
knhc�nq�choknhc�rdkdbshnm�]mc�lts]shnm-

De–bhdmskx�nasWhmhmf�sgd�khidkhgnnc�ne�W�rWlokd�
epnl�onotkWshnm�khidkhgnncr
Trhmf�sgd�]kfnqhsgl�hm�sgd�oqduhntr�rdbshnm�]kknvr�tr�sn�bnlotsd�
onotk]shnm,kdudk�khjdkhgnncr-�Hm�fdmdq]k)�vd�cn�mns�g]ud�]bbdrr�sn�
onotk]shnm,kdudk�c]s]�]mc�ltrs�hmrsd]c�nas]hm�]�r]lokd�eqnl�sgd�
onotk]shnm)�vghbg�vd�]rrtld�hr�cnmd�tmhenqlkx�]s�q]mcnl�vhsg,
nts�qdok]bdldms�’h-d-�rhlokd�q]mcnl�r]lokhmf(-�He�vd�s]jd�]�r]l,
okd�ne�rhyd�m)�sgdm�rtoonrhmf�sg]s�sgdqd�]qd�J�bnohdr�ne�sgd�:�]kkdkd�
hm� sgd� onotk]shnm)� sgd� mtladq� ne� :� ]kkdkdr� hm sgd� r]lokd� hr�
Gxodqfdnldsqhb�chrsqhatsdc�vhsg�o]q]ldsdqr�M) J)� ]mc�m-�Sgtr)�
sn�nas]hm�sgd�oqna]ahkhsx�ne�nardquhmf�]�fhudm�mtladq�ne�:�]kkdkdr�
hm�sgd�r]lokd)�vd�ltrs�s]jd�]m�]udq]fd�ne�Gxodqfdnldsqhb�chrsqh,
atshnmr�vdhfgsdc�ax�sgd�oqna]ahkhsx�ne�g]uhmf�]�fhudm�mtladq�ne�:�
]kkdkdr�hm�sgd�onotk]shnm-�Vd�b]m�vqhsd�sghr�]r�]�l]sqhw�dpt]shnm)�
trhmf� ]m� ’M  0( ± ’m  0(� chldmrhnm]k� r]lokhmf�l]sqhw�R�vgnrd�
Jsg�qnv�hr�sgd�oqna]ahkhsx�l]rr�etmbshnm�ne�]�Gxodqfdnldsqhb�q]m,
cnl� u]qh]akd�vhsg� o]q]ldsdqr�M) J)� ]mc� m� ’]rrtlhmf� sg]s� sgd�
qnvr�]qd�/,hmcdwdc(-� He� sgd�oqna]ahkhshdr�ne�nardquhmf�/) 0) - - - ) M�
bnohdr�ne�sgd�:�]kkdkd�]qd�bnms]hmdc�hm�sgd�M  0�chldmrhnm]k�udbsnq�
u)�sgdm�vd�b]m�nas]hm�sgd�udbsnq)�ur]lokd�ne�oqna]ahkhshdr�ne�nardqu,
hmf�/) 0) - - - ) m�bnohdr�ne�sgd�:�]kkdkd�]r

ur]lokd < R⊤u.

M]hudkx�bnlotshmf�sghr�l]sqhw“udbsnq�oqnctbs�vntkc�s]jd�N’mM(�
shld�]mc�ro]bd)�vghbg�hr�oqnghahshud�enq�k]qfd�r]lokd�rhydr-
Rnldvg]s�rtqoqhrhmfkx)�he�vd�]rrtld�sg]s�sgd�r]lokd�rhyd�hr�

mns�snn�k]qfd�]r�]�etmbshnm�ne�sgd�onotk]shnm�rhyd”h-d-�m ≤ αM�enq�
]mx�üwdc�α + 0�]r�M�fqnvr)�sgdm�sgd�l]sqhw�R�g]r�oqnodqshdr�udqx�
rhlhk]q� sn� ]� Ahmnlh]k� sq]mrhshnm� l]sqhw� cdrohsd� g]uhmf�
Gxodqfdnldsqhb� qnvr� hmrsd]c� ne� Ahmnlh]k� qnvr-� Nm� sgd� nmd�
g]mc)� sgd� cheedqdmbd� adsvddm� sgd� Gxodqfdnldsqhb� chrsqhatshnm�
]mc�sgd�Ahmnlh]k�chrsqhatshnm�hr�sgd�r]ld�]r�r]lokhmf�vhsg�]mc�
vhsgnts�qdok]bdldms-�Sgtr)�enq�r]lokdr�sg]s�]qd�rl]kk)�vd�lhfgs�
dwodbs�sg]s�hs�vntkc�ad�q]qd�sn�r]lokd�sgd�r]ld�hmchuhct]k�svhbd�
vgdm�r]lokhmf�vhsg�qdok]bdldms)�]mc�rn�r]lokhmf�vhsg�]mc�vhsg,
nts�qdok]bdldms�rgntkc�ad�rhlhk]q-�Nm�sgd�nsgdq�g]mc)�ntq�qdrtksr�
]ookx�dudm�]r�sgd�r]lokd�rhyd�fqnvr�vhsg�sgd�onotk]shnm�rhyd)�]mc�
dudm�enq�b]rdr�vgdqd)�enq�dw]lokd)�vd�]qd�r]lokhmf�88$ ne�sgd�
onotk]shnm-�Hm�rtbg�b]rdr)�vgdm�r]lokhmf�sgd�r]ld�mtladq�ne�hm,
chuhct]kr)�ats�vhsg�qdok]bdldms�vd�vntkc�]klnrs�bdqs]hmkx�qdr]l,
okd�rnld�hmchuhct]kr�ltkshokd�shldr)�]mc�rn�hs�hr�rtqoqhrhmf�sg]s�
r]lokhmf�vhsg�]mc�vhsgnts�qdok]bdldms�lhfgs�g]ud�rhlhk]q�oqno,
dqshdr�hm�sghr�qdfhld-�Xds)�]r�vd�rgnv�hm�?oodmchw�?)�R⊤� hr�bknrd�hm�
0,nodq]snq�mnql�sn�]�ghfgkx�rsqtbstqdc�l]sqhw�R⊤� rtbg�sg]s�R�g]r�
N’


m

√
(�tmhptd�qnvr�]mc�d]bg�qnv�ne�R�g]r�N’


m

√
(�mnmydqn�dmsqhdr-�

Sgd� oqnne� ne� sghr� qdrtks� qdkhdr� nm� rhlhk]q� bnmrhcdq]shnmr� ]r� sgd�
Ahmnlh]k� b]rd� ats� ]ookhdc� sn� Gxodqfdnldsqhb� chrsqhatshnmr-�
Snfdsgdq)�sgdrd�svn�oqnodqshdr�vdqd�]kk�sg]s�v]r�qdpthqdc�sn�na,
s]hm�ntq�N’M(�]kfnqhsgl�enq�’sq]mronrdc(�l]sqhw“udbsnq�oqnctbsr)�
]mc�rn�vd�l]x�trd�dw]bskx�sgd�r]ld sqhbj�sn�bnlotsd�R⊤u-
?r�]anud)�rnld�b]qd�mddcr�sn�ad�s]jdm�vgdm�bgnnrhmf�]�qnv�]r�

]�}qdoqdrdms]shud•�ne�]�rds�ne�rhlhk]q�qnvr-�Hm�sghr�b]rd)�vd�]f]hm�
trd� ]� lnldms,l]sbghmf� ]ooqn]bg)� s]jhmf� ] lhwstqd� ne� svn�
Gxodqfdnldsqhb�chrsqhatshnmr�rn�sg]s�sgd�dwodbsdc�u]ktd�ne�]m�]k,
kdkd�bgnrdm�tmhenqlkx�]s�q]mcnl�vhsg�oqna]ahkhshdr�oqnonqshnm]k�
sn� u� hr� l]sbgdc� adsvddm� sgd� ]ooqnwhl]sd� ]mc� qd]k� r]lokhmf�
l]sqhbdr-
Sghr�bnlokdsdr�ntq�nudquhdv�ne�ntq�]ooqn]bg�sn�]ooqnwhl]sdkx�

bnlotshmf� khjdkhgnncr-�Ax�]ookxhmf�ntq�]kfnqhsgl�sn� sgd�CSVE�
sq]mrhshnm�l]sqhw)�vd�b]m�deübhdmskx�bnlotsd�sgd�rs]shnm]qx�chr,
sqhatshnm)�]mc�hmsdfq]sd�sg]s�chrsqhatshnm�enqv]qc�sn�sgd�oqdrdms)�
nas]hmhmf� sgd�oqdrdms,c]x�onotk]shnm,kdudk� khjdkhgnnc-�Sgdm)�ax�
]ookxhmf�drrdmsh]kkx�sgd�r]ld�]kfnqhsgl�sn�sgd�r]lokhmf�l]sqhw)�
vd�b]m�deübhdmskx�nas]hm�r]lokd,kdudk�khjdkhgnncr-

LtldphbPk�pdrtksr
Hm�sghr�rdbshnm)�vd�oqdrdms�mtldqhb]k�qdrtksr�]ants�sgd�qtmshld�
]mc�]bbtq]bx�ne�ntq�ldsgnc�]r�vdkk�]r�]m�]ookhb]shnm�sn�gnv�rd,
kdbshnm�]mc�cdlnfq]ogx�hmsdq]bs�sn�]eedbs�sgd�chrsqhatshnm�ne�na,
rdqudc� eqdptdmbhdr� hm� k]qfd� r]lokd� rhydr-� Sgdrd� qdrtksr� g]ud�
hlokhb]shnmr� enq�gnv�ltbg� hmenql]shnm�vd�lhfgs�gnod� sn�f]hm�
]ants�rdkdbshnm�bndeübhdmsr�]r�r]lokd�rhydr�fqnv-
Adenqd�oqdrdmshmf�sgd�mtldqhb]k�qdrtksr)�vd�chrbtrr�rnld�oq]b,

shb]k�hlokdldms]shnm�cds]hkr-�Sgd�sgdnqdshb]k�]bbtq]bx�ft]q]msddr�
ne�ntq�]ooqn]bg�hmunkud�hlokhbhs�bnmrs]msr-�Enq�dw]lokd)�vd�jmnv�
sg]s�vd�b]m�bgnnrd�]�bε rtbg�sg]s�he�vd�qdok]bd�]�qnv�ne�sgd�sq]m,
rhshnm�l]sqhw�sg]s�bnqqdronmcr�sn�]�Ahmnlh]k�vhsg�rtbbdrr�oqna,
]ahkhsx�o)�vhsg�]�qnv�sg]s�bnqqdronmcr�sn�]�rtbbdrr�oqna]ahkhsx�ne�
o  bε


o’0 − o(<M


)�sgdm�vd�hmctbd�]m�ℓ0� dqqnq sg]s hr antmcdc ax

ε qdf]qckdrr�ne�M�nq�o-�Xds)�ntq�oqnne�sg]s�rtbg�]�bnmrs]ms�dwhrsr�
hr�mnmbnmrsqtbshud�’]mc�ntq�oqnne�hr�rtbg�sg]s�l]jhmf�hs�bnmrsqtbs,
hud�vntkc�qdrtks�hm�]�ltbg�rl]kkdq�bε sg]m�mdbdrr]qx(-�?r�]�qdrtks)�
vd�hmrsd]c�g]ud�sgd�trdq�rodbhex�svn�gxodqo]q]ldsdqr)�vghbg�sn,
fdsgdq�cdsdqlhmd�ansg�sgd�qtmshld�]mc�]bbtq]bx-�Qdf]qckdrr�ne�
sgdhq�rdsshmf)�ntq�l]sqhw“udbsnq�ltkshokhb]shnm�qtmr�hm�N’M(�shld)�

�

�

�

�

�

� � � �

�+ M

Ehf- 1- Rbgdl]shb ne e]rs l]sqhw“udbsnq ltkshokhb]shnm ]kfnqhsgl- Ak]mj
qdfhnmr�ne�L⊤� bnqqdronmc�sn�ydqnr-�Sgd�]kfnqhsgl�oqnbddcr�ax�üqrs�
bnlahmhmf�dmsqhdr�ne�u�sg]s�bnqqdronmc�sn�hcdmshb]k�qnvr�ne�l)�sgdm�
ltkshokxhmf�sgd�qdrtkshmf�rb]k]qr�ax�sgd�qdoqdrdms]shud�qnvr�ne�L)�trhmf�
ro]qrd�rb]k]q“udbsnq�ltkshokhb]shnm-�Sgd�qdrtkshmf�ro]qrd�udbsnqr�]qd�sgdm�
rtlldc�trhmf�ro]qrd�udbsnq�]cchshnm-
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ats�sgd�gxodqo]q]ldsdqr�cdsdqlhmd�sgd�rhyd�ne�sgd�bnmrs]ms�ghc,
cdm�ax�sgd�ahf,N�mns]shnm)�]r�vdkk�]r�sgd�]bbtq]bx-�Sgd�üqrs�gxodq,
o]q]ldsdq�hr�sgd�bε cdrbqhadc�]anud)�vghbg�b]m�]ksdqm]shudkx�ad�
cdrbqhadc�]r�gnv�l]mx�rs]mc]qc�cduh]shnmr�]v]x�svn�qnvr%�rtb,
bdrr�oqna]ahkhshdr�b]m�ad�adenqd�vd�vhkk�mns�]kknv�nmd�sn�ad�]�bnox�
ne�sgd�nsgdq-�Rdsshmf�sghr�u]ktd�sn�ad�rl]kkdq�qdrtksr�hm�]�knmfdq�
qtmshld)�ats�ghfgdq�]bbtq]bx-�Tmkdrr�nsgdqvhrd�rodbhüdc)�vd�rds�
bε sn�ad�/.0�enq�]kk�]m]kxrdr-�Sgd�nsgdq�gxodqo]q]ldsdq)�vghbg�vd�
vhkk�cdmnsd�ax�εro]qrd)�cdsdqlhmdr�gnv�ro]qrd�sn�l]jd�sgd�qnvr-�
Gdqd)�ntq�sgdnqdshb]k�qdrtksr�cn�oqnuhcd�]�bnmrsqtbshud�ft]q]msdd)�
rn�sgd�trdq�rodbhüdr�]�o]qshbtk]q�qnv,vhrd�ℓ0� dqqnq�snkdq]mbd)�]mc�
sgd�qnvr�]qd�nmkx�ro]qrhüdc�sn�]�kdudk�sg]s�ft]q]msddr�]�rl]kkdq�dq,
qnq-�?f]hm)�rdsshmf�εro]qrd� sn�ad rl]kkdq�qdrtksr�hm�knmfdq�qtmshldr)�
ats� ghfgdq� ]bbtq]bx-� Tmkdrr� nsgdqvhrd� rodbhüdc)� vd� rds� sghr�
εro]qrd�sn�ad�0/−7-�Vd�]krn�trd�sgd�r]ld�gxodqo]q]ldsdqr�sn�rodbhex�
sgd�kdudk�ne�]bbtq]bx�enq�sgd�r]lokhmf�l]sqhw)�R)�ats�]kknv�sgd�trdq�
sn�rds�sgdl�sn�cheedqdms�u]ktdr-�Sgqntfgnts)�vd�]kv]xr�rds�bε enq�
sgd�r]lokhmf�l]sqhw� sn�/./4�]mc�εro]qrd� enq� sgd�r]lokhmf�l]sqhw�
sn�0/−7-

Ptmshld�Wmc�WbbtpWbx
Sn� adfhm)� vd� bnmüql� sgd� khmd]q� qtmshld� ne� ntq� l]sqhw“udbsnq�
ltkshokhb]shnm� ]kfnqhsgl� ]mc� bnlo]qd� ntq� hlokdldms]shnm� sn�
sgd� qtmshld� ne� sgd� m]hud� pt]cq]shb� ]ooqn]bg-� Sgqntfgnts� sghr�
rdbshnm)�vd�bnmrhcdq�sgd�mdtsq]k�b]rd�vhsg�ahchqdbshnm]k�qdbtqqdms�
lts]shnm)�vgdqd�vd�g]ud�sg]s�sgd�rtbbdrr�oqna]ahkhsx)�o’e ()�enq�]�
fhudm�]kkdkd�eqdptdmbx�hm�sgd�o]qdms]k�fdmdq]shnm)�e)�hr

o’e ( 9 < μ/→0’0 − e (  ’0 − μ0→/(e )�

vgdqd�μh→i�hr�sgd�oqna]ahkhsx�ne�lts]shmf�eqnl�]kkdkd�h�sn�]kkdkd�i-�Enq�

sgd�]m]kxrdr�hm�sghr�rdbshnm)�vd�s]jd�μ/→0 < μ0→/ < 0.14 ± 0/−7-
Vd� bnlo]qdc� sgd� qtmshld� ne� l]sqhw“udbsnq� ltkshokhb]shnm�

vhsg�sgd�CSVE�sq]mrhshnm�l]sqhw�enq�sghr�oqnbdrr�]mc�]�q]mcnl�
udbsnq)�vgdqd�d]bg�dmsqx�hr�hmcdodmcdms�]mc�hcdmshb]kkx�chrsqhat,
sdc�Tmhenql’/) 0()�]mc�sgdm�mnql]khydc�sn�rtl�sn�nmd-�Bnlo]qdc�
sn�sgd�N’M1(�m]hud�l]sqhw“udbsnq�ltkshokhb]shnm�]kfnqhsgl)�ntq�]o,
oqnwhl]sd�]kfnqhsgl�g]r�]�lnqd�e]unq]akd�N’M(�rb]khmf�’Ehf-�2](-�
Vghkd�ahf,N�mns]shnm�ghcdr�bnmrs]ms�e]bsnqr)�vd�rdd�sg]s�]bqnrr�
onotk]shnm�rhydr�’eqnl�M ≥ 0) ///(�ntq�]ooqnwhl]sd�]kfnqhsgl�hr�
e]rsdq�sg]m�sgd�m]hud�]kfnqhsgl-�Hmcddc)�]s�M < 0) ///)�ntq�]ooqnwh,
l]sd� ]kfnqhsgl� hr� rkhfgskx� e]rsdq� ’5 � roddcto()� vghkd� ]s�
M < 0/)///)///)� vd� oqdchbs� sg]s� ntq� ]kfnqhsgl� vntkc� ad� ]ants�
104)///±�e]rsdq)�vhsg�sgd�m]hud�]kfnqhsgl�oqdchbsdc�sn�s]jd�nudq�
64�c]xr�]mc�ntq�]kfnqhsgl�s]jhmf�20�r�’vd�chc�mns�qtm�sgd�m]hud�]k,
fnqhsgl�enq�M = 68)///�ctd�sn�sgd�oqnghahshud�qtmshld(-�Rhlhk]q�qd,
rtksr� gnkc� enq�l]sqhw“udbsnq�ltkshokhb]shnm� trhmf� sgd� r]lokhmf�
l]sqhw�’Ehf-�2a()�vgdqd�vd�nas]hm�rtars]msh]k�roddctor�qdf]qckdrr�
ne�vgdsgdq�vd�r]lokd�4$ nq�4/$ ne�sgd�onotk]shnm-
G]uhmf�bnmüqldc�sg]s�ntq�]ooqnwhl]sd�l]sqhw“udbsnq�ltksh,

okhb]shnm�]kfnqhsgl�oqnuhcdr�]�rtars]msh]k�roddcto)�vd�stqmdc�sn�
]rrdrrhmf�hsr�]bbtq]bx-�Vd�adf]m ax�bnmrhcdqhmf�sgd�]bbtq]bx�ne�
odqenqlhmf�]�rhmfkd�l]sqhw“udbsnq�ltkshokhb]shnm-�Sg]s�hr)�vd�bnm,
rhcdqdc�sgd�ℓ0�dqqnq�adsvddm�sgd�qdrtks�ne�sgd�dw]bs�l]sqhw“udbsnq�
ltkshokhb]shnm� ]kfnqhsgl)� ]mc� sgd� ]ooqnwhl]sd� l]sqhw“udbsnq�
ltkshokhb]shnm�]kfnqhsgl)�|L⊤u − L⊤u|0- Vd trdc sgd r]ld q]m,
cnlkx�fdmdq]sdc�u�]r�vd�trdc�enq�admbgl]qjhmf�sgd�qtmshldr-�
Ntq�sgdnqdshb]k�qdrtksr�hlokx�sg]s�dudm�]r�M�fqnvr)�ntq�]ooqnwh,
l]shnm�rgntkc�mns�fds�]mx�vnqrd-�Sghr�sgdnqx�hr�anqmd�nts�dlohq,
hb]kkx)�vgdqd�hm�e]bs�vd�rdd�sg]s�sgd�dqqnq�hr�rl]kk�]bqnrr�]kk�M)�]mc�
sgd�]ooqnwhl]shnm�]bst]kkx�]ood]qr�sn�adbnld�lnqd�]bbtq]sd�]r�
M�fdsr�k]qfd�’Ehf-�2b(-

Vd�rdd�rhlhk]q�qdrtksr�enq�sgd�r]lokhmf�l]sqhw�’Ehf-�2c()�vgdqd�
sgd�dqqnq�hr�rkhfgskx�k]qfdq�vgdm�r]lokhmf�]�k]qfdq�eq]bshnm�ne�sgd�
onotk]shnm)�ats�hr�knv�]bqnrr�]kk�M�]mc�ansg�ne�sgd�r]lokhmf�eq]b,
shnmr�bnmrhcdqdc-�Vgdm�sgd�onotk]shnm�rhyd�hr�rl]kk�]mc�vd�r]l,
okd�4/ �ne�hs)�vd�rdd�]klnrs�ydqn�dqqnq-�Sgd�qd]rnm�enq�sghr�hr�rtaskd)�
ats�ax�ntq�bnmrsqtbshnm�ne�sgd�]ooqnwhl]sd�r]lokhmf�l]sqhw)�R�he�
mn�lnqd�sg]m�svn�qnvr�]qd�bnlahmdc�hmsn�]mx�rhmfkd�qdoqdrdms],
shud�qnv)�sgdm�ntq�]kfnqhsgl�dw]bskx�qdb]ohstk]sdr�l]sqhw“udbsnq�
ltkshokhb]shnm� ’to� sn� sgd� dqqnq� hmctbdc� ax� ro]qrhüb]shnm(-� Enq�
sgdrd�dw]lokdr)�vd�bgnrd�sgd�ro]qrhüb]shnm�o]q]ldsdq)�εro]qrd)�sn�
antmc�sgd�ℓ0� dqqnq�ax�0/−7)�]mc�rn� hm� sghr� qdfhld)� sgd�dqqnq�vd�
rdd�hr�≤ 0/−7-�?r�sgd�onotk]shnm�rhyd�hmbqd]rdr)�vd�adfhm�bnlahmhmf�
lnqd�sg]m�svn�qnvr�hmsn�]mx�rhmfkd�qdoqdrdms]shud�qnv)�]mc�bnm,
rdptdmskx�vd�hmbtq�dqqnqr�nm�sgd�nqcdq�ne�0/−4-
Sgd�dwok]m]shnm�enq�sgd�hmbqd]rhmf�]bbtq]bx�]r�M�fdsr�k]qfd�hr�

sg]s�ntq�sgdnqx�]ookhdr�enq�Zmx�u)�]mc�]r�rtbg�hr�]�}vnqrs,b]rd•�
antmc-�Hm�bnmsq]rs)�ntq�admbgl]qjr�trd�q]mcnl�u)�]mc�sgtr�]o,
oqnwhl]sd�]m�]udq]fd�b]rd-�Hmsthshudkx)�ntq�]ooqnwhl]shnm�qdrtksr�
hm�sgd�ld]m�ne�sgd�chrsqhatshnm�bnqqdronmchmf�sn�d]bg�qnv�ne�sgd�
sq]mrhshnm�l]sqhw�adhmf�nee�ax�]�khsskd�ahs)�]mc�ntq�sgdnqx�antmcr�
gnv�nee�]mx�rhmfkd�qnv�b]m�ad-�Xds)�sgd�ld]m�ne�sgd�chrsqhatshnm�
bnqqdronmchmf� sn� rnld� qnvr� vhkk� ad� rkhfgskx� snn� k]qfd� ]mc� enq�
nsgdqr�hs�vhkk�ad�rkhfgskx�snn�rl]kk-� He�u�g]r�rhlhk]q�dmsqhdr�enq�]�
qnv�vgnrd�ld]m�hr�snn�k]qfd�]mc�]�qnv�vgnrd�ld]m�hr�snn�rl]kk)�
rnld�ne�sgd�qdrtkshmf�dqqnqr�vhkk�b]mbdk-�Vgdm�u�hr�q]mcnl)�]r�M�
fdsr� k]qfd)�lnqd� qnvr� fds� fqntodc� hmsn� ]� rhmfkd� qdoqdrdms]shud�
qnv)� ]mc� rn� sgdqd� ]qd�lnqd� bg]mbdr� enq� sgd� qnvr�vhsg�ld]mr�
sg]s�]qd�snn�k]qfd�]mc�snn�rl]kk�sn�b]mbdk�d]bg�nsgdq�nts- ?r�vd�
vhkk�rgnv�adknv)�hm�qd]khrshb�rbdm]qhnr�’h-d-�bnlotshmf�khjdkhgnncr(�
ntq�]kfnqhsgl�hr�]bst]kkx�dudm�lnqd�]bbtq]sd�sg]m�rtffdrsdc�ax�
Ehf-�2-�Sghr�hr�adb]trd�khjdkhgnncr�sdmc�sn�ad�udqx�rlnnsg�]bqnrr�
eqdptdmbhdr)�qdrtkshmf�hm�b]mbdkk]shnm�ne�dqqnqr-
Ntq�sgdnqdshb]k�ft]q]msddr�nmkx�gnkc�enq�]�rhmfkd�l]sqhw“udbsnq�

ltkshokhb]shnm-�Hm�sgdnqx)�]m�]ooqnwhl]shnm�sg]s�hr�udqx�fnnc�enq�]�
rhmfkd�rsdo�b]m�adbnld�drrdmsh]kkx�]qahsq]qhkx�a]c�nudq�ltkshokd�
qntmcr�ne�l]sqhw“udbsnq�ltkshokhb]shnm-�?r�rtbg)�vd�mtldqhb]kkx�
dwoknqdc�sgd�knmf,sdql�]bbtq]bx�ne�ntq�]ooqnwhl]shnm�ax�bnl,
otshmf�sq]mrhshnm�l]rr�etmbshnmr�’SLEr(”sgd�oqna]ahkhsx�ne�na,
rdquhmf� ] fhudm� ]kkdkd� eqdptdmbx� ]s� ]� o]qshbtk]q� onhms� hm� sgd�
etstqd�fhudm�rnld�btqqdms�eqdptdmbx-�Sgd�SLE�b]m�ad�bnlotsdc�
ax� qdod]sdckx�ltkshokxhmf� ]� udbsnq� vhsg� ]kk� ydqnr� dwbdos� enq� ]�
nmd� ]s� sgd dmsqx� bnqqdronmchmf� sn� sgd� oqdrdms,c]x� eqdptdmbx�
vhsg�sgd�rhmfkd�fdmdq]shnm�sq]mrhshnm�l]sqhw-�Ntq�sgdnqx�ft]q]m,
sddr�sg]s�ntq�e]rs�l]sqhw“udbsnq�ltkshokhb]shnm�]kfnqhsgl�vhkk�qd,
rtks� hm� ]� ghfgkx� ]bbtq]sd� ]ooqnwhl]shnm� sn� sgd� sqtd� SLE� enq� ]�
rl]kk�mtladq�ne�fdmdq]shnmr)�ats�ntq�sgdnqx�b]mmns�cdsdqlhmd�
vgdsgdq�sgd�]ooqnwhl]shnm�fdsr�vnqrd�nudq�shld-
Sn�dwoknqd�sghr)�vd�bnmrhcdqdc�]�mdtsq]k�lncdk�vhsg�ahchqdb,

shnm]k�lts]shnm�]s�]�q]sd�ne�0.14 ± 0/−7)�]mc�]�onotk]shnm�rhyd�ne�
1)///)�]mc�bnlotsdc�SLEr�enq�]m�hmhsh]k�eqdptdmbx�ne�0/$-�Sn�]r,
rdrr�sgd�]bbtq]bx�ne�ntq�]ooqnwhl]shnm)�vd�bnmrhcdqdc�ansg�sgd�
sns]k� u]qh]shnm� chrs]mbd� ]mc� sgd� rxlldsqhydc� Jtkka]bj“Kdhakdq�
’JK(� chudqfdmbd� adsvddm� sgd� ]ooqnwhl]sd� ]mc� sqtd� SLEr-� Sgd�
JK�chudqfdmbd�adsvddm�svn�oqna]ahkhsx�l]rr�etmbshnmr�o�]mc�p�hr

C’o|p( 9 <


w

o’w( knf
o’w(
p’w(

.

Sghr�chudqfdmbd�hr�]rxlldsqhb)�rn�vd�bnmrhcdq�sgd�rxlldsqhydc�
udqrhnm�C’o|p(  C’p|o(-�Sgd�JK�chudqfdmbd� hr�ydqn� he�]mc�nmkx� he�
sgd�svn�l]rr�etmbshnmr�]qd�hcdmshb]k)�]mc�rl]kk�u]ktdr�hmchb]sd�
sg]s� sgd� chrsqhatshnmr� ]qd� }bknrd•� hm� ]m� hmenql]shnm� sgdnqdshb�

rdmrd-� Udqx� qntfgkx� rod]jhmf)� 0<C’o|p(� hr� ]ooqnwhl]sdkx� sgd�
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mtladq�ne�hmcdodmcdms�nardqu]shnmr�nmd�vntkc�mddc�hm�nqcdq�sn�
chrshmfthrg� sgd� svn� chrsqhatshnmr-� Sgd� qdrtksr� ]qd� oqdrdmsdc� hm�
Ehf-�3])�vgdqd�vd�rgnv�sg]s�dudm�]s�knmf�shld,rb]kdr)�ntq�]ooqnwh,
l]shnm�qdl]hmr�dwsqdldkx�]bbtq]sd-�Vd�rgnv�dw]lokd�SLEr�enq�
0/)�0//)�]mc�0) ///�fdmdq]shnmr�hm�sgd�etstqd)�vgdqd�sgd�]ooqnwh,
l]shnm�hr�uhrt]kkx�hmchrshmfthrg]akd�eqnl�sgd�sqtd�SLE�’Ehf-�3a(-
Fnhmf�dudm�etqsgdq)�vd�b]m�bnmrhcdq�vgdsgdq�vd�]qd�]akd�sn�qd,

bnudq�sgd�knmf,sdql�dpthkhaqhtl�ne�sgd�CSVE�oqnbdrr�trhmf�ntq�
]ooqnwhl]shnm-�Sn�hmudrshf]sd�sghr)�vd�bnlotsdc�RERr�tmcdq�sgd�
CSVE�lncdk-�Vd�cdümd� sgd�RER�lnqd�oqdbhrdkx� hm�?oodmchw�B
ats� aqhdflx)� sgd� RER� ]qhrdr� hm� sgd� hmümhsd� rhsdr�lts]shnm�lncdk)�
vghbg�]ooqnwhl]sdr�sgd�b]rd�vgdqd�d]bg�onrhshnm�hm�sgd�fdmnld�
g]r�]�udqx�knv�lts]shnm�q]sd�’]mc�gdmbd�hr�udqx�tmkhjdkx�sn�ad�rdf,
qdf]shmf(�ats�sgdqd�]qd�l]mx�onrhshnmr�]bqnrr�sgd�fdmnld)�rn�nmd�
rshkk�dwodbsr�sn�ümc�rnld�rdfqdf]shmf�rhsdr-�Hm�sghr�qdfhld)�lts],
shnmr�b]m�nmkx�g]oodm�nmbd�odq�rhsd)�]mc�rn�hs�hr�onrrhakd�sn�chrshm,
fthrg�sgd�]mbdrsq]k�]kkdkd�eqnl�sgd�cdqhudc�]kkdkd-�Sgd�RER�hr�sgdm�]�
udbsnq�vgdqd�sgd�hsg�dmsqx�hr�sgd�mtladq�ne�onrhshnmr�hm�sgd�fdm,
nld�]s�vghbg�sgdqd�]qd�h�cdqhudc�]kkdkdr)�vgdqd�h�q]mfdr�adsvddm�
0�]mc�m − 0)�hmbktrhud)�vhsg�m�adhmf�sgd�r]lokd�rhyd-�Gdqd)�vd�bnm,
rhcdq�sgd�mnql]khydc�RER)�vgdqd�sghr�udbsnq�hr�mnql]khydc�sn�rtl�
sn�0)�vghbg�b]m�ad�hmsdqoqdsdc�]r�sgd�chrsqhatshnm�nudq�sgd�mtladq�
ne� cdqhudc� ]kkdkdr� ]s� ]� q]mcnlkx� bgnrdm� rdfqdf]shmf� rhsd-� Sgd�

mnql]khydc� RER� hr� bnllnmkx� trdc� enq� cdlnfq]oghb� hmedqdmbd�
]mc� sgd� hmedqdmbd� ne� rdkdbshnm� bndeübhdmsr� ’Ftsdmjtmrs� ds� Zk-�
1//8:�Jhl�ds�Zk-�1/06:�Rodmbd�]mc�Rnmf�1/08(-
Bnlotshmf�sgd�RER�qdpthqdr�ümchmf�sgd�dpthkhaqhtl�ne�]�o]q,

shbtk]q�rxrsdl)�]mc�gdmbd�b]m�ad�sgntfgs�ne�]r�sgd�khlhs�ne�s]jhmf�
hmümhsdkx�l]mx�l]sqhw“udbsnq�oqnctbsr-�?r�]�qdrtks)�ntq�sgdnqx�nm�
sgd�]bbtq]bx�ne�ntq�]ooqnwhl]shnm�cndr�mns�]ookx)�]mc�rn�vd�dw,
oknqdc�sgd�]bbtq]bx�mtldqhb]kkx-
Sn�bnlotsd�dpthkhaqh]�trhmf�ntq�]ooqnwhl]shnm)�vd�uhdv�]kk�ne�

sgd�eqdptdmbhdr�bnqqdronmchmf�sn�]�fhudm�qdoqdrdms]shud�rtbbdrr�
oqna]ahkhsx�]r� ]� rhmfkd� }lds],rs]sd-•�Vd� sgdm�athkc� sgd�L]qjnu�
sq]mrhshnm�l]sqhw�nm�sgdrd�lds],rs]sdr�hlokhdc�ax�ntq�]ooqnwhl],
shnm�sn�sgd�CSVE�oqnbdrr-�Ehmchmf�sgd�dpthkhaqhtl�ne�sgd�L]qjnu�
bg]hm� nm� sgd� lds],rs]sdr� hmunkudr� rnkuhmf� ]� l]sqhw� dpt]shnm�
vhsg� sgd� N’


M

√
( ± N’


M

√
(� sq]mrhshnm� l]sqhw-� Sgd� qdrtkshmf�

lds],rs]sd� dpthkhaqhtl� hr� sgdm� bnmudqsdc� sn� ]m� dpthkhaqhtl� hm�
sgd� nqhfhm]k� rs]sd� ro]bd� ax�ltkshokxhmf� sgd� ]lntms� ne�l]rr� hm�
d]bg� lds],rs]sd� ax� sgd� ’sqtmb]sdc(� Ahmnlh]k� OLE� vhsg� sg]s�
lds],rs]sd%r� bnqqdronmchmf� qdoqdrdms]shud� rtbbdrr� oqna]ahkhsx-�
Rdd�?oodmchw�B enq�lnqd�cds]hkr-
Vd�bnlo]qdc�sgd�]bbtq]bx�ne�ntq�]ooqnwhl]shnm�sn�sgd�bnl,

lnmkx� trdc� cheetrhnm� ]ooqnwhl]shnm� ’Ftsdmjtmrs� ds� Zk-� 1//8:�
Ag]rj]q�ds�Zk-�1/04:�Intf]mntr�ds�Zk-�1/06:�J]ll�ds�Zk-�1/06()�vhsg�
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(a) (b)

(c) (d)

Ehf-�2-�Qtmshld�]mc�]bbtq]bx�ne�]ooqnwhl]sd�]kfnqhsgl-�](�Qtmshld�ne�sgd�]ooqnwhl]sd�]mc�m]hud�l]sqhw“udbsnq�ltkshokhb]shnm�]kfnqhsglr�enq�]�CSVE�
sq]mrhshnm�l]sqhw�]r�]�etmbshnm�ne�sgd�onotk]shnm�rhyd)�oknssdc�nm�knf“knf�rb]kd-�Sgd�m]hud�]kfnqhsgl�rb]kdr�pt]cq]shb]kkx)�vghkd�sgd�]ooqnwhl]sd�]kfnqhsgl�
oqnonrdc�gdqd�rb]kdr�khmd]qkx-�a(�Qtmshld�ne�sgd�]ooqnwhl]sd�]mc�m]hud�l]sqhw“udbsnq�ltkshokhb]shnm�enq�sgd�r]lokhmf�l]sqhw�]r�]�etmbshnm�ne�sgd�
onotk]shnm�rhyd)�oknssdc�nm�knf“knf�rb]kd-�Qtmshldr�]qd�rgnvm�enq�r]lokd�rhydr�sg]s�]qd�4 �nq�4/$ ne�sgd�onotk]shnm�rhyd-�Hm�ansg�](�]mc�a()�qtmr�sg]s�vdqd�
dwodbsdc�sn�s]jd�lnqd�sg]m�4�lhm�vdqd�mns�qtm-�b(�Sgd�ℓ0� dqqnq�ne�sgd�udbsnq�qdrtkshmf�eqnl�ntq�]ooqnwhl]sd�l]sqhw“udbsnq�ltkshokhb]shnm�]kfnqhsgl)�
bnlo]qdc�sn�sgd�udbsnq�nas]hmdc�eqnl�dw]bs�l]sqhw“udbsnq�ltkshokhb]shnm�enq�]�CSVE�sq]mrhshnm�l]sqhw�ltkshokhdc�vhsg�]�q]mcnl�udbsnq-�c(�R]ld�]r�b()�
ats�enq�sgd�r]lokhmf�l]sqhw)�vgdm�bnmrhcdqhmf�r]lokhmf�dhsgdq�4/$ ’aktd(�nq�4$ ’nq]mfd(�ne�sgd�onotk]shnm-�Hm�ansg�b(�]mc�c(�hs�hr�]oo]qdms�sg]s�sgd�ℓ0�dqqnq�
cndr�mns�fqnv�’]mc�hm�e]bs�cdbqd]rdr(�vhsg�hmbqd]rhmf�onotk]shnm�rhyd)�bnmrhrsdms�vhsg�ntq�sgdnqdshb]k�ft]q]msddr-
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(a)

(b)

(c)

Ehf-�3-�?bbtq]bx�nudq�ltkshokd�l]sqhw“udbsnq�ltkshokhb]shnmr-�](�?bbtq]bx�ne�sgd�]ooqnwhl]sd�]kfnqhsgl�enq�bnlotshmf�SLEr�enq�]�rs]qshmf�]kkdkd�
eqdptdmbx�ne�/-0�nudq�ltkshokd�fdmdq]shnmr�hm�sdqlr�ne�sns]k�u]qh]shnm�chrs]mbd�’kdes�]whr�k]adk(�nq�rxlldsqhydc�JK�chudqfdmbd�’qhfgs�]whr�k]adk(-�a(�Dw]lokd�
SLEr�]s�0/)�0//)�]mc�0)///�fdmdq]shnmr�enq�]m�]kkdkd�]s�]m�hmhsh]k�eqdptdmbx�ne�/.0-�Sgd�üqrs�qnv�rgnvr�sgd�dw]bs�SLEr�tmcdq�sgd�CSVE�lncdk)�]mc�sgd�
]ooqnwhl]shnm�cdqhudc�hm�sghr�vnqj-�Sgd�rdbnmc�qnv�rgnvr�sgd�cheedqdmbd�adsvddm�sgd�]ooqnwhl]sd�SLE�]mc�sgd�dw]bs�SLE-�Sgdrd�cheedqdmbdr�]qd�
fdmdq]kkx�]ants�2�nqcdqr�ne�l]fmhstcd�rl]kkdq�sg]m�sgd�u]ktdr�ne�sgd�SLE�enq�sgd�qdkdu]ms�eqdptdmbhdr-�b(�?bbtq]bx�ne�sgd�]ooqnwhl]sd�]kfnqhsgl�enq�
bnlotshmf�mnql]khydc�RERr)�]r�vdkk�]r�sgd�bnllnmkx�trdc�cheetrhnm�]ooqnwhl]shnm-
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sgd�qdrtksr�oqdrdmsdc�enq�]�q]mfd�ne�rdkdbshnm�bndeübhdmsr�]mc�r]l,
okd�rhydr)�]rrtlhmf�]�bnmrs]ms�onotk]shnm�rhyd�ne�1) ///�hm�Ehf-�3b-�
Vd�qdrsqhbsdc�ntqrdkudr�sn�]�onotk]shnm�rhyd�ne�1) ///�g]oknhcr�rn�
sg]s�vd�bntkc�dw]bskx�bnlotsd�sgd�fqntmc�sqtsg�ax�ümchmf�sgd�
dpthkhaqhtl�ne sgd�etkk�CSVE�sq]mrhshnm�l]sqhw�ax�rnkuhmf�]�l]sqhw�
dpt]shnm-�Sn�bnlotsd�sgd�cheetrhnm�]ooqnwhl]shnm�]s�dpthkhaqhtl�
vd�trdc�sgd�qdrtksr�oqdrdmsdc�hm�Atrs]l]msd�ds�Zk-�’1//0( ]mc�trdc�
]r�]�a]rdkhmd�hm�Jqtjnu�]mc�Fq]udk�’1/10(-
Sgd�cheetrhnm�]ooqnwhl]shnm�hr�dwodbsdc�sn�ad�fnnc�vgdm�sgd�

rdkdbshnm�bndeübhdms�hr�≲0<M�]mc�sgd�r]lokd�rhyd�hr�≲

M

√
’ats�rdd�

Ldkü�]mc�Uhrv]m]sg�1/07a(-�Hm�sghr�qdfhld)�vd�rdd�sg]s�ansg�ntq�
]ooqnwhl]shnm�]mc�sgd�cheetrhnm�]ooqnwhl]shnm�]bbtq]sdkx�qdbnm,
rsqtbs�sgd�sqtd�mnql]khydc�RER)�ats�vhsg�ntq�]ooqnwhl]shnm�adhmf�
]ants�3±�lnqd�]bbtq]sd�hm�sdqlr�ne�sns]k�u]qh]shnm�chrs]mbd)�]mc�
]ants�2/±�lnqd�]bbtq]sd�hm�sdqlr�ne�rxlldsqhydc�JK-�Xds)�sgd�che,
etrhnm�]ooqnwhl]shnm�aqd]jr�cnvm�cq]l]shb]kkx�enq�k]qfd�r]lokd�
rhydr� nq� rsqnmf� rdkdbshnm)� vghkd� ntq� ]ooqnwhl]shnm� qdl]hmr�
e]hsgetk-�Hmcddc)�enq�]�rdkdbshnm�bndeübhdms�ne�/./0)�vgdm�m < 1//)�
ntq�]ooqnwhl]shnm�hr�14/±�lnqd�]bbtq]sd�sg]m�sgd�cheetrhnm�]o,
oqnwhl]shnm�hm�sdqlr�ne�sns]k�u]qh]shnm)�]mc�3)///±�lnqd�]bbtq]sd�
hm�sdqlr�ne�rxlldsqhydc�JK-�Rhlhk]qkx)�vgdm�m <M < 1) ///)�dudm�
vgdm�sgd�rdkdbshnm�bndeübhdms�hr�ydqn)�ntq�]ooqnwhl]shnm�hr�]ants�
34±�lnqd�]bbtq]sd�hm�sdqlr�ne�sns]k�u]qh]shnm)�]mc�2)7//±�lnqd�]b,
btq]sd�hm�sdqlr�ne�rxlldsqhydc�JK-�S]jdm�snfdsgdq)�vd�rdd�sg]s�
ntq�]ooqnwhl]shnm�hr�ghfgkx�]bbtq]sd�]bqnrr�sgd�etkk�rodbsqtl�ne�
r]lokd�rhydr�]mc�rdkdbshnm�bndeübhdmsr-

FloWbs�ne�ltsWshnm)�rdkdbshnm)�Wmc�cdlnfpWogx�
nm�sgd�CSTE�lncdk
Sgdqd�g]r�qdbdmskx�addm�fqnvhmf�hmsdqdrs�hm�trhmf�sgd�eqdptdmbx�ne�
knrr,ne,etmbshnm�u]qh]msr�’KnEr(�hm�k]qfd,rb]kd�dwnld�rdptdmbhmf�
oqnidbsr�sn�drshl]sd�ld]rtqdr�ne�fdmd�bnmrsq]hms�’Kdj�ds�Zk-�1/05:�
B]rr] ds� Zk-� 1/06:� Vdfgnqm� ds� Zk-� 1/08:� J]qbydvrjh� ds� Zk-� 1/1/:�
K]Onkhbd�]mc�Gt]mf�1/12:�?f]qv]k�ds�Zk-�1/12(-�KnEr�]qd�u]qh]msr�
rtbg�]r�d]qkx�rsno�bncnmr)�rokhbd,chrqtoshmf�u]qh]msr)�nq� eq]ld,
rghesr)�sg]s�qdrtks�hm�sgd�fdmd�e]hkhmf�sn�l]jd�]�uh]akd�oqnsdhm-�Sn�
]� üqrs� ]ooqnwhl]shnm)� ]kk� KnEr�vhsghm� ]� fdmd� g]ud� qntfgkx� sgd�
r]ld�rsqdmfsg�ne�rdkdbshnm�]bshmf�]f]hmrs�sgdl)�]r�sgdx�]kk�g]ud�
rhlhk]q�deedbsr�nm�sgd�oqnctbshnm�ne�etmbshnm]k�oqnsdhm-�?r�rtbg)�
KnEr�]qd�]ssq]bshud�enq�rstcxhmf�rdkdbshnm�]r�vd�b]m�onnk�hmenql],
shnm�]bqnrr�]kk�KnEr�vhsghm�]�fdmd�sn�drshl]sd�]�rhmfkd�KnE�rdkdbshnm�
bndeübhdms�enq�sg]s�fdmd-
Oqduhntr�]ooqn]bgdr�g]ud�qdkhdc�nm�cdsdqlhmhrshb�]ooqnwhl],

shnmr� ’B]rr]� ds� Zk-� 1/06()� rhltk]shnmr� ’Vdfgnqm� ds� Zk-� 1/08:�
?f]qv]k� ds� Zk-�1/12()� nq� ]c�gnb�ldsgncr� ]mc�lncdkr� ’Kdj� ds� Zk-�
1/05:�J]qbydvrjh�ds�Zk-�1/1/:�K]Onkhbd�]mc�Gt]mf�1/12(�sn�hmedq�rd,
kdbshnm�bndeübhdmsr�eqnl�KnE�c]s]-�Sgdrd�]ooqn]bgdr�g]ud�xhdkcdc�
vhcdkx�trdc�ld]rtqdr�ne�fdmd�bnmrsq]hms�]mc�hlonqs]ms�hmrhfgsr�
hmsn�sgd� k]mcrb]od�ne�bnmrsq]hms�nm�gtl]m�fdmdr-�Xds)�vhsgnts�
lnqd�oqhmbhokdc�bnlots]shnm]k�l]bghmdqx�enq�bnlotshmf�khjdkh,
gnncr)�hs�b]m�ad�cheübtks�sn�drshl]sd�sgd�f]hmr�hm�onvdq�vd�lhfgs�
dwodbs�sn�rdd�hm�cheedqdms�c]s]rdsr-�Enq�dw]lokd)�gnv�cndr�hmbqd]r,
hmf�sgd�r]lokd�rhyd�]eedbs�ntq�onvdq�sn�drshl]sd�rdkdbshnm�bndeü,
bhdmsr;� Gnv� cndr� cdlnfq]ogx� ]eedbs� onvdq;� Cndr� r]lokhmf�
eqnl� ]� onotk]shnm� sg]s� g]r� dwodqhdmbdc� qdbdms� fqnvsg� ]eedbs�
onvdq;�?qd�rnld�sxodr�ne�u]qh]msr�lnqd�hmenql]shud�sg]m�nsgdqr;�
Hm�sghr�rdbshnm)�vd�trd�ntq�l]bghmdqx�sn�]mrvdq�sgdrd�ptdrshnmr-
Sn�tmcdqrs]mc�gnv�r]lokd�rhyd)�lts]shnm�q]sd)�]mc�cdlnf,

q]ogx� hmsdq]bs� sn� ]eedbs� onvdq� enq� drshl]shmf� rdkdbshnm� bndeü,
bhdmsr)�vd�bnmrhcdqdc�]�u]qhdsx�ne�d]bg�ne� sgdrd�o]q]ldsdqr-� Hm�
o]qshbtk]q)� vd� bnmrhcdqdc� r]lokd� rhydr� q]mfhmf� eqnl� m < 0/� ch,
oknhcr�sn�m < 2//)///�choknhcr)�dmbnlo]rrhmf�sgd�q]mfd�eqnl�rl]kk�
ohkns�rstchdr�hm�mnmlncdk�nqf]mhrlr�sn�ahna]mj,rb]kd�c]s]rdsr-�Sn�

tmcdqrs]mc� sgd� hlo]bs� ne�lts]shnm� q]sdr� ]mc� qdbtqqdms�lts],
shnmr)�vd�bnmrhcdqdc�]�knv�lts]shnm�q]sd�sxohb]k�ne�sq]mrudqrhnmr�
hm�gtl]mr�’1.33 ± 0/−8�odq�fdmdq]shnm(�]r�vdkk�]r�]�ghfg�lts]shnm�
q]sd�sxohb]k�ne�ldsgxk]sdc�BoF�rhsdr�hm�gtl]mr�’0.14 ± 0/−6�odq�fdm,
dq]shnm(�’J]qbydvrjh�ds�Zk-�1/1/(-�Enq�cdlnfq]oghdr)�vd�bnmrhcdqdc�
rkhfgs� lnchüb]shnmr� ne� sgqdd� cdlnfq]oghdr� drshl]sdc� eqnl� c]s]�
eqnl� sgd� 0///� Fdmnldr� Oqnidbs� ’Bnmrnqshtl� 1/01(”nmd� cdlnf,
q]ogx� drshl]sdc� trhmf� sgd Ltkshokd� Rdptdmsh]kkx� L]qjnuh]m�
Bn]kdrbdms�’LRLB(�’Rbgheedkr�]mc�Ctqahm�1/03(�eqnl�hmchuhct]kr�k],
adkdc�ax�sgd�0///�Fdmnldr�Oqnidbs�]r�}Ts]g�qdrhcdmsr�vhsg�Mnqsgdqm�
]mc�Vdrsdqm�Dtqnod]m�]mbdrsqx•�’BDT(�]mc�svn�drshl]sdc�eqnl�hm,
chuhct]kr�k]adkdc�]r�}Xnqta]�hm�Ha]c]m)�Mhfdq])•�’XQH(�nmd�hmedqqdc�
trhmf�LRLB�’Rbgheedkr�]mc�Ctqahm�1/03()�vghbg�vd�vhkk�qdedq�sn�]r�
rhlokx� sgd� }XQH� cdlnfq]ogx)•� ]mc� nmd� hmedqqdc� trhmf� Qdk]sd�
’Rodhcdk�ds�Zk-�1/08()�vghbg�vd�vhkk� qdedq� sn�]r� }XQH� ’Rodhcdk(-•�Sgd�
BDT�cdlnfq]ogx�bnmrhrsr�ne�]�rsqnmf�ansskdmdbj�bnqqdronmchmf�sn�
sgd�nts,ne,?eqhb]�dudms)�]mc�qdbdms�dwoknrhud�fqnvsg)�vgdqd]r�sgd�
XQH�cdlnfq]ogx�k]bjr�]�ansskdmdbj�]mc�g]r�qdl]hmdc�qntfgkx�bnm,
rs]ms�hm�rhyd�nudq�shld-�Sgd�XQH�’Rodhcdk(�cdlnfq]ogx�k]bjr�sgd�cddo�
ansskdmdbj�ne�sgd�BDT�cdlnfq]ogx�]mc�g]r�lnqd�dwoknrhud�qdbdms�
fqnvsg�’Ehf-�C0(-�Rdd�?oodmchw�C enq�lnqd�cds]hkr-
Vd�trdc�sgdrd�cheedqdms�rdsr�ne�lts]shnm�q]sdr)�r]lokd�rhydr)�

]mc�cdlnfq]oghdr�hm�]�CSVE�lncdk-�Rodbhüb]kkx)�enkknvhmf�oqduh,
ntr�vnqj�vd�enbtrdc�nm�]�choknhc�lncdk�ne�]cchshud�rdkdbshnm�nm�
KnEr�’B]rr]�ds�Zk-�1/06:�Vdfgnqm�ds�Zk-�1/08:�?f]qv]k�ds�Zk-�1/12()�
vgdqd�g]uhmf�nmd�bnox�ne�sgd�KnE�u]qh]ms�qdrtksr�hm�]�üsmdrr�qdctb,
shnm�ne�rgds)�vghkd�g]uhmf�svn�bnohdr�qdrtksr�hm�]�üsmdrr�qdctbshnm�ne�
rgnl9 < 1rgds� ’ats�vhsg�üsmdrr�knvdq�antmcdc�ax�/ hm�sgd�dudms�sg]s�
rgds = /.4(-�Ntq�bnlots]shnm]k�l]bghmdqx�v]r�cdudknodc�enq�g]o,
knhc�onotk]shnmr�]mc�nmkx�sq]bjr�]kkdkd�eqdptdmbhdr�]mc�mns�fdmn,
sxod�eqdptdmbhdr-�Sn�]ooqnwhl]sd�sgd�choknhc�lncdk�ne�rdkdbshnm)�
vd�rds�sgd�dwodbsdc�eqdptdmbx�hm�sgd�mdws�fdmdq]shnm)�o’e ()�]r

o’e ( 9 <
’0 − rgds(e ’0 −e (  ’0 − rgnl(e

1

’0 −e (1  1’0 − rgds(e ’0 −e (  ’0 − rgnl(e
1
)�

vhsg

e < e  μ’0 − e ()�

vgdqd�e�hr�sgd�eqdptdmbx�ne�sgd�KnE�hm�sgd�btqqdms�fdmdq]shnm)�rn�

sg]s�e�hr�sgd�eqdptdmbx�enkknvhmf�lts]shnm�]s�q]sd�μ-�Tmcdq�rsqnmf�
rdkdbshnm)� eqdptdmbhdr�vhkk�fdmdq]kkx�ad� knv)�rn�vd� hfmnqd�a]bj,�
lts]shnm-�Sg]s� hr)�vd�]rrtld� sg]s� sgd�lts]shnm� q]sd� eqnl�sgd�
KnE�]kkdkd�sn�sgd�mnm,KnE�]kkdkd�hr�ydqn-�Sghr�lncdk�l]sbgdr�sgd�dw,
odbsdc�eqdptdmbx�bg]mfd�tmcdq� sgd�choknhc�rdkdbshnm�lncdk�]r,
rtlhmf�G]qcx“Vdhmadqf�dpthkhaqhtl�’Fhkkdrohd�1//3(-
Vhsgnts�a]bj,lts]shnm)� he� sgd�onotk]shnm�dudq�üwdr� enq� sgd�

KnE�]kkdkd)�hs�vhkk�enqdudq�ad�rstbj�sgdqd-�Xds)�eqnl�]mx�nsgdq�eqd,
ptdmbx� ne� sgd� KnE� ]kkdkd� ’hmbktchmf� /()� hs� hr� ]kv]xr� onrrhakd�
sgqntfg�lts]shnm�nq�fdmdshb�cqhes�enq�sgd�KnE�]kkdkd�sn�üw�’]rrtl,
hmf�rgds + 0(-�Sghr�hlokhdr�sg]s�sgd�dpthkhaqhtl�ne�sghr�oqnbdrr�hr�
sgd�cdfdmdq]sd�rs]sd�vgdqd�sgd�onotk]shnm� hr�üwdc�enq�sgd�KnE�
lts]shnm)�vghbg�hr�nauhntrkx�mns�ahnknfhb]kkx�qd]khrshb-�Nmd�bntkc�
hmrsd]c�stqm�sn�sgd�bnllnmkx�trdc�hmümhsd�rhsdr�lncdk)�ats�sghr�
bnldr�vhsg�svn�hrrtdr-
Ehqrs)�]mx�o]qshbtk]q�rhsd�ltrs�ad�mnmrdfqdf]shmf�vhsg�oqna]ahk,

hsx�nmd�]r�sgd�hmümhsd�rhsdr�lncdk�]rrtldr�]m�hmümhsdrhl]kkx�rl]kk�
odq,rhsd�lts]shnm�q]sd�a]k]mbdc�ax�]m�hmümhsdkx�k]qfd�lts]shnm]k�
s]qfds�rhyd-�Sghr�]rrtloshnm�l]x�ad�qd]khrshb�vgdm�bnmrhcdqhmf�
lts]shnmr�fdmnld,vhcd)�ats�bdqs]hmkx�aqd]jr�cnvm�vgdm�knnjhmf�
]s�rhmfkd�KnEr)�nq�dudm�]bqnrr�KnEr�vhsghm�]�rhmfkd�fdmd-
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Rdbnmc)�rhmbd�sgd�lts]shnm�q]sd�odq�rhsd�hr�hmümhsdrhl]kkx�rl]kk�
tmcdq�sgd�hmümhsd�rhsdr�]ooqnwhl]shnm)�sgd�oqna]ahkhsx�ne�qdbtq,
qdms�lts]shnm�hr�]krn�/-�Qdbtqqdms�lts]shnm�hm�sghr�bnmsdws�qdedqr�
sn�sgd�r]ld�]kkdkd�adhmf�fdmdq]sdc�]s�sgd�r]ld�rhsd�lnqd�sg]m�nmbd�
uh]� hmcdodmcdms� lts]shnm� dudmsr-� Enq� rl]kk� r]lokd� rhydr� ]mc�
rl]kk�lts]shnm�q]sdr)�sgd�oqna]ahkhsx�ne�hmcdodmcdms�lts]shnmr�
g]oodmhmf� ]s� sgd� r]ld� rhsd� hr� dwsqdldkx� rl]kk)� dwok]hmhmf� sgd�
onotk]qhsx�ne�sgd�hmümhsd�rhsdr�lncdk-�Xds)�enq�sgd�BoF�lts]shnm�
q]sd�vd�jmnv�sg]s�qdbtqqdms�lts]shnmr�]qd�bnllnm�]mc�ok]x�]m�
hlonqs]ms�qnkd�hm�rg]ohmf�chudqrhsx�’G]qo]j�ds�Zk-�1/05(-
Hmrsd]c�ne qdkxhmf�nm�sgd�hmümhsd�rhsdr�]ooqnwhl]shnm)�ntq�bnl,

ots]shnm]k�l]bghmdqx�]kknvr�tr�sn�d]rhkx�bnmchshnm�sgd�dunktshnm,
]qx� cxm]lhbr� ne� ]m� ]kkdkd� ]s� ]� rhmfkd� rhsd� nm� mnmüw]shnm-�
Drrdmsh]kkx)�vgdm�]�mdv�KnE�]kkdkd�dmsdqr�sgd�onotk]shnm)�vd�hf,
mnqd�]mx�rbdm]qhnr�vgdqd�hs�cqhesr�sn�üw]shnm�hm�sgd�onotk]shnm-�
Knnjhmf�a]bjv]qc�hm�shld)�hm�]�ümhsd�onotk]shnm�]kkdkdr�ltrs�]s�
rnld�onhms� hm� sgd�o]rs�dhsgdq�g]ud�addm�üwdc�nq� sns]kkx�]ardms�
eqnl�sgd�onotk]shnm-�Rhmbd�vd�]qd�dwokhbhskx�mns�]kknvhmf�sgd�KnE�
]kkdkd� sn� g]ud� addm� üwdc� ]s� ]mx� onhms� hm� sgd� o]rs)� sgdqd�ltrs�
g]ud�addm� rnld�onhms� hm� sgd�o]rs� ]s�vghbg� sgd�KnE� ]qnrd� ]r� ]�
mdv�lts]shnm�hm�]�onotk]shnm�lnmnlnqoghb�enq�sgd�mnm,KnE�]k,
kdkd-�Hm�sghr�v]x)�sgdqd�hr�]�vdkk,cdümdc�mnshnm�ne�]m�]mbdrsq]k�]k,
kdkd� ]mc� ]� cdqhudc� ]kkdkd-� Sgd� CSVE� lncdk� bnmchshnmdc� nm�
mnmüw]shnm� hr� vdkk� adg]udc� ]mc� g]r� ]� mnmsqhuh]k� dpthkhaqhtl-�
?cchshnm]kkx)� hs� ]kknvr� tr� sn� d]rhkx� lncdk� qdbtqqdms�lts]shnmr�
]mc�nas]hm�]�mnmydqn�oqna]ahkhsx�ne�]m�hmchuhct]k�rhsd�adhmf�rdfqd,
f]shmf-�Rdd�?oodmchw�B enq�lnqd�cds]hkr�rtqqntmchmf�sghr�rtaskdsx-
Adenqd�hmudrshf]shmf�sgd�hlo]bs�ne�rdkdbshnm)�vd�v]msdc�sn�rdd�he�

lncdkhmf� qdbtqqdms�lts]shnmr�v]r�mdbdrr]qx� enq�ahna]mj,rb]kd�
c]s]rdsr�tmcdq�ntq�lncdkr-�Qdbdmskx)�]m]kxshb]k�qdrtksr�enq�qdbtq,
qdms�lts]shnmr�hm�sgd�bn]kdrbdms�’h-d-�hm�sgd�cheetrhnm�khlhs)�]mc�]r,
rtlhmf� mdtsq]khsx(� g]ud� addm� cdudknodc� ’V]jdkdx� ds� Zk-� 1/12(-�
Gdqd)�vd�]krn�enbtr�nm�sgd�mdtsq]k�b]rd�enq�rhlokhbhsx)�]mc�ntq�qd,
rtksr�]qd�pt]khs]shudkx�rhlhk]q�sn�sgnrd�hm�V]jdkdx�ds�Zk-�’1/12(-�Sgd�
]ooqn]bgdr�]qd�bnlokhldms]qx9�sgd�qdrtksr�hm�V]jdkdx�ds�Zk-�’1/12(
]qd�]m]kxshb)�vghkd�ntqr�ltrs�ad�nas]hmdc�mtldqhb]kkx-�Enq�ntq�
l]bghmdqx�hs�hr�mn�lnqd�cheübtks�sn�bnmrhcdq�b]rdr�vhsg�u]qhntr�
sxodr�ne�rdkdbshnm)�vgdqd]r�nas]hmhmf�bn]kdrbdms,a]rdc�qdrtksr�hm�
sgd�oqdrdmbd�ne�rdkdbshnm�vntkc�ad�cheübtks-
Vd� bnmrhcdqdc� rnldsghmf� ]m]knfntr� sn� sgd� RER� tmcdq� ntq�

lncdk”sgd�oqna]ahkhsx�ne�nardquhmf�]�fhudm�eqdptdmbx�ne�]�cdqhudc�
]kkdkd� bnmchshnmdc� nm� sgd� rhsd� adhmf� rdfqdf]shmf-�Vd� rgnv� sgd�
qdrtksr�enq�sgd�BDT�cdlnfq]ogx�hm�Ehf-�4)�vgdqd�vd�rdd�sg]s�enq�
k]qfd� r]lokd� rhydr)� qdbtqqdms�lts]shnmr� g]ud� ]� k]qfd� deedbs� nm�
sgd�eqdptdmbx�rodbsqtl)�vhsg�rhmfkdsnmr�adhmf�]klnrs�g]ke�]r�khjd,
kx�tmcdq�sgd�BoF�lts]shnm�q]sd�bnlo]qdc�sn�sgd�sq]mrudqrhnm�lt,
s]shnm�q]sd-�Sghr�hr�rnldvg]s�bntmsdqhmsthshud”nmd�lhfgs�dwodbs�
sg]s�tmcdq�]�ghfg�lts]shnm�q]sd�sgdqd�vntkc�ad�lnqd�q]qd�u]qh,
]shnm)�]mc�sg]s�hr�sqtd�hm�]arnktsd�sdqlr�]r�sgdqd ]qd�lnqd�rdfqd,
f]shmf� rhsdr)� ats� fhudm� sg]s� ]� rhsd� hr� rdfqdf]shmf)� q]qd� u]qh]msr�
]bst]kkx�adbnld�kdrr�khjdkx�tmcdq�ghfgdq�lts]shnm�q]sdr-�Hmcddc)�
]s� ]� r]lokd� rhyd� ne� m < 2//)///� choknhcr)� sgd� oqna]ahkhsx� sg]s� ]�
BoF� hr� rdfqdf]shmf� hr� /.567)� vghkd� enq� sq]mrudqrhnmr� hs� hr� nmkx�
/./11-�?s�rl]kkdq�r]lokd�rhydr�sgd�hlo]bs�ne�qdbtqqdms�lts]shnm�
hr� mdfkhfhakd� enq� qd]khrshb� lts]shnm� q]sdr)� vhsg� sgd� oqna]ahkhsx�
sg]s�]�rhsd�hr�rdfqdf]shmf�adhmf�/./22�enq�BoFr�]mc�/.///6�enq�sq]mr,
udqrhnmr�enq�]�r]lokd�rhyd�ne�m < 0//�choknhcr-�Sgd�qdrtksr�enq�sgd�
LRLB,hmedqqdc� XQH� cdlnfq]ogx� ]qd� pt]khs]shudkx� bnmrhrsdms�
’Ehf-�C1()�]ksgntfg�rnld�ne�ntq�lncdkhmf�bgnhbdr�qdrtks�hm�]m�tm,
trt]k�]mc�hmsdqdrshmf�mnmbnmudw�eqdptdmbx�rodbsqtl)�vghbg�vd�
chrbtrr�hm�cds]hk�hm�?oodmchw�C-
Vd�mdws�stqmdc�sn�tmcdqrs]mchmf�sgd�hlo]bs�ne�lts]shnm�q]sdr�

nm� trhmf� KnE� eqdptdmbhdr� sn� drshl]sd� rgds-� Sn� sghr� dmc)� vd�

bnlotsdc�sgd�khjdkhgnnc�ne�nardquhmf�d]bg�onrrhakd�eqdptdmbx�’hm,
bktchmf�/(�hm�]�fhudm�r]lokd�enq�]�q]mfd�ne�u]ktdr�ne�rgds� q]mfhmf�
eqnl�vdkk�adknv�sgd�md]qkx�mdtsq]k�khlhs�’rgds < 0/−5(�]kk�sgd�v]x�
to�sn�md]qkx�kdsg]k�’rgds ≈ 0(-�Vd�rgnv�sgd�qdrtksr�enq�sgd�svn�lt,
s]shnm�q]sdr�vd�bnmrhcdqdc�enq�]�r]lokd�ne�rhyd�2//)///�choknhcr�
eqnl�sgd�BDT�cdlnfq]ogx�hm�Ehf-�5-�Sgd�qdrtksr�rgnv�sg]s�q]qd�
u]qh]msr�]qd�vd]jkx�hmchb]shud�ne�rsqnmf�rdkdbshnm)�ats�nsgdqvhrd�
nardquhmf�]m�KnE�ne�]�fhudm�eqdptdmbx�]bsr�]r�]�rnes�sgqdrgnkc�nm�
rgds-�Enq�dw]lokd)�]�cntakdsnm�bnmücdmskx�qtkdr�nts�rgds = /.0)�ats�
hr�nsgdqvhrd�drrdmsh]kkx�dpt]kkx�bnmrhrsdms�vhsg�]mx�u]ktd�ne�rgds-�
Rhlhk]qkx)�]m�KnE�]s�0$ eqdptdmbx�qtkdr�nts�]mx�rgds = /.//1)�ats�
hr�nsgdqvhrd�qdk]shudkx�tmhmenql]shud-�Sgd�qdrtksr�]qd�pt]khs]shud,
kx�rhlhk]q�]bqnrr�sgd�svn�lts]shnm�q]sdr)�ats�mnmrdfqdf]shmf�BoFr�
oqnuhcd�ltbg�lnqd� duhcdmbd� hm� e]unq� ne� rsqnmf� rdkdbshnm� sg]m�
mnmrdfqdf]shmf� sq]mrudqrhnmr)� bnmrhrsdms� vhsg� qdbdms� vnqj� ax�
?f]qv]k�]mc�Oqydvnqrjh�’1/10( rgnvhmf�dlohqhb]kkx�]mc�uh]�rhlt,
k]shnm�sg]s�]�mnmrdfqdf]shmf�BoF�]s�rhlhk]q�r]lokd�rhydr�hr�dmntfg�
sn�bnmücdmskx�qdidbs�mdtsq]khsx-
Sn�lnqd�oqdbhrdkx�pt]mshex�gnv�hmenql]shud�cheedqdms�r]lokd�

rhydr)�c]s]rdsr)�nq�lts]shnm�q]sdr�]qd�enq�drshl]shmf�rdkdbshnm)�vd�
trdc�sgd�Ehrgdq�Hmenql]shnm)�H -�Ehrgdq�Hmenql]shnm�pt]mshüdr�sgd�
dwodbsdc�btqu]stqd�ne�sgd�khjdkhgnnc�etmbshnm�]s�]�fhudm�u]ktd�ne�
rgds� ]mc�b]m�ad�sgntfgs�ne�]r�]m�deedbshud�r]lokd�rhyd�ltkshokhdq�
hm�sdqlr�ne�mtladq�ne�u]qh]msr-�Hm�sgd�CSVE�lncdk)�hmenql]shnm�
hr�]cchshud�]bqnrr�hmcdodmcdms�rhsdr)�rn ]�rdsshmf�vhsg�svhbd�sgd�
Ehrgdq�Hmenql]shnm�vntkc�qdpthqd�g]ke�]r�l]mx�hmcdodmcdms�u]q,
h]msr� sn� ]bghdud� sgd� r]ld� kdudk� ne� ]bbtq]bx)� qntfgkx� rod]jhmf-�
Lnqd�enql]kkx)�sgd�Bq]ldq“Q]n�knvdq�antmc�eqnl�rs]shrshbr�rgnvr�
sg]s�]mx�tmah]rdc�drshl]snq�ne�rgds� ltrs�g]ud�u]qh]mbd�fqd]sdq�
sg]m�0<H -�?r�rtbg)�sgd�Ehrgdq�Hmenql]shnm�b]m�ad�sgntfgs�ne�]r�
adhmf�hmudqrdkx�qdk]sdc�sn�sgd�u]qh]mbd�ne�sgd�adrs�tmah]rdc�drshl],
snq�ne�rgds-�Hm�ntq�rdsshmf)�sgd�Ehrgdq�Hmenql]shnm hr�cdümdc�]r

H ’r( 9 <
1m

j</
Ozj KnE ]kkdkdr hm r]lokd | rgds < r{

±
c
cs
knfOzj KnE ]kkdkdr hm r]lokd | rgds < s{


s<r

 1
)�

vghbg�vd�b]m�bnlotsd�trhmf�sgd�khjdkhgnnc�btqudr�rgnvm�hm�Ehf-�5
uh]�mtldqhb]k�cheedqdmsh]shnm-�Mnsd�sg]s�sgd�Ehrgdq�Hmenql]shnm�cd,
odmcr�nm�sgd�o]q]ldsdqhy]shnm�ne�rgds)�]mc�gdqd�vd�bnlotsd�sgd�
Ehrgdq� Hmenql]shnm� enq� knf0/ rgds� sn�l]sbg� sgd� o]q]ldsdqhy]shnm�
rgnvm�hm�Ehf-�5-�?r�]�qdrtks)�sgd�Ehrgdq�Hmenql]shnm�b]m�ad�sgntfgs�
ne�]r�adhmf�qdk]sdc�sn�gnv�l]mx�nqcdqr�ne�l]fmhstcd�sgd�tmbdq,
s]hmsx�hm�rgds�rgntkc�ro]m-
Vd�adf]m�ax�hmudrshf]shmf�sgd�hmenql]shnm�bnmsdms�ne�BoFr�]mc�

sq]mrudqrhnmr�enq�drshl]shmf�rgds-�Enq�]kk�ne�sgd�cdlnfq]oghdr�]mc�
]kk�r]lokd�rhydr�vd�ümc�sg]s�sgd�hmenql]shnm�bnmsdms�ne�]�BoF�hr�
]kv]xr�adsvddm�38±�]mc�40-4±�fqd]sdq�sg]m�sg]s�ne�]�sq]mrudqrhnm-�
Sghr�l]jdr� hmsthshud�rdmrd�]r� sgd�lts]shnm�q]sd� hr�]ants�40-1±�
ghfgdq�enq�BoFr)�hmchb]shmf�sg]s�vd�vntkc�dwodbs�BoFr�sn�ad�rdf,
qdf]shmf�qntfgkx�4/±�]r�nesdm�]r�sq]mrudqrhnmr-�BoFr�]qd�trt]kkx�
rkhfgskx�kdrr�sg]m�40-1±�]r�hmenql]shud�]r�sq]mrudqrhnmr�]bqnrr�che,
edqdms�u]ktdr�ne�rgds)� hmchb]shmf�sg]s�sgdqd�]qd�rnld�chlhmhrghmf�
qdstqmr-
Mdws�vd�stqmdc�sn�gnv�hmenql]shnm�fqnvr�vhsg�r]lokd�rhyd-�

Tmkhjd� rs]mc]qc� rs]shrshb]k� rdsshmfr)� r]lokhmf� ]cchshnm]k� hmchuh,
ct]kr� cndr� mns� oqnuhcd� bnlokdsdkx� hmcdodmcdms� hmenql]shnm)�
]mc�nmd�lhfgs�dwodbs�hmenql]shnm�sn�ok]sd]t�]r�sgd�r]lokd�rhyd�
fqnvr-�Hmcddc)�rhmbd�hmchuhct]kr�rg]qd�]�bnllnm�fdmd]knfx)�]r�
]cchshnm]k�hmchuhct]kr�]qd�]ccdc�sn�]�r]lokd�sgdx�]qd�hmbqd]rhmfkx�
khjdkx�sn�ad�bknrdkx�qdk]sdc�sn�rnldnmd�]kqd]cx�hm�sgd�r]lokd)�]mc�
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D
o
w
n
lo
a
d
e
d
fro
m
h
ttp
s
://a
c
a
d
e
m
ic
.o
u
p
.c
o
m
/g
e
n
e
tic
s
/a
rtic
le
/2
2
5
/3
/iy
a
d
1
6
8
/7
2
7
7
0
5
1
b
y
g
u
e
s
t
o
n
2
5
J
u
n
e
2
0
2
5



gdmbd�oqnuhcd�khsskd�]cchshnm]k�hmenql]shnm-�Sghr�hr�anqmd�nts�hm�
ntq�qdrtksr� ’Ehf-�6]()�vgdqd�vd rdd�sg]s� hmbqd]rhmf�r]lokd�rhydr�
oqnuhcd�chlhmhrghmf�qdstqmr�hm�sdqlr�ne�hmenql]shnm-�Xds)�sghr�de,
edbs�hr�mns�tmhenql�]bqnrr�sgd�ro]bd�ne�rgds�u]ktdr-�Ntq�qdrtksr�rtf,
fdrs� sg]s� hmbqd]rhmf� r]lokd� rhydr� adxnmc� sgd� ]ooqnwhl]sdkx�
03/)///�hmchuhct]kr�hm�fmnl?C�’J]qbydvrjh�ds�Zk-�1/1/(�nmkx�oqn,
uhcdr�]cchshnm]k�hmenql]shnm�enq�sgd�lnrs�dwsqdldkx�rdkdbsdc�u]q,
h]msr�’rgds = /./1(-�Sghr�ghfgkhfgsr�sg]s�sgdqd�hr�]�etmc]ldms]k�khlhs�
nm�gnv�ltbg�vd�b]m�gnod�sn�kd]qm�]ants�sgd�rdkdbshud�oqdrrtqd�nm�
fdmdr�eqnl�KnE�c]s]�]knmd”]s�btqqdms�r]lokd�rhydr�vd�g]ud�]k,
qd]cx�r]stq]sdc�sgd�]lntms�ne�hmenql]shnm�vd�lhfgs�gnod�sn�na,
s]hm�enq�]�vhcd�q]mfd�ne�rdkdbshnm�bndeübhdmsr-�Etqsgdq�hmbqd]rdr�hm�
r]lokd�rhydr�vhkk�nmkx�gdko�qdrnkud�sgd�rdkdbshnm�bndeübhdmsr�enq�
sgd�fdmdr�vhsg�sgd�lnrs�dwsqdld�deedbsr�nm�üsmdrr-
Ehm]kkx)�dwhrshmf�dwnld�rdptdmbhmf�bngnqsr�bnmrhrs�oqhl]qhkx�ne�

hmchuhct]kr�sg]s�]qd�fdmdshb]kkx�rhlhk]q�sn�sgd�BDT�hmchuhct]kr�hm�
sgd�0///�Fdmnldr�Oqnidbs�’J]qbydvrjh�ds�Zk-�1/1/:�A]bjl]m�ds�Zk-�
1/10()�q]hrhmf�ptdrshnmr�ne�vgdsgdq�vd�lhfgs�ad�]akd�sn�adssdq�dr,
shl]sd�rdkdbshnm�ax�knnjhmf�]s�r]lokdr�ne�hmchuhct]kr�vgn�g]ud�dw,
odqhdmbdc�cheedqdms�cdlnfq]oghb�ghrsnqhdr-�Enq�dw]lokd)�hr�hs�lnqd�
hmenql]shud�sn�g]ud�]�r]lokd�ne�]�fhudm�rhyd�eqnl�]�onotk]shnm�
sg]s�tmcdqvdms�sgd�BDT�cdlnfq]ogx�nq�]�onotk]shnm�sg]s�tmcdq,
vdms�nmd�ne�sgd�XQH�cdlnfq]oghdr;�Hmsdqdrshmfkx)�vd�ümc�sg]s�sgd�
]mrvdq� cdodmcr� rsqnmfkx� nm� rgds� ]mc� sgd� r]lokd� rhyd-� Enq� sgd�

rl]kkdrs�r]lokd�rhydr�’d-f-�m + 0//�choknhcr(�r]lokdr�eqnl�]mx�ne�
sgd�cdlnfq]oghdr�]qd�bnlo]q]akx�hmenql]shud�enq�rdkdbshnm�bnde,
übhdmsr�]anud�/.//0)�ats�r]lokdr�eqnl�dhsgdq�XQH�cdlnfq]ogx�]qd�
]klnrs�svhbd�]r�hmenql]shud�enq�rdkdbshnm�bndeübhdmsr�adknv�/.//0�
’Ehf-�6a ]mc�b(-�Sgd�cnlhm]mbd�ne�]�r]lokd�eqnl�sgd�XQH�cdlnfq],
oghdr�enq�knv�rdkdbshnm�bndeübhdmsr�qdl]hmr�]bqnrr�r]lokd�rhydr)�
ats�]r�r]lokd�rhydr�hmbqd]rd)�r]lokdr�eqnl�sgd�BDT�cdlnfq]ogx�
adbnld�hmbqd]rhmfkx�lnqd�hmenql]shud�enq�k]qfd�rdkdbshnm�bndeü,
bhdmsr� qdk]shud� sn� sgd�LRLB,hmedqqdc� XQH� cdlnfq]ogx-� Enq� dw,
]lokd)�]s�]�r]lokd�rhyd�ne�m < 0)///�choknhcr)�]�r]lokd�eqnl�sgd�
BDT� cdlnfq]ogx� hr� md]qkx� svhbd� ]r� hmenql]shud� enq� ]m� rgds� ne�
/./0)�]mc�enq�]�r]lokd�ne�rhyd�m < 2//)///�]�r]lokd�eqnl�sgd�BDT�
cdlnfq]ogx�hr�]ants�04�shldr�]r�hmenql]shud�enq�]m�rgds�ne�/.0-�Hm�
bnmsq]rs)�sgd�XQH�’Rodhcdk(�cdlnfq]ogx�qdrtksr�hm�lnqd�hmenql],
shnm� sg]m� sgd�BDT�cdlnfq]ogx� ]bqnrr� ]klnrs� ]kk� u]ktdr� ne� rgds�

enq�rteübhdmskx�k]qfd�r]lokd�rhydr-
Sgd� qdk]shud� Ehrgdq� Hmenql]shnmr� enq� r]lokdr� b]m� ad� tmcdq,

rsnnc� hm� sdqlr ne� sgd�oqnodqshdr�ne� sgd�cdlnfq]oghdr-�U]qh]msr�
tmcdq� vd]j� rdkdbshnm� ]qd� nkcdq)� ]mc� ctd� sn� sgd� nts,ne,?eqhb]�
ansskdmdbj)�sgnrd�u]qh]msr�vhkk�g]ud�dwodqhdmbdc�rsqnmfdq�cqhes�tm,
cdq�sgd�BDT�cdlnfq]ogx�sg]m�sgd�XQH�cdlnfq]oghdr-�Gdmbd)�r]l,
okdr�eqnl�sgd�BDT�cdlnfq]ogx�bnms]hm�lnqd�}cdlnfq]oghb�mnhrd•�
ctd�sn�cqhes�enq�rtbg�u]qh]msr-�Bnmudqrdkx)�sgd�qdbdms�dwoknrhnm�hm�
onotk]shnm�rhyd�hm�sgd�BDT�]mc�XQH�’Rodhcdk(�cdlnfq]oghdr�qdrtksr�
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Ehf-�4-�Eqdptdmbx�rodbsq]�tmcdq�sgd�BDT�cdlnfq]ogx�enq�r]lokd�rhydr�m < 2//)///�choknhcr�](�]mc�m < 0//�choknhcr�a(�enq�]�knv�lts]shnm�q]sd�’1.33 ± 0/−8�

odq�fdmdq]shnm(�]mc�]�ghfg�lts]shnm�q]sd�’0.14 ± 0/−6� odq�fdmdq]shnm(-�Sgd�knv�lts]shnm�qntfgkx�bnqqdronmcr�sn�sgd�q]sd�ne�]�sq]mrudqrhnm�hm�gtl]mr)�
vghkd�sgd�ghfg�lts]shnm�q]sd�qntfg�bnqqdronmcr�sn�sgd�q]sd�ne�lts]shnm�]s�]�ldsgxk]sdc�BoF-�Sgd�oqna]ahkhsx�ne�]�rhsd�adhmf�rdfqdf]shmf�hr�qdonqsdc�]r�ordf-
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Ehf-�5-�Khjdkhgnncr�enq�]�r]lokd�ne�rhyd�m < 2//)///�choknhcr�eqnl�sgd�BDT�cdlnfq]ogx�]rrtlhmf�dhsgdq�]�ghfg�lts]shnm�q]sd�ne�0.14 ± 0/−6�odq�fdmdq]shnm�](�
nq�]�knv�lts]shnm�q]sd�ne�1.33 ± 0/−8� odq�fdmdq]shnm�a(-
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hm�sgd�noonrhsd�ogdmnldmnm�enq�rsqnmfkx�rdkdbsdc�u]qh]msr�vghbg�
khjdkx�]qnrd�lnqd�qdbdmskx)�qdrtkshmf�hm�lnqd�hmenql]shnm�enq�k]qfd�
u]ktdr�ne�rgds-�Ehm]kkx)�enq�rl]kk�r]lokd�rhydr�sgdqd�hr�khsskd�onvdq�sn�
fds�]s�sgd�q]qd)�qdbdms�u]qh]msr�hmchb]shud�ne�rsqnmf�rdkdbshnm)�qd,
f]qckdrr�ne�cdlnfq]ogx)�dwok]hmhmf�vgx�cheedqdmbdr�hm�hmenql],
shnm�enq�k]qfd�u]ktdr�ne�rgds�nmkx�l]mhedrs�]s�k]qfd�rhydr-

Chrbtrrhnm
Gdqd)�vd�oqdrdmsdc�]m�]ooqn]bg� sn�]ooqnwhl]sd� sgd� sq]mrhshnm�
l]sqhw�ne�sgd�CSVE�oqnbdrr�sg]s�hr�oqnu]akx�]bbtq]sd�]mc�]kknvr�
tr�sn�bnlotsd�khjdkhgnncr�hm�N’M(�shld-�Vd�rgnvdc�sg]s�ntq�]o,
oqn]bg�b]m�rb]kd�sn�onotk]shnm�rhydr�hm�sgd�sdmr�ne�lhkkhnmr)�]mc�
hr�ghfgkx�]bbtq]sd-�Ntq�]ooqn]bg�qdkhdc�nm�svn�jdx�nardqu]shnmr9�
sgd� sq]mrhshnm� l]sqhw� ne� sgd� CSVE� oqnbdrr� hr� ]ooqnwhl]sdkx�
ro]qrd)�vhsg�nmkx�N’


M

√
(�dmsqhdr�bnmsqhatshmf�]ooqdbh]akx� sn�sgd�

l]rr� hm� d]bg� qnv)� ]mc� sgd�l]sqhw� hr� ]ooqnwhl]sdkx� knv� q]mj)�
vgdqd�sgd�l]sqhw�b]m�ad�qdok]bdc�ax�nmd�vhsg�nmkx�N’


M

√
(�tmhptd�

qnvr�vghkd�hmbtqqhmf�]�rl]kk�dqqnq-
Vd�trdc�ntq�]ooqn]bg�sn�tmcdqrs]mc�gnv�hmbqd]rhmf�r]lokd�

rhydr�vhkk�gdko�drshl]sd�sgd�rsqdmfsg�ne�rdkdbshnm�]bshmf�]f]hmrs�
fdmd�knrr,ne,etmbshnm-�Vd�entmc�sg]s�hmbqd]rhmf�r]lokd�rhydr�ad,
xnmc�sgnrd�btqqdmskx�]u]hk]akd�vhkk�nmkx�oqnuhcd�]cchshnm]k�hmenq,
l]shnm� enq� sgd� lnrs� rsqnmfkx� rdkdbsdc� fdmdr-� Enq� fdmdr� vhsg�
]mxsghmf�vd]jdq�sg]m�sgd�lnrs�dwsqdld�rdkdbshnm)�btqqdms�r]l,
okdr oqnuhcd�drrdmsh]kkx�]r�ltbg�hmenql]shnm�]r�b]m�dudq�ad�na,
s]hmdc�eqnl�KnE�c]s]�eqnl�hmchuhct]kr�bknrdkx�qdk]sdc�sn�sgd�0///�
Fdmnldr�BDT�r]lokd-
Ntq�]ooqn]bg�l]x�rddl�rhlhk]q�sn�bgnnrhmf�]�chrbqdshy]shnm�

rbgdld�enq�sgd�OCD�sg]s�cdrbqhadr�sgd�VE�cheetrhnm)�ats�sgd�]o,
oqn]bgdr� ]qd� chrshmbs-� Sgd� OCD� chrbqdshy]shnm� ]ooqn]bg� rs]qsr�
vhsg�sgd�CSVE�lncdk)�o]rrdr�sn�]�bnmshmttl�khlhs�sn�nas]hm�]�
OCD)�]mc�sgdm�chrbqdshydr�sgZs�bnmshmtntr�oqnbdrr-�Xds)�sgd�VE�che,
etrhnm�hr�nmkx�u]khc�enq�üwdc�eqdptdmbhdr�]r�M → ∞)�hmchb]shmf�sg]s�
hm�oq]bshbd�sgd�bnmshmtntr�oqnbdrr�hr�mns�]�fnnc�]ooqnwhl]shnm�enq�
eqdptdmbhdr�bknrd�sn�/�nq�0-�?r�rtbg)�]mx�chrbqdshy]shnm�ne�sgd�VE�
cheetrhnm�ltrs�]krn�ad�hm]bbtq]sd�md]q�sgd�antmc]qhdr-�Hmrsd]c)�
gdqd�vd�oqnonrd�chqdbskx�bn]qrd�fq]hmhmf�sgd�tmcdqkxhmf�chrbqdsd�
oqnbdrr�vhsgnts�o]rrhmf�sn�]�bnmshmttl�khlhs-
Hm�rnld�v]xr)�ntq�]ooqn]bg�hr�qdlhmhrbdms�ne�sgd�rb]khmf�]o,

oqn]bg�trdc�hm�rhltk]shnmr�’?cqhnm�ds�Zk-�1/1/(-�Hm enqv]qc,hm,shld�
rhltk]shnmr)�hs�b]m�ad�bnlots]shnm]kkx�nmdqntr�sn�rhltk]sd�]�k]qfd�
onotk]shnm-�Sn�]unhc�sghr)�nmd�bgnnrdr�]�rb]khmf�e]bsnq)�rtbg�]r�0/)�
]mc� rhltk]sdr� ]� onotk]shnm� 0/±� rl]kkdq)� ats� hmbqd]rdr� sgd�

lts]shnm�q]sdr)�qdbnlahm]shnm�q]sdr)�]mc�rsqdmfsgr�ne�rdkdbshnm�
ax�]�e]bsnq�ne�0/-�?cchshnm]kkx)�d]bg�fdmdq]shnm�hm�sghr�rb]kdc�lnc,
dk�bntmsr�enq�0/�fdmdq]shnmr�hm�sgd�tmrb]kdc�lncdk-�Sghr�rb]khmf�hr�
bgnrdm�rn�sg]s�sgd�qdrb]kdc�onotk]shnm�bnmudqfdr�sn�sgd�r]ld�VE�
cheetrhnm�]r�sgd�nqhfhm]k�oqnbdrr-�Xds)�sghr�qdrb]khmf�hr�nmkx�sqtrs,
vnqsgx� enq� eqdptdmbhdr�≫ 0<M-� Gdqd)� vd� cn� mns� qdrb]kd� o]q],
ldsdqr)�ats�vd�cn�fqnto�rs]sdr�hmsn�}lds],rs]sdr)•�]mc�vd�fqnto�
rs]sdr�lnqd�]ffqdrrhudkx�vgdm�sgd�eqdptdmbx�hr�bknrd�sn�/.4)�]mc�
kdrr�]ffqdrrhudkx�enq�eqdptdmbhdr�md]q�/�nq�0-�Vgdsgdq�]�rhlhk]q�
hcd]�ne�eqdptdmbx,]c]oshud�qdrb]khmf�bntkc�ad�hmbnqonq]sdc�hmsn�
rhltk]shnm�sn�hloqnud�roddc�vghkd�qdl]hmhmf�]bbtq]sd�hr�]m�hmsdq,
drshmf�]qd]�enq�etstqd�qdrd]qbg-
?mnsgdq�uhdv�ne�ntq�ldsgnc�hr�sg]s�vd�]qd�qdok]bhmf�]�cheübtks�

rds�ne�sq]mrhshnm�chrsqhatshnmr�vhsg�]�rhlokdq�rds-�Sghr�hcd]�hr�udqx�
fdmdq]k�]mc�cheedqdms�]ooqn]bgdr�bntkc�ad�s]jdm-�Enq�dw]lokd)�hs�
l]x�ad�onrrhakd�sn�l]sbg�sgd�üqrs�rdudq]k�lnldmsr�trhmf�nmkx�]�
udqx� rl]kk� mtladq� ne� mnmydqn� dmsqhdr-� Rtbg� dwsqdldkx� ro]qrd�
sq]mrhshnm�l]sqhbdr�bntkc�qdrtks�hm�ghfgkx�]bbtq]sd�]mc�udqx�bnl,
ots]shnm]kkx� deübhdms� ]ooqnwhl]shnmr-� Sgd� ]ooqn]bg� oqdrdmsdc�
gdqd�hr�itrs�nmd�onrrhahkhsx�hm�sghr�udhm)�]mc�dwoknqhmf�]ksdqm]shudr�
bntkc�ad�]�eqthsetk�chqdbshnm�enq�etstqd�qdrd]qbg-
Ntq�qdrtksr�]qd�pthsd�fdmdq]k)�]mc�b]m�ad�qd]chkx�dwsdmcdc�sn�

ltkshokd�]kkdkdr)�ltkshokd�onotk]shnmr)�nq�ltkshokd�knbh-�?kk�ne�sgdrd�
b]m� ad� sqd]sdc� ]r� oqnbdrrdr� cdümdc� ax� ]� sq]mrhshnm� l]sqhw� ne�
rta,F]trrh]m oqna]ahkhsx l]rr etmbshnmr) ]mc rhlhk]q ]qftldmsr
sn�sgnrd�trdc�gdqd�b]m�ad�]ookhdc�sn�rgnv�sg]s�rtbg�sq]mrhshnm�l],
sqhbdr� g]ud� ]ooqnwhl]sdkx� ro]qrd� qnvr)� ]mc� ]qd� ]ooqnwhl]sdkx�
knv�q]mj-�Sgdrd�]qftldmsr�rgntkc�qdrtks�hm�bnlo]q]akd�roddc,
tor)�ats�tmenqstm]sdkx)�sghr�chqdbs�]ooqn]bg�ne�bnlotshmf�khjdkh,
gnncr� trhmf� sgd� enqv]qc� sq]mrhshnm� l]sqhw� mdbdrr]qhkx� bnldr�
vhsg�]�rsddo�bnlots]shnm]k�bnrs�hm�sgdrd�rdsshmfr-�Enq�dw]lokd)�
rhlokx�sn�khrs�]kk�ne�sgd�onrrhakd�bnmüftq]shnmr�ne�]�onotk]shnm�ne�
M� hmchuhct]kr� ]s� svn� ah]kkdkhb� knbh� qdpthqdr� N’M2(� shld� ’J]ll�
ds�Zk-�1/05(-�Sn�khrs�]kk�ne�sgd�onrrhakd�bnmüftq]shnmr�enq�2�knbh�qd,
pthqdr�N’M6(� shld)�]mc� hm�fdmdq]k�j� knbh� qdpthqdr�N’M’1

j−0((� shld-�
Sgdqd�l]x� ad� ]cchshnm]k� ]ooqnwhl]shnmr� sg]s� b]m� ad�l]cd� hm�
sgdrd�b]rdr)�ats�rhlokx�]ooqnwhl]shmf� sgd� sq]mrhshnm�l]sqhw�]r�
vd�cn�gdqd�vhkk�mns�ad�dmntfg�sn�g]mckd�sgdrd�lnqd�bnlahm]snq,
h]kkx�cheübtks�b]rdr-
Sgqntfgnts)�vd�g]ud�]rrtldc�sg]s�sgd�fn]k�hr�sn�]ooqnwhl]sd�

sgd�tmcdqkxhmf�CSVE�lncdk�vghkd�l]hms]hmhmf�bnlots]shnm]k�de,
übhdmbx-� Hm� fdmdq]k)�gnvdudq)�mn�onotk]shnm�vhkk� dw]bskx� enkknv�
]mx� rhlokd� CSVE� lncdk”hm� l]mx� onotk]shnmr� sgdqd� vhkk� ad�
ümd,rb]kd�fdnfq]oghb�onotk]shnm�rsqtbstqd�’Ch]y,O]ojnuhbg�ds�Zk-�
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1/08()�]rrnqs]shud�l]shmf�’Xdmfn�ds�Zk-�1/07()�nudqk]oohmf�fdmdq],
shnmr)� ]mc� rn� nm-� Vghkd� sgdrd� bnlokhb]shnmr� l]x� l]jd� sgd�
CSVE�lncdk�rddl�nudqkx�rhlokhrshb)� sgd�VE�cheetrhnm�ltrs�ad�
]m�dudm�vnqrd�]ooqnwhl]shnm�]r�hs�]krn�hlokhdr�tmqd]khrshb�e]lhkx�
rhyd� chrsqhatshnmr� enq� k]qfd� r]lokd� rhydr� ’Ldkü� ]mc� Uhrv]m]sg�
1/07a(-� Hm�]mx�b]rd)�ntq�]ooqn]bg�l]x�]krn�ad�trdetk� enq�lnqd�
bnlokdw� lncdkr� Zd-f-� fdmdq]k� B]mmhmfr%� dwbg]mfd]akd� lncdkr�
’B]mmhmfr� 0863:� Dvdmr� 1//3([)� ]r� knmf� ]r� sq]mrhshnmr� g]ud� sgd�
svn�oqnodqshdr�ne�adhmf�qdrsqhbsdc�’vhsg�ghfg�oqna]ahkhsx(�sn�]�rl]kk�
rtards�ne�sgd�rs]sd�ro]bd)�]mc�sq]mrhshnm�oqna]ahkhsx�l]rr�etmb,
shnmr�enq�md]qax�rs]sdr�adhmf�rhlhk]q�dmntfg�sn�ad�md]qkx�hmchrshm,
fthrg]akd-�Sgd�dwsdms�sn�vghbg�sgdrd�svn�oqnodqshdr�]qd�sqtd�vhkk�
cdsdqlhmd� sgd� dwsdms� ne� sgd� roddcto� needqdc� ax� ntq� ]ooqn]bg)�
]mc�vhkk�cdodmc�nm�cds]hkr�ne�sgd�tmcdqkxhmf�lncdk-�Enq�dw]lokd)�
sgd�enqv]qc,hm,shld�lncdkr�sg]s�qdrtks�hm�bn]kdrbdmsr�vhsg�ltk,
shokd�ldqfdqr�’Ohsl]m�0888:�Dkcnm�]mc�V]jdkdx�1//5(�nq�rhltks]m,
dntr�ltkshokd�ldqfdqr�’Lngkd�]mc�R]fhsnu�1//0:�Rodmbd�ds�Zk-�1/05(�
nesdm�bnqqdronmc�sn�}rvddors]jdr�qdoqnctbshnm•�vgdqd�]�rhmfkd�hm,
chuhct]k�l]x� ro]vm� ]� rhy]akd� eq]bshnm� ne� sgd� mdws� fdmdq]shnm-�
Tmcdq� sgdrd� lncdkr)� ]� k]qfd� rvddors]jdr� qdoqnctbshnm� dudms�
bntkc�b]trd�]m�]kkdkd�sn�cq]l]shb]kkx�bg]mfd�eqdptdmbx�hm�]�rhmfkd�
fdmdq]shnm�hmchb]shmf�sgd�sgd�sq]mrhshnm�cdmrhsx�enq�]mx�rs]sd�hr�mns�
]ooqnwhl]sdkx�ro]qrd)�]mc�sgd�]ooqn]bg�trdc�hm�sghr�o]odq�vntkc�
mns�qdrtks�hm�]�k]qfd�roddcto-
Gdqd)�vd�enbtrdc�nm�sgd�oqnakdl�ne�bnlotshmf�sgd�khjdkhgnnc�ne�

nardquhmf�]�fhudm�mtladq�ne�cdqhudc�]kkdkdr�]s�oqdrdms)�ats�ntq�
roddctor�]ookx�sn�shld�rdqhdr�c]s]�]r�vdkk)�vghbg�hr�eqdptdmskx�dm,
bntmsdqdc�hm�]mbhdms�CM?-�Rdudq]k�ldsgncr�g]ud�addm�cdudknodc�
sg]s�sqd]s�sgd�sqtd�]kkdkd�eqdptdmbx�]s�]�fhudm�shld�]r�]�ghccdm�
rs]sd� hm� ]� ghccdm� L]qjnu� lncdk� ’GLL(-� Sghr� eqdptdmbx� sgdm�
dunkudr�sgqntfg�shld�]bbnqchmf�sn�sgd�sq]mrhshnm�l]sqhw�ne�dhsgdq�
sgd� CSVE� ’Idvdss� ds� Zk-� 1/05()�VE� cheetrhnm� ’Rsdhmqöbjdm� ds� Zk-�
1/03()� nq� rnld� nsgdq� ]ooqnwhl]shnm� ’L]sghdrnm� ]mc� Sdqgnqrs�
1/11()�vhsg�r]lokdc�fdmnsxodr�]r�sgd�nardqu]shnmr�hm�sgd�GLL-�
Sgdrd� GLLr� g]ud� addm� o]qshbtk]qkx� trdetk� hm� drshl]shmf� sgd�
rsqdmfsg�ne�m]stq]k�rdkdbshnm�]bshmf�nm�hmchuhct]k�knbh)�]mc�ntq�qd,
rtksr� b]m�ad�trdc� hm� sgdrd�ldsgncr� sn� roddc�to� bnlots]shnmr�
vghkd�chqdbskx�]ooqnwhl]shmf�sgd�CSVE�lncdk-
Ntq�hlokdldms]shnm�hr�hm�pytorch ’O]ryjd�ds�Zk-�1/08()�vghbg�]k,

knvr�enq�a]bjv]qc�lncd�]tsnl]shb�cheedqdmsh]shnm)�dm]akhmf�sgd�
bnlots]shnm�ne�fq]chdmsr�ne�etmbshnmr�ne�sgd�khjdkhgnnc�vhsg�qd,
rodbs�sn�rdkdbshnm�bndeübhdmsr�nq�lts]shnm�q]sdr-�Tmenqstm]sdkx)�
a]bjv]qc�lncd�]tsnl]shb�cheedqdmsh]shnm�qdpthqdr�rsnqhmf�sgd�dm,
shqd� bnlots]shnm� fq]og� hm� ldlnqx-� Hm ntq� rdsshmf)� sghr� bnqqd,
ronmcr�sn�rsnqhmf�qdoqdrdms]shnmr�ne�sgd�]ooqnwhl]sd�sq]mrhshnm�
l]sqhbdr�]s�d]bg�fdmdq]shnm)�vghbg�l]x�adbnld�ldlnqx�hmsdm,
rhud�hm�lncdkr�vgdqd�sgd�mnmdpthkhaqhtl�onqshnm�ro]mr�l]mx�fdm,
dq]shnmr-� Hmcddc)� sgqntfgnts� sghr� o]odq� vd� qdrnqsdc� sn� trhmf�
mtldqhb]k�]ooqnwhl]shnmr�sn�sgd�fq]chdms�sn�]unhc�sgdrd�hrrtdr-�
Rhmbd� ntq� khjdkhgnnc� bnlots]shnm� drrdmsh]kkx� itrs� hmunkudr� qd,
od]sdc�l]sqhw“udbsnq�ltkshokhb]shnm)�nmd�l]x�uhdv� hs�]r�]�udqx�
cddo� mdtq]k� mdsvnqj� vhsg� khmd]q ]bshu]shnmr)� ]mc� a]bjv]qc�
lncd�]tsnl]shb�cheedqdmsh]shnm�oqnudr� sn�ad�ldlnqx� hmsdmrhud�
hm� sgnrd� ]ookhb]shnmr�]r�vdkk� ’F]n� ds� Zk-�1/1/(-�Ntq�]ooqn]bg� hr�
]krn�l]sgdl]shb]kkx�rhlhk]q� sn�trhmf�chrbqdshy]shnm� sn� hmsdfq]sd�
]�khmd]q�NCD�enqv]qc�hm�shld)�]mnsgdq�]ookhb]shnm�vghbg�drrdmsh]k,
kx� anhkr�cnvm� sn� qdod]sdc�l]sqhw“udbsnq�ltkshokhb]shnm-� Hm� sg]s�
rdsshmf�onvdqetk�ldsgncr�g]ud�addm�cdudknodc�vghbg�drrdmsh]kkx�
rnkud�sgd�NCD�enqv]qc�sn�b]kbtk]sd�sgd�khjdkhgnnc�]mc�sgdm�a]bj,
v]qc�sn�nas]hm�fq]chdmsr)�vghbg�]unhcr�sgd�mddc�sn�rsnqd�sgd�bnl,
ots]shnm� fq]og� hm� ldlnqx� ’Bgdm� ds� Zk-� 1/07(-� Dwsdmchmf� sghr�
]ooqn]bg�sn�ntq�rdsshmf�hr�]�oqnlhrhmf�]ooqn]bg�sn�nas]hm�fq]ch,
dmsr�vhsgnts�qdrnqshmf�sn�mtldqhb]k�]ooqnwhl]shnm-�Xds)�nmd�ne�

sgd�lnrs� hmsdqdrshmf� o]q]ldsdqr� ne� sgd�lncdk)� sgd� onotk]shnm�
rhyd)�hr�mdbdrr]qhkx�chrbqdsd�hm�sgd�CSVE�lncdk)�]mc�gdmbd�hr�mns�
cheedqdmsh]akd-� ?ooqnwhl]shnmr� rtbg� ]r� sgd� Rsq]hfgs,Sgqntfg�
Drshl]snq� ’Admfhn� ds� Zk-� 1/02(� bntkc� fds� ]qntmc� sghr)� ats� sgdhq�
]bbtq]bx�vntkc�qdpthqd�b]qdetk�hmudrshf]shnm-
Vghkd�ntq�]ooqn]bg�l]jdr�hs�ed]rhakd�sn�]bbtq]sdkx�bnlotsd�

khjdkhgnncr�tmcdq�sgd�CSVE�lncdk)�sgd�qtmshld�b]m�rshkk�ad�pthsd�
nmdqntr-�Enq�dw]lokd)�bnlotshmf�sgd�khjdkhgnnc�ne�nardquhmf�]kk�
onrrhakd� ]kkdkd� eqdptdmbx� enq� ]� rhmfkd� rdkdbshnm� bndeübhdms� snnj�
∼0/�lhm� enq� sgd�cdlnfq]oghdr� bnmrhcdqdc�gdqd-�Enq�]ookhb]shnm�
rtbg�]r�sgd�hmedqdmbd�ne�rdkdbshnm�bndeübhdmsr�vgdqd�sgdqd�]qd�]�
rl]kk�mtladq�ne�o]q]ldsdqr)�oq]bshshnmdqr�b]m�oqdbnlotsd�khjdkh,
gnncr�]knmf�]�fqhc�ne�u]ktdr�hm�o]q]kkdk-�Xds)�enq�]ookhb]shnmr�rtbg�
]r�cdlnfq]oghb� hmedqdmbd�vhsg�l]mx�o]q]ldsdqr)� sghr�fqhc�]o,
oqn]bg�hr�hmed]rhakd�]mc�nmd vntkc�mddc�sn�qdod]sdckx�bnlotsd�
khjdkhgnncr�nudq�sgd�bntqrd�ne�noshlhy]shnm-�Hm�rtbg�rbdm]qhnr)�]�
qtmshld�ne�∼0/�lhm�odq�khjdkhgnnc�bntkc�ad�oqnghahshud-�A]xdrh]m�
noshlhy]shnm�’Rmndj�ds�Zk-�1/01(�hr�s]hknqdc�sn�noshlhyhmf�etmbshnmr�
sg]s�]qd�dwodmrhud�sn�du]kt]sd�]mc�udqrhnmr�sg]s�s]jd�]cu]ms]fd�ne�
o]q]kkdkhrl�’Rmndj�ds�Zk-�1/01)�Rdbshnm�2-2(�]qd�oqnlhrhmf�b]mch,
c]sdr�enq�trhmf�ntq�]ooqn]bg�enq�cdlnfq]oghb�hmedqdmbd-
?r� lncdqm� c]s]rdsr� ]ooqn]bg� r]lokd� rhydr� ne� gtmcqdcr� ne�

sgntr]mcr� sn�lhkkhnmr)� mdv� rb]k]akd� ]ooqn]bgdr� ]qd� mddcdc� hm�
onotk]shnm� fdmdshbr-� Sghr� nmrk]tfgs� ne� c]s]� hr� ]� akdrrhmf)� ats�
lnqd�vnqj�khjd�sghr”cdudknohmf�oqnu]akx�]bbtq]sd)�rb]k]akd�]o,
oqn]bgdr”hr�mddcdc�sn�jddo�to�]mc�]kknv�tr�sn�dwsq]bs�trdetk�hm,
rhfgsr�eqnl�sgdrd�dudq�fqnvhmf�r]lokd�rhydr-�Xds)�b]qd�rgntkc�ad�
s]jdm�]r�ntq�qdrtksr�rgnv�sg]s�k]qfdq�r]lokd�rhydr�]qd�mns�]kv]xr�
gdkoetk-�Enq�sgd�oqnakdl�ne�drshl]shmf�rdkdbshnm�bndeübhdmsr)�k]q,
fdq� r]lokd� rhydr� vhkk� mdudq� oqnuhcd� kdrr� hmenql]shnm)� ats� enq�
l]mx�fdmdr�sgdx�vhkk�mns�oqnuhcd�lnqd�hmenql]shnm-

CPsP�PuPhkPahkhsx
Bncd�enq�bnlotshmf�khjdkhgnncr�hr�]u]hk]akd�]s�gssor9..fhsgta-bnl.�
ideerodmbd.e]rsCSVE-�Sgd�]tsgnqr�]eüql�sg]s�]kk�c]s]�mdbdrr]qx�
enq�bnmüqlhmf�sgd�bnmbktrhnmr�ne�sgd�]qshbkd�]qd�oqdrdms�vhsghm�
sgd�]qshbkd�]mc�üftqdr-

:bimnvkdcfldmsr
Vd�vntkc�khjd�sn sg]mj�H]m�Gnkldr�enq�chrbtrrhnmr�]ants�bn]qrd�
fq]hmhmf�L]qjnu�bg]hmr� ]mc�O]tk� Idmjhmr� enq�chrbtrrhnmr�]ants�
bnmchshnmhmf� nm� mnmüw]shnm-�Vd� vntkc� khjd� sn� sg]mj� Bkdldmr�
Vdh—�]mc�?lx�Jn�enq�gdkoetk�chrbtrrhnmr�]mc�u]kt]akd�eddca]bj�
nm�sgd�l]mtrbqhos-

Etmchmf
Sghr�vnqj�v]r�rtoonqsdc�ax MHG�fq]ms�Q/0GF/00321-
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udqfdmbd-�Fdmdshbr-�02190050“0065-�cnh90/-0/82.fdmdshbr.021-3-0050

Rbgheedkr�R)�Ctqahm�Q-�1/03-�Hmedqqhmf�gtl]m�onotk]shnm�rhyd�]mc�rdo,

]q]shnm�ghrsnqx�eqnl�ltkshokd�fdmnld�rdptdmbdr-�M]s�Fdmds-�359�

808“814-�cnh90/-0/27.mf-2/04

Rmndj�I)�K]qnbgdkkd�G)�?c]lr�QO-�1/01-�Oq]bshb]k�A]xdrh]m�noshlhy],

shnm� ne� l]bghmd� kd]qmhmf� ]kfnqhsglr-� Hm9� Odqdhq]� E)� Atqfdr� B)�

Anssnt� K)� Vdhmadqfdq� J)� dchsnqr-� ?cu]mbdr� hm� Mdtq]k�

Hmenql]shnm�Oqnbdrrhmf�Rxrsdlr-�Unk-�14-�Qdc�Gnnj�’MX(9�Btqq]m�

?rrnbh]sdr)�Hmb-�o-�1840“1848-

Rnmf�XR)�Rsdhmqöbjdm�L-�1/01-�?�rhlokd�ldsgnc�enq�ümchmf�dwokhbhs�]m],

kxshb�sq]mrhshnm�cdmrhshdr�ne�cheetrhnm�oqnbdrrdr�vhsg�fdmdq]k�choknhc�

rdkdbshnm-�Fdmdshbr-�08/90006“0018-�cnh90/-0423.fdmdshbr-000-025818

Rodhcdk K) Enqdrs L) Rgh R) Lxdqr RQ- 1/08- ?ldsgnc enq fdmnld,vhcd

fdmd]knfx�drshl]shnm�enq�sgntr]mcr�ne�r]lokdr-�M]s�Fdmds-�409�

0210“0218-�cnh90/-0/27.r30477,/08,/373,w

Rodmbd�IO)�J]ll�I?)�Rnmf�XR-�1/05-�Sgd�rhsd�eqdptdmbx�rodbsqtl�enq�

fdmdq]k� bn]kdrbdmsr-� Fdmdshbr-� 1/190438“0450-� cnh90/-0423.�

fdmdshbr-004-0730/0

Rodmbd� IO)� Rnmf� XR-� 1/08-� Hmedqdmbd� ]mc� ]m]kxrhr� ne� onotk]shnm,�

rodbhüb�ümd,rb]kd�qdbnlahm]shnm�l]or�]bqnrr�15�chudqrd�gtl]m�

onotk]shnmr-�Rbh�?cu-�49d]]v81/5-�cnh90/-0015.rbh]cu-]]v81/5

Rsdhmqöbjdm�L)�Ag]rj]q�?)�Rnmf�XR-�1/03-�?�mnudk�rodbsq]k�ldsgnc�

enq� hmedqqhmf�fdmdq]k�choknhc� rdkdbshnm� eqnl� shld�rdqhdr� fdmdshb�

c]s]-�?mm�?ook�Rs]s-�7911/2-

Rsdhmqöbjdm� L)� Idvdss� DL)� Rnmf� XR-� 1/05-� Rodbsq]ksce9� sq]mrhshnm�

cdmrhshdr�ne�cheetrhnm�oqnbdrrdr�vhsg�shld,u]qxhmf�rdkdbshnm�o]q],

ldsdqr)� lts]shnm� q]sdr� ]mc� deedbshud� onotk]shnm� rhydr-�

Ahnhmenql]shbr-�219684“686-�cnh90/-0/82.ahnhmenql]shbr.asu516

Rsdhmqöbjdm�L)�J]ll�I)�Rodmbd�IO)�Rnmf�XR-�1/08-�Hmedqdmbd�ne�bnl,

okdw�onotk]shnm�ghrsnqhdr�trhmf�vgnkd,fdmnld�rdptdmbdr�eqnl�

ltkshokd�onotk]shnmr-�Oqnb�M]sk�?b]c�Rbh�TR?-�005906004“0601/-�

cnh90/-0/62.om]r-08/4/5/005

Rsdhmqöbjdm�L)�V]mf�XQ)�Rnmf�XR-�1/02-�?m�dwokhbhs�sq]mrhshnm�cdmr,

hsx�dwo]mrhnm�enq�]�ltksh,]kkdkhb�Vqhfgs“Ehrgdq�cheetrhnm�vhsg�fdm,

dq]k�choknhc�rdkdbshnm-�Sgdnq�Onotk�Ahnk-�7290“03-�cnh90/-0/05.i-soa-�

1/01-0/-//5

Rsq]rrdm�U-�0858-�F]trrh]m�dkhlhm]shnm�hr�mns�noshl]k-�Mtldq�L]sg-�

029243“245-�cnh90/-0//6.AE/1054300

S]s]qt�O)�Rhlnmrdm�L)�A]s]hkknm�S)�Gnanksg�?-�1/05-�Rs]shrshb]k�hmedq,

dmbd�hm�sgd�Vqhfgs“Ehrgdq�lncdk�trhmf�]kkdkd�eqdptdmbx�c]s]-�Rxrs�

Ahnk-�559d2/“d35-

Sdqgnqrs�I)�J]ll�I?)�Rnmf�XR-�1/06-�Qnatrs�]mc�rb]k]akd�hmedqdmbd�ne�

onotk]shnm�ghrsnqx�eqnl�gtmcqdcr�ne�tmog]rdc�vgnkd�fdmnldr-�

M]s�Fdmds-�3892/2“2/8-�cnh90/-0/27.mf-2637

Uhqs]mdm� O)� Fnlldqr� Q)� Nkhog]ms� SD)� G]adqk]mc� L)� Qdccx� S)�

Bntqm]od]t�C)� Atqnurjh� D)� Odsdqrnm� O)�Vdbjdrrdq�V)� Aqhfgs� I)�

ds�Zk�1/1/-�RbhOx�0-/9�etmc]ldms]k�]kfnqhsglr�enq�rbhdmshüb�bnl,

otshmf�hm�Oxsgnm-�M]s�Ldsgncr-�069150“161-�cnh90/-0/27.r30481,�

/08,/575,1

V]jdkdx�I)�E]m�VSK)�Jnbg�D)�Rtmx]du�R-�1/11-�1/12-�Qdbtqqdms�lts],

shnm�hm�sgd�]mbdrsqx�ne�]�q]qd�u]qh]ms-�Fdmdshbr�1129hx]c/38-�cnh90/-�

0/82.fdmdshbr.hx]c/38

V]jdkdx�I)�S]j]g]rgh�S-�1//2-�Fdmd�fdmd]knfhdr�vgdm�sgd�r]lokd�

rhyd�dwbddcr�sgd�deedbshud�rhyd�ne�sgd�onotk]shnm-�Lnk�Ahnk�Dunk-�

1/91/7“102-�cnh90/-0/82.lnkadu.lrf/13

Vdfgnqm� C)� A]khbj� CI)� B]rr]� B)� Jnrlhbjh� I?)� C]kx� LI)� Adhdq� CQ)�

Rtmx]du� RQ-� 1/08-�?ookhb]ahkhsx� ne� sgd�lts]shnm“rdkdbshnm�a]k,

]mbd� lncdk� sn� onotk]shnm� fdmdshbr� ne� gdsdqnyxfntr� oqnsdhm,�

sqtmb]shmf�u]qh]msr�hm�gtl]mr-�Lnk�Ahnk�Dunk-�25906/0“060/-�cnh9

0/-0/82.lnkadu.lry/81

Xdmfn�K)�Qnahmrnm�LQ)�Jdkkdq�LB)�Jdlodq�JD)�X]mf�X)�Sqy]rjnvrjh�

L)� Fq]ssdm� I)� Stqkdx� O)� Bdr]qhmh� C)� Admi]lhm� CI)� ds� Zk-� 1/07-�

Hloqhms�ne�]rrnqs]shud�l]shmf�nm�sgd�gtl]m�fdmnld-�M]s�Gtl�

Adg]u-�19837“843-�cnh90/-0/27.r30451,/07,/365,2

Ydmf�S)�Rodmbd�IO)�Lnrs]e]uh�G)�Oqhsbg]qc�IJ-�1/12-�A]xdrh]m�drshl],

shnm�ne�fdmd�bnmrsq]hms� eqnl�]m�dunktshnm]qx�lncdk�vhsg�fdmd�

ed]stqdr-�ahnQwhu-�cnh90/-00/0.1/12-/4-08-43041/

ßhujnuhb́ C)�Rsdhmqöbjdm�L)�Rnmf�XR)�Rsdog]m�V-�1/04-�Sq]mrhshnm�

cdmrhshdr� ]mc� r]lokd� eqdptdmbx� rodbsq]� ne�cheetrhnm�oqnbdrrdr�

vhsg� rdkdbshnm� ]mc� u]qh]akd� onotk]shnm� rhyd-� Fdmdshbr-� 1//9�

5/0“506-�cnh90/-0423.fdmdshbr-004-064154
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:oodmchw�:9� EnplPk�sgdnpdshbPk�pdrtksr�Pmc�
opnner
MnsWshnm
Sgqntfgnts)�vd�vhkk�trd�sgd�mns]shnm�AM)o� enq�]�Ahmnlh]k�chrsqhat,
shnm�vhsg�r]lokd�rhyd�M�]mc�rtbbdrr�oqna]ahkhsx�o-�Vd�vhkk�]krn�qd,
rsqhbs�ntq�]ssdmshnm�sn�vg]s�vd�cdümd�]r�nqcdqdc�AhmnlhZk�sqZmrhshnm�
lZsqhbdr)�ne�vghbg�l]mx�CSVE�lncdkr�]qd�rodbh]k�b]rdr-�Vd�r]x�
sg]s� ]� l]sqhw)�L ∈ Q’M0 0(±’M1 0(� hr� ]� AhmnlhZk� sqZmrhshnm� lZsqhw� he�
d]bg�qnv�ne�L� hr� sgd�oqna]ahkhsx�l]rr� etmbshnm�ne�]�Ahmnlh]k�
chrsqhatshnm-�Sg]s�hr)�enq�d]bg�h�sgd�hsg�qnv�ne�L�hr�sgd�oqna]ahk,
hsx� l]rr� etmbshnm� bnqqdronmchmf� sn� ]� AM1)oh�

chrsqhatshnm-�
Etqsgdqlnqd)�vd�r]x� sg]s�L� hr�]m�nqcdqdc�Ahmnlh]k� sq]mrhshnm�
l]sqhw� he� hs� hr� ]� Ahmnlh]k� sq]mrhshnm� l]sqhw� vhsg� sgd� etqsgdq�
oqnodqsx� sg]s� sgd� qnvr� ]qd� nqcdqdc� ax� rtbbdrr� oqna]ahkhsx:�
sg]s�hr)�o/ ≤ o0 ≤ · · · ≤ oM0 -

Bnmrsptbshnm�ne�WoopnwhlWsd�spWmrhshnm�lWsphw
Sgd�l]hm�fn]k�ne�sghr�rdbshnm�hr�sn�oqnud�sg]s�vd�b]m�]bbtq]sdkx�
]ooqnwhl]sd�]mx�Ahmnlh]k�sq]mrhshnm�l]sqhw�vhsg�]�ghfgkx�rsqtb,
stqdc�l]sqhw�enq vghbg�l]sqhw“udbsnq�ltkshokhb]shnm�hr�ltbg�e]r,
sdq�sg]m�rs]mc]qc-�Sgd�nudq]kk�bqtw�ne�sghr�oqnne�hr�1,enkc-
Ehqrs)�md]qax�qnvr�hm�]�Ahmnlh]k�sq]mrhshnm�l]sqhw�]qd�bknrd�hm�

sns]k�u]qh]shnm�chrs]mbd)�hmchb]shmf�sg]s�vd�b]m�qdok]bd�nmd�qnv�
vhsg�]�bnox�ne�]�md]qax�qnv�vghkd�nmkx�hmbtqqhmf�]�rl]kk�dqqnq-�
Sn�oqnud�sghr)�vd�vhkk�rgnv�sg]s�sgd�sns]k�u]qh]shnm�chrs]mbd�ad,
svddm�AM)o�]mc�AM)o′ hr�rl]kk�rn�knmf�]r�o�]mc�o′ ]qd�bknrd�hm�]�o]q,
shbtk]q�rdmrd-�Sghr�vhkk�]kknvr�tr�sn�o]qshshnm�sgd�hmsdqu]k�Z/) 0[�hmsn�
N’


M

√
(�aknbjr�rtbg�sg]s�enq�]mx�o�]mc�o′ hm�sgd�r]ld�aknbj�sgd�bnq,

qdronmchmf�Ahmnlh]k�chrsqhatshnmr�]qd�ft]q]msddc�sn�ad�bknrd�hm�
sns]k� u]qh]shnm� chrs]mbd-� Sghr� hm� stqm� rgnvr� sg]s� Zmx� Ahmnlh]k�
sq]mrhshnm�l]sqhw�enq�]�onotk]shnm�ne�rhyd�M�b]m�ad�qdok]bdc�ax�]�
l]sqhw�vhsg�nmkx�N’


M

√
(�tmhptd�qnvr�vghkd�bnmsqnkkhmf�sgd qnv,�

vhrd�dqqnq-
Rdbnmc)�vd�vhkk�trd�]�bk]rrhb]k�qdrtks�sn�rgnv�sg]s�sgd�s]hkr�ne�

sgd�Ahmnlh]k�chrsqhatshnm�]qd�hmbqdchakx�khfgs”hs�hr�udqx�tmkhjdkx�
sn�r]lokd�]�u]ktd�e]q�]v]x�eqnl�sgd�ld]m�ne�]�Ahmnlh]k�chrsqhat,
shnm)�]mc�hm�o]qshbtk]q)�nmd�hmbtqr�nmkx�]�rl]kk�]ooqnwhl]shnm�dq,
qnq� ax� nmkx� bnmrhcdqhmf� sgd� onrrhahkhsx� ne� r]lokhmf� rnldsghmf�
vhsghm�N’


M

√
(�ne�sgd�ld]m-�Sghr�vhkk�]kknv�tr�sn�qdok]bd�d]bg�qnv�

ne� sgd� Ahmnlh]k� sq]mrhshnm�l]sqhw� ax� ]� ro]qrd� udbsnq�vhsg� nmkx�
N’


M

√
(�mnmydqn�dmsqhdr)�vghkd�nmkx�hmbtqqhmf�]�rl]kk�]ooqnwhl],

shnm�dqqnq-
Sn�rs]qs�rgnvhmf�sg]s�vd�b]m�o]qshshnm�Z/) 0[�hmsn�N’


M

√
(�aknbjr�

vgdqd� Ahmnlh]k� chrsqhatshnmr� vhsg� rtbbdrr� oqna]ahkhshdr� hm� sgd�
r]ld� aknbj� g]ud� antmcdc� sns]k� u]qh]shnm chrs]mbd)� vd� adfhm�
vhsg�sgd�aknbj�sg]s�hmbktcdr�/-

IdllW�:0,� Enq�Zmx�o ≤ 0 − ’0 − ε(0<M)

cST’AM)/) AM)o( ≤ ε.

Hm�oZqshbtkZq)�enq�áwdc�ε)�o�bZm�ad�Zr�kZqfd�Zr�N’ 0M (�vghkd�lZhmsZhmhmf�Z�

snsZk�uZqhZshnm�chrsZmbd�sn�Z�AhmnlhZk�chrsqhatshnm�vhsg�rtbbdrr�oqnaZahk,
hsx�.�Zs�lnrs�ε-

Oqnne-� Kds�W ∼ AM)/� ]mc�X ∼ AM)o-�Mnsd�sg]s�W�ltrs�ad�/�vhsg�oqna,
]ahkhsx�0)�]mc�b]mmns�s]jd�]mx�nsgdq�u]ktd-�Sgd�sns]k�u]qh]shnm�hr�

sgdm)�ax�cdümhshnm)

cSU’AM)/) AM)o( <
0
1

M

j</
|OzW < j{ − zX < j{|

<
0
1
’0 − OzX < /{(  

0
1

M

j<0

OzX < j{

<
0
1
’0 − OzX < /{(  

0
1
’0 − OzX < /{(

< 0 − OzX < /{

< 0 − ’0 − o(M.

Sghr�hr�nauhntrkx�lnmnsnmhb]kkx�hmbqd]rhmf�hm�o)�]mc�rnkuhmf�enq�o�
vd�nas]hm�sg]s

o < 0 − ’0 − cST’AM)/) AM)o((
0<M)�

rn�sn�nas]hm�]�sns]k�u]qh]shnm�chrs]mbd�]s�lnrs�ε vd�mddc

o ≤ 0 − ’0 − ε(0<M.

Ehm]kkx)�qdvqhshmf�’0 − ε(0<M�]r�dwo ’ 0M knf ’0 − ε((�]mc�trhmf�sgd�bnm,
udqfdms�rdqhdr�dwo]mrhnm)�vd�rdd

0 − ’0 − ε(0<M <
− knf ’0 − ε(

M
 N

0
M1

 
.

□

Sgd� enkknvhmf� kdll])� rs]sdc� hm� ?cdkk� ]mc� Incqá� ’1//5( ]mc�
oqnudc�hm�Qnnr�’1//0( antmcr�sgd�sns]k�u]qh]shnm�chrs]mbd�adsvddm�
Ahmnlh]k� chrsqhatshnmr� vhsg� rtbbdrr� oqna]ahkhshdr� ]v]x� eqnl� /�
]mc�0-

IdllW�:1,�’:cdkk�Zmc�Incq–�1..5)�DptZshnmr�’1-04(�Zmc�’1-05((- Enq�
]mx�o ∈ ’/) 0(�]mc�]mx�δ ∈ ’/) 0 − o()

cST’AM)o) AM)o δ( ≤

d

√

1
τ’δ(

’0 − τ’δ((1
)�

vgdqd

τ’δ( 9 < δ


M  1
1o’0 − o(



.

Enq�ntq�otqonrdr)�vd�itrs�mddc�sn�jmnv�gnv�e]q�]v]x�o′ b]m�ad�
eqnl�o�adenqd�hmbtqqhmf�]m�tm]bbdos]akd�sns]k�u]qh]shnm�chrs]mbd)�
vghbg� vd� b]m� nas]hm� ax� knnrdmhmf� sgd� ]anud� antmc� ]mc�
qd]qq]mfhmf-

IdllW� :2,� Enq� Zmx� o ∈ ’/) 0<1()� sgdqd� dwhrsr� Z� bnmrsZms� bε)�
sgZs� cdodmcr nm� ε ats� mns� nm� o� nq� M� rtbg� sgZs� enq� Zmx� δ ∈ Z/) bε


o
M


(�

vd�gZud

cST’AM)o) AM)o δ( ≤ ε.
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Oqnne-� Ehqrs)�mnsd�sg]s�enq�]mx�o ∈ ’/) 0<1(�]mc�M ≥ 0�vd�g]ud


M  1
1o’0 − o(



≤


2M
o



.

Kdsshmf�w 9 < δ

2M
o


)�vd�g]ud�ax�Kdll]�?1 sg]s

cST’AM)o) AM)o δ( ≤

d

√

1
w

’0 − w(1
.

Sgd� qhfgs,g]mc� rhcd� hr� nauhntrkx� lnmnsnmhb]kkx� hmbqd]rhmf�
hm� w� nm� Z/) 0(� eqnl� ]� u]ktd� ne� /� ]s� w < /� sn� hmümhsx� ]r� w�
]ooqn]bgdr� 0-� Etqsgdqlnqd)� sgd� dpt]shnm� cndr� mns� bnms]hm�
o�nq�M� ’dwbdos� hm� sgd� cdümhshnm� ne� w(-� Sgdqdenqd)� sgdqd� dwhrsr�
]� b′

ε
hmcdodmcdms� ne� o� ]mc� M� rtbg� sg]s� vgdm� w < b′

ε
sgd�

qhfgs,g]mc� rhcd� hr� ε)� ]mc� gdmbd� enq� ]mx� w ≤ b′
ε
vd� g]ud� sg]s�

cSU’AM)o) AM)o δ( ≤ ε-� Trhmf� ntq� cdümhshnm� ne� w�]mc� rnkuhmf� enq� δ

bnlokdsdr�sgd�oqnne-�������������������������������������������������� □

Vhsg�sgdrd�Kdll]r�hm�ok]bd)�vd�b]m�mnv�oqnud�ntq�qdrtks�nm�
o]qshshnmhmf�Z/) 0[�rtbg�sg]s�Ahmnlh]k�chrsqhatshnmr�vhsg�rtbbdrr�
oqna]ahkhshdr� hm� sgd� r]ld� aknbj� g]ud� antmcdc� sns]k� u]qh]shnm�
chrs]mbd-

IdllW�:3,� Enq�áwdc� ε)� sgdqd�dwhrs�N’

M

√
(�aqdZjonhmsr�/ < o/ + o0 +�

o1 + · · · + oJ < 0�rtbg�sgZs�enq�Zmx�o�Zmc�o′ vhsghm�hm�sgd�rZld�hmsdquZk�
’h-d-�sgdqd�dwhrsr�Zm�h�rtbg�sgZs�o) o′ ∈ Zoh) oh 0[(�vd�gZud

cSU’AM)o) AM)o′ ( ≤ ε.

Oqnne-�Mnsd�sg]s�ax�rxlldsqx)�vd�nmkx�mddc�sn�bnmrhcdq�o]qshshnm,
hmf�sgd�ro]bd�Z/) 0<1[�trhmf�N’


M

√
(�aqd]jonhmsr-�Ax�Kdll]�?2)�vd�

b]m� bnmsqnk� sgd� sns]k� u]qh]shnm� chrs]mbd� ne� ]kk� chrsqhatshnmr� ad,
svddm�]�aqd]jonhms�oj�]mc�oj 0� ax�s]jhmf

oj 0 < bε


oj

M


 oj. ’?0(�

Sgdqdenqd)�vd�g]ud�sg]s�sgd�sns]k�u]qh]shnm�chrs]mbd�hr�kdrr�sg]m�ε
adsvddm�]mx�Ahmnlh]kr�ne� rhyd�M�vhsg� rtbbdrr�oqna]ahkhshdr�ad,
svddm�oj�]mc�oj 0-
Mnv)�vd�vhkk�oqnud�ax�hmctbshnm�sg]s�sgdqd�dwhrsr�] bnmrs]ms)�αε)�

sg]s�cdodmcr�nm�ε ats�mns�nm�M)�rtbg�sg]s

oj ≥
αεj1

M
. ’?1(�

Sgd�a]rd�b]rd�ne�o0� hr�g]mckdc�ax�Kdll]�?0-�Mnv)�rtoonrd�sg]s�
Dpt]shnm�’?1( gnkcr�enq�oj)�sgdm)�ax�Dpt]shnm�’?0(�]mc�sgd�hmctbs,
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oj 0 ≥
jbε


αε
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αεj1
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bε

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√

M
−
1αε
M
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αε

M
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1
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ε
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Sghr�oqnudr�Dpt]shnm� ’?1(-�Sgdm)� sn�o]qshshnm� Z/) 0<1[�vd�b]m�
bnlotsd�aqd]jonhmsr�trhmf�sgd�qdbtqrhnm�hm�Dpt]shnm�’?0(�tmshk�
vd�qd]bg�sgd�üqrs�aqd]jonhms� k]qfdq�sg]m�0<1-�Ax�Dpt]shnm�’?1()�
vd�mddc�]s�lnrs


M
1αε

 

aqd]jonhmsr)�vghbg� hr�N’

M

√
()� sn�o]qshshnm�sgd�ro]bd)�bnlokdshmf�

sgd�oqnne-����������������������������������������������������������������������������������������� □

Vd�mnv�stqm�sn�sgd�s]rj�ne�rgnvhmf�sg]s�enq�]�fhudm�Ahmnlh]k�
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
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M
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M
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− knf

ε

1
1
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M
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ε

1
1
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⎡
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⎥⎥⎥⎥⎥
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Zl]w zjlhm’M) o) ε(  0) /{) lhm zjlZw’M) o) ε( − 0) M{[.

Sgdm)

cST’AεM)o) AM)o( ≤ ε

Zmc�sgd�lZrr�etmbshnm�enq�AεM)o� bnmsZhmr�nmkx�N’

M

√
(�mnmydqn�dmsqhdr-

Oqnne-� Sg]s�sgd�l]rr�etmbshnm�ne�AεM)o�bnms]hmr�nmkx�N’

M

√
(�mnmydqn�
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u]qh]shnm�chrs]mbd)�kds�W ∼ AM)o)�]mc�kds�X ∼ AεM)o-�Ax�bnmrsqtbshnm)

cST’AεM)o) AM)o( <
0
1
OzW ≤ jlhm{  

0
1
OzW ≥ jl]w{

 
0
1

jl]w−0

j<jlhm 0

OzX < j{ − OzW < j{

<
0
1
OzW ≤ jlhm{  

0
1
OzW ≥ jl]w{

 

0
Ozjlhm + W + jl]w{

− 0

1

jl]w−0

j<jlhm 0
OzW < j{

<
0
1
OzW ≤ jlhm{  

0
1
OzW ≥ jl]w{

 
0 − Ozjlhm + W + jl]w{

1

< OzW ≤ jlhm{  OzW ≥ jl]w{)�

vgdqd�vd�cqnoodc�sgd�cdodmcdmbd�ne�jlhm�]mc�jl]w�nm�M)�o)�]mc�ε
enq�mns]shnm]k�bnmudmhdmbd-�Sgdm)�ax�Kdll]�?4)

OzW ≤ jlhm{ ≤ dwo −1M o −
jlhm

M

 1 

≤
ε

1
)�

vgdqd�sgd�rdbnmc�khmd�enkknvr�eqnl�ntq�bgnhbd�ne�jlhm-�?m�]m]kn,
fntr�bnlots]shnm�rgnvr�sg]s

OzW ≥ jl]w{ ≤
ε

1
)�

bnlokdshmf�sgd�oqnne-��������������������������������������������������������������������� □

Sgd�enkknvhmf� kdll]�vhkk�ad�trdc�sn�rgnv�sg]s�]r� knmf�]r�]�
Ahmnlh]k�sq]mrhshnm�l]sqhw�hr�nqcdqdc�sgdm�vd�b]m�]rrhfm�sgd�rtb,
bdrr�oqna]ahkhshdr�enq�d]bg�ne�hsr�qnvr�sn�]�rds�ne�aknbjr�hm�khmd]q�
shld-

IdllW�:6,� Bnmrhcdq�/ ≤ u0 ≤ u1 ≤ · · · ≤ uM ≤ 0)�Zmc�Z�oZqshshnm�ne�sgd�
roZbd�Z/) 0[�cdámdc�ax�aqdZjonhmsr�/ < o/ + o0 + · · · + oJ−0 + oJ < 0-�Vd�
lZx�bnlotsd�hmcdw�rdsr�R0) - - - ) RJ� hm�N’M  J(�shld�rtbg�sgZs�enq�Zkk�j�
enq� dZbg� h ∈ Rj� vd� gZud� sgZs� oj−0 ≤ uh ≤ oj)� vhsg� R0 ∪ · · · ∪�
RM < z0) - - - ) M{�Zmc�Rh ∩ Ri < ¬ enq�Zkk�h ≠ i-

Oqnne-�Vd�adfhm�vhsg�u0�]mc�vd�ümc�sgd�üqrs�j�rtbg�sg]s�oj�sg]s�hr�]s�
kd]rs�]r�k]qfd�]r�u0-�Vd�l]x�sgdm�rd]qbg�eqnl�u1�nmv]qc�tmshk�vd�
ümc�sgd�üqrs�i�rtbg�sg]s�ui� hr�k]qfdq�sg]m�oj-�He�mn�rtbg�i�dwhrsr)�sgdm�
rds�i�sn�ad�M  0-�Vd�]rrhfm�0) - - - ) i − 0�sn�hmcdw�rds�Rj-�Sghr�hr�]�u]khc�
]rrhfmldms�]r�vd�g]ud�oj−0 ≤ u0 ≤ - - - ≤ u i−0 ≤ oj-�Vd�l]x�sgdm�qd,
od]s�sghr�oqnbdrr”vd�mdws�ümc�sgd�üqrs�j1�rtbg�sg]s�oj1� hr�]s�kd]rs�
]r�k]qfd�]r�ui)�]mc�vd�ümc�sgd�üqrs�i1�rtbg�sg]s�u i1� hr�k]qfdq�sg]m�oj1�

’nq�he�rtbg�]�i1�cndr�mns�dwhrs)�rds�i1� sn�M  0()�]rrhfmhmf�i) - - - ) i1 − 0�
sn�Rj1 -�Vd�b]m�qdod]s�sghr�oqnbdrr�tmshk�]kk�ne�sgd�ur�g]ud�addm�]r,
rhfmdc�sn�]m�hmcdw�rds-�Rhmbd�ansg�sgd�ur�]mc�or�]qd�rnqsdc�vd�b]m�
cn�sgdrd�rd]qbgdr�rs]qshmf�vgdqd sgd�oqduhntr�rd]qbg�kdes�nee)�]mc�
nmbd�vd�qd]bg�sgd�dmc�ne�ansg�sgd�ur�]mc�sgd�or�vd�g]ud�]rrhfmdc�
]kk�ne�sgd�ur�sn�]m�hmcdw�rds-�Sgtr)�vd�nmkx�g]ud�sn�bnmrhcdq�d]bg�u�
]mc�o�N’0(�shldr)�qdrtkshmf�hm�]�sns]k�qtmshld�ne�N’M  J(-��������� □

Bnlahmhmf� sgd� oqduhntr� kdll]r)�vd� b]m� bnmrsqtbs� ]� ghfgkx�
rsqtbstqdc� l]sqhw� sg]s� ]bbtq]sdkx� ]ooqnwhl]sdr� ]m� nqcdqdc�
Ahmnlh]k�sq]mrhshnm�l]sqhw�hm�N’M(�shld-

Npnonrhshnm�:0,� Kds�L ∈ Q’M0 0(±’M1 0( ad�Zm�nqcdqdc�AhmnlhZk�sqZmrh,
shnm�lZsqhw-�Vd�bZm athkc�Z�qdoqdrdmsZshnm�ne�Z�lZsqhw�L�vhsg�sgd�enkknv,
hmf�oqnodqshdr9�

– L�gZr�N’

M1

√
(�tmhptd�qnvr)

– DZbg�qnv�ne�L�gZr�Zs�lnrs�N’

M1

√
(�mnmydqn�dkdldmsr)

– |L⊤ − L⊤|0 ≤ ε-

Etqsgdqlnqd)�vd�bZm�bnmrsqtbs�sghr�qdoqdrdmsZshnm�hm�N’M0  M1(�shld�Zmc�
rsnqd�hs�hm�N’M0  M1(�roZbd-

Oqnne-� Rhmbd�L�hr�]m�nqcdqdc�Ahmnlh]k�sq]mrhshnm�l]sqhw)�d]bg�qnv�
hr�]�oqna]ahkhsx�l]rr�etmbshnm�ne�sgd�enql�AM1)oh�

vhsg�mnmcdbqd]r,
hmf�oh-�Ax�Kdll]�?3)�vd�b]m�o]qshshnm�sgd�ro]bd�Z/) 0[�hmsn�N’


M1

√
(�

aknbjr�rtbg�sg]s�enq�]mx�oh)�oi� hm�sgd�r]ld�atbjds�sgd�sns]k�u]qh,
]shnm�chrs]mbd�adsvddm� sgd� qnvr� hr� ε<3-�Vd� b]m�]rrhfm� d]bg�ne�
sgd�Ahmnlh]k�oqna]ahkhsx�l]rr�etmbshnmr�sn�sgdrd�aknbjr�hm�N’M0  �

M1
√

(�shld�ax�Kdll]�?6-�D]bg�qnv�ne�sgd�l]sqhw�vhsg�]m�hmcdw�hm�
sgd�r]ld�hmcdw�rds�b]m�sgdm�ad�qdok]bdc�ax�]�Ahmnlh]k�oqna]ahkhsx�
l]rr� etmbshnm�vhsg�]m�]qahsq]qx� }qdoqdrdms]shud•� rtbbdrr�oqna,
]ahkhsx�bnms]hmdc�hm�sg]s�aknbj-�Rhmbd�d]bg�qnv�hr�fdsshmf�qdok]bdc�
ax�]�qnv�bnqqdronmchmf�sn�]�chrsqhatshnm�vhsg�sns]k�u]qh]shnm�chr,
s]mbd�kdrr�sg]m�ε<3)�vd�g]ud�sg]s�sgd�ℓ0� chrs]mbd�adsvddm�d]bg�
qnv�hr�kdrr�sg]m�ε<1-�Ehm]kkx)�ax�Kdll]�?5 vd�b]m�qdok]bd�sgd�chr,
sqhatshnm�enq�d]bg�qdoqdrdms]shud�qnv)�ax�]m�N’


M1

√
(�ro]qrd�udqrhnm�

vghkd�nmkx�hmbtqqhmf�]�etqsgdq�sns]k�u]qh]shnm�chrs]mbd�ne�ε<3)�qd,
rtkshmf�hm�]�etqsgdq�ℓ0� chrs]mbd�ne�ε<1-�Ax�sgd�sqh]mfkd�hmdpt]khsx)�
d]bg�üm]k�qnv�hr�sgdm�]s�lnrs�ε ]v]x�eqnl�sgd�nqhfhm]k�qnv�hm�ℓ0�
chrs]mbd-
Rhmbd�sgdqd�]qd�nmkx�N’


M1

√
(�tmhptd�qnvr�]mc�d]bg�d]bg�ne�sgdrd�

g]ud�nmkx�N’

M1

√
(�dkdldmsr)�nmbd�vd�g]ud�]rrhfmdc�qnvr�sn�sgdhq�

qdoqdrdms]shud�qnvr bnmrsqtbshmf�sghr�ro]qrd�qdoqdrdms]shnm�nmkx�
qdpthqdr� N’M1(� shld)� qdrtkshmf� hm� ]m� nudq]kk� qtmshld� ne�
N’M0  M1(-�Qdoqdrdmshmf�L�qdpthqdr�N’M0  M1(�ro]bd)�]r�rsnqhmf�
sgd�N’


M1

√
(� tmhptd� qnvr)� d]bg�vhsg�N’


M1

√
(� mnmydqn� dmsqhdr� qd,

pthqdr�N’M1(� ro]bd)� ]mc� sgdm�vd�ltrs� ]krn� rsnqd� ]m� hmcdw� enq�
d]bg�qnv�hm�L�hmchb]shmf�vghbg�qdoqdrdms]shud�qnv�sn�trd)�qdpthq,
hmf�N’M0(�ro]bd-������������������������������������������������������������������������������� □

Sgd�qdpthqdldms�hm�Oqnonrhshnm�?0 sg]s�sgd�Ahmnlh]k�sq]mrhshnm�
l]sqhw�ad�nqcdqdc�hr�rn�sg]s�vd�b]m�cdsdqlhmd�vghbg�qnvr�b]m�ad�
qdok]bdc�vhsg�vghbg�qdoqdrdms]shud�qnvr�hm�khmd]q�shld-�Hm�sgd�]a,
rdmbd�ne�rtbg�hmenql]shnm�’h-d-�he�sgd�Ahmnlh]k�rtbbdrr�oqna]ahk,
hshdr� enq� d]bg� qnv� ne� sgd� l]sqhw� ]qd� ]qahsq]qx(� sgdm� vd� mddc�
N’M knfM(� shld�sn�cdsdqlhmd� sgd� qdoqdrdms]shud�qnvr�sn�trd� enq�
d]bg�qnv-
Sgd�enkknvhmf�kdll]�rgnvr�sg]s�l]sqhw“udbsnq�oqnctbsr�b]m�

ad�l]cd�rtars]msh]kkx�e]rsdq�enq�l]sqhbdr�vhsg�]�khlhsdc�mtladq�
ne�tmhptd�qnvr�vgdqd�d]bg�ne�sgnrd�qnvr�]qd�ro]qrd-

IdllW�:7,� Kds�L ∈ QM±O�ad�Z�lZsqhw�vhsg�m�tmhptd�qnvr)�vgdqd�dZbg�
qnv�gZr�Zs�lnrs�r�mnmydqn�dkdldmsr-�Etqsgdqlnqd)�rtoonrd�vd�gZud�hmcdw�
rdsr�R0) - - - ) Rm)�vhsg�R0 ∪ · · · ∪ Rm < z0) - - - ) M{�Zmc�Rh ∩ Ri < ¬ enq�Zkk�
h ≠ i�vhsg�sgd�oqnodqsx�sgZs� he�qnvr�j�Zmc� �Zqd� hm�sgd�rZld�hmcdw�rds�
sgZm�sgnrd�qnvr�ne�L�Zqd�hcdmshbZk-�Sgdm)�enq�Zmx�udbsnq�u ∈ PM� sgd�lZ,
sqhwzudbsnq�oqnctbs�L⊤u�bZm�ad�bnlotsdc�hm�N’M  O  mr(�shld-

Oqnne-� Kds�Lh�ad�sgd�hsg�qnv�ne�L-�Enq�sgd�cdrhqdc�l]sqhw�oqnctbs�vd�
mddc�sn�bnlotsd

L⊤u <
M
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⊤uh�
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Rhmbd�sgd�hmcdw�rdsr�bnudq�]kk�ne�sgd�hmchbdr�vhsg�mn�nudqk]or)�vd�
b]m�qdvqhsd�sgd�]anud�rtl�]r9

L⊤u <
m

j<0



h∈Rj

’Lh(
⊤uh.

Kds�h0) - - - ) hm�ad�]qahsq]qhkx�bgnrdm�dkdldmsr�eqnl�d]bg�ne�sgd�m�hm,
cdw�rdsr-�Sgdm)�ax�mnshmf�sg]s�he�h�hr�hm�Rj)�vd�g]ud�ax�]rrtloshnm�

’Lh(
⊤ < ’Lhj (

⊤)�vghbg�]kknvr�tr�sn�otkk�sgd�hmmdq�rtll]shnm�hmv]qc9

L⊤u <
m

j<0

’Lhj (
⊤ 

h∈Rj

uh. ’?2(�

Sgd�hmmdq�rtl�hr�mnv�]�rtl�ne�rb]k]qr)�rn�enq�] o]qshbtk]q�j�hs�bnrsr�
N’|Rj|(�sn�bnlotsd-�Sn�bnlotsd�hs�]bqnrr�]kk�j�sgtr�bnrsr�N’M(�shld-�
Sgdm)�rhmbd�d]bg�Lhj�

nmkx�bnms]hmr�r�mnmydqnr)�vd�b]m�ltkshokx�

d]bg�ax�]�rb]k]q)�]mc�sgdm�rtl�to�]kk�m�ne�sgdl�hm�N’mr  O(�shld-�
Sn�rdd�sghr)�mnsd�sg]s�vd�b]m�hmhsh]khyd�]�}qtmmhmf�sns]k•�udbsnq�ne�

O�ydqnr)�]mc�sgdm�enq�d]bg�L⊤
hj�
vd�nmkx�mddc�sn�toc]sd�sgd�qtmmhmf�

sns]k�hm�sgd�r�dmsqhdr�]s�vghbg�Lhj�
hr�mnmydqn-����������������������������������□

Bnlahmhmf�Oqnonrhshnm�?0 ]mc�Kdll]�?7)�vd�hlldch]sdkx�]q,
qhud�]s�ntq�l]hm�qdrtks-

Sgdnpdl�:0,� Kds�L ∈ Q’M0 0(±’M1 0(� ad�Zm�nqcdqdc�AhmnlhZk�sqZmrhshnm�
lZsqhw-�Vd�bZm�qdokZbd�L�ax�Z�lZsqhw� L�rtbg�sgZs�|L⊤ − L⊤|0 ≤ ε)�
Zmc�rtbg�sgZs�bnlotshmf�lZsqhw�udbsnq�oqnctbsr�ne�sgd�enql�L⊤u�qdpthqdr�
N’M0  M1(�shld-

Oqnne-� D]bg�qnv�ne�L�hr�]�oqna]ahkhsx�l]rr�etmbshnm�ne�sgd�enql�
AM1)oh� vhsg�mnmcdbqd]rhmf�oh-�Ax�Oqnonrhshnm�?0)�vd�b]m�]ooqnwh,
l]sd�sghr�l]sqhw�ax�]�l]sqhw�vhsg�]s�lnrs�N’


M1

√
(�tmhptd�qnvr)�

d]bg� vhsg� ]s� lnrs�N’

M1

√
(� mnmydqn� dmsqhdr)� vghkd� l]hms]hmhmf�

|L⊤ − L⊤|0 ≤ ε)�]mc�vd�b]m�bnmrsqtbs�]�qdoqdrdms]shnm�ne�sghr�l],
sqhw�hm�N’M0  M1(�shld-�Ax�Kdll]�?7)�vd�b]m�odqenql�l]sqhw“udb,
snq�ltkshokhb]shnm�vhsg�rtbg�]�l]sqhw�hm�N’M0  M1(�shld-��������� □

Vd�mnsd�sg]s�sgdrd�qdrtksr�]qd�]kk�hm�sdqlr�ne�sns]k�u]qh]shnm�chr,
s]mbd-�Vd�oqnud�qdrtksr�]ants�gnv�ntq�]ooqnwhl]shnm�]eedbsr�sgd�
üqrs�svn�lnldmsr�ne�sgd�sq]mrhshnm�chrsqhatshnmr�hm�?oodmchw�D-

RWlokd�khidkhgnncr
Hm�sghr�rdbshnm)�vd�chrbtrr�gnv�sn�deübhdmskx�nas]hm�sgd�khjdkhgnnc�
ne�nardquhmf�j�:�]kkdkdr�hm�]�r]lokd�ne�rhyd�m�eqnl�sgd�udbsnq�ne�
oqna]ahkhshdr�ne�nardquhmf�cheedqdms�mtladqr�ne�:�]kkdkdr�hm�]�onot,
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ax�mnshmf�sg]s�vd�l]x�qdok]bd�Kdll]�?2 ax�Kdll]�?01 ]mc�vd�
l]x�qdok]bd�Kdll]�?0 ax�Kdll]�?02-�������������������������������������� □

Bnlahmhmf�sgdrd�kdll]r)�vd�nas]hm�ntq�l]hm�]ooqnwhl]shnm�
qdrtks�enq�sgd�r]lokhmf�l]sqhw-

Npnonrhshnm� :1,� Kds� R ∈ QM 0)m 0� ad� Z� Gxodqfdnldsqhb� rZlokhmf�
lZsqhw-�Vd�bZm�athkc�Z�qdoqdrdmsZshnm�ne�Z�lZsqhw�R�vhsg�sgd�enkknvhmf�
oqnodqshdr9�
– R�gZr�N’


m

√
(�tmhptd�qnvr)

– DZbg�qnv�ne�R�gZr�Zs�lnrs�N’

m

√
(�mnmydqn�dkdldmsr)

– |R⊤ −R⊤|0 ≤ ε-

Etqsgdqlnqd)�vd�b]m�bnmrsqtbs�sghr�qdoqdrdms]shnm�hm�N’M(�shld�
]mc�rsnqd�hs�hm�N’M(�ro]bd-

Oqnne-� Sgd�qdrtks�enkknvr�hlldch]sdkx�eqnl�]m�]qftldms�]m]kn,
fntr�sn�sgd�oqnne�ne�Oqnonrhshnm�?0-��������������������������������������������� □

Ehm]kkx)� vd� mnsd� sg]s� sghr� ]ooqnwhl]sd� l]sqhw� r]shrüdr� sgd�
oqnodqshdr�ne� Kdll]�?7 ]kknvhmf�tr� sn� bnlotsd� r]lokd� khjdkh,
gnncr�eqnl�onotk]shnm�khjdkhgnncr�hm�N’M(�shld-

:oodmchw�A9� Opnne�ne�sgd�pdopdrdmsPshnm��
ne�sgd�0 nodpPsnp�mnpl
Enq�bnlokdsdmdrr�vd�hmbktcd�]�oqnne�sg]s�sgd�0,nodq]snq�mnql�ne�]�
l]sqhw�hr�sgd�l]w�ne�sgd�ℓ0�mnql�]bqnrr�bnktlmr-�Sghr�hr�]�rs]mc,
]qc)�vdkk,jmnvm�qdrtks-

Oqnne-� Bnmrhcdq� ]m�M ± O�l]sqhw�:-�Vd�vhkk� bnlokdsd� sgd� oqnne�
hm� svn� rsdor”üqrs� vd� vhkk� rgnv� sg]s� |:|0� hr� ]s� kd]rs� ]r�
k]qfd� ]r� sgd�l]w� ne� sgd� ℓ0� mnql�]bqnrr� bnktlmr)� sgdm�vd�vhkk�
rgnv�sg]s�|:|0� hr�mn�k]qfdq�sg]m�sgd�l]w�ne�sgd�ℓ0� mnql�]bqnrr�
bnktlmr-
Vhsgnts� knrr� ne� fdmdq]khsx)� ]rrtld� sg]s� sgd� üqrs� bnktlm� ne�

:�g]r�sgd�k]qfdrs�ℓ0� mnql-�Bnmrhcdq�sgd�udbsnq�d0)�vghbg�g]r�]�0�
enq�hsr�üqrs�dmsqx�]mc�ydqn�enq�]kk�nsgdq�dmsqhdr-�Bkd]qkx�|d0|0 < 0)�
]mc�rn

|:|0 < rto
w 9 |w|0

|:w|0

≥ |: d0|0�

ats�|:d0|0� hr�itrs�sgd�ℓ0�mnql�ne�sgd�üqrs�bnktlm�ne�:�vghbg�hr�sgd�
bnktlm�vhsg�sgd�k]qfdrs�ℓ0� mnql-
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Sn�oqnud�sgd�nsgdq�chqdbshnm)�vd�vhkk�mddc�sn�bnmrhcdq�sgd�bnk,
tlmr�ne�:�vghbg�vd�vhkk�vqhsd�]r�:·)0) - - - ) :·)O-�Vd�rdd�sg]s�enq�
]mx�w�vhsg�|w|0 < 0)

|:w|0 <
O

i<0

:·)iwi




0

≤
O

i<0

|:·)iwi|0

<
O

i<0

|wi||:·)i|0

≤ l]w
j

|:·)j|0
O

i<0

|wi|

<l]w
j

|:·)j|0)�

vgdqd�sgd�üqrs�hmdpt]khsx�enkknvdc�eqnl�sgd�sqh]mfkd�hmdpt]khsx-�� □

:oodmchw�B9� OpPbshbPk�bnmrhcdpPshnmr
Hm�sghr�rdbshnm)�vd�vhkk�bnmrhcdq�rnld�oq]bshb]k�]rodbsr�ne�trhmf�
Ahmnlh]k�sq]mrhshnm�l]sqhbdr�hm�sgd�bnmsdws�ne�sgd�CSVE�lncdk-�
Ehqrs)� hm�EZrsdq� qdodZsdc� lZsqhwzudbsnq� oqnctbsr� rdbshnm)�vd�vhkk�
chrbtrr�]�oq]bshb]k�hlokdldms]shnm�cds]hk�sg]s�]kknvr�enq�e]rsdq�
khjdkhgnnc�bnlots]shnmr�vgdm�sgd�tmcdqkxhmf�CSVE�cxm]lhbr�
cn�mns�bg]mfd�snn�eqdptdmskx-�Sgdm)�hm�Bnlotshmf�sgd�rsZshnmZqx�
chrsqhatshnm�rdbshnm)�vd�chrbtrr�gnv�sn�deübhdmskx�bnlotsd�dpth,
khaqh]� tmcdq� ntq�lncdk-�Vd� sgdm� chrbtrr� svn� ]rodbsr� ne� sgd�
CSVE�lncdk�sg]s�]qd�trdetk�hm�oq]bshbd”]m�hmümhsd�rhsdr�udq,
rhnm� ne� sgd� CSVE� lncdk� sn� bnlotsd� eqdptdmbx� rodbsq]�
’Hmámhsd�rhsdr�rdbshnm()�]mc�]�udqrhnm�ne�sgd�CSVE�lncdk�bnmch,
shnmdc�nm�mnmüw]shnm)�vghbg�hr�rhlhk]q�hm�rohqhs�sn�sgd�hmümhsd�
rhsdr� lncdk)� ats� hr� bnmbdost]kkx� bkd]mdq� vgdm� bnmrhcdqhmf�
lncdkr� vhsg� qdbtqqdms� lts]shnm� ’Bnmchshnmhmf� nm� mnmáwZshnm�
rdbshnm(-

EWrsdp�pdodWsdc�lWsphwyudbsnp�opnctbsr
?r�chrbtrrdc�hm�sgd�l]hm�sdws)�vd�l]x�mddc�sn�qdod]sdckx�odqenql�
l]sqhw�udbsnq�oqnctbsr�sn�bnlotsd�khjdkhgnncr�tmcdq�sgd�CSVE�
lncdk�enq�mnmdpthkhaqhtl�onotk]shnmr-�He�sgd�tmcdqkxhmf�cxm]lhbr�
ne�sgd�CSVE�lncdk�cn�mns�bg]mfd�snn�eqdptdmskx)�sgdm�vd�b]m�na,
s]hm� rtars]msh]k� bnlots]shnm]k� r]uhmfr� ax� bnmrhcdqhmf� ]� }bnm,
cdmrdc•� sq]mrhshnm� l]sqhw� ]mc� sgdm� qdod]sdckx� rpt]qhmf� sg]s�
bnmcdmrdc�l]sqhw-�Hm�o]qshbtk]q)�vd�bnmrhcdq�sgd�b]rd�vgdqd�vd�
mddc� sn� bnlotsd� ’L⊤(ju� enq� k]qfd�j-� Hm� oqhmbhokd)�vd� bntkc�trd�
Sgdnqdl�?0 sn�]ooqnwhl]sd�sghr�ax�j�l]sqhw“udbsnq�oqnctbsr�]r�
L⊤ · · · L⊤u�’du]kt]sdc�qhfgs�sn�kdes()�vghbg�vntkc�bnrs�N’jM(�shld)�
ats�he�j�hr�k]qfd�vd�b]m�roddc�sghr�to�rtars]msh]kkx-�Nmd�b]m�uhdv�
ntq�e]rs�ltkshokhb]shnm�]kfnqhsgl�enq�L⊤u)�Dpt]shnm�’2()�]r�bnmrhrs,
hmf�ne�svn�rsdor-�Ehqrs)�vd�oqnidbs�u�hmsn�]�N’


M

√
(�chldmrhnm]k�ro]bd�

ax�rtllhmf�]kk�ne�sgd�dmsqhdr�ne�u�sg]s�bnqqdronmc�sn�d]bg�ne�sgd�
N’


M

√
(�tmhptd�qnvr�ne�L)�]mc�sgdm�vd�ltkshokx�sgd�qdrtkshmf�udbsnq�

ax�sgd�sq]mronrd�ne�]�l]sqhw�vgdqd�vd�nmkx�jddo�mnmqdctmc]ms�
qnvr ne�L)�vghbg�vd�vhkk�b]kk�L

©
-�He�vd�vdqd�sn�qdod]s�sghr�oqnbdrr)�

vd�vntkc�sgdm�oqnidbs�sgd�udbsnq�L⊤u�sn�sgd�r]ld�N’

M

√
(�chldm,

rhnm]k�ro]bd-�He�vd�vqhsd�sghr�oqnidbshnm�nodq]shnm�]r�]�l]sqhw)�Π)�
sgdm

L⊤ L⊤u <L
© ⊤
ΠL

© ⊤
Πu.

Hm�fdmdq]k)

’L⊤(ju <L
© ⊤
’ΠL

© ⊤
(j−0

Πu�

]mc�sgd�sqhbj�hr�sn�mnsd�sg]s

’ΠL
© ⊤
( ∈ QN’


M

√
(±N’


M

√
(�

hr�]�rpt]qd�l]sqhw-�?r�]�qdrtks)�vd�b]m�qdod]sdckx�rpt]qd�ΠL
© ⊤
)�vhsg�

d]bg�rpt]qhmf�s]jhmf�N’M2<1(�shld)�]kknvhmf�tr�sn�bnlotsd�L
© j−0�

hm�

N’M2<1 knf j(�shld-�Hm�oqhmbhokd)�sghr�bntkc�ad�qdctbdc�rtars]msh]kkx�
trhmf� e]rsdq� l]sqhw“l]sqhw� ltkshokhb]shnm� ]kfnqhsglr� rtbg� ]r�

Rsq]rrdm%r� ]kfnqhsgl� Zqdctbdr� qtmshld� sn� ≈ N’M0.3/26 knf j([�
’Rsq]rrdm�0858(�nq�sgd�Bnoodqrlhsg“Vhmnfq]c�]kfnqhsgl�Zqdctbdr�

qtmshld� sn� ≈ N’M0.077 knf j([� ’Bnoodqrlhsg� ]mc�Vhmnfq]c� 0876(-�
?cchshnm]kkx)� nmd� bntkc� ch]fnm]khyd� sgd� sq]mrhshnm� l]sqhw� ]mc�

sgdm� bnlotsd� l]sqhw� onvdqr)� vghbg� vntkc� qdpthqd� N’M2<1  �

M

√
knf j(� shld-� Enq� rhlokhbhsx� ]mc� mtldqhb]k� rs]ahkhsx)� vd� rshbj�

vhsg�sgd�m]hud�l]sqhw“l]sqhw�ltkshokhb]shnm�]kfnqhsgl)�qdrtkshmf�

hm�]�qtmshld�ne�N’M2<1 knf j(-�He�j�hr�N’Mε 0<1(�nq�k]qfdq�sgdm�sghr�oqn,
uhcdr�]�e]rsdq�]kfnqhsgl-�Rhlhk]q�sqhbjr�g]ud�addm�trdc�hm�onotk],
shnm�fdmdshbr�hm�sgd�bnmsdws�ne�bn]kdrbdms�ghccdm�L]qjnu�lncdkr�
’O]tk�]mc�Rnmf�1/01:�Sdqgnqrs�ds�Zk-�1/06:�Rsdhmqöbjdm�ds�Zk-�1/08(-

Bnlotshmf�sgd�rsWshnmWpx�chrsphatshnm
Rhmbd�vd�bnlotsd�khjdkhgnncr�enqv]qc�hm�shld)�vd�ltrs�]rrtld�sg]s�
]s� rnld� onhms� hm� sgd� o]rs� sgd� chrsqhatshnm� ne� ]kkdkd� eqdptdmbhdr� hr�
jmnvm)�]mc�sgdm�trd�sgd�CSVE�sq]mrhshnm�l]sqhw�sn�hmsdfq]sd�sg]s�chr,
sqhatshnm�enqv]qc�hm�shld�sn�sgd�oqdrdms-�?�m]stq]k bgnhbd�hr�sn�]rrtld�
sg]s�sgd�onotk]shnm�v]r�]s�dpthkhaqhtl�]s�rnld�onhms�hm�sgd�o]rs)�]mc�
sn�sgdm�bnlotsd�sgd�bnqqdronmchmf�rs]shnm]qx�chrsqhatshnm-�Ax�cdüm,
hshnm)�vgdm�sgd�rxrsdl�hr�]s�dpthkhaqhtl)�hs�hr�tmbg]mfdc�ax�sgd�cx,
m]lhbr�ne�sgd�oqnbdrr)�qdrtkshmf�hm�sgd�enkknvhmf�l]sqhw�dpt]shnm9

L⊤udp < udp’L⊤ − F(udp < /.

Nmd�bntkc� hm�oqhmbhokd�rnkud�sghr�l]sqhw�dpt]shnm� ’vhsg�sgd�bnm,
rsq]hms�sg]s�udp� rtlr�sn�nmd()�ats�sgd�m]hud�rsq]sdfx�sn�nas]hm�]�rn,

ktshnm�bnrsr�N’M2(�shld-�Vd�lhfgs�gnod�sg]s�ax�rhlokx�qdok]bhmf�L�

ax�ntq�]ooqnwhl]shnm)�L�vd�lhfgs�ad�]akd�sn�rnkud�sghr�dpt]shnm�
e]rsdq-�Vghkd�sgdqd�]qd�rnkudqr�sg]s�b]m�s]jd�]cu]ms]fd�ne�sgd�ro]qr,

hsx�ne�L�’Uhqs]mdm�ds�Zk-�1/1/()�sgdqd�]qd�mn�rnkudqr�sg]s�b]m�]krn�s]jd�

]cu]ms]fd�ne�sgd�e]bs�L�nmkx g]r�]�rl]kk�mtladq�ne�tmhptd�qnvr-�
Gdqd)�vd�oqnonrd�svn�rnktshnmr)�ansg�ne�vghbg�qdkx�nm�sgd�hcd]r�oqd,
rdmsdc�hm�EZrsdq�qdodZsdc�lZsqhwzudbsnq�oqnctbsr�rdbshnm-
Nmd�rnktshnm�hr�sn�rnkud�enq�sgd�dpthkhaqhtl�ne�sgd�}bnmcdmrdc•�

cxm]lhbr-�Hm�sgd�mns]shnm�ne�EZrsdq�qdodZsdc�lZsqhwzudbsnq�oqnctbsr�
rdbshnm)�vd�rnkud�enq�u

©
dp� hm

ΠL
© ⊤

u
©
dp < u

©
dp)�

vghbg�qdpthqdr�N’M2<1(�shld-�Vd�sgdm�bk]hl�sg]s�L
© ⊤

u
©
dp� hr�]m�dpth,

khaqhtl�ne�L-�Sn�rdd�sghr)�mnsd�sg]s

L⊤ L
© ⊤

u
©
dp

 
<L

© ⊤
ΠL

© ⊤
u
©
dp

<L
© ⊤

u
©
dp�
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rgnvhmf�sg]s�L
© ⊤

u
©
dp� hr�hmu]qh]ms�tmcdq�sgd�cxm]lhbr�ne�L-

Sghr� ]ooqn]bg� qdpthqdr� ]�o]qshbtk]q� bgnhbd� ne� qdoqdrdms]shud�
rtbbdrr�oqna]ahkhshdr�vgdm�bnmrsqtbshmf�L

©
-�Hm�oqhmbhokd)�vd�vntkc�

khjd�sn�bgnnrd�rtbbdrr�oqna]ahkhshdr�trhmf�ntq�lnldms,l]sbghmf�
]ooqn]bg)�]r�cdrbqhadc�hm�sgd�l]hm�sdws)�ats�sg]s�qdpthqdr�jmnvhmf�
sgd�dpthkhaqhtl�eqdptdmbhdr”dw]bskx�sgd�naidbs�vd�vhrg�sn�b]kbt,
k]sd-�Hm�oq]bshbd)�vd�ümc�sg]s�trhmf�]m�hsdq]shud�ldsgnc�vgdqd�vd�
trd�rnld�hmhsh]k�ftdrr�ne�sgd�dpthkhaqhtl�eqdptdmbhdr�sn�bnmrsqtbs�
L
©
)�rnkud�sgd�]anud�dpt]shnm�sn�nas]hm�]�mdv�ftdrr�enq�sgd�dpthkha,

qhtl�eqdptdmbhdr)�qdbnmrsqtbs�L
©
)�]mc�rn�nm)�vnqjr�vdkk)�qdrtkshmf�

hm� dqqnqr� nm� sgd� nqcdq� ne�l]bghmd� oqdbhrhnm� ]esdq� svn� nq� sgqdd�
hsdq]shnmr-
?m�]ksdqm]shud�]ooqn]bg�hr�sn�trd�sgd�onvdq�ldsgnc)�vghbg�dr,

rdmsh]kkx�]ooqnwhl]sdr�sgd�dpthkhaqhtl�ne�]�L]qjnu�bg]hm�ax�qtm,
mhmf�sgd�cxm]lhbr�enq�]�knmf�shld-�Sg]s�hr)

udp ≈ ’L⊤(ju

enq�]mx�hmhsh]k�chrsqhatshnm)�u)�]mc�s]jhmf�j�sn�ad�k]qfd-�Sghr�hr�dw]bs,
kx�sgd�rdsshmf�ne�EZrsdq�qdodZsdc�lZsqhwzudbsnq�oqnctbsr�rdbshnm)�]mc�
rn�vd�l]x�trd�sgnrd�qdrtksr�sn�roddc�to�sghr�bnlots]shnm-�Hm�oq]b,
shbd)�vd�b]m�bgnnrd�sgd�hmhsh]k�u�sn�ad�bknrd�sn�sgd�sqtd�dpthkhaqhtl�
ax�trhmf�]m]kxshb]k�rnktshnmr�sn�sgd�Vqhfgs“Ehrgdq�cheetrhnm-

Fm–mhsd�rhsdr
Sgd�lts]shnm�q]sd�]s�]mx�fhudm�onrhshnm�hm�sgd�fdmnld�b]m�ad�u]m,
hrghmfkx�rl]kk-�Enq�dw]lokd)�hm�gtl]mr�sgd�oqdlncdqm�deedbshud�
onotk]shnm�rhyd�v]r�nm�sgd�nqcdq�ne�0/)///�’Rbgheedkr�]mc�Ctqahm�
1/03()�]mc�odq,a]rd�lts]shnm�q]sdr�]qd)�nm�]udq]fd)�]ants�0/−7�

odq� fdmdq]shnm� ’Iémrrnm� ds� Zk-�1/06(-� Sgtr)� nmd�lhfgs� dwodbs� sn�
v]hs�nm�sgd�nqcdq�ne�sdmr�ne�sgntr]mcr�ne�fdmdq]shnmr�’nq�gtmcqdcr�
ne�sgntr]mcr�ne�xd]qr(�enq�]�lts]shnm�sn�]ood]q�hm�sgd�onotk]shnm�
]s�]kk-�Etqsgdqlnqd)�vgdm�]�lts]shnm�üqrs�]qqhudr�hm�sgd�onotk],
shnm�hs�]qqhudr�nm�nmkx�]�rhmfkd�bgqnlnrnld�]mc�]r�]�qdrtks�hr�khjdkx�
sn�ad�pthbjkx�knrs�sn�cqhes-�Tmcdq�mdtsq]khsx)�]mc�hfmnqhmf�qdbtqqdms�
lts]shnm)�sgd�CSVE�lncdk�hr�]�l]qshmf]kd)�vghbg�hlokhdr�sg]s�sgd�
oqna]ahkhsx�sg]s�]�u]qh]ms�oqdrdms�hm�]�rhmfkd�g]oknhc�tkshl]sdkx�
üwdr�hr�nmd�nudq�sgd�sns]k�mtladq�ne�g]oknhcr�hm�sgd�onotk]shnm-�
?r�]�qdrtks)�hm�nqcdq�sn�fds�]�lts]shnm�sn�üw�]s�]�rhsd)�hs�vhkk�nm�]udq,
]fd�qdpthqd�]�lts]shnm�]qhrhmf�]s�sg]s�rhsd�]�mtladq�ne�shldr�dpt]k�
sn�sgd�onotk]shnm�rhyd-�Sgd�v]hshmf�shld�adsvddm�d]bg�ne�sgdrd�
lts]shnmr� hr� nm� sgd� nqcdq� ne� gtmcqdcr� ne� sgntr]mcr� ne� xd]qr-�
Tkshl]sdkx)�sghr�ld]mr�sg]s�]s�]�rhmfkd�onrhshnm)�sgd�shldrb]kd�ne�
dpthkhaq]shnm�hr�nm�sgd�nqcdq�ne�nmd�nudq�sgd�lts]shnm�q]sd-�Hm�gt,
l]mr)�sghr�vntkc�bnqqdronmc�sn�]ants�]�0//�lhkkhnm�fdmdq]shnmr)�
nq�]� edv�ahkkhnm�xd]qr-�Fhudm�sg]s� khed�g]r�nmkx�addm�oqdrdms�nm�
D]qsg�enq�]ants�3�ahkkhnm�xd]qr)�]mc�g]r�bkd]qkx�addm�q]ohckx�bg]m,
fhmf)�hs�rddlr�hlok]trhakd�sg]s�]mx�onrhshnm�hm�]mx�fdmnld�bntkc�
onrrhakx�ad�]s�dpthkhaqhtl-
Sgd�hmümhsd�rhsdr�]ooqnwhl]shnm�]unhcr�sghr�hrrtd�ne�shld,rb]kdr�

ax�]ooqnwhl]shmf�sgd�fdmnld�]r�adhmf�hmümhsdkx�knmf)�vhsg�d]bg�
rhsd�g]uhmf�]m�hmümhsdrhl]kkx�rl]kk�lts]shnm�q]sd-�Hm�sghr�khlhs)�
sgdqd� ]qd� hmümhsdkx�l]mx� rhsdr)� ats� nmkx� ümhsdkx�l]mx�ne� sgdl�
g]ud�u]qh]msr� rdfqdf]shmf�]s�]mx� shld)�]mc�]r�rtbg� hs�cndr�mns�
l]jd�rdmrd�sn�bnmrhcdq�sgd�oqna]ahkhsx�ne�]�fhudm�rhsd�rdfqdf]shmf)�
]r�enq�]mx�rhmfkd�rhsd�sg]s�oqna]ahkhsx�hr�ydqn-�Xds)�nmd�b]m�lncdk�
gnv�l]mx�rhsdr�]qd�dwodbsdc�sn�ad�rdfqdf]shmf)�nq�sgd�chrsqhatshnm�
ne� ]kkdkd� eqdptdmbhdr� bnmchshnmdc nm� ]� rhsd� adhmf� rdfqdf]shmf-�
Sgqntfgnts)�vd�vhkk�r]x�sgd�eqdptdmbx�rodbsqtl�sn�qdedq�sn�sgd�dw,
odbsdc�mtladq�ne�rhsdr�sg]s�g]ud�u]qh]msr�]s�d]bg�eqdptdmbx-�Hm�
sghr�]ooqnwhl]shnm)�lts]shnmr�nmkx�g]oodm�]s lnrs�nmbd�]s�]�fh,
udm� rhsd� ]mc� ]r� ]� qdrtks� vd� b]m� cdsdqlhmd� vghbg� ]kkdkd� hr�

}]mbdrsq]k•�]mc�vghbg�]kkdkd�hr�}cdqhudc)•�]mc�vd�b]m�hfmnqd�qdbtq,
qdms�lts]shnmr-�Nmd�v]x�sn�uhdv�sgd�eqdptdmbx�rodbsqtl�hr�]r�]�
udbsnq)�ϕ)�vgdqd�ϕ’j(�hr�sgd�dwodbsdc�mtladq�ne�rhsdr�]s�vghbg�j�hm,
chuhct]kr�g]ud�sgd�cdqhudc�]kkdkd-�Vd�nmkx�sq]bj�sgd�cxm]lhbr�ne�
rdfqdf]shmf�rhsdr�’adb]trd�sgdqd�]qd�]kv]xr�hmümhsdkx�l]mx�mnmrd,
fqdf]shmf�rhsdr()�]mc�]r�rtbg)�vd�hfmnqd�]mx�cdqhudc�]kkdkdr�he�]mc�
vgdm�sgdx�qd]bg�üw]shnm)�rn�ϕ hr�M − 0�chldmrhnm]k-
Kds�ϕs�cdmnsd�sgd�eqdptdmbx�rodbsqtl�]s�fdmdq]shnm�s-�?kkdkdr�]k,

qd]cx�hm�sgd�onotk]shnm�dunkud�]bbnqchmf�sn�CSVE�cxm]lhbr)�]mc�
vd�dwodbs�sn�}hmidbs•�θ<1�mdv�rhmfkdsnmr�d]bg�fdmdq]shnm)�vghbg�
vd� b]m� b]ostqd� ax� ]cchmf� ’θ<1(d0� sn� sgd� eqdptdmbx� rodbsqtl�
d]bg�fdmdq]shnm)�vgdqd�d0� hr�sgd�udbsnq�vhsg�0�hm�sgd�üqrs�onrhshnm�
]mc�ydqn�hm�]kk�nsgdq�onrhshnmr-�Nmd�b]m�sgdm�dhsgdq�]cc�sgd�lts],
shnmr�üqrs)�vghbg�vntkc�bnqqdronmc�sn�]�lncdk�vgdqd�lts]shnm�
g]oodmr�ctqhmf�f]ldsd�enql]shnm)�]mc�sgdm�sgd�mdws�fdmdq]shnm�
hr�enqldc�ax�r]lokhmf�eqnl�sgnrd�lts]sdc�f]ldsdr9

ϕs 0 <L⊤
0 9−0)0 9−0

θ

1
d0  ϕs

 
)�

nq�nmd�b]m�bnmrhcdq�]�lncdk�vgdqd�sgd�mdws�fdmdq]shnm�hr�enqldc�
üqrs)�]mc�sgdm�lts]sdr�oqhnq�sn�adhmf�fdmnsxodc9

ϕs 0 <
θ

1
d0  L⊤

0 9−0)0 9−0ϕs)�

vgdqd�sgd�rtarbqhosr�nm�L�hmchb]sd�sg]s�vd�]qd�cqnoohmf�sgd�üqrs�
]mc�k]rs�qnvr�]mc�bnktlmr�ne�L�’bnqqdronmchmf�sn�sgd�mnmrdfqd,
f]shmf�rs]sdr(-�Hm�sgd�cheetrhnm�khlhs)�fdmdq]shnmr�g]oodm�hmümhsdkx�
e]rs�rn�sgdrd�svn�lncdkr�]qd�dpthu]kdms)�ats�hm�sgd�CSVE�lncdk�
sgdrd�svn�lts]shnm�lncdkr�]qd�rtaskx�cheedqdms-�Hm�o]qshbtk]q)�lt,
s]shmf�]esdq cdlnfq]oghb�r]lokhmf�oqnctbdr�rtars]msh]kkx�lnqd�
rhmfkdsnmr�hm�sgd�onotkZshnm”hs�hr�onrrhakd�sn�rgnv�sg]s�sgd�dpthkha,
qhtl�ne�sgd�lncdk�vhsg�lts]shnm�]esdq�cdlnfq]oghb�r]lokhmf�vhkk�
g]ud�dw]bskx�θ<1�lnqd�rhmfkdsnmr�hm�sgd�onotk]shnm�sg]m�sgd�lncdk�
vhsg�lts]shnm�adenqd�cdlnfq]oghb�r]lokhmf-�Rhmbd�sgd�mtladq�ne�
rhmfkdsnmr�hm�sgd�dpthkhaqhtl�CSVE�lncdk�vgdqd�lts]shnm�g]o,
odmr� ]esdq� cdlnfq]oghb� r]lokhmf� hr� ≈0.01 ± θ ’V]jdkdx� ]mc�
S]j]g]rgh�1//2()�sghr�qdrtksr�hm�]�md]qkx�e]bsnq�ne�svn�cheedqdmbd�
adsvddm� sgd� lncdkr� hm� sdqlr� ne� rhmfkdsnmr-� Sghr� cheedqdmbd� hr�
k]qfdkx�v]rgdc�nts�hm�rl]kk�rtar]lokdr�ne�sgd�onotk]shnm�ats�ad,
bnldr�]oo]qdms�]r�sgd�r]lokd�rhyd�fdsr�k]qfd-�Hm�gtl]mr�sgdqd�hr�
rnld�ahnknfhb]k�duhcdmbd�enq�ansg�ne�sgdrd�lncdkr”rhakhmfr�b]m�
rg]qd�lts]shnmr�sg]s�]qd�mns�oqdrdms�hm�dhsgdq�o]qdms)�bnmrhrsdms�
vhsg�lts]shnm�hm�sgd�o]qdms]k�fdqlkhmd)�ats�sgdqd�hr�]krn�fqnvhmf�
duhcdmbd�sg]s�sgd�üqrs�edv�qdokhb]shnmr�]esdq�yxfnsd�enql]shnm�]qd�
o]qshbtk]qkx�dqqnq�oqnmd)�vghbg�vntkc�ad�bnmrhrsdms�vhsg�sgd�rd,
bnmc�lncdk�’F]n�ds�Zk-�1/05)�1/08:�R]r]mh�ds�Zk-�1/08(-�Qd]khsx�khjdkx�
hmunkudr�rnld�bnlahm]shnm�ne�sgdrd�lncdkr)�hmchb]shmf�sg]s�sgd�
dw]bs�rhmfkdsnm bntms�hm�k]qfd�r]lokdr�hr�mns�qdkh]akd)�]r�hs�cdodmcr�
nm�dwsqdldkx�ümd,rb]kd�]rodbsr�ne�sgd�tmcdqkxhmf�lncdk�sg]s�]qd�
mns�btqqdmskx�vdkk�tmcdqrsnnc-�Xds)� sgdrd�cds]hkr�cn�mns�]ood]q�
]s�]kk�hm�sgd�Vqhfgs“Ehrgdq�cheetrhnm)�oqnuhchmf�etqsgdq�duhcdmbd�
sg]s�sgd�cheetrhnm�rsnor�oqnuhchmf�]�fnnc�]ooqnwhl]shnm�sn�qd]khsx�
]r�sgd�r]lokd�rhyd�fdsr�k]qfd-
Mnsd�sg]s�hm�dhsgdq�enqltk]shnm)�rhmbd�vd�]qd�cqnoohmf�sgd�üqrs�

]mc�k]rs�bnktlmr�ne�L)�vd�knrd�l]rr�eqnl�ϕ d]bg�fdmdq]shnm)�bnq,
qdronmchmf�dw]bskx�sn�sgnrd�u]qh]msr�sg]s�g]ud�dhsgdq�qd]bgdc�üw,
]shnm�nq�addm�knrs�ax�cqhes-�Sghr�knrr�ne�l]rr�vhkk�]s�dpthkhaqhtl�ad�
neerds�ax�sgd�hmfltw�ne�l]rr�eqnl�sgd�’θ<1(d0�sdql�bnqqdronmchmf�sn�
mdv�lts]shnmr-
Rhmbd�sgd�]anud�enqltk]shnm�hr�vqhssdm�dmshqdkx�hm�sdqlr�ne�l],

sqhw“udbsnq�oqnctbsr)�hs�hr�sgdm�d]rx�sn�odqenql�q]ohc�]ooqnwhl]sd�
b]kbtk]shnmr�trhmf�ntq�sqhbjr�ax�rhlokx�qdok]bhmf�L�vhsg�L-
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Mnsd�sg]s�sgdrd�enqltk]shnmr�hlokhbhskx�]rrtld�sg]s�sgd�mtl,
adq�ne�rhsdr�vgdqd�]�mdv�lts]shnm�]qhrdr�d]bg�fdmdq]shnm�hr�cdsdq,
lhmhrshb-� ?� lnqd� qd]khrshb� enqltk]shnm� vntkc� g]ud� ]� Onhrrnm�
mtladq�ne�mdv�lts]shnmr”]mx�fhudm�lts]shnm�hr�dwsqdldkx�tm,
khjdkx)� ats� sgdqd� ]qd�l]mx�onsdmsh]k�lts]shnmr� sgqntfgnts� sgd�
fdmnld)�]mc�rn�]� }k]v�ne�q]qd�dudmsr•�sxod�]qftldms�fhudr�sgd�
Onhrrnm�chrsqhatshnm-�Xds)�sgd�u]qh]mbd�ne�sgd�Onhrrnm�dpt]kr�sgd�
ld]m)�rn�sgd�]udq]fd�chrs]mbd�adsvddm�]m�nardqu]shnm�]mc�sgd�
ld]m�hr�]ants�sgd�rpt]qd�qnns�ne�sgd�ld]m-�Hm�ntq�rdsshmf)�sg]s�
ld]mr�sg]s�he�sgd�dwodbsdc�mtladq�ne�lts]shnmr�odq�fdmdq]shnm�
hr�k]qfd)�sgdm�sgd�Onhrrnmh]m�mnhrd�]ants�sg]s�ld]m�hr�bnlo]q],
shudkx�rl]kk-�Enq�dw]lokd)�qdstqmhmf�sn�sgd�dw]lokd�ne�gtl]mr�
vhsg� ]m� deedbshud� rhyd� ne� ≈0/)///)� ]� lts]shnm� q]sd� ne� ≈0/−7)�
]mc�]�fdmnld�rhyd�ne�≈0/8)�vd�dwodbs�sn�rdd�]ants�0/)/// ± 0/−7 ±�
0/8 < 0/4� mdvkx� lts]sdc� rhsdr� odq� fdmdq]shnm-� Ld]mvghkd)�
vd�dwodbs�sgd�fltbst]shnmr�hm�sgd�mtladq�ne�lts]shnmr�sn�ad�nm�
sgd�nqcdq�ne�≈0$ ne�sgd�dwodbsdc�mtladq�ne�lts]shnmr)�rgnvhmf�
sg]s�sghr�cdsdqlhmhrshb�]ooqnwhl]shnm�hr�pthsd�]bbtq]sd-

Bnmchshnmhmf�nm�mnm–wWshnm
Sgd hmümhsd rhsdr lncdk g]r rnld bnmbdost]k cnvmrhcdr- Enq dw,
]lokd)�ldsgxk]sdc�BoF�rhsdr�g]ud�dwsqdldkx�ghfg�lts]shnm�q]sdr�
’Iémrrnm�ds�Zk-�1/06:�J]qbydvrjh�ds�Zk-�1/1/()�l]jhmf�qdbtqqdms�lt,
s]shnm�]m�dlohqhb]kkx�mnmmdfkhfhakd� enqbd�]s�qd]khrshb�onotk]shnm�
rhydr�’G]qo]j�ds�Zk-�1/05(-�Xds)�sgd�hmümhsd�rhsdr�lncdk�qtkdr�nts�qd,
btqqdms�lts]shnm”he�sgd�lts]shnm�q]sd�hr�ghfg�dmntfg�enq�]�fhudm�
rhsd�sn�lts]sd�svhbd)�sgdm�sgdqd�ltrs�ad�hmümhsdkx�l]mx�lts],
shnmr� hm� sgd�fdmnld-�Etqsgdqlnqd)� sgd�mnshnm�ne�]m� }]mbdrsq]k•�
]mc�}cdqhudc•�]kkdkd adbnldr�tmbkd]q�hm�sgd�oqdrdmbd�ne�qdbtqqdms�
lts]shnm:�he�lts]shnmr�b]m�g]oodm�qdod]sdckx�]s�]�fhudm�rhsd)�sgdm�
sgd�cdqhudc�]kkdkd�bntkc�oqduhntrkx�g]ud�fnmd�sn�üw]shnm�]mc�sgd�
]mbdrsq]k� ]kkdkd� bntkc� ad� rtardptdmskx� qdhmsqnctbdc-� ?� qdk]sdc�
bnmbdost]k�hrrtd�hr�hm�sgd�oqna]ahkhsx�ne�]�rhsd�adhmf�mnmrdfqdf]s,
hmf-�Tmcdq�sgd�hmümhsd�rhsdr�lncdk)�]mx�fhudm�rhsd�hr�mnmrdfqdf]s,
hmf� vhsg� oqna]ahkhsx� nmd)� ]mc� sgd� r]ld� gnkcr� enq� ]mx� ümhsd�
mtladq�ne�rhsdr-�Sghr�oqdudmsr�sgd�hmümhsd�rhsdr�lncdk�eqnl�trhmf�
sgd�]ardmbd�ne�lts]shnmr�]r�]m� hmchb]shnm�ne�m]stq]k�rdkdbshnm)�
vghbg� g]r� oqnudm� sn� ad� ]� onvdqetk� sdbgmhptd� enq� ld]rtqhmf�
fdmd�bnmrsq]hms�’Kdj�ds�Zk-�1/05:�J]qbydvrjh�ds�Zk-�1/1/(-�Hm�o]qshbt,
k]q)�vghkd�lncdkr�a]rdc�nm�sgd�hmümhsd�rhsdr�]rrtloshnm�b]m�hlokh,
bhskx� l]jd� trd� ne� mnmrdfqdf]shmf� rhsdr� ax� sq]bjhmf� sgd� sns]k�
mtladq�ne�lts]shnmr)�sgdx�qtm�hmsn�bnmbdost]k�hrrtdr�vgdm)�enq�
dw]lokd)�cdümhmf�sgd�khjdkhgnnc�sg]s�]�rhmfkd�lnmnlnqoghb�rhsd�
hr�dwodqhdmbhmf�]�fhudm�kdudk�ne�rdkdbshnm-
?m�hcd]�sg]s�hr�bnmbdost]kkx�rhlhk]q�sn�sgd�hmümhsd�rhsdr�lncdk�hr�

sn�]kknv�]qahsq]qx�cxm]lhbr�’d-f-�qdbtqqdms�lts]shnm(�ats�sgdm�bnm,
chshnm�sgd�cdqhudc�]kkdkd�nm�mnmüw]shnm-�Sg]s�hr)�sgd�cdqhudc�]kkdkd�hr�
]kknvdc�sn�]qhrd)�odqg]or�dudm�qdod]sdckx�]s�sgd�r]ld�rhsd)�ats�vd�
hfmnqd� rhst]shnmr� hm�vghbg� sg]s� cdqhudc� ]kkdkd� dudmst]kkx� üwdr� hm�
sgd�onotk]shnm-�?r�]�qdrtks)�he�vd�knnj�]s�]mx�onrhshnm�hm�sgd�fdmnld�
tmcdq�sghr�lncdk)�sg]s�onrhshnm�hr�dhsgdq�mnmrdfqdf]shmf�vhsg�nmkx�
sgd�]mbdrsq]k�]kkdkd�oqdrdms)�nq�hs�hr�rdfqdf]shmf)�ats�vd�jmnv�sg]s�
]s�rnld�onhms�hm�sgd�o]rs�hs�v]r�mnmrdfqdf]shmf�]mc�sgd�onotk]shnm�
v]r�üwdc�enq�sgd�]mbdrsq]k�]kkdkd-�Ax�l]jhmf�sghr�]rrtloshnm)�vd�
l]x�ohbj�]�o]qshbtk]q�]kkdkd�]r�adhmf�sgd�]mbdrsq]k�]kkdkd)�]mc�r]edkx�
jmnv�sg]s�tmcdq�sghr�lncdk)�sgd�k]rs�shld�sgd�onotk]shnm�v]r�lnmn,
lnqoghb�]s�sghr�rhsd)�hs�v]r�lnmnlnqoghb�vhsg�sgd�]mbdrsq]k�]kkdkd-�
Xds)�ax�]kknvhmf�mnmhmümhsdrhl]k�lts]shnm�q]sdr�]s�d]bg�onrhshnm)�
vd�b]m�rshkk�cdqhud�]�oqna]ahkhsx�ne� rdfqdf]shmf� enq�d]bg�rhsd)�]mc�
vd�b]m�hmbnqonq]sd�qdbtqqdms�lts]shnm�hm�]�bnmbdost]kkx�bkd]m�v]x-
Sn�hmbnqonq]sd�bnmchshnmhmf�nm�mnmüw]shnm)�vd�b]m�rhlokx�odq,

enql�l]sqhw“udbsnq�oqnctbsr�]r�]anud)�ats�vd�qdok]bd�sgd�üm]k�qnv�
ne�L�’bnqqdronmchmf�sn�sgd�cdqhudc�]kkdkd�adhmf�üwdc(�vhsg�]�qnv�ne�

ydqnr)�]mc�vd�qdok]bd�sgd�üm]k�bnktlm�ne�L�’bnqqdronmchmf�sn�sq]m,
rhshnmhmf�sn�g]uhmf�sgd�cdqhudc�]kkdkd�adhmf�üwdc(�vhsg�]�bnktlm�ne�
ydqnr-�Sghr�b]trdr�]mx�l]rr�sg]s�vntkc�g]ud�qdrtksdc� hm�üw]shnm�
adhmf�qdlnudc�eqnl�sgd�rxrsdl-�?r�]�qdrtks)�d]bg�sq]mrhshnm)�L⊤u)�
vhkk�qdrtks�hm�]�knrr�ne�l]rr�bnqqdronmchmf�sn�sgd�]kkdkd�sq]idbsnqhdr�
sg]s� vntkc� g]ud� qdrtksdc� hm� üw]shnm� ne� sgd� cdqhudc� ]kkdkd-� ?esdq�
d]bg�sq]mrhshnm�vd�b]m�sgdm�qdmnql]khyd�u�sn�rtl�sn nmd-�Sg]s�sghr�
hr�bnqqdbs�enkknvr�eqnl�mnshmf�sg]s�vd�]qd�dkhlhm]shmf�]kk�sq]idbsnqhdr�
sg]s�qdrtks�hm�üw]shnm)�]mc�sgdm�qdrb]khmf�]kk�ne�sgd�qdl]hmhmf�oqna,
]ahkhshdr�ax�]�bnmrs]ms�’sgd�oqna]ahkhsx�ne�mns�qd]bghmf�üw]shnm(-

:oodmchw�C9� :cchshnmPk�mtldphbPk�pdrtksr
Gdqd)� vd� hmbktcd� ]cchshnm]k� cds]hkr)� oknsr)� ]mc� qdrtksr� qdk]sdc� sn�
HloZbs�ne�ltsZshnm) rdkdbshnm)�Zmc�cdlnfqZogx�nm�sgd�CSVE�lncdk�rdbshnm-�
Sgqntfgnts�HloZbs�ne�ltsZshnm)�rdkdbshnm)�Zmc�cdlnfqZogx�nm�sgd�CSVE�
lncdk�rdbshnm)�vd�trdc�rkhfgskx�lnchüdc�udqrhnmr�ne�sgd�cdlnfq]oghb�
ghrsnqhdr�enq�sgd�BDT�]mc�XQH�r]lokdr�eqnl�sgd�0///�Fdmnldr�Oqnidbs�
’Bnmrnqshtl�1/01(�hmedqqdc�trhmf�LRLB�’Rbgheedkr�]mc�Ctqahm�1/03()�
]r�vdkk�]r�]�cdlnfq]ogx�enq�sgd�XQH�hmedqqdc�trhmf�Qdk]sd�’Rodhcdk�
ds�Zk-�1/08(-�}XQH•�vhkk�qdedq�sn�sgd�LRLB,hmedqqdc�cdlnfq]ogx�]mc�
}XQH�’Rodhcdk(•�vhkk�qdedq�sn�sgd�Qdk]sd,hmedqqdc�cdlnfq]ogx-
Ehqrs)�vd�rlnnsgdc�nts�rnld�rl]kk�fltbst]shnmr�hm�rhydr�nkcdq�

sg]m� 0//)///� xd]qr� ]fn)� ]mc� ]rrtldc� sg]s� ]m� dwsqdldkx� k]qfd�
onotk]shnm� rhyd� drshl]sdc� trhmf� XQH� ats� mns� drshl]sdc� trhmf�
BDT� v]r� ]qshe]bst]k)� noshmf� sn� trd� ]� rl]kkdq� ]mbdrsq]k� rhyd-�
Rdbnmc)� sgd�oqdrdms,c]x�XQH onotk]shnm�rhyd� ’25)711(� hr� rl]kkdq�
sg]m�sgd�k]qfdrs�r]lokd�rhydr�vd�v]msdc�sn�bnmrhcdq)�rn�vd�]ccdc�
]�rhmfkd�fdmdq]shnm�ne�4//)///�hmchuhct]kr�]s�oqdrdms-�Xd]qr�vdqd�
bnmudqsdc� sn� fdmdq]shnm� shldr� ax�chuhchmf�ax� 2/�]mc� qntmchmf-�
Sgd�nqhfhm]k�]mc�lnchüdc�cdlnfq]oghdr�’hfmnqhmf�sgd�qdbdms�hm,
bqd]rd�hm�XQH(�]qd�oqdrdmsdc�hm�Ehf-�C0-
Lnchexhmf�sgd�XQH�cdlnfq]ogx�sghr�v]x�qdrtksr�hm�]m�dwsqdld�

rbdm]qhn�vgdqd�l]mx�hmchuhct]kr�ltrs�ümc�]�bnllnm�]mbdrsnq�
nmd�fdmdq]shnm�]fn�rhmbd�]�r]lokd�rhyd�ne�m < 2//)///�hr�≈0/±�k]q,
fdq�sg]m�sgd�onotk]shnm�rhyd�hm�sgd�oqduhntr�fdmdq]shnm-�?m�hmsdq,
drshmf�bnmrdptdmbd�ne�sghr�hr�sg]s�tmcdq�mdtsq]khsx�sgdqd�b]m�ad�
l]mx�cd�mnun�lts]shnmr�nbbtqqhmf�hm�sgd�lnrs�qdbdms�fdmdq]shnm�
qdrtkshmf�hm�rhmfkdsnmr)�ats�rhmbd�sgd�dwodbsdc�mtladq�ne�oqdrdms,�
c]x�g]oknsxodr�sg]s�bnld�eqnl�]�o]qshbtk]q�o]qdms�hm�sgd�oqduhntr�
fdmdq]shnm�hr�≈0/)�u]qh]msr�sg]s�]qd�oqdrdms�hm�lnqd�sg]m�nmd�ats�
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onk]shnm�adhmf�mnmcheedqdmsh]akd�]s�sgd�fqhc�onhmsr-�Sn�]unhc�sgdrd�
sdbgmhb]k� ]qshe]bsr)� vd� bnlotsdc� sgd� Ehrgdq� Hmenql]shnm� nm� ]�
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sgd�oqnbdrrdr�]qd�bknrd�hm�sdqlr�ne�sns]k�u]qh]shnm�chrs]mbd)�sns]k�
u]qh]shnm� chrs]mbd� b]m� ad� dhsgdq� nudqkx� rsqhbs� nq� nudqkx� k]w� hm�
rnld�rhst]shnmr-�Sghr�]qhrdr�adb]trd�sns]k�u]qh]shnm�hr�]fmnrshb�sn�
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qdrtks�hm�o]sgnknfhb]k�adg]uhnq-�Enq�dw]lokd)�bnmrhcdq�sgd�oqnbdrr�
nas]hmdc�ax�flhoohmf�]�bnhm�sg]s�bnldr�to�gd]cr�vhsg�oqna]ahkhsx�ε)�
]mc�he�sgd�bnhm�hr�gd]cr)�sgdm�hm�sgd�mdws�fdmdq]shnm�sgd�eqdptdmbx�
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qdoqdrdms]shud�rtbbdrr�oqna]ahkhshdr�rn�sg]s�vghkd�rnld�qnvr�g]ud�
sgdhq�ld]mr�hmbqd]rdc ax�]r�ltbg�]r�N’


Mo


()�sgnrd�]qd�a]k]mbdc�

ax� qnvr� sg]s� g]ud� sgdhq� ld]mr� cdbqd]rdc� ax� ]� bnqqdronmchmf�
]lntms-�?r�]�qdrtks)�he�xnt�ohbj�]�qnv�q]mcnlkx�’vhsg�oqna]ahkhsx�
oqnonqshnm]k�sn�sgd�oqna]ahkhsx�ne�nardquhmf�sg]s�eqdptdmbx�hm�sgd�
oqduhntr�fdmdq]shnm(�sgd�cheedqdmbd�adsvddm�hsr�]ooqnwhl]sd�]mc�
sqtd�ld]mr�hr�/�nm�]udq]fd-
Khjdvhrd)�sgd�u]qh]mbd�ne�AM)o� hr�Mo’0 − o()�vghbg�hr�]krn�]ksdqdc�

ax�rnldsghmf�sg]s�hr�N’

Mo


(-�Hm�ansg�b]rdr)�vd�rdd�sg]s�sgd�deedbs�

ne�sgd�odqstqa]shnm�hr�]�knvdq�nqcdq�sdql-
?m]kxyhmf�gnv�sgd�ro]qrhüb]shnm�]eedbsr�sgd�lnldmsr�hr�rta,

rs]msh]kkx�lnqd�sdbgmhb]k)�ats�vd�hmbktcd�hs�gdqd�enq�bnlokdsdmdrr-�
Vd�vhkk�oqnud�sgd�bknrdmdrr�ne�sgd�üqrs�svn�lnldmsr�ne�sgd�sqtm,
b]sdc�]mc�mnmsqtmb]sdc�Ahmnlh]k�chrsqhatshnmr�ax�rgnvhmf�sg]s�
sgd�sqtmb]sdc�Ahmnlh]k�chrsqhatshnm�hr�udqx�bknrd�sn�]�sqtmb]sdc�
Mnql]k�chrsqhatshnm)�enq�vghbg�vd�b]m�qd]chkx�bnlotsd�lnldmsr)�
]mc� sgdm� rgnv� sg]s� sgnrd� lnldmsr� ]qd� bknrd� sn� sgnrd� ne� sgd�
Ahmnlh]k�chrsqhatshnm-�Ntq�oqnne�qdkhdr�nm�]�mnmtmhenql�udqrhnm�
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]c]osdc� eqnl�M]f]du� ’0854)� Sgdnqdl� 2((, Kds�W ∼ AM)o)� ]mc� kds�
Y ∼ M ’/) 0(-�Sgdm)�sgdqd�dwhrsr�]�tmhudqr]k�bnmrs]ms�b�rtbg�sg]s
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D0 vd�rdd

O’Y ≥ yl]w( − O
W − Mo

Mo’0 − o(

 ≥ yl]w

 

O
W − Mo

Mo’0 − o(

 ≥ ylhm

 

− O
W − Mo

Mo’0 − o(

 ≥ yl]w

 

< N
0

’0  |yl]w|2(

Mo’0 − o(



 

.
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Mnv)�mnshbhmf�sg]s�rhmbd�y ∈ Zylhm) yl]w[)�vd�g]ud�sg]s�|y| ≤ |yl]w|
ax�bnmrsqtbshnm)�]mc�rn�vd�b]m�knnrdm�sghr�antmc�sn

<N
0

’0  |y|2(

Mo’0 − o(



 

.

Vd�mnv�stqm�sn�sgd�üqrs�sdql�nm�sgd�qhfgs,g]mc�rhcd�ne�Dpt]shnm�
’3()�vgdqd�vd�trd�rhlhk]q�sqhbjr9

O’Y ≥ ylhm( − O’Y ≥ yl]w(

O
W − Mo

Mo’0 − o(

 ≥ ylhm

 

− O
W − Mo

Mo’0 − o(

 ≥ yl]w

 

< 0 −
O

W − Mo

Mo’0 − o(

 ≥ ylhm

 

− O’Y ≥ ylhm(

O
W − Mo

Mo’0 − o(

 ≥ ylhm

 

− O
W − Mo

Mo’0 − o(

 ≥ yl]w

 

−
O’Y ≥ yl]w( − O

W − Mo

Mo’0 − o(

 ≥ yl]w

 

O
W − Mo

Mo’0 − o(

 ≥ ylhm

 

− O
W − Mo

Mo’0 − o(

 ≥ yl]w

 

< 0  N
0

’0  |ylhm|2(

Mo’0 − o(



 

 N
0

’0  |yl]w|2(

Mo’0 − o(



 

< 0  N
0

’0  |y|2(

Mo’0 − o(



 

.

Trhmf�sgdrd�qdrtksr)�vd�l]x�rhlokhex�Dpt]shnm�’3(�sn�nas]hm

O
W − Mo

Mo’0 − o(

 + y

 

< O’Y + y(

 N
0

’0  |y|2(

Mo’0 − o(



 

.

□

Vhsg�ntq�sqtmb]sdc�udqrhnm�ne�sgd�mnmtmhenql�Adqqx“Drrddm�sgd,
nqdl)�vd�]qd�mnv�qd]cx�sn�oqnud�sg]s�ntq�sqtmb]shnm�ne�sgd�Ahmnlh]k�
chrsqhatshnm�cndr�mns�rtars]msh]kkx�]ksdq�sgd�üqrs�svn�lnldmsr-

Npnonrhshnm�D0,� Kds�W ∼ AεM)o-�Sgdm)

DZW[ <Mo  N’0(.

Oqnne-� Qdb]kk�sg]s�enq�]mx�rsqhbskx�onrhshud�q]mcnl�u]qh]akd)

DZW[ <
 ∞

/
O’W ≥ w( cw.

Bdmsdqhmf�]mc�rb]khmf)�vd�rdd

DZW[ <
 ∞

/
O

W − Mo

Mo’0 − o(

 ≥
w − Mo

Mo’0 − o(



 

cw.

Odqenqlhmf� ]� bg]mfd� ne� u]qh]akdr� ]mc� ]ookxhmf� Kdll]� D1)� vd�
]qqhud�]s

DZW[ <

Mo’0 − o(

  ∞

− Mo
Mo’0−o(

√
O’Y ≥ y(

 N
0

’0  |y|2(

Mo’0 − o(



 

cy)�

vgdqd� Y� hr� ]� sqtmb]sdc� F]trrh]m)� sqtmb]sdc� ]s� −

knf ’1<ε(
1o’0−o(


]mc�


knf ’1<ε(
1o’0−o(


-

Mnshmf�sg]s

 ∞

− Mo
Mo’0−o(

√

0
’0  |y|2(

cy +
 ∞

−∞

0
’0  |y|2(

cy <
3π

2

2

√ < N’0(�

vd�nas]hm

DZW[ < N’0(  

Mo’0 − o(

  ∞

− Mo
Mo’0−o(

√
O’Y ≥ y( cy

< N’0(  Mo  

Mo’0 − o(

  ∞

− Mo
Mo’0−o(

√
ycO’Y < y()�

vgdqd�sgd�rdbnmc�dpt]khsx�enkknvr�eqnl�hmsdfq]shmf�ax�o]qsr-�Mnv)�
mnsd�sg]s�vhsgnts�knrr�ne�fdmdq]khsx�vd�b]m�]rrtld�sg]s�o ≥ 0<1�’ax�
rxlldsqx�ne�sgd�Ahmnlh]k(-�Sgdqdenqd)�he�vd�s]jd�M�sn�ad�k]qfd�dm,
ntfg)�sgd�knvdq�khlhs�ne�sgd�hmsdfq]k�hr�knvdq�sg]m�sgd�knvdq�sqtmb],

shnm� onhms� ne�Y� rn� sgd� hmsdfq]k� bnudqr� sgd� dmshqd� cnl]hm� ne�Y-�

Sgdqdenqd)�enq�rteübhdmskx�k]qfd�M)�sgd�hmsdfq]k�hr�dw]bskx�DZY[-�Sgd�
ld]m�ne�]�sqtmb]sdc�rs]mc]qc�F]trrh]m�vhsg�rxlldsqhb�sqtmb]shnm�
onhmsr�hr�/)�bnlokdshmf�sgd�oqnne-�� ����������������������������������������������� □

Npnonrhshnm�D1,� Kds�W ∼ AεM)o-�Sgdm)

U]q’W( < ’0  N’ε

knf ’0<ε(


((Mo’0 − o(

 N’

Mo’0 − o(


(.

Oqnne-� Kds�μA�ad�sgd�ld]m�ne�W-�Sgdm)�ax�Kdll]�D0)

U]q’W( < DZ’W − μA(
1[

< DZ’W − Mo(1[ − ’μA − Mo(1

< DZ’W − Mo(1[  N’0(.

Vd�mnv�du]kt]sd�sgd�dwodbs]shnm�nm�sgd�qhfgs,g]mc�rhcd

DZ’W − Mo(1[ <
 ∞

/
O’’W − Mo(1 ≥ w( cw

<
 ∞

/
O’W − Mo ≥


w

√
(

 O’W − Mo ≤ −

w

√
( cw.

Vd�mnv�odqenql�sgd�bg]mfd�ne�u]qh]akdr�y <

w

√
<


Mo’0 − o(


)�]mc�trd�

Kdll]�D1)�vhsg�Y�adhmf�sgd�sqtmb]sdc�F]trrh]m�bnqqdronmchmf�sn�W9

 ∞

/
O’W − Mo ≥


w

√
( cw

<Mo’0 − o(
 ∞

/
1y O’Y ≥ y(



 N
0

’0  y2(

Mo’0 − o(



 

cy.
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Mnshmf�sg]s

 ∞

/

y

’0  y(2
cy <

1π

2

2

√ < N’0()�

vd�nas]hm

 ∞

/
O’W − Mo ≥


w

√
( < N’


Mo’0 − o(


(  Mo’0 − o(

 ∞

/
1yO’Y ≥ y( cy

< N’

Mo’0 − o(


(  Mo’0 − o(

 ∞

/
O’Y ≥


x

√
( cx)�

vgdqd�sgd�üm]k khmd�enkknvr�eqnl�sgd�bg]mfd�ne�u]qh]akdr�y < 
x

√
-�?�

rhlhk]q�bnlots]shnm�rgnvr�sg]s

 ∞

/
O’W − Mo ≤ −


w

√
(<N’


Mo’0− o(


(  Mo’0− o(

 ∞

/
O’Y ≤ −


x

√
(cx.

Vd�sgdqdenqd�g]ud�sg]s

DZ’W − Mo(1[<N’

Mo’0− o(


( Mo’0− o(

 ∞

/
O’Y ≥


x

√
(cx



 
 ∞

/
O’Y ≤ −


x

√
(cx



<N’

Mo’0− o(


( Mo’0− o(

 ∞

/
O’Y1 ≥ x(cx

<N’

Mo’0− o(


( Mo’0− o(U]q’Y()�

vgdqd�sgd�üm]k�khmd�enkknvr�ax�mnshmf�sg]s�sgd�ld]m�ne�]�rxlldsqhb,

]kkx�sqtmb]sdc�rs]mc]qc�Mnql]k�hr�/-�Y�hr�]�rs]mc]qc�Mnql]k�rxl,

ldsqhb]kkx� sqtmb]sdc� ]s�>

knf ’1<ε(
1o’0−o(


-� Kdsshmf� ylhm� ]mc� yl]w� ad� sgdrd�

sqtmb]shnm�onhmsr�]mc�ϕ’·(�]mc�Φ’·(�ad�sgd�oqna]ahkhsx�cdmrhsx�etmb,
shnm�]mc�btltk]shud�cdmrhsx�etmbshnm�ne�sgd�rs]mc]qc�Mnql]k)�qd,
rodbshudkx)�vd�g]ud�sg]s

U]q’Y(< 0 
ylhmϕ’ylhm(− yl]wϕ’yl]w(

Φ’yl]w(−Φ’ylhm(

< 0 
1yl]wϕ’yl]w(

Φ’yl]w(−Φ’ylhm(

< 0 


1

√
yl]w
π

√ dwo
−y1l]w
1

 

Φ’yl]w(−Φ’ylhm(

< 0 
N’ε


knf’0<ε(


(

Φ’yl]w(−Φ’ylhm(
.

Sgd cdmnlhm]snq�b]m�ad�antmcdc�eqnl�adknv�ax�0− N’ε()�bnlokds,
hmf�sgd�oqnne-������������������������������������������������������������������������������������ □

Snfdsgdq)�sgdrd�qdrtksr�rgnv�sg]s�hm�]cchshnm�sn�adhmf�bknrd�hm�
sns]k�u]qh]shnm�chrs]mbd)�ntq�]ooqnwhl]sd�oqnbdrr�hr�]krn�bknrd�hm�
sdqlr�ne�sgd�üqrs�svn�lnldmsr-��

Dchsnq9�F-�Bnno
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