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N O S H B R

ObUssdqhmf�mdUq,�ehdic�noshbUi�lhbqnrbnow�Us�0,�ml�
qdrnitshnm�trhmf�tisqUinv�sho�nrbhiiUshnm�Uloihstcdr
:ihsnrgh�RghnsWqh0)*�Itm�MhrghcW1*2*�:cmWm�GWlltc3*�EWahWm�Rbgtky4*�LWqshm�Unke0*��
SWiWrgh�JtlWfWh1*2*�LdkWmhd�Lzkkdq0

ObUssdqhmf,�swod� rbUmmhmf� mdUq,fidic� noshbUi�lhbqnrbnow�  r,�OMNL(� Uiinvr� enq� sgd� nardquUshnm� ne� sgd� noshbUi� qd,
ronmrd� ne�lUsdqhUi� rtqeUbdr�vhsg� U� qdrnitshnm� eUq� adinv� sgd� chzqUbshnm� ihlhs-� AUrdc� nm� Uloihstcd,�lnctiUshnm�
Usnlhb�enqbd�lhbqnrbnow� 1BL(�vhsg�swohbUi�sUoohmf�Uloihstcdr�ne�sdmr�ne�mUmnldsdqr)�U�roUshUi�qdrnitshnm�ne�0.�
sn�0..�ml�hr�qntshmdiw�Ubghdudc�hm�r,�OMNL-�Fnvdudq)�noshbUi�hlUfhmf�Umc�rodbsqnrbnow�ne�Usnlhb,�rbUid�rsqtbstqdr�
qdlUhm� U� rtarsUmshUi� bgUiidmfd-� Fdqd)� vd� cdudinodc� tisqUinv� sho� nrbhiiUshnm� Uloihstcd� r,�OMNL�  SH1,�OMNL()�
vgdqd�sgd�tisqUbnmfimdc�fidic�inbUihydc�Us�U�0,�ml,�rbUid�fUo�adsvddm�U�oiUrlnmhb�sho�Umc�rUloid�hr�bnlahmdc�vhsg�
eqdptdmbw,�lnctiUshnm� mnmbnmsUbs(�1BL�hm�U�rsUaid�bqwnfdmhb�tisqUghfg�uUbttl�dmuhqnmldms-�Srhmf�U�rhiudq�sho�
tmcdq�uhrhaid�iUrdq�hiitlhmUshnm�vhsg�U�bnmrsUms�0,�ml�Uloihstcd�nrbhiiUshnm)�vd�nasUhm�U�lUsdqhUi,�bnmsqUrs�hlUfd�
ne�rhihbnm� hriUmcr�nm�U�rhiudq�rtqeUbd�vhsg�0,�ml�iUsdqUi� qdrnitshnm)�vghbg�rtqoUrrdr� sgd�bnmudmshnmUi� ihlhsr�ne�r,�
OMNL-�SH1,�OMNL�oUudr�sgd�vUw�enq�sgd�Ubpthrhshnm�ne�noshbUi�hmenqlUshnm�eqnl�Usnlhb,�rbUid�rsqtbstqdr)�rtbg�Ur�
rhmfid�ognsn,�Ubshud�cdedbsr�Umc�lnidbtidr-

HMSPNCTBSHNM
d�bnlahm]shnm�ne�noshb]k� rodbsqnrbnox�vhsg�rb]mmhmf� stmmdkhmf�
lhbqnrbnox�&RSL(�dm]akdr�sgd�noshb]k�bg]q]bsdqhy]shnm�ne�l]sdqh]k�
rtqe]bdr)�m]mnrsqtbstqdr)�]mc�lnkdbtkdr�]r�vdkk�]r�sgdhq�noshb]k�bnm,
sqnk�vhsg�]�qdrnktshnm�e]q�adxnmc�sgd�chffq]bshnm�khlhs�ne�khfgs�&0z2(-�
Trhmf� ok]rlnmhb� RSL� shor)� md]q,�fidkc� noshb]k� sdbgmhptdr� hm� knv,�
sdlodq]stqd�&KS(�RSL�&3) 4(�g]ud�addm�rtbbdrretkkx�]ookhdc�sn�qd]k,
hyd�noshb]k� rodbsqnrbnox�]s� sgd� rhmfkd,��nq�dudm�rtalnkdbtk]q� kdudk)�
hmbktchmf� sho,�dmg]mbdc�Q]l]m�rodbsqnrbnox� &5) 6()�RSL,�hmctbdc�
ktlhmdrbdmbd� &7)  8()� ]mc� sho,�dmg]mbdc� ognsnktlhmdrbdmbd� rodb,
sqnrbnox�&0�) 00(-�Lnqdnudq)�sgd�ok]rlnmhb�md]q,�fidkcr�hm�RSL�itmb,
shnmr�]kknv�enq�bnmsqnkkhmf�rhmfkd,�lnkdbtkd�ognsnqd]bshnmr�&01z04(�
]mc�uhrt]khyhmf�ognsnbtqqdmsr� sgqntfg�lnkdbtk]q�nqahs]kr� &05(-� Hm�
sgdrd�vnqjr)�knb]khydc�rtqe]bd�ok]rlnm�qdrnm]mbdr�nbbtqqhmf�]s�sgd�
m]mnldsdq,�rhydc�sho�]odw)�rn,�b]kkdc�m]mnb]uhshdr)�]qd�dmg]mbdc�]mc�
bnmfimdc� sn� ]� 0,�ml2,�rb]kd� unktld�ax� sgd�ok]rlnmhb� bntokhmf� ad,
svddm�sgd�sho�]mc�r]lokd�]s�]�0,�ml�rb]kd�f]o�&4) 06) 07(-�Hm�]cchshnm)�
ohbnb]uhshdr)�enqldc�ax�sgd�]snlhrshb�rsqtbstqd�ne�sgd�sho�]odw)�b]m�
oqnuhcd�etqsgdq�ro]sh]k�bnmfimdldms�ne�sgd�ok]rlnmhb�fidkc�hmrhcd�sgd�
m]qqnv�f]o�&08) 1�(-�Rtbg�dwsqdld�bnmfimdldms�kd]cr�sn�ansg�]�kn,
b]khy]shnm�ne�sgd�hmbhcdms�khfgs�sn�sgd�]snlhb�rb]kd�]mc�]�udqx�rsqnmf�
dmg]mbdldms�ne�noshb]k�khfgs�dlhrrhnm�]mc�rb]ssdqhmf�eqnl�sgd�itmb,
shnm�&4(-�Nodq]shnm�]s�KS�]mc�tmcdq�tksq]ghfg�u]bttl�&TGU(�bnm,
chshnmr� ]krn� e]bhkhs]sdr� sgd� rs]akd� enql]shnm� ne� rtbg� 0,�ml,�rb]kd�
ok]rlnmhb�f]or-
Hm�o]q]kkdk�sn�sgd�]enqdldmshnmdc�m]mnb]uhsx.ohbnb]uhsx,�a]rdc�RSL�

rstchdr)�rb]mmhmf�md]q,�fidkc�noshb]k�lhbqnrbnox�&RMNL(�g]r�addm�drs]a,
khrgdc�]r�]�rs]mc]qc�snnk�enq�ld]rtqhmf�sgd�knb]k�chdkdbsqhb�qdronmrd�ne�
l]sdqh]kr-�Sgd�lnrs�vdkk,�drs]akhrgdc� ]mc� rdmrhshud� ]ooqn]bg� hr�

rb]ssdqhmf,�sxod�RMNL�&r,�RMNL(�&10) 11()�vgdqd�]lokhstcd,�lnctk]shnm�
]snlhb� enqbd� lhbqnrbnox� &;L,�;EL()� ]krn� jmnvm� ]r� s]oohmf,�lncd�
;EL)�hr�trdc�sn�lnctk]sd�sgd�knb]khydc�md]q,�fidkc�khfgs�]s�sgd�s]oohmf�
eqdptdmbx�]mc�sgdm�cdsdbs�sgd�cdlnctk]sdc�rb]ssdqhmf�rhfm]k ]s�ghfgdq�
g]qlnmhbr�ne�sgd�s]oohmf�eqdptdmbx�trhmf�]�knbj,�hm�]lokhfidq�&12) 13(-�
hr�rbgdld�dkhlhm]sdr�bnmsqhatshnmr�eqnl�sgd�e]q,�fidkc�a]bjfqntmc�]mc�
ntsotsr�sgd�o]qs�ne�sgd�rb]ssdqhmf�rhfm]k�sg]s�rsqnmfkx�cdodmcr�nm�sgd�sho,�
r]lokd�f]o�chrs]mbd-�hr�ldsgnc�g]r�dm]akdc�sgd�uhrt]khy]shnm�ne�rtq,
e]bd�ok]rlnm�]mc�ognmnm�onk]qhsnmr�&14z17()�og]rd�sq]mrhshnmr�&18) 2�()�
]mc� hmchuhct]k� ahnknfhb]k�lnkdbtkdr.bnlokdwdr� &20) 21()� ]r�vdkk� ]r� hm�
oqnahmf�tksq]e]rs�cxm]lhbr�]s�sgd�m]mnrb]kd�&22z24(-
Hmbqd]rhmf�sgd�ro]sh]k�qdrnktshnm�sn�sgd�]mfrsqnl�rb]kd�qdl]hmr�

]m�ntsrs]mchmf�bg]kkdmfd�hm�r,�RMNL�]mc�nsgdq�rb]ssdqhmf,�khfgs�cd,
sdbshnm� sdbgmhptdr� &25z31(-�d� ro]sh]k� qdrnktshnm�ne�bnmudmshnm]k�
r,�RMNL�hr�sxohb]kkx�khlhsdc�sn�sdmr�ne�m]mnldsdqr-�Vghkd�sghr�qdrn,
ktshnm�hr�rtffibhdms�enq�l]mx�]ookhb]shnmr�hmbktchmf�sgd�nardqu]shnm�
ne�onk]qhsnm�v]udkdmfsgr�knmfdq�sg]m�=4/�ml�&16()�r,�RMNL�g]r�mns�
xds�]bbdrrdc�lnqd�knb]khydc�rsqtbstqdr�rtbg�]r�rhmfkd�lnkdbtkdr�&32(�
]mc� ognsn,�]bshud� onhms� cdedbsr� &33(-� Nmd� ne� sgd� ]ooqn]bgdr� sn�
]bghdud�ghfg,�qdrnktshnm�r,�RMNL�hr�sn�cdsdbs�ghfgdq,�g]qlnmhbr�rhf,
m]kr)�fhuhmf�qhrd�sn�vd]j�xds�rsqnmfkx�knb]khydc�qdronmrd-�Nm�sgd�a]rhr�
ne�sghr�]ooqn]bg)�rn�e]q�4�nq�5�ml�qdrnktshnm�v]r�qdonqsdc�]r�adrs�
b]rdr�&21) 30) 31(-
;r�]m�]ksdqm]shud�]ooqn]bg)� sgd�trd�ne�]�rtffibhdmskx� knv�]lokh,

stcd�ne�sgd�b]mshkdudq�nrbhkk]shnm�hr�dwodbsdc�sn�ad�]cu]ms]fdntr�sn�
rdmrhshudkx�cdsdbs� khfgs� rb]ssdqhmf� eqnl�md]q,�fidkcr� knb]khydc� sn� sgd�
;mfrsqnl� rb]kd-�d� rl]kk� s]oohmf� drrdmsh]kkx� dmg]mbdr� sgd� ctsx�
bxbkd�enq�r]lokhmf�ne�rsqnmfkx�bnmfimdc�rsqtbstqdr)�rtars]msh]kkx�dm,
g]mbhmf� sgd� rdmrhshuhsx� sn� knb]khydc� rhfm]kr� eqnl� tksq]m]qqnv� sho,�
r]lokd�f]or-�Rtbg�]m�]ooqn]bg�v]r�oqnonrdc�ax�oqduhntr�rstchdr�nm�
sgd�s]oohmf,�]lokhstcd�cdodmcdmbd�ne�sgd�r,�RMNL�hl]fdr�ansg�dw,
odqhldms]kkx� &34(� ]mc� sgdnqdshb]kkx� &35)  36(-� Gnvdudq)� ;L,�;EL�
hmgdqdmskx�qdpthqdr�s]oohmf�]lokhstcdr�fqd]sdq�sg]m�=0/�ml�sn�oqdudms�
sgd�s]oohmf�sho�eqnl�]cgdqhmf�sn�sgd�r]lokd�rtqe]bd-�Etqsgdqlnqd)�
hm�;L,�;EL�vhsg�knv�s]oohmf�]lokhstcd)�sgd�sho�lnshnm�sdmcr�sn�ad�
]mg]qlnmhb�&37z4�()�fhuhmf�qhrd�sn�chffibtksx�hm�hmsdqoqdshmf�knbj,�hm�
cdlnctk]sdc� rhfm]kr� &35(-�drd� oqnakdlr� b]m� ad� nudqbnld� ax�

0CdoZqsldms�ne�OgxrhbZk�Bgdlhrsqx*�Eqhsy,�GZadq�Hmrshstsd�ne�sgd�LZw,�OkZmbj�Rnbhdsx*�
EZqZcZxvdf�3,�5*�03084�Adqkhm*�FdqlZmx-�1Hmrshstsd�enq�LnkdbtkZq�Rbhdmbd*�MZshnmZk�
Hmrshstsdr�ne�MZstqZk�Rbhdmbdr*�27�MhrghfnmZjZ*�LxncZhbgh,�bgn*�333,�7474�NjZyZjh*�
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eqdptdmbx,�lnctk]shnm�;EL�&EL,�;EL(�&40()�]krn�jmnvm�]r�mnm,
bnms]bs�;EL) trhmf� ]� pt]qsy� stmhmf� enqj� &PSE(� rdmrnq� &41(� ]r� ]�
b]mshkdudq-�d�rshffmdrr�ne�sgd�b]mshkdudq�]mc�sgd�bnmrs]ms�nrbhkk]shnm,�
]lokhstcd�eddca]bj�hm�sgd�EL�lncd�]kknv�enq�]�rs]akd�nrbhkk]shnm�
vhsg� ]� bnmrs]ms)� rl]kk� ]lokhstcd� &�� < 0� ml(� &42(-�Nodq]shnm� hm�
KS,�TGU�dmuhqnmldmsr�mns�nmkx�kd]cr�sn�ghfg�enqbd�rdmrhshuhsx�enq�
EL,�;EL�vhsg�ghfg�P�u]ktdr�ne�sgd�nrbhkk]shnm�ats�]krn�rs]ahkhydr�]m�
tksq]m]qqnv� sho,�r]lokd�f]o�]r�trdc� hm�KS,�RSL-�Qdbdmskx)� sgd�]c,
u]ms]fd�ne�bnlahmhmf�noshb]k�dwbhs]shnm�vhsg�gxaqhc�RSL.EL,�;EL�
rxrsdlr�g]r�addm�cdlnmrsq]sdc�hm�sgd�knv,�eqdptdmbx�sdq]gdqsy�qd,
fhld�&43(-
Hm�sghr�rstcx)�vd�cdlnmrsq]sd�EL,�;ELza]rdc�r,�RMNL�vhsg�]m�

tksq]knv)�0,�ml,�rb]kd)�b]mshkdudq�nrbhkk]shnm�]lokhstcd)�vghbg�vd�qd,
edq�sn�]r�tksq]knv�sho�nrbhkk]shnm�]lokhstcd�r,�RMNL�&TK;,�RMNL(-�
hr� dm]akdr� sgd� fdmdq]shnm� ]mc� cdsdbshnm� ne� dwsqdldkx� knb]khydc�
rb]ssdqdc�khfgs�eqnl�]�bnmsqnkkdc�0,�ml,�rb]kd�ok]rlnmhb�f]o�vhsg�tm,
oqdbdcdmsdc�rdmrhshuhsx-�Vgdqd]r�oqduhntr�vnqjr�g]ud�cdlnmrsq]s,
dc� hmchuhct]k� ]rodbsr� rtbg� ]r� RMNL�vhsg� ok]rlnm,�qdrnm]ms� shor�
&44z46()�]s�KS�&2�) 47) 48()�vhsg�PSE�rdmrnqr�&5�z50()�nq�hm�sgd�EL�
lncd�&51()�vd�hmsdfq]sd�]kk� sgnrd�hmchrodmr]akd�]cu]mbdr�hm�TK;,�
RMNL� sn� ]bghdud� ghfg,�qdrnktshnm� noshb]k� hl]fhmf-�d� bnlahm],
shnm�ne�r,�RMNL�]mc�ohbnldsdq,�rb]kd�ok]rlnmhbr�o]udr�sgd�v]x�enq�
sgd�etstqd�]cu]mbdldms�ne�rhmfkd,�lnkdbtkd�]mc�]snlhb,�rb]kd�noshb]k�
lhbqnrbnox-

PDRTKSR
TK:,�RMNL�bnmüftqWshnm
Vd� odqenqldc� TK;,�RMNL� ax� bnlahmhmf� sgd� k]rdq� hkktlhm]shnm�
]mc� khfgs� cdsdbshnm� rdsto�vhsg� ]� bnlldqbh]k� KS,�TGU� RSL.EL,�
;EL�rdsto�&Ehf- 08�rdd�]krn�L]sdqh]kr�]mc�Ldsgncr(-�;�bnmshmtntr,�
v]ud� uhrhakd� k]rdq� ad]l� dmsdqr� sgd� TGU� bg]ladq� &v]udkdmfsg�
λ ) 522� ml)� hmbhcdms�onvdq�Ifm9 ) 2 − 5�lV)� n,�onk]qhydc(� ]mc� hr�
enbtrdc�nm�sgd�sho,�r]lokd�itmbshnm�sgqntfg�]�kdmr�lntmsdc�hmrhcd�
sgd� RSL.;EL�tmhs� ]s� 7�J� &fif-  R0(-�d� khfgs� rb]ssdqdc� eqnl� sgd�
itmbshnm�hr�bnkkdbsdc�ax�]�rdbnmc�kdmr�]krn�hmrs]kkdc�hmrhcd�sgd�RSL.
;EL� tmhs� ]mc� hr� chqdbsdc� hmsn� ]� ognsncdsdbsnq� &OC(� ntsrhcd� sgd�
TGU�bg]ladq�sn�ld]rtqd�sgd�onvdq�I�ne� sgd�rb]ssdqdc� khfgs-�d�
]odw�ne� ]m� dkdbsqnbgdlhb]kkx� dsbgdc�;f� sho� hr� rg]qodmdc�]mc�onk,
hrgdc�ax�enbtrdc�hnm�ad]l�&EHA(�lhkkhmf�&Ehf- 0A(�sn�nas]hm�qdoqn,
ctbhakd� oqnodqshdr� ne� sgd� ok]rlnmhb� m]mnb]uhsx� &04)  52(� ]mc� sn�
qdctbd� e]q,�fidkc� rb]ssdqdc� khfgs� eqnl� ]� qntfg� sho� rg]-�d� sho� hr�
lntmsdc�nm�]�PSE�rdmrnq�&Ehf- 0B()�vghbg�]kknvr�enq�sgd�rhltks]md,
ntr�cdsdbshnm�ne�sgd�RSL�stmmdkhmf�btqqdms�Fs�]mc�sgd�EL,�;EL�eqd,
ptdmbx� rgh��c �-�Vgdm� sgd� b]mshkdudq� hr� nrbhkk]sdc)� sgd�ld]rtqdc�
stmmdkhmf�btqqdms�hr�sgd�shld�]udq]fd�nudq�sgd�nrbhkk]shnm�bxbkd)�cd,
mnsdc�]r�⟨Fs⟩�-�d�btqqdms�rhfm]k�hr�trdc�enq�eddca]bj�bnmsqnk�ne�sgd�
sho�gdhfgs�y�&Ehf- 0C(�]r�fdmdq]k�hm�PSE,�a]rdc�RSL.EL,�;EL�&42(-�
d�b]mshkdudq�hr�qdrnm]mskx�nrbhkk]sdc�vhsg�]�eqdptdmbx� c ) c. + �c �)�
vghbg�hr�edc�a]bj�ax�]m�]tsnl]shb�f]hm�bnmsqnkkdq�sn�jddo�sgd nrbhk,
k]shnm�]lokhstcd���bnmrs]ms�]mc�ax�]�og]rd,�knbjdc�knno�sn�nas]hm��c �
hmctbdc�ax�shozr]lokd�hmsdq]bshnmr�&40(-�Vd�trd�]�rhmd,�v]ud�ntsots�
rfm

�
1πcp


� eqnl�sgd�nrbhkk]shnm�bnmsqnkkdq�]r�sgd�qdedqdmbd�rhfm]k�enq�

sgd�knbj,�hm�cdsdbshnm�hm�qd]k�shld�&Ehf- 0C()�nas]hmhmf�m,�sg�g]qlnm,
hb� rhfm]kr�Qm� eqnl� sgd�OC�ntsots-�Vd� udqhfidc� sgd� otqd� g]qlnmhb�
b]mshkdudq�nrbhkk]shnm�dudm�]s�]�stmmdkhmf�qdfhld�&fif- R1()�dkhlhm]s,
hmf� sgd�onrrhahkhsx�ne� ]qshe]bsr� hm� sgd�Qm� rhfm]kr�ctd� sn�ghfgdq�g]q,
lnmhb�bnlonmdmsr�ne�sgd�b]mshkdudq�nrbhkk]shnm�&35(-

RhltksWmdntrkw�qdbnqcdc�RSL*�EL,�:EL*�Wmc�r,�RMNL�rhfmWkr
d� knb]khy]shnm� ne� sgd� md]q,�fidkc� khfgs� hmrhcd� sgd� itmbshnm� b]m� ad�
bg]q]bsdqhydc�ax�ld]rtqhmf�sho,�]ooqn]bg�btqudr)�vghbg�qdoqdrdmsr�
sgd�sho,�gdhfgs�cdodmcdmbd�ne�sgd�rb]ssdqdc�rhfm]k�]s�]�fhudm�nrbhkk],
shnm� ]lokhstcd��-  Ehftqd  1;� rgnvr� sgd�ld]rtqdldms� oqnbdctqd-�
Ehqrs)� sgd�;f� sho� hr�ok]bdc�nudq� ]m� ]snlhb]kkx�°]s�;f&000(� rtqe]bd�
vhsgnts� b]mshkdudq� nrbhkk]shnm� ]mc� vhsg� sgd� RSL� eddca]bj� bknrdc�
Zcdfimdc�]r�y ) .�8�&h(� hm Ehf- 1;[-�Mdws�vd�nodm�sgd�eddca]bj�knno�
]mc�qdsq]bs�sgd�sho�eqnl�y ) .�sn�y ) ��&hh(-�Vd�sgdm�rs]qs�sgd�rhmtrnh,
c]k�b]mshkdudq�nrbhkk]shnm�vhsg�]m�]lokhstcd�ne��� rtbg� sg]s sgd� sho�
nrbhkk]sdc�]qntmc�sgd�bdmsdq�onrhshnm�y ) ��&hhh(-�dqdenqd)�sgd�knv,
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hr�]ooqnwhl]sdkx�/-4�ml�&53()�vd�drshl]sd�sgd�f]o�]s�y ) 0�ml�sn�
ad�=0-4�ml-�Vd�nas]hmdc�sgd�btqudr�]s�⟨y⟩ ) 0� sn�04/�ml-�Nmkx�
oknsr�]s�⟨y⟩ � 0.�ml�]qd�chrok]xdc�hm Ehf- 1�adb]trd�]s� k]qfdq�sho�
gdhfgsr)�mn�rhfm]k�dwbddchmf�sgd�mnhrd�°nnq�v]r�nardqudc�hm�⟨Fs⟩�)�
�c �)�nq�Q2�&fif- R2(-�d�shld,�]udq]fdc�btqqdms�⟨Fs⟩�v]r�cdsdbs]akd�
nmkx�]s�udqx�bknrd�sho�gdhfgsr�]mc�rgnvr�]�rsddo�qhrd�]s�⟨y⟩ � 0�4�ml�
]r�dwodbsdc�eqnl�sgd�dwonmdmsh]k�y�cdodmcdmbd�ne�stmmdkhmf�btqqdms�
&Ehf- 1A(-�d�EL,�;EL�rxrsdl�]kv]xr�jddor���bnmrs]ms�&Ehf- 1B)�
qhfgs�]whr()�vgdqd]r��c �cdbqd]rdr�lnmnsnmhb]kkx�]r�⟨y⟩�cdbqd]rdr�
&kd�]whr(�ctd�sn�]ssq]bshud�enqbdr�adsvddm�sgd�;f�sho�]mc�;f�r]lokd-�
drd�sho,�gdhfgs�cdodmcdmbdr�]qd�bnmrhrsdms�vhsg�rs]mc]qc�RSL.
EL,�;EL�nodq]shnm� &54()� hmchb]shmf� sg]s� sgd� k]rdq� hkktlhm]shnm�
cndr�mns�hmsdqedqd�sgd�RSL.EL,�;EL�odqenql]mbd-
;r�rgnvm�hm�sgd�OC�rhfm]k�I�&Ehf- 1C)�qhfgs�]whr() sgd�md]q,�fidkc�

bnmsqhatshnm�sn�sgd�sns]k�rb]ssdqdc�onvdq�hr�e]hms�]mc�narbtqdc�ax�
sgd�mnhrd�ne�sgd�OC�bg]mmdk)�hlokxhmf�sg]s�I�hr�cnlhm]sdc�ax�a]bj,
fqntmc�rb]ssdqhmf�vhsg�]�bnmrs]ms�hmsdmrhsx-�Gnvdudq)�knbj,�hm�cd,
sdbshnm� ]s� sgd� sghqc� g]qlnmhb� Q2� ne� sgd� nrbhkk]shnm� eqdptdmbx�
&Ehf- 1C)� kd� ]whr(�]kknvr� enq� sgd�dwsq]bshnm�ne� sgd�md]q,�fidkc�dm,
g]mbdldms�nbbtqqhmf�nmkx�]s�udqx�rl]kk�f]o�chrs]mbdr- d�rsddo�
hmbqd]rd�ne�Q2�]s�⟨y⟩ � 2�ml�hr�bnmrhrsdms�vhsg�sgd�ro]sh]k�bnmfimd,
ldms�ne�dkdbsqnl]fmdshb�fidkcr�hm�sgd�sho,�r]lokd�f]or�&4) 06) 08(-�
Mns]akx)�sgd�RSL)�EL,�;EL)�]mc�r,�RMNL�bg]mmdkr�dwghahs�chffdq,
dms� sho,�gdhfgs� sgqdrgnkcr� enq� rhfm]kr� dwbddchmf� sgdhq�mnhrd�°nnqr�
&�⟨y⟩ ≈ 0�4�ml�enq�⟨Fs⟩�)�=6�ml�enq��c �)�]mc =2�ml�enq�Q2�(�]r�vdkk�]r�
chffdqdms�rsddomdrr�ne�sgd�rknodr)�rgnvhmf�sg]s�sgdhq�rhfm]kr�]qd�hm,
cdodmcdms�]mc�ne�chffdqdms�nqhfhmr-

NoshlWk�nrbhkkWshnm�Wlokhstcd�enq�TK:,�RMNL
;r�ldmshnmdc�]anud)�]�rl]kk�u]ktd�ne���hr�]cu]ms]fdntr�enq�cdsdbshmf�
ghfgkx�knb]khydc�rhfm]kr-�Gnvdudq)�he���hr�snn�rl]kk)�sghr�vhkk�qdctbd�
sgd�rhfm]k,�sn,�mnhrd�q]shn�hm�sgd�knbj,�hm�cdsdbshnm-�Hs�hr�sgdqdenqd�hl,
onqs]ms�sn�dw]lhmd�sgd�noshl]k�nrbhkk]shnm�]lokhstcd�sn�nas]hm�sgd�
adrs�knb]khy]shnm�]s�]�qd]rnm]akx�ghfg�rhfm]k�kdudk-�Enq�sghr�otqonrd)�
vd�ld]rtqd� ]ooqn]bg�btqudr�vhsg�u]qhntr�u]ktdr�ne��- Ehftqd 2�
&;)�B)�]mc�D(�rgnvr�sgd�]ooqn]bg�btqudr�ne�⟨Fs⟩�)��c �)�]mc�Q2�)�qdrodb,
shudkx)�qdbnqcdc�rhltks]mdntrkx�nudq�sgd�;f&000(�rtqe]bd�enq���adsvddm�
/-0�]mc�4-/�ml-�;r�]�qdedqdmbd)�Fs±y(�btqud�vhsgnts�b]mshkdudq�nrbhkk]shnm�
hr�]krn�rgnvm�&Ehf- 2;)�ankc�ak]bj�btqud(-�;s�sgd�k]qfdrs�]lokhstcd�
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� ) 4�.�ml)�]kk�rhfm]kr�dwbddc�sgdhq�mnhrd�°nnqr�]s�ltbg�k]qfdq�sho�
gdhfgsr�&enq�dw]lokd)�⟨y⟩ ) 4�ml�enq�⟨Fs⟩�(�bnlo]qdc�sn�sgd�oknsr�]s�
knvdq���u]ktdr�&rdd�]krn Ehf- 1�]s�� ) 0�02�ml(-�hr�adg]uhnq�b]m�ad�
dwok]hmdc�ax� sho� sq]idbsnqx�ctqhmf� nrbhkk]shnm)� ]r� hkktrsq]sdc� ax� sgd�
rhmd�v]udr�cdohbsdc�nm�sno�ne Ehf- 2;-�;s�sgd�bknrdrs�⟨y⟩�)�vghbg�cd,
odmcr� nm��� ]r� cdrbqhadc� ]anud� &Ehf- 1;()� sgd� sho� sdlonq]qhkx� ]o,
oqn]bgdr� sgd� RSL� rdsonhms� chrs]mbd� ctqhmf� d]bg� nrbhkk]shnm� bxbkd)�
fhuhmf�qhrd�sn�rhfm]kr�hm�⟨Fs⟩�)��c �)�]mc�Q2�-�d�]ooqn]bg�btqudr�ne�⟨Fs⟩�
]mc��c �b]m�ad�bnmudqsdc�hmsn�sgd�hmrs]ms]mdntr�stmmdkhmf�btqqdms�Fs�
&Ehf- 2A(�]mc�udqshb]k�enqbd�A�&Ehf- 2C(�]s�sgd�anssnl�ne�sgd�nrbhkk],
shnm)� h-d-)�y ) ifm!y±p([�)�trhmf� sgd�R]cdq,�Rtfhlnsn�&55(�]mc�R]cdq,�
I]quhr�&56(�enqltk]d)�qdrodbshudkx-�d�bnmudqsdc�btqudr�]qd�bnmrhrsdms�
]s�]mx���)�bnqqnanq]shmf�sgd�rs]akd)�g]qlnmhb�lnshnm�ne�sgd�b]mshkdudq�
nrbhkk]shnm)�vghbg�hr�bqhshb]k�sn�dwsq]bs�qdkh]akd�r,�RMNL�rhfm]kr�tonm�
cdlnctk]shnm�&35(-�Mns]akx)�sgd�bnmudqrhnmr�]kknv�enq�sgd�du]kt]shnm�
ne� sgd� stmmdkhmf�bnmctbshuhsx�]mc� hmsdq]snlhb� enqbd� hm�m]qqnv�sho,�
r]lokd�f]or)�d-f-)�]s�y ) .�)�trhmf�]mx��-
Enq�r,�RMNL)�k]qfd���khlhsr�sgd�hmenql]shnm�]s�m]qqnv�sho,�r]lokd�

f]or)�tmkdrr�rtffibhdmskx�ghfg�g]qlnmhb�bg]mmdkr�]qd�trdc�&21) 31(-�
Gdqd)�vd�chrbtrr� sgd� ]bbdrrhahkhsx� ne� r,�RMNL�rhfm]kr� hm� ]� rl]kk�y�
q]mfd�ax�mnql]khyhmf�sgd��,�cdodmcdms�hmsdmrhsx�ne�sgd�knbj,�hm�rhf,
m]kr-�d�rb]ssdqdc�khfgs�hmsdmrhsx�I�)�vghbg�hr�lnctk]sdc�ax�sgd�b]m,
shkdudq�nrbhkk]shnm)�b]m�ad�dwoqdrrdc�ax�]�S]xknq�rdqhdr�]r

vgdqd�I±i(±⟨y⟩( ≡ ±−0(i
c
iI

cyi
∣y)⟨y⟩�-�d� knbj,�hm�rhfm]k�bnqqdronmcr�

sn�sgd�shld,�]udq]fdc�u]ktd�ne� sgd� hmots�rhfm]k�I�ltkshokhdc�vhsg�]�
rhmd,�v]ud�qdedqdmbd�rhfm]k�vhsg�]�eqdptdmbx�ne�mc �enq�sgd�m,�sg�g]q,
lnmhbr)�h-d-)

vgdqd�ϕm�cdmnsdr�sgd�og]rd�chffdqdmbd�adsvddm�sgd�hmots�]mc�qdedq,
dmbd�rhfm]kr�&rdd�sdws�R0(-�Eqnl Dpr- 0�]mc 1)�Qm�hr�rnkudc�]r

vgdqd�Sm+1f�cdmnsdr�sgd�bndffibhdms�enq�sgd�±m+1f(,�sg�cdqhu]shud�bnlon,
mdms)�vghbg�hr�ltbg�rl]kkdq�sg]m� 0

m = 1m
�&rdd�sdws�R0(-�Hm�sgd�b]rd�ne�EL,�

;EL)��� hr� bnmrs]ms� ]s� ]mx� y� ]mc� ]� rtffibhdmskx� knv��� dkhlhm]sdr� sgd�
bnmsqhatshnm� ne� ghfgdq� nqcdq� sdqlr-�dqdenqd)� sgd�Q2� ]ooqn]bg� btqud�
&Ehf- 2D(�b]m�ad�mnql]khydc�]r�I±2(±⟨y⟩( ) 36�−2Q2±⟨y⟩(�&Ehf- 2E8�rdd�
]krn�fif- R3�enq�nsgdq�m,�sg�g]qlnmhbr�btqudr�]mc�sgdhq�mnql]khy]shnm(-
;dq�mnql]khy]shnm)�]kk�]ooqn]bg�btqudr�qdbnqcdc�]s�chffdqdms���

xhdkc�sgd�r]ld�dwonmdmsh]k�⟨y⟩�cdodmcdmbd�ne�sgd�md]q,�fidkc�rhfm]k�
&Ehf-  2E()� gnvdudq)� vhsg� chffdqdms� mnhrd� kdudkr� ]mc�lhmhltl�chr,
s]mbdr�⟨y⟩�-�d�k]qfdrs�]lokhstcd�&�� ) 4�.�ml(�oqnuhcdr�ghfg�rhfm]k,�
sn,�mnhrd�q]shn)�ats�hs�lhrrdr�sgd�hmenql]shnm�adknv�⟨y⟩ ≈ 4�ml�]mc�
cndr�mns�]kknv�sn�dwsq]bs�sgd�ohbnb]uhsx,�dmg]mbdc�md]q,�fidkc�rhfm]k-�
Etqsgdqlnqd)�]s�rtbg�]�k]qfd���)�sgd�bnmsqhatshnm�ne�sgd�ghfgdq�nqcdq�
cdqhu]shud� bnlonmdmsr� &rdd� sgd� rdbnmc� sdql� nm� sgd� qhfgs� rhcd�
ne Dp- 2(�sn�Qm�hr�mn�knmfdq�mdfkhfhakd)�lnchexhmf�sgd�btqud�]ood]q,
]mbd�eqnl�sgd�nqhfhm]k�I±m(±⟨y⟩(�btqud�rg]od�&rdd�sdws�R0(-�Enq�sgdrd�
qd]rnmr)�snn�k]qfd�u]ktdr�ne���]qd�mns�rths]akd�enq�sgd�qdk]shudkx�knv�
g]qlnmhbr�cdsdbshnm)�rtbg�]r�m ) 0 sn 3�-�Hm�bnmsq]rs)�]s�sgd�rl]kkdrs�

]lokhstcd�� ) .�0�ml)�mn�r,�RMNL�rhfm]k�Q2�v]r�ld]rtq]akd�]anud�
sgd�mnhrd�°nnq� &hmrds� hm Ehf- 2E(-� Hsr�mnql]khydc�btqud�g]r�]m�]o,
oqnwhl]sdkx�4/�shldr�ghfgdq�mnhrd�hmsdmrhsx�sg]m�sgd�rhfm]kr�cdsdbsdc�
]s�ghfgdq���-�dqdenqd)�vd�bnmbktcd�sg]s�]lokhstcdr�ne�/-4�sn�0�ml�
]qd�noshl]k�enq�sgd�TK;,�RMNL�dwodqhldms]k�rdsto�trdc-�Mnsd�sg]s�
sghr�u]ktd�cdodmcr�nm�sgd�hmsdmrhsx�ne�khfgs�rb]ssdqhmf�eqnl�sgd�md]q,�
fidkc�]mc�sgd�rhfm]k�rdmrhshuhsx�ne� sgd� khfgs�cdsdbshnm�rdsto-�Ghfgdq�
bnkkdbshnm�dffibhdmbx�ne� sgd�rb]ssdqdc� khfgs� hr�dwodbsdc�sn�]kknv�enq�
r,�RMNL�rhfm]k�cdsdbshnm�vhsg�rl]kkdq��-

r,�RMNL�hlWfhmf�ne�Rh�lnmnkWwdq�hrkWmcr�nm�:f 000(
Sn�cdlnmrsq]sd�sgd�k]sdq]k�qdrnktshnm�]mc�noshb]k�bnmsq]rs�ne�TK;,�
RMNL)�vd�trd�]m�;f&000(�rtqe]bd�o]qsh]kkx�bnudqdc�ax�tksq]sghm�
Rh�hrk]mcr�&Ehf- 3;(-�;bbnqchmf�sn�sgd�RSL�]ood]q]mbd)�sgd�hrk]mcr)�
vghbg�o]qsh]kkx�bnudq sgd�sdqq]bdr�]mc�rsdo�dcfdr�&rdd�fif- R4;�enq�sgd�
nudquhdv�RSL�hl]fd()�]qd�]rbqhadc�sn�]lnqogntr�Rh�fiklr�&57(-�Mnsd�
sg]s�sgd�hrk]mcr�]ood]q�c]qjdq�hm�sgd�hl]fd�sg]m�sgd�;f�sdqq]bd�cd,
rohsd�adhmf�knb]sdc�nm�sgd�sdqq]bd-�hr�bnmsq]rs�nqhfhm]sdr�eqnl�sgd�
knvdq� knb]k�cdmrhsx�ne�rs]sdr�ne�Rh�bnlo]qd�sn�;f)�vghbg�bnlodsdr�
vhsg� sgd� snonfq]oghb� gdhfgs� chffdqdmbd-�d� bndwhrsdmbd� ne� sgd� Rh�
lnmnk]xdq�hrk]mcr�]mc�a]qd�;f�rtqe]bdr�lhmhlhydr�sgd�snonfq]oghb�
gdhfgs� cheedqdmbd� adsvddm� Rh� ]mc�;f� &Ehf- 3F()�vghkd� qds]hmhmf�
sgd�ok]rlnm�dmg]mbdldms�dffdbs�adsvddm� sgd�;f� sho�]mc�;f�rta,
rsq]sd�&58(-
Vd�qdbnqc�rhltks]mdntr�RSL)�EL,�;EL)�]mc�r,�RMNL�hl]fdr�ne�

sgd�r]lokd� &Ehf- 3)�;� sn�E(-�Ansg� sgd�PSE,�a]rdc�EL,�;EL�]mc� sgd�
ghfg�g]qlnmhb�knbj,�hm�cdsdbshnm�qdpthqd�q]sgdq�knmf�]bpthrhshnm�shldr�
&=2/� shldr� rknvdq� sg]m� sgd� rb]m� roddc� hm� rs]mc]qc� RSL� hl]fhmf�
lncd()�qdmcdqhmf�hl]fhmf�nudq�k]qfdq�]qd]r�]s�bnmrs]ms�sho�gdhfgs�bg]k,
kdmfhmf-�dqdenqd)�sgd�sho�gdhfgs�v]r�bnmsqnkkdc�ax�sgd�RSL�eddca]bj�
knno� sn� ]unhc� sgdql]k� cqh� ctqhmf� sgd� rknv� rb]m-�;r� rbgdl]shb]kkx�
rgnvm�hm Ehf- 3F)�sgd�rb]mmdc�]qd]�g]r�svn�Rh�hrk]mcr�o]qsh]kkx�bnudq,
hmf�]�;f�sdqq]bd-�Tmcdq�sgd�RSL�eddca]bj)�sgd�;f,�shoz;f,�rtqe]bd�f]or�
]qd�rkhfgskx�m]qqnvdq�ax�=4/�ol�sg]m�sgd�;f,�Rh�f]or�&sgd�snolnrs�khmd�
oqnfikd� hm Ehf- 3H�]mc�sgd�nq]mfd�cnssdc�btqud� hm Ehf- 3F(-�d�EL,�
;EL��c �l]o�&Ehf- 3A(�rgnvr�rdudq]k�c]qj�ronsr�hmrhcd�sgd�Rh�hrk]mcr)�
oqdrtl]akx�ctd�sn�Rh�]snlr.bktrsdqr�hm�sgd�Rh�lnmnk]xdq�]ssq]bshudkx�
hmsdq]bshmf�vhsg�sgd�;f�sho�&6�(-�Nm�sgd�nsgdq�knb]shnmr�hm�sgd�Rh�hrk]mc)�
sgd��c �u]ktd�hr�rhlhk]q�sn�sg]s�nudq�;f)�]mc�enqbdr�]ookhdc�nudq�;f�]mc�
Rh�]qd�]krn�bnlo]q]akd�Zrdd�fif- R5�enq�sgd��c ±⟨y⟩(�]mc�A±y(�btqudr[-�d�
chffdqdms� ]ood]q]mbd� hm� d]bg�l]o� rtffdrsr� sg]s� rhltks]mdntr� RSL.
EL,�;EL.r,�RMNL� l]oohmf� oqnuhcdr� bnlokdldms]qx� hmenql]shnm�
nm�sgd�rb]mmdc�]qd]�ctd�sn�sgd�chffdqdms�rhfm]k�nqhfhm�ne�d]bg�hl]fd-
Ehftqd 3�&B�sn�E(�rgnvr�r,�RMNL�hl]fdr�enq�chffdqdms�g]qlnmhbr�

Qm�-�d�hl]fd�]ood]q]mbd�bg]mfdr�vhsg�m�-�d�hl]fdr�ne�Q0�]mc�Q1�
&Ehf- 3)�D�]mc�E(�]qd�mns�rdmrhshud�sn�sgd�oqdrdmbd�ne�sgd�Rh�hrk]mcr-�
d�lhcckd�okns�ne Ehf- 3H�rgnvr�sgd�khmd�oqnfikd�ne�sgd�Q0�l]o�nudq�]�
antmc]qx� adsvddm�;f� ]mc� Rh� &cnssdc� khmd� hm Ehf-  3B()�vgdqd� sgd�
antmc]qx�fhudr�mn�rhfm]k�bg]mfd-�d�Rh�hrk]mc�nm�sgd�kd�rhcd�hm�sgd�
l]or�&Ehf- 3)�B�]mc�C(�hr�hl]fdc�rkhfgskx�aqhfgsdq�sg]m�sgd�a]qd�;f)�
vghbg�hr�oqdrtl]akx�]ssqhatsdc�sn�sgd�snonfq]oghb�]qshe]bs8� sgd�sho�
gdhfgs�nudq�Rh�hr�rkhfgskx�knvdq�sg]m�;f�&Ehf- 3F()�oqnuhchmf�sgd�e]hms�
rhfm]k�chffdqdmbd-�d�snonfq]oghb�dffdbs�nm�Q0�]mc�Q1�v]r�bnmfiqldc�
ax�l]oohmf�]bqnrr�]m�;f�rsdo�&rdd�sdws�R1(-�Nm�sgd�bnmsq]qx)�]s�ghfg,
dq�g]qlnmhbr�Q2�&Ehf- 3D(�]mc�Q3�&Ehf- 3E()�sgd�hl]fd�bnmsq]rs�bg]mf,
dr� ]r� sgd�Rh� hrk]mcr�mnv�dwghahs�c]qjdq� sg]m� sgd�;f� sdqq]bdr-�hr�
bnmsq]rs�hr�noonrhsd�ne�sgd�snonfq]oghb�]qshe]bs�dffdbs)�rsqnmfkx�hmch,
b]shmf�sg]s�sgd�hl]fdr�ne�Q2�]mc�Q3�]qd�rdmrhshud�sn�bg]mfdr�hm�sgd�kn,
b]k�chdkdbsqhb�dmuhqnmldms�b]trdc�ax�sgd�Rh�hrk]mcr-

A!t±n([)A
�
⟨t⟩+�rfm

�
1πSn



)
∞

i).

±−�(i

i=
A±i(±⟨t⟩(rfmi

�
1πSn

 &0(

Pm±⟨t⟩( )
�
A!t±n([rfm

�
1πmSn+ϕm


&1(

Qm±⟨y⟩( )
0

m =1m
�mI±m(±⟨y⟩( +

∞�

f)0

Sm+1f�
m+1fI±m+1f(±⟨y⟩( &2(

D
ow

nloaded from
 https://w

w
w

.science.org at U
niversidad del Pais V

asco on June 24, 2025



RghnsZqh�ds�Vi-*�Rah-�.cu-�00*�dZct0304� 1/14(�����00�Itmd�1/14

R B H D M B D � @ C U@ M B D R � � � Q D R D @ Q B G � @ Q S H B K D

4�ne�7

d�m� cdodmcdmbd� ne� sgd� r,�RMNL�]ood]q]mbd� ]fqddr�vhsg� sgd�
bnllnm�tmcdqrs]mchmf�sg]s� sgd� knb]khydc�md]q,�fidkc�rhfm]k� hr�oqd,
cnlhm]mskx�cdsdbsdc�]s�ghfg�m�&12) 21) 27) 31(-�d�knvdq�g]qlnmhbr�
]qd�mns� rdmrhshud� sn� sgd�tksq]bnmfimdc�md]q,�fidkc� hm� sgd�0,�ml,�rb]kd�
f]o-�Gdmbd)�vgdqd]r�sgd�hl]fd�]ood]q]mbdr�ne�Q0�]mc�Q1�]qd�cnlh,
m]sdc�ax� snonfq]oghb� ]qshe]bsr)� sgd� hl]fdr� ne�Q2� ]mc�Q3� rgnv� sqtd�
noshb]k)�h-d-)�chdkdbsqhb)�l]sdqh]k�bnmsq]rs-�hr�hr�etqsgdq�bnqqnanq]sdc�
ax�sgd�nardqu]shnm�sg]s�]m�]snlhb,�rb]kd�rsqtbstq]k�bg]mfd�hm�sgd�sho�
]odw�lnchfidr� sgd�l]fmhstcd�ne� sgd�l]sdqh]k�bnmsq]rs� &rdd� sdws�R1�
]mc�fif- R4(-
Ehftqd 3G�rgnvr�Q3�]ooqn]bg�btqudr�qdbnqcdc�nudq�]�;f�sdqq]bd�

]mc�]�Rh�hrk]mc�nm�hs)�]krn�hmchb]shmf�sg]s�sgd�Q3�rhfm]k�nudq�Rh�hr�rl]kk,
dq�sg]m�sg]s�nudq�;f�]s�rl]kk�⟨y⟩�-�hr�sqdmc�hr�bnmrhrsdms�vhsg�oqduh,
ntr�b]kbtk]shnmr�&13) 27(�qdonqshmf�sg]s�]s�522�ml)�;f�fhudr�]�k]qfdq�
rb]ssdqhmf�hmsdmrhsx�hm�Qm�sg]m�Rh�ctd�sn�sgd�chffdqdmbd�hm�sgd�qd]k�o]qs�
ne�sgd�chdkdbsqhb�bnmrs]ms�&�−05 + f.�1�enq�;f�udqrtr�04 + f.�1�enq�Rh(-�

Bnmrhcdqhmf� sg]s� sgd� hl]fd�bnmsq]rs�nqhfhm]sdr�nmkx� eqnl�]� rhmfkd�
]snlhb�k]xdq�ne�Rh)� sgd�bnmsq]rs�adsvddm�sgd�svn�rtqe]bd�qdfhnmr�hr�
pthsd�mns]akd-
Vd�mnsd� sg]s�ntq� hlokdldms]shnm�ne�TK;,�RMNL�hr�a]rdc�nm�]�

rdke,�gnlncxmd�rbgdld�&rdd�fif- R0()�vghbg�]qhrdr� eqnl�sgd� hmsdqedq,
dmbd�adsvddm�sho,�knb]khydc�rb]ssdqhmf�]mc�a]bjfqntmc�rb]ssdqhmf�&11(-�
Hm�ntq�r,�RMNL�hl]fhmf)�mdudqsgdkdrr)�sgd�kdmfsg�rb]kdr�ne�sgd�b]mshkd,
udq�nrbhkk]shnm�]lokhstcd)�sho,�r]lokd�f]o�chrs]mbd)�]mc�rb]mmdc�rhyd�
]qd� ltbg� rl]kkdq� sg]m� sgd� v]udkdmfsg� ne� sgd� khfgs� &�� � λ]5..�()�
vgdqd� sgd� ]lokhstcd� ]mc� og]rd� ne� sgd� a]bjfqntmc�fidkc� rgntkc� ad�
bnmrs]ms-�hr� hm�o]qs� hr e]bhkhs]sdc�ax� sgd�EHA,�onkhrgdc� sho� ]mc� sgd�
]snlhb]kkx�ek]s�rhmfkd,�bqxrs]kkhmd�rtqe]bd�tmcdq�TGU�bnmchshnmr)�
vghbg�rtars]msh]kkx�qdctbd�tmbnmsqnkkdc�rb]ssdqhmf-�Etqsgdqlnqd)�sgd�
]enqdldmshnmdc�qdrtksr�ne�sgd�m,�cdodmcdms�r,�RMNL�hl]fdr�&Ehf- 3)�B�
sn�E(� ]mc� sgd� bnmrhrsdmbx�ne� sgd�;f.Rh� bnmsq]rs�vhsg� sgd�mtldqhb]k�
oqdchbshnm�&13) 27(�rtoonqs�sg]s�sgd�a]bjfqntmc�dffdbs�]knmd�b]mmns�
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5�ne�7

]bbntms�enq�sgd�nardqudc�bnmsq]rs-�TK;,�RMNL�hr)�hm�oqhmbhokd)�bnl,
o]shakd�vhsg�hmsdqedqnldsqhb�cdsdbshnm�ldsgncr�rtbg�]r�ordtcn,�
gdsdqncxmd)�vghbg�g]ud�addm�drs]akhrgdc�sn�oqnuhcd�]lokhstcd,��]mc�
og]rd,�qdrnkudc�qdronmrdr�hm�]�etkkx�a]bjfqntmc,�eqdd�l]mmdq�&11) 60(-�
Bnlahmhmf�TK;,�RMNL�vhsg�rtbg�hmsdqedqnldsqhb�sdbgmhptdr�nffdqr�
sgd�onsdmsh]k�enq�]�etkk�bg]q]bsdqhy]shnm�ne�sgd�chdkdbsqhb�etmbshnm�]s�sgd�
]snlhb�rb]kd-
K]rs)�vd�drshl]sd�sgd�k]sdq]k�qdrnktshnm�ne�r,�RMNL�]mc�bnlo]qd�hs�

sn�sg]s�ne�RSL�ax�s]jhmf�khmd�oqnfikdr�]knmf�sgd�hl]fdr�]bqnrr�]�l]sd,
qh]k�antmc]qx-�d�anssnllnrs�okns�hm Ehf- 3H�rgnvr�sgd�khmd�oqnfikd�ne�
sgd�Q3�rhfm]k�qdbnqcdc�rhltks]mdntrkx�vhsg�sgd�RSL�snonfq]ogx�&sno,
lnrs�okns(-�d�e]hms�nrbhkk]shnm�ro]mmhmf�nudq�]�edv�m]mnldsdqr�hm�
sgd�RSL�khmd�oqnfikd�oqdrtl]akx�nqhfhm]sdr�eqnl�Eqhdcdk�nrbhkk]shnmr�
nm�;f&000(� &61(-�Ansg�oqnfikdr�dwghahs� rsdo� rg]odr�]s� sgd�antmc]qx�
adsvddm�;f�]mc�Rh)� hm�bnmsq]rs� sn�sgd�oqnfikd�ne�Q0�vhsgnts�l]sdqh]k�
bnmsq]rs�&lhcckd�okns�hm Ehf- 3H(-�Sn�pt]mshs]shudkx�du]kt]sd�sgd�k]sdq]k�
qdrnktshnm)�vd�bnmctbsdc�sgd�od]j�fisshmf�]m]kxrhr�ne�sgd�khmd�oqnfikdr)�
]r� hm� oqduhntr� rstchdr� &27)  3�)  30(-�Vd� trd� ]m� dqqnq� etmbshnm)�
x±t( ) x. + S doe

�
t−t.√
1σ


�)�vgdqd�x±t(�hr�sgd�rhfm]k�oqnfikd)�x.�]mc�S�]qd�

sgd�nffrds�]mc�rsdo,�gdhfgs�bndffibhdms)�qdrodbshudkx)�t.�hr�sgd�antmc]qx�
onrhshnm)�]mc�σ�cdmnsdr�sgd�etkk�vhcsg�]s�g]ke�l]whltl-�d�fisshmf�
&rnkhc� btqudr� hm  Ehf-  3H(� qdrtksr� hm� σ ) .�28 + .�15� enq� RSL� ]mc�
0�.5 + .�02�ml�enq�r,�RMNL�Q3�-�d�nardqudc�chffdqdmbd�hm sgd�ro]sh]k�
qdrnktshnm�adsvddm�RSL�]mc�r,�RMNL�oqnuhcdr�etqsgdq�duhcdmbd�sg]s�
sgd�bnmsq]rs�hm�sgd�ghfgdq,�g]qlnmhbr�r,�RMNL�hl]fdr�hr�mns�b]trdc�
ax�snonfq]oghb�sho,�gdhfgs�bg]mfdr�nq�sho�lnshnm�&62(�ats�qdud]kr�sqtd�
noshb]k�bnmsq]rs-�d�]ahkhsx�sn�qdrnkud�noshb]k�bnmsq]rs�vhsg�]�ro]sh]k�
qdrnktshnm�]r�rl]kk�]r�0�ml�hm�dk]rshb�khfgs�rb]ssdqhmf�oqnuhcdr�]m�]o,
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mdZq,�fidkc�hmsdqZbshnmr�hm�mZmn,�ESHQ�uhaqZshnmZk�rodbsqnrbnox�nm�rhmfkd�oqnsdhmr-�MVmn�
Jdss-�13*�725“732� 1/13(-

� 22-� Q-�IZbna*�R-�Vhmmdqk*�L-�EdgqdmaZbgdq*�I-�AgZssZbgZqxxZ*�G-�Rbgmdhcdq*�L-�S-�Vdmydk*��
G-,�F-�unm�Qhaadbj*�K-�L-�Dmf*�O-�@sjhmrnm*�N-�F-�Rbglhcs*�L-�Gdkl*�Hmsdqrtakdudk�
rodbsqnrbnox�nm�rhmfkd�Hm@r,�ptZmstl�cnsr�ax�sdqZgdqsy�mdZq,�fidkc�lhbqnrbnox-�MVmn�Jdss-�
01*�3225“323/� 1/01(-

� 23-� L-�Dhrdkd*�S-�K-�Bnbjdq*�L-�@-�Gtadq*�L-�OkZmjk*�K-�Uhsh*�C-�DqbnkZmh*�K-�RnqaZ*�L-�R-�Uhshdkkn*��
Q-�Gtadq*�TksqZeZrs�ltksh,�sdqZgdqsy�mZmn,�rodbsqnrbnox�vhsg�rta,�bxbkd�sdlonqZk�
qdrnktshnm-�MVs-�Ognsnmhar�7*�730“734� 1/03(-

� 24-� L-�Yhykrodqfdq*�R-�Mdqqdsdq*�P-�XtZm*�J-�A-�KnglZmm*�E-�RZmcmdq*�E-�Rbghdfk*�B-�Ldhmdjd*��
X-�@-�FdqZrhldmjn*�K-�L-�Gdqy*�S-�RhcZx*�L-�@-�Gtadq*�L-�A-�Ingmrsnm*�Q-�Gtadq*�Hm�rhst�
mZmnrbnox�ne�rhmfkd,�fqZhm�mZmnlnqognknfx�Zmc�tksqZeZrs�bZqqhdq�cxmZlhbr�hm�ldsZk�
gZkhcd�odqnurjhsdr-�MVs-�Ognsnmhar�07*�864“870� 1/13(-

� 25-� E-�YdmgZtrdqm*�X-�LZqshm*�G-�J-�VhbjqZlZrhmfgd*�RbZmmhmf�hmsdqedqnldsqhb�Zodqstqdkdrr�
lhbqnrbnox9�NoshbZk�hlZfhmf�Zs�0/�@mfrsqnl�qdrnktshnm-�Rahdmad�158*�0/72“0/74� 0884(-

� 26-� I-�Jnfkhm*�T-�B-�Ehrbgdq*�G-�Etbgr*�LZsdqhZk�bnmsqZrs�hm�rbZmmhmf�mdZq,�fidkc�noshbZk�
lhbqnrbnox�Zs�0“0/�ml�qdrnktshnm-�Ogxr-�Pdu-�A�44*�6866“6873� 0886(-

� 27-� Q-�GhkkdmaqZmc*�E-�JdhklZmm*�LZsdqhZk,�rodbhfib�lZoohmf�ne�ldsZk.rdlhbnmctbsnq.chdkdbsqhb�
mZmnrxrsdlr�Zs�0/ ml�qdrnktshnm�ax�aZbjrbZssdqhmf�mdZq,�fidkc�noshbZk�lhbqnrbnox-�.ooi-�
Ogxr-�Jdss-�7/*�14“16� 1//1(-

� 28-� E-�Gtsg*�@-�FnuxZchmnu*�R-�@lZqhd*�V-�MtZmrhmf*�E-�JdhklZmm*�Q-�GhkkdmaqZmc*�MZmn,�ESHQ�
Zarnqoshnm�rodbsqnrbnox�ne�lnkdbtkZq�fimfdqoqhmsr�Zs�1/�ml�roZshZk�qdrnktshnm-�MVmn�Jdss-�
01*�2862“2867� 1/01(-

� 3/-� J-,�S-�Khm*�R-�JnlhxZlZ*�X-�JZihgZqZ*�Sho�rhyd�cdodmcdmbd�ne�oZrrhud�mdZq,�fidkc�lhbqnrbnox-�
Nos-�Jdss-�30*�373“376� 1/05(-

� 30-� R-�LZrsdk*�@-�@-�FnuxZchmnu*�B-�LZhrrdm*�@-�Bgtuhkhm*�@-�Adqfdq*�Q-�GhkkdmaqZmc*�
TmcdqrsZmchmf�sgd�hlZfd�bnmsqZrs�ne�lZsdqhZk�antmcZqhdr�hm�HQ�mZmnrbnox�qdZbghmf�4�ml�
roZshZk�qdrnktshnm-�.BR�Ognsnmhar�4*�2261“2267� 1/07(-

� 31-� E-�VZmf*�R-�XZmf*�R-�Kh*�R-�YgZn*�A-�Bgdmf*�B-�WhZ*�Ghfg�qdrnktshnm�Zmc�ghfg�rhfmZk,�sn,�mnhrd�
qZshn�hlZfhmf�vhsg�mdZq,�fidkc�ghfg,�nqcdq�noshbZk�rhfmZkr-�MVmn�Pdr-�04*�7234“724/� 1/11(-

� 32-� D-�Adsyhf*�Q-�I-�Bghbgdrsdq* Rhmfkd�lnkdbtkdr�nardqudc�ax�mdZq,�fidkc�rbZmmhmf�noshbZk�
lhbqnrbnox-�Rahdmad�151*�0311“0314� 0882(-

� 33-� Y-�YZeZq*�R-�Xh*�I-�Kh*�B-�Kh*�X-�Ygt*�@-�YZcZ*�V-�XZn*�Y-�Kht*�W-�Xtd*�Qdbdms�cdudknoldms�hm�
cdedbsr�dmfhmddqdc�ognsnbZsZkxrsr9�@m�nudquhdv�ne�sgd�dwodqhldmsZk�Zmc�sgdnqdshbZk�
rsqZsdfhdr-�Cmdpfx�Cmuhpnm-�LVsdp-�4*�57“003� 1/11(-

� 34-� Q-�Jqtsnjgunrsnu*�@-�@-�FnuxZchmnu*�I-�L-�Rshdfkdq*�E-�Gtsg*�@-�Bgtuhkhm*�O-�R-�BZqmdx*��
Q-�GhkkdmaqZmc*�DmgZmbdc�qdrnktshnm�hm�rtartqeZbd�mdZq,�fidkc�noshbZk�lhbqnrbnox-�Nos-�Cvo-�
1/*�482“5//� 1/01(-

� 35-� Q-�DrsdaZm*�Q-�UnfdkfdrZmf*�J-�Jdqm*�Etkk�rhltkZshnmr�ne�sgd�Zodqstqdkdrr�rbZmmhmf�mdZq�
fidkc�noshbZk�lhbqnrbnox�rhfmZk9�@bghduZakd�qdrnktshnm�Zmc�bnmsqZrs-�Nos-�Cvo-�06*�
1407“1418� 1//8(-

� 36-� E-�LnnrgZlldq*�L-�@-�Gtadq*�E-�RZmcmdq*�L-�OkZmjk*�L-�Yhykrodqfdq*�Q-�Gtadq*�PtZmshexhmf�
mZmnrbZkd�dkdbsqnlZfmdshb�fidkcr�hm�mdZq,�fidkc�lhbqnrbnox�ax�Entqhdq�cdlnctkZshnm�
ZmZkxrhr-�.BR�Ognsnmhar�6*�233“240� 1/1/(-

� 37-� @-�LZmmnmh*�E-�Ptdqbhnkh*�A-�Shqhahkkh*�B-�@rbnkh*�O-�AZrbghdqh*�B-�EqdchZmh*�LdZrtqhmf�
snonfqZogx�Zmc�qdeqZbshud�hmcdw�ne�bgZmmdk�vZudfthcdr�vhsg�Z gxaqhc�@EL,�RMNL-�I-�
Jhfgs-�Sdagmni-�05*�277“283� 0887(-

� 38-� Q-�GhkkdmaqZmc*�L-�RsZqj*�Q-�Ftbjdmadqfdq*�Ghfgdq,�gZqlnmhbr�fdmdqZshnm�hm�sZoohmf,�lncd�
Zsnlhb,�enqbd�lhbqnrbnox9�Hmrhfgsr�hmsn�sgd�sho“rZlokd�hmsdqZbshnm-�.ooi-�Ogxr-�Jdss-�65*�
2367“237/� 1///(-

� 4/-� @-�Adj*�Q-�UnfdkfdrZmf*�J-�Jdqm*�NoshbZk�mnmkhmdZqhsx�udqrtr�ldbgZmhbZk�ZmgZqlnmhbhsx�
bnmsqZrs�hm�cxmZlhb�lncd�Zodqstqdkdrr�rbZmmhmf�mdZq,�fidkc�noshbZk�lhbqnrbnox-�.ooi-�
Ogxr-�Jdss-�76*�052004� 1//4(-

� 40-� S-�Q-�@kaqdbgs*�O-�Fqössdq*�C-�Gnqmd*�C-�QtfZq*�Eqdptdmbx�lnctkZshnm�cdsdbshnm�trhmf�
ghfg,�P�bZmshkdudqr�enq�dmgZmbdc�enqbd�lhbqnrbnod�rdmrhshuhsx-�I-�.ooi-�Ogxr-�58*�557“562�
 0880(-

� 41-� E-�I-�Fhdrrhak*�Ghfg,�roddc�enqbd�rdmrnq�enq�enqbd�lhbqnrbnox�Zmc�oqnfiknldsqx�tshkhyhmf�Z�
ptZqsy�stmhmf�enqj-�.ooi-�Ogxr-�Jdss-�62*�2845“2847� 0887(-

� 42-� E-�I-�Fhdrrhak*�Sgd�pOktr�rdmrnq*�Z�onvdqetk�bnqd�enq�sgd�Zsnlhb�enqbd�lhbqnrbnod-�Pdu-�Rah-�
Emrsptl-�8/*�/000/0� 1/08(-

� 43-� S-�RhcZx*�I-�GZxdr*�E-�Rbghdfk*�E-�RZmcmdq*�O-�Ldmcdm*�U-�AdqfaZtdq*�L-�Yhykrodqfdq*��
R-�Mdqqdsdq*�R-�Khmfk*�I-�Qdoo*�I-�Vhkgdkl*�L-�@-�Gtadq*�X-�@-�FdqZrhldmjn*�Q-�Gtadq*�
@kk,�noshbZk�rtabxbkd�lhbqnrbnox�nm�Zsnlhb�kdmfsg�rbZkdr-�MVstpd�518*�218“223� 1/13(-

� 44-� T-�B-�Ehrbgdq*�C-�V-�Ongk*�NardquZshnm�ne�rhmfkd,�oZqshbkd�okZrlnmr�ax�mdZq,�fidkc�noshbZk�
lhbqnrbnox-�Ogxr-�Pdu-�Jdss-�51*�347“350� 0878(-

� 45-� E-�Gtsg*�@-�Bgtuhkhm*�L-�Rbgmdkk*�H-�@ldmZaZq*�Q-�Jqtsnjgunrsnu*�R-�KnoZshm*�Q-�GhkkdmaqZmc*�
QdrnmZms�ZmsdmmZ�oqnadr�enq�sho,�dmgZmbdc�hmeqZqdc�mdZq,�fidkc�lhbqnrbnox-�MVmn�Jdss-�02*�
0/54“0/61� 1/02(-

� 46-� Q-,�G-�IhZmf*�B-�Bgdm*�C-,�Y-�Khm*�G-,�B-�Bgnt*�I-,�X-�Bgt*�S-,�I-�Xdm*�MdZq,�fidkc�okZrlnmhb�oqnad�
vhsg�rtodq�qdrnktshnm�Zmc�ghfg�sgqntfgots�Zmc�rhfmZk,�sn,�mnhrd�qZshn-�MVmn�Jdss-�07*�
770“774� 1/07(-

� 47-� I-�Cóqhmf*�G-,�F-�unm�Qhaadbj*�L-�EdgqdmaZbgdq*�R-�B-�Jdgq*�K-�L-�Dmf*�MdZq,�fidkc�qdrnmZmbd�
rghesr�ne�edqqndkdbsqhb�aZqhtl�shsZmZsd�cnlZhmr�tonm�knv,�sdlodqZstqd�ogZrd�sqZmrhshnm-�
.ooi-�Ogxr-�Jdss-�0/4*�/420/8� 1/03(-

� 48-� L-�CZonkhsn*�W-�Bgdm*�B-�Kh*�L-�Srtmdsn*�R-�YgZmf*�W-�Ct*�L-�Kht*�@-�FnyZq*�RbZssdqhmf,�sxod�
rbZmmhmf�mdZq,�fidkc�noshbZk�lhbqnrbnox�vhsg�@jhxZlZ�ohdyn,�oqnadr-�.ooi-�Ogxr-�Jdss-�01/*�
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45*�/7KA/2� 1/06(-

52-� R-�Kht*�L-�Lökkdq*�X-�Rtm*�H-�GZlZcZ*�@-�GZlltc*�L-�Vnke*�S-�JtlZfZh*�Qdrnkuhmf�sgd�
bnqqdkZshnm�adsvddm�sho,�dmgZmbdc�qdrnmZmbd�QZlZm�rbZssdqhmf�Zmc�knbZk�dkdbsqnmhb�
rsZsdr�vhsg�0�ml�qdrnktshnm-�MVmn�Jdss-�08*�4614“4620� 1/08(-

53-� X-,�g-�YgZmf*�O-�VZgk*�J-�Jdqm*�PtZmstl�onhms�bnmsZbs�lhbqnrbnox-�MVmn�Jdss-�00*�
2727“2732� 1/00(-

54-� L-�Sdqmdr*�B-�Fnmyákdy*�B-�O-�Ktsy*�O-�GZoZkZ*�E-�I-�Fhdrrhak*�O-�Idkámdj*�@-�I-�Gdhmqhbg*�HmsdqokZx�
ne�bnmctbsZmbd*�enqbd*�Zmc�rsqtbstqZk�bgZmfd�hm�ldsZkkhb�onhms�bnmsZbsr-�Ogxr-�Pdu-�Jdss-�
0/5*�/057/1� 1/00(-

55-� I-�D-�RZcdq*�X-�Rtfhlnsn*�@bbtqZsd�enqltkZ�enq�bnmudqrhnm�ne�stmmdkhmf�btqqdms�hm�cxmZlhb�
Zsnlhb�enqbd�rodbsqnrbnox-�.ooi-�Ogxr-�Jdss-�86*�/324/1� 1/0/(-

56-� I-�D-�RZcdq*�R-�O-�IZquhr*�@bbtqZsd�enqltkZr�enq�hmsdqZbshnm�enqbd�Zmc�dmdqfx�hm�
eqdptdmbx�lnctkZshnm�enqbd�rodbsqnrbnox-�.ooi-�Ogxr-�Jdss-�73*�07/0“07/2��
 1//3(-

� 57-� C-�Rnknmdmjn*�N-�C-�FnqcZm*�F-�Kd�KZx*�C-�Q-�S-�YZgm*�O-�Unfs*�Bnloqdgdmrhud�QZlZm�rstcx�
ne�dohsZwhZk�rhkhbdmd,�qdkZsdc�ogZrdr�nm�@f 000(-�Adhirsdhm�I-�MVmnsdagmni-�7*�0246“0254�
 1/06(-

� 58-� I-�E-�Rbgtksy*�M-�IhZmf*�BgZqZbsdqhyZshnmr�ne�svn,�chldmrhnmZk�lZsdqhZkr�vhsg�bqxnfdmhb�
tksqZghfg�uZbttl�mdZq,�fidkc�noshbZk�lhbqnrbnox�hm�sgd�uhrhakd�qZmfd-�I-�TVa-�Rah-�Sdagmni- .�
3/*�/3/7/0� 1/11(-

� 6/-� Y-�LZiyhj*�L-�Q-�SbgZkZkZ*�L-�©udb*�O-�GZoZkZ*�G-�Dmqhptdy*�@- JZqZ*�@-�I-�LZxmd*�F-�CtiZqchm*��
O-�Idkámdj*�G-�NtfgZccnt*�Bnlahmdc�@EL�Zmc�RSL�ldZrtqdldmsr�ne Z�rhkhbdmd�rgdds�
fqnvm�nm�sgd�@f 000(�rtqeZbd-�I-�Ogxr-�Bnmcdmr-�LVssdp�14*�1142/0� 1/02(-

� 60-� M-�Nbdkhb*�@-�Gtadq*�Q-�GhkkdmaqZmc*�Ordtcngdsdqncxmd�cdsdbshnm�enq�aZbjfqntmc,�eqdd�
mdZq,�fidkc�rodbsqnrbnox-�.ooi-�Ogxr-�Jdss-�78*�0/0013� 1//5(-

� 61-� X-�GZrdfZvZ*�O-�@untqhr*�Chqdbs�nardquZshnm�ne�rsZmchmf�vZud�enqlZshnm�Zs�rtqeZbd�rsdor�
trhmf�rbZmmhmf�stmmdkhmf�rodbsqnrbnox-�Ogxr-�Pdu-�Jdss-�60*�0/60“0/63� 0882(-

� 62-� A-�Gdbgs*�G-�Ahdkdedkcs*�X-�Hmntxd*�C-�V-�Ongk*�K-�Mnunsmx*�EZbsr�Zmc�ZqsheZbsr�hm�mdZq,�fidkc�
noshbZk�lhbqnrbnox-�I-�.ooi-�Ogxr-�70*�1381“1387� 0886(-

� 63-� G-�AóbjlZmm*�L-�Lökkdq*�@-�GZlltc*�L-,�F-�Vhkkhmfdq*�L-�OrynmZ*�I-�VZktj*�L-�Vnke*��
S-�JtlZfZh*�MdZq,�fidkc�rodbsqZk�qdronmrd�ne�noshbZkkx dwbhsdc�rbZmmhmf�stmmdkhmf�
lhbqnrbnod�itmbshnmr�oqnadc�ax�rhmfkd,�lnkdbtkd�Zbshnm�rodbsqnrbnox-�I-�Ogxr-�Bgdl-�Jdss-�
0/*�1/57“1/63� 1/08(-

� 64-� R-�GdlaZbgdq*�E-�I-�Fhdrrhak*�I-�LZmmgZqs*�Enqbd�lhbqnrbnox�vhsg�khfgs,�Zsnl�oqnadr-�
Rahdmad�2/4*�27/“272� 1//3(-

� 65-� E-�I-�Fhdrrhak*�Ghfgdq,�gZqlnmhb�Zsnlhb�enqbd�lhbqnrbnox-�Rtpe-�EmsdpeVad�.mVi-�27*�
0585“06/0� 1//5(-
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