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Dffibhdms�]mc�rtrs]hm]akd�sdbgmhptdr�enq�rdo]q]shmf�v]sdq, ]kbngnk�lhwstqdr�]qd�hm�ghfg�cdl]mc�hm�sgd�hmctrsqx-�
Qdbdms�qdrd]qbg�g]r�qdud]kdc�sg]s�m]mnsdbgmnknfx�bntkc�ad�sgd�noshl]k�rnktshnm-�Hm�sghr�rstcx*�vd�hmudrshf]sd�
gnv�sgd�vhcsg�ne�]�m]mn,bnm˙mhmf�fq]ogdmd�rkhs,onqd�]ˇdbsr�sgd�˙ksq]shnm�]mc�otqh˙b]shnm�ne�v]sdq,ldsg]mnk�
lhwstqdr-�Trhmf�Lnkdbtk]q�Cxm]lhbr�rhltk]shnmr�ne�]�bn]qrd,fq]hmdc�lncdk�enq�lhwstqdr�bnms]hmhmf�to�sn�14�
odqbdms�ldsg]mnk*�vd�entmc�sg]s�rodbh˙b�onqd�rhydr�rdfqdf]sd�sgd�svn�bnlonmdmsr*�vhsg�v]sdq�adhmf�oqdedqqdc�
hm�sgd�bdmsdq�]mc�ldsg]mnk�]bbtltk]shmf�md]q�sgd�gxcqnognahb�v]kkr-�@ksdqhmf�sgd�onqd�vhcsg�]krn�]ˇdbsr�mnm,
lnmnsnmhb]kkx�sgd�chˇtrhuhsx�ne�d]bg�bnlonmdms*�vhsg�v]sdq�chˇtrhmf�e]rsdq�sg]m�ldsg]mnk-�Gdmbd*�noshl]k�onqd�
rhyd*�kdudq]fhmf�rdfqdf]shnm�]mc�chˇtrhnm�chˇdqdmbdr*�b]m�dm]akd�sgd�rtbbdrretk�dwsq]bshnm�ne�ansg�bnlonmdmsr-�
Gnvdudq*�sgd�rxrsdl�qdpthqdr�dwsdqm]k�enqbdr�]mc�vnqj�sn�l]hms]hm�ldbg]mhb]k�rs]ahkhsx�]s�rodbh˙b�onqd�vhcsgr-�
Ntq�qdrd]qbg�hmchb]sdr�sg]s�01.4�@ onqd�rhyd�l]whlhydr�ogxrhb]k�rdo]q]shnm*�dmrtqhmf�sg]s�sgd�dmdqfx�bnrs�ne�]�
˙ksdqhmf�fq]ogdmd�ldlaq]md�hr�lhmhlhydc-

0-� Fmspnctbshnm

Lhwstqdr�ne�v]sdq�]mc�ldsg]mnk�]qd�vhcdkx�tshkhydc�hm�u]qhntr�oqn,
bdrrdr�hm�sgd�bgdlhb]k�Z0[*�ennc*�]mc�og]ql]bdtshb]k�hmctrsqhdr�Z1[*�]r�
vdkk�]r�hm�ahnetdk�oqnctbshnm�Z2[-�Gnvdudq*�sq]chshnm]k�ldsgncr�enq�rdo,
]q]shmf�sgdrd�lhwstqdr*�rtbg�]r�chrshkk]shnm*�b]m�ad�hmdffibhdms�]mc�dwodm,
rhud-�@r�]�qdrtks*�qdrd]qbgdqr�g]ud�stqmdc�sgdhq�]ssdmshnm�sn�ldlaq]md�
˙ksq]shnm�sdbgmnknfx�]r�]�onsdmsh]k rnktshnm�enq�lnqd�bnrs,dˇdbshud�]mc�
dffibhdms�rdo]q]shnm�Z3[-
Fq]ogdmd�]mc�hsr�cdqhu]shud*�d-f-*�fq]ogdmd�nwhcd*�]qd�f]hmhmf�rhf,

mh˙b]ms�hmsdqdrs�ctd�sn�sgdhq�dwbdoshnm]k�oqnodqshdr*�hmbktchmf ghfg�fidw,
hahkhsx*�rshˇmdrr*�]mc�sgdql]k�bnmctbshuhsx�Z4[-�Sgdrd�oqnodqshdr�l]jd�
hs�]�oqnlhrhmf�l]sdqh]k�enq�˙ksq]shnm�sdbgmnknfx-�Nmd�bqtbh]k�]rodbs�ne�
ldlaq]md�̇ ksq]shnm�hr�sgd�gxcqnognahbhsx�nq�gxcqnoghkhbhsx�ne�sgd�l]sd,
qh]k�Z5[-�Gnvdudq*�]ookxhmf�rhlokd�oqnbdrrdr�rtbg�]r�bgdlhb]k�qdctbshnm�
Z6[*�nq�sgdql]k�]mmd]khmf�Z7[ b]m�]ksdq�gxcqnoghkhb�l]sdqh]kr�sn�adbnld�
lnqd�gxcqnognahb�vghkd�rshkk�l]hms]hmhmf�sgdhq�dwbdkkdms�oqnodqshdr*�dm,
rtqhmf�ghfg,pt]khsx�qdrtksr-

) Bnqqdronmchmf�]tsgnq-
D,lWhi�Wccqdrr9 qnfdq-adkkhcn;onrsfq]c-l]mbgdrsdq-]b-tj ’Q- Adkkhcn,Odq]ks](-

Rhfmh˙b]ms�oqnfqdrr�g]r�addm�l]cd hm�sgd�hmudrshf]shnm�ne�b]qanm,
a]rdc�l]sdqh]kr-�Dwodqhldmsr�rgnv� sg]s� hs� hr�onrrhakd� sn�]citrs� sgdhq�
rdlh,odqld]ahkhsx�sn�u]qhntr�dkdldmsr�]mc�lnkdbtkdr�Z8[ nq�etmbshnm]k,
hyd�sgdl�sn�hloqnud�sgdhq�rdkdbshuhshdr�Z0/”01[-�Cdrohsd�sgdhq�onsdmsh]k�
]ookhb]shnmr*�sgdrd�l]sdqh]kr�g]ud�khlhs]shnmr-�Enq�dw]lokd*�fq]ogdmd�
nwhcd�rvdkkr�vgdm�dwonrdc�sn�v]sdq�Z02[-�Etqsgdqlnqd*�rb]k]ahkhsx�l]x�
nmkx�rnldshldr�ad�ed]rhakd*�khlhshmf�sgdhq�trd�hm�hmctrsqhdr*�]mc�rnld�
oqnbdctqdr�qdpthqdc�sn�nas]hm�admd˙bh]k�oqnodqshdr�b]m�ad�bnrskx�]mc�
shld,bnmrtlhmf�Z03*04[-
Lnkdbtk]q�Cxm]lhbr�’LC(�rhltk]shnmr�]qd�]�oqnlhrhmf�rnktshnm�sn�

nudqbnld�sgdrd�khlhs]shnmr-�Sgdx�nˇdq�u]kt]akd�hmrhfgs�hmsn�rdo]q]shmf�
ahm]qx�nq�ltkshokd�bnlonmdms�lhwstqdr*�f]r�lhwstqdr*�]mc�dudm�v]sdq�
otqh˙b]shnm�eqnl�v]rsdv]sdq�]s�sgd ldrnrb]kd-�Rdudq]k�rstchdr*�rtbg�]r�
Z05”08[*�enq�dw]lokd*�g]ud�rgnvm�sgd�onsdmsh]k�ne�LC�rhltk]shnmr�hm�
sghr�qdf]qc-
Sgd�inhms�dˇnqsr�ne�l]mx�qdrd]qbg�fqntor�hm�sgd�˙dkc�ne�LC�rhl,

tk]shnmr�ne�bnm˙mdc�v]sdq*�d-f-*�Z1/”11[ sn�ldmshnm�]�edv*�]r�vdkk�]r�
ntq�oqduhntr�LC�rstchdr*�g]ud�cdlnmrsq]sdc�sg]s�bnm˙mdldms�]s�sgd�

gssor9..cnh-nqf.0/-0/05.i-lnkkhp-1/12-012245
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P- Adiihcn,NdqWisW E- Kdnmh B- BWidqn ds Wi-

Dhf- 0- RhltkWshnm�rmWorgnsr�enp�W�5. ’0. �ART’ldsgWmnk�lhwstpd-�Kdes9�Rhltk]shnm�anw�’hm�xdkknv(�vhsg�sgd�fq]ogdmd�rkhs,onqd�hm�hsr�bdmsdq�’ohmj(-�Qhfgs*�eqnl�
sno�sn�anssnl9�rhcd�uhdv�ne�]�lhwstqd�lnmnk]xdq�hm�sgd�rkhs�onqd�vhsg�𝛿 = 5.4 @ :�]�ahk]xdq�enq�𝛿 = 8.4 @ :�]�sgqdd,k]xdq�enq�𝛿 = 01.4 @ :�]�chˇdqdms�uhdv�ne�sgd�lnmnk]xdq�
sn�dlog]rhyd�sgd�rtaunktld�𝑉𝑠 ’hm�xdkknv(�hm�vghbg�vd�bnlotsd�sgd�nardqu]akdr- Ad]cr�]qd�v]sdq,khjd�BRV�o]qshbkdr�’aktd(*�ldsg]mnk�ldsgxk�fqntor�’otqokd(*�]mc�
ldsg]mnk�gxcqnwxk�fqntor�’fqddm(-�Ohmj�khmdr�qdoqdrdms�sgd�fq]ogdmd�k]sshbd-

m]mn,kdudk�b]m�]ksdq�sgd�adg]uhnq�ne�]�lnmn,bnlonmdms�fithc�bnlo]qdc�
sn�hsr�adg]uhnq�hm�sgd�atkj�Z12”15[-�Athkchmf�nm�sgdrd�qdrtksr*�gdqd�vd�
bnmrhcdq�]�ahm]qx�lhwstqd�sn�lncdk�v]sdq,ldsg]mnk*�m]mnbnm˙mdc�hm�
]�fq]ogdmd�rkhs�onqd�]mc�rodbh˙b]kkx�dw]lhmd�sgd�dˇdbsr�ne�m]mn,onqd�
rhyd�nm�sgd�]bbdos]mbd�b]o]bhsx*�cdmrhsx�oqn˙kd*�chˇtrhnm�bndffibhdms*�
]mc�gxcq]shnm�oqdrrtqd-
Vd�]cnos�bn]qrd,fq]hm�lncdkr�enq�ansg�v]sdq�]mc�ldsg]mnk-�Sghr�

]ooqn]bg�]kknvr�tr�sn�odqenql�rhltk]shnmr�lnqd�dffibhdmskx*�dm]akhmf�
tr�sn�rstcx�k]qfdq�rxrsdlr�]mc�dwoknqd�]�aqn]cdq�q]mfd�ne�o]q]ldsdqr-�
Rodbh˙b]kkx*�vd�jddo�sgd�sdlodq]stqd�bnmrs]ms�vghkd�u]qxhmf�sgd�onqd�
vhcsg�]mc�sgd�ldsg]mnk�bnmbdmsq]shnm-�Ntq�rstcx�hmbktcdr�hmsdqk]xdq�
vhcsgr�q]mfhmf�eqnl�u]ktdr�sg]s�nmkx�]kknv�sgd�enql]shnm�ne�nmd�k]xdq�
ne�ldsg]mnk�sn�sgnrd�enq�vghbg�sgd�khpthc�]ooqn]bgdr�sgd�atkj�adg]uhnq-
Cdrohsd�hsr�rhlokhbhsx*�ntq�bgnrdm�rdsto�g]r�l]mx�onsdmsh]k�]ookh,

b]shnmr�hm�dwodqhldms]k�b]rdr-�Enq�dw]lokd*�ntq�fdnldsqx�hr�rhlhk]q�sn�
nmd,]snl, ghfg�rsqtbstqdr�]mc�k]qfdq�fq]ogdmd�m]mnb]ohkk]qhdr�vhsg�]�
bnmsqnkkdc�f]o�Z16[-�@cchshnm]kkx*�hs�qdrdlakdr�sgd�hmsdqk]xdq�ro]bd�ne�
o]q]kkdk�ok]mdr�hmsdqbnmmdbsdc�sgqntfg�nqsgnfnm]k�m]mnbg]mmdkr�vhsghm�
ldlaq]mdr�l]cd�ne�ltkshokd�k]xdqr�ne�fq]ogdmd�fi]jdr�Z8[-�Rhmbd�sgd�
m]mnbg]mmdkr%�chldmrhnmr�]qd�ltbg�rgnqsdq�sg]m�sgd�ok]mdr%�rhydr*�sgd�
dwodqhldms]k�fdnldsqx�b]m�ad�bnlo]qdc�sn�]�rds�ne�bnmmdbsdc�rkhs�onqdr-
Ntq�enbtr�hr�noshlhyhmf�sgd�fq]ogdmd�rkhs�onqd�fdnldsqx�sn�dwsq]bs�

sgd� svn�bnlonmdmsr�rdo]q]sdkx� eqnl�]�v]sdq,]kbngnk�lhwstqd-�A]rdc�
nm�ntq�oqduhntr�qdrd]qbg�nm�m]mn,bnm˙mdc�khpthcr�Z15[ ]mc�fq]ogdmd�
m]mnronmfdr�Z17[*�ntq�rs]qshmf�gxonsgdrhr�hr�sg]s�sgd�onqd�vhcsg�]ˇdbsr�
d]bg�bnlonmdms%r�sq]mronqs�oqnodqshdr�]mc�]crnqoshnm�vhsghm�sgd�onqd-�
Ntq�qdrtksr�cdlnmrsq]sd�sg]s�ax�bnlahmhmf�ltkshokd�ogxrhb]k�ldbg],
mhrlr*�rtbg�]r�rdfqdf]shnm�]mc�cxm]lhb�rdo]q]shnm*�]m�noshl]k�onqd�
vhcsg�b]m�ad�entmc�sg]s�dˇdbshudkx�rdo]q]sdr�v]sdq�]mc�ldsg]mnk�vghkd�
lhmhlhyhmf�dmdqfx�bnrsr�hm�e]unq ne�rtrs]hm]ahkhsx-

1-�Incdkr�Wmc�ldsgnc

Ntq�rstcx�dw]lhmdr�]�khpthc�lhwstqd�dladcchmf�]�rkhs�onqd�bnmrhrs,
hmf�ne�svn�o]q]kkdk�fq]ogdmd�v]kkr�ne�rhydr�𝑙𝑥.𝑔𝑟 = 38 @ *�𝑙𝑦.𝑔𝑟 = 40 @ *�]mc�
rdo]q]sdc�ax�]�̇ wdc�chrs]mbd�5.4�@ � 𝛿 � 06�@ -
Sgd�onqd�vhcsg%r�lhmhltl�]mc�l]whltl�u]ktdr�vdqd�rdkdbsdc�ad,

b]trd�ansg�khpthcr�]qd�rsqtbstqdc�hm�]�lnmnk]xdq�]s�5-4�@ -�He�sgd�onqd�
vhcsg�hr�qdctbdc�etqsgdq*�hs�vhkk�adbnld�dlosx�Z1/[-�Nm�sgd�nsgdq�g]mc*�
he�sgd�onqd�vhcsg�adbnldr�k]qfdq�sg]m�06�@ *�sgd�cdmrhsx�hmrhcd�sgd�onqd�
vhkk�rs]qs�sn�qdrdlakd�sgd�atkj*�hmchb]shmf�sg]s�sgd�khpthc�hm�sgd�onqd�
g]r�knrs�hsr�bnm˙mdc�adg]uhnq-�Sghr�hmsdqu]k�]krn�bnqqdronmcr�sn�sgd�nmd�

bnmrhcdqdc�hm�qde- Z15[*�sgtr ]kknvhmf�tr�sn�admbgl]qj�]mc�bnlo]qd�ntq�
qdrtksr�vhsg�oqduhntr�nmdr-
Sgd� v]kkr� ]qd� bnlonrdc� ne� ˙wdc� b]qanm� ]snlr� ]qq]mfdc� hm� ]�

fq]ogdmd�rsqtbstqd�]mc�hmsdq]bshmf�vhsg�sgd�khpthc�lhwstqd�sgqntfg�]�
01,5�Kdmm]qc�Inmdr� ’KI(�onsdmsh]k� sg]s�]khfmr�vhsg� sgd�BG@QLL16�
enqbd�˙dkc�Z15[-�Sn�lhmhlhyd�dcfd�dˇdbsr�ne�sgd�v]kkr*�vd�b]kbtk]sd�
sgd�nardqu]akdr�enq�sgd�bnm˙mdc�lhwstqd�vhsghm�]�qdctbdc�qdfhnm�ne�sgd�
rkhs,onqd*�h-d-*�]�bdmsq]k�rtaunktld�𝑉𝑠 =𝐿𝑥.𝑠 𝐿𝑦.𝑠 𝛿*�vgdqd�𝐿𝑥.𝑠 =𝐿𝑦.𝑠 = 2)
@ �’Ehf- 0(-
Vd�trd�bn]qrd,fq]hm�lncdkr�sn�qdoqdrdms�sgd�svn�lhwstqd�bnlon,

mdmsr*�v]sdq�]mc�ldsg]mnk-�Sghr�]ooqn]bg�qdctbdr�sgd�bnlots]shnm]k�
shld�qdpthqdc�enq�sgd�b]kbtk]shnmr�vghkd�qdoqnctbhmf�bnmrhrsdms�sgdqln,
cxm]lhb�qdrtksr�Z18[-�@r�odq�sgd�vnqjr�ne�Gtr�ds�]k-�’1/03(*�Ltm]n�
ds�]k-�’1/04(*�]mc�L]qptdr�ds�]k-�’1/1/(�Z17*2/*20[*�vd�qdoqdrdms�sgd�
ldsg]mnk�trhmf�svn�qhfhckx�anmcdc�ad]cr�, nmd�enq�sgd�]onk]q�ldsgxk�
fqnto�’BG2(�]mc�sgd�nsgdq�enq�sgd�onk]q�gxcqnwxk�fqnto�’NG(-�@�13,5�
KI�onsdmsh]k�lncdkr�sgd�hmsdq]bshnm�dmdqfx�ne�svn�]onk]q�fqntor�vghkd�
]�Bnmshmtntr�Rgntkcdqdc�Vdkk� ’BRV(�onsdmsh]k� Z21*22[ sg]s�ne� svn�
onk]q�lnhdshdr-�Sgd�BRV�lncdk�rgnvr�rnld�ne�sgd�rsqtbstq]k*�cxm]lh,
b]k*�]mc�sgdqlncxm]lhb�]mnl]khdr�sxohb]k�ne�gxcqnfdm,anmchmf�khpthcr�
Z23*22*24[-

Sn�e]bhkhs]sd�sgd�akdmchmf�ne�ldsg]mnk�vhsg�v]sdq*�vghbg�enqlr�gx,
cqnfdm�anmcr�vhsg�hs*�enq�bnmrhrsdmbx*�vd ]krn�lncdk�v]sdq�uh]�sgd�BRV-�
Hm�sghr�b]rd*�vd�sqd]s�sgd�v]sdq�lnkdbtkd�]r�]�rhmfkd�ad]c-�Gnvdudq*�ctd�
sn�hsr�hrnsqnox*�sgd�BRV�b]mmns�etkkx�qdokhb]sd�sgd�dmsqnox�adg]uhnq�]r,
rnbh]sdc�vhsg�sgd�gxcqnfdm,anmc�mdsvnqj�Z23*22*24[-�Enq�hmrs]mbd*�hm�]�
gxcqnognahb�fq]ogdmd�onqd*�v]sdq�dwodqhdmbdr�]�eqdd�dmdqfx�lhmhltl�
bnqqdronmchmf�sn�]�bnm˙mdc�cntakd�k]xdq�cnlhm]sdc�ax�onsdmsh]k�dm,
dqfx�]mc�]�rdbnmc]qx�lhmhltl�enq�lnmnk]xdqr�cqhudm�ax�dmsqnox�Z14[-�
Hm�bnmsq]rs*�hm�sgd�BRV*�ansg�sgd�lnmnk]xdq�]mc�sgd�ahk]xdq�lhmhl]�]qd�
cnlhm]sdc�ax�dmsqnox�Z15[-�Mnmdsgdkdrr*�cdrohsd�sgdrd�khlhs]shnmr*�sgd�
bnlahmdc�qdoqdrdms]shnm�ne�v]sdq�]mc�ldsg]mnk�dˇdbshudkx�b]ostqdr�sgd�
oqhl]qx�bg]q]bsdqhrshbr�ne�sgd�lhwstqd�Z18[-�Vd�vhkk�dk]anq]sd�nm�sghr�
etqsgdq�hm�sgd�enkknvhmf�chrbtrrhnm-�Hm�sghr�vnqj*�sgd�BRV�onsdmsh]k�vd�
trdc�s]jdr�sgd�dwoqdrrhnm9

𝑈=CS+𝑟( ≡ 𝑈𝑅

0+ duo

�+𝑟−𝑅𝑅(

𝑎

 −𝑈> duo

(
−
+𝑟−𝑅>(1

1𝜔1>

)
+𝑈>

𝑎
𝑟

13
. ’0(

vhsg�o]q]ldsdqr
𝑈𝑅
𝑈>

= 1. 𝑈> = ).1hbak]lmk.
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𝑅𝑅
𝑎

= 0.5. 𝑎 = 0.66@ .

𝑅>
𝑎

= 1.
𝜔>

𝑎

1
= ).0.

� = 04.

vgdqd�𝑎 hr�sgd�g]qc,bnqd�ch]ldsdq�ne�sgd�ad]cr:�𝑈𝑅 ]mc�𝑈> rs]mc�enq�sgd�
dmdqfx�ne�sgd�qdotkrhud�rgntkcdq�]mc�]ssq]bshud�vdkk*�qdrodbshudkx:�𝑅𝑅
]mc�𝑅> qdoqdrdms�sgd�qdotkrhud�kdmfsg�]mc�sgd�chrs]mbd�sn�sgd�]ssq]bshud�
lhmhltl*�qdrodbshudkx:�� ]kknvr�sn�bnmsqnk�rnesmdrr�ne�sgd�onsdmsh]k�]s�
𝑅𝑅:�]mc�𝜔1> hr�sgd�u]qh]mbd�ne�sgd�F]trrh]m�ok]bdc�]s�𝑅> Z21*22[-

Sn�bnlotsd�sgd�cdmrhsx�oqn˙kd�]knmf�sgd�chqdbshnm�𝑧 Z25[*�odqodm,
chbtk]q�sn�sgd�v]kkr*�vhsg�sgd�nqhfhm�hm�sgd�bdmsdq�ne�sgd�onqd*�vd�chuhcd�
𝛿 hmsn�1))) ahmr�ne�dpt]k�rhyd�𝑑𝑧 ]mc�b]kbtk]sd

𝜌�+𝑧( ≡ 𝑁�+𝑧(
𝐿𝑥.𝑠 𝐿𝑦.𝑠 𝑑𝑧

. ’1(

vgdqd��� hr�sgd�sdlonq]k�]udq]fd�]s�sgd�dpthkhaqhtl*�]mc�𝑁�+𝑧( hr�sgd�
]udq]fd�mtladq�ne�lnkdbtkdr�ne�rodbhdr�� vhsghm�]�rk]a�vhsg�sghbjmdrr�
𝑑𝑧 ]mc�rhyd�𝐿𝑥.𝑠 𝐿𝑦.𝑠 bdmsdqdc�hm�𝑧 ]knmf�sgd�onqd-�Sgd�onrrhakd�rodbhdr�
enq�� ]qd�BRV*�ldsg]mnk*�nq�ansg-
Vd�drshl]sd�sgd�ld]m�rpt]qd�chrok]bdldms�’LRC(�o]q]kkdk�sn�sgd�

v]kkr”enq�d]bg�rodbhdr��”]r

�1�+𝑡( ≡ �
+𝑥+𝑡+ 𝑡)(− 𝑥+𝑡)((1 + +𝑦+𝑡+ 𝑡)(− 𝑦+𝑡)((1


� =

=𝑁�+𝑡)(−0
𝑁�∑
𝑖=0
W+𝑥𝑖+𝑡+ 𝑡)(− 𝑥𝑖+𝑡)((1 + +𝑦𝑖+𝑡+ 𝑡)(− 𝑦𝑖+𝑡)((1[.

’2(

vgdqd� sgd� ]udq]fdr� ]qd� b]kbtk]sdc�nudq� sgd� bdmsdq�ne�l]rr�ne� d]bg�
lnkdbtkd�ne�sgd�rodbhdr��*�]mc�𝑁�+𝑡)( hr�sgd�mtladq�ne�lnkdbtkdr�ne�
sg]s�rodbhdr hm�sgd�unktld�𝑉𝑠 ]s�sgd�shld�𝑡)-
Eqnl�sgd�k]qfd,shld�’chˇtrhud(�qdfhld�khlhs�ne�sgd�LRC*�vd�b]kbtk]sd�

sgd�o]q]kkdk�chˇtrhnm�bndffibhdms�Z12[

𝐷‖+�( ≡
[
�1�+𝑡𝑙(
3𝑡𝑙

]

𝑡𝑙<𝑡𝐷

. ’3(

Enq�]kk�ntq�rhltk]shnmr*�vd�bgdbj�sg]s�𝑡𝐷 = 1 or�hr�dmntfg�sn�dwoknqd�sgd�
chˇtrhud�qdfhld�’Ehf- R0(-�E]bsnq�3�]bbntmsr�enq�sgd�svn�chldmrhnmr�ne�
sgd�ok]m]q�chˇtrhnm*�]mc�𝑡𝑙 hr�sgd�k]f�shld*�h-d-*�sgd�shld�sgd�lnkdbtkdr�
rodmc�hm�sgd�rtaunktld-�Adb]trd�vd�]qd�hmsdqdrsdc�hm�𝐷‖ vhsghm�sgd�
bnm˙mdc�rtaunktld�𝑉𝑠*�vd�trd�enq�sgd�b]kbtk]shnm�nmkx�sgd�o]qshbkdr�
sg]s�qdl]hm�vhsghm�𝑉𝑠 ]knmf�sgd�vgnkd�rhltk]shnm-
Etqsgdqlnqd*�vd�bnlotsd�sgd�]bbdos]mbd�b]o]bhsx�ne�sgd�onqd�Z14[*�

cd˙mdc�]r�sgd�q]shn�adsvddm�sgd�mtladq�ne�lnkdbtkdr�ne�sgd�rodbhdr��
hmrhcd�sgd�rtaunktld�𝑉𝑠 ]mc�hsr�]qd]

𝜎+�( ≡ 𝑁�
>𝑠

. ’4(

vgdqd�>𝑠 ≡𝐿𝑥.𝑠 𝐿𝑦.𝑠*�]mc�sgd�]udq]fd�mtladq�cdmrhsx�hmrhcd�sgd�rtaunk,
tld

𝜌+�( ≡ 𝑁�
𝑉𝑠

. ’5(

Ehm]kkx*�vd�bnlotsd� sgd�gxcq]shnm�oqdrrtqd�]r� sgd�chˇdqdmbd�ad,
svddm�sgd�mnql]k�oqdrrtqd�𝑃� dwdqsdc�ax�sgd�bnm˙mdc�o]qshbkdr�nudq�
sgd�rkhs,onqd�v]kkr�]mc�sgd�atkj�oqdrrtqd�𝑃arkh Z12*26*27[

𝑃excp ≡ 𝑃� − 𝑃arkh . ’6(

vgdqd

𝑃� ≡ 0
1>

⟨∑
𝑖
+𝐹𝑖.𝑏 − 𝐹𝑖. 𝑡(

⟩
. ’7(

𝐹𝑖.𝑏 ]mc�𝐹𝑖. 𝑡 ]qd�sgd�enqbdr�dwdqsdc�ax�sgd�o]qshbkd�𝑖 nm�sgd�anssnl�]mc�
sgd�sno�fq]ogdmd�v]kkr*�qdrodbshudkx*�]mc�> hr�sgd�]qd]�ne�sgd�v]kkr-
Vd�odqenql�rhltk]shnmr�hm�sgd�b]mnmhb]k�dmrdlakd�vhsg�]�˙wdc�sn,

s]k�mtladq�𝑁 = 14.�))) ne�o]qshbkdr�bnlonrhmf�sgd�lhwstqd*�hm�]�sns]k�

unktld�𝑉 = 73�y 73�y 87�@ 2 vhsg�odqhnchb�antmc]qx�bnmchshnmr*�]s ˙wdc�
sdlodq]stqd�𝑇 = 0)) J�bnmsqnkkdc�ax�sgd�Mnrç”Gnnudq�sgdqlnrs]s*�]r�
hlokdldmsdc�hm�sgd�K@LLOR�rnesv]qd Z28[-�Sgd�sdlodq]stqd�hr�bgnrdm�
sn�]kknv�tr�sn�bnlo]qd�sgd�oqdrdms�qdrtksr�vhsg�sgd�oqduhntr�c]s]�enq�sgd�
otqd�BRV�b]rd�Z15[-�Trhmf�sgd�Kd]o”Eqnf�hmsdfq]shnm�]kfnqhsgl�Z3/[*�
]�rs]mc]qc�rdbnmc,nqcdq�]mc�shld,qdudqrhakd�hmsdfq]shnm�ldsgnc*�vhsg�
shldrsdo�𝛿𝑡 = 0 er*�vd�dpthkhaq]sd�sgd�rxrsdl�enq�0�mr�’0)5 LC�rsdor(�
rs]qshmf�eqnl�]m�hmhsh]k�bnm˙ftq]shnm�vhsg�svn�hmsdqsvhmdc�gdw]fnm]k�
k]sshbdr�ne�BRV�ad]cr�]mc�ldsg]mnk�chldqr-�Vd�f]sgdq�0///�c]s]onhmsr�
]knmf�sgd�rhltk]shnm�sn�b]kbtk]sd�nardqu]akdr-�Sn�]bbtq]sdkx�]m]kxyd�sgd�
rgnqs�]mc�knmf�shldr�ne�sgd�rhltk]shnm*�vd�trd�]m�tmdudm�chrsqhatshnm�
ne�shld�rsdor�sn�qdbnqc�sgd�o]qshbkd�sq]idbsnqhdr-�Etqsgdq�cds]hkr�]qd�oqd,
rdmsdc�hm�Qde- Z18[-

2-�Mdrtksr�Wmc�chrbtrrhnm

2-0-�:aadosWmad�aWoWahsx�Wmc�cdmrhsx�hmrhcd�sgd�onqd

Hm�sghr�rdbshnm�vd�]ccqdrr�sgd�qdrtksr�ne�ansg�sgd�]bbdos]mbd�b]o]bhsx�
]mc�sgd�cdmrhsx�hmrhcd�sgd�onqd-�Sgd�k]ssdq�hr�e]hqkx�rsq]hfgsenqv]qc�hm�
sdqlr�ne�hmsdqoqds]shnm*�rn�vd�chrbtrr�lnqd�b]qdetkkx�sgd�enqldq�nmd-
Sgd�]bbdos]mbd�b]o]bhsx�hr�]�ld]rtqd�ne�sgd�hms]jd�sdmcdmbx�ne�]�

onqd�enq�]�o]qshbtk]q�lnkdbtk]q�rodbhdr�Z14[-�@m�hmbqd]rhmf�]bbdos]mbd�
tonm�hmbqd]rhmf�sgd�vhcsg�ne�sgd�onqd�ld]mr�sgd�onqd�b]m�s]jd�hm�lnqd�
lnkdbtkdr�ne�sgd�rstchdc�rodbhdr�vgdm�hsr�rhyd�hr�k]qfdq-�Nm�sgd�nsgdq�
g]mc*�]�rsd]cx�]bbdos]mbd�ld]mr� sgd�mtladq�ne�lnkdbtkdr�odq�]qd]�
ne�sgd�onqd�hr�jdos�bnmrs]ms*�vghbg�ld]mr�sg]s�dudm�tonm�hmbqd]rhmf�
sgd�onqd�rhyd�ax�lnuhmf�sgd�v]kkr�]o]qs�to�sn�rnld�dwsdms*�mn�lnqd�
lnkdbtkdr�vhkk�ad�]akd�sn�dmsdq�’vghbg�hr�a]bjdc�to�ax�]�cdbqd]rd�hm�
cdmrhsx(-�Ehm]kkx*�]�cdbqd]rhmf�]bbdos]mbd*�d-f-*�ne�BRV�ax�hmbqd]rhmf�
ldsg]mnk�bnmbdmsq]shnm*�ld]mr� sg]s� sgd�onqd�b]m�mn� knmfdq� s]jd� hm�
]r�l]mx�BRV�lnkdbtkdr�]r�adenqd*�ld]mhmf�hs�ltrs�dwodk�rnld�BRV�
lnkdbtkdr-�Qdf]qchmf�rdkdbshuhsx*�]�k]qfdq�]bbdos]mbd�b]o]bhsx�adsvddm�
svn�lnkdbtk]q�rodbhdr�ld]mr�]�oqdedqdmsh]k�]arnqoshnm�ax�sgd�onqd�ne�
sgd�rodbhdr�vhsg�sgd�fqd]sdq�u]ktd*�vghbg�vhkk�sq]mrk]sd�hmsn�sgd�rdkdb,
shuhsx�ne�sg]s�o]qshbtk]q�lnkdbtkd-

2-0-0-�Sgd�otqd�BRU�aWrd

Sn�]m]kxyd�sgd�btqqdms�̇ mchmfr*�vd�̇ qrs�qdedq�sn�sgd�qdrtksr�nas]hmdc�
enq�sgd�otqd�BRV�tmcdq�bnm˙mdldms�Z15[-�Vgdm�𝛿 hr�bnlldmrtq]akd�
vhsg�]m�hmsdfdq�mtladq�ne�k]xdqr�’rnkhc�udqshb]k�khmdr�hm�Ehf- 1 enq�sgd�
otqd�BRV�b]rd�Z15[(*�𝜎 qdl]hmr�bnmrs]ms�qdf]qckdrr�ne�lhmnq�bg]mfdr�
hm�𝛿-�Sgdrd�rodbh˙b�u]ktdr�ne�𝛿 bnqqdronmc�sn�sgd�knvdrs�onhmsr�hm�sgd�
otqd�BRV�eqdd�dmdqfx�]mc�]qd�ldbg]mhb]kkx�rs]akd*�]r�sgd�]rrnbh]sdc�
gxcq]shnm�oqdrrtqd�vhsghm�sgd�rkhs,onqd�u]mhrgdr�Z15[-�Sghr�hr�bnmrhrsdms�
vhsg�ntq�btqqdms�̇ mchmfr*�vghbg�vhkk�ad�etqsgdq�chrbtrrdc�hm�rdbshnm 2-3-�
@ksgntfg�]�rkhfgs�cdbqd]rd�hm�𝛿 md]q�]�rs]akd�onhms�cndr�mns�hlo]bs�𝜎
rhmbd�𝑁� qdl]hmr�bnmrs]ms*�sg]mjr�sn�sgd�rnesmdrr�ne�sgd�BRV*�hs�hmctbdr�
]�l]whltl� hm�𝜌 adb]trd�ne�sgd�bg]mfd� hm�𝑉𝑠 ]mc� hm�sgd�mtladq�ne�
k]xdqr-

Hm�bnmsq]rs*�he�𝛿 bnqqdronmcr�sn�]�l]whltl�hm�sgd�BRV�eqdd�dmdqfx�
’c]rgdc�udqshb]k�khmdr�hm�Ehf- 1 enq�sgd�otqd�BRV�b]rd�Z15[(*�sgd�gx,
cq]shnm�oqdrrtqd�hr�ydqn�nmkx�]s�]�onhms�ne�ldbg]mhb]k�hmrs]ahkhsx-�@r�𝛿
hmbqd]rdr�]qntmc�sghr�u]ktd*�sgd�oqdrrtqd�pthbjkx�sq]mrhshnmr�eqnl�mdf],
shud�’hmchb]shmf�dˇdbshud�]ssq]bshnm�adsvddm�v]kkr(�sn�onrhshud ’dˇdbshud�
qdotkrhnm�adsvddm�v]kkr(�Z15[-�Sgdqdenqd*�]�rkhfgs�hmbqd]rd�ne�𝛿 md]q�
sgdrd�ldbg]mhb]kkx�tmrs]akd�u]ktdr�b]trdr�]�pthbj�qhrd�hm�ansg�𝜎 ]mc�𝜌
ctd�sn�sgd�qdrtkshmf�hmbqd]rd�hm�𝑁� -

@r� sgd�vhcsg�ne� sgd�rkhs,onqd� hmbqd]rdr*� sgd�ok]sd]tr�]mc�dwsqdld�
onhmsr�ne�𝜌 ]mc�𝜎 adbnld�kdrr�oqnmntmbdc�ctd�sn�sgd�qdctbdc�rsqtbstqd�
ne�sgd�khpthc�hmrhcd�sgd�onqd-�Sghr�adg]uhnq�bnmshmtdr�tmshk�sgd�cdmrhsx�
𝜌 ]ooqn]bgdr�]�u]ktd�rhlhk]q�sn�sgd�nudq]kk�cdmrhsx�ne�sgd�rxrsdl-

2-0-1-�Sgd�lhwstqd�aWrd

Vgdm�ansg�khpthcr�]qd�hm�sgd�onqd*�vd�̇ mc�sg]s�sgd�lhwstqd%r�]bbdo,
s]mbd�b]o]bhsx�𝜎 ]mc�cdmrhsx�𝜌 cn�mns�bg]mfd�sgdhq�pt]khs]shud�adg]u,
hnq�bnlo]qdc�vhsg�sgd�otqd�BRV�b]rd�’Ehf- 1 ]*�c(-�Gnvdudq*�vhsghm�
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Dhf- 1- 9bbdosWmbd�bWoWbhsx�Wmc�fithc�cdmrhsx�hm�sgd�rkhs’onpd�bgWmfhmf�vhcsg- Sgd�]bbdos]mbd�b]o]bhsx�𝜎 ’toodq�o]mdkr(�]mc�sgd�fithc�cdmrhsx�𝜌 hmrhcd�sgd�
onqd�’knvdq�o]mdkr(�enq�sgd�BRV,ldsg]mnk�lhwstqd�’o]mdkr�]*�c(*�enq�bnlonrhshnmr�0// ,/ �’qdc(*�8/ ,0/ �’aktd(*�]mc�64 ,14 �’fqddm(*�g]ud�mnm,lnmnsnmhb�
bnmsqhatshnmr�enq�sgd�BRV�’o]mdkr�a*�d(�]mc�sgd�ldsg]mnk�’b*�e(�bnlonmdmsr�]r�]�etmbshnm�ne�sgd�rkhs,onqd�vhcsg�𝛿-�Udqshb]k�rnkhc�’c]rgdc(�khmdr�l]qj�]ooqnwhl]sdkx�
knb]k�lhmhl]�’l]whl](*�vhsghm�sgd�oqdrdms�mtldqhb]k�qdrnktshnm*�ne�sgd�otqd�BRV�eqdd�dmdqfx�Z15[-

ntq�mtldqhb]k�oqdbhrhnm*�ansg�pt]mshshdr�hmbqd]rd�rkhfgskx�tonm�]cchmf�
ldsg]mnk-

Sgd�]m]kxrhr�ne� sgd�adg]uhnq�ne�d]bg�bnlonmdms�qdud]kr� sg]s� sgd�
v]sdq,khjd�khpthc�hm�sgd�lhwstqd�hr�chrok]bdc�eqnl�sgd�hmrhcd�ne�sgd�onqd�
bnlo]qdc�sn�sgd�otqd�b]rd-�Sgd�BRV�]bbdos]mbd�b]o]bhsx�]mc�cdmrhsx�
adsvddm�sgd�v]kkr�cdbqd]rd�rhfmh˙b]mskx�enq�]kk�𝛿 u]ktdr�’Ehf- 1 a*�d(-�
Etqsgdqlnqd*�sgd�knb]k�l]whl]�]mc�lhmhl]�hm�𝜎 ]mc�𝜌 ]qd�qdbnudqdc�
enq�sgd�r]ld�u]ktdr�ne�𝛿 ]r�hm�sgd�otqd�BRV�b]rd*�]kadhs�vhsg�kdrr�bk]qhsx-
Vd�nardqud�]�lnqd�hmsqhfthmf�o]ssdqm�enq�sgd�ldsg]mnk�hm�sgd�onqd-�

Vgdm�sgd�onqd�rhyd�hr�kdrr�sg]m�8-/ @ *�sgd�]lntms�ne�ldsg]mnk�hmrhcd�
sgd�onqd�rhfmh˙b]mskx�hmbqd]rdr�vhsg�𝛿-�Gnvdudq*�]anud�sghr�onqd,rhyd�
sgqdrgnkc*�𝜌 qd]bgdr�]�l]whltl�enq�ansg�ldsg]mnk�bnmbdmsq]shnmr*�]mc�
sgd�]bbdos]mbd�b]o]bhsx�kdudkr�nˇ-�Sgd�l]whltl�hm�𝜌 ]mc�sgd�kdudk�hm�
𝜎 hmbqd]rd�enq�k]qfdq�ldsg]mnk�bnmbdmsq]shnm*�nudqbnlhmf�sgd�u]ktdr�ne�
sgd�BRV�bnlonmdms�]mc�hmudqshmf�sgdhq�nudq]kk�qdk]shud�bnmbdmsq]shnmr-
Ehm]kkx*�vgdm�𝛿 hr�hmbqd]rdc*�sgd�u]ktd�ne�𝜎 enq�ldsg]mnk�rs]ahkhydr*�

ats�sgd�u]ktd�enq�sgd�BRV�bnmshmtdr�sn qhrd-�@r�]�qdrtks*�sgd�]kbngnk�
cdmrhsx�hmrhcd�sgd�onqd�cdbqd]rdr�fq]ct]kkx�vgdm�sgd�onqd�rhyd�dwbddcr�
8-/ @ �’Ehf- 1 b*�e(-�Sgdrd�qdrtksr�hmchb]sd�sg]s�sgd�ldsg]mnk*�rdptdrsdqdc�
hmrhcd�sgd�rkhs�onqd�eqnl�sgd�atkj�qdrdqunhq*�g]r�ghfgdq�]crnqoshnm�hm,
rhcd�sgd�rsqtbstqd�sg]m�sgd�BRV*�]r�sgd�cdmrhsx�ne�ldsg]mnk�hr�k]qfdq�
’]s�]klnrs�dudqx�ok]sd�rdo]q]shnm(�sg]m�sgd�v]sdq,khjd�nmd�cdrohsd�qdo,
qdrdmshmf�]�ltbg�knvdq�odqbdms]fd�ne�sgd�lhwstqd�’rdd�Ehf- 1 d*�e(-

2-1-�Cdmrhsx�oqn�id

Sn�adssdq�tmcdqrs]mc�sgd�adg]uhnq�ne�𝜎 ]mc�𝜌 hmrhcd�sgd�rkhs�onqd*�
vd�b]kbtk]sd�sgd�cdmrhsx�oqn˙kdr�ne�d]bg�bnlonmdms�]s�chˇdqdms�u]ktdr�
ne�𝛿 ]mc�bnlonrhshnmr�’Ehfr- 2*�R1�”�R6(-�@s�knv�ldsg]mnk�odqbdms]fd�
’8/ ,0/ �lhwstqd(*�vd�qdbnudq�sgd�k]xdqhmf�nardqudc�hm�Z15[ enq�otqd�
BRV�enq�]kk�sgd�onqd�vhcsgr-�Sgd�ldsg]mnk�bnmbdmsq]sdr�md]q�sgd�v]kkr*�
sgdqdax�]ksdqhmf�sgd�cdmrhsx�ne�sgd�BRV�hm�sgd�r]ld�qdfhnm�]mc�vhsghm�
sgd�nudq]kk�onqd-
Sgd� k]qfdq�ldsg]mnk�bnmbdmsq]shnm�md]q� sgd�v]kk� qdrtksr� eqnl� hsr�

rsqnmfdq�hmsdq]bshnm�vhsg�sgd�fq]ogdmd�]snlr�sg]m�sgd�BRV-�Hmcddc*�hm�
ntq�lncdk*�sgd�ldsg]mnk�ctlaadkkr�hmsdq]bs�vhsg�sgd�v]kkr�uh]�svhbd�
sgd�onhmsr�ne� sgd�BRV�ad]cr-�Sghr� hmsdq]bshnm�bqd]sdr�]�oqdedqdmsh]k�
]ssq]bshnm�adsvddm�ldsg]mnk�]mc�sgd�fq]ogdmd�rgddsr*�rhlhk]q�sn�sgd�
gxcqnognahb�bnkk]ord�dwodbsdc�adsvddm�b]qanm�v]kkr�]mc�ldsgxk�lnh,
dshdr-

Sgd�ldsg]mnk�]crnqoshnm�nm�sgd�v]kkr�cndr�mns�g]ud�]�rhfmh˙b]ms�
hlo]bs�nm�sgd�rsqtbstqd�ne�sgd�BRV�hm�sgd�bdmsdq�ne�sgd�onqd*�vgdqd�
sgd�ldsg]mnk�hr�]klnrs�]ardms�hm�]kk�sgnrd�b]rdr�’vhsg�𝛿 ≥ 0/�@ (�vgdqd�

sgdqd�]qd�]s�kd]rs�sgqdd�BRV�k]xdqr�’bdmsq]k�o]mdkr�hm�Ehfr- 2*�R1�”�R6(-�
Sghr� hr�bnmrhrsdms�vhsg�vg]s� hr�nardqudc� hm�]snlhrshb�rhltk]shnmr�enq�
v]sdq,ldsg]mnk�Z25[ ]mc�v]sdq,dsg]mnk�lhwstqdr�Z30[ vgdqd�sgd�]onk]q�
BG2 fqntor�bnmbdmsq]sd�nm�sgd�v]kkr*�kd]uhmf�lnqd�ro]bd�enq�v]sdq�hm�
sgd�bdmsq]k�k]xdqr-�Sgdqdenqd*�]ksgntfg�ntq�lncdk�cndr�mns�lhlhb�sgd�
]loghoghkhb�oqnodqsx�ne�ldsg]mnk�adb]trd�hs�k]bjr�chqdbshnm]k�gxcqnfdm�
anmcr*�hs�fhudr�qdrtksr�bnmrhrsdms�vhsg�cds]hkdc�lncdkr-
Ntq�]m]kxrhr�hr�]krn�bnm˙qldc�]s�sgd�ghfgdq�ldsg]mnk�bnmbdmsq]shnm�

enq�sgd�64 ,14 �lhwstqd�bnlonrhshnm-�Tmcdq�sgdrd�bnmchshnmr*�sgd�bnm,
bdmsq]shnm�ne�]kbngnk�hm�sgd�onqd�hmbqd]rdr*�ansg�hm�sgd�bdmsq]k�k]xdq�]mc�
md]q�sgd�v]kkr*�hmctbhmf�]�ghfgdq�cdbqd]rd�hm�sgd�BRV�cdmrhsx*�]ksgntfg�
sgd�mtladq�ne�BRV�k]xdqr�cndr�mns�bg]mfd�’qhfgs�o]mdkr�hm�Ehfr- 2*�R1�”�
R6(-

Vgdm�sgd�u]ktd�ne�𝛿 hr�kdrr�sg]m�0/�@ *�sgd�BRV�b]m�nmkx�]bbnlln,
c]sd�]�l]whltl�ne�svn�k]xdqr�hmrhcd�sgd�onqd�]knmf�vhsg�sgd�ldsg]mnk�
’Ehfr-�R1�”�R3(-�Sghr�ld]mr�sg]s�sgd�oqdrdmbd�ne�ldsg]mnk�hm�sgd�onqd�
rhfmh˙b]mskx�knvdqr�sgd�bnmbdmsq]shnm�ne�BRV*�qdrtkshmf�hm�sgd�ghfgdrs�
cdmrhsx�𝜌 ne�ldsg]mnk�]s�𝛿 ≃ 7-4�@ *�]r�rddm�hm�Ehf- 1-�@r�𝛿 etqsgdq cd,
bqd]rdr*�rsdqhb�ghmcq]mbd�b]trdr�]�qdctbshnm�hm�sgd�ldsg]mnk�𝜎 vhsghm�
sgd�onqd*�knvdqhmf�hsr�𝜌-
Hm�o]qshbtk]q*�]s�𝛿 ≃ 6.4 @ *�sgd�cdmrhsx�chˇdqdmbd�adsvddm�sgd�svn�

bnlonmdmsr�vhsghm�sgd�rkhs�onqd�e]unqr�ldsg]mnk�sgd�lnrs�’Ehf- 1(-�Sghr�
bnqqdronmcr�sn�sgd�onqd�rhyd�sg]s�dwghahsr�sgd�̇ qrs�l]whltl�hm�sgd�BRV�
eqdd�dmdqfx�Z15[*�vghbg�ld]mr�sg]s�sgd�BRV�cdmrhsx�hmrhcd�sgd�onqd�hr�
]krn�]s�hsr�knvdrs�hm�sgd�otqd�b]rd�’Ehf- 1(-�Sgtr*�ldsg]mnk�b]m�d]rhkx�
qdok]bd�BRV�hm�sgd�onqd�tmcdq�sgdrd�bhqbtlrs]mbdr-�Gnvdudq*�l]hm,
s]hmhmf�sgd�onqd�rhyd�]s�sghr�chrs]mbd�vntkc�qdpthqd�rhfmh˙b]ms�dmdqfx*�
]r�hmchb]sdc�ax�sgd�l]whltl�eqdd�dmdqfx-
Nm�sgd�nsgdq�g]mc*�vgdm�sgd�rhyd�hr�𝛿 = 01.4 @ *�sgd�rdo]q]shnm�ad,

svddm� sgd� svn�bnlonmdmsr� hr� rhfmh˙b]ms� ’Ehf- 2(*�]mc� sgd�onqd� eqdd�
dmdqfx�hr�]s�] lhmhltl�’Ehf- 1(�Z15[-�Sgdqdenqd*�sgd�ldsg]mnk�rdfqdf],
shnm�b]m�ad�]ss]hmdc�]s�sghr�onqd�rhyd�hm�ldbg]mhb]kkx�rs]akd�bnmchshnmr�
vhsg�lhmhl]k�dmdqfx�bnrs-
Tmcdq� sgdrd� bhqbtlrs]mbdr*�]� bnmbdmsq]shnm�fq]chdms� hm� sgd�onqd�

bntkc�oqnlos�]�k]ldkk]q�finv*�dm]akhmf�sgd�qdbnudqx�ne�ansg�bnlon,
mdmsr�rdo]q]sdkx-�Lnqdnudq*�dudm�vhsgnts�]�bnmbdmsq]shnm�fq]chdms*�sgd�
rdfqdf]shnm�dˇdbs�bntkc�kd]c�sn�]�rhfmh˙b]ms�chˇdqdmbd�hm�sgd�chˇtrhnm�
ne�sgd�lhwstqd%r�bnlonmdmsr-�Vd�vhkk�]rrdrr�sghr�oqnrodbs�hm�sgd�enkknv,
hmf�rdbshnm-
Ax� hmsdfq]shmf� sgd�lnrs� dwsdqm]k� od]j� ne� sgd� cdmrhsx� oqn˙kd� ne�

ldsg]mnk�enq�u]qxhmf�𝛿 vd�bgdbj�sg]s�sgd�]lntms�ne�ldsg]mnk�]crnqadc�
nmsn�sgd�hmrhcd�v]kkr�ne�sgd�onqd�fitbst]sdr�]qntmc�]m�]udq]fd�u]ktd�sg]s�
hmbqd]rdr�vhsg�sgd�nudq]kk�ldsg]mnk�bnmbdmsq]shnm�ats�cndr�mns�bg]mfd�
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Dhf- 2- Sgd�cdmrhsx�opn�kdr�hm�sgd�rkhs�onpd�rgnv�ldsgWmnk�rdfpdfWshnm- Cdmrhsx�oqn˙kdr�𝜌+𝑧( ]knmf�sgd�𝑧 chqdbshnm�nqsgnfnm]k�sn�sgd�onqd�v]kkr�enq�k]qfd�rkhs�
onqdr�vhsg�𝛿 = 01.4 @ �’toodq�o]mdkr(*�02-/�@ �’bdmsq]k�qnv(�]mc�02-4�@ �’knvdq�o]mdkr(�]mc�BRV,ldsg]mnk�lhwstqd�bnlonrhshnmr�0// ,/ �’kdes�o]mdkr(*�8/ ,0/ �
’bdmsq]k�bnktlm(�]mc�64 ,14 �’qhfgs�o]mdkr(-�Sgd�BRV�v]sdq,khjd�bnlonmdms�’qdc(�rgnvr�sgqdd�k]xdqr-�Hmrsd]c*�sgd�ldsg]mnk�𝜌+𝑧( ’aktd(�rgnvr�nmkx�svn�k]xdqr*�
vhsg�rhfmh˙b]ms�cdokdshnm�hm�sgd�bdmsq]k�qdfhnm�ne�sgd�rkhs�onqd*�drodbh]kkx�enq�𝛿 = 01.4 @ �]mc�𝛿 = 02.) @ �]s�8/ ,0/ �BRV,ldsg]mnk�bnlonrhshnm-

vhsg�𝛿 enq�𝛿 < 8 @ -�Vd�hmsdqoqds�sghr�adg]uhnq�]r�]�bnmrdptdmbd�ne�sgd�
nardqu]shnm�sg]s�enq�vhcsgr�fqd]sdq�sg]m�8�@ �dwsq]�ldsg]mnk�dmsdqr�sgd�
onqd�ats�l]hmkx�nbbtohdr�hsr�bdmsdq�’Ehf- R1,R7(-

2-2-�Bnm�mdc�chfitrhnm�andffiahdms

Vd�nardqud� sg]s� sgd�nudq]kk�u]ktd�ne�𝐷‖ cdbqd]rdr� enq�d]bg�lhw,
stqd�bnlonmdms�vhsghm�sgd�rkhs�onqd�]r�𝛿 hr�qdctbdc�’Ehf- 3(-�Sghr�b]m�ad�
]ssqhatsdc�sn�sgd�e]bs�sg]s�rsqnmfdq�bnm˙mdldms�qdrtksr�hm�]�qdctbdc�unk,
tld�enq�chˇtrhnm-�Hm�sgd�b]rd�ne�otqd�BRV�Z15[*�𝐷‖ chrok]xr nrbhkk]shnmr�
vhsg�lhmhl]�enq�sgnrd�u]ktdr�ne�𝛿 vgdqd�sgd�khpthc�qd]bgdr�l]whltl�
cdmrhsx�]mc�l]whl]�vgdqd�sgd�cdmrhsx�hr�lhmhltl�’rnkhc�]mc�c]rgdc�
udqshb]k�sghbj�khmdr�hm�Ehf- 3*�qdrodbshudkx(-
Sgd�dwsqdl]�hm�𝐷‖ enq�sgd�lhwstqd%r�bnlonmdmsr�]qd�kdrr�duhcdms�]mc�

rtffdrs�]m�hmsdqok]x�adsvddm�sgd�svn�khpthcr-�Enq�hmrs]mbd*�BRV%r�𝐷‖ hm�
sgd�8/ ,0/ �lhwstqd�cdbqd]rdr�]s�𝛿 ≃ 7.4 @ �’Ehf- 3(�vgdqd�ldsg]mnk%r�
𝜌 hr�l]whltl�’Ehf- 1(-�Sghr�adg]uhnq�bntkc�ad�]�bnmrdptdmbd�ne�gnv�
sgd�cdmrhsx ne�ldsg]mnk�hlo]bsr�sgd�chˇtrhnm�ne�BRV�hm�sgd�lhwstqd*�
rodbh˙b]kkx�vgdm�sgdhq�k]xdqr�nudqk]o�’𝛿 , 0) @ *�Ehf- R2*�R3(-�Sghr�dˇdbs*�
gnvdudq*�hr�mn�knmfdq�duhcdms�enq�𝛿 < 04�@ *�vgdqd�sgd�chˇtrhnm�ne�BRV�
hm�sgd�lhwstqd�adbnldr�bnlo]q]akd�sn�sg]s�ne�sgd�otqd�b]rd-
Vd� fdmdq]kkx� nardqud� sg]s� sgd�BRV� hr� e]rsdq� sg]m� sgd�ldsg]mnk�

vhsghm�sgd�onqd-�Sghr�bntkc�ad�ctd�sn�sgd�]ahkhsx�ne�sgd�BRV�rnes,bnqd�
onsdmsh]k�sn�]c]os�pthbjkx�sn�onqd�vhcsgr�sg]s�cn�mns�l]sbg�vhsg�sgd�
bnlonmdmsr� k]xdqr� ’c]rgdc�udqshb]k� sghbj� khmdr� enq� sgd�otqd�BRV� hm�
Ehf- 3(*�]r*�enq�dw]lokd*�]s�𝛿 ≃ 6.4 @ �’Ehf- R1(-�Sgd�o]qsh]k�nudqk]or�ne�
sgd�rnes�bnqdr�ne�chˇdqdms�lnkdbtkdr�b]m�kd]c�sn�ltkshokd�l]whl]�’]mc�

lhmhl](�hm�𝐷‖ ]s�u]ktdr�ne�𝛿 ghfgdq�bnlo]qdc�sn�sgd�otqd�BRV�b]rd�
’Ehf- 3(-

@krn*�]r�sgd�ldsg]mnk�bnmbdmsq]shnm�hmbqd]rdr�hm�sgd�lhwstqd*�sgd�
sgdql]k�chˇtrhnm�ne�sgd�v]sdq,khjd�khpthc�adbnldr�rknvdq�’Ehf- 3(-�Sghr�
ogdmnldmnm�b]m�ad�]ssqhatsdc�sn�sgd�rsdqhb�dˇdbs�ne�sgd�unktlhmntr�
ldsg]mnk�lnkdbtkd*�vghbg�qdrsqhbsr�sgd�]u]hk]ahkhsx�ne�eqdd�unktld�enq�
sgd�chˇtrhnm�ne�BRV-�@r�]�qdrtks*�sgd�u]ktd�ne�BRV%r�𝐷‖ chlhmhrgdr-
Sgd�dwsq],unktld�ldbg]mhrl�sg]s�e]bhkhs]sdr�sgdql]k�chˇtrhnm*�ctd�

sn�sgd�rnes�bnqd*�g]r�]�khlhsdc�dˇdbs�nm�ldsg]mnk-�Sghr�hr�adb]trd�nmkx�
nmd�ne�hsr�lnhdshdr�hmsdq]bsr�vhsg�sgd�BRV�onsdmsh]k-�@r�]�qdrtks*�sgd�
ldsg]mnk%r�l]whltl�chˇtrhnm�bndffibhdms�u]ktdr�]qd�rl]kkdq�sg]m�sgnrd�
ne�sgd�v]sdq,khjd�khpthc-�Sghr�nardqu]shnm�hr�bnmrhrsdms�vhsg�sgd�e]bs�sg]s�
hmbqd]rhmf�sgd�ldsg]mnk�bnmbdmsq]shnm�hm�sgd�lhwstqd�nq�cdbqd]rhmf�𝛿
chlhmhrgdr�sgd�rnes,bnqd�e]bhkhs]shmf�dˇdbs*�kd]chmf�sn�]�rknvcnvm�hm�sgd�
nudq]kk�lhwstqd�’Ehf- 3(-
Etqsgdqlnqd*�ldsg]mnk�dwodqhdmbdr�]�lnqd�rhfmh˙b]ms�rknvhmf�cnvm�

sg]m�sgd�BRV�bnlonmdms*�vghbg�b]m�ad�]ssqhatsdc�sn�hsr�rsqnmfdq�hmsdq,
]bshnm�vhsg�sgd�v]kkr-�Ldsg]mnk�o]qshbkdr�hmsdq]bs�vhsg�sgd�v]kkr�svhbd�
]r�ltbg�]r�BRV�o]qshbkdr*�kd]chmf�sn�lnqd�dˇdbshud�gxcqnognahb�]ssq]b,
shnm-

Sgdqdenqd*�](� sgd�rknvhmf�cnvm�ne�ldsg]mnk�ctd� sn�gxcqnognahb�
]ssq]bshnm�]mc�a(�sgd�e]bhkhs]shnm�dˇdbs�ne�rnes�onk]q�hmsdq]bshnm�bnlahmd�
sn�hmctbd�0(�BRV�cdokdshnm�eqnl�hmrhcd�sgd�onqd�enq�rl]kk�𝛿 u]ktdr*�
1(�rdfqdf]shnm�adsvddm�lhwstqd�bnlonmdmsr�]s�ghfgdq�𝛿 u]ktdr*�]mc�2(�
fdmdq]kkx�e]rsdq� knmfhstchm]k�chˇtrhnm�ne�sgd�v]sdq,khjd� khpthc-�Sgdrd�
dˇdbsr�]qd�oqnlhrhmf�oqdqdpthrhsdr�enq�dffibhdms�ogxrhb]k�rdo]q]shnm�ne�
sgd�svn�bnlonmdmsr-
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Dhf- 3- Chfltrhnm�bndffibhdms�oWpWkkdk�sn�sgd�rkhs�onpd�vWkkr�enp�bnm�mdc�ART’ldsgWmnk�lhwstpdr- Sgd�knmfhstchm]k�𝐷‖ hr�mnm,lnmnsnmhb�vhsg�sgd�onqd�vhcsg�
𝛿-�Enq�otqd�BRV�’qdc�rxlankr�]mc�khmdr(*�hs�g]r�l]whl] ]mc�lhmhl]�md]q�sgd�eqdd�dmdqfx�l]whl]�]mc�lhmhl]�’l]qjdc�ax�c]rgdc�]mc�rnkhc�udqshb]k�sghbj�khmdr*�]r�
hm�Ehf- 1(*�qdrodbshudkx-�Enq�ansg�8/ ,0/ �’kdes�o]mdk(�]mc�64 ,14 �’qhfgs�o]mdk(�BRV,ldsg]mnk�lhwstqdr*�sgd�v]sdq,khjd�bnlonmdms�’aktd�nq�fqddm rnkhc�bhqbkdr(�
hr�e]rsdq�sg]m�sgd�ldsg]mnk�’aktd�nq�fqddm�nodm�bhqbkdr(*�drodbh]kkx�enq�k]qfd�u]ktdr�ne�𝛿-�Gnvdudq*�sgd�o]qsh]k�lhrl]sbg�ne�chˇtrhnm�dwsqdl]�vhsg�sgd�otqd�b]rd�
rtffdrsr*�vhsghm�ntq�mtldqhb]k�dqqnqr*�]�bnlokdw�cxm]lhb�hmsdqok]x�adsvddm�sgd�svn�bnlonmdmsr-

Dhf- 4- Sgd�lhwstpd%r�gxcpWshnm�opdrrtpd�nrbhkkWsdr�adsvddm�onrhshud�Wmc�
mdfWshud�uWktdr�cdodmchmf�nm�sgd�rkhs’onpd�vhcsg- Nmkx�]�edv�u]ktdr�ne�
𝛿 bnqqdronmc� sn�ldbg]mhb]kkx� rs]akd� ’h-d-*�vhsg�𝑃excp = ) ]mc� 𝜕𝑃excp]𝜕𝛿 , )*�
rnkhc�udqshb]k� sghbj� khmdr(�nq�ldbg]mhb]kkx�tmrs]akd� ’h-d-*�vhsg�𝑃excp = ) ]mc�
𝜕𝑃excp]𝜕𝛿 < )*�c]rgdc�udqshb]k�sghbj�khmdr(�dpthkhaqhtl�vhcsgr-�Hm�adsvddm�sgdrd�
u]ktdr*�dwsdqm]k�dmdqfx�vntkc�ad�mddcdc�sn�jddo�𝛿 ˙wdc�]f]hmrs�sgd�dˇdbshud�
’lhwstqd,ldch]sdc(�v]kk,v]kk�]ssq]bshnm�’𝑃excp , )(�nq�qdotkrhnm�’𝑃excp < )(-�Sgd�
q]mfd�ne�u]qh]shnm�ne�𝑃excp hr�k]qfdq�enq�sgd�64 ,14 �BRV,ldsg]mnk�lhwstqd�
’fqddm�rxlankr�]mc�khmdr(�sg]m�enq�sgd�8/ ,0/ �lhwstqd�’aktd(*�vghkd�sgd�otqd�
BRV�b]rd�’qdc(�hr�]ooqnwhl]sdkx�hmsdqldch]sd-�Udqshb]k�c]rgdc�]mc�rnkhc�sghbj�
khmdr�]qd�]r�hm�Ehf- 1-

2-3-�GxcqWshnm�oqdrrtqd

Mdws*�vd�hmudrshf]sd�sgd�qdk]shnmrgho�adsvddm�sgd�gxcq]shnm�oqdr,
rtqd�𝑃excp ]mc�𝛿 sn�cdsdqlhmd�sgd�lnrs�dmdqfx,dffibhdms�onqd�rhyd�enq�
rdo]q]shnm-�Hmcddc*�𝑃excp qdfidbsr�sgd�enqbd�qdpthqdc�sn�l]hms]hm�]�rod,
bh˙b�chrs]mbd�𝛿 adsvddm�sgd�v]kkr�ne�sgd�rkhs�onqd-�Ax�hmsdfq]shmf�𝑃excp
]knmf� sgd�𝑧,]whr*�vd�b]m�du]kt]sd� sgd�]lntms�ne�dmdqfx�qdpthqdc� sn�
l]hms]hm�𝛿 ˙wdc-
Khjd�v]sdq�Z1/*14*31[ ]mc�otqd�BRV�khpthc�Z15[*�sgd�BRV,ldsg]mnk�

lhwstqd�b]m�dhsgdq�]ssq]bs�nq�qdodk�sgd�bnm˙mhmf�v]kkr�cdodmchmf�nm�
sgd�onqd�vhcsg�𝛿 ’Ehf- 4(-�He�𝑃excp < )*�sgd�bnm˙mdc�lhwstqd%r�hmsdqm]k�
oqdrrtqd�nm�sgd�onqd�v]kkr�hr�fqd]sdq�sg]m�sgd�atkj�oqdrrtqd�hm�Dp- ’6(*�
]mc�]m�dwsdqm]k�enqbd�hr�qdpthqdc�sn�a]k]mbd�sgd�hmsdqm]k�oqdrrtqd�sn�jddo�
𝛿 bnmrs]ms�]mc�oqdudms�sgd�v]kkr�eqnl�lnuhmf�e]q�]o]qs-�Bnmudqrdkx*�he�

𝑃excp , )*�sgd�atkj�oqdrrtqd�hr�fqd]sdq�sg]m�sgd�hmsdqm]k�oqdrrtqd*�]mc�]m�
dwsdqm]k�enqbd�hr�mdbdrr]qx�sn�]unhc�sgd�bnkk]ord�ne�sgd�rkhs,onqd-
@r�chrbtrrdc�enq�otqd�fithcr*�sgd�enqbd�hla]k]mbd�qdrtksr�eqnl�sgd�

rxrsdl%r� bg]mfdr� hm� eqdd� dmdqfx-� Sgd� rs]akd� dpthkhaqhtl� bnmchshnmr�
’𝑃excp = ) ]mc� 𝜕𝑃excp]𝜕𝛿 , )(� bnqqdronmc� sn� sgd�lhmhl]� hm� eqdd� dm,
dqfx-� Hm�bnmsq]rs*� sgd�tmrs]akd�dpthkhaqhtl�bnmchshnmr� ’𝑃excp = ) ]mc�
𝜕𝑃excp]𝜕𝛿 < )(�qdoqdrdms�sgd�l]whl]�Z14*15[-
@m�dw]lokd�sg]s�gdkor�sn�tmcdqrs]mc�sghr�bnmbdos�hr�vgdm�𝑃excp = )

tmcdq�svn�bnmchshnmr9�]s�𝛿 ≈ 6.4 @ �]mc�𝛿 ≈ 8.4 @ -�Ntq�rhltk]shnmr�rgnv�
sg]s�svn�khpthc�k]xdqr�enql�adsvddm�sgdrd�svn�u]ktdr�ne�𝛿-�He�vd�cdbqd]rd�
𝛿 eqnl�𝛿 ≈ 6.4 @ *�sgd�oqdrrtqd�adbnldr�mdf]shud*�]mc�sgd�rkhs,onqd�vntkc�
bnkk]ord-�Bnmudqrdkx*�he�vd�hmbqd]rd�sgd�vhcsg�ne�sgd�rkhs*�𝑃excp < ) ]mc�
sgd�v]kkr�lnud�]o]qs-�@�rhlhk]q�ats�noonrhsd�rhst]shnm�nbbtqr�]s�𝛿 ≈ 8.4
@ -�He�vd�cdbqd]rd�sgd�vhcsg*�sgd�lhwstqd�]ookhdr�𝑃excp < ) sn�qdrsnqd�sgd�
vhcsg�sn�sgd�dpthkhaqhtl�u]ktd-�Bnmudqrdkx*�he�vd�hmbqd]rd�𝛿*�𝑃excp , )
]mc�sgd�v]kkr�qdstqm�sn�sgdhq�nqhfhm]k�𝛿 u]ktd-
Gdqd�vd�˙mc�sg]s�sgd�eqdd,dmdqfx�lhmhl]�bnmchshnmr�enq�sgd�lhw,

stqdr�]qd�bnmrhrsdms*�vhsghm�sgd�dqqnq�a]qr*�vhsg�sgnrd�enq�otqd�BRV-�
@cchshnm]kkx*�vd�nardqud�sg]s�sgd�l]whl]�g]ud�]�vd]j�cdodmcdmbd�nm�
sgd�odqbdms]fd�ne�ldsg]mnk�bnlonmdms�’Ehf- 4(-�Rodbh˙b]kkx*�vd�˙mc�
sg]s�sgd�rkhs,onqd�hr�hm�rs]akd�dpthkhaqhtl�vgdm�𝛿 ≃ 8.4 @ *�01-4�@ �]mc�
05�@ -�Sgdrd�vhcsgr�bnqqdronmc�sn�0(�]�bnm˙mdc�lhwstqd�ahk]xdq�vhsg�
vdkk,lhwdc�BRV�]mc�ldsg]mnk�’Ehf- R2�]mc�0(*�1(�sgqdd�bnm˙mdc�k]x,
dqr�vgdqd�BRV�]mc�ldsg]mnk�]qd�rdfqdf]sdc�’Ehf- 2 ]mc�0(*�]mc�2(�entq�
BRV�k]xdqr�vhsg�bg]q]bsdqhrshbr�rhlhk]q�sn�sgd�sgqdd,k]xdq�b]rd-
Etqsgdqlnqd*� hm�sgd�b]rd�ne�sgqdd�]mc� entq,k]xdqr�ne�lhwstqd*�sgd�

v]sdq,khjd�khpthc�g]r�]�sgdql]k�chˇtrhnm�bnmrs]ms�]ooqnwhl]sdkx�1/ �
sn�4/ �fqd]sdq�sg]m�ldsg]mnk-�Gnvdudq*�hm�ahk]xdq�bnm˙ftq]shnmr*�sghr�
chˇdqdmbd�chlhmhrgdr*�]mc�hs�]klnrs�chr]ood]qr�vgdm�𝛿 hr�cdbqd]rdc*�
vhsg�ldsg]mnk�bnmbdmsq]shnm�bg]mfdr�hm�sgd�lhwstqd�g]uhmf�nmkx�]�lh,
mnq�hlo]bs�’Ehf- 3(-
Sgd�gxcq]shnm�oqdrrtqd�cndr�mns�g]ud�]�chqdbs�hlo]bs�nm�rdkdbshuhsx-�

Hmrsd]c*�hs�hr�bqtbh]k�enq�sgd�ldbg]mhb]k�]mc�dmdqfdshb�rs]ahkhsx�ne�sgd�
rxrsdl�Z32[-�Hmcddc*�sq]mrk]sdc�hmsn�dwodqhldms]k�bnmchshnmr*�g]uhmf�]�
rxrsdl�vhsg�]m�tmrs]akd�gxcq]shnm�oqdrrtqd�bnm˙ftq]shnm�bntkc�kd]c�sn�
l]sdqh]k�e]shftd�]mc�]m�dudmst]k�cdfq]c]shnm�ne�sgd�rdsto-�Sgdqdenqd*�
sn�]bghdud�sgd�ghfgdrs�rdkdbshuhsx�vghkd�lhmhlhyhmf�sgd�vnqj�]rrnbh]sdc�
vhsg�sgd�gxcq]shnm�oqdrrtqd*�vd�ltrs�˙mc�sgd�lnrs�rths]akd�rkhs�onqd�
vhcsg�sgqntfg�]m�noshlhy]shnm�oqnbdrr-
Sgdqdenqd*�a]rdc�nm�ntq�̇ mchmfr*�vd�hcdmshex�svn�onsdmsh]k�bnm˙ft,

q]shnmr�sg]s�b]m�ad�trdc�enq�dˇdbshud�rdfqdf]shnm�oqnbdrrdr-�Sgd�˙qrs*�
]s�ghfg�dmdqfx�bnrs*� hmunkudr� sgd�ldbg]mhb]k� hmrs]ahkhsx� rtqqntmchmf�
𝛿 ≃ 6.4 @ *�vgdqd�sgdqd�hr�]�rhfmh˙b]ms�chˇdqdmbd�hm�sgd�]lntms�ne�BRV�
v]sdq�]mc�ldsg]mnk�oqdrdms�vhsghm�sgd�onqd-�Sgd�rdbnmc�bnm˙ftq]shnm�
hr�]qntmc�𝛿 ≃ 01.4 @ *�vghbg�nˇdqr�hcd]k�rdfqdf]shnm�]mc�chˇtrhnm�bnm,



Journal of Molecular Liquids 391 (2023) 123356

7

P- Adiihcn,NdqWisW E- Kdnmh B- BWidqn ds Wi-

chshnmr�enq�ldbg]mhb]kkx�rdo]q]shmf�sgd�v]sdq,khjd�khpthc�eqnl�ldsg]mnk�
hm�]m�dmdqfx,dffibhdms�v]x-

3-�RtllWpx�Wmc�bnmbktrhnmr

Sgd� rdo]q]shnm�ne�v]sdq�]mc�ldsg]mnk� hr�drrdmsh]k� hm�u]qhntr� hm,
ctrsqh]k�oqnbdrrdr*� rtbg�]r�dwsq]bshmf�ldsg]mnk� enq�ahnetdkr� Z33*34[-�
Gnvdudq*�bnmudmshnm]k�sdbgmhptdr�g]ud�sgdhq�khlhs]shnmr�qdf]qchmf�de,
˙bhdmbx�]mc�bnrsr�Z35[-�Sgtr*�hs�hr�bqtbh]k�sn�rddj�]ksdqm]shud�ldsgncr�
sg]s�]qd�ansg�sdbgmnknfhb]kkx�ed]rhakd�]mc�rbhdmsh˙b]kkx�bnlodkkhmf-�Sghr�
hr�o]qshbtk]qkx�qdkdu]ms�enq�]bghduhmf�sgd�TM�Rtrs]hm]akd�Cdudknoldms�
Fn]kr� ’RCFr(�ne� zBkd]m�V]sdq� ]mc� R]mhs]shnm“� ]mc� z@ˇnqc]akd� ]mc�
Bkd]m�Dmdqfx“-
Hm ntq�oqduhntr�qdrd]qbg�nm�’rhmfkd,bnlonmdms(�m]mn,bnm˙mdc�khp,

thcr*�vd�g]ud�rgnvm�sg]s�sgd�v]x�lnkdbtkdr�hmsdq]bs�vhsg�d]bg�nsgdq�
hlo]bsr�gnv�sgdql]k�chˇtrhnm�u]qhdr�]bqnrr�chˇdqdms�onqd�vhcsgr�Z15[-�
Vd�]krn�entmc�sg]s�ldsg]mnk�]bbtltk]sdr�vhsghm�]�fq]ogdmd�rkhs�onqd�
vgdm�lhwdc�vhsg�v]sdq�ctd�sn�hsr�rsqnmfdq�gxcqnognahb�]ssq]bshnm�sn�
sgd�onqd�Z18[-�Gdqd*�vd�hmudrshf]sd�vgdsgdq�vd�b]m�rdo]q]sd�v]sdq�]mc�
ldsg]mnk�eqnl�]�lhwstqd�ax�dwoknhshmf�sgdhq�chrshmbs�sq]mronqs�oqnodq,
shdr�]r�]�etmbshnm�ne�sgd�onqd�vhcsg-
Sgdqdenqd*�vd�odqenql�Lnkdbtk]q�Cxm]lhbr�rhltk]shnmr�ne�v]sdq,

ldsg]mnk�lhwstqdr*� enq� sgqdd�bnlonrhshnmr*� hm� rkhs�onqdr�ne�chˇdqdms�
vhcsgr�sn�dwoknqd�gnv�sn�noshlhyd�sgdhq�rdo]q]shnm-�Sn�dmrtqd�rhltk],
shnm�dffibhdmbx�vghkd�qds]hmhmf�sgd�bnqqdbs�sgdqlncxm]lhb�adg]uhnq�ne�
sgd�lhwstqd*�vd�trdc�sgd�BRV�v]sdq,khjd�khpthc�Z21[ ]mc�sgd�ctlaadkk�
ldsg]mnk�lncdk�Z17[ sn�bn]qrd,fq]hm�sgd�lhwstqd-�Sgdrd�lncdkr�vdqd�
oqduhntrkx�sdrsdc�hm�sgd�khsdq]stqd�Z2/*23[ ]mc�rtbbdrretkkx�qdokhb]sdc�
lhwstqd�oqnodqshdr�Z20*25[-
Ntq�btqqdms�̇ mchmfr�bnm˙ql�sg]s*�vhsghm�]�m]qqnv�onqd*�sgd�svn�khp,

thcr�chˇtrd�]s�tmdpt]k�q]sdr-�@cchshnm]kkx*�hm�sghr�vnqj*�vd�nardqud�sg]s�
ldsg]mnk�]mc�v]sdq�sdmc�sn�rdfqdf]sd�vhsghm�sgd�onqd*�enqlhmf�k]xdqr�
vgnrd�rdo]q]shnm�cdodmcr�nm�sgd�onqd�vhcsg*�vhsg�v]sdq�s]jhmf�to�sgd�
bdmsq]k�ro]bd�hm�sgd�onqd-�Sgd�hmsdqok]x�adsvddm�0(�k]xdqhmf*�1(�rknv,
hmf�cnvm�b]trdc�ax�sgd�hmsdq]bshnm�ne�fq]ogdmd�]mc�ldsg]mnk*�]mc�2(�
e]bhkhs]shnm�ne�chˇtrhnm�ctd�sn�rnes�onk]q�hmsdq]bshnmr�oqnuhcdr�noshl]k
bnmchshnmr�enq�dmg]mbhmf�k]xdq�rdo]q]shnm�adsvddm�sgd�svn�bnlonmdmsr-�
Enq�hmrs]mbd*�he�sgd�onqd�rhyd�hr�]cdpt]sd*�m]mnbg]mmdkr�]s�sgd�dmc�ne�sgd�
rkhs�onqd�bntkc�dwsq]bs�sgd�svn�bnlonmdmsr�rdo]q]sdkx�eqnl�chˇdqdms�
onqd�qdfhnmr-
Gnvdudq*�mns�]kk�onqd�rhydr�b]m�vhsgrs]mc�ldbg]mhb]k�rsqdrr-�Vghkd�

hs�hr�onrrhakd�sn�l]hms]hm�sgd�rs]ahkhsx�ne�sgd�onqd�v]kkr�sgqntfg�dwsdqm]k�
vnqj*�hs�hr�rshkk�bqtbh]k�sn�hcdmshex�sgd�noshl]k�onqd�rhyd�sg]s�]kknvr�enq�
dffibhdms�chˇtrhnm�]mc�rdfqdf]shnm�ne�sgd�bnlonmdmsr�vghkd�dmrtqhmf�
ldbg]mhb]k�rs]ahkhsx�enq�l]whltl�dmdqfx�dffibhdmbx-
Fhudm�sgdrd�bnmrsq]hmsr*�sghr�vnqj�rgnvr sg]s� he�]�fq]ogdmd�onqd�

g]r�]�vhcsg�bnms]hmhmf�]s�kd]rs�sgqdd�lhwstqd�k]xdqr”]ants�01-4 @ ”hs�hr�
lnrs�dˇdbshud�]s�rdo]q]shmf�v]sdq�]mc�ldsg]mnk-�Sgqdd�e]bsnqr�l]jd�
sghr�onqd� rhyd�dmdqfdshb]kkx� e]unq]akd� enq�lhwstqd� rdo]q]shnm-�Ehqrskx*�
sgd�bnlonmdmsr�vhkk�rdfqdf]sd*�bnmbdmsq]shmf� sgd�ldsg]mnk�md]q� sgd�
v]kkr�]mc�sgd�v]sdq�hm�sgd�bdmsdq�ne�sgd�onqd-�Sghr�]qq]mfdldms�]kknvr�
dffibhdms�v]sdq�dwsq]bshnm�eqnl�sgd�lhwstqd�sgqntfg�oqnodq�̇ ksdqhmf�fd,
nldsqx-�Rdbnmckx*�ldsg]mnk�hr�]ooqnwhl]sdkx�1/ �rknvdq�sg]m�v]sdq�
enq�bnmbdmsq]shnmr�q]mfhmf�eqnl�0/ �sn�14 *�vghbg�]hcr�hm�sgd�rdo]q],
shnm�oqnbdrr-�K]rskx*�sgd�onqd�qdl]hmr�ldbg]mhb]kkx�rs]akd*�lhmhlhyhmf�
sgd�dmdqfdshb�bnrsr�enq�gnkchmf�hsr�rsqtbstqd-
Sgd�qdrtksr ne�ntq�rstcx�bntkc�g]ud�oq]bshb]k�]ookhb]shnmr�hm�nsgdq�

rxrsdlr-�Rodbh˙b]kkx*�sgd�rkhs�onqd�bnm˙ftq]shnm�vd�]cnosdc�b]m�lhlhb�
]qsh˙bh]k�rsqtbstqdr�sg]s�bknrdkx�qdrdlakd�ntq�fdnldsqx�Z36[ nq�sgd�hmsdq,
k]xdq�ro]bd�hm�ldlaq]mdr�bnlonrdc�ne�rs]bjdc�fq]ogdmd�fi]jdr*�vgdqd�
m]mnrkhsr”bqd]sdc�ax�sgd�chrs]mbd�adsvddm�rgddsr”bnmmdbs�m]mnbg]mmdkr�
Z8[-�Sgdqdenqd*�a]rdc�nm�ntq�˙mchmfr*�hcd]k�onqd�o]q]ldsdqr�bntkc�ad�
entmc�sn�ogxrhb]kkx�rdo]q]sd�v]sdq,]kbngnk�lhwstqdr�sgqntfg�m]mnsdbg,
mnknfx-

Dtmchmf

Sghr�qdrd]qbg�v]r�etmcdc�ax�LBHM.@DH.�0/-02/28.�4/00///00/22�
]mc�zDQCE�@�v]x�ne�l]jhmf�Dtqnod“�fq]ms�mtladq�OFB1/07,/88166,
A,B11�]mc�OHC1/10,013186MA,B20-

CdbkWpWshnm�ne�bnlodshmf�hmsdpdrs

Sgd�]tsgnqr�cdbk]qd�sg]s�sgdx�g]ud�mn�jmnvm�bnlodshmf�˙m]mbh]k�
hmsdqdrsr�nq�odqrnm]k�qdk]shnmrghor�sg]s�bntkc�g]ud�]ood]qdc�sn�hmfitdmbd�
sgd�vnqj�qdonqsdc�hm�sghr�o]odq-

CWsW�WuWhkWahkhsx

C]s]�vhkk�ad�l]cd�]u]hk]akd�nm�qdptdrs-

9bimnvkdcfdldmsr

F-E-�]bjmnvkdcfdr�sgd�Uhrhsnq�Oqnfq]l�ne�sgd�L]w�Ok]mbj�Hmrshstsd�
enq�Sgd�Ogxrhbr�ne�Bnlokdw�Rxrsdlr�enq�rtoonqshmf�]�rhw,lnmsg�uhrhs�
sg]s�rs]qsdc�nm�Mnudladq�1/11-
Q-�Adkkhcn,Odq]ks]�vntkc�khjd�sn�]bjmnvkdcfd�sgd�]rrhrs]mbd�fhudm�

ax�Qdrd]qbg�HS�]mc�sgd�trd�ne�sgd�Bnlots]shnm]k�Rg]qdc�E]bhkhsx�]s�Sgd�
Tmhudqrhsx�ne�L]mbgdrsdq-
E-�K-�]bjmnvkdcfdr�rtoonqs�eqnl�BHMDB@,HRBQ@�enq�GOB�qdrntqbdr-

9oodmchw 9-�RtookdldmsWpx�lWsdphWk

Rtookdldms]qx�l]sdqh]k�qdk]sdc�sn�sghr�]qshbkd�b]m�ad�entmc�nmkhmd�
]s�gssor9..cnh�-nqf�.0/�-0/05�.i�-lnkkhp�-1/12�-012245-

Mdedpdmbdr

Z0[ M-�Lhf]m]j]kkt*�Y-�X]mf*�Q-�Qnfò �y*�fl-I-�J]otrs]*�B-�Bgqhrsdmrdm*�R-�A]qqnr*�I-�M]adq*�
Dˇdbs�ne�v]sdq�, ldsg]mnk�akdmcr�nm�dmfhmd�odqenql]mbd�]s�anqcdqkhmd�jmnbj�bnm,
chshnmr�hm�f]rnkhmd�chqdbs�hmidbshnm�dmfhmdr*�@ook-�Dmdqfx�153�’1/1/(�00364/-

Z1[ F-�Rgt*�X-�S]m*�K-�Bth*�X-�Yg]mf*�K-�Yg]mf*�Dˇdbs�ne�lhwdc�rnkudmsr�bnms]hmhmf�dsgx,
kdmd�fkxbnk�]mc�u]qhntr�r]ksr�nm�sgd�u]onq”khpthc�dpthkhaqhtl ne�v]sdq�+ ldsg]mnk�
+ dsg]mnk*�I-�Bgdl-�Dmf-�C]s]�54�’1/1/(�2/18”2/25-

Z2[ R-�L]rntlh*�@-J-�C]k]h*�Sdbgmn,dbnmnlhb�]mc�khed�bxbkd�]m]kxrhr�ne�ahnetdk�oqnctb,
shnm�uh]�gxcqnsgdql]k�khptde]bshnm�ne�lhbqn]kf]d�hm�]�ldsg]mnk,v]sdq�rxrsdl�]mc�
b]s]kxshb�gxcqnsqd]sldms�trhmf�gxcqnbg]q�]r�]�b]s]kxrs�rtoonqs*�Ahnl]rr�Ahndmdqfx�
040�’1/10(�0/5057-

Z3[ @-�Lng]ll]c*�X-�Sdnv*�V-�@mf*�X-�Bgtmf*�C-�N]skdx,Q]cbkhˇd*�M-�Ghk]k*�M]mn˙k,
sq]shnm�ldlaq]mdr�qduhdv9�qdbdms�]cu]mbdr�]mc�etstqd�oqnrodbsr*�Cdr]khm]shnm�245�
’1/04(�115”143-

Z4[ C-F-�O]o]fdnqfhnt*�H-@-�Jhmknbg*�Q-I-�Xntmf*�Ldbg]mhb]k�oqnodqshdr�ne�fq]ogdmd�]mc�
fq]ogdmd,a]rdc�m]mnbnlonrhsdr*�Oqnf-�L]sdq-�Rbh-�8/�’1/06(�64”016-

Z5[ X-�Jnodk*�M-�Fhnu]la]sshrs]*�Bnlo]q]shud�rstcx�ne�v]sdq,ldch]sdc�hmsdq]bshnmr�ad,
svddm�gxcqnoghkhb�]mc�gxcqnognahb�m]mnrb]kd�rtqe]bdr*�I-�Ogxr-�Bgdl-�B�012 ’4/(�
’1/08(�0/703”0/713-

Z6[ B-J-�Bgt]*�L-�Otldq]*�Bgdlhb]k�qdctbshnm�ne�fq]ogdmd�nwhcd9�]�rxmsgdshb�bgdlhrsqx�
uhdvonhms*�Bgdl-�Rnb-�Qdu-�32�’1/03(�180”201-

Z7[ O-U-�Jtl]q*�M-L-�A]qcg]m*�R-�Snmf]x*�I-�Vt*�@-L-�Adkbgdq*�I-B-�Fqnrrl]m*�Rb]k]akd�
dmg]mbdldms�ne�fq]ogdmd�nwhcd�oqnodqshdr�ax�sgdql]kkx�cqhudm�og]rd�sq]mrenql],
shnm*�M]s-�Bgdl-�5�’1/02( 040”047-

Z8[ Q-Q-�M]hq*�G-@-�Vt*�O-M-�I]x]q]l*�H-U-�Fqhfnqhdu]*�@-J-�Fdhl*�Tmhlodcdc�odq,
ld]shnm�ne�v]sdq�sgqntfg�gdkhtl,kd]j”shfgs�fq]ogdmd,a]rdc�ldlaq]mdr*�Rbhdmbd�
224 ’5/56(�’1/01(�331”333-

Z0/[ W-�Bgdm*�R-�Lng]lldc*�F-�X]mf*�S-�Ph]m*�X-�Bgdm*�G-�L]*�Y-�Whd*�W-�Yg]mf*�F-O-�
Rhlnm*�G-�V]mf*�Rdkdbshud�odqld]shnm�ne�v]sdq�sgqntfg�]mfrsqnl,bg]mmdk�fq]ogdmd�
ldlaq]mdr�enq�ahndsg]mnk�bnmbdmsq]shnm*�@cu-�L]sdq-�21�’1/1/(�1//121/-

Z00[ @-�V]mf*�V-�Bgdm*�G-�Wt*�Y-�Whd*�W-�Ygdmf*�L-�Kht*�X-�V]mf*�M-�Fdmf*�W-�Lt*�
L-�Chmf*�Gdsdqnrsqtbstqdc�LnR1�pt]mstl�cns.FN�k]ldkk]q�ldlaq]md�vhsg�hl,
oqnudc�sq]mronqs�dffibhdmbx�enq�nqf]mhb�rnkudmsr�hmrohqdc�ax�sgd�m]lha�cdrdqs�addskd*�
I-�Ldlaq-�Rbh-�54/�’1/11(�01/3/1-

Z01[ Q-�B]rsqn,Ltm–ny*� I-�Atdq],FnmyÓkdy*�Å-�cd� k]� Hfkdrh]*�E-�F]kh]mn*�U-�Eék]*�L-�
L]k]mjnvrj]*�B-�Qtahn*�@-�Ehfnkh*�B-�Sçkkdy*�I-�Bnqnm]r*�Snv]qcr�sgd�cdgxcq]shnm�ne�
dsg]mnk�trhmf�odqu]onq]shnm�bqnrr,khmjdc�onkx’uhmxk�]kbngnk(.fq]ogdmd�nwhcd�ldl,
aq]mdr*�I-�Ldlaq-�Rbh-�471�’1/08(�312”323-

Z02[ F-�Gt]mf*�A-�Fg]kdh*�@-�Ontqm]fgrga]mc�Hre]g]mh*�G-D-�J]q]g]m*�C-�Sdq]c]*�C-�Phm*�
B-�Kh*�L-�Srtihlnsn*�C-�X]l]ftbgh*�J-�Rtfhlnsn*�Q-�Hf]q]rgh*�A-J-�Bg]mf*�S-�Kh*�L-�
Rghq]j]v]*�D-�Rhu]mh]g*�Nudqbnlhmf�gtlhchsx,hmctbdc�rvdkkhmf�ne�fq]ogdmd�nwhcd,
a]rdc�gxcqnfdm�ldlaq]mdr�trhmf�bg]qfd,bnlodmr]shmf�m]mnch]lnmcr*�M]s-�Dmdqfx�
5�’1/10(�0065”0076-
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Z03[ @-S-�Rlhsg*�@-L-�K]Bg]mbd*�R-�Ydmf*�A-�Kht*�K-�Rtm*�Rxmsgdrhr*�oqnodqshdr*�]mc�]ookh,
b]shnmr�ne�fq]ogdmd�nwhcd.qdctbdc�fq]ogdmd�nwhcd�]mc�sgdhq�m]mnbnlonrhsdr*�M]mn�
L]sdq-�Rbh-�0 ’0(�’1/08(�20”36-

Z04[ I-�I]mf*�X-S-�M]l*�C-�Jhl*�X-,I-�Jhl*�C-V-�Jhl*�G-,S-�Itmf*�Stqanrsq]shb�m]mnonqntr�
b]qanm�rgdds�ldlaq]md�enq�tksq]e]rs�]mc�rdkdbshud�m]mn˙ksq]shnm�hm�uhrbntr�fqddm�
rnkudmsr*�I-�L]sdq-�Bgdl-�@�7�’1/1/(�7181”7188-

Z05[ R-�Fq]udkkd*�G-�Xnrghc]*�K-�Inkx*�B-�Xadqs*�K-�Anbptds*�B]qanm�ldlaq]mdr�enq�dffibhdms�
v]sdq,dsg]mnk�rdo]q]shnm*�I-�Bgdl-�Ogxr-�034�’1/05(�0136/7-

Z06[ A-L-�Xnn*�I-D-�Rghm*�G-C-�Kdd*�G-A-�O]qj*�Fq]ogdmd�]mc�fq]ogdmd�nwhcd�ldlaq]mdr�
enq�f]r�rdo]q]shnm�]ookhb]shnmr*�Btqq-�Nohm-�Bgdl-�Dmf-�05�’1/06(�28”36-

Z07[ C-�L]mfhmc]]m*�J-�Jgnhqtcchm*�H-�Vdmsdm*�Adudq]fd�cd]kbngnkhy]shnm�oqnbdrrdr9�
o]rs*�oqdrdms*�]mc�etstqd*�Sqdmcr�Ennc�Rbh-�Sdbgmnk-�60�’1/07(�25”34-

Z08[ J-�Ytn*�J-�V]mf*�Q-L-�CtBg]mnhr*�P-�E]mf*�D-L-�Cddldq*�W-�Gt]mf*�Q-�Whm*�H-@-�R]hc*�
Y-�Gd*�X-�Edmf*�V-�Rg]md�V]kjdq*�I-�Knt*�L-�Dkhldkdbg*�W-�Gt]mf*�P-�Kh*�Rdkdbshud�
ldlaq]mdr�hm�v]sdq�]mc�v]rsdv]sdq�sqd]sldms9�qnkd�ne�]cu]mbdc�l]sdqh]kr*�L]sdq-�
Snc]x�4/�’1/10(�405”421-

Z1/[ I-�Dmfrskdq*�M-�Fhnu]la]sshrs]*�Bnlo]q]shud�rstcx�ne�sgd�dˇdbsr�ne�sdlodq]stqd�]mc�
oqdrrtqd�nm�sgd�v]sdq,ldch]sdc�hmsdq]bshnmr�adsvddm�]onk]q�m]mnrb]kd�rnktsdr*�I-�
Ogxr-�Bgdl-�B�012 ’4(�’1/08(�0005”0017-

Z10[ G-Q-�Bnqsh*�F-@-�@oohfm]mdrh*�L-B-�A]qanr]*�I-Q-�Anqchm*�B-�B]kdqn*�F-�B]lhr]rb]*�
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