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Vd�oqdrdms�]�mdv�eq]ldvnqj�enq�sgd�dflbhdms�rhltk]shnm�ne�sgd�cxm]lhbr�ne�]bshud�fithcr�
hm�bnlokdw�svn, ]mc�sgqdd,chldmrhnm]k�lhbqnfithchb�fdnldsqhdr-�Enbtrhmf�nm�sgd�b]rd�ne�
]� rtrodmrhnm�ne�lhbqnrvhlldqr� rtbg�]r�lnshkd�a]bsdqh]*�vd�]cnos�]�bnmshmttl�ld]m,
�dkc�lncdk�a]rdc�nm�o]qsh]k�cheedqdmsh]k�dpt]shnmr�enq�sgd�dunktshnm�ne�sgd�bnmbdmsq]shnm*�
onk]qhy]shnm�]mc�mdl]shb�sdmrnq��dkcr*�vghbg�]qd�mnmkhmd]qkx�bntokdc�sn�sgd�M]uhdq,Rsnjdr�
dpt]shnmr�enq�sgd�fithc�finv�cqhudm�ax�hmsdqm]k�]bshud�rsqdrrdr-�@�kdudk�rds�ldsgnc�bnlahmdc�
vhsg� ]m� ]c]oshud�ldrg� qd�mdldms� rbgdld� nm� Pt]c,.Nbsqdd� fqhcr� hr� trdc� sn� b]ostqd�
bnlokdw�cnl]hm�rg]odr�vghkd�qd�mhmf�sgd�rnktshnm�md]q�antmc]qhdr�nq�hm�sgd�mdhfganqgnnc�
ne�rg]qo�fq]chdmsr-�@�gxaqhc��mhsd�unktldr.�mhsd�cheedqdmbdr�ldsgnc� hr� hlokdldmsdc� hm�
vghbg�sgd�bnmbdmsq]shnm��dkc�hr�sqd]sdc�trhmf��mhsd�unktldr�sn�dmrtqd�l]rr�bnmrdqu]shnm*�
vghkd� sgd�onk]qhy]shnm�]mc�mdl]shb�]khfmldms��dkcr�]qd� sqd]sdc�trhmf�]�bnlahm]shnm�ne�
�mhsd�cheedqdmbdr�]mc��mhsd�unktldr�enq�dmg]mbdc�]bbtq]bx-�Sgd�fnudqmhmf�dpt]shnmr�enq�
sgdrd��dkcr�]qd�rnkudc�]knmf�vhsg� sgd�M]uhdq,Rsnjdr�dpt]shnmr*�vghbg�]qd�dunkudc�trhmf�
]m�tmbnmchshnm]kkx�rs]akd�oqnidbshnm�rnkudq-�Vd�hkktrsq]sd�sgd�udqr]shkhsx�]mc�qnatrsmdrr�ne�
ntq�ldsgnc�ax�]m]kxyhmf�ronms]mdntr�]bshud�finvr�hm�u]qhntr�svn, ]mc�sgqdd,chldmrhnm]k�
rxrsdlr-�Ntq�qdrtksr�rgnv�dwbdkkdms�]fqddldms�vhsg�oqduhntr�lncdkr�]mc�dwodqhldmsr�]mc�
o]ud�sgd�v]x�enq�etqsgdq�cdudknoldmsr�hm�]bshud�lhbqnfithchbr-

Otakhrgdc�ax�Dkrduhdq�Hmb-

0 � Hmsqnctbshnm

Sgd�e]rs,fqnvhmf��dkc�ne�]bshud�l]ssdq�g]r�dwbhsdc�ogxrhbhrsr�]mc�dmfhmddqr�]khjd*�oqnuhchmf�ansg�]�vd]ksg�ne�dldqfdms�
ogdmnldm]�sn�ad�dktbhc]sdc�]mc�sgd�onsdmsh]k�enq�mnudk�sdbgmnknfhb]k�]ookhb]shnmr�sg]s�g]qmdrr�sgd�hmsdqm]k�dmdqfx�oqnctb,
shnm�tmhptd�sn�sgdrd�l]sdqh]kr-�L]mx�]bshud�l]ssdq�rxrsdlr�bnmrhrs�ne�bnkkdbshnmr�ne�o]qshbkdr*�bdkkr*�nq�l]bqnlnkdbtkdr�’d-f-*�
]tsnognqdshb�bnkknhcr� Z3/[*�rvhllhmf�lhbqnnqf]mhrlr� Z14[*�nq�lhbqnstatkdr.jhmdrhm�bktrsdqr� Z42[(�rtrodmcdc� hm�]�uhrbntr�
fithc�sg]s�ldch]sdr�gxcqncxm]lhb�hmsdq]bshnmr�qdrtkshmf�eqnl�]bshud�rsqdrrdr�dwdqsdc�nm�sgd�lhbqnrb]kd�Z1/*33*34[-�@�odbt,
kh]q�ed]stqd�ne�sgdrd�rxrsdlr�hr�sgdhq�]ahkhsx�sn�rdke,nqf]mhyd�]mc�dwghahs�ronms]mdntrkx�finvhmf�rs]sdr�nm�ldrnrbnohb�kdmfsg�
rb]kdr�Z13*22[*�vghbg�s]jd�sgd�enql�ne�bg]nshb�stqatkdms,khjd�lnshnmr�hm�atkj�rxrsdlr�Z5/*41[ ]mc�ne�rsd]cx�tmhchqdbshnm]k�
finvr�hm�bnm�mdc�fdnldsqhdr�Z53*52*21*50*54[-�Sgd�sq]mrhshnmr�snv]qc�sgdrd�rs]sdr�]qd�sgntfgs�sn�ad�b]trdc�ax�gxcqncxm]lhb�
hmrs]ahkhshdr�cqhudm� hmsdqm]kkx�ax�]bshud�rsqdrrdr�Z37*43*3*04*48[*�]mc�]qd�]krn�bknrdkx�bnmmdbsdc�sn�sgd�tmtrt]k�qgdnknfx�ne�
sgdrd�l]sdqh]kr�Z34[-

Mtldqhb]k� rhltk]shnmr�g]ud�ok]xdc�]� bdmsq]k� qnkd� hm� sgd� hmudrshf]shnm�ne�]bshud�fithcr*�]kknvhmf�nmd� sn�oqnad� sgd�lh,
bqnrbnohb�ldbg]mhrlr�tmcdqkxhmf� dwodqhldms]kkx�nardqudc�cxm]lhbr-�Chqdbs�o]qshbkd� rhltk]shnmr�ne� rxrsdlr� rtbg� ]r�lh,

) Bnqqdronmchmf�]tsgnq-
D,lWhk�Wccqdrr9 lsgdhkk]qc;tbldqbdc-dct ’L- Sgdhkk]qc(-

gssor9..cnh-nqf.0/-0/05.i-ibo-1/08-/6-/3/
//10,8880.Otakhrgdc�ax�Dkrduhdq�Hmb-
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bqnrvhlldq�rtrodmrhnmr�Z10*36*35*01[ ]mc�]bshud�mdl]shb�khpthc�bqxrs]kr�Z07[ g]ud�addm�trdetk�enq�sgd�rstcx�ne�cxm]lhbr�
nm�rl]kk�rb]kdr*�oqnuhchmf�cds]hkdc� hmenql]shnm�]ants�sgd� knb]k�lhbqnrsqtbstqd-�@mnsgdq�]ooqn]bg�g]r�addm�a]rdc�nm�bnm,
shmttl�jhmdshb�lncdkr�Z22*4/[*�vghbg�bn]qrd,fq]hm�hmsdqo]qshbkd�]mc�gxcqncxm]lhb�hmsdq]bshnmr�hmsn�rxrsdlr�ne�ld]m,�dkc�
o]qsh]k�cheedqdmsh]k�dpt]shnmr�bntokhmf�lhbqnrsqtbstq]k�u]qh]akdr�vhsg�sgd�tmcdqkxhmf�fithc�lnshnm-�Hm�]�onotk]q�bk]rr�ne�lnc,
dkr�Z37*3*43[*�]�Rlnktbgnvrjh�dpt]shnm�enq�sgd�chrsqhatshnm�etmbshnm�!(w.�o.�s( ne�o]qshbkdr�vhsg�onrhshnm�w ]mc�nqhdms]shnm�
o hr� rnkudc� ]knmf�vhsg� sgd�M]uhdq,Rsnjdr� dpt]shnmr�vhsg� ]� unktldsqhb� ancx� enqbd�cdqhuhmf� eqnl� ]m� ]bshud� rsqdrr� sdmrnq-�
Sgd�ghfg,chldmrhnm]khsx�ne� sgd�oqnakdl�]mc�bnlokdwhsx�ne�antmc]qx�bnmchshnmr*�gnvdudq*�g]ud� qdrsqhbsdc� rhltk]shnmr� sn�
rhlokd�fdnldsqhdr�Z38*04[-�Sgd�lncdk�b]m�ad�etqsgdq�qdctbdc�ax�cdqhuhmf�dpt]shnmr�enq�sgd�nqhdms]shnm]k�lnldmsr�ne�sgd�
chrsqhatshnm�etmbshnm*�rtbg�]r�sgd�bnmbdmsq]shnm�b(w.�s(*�onk]qhy]shnm�udbsnq�l(w.�s( ]mc�mdl]shb�sdmrnq�C(w.�s(*�vghbg�g]ud�
rhlokd�hmsdqoqds]shnmr�]mc�]qd�trdetk�cdrbqhosnqr�ne�sgd�lhbqnrsqtbstqd-�Sgdrd�u]qh]akdr�r]shrex�]�ghdq]qbgx�ne�bntokdc�o]q,
sh]k�cheedqdmsh]k�dpt]shnmr�qdpthqhmf�]�bknrtqd�]ooqnwhl]shnm*�rtbg�]r�]�md]q,hrnsqnox�bknrtqd�rbgdld�Z3*4/*44[ nq�sgd�lnqd�
rnoghrshb]sdc�Ahmfg]l�bknrtqd�Z06[-�Sgd�qdrtkshmf�rds�ne�dpt]shnmr�hr�lnqd�d]rhkx�rnkudc�mtldqhb]kkx*�]mc�qdbdms�rhltk]shnmr�
hm�u]qhntr�rhlokd�fdnldsqhdr�g]ud�oqnuhcdc�u]kt]akd�hmrhfgs�hmsn�hmrs]ahkhshdr�]mc�mnmkhmd]q�cxm]lhbr�Z06*44*5[-

Rhltk]shnmr�hm�bnlokdw�fdnldsqhdr*�drodbh]kkx�hm�sgqdd�chldmrhnmr*�g]ud�addm�rb]qbd-�Sgd�chflbtksx�g]r�rsdlldc�hm�o]qs�
eqnl�sgd�ltkshrb]kd�m]stqd�ne�sgd�oqnakdl*�vghbg�qdpthqdr�qdrnkuhmf�lhbqnrsqtbstq]k�antmc]qx�k]xdqr�md]q�rtqe]bdr�]r�vdkk�
]r�bnlokdw�finv�cxm]lhbr-� Hm�lhbqnrvhlldq�rtrodmrhnmr*� sgd� sdmcdmbx�ne�o]qshbkdr� sn�]bbtltk]sd�]s�antmc]qhdr� hmcddc�
qdrtksr�hm�rg]qo�fq]chdmsr�Z03[ ]mc�]krn�qdpthqdr�mtldqhb]k�rbgdldr�vhsg�fnnc�bnmrdqu]shnm�oqnodqshdr�sn�]unhc�l]rr�knrrdr-�
@v]x�eqnl�antmc]qhdr*�stqatkdms,khjd�cxm]lhbr�qdrtks�hm�tmrsd]cx�udknbhsx�]mc�lhbqnrsqtbstq]k�fq]chdmsr�nm�]�vhcd�q]mfd�ne�
kdmfsg�rb]kdr�rds�ax�sgd�q]mfd�ne�tmrs]akd�lncdr�]kknvdc�hm�]�o]qshbtk]q�fdnldsqx-�Gdqd*�vd�oqdrdms�]�rhltk]shnm�eq]ldvnqj�
sg]s�nudqbnldr� sgdrd�bg]kkdmfdr�vghkd�dm]akhmf�dflbhdms�rhltk]shnmr� hm�bnlokdw� svn, ]mc sgqdd,chldmrhnm]k�fdnldsqhdr-�
Vd�enbtr�nm�sgd�b]rd�ne�]�rtrodmrhnm�ne�lhbqnrvhlldqr�rtbg�]r�lnshkd�a]bsdqh]�]mc�]cnos�]�bnmshmttl�lncdk�a]rdc�nm�
nqhdms]shnm]k�lnldmsr�trdc� hm�ntq�oqduhntr�vnqj� Z44[-�@� kdudk�rds�ldsgnc�bnlahmdc�vhsg�]m�]c]oshud�ldrg�qd�mdldms�
rbgdld�nm�Pt]c,.Nbsqddr�Z25[ hr�trdc�sn�b]ostqd�bnlokdw�cnl]hm�rg]odr�vghkd�qd�mhmf�sgd�rnktshnm�md]q�antmc]qhdr�nq�hm�
sgd�uhbhmhsx�ne�rg]qo�fq]chdmsr-�@�gxaqhc��mhsd�unktldr.cheedqdmbdr�ldsgnc�hr�hlokdldmsdc�hm�vghbg�sgd�bnmbdmsq]shnm��dkc�
hr� sqd]sdc�trhmf��mhsd�unktldr� sn�dmrtqd�l]rr�bnmrdqu]shnm�vghkd� sgd�onk]qhy]shnm�]mc�mdl]shb� sdmrnq��dkcr�]qd� sqd]sdc�
trhmf�]�bnlahm]shnm�ne��mhsd�cheedqdmbdr�]mc��mhsd�unktldr�enq�dmg]mbdc�]bbtq]bx�Z45[-�Sgd�dunktshnm�dpt]shnmr�enq�sgdrd�
�dkcr�]qd�bntokdc�sn�sgd�M]uhdq,Rsnjdr�dpt]shnmr� enq�sgd�fithc�lnshnm*�vghbg�]qd�dunkudc�trhmf�]m�tmbnmchshnm]kkx�rs]akd�
oqnidbshnm� rnkudq� Z08[-�Sghr�mnudk�ldsgnc�v]r�]ookhdc� sn� rstcx� ronms]mdntr�]bshud�finvr� hm� svn�chldmrhnm]k� rxrsdlr� hm�
ntq� qdbdms�vnqj� Z44[*�vgdqd� sgd� qdrtksr�vdqd� ]m]kxydc� hm�cds]hk� ]mc� rgnvm� sn� qdoqnctbd� dwodqhldms]k� nardqu]shnmr� hm�
lhbqnfithchb�rxrsdlr-�Sgd�oqdrdms�o]odq�oqnuhcdr�]�cds]hkdc�]bbntms�ne�sgd�mtldqhb]k�ldsgnc�trdc�hm�Z44[ ]mc�dwsdmcr�hs�
sn�sgqdd�ro]sh]k�chldmrhnmr-�Sgd�ldsgnc*�vgnrd�qnatrsmdrr�]mc�udqr]shkhsx�]qd� hkktrsq]sdc� hm�u]qhntr�dw]lokdr*�oqnuhcdr�]�
tmhptd�snnk�enq�rstcxhmf�]bshud�fithc�finvr�hm�bnlokdw�fdnldsqhdr�]mc�o]udr�sgd�v]x�enq�mdv�cdudknoldmsr�hm�bnlots]shnm]k�
]bshud�lhbqnfithchbr-

Sgd�o]odq�hr�nqf]mhydc�]r�enkknvr-�Vd�oqdrdms�sgd�fnudqmhmf�dpt]shnmr�enq�sgd�dunktshnm�ne�sgd�lhbqnrsqtbstqd�]mc�fithc�
finv�]knmf�vhsg�sgdhq�mnm,chldmrhnm]khydc�udqrhnmr�hm�rdbshnm 1-�Sgd�rdlh,hlokhbhs�rbgdld�]mc�etmbshnm]k�hsdq]shnmr�trdc�enq�
shld,l]qbghmf�]qd�cdrbqhadc�hm�rdbshnm 2-�Sgd�kdudk�rds�ldsgnc�]mc�fqhc�fdmdq]shnm�oqnbdctqd�]qd�dwok]hmdc�hm�rdbshnmr 3
]mc� 4*� enkknvdc� ax� ]�cds]hkdc� ]bbntms� ne� sgd��mhsd� unktld.cheedqdmbd� ]ooqnwhl]shnmr�trdc� enq� ro]sh]k�chrbqdshy]shnmr� hm�
rdbshnm 5-�Vd�sgdm�u]khc]sd�]mc�hkktrsq]sd�ntq�ldsgnc�nm�u]qhntr�1C�]mc�2C�dw]lokdr�lnshu]sdc�ax�dwhrshmf�dwodqhldms]k�
nardqu]shnmr�hm�rdbshnm 6*�]mc�vd�bnmbktcd�hm�rdbshnm 7-

1 � Fnudqmhmf�dptWshnmr

1-0-�Anmshmttl�ldWm,�dkc�lncdk

Vd�dloknx�]�bnmshmttl�lncdk�enq�]bshud�rtrodmrhnmr��qrs�cdudknodc�ax�R]hmshkk]m�%�Rgdkkdx�Z37*38[ ]mc�rtardptdmskx�
]ookhdc�sn�rstcx�]bshud�bnkkdbshud�lnshnmr�hm�atkj�Z04[ ]r�vdkk�]r�bnm�mdc�rxrsdlr�Z44[-�Vd�bnmrhcdq�]�rtrodmrhnm�ne�]bshud�
Aqnvmh]m�rvhlldqr�vhsg�ld]m�mtladq�cdmrhsx�m bnm�mdc�hm�]�cnl]hm�ψ vhsg��wdc�antmc]qx�>ψ ]mc�bg]q]bsdqhrshb�rhyd�
G -�Sgd� rvhlldqr� rdke,oqnodk�vhsg� bnmrs]ms� udknbhsx� Ur ]knmf� sgdhq�tmhs�chqdbsnq� o ]mc�g]ud� bnmrs]ms� sq]mrk]shnm]k� ]mc�
qns]shnm]k�cheetrhuhshdr�cs ]mc�cq *�qdrodbshudkx-�@r�sgdx�rvhl*�sgdx�dwdqs�]�mds�rxlldsqhb�enqbd�chonkd�nm�sgd�rtrodmchmf�fithc�
vhsg�rsqdrrkds�rsqdmfsg�σ/ Z1/*34[-�Sgd�rtrodmchmf�fithc�hr�]rrtldc�sn�ad�Mdvsnmh]m�]mc�hmbnloqdrrhakd�vhsg�cdmrhsx�ρ ]mc
cxm]lhb�uhrbnrhsx�μ-

Sn�cdrbqhad�sgd�bnm�ftq]shnm�]mc�cxm]lhbr�ne�sgd�rtrodmrhnm�vd�dloknx�]�bnmshmttl�ld]m,�dkc�]ooqn]bg�a]rdc�nm�
sgd�oqna]ahkhsx�cdmrhsx�etmbshnm�!(w.�o.�s( ne��mchmf�]�rvhlldq�]s�onrhshnm�w vhsg�nqhdms]shnm�o ]s�shld�s -�Enkknvhmf�Z38[*�
sgd�dunktshnm�ne�! hr�b]ostqdc�ax�]�Rlnktbgnvrjh�dpt]shnm

>s! + ∇w · (ŵ!(+ ∇o · (ô!(+ / ∀(w.o( ∈ ψ· A. ’0(

vgdqd�∇w ]mc�∇o ]qd�sgd�ro]sh]k�]mc�nqhdms]shnm]k�fq]chdms�nodq]snqr*�ψ hr�sgd�cnl]hm�nbbtohdc�ax�sgd�rtrodmrhnm*�]mc�
A hr�sgd�ro]bd�ne�nqhdms]shnmr*�vghbg�hr�sgd�tmhs�bhqbkd�hm�1C�]mc�sgd�tmhs�rogdqd�hm�2C-�Sgd�sq]mrk]shnm]k�fitw�udknbhsx�ŵ hr�
lncdkdc�]r

ŵ+ Uro + t cs∇w km!. ’1(
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]mc�]bbntmsr�enq�rdke�oqnotkrhnm�ne�sgd�rvhlldqr*�]cudbshnm�ax�sgd�ld]m,�dkc�a]bjfqntmc�finv�t ]mc�sq]mrk]shnm]k�cheet,
rhnm-�Sgd�nqhdms]shnm]k�fitw�udknbhsx�ô hr�rhlhk]qkx�dwoqdrrdc�]r

ô+ (H oo( · (ζD T( · o cq∇o km!. ’2(

]mc� ]bbntmsr� enq� qdnqhdms]shnm� ne� sgd� rvhlldqr� ax� sgd� knb]k� q]sd,ne,rsq]hm� ]mc� unqshbhsx� sdmrnqr� D+ 0
1 (∇t + ∇tS ( ]mc�

T+ 0
1 (∇t ∇tS ( ]r�vdkk�]r�qns]shnm]k�cheetrhnm-�Sgd��qrs�sdql�nm�sgd�qhfgs,g]mc�rhcd�hr�sgd�bdkdaq]sdc�Ideedqx&r�dpt]shnm�

Z12[*�vgdqd� sgd�chldmrhnmkdrr�o]q]ldsdq� ζ hr�jmnvm�]r�Aqdsgdqsnm&r�bnmrs]ms�]mc�bg]q]bsdqhydr�o]qshbkd� rg]od� Z4[*�vhsg�
ζ + / enq�rogdqdr�rtbg�]r�rdke,oqnodkkdc�bnkknhcr�]mc�ζ ≈ 0 enq�rkdmcdq�o]qshbkdr�rtbg�]r�a]bsdqh]-�Nm�sgd�bnm�mhmf�antmc]qx�
>ψ*�]�mn,fitw�bnmchshnm�hr�oqdrbqhadc�nm�sgd�oqna]ahkhsx�cdmrhsx�etmbshnm�Z03[9

m · ŵ+ / ∀(w.o( ∈ >ψ· A. ’3(

vghbg�dmrtqdr�sg]s�sgd�sns]k�mtladq�ne�rvhlldqr�hm�sgd�rxrsdl�hr�bnmrdqudc-

1-1-�ChldmrhnmWk�WmWkxrhr

Trhmf� G ]r� kdmfsg�rb]kd�]mc�c 0q ]r� shld�rb]kd*�mnm,chldmrhnm]khy]shnm�ne� sgd�fnudqmhmf�dpt]shnmr�xhdkcr� sgd� entq�ch,
ldmrhnmkdrr�fqntor

Odr +
Ur

cq G
.  + σ/m

μcq
. (+ cqcs

U 1
r
. Qd + ρG1cq

μ
. ’4(

Sgd�rvhllhmf�Oábkds�mtladq�Odr cdmnsdr�sgd�q]shn�ne�sgd�odqrhrsdmbd�kdmfsg�ne�rvhlldq�sq]idbsnqhdr�sn�sgd�bg]q]bsdqhrshb�
rhyd�ne�sgd�cnl]hm�]mc�hr�]�ld]rtqd�ne�bnm�mdldms-�Sgd�o]q]ldsdq� bnlo]qdr�sgd�deedbs�ne�]bshud�rsqdrrdr�dwdqsdc�ax�sgd�
rvhlldqr�nm�sgd�fithc�sn�sgd�chrrho]shud�deedbsr�ne�uhrbnrhsx�]mc�qns]shnm]k�cheetrhnm-�Hs�hr�]�rhfmdc�bndflbhdms�sg]s�cdodmcr�
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Sgd�]anud�rxrsdl�ne�bntokdc�mnm,khmd]q�o]qsh]k�cheedqdmsh]k�dpt]shnmr�]mc�antmc]qx�bnmchshnmr�bnmrshstsdr�]�bnlokdsd�rxrsdl�
fnudqmhmf�sgd�bntokdc�dunktshnm�ne�rvhlldq�bnm�ftq]shnmr�]mc�rtrodmchmf�fithc�finv-

Rnld�ne�sgd�a]rhb�ogxrhbr�ne�]bshud�rtrodmrhnmr�b]m�ad�fkd]mdc�eqnl�sgd�u]qhntr�bntokhmfr�chbs]sdc�ax�sgdrd�fnudqmhmf�
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bndflbhdmsr-�Nmbd�bnmudqfdmbd�g]r�addm�]bghdudc*�sgd�rnktshnm� hr�toc]sdc*�sgd�ldrg�]mc�shld�rsdo�]qd�]c]osdc�a]rdc�nm�
sgd�mdv�rnktshnm*�]mc ]kk�pt]mshshdr�]qd�hmsdqonk]sdc�sn�sgd�mdv�ldrg-

3 � Hlokhbhs�fdnldsqhb�qdoqdrdmsWshnm9�kdudk�rds�ldsgnc

Vd�dloknx�sgd�kdudk�rds�ldsgnc�sn�cdrbqhad�sgd�bnm�mhmf�cnl]hm�fdnldsqx�>ψ*�vghbg�hr�qdoqdrdmsdc�hlokhbhskx�ax�sgd�
ydqn�bnmsntq�ne�]�kdudk�rds�etmbshnm�φ Z31[ rtbg�sg]s

φ(w(+ / ∀w ∈ >ψ. ’50(

φ(w(± / ∀w ∈ ψ. ’51(

Enq�mtldqhb]k�rs]ahkhsx�qd]rnmr*�vd�hlonrd�hs�sn�ad�]�rhfmdc�chrs]mbd�etmbshnm9

}∇φ} + 0 ∀w ∈ ψ. ’52(

Hm�oq]bshbd*�sgd�kdudk�rds�etmbshnm�hr�fdmdq]sdc�]s�sgd�udqx�adfhmmhmf�ne�sgd�]kfnqhsgl*�hr�qdhmhsh]khydc�trhmf�]�Sns]k�U]qh]shnm�
Chlhmhrghmf�rdbnmc,nqcdq�Qtmfd,Jtss]�ldsgnc�Z25[*�]mc�]m�nqhfhm]k�bnox�hr�rsnqdc�]rhcd-�@s�d]bg�shld�rsdo*�]esdq�sgd�ldrg�
g]r�addm�toc]sdc*�]�bnox�ne�sgd�nqhfhm]k�kdudk�rds�hr�hmsdqonk]sdc�]s�sgd�mncdr�ne�sgd�mdv�ldrg�]mc�qdhmhsh]khydc�sn�r]shrex�
}∇φ}�+ 0 rhmbd� hmsdqonk]shnm�cndr�mns�oqdrdqud�sghr�bnmchshnm-�Sghr�bnox� hr�sgdm�trdc�sn�bnlotsd�sgd�u]qhntr�rnktshnmr�]s�
sgd�mdv�shld�rsdo-�Ansg�sgd�u]ktd�ne�sgd�kdudk�rds�etmbshnm�’rhfmdc�chrs]mbd�sn�sgd�hmsdqe]bd(�]mc�hsr�mnql]khydc�fq]chdms

∇φ

}∇φ} + m ’53(

]qd�mddcdc�ax�sgd�]kfnqhsgl-

4 � PtWcsqdd�fqhcr

4-0-�Sqdd�bnmrsqtbshnm�Wmc�qd�mdldms�rsqWsdfx

Hm�svn�chldmrhnmr*�sgd�bnlots]shnm]k�cnl]hm�hr�chrbqdshydc�trhmf�]�Pt]csqdd�fqhc�Z40[*�vghbg�vd�bnmshmtntrkx�]c]os�sn�
sgd�fdnldsqx�]mc�rnktshnm-�@r�hkktrsq]sdc�hm�Ehf- 0*�sgd�fqhc�hr�bnmrsqtbsdc�rs]qshmf�eqnl�]�rhmfkd�bdkk�’sgd�qnns�ne�sgd�sqdd*�
kdudk�/(�bnqqdronmchmf�sn�sgd�dmshqd�bnlots]shnm]k�cnl]hm*�vghbg�vd�rtachuhcd�hmsn�entq�hcdmshb]k�c]tfgsdq�bdkkr�’kdudk�0(-�
Vd�sgdm�cdbhcd�a]rdc�nm�]�qd�mdldms�bqhsdqhnm�sn�ad�rodbh�dc�k]sdq�vgdsgdq�sn�etqsgdq�rtachuhcd�d]bg�ne�sgdrd�bdkkr�hmsn�
entq�hcdmshb]k�bdkkr�’kdudk�1(-�Sgd�oqnbdctqd�hr�qdbtqrhudkx�]ookhdc�sn�sgd�mdvkx�bqd]sdc�bdkkr�tmshk�]�sdqlhm]shnm�bqhsdqhnm�hr�
]ss]hmdc-�Enql]kkx*�vd�cd�md�sgd�kdudk�ne�]�bdkk�]r�sgd�mtladq�ne�rtachuhrhnmr�qdpthqdc�sn�bqd]sd�hs*�]mc�cdmnsd�ax�lhmkdudk
]mc�l]wkdudk sgd�lhmhltl�]mc�l]whltl�qd�mdldms�kdudkr�ne�sgd�sqdd*�qdrodbshudkx-

Vd�dloknx�svn�chrshmbs�qd�mdldms�bqhsdqh]�a]rdc�nm�fdnldsqx�]mc�nm�ro]sh]k�u]qh]shnmr�ne�sgd�cdrhqdc�rnktshnm-�Ehqrs*�
sn�dmrtqd�sg]s�sgd�ldrg� hr�qd�mdc�]s� hsr�l]whltl�qdrnktshnm�bknrd�sn�sgd�cnl]hm�antmc]qhdr� Z25[ ]mc�g]r�]�oqdrbqhadc�
lhmhltl�kdudk�lhmkdudk*�vd�rokhs�]mx�bdkk�A he

kdudk(A( ,lhmkdudk. nq lhm
u∈mncdr(A(

}φ(u(} ± Kho(φ(ch]f(A( ]mc kdudk(A( ,l]wkdudk. ’54(
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Ehf 1 C]s]�k]xnts9�Udknbhsx�bnlonmdmsr�(t.�u( ]qd�rsnqdc�]s�sgd�e]bdr�ne�sgd�bdkkr*�vgdqd]r�oqdrrtqd�o ]mc�bnmbdmsq]shnm�b ]qd�rsnqdc�]s�sgd�bdkk�bdmsdqr-�
@kk�sgd�nsgdq�pt]mshshdr*�rtbg�]r�sgd�onk]qhy]shnm�l*�mdl]shb�sdmrnq�C ]mc�kdudk�rds�φ ]qd�rsnqdc�]s�sgd�mncdr�ne�sgd�ldrg-

vgdqd�Kho(φ( hr�sgd�Khorbghsy�bnmrs]ms�ne�sgd�kdudk�rds�etmbshnm�φ*�ch]f(A( hr�sgd�kdmfsg�ne�sgd�ch]fnm]k�ne�bdkk�A *�]mc�l]wkdudk
hr�sgd�oqdcd�mdc�l]whltl�kdudk�ne�sgd�sqdd-�Ax�qdok]bhmf�Kho(φ( ax�sgd�]ooqnoqh]sd�pt]mshsx*�sgd�]anud�bqhsdqhnm�b]m�d]rhkx�
ad�]c]osdc�sn�dmenqbd�sgd�qdrnktshnm�hmrhcd�]�tmhenql�a]mc�ne�]qahsq]qx�vhcsg�rtqqntmchmf�sgd�hmsdqe]bd-

Rdbnmc*�sn�rxrsdl]shb]kkx�]c]os�sgd�ldrg�sn�sgd�ro]sh]k�u]qh]shnmr�ne�sgd�rnktshnm�u]qh]akdr�(b.�l.�C.�t(*�vd�qdbtqrhudkx�
rokhs�]mx�bdkk�A hm�vghbg�sgd�qdk]shud�u]qh]shnm�hm�sgd�rnktshnm�dwbddcr�]��wdc�sgqdrgnkc�SU 9

l]w
u∈mncdr(A(

l]w

) }}∇b(u(}}∞
}}b}}∞

.
}}∇l(u(}}∞
}}l}}∞

.
}}∇C(u(}}∞
}}C}}∞

.
}}∇t(u(}}∞
}}t}}∞

(
≥ SU ]mc kdudk(A( ,l]wU . ’55(

vgdqd�}}�· }}∞ hr�sgd�K∞,mnql�]mc�l]wU hr�sgd�l]whltl�kdudk�ne�qd�mdldms�enq�sgd�fq]chdms,a]rdc�qd�mdldms-

4-1-�CWsW�rsqtbstqd

Ehf- 1 hkktrsq]sdr�gnv� sgd c]s]� hr� k]hc�nts-� Ekthc�finv�u]qh]akdr� (t.�o( ]qd rsnqdc�trhmf� sgd� rs]mc]qc�L]qjdq�@mc�Bdkk�
’L@B(�rbgdld*�vhsg�sgd�oqdrrtqd�rsnqdc�]s�bdkk�bdmsdqr�]mc�udknbhsx�bnlonmdmsr�nm�bdkk�e]bdr-�Sgd�bnmbdmsq]shnm��dkc�b hr�
]krn�rsnqdc�]s�sgd�bdkk�bdmsdqr�sn�]kknv� enq�bnmrdqu]shud�chrbqdshy]shnmr�ne�sgd�cheetrhud�]mc�bntokhmf�sdqlr� hm�sgd�Onhrrnm�
oqnakdl�’43( ’rdd�rdbshnm 5-0(-�Sgd�bgnhbd�ne�]�bnmrdqu]shud�rbgdld�enq�b hr�lnshu]sdc�ax�sgd�cdrhqd�sn�bnmrdqud�sgd�sns]k
l]rr�ne� rvhlldqr� hm� sgd� rxrsdl:�mnsd*�gnvdudq*� sg]s� sgd�chrbqdshy]shnm�ne� ]cudbshud� sdqlr�trhmf� sgd� RKACE�ldsgnc� hr�
mnm,bnmrdqu]shud-�Sgd�onk]qhy]shnm� l ]mc�mdl]shb� sdmrnq� C ]qd�ansg� rsnqdc�]s� sgd�mncdr�ne� sgd�Pt]csqdd� enq� hmbqd]rdc�
]bbtq]bx�’rdd�rdbshnm 5-1(-�Ehm]kkx*�enkknvhmf�oqduhntr�vnqj�Z25*45z47*27*08[*�vd�]krn�rsnqd�u]ktdr�ne�sgd�kdudk�rds�etmbshnm�φ
]s�sgd�mncdr-

Enq�bnlots]shnm]k�dflbhdmbx*�vd�]krn�rsnqd�bnohdr�ne�sgd�udknbhsx�]mc�bnmbdmsq]shnm��dkc�]s�sgd�mncdr-�Sgdrd�bnohdr�]qd�
bqd]sdc�]r�sghqc,nqcdq�]bbtq]sd� hmsdqonk]shnmr�ne�sgd�nqhfhm]k�pt]mshshdr-�Sgdx�]qd�trdc�sn�qdbnmrsqtbs�sgd�rdlh,K]fq]mfh]m�
sq]idbsnqhdr*�hmsdqonk]sd�sgd�bnmbdmsq]shnm�]s�sgd�cdo]qshmf�onhmsr�]mc�b]kbtk]sd�mnmkhmd]q�bntokhmf�sdqlr�hmunkuhmf�sgd�bnm,
bdmsq]shnm-�@cchshnm]kkx*�]�bnox�ne�sgd�onk]qhy]shnm�bnlonmdmsr�hmsdqonk]sdc�]s�sgd�e]bdr�hr�]krn�rsnqdc-�@r�vd�dwok]hm�hm�sgd�
mdws�rdbshnm*�sghr�bnox�hr�trdc�enq�chrbqdshy]shnm�ne�sgd bnmbdmsq]shnm�dpt]shnm�’43(-

5 � RoWshWk�chrbqdshxWshnmr

5-0-� Ehmhsd�unktld�ldsgnc�enq�sgd�bnmbdmsqWshnm

Sgd�Onhrrnm�oqnakdl�’43( ]knmf�vhsg�sgd�Mdtl]mm�antmc]qx�bnmchshnm�’44( hr�chrbqdshydc�trhmf�]�rdbnmc,nqcdq��mhsd,
unktld�ldsgnc-�Sn�d]bg�bdkk�bdmsdq�h*�vd�]rrnbh]sd�sgd�bnmsqnk�unktld�U h cd�mdc�]r�sgd�hmsdqrdbshnm�ne�sgd�bdkk�Ah vhsg�sgd�
hmsdqhnq�ne�sgd�cnl]hm�ψ9

Uh + Ah :ψ. ’56(

Hmsdfq]shmf�Dp- ’43( nudq�Uh ]mc�trhmf�sgd�chudqfdmbd�sgdnqdl�xhdkcr

β

∫

Uh

bm+0
j+0 + (Od1r

∫

>Uh

m · ∇bm+0
j+0 + 

∫

Uh

∣
γ bm

c  δbm 0
c

(
+ Odr

∫

Uh

∇ · lm+0
j . ’57(

@ooqnwhl]shmf�unktld�hmsdfq]kr�ax�sgd�u]ktd�ne�sgd�hmsdfq]mc�]s�sgd�bdmsdq�ne�U h *�vd�nas]hm9

βUhb
m+0
j+0(h(+ (Od1r

∫

>Uh

m · ∇bm+0
j+0 + Uh

∫
γ bm

c(h( δbm 0
c (h(

[
+ Odr

∫

Uh

∇ · lm+0
j +I()w2(. ’58(
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Ehf 2 Bdkk,a]rdc �mhsd unktld ldsgnc enq sgd bnmbdmsq]shnm �dkc9 fdmdq]k bnm�ftq]shnm ]v]x eqnl ’]( ]mc bknrd sn ’a( sgd hmsdqe]bd-

Hm�nqcdq�sn�etqsgdq�chrbqdshyd�sgd�qdl]hmhmf�hmsdfq]kr*�vd�chrshmfthrg�ldrg�bdkkr�sg]s�]qd�]v]x�eqnl�sgd�cnl]hm�antmc]qhdr�
eqnl�sgnrd�sg]s�hmsdqrdbs hs-

5-0-0-�:vWx�eqnl�cnlWhm�antmcWqhdr
E]q�]v]x� eqnl�v]kkr*� sgd�bnmsqnk�unktld� Uh hr�rhlokx� sgd�fqhc�bdkk�Ah *� sgd�bnmsntq�>Ah hr� sgd�bnmsntq�ne� sgd�bdkk�]mc�

sgdqdenqd�chrbqdshyhmf�Dp- ’58( qdpthqdr�]ooqnwhl]shmf� sgd�fitwdr�m�· ∇bm+0
j+0 nm�d]bg�ne� sgd� e]bdr�ne� sgd�bdkk-�Enq�dw]lokd*�

qdedqqhmf�sn�Ehf- 2’](*�sgd�chrbqdshy]shnm�]s�bdkk�1 qdpthqdr�b]kbtk]shnm�ne�sgd�fitwdr�]s�e]bdr�0.�1.�2.�3 ]mc�4-�Hm�fdmdq]k*�enq�]mx�
rtbg�bdkk�Ah *�sgd�mnql]k�fq]chdms�ne�bnmbdmsq]shnm�m · ∇bm+0

j+0
∣∣
e ]bqnrr� e]bd� e hr�]ooqnwhl]sdc�vhsg�rdbnmc,nqcdq�]bbtq]bx�

enkknvhmf�sgd�ldsgnc�oqdrdmsdc�hm�Z2/[ ]mc�trhmf�sgd�enqltk]shnm�ne�Z08[ ]r

m · ∇bm+0
j+0

∣∣
e +

∑

i∈A( e (
i ∈+h

rh i
)bh

(
bm+0
j+0(h( bm+0

j+0( i(

) e

�

+I()w1(. ’6/(

vgdqd�A( e ( hr�sgd�rds�ne�hmchbdr�ne�bdkkr�bnmmdbsdc�sn�e]bd� e ’h-d-* sgd�bdkk�mdhfganqr�ne�e]bd� e (-�He�sgd�e]bd� e rdo]q]sdr�svn�
bdkkr�ne�dpt]k�rhyd*�sgdm�sghr�rds�nmkx�bnms]hmr�sgdrd�svn�bdkkr-�Enq hmrs]mbd*�hm�Ehf- 2’](�vd�g]ud�A(0(�+ {1.�4{-�He� e rdo]q]sdr�
svn�bdkkr�ne�cheedqdms�rhydr*�vd�cdmnsd�ax�AK sgd�k]qfdq�bdkk�]mc�cd�md�A( e ( ]r�sgd�khrs�ne�bdkk�mdhfganqr�ne�AK ]bqnrr�hsr�rhcd�
bnms]hmhmf� e *�hmbktchmf�AK hsrdke-�@r�]m�dw]lokd*�e]bd�1 hm�Ehf- 2’](�rdo]q]sdr�bdkkr�/ ]mc�1*�vgdqd�sgd�k]qfd�bdkk�hr�/ vhsg�
e]bd�1 nm�hsr�qhfgs�rhcd-�Sgdqdenqd�A(1( hr�sgd�rds�ne�qhfgs�bdkk�mdhfganqr�ne�bdkk�/*�hmbktchmf�/ hsrdke9�A(1(�+ {/.�0.�1.�2.�3{-

Sgd�bndflbhdms�rh i hr�sgd�kdmfsg�ne�sgd�rdfldms�rdo]q]shmf�bdkkr� h ]mc� i*�)bh hr�sgd�khmd]q�rhyd�ne�bdkk� h*�]mc�sgd�]udq]fd�
chrs]mbd�) e hr�cd�mdc�]r9

) e +
∑

i∈A( e (
i ∈+h

rh i
)bh

 
δ e h  δ e i

(
. ’60(

vgdqd�δ e h hr�sgd�rhfmdc�chrs]mbd�eqnl�bdkk�h sn�e]bd� e -
Sgd� k]rs�sdql� hm�Dp- ’58( hr�]ooqnwhl]sdc�trhmf�sgd�bnox�ne�sgd�onk]qhy]shnm�]s�sgd�bdkk� e]bdr�]mc�sgd� enqltk]� enq�sgd�

chrbqdsd�chudqfdmbd�oqdrdmsdc�hm�Z08[-�Rodbh�b]kkx*�enq�bdkk�h*

∇ · lm+0
j

∣∣
h + 

0

)bh

∑

i∈E (h(

r il̇
m+0
j ( i(

: i

δ ih

}δ ih }
+I()w1( vgdqd : e +

0

1

∑

i∈A( e (

r i. ’61(

vgdqd�E (h( hr�sgd�rds�ne�e]bdr�hm�bnms]bs�vhsg�bdkk�h*�]mc�l̇m+0
j ( i( hr�sgd�mnql]k�bnlonmdms�ne�sgd�onk]qhy]shnm�]s�e]bd� i-

5-0-1-�Aknrd�sn�sgd�hmsdqeWbd
Sgd��mhsd�unktld�dpt]shnm�’58( ]ookhdc�sn�]�bdkk�h sg]s�hmsdqrdbsr�sgd�antmc]qx�’Ah :ψ�∈+ ∅(�rhlokh�dr�sn

βUhb
m+0
j+0(h(+ Odr

∫

>Uh >ψ

m ·
∣
(Odr∇bm+0

j+0 + lm+0
j

(
+ Uh

∫
γ bm

c(h( δbm 0
c (h(

[
+I()w2(. ’62(

vgdqd�vd�g]ud�trdc�sgd�antmc]qx�bnmchshnm�’44( sn�b]mbdk�nts�sgd�fitw�]bqnrr�>ψ*�]mc�vgdqd�sgd�]qd]�Uh ne�sgd�bnmsqnk�
unktld�hr�]ooqnwhl]sdc�vhsg�rdbnmc,nqcdq�]bbtq]bx�trhmf�sgd�sdbgmhptd�cdrbqhadc�hm�Z24[-�Sgd�nmkx�sdql�sg]s�qdl]hmr�sn�
ad�chrbqdshydc�hr�sgd�bnmsntq�hmsdfq]k�nudq�>Uh  >ψ-�Sghr�hr�]bghdudc�trhmf�sgd�]ooqnwhl]shnm
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Ehf 3 Gxaqhc��mhsd�cheedqdmbd.unktld�ldsgnc�nm�]�Pt]csqdd-�’](�@v]x�eqnl�sgd�hmsdqe]bd*��mhsd�cheedqdmbdr�b]m�ad�trdc�rxrsdl]shb]kkx�ax�cd�mhmf�fgnrs�
mncdr�]mc�u]ktdr�vgdm�S,itmbshnmr�nbbtq-�’a(�Sgd��mhsd�unktld�ldsgnc�hr�trdc�bknrd�sn�sgd�hmsdqe]bd*�vgdqd�Mdtl]mm�antmc]qx�bnmchshnmr�mddc�sn�ad�
dmenqbdc-

∫

>Uh >ψ

m ·
∣
(Odr∇bm+0

j+0 + lm+0
j

(
+

∑

i∈M(h(

Kh i

(

(Odr
bm+0
j+0( i( bm+0

j+0(h(

)w
+ l̇m+0

j (h. i(

�

+I()w2(. ’63(

vgdqd� M(h( hr� sgd�rds�ne� sgd�chqdbs�bdkk�mdhfganqr�ne�bdkk� h*� Kh i hr� sgd� eq]bshnm�ne� sgd� e]bd�rdo]q]shmf�bdkkr� h ]mc� i sg]s� hr�
bnms]hmdc� hm� sgd�cnl]hm�ψ ’rdd�Ehf- 2(*�]mc�l̇m+0

j (h.�i( hr� sgd� hmsdqonk]shnm�ne� sgd�mnql]k�bnlonmdms�ne� sgd�onk]qhy]shnm�
]s� sgd� bdmsdq�ne� sgd� e]bd� rdo]q]shmf� bdkkr� h ]mc� i-�Vd�mnsd� sg]s� he�nmd�ne� sgd�chqdbs� bdkk�mdhfganqr j ne� bdkk� h hr�mns� ]s�
kd]rs�o]qsh]kkx�hmrhcd�sgd�cnl]hm�ψ ’enq�dw]lokd*�bdkk�5�hm�Ehf- 2(*�sgdm�sgd�kdmfsg�eq]bshnm� Khj hr�ydqn�]mc�bdkk�j cndr�mns�
bnmsqhatsd�sn�Dp- ’63( ]r�dwodbsdc-

5-0-2-�QdlWqjr
Sgd� khmd]q�rxrsdl�qdrtkshmf� eqnl�sgd�bnlahm]shnm�ne sgdrd�svn�chrbqdshy]shnm�rsq]sdfhdr� hr�rxlldsqhb�onrhshud�cd�mhsd-�

Etqsgdqlnqd*�hs�b]m�ad�rgnvm�trhmf�enqltk]r�’6/(*�’61( ]mc�’63( sg]s�sgd�chrbqdshy]shnm�ne�sgd�cheetrhud�]mc�bntokhmf�deedbsr�
hr�bnmrdqu]shud*� h-d-*� hs�oqdrdqudr�sgd�sns]k�l]rr� hm�sgd�rxrsdl-�Ntq�chrbqdshy]shnm�ne�sgd�]cudbshud�sdqlr�’RKACE(*�gnvdudq*�
cndr�mns�rg]qd�sghr�oqnodqsx�]mc�b]m�sgdqdenqd�hmsqnctbd�u]qh]shnmr�hm�sgd�sns]k�l]rr-�A]rdc�nm�sgd�]bbtq]bx�ne�sgd�]anud�
chrbqdshy]shnmr*�vd dwodbs�sgd�cdsdqlhm]shnm�ne�bm+0

j+0 sn�ad�rdbnmc,nqcdq�]bbtq]sd-
Nmbd� sgd�mdv�bnmbdmsq]shnm��dkc�g]r�addm�bnlotsdc� hm�ψ ]r�]� rnktshnm�ne� sgd�chrbqdshydc� rxrsdl*� hs� hr�dwsdmcdc� sn�

sgd�dmshqd�cnl]hm�trhmf�]�fdnldsqhb�dwsdmrhnm�oqnbdctqd�Z08[-�Eqnl�sghr�dwsdmrhnm*�sgd�mnc]k�bnox�hr�bnmrsqtbsdc�trhmf�]�
sghqc,nqcdq,]bbtq]sd�kd]rs,rpt]qdr�hmsdqonk]shnm-

5-1-�Ghfgdq�lnldmsr9�gxaqhc��mhsd�cheedqdmbd.�mhsd�unktld�ldsgnc
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5-1-2-�QdlWqjr
@r�enq�sgd�bnmbdmsq]shnm*�vd�dwodbs�ansg�sgd�onk]qhy]shnm�]mc�mdl]shb�nqcdq�sn�ad�rdbnmc,nqcdq�]bbtq]sd�hm�K∞,mnql*�

a]rdc�nm�ntq�]ooqnwhl]shnmr�]mc�nm�sgd�]bbtq]bx�ne�sgd�bnlots]shnm]k�sdbgmhptdr�’dwsdmrhnmr*�unktld�]mc�bnmsntq�hmsdfq],
shnmr*�hmsdqonk]shnmr(-�Tmkhjd�enq�sgd�bnmbdmsq]shnm*�vgnrd�chrbqdshy]shnm�qdrtksr�hm�]�khmd]q�rxrsdl�sg]s�hr�rxlldsqhb�onrhshud�
cd�mhsd*�sgd�chrbqdshydc�rxrsdlr� enq�sgd�ghfgdq�lnldmsr�]qd�nmkx�onrhshud�cd�mhsd-�Sgd�rxlldsqx� hr� knrs�vgdm�trhmf�sgd�
�mhsd�cheedqdmbd�ldsgnc� sn�chrbqdshyd� sgd�cheetrhud� sdqlr-� Hm�oq]bshbd*� sgd� khmd]q�rxrsdlr�]qd�rnkudc�trhmf�]�Ah,Bnmitf]sd�
Fq]chdms�Rs]ahkhydc�ldsgnc�vhsg�]�Ltkshfqhc�rnkudq� Z47[ ]bshmf�]r�]�oqdbnmchshnmdq-�@r� enq� sgd�bnmbdmsq]shnm*�]kk�lnldms�
bnlonmdmsr�]qd�dwsdmcdc� sn� sgd�dmshqd�cnl]hm�vhsg�]� sghqc,nqcdq�dwsdmrhnm�oqnbdctqd� Z2*25[ rn� sg]s� hmsdqonk]shnmr�]mc�
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5-4-�Shld�rsdo

Rhmbd�ansg�sgd�shld�chrbqdshy]shnm�]mc�sgd�fithc�rnkudq�]qd�rs]akd*�sgd�bgnhbd�ne�shld�rsdo�hr�lnshu]sdc�oqhl]qhkx�ax�sgd�
bnmudqfdmbd�ne�etmbshnm]k�hsdq]shnmr*�sgd�cdrhqdc�]bbtq]bx�ne�sgd�rnktshnm�]mc�bnmrsq]hmsr�nm�bnlots]shnm]k�shld-�Rodbh�b]kkx*�
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4 ]mc�lhmkdudk + 1*�]mc�sgdm�qdbtqrhudkx�qdod]s�sgd�r]ld�b]kbtk]shnm�nm��mdq�fqhcr*�d]bg�shld�hmbqd]rhmf�lhmkdudk ]mc�l]wkdudk
ax� nmd-� Sgd�ldrg� hr� nmkx� qd�mdc� hm� sgd� uhbhmhsx� ne� sgd� antmc]qx*�vgdqd� sgd� fq]chdmsr� hm� sgd� rnktshnm� ]qd� knb]sdc-� Ax�
sghr�ldsgnc*� sgd�ro]sh]k�qdrnktshnm� hr�]klnrs�rxrsdl]shb]kkx�chuhcdc�ax�]� e]bsnq�ne�1�dudqxvgdqd� hm� sgd�cnl]hm� eqnl�nmd�
rhltk]shnm�sn�sgd�mdws*�]mc�sgd�q]shn�ne�sgd�dqqnq�nm�sgdrd�svn�fqhcr�sgtr�oqnuhcdr�]m�drshl]sd�enq�sgd�bnmudqfdmbd�nqcdq-�
Sgd� K∞,dqqnqr� enq� ansg�lnldmsr� ]r� etmbshnmr� ne� shld� ]qd�cdohbsdc� hm� Ehf- 4*� ]mc� sgd� drshl]sdc� nqcdqr� ne� bnmudqfdmbd�
]qd�fhudm� hm�S]akd 0-�Vd�nardqud� rdbnmc,nqcdq�bnmudqfdmbd� enq�ansg�pt]mshshdr*�vghbg� hr�bnmrhrsdms�vhsg�ntq� sgdnqdshb]k�
oqdchbshnmr�hm�rdbshnmr 5-0 ]mc�5-1-�Hm�]cchshnm�sn�bnmudqfhmf�vhsg�sgd�dwodbsdc�nqcdq*�ansg�dqqnqr�]qd�qd]rnm]akx�rl]kk�dudm�
nm�sgd�bn]qrdrs�fqhcr-�Sgdhq�u]ktdr�oqnuhcd�qntfg�drshl]sdr�ne�dwodbsdc�dqqnqr�nm�sgd�lnldmsr�hm�nsgdq�b]rdr�vhsg�rhlhk]q�
o]q]ldsdqr�vgdm�sgd�fithc�finv�]mc�mdl]shb�nqcdq�sdmrnq�]qd�mn�knmfdq�mdfkdbsdc�]mc�rgntkc�gdko�rdkdbs�sgd�sqdd�qdrnktshnm�
hm�sgdrd�rhst]shnmr-

Sghr� dw]lokd�cndr�mns�u]khc]sd�ntq� shld�chrbqdshy]shnm� ’RKACE�ldsgnc(�mnq� sgd�chrbqdshy]shnm�ne� sgd�mdl]shb� sdmrnq-�
Mdudqsgdkdrr*�sgd�dpt]shnmr�enq�sgd�mdl]shb�sdmrnq�]mc�onk]qhy]shnm�]qd�chrbqdshydc�trhmf�sgd�r]ld�]ooqn]bg�rn�vd�dwodbs�
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Ehf 4 Bnlo]qhrnm�vhsg�sgd�]m]kxshb]k�rnktshnm�ne�Dpr- ’83( ]mc�’84(9�K∞,dqqnq�ne�sgd�bnmbdmsq]shnm�’](�]mc�onk]qhy]shnm ’a(�]r�etmbshnmr�ne�shld-�Sgd�qdc�
btqudr�]qd�]rrnbh]sdc�sn�sgd�bn]qrdrs�kdudkr*�sgd�aktd�nmdr�vhsg�sgd��mdrs�nmdr-

SWakd 0
Ehm]k�dqqnqr�]mc�bnqqdronmchmf�drshl]sdr�enq�sgd�nqcdqr�ne�bnmudqfdmbd�ne�sgd�bnm,
bdmsq]shnm�]mc�onk]qhy]shnm*�hm�sgd�b]rd�ne�sgd�]m]kxshb]k�dw]lokd�ne�rdbshnm 6-0-0-

Pt]csqdd kdudk Bnmbdmsq]shnm Onk]qhy]shnm

’lhm . l]w( K∞ dqqnq Nqcdq K∞ dqqnq Nqcdq

1 . 4 5.270· 0/ 3 z 1.803· 0/ 3 z
2 . 5 2./60· 0/ 3 0-/44 0.011· 0/ 3 0-268
3 . 6 8.6/0· 0/ 4 0-550 2./5/· 0/ 4 0-763
4 . 7 1.7/2· 0/ 4 0-680 7.667· 0/ 5 0-7/0
5 . 8 6.564· 0/ 5 0-758 1.22/· 0/ 5 0-802
6 . 0/ 0.817· 0/ 5 0-882 4.734· 0/ 6 0-884
7 . 00 3.656· 0/ 6 1-/05 0.342· 0/ 6 1-//7

ansg�pt]mshshdr�sn�bnmudqfd�]s�rhlhk]q�q]sdr-�@cchshnm]kkx*�vd�qdedq�sgd�hmsdqdrsdc�qd]cdq�sn�Z6*08*25[ enq�]�cds]hkdc�]m]kxrhr�
ne�sgd�RKACE�ldsgnc�trdc�gdqd-�Nudq]kk*�vd�]qd�bnm�cdms�sg]s�ntq�ldsgnc�hr�bnqqdbskx�hlokdldmsdc�]mc�sg]s�hs�]bbtq]sdkx�
b]ostqdr�sgd�dunktshnm�ne�sgdrd�sgqdd�lnldmsr�hm�sgd�]ardmbd�ne�finv-

6-0-1-�OWqWrhshb�finvr�hm�rtrodmrhnmr�ne�otkkdqr
@r�]�etqsgdq�sdrs�ne�ntq�ldsgnc*�vd�]m]kxyd�sgd�cxm]lhbr�hm�]�rtrodmrhnm�ne�rn,b]kkdc�otkkdq�o]qshbkdr�enq�vghbg� / /-�

Hm� sghr�rxrsdl*�]bshud�rsqdrrdr�]qd�jmnvm� sn�g]ud�]�rs]ahkhyhmf�deedbs�]mc� sn�c]lo�]mx�fithc�finv*� kd]chmf� sn�]�pthdrbdms�
rsd]cx�rs]sd-�Sghr�oqnuhcdr�]�rhlokd�admbgl]qj�enq�ntq�bncd*�]r�sgd�l]fmhstcd�ne�]mx�o]q]rhshb�fithc�finv�sg]s�odqrhrsr� hm�
sgd�rxrsdl�]s�rsd]cx�rs]sd�pt]msh�dr�mtldqhb]k�dqqnqr-�Vd�odqenql�svn,chldmrhnm]k�rhltk]shnmr�hm�]�bhqbtk]q�chrj�ne�q]chtr�
W vhsg�o]q]ldsdqr

Odr + 0. (+ 0.  + 4/. W+ /.4. s e + 0/. )s + 1/)w. ψ+ ˜ 0.0[1. ’0//(

Sgd�ldrg�hr�]tsnl]shb]kkx�qd�mdc�trhmf�sgd�qd�mdldms�bqhsdqh]�chrbtrrdc�hm�rdbshnm 4-0*�vhsg�sgd�enkknvhmf�o]q]ldsdqr9

SU + /./1. l]wU +l]wkdudk  0. lhmkdudk + 2. ’0/0(

]mc�ltkshokd�hcdmshb]k�rhltk]shnmr�]qd�odqenqldc�nm�fqhcr�vhsg�hmbqd]rhmf�u]ktdr�ne�l]wkdudk-�Sgd�bnmudqfdmbd�ne�sgd�ldsgnc�
hr�u]khc]sdc�ax�lnmhsnqhmf�l]rr�knrrdr�]r�vdkk�]r�sgd�mnql�ne�sgd�o]q]rhshb�fithc�udknbhsx�]r�etmbshnmr�ne�shld-�Ehf- 5 rgnvr�
ansg�pt]mshshdr*�]mc� sgd�bnqqdronmchmf�drshl]sdr� enq� sgd�nqcdq�ne�]bbtq]bx�]qd�fhudm� hm�S]akd 1-�Sgd�bnmudqfdmbd�ne� sgd�
o]q]rhshb�finvr�hr�bnmrhrsdms�vhsg�sgd�]bbtq]bx�ne�sgd�finv�rnkudq�]r�chrbtrrdc�oqduhntrkx*�vhsg�]m�nqcdq�adsvddm�0�]mc�1-�
Rhmbd�sgd�lnldmsr�]qd�mnv�bntokdc�sn�sgd�finv�sgqntfg�sgd�fq]chdms�ne�sgd�udknbhsx��dkc*�sgdhq�]bbtq]bx�hr�khlhsdc�ax�sg]s�
ne�sgd�udknbhsx�fq]chdms*�vghbg�hr�kdrr�]bbtq]sd�sg]m�sgd�udknbhsx-�Sghr�dwok]hmr�sgd�rknvdq�bnmudqfdmbd�qdonqsdc�hm�S]akd 1
enq�sgd�sns]k�l]rr-

6-1-� HmrsWahkhshdr�Wmc�ronmsWmdntr�finvr�hm�otrgdq�rtrodmrhnmr�hm�bhqbtkWq�cnlWhmr

Vd�mnv�stqm�ntq�]ssdmshnm�sn�sgd�]bshud�fithc�finv�fdmdq]sdc�ax�]�rtrodmrhnm�ne�otrgdqr�’ , /(�hm�]�bhqbtk]q�cnl]hm�ne�
q]chtr�W-�Sghr�b]rd�hr�qdoqdrdms]shud�ne�rtrodmrhnmr�ne�a]bsdqh]�]mc�hr�jmnvm�sn�dwghahs�sq]mrhshnmr�sn�ronms]mdntr�finvr�]r�]�
qdrtks�ne�gxcqncxm]lhb�hmrs]ahkhshdr�cqhudm�ax�]bshud�rsqdrrdr�Z37*38*35*04*44[-�Vd�trd�sgd�enkknvhmf ogxrhb]k�]mc�mtldqhb]k�
o]q]ldsdqr9

Odr + /.4. (+ /.0. W+ /.4. s e + 4. ψ+ ˜ 0.0[1. ’0/1(

]mc�vd�rxrsdl]shb]kkx�u]qx�sgd�l]fmhstcd� ne�sgd�]bshud�rsqdrr�sdmrnq-
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Ehf 5 Rtrodmrhnm�ne�otkkdqr9�sns]k�bnmbdmsq]shnm�u]qh]shnm�’](�]mc�l]fmhstcd�ne�sgd�o]q]rhshb�finv�’a(�]r�etmbshnmr�ne�shld-�Sgd�qdc btqudr�]qd�]rrnbh]sdc�sn�
sgd�bn]qrdrs�kdudkr*�sgd�aktd�nmdr�vhsg�sgd��mdrs�nmdr-

SWakd 1
Ehm]k�dqqnqr�]mc�bnqqdronmchmf�drshl]sdr�enq�sgd�nqcdqr�ne�bnmudqfdmbd�ne�sgd�sns]k�
l]rr�]mc�mnql�ne�sgd�o]q]rhshb�finv�hm�sgd�dw]lokd�ne�rdbshnm 6-0-1-

l]wkdudk Sns]k l]rr Udknbhsx

Dqqnq Nqcdq K∞ dqqnq Nqcdq

2 0.685· 0/ 1 z 0.380· 0/ 1 z
3 2.277· 0/ 1  /.804 6.23/· 0/ 2 0-/12
4 0.561· 0/ 1 0-/07 3.552· 0/ 2 /-543
5 6./82· 0/ 2 0-126 0.78/· 0/ 2 0-2/1
6 1.080· 0/ 2 0-584 7.23/· 0/ 3 0-070
7 7.318· 0/ 1  4.154 2.8/6· 0/ 3 0-/83
8 3.6/6· 0/ 2 3-051 0.505· 0/ 3 0-163
0/ 2.625· 0/ 2 /-222 4.144· 0/ 4 0-510
00 0.80/· 0/ 2 /-856 0.48/· 0/ 4 0-613

Ehf 6 Sxohb]k�finv�o]ssdqmr�hm�]m�]bshud�rtrodmrhnm�bnm�mdc�hmrhcd�]�bhqbtk]q�chrj-�Rhltk]shnmr�]qd�odqenqldc�nm�]�fqhc�vhsg�l]wkdudk + 7*�enq�(�+ /.0*�
Odr + /.4 ]mc�hmbqd]rhmf�]bshuhsx�kdudkr-�Ansg�sgd�rsqd]lkhmdr�ne�sgd�mds�udknbhsx�]mc�sgd�bnmbdmsq]shnm��dkc�]qd�rgnvm-

Vd�oqduhntrkx�]m]kxydc�sghr�oqnakdl�hm�ntq�qdbdms�vnqj�Z44[*�vgdqd�vd�bnmrhcdqdc�]�u]qhdsx�ne�dkdldms]qx�fdnldsqhdr�
]mc�]krn�bg]q]bsdqhydc�sgd�sq]mrhshnmr�adsvddm�qdfhldr�trhmf�rs]ahkhsx�]m]kxrdr:�vd�nmkx�aqhdfix�rtll]qhyd�sgd�qdrtksr�gdqd*�
]mc�sgd�qd]cdq�hr�qdedqqdc sn�Z44[ enq�]�lnqd�cds]hkdc�]m]kxrhr�]mc�chrbtrrhnm�ne�sgd�cxm]lhbr�]r�vdkk�]r�bnlo]qhrnm�vhsg�
dwodqhldmsr-�Ntq�rstcx�hcdmsh�dc�sgqdd�sxohb]k�rs]sdr*�vghbg�Ehf- 6 hkktrsq]sdr-�Sgd�sq]mrhshnmr�adsvddm�sgdrd�sgqdd�rs]sdr�b]m�
ad�nardqudc�ax� hmbqd]rhmf�sgd�]bshuhsx� kdudk� } } vghkd�l]hms]hmhmf�]kk�nsgdq�o]q]ldsdqr�bnmrs]ms-�@s� knv� kdudkr�ne�]bshuhsx�
’Ehf- 6*� +  0(*� sgd� rvhlldqr�]bbtltk]sd�]s� sgd�antmc]qx�]mc�g]ud�]�mds�]udq]fd�onk]qhy]shnm� snv]qcr� sgd�v]kk-�Sghr�
v]kk�]bbtltk]shnm�hr�]�g]kkl]qj�ne�rtrodmrhnmr�ne�rdke,oqnodkkdc�o]qshbkdr�]mc�g]r�addm�bg]q]bsdqhydc�hm�ansg�dwodqhldmsr�
Z32*17*16[ ]mc�lncdkr� Z15*0/*00*03[-� Sgdqd� hr�mn�fithc�finv� hm� sghr� qdfhld*� ]mc� sgd� rnktshnm� hr� rhlhk]q� sn� sgd� ]m]kxshb]k�
rnktshnm�chrbtrrdc�hm�6-0-0 ’d-f-*�q]ch]k�rxlldsqx*�v]kk�]bbtltk]shnm�]mc�v]kk,mnql]k�onk]qhy]shnm*�vd]j�mdl]shb�]khfmldms(-�
@s� hmsdqldch]sd� kdudkr�ne�]bshuhsx� ’ +  1/(*�]� ronms]mdntr� rsd]cx�]yhltsg]k�fithc�finv�dldqfdr� b]trhmf� sgd� rvhlldqr�
sn� qdnqhdms� ]f]hmrs� sgd�finv-�Sgd� qdrtkshmf� ]oo]qdms� udknbhsx� dwghahsr� ]�cntakd� unqsdw� rsqtbstqd� rhlhk]q� sn� sg]s�nardqudc�
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Ehf 7 Rtrodmrhnmr�ne�otrgdqr�hmrhcd�]�chrj9�ronms]mdntr�finv�cdrs]ahkhy]shnm�]s�ghfg�]bshuhsx�kdudk�’(�+ /.0*�Odr + /.4 ]mc� + 1//(*�enq�shldr�adsvddm�
/�]mc�0-�Sgd�]c]oshud�ldrg�hr�]krn�rgnvm�sn�hkktrsq]sd�gnv�hs�hr�cxm]lhb]kkx�]c]osdc�sn�sgd�rnktshnm-

Ehf 8 @c]oshud�ldrg�qd�mdldms�enq�]�rtrodmrhnm�ne�otrgdqr�hmrhcd�]�chrj�hm�sgd�tmrs]akd�qdfhld9�’kdes(�bnmbdmsq]shnm�oqn�kd*�]mc�’qhfgs(�rtbbdrrhud�ynnl�
nm�sgd�]c]oshud�ldrg�]s�shld�s e + /.5-�O]q]ldsdq�u]ktdr9�(�+ /.0*�Odr + /.2 ]mc� + 2//-

dwodqhldms]kkx�ax Vhnk]mc�ds�]k-�Z52*21[-�Sghr�sq]mrhshnm�v]r�dwok]hmdc�hm�ntq�oqduhntr�vnqj�Z44[ ]r�sgd�qdrtks�ne�]�khmd]q�
hmrs]ahkhsx�ne�sgd�pthdrbdms�rs]sd*�vghbg�hr�cqhudm�ax�]bshud�rsqdrrdr-�Hm�udqx�]bshud�rxrsdlr�’ +  1//(*�sgd�cntakd,unqsdw�
hr�mn�knmfdq�rs]akd�]mc�sgd�rxrsdl�sq]mrhshnmr�sn�]�bg]nshb�qdfhld�bg]q]bsdqhydc�ax�tmrsd]cx�rvhqkr�]mc�unqshbdr�rhlhk]q�sn�
sgnrd�nardqudc�hm�atkj�rxrsdlr�Z04[-�Ehf- 7 hkktrsq]sdr�sgd�cdrs]ahkhy]shnm�oqnbdrr�hm�sghr�qdfhld-

Ehf- 8 hkktrsq]sdr� sgd�]tsnl]shb�ldrg� qd�mdldms� sn� sgd� rnktshnm� enq�]� rtrodmrhnm�ne�otrgdqr� hm� sgd�tmrsd]cx� bg]nshb�
qdfhld�’Odr + /.2*�(�+ /.0*� +  2//(�trhmf�]�ghfg�qdrnktshnm�fqhc�’l]wkdudk + 00*� SU + SL + /./4*�l]wU +l]wA + 0/*�
lhmkdudk + 2(�]s�]��m]k�shld�ne�s e + /.5-�Sgd�sns]k�mtladq�ne�mncdr�hr�76 421 vghbg�hr�nmkx�1./8 ne�sgd�rhyd�ne�]�tmhenql�
ldrg�vhsg�sgd�r]ld�l]whltl�qdrnktshnm-�Adb]trd�sgd�qd�mdldms�bqhsdqhnm�’55( cdodmcr�bnmshmtntrkx�nm�sgd�rnktshnm*�vd�
�mc�sg]s�sgd�ldrg�hr�]klnrs�fq]cdc-�Xds�mnm,fq]cdcmdrr�cndr�]qhrd�hm�rnld�qdfhnmr*�sxohb]kkx�bknrd�sn�sgd�hmsdqe]bd-

6-2-�:bshud�fithc�finvr�hm�odqhnchb�kWsshbdr

Hmrohqdc�ax�sgd�lhbqnfithchb�dwodqhldmsr�ne�Vhnk]mc�ds�]k- Z51[*�vd�mnv�]ookx�ntq�rhltk]shnm�ldsgnc�sn�rstcx�]bshud�
finvr�hm�odqhnchb�k]sshbdr-�Sgd�fdnldsqx�ne�sgd�k]sshbd�hr�cdrbqhadc�hm�Ehf- 0/*�]mc�hr�bnlonrdc�ne�bhqbtk]q�bg]ladqr�bnmmdbsdc�
ax�itmbshnmr-�Vd�rdkdbs�o]q]ldsdqr�rtbg�sg]s�]�rsd]cx�cntakd�unqsdw�vntkc�ronms]mdntrkx�dldqfd�hm�sgd�tmhs�bdkk�vgdm�sgd�
itmbshnmr�]qd�bknrdc�]mc�rstcx�gnv�sgd�chqdbshnm�ne�qns]shnm�adsvddm�]ci]bdms�bdkkr�]mc�sgd�nudq]kk�rxrsdl�cxm]lhbr�cdodmc�
nm�sgd�vhcsg�ne�sgd�f]o�’1W(�bnmmdbshmf�sgdl-�Rodbh�b]kkx*�vd�trd�sgd�o]q]ldsdqr

Odr + 1. (+ /.0.  + 0//. s e + 4. ψ+ ˜/.1/[1. ’0/2(

]mc�sgd�ldrg�hr�bnmrsqtbsdc�trhmf

l]wkdudk + 00. SU + SL + /./1. l]wU +l]wA + 0/. lhmkdudk + 2. ’0/3(
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Ehf 0. @bshud�finvr�hm�k]sshbdr9�fdnldsqhb�o]q]ldsqhy]shnm-�Enq�sgd�rhltk]shnmr�oqdrdmsdc�gdqd�vd�trd�]�k]sshbd�vhsg�06�· 02 hmchuhct]k�bdkkr-�Vd�s]jd�sgd�
ch]ldsdq�ne�sgd�tmhs�bdkk�sn�ad�K�+ 0 ]mc�rds�a�+ /./167-

Enkknvhmf�Z51[*�vd�cd�md�sgd�shld,]udq]fdc�mnql]khydc�rohm,rohm�bnqqdk]shnm�]r

χ + 0

s e

s e∫

/

∑
h∼ i �h� i∑

h∼ i }�h� i}
. ’0/4(

vgdqd�sgd�rtlr�]qd�nudq�]kk�o]hqr�ne�]ci]bdms�bdkkr*�]mc�vgdqd��h cdmnsdr�sgd�]udq]fd�rhfmdc�rb]k]q�unqshbhsx�ne�sgd�]oo]qdms�
rvhllhmf�udknbhsx�hm�bdkk�h9

�h + =x ·
∫

h

∇ ·
)

t + Odr

b
l

(
. ’0/5(

Eqnl� sgd� ]anud�cd�mhshnm*�vd� rdd� sg]s�χ + 0 he� sgd�mds�finv� hr� qns]shmf� hm� sgd� r]ld�chqdbshnm� hm� dudqx� rhmfkd� bdkk-�Nm�
sgd�bnmsq]qx*�χ + 0 hm�]�rxrsdl�vgdqd�sgd�chqdbshnm�ne�qns]shnm�rxrsdl]shb]kkx�]ksdqm]sdr�adsvddm�]ci]bdms�bdkkr-�Ehm]kkx*�
vd�dwodbs�χ ≈ / hm�]�rxrsdl�vgdqd� sgd�chqdbshnm�ne�qns]shnm�ne�]ci]bdms�bdkkr� hr�bnlokdsdkx�tmbnqqdk]sdc*�rn� sg]s�]�o]hq�
hr� dpt]kkx� khjdkx� sn� qns]sd� hm� sgd� r]ld�chqdbshnm� ]r� hm� sgd�noonrhsd�chqdbshnm-�Vd� ]krn�cd�md� sgd� shld,]udq]fdc� qdk]shud�
]rxlldsqx�adsvddm�sgd�onotk]shnmr�M+ ne�]mshbknbjvhrd�bdkkr�’�h / /(�]mc�M ne�bknbjvhrd�bdkkr�’�h , /(9

δ + 0

s e

s e∫

/

M+  M 
M+ + M 

. ’0/6(

Hm� ]�odqedbskx� rxlldsqhb�nq�tmbnqqdk]sdc� rxrsdl�vd� dwodbs� M+ + M ]mc� sgdqdenqd� δ + /*�vgdqd]r� δ + ±0 cdrbqhadr� ]�
rxrsdl�hm�vghbg�md]qkx�]kk�sgd�bdkkr�]qd�qns]shmf�hm�sgd�r]ld�chqdbshnm-

Rm]orgnsr�eqnl�]�rdqhdr�ne�rhltk]shnmr�hm�k]sshbdr�vhsg�hmbqd]rhmf�f]o�rhyd�W ]qd�rgnvm�hm�Ehf- 00*�]mc�bnqqdronmchmf�c]s]�
enq�χ ]mc�δ ]r�etmbshnmr�ne�W hr�oknssdc�hm�Ehf- 01-�Hm�sgd�khlhs�ne�u]mhrghmf�f]o�rhyd�’W�� /(�sgd�bdkkr�]qd�chrbnmmdbsdc�]mc�
sgd�chqdbshnm�ne�qns]shnm�hm�]�fhudm�bdkk�adbnldr�hmcdodmcdms�ne�hsr�mdhfganqr�’χ � /(-�@r�sgd�f]o�hr�dmk]qfdc*�gxcqncxm]lhb�
rsqdrrdr�]mc�sq]mronqs�]bqnrr� itmbshnmr� kd]c�sn� hmsdq]bshnmr�adsvddm�bdkkr*��qrs�b]trhmf�]�onrhshud�bnqqdk]shnm�adsvddm�sgd�
chqdbshnm�ne�qns]shnm�ne�]ci]bdms�bdkkr�’χ / /(-�Sghr�hr�sgd�b]rd�ne�W�+ /./64 ]mc�/.0 hm�Ehf- 00*�vgdqd�vd�ld]rtqd�χ + /.35
]mc�/.20-�Sghr�onrhshud�bnqqdk]shnm�qdrtksr�hm�k]qfd�rsd]cx�o]sbgdr�ne�bn,qns]shmf�bdkkr*�vhsg�k]qfdq�u]ktdr�ne�χ bnqqdronmchmf�
sn�k]qfdq�o]sbg�rhydr-�Hm�sghr�qdfhld*�vd�mnsd�sg]s�sgd�finv�hm�d]bg�bdkk�hr�md]qkx�hcdmshb]k�dudqxvgdqd�’to�sn�sgd�chqdbshnm�
ne�qns]shnm(*�]mc�qdrdlakdr�sgd�cntakd�unqsdw� hm�bhqbtk]q�bg]ladqr�’Ehf- 6(-�@r��qrs�oqnonrdc�ax�Vhnk]mc�ds�]k- Z51[*�vgn�
qdonqsdc�rhlhk]q�sqdmcr�hm�sgdhq�dwodqhldmsr*�sghr�onrhshud�bnqqdk]shnm�hr�bnmrhrsdms�vhsg�sgd�vdkk,jmnvm�sdmcdmbx�ne�rvhl,
ldqr�sn�rvhl�]knmf�antmc]qhdr-�Mnsd�sg]s�Vhnk]mc�ds�]k-�]krn�qdonqsdc�]�mdf]shud�bnqqdk]shnm�hm�sgd�khlhs�ne�dwsqdldkx�rl]kk�
f]or*�vghbg�sgdx�]ssqhatsdc�sn�sgd�hm]ahkhsx�ne�a]bsdqh]�sn�dmsdq�sgd�f]or:�sghr�qdfhld�hr�mns�rddm�hm�ntq�rhltk]shnmr*�vghbg�
cn�mns�s]jd��mhsd�rvhlldq�rhyd�hmsn�]bbntms-

Hmbqd]rhmf� W adxnmc� ≈ /.0 b]trdr� ]� cdbqd]rd� hm� χ *� ]mc� sgd� onrhshudkx� bnqqdk]sdc� rs]sd� odqrhrsr� enq� nodmhmfr� to� sn�
W�≈ /.114-�Enq� sghr�u]ktd�ne�W vd�ld]rtqd�χ +  7�· 0/ 3*�]mc� hmrodbshnm�ne� sgd�finv�o]ssdqmr� hm�Ehf- 00 hmcddc�rgnvr�
mn�duhcdmbd�ne�bnqqdk]shnm*�vhsg�dpt]k� khjdkhgnnc� enq�]�o]hq�ne�]ci]bdms�bdkkr�sn�bn, nq�bntmsdq,qns]sd-�Sgd� hmbqd]rd� hm�f]o�
vhcsg�hr�]krn�rddm�sn�g]ud�]m�deedbs�nm�sgd�finv�o]ssdqmr9�vghkd�]m�tmcdqkxhmf�cntakd�unqsdw�hr�uhrhakd�hm�d]bg�bdkk*�lnqd�
bnlokdw�finv�rsqtbstqdr�hmunkuhmf�idsr�adsvddm�]ci]bdms�bdkkr�]mc�bhqbtk]shmf�finvr�]qntmc�ohkk]qr�nq�fqntor�ne�ohkk]qr�ad,
bnld�mnshbd]akd-



07 L- SgdhkkWqc) C- RWhmshkkWm . IntqmWk ne AnlotsWshnmWk Ogxrhbr 286  1/08( 0/7730

Ehf 00 @bshud�finvr�hm�k]sshbdr9�finv�o]ssdqmr�enq�hmbqd]rhmf�f]o�nodmhmf�W-�Sgd�rsqd]lkhmdr�ne�sgd�mds�a]bsdqh]k�finv�]qd�bnknqdc�ax�unqshbhsx*�vgdqd�fqddm�
bnqqdronmcr�sn�bknbjvhrd�qns]shnm�]mc�aktd�sn�bntmsdqbknbjvhrd-

@r�sgd�rhyd�ne�sgd�itmbshnmr�jddor�nm�hmbqd]rhmf�’W�+ /.14.�/.2.�/.37 hm�Ehf- 00(*�sgd�finv�adbnldr�rxrsdl]shb]kkx�tmrsd]cx�
]mc� hmbqd]rhmfkx�lnqd� bnlokdw*�vhsg�fithc� idsr� sg]s� sq]udk� ]bqnrr� sgd� k]sshbd� ro]mmhmf�ltkshokd� bdkkr-� Sgd� dldqfdmbd� ne�
sgdrd�bnlokdw�o]ssdqmr� hr�sgd�qdrtks�ne�sgd�chlhmhrghmf� hmfitdmbd�ne�sgd�v]kkr*�vghbg�]kknvr� enq�]m� hmbqd]rhmf�mtladq�ne�
tmrsd]cx�lncdr�sn�fqnv�]mc�hmsdq]bs�hm�sgd�rxrsdl-�Hm�rohsd�ne�sgd�bg]nshb�m]stqd�ne�sgd�finv*�unqshbhsx�qdl]hmr�mnshbd]akx�
]msh,bnqqdk]sdc� adsvddm� ]ci]bdms� bdkkr*� ]r� bnm�qldc� ax� sgd� u]ktdr� ne� χ , / hm� Ehf- 01-� Sghr� qdl]hmr� sqtd� dudm� enq� sgd�
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Ehf 01 @udq]fd�rohm,rohm�bnqqdk]shnm�χ cd�mdc�hm�Dp- ’0/4(*�]mc�shld,]udq]fdc�qdk]shud�]rxlldsqx�δ adsvddm�bknbjvhrd�]mc�bntmsdqbknbjvhrd�bdkkr�cd�mdc�
hm�Dp- ’0/6(-

rl]kkdrs�ohkk]qr�’W�+ /.37(*�vghbg�rshkk�rds�sgd�cnlhm]ms�v]udkdmfsg�ne�sgd�finv�]mc�rdqud�sn�fthcd�sgd�a]bsdqh]k�idsr�]bqnrr�
sgd� k]sshbd-�Sgd�cxm]lhbr� hm�sghr�b]rd� hr�]krn�bnmrhrsdms�vhsg�sgd�qdbdms�dwodqhldmsr�ne�Mhrghftbgh�ds�]k-� Z30[ nm�a]bsdqh]�
hm�ohkk]q�]qq]xr*�vgdqd�rhlhk]q�bg]nshb�finvr�vdqd�nardqudc�vhsg�]�bngdqdmbd� kdmfsg�rds�ax sgd� k]sshbd�ro]bhmf-�Ax�rhlokx�
u]qxhmf�W*�ntq�rhltk]shnmr�qdud]k�]�qhbg�u]qhdsx�ne�finv�o]ssdqmr�]mc�sgtr�cdlnmrsq]sd�sgd�]ahkhsx�ne� itchbhntrkx�cdrhfmdc�
odqhnchb�k]sshbdr�sn�bnmsqnk�a]bsdqh]k�finv�nm�]�vhcd�q]mfd�ne�rb]kdr*�eqnl�sgd�onqd�rb]kd�sn�sgd o]sbg�rhyd-

Vghkd�sgd�rohm,rohm�bnqqdk]shnm�χ rgnvr�bkd]q�sqdmcr�vhsg�hmbqd]rhmf�f]o�rhyd�vhsg�]�sq]mrhshnm�eqnl�onrhshud�sn�mdf]shud�
bnqqdk]shnm*�sgd�qdk]shud�]rxlldsqx�δ qdl]hmr�adsvddm�±/.0 enq�]kk�u]ktdr�ne�W-�Sghr�rtffdrsr�sg]s�bknbjvhrd.bntmsdqbknbj,
vhrd�rxlldsqx�hr�drrdmsh]kkx�oqdrdqudc�nm�k]qfd�kdmfsg�rb]kdr-�Mdudqsgdkdrr*�vd�mnsd�sg]s�sgd�k]qfdrs�fitbst]shnmr�hm�δ nbbtq�
vgdm�χ ≈ /*�h-d-�vgdm�sgd�bntokhmf�adsvddm�]ci]bdms�bdkkr�hr�sgd�vd]jdrs*�vghbg�bntkc�hmchb]sd�sg]s�fkna]k�rxlldsqx�hr�hm�
e]bs�e]unqdc�hm�rsqnmfkx�hmsdq]bshmf�k]sshbd�finvr-�Sgd�e]bs�sg]s�δ hr�qd]rnm]akx�vdkk�bdmsdqdc�]qntmc�/ hr�]krn�]m�hmchb]shnm�
sg]s�ntq�mtldqhb]k�ldsgnc�cndr�mns�hmsqnctbd�]�oqdedqqdc�chqdbshnm�ne�qns]shnm-

6-3-�Sgqdd,chldmrhnmWk�rhltkWshnmr

Hm�sghr�k]rs�rdbshnm*�vd�oqdrdms�mtldqhb]k�qdrtksr�hm�sgqdd�ro]sh]k�chldmrhnmr*�hkktrsq]shmf�sgd�]ahkhsx�ne�ntq�l]sgdl]shb]k�
]mc�bnlots]shnm]k�ldsgncr� sn�ad�dwsdmcdc� sn�2C�]mc�nodmhmf� sgd�v]x� enq� etstqd�onsdmsh]k�dwoknq]shnm-�Sgd�2C�bnlot,
s]shnm]k�]ooqn]bg� enkknvr�sgd�r]ld�mtldqhb]k�sdbgmhptdr�]r� hm�1C�]mc�rg]qdr�sgd�r]ld�]bbtq]bx*�rs]ahkhsx�]mc�]c]oshuhsx�
oqnodqshdr-�Sgd�cnl]hm�fdnldsqhdr�vd�bnmrhcdq�gdqd*�m]ldkx�rogdqhb]k�b]uhshdr�]mc�odqhnchb�bg]mmdkr*�]qd�2C�]m]knfr�ne�sgd�
1C�fdnldsqhdr�]m]kxydc�hm�ntq�oqduhntr�rstcx�Z44[-

6-3-0-� RogdqhbWk�bWuhsx
Enq� sghr��qrs� dw]lokd*�vd� bnmrhcdq� sgd� ]bshud�finv� hm� ]� rtrodmrhnm� ne� otrgdqr� bnm�mdc� hmrhcd� ]� rogdqhb]k� b]uhsx� ne�

ch]ldsdq�0-�@r�enq�sgd�1C�b]rd�ne�rdbshnm 6-1*�vd�bgnnrd

Odr + /.4. (+ /.0. s e + 4. ψ+ ˜ 0.0[2. ’0/7(

]mc�bnmrhcdq�sgqdd�kdudkr�ne�]bshuhsx� + 0.� 1/.� 1//-�Vd�odqenql�rhltk]shnmr�nm�]�sgqdd,chldmrhnm]k�Nbsqdd�fqhc�vhsg�
]�l]whltl�kdudk�ne�6*�vghbg�bnms]hmr�nm�sgd�nqcdq�ne�3//*///�fqhc�onhmsr-�D]bg�shld�rsdo�s]jdr�adsvddm�4�]mc�0/�lhmtsdr�
trhmf�NodmLO�]mc�sdm�sgqd]cr�nm�]�cdrjsno�bnlotsdq-

Sgd�rhltk]sdc�finv�o]ssdqmr�]qd�cdohbsdc� hm�Ehf- 02-�Sgd�2C�rnktshnmr�rgnv�o]ssdqmr sg]s�bntkc�g]ud�addm�]mshbho]sdc�
eqnl�sgd�1C�b]rd-�@s�knv�kdudkr�ne�]bshuhsx*�sgdqd�hr�mn�]bshud�finv�]mc�sgd�chrsqhatshnm�ne�rvhlldqr�hr�q]ch]k�vhsg�]bbtlt,
k]shnm�]s�sgd�antmc]qx�]bbnlo]mhdc�ax�v]kk,mnql]k onk]qhy]shnm-�@r�]bshuhsx�hmbqd]rdr*�]�rsd]cx�sgqdd,chldmrhnm]k�cntakd�
unqsdw�dldqfdr�ronms]mdntrkx*�vhsg�]m�]whr�ne�qns]shnm�vghbg�hr�rdkdbsdc�]qahsq]qhkx�ax�sgd�rxrsdl-�Ehm]kkx*�2C�bg]nshb�cx,
m]lhbr�]qd�nardqudc�]s�sgd�ghfgdrs�]bshuhsx�kdudk-

6-3-1-�Snqtr
Mdws*�vd� rhltk]sd� ]bshud�finvr� hmrhcd� ]�odqhnchb� bg]mmdk� rg]odc� ]r� ]� snqtr�vhsg� hmmdq� q]chtr� Qlhm + /.4 ]mc�vhcsg�

V + 0-�Sgd�]rrnbh]sdc�kdudk�rds�etmbshnm�hr

φ(w. x. y(+
[)√

w1 + x1  Qlhm  
V

1

(1

+ y1
] 0

1

 V

1
. ’0/8(

Vd�bgnnrd�sgd�o]q]ldsdqr�]r

Odr + /.4. (+ /.4. s e + 4. ψ+ ˜ 1.14.1.14[2. l]wkdudk + 6. SU + /./1. l]wU + 5. ’00/(

]mc�]m]kxyd�]bshud�finvr�vhsg�hmbqd]rhmf�]bshuhsx�kdudkr-
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Ehf 02 @bshud�finv�hm�]�otrgdq�rtrodmrhnm�bnm�mdc�hmrhcd�]�rogdqhb]k�b]uhsx-�Sgd��ftqd�rgnvr�rsqd]lkhmdr�ne�sgd�mds�rvhlldq�udknbhsx*�vhsg�bnknqr�
bnqqdronmchmf�sn�sgd�udknbhsx�l]fmhstcd-�@r�hm�sgd�1C�dw]lokd�ne�Ehf- 6*�vd�s]jd�(�+ /.0*�Odr + /.4 ]mc�u]qx�sgd�kdudk�ne�]bshuhsx9�eqnl�kdes�sn�qhfgs�
 + 0.� 1/.� 1//-�Rhltk]shnmr�]qd�odqenqldc�nm�]�Nbsqdd�fqhc�vhsg�l]wkdudk + 6-

Ehf 03 @bshud�finvr�hmrhcd�]�odqhnchb�bg]mmdk�rg]odc�]r�]�snqtr�enq�hmbqd]rhmf�]bshuhsx�kdudkr� -�Sgd�bnmbdmsq]shnm��dkc�’bnknqr(�hr�rtodqhlonrdc�nmsn�
rsqd]lkhmdr�ne�sgd�mds�rvhlldq�udknbhsx-�Eqnl�sno�kdes�sn�anssnl�qhfgs9� + 1/.� 4/.� 6/.� 8/-

Nmbd� ]f]hm*� sgd� rhltk]sdc� ]bshud�finvr� qdrdlakd� sgnrd�nardqudc� hm�ntq�oqduhntr�vnqj� Z44[ hm�1C�odqhnchb� bg]mmdkr*�
vhsg� entq�chrshmbs�finv� qdfhldr� ]r� hkktrsq]sdc� hm� Ehf- 03-�@s� knv� kdudkr�ne� ]bshuhsx� ’ +  1/(*� sgd�fithc� hr�pthdrbdms� ]mc�
rvhlldqr�oqdedqdmsh]kkx�]bbtltk]sd�]s� sgd�v]kk*�]khfmhmf� hm� sgd�mnql]k�chqdbshnm�nm�]udq]fd-�@r�]bshuhsx� hmbqd]rdr� ( +
 4/(*� ]� ronms]mdntr� rsd]cx�finv� dldqfdr� hm� ]m� ]qahsq]qx�chqdbshnm*�vghbg� hr� ]yhltsg]kkx� rxlldsqhb� ]mc� ]f]hmrs�vghbg�
sgd�rvhlldqr�oqnodk-�@r�]bshuhsx�hr�hmbqd]rdc�etqsgdq�’ + 6/(*�sgd�rsd]cx�finv�odqrhrsr�ats�]whrxlldsqx�hr�knrs�]mc�vd�
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Ehf 04 @bshud�finvr�hm�rtrodmrhnmr�ne�otrgdqr�bnm�mdc�hmrhcd�sgd�f]o�adsvddm�svn�bnmbdmsqhb�bxkhmcdqr*�enq�hmbqd]rhmf�]bshuhsx�kdudkr-�Eqnl�kdes�sn�qhfgs9�
 + 0.� 1/.� 4/.� 8/-

nardqud�dudmkx�ro]bdc�bktrsdqr�ne�rvhlldqr�sg]s�]qd�sq]mronqsdc�]r�cdmrhsx�v]udr-�@s ghfg�]bshuhsx� kdudkr�’ +  8/(*�sgd�
finv�dudmst]kkx�cdrs]ahkhydr�]mc�adbnldr�tmrsd]cx�]mc�bg]nshb�]r�]kqd]cx�nardqudc�hm�nsgdq�fdnldsqhdr-

6-3-2-�Anmbdmsqhb�bxkhmcdqr
@r�]��m]k�dw]lokd*�vd�bnmctbs�]�rhlhk]q�]m]kxrhr�hm�]mnsgdq�odqhnchb�cnl]hm�cd�mdc�]r�sgd�f]o�adsvddm�svn�bnmbdmsqhb�

bxkhmcdqr�vhsg�hmmdq�q]chtr�Qlhm + /.4*�f]o�vhcsg�V + 0*�]mc�antmcdc�hm�sgd�]wh]k�chqdbshnm�vhsg�]�gdhfgs�ne�G + 3 ’rdd�
Ehf- 04(-�Sgd�kdudk�rds�etmbshnm�enq�sghr�fdnldsqx�hr�cd�mdc�]r

φ(w. x. y(+l]w

{√
w1 + x1  Qlhm  V . Qlhm  

√
w1 + x1 . }y}  G

1

}
. ’000(

@kk�nsgdq�ogxrhb]k�]mc�bnlots]shnm]k�o]q]ldsdqr�’Odr.�(.�s e .�ψ.�l]wkdudk.�SU .�l]wU (�]qd�bgnrdm�]r�hm�Dp- ’00/(-
Sxohb]k�finv�o]ssdqmr�]mc�bnmbdmsq]shnm��dkcr�]qd�rgnvm�hm�Ehf- 04 enq� + 1/.� 4/.� 6/.� 8/-�Rhlhk]q�finv�sq]mrhshnmr�

]r�hm�oqduhntr�fdnldsqhdr�nbbtq-�Hm�vd]jkx�]bshud�rxrsdlr*�rvhlldqr�rhlokx�]bbtltk]sd�]s�sgd�v]kkr*�]mc�cn�mns�cqhud�]mx�
mds�finv-� Hmsdqdrshmfkx*�vd��mc� sg]s�]bbtltk]shnm� hr�l]whltl�]s� bnqmdqr*� hm�]fqddldms�vhsg�dwodqhldms]k�nardqu]shnmr�
Z05[-�Tonm�hmbqd]rhmf�} }*�]�sq]mrhshnm�sn�]�finvhmf�rs]sd�hr�nardqudc*�vghbg�hr�oqhl]qhkx�]yhltsg]k�vhsg�rnld�udqshb]k�fitb,
st]shnmr-�Sghr�tkshl]sdkx�kd]cr�sn�bg]nshb�cxm]lhbr�hm�rsqnmfkx�]bshud�rxrsdlr-�@�jdx�cheedqdmbd�vhsg�sgd�finvr�nardqudc�hm�
sgd�snqtr�hm�rdbshnm 6-3-1 b]m�ad�mnsdc9�sgd�rhyd]akd�gdhfgs�ne�sgd�cnl]hm�hmcddc�]kknvr�enq�rhfmh�b]ms�tmrsd]cx�lnshnmr�hm�
sgd�y chqdbshnm*�vghbg�]qd�rtodqhlonrdc�nmsn�sgd�mds�]yhltsg]k�finv�]mc�khjdkx�ok]x�]�qnkd�hm�hsr�cdrs]ahkhy]shnm-�Sgdrd�na,
rdqu]shnmr�]qd�bnmrhrsdms�vhsg�dwodqhldmsr�nm�lhbqnstatkd.jhmdrhm�bktrsdq�rnktshnmr�hm�]�rhlhk]q�fdnldsqx�Z54[*�vghbg�g]ud�
rgnvm�]�rtaskd�cdodmcdmbd�nm�bg]mmdk�]rodbs�q]shn�vhsg�]�chrqtoshnm�ne�]yhltsg]k�finv�hm�s]kk�bg]mmdkr-�Sgd�ronms]mdntr�
dldqfdmbd�ne�]yhltsg]k�finv�hm�sghr�fdnldsqx�]krn�tmcdqkhdr qgdnknfhb]k�ld]rtqdldmsr�nm�a]bsdqh]k�rtrodmrhnmr�hm�bhqbtk]q�
Bntdssd�bdkkr�Z18[*�vghbg�qdonqs�]�mds�]mftk]q�udknbhsx�]s�ydqn�snqptd�hm�rtflbhdmskx�bnmbdmsq]sdc�rxrsdlr-

7 � Anmbktrhnm

Vd� g]ud� oqdrdmsdc� ]� mnudk� mtldqhb]k� ]ooqn]bg� enq� sgd� dflbhdms� rhltk]shnm� ne� sgd� cxm]lhbr� ne� ]bshud�fithcr� hm� u]q,
hntr� bnm�mdc�lhbqnfithchb� fdnldsqhdr-�Ntq� rhltk]shnmr� ]qd� a]rdc� nm� ]�ld]m,�dkc� bnmshmttl lncdk� enq� rtrodmrhnmr� ne�
lhbqnrvhlldqr�rtbg�]r�a]bsdqh]�nq�rdke,oqnodkkdc�bnkknhcr*�vghbg�bnmrhrsr�ne�bntokdc�]cudbshnm,cheetrhnm�dpt]shnmr�enq�sgd�
rvhlldq�bnmbdmsq]shnm*�onk]qhy]shnm*�]mc�mdl]shb�sdmrnq�]knmf�vhsg�sgd�enqbdc�M]uhdq,Rsnjdr�dpt]shnmr�enq�sgd�fithc�finv�hm,
ctbdc�ax�hmsdqm]k�]bshud�rsqdrrdr-�Sgd�chflbtksx�hm�rhltk]shmf�sghr�rxrsdl�hm�bnlokdw�fdnldsqhdr�rsdlr�eqnl�sgd�hlonqs]mbd�
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ne�]bbtq]sdkx�qdrnkuhmf lhbqnrsqtbstq]k�u]qh]akdr�hm�sgd�uhbhmhsx�ne�antmc]qhdr*�vgdqd�rvhlldqr�]qd�jmnvm�sn�]bbtltk]sd*�
vghkd�]krn�b]ostqhmf�tmrsd]cx�finv�ed]stqdr�hm�sgd�atkj�fithc-�@r�]�qdrtks*�lnrs�oqhnq�rhltk]shnmr�g]ud�addm�khlhsdc�sn�svn�
chldmrhnmr�]mc� rhlokd�fdnldsqhdr*�]mc�ntq�]ooqn]bg� s]jdr�]�l]inq� rsdo� snv]qcr�dwsdmchmf�ntq�tmcdqrs]mchmf�ne�]bshud�
fithc�finvr�sn�bnlokdw�sgqdd,chldmrhnm]k�rxrsdlr-

Sgd�udqr]shkhsx�ne�ntq�ldsgnc�ghmfdr�nm�sgd�trd�ne�kdudk�rdsr�sn�qdoqdrdms�bnlokdw�cnl]hm�rg]odr*�]knmf�vhsg�]c]oshudkx�
qd�mdc�Pt]c,.Nbsqdd�fqhcr� sg]s�]qd� hcd]kkx� rthsdc� enq b]ostqhmf� sgd�vhcd� q]mfd�ne� rb]kdr�oqdrdms� hm� sgd� rxrsdl-�@�mnudk�
gxaqhc�ro]sh]k�chrbqdshy]shnm�v]r�]krn�hmsqnctbdc*�vghbg�dloknxr��mhsd�unktldr�enq�sgd�bnmbdmsq]shnm��dkc�rn�]r�sn�dmrtqd�
l]rr� bnmrdqu]shnm*�vghkd�trhmf� ]� bnlahm]shnm� ne��mhsd� unktldr� ]mc��mhsd�cheedqdmbdr� enq� sgd�onk]qhy]shnm� ]mc�mdl]shb�
�dkcr*�vghbg�oqnuhcdr� dmg]mbdc� ]bbtq]bx�vghkd� d]rhkx� r]shrexhmf�Mdtl]mm�antmc]qx� bnmchshnmr� ]s� sgd�v]kkr-� Ehm]kkx*� ]m�
tmbnmchshnm]kkx� rs]akd�oqnidbshnm� rnkudq� enq� sgd� hmbnloqdrrhakd�M]uhdq,Rsnjdr� dpt]shnmr�cdudknodc� hm�oqduhntr�vnqj�v]r�
]cnosdc�enq�sgd�]bshud�fithc�finv-

Vd�hkktrsq]sdc�ntq�]ooqn]bg�ax�]m]kxyhmf�ronms]mdntr�]bshud�finvr�hm�]�u]qhdsx�ne�lhbqnfithchb�fdnldsqhdr�hm�ansg�svn�
]mc�sgqdd�chldmrhnmr*�vghbg�vdqd�hmrohqdc�ax�qdbdms�dwodqhldmsr�nm�a]bsdqh]k�rtrodmrhnmr-�Ntq�qdrtksr�vdqd�]kk�bnmrhrsdms�
vhsg�dwodqhldms]k�nardqu]shnmr�]mc�cdlnmrsq]sdc�sgd�]ahkhsx�ne�ntq�lncdk�sn�b]ostqd�rtaskd�ed]stqdr�rtbg�]r�v]kk�]bbtltk],
shnm�k]xdqr*�ronms]mdntr�finv�sq]mrhshnmr*�cntakd�unqshbdr*�]mc�k]qfd,rb]kd�rxmbgqnmhy]shnm-�Vghkd�]�bnlokdsd�bg]q]bsdqhy]shnm�
ne�]bshud�fithc�cxm]lhbr�hm�]qahsq]qx�fdnldsqhdr�qdl]hmr�sn�ad�cnmd*�sgdrd�qdrtksr�ghfgkhfgs�sgd�onsdmsh]k�ne�ntq�eq]ldvnqj�
sn�ad�]ookhdc�snv]qcr�sghr�fn]k-�Sgd�dflbhdmbx�ne�ntq�]ooqn]bg�]krn�l]jdr�hs�]m�hcd]k�bgnhbd�enq�cdrhfm�]ookhb]shnmr�qdkxhmf�
nm� rg]od�noshlhy]shnm-�Ntq�ldsgnc�b]m�]krn�d]rhkx�ad�dwsdmcdc� sn�lncdk�nsgdq� sxodr�ne�]bshud�l]ssdq� rxrsdlr*� rtbg�]r�
]bshud�mdl]shb�fdkr�Z22[*�nq�sn�]bbntms�enq�nsgdq�ogxrhb]k�deedbsr�rtbg�]r�bgdlns]whr�Z02*20[*�dwsdqm]kkx�]ookhdc��dkcr�Z1[ nq�
hlonrdc�finvr�Z0[-

:bimnvkdcfdldmsr

Vd�sg]mj�Qnadqsn�@knmrn,L]shkk]�enq�eqthsetk�chrbtrrhnmr�]mc�enq�cdqhuhmf�sgd�]m]kxshb]k�rnktshnm�ne�Dpr- ’83(*�’84(*�]mc�
A]q]sg� Dyghk]m� ]mc�Gtfn�Vhnk]mc� enq�trdetk� bnmudqr]shnmr-�L-S-� fq]sdetkkx� ]bjmnvkdcfdr� rtoonqs� sgqntfg� rs]qsto� etmcr�
eqnl� sgd�Tmhudqrhsx�ne�B]khenqmh]*�Ldqbdc-�C-R-� fq]sdetkkx� ]bjmnvkdcfdr� rtoonqs� eqnl�M]shnm]k� Rbhdmbd� Entmc]shnm�Fq]ms�
CLR,0352854-

Qdedqdmbdr

Z0[ @-�@khy]cdg�O]gk]u]m*�C-�R]hmshkk]m*�Hmrs]ahkhsx�qdfhldr�hm�finvhmf�rtrodmrhnmr�ne�rvhllhmf�lhbqn,nqf]mhrlr*�Ogxr-�Ekthcr�12�’1/00(�/008/0-
Z1[ Q-�@knmrn,L]shkk]*�C-�R]hmshkk]m*�Lhbqnfithchb�finv�]bst]shnm�trhmf�l]fmdsn]bshud�rtrodmrhnmr*�Dtqnogxr-�Kdss-�010�’1/07(�13//1-
Z2[ S-�@rk]l*�@�o]qsh]k�cheedqdmsh]k�dpt]shnm�]ooqn]bg�sn�ltkshchldmrhnm]k�dwsq]onk]shnm*�I-�Bnlots-�Ogxr-�082�’1//3(�238z244-
Z3[ @-�A]rj]q]m*�L-B-�L]qbgdssh*�Rs]shrshb]k�ldbg]mhbr�]mc�gxcqncxm]lhbr�ne�a]bsdqh]k�rtrodmrhnmr*�Oqnb-�M]sk-�@b]c-�Rbh-�TR@�0/5�’1//8(�04456z04461-
Z4[ E-O-�Aqdsgdqsnm*�Sgd�lnshnm�ne�qhfhc�o]qshbkdr�hm�]�rgd]q�finv�]s�knv�Qdxmnkcr�mtladq*�I-�Ekthc�Ldbg-�03�’0851(�173z2/3-
Z5[ R-�Bgdm*�O-�F]n*�S-�F]n*�Cxm]lhbr�]mc�rsqtbstqd�ne�]m�]onk]q�]bshud�rtrodmrhnm�hm�]mmtktr*�I-�Ekthc�Ldbg-�724�’1/07(�282z3/4-
Z6[ B-�Bkdqds�cd�K]mf]u]ms*�@-�Fthssds*�L-�Sgdhkk]qc*�E-�Sdloq]mn,Bnkdsn*�E-�Fhant*�Kdudk,rds�rhltk]shnmr�ne�rnktakd�rtqe]bs]ms�cqhudm�finvr*�I-�Bnlots-�Ogxr-�

237�’1/06(�160z186-
Z7[ J-�Cqdrbgdq*�I-�Ctmjdk*�K-G-�Bhrmdqnr*�R-�F]mftkx*�Q-D-�Fnkcrsdhm*�Ekthc�cxm]lhbr�]mc�mnhrd�hm�a]bsdqh]k�bdkk,bdkk�]mc�bdkk,rtqe]bd�rb]ssdqhmf*�Oqnb-�M]sk-�

@b]c-�Rbh-�TR@�0/7�’1/00(�0/83/z0/834-
Z8[ J-�Cqdrbgdq*�Q-D-�Fnkcrsdhm*�M-�Lhbgdk*�L-�Onkhm*�H-�Stu]k*�Chqdbs�ld]rtqdldms�ne�sgd�finv��dkc�]qntmc�rvhllhmf�lhbqnnqf]mhrlr*�Ogxr-�Qdu-�Kdss-�0/4�

’1/0/(�0570/0-
Z0/[ I-�Dkfdsh*�F-�Fnloodq*�V]kk�]bbtltk]shnm�ne�rdke,oqnodkkdc�rogdqdr*�Dtqnogxr-�Kdss-�0/0�’1/02(�37//2-
Z00[ I-�Dkfdsh*�F-�Fnloodq*�Qtm,]mc,stlakd�cxm]lhbr�ne�rdke,oqnodkkdc�o]qshbkdr�hm�bnm�mdldms*�Dtqnogxr-�Kdss-�0/8�’1/04(�47//2-
Z01[ @-@-�Du]mr*�S- Hrghj]v]*�S-�X]l]ftbgh*�D-�K]tf]*�Hmrs]ahkhshdr�]mc�fkna]k�nqcdq�hm�bnmbdmsq]sdc�rtrodmrhnmr�ne�rogdqhb]k�lhbqnrvhlldqr*�Ogxr-�Ekthcr�12�

’1/00(�0006/1-
Z02[ A-�Dyghk]m*�@-�@khy]cdg�O]gk]u]m*�C-�R]hmshkk]m*�Bg]nshb�cxm]lhbr�]mc�nwxfdm�sq]mronqs�hm�sghm��klr�ne�]dqns]bshb�a]bsdqh]*�Ogxr-�Ekthcr�13�’1/01(�/806/0-
Z03[ A-�Dyghk]m*�C-�R]hmshkk]m*�Sq]mronqs�]mc�qgdnknfx�ne�]�chktsd�]bshud�rtrodmrhnm�hm�oqdrrtqd,cqhudm�bg]mmdk�finv*�I-�Ekthc�Ldbg-�666�’1/04(�371z411-
Z04[ A-�Dyghk]m*�L-I-�Rgdkkdx*�C-�R]hmshkk]m*�Hmrs]ahkhshdr�]mc�mnmkhmd]q�cxm]lhbr�ne�bnmbdmsq]sdc�]bshud�rtrodmrhnmr*�Ogxr-�Ekthcr�14�’1/02(�/6/5/6-
Z05[ M-�Ehftdqn],Lnq]kdr*�F-K-�Lhén*�@-�Qhudq]*�Q-�B]a]kkdqn*�D-�Bkáldms*�D-�@ksrgtkdq*�@-�Khmcmdq*�Khuhmf�nm�sgd�dcfd9�sq]mredq�]mc�sq]flb�ne�D- bnkh hm�]�bnm�mdc�

finv*�Rnes�L]ssdq�00�’1/04(�5173z5282-
Z06[ S-�F]n*�L-�Adssdqsnm*�@-�Gt]mf*�L-�Rgdkkdx*�@m]kxshb]k�rsqtbstqd*�cxm]lhbr*�]mc�qdctbshnm�ne�]�jhmdshb�lncdk�ne�]m�]bshud�fithc*�Ogxr-�Qdu-�Ekthcr�1�’1/06(�

/822/1-
Z07[ S-�F]n*�Q-�Ak]bjvdkk*�L-�Fk]rdq*�C-�Adssdqsnm*�L-�Rgdkkdx*�Ltkshrb]kd�lncdkhmf�]mc�rhltk]shnm�ne�lhbqnstatkd.lnsnq,oqnsdhm�]rrdlakhdr* Ogxr-�Qdu-�D�81�

’1/04(�/516/8-
Z08[ @-�Fthssds*�L-�Sgdhkk]qc*�E-E-�Fhant*�@�rs]akd�oqnidbshnm�ldsgnc�enq�sgd�hmbnloqdrrhakd�M]uhdq,Rsnjdr�dpt]shnmr�nm�]qahsq]qx�fdnldsqhdr�]mc�]c]oshud�

pt]c.nbsqddr*�I-�Bnlots-�Ogxr-�181�’1/04(�104z127-
Z1/[ X-�G]sv]kmd*�R-�Q]l]rv]lx*�L-�Q]n*�Q-�@chsh�Rhlg]*�Qgdnknfx�ne�]bshud,o]qshbkd�rtrodmrhnmr*�Ogxr-�Qdu-�Kdss-�81�’1//3(�0070/0-
Z10[ I-O-�Gdqm]mcdy,Nqshy*�B-F-�Rsnksy*�L-C-�Fq]g]l*�Sq]mronqs�]mc�bnkkdbshud�cxm]lhbr�hm�rtrodmrhnmr�ne�bnm�mdc�rvhllhmf�o]qshbkdr*�Ogxr-�Qdu-�Kdss-�84�

’1//4(�1/34/0-
Z11[ B-�Gngdmdffdq*�L-�Rgdkkdx*�Rs]ahkhsx�ne�]bshud�rtrodmrhnmr*�Ogxr-�Qdu-�D�70�’1/0/(�/35200-
Z12[ F-A-�Ideedqx*�Sgd�lnshnm�ne�dkkhornhc]k�o]qshbkdr�hlldqrdc�hm�]�uhrbntr�fithc*�Oqnb-�Q-�Rnb-�Knmc-�@�0/1�’0811(�050z068-
Z13[ C-K-�Jnbg*�F-�Rtaq]l]mh]m*�Gxcqncxm]lhbr�ne�rvhllhmf�lhbqnnqf]mhrlr9�khuhmf�fithcr*�@mmt- Qdu-�Ekthc�Ldbg-�32�’1/00(�526z548-
Z14[ D-�K]tf]*�S-Q-�Onvdqr*�Sgd�gxcqncxm]lhbr�ne�rvhllhmf�lhbqnnqf]mhrlr*�Qdo-�Oqnf-�Ogxr-�61�’1//8(�/855/0-
Z15[ B-E-�Kdd*�@bshud�o]qshbkdr�tmcdq�bnm�mdldms9�]ffqdf]shnm�]s�sgd�v]kk�]mc�fq]chdms�enql]shnm�hmrhcd�]�bg]mmdk*�Mdv�I-�Ogxr-�04�’1/02(�/44//6-
Z16[ F-�Kh*�I-�Admrrnm*�K-�Mhrhlnu]*�C-�Ltmfdq*�O-�L]g]tslq*�I-W-�S]mf*�L-Q-�L]wdx*�X-U-�Aqtm*�@bbtltk]shnm�ne�rvhllhmf�a]bsdqh]�md]q�]�rnkhc�rtqe]bd*�Ogxr-�

Qdu-�D�73�’1/00(�/30821-
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Z17[ F-�Kh*�I-W-�S]mf*�@bbtltk]shnm�ne�lhbqnrvhlldqr�md]q�] rtqe]bd�ldch]sdc�ax�bnkkhrhnm�]mc�qns]shnm]k�Aqnvmh]m�lnshnm*�Ogxr-�Qdu-�Kdss-�0/2�’1//8(�
/670/0-

Z18[ G-L-�Kñody*�I-�F]bgdkhm*�B-�Cnt]qbgd*�G-�@tq]cnt* D-�Bkáldms*�Stqmhmf�a]bsdqh]�rtrodmrhnmr�hmsn�rtodqfithcr*�Ogxr-�Qdu-�Kdss-�004�’1/04(�/172/0-
Z2/[ E-�Knr]rrn*�E-�Fhant*�Q-�Edcjhv*�Rhltk]shmf�v]sdq�]mc�rlnjd�vhsg�]m�nbsqdd�c]s]�rsqtbstqd*�@BL�Sq]mr-�Fq]og-�’RHFFQ@OG�Oqnb-(�’1//3(�346z351-
Z20[ D-�Ktrgh*�Q-D-�Fnkcrsdhm*�L-I-�Rgdkkdx*�Mnmkhmd]q�bnmbdmsq]shnm�o]ssdqmr�]mc�a]mcr�hm�]tsnbgdlns]bshb�rtrodmrhnmr*�Ogxr-�Qdu-�D�87�’1/07(�/41300-
Z21[ D-�Ktrgh*�G-�Vhnk]mc*�Q-D-�Fnkcrsdhm*�Ekthc�finvr�bqd]sdc�ax�rvhllhmf�a]bsdqh]�cqhud�rdke,nqf]mhy]shnm�hm�bnm�mdc�rtrodmrhnmr*�Oqnb- M]sk-�@b]c-�Rbh-�

TR@�000�’1/03(�8622z8627-
Z22[ L-B-�L]qbgdssh* I-E-�In]mmx*�R-�Q]l]rv]lx*�S-A-�Khudqonnk*�I-�Oqnrs*�L-�Q]n*�Q-�@chsh�Rhlg]*�Rnes�]bshud�l]ssdq*�Qdu-�Lnc-�Ogxr-�74�’1/02(�0032z0078-
Z23[ B-�Lhm*�E-�Fhant*�@�rdbnmc�nqcdq�]bbtq]sd�oqnidbshnm�ldsgnc�enq�sgd�hmbnloqdrrhakd�M]uhdq,Rsnjdr�dpt]shnm�nm�mnm,fq]cdc�]c]oshud�fqhcr*�I-�Bnlots-�

Ogxr-�108�’1//5(�801z818-
Z24[ B-�Lhm*�E-�Fhant*�Fdnldsqhb�hmsdfq]shnm�nudq�hqqdftk]q�cnl]hmr�vhsg�]ookhb]shnm�sn�kdudk�rds�ldsgncr*�I-�Bnlots-�Ogxr-�115�’1//6(�0321z0332-
Z25[ B-�Lhm*�E-�Fhant*�@�rdbnmc�nqcdq�]bbtq]sd�kdudk�rds�ldsgnc�nm�mnm,fq]cdc�]c]oshud�B]qsdrh]m�fqhcr*�I-�Bnlots-�Ogxr-�114�’1//6(�2//z210-
Z26[ B-�Lhm*�E-�Fhant*�G- Bdmhbdqnr*�@�rtoq],bnmudqfdms��mhsd�cheedqdmbd�rbgdld�enq�sgd�u]qh]akd�bndflbhdms�Onhrrnm�dpt]shnm�nm�mnm,fq]cdc�fqhcr*�I-�Bnlots-�

Ogxr-�107�’1//5(�012z03/-
Z27[ L-�Lhqy]cdg*�L-�Sgdhkk]qc*�E-�Fhant*�@�rdbnmc,nqcdq�chrbqdshy]shnm�ne�sgd�mnmkhmd]q�Onhrrnm,Anksyl]mm�dpt]shnm�nudq�hqqdftk]q�fdnldsqhdr�trhmf�mnm,

fq]cdc�]c]oshud�B]qsdrh]m�fqhcr*�I-�Bnlots-�Ogxr-�12/�’1/00(�1014z103/-
Z28[ L-�Lhqy]cdg*�L-�Sgdhkk]qc*�@-�Gdkf]cósshq*�C-�Anx*�E-�Fhant*�@m�]c]oshud*��mhsd�cheedqdmbd�rnkudq enq�sgd�mnmkhmd]q�Onhrrnm,Anksyl]mm�dpt]shnm�vhsg�

]ookhb]shnmr�sn�ahnlnkdbtk]q�bnlots]shnmr*�Bnlltm-�Bnlots-�Ogxr-�02�’1/02(�04/z062-
Z3/[ I-K-�Lnq]m*�I-C-�Onrmdq*�Ognqdshb�rdke,oqnotkrhnm*�@mmt-�Qdu-�Ekthc�Ldbg-�38�’1/06(�400z43/-
Z30[ C-�Mhrghftbgh*�H-R-�@q]mrnm*�@-�Rmdygjn*�@-�Rnjnknu*�Dmfhmddqhmf�a]bsdqh]k�unqsdw�k]sshbd�uh]�chqdbs�k]rdq�khsgnfq]ogx*�M]s-�Bnlltm-�8�’1/07(�3375-
Z31[ R-�Nrgdq*�I-@-�Rdsgh]m*�Eqnmsr�oqno]f]shmf�vhsg�btqu]stqd,cdodmcdms�roddc9�]kfnqhsglr a]rdc�nm�G]lhksnm,I]bnah�enqltk]shnmr*�I-�Bnlots-�Ogxr-�68�

’0877(�01z38-
Z32[ K-�Qnsgrbghkc*�Mnm,q]mcnl�chrsqhatshnm�ne�atkk�rodql]snyn]�hm�]�cqno�ne�rodql�rtrodmrhnm*�M]stqd�087�’0852(�0110z0111-
Z33[ C-�R]hmshkk]m*�Sgd�chktsd�qgdnknfx�ne�rvhllhmf�rtrodmrhnmr9�] rhlokd�jhmdshb�lncdk*�Dwo-�Ldbg-�4/�’1/0/(�0164z0170-
Z34[ C-�R]hmshkk]m*�Qgdnknfx�ne�]bshud�fithcr*�@mmt-�Qdu-�Ekthc�Ldbg-�4/�’1/07(�452z481-
Z35[ C-�R]hmshkk]m*�L-�Rgdkkdx*�Dldqfdmbd�ne�bngdqdms�rsqtbstqdr�]mc�k]qfd,rb]kd�finvr�hm�lnshkd�rtrodmrhnmr*�I-�Q-�Rnb-�Hmsdqe]bd�8�’1/01(�460z474-
Z36[ C-�R]hmshkk]m*�L-I-�Rgdkkdx*�Nqhdms]shnm]k�nqcdq�]mc�hmrs]ahkhshdr�hm�rtrodmrhnmr�ne�rdke,knbnlnshmf�qncr*�Ogxr-�Qdu-�Kdss-�88�’1//6(�/470/1-
Z37[ C-�R]hmshkk]m*�L-I-�Rgdkkdx*�Hmrs]ahkhshdr�]mc�o]ssdqm�enql]shnm�hm�]bshud�o]qshbkd�rtrodmrhnmr9�jhmdshb�sgdnqx�]mc�bnmshmttl�o]qshbkd�rhltk]shnmr*�Ogxr-�

Qdu-�Kdss-�0//�’1//7(�0670/2-
Z38[ C-�R]hmshkk]m*�L-I-�Rgdkkdx*�Hmrs]ahkhshdr*�o]ssdqm�enql]shnm�]mc�lhwhmf�hm�]bshud�rtrodmrhnmr*�Ogxr-�Ekthcr�1/�’1//7(�0122/3-
Z4/[ C-�R]hmshkk]m*�L-I-�Rgdkkdx*�@bshud�rtrodmrhnmr�]mc�sgdhq�mnmkhmd]q�lncdkr*�B-�Q-�Ogxr-�03�’1/02(�386z406-
Z40[ G-�R]lds*�@ookhb]shnmr�ne�Ro]sh]k�C]s]�Rsqtbstqdr9�Bnlotsdq�Fq]oghbr*�Hl]fd�Oqnbdrrhmf�]mc�FHR*�@cchrnm,Vdrkdx*�Mdv�Xnqj*�088/-
Z41[ S-�R]mbgdy*�C-�Bgdm*�R-�CdB]lo*�L-�Gdxl]mm*�Y-�Cnfhb*�Ronms]mdntr�lnshnm�hm�ghdq]qbghb]kkx�]rrdlakdc�]bshud�l]ssdq*�M]stqd�380�’1/01(�320z323-
Z42[ L-I-�Rgdkkdx*�Sgd�cxm]lhbr�ne�lhbqnstatkd.lnsnq,oqnsdhm�]rrdlakhdr�hm�ahnknfx�]mc�ogxrhbr*�@mmt-�Qdu-�Ekthc�Ldbg-�37�’1/05( 376z4/5-
Z43[ F-�Rtaq]l]mh]m*�C-K-�Jnbg*�Bqhshb]k�a]bsdqh]k�bnmbdmsq]shnm�enq�sgd�nmrds�ne�bnkkdbshud�rvhllhmf*�I-�Ekthc�Ldbg-�521�’1//8(�248z3//-
Z44[ L-�Sgdhkk]qc*�Q-�@knmrn,L]shkk]*�C-�R]hmshkk]m*�Fdnldsqhb�bnmsqnk�ne�]bshud�bnkkdbshud�lnshnm*�Rnes�L]ssdq�02�’1/06(�252z264-
Z45[ L-�Sgdhkk]qc*�K-E-�Cincnl*�I-,K-�Uhá*�E-�Fhant*�@�rdbnmc,nqcdq�rg]qo�mtldqhb]k�ldsgnc�enq�rnkuhmf�sgd�khmd]q�dk]rshbhsx�dpt]shnmr�nm�hqqdftk]q�cnl]hmr�

]mc�]c]oshud�fqhcr–]ookhb]shnm�sn�rg]od�noshlhy]shnm*�I-�Bnlots-�Ogxr-�122�’1/02(�32/z337-
Z46[ L-�Sgdhkk]qc*�E-�Fhant*�S-�Onkknbj*�@�rg]qo�bnlots]shnm]k�ldsgnc�enq�sgd�rhltk]shnm�ne�sgd�rnkhch�b]shnm�ne�ahm]qx�]kknxr*�I-�Rbh-�Bnlots-�52�’1/04(�
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