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Ehf- 0(*�lhwhmf�sgd�v]sdq�adsvddm�sgdrd�a]rhmr�]mc�sgtr�dm]akhmf�]�fkna]k�nbd]m�bhqbtk]shnm-�Sgd�
@BB%r�bnmshmtntr�md]qkx,ynm]k�a]mc�ne�d]rsv]qc�finv*�k]qfdkx�adsvddm�3/±Rfl5/±R*�deedbshudkx�
hrnk]sdr�sgd�@ms]qbshb�bnmshmdms�eqnl�sgd�sqnohb]k�qdfhnmr* sgtr�bnmsqhatshmf�snv]qc�l]jhmf�hs�sgd�
bnkcdrs�ok]bd�nm�D]qsg-�Sgd�m]qqnvdrs�bnmrsqhbshnm�sn�sgd�finv�ne�sgd�@BB�hr�Cq]jd�O]rr]fd�’]ants�
6//�jl�]bqnrr*�]s�sgd�rntsgdqm�sho�ne�Rntsg�@ldqhb](*�ats ]v]x�eqnl�hs�sgd�@BB�hr�sxohb]kkx�1///�
jl�vhcd-�Hm�bnmsq]rs�sn�nsgdq�l]inq�nbd]m�btqqdmsr*�sgd�@BB�hr�mns�]�rhmfkd�finv�ats�]�eq]fldmsdc�
rxrsdl�bnmrhrshmf�ne�rdudq]k�ghfg,roddc*�udqshb]kkx�bngdqdms*�rd]finnq,qd]bghmf�idsr*�rdo]q]sdc�ax�
ynmdr�ne�knv,roddc�btqqdmsr-�Sgd�l]fmhstcd�ne�sgd�@BB%r�ynm]k�finv�bnlonmdms�fqd]skx�dwbddcr�
hsr�ldqhchnm]k�bnlonmdms*�vhsg� sgd�udqshb]k�udknbhsx�nudq]kk�mdfkhfhakd-�@BB�btqqdmsr�dwsdmc�
sgqntfgnts�sgd�v]sdq�bnktlm*�cdbkhmhmf�lnmnsnmhb]kkx�vhsg�cdosg�eqnl�]�ld]m�rtqe]bd�roddc�ne�
]ants�1/�bl r 0 sn�]�edv�bl r 0 md]q�sgd�anssnl�Z01[-�Sgd�e]rsdrs�ids�hr�sgd�rta]ms]qbshb�eqnms*�
l]qjhmf�sgd�mnqsgdqm�antmc]qx�ne�sgd�@BB�’rdd�Ehf- 0(*�vhsg�roddcr�hm dwbdrr ne�0�lr 0-�Sgd�
oqhl]qx�rntqbd�ne�lnldmstl�enq� sgd�@BB� hr�vhmc�rsqdrr� hlo]qsdc�ax�rnld�ne� sgd�rsqnmfdrs�
vhmcr�nm�sgd�ok]mds�fl�sgd�odqrhrsdmskx�rsqnmf�vdrsdqkx�vhmcr*�otmbst]sdc�ax�eqdptdms�f]kdr*�kdc�
r]hknqr�sn�bgqhrsdm�sgd�rntsgdqm�k]shstcdr�sgd�qn]qhmf�enqshdr*�etqhntr�zeshdr�]mc�rbqd]lhmf�rhwshdr-�
Sgd�e]bs�sg]s�sgd�@BB�btqqdmsr�qd]bg�sgd�3�jl�cddo�rd]�finnq�hr�]�qdrtks�ne�sgd�vd]j�rsq]shzb]shnm�
hm�sgd�Rntsgdqm�Nbd]m�]mc�ne�]�oqdrrtqd�fq]chdms�enqbd�sg]s�hr�pthsd�dudmkx�chrsqhatsdc�nudq�sgd�
v]sdq�bnktlm*�ctd�sn�sgd�bnlahmdc�deedbs�ne�bnmrhrsdmskx�k]qfd�vhmc�roddcr�vhsg�khsskd�u]qh]shnm�
hm�vhmc�chqdbshnm�Z11[-
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3�jl�’sgd�O]bhzb,@ms]qbshb�A]rhm*�sgd�@trsq]kh]m,@ms]qbshb�A]rhm�hm�sgd�Hmch]m�Nbd]m�rdbsnq*�]mc�
sgd�@sk]mshb,Hmch]m�A]rhm(-�Gnvdudq*�rnld�anssnl�snonfq]ogx�ed]stqdr�ne�sgd�Rntsgdqm�Nbd]m�
vhsg�rb]kdr�rhlhk]q�sn�sdqqdrsqh]k�lntms]hm�q]mfdr�]mc�ro]mmhmf�chrs]mbdr�ne�sgd�nqcdq�ne�0///�jl�
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dw]bs�rnktshnmr�sn�sgd�mnmkhmd]q�fnudqmhmf�dpt]shnmr�enq�rsd]cx�nbd]m�finv�lnuhmf�otqdkx�hm�sgd�
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sgdnqx�hs�hr�cdrhq]akd�sn�hmbnqonq]sd�mnmkhmd]q�deedbsr�]kqd]cx�]s�kd]chmf�nqcdq*�q]sgdq�sg]m�ldqdkx�
]r�odqstqa]shnmr�ne�]�khmd]q�a]bjfqntmc�finv-
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Ehf- 0-�R]sdkkhsd�hl]fd�’bntqsdrx�ne�M@R@%r�Rd]VhER�oqnidbs(�ne�rd]�rtqe]bd�sdlodq]stqd�qdud]khmf�svn�l]hm�idsr�ne�sgd�
d]rsv]qc�finvhmf�@BB9�0(�sgd�onk]q�eqnms*�1(�sgd�rta]ms]qbshb�eqnms-�Nudq]kk�sgdqd�]qd�mhmd�bhqbtlonk]q�idsr*�d]bg�]ants�4/�
jl�vhcd�Z05[-�Sgd�rtasqnohb]k�eqnms*�l]qjdc�2(*�hr�sgd�mnqsgdqm�antmc]qx�ne�sgd�Rntsgdqm�Nbd]m�ats�hr�mns�bhqbtlonk]q*�
hsr�o]sg�adhmf�hmsdqqtosdc�ax�Rntsg�@ldqhb]-

Fhudm�sgd�rodbhzb�ed]stqdr�ne�sgd�@BB*�hs�hr�]cu]ms]fdntr�sn�trd�rogdqhb]k�bnnqchm]sdr�q]sgdq�
sg]m�odqenqlhmf�e ,ok]md�nq�β,ok]md�]ooqnwhl]shnmr�sg]s�hlonrd�fi]s,ro]bd�fdnldsqx�fl�rdd�]krn�
sgd�chrbtrrhnm�hm�Z5[-�Qdbdmskx*�dw]bs�rnktshnmr�hm�rogdqhb]k�bnnqchm]sdr�vdqd�oqdrdmsdc�hm�Z2*4*0/[
enq�dpt]snqh]k�finvr-�Lnqd�hlonqs]mskx*�rtbg�rnktshnmr�enq�sgd�@BB�vdqd�nas]hmdc�hm�Z3[ tmcdq�
sgd�rhlokhexhmf�]rrtloshnm�ne�bnmrs]ms�cdmrhsx*�gxonsgdrhr�lnshu]sdc�ax�sgd�vd]j�rsq]shzb]shnm�
ne�sgd�Rntsgdqm�Nbd]m-�Gnvdudq*�hm�sgd�bnmrs]ms,cdmrhsx�rdsshmf�]�mnmbnmrdqu]shud�ancx�enqbd�
g]r�sn�ad�hmunjdc�sn�oqnctbd�qd]khrshb�finv�oqnzkdr�fl�rdd�]krn�Z00*03[ enq�qdk]sdc�hmudrshf]shnmr-�
Vd�vhkk�rgnv�sg]s�]bbntmshmf�enq�rsq]shzb]shnm�’hmbnqonq]shmf�sgd�deedbsr�ne�sdlodq]stqd*�r]khmhsx�
]mc�cdosg�nm�sgd�u]qh]shnmr�ne�sgd�cdmrhsx�ax�ld]mr�ne�]m�]cdpt]sd�dpt]shnm�ne�rs]sd(�dm]akdr�tr�
sn�chrodmrd�vhsg�sghr�]cchshnm]k�]rrtloshnm-�Vhsg�qdf]qc�sn�sgd�]ksdqm]shud�mnmkhmd]q�fxqd�lncdkr�
ne�sgd�@BB�sg]s�vdqd�otqrtdc�qdbdmskx�hm�Z0*8*04[*�mnsd�sg]s�sgd�fxqd�]ooqn]bg*�vghbg�qdpthqdr�
bnlo]q]akd�nqcdqr�ne�l]fmhstcd�enq�sgd�ynm]k�]mc�ldqhchnm]k�udknbhsx�bnlonmdmsr�]mc�cndr�mns�
hmbnqonq]sd�cdosg,cdodmcdmbd*�hr�nmkx�]cdpt]sd�enq�sgd�md]q,rtqe]bd�nbd]m�finv-
Sgd�ok]m�ne�sgd�o]odq�hr�sn�ntskhmd�hm�Rdbshnm 1 sgd�oqnakdl�hm�qns]shmf�rogdqhb]k�bnnqchm]sdr*�

ax�oqdrdmshmf�sgd�mnmkhmd]q�dpt]shnmr�sn�vghbg�sgd�fnudqmhmf�dpt]shnmr�qdctbd�enq�rsd]cx�nbd]m�
finv�lnuhmf�otqdkx�hm�sgd�]yhltsg]k�chqdbshnm�]mc�g]uhmf�]�ldqhchnm]kkx�knb]khydc�ids�rsqtbstqd-�
Hm�Rdbshnm 2 vd�cdqhud�sgd�fdmdq]k�dw]bs�rnktshnm�enq�]�qd]khrshb�rsq]shzb]shnm-�Vd�bnmbktcd�vhsg�
]�chrbtrrhnm�ne� sgd�finv� ed]stqdr�ne� sgd�@BB� sg]s�]qd�ghfgkhfgsdc�ax�ld]mr�ne� sgd�rsqtbstq]k�
oqnodqshdr�ne�sgd�dw]bs�rnktshnmr�sg]s�vdqd�nas]hmdc�hm�sghr�o]odq-
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Ehf- 1-�Sgd�qns]shmf�rogdqhb]k�bnnqchm]sd�rxrsdl*�vgdqd�θ hr�sgd�]mfkd�ne�k]shstcd*�� hr�sgd�]yhltsg]k�]mfkd�]mc�p → + ]p→] hr�
sgd�chrs]mbd�eqnl�sgd�nqhfhm�]s sgd�D]qsg%r�bdmsqd-�Sgd�Mnqsg.Rntsg�Onkdr�]qd�]s�θ +±π<1 ]mc�sgd�Dpt]snq�hr�nm�θ + /*�
vghkd�sgd�@ms]qbshb�Bhqbtlonk]q�Btqqdms�rhsr�]s�]ants�θ + π<3-

1 � DnpltkRshnm�ne�sgd�opnakdl

Rhmbd�sgd�@BB�dmudknodr�dmshqd�k]shstcd�bhqbkdr*�hs�hr�]cdpt]sd�sn�trd�rogdqhb]k�bnnqchm]sdr�
q]sgdq�sg]m�sgd�e ,ok]md�nq�β,ok]md�rdsshmf-�Vd�hmsqnctbd�]�rds�ne�’qhfgs,g]mcdc(�rogdqhb]k�bnnq,
chm]sdr*�(�.�θ.�p(9�p hr�sgd�chrs]mbd�’q]chtr(�eqnl�sgd�bdmsqd�ne�sgd�rogdqd*�θ ∈ ( π<1.�π<1( hr�sgd�
]mfkd�ne�k]shstcd�]mc�� ∈ =/.�1π( hr�sgd�]yhltsg]k�]mfkd�h-d-�sgd�]mfkd�ne�knmfhstcd*�ld]rtqdc�vhsg�
qdrodbs�sn�sgd�oqhld�ldqhch]m�’rdd�Ehf-�1(-�Sgd�tmhs�udbsnqr�hm�sghr�(�.�θ.�p(,rxrsdl*�enq�]kk�onhmsr�
ats�sgd�svn�onkdr�’vgdqd�d� ]mc�dθ ]qd�mns�vdkk,cdzmdc*�]m�tm]unhc]akd�ed]stqd�rhmbd�sgd�rogdqd�
cndr�mns�onrrdrr�]�bnmshmtntrkx�cheedqdmsh]akd�zdkc�ne�tmhs�s]mfdms�udbsnqr�fl�rdd�sgd�chrbtrrhnm�
hm�Z1[(*�]qd�(d�.�dθ .�dp (*�qdrodbshudkx*�]mc�sgd�bnqqdronmchmf�udknbhsx�bnlonmdmsr�]qd�(t.�u.�v(*�
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