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Co beams

EGS4/PRESTA, aluminum wall

EGSnrc: both walls

EGS4/PRESTA

  graphite wall
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"�r1p�#%$=kLc1l q(q bLi1p(m &Lm j p ')( d * p *�hFo oV�1d p q p m/b?vIq bLi1p(m h &Ld c1f&j r1p &5h?l p(m u1£,+ p q j=j b8j r1p�#%$=kLc1l q�-9d ¤q p c1q p?y?d c1q o u1i1d c1f�l b?uLj d c1p mVl p o h j p i/j b>j r1p�| ./.,.�hFc1i=o h?j p l*¢Fp l m d bFc1m9b v0#%$(kLc1l qUh?c1i�#%$=k 1�d c1i1b x�m yh?o o1h?m m bLq d h j p i8m bFu1l q p�q bLi1p?yFj r1p�n/g�s-i1h j hF£1h?m p mUl p o h?j p i8j b�'(u1o j d �1o p>m q h j j p l d c1f/hFc1i&m �1d c8q b?l l p q ¤j d b?c*y1h?m>x>p o o*hFmUj r1p/n/g�sOu1m p l>q bLi1p m!2 w kLg43*c1l q y056-�7�g43*c1l q?y{s>}�8/g43*c1l q/hFc1i�k:9Ug�g43*c1l q?y1hFo om q l d �Lj m=hFc1ithFo o9hFm m bLq d h?j p i i1bLq u0'&p c?j h?j d b?c<;�hFl p8q bF�/&1l d f?rFj p i='&h?j p l d hFo9b x�c1p iD£/&tj r1p8n�h?j d b?c1hFog�p m p h?l q rOs>b?u1c1q d o>b?v/s>hFc1h?i1h1yUhFo o>l d f?rFj m(l p m p l ¢Fp i>* "�r1bFm p��*b?l j d bFc1m(b?v�j r1p�m &1m j p '�v bFl=x�r1d q rj r1p5q b?�,&Ll d fFr?j�d m&b x�c1p i=+ b?d cFj o &-bFl8x�r1bFo o &-£,&-j r1p kFj h?cLv bFl i?-9d c1p hFl&}�q q p o p l h?j b?l�s>p cFj p l y/h?l pi1d m j l d £1uLj p i�u1c1i1p l�h(v bFl '&h?o*n/g�s!@Fk:-V}�s�hFf?l p p '&p c?j *
| ;!"�r1p=n/g�s�f?l hFc?j m�j r1p=u1m p l�h&c1bFcL¤ j l hFc1m v p l hF£1o p y{c1b?cL¤ p A1q o u1m d ¢Fp(o d q p c1q p/j b&u1m p/j r1d m�m &1m j p 'v l p p�b?v/q r1h?l fFp�b?c1o &Dv b?l8c1bFcL¤ q b/'B'&p l q d hFo>l p m p h?l q rRbFl8p i1u1q h j d bFc1h?o��1u1l �{bFm p m *R}/o o>�1l b?�1l d p j h?l &d c?j p l p m j y{l d fFr?j y1j d j o p/h?c1i5q bF�/&1l d f?rFj�d c�j r1p�#%$=kLc1l q=q bLi1p=m &Lm j p ' l p '&hFd c1m>x�d j r�n�g�sC*
®/;�"�r1p&p AL�1l p m m yIx�l d j j p c q b?c1m p c?j&b v�n/g�s\d m=l p DFu1d l p iDd v>j r1pB#%$=kLc1l q&q bLi1p&m &1m j p '�bFl=h?c,&�1h?l j�b?l�i1p l d ¢?h j d ¢Fp�j r1p l p b?v(b?l�i1h j hDfFp c1p l h j p iO£,&-j r1ptq bLi1ptd m&u1m p iO£,&RhFcOd c1i1d ¢Ld i1u1hFo�bFl&hFcb?l fFh?c1d e h j d bFc&v b?l�i1p ¢Fp o bF�1d c1f&h8q b/'B'&p l q d hFo*�1l bLi1u1q j/b?l�m p l ¢Ld q p *
E ;�"�r1p�p A1�1l p m m yFx�l d j j p c8q b?c1m p c?j>b v*n/g�s-d mIl p DLu1d l p i&d v1j r1d mIq bLi1p>m &1m j p '�bFlIh?c,&8�1h?l jIj r1p l p b?vd m>j b8£*p=u1m p i5d c�h8v p p/v bFl�m p l ¢1d q p(h?�1�1o d q h j d bFc*yLp d j r1p l�q o d c1d q hFo o &&b?l�£,&�q b?c1m u1o j hFc?j m *
F,;�"�r1p�p AL�1l p m m yFx�l d j j p c8q bFc1m p cFj>b v*n/g�s-d m9l p DFu1d l p i8d v{j r1p�n�g�sDm �1d c8q b?l l p q j d bFc8b?l6'(u1o j d �1o pm q h?j j p l d c1f5i1h?j h5£1h?m p m(hFl p8j b5£{p&u1m p iDi1d l p q j o & bFl=d c1i1d l p q j o & d c h?c,& b?j r1p l(hF�1�1o d q h?j d b?c*y9p d j r1p lq b,'B'&p l q d h?o*bFl�c1b?cL¤ q b,'B'&p l q d h?o *
G ;%"�r1p/q bLi1p/m &Lm j p 'H'(u1m j�£*p/b?£Lj hFd c1p i&v l b,' n�g�sC*07/m p l m!'&h &�c1b?j�q b?�,&�c1bFl>i1d m j l d £1uLj p�j r1pq bLi1p=m &1m j p ' b?l��1h?l j m�j r1p l p b v *
~,;�n�g�sOi1d m q o h?d '&m>hFc/&�x>hFl l h?cFj d p m y{p AL�1l p m m p i*yVd '&�1o d p i�bFl�m j h j uLj bFl &?y{b?vIh?c,&
ILd c1i�b?l�c1h j u1l px�d j rtl p m �*p q j/j b&j r1p8m b?v j x�h?l p?yVd c1q o u1i1d c1f8x�d j r1bFuLj/o d '&d j h?j d b?c�h?c,&5x>hFl l h?cFj &tb?v�'&p l q r1h?cFj h?£1d o d j &b?l4J1j c1p m m/v bFl/h��1h?l j d q u1o h?l/�1u1l �{bFm p *8n/g�s�m r1hFo o9c1b?j=£*p8o d h?£1o p(d cthFc/& p ¢Fp c?j=v bFl/hFc/&ti1h,'&h?fFp m yx�r1p j r1p l=i1d l p q j(bFl=d c1i1d l p q j y9m �{p q d hFoIbFl/fFp c1p l h?o y9q b?c1m p DFu1p c?j d hFoUbFl/d c1q d i1p cFj h?o y9h?l d m d c1f�v l b,' j r1pu1m p=b?v9j r1p=m b v j x>hFl p *
K/;B"�r1d m�o d q p c1q p5m u1�{p l m p i1p m�hFo o��1l d b?l&q b/'B'8u1c1d q h?j d b?c1m&hFc1iOh?fFl p p '&p cFj m y�x�l d j j p cOb?l�b?l hFo yq bFc1q p l c1d c1f�j r1pL#%$(kLc1l q8q bLi1p8m &1m j p '
*&n/b�h/'&p c1i0'&p cFj=bFl�x�h?d ¢Fp l=b v>j p l '&m=d m/p M*p q j d ¢Fp&u1c1o p m md c�x�l d j d c1fLy1m d fFc1p i5£/&�£*b j r��1hFl j d p m�h?c1i�m �*p q d J{q hFo o &�m j h?j p m�j r1p=d c?j p c?j d bFc�j b&h MVp q j�j r1d m�o d q p c1q p *
N ;C"�r1d m/o d q p c1q p(d m/fFb ¢Fp l c1p it£,&5j r1p8o h x�m/b v w cFj h?l d b�h?c1iDs>h?c1hFi1h�hF�1�1o d q hF£1o p/j r1p l p d c>*�"�r1pu1m p l�q bFc1m p cFj m�j b8j r1p%+ u1l d m i1d q j d bFc�b?v9j r1p/v p i1p l h?oVq b?u1l j/h?c1i�j r1p=q b?u1l j m�b?v w c?j hFl d b:*

O?O?O?O?O ¤ #Uc1i�b v6-9d q p c1q p O?O?O?O?O?O?O?O?O?O?O ¤
"�r1p�d cFj p cFj8b?v�j r1p�h?£*b ¢Fp�'&h & £*p m j&£*p&fFd ¢Fp c-£/&-p A1h/'&�1o p/*ta v!&FbFuDhFl p�h j8htc1b?j ¤ v bFl=�1l b/J1jd c1m j d j uLj d b?c*y1hFc1i�hFl p=c1b j�x>bFl IFd c1f&u1c1i1p l�h8q b?cFj l h?q j/b?l�f?l hFc?j�v l b,'�h&q b,'B'&p l q d h?o*bFl f?hFc1d e h?j d b?c*y

&Fb?u5r1h ¢Fp=h8v l p p=o d q p c1q p/j b8u1m p�#%$=kLc1l q/*Ua v�&FbFu�x�b?l I&v bFl�h&q b,'B'&p l q d h?o*bFl f?hFc1d e h?j d b?c�( p ALq p �Lj/hr1b?m �1d j hFo ; yLj r1p c
&FbFu
'&h &�bFc1o &�u1m p�#%$=kLc1l q=d v�&FbFu1l�bFl f?hFc1d e h?j d b?c�r1hFm�h&o d q p c1q p/hFf?l p p '&p c?j�x�d j rn�g�sC*Fa v>&Fb?u&x>bFl I(h?j>h=r1b?m �1d j hFo1£1uLj>h?l p�u1m d c1f/j r1p�q bLi1p�m b?o p o &(v b?lUd c?j p l c1h?o{b?lU�{p l m b?c1hFo1l p m p hFl q r�1u1l �{bFm p m y/&FbFu(r1h ¢Fp>h�v l p pUo d q p c1q pIj b�u1m p%#%$=kLc1l q/*Ia v0&FbFu=x�b?l I/v b?l9h?c,&=j &1�{p>b v{bFl f?hFc1d e h?j d b?c*y hFc1i
&Fb?u1l>x>bFl I&d m>m �{bFc1m b?l p i�£/&�h8q b,'B'&p l q d h?o{bFl f?hFc1d e h?j d b?c8v bFlUhFc/&��1u1l �{bFm p/l p o h?j p i&j b8q b,'B'&p l q d h?ou1m p y{j r1p c
&Fb?u5c1p p i5h8o d q p c1q p/hFf?l p p '&p c?j�x�d j r�n�g�sC*
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a c j r1p�i1p q hFi1p�h?c1iDhtr1h?o v�m d c1q p&j r1p&bFl d f?d c1hFo9¢Fp l m d b?cDb?vC#%$=k:F5x>hFm(l p o p hFm p i j r1p l p�r1h ¢Fp�£{p p cx�p o o�b ¢Fp l5| ¯F¯?¯ �1hF�{p l m&�1u1£1o d m r1p i-x�r1d q rOq d j p�j r1p�bFl d f?d c1hFo�k:-9}�sU¤ ®?~ G g�p �*b?l j * "�r1p5q bLi1p5d j ¤m p o v(r1hFm�£*p p cOd '&�1l b ¢Fp iOd c?'&hFc/&Oi1d MVp l p c?j�x�h &Lm�£,&OhDo hFl f?ptcFu0'8£{p l�b v(�*p bF�1o p * 5{b?l�h-i1p ¤j h?d o p itr1d m j b?l & b v!'(u1q r b?vUj r1d m=u1�tj bt| ./.,FLyVj r1p8l p h?i1p l=d m/l p v p l p itj b�h5l p �*b?l j=j d j o p i�� 	�d m j bFl &?yb ¢Fp l ¢1d p x�h?c1i�l p q p cFj�d '&�1l b ¢Fp '&p c?j m�b v6#%$=k:F�
8£/&��>d p o h + p x�p j�hFo{x�r1d q r�d m>h ¢?h?d o hF£1o p�b?c�o d c1p�¢1d h� ¦ ¦ �L§ ¨F¨ �U�U�/� � � � � � �F©/� � �F� �F� � �?¨F� �F©/� ¨F� � � ¨L� �F�F� � � ¨F� � � �U�U��¨?� � � �U�U�/� � ¦ ©(¬ *
a ctj r1p8o h?m j/v p x &Fp h?l m/j r1p l p8r1h ¢Fp&£{p p c m d f?c1d J{q h?cFj=h?iL¢?hFc1q p m=d c5m p ¢Fp l hFoIhFm �{p q j m=b?v>p o p q j l bFcj l h?c1m �*b?l j *�5{bFl=p ALh,'&�1o p yUd '&�1l b ¢Fp '&p c?j m8d c='8u1o j d �1o p8m q h j j p l d c1f�j r1p b?l &Dr1h ¢Fp�£{p p c-i1p ¢Fp o b?�*p i£,&�z=h x�l h,I?b x\h?c1i
��d p o h + p x�� |?yV®Fy E � x�r1d q r5fFp j=b ¢Fp l4'&b?m j/b?v9j r1p(m r1bFl j q b,'&d c1f?m�b?v9j r1p��5b?o d p l pj r1p bFl &-u1m p iRd c #%$=k:F0* 9Ip l r1hF�1mB'&bFl p�d '&�*b?l j hFc?j&r1h?m&£{p p c-j r1p�i1p ¢Fp o bF�0'&p cFj�£/&Rz=h x�l h/I?b xh?c1i���d p o h + p x�� F � b vIh8c1p x�p o p q j l bFc�j l h?c1m �*b?l j�hFo f?bFl d j r0'�yLm b/'&p j d '&p m>q h?o o p i�9UgC#>k:"9}�¤ a a yLx�r1d q r

'&h/I?p m9h/m d f?c1d J{q h?cFjIh?iL¢?hFc1q p>d c=j r1p>m q d p c1q p>b?v{p o p q j l bFc=j l h?c1�*b?l j *Ia c8h?i1i1d j d bFc/j b�j r1p m p�h?iL¢?hFc1q p m yz=h x�l h/I?b x�r1hFm>d '&�1o p '&p cFj p i�m p ¢Fp l h?oVb j r1p l>d '&�1l b ¢Fp '&p cFj m>d c&j r1p/p o p q j l bFc&j l hFc1m �{bFl j�h?o fFb?l d j r0'b v%#%$(k�x�r1d q r='&h,I?p8d j/q h?�1hF£1o p8b v>hFq q u1l h j p o &tq hFo q u1o h?j d c1f�d b?ctq r1h,'(£*p l=l p m �*b?c1m p&h j=j r1p8¯:* | �o p ¢Fp o�( l p o h?j d ¢Fp�j b&d j m�b x�c�q l b?m m�m p q j d bFc1m ; � G y{~ � *
#%$=kLc1l q(hFo m b&r1hFm�d '&�1o p '&p cFj p i5h8¢?hFl d p j &�b?vUh?i1i1d j d bFc1h?o*v p h?j u1l p m y�'&h?c,&�b?vIx�r1d q r5r1h ¢Fp8�1l p ¤¢Ld bFu1m o &�£{p p c5p AFj p c1m d ¢Fp o &5i1p ¢Fp o bF�{p i5h?m�h?i1i1d j d bFc1m>j bB#%$=k:F&£,&�n/h/'&d j b1y�	/d l h &Fh/'&h&h?c1i
�>hFc�h?jz�#Uz�h?mIx>p o o � KFy N y,.Ly1| ¯ � *�"�r1p!#%$=kLc1l q�hF�1�1l b?hFq r8i1d MVp l m9v l b,'�j r1h?jUb v{j r1p�z�#Uz�fFl b?u1�*yL�1h?l j d hFo o &£{p q hFu1m p8b?c1q p=x�p=x�p l pL'&h,IFd c1f&v u1c1i1h/'&p c?j hFo9q r1h?c1fFp m/j b&j r1p(q bLi1p y*x>p8q h?l l d p i5d j�j r1l bFu1f?rtd c5hq bFc1m d m j p cFj�'&hFc1c1p l *�	�b x�p ¢Fp l y9j r1p&z�#Uz fFl b?u1� r1h ¢Fp&d '&�1o p '&p cFj p itm p ¢Fp l hFoUbF�Lj d b?c1m/x�r1d q r h?l pc1b j!&Fp j/d c
#%$=kLc1l qB( p/* f0*U�*b?o hFl d e p i��1r1b?j b?c�m q h j j p l d c1f8hFc1i�p o p q j l b?c5d '&�1h?q j�d bFc1d e h?j d b?c<; *
"�r1d mUl p �{bFl j>d m�'&p h?cFjUj b(i1bLq u0'&p c?j>j r1pC'&h?c,&8q r1hFc1f?p mUj r1h j�r1h ¢Fp�bLq q u1l p i&fFb?d c1f=v l b/'�#%$=k:Fj bL#%$=kLc1l q/*U}/o j r1b?u1fFr&j r1d m>l p �{bFl j�d m>x�l d j j p c�£/&�j x>b&�{p b?�1o p?yLj r1p4#%$(k&m &1m j p '�d m�b?£F¢Ld bFu1m o &&j r1pq r1d o i5b?v%'&h?c,&5�1hFl p cFj m�x�r1b�r1h ¢FpL'&hFi1p(h�x�d i1p=¢?hFl d p j &5b?v>q bFc?j l d £1uLj d bFc1m�b ¢Fp l/j r1p�&Fp h?l m *L"�r1d mf?bLp m8l d fFr?j&£1hFq I j b g�d q r1hFl i 5{b?l i*y>j r1p cRh j�k:-V}�s�yUx�r1btx>hFm&h='&h + b?l8q b?cFj l d £1uLj b?l(j b=#%$(k E *

	�d i1p b�	/d l h &Fh/'&h1yVk��>hFcth?c1i��UbFm rtn/h/'&d j b�b v>z�#Uz r1h ¢FpB'&h?i1p8d cFu0'&p l h?£1o p(q b?cFj l d £1uLj d b?c1m�j b
#%$=k{yLp m �*p q d h?o o &8q b?c1q p l c1d c1f=j r1p�o b xOp c1p l f &&�1r1b?j b?c&�1r,&Lm d q m *U}/o p A��>d p o h + p xRx>bFl I?p i�bFcB#%$=k8h?jn�g�sRv l b,' j r1p=p hFl o & N ¯�� m>j b&o h j p�.?¯�� m�h?c1i5r1d m�c1h/'&p=d m�o d c0I?p i�j b&h8rLu1f?p=cLu0'(£*p l�b?vId '&�{bFl j h?cFjq bFc?j l d £1uLj d bFc1m/j b�#%$=k{y9�*p l r1hF�1m�'&b?m j8d '&�{bFl j h?cFj o &5j r1pB9UgC#>k:"9} hFo f?bFl d j r0'&m yV£1uLj8hFo m b
'&hFc/&b j r1p l�m �{p q d J{q=d '&�1l b ¢Fp '&p cFj m>j b(j r1p=�1r,&Lm d q m y1j r1p=u1c1d A�£1h?m p i�m q l d �Lj m�h?c1i�j r1p/n/g�s�u1m p l�q bLi1p m *
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� "�r1p/i:&Lc1h,'&d q�l h?c1fFp�b?v9q r1h?l fFp i��1hFl j d q o pCILd c1p j d q/p c1p l f?d p m>f?bLp mUv l b/' h=v p x�j p c1m�b v�I?p 8\u1�j b�h�v p x\rLu1c1i1l p i $=p 8L*Vs>bFc1q p d ¢?h?£1o &5j r1p8u1�1�{p l/o d '&d j�q h?c £{p8p ALj p c1i1p i r1d f?r1p l yV£1uLj/j r1p¢?h?o d i1d j &&b?v9j r1p=�1r,&Lm d q m�l p '&hFd c1mUj b&£{p=q r1p q I?p i>*
� "�r1p&i:&Lc1h,'&d q8l hFc1f?p&b?v��1r1b j bFc p c1p l f?d p m=o d p m=£{p j x�p p cR|BI?p 8�hFc1i m p ¢Fp l hFoUrLu1c1i1l p i $=p 8
( m p p(h?£*b ¢Fp=m j h j p '&p cFj ; *

� "�r1p/v b?o o b x�d c1f8�1r/&1m d q m��1l bLq p m m p m�hFl p/j h/I?p c�d cFj b8hFq q b?u1cFj�£,&�j r1p�#%$(kLc1l q(s>bLi1p(k,&Lm j p '�¥
� �>l p '&m m j l h?r1o u1c1f8�1l bLi1u1q j d b?c�u1m d c1f8p d j r1p l ��p j r1p ¤ 	/p d j o p l>q l bFm m>m p q j d bFc1m�b?lUj r1p/n/a k:"q l bFm m�m p q j d b?c1m *
� 99bFm d j l b?cDh?c1c1d r1d o h?j d b?ctd c
�{d fFr?j(hFc1i h?j(l p m j
( j r1p&h?c1c1d r1d o h?j d b?c�DFu1hFc?j h5hFl p8v b?o o b x�p ij b&q b,'&�1o p j d bFc<; *
� ��u1o j d �1o ptm q h j j p l d c1fRb v8q r1hFl f?p i��1hFl j d q o p m�£/&�q bFu1o b/'8£Om q h j j p l d c1f-v l b/'$cFu1q o p d d=d mr1h?c1i1o p i8u1m d c1f/h/c1p x?'8u1o j d �1o pUm q h?j j p l d c1f�j r1p b?l &(x�r1d q r(b ¢Fp l q b,'&p mIj r1p>m r1bFl j q b,'&d c1f?mb v���bFo d �p l pB'(u1o j d �1o p8m q h?j j p l d c1f�j r1p b?l &,*�a j8h?o o b x�m/v b?l(m j p �1m(b?v�h?c,& m d e p&h?c1i '&b ¢Fp mm p h,'&o p m m o &�v l b/'�h&m d c1fFo p/m q h j j p l d c1fB'&bLi1p o*v bFl�m r1bFl j�m j p �1m�j b&hFc�hFq q u1l h j p�'(u1o j d �1o pm q h?j j p l d c1f�'&bLi1p oIh j(o h?l fFp8m j p �1m *B"�r1p&u1m p l(r1h?m/j r1p8bF�Lj d b?c b v�m q h?j j p l d c1f�£1hFm p i bFcg�uLj r1p l v bFl i�m q h j j p l d c1f8bFl�m q h j j p l d c1f8hFq q b?u1cFj d c1f8v b?l�l p o h j d ¢1d m j d q�hFc1i�m �1d c�p M*p q j m *
� � �Fo o p l�( � 
�� 
�;>hFc1i
�>r1hF£1r1h�( � ��� 
>;�m q h?j j p l d c1f0*%#6A1h?q j/l h j r1p l�j r1h?c5h?m &0'&�Lj b j d q/v bFl ¤'(u1o hFp/hFl p=u1m p i>*
� s>b?cFj d cFu1bFu1m�p c1p l f &5o b?m m�h?�1�1o d p i&j b&q r1hFl f?p i5�1h?l j d q o p�j l h?q ILm�£{p j x�p p c5i1d m q l p j p(d c?j p l ¤h?q j d b?c1m *

� "9b?j h?o?l p m j l d q j p i=q r1hFl f?p i=�1h?l j d q o pIm j b?�1�1d c1f��*b x>p lVq b?c1m d m j mVb?vLm b?v j9£1l p '&m m j l hFr1o u1c1fhFc1i�q b?o o d m d bFc&o bFm m>j p l '&m *
� s>bFo o d m d b?c�o b?m m�i1p j p l '&d c1p i�£,&�j r1p=l p m j l d q j p i
�>p j r1p ¤ �>o bLq r5m j b?�1�1d c1f&�{b x�p l�x�d j rkFj p l c1r1p d '&p lUj l p h j '&p c?j�b?vVj r1p=i1p c1m d j &�p M*p q j/d c&j r1p/fFp c1p l h?oVq hFm p=£1uLj>x�d j r��1l b?¤¢1d m d b?c&b?vVu1m d c1f(hFc�h?l £1d j l hFl &8i1p c1m d j &�p MVp q j�q bFl l p q j d b?c�h?c1i�i1h?j h(m u1�1�1o d p i&j b(u1m pj r1p=i1p c1m d j &�p M*p q j/l p q b,'B'&p c1i1p i�£,&�j r1p=a s>g!7�d c�g�p �*b?l j E K:*

� 99hFd l��1l bLi1u1q j d bFc>*
� s>b/'&�Lj bFc�m q h j j p l d c1fLy{p d j r1p l�z=o p d cL¤ n�d m r1d c1h8b?l�£*b?u1c1its>b/'&�Lj bFc>*
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� s>b?r1p l p cFjL( g�h &Lo p d f?r<;>m q h j j p l d c1f8q h?c5£{p=d c1q o u1i1p i�£,&
'&p hFc1m�b?vIh?c5b?�Lj d bFc>*
� 9Ur1b j bLp o p q j l d q/p M*p q j *
� g�p o h/ALh?j d b?c�b vIp A1q d j p i�h?j b/'&m�h?v j p l>¢?hFq hFc1q d p m�h?l p=q l p h j p i=( p f8h?v j p l��1r1b?j bLp o p q j l d q/bFls>b/'&�Lj bFcDm q h j j p l d c1ftp ¢Fp c?j m ;(j btq l p h?j p��{u1bFl p m q p cFj&�1r1b?j b?c1m
( z8y6-Uy ��m r1p o o m ;=hFc1i}�u1fFp l�h?c1its>b?m j p l ¤ z=l bFc1d f8p o p q j l b?c1mC'&h &�£*p=�1l bLi1u1q p i�hFc1i�j l hFq I?p i5d vIl p DLu1p m j p i>*

� 9�#%$=k:F�d m=h�m j hFc1iL¤ hFo b?c1p8i1h j h��1l p �1l bLq p m m d c1f�q bLi1p8q b?c1m d m j d c1f�b?v�|?®�m u1£1l b?uLj d c1p m=h?c1i N,Gv u1c1q j d bFc1m *�"�r1p=bFuLj �1uLj�d m�d c�h8v b?l ' v b?l�i1d l p q j/u1m p=£/&�#%$=k:F0*
� 9�#%$=k:F&q b?c1m j l u1q j m��1d p q p x�d m p ¤ o d c1p h?l%J1j m�b ¢Fp l�h&o h?l fFp/cFu0'8£{p l�b?vIp c1p l f &�d cFj p l ¢?hFo m>b?vj r1p=q l bFm m�m p q j d b?c5h?c1i�£1l hFc1q r1d c1f&l h j d b8i1h?j h:*
� a cRf?p c1p l hFo yUj r1p�u1m p l&c1p p iRb?c1o &-u1m p
9�#%$=k:F�� ��� 
=j b b?£Lj hFd cDj r1p
'&p i1d hti1h?j h�J{o p ml p DLu1d l p i5£,&
#%$=kLc1l q/*
� 9�#%$=k:Ftq bFc?j l bFoUd c1�1uLj8u1m p m(j r1p&n/}���#�-Va k:"�l p h?i v hFq d o d j &tb v�j r1pB5 w g6"�g�}�n o hFcL¤f?u1hFf?pB( d c
�5b?l j l hFc E v bFl '�; *
� a cthFi1i1d j d b?c�j b&j r1p(bF�Lj d b?c1m�c1p p i1p i5j b��1l bLi1u1q p(i1h?j h8v bFlC#%$(kLc1l q y�9�#%$(k:F�q bFc?j hFd c1mb?�Lj d bFc1m>j b&�1o b j�h?c,&�b vIj r1p=�1r/&1m d q hFo�DFu1hFc?j d j d p m�u1m p i5£,&
#%$(kLc1l q *
� a c�hFi1i1d j b?c&j b(j r1p4'&h?j p l d hFo{m �{p q d J{q=i1h j h�J{o p m��1l bLi1u1q p i�£/&
9�#%$=k:F1y0#%$=kLc1l q=u1m p m�h¢?h?l d p j &�b?vIb j r1p l�i1h?j h�J{o p m�hFm�d c1�1uLj�v b?l�j r1p=q hFo q u1o h?j d b?c1m *

� #%$=kLc1l q=d m�h&�1h?q I hFf?p=b?vIm u1£1l bFuLj d c1p m��1o u1m�£1o bLq I�i1h j h8x�d j r�h��{p A1d £1o p/u1m p l�d cFj p l v hFq p/*
� "�r1d m>hFo o b x�mIv bFl>f?l p h j p l �{p A1d £1d o d j &8x�d j r1b?uLj�l p DFu1d l d c1f8b?c1p�j b(£*p�b ¢Fp l o &&v h/'&d o d hFl9x�d j rj r1p=d c?j p l c1h?oVi1p j h?d o m�b v9j r1p=q bLi1p *
� "9b?fFp j r1p l/x�d j rtj r1pB'&hFq l b�v hFq d o d j &5q h?�1hF£1d o d j d p m/b?v>j r1p���bFl j l h?c E o h?c1fFu1h?fFp yVj r1d m=l p ¤i1u1q p m�j r1p=o d I?p o d r1bLbLi8j r1h?j�u1m p l�p i1d j m>x�d o o*d cFj l bLi1u1q p=£1u1f?m�d c?j b8j r1p=q bLi1p/*
� #%$=kLc1l q&u1m p m�'&h?j p l d hFo9q l b?m m(m p q j d b?c hFc1i £1l h?c1q r1d c1f5l h j d b�i1h j h�q l p h?j p iDh?c1i�J1j(£,&j r1p=q b,'&�1h?c1d bFc�q bLi1p?y<9�#%$=k:F0*
� "�r1ptf?p b/'&p j l &-v bFl&hFc/&Of?d ¢Fp cO�1l b?£1o p '�d m&m �*p q d J{p i�£/&Oh���
 
 � � �	� � � � 
 �Rm u1£1l b?uLj d c1pq hFo o p i�	 w 1 51}�g�x�r1d q r*y{d c�j u1l c*y{q hFc
'&h/I?p=u1m p(b vIhFu:ALd o d hFl &&m u1£1�1l bFf?l h,'&m *
� }�u:A1d o d h?l &Df?p b/'&p j l &Dl b?uLj d c1p m=v b?l8�1o h?c1p m yUq &1o d c1i1p l m yUq b?c1p m y>m �1r1p l p m y>p j q/* y>h?l p��1l b?¤¢Ld i1p iDx�d j r j r1p�#%$(kLc1l q�s>bLi1p5k,&Lm j p '�v b?l(j r1b?m p&x�r1b i1btc1b j8x�d m rDj b5x�l d j p8j r1p d lb x�c>*
� ��hFq l b�¢Fp l m d bFc1m=b?vUj r1p m p&l b?uLj d c1p m/hFl p8h?o m b��1l b ¢1d i1p i d ctj r1p8m p j(b v�i1p J{c1d c1f
'&hFq l bFm( �







yFd c=j r1p :�;�< 9+=�3 � 6���3 =�5+<4J{o p ;*x�r1d q r*yFd v{u1m p i*yFfFp c1p l h?o o &(l p m u1o jUd c(h�v h?m j p l9l u1c1c1d c1fm d '(u1o h?j d b?c>*

� "9l h?c1m �*b?l jUq hFc=j h,I?p>�1o hFq p>d c(h4'&h?fFc1p j d q6J{p o i(£,&=x�l d j d c1f�h/m �{p q d hFo o &=i1p m d f?c1p i�	 w 1O¤5L}/g�m u1£1�1l bFf?l h,'�y9bFl=d c h�'&b?l p&f?p c1p l hFo�'&h?c1c1p lB( 
 �


y9d c1q o u1i1d c1f�p o p q j l d qLJ{p o i<;/£,&

'&h/ILd c1ftu1m p5b v �5b?l j l hFc E '&hFq l btj p '&�1o h?j p m(j r1h?j&r1h ¢Fp5£{p p cRhF�1�1l b?�1l d h?j p o &D�1o hFq p iv b?l/j r1h j(�1u1l �{bFm p8d ctm u1£1l bFuLj d c1pL#�-�#>s%"�g�* "�r1pLJ{o p�: 6�
 6��+3�=+5�< � 6�5�=���= ��9Dq bFc?j hFd c1m
�>d p o h + p x � m!'&hFq l bFm>j b8d '&�1o p '&p cFj>j r1d m *

� "�r1p&u1m p l(m q bFl p m8h?c1iDb?uLj �1uLj m(d cLv bFl '&h j d bFctd ctj r1p���
 
 � � �	� � � � 
 �tm u1£1l bFuLj d c1p&q h?o o p i }!7/kF¤
$/}��C*
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� ��&�m p j j d c1f(¢?h?l d bFu1m �
��/ - ��� �{h?fFm y1j r1p/u1m p l�q hFc�h?l l hFc1f?p/j b8r1h ¢Fp=h?q q p m m�j b(j r1p/m d '8uL¤o h j d bFc&�1h?l h,'&p j p l m>u1c1i1p l!'&h?c,&&i1d MVp l p c?j�m d j uLj h?j d b?c1mIj b8h?o o b xOm q b?l d c1f8b v9h?o '&bFm j>h?c,&�1h?l h,'&p j p l�b?vId c?j p l p m j�x�d j r�b?uLj�i1p o ¢Ld c1f&d c?j b8j r1p=q bLi1p=d j m p o v *
� }�u:A1d o d h?l &&m u1£1�1l b?fFl h/' 1 }6"�s 	�d mU�1l b ¢1d i1p i�d c&bFl i1p lUj b(h?o o b xOhFc&p ¢Fp c?j ¤ £/&L¤ p ¢Fp cFj�bFlm j p �L¤ £/&L¤ m j p ��j l h?q ILd c1f(b?vVj r1p�m d '8u1o h j d bFc*yFp d j r1p lUj b=j r1p�j p l '&d c1h?o{b?lUv bFl E ¤ 2�fFl h?�1r1d q mi1d m �1o h &�u1m d c1f(j r1p=�1l bFf?l h,' #%$(k 1�d c1i1b x�m *

� #%$=kLc1l q8h?o o b x�m�v bFl�j r1p(d '&�1o p '&p cFj h j d bFc�b v � ��� � � � ����� 
 
 ������� � � �(h?c1itb j r1p l�¢?h?l d hFc1q p(l p ¤i1u1q j d bFc=j p q r1c1d DFu1p mC( 
 �


yFo p h?i1d c1f/�1h?l j d q o p>£1d h?m d c1f1y?m �1o d j j d c1f1y?�1h j r8o p c1f j r8£1d h?m d c1f1y?g�u1m m d hFcl b?u1o p j j p y{p j q/* ; *

� #%$=kLc1l q�d c?j l bLi1u1q p mUbF�Lj d b?c1mIj b=h?o o b x-v bFlIp ��q p c?j�£1l p '&m m j l hFr1o u1c1f=m �1o d j j d c1f/hFc1i8g�u1m ¤m d h?c�g�bFu1o p j j p�b?vVm p q bFc1i1h?l &�q r1hFl f?p iL¤ �1hFl j d q o p m yL£1uLj�bFc1o &&d v � j u1l c1p i�b?c�
(£,&&j r1p�u1m p l *
� #%$=kLc1l q/q h?o q u1o h j p mIj r1p/l h?c1fFp�hFc1i�i1d m j h?c1q p�b?v*j r1p/�1hFl j d q o p�j b=j r1p/c1p hFl p m j�£{bFu1c1i1h?l &b?ctp ¢Fp l & m j p �thFm/�1h?l j=b?vIj r1p8p o p q j l bFc5j l h?c1m �*b?l j=h?o fFb?l d j r0' h?c1i5j r1p l p(d m/h?ctbF�Lj d b?cj b&i1b8l hFc1f?p=l p + p q j d b?c�bFc�hFc/&��1hFl j d q o p�j r1h?j�q hFc1c1b j/f?p j�bFuLj�b v9j r1p=q u1l l p cFj/l p fFd b?c>*

� a c1d j d h?j d b?c�b?v9j r1p=l h?i1d h?j d b?c&j l hFc1m �{bFl j ¥
� }�c�b?�Lj d bFc8p A1d m j mIv bFlUd c1d j d h j d c1f/h=m r1b x>p lUx�d j r(j x>b(�1r1b?j b?c1mIv l b,'\�1d ¤ e p l b=i1p q h &�( � 
 
 
 yu1m p��	����@�®8d c�j r1p ������� / *�,�� 0 (�m j h?j p '&p c?j ; *
� "�r1p(u1m p l/r1h?m�j r1p(q r1b?d q p(b vUd c1d j d h?j d c1f(j r1p=j l h?c1m �*b?l j=£/&�'&p h?c1m/b vUh�'&bFc1bLp c1p l f?p j d q�1h?l j d q o p y*bFl�£/&tm h/'&�1o d c1f8v l b,' h�IFc1b x�cti1d m j l d £1uLj d bFc=( 
 �



y*h�m &Lc1q r1l b?j l b?ctl hFi1d h j d bFcm �{p q j l u0'�; *

� "9l h?c1m �*b?l j�q hFcRh?o m b £*p�d c1d j d h?j p iDv l b/'�m b?u1l q p m&j r1h?j&r1h ¢Fptm �1h j d hFo�h?c1i<@?b?l&h?c1fFu1o h?li1d m j l d £1uLj d b?c1m *
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"�r1d m(d m(ht£1l d p v�o d m j d c1f5b v�j r1p m p�q r1h?c1fFp m(x�r1d q r-h?l p�i1d m q u1m m p i '&bFl p8v u1o o & d cDm p q j d b?cR®�hFc1iDd cm p q j d b?c G * ®,*

��� � � � � � � � $ � ��� � � � &����
� }Oq b/'&�1o p j p o &&c1p x�p o p q j l bFc8j l h?c1m �*b?l j>hFo f?bFl d j r0'�d mUu1m p i&x�r1d q r&l p '&b ¢Fp m>h?o o0ILc1b x�c�m r1b?l j ¤q b,'&d c1f?mIb?v{j r1p!#%$(k:F,@/9UgC#>k:"9}OhFo f?bFl d j r0'
*9a v*j r1p�f?p b/'&p j l &8�{p l '&d j m y?j r1p�c1p xOh?o fFb?l d j r0'q hFc=j h,I?p%'8u1q r8o h?l fFp l9m j p �1mIx�d j r(£{p j j p lIhFq q u1l h?q &=j r1hFc(�1l p ¢Ld bFu1m o &/*I}/mId jIq l bFm m p mIh/£*b?u1c1iL¤h?l &Fy{d j�f?bLp m�d cFj b&m d c1f?o p=m q h?j j p l d c1fB'&bLi1p/j b&p c1m u1l p(hFc�hFq q u1l h j p=£*b?u1c1i1hFl &�q l b?m m d c1f0*%"�r1p
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#%$=k:Fr1h ¢Fp=£*p p c
'&hFi1p/�1hFl j�b?v6#%$=kLc1l q/*
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� "�r1p/p cFj d l p/q bLi1p/r1hFm>£*p p c�x�l d j j p c�u1m d c1f � �����
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~:* ® 9Ud q I�j x�b�l h?c1i1b,'�cFu0'8£{p l m y � � hFc1i � � yVq h?o q u1o h j p�� � @ � � � 
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~:* FOs>h?o q u1o h j p $�( � � ; y{d v&� � � $B( � � ; � $ � 	 � y{fFb(j b&m j p �5~0* ®
~:* G 2/p o d ¢Fp l � �
a j>d mIp hFm &(j b/m p p>j r1h?jIj r1p�m h/'&�1o d c1f/b v*d c1q b?r1p l p cFjUm q h j j p l d c1f/p ¢Fp cFj mIx�d j r8£1d c1i1d c1f/p M*p q j mUhFc1i

2/bF�1�1o p l9£1l b?hFi1p c1d c1f�j h/I?p c(d cFj b�hFq q b?u1cFjIl p DFu1d l p m9m u1£1m j hFc?j d hFo o &�'&b?l pUcLu0'&p l d q h?oFx>bFl I=q b,'&�1h?l p ij b=j r1p�v l p p/p o p q j l bFc&q h?m pL( u1m d c1f=j r1p/z=o p d cL¤ n/d m r1d c1h/q l b?m m�m p q j d b?c<; *�5Id f0* G m r1b x�m>j r1p/s%9�7�j d '&p
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EGS4
EGSnrc, free electrons
EGSnrc, simplified binding effects
EGSnrc, bound electrons

5Id f?u1l p G ¥�s%9�7�j d '&p=d c�	Vm�bFc5h G ¯F¯��
	�e�9Ua a a�q b,'&�1uLj p l�j b&m h/'&�1o p=hFc�d c1q b?r1p l p cFj/m q h?j j p l d c1fp ¢Fp c?jL( d c1q o u1i1d c1f8c1p q p m m hFl &5l b j h?j d b?c1m�b vU�1h?l j d q o p/i1d l p q j d b?c1m ; *
�{p l&d c1q b?r1p l p cFj�m q h j j p l d c1fDp ¢Fp c?j�v b?lB#%$(k:F ( m b?o d iRo d c1p ; y!#%$(kLc1l q�x�d j r1b?uLj�( i1b?j j p iOo d c1p ;8hFc1ix�d j r-£1d c1i1d c1ftp MVp q j m�( i1h?m r1p iRo d c1p ;(h?m&h5v u1c1q j d b?c-b?v�j r1p�d c1q d i1p c?j&�1r1b?j b?c-p c1p l f/&/*?"�r1p�o bFc1fi1h?m r1p i�o d c1p�x>bFu1o i&l p m u1o j>d v*j r1p�v u1c1q j d bFc $�( ��� q bFm � � � � ;Ix>hFm>d fFc1b?l p i>*6#%$=kLc1l q�x�d j r1b?uLj�£1d c1i1d c1fp MVp q j m/d m�v hFm j p l�j r1hFc�#%$(k:F&v b?l�o b x\�1r1b j bFc5p c1p l fFd p m/i1u1p(j b&j r1p(u1m p(b?vIj r1p8u1c1d v b?l ' m h/'&�1o d c1fj p q r1c1d DLu1p *L"�r1p8d c1q o u1m d b?c5b?v>£1d c1i1d c1f�p MVp q j m=d c1q l p h?m p m�j r1p&s%9�7\j d '&p(�*p l(s>b/'&�Lj bFctp ¢Fp c?j(£,&c1b j4'&b?l p�j r1hFc�h8v hFq j bFl�b v9j x>b&hFc1i�m b&r1hFm�bFc1o &�hB'&d c1bFl>p M*p q j/b?c�j r1p=b ¢Fp l hFo o*m d '8u1o h j d bFc&j d '&px�r1p ctp o p q j l b?c�j l hFc1m �{bFl j/d m�d c1q o u1i1p i>* ��d c1i1d c1f&p MVp q j m/h?c1i�2/bF�1�1o p l�£1l b?hFi1p c1c1d c1f&v bFl�q bFr1p l p c?jm q h?j j p l d c1fth?l p&j r1p l p v bFl p8j u1l c1p i-b?cD£,&Di1p v hFu1o j8d ctj r1p�7
��5�3 ����� ���tm u1£L¤ �1l bFf?l h,'�( j r1p�m x�d j q r
� � ����� d m�m p j�j b&u1c1d j &<; *
a vUj r1p(g�u1m m d h?c5g�bFu1o p j j p(b?�Lj d bFc�d m�j u1l c1p i5bFc 8 �
����� (+(5m p j/j b�|Fy{p o p q j l b?c1m/�1l bLi1u1q p ith?m�hl p m u1o jUb v1j r1p�s>b,'&�Lj b?c(d cFj p l hFq j d bFcB( j r1p�s>b,'&�Lj b?c8p o p q j l bFc(h?c1i8p o p q j l bFc1mVv l b,'�j r1p>l p o h A1h j d bFc=b?v
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j r1p/m r1p o o{¢?h?q h?c1q &0;>h?l p/l p '&b ¢Fp i&v l b,'\j r1p/m j hFq I8x�d j r&j r1p/�1l b?£1hF£1d o d j &��+=�5 7 (�(>*La vVj r1p &�m u1l ¢Ld ¢Fp?yj r1p d l>x�p d fFr?j/d m�d c1q l p h?m p i�£,&t|/@ ��=+5�7 (�(>*

� � � � � � � ��% � 	 � � �+��% # $ � � ��� ��# !�% $ ���
a c�j r1p/�1r1b j b?¤ p o p q j l d q�h?£1m bFl �Lj d b?c��1l bLq p m m�h8�1r1b j bFc�d m>hF£1m b?l £*p i�£/&�h?c�h?j b/' hFc1i�h?c�p o p q j l bFc�d mp '&d j j p i�x�d j r5h?c5p c1p l f/&5f?d ¢Fp c5£/&�j r1p=d c1q d i1p cFj/�1r1b j bFc�p c1p l f/&�'&d cFu1m�d j m�£1d c1i1d c1f8p c1p l f/&/*C"�r1ph j b,'�yLo p v j�d c�h?c�p A1q d j p i�m j h j p/x�d j r�h(¢?hFq hFc1q &�d c&j r1p=d b?c1d m p i�m r1p o o y1l p o h/ALp m>¢Ld h(j r1p/p '&d m m d b?c�b?v
�{u1b?l p m q p c?j=�1r1b j bFc1m�hFc1i�}�u1fFp l�h?c1its>b?m j p l ¤ z=l bFc1d f8p o p q j l bFc1m *
a c(j r1p>b?l d fFd c1h?oFi1p v hFu1o j6#%$=k:F/d '&�1o p '&p c?j h?j d b?c/j r1p>p '&d m m d bFc=b?v{l p o h/ALh?j d b?c(�1h?l j d q o p mVv bFo o b x�d c1f�1r1b j b?¤ p o p q j l d q(hF£1m b?l �Lj d bFctp ¢Fp c?j m=x>hFm=d f?c1bFl p i>*L"�r1d m=h?�1�1l bFh?q rtx>hFm=o h j p l4'&bLi1d J{p i5j b�d c1q o u1i1pj r1p8�1l bLi1u1q j d bFctb v�����hFc1i������{u1bFl p m q p cFj(l hFi1d h j d bFc>* 	/b x>p ¢Fp l y9v b?l/d c1q d i1p cFj=�1r1b?j b?ctp c1p l fFd p m£{p o b x�j r1p��5¤ m r1p o o>£1d c1i1d c1ftp c1p l f &FyIj r1p�p c?j d l p��1r1b j bFcDp c1p l f/&Dd m(i1p �{bFm d j p i-o bLq hFo o &/*t}�c1b?j r1p lm r1b?l j q b/'&d c1f&b?vIj r1p�#%$(k:F�h?�1�1l bFh?q r5d m�j r1h?j�j r1p��5¤ m r1p o oV£1d c1i1d c1f&p c1p l f/&5d m�h?o x�h &Lm/m u1£Lj l h?q j p iv l b/'\j r1p�p c1p l f &�b v*j r1p�p o p q j l bFc&m p j>d cB'&b?j d b?c*yFp ¢Fp c&j r1bFu1f?r8j r1p l p�d mUh(q p l j h?d c&�1l bF£1h?£1d o d j &=j r1h?jj r1p��1r1b j b?¤ hF£1m b?l �Lj d bFc-�1l bLq p m m8j h/I?p m&�1o h?q p�x�d j r-h m r1p o o�b?j r1p l8j r1h?c-j r1p��5¤ m r1p o o�( v b?l8r1d fFrL¤ �

'&h j p l d h?o m9j r1d mI�1l bF£1h?£1d o d j &(d mIb?v{j r1p�b?l i1p lIb?vV®?¯��B; *65Id c1hFo o &?y j r1p�u1m p�b?v{j r1p �{u1b?l p m q p c?j�b?�Lj d bFc8d c
#%$=k:F(l p DLu1d l p mUj r1p�u1m p lUj b=m p o p q j>hFc � p M*p q j d ¢Fp 
(h j b,'&d q>cLu0'(£*p lUv b?lUp h?q r�'&h j p l d h?o *�"�r1p/�1r1b j b?¤h?£1m bFl �Lj d b?c8j r1p c&h?o x�h &LmUj h/I?p m>�1o h?q p>x�d j r8j r1d mUh j b,'&d q�cFu0'8£{p l *6"�r1pC'&p h?c1d c1f?v u1o1m p o p q j d bFc&b vVhFc
� p M*p q j d ¢Fp 
 ���1l b ¢Fp m>j b8£{p/h(i1d ��q u1o j>j h?m I8v bFl%'&d AFj u1l p m yLp m �{p q d hFo o &8x�r1p c�bFc1o &&h(m '&hFo o1v l h?q j d b?cb vIh&r1d f?rL¤ ��p o p '&p cFj�d m��1l p m p c?j *
}�o j r1bFu1f?rOj r1d m�l p o p hFm ptb?vL#%$=kLc1l q u1m p m�j r1p5j b?j h?o=�1r1b j b?¤ hF£1m b?l �Lj d bFcOq l b?m m5m p q j d b?c1m�v l b/'

9�#%$=k?( x�r1d q r-h?l p&j h/I?p c v l b,'�j r1p�q b,'&�1d o h j d bFct£,&-kFj b?l '�h?c1iDa m l h?p o�� ®?¯ � ;/j r1p&m d '8u1o h j d bFctb?vj r1p=�1r1b?j b ¤ h?£1m bFl �Lj d b?c��1l bLq p m m�d m�q b/'&�1o p j p o &�q r1h?c1fFp ith?c1i5d m�q b?cFj l b?o o p i�£/&�j r1p��{h?f � 0 � � - � **a v
� 0 � � - � b vUj r1p(l p fFd b?c5d m�c1bFcL¤ e p l b1y*h�i1p j hFd o p i5m d '(u1o h?j d b?c�d m��*p l v bFl '&p i*y*b?j r1p l x�d m p8h&m d '&�1o d J{p ij l p h?j '&p cFj=b?vUj r1p8�1r1b j b?¤ hF£1m b?l �Lj d bFct�1l bLq p m m=d m/u1c1i1p l j h,I?p c>*B"�r1p8i1p v hFu1o j=m p j j d c1f�b?v � 0 � � - � d mb?c1p/*
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|,*C5{b?l8q b,'&�{bFu1c1i1m8hFc1i '&d AFj u1l p m yUj r1p�J{l m j&m j p �-d m(j b m h/'&�1o p&j r1p�h?j b/'&d q�cLu0'(£*p l&b v�j r1pp o p '&p cFj=j r1p&�1r1b j bFc d m=d cFj p l hFq j d c1f�x�d j r>*�a v
� � i1p c1b j p m=j r1p&h j b,'&d q(cLu0'(£*p l(b v>j r1p�� � j rp o p '&p cFj(d ctj r1pB'&b?o p q u1o p?y � � d j m=m j bFd q r1d b/'&p j l d q(d c1i1p A{yIhFc1i �/� �:( ��� �4;�j r1p&�1r1b j b?¤ p o p q j l d qh?£1m bFl �Lj d b?ctq l bFm m/m p q j d b?c5v bFl�h��1r1b?j b?ctb?vUp c1p l f/& ��£,&th?ctp o p '&p cFj/x�d j r5h?j b/'&d q(cFu0'8£{p l�=yLj r1p c�j r1p=�1l b?£1hF£1d o d j & � � ( �0;Uj r1h?j�j r1p=�1r1b j bFc�d m�hF£1m b?l £*p i5£/&�j r1p=p o p '&p c?j � � d m
� � @ � � �/� �:( ��� � � ;

� � � ��� �:( ��� � � ; � ( ®,* E * | ;
"�r1p(m h,'&�1o d c1f&b vIj r1p8p o p '&p cFj�j r1p l p v bFl p(l p DLu1d l p m�j r1p�ILc1b x�o p i1fFp(b?vUhFo oVp o p '&p c?j hFo9�1r1b j b?¤h?£1m bFl �Lj d b?c8q l bFm mIm p q j d bFc1mIh?jUl u1c(j d '&p yFc1b?j>+ u1m jIj r1p>j b j hFoL�1r1b j b?¤ hF£1m b?l �Lj d bFc(q l b?m mUm p q j d b?c1mj r1h j�q b/'&p m&v l b,' j r1p�9�#%$(kRi1h?j hDm p j *�"9b '&d c1d '&d m p�j r1pth/'&bFu1c?j�b?v(h?i1i1d j d bFc1h?o�i1h j hl p DLu1d l p i*yFx�p�u1m p!J1jUv b?l '8u1o h?mIv b?lIj r1p
�/� �:( ��� � � ; � mUx�r1d q r&h?l p�h?q q u1l h?j p�j b/x�d j r1d c�| ¤ ® ��hFc1i
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@�p AL��� ��� ( �4;�� � � ( �4; � � � � ( �4; � � �	� � ( �4; � ) 
 ��p o m p=d v ��� � � ( �4;
x�r1p l p � @�o c
�-hFc1iDx�r1p l p �

�
( �4;(d m8j r1p��5¤ m r1p o o�£1d c1i1d c1f p c1p l f &Rh?c1i �

�
( �4;8£1d c1i1d c1fp c1p l f?d p mVv bFl9m r1p o o m9b?j r1p lVj r1p c=j r1p �5¤ m r1p o o *�1Dp>r1h ¢Fp>bF£Lj h?d c1p i�"�r1p�q bLp �&q d p cFj m ��� � � � � � � �h?c1i ��� � � � � � � �?£/&�J1j j d c1f�j r1p>�1r1b?j b ¤ h?£1m bFl �Lj d b?c(q l bFm mIm p q j d b?c1m9v l b,'�j r1p�� � , � �1l b?fFl h/' � E ® �h?c1i8hFl pUv bFu1c1i8d c(j r1p�J{o p ����5 ��5 3+< � � ������( b?c1o &8m r1p o o m9x�d j r8h/£1d c1i1d c1f/p c1p l f/&8h?£*b ¢Fp/|!I?p 8h?l p/d c1q o u1i1p i<; *6"�r1p/hFo f?bFl d j r0'�j b8m p o p q j>j r1p/p o p '&p c?j>j r1h?j>hF£1m b?l £1m>j r1p/d c1q d i1p c?j��1r1b j bFc�d mj r1p c*¥

|,* |-s>h?o q u1o h j p=h?o o � � � ( ��� � � ;>hFc1i�j r1p d l�m u0'
|,* ® 9Ud q I�h&l h?c1i1b,'�cFu0'8£{p l � �|,* E a cth�o bLbF�5b ¢Fp l�j r1p8cFu0'8£{p l�b?vUp o p '&p c?j m yVq hFo q u1o h?j p � � @ � � ��� � yVd v � � *�¯&p ALd j/j r1po bLb?��hFc1i�j h/I?p � � hFm>j r1p=p o p '&p c?j�d cFj p l hFq j d c1f8x�d j r�j r1p=�1r1b j bFc>*
n�b?j p/j r1h j y{h j�o p h?m j�d c��1l d c1q d �1o p y� � � �/� �:( ��� � � ; @ �/� �:( �0;
x�r1p l p � � � ( �0;Vd mVj r1p>�1r1b?j b ¤ h?£1m bFl �Lj d b?c(q l bFm mIm p q j d b?c(v b?lVj r1p%'&h?j p l d hFoFu1c1i1p lIq b?c1m d i1p l h j d bFc>*
"�r1d m�q l b?m m/m p q j d bFctd m�d c?j p l �{bFo h j p i5u1m d c1f&j r1p�9�#%$(k�m u1�1�1o d p i5i1h?j h�d c�j r1p(�1r1b?j b?c5j l h?c1m ¤�{bFl j/l b?uLj d c1p(d c5b?l i1p l�j b�i1p j p l '&d c1p/j r1p(d cFj p l hFq j d bFc�j &1�{p/* w c1p(q b?u1o i�'&h,I?p=j r1p(p o p '&p cFjm p o p q j d bFc�h?o fFb?l d j r0' '&b?l p=p ��q d p c?j/£,&�p '&�1o b &1d c1f
|/* | �C9Ud q I�h&l h?c1i1b,'�cFu0'8£{p l � �|/* ®��/kLp j � @�|
|/* E �/s>h?o q u1o h j p � � � ( ��� � � ;>hFc1i'� � @ � � � �
� � � � ( ��� � � ; � � � � ( �0; *|/* F���a v � � �O¯&h?c1i �Io p m m>j r1p c�j r1p=cFu0'8£{p l�b vUp o p '&p cFj m y1j r1p c � @����O|?y{f?b8j b8m j p � |/* E � *|/* G �C2/p o d ¢Fp l�� *
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n�b?j p(h?o m b&j r1h j�j r1p(u1m p8b vUp AL�1o d q d j�i1h?j h8j &L�1d c1f&j bFf?p j r1p l�x�d j r�j r1p . ( 0���� '&h?q l b&hFo o b x�m>v bFlj r1p8p hFm &tm x�d j q r5j b�i1b?u1£1o p8�1l p q d m d b?c*yVd v>i1b?u1£1o p8�1l p q d m d bFc�j u1l c1m=b?uLj=j b�£*p(d '&�*b?l j hFc?j/v b?lC&Fb?u1lh?�1�1o d q h j d bFc=( 
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r1d fFr�p c1p l f/&5hF�1�1o d q h?j d b?c1m�h?l p(f?bLbLi5q h?c1i1d i1h?j p m�v bFl�u1m p(b?vUi1b?u1£1o p(�1l p q d m d b?c<; *a v!&Fb?u x>hFc?j�&FbFu1l(h?�1�1o d q h j d bFc5j b5�1l bLi1u1q p8j r1p�m h/'&p&r1d m j b?l & m p DFu1p c1q p�b?cDi1d M*p l p cFj�'&hFq r1d c1p m yi1b?u1£1o p=�1l p q d m d b?c�d m�h&fFbLbLi�d i1p hLy1j bLb,; *

1Dp>m j l bFc1f?o &(l p q b,'B'&p c1i(j r1p>u1m p�b?v{p AL�1o d q d jIi1h j h�j &L�1d c1f=d c�#%$=kLc1l q�u1m p lUq bLi1p m * 	/b x>p ¢Fp l yLd v
&Fb?u&h?l p�q bFc:J{i1p cFjIj r1h?j6&Fb?u1l�'&h?q l b/l p �1o hFq p '&p cFj mIhFc1iL'&h?d c8q bLi1p�i1b/c1b?jUq bFc?j hFd c8q bFo o d m d b?c1mVx�d j r
#%$=kLc1l q�d c?j p l c1h?oU¢?h?l d hF£1o p m(h?c1i=&FbFuDh?l p&j bLb5o h?e &tj b5i1p q o hFl p&hFo oI¢?h?l d hF£1o p m(u1m p i*yIj r1p�m d '&�1o p m jh?�1�1l bFh?q r5d m>j b8d c1q o u1i1p�j r1p=m j h?j p '&p c?j
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h j�j r1p=£*p fFd c1c1d c1f8b v�&FbFu1l�u1m p l�q bLi1p/*
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a j>d mUd '&�*b?m m d £1o p>j b=�1l p i1d q j�h?o o1�*b?m m d £1o p�h?�1�1o d q h j d bFc1mIb vVh(q bFu1�1o p i&p o p q j l b?c&�1r1b?j b?c���bFc?j p/s>hFl o bm d '(u1o h?j d b?c��1hFq I h?fFp=h?c1i�j r1p l p v bFl p=d j�d m>d '&�*b?m m d £1o p�j b&f?d ¢Fp=f?u1d i1p o d c1p m>v b?l>j r1p=hFi1h?�Lj h?j d b?c�b vIhFo ou1m p l�q bLi1p m�h ¢?h?d o hF£1o p *�1Dp=£{p o d p ¢Fp?y1r1b x�p ¢Fp l y1j r1h?j�j r1p/bFc1o &��1l b?£1o p '&mUj r1h?jC'&h &�h?l d m p/d c ����/���� �h?l p=�1l bF£1o p '&m�l p o h?j p i�j b&h?m m u0'&�Lj d bFc1m�hF£{bFuLj�j r1p=bFuLj q b,'&p=b vUh&�1h?l j d q u1o h?l�d cFj p l hFq j d bFc
'&h?i1p=d cj r1p=q bLi1d c1f&b v9j r1p=m q b?l d c1f&l b?uLj d c1p/*
}�m>hFc�p A1h/'&�1o p?yLq bFc1m d i1p l>h(q h?o o1j b �
��/���� � h v j p l>s>b,'&�Lj b?c�p ¢Fp c?j m�d c�b?l i1p lIj b��{h?f(m q h j j p l p i�1r1b j bFc1mL( m b&j r1h?j y{v bFl�d c1m j hFc1q p?y*i1bFm p(i1u1p(j b�m q h j j p l p it�1r1b?j b?c1m/q h?ct£*p(m q b?l p itm p �1hFl h j p o &0; *=}j &L�1d q hFoVd '&�1o p '&p c?j h?j d b?c�d m>j r1p/v b?o o b x�d c1f8�1d p q p=b vIq bLi1p=d c ����/���� � ¥
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a v=£1d c1i1d c1f p M*p q j m�h?l p�j u1l c1p iRbFcRd c #%$(kLc1l q y�j r1p�hF£{b ¢Fp�'&h &Ro p hFi-j b u1c1�1l p i1d q j hF£1o p�l p m u1o j m£{p q hFu1m p/j r1p=bFuLj q b,'&p/b?vIh�s>b/'&�Lj bFc�p ¢Fp c?j4'&h &�£{p=hFc/&�bFc1p=b v9j r1p/v bFo o b x�d c1fL¥
|,*C"�r1p=b?l d fFd c1h?o*�1r1b?j b?c*y{d v9j r1p=d c?j p l h?q j d b?c�x>hFm�l p + p q j p i5i1u1p/j b8£1d c1i1d c1f8p M*p q j m
®:*�} m q h?j j p l p i��1r1b?j b?c�h?c1i�hRs>b,'&�Lj b?cOp o p q j l b?c*y=d v=j r1ptd c?j p l h?q j d b?cOj bLb/IR�1o hFq pthFc1iOc1b¢?h?q h?c1q &�x�d j r5h&£1d c1i1d c1f&p c1p l f &5h?£*b ¢Fp=j r1p=m �*p q d J{p i�j l hFc1m �{bFl j�j r1l p m r1b?o i5p c1p l fFd p m�( 0����+1h?c1i ���
��1 ;Ux�h?m�q l p h?j p i
E *�}�m q h?j j p l p i��1r1b?j b?c*y{h�s>b/'&�Lj bFc�p o p q j l bFc�hFc1i�bFc1p=b?l!'&bFl p/l p o h A1h j d bFc��1hFl j d q o p m *

a v y?v b?l9d c1m j hFc1q p?y?j r1p>d c?j p l h?q j d b?c=x�h?mIl p + p q j p i8h?c1i(j r1p>�1r1b j bFc=x�h?m9j r1p>b?c1o &(�1hFl j d q o pUbFc=j r1p>m j hFq I
( � ��
 �/; y9j r1p&h?£*b ¢Fp&q bLi1p8x�d o oIb ¢Fp l l d i1p&h��*b?l j d bFctb?v>j r1pL'&p '&b?l & o p hFi1d c1f�j b�hFc u1c1�1l p i1d q j h?£1o pb?uLj q b/'&p(b vIj r1p(m d '8u1o h j d bFc>*%9Ul bF£1o p '&m�b vIj r1h?j�j &1�{p8q hFc5£{p(l p m b?o ¢Fp i5£,&5d c1q o u1i1d c1f&h�o bLb?�5b ¢Fp lh?o o>�1h?l j d q o p m(v l b/' � � 5���� ( j r1p�m j hFq ID�{bFd c?j p l(£{p v b?l p�j r1p�o hFm j8d c?j p l h?q j d b?c<;/j b � � ( j r1p�q u1l l p c?jm j h?q IO�*b?d cFj p l ; * a cOj r1p q u1l l p c?j�#%$=kLc1l qt¢Fp l m d b?c��1l bF£1o p '&m
'&h &�h?l d m ptbFc1o &Oh?v j p l5s>b/'&�Lj bFcm q h?j j p l d c1f�hFc1it�1r1b j b?¤ p o p q j l d q(h?£1m bFl �Lj d b?c>*�	/b x>p ¢Fp l yVj b�fFu1h?l hFc?j p p8q b,'&�1h j d £1d o d j &�b?v6&FbFu1l/u1m p l
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q bLi1p�j b v uLj u1l p�#%$=kLc1l q5l p o p hFm p m y�d j&d m&hDf?bLbLiRd i1p htj b"��� �	��� 
&u1m p5hDo bLb?�Rb ¢Fp l�h?o o��1h?l j d q o p mq l p h j p ith?c1itc1b?j/hFm m u0'&p(h�q p l j hFd c5bFuLj q b,'&p(b v>d c?j p l h?q j d b?c1m *4"�r1p8d '&�1o p '&p cFj h j d bFc�b v>p o p q j l bFcd '&�1h?q j(d bFc1d e h?j d b?c*y9x�r1d q rDx�d o oUh MVp q j(j r1p�l bFuLj d c1p m � , ����0 (-h?c1i � * � � * � yId m(m q r1p i1u1o p iDv bFl=j r1pc1p ALj�#%$(kLc1l q�l p o p h?m p?yLd v1x�p�b?c1p�i1h &8i1p q d i1p>j b=p AL�1o d q d j p o &(m d '8u1o h j pUj l d �1o p jI�1l bLi1u1q j d b?c8h?c1i&o h?l fFpp c1p l f &5j l hFc1m v p l=p o p q j l bFcL¤ p o p q j l b?ct£1l p '&m m j l h?r1o u1c1f1y*j r1p(bFuLj q b,'&p(b?v ���
� (thFc1i � ( 0���/ x�d o o9hFo m b£{p q b,'&p=u1c1�1l p i1d q j h?£1o p/*
"�r1p=hF£{b ¢Fp=�1d p q p=b?vIq bLi1p=d m�hFi1h?�Lj p i�j bB#%$=kLc1l q=u1m d c1f
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n�b?j p�j r1h j8j r1d m&q bLi1d c1fti1p J{c1p m��{u1b?l p m q p c?j��1r1b j bFc1m8hFm8m q h j j p l p iR�1r1b?j b?c1m&h?c1iRb?c1o &Dx>bFl IFm&d vg�u1m m d h?c5g�b?u1o p j j p/d m�c1b?j�£*p d c1f&�1o h &Fp i ( m d c1q p=d vId j>x�p l p?y*h?o o*p o p q j l b?c1mC'&d fFr?j�£{p=fFb?c1p=hFc1i � � 
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x�r1d q r '&h/I?p m(u1m p&b?v>j r1p8v hFq j(j r1h j(j r1p&m q h j j p l p iD�1r1b?j b?cDd m=hFo x>h &1m(h j � � 5���� £1uLj(hFo m b
'&h,I?p mj r1pth?m m u0'&�Lj d bFcRj r1h j5g�u1m m d h?cOg�bFu1o p j j ptd m�c1b?j�£{p d c1fD�1o h &Fp i�b?cRj r1ptq r1hFl f?p i��1h?l j d q o p m�( m p pm p q j d b?c E * K:* ®Ly*�1hFf?p�| ®?~&v bFlC'&bFl p(i1p j hFd o m ��j r1p=¢?hFl d h?£1o p�8 < ��=���8 ��:�� (+(th?o o b x�m�j r1p m p8q h?m p m�j b£{p=i1d m j d c1fFu1d m r1p i<; *
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a c�bFl i1p lUj b8£{p/h?£1o p�j b(u1m p�j r1p/d '&�1l b ¢Fp i�q bFc1i1p c1m p i�r1d m j b?l &�d '&�1o p '&p c?j h?j d b?c*y:#%$=kLc1l q/l p DLu1d l p mj r1p!IFc1b x�o p i1f?p�b?v{j r1p��{p l �{p c1i1d q u1o hFlIi1d m j h?c1q p>j b�j r1p�q o b?m p m jU£*b?u1c1i1hFl &8h jIj r1p�£*p fFd c1c1d c1f/b v*p h?q rp o p q j l bFc�m j p �*y{h?m�i1d i
9UgC#>k:"9}�¤ a *<"�r1p(u1m p l�d m�h?m I?p i�v bFl>j r1d m�i1d m j h?c1q p/¢Ld h8j r1p�'&h?q l b
.��������+2 *�,���� 0�� (�	 �����
"�r1p&i1p v hFu1o j=l p �1o h?q p '&p c?j(b?v .��������+2 *�,���� 0�� (�	 ���td c :�;�< 9+=�3 � 6���3 =�5+<t�1l d c?j m=h
'&p m m h?fFp8j b�j r1pm j h?c1i1hFl iDb?uLj �1uLj8j r1h j8h5u1m p l(i1p J{c1d j d b?cDb v�j r1d m�'&h?q l b5d m(l p DLu1d l p iDhFc1iDh?£*b?l j m=j r1p�p A1p q uLj d b?cb v(j r1p q bLi1p * a vL&Fb?u1l5u1m p l5q bLi1p d m5c1b j5u1m d c1f-j r1p=9UgC#>k:"9}�hFo f?bFl d j r0'�y�j r1p l p q b,'B'&p c1i1p il p �1o hFq p '&p cFj�d m
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j b?fFp j r1p l>x�d j r�j r1p(q bLi1p/v bFl>j r1p=m u1£1l b?uLj d c1p ��5���9�:���=0*�a v�&FbFu1l�u1m p l�q bLi1p=d m�u1m d c1f8j r1p�9UgC#>k:"9}h?o fFb?l d j r0'�y1j r1p l p�'8u1m j=£{p8h�i1p J{c1d j d bFc5b?v .���������2 *�, ��� 0�� ( m b,'&p x�r1p l p(d c�&Fb?u1l/u1m p l/q bLi1p *41Dpl p q b/'B'&p c1iB'&bLi1d v &1d c1f�j r1p�i1p J{c1d j d b?c8j b(h(m u1£1l b?uLj d c1p�q h?o o yL£1uLj>j r1d mUd mUc1b?j>h(c1p q p m m hFl &�l p DLu1d l p ¤
'&p cFj *Ia v>&Fb?u8i1p q d i1p�c1b?jIj b4'&bLi1d v &(hFc8p A1d m j d c1f .��������+2 *�,���� 0�� (&i1p J{c1d j d b?c*y/&Fb?u&c1p p i8j b/h?�1�*p c1ii1p q o h?l h?j d b?c1m�b?vIh?o o*¢?h?l d hF£1o p m>j r1h j�j r1d m!'&h?q l b8u1m p m�j b . � 0 - � � 0�2�� , �����+2���� ( ��� � ��0�/�2�0���0���1 ({y9bFll p �1o hFq p � ����������� 1�2 �+,�� 0 x�d j r�cFu1o oVh j�j r1p=£*p fFd c1c1d c1f8b v6&Fb?u1l�u1m p l�q bLi1pB( m p p=m p q j d bFc G * F:; *
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a v%&Fb?u1l=f?p b/'&p j l &5d m�j bLb�q b/'&�1o p A5hFc1i�&FbFuthFl p(c1b?j=hF£1o p=j b�q bLi1p8h ��5 �+9�: ��=tl bFuLj d c1p�( p ¢Fp cm b/'&pUm p q bFc1i(b?l i1p lVm u1l v hFq p m9l p DFu1d l pIj r1pUm bFo uLj d b?c=b?v1h�m d AFj r(b?l i1p lVp DFu1h?j d b?c(d c=b?l i1p lVj b�i1p j p l '&d c1pj r1p4'&d c1d '(u0'��{p l �{p c1i1d q u1o hFlUi1d m j hFc1q p ; y:&Fb?u�m r1b?u1o i�d c1q o u1i1p�j r1p�v bFo o b x�d c1f=l p �1o hFq p '&p cFj�d cB&Fb?u1lu1m p l�q bLi1p?¥
( 0���������0 � .��������+2 *�,���� 0�� (�	 ����� � � � 1 * � � � � � 
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#%$=kLc1l q�x�d o o1j r1p c�hFo x>h &1m>hFm m u0'&p�j r1h?j>j r1p��1hFl j d q o p�d mU¢Fp l &�q o b?m p�j b(h(£*b?u1c1i1hFl &/*�"�r1p/hFq q u1l h?q &h?c1i=m �*p p i=b?vLj r1pIm d '8u1o h j d bFc�x�d o o?q l u1q d hFo o &�i1p �{p c1i=bFc/j r1pIm p j j d c1f�b?vFj r1p)7�3�� ����;�5�=�8 � ��6=¢?hFl d h?£1o px�r1d q r�d m�d c � , � � � � 0+1�2�� 5�9���=+5�� �1¥
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 � ¥�"�r1p=p c?j d l p=m d '(u1o h?j d b?c&x�d o o{£*p/�*p l v bFl '&p i�d c�m d c1fFo p/p o hFm j d q/m q h?j j p l ¤d c1f�'&bLi1p/*6"�r1d m>d mI¢Fp l &�hFq q u1l h j p�£1uLj�p ALj l p '&p o &&m o b x�h?c1i��1l b?£1hF£1o &8c1b?jUv p h?m d £1o p�v b?l%'&b?m jh?�1�1o d q h j d bFc1m *
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 �?¥ "�r1pRp cFj d l p-m d '(u1o h?j d b?c�x�d o o(£*pD�*p l v bFl '&p i�x�d j r1bFuLj o h j p l h?o8i1p ¤
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