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�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z w�f%g�s�t�u*j%jky±����� > �'& � Ó��

−δ
s

rm�Á±g´%gt�k�~ wg�s*jkf�k�r,u
δ É¶Â �!� hfg w�k�~�n%u*tFn�k¤

t*m�~	h�m�f%u*t��f�mÔh�k�w�u*�Fu*j,g���v�t�kÀh�k�s*j,m g�� k���j0u*l�r�m�n,g�z
k�t½t*m�~	h�m�fuRt��,f Õ�º Â �^Õ�� Â �(� �*j,m�w�tFf�k�s*k�h%f�k�t�g%y�jm�n%g�m
f�m�j%u�w�sFg%f���m*tÔw fu�y�n�ky�m*sFn�k�~��È��nu*v�m�n,g¢)y t�m*v�m�n%g�m
n�m�s�w�k�j0��wg�� s*��t�k�w �*)�*�Àe£k��*t*k�~�� y�s*mÙg�(~�m�f�m�n,g�z
h%f�ky�k�r,g�j:g h�k�s*j%m y�|crm�f�l�w�g k�¡fu*�F´�k�y h%fg
w�k�~�n,u*t�n�k¤ t�m*~	h�m�fu�t��%f�m y t*m�v�mFn%g�m v�m*t�|"f�m��
s*�t�kw��+��kn�t�f�k�j,��n�|�m g���~�mFf�mFn%g�z h�kwu*��u*j,g��Æv�t*k
h�k�s*j,m×t�u�w�k�¤'y�|crm�f�l�wgÆ�*jmFw�tFf�k�s�khf�k�t�gyRj,m�ng�mÀn�m
g���~�mFn�zm�t*s(z y�k®y�f�m*~�mFn%g��
Ø�m�~�hm�fu*t*��f%n|cm ��u�y�g�s�g~�k�s�t�g'�*jm�w�tFf�k�s*k�h�fk�tFgy�Ñ

j%mFn�g�z � g�*~^m�f�zj,g y hf�k�´�m*s�s*m nu*o�f�m�y�u
~���j0�*t�g%h�j0g�wu*t�k�f,u y�nuRv�u�j�m h%fg u�t�~�k�sFÁ¬mFf%n�k�~
r,u�yRj,m�ng%g��",»u*t*m*~¿r,u�yRj,m�ng�mÔhk�s�t*m�hm�nn�kÈh�ky�|��·u*j0g
h%fg w�k�~�n%u*tFn�k�¤ t*m�~�hm�fu*t*�fm�� ~���j:�*tFg�hj,g%wu*t*k�f
k��j:u*l�ru�j,g rk t�m*~	hm�fu*t*�f|�� ~�m�n���ÅmF¤
t*m�~	h�m�f%u*t��f| h�mFf�m��%k�r,u k�¡�fu���´%u y
s�y�m�f�%h,f�k�y�k�r�z,°±m*m s*k�s�t(k�z,ng�m�� g nu*vg,n�u*j0g
h%f�ky�k�r,g�t��Ùg��*~�mFf�mFn%g�z �.-��'/�� e£k�s*jmrk�s*t�gl±m�n,g�z
~	u�w�s�g~�u�j,��n�k�o�k r,u�y�j%m�ng�z m�o�k h�kngl�uRj,g rk
uRt�~�k�s�Á�m�f%n�k�oqk®g½h�k�y�t*k�f%n0�®g��~�m�f�zj0g �1-��'/��

� k�t�rm*j,��n|c� s*j%��vu(z� ¡�|cj%g h%f�ky�m*r�mFn%|
g��k�t*mFf�~�g�v�m*s�wg�m g���~�mFf�mFn�g�zÔ�*jm�w�t�f�k�s�k�h,f�k�tFg%y�j�mFn%g�z
wu�w Á£�n%w´g%g y�f�m*~�mFng�� e±k�s*j,m*r�k�y�u*t�m*j,��n�k�s�t��
g��~�m�f�m�n,g¤ ¡�|cj:u s�jm*r�¢±°±m�¤���e±k�s*j,mÀh%fg�jk�l±mFn%g�z
-�sFn�zt�g�z /×r%u�y�j%mFng�z¿~���j0�*t�g,h�j0gw�u*t�k�f{h�k�~�m�°�u�j%g{y
t�m�f�~�k�s*tFu*t g hk�s�j%m rk�s*t�gl±m�n,g�z ��u*r,u�n%n�k¤
t�m*~	h�mFf�u�t��,f�|µhf�kyRk�r,g�j,g g��~�m�f�m�n,g�z��2��f�m*~�m�n%n�k¤
g,n�t*m�fy�u*jÔg��*~^m�fm�ng%¤®s�k�s�t�u�y�j�zj � Â�Â v^�Ø�m�~	h�mFfu*t*�fn%|cm ��u�y�g�s�g�~^k�s�t�g hf�g,yRm�rm�nn�k�o�k
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z k�¡�f%u*�F´�ky3�����4�±º g5��¼
h,f�m*rs*t�u�yRjm�n,| n%u f%g�s��{�¶w�fg,y�|c~	g76��98 g7:
s�k�k�t�y�m*t*s�t�yRmFn%n�k�� e"m�f�m��k�r| y s�y�m�f��,h%f�ky�k�r�z�°Åm�m
s�k�s*t�k�z�n�gm w�f%g�s*tFu*j%jky�� �¶g��±º hk�wu*�Fu�n%| n%u
y�m�f��0n�mF¤'gÆng�lÅn�m�¤¯yRs�t�u�y�wu*�'f%g�s�²����uÀh�mFf�m��k�r¯y
sFyRmFf��:hf�k�yRk�r�z,°·m�m×s*k�s*t�k�z,ng�mÀwfg�s*t�u*j,j,u;��¼ # n%u
fgs�� º0� ��g�r%nk»� v�t�k ��g,f�g,nu f�m*��gs*t�g%y�n|¬�
hm�f�m*�k�rk�y ��yRm�j%gvgy�u*m�t*s�z s h�k�n�gl±m�n,g�m*~
s�k�r�mFf�l�u�n,g�z wg�s�j%k�f�k�r,u�� �	t�u ��u�w�kn�k�~�mFf�n�k�s�t��
s�k�o�j0u*s*��m�t*s(z{s f�m*����j:�*tFu*t�u*~	g���h%f�m�r�s�t�u�y�jm�n%n|c~	g{y
�aº%�(�

<�u fg�s�� º¸h�kw�u���u�nu ��y�k�j,¢±´,g�z h�m�f�m���k�r�k�y y
sFyRmFf��:hf�k�yRk�r�z,°·m�m s*k�s�t�k�z,ng�m wfg�s�t�u*jj:u=� ¼ hk�r
y�k���rm�¤s*t�y�gm*~ o�g�r,f�k�s*t�u*tFg�v�m*sFw�k�o�k r,u�yRjm�n,g�z��
>^m��*��j0�*t�u*t�| g��*~�mFf�m�ng%¤�� h�k�j�v�mFn%n|¬m rk
h,fg�j,k�l�mFn�g�z r,u�yRj,m�ng�z�� h�k�w�u*�Fu�n%| s�y�m*t�j:|c~	g
wf���l�k�vwu*~	g nu¸wf�g,yRk�¤?6��@,^u�y�g�sFg�~^k�s*tF� �1-��'/��
g��~�m�f�m�n,nuFz¶n�m�hk�sFf�m*rs*tFyRmFn�nk hk�s�j%m{h%fg�jk�l±mFn%g�z
r,u�y�j%mFn�g�z®Ã^�5º w�¡�u�f��0h,f�m�rs*t�u�y�jm�n,u²w�f%gy�k¤ 8 ��e£k�s*jm
y�|crm�f�l�wg k�¡�fuR��´%u h�k�r r,u�y�j%mFn�gm*~ h,fg w�k�~�n%u*t�n�k¤
t�m*~	h�mFf�u�t��,f�m y t�m*v�mFng�m tFf�m*� s���t*k�w ¡|cj:g
y�|�h�k�j:n�mFn%| h�ky�t*k�fn%|cm g��*~�mFf�m�n%g�z�� f�m*����j:�*tFu*t�|
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h%f�m*rs�t�u�y�j�mFn%| w�f,g�y�k¤ :��R,�u*t*m�~ r,u�yRj,m�ng�m�h�k�n%g��Fg�j0g
rk u*t�~�k�s�Á£mFf�n�k�oqk gi¡|cj,g hf�k�yRm�r�mFn|�g�(~�m�f�m�n,g�z
n�mFh�k�s�f�m*rs*tFyRmFnn�k h�k�s�j�m×sFn�zt�g�z¯r,u�yRjm�n,g�z -�w�f%gy�u(z
�K/�� e"k�s�j�m �*t*k�o�k k�¡�fuR��mF´ y�|crmFf�l�gy�u*j:g h%fg
w�k�~�n,u*t�n�k¤t*m�~	h�m�f,u*t*�f�m'y't*m�v�m�ngmÆt�f�m��Çs���t*k�wig
h�k�yRt�kfn�k g���~�m�f�zj0g ��j%mFw�t�fk�s�khf�k�t�gyRj,m�ng�m�
>^m*�*��j:�*t�u*tF| g��*~�m�f�m�n,g�¤���h�k�j%��v�m�nn%|cmÈs�h���s*t(z¿t���k�m
s*�t�kw²h�k�s*j,m£sFn�zt�g�z²r,u�yRj,m�ng�z��h�kwu*��u�n| nu�w�fgy�k¤
6±t�m*~	n,|c~	g½w�f���l±k�vw�u�~�g��
�"u�wÀy�g�r,nk×n%u½f,g�s��º»� N»� f�m��*��j0�*t�u*tF| g���~�m�f�mFn�g,¤

� - � /���u�y�g�s(ztÅn�m�t*k�j:��w�k�k�t�y�m*j:g�vg,n| r,u�y�j%mFn�g�z���n�k
gÆk�tÀy�f�m�~�m�ng'y�|crm�f�l�w�gÆk�¡�f�u*�F´%uÀh%fgÆw�k�~�n%u*tFn�k¤
t*m�~	h�m�f%u*t��f�m½h%fg n�mFg��*~^m�n,n�k¤ y�m*j0g�vg%n�m®r,u�y�j%m�ng�z��
��fu�y�n�mFn%g�mwfgy�|�� 6 g 8 h�k�w�u*�F|�y�u*m�t�� v�t�kÙh%fg
h%fg�jk�l�m�n%gg ru�yRjmFn%g�z Á"k�f~�u g ��g,f�g,nu
f�m��*gs*tFg�y�n�k�o�k h�m�f�m*�,k�r,u n�m g���~�mFn%g�j:g�sF�0� u
g���~�mFn%g�j:g�s�� t(k�j%��w�k u*¡�s�k�j0¢¬tFn�|�m �FnuRv�m�n,g�z
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z g wfg�t�g�v�m*s�w�k¤

t�m*~	h�mFf�u�t��,f�|·� ��f%u�y�n�m�n%g�m l·m wfg%y�|c� 8 g :
hk�wu*�F|�y�u*m�t��Àv�t*k hk�s�j%m y�|crm�f�l�wg k�¡fu*��´%u hk�r
r,u�y�j%mFn�gm*~ h,fg w�k�~	nu*t�nk�¤ t*m�~	h�m�f%u*t��f�m
g��~�m�n�zm*t�s(z yRm�j,g�vgn%u �*j,m�w�t�f�k�s*khf�k�tFg�y�j%mFng�z��{u
tFu�w�l±m ��g%fg%nu g Á£kf�~	u s�y�m�f��,h%f�ky�k�r�z�°Åm�o�k
hm�f�m*�k�r,u�� eÅf�g ��t*k�~�� w�u�w y�g�r,n�k nu¸fg�s��Èº:�%h��
y�m*j0g�vgn%u�� � n�m�g��*~�mFn�z�m*t*s�z��,Ø�u�wu(z ��u�w�kn�k�~�mFf�n�k�s�t��
n,u*¡�j0¢¬r,u*m�t*s(z g hf�g sFn�gl±m�n,gg r�u�y�jm�n%g�z rk
u*t�~�k�s�Á£mFf�nk�o�k:� w�k�o�r,u g�*~^m�n�z�¢¬t�s(z
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�m�g²y�m*j:g�vg,nu·� � ��u·��gf%gn,u·g
Á"k�f~�u sFyRmFf��,h%f�k�yRk�r�z,°±m�o�k hm�f�m*�,kr%u ks*t�u�¢£t�s(z
nm�g���~�m�n,n:|¬~�g�� ±khk�j0n%gt�m�j:��n%u*z y�|¬r�mFf�l�wu
k�¡�fu��*´,u hf%g¶w�k�~	nu*t�nk�¤ t*m*~�h�mFfuRt��,f�miy t�m*v�mFn%g�m
tFf�m*� s���t*k�w n�m�yRj0g�z�j:u²n%u���j%mFw�t�fk�s�khf�k�t�gyRj,m�ng�m�^u
tFu�w�l±m ��g%fg,n�� g Á"kf�~�� s�y�m�f��,h%f�ky�k�r�z�°Åm�o�k
hm�f�m*�k�r,u��g�	m�j%gvgn%u²l�m ���±hk�s�j%m²rk�h�k�j:ng�t�m*j,��n�k¤
y�|crm�f�l�wg h,fg w�k�~�n%u*tFn�k¤ t*m*~�h�mFfuRt��,f�m n�m
g��~�m�n�zm*t�s(z�����u*l�nk�¤ik�s�k�¡�mFn%n�k�s�t*��¢ z,yRjzm*t�s�zit*k�t
Á�u�w�t�µv�t�k h�k�s*jm h�k�n%g�l�m�ng�z ru�y�j�mFn%g�z rk
u*t�~�k�s�Á£mFf�nk�o�k�g²y�|¬r�mFf�l�wg�k�¡�fuR��´,u±h%fg²w�k�~�n%u*t�n�k¤
t�m*~	h�mFf�u�t��,f�m y t*m*v�m�n,g�mÇtFf�m*�¸s���t*k�w)��u�y�g�s�g~�k�s�t��
�1-��'/Çs�ky�h�u�ru�m*t s g�*~^m�f�mFnn�k�¤ r�k h%fg�jk�l±mFn%g�z
r,u�y�j%mFn�g�z�� Ø�u�w�g~ k�¡fu*��k�~£� nu�¡�j0¢¬r,u*m�~	|cm
g��~�m�nm�ng�z �.-��'/ k�¡�f%u*tFg�~	| y h,f�k�´m*s*s�m
h,fg�j,k�l�mFn�g�z,�%s�n�zt�g�z r,u�y�j%mFn�g�z�� ¾�¡ �*t*k�~
sFy�gr�m*t�m*j0�*s*t�y��¢£t t�u�w�l±m f�m*�*��j%��t�u*tF| g��*~^m�fm�ng%¤
h,fg w�k�~	nuRt�nk�¤ t*m�~	h�m�f,u*t*�f�m f�m�j%u�w�sFu�´%g%g
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�zÔw®fu�y�n�ky�m*sFn�k�~��®�FnuRv�m�n,g�¢²�

<�u f,g�s��"¼¯h%fgyRm�rm�n%| y�f�m�~�m�n,n|cm ��u�y�g�s�g~�k�s*t�g
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z k�¡fu*��´%u �"¼»� g���~�m�f�mFn�n,|cm
hk�s�j%mÔhfg�jk�l±mFn%g�z g sFn�z�t�g�zÀr,u�y�j%mFn�g�z�� �	m�j:g�vgn%u
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�zÙr�k h�fgj�k�l±m�n,g�zÙru�y�j�mFn%g�z
s�k�s*t�u�yRj�zj0u ¼^�5º�º ¾�~"� e±k�s*j,m*r�k�y�u*t�m*j,��n�k�s�t��
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k�¡�f%u*��´u y w�u�~�mFf�m y�|cs*k�w�k�o�k r%u�y�j%mFng�z ¡�|cj%k
s*k���ru�n�k r,u�yRjmFn%g�m·ª

=
Ã��5º w�¡�u�f½g®s�h��s*t�z½h,f�g�~�mFfn�k

k�r,gnÇvu*s¯¡|cj,g h%f�k�yRm�rm�n%| g��~�m�f�m�n,g�z�.-��p/ h%fg
º0
�¼ �²� >^m*�*��j:�*t�u*tF| g���~�mFf�m�n%g¤ hf�m�rs*t�u�y�j%mFn|
wf�g,yRk�¤ 6���,�u*t�m*~×r,u�y�j%m�ngm�h�ky�|cs�g�j0g�rk Õ0� ¼®w�¡�u�f®g
k�¡�f%u*�*mF´ y�|crm�f�l�g%y�u*j:g h,f�gÎ��t*k�~ r,u�yRj,m�ng%g y
t*m�v�m�ng�m tFf�m�� s*�t�kw hf%g w�k�~�n%u*tFn�k¤
t*m�~	h�m�f%u*t��f�m��.�"k�n�tFf�k�j:��n,|cm¯g���~�m�f�mFn�g�z{h�k�wu*��u*j:g��
v�t*k h�k g�s�t*m�v�mFn%gg ��t*k�oqk y�f�m�~�m�ng �*j,m�w�Ñ
t�f�k�s�k�h,f�k�t*g,yRjmFn%g�m s�k�s�t�u�y�j�zjk º ¾�~ g y
r,u*j:��n�mF¤�·m*~ n�mÙg��*~^m�n�zjk�s�� y�k y�f�m*~^m�n,g�� ,�u*t�m*~
r,u�yRj,m�ng�m hk�n,g��Fg�j,g rk u*t*~^k�s�Á£mFfn�k�o�k g ¡�|�j,u
g���~�mFf�m�nu y�f�m*~�mFn�n,u(z �Fu�y�g�sFg�~�k�s*tF�
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z h,f�g �
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�¼�����>�m��*��j0�*t�u*tF|

g���~�mFf�m�ng,¤ h%f�m�r�s�t�u�y�jm�n%| n%u¿fg�s��n%w�m¿wfg%y�k�¤ 8 �
��g�rnk»� v�t*k h�k gs*t�m*v�m�n%gg � Â v
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�gm rk�s�t*go�u�m*t fu�y�n�k�yRm�s�nk�o�k
��n,u*v�m�ng�z�� w�k�t�k�f�k�m¯s*k�y�h,u*r,u*m*tÆs yRm�j,g�v�g%n�k¤�*j,m�w�Ñ
t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z�� g��*~�mFf�mFnn�k�o(kÙrk h�fgj�k�l±m�n,g�z
r,u�yRj,m�ng�z��

�"u�w y�g�r,n�kÎnu fgs��i¼�� y�f�m*~�z f�m*j,u�w�s�u�´�g,g
�*j,m�w�t�f�k�s(k�hf�k�t*gy*jm�ng�z w¸fu*y�n�k�y*m�s�n�k�~��¶�*n�u*v�m�ng¢
s*k�s�t*u�y*j�z�m�tpk�w�k�jk � Â v h�f�g¹t�m�~�h�m�fu(t��f�m ºQ
�¼ ���
<�m�k�¡���k�rg�~�k k�t*~�m*t�g�tF��� v�t*k f�m�j:u�w�s�u�´,g�z
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z hk�s�j%m h�fgj�k�l±m�n,g�z
-�s�n�zt�g�z /'r,u�yRj,m�ng�z nu*¡�j,¢£r,u*j,uRsF� g¸h,f�g¶n�g��w�g�
t*m�~	h�m�f%u*t��fu*�}� ¾�r,nu�w�k s�w�k�f�k�s*t�� f�m*j,u�w�s�u�´�g,g
¡|cs*tFf�k ��~�m�n,���·u�j,u*s���s h�kng�l±mFn%g�m*~ t�m*~	h�m�f,u*t*�f|·�
u h,f�g t*m*~�h�mFfu*t*�fmÎl�g�r,w�k�o(k u*��k�tFu ng%w�u�w�g�
g���~�mFn�m�ng,¤ ��jm�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z½nm�n�u�¡�j:¢�r%u*j0g®y
t*m�v�m�ng�m s*m�~�g s*�t�kw�� v�t*k s�y�g�rm*t*m�j,�Rs�t*y��m*t k
t*mFf�~�g�v�m*s�wg u�w�t�g%y�g�f��m*~�k�~¿~�m*�,u�n,g���~�mÔf�m*j,u�w�s�u�´�g,g
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z s h�k�n%g�l�m�ngm*~
t*m�~	h�m�f%u*t��f|·�
¾�t�~�m�v�m�nn%|cm y�|£�±m k�s*k�¡�m�nnk�s�t�g h�k�yRm�r�m�n,g�z

t*m�~	h�m�f%u*t��fn%|c� g y�f�m*~�m�n%n|c� �Fu�y�g�s�g~�k�s*t*mF¤
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z hk�r y�k���rm�¤�s*tFy�gm*~
o�g�r,f�k�s�t�u*t�g�v�m�s�w�k�o(k¯r,u�yRj,m�ng�z{nu�¡�j0¢¬r,u*j:g�sF�Æg¿h%fg
g�s�s*jm*rky�u�ng%g¸wfg�s�t�u*jj%k�y �²�ig=��º%�Àe�fg)�*t�k�~
k�t�n�k�sFg�t*m*j,��n|¬m g��*~�m�n�m�n,g�z wfg�t�g�v�m*s�w�k¤
t*m�~	h�m�f%u*t��f| g ��j�mFw�t�f�k�s*k�h%f�k�t�g,yRjm�n,g�z rj�z
wf�gs*tFu*j�j,k�y.��º²g���¼²¡�|�j%g h%fg~�mFf%n�k�k�r,gn%u�w�k�y�|·��u
rj�z wfg�s*tFu*j%j,u ��� ��t�g g���~�m�n�mFn%g�z ¡�|cj0g
s*�,°±m*s�t�y�m�nn�k'~�mFn����g�~	g��1� w�u�v�m�s*tFyRm¯hfg�~�mFf�u¯nu
f%g�s�� Ã h�kwu*��u�n| ��u�y�g�sFg�~�k�s�t�g wfg�t�g�v�m*s�w�k¤
t*m�~	h�m�f%u*t��f|Æk�t�ru�yRjm�n,g�z��

<Åu�g�¡�k�jm�m"y*m*f�k*zt�n�k�¤�hfg�v�gn�k�¤·��~^m�n����±m�ngRz��(jm�w�Ñ
t�f�k�s�k�h,f�k�t*g,yRjmFn%g�zs�k¿y�fm*~^m�nm*~ h%fgy�k���rm�¤s*t�y�g,g
o�g�r,f�k�s�t�u*t�g�v�m�s�w�k�o(k ru�yRjm�n,g�z ~�k�l�m*t s*j%��l�g�tF�
�,h�k�f�z�r�k�v�mFn�gmµw�g�s�jkf�k�ruµyÎh�jk�sFw�k�s*t�z� �g&^¾®�
¾�s�nk�y�u�ngm*~Àr�jz®tFu�w�k�o�k h%f�m*r,h�k�jk�l±mFn%g�z®z,y�j�zm�t�s(z��
yRk�Ñ©h�m�f,y�|c��� t*mFf�~�k�u�w�t�gy�g%f���m�~	|�¤ �:u�fu�w�t*mFf
h%f�k´�m*s�s�u fm*j,u�w�s�u�´,g%gÆ�*jmFw�tFf�k�s�khf�k�t�gyRj,m�ng�z��D�	k�Ñ
yRt�kf|c�}� h�fg w�k�~�n�u*t�n�k�¤ t�m�~�h�mFf�u*t���f�m y�f�m(~:z

f�m�j,u*w�s�u�´gg �(jm�w�tFf�k�s*k�h%f�k�t�g%y�jm�n%g�z w
fu�y�n�ky�m*sFn�k�~��×�Fnu*v�m�n,g�¢Ùhf%g�~�m�fnk f,u�y�n�k y�f�m*~�m�n%g
��h�k�f�zr�k�v�m�ng�z�wg�s�jkf�k�r,u�y�~�k�n�k�wf�gs*t�u�j�j0u*��s
rmFÁ±g´%g�t*k�~Àw�g�s*jkf�k�r�u

δ É²Â �5�½�()%���M�{y�Ñ tFf�m�t���g��}�,hkr,u�n,n�|c~ nm�¤�t�f�kn�k�o�fu�Á£gv�m*sFw�g�� g�s�s*jm*rk�y�u�ng%¤��
h,f�k�y�m*rm�n,n|c� h%fg w�k�~	nu�t�n�k�¤ t*m*~�h�mFfuRt��,f�m y
h,f�k�´m*s*s�m k�t*l�go�u k�¡�fu���´�ky%�Î�Fu�wu*j%m�nn,|c� k�t
y�|cs*k�w�g��¿t*m�~	h�m�f%u*t��f����h�kf�zrk�v�m�n,g�m w�g�s�j�k�f�k�ru y
�G&,� Ó Ñ©hj�k�s�w�k�s�t�gÎs*k�h�f�ky�k�l·r,u*m�t*s(z ��~�mFn%���±m�n,g�m*~
h,u�fu*~�m*tFf�k�y�f�m��±m*tFwg �(
%�(��Ø�u�wg�~×k�¡fu*�*k�~¬�¡�k�j0���·m�¤
s�t*mFh�mFn%g �h�k�f�zr�k�v�m�nnk�s�t�g wg�s*j,k�fk�r,u
s�k�k�t�y�m*t*s�t�yR�,¢�t ~�mFn%����g�m �Fn�u*v�m�n%g�z hu�f%u*~�m�t�f�k�y
f�mF�·m*t�wg��Àe�f�m�r�s*tFu�yRjzm*t�s(z¶jk�o�g�v�n�k�¤¸g¸k�¡�fu�t�n%u(z
sFyFz�������u®g~�mFn%n�k���~�m�n����g�~¯��n,u*v�m�ng�z�~'hu�f%u*~�m�t�f�k�y
f�mF�·m*t�wg rk�jl�n�k s�k�k�tFyRm�t*s�t*y�ky�u*t�� ¡�k�j,���Åm�m
��h�k�f�zr�k�v�m�ng�mµyÎsFg�s�t*m�~�mµwg�s�j%k�f�k�r # y�u�w�u�n�sFg%g��
Ö×k�r���j:� y�s*m�s*t�k�fk�n,n�m�o�k s*l�u*tFg�z wfg�s*t�u�jj%k�y
����� > �G& �RÓ �

−δ
k´�m�n,gy�u�m*t�s(z f�u�y�n%|c~{º�¼ Â �eÅu �(� Â �(�g��^s*j,m*r�ky�u*t*m�j,��n�k���h,f�gjk�l±m�n,g�m�ru�y�j�mFn%g�zÀy º w�¡u�f

rk�j%l�nk hfg%y�k�r,g�t�� w ��~�m�n,���±m�n%g¢ k�¡��,m*~	u
��j%m�~�mFn�t�u�fnk�¤ zv�mF¤�wgÀn%u Â � Â 
����ceÅf�gÀy�k���r�mF¤�s*t�y�g%gr,u�y�j%mFn�g�z º�w�¡u�f g hk�s�j%m�r���¢£°�m�¤ f�m�j%u�w�sFu�´%g%g
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z¿w¯f%u�y�n�k�yRm�s�n�k�~�� ��n,u*v�m�ng,¢
��~�m�n,���ÅmFn%g�m �*jm�w�t�f�k�s�k�h,f�k�tFg%y�j�mFn%g�z
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wf�gs*tFu*j�j,k�y7��º g �£¼ s*k�s*tFu�y�gj�k kw�k�j,k �3���²�
�cj,m*r�k�y�u*t�m*j,��n�k�� ��~�m�n���±mFn%g¢ k�¡ �%m*~�u
�*j,m*~�mFn�tFu�fn�k�¤ zv�mF¤�wg nu Â � Â 
�� h�k�r y�k���rm�¤�s*tFy�gm*~
o�g�r,f�k�s�t�u*t�g�v�m�s�w�k�o(k½r,u�y�j%m�ng�zÀº½w�¡u�f s*k�k�t�y�m*t�s*t�y���m�t
�~�mFn%���·mFng�m �*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z n,u ��� ���9�
h%f�k´�m*s�s*m �hk�f�zr�k�v�mFng�z{wg�s*j%k�f�k�r,uÆy k�¡�fu���´%u*�s
rm�Á±g´%gt�k�~ wg�s�j�k�f�k�r,u

δ É Â �5Õ h%u�fu*~�m*tFf|pf�m��±m�t�wg
� g×Ï½�~�mFn%����u�¢�t*s�zÀnu Â � Â Ã ����u®hu�f�u*~�m*t�f×Ð # nu
Â � Â�Â Ã�� �(
%�(�,t�� m����~�m�n,���ÅmFn%g�m�k�¡ �%m*~�u·�*jm�~�m�nt*u�fn�k¤
zv�mF¤%w�g s*k�s�t�u�y�j�zm*t Â � Â 
 �²� ��~�m�n,���±m�n%g�m
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�zÙyhf�k´�m�s*s�mÆ�hk�f�zrk�v�m�n,g�z
wg�s*jkf�k�r,u s�k�s�t�u�y�j�zm�t kw�k�j,k º Â � ��)%�(� Ø�u�wg�~
k�¡�f%u*�*k�~£� s���°Åm�s�t�yR��m�t ��r�k�y�j�m*t�y*k�f�g�t(m�j,��n�k�m
s*k�k�t�y*m*t�s�t*y�g�m ~^m(l�r�� ��~�mFn���±m�ng�z~	g k�¡ �%m*~�u
�*j,m*~�mFn�tFu�fn�k�¤¦zv�mF¤%w�g�g �*j%mFw�t�f�k�s�k�h,f�k�t�g%y�j�mFn%g�z��
k�¡���s�jkyRjmFn%n|c~	g �,h�kf�zrk�v�m�ng�m�~ w�gs*jkf�k�r%u g
h%fg�jk�l�m�n%g�m�~ o�g�r,f�k�s*t�u�t*gv�m*sFw�k�o�k r,u�y�j%m�ng�z��
�"vg�t�|�y�uFz y�|��±mFg���j%k�l�m�nn%|cm u�f�oq��~�m�nt�|�� ~�|
s*vgt�uRm�~¬� v�t�k�~^m�n,���·m�ngmÆ�*j,m�w�tFf�k�s*k�h%f�k�t�g%y�jm�n,g�z
h�k�rÎy�k���rm�¤s*t�y�gm*~ o*g�r,f�k�s*tFu*t�g�v�m�s�w�k�o�k r%u�y�jm�n,g�z
y�|���y�u�n�k �%h�kf�zrk�v�m�ngm*~Ùwg�s*jkf�k�r,u y �g&:� Ó Ñ©h�j,k�Ñs�w�k�s�t*g��
Ö×u�o�ng�t�n�|cm��(�����8�3º����,f�m���g�s*t�g�y�n�|cm��()����k�h�t�g�v�m�s�w�g�m

�(�q¼»�8�qÃ%�"g s�t�f��w�t���f�n�|cm½� 
�"g�s�s�jm�r�k�y�u�n�g�zÔ~^k�n�k�w�f�g�s�Ñ
t�u*j,j�k�y g w�m�fu*~	g�v�m�s�wg��Æk�¡fu*��´�k�y ����� >*� ����Ó��

−δ
s

δ = Â �$Ã 	 Â �!Õ»�:¡�|�s*t�f�k k��j:u*l±rmFn%n|c� k�t�t�m*~�h�m�fu*t��f� Â�Â �:Õ�� Â �(�·�»h�kwu*��u*j,g��0v�t*k y�h,f�k�´m*s*s�m�k�t�l�g�o�u²h%fgw�k�~�n,u*t�n�k¤it(m�~	h�mFfu*t*�f�m'�*jmFw�tFf�k�s�khf�k�t�gyRj,m�ng�m g
h%u�fu�~�m�t�f| wfg�s*t�u�jj:g�v�m*sFw�k�¤ f�m��±m�t�wg
�~�mFn%����u�¢�t*s�z�� u wf�gt�g�v�m�s�w�u*z t*m*~�h�mFf%u*t��fu
h�k�y�|"��u*m*t�s(z�� ��t�g g��*~�m�n�m�n,g�z s�y*z��|�y�u�¢£t s
�,h�k�f�z�r�k�v�mFn�gm*~ wgs*jkf�k�r,u y��G&,� Ó ÑÒh�j%k�s�w�k�s�t�gÔh%fgw�k�~�n,u*t�n�k¤ t�m*~�h�m�fu*t��f�m�� �	k���n%gwu*m*tµy�khf�k�s�k
h�mFf�y�khfg�vgnm¸f�k�s*t�u¶w�fgt�g�v�m*sFw�k�¤ t�m*~	hm�fu*t*�f|��
 "yRt�k�f,| f�u�¡�k�t �(��¼:�©�3Ã:� s�y*z��|�y�u�¢¬t f�k�s�t
wf�gt�g�v�m�s�w�k�¤ t�m*~	hm�fu*t*�f| g ��~�m�n,���±m�n%g�m
�*j,m�w�t�f�k�s*khf�k�t�gy�j%mFn�g�z s ��yRm�j%gv�m�ngm*~
w�kn´�m�n�tFf�u�´g%g®n�k�sFg�t*m*j,m�¤�t�kwu��K>^k�s*t�w�kn´m�n�t�fu�´�g,g
n�k�s�gt*m*jmF¤ t�k�wu hfg%hg�sF|�y�u*m�t*s�z g�*~^m�n�mFng%¢
wg�s*jkf�k�r,n�k�o(k k�wf���l�m*ng�z u(t�k�~^k�y�~�m�rg½y²h�jk�s�w�k�s�t*g
�g&,� Ó �"t�� m���g��(~^m�n�m�n�g¢¸��u(s�m*j�mFn�n�k�s�t�g'w�g�s�j�k�f�k�r�n�|c�
h�k���g´g�¤ ¾ -��_/ g Ó -��Z/�� w�k�t�kf�k�m hf%gy�k�rgt w
h�mFf�mFfuRsFh�f�m�r�m�j%mFn�g,¢Ç�Fu�f�z�r%u®~�m�l�r��Àh�jk�sFw�k�s*t�z~	gÀg
´�mFh�k�vwu*~	g �'&,� Ó � � r,f���o�k�¤ s*t�kf�kn|·�
n�mF¤�tFf�kn�k�o�f%u�Á�g�v�m*s�wg�m g�s�s*jm*rky�u�ng�z �(
%�
h�k�wu*��|�y�u�¢�t��^v�t*k½y h%f�k�´m*s�s*m²k�t*l�go�u k�¡�fu��*´ky h%fg
w�k�~�n,u*t�n�k¤ t*m*~�h�mFf%u*t��f�m���u*s*m�j%mFn�nk�s�t��µh�k���g,´�g,¤
¾.-��X/¿g Ó -��Z/ph,fu�w�tFg�v�m*sFw�g¶n�m g��*~^m�n�zm*t�s(z����	t*k
s*tFu�y�gt h�k�r s�k�~�nm�ng�m hf�m�r,h�k�j%k�l·mFng�m k�¡
�,yRm�j%gv�mFn%gg wfg�t�g�v�m*s�w�k¤ t�m*~	hm�fu*t*��f�| g
w�kn´�m�n�tFf�u�´g%g n�k�s�g�t�m*jm�¤ t�kwu ��u s*v�m�t
h�mFf�mFfuRsFh�f�m�r�m�j%mFn�g�z ��u�f�zr,u ~�m�l�r��¯h�j,k�sFw�k�s*t�z~	g¯g
´�mFh�k�vwu*~	g��g&:� Ó �

�	t�k�fk�¤ h,f�gv�g,n�k¤ f�k�s*tFu � � ~�k�l�m�t ¡|ct��
��~�m�n,���ÅmFn%g�m hu�f%u*~�m*t�f�k�y f�m��±m�t�w�g�� �"u�w'y�g�r�n�k¯n%u
fgs��0º0�0h,f�gjk�l±m�n,g�m�gj,g sFn�zt�g�m�r,u�yRj,m�ng�z Ã��5º²w�¡u�f
¡�m*� ��v�m�t*u t�m�f�~�k�u�w�t�gy�g,f���m*~�k�¤ f�m�j%u�w�sFu�´%g%g
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z¿w¯f%u�y�n�k�yRm�s�n�k�~�� ��n,u*v�m�ng,¢
h,fg�y�k�r,g�t®w×g�*~^m�nm�ng%¢Ùw�f%g�t�g�v�m�s�w�k�¤ t�m*~	h�m�fu�t��%f|
g½�*jm�w�tFf�k�s*k�h�fk�tFgyRj,m�ng�zÔhfg�~�m�fn�k½nu � Â ����e£k�s*jmf�m�j:u�w�s�u�´,g�g �*j,m�w�tFf�k�s*k�h%f�k�t�g%y�jm�n%g�z w
fu�y�n�ky�m*sFn�k�~�� ��n%u*v�m�ng%¢�� k�¡��s*jky�jm�n%n�k¤
h,fg�j,k�l�mFn�gm*~Èg�j,g sFn�zt�g�m*~Èr%u�y�jm�n,g�z Ã��5º w�¡�u�f��%m�o�k
y�m*j0g�vgn%u�rk�hk�j0ng�t*m�j,��n�k½g��*~�m�n�zm*t�s(zÔnu²º Â ����e�f%g��t*k�~Îwfg�tFg�v�m*sFw�u(z t*m�~	h�m�fu�t(�,fu nm g���~�m�n�zm�t*s�z��
�,k�t�zÔn%u*v�u*j�k g w�k�nm�´½s�y�m�f��,h%f�ky�k�r�z,°�g��Ôhm�f�m*�k�rk�y
s�~�m�°�u�¢£t�s(z¶h,f�g�~�mFfn�k nu � ��� Ø�u�wg�~ k�¡fu*�*k�~£�
g��~�m�nm�ng�m w�fgt�g�v�m*sFw�k�¤ t*m*~�h�mFf%u*t��f|)y k�s�nk�y�n�k�~
k�h�f�m�r�m�j�zm�t�s(z r,u�y�j%m�ngm*~�� u n�m
hm�f�m�fu*sFh%f�m*rm*jmFn%g�m*~Àwg�s*j,k�f�k�r,u��R�ct�k�k���n%u*v�u*m*t���v�t�k
y�m*j0g�vgn%u � � hf�m*l�r�m yRs�m*o�k¯��u�y�g�s�g�tÀk�tÈyRm�j:g�vgn%|
h,u�fu*~�m*tFf�k�y wfg�s*tFu*jj:g�v�m*sFw�k�¤ f�m��±m*tFwg�� uÙn�mik�t
s�t*mFh�mFn%g®�hk�f�zrk�v�m�n,g�z w�g�s�j%k�f�k�r%u��

��k�f�f�m�j�z,´,g�z ~^m*l�r� y�m*j0g�vgn%u*~	g g��*~�mFn�mFn%g�z
wfg�t�gv�m*sFw�k¤×t*m*~�h�mFf%u*t��f|ÇgÀ�*jm�w�t�f�k�h%f�ky�k�r,n�k�s�t�g��
y�|c��y�u�n%n|�� g���~�m�n�mFn%g�m*~ k�¡ �%m*~�u �*jm*~�mFn�t�u�f%n�k¤
z�v�m�¤wg h%fg h%fg�j%k�l�m�ng%g g�j0g s�n�zt�g,g ru�yRjm�n,g�z��
~�k�l�m*t½sFy�g�rm*t�m*j,�Rs�t�yRky�u*t��½k�¡×k�r%g,nu�w�k�yRk�¤ h%fg,f�k�rm
g��~�m�nm�ng�z �*tFg�� �0u�f�u�w�t�m�fg�s�t�gw�� ����~�m�n�mFn%g�m
��j%mFw�t�f�khf�k�y�k�rn�k�s*tFg h�k�rÙyRk���r�m�¤s*tFy�g�m*~ ru�y�j�mFn%g�z
~�k�l�m*t ¡�|ct�� y�|c��y�u�n�k g���~�m�n�m�ng�m�~ h�k�s�t�kRz�nn�k�¤
��jm�w�t�f�k�n�ÑÒÁ¬k�n�k�nn�k�oqk y���u�g~�k�rmF¤�s�t�y�g�z g
w�k�n%´m�n�t�fu�´%g,g n�k�s�g�t�m�j%m�¤ t�kw�u%� � h�k�s�jm*r,n�m*~
s�j%��v�u*m g���~�m�n�mFn%g�m � �¸g �*jm�w�t�f�k�s�k�h,f�k�tFg%y�j�mFn%g�z
h,f�m*r,h�k�j,u*o*u*m�tÀg���~�mFn�m�ngmÀh�j,k�tFn�k�s*tFg s*k�s*t�k�z,ng%¤¯n%u
��f�k�y�nm�� mFf�~	g��

(�	� )
��f�k�s*t®r,u�y�j%mFn�g�zÈh%fgyRk�r%g�t½w

��yRm�j:g�v�m�n,g¢ �
( �
� )

�Åu h�kngl±m�n,g�mÈru�y�jm�n,g�z # w
��~�m�n,���ÅmFn%g¢��

(� � )
�

�"u�w ��l�m k�t�~�m*vu*jk�sF��� h�k�s*jm f�m�j%u�w�sFu�´%g%g
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z¿w¯f%u�y�n�k�yRm�s�n�k�~�� ��n,u*v�m�ng,¢
n,u*¡�j0¢¬r,u*m�t*s(z g���~�m�n�m�n,g�m ��g%fgn%| g Á�kf�~	|
hm�f�m*�k�rk�y y sFyRmFf��0hf�k�yRk�r�z,°·m�m s*k�s*t*k�z,n,g�m�
<�u�hfg�~�mFf���w�u�w y�g�rnk n�u�fg�s�,º»�,h�k�s�jm�f�m�j%u�w�sFu�´%g%g
��j%mFw�t�f�k�s�k�h,f�k�t*g,yRjmFn%g�z�� k�¡��s*jky�jm�n%n�k¤
��yRm�j:g�v�m�n,g�m*~¸r,u�y�j%m�ng�z��²¡�k�j%m�m z,fw�kihf�k�z,y�j�zm*t�s(z
s�t*�hm�n�vu*tFu(ziÁ£k�f�~�u sFyRmFf��,h%f�k�yRk�r�z�°Åm�o�k{h�mFf�m*�%k�r,u��
��t*��h�mFn�vu*tFu(z Á�kf�~	u f�m*��g�s�t�g%y�n|c��h�m�f�m��%k�r�k�y y
sFyRmFf��:hf�k�yRk�r�z,°·m�m s*k�s*t*k�z,n,g�m wfg�s�t�u*jj%k�y s
rmFÁ±g´%g�t*k�~ w�gs*jkf�k�ru

δ ��Â �!�)gn�t�m�fhf�m�t*g,f���m*t�s(z
n,u*j,g�vg�m*~ y�*t�g� wf�gs*t�u�j�j0u*� h�kÙwfu�¤n�m�¤ ~}mFf�m
r0yR�� Á�u���� w�kt*kf,|¬m½�:u�f%u�w�t�m�f%g���%¢"t*s*z f�u*��j,g�vn|c~
s�k�r�mFf�l�u�n,g�m�~ wg�s*j%k�f�k�r,u g t*g,h�k�~ m�o�k
��h�k�f�z�r�k�v�m�ngRz���g�~�m�¢"°±g��Ùf�u*��j%g�v�n��¢ w�fg�t�g�v�m*s�w���¢
t�m*~	h�mFf�u�t��,f�� �()%�(�¯e"k��*t�k�~�� nu�g�¡�k�jm*m¶yRmFf�k�zt�n�k¤
h,fg�v�g%n�k¤ g��*~�mFn�m�n%g�z ��gfg%n| g Á�kf�~	|
sFyRmFf��:hf�k�yRk�r�z,°�g�� h�mFf�m��k�rk�y ~�k�l�m*t ¡|ct��
hm�f�m�fu*sFh%f�m*rm*jmFn%g�m�w�g�s�j�k�f�k�ru·~^m*l�r�²�*tFg�~�g r,y���~�z
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Á±u*��u*~�g��2<�u�h,fg�~^m�f�� h%fg f�k�s*t�m r,u�yRj,m�ng�z vu*s*tF�
wg�s*jkf�k�r,u g�� Á±u*��|·� g�~�m�¢"°·mF¤ ~^m�n%�����¢
wf�gt�g�v�m�s�w��¢�t*m�~	h�m�fuRt��,f���� ~	g�o*fgf���m*t¿yiÁ±u*�*�is
¡�k�j:���·mF¤ � � � u�hf%gÎ��~�m�n���±mFn�g,gÎr%u�y�jm�n,g�z
h%f�kg�s*�,k�r,g�t k�¡�f,u*t�n�k�m h�m�f�mFfu*s�h%f�m�r�m�jm�n%g�m�c¾�´m�nwu
rj:gn%| rg%Á±Á����g%g����
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)
á���� w�gs*jkf�k�ru¯h%fg

w�k�~�n,u*t�n�k¤ t*m*~�h�mFfu*t*�fm y t*m*v�m�ng�m s*��t�kw�ruRm�t
yRm�j:g�vg,n�� ¼ Â �:¼ Â�Â
	 � �(
%�(� w�k�t�kfu(z s*k�h�k�s*t�u�y�g�~�u s
f%u*s�s*t*k�z,n,g�m�~�� Â �%Ã Â�Â�	 � �(��Ã:�©���,�(�µnu w�k�t�kf�k�~
f�mFu*j%g�*��m�t*s�z �%h�kf�zrk�v�m�ngm w�g�s*jkf�k�r�u y
~�kn�kw�f,g�s*t�u*j,j,u*� s

δ ��Â �!� hfg w�k�~�n�u�t�n�k�¤ t*m�~�Ñ
h�mFf�u*t��f�m�
¾�t�~�m�t�g�~ t�u�w�l±m�½v�t*kÙk�t�s*��t�s*tFy�g�ms�t*�hm�n�m�w nu

f�m��*gs*tFg�y�n%|c�¿hm�f�m*�,k�r,u*�{w�f%g�s�t�u*j%jky ��� g �"ºÆn�m
g�sFw�j,¢£v�u�m*t yRk���~�k�l�n�k�s*tFg s��°·m�s*t�yRk�y�u�n,g�zÀr,y����Èg�j0g
n�m�s�w�k�j0��wg�� Á±u*��� g~�m�¢"°�g�� fuR��j:g�vn�¢
wf�gt�g�v�m�s�w��¢ t*m�~	h�m�fuRt��,f���� <�u�h%fg�~�m�f�� h%fg
n%u*j0g�v�g�gÈh�mFfw�k�j�z�´%g�knn%|c�Èh���t�m�¤Àhf�k�t*m�w�u�ng�z t*k�wu
h�k Á±u*��m��¶g�~�m�¢�°ÅmF¤ nu�g%y�|cs��±�,¢ wf�gt�g�v�m�s�w��¢
t*m�~	h�m�f%u*t��f���� nu f�m*�Fg�s*t�g,y�n�k�~ hm�f�m*�k�rm�¡���r�m�t
n%u*¡�j,¢£r�uRt���s(z h�mFf�m��k�r y sFyRmFf��:hf�kyRk�r�z,°±m*m
s*k�s�t*k�z,n%g�m�g�~^m�n,n�k��*t�k�¤²Á±u*�F|·�%e"k���t*k�~��²g�~�mF¢±°�g�m*s(z
��w�s�hm�fg�~�m�nt�uRj,��n�|cm ru�nn%|cm n�m hk��FyRk�j�z�¢£t
k�r,n�k���n%u*vn�k k�t�y�m*tFg�tF� nu×y�khf�k�s k�¡Àk�rnk�Á�u*��n�k�s*tFg
wf�gs*tFu*j�j,k�y�����g��"º:�

�"u�w¿��l±m k�t*~^m*v�u*j%k�s��%�²y�m*j,gv�g,n�| h%f�kg���y�k�r%n,|c�
§��^� ¨ §�ª g §%� ¨ §%ª r�jz ~�k�n�k�wfg�s*t�u�jj:u �²�
s*�,°±m*s�t�y�m�nn�k¯~�m�n,���Åm ��n%u*v�m�ng%¤���h�k�j��v�m�n,n|c�rj�z
wf�gs*tFu*j�j,k�y9�"º¿g ��¼���<�u�hfg�~�m�f���w�u�w{y�grn�k{nu
f%g�s��,Ã��,r�jz½wfg�s*tFu*j%j,u�����§^� �©¨ §%ª É Â �©�(�����w�¡u�f��u rj�z wfg�s�t�u*jj%k�y ��º g �"¼
§��^� ¨ §�ª É Â �%)�� ���w�¡u�f�� ¾�tFn�k�s�g�t�m�j:��n�k s�j%u*¡�k�m
yRj0g�z,n%g�mÎr,u�y�j%m�ng�z n%u y�m*j,g�v�g%n�� wfg�t�g�v�m*s�w�k¤
t*m�~	h�m�f%u*t��f|ig ��j%m�w�t�f�k�h%f�k�yRk�r%n�k�s�t�g w�f%g�s�t�u*j%jky®s
δ ≤ Â �©�½~�k�l�m*tÔ¡�|ctF� k�¡ ��z�s�n�m�nk y fu*~	wu*� ~�k�r�m*j:g��k�s�n�ky�u�n%n�k¤ n%u�n,u*j:g�vgg�s�g,n�o(��j�z�f%n�k�s*t�g®y�u�n®³±k�y�u�y
�*j,m�w�t�f�k�n%n�k�~ s�hm�w�t�f�m�� w�k�t�k�fu*z �,u�f%u�w�t�m�f,nu)rj�z
r,yR��~�m�fn%|c� f�m��±m*t�k�wµs sFg�j,��n�k�¤ s�y*z����¢²� "j�z
wf�gs*tFu*j�j,k�yÀs � � É 
 Â � �f�k�yRmFn%� � mFf�~�g jm�l�g�tÔy
rk�j,g%n�m±~�m�l·r���ry��~»z h,gw�u*~�g®h�j%k�t�n�k�s*tFg s�k�s*t�k�z�n�g,¤
gphjk�t�n�k�s�t*� s�k�s*t�kRz,n,g¤pnu �f�ky�n�m �½m�f�~�g��

( �	� )s*�,°±m*s�t�y�m�nn�k ��u�y�g�s�g�t k�t fu*��n�k�s�t�g
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−
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�*��Õ»�Ò� � �(� ��y�m*j:g�v�mFng�m k�t�n�k�±mFn%g�z
(
Ï

−
Ð
)
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h%fg%y�k�r%g�t�w·�y�m*j0g�v�m�n,g�¢ fu�s*s*t�k�z�n�g�z�~�m*l�r���h%gwu*~	g
h�jk�tFn�k�s*t�g s*k�s�t*k�z,n%g¤ g s�k�k�t�y�m*t�s*t�y�m�nnk w
�~�mFn%���·mFng%¢ �

( � � )
g ��� � �"~�m�n���±m�ng�m l±m

k�t�n�k�±mFn�g�z
(
Ï

−
Ð
)̈
Ï h,fg�y�k�r,g�tÀw s�¡�j0g�l�mFn�g,¢¸h%gÑ

w�ky h�j,k�tFn�k�s*tFgÆs*k�s*t*k�z,ng%¤��±v�t(k hf�g,yRk�r,g�tÀw'f�k�s*t*�
�

(�	� )
g×� � ��Ø�u�w�u(zÔ�Fu�w�k�n�k�~�mFf�nk�s�t��®g���~�m�n�m�n,g�z×� �

n%u*¡�j,¢£r�uRj,u*s�� h�fg g�s*s�j%m�r�ky�u�n%gg y�j:g�z,n,g�z
k�r,n�k�k�sFn�k�o�k s*l�u*t�g�z y�r�k�j,� k�s�m�¤ � g � nu
wf�gt�g�v�m�s�w��¢ t*m*~�h�mFfuRt��,f�� ~�k�n�k�w�fg�s*tFu*j%jky s
� � É 
 Â � ���t)%� � h%fg hfg�jk�l±mFn%gg n%u*o�f����w�g y�rk�j0�
k�s�g�� wfg�tFg�v�m*sFw�u(z t�m�~	h�mFf�u*t��fuih�k�y�|"��u*j:u*s���� u

h,fg hf%g�j,k�l�m�ng,g nu*o�f�����wg yRrk�j:� k�sFg �
��~�m�n,���·u�j,u*s��%� e£k�r yRk��*rmF¤�s�t�y�g�m*~
o�g�r,f�k�s*t�u�t*gv�m*sFw�k�o�k×r�u�y�jm�n%g�zÈy�m*j,g�v�g�n,u®k�tFn�k��ÅmFn%g�z
(
Ï

−
Ð
)̈
Ï g���~�mFn�zm�t�s(z s�j%u*¡�k»� h�k�s�w�k�j,��w�� k�n%u

k�h�f�m�r�m�j�zm�t�s(z't�k�j0��w�kÆfu*��j:g�vg�m*~Ù~�k�r��jmF¤Æs*l�u*t�g�z
y�rk�j0�±k�s*mF¤ � g � �:e�k���t*k�~�� g���~�mFn�m�ngm�wf�g�tFg�v�m*s�w�k¤
t�m*~	h�mFf�u�t��,f�|'h�k�r yRk���r�m�¤s*tFy�g�m*~Ào�g�r%f�k�s�t�u*tFg�v�m*s�w�k�o�k
r,u�y�j%mFn�g�z®k�t*nk�sFg�t�m*j,��n�k ~	u*j%k:�

�j�z w�f�g�s*t�u(jjk�y¹s � � É Õ Â � �f�k�y*m�n� �½m�f�~�g
s�ry�g�n��t�s�s*m�f�m�r%gn,|Æ�(k�n�|'gÔfu*s�h�k�j%k�l�m�n½y²s*t�kf�kn�m
k�tÎs�g,n�o���jz,fn�k�s*tFg y�u�n ³±k�y�u�� e±k��*t�k�~�� m�s*j:g
y�m*j0g�vgn%u w�f%g�t�g�v�m�s�w�k�¤ t*m�~	h�m�fu�t(�,f| y�h�m�fy��,¢
k�v�mFf�m*r��·k�h%f�m*rm*j�zm�t*s�z h�jk�t�n�k�s*tF��¢¯n�k�s�g�t*m�j%m�¤²t*k�wu��
t�kÀh�k�r y�k��*rm�¤�s*tFy�gm*~'o�grf�k�s*tFu*t�g�v�m�s�w�k�o�k×ru�y�j�mFn%g�z
��f�k�yRmFn%� � mFf�~	g rk�j%l±mFn�s*~^m�°�u*t��*s�z y·s*t�kf�kn�� h,g�wu
hjk�t�n�k�s*t�g®s�k�s*t�k�z,ng,¤��
 "y�t*k�f%| hfg��Fn�u*t�m*j0��n%| �±�� ���${w�j%k�y�s�w�k�~^���u

k�¡�s���l�r�mFng�m×f�m��*��j0�*t�u*t*k�y fu*¡�k�t�| g¯f�z�rÆh�k�jm���n|¬�
�Fu*~�m*v�u�n�g,¤��:s*rm�j%u�n,n|¬�Ôhfg n,u�h%g�s�u�n,gg f�w�k�h,g�s�g��

>�u�¡�k�t�u vu*s�t�g�v�n�k Á±gn%u�n�s�g,f�ky�u*j,u�s��
��k�s���r,u���s*t�y�m�n,n|c~ w�k�~	g�t�m*t*k�~ �±wfu�g%n| hk
y�kh���k�s�u*~Ùn,u*�wg'gÆt*m*�,nk�j,k�o�g¤'y fuR~�wu*�¿h%f�k�m�w�t�u
� Ø�m�f�~��:�á�Ã��[Ã��|Ã� Ü�Ý�Ú�Ü�Ý�Ü¤Ú�Ð�����ÃIÎ|Ã��/Ü¤ç�Ö¤Ü¤è�Ñ�Ü¤Ú��IÎ|Ã���Ã��Ð�â�Ð�Ü¤ÚF�������� <����q> � ��á¤ã���ä(��Ã>!Ã���Ã! ?Ã�"°Ü¤Ú¦Ü¤è�Þ�Õ�����Ã#�CÃ�Î�Ú¦Ø�Ö¤Ï�×�è�Õ�ÚF�$�&%!%('�)3�R�$á � ��á ã*�¦ãR��Ã�!Ã���Ã���Ã� Ü�Ý�Ú�Ü�Ý�Ü�Ú�ÐF��MÃIÎ0Ã��/Ü¤ç�Ö¤Ü�è�Ñ�Ü¤Ú�� �����+�,� ��=O>�á��á ã*�¦ãR�¦Ã<!Ã�/°Ã�-�Ã�.°Ä,/�Æ¤Íx�#0�Ã!1�Ã0C�Ä�É32�Ä�È���»�È54?·�Ã!6CÃ7698(��»�Í�Í�Ä�È:3:3:Ä���<;>=,? ¯@BADC Ã*9%2�1*�#� � ��ã£��á¤ã�ã��*�¦ÃE ÃGF=ÃIHyÃ"C�»D8¤Â!¼ È�É�Á,J��9F=Ã�H�Ã C�Ä,8¤Â�ÆK2�Á�Ä�Ì��G:�ÃLHyÃ(6�»�Á�»�Í�Æ¤È�Á�ÄF�F=ÃMHyÃNH�»�Í�Ä�/�Â�È!¼ ��»�ÈO4P.�ÃLQyÃBR&Ì�»�Í�Ä�Ì�»�� �<;>=,?TS �KUWV 6�2�1*����<�ä��á ã�ã E �¦Ã=�Ã<�\Ã�X�Ã�ÿ^��Õ�Ù�Ü¤è�Ö¤Þ�Ø�î��YX�Ã0��Ã[Z�Õ�è�Ý�Ð¦ç�Ü�è�Þ�Õ��<�\Ã|ÿ Ã0&-×���Ð�ç�Ü¤Ú�Ð����\�%�)D]���á�á E >£��á¤ã���ã*�¦Ãä�Ã���Ã�Î|Ã���ß�Þ�Ü�Ú�Ø�ê��O^ %$_ 2���áÄ<`�£�¦á�ã�=O����Ã�!Ã��CÃaXyÃ\ÿ^��Õ¦Ù�Ü¤è�Ö¤Þ�Ø�î��X�Ã���Ã�Z�Õ�è£Ý�Ð�ç�Ü�è�Þ�Õ���"�Ã��¥Ã��/Õ¦Ú�Þ��X�ÃOXyÃ�
¥ç�Õ�Ý�Ð�è�� ��\�% 6,'�����á�ã�ã�ä*��� Ú=Ó�Ü¤ê�Ð¦Ï¤ØR�¦Ãã!Ã7b[Ã�0¦Ä�Í3c�Æ¤È�É�Æ¤È���/°Ã�-�Æ�¼ �!"�Ã!1�¼dc¦ÂO2feºÄ�Ä�2x�7g}Ã�/�Â�¼ ��.�Ã�-�Ã�-�»�Ë�½´¼ Á�»�Éx�»�È54�÷�Ã#-AÃOF�Æ�»¦½8� �<;h=O?TS �KUGV ) � 1�� E ä�á	��á¤ã�ã � �¦Ãá � Ã�6IÃ,1!Æ¤¼5�>0�Ã,1�Ã�/�»¤Í Í´»¤Ä*��-EÃ56?Ã*F0¼ É Éi8�Â�Æ�Ía��.�Ã,6IÃ�÷�Æ ½¾½ �h0!Ã,b Ã�.!Â�Ä�¹�Û¦¸É�Ä�È���.�Ãj6G¼ c�½ ¼ÇÄ¦Í�¼ ��R[Ã#-�Ã5-
Æ¦½ÇÛ���»�È,4é÷¥Ã#-AÃOF|Æ¤»�½8��[;�=,? ¯$@kA`C�¯9%2�1*��=!á E <£��á¤ã�ã��*�¦Ãá�á�Ã�÷�Ã#-AÃ$F�Æ�»�½8�!g[Ã°õ�Ä¦Ë���.|Ã�-�Ã�-°»¦Ë�½ ¼ Á�»�ÉO�7g[Ã�/�Â$¼ �°õ=Ã�?°»�ÈOc��!»�È,40�ÃO-AÃ�b�Ä,l�È�ÆKJ���[;�=,? ¯$@kA`C ÃR9,2�6���<�ä�ä � �¦á�ã�ã � ��ÃáI>!Ãmg[Ã}��½ »�Ë�ÉO��/°Ã|õ�»�È5c���.yÃ�-�Ã�-°»�Ë$½º¼¾Á�»�Éx�N0$ÃM-AÃBb�Ä,l|È�ÆnJ��|»�È,4÷�ÃO-AÃ#F�Æ¤»�½8���<;h=O?TS �KU V )x1O)���> � E ��á�ã�ã � �¦ÃáI�!Ã0!Ã.C|¼ Í38¤Â�Æ¤Íq��6CÃ²��»�Íf4�Ä�È�»���.�Ã�o�¼ Å�Ä£½d4�� C=Ã�-K¼ 4O4�Æ�Íx�?»�È,4g[Ã�-�Ã$Q�ÆK2�Â�Æ¤Í ¼ 8�Â���<;>=,? ¯$@kA�C Ã�9%2`p��!ã�=���<"��á ã�ãq�R�¦ÃáI<!ÃZC=Ã!-K¼ 4O4�Æ¤Íx�.|Ãqo�¼ Å�Ä�½r4��q6CÃ76 Æ¤Íf/��qg[Ã-�ÃYQ�ÆK2�Â�Æ¤Í ¼d8¤Â���.|Ã�·©Í�Å��»�È54(Q=Ã#6�Ë!½ ½¾Æ�Í�¸sF�Ä�c,2O� �<;h=O?TS �KU�V 6�'�6��#��>£��á¤ã�ã�<*�¦Ãá E Ã�?�Ãkg�Æ�¼ È�¹�»�»��Bg[Ãm1-Ë52tc�Æ¤¹�Æ�¼ Æ�Íx��/�Ã�-°ÆK8¤Á�Æ¤Í��BQ=Ã C¥Í »�Å�Å�Æ�Éx��»�È,46CÃ!÷/Ë58¤ÂOc�Æ�¼ É32ÀÆ¤Íx��u�ª�ª#v ¯�w Uhx�y ¯7@kA ?fz y ¯!'���=���ã£�¦á�ã�ã�>��¦Ãáx=�Ã���Ã��CÃ#{�Ú�Õ�ì�Ý�Ø�Þ�Õ�Ú*� ��\�% )h|F�/áI>�� E ��á ã¦ã(����Ãá�ä�Ã#F=Ã#6CÃ!Q�Ì�Ä`/K4�¼¾Á�Ä�Ì�� �k;h=,?KS �KU V 6�',]�} 6�2�~��*>�á©>�ä���á�ã�ã�<���ÃáK�!ÃqR�Ã!-
Æ�½¾Û���6IÃ[Q�Í ¼¾¹�É34�¼d2i8�Â��%/�Ã%?�½ºÆ¤É�Â�Æ¤Íx�q-�Ã$H�Æ¤É�É ½ÇÆ�Íx�$0�Ãqb�Ä�l|¸È�Æ�J��!Q=Ã#-�Ã���Í�»�ÅO2´Í Æ¤Æ��-»¦È*4�0�Ã!Q�Ë!¼ ¹�Û�Æ�½ ��k;h=,? ¯$@BADC�¯$�YA��3� ¯!� |��>�á©� � ��á¤ã�ã�>*�¦Ã

I.JKI.JMLONQP0PRNQS TDJMUDJKLDVXWZY0N\[ ]\WZ^ZV_Sa`OJMUDJKUOVXbQ^0S�c+JdTeJgfehdV\PR]_WZi\^ZjZk0SKTlJRTDJMme[ VQYnN0W

òpo*�}o u�ï\v�ï�èOÞ�ä�ïrv�èqïxw�yqç_zR{(ç}|*Þxy(~r|�àFòaó*ó�ôà�y�Ü���qàx�ò�o



Effect of hydrostatic pressure on resistance
and critical temperature of  YBa2Cu3O7−δ

single crystals
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