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mon7p�q/nPr/sPtunPvuqws7r�r�x]q�y7vzt|{.n]szq}nPq�x]s]nzq/~Hn�����y]sHn�{.�

� sP�uq�r/��sP���XsP��sP��q�r.��sP��r/szr�p�q � t:�Pvur�x]q�y�n]s7q����:xHq�p
�H��sHt.q�x�v2�;r�v7��y�{un�sH��nPv�t�v���v2nH{.���]{.t�x�q.n]s|�:p q�v��7q�p.s��
�7q�r/�7v7~Ls � {�p�q � {�p/sz��q�r.�7v�~:�Xs7�/sH�7sw��p�q�v7�]s�s�r�vux8s��
p�v�n7v�t����7�Y�]���2�����]szx]v| )q/nPs]s¡���Xs7�.s��7q¢p.t.q.�7y�v|� v
p�q�x8{£vur�v7¤��A~2s]nzp�q.�7q�r¥�H�7q�y�r�p�{ut.xz�zq�pCs7��¦7�7q.n]s7q£r�vux8s��
p�v�n�n�v7~§y]s�nH{ � s���s¨t � {��VnHs7p�vu¦]�zvz���zyPvu�7q/nPn]�6�¨r.�7q.�
y]{��©��ªJ�S�«���;¬�x]{.��v7y�{u�|�­��{��/nzv�v|¤���{��/sH�®r�p.�7¦��7p�¦���s
�XsP��s��7q�r/�7sP�wr.t.v7~�r�p.t � {�� n�q�p/sP�7v�t�t¯nPs�� � v7��¦�pQn�{.�
¤7x]�Ay]{�p.°�r �¨n7q�x«s�nPq.~�n]�6qNx�v���{�x]sP� v�tu{.nHn��6qwt.v|��¤7¦7 )�
y�q.nHs|�¥r.{ � v7�@vC��{��.n7v7��vop.s��H{P± � {�� n]s7p.n��²q<r�vux8s7p�v7n]��s
t|s��]�HsJ�7y�v � q.n�n]�6qA� �]{.n�sH³H�E�zt.v|x«nP���Pv�t�v��7vup.{Xn]{ � {�� �
nHs7�7q/nHn7v7r�p�s2s´p7�Sy>�µ�¶ªJ�S�8� �8·¸�P{��/{.nHn��6q)r.s7r�p�q � �ws�nPp q.�
�Pq�r.n��§sQt;r.t�����s:r´p�q � �>��p�vL�7��y � vuy�q�x�q.~Qt;p�q�v��Ps]s
� {���n7q�p.s�� � {¹�]t.xP�]��p�r �º�7v7x]nPvur�p/°|�»s�nPp�q�� ��s]�z¦�q � ���
� s¼�«s2�7q���¦7x]°�p/{�p.�½�7x]{.r�r.s7�7q�r.�7vu��vR�]{�r�r � v|p/�7q.nHs|�¾y�v7�
�P¦7r/��{.�Ap2r.�H{.tun7q.n]szqLrQ��q�� ¦�xH°.p�{�p�{ � sws7r�r�x]q�y�v�t|{.n]s��
nPq/�zvup�v��H�6�2vuy]nPv � q.��nH�6�L��tu{.nzp�v�tu�6� � v|y�q�x�q/~¼�

� � q�r�p�q§r�p�q � p�q�v��7q�p/sz��q�r.��sºt¿vur.n�v7tunPv � s7��¦��
��{�x8s7r/°½���Pvur�p�q.~�À£s7q�vuy]nPv � q.��nH�6q � v7y�q�xHs�tNy�x]sHn��
nPv�t�v�xHn�v7t.v � �H�7q�y�q�x�q½Á�tÂ��{ � ��{���yHs]�A�<q.�7q.n]³Hs�{�x8°.�
nH�6�Â¦���{.tunPq.n�s]~ÄÃ|�<Å�p�vQyH{�x]v¯t�vu� � v| on7v7r�p/°:t��]tun7v �t|s�y�q¡��v|r�p.�7v�s7p.°­��q.ÀXq.n�s�q¡y7x�� � {.� n]szp/n��²�©r�vux8s��
p�v�n7v�tÆ��{��.nPvu� vÇp/sH��{»tÇ�Aq/�P��v7�ÈsÉ{.n7p.sH��q.�]�7v7�
� {���n7q�p.s]�7{.�¼�Ê�²q/�H��s7p.{��ËsÌr.�]sPn�v7tu����r/s7r�p�q � {��Ës
�H�7v�t.q�r�p�s2s7�2�7x]{�r�r.s��Xs���{.³Hs]�¥�8Í)y]n]{.�zvR�7v7x�¦7��q.nHn��6q

p�q�v��Pq�p�s��7q�r/�7sPqÎ�zq���¦7x«°�p.{�p/�Ïy7x��ºv7y�nPv � q/�Pn]�6� � v��
y�q�xPq/~Ðy�v��7¦7r.��{.�Ap­r/�P{utunzq/nHs7qºr­Ñ.�7r.�7q.��s � q.n7p.{�x«°.�
n]� � s�y]{.nHn�� � sNx]s]ÀE°QtQr�x�¦���{�qL��t|{��/sPvuy]nzv � q.��n��²�
� {���n�s�p�n]�6�:r/sPr�p�q � ���w�Pvur�x]q�y]n7q�qRtu�zq � �2r/sHn7p�q��.s��Pv��
tu{.nPv¯¤uv7x]°|ÀXv7q2��s7r�x]vOp/{.��sz�Âr�v|q�yHs]n7q.nHs�~>�AÍ)p � q�p.s �p/��{�yHs]³�sPv�nHn��A~���t|{��/sPvuyHn7v � q.��n��A~��Aq.���Pv � {���n7q�p/sP�
ÒÔÓ�Õ<Ö�ÒA×ÙØ �	ÚH� �8nHvzt7�²qCv�yHnHv � qu�Hn]�²qR�Xqu�H��v � {.�.n�q.p.sH�]s
�
( Û<Ü c )c�Ý Ü � Ý<Þ ÛAß c ⋅ � Ü¥à�á �

( Û6â.ãoä Ý Ü )Ý<Þ Û<ß Ø ⋅ �u�YÚ Ü)å.á �
�çæH��� r�x]v7s�r�p.�6q {.n�p�s]�Aq.���7v � {��VnPq�p�s]�Ps
( ÛAÜ å ) è ( Ý Ü c ) å é¯ê Û<ß d �

( Û è Ü å è +
" )(Ý Ü c ) å�éQê Û<ß d�çë7ì-�7�u��s;¤7vux8°.À)s]nzr�p.t.v��&í�îAï�r�v�q�y�s]nzq/nHs�~:t£r�p�q��8s��

v � q�p.��sP�7q�r.�|vz~��¸{���qos2sP�2s���vur�p.�7¦��7p�¦���nH�6qo{|n�{�x]v|��sJ�
�È��v|r�xHq�yznPq � r�x�¦P��{.q�r�x�v�s7r�p/�6�§r�v�q�y�s]nzq/nHs�~§s7�.�ð�.{
{.n�v � {�x8°.nPvÂr�x8{�¤7vu� v � q� Xr�xHv�~Hn7v7��vñt��/{.s � v7y7q.~�r�p/t|s|���{� )y�{�� � {�� n]s7p�v7¦��7v��|��y�vu�7q.n]n�{��­�7x]v|r/�zvur�p/° � v7 Xq�p
��{.r�r � {.p��Hs�t|{�p/°�r �¾��{.�òÑ/�X�Aq.�7p�sHtun��A~Rr.��sHnJ�«{Xr�p�vz�P��{
r�xHvuq.tL�ó��{.� � v|y�q�xH°un�{/�¥v7y]n7v � q/�Hn�{��Rr.��s]nzvzt|{��Rr/szr/�
p�q � {)r�vRr�x«{�¤�� � v�¤ � q/n�nH� � t��/{.s � vuy�q.~7r�p/t|s�q � �

Í)y]nH{.�7vô�Pq/{�xH°un��²qñn�sP���7v���{�� � q/�Pn���q � {��VnPq�p�s]�Psv�¤|x«{�yH{.��pP�Ô�7{u�¯�P�]{.t|s7x]vÄ�Ôn7q�v7¤����7n]� � s��<sP�.s7�7q�r.��s��
� s�r.t.v�~7r�p/t|{ � s¼�µvup�x]sP��n�� � s:vup � {�� n]s7p.nH�6�Lr.t.v�~7r�p/t
ªuõ r�vuq�y]sHn7q.n]s�~¼�ºï¸�Pq� ¸yPqÆt.r�q���v8�­��n]{���s7p�q�x«°.nPvuq
�zszr�xHv�p.{.��s7� � {.� n�q�p�sH�7v�tÎ�]t.x7�]�Ap�r �­r�¦HöXq�r�p.t.q.n�n�v
y]s7r.���7q�p/nH� � s2t � {���n�sPp�n�v � vup.n7v�ÀXq/nHs�s2s�s��;v���sPr/{.�
n]s7qRt´��{ � ��{��:y]s]�A�Aq/�7q.nH³]s�{�x8°.nH�6�L¦���{|tun7q.n]sP~>�8p�� q��
��{.�Or/sPr�p�q � r#��{�r.�H�7q�yPq�x�q.nHn�� � sÂ��{u�P{ � q�p.��{ � sJ�²nzq/�
vz�P��{ut�yz{|n�nPv8�µ÷¸sPr.���Pq�p�n�v|r�p.° � {���n�sPp�nPv�~2�Pvuy�r.s7r�p�q � �
vz�P�7q�yPq�xP��q�p r���r�v|v�p�n�v7À)q.n�sPq � Ñ.n7q.�7��s�sÐv|¤ � q.n�nPvu� v

ø ù«ú�ûµú�ü.ýuþ�ÿ����.þ����<ú��8ú�	�þ�ý�
���
��%ýuþ ÿ����������



t��/{.s � vuy�q.~7r�p/t|s7�2Á�� í������	� å�

�|å �]��y�q � �Ì�7v7n�r�p.{.n7p/{
v7¤ � q.n]nzv���vÌt.�.{.s � v�y7q.~�r�p.tus|��� � � r.�Hs�nó���7q/~��Ps��
� � � q� ){�p�v � nPvuqR�P{�r�r�p�v|�]n�sPq�Ã)s�Ñ.n7q/�P� s]s�vuyHn7v�s7v�n��
nPv�~¨{.nPs���vup.�7v���sHs¨Á ��� � β� å �o��y�q

β
�É�7v7n�r�p.{.n7p/{

v7y]n7v�s7v�n�nPv�~Ì{.nHs7��vup.�7v���s]sÄÃ|�#î Ñ�p/s � v7p�nPv�ÀEq.n�s�q �r.t����.{.n]{©t�q�x8s7��sHn�{©p�{u� nP{��/��t|{.q � v�~�� � {.� n]szp/n7v�~
y�x8s�nH����� b = √

��

β
�Lv����7q�y�q�xP�]�<öXq.~Ì�8{.��{.�7p�q/�Pn]��~

�H{�� � q/� vu¤7x]{�r�p�s®n�q�vuyHn7v��7v7yznPvur�p.s ��{�r.�]�zq�y�q�x�q.n]s��
nH{ � {���n�sP�uq.n]n7v7r�p/sW�Rï¸��s � {.x�v � v7¤ � q.n�nPv � t���{us � v7�y�q.~Pr�p�t|s]s Á�s�x]sÎ¤�v|x«°.ÀEv�~¿{un�sP� v7p/�zv��Hs�sµÃ�t.q�x8s7��s]n�{
� b y�vur�p/sz��{�q�p:��v7�7��y���{ � q� o{�p�v � nPvu� v¯�H{�r�r�p�v.�]n]s�� � ±
� b � � Á ��� β

� Ã|�«s r/sPr�p�q � {£r�p/{.n7v�t|s7p�r��2r�¦�öXq�r�p/t�q/n�nPv
y]sPr.���Pq�p�n�v7~wt � {���nPs�p.n7v � v7p�nPv�ÀEq/nPs]sJ�A÷<x��Â�]�Ps�t.q.�
y�q.nHn��6�¯tu��ÀEqCr�v|q�yHs]n7q.nHs�~:vup.n�v7ÀXq.n]s7q � 
 β

� � vu Eq�p
y�v7r�p�sP�V{�p�°;�.n�{.�|q/nHs|�¯��v7�7��y���{;sQr�¦�öXq�r�p.t.q.n]nzv � q/nH°.�ÀEqÂq�yzsHn�sH³]� Á�n�{.�H��s � q.�>�oy7xP���&í-î�ï r�vuq�y]s�nPq/nPs]~
� 
 β
� � �7�L� y7q � � t�q�xHs��7s]n�{ � q� Er�x�v�~�nPvu��v­v�¤7�

� q.n]{½������� Ã�� {Oy7x��½r�v7q�y]s�nPq/n�sH~J�)s7r�r�xHq�y7v�tu{.nHn��6��t
�
ë|ì6�|������Ñ�p�v:r�v|v7p�n�v7À)q.n�sPq¾�H��sQ¤|v7x]°uÀ)sP�¯��n]{��7q.n�s7���
nPv � q.��{��£y�v7��v7y]szp<y7vot.q�x8s7��s]n��¹��� − å ���<{.�£��v7��{��/{.nPv
t���� ª�ì-��ÚP���&t:p�{u�7sP��yzsPr.���7q�p/n��6��r.s�r�p q � {���r�¦�ö)q�r�p��
t�q/nHn7v � q/nz��q�p�r���r�p.�7¦��7p�¦z�P{ws�y]s�nH{ � s���{½n7q�x«s�nPq.~��
nH�6�wxHv��P{�x«s7��v�t|{un�nH�6�¢t.vu��¤7¦7 ¸yPq/nHs�~¹Á r�v|x«s7p�v�n7v�t¯s
y�v � q/nHn����É���P{.n]s�³JÃ|±�v7n]sÉ�7v � �H{.�7p�sP�.s��7¦]�²p�r�� s
�Pq/�zq��Hvuy7��pot´�|v�xPx«s�nPq.{.��n�¦����<v7� � ¦>�

îºy]�7¦7� v7~�r�p v��7v�n��E�otÂ�z��y7q�r�x�¦��7{.q.tÂnHs7�/�zv���{����
� q.��n]�6q � {���n7q�p/sH�7s2v7¤|x«{�y]{.�²por�¦]öXq�r�p/t�q/n�nPv�~:{.nHs7��v7�
p.�7v���sPq/~Ïv7¤ � q/nHn7v7��vÆt.��{us � vuyPq/~Pr�p�tusz� ÁV{|n�sP� v7p/�7v7�
�Hs7q.~ �«�¶�X{.�7p�v��H{7Ã|�¾t�p�v¡tu�7q � � ��{.�¿¤uv7x]°uÀEs]n7r�p.t.v
p�q�v��7q�p.s7�7q�r.��s7� � v7y7q�xHq/~�Á��zx]{�r�r.sP��q�r.��sP�µÃ:¦7��s7p/��t|{.�
�ApP�Ô��{.�Â���H{.tuszx]vÄ�Ôx8s�À)°Êvuy]n7v�s7v�n�nP¦��ºsPx]s�r�x«{�¤7¦��
v7¤ � q.n]nz¦z��{.n]sz��v7p��Pv��Hs��ò�"!µq.{�x]°unzv¾{.nHs7��v7p��Pv��Hs|�;v�¤7�
� q.n]{ � v7 Xq�p<¤��6p.°X��v7�|��y]��{Xt.q�x]sP��sHn��Or/{ � v7��v)v7¤ � q.n��
nPvu� v�t��/{.s � v7y7q.~�r�p/t|s|�>�$#¥{.���Hs � q/�W�Et½r�vuq�y]s�nPq.n�s7���
%'&)(

( é+* á d ) å s,%'-/.
( é0* á d ) å {.n�s���vup.�7v���sz�'�«���X{.�7p�v7�

�H{;y�v7r�p�s�� {�q�p2t.q�x]sP��sHn��¡�7v��|��y]��{O���21o����æH����ëH� ��ï)��s
Ñ�p�v �©� v7 )n�v¡tut.q�r�p/s­nPq�r.�|v7x]°u�7v � {�� nHs7p.n]�6�­y�xHs]n
�43

= √
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β
�Rr.t����.{.n�nH�6��r�t�q�x8s7��s�nH{ � s¿v7¤ � q.n�n�v|� v

t��/{.s � vuy�q.~7r�p/t|s7�¯�]{���x]sP��nH�6�¯r.�]sPn�v7tu�����7v � �7v�n7q.nPp��
�¨���Pq�y7q�x«°.nPv¯{.n]sz��v7p��Pv��Hn��6�Âr�x�¦7��{��z�-�&�7v7��y]{Lnzq/�7v7�
p�v����6q¾�|v � �7v�n7q/nPp���Ñ�p�v|� vLt.�.{.s � v7y7q/~Pr�p.tus��Lv7¤��H{.ö){.�
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