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V[Í_�V_OSyWuauVXWHVXF8ZoSyWUR|SypXTUD*_�F8N#ÏoI�^��Ð�\Ç�È\Éh�hG�Sy[\D*_eE![:SN*_�VXPvSy_�G�SR!D]ÏoI`^�G�IUP�[:SN*D�Í��½h¾�¿oÀ]�-TJD>IJ_�PnSW
zuDrSRòMUDrS%_nF8TJp~a�V�KvD>P>�Ð�3óyô;õ�ö³��fh���Ô[\P�D>Ç�IUD*TUN*E���:÷ ø3ø Âßùûú�Â-�vaJW{SG�R|SQGx_nVXP�D>Z�D>TJD>P�pyEX�	��©�SGn�vp�SG
aUIJü!TUp¨PnSy_�D6z�E¡F8TUTJD>P�ZUFHYD>P�_�VXP�p�SG¬YySW«YXDy�q��ý�Àxþ0ÿýL¾�¿oÀ��([\PnSN�_nF8VT®zuD*_eKvD>D*T¸P�SZUF8Sy_nD*Z®auV�K�D*P
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¾l������G�h�Eµ�®«�9�h�G�X���l��®w¾y�©�÷�E�T���¨�G�X��®¶�wúr�{����y®¶�¬�T�������¨�Â�¬�hµh�T®¶�E���R®����G�©���©½G�E���T� �h�T�E���Ò���E®«¾y�B���
�~¡ ¾l��óh®«�����h�¨���h�Eµ�®�������Éu®«�f¾T®¶�����E�����©���K�¬®«�����G�E®«�Ò®«�!���*ñM�E®¶®�¹ �©µ��T��®ÒÁâògú9¹G�h�f�E�G®��¬®w�X�T���Tµ¬�X�
�E�T®��h½T½T��®¶ó������©���G�f��®«® ��®�¿��«ú

ë ìbí TUîxï c ø ª ü Ä*ÅeÆ ½h¾�¿oÀ Ç�È\É óyô;õ�ö ÷ øtø Âßùûú�Â ´ �h� 	�
�	�����
 � �ø����
s G W��� È��� � � d k ��� k � � ��¥ W��!"!# ñ k

���¶y´� ?��sx?y� �J� ¶ kX� � ?`� ´ �J�û?? ðJ� � ����� kXk �J�«k �J� � ��ðJ� � �J����
���¶y´�� k�$�sOk�ð ��� � ?�� � ?`� ´ �J�û?`k k��J� ¶ ?��%$ k�¶ ����´ �J� � ¶X��� ? �J�«k�´
���¶y´�� ?��sx?y� ��� � ?�� � ?`� ´ �J�û?`k k�¶���� ?��%$ k�� ´J�«k �J� � �´J� ¶ �J�«k�¶
���¶y´�¶ k�$�sOk�ð ���%$ ?�� � ?`� ´ �J�û?y� k�´J� ? ?���ð k�$ ´J��� �J� � ´�¶���� �J� ?�k
���¶y´�¶ ?��sx?y� ¶�� ¶ ?�� � ?`� ´ �J�û?y� k�´J� ? ?���ð �� ����� ?���� ��J��´ �J�����
���¶y´&$ k�$�sOk�ð ����ð ?�� � ?`� ´ �J� ��k k�´J� ? ?��%$ ?ð ��� � �J� � ´X�J� � �J����
���¶y´&$ ?��sx?y� ¶�� � ?�� � ?`� ´ �J� ��k k��J� ¶ ?��%$ �&$ �U��´ �U� � ���J�%$ �J����¶
���¶¶� k�$�sOk�ð ´J� ¶ ?�� � ?`� ´ �J� �� kr�U��� �J��� k�? ����ð �J� � ¶´J��� �J� ?'$
���¶¶� ?��sx?y� ¶���ð ?�� � ?`� ´ �J� �� k��J��� �J��� ?� ����� kX�û¶ ��kX� � �J�����

STUZ|TUD>IJ_�PnSWuzuDrSR MUD>Sy_nFHTUpQauV�K�D*P>�Ð� � �ø���� �hN>VXWHW8F8G�F8VXTUSW8F«_eEQS%_�auD>ZUD*G�_nSW�_�VXaÍ��[\VXP�S¬ZUD*ËoTJFH_nFHVXT|Vy[� �ø���� G�D*D¬G�D>N*_�F8VXT��J���J�� WHWÐ_nMUDbZJF8G�NOMUSP�pXD*G(F8T�d�SyzUW8D6k¬KvD>P�D~D;^�D>N>I�_nD>Z¢VXT�S|G�FHTUpXW8D�VXauD>P�Sy_nFHVXT�ZUS�E�0R!F8TUFHR6FHG�FHTUp
_nMJDÊFHTJÏoIUD*TUN>D*G�V[ÍauVXG�G�F8zJWHEb_�F8R!D#YySPxE`F8TUp�aoSP�SR6D�_nD*P�Gh_nMoSy_vNrSyT�SP�F8G�Dq[\P�VXR K�SyW8WoN>VTUZUFH_�F8VXTJF8TUp
VXPhNOMoSTJpXD>G�FHT!_�MUD]ZUFHYD>P�_�VXPh_OSP�pXD*_-G�IJP�[:SN*D�-Ò�IUNOM|D*Ó�D>N*_�G�MoSrYD(z�D*D>T6P�D>auVXPx_nD>Z6F8T6S�YySP�F8D*_eE+Vy[
D�^�auD>P�F8R!D>T�_nGÊSTUZ�TUV_nSzUWHE�VXT�_�MUD � Ò�(�f*),+ÊaUpPnSZUD|i-$J�Áðym��od#f.)�d�s�+]aUpXPnSyZUD�ilk��%mLSTJZ�¥Xfwd
FH_�G�D*WH[�i�¶`�okXkX�Uk�?�m3�.((D�_OSFHW8D*Z~G�_nIJZUF8D*G-Vy[�_�MUD#F8TJÏoIJD>TUN*DÊV[�G�IJP�[:SN*DÊaUP�VXauD>P�_�F8D*GwVXT!_�MUD#D>Gx_nF8R6Sy_�F8VXT
V[�_�MUD|ZJFHYXD*P�_�VXP�_nSP�pD*_bG�IUP�[:SyN>D6_�D>R!a�D*PnSy_�IUP�D*GbSTJZ�a�VG�G�FHzUW8D+ZUD�Y`F{Sy_�F8VXTUGB[\P�VRØFHZUDrSyWv½wW8STUNO�
PnSyZUF{Sy_�VXP�G�R|SrE�zuD�[\VXIUTUZ�F8T�g#D*[\G*��ilk��J�0kr�U�Ík��`�Ðk�´%m��

dqMoSTJ�`G�zuV_nM³_nV�_�MUD+P�D>W8Sy_nF«YXD*WHE�W8VXTUp�ÏoSy_�_nVXa¡aUMoSyG�D+V[�¥Xfhd ZUF8G�NOMoSP�pXD>GBN>VR6aoSyP�D>Z³_�V
_nMJD�D>TUD*P�pE�N*VXTJËoTJD>R!D>T�_#_nF8R!D�STJZ�_�MUDBSrYySF8W8SzUF8WHFH_eE~Vy[}¹Êª�cvauV�K�D*P�G#V[LIUa�_nV�k�´!�/� [\VXP�k��
G�D*N>VXTJZUG>��S#_eK�Vysta�VF8T�_�G�NrSyTbV[ÁST�E�pXF«YXD>T¬aoSP�SR6D�_nD*P	K�SG}Vy[ß_nD>T¬a�VG�G�FHzUW8DhFHTbS#G�F8TJpXW8D-ZUF8G�NOMoSP�pXD�
� G+S�P�D>G�IUWH_>�hð�ZUFHÓ�D>P�D>T�_+aUW{SyG�R6S¨N>VXTJZUFH_�F8VXTUG�K�D*P�D�VXzJ_nSF8TJD>Z¼IUG�F8TUp6»�IUGx_!�¨ZUFHG�NOMoSP�pXD>G*� � T
D�^JSR!aUWHD�FHG#G�MUV�K#T�FHT¨��FHpXIUP�D�?��ÁF8W8WHIUG�_�PnSy_�F8TUp¬_eK�V6aUMoSG�D>G�Vy[}VXTUD�G�IJNOM�aUIUWHG�D���ÁVPÊS+ZUD�_OSFHW8D>Z
G�_�IUZJEV[�_nMJD³fh�L� a�V�KvD>P�W8VXSZÍ��[:SGx_�R6SpXTUD�_nFHN�G�F8pXToSyW8G+K#FH_nM¦GnSR!aUW8FHTUp¡PnSy_�D>G|Vy[+k��X��`�0�
SP�D�IUG�D>Z¦_�V®ZJD>P�F«YXD�_nMUD�G�IUZJZUD>T¯ZJP�VXaV[(aUW8SG�R6S³G�_�VXP�D*Z¯D>TUD*P�pE¸ZUIJD�_�V®_nMJD¨fh��� D�YXD>T�_>�
� N*Ç�IUF8G�FH_nFHVXTÌVy[]_�MUD>G�D�[:SG�_QG�FHpXToSWHGQF8G¬IUG�IUSW8W«E®P�D>Gx_nP�FHN*_�D>Z�_nV�ST1$X�X�R!G¬K#FHTUZUV�K Sy_Q_�MUD�D*TUZ
V[v_nMUD6G�D>N*VXTUZ�aJMoSG�D6F8T¡DrSNOMÌZUF8G�NOMoSP�pD|SG�F8TJZUF8N>Sy_nD*Z®FHT���FHpXIUP�D!?`��dqMUF8G�P�D*G�IUW«_nG�F8T¡W{SP�pXD>P
D>P�P�VXP�zoSP�G�[\VXPv_�MUD�fh��� D>TUD*P�pE6W8VG�G�ZJIUP�FHTUpQ_nMJD�ËoP�Gx_qaUMoSyG�D�JG�F8TJN>D(VXTJWHE6SQP�D*ZUIUN*D>Z�GnSR!aUWHF8TUp
PnS%_nDBV[��X�+�0�BF8G#SrYySF8W8SzUWHDÊ[\VXPqZoS%_OS+SToSW«E`G�F8GqFHT�_nMUFHGqa�D*P�F8V`ZÍ�
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243�5'6 í7�8�|ð ñM�!ò ´ ®¶�h�¬®¶�E�����X�|�E�T®R¤4¸*�E� ´ ���~¥p§¨�â¿�¾l�©ó�®¶�E�E���9���9õ��u¢<���G�����G¾l���Tµ*���T®��y�Xµh�G®��E���9 ®¶��¾Â���E���G���E�T��®�¾l®¶���©ó�®«¾ÂÉ������Ò�u¹ �~¢<®:�!�T�����©½T�����T� ��®«�¶�h�G���E���G�g���©�������Â���T®R¾l��óh®«�����h� �E®«µh���h�Â�h�G¾
ñB½|ò��B�h�����T®��B�T��� ���h���h��¾T�h�c���������R�E®«�g���©���Vú��R��� ¾l������G�X��µh®w�f�G�âóh®�½�®¶®«�	�|®«���B���E�¬®«¾"É��©�E�4���E�����h®
�|���©�!�R�����E�����©���G�f�h�l���©�¬����®w¾ê�B�����~¡��Ò®w�h�E�T��®¶�¬®¶�!���«ú

Ü`Ý8Ü`Ý &Ê"%$�73æ�àu1O'Oào.�1;9:73.O$b'²ãB9ßço. Ü'; �Oä£$�4�$�9².�á
dqMUDBc²g NrSyR6D*PnSbIUG�D>Z¨FHT�_nMUD*G�D¬¥Xfwd G�_�IUZUF8D*G#D>R!aUW8V�E`G#S=<�SZUR!F8IUR~sx��D*P�N*IUP�E�sed�D>WHW8IUP�F8ZUDb�><�Z�s
�Êp%sed�D��#SP�P�S�E�K#F«_nM®k�?'$+W8F8TJD>G@?£k�?'$6N*VXW8IUR!TUGqY`F8D�K#F8TUp!_nMUDQ©�SyGxs²ªvV�^�ZJFHYXD*P�_�VXP]_nSTUpXD*T�_nF{SyW8WHE�
Ò�R6SW8WHD>P6D*Ó�D>N*_�FHYDÌSP�PnSrE¤G�FA�>D*G�NrSTjz�D³NOMJVXG�D*T±IUG�F8TUpSaUaUP�VXaUP�F{Sy_�D�G�V[ß_eK�SP�D®G�D*_�_�F8TUpG>�òªvE
K�S�EV[�D;^JSR6aJW8D�#�LF8pXIUP�D¨�¡G�MUV�K#G�S¢[\PnSR!D�Vy[�_nMUD�c²g G�IUP�[:SN*D�_�D>R!a�D*PnSy_�IUP�D�ZUF8Gx_nP�FHzUIJ_�F8VXT
N>VP�P�D*G�auVXTUZUFHTUp�_nV�VXTJDqV[�_�MUDqF8T�_�D>Pxsefh�L� aUMUSG�D*G-FHT~aUIUWHG�D]ë+���¶´X¶~�:G�D*D]��F8pU� ?X�;���oVXP�_�MUD�KvVXP��
P�D*a�VP�_nD*Z�MUD>P�DBSbP�D>ZJIUN>D*Z�SyP�PnSrE|G�FA�*D(V[L´�?QWHF8TUD*G-^³k�?'$QN>VW8IUR!TUG�MoSyGqz�D*D>T�IUG�D*Z�_nMUP�VXIUpXMUVIJ_r�
dqMUDvNrSR!D>P�SÊP�D>SZUG�VXIJ_�_eK�V�W8F8TJD>G	G�FHRbIUWH_nSTUD*VXIUG�W«EX�%z�D*pXF8TJTUF8TUpq[\P�VXR _nMUDvN>D*T�_�P�DvV[U_nMJDvZUD�_nD*N*_nVP
SP�PnSrE¼_nV�K�SP�ZUG6z�Vy_nM_�MUD�_�VXa¯SyTUZ¦zuV_�_�VXR SG!G�MUV�K#T¯z�E°_nMJD¨W8FHTUD�F8TUZJD�^¸VXT¸_nMUD�W8D*[ß_6STJZ
N>VP�P�D*G�auVXTUZUFHTUp~_nFHR6D*GqVXT�_�MUDBP�FHpXM�_qV[���F8pXIJP�DB�J�

� T�VXaJ_�F8N>SWXG�aJW8FH_	FHT�_nMUD-a�D*P�FHG�N>Va�DhP�D*W{SrE(VaJ_nFHN-GxE`G�_nD*RêZUFHY`FHZUD>GÐ_nMJD-ËoD*W8ZBV[�Y�FHD*KÌG�IUNOM�_nMoSy_
zuV_nM�FHTUTUD*P�STJZ�VXIJ_�D>P�ZJFHYXD*P�_�VXP�GÊNrST�zuDQG�F8RbIJWH_OSyTUD>VXIJG�WHE�VXzUG�D*P�YD>ZÍ�(dqMJDbG�aoS%_nF{SyW�P�D>G�VXW8IJ_�F8VXT
V[w_�MUDbVXaJ_�F8N¬G�E`G�_�D>RÔFHG�pXF«YXD>T¨z�E�_nMUDQZUF8Gx_nVXPx_nF8VT¨ZUIUD¬_nV|_�MUDbauD>P�FHG�N*VXa�DbSTUZ�_nMJDQËoTUF«_nDQaJF«^�D>W
G�FB�>D*G(F8T�_nP�V�ZJIUN>FHTUp�ST³FHTUG�_�P�IUR!D>T�_Ê[\IUTUN*_�F8VXT0��dqMUFHG(NrST³zuDQZJD>G�N*P�FHz�D*Z¡z�E�_nMUDQN>VXT�YXVW8IJ_�F8VXT�Vy[
_nMJDbY�FHD*K#FHTUp�pXD>VXR!D*_�P�E�K#FH_�M®S�©BSIUG�G�F8ST¢V[h[\IUW8W�K#F8ZJ_�M®S%_�MoSW«[vR6S%^�F8RQIURºYSyW8IUD~V[�¶��«krR!R
K#MUD*TP�D*[\D>P�P�D*Z°_�V�_nMUD�VIJ_nD*PQ_OSP�pXD*_bN>V`VXP�ZUFHToSy_�D>G~STJZ¦�`�HkrR!R K#MUD>T°P�D�[\D>P�P�D>Z¼_�V�_nMUD�FHTUTUD>P
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Power by NBI heating (MW)

Radiated power (MW)

Dα divertor 
(a.u.)

Density (1e19m-3)

Plasma stored energy (MJ)

Gas puffing rate (1e22 el/s)

Phase 1 Phase 2

I        (MA)plasma B        (T)toroidal

243�5'6 í7�DCVð ¢ ®¶�¬�|�����h�h®«óh�h���l���©�����X�l�E�G®{�T���h�E�y�R�G�h���h�Ò®¶�E®«���6�h�G¾l���E��G�h�Eµ�®FEÒ±XÃ!²Xû!²l�«���~���T���¶�h�
®�¿T�X�¬�T��®÷�h� �X�<�~¡ �h�l���©�¬����®w¾<¢u�!��®�¥¦���{Ç ¤	���TµØôR¥¦¤	�l¾l®�ú�¢fÉu�o¾l���z®¶��®¶�!�¬�T�G����®w�Â�«�X�<½�®
¾l�����E���Tµ��T���E�T®w¾��f�E�T®Ò��®¶���©�l¾4É��©�E�G�h�l�*µ������B�T®«�©���©�Gµ��h�E���T�G¾/Á:GGú Èy¥R¯hÈTú Èê�E®«�����G¾T� �X�G¾Ø�ê�����E®«�
�T�G�h�E®ê¾l�T�����Tµ	É�������µ����*�B�T®¶�����©�TµØ�X���h�T�G¾/¯XÃGú ÈX¥p¯X³Gú ÈK�E®«�¶�h�G¾G��É������<�"�E®w���G�����©�Tµ	�G�©µ��T®¶�������T®
�âóh®¶��Xµ�®«¾ê¾T®¶�G�E���~��ú

_OSyP�pXD�_¬�:G�D*D¬dLSzUWHD�?X���
dqMUD(N*IUG�_�VXRÎzJIUF8W«_vZJD*_nD*N*_�VXP#SP�P�SrE6FHG�G�D>TUG�FH_nF«YXD�_�VbaUMUVy_nVXTUG�F8T6_�MUD(c²g¤K�SrYD>W8D*TUp_�M�P�STUpXD

[\P�VR �J���%s²��� ��HÍR SyTUZ³F8G(D;^`_nP�D*R6D*WHE�ÏoD�^�F8zJW8D~P�D*p�SP�ZUF8TUp�SN>Ç�IUFHG�FH_�F8VXT¨V[h_nMUD�k�?%zUFH_�c²g�G�FHpXToSWHG>�
dqMUDvN>VXTJËUpXIUPnS%_nF8VTQSaJaUW8FHD>ZB[\VXPÐ_nMUDvc²gqstVXaJ_nFHR6FHG�D*Z�ZJF8G�NOMUSP�pXD*GLFHGLG�IUR!R|SP�F8G�D>Z�F8T�d�SzJW8D�?��LdqMJD
NrSyR6D*PnSÊRQIUG�_Lz�D�SzUWHD-_�V�P�D*G�VXW«YXDvz�V_�M¬_�MUDvFHT�_nD>P²s²fh��� auV�KvD>PLZUD>auVXG�FH_nFHVXTÍ��K#FH_�M¬_eE`aUF8N>SW�_OSP�pXD*_
_nD*R6auD>P�Sy_nIJP�D>Gh[\P�VRI$X�'J�K IUa6_�V6k�$�X�'JLKêSyTUZ!_�MUD#_nD>R!auD>PnS%_nIUP�DÊP�F8G�D#ZUIJP�F8TJpQfh����G>��_eE`aUF8N>SW8W«E
G�D�YXD*PnSWÁM�IUTUZUP�D>Z�ZJD>pXP�D>D>GM<�D>WHG�FHIUG>�}d�VBaUP�V�Y`F8ZJDÊSBW{SyP�pXD�D*TUVXIUpM6ZJE`ToSyR6FHNqPnSTUpD��_nMUD#ZUD�_nD*N*_nVP
SR!aUW8F«ËoNrS%_nF8VT�FHG(G�D�_QSyTUZ³NrSWHF8zUP�Sy_nD*Z³G�IUNOM¢_nMUSy_(_nMJD~VXIJ_naJIJ_BG�FHpXToSWLF8G(P�VXIUpXMUW«E¨aJP�VXauVXP�_�F8VXTUSW
_nV�_nMUD�W8VXp�SyP�FH_�MURéVy[Ð_nMUDÊF8TUN*VXR6FHTUp�aUMUV_�VXT6ÏoI`^JD*G>�UK#F«_nM�S¬P�D>G�IUWH_�F8TUp�_nD*R6auD>P�Sy_nIUP�DÊP�D>G�VXW8IJ_�F8VXT
[\VXPqG�F8TUpXWHD�aUF«^�D*W8GqV[*N � J K�[\VXP]?�X� J K STUZON �� J K Sy_�k�´X�� J K �
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�X�G�h�©�l�E®«¾ê�����E�T�����G�h�|®«�«ú
»�®¶�G�E�©�E��ó!�©�~�ê��X�Tµ�® ÃTú È�¥~±lú ÈRQ6�
Å�®¶�E®«���E���R¹T�T��� »���ª¶® Áw¯h°;�����T®«�TS[Áâ¯X°Ò���h���T�¬�G�
Å�®¶�E®«���E����»��©ª«®��G�E®«¾ û�¯Â���©�G®«�¨¿ØÁâ¯X°Ò�����©�T�¬�G�
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�9��� 9 ��®��âó�®¶��Xµ��©�Tµ;�E���¬®*�B�h�����T�T®¶�f��X��µh®¶� ²�Ã�²LQV�
�9��� 9 ��®��âó�®¶��Xµ��©�Tµ;�E���¬®*�B�h���h�T�E®¶�f��X��µh®¶� ³�ûTGRQV�
ÇV���T®��E���Ò® û!²7QV�
�p����®¶µ����X�E���h�ê���©�¬® Á«ÈUQV�u¥uûhÈUQV�
Å����G�h�Ò�������h�Tµh® °hÈX¥�Áw°hÈ�ÈTV>W
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»��G�������h�6�E®w�����©�T�E���h�"���R�~���E���h®*���©�G®��r���T�T®¶�f���h���h��¾T�X� ±lúþ±Â�¬�
»��G�������h�6�E®w�����©�T�E���h�"���R�~���E���h®*���©�G®��r�h�T�E®¶�����h���h��¾T�h� ²�ú�Á*�¬�
»��G�������h�6�E®w�����©�T�E���h�"���R�~���E���h®*���©�G®��r�h�T�E®¶�f���h���h��¾T�X� Áâ²;�¬�

 6
2 

lin
es

 

10

20

30

10
1

20

30

 670

1340

2010

670

1340

2010
 128 colums 

 optical split

 tim
e (µs) 

 67
toroidal direction

toroidal direction

inner view

outer view

# 53767 @ 
t=22.487s

 temperature  Co

200 600 1000 1400

poloidal direction

poloidal direction

243�5'6 í7�YXVð ¢f�T®<õ!�{¢t�~¡ ¾l®¶�E®w�g�E���4�¬®«�����T��®«�K���T®��E®«�¬�|®«���X�E�T��®�¾l�����E����½T�l�E���h���X�4½|�h�E�
¾l�©ó�®¶�E�E��� ���E���©��®�ª¶�h�G®«�«ú ÇV���T®��G�h�©��>�X��®���®«��¾ ���l�ý�����;�T�©���h�T®¶���G�E�©���	É������¼®w�h����T��¿l®«�
���h����®«�E�|���G¾l���Tµ��E�8�	�G�T�Z�!�T®K�|���©�!�;����E�G�h�¶®ê�X�G¾o���©�¬®�ú8�R�<���l�E���¶�h�u�E�T�����Â�E�T½z¾l��ó!��¾l®w�����T®
¾l®���®«�g���h���X�����â�ê���!�E�÷�h�	�h�l��®¶���X�G¾	�h�	�©�T�G®¶�*¾l�©ó�®¶�E�E���Ró��©®«É�úR¢f�T®;���E���©��®��©���T®w�R�X�r���T®����T�T®«�
�X�G¾"���l�E®«� ¾l��óh®«�����h�R��®¶µ!�R�X��®;����®«�h�E���÷ó�������½T��®÷ñM�E®¶®Â¹ ��µh�G�E®�³ê�B�h� �h�	�©�����G�~�����X�E���h�	�h�_�G��É ���T���
¾l�����E����½T�l�E���h���y�X�G���E�Ò�E�T®���®«�h�z���h�Eµ�®���µh®«�h�¬®����E�Tògú
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243�5'6 í7� � ð £ �l�E���¶�h�©���Ò�E�T�����¨���h�Tµh®«�!�E���X�G�~¡ýó!��®¶ÉO�y�h�T�|®w¾ê���������E�G®ÒñZ��òr���T�T®«�¨�h�G¾4ñM½|ò9���l�E®«�
���X��µh®¶�÷µh®«�h�¬®����E��®«�«�����©���G���E����E���Tµ<�G��É �E�T®Ø�~¡t�h�T�E���Ò���E®«¾O�y�Xµ��T®������8���h� 9 µh�T������©���O�T���h��®w�
�~���E���h®¬���h�����������®¶��¾l�©�Gµ"�E�T®ê½�®«���Â�E�G�������h�9��®«�E�h���l�E���h���X�|¾Ø������®¶�¬�h�E®¬�B���h�t���©��®ê®w¾lµh®w�¶ú�¢f�T®
�E®¶�¬��®¶������T�E®yñM�©�[V\W^òf¾T�X���¬�X��®*��¾l®«�!�E���¶�X�z���¬�E�G�X�R���T��É������"¹ ��µh�T��®�ÃTú

� aUP�D;seZUD�ËoTUD*Z¨aUF ^JD*WÍG�D�_�VzUG�D*P�Y`F8TUp~_�MUDBGnSR!DBa�VXWHVXF8ZUSW3��zUIJ_#YySPxE�FHTUpb_nVP�VXFHZoSW0auVXG�FH_nFHVXTUG
F8GÊP�VXI�_nF8TJD>WHE�SrYXD*PnSpD>Z³_nV�VzJ_OSFHT³S�G�FHTUpXWHD¬auVXW8VF8ZoSW	aUP�VËoWHDQR!DrSG�IUP�D*R6D*T�_>��ceT�_nMUFHG�K�S�E�Í_nMUD
aUF ^JD*W�TUVXF8G�DhF8G	P�D*ZUIUN>D*ZQzUI�_�auVXG�G�F8zUWHDwYSyP�F{S%_nF8VTUGÍV[�_nMUDh_nD*R6auD>P�Sy_nIUP�DhaUP�VËUW8D-SW8VTUpq_nMUDh_nVXP�VXF8ZUSW
ZUFHP�D>N�_nFHVXT�SP�D�TUD*pXW8D*N*_�D>ZÍ�wdqMUDÊ_nD>R!auVXPnSWÁP�D>G�VW8IJ_�F8VXT6V[Ð_nMUDÊc²gjGxE`G�_nD*RÎFHG�ZUD�_nD>P�R6FHTUD>Z6z�E6_eKvV
ZUF«Ó0D*P�D>T�_#_nFHR6D*G�N>SW8D*G>Ñ
] dqMUD!P�D>SZ�seVIJ_B_nF8R!D~V[�D*YXD*P�E¡W8FHTUD~V[�aUF«^�D>WHG6�:W8FHTUDb_nFHR6Dr�ÊZUIUP�F8TUp�K#MUFHNOMÌVXTUW«E³P�D*G�_�P�F8N�_nD*Z
G�aUSy_nF8SWo_nD>R!auD>PnS%_nIUP�DÊaUP�VËoWHD]FHTJ[\VXP�R|Sy_�F8VXT~N>ST�zuDÊVzJ_OSFHTUD>Z![\P�VXR ZJFHÓ�D>P�D*T�_v_�VXP�VXFHZoSWÁSTJZ
auVXW8VXFHZoSW-W8V`NrSy_�F8VXTJG>�¢ceT¼_nMUFHG~NrSG�D�vSG�G�IUR6FHTUp�_nVP�VXFHZoSW�GxE`R6R!D*_�P�E�Vy[]_�MUD�fh�L� auV�K�D*P
ZUD*a�VXG�FH_�F8VXTÍ�ÐN*VXMUD*P�D>T�_Qfh�L��s²SrYXD*PnSpXFHTUp�NrST¡z�D+IUG�D>ZÌ_�V�P�D>N*VXTUGx_nP�IJN*_�_nMUD!a�V�KvD>P�aUP�VyËoW8D
D*YVXW8I�_nF8VT�K#FH_�M�_�F8R!D�P�D>G�VXW8IJ_�F8VXT�D>Ç�IoSyWLVXP]zuD*_�_�D>P]_nMoST�_nMUD¬W8FHTUD�_nF8R!D�K#MUD>T¨P�D*[\D*P�P�D>Z¨_�V
ST�D�^`_nD*P�ToSyW3�o[:SG�_�D>P]G�FHpXToSW����oIUPx_nMUD*P]ZJD*_OSyF8W8G#P�D>p�SP�ZUF8TJp+_�MUF8G#aUP�V�N*D>ZUIJP�DbSyP�DBz�D�EXVXTJZ¨_nMUD
G�N*VXauD�Vy[�_nMJD�aJP�D>G�D>T�_ÊN>VXT�_nP�F8zUI�_nF8VT�zUIJ_]NrST�zuDB[\VIUTUZ�F8T�g#D*[#ilk�¶�m3�

] dqMUD¨[\P�SR!D�_�F8R!D�FHG!_�MUD�_�F8R!D�V�YD>P|K#MJF8NOM¦_�MUD¨N*VXR6aJW8D*_�D�ZJD*_nD*N*_�VXP�SP�PnSrE¸F8G!P�D>SZ¯VXIJ_
��´X?¡W8FHTUD>G~^·k�?'$¡N>VXWHIUR6TJG![\VXP+_nMJD¨D�^�auD>P�F8R!D>T�_nG6P�D>auVXPx_nD>Z¦MUD>P�D����·�oVXP!D*YXD*P�E[\PnSR!D�S
G�FHTUpXWHD(a�VW8VXFHZoSWuaUP�VËUW8D�F8GqN*VXR!aUIJ_nD*ZÍ�UP�D>ZUIUN*F8TUp!G�N>Sy_�_�D>P#F8T�_�MUD�_nD*R6auD>P�Sy_nIUP�D�D>Gx_nF8R6Sy_�F8VXT
z�E�SrYD>PnSypXF8TUp6R|SyT�E�aJF«^�D>WHG>�#dqMUDQ[\P�SR6DB_nFHR6DBFHG]_�MUDQzoSyG�F8NB_nFHR6D*G�N>SW8D�F8T�_nMUFHGÊKvVXP���STJZ
F8G(Ë�^JD*Z®[\VXP�SWHW}STUSWHE`G�D*Z®N>SG�D*G¬_�V�´X¶�HÍG_^yW8FHTUD¬^¡´X?�WHF8TUD*G�^¸k�^X?��Î?`�HkrR!G>�+dqMUD+[:SN�_nVXP
k�^X?¨FHG~S³N>VXTJG�D>Ç�IUD*TUN>D�V[]_eK�V¢WHF8TUD*Gbz�D*F8TUp³P�DrSZ°VXI�_~G�FHRbIUWH_nSTUD*VXIUG�W«EÌz�E®_nMUD�ZUD�_nD*N*_nVP
D>WHD>N�_nP�VTUF8N*G>� � G�IUzJG�D*_ÊV[vkXk�STUZ�¶~W8F8TJD>GqSP�DBIUG�D*Z�_�V!P�D>N*VXTUG�_�P�IUN�_Ê_�MUDBa�VW8VXFHZoSWuaUP�VËUW8D>G
VXT|_�MUD�FHTUTUD*P�STJZ�VXIJ_�D>Pv_nSP�pD*_r�`P�D*G�auD>N�_nFHYD>W«EX��E`FHD>W8ZJF8TUp¬SrYXD>P�SpXFHTUp¬_�F8R!D>G-V[	´�¶�H0G`^yWHF8TUDq^
kXk�W8FHTUD>GÊ� ¶��¶aHÍGq[\VXPq_nMUD�F8TUTJD>P#Y�FHD*K£SyTUZ�´�¶aHÍG0^yW8FHTUD�^¨¶!WHF8TUD*G�����´Xð'HÍG#[\VXPq_nMJD¬VXI�_nD>P
Y`F8D�K �:G�D>D¬SW8G�V~d�SyzUW8D¬?X�;�
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� WHWN*VXR6auVXTUD*T�_nGÐV[`_nMUDwc²g®G�E`G�_�D>R£Sy_�¥Xfwd®MoSrYXDhz�D*D>TBNrSyP�D*[\IJW8WHEÊNrSyW8F8zJPnSy_�D>Z�IUG�F8TUp#SqzUW8SNO��z�V`ZJE
G�VIUP�N*D��dqMJF8G�F8GÍËoP�G�_La�D*P�[\VXP�R6D*Z�[\VXPÍ_�MUD-ZUD*_�D>N*_�VXPLSP�P�S�E�SW8VXTJD�%STUZB_nMUD*T¬[\VXPÐ_�MUDhZUD*_�D>N*_�VXP�aUW8IUG
P�D*W{SrE�VXa�_nF8N*G>�Áz�E�aUW{SyN>F8TJp+_�MUD�G�VXIUP�N>D�F8TUG�F8ZUD�_�MUDb¥Xfwd±YySN*IUIURºYXD*G�G�D>W�P�VXIUpXMJWHE��bKvD>D>��G�S%[ß_nD>P
_nMJDÊD*TUZ�V[ÐaJW{SG�R|S�VXauD>P�Sy_nFHVXT6aJW8IUG-G�VXR!D]R6VXT�_�MUGvVy[ÐR|SyNOMUF8TUD#VXauD>TJF8TUpU�}fhGx_nFHR|Sy_�D>Z!D>P�P�VXP�G�F8T
_nMJD�c²g°R6D>SG�IUP�D>R!D>T�_nG*��SG�G�V`N>F{S%_nD>Z¬K#FH_nM�_nMUDvNrSWHF8zUP�Sy_nFHVXTBV[U_�MUD�c²g¼NrSR!D>P�S�STJZQK#FH_�MQ_nVXP�VXF8ZUSW
SGxE�R!R!D*_nP�F8D*G}MoSrYXDqzuD>D*T!FHT�YXD>Gx_nFHp�Sy_nD*Z+zUIJ_}[\VXIJTUZ~_nV�W8D>SZQ_�VBSy_wR!VXG�_fN±�Xñ£N*VXP�P�D>N�_nF8VTUG>�h×(TUD
G�IJNOM|D*Ó�D>N�_-N>VXIUWHZ~z�D#ZUIJD�_nV�_nMUDq[\VXP�R|S%_nF8VTbV[uD��pU�}N>SP�zuVXT�stN>V�Sy_�F8TUpG}VXT~_nMUDqYySN*IUIURéK#FHTUZUV�K
_nMJP�VXIUpMÌK#MUF8NOM�_�MUD|ZJFHYXD*P�_�VXPQFHGQVXzUG�D>PxYXD>Z0�-WHDrSZJF8TUp�_nV³S�P�D>ZJIUN*_�F8VXT�FHT®_�MUD|_nP�STUG�R6FHG�G�FHVXTÌVy[
_nMJD]G�MUVXPx_nD>P-c²g¦K�S�YD>WHD>TUp_�MUG>�hdqMUFHGwK�VXIJW8Z!NrSIUG�D�S�GxE�Gx_nD*R|Sy_�F8N#IUTUZJD>P�D*G�_�F8R6Sy_nD#V[�_nMUD#G�IJP�[:SN*D
_nD*R6auD>P�Sy_nIJP�D¨[\VXP!_nD*R6auD>P�Sy_nIUP�D>G�Syz�V�YXD¼k�?�X�'J:K �q_nMJD�R|S�^JFHRbIUR§_�D>R!a�D*PnSy_�IUP�D³S%_�_OSyF8ToSzJW8D
K#FH_�M®_�MUD|zUW8SNO�³zuV�ZJE¢G�VXIUP�N>D��dqMUD6VXzUG�D*P�YD>Z¼R6S%^�F8RbIUR ZUFHYD>P�_�VXPQG�IUP�[:SyN>D6_�D>R!a�D*PnSy_�IUP�D!F8T
¥Xfwd¼[\VXP�_�MUD�ZJF8G�NOMUSP�pXD*GwSToSyWHE`G�D*ZbF8T�_nMUFHG�aoSauD>PLF8GgN�k�$�X�'J:K��Lct[U_nMUFHG�D�Ó0D*N*_}KvD>P�D�F8R!a�VP�_OSyT�_>�
G�_�P�VXTJpXWHE!MUD>Sy_nD*Z�ZUF8G�NOMoSP�pD>G�K#F«_nMUVXI�_�p�SG�aUIJü!TUp~G�MJVXIUW8Z6_nMUD*T�G�MUV�KjW{SP�pXD>PvZUF8G�N>P�D>aoSTJN>F8D*G�F8T
_nMJD�D>TUD*P�pE�zUSW{STJN>D��dqMUD>G�D¬ZUFHG�NOMoSyP�pXD*GqN>VXP�P�D>G�a�VTUZ�_�Vb_nMUD�W8SP�pD>G�_�D>TUD*P�pXFHD>GqF8T��LF8pXIUP�D>Gh$U��S��
STUZ�\zÁ��� � G�G�MUV�K#TÌFHT�_nMUFHG(ËopXIUP�D�Ð_nMJD~ZUFHÓ�D>P�D>TUN*D>G�z�D�_eK�D*D>TÌc²g R6D>SG�IUP�D>R!D>T�_nG�STJZ¢_�MUVXG�D
[\P�VRÎ_nMUD*P�R!V�N*VXIUaUWHDBSTUZ�pXW8VzoSWÍauV�K�D*P]zUSW{STJN>D�SP�DBFHTUZUD>auD>TJZUD>T�_ÊV[�_�MUDBD>TUD*P�pE�uFHTUZUFHNrSy_�F8TUp
_nMUSy_q_nMUFHG#D*Ó�D>N*_]FHGqTUV_]F8R!a�VP�_OSyT�_�F8T�_nMJD>G�D�D�^�auD>P�F8R!D>T�_nG*�

Ü`ÝZiuÝ �J1�"/J$\ãr'%1;á!"9:73'%/¡'²ã[j�73.Ukw7ß/`26"1�1�"4!9²'!á|.�"%$�=`1n.�á|.�/o9\$Q'²ãB9\ço.Q57"j.�1;9e'%1�9t"1�2`.�9�àu1n'�lhâ8.O$
��FHpXIUP�D��+FHW8W8IJG�_nP�Sy_nD*GqMUV�K±_�MUD�_nD>R!auD>PnS%_nIUP�D�ZJF8G�_�P�FHzUIJ_nFHVXT�G�D*D>T�z�E�_�MUDBG�aUWHFH_#VXa�_nF8N*G#G�E`G�_�D>R F8G
R6SaUauD>Z~VXT�_nV(_�MUD�[\IUWHWJ�%sm(¦_OSP�pXD*_}pXD>VXR!D*_�P�E� � _�PnSTUGx[\VXP�R6Sy_�F8VXT¬N>V`ZUDqaoSNO�%SpXD��t,	��nDo8nv, ; �
MoSGÐzuD>D*T�K#P�FH_�_nD>T�_�VqR|Sa(_�MUD>G�Dw_nD>R!auD>PnS%_nIUP�DwZUF8Gx_nP�FHzUIJ_�F8VXTUG�VXT�_nVq_OSyP�pXD�_	N>V`VXP�ZUFHToSy_�D>GÍFHT(_nD>P�R6G
V[Í_�MUDÊ_�VXP�VF8ZoSWÁSyTUZ|auVXW8VF8ZoSWUSTUpXWHD� � T|D�^JSR!aUWHDÊV[0_nMUDÊP�D>G�IUWH_�GvVy[Í_nMUFHGvR6SaUaJF8TUp�aUP�V`N>D*ZUIUP�D
F8GLG�MUV�K#T+F8Tb��F8pXIJP�D������ÖMUFHW8Dh_nMUDv_nVXP�VXF8ZoSyW�SyTUpXW8DvF8GLpXFHYD>TbMUD*P�DqFHTQZUD*pXP�D*D>G>��_�MUD�auVXW8VXFHZoSW�STJpXW8D
F8G]ZUP�S�K#T�[\VXP]N>VXT�YXD*TUF8D*TUN>DbSG�S+_OSP�pXD*_]N*V�VXP�ZUF8TUSy_nDy�uZJD>G�N*P�FHzUF8TUp!_nMUD�F8TJN>P�D>SG�D�V[}_�MUD�a�VXWHVXF8ZUSW
STUpW8D�K#FH_�M°ZUF8Gx_OSTUN*D�VXT¸_�MUD�_OSP�pXD*_+G�IUP�[:SyN>D�[\P�VXR pXFHYD>T¸P�D*[\D*P�D*TUN>D�a�VF8T�_nG*�¸ceT°_nMJF8G~aoSauD>P
zuV_nM�_OSP�pXD*_�G�SP�DQSyG�G�FHpXTUD*Z�_nV+_nMJD>F8P]V�K#T�_nSP�pXD�_�N*V�VP�ZUFHToSy_nD*G>��dqMJDQF8TJTUD>Pq_OSyP�pXD�_�N*V�VXP�ZUF8TUSy_nD
zuD>pXFHTUG([\P�VXR _nMUD~WHV�K�D*P�D*ZUpXD~FHT¢_�MUD~aUP�FHYySy_nDbÏUI�^¢P�D*pXF8VT¢STUZ¢F8TUN*P�D>SG�D*GBYD>Px_nF8N>SW8W«E¨IJa�K�SP�ZUG
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aUP�VXa�D*P�_�F8D>G�Vy[¬_�MUD³R|S%_nD>P�F{SW�SP�D³NOMUSTUpXD*ZÍ� dqMUF8TÖN*VyseZUD*a�VG�FH_�D>ZÖG�IJP�[:SN*D¡W8SrEXD>P�G�R|SrE¯pP�V�K
i�¶���kXk�#?���q?�k*m���zUI�_�_nMUD³Ç�IoSyT�_�FH_�F8D>G�P�D>Ç�IUFHP�D>Z¤_�V¼NOMoSPnSyN*_nD*P�FHG�D�_nMJF8G�W8S�ED>P�FHT¯_nD>P�R6G�Vy[¬F«_nG
MUD>Sy_�N*VXTUZUIJN*_nFHVXT|zuD>MUS�Y`FHVXIUP��>ª���î�¼:¯¨²;�hSTUZ!_nMUDÊW{SrEXD*P-_�MUF8NO��TUD*G�G(� � ��î�¼:¯¨²;�hSP�DÊIUG�IoSWHWHE~IUTJ�`TJV�K#T0�ceT¸SZUZUF«_nFHVXTÍ��_�MUD�W{SrEXD*PbR!VXP�aUMJVXW8VXpyE®ZJFHÓ�D>P�G~G�F8pXTJFHËoN>ST�_nWHE¢[\P�VXRØ_�MoSy_~Vy[Ê_�MUD�zUIUWH�ÌR6Sy_nD*P�F8SW
ilk��%m���dLV¨SrYXVXFHZ®_nMJD6ZUF«ü!N>IUW«_r��FH[�TJV_QFHR6auVXG�G�F8zJW8DQ_nSG��¢V[�Sy_�_�D>R!aJ_nFHTUp�_�V�NOMUSPnSN�_nD*P�F8G�D6_�MUD>G�D
aUP�VXa�D*P�_�F8D>G*�ÁS~MUDrSy_#_�PnSTUG�R6FHG�G�F8VXT�N*V�D�ü6N*F8D*T�_0½ # �}i�?X?�m3�oFHGqF8T�_nP�V�ZUIJN>D>Z0Ñ½ # �U� ª���î�¼:¯¨²

� ��î\¼:¯¨² µ �:���

dqMUDb_�D>R!a�D*PnSy_�IUP�Dy�0dqù�¾e¿%Àh�0V[w_�MUDbG�IJP�[:SN*D~W{SrEXD*P(F8G]_nM�IUGBSG�G�IUR!D>Z�_�V�z�D¬N>VXIUaJW8D>Z�_�V�_nMUD
zUIUWH��_�D>R!a�D*PnSy_�IUP�Dy�ÍdhÁe¾ ø Â z�E�S�MUDrSy_�ÏoI�^�K#MJF8NOM¢F8G(aJP�VXauVXP�_�F8VXTUSW�_�V|_nMJD~ZUFHÓ�D>P�D>TUN*D~z�D�_eK�D*D>T
zuV_nM�_nD*R6auD>P�Sy_nIJP�D>G*Ñ

�T��î�¼:¯¨²��Ã½ # ���`�~} # �R²�Äu©Y}��c�U���r�Rµ �3�X�
Ò�FHTUN>D+_nMUD!G�IJP�[:SN*D6W8S�ED>P�F8G�SG�G�IUR!D>Z¡_nV¨MUS�YD|TUV�MUD>Sy_QN>SaoSN*FH_eE��_�MUD6FHTUN>VR6FHTUp�MUDrSy_BÏoI`^JD*G
[\P�VR _�MUD�aUW8SG�R6SJ��_�MUD�MUD>Sy_|ÏUI�^¯FHT¦_nMJD�G�IUPx[:SN>D¨W{SrEXD*P�STUZ¯_�MUD¨MJDrSy_�ÏUI�^¯FHT�_nV®_�MUD�zUIJW8�
R6Sy_nD*P�F{SyW3��SP�D�FHZUD>T�_nFHNrSW�Ñ

�:ÅR��î #� î#�Æ�T��î�¼�¯²��Æ���c�U����µ ��´��
� W«_nMUVIUpXMÇ&��î�¼:¯¨²!STUZ � ��î\¼:¯¨²~N>STUTUVy_+z�D�aUP�D>N*F8G�D*WHEÌD>G�_�F8R6Sy_nD*ZÍ�hIUaUauD>P+STJZ¸WHV�K�D*P~W8F8R!FH_�G[\VXP=½ # ��N>STzuD�ZUD*_�D>P�R!F8TJD>ZÍ�¸dqMUD>G�D¨WHF8R!FH_nGQZUD*ËoTJD�_�MUD�D*P�P�VXP�zoSyP�G!VXT¸_�MUD�MUDrS%_6ÏoI`^JD*G�STJZK#F8WHW0zuDBIUG�D*Z�_nMJP�VXIUpMUVXIJ_q_�MUF8GqaoSya�D*P>�hdqMUDBR6D>ST�YSyW8IUD*GqMoSrYXD�z�D*D>T�IUG�D*Z�_nV+ZUD*P�F«YXD�SW8W0MUDrSy_

ÏoI�^¨ZUD*TUG�F«_nF8D*G�SyTUZ�P�D*W{Sy_�D>Z�Ç�IoSyT�_�FH_�F8D>G]aUP�D>G�D*T�_nD>Z¢MUD*P�Dy��ceT�R!VXG�_]_nV�ySyR|S��G*�0STJZ¢¥Xfwd�FHGÊTJV
D�^�N*D>aJ_�F8VXTÍ�0S!YySP�F8D*_eE�V[}D*Ó�D>N*_�G(W8D>SZ�_�V|_nMJDQF8TJTUD>PÊSTUZ�VIJ_nD*P�ZUF«YXD>Px_nVXP]aUW8SG�R6SG]z�D*F8TUp6Ç`IJFH_nD
ZUF«Ó0D*P�D>T�_~�:G�D*DbD��pU�Qi�?y�%m{���]dqMUF8GÊW8DrSyZUG�V[ß_�D>T�_nV�ZUF«Ó0D*P�D*T�_�PnSy_�D>GÊV[wW{SrED>P�pP�V�Kq_nM³S%_Ê_�MUDQFHTUTUD>P
STUZ¸VXIJ_�D>P~_OSyP�pXD�_nG>�vD>G�a�D*N>F{SyW8WHE®K#MUD>TNrSP�z�VT¸FHG+aUP�D*G�D>T�_|SG!F8T¥Xfwd��v¹]IUR!D>P�FHNrSWvYSyW8IUD*G!Vy[½ # ��STUZ�_nMJD>F8PvP�D*G�auD>N*_�FHYD�WHF8R!FH_�G-RQIUG�_�_�MUD>P�D*[\VXP�D�z�D�ZUD>P�FHYXD*Z�[\VXP�DrSyNOM�_nSP�pD*_#STJZ�[\VXP�G�a�D*N>FHËUNR6SNOMUF8TJD�VXa�D*PnSy_�F8TUp~N*VXTUZUF«_nFHVXTUG��:G�IUNOM�SyG]P�D*YD>P�G�D>Z¨_�VXP�VF8ZoSWuËoD>WHZ�VXa�D*PnSy_�F8VXTo���
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Ü`ÝÑÝ �h$�9:7ßá!"9�73'%/Ì'²ã�9ßço.�$�=`1\ã*"`æO.�â«"4�.�1bæO'�.~Ò¤æ�73.�/o9�½ # �-"/u5�.�1�1n'%1*<O"1n$hãr'%1b.�/0.�13273.O$
d�V¬ZUD*P�F«YXD#R6D>STUFHTUp[\IUWUD*G�_�F8R6Sy_nD*G}[\VXPf½ # �JZUIUP�F8TUp�fh����G>�`ZUF«Ó0D*P�D>T�_-T�IUR!D>P�FHNrSW�YSyW8IUD*GvSyP�D#IUG�D*Z_nV¼N*VXR!aUIJ_nD�MUDrS%_�ÏoI�^�D>G�[\VXP!_nMUD³R!DrSyG�IUP�D>Z¯_nD*R6auD>P�Sy_nIJP�D>G*�£dqMUD³R6D>SG�IJP�D>Z¯_�D>R!a�D*PnSy_�IUP�D
�~}�Àxþ}�ßí����]FHGÊZJD>P�F«YXD*Z³D�^�N>WHIUG�F«YXD>W«E�[\P�VXR _nMJDbG�IUPx[:SN>DQV[}_nMJDbzUIUWH��R6Sy_�D>P�F8SW	STUZ�K�DbZJD>TUV_�DQ[\VXP
N>VT�YD>TUFHD>TUN*D_}�Àxþ��ßí��-�Ó} # �U²mÄ��\í����hfwÇ�IoSy_�F8VXTÌ�3���R|SrE|_�MUD>T�zuD�P�D*K#P�FH_�_�D>TÍ�}F�c�U�%��\í��h�Ô}�Àxþ��ßí��*© ��ÅR��î #~� î½ # � �3¶X�
[\P�VR K#MUF8NOM®FH_BFHG�N*W8D>SP�_nMoSy_[}F�c�U�%�~K#F8WHW}zuD6Gx_nP�VTUpXWHE�F8TJÏoIJD>TUN*D>ZÌz�E³_�MUD6G�IUP�[:SyN>D!W{SrEXD*P�K#MUD*T½ # �ÁF8G�G�R|SyW8W3� � G�F8R!aUW8DÊN>P�F«_nD*P�F8VT|R6S�E|SWHW8V�KÖSQP�STUpXD(Vy[�YySWHF8ZUF«_eEb[\VXPh½ # �o_�V~z�D(ZJD*ËoTUD*ZÍ�hdqMUF8GF8GqFHW8WHIUG�_�PnSy_�D>Z�[\VXPqzuV_nM�FHTUTUD>P#SyTUZ�VIJ_nD*P#_nSP�pD*_nGqFHT�ËopXIUP�DQ¶`�

��FHpXIUP�DÊ¶6��S��ts��:Zo�hN*VXR6aJF8W8D*G}_nMUDÊMUDrS%_vÏoI`^|D�YXVXWHIJ_nFHVXT|FHT!_�MUD�Gx_nP�F8�DÊa�VF8T�_hY�FHN>FHTUFH_eE���?�R!R
SP�VXIUTUZ�_nMJD�auVXG�FH_nFHVXT�V[	_�MUDBR|S%^�FHRbIURòMUDrSy_qÏUI�^�ZUIUP�F8TUpb_�MUD�fh�L�¡�oÇ � î�ÕÖ|×'Ø ��STUZ�_nMUD�auV�K�D*P
F8T�_�D>pXP�Sy_nD*ZQV�YXD*P�_nMUD-D>T�_�F8P�D-_OSP�pXD*_LG�IJP�[:SN*D��\_�F8WHD�ë~�ÊSTUZ+ë+¶��yG�D>D-ËopXIUP�D�k��;�LdqMJD�_nFHR6DhR6SP��yD>P�G
ZUD*TUV_nD��\í W ��SGQFHTUG�_nST�_QzuD*[\VXP�D6_�MUD�fh��� D*YD>T�_r�Ê�ßí m ��Sy_¬_nMUD6R|S�^JFHRbIURÔMJDrSy_¬ÏoI�^��}Ç � î�ÕÖ|×&Ø �
�\í q �#Sy_]_nMUD�W8V�KvD>Gx_(MUD>Sy_�ÏoI`^¨FHT�_�MUD¬_nSF8WÐVy[}_nMUD¬fh���®��Ç �ÊÙ�ÚÖ|×&Ø STUZ°�ßímÛ��ÊS%[ß_nD>PÊS~_nF8R!DBF8T�_nD*P�YySW
V[}?´~R6G*�wdqMUD�W{Sy_�_nD>P�N>VXP�P�D>G�a�VTUZUG#_nV~_nMUD�_�F8R!DBSy_qK#MUF8NOM�_nMJD�ZJFHÓ�D>P�D*TUN>DBFHT�MJDrSy_#ÏoI�^�D*G�STJZ
auV�KvD>P�GÊN*VXR!aUIJ_nD*Z�IJG�F8TJp+_�MUDBZUFHÓ�D>P�D>T�_0½ # �ÍSP�DBTUD>pXWHF8pXFHzUW8Dy�ceT�_nD*pXPnSy_�F8VXTÖV[�_nMJD³MUDrSy_�ÏoI`^JD*G�FHT¯_nMUD¢auVXW8VF8ZoSWÊSTUZ¤_�VXP�VXFHZoSWÊZUF8P�D>N*_�F8VXTJG�E�FHD>WHZUG�_nMUD
ZUD*a�VXG�FH_�D>Z�a�V�KvD>P�G*�u½ ÙZÚ�Ú ¯²Àxþ �Á½.J �R´�¯¨²À�þ Ñ

ý Ù�ÚTÚ ¯¨²Àxþ �\í��w�±?aÜpÝ�Þ q ?àß m W� ���� �Ê� �J�>á Ù ¬�í�� � á Ù
ý J �R´�¯¨²Àxþ �\í��h� ?�ÜpÝ�Þãâu? ß q Û²Æ �Ê�

W�m� ��� �J�>á J ¬�í�� � á J
K#MUD*P�Dàá Ù SyTUZÔá J SP�D�_nMJD¨F8TJTUD>P|STUZ¯VXI�_nD>P6_OSP�pXD*_6N>V`VXP�ZJF8ToSy_�D>G��:G�D*D�D��pU�±��F8pXIJP�D�´��6STJZÝ�Þ q � ?�µ��&·ÕSTUZäÝ�Þãâv� ?�µ%$'·ÕSP�D�_nMJD�R6S�»�VXP�PnSZUFHFÍV[�_nFHW8D>Gqë+�!STUZ¨ë+¶��UP�D>G�auD>N�_nF«YXD>W«EX�

dqMUD�D>TUD*P�pE�F8GqNrSyW8N>IJW{Sy_�D>Z�G�FHR6aUW«E|z�E�_�F8R!D(F8T�_nD*pXPnS%_nF8VT�V[L_�MUD�_OSP�pXD*_#auV�K�D*P�G*Ñ
÷|�\í��h� ß ´´�åcæ%çmè~æ ý6�\ímé � � ímécµ �¨$��

d�VXP�VXFHZoSW]G�E`R!R6D�_nP�EF8G|SG�G�IUR!D>Z¯[\VXP|_�MUD¨_nSP�pXD�_�MUD>Sy_�ÏoI`^¤ZUD*TUG�F«_nF8D*G�Sy_�SW8W#_nFHR6D*G|ZUIUP�F8TUp
_nMJD+f-��� D*YD>T�_r� � T�E³ZJD*Y`F{Sy_�F8VXTJG�[\P�VXR _nMUFHGBSG�G�IUR!aJ_nFHVXT³ZUIUD~_nV�_�MUD+pXD>TJD>P�FHN~TUVXT�s3_nVXP�VXF8ZUSW
G�_�P�IUN�_nIUP�D¬Vy[�_nMJD¬fh���ØFHTUG�_nSzUFHW8FH_eE�i�?y�ym�SP�DBTUD>pXWHD>N�_nD>Z�G�FHTUN>DBFH_qK�SG]G�MUV�K#T¨_�MoSy_]R!VXG�_#V[L_nMUD
auV�KvD>PÊSP�P�FHYD>G#SG#Ç�IoSG�F�S%^�F8G�E`R!R6D�_nP�F8N(Gx_nP�FHa�D*G#N>W8VG�D(_nV~_�MUDBG�_nP�F8�yD�WHF8TUD!i�?X��m3�

dqMUD�D>TJD>P�pyE�VXzJ_nSF8TJD>Z¼z�E¼F8T�_�D>pXP�Sy_nFHVXTÌV[#_�MUD�a�V�KvD>P+ZUD*a�VXG�FH_�F8VXTÍ�}_nS�D*T¼[:SPQ[\P�VRèST�E
G�MUSZUV�K#GvP�D>pXFHVXTUGhSGwFHW8WHIUG�_�PnSy_�D>ZbFHT6�LF8pXIUP�D#����zuD*_eKvD>D*T6_nFHR6D*G]�\í W ��_�V!�\ímÛ*��F8GwZJD>TUV_�D>Z6SG-f*´ � ¹ ´�ê�oG�IJNOM�_nMUSy_rÑ

÷h´ � ¹ ´�ê��Ãß
´�ê
´ � ý6�\í é � � í é µ ��ð��

((FHÓ�D>P�D>TUN*D>G�FHT¦_nMUD³ZJD>P�F«YXD*ZjYySWHIUD>G�Vy[Qf*´ � ¹ ´ ê [\VXP!YSyP�F8VIUG�½ # �ÊSP�D³ZUIJD³VXTUWHE°_�V°_�MUD¨ËoTJFH_nDF8T�_�D>pXP�Sy_nFHVXT¦_nFHR6Dy�]ËUTUFH_�D�_nD>R!auVXPnSWÊP�D*G�VXWHIJ_nFHVXTÖSTUZÖT�IUR!D>P�FHNrSW�SP�_�D*[:SN�_nG�NrSyIUG�D*Z·z�E¤TUVF8G�D
�\[\VPb_nMUD�D*Ó�D>N�_|Vy[�TUVF8G�D�VXT°MUD>Sy_+ÏoI�^¸N>SW8N*IUW{Sy_�F8VXTJG>�wD��pU�°F8T¥Xfwd��hG�D*DÌi�¶%m{���¸�oVXP+ST¸F8ZUD>SW
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� îlé���� � ð £ ó�®¶��ó��©®«É^�h� �h���E�T�¬®«¾�ó��X���T®w���B���MÉ��%ËUËU�"�Ì � �X�G¾=É�V¨Í����"�Ì � �h�G¾���®«�E�T�©�E���Tµ8�y��¿l���;�T�
ñ��rë4�mìí�îaï ò9�h�G¾¬�¬�©�T���;�G� ñB�rë��ZËí�îaï òr��®«�h�Â�T®w���9ÿ|�l¿l®«�{¾T�T®��E�;�E�T® �{Çc¤ ®«óh®«���u�©�y���T®Ró��������T���~�
�X�c���T®����E���©��®����h���!���«ú
É Ì � ��ë4�mìí�îaï ��ëã�ZËí�îaï � �BÏ>¢'�ñð � �BÏe¢���Ð ��Î"V�>�� Ï ¢�� Ð 9 µh�T��®ò\óë�ô¨õ ïhóëãô ïhóëãô ��õ �lõ �lõ

ÌÜÖGÖzÕ�Ð ÛpÓ�ÐZæ!Õ¶Û
Á«ÈUö Áw¯h¯ ¥Á«ÃGú©Á Áâ²XÈ ¯�±h± ¥ �T�X�R�E�T��É�� Ö�Õ¦æ!ç�áâÓXã©ç
ÁwÈhÈ ²h¯lú ³ ¥¦ÃGú ° Á«°GÁ ¯TÁ«Ã ¥ ¹ �©µ|úþ²TñM�!ò Ö�Õ¦æ!ç�áâÓXã©ç
¯!² ³!ÈTúþ¯ ÈGú È Áw±hÈ Á«³GÁ Áâ¯lú û �T�X�R�E�T��É�� É��%ËRËT�"�Ì �ñ÷ Í\øeø\�~�¯TÁ Ã�ÃTú G ÈGú ³ Á¶³!È Áâ¯�² Áw°Tú Ã ¹ �©µ|úþ²TñM�!ò É��ZËRËU�"�Ì �ñ÷ ë4�~��ËÁ�² ¯�±lú�Á Á�ú©Á Á«Ã!¯ Á�Áw± ¯TÁhú G ¹ �©µ|úþ²TñM�!ò É��ZËRËU�"�Ì �ñ÷ �ZVùz�"�ÏXÚlÛ¦Õ¶Ð ÛpÓ�ÐZæ!Õ¶Û
Á«ÈUö Ã�°Tú ³ Á�ú ° ¯XÈTG Á�G�¯ ¥ �T�X�R�E�T��É�� ¥
ÁwÈhÈ Ã�ûTú Ã ÃGúþ² ¯XÈGÁ Áâ±�² ±hÃTú Ã ¹ ��µGú ²lñZ�«ò É VÍ����"�Ì �ñ÷ Í\øeø\�~�±hÈ Ã!±lú�Á ÃGú ° Á«°�û ÁwÃ!² ±h°Tú ° ¹ ��µGú ²lñZ�«ò É�V¨Í:���~�Ì �ñ÷ ë4�~��ËÃ�Ã ¯hûTú G ³|ú G Áâ²h¯ Áâ¯XÈ û�ÈTú û ¹ ��µGú ²lñZ�«ò É�V¨Í:���~�Ì �ñ÷ �ZVùz�"�
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�:WHV�N>Sy_nFHVXTUG6V[B_nMUD³Gx_nP�FH�D �*VXTUD>G�SG�FHW8WHIUG�_�PnSy_�D>Z¦FHTÖ��F8pIUP�D�k�����dqMUD¢c²gÔSToSW«E`G�F8G6E�FHD>WHZUG�F8T
SrYXD*PnSpXD¨G�W8FHpXM�_nW«E°MUF8pXMJD>P|D*TUD>P�pXF8D*G|[\VXP!_nMUD�FHTUTUD*P|_OSP�pXD*_�STUZ¯G�W8FHpXM�_nWHE°WHV�K�D*P|[\VXP6_�MUD�VXI�_nD>P
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_OSyP�pXD�_�N>VXR!aoSP�D>ZÖK#FH_nM¤_�MUD³_nMUD*P�R!V�N*VXIUaUWHD³ZoSy_OS���zUIJ_�SpP�D>D*R6D*T�_�F8G�pXD>TJD>PnSyW8WHEpXV`V�Z0� ceT
��FHpXIUP�D0$o�\zÁ���`_nMUD(c²gjZoSy_nS¬YySW8FHZoSy_nFHVXT+F8GvD�^`_nD*TUZUD>Z�_nVbSQN>VXR!aoSP�F8G�VXT�zuD*_eKvD>D>T�_�MUD(F8T�_�D>pXP�Sy_nD*Z
_nVy_OSW#_nFHW8D�D>TUD*P�pE¯STUZ¦_�MoSy_|N>VXTUZJIUN*_�D>ZjSTUZ¯N*VXT�YXD*N*_nD*Z·FHT�_nVÌ_�MUD³ÒU×��w��f*´ J ´�sef.²tî ; �±dqMJD
Ç�IoST�_nF«_eE�f*²eî ; ZJD>TUV_�D>G�_nMUD-D>TUD*P�pE�P�SZUF{S%_nD>Z�z�EB_nMUD-aUW{SyG�R6SJ�%f.´ J ´U_nMUDh_nVy_OSW�D>TJD>P�pyE�[\VXP	aUW{SG�R|SMUD>Sy_nFHTUp�:VXMUR!F8N � SZUZJFH_nFHVXToSW{���wSyTUZ¦fwÀxþ¯F8Gb_�MUD�_nV_nSW�ZUD*a�VG�FH_�D>Z°D>TJD>P�pyE°VXT¼_nMUD�ZUF«YXD>Px_nVXP
_OSyP�pXD�_nG>�!g#VXIUpXMJWHE $X�XñÕV[�f*´ J ´�s²f*²eî ; FHG�VXzUG�D>P�YD>ZÌ_�V¨SyP�F8G�D+Sy_B_nMUD+ZUF«YXD*P�_nVP�Gx_nP�F8�D��*VXTUD>G�F8T[:SFHPBSpXP�D*D>R!D>T�_B_nV�DrSP�W8D*P�G�_nIJZUF8D*G�iµ´ym��6dqMUD6P�D*R|SFHTUF8TJp�D>TUD*P�pE¡FHG(_nMUVXIJpXM�_¬_�V�zuD!ZUD>auVXG�F«_nD*Z
VXT�_�MUD�R|SyF8T�NOMoSyRbz�D*P�K�SyW8W8Gvz�E�fh��� SyTUZ�F8T�_nD*Pxs²fh��� N>VT�YD>N�_nFHYD¬P�SZUF8SWu_�PnSTJG�auVXP�_�iµ��¶��U?X�%m
VXPqz�E�NOMoSP�pXD�stD�^�NOMoSTJpXD¬WHVXG�G�D>G¬iµ�&$ym��

ceT~_nMUFHGwD>TUD*P�pEQzoSW8STUN>D#SyToSWHE`G�F8G>�N>VXP�P�D>N�_nFHVXTUGwZUIUDq_�V(_nMUDqZUD*a�VG�FH_�F8VXT~Vy[�P�SZUF8Sy_nD*Z~D>TUD*P�pE
VXT�_nVj_nMUD¸ZUF«YXD>Px_nVXP³_nSP�pXD�_¢_nF8WHD>G*�bK#MUF8NOMéSP�D¸N>VXTJG�F8ZJD>PnSyzUW8D¼[\VXP¢MUFHpXMUWHE PnSZUF8Sy_nFHTUp¤ZUF«YXD>Px_nVXP
aUW8SG�R6SG>�¬MoSrYXD°TUV_¢zuD>D*T�SN>N*VXIUT�_nD*Z�[\VXP*� � N>SP�D�[\IUWbzoSW8STUN*D¼MoSG³zuD>D>T£auD>Px[\VXP�R!D>Zê[\VXP
ZUFHG�NOMoSP�pXD!ë+���¶X¶?��0K#MUFHNOM¡D*R6aJW8V�EXD*Z³TUFH_�P�VXpXD*T³G�D*D>ZUFHTUp�[\VXP�fh��� R!FH_�F8p�S%_nF8VT�Gx_nIUZJF8D>G�IJG�F8TJp
MUFHpXM PnSyZUF{Sy_�F8VXT i��ðym3� ceT _�MUF8G�N>SG�Dy�Q_nMJD�zoSW8STUN>DÌZUV�D*G³SN*N>VXIUT�_³[\VXP¨PnSZUF8Sy_nFHVXT±VT�_�V¯_nMUD
_OSyP�pXD�_+aUW{Sy_�D>G*��dqMUD�P�D*G�IUW«_6ZJD>R!VXTUG�_�PnSy_�D>Gb_�MoSy_~_nMJD�D*P�P�VXP~F8T�YXVWHYXD*ZFHT¼TUV_!SN*N>VXIJT�_�F8TUp¢[\VXP
_nMJD!P�SZUF8Sy_nFHVXT¢SR!VXIUT�_nG(_�V�TUV�R!VXP�Db_�MoST¸k��%sOk��Xñ D;^�N>D>a�_bZUIUP�F8TUp�_�PnSTUG�FH_�F8VXTUGÊ[\P�VXRÔWHV�K _�V
MUFHpXM�N>VTJËoTUD*R6D*T�_~STUZ�Y`F8N*D|YXD*P�GnS��hK#MJD>P�D�D*P�P�VXP�zoSyP�GQN>ST¼D�^�N*D>D>Z�X��ñ���dqMJF8GbD�Ó0D*N*_~FHGQTUV_
Sy_�_nP�FHzUIJ_�D>Z~_nV�_nMJD]ZJD>auVXG�F«_nF8VT~V[0P�SZUF8Sy_nFHVXT~VXT~_nMUD#ZUF«YXD*P�_nVP>��zUIJ_h_nVBIUTJN>D>Px_OSFHT�_nF8D*GwF8T~_nMJD]P�Sy_nD
V[�NOMoSTJpXD�V[	_nMUD�aJW{SG�R|SQGx_nVXP�D>Z�D>TJD>P�pyE�STUZ�_�MUD�P�D*G�IUW«_nF8TJp+SN>N*IUPnSN�E�V[ � ÷úÅU��î #� îrÿ � í-ZUIUP�F8TUp_nMJDB_�PnSTJG�FH_�F8VXT0�
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��FHpXIUP�D]ð�F8W8WHIUG�_�PnSy_�D>Gw_nMJD]_�D>R!a�VXP�SWÁD*YVXW8IJ_�F8VXT!V[Í_�MUD]R|SFHT6aJW{SG�R|SBaoSP�SR6D�_nD*P�Gh[\VXPvZJF8G�NOMUSP�pXD
ë ���¶y´��STUZ®K#FHW8WwzuD6IJG�D>ZÌSG¬ST�SZJZUFH_�F8VXToSyW}D�^JSR!aUW8D+V[v_nMUD6SToSyWHE`G�FHG�auD>Px[\VXP�R!D>Z¢[\VXPB_nMUD
G�D�_�V[�c²g�seVaJ_nFHR6FHG�D>Z¨ZUF8G�NOMoSP�pD>G>�+dqMUFHGBZUF8G�NOMoSP�pD~N>VXR!aUW8D*R6D*T�_nG�ë+���¶´X¶¡�\G�D*D6�LF8pXIUP�D!?X��F8T
_eKvV³P�D>G�a�D*N*_�G>Ñ!z�V_�M�ZUF«YXD>Px_nVXP¬W8D*pXGbSP�D|auV�K�D*P~Sy_�_nSNOMUD*Z¼ZUIUD|_�V�_nMJD�P�D*W{Sy_�FHYXD*WHE¢WHV�K aUW{SG�R|S
ZUD*TUG�F«_eE~STUZb_�MUDqfh���Î[\P�D>Ç�IUD*TUN*EbF8G�P�D>W8Sy_nF«YXD>W«E�W8V�K±��SP�VXIUTUZ�kk��0�r��STUZbYD>P�EbP�D>pIUW{SP*�G�V(_nMoSy_
zuV_nM�fh�L� STUZ�F8T�_�D>Pxsefh�L�Ô_nP�STUG�a�VXPx_#NrST�z�DBFHT�YD>Gx_nF8pXSy_nD*Z�FHT�ZJD*_OSyF8W3� � W8WÐVy_nMUD*P]ZJD>IJ_�D>P�FHIUR
ZUFHG�NOMoSP�pXD>G��3ë+���¶y´���� ë!�y��¶´�¶�� ë+���¶´'$J�ûë+��X¶X¶�J�ÐG�D>D�dLSzUWHD�k���MoSrYXD|MUF8pXMJD>P�aUW{SG�R|S�N>IJP�P�D*T�_
�3?`�û�X� � �bSTUZ¸MUD*TUN>D�MUF8pMUD>P~aUW8SG�R6S¨ZUD*TUG�F«_nFHD>G>�vaoSPx_nF8N*IUW{SyP�WHE®Sy[ß_�D>Pb_�MUD�p�SG~aUIJü!TUp¡aUMoSyG�D�
aUIUG�MUF8TJp!_�MUDBF8TUTUD*PqZUFHYD>Px_nVXP�_�V6ZUD�_OSNOMJR6D*T�_]VXP#N*W8VXG�D(_nV+ZUD*_nSNOMUR!D>T�_r�



�������������! #"%$�&('*)+�-,	� .�/0.�13246578$�9:1;7:<>=�9:73'%/ ?�k

18 20 22 24 26

200

400

600

800

1000

1200

Te
m

pe
ra

tu
re

 (˚
C

)

Time (sec.)

inner target 

outer target 

(a)

#53764

23 23.2 23.4 23.6 23.8 24
200

300

400

500

600

700

800

900

1000

P
ea

k 
te

m
pe

ra
tu

re
 (˚

C
)

Time (s)

inner target 

outer target (b)

#53764

243�5'6 í7���KJcð ¢f���Ò®;®¶óh���©�T�E���h�"�X�_�E�G®;�y��¿l���;�T���E®«�Ò��®¶������T��®��h�"�E�G®;���T�T®¶�ÒñÜ���©��®MEÂÃ�ò��h�G¾
�h�l��®¶��ñB�E���©®gE¬²hò ���X��µh®¶�_�E���©®w�9���ê¾l������G�h�Eµ�®4EÒ±XÃ�²�ûh³��B����ñM�!ò �E�T®R¾T�©ó�®¶�E�E®«¾Ò�T�|�h�E®«�r�h�z¾l������G�X��µh®
�X�G¾4ñM½|òu���E���¬® É����G¾l��É>�h�c�h�T®���®w�����G¾y¾l�T���©�Gµ��E�G®����E®w�h¾l�!¥p�~����E®��T�G�h�E®��h�6�E�T® �T®«�X�E���TµÂ�h�G¾
�B�T®¶���©���TµyÉf�âóh®¶�B�h���¬�«ú

  9

12

13

10

E
ne

rg
y 

(M
J)

Time (s)
23  23.2 23.4 23.6 23.8 24  

13

14

15

16

17

Inner 

Outer 

#53764 

11

(a)

20

22

24

26

E
ne

rg
y 

(M
J)

Time (s)
23  23.2 23.4 23.6 23.8 24  

52

54

56

58

Inner 

Outer 

#53767

power 
detached

power 
attached

(b)

243�5'6 í7� �'�|ð ¢ ®¶�¬���h��X�_®¶ó��h���l�E���h�4�h�{���T®y¾l�©ó�®¶�E�E������X��µh®���¾l®«�|�!���©�E®w¾8®«�T®¶��µh��®«��¾l�T���©�Gµ��oÁ
��®w���h�|¾÷�T�|�h�E®��h�¨ñZ��òf¾l���E��|�X��µh®úEÂ±hÃ!²XûX³Â�h�G¾/ñB½|òpEÒ±hÃ!²�û�²�ú

b�ÝßÞ�Ý �Dj'%âl=`9�73'%/Ì'²ãB9e.�á�ào.�1�"9�=`1n./LÍào'ak�.�1¬"/u5�.�/0.�1�24
dqMUD+_nFHR6DbD�YXVXWHIJ_nFHVXT¡V[v_�MUD+c²g R6D>SG�IJP�D>Z®G�IUPx[:SN>D+_nD*R6auD>P�Sy_nIJP�D~VXT¢_nMUD!VXIJ_�z�VXSP�Z|^%F8T�z�VXSP�Z
_OSyP�pXD�_nG¸F8G°G�MUV�K#T FHTÎ�LF8pXIUP�D£k��o��SX��[\VP°_�MUDjZUFHYD>P�_�D>Z aJMoSG�DjV[�_�MUDjZUF8G�NOMoSP�pD±STJZÎF8T
��FHpXIUP�D|k��o�:zo�Ê[\VXPBS�G�MUVXPx_nD*PB_�F8R!DQK#F8TJZUV�K V[Êk+G�D>N*VXTUZÍ�!f}Y`F8ZUD*T�_nWHE�Ð_nMUD+R6S%^�F8RbIUR G�IJP�[:SN*D
_nD*R6auD>P�Sy_nIJP�D>G*��d ú�Â"MN O�O � ¿ �(d ú�Â"MP ¾�Q � ¿ �(VXTjz�V_�M·_�MUD¢F8TUTUD*P¨SyTUZ·VIJ_nD*P�ZUF«YXD*P�_nVP�_nSP�pD*_nG�F8TJN>P�D>SG�DR!VXTUV_�VXTUF8N>SW8W«E¨_�MUP�VXIJpXMUVXIJ_¬_nMUD6ZUF8G�NOMoSP�pXD�F8T`sezuD*_eKvD>D>T°fh����G*��ct_bFHGbSWHG�V¨N*W8D>SP�_�MoSy_Qd ú�Â"MP ¾�Q � ¿YySP�FHD>G6G�R!V�V_�MUWHE°zuV_�M¯F8T�stz�D�_eK�D*D>TÖfh����G�STUZ¦ZUIUP�FHTUpÌ_�MUD¨_nD*R6auD>P�Sy_nIJP�D¨ZJD>NrSrE[\VXW8WHV�K#FHTUp
ST fh���®�bK#MUFHW8D¦d ú�Â"MN O�O � ¿ YySP�FHD>G�D*P�P�Sy_nFHNrSWHWHE£F8T S P�STUpXD¤Vy[ N k��X�'J:K FHT�sezuD*_eKvD>D*TÎfh����G>�
dqMUD³N*VXR6aUSP�FHG�VXT¯Vy[¬d ú�Â"MP ¾&Q � ¿ STJZ¤d ú�Â"MN O�O � ¿ ZUIJP�F8TJp�_nMUD³VXMJR6FHN¨aUMoSyG�D³V[B_nMJD³ZUF8G�NOMoSP�pD�#K#MUD>P�DzuV_nM¡_OSP�pXD*_�G¬MoSrYD�G�FHR6FHW{SP(WHV�K _nD*R6auD>P�Sy_nIUP�D!YySWHIUD>G*��ZUD*R6VTUG�_�PnSy_�D>G¬_�MoSy_�_nMUD!F8TJTUD>PB_OSP�pXD*_
zuD>MoSrY`F8VXIJP]N>STUTUVy_#z�D�SG�N>P�FHz�D*Z�_�V!S+GxE`G�_nD*R|S%_nF8NBZUF8SpXTUVG�_nFHN(D>P�P�VXP*�((IUP�F8TUp�_nMUD6fh��� auV�KvD>P¬ZUD>auVXG�FH_nFHVXT¢aUMoSG�D�}zuV_�M®d ú�Â"MN O�O � ¿ STJZÌd ú�Â"MP ¾�Q � ¿ F8TUN*P�DrSyG�D!G�_nP�VXTUpXW«EX�
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K#FH_�M�R6S%^�F8RbIURÕ_nD>R!auD>PnS%_nIUP�D>G~Sy_¬_nMUD6F8TUTJD>P¬_nSP�pD*_bD;^�N>D>D*ZUF8TJp�_nMUVXG�D�Sy_¬_nMUD6VXIJ_nD*P¬_nSP�pXD�_r�
� W«_nMUVIUpXM _nMUD*G�DjVXzUG�D*P�YySy_�F8VXTUG¼KvVXIUWHZ SaUauDrSyP°_�V FHTUZUFHNrSy_�D¯_nMoSy_S£MUF8pMUD>P°MUD>Sy_°ÏoI�^ F8G
ZUD*a�VXG�FH_�D>Z¢Sy_Ê_nMUDbFHTUTUD*P(ZUFHYD>Px_nVXPÊZUIUP�FHTUp�fh����G>�Í_�MUDbW8SP�pXD*PÊ_�D>R!a�D*PnSy_�IUP�D¬P�F8G�DbVXT¨_�MUDbFHTUTUD>P
ZUF«YXD>Px_nVXP(_nSP�pD*_BF8G�R6SFHTUWHE�ZUIUD~_�V�_�MUD+F8TJÏUIUD>TUN*D+V[�N*VyseZJD>auVXG�F«_nD>Z¢G�IUP�[:SN*D+W{SrEXD*P�GBVXT³_nMUD+c²g
R!DrSG�IUP�D*R6D*T�_�G>�<�SWHN>IUW8Sy_nD*Z¯ZUFHYD>Px_nVXP6ZUD>auVXG�F«_nD*Z¯D>TUD*P�pXFHD>G|[\VP�SÌZUFHG�NOMoSyP�pXD�K#FH_nM¦W8V�K STUZ¯MJF8pXM¯c ø SP�D
G�MJV�K#T|F8T!��F8pIUP�D�kXkQ��S���zÁ�}P�D>G�auD>N�_nF«YXD>W«EX�wceT6ZUF8G�NOMoSP�pD�ë+��X¶´�|�:W8V�K¦c ø �;��R6VXGx_-V[�_�MUD]D>TUD*P�pE
SP�P�FHYD>G�Sy_�_�MUDQ_OSyP�pXD�_nG�aJP�D>ZJVXR6FHToST�_nW«E�F8T�stz�D�_eK�D*D>T¢fh����G>��ceT¨N>VXT�_nP�SG�_>�0[\VXP]aUIUWHG�D+ë+���¶y´�¶��
K#FH_�M�MUFHpXMUD>Gx_(TUÂ«Ã(SyTUZ�c ø FHT�_nMJDQG�D�_�V[hZUFHG�NOMoSyP�pXD*G(G�_�IUZUF8D*Z³MUD>P�D�u_nMUD~fh����G�SyP�D¬_�MUDbW8SP�pXD*G�_
N>VT�_�P�FHzUIJ_nVP�GQ_�V¨_nMUD�FHTUTUD*P¬_OSyP�pXD�_~D>TUD*P�pEÌW8V�SyZÍ�LK#F«_nM�_nMJD�VXIJ_�D>PQ_nSP�pXD�_bD*TUD>P�pE�ZUD*a�VG�FH_�F8VXT
G�_�F8WHW0ZUVXR!F8TUSy_nD*Z�z�E�_�MUD�F8T�_nD*Pxs²fh���Ôa�D*P�FHV�ZUG*�wdqMUF8G#FHG]ZJIUD�_nV~_nMUDBGx_nP�VTUp6P�D>ZUIJN*_nFHVXT�F8T�F8T�_nD*Pxs
fh���èD>TUD*P�pE¨ZUD>auVXG�F«_nFHVXT�SG�G�V`N>F8Sy_nD*Z�K#FH_nM¨F8TUTUD*P(ZUF«YXD>Px_nVXPÊZUD*_nSNOMUR!D>T�_r� � GBS|N>VXTJG�D>Ç�IUD*TUN>Dy�
SGbG�MUV�K#T°F8T¼��FHpXIUP�D�kXk��:zÁ�;��_nMUD|ZUD>auVXG�F«_nD*Z¼D>TUD*P�pEÌVXTÌ_nMJD�F8TUTJD>PQ_nSP�pXD�_bFHTUN>P�DrSG�D>G~F8T¡_nFHR6D
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243�5'6 í7� �rXcð �_��É¨®¶�¨¾l®¶�����E�©�E®«¾K���¨�E�T®*���T�T®«�f�h�G¾ê���l�E®«�¨���X��µh®¶���¨�X�G¾÷�T���h�E�¬�Ò���E�h��®«¾ê®¶�T®«�Eµ��
¾l�T���©�Tµê�y�E�T�����R��®¶���©�l¾"���4¾l���E��G�h�Eµ�®fEÂ±hÃ!²XûX³Gúu¢f�T®;¾l���h�"�X�_�T���h�E�y�y�~���h��®«¾�®¶�T®«�Eµ��K¾l�G�E���Tµ
¢{����®�¥¦�u�{Ç ¤4���¶�h�G�E®«�u�E�T®�����É¨®¶�����G����®«����®w�u�¬®w�h�E�T�E®w¾K�X�f�E�T®�¾l��óh®«�����h�¨���h�Eµ�®��wú

F8T¢S�Gx_nD*a�K#FHG�D~R6STUTUD*P>�0K#F«_nM³D>SNOM®Gx_nD*a¡N>SIUG�D>Z¢z�E¢S�G�FHTUpXW8DQfh�L�¡�ÍdqMUF8G�F8G(N*VXTUG�FHG�_�D>T�_�K#FH_�M
_nMJD�FHTUTUD*PqZUFHYD>P�_�VXPqzuD>F8TJp!ZJD*_OSyNOMUD>Z�F8T�_nMUDBFHT�_�D>P²s²fh��� aJMoSG�D*G�SyTUZ�P�D�seSy_�_nSNOMUFHTUp+ZUIUP�FHTUp~_nMUD
fh��� aUMUSG�D*Gbi����ym��

��FHpXIUP�D�k�?�G�MUV�K#Gh_nMUD�_�D>R!a�VPnSW�D*YXVW8IJ_�F8VXT~V[Á_�MUD#fh�L�ºD>TJD>P�pF8D>Ghf ÀxþÖ|×&Ø STJZ!N*VXP�P�D>N�_nF8VTUG>�
SGhZUD�ËoTUD>Z|F8T!G�D>N�_nFHVXT�?`�Z$J��[\VXPwzuV_�M6ZUFHG�NOMoSyP�pXD*GvFHT|��FHpXIUP�D�kXkX�}ceT!NrSG�Db�:S�����K#MUD*P�DÊz�V_�M6Gx_nP�F8�D
auVXF8T�_nGbSP�D�auV�K�D*P+Sy_�_nSNOMUD*Z°_�MUP�VIUpXMUVXI�_b_nMUD�ZJFHYXD*P�_�D>Z°ZUF8G�NOMoSP�pXD�aUMoSG�D�-S�G�WHF8pXM�_�WHE¡MUF8pMUD>P
[\PnSyN*_nFHVXT¦Vy[�f-��� D*TUD>P�pE¦FHG6[\VXIJTUZ¤Sy_6_nMUD�FHTUTUD*P6_OSyP�pXD�_|_nMUST¤Sy_6_nMUD�VIJ_nD*P6_OSyP�pXD�_r�±dqMJD
D>TJD>P�pyEX�	f # J ²e²´ � ¹ ´ � �ÍP�D�ÏoD>N�_nF8TJp�_�MUDbIUTJN>D>Px_OSFHT�_eE�V[h_nMJD~F8T�_nD*Pxs²fh��� _nP�STUG�a�VXPx_�ZUIUP�F8TUp�_�MUD~fh���
D*YD>T�_�F8G�P�VXIUpXMUW«E¦D*Ç�IoSW([\VXP�zuV_�MjZJFHYXD*P�_�VXP|_OSyP�pXD�_nG>� �ÁVP|_nMUD³N>SG�D¢FHT��:zÁ�;�ÊFHT¯K#MUF8NOMÖ_nMUD
F8TJTUD>P]ZUFHYD>Px_nVXP]W8D*p6FHGÊR6SF8TJWHE�ZJD*_OSyNOMUD>Z�_�MUDQfh��� D*TUD>P�pE�N>VXP�P�D>N�_nFHVXT�[\VXP#_nMJD¬FHTUTUD>P]ZUF«YXD>Px_nVXP
F8GBN*VXTUG�D*Ç�IUD>T�_nW«EÌ[\VXIJTUZ®_�V�zuD|SyaUaUP�Vr^�F8R6Sy_�D>WHE �>D>P�VU��dqMUD|f-��� D>TUD*P�pE¡ZUD*a�VXG�FH_�F8VXT¡PnSy_�F8V�F8G
G�FHR6FHW{SP�_nV�_nMJDÊVXTJD#[\P�VXR N>SG�DQ��S��LK#F«_nM6S�G�W8FHpXM�_nWHE¬W{SyP�pXD*Phf-��� D>TUD*P�pE+VXT+_nMJD]FHTUTUD*P-ZJFHYXD*P�_�VXP>�

b�Ý8Ü`ÝBA '%á�àJ"1;78$�'%/¡'²ãB93"1�2`.�9�"/u5�ào.�5`.O$�93"âÍâ8'�$O$(�h,	� .�/0.�13273.O$
dqMUD¢YySW8IUD*G�V[Q_�MUD®auV�K�D*P�P�DrSNOMJF8TUp°_nMUD¡F8TJTUD>P�STUZjVXIJ_�D>P�ZUFHYD>Px_nVXP�_OSyP�pXD�_�[\VP�ZJF8G�NOMUSP�pXD
ë+���¶´y�¢SP�D�G�MUV�K#TFHT°��F8pXIJP�D�k����h_�VXpXD�_nMUD*PbK#FH_nM¼_�MUD�D*YVXW8IJ_�F8VXT¼Vy[Ê_�MUD�N>VXR!aUWHD*_nD|aUW{SG�R|S
G�_�VXP�D*Z|D*TUD>P�pEX�wct_-MoSGhzuD>D*T|G�MJV�K#T|F8T~YySP�FHVXIUGwN>VT�_�P�FHzUIJ_nFHVXTUGw[\P�VR G�D�YXD>P�SWuD�^�a�D*P�FHR6D*T�_�Gw_nMoSy_
_nMJD�fh���òN>SIUG�D*ZbaUW8SG�R6S�D>TUD*P�pE�WHVXG�G	F8G	R6SF8TJWHE�SyÓ0D*N*_�F8TUp#_nMUD-auD>ZUD*G�_OSyW`P�D>pXFHVXT	iµ�X�����JkX����?������%m3�
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dqMUD*P�D*[\VP�D�#_nMJD�fh��� NrSIUG�D>ZÖD>TJD>P�pyE¦WHVXG�G6F8G|TUSR6D*Z¤f ÅR¯ ;Ö|×&Ø � ceT¦VXP�ZUD*P|_nV®NrSWHN>IUW8Sy_nD�_nMUD
[\PnSyN*_nFHVXT�z�D�_eK�D*D>T�_nMUD�aUW{SyG�R6SbD>TUD*P�pE�ZUP�VXa�NrSIUG�D>Z�z�E�d-E`auD�sec�f-����GÊSTUZ�P�D*G�IUW«_nFHTUp+D>TUD*P�pE
ÏoI�^�D*G-VT�_�V(_nMUDv_OSP�pXD*_waJW{Sy_�D>GwSy_}DrSNOM+D*YD>T�_r��_�MUD�YySW8IUD*G�[\VXPwf ÅR¯ ;Ö|×&Ø SyP�D�ZUD*P�F«YXD>Z!SG�F8W8WHIUG�_�PnSy_�D>Z
F8T�_�MUDBP�F8pM�_#zuVr^�V[���F8pIUP�Dbkr�!SyTUZ¨SrYD>PnSypXD>Z�_nV!S~G�F8TJpXW8D(YySWHIUDÑ

÷ ÅR¯ ;Ö|×&Ø � k> Ú= Ù ÷ ÅR¯ ;Ö ×'Ø ³ Ù ��?ð��

ceT!VXP�ZUD*P}_nVBD>Gx_nFHR|Sy_�D�_nMUD#D*P�P�VP�zoSPwVy[�_�MUD#W{Sy_�_nD>P�Ç`IUST�_nFH_eEQ_nMUD#P�D>SZUD*P-G�MUVXIUWHZ+P�D>N>SW8W�_nMoSy_
F8T¢D*Ç`IUSy_nFHVXT®?y��_nMUD+NrSyW8N>IJW{Sy_�F8VXT�Vy[v_�MUD!f-��� ZUD>auVXG�FH_nD*Z³_OSP�pXD*_BD*TUD>P�pE³_OS�yD>G�F8T�_nV�SyN>N>VIUT�_
_nMJDB_�F8R!D�F8T�_nD*P�YySWHW�[\P�VRÎí W _�V!í q pXF«Y�FHTUp!f*´ � ¹ ´ � STJZ�FHGqF8TUN*W8IUZUFHTUp+SWHG�V~_nMUDBN*VXP�P�D>N*_�F8VXT�ZUIUD�_�V_nMJD|F8T�_�D>Pxsefh�L� D>TUD*P�pE ©¬k�ÿX?�?éf*´ � ¹ ´ � ��ceT�V_�MUD>P�K�VXP�ZUG>�wz�E®F8T�_nP�V�ZJIUN>FHTUp¨S�G�IUPx[:SN>D�W8SrEXD>PN>VP�P�D*N*_�F8VXT+_nMUD#D*P�P�VP�zoSPhV[Íf ÅU¯ ;Ö ×'Ø G�MUVXIUWHZ+F8TUN*W8IUZUDq_�MUDÊauV�K�D*PvN*P�VXG�G�FHTUp�_�MUD#G�D*aoSPnS%_nP�F ^~K#FH_�MUF8T
_nMJDb_nF8R!DQí q ©¸í W � kXkr·/áX�~©�FHYD>T�_�MUD~N>VXR!aoSP�SzUWHDbN>P�IUZUD~_nFHR6D¬P�D>G�VXW8I�_nF8VT�V[-_nMUD~P�SZUF{S%_nD>Z
auV�KvD>P*��½*²eî ; �(V[�VXTJWHEÖ?y�R6G�_�MUD¢PnSZJF{Sy_�F8VXT¯FHG�MUD*P�D¡N>VXR!aUW8D�_nD*WHEF8pXTUVP�D>Z0� � P�D>SG�VXTUSzUW8D
D�^�aUP�D>G�G�F8VT6[\VXP-ST!IUaUauD>PhW8FHR6F«_}V[�auV�KvD>P-N>P�VXG�G�F8TUpB_nMJDÊG�D>aoSP�Sy_nP�F«^+FHG}_nMUD*T6_nS�D*T|F8T�_�V¬SyN>N>VIUT�_
z�E

ý # ¯BÅ�î�²eî�´ñ² Ù Õ��±ýL¾�¿oÀD© � ÷úÅR��î #� î*ÿ � í �:�X���
ceT�_nD*pXPnSy_�F8TUp¼_�MUD¢a�V�KvD>P�N>P�VXG�G�F8TUp¼_nMJD¡G�D>aoSyPnSy_�P�F«^¦[\P�VXR í W SyTUZ¤í q _�MUD¢N>VXP�P�D>G�a�VTUZUF8TJpD>P�P�VXP�zoSP�[\VXP#f ÅR¯ ;Ö|×&Ø F8GqN>SW8N*IUW{S%_nD>Z�SyN>N>VP�ZUFHTUp~_nV

ì+÷ # ¯AÅ;î�²eî�´ñ² Ù Õ´ � ¹ ´ � � ß ´ �´ � ��ý�¾L¿oÀ>� � í é ©°ì!÷
ÅR¯ ;²m¯ # J ï:¯²e¼ �:�Jk��

�b�oVXPÊ_nMUD+aUP�D>G�D*T�_nD>Z®D�^JSR!aUW8DQF8T¢��FHpXIUP�D|k��|K#FH_�M®ì+÷ ÅU¯ ;²m¯ # J ï\¯²e¼ N ����¥�STUZ¡½h¾�¿oÀ~��ðJ� �X�/�£�
ì+÷ # ¯AÅ;î\²tî\´ñ² Ù Õ´ � ¹ ´ � F8GL[\VIUTUZb_nV�z�D#��y��¥BSyTUZb_nMUD*P�D�[\VXP�DqS(N*VXR!aoSPnSyzUW8D-G�R6SW8W`N>VP�P�D*N*_�F8VXTQ_�V�_nMJD�YSyW8IUD
[\VXP�f ÅR¯ ;Ö|×&Ø V[q�y��?y��¥�[\VXP(_�MUD!pXFHYD>T¡D�^JSR!aUW8Dy�|�]V�KvD*YD>P*��_nMUFHG�N>VXP�P�D*N*_nFHVXT¡F8GBF8TUN*W8IUZJD>Z¢F8T¢_nMUD
D>P�P�VXP�zoSP~D*G�_nFHR|S%_nF8VTÍ� � ZUZUF«_nFHVXToSWHWHE³_nV³_�MUD�W{Sy_�_nD*PbD>P�P�VXP�zoSPb_nMJD�Gx_OSy_�F8Gx_nF8N6YSyP�F{S%_nF8VTÌV[]_nMUD
G�FHTUpXWHDBf ÅR¯ ;Ö|×'Ø YySWHIUD>GqFHG�_OS�yD>T�F8T�_nV!SN*N>VXIUT�_]W8D>SZUFHTUpbËoToSWHWHE6_nV

ì+÷ ÅU¯ ;Ö|×&Ø � k> '(() Ú= Ù$R ��÷ ÅU¯ ;Ö|×&Ø ³ Ù ©¼÷ ÅU¯ ;Ö|×&Ø � m � ��ì+÷ # ¯AÅ;î\²tî\´ñ² Ù Õ´ � ¹ ´ � ³ Ù � m�S �:��?X�

aUP�V�Y`FHZUF8TUp~_�MUDBD>P�P�VXP�zUSP#SG#IUG�D*Z�[\VP�_nMUDBauD>ZUD*G�_OSyW�D*TUD>P�pE�W8VG�GqZUIUP�F8TUp~_eE`auD�sec�fh�L��GÊMUD*P�Dy�
d�V�N*VXR6aUSP�D~ZUF«Ó0D*P�D*T�_�D;^JauD>P�F8R!D>T�_nG�N>VR6R!VXTUW«E�_�MUD+W{Sy_�_nD>P(YySWHIUD~F8G�TJVXP�R6SW8FB�>D*Z³D>FH_�MUD>P

_nV6_nMUDbV�YD>PnSyW8W�VXPÊ_�MUDQauD>ZUD*G�_nSW}G�_�VXP�D*Z³D>TUD*P�pE�(dqMUD~fh���èD>TJD>P�pyE�W8VG�G>��SG(Gx_OSy_�D>Z¢SzuV�YXDy�ÍF8G
VXzUG�D>PxYXD>Z�_�V6VP�F8pF8T�F8T�_nMUD�auD>ZUD*G�_OSyWLP�D>pXFHVXT¨SyTUZ�_�MUD>P�D*[\VXP�DbS+TUVXP�R6SWHFA�rS%_nF8VT|_nV!_nMUD�a�D*ZUD>Gx_OSW
G�_�VXP�D*Z�D>TJD>P�pyE6FHGvaJP�D*[\D*P�P�D>ZÍ�v��VXP�D>V�YXD*P>�JYySPxE`F8TUp�aUP�D*G�G�IUP�D�aUP�VËoWHD]NOMUSPnSN�_nD*P�F8Gx_nFHN>G�auV_�D>T�_nF8SW8W«E
i��X�m`P�D*G�IUW«_�FHTQZUF«Ó0D*P�D>T�_LPnSy_�F8VXG	zuD*_eKvD>D*T~V�YD>P�SW8W�STUZ¬a�D*ZUD>Gx_OSW`G�_�VXP�D*ZbD>TUD*P�pE¬STJZ~SP�D-D�^�N*W8IUZUD*Z
_nMJF8GbK�S�E�¸�ÊV�K�D�YXD*P>��[\VXPb_�MUD�pXF«YXD>T¸ZUFHG�NOMoSP�pXD>G+FHT¸¥Xfhd K#FH_nM°P�D>W{S%_nFHYD>W«EÌWHV�Kò_nP�F{STJpXIUW{SyP�FH_eE
STUZ¸G�R6SWHWvYySP�F8Sy_nFHVXT¼V[]_nMUD�W8Sy_�_�D>PbYySW8IJD�_nMUD�PnSy_�F8V³zuD*_eKvD>D*T¯a�D*ZUD>Gx_OSW#Gx_nVXP�D>Z¸D>TUD*P�pE¸STJZ
V�YXD*PnSWHW�aJW{SG�R|S+G�_�VXP�D*Z¨D>TJD>P�pyE�FHG�SyG�G�IJR6D*Z¨_nV!z�DûN �J� ���T �J� ��J��dqMUFHG]YySWHIUD¬Vy[}auD>ZUD*G�_OSyW�_�V
_nVy_OSW-D>TUD*P�pEÌPnSy_�F8V�FHGQN*VXTUG�FHG�_�D>T�_~K#FH_�M°S¨K#F8ZUD�ZUSy_OSzUSG�D�Vy[(¥Xfwd R!DrSG�IUP�D*R6D*T�_�Gb[\VXPQ_�MUD>G�D
_nP�F{STJpXIUW{SyP�FH_�F8D*G¡i�?ð%m3� ª-E·_nS��F8TUp¸_nMUDÌYySWHIUD®[\VP�_nMJD�aUW{SyG�R6S¸D*TUD>P�pEX�Q÷ øtø Âßùûú�Â¬»�IUGx_³z�D�[\VXP�D
_nMJD�f-��� N>P�SG�MSGbFHW8WHIUG�_�PnSy_�D>Z�FHT°��F8pXIJP�D¨kr�J�w_nMUD�auD>ZUD*G�_nSWqG�_�VXP�D*Z¸D*TUD>P�pEX�v÷úÅU¯ ; �-N>ST°z�D
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SaUaJP�Vr^�F8R6Sy_nD*Z�SyG>Ñ

÷úÅR��î #� î#� k> Ú= Ù ÷úÅR��î #� îR³ Ù �:�X���

ì+÷úÅR��î #� î#� k> '(() Ú= Ù ��÷úÅR��î #� î7³ Ù ©°÷fÅR��î #~� î>� m �:����

÷úÅR¯ ; �±��µ��X�«?³÷úÅU��î #� î �:���X�
ì+÷úÅR¯ ; � % �:��µ ��[��ì+÷úÅR��î #� îr� m � ����µ �X��?�÷úÅR��î #� î>� m �:�X´��

��FHpXIUP�D+kr�!N>VR6aoSyP�D>G#_nMJDQfh��� D>TJD>P�pyE�ZJD>auVXG�F«_nD>Z¨Sy_#_nMUD�_OSP�pXD*_�Gb�:f À�þÖ ×'Ø �qTUVXP�R|SyW8F8G�D>Z
_nV³_�MUD�D>TUD*P�pE°WHVXG�_b[\P�VXRè_�MUD�a�D*ZUD>Gx_OSW��:f ÅR¯ ;Ö|×'Ø �~STJZ°_�MUD�D>TUD*P�pE°WHVXG�_~[\P�VXR _�MUD�a�D*ZUD>Gx_OSW
��f ÅR¯ ;Ö|×&Ø �qTUVXP�R6SWHF8G�D*Z�_nV+_nMUD�auD>ZUD*G�_OSyWLaUW8SG�R6S~D>TUD*P�pE®�:÷fÅR¯ ; ����dqMUD¬D*P�P�VXP�zoSyP#[\VP#_�MUD�PnSy_�F8VXGzuD*_eKvD>D>T¨f À�þÖ ×'Ø STUZ�f ÅR¯ ;Ö|×'Ø SyTUZ�z�D�_eK�D*D>T�f ÅR¯ ;Ö|×&Ø STJZ¨÷úÅR¯ ; SP�DBSpXSF8T�N>SW8N*IUW{Sy_�D>Z�z�E�R6S��F8TUpIUG�D¬V[�_nMJD�Gx_OSTJZoSP�Z�D>P�P�VXPqaJP�VXaoSyp�Sy_nFHVXT�[\VXP�R|SWHF8G�R��

� [\D*K VXW8ZUD*P�ZoSy_nS¼a�VXFHT�_nG�SP�D®SyW8G�V¼FHTUN>WHIUZUD*ZjFHTj��F8pXIJP�D�kr�°ZUP�SrK#Tj[\P�VXR S°aUP�D�Y`F8VXIUG
aUIUzJW8F8N>Sy_nFHVXT	i�?�m��¸dqMUD*E°KvD>P�D�VXzJ_nSF8TUD*Z°VXT¸_�MUD�zoSG�FHG+V[�[:SGx_6f-��� S�YD>P�SpXF8TJpÁi k�¶�m���K#FH_�MUVXIJ_
SN*N>IUP�Sy_nDwD*G�_nFHR|S%_nF8VT(V[`_nMUDwFHT�_�D>P²s²fh��� N*VXP�P�D>N�_nF8VTUG	STUZ�IUG�F8TUp#G�W8F8pM�_�WHE]ZUF«Ó0D*P�D>T�_�SG�G�IUR!aJ_�F8VXTUG
[\VXP]aUP�V`N>D*G�G�F8TUp�V[�_nMUD¬a�D*ZUD>Gx_OSW�_nVXa�aUSPnSR!D*_�D>P�G>�]dqMUDbR6SF8T�ZUFHÓ�D>P�D>TUN*DbzuD*_eKvD>D>T¢zuV_nM�ZoSy_nS
G�D�_nG�F8G6[\VXIUTUZ¤FHT¯_nMUD³G�W8F8pM�_�WHE¸W8V�KvD>P|YySWHIUD>G�[\VP�f ÀxþÖ|×&Ø ZUIUD�_�V�_nMUD³FHT�_�D>P²s²fh��� _nPnSyTUG�auVXP�_
N>VP�P�D*N*_�F8VXT��f # J ²e²´ � ¹ ´ � ���ÐzJIJ_BV_nMJD>P�K#FHG�D+TUV�Ç�IoSWHFH_OS%_nFHYDQZUF«Ó0D*P�D*TUN>D*GQSP�D~D*Y`F8ZJD>T�_r�bdqMJD+[\P�SN*_�F8VXTV[	fh��� D>TJD>P�pyE|SyP�P�F«Y`F8TUp¬Sy_�_�MUD�ZJFHYXD*P�_�VXP�f ÀxþÖ|×&Ø ^f ÅU¯ ;Ö ×'Ø SaJa�D>SP�G-_nVbzuDwN£�J� ¶X�B[\VXPhYySW8IJD>G�Vy[
f ÅR¯ ;Ö|×&Ø ^÷úÅR¯ ; N·�J�«k��~�:G�R|SyW8WUfh����Gn��ZUD>N*P�DrSyG�F8TJpB_�VBf À�þÖ ×'Ø ^f ÅU¯ ;Ö ×'Ø N±�J�����Ê[\VXP�YySWHIUD>G�V[�f ÅR¯ ;Ö|×'Ø^÷úÅR¯ ; N¦�J���¬�\W{SP�pXD}fh����Gn���wf}YXD*TQSqGxE�Gx_nD*R|Sy_�F8N}YySP�F{Sy_�F8VXT(Vy[JSyW8WZUSy_OSqauVXF8T�_nG0IUTUZUD*P�D>Gx_nFHR|Sy_�F8TUp_nMJD#YySWHIUD>Gw[\VXPhf ÀxþÖ|×&Ø VXPhV�YXD*P�D*G�_nFHR|S%_nF8TJpBf ÅR¯ ;Ö|×'Ø N>STUTUV_hD;^�N>D>D*Z|_nMJD#_�P�IUDqYySWHIUDqz�E+R6VXP�D�_nMoSyT
?X�XñòG�F8TJN>D�SZUZUFHTUp~_nMUD�W{S%_�_nD*P�YySW8IUD(_�V|f ÀxþÖ|×&Ø �\VXP#G�IUzJ_�PnSN�_nFHTUp6F«_q[\P�VXR f ÅR¯ ;Ö|×'Ø ��[\VXP#G�R|SWHW8D*G�_
fh����G�FHT�_nMJDQZoSy_nS!G�D*_ÊK�VXIJW8Z�pXF«YXDB_nMUD�[\IUW8WÐauD>ZJD>G�_nSW�W8VXG�GÊD*TUD>P�pE¨ZJD>auVXG�F«_nD>Z�VXT�_�MUD¬_nSP�pD*_nG
�:F���Dy�}f ÀxþÖ|×&Ø ^yf ÅR¯ ;Ö|×'Ø �bk��X��ñ+���Lf}YXD*T+_�MUD>T0�X_nMUD�Vz�Y`FHVXIUGL_�P�D*TUZb[\P�VXR���FHpXIUP�D�kr�(G�MUV�K#F8TUp�W{SP�pXD>P
fh����G�_nVbZJD>auVXG�F«_nD(S¬G�R6SW8WHD>Ph[\PnSN�_nF8VT|V[Ð_�MUD(auD>ZUD*G�_OSyW0W8VG�G�D*TUD>P�pE|_�MoST�G�R|SyW8W8D*P�fh����G�Gx_nFHW8W
MUVXWHZUGh_nP�IJD�}dqMUD*P�D�[\VXP�Dy�USTUZ!_nMoSyTU��Gv_nV�_nMUD]NrSyP�D*[\IJW�N>SW8FHzUPnSy_�F8VXT~Vy[Í_nMUD]c²g¤NrSR!D>P�SB[\VPvW8SP�pXD*G�_
VXzUG�D>PxYXD>Z�_�D>R!a�D*PnSy_�IUP�D*GQSyG¬ZUFHG�N*IUG�G�D>Z¼F8T¡G�D*N*_�F8VXT�?�� ð���_�MUD6ZUSy_OS�F8T¡aUP�D*G�D>T�_�D>Z¼F8T®��FHpXIUP�D�kr�
ZUD*R6VXTJG�_nP�Sy_nD�_�MoSy_�W8SP�pD>P�fh����G�_nD*TUZ¤_nV¼ZUD*a�VG�FH_�S�W8V�K�D*P�[\PnSN�_nFHVXT¯V[B_nMJD³a�D*ZUD>Gx_OSW(WHVXG�G
D>TJD>P�pyE�VXT�_nV~_nMUDBZUF«YXD*P�_nVP#_nSP�pD*_#aUW8Sy_nD*G>�

b�Ýcb�Ý �h,	� "/u567ß/o9e.�1;å3�h,�� .�/0.�1�24�"/u5�ào'ak�.�1
��FHpXIUP�Djk�� ��S��¢G�MUV�K#GÌ_�MUDÖ©�P�D>D*T�K�SWHZ ZUD*TUG�F«_eE [\P�SN*_�F8VXT�[\VXP®D>SNOM _nFHR6D°K#F8TJZUV�K V[�_nMUD
ZUFHG�NOMoSP�pXD>G]IUTUZJD>P�N*VXTUG�F8ZUD*PnSy_�F8VXT�MUD*P�D¬YD>P�G�IUG]_nMUD�a�D*ZUD>Gx_OSW�N>VW8W8FHG�FHVXToSWHFH_eE+F8T�VXP�ZUD>P#_nV!pXFHYD�S
N>P�IUZUDBNOMoSP�SN*_�D>P�F8GnS%_nF8VT�V[L_�MUD>G�DBZUF8G�NOMoSP�pD>G>�-fh����G]SP�D(_�P�FHpXpXD>P�D>Z�z�E��¨�0(�FHTUG�_nSzUF8WHFH_�F8D>G-Sy_
_nMJD�aUW{SyG�R6S�D>ZUpD�XK#MUFHNOM+SP�D�zuD>WHF8D�YXD>Zb_�V(zuDqZUP�F«YXD>T~z�EQaUP�D*G�G�IJP�D#STUZ~D*ZUpXDqN*IUP�P�D>T�_hpXPnSyZUF8D*T�_�G>�
SG�G�V`N>F{S%_nD>ZK#FH_nM_nMUD�D>ZUpXD�_nPnSyTUG�auVXP�_|zoSP�P�F8D*P6FHT¤�#stR6V`ZUD*G�i����%m��±ceT¯aUSP�_�F8N>IJW{SP*��_nMUD�D>ZUpD
N>IJP�P�D*T�_(F8G]ZUP�FHYXD*T�z�E�_nMUD¬z�V`V_nGx_nP�Sa¨N*IUP�P�D>T�_r�ÁK#MUF8NOM¨F8G]F8TJÏoIJD>TUN*D>Z�z�E�aUW{SG�R|S~N*VXW8WHF8G�FHVXToSWHFH_eE
K#FH_�M¢W8V�K�D*P�z�V`V_�G�_nP�Sa³N>IJP�P�D*T�_nG¬Sy_�MUFHpXMUD>P�aJW{SG�R|S|N*VXW8WHF8G�F8VXToSyW8FH_�F8D*G>�(dqMUD*P�D�[\VXP�Dy��F«_�MoSG�zuD>D*T
aUP�VXa�VG�D>Z!_nMoS%_�fh���ÕD>TJD>P�pyE6WHVXG�G�D>G-NrST6z�D]F8T�ÏoIUD>TJN>D>Z|z�E!D*ZUpXD�aJW{SG�R|S�N>VW8W8FHG�FHVXToSWHFH_eEX�ÐceT�_�D>Pxs



�������������! #"%$�&('*)+�-,	� .�/0.�13246578$�9:1;7:<>=�9:73'%/ ?´

E
E

LM
IR

 / 
E

E
LM

pe
d

0.1 0.15 0.2 0.25 0.3
0.3

0.4

0.5

0.6

0.7

pedE
ELM

 /E
ped

0.8

243�5'6 í7�u� � ð ¤	®«�����T��®«¾*������©� �X�~���{Ç ¤ ���h�Eµ�®��w�â� 0�2í�îaï �E���{Ç ¤ �|®w¾l®«�����h��������� ®¶�T®«�Eµ��h�â� ø:�~�í�î�ïóh®¶��E�G���T�h���y�X�����E®«¾Ø�{Çc¤ �E�©ª«®y¾l® 9 �G®«¾/�h��� ø\��í�îaï � 9 ø:�~� ���*½T������8¾T�X�����|���©�!��¶úê¢f�T®¬µ��E®«����G��¾l®«¾�¾T�X���Ò�|���©�!��R�����E��®«�E�|���G¾y���¬�h��¾l®¶����®«�E�T�©����ñ�U ¯7VBògú
R6SNOMUF8TJD�D>TUD*P�pE¯W8VXG�G�D>G�N*VXR!aoSP�FHG�VXTJG�V[B_nMUD³TJVXP�R6SW8FHG�D*Z¯fh��� D*TUD>P�pE¯WHVXG�G�D>G�[\P�VR R!VXG�_
_nV�ySyR|S��G(MUS�YD~F8TUZJD>D>Z³ZJD>R!VXTUG�_�PnSy_�D>Z³_nMUSy_(_nMJDbaUW{SyG�R6S|N>VXWHW8FHG�F8VToSW8F«_eE�V[w_�MUD~auD>ZUD*G�_OSyW}F8G�S
R6S�»�VXPÍ[:SN�_nVXP�ZUD*_�D>P�R6FHTUF8TUp�_�MUDvSN*_�IoSW`SR!VXIUT�_�V[UD*TUD>P�pEBW8VXGx_LSy_	_nMUDvfh�L��G>�XG�D>D�Dy��pJ�{i���´ym��LdqMJD
N>VW8W8FHG�FHVXToSWHFH_eE!V[�_�MUD�a�D*ZUD>Gx_OSW�aUW{SyG�R6S!FHG]N>SW8N*IUW{S%_nD>Z�SN*N>VXP�ZUF8TUp!_nV+_nMUD¬TUD>V`N>W8SG�G�F8N>SWÍ[\VXP�RQIUW{S
SG#pXF«YXD>T�z�E

��WÅR¯ ; �ÃÝ,? �*ÅeÆ8?YXU¹ q[Zm ?]\�¹ W¯\³ ¯ �:��¶X�
��K#MUD*P�D�\|¯�³ ¯!FHG~_nMUD�D>W8D*N*_�P�VXT�stD>WHD>N*_�P�VXT¸N>VIUW8VXRQzN*VXW8WHF8G�FHVXT°R6D>ST°[\P�D>D�aoSy_�MÍ�
X��_^`ÿ'ÝÔSTJZ\ ¯\³ ¯-�ék&µ ¶X?X¶���k�� W â }Q� �5` � m ÿ > �· ¹ q ��ÿ}W8TÍ��aq��K#F«_nM�W8TÐ�baq�-�ék��J�vdqMUD¬Ç�IoSyT�_�FH_�F8D>G > ÅU¯ ; STUZ�}�ÅU¯ ;ZUD*G�N>P�F8zuDQ_nMJDbZUD>TJG�FH_eE¨STUZ�_�D>R!a�D*PnSy_�IUP�DQSy_�_�MUDQ_�VXa�V[w_�MUD~�#s²��V`ZUDbauD>ZUD*G�_OSyW3�0P�D>G�a�D*N*_nF«YXD*WHEX�
dqMUDQ©BP�D>D*T�K�SWHZ�ZUD*TUG�F«_eE�[\PnSyN*_nFHVXT�F8G#ZUD�ËoTUD*Z�SG

©�P�D*D>T�K�SW8Z�ZUD>TJG�FH_eE|[\PnSN�_nF8VT|� > î²ï��²k�� m � ·O¹ q �g� Üc^u�·���md:Å����fe�� �:�&$��
K#FH_�Mg^~�±��µ�ð'·ÕSTUZäÝ �·��µZ$'· [\VXP�_nMJD¬SyToSWHE`G�D>Z�ZUF8G�NOMoSP�pXD>G*�

��FHpXIUP�D¬k����\zÁ�vG�MJV�K#Gq_�MUD�fh��� a�D*ZUD>Gx_OSWÍWHVXG�G�D>TUD*P�pE6K#MUF8NOM�FHT�SrYXD>P�SpXD�ZUD*N>P�DrSG�D>GqK#FH_�M
MUFHpXMUD>P � �ø���� YySWHIUD>GLzUIJ_wSyW8G�VÊG�MUV�K#GwSÊW{SP�pXDvG�NrSy_�_nD*P�V[o_�MUD�G�F8TUpXWHDvZUSy_OS]a�VXFHT�_nGLYySPxE`F8TUpÊz�D�_eK�D*D>T?�X�y�J¥�STJZ!��X���¥J�X�LF8pXIUP�D�k��~�\N��LG�MUV�K#G}_nMUD#fh���Î_OSP�pXD*_�ZUD>auVXG�FH_nD*Z+D>TUD*P�pE¬YSyP�E`F8TUp�z�D�_eK�D*D>T
k�?�y�J¥!STUZ¨?�X���¥J�oG�V|G�MJV�K#FHTUp6S!P�D>ZUIUN*D>Z�YSyP�F{S%_nF8VT�_nMoST�_nMJDQfh��� auD>ZJD>G�_nSW�W8VXG�GqD>TUD*P�pXFHD>G>�
��FHToSW8W«E~��FHpXIUP�D¬k��6�:ZÁ�wG�MJV�K#G�_�MUD�ZJD>auVXG�F«_nD>Z6D>TUD*P�pE6zuD*_eKvD>D>T�_eKvVbN>VTUG�D*N>IJ_�FHYXD(_eE`aUFHNrSWufh���
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243�5'6 í7�à� � ð ¢f�T®<ñZ��ò ´ ��®¶®«�!Éf�X��¾¾T®¶�G�E���~��B�����g���©��� �h�G¾ ñM½|ò¬��®«¾l®w�~��X���������¬®¶�T®«�Eµ��<�X���
�~�!�G���«�X�6�{Ç ¤t®¶ó�®¶�!�«�VñZ�«ò{���h�Eµ�®��f¾l®¶�����E����®«¾K®¶�T®«�Eµ��y�X� �Â�~���T���¶�h�z�uÇc¤ ®¶óh®«�!�f�h�G¾ØñZ¾Gò{���h�Eµ�®��
¾l®¶�����E����®«¾�®¶�G®¶��µh�y½�®��~É¨®¶®¶���~É¨�Ò�uÇc¤ ®¶ó�®¶�!���¨���hµh®¶�E�T®«��É��������E�T®��uÇc¤ �B�E®����G�G����®«�«ú

D*YD>T�_nG6K#MUF8NOM¤SyP�D�W{SP�pXD>W«E�YySP�E`F8TJp®ZUIJD�_nV¡_nMUD�YySP�F8Sy_nFHVXT°V[(_�MUD¨fh��� [\P�D>Ç�IUD>TJN>F8D*G|K#MUFHNOM
SP�D!aJP�D>G�D>T�_nD*Z¼F8T¢_nMUD+G�SR6D+aUWHV_r���ÖFH_�M®MJF8pXMUD*P � �ø��B� YySWHIUD>G�_nMJD|fh��� [\P�D>Ç�IUD>TJN*E¡F8TUN*P�D>SG�D*G
F8T®SrYXD*PnSpXD6zUIJ_QSW8G�V�MJD>P�D|S�W8SP�pXD~G�NrSy_�_nD*PQF8G�VXzUG�D>PxYXD>Z0��dqMJF8G�D*Ó�D>N*_QF8G�a�VG�G�FHzUWHE�NrSIUG�D>Z�z�E
_nMJD�ZUFHÓ�D>P�D>T�_Q_�P�F8STUpXIUW8SP�F«_eE³F8T®_nMUD*G�D�ZUFHG�NOMoSyP�pXD*GbK#MUF8NOM¼FHG¬P�D>auVXP�_�D>Z�_nV¨NrSIUG�D�S¨G�FHpXTUF«ËoNrST�_
SZUZJFH_nFHVXToSWyYSyP�FH_nSy_nFHVXTBV[U_�MUDvP�D>W8Sy_nFHVXT¬zuD*_eKvD>D*Tb_nMUDvTUVXP�R|SWHF8G�D>Z�fh�L�òa�D*ZUD>Gx_OSW`W8VXG�G�SyTUZbfh���
[\P�D*Ç�IUD>TUN�E�VXP � �ø���� iµ��¶`�U�ü$ym����FHpXIUP�D�k�´�G�MJV�K#G~_�MUD�fh��� _�PnSTJG�auVXP�_�D>Z°a�V�KvD>P+SN*P�VXG�Gb_nMUD|G�D>aUSPnSy_�P�F ^¼STJZ¸VT�_�V�_nMUD
_OSyP�pXD�_nGbFHTÖ��S��¬STUZj�:zo���wP�D*G�auD>N�_nFHYD>W«EX�®ª�V_nM¼Ç�IoSyT�_�FH_�F8D>GQF8TUN*P�DrSyG�D|K#F«_nM¼MUFHpXMUD>P � �ø��B� YySW8IUD*G>�dqMUD+F8T�_�D>Pxsefh�L� auV�KvD>PBG�MUV�K#TÌF8T¸�\N��(ZUP�VXaUGBG�FHpXTUFHËUNrST�_nW«E�S%_BW{SP�pXD � �ø���� �~dqMUD~_nV_nSW}auV�K�D*PD>TJT�_�D>P�F8TUp�_�MUD~ÒU×��w�Í½*´ J ´}se½*²eî ; ��G�_OSrE`G�P�D*W{Sy_�FHYD>WHE�N*VXTUGx_OST�_BSGÊG�MUV�K#T¢F8T��:ZÁ�;� � ZJZUFH_�F8VXToSyW8WHE_nMJD�a�V�KvD>PqzoSW8STUN*D(z�D�_eK�D*D>T�_nMUD([\VXP�R6D*PvYySWHIUD�STUZ�_�MUD�ZUD>auVXG�FH_nD*Z�D>TUD*P�pE�Á½*´ J ´�se½*²eî ; s²½wÀxþÌ�F8GÊaUP�D*G�D*T�_�D>ZÍ�	N*VXTJËoP�R6FHTUp|_nMUSy_�TUV�GxE`G�_nD*R|S%_nF8N�� � �ø���� ZUD*a�D*TUZUD*T�_O�(D>P�P�VXP�zUSP(F8GÊaUP�D*G�D*T�_�FHT¨_nMUDZoSy_nS~G�IUaUauVXPx_nF8TJp+_�MUDBP�D*G�IUW«_nG#V[}Ò�D>N�_nF8VT�?���ðJ�
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N>WHVXG�D6_nV �*D>P�V¢SyGQ_nMUD�FHTUTUD*PQZUF«YXD>Px_nVXPQaUW{SG�R|S�ZUD*_nSNOMUD*G>�à�ÖMUF8WHG�_Q_�MUD�FHT�_�D>P²s²fh��� _nPnSyTUG�auVXP�_
STUZ³_�F8R!D�s²SrYD>PnSypXD>Z¸�\F8TUN*W8IUZUFHTUp�fh����G�STUZ¢ceT�_nD*Pxs²fh��� a�D*P�F8V`ZUGn�]_nP�STUG�auVXPx_�N>WHDrSP�WHE�[:S�YVXIUP�G
_nMJD(VXIJ_�D>P�_OSyP�pXD�_r�USyG�D�^�auD>N*_�D>Z�[\P�VXRòN>W8SG�G�F8N>SW�ZJP�FH[ß_�G>��zoSW8WHV�VTUF8TUp�_�PnSTUG�a�VP�_#STJZ¡�:ZUIUD(_�Vb_nMUD
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� �ø���� YySWHIUD>G]_nMUDbFHT�_nD>P²s²fh���Ø[\PnSyN*_nFHVXT¨FHGÊ_�MUDbZUVXR!F8TUST�_�D*TUD>P�pE¨ZJD>auVXG�F«_nF8VT�NOMoSTUTJD>W�VT�_�V�_nMUD
ZUF«YXD>Px_nVXPq_nSP�pXD�_nG*�
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KvDrS��aUSP�_�F{SW�ZUD*_nSNOMUR!D>T�_#[\VXP�_nMJD�VIJ_nD*PqZUFHYD>P�_�VXP�N>ST�TJV_qzuD�D�^�N>WHIUZUD>Z�F8T�_�MUD�MUF8pM�ZUD>TUG�FH_eE
aUMoSyG�D>GÊSToSyWHE`G�D*Z�MUD*P�Dy�
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ZUF«YXD>Px_nVXPqN*VXTUZUF«_nFHVXTUG#Sy_#MUFHpXM�ZUD*TUG�F«_nF8D*G#NrSTUTJV_#z�DBP�D>G�VWHYXD*Z�IJG�F8TJp+_�MUF8GqP�D>Gx_nP�FHN*_�D>Z�ZoSy_OS~zoSyG�D�
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_nMJD¨F8TJTUD>P!ZUFHYD>Px_nVXP+_nMoS%_6_�MUD¨auV�K�D*P|ZUD*a�VXG�FH_�F8VXT¸zoSW8STUN>D�Sy_|MUF8pXMJD>P � �ø���� FHG6ZUVR6FHToSy_nD*Zz�Efh����G#STUZ�z�E!_nMUD�FHT�_�D>P²s²fh��� _nP�STUG�auVXPx_#Sy_�WHV�K � �ø��B� �h�ÁVPv_nMJD(VXIJ_�D>P�ZUF«YXD*P�_nVP�_nMUD*G�D�P�D>G�IJWH_nGZUD*R6VXTJG�_nP�Sy_nD+_nMUSy_¬[\VPQSWHW}YySW8IUD*G¬Vy[ � �ø���� FHT¡_�MUD|ZoS%_OS�G�D*_¬_nMUD6F8T�_nD*Pxs²fh��� _�PnSTJG�auVXP�_¬F8GB_nMUD
ZUVXR!F8TUST�_�[\PnSN�_nFHVXTÍ�
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[\VXWHW8V�K#F8TUpJÑ
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�3?X��dqMUD¬SG�E`R!R6D�_nPxE�zuD*_eKvD>D>T¨F8TUTUD*P#STUZ�VXIJ_�D>P]fh�L� D>TJD>P�pyE�ZUD>auVXG�FH_nFHVXT
������dqMUDB[\PnSN�_nFHVXT�V[�f-��� D>TUD*P�pE�SyP�P�F«Y`F8TUp+Sy_q_�MUDBZUFHYD>Px_nVXPq_OSyP�pXD�_
�xk��	dqMUD-[\PnSN�_nFHVXT¬Vy[U_nMUD�fh�L� _nV�FHT�_nD>P²s²fh���òZUF«YXD*P�_nVP�_nSP�pXD�_�ZJD>auVXG�F«_nD>ZQD>TUD*P�pE�G�MJV�K#GL[\VXP	W8V�K

� �ø���� YySWHIUD>G]V[}SP�VXIJTUZ��J� ?X���#�oVXP#MUFHpXMUD*P#YySWHIUD>G]V[ � �ø��B� �uSTUZ¨N*VXP�P�D>G�a�VXTJZUF8TUpWHE�MUFHpXMUD>P]fh���[\P�D*Ç�IUD>TUN*F8D*G>�uS~W{SP�pXD>Pqfh��� NrSP�P�F8D*Z�D>TUD*P�pE�[\P�SN*_�F8VXT�IJa�_�V N �J�û�bFHG�[\VXIUTUZÍ�hdqMUFHGqz�D*MoSrY`F8VXIUP
F8G-K�D*W8W�D�^�aUW{SyF8TUD*Z�z�E|_nMJD(N>VXT�_�D>T�_qV[Ð_�MUD(aoSauD>P*�h��F8P�G�_>�`_�MUD�[\PnSyN*_nFHVXT�zuD*_eKvD>D*T�fh���ÔW8VXG�G�STJZ
_OSyP�pXD�_bZUD*a�VXG�FH_�D>Z�D*TUD>P�pEÌFHG¬MJF8pXMUD*P¬[\VXP|�:G�R|SyW8W8D*PO��fh����G~SaUauDrSyP�F8TJp�Sy_QMUF8pXMJD>P � �ø��B� YySW8IUD*G>�Ò�D*N>VXTUZ0�`_�MUDqF8T�_nD*Pxsef-��� _OSP�pXD*_hZJD>auVXG�F«_nF8VT~VXT�_nV�_nMUD#FHTUTUD>PwZJFHYXD*P�_�VXPwF8GwW8SP�pXD*WHE¬P�D*ZUIUN>D*Z6K#MUD*T
F8TJTUD>P¬ZUFHYD>P�_�VXP¬_nSP�pD*_¬a�V�KvD>PbZUD�_OSNOMJR6D*T�_bG�D*_�GbF8T¡K#MUD>P�DrSG~G�F8pXTJFHËoN>ST�_QZUD�_OSNOMJR6D*T�_bV[q_nMUD
fh��� FHTUTUD>Pq_nSP�pXD�_#ZUD>auVXG�FH_nFHVXT�F8GqTJV_]VXzUG�D*P�YD>ZÍ�

�3?�¯×(TUDêG�_�P�F8��FHTUp [\DrSy_�IUP�D±V[¢_nMUD _eE`auD�secfh��� D*TUD>P�pEÎ_nSP�pXD�_¤ZUD*a�VXG�FH_�F8VXTºFHG¦_nMUD
W{SyP�pXD*P![\P�SN*_�F8VXTV[BD>TUD*P�pEZUD*a�VXG�FH_�D>Z¯VXT�_�VÌ_nMUD¨F8TUTUD*P|ZUF«YXD*P�_nVP6_OSyP�pXD�_|_nMUST¯VXT¦_�MUD�VXI�_nD>P
_OSyP�pXD�_r�f<�SP�D*[\IUWÐD*G�_nFHR|S%_nF8VT�V[LZUF{SpTUVXG�_�F8N>SW0D*P�P�VP�zoSP�G>�UaUSP�_�F8N>IJW{SP�WHE!ZUIUD�_nV~_�MUDBaUP�D*G�D>TJN>DQVy[
G�IJP�[:SN*D�ËoW8R!G¬VT�_nMUD�ZJFHYXD*P�_�VXPQ_OSyP�pXD�_nG>�wMUSGbzuD>D>T¼aJP�D>G�D>T�_nD*Z¦SyTUZ°SP�D6_OS�yD>T¼F8T�_�V³SN>N*VXIUT�_r�
ceTUZUD*D>ZÍ�0pXFHYD>T¨_�MUDQW8SP�pXD�P�D*G�IUW«_nFHTUp6D*P�P�VXP�zoSyP�G�FHT|^yVXI�_�P�Sy_nFHVXGÊVy[}_nMUD�_OSP�pXD*_�ZUD>auVXG�FH_nFHVXT�z�D*W8V�K
IUTUF«_eE KvVXIUW8Z£zuD°a�VXG�G�FHzUW8Dy� �]V�K�D�YXD>P*�6P�D>N*D>T�_ÌP�D>G�IUWH_�G¢[\P�VXR � Ò�(�f*) +ÊaUpXP�SZUD°F8T�[\PnS%stP�D>Z
_nMJD>P�R!VXpXP�SaUM�E³[\VXP�_nMJD|IUaUauD>P�ZUF«YXD>Px_nVXP*�LR6S��F8TJp�IUG�D|V[�STÌVaJ_nFHR6FHG�D>Z¢D;^JauD>P�F8R!D>T�_OSyW-G�D*_�IUa
_nV°SrYVXF8ZÖF8T�ÏoIUD>TJN>D>G�Vy[QN*VyseZUD*a�VG�FH_�D>Z¤G�IUP�[:SN*D³W{SrEXD*P�G*�(SWHG�V¼G�MJV�K _nMUSy_�_nMUD¢fh����G�ZUD*a�VG�FH_
R!VXP�D¡D>TUD*P�pE±VXT�_nV¦_�MUDÌFHTUTUD*P¨ZUF«YXD>Px_nVXP�i�?���(�`k*m��ÔdqMUD>G�D�P�D*G�IUW«_nG¨KvD>P�D�VXzJ_nSF8TJD>Z±[\VXP�_nMUD
GnSyR6D�ËoD*W8Z¸ZUF8P�D>N*_�F8VXT±�:TJVXP�R6SW�ËoD*W8Z¸ZUF8P�D>N�_nF8VTÁ�bSG!FH_~K�SG|SyaUaUW8FHD>Z¸F8T¼_nMJD�¥Xfwd ZUFHG�NOMoSyP�pXD*G
IUTUZJD>P]N>VXTUG�F8ZUD*PnSy_�F8VXT�MUD*P�D���oVXP#P�D*YD>P�G�D>Z�ËoD>WHZ�ZUFHP�D*N*_nFHVXT�FH_qK�SGÊG�MUV�K#TÍ�Á_nMoSy_Êfh����G�ZJP�FHYD�S
MUFHpXMUD>P�[\P�SN*_�F8VXT¢_nV�K�SP�ZUG�_nMUD!VXIJ_�D>P�ZUFHYD>Px_nVXPB_OSP�pXD*_�i��`k>m3�|dqMUD|W8Sy_�_�D>P�K�VP��¢F8TUN*W8IUZJD>G�_OSP�pXD*_
N>IJP�P�D*T�_¬R!DrSyG�IUP�D>R!D>T�_nGon � IUG�FHTUp�G�M�IUT�_�G¬R!DrSG�IUP�FHTUp�_nMJD~N>IUP�P�D>T�_�G�zuD*_eKvD>D*T®_�MUDb_OSP�pXD*_�_nF8WHD>GSTUZ!DrSyP�_nM6STUZ6G�MUV�K#FHTUpQSBN>WHDrSPwN*VXP�P�D>W8Sy_nFHVXT~z�D�_eK�D*D>T�_�MUD#R6D>SG�IUP�D>Z6D>TUD*P�pE!SGxE`R6R!D*_�P�E+STJZ
_nMJD+SR6aJW8FH_�IUZUD�V[h_nMUDpn � G�F8pXToSyW3��d�V�D>T�Y`F8GnSypXDb_nMUFHG(G�auD>N*FHËoN~auVXFHT�_(F8T¢¥Xfwd S�z�D*TUNOMUR6SP���Vy[
_nMJD6P�D>G�IJWH_nG¬VXT®_�MUD6f-��� _nSP�pD*_¬D>TUD*P�pE¡ZUFHG�_nP�F8zUI�_nF8VT®SyG¬aUP�D>G�D>T�_nD*Z¼MUD>P�D�STUZYn � STUZYnKqsr��
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R!DrSG�IUP�D*R6D*T�_�G�SP�D+F8T³aJP�VXpXP�D>G�G>�6�ÁVP�S�ZUF8G�N>IUG�G�F8VTÌSzuVXIJ_�_�MUD+a�VG�G�FHzUW8D~IJTUZUD>P�WHE`F8TJp�aJM�E`N*F{SW
R!D>NOMoSTJG�F8RÎG�D>D¬SWHG�V�i���k>m��

���X��dqMUD�YySWHIUD>G�[\VXIUTUZ�[\VXP�_nMUD|ZUD>auVXG�F«_nD*Z�[\PnSN�_nF8VTÌV[]fh��� D>TUD*P�pEÌN>VXR!aoSP�D>ZÌ_�V�_nMUD
auD>ZUD*G�_OSyW`WHVXG�G�STJZ¬_nM�IUG�D>TJD>P�pyEBN>P�VG�G�FHTUpÊ_�MUDhG�D*aoSPnS%_nP�F ^�SP�DvG�F8R!F8W{SyP�_nV#_nMJDhYySWHIUD>G	[\VXIUTJZ�K#MUD*T
_nMJD�ZUFHYD>P�_�VXPqfh����s²SrYD>PnSypXD�a�V�KvD>P#F8GvTUVXP�R|SWHF8G�D>Z|_�Vb_nMUD�SyZUZUFH_�F8VXTUSW�MJDrSy_�F8TUpbauV�K�D*P��:G�D>D�_nMUD
N>VW8IUR!T¯F8T¤dLSzUWHD�k³pXF«Y�FHTUp¼ý�À�þ�ÿýL¾�¿oÀ����,+ÊTUZJD>P�G�_�DrSZ�E�stG�_nSy_nD¢N>VTUZUFH_�F8VXTJG>�q_nMUD¨ZUFHÓ�D>P�D>TUN*D
zuD*_eKvD>D>T¯_�MUD¨R!DrSyG�IUP�D>Z¦c²gºZUD*a�VG�FH_�D>Za�V�KvD>P�SyTUZ¦_nMJD¨SZJZUFH_�F8VXToSyW�MUDrS%_nF8TJpÌauV�KvD>P6NrSTz�D
D�^�aUW8SF8TJD>Z!z�E~_�MUD#a�V�KvD>P-PnSZJF{Sy_�D>Z+D>WHD>N*_�P�VXR6SpXTJD*_nFHNrSWHWHEB[\P�VRé_nMUD#aUW8SG�R6SJ�}��DrSG�IUP�D*R6D*T�_nG�Vy[
aUW8SG�R6S(PnSZJF{Sy_�F8VXTbFHT!¥Xfwd¯SP�D#_�V�V�G�W8V�K¸_nVBZUD*_�D>P�R6FHTUD�K#MUD*_�MUD>Ph_nMJDqZUFHÓ�D>P�D>TUN*D]zuD*_eKvD>D*T�fh���
auD>ZUD*G�_OSyW�WHVXG�G-D>TUD*P�pE|STUZ!_OSP�pXD*_vD>TJD>P�pyE6N>ST|zuD(SyN>N>VIUT�_nD>Z6[\VXPvz�E6fh����seFHTUZUIUN*D>Z�P�SZUF{S%_nF8VTÍ�
�ÊV�KvD*YD>P>�#P�D>G�IJWH_nG6SP�D¨SrYySF8W8SzUWHD|K#MUF8NOMF8TUZJF8NrS%_nD�_nMUSy_|VTUWHE°S¢G�R6SWHW�[\PnSN�_nF8VT¸Vy[�_nMJD¨fh���
auD>ZUD*G�_OSyW�WHVXG�GqD*TUD>P�pE�F8GqP�SZUF8Sy_nD*Z�F8T�¥Xfwd��

�oVXPhTUFH_�P�VXpD>T|G�D>D*ZUF8TUp¬D�^�auD>P�FHR6D*T�_nGvK#F«_nM6P�D>G�IUWH_�F8TUpBYXD*P�E6G�R6SW8WodhE`a�D;sec�c�chfh����GvK#F«_nM�SyT
D>TJD>P�pyE³a�D*ZUD>Gx_OSW�W8VXG�G�V[-W8D>G�G(_nMoSyT¡?���¥�P�D>G�IUWH_�D>Z¢F8T¢S�N*VXR6aJW8D*_�DbZUFHG�G�FHaoSy_�F8VXT�Vy[�fh��� ��STJZ
F8T�_�D>Pxsefh�L�¨�hD*TUD>P�pE�i��ðJ���X?�m��wceT|N*VXT�_nPnSyG�_r��[\VXPhNrSyG�D>G-K#FH_�M � P�pXVXT!G�D*D>ZUFHTUpbSTJZ|dhE�auD�stchfh�L��G
V[h_nMJD~G�FA�*DbV[vS|[\D*K M�IUTUZUP�D>ZUGB��¥�TUV�G�FHpXTUFHËUNrST�_�FHTUN>P�DrSG�D~V[h_nMUD~P�SZUF{S%_nF8VT¨W8D�YXD*W}MoSG(zuD>D*T
P�D*a�VP�_nD*Z¯N>VR6aoSyP�D>Z¸_nV®IUTUG�D*D>ZUD*ZÖZUF8G�NOMoSP�pD>G³i���ym��·¥XfwdºR6V`ZUD>WHW8FHTUp³VXT¦_�MUD�[\D>SG�FHzUF8WHFH_eE¼Vy[
fh��� D>TUD*P�pE�ZUFHG�G�FHaoSy_�F8VXT�F8T�_nMUD+ÒJ×B��IJG�F8TJp�F8R!aUIUP�FH_eE�G�D>D>ZJF8TUp|_�D>NOMUTJF8Ç�IUD>G�MUSG�G�MUV�K#T�_nMoSy_
MUFHpXMUD>PhFHR6aUIJP�FH_eE¬N>VT�_�D>T�_�zUSP�D*WHE~FHTUN>P�DrSG�D>Gh_nMUD#PnSyZUF{Sy_�D>Z6fh�L�ºD>TJD>P�pyE![\P�SN*_�F8VXT+SyTUZ6_�MoSy_h_nMUD
P�D*W{Sy_�FHYDb[\PnSN�_nF8VT³V[�P�SZUF8Sy_nD*Z³D>TUD*P�pE¢ZUIJP�F8TJp�_�MUD+fh��� F8G�W8D>G�G�_nMoST¸k���ñº[\VXPBfh����GBW{SP�pXD>P
_nMUSTkr�X���¥®i��y�m��+dqMUD>G�D|P�D>G�IJWH_nG�SP�D+N>VXTUG�F8Gx_nD>T�_�K#FH_�M¡R!V`ZUD>WHW8F8TJp|G�_�IUZUFHD>GB[\VXP�ced#fhg��ÐK#MUFHNOM
aUP�D>ZUFHN*_¬TUD>pXWHF8pXFHzUW8DQfh�L� PnSZUF8Sy_nFHVXT�[\PnSyN*_nFHVXTUG�[\VXPBdhE�auD�stcBfh�L��G�i��X��m�� � G�G�IUR!F8TJp�_�MUD>P�D*[\VXP�D
ST�fh��� aUP�V�YXVX�yD>Z¨P�SZUF8Sy_nFHVXT�W8D�YXD*WÍTUV_#D;^JN*D>D*ZUF8TUp�k���ñ F8T�_nMJDBSToSW«E�G�D>Z�ZUFHG�NOMoSP�pXD>G*�o_nMUD�c²g
_nMJD>P�R!VXpXP�SaUM�E³ZoS%_OS�F8R!aUWHE�_�MoSy_�IUa³_nV����Xñ V[v_�MUD+a�D*ZUD>Gx_OSWwD*TUD>P�pE³[\VXP(YD>P�E¢W8SP�pD~fh�L��G
N>VIUW8Zz�D�ZUD>auVXG�F«_nD*Z¯P�D*R6V_�D�[\P�VXR§_nMUD�G�_�P�F8�yD�W8FHTUD>G��ß_nF8WHD�ë~�®STUZÖë+¶X�~K#FH_nM¦SÌG�FHpXTUF«ËoNrST�_
[\PnSyN*_nFHVXT�ZUD*a�VXG�FH_�D>Z�VXT�_nV+_nMUDBR6SF8T�NOMoSyRbz�D*P�K�SyW8W8G*�

f�^�a�D*P�F8R!D>T�_nSW�D�Y`F8ZUD*TUN>D FHGP�D>auVXP�_�D>Z FHTÔi��´ym�[\P�VR ¥Xfhd ZJF8G�NOMUSP�pXD*G¦[\VXP¸a�D>S� F8VXT
_nD*R6auD>P�Sy_nIJP�D>GBFHT¢f-���§ËoW{SyR6D*T�_�G�P�D>SNOMUF8TJp�_�MUD+R|SFHT�NOMoSRQz�D*PBK�SWHW8G�F8T�_�MUD+PnSTJpXD~V[����ñ
V[w_�MUDQauD>ZUD*G�_nSWLYySWHIUD>G*��dqMUD*G�D~W{S%_�_nD*PÊD;^�a�D*P�F8R!D>T�_nSWLP�D>G�IUWH_�G(SP�DQF8T¨pXV�V`Z�SypXP�D*D>R!D>T�_�_�V|_nMUD
_nP�STUG�F8D>T�_+R!V�ZJD>W�V[Êfh��� D*TUD>P�pE¼ZUFHG�G�F8aoSy_�F8VXT�_�V³PnSZJF{SWvaoSPnSyW8W8D*W�WHVXG�G�D>G�i��¶�m���dqMUF8G+R!V�ZJD>W
R6S�D*GÊIUG�DQV[�R6D>SG�IJP�D>Z�YySW8IUD*Gq[\VXPq_nMUD¬fh�L� PnSZJF{SWÐaUP�VXaoSpXSy_nFHVXT�YXD>WHV�N*FH_eE�utiv¸�uauD>Px[\VXP�R!D>Z
z�E(ËoP�G�_	K�SyW8WXWHF8R!FH_nD*P�_nSP�pXD�_	R6VIUT�_nD>Z��	STUpRbIUF8P0aUP�VXzuD>G	WHV�N>Sy_nD*Z¬S%_	G�D*YD>P�SW�a�VXWHVXF8ZUSWyauVXG�FH_nFHVXTUG
F8T�_nMUDbVIJ_nD*P(D>Ç�IoSy_�VXP�F8SW�R6FHZUaUW{SyTUD¬P�D>pXFHVXT�aUP�V�Y�FHZUF8TJp�G�D�YXD>P�SWwPnSyZUF{SW	ZUFHG�_nSTUN>D*G�z�D�_eK�D*D>T¢_nMUD
aUP�VXz�D¡_nFHaUG¨SyTUZ±_nMJD�aUP�D;s²fh��� G�D*aoSP�Sy_nP�F«^·W8V`NrSy_�F8VXT i��'$ym��Ô��DrSG�IUP�D*R6D*T�_�G�[\P�VXR S¸G�F8TJpXW8D
P�D*N>FHaUP�V`NrSy_�F8TUpjaUP�VXz�DW8V`NrSy_�D>ZéSW8G�V Sy_¡_nMUD¦VXIJ_nD*P®R!F8ZJaUW{STJD±i��ðym!ËoTUZJGÌ_nMUD¦fh�L� PnSZUF8SW
aUP�VXaoSp�S%_nF8VT!G�a�D*D>Z|_�V¬FHTUN>P�DrSG�D�P�VXIUpXMUW«E~W8FHTUDrSyP}K#FH_nM+_nMJDÊT�IURbzuD>P�G�V[Ífh�L� P�D>W8Sy_nD*Z6aUSP�_�F8N>WHD>G
SP�P�FHY`FHTUp�Sy_Q_nMUD�aJP�VXzuD�¡ª�SG�D>Z°VXT�_�MUD�W{S%_�_nD*P¬ËoTJZUF8TUp¢SyTUZ°SG�G�IUR!F8TUp¨_�MoSy_b_�MUD�T�IURbzuD>P~Vy[
aoSPx_nFHN>W8D*GBSTUZ¢_nMUD!D>TJD>P�pyE¢a�D*ZUD>Gx_OSWhW8VG�G�F8GBauVXG�F«_nF«YXD>W«E�N*VXP�P�D>W{S%_nD>Z0��F«_BpXD*_�GBN>W8D>SP(_nMUSy_�W{SP�pXD>P
fh����G-K#FHW8W�ZUD>auVXG�F«_hW8D*G�GhV[u_nMUD*F8PwD>TJD>P�pyE~VXT�_nV�_nMJD]ZJFHYXD*P�_�VXPw_OSP�pXD*_w_�F8W8D*GwSTUZ!R!VXP�D�_�V�_�MUD�K�SW8W
G�FHTUN>D�_nMUD�E_�PnSrYXD*W�[:SGx_nD>P|SN>P�VXG�G6_nMUD�ÒU×��ê_�MoST¯G�R|SyW8W8D*P!f-����G*�ê�ÊV�KvD*YD>P>�ÊD�^�auD>P�FHR6D*T�_OSW
ËoTUZJF8TUpXG¨G�MUV�K#F8TJp¤N>VXP�P�D>W8Sy_nFHVXTUG�z�D�_eK�D*D>T£_nMUD¼fh��� D>TUD*P�pE±W8VXG�G¨G�FA�>D°SyTUZwtiv FHG¨TUVy_�EXD�_
P�D*a�VP�_nD*Z�[\P�VXRº¥Xfwd��
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ceTUGx_nDrSyZÍ�ÁF8T�S+TJV_OSzJWHE�G�F8R!aUW8D�S%_�_nD*R6a�_q_nV!ZUD>P�FHYXDB_nMJD�D*TUD>P�pE�[\PnSyN*_nFHVXT�_nV+_nMUD�ËoP�G�_#K�SW8W
F8T¨¥Xfwdò��STJZ�ced#fhgÊ�ÊST�D>R!aUF8P�F8N>SWÍG�N>SW8FHTUp!F8G#ZUD*YD>WHVXa�D*Z°iµ´X�%mLSTUZ�K#F8WHWÍz�D�N>VR6aoSyP�D>Z�F8T�_nMUD
[\VXWHW8V�K#F8TUp+_nV�_�MUDbP�D>G�IJWH_nG([\VIUTUZ³MUD*P�D��ceT�_nMJDbW{Sy_�_nD*PÊKvVXP��¨S�R6FHZUaUW{SyTUD¬auV�K�D*P�ZUD>N>SrE³W8D*TUp_nM
[\VXPvfh�L��G�F8T!_nMUD][:SP�ÒJ×B�³FHGvD*G�_nFHR|S%_nD>Z![\VXP-R6D*ZUF8IUR G�FA�>D*Z�fh����GB��f ÅR¯ ;Ö|×&Ø ^¬÷úÅR¯ ; N£�J�Hk�?X�hz�E
D�^�auD>P�F8R!D>T�_OSWHWHE�NOMUSTUpXFHTUp6_�MUDQaUW8SG�R6S%s3K�SWHWÐp�Sa�F8T³¥Xfwd (B×[<��¼ZUF8G�NOMoSP�pXD>Gbi�?ð%m�SyTUZ¨[\VXIUTJZ
_nV�zuD�\ �Ö|×&Ø N ���û�yN*R��6dqMUD|ZJD>auD>TUZUD*TUN>D|V[o\ Ö|×&Ø VXT®_�MUD|fh��� G�FA�>D+FHG�_�MUD>TÌSG�G�IUR6D*Z®_�V
G�N>SW8D�SG

\ Ö|×&Ø �x\ �Ö|×&Ø �zy ÷ ÅU¯ ;Ö|×&Ø
÷úÅR¯ ; ����µ«k�?u{�| �:�Xð��

Ò�FHTUN>D�_nMUD�ZJD>NrSrE¦W8D>TJp_nMNrST¤zuD¨pXD*TUD>P�SW8W«E°P�D*W{Sy_�D>Z¦_�VÌ_nMUD�PnSZJF{SW]STUZ¤aUSPnSWHW8D*W�_nPnSyTUG�auVXP�_
YXD*W8V`N>F«_nF8D*G��:VXP�_�F8R!D>Gn�\ Ö|×&Ø�} t~vÐÿi� # �5�
��� �\�����
_nMJF8G�STJGnSy_��+SW8G�V�aUP�V�Y`F8ZJD>G�F8T³P�D*_�IUP�T¡S�G�N>SW8FHTUp�V[h_�MUD~ZUD>auD>TJZUD>TUN*D+V[�tiv¼VXT�_�MUD+fh�L�§G�FA�>D
��f ÅR¯ ;Ö|×&Ø ^y÷fÅR¯ ; �;�XG�D*DÊSyW8G�V�D��pU�#iµ´Jk*m��}ceT~V_�MUD>P}KvVXP�ZJG>��F8T~D*Ç�IoSy_nFHVXT����ð���_nMJD�Ç�IoST�_nF«_eE���P�D*ÏUD>N*_�G_nMJD�ZJD>auD>TUZUD*TUN>D¬V[ItivP^i� # VXT�_nMJD�P�D>W8Sy_nF«YXDBfh��� G�FA�>D�K#F«_nMg� # z�D*F8TUpb_�MUDBaoSPnSyW8W8D*W0FHVXT�G�VXIJTUZG�auD>D*Z�STJZD� ��� ST�SrYXD>P�SpXD�N>VXTJTUD>N�_nF8VT�WHD>TUp_�M�F8T�_nMJDQÒJ×B�®P�D>pF8VXT�ZUIUP�F8TUpb_�MUD�fh�L�¡�

dqMUD�D>TUD*P�pE|[\PnSN�_nF8VT�ZJD>auVXG�F«_nD>Z�_�V!_�MUD�K�SWHWÍD>WHD>R!D>T�_nG#FHG�_nMUD*T�G�F8R!aUWHE6NrSWHN>IUW8Sy_nD*Z�SG

ó � î\�%�U� ÷B� î\�%�Ö ×'Ø
÷ ÅR¯ ;Ö ×'Ø �·D�^�a��\©Êì Ö|×&Ø� î\��� ÿ�\ Ö|×&Ø � �\�Uk��

dqMUD�ZUFHG�_OSyTUN>D�V[]_nMJD�aUP�D;s²fh��� G�D>aoSyPnSy_�P�F«^Ì_nV³_nMJD�K�SWHW�F8GQpXFHYD>T°z�E°ì � î\�%�]� ��µû�~�U·³�
dqMUD+_OSP�pXD*_B_�F8W8D*G�IUTUZUD*P¬N*VXTUG�F8ZUD*PnSy_�F8VXT¢MUD*P�D��_nFHW8D!ë~��SyTUZ¡_�F8WHD!ë!¶`��N*VXP�P�D>G�a�VXTJZ®_nV�S�PnSZUF8SW
ZUFHG�_OSyTUN>Dy�wì~À�þ��L[\P�VXR _nMUD6aUP�D;s²fh��� G�D>aUSPnSy_�P�F ^¡F8T�_nV�_nMUD�ÒJ×B�¯Vy[]Sz�VIJ_|k�û�yN*R���dqMUD!ËoD>WHZ
W8FHTUD>G#zuD*_eKvD>D*T¢ì+Àxþ¢STUZ¨ì � î\�%�ÐD*TUZ¨VT�_nMJD�_�F8W8D�ë�k��\[:SPÊÒU×���F8TJTUD>Pn�#SyTUZ�_�F8W8D�ë«$¨�\[:SPÊÒU×��VXIJ_�D>Pn���}G�D>D���FHpXIUP�D�kX�O+ÊTJ[\VP�_nIJToSy_nD*WHE³_�F8W8D|ë�k�F8G�TUV_QN>V�YXD*P�D*Z¸z�E¡_nMUD6c²gòN>SR!D>PnS�Y�FHD*K G�V
_nMUSy_w_nMUD]STUSWHE`G�FHG}NrSyT6zuDqD�^`_nD*TUZUD*Z|_nV�K�SP�ZUGw_�MUF8G}_�F8W8Dy�Ld�VBN>VXR!auD>TUG�Sy_nDq[\VXP}_�MUF8G*�X_nMUD#D>TJD>P�pF8D>G
SN*N>IURbIJW{Sy_�D>Z�ZUIJP�F8TJp�_nMJD�D>T�_nFHP�D6ZUF8G�NOMoSP�pD�SGQR!DrSyG�IUP�D>Z¼z�E®_�MUD>P�R6V`N>VIUaUW8D*GQSyP�D�IUG�D>Z°STJZ
FH_BFHG�SG�G�IUR6D*Z®_�MoSy_B_nMUD6fh��� NrSyP�P�FHD>Z¢[\PnSN�_nFHVXT¢V[�D*TUD>P�pE¢ZUD>auVXG�FH_nD*ZÌVXT�_�V�_nSP�pXD�_nGQë�k|STJZ
ë«$6SyP�D�_nMUD�GnSyR6D�SGq[\VXPq_nFHW8D�ë~�!STUZ¨ë!¶`���oVXP�_nMJD�ËoP�G�_#K�SW8WÐTUV!D�^�auD>P�F8R!D>T�_OSW	ZoS%_OS~NrST�z�D
ZUD*P�FHYD>Z�IUG�F8TUp¬_nMUD(FHTJ[\PnS�seP�D*Z6_�MUD>P�R6VXpPnSaUM�E6G�E`G�_�D>RÎSG�ZUD*G�N>P�F8zuD>Z�MUD*P�Dy�-dqMJD�YySW8IUD*Gv[\VXP�ì~À�þ
STUZ¢ì � î:���	MoSrYXD~zuD>D*T³ZUD>P�FHYXD*Z³z�E¨IUG�F8TUp�R6SpXTJD*_nFHN¬P�D>N*VXTUG�_�P�IUN�_nFHVXT³z�D�[\VXP�D�_nMUDbf-���èD�YXD>T�_>�
dqMUD*P�D*[\VP�D�Á_nMJD¬fh���ØD�YXD*T�_�F8TUGx_OSzJF8W8F«_eE|aJP�V`N>D>G�GÊF«_nG�D>WH[LF8R!auVXG�D*GÊSyT�FHT�_�P�FHTUN>FHN(IUTUN*D>P�_nSF8T�_eE�[\VXP
ì~Àxþ¦STUZ�ì � î\�%�wK#MUFHNOM¼F8G�F8T®_�MUD|[\VXWHW8V�K#F8TJp�ZJD>TUV_�D>Z°SGbì Ö|×'Ø ��f�^�aUP�D>G�G�F8TUp³_�MUF8G�F8T�_nP�F8TUG�F8NIUTUN*D>Px_OSFHT�_eE�FHT�S!MJF8pXMUW«E|G�F8R!aUW8F«ËoD>Z�K�SrE�SG

ì Ö|×&Ø� î:��� �±ì � î:��� � ì Ö ×'Ø �\��?X�
D>Ç�IoS%_nF8VTÌ�\�Uk���N>ST�zuDBP�D�K#P�FH_�_nD*T¨SG

ó � î\�%�U� ÷B� î\�%�Ö ×'Ø
÷ ÅR¯ ;Ö ×'Ø �·D�^�a��\©Q��ì � î:��� � ì Ö ×'Ø ��ÿi\ Ö|×&Ø � �\�����
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��Ò�aUWHFH_�_nF8TJp�_�MUD|D*TUD>P�pE¡ZUD>auVXG�FH_nD*ZÌVXT�_�V�_nMJD|ZUF«YXD>Px_nVXPB_OSyP�pXD�_QaUW8Sy_nD*G¬FHT�_nV�_nF8WHD>GQë~�¨STUZ�ë+¶
�:N*V�YXD>P�D>Z®z�E�c²g��ÍTJDrSP�Gx_nP�FH�D~WHF8TUDr��STUZ®ë�k!STUZ®ë«$®�\zoSG�D>Z¢VXT¢d <��ÐP�D*R6V_�D~V[-G�_�P�F8�yD~W8FHTUD��
N>VP�P�D*G�auVXTUZUFHTUp+D�^�aUP�D>G�G�F8VXTJGÊ[\VXP�_�MUDBZUFHYD>P�_�VXP�_OSyP�pXD�_ÊaJW{Sy_�D>G#SP�DB[\VIUTUZ�_nV+zuD

óaÞ W&� Þ���� ÷ Þ W&� Þ��Ö|×&Ø
÷ ÅR¯ ;Ö ×'Ø �·D�^�a��\©Q��ì~Àxþ � ì Ö|×&Ø ��ÿ�\ Ö|×&Ø �g©¸ó � î\��� �\�X���

STUZ
óaÞ q � Þãâv� ÷ À�þÖ|×&Ø

÷ ÅU¯ ;Ö|×&Ø ��ku©¸ó�Þ W&� Þ1�f©¸ó � î\��� �\���X�

ceT¦i�´X�%mhF8T�_nD*PxseNOMUSTUpXD~ZUP�FHYD>T�SyR6aUWHFH_�IUZUDQG�NrSWHF8TUp�[\VXP-t~v¼K#FH_nM¢N*VXT�YXD>N�_nF«YXD|FHVXT¢W8VXG�G�D*G�VT
_nMJD¨fh��� G�FA�>DÌ��f ÅR¯ ;Ö|×&Ø ^÷úÅR¯ ; ��iµ´JkX�-´�?�mÊFHG+aUP�VXauVXG�D>Z¦pFHY`F8TUp]�é�Ø��µû���dqMUD�P�D>G�IUWH_�G![\P�VXR
P�D*N>FHaUP�V`NrSy_�F8TUpBaUP�VXzuDÊS%_�¥Xfwd¯G�MUV�K¤P�VIUpXMUW«E+S�WHF8TUD>SP}ZUD*a�D*TUZUD*TUN>D(zuD*_eKvD>D*T|_nMJD�fh��� P�D>W8Sy_nD*Z
SR!VXIUT�_!V[ÊaoSP�_�F8N*W8D>G!SP�P�F«Y�FHTUp¢Sy_+_nMJD�aUP�VXzuD�SyTUZ¸_�MUD�f-��� PnSZUF8SW�aUP�VXaoSpXSy_nFHVXT·�:G�D*D¨SyW8G�V
��FHpXIUP�Dv´ÊFHT�i�?%m{��STJZbG�IUppXD>Gx_hS]YySWHIUD-[\VPI�àNék'µ �J�LdqMUD>P�D*[\VXP�D�XFHTb��FHpXIUP�DÊk�ð#_nMUDvD�^�auD>P�FHR6D*T�_OSW
ZoSy_nS+SP�DBN>VR6aoSyP�D>Z�_�V!D*G�_�F8R6Sy_nD*G#[\VP
�³�±��µ �~STUZg�¢��k'µ �J�

dqMUD�G�FB�>D�V[�ì Ö ×'Ø K#F8W8Wvz�D�Sy_+R6S%^�F8RQIUR FHT�_nMUD�P�STUpXD�V[]_nMJD�fh��� SyÓ0D*N*_�D>Z¸PnSZUF8SW
K#F8Z�_nM�FHT6_nMJD(a�D*ZUD>Gx_OSW�P�D*pXF8VXT6ZUIUD�_�VbD>ZJpXD�D*P�pXV`ZUF8G�Sy_nFHVXT!V[Ð_nMUDÊG�D*aoSPnS%_nP�F ^6ZUIUP�FHTUpQ_�MUD(fh���
D*YD>T�_+iµ´X�ym�SyTUZ¨S%_ÊR!F8TJF8RbIUR �>D*P�VU�-dqMUD�D�^JSN�_�G�D>aoSP�Sy_nP�F«^�WHV�N>Sy_nFHVXT�F8G#auVXG�G�F8zUW«E|[\IUPx_nMUD*P�R!VXP�D
SyÓ�D>N�_nD>Z�z�E�SbR!V�YXD>R!D>T�_#V[	_�MUD�D>T�_nFHP�D�aUW8SG�R6SQN*VXW8IUR!T�ZUIUD(_�V+fh�L� P�D*W{Sy_�D>Z�N*IUP�P�D>T�_#W8VXG�G�D*G
iµ´�U�`´��`�`´X´%m3�}dqMJDÊK#MUVXWHDÊG�FH_�IoSy_nFHVXT!NrST6z�DÊV[ÍN*VXIUP�G�D�D�YXD>T�R!VXP�D]N*VXR!aUW8D;^!ZUIUDÊ_�V¬_�MUDÊpD>TUD*P�F8N
TUVXT`st_nVP�VXFHZoSW0GxE`R6D�_nP�FHN�G�_�P�IUN�_nIUP�D¬V[�fh����Gb�:STUZ�P�D*G�IUW«_nFHTUp+MUDrSy_]WHV�SZÁ�(i�?y�U�J��?%m��

©�D>TUD*PnSWHWHE¼pXV`V`Z¦SpP�D>D*R6D*T�_�zuD*_eKvD>D>T¯_�MUD¨G�F8R!aUW8D�[\VP�R6SW8FHG�RèpFHY`F8TUpÌó�Þ q � Þãâ|STJZ¦_nMUDD�^�auD>P�F8R!D>T�_OSWqP�D>G�IUWH_�G!FHGb[\VXIUTUZ±�:ZUSy_OS¢SP�D�FHZUD>T�_�F8NrSyW�_nV¢_nMUD�ZoS%_OS³aUP�D*G�D*T�_�D>Z¯FHT¼ËopXIUP�D®kr�����
dqMUD!NrSWHN>IUW8Sy_nD*Z³YSyW8IUD*G([\VXP¬ó�Þ q � ÞãâBF8G�G�MUV�K#T®[\VXP(_�MUP�D*D6ZJFHÓ�D>P�D*T�_�YySWHIUD>GBV[�ì Ö|×&Ø �	ToSR!D>W«Eì Ö|×&Ø �º�J�wì Ö|×&Ø � ìwÅR¯ ; ÿ?�� k'µû�i�R· STUZ�ì Ö|×'Ø �ºì[ÅR¯ ; �º��µ���N*R��¨ª�D>Gx_+SpXP�D>D*R6D*T�_
F8G�[\VXIUTUZ®[\VXPQì Ö|×&Ø �ºìwÅR¯ ; ÿX?¨� k&µ �i�R·³�}zUIJ_bSW8G�V�[\VXPQì Ö ×'Ø � ��µ �i�U·§_�MUD�SpP�D>D*R6D*T�_~F8G
P�D>SG�VToSzUWHD�ÌdqMJD>P�D�[\VXP�Dy�-K#F«_nMUVIJ_+S�zuD*_�_�D>P~��TUV�K#W8D*ZUpXD�VXT¼_nMJD�D�^JSN*_+G�D>aoSyPnSy_�P�F«^�G�_�P�IUN�_nIUP�D
ZUIUP�F8TUpbf-����G¬�ßK#MUF8NOM�P�D>Ç�IUF8P�D>GqD;^JN*D>WHW8D>T�_#��TUV�K#W8D*ZUpXD(Vy[�_�MUD�F8TJG�_OSyzUF8WHFH_eE~aUP�V�N*D>G�G]F«_nG�D>WH[ÐSTUZ�F8G
zuD*EXVTUZ¦N*IUP�P�D>T�_�ZUF8SpXTUVG�_nFHN>G~P�D>G�VW8IJ_�F8VXTÁ�~SWHW8V�K#F8TJp¨[\VXP!S¡zuD*_�_nD*P6Ç�IoST�_�FHËoN>Sy_nFHVXT¸[\VP+ì Ö|×'Ø
[\IUPx_nMUD*PÌN>VTUN>WHIUG�FHVXT zUSG�D*Z VXT _�MUD¦aUP�D>G�D>T�_nD*Z R6D>SG�IUP�D>R!D>T�_nGÌSaUauDrSP¡_nV·z�D¸F8R!a�VG�G�FHzUW8Dy�
¹ÊD�YXD*P�_nMJD>W8D*G�G*��FH_¬R6S�E®F8G¬K�VXPx_nM¼TUVy_nFH[ßE`FHTUpU��_�MoSy_~SyW8G�V¨F8T�_nMJD|K�VP��ÌVT�_nMUD�fh��� K�SyW8W-W8V�SZ
_nV�¥Xfhd�STJZ�ced#fhg�FHT°i�´�%m�_nMUDbG�V�NrSyW8W8D*Z¨R!F8Z�sta�D*ZUD>Gx_OSWÐYySWHIUDQì Ö|×&Ø ��ì[ÅR¯ ; ÿX?~�òk&µ �i�R· F8G
P�D*p�SP�ZUD>Z�_nV+ZUD*G�N>P�F8zuD�_nMUDBD�^�auD>P�F8R!D>T�_OSWÐZUSy_OS~zuD>G�_>�

�oVXP]ó�Þ W&� Þ���SyTUZY�¢�·��µû��¬Oì Ö ×'Ø �·ì[ÅR¯ ; ÿX?¬��k&µû�~�U· _nMUDBG�FHR6aJW8D([\VXP�R|SWHF8G�RòG�MUV�K#G�WHD>G�G
pXV`V�Z¬SpXP�D>D*R6D*T�_�_nV#_nMJDvD;^JauD>P�F8R!D>T�_OSyW`ZUSy_OSJ�L�ÊD*P�Dy�G�E`Gx_nD>R6SFHNrSWHWHE�WHV�KvD>P	D;^JauD>P�F8R!D>T�_OSyW�YySWHIUD>G
SP�DQVXzUG�D>PxYXD>Z³_�MoST�N>SW8N*IUW{Sy_�D>ZÍ� � auVXG�G�F8zJW8DQD;^�aUW{STUSy_nFHVXT¨FHGÊpXF«YXD*T³MUD>P�D��dqMJDbGnSR!D¬[\P�SN*_�F8VXT
V[Íf-��� _�V¬ceT�_�D>Pxsefh�L� D>TUD*P�pE+ZUD*a�VG�FH_�F8VXT!F8G-SG�G�IUR!D>Z6[\VXPw_nMUD]P�D*R6V_�Dq_nF8WHD>GÊ�3ë�kÊSTUZ�ë�$X�-SG
[\VXP�_�MUD�_nF8WHD>GqN*W8VXG�DB_�V~_nMUD�G�_�P�F8�yDBW8F8TJD+�3ë~�!STUZ¨ë!¶���-�oP�VXR � Ò�(�f*) +ÊaUpXP�SZUDBFH_�F8G#P�D*a�VXPx_nD*Z
_nMUSy_B_nMUD!ZUVXR!F8ToSyT�_B[\P�SN*_�F8VXT¢V[v_nMUD+K�SyW8WwW8VXSZUF8TJp�FHGBZUIUD+_nV�fh����G|i�´X¶%m-z�D*F8TUp�P�VIUpXMUW«E¼kX� �
_nFHR6D*GwW{SP�pXD>P}_�MoST+_nMUD]D>TJD>P�pyE+ZUD>auVXG�F«_nD*Z6VXT+_nMJD#ËUP�G�_-K�SW8WoFHT+_�MUD#F8T�_nD*Pxsef-���ºa�D*P�FHV�ZUG*��K#MUD>P�D
[\VXP|_�MUD³auV�KvD>P�ZUD*a�VG�FH_�F8VXT_nV�_nMJD¡Gx_nP�F8�D³WHF8TUD*G�SG�N*VXR!R6VXTJWHE¸VXzUG�D>P�YD>Z·F8T¯_nV�VXR6S��G�_nMUD
ZUVXR!F8TUST�_][\P�SN*_�F8VXT�N>VXR!D>G]zuD*_eKvD>D>T¡fh����G+�\G�D>DQSW8G�V���FHpXIUP�D!kr$³��S������qdqMUD*P�D�[\VXP�DbF«_(SyaUa�D>SP�G
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∆                     = 2.5 cmELM

χ = 0.5, f_#1+#8,
 χ = 0.5, f_Wall,

Experiment tile #3+#7

Experiment tile #1+#8

χ = 0.5, f_#3+#7, ped∆      = ∆     / 2 = 1.5 cmELM

χ = 0.5, f_#3+#7, ∆                      = 0.0 cmELM

χ = 0.5, f_#3+#7, ped∆      = ∆          = 3.0 cmELM

ped∆      = ∆     / 2 = 1.5 cmELM

ped∆      = ∆     / 2 = 1.5 cmELM

χ = 1.0, f_#3+#7,
χ = 1.0, f_#1+#8, ∆                     = 2.5 cmELM

χ = 1.0, f_Wall, ∆                      = 2.5 cmELM

f
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�X�G¾��¨�!�G�h�E®w�u�E���©®DE÷Á��X�|¾�EÂ°"ñB��®¶�¬�X��®��X�_�~���E���h®*���©�T®âògú

_nVQz�DÊaUW{SIJG�F8zJW8D#_nMoSy_�SQMUFHpXMUD*Pv[\PnSyN*_nFHVXT|Vy[Í_nMUD�D>TUD*P�pE6VXT�_nVQ_�MUD(P�D>R!V_nD]ZUFHYD>Px_nVXP-_OSP�pXD*_v_nF8WHD>G
�3ë�k¬STUZ�ë�$X�qFHG#ZUIUDB_nV�fh����G#_nMoSyT¨R!DrSG�IUP�D*Z�[\VXPq_nMJDB_nSP�pD*_]_nF8WHD>GqN*W8VXG�DB_�V!_�MUD�G�_nP�F8�yD¬WHF8TUD
�3ë~�!STUZ�ë+¶X���

�ÊV�KvD*YD>P>��FH_�FHG�V[bpXP�DrSy_�FHR6auVXP�_nSTUN*D�_nV¸TUV_nD³_�MoSy_�D*YD>T±[\VXP�S¼YySW8IUD³[\VXP��Õ� k&µ��J�
K#MUFHNOM¯F8G6R6VXP�D�FHT¦WHF8TUD�K#FH_�M¦_nMUD¨fh�L� YD>WHV�N*FH_eE°ZUD*a�D*TUZUD>TJN>D¢VXT¤fh��� G�FB�>D¨SG�R!DrSG�IUP�D*Z
z�E¨P�D>N*F8aUP�V�N>Sy_nFHTUp|aUP�VXzuD>G�Sy_Ê_nMUD¬ËoP�Gx_(K�SyW8W�F8T¢¥Xfwd�i��ðymwSyTUZ�/0'%9�zoSG�D*Z¢VXT¨_nMJDbF8T�_nD*P�NOMoSyTUpXD�s
ZUP�FHYXD*T¢SR!aUW8F«_nIUZUD�G�N>SW8FHTUpU�0STUZ¢SaUaJWHE`F8TUp|ì Ö ×'Ø � ?�µû�i�R·Ô[:SFHP(SpXP�D>D*R6D*T�_(F8GÊ[\VIUTUZ�K#FH_�MUF8T
_nMJDbD>P�P�VXP�zoSP�G*�Bf�^�_�D>TUZJF8TUp�_�MUF8G(D;^�N>D>P�N>FHG�D+SWHG�V|_�V|_nMUD¬_OSP�pXD*_(_�F8WHD>G�ë�k+SyTUZ¡ë«$6[\VXP��°� k&µ��
STUZ�ì Ö|×&Ø �±?�µ �i�R·ÕD�YXD*T¨G�WHF8pXM�_�WHE6z�D�_�_nD*P#SpXP�D>D>R!D>T�_]N>VR6aoSyP�D>Z�_�V+_�MUD�F8T�_�D>P�NOMUSTUpXD;seZUP�FHYXD*T
R!V�ZUD*WÍF8G�[\VIUTUZ�zUIJ_ÊSaUauDrSP�G>�U[\VXWHW8V�K#F8TJp¬_nMJD�ZJF8G�N*IUG�G�F8VXT�SzuV�YXD�ÁGx_nF8WHW0TUVy_q_nV!z�D�N*VXTUN>WHIUG�F«YXDy�
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��FHToSW8W«EX�0_�MUD+D�^�auD>N*_�D>Z®MUDrSy_�WHV�SZ³_nV�_nMJD!K�SW8W�F8G�aUP�D>G�D*T�_nD>Z0��<�VXR!aoSP�FHTUp�_nMJD+_eKvV¨G�D*_�G
V[QN>IUPxYXD>G�N>VXP�P�D*G�auVXTUZUFHTUp_�VD*FH_nMJD>P��Õ� ��µû�¼VXP��Õ� k&µ��ST·F8R!a�VP�_OSyT�_�SG�auD>N�_¨G�MUVXIUWHZ
zuD6TUVy_nD>Z0���ÁVPB_�MUD|N*VXR!R6VXTJWHE�VzUG�D*P�YXD*Z°fh�L� G�FA�*D>G¬Sy_b¥Xfhd �:STUZ®V_nMUD*P�_�VX�%SR6S��GO��K#FH_�M
fh��� WHVXG�G�D*TUD>P�pXF8D*G�zuD*_eKvD>D*T��J�«k!STUZ®�J����V[v_�MUD+a�D*ZUD>Gx_OSWwD*TUD>P�pE³_nMJD~ZUFHÓ�D>P�D>TUN*D>G�z�D�_eK�D*D>T
_nMJD|N>VP�P�D*G�auVXTUZUFHTUp³ó¼[\VXPB_nMUD!ZUFHYD>Px_nVXP�_OSP�pXD*_¬aUW{S%_nD>G�VXPB_nMUD+K�SW8WhNrSyW8N>IJW{Sy_�D>ZÌz�E®SG�G�IUR!F8TUp�j�Î��µ ��VPk�j�Õk'µ ��G�_OSrE¡G�R6SWHW3�|ct_¬F8G�_�MUD>P�D*[\VXP�D|D�^�auD>P�F8R!D>T�_OSWHWHE³MUSP�Z¡_nV¨G�D>aoSyPnSy_�D6K#MUFHNOM
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