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à _Uk`_�g�_�á�] m Qda�Qd[X]%TA^�_¢âo]�i�]�ã¶nl_UVXVX[Xa{_Uk`_U]uTKä
k`_UV�QdTA[bi�]Eg4[XTA^~TA^�_
eli0Z`Z`[XnRVb_¢n�i�pR] m ZAT
QdT`_fZid��TA^�_2Z`W;ZAT`_Uq�r � ^�_2]�i,t{_UVXT'WG[bZ
TA^�_zi�kATA^�i�a{i�]!QdVX[XToW}nl_UT'g�_f_U]�TA^�_Eå{æfç ¸ å�è8i�kAnR[XT`Z
TA^!QdTSfi�qc_���k`i�q m [�Å�_Uk`_U]uTsS
^!Qd]R]�_UVbZ,r.´Y_h^!Q,t{_%QdVXk`_,Q m W¤]�i�T`_ m [X]�TA^�_heRk`_Ut;[bi�p�Z û _fSUTA[bi�]TA^!QdT2TA^�_%S
^!Qd]R]�_UV Z`e!Q�Sf_fZ,�l[X]|a{_U]�_Uk
QdV¶��Qdk`_y]�i�Tzi�kATA^�i�a{i�]!QdV�T`i}_,Q�S`^+i�TA^�_Uk,��Z`i�g4^�WZA^�i�pRV m TA^�_2Q�SUTAp!QdV�i�kAnR[XT`Z�n�_xi�kATA^�i�a{i�]!QdV"é|êzZ:[X] û _fSUTA[bi�]+��ë�rX���:TA^�_wk`_,Q�Z
i�]�[bZ�Qda�Qd[X][X]cTA^�_ m _)á�]R[XTA[bi�]�id�©TA^�_2Q�ZAW;qEeRT`i�TA[bSxZ`T
QdT`_ º g4^�_U]�g�_xVb_UT¢TA^�_wTA[Xqc_xT`i\a{i�T`i�[X]�á�]R[XToWTA^�_Gi�kAnR[XT`Z~k`_fZ`_UqynRVb_GTA^�_U[Xkh��k`_f_�Sfi�pR]�T`_UkAe!QdkATGQd] m ¶�·�ì�í å{æ`æ ·�î
UIÐ�ïx¾ è × ç · ç £�í!Ð�î�ô)îAí`íí)ì
· è ¸ ç Ðo·�ï®·!ÖRí)î å0ç ·�î�R r
ÇoT4��i�VXVbi,gwZxTA^!QdT,��g4^�_U]�TA^�_yQdkAk
Qd]Ra{_Uqc_U]�T`Z\Qdk`_�TA^�_�Z=Qdqc_0�RTA^�_ZAT
QdT`_fZ%Qdk`_Gi�kATA^�i�a{i�]!QdV�nl_fS,Qdp�Z
_cTA^�_UWðQdk`_ m [�Å�_Uk`_U]uT~_U[Xa{_U]�ZAT
QdT`_fZ%id�wTA^�_Gqci�Vb_fSUpRV�Qdk^!QdqE[XVXT`i�]R[�Qd]�r
ñ2]�TA^�_\i�TA^�_Uk4^!Qd] m ��g4^�_U]jTA^�_�QdkAk
Qd]Ra{_Uqc_U]�T`ZzQdk`_ m [�Å�_Uk`_U]uTwTA^�_Uk`_s[bZQdT2Vb_,Q�Z`Tsi�]�_ m _Ua0k`_f_%id�:��k`_f_ m i�qòg4^R[bS
^+[bZxn�i�pR] m [X]�i�]�_%ZAT
QdT`_%Qd] m ]�i�Tsnli�pR] m [X]TA^�_\i�TA^�_Uk º TA^R[bZ4qc_,Qd]�Z4TA^!QdTx[X]jTA^�_sV�QdTAT`_Uk2QdkAk
Qd]Ra{_Uqc_U]�Tzi�]�_\[X]�T`_Uk
QdT`i�qE[bS m [bZAT
Qd]�Sf_g4[XVXV�n�_2â'ZATAk`_UT`S`^�_ m ä\n�W�TA^�_z��k`_f_\qci�TA[bi�]��RTA^up�ZwqGQd�;[X]RacTA^�_�ZAT
QdT`_fZwi�kATA^�i�a{i�]!QdV¶r� ^�_hi�kATA^�i�a{i�]!QdVX[XT'W¤k`_UV�QdTA[bi�]�Z\QdVXVbi,góp�ZwT`i�SUVb_,QdkAVXW m _)á�]�_hTA^�_ ôv¸ è�è Z`e!Q�Sf_hid��TA^�_ZAT
QdT`_fZ�g4[XTA^ôQd]�âo[X]�ä|i�kjQd]ºâ'i�pRTKä¦Q�ZAWuqEeRT`i�T`_0rª¼�i�kj_)P�QdqEeRVb_0����i�k}TA^�_|[X]�Sfi�qE[X]RaQ�ZAW;qEeRT`i�T`_fZ4g�_yS,Qd] m _)á�]�_ õ

Ü ­ � þ÷ö
õ þÜ

g4^�_Uk`_hTA^�_%ZAW;qhn�i�V ö m _U]�i�T`_fZzTA^�_���[X]�T`_UkA]!QdV"� m [Xk`_fSUT\ZApRq�rzêNa{_U]�_Uk
QdV�t{_fSUT`i�k Æ K � Nid��TA^R[bZxZAe!Q�Sf_\[bZ4a0[Xt{_U]�nuW�QcZApRel_UkAe�i0ZA[XTA[bi�]�id� ·�î ç £Z·7¾Ô·�ï å�è t{_fSUT`i�k`Z,�R[¶rC_0r
Æ K � N ­ � þ « þ Ü Æ K þÁ�� N

Qd] m S`^!Qdk
Q�SUT`_UkA[ á _fZsQd]¤i�kAnR[XTwg4[XTA^jTA^�_\��i�VXVbi�g4[X]RaGVX[XqE[XTA[X]Racn�_U^!Qft;[bi�kÿ?ø Æ K � N ü�� þ ÿ þø Æ K þÁ�� N ��i�k4ù üûú2ü
¼RpRkATA^�_UkAqci�k`_0�Rg
_2S,Qd]�a0k`i�pRe�T`i�a{_UTA^�_Uk�TA^�_x[bZ`i�qc_UTAkA[bSzeRk`i�e�_UkATA[b_fZ4id��TA^�_ ·|µ VXVb_Uk�i�e�ã_Uk
QdT`i�k`Z:Qd] m TA^�_4i�kATA^�i�a{i�]!QdVX[XToW%k`_UV�QdTA[bi�]�Z�n�_UTog
_f_U]cTA^�_U[Xk [XqGQda{_fZ�g4[XTA^ETA^�_���i�VXVbi�g4[X]Ra��i�kAqypRV�Q ¸ « Ë ¬ ¹ ³ « þ ¬ ­ôý Ë þ �ßù�rQù{�� ^R[bZw��i�kAqhpRV�Q�SUVb_,QdkAVXW¤ZAT
QdT`_fZ2TA^�_~i�kATA^�i�a{i�]!QdVX[XToW���i�k m [�Å©_Uk`_U]�TsS`^!Qd]R]�_UVbZ�r à i,g
_Ut{_Uk,�[XT%[bZyg
i�kATA^�T`i�]�i�T`_�TA^!QdT%TA^�_}eRVXp�Z Ú qE[X]up�ZcZA[Xa0]�Z~[X]�_f§6rb�ßù�rQù{�yqyp�ZAT%nl_�TA^�_�Z
Qdqc_0�i�TA^�_UkAg4[bZ`_EQd]+i�kAnR[XTzg4[XTA^ðQd]¤âo[X]�ä%Q�Z`WuqEeRT`i�T`_~[X]¦TA^�_ P S`^!Qd]R]�_UV:S,Qd]¦]�_Ut{_Uk\_U] m [X]TA^�_\ÆðS
^!Qd]R]�_UV¶��[¶rC_0r�]�i P ü ÆÞeRk`iuSf_fZ`Z
_fZwQdk`_\Vb_)��T,r´Y_hQdk`_sVb_)��Twg4[XTA^jTA^�_\V�Q�ZAT,��qci0ZAT4[XqEeli�kAT
Qd]uTxTA^�_fi�k`_Uq�r
�G�,�8�Y�?�,�������º�{�l�Y� À"Â��,Âu�?Â��,�{¡ � ^�_GZAe!Q�Sf_}id�wTA^�_GZ`T
QdT`_fZhg4[XTA^ðâo[X]�ä�Q�ZAW;qEeRT`i�T`_fZSfi�[X]�SU[ m _fZ¤g4[XTA^þTA^�_+ZAe!Q�Sf_+id�%TA^�_+ZAT
QdT`_fZjg4[XTA^¯â'i�pRTKäYQ�ZAW;qEeRT`i�T`_fZ,�zÃ Ü ­Ã Î ­ Ã|��Qd] m TA^�_UW�å î`í TA^�_ci�kATA^�i�a{i�]!QdV�Sfi�qEeRVb_Uqc_U]�TEid�wÄ2�8Ã ­ Ä�É�r}Ç']i�TA^�_Ukwg
i�k m Z,� ¿÷­ Ä+ÿ�Ã|r
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¼�[Xa0pRk`_.ù�rQù º	� [bSUT`i�kA[�QdV6k`_UeRk`_fZ`_U]uT
QdTA[bi�]jid�?Q�Sfi�VXVX[bZA[bi�]�[X]}Q\TA^Rk`_f_zS`^!Qd]R]�_UV�ZAW�ZAT`_Uq�r Ço]TA^�_yqE[ mRm Vb_~TA^�_hg�QdVXV�k`_UeRk`_fZ
_U]�T`ZsTA^�_ à [XVXn�_UkATsZAe!Q�Sf_ ¿ g4[XTA^¦TA^�_y[X] m [bS,QdT`_ m nli�pR] m��Ä4��Qd] m Z`S,QdTAT`_UkA[X]RaxZ`pRn�ZAe!Q�Sf_fZ���Ãj�)r�ÃNS,Qd]\nl_�TA^�i�pRa0^uT8T`i�n�_:Q4Z`_UT�id��Tog
ixSfi�qEeRpRT`_Ukm [bZA��Z,�zi�]�_YQdkAk
Qd]Ra{_ m [X]þZ`_fSUT`i�k`ZÞ��TA^�_+TA^Rk`_f_ õ þÜ Ï Z=�}Qd] m TA^�_+i�TA^�_Uk|QdkAk
Qd]Ra{_ m [X]SUW;VX[X] m _Uk`Z~��TA^�_hTA^Rk`_f_ õ þ Î Ï Z=�)r � ^�_hT'g�i m [bZA��Zw_)P�S
^!Qd]Ra{_\âo[X]���i�kAqGQdTA[bi�]�ähnuW�Sfi�]�T
Q�SUT,�TA^up�ZsqGQd�u[X]Ra}eli0Z
ZA[XnRVb_hTA^�_ Õ i�gNid��TA^�_~Z`W;ZAT`_Uq ��k`i�q _Ut{_UkAW�âo[X]�ä~S`^!Qd]R]�_UV�T`i}_Ut{_UkAWâ'i�pRTKä\S`^!Qd]R]�_UV¶r
� ^R[bZ�_)P�Q�SUTAVXW�e!Qdk
QdVXVb_UVbZ�TA^�_cSfi�kAk`_fZAe�i�] m [X]Ra�TA^�_fi�k`_Uq id� û _fSUTA[bi�]���ë�rX���)rcÇ'T\T`_UVXVbZ\p�ZTA^!QdTwg
_�S,Qd] m _)á�]�_hQ%Z
_UTwid� R æ`å0ç�ç í)î!Ð"ïZ¾)·vÖRí)î å0ç ·�î�R
 Ë þ ­ ¸ « Ë Î ¹ ³ « þ Üg4^R[bS
^~_fZAT
QdnRVX[bZ`^%QxSfi�]R]�_fSUTA[bi�]~n�_UTog
_f_U]%TA^�_ âo[X]�ä
Qd] m TA^�_�â'i�pRTKä�Q�ZAW;qEeRT`i�TA[bS
S`^!Qd]R]�_UVSfi�qEe�i�]�_U]�T`Z JJJ K Ë�'� ø L ­ 
 Ë þ Æ K þÁ�� N� ^�_heRk`_Utu[bi�p�ZAVXW�qc_U]uTA[bi�]�_ m i�]�_)ã¶T`idãoi�]�_~Sfi�kAk`_fZAe�i�] m _U]�Sf_�[bZx_)P�eRk`_fZ`Z`_ m n�WjTA^�_\pR]R[�ãT
QdkA[XT'W�id� TA^�_ ¶ å0ç î!Ð�� ��g4^R[bS`^¤T
Qd�{_fZwTA^�_s��i�kAq

� 
 ³
 Ë 
 
 þ ­ � 
 Ë 
 
 ³þ 
 ­ôý Ë þ �ßù�r ó �
g4^�_Uk`_|TA^�_¤ZApRq kApR]�Z�i�t{_Uk�QdVXVzS`^!Qd]R]�_UVbZ,r � ^�_¤i�t{_Uk
QdVXVsZ`[XTAp!QdTA[bi�]�[bZ m _UeR[bSUT`_ m [X]¼�[Xa�rb�ßù�rQù{�~g4^�_Uk`_�TA^�_�k`i�Vb_�id�zTA^�_jS`^!Qd]R]�_UVzSfi�qEeli�]�_U]uT`Z�Qd] m TA^!QdTcid�2TA^�_�t�QdkA[bi�p�ZZAe!Q�Sf_fZwnl_fSfi�qc_fZ2_Utu[ m _U]uT,rµ¢§6rb�ßù�r ó �c_)P;eRk`_fZ`ZcTA^�_jV�Qfgòid�sSfi�]�Z`_UkAt0QdTA[bi�]�id�sTA^�_j]upRqhn�_Uk�id�se!QdkATA[bSUVb_fZ��wTA^�_Sfi�]�Z`_UkAt0QdTA[bi�]�id�s_U]�_UkAa0Wð��i�VXVbi,gwZ,�
_)P�Q�SUTAVXW¥Q�Z%[X]�TA^�_�eRk`_Ut;[bi�p�Z�v�^!QdeRT`_Uk,����k`i�q�Qd]Ð�ï ç í)î ç�� Ð"ï{Ð"ïx¾¤î`í è�å{ç Ðo·�ï « þ ¬ Y þG­ Y « þ ¬ �ßù�rQÎ{�
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Qd] m k`_,Q m ZxQ�Z 
 Ë þ Y þG­ Y Ë 
 Ë þ �ßù�r q �g4^�_Uk`_j]�i,g g�_j^!Q,t{_�T`i+T
Qd�{_�[X]�T`iÞQ�SfSfi�pR]uTGTA^�_���Q�SUTETA^!QdTcTA^�_�á�]!QdV2Q�ZAW;qEeRT`i�TA[bS^!QdqE[XVXT`i�]R[�Qd]|S,Qd] m [�Å©_Uk���k`i�q÷TA^�_s[X]R[XTA[�QdV?i�]�_0r´Y_s]�i�T`_sTA^!QdT4g�_\Sfi�pRV m ^!Q,t{_\g�_UVXV©eRk`i;Sf_f_ m _ m g4[XTA^¤Q~SUVbi0Z`_UkxQd]!QdVbi�a0W}g4[XTA^jTA^�_ZA[X]Ra0Vb_hS
^!Qd]R]�_UV�S,Q�Z
_0r � ^R[bZx[bZwe�i0Z`ZA[XnRVb_hQdT2TA^�_h_)P�el_U]�Z
_�id��[X]�TAk`i m p�SU[X]Ra}Z`i�qc_hqci�k`_qGQdTA^�_UqGQdTA[bSfZ,r��{p�ZATwT`iEZA�{_UT`S
^¤TA^R[bZxQd]!QdVbi�a0W�g�_yQdkAk
Qd]Ra{_�TA^�_\S`^!Qd]R]�_UV�ZAe!Q�Sf_fZ ¿ þ Ï Z[X]�T`iÞi�]�_jpR]R[b§�p�_Þå Rv×I¶.Ö ç · ç Ð æ RbÖ å{æ í%¿������������ ^R[bZG[bZGQ�SfSfi�qEeRVX[bZA^�_ m nuW¥nRpR[XV m [X]RaTA^�_U[Xky��_)P�T`_UkA]!QdV"� à [XVXn�_UkAT m [Xk`_fSUTxZ`pRq

¿��������¯­ � þ÷ö ¿ þQ~a{_U]�_Uk
QdV8t{_fSUT`i�kxid� g4^R[bS`^¤[bZxQESfi�VXpRqE]�t{_fSUT`i�kwg4[XTA^|Sfi�qEeli�]�_U]uT`Z Æ K þ N �RTA^!QdTw[bZ
Æ! êN ­ "# ÃmÃ

Æ K þ NÃmÃ
$%

Ço]|i�TA^�_Uk2g
i�k m Z2TA^�_heRk`_Utu[bi�p�Z`VXW m _)á�]�_ m S
^!Qd]R]�_UV Sfi�qEe�i�]�_U]�T`Zzn�_fSfi�qc_�TA^�_%Q�SUTAp!QdVSfi�qEeli�]�_U]uT`Zxid�:Q%t{_fSUT`i�kw[X]¤Qd]�â'_U]RV�QdkAa{_ m ä�ZAe!Q�Sf_0r � ^R[bZwZAe!Q�Sf_\[bZwQd] à [XVXn�_UkATwZAe!Q�Sf_g4[XTA^¤Z`S,QdV�Qdk4eRk`i m p�SUT m _)á�]�_ m nuW&  'QN ­ � & K þ O þ Ng4^�_Uk`_%TA^�_%ZApRq kApR]�Zzi�t{_Uk\TA^�_ES`^!Qd]R]�_UV:Sfi�qEe�i�]�_U]�T`Z)(�r^´Y_%S,Qd]�]�i�gØQdkAk
Qd]Ra{_%TA^�_S`^!Qd]R]�_UV�_Ut{i�VXpRTA[bi�]|i�e�_Uk
QdT`i�k`Z4[X]|Q~k`i,g t{_fSUT`i�k,�!i�]�_\Sfi�qEe�i�]�_U]�Tw��i�kx_,Q�S
^Þæ £ å ï!ïlí è��* �ø ­,+ØÃmÃmÃmÃ·ÿ þø ÃmÃ -
Qd] m p�Z
_�TA^�_|p�ZAp!QdV2qGQdTAkA[�P�qhpRVXTA[XeRVX[bS,QdTA[bi�]ôkApRVb_fZ,r Ço]�TA^R[bZ�g�QfWºTA^�_¦Q�ZAW;qEeRT`i�TA[bSVX[XqE[XTA[X]Racn�_U^!Qft;[bi�kxid��QcZ`S,QdTAT`_UkA[X]Ract{_fSUT`i�kwT
Qd�{_fZxTA^�_s��i�kAqÿ�ø Æ K � N ü * �ø Æ. Á�� NQd] m _f§lrb�ßù�rLë{��S,Qd]jnl_sT
Qd�{_U]jâ�Q�Z2Q~g4^�i�Vb_)ä
�RTA^!QdTw[bZ/ ¬ ­¯® Ç ê ø10 ±©² ÿ ³ø * �øg4^�_Uk`_ / ¬ [bZ8Q
k`i�gYt{_fSUT`i�k?id�Ri�el_Uk
QdT`i�k`Z���g4^�i0Z`_¢Sfi�qEeli�]�_U]uT`Z?Qdk`_�TA^�_:S
^!Qd]R]�_UV ·�µ VXVb_Uki�el_Uk
QdT`i�k`Z m _)á�]�_ m Qdn�i,t{_0rjµ:§lrb�ßù�rQù{�wQdVXVbi�gþp�Z4T`iEg4kA[XT`_/ ³¬ / ¬ ­324K* _�]�! � ! � +�!65S"
%�+1*�+ � "�%�$ � !�"Ó)�*�& ��7�8 9;:�< �>=�?A@B@BC 8 DE:�< CF@B@ ?HG ]�! � % 2@� % 2 ) � %�)�) � !I5S" � %�+1+�!�$ � %�&�!*�&0) � * î *�+�%�$ 7 \ �KJ ! JMLN9;: OEPRQ �TS :UP JWV *
]�! � !�&9) ��������� % � !Ó&�!¯"�*�+ � !AÑ3#1!�+�"�!6*�_Ò) � ! � +3)0&�* � #1"�) � *�+:*�_) � !B% �/2d�(, )�*�) � " �0, %�"�! J



×uÙ�×uÙÚ8�Ô:5âp8Ü'Ö:Ö¢Ú|Õ:k>kYX¶Ý9n�Ô�M�Ü�k�Ï(5�7±5[Z~Û�Õ;8�ÜW?@k q�\
g4^�_Uk`_ / ³¬Y[bZ�TA^�_2Sfi�VXpRqE]jt{_fSUT`i�kwid�8TA^�_\Q m Ä i�]�T`Z4id�8TA^�_ ·�µ VXVb_Uk4i�el_Uk
QdT`i�k`ZwQd] m 2 [bZTA^�_hpR]R[XT2i�e�_Uk
QdT`i�k2id��TA^�_hQ�ZAW;qEeRT`i�TA[bSyZ`e!Q�Sf_ ¿]�^�_��� r � ^R[bZx_)P�eRk`_fZ`ZxTA^�_�[bZ`i�qc_UTAkA[bSeRk`i�e�_UkAToW¤id��TA^�_hg4^�i�Vb_ ·�µ VXVb_Uk2i�e�_Uk
QdT`i�k,r � ^�_hZ
S,QdTAT`_UkA[X]Ra}i�e�_Uk
QdT`i�k2[bZx]�i,gÁQETAkAp�_qGQdTAkA[�P ` ­ / ³ Î / Üg4^R[bS
^+qGQde�Z ¿ ������� i�]uT`i ¿ ������� g4[XTA^+i�]�_)ã¶T`idãoi�]�_ESfi�kAk`_fZAe�i�] m _U]�Sf_0�©n�_U[X]Ra�QcpR]R[�ãT
QdkA[XT'W�i�e�_Uk
QdT`i�k ` ³ ` ­ `;` ³ ­32
µ¢Q�S
^�_UVb_Uqc_U]uT�id��[XT,� 
 Ë þ �{k`_UV�QdT`_fZ�TA^�_
âo[X]�äwS
^!Qd]R]�_UV P T`isTA^�_
â'i�pRTKäwS`^!Qd]R]�_UV6Æ��{TA^!QdT[bZ,�;TA^�_\Sfi�VXpRqE]jt{_fSUT`i�kYa 
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 ò â Á ã ß £�
Ò����� ¥
fhd�\bVud�[�W TEW _ [	W�d _�n TEe6å��Lå��Fá Ú ú_ì ãVä�ávaE��W�d _ ð ju_~_ ^ Ö [ka@e _Xj TEWua j �S\�� _ ��aE�]¹ 
 º
 °&° ç 
 °rò ��¢�d _�_ � _ VXW�\#x _ dpT n \#Y#Wua@^�\}TE^�\#^gW j a { l V _~{ \#^ _~Ö �b£�
Ò����� ¥ \b[hi4\#x _ ^ys|Z; è��	�° â Á ã º ; °&° ç ; °rò û
 ò â Á ã ; ò&° £�
Ò���Ò¤ ¥fhd _Xju_ W�d _ Y}T@[�W�W _Xj�n a@^qW�d _	j � d¬��[t��aE��W�d _ TEsBarx _w_~Ö l TEW�\ba@^q\b[ « ^Uatfh^CT@[�á��-á�ä_å����káa j � ì å���ä'ã�� ì �Aå¿á ó å���ã�� ���� "!° â Á ã º ; °rò û
 ò â Á ã ; ò&° £�
Ò����� ¥
õ _ W l j ^�spT@V « WuakW�d _ [ _ a@e _Xj TEWua j [�s _ YbatfJ� D)l [uW�Tÿ��W _Xj dpTrx|\#^�i ju_ a ju{�_Xju_~{ W�d _ [ _ V~a n Øe�Y#\bVrTEW _~{ ��a j�n l Y}T@[r��# _ TE^gfhd�\#Y _ f _ ^Ua@W _ a@^�Y#ZÃW�dpTEWhW�d _qÙUj [�WhY#\#^ _ aE� _~Ö �b£�
Ò����� ¥ W _ Y#Yb[l [�W�dpTEWhW�d _ � ó å��Fá Ú ú_ì ãVä±áJW�d _%$'& ��� ð ju_~_ ^ Ö [ha@e _Xj TEWua j VrTE^�s _ V~a n e l W _~{ fh\#W�dyTE^
á��-á�ä_å����kákdpT n \#Y#Wua@^�\}TE^ 
 °&° â Á ã º â Á à<; è��	�° ã � ´ ¹W�d l [ _ [�W TEs�Y#\b[�d�\#^�i	TE^ _~Ö l \#x4TEY _ ^UV _�ju_ Y}TEW�\ba@^�£�\#^ Ú ¥ s _ W�f _~_ ^ÐW�d _�_ R�T@VXW�dpT n \#Y#Wua@^�\}TE^TE^ { [ a n�_�_ � _ VXW�\#x _ a@^ _ �,¢¬f�a�a@W�d _Xj�_ R`e ju_ [ [�\ba@^U[���a j W�d _ªß 
 V~a n eBa@^ _ ^gW�VrTE^�s _a@s�W TE\#^ _~{ � 
 òrò â Á ã º û
 ò â Á ã â 8 ç ; ò&° 
 °rò â Á ã�ã
 ò&° â Á ã º û
 ò â Á ã ; ò&° 
 °&° â Á ã £�
Ò����
 ¥
fhd _Xju_ 
 °rò TE^ { 
 °&° T ju_ i4\#x _ ^�s|Z _~Ö �b£�
Ò����� ¥ \#^�W _Xj�n [�aE�BW�d _ ð ju_~_ ^ Ö [�a@e _Xj TEWua j aE�_~Ö l TEW�\ba@^�£�
Ò�#¤Wû ¥ �qù,[�T�fhdUa@Y _ � _~Ö ��[t£�
Ò�����Ò��
Ò����
 ¥ _ RÒe ju_ [u[]W�d _ � l Y#Y ð ju_~_ ^ Ö [�a@e _Xj TEWua j\#^GW _Xj�n [oaE��T l ^�\ Ö l _ ë�x4T j \}TEs�Y _ ì �2W�d _ ú:Ø ð ju_~_ ^ Ö [�a@e _Xj TEWua j �2TE^ { W�d _Xju_ ��a ju_ f _ VrTEY#YW�d _Xn ë�ú:Ø _ R`e ju_ [u[u\ba@^U[�ì Ý)( ��ù,^pTEYba@i¦a l [ ju_ Y}TEW�\ba@^U[�VrTE^/s _ a@s�W TE\#^ _~{ \#^mW _Xj�n [�aE��W�d _
ë+*³Ø ð ju_~_ ^ Ö [,a@e _Xj TEWua j ì û
 ° â Á ã º â Á à<; °&° ã � ´ £�
Ò��� c|¥W�dpTEW�\b[ � â Á àC; è��	�ò â Á ã�ã�
 òrò â Á ã º ßâ Á à<; è��	�ò â Á ã�ã�
 ò&° â Á ã º ; ò&° û
 ° â Á ã ¹ £�
Ò����, ¥
Å.-��S)�/ Ç��6Í�&0)_Ð²)_ÍT×ÑÍ�)_ÊQ)_Ð�%')
)_ÐÑÊ10���2¯&_ÊFÊÌ×3/ Ç}Í Ü Ê�&4%')_Í�&54Å��%'&_ÒT%6�ÑÕBÊ�7tÓ
%�× ÍUÓFÓFÔ1&£%�ÕBÇ­ÍñÒ.Þ Ü ÕBÒ.ÓÌÒ�)_Õ�Ö)_Ðd&_Í^ÔÑÝ�Ðm)_ÐÑÊ82¯&_ÊÌÊF×3/ Ç�Í Ü ÊÓ&4%�)_Í�&zÍ�Ë¯)_ÐÛÊ�ÊÒ*�ÊÌÓ�)_Ò��HÊ�Ð�%�Þ�ÒBÕ�)_Í^×ÑÒ�%�×3� û ÐÑÊ[Õ�%�)0)_Ê�&zÍ Ü Ê�&4%�)_Í�&zÝ^Ò��HÊFÇ@)_ÐÛÊÇ­Í�Õ.Ôd)_ÒBÍ^×vÍ�Ë-)_ÐÛÊ:9�&_Ç/)ýÕ.ÒB×ÛÊçÒB×vÊ�;���'=<�� >��X3�%�×RØ{Ó�%�×?��ÊzÔÑÇ­ÊïØ�Ê�( Ü ÕBÒ.ÓÌÒ�)_Õ�ÖtÒB×�)_ÐÑÊ:4�0�� Ê�( Ü &_ÊFÇ­Ç­ÒBÍ^×ÛÇ�7@&_Ê)�Ü Í�&0)_ÊïØ@�
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TE^ { � 
 °&° â Á ã º û
 ° â Á ã â 8 ç ; °rò 
 ò&° â Á ã�ã
 °rò â Á ã º û
 ° â Á ã ; °rò 
 òrò â Á ã £�
Ò��� Ô ¥TE^ { f _ VrTEY#Y¬W�d _Xn ë+*	Ø _ R`e ju_ [u[u\ba@^U[�ì �A Ö ��[t£�
Ò�����Ò��
Ò���Ò¤4��
Ò����� ¥ T ju_ W�d _�«¦_ Z _~Ö l TEW�\ba@^U[Sf _ f _Xju_ Yba`a « \#^�i,��a j ÿ f _ dpT~x _^ÙUj [�W\#^|W j a { l V _~{ W�d _ ð ju_~_ ^ Ö [Ja@e _Xj TEWua j ��a j W�d _ ë�V~a@^U[�W j TE\#^ _~{ ì n a@W�\ba@^B� ó å��Fá Ü ú_ì ã�ä�á£�W�d _ ú:Ø ð ju_~_ ^ Ö [�a@e _Xj TEWua j aE� _~Ö �b£�
Ò�#¤Wû ¥�¥ TE^ { W�d _ ^�f j \#W�W _ ^�TE^ _ � _ VXW�\#x _ dpT n \#Y#Wua@^�\}TE^��a j W�d _�n a@W�\ba@^B� ó å��Fá Ú ú_ì ãVä±á�\#^qfhd�\bV d<W�d _ V~a@^U[�W j TE\#^|Wu[ { l _ Wua�W�d _ l [ _ aE��W�d _e j a D _ VXW _~{ dpT n \#Y#Wua@^�\}TE^ ; °&° T ju_�_ RUT@VXW�Y#ZÃV~a j�ju_ VXW _~{ ��a j sgZvTE^9á��-á�äWå��C�ká ì �Aå¿á ó å���ã��=D¢�a�TEe�e�Y#Z�W�d _ [ _�ju_ [ l Y#Wu[�WuaJT�[ue _ VX\ Ù V�[u\#W l TEW�\ba@^�f _ l [ _h_~Ö �b£�
Ò�#¤	� ¥ �|fhd�\bVud�f _�ju_ f j \#W _T@[ â Á à<; ã×æ ÷ � º â Á à<;FE ã×æ á �
õ _ [ l e�eBa4[ _ ��a j [�\ n e�Y#\bVX\#W�Z<W�dpTEWHG ¹   ; EJI º G ß   ; EJI ºLK TE^ {4ß æ á � ºMK ö W�d _ [ _V~a@^ { \#W�\ba@^U[�T ju_ [ TEW�\b[ Ùp_~{ �4��a jS_ R�T n e�Y _ �¦\#^kW�d _ [uVrTEW�W _Xj \#^�i�aE�2TE^�TEWua n ak��T { \}TEWua n \bVn a@Y _ V l Y _	{ \b[uV l [u[ _~{ TEsBarx _ � _~Ö �b£�
Ò�#¤WÕ ¥ Ý+N ��¢�d _ ^¬��f _ a@s�W TE\#^

æ ¹ ÷ � º 
 °&° â�O ã â�O à<;PE ã×æ á �a j fh\#W�dyW�d _ d _ Y#eGaE� _~Ö �b£�
Ò����� ¥â�O à<; è��	�° â�O ã�ã×æ ¹ ÷ � º â�O àC; E ã×æ á � £�
Ò���VÓ ¥
õ _ [ _~_ W�dpTEW _~Ö l TEW�\ba@^G£�
Ò���VÓ ¥ ��a j W�d _ ¹ÍV~a n e2a@^ _ ^|W�aE�%W�d _ [uVrTEW�W _Xj \#^�i _ \#i _ ^U[�W TEW _ \b[��a j�n TEY#Y#Z�\ {�_ ^gW�\bVrTEY­Wua�W�d _5Q \#e�e n TE^�^FØ ò Vud|fh\#^�i _Xj�_~Ö l TEW�\ba@^v��a j W�d _ � l Y#Y _ \#i _ ^Ò� l ^UVhØW�\ba@^�\#^GW�d _YÚ [�epT@V _ �h¢�d _ a@^�Y#Z { \�� _Xju_ ^UV _ \b[,W�dpTEW]dpT n \#Y#Wua@^�\}TE^ ; °&° \b[ n a { \ Ùp_~{s|Z<W�d _ e ju_ [ _ ^UV _ aE�]W�d _ � ì å���ä'ã���eBa@W _ ^gW�\}TEY {�_hÙ ^ _~{ \#^ _~Ö �b£�
Ò����� ¥ �q¢�d�\b[ ó � ó ØR�S�Wä'ã��TE^ { á ó á'T�U�VVØ ø á ì á ó�ø á ó åJeBa@W _ ^gW�\}TEY�a@e _Xj TEWua j�_ RÒe ju_ [u[?� í[ì �W��äX��å��WVyW�d _wj a@Y _ aE��W�d _Äß[�epT@V _ a@^CW�d _w{ Z|^pT n \bV~[r��ø�WJTEY#Ybarf _~{ l [JWua�f j \#W _�{ arfh^>T�VXYba4[ _~{<_~Ö l TEW�\ba@^<��a j ¹V~a n eBa@^ _ ^gW�aE�BW�d _ [uVrTEW�W _Xj \#^�i _ \#i _ ^Ò� l ^UVXW�\ba@^¬� _~Ö �b£�
Ò���VÓ ¥ �¦W�dpTEWr�gsgZ�T�[ l \#W TEs�Y _ VudUa@\bV _aE��W�d _�Ú [�epT@V _ ��VrTE^ås _ V~a@^U[�\ {�_Xj TEs�Y#Z�[�\ n e�Y _Xj Wuaq[ua@Y#x _ W�dpTE^åW�d _ a j \#i4\#^pTEY]a@^ _ �Yoarf _ x _Xj �|W�d�\b[�e2a@W _ ^|W�\}TEY%\b[�T {Òju_ T nön a ju_ W�dpTE^ÃT ju_ TEY#\#W�Z ÿ \#W�\b[ l [ l TEY#Y#Z�^Ua@W « ^Uarfh^l ^�Y _ [u[�f _�« ^UarfÍW�d _�{ Z|^pT n \bV~[]\#^vW�d _ £�V~a n e�Y#\bVrTEW _~{ ¥ ß [�epT@V _ �ø��¬f _ ^ _ i4Y _ VXW�W�d _ a@e�W�\bVrTEYBe2a@W _ ^|W�\}TEY&\#^ _~Ö �b£�
Ò���VÓ ¥ f _ a@s�W TE\#^GT	[�\ n e�Y _�_~Ö l TEW�\ba@^\#^vW _Xj�n [,aE��W�d _ l ^ « ^Uarfh^ æ ÷[Z�Z �â�O à<; °&° ã×æ ÷ Z�Z � º â�O à<; E ã×æ á � £�
Ò���AÕ ¥ÅC\)ÆÈÍ�)_Ê )_Ð�%')&�6Ê	ÓFÍ�ÔÑÕ.Ø�Ý�ÊF×ÑÊ�&4%�ÕBÒ^]ÌÊ�)_ÐÛÊ Ü &_Íu��ÊÌÓ�)_Í�&ÈÍ�ËWÊ�;UÔ�%�)_ÒBÍ^×	'=<��)��_ 39)_Í(%�×8`�� ØÛÊ Ü ÊF×ÑØÛÊF×3)IÓ�%ba­Êc �ed fff .hgikjml .hgi fff�onqp�&�p ff . gisr Øtp Ü pF×RØ�a Ü %�&4%�Þup�)0&�v�w
%bx�x�Ö�y^×z`â%�×ÑØ;&�pïØ�{qw�p�a�)�y8| . i�} �onqp�~��e��� %baov�)sv�a��tyb~qpkv�~)�nqp ÇX�b�bÇX��Ç ! �S� p)(���%b~ta�v�y'~3����y���p��Xp�&[v�~£)�nqv�akw
%6a�p�)�nqp%w�y'�u�%{d)4%�)�v�y'~
&�p�x�%')�v^yb~�� c�� � iq� ��� v�a[~qyx�y'~q�bp�&�a�%�)�v�a�9�p��@�
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fhd�\bVud \#^gx¦a@Y#x _ [Ãa@^�Y#Z7a@e _Xj TEWua j [�T@VXW�\#^�iB� ó W�d _�Ú [�epT@V _kÝ)� �Çõ9d _ ^ W�d _�Ú [�epT@V _\b[,V dUa4[ _ ^qY#\ «¦_ \#^ _~Ö �b£�
Ò�#¤WÕ ¥ W�d�\b[�TEe�e j arR`\ n TEW�\ba@^C\b[ « ^Uarfh^<T@[oW�d _F� �S� ú á'� � � & ì �W� ó U
ã ì�ì T��Wâ�� í ãAå���� ó £�ÕhÕ ¥ �pø�Wh\b[�e j a@spTEs�Y#Z�W�d _ V l j�ju_ ^|W n a4[�W�fh\ {�_ Y#Z l [ _~{ TEe�e j a¦T@Vud�WuaW�d _ [uVrTEW�W _Xj \#^�iÐe j a@s�Y _Xn [ ÿ \#W�dpT@[,s _~_ ^yd _Xju_ \#^gW j a { l V _~{ \#^�W�d _ W�\ n�_ \#^ {�_ e _ ^ {�_ ^|W� j T n�_ f�a j�« s l W�\#W�VXY _ T j Y#ZGTEe�e�Y#\ _ [,TEYb[ a�WuawW�d _ £ _~Ö l \#x@TEY _ ^|W ¥ W�\ n�_ Ø {�_ e _ ^ {�_ ^gW�VrT@[ _ �ø�^ ò`_ VXW�\ba@^G£ c � c|¥ f _ fh\#Y#Y�V~a@^U[�\ {�_Xj W�d _ TEe�e�Y#\bVrTEW�\ba@^�aE�pW�d�\b[ _~Ö l TEW�\ba@^�Wua,W�d _ e j a@s�Y _XnT {�{Òju_ [u[ _~{ s _ ��a ju_ aE��W�d _ [uVrTEW�W _Xj \#^�iÐaE��TE^�TEWua n ak�<T { \}TEWua n \bV ö \#^vW�d _Jn�_ TE^|W�\ n�_f _ W j Z>Wuaqi _ W�[ua n�_ \ {�_ T@[�TEsBa l WwW�d _ � _ T@[�\#s�\#Y#\#W�Z7aE��W�d�\b[�TEe�e j a~RÒ\ n TEW�\ba@^ fhd�\bV d¬�\#^�[ua n�_ [ _ ^U[ _ �p\b[ _ RÒe _ VXW _~{ Wua�s _ i¦a|a { £�TEWoW�d _	_ ^ _Xj i4Z�V~a@^U[�\ {�_Xju_~{ ¥ fhd _ ^mW�d _ªß[�epT@V _ e�Y}T~ZÒ[,Tk^ _ i4Y#\#i4\#s�Y _�j a@Y _ a@^vW�d _J{ Z`^pT n \bV~[r�ø�^�a ju{�_Xj Wua�[ _~_ fhd _ ^wW�d�\b[�\b[�VrT@[ _ f _ Yba|a « TEWSW�d _ a@e�W�\bVrTEY�e2a@W _ ^|W�\}TEYpaE� _~Ö �b£�
Ò����� ¥fhd�\bVudy^Uatf V~a@^U[�\ {�_Xj a@^vW�d _ e�dgZÒ[�\bVrTEY _ ^ _Xj i4ZyTÿRÒ\b[� �� "! â�� ãm��� A�³H�S �¡�¢ FR£ ���� "!° â�O ã â�¤ _ O º � ã º ; °rò û
5¥ò â�� ã ; ò&°Q¬_ W ; òrò s _ TE^ ë l [ l TEY�ìGdpT n \#Y#Wua@^�\}TE^¬�,fh\#W�d T { \b[uV ju_ W _ [�e _ VXW j l n sBa l ^ { � j a ns _ Ybatf TE^ { T<V~a@^gW�\#^ l a l [v[ue _ VXW j l n W�dpTEW _ R`W _ ^ { [�� j a n Tqi4\#x _ ^ _ ^ _Xj i4Z � !=¦ Wua\#^ Ù ^�\#W�Z<£�[ _~_ TEYb[ a Ó \#iU�b£�
Ò��, ¥�¥ ��õ _�n T~Z { \b[�W�\#^�i l \b[�dGW�d ju_~_ VrT@[ _ [ ÿ§�¨ª©	«­¬�¨�®	¯ ø��UW�d _ Wua@W TEY _ ^ _Xj i4Z�aE�UW�d _ [�ZÒ[�W _Xn \b[�Y _ [u[¬W�dpTE^kW�d _ W�d ju_ [�dUa@Y {	_ ^ _Xj i4Z � !=¦��a j W�d _ V~a@^gW�\#^ l a l [�[�e _ VXW j l n aE� ; òrò W�d _ ^�W�d _ ú:Ø�dpT n \#Y#Wua@^�\}TE^ ; òrò VrTE^�^Ua@W{�_ [uV j \#s _ TE^|Z<[uVrTEW�W _Xj \#^�i n a@W�\ba@^¬�yø�^CW�d�\b[	VrT@[ _ ��W�d _ ^¬��fhd _ ^>W�d _Ð_ ^ _Xj i4Zq\b[

ó �Vå�TE^ _ \#i _ ^|x@TEY l _ aE� ; òrò f _ dpTrx _û
 ¥ò â�� ã º û
 �ò â�� ã º û
  "°ò â�� ãW�dpTEWJ\b[�W�d _ ð ju_~_ ^ Ö [Ja@e _Xj TEWua j \b[JV~a@^gW�\#^ l a l [kTE^ { [ _ Y �ýØ�T { D a@\#^gWÐ£�\#W	V~a@\#^UVX\ {�_ [fh\#W�d \#Wu[�ë�e j \#^UVX\#epTEYkx@TEY l _ ì û
  "°ò â�� ã ��[ _~_ ù]e�e _ ^ { \ RÎù ¥ � ø�Wy��a@Y#Ybarf�[�W�dpTEW� �� "! â�� ã \b[w[ _ Y �oØ�T { D a@\#^|W�TE^ { VrTE^7s _ x|\ _ f _~{ T@[�T�e l ju_ ë { \b[�Wua j W�\ba@^�eBa@W _ ^FØW�\}TEY�ì �|õ _ VrTE^ T j i l _ W�dpTEW�W�d�\b[�eBa@W _ ^gW�\}TEY,\b[�[ n TEY#Y�fhd _ ^ ; °rò \b[]ë�[ n TEY#Y�ìTE^ {²± a j fhd _ ^�W�d _v_ ^ _Xj i4Z7\b[k��T j � j a n W�d _ [u\#^�i l Y}T j \#W�\ _ [�aE�oW�d _ ú:Ø ð ju_~_ ^ Ö [a@e _Xj TEWua j ��W�dpTEW�\b[�� j a n W�d _ [�e _ VXW j l n aE� ; òrò �§�¨ª©	«­¬�³m®	¯ Ó a j �µ´B� !=¦ f _ VrTE^vf j \#W _û
8¥ò â�� ã º û
  "°ò â�� ã à<A�?o¶ â�� à<; òrò ãTE^ { W�d _ ^ � �� "! â�� ã º � ¸ â�� ã àqA �¸· â�� ã¹.º�» v�)�n�)�nqp¼a�y'x�{1)�v�yb~½y6¾�p�;���'=<	� >b_X3�%�)�n�%b~q�¿y'~tpÀ��%�Á��9&�v�)�p'Â�vÃ¾�~qp�p��tp��hÂc%b~1p�;"{�%�)�v�y'~¿¾Wy�&@)�ntp'Sw�yb�u��y'~tp�~3)Äyb¾�)�ntpu3�p)(1%bw�)&��%��Xp�¾Å{t~qw�)�v�yb~3Âd)�n�%�)�v�a| ckÆ } � | ÆªÇ�Ç }3È½É êgêÄÊ.Ë�Ì �kÍ�Î�Ïê Ê.Ë�Ì | ÆªÇCÇ } � | ÆªÇ�Ç }3ÈÑÐÉ ê�Ê.Ë�Ì �[Í�Î�Ïê Ê.Ë�Ì | ckÆ }�t{1)9)�nqv�aÄv�a¯%bao�%{tw+n>%baow�yb�u�qx�v�w
%�)�p��>%ba-)�nqpky�&�v��'v�~�%6xJy'~tp'�
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Ó \#i l ju_ 
Ò��,ÞÝ¶ù n a {�_ Y][uVrTEW�W _Xj \#^�i [�Z`[uW _Xn ÝyTE^ TEWua n Ø n a@Y _ V l Y _ [uZ`[�W _Xn \#^ fhd�\bVudW�d _�n a@Y _ V l Y _ dpT@[,T�e l ju_	{ \b[uV ju_ W _ [�e _ VXW j l n ��¢�d _ dpT n \#Y#Wua@^�\}TE^Fß òrò \b[�i4\#x _ ^ys|Zà ç ß � ß ç ä EJá²â�ã E æ á E �rÔ á E æÞä ^ { \#Wu[[ë�W�d ju_ [�dUa@Y {y_ ^ _Xj i4Z
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 ÷ í ÷Xø �?ü þÿ÷ í�ù ÷mþÿõ�þFØ å õ�þÿû6÷Xø � ä í�ü õ�þ1õqúÿöªøRõ�� ä � ü ý üSí � ü þ í�ü�� ÷��� ùªü û ä �ÿûRõ�ø�� ü þ��Fö�õ í ÷Xþ í�ü äqý å ý ÷ ä ø ý � í ä�� ÷"û ü þ í õ ä å"å õ��ªþ í í�ù ÷?ú ä åXí�í�ù ä í�� þÿõ 	��í�ù ÷ Ü û�ö ä å ÷ å ä þ å õ�þ í ø ü ��� í ÷ í õ í�ù ÷ 
Þü û í ø ü ��� í�ü õ�þPõqú í�ù ÷8û å ä í�í ÷Xø ü þ�� � �Þç��§�¨ª©	«­¬��ª®	¯ õ ù ÷Xþ í�ù ÷�÷Xþÿ÷Xø���� ü û å ý õ�ûR÷ í õ ä þB÷ ü �h÷Xþ � äqý �ÿ÷eõqú�ß ò¹ò õ��ªø¿ú�õ�ø � äqý ü û ��hõJ÷"û ü þ í õ í øRõ���� ý ÷:û ü þ å ÷ í�ù ÷[ú:Ø��zøR÷"÷Xþ Ö û�õ�ö�÷Xø ä í õ�ø�� ä þ 
 í�ù ÷:õ�ö í�ü=å äqý ö�õ í ÷Xþ í�ü äqý! ù ä û ä ö�õ ý.ä ø 
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 ÷"û å ø ü ��÷ 
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ÞüÉÈ ÷XøÀú�õ�ø í�ù ÷ å6ù õ ü=å ÷¿õqú í�ù ÷HÊ 
 õ � ä ü þ8Ë6Ý ü þ í�ù ÷í�ü�� ÷ ¹3
 ÷Xö�÷Xþ 
 ÷Xþ í ä öªöªøRõ ä åRù õqú�\J÷ åXí�ü õ�þÿû^�$]���� � ]���
  õ�þÿ÷�ú�õ ýSý õ 	 û í�ù ÷ í�ü�� ÷:÷ � õ ý � í�ü õ�þ½õqúä öªøRõ�ö�÷Xø ý �¸öªøR÷Xö ä øR÷ 
Å	 ä � ÷Xö ä å � ÷ í ä þ 
 ä í[í�ù ÷¼÷Xþ 
 ÷'ç í ø ä åXí û í�ù ÷:øR÷ ý ÷ � ä þ í û å ä í�í ÷Xø ü þ��õ��ÿûR÷Xø � ä � ý ÷"û õ�þ ä �ªøRõ ä 
 ÷Xþÿ÷Xø����Bø ä þ��h÷'�ÿû ü þ�� í�ù ÷ ü þÞú�õ�ø � ä í�ü õ�þ ä í äqýSý í�ü�� ÷"û Á¼ü þí�ù ÷ í�ü�� ÷ ü þ 
 ÷Xö�÷Xþ 
 ÷Xþ í ä öªöªøRõ ä åRù õqúÅ\J÷ åXí�ü õ�þÿû5�$]�� ] � ]���,  õ�þÿ÷ 	 õ�ø � û 
Þü øR÷ åXí ý � õ�þí�ù ÷¸÷Xþÿ÷Xø���� 
 õ � ä ü þP�(�eûRõ ý �3ü þ�� í�ù ÷¸û å ä í�í ÷Xø ü þ��ì÷ i � ä í�ü õ�þÿû ä í ä7Ì çª÷ 
eí õ í äqý ÷Xþÿ÷Xø����ä þ 
Hù ÷8÷'ç í ø ä åXí û í�ù ÷5û å ä í�í ÷Xø ü þ�� ä � ö ý üSí � 
 ÷8ú�øRõ � í�ù ÷ ä û�� � ö í õ í�ü=å ��÷ ù ä �3ü õ�ø�õqú í�ù ÷û í ä í�ü õ�þ ä ø��Hû å ä í�í ÷Xø ü þ��ìû í ä í ÷"û � ú�õ�øÀ÷ � ÷Xø�� Ì çª÷ 
Hí õ í äqý ÷Xþÿ÷Xø����"�� ùªü û û���� 
Þü��3ü û ü õ�þ ü û ä Ê í ø ä 
ÞüSí�ü õ�þ äqý Ëìõ�þÿ÷ ü þ í�ù ÷ìûR÷XþÿûR÷ í�ù ä í¸ü þ í�ù ÷ ý.ä û í �h÷ ä øRûûR÷ � ÷Xø äqý Ê ù �o�ªø ü>
 Ë ä öªöªøRõ ä åRù ÷"û ù ä � ÷t��÷"÷Xþ 
 ÷ � ÷ ý õ�ö�÷ 
BÁ ú�õ�ø�÷'ç ä � ö ý ÷ � õ�þÿ÷ � ä � 	 õ�ø �	uüSí�ùDÍ À�� ¼)ñ À"Î_Ï ¼�½ òU� ü �Ã÷��kû��ªö�÷Xø�ö�õ�û üSí�ü õ�þ?õqú�û å ä í�í ÷Xø ü þ��5÷ ü �h÷Xþÿû í ä í ÷"û 	uüSí�ùÅ
ÞüÉÈ ÷XøR÷Xþ í ÷Xþ ¹÷Xø�� ü ÷"û  ü þ ä í�ü�� ÷ ¹ �!Ð­ó ¼)ñ�¼ Ð­ó ¼ Ð ½ ú�ø ä � ÷ 	 õ�ø � �ÑÃ ù �ì÷ í äqý � � `�Ä�Ä�] ä Á Ã ù � ÷ í äqý � � `�Ä�Ä�]��  �Òî÷ ù ä � ÷ åRù õ�û6÷Xþ í�ùªü û å õ ä øRûR÷^��ø ä ü þÿ÷ 
 ö�õ ü þ í õqú �3ü ÷ 	 û ü þ å ÷ üSí%å ý õ�ûR÷ ý �½øR÷"ûR÷ � � ý ÷"û í�ù ÷¼�Ó'ñ�¼ ¿_Ô!6 ¼ Ð ½ À º öªø ä åXí�ü=å ÷�Ý õ�þ í�ù ÷�õ�þÿ÷ ù ä þ 
5	 ÷ ù ä � ÷ í�ù ÷�û í ä í�ü õ�þ ä ø�� ä öªöªøRõ ä å6ù õqúí�ù ÷ å øRõ�ûRû ¹ ��÷ ä � ÷'çÞö�÷Xø ü�� ÷Xþ í û[��÷�� ���[ûR÷"÷[\ å õ ý ÷"û���`�Ä�Õ�Õ  � mä þ 
B� õ�þ í�ù ÷�õ í�ù ÷Xø ù ä þ 
B�(	 ÷ù ä � ÷ í�ù ÷¿øR÷ äqý ¹�í�ü�� ÷?ö ù õ í õ���ø ä ö ù û�õqú í�ù ÷ å õ ýSý ü û ü õ�þ öªøRõ å ÷"û6ûR÷"û í�ù ä í5å õ � ÷ ú�øRõ � í�ù ÷�ÿ÷ �¸í õ å6ù ÷ �?ü û í ø�� 	 õ�ø ý 
 �ÑÃ�÷ 	 ä ü ý �|Ö�×�×�×  � wØ �¹ » p%w�Ù6~¸n�ÙwÚ)�txÃÁ�Û�p¸MBÚ�y'~q��v�¾»M�p�a/)3Ù�)�p@)�n�Ù�) )�ntp¸Ü$Ýqp��<)�y'xÞÙb~q�taXß�yb¾BàhpyMBÙbv�x²p�)IÙ6x>áaÙ�)nâ�Ù6x�)�p�w+n
Õ�ã



Õ�r Õ+ä^å[æ�Ò�Ô�Úèç8éÓÕu×aêÇæ�ë:Ò+ì�Ø?Ù­íÄÕ+åÀÒuÒ�Ô�Úîì�Ø?Ùµ×aï�íJÔ�Ú�ð8å[ï%Ö�Ôní
ñtòwó ô&õ?ö»÷»øJõ�ùDúûõIü�ýGý+þHÿUõ����»ø����
):÷'ú�õ�øR÷uõ�� í ý ü þ ü þ�� í�ù ÷ � õ�û í�å õ � � õ�þ1öªø ä åXí�ü=å äqý­ä öªöªøRõ ä åRù ÷"û í õ å õ � ö�� í�ü þ�� 
 �Jþ ä �?üÉ¹å äqý õ��ÿûR÷Xø � ä � ý ÷"û ý ÷ í �ÿû 
 õ5ú�÷ 	 å õ � � ÷Xþ í û ä ��õ�� í�å õ�þÿûR÷Xø � ä í�ü õ�þ ý.ä 	 û��I�%õ�þÿûR÷Xø � ä í�ü õ�þý.ä 	 û ä øR÷ ü�� ö�õ�ø í ä þ í þÿõ í õ�þ ý �Hú�øRõ � ä í�ù ÷"õ�øR÷ í�ü=å äqý ö�õ ü þ í õqú �3ü ÷ 	 Ý ä åXí � äqý å äqý å � ý.ä ¹í�ü õ�þÿû å õ�� ý 
 þÿõ í ��÷ 
 õ�þÿ÷ 	uüSí�ù õ�� í�í ä�� ü þ�� ü þ í õ ä å"å õ��ªþ í í�ù ÷1û ü�� ö ý ü Ì å ä í�ü õ�þÿû í�ù ä íä ø ü ûR÷�ú�øRõ � í�ù ÷eûJ� � � ÷ í ø�� öªøRõ�ö�÷Xø í�ü ÷"ûìõqú í�ù ÷ å õ ýSý ü û ü õ�þ û��Þû í ÷ � ����ö í õ�þÿõ 	 	 ÷ù ä � ÷?õ�þ ý �P�ÿûR÷ 
Fí�ù ÷?÷Xþÿ÷Xø���� å õ�þÿûR÷Xø � ä í�ü õ�þ ý.ä 	 ä þ 
B��ü�� ö ý ü=åXüSí ý � ��í�ù ÷ í õ í äqý � ý ü þÿ÷ ä ø  � õ � ÷Xþ í � � å õ�þÿû6÷Xø � ä í�ü õ�þ �zü �Ã÷�� í�ù ÷ ü þ � ä ø ü ä þ å ÷ öªø ü þ åXü ö ý ÷"û í�ù ä í ä ø ü ûR÷Fú�øRõ � í�ù ÷ù õ � õ��h÷Xþÿ÷ üSí � õqú í�ü�� ÷ ä þ 
 û�ö ä å ÷ � øR÷"û�ö�÷ åXí�ü�� ÷ ý �"�°� ù ÷XøR÷ ä øR÷ ä í ý ÷ ä û íìíy	 õ õ í�ù ÷Xøû�� � � ÷ í ø ü ÷"û í�ù ä í%í �ªø�þHõ�� í�í õY��÷��ÿûR÷'úX� ý ü þ � õ ý ÷ å � ý.ä ø å õ ýSý ü û ü õ�þÿû : ��Òî÷ 	uü ýSý 
Þü û å �ÿûRûÌ øRû í�í�ù ÷ í õ í äqý À�Ð
	�� º À�¿ � õ � ÷Xþ í � � å õ�þÿûR÷Xø � ä í�ü õ�þ ý.ä 	 ä þ 
B��í�ù ÷Xþ ��	 ÷ 	uü ýSý �ªø ü ÷�
��� ÷Xþ í�ü õ�þ í�ù ÷ å õ�þÿûR÷Xø � ä í�ü õ�þ õqú ñ À�¿ Ô ½�� ��ÿõ�ø 
 ÷ Ì þ üSí ÷Xþÿ÷"ûRû 	 ÷ å õ�þÿû ü>
 ÷Xø ä û ü�� ö ý ÷ � û�ö ü þ ¹ ý ÷"ûRû ��í�ù øR÷"÷ ä í õ � û��Jû í ÷ ������� �· í û ù ä �?ü ý í õ�þ ü ä þ å ä þ ��÷ 	 ø üSí�í ÷Xþ ü þ í ÷Xø � ûmõqú í�ù ÷�Â ä å õ�� ü­å õ3õ�ø 
Þü þ ä í ÷"û k������ l õqúÄõ�þÿ÷õqú í�ù ÷ ä ø�ø ä þ��h÷ � ÷Xþ í û � ú�õ�ø¼÷'ç ä � ö ý ÷ ������� � � 	 ÷ 
 øRõ�ö í�ù ÷ ä ø�ø ä þ��h÷ � ÷Xþ í ý.ä ��÷ ý! 

ß m � z{! �#" z{�u ��$
õ�ø¼÷ i � ü�� äqý ÷Xþ í ý � ß m } z%{! � & z{! (' z �*) z%{�u � + z{�u-, z �.$ �$]���`  
	uù ÷XøR÷ } % ä þ 
 ) % ä øR÷ í�ù ÷Y¿�À@ó�ÔXÀ º � õ � ÷Xþ í ä õqú í�ù ÷ÀøR÷ ý.ä í�ü�� ÷7� �0/-���  �ä þ 
½ü þ í ÷Xø�þ äqý� õ í�ü õ�þ � ���  øR÷"û�ö�÷ åXí�ü�� ÷ ý � � & ü û í�ù ÷1õ�ø�� üSí äqý%ä þ���� ý.ä ø � õ � ÷Xþ í � � õqú í�ù ÷1øR÷ ý.ä í�ü�� ÷� õ í�ü õ�þ ä þ 
 + ü û í�ù ÷DÊ)øRõ í õ�ø�Ë ä þ���� ý.ä ø � õ � ÷Xþ í � � õqú ��� � � ù ÷ í õ í äqý8ä þ���� ý.ä ø� õ � ÷Xþ í � � 1 m & � +ü û å õ�þÿûR÷Xø � ÷ 
 ��÷ å ä �ÿû6÷�ß ü û ä û å äqý.ä ø:õ�ö�÷Xø ä í õ�ø �Þü �Ã÷�� üSí:ü û ü þ � ä ø ü ä þ í �ªþ 
 ÷Xø ä ø�� üSí ø ä ø��øRõ í ä í�ü õ�þÿûY� 	 ÷ ä øR÷ å õ�þÿû ü>
 ÷Xø ü þ�� ä þ ü ûRõ ý.ä í ÷ 
 û å ä í�í ÷Xø ü þ��½ûJ�Jû í ÷ �  �·+þ å ý.ä ûRû ü=å äqý � ÷ åRù ä þ ü=å û ��í ä�� ü þ�� ü þ í õ ä å"å õ��ªþ ízí�ùªü û ä þ 
 í�ù ÷ ý ü þÿ÷ ä ø � õ � ÷Xþ í � �å õ�þÿûR÷Xø � ä í�ü õ�þ ý.ä 	�� õ�þÿ÷ å ä þ øR÷ 
 � å ÷ í�ù ÷ � õ í�ü õ�þ õqúÀõ��ªø í�ù øR÷"÷ ä í õ � û��Þû í ÷ � í õ äû ü�� ö ý ÷Xø32tç42 ¹ r6572 
Þü�� ÷Xþÿû ü õ�þ äqý öªøRõ�� ý ÷ � � � ù ä í1ü û � õ�þÿ÷eú ä åXí õ�øRûìõ�� í1í�ù ÷ õ � ÷Xø äqýSýí ø ä þÿû ý.ä í�ü õ�þÿû ä þ 
Bí�ù ÷eõ � ÷Xø äqýSý øRõ í ä í�ü õ�þÿû�� ·+þ i � ä þ í � �¤� ÷ å6ù ä þ ü=å û í�ù ÷ û üSí � ä í�ü õ�þü û�ûRõ � ÷ 	uù ä í7
ÞüÉÈ ÷XøR÷Xþ í û ü þ å ÷ í�ù ÷ í�ù øR÷"÷ å õ � ö�õ�þÿ÷Xþ í û?õqú í�ù ÷ ä þ���� ý.ä ø � õ � ÷Xþ í � �õ�ö�÷Xø ä í õ�ø 
 õîþÿõ í å õ � � � í ÷ ä þ 
B�:í�ù �ÿû �uå ä þªþÿõ íìù ä � ÷Pû ü�� � ý í ä þÿ÷"õ��ÿû ý � ä 
 ÷ Ì þ üSí ÷� äqý �ÿ÷ � ¼�Ó Î ¼+ñ ½ 	uù ÷Xþ.8 m:9 �=� ùªü û � ÷ ä þÿû í�ù ä íY	 ÷ å ä þªþÿõ í ÷ È ÷ åXí�ü�� ÷ ý �Fú ä åXí õ�ø�õ�� í½$¾ ¿ ¼J¼ å õ3õ�ø 
Þü þ ä í ÷"ûî��� � ä�� ü þ����ÿûR÷8õqú í�ù ÷5øRõ í ä í�ü õ�þ äqý ü þ � ä ø ü ä þ å ÷��ÙJÚ<;IÙ>= Ú<;�Ù�?A@�B�ÙwÚ0)DC>EÒ)<F!;HGJILK/)<CwÚM@�CNE â�F!;POQILK/)|ÚM@pá�SR ;�M(IT=T=VU!C�)JOQ;PU�)<ITC>UAÙ@)<F!I ÚW?�K�@XOQOQ;Ó)|ÚM@ZY3)<F!; )<ITOQ;P[>Ú<;��\;�Ú<KÑÙN=]Y1)<F�Ù�)DITK+ÙN=LKMC�^XKM;PE_^X=
ITU7B Ú3ÙN`�)<IT`a;b I�)�O�Ù>c�;aK�)<F!;^ÜedfO�Ù')|Ú<I���ß�Ú<;�ÙN=hgyáCZ�)?MiC�^X=L?=Ûj;kC>EHl Ú<;�Ù')mITU3)<;�Ú<;aK/)�)<Cn?oITKM`a^!KMK�KM^!`WF3ITU�� ÙwÚ<IÞÙ>UX`a;B�Ú<ILUX`aITB!=T;pITU�I�)<K(C�M(U[Ú<ITl�F3)qY�ÛX^1)(I�)DITK%M�;a=T=oÛj;P@\C�U�?()<F!;pKM`PC�Bj;pC>EÒ)<F!;pB Ú<;PKM;aU3)BMiC Ú<c�á�á�á
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ä�ÌDÉ ¾ Ä ½ Ñ	Ñ	Ç�ÊÅÕ ¾ é ½ Ì ¾ Ê ¿ É�Ê å Á	Ä ¾À¿ ÌDÉ ¾ Ä�Æ ½ Ä�Ã È ÃÅÆ ½ è�Ä�Ã
ä ñ�����½~�ò,ôNñ�õ2�,�rz%õÏ�"{2�Å� ä�ÌDÉ�Ã ÷ òj�Û� Ã¸ÎÏÊ å è	Ì ¾ Ê ¿ Ê,ÔIÌDÉ�Ã�ÄDÌ ½ Ì�Ã�ÎÏÃÅÆ¸Ì�Ê2Ç ��õÏ�"{ ¾À¿ Ì ¾ éÐÃ ¾ Ä!Ãäï|è ¾ Î ½ å Ã ¿ ÌÌ�Ê*ÌDÉ�Ã_Ã¸ÎÏÊ å è	Ì ¾ Ê ¿ Ê,Ô«ÌDÉ�Ã ÷ ôD��� Æ®É ½ ¿	¿ Ã å Ã¸ÎÏÊ å è	Ì ¾ Ê ¿ Ê2Ñ�Ã¸Ç ½ Ì�Ê2Ç(Ö39Ã ½ Ç�Ã ½ å éÐÊ
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Ö� Y � l ��m ^ r � Y x �Lp ÷iZ?� \ � Y � l ��m � � õâ É�Ã¸Ç�Ã�Ô?Ê2Ç�Ã
ä	Ë�Ã ½ ÇDÇ ¾ ÎÏÃ ½ Ì�ÌDÉ�Ã�Ô?Ê åÀå Ê(Ë ¾À¿ æ�ä¨ÎÏÃ¸ÇDã ¾ é%ÑÝÊ2ÇDÌ ½ ¿ ÌUÇ�ÃÅÄDè å Ìñ �ò � 
 � ��Z
[ Y k Y f Y ô �uõ ÚÏ$ ^ x ÷ l �Lp m �rq � 6 � � 
ts m u; �l 6 � 4 m �rq � � Y � l �8m�Z?� � ô ò õ\�^�f `[ � y k Y y f YihÔ�Ç�Ê2é}Ë�É ¾ Æ®É ½ ¿ è	é È Ã¸Ç�Ê,Ô<Ê2ÌDÉ�Ã¸Ç�è�Ä®Ã�ÔÛè å Ã�ÕjÑ	Ç�ÃÅÄ�Ä ¾ Ê ¿ Ä�Æ ½ ¿ÂÈ ÃUÊ È Ì ½ ¾À¿ ÃÅÁ]ç�Ä®ÃÅÃW��É ½ Ñ	Ì�Ã¸Çí9Ê,Ô_ÌDÉ�Ã È Ê|Ê2ë8Ê,Ô���Ö�zKÉ ½ ¿ æ ç>Ç�û�û�ûÏêDê�Ö â É ¾ Ä ¾ Ä�ÌDÉ�Ã�Ë�Ê2ÇDë ¾À¿ æìÔ�Ê2ÇDé�è å ½ ä ½ å ÌDÉ�Ê2è	æ
É¾À¿ Ñ	Ç ½ Æ¸Ì ¾ ÆÅÃ ¾ Ì ¾ Ä_è�Ä®ÃÅÁ9Ê ¿ ÌDÉ�ÃØ��ÆÅÊ2é%ÑÝÊ ¿ Ã ¿ Ì�Ä´Ê,Ô�ÌDÉ�ÃÐÄDÌ ½ Ì�Ã%ÎÏÃÅÆ¸Ì�Ê2Ç�Ë ¾ ÌDÉ ½ Ä ¾ é%Ñ å ÃÇ�ÃÅÁ ¾ Õ ¿	¾ Ì ¾ Ê ¿ Ê,Ô�ÌDÉ�Ã#Ñ�Ñ	Ç�Ê î ÃÅÆ¸Ì ¾ Ê ¿ Ò*ÎÏÃÅÆ¸Ì�Ê2Ç Z
[ Y \ ó�çÛÌDÉ�Ã ½ Æ¸ÌDè ½ å ÆÅÊ ¿ ÄDÌ ½ ¿ Ì�Ä_Á	Ã¸Ñ�Ã ¿ ÁðÊ ¿ÌDÉ�Ã~Æ®É�Ê ¾ ÆÅÃ�Ê,Ô�ÌDÉ ¾ Ä%ÎÏÃÅÆ¸Ì�Ê2Ç ê�Ö Ð�Ì%Ë ½ Ä ¾À¿ ÌDÇ�ÊjÁ�è�ÆÅÃÅÁ ¾À¿ ½ Á ¾ ×ÝÃ¸Ç�Ã ¿ ÌÐÔ?Ê2ÇDé È ã}¿ ½ åÀ¾À¿ Ì>Óú�è	ÇDÌ ¾ Ã¸Ì ½ å ÖUç>Ç�û�û
SÏê ½ ¿ Á]zKÉ ½ ¿ æ�ç>Ç�û�û'�Ïê�Ö�Ð ¿ Ñ	Ç ½ Æ¸Ì ¾ ÆÅÃ
ä ¾ Ì ½ åÀå ÊPË�ÄUÊ ¿ Ã_Ì�ÊÐÊ È Ì ½ ¾À¿ ÌDÉ�ÃÇ�Ã å Ã¸Î ½ ¿ Ì�ÀÂé ½ ÌDÇ ¾ Õ�Ã å Ã¸éÐÃ ¿ Ì�ÄUÔ�Ç�Ê2é ÌDÉ�Ã_ë ¿ Ê(Ë å ÃÅÁ�æÏÃ´Ê,Ô�ÌDÉ�ÃBÑ�Ë\Ã ¾ æ
É{Ì�Ä>Ò�Ê,Ô�ÌDÉ�Ã�Ã ¿ Ã¸ÇDæ
ãÆÅÊ2é%ÑÝÊ ¿ Ã ¿ Ì�Ä ¾À¿ ÌDÉ�Ã ¾À¿	¾ Ì ¾ ½ å Ë ½ ÎÏÃ¸Ñ ½ Æ�ëÏÃ¸Ì ø�  È ã8Ä ¾ é%Ñ å ãÿÆÅÊ2é%Ñ	è	Ì ¾À¿ æ ÌDÉ�Ã~É ½ å ÔWÌ ¾ éÐÃ�ÓÃ ¿ Ã¸ÇDæ
ã"¾�Ê2è	Ç ¾ Ã¸Ç´ÌDÇ ½ ¿ ÄGÔ?Ê2ÇDé Ê,Ô�ÌDÉ�Ã ½ é%Ñ åÀ¾ ÌDè�Á	Ã�Ê,Ô�ÌDÉ�Ã%Ë ½ ÎÏÃ¸Ñ ½ Æ®ëÏÃ¸Ì ¾À¿ ÌDÉ�Ã%Ç�Ã å Ã¸Î ½ ¿ Ì½ ÄDãjé%Ñ	Ì�Ê2Ì ¾ Æ*Ç�Ã¸æ ¾ Ê ¿ ø@¡ Ö%) ¿ Ã%ÆÅÊ ¿ Ä ¾ Á	Ã¸Ç�Ä ½ Á	Ã�Õ ¿	¾ Ì�Ã ¾À¿	¾ Ì ¾ ½ å ÄDÌ ½ Ì�Ã ½ ¿ ÁIäIÔÛÇ�Ê2é ½ Ä ¾À¿ æ å ÃÆ ½ å Æ¸è å ½ Ì ¾ Ê ¿ äKÊ È Ì ½ ¾À¿ Ä�ÌDÉ�Ã_Á	ÃÅÄ ¾ Ç�ÃÅÁ7ÀÞé ½ ÌDÇ ¾ Õ�Ã å Ã¸éÐÃ ¿ Ì�Ä�Ô?Ê2Ç�ÌDÉ�ÃRÑ	Ç�ÊjÆÅÃÅÄ�Ä�ÃÅÄ � b \ ç �Õ	Õ	ÃÅÁIä \ ½ Ç È	¾ ÌDÇ ½ ÇDã�ê<Ô�Ê2Ç ½ åÀå ÌDÉ�Ã\Ã ¿ Ã¸ÇDæ ¾ ÃÅÄ�Ë\Ã åÀå Ç�Ã¸Ñ	Ç�ÃÅÄ®Ã ¿ Ì�ÃÅÁ ¾À¿ ÌDÉ�Ã ¾À¿	¾ Ì ¾ ½ å Ë ½ ÎÏÃ¸Ñ ½ Æ®ëÏÃ¸Ì(ÖÐuÌ ¾ ÄQË�Ê2ÇDÌDÉ´Ì�Ê ¿ Ê2Ì�Ã ½ ÌQÌDÉ ¾ ÄQÑÝÊ ¾À¿ Ì�ÌDÉ ½ ÌQÌDÉ�Ã!Ì ¾ éÐÃ�Ó�Ñ	Ç�Ê2Ñ ½ æ ½ Ì ¾ Ê ¿ Ê,Ô	ÌDÉ�Ã!Ë ½ ÎÏÃ¸Ñ ½ Æ®ëÏÃ¸ÌÑÝÃ¸ÇGÔ�Ê2ÇDéÐÃÅÁ ¾À¿ ½Øâ�ï Ä�Å Æ ½ å Æ¸è å ½ Ì ¾ Ê ¿ ¾ ÄRÆÅÊ ¿ Ì ½ ¾À¿ ÃÅÁIä ¾À¿ Î ¾ ÇDÌDè�Ã%Ê,Ô\Ãäï�ÖxçvP�Ö�Ç�ÂÏê�ä ¾À¿ ÌDÉ�Ãj Ç�ÃÅÃ ¿ ßCÄcÊ2Ñ�Ã¸Ç ½ Ì�Ê2ÇRþ � l ��m�ä ¾ ÖCÃ
Öñ � �ò � 
 � �¨ósô � õ ÚÏ$ ^ ÷'þ � l ��mIósô ò õ>
¢ �������4�3¢K�����"�äÜ���£�¤¦¥�§�¨yC�©�§«ª ¬ ��­ £���æ/�@ê'�®�r��!"�4���1æeÜ�Ü����®!"�²Ü��4�IÜ�¢1�ìÜ��1æ��1æ/%(%yÝ�!"%²Ý��ÎæeÜ��2%yÝ���%�æ@¯Ý]æ&Ü���!"�)!�.�Ü��(�2�����ìÜ���æ/�A¢uæ�±#��%�æ/�r°"�5Ü�ç²±D�4��æ�������£+!"���3�r��!�!"�4���\æ���æ/�(�4�4�Îæ��N¢Mæ�±#��%�æ��³°#�5Ü�.´!OÝMÜ��(�\Ü=Ý]æ����4�Îæ/¯Ü���!"��æ/��$&!OÜ���!"��æ��(*.Ü��,����Ü����i¤¦¥�§�¨µ��æ/��ê'�SÝ���æ�*������G��!"$&%��²Ü���*D.�Ý�!"$7Ü����i$&!�$&���äÜ��($VÝ���%yÝ����4���äÜ]æ&Ü���!"�!�.%Ü������2�����­Ü��Îæ/�W�`Ü]æ&Ü��^±"���5Ü�!OÝ�ç>4¶ è�Ü��4��!"���·*?ê'�«�(!OÜ���*?Ü���æeÜ3Ü����^æ�%�%(������æ&Ü���!���!/.	Ü��(���®.5!&Ý�$0�(�Îæ0���2�(!&Ü��`Ü=Ý]æ/���"�äÜ4.5!&Ý=¢Mæ&Ý³*�æ/���ìÜ2$1æ���4����$Bç�¸D�(�	%²Ý�!Oê(����$¹���)��!e¢w.�æeÝYæ/%�æ&Ý=Ü)!"���	�4�(!"����*�%²Ý�!@º
���5ÜNÜ��(�Y¢uæe±"�9.5���(�5Ü���!"�µ£\¢1�(���r�a�9!"�(��*Ý���N��(�ìÝ��\Ü��(�1�(�4�2!�.,æ^±#�5Ý4���ÎæeÝ��"�D�&Ý���*Aç_ía�4����!��L*&%²Ý�!Oê(����$�æ&Ý����4���é¢1�ìÜ��@Ü��(�2��!�!OÝ³*,����æ&Ü����r��!"�4���µ»�.5!&Ý�'@²æ�$&%�����£���.(!��(�y�(�4���,æuÝ���æ������äÜ(º=æ/��!�ê��#�4�5ÜW!�.,��!�!OÝ³*,����æ&Ü��9�,Ü��(�y%²Ý�!@º
�9�5Ü���!"��!"�äÜ�!ÝAL��æ��"�`Ü]æeÜ����,Ý���N����­Ý��9�æ«�4!OÝ=Ü®!/.W���äÜ��5Ý�%'!"�ÎæeÜ���!��)!/.�Ü�����%yÝ�!+*����5Üé¢uæe±"�9.5���(�5Ü���!"���K���1Ý���æ������äÜ���!�!&Ý³*�����æeÜ����®!OÝ�£'¼�Þ�½]ár¼Oár¾³¿rÀ�Á�Ü��(�����Ü��IÝ�%'!"�Îæ&Ü���!"��!/.%Ü��(�/¢Mæ�±#��%�æ��³°#�5Ü1���M%²Ý�!+*,�(�5Ü1�9!�!OÝ³*�����æ&Ü����/Â



Ç(S'Ã {�îUTWV)QDRGSYX�Zµ{&T\[]V_^�Q�`9U ¶baM{�TAQ&QDRGSc`9U ¶VT\d�aWRGS�e�TWd0X2R�a
Ë�É�Ã¸Ç�Ã ½ Ä_ÌDÉ�Ã ¾À¿	¾ Ì ¾ ½ å ÆÅÊ ¿ Á ¾ Ì ¾ Ê ¿ ÄÞç Ô?Ê2Ç_Ä�Ã¸ÎÏÃ¸Ç ½ å ÆÅÊ åÀåÀ¾ Ä ¾ Ê ¿ Ã ¿ Ã¸ÇDæ ¾ ÃÅÄ�ê ½ Ç�ÃÐÆÅÊ ¿ Ì ½ ¾À¿ ÃÅÁ ¾À¿ÌDÉ�Ã\Ë ½ ÎÏÃ¸Ñ ½ Æ®ëÏÃ¸Ì(Ö�¿pÃ ½ Æ¸è�Ä�Ã�Ê,Ô¨ÌDÉ�ÃpéÐÃ ½ ¿	¾À¿ æ_Ê,Ô�ÌDÉ�ÃpÌDÉ�Ã j Ç�ÃÅÃ ¿ ßCÄ�Ê2Ñ�Ã¸Ç ½ Ì�Ê2Ç(ä{ÌDÉ�Ã\Ç�ÃÅÄDè å ÌÊ,Ô.¾¨Ê2è	Ç ¾ Ã¸ÇcÌDÇ ½ ¿ ÄGÔ?Ê2ÇDé ¾À¿ æ�ÌDÉ�ÃRÌ ¾ éÐÃgÃ¸ÎÏÊ å è	Ì ¾ Ê ¿ Ê,Ô«ÌDÉ�ÃRË ½ ÎÏÃ¸Ñ ½ Æ�ëÏÃ¸ÌRÆ ½ ¿~È ÃRÊ È Ì ½ ¾À¿ ÃÅÁ½ å Ä�Ê È ã�Ä�Ê å Î ¾À¿ æ%ÌDÉ�Ã ��ö	½W~�Ë]~eÉ|��ö���~�òÄ| Ñ	Ç�Ê È	å Ã¸él � xÆÅ mIóCô � õ ^ óCô ò õçÛË�É�Ã¸Ç�Ã*ÌDÉ�Ã´è ¿ ë ¿ ÊPË ¿ óCô � õ ¾ Ä�ÌDÉ�Ã�Ñ	Ç�Ã¸Î ¾ Ê2è�Ä�þ � l �8mIónô ò õ ÎÏÃÅÆ¸Ì�Ê2Ç êUË ¾ ÌDÉÚÌDÉ�Ã´è�ÄDè ½ åÊ2è	ÌDæÏÊ ¾À¿ æ È Ê2è ¿ Á ½ ÇDã ÆÅÊ ¿ Á ¾ Ì ¾ Ê ¿ Ä&ø�ÇÏÖ â É ¾ Ä ¾ Ä�ÌDÉ�Ã â ¾ éÐÃVÐ ¿ Á	Ã¸Ñ�Ã ¿ Á	Ã ¿ Ì*3 ½ ÎÏÃ¸Ñ ½ Æ�ëÏÃ¸ÌÀjÆ�É	Ç�ÒjÁ ¾À¿ æÏÃ¸Ç�Ásï|è ½ Ì ¾ Ê ¿ ç�zKÉ{èÐÃ¸Ì ½ å ÖÀä_Ç�û�û(P ½ ØjzKÉ{èÞÃ¸Ì ½ å ÖÀä_Ç�û�û(P È ê�Ë�É ¾ Æ�É<ä ½ Ä ¾ Ì«Ä�Ì ½ ¿ Á	Ä(äÉ ½ Ä ½ å Ç�Ã ½ Á�ã�Ê ¿ Ã ½ Á�Î ½ ¿ Ì ½ æÏÃgË ¾ ÌDÉ�Ç�ÃÅÄDÑÝÃÅÆ¸Ì�Ì�Ê%ÌDÉ�ÃgÆÅÊ ¿ ÎÏÃ ¿ Ì ¾ Ê ¿ ½ å Ì ¾ éÐÃ ¾À¿ Á	Ã¸Ñ�Ã ¿ Á	Ã ¿ ÌéÐÃ¸ÌDÉ�Ê|Á	ÄgÁ	ÃÅÄ�Æ¸Ç ¾ÀÈ ÃÅÁ ¾À¿ ÌDÉ�Ã ¿ Ã�ÕjÌRÌuË�Ê7ÀjÃÅÆ¸Ì ¾ Ê ¿ ÄyÃ ¾ Ì ½ åÀå Ê(Ë�ÄgÊ ¿ ÃÐÌ�Ê~Ñ³Õ	Õ�Ò´ÌDÉ�Ã ¾À¿	¾ Ì ¾ ½ åÆÅÊ åÀåÀ¾ Ä ¾ Ê ¿ ÆÅÊ ¿ Á ¾ Ì ¾ Ê ¿ Ä�ç ¾ ÖCÃ
Ö ¾ Ì ½ åÀå Ê(Ë�ÄRÌ�ÊØÄ�Ê å ÎÏÃ´Ô?Ê2Ç?ÑuÊ ¿ Ã´ÆÅÊ å è	é ¿ Ò%Ê,Ô�ÌDÉ�Ã'À�é ½ ÌDÇ ¾ Õ¨ê�ÖÐ ¿ Ñ	Ç ½ Æ¸Ì ¾ ÆÅÃ
äKÊ ¿ Ã´Æ ½ ¿ Ã�Õ�Ñ	Ç�ÃÅÄ�ÄcÁ ¾ Ç�ÃÅÆ¸Ì å ã�ÌDÉ�Ã j Ç�ÃÅÃ ¿ ßCÄWÊ2Ñ�Ã¸Ç ½ Ì�Ê2ÇUÔ�Ê2Ç |Å���,��ô>õ2� Ã ¿ Ã¸ÇDæ ¾ ÃÅÄè�Ä ¾À¿ æÐÌDÉ�Ã*��É�Ã È	¾ Æ�É�Ã¸Î�Ã�Õ�Ñ ½ ¿ Ä ¾ Ê ¿ Ì�ÃÅÆ®É ¿	¾ ï{è�ÃgË ¾ ÌDÉ ½ åÀ¾ ÌDÌ å ÃgéÐÊ2Ç�ÃgÃ�×IÊ2ÇDÌcÌDÉ ½ ¿�¾À¿ ÌDÉ�ÃÄ ¾À¿ æ å ÃRÃ ¿ Ã¸ÇDæ
ã�Æ ½ Ä�Ã
Öâ É�ÃUéÐÃ¸ÌDÉ�Ê|Á	ÄpÁ	ÃÅÄ�Æ¸Ç ¾ÀÈ ÃÅÁ�è	ÑÂÌ�Ê ¿ Ê(ËÓÔÛè	Ç ¿	¾ Ä�É<ä ½ Ì å Ã ½ ÄDÌ ¾À¿ Ñ	Ç ¾À¿ Æ ¾ Ñ å Ã
ä ½ ÆÅÊ2é%Ñ å Ã¸Ì�ÃÄDÌ ½ Ì�Ã�Ó�Ì�Ê�Ó�ÄDÌ ½ Ì�Ã ½ ¿ ½ å ãjÄ ¾ ÄgÊ,ÔpÌDÉ�Ã�ÆÅÊ åÀåÀ¾ Ä ¾ Ê ¿ Ñ	Ç�ÊjÆÅÃÅÄ�Ä(Ö'Å�è�Æ�É åÀ¾ ëÏÃ ¾À¿ ÌDÉ�Ã'Å ¾ÀåÀå Ã¸Ç(ßCÄYÖ�è�Õ½ Ñ	Ñ	Ç�Ê ½ Æ�ÉàÌ�Ê9ÆÅÊ2é%Ñ	è	Ì ¾À¿ æ0Æ®É�Ã¸é ¾ Æ ½ å Ç ½ Ì�Ã~ÆÅÊ ¿ Ä�Ì ½ ¿ Ì�Ä(ä ¾ ÔRÊ ¿ Ã ¾ Ä ¾À¿ Ì�Ã¸Ç�ÃÅÄDÌ�ÃÅÁ�Ê ¿	å ã ¾À¿��~
�³õ2� Ç�Ã ½ Æ¸Ì ¾ Ê ¿ Ñ	Ç�Ê È ½ È	¾ÀåÀ¾ Ì ¾ ÃÅÄ�È,Æ¸Ç�Ê
Ä�Ä>Ó�Ä�ÃÅÆ¸Ì ¾ Ê ¿ ÄUÊ ¿ Ã�é ½ ã å Ê|Ê2ë ½ Ì\ÌDÉ�Ã�Ì�Ê2Ì ½ å Ö�è�ÕÂæÏÊ ¾À¿ æÌDÉ	Ç�Ê2è	æ
É ½ ÄDè	ÇGÔ ½ ÆÅÃ ¾À¿ ÌDÉ�Ã*Ç�Ã å Ã¸Î ½ ¿ Ì_Ñ	Ç�Ê|Á�è�Æ¸ÌRÇ�Ã¸æ ¾ Ê ¿ Ö*3 ¾ ÌDÉ�Ê2è	ÌRæÏÊ ¾À¿ æ ¾À¿ Ì�Ê�Á	Ã¸Ì ½ ¾Àå ÄË�Ã ¿ Ê2Ì�ÃÐÊ ¿	å ã�ÌDÉ ½ Ì_ÌDÉ ¾ Ä�Ö�è�Õ ¾ Ä�Ç�Ã å ½ Ì�ÃÅÁ È ã]ÌDÉ�Ã%ÆÅÊ ¿ Ì ¾À¿ è ¾ Ì�ã9Ãäï|è ½ Ì ¾ Ê ¿ Ì�ÊØÌDÉ�Ã*Ç�Ã ½ Æ�ÓÌ ¾ Ê ¿ Ñ	Ç�Ê È ½ È	¾ÀåÀ¾ Ì�ã ½ ¿ ÁIäjÔ?Ê2ÇpÄ�Ì ½ Ì ¾ Ê ¿ ½ ÇDãÂÄDÌ ½ Ì�ÃÅÄ ø�É ä ¾ Ì�Æ ½ ¿�È Ã�ÆÅÊ2é%Ñ	è	Ì�ÃÅÁ�ÌDÉ	Ç�Ê2è	æ
É ½ ¿ ã½ Ç È	¾ ÌDÇ ½ ÇDã�ÄDè	ÇGÔ ½ ÆÅÃ
Ö â É{è�Ä(ä�Ê ¿ Ãcé ½ ãÐè�Ä�ÃUÇ�Ã ½ æÏÃ ¿ Ì î ½ ÆÅÊ È	¾ ÆÅÊjÊ2Ç�Á ¾À¿ ½ Ì�ÃWÌ�ÊgÑÝÃ¸ÇGÔ�Ê2ÇDé ÌDÉ�ÃÌ ¾ éÐÃ�Ñ	Ç�Ê2Ñ ½ æ ½ Ì ¾ Ê ¿ ½ ¿ Á�ÆÅÊ2é%Ñ	è	Ì�ÃRÌDÉ�Ã�Ì�Ê2Ì ½ å Ö�è�ÕØæÏÊ ¾À¿ æ%ÌDÉ	Ç�Ê2è	æ
É ½ ÄDè	ÇGÔ ½ ÆÅÃ ½ Á ½ Ñ	Ì�ÃÅÁÌ�Ê~ÌDÉ�Ã%Ç�Ã ½ æÏÃ ¿ Ì%ÆÅÊ|Ê2Ç�Á ¾À¿ ½ Ì�ÃÅÄ(ÖVÐ ¿ ÌDÉ ¾ ÄgË ½ ã0Ê ¿ ÃÐÆ ½ ¿ ½ ÎÏÊ ¾ Á ÌDÉ�Ã ÑuÆÅÊ|Ê2Ç�Á ¾À¿ ½ Ì�ÃÞÑ	Ç�Ê È Óå Ã¸é!Ò_éÐÃ ¿ Ì ¾ Ê ¿ ÃÅÁ ¾À¿ ÌDÉ�Ã�Ñ	Ç�Ã¸Î ¾ Ê2è�ÄBÀjÃÅÆ¸Ì ¾ Ê ¿ Ö?Ð�Ì ¾ Ä�Ë�Ê2ÇDÌDÉðÌ�Ê�éÐÃ ¿ Ì ¾ Ê ¿ É�Ã¸Ç�ÃgÌDÉ ½ ÌUÌDÉ�ÃÔ�Ê2ÇDé ½ å Ö�è�Õ�Ê2ÑÝÃ¸Ç ½ Ì�Ê2Ç�Ç�Ã å ½ Ì ¾ ÎÏÃRÌ�Ê ½ æ ¾ ÎÏÃ ¿ ÄDè	ÇGÔ ½ ÆÅÃ » ¾ Ä�Ê È Ì ½ ¾À¿ ÃÅÁ È ãØÁ	Ã�Õ ¿	¾À¿	¾À¿ æÐÌDÉ�ÃÊ2Ñ�Ã¸Ç ½ Ì�Ê2Ç�ÄUÌDÉ ½ ÌcÑ	Ç�Ê î ÃÅÆ¸Ì�ÌDÉ�Ã�ÄDÌ ½ Ì�Ã_ÎÏÃÅÆ¸Ì�Ê2Ç�ÄWÊ ¿ Ì�Ê�ÌDÉ�ÃgÄDÑ ½ Ì ¾ ½ å Ç�Ã¸æ ¾ Ê ¿ ÄcÁ ¾ Î ¾ Á	ÃÅÁ È ã » äË�É ¾ Æ�É�Ë\ÃRÁ	Ã ¿ Ê2Ì�Ã 4 ½ ¿ ÁËÊ ^ � x 4 Ö^Ð ¿ Á	ÃÅÃÅÁIä�ÌDÉ�Ã?Ö�è�ÕÂÊ2ÑÝÃ¸Ç ½ Ì�Ê2Ç�ÌDÍ ¾ ÄpÄ ¾ é%Ñ å ãÞÌDÉ�ÃÌ ¾ éÐÃ_Á	Ã¸Ç ¾ Î ½ Ì ¾ ÎÏÃ_Ê,Ô 4 ç�Ê2ÇÎÊYÁ	Ã¸ÑÝÃ ¿ Á ¾À¿ æ�Ê ¿ ÌDÉ�ÃRÎÏÃ¸Ç�Ä®ÃRÊ,Ô�ÌDÉ�Ã_Ä�è	ÇGÔ ½ ÆÅÃ ¿ Ê2ÇDé ½ å ê

Ì3Í ^ Ú 4ÚÏ$ ^ ÷ � Å y 4 � ^ ÷ � Å ò y 4 �Ë�É�Ã¸Ç�Ã Å ò ¾ Ä´ÌDÉ�Ã�ÔÛÇ�ÃÅÃ�Ó�Ñ ½ ÇDÌ ¾ Æ å ÃÂÉ ½ é ¾Àå Ì�Ê ¿	¾ ½ ¿ ç 4 ÆÅÊ2é%égè	Ì�ÃÅÄ*Ë ¾ ÌDÉÿÌDÉ�ÃÞÑ�Ê2Ì�Ã ¿ Ì ¾ ½ å ê�Ö>
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�,$&%²Ü�!&Ü����uÝ����"��!"�µ£äÜ��(�1��N���æeÜ���!"��Ý���*,�(�����SÜ�!sæ��&!&Ý³*�����æeÝ4� 7 �r�yÝ�!+*����(���5ÝK��N+��æ&Ü���!"��.´!OÝ��$&%²Ý�!�%'�5Ý\±#���IÜ�!OÝ��>ç>
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× Ä ¾À¿ æ%ÌDÉ�Ã_Á	Ã�Õ ¿	¾ Ì ¾ Ê ¿ Ê,Ô 4

4 ^ ñ s'Ø ÚÄ[~ÚÄÙpó�[-Ù õ Z
[;Ù�óË�É�Ã¸Ç�ÃUÌDÉ�Ã ¾À¿ Ì�Ã¸æ
Ç ½ å Ã�ÕjÌ�Ã ¿ Á	ÄpÊPÎÏÃ¸Ç\ÌDÉ�ÃUÇ�Ã å Ã¸Î ½ ¿ ÌpÇ�Ã¸æ ¾ Ê ¿ 4 ÍpÊ ¿ ÃUæÏÃ¸Ì�Ä�ÌDÉ�ÃUë ¿ Ê(Ë ¿ Ö�è�ÕÔ?Ê2ÇDégè å ½ ¾À¿ ÆÅÊ|Ê2Ç�Á ¾À¿ ½ Ì�ÃRÇ�Ã¸Ñ	Ç�ÃÅÄ®Ã ¿ Ì ½ Ì ¾ Ê ¿ Ö
¡g¢�¡ ºIÚ´©ÜÛ�¶�°�³¨©�Ý²Û�°�¼ßÞ*¶�¬�­´¯±©«à�¼�¦p§�¬�°�­´³
39Ã ¿ ÊPË ÆÅÊ ¿ Ä ¾ Á	Ã¸Ç È Ç ¾ Ã�Ö�ãÿÌDÉ�Ã â ¾ éÐÃPÐ ¿ Á	Ã¸Ñ�Ã ¿ Á	Ã ¿ Ì ½ Ñ	Ñ	Ç�Ê ½ Æ®É<Ö�Ð ¿ Ñ ½ ÇDÌ ¾ Æ¸è å ½ ÇÂË�ÃÔ?Ê|Æ¸è�Ä�Ê ¿ ÌDÉ�ÃgÄ ¾ é%Ñ å Ã ¾À¿ Ã å ½ ÄDÌ ¾ Æ�ç�ÑuÄDè È Ç�Ã ½ Æ¸Ì ¾ ÎÏÃ�Ò'ê�Á�ã ¿ ½ é ¾ ÆÅÄ�Ë�É ¾ Æ�É ½ åÀå ÊPË�Ä�è�Ä�Ì�Ê%Á	Ã�Õ	Ó¿	¾ Ì�Ã å ãÂÆ�É�ÊjÊ
Ä�Ã�Ê ¿ ÃWÊ,Ô�ÌDÉ�ÃUÑÝÊ
Ä�Ä ¾ÀÈ	å Ã�Ä�Ã¸Ì�ÄpÊ,Ô î ½ ÆÅÊ È	¾ ÆÅÊ|Ê2Ç�Á ¾À¿ ½ Ì�ÃÅÄPÖGácÃ ½ Æ¸Ì ¾ ÎÏÃWÑ	Ç�Ê È	å Ã¸éÐÄÆ ½ ¿�È Ã�É ½ ¿ Á å ÃÅÁ ¾À¿ ½ ÑuÄ ¾ é ¾Àå ½ Ç>Ò�Ô ½ ÄDÉ ¾ Ê ¿àÈ ã�é ½ ë ¾À¿ æ0è�Ä®Ã]Ê,Ô�ÌDÉ�Ã�É|ã|ÑÝÃ¸Ç�ÄDÑ	É�Ã¸Ç ¾ Æ ½ åÆÅÊjÊ2Ç�Á ¾À¿ ½ Ì�ÃÅÄ�ç ½ Ì å Ã ½ Ä�Ì ¾À¿ Ñ	Ç ¾À¿ Æ ¾ Ñ å ÃPê�Öâ É�Ã�ÄDÌ ½ ¿ Á ½ Ç�Á ½ Ñ	Ñ	Ç�Ê ½ Æ®É ¾ Ä<Ì�Ê�Ä�Ê å ÎÏÃ�ÌDÉ�Ã â ¾ éÐÃ�Ð ¿ Á	Ã¸ÑÝÃ ¿ Á	Ã ¿ ÌsÀjÆ�É	Ç�ÒjÁ ¾À¿ æÏÃ¸Ç�Á�ï{è ½ ÓÌ ¾ Ê ¿ ç â Ð>À,Á�ê�Ê,ÔIÌDÉ�Ã�Ñ	Ç�Ã¸Î ¾ Ê2è�Äp��É ½ Ñ	Ì�Ã¸ÇRç�Ä�ÃÅÃBÀjÃÅÆ¸Ì ¾ Ê ¿ ç=Â�Ö P|êDê ù�â Ö!) ¿ Ã È Ã¸æ ¾À¿ Ä\Ã�ÕjÑ ½ ¿ Á,Ó¾À¿ æØÌDÉ�Ã´è ¿ ë ¿ ÊPË ¿ Ä�Æ ½ ÌDÌ�Ã¸Ç ¾À¿ æ�Ã ¾ æÏÃ ¿ ÎÏÃÅÆ¸Ì�Ê2Ç´Ê ¿ ½ Ä�è ¾ Ì ½ È	å Ã È ½ Ä ¾ ÄRÄ�Ã¸ÌUÌDÉ ½ Ì_Á	ÃÅÄ®Æ¸Ç ¾ÀÈ ÃÅÄÌDÉ�Ã ¾À¿ Ì�Ã¸Ç ¿ ½ å éÐÊ2Ì ¾ Ê ¿ Ê,Ô�ÌDÉ�Ã�ÆÅÊ åÀåÀ¾ Á ¾À¿ æ�ÄDã�ÄDÌ�Ã¸é ½ ¿ ÁØÌDÉ{è�ÄpÌDÇ ½ ¿ ÄGÔ?Ê2ÇDéÐÄpÌDÉ�Ã â Ð>À,Á ¾À¿ ½Ä�Ã¸Ì\Ê,ÔQÆÅÊ2è	Ñ å ÃÅÁÞÃäï|è ½ Ì ¾ Ê ¿ Ä�Ô�Ê2Ç�ÌDÉ�Ã�ç�Ä ¾ é%Ñ å Ã¸Ç ê�Ã�Õ�Ñ ½ ¿ Ä ¾ Ê ¿ ÆÅÊjÃ"ã�Æ ¾ Ã ¿ Ì�ÄPä î è�ÄDÌ åÀ¾ ëÏÃcË�É ½ ÌÉ ½ Ñ	ÑÝÃ ¿ Ä�Ë ¾ ÌDÉðÌDÉ�Ã�è�Ä®Ã´Ê,ÔR¾�¿�á ¾À¿ â�ï Æ ½ å Æ¸è å ½ Ì ¾ Ê ¿ Ä(ÖLÀ ¾À¿ ÆÅÃ%Ê ¿ Ã*Æ ½ ¿ É ½ ¿ Á å Ã%Ê ¿	å ãÕ ¿	¾ Ì�Ã È ½ Ä ¾ Ä�Ä®Ã¸Ì�Ä(ä
Ê ¿ Ãpégè�ÄDÌ�ÌDÇDè ¿ Æ ½ Ì�Ã�ÌDÉ�Ã\Ê2ÇDæ ¾À¿ ½ å ÆÅÊ2é%Ñ å Ã¸Ì�Ã È ½ Ä ¾ Ä�Ä�Ã¸Ì«ÌDÉ�Ã¸Ç�Ã È ãTÑuÆ å Ê
Ä>Ó¾À¿ æ�ÒpÌDÉ�ÃpÆÅÊ2è	Ñ å ÃÅÁÐÃäï{è ½ Ì ¾ Ê ¿ ÄPÖ â É ¾ Ä ¾ Ä«ÌDÉ�Ã�Æ å Ê
Ä�Ã�Ó�ÆÅÊ2è	Ñ åÀ¾À¿ æ ½ Ñ	Ñ	Ç�ÊÅÕ ¾ é ½ Ì ¾ Ê ¿ Á	ÃÅÄ®Æ¸Ç ¾ÀÈ ÃÅÁÔ?Ê2ÇDé ½ åÀå ã ¾À¿ Á	Ã¸Ì ½ ¾ÀåQ¾À¿ ÀjÃÅÆ¸Ì ¾ Ê ¿ ç=Â�Ö��Ïê�Ö�Ð�Ì ¾ ÄcÆ å Ã ½ Ç å ãÂÌDÉ�ÃgÄ ½ éÐÃ ½ Ñ	Ñ	Ç�ÊÅÕ ¾ é ½ Ì ¾ Ê ¿ Ê,Ô�è�Ä>Ó¾À¿ æ7¾�¿�á ¾À¿ â�ï Æ ½ å Æ¸è å ½ Ì ¾ Ê ¿ Ä(ä«ÌDÉ�Ê2è	æ
É0ÌDÉ�Ã ¿ ½ éÐÃ!ÑG� å Ê
Ä®Ã�Ó'�\Ê2è	Ñ åÀ¾À¿ æ�Òðç�����ê_Ç�Ã�Ô�Ã¸Ç�Ä¾À¿ Î ½ Ç ¾ ½ È	å ãØÌ�Ê%ÌDÉ�Ã�Ì ¾ éÐÃ ¾À¿ Á	Ã¸ÑÝÃ ¿ Á	Ã ¿ Ì ½ Ñ	Ñ	Ç�Ê ½ Æ�É<ÖÐ ¿ ÀjÃÅÆ¸Ì ¾ Ê ¿ ç=Â�Ö��Ïê�Ë�Ã ¾À¿ ÌDÇ�Ê|Á�è�ÆÅÃÅÁ�ÌDÉ�Ãg��� ½ Ñ	Ñ	Ç�Ê(Õ ¾ é ½ Ì ¾ Ê ¿ è�Ä ¾À¿ æ ½ Õ	Õ�ÃÅÁØÇ�Ê2Ì�ÊPÎ ¾ ÓÈ Ç ½ Ì ¾ Ê ¿ ½ å�È ½ Ä ¾ Ä�Ä®Ã¸Ì�Ê,Ô<ÌDÉ�Ã�Ì ½ ÇDæÏÃ¸Ì\éÐÊ å ÃÅÆ¸è å Ã�Ø ¿ ÊPËàË\Ã�Ì ½ ëÏÃ ¾À¿ Ì�Ê ½ ÆÅÆÅÊ2è ¿ Ì\ÌDÉ�Ã�Ç�ÃÅÄDè å Ì�ÄÊ,ÔNÀjÃÅÆ¸Ì ¾ Ê ¿ çvP�Ö�ÇPê ½ ¿ Á9è�Ä�Ã ½ Æ å Ã ½ ÎÏÃ¸Ç È ½ Ä ¾ Ä_Ä�Ã¸Ì ¾À¿ Ê2Ç�Á	Ã¸Ç_Ì�Ê~Ã�Õ�Ñ å Ê ¾ Ì_ÌDÉ�Ã%Ç�Ê2Ì ½ Ì ¾ Ê ¿ ½ å¾À¿ Î ½ Ç ¾ ½ ¿ ÆÅÃ
ÖY¿pÃ�Ô?Ê2Ç�Ã�Á	Ê ¾À¿ æ�Ä�Ê	ä ¾ Ì ¾ ÄcË\Ê2ÇDÌDÉÚÌ�Ê ¿ Ê2Ì�Ã�ÌDÉ ½ Ì�Ë�Ã´è�Ä�Ã ¾À¿ ÌDÉ ¾ ÄWË ½ ã�Ë�É ½ Ì¾ ÄÞÆ ½ åÀå ÃÅÁ ½ �2�=õ{��õÏ����� È ½ Ä ¾ Ä�Ã ¾ ÌÐÇ�Ã¸é ½ ¾À¿ ÄzÕ	Õ	ÃÅÁÿÔ?Ê2Ç�Ã¸ÎÏÃ¸ÇDã8Î ½ å è�Ã~Ê,ÔRÌDÉ�Ã�Ä�Æ ½ ÌDÌ�Ã¸Ç ¾À¿ æÆÅÊjÊ2Ç�Á ¾À¿ ½ Ì�Ã
Ö � ¿ ½ å Ì�Ã¸Ç ¿ ½ Ì ¾ ÎÏÃ ½ Ñ	Ñ	Ç�Ê ½ Æ�É ¾ Ä�ÌDÉ�ÃRè�Ä�ÃRÊ,Ô ½ ¿ õµ�2�`õ|��õ
���?� È ½ Ä ¾ ÄPä	ÌDÉ ½ Ì ¾ Ä ½È ½ Ä ¾ Ä«ÌDÉ ½ Ì/Ñ ½ Á ½ Ñ	Ì�Ä>Ò ¾ Ì�Ä�Ã å ÔÝÁ�è	Ç ¾À¿ æRÌDÉ�Ã\ÆÅÊ åÀåÀ¾ Ä ¾ Ê ¿ Ñ	Ç�Ê|ÆÅÃÅÄ�ÄyÃQÊ ¿ Ã�Á	Ã�Õ ¿ ÃÅÄ�ÌDÉ�Ã È ½ Ä ¾ Ä«ÌDÉ ½ ÌÁ ¾ ½ æÏÊ ¿ ½ åÀ¾ Ô(ÃÅÄ�ÌDÉ�Ã�Ã�×IÃÅÆ¸Ì ¾ ÎÏÃ�Ñ�Ê2Ì�Ã ¿ Ì ¾ ½ å ½ Ì�ÌDÉ�Ã�Ã�Õ�ÑÝÃ ¿ Ä�Ã�Ê,Ô ¾À¿ ÌDÇ�Ê|Á�è�Æ ¾À¿ æ ¿ Ê ¿ Ó ½ Á ¾ ½ È ½ Ì ¾ ÆçÛë ¾À¿ Ã¸Ì ¾ ÆPê�ÆÅÊ2è	Ñ åÀ¾À¿ æÂÌ�Ã¸ÇDéÐÄ(Ö â É�Ã ½ Á ¾ ½ È ½ Ì ¾ Æ ½ ¿ Á�Á ¾ ½ È ½ Ì ¾ Æ´Á	ÃÅÄ�Æ¸Ç ¾ Ñ	Ì ¾ Ê ¿ ÄWÊ,Ô�ÌDÉ�ÃgÄ�Æ ½ Ì>ÓÌ�Ã¸Ç ¾À¿ æ*Ñ	Ç�ÊjÆÅÃÅÄ�Ä ¾À¿ ÌDÉ ¾ ÄpÆÅÊ ¿ Ì�Ã�ÕjÌ�Æ å Ê
Ä�Ã å ãÞÑ ½ Ç ½ åÀå Ã å ÌDÉ�Ã ½ ¿ ½ å Ê2æÏÊ2è�Ä�Á	ÃÅÄ�Æ¸Ç ¾ Ñ	Ì ¾ Ê ¿ Ä ¾À¿ ÌDÉ�ÃÃ å ÃÅÆ¸ÌDÇ�Ê ¿ Ó ¿ è�Æ å Ã ½ Ç�Ä�Ã¸Ñ ½ Ç ½ Ì ¾ Ê ¿ Ñ	Ç�Ê È	å Ã¸éPÃ ¾À¿ ÌDÉ�Ã�ç�Ã å ÃÅÆ¸ÌDÇ�Ê ¿	¾ ÆPê ½ Á ¾ ½ È ½ Ì ¾ Æ*Ç�Ã¸Ñ	Ç�ÃÅÄ®Ã ¿ Ì ½ ÓÌ ¾ Ê ¿ Ê ¿ ÃRÁ ¾ ½ æÏÊ ¿ ½ åÀ¾ Ô(ÃÅÄcÌDÉ�ÃRÃ å ÃÅÆ¸ÌDÇ�Ê ¿	¾ Æ_É ½ é ¾Àå Ì�Ê ¿	¾ ½ ¿ ½ Ì�ÌDÉ�ÃRÃ�Õ�Ñ�Ã ¿ Ä®ÃWÊ,Ô ¾À¿ ÌDÇ�ÊjÁ�è�Æ ¾À¿ æë ¾À¿ Ã¸Ì ¾ Æ ¿ Ê ¿ Ó ½ Á ¾ ½ È ½ Ì ¾ Æ]ÆÅÊ2è	Ñ åÀ¾À¿ æÏÄ�ç ½ Ì å Ã ½ ÄDÌ ¾À¿ Ñ	Ç ¾À¿ Æ ¾ Ñ å ÃPê�äpË�É ¾Àå Ã ¾À¿ ÌDÉ�Ã�Á ¾ ½ È ½ Ì ¾ ÆE4ä@¸�.²�9!"�²Ý��4��£(!��(�«$1æ��1¢������µ�4!"�­±#�.Ü��(�Gåµ��%(%($1æ/�(�,¯ 7 �r�ä¢1���(���5Ý���N+��æ&Ü���!"�Aç
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Ç�Ã¸Ñ	Ç�ÃÅÄ�Ã ¿ Ì ½ Ì ¾ Ê ¿ É�Ã*Ë�Ê2ÇDë�ÄRË ¾ ÌDÉ ½ Á ¾ ½ æÏÊ ¿ ½ å ë ¾À¿ Ã¸Ì ¾ Æ%Ê2ÑÝÃ¸Ç ½ Ì�Ê2Ç ½ ¿ Á ½ ¿ Ê ¿ Á ¾ ½ æÏÊ ¿ ½ åÑ�Ê2Ì�Ã ¿ Ì ¾ ½ å Ö39Ã_ÆÅÊ ¿ Ä ¾ Á	Ã¸ÇWÃ ½ Æ�É~Ñ ½ ÇDÌ ¾ ½ å Ë ½ ÎÏÃ ½ Ì�Ì ¾ éÐÃ ½ ¿ Á�è�Ä�ÃRÌDÉ�Ã#À|Ñ ½ ÆÅÃT¾ ¾ Õ	ÃÅÁ_áUÃ¸Ñ	Ç�ÃÅÄ�Ã ¿ ÓÌ ½ Ì ¾ Ê ¿ ù"æ�Ê,Ô.ÀjÃÅÆ¸Ì ¾ Ê ¿ çvP�Ö�ÇPê!Ô�Ê2Ç È è ¾Àå Á ¾À¿ æ%ÌDÉ�Ã�À,¾9Ç�ÊPÎ ¾ÀÈ Ç ½ Ì ¾ Ê ¿ ½ å<È ½ Ä ¾ Ä�Ä�Ã¸Ì f óN�1çÜö k
f õ hÄDÌ ½ ÇDÌ ¾À¿ æ%Ô�Ç�Ê2é ÌDÉ�ÃRè ¿ ÆÅÊ2è	Ñ å ÃÅÁ~Ç�Ê2Ì�ÊPÎ ¾ÀÈ Ç ½ Ì ¾ Ê ¿ ½ å�È ½ Ä ¾ Ä�ÎÏÃÅÆ¸Ì�Ê2Ç�ÄUÁ	Ã�Õ ¿ ÃÅÁ È ã7 ó k + è f õ ^ �@é è ó k + è f õ¾À¿ Ë�É ¾ Æ�É 7 ^ëê ��ì +  = �ì + � �  f l � m¾ ÄRÌDÉ�Ã*É ½ é ¾Àå Ì�Ê ¿	¾ ½ ¿ Ê,ÔpÌDÉ�Ã*Ì ½ ÇDæÏÃ¸Ì_éÐÊ å ÃÅÆ¸è å Ã
ÖzÐ ¿ ÌDÉ ¾ ÄRË ½ ãÏä�Ë�Ã%è�Ä�Ã ½ ¾.¿�á Ô?Ê2Ç ½ åÀåÌDÉ�Ã_ÆÅÊjÊ2Ç�Á ¾À¿ ½ Ì�ÃÅÄ ¾À¿ ÎÏÊ å ÎÏÃÅÁ�Ã�Õ�ÆÅÃ¸Ñ	Ì�ÌDÉ�Ã_Ç ½ Á ¾ ½ å ÆÅÊ|Ê2Ç�Á ¾À¿ ½ Ì�Ã
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Ë�É�Ã¸Ç�Ã�Ì íLîï è é l ; m Û ; ^ Z ; ó k �2çÜö kÏf ô íLî n çÛÌDÉ�Ã ¾À¿ ÌDÇ�Ê|Á�è�Æ¸Ì ¾ Ê ¿ Ê,ÔUÌDÉ�Ã�Ô ½ Æ¸Ì�Ê2Ç � Û ;Ä ¾ é%Ñ åÀ¾ Õ¨ÃÅÄÞÌDÉ�Ã�Ã¸Î ½ å è ½ Ì ¾ Ê ¿ Ê,ÔRÌDÉ�Ã~Ç ½ Á ¾ ½ å éÐÊ2éÐÃ ¿ ÌDè	é Ê2ÑÝÃ¸Ç ½ Ì�Ê2Ç ê�Ö â É�Ã¸Ç�Ã�Ô�Ê2Ç�Ã
ä�Ë\ÃÊ È Ì ½ ¾À¿ ½ Ä�Ã¸Ì�Ê,ÔQÆÅÊ2è	Ñ å ÃÅÁÂÁ ¾ ×ÝÃ¸Ç�Ã ¿ Ì ¾ ½ å Ãäï|è ½ Ì ¾ Ê ¿ Ä�Ô�Ê2Ç�ÌDÉ�Ã�ÑuÆ�É ½ ¿	¿ Ã å ÆÅÊ2é%ÑÝÊ ¿ Ã ¿ Ì�Ä>ÒÎÌÐßCÄÊ,Ô�ÌDÉ�ÃgÄ�Æ ½ ÌDÌ�Ã¸Ç ¾À¿ æ�Ã ¾ æÏÃ ¿ Ô�è ¿ Æ¸Ì ¾ Ê ¿ Ä´çÛË\Ã_Á�Ç�Ê2Ñ~ÌDÉ�Ã f �2ç h å ½ È Ã å êð ÚÄñÚ ; ñ  Iò ñè é�ó ö
l ö  � m; ñ ô Ì ï è é l ; m ^ ó ì 6 �ï m è m é m -ßíï è é�õ ï m è m é m l ; mWÌ ï m è m é m l ; mË�É�Ã¸Ç�Ã ò ñè é Û ì 6 ^ � ó � è é¾ Ä´ÌDÉ�Ã�Æ�É ½ ¿	¿ Ã å ÌDÇ ½ ¿ Ä å ½ Ì ¾ Ê ¿ ½ å Ã ¿ Ã¸ÇDæ
ã�çÛÑ�Ê
Ä ¾ Ì ¾ ÎÏÃ�Ô?Ê2Ç%Ê2Ñ�Ã ¿ Æ®É ½ ¿	¿ Ã å Ä ½ ¿ Á ¿ Ã¸æ ½ Ì ¾ ÎÏÃÔ�Ê2ÇÐÆ å Ê
Ä®ÃÅÁ#Æ�É ½ ¿	¿ Ã å Ä ê ½ ¿ Áà- íï è é�õ ï m è m é m l ; m ¾ ÄÐÌDÉ�ÃØÑ�Ê2Ì�Ã ¿ Ì ¾ ½ å é ½ ÌDÇ ¾ Õ ¾À¿ ÌDÉ�Ã~Æ®É ½ ¿	¿ Ã åÈ ½ Ä ¾ Ä(Ö â É ¾ Ä å ½ Ä�Ì_é ½ ÌDÇ ¾ Õ ¾ ÄgÆÅÊ2é%Ñ	è	Ì�ÃÅÁ ½ Ì_ÌDÉ�Ã�Ê2è	Ì�Ä®Ã¸Ì(äQè�ÄDè ½ åÀå ã9Ä�Ì ½ ÇDÌ ¾À¿ æ~Ô�Ç�Ê2é±ÌDÉ�ÃÑ�Î ¾ÀÈ Ç ½ Ì ¾ Ê ¿ ½ å ÆÅÊ2è	Ñ åÀ¾À¿ æÏÄ>Ò
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â É�Ã ½ ¿ æ
è å ½ ÇÐÁ	Ã¸Ñ�Ã ¿ Á	Ã ¿ ÆÅÃØÊ,ÔcÌDÉ�ÃÞÎ ¾ÀÈ Ç ½ Ì ¾ Ê ¿ ½ å ÆÅÊ2è	Ñ åÀ¾À¿ æÏÄ ¾ Ägè�ÄDè ½ åÀå ã0Ã�ÕjÑ	Ç�ÃÅÄ�Ä®ÃÅÁ ¾À¿Ì�Ã¸ÇDéÐÄUÊ,Ô.ý<Ã¸æÏÃ ¿ Á�Ç�Ã_Ñ�Ê å ã ¿ Ê2é ¾ ½ å Ä- é m è m õ é è l ;*y � m ^ � � - �é m è m õ é è l ; m 4 � l ù#ú » � m
½ ¿ ÁgÌDÉ�Ã ½ ¿ æ
è å ½ Ç«ÆÅÊ|Ã"ã�Æ ¾ Ã ¿ Ì�Äpç�Ê2ÑÝÃ¸Ç ½ Ì�Ê2Ç�Ä ê ½ Ç�Ã!è�Ä�ÃÅÁgÌ�Ê È è ¾Àå ÁgÌDÉ�ÃsÕ ¿ ½ å Ñ�Ê2Ì�Ã ¿ Ì ¾ ½ å é ½ ÓÌDÇ ¾ Õ È ãRé ½ ë ¾À¿ æcè�Ä®Ã�Ê,Ô	ÌDÉ�Ã�ÆÅÊ2é%Ñ åÀ¾ Æ ½ Ì�ÃÅÁgÔ�Ê2ÇDé�è å ½ Ä�ÌDÉ ½ Ì�Ã�Õ�Ñ	Ç�ÃÅÄ�ÄHZu�2ç k o ö o 4 � �1ç k ö õ¾À¿ Ì�Ã¸ÇDéÐÄUÊ,Ô�/ k ½ ¿ Á�� k ÄDã|é È Ê å ÄPÖÐ ¿ é ½ ÌDÇ ¾ ÕØÔ?Ê2ÇDé Ë�Ã�Æ ½ ¿ ÆÅÊ åÀå ÃÅÆ¸ÌcÌDÉ�ÃgÆ�É ½ ¿	¿ Ã å ÆÅÊ2é%Ñ�Ê ¿ Ã ¿ Ì�Ä ¾À¿ ½ ÆÅÊ å è	é ¿ ÎÏÃÅÆ¸Ì�Ê2Ç� í ½ ¿ Á�Ë�Ç ¾ Ì�Ã ð ÚÄñÚ ; ñ  �� ñ ó�� í ó : ñ; ñDô � í ^ � çvP�Ö�Ç+ÃÏê
Ë�É�Ã¸Ç�Ã l � ñ m ï m è m é m õ ï è é ^ r ï�ï m r è9è m r é/é m ò ñè él : ñ m ï m è m é m õ ï è é ^ r ï�ï m r è9è m r é@é m ö l ö  � m½ ¿ Á � í ¾ Ä\ÌDÉ�ÃUÑ�Ê2Ì�Ã ¿ Ì ¾ ½ å é ½ ÌDÇ ¾ Õ ¾À¿ ÌDÇ�Ê|Á�è�ÆÅÃÅÁ È Ã�Ô�Ê2Ç�Ã
Ö^Ð ¿ Ñ	Ç ¾À¿ Æ ¾ Ñ å Ã
ä	Ê ¿ Ã�Ä�Ê å ÎÏÃÅÄ\ÌDÉ ¾ ÄÃäï|è ½ Ì ¾ Ê ¿ Ë ¾ ÌDÉ~ÌDÉ�ÃRÇ�Ã¸æ
è å ½ Ç ¾ Ìuã~ÆÅÊ ¿ Á ¾ Ì ¾ Ê ¿ õ
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éÐÃ ¿ Ì�ÃÅÁ,Òªv é ½ ÌDÇ ¾ Õ ¾ ÄcÇ�Ã ½ å ½ ¿ Á�ÄDãjé%éÐÃ¸ÌDÇ ¾ Æ
ä ½ ÄcÌDÉ�Ã_Ç�Ã ½ Á	Ã¸Ç�Æ ½ ¿Æ�É�ÃÅÆ®ë È ã~è�Ä ¾À¿ æÞÃäï�ÖxçvP�Ös�
�Ïê ½ å Ê ¿ æÂË ¾ ÌDÉ�ÌDÉ�Ã�Ë�Ç�Ê ¿ ÄDë ¾ ½ ¿ Ç�Ã å ½ Ì ¾ Ê ¿ Ê,Ô�ÌDÉ�Ã_Ô?Ê|Ê2Ì ¿ Ê2Ì�ÃLÂ'ÃÊ ¿ Ñ ½ æ�Ö1Ç�Ç�Ç
Ö



¸º¹_»X¼ ½°½
¾ ¿ÁÀ Â Ã°Ä ÅÆ Ç�ÈÉÇ�Ê ÀÌË

Í�Í�Î





Ï Ð ¹�ÑÒ¼XÓ�» Ô
Õ Ö À�× ÖÙØ ÀÛÚ
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¢>Y2TWVUTf^ Q Xdl7] Q ^cb�TWV3R�e�jcT|s�]2XdTWV�S3R�^_]hSyg+l7]+S�Y2T,R�e�s�]2b2R�]2XdT|l�t�¤�Ô � ^_]+S�Y2T¥T5R�V�j_g � ]�^ ßZ\TWV Q T v�¢>Y�^ Q ^ Q,Q l7kmT r YaR�Sos�]�n�jcT5R Q TW]hS Q ^_]2XdT0¤�Ô�e
T5R�V�^_]�q Q nGTdXW^cT Q YaRdZ\T Q l7kmT�^_k ßn
l7V�S3R�]2XdT@t�l7V&S�Y2TiR Q S�VUl7n�Yhg Q ^cX5R�jJXdl7kokfs�]�^_Syg\vN¢>YaR�]�z Q SUl|^_S Q Y�^_q Y�b�^_n
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^Kv�T v�S�Y2T&^_]hSUTWV3R7XWS�^cl7] Q l�t�¤)Ô � ø ¤)Ô)� � r ^_S�YoS�Y2T�R�e�s�]2b2R�]hS7� � ø � Q nGTdXW^cT Q vBA�T&Y2l7n
TS�YaR�S�S�Y�^ Q�r l7V�z r ^_j_j2Xdl7]hS�V�^_e�s�SUTuSUl Q Y2Tdboj_^_q YhS)SUl�S�Y2T�TW]$S3R�]�q jcTdbm^cl7]�^cX ��Q s�e��y]2TWS r l7V�zl�t2S�Y2T&ö�^_S�Y�^_s�k XUY2TWko^ Q S�V�g¥^_]fS�Y2T&T5R�V�j_gDCA]�^_Z\TWV Q T&R�]2b ` nGl QUQ ^_e�j_g ` SUlut³s�V�]�^ Q Y Q S3R�V�S�^_]�qk~R�SUTWV�^{R�j�SUl�Xdl7kon�s�S�^_]�q�R7XdXWs�V3R�SUT¥V3R�SUT¥Xdl7] Q S3R�]hS Q S�YaR�S ` ^_]+S�s�V�] ` Xdl7s�jcb�eGTfl�t)Y2TWj_nt�l7V�S�Y2TfR Q S�VUl7n�Y$g Q ^cX5R�j�Xdl7kokfs�]�^_Spg\v@�Ü E CEDXF�Þ~ß�àGFH KaäóKML�F T2 TWV�g�j_^_S�S�jcTf^ Q z8]2l r ]�R�e
l7s�S@¤)Ô � �? v O n�VUTWj_^_ko^_]aR�V�g r l7V�z�l�t70@l7eI��R~R�]2b % XUY�jcTWg\TWV� � ! � o � Q nGTdXWs�j{R�SUTdb Q l7kmT r YaR�Sil7]�^_S Q Xdl7]�]2TdXWS�^cl7] r ^_S�Y�S�Y2T,]2TWs�S�V3R�j)¤)Ô)� ? Q g Q SUTWk^_]�l7VUb�TWVASUlo^_]hSUTWV�n�VUTWSA^cl7]�^���R�S�^cl7]+T�}�nGTWV�^_kmTW]hS Q,� A�s ` � ! ð ! ��v % s�e Q T ' s2TW]$S@R7XdXWs�V3R�SUTX5R�jcXWs�j{R�S�^cl7] Q R�VUl7s�]2b�S�Y2TKJ ?*L � q VUl7s�]2b ß Q S3R�SUT��~T ' s�^_j_^_e�V�^_s�k Q S�V�s2XWS�s�VUT r TWVUT�b�l7]2Te$g % T5R�V�jcT Q R�]2bNM�R�q g ß � TWj Q l7e�s�z$^ � � ! ! � � � S�Y2T Q g Q SUTWk r R Q t�l7s�]2b�SUl�e
T r T5R�z8j_geGl7s�]2bHe$g�S�Y2T0n
l7j{R�V�^���R�S�^cl7] t�l7VUXdT Q R7XWS�^_]�q�eGTWS r TdTW]�¤)Ô � R�]2bO� ? v+¢>Y�^ Q T ' s�^_j_^_e ßV�^_s�k Q S�V�s2XWS�s�VUT r R Q R�j Q l,^_]�t�TWV�VUTdb�^_]�n�VUTWZ$^cl7s QAQ S�s2b�^cT Q l7]�S�Y2T�^_]2TWj{R Q S�^cXi¤)Ô � Ó � ?b�g8]aR�ko^cX Qu� öJT Q SUTWV ` � ! ð � n � R�V�q�TWS)R�jKv ` � ! ð�j � r Y�^cX3YmXdl7s�jcb¥eGT>Xdl7konaR�VUTdb r ^_S�Y,e
T5R�kT�}�n
TWV�^_kmTW]$S3R�jLVUT Q s�j_S Q|��Q TdT�S�Y2T�^_]$S�VUl$b�s2XWSUl7V�g � YaR�n�SUTWVAl�txS�Y2TfXdl7j_jcTdXWS�^cl7]PTdb�^_SUTdb�e$g� TWV�] Q SUTW^_] � � ! ð ! �uR�]2b�VUT�t�TWVUTW]2XdTiS�Y2TWVUTW^_]���v
0@TWVUT r T�R�n�n�VUl\R7XUY S�Y2T Q g Q SUTWk�^_]�^_S Q t³s�j_jNb�^_kmTW] Q ^cl7]aR�j_^_Spg�e$g�jcl$l7z8^_]�qPR�SiS�Y2Tjcl r TWV�j_g$^_]�q(TWjcTdXWS�VUl7]�^cX Q S3R�SUT Q ^_]¥l7VUb�TWVLSUlub�TWSUTWV�ko^_]2T�^_S Q VUTWj{RdZ R�]2XdT r ^_S�YiS�Y2T�VUT5R7XWS�^_Z\TR�]2b�]2l7] ß VUT5R7XWS�^_Z\Tf^cl7]�^cX�n�VUl8XdT QUQ T Q b�T Q XWV�^_eGTdb�^_]�S�Y2T�n�VUTWZ8^cl7s QA% TdXWS�^cl7]Jv
A�TiVUTWn
l7V�SA^_] � ^_q2v � ñ v " �>S�Y2TiXdl7V�VUTWj{R�S�^cl7]�b�^{R�q V3R�kût�l7VuS�Y2TiTW]2TWV�q g�jcTWZ\TWj Q l�txl7s�VQ g Q SUTWk ^_],l7VUb�TWV�SUl Q TdTNS�Y2T�VUTWj{R�S�^cl7],eGTWS r TdTW]oS�Y2T>R Q g8kon�SUl7S�^cXNt³V3R�q kmTW]$S3R�S�^cl7]mXUYaR�] ß]2TWj Q v�õA]�S�Y2T@V�^_q Y$SuYaR�]2b Q ^cb�T r T�YaR5Z\T�VUTWn
l7V�SUTdb�S�Y2T�X3YaR�]�]2TWjGt³V3R�q kmTW]$S Q ^_]�SUTWV�k Q

l�t�S�Y2T~¤�Ô � ø ¤)Ô � � Q nGTdXW^cT Qir Y�^_jcT0l7]HS�Y2T~jcT�t³S r T�YaRdZ\T0b�V3R r ] S�Y2T~TW]2TWV�q g�jcTWZ\TWj Q^_]�S�Y2T�V3R�]�q\T�l�tiXdl$l7VUb�^_]aR�SUT Q Xdl7V�VUT Q nGl7]2b�^_]�q�SUlP� ?dø � �? kml7jcTdXWs�jcT Q v�¢>Y2T�S�Y�VUTdT
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õ8�`þ/÷aS�û`þ/ÿ �`õ�]6ô	SM� % TdTiSUT�}8S>t�l7Vub�TWS3R�^_j Q v
R�SUl7k�e�VUT5R�z ß s�n X3YaR�]�]2TWj Q R�VUT�b�^ Q n�j{Rdg\Tdb � R Q b2R Q Y2Tdb�j_^_]2T Q ��^_]�S�Y2Tmko^cb�b�jcT0l�t�S�Y2Tb�^{R�q V3R�k ` eGTdX5R�s Q T>l�t
S�Y2T&VUTWjcTWZ R�]2XdT>t�l7V�S�Y2T>q VUl7s�]2b ß Q S3R�SUT�n�VUl$XdT Q3Qu��Q TdT � YaR�n�SUTWV � ��v
A�YaR�S�^ Q VUT5R7b�^_j_g�TWZ8^cb�TW]hS>t�VUl7kDS�Y2T�b�^{R�q V3R�kD^ Q S�Y2T�j{R�V�q\T�TW]2TWV�q g�qhR�n�eGTWS r TdTW]�S�Y2Tq VUl7s�]2bPTWjcTdXWS�VUl7]�^cX Q S3R�SUT¥l�t�¤�Ô � Ó � � R�]2b�S�YaR�S�l�t)¤)Ô � � Ó �æe$g�l7]2T Q ^cb�T|R�]2b
� ? Ó ¤)Ô � ø � �? Ó ¤�Ô)l7]�S�Y2T@l7S�Y2TWV Q ^cb�T v�¢>Y�^ Q ^ Q b�s2T@S�Y2T@j{R�V�q\T�b�^_>GTWVUTW]2XdT�eGTWS r TdTW]S�Y2T0^cl7]�^���R�S�^cl7][n
l7SUTW]$S�^{R�j Q l�tAS�Y2T�¤)Ô ß e
T5R�V�^_]�q Q nGTdXW^cT Q R�]2b S�Y2l Q T�l�t2� ` � ? v�õA]S�Y2T¥l7S�Y2TWV�YaR�]2bPS�Y2T,TW]2TWV�q\TWS�^cX|b�^_>�TWVUTW]2XdT|e
TWS r TdTW]�S�Y2T Q TdXdl7]2b�R�]2b�S�Y�^_VUb Q S3R�SUT¥^ Qkfs2X3Y Q k~R�j_jcTWV n ^_]2b�TdTdb ` S�Y2TW^_V�S�Y�VUTdTiR�SUl7k�R Q g8kon�SUl7SUT Qi� ¤)Ô Ó � � Ó ���&R�VUT�b�TWq\TW] ßTWV3R�SUT,e
TdX5R�s Q T,S�Y2TWg+l7]�j_g+b�^_>GTWV�t�l7V�S�Y2T Q ^_kon�jcToT�}�XUYaR�]�q\Tml�t>XUYaR�V�q\ToeGTWS r TdTW]�S�Y2TYhg�b�VUl7q\TW] Q v-A�T>jcT�t�S�s�] Q n
TdXW^��aTdb,S�Y2TuS�Y�^_VUbmR Q g$kon�SUl7SUT�t�l7V�VUT5R Q l7] Q SUl�e
T�T�}�n�j{R�^_]2Tdbe
TWjcl rû��Q TdT � YaR�n�SUTWV ð ��v O ]hS�^cXW^_naR�S�^_]�q�S�Y2TfVUT Q s�j_S Q l�tNS�Y2Tft�l7j_jcl r ^_]�q � YaR�n�SUTWV Q�r TX5R�] Q Rdg|Y2TWVUT�S�YaR�S�S�Y2T Q T�t�T5R�S�s�VUT Q VUTWk~R�^_] Q s�e Q S3R�]hS�^{R�j_j_g,s�]2X3YaR�]�q\Tdbm^_]oS�Y2T�^_]$SUTWV3R7X ßS�^cl7]oVUTWq ^cl7] ��r T r ^_j_j Q TdT>S r l r TWj_j Q TWnaR�V3R�SUTdb,jcl r T Q S ß j_g8^_]�q Q S3R�SUT Q5`\r Y�^_jcT>S�Y2T Q TdXdl7]2bR�]2bmS�Y2TAS�Y�^_VUb~TWjcTdXWS�VUl7]�^cX Q S3R�SUT Q ^_]hSUTWV3R7XWS>eGTdX5R�s Q T(l�t�S�Y2T@XUYaR�V�q\T ß T�}�XUYaR�]�q\T�n�VUl8XdT QUQe
TWS r TdTW]�S�Y2TAS r l¥Y$g8b�VUl7q\TW]�R�SUl7k Q v�¢>Yhs Q>r T r ^_j_j�T�}�XWj_s2b�T@]2l7] ß R7b�^{R�eaR�S�^cX�^_]$SUTWV3R7X ßS�^cl7] Q e
TWS r TdTW]�S�Y2T@�2V Q S&S r l Q S3R�SUT Q R�]2b r T r ^_j_jGt�l8XWs Q l7]�S�Y2T�R7b�^{R�eaR�S�^cX�n�VUl$XdT Q3Q T Ql$XdXWs�V�^_]�q�l7]�S�Y2ToXdl7V�VUT Q nGl7]2b�^_]�q 3 ; %8Q n r T r ^_j_j�]2TWq jcTdXWSfS�Y2T¥^_]$SUTWV3R7XWS�^cl7]HeGTWS r TdTW]S�Y2T��2V Q S(R�]2b�S�Y2T Q TdXdl7]2b�T�}�XW^_SUTdb Q S3R�SUT Q v¢>Y2T Q ^_S�saR�S�^cl7]o^ Q�Q s�kok~R�V�^��5Tdb,^_]oS�Y2T&n�^cXWSUl7V�^{R�j2VUTWn�VUT Q TW]hS3R�S�^cl7]�l�t�S�Y2T Q g Q SUTWk l�t� ^_q2v � ñ v o �uR Q ^_SuS�s�V�] Q l7s�Sut�VUl7kûS�Y2T�n�VUT Q TW]$S r l7V�z
vNwp]�S�Y�^ Q n�^cXWS�s�VUT r T�VUTWn
l7V�S�R�j Q lS�Y2T)VUTWjcTWZ R�]hS�SUl7n
l7jcl7q ^cX5R�j8t�T5R�S�s�VUT Q l�t�S�Y2T 3 ; %8Q5� S�Y2TNR�eGl5Z\TNkmTW]hS�^cl7]2Tdb|nGl7j{R�V�^���R�S�^cl7]r TWj_j�l�taS�Y2TNq VUl7s�]2b ß Q S3R�SUT�¤)Ô � Î'Î'Î � ? R�]2b¥S r l�kfs2XUYmb�TdTWnGTWV r TWj_j Q ^_]|S�Y2T��2V Q S�T�}�XW^_SUTdb
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Excited states
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G:5�(C.>0 F 5�(+*
5
238�5�QO,�8ñ?%.>,)._QCM4.AB 238�5�(C._BLKv8+*
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ö�÷�øb÷@ù úüûOý�þ�ÿ���ý�������û	�
c=(C.rZ�6�M)M)23jOX7.�8C6	8Lgh*	BL2i*
j+*
5�27'%ZO,)6�'A.AM4M).AM:j�.>5@?%.A.>8z5�(C.r5@?%6dX76�?I.AM�5�.>8C.>,�-�KeM�54*
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8CBR5�(C.IBL2ò£~.>,).>8�5b8+*
5�QO,).=6
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¢�gWQOZ\*
,�,4*
8O-/.>0N.>8�5
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X+M)Z+*	'A.I5�(C.=5h?I6q. ù '>235).AB!M�54*
5).AM�*
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5�238�5).>,4*	'>5�238O- F j�.A'U*
QCM).=6
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,�-/.tg@. ù '4(+*
8O-/.dZO,)6v'A.AM)Mb5�(+*
5�54*
¢/.AM�ZOXi*	'A.=j�.>5@?%.A.>8N5�(C.=5@?%6q(�KLBL,)6	-/.>8[*
5)6	0NMd��M).A.
5�(C.�jOQO0!Z1238[5�(C.�,�23-�(�5=Z+*
8C.>X~6
G���23-C97� 1 9������t9�c=(�QCM=?%.�. ù Z�.A'>5]*RM�5�,)6	8O-R238�5).>,4*	'>5�276	8
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5).AMU9
c=(C.�X76v'U*
5�276	81*
8CB[')(+*
,4*	'>5).>,�2 ý *
5�276	8Y6
G:5�(C.�M).U*
0�6
G:5�(C.dZ�6�M)M)23jOX7.d'A6	8O27'U*
X�238�5).>,�g

M).A'>5�276	8_27M�*
8f238�5).>,).AM)5�238O-[0k*
5�5).>, F jOQO5�235�27M]j�.>K/6	8CBf5�(C."M4'A6	Z�.q6
Gb5�(O27M�?%6	,�¢�9
��.>,).
?%.d8C6	5).�*
8C6	5�(C.>,%238�5).>,).AM�5�238O-N*	M�Z�.A'>5r5�(+*
5%*
,�27M4.AMr238[5�(C.�*	M�Kv0!ZO5)6	5�27' çba è Z�6	5).>8�5�2i*
X.>8C.>,�-�KÍ�H*	MN'A6	8CM�27BO.>,).AB ?]235�(O238À5�(C. Õ,Ö�
 �D M�KLM�5).>0[�Rj�.A'U*
QCM).Y6
GS5�(C._*
j�6U^/.f0N.>8Lg5�276	8C.ABEBO.>-/.>8C.>,4*	'>K�238<5�(C.[5�(O,).A.tgWj�6vBLK¥jO,).U*
¢�gWQOZ *
,�,4*
8O-/.>0N.>8�5U9<c=(O27M!.t£�.A'>5P(+*	M
j�.A.>8_,4*
,).>X3Kf8C6	5).ABV238_X3235).>,4*
5�QO,). F *
X35�(C6	QO-�(T235�6v'A'>QO,)Md238TM�230!23Xi*
,�M�KLM�5).>0NM F X323¢/.e5�(C.
� o � s�/ p g x m � m@�Y6
G 
�l�
 �D � Ú *
5�(�K�*
0RQO,�5�(�K FQ÷-Z-Z-Z �t9{�h8lZO,4*	'>5�27'A. F *YX76�?I.>,N.>X7.A'>5�,)6	8O27'M�54*
5). F 238<?](O27'4(�5�(C.1'4(+*
,�-/.Y*
ZOZ�.U*
,)MP. ù ')(+*
8O-/.ABE6	8�5)6T5�(C.|5@?%6 è *
5)6	0NM F *
,�27M).AM?](C.>8C.>^/.>,"6	8C.kM�5�,).>5)')(C.AMq5�(C. Õ�Ö�
 j�6	8CB{238{5�(C.PZO,).AM4.>8C'A.N6
G=*
8{27M)6	Xi*
5).AB 
å� 9P�@8
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27M)6	Xi*
5).AB ç�a è 0N6	27.>5@K1*
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5



�}1-1 ����� 2������54���� � � � 6!����� �"� ���"786$#87%� � �%&

0 5 10 15

rLiH / a0

-8.0

-7.8

-7.6

E
 / 

a.
u.

LiH

LiH
*

LiH
+

LiH isolated moiety

0 5 10 15

rLiH / a0

-8.3

-8.2

-8.1

-8.0

-7.9

LiH+H
+

[LiH
+
]
*
+H

LiH
+
+H

LiH
*
+H

[Li-H--H]
+

î�ïhð-ñ�ò9óåô�õ
«UÞW÷���½0ÁOÂGË	ÁOÈ£Ì0Æ!Â»Ë�ÂGÓOÏ)çøÑ�À�ÓÃÐ�Â_Í~Õ�½)Ó�Ì0Ë�È£ÍO½�Æ£Ì�ÁOÂ_ÄlÒ�Ó�Õ Ì�ËFÄ;Õ�½)ÓMÁOÒ�Â<Ì�ÍOç�¾
¿�ÁO½�ÁOÈ£ÑÍ�ÈÊÁOÀLÌ�ÁOÈÇ½�Ë�ÈÇË��������� ×VÒ�ÂGËAâ������ �=ß�àµ½�ÁÃÌ�Æ�Â»Ë�ÂGÓOÏ)ÈÊÂ_ÍqÌ�ËFÄ�ÆÊÂGË�Ï0ÁÃÒFÍ!ÈÇË�Ì0ÁO½)¾MÈ£Ñ�À�Ë�ÈÊÁÃÍGß
ý7ôAó+ò,÷�î¦ý�ò�ðAó�ô�ý	îhñ�ó;B�!#"%$ m ï
��ü�ù�ó��"ÿ�î
îhï
��ó}ý�ò�¤q¥¹¦º¦ �"ÿ��h¸�ð-ñ�ò�ý�ü�ï_ÿ��fEeõQøwù�óQþ�ÿ�ü9ó���ü�ï¦ý	îó���ó+ò�ð�÷A�+ñ�ò,ôAówÿ	�aü�ù�ó8ð-ò9ÿ�ñ�������ü�ý�ü9ówÿ	�\ü�ù�ó8ò�ïhð-ù�ücþ\ý	��ó�î�ï��!��ï
%mþ�î
÷&ü�ù�ó�ð-ò9ÿ�ñ����<�9ü�ý�ü9ó8ÿ	�ï�ð�ó ñ Bg��ù�ïhü9ó~�+ïhò���î_ó��_E:��ù�ï���ùYï��V�«ó+ï
��ð&ó���ó+ò�ð�÷Le���ù�ï£�0ü9ó��-�F÷Qü�ù�ówþ�ò9ó��9ó����"ó�ÿ	�ÁýM��ó+ñ�ü�ò�ý	îùF÷h�Wò9ÿ�ðAó��Óý�ü9ÿ�% ý�üwï
�h¸���ïhü9ó��Wï���ü�ý	���"ó-õcøwù�ó@þ�ÿ�ü9ó���ü�ï¦ý	îÁó���ó+ò�ð�÷7�+ñ�ò,ôAóEÿ	��ü�ù�óº¸�ò��9üwóHû[e�+ïhü9ó�����ü�ý�ü9ó8ï
�Qü�ù�ó8ò�ïhð-ù�ücþ\ý	��ó�î��}ý	���«ó�ï
%Pý�ð-ï
��ó��
ü9ÿ@ý�ò�ï���ó �)ò9ÿ�% ü��8ÿ��Wï¦ý	�\ý�ü�ï����+ñ�ò,ôAó��0/ÿ���óEï���ü�ù\ý�ü3ÿ	��ü�ù�ó&ï��9ÿ�î¦ý�ü9ó��.¤!¥�¦ %Yÿ�î_ó��+ñ�î_ó7Bg��î¦ý���rø�»3�ñ\ý�ò9ó��_E�ý	���qü�ù�ó&ÿ�ü�ù�ó+ò�ï��;ü�ù\ý�üÿ	��ý	� ó�î_ó��+ü�ò9ÿ���ï��}ý	î
î
÷qóHû��+ïhü9ó��;��ü�ý�ü9ó@ÿ	��ü�ù�ó@ï��9ÿ�î¦ý�ü9ó��;ï ð�ó.ñ5%Yÿ�î_ó��+ñ�î_ó2Bg��ÿ�ü~��ù�ÿ����qï
�ü�ù�ó-¸�ð-ñ�ò9ó�/ ��ñ�üAôAó+ò,÷gù�ïhð-ùgï
��ó���ó+ò�ð�÷µEGsGü�ù�ï���î¦ý���ü���ü�ý�ü9ó¤ï��Qü�ù�ó-¸�ò��9ü
óHû��+ïhü9ó�����ü�ý�ü9óÿ	��ü�ù�ó4ï�ð�ó ñ %Yÿ�î_ó��+ñ�î_ó�ý	���ø�Wï��»�9ÿL�+ï¦ý�ü9ó��3ý��,÷L%mþ�ü9ÿ�ü�ï��}ý	î
î
÷Óý��ºï�ð à ó ñ õ�ãwó��}ý�ñ��9ó�ÿ	�ü�ù�ó&þ�ò9ó���ó����"ó�ÿ	��ý2��ù\ý	î
î_ÿ0� þ«ÿ�î¦ý�ò�ï
¨£ý�ü�ï_ÿ����8ó�î
îqî_ÿ[�}ý�ü9ó���ý�üÒý	�«ÿ�ñ�ü'&)(*!+$ m /aü�ù�ï��M��ü�ý�ü9ó�/��ù�ó��ø�"ÿ�����ï���ó+ò9ó��qï
�qü�ù�óEþ�ò9ó���ó����"óEÿ	�cý	�qï��9ÿ�î¦ý�ü9ó�� ùF÷h�Wò9ÿ�ðAó�� ý�ü9ÿ�%ø/��«ó��"ÿ�%Yó���î_ÿ0�8ó+òï
� ó���ó+ò�ð�÷ ü�ù\ý	� ü�ù\ý�üEÿ	��ü�ù�ó7¤!¥�¦ ��ïhü�ùOý	��ï��9ÿ�î¦ý�ü9ó��=ó'ñ ý	����ü�ù�ñ��Eð-ï
ôAó��@ò�ï��9óQü9ÿ ý��ÿ�ñ���î_óº%mï
��ï
%�ñ�%|��ü�ò�ñ��+ü�ñ�ò9ó;ï
�¤ü�ù�ó�¸�ò��9ü�óHû��+ïhü9ó��¤ý��,÷[%mþ�ü9ÿ�ü�ï��3þ�ÿ�ü9ó���ü�ï¦ý	î«ÿ	�Uü�ù�ó3ü�ïhü,î_ó�,÷h��ü9ó�% õ $ üM��ù�ÿ�ò�ü9ó+ò�ò�ý	��ðAó�/aï
����ü9ó}ý��1/�ïhü~�«ó��"ÿ�%Yó���ù�ïhð-ù�ó+ò3ï
� ó���ó+ò�ð�÷Cü�ù\ý	�Óü�ù�ó4��ü�ý�ü9ó��ù�ï��9ù=�"ÿ�ò�ò9ó�î¦ý�ü9ó��
��ïhü�ù�ü�ù�ó-, 9/. ñ �9ü�ý�ü9óQÿ	��¤!¥�¦ ý	��� ü�ù�ó+ò9ó_�)ÿ�ò9óQü�ù�óA�\ý�ü�ñ�ò9ó
ÿ	�Gü�ù�ó�9ó��"ÿ���� óHû��+ïhü9ó�� ÿ	��ï ð�ó ñ^ �9ü�ý�ü9ó<��ó+þ�ó�������%�ñ��9ù ÿ�� ü�ù�ómðAó"ÿ�%Yó+ü�ò,÷ ý�üEù\ý	���Uõmøwù�ï��



4��ÉÈO��� � � � 7%Ê�Ê:��6�� � ����� �"� ����Ëb��&�Ì��d# �"� �I& �}1 �
27M]5�(C.",).U*	M)6	8Y?](�K|238V��23-C97� ó 9 × �]?I."X7.tG�5d*
8YQO8CM)Z�.A'>2 : .AB_Xi*
j�.>X~GH6	,�5�(+*
5�*	M)K�0!ZO5)6	5�27'
M�235�Q+*
5�276	8:9 Ú 238C'A.!5�(O27Mz*	M�K�0!ZO5)6	5�27'N238�5).>,4*	'>5�276	8<BL27M4*
ZOZ�.U*
,)M"238J5�(C.!238�5).>,4*	'>5�276	8l,).tg
-�276	8E��?](C.>,)."5�(C.RBL2ò£�.>,).>8�5q.>X7.A'>5�,)6�M�54*
5�27'R'4(+*
,4*	'>5).>,e6
G�5�(C."5h?I6|M�54*
5).AMd27M�.>8O(+*
8C'A.AB
j�KN5�(C.d,).ABLQC'A.AB1BL27M�54*
8C'A.AMt��238|5�(C.�GH6	X3X76U?]238O-P?%.�?]23X3X�8C.>-�X7.A'>5]M�QC')(|238�5).>,4*	'>5�276	8:9I�@8Lg
BO.A.AB F 6	QO,SZOQO,�Z�6�M).z27MS5)6|6	jO54*
238{M)6	0N.z238LGH6	,�0k*
5�276	8J6	8\5�(C.RX76�? .>8C.>,�-�K_ZO,)6v'A.AM)M).AM
6v'A'>QO,�,�238O-1238V5�(C. : ,)M�5S. ù '>235).ABTM�54*
5).AMdG�6	,�?](O27')(\?I.P'A6	QOX7BTM4*�GH.>X3K_*	M)M�QO0N.R5�(+*
5S*
8
.>X7.A'>5�,)6	8O27'U*
X3X3Kf*	BL2i*
j+*
5�27'SZO27'>5�QO,).�27M%M)Q á '>27.>8�5�X3Kf*	'A'>QO,4*
5).�G�6	,]*eZO,).>X3230!238+*
,�K1M�5�QCBLK/9
ö�÷�øb÷©ø 0214365�þ7��ý48�9:�;�#�<�=3
c=(C.I-�,)6	QO8CBvg@M�54*
5).%Z�6	5).>8�5�2i*
XO.>8C.>,�-�KqG�QO8C'>5�276	8z-�23^/.>8Pj�Ke6	QO,b'U*
X7'>QOXi*
5�276	8CMbZO,).AM).>8�5)M�*
^/.>,�KNM�230!ZOX7.�M�5�,�QC'>5�QO,). F *
,�27M�238O-"0k*
238OX3KPG�,)6	0§5�(C.d5@?I6
gWj�6vBLKk'A6	8�5�,�23jOQO5�276	8CMU9r�@8CBO.A.AB
235N?=*	M|*{,).>Xi*
5�23^/.>X3KÀM�230!ZOX7.Y0k*
5�5).>,[5)6 : 5k5�(C. × gWj�6vBLK�� × ;��!8C6	8Lgh*	BOBL235�23^/._5).>,�0 F
-�23^/.>8Yj�K� L i �Xü [�]_^ 	�ü ^�^ ��á����Xü [�]_^ 	�ü ^8^ �+f@�?>#@BA b �Xü [�]h^ �+f@� ADC �Xü ^�^ �+fÒ�E>#@BA b �Xü [�]_^ ÿ�ü ^8^ �
?](C.>,)."5�(C.eXi*	M�5�5).>,�0 ,).>ZO,).AM).>8�5)M�5�(C.eZ�6	5).>8�5�2i*
X�*	'>5�238O-kj�.>5@?%.A.>8V5�(C."X3235�(O23QO0 *
5)6	0
*
8CBf5�(C.R6	QO5).>, è *
5)6	0Y9Ic=(C.RBL2i*
5)6	0!27'eZ�6	5).>8�5�2i*
X7M�?I.>,)."'4(C6�M).>8T*	'A'A6	,)BL238O-|5)6!5�(C.ZO,)6	Z�.>,�5�27.AMN6
G�5�(C.1-�,)6	QO8CBvg@M)54*
5).Y.>X7.A'>5�,)6	8O27'f?%*U^/.tG�QO8C'>5�276	8CM�9 Ú 238C'A.15�(C.f')(+*
,�-/.f27M
*
X3?=*AKLMRX76v'U*
5).AB¥6	8l5�(C. ç�a *
5)6	0â5�(C.kBL2i*
5)6	0!27'|Z�6	5).>8�5�2i*
X7MR'A6	,�,).AM)Z�6	8CBL238O-T5)6Y5�(C.
5h?I6 çba è ?I.>,).V')(C6�M).>8�5)6{j�.f5�(+*
5[6
G çba è � 9�c=(C._*	M�Kv0!ZO5)6	5�27'YZ�6	5).>8�5�2i*
X7M|?I.>,).
6	jO54*
238C.ABYG�,)6	0`*	BOBL235�276	8+*
X�'U*
X7'>QOXi*
5�276	8CMq*
5�Xi*
,�-/.>,�BL27M)54*
8C'A.AM F 6	8C."*
5 ü [�]h^ á îHå�ë ì
GH6	,]5�(C. è D '>QO,�^/.AMd*
8CBY5�(C.e6	5�(C.>,�*
5 ü ^8^ áÝå�ãQë=ì GH6	,]5�(C. ç�a è '>QO,�^/.AMU9c=(C.zZ+*
,4*
0N.>5).>,)Me6
GI5�(C. è D Z�6	5).>8�5�2i*
X�5�QO,�8C.AB\6	QO5S5)6|j�. B j á ßeê?ðsî > l�� *
8CBü j á î�ê¯ß > îOëjìPÞ 235NM)QOZOZ�6	,�5)M î+ß ^�23jO,4*
5�276	8+*
X�j�6	QO8CBEM)54*
5).AM F 6
Gq?](O27'4(À5�(C.fX76U?%.AM�5
6	8C.!(+*	MP*fBL27M)M46�'>2i*
5�276	8¥.>8C.>,�-�KJ6
G B ì�á ßeê D ßÍé�l�� 9[�C6	,R5�(C. çba è � Z�6	5).>8�5�2i*
X%?I.
'A6	0!ZOQO5).AB B j á ãsê�î D éEl��[FOü j á=ßeê�î:ã)F`ë ì *
8CB å ^�23jO,4*
5�276	8+*
X�X7.>^/.>X7M F 5�(C.PX76U?%.AM�5�g
X3Kv238O-!K�27.>X7BL238O- B ìSáxãsê�î�î�î8l�� 9ø . : 5�5).ABf5�(C. × ;¦?]235�(Y5�(C.�GH6	X3X76U?]238O-NG�QO8C'>5�276	8+*
X:GH6	,�0 F� L i �Xü F 	Iü D ��á �HGJIG�Xü F 	Iü D �LK3��î�f�MÁ�Oÿ � [ I8�Xü F 	Oü D ��KNM
?](C.>,). ü-F *
8CB ü D 8C6�?�'A6	,�,).AM�Z�6	8CBJ5)6 ü [�]_^ *
8CB ü ^8^ ,).AM)Z�.A'>5�23^/.>X3K/9O��.>,). � GJI 27M
5�(C.eM)(C6	,�5],4*
8O-/.qZ�6	5).>8�5�2i*
X FPM 27M�*-QhM)(+*
Z�.SR�G�QO8C'>5�276	8V6
G�5�(C.�GH6	,�0

Mc�Xü-F"	Cü D ��á î
îUÿ�l�TVU `EW U î

îUÿ�l�T C `EW C
��?]235�(YX F *
8CBZX D :eù .AB{,).AM�Z�.A'>5�23^/.>X3K{5)6 F=ê&ã�ë=ì *
8CB ñjê&ã�ëjì �q*
8CB � [ I 27M"5�(C.NX76	8O-	g
,4*
8O-/.q54*
23X�6
G�5�(C.'[	;¦Z�6	5).>8�5�2i*
X F� [ I8�Xü F 	Cü D ��á f î> �Xü-FTÿ¤ü D]\ > ��? � < ADC �Xü D ��f > < A �



�}1-í ����� 2������54���� � � � 6!����� �"� ���"786$#87%� � �%&

0 1 2 3 4 5 6 7 8 9 10

R(H-H)/a0

0

2

4

6

8

10
R

(L
i-H

)/
a 0

��23-�QO,).k�v9 � [ ä-^ À£Í�·�À�¾AË8ÅA½¸À£·�À}Ât· ÃA¹@Ú£Ë À£¾AÍ�ºY¿�·z¼"· ¹`_�a å Â_À£Ë8·�ÃA¹cb�dfehgiejg Ú£¹eÀ£Ä@¹9· Ë�Ñ ÎÔ ¼£Ëlk�¹�Ëc¼}Ë ¹e¼�¿�É9À£Ë Ë ¹e¿�Å�À�Í�º@·�ÀEÄ@¶�ÍA¶�Ä@¼@¶�Í�·�ÃA¹�Å�À}· ¹�Í�·�¶®¼}½ Î
238!?](O27')(�m A C 27M�5�(C.=Z�6	Xi*
,�2on�*
jO23X3235hKN'>QO,�^/.�6
G�5�(C.](�KLBL,)6	-/.>8k0N6	X7.A'>QOX7.d*
8CB2m A 27M�5�(C.
Z�6	Xi*
,�2on�*
jO23X35hK!6
Gy5�(C.=(�KLBL,)6	-/.>8k*
5)6	0 � ß?p*q#r 238k*
5)6	0!27'=QO8O235)M��Ss/G�6	,b5�(C.
tC,)M�5�'>QO,�^/.=?%.
QCM).ABY*
8V*
8+*
X3Kv5�27'utC5�5�238O-k6
Gb5�(C.qBC*
54*!6
G%�dK�*
0k*	M�.>5d*
XW9�� ��v=v ¤�� F G�QO,�5�(C.>,�'A6	,�,).A'>5).AB
5)6f.>8CM�QO,).!5�(C.!,�23-�(�5R*	M�Kv0!ZO5)6	5�27'!j�.>(+*A^v276	QO,U9kc=(C.NM�(C6	,�5q,4*
8O-/.NZ�6	5).>8�5�2i*
X F+w G)I 27M
5�(C.q5).>,�0½5�(+*
5�?=*	M�*	'>5�Q+*
X3X3KOtC5�5).AB ä ?I.e?],)6	5).e235d*	M

w G)I�xzy={�|}y]~]�%� ��
�J� �
�D�P� �����4�

xzy={S� �4� xzy]~]�����=�E������� T�Ul�<T C�� �W�v9 ¤��

��?](C.>,). � ��� M�*
,).]}�*
-�QC.>,�,).=Z�6	X3K�8C6	0!2i*
X7Mt�t9��J.=6	ZO5�230!2onU.ABP5�(C. q#r Z+*
,4*
0N.>5).>,)MN� � ������ ��� �;� � 0!238O230!2onA238O-15�(C.zMV��Q+*
,)."BO.>^v2i*
5�276	8Tj�KfQCM�238O-|5�(C.R.S�k'>27.>8�5S}�.>^/.>8�j�.>,�-	g� *
,V��Q+*	BL5%0N.>5�(C6�B\�¡ �,).AM)M%.>5%*
XW9 F ��v=¢=£ �t94¤�238C'A.dG�6	,�� �;� � r�p*q 5�(C.dj+*	M�27MrG�QO8C'>5�276	8CM,).ABLQC'A.]5)6SZO,)6vBLQC'>5)Mr6
G�6	,)BL238+*
,�K!}�*
-�QC.>,�,).�G�QO8C'>5�276	8CM F ?I.�QCM).ABP5�(C.]'A6�.S�k'>27.>8�5)MI6
G:*
ZO,).>X3230!238+*
,�KYX3238C.U*
,S6	ZO5�230!2on�*
5�276	8¥*	Md-�QC.AM)M�G�6	,�5�(C."8C6	8LgWX3238C.U*
,q6	ZO5�230!2on�*
5�276	8:9�c=(C.
,).AM�QOX35�238O-¥tC5�5�238O-N?=*	M]GW*
23,�X3K[-/6v6vB1(+*A^v238O-[*!M�54*
8CBC*
,)BYBO.>^v2i*
5�276	8_6
G r�pBr=r7¦ � w 9
�h8_��23-C97�W�v9 � [/�]?%.e,).>Z�6	,�5�*N'A6	8�5)6	QO,d0k*
ZV6
G�5�(C.'tC5�5).ABh ¨§�¤�9P©�M�*
X3,).U*	BLKf0N.>8Lg

5�276	8C.AB F 5�(C.dM�QO,�GH*	'A.�27M�GW*
23,�X3KzQO8C.>^/.>8�5�G�QOX~*
8CBNM�(C6�?�MI6	8C.dBO.A.>Z|*
8CB!8+*
,�,)6�?�'4(+*
8O8C.>X
'A6	,�,).AM�Z�6	8CBL238O-!5)6R5�(C.«ª ~ 0N6	X7.A'>QOX7.SGH6	,�0k*
5�276	8_*
8CBf*zM�(+*
X3X76U?$*
8CB|jO,)6/*	Bf'4(+*
8O8C.>X



¬ �ÉÈO��� � � �®­ Ê�Ê:�l¯�� � ����� �"� ����Ëb��&�Ì��d# �"� �I& ��£=v
'A6	,�,).AM�Z�6	8CBL238O-N5)62° a ª � GH6	,�0k*
5�276	8E±/9
ö�÷�øb÷³² 02143Y´%þ)�;�h3?µ�ûOÿ��=3H9¶�;�=�<�#3
c=(C.�tC,)M)5".S·L'>235).AB¥M�QO,�GH*	'A.N(+*	MR*10N6	,).N'A6	0!ZOX327'U*
5).AB�M�5�,�QC'>5�QO,).k5�(+*
8J5�(C.!-�,)6	QO8CBvg
M�54*
5). F 0k*
238OX3KNj�.A'U*
QCM).�6
G�5�(C.�BL2ò£�.>,).>8�5�.>X7.A'>5�,)6�M�54*
5�27'�G�6	,)'A.AM%?](O27')(Y*
,).�8C6U?Í*	'>5�238O-
j�.>5@?%.A.>8 5�(C.f,).U*
-/.>8�5)M|*
8CBEj�.>5@?%.A.>8 5�(C.fZO,)6vBLQC'>5)MU9¸��.>,).Y*Z[	;²Z�6	5).>8�5�2i*
X�?I.>,).
6	jO54*
238C.AB_j�K1'A6	8CM�27BO.>,�238O-k5�(C.q'4(+*
,�-/.eX76v'U*
5).ABY6	8_6	8C.q6
Gb5�(C.q5@?%6 
 *
5)6	0NM ä
wH¹Vº xzy]»J¼¾½'|/y;½
½`�%� w xzy;»)¼¾½c|¿y�½�½`�]À w >#@BA xzy;»)¼¾½u�]À w AfÁC xzy;½
½Â�;À w?>#@BA Á xzy]»J¼¾½-Ã-y;½
½Â�
�h8¥5�(O27M"G�6	,�0RQOXi* w >#@BA 27M"5�(C.�° a ª '>QO,�^/.\��5�(C. p	a �JÄ�� m aH� '>QO,�^/.k238���23-C97�W�v9 ��Å ���z*
8CBwE>#@BA Á 27M]5�(C."BL2i*
5)6	0!27'"'>QO,�^/."6
G4° a ª � 238Y235)M®tC,)M�5d.>X7.A'>5�,)6	8O27'".S·O'>235).ABYM�54*
5). F ?](O27')(
BL27M)M46�'>2i*
5).AMk*	MO° aÇÆ ª � 9ÉÈ�QO,�° a ª '>QO,�^/.f5�QO,�8C.AB 6	QO5!5)6{(+*U^/.jÊ¥Ë �ÍÌ pÏÎ)Ð=Ð � wkFÑ �ÒÌ p*¦7F=FLÓ ��Ô�ÕEÖØ×}Ù?Ú?ÚDÛ#Ü}ÝV× Ì q6Þ	ßoà Ü�Ô�Ý ß Û#ÕHÔ�á'×}Ý�Ô�ÝVâ¿×�ãÂÝ}äEâ t ÜV×VÝ�Û#ÕEâæå ß Ý}äçÔ6Ö ß ×�è×VÛ	é ß Ô�Ý ß Û#Õ¸â/ÕEâ/Ü}ê=ë¸Û�ì Ê � �íÌ p*î=¦ Ì¥� w2ïñð äEâ ª �~iò Û#á¾â¿é/Ù?á¾âhÝ}Ù?Ü}ÕEâ¿ÖóÛ#Ù?ÝôÝVÛYäHÔ Þ âÊ¥Ë �õÌ p÷ö=ö#¦ � w ã Ñ �ùø p*¦=¦=ú+Ó �2Ô�ÕEÖZ×VÙ?Ú?Ú<Û#Ü}Ý ø ú�Þ	ßoà Ü�Ô�Ý ß Û#ÕHÔ�á�×VÝ�Ô�ÝVâ¿×cÝ}äEâ t ÜV×}Ý'Û#ÕEâå ß Ý}ä Ê � �ûÌ p*Ð=î7ö � w2ï¤ ß ÕEé¿â ß ÕüÝ}ä ß ×¥é�Ô#×Vâ2Ý}äEâjý#þiÝVâ/Ü ò äHÔ#× Þ â/Ü}ë ß ò ÚDÛ#Ü}Ý�Ô�Õ)Ý�é¿Û#ÕJÝ}Ü ßoà Ù?Ý ß Û#ÕE×ôé¿Û ò ß Õ?êì¡ÜVÛ ò Ý}äEâcá¾Û#Õ?ê#è�Ü�Ô�Õ?ê7â'Ý�Ô ß á¾×�Û�ìLÝ}äEâ ß ÕJÝVâ/Ü�Ô#é/Ý ß Û#Õÿå
âcå®ÜVÛ#ÝVâ ß Ý ß ÕjÝ}äEâ`ì�Û#Ü ò
w ¹Vº xzy={�|=y]~��¨� w���� xzy={�|=y]~]�)���J{����#~EÃ w � { �» � xzy={�|7y]~��)��x�øfÀ��J{S�=Ã w � ~ �» � xzy={�|}y]~]�)��x�øfÀ��#~��
å®äEâ/ÜVâ �J{�� øø�Ã � ��� 	�

��� � ��� ��� � �#~®� øø4Ã � ��� ��� �
Ô�ÕEÖ w � { �» � xzy { |}y ~ �%�¶À ������� xzy={S�x r�p*q �¨y { Ã6y ~ � ~
ß ×cÝ}äEâ¥Ö ß ÚDÛ#á¾â¥ÚDÛ#ÝVâ/Õ)Ý ß Ô�á¨ÝVâ/Ü ò Û à Ý�Ô ß ÕEâ¿ÖæìzÜVÛ ò Ý}äEâôÖEÔ�Ý�Ô�Û�ì��Âë)Ô ò Ô#×'â/Ý-Ô�á ï���� v=v! �"Ô�ÕEÖ w �

~ �» � ß ×4Ý}äEâÂÔ�ÕHÔ�á¾Û#ê7Û#ÙE×�Ú<Û#á Ô�Ü ß n Ô à?ß á ß Ýlëôé¿Û#Õ)Ý}Ü ßoà Ù?Ý ß Û#Õ � å�â�ÙE×Vâ¿Ö m ��� �¶ø ö#Ð	pBr$#�%'&�%Ô#×`Û à Ý�Ô�ÕEâ ß ÖÿìzÜVÛ ò Û#Ù?ÜuÔ#×Vë ò Ú?ÝVÛ#Ý ß é ÚDÛ#ÝVâ/Õ)Ý ß Ô�á¾× " ï`ð äEâ-×VäHÔ�Ú<â«ìzÙ?ÕEé/Ý ß Û#Õ � { ×Vå ß ÝVéVäEâ¿×Û#Õ�Ý}äEâ'Ö ß ÚDÛ#á¾â'é¿Û#ÕJÝ}Ü ßoà Ù?Ý ß Û#Õhå®äEâ/Õ r�p*q y �!��� Ã6y �(�*),+ { ã�å®ä ß á¾â � ~ ×}å ß ÝVé�äEâ¿×�Û#Õ�Ý}äEâÚDÛ#á Ô�Ü ß n Ô�Ý ß Û#ÕZÝVâ/Ü ò Û#Õ?áoë Ô�Ýcá Ô�Ü}ê7â °.-0/�ª Ö ß ×}Ý�Ô�ÕEé¿â¿× � ì�Û#ÜuÝ}äEâ¥Ö ß Ú<Û#á¾â�ÝVâ/Ü ò ß Ýc×}äEÛ#Ù?á¾Öà â�ÕEÛ#ÝVâ¿Ö�Ý}äHÔ�Ý-Ý}äEâ à â/äHÔ ÞJß Û#Ù?Ü�Û�ì�Ö ß Ú<Û#á¾â2é/Ù?Ü Þ âOÔ#× Ô�ì¡Ù?ÕEé/Ý ß Û#Õ6Û�ì21�3 °.-oª54 â/ÕE×}Ù?ÜVâ¿×687:9<;�=?>A@!BDCE9GF2H?I!F2JKCLCE9GFMH?N�OL=PCEQK9<R�SE=�BKI�F2OTC8H�CE9�U�V�WX=?Y(CEQK9<=�CEQ!9
SZ;�=�N�N�[�I!9GH�S\H�SLS8H�I!R�9
>A9�I]C^$_\`�aG_\^:b�c 9�;GH�B!OL9d=�Y�[eCEOf@g=�OLOL[ c Nh9dSE9
Nh9
i�H�I!;�9d=?I\CEQK9�j(=?NhN�[�OL[�=�IAk0I�FKBK;�9GF.lm[�OLOL=];�[hH�CE[�=?IA=?Y!CEQK9dI!9onDCj(Q�H�@KCE9
SGpqkrIXCEQ!H�Cs;GH?OL9utd9\B!OL9�F2H?I29�iv9
I!NewXOL@!H?;�9GFXR�SE[hFMx�y{z}|f~P��x�yDz}|f�u���e��� ������������� �����
��t�[eCEQH5OTCE9�@MOL[���9<=�Y��D� ������pq��OL[�>A@!N�9uN�[hIK9GH�SsJ!CLCE[�I!R5t�[eCEQ2=�S8FK[�I�H�SLw2��H�R�BK9
SLSE9\Y�B!IK;
CE[�=�I!Oqt�H�OZOLBK�5;�[�9�I]CCE=5H�;oQK[h9
iv9.H�iv9oSLw�OL>�H?N�N�OTC8H?I�FKH�S8FPFK9�i{[hH�CE[�=�I����D� ���{�\����t�[eCEQ2�d�d�<��H�R�BK9
SLSE9mY�BKI!;
CE[�=�IKO�p�krI!FK9�9GF bCEQ!9\OLBKSLY�H?;�95[�O.iv9oSLw2OL[�>A@!N�9��q[eC.[�O.= c i{[h=?B!OLNewMOTwD>A>A9
CLSE[�;\H?I�F2OLQK=�t�O.=?I!New�H�OLQ�H?N�N�=Gt�td9�N�N�FKBK9<CE=CEQ!9Zt(9GH?� @g=�NhH�SE[h��H�CE[�=�IM;8Q�H�SER?9.[�I{CE9oS8H?;
CE[�=�I c 9
Crt(9�9�I `�a¡^ Á H�I�F ^ p



�D¢�£ ¤Z¥§¦P¨§©Zªu« ¬D¬­©Z¥§ª¯® ¯ ©Zªu« ¦�¤A©Z®¿­ ¯±° ­�«2¤Zª�²

5 10 15 20 25

rHH / a0

-4.0

-3.0

-2.0

-1.0

 0.0

E
 / 

eV

Long  Range region

2 4 6 8 10

rHH / a0

-4.0

-2.0

0.0

2.0

4.0

E
 / 

eV

LiH + H
+
 channel

³Lß ê=Ù?ÜVâ ¢	ï'�  �´Mµ�¶�·'¸�¹�º{»�¶�¼r½�¹�¾{¸
¶�»!¸o¿�º{¼�¶?»�¶�À
ÁDÂÄÃ�Å�À
ÆD¶?Ç<·È¾KÀ�Ég¿hÊ�¶�À
¶�»!¸2ËXÌ¡ÍdÎhÏmÐ:Æ]º{¼�Å�¶?ÇAºD¼}¾K»�Á¸oÑ�¶ Ë2Ì'Ï<ÏmÐ�Ã�¾�¾KÀ
Ég¿�»�º{¸o¶DÒ�Ó�¾K¼}¿�ÉM¼�¿}»�¶?ÇZº{À
¶u¸oÑ�¶�ºD»�º{¼�Â!¸o¿�Ã�º{¼�Ô�¸8¸
¿}»�ÁP·ÈÅ�»�ÃG¸
¿}¾K»�Ç�Õ�Ö.Ñ�¿�¼�¶\¸
Ñ�¶<¾K¹�¶?»Ã�¿�À
Ã�¼}¶�Ç�ÇoÑ�¾]Ö×¸oÑ�¶<À
ºvÖ�º{ØgÙT¿�»�¿h¸
¿}¾ ¹�¾K¿}»!¸
Ç?Ò�ÚmÑ�¶\É�ºKÇ8Ñ�¶?ÉX¼�¿}»�¶<¿�Ç�¸oÑ�¶�ºDÇoÂ�Û§¹�¸o¾{¸
¿�Ã\Ü§Ý\¹�¾D¸o¶?»K¸
¿�ºD¼0ÒÞ ¿�ÁDÑ!¸s¹�ºD»�¶�¼r½(¼}¾K»�Á À�º{»�ÁK¶.Ào¶?ÁD¿�¾D»5ßE¾K¿}»�¿�»�Á ¸oÑ�¶�àKá�âLÎ'ã�Î'ä0Î¡åX¹�¾D¿�»!¸
ÇZº{»�É2¸oÑ�¶<Ô�¸8¸
¿}»�ÁPºDÇoÂ�ÛX¹g¸o¾D¸o¿�Ã·ÈÅ�»�Ã�¸o¿�¾D»�Ò
Ý}äHÔ�Ý�Ý}äEâ é¿Û#Õ)Ý}Ü ßoà Ù?Ý ß Û#Õ Þ Ô�Õ ß ×}äEâ¿× ì�Û#Ü á Ô�Ü}ê7â °m-r/¡ª Ö ß ×}Ý�Ô�ÕEé¿â¿× " ï ð äEâ Þ Ô�Ü ß Ô à á¾â¿× + { Ô�ÕEÖ+ ~ ã Ô�ÕEÖÿÝ}äEÛ=×�â â/ÕJÝVâ/Ü ß Õ?ê ß ÕæÝ}äEâ â · ÚHÔ�ÕE× ß Û#ÕZÛ�ì4Ý}äEâ�×}äEÛ#Ü}Ý�è�Ü�Ô�Õ?ê7â¥é¿Û#ÕJÝ}Ü ßoà Ù?Ý ß Û#Õ ã å
â/ÜVâ×}Ù à�æ â¿é/ÝVâ¿Ö�ÝVÛ�Ý}äEâ'×�Ô ò âcÛ#Ú?Ý ß ò ß n Ô�Ý ß Û#Õ Ú?ÜVÛJé¿â¿Ö�Ù?ÜVâ'ÙE×Vâ¿Ö�ì�Û#Ü®Ý}äEâcê=ÜVÛ#Ù?ÕEÖ	è�×}Ý�Ô�ÝVâ  ¨§
¤ ãÝ}äEâ'Û#Õ?áoë�Ö ß�ç â/ÜVâ/ÕEé¿â à â ß Õ?ê�Ý}äHÔ�Ý Ý}äEâc×VäEÛ#Ü}Ý�è�Ü�Ô�Õ?ê7â'ÝVâ/Ü ò å
â/ÜVâcå®Ü ß Ý}ÝVâ/Õ Ô#×

w���� xzy7{�|}y]~��¨� w � Ã 	�
�)� èN�D�E� �Kè��4� xréH� { �� � �uè xréH� ~ �è �����#� ��� 	�
 ��ê]ë �0ì� � ê]ë �Lì� � �E¢	ï�í "

å®äEâ/ÜVâ éE� { �� � � � î y {y �!��� � Ë À r�p*q�ï Ô�ÕEÖ éH� ~ �� � � ��ð y ~y � Á� � Ë À r�ñhò�ó� yKô � Ë �Ï× à â ß Õ?êæÝ}äEâOâ � Ù ß á ßoà Ü ß Ù ò Ö ß ×}Ý�Ô�ÕEé¿â¿×¥Û�ì`Ý}äEâ�Ö ß Ô�ÝVÛ ò ß é ò Û#á¾â¿é/Ù?á¾â¿× " ïöõ ÕüÝ}ä ß ×é�Ô#×Vâ®Ý}äEâ Û#Ü ß ê ß ÕOÛ�ìfÝ}äEâ é¿ÛJÛ#ÜVÖ ß ÕHÔ�ÝVâ¿×
Û�ìDÝ}äEâ ÷�Ô�ê=ÙEâ/Ü}ÜVâ ìzÙ?ÕEé/Ý ß Û#ÕE×�å
Ô#×�×}á ß ê=ä)Ý}áoë�×}ä ß ì¡ÝVâ¿ÖÝVÛ à â/Ý}ÝVâ/Ü ò Û	Ö?â/áÂÝ}äEâ ß Õ)ÝVâ/Ü�Ô#é/Ý ß Û#ÕØÜVâ/ê ß Û#Õ ïøõ ÝôÝ}Ù?Ü}ÕEâ¿ÖóÛ#Ù?ÝôÝ}äHÔ�ÝOÝ}äEâ t ÕHÔ�á t Ý}Ý ß Õ?êìzÙ?ÕEé/Ý ß Û#Õ äHÔ#ÖæÝVÛ à â�×}á ß ê=ä?áoÝ�ë ò ÛJÖ ß t â¿Ö ß Õ Ý}äEâ � â · Ý}Ü�Ô�Ú<Û#á Ô�ÝVâ¿Ö " ×}äEÛ#Ü}ÝcÜ�Ô�Õ?ê7â�ÜVâ/ê ß Û#Õ�zß�ï â ï é � ¼ �sùûú " ÝVÛ2Ô Þ Û ß ÖhÔ�ÕEÛ ò Ô�á¾Û#ÙE× à â/äHÔ ÞJß Û#Ù?ÜÂÛ�ìLÝ}äEâ«Ô�ÕHÔ�á ß Ýlë	é�Ô�á  ¨§�¤ ï
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³Lß ê=Ù?ÜVâ ¢	ï'�{í ´ µ�¶�·'¸ ¹�ºD»�¶�¼r½�¹�¾{¸
¶�»!¸o¿�º{¼s¶�»�¶?ÀoÁKÂ�Ã�Å�À
ÆD¶�Ç�·È¾DÀ É�¿hÊ�¶�À
¶�»!¸�ËXÌÈÏ\Ï.Ð Æ]º{¼�Å�¶?Ç º{¼�¾D»�Á¸
Ñ�¶§ËXÌ¡Í�ÎhÏmÐ§Ã�¾�¾DÀ�Ég¿}»�º]¸o¶KÒdÓg¾D¼�¿�É:¼�¿}»�¶�Ç.º{À
¶�¸oÑ�¶Aº{»�º{¼�ÂK¸
¿�Ã<Ô�¸o¸o¿�»�ÁX·ÈÅ�»�Ã�¸o¿�¾D»�Ç?Õ�¾K¹�¶?»:Ã�¿}À�Ã�¼�¶?Ç.ºDÀo¶¸
Ñ�¶ À�ºvÖ±àDá�âLÎ'ã�Î'ärÎ¡å ¹�¾D¿�»!¸
Ç<º{»�É ¸
Ñ�¶PÉ�ºDÇoÑ�¶?É ¼�¿�»�¶ ¿�Çu¸
Ñ�¶PºKÇ8Â�ÛX¹g¸
¾{¸o¿�Ã����TÜ ¹�¾{¸
¶�»!¸o¿�º{¼dÃ�Å�ÀoÆK¶DÒÞ ¿�ÁDÑ!¸Z¹�º{»�¶?¼0½(¼�¾D»�ÁPÀ
ºD»�ÁD¶uÀ
¶�ÁK¿}¾K»�ßE¾D¿�»�¿}»�Á�¸oÑ�¶�àDá�âLÎ'ã�Î'ärÎ¡åX¹�¾K¿}»!¸�ÇsºD»�ÉX¸oÑ�¶\Ô�¸o¸o¿�»�ÁPºKÇ8Â�ÛX¹g¸
¾{¸o¿�Ã·ÈÅ�»�ÃG¸o¿�¾D»�Ò
� â4Û#Ú?Ý ß ò ß�� â¿Ö-ÔNÝVÛ#Ý�Ô�á)Û�ì ò=î ÚHÔ�Ü�Ô ò â/ÝVâ/ÜV×�ÙE× ß Õ?ê Ý}äEâ¨ÖEÔ�Ý�Ô®Ú<Û ß ÕJÝV× å ß Ý}ä«â/ÕEâ/Ü}ê=ëuá¾â¿×V×Ý}äHÔ�Õ ø ñ ú � w � å ß Ý}äZÝ}äEâ � â/ÜVÛhÛ�ìNÝ}äEâ�Ú<Û#ÝVâ/ÕJÝ ß Ô�á4Ú?Ù?Ý ß Õ�Ý}äEâ¥Ý}Ü ß Ô�ÝVÛ ò ß éôÖ ß ×V×�ÛJé ß Ô�Ý ß Û#Õá ß ò ß Ý " ïið äEâÿÜVâ¿×}Ù?áoÝ ß Õ?ê t ÝOÝ}Ù?Ü}ÕEâ¿ÖñÛ#Ù?Ý�ÝVÛ�äHÔ Þ âZÔ�×}Ý�Ô�ÕEÖEÔ�ÜVÖØÖ?â Þ	ß Ô�Ý ß Û#ÕûÛ�ì ú ñ ú ø ú� w�ï�³Lß ê ïÈ�E¢	ï'�  �" Ô�ÕEÖ ³�ß ê ïÈ�E¢	ï'�{í " ×}äEÛ�å¶Ô¥é¿Û ò ÚHÔ�Ü ß ×VÛ#Õ à â/Ýlå�â¿â/ÕÿÝ}äEâ t Ý}ÝVâ¿Ö  4§�¤ Ô�ÕEÖÝ}äEâ Û#Ü ß ê ß ÕHÔ�á # Ä /8-
	�-��T-�
 ÖEÔ�Ý�Ô�ã à Û#Ý}äØì¡Û#Ü�Ý}äEâ â/Õ)Ý}Ü�Ô�ÕEé¿â�éVäHÔ�Õ?ÕEâ/á-Ô�ÕEÖóì�Û#Ü�Ý}äEâ â · ß Ýé�äHÔ�Õ?ÕEâ/áÂÛ�ìcÝ}äEâ�ÜVâ�Ô#é/Ý ß Û#ÕÉâ � ïÈ�E¢	ï ý " ï õ Õ Ý}äEâ�Ü ß ê=äJÝôÚHÔ�ÕEâ/á¾×�å
â�ÜVâ/ÚDÛ#Ü}Ý2Ô�ÕÉâ/Õ?á Ô�Ü}ê7â¿ÖÞ	ß â/å Û�ì«Ý}äEâ ÜVâ/ê ß Û#ÕE×�ÝVÛY×}äEÛ]å äEÛ�å × ò Û	Û#Ý}ä?áoëÉÝ}äEâÿá¾Û#Õ?ê#è�Ü�Ô�Õ?ê7â ÝVâ/Ü ò å
Ô#×jÔ#Ö?Ö?â¿ÖÝVÛ Ý}äEâOÚ<Û#ÝVâ/ÕJÝ ß Ô�á Û�ì�Ý}äEâ�� # Ä /8-
	�-��T-�
�� ÜVâ/ê ß Û#Õ ï*³Lß ÕHÔ�áoáoë7ã ß Õ ³Lß ê ïÈ�E¢	ï'� £�" å�â�ÜVâ/ÚDÛ#Ü}Ý¥Ôé¿Û#ÕJÝVÛ#Ù?Ü¥Ú?á¾Û#Ý�ì¡Û#Ü Ý}äEâ t Ý}ÝVâ¿Ö ×}Ù?Ü�ì�Ô#é¿â�Û�ì�Ý}äEâOÙ?Ú?ÚDâ/Ü¥â/á¾â¿é/Ý}ÜVÛ#Õ ß éj×}Ý�Ô�ÝVâ ï õ Ý-Ú?ÜVâ¿×�â/Õ)ÝV×Ô�Õ ß Õ)ÝVâ/ÜVâ¿×VÝ ß Õ?ê�ÝVÛ#Ú<Û#á¾Û#ê=ë�é�Ô�ÙE×Vâ¿Ö ò Ô ß Õ?áoë à ë2Ý}äEâc×}Ý}ÜVÛ#Õ?ê¥â/á¾â¿é/Ý}ÜVÛ=×}Ý�Ô�Ý ß éuì�Û#ÜVé¿â¿×Nå®ä ß éVäÔ�ÜVâ`ÕEÛ�åûÔ#é/Ý ß Õ?ê�Ô�ÝNá Ô�Ü}ê7âcÔ�ÕEÖ ß ÕJÝVâ/Ü ò â¿Ö ß Ô�ÝVâ'Ö ß ×}Ý�Ô�ÕEé¿â¿× à â/Ý�å
â¿â/Õ�Ý}äEâ�ì¡Ü�Ô�ê ò â/Õ)ÝV× ï © ×ß ×Ââ ÞJß Ö?â/ÕJÝ ì¡ÜVÛ ò Ý}äEâ t ê=Ù?ÜVâ=ãHÝ}äEâ«×}Ù?Ü�ì�Ô#é¿âcÚ?ÜVâ¿×Vâ/ÕJÝV×�Ýlå�Û2å�â/áoáLá¾ÛJé�Ô�á ß�� â¿Ö ò ß Õ ß ò ÔôÔ�ÕEÖÔæ×�Ô#Ö?Ö�á¾â�ÚDÛ ß Õ)Ý ïÉð äEâ ò ß Õ ß ò Ù ò ß ÕÉÝ}äEâ�ÜVâ�Ô#é/Ý�Ô�Õ)ÝV×2ÜVâ/ê ß Û#Õ � Ô�á¾Û#Õ?ê y �(� " ß ×ôÔ�ÝôÔ�Õâ/ÕEâ/Ü}ê=ëOÛ�ì�� À'ø ñ Ì Ð � w å ß Ý}äOÜVâ¿×VÚ<â¿é/Ý®ÝVÛ Ý}äEâ °m-¾ª��4ª � Ô�Ü}Ü�Ô�Õ?ê7â ò â/Õ)ÝÂÔ�ÕEÖ�Û�ì+Ô à Û#Ù?Ý� À î�ñ÷ö;Î � w å ß Ý}äYÜVâ¿×VÚ<â¿é/Ý-ÝVÛhÝ}äEâ2Ö ß ×V×VÛ	é ß Ô�Ý ß Û#ÕYá ß ò ß Ý � °m-��4ª��4ª � "�� Ý}äEâOÛ#Ý}äEâ/Ü ß ×� À ú ñÏÎ)Ð � w ß ÕhÜVâSì�â/ÜVâ/ÕEé¿â«ÝVÛ ª �~�� °m- Ô�ÕEÖ�� À î�ñ Ì Î � w ÝVÛ¥Ý}äEâ Ö ß ×V×VÛ	é ß Ô�Ý ß Û#Õhá ß ò ß Ý ïð äEâ�� à Ô�Ü}Ü ß â/Ü � ß ×Lá¾Û	é�Ô�ÝVâ¿Ö�Ô�Ý ÀÂÌ ñ*Ðgògò � w ÜVâ¿×}ÚDâ¿é/ÝLÝVÛÂÝ}äEâNÖ ß ×V×VÛ	é ß Ô�Ý ß Û#Õ�á ß ò ß Ý ïLð äEâ
Ýlå�Û
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³Lß ê=Ù?ÜVâ ¢	ï'� £�´��s¾K»!¸o¾DÅ�À
Ç ·È¾DÀP¸oÑ�¶:Ô�À�Ç8¸P¶�¼�¶?Ã�¸oÀ
¾D»�¿�Ã:ÇE¸�º]¸o¶ ¿}» ¸oÑ�¶����� �Ü! ×Ü ÁD¶?¾DÛX¶�¸
ÀoÂKÒ" ºDÀ$#K¶�À.º{À
¶?ºKÇmÃ�¾DÀ
À
¶?Ço¹�¾K»�ÉX¸o¾2ÛX¿�»�¿�ÛXºX¾K»�¸
Ñ�¶A¹�¾{¸o¶?»!¸o¿�º{¼f¶�»�¶�À
ÁDÂ�ÇoÅ�Ào·¡ºDÃ�¶KÒ
°m-¾ª Ô�ÕEÖ ª �~ Ô#×}ë ò Ú?ÝVÛ#ÝVâ¿×+Ô�ÜVâ%ÜVâ¿×}ÚDâ¿é/Ý ßoÞ â/áoë À�Ì ñÏÎJö � w Ô�ÕEÖ À�Ì ñ÷ö#ú � w¸ß Õ«ÜVâSì�â/ÜVâ/ÕEé¿â%ÝVÛÝ}äEâ Ö ß ×V×VÛ	é ß Ô�Ý ßoÞ â®Ý}ä?ÜVâ¿×}äEÛ#á¾Ö2Ô�ÕEÖ¥Ý}äEâ/ÜVâSì¡Û#ÜVâ�Ý}äEâ à Ô�Ü}Ü ß â/Ü ß × ú ñ ø úgò � w&% 
('*) 1 ß Õôâ/ÕEâ/Ü}ê=ëÝ}äHÔ�Õ2Ý}äEâ °m-¾ª��4ª � Ô#×Vë ò Ú?ÝVÛ#ÝVâuÔ�ÕEÖ ú ñ ø�Ì ò � w,+ -�- + ) 1'Ý}äHÔ�ÕOÝ}äEâ °m-��¨ª �~ Û#ÕEâ ï+ð ä ß ×ß ×¥é/á¾â�Ô�Ü}áoë ß áoáoÙE×}Ý}Ü�Ô�ÝVâ¿Ö à ë6Ý}äEâ ò ß Õ ß ò Ù ò â/ÕEâ/Ü}ê=ëüÚHÔ�Ý}ä Û#Õ Ý}ä ß ×�×}Ù?Ü�ì�Ô#é¿â=ã4ÜVâ/ÚDÛ#Ü}ÝVâ¿Ö×VéVäEâ ò Ô�Ý ß é�Ô�áoáoë ß Õ ³�ß ê ïÈ�E¢	ï'�D¢ " ï È ÕEâ'×VäEÛ#Ù?á¾Ö�ÕEÛ#ÝVâ'äEÛ]å�â Þ â/Ü`Ý}äHÔ�Ý Ý}äEâ'ÚDÛ=× ß Ý ß Û#ÕhÛ�ì+Ý}äEâ��á¾âSìzÝ � Ô#×}ë ò Ú?ÝVÛ#ÝVâ ß ×
Ö ß�ç â/ÜVâ/Õ)Ý�ìzÜVÛ ò å®äHÔ�Ý ß ×4×VäEÛ�å®Õ ß Õ2Ý}äEâ/.Eê=Ù?ÜVâÂ× ß ÕEé¿â Ý}äEâÂé/Ù?Ý�Û�ì ß Ýß ×®Ý�Ô107â/Õ ß ÕhÔ ÜVâ/ê ß Û#Õjå®äEâ/ÜVâ'Ý}äEâ'Ö ß Ú<Û#á¾âcé�äHÔ�Ü}ê7â«é¿Û#ÕJÝ}Ü ßoà Ù?Ý ß Û#Õ ß × ×}Ý ß áoáfÕEÛ#Ý�ÕEâ/ê=á ß ê ßoà á¾âÔ�ÕEÖ�Ý}ä)ÙE× ß Ý á¾Û�å
â/ÜV×�Ý}äEâuÜVâ�Ô�á�Ô#×Vë ò Ú?ÝVÛ#ÝVâ'Û�ì¨Ô à Û#Ù?Ý ú ñ ø î � wOïõ Ý ß × ß Õ)ÝVâ/ÜVâ¿×}Ý ß Õ?êZÝVÛZÕEÛ#ÝVâ�Ý}äHÔ�Ý¥Ý}äEâ�Ý}Ü�Ô�ÕE× ß Ý ß Û#ÕÉ×}Ý�Ô�ÝVâ ß Õ Þ Û#á Þ â¿×2Ô ê7â¿Û ò â/Ý}Ü}ë ß Õå®ä ß éVäOÝ}äEâ °.-oª Ô�ÕEÖ�Ý}äEâ ªÂª à Û#ÕEÖ?×NÔ�ÜVâ ò Ô�Ü207â¿Ö�áoë��l×}Ý}ÜVâ/ÝVé�äEâ¿Ö � � y ����� � ò�ñ ú Ó ��Ô�ÕEÖy �(� � î�ñ ú Ó � " Ô�ÕEÖ Ý}ä)ÙE×+Û#ÕEâN×}äEÛ#Ù?á¾Ö�â · Ú<â¿é/Ý+â/Õ?äHÔ�ÕEé ß Õ?ê'Û�ìHÝ}äEâ�ÜVâ�Ô#é/Ý ß Û#Õ¥Ú?ÜVÛ à Ô à?ß á ß Ý�ëå®äEâ/Õ Þ	ßoà Ü�Ô�Ý ß Û#ÕHÔ�áoáoëZâ · é ß ÝVâ¿Ö °m-¾ª � Û#Ü ª �~ ì¡Û#Ü'Ý}äEâôÜVâ Þ â/ÜV×Vâ¥ÜVâ�Ô#é/Ý ß Û#Õ " ß × ß Õ Þ Û#á Þ â¿Öfãå®ä ß á¾â®Û#ÕEâ®×}äEÛ#Ù?á¾Ö3.EÕEÖ�Ô ò Û#ÜVâNá ß ò ß ÝVâ¿Ö¥ÜVâ�Ô#é/Ý ß Û#Õ�â � é ß â/ÕEé/ë�å®äEâ/Õ�×}Ý�Ô�Ü}Ý ß Õ?êcå ß Ý}ä °m-¾ª� ª �~ � ß Õ ß ÝV× Þ	ßoà Ü�Ô�Ý ß Û#ÕHÔ�á�ê=ÜVÛ#Ù?ÕEÖh×}Ý�Ô�ÝVâ ï © ÚHÔ�Ü}Ý®ìzÜVÛ ò Ý}äEâ¿×Vâc× ß ò Ú?á¾â'é¿Û#ÕE× ß Ö?â/Ü�Ô�Ý ß Û#ÕE×]ãäEÛ�å
â Þ â/Ü�ãJÝ}äEâ ÝVÛ#Ú<Û#á¾Û#ê=ë�Û�ìDÝ}äEâ�×}Ù?Ü�ì�Ô#é¿â ß ×¨×VÙEéVäôÝ}äHÔ�Ý
Û#Õ?áoë�ÔcÖ ß ÜVâ¿é/Ý¨Ý}ÜVâ�Ô�Ý ò â/Õ)ÝNÛ�ìfÝ}äEâÖ�ëJÕHÔ ò ß é¿×Âé¿Û#Ù?á¾Ö�ê ßoÞ âuÙE× ò Û#ÜVâ � ÙHÔ�Õ)Ý ß Ý�Ô�Ý ßoÞ â Ö?â/Ý�Ô ß á¾× ï
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³�ß ê=Ù?ÜVâ ¢	ï'�D¢ ´�9 ¿�»�¿}ÛPÅ�Û­¶?»�¶�À
ÁDÂ2¹�º]¸oÑ:·È¾KÀm¸oÑ�¶5Ô�À�Ç8¸m¶?¼}¶�ÃG¸
Ào¾K»�¿�Ã?º{¼�¼}Â�¶;:�Ã�¿}¸o¶�É Ç8¸
º{¸o¶DÒ
<>=$? @BA�CD?/E FGC�HJILKNM;O�CDPRQ3FGSTH�I�C�Põ Õ¥Ý}ä ß × ¤ â¿é/Ý ß Û#Õ ã7å
â®Ú?ÜVâ¿×Vâ/ÕJÝ�Ô�Õ�Û Þ â/Ü Þ	ß â/åÉÛ�ìDÝ}äEâ
ìzÙ?áoáHý(UóÜVâ�Ô#é/Ý ßoÞ â ×}Ù?Ü�ì�Ô#é¿â
ì�Û#Ü%å®ä ß éVäå
â'äHÔ Þ â æ ÙE×VÝ é¿Û ò Ú?á¾â/ÝVâ¿ÖhÝ}äEâcäJÙ?ê7â-Ô ò Û#Ù?ÕJÝ`Û�ì%é�Ô�á¾é/Ù?á Ô�Ý ß Û#ÕE×`ÜVâ � Ù ß ÜVâ¿Ö ï © Ý Ý}äEâ'â/ÕEÖÛ�ìNÝ}äEâ¥é�Ô�á¾é/Ù?á Ô�Ý ß Û#ÕE×-Ô�× ß ò Ú?á¾âôé¿Û#Ù?Õ)Ý«Û�ìNÝ}äEâ¥ÖEÔ�Ý�Ô�é¿Û#áoá¾â¿é/ÝVâ¿Ö ÜVâ¿×}Ù?áoÝVâ¿Ö ß Õ�ÔOÝVÛ#Ý�Ô�á4Û�ìø=ø î�Î ø # Ä /8-
	�-��T-�
 â/ÕEâ/Ü}ê=ë Þ Ô�áoÙEâ¿×®ì¡Û#Ü®â�Ô#éVäjâ/á¾â¿é/Ý}ÜVÛ#Õ ß é«×}Ý�Ô�ÝVâTV ï.õ ÝNÕEâ¿â¿Ö?×®×VÛ ò âuÝ ß ò â`ÝVÛÚ?Ù?Ý ß Õ Û#ÜVÖ?â/Ü'Ô�ÕEÖW.EÝuÝ}ä ß ×`ä)Ù?ê7â�Ô ò Û#Ù?ÕJÝ'Û�ì�ÖEÔ�Ý�Ô � Ô�ÝuÝ}äEâ Ý ß ò â�Û�ì4å®Ü ß Ý ß Õ?êEãfå�â¥Ô�ÜVâÛ#Õ?áoë Ô�ÝcÝ}äEâ Þ â/Ü}ë â�Ô�Ü}áoëæ×}Ý�Ô�ê7â¥Û�ìN×}ÙEéVäZÚ?ÜVÛ	é¿â¿Ö�Ù?ÜVâôÔ�ÕEÖæÝ}äEâ/ÜVâSì�Û#ÜVâ¥å�â�Ú?ÜVâ¿×�â/Õ)Ý'äEâ/ÜVâæ ÙE×}Ý�Ô Ú?ÜVâ/á ß ò ß ÕHÔ�Ü}ëhÔ�ÕHÔ�áoë�× ß × ïð äEâ¥é¿Û	Û#ÜVÖ ß ÕHÔ�ÝVâ¿×cÙE×Vâ¿ÖæÝVÛ�×�Ô ò Ú?á¾â�Ý}äEâ¥é¿Û#ÕX.Eê=Ù?Ü�Ô�Ý ß Û#ÕHÔ�á�×}ÚHÔ#é¿â�Ô�ÜVâ¥Ö?â/Ú ß é/ÝVâ¿Ö ß Õ³Lß ê ïÈ�E¢	ï'� ¢�" ïu³ Û#Ü ÔY. · â¿Ö�Zçå
â`é¿Û ò Ú?Ù?ÝVâ¿ÖjÝ}äEâ  4§�¤ ×®Û#ÕjÔ\[ »J¼^]üÀ [ ]_] ê=Ü ß Ö�× ß ò ß á Ô�ÜÝVÛôÝ}äHÔ�ÝÂâ ò Ú?á¾Û�ë7â¿Öÿì�Û#Ü Ý}äEâ é¿Û#áoá ß ÕEâ�Ô�Ü ��` Àba Àca ×VÝ}ÙEÖ�ëjÛ�ì+Ý}äEâ«Ú?ÜVâ ÞJß Û#ÙE× ¤ â¿é/Ý ß Û#Õ ï� â�é¿Û#ÕE× ß Ö?â/ÜVâ¿Ö Û#ÕEâdZ Ô�Õ?ê=á¾â�â Þ â/Ü}ëfehgji-×VÝ�Ô�Ü}Ý ß Õ?ê2ì¡ÜVÛ ò Z � ekgTi-Ô�ÕEÖæâ/ÕEÖ ß Õ?ê�å ß Ý}äZ � e1lmgTi � e(lñê=Ü ß Ö?× "�� ß ÕÉÝ}äEâjá Ô�Ü}ê7âæÔ�Õ?ê=á¾âÿÜVâ/ê ß Û#Õ ã®å®äEâ/ÜVâhÝ}äEâÿÖ ß Ú<Û#á Ô�ÜOÜVâ/Ú?Ù?á¾× ßoÞ âß ÕJÝVâ/Ü�Ô#é/Ý ß Û#ÕjÛ�ì Ý}äEâ�â · é ß ÝVâ¿Ö2×}Ù?Ü�ì�Ô#é¿âÂÚ?ÜVâ Þ â/Õ)ÝV× Ô�Õ)ë¥ÜVâ�Ô#é/Ý ß Û#Õ ã�å
âÂé¿Û ò Ú?Ù?ÝVâ¿Ö�Û#Õ?áoë¥Ý}äEâZ � eonNgTiuÔ�ÕEÖcehpkgTi  ¨§�¤ × ïÈ Ù?Ü+éVäEÛ ß é¿â
Û�ìEÝ}äEâ4é¿Û	Û#ÜVÖ ß ÕHÔ�ÝVâ¿×+é/á¾â�Ô�Ü}áoë'Ö?ÛJâ¿×�ÕEÛ#Ý ò Ô107âNÔ�Õ)ëcÙE×�â4Û�ìEÝ}äEâ4× ß ò¥ò â/Ý}Ü}ë
qsrdQK[hOsF!H�C8H�SE9
Y�9oSEOmH?N�OL=ACE=�CEQK9\;
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;
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Û�ì<Ý}äEâ®×Vë	×}ÝVâ ò Ô�ÕEÖ�Ý}ä)ÙE×¨Ý}äEâNÜVâ¿×VÙ?áoÝV× ß Õ¥Ý}äEâ®á Ô�Ü}ê7â�Ô�Õ?ê=á¾â ÜVâ/ê ß Û#Õ � Zut\vwg i " Ô�ÜVâ®×VÛ ò âSèå®äHÔ�Ý¨ÜVâ¿Ö�Ù?ÕEÖEÔ�Õ)Ý � Ô�áoÝ}äEÛ#Ù?ê=ä�Ý}äEâ�Ô#é/Ý}ÙHÔ�áEê7â¿Û ò â/Ý}Ü ß â¿×�é�Ô�Õ à âNäHÔ�ÜVÖ�áoë ×}Ù?ÚDâ/Ü ß ò ÚDÛ=×Vâ¿Ö " ï³ ÜVÛ ò Ô�é¿Û ò Ú?Ù?Ý�Ô�Ý ß Û#ÕHÔ�á
Ú<Û ß ÕJÝ'Û�ì Þ	ß â/å'ã å
â¥ÝVÛ	Û(0 Ô#Ö Þ Ô�Õ)Ý�Ô�ê7âôÛ�ìNÝ}äEâ ì�Ô#é/ÝcÝ}äHÔ�Ý'Ý}äEâÝ ß ò â�ÕEâ¿â¿Ö?â¿Öæì�Û#Ü'â�Ô#éVä�× ß Õ?ê=á¾â�Ú<Û ß ÕJÝ«é�Ô�á¾é/Ù?á Ô�Ý ß Û#ÕZå
Ô#× Þ â/Ü}ëÿá¾Û]å � Ô à Û#Ù?Ý �{£ è �{í ò ß ÕÛ#ÕOÔYx õ ¤zy £ £g£g£ Ú?ÜVÛ	é¿â¿×V×VÛ#Ü¨å ß Ý}ä í�� Å �hà Û�ìLx © � ã ß Õ�Ô ò Ù?áoÝ ß ÙE×Vâ/Ü
â/Õ ÞJß ÜVÛ#Õ ò â/ÕJÝ " ï

r(H−H)

r(Li−H)
Θ

³Lß ê=Ù?ÜVâ ¢	ï'� ¢�´ Þ ¶?ºDÃ�¸o¿�ÆD¶AÃ�¾KÀ
É�¿}»�º{¸o¶�ÇsÅ�Ç8¶�É�¿�»:¸oÑ�¶�Ã?º{¼�Ã�Å�ºD¼h¸
¿}¾K» ¾D·�¸oÑ�¶�{ " ÇoÅ�Ào·¡ºDÃ�¶
|~}³²�}$� �����f�L�R�����h�������h�R���
� äEâ/Õ ß ÕEé/ÜVâ�Ô#× ß Õ?ê¥Ý}äEâYZ¶Ô�Õ?ê=á¾â'Û�ì ³Lß ê ïÈ�E¢	ï'� ¢�" ì¡ÜVÛ ò Ý}äEâ � â/ÜVÛ Þ Ô�áoÙEâcÛ�ìLÝ}äEâcé¿Û#áoá ß ÕEâ�Ô�Üê7â¿Û ò â/Ý}Ü}ë�Ý}äEâ  ¨§�¤ ×NÖ?Û«ÕEÛ#ÝNéVäHÔ�Õ?ê7âu×}Ù à ×VÝ�Ô�Õ)Ý ß Ô�áoáoëôÝ}äEâ ß Ü � ÙHÔ�á ß Ý�Ô�Ý ßoÞ â à â/äHÔ Þ	ß Û#Ù?Ü�ã?Ô#×é�Ô�Õ à â�×�â¿â/Õôì¡ÜVÛ ò ³Lß ê ïÈ�E¢	ï Å £ " Û#ÕOÚHÔ�ê ï'�D¢ £ å®äEâ/ÜVâ`å�âÂÜVâ/ÚDÛ#Ü}Ý�Ý}äEâ�[ »J¼�]�À [ ]_] é/Ù?Ý
Û�ìÝ}äEâ  ¨§�¤ × ì¡Û#Ü�Z ��� gTi %ð äEâ ß ÕJÝVâ/Ü�Ô#é/Ý ß Û#Õ ß Õ«Ý}äEâ¨ê=ÜVÛ#Ù?ÕEÖ â/á¾â¿é/Ý}ÜVÛ#Õ ß é
×}Ý�Ô�ÝVâ ß ×�Ö?Û ò ß ÕHÔ�ÝVâ¿Ö à ëcÝ}äEâ¨Ýlå�Û�è à ÛJÖ�ëé¿Û#Õ)Ý}Ü ßoà Ù?Ý ß Û#ÕE×`Ô�ÕEÖ ß ÕOÚHÔ�Ü}Ý ß é/Ù?á Ô�Ü à ë�Ý}äEâu×}Ý}ÜVâ/Õ?ê=Ý}äjÛ�ì�Ý}äEâ a ÀWa à Û#ÕEÖ ï¨ð äEâ/ÜVâSì�Û#ÜVâå�â ×�â¿â®Ý}äHÔ�Ý¨Ý}äEâ®ê=ÜVÛ#Ù?ÕEÖ	è�×}Ý�Ô�ÝVâ  ¨§�¤ ß ×4Ô�á ò Û=×}Ý��PÔ�Ý�å ß Ý}äôÛ#ÕEâ Þ â/Ü}ë¥Ö?â¿â/Ú2Ô�ÕEÖ¥ÕHÔ�Ü}ÜVÛ]åéVäHÔ�Õ?ÕEâ/á?é¿Û#Ü}ÜVâ¿×}ÚDÛ#ÕEÖ ß Õ?êÂÝVÛ�Ý}äEâ¨ì�Û#Ü ò Ô�Ý ß Û#Õ�Û�ìEÝ}äEâ a ~ ò Û#á¾â¿é/Ù?á¾â ï È Õ-Ý}äEâ�Û#Ý}äEâ/ÜLäHÔ�ÕEÖfãß Õ2Ý}äEâ`â · é ß ÝVâ¿Ö2â/á¾â¿é/Ý}ÜVÛ#Õ ß éu×}Ý�Ô�ÝVâÂÝ}äEâ ì�â�Ô�Ý}Ù?ÜVâ¿×NÛ�ì Ý}äEâÂ×VÙ?Ü�ì�Ô#é¿âuÔ�Ü ß ×Vâ ò Ô ß Õ?áoë�ìzÜVÛ ò Ý}äEâ×}Ý}ÜVÛ#Õ?ê�â/á¾â¿é/Ý}ÜVÛ=×}Ý�Ô�Ý ß é ß Õ)ÝVâ/Ü�Ô#é/Ý ß Û#ÕE× à â/Ý�å
â¿â/Õ�Ý}äEâ`Ý�å�Û�ÚHÔ�Ü}Ý}ÕEâ/ÜV×]ãJå®ä ß é�ähÔ�ÜVâÂÛ�ìLé¿Û#Ù?ÜV×VâÛ�ì�Ý}äEâuéVäHÔ�Ü}ê7âSè�Ö ß ÚDÛ#á¾âcÝlëJÚDâ ß Õ�Ý}äEâ>� ` a Ãca�� é�äHÔ�Õ?ÕEâ/á�Ô�ÕEÖ�Û�ì�Ý}äEâcéVäHÔ�Ü}ê7âSè ß ÕEÖ�ÙEé¿â¿ÖÖ ß Ú<Û#á¾â�ÝlëJÚDâ ß Õ Ý}äEâ�� ` Ã�a �~ é�äHÔ�Õ?ÕEâ/á ï¯õ Õ Ý}ä ß ×�é�Ô#×Vâ=ã�äEÛ�å�â Þ â/Ü�ã à â¿é�Ô�ÙE×Vâ�Û�ìuÝ}äEâÔ�Õ ß ×}Ý}ÜVÛ#Ú)ë Û�ì`Ý}äEâ�Ö ß Ú<Û#á Ô�Üôé¿Û#ÕJÝ}Ü ßoà Ù?Ý ß Û#ÕÉå
â�Û à ×Vâ/Ü Þ âhÔ ò Ô�Ü207â¿Ö Ö ß�ç â/ÜVâ/ÕEé¿â ß Õ Ý}äEâ×}Ý}ÜVâ/Õ?ê=Ý}ä Û�ì�Ý}äEâ ß Õ)ÝVâ/Ü�Ô#é/Ý ß Û#Õ�å®äEâ/Õ Þ Ô�Ü}ë ß Õ?ê�Ý}äEâ�Z Ô�Õ?ê=á¾â � Ý}ä ß ×`ì¡â�Ô�Ý}Ù?ÜVâ Ù?áoÝ ß ò Ô�ÝVâ/áoëá¾â�Ô#Ö?×®ÝVÛôÔ ÜVâ/Ú?Ù?á¾× ßoÞ â«é¿Û#Õ)Ý}Ü ßoà Ù?Ý ß Û#Õ å®äEâ/Õ�Z���vwg i %� äEâ/Õhå�â é¿Û#ÕE× ß Ö?â/Ü`Ý}äEâ«á Ô�Ü}ê7â�Ô�Õ?ê=á¾â'ÜVâ/ê ß Û#Õ � Zu�de1lXgTi " ×VÛ ò â ×}Ý}Ü}ÙEé/Ý}Ù?ÜVâ�Ô�Ü ß ×Vâ¿×�T³Lß ê ïÈ�E¢	ï Å � " Û#Õ�ÚHÔ�ê ï'�D¢g¢ " å®ä ß éVä ß ×'Ö�ÙEâ�ÝVÛhÛ#Ù?Ü-éVäEÛ ß é¿â2Û�ì®Ý}äEâôé¿Û	Û#ÜVÖ ß ÕHÔ�ÝVâô×}ë�×}ÝVâ ò ïõ ÕEÖ?â¿â¿ÖfãPì�Û#ÜÂÝ}äEâ-ê=ÜVÛ#Ù?ÕEÖ	è�×}Ý�Ô�ÝVâ å�â�Û à ×Vâ/Ü Þ â-Ý}äEâ�Ô�Ú?Ú<â�Ô�ÜVâ/ÕEé¿â�Û�ì
ÔôÜVâ/Ú?Ù?á¾× ßoÞ â à Ô�Ü}Ü ß â/Üà â/Ýlå�â¿â/Õ Ý}äEâ2Ý�å
ÛZÔ#×}ë ò Ú?ÝVÛ#Ý ß é�é�äHÔ�Õ?ÕEâ/á¾× � Ý}ä ß × ß ×�é/á¾â�Ô�Ü}áoë�Ö�ÙEâOÝVÛÿÝ}äEâO×VÝVâ/Ü ß é2â ç â¿é/Ý
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Û�ì¨Ý}äEâ:÷ ß Ý}ä ß Ù ò Ô�ÝVÛ ò Ý}äHÔ�Ý`Ú?ÜVâ Þ â/Õ)ÝV×uÝ}äEâ«Ú?ÜVÛ æ â¿é/Ý ß á¾â äJë	Ö�ÜVÛ#ê7â/ÕZÔ�ÝVÛ ò ÝVÛôÜVâ�Ô#é�äÿÝ}äEâÝ�Ô�Ü}ê7â/Ý a å®äEâ/Õæå�â3. · Ý}äEâdZ Ô�Õ?ê=á¾â¥Ô�ÝcÔôá Ô�Ü}ê7â Þ Ô�áoÙEâ ï2³ Û#ÜÂÝ}äEâ�â · é ß ÝVâ¿Ö ×VÝ�Ô�ÝVâ«Ý}äEâ× ß Ý}ÙHÔ�Ý ß Û#Õ ß ×�×VÛ ò â/å®äHÔ�Ý ò Û#ÜVâ«é¿Û ò Ú?á ß é�Ô�ÝVâ¿Ö à â¿é�Ô�ÙE×�â'Û�ì%Ý}äEâ'Ú?ÜVâ¿×Vâ/ÕEé¿â-Û�ì+Ý}äEâ'Ú?ÜVâ ÞJß èÛ#ÙE×}áoë ò â/Õ)Ý ß Û#ÕEâ¿Ö¥éVäHÔ�Ü}ê7âSè�â · éVäHÔ�Õ?ê7â Ú?ÜVÛJé¿â¿×V× � ×Vâ¿â4ì�Û#ÜLâ · Ô ò Ú?á¾â��	â¿é/Ý ß Û#Õ �E¢	ï'�=ï ý "G" ï�� â

interaction

C2v
geometry

Repulsive dipole

Charge−exchanged
region

Li + H
channel

channel

+

 2
+

LiH + H

R(LiH)

R(HH)

³Lß ê=Ù?ÜVâ ¢	ï'�j� ´ �	é�äEâ ò Ô�Ý ß é'ÜVâ/Ú?ÜVâ¿×Vâ/ÕJÝ�Ô�Ý ß Û#Õ Û�ì+Ý}äEâcá Ô�Ü}ê7â«Ô�Õ?ê=á¾âcÜVâ/ê ß Û#Õ ï
ò Ô�ë�Ô�ÕHÔ�áoë � âuÝ}ä ß ×NÜVâ/ê ß Û#ÕjÛ�ì�Ý}äEâ����_�2å ß Ý}ä�Ý}äEâÂäEâ/áoÚjÛ�ìLÝ}äEâcÖ ß Ô�ê=Ü�Ô ò Û�ì ³Lß ê ïÈ�E¢	ï'�j� "å®äEâ/ÜVâNå
â®ÜVâ/Ú<Û#Ü}Ý4Ô`×Vé�äEâ ò Ô�Ý ß é®ÜVâ/Ú?ÜVâ¿×Vâ/ÕJÝ�Ô�Ý ß Û#Õ2Û�ìPÝ}äEâ/���*�-ì�Û#Ü�Z � ehphgTiNÔ�á¾Û#Õ?êcå ß Ý}ä×VÛ ò â`ÜVâ/á¾â Þ Ô�Õ)Ý®ê7â¿Û ò â/Ý}Ü ß â¿× ï�� äEâ/ÕWZ�t¡  ú i Û#Ù?Ü®é¿Û#ÕX.Eê=Ù?Ü�Ô�Ý ß Û#ÕHÔ�á�×}ÚHÔ#é¿âu×}ÚHÔ�ÕE× Ô�á¾×VÛÝ}äEâ ×}ë ò¥ò â/Ý}Ü ß é�¢ ~s£ ×}Ù à ×}ÚHÔ#é¿â � ì�Û#ÜuÔ�. · â¿Ö¤Z ß Ý ß ×`Ô2× ß ò Ú?á¾â ò Ô�Ý}ÝVâ/ÜÂÝVÛO×}äEÛ]å Ý}äHÔ�ÝÝ}ä ß × ×VÙ à ×}ÚHÔ#é¿âcÜVâ¿Ö�ÙEé¿â¿× ÝVÛ�Ý}äEâ'ÜVâ¿é/Ý ß á ß ÕEâ�Ô�Ü�ÚHÔ�Ý}ähÛ�ì%âT¥)ÙHÔ�Ý ß Û#Õ

[ ]_]¸�¶À�Ì(¦o§�¨ Z>[ »J¼�]

×}äEÛ]å®Õ ß Õ ³�ß ê ïÈ�E¢	ï'�j� " Ô#×-Ô à Û#á¾Ö�á ß ÕEâ ïOð äEâ2ÖEÔ#×}äEâ¿ÖZÜVâ/ê ß Û#ÕüÔ à Û Þ â�Ý}ä ß ×-á ß ÕEâôé¿Û#Ü}ÜVâSè×}ÚDÛ#ÕEÖ?× ÝVÛôÝ}äEâ-â/ÕJÝ}Ü�Ô�ÕEé¿â�� ` a ÃBa�� é�äHÔ�Õ?ÕEâ/á � ä ß ÕEÖ?â/ÜVâ¿Ö à ë�Ý}äEâ«ÜVâ/Ú?Ù?á¾× ßoÞ â Ö ß Ú<Û#á¾âSèé�äHÔ�Ü}ê7â ß ÕJÝVâ/Ü�Ô#é/Ý ß Û#Õ " Ô�ÕEÖ¸é/á¾Û=×VâjÝVÛ Ý}äEâW[ »J¼�] Ôª© ß ×�å�âhäHÔ Þ â=ã�Ô#×OÔ�áoå
Ô�ë	×�ãNÝ}äEâÿâ�© ß Ý� ` Ã«a �~ éVäHÔ�Õ?ÕEâ/á ïuõ Õ à â/Ý�å
â¿â/Õ2Ý}äEâ¿×Vâ`Ô�ÜVâ�Ô#×4Ý}äEâ/ÜVâ ß ×�Ô¬�léVäHÔ�Ü}ê7âSè�â�©?éVäHÔ�Õ?ê7â � ÜVâ/ê ß Û#Õ ß Õå®ä ß é�ä�Ý}äEâ ß Õ ß Ý ß Ô�áoáoë�éVäHÔ�Ü}ê7â¿Ö�Ú?ÜVÛ æ â¿é/Ý ß á¾âuäHÔ#×®â�©?éVäHÔ�Õ?ê7â¿Ö ß ÝV×®éVäHÔ�Ü}ê7âuå ß Ý}ä�Ý}äEâ`Ý�Ô�Ü}ê7â/ÝäJë	Ö�ÜVÛ#ê7â/Õ2Ô�ÝVÛ ò ß Õ�Û#ÜVÖ?â/Ü¨ÝVÛ`ì¡Û#Ü ò Ý}äEâ ò Û#ÜVâ ×}Ý�Ô à á¾â/� ` a ò Û ß â/Ýlë ï%ð ä ß × ß ×+Ý}äEâ Û#Ü ß ê ß ÕÛ�ì+Ý}äEâ ò ß Õ ß ò Ù ò â ÞJß Ö?â/ÕJÝ ß ÕjÝ}äEâcé¿â/ÕJÝ}Ü�Ô�á�ÚHÔ�ÕEâ/á�Û�ì ³Lß ê ïÈ�E¢	ï Å � " ï� âjå ß áoá®Ý}Ù?Ü}Õ à â/á¾Û]å Û#Õ Ý}äEâ�ÚDÛ=×V× ßoà á¾â ß ò Ú?á ß é�Ô�Ý ß Û#ÕE×2Û�ìu×VÙEéVä ì�â�Ô�Ý}Ù?ÜVâ¿×ôÛ#Õ Ý}äEâÖ�ë	ÕHÔ ò ß é¿× Û�ì�Ý}äEâc×Vë	×}ÝVâ ò � ì�Û#Ü®Ý}äEâ ò Û ò â/Õ)Ý�á¾â/Ý®ÙE× à Ü ß â��Eë�Ö?â¿×�é/Ü ßoà â`Ý}äEâcá¾Û]åûâ/ÕEâ/Ü}ê=ë×}Ý}Ü}ÙEé/Ý}Ù?ÜVâ¿×�Ý}äHÔ�Ý�éVäHÔ�Ü�Ô#é/ÝVâ/Ü ß�� â«Ý}äEâ à Û#Ù?ÕEÖj×}Ý�Ô�ÝVâ¿× Û�ì+Ý}äEâ\� ` a �~ñò Û#á¾â¿é/Ù?á¾â ï
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³Lß ê=Ù?ÜVâ ¢	ï Å £ ´ ð äEâcÝ}ä?ÜVâ¿âcá¾Û]å�â¿×}Ý>���*�	× ì¡Û#Ü�Z �d� g i ï
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|~}ÒÑ�}
Ó �����BÔª���GÕ_�Ö�fÔª�(�w×�Øm�h×��h�NÔ
� âÂé�Ô�Õ�Û à Ý�Ô ß Õ�×VÛ ò âÂÚ?ÜVâ/á ß ò ß ÕHÔ�Ü}ë ß Õ�ì�Û#Ü ò Ô�Ý ß Û#ÕE×®Û#Õ2Ý}äEâ`âT¥)Ù ß á ßoà Ü ß Ù ò ×}Ý}Ü}ÙEé/Ý}Ù?ÜVâ¿×®Û�ìÝ}äEâ¨×}ë�×}ÝVâ ò à ë`á¾Û	Û(0 ß Õ?êÂÔ�Ý�Ý}äEâ%Ú?ÜVÛ1.Eá¾â¿×�Û à Ý�Ô ß ÕEâ¿Öcå®ä ß á¾â�.z© ß Õ?ê®Ý}äEâ Þ Ô�áoÙEâ¨Û�ì?Û#ÕEâ¨Û�ì�Ý}äEâÝ�å
Û ß ÕJÝVâ/Ü}Õ)ÙEé/á¾â�Ô�Ü'Ö ß ×}Ý�Ô�ÕEé¿â¿×`Û�ì¨Û#Ù?Ü�ê=Ü ß ÖÿÔ�ÝÂÝ}äEâ«âT¥JÙ ß á ßoà Ü ß Ù ò Þ Ô�áoÙEâ«Û�ì%Ý}äEâ«ÜVâ/á¾â Þ Ô�ÕJÝò Û#á¾â¿é/Ù?á¾â ï ³ Û#ÜôÝ}äEâhê=ÜVÛ#Ù?ÕEÖ	è�×}Ý�Ô�ÝVâhå
âjäHÔ Þ âÿÔ�áoÜVâ�Ô#Ö�ë ÕEÛ#ÝVâ¿Ö Ý}äHÔ�Ý2Ý}äEâ ß Õ)ÝVâ/Ü�Ô#é/Ý ß Û#Õß × ò Ô ß Õ?áoë6Ö�ÙEâôÝVÛÿÝ}äEâôì¡Û#Ü ò Ô�Ý ß Û#Õ Û�ì Ý}äEâ a ~ ò Û#á¾â¿é/Ù?á¾â�Ô�ÕEÖfã+Ý}ä)ÙE×]ã�.z© ß Õ?ê�[ ]_] �[8ÙªÚ a ~ � å
â ò Ô�ë ß Õ�ì�â/Ü`å ß Ý}äZÔôê7ÛJÛ	ÖæÔ�Ú?Ú?ÜVÛT© ß ò Ô�Ý ß Û#Õ Ý}äEâ âT¥JÙ ß á ßoà Ü ß Ù ò ê7â¿Û ò â/Ý}Ü}ëÿÛ�ìÝ}äEâ�é¿Û ò Ú?á¾â�© ï õ Õ Ý}äEâ�â�©?é ß ÝVâ¿Ö ×}Ý�Ô�ÝVâ Ý}äEâ¥× ß Ý}ÙHÔ�Ý ß Û#Õ ß ×c×VÛ ò â/å®äHÔ�Ý'Ö ß�ç â/ÜVâ/Õ)Ý à Ù?Ýcå
âÕEÛ#ÝVâ¿Ö ß ÕOÝ}äEâ`é¿Û#áoá ß ÕEâ�Ô�Ü®Ô�Ü}Ü�Ô�Õ?ê7â ò â/ÕJÝ Ý}äHÔ�Ý
Ý}äEâ�Ýlå�Û�Ö?â¿â/Ú�å�â/áoá¾×
å�â/ÜVâJ��Ú?ÜVâSè�ÜVâ�Ô#é/Ý ß Û#Õ �å�â/áoá¾×�ãHéVäHÔ�Ü�Ô#é/ÝVâ/Ü ß�� â¿Ö à ëjÔ�×}Ù à ×}Ý�Ô�Õ)Ý ß Ô�áoáoë�Ù?ÕEé�äHÔ�Õ?ê7â¿ÖhâT¥JÙ ß á ßoà Ü ß Ù ò Ö ß ×}Ý�Ô�ÕEé¿â¿×�Û�ìLÝ}äEâÜVâ/á¾â Þ Ô�ÕJÝ-ÜVâ�Ô�ê7â/ÕJÝ ò Û#á¾â¿é/Ù?á¾â ïÿð ä)ÙE×�ã%Ô�áoÝ}äEÛ#Ù?ê=ä Ô�Ý�Ô ò Û#ÜVâOÔ�Ú?Ú?ÜVÛj© ß ò Ô�ÝVâOá¾â Þ â/á�ãLÝ}äEâ×�Ô ò â�0 ß ÕEÖæÛ�ì
Ú?ÜVÛ1.Eá¾â¿×cÛ�ì à âSì¡Û#ÜVâ�é�Ô�Õ à â�Û�ì4äEâ/áoÚ ß ÕæÙ?ÕEÖ?â/ÜV×}Ý�Ô�ÕEÖ ß Õ?êhÝ}äEâ-ÕHÔ�Ý}Ù?ÜVâ¥Û�ìÝ}äEâ ß Õ)ÝVâ/Ü�Ô#é/Ý ß Û#Õ ï

2.0 2.5 3.0 3.5 4.0 4.5 5.0
R(Li-H) / a

0

-8.430

-8.425

-8.420

-8.415

-8.410

-8.405

-8.400

E
 /

 E
h

Θ = 10˚

Θ = 20˚

Θ = 50˚

Θ = 60˚

Θ = 90˚

Θ = 100˚

Θ = 110˚

Θ = 140˚

³Lß ê=Ù?ÜVâ ¢	ïºÛ�Û ´ y Ù?ÝV×�Û�ì�Ý}äEâ%ê=ÜVÛ#Ù?ÕEÖ	è�×}Ý�Ô�ÝVâ_���*�`ì¡Û#Ü Ñ Ú a�a �%�¶ø ñhò+ÓwÜ Ô�ÕEÖuì�Û#Ü Ö ß�ç â/ÜVâ/ÕJÝZ Þ Ô�áoÙEâ¿× ïõ Õ ³Lß ê ïÈ�E¢	ïºÛ�Û " Û#Õ«ÚHÔ�ê ï'�D¢(Ð å�â�ÜVâ/Ú<Û#Ü}ÝL×VÛ ò â
é/Ù?Ü Þ â¿×LÛ à Ý�Ô ß ÕEâ¿Ö-å ß Ý}ä�[ ]*] �¶ø ñhò+Ó Ü ãß�ï â ï å�â é¿Û#ÕE× ß Ö?â/ÜuÝ}äEâ ß ÕJÝVâ/Ü�Ô#é/Ý ß Û#ÕZÛ�ì�Ô�ÕZÔ�Ú?Ú?ÜVÛ7Ô#éVä ß Õ?ê�� ` � Ô�ÝVÛ ò ì¡Û#ÜuÖ ß�ç â/ÜVâ/Õ)ÝcÛ#Ü ß èâ/Õ)Ý�Ô�Ý ß Û#Õ Û�ì�Ô¥Ü ß ê ß Ö a ~ ò Û#á¾â¿é/Ù?á¾â ï�� â«×Vâ¿â«Ý}äHÔ�ÝÂÝ}äEâ-×}äHÔ�áoá¾Û�å¶å
â/áoáLÛ�ì¨Ý}äEâ-é¿Û#áoá ß ÕEâ�Ô�Üê7â¿Û ò â/Ý}Ü}ë à â¿é¿Û ò â¿×ÂÖ?â¿â/Ú<â/Ü�Ô�ÕEÖjÖ?â¿â/ÚDâ/Ü å®äEâ/Õ�Z ß × ß ÕEé/ÜVâ�Ô#×Vâ¿Ö�Ù?ÕJÝ ß á ß Ý ÜVâ�Ô#éVäEâ¿×�Ý}äEâò ß Õ ß ò Ù ò ì¡Û#Ü�Z �iø úgú i ï_Ý é/á¾Û=×Vâ/Ü ß ÕE×}ÚDâ¿é/Ý ß Û#ÕÿÛ�ì+Ý}äEâ«é¿Û#Ü}ÜVâ¿×}ÚDÛ#ÕEÖ ß Õ?êôê7â¿Û ò â/Ý}Ü}ëjÛ�ìÝ}äEâ ò Û#á¾â¿é/Ù?á¾â ÜVâ�Ô Þ â�Ô�á¾×`Ý}äHÔ�ÝcÔ�Ý�Ý}äEâ ò ß Õ ß ò Ù ò å�â«äHÔ Þ â=ã<å ß Ý}ä Ô¥ê7Û	ÛJÖ Ô�Ú?Ú?ÜVÛT© ß ò Ô;è



�D¬54�¬­©Z¥§ª6487 «Pªu¦�¤A©Z®Dÿmª ²��Z« ° ¦�¤Zª<² �D¢(�
Ý ß Û#Õ ã?Ô�¢ ~s£ ×VÝ}Ü}ÙEé/Ý}Ù?ÜVâ ï.õ ÕEÖ?â¿â¿Öfã	Ý}äEâ`âT¥)Ù ß á ßoà Ü ß Ù ò ×}Ý}Ü}ÙEé/Ý}Ù?ÜVâuÛ�ì�Ý}äEâ ß Û#ÕOÛ à Ý�Ô ß ÕEâ¿Ö à ëU ïßÞ �	â�Ô�Ü}á¾â¿×¨â/Ý4Ô�á ï5���j����� " é¿Û#Ü}ÜVâ¿×}ÚDÛ#ÕEÖ?× ß Õ¥Û#Ù?Ü¨é¿ÛJÛ#ÜVÖ ß ÕHÔ�ÝVâ¿×%ÝVÛ>[8àwá ]ó� î�ñ*ú�â ú ÓmÜ Ô�ÕEÖZ � ø úgú ñãâ i ã ß�ï â ï�Þ â/Ü}ëæé/á¾Û=×Vâ¥ÝVÛ�Ý}äHÔ�Ý-×}äEÛ�å®Õ ß Õ ³Lß ê ïÈ�E¢	ïºÛ�Û " ïôð äEâ à?ß ÕEÖ ß Õ?ê â/ÕEâ/Ü}ê=ëß ×�ä�Ùd�å �æ�ç�è � ú ñãé1ê�ò�ëªì ãLå®ä ß éVä ß × Þ â/Ü}ëZé/á¾Û=×VâôÝVÛhÝ}äHÔ�Ý Û�ìJU ïßÞ �	â�Ô�Ü}á¾â¿×�â/Ý Ô�á ï� ä�Ù � ú ñãégò=ú�ëªì " ï5õ Ý ß × å
Û#Ü}Ý}äÿÝVÛôÕEÛ#ÝVâ=ãEäEÛ�å
â Þ â/Ü�ã<Ý}äHÔ�Ý�Ý}äEâ % -
	G) # 1�×�Ô#Ö?Ö�á¾â«Ú<Û ß ÕJÝ ß ×Û#Õ?áoë�� â æ�çJè � ú ñ ø â=î�ëªì Ô à Û Þ â'Ý}ä ß × Þ Ô�áoÙEâ ï

3.0 4.0 5.0 6.0 7.0 8.0 9.0
R(H-H) / a

0

-8.090

-8.080

-8.070

-8.060

-8.050

-8.040

-8.030

E
 /
 E

h

Θ = 10˚

Θ = 20˚

Θ = 30˚

Θ = 40˚

Θ = 50˚

Θ = 60˚

Θ = 70˚

Θ = 80˚

Θ = 90˚

³�í ê=ÙzîVâ ¢	ïºÛ ý ´ y ÙzïV×�ð�ìRï}äEâ*.�îV×2ï%â�©?é í ïVâTñ����*�'ì�ð(î�òdÚ�� ` aæ�¨� î�ñ ú�ó Ü/ô1õ ñ-ì�ð(î�ñ í�ç âoîVâ õ ïZ�ö ô áoÙEâ¿× ïõ$õ ï}äEâ�.�îV×2ïNâ�©?é í ïVâTñO×;ï ô ïVâ�å
âÂä ô ö7â>ï�å*ð å
â/áoá¾× ï�� äEâ õ å
âJ.z©÷ï}äEâ�� ` a ñ í ×2ï ô1õ é¿âô ï÷ï}äEâWö ô áoÙEâ�[ àwá ] � î�ñ ú�ó Ü å�â«îVâ¿éTðjö7âoîøï}äEâhâ�©�Ú<â¿éoïVâTñ à â/ä ô ö í ð#Ùzî�ð�ì ô ñ í ÚGð#á ô îí�õ ïVâoî ô éoï í ð õ�� ×Vâ¿â ³�í ê ïÈ�E¢	ïºÛ ý "G"�� ï}ä ô ï í ×�ï}äEâ éTð#áoá í�õ â ô îNâT¥JÙ í á íoà î í Ù ò ê7âTð ò âoï2î}ë í × ô � 1 & )ò í�õzí ò Ù ò ð�ì�ï}äEâ ×Vë	×2ïVâ ò ô1õ ñ í ï�ï}Ùzî õ ×¬ð#Ùzï¬ï;ð à â\ï}äEâ ô�à ×;ð#áoÙzïVâ�ð õ â ï>Ý ï¬ï}äEâ-â õ ñfãå®äEâ õ å�â/.z©dï}äEâ a«a ñ í ×2ï ô1õ é¿â ô ï�ï}äEâ�ö ô áoÙEâ�[ ]*]Ø� é�ñ ú�ó Ü å�â�ð à ï ô1í�õ ×}Ùzî}Úzî í × í�õ ê=áoëï}ä ô ïLï}äEâ4éTð#áoá í�õ â ô î�âT¥JÙ í á íoà î í Ù ò ê7âTð ò âoï2î}ë í × ô × ô ñzñ�á¾â¨ÚGð í�õ ï à âoïlå�â¿â õ ï�å_ð�×}ë ò¥ò âoï2î}ëîVâ/á ô ïVâTñ ò í�õzí ò Ù ò ×;ï2î}ÙEéoï}ÙzîVâ¿×4å í ï}ä�Zù� ø ú i ã7á^ð	é ô ïVâTñ ô ï ô�à ð#Ùzï é æ�çJè � ú ñ ú ò1ê�ëªìà â/á^ð�åõ×}ÙEéVäü× ô ñzñ�á¾â�Úúð í�õ ï � ×Vâ¿â ³�í ê ïÈ�E¢	ïºÛ  �" ð õ Ú ô ê ï'�jÐg£ " ï�û ð(ïVâ ô á¾×üð í�õö³�í ê ïÈ�E¢	ïºÛ  �"ï}äEâ ò í�õzí ò Ù ò ï}ä ô ï ô Ú?Ú<â ô îV×`ìÉð(îYZ � ø â ú i ô ï>[ àká ] � ú�ñhò ó Ü å®ä í éVäZéTð(î2îVâ¿×}Úúð õ ñ?×ï;ð�ï}äEâ�ý #(þ ) ×;ï2î}ÙEéoï}ÙzîVâYð�ì ô�à ðjö7âjÿ ï��� BKOTC�CE=ZQ�HGiv9dH?I5[hFK9�HZ=?Y�CEQK9dOTCLSE9�IKR?CEQ�=�YgCEQ!9d[�I]CE9
S8H�;
CE[�=�I�CEQK9 c [�I�FD[�I!RZ9
I!9
SER?[h9
O�=�YgOL=�>A9 c =?I�FDO



�jÐg£ ¤Z¥§¦P¨§©Zªu«®�D¬­©Z¥§ª¯®�¯ ©Zªu« ¦�¤A©Z®T°_¯ ° °�«2¤Zª�²

4.0 5.0 6.0 7.0 8.0 9.0 10.0
R(Li-H) / a

0

-8.070

-8.060

-8.050

-8.040

-8.030

-8.020

E
 /
 E

h

Θ = 0˚

Θ = 10˚

Θ = 20˚

Θ = 40˚

Θ = 60˚

Θ = 80˚

Θ = 110˚

Θ = 120˚

Θ = 140˚

Θ = 160˚

³�í�� Ùzî�� ¢	ïºÛ  �´ y ÙzïV×�ð�ìGï��	�_.�îV×2ï
��©�� í ï��Tñ����_�-ì�ð(î�òdÚ a�aæ�%� é�ñ ú�ó Ü�ô1õ ñ ìÉð(î�ñ í�ç �oî�� õ ïZ�ö ô�
 Ù	�¿× ï
|~}ÒÑ�}
Ñ �����f�h����Øm�����~���*�N�h���ø����Ô
� �¿ñ í ×��/ÙE×V×��	�oî�� í�õ ×;ð ò �/ñ��oï ô1í�
 ×�ï��	� )����]-
� )�� ý � # � ) ���*���Éð��/ÙE× í�õ���ô ï2ï�� õ ï í ð õ ð õ ï��	�ÚGð=×�× í� �
 �¿î�� ô �oï í ð õ Ú ô ï��E×�ï�� ô ï!�Tð#Ù 
 ñ�ï ô 0��®Ú 
 ô �"��ð õ ï�� í ×4×}Ùzî#� ô �"�%$ ð �	� � î;ð#Ù õ ñ'&�×;ï ô ï�����*�)( ô × ô�
 î�� ô ñ�* õ ð(ï��Tñh×��oö��oî ô�
 ï í ò �¿×  �+�Éð(î��%(�� ô × ô ï2î í ö í ô�
 ï;ð#Úúð 
 ð � * ô1õ ñ�ï��	�«ý(Uî��¿×}Ù 
 ïV×!�	�oî�� Úzî��¿×�� õ ï��Tñ ô ñzñ÷ð õ�
 *�ï��	��î��/Ú?Ù 
 × í ö����l×2ï��oî í � �  Rô î2î í �oî_ï;ð\ï��	��ï;ð#ÚGð 
 ð � *dð��ï��	�cÚúð(ï�� õ ï í ô�
 ñ í ×��/ÙE×�×��Tñ í�õ �'�"�oï í ð õö�E¢ $ Û " $Ý ×,��©�Ú-�"�oï��Tñ.(?×2ï ô î2ï í�õ�� �
î;ð ò ï��	�/�Tð 
�
�í�õ � ô î � �Tð ò �oï2î�*øï��	�u× ô ñzñ 
 �uÚúð í�õ ï�ð���� ô �0��/ÙzïJ���*�  �"�Tð ò �¿×1� í�� �	�oî ô1õ ñ2� í�� �	�oî í�õ � õ �oî � *435�	� õ Z í�õ �oî�� ô ×��¿×6$ ð � ô ï í ×7(zï��	��Tð 
�
�í�õ � ô î%× ô ñzñ 
 �4Úúð í�õ ï í × ô � 1 & ) × ô ñzñ 
 ��ÚGð í�õ ï�ð��Rï��	��×VÙzî#� ô �"�"8%$ ð �	�  �9� ô ö í ð(î�ð���ï��	�× ô ñzñ 
 �®Úúð í�õ ï,� ô1õ: �®×��"� õ�í�õ�³�í�� $ �E¢ $ Ûgí " ð õ Ú ô�� $ �jÐ�� 35�	�oî���ï��	��î�� 
 �oö ô1õ ï4Úúð(î2ï í ð õ ð��ï��	�¿ö ô î í ð#ÙE×�×}Ùzî#� ô �"�¿× í ×�ñ í ×}Ú 
 ô *��Tñ.$ õ õ Ù?Ú?Ú-�oî%Ú ô1õ � 
 ð��úï�� í ×�. � Ùzî��%(kï��	�®× ô ñzñ 
 �®ÚGð í�õ ïò ðjö��¿×Yï;ð63 ô î;ñ 
 ô î � �oî\[8àwá ] ñ í ×2ï ô1õ �"�¿× � * ô ©��¿× í�õ ï��	��. � Ùzî�� " 35�	� õ í�õ �oî�� ô × í�õ�� Z � 
 ð73åvwgNi;$ ð � í × ò � ô1õ ×Yï�� ô ï/�Éð(î�Z t £ i�( õ ð(ïYð õ�
 *�ï��	�<�Tð 
�
�í × í ð õ � õ �oî � *=� ô ×�ï;ðí�õ �oî�� ô ×��\ï;ð�ðjö��oî��Tð ò ��ï��	�  Rô î2î í �oî6(  Ùzï ô�
 ×;ð�ï��	�3ñ�� � î��"�Yð���ö í� î ô ï í ð õRô�
 ��©�� í ï ô ï í ð õH�SE9��?> ��@BA�C _ �9D'E5F­��G{� H���� b >,I @ ^ � E5FKJD� L0H(��� b >!I @NM _ ^ EPOQJ���� b >!I @ ^ ��R ��� ^ ��R E5O�{� STS���� H?I!F?>,I @ `�a¡^ ��� ^ �0E	O��D� �9S?������pU rdQ![�O�[hOq=�IKNew§H,V{B!H?N�[eC8H�CE[�iv9�New SE9�OLB!NeC�CEQ�H�C�;GH?I c 9m9
n{CLS8H?;
CE9�F c w Nh=]=?�{[hIKR�H�C�CEQ!9mF!H�C8H{p
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ð��!W -YX ò ÙE×2ï í�õ �oî�� ô ×��\ï;ð÷ðjö��oî��Tð ò ��ï��	�«× ô ñzñ 
 �-Úúð í�õ ï6$ � �	� õ 3!�Z�¡Ùzï��	�oî í�õ �oî�� ô ×��

3 4 5 6

4

6

3 4 5 6

4

6

3 4 5 6

4

6

3 4 5 6

4

6

3 4 5 6

4

6

3 4 5 6

4

6

³�í�� Ùzî�� ¢ $ Ûgí ´AÓgºKÉ�Ég¼�¶�¹�¾D¿\[K¸<¶�ÆD¾K¼}Å�¸o¿�¾7[:·È¾DÀ�ºXÆvºDÀo¿�º]¸
¿}¾][ ¾{·d¸oÑ�¶Pº6[�ÁK¼}¶KÒ�^�Ào¾KÛ­¼�¶�·'¸<¸o¾MÀ
¿}ÁKÑ!¸?Õ·ÈÀ
¾DÛ ¸
¾D¹M¸
¾PØ�¾{¸o¸o¾KÛ ¸oÑ�¶Aº7[�ÁD¼�¶?ÇZº{À
¶D½!_]`0a7b�c7`Ta7b.d�`0a7be_"f;`0a7b�_�g'`0a7be_]h6`Ta!Ò " ¿�ÇE¸�º6[�Ã�¶?Çmº{À
¶�¿i[º�Ò Å�Ò�Ò�ÚmÑ�¶5Â ºj:g¿�ÇZ¿�Çm¸oÑ�¶XËXÌ¡ÍdÎ'â¡Ï.Ð§Ég¿�ÇE¸�º6[�Ã�¶DÒ
Z  �9*hð õ ñ vwg i ï��	�c× ô ñzñ 
 �cÚúð í�õ ïj�Tð ô�
 �¿×��"�¿×�ð õ ï��	�¬î��/Ú?Ù 
 × í ö���¢ ~s£  Rô î2î í �oî Ù õ ï í�
 ��ð(î
 ô î � ��Z ô ×��"�Tð õ ñ × ô ñzñ 
 ��Úúð í�õ ï ô Ú?Ú-� ô îV×¬ï�� ô ïk�Tð(î2î��/Úúð õ ñ?×�ï;ðøï��	�  Rô î2î í �oî?��ð(î¬ï��	��0� ô î � �+&l��©��0� ô1õ�� �hÚzî;ð'�"�¿×V×nm¡×��"� ³�í�� $Ym ¢ $�o ��p�ô1õ ñ ³�í�� $Ym ¢ $ Û o p�p $rqP�	�oî��+��ð(î��%(!3!�4s ô *ô î � Ù	��ï�� ô ï6(t��î;ð;s ô � 
 ô ×V× í � ô�
 Úúð í�õ ï÷ð��>ö í �93k(�ïu3*ðvs<�"�0� ô1õzí ×�s�× ô î���ÚGð=×�× í� �
 �w��ð(îï��	�Wî�� ô �oï í ð õ $ Ý ï 
 ð63x� õ �oî � * ð õ�
 * ô ×�s ô�
�
¬ô1õ�� Ù 
 ô îy�Tð õ �zm
ï��	�«ñ í Úúð 
 � ô�
�
 ð73!�Tñð õ � pJí ×?� ç �"�oï í ö��{�Éð(î>ï��	�3î�� ô �oï í ð õ ï;ðøð'�"�/Ùzî ´ í�õ ï�� í ×/� ô ×��3ï��	� Úzî;ð(ï;ð õ ×�� ô ï2ï��oîV×�ð çï��	�|��*mñXî;ð � � õ × í ñ���ð��*ï��	��ï ô î � �oï/sdð 
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 ñ  � õ ð(ïc× í���õzí .ª� ô ï í ö��  �oïu3!�"� õ ï��	� � î;ð#Ù�ñ ô1õ ñ«ï��	�Y.�îV×;ï?��©�� í ï��Tñæ×2ï ô ï��%(  Ùzï�Tð#Ù 
 ñ�Ú 
 ô * ô1õ�í s¥Úúð(î2ï ô1õ ï�î;ð 
 �  �oïu3!�"� õ ï��	�¬.�îV×2ï ô1õ ñj×��"�Tð õ ñ2��©�� í ï��Tñj×;ï ô ï��%$qP�	�3ïl3*ðO×}Ùzî#� ô �"�¿× í�õ ï��oî ô �oïc×2ï2î;ð õ��%
 * í�õ ï��	�Yï2î í ô ï;ð;s í ��ñ í ×V×;ð'� í ô ï í ð õ î�� ��í ð õ m ô ×ô�
 î�� ô ñ�* õ ð(ï��Tñy��ð(î*ï��	�?�Tð 
�
�í�õ � ô î � �Tð;s<�oï2î í �¿× p 35�	�oî��>ï��	�>ñ í ×V×;ð'� í ô ï í ð õy
�í s í ï í ×_ñzð#Ù�& �
 ��ñ�� � � õ �oî ô ï��%$nqP�	�2Úzî;ð  �
 �9s ð��¿ï��	� ô ×�*'s¥Úzï;ð(ï í � í�õ ï��oî ô �oï í ð õz �oïl3,�"� õ ï��	��ïl3_ð×2ï ô ï��¿×|� ô × ô�
 î�� ô ñ�*  �"� õ ñ��¿×��oî í� �Tñ ô� ðjö�� í�õ �JÙ  ×��"�oï í ð õ m��'$ Û $�o p�ô1õ ñ í ×�ñ�Ù	��ï;ðï��	�4s í © í�õ��v �oïl3,�"� õ ï��	� � î;ð#Ù õ ñ ô1õ ñ .�îV×2ï���©�� í ï��Tñ ×2ï ô ï��¿×dð��>� ` a 3 í ï�� ô1õ ��©'&� í ï��Tñ ×2ï ô ï���ð��_� ` a � í�õ ï��	��Úzî��¿×�� õ �"��ð�� ô1õ ��*mñXî;ð � � õbô ï;ð;sn${« õ ï��	� í�õ ï��oî ô �oï í ð õî�� ��í ð õ 3!� ô î�� õ ð(ï ô� �
 ��ï;ðøñ í ×��/ÙE×V× ô �"�/Ùzî ô ï�� 
 *�ï��	��¥JÙ	�¿×2ï í ð õ ð��*ï��	� 
 ð'� ô ï í ð õbô1õ ñ� ô î ô ���	�oî í�¬8ô ï í ð õ ð���ï��	�«×�� ô såð���ï��	�cÚGð=×�× í� �
 �/�Tð õzí � ô�
�í�õ ï��oîV×��"�oï í ð õ × í�õ �"�\ï��	��ï�� í î;ñ×2ï ô ï��{3 ô × õ ð(ïk� ô�
 �/Ù 
 ô ï��Tñ  * ô1õ ð#Úzï í s í�¬ �Tñ¤î��+���oî�� õ �"�{�¡Ù õ �oï í ð õ $�¡>ð63,�oö��oî ô ×¬ï��	���í�� $Ym��'$ Û�­�p ×���ð73 ×�ï��	�/ïu3*ð ×}Ùzî#� ô �"� ô î�� í�õ ñ��"�Tñdö��oî�*<� 
 ð=×0�/ï;ðk� ô ����ð(ï��	�oî*ð õ ï��	� 
�í�õ �ï�� ô ï 
 ð'� ô ï��¿×�ï��	��¢ ~s£ ×}Ù  ×}Ú ô �"� í�õ ð#Ùzî?�Tðwð(î;ñ í�õRô ï�� ×�*�×2ï��9s­m¡×��"� ô�
 ×;ð ��í�� $Ym��'$�o ��p�p $� � ô ï_î��9s ô1í�õ ×¿ï;ð|�¿×2ï ô� zí�
�í ×�� í ×/m í®p�í �Lï��	�u×}Ùzî#� ô �"�¿× ô �oï}Ù ô�
�
 *y�oî;ð=×V× ô1õ ñ=m í�í®p ��ð63 ï��	��oî;ð=×V× í�õ�� Úúð í�õ ï1sdð8ö��¿×j3 í ï��Wï��	�YZ ô1õ��%
 �"¯%$
<>=�° ±Z²/F)³{´0µ�µ{¶
·¹¸-¶
º1»e¼½´�²1·¿¾{º5¼½À�Á�º�Â/Ã
Ý × í ï í ×,�oö í ñ�� õ ït��î;ð;s&ï��	�Jï��zî��"�+& ñ í s<� õ × í ð õRô�
 î��/Úzî��¿×�� õ ï ô ï í ð õ ð���ï��	�jÄ�îV×2ï�ïu3*ð{� 
 �"�+&ï2î;ð õzí �2×;ï ô ï��¿×Z35� í �0�z3,�ôÚ 
 ð(ï ô��kô1í�õ ��ð(î3ï��	�y�Tð 
�
�í�õ � ô î|Å�Æ,ÇÉÈÊÇ�È � �Tð;s<�oï2î�* í�õË#ÌÎÍ1Ï�Ð�ÑÓÒ.Ô#Õ+Í"Ï�Ö�×6ÏØÑBÏØÑÓÒ-Ù-Õ0Ú�Ï�Ð�Ï�Õ,Í]ÕTÏ�Ö�Ï�Ð�Û0Ï.Ï�Ð]Ö�ÏÎÙ)Õ,Ú�Ö#ÜÓÖ#ÝTÛTÍ"Ï.ÒÞÏlÛ�Ï�Ö#ÒØÐ;Û�Ý9Ö�Ï�Ð]Ö�Ò�ÛTß5Ö�ÒÞà7ß5ß5Ö�Ï�Ú�àÑÓÍ�Ï�Ð]Ö M-átâ Ú�Õ+ã]äwåÞælçéè�ÛTÍ�êZÑÓÍ�Ï�Ð]Ö M.ëÞì Ò�ã�í�Ò�ä�ÛTÔ#Ö,í%Ö#ÜÓÕ+Í â Ï�Õ�Ï�Ð]Ö�ælç æ Û0Í;ê�ælî ë Ú�Ö�ä]Ú�Ö#Ò�Ö#Í"ÏlÛ�Ï�ÑïÕTÍÚ�Ö#Ò�ä%Ö�Ô�Ï�Ö#Ý9Ö#ÜBà"ð



ñ7�Óò��É�_°,�jóP�uô?ô?��¯õ�j���Z�5���T°_¯ö�½�j���y÷|��ø�� o Ð%ù

LiHH2

+

LiHH2

+

��ú�û Ù�ü�ý,�'þÓÿ���©������	��
��	��
�� [����������][������	� ������
 � �6[�! 
	��" �7[�! �$#�" �%� � ! 
 ����� � �&� �('*),+ `�a.-&/ 
�
0���

 �7[ �$132 �6[�!4�&� �5'*) _767`�a8- 1 ��9 �$�.
 �6[ ��1:2<;5= � � �>9�� ��? / �	��
 �\[ � � " � 
 �6[ ��1 � �	�@�<# � "$1�A ��� �

 ��B �4C /��D��� �FE � 
 /�� 1 �7[ ?�1G� � 
D" ���7[ ?�� !H�	� 
0��� BI���J� CK� �	� ���DE � 
 /�� 1 �GL����	�G�7[M���N��� � �>9��� 
�A B 
 �	���	� "�
 ����� ��
$;

��ú�û þ&O��'þÓÿ�� p�PRQTS ý û ü<U#ÙRVXW�Y�VXW QTS ý�Ä	ü<Z Q ý�[]\ ú3Q ý�W^Z Q Y Q ý�ZPü�ý9sFY ú V�_)Ù ú3Q ýI`,ýba3acZ�ý/ÚdY�ü$Y Q ý�Wú VwýbV	ý9ü û�eJQTS ü<U#Ù û�SfQTS ý1ü�ý�Yg\ Q�ú3h ý�ü�ý û%ú UgVXZ6þ�q S�ú ZjiÞý�Y Q Ù�ü�ý5`NYgZtÄ	ü<Z Q VXU Q ý�W ú V QTS ý5\�UgV]kÄ û Ù�ü$Y Q�ú UgVdY�a�ü�ý û%ú UgVlZ$Y�s¥ÚRaYý�Wnm eoQTS ý�Z}ÙRm]k�ü�ý�Yg\ Q�ú3h ý^Z}Ù�ü�i>Yg\"ý�Z4W�ý�Z<\9ü ú m-ý�W ý�Y�üTa ú ý9ü ú Vp ý�\ Q�ú UgVqO��'þ3r p Y�VXW QTS ýbV^`�YgZ@\�UgV�Ä	ü�s<ý�W�m esQTS ýIi¡ÙRa3acW ú s<ýbVXZ ú UgVdY�a ùgt ü�ý�Yg\ Q�ú3h ýu\�Y�a:k
\/ÙRavY Q�ú UgVXZwW�ý�Z$\9ü ú m)ý�W ú V QTS ý`Ú�ü�ý h�ú U#ÙXZ p ý�\ Q�ú UgV�Y�VXWxm exQTS ýzyN{�|z\�Y�a&\/ÙRavY Q�ú UgVXZ@Z S U�`*V



r�}�~ ������������� ñ7�����������������j�Z�5�����N���N�,�/���,�

LiH + + H

H
2  + Li +

LiH + H +

H
2

+ +Li

��ú�û Ù�ü�ý=�'þÓÿ��'©��7��E � � 9������	� �F�����]� 
 �&� � �	� �4����
 � ��1���" � � �][�� "�
 ����� ��
 �\[��	� �f'���� a
?�� ��B � � �	A � 
 �N�&/�[ " �	�G�7[����K�	� � �>9����\[�� �$� [�� 1�" �g� � !��\[���� ��
�;d= � � �>9�� 
�1 ��� 
 !��%� �$� �7[ 1GA � � ��B�	� �*
 ���\[������ E � � 9���� �	� �*���$1 ����� E7�.
K�$��
	
0��" �	� E��7;���1G1d� /��6[����%��� ��
 � ��� �\[����	�7BI� " /�[���� 
�;
ú V ��ú�û þ&O��'þÓÿ�}��$����þ�q S�ú ZzZ}Ù û%û ý�Z Q Z QTS Y Q ÚdY�ü Q ZuU�i QTS ýF\ S ý9s ú Z Q ü e U�i QTS ý8V	ý/Ù Q ü$Y�a.Y�VXW
�v� ÌÎÍkÒ�ÑÓß5ÑïÜïÛ�Ú
ÒÞà7ÒÞÏ�Ö#ß�Ï�Ð]Ö!Ò�Ö#ÛTßQÕ$�½Ï�Ð]Ö!Ô�Õ+Í�ÑÓÔ�Û0Ü	ÑïÍ"Ï�Ö�Ú�Ò�Ö�Ô�Ï�ÑÓÕ+ÍZÕTÚ�Ï�Ð]Ö,Û�Ý9ÕTÑiê7Ö�ê/Ô�Ú�Õ+Ò�Ò�ÑÓÍ â Ú�Ö â ÑïÕTÍ�ÑÓÒ�\Õ+ã�Í�êPÑÓÍ1Ï�Ð]Ö�ÔuÚ�ÑÓÏ�ÑÓÔ�Û0Ü�� ëÞì�â Ö#ÕTß5Ö�Ï�Ú�à��9ÙØÐ]Ö�Ú�ÖeÏ�Ð]Ö�ÔlÐ;Û�Ú â Ö��NÖ�×7ÔlÐ;Û0Í â Öeä]Ú�Õ"Ô�Ö#Ò�Ò-Ô�Û0Í1ÏlÛ$�9ÖØä�ÜïÛTÔ�Ö��7ÑïÍ1ÕTã]ÚÒÞà7ÒÞÏ�Ö#ßÉÏ�Ð�ÑÓÒ�ä]Ú�Õ"Ô#Ö#Ò�Ò�ÑÓÍ;ê]Ö�Ö�ê�ÏlÛ��9Ö�Ò�ä�ÜïÛ0Ô#Ö!ÑÓÍ?Ï�Ð]ÑïÒ â Ö#ÕTß5Ö�Ï�Ú�à�í�ã]Ï�ÑBÏ�Õ"Ô#Ô�ã]Ú�Ò�í%ÖuÏÎÙ-Ö�Ö#Í?Ï�Ð�Ö¡ �Ú�ÒÞÏeÏÎÙ)Õ¢¤£b¥�¦:§¨¢¤© ÒÞÏlÛ�Ï�Ö#Ò#ð



ñ7�Óò��É�N�,�jóP�uô?ô?���õ�j���Z�5�����N�ö�½�j���y÷|��ø�� r�}�ª

2.00 4.00 6.00 8.00

r(Li−H
2
) / a

0

−8.50

−8.00

−7.50

−7.00

E
 / 

a.
u.

r(H−H) = 1.50 a
0

2.00 4.00 6.00 8.00

r(H−H) / a
0

−8.40

−8.20

−8.00

−7.80

−7.60

r(Li−H
2
) = 3.00 a

0

C
2v

 approach

��ú�û Ù�ü�ý��'þÓÿ�}�©«= � ��" ��B 
 /�� � ! 
 ��� � [��	�:� 10� [ ���	?7A5" / ��E���
 �&� � �	� �j" ��B 
�1G�<#,C��	� ��¬g/ 
I
�� � "<��
�
� 1 �][ ? ��� �5­�®	¯,
	A BIB � � �	Au
 ����� ;�� � 
 � � ! 1 �\[ ��
 � ��� �&� � �	� � ����� � ! 
 ����� ��;
ú UgV ú \8Z}Ú-ý�\ ú ý�Z�U�ija ú3QTS�ú ÙR° S�e W�ü ú W�ý S Y h ý Q Ufm-ýZü�ý h'ú Z�ý�W�Z ú VX\"ýJ°4U�Z Q U�i QTS ý{ü�ý�Yg\ Q�ú UgVÚdY QTS Z QTS Y Q `,ý9ü�ýZý�[�Ú)ý�\ Q ý�W Q U4m-ýký�±F\ ú ýbV Q Y�ü�ý'Ú�ü<UgmdY�mRa e YgW ú Y�mdY Q�ú \�Y�a3a e i²U;üTm ú WRW�ýbVØþ³�S ý:ü�ý�YgZ<UgV ú Z QTS Y QDQTS ý Q `NU´Z Q Y Q ý�ZJZ S U�`µVXU ú V Q ý9ü<Z�ý�\ Q�ú UgVXZ8U;üuVXUgV]k	YgW ú Y�mdY Q�ú \ ú V]kQ ý9ü$Yg\ Q�ú UgVXZ ú V QTS ýx` S UgaYýf\�UgV�Ä û Ù�ü$Y Q�ú UgVdY�a�ZVÚdYg\"ý P�QTS Y Q{ú Zf¶¸·]¹�º<¹  v»4¼ ½ ¹b¾  ²¿ ¹ ¼ÁÀ ¹ ½ �
¹�Â&¹ À ¶²º ½g¼	 ¤À ��Ã ¼X¼ ¹�Â »IÄ ·  ²À · À<Åg¼�À<½g¼X¼ ¹ À ¶j¶¸·]¹�Ã�Æ�ÆR¹�º » ¶ Å ¶�¹I¶ ½ ¶¸·]¹IÂ ½gÄ ¹bº ½�¼ ¹9þ
«	VfU QTS ý9ü
`NU;ü<WRZ P�QTS ý9ü�ý ú Z¡VXU�`NY e|ú V4` S�ú \ S YI`NY h ý/ÚdYg\<Ç�ý Q.È a ú3h�ú V ûgÉ UgVFUgV	ýwU�i QTS ý Q `.UDZ}Ù�ü�i¤Yg\"ý
\�Y�V�Ê ½gÄ ú V Q U QTS ý�U QTS ý9üzÃ ¼ Â3¹ »�»�Ä ¹J¹ ¼ ¾  ¨»bÅ�Ë ¹D¶¸·]¹  ¸¼ ¶�¹�º�¾�¹ ¼ ¶  ¤½g¼M½ �z¶¸·]¹�Æd· ½ ¶ ½g¼JÌ ¹�Â ¿
m?Ù QwQTS�ú Zjý h ýbV Q Z0ý"ýb°4Z Q U8m)ý?ü$Y QTS ý9ü�ÙRVRa ú Ç�ýba e þ

«	VXW�ý"ý�W P aYý Q ÙXZjý�[�ÚRavY ú V´Z$Ug°<ýb` S Y Q�ú VHW�ý Q Y ú a QTS�ú Z5avYgZ Q Ú(U ú V Q ` ú3QTS Y�VHU;ü<W�ý9ü�k�U�i¨k
°FY û V ú3Q ÙXW�ý{ý�Z Q�ú °FY Q ýuU�i QTS ýZü�ýbaYý h Y�V Q ü$Y Q ý%þ�ÍØý Q ÙXZ5\�UgVXZ ú W�ý9üIY�°«ÙRa Q�ú ZVÙ�ü�i¤Yg\"ý�ý h ýbV QQTS Y Q�û U'ý�ZciÞü<Ug° QTS ýtÄ	ü<Z Q ý�[R\ ú3Q ý�W8Z Q Y Q ý Q U QTS ý û ü<U#ÙRVXW8Z Q Y Q ý QTS ü<U#Ù û�S Y » Æ ½g¼ ¶ Å�¼ ¹ ½ Ã »ýb° ú Z<Z ú UgV-Ú�ü<UK\"ý�Z<Z�Î QTS ý!ü$Y Q ý�Z�i¤U;ü QTS ý
Ú S U Q UgV�Z Q�ú °«ÙRavY Q ý�W�Ú�ü<UK\"ý�Z<Z�ý�Z«\�Y�VJm)ýNUgm Q Y ú V	ý�W
iÞü<Ug° QTS ý�ü$Y Q ýIU�i QTS ýIZ}Ú(UgV Q Y�V	ý�U#ÙXZ5UgV	ý%þ¡Ï@U�` P�ú ic`!ýIa&UKUgÇ�i¤U;ü QTS ý`Ú�ü<UgmdY�m ú a ú3Q	exQTS Y Q
Y�a&UgV û Y�V ý�[R\ ú3Q ý�W�Z Q Y Q ý È�Q ü$Y7Ð#ý�\ Q U;ü e0É�QTS ýuZ e Z Q ýb° ü�ýbavY7[�ý�Z Q U ú3Q Z û ü<U#ÙRVXW´Z Q Y Q ý PXQTS ýÚ�ü<UgmdY�m ú a ú3Q	e U�i«Z}Ú(UgV Q Y�V	ý�U#ÙXZ�ýb° ú Z<Z ú UgV ú Z7©

Ñ0Ò
Ñ�Ó,Ô Æ«Õ×Ö�Ø � Ù { Ú�Û

ÜgÝ�ÞKß�àJá â Ô Æ«ÕãÖ�Ø á à
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` S ý9ü�ý Ù ÚbÛ ú Z QTS ýuÚ(UgavY�ü ú�¬ Y Q�ú UgV]k�U;ü ú ýbV Q Y Q�ú UgVMY h ý9ü$Y û ý�W Q ü$Y�VXZ ú3Q�ú UgVs°4Ug°<ýbV Q Y�VXW â ú ZQTS ý¡iÞü�ý�_)Ù	ýbVX\ e U�i QTS ý Q ü$Y�VXZ ú3Q�ú UgVØþ�«	VDY Q Ug° ú \�ÙRV ú3Q Z�`,ý.\�Y�V-ÙXZ�ý QTS ý.Y�m(U h ý!ý�[	Ú�ü�ý�Z$Z ú UgV
Y�VXW^Ugm Q Y ú V

Ñ�Ò
Ñ�Ó Ô Æ«ÕãÖ�Ø¡ð Ù { Ú�Û«ñ´ò�ó Ô Æ¡ÕãÖ�Ø à ñ�ôgõ�ö,÷�ô�ø�ùzú�ûýü

` S ý9ü�ý,`!ýI\�Y�Vf\�UgVXZ ú W�ý9ü*Y ò�ó U�i QTS ýIU;ü<W�ý9ü*U�i�þ¡ÿ�� O ø]õ��«ó�� �jY�VXW Ù ÚbÛ Q UDm-ý,Y�m(U#Ù QÙRV ú3Q�e ú V Y ZT°FY�a3a h UgaoÙR°<ý4U�iN\�UgV�Ä û Ù�ü$Y Q�ú UgVdY�aNZ}ÚdYg\"ý8` S ý9ü�ý QTS ý�È��lZ$\�Y QTQ ý9ü<Z�V	ý�Y�üQTS ý��
	�� °4UgaYý�\/ÙRaYý5Y�VXW ¬ ý9ü<Ukýba&Z0ýb` S ý9ü�ý%þ

 ý*\�U#ÙRa&W QTS ý9ü�ý�i²U;ü�ý*\�UgVXZ ú W�ý9ü��ýYgZ QTS ýPü�ý/Ú]kü�ý�Z�ýbV Q Y Q�ú3h ýDW ú °<ýbVXZ ú UgV´U�i QTS Y Q Z<°FY�a3a�Y�ü�ý�Y�U�i QTS ýz\�UgV�Ä û Ù�ü$Y Q�ú UgVdY�a«Z}ÚdYg\"ý ú V^` S�ú \ SQTS ý Q ü$Y�VXZ ú3Q�ú UgV S YgZ*YuVXUgV]k>V	ý û a ú�û%ú mRaYýuÚ�ü<UgmdY�m ú a ú3Q�e U�i Q Y�Ç ú V û ÚRavYg\"ý%þ�«	V QTS�ú Z�\�YgZ�ý QTS ý
\9ü<U�Z<ZzZ�ý�\ Q�ú UgV�U�i QTS ý È Yg\ Q�ú3h ý É�Q ü$Y7Ð#ý�\ Q U;ü ú ý�Z ú Z�� { Y�VXW QTS ý¥Ú�ü<UgmdY�m ú a ú3Q�e U�i S Y h'ú V û YQ ü$Y�VXZ ú3Q�ú UgV ú Z�� ñ Ô Ñ�Ò���Ñ �>Ø ú þBý%þ���� ûýü ñ Ô Ñ�Ò���Ñ�Ó Øý` S ý9ü�ý�� ú Z QTS ý!ü�ýbavY Q�ú3h ý h ýba&U0\ ú3Q	e U�i QTS ý\�Uga3a ú W ú V û Z e Z Q ýb°4Z6þ ³�S ý9ü�ý�i²U;ü�ý P�QTS ý Q U Q Y�aR\9ü<U�Z<Z¡Z0ý�\ Q�ú UgV8i²U;ü¡Y�ü$YgW ú Y Q�ú3h ý5ü�ý�Yg\ Q�ú UgV4\�Y�V
m)ýPý�Z Q�ú °FY Q ý�W Q U,m-ý%©���ð�� à � � ñ Ñ�Ò���Ñ�Ó Y�VXW QTS ý�\�U;ü�ü�ý�Z}Ú UgVXW ú V û Ç ú V	ý Q�ú \�\�UgVXZ Q Y�V Q�ú Z� ð�� à Ñ�Ò���Ñ�Ó þ�«	VuU#Ù�ü�\�YgZ0ý¡`!ýN\�Y�V«ÙXZ�ý QTS ý.Y�m(U h ýji²U;üT°-ÙRavYgZ�Y�VXWJZ�ý Q ��ð ôgõ ø��xô�ø]õ ø �"!
Q U�Ugm Q Y ú VnY h ý9ü e \9ü}ÙXW�ýwý�Z Q�ú °FY Q ý4i¤U;ü � ð �J÷Rô�ø ûýü$# ���J÷Xô�ø ûýü$% ß'& à ú ûýü þ ³�S ÙXZ PQTS ý{ü$YgW ú Y Q�ú3h ý|ü�ý�Yg\ Q�ú UgVvü$Y Q ý�Z Q Ù�üTV�U#Ù QIQ Ufm-ýD`,ýba3a«m)ýba&U�` QTS ý{ý�Z Q�ú °FY Q ý�ZuÚ�ü<U h'ú W�ý�W
m e�QTS ý�ü�ý�\"ýbV Q a ú3Q ý9ü$Y Q Ù�ü�ý4i²U;ü QTS ý4VXUgV ü$YgW ú Y Q�ú3h ýôÚ�ü<UK\"ý�Z<Z�ý�ZxO)(NU#Ù û aYý/Ù][�Y�VXW+*�Y�a3a ú>P
r-,.,0/��$�T�7þ

ÍØý Q ÙXZwVXU�` Q U8i¤UK\/ÙXZ*UgV QTS ý/ü�ý�Yg\ Q�ú UgVXZ
Å�ÆlÈ21rÈ � Õ Å�ÆuÈ � 1rÈ O3/'þ ���
Å�ÆuÈ41rÈ � Õ Å�Æ � 1rÈ { O3/'þ�/��
ÅtÆlÈ41ÉÈ � Õ ÅtÆ51rÈ �{ O3/'þ }��
ÅtÆlÈ � 1rÈ Õ ÅtÆ51rÈ �{ O3/'þ6,��
Å�ÆuÈ � 1rÈ Õ Å�Æ � 1rÈ { O3/'þ3r-7��

QTS Y Q Y�ü�ý û ýbV	ý9ü$Y�a3a e ýb°¥ÚRa&U e ý�W ú V QTS ý?ý h UgaoÙ Q�ú UgVdY�ü e °4U0W�ýba&Z*U�i QTS ý`Ú�ü ú °4U;ü<W ú Y�a98@V ú kh ý9ü<Z�ýsO²Z�ý"ý;: S Y�Ú Q ý9üuª��+þ=<iÚ ú \ Q U;ü ú Y�a h'ú ýb` U�i QTS ý�Ú(U�Z<Z ú mRaYý{ü�ý�Yg\ Q�ú UgVXZ ú ZuÚ�ü�ý�Z�ýbV Q ý�Wú V�> ú�û þ&O3/'þÓÿ.,��x` S ý9ü�ý�`,ýMW�ü$Y�` Z<\ S ýb°FY Q�ú \�Y�a3a e QTS ývýbV	ý9ü û�e aYý h ýba&Z^U�i QTS ý h Y�ü ú U#ÙXZ
YgZ e °¥Ú Q U Q ý�Z ú V h Uga h ý�WqY�VXW�Z<Ug°<ýxY�ü�ü<U�`wZJ\�UgVRV	ý�\ Q�ú V û�QTS ýb° ú V�U;ü<W�ý9ü Q U�ü�ý/Ú�ü�ý�Z�ýbV QQTS ý/ü�ý�Yg\ Q�ú UgVjÚdY QTS `NY e Z6þ�¤�$? Ð�Ö5ÚlÛ0Ï�Ö#Ò�� Õ0Ú!Ï�Ð]Ö5ÒÞÏ�ÑÓß,ã�ÜïÛ�Ï�Ö�ê{ä]Ú�Õ"Ô�Ö#Ò�Ò�Ö#ÒPÛ�Ú�ÖA@öÏ�Ñïß5Ö�Ò�Ï�Ð]Ö5Ò�ä%Õ+Í"ÏlÛTÍ]Ö#Õ+ã]ÒtÚlÛ�Ï�Ö���ÙØÐ]Ö�Ú�Ö�@ ÑÓÒÏ�Ð]Ö
Í7ã]ß,í%Ö�Ú-Õ��ªä�Ð]ÕTÏ�Õ+Í]ÒØÑïÍ?Ï�Ð]Ö�ÛTÔ�Ï�ÑÓÝ9Ö�Ý9ÕTÜÓã�ß5Ö�Õ$�ªê]ÑÓß5Ö#Í�Ò�ÑÓÕTÍCBED+ð5F�Ò�ÑÓÍ â Ï�Ð�ÖHG	ÜïÛTÍ]Ô	��ê]ÑÓÒÞÏ�Ú�ÑÓí�ã]Ï�ÑÓÕTÍÑÓÍ/Ï�Ð�ÖtÐ�Ñ â ÐkÏ�Ö#ß5ä%Ö�ÚlÛ�Ï�ã]Ú�Ö
Ú�Ö â Ñïß5Ö!Ô#ÕTÚ�Ú�Ö�Ò�ä%Õ+Í;ê7ÑÓÍ â Ï�Õ�IAJLKNM'M'M1Ù-Ö!Õ+í]ÏlÛ0ÑÓÍ{Û1ä�Ð]ÕTÏ�Õ+ÍZê7Ö#Í�Ò�ÑBÏÎà|åYÛ0ÏÛ0Í/Ö#Í�Ö�Ú â à�Õ$�PORQTStè-Õ��VU�JXWTY[Z \R]_^a` D �\ÕTÚ�ÛPÒ�ä%Ö#Ô�Ï�ÚlÛ0Ü'ÚlÛTÍ â ÖbKc]d^a` æ ÙØÑïê7Ö��;Ï�Ð6ã�Ò��]Ï�Ð�ÑÓÒØÍ7ã]ß,í%Ö�ÚØÑÓÒ@eJfY[Z OTg9KhM-` ë æ ÙØÐ]ÑÓÔuÐ1ÑÓÒ)Ö�×6Ï�Ú�Ö#ß5Ö�ÜÓà,ÜÓÕ�Ù4Ö#Ý9Ö#Í5ÙØÐ�Ö�ÍPÏ�Ð�ÖeÒ�ä%Ö#Ô�Ï�ÚlÛTÜ;ÚlÛ0Í â Ö�ÑÓÒ)ÑÓÍ�ÔuÚ�Ö�ÛTÒ�Ö�ê1í"à5Û«��Û0Ô�Ï�ÕTÚÕ$��KNM'D�ijKNM'k9ð
ÌNÏ�ÑÓÒ�Ù-Õ0Ú�Ï�ÐZÏ�Õ1Í]ÕTÏ�Ö,ÑÓÍ/Ï�Ð�ÑÓÒ�Ô�Õ+Í"Ï�Ö�×6Ï�Ï�Ð�Û0Ï�Ï�Ð]ÖtÚ�Ö�ÜïÖ�Ý+Û0Í6Ï�ÒÞÏ�ÑÓß,ã�ÜïÛ�Ï�Ö�ê/ä]Ú�Õ"Ô#Ö#Ò�Ò�Ö�Ò�Û0Ú�ÖÛ0Ô�Ï�ã;Û0ÜïÜBà/Ï�Ð7Ú�Ö#Ö��Ní%Õ6ê7à�ä]Ú�Õ"Ô#Ö#Ò�Ò�Ö�Ò��'ç;lwîmlon]��ÑÓÍkÙØÐ]ÑÓÔuÐ/Ï�Ð�Ö!ê]Ö�Í�Ò�ÑBÏÎà�Õ��½ä�Ð�Õ0Ï�Õ+Í]Ò�Ô#ÕTß5Ö#Ò��iÚ�Õ+ßKÏ�Ð]Öí]ÜiÛ0Ô	���Ní%Õ6ê7àjê7ÑÓÒÞÏ�Ú�Ñïí]ã]Ï�ÑÓÕ+Í�ÜiÛ#Ù
ð
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> ú�û Ù�ü�ýa/'þÓÿ.,qpj��1G1 ��9 � !J�6[�!u�&� ��C �:!�! � [8�7!��:� C ���	� ".��� � " �����][ 
 ���	�g9�� A�
 �\[srutwvox® ;
> ú ü<Z Q U�i¡Y�a3a P `!ýz°FY e Z Q Y Q ý QTS Y QwQTS ý�\ S Y�ü û ý Q ü$Y�VXZ�iÞý9ü®Ú�ü<UK\"ý�Z<Z�ý�ZDO3: ³ � ú Vný�_)ÙdY7kQ�ú UgVlO3/'þ ����Y�VXW ú V ú3Q Z ú V h ý9ü<Z�ý P Y�a QTS U#Ù û�S�h ý9ü e \�Ug°�°4UgV ú V S�ú�û�S a e Ú UgavY�üzZ e Z Q ýb°4Z P

Y�Ú?Ú-ý�Y�ü<ZjVXU Q.Q U Q Y�Ç�ý�ÚRavYg\"ý5m-ý Q `,ý"ýbV QTS ý Ë º ½ Ã ¼Á¿.y>» ¶ Å ¶�¹ » U�i QTS ý5°4UgaYý�\/ÙRaYý�Z ú V h Uga h ý�W.þ³�S ý�: ³ Ú�ü<U0\"ý�Z$Z ú V h Uga h ý�Z ú V�i>Yg\ Q�QTS ý ú V Q ý9ü<\ S Y�V û ý,m)ý Q `!ý"ýbV QTS ý5YgZ e °¥Ú Q U Q�ú \5Z Q Y Q ý�ZÅtÆlÈX�m1 È Y�VXW2ÅtÆlÈz1ÉÈ�� QTS Y Q m-ýba&UgV ûFQ U QTS ý û ü<U#ÙRVXW�Y�VXW�Ä	ü<Z Q ý�[]\ ú3Q ý�WHZ Q Y Q ý�Zü�ý�Z}Ú-ý�\ Q�ú3h ýba e�P Y�Ú�ü<UK\"ý�Z<Z QTS Y QwS YgZ5m)ý"ýbVný�[R\baoÙXW�ý�W�Y�m(U h ý%þ{ i.`,ý4\�UgVXZ ú W�ý9üzVXU�` QTS ý¥Ú�ü<UK\"ý�Z<ZI` S�ú \ S \�Y�VMaYý�YgW Q U QTS ý4W�ý�Z Q ü}ÙX\ Q�ú UgV�U�iPÅtÆlÈQTS ü<U#Ù û�S i¤U;üT°FY Q�ú UgV�U�i.V	ý/Ù Q ü$Y�a¡°4UgaYý�\/ÙRavY�ü S0e W�ü<U û ýbVlOÞý�_JÙdY Q�ú UgVlO3/'þ�/��T�@`!ý�\�Y�V P YgZ
m-ý�i²U;ü�ý P ý�[R\baoÙXW�ý QTS�ú ZPü�ý�Yg\ Q�ú UgV iÎü<Ug° QTS U�Z0ý�ü�ýbaYý h Y�V Q*Q U QTS ýIW�ý/ÚRaYý Q�ú UgV�U�i�Å�ÆlÈ iÎü<Ug°QTS ý�Ú�ü ú °4U;ü<W ú Y�a û YgZ«Z ú VX\"ý P a ú Ç�ý QTS ýN\ S Y�ü û ý Q ü$Y�VXZ�iÞý9ü�ü�ý�Yg\ Q�ú UgV P%ú V8U;ü<W�ý9ü Q U Q Y�Ç�ý
ÚRavYg\"ýú3Q ü�ý�_)Ù ú ü�ý�ZJY^\9ü<U�Z<Z ú V û m)ý Q `!ý"ýbV QTS ý:ýbaYý�\ Q ü<UgV ú \fZ}Ù�ü�i>Yg\"ý�ZuU�i QTS ý û ü<U#ÙRVXWqY�VXWvÄ	ü<Z Qý�[R\ ú3Q ý�W^Z Q Y Q ý�Z6þ

>EÙ�ü QTS ý9üT°4U;ü�ý P Y�°4UgV û4QTS ýuÚ�ü<UK\"ý�Z<Z�ý�Z QTS Y Q5ú V h Uga h ý QTS ý/È �{ °4UgaYý�\/ÙRavY�ü ú UgV O QTS ýý�_JÙdY Q�ú UgVXZoO3/'þ } P /'þ6,��´Y�VXW QTS ý ú ü ú V h ý9ü<Z�ýYÚ�ü<U0\"ý�Z$Z�ý�Z�� QTS ý�ü�ý�Yg\ Q�ú UgV QTS Y Q Ú�ü<UKW�ÙX\"ý�ZÅtÆlÈ � V	ý"ý�WRZJY�ÐÇÙR°¥Ú�m)ý Q `!ý"ýbV QTS ý Q `.UHa&U�`,ý9ü�k>a e�ú V û}|H~ p Z8Y�VXW QTS ý9ü�ý�i²U;ü�ý S YgZ Q U
m-ýz\�UgVXZ ú W�ý9ü�ý�W�i²U;üTm ú WRW�ýbVØþ ³�S ýuU QTS ý9ü�Ú�ü<UK\"ý�Z<Z@Z�ý"ýb°4Z P	ú VXZ Q ý�YgW PdQ UFm)ýcÚdY�ü Q�ú \/ÙRavY�üTa eú V Q ý9ü�ý�Z Q�ú V û m-ý�\�Y�ÙXZ�ý QTS ý�Z}Ù�ü�i>Yg\"ýJ\�UgVRV	ý�\ Q�ú V û�QTS ý|ü�ý�Yg\ Q Y�V Q Z Q U QTS ý�Ú�ü<UKW�ÙX\ Q ZFO²Z�ý"ý
> ú�û Ù�ü�ýb/'þ3r��5UgV-ÚdY û ý@r[/;ÿ�� S YgZ�Y5\�Ug°¥ÚRaYý�[ Q U#Ú(Uga&U û�e Y�VXWz` ú a3aKm)ý.Z}ÙRm]Ð�ý�\ Q U�iP: S Y�Ú Q ý9ü
,�þ
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{	Q:ú Zx`.U;ü QTS Q U °<ýbV Q�ú UgV Y QxQTS�ú Z2Ú U ú V QxQTS Y Q ü�ý�Yg\ Q�ú UgV�O3/'þ3r-7��FY�Ú?Ú-ý�Y�ü<Z Q U m-ýú V	ý�±F\ ú ýbV Q�ú VMi²U;üT° ú V û È { Q U0U P W�ý�Z}Ú ú3Q ý ú3Q Z S�ú�û�S ý�[RU�ý9ü û%ú \ ú3Q	e�P Z ú VX\"ý ú3Q/ú ZzZ Q ü<UgV û a e

a ú ° ú3Q ý�WJm euQTS ý�\�Ug°¥Ú-ý Q�ú V û Ú�ü<U0W�ÙX\ Q�ú UgV4U�i QTS ýNW ú Z$Z<U0\ ú Y Q�ú UgV�Ú�ü<UKW�ÙX\ Q OÞÅ�Æ � 1:Èe1:È��ý h ýbV ú V QTS ý*Z ú V û aYý Q Z}Ú ú V4Z Q Y Q ý�\�UgVXZ ú W�ý9ü�ý�W ú V QTS�ú Z«`.U;üTÇ-þ�
 ý�` ú a3aR\�UgVXZ ú W�ý9ü ú V4W�ý Q Y ú aQTS�ú Z5YgZ}Ú-ý�\ Q5ú V QTS ýIi¤Uga3a&U�` ú V û : S Y�Ú Q ý9ü6þ
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{ V QTS�ú ZsY�VXW ú V QTS ý´V	ý�[ Q : S Y�Ú Q ý9ü `!ý´` ú a3a�\�UgVXZ ú W�ý9ü Y�ü�ý�W�ÙX\"ý�W W ú °<ýbVXZ ú UgVdY�a ú3Q�e
_JÙdY�V Q ÙR° Q�ú °<ý�k�W�ý/Ú)ýbVXW�ýbV Q.Q ü�ý�Y Q °<ýbV Q U�i QTS ý5YgW ú Y�mdY Q�ú \�Ú�ü<U0\"ý�Z<Z0ý�Z¡aYý�i QjQ UcÙXZ¡m e8QTS ý
\�UgVXZ ú W�ý9ü$Y Q�ú UgVXZ@U�i p ý�\ Q�ú UgV�O3/'þ ~0�+þ ³�S ý9ü�ýuY�ü�ý�Z�ý h ý9ü$Y�a.ü�ý�YgZ<UgVXZ*` S0e `!ýuÚRavY�VRV	ý�W QTS ý
\�Uga3a ú V	ý�Y�üu\�Y�a&\/ÙRavY Q�ú UgVXZu` S�ú \ S�P U�` ú V û^Q U QTS ýJi>Yg\ Q�QTS Y Q�QTS ý e \�Y�VRVXU Q Ú�ü<U0W�ÙX\"ý4Y�V e
UgmXZ�ý9ü h Y�mRaYý ú V QTS ý QTS ü�ý"ý�k�W ú °<ýbVXZ ú UgVdY�azOÎü�ý�Y�a¨��ZVÚdYg\"ý P Y�ü�ý Q U^m-ý4\�UgVXZ ú W�ý9ü�ý�W U#Ù Q U�i
WXY Q ý�` S ýbV´\�Ug°¥ÚdY�ü�ý�W Q U Ü¦¥ \�Y�a&\/ÙRavY Q�ú UgVXZDOÞý h ýbV^` ú3QTS¨§ � ø �'p

© < QwQTS Y QwQ�ú °<ý QTS ý,i¡ÙRa3a ú V Q ý9ü$Yg\ Q�ú UgV Ú U Q ýbV Q�ú Y�ac`�YgZ*VXU Q Y h Y ú avY�mRaYý%þ
© 
 ýNÚRavY�VRV	ý�W QTS�ú Z+Ú�ü�ýba ú ° ú VdY�ü e Y�VdY�a e Z ú Z«m-ý�\�Y�ÙXZ�ý QTS ýPü�ýbaYý h Y�V Q Ú�ü<U0\"ý�Z$Z�ý�Z«`!ý9ü�ý
Z<Ug°<ýb` S Y Q ÙRV)ÙXZ}ÙdY�a�þX<@ZJY^°FY QTQ ý9ü8U�iwi>Yg\ Q�P�QTS ýª: {�t Ú�ü<UK\"ý�Z<Z S YgZ�ü�ý�\"ý ú3h ý�W
Y QTQ ýbV Q�ú UgV�UgVRa e<ú V�ý�[XYg\ Q ÿ t Y�VXW ú V Å Æ�ÆÁº ½-« 	�¬ Å ¶�¹£­ t _)ÙdY�V Q ÙR° \�Y�a&\/ÙRavY Q�ú UgVXZ
O²Z}ÙX\ S YgZ�U�i QTS ý {h® p Q	e Ú-ý��IY�VXW P UgV QTS ý�U QTS ý9ü S Y�VXW P ü�ý�Yg\ Q�ú UgVXZz` ú3QTS a&UgV û kü$Y�V û ýcÚ U Q ýbV Q�ú Y�a&Z5a ú Ç�ý�U�i QTS ýzW ú Ú(UgaYý�k�\ S Y�ü û ý Q�e Ú)ý S YgZwV	ý h ý9üwm)ý"ýbV2ü�ý/Ú U;ü Q ý�W.þ

© ~¡h ýbV ú i QTS ý Ü¦¥ Pb§ � ø \�Y�a&\/ÙRavY Q�ú UgVXZF\�Y�Vnm-ýyü<U#Ù Q�ú V	ýba e WRUgV	ý Q UKWXY eoQTS ý eQ ýba3a%ÙXZ h ý9ü e a ú3QTQ aYýJiÎü<Ug° Yf_JÙdY�V Q�ú3Q Y Q�ú3h ý¥Ú(U ú V Q U�i h'ú ýb`kþ ³�S ý{ü�ý�YgZ<UgV ú Z QTS Y Q
°FY�V e ÚdY�ü Q�ú Y�a¡`�Y h ý�Z�\�UgV Q ü ú m?Ù Q ý�Z Q U QTS ýJ\9ü<U�Z$Z�k�Z�ý�\ Q�ú UgVXZ ú V�Y�a3a�m?Ù QIQTS ý h ý9ü e
a&U�` \�Uga3a ú Z ú UgVKýbV	ý9ü û�e ü�ý û%ú °<ý P ý�[�Ú-ý�\ ú Y�a3a e ` S ýbV a&UgV û k�ü$Y�V û ý Ú U Q ýbV Q�ú Y�a&ZfYg\ Q
m)ý Q `!ý"ýbV QTS ýu\�Uga3a ú Z ú UgVjÚdY�ü Q V	ý9ü<Z6þ

{ V QTS�ú Zb: S Y�Ú Q ý9ü5`!ý,` ú a3a�\�UgVXZ ú W�ý9ü QTS ý û ü<U#ÙRVXWsZ Q Y Q ý�YgW ú Y�mdY Q�ú \uÚ�ü<U0\"ý�Z$Z ú V QTS ý Q `.UÚ(U�Z<Z ú mRaYý�\�Uga3a ú V	ý�Y�ü û ý�Ug°<ý Q ü ú ý�Z P ` S�ú aYý QTS ýPý�[R\ ú3Q ý�W�Z Q Y Q ý,ü�ý�Yg\ Q�ú UgV ú V QTS ý°¯�±�²=³´²=³û ý�Ug°<ý Q ü e ` ú a3a�m-ý QTS ýzZ}ÙRm]Ð�ý�\ Q U�i QTS ýzV	ý�[ Q : S Y�Ú Q ý9ü6þ
r�}.,
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QTS ý8W e VdY�° ú \�Z�U�i.U�z�ü�Z e Z Q ýb°�m-ý�\�Ug°<ý�Z/ý�_�z ú3h Y�aYýbV Q�Q U QTS Y Q U�iNY|{(U ú V Q {dY�ü Q�ú \baYý�U�i
°FYgZ<Z Ù Z#zRm]Ð�ý�\ Q�Q U QTS ý}{(U Q ýbV Q�ú Y�a�� ÔR~ ü;� ~ { Ø$�7þ p ú VX\"ý QTS ý�Z�ýI\�U0U;ü<W ú VdY Q ý�Z5Y�ü�ý û%ú3h ýbVý�[`{Ra ú \ ú3Q a e m e � ~ ü ���/� �w��w� � �w�[� 1 ú��~ { ��� �
` S ý9ü�ý ú ú ZfW�ý1�XV	ý�W ú VÚ> ú�û þ&O¤}�þ3r��FYgZ QTS ýp{�ü<UKW`zX\ Q:ú V Q ý9üTVdY�aI\�UKU;ü<W ú VdY Q ý P*QTS ý^V	ýb`
\�UKU;ü<W ú VdY Q ýzZ e Z Q ýb° ú Z »�� ¹ Ä ¹ ¿ ` ú3QTS ü�ý�Z#{-ý�\ Q*Q U QTS ý È \ S ýb° ú \�Y�a�\�UKU;ü<W ú VdY Q ý É Z e Z Q ýb°
W�ý1�XV	ý�W8m e � Y�VXW ú PgQTS ý�ZTÇ�ýb` ú V û Y�V û aYý�m)ý ú V û Óm� `D� Ô &s� � Ù Ø P ` S ý9ü�ý &s� ú Z QTS ýN°FYgZ<ZU�i QTS ýuY Q Ug° ¶²º Åg¼R»�� ¹�º�º<¹ ¿ W`z�ü ú V û4QTS ýkü�ý�Yg\ Q�ú UgVØþ{ V QTS�ú Z
: S Y�{ Q ý9ü«`!ý�\�UgVXZ ú W�ý9ü QTS ý û ü<U�zRVXW�ýbaYý�\ Q ü<UgV ú \*Z Q Y Q ý.U�iXm(U QTSDQTS ýN\�Uga3a ú V	ý�Y�üû ý�Ug°<ý Q ü ú ý�Z P ¯�±�²ë³ ²L³ Y�VXW�³�²ë¯�±�²L³éþ ³�S ýJZ#z�ü�i>Yg\"ý�Z ú V QTS ýu\�U;ü�ü�ý�Z#{(UgVXW ú V û
ZTÇ�ýb`,ý�W8\�U0U;ü<W ú VdY Q ý�Z�Y�ü�ý,ü�ý6{(U;ü Q ý�W ú Vs> ú�û þ&O¤}�þÓÿ��+þ ³�S ý Q `.U�W ú ü�ý�\ Q�ú UgVXZ¡U�i Y�{�{�ü<U�Yg\ S U�iQTS ýC³�{�ü<U�Ð#ý�\ Q�ú aYýzY�ü�ýI°FY�üTÇ�ý�W]a e W ú?� ý9ü�ýbV Q Z ú °�{Ra e m)ý�\�Y�zXZ0ý,UgVRa efQTS ý�� � ø=� U;ü ú ýbV]kQ Y Q�ú UgVF\�Y�VFaYý�YgW Q U QTS ý�i¤U;üT°FY Q�ú UgVFU�i ³ { þ ³�S�ú ZjavYgZ Q
û ý�Ug°<ý Q ü e Z S U�`wZjY�V:ý�[ Q ü�ýb°<ýba eý�[RU�ý9ü û%ú \�{dY QTS `NY e^QTS Y Qjú Z@W`z	ý Q U QTS ýuavY�ü û ýzW ú?� ý9ü�ýbVX\"ý ú V QTS ý�m ú VXW ú V û ýbV	ý9ü û�e m)ý�kQ `!ý"ýbV7{�ü<UKW`zX\ Q ZjY�VXW|ü�ý�Yg\ Q Y�V Q ZNYgZ¡UgV	ý�\�Y�V<ý�YgZ ú a e Z0ý"ý ú VÞ> ú�û þ&O¤}�þ6­���` S ý9ü�ý�`,ýPü�ý6{ U;ü QQTS ýwYgZ e °�{ Q U Q�ú \�{(U Q ýbV Q�ú Y�a�{�ü<U��XaYý�Z¡i²U;üH¯�±$³ � Y�VXWÞ³ { ` ú3QTS4QTS ý ú ü h'ú m�ü$Y Q�ú UgVdY�aXaYý h ýba&Z
Y�VXW�W�ýbVXZ ú3Q�e {�ü<UgmdY�m ú a ú3Q�ú ý�Z6þ ® V�UgV	ýFZ ú W�ý QTS ý ¯H±$³�� °4UgaYý�\6zRavY�ü ú UgV ` ú3QTS�ú3Q Zua&U�`
m ú VXW ú V û ýbV	ý9ü û�e O ¥�� � ø]õ&ô Ü�� ý���� P Z#z�{�{(U;ü Q�ú V û!�oh'ú m�ü$Y Q�ú UgVdY�a.m(U�zRVXW�aYý h ýba&Z P�S YgZQ UDm)ý@\�Ug°�{dY�ü�ý�Wf` ú3QTSfQTS ý@°4UgaYý�\6zRavY�ü*Z Q ü#zX\ Q z�ü�ý,U�i�³ { ` ú3QTS/��� m(U�zRVXW h'ú m�ü$Y Q�ú UgVdY�a
aYý h ýba&Z6þ�O ³ Y�Ç ú V û ú V Q U´Yg\�\�U�zRV QDQTS ýn� |H~wP�QTS ýyý�[]U'ý9ü û%ú \ ú3Q�e U�i QTS ý�ü�ý�Yg\ Q�ú UgVzü�ý�Z#zRa Q ZQ UFm)ý�~� iÿ�~Xrf¹�¡I�+þ <5VXU QTS ý9ü,Z Q ü ú Ç ú V û YgZ#{-ý�\ Q U�i QTS ý |H~ p ú Z QTS ýzVdY�ü�ü<U�`*V	ý�Z$Z,U�i QTS ý{�ü<UKW`zX\ Q \ S Y�VRV	ýba P Y*i�ý�Y Q z�ü�ý QTS Y Q ` ú a3aXZ Q ü<UgV û a eZú V`¢�z	ýbVX\"ý QTS ý*W e VdY�° ú \�Z�YgZ«`!ý�Z S Y�a3a
Z�ý"ý@m-ýba&U�`kþ ³�S�ú Z ú Z�W`z	ý Q UJm(U QTSxQ U QTS ý?ýbaYý�\ Q ü<UgV ú \�Z Q ü#zX\ Q z�ü�ýIU�i QTS ýC����m(UgVXWfY�VXWQ U QTS ý8a ú�û�S�Q VdY Q z�ü�ý�U�i QTS ý8V�zX\baYý ú
ú V h Uga h ý�W.þ ³�S ý�Z<Ç�ýb` ú V û Y�V û aYý QTS Y Q \ S Y�ü$Yg\ Q ý9ü�kú*£ ý�Z QTS�ú ZuZ#z�ü�i>Yg\"ý ú ZL¤ � õ¦¥ � m)ý�\�Y�zXZ0ýFU�i QTS ý<ý�[ Q ý9üTVdY�a[{(U�Z ú3Q�ú UgV�U�i QTS ýj� 	,Y Q Ug°nþª<
\�Ug°�{RaYý Q ýba e W ú?� ý9ü�ýbV Q Z ú3Q zdY Q�ú UgV´UK\�\6z�ü<Z*` S ýbV QTS ý=� Y Q Ug° ú °�{ ú V û ý�Z,UgV QTS ýzU QTS ý9ü
Z ú W�ý@U�i QTS ýw°4UgaYý�\6zRavY�ü ú UgV�Î ú V QTS�ú ZN\�YgZ�ý QTS ý@Z#z�ü�i¤Yg\"ý ú Z P�ú VXW�ý"ý�W P \baYý�Y�üTa e Z e °�°<ý Q ü ú \ P
Y�a3°4U�Z Q ¢ÁY Q Y�VXW ` ú3QTS YMZ S Y�a3a&U�`�`,ýba3a@W`z	ý Q U QTS ýnü�ýbavY Q�ú3h ýba e `!ý�Y�Ç§{(UgavY�ü ú*£ Y Q�ú UgVú V Q ý9ü$Yg\ Q�ú UgV m-ý Q `!ý"ýbV+¯H±$³�� Y�VXW}³zþ { V QTS�ú Zz\�YgZ0ý QTS ý�ZTÇ�ýb` ú V û Y�V û aYý ú ZuU�i � �Kõ � �
W�ý û ü�ý"ý�Z5m)ý�\�Y�zXZ�ý QTS�ú Z Q�ú °<ý QTS ý/ý�[R\ S Y�V û ý�W´Y Q Ug° ú Z QTS ý S ý�Y h'ú ý�Z Q UgV	ý%þ

��¨;©¦ª�©¬«¦­¯®w°x±�±�® ê ©¬²�­¯³R´¶µ�°#­�²7·�´V©¦²�³F®R± ê�¸ °x´ ê µ¹³�­a®F³R©¬²�º � ®R±1ª»³R¼�´¾½�¿FÀ ©¯Á�¥�§*Â�ÃYÄ ­�°x±�·�©Å°x±�±¯® ê ©¬²�­a³R´xµ­�² ê «¦´x­ ê ³R±�­�²7­¯²�­�«¬±�º1± ¸ µÆ´¶Ç�È'®R´¶µFµF©¦±�² � ±¯®w³R¼�´ � ©¬²�´¶³R©¬°¾´x²'´¶®Rº�ÉI±1È�´¶®�­a³R±�®Æ©¬²J³R´¶®Rª�µ,± � ½�¿FÀ ©�Á7¥�§*Â�Ã°x±�±�® ê ©¬²�­¯³R´¶µxÊP?.¼ ¸ µ � ±1²'´Ë± � ³R¼'´Ìª¾­¯©¬²¾­ ê'Í ­�²�³�­¯º1´Ì± � µ ¸ °�¼¾µF°#­�«¬©¬²�º[È'®R±�°x´ ê'¸ ®R´q©¬µY³R¼�­¯³�©¦²�³R¼'©¦µ�ÎÅ­xÉ�­®R´#­�°m³R©¦±�²ÏÈ'®R±�°¶´xµFµÅ®R´ ê'¸ °x´xµÑÐ
­�µ¹É�ª�È�³R±�³R©¬°#­�«¬«4É�Ò�³R±Æ­ÓµF©¦ª�È'«¬´Ë®R±�³�­a³R©¬±1²Ï± � ³R¼�´Ì®R´xÈ'®R´xµF´¶²;³�­a³R© Í ´ÔÈ�±1©¬²�³q± �³R¼�´qµ¹É�µ¹³R´xªÏÊ�ÕÅ°¶³ ¸ ­�«¬«4É � ³R¼�´Ì©¬²�³F®R± ê'¸ °m³R©¦±�²�± � ª¾­�µFµ � µF°#­¯«¦´ ê °¶±�±�® ê ©¬²�­¯³R´xµ�©¦µ�³R¼�´   ®Rµ¹³�µ¹³R´xÈ¾©¬² ê ´   ²�©¬²�º³R¼�´ÆÖ;×�½ ¢ ¿ Â ½'Ö ¢ ¿ ¦&¥RØ1Ù °¶±�±�® ê ©¬²�­¯³R´xµÑ©¬²LÎq¼�©¬°�¼�³R¼'´w­a®F®�­�²�º�´xª�´x²�³RµÔ­¯È�È�´#­a®,­¯³ ê ©4Ú=´¶®R´x²�³ Í ­�« ¸ ´xµÔ± � ³R¼�´Ö;×�½ ¢ ¿ Ø�Û�Ü1Ù%¢ Ð*µF´x´ � ±�®�´¶Ç'­¯ª�È�«¬´VÝËÊ Þ[Ê Ä ±1¼�²'µF±1²sÐ¹ß#à�á1â � ß#à1á�ã1­ � ß#à1á�ã�·�ÒFÒmÊ�ä�²�± ¸ ®ÆµF©¬ª�È'«¦´V°#­¯µF´å³R¼�´¼�É'È�´m®RµFÈ�¼�´m®R©¦°x­�«=°x±�±�® ê ©¬²�­¯³R´¶µt­a®R´[µF©¬ª�È'«¬É�³R¼'´ÑÈ�±1«¦­¯®Ì°x±�±¯® ê ©¬²�­a³R´xµÌ©¦²å³R¼�´Ææ
ç �xè ç ëxé È'«ê­¯²�´1Ê
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d(eih(egf ���`~�y�km}g}�w�no~:tR|O|W~:t$y¿rWw�k\n���w°q��ëq��è��:6[ø:;�7+��?W6�A � 6<�+;+»��+��EF��¶T6�79E � áDº86�¼ = 7§�+�:6KALC:6Z�+��EF�Æ7+�:A(àDº8¼OÇR6X�+�:6 � A.7+�bº =�¹ 6<º�»J°AL;��+�:6Æ;�6HE V � = ALC]Ù�â�ÛZÜ�ÈmÛÁ�µÙ!â�ÜaÈmÛ © ��AK��E/á�áR6<C�S`[�7káD;�6<¸ = A(à:7�º�» � 6<C�� = ALC:6�¼$G�+�:6b6<C:6<;+?.»_áD;�A/ø:º86 = 7o6�î��+;�6 � 6<º�»·6�îDAc6<;+? =8V ² ä ��ó©ô�Ç � µoEFC:¼·�+�Eà:7�ALC:6b7+�:A(àDº8¼É6�îLáR6 V �E�JaEL7+�T�+;9EFC:7ÈJaAL; � EF� = ALC@AFJ8Ù�â�ÛZÜ = Cc��AJÛ © GcÇ�àD�HG:EL7�¶T6X7+��EFº�º$7�6�6�ÇB6<º8A�¶ZG��+�:6 =�� á�E V �AFJ	�+�:6�¶TEH¸W6Má�E V�¹ 6<��ALC½�+�:6�;�6Má�àDº87 = ¸W6U¶TEFº�º�A(á�áBA.7 = ��6���AO�+�:6·;�6HEF?W6<C�� V ��EFCDC:6<ºT¶ = º�º= C:7+��6HEL¼ZáD;�6�Ja6<;�6<C�� = EFº�º�»ëÇD;�6HE ¹ à�áË�+�:6 = C = � = EFºo¼ = EF��A � SJ¼gC:¼D6�6�¼$G��+�:6 � AL� = ALC½AFJT�+�:6¶TEH¸W6Má�E V�¹ 6<� = 7�¸W6<;+»@7 =�� áDº864EFC:¼ V ALC:7 = 7+��7�AFJ`��¶TAN7Gà V�V 6�7�7 = ¸W6 =�� á�E V ��7HG��+�:6Tø:;�7+��ALC�+�:6TÛ © ;�6Má�àDº87 = ¸W6�¶TEFº�º(EFC:¼O�+�:6Z7�6 V ALC:¼�ALCO�+��EF��AFJ�Ù!â�Û Ü ¸:�+�:6Z¶TE�¸W6Má�E V9¹ 6<�HGR�+�:6<C�G;�6<�GàD;+C:7X��AÉ�+�:64;�6HEF?W6<C���7 = ¼D64��E�¸ = CD?�ÇB6 V A � 64¶ = ¼D6<º�»_7GáD;�6HEL¼ = Cë7Gá�E V 6�¼@à:64��AÉ�+�:6� ¼gÅ áD;�A V 6�7�7 ² 7�6�6 ��= ?:S ²a³ S ¿Wµ+µ�SèmA V º^EF; = J�»Ó�+�:6�7 = �Gà�EF� = ALC5¶T6�;�6MáBAL;+� = C �\= ?:S ²a³ S©À.µ4�+�:6N��AL�9EFºQáD;�ALÇ�EFÇ = º = � = 6�7�JaAL;�+�:6��+�D;�6�6`áD;�A V 6�7�7�6�7��+��EF� V EFC��9E ¹ 6`áDº^E V 6�� à:7+��EFÇRAH¸W6��+�:64¼ = 7�7�A V<= EF� = ALC��+�D;�6�7��:ALº8¼$S� AL;�6HE V �°áD;�A V 6�797X¶�6�7��:AH¶v�+�:6�;�6�7GàDº���7�ALÇD�9E = C:6�¼Ë¶ = �+�2EFC = C = � = EFºo7��9EF��6VáD;�6Má�EF;�6�¼= C½6HE V �MAFJ§�+�:6Nø:;�7+�K�+�D;�6�6·¸ = ÇD;9EF� = ALC�EFº�º86<¸W6<º87HSOè��:6Nø:º�º86�¼ Ñ�= C V<= ; V º86�7�EF;�6·;�6HE V � = ALC
áD;�ALÇ�EFÇ = º = � = 6�7HGc�+�:6bA(áR6<C V<= ; V º86�7�EF;�6	�+�:6�7GàDÇD;�6HE V � = ¸W6QáD;�ALÇ�EFÇ = º = � = 6�7	EFC:¼��+�:64ø:º�º86�¼ Ñ�= C7�ÊEà�EF;�6�7�EF;�6·�+�:6·¼ = 7�7�A V<= EF� = ALC³áD;�ALÇ�EFÇ = º = � = 6�7HS � AL;�E�¶�E�¸W6Má�E V9¹ 6<�JáD;�6Má�EF;�6�¼ = C½�+�:6?.;�A(àDC:¼M¸ = ÇD;9EF� = ALC�EFº§7��9EF��6N�+�:6UC:ALC Ñ ;�6HE V � = ¸W6XáD;�A V 6�7�7 ² = Sª6.S½�+�:6aáB6<; � EFC:6<C V 6@AFJÆEÇBA(àDC:¼mÙ!â�ÛZÜñE]J°��6<;��+�:6 V ALº�º = 7 = ALC�µ = 7K¼DA ��= C�EFC���EFº��+�:A(àD?.��EFC = C V ;�6HEL7�6 = C½6<C:6<;+?.»��6<C:¼D7`EFº87�A���A = C V ;�6HEL7�6��+�:6�¼ = 7�7�A V<= EF� = ALC`áD;�A¿¼@à V ��7HS�ã�6<;�6�¶T6	7�6�6T�+��EF�(�+�:6��+�D;�6�7+�:ALº8¼= 7�C:AL� V º86HEF;+º�»É¼D6Cø:C:6�¼�J°AL;	à]òéç�7 = C V 6Æ�+�:6X6<C:6<;+?W6<� =8V �+�D;�6�7+�:ALº8¼O¼DA¿6�7�C:AL� V A = C V<= ¼D6¶ = �+�_�+�:6�¼�»¿C�E ��=8V EFºYALC:6.G�EL7XEFº�;�6HEL¼�»@C:AL��6�¼ = CZáD;�6<¸ = A(à:7�¶�AL; ¹ 7 ² 7�6�6KJaAL;�6�î:E � áDº86Æ�ALÇ�à:7"EL¼:E�G�½�E ¹c=�� AL��AëEFC:¼uý�C:¼:E ² ´.·�·�¹Wµ�EFC:¼½;�6�J°6<;�6<C V 6É�+�:6<;�6 = C�µ��WSQ[�7rÙ�â�Û Ü = 7áD;�6Má�EF;�6�¼ = C�E�¸ = ÇD;9EF� = ALC�EFº�º�»O6�î V<= ��6�¼O7+�9EF��6.G�E � EF; ¹ 6�¼@6<CD��EFC V 6 � 6<C��ÆAFJ(�+�:6�¼ = 7�7�A Ñ
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³�= ?�àD;�6 ³ S8´�µ ¶¿A � 6Ä7 = ?.C = ø V EF� = ¸W6 7+C�E/á:7+�:AL��7vAFJI�+�:6 � =�� 6Ä6<¸WALº:àD� = ALC AFJP�+�:6¶�E�¸W6Má�E V�¹ 6<�HSV<= EF� = ALC�áD;�A V 6�7�7 = 7 V º86HEF;+º�»�6<¸ = ¼D6<Cc� = C��+�:64ø:?�àD;�6/µ\�+�:6�¼ = 7�7�A V<= EF� = ALC = 7Y�+�:6�¼DA ��= C�EFC��
áD;�A V 6�7�7UÇBAL�+�IJaAL;·àÂò å_EFC:¼PàÂò ô�G�EFº�;�6HEL¼�»PEF��EëJ°;9E V � = ALCíAFJ�EFCuÍ�·�EFÇRAH¸W6�+�D;�6�7+�:ALº8¼$SÉè��:6 � A.7���7+�+; =�¹¿= CD?O;�6�7GàDº�� = 7�? = ¸W6<CËÇ�»ë�+�:6·EFº � A.7�� V A � áDº86<��6YÝ±¸(¹�Í�ÏBþ9Íò�ºUÌ+Í1ÝWþ�Ðl»aòLÏ ² ø:º�º86�¼ Ñ�= C V<= ; V º86�7 = C ³�= ?:S ²a³ S+¼.µ+µK6<¸W6<CÓ¶	�:6<CÓ�+�:6É6<C:6<;+?.» = 7�� à:7+��EFÇRAH¸W6�+�:6��+�D;�6�7+�:ALº8¼ ² ½ S�´ Ñ ½ S8¾OÍ�·Xµ�S�è��:6�� = ?.�:6�7+��;�6HE V � = ALCváD;�ALÇ�EFÇ = º = � = 6�7bEF;�6ÆALÇ:7�6<;+¸W6�¼ÉJ°AL;�+�:6�àÖò ô = C = � = EFºb¸ = ÇD;9EF� = ALC�EFº�º86<¸W6<º�GoÇ�àD���+�:6<»�7+� = º�º§¼DAËC:AL��6�î V 6�6�¼À¿ ½ � AFJ��+�:6��AL�9EFº`EFC:¼_¼D6 V ;�6HEL7�6�;9E/á = ¼�º�»@¶ = �+� = C V ;�6HEL7 = CD?���AL�9EFºY6<C:6<;+?.»WSZè��:6�EFÇ:7�6<C V 64AFJo;�6HE V�Ñ� = ¸W6 V ALC��+; = Ç�àD� = ALC:7 = 7&áD;�ALÇ�EFÇDº�»U¼@à:6bÇBAL�+�É��A��+�:6bC�EF;+;�AH¶	C:6�7�7	AFJ��+�:6$áRAL��6<C�� = EFºR¶�6<º�º¶	�:6<;�6��+�:6_áD;�Ac¼@à V ��7�EF;�64J°AL; � 6�¼½EFC:¼_��A��+�:6�;�6�¼@à V 6�¼Ë¸ = ÇD;9EF� = ALC�EFº = C:6<º^EL7+� =8V<= �g»ËAFJ�+�:6§6�î = � V ��EFCDC:6<º�GWJa6HEF�GàD;�6�7��+��EF� � E ¹ 6§�+�:6,áD;�Ac¼@à V ��7oC:AL�TEFÇDº86	��A�EFÇ:79AL;+ÇU6�é V<= 6<C��+º�»�+�:6X;�6<º86HEL796XAFJ(6�î V 6�7�7§6<C:6<;+?.»WSÁ J�¶T6	C:AH¶¥º8AcA ¹ EF�Y�+�:6	¼ = 7�7�A V<= EF� = ALC_áD;�ALÇ�EFÇ = º = � = 6�7�EL7�E�J�àDC V � = ALC·AFJB�+�:6 V ALº�º = 7 = ALC
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³�= ?�àD;�6 ³ S+¼¡µ!ï�ÏJÐ�ÑZÒ�ÓªÔ�ÏZÕÖÑZÕª×[Ò�×[Ðo×�Ø(Ù�Ú�ÏZÔ�Ð�ÛªØSÐoÛÖÔoØ(Ø�Ó¡Ï@Ù�Ùo×[ÕªÒ�ØSÓªÔ�Ï5ÜEØ(Ù�Ù�ØIÙ¨Ñ�Ð�Ò�Ï2ìÝØEÞÖØEÔ�ßZàcáCÑZÕ±Ï�â@Øã ×XÙoÙoÏ/Ü6×XÑ�Ðo×�ÏZÞ�ÐoÛÖÔoØIÙ�ÛªÏ@Ò ãqä�å�æ1çÖè�é Ñ@ÙyÑ�Ú�êªÞÖÜwÐ�×[Ï@ÞAÏJÚ¡ÐoÏJÐ�ÑJÒªØ(ÞªØEÔ�ßZà@ëlï¨ÛªØ¨Ð�ÛªÔ�ØEØ�ÙoØ6Ð�Ù_ÏJÚ�Ü6êªÔ�âZØIÙ
ÔoØEÚ�ØEÔ¨Ð�Ï�Ð�ÛªØ?Ò�Ï2ì�ØIÙ2Ð¨ÐoÛÖÔoØ(Ø�â5×�ÕªÔ�Ñ�Ðo×�ÏZÞ±ÑJÒ�Ò[Ø(âZØ(Ò�Ù¨ÏZÚ�ì_í$îcï¤ë

6<C:6<;+?.»�A�¸W6<;�E�ÇD;�AWEL¼D6<;X;9EFCD?W6�EL7 = C ³\= ?:S ²a³ S ³ µ�¶T6 V º86HEF;+º�» = ¼D6<Cc� = J�»��+�:6K�+�D;�6�7��:ALº8¼D7V AL;+;�6�7GáRALC:¼ = CD?���A��+�:6X¼ = ê$6<;�6<C�� = C = � = EFº�¸ = ÇD;9EF� = ALC�EFº\6<C:6<;+? = 6�7�EFC:¼$G¿J°AL; V ALº�º = 7 = ALC@6<C Ñ6<;+? = 6�7YÇR6<º8AH¶¥�qð � G.¶�6 V EFCU7�6�6��+�:6	6CêR6 V ��AFJB�+�:6	¸ = ÇD;9EF� = ALC�EFº�6<CD��EFC V<= CD?�¼@à:6	��AÆ�+�:6ñ �:6HEF� = CD?5òÆAFJ��+�:6Æ;�6HEF?W6<C���7HS ³ AL;	� = ?.�:6<;§6<C:6<;+? = 6�7	�+�:6Æ¸ = ÇD;9EF� = ALC�EFºm6�î V<= �9EF� = ALCOAFJ��+�:6;�6HEF?W6<C�� = 7§C:A � AL;�6Æ�+�:6X¼�; = ¸ = CD?�JaAL; V 6XAFJ\�+�:6ÆÇD;�6HE ¹cÑ à�áXáD;�A V 6�7�7§EFC:¼OE�¸ = ÇD;9EF� = ALC�EFº7Gà�á�áD;�6�7�7 = ALC = 7bALÇ:7�6<;+¸W6�¼ = C:7+��6HEL¼$S
ý�C:6@7��+; =�¹c= CD?2J°6HEF�GàD;�6QAFJX�+�:6 V àD;+¸W6�7É7+�:AH¶	C = C ³�= ?:S ²a³ S ³ µ = 7��+�:6]áD;�6�7�6<C V 6�AFJ¹9ÿ¿ò.ûEÞi��Í�Ì(¹��+��EF�Z��E�¸W6UEFº�;�6HEL¼�»�ÇR6�6<CëC:AL��6�¼ëÇ�»_7�6<¸W6<;9EFº�E/àD�+�:AL;�7ZÇB6�JaAL;�6 = CË7+»�7+��6 � 7¶	�:6<;�6§�+�:6<;�6�EF;�6§C:AZ;�6HEF;+;9EFCD?W6 � 6<Cc� V ��EFCDC:6<º87�E�¸.E = º^EFÇDº86 ² 6.S ?:SY796�6"ó�ALÇ�à:7"EL¼:E�G�¶�E ¹¿=ÒÑ� AL��A�EFC:¼aý�C:¼:E ² ´Jô/ô/¾Wµ`EFC:¼�;�6�Ja6<;�6<C V 6§�+�:6<;�6 = C�µ�SYè��:6,áD;�6�7�6<C V 6§AFJ$�+�:6�7�6§7��:A(àDº8¼D6<;�7= CëA(àD; V EL7�6�E/á�áR6HEF;�7Æ��A·ÇR6�º = C ¹ 6�¼Q��AU�+�:6��5õLÏlÝ/ö÷»aþ1Ý(ÞoEFÇ:796<C V 6�AFJo;�6HE V � = ALCË¼@àD; = CD?�+�:6 V ALº�º = 7 = ALC�EFºm6<¸W6<C��HS�øË6sáBA = Cc�§A(àD�	�+��EF�T�+�:6ÆCEà � ÇR6<;bAFJ�71à V �O7+�:A(àDº8¼D6<;�7 = 7	6�ÊEà�EFº��AÆ�+�:6�¸ = ÇD;9EF� = ALC�EFº�Êyà�EFCc�Gà � Cyà � ÇB6<;TAFJ��+�:6 = C = � = EFºD¶�E�¸W6Má�E V�¹ 6<�HS�è�� = 7`7�6�6 � 7Y��AÆÇR6EFC = C:¼ =8V EF� = ALC�AFJm�+�:6ù�5»�Ì+Í�þ�Ðv�5õLÏlÝ5öù»aþI¹��9E ¹¿= CD?`áDº^E V 6�ALCÉ�+� = 7T¸W6<;+»·7 =�� áDº86$áBAL��6<Cc� = EFº6<C:6<;+?.»Ë7GàD;ÈJ�E V 6.S Á C:¼D6�6�¼$Gm¶	�:6<CMALC:6�º8A¿A ¹ 7�EF�Z�+�:6�úoÏlÝ(ÞT¶TE�¸W6Má�E V9¹ 6<��7�ALC:6 V º86HEF;+º�»C:AL��6�7UEë79AL;+��AFJùö·ÍIö�òLÌIõ Ílû�Í+þ�Ð·AFJÆ�+�:6 = C = � = EFº�¸ = ÇD;9EF� = ALC�EFº�7+�9EF��6.S¥[�7�7+�:A�¶	C = C³�= ?:S ²a³ S8ôWµ�G��+�:6�¶�E�¸W6Má�E V9¹ 6<�b7GáD;�6HEL¼D7 = C�7Gá�E V 6�ÇB6 V E/à:7�6ÆAFJm�+�:6Æ¼ = 7�79A V<= EF� = ALC0áD;�A V 6�7�7HG
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Collision induced dissociation for Li-H-H geometry

³�= ?/ýD;�6 ³ S ³ µ`ï�ÏJÐ�ÑJÒgÜEÏZÒ�Ò[×XÙo×[Ï@Þ�×�Þ ã ê±Ü6Ø ã�ã ×�Ù�Ù�Ï/ÜE×�ÑJÐo×�ÏZÞ°áÿþ���ë é ÓªÔ�ÏZÕÖÑZÕª×�Ò[×[Ð2à3ÑZÙsÑùÚ�êªÞÖÜ6Ðo×�ÏZÞ�ÏJÚ
ÜEÏZÒ�Ò[×XÙ�×�ÏZÞ÷ØEÞÖØEÔ�ßZàAÚ�ÏZÔ¨Ð�ÛªØ��ÖÔ�Ù2Ð��A×�Þª×+Ð�×�ÑZÒ�â5×[ÕÖÔ�ÑJÐo×�ÏZÞÖÑZÒ¡Ò�ØEâ@ØEÒXÙ¨ÏJÚyì_í$îcï¤ëÇ�ýD���D;�6�7�6<;+¸W6�7	�+�:6 = C = � = EFº$C:A¿¼:EFº$7+�+;wý V �wýD;�6XAFJ\�+�:6 � ALº86 V ýDº^EF;§ÇRA5ýDC:¼�7+�9EF��6Æ7�6<º86 V ��6�¼JaAL;(�+�:6��D;�A V 6�7�7HS�è��:6��5» ¹<þ<Ì�Í<Ð�Í V ALC��+; = Ç�ýD� = ALC·AFJR6HE V ��º8ALÇR6�AFJ��+�:6�¶TEH¸W6���E V�¹ 6<�o��A��+�:6ÇD;�6HE ¹cÑ ý	�Nð�ý�îU7�6�6 � 7���A�ÇR6b;�6�7
�RALC:7 = ÇDº86�JaAL;T�+�:6��D;�6<¸ = A5ý:7+º�» � 6<Cc� = ALC:6�¼�7+�+;wý V �wýD;�6�¼� Á Å��D;�ALÇ�EFÇ = º = � = 6�7HS Á ��¶�A5ýDº8¼OÇR6 = C���6<;�6�7�� = CD?���A�7�6�6 = J(7wý V �@7��+;wý V �wýD;�6 = 7
�D;�6�7�6<;+¸W6�¼EFº87�A4¶	�:6<C@�+�:6ÆJÿýDº�º�¼ =�� 6<C:7 = ALC�EFº = ��»OAFJ(�+�:6��D;�ALÇDº86 � = 7��9E ¹ 6<C = C���A·E V�V A5ýDCc�HSd(e�h(eih �-�o~My�k\}�}�wgn`~:tR|O|�~:t$y¿r.w�kmn^�ëq��bwaqL�è��:6�796 V ALC:¼ë?W6�A � 6<�+;+» V ALC:7 = ¼D6<;�6�¼ë�:6<;�6 V AL;+;�6�7
�RALC:¼D7Z��A�� � �����`� ��� = Cë¶	� =8V �V EL7�6Æ�+�:6��BA.7�7 = ÇDº86Æ;�6HE V � = ALC = 7	¼D6<?W6<C:6<;9EF��6KEFC:¼ = 7

��������� � Î! � ���"��� Î ��� !è��:6ë7wýD;ÈJ�E V 6_7+�:AH¶T6�¼ = C ³�= ?:S ²a³ S8¿WµN6�î¿� = Ç = ��7OEM7���EFº�º8AH¶�¶�6<º�ºX�+��EF� = 7�¼�ý:6_��AÓ�+�:6¶T6HE ¹ �RALº^EF; =�ê EF� = ALCëJ°AL; V 6�7�ÇR6<��¶T6�6<CË�+�:6$# EF��A � EFC:¼��+�:6 V ��EF;+?W6�¼ � ALº86 V ýDº86.S�øË6V �:AcA.7�6���A$�R6<;ÈJ°AL; � EFCQEFC�EFº8AL?WA5ý:7Æ7�6<��AFJ V EFº V ýDº^EF� = ALC:7 = C��+� = 7�EF;+;9EFCD?W6 � 6<Cc�X��A·7�6�6= JX�+�:6%��EF�+��6<;+C¥J°AL;��+�:6 V ALº�º = 7 = ALC = C:¼�ý V 6�¼I¼ = 7�7�A V<= EF� = ALC5;�6 � E = C:6�¼¥7 =���= º^EF;·��Aë�+�:6ALC:6_EFº�;�6HEL¼�»5JaA5ýDC:¼5JaAL;É�+�:6QAL�+�:6<;É?W6�A � 6<�+;+»WSv[�º��+�:A5ýD?.�IC:AL��6<Cc� = ;�6<º�»¥; = ?WAL;�A5ý:7HG�+� = 7TJlýD;+�+�:6<;���6�7+� V A5ýDº8¼U�:6<º&�:ý:7���A � AL;�6 V º86HEF;+º�»3ýDC:¼D6<;�7+�9EFC:¼ = JYE�JÿýDº�ºR¼ =�� 6<C:7 = ALC�EFº
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³�= ?/ýD;�6 ³ S8ô�µ-�$Þª×+Ð�×�ÑZÒgÑJÞ ã �±ÞÖÑJÒgÙ�Ð�ÑZßZØFÏZÚ�Ð�ÛªØFØEâ@ÏZÒ�ê/Ðo×�ÏZÞ:ÏJÚ¤ÐoÛÖØFÓªÔoÏ@ÕÖÑJÕÖ×[Ò�×+Ð2à ã ØEÞ±Ù�×[Ð2àcÚ�Ï@Ô"Ñ
ì¤ÑLâ@ØEÓÖÑ@Ü íZØEÐ~ÓÖÔoØ(ÓÖÑJÔ�Ø ã ×�ÞFÐ�ÛªØ,�±Ô�Ù�ÐgÐ�ÛªÔoØ(Øvâ5×�ÕªÔ�ÑJÐo×�ÏZÞÖÑZÒÖÒ�ØEâ@ØEÒXÙgÏZÚ�ì_í$îcï¤ë.�$Þ�ÐoÛÖØtêªÓÖÓ±Ø(Ô�ÓÖÑZÞªØEÒ
ÏZÞFÐ�ÛªØ�Ò[ØEÚiÐ�ì¤ØvÛ±ÑLâZØ�Ð�ÛªØ�×[Þª×[Ðo×XÑJÒ�Ùo×+Ð�êÖÑ�Ð�×[Ï@ÞFÚ�ÏZÔ¤Ð�ÛªØvÐ�ÛªÔ�ØEØ ã ×0/�ØEÔ�ØEÞ&Ð�ì¤ÑLâ@ØEÓÖÑ@Ü íZØ6Ð�Ù�áCÙoÛª×[ÚiÐoØ ã ×�Þ132 Ú�Ï@ÔtÜ6ÒXÑJÔ�×[Ð2à é ÑJÞ ã ×�Þ ÐoÛÖØ"ÔoØ54FÑJ×�Þª×[ÞÖß�ÓÖÑJÞÖØEÒXÙ�ÐoÛÖØsÙ�×[Ðoê±Ñ�Ðo×�ÏZÞcÙoÏ5ÏZÞcÑJÚiÐoØEÔvÐoÛªØ1Ü6Ï@Ò[Ò�×�Ùo×�ÏZÞ�á7698:	; é Ú�ÏZÔ�Ñ�4AØ(ÑZÞrí5×�ÞªØ6Ð�×�ÜSØ(ÞªØEÔ�ßZàqÏJÚ�<9= 8?>A@AëV EFº V ýDº^EF� = ALC V A5ýDº8¼·º86HEL¼U��AK7 =���= º^EF;�;�6�7wýDº���7�EF�Tº86HEL7+�`JaAL;��+�:6b?W6<C:6<;9EFºRÇB6<��EH¸ = AL;�AFJ��+�:6¼�»cC�E ��=8V 7�SÁ C ³�= ?:S ²a³ S�´ ½ µ�¶T6@;�6��RAL;+�·�+�:6@;�6�7wýDº���7�JaAL;·�+�:6 V ALº�º = 7 = ALC = C:¼�ý V 6�¼I¼ = 7�7�A V<= EF� = ALC
�D;�ALÇ�EFÇ = º = � = 6�7 = C_E·7 =���= º^EF;b¶�E�»O��A·�+��EF��AFJ ³�= ?:S ²a³ S ³ µ�S§[�7�ALC:6 V EFCQ796�6.G:�+�:6K;�6�7wýDº���7¼DAbC:AL� V ��EFCD?W6 � ý V � = C��+� = 7�AL�+�:6<;YAL; = 6<Cc�9EF� = ALC�SYè��:6,�D�c»¿7 =8V EFºB� =8V �wýD;�6�AFJ�Eb;�6HE V � = ¸W6¼�»cC�E ��=8V 7�¼DA ��= C�EF��6�¼�Ç�» � Á Å(�D;�A V 6�7�796�7 = 7 � E = Cc�9E = C:6�¼$S1¶±ý V �QE���6�7��§�:6<º&�:7sý:7b��A� E ¹ 6 � AL;�6N;�6HEFº = 7+� =8V �+�:6�EL7�7wý � �D� = ALC5�+��EF�·EFº�º§�+�:6C�D;�AD�R6<;+� = 6�7·AFJÆ�+�:6�¼�»¿C�E ��=8V 7EF;�6�¼D6<��6<; ��= C:6�¼QÇ�»@�+�:6 = Cc��6<;9E V � = ALC_AFJ`�+�:6K¶TEH¸W6���E V�¹ 6<�X¶ = �+�Q�+�:6�;�6���ýDº87 = ¸W6�¶�EFº�º87HS[bº879A = C��+� = 7§7�6 V ALC:¼�?W6�A � 6<�+;+»WG��+�:6Æ��AL�9EFº$ð�ý�î = 7b7+��EF;�6�¼�ÇR6<��¶�6�6<C��+�:6X¼ = 7�7�A V<= EF� = ¸W6EFC:¼É�+�:6�7wýDÇD;�6HE V � = ¸W6X6<¸W6<Cc��7HS`è�� = 7 = 7T¶	��»U¶�6 V EFC�ALÇ:7�6<;+¸W6 = C ³�= ?:S ²a³ S�´ ½ µ��+�:6�79E � 67+�:A5ýDº8¼D6<;Z7+�+;wý V �wýD;�6�7�6�6<C_ÇR6�J°AL;�6 = C ³�= ?:S ²a³ S ³ µ�S Á C_�+� = 7 V EL7�6��+�:647+�+;wý V �wýD;�6 = 7X6<¸W6<C
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Collision induced dissociation for H-Li-H geometry

³�= ?/ýD;�6 ³ S�´ ½ µ©þ�ÏZÒ�Ò[×XÙo×[Ï@Þ�×[Þ ã êÖÜ6Ø ã ÓªÔ�ÏZÕ±ÑJÕª×�Ò[×[Ðo×�Ø(Ù"Ú�ÏZÔ1ÐoÛÖØ÷îFE ì_í�Erî ÏZÔ�×[Ø(Þ@Ð�Ñ�Ð�×[Ï@Þ�ëCG/ØEØH ×�ßÖëXá7Iªë I é ë� AL;�6�6<¸ = ¼D6<C��Y7+�:AH¶ = CD?Æ�:6<;�6	E3�B6<;ÈJa6 V � V AL;+;�6�7J�BALC:¼D6<C V 6�¶ = �+�4�+�:6 = C = � = EFº¿¸ = ÇD;9EF� = ALC�EFº7+�9EF��6�7"ý	�O��A4�+�:6XàcòLK�º86<¸W6<º�Sd(e�h(eNM �-�o~Ó~PO§~�y¿r@kRQ�w�xFk$r.k�z�wgyTSBtR|�w�tBr.w�kmnox
ý�C:6�AFJ��+�:6 = C���6<;�6�7+� = CD?@;�6�7wýDº���7ZAFJ��+�:6�EFÇBA�¸W6�EFC�EFº�»¿7 = 7 = 7Æ�+��EF�HGm6<¸W6<C = Cë�+�:6 � A.7+�J�E�¸WAL;9EFÇDº864AL; = 6<C��9EF� = ALC�U¨»WVX#?VY#XG��+�:6 V ALº�º = 7 = ALC_¼DA¿6�7�C:AL��º86HEL¼���AU�+�:6-�D;�A¿¼�ý V � = ALCëAFJEFC½EZ�	�D;�6 V<= EFÇDº86ÉÊ±ý�EFC�� = ��»½AFJ
� © SÉè��:6·7J�B6 V<= ø V 7���EZ�B6�AFJ	�+�:6\[`�t¶ËEFº�º8A�¶�6�¼ ý:7Z��A7wýD?.?W6�7��b�+��EF�Æ7wý V �_E�ÇR6<��E�¸ = AL;�¶�EL7�¼�ý:6���A��+�:6-��EF;+� =8V ýDº^EF;+º�»OC�EF;+;�AH¶v7+��EZ�R6�AFJY�+�:6
� © 6�î = � V ��EFCDC:6<º�S Á C2AL;�¼D6<;Z��ANJlýD;+�+�:6<; V �:6 V�¹ �+� = 7X�c»]�RAL�+�:6�7 = 7HG\¶�6 V ALC:7 = ¼D6<;��:6<;�6�+�:6�6_^R6 V �XAFJTEFC_6<CDº^EF;+?W6 � 6<C��ZAFJ��+�:6K¶T6<º�º = C��+�:6�6�î = � V ��EFCDC:6<ºY¶	� =8V �2EF; = 7�6�7bJ�;�A ��+�:6 � EL7�7 V ��EFCD?W6�74AFJ��+�:6 = 7�AL��AD� =8V 7wýDÇ:7+� = �wýD� = ALC:7 = C2�+�:6 � EL797 Ñ 7 V EFº86�¼ V A¿AL;�¼ = C�EF��67+»�7+��6 � SYèm¶�A ¹¿= C:¼�AFJ = 7�AL��AD� =8V 7wýDÇ:7+� = �wýD� = ALC@��E�¸W6ZÇR6�6<CO6�î:E ��= C:6�¼yµ�,�a` Î � ���b� ` � ��� ÎEFC:¼ �,� � Î � ` �b� ` � ��� Î
Á C ³\= ?:S ²a³ S�´.´�µÆ¶�64;�6��RAL;+�X�+�:64��AL�9EFº`¼ = 7�7�A V<= EF� = ALCT�D;�ALÇ�EFÇ = º = � = 6�7�Gm��AL?W6<�+�:6<;X¶ = �+�ë�+�:6
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}Ph��*uv~mh���uDwJ�mh�x|Zz��D��� ð9��uZyP� zX| g3x
}Ph��T� � d y d x d u � ~ d&� gruZx d | y�u �et xruZxJh
i

� }Ph�� |�t x t x
g d � d y f gJh t ý � xd t x
}�uZxv� d y � | x
}�wvu t h t �Rx
}Ph�gJhvuDw�x d | y d t } d&f } � � h�y	}�uZyPwAhA��uZyP� � hAw | �$h t ��uZx � hvu t xzX| g ����� Î ��x
}Ph-� | � d y�uZy]x��	g | wAh trt
i

� } d t d t ��u d y � � ��ýPh-x | x
}Ph f gJhvuZxJh�g�u �	d � d x � |Zz
x
}Ph��	g | ��ýPw�x�#3��x | u � tJ| g � x
}Ph$h_�	wAh tJt�|Zz x
gruZy t
� uZx d | y�u � h�yPh�g f�� � d x
}�gJh t �.hAw�x�x |
�	gJh�~ d | ý t wvu t h |Zz �$ 

i
Á y�x
}Ph
wvu t h |Zz #3��� d y z uDw�xv��x
}Ph
�	h�y t d x � |Zz ~ d&� gruZx d | y�u �¡t xruZxJh td t f gJhvuZxJh�g�yPhvuZg�x
}	gJh t } |D� �TuZyP�¢x
}Ph-gJh t ý � x d y f � | xJh�y£x d u � h�yPh�g f�� t ý	g z uDwAh-}�u t u � h tJt

y�uZg
g | ��h_� d xewJ}�uZy	yPh �R¤ d y�x
}Ph,��u tJt¦¥at wvu � hA�§w |¨| gJ� d y�uZxJh t5©
i

ª | �*h�~mh�gv��x
}Ph,w | ����uZg d tr| y� h�x���hAh�yCx
}Ph�xa� | d tJ| x | � d w�~DuZg d uZy]x t }Ph�gJh3w | y t d �	h�gJhA�{�Bx
}�uZx � hvuD�$x | x
}Ph t uZ�$h��	g | � ¥
ýPw�x�� |D� hAwLý � h�� t ý f�f h t x t x
}�uZx�x
}Ph t d xwý�uZx d | y d tetr| �$h��
}�uZx�� | gJh*w | ��� � d wvuZxJhA�yµ d y§x
}Ph
wvu t h |Zz x
}Ph�gJhvu f h�y]x �,�a� Î x
}Ph3gJhvuDw�x d | y«uZ�	�.hvuZg t u � tr| x | � h
}Ph � ��hA� �£� x
}Ph�¬	­
®D¯J»o­_°
uZx | �±x
gru t¦z h�g
gJhA�	²

i
Á y z uDw�xv�ZuZy | �	� |�t d xJh � h�}�uv~ d | g d t gJh f�d t xJh�gJhA� zY| gRx
}Ph,y | y ¥ gJhvuDw�x d ~mh

³ }~#&.S*Z7µ´m¶¸·o¶¦¹Zº¸¶¦»e¼�¹�½o¾Z¶�¿9¼�»X½Y·o¼�ÀZÁ9½o¼�Â5¹�ÂrÃ�Ä�År»Y»Y¶¦»�ÂrÃ¡½o¾9¶,·o¶
Årº¸½o¼�Â_¹9»�¾Z¶¸·o¶,º¦Â_¹9»Y¼0¿9¶¸·o¶
¿�Æ�¶
Å_¿�½oÂ3Å
¬ ­YÇ2«rÈNÇo­�»YÉ�¶¸ÊR¼�¹9Ë�Å5¹ZË5Æ�¶RÃÌÂ5·�½o¾Z¶�Í9·o»X½P·o¶
Å5º¸½o¼�Â5¹
»XÎ9»X½o¶¸Ä?Ï	Ð.¾Z¶.·o¶¸»YÁZÆµ½o»¡Â5À9½aÅr¼0¹9¶
¿�ÅJ·o¶_Ñ�½o¾vÁZ»¦Ñ_»YÂ_Ä
¶¸ÊR¾ZÅr½Á9¹"Á9»YÁDÅrÆ_»Y¼�¹Zº¦¶¡Â_¹9¶¡¶¸Ò"Ó�¶¦º�½o»BÅ{¾Z¼�Ë_¾9¶¸·¨·o¶¦Å5º¸½o¼�Ôv¼µ½WÎ�ÊR¾9¶¦¹�½o¾Z¶P½Y·aÅ5¹Z»YÆ0ÅJ½o¼0Â5¹DÅrÆ"º¸ÂAÂ5·a¿9¼�¹ZÅr½o¶�ÂrÃ9½o¾9¶PÓ9·oÂv¿9Á9º¸½¼�»�Ä
Âr·o¶�Å5Æ�¼�Ë_¹Z¶¦¿�ÊR¼µ½o¾%½o¾Z¶�½Y·aÅ5¹9»YÆpÅJ½o¼�Â_¹DÅrÆ�º¦ÂAÂ5·a¿"¼�¹DÅr½o¶-Â5Ã,½o¾Z¶�·o¶
ÅrË_¶¦¹A½�Õ&¼&Ï ¶_ÏÖ¾Z¶
Å
ÔAÎv×NÆ�¼�Ë5½o¾"×7¾Z¶
Å
ÔAÎ»XÎ"»X½o¶¦Ä3Ø�ÏPÐ.¾9¼�»�ÃÙÅ5º¸½R·o¶¦Ô�¶¦Å5Æ�»{½o¾Z¶�¼�Ä
Ó�Â5·Y½aÅr¹Zº¦¶�ÂrÃB½o¾Z¶�·o¶
Å5Ë5¶¦¹A½�¿"¼pÅJ½oÂ_Ä
¼�º�Ó�Âr½o¶¦¹A½o¼pÅrÆ&Ï



Ú±É ² ÉeÈ�Ç Ì¤üeÛ Æ Ì ¿ ½ ¾

�	g | wAh tJt �¡�
}Ph�gJh�� t ý	g
�	g d t d y f � � ��x
}Ph d tJ| x | � d w t ý � t x d xwý	x d | y ��� � ÎÝÜ ���a� Î °J­
ÞDß	àr­(¹t d&f y dÙá wvuZy]x � � x
}Ph | wAwLý	g
gJh�yPwAh |Zz x
}Ph t ý � ¥ gJhvuDw�x d ~mh�x
gruZy t d x d | y t ��ý	g d y f w |D�&� d t d | y t
iÁ z �*h � |¨| �âuZx�x
}Ph��	g | � u �	d � d x � �	h�y t d x � � � | x f�d ~mh�y d y ³�d&f

i
¤Yã

i
ä ¿ © ����h t hAh�} | �

2 4 6 8 10 12
0

2

4

6

8

10
LiD++H

2 4 6 8 10 12
0

2

4

6

8

10
LiH++D

³ed&f ý	gJh ã
i
ä ¿�µ�å_Ô�ÏZÕ±ÑJÕª×�Ò[×[Ð2à ã Ø(ÞÖÙo×+Ð2àqÜEÏZÞ&ÐoÏ@êªÔ¨ÓªÒ�ÏJÐ�Ù¤Ú�Ï@Ô¤ÐoÛªØ?Ô�Ø(Ñ@ÜwÐo×�ÏZÞ�ÏJÚ~ì_íYæ�ï�ç è�é�<�êPë�î

áCÏZÞAÐoÛÖØvÒ�Ø6ÚiÐ é ÑJÞ ã ì_í$îcï�ç è$éÝ<�ê�ë�æÍá�Ï@ÞAÐoÛªØtÔo×�ßZÛ&Ð é Ñ�Ð_Ð�ÛªØvØ(Þ ã Ú�Ï@Ô_ÐoÛÖØ�ÔoØIÑZÜ6Ðo×�ÏZÞcáo<_8"8 :	; é
Ú�Ï@Ô�Ñ-<9= 8?>A@ ÏJÚ.ì5×[ÞªØEÐo×XÜ�ØEÞªØ(Ôoß@àZë{nv×XÙ�Ð�ÑJÞ±Ü6Ø(Ù�ÑZÔoØS×�Þîí"ë
x
}PhC� d t x
g d&� ý	x d | y t�|Zz x
}Ph á y�u � �*uv~mh���uDwJ�mh�xCuZgJh«�BgruZ��uZx d wvu �&� � � d ^{h�gJh�y£x z g | �ïx
}Ph| yPhð�	gJh�~ d | ý t
� ��d y]~mh t x d&f uZxJhA� zX| g$x
}Phðy | y ¥ d tJ| x | � d w¢gJhvuDw�x d | y

i
ñ t ��h t hAh d yòx
}Ph� h z x���uZyPh �¡|Zz ³ed&f

i
¤Yã

i
ä ¿ © �£x
}Ph
gJh��	gJh t h�y£xruZx d ~mh��*uA~mh���uDwr�mh�x |Zz x
}Ph �,�a� Î � � t � t xJh��

gJhvuDw�x t uZyP��� d tJtJ| w d uZxJh�� |�t x � �-d y�x
}Ph��	g | ��ýPw�x�gJh f�d | y��
} d � h
x
}�uZx |Zz x
}Ph ��� � Î � � �t } | �
y d y\x
}Ph�g d&f }£x���uZyPh � �	w | y£x d y±ýPh t �Pu t x
}Ph � d&f }]xJh�g�wvu t h��]x | � d tJtr| w d uZxJh�� |�t x � �$d y
x
}Ph�gJhvu f h�y]x3gJh f�d | y

iñ y d y]xJh�gJh t x d y f z ý	g
x
}Ph�g?� d ^.h�gJh�yPwAh � h�xa��hAh�yâx
}Ph�x
}	gJhAh d tJ| x | � d w�~DuZg d uZx d | y t }�u t� hAh�y zY| ý	yP�-�
}Ph�y�uZy�u � �¨óAd y f x
}Ph,x
}	gJh t } |D� � � h�}�uA~ d | g |Zz x
}Ph�gJhvuDw�x d | y��	g | � u �	d � d x d h t
i� }Ph�gJhvuDw�x d | y��	g | � u �	d � d x � zX| g-u��*uv~mh���uDwJ�mh�x��	gJh���uZgJhA� d y�x
}Ph d y d x d u � ~ d&� gruZx d | y�u �

t xruZxJh§��� � d t � d t � � u � hA� d y ³ed&f
i
¤Yã

i
ävô ©

i
Á yTx
}Ph�wvu t h |Zz ��� � Î � �õx
}Ph§gJhvuDw�x d | y

�	g | � u �	d � d x � g d t h t�t }�uZg
� � �
ö ý t x�u � | ~mh,x
}	gJh t } |D� �{�mgJhvuDwJ}Ph t u���u9� d �qý	�÷uZx�ø �B�0ù�úeûAü
uZyP�Öx
}Ph�y � h f�d y t x | �	hAw�gJhvu t h:ý	y£x d � ��u t �*h�u � gJhvuD� � �¨y | ���,gJhvuDwJ}Ph t$t ��u �&� h�g$uZyP�t ��u �&� h�g,~Du � ýPh t u t x
}Ph�h�yPh�g f���d yPw�gJhvu t h t

i
� }Ph � h�}�uv~ d | g |Zz x
}Ph ���a� Î � �ýgJhvuDw�x d | yd t u � � |�t x t d � d � uZgv� � ý	x�x
}Ph«g d t h |Zz x
}Ph«�	g | � u �	d � d x �Öd t ��ýPwJ} t xJhAh���h�g�y | �

i
� }Ph� h�}�uA~ d | g |Zz x
}Ph?�	g | � u �	d � d x �%d t � d y t xJhvuD�{��w | ��� � h�xJh � � � d ^.h�gJh�y]x zX| g
x
}Ph ���a� Î � �

gJhvuDw�x d | y_µ d x�g d t h t � d x
}$u t xJh�� ¥o� d �mh t }�uZ�.h*�qýPwJ} � d �mh��
}�uZx�}�uZ�	�.h�y t � d x
}$þ±ý�uZy£x d&ó hA�
x
gruZy t d x d | y t xruZxJh�h�yPh�g f�� � h�~mh � t�¤Xt hAh zY| g�h_�	uZ��� � h�ÿâuZ}�uZ��uZx
gru�uZyP�O¶BuZx
} � uZ��ý	g
x
} �



¿ ½ ´ Â¤Ã1Ä�Å1Æ¤Ç�È÷Ú±ÉÊÂ�� Û�Û_Ë�Ì¡Ë ��� Ë � ':ü Â¤Ç '('1ËwÌ�Ì �FÂ Ë ÄsÆ Ë ����� ) �,+ �rÎ

0 0.05 0.1 0.15

Collision energy (eV)

-0.1

0

0.1

0.2

0.3

0.4

0.5

T
ot

al
 r

ea
ct

io
n 

pr
ob

ab
ili

ty

LiH-H
LiD-H
LiH-D

Dissociation thresholds

LiH
+

LiD
+

���	��

�������	�������������! #"%$'&)(+*,$'-+��-."0/0"1 #"%��2���2��4365.&+�� ,"0$�&7$�38��$'/%/0"02,"0$�&9�:&.�;*,<'=>36$�*? #@.��*,������ ,"0$�&
ACBEDGF�H6IKJMLONQPSRUTVACBWFXPSDGRZY @.�;*,�>[6\^] _�`#a^[cbd] be`!]f[hg^] b�`!]f[hbd] gi`!j

k ��l�l�m+nioqpsrS����tW�O���Opsuv�vwdx!ys�O���O�	pfn{z+�

|�}�~�}h� �>�,�����������f���������8�����q�,�
� w�����yQov�.��r��6w�uO
sw:w��vrZ�f��tW���������������
x:oq�	ps�vr�tE��������

��u�oq�6uO

�hoqx!�6��psw x!ys��w!x:oqx���¡
x��q¡{w!x:oqx��¢x!�:oqpsw!�	x!�6��p¤£
�����Qoq�
�	�	�	x!�6�vw7tW���7x!ys������o�uOx!�6��psw7tE���!�X�	p
��¥G¦�§'¥©¨©��ª��¢u�oqpC�
x!y+
sw��4oqpQoq�	«­¬��®x!ys�©�f�OyQo��­�6���S�qt�����oq�.�Op­x�w�¯�oqpsrZ£
���­r�
suOx�w�¯e£8��£


�hoqx!�6��pswS���.�O�¢x!ys�
�­�	�
�:oqx!�6��pQoq�°w!x:oqx��vw��

±C�OxX
swX�
�!�6��²s«³uv��psw!�6r
�O�´x!ys�¢ps��p�¡�����o�uOx!�	�.�©oqpQoq�	«µw��6w´�qt^x!ys��¶�·{¥�¸º¹»¥¼u�o�w����
ª��´yQo��.�¢oq�	����o�r�«��´�Op­x!�6��ps�vr³x!yQoqx��´��w!x7�qtdx!ys�X²s
�½�o'tEx��O�9x!ys�´����o�uOx!�	�.�¢�O�.�Op+x9�6w
w!yQoq���vrM�+«�x!ys�¢w!

�
����o�uOx!�	�.��oqpsrMx!ys�¢r��6w�w��µuO�hoqx!�6��p³u�yQoqp
ps�O�6w���¾,pMx!ys��w�

�
����o�uOx!�	�.�
¿ÁÀcÂ�ÃWÄqÅ;ÆqÇ1È)É�Ê�ËqÅ;Â�ÊÁÈ�Â�Ä�Ì�Â�Â�ÄqÊ�Í�Ê,Î�ÊÁÏ#Â�ÐÑÅ;Ë9Å;ÒfÂ�ÄqÊ�Ó8Ì�Ô�ÊÁÕ�Ì:Ï,ÖOÊ,Â�Ì:Â�ÇÑÅ!ÓMÊÁË'Ê#Í�×;Ø�Å;Ë)Â�ÄqÊiÌ;ÉqÃWÅ:Í�É'Ù

ÐÑËq×4Õ�Å;Â�ÊÁËvÂ�Ð1Ì;ÇQÓ�Ì;Ã�Ì4ÃWÊ#Í�ÐÑÅ�Æ'Ã�Õ�Í�Å�ÉqÇÑÊÁÚ»ÐÑË7Å;Æ'ÍeÏ!Ì;ÇÑÏÁÆ'Ç1Ì:Â�ÐÑÅ�Ë'ÃiÌ;ËqÈ)Â�ÄqÊ,Í�Ê#ÒÛÅ:Í�ÊdÂ�Ä'ÊÁÃWÊ�ÏÁÅ;ËqÃWÐ1È'Ê#Í{Ì�Â�ÐÑÅ�ËqÃ
Ì�Í�Ê�ÃWÅ�Ú�Ê#ÓCÄqÌ:Â�ÃWÕ�ÊÁÏÁÆ'Ç1Ì:Â�ÐÑÔOÊ�Ü�Ý8Ä'Ð1Ã�Õ�Í�Å�ÉqÇÑÊÁÚZÐ1Ã�ÐÑË�È�ÊÁÊ!È�Å�ËqÊ�Å;Ò8Â�Ä'ÊiÚdÌ;ÐÑË7È�Í{ÌÁÓCÉ�Ì;Ï{ÖÞÅ;Ò8Â�Ä'Ê�Â�ÐÑÚ�Ê#Ù
È�ÊÁÕ�ÊÁË�È�ÊÁËvÂfÏÁÌ;ÇÑÏÁÆqÇ1Ì�Â�Ð1Å;ËqÃÁßàÌ:ÂfÇÑÅ�Ó¢ÊÁËqÊ#Í�×:ØiÂ�ÄqÊ°È�Ø�ËqÌ;Ú�ÐÑÏÁÃQÚdÌ!Ø�É�Ê°ÃEÂWÍ�Å;Ëq×;ÇÑØ�È�ÐÑÃEÂ�Å;ÍWÂ�Ê!È�ÉvØ�Â�Ä'ÊáÍ�Ê#ÎqÊÁÏ#Ù
Â�ÐÑÅ�ËeÅ�Ë�Â�Ä'ÊfÉ�Å;ÆqË�È'Ì:Í�ÐÑÊÁÃÁÜQâ�Ë'Ê8Õ'Í�Å;Ú�ÐÑÃWÐ1Ë'×�ÃWÅ;Ç1Æ�Â�ÐÑÅ�Ë­ã�Â�Ä�Ì:ÂsÏÁÌ;Ú�Ê8Å;Æ'ÂQÌ:Ò%Â�Ê#ÍsÂ�ÄqÐÑÃ
Ó8Å:Í�Ö�Ó8Ì;ÃsÃEÂ{Ì:ÍWÂ�ÊÁÈ+ãOÐÑÃ
Â�Å�Ì:ÏÁÏÁÊÁÇÑÊ#Í{Ì�Â�ÊáÂ�Ä'Ê�ÃWÇÑÅ�ÓCÇäØ�Ú�Å:Ô�ÐÑËq×áÓ�Ì!ÔOÊÁÕqÌ;Ï{ÖOÊ#ÂQÉ�Ê#Ò0Å;Í�ÊáÌ;É'ÃWÅ;Í�ÉqÐÑË'×�ÐÑÂáå	æ°ÆqÃWÃ�Ì;ÐÑË�Ì:Ë�È�çáÅ�É�Ê,ÍWÂ�ÃÁã�è;é;é�é�ê,Ü
ÀcË�Â�ÄqÐÑÃ�Ï!Ì:ÃWÊ�Å;ËqÊ�ÃWÄqÅ�Æ'Ç1È�Å�ËqÇäØ�Â{Ì:ÖOÊ�Ï!Ì:Í�Ê�Å;ÒfÌ!ÔOÅ�Ð1È'ÐÑË'×dÍ�Ê,Î�ÊÁÏ#Â�ÐÑÅ;Ë^ë{ìWí;îðïÛñ'ò4óOô�ô{ò#õ1ò,ìWó:ï	öÛ÷�ø�ùfò#õÛõ ã�ÉqÆ�Â
Â�Ä'Ð1ÃCÇ1Ì;ÃEÂáÕ�Í�Å�ÉqÇÑÊÁÚ¤ÐÑÃCÃWÐÑÚ�ÕqÇÑÊ#Í�Â�ÅiÃWÅ;ÇÑÔOÊ?Â�Ä�Ì:Ë^Â�ÄqÊ�Õ�Í�ÊÁÔ�ÐÑÅ�ÆqÃ�Å;ËqÊ�Ü



Ú­úäû
ú¤ü^ýeþ�ÿ Û�� þ �����

wr}�uZy	yPh � x
}Ph��
	���
�� | d h�x � x��	g
yPhA� | �	x�x | }�uv~mh§u$~ d&� gruZx d | y�u ���.|�� � � uZx d | y����¡°
­J®mÞ| ~mh�g d x t h�y£x d gJh�~ d&� gruZx d | y�u ��t�� hAw�x
g��	� uZyP�¢��uZg
�mhA� � � �	h � h�yP�	h�y£x | yâx
}Ph�w |D�&� d t d | y
h�yPh�g f��

i
� } d t wvuZy � h t hAh�y d y�� d&f

i
¤Yã

i
ä�� © �D�
}Ph�gJh���h�gJh �.| g
x�x
}Ph
h � u t x d w
uZyP� tJ| �$h |Zz

0 2 4 6 8

Collision Energy (eV)

0

0.1

0.2

0.3

P
ro

ba
bi

lit
y

0→1
0→2
1→0
1→2
2→0
2→1

Inelastic transition for the sub-reactive flux

0 2 4 6 8
0

0.2

0.4

0.6

0.8

1

P
ro

ba
bi

lit
y

0→0
1→1
2→2

Elastic transition for the sub-reactive flux

���	��

���^���	���s����5+-���*#�;�'�! #" �'��(+*,$'-+��-."0/0"1 #"%��2C��2C��365+&+�! #"%$'&>$�3s��$'/%/0"02,"0$�&��:&.�;*,<'=�j"!�(.(µ�:*°(+��&.�;/
36$'*Þ ,@+�K�;/0�'2� #"0�7 #*#��&+2,"1 #"%$'&s]�/0$ Y �;*Þ(+��&+�:/e36$�*Þ #@.��"%&.�;/0�'2� #"0�#�q"0-.*Á�v #"%$'&+��/e�%$.��"% #�� ,"0$�&+2)��&'&
*#�:/Û�($.�v #"%$'&+2;j")+$�*���/Û��*#"% �=>$�38(.*,��2{�;&q #�v #"%$'&�$'&./%=Þ ,*Á��&+2,"1 #"%$'&+2�36$�* I+*-, ��*,��*#�:(µ$�*, ,�.&sj
x!ys�>�	ps�O�ho�w�x!�6uÞx!�:oqpsw!�	x!�6��p®£
�����Qoq�
�	�	�	x!�6�vw4o�wdt�

psuOx!�6��psw^�qt?x!ys��uv���	�	�6w!�6��p®�Ops�O�!��«0/��21iys�
r
�O£8�Opsr
�Opsuv�´�qtix!ys�X£
�����Qoq�
�	�	�	x!�6�vwÞtE����� x!ys�´uv���	�	�6w!�6��p��Ops�O�!��«�u�oqp��8�7�:oq¬v�6��pQoq�	�	¬��vr
�­«��6�­��3µ�	p
�Soqx4���	�s� k ���Ñl+n���p®£Qoq�s�54�6�4��f��ys�O���9�e�9w��v�)x!yQoqx^x!ys�9£
�����Qoq�
�	�	�	x,«®r
�Opsw!�	x,«
o'tEx��O��x!ys�iw�u�oqx!x��O�!�	p
���O�.�Op+x��+��y
�	�6�i�Goq�	p+x:oq�	p
�)x!ys�e�	p
�	x!�hoq�Qps�­rsoq��£Qoqx!x��O�!pC�.�6w�w�x!����p
���	«
r��6w!x����!x��vrG�+«Xx!ys�^�878�vuOx��qt8x!ys�����O£


�6w!�	�.�d�ioq�	�foqpsrG�6w�9;:=<?>A@CB#D�:0EGF2H�I�BX���	x!y����vw!£f�vuOx
x���x!ys�i�	p
�	x!�hoq�Qw��	x!
Qoqx!�6��pC��1iy­
sw��.x!ys����w:uO�	�	�hoqx!�6��psw��qtàx!ys�d£
�����Qoq�
�	�	�	x!�6�vw�w��v�O� oq�+oq�	pXx��
�8�ix!ys�i�	�X£
�!�	p+x�we�qtfx!ys�i��oq�!�6��
swKJLD=M%@?<^�qtfx!ys�ONspQoq�s��o��.��t�

psuOx!�6��pK�.���	p
�Þx!y
����

��y´x!ys�
�8��

psrG¶�·{¥©¸�o�w!«µ�X£
x���x!�6ud���O���6��pSoqpsrG�6��o�rKx��Þx!ys�^w!ys��

�6r
�O��w�x!�!
suOx!

�����	pKx!ys��x���x:oq�
P ¾RQM£
�����Qoq�
�	�	�	x!�6�vw°w!ys����pÞ�8��tE�����?�8�vu�oq
sw����qt�x!ys��oq�sw��Opsuv���qt�����o�uOx!�	�.��uv��p­x!�!�	�


x!�6��psw��
S4�����O�.�O���
ET>U@?<V@XW;D�WAY�I?@CH�Z(EG[T\�@]D^<(Z�[_JTJLH�EG[GD�WU<`<?>0D�:=JLBa9b@.I?<8[c<�E`de[TWfHgB�[_I?@CZ(EhB�i�W;H�jX[GZ�<�k

l ÀhÂ�ÐÑÃ?Ó8Å;ÍWÂ�Ä�Â�Å^Ë'Å;Â�Ê�Â�ÄqÌ:Â?Â�Ä'Ê�Ë'Å�Ë'ÙcÈ�Ð%Ì:×�Å;Ë�Ì;Ç
ÂWÍ{Ì:ËqÃWÐäÂ�ÐÑÅ�Ë7Õ�Í�Å�É�Ì:ÉqÐÑÇÑÐäÂ�Ð1Ê#Ã�Ð1Ë�Â�ÄqÊeÇ1Å!ÓfÊ#Í�Õ�Ì:ËqÊÁÇsÅ;Ò
m ÐÑ×'Ü1åon�Ü5pCqOê�Ã�Ì�Â�Ð1ÃEÒ%ØKÂ�Ä'Ê>Ú�ÐÑÏ#Í�Å;Ù6Í�ÊÁÔOÊ,Í�ÃWÐ1É'ÐÑÇ1ÐäÂcØKÕ�Í�ÐÑËqÏÁÐÑÕqÇÑÊ7åÛÂ�Ä'Ê�Ô�ÐÑÉ'Í{Ì:Â�ÐÑÅ;Ë�Ì;Ç°ÊÁËqÊ,Í�×;ØGÐÑÃsrvÆ'ÐÑÂ�Ê4Ç1Å!ÓUÅ�Ë
ÃWÆqÏ{Ä>ÌiÃWÏ!Ì:Ç1Ê!ê°Ì;ÇäÂ�Ä'Å�Æq×;Ä�Â�ÄqÊ#Ø�ÏÁÅ;Ú�Ê?Ò0Í�Å;Ú Â�Ä'Ê?Â�Ð1Ú�Ê�Ê#ÔOÅ�ÇÑÆ'Â�ÐÑÅ;Ë>Å;ÒQÈ'Ðut.Ê#Í�Ê#Ë�ÂCÓ8Ì�Ô�ÊÁÕ�Ì:Ï,ÖOÊ,Â�ÃÁãqÂ�ÄqÊ,Í�ÊÁÉvØ
ÃWÄqÅ!ÓCÐÑËq×iÂ�Ä'Ê�Ì;ÏÁÏ#Æ'Í{Ì;Ï,Ø4Å:Ò
Å�Æ�Í°ÏÁÌ;ÇÑÏÁÆqÇ1Ì�Â�Ð1Å;Ë­Ü



��� ã v�whxsy � ý�ü÷Ú­ú v � Û�Û{z þ z ��� z �s|¢ÿ v ý
|}| z þ
þ�� v z x ��z �����O~ �2�=� 


­_¯Z­8����¬	­8�ò®ð°J­
®mà��G�G�����o®��D­.���;�&®màr­(���K�U�L�o�#���A���8�0�o���%���A�(�]�^�����A�]�������A�����U�%�#�L�f���A��O��� � �%�� b¡^ U�L�L�L���o�(�h�%�(��¢#�K�%�X ���£0�A���%�����A�`¡^ A�%���A�(�¤�^���%��¡������o���A��¥

8 9 10 11 12 13
0

1×10
-3

2×10
-3

3×10
-3

4×10
-3

5×10
-3

6×10
-3

7×10
-3

10 11 12 13 14 15 16
0

0.05

0.1

0.15

10 11 12 13 14 15 16
0

0.1

0.2

0.3

0.4

0.5

Vibrational quantum number

H2 vibrational population HD vibrational population

LiH
+
+H LiH

+
+D LiD

+
+H

���L¦��U�%� ã ¥ ä�§0¨ å�©Vª�«�¬®­(¯R° ©²±-­V±'­�¬´³�µ�°®µs¶o©V·¸ª�·R©�¹�«'º�¯Cµh»¸¼X­�±=¹½»$æ¾¶o©V·h¯�¿'À�¯R¿�·RÀ?Àa·�À8­Vº�¯R°[â²À
ª�·R©�º?À.µRµ�À8µ�À%Á�­�Â¸°´±�À.¹�¿�À?·RÀVÃ

Ä ���`�A�`�A���Å�Æ�=���A�¤���Ç���A� � �%�=£0�A���%�VÈÉ¡^�b¡^�LÊË�%�o��¥ � �Ç�Ì�L¦A¥oÍÆÎ0¥LÏ §�Ð �Ñ� � �o���¤¡��¤�U�o�CÒ
�%��¦��?¡^¢#�`���A� � � � �U�c¡^���o�����^�����A�aÓA�b¡^�
Ô=�L U�?¡^���o���b¡^�Ñ���?¡^�%�(�¸�Æ�������A�X���U�%�(� � �%�=�(�(�?�%�(�
�8�U¡^¢��L�A�(£Õ�A���%���Æ���¸¡^�Ö¡(Ô����?¡^¦��X�%���?¡^�����A����¦�Ê-�^�hÏØ×UÙÚ¡^�A£Ö¡^�-�L�U�L���c¡^���O¡�Ô�� � ¡��%Û����� �%� � ¡^�%�(£#�L�#���A�ÝÜgÞÅßÝ���?¡^�%��¥�àÇ�Ý�%�(�K���b¡^���Ë¡��2¡^�L�%��¡�£0ÊX�A���%�(£á�0âsãÅ��¡^�]¡^ A�?���� #���A�
�8�0�(�(�?�ä���A����¦�Êå¢¤�A�?�- ������%���ä���b¡^�Õ�$ ¸ ��(��¡^�A�%�¤�^�2¡X�U�L¦��A���¸£U���A���L��Êg�^�
���?¡^�%�(�ä�A��¡^�
���A�s£0�o�?�%�=���c¡^���o���+���U�%�(���A���o£áæË���'�A�V�= ��(���o£U�(�Ñ���A�s£0�®çá���%���A�(�h�L�]���A�s¢�¡^¦��U�L���A£U�¸�^�{���A�
�%���?¡^�;�%��¡������o��� � �%�� b¡^ U�L�L�L���o�(�K£0�o�?���A�%�%�(£Ø¡^ "�VÔ����Ë�Õèé�(��¢#�(�����U�Ñ�T�%��¢ê���A�h�%��¡������o���A�
�K�L����¡ � � � �U�c¡^���o���]���b¡^���o�
£0�o�������L U�U�%�(£#�VÔ����
¢�¡^�'ÊXÔË�L U�?¡^���o���b¡^�A�o��Ô����o��¥ � ��¡^�'ÊX��¡��%���
�A���O��Ô������'���A��¢#�����
�%�����LÛ=�L�U¦¸�Æ��¡^���U�%���o�����b¡^�����A���%��¡������o��� � �%�Ë£0�A�(�(�2¡^�L�O¡�ÊË�O¡¤ëV�Æì8í�î�ï
�G�G���;î��T� ðåñ0����£0�c¡^�%��¢��o�`¢#���o�(���U�o�`�K�L���Õ¡^�½¡^�L¢#�����Ý�L�'Ô����%�?�`ò����L��ó(¢�¡^�U� � � � �U�c¡^���o���{¥ô ÔË�L U�?¡^���o���b¡^�L�LÊ�ñË���É�=ÊË£0�%��¦�����¢#���o�(���U�o����¡��2¡^�o�%�ä�G���U�A£X�L�X���A�����c¡��%���o��¡^�U£0ÊË�b¡^¢��o�(�
�����A£0Ê��^�����A�h�(���L�L�L�A��¡^�K�A���U���?¡^�á�%��¡������o���g�2	��Úõ��÷öø�
	bõÇ�� s¡��K£U���A�h 'Ê � �c¡^��Û��
����¡^�e¥ÝÍCÏ�ù�ù�Î^  Ð æ0�L�+���b¡^����¡��%�ä���A�¸���U�C�e¡��(�h�������A�����U�%�ä��¡��Ý¡^�L¢#���������L¢��L�c¡^���%�¤���A�h���A�
�8�U¡^¢��L�A�(£+�A���%��¡^�L���A���U¦��Ø���A�¸�8�0�Ë����¦��L��Ê#��¡��OÓAÔ��ä���L¢#�(�K�%¢�¡^�L�o����¥�ú��U�o�2�e¡�������¡^�+ ��
¡^�������U U�U�L�%�(£g�%�X���A���c¡��?Ûå�^��ÔË�L U�?¡^���o���b¡^�É�L�A���c¡������o���L��ÊØ�L�g���A� � �%�=£0�A���s�%�b¡^�U�A���e¥



û­ú ü­ú}ý zRþ ü x ��z�ÿ�� x�� z�� x�� ý�� ��� ù
	�
�� 
������������������������ �"!�#�$
� �å���U�o�&%Ë�(�����o���½�O�`� � �(���U�c¡^�%���%��¢#���K�b¡^�s���å���A�¤�����L¦��L�½�^�����A�¤���A���U�o£U���ä�������A�����U�%�
�L�g���A� �O��� � �%�� b¡^ U�L�L�L���o�(���b���b¡^�'%0¡^ÛË�L¢#���%�]¡^�A£g�(���L�c¡^ ����?¡^�%���%�¸¡^�L�%��¡�£0Ê+�L�=�%��� � �%���%�(£
¡��X¡^���L�=�%���C�G���%���A�(� � �A���A��¢#���b¡- "�����Ñ�(��� Ô=�L U�?¡^���o���b¡^�����?¡)(��(���%�����o�(�a�K�L���f£0�®çá���%���'�
ÔË�L U�?¡^���o���b¡^� � �b¡��%�(��¥ � �����A� � �%��Ô=�o���A��%Ë�(�����o���#�Ñ�K�A���%�(£#���b¡^�
���A���'�U¢� "���O�^�"���A���U�®Ò
£U�����+*=�b¡^�o�Ì���A�OÔË�L U�?¡^���o���b¡^�,*'�b¡^�=���U¢}�'�U¢¤ ����
�^�;���A�Ñ�L�U�L���c¡^�A���?¡^�%�������A���%�� =Êa¡^��¦��U�L�U¦
¡å���o���?���`�(���U�A�(�����o���f ������O�(�������A���L�U�L���c¡^�ÑÔ=�L U�?¡^���o���b¡^�2�%�?¡^�%��¡^�A£Ö���A�#£0�o�%�?�=���c¡^���o���� ¡^���%�����{¥
ú��U�o���(���U�A�(�����o���å��¡��K���0�G���%�(�(£+ 'Ê����A�h�%�b¡ � �h�^�É���A��-
�;î��á��¡(Ô��8�G�U�A�����o��� ¨
�O�Ý�A���%�(£]���A�ä�8�0�o���%���A�(�Ý�^�Ì¡��%�����O�^��.�¢#��¢#����Ê#�8ç��(���0/?¥21h���%���'�O�ä��¡^�]¦��¤�%��¢#���K�b¡^�
£U�(� � ���Ý�L�å���U�o�ä¡^�b¡^�LÊ0���o��¥

àÇ�¤�%�(�(��¦��U�Ló��¤���b¡^�ä���A�`Ô�����Êg���L¢ � �o�`£0ÊË�b¡^¢��o�(�XÍG�%�(���Æ���ä�8�A¡^¢ � �o�¤���L¦A¥oÍÆÎ0¥43 Ð ���� ¡^¦A¥LÏ�ù�ù Ð ���b¡^�ä�?¡^Û��(� � �c¡��(���L�g���U�ä��Ê0���%��¢ �o�K¢�¡^�L�U�LÊØ£U���%����¢��L�A�(£g =Ê]���A��í%×��65Ë� �.�Të^×
¡^�%��¢XÒ�¡^�%��¢ �L�'�%���?¡������o���A��¥ � � �8çá�(�����s�O�Ç�8� � �(���g��� ���c¡��?���o��¡^��¦��%���U�A£U�g���b¡^�½¡^�L�
���A� �O�R� � �%�Ë�(�(�%�%�(���á¡^�¸�o��¡����h�Æ���¸�%�87����o���'���LÊÕ�U�L¦������A����¦�Ê��Ì¡^�%�a�?���o���LÊ-£U���%����¢��L�A�(£
 =ÊÕ���A�����A�����CÒe�?¡^�U¦������Ñ�^Òe ��=£0ÊÖ�%� � �U�o�%�LÔ����L�'�%���?¡������o���A��9=¥#àÇ�����A���%�8�Æ���%�]¡ �U� �LÊ����A�
ò�������¡ �U� �%�(�0�L¢�¡^���o�����%�g¡+¢#�Ë£U�������U�%�(�8Ò�£0�L¢#���A���o���b¡^� ô ò � ��Ê0���%��¢÷�L�Ö�K�U�o�%�Ç���A�� ���%���'���c¡^�Ì�o�ä¡X���L¢ � �o�`���U¢é�^�����O�# ��=£0Ê]�%����¢#���

:<;>=)?A@�BC?ED Þ :6FHGI;>=J?,D õ :EK�G�;>=)LMD õ :EKAF�;>=ONPD
�K�A���%� : FHG �o�O���A�s "���A£0�L�U¦ � ���%���'���c¡^�{�^�É���A�h¢#���o�(���U�o�¸ò � ���U 8(C�(���O�%�����A�h£0�o�?�%�=���®Ò
¡^���o��� � �%�=�(�(�%��ÍT�e¥u��¥RQ�õTSVU öWQ�õTS õXU Ð ¡^�A£ :,KAG ¡^�A£ :EK�F ¡^�%�¤¡^�%��¢XÒ�¡^�%��¢
�%� � �U�o���LÔ��O�L�=�%���?¡������o���A�sÍG��¡��%� � ���%���'���c¡^�U�o��¡Ý�T�U�A�����o���#�^�;���A�O�(�����%�(� � ���A£0�L�U¦¸�%���c¡^���LÔ��� �����L���o���aÔ��(���%�������K�U�o�%�X�Ñ�Ñ�K���L�%�Ñ�G���L�o�V�K�L�U¦¸���A�Ñ�A�%�b¡^�=�c¡^ ����L�L�L�U¦��^�A���A��¡^���?¡^�U¦�¢#���=�%�
�L�a���U�%�(�8Òe "�Ë£0Ê¤��Ê0���%��¢#���^�%�(�I%Ë�(�����o���gÍZY0¥LÏ Ð�Ð ¥ � �a£U���L�U¦h���U�o���Ñ�Ñ�A�%�Ñ���A�2�%�(���U�L�%���^�A���A�
.�£0�U¢� 0Òe "���L�[/¤¢#�Ë£U���e�"£U��Ô����o� � �(£-�L�½���A�¤ÓU�T���o�(�ä�Æ���Ý�L�A���c¡������o�a�(���L�L�o���o���A��ÍG�%�(��%Ë�(�����o���� ¥4Y��^�����A�` "�Ë��Ûå�^� Ä ��Ô=�L�A�+ÍCÏ�ù\3�ù Ð�Ð ¥Oú��A�¤¢#�=£0�®Ób��¡^���o���A�h U�%���U¦��=�s�%�����A���?�`�%�(���U�L�%�
¡^�%��Ô�����ÊØ���L¢ � �o�¤¡^�A£g�o��¡�£Ø�%�����A�¸�Æ���L�o���K�L�U¦�ò������g���?¡^�A���L���o���Õ¡^¢ � �L�L���A£U�
] F�;>^'_a`b^�?Ac�deD Þ :,KAFI;>fgDihj ?g;0k"lmfnkpoAD õ :,KAG�;>fgDihj ?H;�; ß kqlPDrf�kqoAD

�K�A���%�
sut ^�?Ac�dev �o�á���A���L�U�L���c¡^� ôxw ò � ���?¡^�%���Py =)?8BC? ^�?Ac�dzv Þ ;Z{}|gD�~E���  ��+���A���2�Ej ?�;>=)?ED �

�L�+�K�U�o�?� B ? �o�O���A� � ���%�L���o���Ø�^��ò � �%���c¡^���LÔ��¸�%� ô ¡^�A£ = ? �o�����A� � �����L���o���å�^�
ò �K�L���½�%�(� � �(���ä�%� � ¥
s ^'_ �o�Ñ���A�h�%���Ñ�^�{���Ñ��Ô��(���%���%� ;���@�oAD ���b¡^���%�b¡^�?¡����%�����Ló��¸���A�äÓA�b¡^�;£0�o�%�?�=���c¡^�%�(£

���?¡^�%��æ����A��Ê�¡^�%�����L¦����=Ô�¡^�L�A�(�X�^�K���A�#¢#��¢#���=�?¡½�(���}(C�U¦'¡^�%�(£��%�½���A�-Í BC?A@�=)? Ð
�(�=���%£0�L�b¡^�%�(��¥�0�A�)�2�0�J�r�����"���J�>�H�\�e�J�4�i�'�r�J�i�)�i�"�����Z�J�)�)���0�Z�g���+�"�\�i�Z�Z�4�)� �2������¡r���4�i�'�����+¡0�0�Z�0¢



� Ï � v�whxsy � ý�ü û­ú v ÿ �g� z þ z(ÿ��Åzr� |¢ÿ v ý
|}| z þ
þ ÿ v z x ��z�ÿ�� ÿ ~ �2�=� 


s l �o�ä¡a¢�¡��%���e¡����%����� l Þ¤£ G2¥8; £ G õ¦£ FRD ¥
s f �o�#���A�g¢#��¢#���=���U¢ ���?¡^�A�C�G����� f Þ �§k¤^ ? ���K�U�o�%� ¡������b¡^�L�LÊ��o�]¡¨. � ¡^�CÒ

���c¡^��¢#��¢#���'���U¢©/Ø���?¡^�A�C�Æ����æ2���b¡^�X�o���
�L���o�a���A���Tñ0×��"íC�0ª�×�«(�G�T�o×8ï��eî�íZ¬'×���í%×8�®î��G�_ë^×­ � ­ ×8�b�>5 ­ ���?¡^�A�C�Æ�����%�(£g£0�U���L�U¦#���A�¤�(���L�L�o���o���{¥
s :EK�F";>fgD �o�á���A���A���U���o���Ì���?¡^�A�C�G����¢ �^�Ë���A� � ���%���'���c¡^�e� :EK�F�;>fgD Þ¯®�° = � ~ ��±J²+:EKAFI;>=}D �

¡^�A£ hj6? �o�å���A�Ö�A���U���o���g���?¡^�A���G����¢ �^�X���A���L�U�L���c¡^�� "���U�A£ �%�?¡^�%��� hj6? ;Z³zD Þ
® ° = � ~ �µ´}² j ?H;>=\D ¥

� �½���U�o�K�Æ����¢¤�U�c¡��O�¤�%�(�`���A� � �%�(�%���A�(�¤�^�2¡��b���U���o���ä���?¡^�A�C�Æ����¢ �^�����A���L�U�L���c¡^�����?¡^�%� ¨
���A�Ñ£0ÊË�b¡^¢��o�(���o�É�o�%�?¡^�'�?¡^�A�(���A�
¡^�A£`���A�O£0�o�������L U�U���o�����^�A���A� � �%�=£0�A���%���o��£U���%����¢��L�A�(£
 'Ê����A� ­ � ­ ×8�b�>5 ­ �2î�ë^×·¶i5=�6«��G�G�����^�����A�#�L�U�L���c¡^�L�LÊ� ����U�A£Ç¢#���o�(���U�o��æ����b¡^�`�o���É���A�
�%��¡^���%�����L�U¦g���U�%�(��¢#�����U���A�`���U���%�+ ���¡^��� ­ îO¬'×��^�Ñ���A��£0�o�%�����L U�U���o�����^�Ñ¢#��¢#���=�?¡
�^�Ý���A�#¢#���o�(���U�o��¥ÕúÉ�-¢�¡^Û��+¡½���o���%���X�(���U�A�(�����o��� �K�L��� ���U���%�(�%�U�L�%�¤�O���A���%�]���b¡^�
�L�å���A���(���L�L�L�A��¡^� � �%�� U�o��¢ ���U�LÊØ���A���^�Ì���A�`���Ñ�©.�£0�o�%�%�Ë���c¡^���L�U¦}/ � ���%���'���c¡^�o�h¡����%�ä¡^�A£
���A���%�8�G���%�`���A�¤¡^¢ � �L�L���A£U�`�%�(£0�A�(�(�ä�%�#¡X���L�U¦��o�`�(���'�����L U�U���o���{�b�Æ���Ý�8�U¡^¢ � �o�

] F�;>^x_a`b^�?Ac�dzD Þ :EKAFI;>fgD hj ?¸;0k"l�fnkpo�D
�U�%��¢ ���U�o�å�%�(�%�U�L�å���A�Ö���A���U�o£U���½�������A�����U�%�Ö�L� ���A���e���eî�� � �%�� b¡^�L�L���o�(�¦«%�}5Ë�[¹ ¡^���o�%�
¡��`¡Ø��� � ��� � �����L���o���Ç�^�Ý¡+ b¡��%ÛË¦��%���U�A£Ç�(���=�����L U�U���o��� ÍT���A� :EK�F";>fgD �%����¢ Ð �K�L���Ö���A�
¢#��¢#���'���U¢ £0�o�%�����L U�U���o�����^�ä���A�Ø�L�U�L���c¡^�K���?¡^�%�Ø�^�s���A�Ø£0�c¡^�%��¢��o��¥ ô ��¡½¢�¡^���%���#�^�
�Æ¡������Ý���A�½¢�¡^¦��U�L���A£U�Ö�^�¤���A�-�c¡����Ø�(���'�����L U�U���o��� ¡^���o�%�(�ÖÍT ������ �L�¯Y � ¡^�A£ �L� ���A�
�(���L�L�L�A��¡^�#¦��(��¢#������Ê Ð �T�%��¢ø���A�ØÔË�L U�?¡^���o���b¡^�Ý�O¡�Ô��8�T�U�A�����o��� ¡^�A£á�
���=�A��� hj ?�;Z³zD �b¡��
���A���?¡^¢#�¸���b¡ � �h�^�����A�¸Ô=�L U�?¡^���o���b¡^�É�O¡(Ô��8�G�U�A�����o��� Í�î���î"¶�5Ë�6«(�G�Æ�����0¶¸�T�T�`î�íZ¬}5 ­ ×8�;�³ Þ k"l�fnkqo Ð ¥ô �L���A���U¦�� � �c¡^�A���L U�o���¸���A��¡^��¦��U¢#���=�-���A���U�o£  ����%���?¡^�L�A�(£ �%���o���LÊ � � �(���U�c¡^���LÔ��
�U�'���L�����A��¡ �U� �%� � ���c¡^�%� � �%�=�^�Æ��¡^�%�a�A��� � �%�VÔ=�o£U�(£á¥ � �A£U�(�(£á�á�%��¢#� � ���L�=�%�¸�b¡��h�%�] ��
���o��¡^���®Ób�(£ ¨ ÍT� Ð �A�V� ���A��ÔË�L U�?¡^���o���b¡^� � ¡^���%����� � ���%���L�%�s���-���A�]�e���eî��äÍT�e¥u��¥K�L�'�%��¦��?¡^�%�(£
��Ô����g¡^�L�`¡^�L�o���O�(£ Í �º@�o Ð �G���å¡�¦��LÔ���� ���A����¦�Ê Ð � �%�� b¡^ U�L�L�L���o�(��»^���%���%��Ò��%�(�����o���A�½¡��g¡
�T�U�A�����o���]�^�"���A��×��"×8íZ¬�ðgÍ�¼ �« �¥}{J½H? õ o� �¥}{ £ ? Ð æ"ÍT�L� Ð �A�������U�o�2Ô=�L U�?¡^���o���b¡^� � ¡^���%�����
�o�É¢#�Ë£0�®Ób�(£� 'Ê`���A�¾.� b¡��%ÛË¦��%���U�A£¿/O�(���=�����L U�U���o���åÍT���A�Ñ�'�U¢� "�����^� � ��¡^Û0�{�L�a���A�2Ü k ]�À
Ô=�L U�?¡^���o���b¡^�Ì���L¦����0�T�U�A�����o���-�o�KÜ]õ ß¤¡^�A£Ø�A���ÝÜ Ð ¥Á � ���A�Õ�����A�����b¡^�A£á�Ý�Ñ�-�A���%�½���b¡^�]���A�n.����L�U¦��o�-�(���'�����L U�U���o���8/Õ�%�(���U�L�]�o���A���
�%�(�������o���%�(£Õ�%�����A� � � ��¡��?�\Âb�Æ���¸�8�U¡^¢ � �o���"�K�A���¨£ FÄÃ £ G lÆÅÈÇ ¡^�A£-���A�¤�L�=�%���CÒ
¡������o���Ø�K�L���å���A�XÍTÔ�����Ê]�A��¡(ÔËÊ Ð ¡^�%��¢ ò �^�É���A�¸£0�c¡^�%��¢��o�¸�K�L�L�"�A���K�(���=�����L U�U�%��¢¤�A�?�
�%�`���A�ä���?¡^�A���L���o���{¥�ú��'�A�O���A� � ���%���L U�L�L�L��Ê����b¡^�Ñ���A�?� � �A���A��¢#���A���+�o�Ñ�A���Ñ£0�A�Ý�%�¤���A�
�(���A�����?¡^�L�A�(£å¢#�����o���Õ�(���A���o£U���%�(£å�L�g���U�o� � �b¡ � �%���h���A���U�o£Ø ��¸�?¡^Û����g�L�'�%�+¡��(�(���U�'��¥



É ÊÌËTÍÏÎÑÐ�Ò Ó

Ô Õ Ö2Ö2×2ØÚÙÈÛÝÜ Þ ß�à á à â ÜãÙÈÛåä¤æã×zÕ Ø

ú��A�¸ÓA�%�%�Ý�8�0���L�%�(£g�%�?¡^�%��£0Ê=�b¡^¢��o�(�ä�o�Ý�(��¢ � �o���%���LÊå£0�®ç����%���=�Ý�G�%��¢ ���A��¦��%���U�A£g���?¡^�%�
���A��¥ ú��A�g£U�(� � �Ñ���L�o�V�O£0�A�g�%�����A�g���o�(�����%�����?¡^���o�g�L�=�%���?¡������o���A���K���b¡^�]¡^�%� � �%�(�%���'�
�L� ���A�����U�C�e¡��(�-�%���A£ �%� ��¡ � ���U�%�����A�Õ�O¡�Ô�� � ¡��%Û����Õ¡^�A£ ���A� � �%�� b¡^ U�L�L�L��Ê � ¡^���%�����
�o�¤ÓA�L�o�(£ �L�f�K�L��� �%�(�%���b¡^�A�(�(��¥�ú��U�o���o�a���A�+�^�Ý���A�]�L�L¢��L�%���^�Ý���A�]���L¢ � �o�+�(���L�L�L�A��¡^�
¢#�Ë£U������¢ � �o��Ê��(£ �A���%� ¨ �%�L�A�(�½�L�Ø£U�=�(�+�A���g¡^�L�o���÷���A�Õ¢#���o�(���U�o�(�Ø�%� �%���?¡^�%���Ý���A�
�o���U¦�Òe�L�LÔ��(£Ø���?¡^�%�(��¡^�%�ä�A����£0�o�����U�� ��(£� =Ê��(���'�����®�G�U¦'¡^�"�G���%�(�(�i»²�%���?¡^���o���b¡^�á¢#�����o���Ø¡^�A£
���A�#�(�����%�(� � ���A£0�L�U¦-�%�(�%���b¡^�A�(�(�¤�b¡^�®�G�K�o£0���A�X¡^�%��Ô�����ÊÖ��¢�¡^�L�e¥<çh��Ô��������A���o�%����¡^�o�%�å�L�
���U�o����¡��%�+�O�å��¡^���� U�?¡^�L���A�%�8�T�U�`ÍÆ¡^�L���A���U¦��X*=�b¡^�L�L�?¡^���LÔ����LÊ Ð �L�A£0�o��¡^���o��� ¡^ "���U�X���A�
£0ÊË�b¡^¢��o��¡^� � �%�Ë�(�(�%��¥ � � ���U�o� � �b¡ � �%���g�O�Ö�K�L�L��ÓA�%���g�(���A���o£U���-���A���L�U�L���c¡^�¤���?¡^�%�
�%���o�(���%�(£Ø£0ÊË�b¡^¢��o�(�ä¡^�A£+���A���Ø�Ñ�¸�K�L�L�"�G�Ë���A�����å�^�É���A�h���?¡^�A���L���o���g���?¡^�%�h�%�(�%���b¡^�A�(�(�
¡^�A£Ö ����U�A£��%�?¡^�%�(��¥a%=�L�A�(���Ñ���O���%���L�=�%���%�(���%�(£����U�LÊ��L�f���A���%��¡������o��� � �%�Ë�(�(�%���É�Ñ�
�L�L¢��L�%�(£g���U�h¡^�b¡^�LÊË���o�Ý�%�����A���(���L�L�L�A��¡^�s�2	�� k � ¦��(��¢#������Ê�¥

è�
�é êÄë�#ì��#2��íg�6���"�ïî��������I�©�������6��#2ð
� �Ç���L¦A¥oÍÆù0¥LÏ Ð ���A���8�0���L�%�(£����?¡^�%�����U�C�e¡��(�X�o���%� � �����%�(£��L�f��Û����Ñ�(£Ç�(�Ë���%£0�L�b¡^�%�(��¥�ú��A�
���Ñ��¢��L�U�L¢�¡��^�s���L¦A¥oÍ � ¥LÏO3 Ð ��� � ¡^¦A¥LÏ ��� ¡^�%�+�A���`�2�%���%���%�%�A�(£ ¡^�A£ �(��¢ � �%�(�%�%�(£  =Ê
���A�¸¢�¡��%�K�?��¡^�L�L�U¦X�Æ¡����%���%���L�å���A�h�A��� �(�Ë���%£0�L�b¡^�%�(�K U�U�K���A�¸¢�¡^�L�g�(���A���L�A���o���A�K���b¡^�
�O�+£0�%��� �L� � �b¡ � �%��� � �%��¢�¡^�L�����A�Ø�?¡^¢#��¥ � �A£U�(�(£á���®�ä�Ñ�Ø�L¢�¡^¦��L�A�å¡-���?¡)(��(���%����Ê
���?¡^�����L�U¦-�L�����A���o���Ñ���CÒe���L¦��=�#�(�����A���a�^�Ý���A�]���U�C�e¡��(��£0�L�%�(���%�(£ �����?¡^�L¦��'���%���O¡^�%£ ���A�
£A¡^��Û#¢��L�U�L¢��U¢ �L�]���A�s�o���O��� � ¡^���O�^�{���A�äÓA¦��U�%���Ë�Ñ�¸�%�(�Ý�A�V� �L�O���A���U�o£] ��ä£0�[7����U�L�
�Æ�����L���%�¸�%��¡��%�#���A�����?¡^�A���L���o���]���?¡^�%���U�U�o�(�%�2¡s�U�L¦���£U��¦��%�(�K�^��Ô=�L U�?¡^���o���b¡^�;�8�0���L�?¡^���o���
�o� � �%�(�%���'�a�L� ���A���L�U�L���c¡^�O�O¡�Ô�� � ¡��%Û�����¥Öú��b¡^�a�o�������A��¦��(��¢#������Ê��^�Ý���A�]���?¡^�A���L���o���
���?¡^�%�+�L� ���A�Æ.�£0Ê=�b¡^¢��o��¡^�[/ÖÍG��Û����Ñ�(£ Ð �(�Ë���%£0�L�b¡^�%�(�X�o�������L�L�����A�%� ���b¡^���O�+�8� � �(����¡
ÔË�L U�?¡^���o���b¡^�¤���U�b¡^�A�(��¢#���'���^�X���A���%��¡������LÔ�� � �%�� b¡^ U�L�L�L��Ê���¡��å�L�å�A���b¡^�L�LÊ �G���U�A£ �L�
¹��Tí%×�«(�a£0Ê=�b¡^¢��o��¡^� � �%�Ë�(�(�%�%�(��¥¨1h���O��Ô������2���A� � �%�(�%���A�(�Ø�^�ä���A�Ø£U�(� � ¢��L�U�L¢¤�U¢ø�L�
���A�]���'���?¡^�A�(�Ø�%�b¡^�U�A���K���o��¡^���LÊÖ�L�8ñA�A���A�(�+���A��£0ÊË�b¡^¢��o�(���%�L�A�(�����U�o�a£U�(� � �O���L�O��¡^�

� Ï�Ï



� Ï � v�wsxhy � ý�üóò+ú v ÿ �H� zr� ý x ü �2�=� õ�� 
 ü�ý x¤v ��z�ÿ��
��¡����L�LÊp.���¡ � ���U�%�i/Ø���A�+�O¡�Ô�� � ¡��%Û�����¦��LÔË�L�U¦Ö���o�%�+�%�Ö¡Õ�(��¢ � �o�8� �%�����o�(�X�^�h�o���U¦�Òe�L�LÔ��(£
�%�(�%���b¡^�'�s���?¡^�%�(��¥

0 1 2 3 4 5 6 7 8 9 10

Q1

0

2

4

6

8

10

Q
2

ôeõ�ö\÷Mø�ù�ú8û�ü\ý¾þ�ÿ��������	��
���
�����
�������
���������
����	�������� ! ����"�#��
����	
	$
%�&,ù('*),+.-0/ õ21�-0341�-0321 ÷53�-06�õ27!+98;:Rù ø�ù('57!+,ù<-!8 õ=+>6?&,ùA@Mø�ùCB¿õ27}÷98;DE&.-0@56�ù ø<÷98�õ=+Mö

6?&,ùF6�õ=/Vù�G�'MùC@AùC+9'MùC+�6F-0@5@Mø�7�-!1H&HûJI48LKM7}øL6?&,ùºö\ø�7}÷5+9'N8�6H-06�ùO8L:�ùº÷98�ùO'N-0+¤õ=+Mõ=6�õ�-03
:P-�B�ùC@.-!1�Q�ùC6<327R1�-03�õ=SOùO' õ=+T6?&,ù¨ø�ù�-!1C6H-0+R6�8<-!8�)R/�@56�7!6�õ21¨ø�ù ö\õ27!+U-0+9'V@Mø�7!@.-Jö�-06�ùO' õ=6
6?&Mø�7}÷Mö"&L6?&,ù�õ=+R6�ù øH-!1C6�õ27!+<ø�ù ö\õ27!+HûXW�õZY�ù ø�ùC+�6[:�-OB�ùC@.-!1HQ�ùC6�8E:�ù ø�ù\@Mø�ùC@.-Jø�ùO'Æõ=+�BPõµùC:]70K
8H-0/�@53�õ=+Mö^-L8?/L-03=3_@.-Jø?6`70KX6?&,ùa@b7"8�8�õ=c53µù�õ=+Mõ=6�õ�-03�1O7!+9'8õ=6�õ27!+98OýPKM7}ø"ù�-!1�&d70Ke6?&,ùgf,ø�8�6ih
BPõ=cMøH-06�õ27!+.-03_3µùCB�ùC328�70Kkjel�mn6�:E7o'8õZY�ù ø�ùC+�64-�B�ù øH-Jö�ù�ùC+,ù ø�ö\õµùO8�:�ù ø�ùx÷98�ùO'qp5r8ûts�-0+9'pü\ûtr
u5v û�%�&,ù�+m÷5/Vù ø�õ21�-03w/VùC6?&97R'VùC/�@5327�)�ùO'o:�-!8¾ù�x5-!1C6?3=)�6?&,ù�8H-0/Vù4-!8X6?&.-06¾÷98�ùO'yKM7}øX6?&,ùö\ø�7}÷5+9'z8�6H-06�ùL@Mø�7,1+ùO8�8�pkcM÷56�pX8�õ=+91+ùL6?&,ù;8�÷Mø{K|-!1+ù<õ28�B�ù ø?)}'8õZY�ù ø�ùC+�6�pe8H7!/VùL6�ùO1H&5+Mõ21�-03
'MùC6H-Jõ=328i70K~6?&,ùg1�-0321 ÷53�-06�õ27!+F:�ù ø�ù�1�&.-0+Mö�ùO'�ý

� %�&,ù�@b7!6�ùC+�6�õ�-03�ùC+,ù ø�ö")�'8õZYAù ø�ùC+91+ù�cAùC6�:�ù+ùC+>6?&,ùCø�ù�-!1C6H-0+�6�8L-0+9'�@Mø�7,'8÷91C6�8©õ28-0cb7}÷56ir8ût� u5v -0+9';6?&,ùxùC+,ù ø�ö�ùC6�õ21�ö�-Jõ=+('8÷,ù46�7�6?&,ù`:�ùC3=3�õ28�+,ùCB�ù ø�3�-Jø�ö�ù ø�6?&.-0+
ü\ûts u5v ûE%�&,ù ø�ù�K�7}ø�ù�õ=6L:P-!8L@w7"8H8�õ=c53µù(6�7p÷98�ùF-�/Ñ÷91�&N3�-Jø�ö�ù øL6�õ=/VùF8�6�ùC@HûN��+@.-Jø?6�õ21 ÷53�-Jø4:Rùx÷98�ùO'(���X�gr8û�ü\�H� û

� %�&,ù;/�÷91H&>8?/L-03=3µù ø�ùC+,ù ø�ö")�'8õZYAù ø�ùC+91+ùO8y@Mø�ùO8�ùC+R6�ùO'�c�)}6?&,ù�8�÷Mø{K|-!1+ù"pX-03=327�:RùO'



ò��Z�����k���]�4�e�����k� ÿ��U� � ÿOþ � þ � � �O�k���P� � ÏOY
�9�������E�!� Û �� =�?¡A¢2£O���\¤5£C¥9��£g��¦.§0�? �§0¢q¨"�? 2¤���¡5 =¢2£"©.§0���?¡9£g�H§0ªo£`�? =ªo£"©5�?¡9£`¢2�!¥5¨�H§0¥5¨�£«�H§0 =¢2���0¬e�?¡9£«¦w�!��£C¥R�? �§0¢�¬M�!��­O£O¤®�9�4���L�9��£�§ Ô £C� Ê ¢�§0�?¨�£y­O�!¥ Ó ¨"�5�H§0�? 2�!¥.§0¢�?¦.§!­O£`����­O�!�?��£O­C�?¢ Ê §!­O­O�!�5¥R��¬��!���?¡9£g¤* =¦b�!¢2£� =¥���£C�H§!­C�? 2�!¥°¯ ú ¡9£�±�²�­O�,�!��¤* =¥.§0��£�H§0¥5¨�£O¤]¬����!ª Ï ��� Y"³z´  =¥ 30µ�³ ¦b�! =¥�����©\��¡5 =¢2£�±a¶(��§!�� =¥9�? 2¤5£F�?¡9£<�H§0¥5¨�£
ÍM³ ¯t·*© Ï�Ï ¯ ³ Ð ´ �� =�?¡ � · 3 ¦b�! =¥�����¯

¸ �E�?¡9�!�5¢2¤;¹b£i¥9�!��£O¤^�?¡.§0��£ Ô £C¥;�� =�?¡��!�5��­�¡9�! 2­O£`�0¬°�?¡9£i¨"�? 2¤^�?¡9£4¢2�!¥5¨ Ò �H§0¥5¨�£`¤* =¦w�!¢2£ Ò­H¡.§0�?¨�£L¦b�!��£C¥��? �§0¢E¡.§!¤}���(¹b£ Í �?ªo�,�!�?¡5¢ Ê Ð ­C�5��¯ ú ¡5 2�aªo�,¤*  Ó ­�§0�? 2�!¥z��§!��¥9£O­O£O�H�H§0� Ê�? =¥9­O£`�P£a�P£C��£g¥9�!�4§0¹5¢2£g������£�§!­H¡<§y�?�?�9£�§!� Ê ª�¦5���!�? 2­g��£C¨" 2�!¥°©. =¥A�?¡.§0�\��£O�?�\­�§0¢2­C�5¢�§ Ò�? 2�!¥9�X�� =�?¡��?¡9£i���!¢2£C¢ Ê ��£�§0¨�£C¥R�E­�¡.§0¥5¥9£C¢.¦w�!��£C¥R�? �§0¢.��£ Ô £�§0¢2£O¤L§0¥L§0¥9�!ªL§0¢2�!�9�[¹w£C¡.§ Ô  2�!��0¬\�?¡9£;¦5���!¹.§0¹5 =¢= =�? 2£O���?¡.§0�«�P£C��£����!ªo£C��¡.§0�y¤*  ç £C��£C¥��y¬����!ªº�5¥5 =� Ê ¯ ú ¡9£;��£�§!���!¥��0¬�?¡5 2�i¬M§0 =¢=�5��£� 2�i�?¡.§0���� =�?¡<§o¢2�!¥5¨ Ò �H§0¥5¨�£y¦w�!��£C¥R�? �§0¢��?¡9£�§!� Ê ª�¦5���!�? 2­�­O�!¥9¤* =�? 2�!¥d 2�\¥9�¢2�!¥5¨�£C� Ô §0¢= 2¤q©5�5¥5¢2£O���i�!¥9£a�?�H§0�?�����?¡9£gªo�!�? 2�!¥®�0¬k�?¡9£g��§ Ô £C¦.§!­ Û £C� Ô £C� Ê ¬|§0��¬»���!ª¼�?¡9£
 =¥R��£C�H§!­C�? 2�!¥���£C¨" 2�!¥ Í ¡R�5¥9¤*��£O¤5�e�0¬ ´  =¥��!�5�~­�§!��£ Â ��£O£�§0¢2���g½E¡.§0¦5��£C� Ï�³ Ð ¯ ú ¡5 2�kªo£�§0¥9��?¡.§0�~ =¥y¦5�H§!­C�? 2­�§0¢9­�§0¢2­C�5¢�§0�? 2�!¥9�X�?¡9£[�P£C =¨"¡��[�0¬w£�§!­�¡�£C¥9£C�?¨ Ê ­O�!ª�¦b�!¥9£C¥��e�0¬.�?¡9£P =¥5 =�? �§0¢��§ Ô £C¦.§!­ Û £C�L�E�!�5¢2¤�¥9�!�«¹b£L­O�!�?��£O­C�?¢ Ê ­O�!ª�¦5�5��£O¤¾§0¥9¤¿�?¡9£^��£O�?�5¢=�? =¥5¨<¦5���!¹.§0¹5 =¢= =�? 2£O�
�P�!�5¢2¤�¹w£� =¥A£C�?���!�CÀ�¯ ú ¡5 2�� 2��§�ªL§ ( �!��¦5���!¹5¢2£Cª¼�?¡.§0�\�!¥9£�¡.§!�����«�H§ Û £� =¥R���o§!­O­O�!�5¥����¡9£C¥;¦5¢�§0¥5¥5 =¥5¨«��£�§0¢= 2�?�? 2­�Á è ­�§0¢2­C�5¢�§0�? 2�!¥9�E�0¬° 2�!¥ Ò ¤* =¦b�!¢�§0�[ªo�!¢2£O­C�5¢2£4��£�§!­C�? 2�!¥9��¯ Á ¥9£¦b�"���? =¹5¢2£P���!¢=�5�? 2�!¥�­O�!�5¢2¤«¹b£E�?¡9£[�9��£P�0¬w§0¥�§!¤5¤* =�? 2�!¥.§0¢5¨"�? 2¤q©!�?¡9£[¥9£C��¨"�? 2¤«¹w£C =¥5¨`�9��£O¤
¬M�!�_�?¡9£�§!� Ê ª�¦5���!�? 2­eªo�!�? 2�!¥ Â  =¥«�?¡5 2��­�§!�H£e�?¡9£Eªo£C�?¨" =¥5¨4¹b£C���P£O£C¥y�?¡9£E���P�i¨"�? 2¤5�~­O�!�5¢2¤¹b£�¤5�!¥9£ Ô  �§A§;¦5���,­O£O¤*�5��£o�? =ª� =¢�§0�g�����?¡9£oÂ4£�§!­C�H§0¥�� Ò�Ã ���,¤*�9­C� Ò�Ä £O­O�!�5¦5¢= =¥5¨���­�¡9£Cªo£Å ��£O£F¬M�!�;£�Æ9§0ª�¦5¢2£®�?¡9£®¹b�R� Û �0¬yÇÈ¡.§0¥5¨ Å{É ù�ù�ù�Ê �!�;�?¡9£®�E�!�?Ë*���0¬ ú ¯ Ã £C¥5¨¾£C��§0¢|¯Å{É ù�ù"Ì�Ê §0¥9¤ % ¯Í½�¯ ô ¢=�?¡9�!�?¦w£«£C�`§0¢|¯ Å{É ù�ù�Î"Ê?Ê ¯ ¸ ¥F�!�5��­�§!�H£a�?¡9£y­C�5���0¬e�?¡9£ ÃeÏR% Å ¬�£C�
´ ¹b£�¬M�!��£��?¡9£�£O¤*¨�£��0¬E�!�5�g­�¡9�"��£C¥d¨"�? 2¤ Ê ¦5���,¤*�9­O£O¤d§L¥9£C¨"¢= =¨" =¹5¢2£�¤*  ç £C��£C¥9­O£��!¥®�?¡9£§�Ð�£C�H§0¨�£�¹w£C¡.§�ÐR 2�!�g�0¬e�?¡9£y¦5���!¹.§0¹5 =¢= =�? 2£O�g�� =�?¡<��£O�?¦w£O­C�`����§ . ���H§0¥9¤9§0��¤ / ­�§0¢2­C�5¢�§0�? 2�!¥ =¥(��¡5 2­H¡®�?¡9£«­C�5�\�P§!�4ªL§!¤5£yÑÓÒ�Ô ´ ¬��5�?�?¡9£C��§��P§�ÕA¬»���!ªÖ�?¡9£a =¥���£C�H§!­C�? 2�!¥d��£C¨" 2�!¥°©
§0¢=�?¡9�!�5¨"¡°©~§!�a£�Æ*¦w£O­C��£O¤q©_�?¡9£�¦w�"�� =�? 2�!¥}�0¬����!ªo£o��£O���!¥.§0¥9­O£O�a��§!����£C¥9�? =�? =Ð�£����F�?�9­�¡
ªo�,¤* Z×.­�§0�? 2�!¥°¯

ú ¡9£���£�§!­C�? 2�!¥�¦5���!¹.§0¹5 =¢= =�? 2£O�\­�§0¢2­C�5¢�§0��£O¤^¬M�!�E�?¡9£`§0¹b��Ð�£�ªo£C¥��? 2�!¥9£O¤A��§OÐ�£C¦.§!­HË�£C���§0��£A��£C¦b�!�?��£O¤> =¥ÙØ� =¨9¯ Å ù ¯ � Ê §!�;§<¬��5¥9­C�? 2�!¥]�0¬g���!�H§0¢4£C¥9£C�?¨" 2£O��¯ÙÂ4£O���!¥.§0¥9­O£O�L¤5�!ª� ZÚ¥.§0��£`�?¡9£`��¡9�!¢2£`�H§0¥5¨�£a�0¬~£C¥9£C�?¨" 2£O�i§0¥9¤(§0��£g¤*�9£`�����?¡9£ * �.§!�? =¹w�!�5¥9¤A���H§0��£O�P¬��!�?ªo£O¤¤*�5�? =¥5¨��?¡9£`��£�§!­C�? 2�!¥( =¥��?¡9£`¢�§0�?¨�£`�P£C¢=¢2�i­C��£�§0��£O¤�¹�Õ^�?¡9£g£C¢2£O­C�?���"�?�H§0�? 2­g =¥R��£C�H§!­C�? 2�!¥9��¯
ú ¡9£;��£�§!­C�? =Ð�£L¦5���!¹.§0¹5 =¢= =�? 2£O�o§0��£L��£C¦w�!�?��£O¤¿¬M�!���?¡9£L×9���?�����E��§0¥9¤�¬M�!���?¡9£®ÛqÜ µ ÐR ZÚ¹5�H§0�? 2�!¥.§0¢��?�H§0��£O��¯ ú ¡9£;¨�£C¥9£C�H§0¢P�?��£C¥9¤��0¬\�?¡9£;��£�§!­C�? 2�!¥�¦5���!¹.§0¹5 =¢= =�? 2£O��¬��!�«�?¡9£L���E�¢2���E£O�?�«ÐR =¹5�H§0�? 2�!¥.§0¢��?�H§0��£O�a 2�����(¤5£O­C��£�§!��£L�� =�?¡} =¥9­C��£�§!�? =¥5¨d£C¥9£C�?¨"Õd�� =¥9­O£;§0¥¿£C¥9£C�{Ú
¨�£C�? 2­L�P§OÐ�£C¦.§!­HË�£C���� =¢=¢E�? =ª�¦5¢=Õ�¹b�!�5¥9­O£L� ç �?¡9£L��£C¦5�5¢2�? =Ð�£L��§0¢=¢[¹b£C¡5 =¥9¤}�?¡9£;¤* =¦w�!¢2£
ª� =¥5 =ª«�5ª(¯ ú ��¹w£C�?��£C�[§0¦5¦5��£O­C �§0��£��?¡5 2��¬|§!­C�~�E£�¤*�H§O�¾ =¥��?¡9£P�? =¨"¡��X¦.§0¥9£C¢5�0¬wØk =¨9¯ Å ù ¯ � Ê§0¢2���o§0¥<§OÐ�£C�H§0¨�£a¦5���!¹.§0¹5 =¢= =��Õ(­�§0¢2­C�5¢�§0��£O¤F£CÐ�£C�?Õ � ³ ¦b�! =¥����\ =¥(£C¥9£C�?¨"Õ�¯
ÝMÞ �����'���4�Z�����}�������J�ißA�0�4���O���Hàe���)�&�0�)�r�����V¡r�i�I�\�i�)�0�+�������+�0�I�������)��áOâ�ã!ä	åPæZã!ç	è�ä	é��Hàe���J����0�4�{ê����+��à[�������J� �Ñ���J���"�i�tê �r�����)�x�)�����}���)�4� � � �C�4�<�������I�"�Hàz���J�'���4�I��ë �{êi�i�tê �?ì�ß��?ê �0�J��¡�í �r�?î��Z�r��?ï"ð2ñ�¢tò�óA���'�}���)¢tò?ô�õO¢



� É µ �k�4� � �k�e�óò��V� ÿ �H� � � �e�4�÷ö[øRùûú¾ù<ü��i�[�����k�CýPþ

0

0.25

0.5

0.75

1

0

0.25

0.5

0.75

0 1 2
[Etot  - ε0] / eV

0

0.25

0.5

0.75

0 1 2

[Etot  - ε0] / eV

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

n=0
n=1
n=4

0 0.5 1
%E vib at 1.0 eV

0

0.2

0.4

ÿ��������	��

���
�����	�������������! �"#�$�&%'�)(+*��,��"#-�.���.�(+�/(/�)(+�$010)2�3434�$56-7*��$"8���/�9�:-;0)0)(/.��/�4*<(/.�"#�=�)(+-������
0>�?�7�#�$0@-=�A�)B��C��"#-�5�2�%	�8�&0D�E�F2���%'�#(/-&�G-=�9�)-=�?�=�H�����$")I&JK0)B�(/���)�L5M�#-N�)B��CI&")-&2���5O*<(/.�"#�=�)(+-������
0>�?�7�#�P-=�9�)B��,")�L��%	�#�=�;�Q3,-&�/�L%	2��+��R1ST(+I�B;�8���=�����! U")�L��%	�)(+-��V��"#-�.���.�(+�/(/�)(+�$0Q�W*��$"#��I��$5K-7*&��"@���
(/�;�#��"#*W����-=�H�����$")I&(/�L0�R

XZY ����[��]\�^=_;`'��a��bac��d���_;`'�Fe<[�_;f��W[�g�_;[h^7�WiM�W[�`G� Ykj �	ecl
�h^7�7lnm1��`'go_pac��d���_;`'�Fe<[�_;f�f�q
�Lr
^W��`	�7ltsvuFwx�cyze<��_K����a��W[|{>}�{>~����W[h�W�'��q6`'gh� j �	e<d�_;d���f���`�q���[h^W�	�=_ Y � Y m1��`'g���[h^W�	�=_ Y ��[��
`'gh�Qa:��d���_;`'�Fe<[�_;fh�W[h�W�'��qK^7e<[�`	�W[�`Q_;[hl�y�e<�������4��`��	�WiG_;��[ Y _ j�j �	�7^W��_;d�fF��`'g��	e<����ghe<��`
`'gh�Em1ghe<fF�N�W[h�W�'��q6��_;[���� Y _;i j fF�7lpgh�W�	���

�)`C� Y m@e<�'`'g�`	e�[he<`	�Kgh�W�	�K`'g�_;`E_;`4fFe�m�^7e<f�f�� Y �Fe<[x�W[h�W�'��qtm@�Oe<d�`�_;��[�g�����g j �	e<d
�
_;d���f���`'�F� Y ��[�^7e<�'�	� Y'j e<[hl��W[h^7�Ve;yQ`'gh�K�	� Y e<[�_;[h^7� Y e;y@`'gh� Y q Y `	�Wip�E�8g�� Y�� ��[t`'gh�OfFe�m
�W[h�W�'��qp�	�W����iM�K`'gh�Ny�e<�'iG_;`'�Fe<[xe;yUiM�W`�_ Y `�_;d�fF� Y `�_;`	� Y,j f�_7q Y _Ma��W�'qp��i j e<�'`�_;[�`4�	e<fF�
yze<�4`'gh�Vec^7^W���'�	�W[h^7�Ve;y@`'gh�O�	�=_<^W`'�Fe<[ ��Y �h^	g�`'g�_;`N�Wa��W[�`'gh�O��[���`'��_;fT�n��� Y `�_;`	�O^=_;[
����a����'� Y �b`	e|_;f�iMe Y `G^7e<i j fF�W`	��`'��_;[ Y y�e<�'iG_;`'�Fe<[���[:`	e j �	e:l
�h^W`���[o^7e<�'�	� Y'j e<[hl��W[h^7�
m1��`'gb`'gh� j e Y ��`'�Fe<[�e;y�`'gh�C�	� Y e<[�_;[h^7� Y �T���4^=_;[�_ Y ^W�'��d��C`'g�� Y �L�A�7^W`8`	eK`'gh� j �	� Y �W[h^7�
e;y�`'gh��l��7� j������$�)�	� ~��7{zuz}� �mQ�Wf�f>�V`'gh�My�e<�'iG_;`'�Fe<[¡e;y ��� ~=¢ �  �{«ÿh� Y g�d�_<^	g¡�	� Y e<[�_;[h^7� Y
_;f�fFe=m Y y�e<�,`'gh�6{ �L£P� } � ~ �$¤N¥ } �L£ ~�{zuz}� �} ¥k¦ u]¢ ¦ � ¤��'§ �Wuz{ �?¨�© �FªZ«L{>~�{ � «V{ ¦ ~�{!¬1u! |{z­ �  �¬
�	~<  � ~;«$u!� ¤ }<® �$� ��} £�� { ¦h� «W~ ¨�¨ � �D� }<u! �{ �	� ¢<uz}� ��T�8g�� Y mQ�C^=_;[�_;�'���h�P`'g�_;`Q��[ Y ��iV��f�_;�
Y q Y `	�Wi Y `'gh���	�=_;���W[�`,iMe<fF�7^W��fF�k^=_;[tdH�Egh�Wf j �7ltd�qb`'gh�E¯ Y ��d��	�=_<^W`'��a��L°�l
q:[�_;iV�F^ Y ��[
yze<�'iV��[��tg�����g�f�qx�	�=_<^W`'��a���±!iM�W`�_ Y `�_;d�fF�&²E^7e<i j fF�Lr
� Y �6�)[�`'gh�Vy�e<f�fFe=m1��[��|³:�7^W`'�Fe<[|mQ�
m1��f�fv_;[�_;f�qc´=�K��[ Y e<iM�kl��W`�_;��f�`'gh��d�e<��[hl�_;[hltµ:��_ Y �]�>d�e<��[hl Y	j �7^W`'��_ � _;f�`'ghe<����gx`'gh�
^7e<i j fF�W`	�1^	g�_;��_<^W`	�W�'��´�_;`'�Fe<[be;y�`'gh�8�	� Y e<[�_;[h^7� Y �	�WiG_;��[ Y dH�Wq�e<[hlO`'gh� j �	� Y �W[:`Tm@e<�'¶
·��
¸)¹OºD»<¼'½Wº@¾>¿C¼LÀ�Á1ÂÃ¾�¾>»<¼	¾'Ä�Å�ÂÃ¾>»K¼1Æ>Â�ÇL¿$Æ>¿$È;ÉTÆ>º?É�¿$Ê<¼$Ê&Ë?º?ÉT¼�Ê<¼�Ì�Í�É�Â�É?Ä:Â�¾�Å�¿LÈ&ÌÎÀ�»;¼	½LºQÏ�º?º?ÊNÐ�¿$É�É�Â�ÑÏ&ÌÎº@¾>¿,¾>º?Éz¾U¿LÈ�ÆD»=Í�Ð�¿�¾>»;º?É�Â�ÉT¿LÊ�¾>»;ºQÆ>¿$Ì�ºP¿�Ò�¾>»;ºDÓÔÆ>º?¼$ÇLº#Ê=¾�ÕQÖ;º?É�»=Ï;¼$Ë�»kÆ>º?É�¿$Ê<¼$Ê&Ë?º?É?×DÂ�ÊOÐ<¼	Æ�¾>Â�Ë?È;ÌÎ¼�Æ'Ä



ò��ÃØ5�¾�4�E�qýPþ��4þ��k�E����þ4�,Ù9Úe�,�?� � É ·
¸ �� 2�\§0¢2���y =¥���£C��£O�?�? =¥5¨o����¥9�!��£`�?¡.§0��©9§0¦.§0�?��¬M�!�?ªû�?¡9£`��£O���!¥.§0¥9­O£`¦.§0�?��£C�?¥°©5�?¡9£`¹.§!­HË�Ú
¨"���!�5¥9¤L¦5���!¹.§0¹5 =¢= =��Õo��£CªL§0 =¥9�P­O�!¥*×9¥9£O¤o¹b£C¢2��� µ�³�Û Å §!�[­�§0¥;¹w£i��£O£C¥o¹�Õ��?¡9£�§OÐ�£C�H§0¨�£
Ð"§0¢=�9£O���0¬_�?¡9£`¦5���!¹.§0¹5 =¢= =��Õ^ =¥AØk =¨9¯ Å�Ü ¯ � Ê?Ê £CÐ�£C¥A Z¬_�?¡9£g­O�!¥9�? 2¤5£C��£O¤�¨�£O�!ªo£C�?�?Õ^§0¦5¦b£�§0����?¡9£gªo�"����¬M§�Ð��!�H§0¹5¢2£g¬M�!���?¡9£g��£�§!­C�? 2�!¥(���o�,­O­C�5� Å ��£O£«½E¡.§0¦5��£C� Å Î"Ê?Ê ¯

ÝNÞ?ß àâáTã�ä�åKæ�åKç�áTãèæ�åKæ�é'êEã�ë	ã
ì �}­�§0�?�?Õ¾�!�5�;§0¥Ù§0¥.§0¢=Õ*�? 2�o�0¬`�?¡9£A��£O���!¥.§0¥��^�?�H§0��£O���?¡.§0�o�P£F£C¥9­O�!�5¥R��£C��£O¤] =¥¾�?¡9£
��£�§!­C�? 2�!¥�¦5���!¹.§0¹5 =¢= =�? 2£O���P£i¬M�!¢=¢2���P£O¤��?¡9£�ªo£C�?¡9�R¤�§0¢=��£�§!¤*ÕL�9��£O¤;¹�Õ6í<§0¡.§0¦.§0�?�H§�§0¥9¤î §0�?¡RÕ�§0ª��5�?�?¡�Õ Å{É=Ü�Ü ·
ï É=Ü�Ü�ð ï É=Ü�Ü Î"Ê ¯ ¸ ¥®�?¡5 2��ªo£C�?¡9�,¤F�?¡9£y��£O���!¥.§0¥9­O£O�a§0��£y�?�?�9¤* 2£O¤¹RÕz¬M�!¢=¢2���� =¥5¨��?¡9£(�5¥5 =ªo�!¢2£O­C�5¢�§0��¤* 2�����,­C �§0�? 2�!¥Ù�0¬g�?¡9£A�?�H§0¥9�� 2£C¥����?¦w£O­C 2£O� öUñ�ù<ùdü ¯ì ¡9£gË�£CÕbòR�.§0¥��? =��ÕA 2���?¡9£a��£Cª�¦w�!�H§0¢�§0�5���,­O�!�?��£C¢�§0�? 2�!¥®¬»�5¥9­C�? 2�!¥F¤5£�×9¥9£O¤(¹�Õ

óGô!õ'öD÷ùø!úTû úvü)ý Å�Ü ¯ É Ê
�?¡.§0��¡.§!������¹b£`­O�!ª�¦5�5��£O¤F§0�\£�§!­�¡(�? =ªo£g����£C¦�¬��!�\§y�?�
þL­C 2£C¥��?¢=Õ�¢2�!¥5¨��? =ªo£tÿk¯ ì ¡5 2�
òR�.§0¥��? =��Õ;­�§0¥�¹w£4��£C¢�§0��£O¤^���y�?¡9£i¹b�!�5¥9¤A§0¥9¤;�5¥R¹w�!�5¥9¤��?¦b£O­C�?�?�5ª¼�0¬_�?¡9£`�?Õ*�?��£CªÓ¹RÕ
¥9�!�? =¥5¨o�?¡.§0�
� úvü)ýT÷���ü � úTû�ýT÷������
	���
�� ü ��� � ýAø � � úTû�ý ú �
���������
	���
 ü � ��� ú ý�ø���� ú úTû=ý

��¡9£C��£4�?¡9£�×9���?���?�5ª �?�5¥9�E��Ð�£C�E�?¡9£4¹w�!�5¥9¤;�?�H§0��£O�P�0¬°�?¡9£4�?Õ*�?��£Cª §0¥9¤; =¥���£C¨"�H§0¢b�?�5¥9�
��Ð�£C�P�?¡9£`­O�!¥R�? =¥��9�!�9�i���H§0��£���¦.§!­O£ Å �  2�P�?¡9£��H£C���0¬� =¥9¤5£�Æ*£O�P¥9£O£O¤5£O¤����y�?¦w£O­C Z¬�ÕL­O�!ª�Ú
¦5¢2£C��£C¢=Õ«�?¡9£E�?�H§0��£��0¬.�?¡9£P�?Õ*�?��£Cª(©0 |¯ £"¯k =�� 2�k�?¡9£P­O�!ª�¦w�"�? =��£P =¥9¤5£�Æ«¬��!�k�?¡9£P§0�?�H§0¥5¨"ªo£C¥R�
§0¥9¤(­H¡.§0¥5¥9£C¢_¢�§0¹b£C¢2� Ê ¯ ¸ ¥9¤5£O£O¤q©5 =�����? =ªo£�Ú�£C¥9£C�?¨"Õ(Ø9�!�5�? 2£C�\�?�H§0¥9�?¬��!�?ª ¨" =Ð�£O��óVô��OöU÷ ����� ô�� �!� � ö#" � ú � � " � ô��Kö
��¡9£C��£ " � ÷ � ø � � úTû�ý � ¶  2���?¡9£o�E£C =¨"¡R���0¬��?¡9£%$ �nõ'& ¹w�!�5¥9¤z�?�H§0��£o =¥z�?¡9£o =¥5 =�? �§0¢
��§OÐ�£C¦.§!­�Ë�£C� Å �?¡9£)(��?�H§0¥9�? 2£C¥��y�?¦w£O­C 2£O�+* Ê §0¥9¤ " � ÷ � ø���� ú ú û ý � ¶  2�a�?¡9£��P£C =¨"¡����0¬
�?¡9£4 =¥9¤* 2­�§0��£O¤;�H­�§0�?��£C�? =¥5¨�£C =¨�£C¥9���H§0��£"¯-,Ù¡9£C¥;�?¡9£i��§OÐ�£C¦.§!­HË�£C�\ 2�[¦5¢�§!­O£O¤;�E£C¢=¢w =¥9�? 2¤5£
�?¡9£< =¥���£C�H§!­C�? 2�!¥���£C¨" 2�!¥T =�^¨�£C¥9£C�H§0¢=¢=Õ �?¦5��£�§!¤5�A��Ð�£C�F§0¢=¢�¹b�!�5¥9¤V§0¥9¤ ò��.§!�� ZÚ|¹w�!�5¥9¤
�?�H§0��£O�;�? =¥9­O£(�?¡9£CÕ>§0��£F�E£C¢=¢i¢2�,­�§0¢= �.�£O¤Ù =¥]�?�9­�¡Ù��£C¨" 2�!¥°¯ ¸ ¥]¦5�H§!­C�? 2­O£"©��!¥9£A¬M�!¢=¢2���\�
�!¥5¢=Õ(�?¡9£�¬M�!�?�P§0��¤d¤*ÕR¥.§0ª� 2­O� Å õ0/21 Ê ¬M�!��§o×9¥5 =��£«¢2�!¥5¨^�? =ªo£"©w�?¡9£C��£C¹RÕF =¥��?���,¤*�9­C =¥5¨§L�� =¥9¤5���÷¬��5¥9­C�? 2�!¥® =¥<�?¡9£«­O�!ª�¦5�5�H§0�? 2�!¥}�0¬e�?¡9£yØ9�!�5�? 2£C�`�?�H§0¥9�{¬M�!�?ª(¯43��4 =�i 2���E£C¢=¢
Ë,¥9����¥��?¡9£`�? =ª�¦5¢2£5(�¹w��Æ;�� =¥9¤5��� ¬��5¥9­C�? 2�!¥6*i¡.§!�����!ªo£��5¥5¦5¢2£�§!�H§0¥R��¬�£�§0�?�5��£O�E¬M�!�E�?¡9£
ß87:9#;=<?>Íì%@
A?êB7:9C@
AEDCAF9#GH7#DHIKJ'7{ìLGH@?7�ïM<?AFNOI ëQPR;=<�S!ìTN�GCAUGH7'NWVX7'IKY=7'S�àZ<�S?9#GHIK;=S�N�[:AUS!ì%9';=\^]?AUDH7?ì)GH@?7'\ß_I�GH@`GH@�7a7#bc]R7'9#GH7{ì`]cDH;=P
AUP?IK>KI�Gediì�7#S?NOI�Ged^;HàfA-VXDH7'AFY=7#SMGO[hg?7#NO@cP?AF9C@47#IiYF7'S?N�GCAEGH7�ð�NO7'7_àZ;FD_7jb?AU\^]?>K7-kRlm AF@?AF]
AEGODCA^AFS0ì Þ l?kcAUGH@ndMAF\o<�DOGH@ndgð�ò{ô�ôCõnp,ò{ô�ô=qMp,ò{ô�ôBr	ójl



� É=ð �k�4� � �k�e�ts��V��ýQÙ�Ù°��þ��e�4�÷ö[øRùûú¾ù<ü��i�[�����k�CýPþ

­O�!ª�¦5�5�H§0�? 2�!¥]�0¬i�?¡9£�Ø9�!�5�? 2£C���?�H§0¥9�{¬M�!�?ª(©X�?¡R�9��©X¬M�!¢=¢2���� =¥5¨ î ¯víd§0¡.§0¦.§0�?�H§�§0¥9¤vuy¯î §0�?¡�Õ�§0ª«�5�?��Õ Å{É=Ü�Ü · Ê ©.�E£g�9��£O¤��?¡9£xw�§0¥5¥5 =¥5¨o�� =¥9¤5���V¬��5¥9­C�? 2�!¥
ù ô!õ'öU÷�y ²z ô Ò �!{B|R}:ôO~
��õE�c�4ö'ö ¬M�!� 1T�¡õW���1 ¬��!� õW��1 §0¥9¤ õW/��

����­O�!ª�¦5�5��£a�?¡9£0(���¦w£O­C�?�H§�*
ø ô��OöU÷����� �

ü��	 � �M�Z
 ü óMô!õ	ö ù ô!õ	ö#��õ
����
 =¥]��¡5 2­H¡N�?¡9£<�!�? =¨" =¥.§0¢`¤5£C¢=�H§�¬��5¥9­C�? 2�!¥9�A§0¥9¤]��£O���!¥.§0¥9­O£®¦5���0×9¢2£O�^�?�5�?¥N�!�5�;���¿¹b£
­O�!¥�Ð��!¢=�5��£O¤F�� =�?¡(�?¡9£aØ9�!�5�? 2£C�4�?�H§0¥9�{¬��!�?ª �0¬~�?¡9£g�� =¥9¤5���V¬��5¥9­C�? 2�!¥°¯,}£i£CÐ��!¢=Ð�£O¤;�?¡5��£O£\��§OÐ�£C¦.§!­HË�£C����¦5¢�§!­O£O¤L =¥^¤* Z�b£C��£C¥R�E¦b�"�? =�? 2�!¥9��§0���!�5¥9¤o�?¡9£4�H§!¤,Ú
¤*¢2£g¦b�! =¥��\��£C¨" 2�!¥°¯�,}£g�9��£O¤A�?¡9£a�	§0ªo£`�? =ªo£��?��£C¦(�0¬X¹b£�¬��!��£ ÅO� õU÷216� Ò ��} Ê §0¥9¤�¬M�!¢ZÚ¢2���P£O¤��?¡9£�£CÐ��!¢=�5�? 2�!¥L�0¬È�?¡9£���§OÐ�£C¦.§!­HË�£C���[¬M�!�e§4Ð�£C�?Õ«¢2�!¥5¨g�? =ªo£� =¥R��£C�?Ð!§0¢|© � ÷ Ò�Ô�� } ©
�!¥>§<¨"�? 2¤z�?¡.§0�o­O�!�5¢2¤�¹b£�­�¡9�"��£C¥]ª��9­�¡]¢�§0�?¨�£C���?¡.§0¥¾�?¡9£;¦5��£CÐ, 2�!�9�o�!¥9£ Å  |¯ £"¯�±y²
�H§0¥5¨�£O¤^¬»���!ª É ����Ô 1 ´ §0¥9¤��?¡9£�¢2�!¥5¨!Ú|�H§0¥5¨�£`�H§0 =¢q�P§!��¥9�!�\­C�5� Ê#� ¯ ì ¡9£����!�H§0¢q¦5���!¦*Ú§0¨�§0�? 2�!¥Ù�? =ªo£®¤5£C��£C�?ª� =¥9£O¤T§0¥Ù£C¥9£C�?¨"Õ¾��£O���!¢=�5�? 2�!¥ �0¬ � � Ñ ~
���c� ÷ Á�ÆqÒ 1 	�� ���
¹w£C¢2���Ó��¡5 2­H¡¿�?¡9£o�?Õ*�?��£Cª �?¦b£O­C�?�H§0¢e¬M£�§0�?�5��£O�����5¦w£C�? =ª�¦b�"��£��� =�?¡}�?¡9£o¦w£�§0Ë*���0¬��?¡9£
�?�H§0¥9�{¬M�!�?ªo£O¤A�� =¥9¤5����¬»�5¥9­C�? 2�!¥°¯34¥¿��Ð�£C�?Ð, 2£C� �0¬\�!�5�«��£O�?�5¢=���a 2����£C¦w�!�?��£O¤¿ =¥zØk =¨9¯ Å�Ü ¯K� Ê ��¡9£C��£L�?¡9£ Å ­O�!ª�¹5 =¥9£O¤ Ê�?¦b£O­C�?�?�5ª �!¹5�H§0 =¥9£O¤¾¬����!ª �?¡9£(£CÐ��!¢=�5�? 2�!¥ �0¬��?¡9£(Ð!§0�? 2�!�9�L�P§OÐ�£C¦.§!­HË�£C���� 2�L�?¡9����¥°©
���!¨�£C�?¡9£C�(�� =�?¡U§���­H¡9£CªL§0�? 2­¿£C¥9£C�?¨"ÕN¦5���0×9¢2£¿�0¬��!�5�F�?Õ*�?��£Cª(¯ ¸ ¥T¦.§0�?�? 2­C�5¢�§0��©g�P£
��£C¦w�!�?�� =¥N�?¡.§0�A��­�¡9£Cªo£<�?¡9£d£C¥9£C�?¨"Õ]¦b�"�? =�? 2�!¥ �0¬��?¡9£<ª� =¥5 =ªL§z�0¬«�?¡9£®���E���P£C¢=¢2��©
�?¡9£o§!�?Õ,ª�¦5���!�? 2­o£C¥9£C�?¨"Õ��0¬P�?¡9£y¬��H§0¨"ªo£C¥����y§0¥9¤��?¡9£�¦b�"�? =�? 2�!¥}�0¬��H�!ªo£�¢2���Ó£C¥9£C�?¨"Õ
ÐR =¹5�H§0�? 2�!¥.§0¢�¢2£CÐ�£C¢2��¯�,N =�?¡��!�5��­H¡9�! 2­O£��0¬i�?¡9£^ =¥5 =�? �§0¢P��§OÐ�£C¦.§!­HË�£C����©[��¡5 2­H¡¾�?�5�?¥9£O¤
�!�5�����«¡.§�Ð�£a§aªo£�§0¥(£C¥9£C�?¨"Õ^�0¬°Ú É ¯K� Ì Ü�Ü ©,Ú � ¯ ³0µ É=ð §0¥9¤;Ú � ¯ Ì · Î ð��f� ��£O�?¦w£O­C�? =Ð�£C¢=Õ�©*�P£�E£C��£y§0¹5¢2£g�����H§0ª�¦5¢2£«§y¹5����§!¤®£C¥9£C�?¨"Õ��H§0¥5¨�£"©ÈÑVÁ �?� �� 2¤5£"¯o34�\ =�\ 2�\£CÐ, 2¤5£C¥���¬����!ª
�?¡9£;×9¨"�5��£"©e�?¡9£^¦.§0�?��£C�?¥¾ 2�yÐ�£C�?Õz­O�!ª�¦5¢= 2­�§0��£O¤��(§<­O�!ª�¦.§0�? 2���!¥¾�� =�?¡��?¡9£^��£�§!­C�? 2�!¥
¦5���!¹.§0¹5 =¢= =�? 2£O���?¡9����¥� Z¬PØk =¨9¯ Å�Ü ¯ � Ê ��£CÐ�£�§0¢2£O¤��?¡.§0�g�P£�­O�!ª�¦5�5��£O¤}�?�9­�¡�¦5���!¹.§0¹5 =¢= =�? 2£O��!¥F§�£C¥9£C�?¨"Õ�¨"�? 2¤�ª��9­H¡®­O��§0����£C�\�?¡.§0¥F�?¡9£g��£O���!¥.§0¥9­O£g¦.§0�?��£C�?¥_�ì ¡9£��?¦b£O­C�?�?�5ª �!¹5�H§0 =¥9£O¤T 2�(§0¥.§0¢=Õ�.�£O¤  =¥VØ� =¨9¯ Å�Ü ¯ µRÊ ¯�,}£d­�§0¥V­O�!¥9�? 2¤5£C�A¬M�!�5�
¤* Z�b£C��£C¥R�y£C¥9£C�?¨"Õ���£C¨" 2�!¥9��¯ ¸ ¥}¦.§0¥9£C¢W3 �E£;��£C¦w�!�?��§0¥z£C¥5¢�§0�?¨�£Cªo£C¥R���0¬��?¡9£L¢2���E£O���
£C¥9£C�?¨"Õ«��£C¨" 2�!¥ Å ¹b£C���P£O£C¥ � Á �i� §0¥9¤ � Á �K1���� ©"�� =�?¡��?¡9£W.�£C���g�0¬w�?¡9£�¦w�!��£C¥R�? �§0¢9¦5�5�X =¥
�?¡9£g�?�? �§0���!ª� 2­a¤* 2���H�R­C �§0�? 2�!¥(¢= =ª� =� Ê  =¥(��¡5 2­�¡<�!¥5¢=Õ;�?¡9£a¤* =¦b�!¢�§0�\�P£C¢=¢° 2�i§OÐ"§0 =¢�§0¹5¢2£g¬M�!��?¡9£\ªo�!�? 2�!¥°¯ ì ¡R�9�P�?¡9£\¦b£�§0Ë,�P­O�!�?��£O�?¦b�!¥9¤L�����?¡9£4¤* =¦b�!¢2£�Ú|¹w�!�5¥9¤^£C =¨�£C¥�Ð"§0¢=�9£O���0¬°�?¡9£�'� S4GH@�IKN�9'AFNO7~ß87-@?A�ì0;FS?>�d5GH;W7{êFAF>K<
AEGH7�GH@?7�IKSnGH7'YUDCAF>�;Hàf7?ï
lÍð2ôcltò�ó_AFS0ì`GH@�7#DH7�àZ;UDH7-GH@?7�9';F\^]?<cGCAHëGHIK;=Siß�AUNh\o<?9C@`>K7'NON�7#bc]R7'S�NOIÍê=7aGH@
AUS4GH@?7aIiS�I�GHI AU> ëXN�GCAEGH7�ëQNO7'>K7'9#GH7?ìgìMdcS
AF\^IK9'N{î�AU>KGH@�;=<�Y=@0I�G°àZ<cDHS?IKNO@?7{ì;FS?>�d�ïn<?AF>KI�GCAUGHItêB7�àZ7+AEGH<�DH7'N'l � G�IiN[ß8;UDOGH@¡GH;:\^7'SnGHIK;=S¡@�7#DH7^GH@
AUG�NO<�9j@�ìMdcS
AF\^IK9'N�9';F<?>Íì¡PR75\5A�ìc7ïn<
AUSnGHIKGCAEGHItêB7_AFN�IKG¢IKNbì�;FS?7qß_I�GH@£VQGODCAFS?NOI�GHIK;=S�ëQN�GCAUGH7�ëQ\^7#GH@�;�ì�N�[|îBIKS�ß_@?IK9C@WGH@?7h¤¢<?\o<?>iAUGHItêB7�¥�7+AF9jGHIi;FS¦ DH;=P?AFP?IK>KI�Ged§IKNa9#;=\^]?<cGH7?ì�ð©¨ªIKYF@MG�AFS0ì�«R@
AUS?Y�î5ò?ô�ô	ñCójl � S§;=<�DaN�dcN�GH7'\`î
GH@?7�<?NO7�;	à�NO<?9C@§\^7#GH@?;�ìcNß¢;=<?>Íì:A?êB;FIÍì`GH@?7-]cDH;=P�>i7#\¬AFNONO;n9'IiAEGH7?ì`ß_IKGH@4GH@?7�>K;=S�Y	ë©DCAFS�Y=7�;	à�GH@?7�]R;UGH7'SnGHI AU>�l



s��ÃØ5�¾�4�E�qýPþ��4þ��k�E����þ4�,Ù9Úe�,�?� � É Î

-4.
00

-3.
50

-3.
00

-2.
50

-2.
00

-1.
50

-1.
00

E 
/ e

V

000111

I(E)

LiH
..H

+

Li.
.H

2+

[Li
..H

..H
]+

H 2+

LiH
0

1
2

3
4

5

0
1

2
3

4
5

­a®�¯R°f±E²x³6´Kµ6¶o·4¸¹²B±+¸�®©²Bº¼»?½�¾+¿�²ÁÀ8»
°fÂ�Ã�Ä?Â�Ã�Å�°�Ä
ÆE®ZÇHÀ¢»
°fÂ�Ã�ÆEÈ¢²nÉB¾+±+°fÊ�´
Æ+Ë6Æ+¾E²BÊ�´ÍÌW¿�²ÎÉn»
±+±E²nÆ+È¢»
Â�Ã6®�Âf¯�²B®�¯¹²BÂ�Æ+¾UÄ?¾E²nÆ¡Ä?±E²RÏaº^®�¾+¿f®�ÂÐ¿�Ä?±+ÊT»
Âf®©ÉÍÄ?ÈfÈf±E»nÑ6®�Ê%Ä?¾+®©»
Â_ÏÉn»
Ê�Àf®�Â�Ä?¾+®©»
Â�Æ4»?½�Ä�¿f®�¯R¿Ò½�±E²nÅ�°�²BÂ�ÉBËÍÆ+¾+±E²B¾EÉE¿f®�Âf¯LÊT»
¾+®©»
ÂÓ»?½�¾+¿�²TÔeÈf±E²=ÇH±E²MÄ
ÉB¾+®©»
Â�Õ5Ö�×CØÊT»
Ù©²nÉB°fÙ©²ÁÄ?Â�ÃÍÄ§Ù©»cºo²B±£½e±E²nÅª°�²BÂ�ÉBËTÊT»
¾+®©»
ÂÍ»?½�¾+¿�²4Èf±E»
¾E»
Â6ÇHÊT»
Ù©²nÉB°fÙ©²ÁÆ+Ë�ÆE¾E²BÊ�´aÌW¿f®©Æ£®©Æ®�Ù�Ù�°�Æ+¾+±UÄ?¾E²nÃÚÊT»
±E²xÉBÙ©²MÄ?±+Ù�ËÒ®�ÂÚ­h®�¯�´©ÔO³6´KÛ¹Õ5º^¿�²B±E²§º£²x±E²BÈ8»
±+¾0Ä)¾E²BÊ)Èf¾UÄ?¾+®�¸¹²�Ä
ÆEÆE®�¯RÂfÊT²BÂ�¾»?½£¾+¿�²T²BÂ�²B±+¯RËÚÙ©²B¸¹²BÙ©Æc¶4¾+¿�²%Ö�×CØÜÊT»
¾+®©»
Â!¿�Ä
ÆxÄ%ÝH½�±E²nÅ�°�²BÂ�ÉBËªÞ�»?½`ßáà6â©ãMä
à�å?æÍÏ�º^¿f®�Ù©²¾+¿�²Î»
¾+¿�²B±¡ÊT»
¾+®©»
Âv¿�Ä
Æ)Ä�½e±E²nÅª°�²BÂ�ÉBËç»?½:ßèà6âKà�é?à�å?æÎ´êÌW¿�²LÙQÄ?À8²BÙ©ÆÍëeì-í+îÚï§±E²=½O²B±�¾E»¾+¿�²�Ä?ÈfÈf±E»MÑ�®�Ê%Ä?¾E²Ó¸ª®�Àf±UÄ?¾+®©»
Â�Ä?Ù0Å�°�Ä?Âª¾+°fÊðÂ�°fÊ�À¢²B±L®�Â¬¾+¿f®©ÆT»
±EÃf²B±M´¬ñCÂ¬È�Ä?Â�²BÙ4ò�Ä?Â¿f®�¯R¿�²B±:²BÂ�²B±+¯RËÒ±UÄ?Âf¯¹²LÔX½�±E»
Ê�ó`ô�âKà�å�æõ¾E»Óó`ö�â é�å?æ¡ÕW®©Æ`Ã6®©ÆEÈfÙQÄnË¹²nÃ�´`ñjÂ�¾+¿f®©Æ4±UÄ?Âf¯¹²§¾+¿�²È8»
ÙQÄ?±+®�÷cÄ?Àf®�Ù�®�¾CËÐºo²BÙ�ÙW»
È¢²BÂ�Æ¡Ä?Â�Ãç¾+¿�²%Èf±E²B¸ª®©»
°�Æ�±E²B¯R°fÙQÄ?±¡Æ+È8²nÉB¾+±+°fÊø®©Æ�Æ+°fÈ¢²B±+®�Ê)È8»RÆE²nÃº^®�¾+¿Ð¾+¿�²)À¢»
°fÂ�ÃçÆ+È¢²nÉB¾+±+°fÊù»?½£¾+¿�²LÖ�×Eâ�âKØ�úû ºo²BÙ�ÙHüa½�°f±+¾+¿�²B±+ÊT»
±E²RÏa¾+¿�²)À8»
°fÂ�ÃçÆ+¾UÄ?¾E²nÆ»?½a¾+¿�²4¾jºo»¡º£²BÙ�Ù©Æ5Æ+¾UÄ?±+¾EÆW¾E»�Ê)®ZÑ8Ï�¾+¿�²B±E²BÀªËÎÉn»
Ê)ÈfÙ�®©ÉMÄ?¾+®�Âf¯T¾+¿�²ÁÆE®�¾+°�Ä?¾+®©»
Â_´�ÌW¿�²:²BÂ�²B±+¯RË±UÄ?Âf¯¹²^»?½8È�Ä?Â�²BÙ�ývÉn»
±+±E²nÆ+È8»
Â�ÃfÆ-¾E»:¾+¿�²£þ�ÿ����������
	���
��`Ö�×¹ó)Ø�úû Ãf»
Ê%Ä?®�Â_¶a®�Â)¾+¿f®©Æ-±UÄ?Âf¯¹²»
ÂfÙ�Ë¬¾+¿�²�²BÙQÄ
ÆE¾+®©ÉÓÆ+°fÀf±E²MÄ
ÉB¾+®�¸¹²êÃ6ËªÂ�Ä?Ê)®©ÉnÆÎ»?½§Ö�×^ó Ø úû ®©Æ%È¢»RÆUÆ+®�ÀfÙ©²RÏ^Ä?Ù�¾+¿�»
°f¯R¿ ¾+¿�²±E²nÆE»
Â�Ä?Â�Én²�È�Ä?¾+¾E²B±+Â!Én»
ÊT²nÆ:À8»
¾+¿Ó½�±E»
Ê ¾+¿�²xÝC±E²MÄ?¯¹²BÂ�¾'Þ)­�²nÆ+¿�À�Ä
ÉU¿ ÊT²B¾UÄ
Æ+¾UÄ?ÀfÙ©²)Æ+¾UÄ?¾E²nÆÄ?Â�ÃLÝCÈf±E»�Ã6°�ÉB¾'Þ:­�²nÆ+¿�À�Ä
ÉU¿ÓÊT²B¾UÄ
Æ+¾UÄ?ÀfÙ©²§ÆE¾UÄ?¾E²nÆ`Ä?Â�ÃÍÊ)®ZÑ6²nÃ�ÊT²B¾UÄ
Æ+¾UÄ?ÀfÙ©²§Æ+¾UÄ?¾E²nÆ��R´-ÌW¿�²±E²B¯R®©»
ÂÒ»?½_È�Ä?Â�²BÙ��¼»
È8²BÂ�Æ�¾+¿�²0±E²MÄ
ÉB¾+®©»
Â_¶�Â�»cº ¾+¿�²0Ö�×jØ�� Ø ú�� Ö�×���Ø úû ±E²MÄ
ÉB¾+®©»
Â®©Æ:È8»RÆEÆ+®�ÀfÙ©²)Ä?Â�Ã�¾+¿�²)Æ+È8²nÉB¾+±+°fÊ ¿�Ä
Æ§ÄÎ¸¹²B±+ËÚÉn»
Ê)ÈfÙ�®©ÉMÄ?¾E²nÃÐÆ+¾+±+°�ÉB¾+°f±E²RÏ�º^¿f®©ÉE¿ç®©Æ:À¢²nÆ+¾ÆE²n²BÂ�®�Â È�Ä?Â�²BÙ��5´�ñjÂ�¾+¿f®©Æ:ÙQÄ
Æ+¾ÁÈ�Ä?Â�²BÙ-ºo²¡±E²BÈ8»
±+¾Á¾+¿�²¡±E²nÆ+°fÙ�¾EÆÁ»?½£¾Cºo»�¸¹²B±+ËÚÃ6®���²B±E²BÂ�¾
��� �"!
#�$&%'�)(+*-,&.0/0124365 (�798:#�% 36;=<?>?5 8:@ 36; # ; 8 5BA (C�D8FE < 7 >B< (�# ; E 39A ( <HGI3 %'�J8�!
#K!D8F7)LM#K! A E'(�8 ; % 36N (OQP %'( 5 % 3 8:7SR'$T8F76%'� P !)U���%'�
(�#'8 <
< 76( OQP 365 %C%'!)E 5 # P !)%C% P A (V8WE'(�8F7 A 8XEKE 3 (YEZ% P %'�)([LME'(�8 ; % 36N (=E'(�U 3 P 5 R'\] % 3 #[8F79# P G P EK%'��% P 5 P %'(�$ 365 %'� 3 # ; P 5 %'(_^?%�$)%'�D8X%Z%'�)(�*`,a/�b6b / 1 @H(Y%c8:#�%c8 A 76(�#�%c8F%'(�# 365 %'� 3 #C( 5 (YE'U >Ec8 5 U�(=@B8 >BA ([E'(�8:767 > 7 P 5 UFdM7 36N ( < #�%c8F%'(�#�\



� É Ì �k�4� � �k�e�tsfeV��ýQÙ�Ù°��þ��e�4�÷ö[øRùûú¾ù<ü��i�[�����k�CýPþ

-4
.0

0
-3

.5
0

-3
.0

0
-2

.5
0

-2
.0

0
-1

.5
0

-1
.0

0
E

 / 
eV

-3
.0

-2
.9

-2
.8

-2
.7

0001 I(E)

-2
.7

-2
.6

-2
.5

-2
.4

001 I(E)

-3
.6

-3
.4

-3
.2

-3
.0

0001 I(E)

-2
.4

5
-2

.4
0

-2
.3

5
-2

.3
0

-2
.2

5
-2

.2
0

0001 I(E)

-2
.4

-2
.3

-2
.2

-2
.1

-2
.0

001 I(E)

Li
H

..H
+

Li
..H

2+

A

H
2+

Li
H

0
1

2
3

4
5

0
1

2
3

4
5

B
C

DE

g+h�iQjlkXm Ü�n o ��3qp�rtsQu m�k rts�sDvxwXsyw�z m u�{ m p�w k�jl| n î m&m w m�} wW~�s k p&s |y|�m�� wXu n

p"�
rtp j ra�
w h s � uH��s �-m u�wF� k w m&��h�� �B� m r�rl� �-� w�z m sDw�z m�kZh�� w�z m sDw�z m�k � m r�rM���Dw�z j u+u�z-s?� h��li
w�z m ( m�} w m�� u h s � *�s
~ | � �f��|�m wF�Du�wF�
�lr m u�wF�
w m uHw�z`�
wJuX{ kXm � � s"� m�k w�z m wc�Vs�� m r�rtu n

ì s�p&s � p�r j-�lm w�z h u î m p�w h s � ��� m�� sDw m w�z`�
wyw�z m � ht� w�z-u�s
~�w�z m sD�-u m�k � m&��kXm uXs
�� � � p m uy� /�16�K1R1l�_��� �Jp&s k�kXm u�{ s �-� u�wXs4r h ~ m w h�|�m u�� �¼~ � }�� ~ } �n1 	��c� } n g s k p&s | �



sfeÃØle����V�qýPþ��4þy�+�V����þ��,Ù9Ú������ ��� Ü

-3.70 -3.50 -3.30 -3.10 10
-3

10
-2

10
-1

10
0

I(
E

)

Bound levels in the dipolar well
(0,0)

(0,1)
(0,2)

(0,3)

(0,4) (0,5) (0,6) (0,7)
(0,8)

(1,0) (2,0) (3,0)

(1,1) (1,2)

(2,1)

(1,3) (1,4) (1,5)
(1,6)

(0,9)

 +¡�¢Q£l¤X¥�¦�§6¨�©�ªI«"¬W­c¥�®-¥�¤�¢Q¯±° «D£l®-²´³�µF¶
µX¥·³�¸ ¥&¹�µ�¤�£lº´§

¸`¶
¤�¡t³X«D®I»Dµ�¼-¥½³�¸ «D®fµF¶
®-¥&«D£-³[¤F¶D²�¡a¶
µ�¡�¾T¥W²l¥&¹"¶&¯�¡�®l¢�¤F¶
µX¥½µX«Jµ�¼-¥V¢Q¤X«D£l®-²�­c³�µF¶
µX¥·¿K¶D³X³�£lºy¡�®l¢
¶
®À¶&¾T¥�¤F¶
¢T¥�Á=Â)ÃÄ¥�®-¥�¤�¢Q¯±¢f¶
¸ÆÅB¡t³BºÇ£-¹X¼À³�Èt«"¬½¥�¤"» ¶D³�£-³�£`¶
È'»`µ�¼`¶
®Éµ�¼-¥0¤X¥&³F«D®`¶
®-¹&¥Ç²l¥�­
¹"¶"¯Ê¡�®l¢Ç¤F¶
µX¥�¿�ËfÌ�Í
ËfÎ�ÏÑÐ&ÒQÓCÔTÕ�Ö+×K«D¤�µ�¼-¥H¤F¶D²�¡a¶
µ�¡�¾T¥J¸l¤X«Ê¹&¥&³F³V¶
®-²�ËÊÌ�Í
ËTÎHØÙÁ)Ú�Ð&Ò�ÖcÛCÔTÕ�Ö
×K«D¤Hµ�¼-¥�®-«D®±¤F¶D²�¡a¶
µ�¡�¾T¥0«D®-¥?ÅH¶
®-²�µ�¼-¥�¤X«DµF¶
µ�¡t«D®`¶
ÈZ¸Ü¥�¤�¡t«�²±«
×Zµ�¼-¥·Ý�Þcßàº�«DÈt¥&¹�£lÈt¥0¡t³B«
×
µ�¼-¥0«D¤X²l¥�¤Já Õ�Ö Ïãâ_ä�å�æ Õ�Ö ÏçÒ�èêé`ë Ôf§



�Q�Qì �+í���î�ï+���tsfeð�HñQÙ�ÙI��þ������óò�ôÊõÄö�õø÷ù�J�����Hï+��ñ½ú



û üþý�ÿ������ ���

	 
�� 
 ��� � � � ��������������� �"!$#%�
&(' �)��* !+�-,

._� w�z h u0/Vz`�
{lw m�k � m { kXm u m�� wJs jlk { kXm r h�|yh�� � k���kXm u j r�wXuHs � w�z m ò21_õ43�õ ÷ h��-m ra�Du�w h p����� � |yh p&u �Hz h pXz h u kXm r m �Q� � w�wXs m uXwF�
� h r h u�z w�z m p&s � w k�h � j w h s � s
~ õÀ÷ wXs w�z m ò51cõ
p&s�sDr h��li ~ jl� p�w h s � n6 �
r�v h��li �
� s j w0798;:=<?>A@=BC7ED ���Ê� � |yh p&uV�Hz m�� w�z m�F :G>HDIBC7EJK8 h u�{ÜsQuXu h �lr m ���DuV� m z`�&� m
u�z-s?� �çh�� w�z m { kXm � h s j uL/Vz`�
{lw m�k � h uxp�r m � k r � � � �
{l{ k s }�h�| �
w h s � n 6 z m k�h�i s k s j u
{ k s�p m&��jlkXm �½s j r �ø�-m&m&� �y~ j r�r ��h�|�m�� u h s � �
r F :G>MDIBC7ONK:�p"�
rtp j ra�
w h s � �Æ~ k s | �Hz h pFzøs �-mm�} w k �Dp�wXu�� sDw�z�w�z mBkXm �Dp�w h � m � �-� w�z mH� s � � kXm �Dp�w h � m p k sQuXu��cu m p�w h s � u n+P s?� m � m�k ��s"� h��li
wXs·w�z m rts �li � k � �liTmJ� �
w jlkXm s
~�w�z m pXz`� k�iTm � ��h { sDr m�h�� w m�k �Dp�w h s � �l�Q@=BR>HBS:��TBRJQ�G@=BR>UBS:�� � �
r��� u h u�s
~½w�z h u�v h��-� p&s j r � � m � m�� s �-� w�z m p jlk�kXm�� wÇp&s | { j wF�
w h s � �
r�~'�Dp h r h w htm u n 6 z j u"�
s �-mÇh uJr m ~�w�� h w�zÀ� � �
{l{ k s }�h�| �
w my���Ê� � |yh p&u n 6 z m �
{l{ k s }�h�| �
w h s ��| � � � mÇj u m ~ j r
�Hz m�� � h �Iw�z m B9V F :W:&�YXK79Z[:=8\@Y7EJK8]>U< kXm �Dp�w h s �ym=^ p htm�� p ��h u |�j pFzyrts"� m�k w�z`� � w�z m p&s k�kXm �
u�{ s �-��h��li h��-m ra�DuXw h p0{ k sD�`�
� h r h w �`_ � h�h �Ww�z m p&s � w k�h � j w h s � u�wXs�w�z m�h��-m ra�Du�w h p0{ k s�p m uXu m u
p&s |�m ~ k s | � � ht�lm�k � �liTm s
~ba �Q�
r j-m u�� h�� w�z m z h�i z"a {`� k w h �
r+�½�&� m u�w�z mÇkXm �Dp�w h � m
pFz`� �l�-m r`u�z-s j r � � m p�rtsQu m&� � � w�z m p m�� w k�h ~ jli �
r-�`� k�k�htm�k u�� �-��h wXu h�� p�r j u h s � �Vs j r �y� sDw
�
r�w m�k u j �-uXwF� � w h �
r�r � w�z m p&s | { j w m&��h��-m ra�DuXw h p·p k sQuXu��cu m p�w h s � u:� n . w h uW�Vs k w�zI��w�z m�� ��wXs� sDw m w�z`�
w�� h ��s jlk�kXm �Dp�w h s �xh uVp&sDr�r h��-m � kW� s |yh�� �
w m&� � �-� � h�h �=s jlk rts �li � k � �liTm {ÜsDw m�� �
w h �
r h u m�} { m p�w m&� wXsxu�{ kXm � � w�z m�h��-m ra�DuXw h p sD{`�Dp h w � ~ jl� p�w h s � u�s"� m�k ��� ht�lmÇk � �liTm s
~a��Q�
r j-m u nc �f� �½� � ��u j pXzçu j � kXm �Dp�w h � m u�w j-��� p"� � � m s
~0z m r�{ h�� {lra� �l�lh��li�| s kXmøm�} �Dp�w
u�w j-��htm uVs � w�z m u � u�w m�| � �-� s � u h�|yh ra� k ��pXz`� k�iTm � ��h { sDr m ��s �-m u n c u�� | �
w�w m�k s
~ ~K�Dp�w"�h�� w�z h ud/Vz`�
{lw m�k � m � h r�r ��h uXp j uXuÇw�z m {`�
w�z-sDrts iQh p"�
rHu�w k s �li �[rts �li � k � �liTm { sDw m�� w h �
r
� �-� s jlkW�-m � { k sD{`� i �
wXs k ~�s ke6Wh�|�m � .c�-�lm { m��-�lm�� w�p"�
rtp j ra�
w h s � uW�Hz h pXz´u m&m�| u½wXs � m
� i s�s � uXwF� k w h��li {Üs h�� wH~Ks k uXsDr�� h��li w�z h uHv h��-� s
~[{ k sD�lr m�| u n

�Q���



�Q�Q� �+í���î�ï+���gfUhHiðï+í��ÙòVôfõ ö�õÀ÷ úyñ½úkj��J�����Hï+�ml+� npo=ú��rq �&�=�
s2tvuYs wyxQz|{`xQ}b~`��z��M���G�����Wz��W�0�]z�~`}�{$�]�W���
6 z m pXz`� k�iTm � ��h { sDr m { sDw m�� w h �
r �]�y�������U�m�

� � � �"ì n � �
h uHuXs |�m �Hz`�
wH{`�
w�z-sDrts iQh p"�
rI~Ks k w�z m uXp"�
w�w m�k�h��li w�z m s k�� s j w�r h��-m&�±h�� /Vz`�
{lw m�k u � � �-�� ��u m&mÀ� sDw m � s � {`� i n o � �4� m p"� j u mÀh wXu�rts �li � k � �liTm � �
w jlkXm {ÜsQu m uxuFs |�m�� s j �lwXu
�
�Üs j wVw�z m �Q�
r ht��h w � s
~Z�
r�rÆw�z mJ|�m�� w h s �-m&�xkXm u j r�wXu n g s kWm�} � | {lr m ��w�z m ~Ks k �½� kX��� s k��
uXp"�
w�w m�k�h��li � | {lr h w j-�lm ~�s k �

���m� � {ÜsDw m�� w h �
r h u kXm � ��h r � u�z-s"� � wXs�� m·��h � m�k�iTm�� w

�+�C ¢¡£ +¤+¥§¦E  �  �¨ �ª©H« �ª¬y­® ¯ �6 z h u h u � sDw �ù{ k sD�lr m�| s
~ w�z m°� s k�� �
{l{ k s }�h�| �
w h s � u h�� p m � m p"� � u�z-s?� w�z`�
w
w�z m wXsDwF�
rWp k sQuFu u m p�w h s � �K� �-� p&s � u mI±Êj-m�� w�r � w�z m ~�s k �W� kX� � | {lr h w j-�lm ��� m p"� j u m s
~
w�z m sD{lw h p"�
rHw�z m s kXm�| s
~ mI±Êj �
w h s � � � n �³² � s � {`� i nµ´ ì � h u ��h � m�k�iTm�� w n .c�-�lm&m&� ��w�z m
p&s � � m�k�iTm�� p m s
~+w�z m {`� k w h �
rZ�½�"� m u m�k�htm u

¶ �
©H«
· � ­¸ ¹»º ® �E¼K½ öª¾ ¤

� 1S¿ÁÀ³Â ¹ ÃÅÄ³ÆÈÇµÉHÊ
ËÍÌbÎ\Ï�ÐWÏ�ÑGÒdË?ÓÔÏIÎ�ÕMÖ�ÐG×ÔÏkÕ`Ï�×ÙØIÚÛËÍÜKÝ\ÑÞÜAß�ÐG×ÔÏk×\Ë?àU× ½âá ×ÙØKÌWÏ=ãSÌG×\ËäßCÐWÌ�ØAÓÔÎæåçÏ�è³ØAÓLÏIÌGÐGË?Ò[ØAÐWÏÐG×ÔÏIÌWÏ+ÚUØAé?ÝÔÏIÌ$ÕêÖëÌGË?Ò á é?ÖëÓÔÜKÐGË?Ó\àÞÐG×ÙØAÐ�ÐG×ÔÏ5ÎÈË á ÜKéÍÏ á ÜKÐWÏ�ÓêÐGËìØAéÈØKÎ\Î\ÌâØ ¼Aí � èIÜKÓMÐGÑGË?Õ\Ý\ÐGËÍÜKÓÐWÜpÐG×ÔÏvèIÏ�ÓMÐGÑGËäßCÝ\àMØAé$ÐWÏ�ÑGÒ

½G�C½\î ¾ ¤2ï£½G�C½Ùî ¾ ¤Áîy¼Aí �
6 ×\ËÍÌðÒ�Ï³ØAÓÔÌeÐG×ÙØAÐðåðÏr×ÙØIÚHÏkÐWÜ�ÝÔÌWÏÞÓÔÜKÓÈãRË?ÓêÐWÏ�àHÏ�Ñ�ÚUØAé?ÝÔÏIÌðÜAß ½ åb×\ËÍèW×ÁñÙÎ\Ï�ÓÔÜKÐWÏIÎ�åbË?ÐG×æò`ñØAÑWÏvÎ\Ï�ÐWÏ�ÑGÒdË?ÓÔÏIÎLÕêÖ�ÐG×ÔÏ�Ï ± ÝÙØAÐGËÍÜKÓ`ó

ò � ò î ¾ ¤ � ½G�C½Ôî ¾ ¤Áîy¼Aí �
ô Ë?ÓÔèIÏëË?Ó�ÐG×ÔÏë×\Ë?àU× ½ é?Ë?ÒdË?Ð�ÐG×ÔÏvÑWÏ�éÍÏ�ÚKØAÓêÐÞÌWÜKé?Ý\ÐGËÍÜKÓ�ÜAß�ÐG×\ËÍÌÞÏ ± ÝÙØAÐGËÍÜKÓLÕ`Ï�×ÙØIÚHÏIÌ�é?Ë?õHÏ

ò ïö½\î í ��C½\î|÷À ¤ �C½Áïöøù¤ÐG×ÔÏëÐWÜKÐTØAé á ×ÙØKÌWÏ=ãSÌW×\Ëäß9ÐbËÍÌbàUË?ÚHÏ�Ó�ÕMÖ
Â³úÍûüú¹ � ò

«
¼
� ½
«
¼ î í �¼K½Ùî ¾

«
ýSþ`ÿ��������	��
���
���
���
�����������������
���������� ��!�!"�#
�����$%��������&%'(
���!�
��������)���"*+�	�����	,�����,-����&/.�*0�������ìÿ���&/'1�����
������2�3$4��������&5'1
���!�
���������6



fUhHiäfHi8739;:=<39;>;?�@	:5jCnBA2CED�F :GA�HI73:)?�>J<	73A�D�H ÉUÉ �
ØAÓÔÎ ñ\ÐG×ÔÏ�ÓÁñÔÐG×ÔÏvÌWè³ØAÐGÐWÏ�ÑGË?Ó\à á ×ÙØKÌWÏ=ãSÌW×\Ëäß9ÐbÕêÖ

Â ¹ � í �¼K½Ùî ¾
«

. ÐbÐG×ÔÏ�ÑWÏ=ßCÜKÑWÏëßCÜKé?éÍÜ å�Ì�ÐG×ÙØAÐbßEÜKÑ ½Áïöø
�E¼K½Ùî ¾ ¤ � 1R¿ÁÀIÂ ¹ ï �9í �

« ¤ À¼K½Ôî ¾ÐG×ÙØAÐ�ËÍÌ ñÈÐG×ÙØAÐ�ÐG×ÔÏëÌWÏ�ÑGËÍÏIÌ ÃÅÄ³ÆÈÇµÉHÊ ËÍÌ�ÎÈË?ÚHÏ�ÑGàHÏ�ÓMÐ Çc ÓMÖÛåðØ³ÖHñÔßEÜKÑ0ØdÌWË?Ó\àUéÍÏ�èW×ÙØAÓ\ÓÔÏ�é á ÑWÜKÕ\éÍÏ�Ò Ã ÜKÑrØpÒ�Ý\é?ÐGËÍèT×ÙØAÓ\ÓÔÏ�é á ÑWÜKÕ\éÍÏ�Ò�åbË?ÐG× ØAÓ×êÖ á ÜKÐG×ÔÏ�ÐGËÍè³ØAé;Ì á ×ÔÏ�ÑGËÍè³ØAé � K À á ÜKÐWÏ�ÓMÐGËìØAé Ê ÐG×ÔÏÞèIÜKÓêÐGÑGË?Õ\Ý\ÐGËÍÜKÓLÜAß Ï³ØKèT×æØAÓ\àUÝ\éìØAÑðÒ�ÜKÒ�Ï�ÓÈãÐGÝ\Òöè³ØAÓùÕ`Ï�ÜKÕ\ÐTØAË?ÓÔÏIÎyåbË?ÐG×ÔÜKÝ\Ð�ÓÔÜ°Ò�ÜKÑWÏ�Ï�L`ÜKÑGÐ�åbË?ÐG×yÑWÏIÌ á ÏIè�Ð�ÐWÜNM èIÜKÓêÚHÏ�ÓMÐGËÍÜKÓÙØAé(OÌG×ÔÜKÑGÐÅãRÑTØAÓ\àHÏ á ÑWÜKÕ\éÍÏ�Ò�Ì Ç . Ó�ßRØKè�Ð³ñÛÜKÓÔÏkè³ØAÓ�ÌWÜKé?ÚHÏ0ÐG×ÔÏkÌWè³ØAÐGÐWÏ�ÑGË?Ó\à á ÑWÜKÕ\éÍÏ�Ò�Ë?Ó�ÐG×ÔÏ�MSË?ÓÈãÓÔÏ�Ñ�O5ÑWÏ�àUËÍÜKÓdØKÌ�ÝÔÌGÝÙØAéÈØAÓÔÎ�ÐG×ÔÏ�ÓpÒ[ØAÐWèW×pÐG×ÔÏçåðØIÚHÏ=ßCÝ\ÓÔè�ÐGËÍÜKÓdåbË?ÐG×QÐG×ÔÏQP 8;JSR+8 ÌWÜKé?Ý\ÐGËÍÜKÓÔÌÜAß�ÐG×ÔÏëéÍÜKÓ\àKãRÑTØAÓ\àHÏvÑWÏ�àUËÍÜKÓÁñÔË Ç ÏëÜKÑWÎÈË?ÓÙØAÑGÖ � ÏIÌTÌWÏ�é`ß9Ý\ÓÔè�ÐGËÍÜKÓÔÌ ÇT ×ÔÏ�ÓÁñçØKÌ�Ë?Ó ÜKÝ\Ñ�è³ØKÌTÏUñ5ÐG×ÔÏ � K À ÐWÏ�ÑGÒ�ËÍÌdÜ�L]ãSÎÈËìØAàHÜKÓÙØAé�Ë?ÓùèT×ÙØAÓ\ÓÔÏ�éÞÌ á ØKèIÏæÐG×ÔÏÌGË?ÐGÝÙØAÐGËÍÜKÓ ËÍÌ�ÌWÜKÒ�Ï�åb×ÙØAÐ�ÎÈË(L`Ï�ÑWÏ�ÓêÐVU°ÜKÓ ÐG×ÔÏ ÜKÓÔÏ ×ÙØAÓÔÎ åðÏ Ï�W á ÏIè�Ð�ÐG×ÙØAÐ�ÐG×ÔÏ�ÐWÜKÐTØAéè�ÑWÜUÌWÌëÌTÏIè�ÐGËÍÜKÓ¢ËÍÌkÓÔÜæéÍÜKÓ\àHÏ�ÑvÎÈË?ÚHÏ�ÑGàHÏ�ÓMÐ�Õ`ÏIè³ØAÝÔÌWÏQÐG×ÔÏ á ÜKÐWÏ�ÓMÐGËìØAé5èIÜKÝ á éÍÏIÌ�ØKÌWÖêÒ á ÐWÜKÐGËÍèÌGÐTØAÐWÏIÌkåbË?ÐG×°ÎÈË(L Ï�ÑWÏ�ÓMÐ�Ë?ÓMÐWÏ�ÑGÓÙØAé5Ï�ÓÔÏ�ÑGàUËÍÏIÌ#XUñ`Õ\Ý\ÐvÜKÓ¢ÐG×ÔÏpÜKÐG×ÔÏ�Ñë×ÙØAÓÔÎ�åðÏdè³ØAÓ¢×ÙØAÑWÎÈé?ÖÜKÕ\ÐTØAË?Ó ØAÓ ØAÓÙØAé?ÖêÐGËÍè³ØAé$ÌTÜKé?Ý\ÐGËÍÜKÓ�ßCÜKÑbÐG×ÔÏvéÍÜKÓ\àKãRÑTØAÓ\àHÏvÑWÏ�àUËÍÜKÓ Ç6 ×ÔÏ á ÑWÜKÕ\éÍÏ�Ò�ÌbØKÌWÌWÜÛè�ËìØAÐWÏIÎ�åbË?ÐG×[ÐG×ÔÏ0èW×ÙØAÑGàHÏ=ãSÎÈË á ÜKéÍÏrË?ÓMÐWÏ�ÑTØKè�ÐGËÍÜKÓLØAÑWÏ�åðÏ�é?é]õÛÓÔÜ³åbÓË?Ó¢Ï�éÍÏIè�ÐGÑWÜKÓÈãRÒ�ÜKéÍÏIè�Ý\éÍÏ�èIÜKé?é?ËÍÌGËÍÜKÓ�ÐG×ÔÏIÜKÑGÖ Ã Y ËìØAÓMÐGÝ\ÑWèIÜLØAÓÔÎ[Z�ØAËÍÜKéÍÏ�ÐGÐGËRñ Ä \-\-] Ê=Ç . Ó ÐG×ÙØAÐè³ØKÌWÏ ÜKÓÔÏ�è³ØAÓ ÜKÕ\ÐTØAË?Ó èIÜKÓÔÌGËÍÎ\Ï�ÑTØAÕ\éÍÏ ÌGË?Ò á é?Ë(^Ùè³ØAÐGËÍÜKÓÔÌ�ÕMÖyÐTØAõÛË?Ó\à�Ë?ÓêÐWÜ ØKèIèIÜKÝ\ÓêÐ�ÐG×ÔÏé?Ë?àU×êÐGÓÔÏIÌWÌ�ÜAß�ÐG×ÔÏ á ÑWÜ�_ÅÏIè�ÐGË?éÍÏ Ç ` ÚHÏ�ÓLÐG×ÔÏ � ÜKÑGÓ�Ø á\á ÑWÜ�WÈË?Ò[ØAÐGËÍÜKÓ�åbË?ÐG×�ÐG×ÔÏ á Ý\ÑWÏ á ÜKË?ÓMÐÅãÎÈË á ÜKéÍÏ á ÜKÐWÏ�ÓMÐGËìØAé;Ò�ÜÛÎ\Ï�é]ËÍÌðÏ�W á ÏIè�ÐWÏIÎ�ÐWÜ�Õ`Ï�àHÜÛÜêÎ[ØAÐðÑWÏ³ØKÌWÜKÓÙØAÕ\é?Ö�éÍÜ å èIÜKé?é?ËÍÌWËÍÜKÓ�Ï�ÓÔÏ�ÑÅãàUËÍÏIÌ Ã . ÐGË?õKØ³åðØÈñ Ä \baS] Ê ÌWË?ÓÔèIÏçÐG×ÔÏeèIÜKÓêÐGÑGË?Õ\Ý\ÐGËÍÜKÓÔÌ5ÜAßÙÐG×ÔÏbÌG×ÔÜKÑGÐÅãRÑTØAÓ\àHÏ á ÜKÐWÏ�ÓMÐGËìØAé\ÐWÏ�ÑGÒ�ÐWÜÐG×ÔÏrÐWÜKÐTØAé è�ÑWÜUÌWÌeÌWÏIè�ÐGËÍÜKÓLØAÑWÏÞé?Ë?ÒdË?ÐWÏIÎæÐWÜ�ÐG×ÔÏréÍÜ³å á ØAÑGÐGËìØAé åðØ³ÚHÏIÌ Ã ×ÔÏ³ØKÎÛãSÜKÓLèIÜKé?é?ËÍÌGËÍÜKÓÔÌ ÊØAÓÔÎ�ÐG×ÔÏ 7O8ÙBS:�c F >U< è�ÑWÜUÌWÌeÌWÏIè�ÐGËÍÜKÓæÚUØAé?ÝÔÏIÌçÒ[ØAË?Ó\é?Ö�èIÜKÒ�ÏÞßCÑWÜKÒ�ÐG×ÔÏÞ×\Ë?àU× á ØAÑGÐGËìØAé`åðØ³ÚHÏIÌ Ç/ Ë?ÐGË?Ó\à / ÜKé?é?Ë?ÓÔÌrØAÓÔÎedrÜKÑWè�ÑWÜUÌWÌ ÃÅÄ \baS] ÊM 6 ×ÔÏçÌTè³ØAÐGÐWÏ�ÑGË?Ó\àkÜAßÙÏ�éÍÏIè�ÐGÑWÜKÓÔÌâÕêÖvÒ�ÜKéÍÏIè�Ý\éÍÏIÌ�åbË?ÐG× á Ï�ÑGÒ[ØAÓÔÏ�ÓMÐ+ÎÈË á ÜKéÍÏÒ�ÜKÒ�Ï�ÓMÐWÌd×ÙØKÌQÕ`ÏIÏ�Ó Ë?ÓêÐGÑGË?ÓÔÌGËÍè³ØAé?é?Ö�Ë?ÓêÐWÏ�ÑWÏIÌGÐGË?Ó\à°Ï�ÚHÏ�ÑdÌGË?ÓÔèIÏgf ØKÌTÌWÏ�Ö°ÜKÕÈãÌWÏ�ÑGÚHÏIÎLË?Ó Ä \U� É ÐG×ÙØAÐih Ç?Ç ÐG×ÔÏ�èIÜKé?é?ËÍÌGËÍÜKÓ ÜAß5Ï�éÍÏIè�ÐGÑWÜKÓÔÌÞåbË?ÐG×¢ØpÐWÜ á á ÜUÌTÌWÏIÌWÌÅãË?Ó\àQÌGÝÔèT×LØ�ÎÈË á ÜKéÍÏÞÒ�ÜKÒ�Ï�ÓêÐeÒ[ØIÖ[Õ`Ï�ÐGÑWÏ³ØAÐWÏIÎ�ÕêÖ � ÜKÑGÓjh ÌçÒ�Ï�ÐG×ÔÜÛÎ�åb×ÙØAÐÅãÏ�ÚHÏ�Ñ�ÐG×ÔÏ�ÚHÏ�éÍÜêè�Ë?Ð Ö°ÜAßeÐG×ÔÏ�Ï�éÍÏIè�ÐGÑWÜKÓ"Ò[Ø³Ö¢Õ;Ï Ç?Ç h Ç 6 ×ÔÏ�ØKÌWÌGÝ\Ò á ÐGËÍÜKÓ ÐG×ÙØAÐÐG×ÔÏ�Ë?ÓêÐWÏ�ÑTØKè�ÐGËÍÜKÓ¢ËÍÌ0Î\ÜKÒdË?ÓÙØAÐWÏIÎ ñ`Ëäß5ÓÔÜKÐkèIÜKÒ á éÍÏ�ÐWÏ�é?Ö Î\Ï�ÐWÏ�ÑGÒdË?ÓÔÏIÎ ÕêÖLÐG×ÔÏéÍÜKÓ\àKãRÑTØAÓ\àHÏ0ÎÈË á ÜKéÍÏ á ÜKÐWÏ�ÓMÐGËìØAéRñêéÍÏ³ØKÎ\Ì2ÐWÜvÏ�WÈÐGÑWÏ�Ò�Ï�é?Ö�ÌGË?Ò á éÍÏ�è�ÑWÜUÌWÌGãSÌWÏIè�ÐGËÍÜKÓßCÜKÑGÒ�Ý\éìØKÌ�Mk2l 
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. ÓQè�Ë?ÐGË?Ó\à;f�ØKÌWÌWÏ�Ö ÃÅÄ \U� ÉHÊ ÐG×ÔÏðØAÝ\ÐG×ÔÜKÑWÌâË?ÐTØAé?ËÍè�Ë��³ÏIÎ�MSåb×ÙØAÐWÏ�ÚHÏ�Ñ�ÐG×ÔÏ5ÚHÏ�éÍÜÛè�Ë?ÐSÖvÜAßÔÐG×ÔÏðÏ�éÍÏIè=ãÐGÑWÜKÓ°Ò[ØIÖ�Õ`Ï�OTñ$ÌGË?ÓÔèIÏ[è�éÍÏ³ØAÑGé?Ö ÐG×ÔÏ � ÜKÑGÓ Ø á\á ÑWÜ�WÈË?Ò[ØAÐGËÍÜKÓ"×ÙØKÌQØAé?åðØIÖÈÌ�Ø�éÍÜ³åeãSÏ�ÓÔÏ�ÑGàUÖé?Ë?ÒdË?Ð�ÜAßeÚKØAé?ËÍÎÈË?Ð Ö Ç / ÜKé?é?Ë?ÓÔÌ�ØAÓÔÎ�drÜKÑWè�ÑWÜUÌWÌ ÃÅÄ \baS] Ê ß9Ý\ÑGÐG×ÔÏ�Ñ�ÌG×ÔÜ³åðÏIÎ°ÐG×ÙØAÐëË?ÓMÐWÏ�àUÑTØAÐWÏIÎØAÓÔÎ Ò�ÜKÒ�Ï�ÓMÐGÝ\ÒöÐGÑTØAÓÔÌÅßEÏ�Ñdè�ÑWÜUÌWÌpÌWÏIè�ÐGËÍÜKÓÔÌQßEÜKÑQÏ�éÍÏIè�ÐGÑWÜKÓÔÌ�ÌTè³ØAÐGÐWÏ�ÑGË?Ó\à�Ü�L á ÜKéìØAÑdÌGÖÈÌÅãÐWÏ�Ò�Ìeè³ØAÓ�Õ`Ï0ÑWÏ�é?ËìØAÕ\é?Ö[àHÏ�ÓÔÏ�ÑTØAÐWÏIÎ�åbË?ÐG×\Ë?Ó�ÐG×ÔÏ >MXK7C>5�G>UBC7ED�>���� F J��K7OZ�>UBC7EJK8n� Ç 6 ×ÔÏ�Ö[ÎÈËÍÎÓÔÜKÐ�Ø á\á é?ÖNM èIÜKÓÔÌGËÍÌGÐWÏ�ÓêÐGé?Ö�OdÐG×\ËÍÌ�Ø á\á ÑWÜVWÛË?Ò[ØAÐGËÍÜKÓÁñ+ÌWË?ÓÔèIÏpßCÜKÑGåeØAÑWÎÛãSÌWè³ØAÐGÐWÏ�ÑGË?Ó\à¢ØAÓÔÎ¢Ë?ÓÈãÐWÏ�àUÑTØAÐWÏIÎ"è�ÑWÜUÌTÌÅãSÌWÏIè�ÐGËÍÜKÓÔÌpÎÈË?ÚHÏ�ÑGàHÏ[Ëäß�ÐG×\ËÍÌpØ á\á ÑWÜ�WÈË?Ò[ØAÐGËÍÜKÓyËÍÌQèIÜKÓÔÌGËÍÌGÐWÏ�ÓMÐGé?Ö ØKÎ\Ü á ÐWÏIÎ ñÒdËÍèW×�é?Ë?õHÏQåçÏQ×ÙØIÚHÏpÌG×ÔÜ åbÓ�ØAÕ;Ü ÚHÏ�ßCÜKÑrÐG×ÔÏ�Ì á ×ÔÏ�ÑGËÍè³ØAé � K À á ÜKÐWÏ�ÓêÐGËìØAé Ç ô Ý\ÕÔÌWÏ ± ÝÔÏ�ÓMÐGé?Ö/ éìØAÑGõ ÃÅÄ \baS\ Ê Ë?ÓMÐGÑWÜÛÎÈÝÔèIÏIÎ�ØAÓ�MSË?ÓMÐWÏ�ÑGÒ�ÏIÎÈËìØAÐWÏrÑWÏ�àUËÍÜKÓ|ObË?Ó�ÐG×ÔÏ�Ï�éÍÏIè�ÐGÑWÜKÓÈãRÒ�ÜKéÍÏIè�Ý\éÍÏkèIÜKÓÈã^ÔàUÝ\ÑTØAÐGËÍÜKÓQÌ á ØKèIÏ5Ë?Ó�åb×\ËÍèW×QÐG×ÔÏ5ÑWÜKÐTØAÐGËÍÜKÓÙØAé\èIÜKÝ á é?Ë?Ó\àkè³ØAÓ�Õ`Ï2ÓÔÏ�àUéÍÏIè�ÐWÏIÎdØAÓÔÎvÐG×ÔÏçË?Ó\ÓÔÏ�ÑÌWÜKé?Ý\ÐGËÍÜKÓ è³ØAÓ Õ;Ï >K8]>K<1 UBC7CDW>U<O<1  á ÑWÜ á ØAàMØAÐWÏIÎ�ÝÔÌGË?Ó\à�ÜKÑWÎÈË?ÓÙØAÑGÖ � ÏIÌWÌWÏ�éÁßCÝ\ÓÔè�ÐGËÍÜKÓÔÌ0Ý á ÐWÜÐG×ÔÏ�Ï�WÈÐWÏ�ÑGÓÙØAé�ÑWÏ�àUËÍÜKÓÁñ]åb×ÔÏ�ÑWÏ�ÐG×ÔÏvÑWÜKÐTØAÐGËÍÜKÓÙØAé�èIÜKÝ á é?Ë?Ó\à�ÎÈÝÔÏ�ÐWÜ�ÐG×ÔÏ�ÎÈË á ÜKéÍÏ á ÜKÐWÏ�ÓêÐGËìØAéËÍÌ2ÐGÑWÏ³ØAÐWÏIÎ á Ï�ÑGÐGÝ\ÑGÕÙØAÐGË?ÚHÏ�é?Ö Ç 6 ×ÔÏ�ÚUØAé?ËÍÎÈË?ÐSÖ[ÜAßÁÌGÝÔèT× á ÑWÜÛèIÏIÎÈÝ\ÑWÏÞ×ÙØKÌ5Õ;ÏIÏ�Ó�ÌG×ÔÜ³åbÓ�ÐWÜvÕ`ÏàHÜêÜÛÎ�ßEÜKÑ�Ï�ÓÔÏ�ÑGàUÖ�×\Ë?àU×ÔÏ�ÑÞÐG×ÙØAÓ Ø�ßCÏ�å :�¡ Ç. Ó¢ØAÐWÜKÒpãRÒ�ÜKéÍÏIè�Ý\éÍÏ�èIÜKé?é?ËÍÌGËÍÜKÓÔÌëÐG×ÔÏdÏ�ÓÔÏ�ÑGàUËÍÏIÌëÑWÏ ± Ý\Ë?ÑWÏIÎ�ÐWÜLØ á\á é?Ö ØAÓêÖ ÑWÏ³ØKÌTÜKÓÙØAÕ\éÍÏØ á\á ÑWÜ�WÈË?Ò[ØAÐGËÍÜKÓ�ÐWÜvÐG×ÔÏrèW×ÙØAÑGàHÏ=ãSÎÈË á ÜKéÍÏ á ÑWÜKÕ\éÍÏ�Ò�ØAÑWÏ ± Ý\Ë?ÐWÏÞÝ\Ó á ×êÖÛÌGËÍè³ØAé Ã ßEÜKÑðÏ�WÔØAÒ á éÍÏÐG×ÔÏ / éìØAÑGõnh Ìkè�ÑGË?ÐWÏ�ÑGËÍÜKÓ¢ÜKÓ ÐG×ÔÏQÏ�ÓÔÏ�ÑGàUÖLéÍÜ åçÏ�ÑëÕ`ÜKÝ\ÓÔÎ�Õ`ÏIèIÜKÒ�ÏIÌ�¢�¾�£-¤j¥ � Ê ØAÓÔÎ�ÐG×êÝÔÌÜKÓÔÏ[ËÍÌ�ßEÜKÑWèIÏIÎ�ÐWÜ èIÜKÓÔÌGËÍÎ\Ï�ÑpÕ\ÑGÝ\ÐWÏ=ãEßEÜKÑWèIÏ�è³ØAéÍè�Ý\éìØAÐGËÍÜKÓÔÌ Ç . ÐQËÍÌ�Ë?ÓÔÌGÐGÑGÝÔè�ÐGË?ÚHÏUñ2×ÔÜ³åçÏ�ÚHÏ�Ñ³ñÐWÜ éÍÜêÜKõ"ØAÐQÐG×ÔÏæè�ÑGÝÔÎ\Ï � ÜKÑGÓ ßEÜKÑGÒ�Ý\éìØ ßEÜKÑpØ á ÜKË?ÓMÐÅãSÎÈË á ÜKéÍÏæÒ�ÜêÎ\Ï�é á ÜKÐWÏ�ÓMÐGËìØAéÞØAÓÔÎyØÑWÜKÐTØAÐGË?Ó\à�ÐTØAÑGàHÏ�Ð Ã Ë?Ó�Ø Ç Ý Ç Ê

¶ ��¦b§]¡¨¦ê¤ � Â"©#ª¬« ©�­ ÷ ® «¯ �9í � ¤ À ¦-°¼�¦rî ¾ ¾· À ½ ¿e±±±± · î · §· 3 · § ±±±±åb×ÔÏ�ÑWÏ � ËÍÌÞÐG×ÔÏ�ÎÈË á ÜKéÍÏvÒ�ÜKÒ�Ï�ÓêÐ³ñ í ËÍÌÞÐG×ÔÏ�ÑWÏIÎÈÝÔèIÏIÎ�Ò[ØKÌWÌrÜAß+ÐG×ÔÏ�èIÜKé?é?ËÍÌGËÍÜKÓ�ÌGÖÈÌGÐWÏ�ÒLñ¦ ° � ²´³5µ ��¦-¶q¦ § ¤ ØAÓÔÎ · ØAÓÔÎ · §`ØAÑWÏrÐG×ÔÏkË?Ó\Ë?ÐGËìØAé ØAÓÔÎ·^ÔÓÙØAé`Ò�ÜKÒ�Ï�ÓêÐGÝ\Ò ÑWÏIÌ á ÏIè�ÐGË?ÚHÏ�é?Ö Ç6 ×\ËÍÌ+ßEÜKÑGÒ�Ý\éìØk×\Ë?àU×\é?Ë?àU×êÐWÌðÐG×ÔÏ�Î\ÜKÒdË?ÓÙØAÓMÐðèIÜKÝ á é?Ë?Ó\à�ÎÈÝÔÏbÐWÜëÐG×ÔÏÞèW×ÙØAÑGàHÏ=ãSÎÈË á ÜKéÍÏ á ÜKÐWÏ�ÓÈãÐGËìØAé�U�ÌGÝÔèT× á ÜKÐWÏ�ÓMÐGËìØAéeèIÜKÝ á éÍÏIÌ Ã ÎÈË?ÑWÏIè�ÐGé?Ö Ê ÜKÓ\é?Ö�ÐG×ÔÏ¹¸ ¦ � ºd¾dÐGÑTØAÓÔÌGË?ÐGËÍÜKÓÔÌpØAÓÔÎ¢ÐG×ÔÏÑWÏIÌGÝ\é?ÐGË?Ó\àLè�ÑWÜUÌWÌvÌTÏIè�ÐGËÍÜKÓ¢ËÍÌvÏ�WÈèIÏIÏIÎÈË?Ó\àUé?Ö éìØAÑGàHÏpßEÜKÑkÒ�ÜKéÍÏIè�Ý\éÍÏIÌvåbË?ÐG×¢éìØAÑGàHÏdÒ�ÜKÒ�Ï�ÓêÐTØÜAß0Ë?ÓÔÏ�ÑGÐGËìØ Ã è�éÍÜUÌTÏ�é?Ö Ì á ØKèIÏIÎ ÑWÜKÐTØAÐGËÍÜKÓÙØAé0éÍÏ�ÚHÏ�éÍÌ Ê ØAÓÔÎ+»AÜKÑ�éìØAÑGàHÏ�ÎÈË á ÜKéÍÏæÒ�ÜKÒ�Ï�ÓMÐ Ç . Óá ØAÑGÐGËÍè�Ý\éìØAÑ³ñ+åb×ÔÏ�Ó ÐG×ÔÏ[Ò�ÜKÒ�Ï�ÓêÐpÜAß�Ë?ÓÔÏ�ÑGÐGËìØ ÐWÏ�ÓÔÎ\ÌQÐWÜLË?Ó|^ÔÓ\Ë?Ð Ö Ã ÌGÐTØAÐGËÍÜKÓÙØAÑGÖ�ÐTØAÑGàHÏ�Ð Ê ñ· ¢ · § ØAÓÔÎLÐG×ÔÏ�è�ÑWÜUÌWÌrÌWÏIè�ÐGËÍÜKÓ ÎÈË?ÚHÏ�ÑGàHÏ Ç 6 ×ÔÏ�èIÜKÝ á é?Ë?Ó\à á ÑWÜ á Ï�ÑGÐGËÍÏIÌ0ÜAß+ÐG×ÔÏ á ÜKÐWÏ�ÓêÐGËìØAéè³ØAÓ ØAéÍÌWÜpÕ`ÏëÌWÏIÏ�ÓLè�éÍÏ³ØAÑGé?ÖæË?ÓLÐG×ÔÏ � ÜêÎÈÖêãq¼âË(WÈÏIÎæÑWÏ á ÑWÏIÌTÏ�ÓMÐTØAÐGËÍÜKÓ Ã ÌWÏIÏ ô ÏIè�ÐGËÍÜKÓ Ã � Ç?Ä ÊGÊ ñ½ a ² ¾Q¿ � � a ² ¾ § ¿ §ÁÀ � Â Â Â0ª9Â~ÃrÃÁª �� À � 3 ¤ Â�Ä ¦ ¦ § ¾£ £ £�Å Ä ¦ ¦ § ¾¾ ¾ § £ ÅÆ þ`ÿ���
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åb×ÔÏ�ÑWÏ�Ë?ÐdÕ`ÏIèIÜKÒ�ÏIÌ�Ï�ÚÛËÍÎ\Ï�ÓMÐ�ÐG×ÙØAÐ[ÐG×\ËÍÌdõêË?ÓÔÎyÜAß á ÜKÐWÏ�ÓêÐGËìØAé0èIÜKÝ á éÍÏIÌ�ÜKÓ\é?Ö ÐG×ÔÏæÑWÜKÐWÜKÑÌGÐTØAÐWÏIÌ�ÐG×ÙØAÐÞÎÈË(L`Ï�Ñ�ßCÜKÑ�ÜKÓÔÏkÝ\Ó\Ë?ÐÞÜAß2ØAÓ\àUÝ\éìØAÑÞÒ�ÜKÒ�Ï�ÓêÐGÝ\Ò ÌGË?ÓÔèIÏÄ ¦ ¦ § ¾£ £ £ Å � Â ©�ªÐ« ©�­ ÷ � 3 ¤ © �EÕ� ­ Õ� ��¦kî ¾¼ º ¾¼ ¤ ¼\�E¼�¦Û¤�Ö�E¼�¦kîy¼ º ¾ ¤�ÖÃ Ë?ÐeËÍÌðåçÜKÑGÐG×æÐWÜQÓÔÜKÐWÏrÐG×ÙØAÐðË?Ó�ÐG×\ËÍÌeÑWÏ á ÑWÏIÌWÏ�ÓêÐTØAÐGËÍÜKÓ�ÐG×ÔÏ0õÛË?ÓÔÏ�ÐGËÍèkÏ�ÓÔÏ�ÑGàUÖ[ÐWÏ�ÑGÒ�èIÜKÝ á éÍÏIÌÐG×ÔÏ2ÌWÐTØAÐWÏIÌ ÐG×ÙØAÐ$ÎÈË(L Ï�Ñ ßCÜKÑÁÜKÓÔÏ2Ý\Ó\Ë?ÐÁÜAßÛÕ`ÜêÎÈÖêã�^0W\ÏIÎ�ØAÓ\àUÝ\éìØAÑÁÒ�ÜKÒ�Ï�ÓMÐGÝ\Ò�èIÜKÒ á ÜKÓÔÏ�ÓMÐ Ê=ÇT ÏçåçÏ�ÑWÏðÓÔÜKÐ�ØAÕ\éÍÏçÐWÜrØAÓÙØAé?Ö5�³ÏçÐG×ÔÏ Zd>HB9VÈ:=Z�>UBC7EDW>K< á ÑWÜKÕ\éÍÏ�Ò�Ì+ØKÌWÌWÜÛè�ËìØAÐWÏIÎ�åbË?ÐG×�ÐG×ÔÏèT×ÙØAÑGàHÏ=ãSÎÈË á ÜKéÍÏpË?ÓêÐWÏ�ÑTØKè�ÐGËÍÜKÓ Ç . ÐÞËÍÌkØAÓ�Ë?ÓêÐWÏ�ÑWÏIÌGÐGË?Ó\à�Ò[ØAÐGÐWÏ�Ñ³ñ;Õ\Ý\Ð0Ë?Ð0ËÍÌ0è�éÍÏ³ØAÑGé?Ö�Õ;Ï�ÖHÜKÓÔÎÐG×ÔÏvÌTèIÜ á ÏvÜAß�ÐG×\ËÍÌ�åðÜKÑGõ Ç�× ÓÔÏvÌG×ÔÜKÝ\éÍÎ�×ÙØIÚHÏvÎ\ÜKÓÔÏQØpè³ØAÑWÏ=ß9Ý\é�ØAÓÙØAé?ÖÛÌGËÍÌÞÜAß2ØAé?é$ÐG×ÔÏëõHÏ�ÖÌGÐWÏ á Ì�Ë?ÓLÐG×ÔÏkÐG×ÔÏIÜKÑGÖ�ÜKÝ\ÐGé?Ë?ÓÔÏIÎLË?Ó / ×ÙØ á ÐWÏ�ÑWÌ É ØAÓÔÎ��ÈñÈË?Ó�ÜKÑWÎ\Ï�Ñ�ÐWÜdÎ\Ï�ÐWÏ�ÑGÒdË?ÓÔÏ�åb×\ËÍèW×ÑWÏIÌGÝ\é?ÐWÌ0ØAÑWÏëÚKØAé?ËÍÎLØAÓÔÎLåb×\ËÍèW× ØAÑWÏkÓÔÜKÐ ÇØ ØAÐG×ÔÏ�Ñ³ñUË?Ó�ÜKÝ\Ñ+åçÜKÑGõpåðÏ�Ø á\á ÑWÜHØKèW×ÔÏIÎ�ÐG×ÔÏbÌWÝ\Õ|_ÅÏIè�Ð�ßCÑWÜKÒ ØkèIÜKÒ á Ý\ÐTØAÐGËÍÜKÓÙØAé á ÜKË?ÓMÐÜAß5ÚÛËÍÏ�åvñ;éÍÜêÜKõÛË?Ó\à�ØAÐrÐG×ÔÏ 6 Ë?Ò�Ï=ã . ÓÔÎ\Ï á Ï�ÓÔÎ\Ï�ÓêÐ á ÑWÜKÕ\éÍÏ�Ò�Ë?Ó ÐG×ÔÏ / éÍÜUÌWÏ=ã / ÜKÝ á é?Ë?Ó\à�Ø á ãá ÑWÜVWÛË?Ò[ØAÐGËÍÜKÓ Ç T Ï0ÑWÏIèIÜKàUÓ\Ë��³ÏIÎLÐG×ÙØAÐðÐG×ÔÏrÓêÝ\Ò�Õ`Ï�Ñ ² ÜAß�èT×ÙØAÓ\ÓÔÏ�éÍÌ�ÐWÜQÕ`ÏÞË?ÓÔè�é?ÝÔÎ\ÏIÎæË?ÓÐG×ÔÏvÏ�W á ØAÓÔÌGËÍÜKÓLÜAß�ÐG×ÔÏëåðØ³ÚHÏ=ß9Ý\ÓÔè�ÐGËÍÜKÓ�Ü³ÚHÏ�ÑÞÐTØAÑGàHÏ�Ð0ÌGÐTØAÐWÏIÌÙ;Ú « �ç� � ¶ µ ¤ � ¸SÛÝÜ ÛVÞ Ú � � ¤sß)à Û � µ ¤Ã åb×ÔÏ�ÑWÏ � ÑWÏ á ÑWÏIÌWÏ�ÓMÐWÌQÐG×ÔÏ�ÌWè³ØAÐGÐWÏ�ÑGË?Ó\à èIÜêÜKÑWÎÈË?ÓÙØAÐWÏ�ØAÓÔÎ µ èIÜKé?éÍÏIè�ÐGË?ÚHÏ�é?Ö�Î\Ï�ÓÔÜKÐWÏIÌvÐG×ÔÏË?ÓêÐWÏ�ÑGÓÙØAé;èIÜÛÜKÑWÎÈË?ÓÙØAÐWÏIÌ Ê Î\Ï á Ï�ÓÔÎ\Ì³ñMÕ;ÏIÌGËÍÎ\ÏIÌçÜKÐG×ÔÏ�Ñ5ÐG×\Ë?Ó\àHÌ³ñMßCÑWÜKÒ�ÐG×ÔÏ�ÚUØAé?ÝÔÏ�ÜAß ÐG×ÔÏ�ÌWè³ØAÐÅãÐWÏ�ÑGË?Ó\à�èIÜêÜKÑWÎÈË?ÓÙØAÐWÏ Ç . ÓÔÎ\ÏIÏIÎ ñ;ØAÐÞÌG×ÔÜKÑGÐÅãRÑTØAÓ\àHÏUñ]åb×ÔÏ�ÑWÏëÐG×ÔÏvË?ÓêÐWÏ�ÑTØKè�ÐGËÍÜKÓ ËÍÌ0ÌGÐGÑWÜKÓ\àÔñ\ÐG×ÔÏÌWÏ�ÐbÜAß+èW×ÙØAÓ\ÓÔÏ�éÍÌ�ÌW×ÔÜKÝ\éÍÎ�Ë?ÓÔè�é?ÝÔÎ\ÏvØAÐbéÍÏ³ØKÌGÐÞØAé?é ÐG×ÔÏ <?J³DW>K<9<á  Ü á Ï�ÓLèT×ÙØAÓ\ÓÔÏ�éÍÌ0ØAÓÔÎæÐG×ÔÏ�ÑWÏ=ãßEÜKÑWÏ ² è³ØAÓ"Õ;Ï[ÚKØAÑGÖ¢éìØAÑGàHÏ�Õ\Ý\Ð³ñ+ÜKÓ ÐG×ÔÏ[ÜKÐG×ÔÏ�ÑQ×ÙØAÓÔÎ ñ�Ë?Ó"ÐG×ÔÏæØKÌGÖÛÒ á ÐWÜKÐGËÍè[ÑWÏ�àUËÍÜKÓÁñåb×ÔÏ�ÑWÏçÐG×ÔÏ5Ë?ÓêÐWÏ�ÑTØKè�ÐGËÍÜKÓpËÍÌâØAÕÔÌWÏ�ÓêÐ³ñUÜKÓ\é?ÖvÜ á Ï�ÓQèW×ÙØAÓ\ÓÔÏ�éÍÌ2ØAÑWÏ5ÓÔÏIÏIÎ\ÏIÎ�ÌGË?ÓÔèIÏ5ßEÜKÑ � ïöøÙ Ú « � � � ¶ µ ¤ 3 ï ¸ÛSâ ûrãVä2å Ü ­ÚÐæ

Û � � ¤sß�à Û � µ ¤
åb×ÔÏ�ÑWÏ Ü ­Û � � ¤ ØAÑWÏ[ÐG×ÔÏ�Ø á\á ÑWÜ á ÑGËìØAÐWÏUñ�MRßCÑWÏIÏ�O[èW×ÙØAÓ\ÓÔÏ�ébèIÜKÒ á ÜKÓÔÏ�ÓêÐWÌ Ç 6 ×MÝÔÌ³ñ�Ë?Ó Õ;Ï=ãÐ åçÏIÏ�ÓæÐG×ÔÏIÌWÏ�Ð åçÜpÏ�WÈÐGÑWÏ�Ò�Ï0ÌGË?ÐGÝÙØAÐGËÍÜKÓÔÌðÐG×ÔÏ�ÑWÏrÌG×ÔÜKÝ\éÍÎ�Õ`Ï0ØvÑWÏ�àUËÍÜKÓÁñÛÐG×ÙØAÐðè³ØAÓ�Õ;Ï ± Ý\Ë?ÐWÏéìØAÑGàHÏ�ßCÜKÑ�éÍÜKÓ\àKãRÑTØAÓ\àHÏ á ÜKÐWÏ�ÓMÐGËìØAéÍÌ³ñâË?Ó"åb×\ËÍèW× ÐG×ÔÏ[ÌGÐGÑWÜKÓ\àUé?Ö°è�éÍÜUÌWÏIÎ�èW×ÙØAÓ\ÓÔÏ�éÍÌdØAÑWÏ�Ë?ÓÈãè�ÑWÏ³ØKÌGË?Ó\àUé?ÖæéÍÏIÌWÌeË?Ò á ÜKÑGÐTØAÓMÐÞßCÜKÑeÐG×ÔÏvÌTè³ØAÐGÐWÏ�ÑGË?Ó\à[ÜKÕ;Ï�ÑGÚUØAÕ\éÍÏIÌÞØAÓÔÎLèIÜKÝ\éÍÎæÕ`ÏkÓÔÏ�àUéÍÏIè�ÐWÏIÎåbË?ÐG×ÔÜKÝ\ÐçéÍÜêÜUÌGË?Ó\à�ØKèIè�Ý\ÑTØKè�Ö Ç 6 ×ÔÏÞÌTØIÚÛË?Ó\à�ÜAß / Z�ç ÐGË?Ò�Ï�ÐG×ÙØAÐ2ÑWÏIÌGÝ\é?ÐWÌ+ß9ÑWÜKÒ�ÐG×\ËÍÌ5èW×ÙØAÓÈãÓÔÏ�é�ÑWÏIÎÈÝÔè�ÐGËÍÜKÓ á ÑWÜêèIÏIÎÈÝ\ÑWÏ è³ØAÓyÕ;Ï ± Ý\Ë?ÐWÏ�éìØAÑGàHÏ�Ë?ÓùÜKÝ\Ñ[è³ØKÌTÏ�ÌGË?ÓÔèIÏæÐG×ÔÏ�éÍÜKÓ\àKãRÑTØAÓ\àHÏá ÜKÐWÏ�ÓMÐGËìØAé2ËÍÌ�ØAéÍÌWÜ ± Ý\Ë?ÐWÏdÌWÐGÑWÜKÓ\à�ØAÓÔÎ�ÐG×ÔÏ�ÑWÏ=ßCÜKÑWÏdÓÔÏIÏIÎ\Ì�Ø�×MÝ\àHÏdÓêÝ\Ò�Õ`Ï�Ñ�ÜAßðèT×ÙØAÓ\ÓÔÏ�éÍÌË?Ó�ÐG×ÔÏëË?ÓêÐWÏ�ÑTØKè�ÐGËÍÜKÓ ÑWÏ�àUËÍÜKÓ�ÐWÜp×ÙØIÚHÏ�èIÜKÓêÚHÏ�ÑGàHÏ�ÓMÐkÌWè³ØAÐGÐWÏ�ÑGË?Ó\à[ÜKÕÔÌWÏ�ÑGÚUØAÕ\éÍÏIÌ Ç6 Ü�ÓÔÏ�àUéÍÏIè�Ð�ÐG×ÔÏ�èW×ÙØAÓ\ÓÔÏ�éÍÌ[ÐG×ÙØAÐdÕ;ÏIèIÜKÒ�ÏæéÍÏIÌTÌ�ØAÓÔÎ éÍÏIÌWÌdË?Ò á ÜKÑGÐTØAÓMÐ[ÎÈÝ\ÑGË?Ó\à¢ÐG×ÔÏÃ ÜKÝ\Ð åðØAÑWÎ Ê � Ë?ÓêÐWÏ�àUÑTØAÐGËÍÜKÓLÜKÓÔÏ0ÌW×ÔÜKÝ\éÍÎ�ÝÔÌTÏ0Ø á ÑWÜ á ØAàMØAÐGË?Ó\à�ÌWèW×ÔÏ�Ò�Ï0åbË?ÐG×LØvè�éÍÏ³ØAÑÅãSè�Ý\ÐÌWÏ á ØAÑTØAÐGËÍÜKÓ Õ;Ï�Ð åçÏIÏ�Ó ÐG×ÔÏ;M Ü á Ï�ÓÈãSÌ á ØKèIÏ�O�ØAÓÔÎLÐG×ÔÏ;M è�éÍÜUÌWÏIÎÛãSÌ á ØKèIÏ�O Ç	× Ó\é?ÖæË?ÓLÐG×\ËÍÌÞåðØ³Ö
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¼âË?àUÝ\ÑWÏ Ä³ÆÈÇµÉ U ô ØAÒ�Ï�ØKÌ�Ë?Ó ¼âË?à ÇÍÃÅÄ³ÆÈÇ?Ä Ê Õ\Ý\ÐbßEÜKÑbÐG×\ÑWÏIÏvÎÈË(L`Ï�ÑWÏ�ÓêÐÞÚUØAé?ÝÔÏIÌ�ÜAß a Ç
ÐG×ÔÏkèIÜKÝ á é?Ë?Ó\à á ÜKÐWÏ�ÓMÐGËìØAé�ØAÑWÏkèIÜKÓÔÌGËÍÎ\Ï�ÑTØAÕ\éÍÏ�ØAÓÔÎ�ÓÔÜKÐbé?Ë?ÒdË?ÐWÏIÎæÐWÜQÐG×ÔÏëÎÈË?ÑWÏIè�Ð�¸ ¦ � ºp¾ÐGÑTØAÓÔÌGË?ÐGËÍÜKÓÔÌ Ç 6 ×ÔÏ�Ö°Î\Ü�ÓÔÜKÐ�Î\Ï á Ï�ÓÔÎ"ÜKÓ°ÐG×ÔÏ á ØAÑGÐGËÍè�Ý\éìØAÑ�ÐWÜKÐTØAéðØAÓ\àUÝ\éìØAÑ�Ò�ÜKÒ�Ï�ÓêÐGÝ\ÒÚUØAé?ÝÔÏëèW×ÔÜUÌWÏ�ÓjUçØKÌbÜKÓÔÏëè³ØAÓLÌWÏIÏrË?Óe¼�Ë?à ÇÍÃÅÄ³ÆÈÇµÉHÊ ÐG×ÔÏëÜUÌWè�Ë?é?éìØAÐGËÍÜKÓÔÌ³ñ\ÜKÓ�ØpÎÈË(L Ï�ÑWÏ�ÓMÐ�ÌWè³ØAéÍÏUñÏ�WÈËÍÌGÐ0ßCÜKÑëÏ�ÚHÏ�ÑGÖ�ÐGÑTØAÓÔÌWË?ÐGËÍÜKÓ�ØAÐkÏ³ØKèT×°ØAÓ\àUÝ\éìØAÑëÒ�ÜKÒ�Ï�ÓMÐGÝ\Ò ÚUØAé?ÝÔÏ Ã Ë?Ó[¼âË?à ÇÍÃÅÄ³ÆÈÇµÉHÊ ÐG×ÔÏa � �S£-£�è�Ý\ÑGÚHÏbÌGÐTØAÑGÐWÌ5ØAÐ �d�g� úÍû ÛVÛ � ¾�£-£-£M� ÌGË?ÓÔèIÏðßCÜKÑ2ÌWÒ[ØAé?éÍÏ�Ñ+ÚKØAé?ÝÔÏIÌ+ÐG×ÔÏ�Ò[ØAÐWèW×\Ë?Ó\àá ÜKË?ÓMÐvÐGÝ\ÑGÓÔÌ�ÜKÝ\ÐëÐWÜæÕ;ÏpÕ`Ï�éÍÜ³å§ÐG×ÔÏ�èIÏ�ÓêÐGÑGËäß9Ý\àMØAé5ÕÙØAÑGÑGËÍÏ�ÑWÌ Ê=Ç T ÏQßCÜKÝ\ÓÔÎ¢ß9Ý\ÑGÐG×ÔÏ�ÑëÐG×ÙØAÐÐG×ÔÏ�ÜUÌTè�Ë?é?éìØAÐGËÍÜKÓ"ØAÒ á é?Ë?ÐGÝÔÎ\Ï�ØAÓÔÎ�ÐG×ÔÏdÑTØAÐWÏ[ÜAßðèIÜKÓMÚHÏ�ÑGàHÏ�ÓÔèIÏ�ÐWÜ³åeØAÑWÎ°ÐG×ÔÏ[ØKÌWÖêÒ á ÐWÜKÐGËÍèé?Ë?ÒdË?ÐçåçÏ�ÑWÏUñ\ØKÌ5Ï�W á ÏIè�ÐWÏIÎ ñÛÎ\Ï á Ï�ÓÔÎ\Ï�ÓMÐðÝ á ÜKÓ�ÐG×ÔÏ0èIÜKé?é?ËÍÌGËÍÜKÓæÏ�ÓÔÏ�ÑGàUÖ[ØAÓÔÎ[ÜKÓ�ÐG×ÔÏ0ÎÈË á ÜKéÍÏÌGÐGÑWÏ�Ó\àUÐG× ÇT ×ÔÏ�Ó åçÏ�éÍÜêÜKõHÏIÎ ØAÐ�ÐG×ÔÏ�Õ`Ï�×ÙØIÚÛËÍÜKÑQÜAß�ÐG×ÔÏ á ØAÑGÐGËìØAébÜ á ØKè�Ë?ÐSÖ¢ßCÝ\ÓÔè�ÐGËÍÜKÓÔÌ�ßCÜKÑpÎÈËäßOãßEÏ�ÑWÏ�ÓMÐQè�Ý\ÐWÜ�L ÎÈËÍÌGÐTØAÓÔèIÏIÌ�ÜAßbÐG×ÔÏ á ÜKÐWÏ�ÓMÐGËìØAéðåçÏ�ßCÜKÝ\ÓÔÎ ØAÓ°Ý\ÓÔÏ�W á ÏIè�ÐWÏIÎ"Õ;Ï�×ÙØ³ÚêËÍÜKÑ�ßCÜKÑéìØAÑGàHÏ a Ã ¼âË?à ÇÍÃÅÄ³ÆÈÇ � ÊGÊ U�ßEÜKÑ2ÐG×ÔÏ�ÌWÏ�éÍÏIè�ÐWÏIÎ�è�Ý\ÐWÜ�LLÎÈËÍÌGÐTØAÓÔèIÏIÌ5ÐG×ÔÏ�Ï�éìØKÌGÐGËÍè�è�ÑWÜUÌTÌÅãSÌWÏIè�ÐGËÍÜKÓ�ËÍÌÒ�ÜKÓÔÜKÐWÜKÓ\ËÍè³ØAé?é?Ö�èIÜKÓêÚHÏ�ÑGàUË?Ó\àLØKÌ0ØpßCÝ\ÓÔè�ÐGËÍÜKÓ ÜAß+ÐG×ÔÏQØAÓ\àUÝ\éìØAÑ0Ò�ÜKÒ�Ï�ÓêÐTØ Ã Ý á\á Ï�Ñ á ØAÓÔÏ�éË?Ó ¼�Ë?à ÇÍÃÅÄ³ÆÈÇ � Ê ñ;åb×\Ë?éÍÏ�ÐG×ÔÏ�Ë?ÓÔÏ�éìØKÌGÐGËÍèQÜKÓÔÏ�ÌW×ÔÜ³å�ÌrÌ á Ý\ÑGËÍÜKÝÔÌ �T:G>UBC7985cA@ ßCÜKÑ0×\Ë?àU× ØAÓ\àUÝ\éìØAÑÒ�ÜKÒ�Ï�ÓêÐTØ Ã éÍÜ åçÏ�Ñ á ØAÓÔÏ�éÍÌ Ê=Ç 6 ×ÔÏ�Ï�ÓêÐGË?ÐSÖ ÜAßëÐG×ÔÏ �T:G>UBC7985cA@ Î\ÏIè�ÑWÏ³ØKÌTÏIÌ[ÑTØ á ËÍÎÈé?ÖyåbË?ÐG×Ë?ÓÔè�ÑWÏ³ØKÌGË?Ó\à �d�g� úÍû ÛVÛ Ç ÜKÑvÐG×ÔÏ�èIÜKé?é?ËÍÌGËÍÜKÓ"Ï�ÓÔÏ�ÑGàUÖ Ç / éÍÏ³ØAÑGé?ÖHñâÐG×ÔÏ�ÐGÑGÝ\ÓÔè³ØAÐWÏIÎ á ÜKÐWÏ�ÓMÐGËìØAéÍÌÒ�ÝÔÌGÐ�×ÙØIÚHÏ�Øi^ÔÓ\Ë?ÐWÏëÐWÜKÐTØAé$è�ÑWÜUÌWÌÞÌWÏIè�ÐGËÍÜKÓ Ã Õ`ÏIÌGËÍÎ\ÏIÌÞØAé?é ÐG×ÔÏ�ÖLØAÑWÏëÜAßO� 8Ô79BS: ÑTØAÓ\àHÏ Ê ØAÓÔÎÐG×êÝÔÌ�Ï³ØKèT× Ü á ØKè�Ë?ÐSÖyßCÝ\ÓÔè�ÐGËÍÜKÓ Ò�ÝÔÌGÐæÐWÏ�ÓÔÎ ÐWÜ �³Ï�ÑWÜ°ßRØKÌGÐWÏ�Ñ�ÐG×ÙØAÓ ¥ a K ÷ _ ×ÔÜ³åðÏ�ÚHÏ�Ñ³ñ
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Elastic partial cross section for J=0
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Inelastic (0→1) partial cross section for J=0
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. ÓpÐG×\ËÍÌ ô ÏIè�ÐGËÍÜKÓ�åçÏbÜKÝ\ÐGé?Ë?ÓÔÏ�ÐG×ÔÏeåçÏ�é?éäãRõÛÓÔÜ³åbÓ[Ò�Ý\é?ÐGËÍèW×ÙØAÓ\ÓÔÏ�é%é5ØAÑGËìØAÕ\éÍÏ=ãqZ+×ÙØKÌWÏÞÒ�Ï�ÐG×ÔÜêÎË?Ó�ÐG×ÔÏD´|Ò[ØAÐGÑGË(W�ßEÜKÑGÒ�Ý\éìØAÐGËÍÜKÓÁñâØAéÍÜKÓ\à�åbË?ÐG×¢ÐG×ÔÏ�Ò�ÜÛÎÈË(^Ùè³ØAÐGËÍÜKÓÔÌëÕ\ÑWÜKÝ\àU×êÐvÕMÖ f Ç ìÁÏê ÜKÝ\ÑGÓÔÏ�ÝÈßQØAÓÔÎ�é2Üo´kÖ ì$ØAÓ ÃÅÄ \ba-a Ê ÐWÜ"×ÙØAÓÔÎÈéÍÏ ÐG×ÔÏ á ÑWÏIÌWÏ�ÓÔèIÏ ÜAß�ÌGÐGÑWÜKÓ\àUé?Öùè�éÍÜUÌWÏIÎèT×ÙØAÓ\ÓÔÏ�éÍÌ Ç . Ó�ÐG×ÔÏ[ÌWÝ\ÕÔÌWÏ ± ÝÔÏ�ÓêÐ ô ÏIè�ÐGËÍÜKÓ åçÏ[åbË?é?éðÌW×ÔÜ³å ÐG×ÔÏ[Ò�ÜêÎÈË(^Ùè³ØAÐGËÍÜKÓÔÌQÐG×ÙØAÐQåçÏÕ\ÑWÜKÝ\àU×êÐâÐWÜÞÐG×\ËÍÌ$Ò�Ï�ÐG×ÔÜÛÎvË?ÓQÜKÑWÎ\Ï�Ñ�ÐWÜÞÕ;Ï5ÝÔÌWÏ=ßCÝ\éUßCÜKÑâÜKÝ\ÑâÌWÐGÑWÜKÓ\àÔñméÍÜKÓ\àKãRÑTØAÓ\àHÏ á ÑWÜKÕ\éÍÏ�Ò Ç. Ó á ØAÑGÐGËÍè�Ý\éìØAÑdÜKÝ\Ñ�Ò�Ï�ÐG×ÔÜÛÎ"ÎÈË(L Ï�ÑWÌ�ß9ÑWÜKÒ ÐG×ÔÏ[ÜKÑGË?àUË?ÓÙØAéeÜKÓÔÏ�ÕMÖ¢Ð åçÜ�èW×\ËÍÏ=ßbßEÏ³ØAÐGÝ\ÑWÏIÌVUÃ Ë Ê Ë?ÐpØAé?éÍÜ³å�Ì�ßCÜKÑ�ÐG×ÔÏdàUÑTØKÎÈÝÙØAé5ÑWÏIÎÈÝÔè�ÐGËÍÜKÓ ÜAßbÐG×ÔÏdÓMÝ\Ò�Õ;Ï�ÑpÜAß�è�éÍÜUÌWÏIÎ�èT×ÙØAÓ\ÓÔÏ�éÍÌ�ÎÈÝ\ÑÅãË?Ó\à°ÐG×ÔÏ�ÜKÝ\ÐSåðØAÑWÎ á ÑWÜ á ØAàMØAÐGËÍÜKÓªØAÓÔÎ Ã Ë?Ë Ê Ë?Ð[ØIÚHÜKËÍÎ\Ì�ÐG×ÔÏLÎÈË?ÑWÏIè�Ð[è³ØAéÍè�Ý\éìØAÐGËÍÜKÓ ÜAßrÐG×ÔÏèIÜKÒ á Ý\ÐTØAÐGËÍÜKÓÙØAé?é?ÖLÏ�W á Ï�ÓÔÌWË?ÚHÏ � ÏIÌWÌWÏ�é`ßCÝ\ÓÔè�ÐGËÍÜKÓÔÌ Ç
µ�¶G·¹¸�·
µ ºZ»R¼v½b¾7¿ÁÀOÂXÃ�Ä�ÅÆ¼@Ç�ÈGÀOÂPÄ�É9Ê¦Ë. Ó ô ÏIè�ÐGËÍÜKÓÔÌ Ã � Ç � ñ � Ç ´ Ê åçÏ�ÌG×ÔÜ³åðÏIÎ ×ÔÜ³å|ÐG×ÔÏ[ÝÔÌGÝÙØAéRñ ôêá ØKèIÏ=ãq¼âË(W\ÏIÎ ñ / éÍÜUÌWÏ=ã / ÜKÝ á é?Ë?Ó\àÏ ± ÝÙØAÐGËÍÜKÓÔÌbßEÜKÑ ² èT×ÙØAÓ\ÓÔÏ�éÍÌÌ ¯ À¯ � À îvÍ À 3FÎ 3ÐÏ À� ÀWÑAÒ � £ ÃÅÄ³ÆÈÇ � Ê
ÜAß�ÐG×ÔÏëË?ÓÔÏ�éìØKÌGÐGËÍèvÌTè³ØAÐGÐWÏ�ÑGË?Ó\à á ÑWÜKÕ\éÍÏ�Ò Ë?Ó�ÐG×ÔÏvÎÈËìØAÕÙØAÐGËÍèvÕÙØKÌGËÍÌ�è³ØAÓLÕ`ÏkÑWÏIÎÈÝÔèIÏIÎLÐWÜpÐG×ÔÏØ ËÍèIè³ØAÐGË$Ï ± ÝÙØAÐGËÍÜKÓ

¯�Ó¯ � îÕÔ î Ó À � £ ÃÅÄ³ÆÈÇ � Ê
ßEÜKÑvÐG×ÔÏdÝ\Ó\õÛÓÔÜ³åbÓ Ó ìÁÜKàKã ê Ï�ÑGË?ÚUØAÐGË?ÚHÏ�Ò[ØAÐGÑGË(W Ã Ë?Ó°ÐG×\ËÍÌ�Ï ± ÝÙØAÐGËÍÜKÓ Ô � Í À 3rÎ%3Ï À � � À Ê=Ç T ÏdÌTØAËÍÎ¢ÐG×ÙØAÐ�ÜKÓÔÏdÌWÜKé?ÚHÏIÌkßEÜKÑvÐG×\ËÍÌëÒ[ØAÐGÑGË(W¢Ý á ÐWÜ�ÐG×ÔÏ[ØKÌGÖÛÒ á ÐWÜKÐGËÍèdÑWÏ�àUËÍÜKÓåb×ÔÏ�ÑWÏëÐG×ÔÏEMüØAÝ\àUÒ�Ï�ÓêÐWÏIÎ�OMÖ Ò[ØAÐGÑGË(WLè³ØAÓ�Õ`ÏëÜKÕ\ÐTØAË?ÓÔÏIÎ�ÕMÖæÐG×ÔÏrßEÜKé?éÍÜ³åbË?Ó\à[é?Ë?ÓÔÏ³ØAÑ0ÌGÖÛÌGãÐWÏ�Ò ��×e§ 3 Ó × ¤ Ö �3Ø § 3 Ó Ø ÃÅÄ³ÆÈÇ ´ Ê
Ë?Ó�åb×\ËÍèT× Ø � � ¤ ØAÓÔÎ ×"� � ¤ ØAÑWÏëÒ[ØAÐGÑGËÍèIÏIÌ0ÜAß Ø ËÍèIè³ØAÐGËäã � ÏIÌTÌWÏ�é�ØAÓÔÎ Ø ËÍèIè³ØAÐGËäãqdrÏ�Ý\Ò[ØAÓ\ÓßCÝ\ÓÔè�ÐGËÍÜKÓÔÌ Ç 6 ×ÔÏ Ü á Ï�ÓÈãSÜ á Ï�Ó Õ\éÍÜÛèWõùÜAßYÖ ×ÔÜKéÍÎ\ÌæØAé?éÞÐG×ÔÏ ÌWè³ØAÐGÐWÏ�ÑGË?Ó\à"Ë?ÓÈßEÜKÑGÒ[ØAÐGËÍÜKÓÔÌÌGË?ÓÔèIÏ�Ë?Ð+ËÍÌ+ÑWÏ�éìØAÐWÏIÎdÐWÜëÐG×ÔÏ�ÌTè³ØAÐGÐWÏ�ÑGË?Ó\à ô Ò[ØAÐGÑGË(WdÕMÖQÒ�Ï³ØAÓÔÌ5ÜAß`ÐG×ÔÏbÝÔÌGÝÙØAé / ØAéÍÏ�ÖQÐGÑTØAÓÔÌÅãßEÜKÑGÒ Ç T Ï0Î\Ï�^ÔÓÔÏIÎ�ÐG×ÔÏ Ø ØAÓÔÎ × Ò[ØAÐGÑGËÍèIÏIÌeØKÌçßEÜKé?éÍÜ³å�Ì Ã�Ù Ú ��Ú Ú � ØAÑWÏrÎÈË?Ò�Ï�ÓÔÌGËÍÜKÓ\éÍÏIÌWÌ± ÝÙØAÓMÐGË?ÐGËÍÏIÌ Ê�Û U
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ÃÅÄ³ÆÈÇ a Ê
åb×ÔÏ�ÑWÏ�� å ñ ä å ØAÑWÏLÐG×ÔÏ��eÏIÌWÌWÏ�é�ß9Ý\ÓÔè�ÐGËÍÜKÓÔÌ�ÜAßëÐG×ÔÏ{^ÔÑWÌGÐ�ØAÓÔÎ ÌWÏIèIÜKÓÔÎùõÛË?ÓÔÎ ØAÓÔÎG� å ñ� å ØAÑWÏ�Ò�ÜêÎÈË(^ÙÏIÎ	�eÏIÌWÌWÏ�éÁßCÝ\ÓÔè�ÐGËÍÜKÓÔÌkÜAß2ÐG×ÔÏ�^ÔÑWÌWÐkØAÓÔÎ ÐG×\Ë?ÑWÎ�õÛË?ÓÔÎ ØKÌkÎ\Ï�^ÔÓÔÏIÎ ÕMÖ f Ç
 Õ\ÑTØAÒ�Ü åbË?Ð"�LØAÓÔÎ�� Ç 
 Ç ô ÐWÏ�àUÝ\Ó ÃÅÄ \ba ÉHÊ=Ç T Ë?ÐG×�ÐG×\ËÍÌQÎ\Ï�^ÔÓ\Ë?ÐGËÍÜKÓ ÐG×ÔÏ�åbÑWÜKÓ\õÈÌGËìØAÓ�ßEÜKÑÏ³ØKèW×[èT×ÙØAÓ\ÓÔÏ�éÙËÍÌ+Ý\Ó\Ë?Ð ÖpÕ;ÜKÐG×pßEÜKÑ2Ü á Ï�Ó[ØAÓÔÎdßCÜKÑ2è�éÍÜUÌWÏIÎ[èW×ÙØAÓ\ÓÔÏ�éÍÌ³ñMË Ç Ï Ç Ë?Ó[Ò[ØAÐGÑGË(W�ßEÜKÑGÒ


�� Ø ¶@×�� ��� ÃÅÄ³ÆÈÇ ] ÊT ÏpÓÔÜ³å§ÝÔÌTÏpÐG×ÔÏ Ó ÐWÜfÖöÐGÑTØAÓÔÌÅßEÜKÑGÒ[ØAÐGËÍÜKÓ�ÜAßðÏ��êÝÙØAÐGËÍÜKÓ ÃÅÄ³ÆÈÇ ´ Ê �����������! þ ÐWÜÎ\Ï�^ÔÓÔÏvØ�Ö ü�þMÿ Ò[ØAÐGÑGË(W Ç " ×\ËÍÌeÒ[ØAÐGÑGË(W�ËÍÌbè�éÍÏ³ØAÑGé?Ö�ÐG×ÔÏëØAÝ\àUÒ�Ï�ÓMÐWÏIÎIÖ%Ò[ØAÐGÑGË(W�ßEÜKÑeÐG×ÔÏá ÜKÐWÏ�ÓêÐGËìØAé$ÐGÑGÝ\ÓÔè³ØAÐWÏIÎ�ØAÐ þ ñÈÐG×ÙØAÐ�ËÍÌ$#
%Î ü�þ § ÿ � Ì Î ü�þ § ÿ ßCÜKÑ þ §'& þ

( ßCÜKÑ þ §') þ ÃÅÄ³ÆÈÇ \ Ê

 ÎÈË(L Ï�ÑWÏ�ÓMÐGËìØAé�Ï��êÝÙØAÐGËÍÜKÓ ßCÜKÑ+Ö ü�þMÿ è³ØAÓ Õ;Ï�åbÑGË?ÐGÐWÏ�Ó ÕMÖ ÎÈË(L`Ï�ÑWÏ�ÓêÐGËìØAÐGË?Ó\à°ÐG×ÔÏ Ó ÐWÜÖ ÐGÑTØAÓÔÌGßCÜKÑGÒ[ØAÐGËÍÜKÓÁñÙÝÔÌGË?Ó\à�ÐG×ÔÏ Ø ËÍèIè³ØAÐGË$Ï��êÝÙØAÐGËÍÜKÓ ÃÅÄ³ÆÈÇ � Ê ßEÜKÑ Ó ØAÓÔÎ�ÐG×ÔÏëåbÑWÜKÓÔÌGõÛËìØAÓÑWÏ�éìØAÐGËÍÜKÓ ÃÅÄ³ÆÈÇ ] Ê=Ç " ×ÔÏkÑWÏIÌWÝ\é?Ð�ËÍÌ Ö § � � Ù�* Î Ù ÃÅÄ³ÆÈÇ?Ä³ÆHÊ
åb×ÔÏ�ÑWÏ Ù � Ø � × Ö Ç 
 ÐWÏ�ÑGÒ Ë?ÓMÚHÜKé?ÚÛË?Ó\à ÐG×ÔÏ�Î\Ï�ÑGË?ÚUØAÐGË?ÚHÏIÌ�ÜAß�ÐG×ÔÏ Ø ØAÓÔÎ × Ò[ØmãÐGÑGË(WLÒ�ÝÔÌGÐrÕ`Ï�ØKÎ\Î\ÏIÎ åb×ÔÏ�Ó Ï�� ÇÍÃÅÄ³ÆÈÇ + Ê èIÜKÓêÐTØAË?ÓÔÌvØI^ÔÑWÌGÐkÎ\Ï�ÑGË?ÚUØAÐGË?ÚHÏ�ÐWÏ�ÑGÒ Ç 
 ÌGË?ÒdË?éìØAÑÏ��MÝÙØAÐGËÍÜKÓ�×ÔÜKéÍÎ\ÌbßEÜKÑbÐG×ÔÏkË?ÓMÚHÏ�ÑWÌWÏ�ÜAßâÐG×ÔÏlÖ Ò[ØAÐGÑGË(W`ñ\×ÔÏ�ÑWÏ�Î\Ï�ÓÔÜKÐWÏIÎ %Ö�ñ%Ö § � î Ù * Î Ù ÃÅÄ³ÆÈÇ?ÄUÄ Ê
åb×ÔÏ�ÑWÏëÓÔÜ³å ÐG×ÔÏëÑWÜKéÍÏvÜAß Ø ØAÓÔÎ × ËÍÌbË?ÓêÐWÏ�ÑWèW×ÙØAÓ\àHÏIÎ ñ]Ë Ç Ï Ç Ù � × � Ø %Ö Ç� Ó á ÑGË?ÓÔè�Ë á éÍÏUñÁÐG×ÔÏ�é5ØAÑGËìØAÕ\éÍÏ=ãqZ+×ÙØKÌTÏ[Ï��êÝÙØAÐGËÍÜKÓÔÌ ÃÅÄ³ÆÈÇ?Ä³ÆHÊ ñÁåbË?ÐG×°ÐG×ÔÏdÌWÐTØAÑGÐGË?Ó\à�èIÜKÓÈãÎÈË?ÐGËÍÜKÓIÖ ü £ ÿ � ( ñÔè³ØAÓ�Õ`ÏvÌWÜKé?ÚHÏIÎ�Ý á ÐWÜ�ÐG×ÔÏQØKÌGÖêÒ á ÐWÜKÐGËÍè�ÑWÏ�àUËÍÜKÓ�ÐWÜ[àHÏ�Ð�ÐG×ÔÏBMSÐGÑGÝÔÏ�OÖ Ò[ØAÐGÑGË(W Ã Ë Ç Ï Ç ÐG×ÙØAÐÞßCÜKÑ0ÐG×ÔÏëÓÔÜKÓ�ÐGÑGÝ\ÓÔè³ØAÐWÏIÎ�ß9Ý\é?é?ÖLØKè�ÐGË?Ó\à á ÜKÐWÏ�ÓêÐGËìØAé Ê=Ç �SÓ á ÑTØKè�ÐGËÍèIÏUñ×ÔÜ³åðÏ�ÚHÏ�Ñ³ñbÐG×ÔÏLÐ åçÜ Ï��MÝÙØAÐGËÍÜKÓÔÌ ÃÅÄ³ÆÈÇ?Ä³Æ ñ Ä³ÆÈÇ?ÄUÄ Ê Ò�ÝÔÌGÐ[Õ`Ï�ÝÔÌWÏIÎ ÐWÜKàHÏ�ÐG×ÔÏ�Ñ[Õ`ÏIè³ØAÝÔÌWÏ�ÜAßÐG×ÔÏ á ÑWÏIÌTÏ�ÓÔèIÏ�ÜAß�MSéÍÜÛè³ØAé(O�ÌWè³ØAÐGÐWÏ�ÑGË?Ó\à ÑWÏIÌWÜKÓÙØAÓÔèIÏIÌ Ã Ë Ç Ï Ç ÑWÏIÌTÜKÓÙØAÓÔèIÏIÌ�ÐG×ÙØAÐpÏ�WÈËÍÌGÐ�ÜKÓ\é?ÖÕ;ÏIè³ØAÝÔÌTÏ�ÜAßðÐG×ÔÏ[Ý\Ó á ×MÖÈÌGËÍè³ØAé?é?Ö¢ÐGÑGÝ\ÓÔè³ØAÐWÏIÎ á ÜKÐWÏ�ÓMÐGËìØAéÍÌ Ê=Ç " ×ÔÏIÌTÏdÑWÏIÌWÜKÓÙØAÓÔèIÏIÌ�è³ØAÝÔÌTÏ�ØÌ á ÏIè�Ë(^ÙènÖ Ï�Ë?àHÏ�ÓêÚKØAé?ÝÔÏ�ÐWÜ�Õ`ÏdË?Ó|^ÔÓ\Ë?ÐSÖ ØAÐ�ÌWÜKÒ�Ï�ÚUØAé?ÝÔÏ�ÜAß þ ØAÓÔÎ�ÐG×ÔÏ�ÑWÏ=ßCÜKÑWÏ�Î\Ü�ÓÔÜKÐ,Åþ`ÿ����n���%
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Ã åb×ÔÏ�ÑWÏUñKßEÜKÑ�è�éÍÜUÌTÏIÎdèW×ÙØAÓ\ÓÔÏ�éÍÌ³ñUåðÏeÝÔÌWÏðÐG×ÔÏbÌWè³ØAéÍÏIÎX�MÝÙØAÓêÐGË?ÐGËÍÏIÌ2ÜAß ô Ý\ÕÔÌTÏIè�ÐGËÍÜKÓ ÃÅÄ³ÆÈÇµÉÈÇµÉHÊGÊËäßbÐG×ÔÏ�èIÏ�ÓMÐGÑGËäßCÝ\àMØAé á ÜKÐWÏ�ÓMÐGËìØAéðÒ[ØAÐGÑGË(W ñ Ï À¦¥¨§UÀ ñ$ËÍÌ�ØKÎ\Î\ÏIÎ�ÐWÜ\ÎöË?Ó Ï�� Ç Ì ÃÅÄ³ÆÈÇ?Ä +Èñ Ä³ÆÈÇ?Ä � Ê ñË Ç Ï Ç Î ï Î î Ï À ¥¨§ À Ç � Ó¢ÐG×ÔÏ[Ì á Ë?ÑGË?Ð�ÜAßeÐG×ÔÏôé5ØAÑGËìØAÕ\éÍÏ=ãqZ2×ÙØKÌWÏ[Ò�Ï�ÐG×ÔÜÛÎ¢ÐG×\ËÍÌ�Ò�Ï³ØAÓÔÌÐG×ÙØAÐkË?Ó�Ï�� ÇÍÃÅÄ³ÆÈÇ \ Ê åçÏpÐGÑGÝ\ÓÔè³ØAÐWÏpÓÔÜKÐëÜKÓ\é?Ö ÐG×ÔÏ á ÜKÐWÏ�ÓêÐGËìØAé+Ò[ØAÐGÑGË(W Õ\Ý\Ð�ØAéÍÌWÜ�ÐG×ÔÏpèIÏ�ÓÈãÐGÑGËäß9Ý\àMØAé+ÐWÏ�ÑGÒ Ç û ÜKÓÔÌWÏ��êÝÔÏ�ÓMÐGé?ÖHñ$ÜKÝ\ÑlÖ�Ò[ØAÐGÑGË(W�ËÍÌëØôMSÒ�ÜêÎÈË(^ÙÏIÎ�ODÖ�Ò[ØAÐGÑGË(W ñ`ÑWÏ�éìØAÐWÏIÎÐWÜdÐG×ÔÏ Ó Ò[ØAÐGÑGË(WæÕêÖæÐG×ÔÏëÝÔÌGÝÙØAé ÑWÏ�éìØAÐGËÍÜKÓÁñÔË Ç Ï Ç Ï�� ÇÍÃÅÄ³ÆÈÇ Y Ê ñÙåbË?ÐG× Ø ØAÓÔÎ × Î\Ï�^ÔÓÔÏIÎ�Ë?ÓÏ�� Ç Ì ÃÅÄ³ÆÈÇ?Ä ]Èñ Ä³ÆÈÇ?Ä \ ÊvÃ ÐG×\ËÍÌbÒ�ÜÛÎÈË(^ÙÏIÎ\Ö%Ò[ØAÐGÑGË(WLÎÈË(L Ï�ÑWÌeß9ÑWÜKÒ�ÐG×ÔÏkÝÔÌWÝÙØAéÁÜKÓÔÏëË?Ó�ÐG×ÙØAÐbË?ÐèIÜKÓMÐTØAË?ÓÔÌeØAéÍÌWÜëÐG×ÔÏ á ×ÙØKÌWÏ=ãSÌG×\ËäßCÐ5èIÜKÓMÐGÑGË?Õ\Ý\ÐGËÍÜKÓÔÌbÎÈÝÔÏbÐWÜ�ÐG×ÔÏ�èIÏ�ÓMÐGÑGËäßCÝ\àMØAé;ÕÙØAÑGÑGËÍÏ�ÑWÌ Ê=Ç T Ïè³ØAÓ�ÐG×ÔÏ�ÑWÏ=ßCÜKÑWÏrßEÜKé?éÍÜ³å ÐG×\ËÍÌbÒ[ØAÐGÑGË(W�Ý á ÐWÜpÐG×ÔÏëÏ�ÓÔÎ á ÜKË?ÓMÐ�ÜAßâË?ÓMÐWÏ�àUÑTØAÐGËÍÜKÓÁñ]åb×ÔÏ�ÑWÏkË?ÐbËÍÌÐGÑTØAÓÔÌÅßEÜKÑGÒ�ÏIÎ�ÕÙØKèWõæÐWÜpÐG×ÔÏëÝÔÌGÝÙØAéWÖ Ò[ØAÐGÑGË(W Ç ô Ë?ÓÔèIÏëåçÏv×ÙØIÚHÏëÓÔÜ å-ÐWÜ�èIÜKÒ á Ý\ÐWÏvÜKÓ\é?ÖÌGË?Ò á éÍÏpÐGÑTØAÓÔÌWèIÏ�ÓÔÎ\Ï�ÓêÐTØAé2ßCÝ\ÓÔè�ÐGËÍÜKÓÔÌkÐG×ÔÏdÌ á ÏIÏIÎ�ÜAßeÐG×ÔÏpè³ØAéÍè�Ý\éìØAÐGËÍÜKÓÔÌvËÍÌ��êÝ\Ë?ÐWÏdèIÜKÓÔÌGËÍÎÛãÏ�ÑTØAÕ\é?ÖæË?Ò á ÑWÜ³ÚHÏIÎ Ç� Ð�ËÍÌdØAéÍÌWÜ�ØLÌGË?Ò á éÍÏ�Ò[ØAÐGÐWÏ�ÑQÐWÜ�ÑWÏ³ØAé?Ë��³Ï�ÐG×ÙØAÐ³ñ+ÌGË?ÓÔèIÏ�ÐG×\ËÍÌQÒ�ÜêÎÈË(^Ùè³ØAÐGËÍÜKÓyÎ\ÜÛÏIÌGÓjh ÐÒdË(WQÐG×ÔÏÞÜ á Ï�Ó�ØAÓÔÎ�ÐG×ÔÏ�è�éÍÜUÌWÏIÎ�Ì á ØKèIÏIÌ ñHË?Ð2ËÍÌ á Ï�ÑÅßEÏIè�ÐGé?ÖQèIÜKÒ á ØAÐGË?Õ\éÍÏ0åbË?ÐG×�ÐG×ÔÏ�èT×ÙØAÓ\ÓÔÏ�éÑWÏIÎÈÝÔè�ÐGËÍÜKÓ á ÑWÜÛèIÏIÎÈÝ\ÑWÏvÎ\ÏIÌWè�ÑGË?Õ`ÏIÎ�ØAÕ`Ü³ÚHÏ Ç
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BJ`	D:IOFHBEDGPRQSK�BJIT>CF5U� Fdc,IOP	UTegfZhiU jHk�l!DWQEDG@A>CQJBmBJ`	D:QED�VEnbMOBEVo>�?,>CF	D:BJ`	D�p	QEVEBoVJn	X�X�D�VEVg?qnbM.@bQE>C@rK�P&K�BJIT>CF	VZU
s F	D�DGMTDGt�DGF&Bo>�?4BJ`	D Ö tuK�BJQJI�vYK�F	]w>CF	D�>�?4BJ`	D Ö�x.y tuK�BJQJI�vYK�QED�VE`	>ZlmFwIOFwK�PRIOz=DGF
IOFHBEDGPRQSK�BJIT>CFuQSK�FbP=DmBE>CP=DGBJ`	DGQNlmIOBJ`|{
D}vbKCXGBg~�zCK�MOn	D�V�X�>Ct|IOFbPW?�QE>Ct��5>CPC����DGQJIOzRK�BJIOz=D6XZK�M��
XGnbMLK�BJIT>CF	Voeq]	KCVJ`	D�]�MOIOF	D�V�k}U s F	D�XZK�F�F	>CBED:e�I�k5BJ`	D�@bQED�VEDGF	X�D�>�?rBJ`	DN{�MT>�XZK�MHQED�VE>CFrK�F	X�D�VJ~
t�DGFHBJIT>CF	D�]�K���>Zz=D6K�F	]|X�>CQJQED�VJ@�>CF	]iIOFbP�VElmIOBEXE`bIOFbPW��DGB�l�D�DGFuBJ`	DmB
l!>:tuK�BJQJI�v.��e�IOI�k4BJ`	D
n	VED�>�?�KuzCK�QJILK��bMTD�VJBEDG@\VJIO�ZD >�?�IOFHBEDGPRQSK�BJIT>CF^K�F	]�e�IOIOI�koBJ`	DaKCX�XGnbQSKCXG[�>�?NBJ`	D�XE`rK�FbF	DGM
QED�]in	XGBJIT>CF�@bQE>HX�D�]inbQEDRU

acb�d�� g>j��Ay*�.p\tS�4�kt$pzyPs[w\l��
" `	D�F	DGl�@bQE>C@rK�P&K�BE>CQ2`rKCVm�AD�DGFYIOF	XGMOn	]bD�]dIOF�K F	DGl�c	>CQJBJQSK�Fr�Rh|X�>�]bD�?q>CQmBJ`	D�BJQEDZK�Bg�
t�DGFHB,>�?�K�BE>Cta��z�IO�bQSK�BJIOFbP:]iILK�BE>Ct�VEXZK�BJBEDGQJIOFbP|e � >H]b>b� ; hRhif�k}U " `	D!X�>�]bD!K�MTVS>oIOF	XGMOn	]bD�V
BJ`	Do��>CPC����eq��K�F	>CMT>C@bnbMT>RVZ�AfZ�R� � k�K�F	]|BJ`	Dm��>CPC���:  
 IOQJ[�e 
 MTD}vbK�F	]bDGQ!K�F	]u��K�F	>CMT>C@i�
nbMT>RVZ�mfZ�R� < k @bQE>C@rK�P&K�BE>CQEV�KCV�l!DGQED�?¡>CnbF	]�IOt|@bMTDGt�DGF&BED�]¢IOF¢BJ`	D�� s �4£ û 
 " VEXZK�Bg�
BEDGQJIOFbPwX�>H]bDwe ] nbBEVE>CF�K�F	]_¤�QED�DGF5�¥fZ�R��jHk6K�F	]�lmIOBJ`�t|IOF	>CQ2t�>�]iI�prXZK�BJIT>CF	V�BE>utuK�¦=D
BJ`	DGt§X�>Ct|@rK�BJIO�bMTDolmIOBJ`uF	DGl¨X�>H]bDRU " `	DmBED�VEBEVNl!D�K�QEDmP=>CIOFbP BE> ]bD�VEXGQJIO�ADoBJ`&n	V!QED}?qDGQEV
BE>�BJ`	D�VSK�t�D6@bQE>CPRQSK�t©QJnbF	V�>CFwBJ`	D�VSK�t�D�tuKCXE`bIOF	D�e¡K�F 
 MO@b`rK|£�DGQJz=DGQ�lmIOBJ`dK ��ª û
; f ;�� j 
 MO@b`rK�ª�« �_¬ Y hRh�� ] �w@bQE>�X�D�VEVE>CQZ��lmIOBJ` ;�Y�� ���¢>�?�­ 
 �\k}U 
 V�IOF¢BJ`	D
� s �4£ û 
 " X�>H]bDR�rMOIOF	DZK�Q�K�MOP=DG�bQSK�>C@ADGQSK�BJIT>CF	V�K�QED:@�DGQg?q>CQJt�D�].��lm`	DGF	DGz=DGQ2@�>RVEVJIO�bMTDR�
lmIOBJ`�BJ`	D�n	VED�>�?6��K�@rKCXE¦	  � MLKCV|VJnb�bQE>CnbBJIOF	D�VZU 
 MOM!BJ`	DuBJ`bQED�D�@bQE>C@rK�P&K�BE>CQEV�n	VED�BJ`	D
VSK�t�D:VEnb�bQE>CnbBJIOF	DWBE>aP=DGF	DGQSK�BEDWBJ`	DW@A>CBEDGFHBJILK�M5tuK�BJQJI�v�KCV6K�?qnbF	XGBJIT>CF�>�?

þ
U" >YBED�VJBWBJ`	Da@bQED�VSDGF&B�K�MOP=>CQJIOBJ`bt®l!D|n	VSD�]\BJ`	D�¯  �° � °�± VJnb�bQEDZKCXGBJIOz=Du@A>CBEDGFi�BJILK�M�e�£�D�XGBJIT>CF�e < UOf�kJk�X�>CF	VJIT]bDGQJIOFbP²>CFbMO[²BJ`	D�zHIO�bQSK�BJIT>CFrK�MOMO[³]iILK��rK�BJITX�PRQE>CnbF	]���VJBSK�BED

@�>CBEDGF&BJILK�M�U " `bITV t�DZK�F	V:BJ`rK�B X�>CFHz=DGQJP=D�]^XZK�MTXGnbMLK�BJIT>CF	V�l!>CnbMT]_QED � nbIOQED|tuK�F&[\t�>CQED
XS`rK�FbF	DGMTVaBJ`rK�F�BJ`	>RVSD�DGt|@bMT>�[=D�]¢`	DGQEDRU " `	D´QE>CBSK�BJIT>CFrK�MmX�>CF	VJBSK�FHB|n	VED�]^l�KCV�pbviD�]
K�B´IOBEVuQJIOPRIT]���QE>CBE>CQwzRK�MOn	DR�oµ B �·¶ ¸¹¸=º=»R¼Cº ¢}½ x.y U*¾�D�n	VED�]¿BJ`	D���>CPC���À@bQE>C@rK�P&KÁ�
BE>CQ|eq��K�F	>CMT>C@bnbMT>RV��,fZ�R� � ko?¡>CQ6BJ`	D�VE>CMOnbBJIT>CF_>�?NBJ`	D IOF	DGMLKCVEBJITX @bQE>C�bMTDGtÂIOF�BJ`	D IOFbF	DGQ
QEDGPRIT>CF5��I�U¹DRU�nb@¢BE>

þ �ÀÃ º¹¸(º_Ä U " `	D´«�K�QEÅ�`Æ@bQE>C@rK�P&K�BE>CQ�K�F	]�BJ`	DY�5>CPC���W  
 IOQJ[
@bQE>C@rK�P&K�BE>CQEV�l!DGQED�DGt|@bMT>�[=D�].�¥VJBSK�QJBJIOFbPY?qQE>CtÀBJ`	D|Ç

ü�þ �ÈÃ º¹¸(º�Ä ÿ
tuK�BJQJI�v.��nb@_BE>þ ��Ã ¼CºRº´Ä Ur��I�É.DGQEDGF&B�BED�VJB2XZK�MTXGnbMLK�BJIT>CF	V�l�DGQED @�DGQg?¡>CQJt�D�]�K�B�K|PRIOz=DGF�@rK�QJIOB�[�K�F	]

BE>CBSK�M.K�FbPRnbMLK�Q�t�>Ct�DGF&BJnbtÊe � k}U " `	D2X�>CMOMOITVEIT>CFwDGF	DGQJPR[ul�KCV!pbviD�]wK�B�Ë ��Ã ºRº ¢}½ x.y� K�B�BJ`bITV�zRK�MOn	D�>CFbMO[²BJ`	D´Ì � º � ¸ QE>CBSK�BJIT>CFrK�M�MTDGz=DGMTVwK�QED�>C@�DGF¿IOFÍBJ`	D�BSK�QJP=DGB
t�>CMTD�XGnbMTDRU� F�c,IOP	UTegfZhiU Y k}� KCV�K�F�D}v	K�t|@bMTDR��l!D�VE`	>ZlÀBJ`	D_@�DGQg?¡>CQJtuK�F	X�D�>�?�BJ`	D^XE`rK�FbF	DGM
QED�]in	XGBJIT>CF³@bQE>�X�D�]inbQEDRU û K�MTXGnbMLK�BJIT>CF	VwlmIOBJ`³]iI�É.DGQEDGF&BwF&nbt��ADGQEVY>�?�XS`rK�FbF	DGMTVwl!DGQED
n	VED�]�BE>�VE`	>Zl�BJ`	D IOF	XGQEDZKCVED�>�?NBJ`	D �7��«ª���7� =@? «ª�¡Î�����« = � ? KCV2BJ`	D FHnbt ��DGQ:>�?�XE`rK�FbF	DGM
ITV6QED�]in	X�D�]�]inbQJIOFbPuBJ`	DW@bQE>C@rK�P&K�BJIT>CF5U " `bITV�{�QSK�BED�Vg~ K�QED X�>Ct|@bnbBED�]�KCVot�DZK�F�zCK�MOn	D�V
IOF¢KwIOF&BEDGQJzRK�M!lmIOBJ`¢KdX�>CF	VJBSK�FHB FHnbt ��DGQa>�?oXS`rK�FbF	DGMTVZU " `	Du]iI�É.DGQEDGF&BaXZK�MTXGnbMLK�BJIT>CF	V
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X�>CQJQED�VJ@�>CF	]bVuBE>_BJ`	Dd?q>CMOMT>�lmIOFbPÝ@rK�QSK�t�DGBEDGQEV�ÞwÌ � º � Ã º lmIOBJ` � �àß º ?q>CQ Ãiß º
XE`rK�FbF	DGMTVZ��Ì � º �³á º lmIOBJ` � �âß º ?q>CQ Ã ¼R¼ XE`rK�FbF	DGMTVYK�F	]ÆÌ � º ��á º lmIOBJ`� � á º ?q>CQ ¸&»R¼ XE`rK�FbF	DGMTV�U " `	Da�5>CPC���Ó@bQE>C@rK�P&K�BJIT>CF�l�KCV�@�DGQg?q>CQJt�D�]�lmIOBJ`�K�VJBEDG@
VJIO�ZDa>�? º¹¸(ºRº Ã ¸�Ä BJ`rK�BWX�>CQJQED�VJ@A>CF	]bVWBE>�j&hRhwVEBEDG@	V2BSK�¦=DGF_lmIOBJ`bIOF^`rK�M�?�KCVJ[�t|@bBE>CBJITX
l�KZz=DGMTDGFbPRBJ`�>�?�BJ`	D�MT>�l!D�VJB!XE`rK�FbF	DGM�U " `	DmX�>CQJQED�VJ@�>CF	]iIOFbP ®L½ ã"ä @rK�QSK�t�DGBEDGQNITV�XS`	>RVEDGF
BE>d��D á BJIOt�D�V BJ`bITV�zCK�MOn	Du?¡>CQWBJ`	D�åàtuK�BJQJI�v�@bQE>C@rK�P&K�BJIT>CF²K�F	] ß º BJIOt�D�V�PRQEDZK�BEDGQ
?q>CQ�BJ`	D %åæ@bQE>C@rK�P&K�BJIT>CF5U " `	D�KCX�XGnbQSKCXG[�@rK�QSK�t�DGBEDGQ�?q>CQ!BJ`	D s ��ª¢IOFHBEDGPRQSK�BJIT>CF5�rçZ�HITV
pbviD�]�K�B ß º xrè lm`bIOMTDNBJ`	D�XE`rK�FbF	DGM�QED�]in	XGBJIT>CF�@rK�QSK�t�DGBEDGQZ� ²ré ³ >�?bD � UTegfZhiU ; h=k}��ITV�XS`	>RVEDGF
BE>|��D ß º�xrê U � F�c,IOP	UTegfZhiU Y k�BJ`	D�VJ@AD�D�]Y>�?�BJ`	DW��>CPC���ë@bQE>C@rK�P&K�BJIT>CF�ITV�K�MTVE>|QEDG@�>CQJBED�]
KCV�]b>CBJBED�]�MOIOF	D�VdeqXGMTDZK�QJMO[�BJ`bITVaVJ@�D�D�]ÝITV�K�]bD�XGQEDZKCVJIOFbP\?qnbF	XGBJIT>CF�>�?6BJ`	D�F&nbt��ADGQ�>�?
XE`rK�FbF	DGMTV�k}U�¾�D:XZK�FdF	>CBED:BJ`	D�?¡>CMOMT>ZlmIOFbP	Þ
fRUmlmIOBJ`ìBJ`	D¢VSK�t�DÝF&nbt ��DGQ�>�?�XS`rK�FbF	DGMTV\BJ`	DÝ«�K�QJILK��bMTD}��ÅN`rKCVED¢@bQE>C@rK�P&K�BE>CQ_ITV_!| �Cí~��� BJ`rK�FdBJ`	D �5>CPC����@bQE>C@rK�P&K�BE>CQZ��K�F	]�BJ`	DGQED}?q>CQED t n	XS` _!| �Cí~��� BJ`rK�F�BJ`	D
�5>CPC���W  
 IOQJ[¿>CF	DRU " `bITV´ITV�n	VJnrK�MOMO[ÆBJQJn	DR�6K�MOBJ`	>CnbPR`³BJ`	D�KCXGBJnrK�M�QSK�BJIT>RV´]bD}�
@�DGF	]u>CF´BJ`	DoQEDGPRIT>CF	V�>�?5IOF&BEDGPRQSK�BJIT>CF�e�QEDGt�DGt��ADGQ�BJ`rK�B�BJ`	DoF&nbt��ADGQm>�?5tuK�BJQJI�v
IOFHz=DGQEVJIT>CF	VoITV6K|@bQE>C�bMTDGtî]bDG@ADGF	]bDGFHB � nrK�F&BJIOB
[bk}U

; U6K�MOBJ`	>CnbPR`wl!D6n	VED�]wK:QEDZKCVE>CFrK��bMO[|MT>�l ²�é ³ @rK�QSK�t�DGBEDGQZ��BJ`	D6XS`rK�FbF	DGM�QED�]in	XGBJIT>CF
@bQE>�X�D�]inbQED�ITV � nbIOBED2D < XGITDGFHBoK�F	]ulmIOBJ`bIOFdKW?qDGl¨�A>C`bQEV�BJ`	D�VJ@AD�D�]uITV�IOF	XGQEDZKCVED�]
�H[ Ã ��á >CQE]bDGQEV!>�?.tuK�PRFbIOBJn	]bD�e�MTD}?qBN@rK�F	DGM�>�?.c,IOP	UTegfZhiU Y kJk}U 
 V�IOB�ITV�XGMTDZK�Q�?¡>CQJt
BJ`	D�QJIOPR`&B:@rK�F	DGMN>�?�BJ`	DaVSK�t�D�p	PRnbQEDR��K�B ¸=º � ¸&¼¥ï B K�MOM¥BJ`	DaXGMT>RVED�]\XE`rK�FbF	DGMTV
K�QEDwDGMOIOt|IOFrK�BED�]¿K�F	]�BJ`	DwVJ@�D�D�]ÝITVa]bDGBEDGQJt|IOF	D�]Æ�H[^BJ`	D�?¡DGl©KCVE[Ht|@bBE>CBJITXZK�MOMO[
>C@�DGF�XE`rK�FbF	DGMTV��blm`bITXE`\K�QED ß º ?¡>CQoDZKCXE`�XZK�MTXGnbMLK�BJIT>CF5U

� F " K��bMTD|fZhiUOf2l!D�QEDG@�>CQJB!BJ`	Do{
VJBSK�BJITVJBJITX�VJ~2>�?5BJ`	D6@bQE>C@rK�P&K�BJIT>CF5�	I�U¹DRU¥BJ`	D6FHnbt ��DGQ
>�?�VEn	X�X�D�VEVg?qnbMrVJBEDG@	V�ð5ñgò&�&BJ`	DmF&nbt��ADGQ�>�?�QEDGBJQJITD�]uVJBEDG@	V�ð5ó¡ô�õW�=BJ`	DoF&nbt ��DGQ�>�?AtuK�BJQJI�v
IOF&z=DGQEVJIT>CF	V!ð ã�äÁö � BJ`	DmF&nbt��ADGQ�>�?r{
V�KÁ?qDGB
[&~oXZK�MOM	BE>��5>CPC���³ð5÷�øÆK�F	]�BJ`	D�p	FrK�MrFHnbt ��DGQ
>�?!XE`rK�FbF	DGMTV QEDGBSK�IOF	D�]\ð�ù�U � B�ITV:XGMTDZK�Q�BJ`rK�B�?q>CQWKuQEDZKCVE>CFrK��bMTD�XS`	>CITX�D|>�?�BJ`	DaIOFb@bnbB
@rK�QSK�t�DGBEDGQEV:BJ`	DaF&nbt��ADGQ�>�?!IOF&z=DGQEVEIT>CF	V K�F	]\BJ`	DaF&nbt��ADGQW>�?�XZK�MOMTV:BE>´t�>CQEDaQE>C�bn	VJB
�5>CPC���ì@bQE>C@rK�P&K�BJIT>CF�ITV � nbIOBED:MT>�lWU

" K��bMTD�fZhiUOfRÞ!£HBSK�BJITVJBJITX�V2>�?,«�ÅÆ@bQE>C@rK�P&K�BJIT>CF	V
ð é ³ ð5ñgò ð5ó¡ô�õ ð ã"ä�ö ð ÷iø ð�ù
; fZh Y hRhR� ;�Y�+ � j � + fZh
;�Y�Y j Y j&� fGj ��� � h fZh
j ��Y YR; f ; ;�+ � + YR; j fZh

ú MTDZK�QJMO[�K�MOMNBJ`	D�K���>Zz=D�QED�VEnbMOBEV:tuK�¦=D|MOIOBJBJMTD�VEDGF	VSDanbFbMTD�VEV >CF	D|X�>CnbMT]^K�MTVS>Yt�DZKÁ�
VJnbQED�BJ`	D�KCX�XGnbQSKCXG[�>�?!BJ`	Da@bQE>C@rK�P&K�BJIT>CF5U � F_>CQE]bDGQ�BE>Y]b>�BJ`bITV���l!D|X�>CF	VJIT]bDGQED�]�]iI�?��
?qDGQEDGFHBmXZK�MTXGnbMLK�BJIT>CF	VmlmIOBJ`dK zRK�QJILK��bMTD:ç�@rK�QSK�t�DGBEDGQm�bnbB�lmIOBJ`YK ²�é ³ @rK�QSK�t�DGBEDGQ�pbvbD�]



ÒRÔ=Õ('iÕ*),+�-.)�/,021�/�341506),7�8�9:- ;�+ �

37.5 38.0 38.5 39.0
R / a0

10
-2

10
-1

10
0

10
1

10
2

10
3

In
te

gr
at

io
n 

R
at

e 
 / 

(a
0 *

 C
P

U
se

c-1
)

35 40 45 50
R / a0

10
-2

10
0

10
2

10
4

210 channels
255 channels
465 channels

Starting point
of Var Ph 

c,IOPRnbQED_fZhiU(ûiÞ�ü
ýNþ�ÿ��������	��ÿ
����
gþ�ÿ��	����������
����	����

���Áÿ�����������
������! &þ��"����#%$�&('��Zÿ
ÿ
���)#*�	���+$
����
�

�+$-,����"�Wÿ
��ÿ
 "�.$-,����+�/���0#*����12����

�*3�þ�ÿ��	3���,�
���,Hþ��ÁþZÿ
�*���4&

K�B ß º�xrê U\¾�DwX�>Ct|@rK�QED�]¢BJ`	D�VED�QED�VJnbMOBEValmIOBJ`¢BJ`	>RVEDw>C�bBSK�IOF	D�]Ý�H[^n	VJIOFbP\BJ`	Dw�5>CPC�
�W 652IOQJ[^e256MTD}v	K�F	]bDGQ�K�F	]��\K�F	>CMT>C@bnbMT>RVZ�¥fZ�R� < km@bQE>C@rK�P&K�BE>CQ�7�IOF�BJ`bITV2XZKCVSD ]iI�É.DGQEDGF&B
KCX�XGnbQSKCXGITD�V�l�DGQED:>C�bBSK�IOF	D�]�lm`	DGFwzRK�QJ[HIOFbPaBJ`	D�8 s �:9<;�@rK�QSK�t�DGBEDGQmlmIOBJ`dK X�>CF	VEBSK�F&B
Å s ¾>=�?�eqVED�Do­2D}?gUTe252MTD}vbK�F	]bDGQ�K�F	]��\K�F	>CMT>C@bnbMT>RVZ��fZ�R� < k¥?q>CQ�BJ`	Dmt�DZK�FbIOFbP�>�?�BJ`	D�VED
@ nrK�F&BJIOBJITD�V�k}U

8�`	DWKCX�XGnbQSKCXG[Y>�?¥BJ`	D�@bQED�VEDGF&B2XZK�MTXGnbMLK�BJIT>CF	Vol!DGQEDWt�DZKCVJnbQED�]Y�&[wX�>Ct|@bnbBJIOFbP�BJ`	D
VJBSK�F	]	K�QE]Y]bDGz�ILK�BJIT>CF)ACB!DFEm>�?4BJ`	D�G^��tuK�BJQJI�vYDGMTDGt�DGF&BEV6lmIOBJ`YQED�VJ@AD�XGB�BE>�K�F´{
D}v	KCXGBg~
XZK�MTXGnbMLK�BJIT>CF5U�¾�D:X�>CF	VJIT]bDGQED�]´{
D}v	KCXGBg~��5>CPC���ì@bQE>C@rK�P&K�BJIT>CF	V6n	VED�]wnb@YBE>aBJ`	DWDGF	]iIOFbP
@�>CIOF&B�>�?NIOF&BEDGPRQSK�BJIT>CF²e Ã ¼CºRº�Ä k6K�F	]dlmIOBJ`�BJ`	D VSK�t�DWVEBEDG@�VJIO�ZD�KCVoBJ`rK�B�t�DGF&BJIT>CF	D�]
K���>Zz=D´e ºIH(ºRº Ã ¸wÄ k}UJ8�`bITV2VJBEDG@i��VJIO�ZD:l�KCV2XS`	>RVEDGF�IOF\K|VJn	XS`�K|l�K�[YBE>|PRnrK�QSK�FHBED�D�K�F
KCX�XGnbQSKCXG[´PRQEDZK�BEDGQmBJ`rK�F ß º�xrê ?q>CQ�BJ`	D:K���>Zz=D:t�DGFHBJIT>CF	D�]KA B!DLE UM8�`	D2@�>CBEDGF&BJILK�M�l�KCV
K�QJBJI�prXGILK�MOMO[wXGnbBONgn	VJB��AD}?¡>CQED�BJ`	D2DGF	]iIOFbP|@�>CIOF&Bm>�?�IOFHBEDGPRQSK�BJIT>CFd��D�XZK�n	VEDR��IOF´BJ`bITV�l�K�[=�
l�D�K�z=>CIT]bD�]�K�QJBJI�prXGILK�MH]bDGz�ILK�BJIT>CF	V�]in	D¥BE>mBJ`	DN]iI�É.DGQEDGF	X�D�V5IOF:BJ`	D!KCXGBJnrK�M&DGF	]iIOFbPo@�>CIOF&BEV
BJ`rK�BWK�QJITVEDaVJIOF	X�D��A>CBJ`\BJ`	D�@bQED�VEDGFHB K�F	]�BJ`	Da�5>CPC���W 652IOQJ[�@bQE>C@rK�P&K�BE>CQEV:l�>CQJ¦�lmIOBJ`
K zCK�QJILK��bMTD�VJBEDG@5U¥¾�D�X�>Ct|@rK�QED�]´BJ`	D6«�Å�K�F	]w�5>CPC���W 652IOQJ[�@bQE>C@rK�P&K�BE>CQEVmDGt|@bMT>Z[�IOFbP
]iI�É.DGQEDGF&B�F&nbt ��DGQEV�>�?mXS`rK�FbF	DGMTVZÞ ¼R¼ XE`rK�FbF	DGMTV�X�>CQJQED�VJ@�>CF	]iIOFbP�BE>uÌQP ºSR ß º K�F	]T P ß º � ß º=¼ XS`rK�FbF	DGMTV6X�>CQJQED�VJ@�>CF	]iIOFbP|BE>WÌ/P º<R ß ¼ K�F	] T P ß º K�F	].��p	FrK�MOMO[=�iBJ`	D
Ãiß º XS`rK�FbF	DGMTV2XZK�MTXGnbMLK�BJIT>CF�>�?,��D}?¡>CQEDRU

8�`	D´QED�VJnbMOBEVaK�QED´QEDG@A>CQJBED�]�IOF¢c,IOP	UTegfZhiUVU=k}��lm`	DGQED´BJ`	D ú ÅXW BJIOt�D´>�?2BJ`	DuMT>CFbPC�
QSK�FbP=D!IOF&BEDGPRQSK�BJIT>CF�l�KCV¥X�>Ct|@bnbBED�]��H[ VJnb�bBJQSKCXGBJIOFbP:>�ÉuBJ`	D!BE>CBSK�MHBJIOt�D�BJ`	D ú ÅXWÆBJIOt�D
n	VED�]Y?q>CQmBJ`	DW��>CPC���ë@bQE>C@rK�P&K�BJIT>CF�IOFdBJ`	DWIOFbF	DGQoQEDGPRIT>CF5U�8�`	D c4IOPRnbQED XGMTDZK�QJMO[wVE`	>ZloV
BJ`rK�BZ�ZY\[�](^`_Iacb\d�efaKd"ghgji�]!d�g\k�l:BJ`	DY@bQED�VSDGF&B�@bQE>C@rK�P&K�BE>CQ´ITV�>CQE]bDGQEVu>�?�tuK�PRFbIOBJn	]bD
?�KCVJBEDGQ�BJ`rK�F_BJ`	D���>CPC���: 652IOQJ[�>CF	DRU�8�`bITVLN n	VJBJI�prD�V:>CnbQ�@bQED�VEDGFHB:VJnbPRP=D�VJBJIT>CF\?¡>CQ2BJ`	D
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XE`rK�FbF	DGM5QED�]in	XGBJIT>CFY@bQE>�X�D�]inbQEDRUX8�`	DWKCXGBJnrK�M5VSKZzHIOFbP�>�? ú ÅXW�BJIOt�D:VEBJQJITXGBJMO[�]bDG@�DGF	]bV
>CF\BJ`	Da@bQE>C�bMTDGtÊK�B�`rK�F	].�5�AD�XZK�n	VEDaBJ`	DaVSKZzHIOFbPYtuK�IOFbMO[\K�QJITVED�V�?qQE>Ct BJ`	D�?�KCXGB�BJ`rK�B
l!D�VS>CMOz=D�K´t n	XE`�VJtuK�MOMTDGQ:@bQE>C�bMTDGtÀ?¡>CQ�BJ`	D|tuK�IOF�@rK�QJBW>�?�BJ`	DaIOF&BEDGPRQSK�BJIT>CF�QSK�FbP=DR�
I�U¹DRU�l�D�K�QEDWV�K�z�IOFbPut�>CQEDWBJIOt�DWlm`	DGF�n	VJIOFbP�MT>CFbP=DGQg��QSK�FbP=D�]�@�>CBEDGF&BJILK�MTVZUF;
BmITVol�>CQJBJ`
BE>aF	>CBED:BJ`	D�?¡>CMOMT>ZlmIOFbP	Þ
fRU6KCV�K�MOQEDZKC]i[�t�DGF&BJIT>CF	D�].�=BJ`	D ú ÅXW¿BJIOt�D�>�?�BJ`	D�«�Å_XZK�MTXGnbMLK�BJIT>CF	VNITV4tuK�IOFbMO[�]in	D
BE>wBJ`	DaFHnbt ��DGQ >�?�XS`rK�FbF	DGMTVWQEDGBSK�IOF	D�].�5lm`bITXS`�ITV�BJ`	D|VSK�t�D�?¡>CQ�BJ`	D|]iI�É�DGQEDGFHB
XZK�MTXGnbMLK�BJIT>CF	V2QEDG@A>CQJBED�]d`	DGQEDue�I�U¹DRU ß º k}U

; UmlmIOBJ`�K^pbviD�]nm é-o @rK�QSK�t�DGBEDGQZ��BJ`	D\KCX�XGnbQSKCXG[Í>�? BJ`	D�@bQED�VEDGFHBwt�DGBJ`	>H]ÍITVdK
t�n	XE`�VJBED�DG@�DGQ�?qnbF	XGBJIT>CF¨>�?WBJ`	D ú ÅpWÂBJIOt�D�BJ`rK�FÍIOF¿BJ`	D�XZKCVED�>�?:BJ`	D��5>CPC�
�W 652IOQJ[ @bQE>C@rK�P&K�BE>CQZUM8�`bITV¥t�DZK�F	V�BJ`rK�BZ�RIOFaBJ`	D�@bQED�VEDGFHBNXZKCVEDR�&K2t n	XS`|PRQEDZK�BEDGQ
KCX�XGnbQSKCXG[wITVmQEDZKCXS`	D�]dlmIOBJ`�K�QED�]in	X�D�]�D}v�@�DGF	]iIOBJnbQEDW>�?�X�>Ct|@bnbBSK�BJIT>CFrK�M4BJIOt�DRU

?iUmIOFaBJ`	D�MOIOt|IOB�>�?Aç�q º BJ`	D�XGnbQJz=D�V�>�?�c,IOP	UTegfZhiUVU=k4BEDGF	]�BE>��AD�X�>Ct�D�X�>CF	VJBSK�FHBZ�RI�U¹DRU
BJ`	D�KCX�XGnbQSKCXG[�>�?5BJ`	D2XZK�MTXGnbMLK�BJIT>CFYK�QED2�A>CnbF	]�?�QE>CtÓ�ADGMT>�lWUX8�`bITV�ITV!]in	D6BE> BJ`	D
?�KCXGBNBJ`rK�BN��DGMT>Zl¨K�PRIOz=DGFuBJ`bQED�VJ`	>CMT].�&BJ`	D�m éro @rK�QSK�t�DGBEDGQ!VEBSK�QJBEVNBE>:X�>CF&BJQE>CM�BJ`	D
>�z=DGQSK�MOM�KCX�XGnbQSKCXG[=U(9�DGF	X�DR�,KYPRQEDZK�BEDGQaKCX�XGnbQSKCXG[�XZK�FÝ�AD|QEDZKCXS`	D�]^lmIOBJ`ÝMT>Zl�DGQ
zRK�MOn	D�Vo>�?Mm éro U

10
0

10
1

10
2

10
3

10
4

CPU time (at long-range) / sec

10
-6

10
-5

10
-4

10
-3

10
-2

∆ rm
s
 o

n 
S

-m
at

rix
 

VP with σch = 1.0*10
-6

Airy

c,IOPRnbQEDdfZhiUVUiÞ/st����,&þ�

�%$
���u���EÿrvZ������ÿ� ���,�
���$
����ÿxw5þ�
��"þ���#	�<y: &þ�$-��,�
���,Hþ��ÁþZÿ
��
{z}|~#	#*����12�*�
$-���{�~��#*$!��þ��"�|ÿ� ����X�*

�S������&{�����Hþ�
���$p����
x���/�! &þ����"��#%$���ÿ

���þ�����#	�+$X����
<�+�����! &þ����"��#%$!þ��"�
����þ������"�"$Z����
p���+�{�! Hþ�������#*$�&:������ÿ��h�CÿM����
X���Eÿ þ��	#%$�&



� �������/�K� ���

� �������M���¡ ¢�����

;
F¿BJ`bITV�l!>CQJ¦Æl�D�`rKZz=D�@bQED�VEDGFHBED�]ÍK�F	DGlÂK�F	]¨]bDGBSK�IOMTD�]¨VEBJn	]i[²>�?WBJ`	D�DGMTD�XGBJQE>CFbITX
VJBJQJn	XGBJnbQED >�?¥BJ`	D ¯X£ ° ±¤ K�F	]�K�p	QEVJB @ nrK�F&BJnbtæt�D�XE`rK�FbITXZK�M¥VJBJn	]i[´>�?�IOBEVo]i[�FrK�t|ITX�VZU¾�D�`rKZz=D�p	QEVJB�VJ`	>Zl�D�]�BJ`	DmX�>CFbF	D�XGBJIT>CFu>�?�BJ`	D�BJIOBJMTDmVJ[iVJBEDGtìlmIOBJ`|BJ`	DmDZK�QJMO[¥W2FbIOz=DGQEVED
XS`	DGt|ITVJBJQJ[=�mlm`	DGQEDdBJ`	D�F	D�D�]Æ?¡>CQ�KCX�XGnbQSK�BEDdQSK�BED�X�>CF	VJBSK�F&BEV´`rKCVu�AD�DGF²`bIOPR`bMOIOPR`HBED�]
VJ`	>�lmIOFbP|BJ`	D�@A>RVEVEIO�bMTD6QEDGMTDGzRK�F	X�D�BJ`rK�B6KWQEDGz�ITVED�]c¦.IOBJ`bIOnbt XE`	DGt|ITVEBJQJ[�X�>CnbMT]w`rK�z=D�IOF
D�VJBSK��bMOITVE`bIOFbP�BJ`	D2¯X£ ° K��bnbF	]	K�F	X�D:K�B�MT>�l¨QED�]���VE`bI�?�BEVZUM5Ít�>CQED�KCX�XGnbQSK�BED2DGzRK�MOnrK�BJIT>CF
>�?,BJ`	D:XE`	DGt|ITXZK�M�QSK�BED:X�>CF	VEBSK�F&BEVoBJ`rK�BoDGFHBEDGQoBJ`	DWKCVJBJQE>C@b`H[�VJITXZK�M.t�>�]bDGMTVoX�>CnbMT]Y��D�>�?
`	DGMO@�?¡>CQ�BJ`	DYKCVJBJQE>C@b`H[�VEITXZK�MoX�>Ct|t nbFbIOB�[=�!IOF¢BJ`rK�BaIOBaX�>CnbMT]�@bQE>Ct|@bBuK�BEDGt|@bBSK�BJIOz=D
VEDZK�QEXS`�>�?¥@bQJIOt�>CQE]iILK�M,¯p£ ° UX8�`	DW@bQE>C�bMTDGt�V6l!DW`rKZz=D:?�KCX�D�]YIOFdBJ`bITV2VJBJn	]i[�`rKZz=DWMTD�]n	VmBE>uVE>Ct�D:IOF&BEDGQED�VEBJIOFbPuQED�VJnbMOBEV6lm`bITXE`�XZK�F��AD:n	VSD}?�nbM.IOFdBJQEDZK�BJIOFbP´VJIOt|IOMLK�Q6VJ[iVJBEDGt�VZÞ
BJ`	D�F	>Zz=DGM!��nbMOBJI�§2D}?qDGQEDGF	X�Da«�K�MTDGF	X�DS¨�>CF	]�K�@b@bQE>=KCXE`^BE>´X�>Ct|@bnbBJIOFbP�D}viXGIOBED�]\VJBSK�BED
l�K�z=D}?qnbF	XGBJIT>CF	VZ��BJ`	Dmt�>H]bDGMOIO��K�BJIT>CF´>�?.BJ`	DoX�>CMOMOITVJIT>CFuIOF	]in	X�D�]u]iITVEVE>�XGILK�BJIT>CFulmIOBJ`�BJIOt�D
]bDG@�DGF	]bDGF&B�t�DGBJ`	>H]bVwK�F	]ÆBJ`	DdVJBJn	]i[Æ>�?WK\F	DGl K�MOP=>CQJIOBJ`bt ?q>CQuBJ`	DYBJQEDZK�BJt�DGF&Bw>�?
X�>CMOMOITVJIT>CF	V�IOF�@bQED�VEDGF	X�D2>�?�MT>CFbP QSK�FbP=DoIOF&BEDGQSKCXGBJIT>CF	V�l�DGQEDR�&IOF	]bD�D�].�HF	D�X�D�VEVSK�QJ[aBE>�?qnbMOMO[
nbF	]bDGQEVJBSK�F	]dBJ`	D:PRMT>C�rK�M�]i[�FrK�t|ITX�V6>�?�¯X£ ° ±¤ U8�`	DwDGMTD�XGBJQE>CFbITXYVJBJQJn	XGBJnbQEDw>�?6BJ`	D�BJIOBJMTDwVJ[iVJBEDGt®`rKCV���D�DGF¢K�FrK�MO[��ZD�]�BE>_Kd`bIOPR`
]bDGPRQED�Da>�?�@bQED�XGITVJIT>CF\n	VJIOFbPYKuF	DGlmMO[�]bDGz=DGMT>C@�D�]\K�@b@bQE>=KCXS`_BE>uBJ`	D�VJBJn	]i[�>�?�D}viXGIOBED�]
VJBSK�BED�VaIOFÆBJ`	D�?qQSK�t�DGl!>CQJ¦Æ>�?2BJ`	Dwl�DGMOMoD�VJBSK��bMOITVJ`	D�]¿£H@bIOF ú >Cnb@bMTD�]Æ«�K�MTDGF	X�D(¨�>CF	]
t�DGBJ`	>�].U©8�`	D_F	DGlÊK�@b@bQE>=KCXS`�ITVw�rKCVED�]*>CF*KÆVJ@�D�XGI�prX�[�ª«^2¬`e¥¬�­�d�^2¬2[�®�>�?¯ah°�gj¬2^-a²±
£H@bIOF ú >Cnb@bMTD�]_QED}?¡DGQEDGF	X�D�?qnbF	XGBJIT>CF	V:BJ`rK�BWITVWKCXE`bITDGz=D�]�lmIOBJ`�VJIOt|@bMTD|>CQJBJ`	>CP=>CFrK�MOIO��KÁ�
BJIT>CF³X�>CF	VJBJQSK�IOF&BEVwBE>�BJ`	D_£ ú >CQJ�bIOBSK�MTV�U³8�`	D�>CQJBJ`	>CP=>CFrK�MOIO��K�BJIT>CF�QEDGMLK�BJIT>CF	Vwt|IOt|ITX
BJ`	D�QEDGMLK�BJIT>CF	VJ`bIO@	VaD}v�ITVEBJIOFbP���DGB�l!D�DGF¢BJ`	D´D}vbKCXGB�VE>CMOnbBJIT>CF	Va>�?oBJ`	D�@bQE>C�bMTDGtdU)8�`	DG[
PRIOz=D QJITVED:BE>|P=>�>H]dQED}?qDGQEDGF	X�DW?�nbF	XGBJIT>CF	V6lmIOBJ`�lm`bITXE`�]i[HFrK�t|ITXZK�M¥X�>CQJQEDGMLK�BJIT>CF�XZK�F��AD
�bQE>CnbPR`HBN]iIOQED�XGBJMO[�IOFaBJ`	D�D}viXGIOBED�]aVJBSK�BED�V�>�?�IOF&BEDGQED�VJB��H[ t�DZK�F	V�>�?�BJ`	D�QED�X�DGFHBJMO[�]bDGz=DGM��
>C@�D�]´@ADGQJBJnbQJ�rK�BJIOz=D:>C@bBJIOt|IO��K�BJIT>CF�>�?,BJ`	D�zHIOQJBJnrK�M.>CQJ�bIOBSK�MTVZUX8�`	D:KCX�XGnbQSKCXG[´`rKCV��AD�DGF
BED�VJBED�]�?�K�z=>CQSK��bMO[ÆK�P&K�IOF	VJB�cbnbMOM ú ;�XZK�MTXGnbMLK�BJIT>CF	VZU´;
BaBJnbQJF	D�]Æ>CnbB|BJ`rK�B|BJ`	DYD}viXGIOBED�]
£H@bIOF ú >Cnb@bMTD�]�?�nbF	XGBJIT>CF	V��HMOIO¦=D2BJ`	D�PRQE>CnbF	]���VJBSK�BEDW£ ú ?�nbF	XGBJIT>CF5��@bQED�VEDGQJz=D�BJ`	D2tuK�Ng>CQ
QE>CMTDuIOF�BJ`	D|p	FrK�M!l�K�z=D}?qnbF	XGBJIT>CF5��BJ`	DGQEDG�H[^K�MOMT>ZlmIOFbP�BE>dP&K�IOF�KY@b`&[iVJITXZK�M!@bITXGBJnbQED�>�?

; j	f
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BJ`	DaD}viXGIOBED�]���VJBSK�BED�IOFHBEDGQSKCXGBJIT>CF	VWIOF�BJ`	D�VE@bIOQJIOB�>�?!BJ`	D|£H@bIOF ú >Cnb@bMTD�]�«�K�MTDGF	X�DS¨�>CF	]
t�DGBJ`	>H].U

8�`	D�MT>Zl!DGQ:X�>Ct|@bnbBSK�BJIT>CFrK�MNX�>RVJB�>�?NBJ`	D�VEDcd"µ+¶
¬·®4¬2^2¬¸[�XZK�MTXGnbMLK�BJIT>CF	V���lmIOBJ`�QED�VJ@�D�XGB
BE>�D @ nrK�MOMO[YKCX�XGnbQSK�BED t�DGBJ`	>H]bV��b`rKCV6K�MOMT>Zl�D�]�n	V6BE>aP&K�IOF�K�P=>�>H]�]bD�VEXGQJIO@bBJIT>CF�>�?¥BJ`	D
IOF&BEDGQSKCXGBJIT>CFÆ?¡>CQEX�D�Va?¡>CQ�K�X�>CF	VEIT]bDGQSK��bMTD�K�t�>CnbF&Bu>�?�]iI�É�DGQEDGFHB�P=D�>Ct�DGBJQJITD�VZU�5�BaBJ`	D
DGF	].��l!D�K�QEDdMTD}?qBulmIOBJ`¿BJ`	Ddp	QEVJB¹d~µ+¶-¬`®4¬2^2¬2[º^`_"]hahaQ±�¬`euaj®»b�¬¸[�®0d�¼�Å,>CBEDGF&BJILK�MWª�F	DGQJPR[
£HnbQg?¡KCX�D�VN?q>CQ�BJ`	DoMT>Zl�DGQg��MO[HIOFbPaVJBSK�BED�V!>�?�BJ`	DoBJIOBJMTD6VJ[iVJBEDGtdU¢8�`	D�VEDoÅNª�£�VZ�H>CF	X�Dop	BJBED�].�
XZK�Fa�AD�n	VED�]�IOF á�½ @ nrK�FHBJnbt�t�D�XS`rK�FbITXZK�MrVJBJn	]iITD�V¥>�?rBJ`	D!QEDZKCXGBJIOz=DoK�F	]�F	>CFi��QEDZKCXGBJIOz=D
]i[HFrK�t|ITX�V��bIOF�>CQE]bDGQ6BE>|?�nbQJFbITVJ`�¦HIOF	DGBJITX:QSK�BED�X�>CF	VJBSK�F&BEV�K�F	]dD}vbXGIOBSK�BJIT>CF� ÁQEDGMLKÁvbK�BJIT>CF
X�>HD+¾uXGITDGFHBEV´BE>�BJ`	D\KCVJBJQE>C@b`&[iVJITXZK�M�X�>Ct|t nbFbIOB�[=U³9�>Zl!DGz=DGQZ�6l!D�`rK�z=D_K�MOQEDZKC]i[²>C�i�
BSK�IOF	D�]|VE>Ct�D�IOF&BEDGQED�VJBJIOFbP:QED�VEnbMOBEV�>CF�BJ`	D�VJ[iVJBEDGtd�RDGIOBJ`	DGQ��H[ MT>�>C¦HIOFbP:K�B¥BJ`	D�QED�VJnbMOBJIOFbP
DGF	DGQJPR[YMLK�F	]bVEXZK�@�D�K�F	]d�H[Y@ADGQg?¡>CQJt|IOFbPuQED�]in	X�D�]�]iIOt�DGF	VJIT>CFrK�MOIOB
[ @ nrK�F&BJnbtæVEBJn	]iITD�V
>�?,BJ`	D ]i[HFrK�t|ITX�VZU
c,IOQEVJB:>�?�K�MOM���l�Da`rK�z=D|VJ`	>�l!D�]_`	>�lëBJ`	D|DGMTD�XGBJQE>CFbITX|VJBJQJn	XGBJnbQEDaBJ`rK�B:BJnbQJF	D�]_>CnbB

?�QE>CtÀ>CnbQ�XZK�MTXGnbMLK�BJIT>CF	V�VJnbPRP=D�VEBEVWBJ`rK�BWBJ`	D|F	>CFi�
KC]iILK��rK�BJITXuQEDZKCXGBJIOz=D�@rK�BJ`Hl�K�[iVYeqVED�D
c,IOPRnbQED < U ;�¿ >CFY@rK�P=D�fZ� < k

¯X£ °È×¢° ± q ¯X£ ± ×¢° ¤¯p£ ×¢° ±¤ q·¯X£ °\±Y×¢°¯X£ ° ×¢° ± q ¯X£ ° ± ×¢°
egfRfRUOf�k

K�QED�F	>CB�MOIO¦=DGMO[:BE>oBSK�¦=DN@bMLKCX�DNIOF�K�QSK�QED}prD�]�K�F	] ]in	VJBg�¡?�QED�D!DGF&z�IOQE>CFbt�DGF&B¥VJIOF	X�DNBJ`	D�p	QEVJB
B�l�>uDGMTD�XGBJQE>CFbITXWVJBSK�BED�V2>�?4BJ`	DWVE[�VJBEDGtîK�QED�K�MOt�>RVJBoX�>Ct|@bMTDGBEDGMO[YnbF	X�>Cnb@bMTD�]�>CF	D�?qQE>Ct
DZKCXE`Æ>CBJ`	DGQZUÀ8�`	DYK���>Zz=Dw@bQE>�X�D�VEVED�VZ�¥BE>CnbPR`5�NX�>CnbMT]¢��D�BJQJIOPRP=DGQED�]¢�&[ÝVE@A>CFHBSK�F	D�>Cn	V
DGt|ITVEVJIT>CF\�bnbB K´VJIOt|@bMTDaQEDZKCVE>CFrK��bMTD|D�VJBJIOtuK�BEDu>�?�BJ`	DaQSKC]iILK�BJIOz=D�X�>CF	VJBSK�FHBWVED�DGt�V�BE>
D}viXGMOn	]bD�BJ`bITV:@A>RVSVJIO�bIOMOIOB�[=U s F^BJ`	D�>CBJ`	DGQW`rK�F	].�5@b`	>CBE>CFi��VEBJIOt nbMLK�BED�]Ý@bQE>HX�D�VEVSD�V K�QED
DGz=DGF t�>CQED�nbFbMOIO¦=DGMO[:BE>6`rK�@b@ADGF5��VJIOF	X�D�BJ`	D�¾¨ITDGF�BSK�IOM&>�?bBJ`	DN�bMLKCXS¦:�A>�]i[�]iITVEBJQJIO�bnbBJIT>CF
>�?�BJ`	D ú ¨F§ K�BdBJ`	D\QED�X�>Ct �bIOFrK�BJIT>CFìDGQSKÆ]b>�D�VYF	>CB�X�>CF&BSK�IOF�VJnI¾uXGITDGF&B�DGF	DGQJP=DGBJITX
@b`	>CBE>CF	V�IOF²BJ`	DwQSK�FbP=D�jC�
û\D�«aU�¾�DYBJ`	DGQED}?¡>CQEDdX�>CF	XGMOn	]bD�]²BJ`rK�B¯bj[�efa)g+_�d�® Î a�bK^r[
^`_Ia/®«aj^ í [�]�ÁÂ[!Y�]²a²d"g\^2¬2[�®»b¥gh[�eCeu[�®4¼*kfi~b\ah±¯d�]ha/®«a²g�a�b�bjd�]+kRUx;�F�@rK�QJBJITXGnbMLK�QZ��BJ`	D:p	QEVJB
>�? QEDZKCXGBJIT>CF	VY>�?�D @ UTegfRfRUOf�k}�oBE>CP=DGBJ`	DGQYlmIOBJ`³BJ`	D�F	DGnbBJQSK�M���F	DGnbBJQSK�M:QEDZKCXGBJIT>CF�¯X£ ° ×
° q ¯X£ ×²° ¤ �	`rKCV2�AD�DGF�X�>CF	VJIT]bDGQED�]�>CF	D�>�?NBJ`	DWtuK�NJ>CQ6QE>CnbBED BE>�BJ`	D ]bD�VEBJQJn	XGBJIT>CF>�?�@bQJIOt�>CQE]iILK�M!¯X£ ° �4K�F	]\l�KCV DGt|@bMT>Z[=D�]^lmIOBJ`ÝKu{�PRn	D�VEVED�]�~aQSK�BED|>�? ß º xJÃ:Ä\ÅuÆÈÇGx.y U5mX�X�>CQE]iIOFbP�BE>|>CnbQoXZK�MTXGnbMLK�BJIT>CF	VoBJ`bITV�zRK�MOn	D�ITVmBE>�>�`bIOPR`�K�F	]YVJ`	>CnbMT]w�AD:VEnb�	VJBJIOBJnbBED�]
lmIOBJ`dBJ`rK�B6X�>Ct|@bnbBED�]w?¡>CQ2K�t�n	XE`�VEMT>Zl!DGQ2QSKC]iILK�BJIOz=D:@bQE>�X�D�VEVZU

8�`	D:QEDGtuK�IOFbIOFbPwKC]iILK��rK�BJITX:@rK�BJ`	VoBJ`rK�Bol�D:l!DGQEDWMTD}?�BolmIOBJ`�K�QEDRÞ
¯X£ ° ± ×¢° q ¯X£ ± ×¢° ¤¯X£ ° ± ×¢° q ¯X£ ± ×Æ°È×¢°¯p£ °È×Æ°�± q ¯p£ ×¢° ±¤

egfRfRU ; k

8�`	D|p	QEVJB�>�?oBJ`	D�K���>Zz=Du@bQE>HX�D�VEVSD�V ITV `bIOPR`bMO[�D}vi>�DGQJPRITXR�,�bnbB�KCV�l!D�`rK�z=DuVSD�DGF5�L^`_»a
eu[6b+^xª0]![~µ²d"µ+¼�a¡[�iI^rgh[�efa/Y+]![�eÉd�µj¬·®0d�]�kºg�[�¼·¼*¬·b�¬¸[�®>µ�aj^ í aha+®¿¯p£ ° ± d�®0± ° ¬·b(^`_»a



; j"?

±�¬·b�b\[�gj¬¸d�^2¬¸[�®/ª0]![�±�iIg�^6eqVED�X�>CF	]|QEDZKCXGBJIT>CF�kN>CQNBJ`	DmF	>CFi��QEDZKCXGBJIOz=D�DGz=DGF&BZ�iK�BNMTDZKCVJB�IOF�BJ`	D
X�>CMOMOIOF	DZK�Q�P=D�>Ct�DGBJQJ[^VSK�t|@bMTD�]^�&[^>CnbQ�XZK�MTXGnbMLK�BJIT>CF	VZUY¾�D|?¡>CnbF	].�,IOF	]bD�D�].�¥BJ`rK�B BJ`	D
QEDZKCXGBJIT>CFÆ>�?oBJ`	D´¯X£ °\± IT>CF�lmIOBJ` ° ]b>�D�V�F	>CB�@bQE>�]in	X�DwK�F¢K�@b@bQED�XGILK��bMTD @ nrK�F&BJIOB�[
>�? ° ¤ �bVJIOF	X�D�BJ`	D:X�>CMOMOITVJIT>CFYIOF	]in	X�D�]d]iITVEVS>HXGILK�BJIT>CFY@bQE>�X�D�VEV�ITV��&[�?�K�QmBJ`	D�t�>RVJB�MOIO¦=DGMO[DGz=DGFHB:?q>CQ:DGF	DGQJPRITD�V�VJMOIOPR`&BJMO[_K��A>�z=DfÊ ºIH ß D�«aU.c	>CQ DGF	DGQJPRITD�V:��DGMT>ZlëBJ`bITV:zRK�MOn	DR�.BJ`	D
F	>CFi��QEDZKCXGBJIOz=D:@bQE>�]in	XGBWe¡K�zHIO�bQSK�BJIT>CFrK�MOMO[´D}viXGIOBED�]Y¯p£ ° ± kNITV�BJ`	D�]b>Ct|IOFrK�F&Bo>CnbBEX�>Ct�D>�?mBJ`	D´X�>CMOMOITVJIT>CF5�,nbFbMTD�VEV BJ`	DuIT>CF^ITV�IOF�KdzHIO�bQSK�BJIT>CFrK�MOMO[^D}vbXGIOBED�]^VEBSK�BEDRÞ�IOFÝBJ`	D�MLK�Bg�
BEDGQ�XZKCVEDR��K|VEtuK�MOM5?qQSKCXGBJIT>CF�>�?�`bIOPR`bMO[dD}viXGIOBED�] ° ¤ ITV�K�MTVE>|@bQE>�]in	X�D�].UmcbnbQJBJ`	DGQJt�>CQEDR�>CnbQu8�IOt�D}����DG@�DGF	]bDGF&B´K�@b@bQE>=KCXS`²BE>�BJ`	D ú ;
�æ@bQE>C�bMTDGt K�MOMT>�l!D�]ÆBE>_VED�DYK\XGMTDZK�QEDGQ
QEDGMLK�BJIT>CF	VJ`bIO@��ADGB
l!D�DGF�BJ`	DS¬·®J¬`^2¬¸d�¼ÌË�¬rµ+]²d�^2¬2[�®0d�¼Ìbj^rd�^-a�>�?,BJ`	DWX�>CMOMOIT]iIOFbP�t�>CMTD�XGnbMTD�K�F	]
BJ`	D�{6b�_�[�i�¼%±~a+]fbj^2]�i»g\^2i�]²a�~�IOF�BJ`	D ú ;
�î@bQE>C�rK��bIOMOIOBJITD�VZUQ8�`bITV�VEBJQJn	XGBJnbQED�l�KCV�@bQEDGzHI��
>Cn	VJMO[ÝF	>CBED�]¢�&[¢VE>Ct�DdK�nbBJ`	>CQEVuK�F	]²KCVEVEIOPRF	D�]ÝBE>�K�F¢IOFHBEDGQg?qDGQEDGF	X�D�@b`	DGF	>Ct�DGFrK_>�?
z�IO�bQSK�BJIT>CFrK�M�>CQJIOPRIOF5U
£HIOF	X�DaBJ`	DatuK�IOF\QED�VJnbMOBW>�?�>CnbQ:QED�]in	X�D�]_]iIOt�DGF	VJIT>CFrK�MOIOB�[_VJBJn	]i[�>�?!BJ`	D�PRQE>CnbF	]��

VJBSK�BED�]i[�FrK�t|ITX�V!l�KCV�BJ`	D6MLKCXS¦u>�?5QEDZKCXGBJIT>CFwIOFu?�K�z=>CQ�>�?5BJ`	D6�bQEDZK�¦H��nb@Y>�?5BJ`	D2VE[�VJBEDGtd�
l�D�VJnbPRP=D�VEB BE>�IOF&BJQE>�]in	X�DuBJ`	D´]iITVEVE>�XGILK�BJIT>CF^QEDZKCXGBJIT>CF¢IOF^BJ`	>RVSD�]bD�DGt�D�]ÝBE>d��D�QEDGM��
DGzRK�F&B�?¡>CQ�BJ`	D´t�>�]bDGMOIOFbP_>�?2BJ`	D´MOIOBJ`bIOnbt XE`	DGt|ITVJBJQJ[�IOF¢BJ`	D�@bQJIOt�>CQE]iILK�M.W2FbIOz=DGQEVEDRU
;
F	]bD�D�].�¥>CnbQ X�>CF	XGMOn	VJIT>CF	V|K�@b@ADZK�Q�F	>CB t�>�]iI�prD�]�lm`	DGFÝBJ`	D|?qnbMOM!]iIOt�DGF	VJIT>CFrK�MOIOB
[^>�?
BJ`	Du@bQE>C�bMTDGt ITV BSK�¦=DGFÝIOFHBE>�KCX�X�>CnbFHBZU);
BWITV�l!>CQJBJ`�BE>dF	>CBEDR�¥`	DGQEDR�,BJ`rK�BaVJn	XE`^{�?�nbMOM
]iIOt�DGF	VJIT>CFrK�MOIOB
[&~WITV6VJBJIOMOM�KaXE`rK�MOMTDGFbP=D ?q>CQo]i[�FrK�t|ITXZK�M�XZK�MTXGnbMLK�BJIT>CF	VZU

8�`	D�BJ`bIOQE]�QEDZKCXGBJIT>CF\>�?�D @ UTegfRfRU ; koITV6P=>�z=DGQJF	D�]��H[dBJ`	D p	QEVJB2D}vbXGIOBED�]�IOFHBEDGQSKCXGBJIT>CF
@�>CBEDGF&BJILK�M�U´8�`bITV|@�>CBEDGF&BJILK�M6BJnbQJF	V|>CnbB|BE>\`rK�z=D�K\X�>Ct|@bMTD}v¢BE>C@A>CMT>CPR[=��]b>Ct|IOFrK�BED�]
�H[wVEBJQE>CFbPuDGMTD�XGBJQE>RVJBSK�BJITX:?¡>CQEX�D�V6KCXGBJIOFbP��ADGB
l!D�DGF�QEDZKCXGBSK�FHBEV�K�F	]d�ADGB
l!D�DGF�@bQE>�]in	XGBEVZ�
lm`bITXS`�F	>Zl�]iI�É�DGQ2>CFbMO[´VJMOIOPR`HBJMO[YIOFdBJ`	DWDGF	DGQJP=DGBJITX�X�>CF&BEDGF&BZUF5�V6KaX�>CF	VED @ n	DGF	X�DR�	BJ`	D
QED�VJnbMOBJIOFbP�]i[HFrK�t|ITX�V4ITV @ nbIOBED�X�>Ct|@bMTD}vW��D�XZK�n	VED!>�?iBJ`	D�@bQED�VEDGF	X�D�>�?	MT>CFbPC��MOIOz=D�]�VJBSK�BED�VZU
¾�Dw`rKZz=Dw?q>CnbF	]¢BJ`	D�D}v�@�D�XGBED�]ÍË�¬rµ+]!d�^2¬2[�®«d�¼{a+®»_�d�®0g�a+efa+®J^�BJ`rK�B|?¡>CMOMT>ZloV|?�QE>Ct BJ`	D
@rK�QJBJITXGnbMLK�Q�P=D�>Ct�DGBJQJ[�>�?rBJ`	D�VSKC]b]iMTD�@A>CIOFHBZ�Rlm`bITXE`aQED @ nbIOQED�K�VJnb�	VEBSK�F&BJILK�MOMO[�VEBJQEDGBEXE`	D�]
¯p£ ° BE>��AD�QEDZKCXE`	D�].U�c	nbQJBJ`	DGQZ��l!DYK�QJPRn	D�]�BJ`rK�B�K�F�{ KCXGBJIOzRK�BJIT>CFi~�t�D�XS`rK�FbITVJt ?q>CQ
MT>�lîDGF	DGQJPR[ÆVEXZK�BJBEDGQJIOFbPÝX�>CnbMT]Æl�>CQJ¦¢IOF²BJ`bITV�K�F	]²VEIOt|IOMLK�QuXE`rK�QJP=D}��]iIO@�>CMTD�VJ[iVJBEDGt�VZÞ
BJ`	Da?¡>CQJtuK�BJIT>CF¢>�?�`bIOPR`bMO[_QEDZKCXGBJIOz=Dut�DGBSKCVJBSK��bMTD�VEBSK�BED�V�e�I�U¹DRU�zHIO�bQSK�BJIT>CFrK�M�c	D�VJ`&�rKCXS`
QED�VE>CFrK�F	X�D�V}k´X�>CnbMT]��AD\>�?�`	DGMO@³?q>CQYBJ`	D\QEDZKCXGBJIT>CF�BE>¢>�X�XGnbQZ��DGz=DGF�IOF*K��	VEDGF	X�D_>�?
IOFbIOBJILK�Mmz�IO�bQSK�BJIT>CFrK�M6D}vbXGIOBSK�BJIT>CF¿>�?2BJ`	DwQEDZK�P=DGFHBut�>CMTD�XGnbMTDRU�92>�l!DGz=DGQZ��IOFÆBJ`bITV�XZKCVED
>CnbQ @ nrK�MOIOBSK�BJIOz=D�QED�VJnbMOBEV�X�>CnbMT]���D VS>Ct�DGlm`rK�B�]bDG@�DGF	]bDGF&B:>CF�BJ`	DWBJQEDZK�BJt�DGF&B:>�?NBJ`	D
]i[�FrK�t|ITXZK�M4@bQE>�X�D�VEV�7AK á�½ XZK�MTXGnbMLK�BJIT>CF�nbQJP=D�V6�bnbBZ�"Ngn	VJBoMOIO¦=DWBJ`	D @bQEDGzHIT>Cn	V2PRQE>CnbF	]��
VJBSK�BED\@bQE>�X�D�VEVED�V��oIOBdK�@b@ADZK�QEVdBE>¢�AD_K�XE`rK�MOMTDGFbP=D\?¡>CQd]i[�FrK�t|ITXZK�MueqVJBSK�BED}��BE>���VJBSK�BED�k
XZK�MTXGnbMLK�BJIT>CF	VZU

8�`	D´]iIO@�>CMTD}��XE`rK�QJP=Dw@�>CBEDGF&BJILK�Mm`rKCV��AD�DGF�BJ`	D�VEnb�INgD�XGBa>�?6BJ`	D�MLKCVJB�@rK�QJBa>�?6BJ`bITV
l�>CQJ¦AUÎ8�`bITV�¦�IOF	]¿>�?�@A>CBEDGFHBJILK�M��m�AD�VEIT]bD�Vu��DGIOFbP�VS>Ct�DGlm`rK�B´@rK�BJ`	>CMT>CPRITXZK�M�?¡>CQuBJ`	D
VEXZK�BJBEDGQJIOFbP�BJ`	D�>CQJ[=�.F	D�D�]bV:z=DGQJ[�MT>CFbPYIOF&BEDGPRQSK�BJIT>CF^QSK�FbP=D�V�U�c	nbQJBJ`	DGQJt�>CQEDR��IOB�ITV K�MTVE>
z=DGQJ[YVJBJQE>CFbPwK�F	]dBJ`&n	V2QED @ nbIOQED�V6BJ`rK�B�Ka`&nbP=D�F&nbt��ADGQ�>�?NXE`rK�FbF	DGMTV�VJ`	>CnbMT]Y��DWn	VED�]
BE>wPRIOz=DaQEDGMOILK��bMTD�VSXZK�BJBEDGQJIOFbP�K�BJBJQJIO�bnbBED�VZUS5ÓF	>Zz=DGM!K�MOP=>CQJIOBJ`btÀBJ`rK�BS]ha²±�i»g�a�b¹Ï`[�®Ð^`_Ia



; jRj /,Ï20�Ð2),+NÑ§ÒRÒ=Õ*/m8�9|/,1o3�-�7G8�9:-

Ñ k»ÒÓ^`_»au®Ji~efµha+]c[!Yfg+_�d�®4®«a+¼	bun	VED�]_IOF�Kc8�IOt�D}�-;�F	]bDG@�DGF	]bDGF&B úmú XZK�MTXGnbMLK�BJIT>CF�`rKCV
�AD�DGF´]bD�VJIOPRF	D�].UM8�`	D2K�MOP=>CQJIOBJ`btÈQEDGMOITD�V�>CFuBJ`	D6¦HF	>�lmF�«�K�QJILK��bMTD�Å�`rKCVED2t�DGBJ`	>H]´K�F	]
K�@b@ADZK�QEV�BE>_�AD´@bQE>Ct|ITVJIOFbP^?q>CQ|BJ`	DwBJQEDZK�BJt�DGFHB�>�?:VJBJQE>CFbP	�!MT>CFbPC��QSK�FbP=DdIOF&BEDGQSKCXGBJIT>CF
@A>CBEDGFHBJILK�MTVZÞ!BED�VJB2XZK�MTXGnbMLK�BJIT>CF	V2@bQE>Zz=D�]�BJ`rK�B6BJ`	D F	DGl�t�DGBJ`	>H]�XZK�F���DR�rK�B6BJ`	D VSK�t�D
KCX�XGnbQSKCXG[|MTDGz=DGM��H>CQE]bDGQ�>�?.tuK�PRFbIOBJn	]bDo?�KCVJBEDGQ!BJ`rK�FuBJ`	DolmIT]bDGMO[|n	VSD�]fÔ5>CPC����DGQJIOzRK�BJIOz=D}�
56IOQJ[YK�MOP=>CQJIOBJ`btdU



Õ ���Ö�Q×ÙØÛÚ~Ü Õ

Ý ÞºßÎßà� áI� �ãâ ßÎÞÐäæåç�ãÞº�

¾�D�X�>CMOMTD�XGB IOF�BJ`bITV¥56@b@�DGF	]iI�v_BJ`	D�@bQE>C@�DGQJBJITD�V�>�?mBJ`	Dcè�QED�DGF:é¹V >C@�DGQSK�BE>CQEV BJ`rK�B�l!D
n	VED�]wIOF ú `rK�@bBEDGQEV ; K�F	]K?iU

è�QED�DGF:é¹V|>C@ADGQSK�BE>CQEVuK�QJITVSD�FrK�BJnbQSK�MOMO[�IOF¢MOIOF	DZK�Q|@bQE>C�bMTDGt�V|>�?2BJ`	D´¦�IOF	]Ðê{ëÍPíì
lm`	DGF¿>CF	DdMT>H>C¦iV�?q>CQ|BJ`	Dw{
>C@ADGQSK�BE>CQu>�?�BJ`	DYVE>CMOnbBJIT>CF	Vg~S��I�U¹DRU¢BJ`	DYIOFHz=DGQEVED¯ê x.y �NIOF
BEDGQJt�V�>�?5lm`bITXE`´BJ`	D2VS>CMOnbBJIT>CFuITV!PRIOz=DGF��H[SëcPÍê x.y ìÁU¥¾�D2X�>CF	VJIT]bDGQ�`	DGQED6>CFbMO[|BJ`	>RVED
VJ@rKCX�D�V:K�F	]�>C@ADGQSK�BE>CQEV�BJ`rK�BWK�QED�QEDGMTDGzCK�FHB�?q>CQ�BJ`	D�@bQED�VEDGF&B:]iITVEXGn	VEVEIT>CF5��I�U¹DRU�92IOMO�ADGQJB
VJ@rKCX�D�V�K�F	]�VSDGM�?��
KC]6NJ>CIOF&B�>C@ADGQSK�BE>CQEV2IOF�BJ`	D�VED�VJ@rKCX�D�VZUx;
Fd@rK�QJBJITXGnbMLK�QZ�Al!D�X�>CF	VJIT]bDGQ�K
VEDGM�?��
KC]6NJ>CIOF&B�>C@�DGQSK�BE>CQ °ïîÌð q ð lmIOBJ`^BJ`	DuP=DGF	DGQSK�M!VJ@�D�XGBJQJnbt®]bDG@bITXGBED�]ÝIOF�BJ`	D
MTD}?qB @rK�F	DGM�>�?6c4IOP	UTe25�UOf�k}Þ|KYFHnbt ��DGQa>�?m@bQE>C@�DGQ�DGIOP=DGFHzCK�MOn	D�V|>CFÝBJ`	D�F	DGP&K�BJIOz=DwKÁv�ITV
K�F	]YK�X�>CF&BJIOFHn	>RV6VJ@�D�XGBJQJnbt©BJ`rK�BmD}v�BEDGF	]bV�?qQE>CtÈ�ZDGQE>�BE>�IOFip	FbIOB
[�e�BJ`	D�XS`	>CITX�DW>�?�BJ`	D
�ZDGQE>:ITV!>�?�X�>CnbQEVSDmIOQJQEDGMTDGzCK�FHB�k}U�¾�DmIOFHBEDGF	] ° BE>:��D�BJ`	Do`rK�t|IOMOBE>CFbILK�F�>�?5>CnbQ�VE[�VJBEDGtdU

8�`	D:?�nbF	]	K�t�DGFHBSK�M4DGIOP=DGF&zRK�MOn	D D @ nrK�BJIT>CF
ñrò R °¡óÌô õFö P º

`rKCVmIOBEVÓ¬·®»_I[�eu[ Î a+®«ah[�i"b�P=DGF	DGQSK�MOIO��K�BJIT>CF
ñrò R °QóÌô õxö P ô õM÷�ö

lm`	>RVED�{
>C@ADGQSK�BE>CQ6>�?�VE>CMOnbBJIT>CF	Vg~S�r>CQmt�>CQED:@bQE>C@ADGQJMO[Q]ha�bj[�¼	Ë6aj®J^m>CQføF]haha+®Èù b/[�ª»aj]!d�^r[�]}�
ú ñrò ó P ñrò R °Qó x.y

@bMLKZ[�VWKwX�DGFHBJQSK�MNQE>CMTD�IOF�VJ@AD�XGBJQSK�M¥BJ`	D�>CQJ[=U¥;�B�ITVWK´l�DGMOMN]bD}p	F	D�]_>C@ADGQSK�BE>CQ�?¡>CQ:DGz=DGQJ[ò zRK�MOn	D�>CnbB�>�?�BJ`	D�VJ@�D�XGBJQJnbt >�? ° �rI�U¹DRU2IOF\>CnbQ�XZKCVED�lm`	DGF	DGz=DGQ ò `rKCV:K�F	>CF�F&nbMOMIOt|tuK�PRIOFrK�QJ[�@rK�QJB�>CQZ�HI�?5QEDZK�M��&ITV!F	>CB�KW@bQE>C@ADGQ�>CQ�IOt|@bQE>C@�DGQ�DGIOP=DGFHzCK�MOn	D�>�? ° U¢8�`&n	VBJ`	D�eqXGMT>RVSD�k�VEDGBW>�?�@A>CIOFHBEV >�?mBJ`	D|X�>Ct|@bMTD}v�@bMLK�F	D|BJ`rK�BWtuK�¦=D|nb@^BJ`	D�VJ@�D�XGBJQJnbtÊ>�?
° e2m ñ °¡ó km]bD}p	F	D:BJ`	D´eq>C@ADGF�k�VSDGB6>�?,@�>CIOF&BEV2>�?�BJ`	DW]b>CtuK�IOF�>�?�BJ`	DxY+i~®«g\^2¬2[�® ú ñrò ó �XZK�MOMTD�]\BJ`	Dû]ha�bj[�¼*Ë6a+®0^�b�aj^2K�F	]\]bDGF	>CBED�]\lmIOBJ`¡ü ñ °Qó UÓ;
B�BJnbQJF	V:>CnbB�BJ`rK�B�IOF\BJ`bITV:VEDGB

; j&û



; j"U 0�ÐNÐN+N9�Ú�7-ýë0aÕÀþ�Ñ6+�+N9cÿ -_8�Ð�+NÑ606)m8�Ñ�-

Continuos spectrum
γ

γ

+

ε−

γ

n

Discrete
spectrum 

Γ

εi  

i  

c,IOPRnbQEDL5�UOfRÞ�{
8�[H@bITXZK�M�~mVJ@�D�XGBJQJnbt�K�F	]�X�>CnbFHBE>CQ�@rK�BJ`	V�X�>CF	VJIT]bDGQED�]�IOFaBJ`	D!tuK�IOFaBED}viBZU

BJ`	D¥è�QED�DGF:é¹V2>C@ADGQSK�BE>CQ2ITV�K)µ²[�i�®0±�>C@�DGQSK�BE>CQ�e ú ñrò ó�� ¯ ñ ð(ó k6K�F	]dIOBoITV�K�FÐd�®«d�¼	k�^2¬¸g?�nbF	XGBJIT>CF�>�?�IOBEV2X�>Ct|@bMTD}v�K�QJPRnbt�DGFHBZ��I�U¹DRU�IOB2`rKCV2K|@�>Zl�DGQ�VSDGQJITD�VoQEDG@bQED�VEDGFHBSK�BJIT>CF�?¡>CQ
DZKCXE` ò � ü ñ °Qó

ú ñrò ó P ú ñrò ÷ ó
���
×���ä	� y ñrò R ò ÷ ó ä ñ R ó ä ú ä ñrò ÷ ó�
 ò
��ò ÷ � ü ñ °¡ó e25�UOf�k

lm`	DGQED�BJ`	D�X�>CF&z=DGQJP=DGF	X�DW>�?�BJ`	D:VSDGQJITD2ITV�IOFwBJ`	D�F	>CQJt©BE>C@A>CMT>CPR[´>�?4¯ ñ ð¯ó lm`bIOBJIOFYBJ`	DXGIOQEXGMTD
ô ò R ò ÷ ô�� ú ñrò ÷ ó���� ß

8�`	DmVJ@�D�XGBJQJnbt�>�? ° ITVNK�VEDGBN>�?AVEIOFbPRnbMLK�QN@A>CIOFHBEV¥?¡>CQ ú ñrò ó Þ,BJ`	D�@bQE>C@�DGQNDGIOP=DGF&zRK�M��n	D�V6K�QED��X]�b+^L[�]²±"a+]FªI[�¼}a�b�lm`	DGQEDZKCVoBJ`	D:IOt|@bQE>C@�DGQ6DGIOP=DGF&zRK�MOn	D�V�]bDGBEDGQJt|IOF	D�K¯µ+]²d�®0g+_
gjiI^¡UM8�`	D�VEDm@bQE>C@�DGQJBJITD�V!XZK�F��ADoVSD�DGF��&[|MT>�>C¦HIOFbP�K�B�BJ`	D6VE@AD�XGBJQSK�M	QED�VS>CMOnbBJIT>CF´>�? ú ñrò ó

ú ñrò ó P �
ä

ß
ò R Ë ä�� ä ×�� �÷ ß

ò R Ë�� ���
lm`	DGQED � ä ITV¥BJ`	D�@bQ��6NJD�XGB��CQ��CF&B���BJ`	D�@bQ��C@�DGQ¥DGIOP=DGF	VE@rKCX�D���? ° X��CQJQED�VJ@ �CF	]iIOFbP:B���BJ`	DDGIOP=DGF&zRK�MOn	D2Ë ä K�F	] � � � ITVNBJ`	Do]iI�É.DGQEDGF&BJILK�MA@bQ��6NJD�XGB��CQ!�C@�DGQSK�B��CQ!�CF&B�� BJ`	DoIOt|@bQ��C@�DGQË R DGIOP=DGF	VE@rKCX�DR�bn	VJnrK�MOMO[wlmQJIOBJBEDGFdIOFdBJ`	D�?"�CQJt � ��� P$# ñ Ë R °Qó � ËuU8�`	D�@ �CMLK�Qa]iITVEX��CF&BJIOFHnbIOB�[�K�Q��CnbF	]�DZKCXE`�BJQJn	D´DGIOP=DGF&zRK�MOn	D´XZK�FÝ�ADun	VED�]�IOF�X��CFi�
N nbF	XGBJI%�CF�lmIOBJ`dBJ`	D:QED�VJIT]in	D�BJ`	D��CQEDGtæB��almQJIOBED

ß
Ã'& £)(+*-, ú ñrò ó � ò P � ä e25�U/.=k

lm`	DGQED10 ä ITV�K�FH[^X��CnbBEDGQEXGM%�C¦HlmITVSD�@rK�BJ`�BJ`rK�BaDGF	XGM%�RVED�VYe2�CFbMO[bkWBJ`	DuË ä DGIOP=DGF&zRK�MOn	DRU
8�`	DY�bQSK�F	XE`ÍXGnbBu]bDGBEDGQJt|IOF	D�VwK\]iITVEX��CF&BJIOFHnbIOB�[3��?�BJ`	D)è�QED�DGF:é¹V4�C@ADGQSK�B��CQulm`	DGF²IOB
ITVaX��CF	VJIT]bDGQED�]²KCXGQ��RVEVaBJ`	DwX��CF&BJIOFHnbnbt VJ@�D�XGBJQJnbt5��? ° 7!BJ`rK�B|ITVZ�¥I�?�l!Dw]bD}p	F	DwBJ`	D?2�CMOM%��lmIOFbP�e�l�DZK�¦bk<¼*¬`e¥¬2^2¬`® Î �C@�DGQSK�B��CQEV

ú76 ñ Ë ó P98`£ ½;:"< ÷�= ú ñ Ë$>Ð£
ç ó ?"�CQoË@? º



.�jBA
l�D:`rK�z=D ú ± ñ Ë ó R ú x ñ Ë óDCP º
;FEHGJIKELIGQNM�O��QPNM�¦+RSETGURSEBP��VM'W�W��CnTEXP�PJ`LI�I}vQR%YZP�IKELW�I[��?
PJ`LI��T\NM�ELWE`]WGnTP!l^I6tHM`_H\�IGl�\ZRSP�IPZaLI7\�I�Y�R%binLIDPZaLI��'\�IGtcRSE;PZaLI�?"�'\Jt

ß
Ã'& £)(Bd ú ñrò ó � ò P �

l�aLIK\�IUefR%Y�M�EB_;W��CnTEXP�IK\�WKO%�+WE¦�l�R%Y�I @gM�PZahPZagM�P�IKELWKO%�	Y�I�YiPZaLIWl�aL�'O%IjYJ@ I�WKPZ\Jnbtc��? °lk;�?4l^ImW��Ct|@gM�\�ImRSPml�RSPZa;PZaLIjYJ@nI�WKPZ\NM�Oo\�I�Y��'OOnTPZR%�'Eh��?)PZaLI:nTETRSPi�C@nIK\NM�P��'\�
P �
ä � ä ×p� �÷ # ñ Ë R °¡ó � ËM�ELb$bQR%YZP��'\ZP]PZaLIqeë@gM�PZarM'YsRSE$PZaLIq\ZRSG	aBPY@gM�ELIKOm��?ut�RSG k e25 k f�k�l!If�C�TPNM�RSErM�GXM�RSEI @ k e25 k .=k�?"�'\�I`M'WNahbQR%Y�WK\�IKP�ImIKRSGJIKEHz'M�OOnLIuM�ELb]GJIKPZ��?2�'\�PZaLI7W��'EXPZRSE&nbnbtvYJ@ I�WKPZ\Jnbtd�

ß
Ã'& £w( * ú ñrò ó � ò P ß

Ã'& £ 8`£ ½ :"< ÷ = � �÷yx ú ñ Ë R £
ç ó R ú ñ Ë × £
ç óNz � ËÙP � �÷ # ñ Ë R °Qó � Ë
?2\��Ct©l�aTR%W�a�RSP�?2�'OSO%��liYiPZaLI7EL��zJIKO
\�IKO{M�PZR%�'E

£ ñ ú ± ñ Ë ó R ú�x ñ Ë ó²ó P Ã'& # ñ Ë R °¡ó | 5 k ?=k
l�aTR%WNa_@gM�\NM�OSO%IKO%Y7PZaLI�@T\�IGzBR%�CnLY7I @ k%| 5 k .=k k ;}EqGJIKELIK\NM�O�nLYZRSETG]I @ k%| 5 k .=k[M�ELbqI @ k%| 5 k ?=kRSE]PZaLImYE@nI�WKPZ\NM�O
\�I�YN�'OOnTPZR%�'Eh��?wM�EB_Àd�®0d�¼*k�^2¬2g�?qnTELWKPZR%�'Eh��? °~ ñ °¡ó P �

ä
~ ñ Ë ä ó � ä ×p� �÷ ~ ñ Ë ó # ñ Ë R °Qó � Ë�'ELI:tHM`_��C�TPNM�RSE�PZaLI�?2�'OSO%��l�RSETGH\�IG@T\�I�Y�IKEBPNM�PZR%�'E�PZaLI��'\�IGt~ ñ °¡ó P ß

Ã'& £)(Bd ~ ñrò ó ú ñrò ó � ò P ß
Ã'& £)(Bd ~ ñrò óò R ° � ò| l�aLIK\�I�RSEHPZaLI�O{M'YZP�P�IK\JtÓl!I�agM�zJI2nLY�I�b4MWzJIK\Z_HW��Ct|t1�'E�EL�'PNM�PZR%�'Eu?"�'\ ú ñrò ó kNl�aTR%W�aWKO%�	Y�IKOS_�\�I�Y�IGt��TO%I�Y�PZaLI�l^IKOSO�¦+EL�Zl�E ú M�nLWNaX_]\�IG@T\�I�Y�IKEBPNM�PZR%�'EhPZaLI��'\�IGt~ ñ2� ó P ß

Ã'& £w( d ~ ñrò óò R � � ò
l�aLIK\�I4EL�Zl�e�R%YuM�EB_�W��CnTEXP�IK\�WKO%�+WE¦�l�R%Y�Iw@gM�PZa�YJnT\Z\��CnTELbQRSETGqPZaLI�@ �'O%I4��?iPZaLIHRSEXP�I}�G	\NM�ELb kª @ ngM�PZR%�'E | 5 k ?=k]R%bTIKEXPZR�pgI�Y�PZaLI�@T\�IGz+R%�CnLYZOS_³t1IKEXPZR%�'ELI�b�bQR%Y�W��'EXPZRSEHnTRSP}_r��?VPZaLI
è[\�I�IKE:é�Y��C@ IK\NM�P��'\al�RSPZa�M�@bnT\�I�{}ROt|tHM�G	RSEgM�\Z_&~]�C@nIK\NM�P��'\ R Ã'& £F# ñ Ë R °¡ó�k 8�a&nLYZ�l^I:tHM�_wl�\ZRSP�I ú76 ñ Ë ó P ú�� ñ Ë ó
� £ & # ñ Ë R °¡ó



.�j&� � ÐNÐ�����ÚD�-ý � ÕÀþ�Ñ������cÿ ����Ð��NÑ ��� ��ÑD�� aLIK\�I ú � ñ Ë ó P ñ ú ± ñ Ë ó�× úu� ñ Ë ó²óZ� Ã R%Y^PZaLI��}\�I`M�O�� | R k I k Y�IKO�?��FM'b6N��'RSEBP-�!@gM�\ZP���?oPZaLIè[\�I�IKE:é�Y��C@ IK\NM�P��'\Z� M�O%Y��1W`M�OSO%I�b;PZaLI7��@T\ZRSELWKRO@gM�O��	M�OS LI��/è[\�I�IKE:é�Y��C@ IK\NM�P��'\ k ;}P�Y�EgM�¡1IM�\ZR%Y�I�Y�?2\��'¡¢RSP�YiYJ@ I�WKPZ\NM�O
\�I�Y��'OS TPZR%�'E
ú�� ñ Ë ó�£ �

ä
ß

ò R Ë ä�� ä × � � �÷ ß
Ë R Ëj¤ # ñ Ë ¤ R °¡ó � Ë ¤ P

P �
ä

ß
ò R Ë ä � ä × 8`£ ½ :"< ÷ =�¥ � � �g: × � ��¦ :}§ # ñ Ë ¤ R�¨ ó � Ë ¤© ?)W��' T\�YNI	ª � aLIKE�Ë �p«h|2¬­CP ¬i®Ió ª ú � ñ ¬¥ó P ú ¦ ñ ¬¥ó P ú � ñ ¬¥ó�k8�aLI�@ � � IK\VY�IK\ZR%IH��?�I @ k%| 5 kS¯ �jM�OSO%� � Yu LYmP�� � \ZRSP�IHPZaLI(è[\�I�IKE:é�Yu�C@nIK\NM�P��'\uRSE ò�'ELW�I � I^°BEL� � PZaLI^�C@ IK\NM�P��'\)RSE1Mo@ �'RSEXP ò ÷ YZ I¾HWKR%IKEBPZOS_uWKO%�	YNI!P�� ò k�± �'\�I^RS¡|@n�'\ZPNM�EBP

?2�'\��' T\o@T T\J@n�	YNI�YiR%YiPZaLIW?"M'WKP�PZagM�PiPZaLI¥è[\�I�IKE:é�Y��C@nIK\NM�P��'\[YNM�PZR%Y�²gI�Y�PZaLIu³¢¬ ª�ª0eud�®J®4¶´ g+_XµM¬`®B¶"aj]uI @  gM�PZR%�'E
ª � aTR%WNahW`M�E;· I7�'·TPNM�RSEhYZPNM�\ZPZRSETG � RSPZa
ñrò R�¨ ÷ ó P ñrò Rf¨ ó¹¸�º| � aLIK\�I ¨ P ¨ ÷ ¸�º R%Y^M�EB_1 LY�I}?2 TO»bTI�W��'¡|@ �	YZRSPZR%�'E]��? ¨ ��M�ELbH¡U TOSPZRO@TOS_BRSETGV�'E�PZaLIO%I}?�P�·B_ ú ÷ ñrò ó P ñrò R�¨ ÷ ó �¹¼ M�ELb;�'E;PZaLID\ZRSG	aBP�·B_ ú ñrò ó ªLR k I k

ú ñrò ó P ú ÷ ñrò óo¸ ú ÷ ñrò óZº ú ñrò ó
5�EgM�O%�'GJ�' LY�I @  gM�PZR%�'ElW`M�E½·nI4�'·TPNM�RSELI�b�¡U TOSPZRO@TOS_BRSETG��'E½PZaLI1\ZRSG	aBPU·B_ ú ÷ M�ELbl�'EPZaLI7O%I}?2P�·X_ ú ª ú ñrò ó P ú�÷ ñrò óo¸ ú ñrò óZº ú�÷ ñrò ó
8�aLI�Y�I]I @  gM�PZR%�'ELY4M�\�Is�JIK\Z_½ LY�I}?� TO�RSEÆ@T\NM'WKPZR%W�I�7m?2�'\1I�¾LM�¡|@TO%I	ª^PZaLIK_�M�OSO%� � �'ELIsP���'·TPNM�RSEpM�@b@T\���¾QRS¡HM�PZR%�'ELY1P��¿PZaLIH��?� TOSO��¯è[\�I�IKE:é�YV�C@ IK\NM�P��'\VRSE½P�IK\Z¡1YH��?�PZaLIs°BEL� � Eú ÷ ñrò ó �C@nIK\NM�P��'\[M�ELb]PZaLI���@nIK\ZPZ T\Z·TRSETG'�W@ �'P�IKEXPZR{M�O º P ¨ÖRf¨ ÷ k;FE4W��'ETELI�WKPZR%�'E � RSPZa4PZaLI<8�RS¡1I[À[IG@ IKELbTIKEXP�Á+WNaT\�ÂBbQRSETGJIK\iÃ @  gM�PZR%�'E | 8�À7Á+Ã^� � IEL�'P�I7PZagM�PiPZaLIDagM�O�?��FtL�' T\ZR%IK\��7PZ\NM�ELYg?"�'\Z¡1Y

� 6 �÷ Ä�ÅSÆ�Ç�È Ç �XÉM�\�I � IKOSO�bTI�²LELI�bw?2�'\iI`M'WNaq>�;F¡ ò ? « M�ELb;W`M�E;· I7W��'¡|@T TP�I�b; LYZRSETGVPZaLI�8�À7Á+Ã¨ È Ç Pn£ � È Ç�JÉ;}ELbTI�I�b¹ª � ImW`M�E � \ZRSP�I
£ ��JÉ ñ Ä Å�Æ`Ç È Ç ó P R ñrò Rf¨ ó ñ Ä ÅSÆ�Ç È Ç ó



.�Ê ¿M�ELb]PZaLIKE� 6 �÷ Ä ÅSÆ�Ç È Ç �JÉ P R £ ú ñrò ó � 6 �÷ ��JÉ ñ Ä ÅSÆ�Ç È Ç ó �JÉ P R £ ú ñrò ó x 8`£ÌË Ç < 6 � Ä ÅSÆ�Ç È Ç RmÍ z Pn£ ú ñrò ó8�aB LY`ªTPZaLI7OSRS¡VRSPZRSETGH�C@ IK\NM�P��'\�Y ú 6 ñ ¬¥ó W`M�E]· ImbTI�²LELI�bhM�O%Y���·B_
£ ú 6 ñ ¬Có P98`£ÌË :"< ÷ = � 6 �÷ Ä Å�Î � 6 Å :"Ï Ç È Ç �XÉM�ELb]PZaLIKRS\�RS¡V¡HM�G	RSEgM�\Z_´@gM�\ZP�W`M�E;·nI7�'·TPNM�RSELI�bh·X_�PZaLImYZPNM�ELbLM�\�b;tg�' T\ZR%IK\o?"�'\Z¡j TO{M

£Ð & ñ ú ¦ ñ ¬¥ó R ú � ñ ¬¥ó²ó P ÍÐ & � ¦ �� � Ä Å�Î � �»Ñ!Ï Ç �JÉ P$# ñ ¬ Rf¨ ó
8�aLIK\�I}?"�'\�I	ª � I[Y�I�IiPZagM�P^PZaLI ú 6 ñ ¬¥ó �C@nIK\NM�P��'\�Y�IKEXPNM�RSOnPZaLI6?2�'\ � M�\�bgÒÓ·gM'W�° � M�\�b]PZRS¡1IIK�J�'OS TPZR%�'EsM�ELbVPZaLIKRS\�W��'¡j·TRSELI�b�M'WKPZR%�'EHG	RS�JI�Y�M[�FYZPNM�PZR%�'EgM�\Z_X�iYZRSPZ gM�PZR%�'E k ;FE1PZaTR%Y�W��'EQ�P�I�¾QPiRSPiR%Y � �'\ZPZahP��HW��'¡|@gM�\�ImPZaLI ú 6 ñ ¬Có �C@ IK\NM�P��'\�Y � RSPZa�PZaLI | RS¡|@T\��C@nIK\-�itL�' T\ZR%IK\PZ\NM�ELYg?"�'\Z¡1Yi��?)PZaLI�?"�'OSO%� � RSETG4Y�P�IG@w?� TELWKPZR%�'ELYÔ Î 6 Ï ñ É ó PÖÕ > Ä � Å �g× Ç« ?2�'\l> É ? «�'PZaLIK\ � R%Y�I

� ¦ �� � Ä�Å � Ç Ô Î 6 Ï ñ É ó �JÉ P98`£ÌË :"< ÷ = £¬ R ¬�÷ >Ð£FØM�ELb � RSPZahPZaLI�?2�'OSO%� � RSETGH\�IG@T\�I�Y�IKEBPNM�PZR%�'ELY���?)PZaLImÀ[RS\NM'WmbTIKOSPNM�?2 TELWKPZR%�'E
� ¦ �� � Ä�Å � Ç ñ Ô Î ¦ Ï ñ É ó R Ô Î �»Ï ñ É ó²ó �XÉ P � ¦ �� � Ä�Å�Î � � � × Ï Ç �XÉ P Ð & # ñ ¬ R ¬{÷�ó�Ù
£X8`£ÌË :"< ÷ = Õ Í¬ R ¬ ÷ ¸ £FØ R Í¬ R ¬ ÷ R £FØ¹Ú P$8·£}Ë :2< ÷ = Ð Øñ ¬ R ¬ ÷ ó ¤ ¸ Ø ¤
8�aLI ?"�'\ � M�\�bgÒÓ·gM'W�° � M�\�bqEgM�PZ T\�Iu��? ú 6 ñ ¬¥óU|2¬ ? « ��G	RS�JI�Y�\ZR%Y�IjP��1PZaLI�M'YZ_B¡|@Q�P��'PZR%W7· IKagM��+R%�' T\���?�PZaLIKRS\i¡HM�PZ\ZR�¾;IKO%IK¡1IKEXP�Y k ¨�I}?"�'\�ImYZaL� � RSETG1PZaLID\�IKO%IK�'M�EBPm?"�'\Z¡j TO{MRSP�R%Y � �'\ZPZahP���EL�'P�I7PZagM�P�PZaLI�?2�'OSO%� � RSETG @  gM�EXPZRSPZR%I�YÛNÜ ú 6 ñ ¬¥ó õM÷�ÝM�\�I	ªT·B_�bTI�²LETRSPZR%�'E
ª»Y��'OS TPZR%�'ELY���?)PZaLI�?"�'OSO%� � RSETG1RSETaL�'¡1�'GJIKELI��' LY�@T\��'·TO%IK¡

ñ ¬ Rf¨ E ó
õ ñ Ü ó P õM÷ ñ Ü ó| � aLIK\�I ¨ E^R%Y�PZaLID LY� gM�O
Á+WNaT\�ÂBbQRSETGJIK\�\�IG@T\�I�Y�IKEXPNM�PZR%�'Eh��? ¨ ��Þ�M'Y�ß�P � Ü � qáà � IagM`�JI õM÷ ñ Ü ó q « ?"�'\!M�EB_1â ¤ ?2 TELWKPZR%�'E�M�ELb¹ªJPZaB LY`ªBPZaLIiI @  gM�PZR%�'E4\�I�bQ LW�I�Y^M'Y�_B¡|@TP��'P��R%W`M�OSOS_VP��7PZaLI | RS¡|@T\��C@nIK\-��?2\�I�Io@gM�\ZPZR%WKO%I�I @  gM�PZR%�'E
ª � aL�	Y�Ii· �' LbLM�\Z_VW��'ELbQRSPZR%�'ELY^¡j LYZP· I7W�aL�	Y�IKE¿M'W�W��'\�bQRSETGHP��VPZaLIDOSRS¡VRSPZRSETGsØm@T\��+W�I�Y�Y`ª � aTR%W�a � ImEL� � bTI�WK\ZRS· I k



.Rû	ã �[ä�ä ���[åD�-ý ��æ þ�ç������cÿ ��� ä ��ç ��� �^çD�è ImW��'ELYZR%bTIK\��'ETOS_4PZaLI�?2\�I�I�@gM�\ZPZR%WKO%I¥èD\�I�IKE:é�Y�?� TELWKPZR%�'EhRSEXP�IKG	\NM�OÛ�Ü ú76÷ ñ ¬Có õ¢÷'ÝYZRSELW�I � I�W`M�EUM�O � M`_+Yo LY�I)PZaLIXÔ¹RO@b@T¡HM�ETEQ�éÁ+WNa � RSETGJIK\�I @  gM�PZR%�'E ú 6 ñ ¬¥ó P ú76÷ ñ ¬¥ó ñ � ¸º ú 6 ñ ¬¥ó²ó P ú 6÷ ñ ¬¥ó�êiëì ñ ¬¥ó P�� � \ZRSP�IÛ�Ü ú 6 ñ ¬¥ó õ¢÷�Ý P ÛNÜ úm6÷ ñ ¬Có õ ¼ Ý� RSPZa
ô õ ¼ ö P¢ííí ê ëì ñ ¬¥ó
õM÷Jî| EL�'P�I]PZagM�P4M�OSPZaL�' TG	a3PZaLI;M'WKPZR%�'E3��? ú 6 ñ ¬¥ó �'E ô õM÷�ö G	RS�JI�Y1\ZR%Y�IsP���M�E�RS¡|@T\��C@ IK\IKRSGJIKEX�JI�WKP��'\7PZaLI�@T\�I�Y�IKELW�Iu��?�PZaLI�@n�'P�IKEBPZR{M�O º IKELYZ T\�I�Y[PZagM�P ô õ ¼ ö R%YDYZPZRSOSOwM�@T\��C@ IK\�JI�WKP��'\ � aLIKEfß Æ�ï ¤ º ñ ß ó q « M'Ymßcqðà�� k tL T\ZPZaLIK\Z¡1�'\�I	ª � I1YZPNM�\ZPm·B_qO%�B�'°+RSETGhM�PPZaLI7GJIKELIK\NM�O �!è[\�I�IKE:é�Yo?� TELWKPZR%�'EQ� Û Ü ú ÷ ñrò ó Ü ¤ Ý� aTR%W�añW`M�E$· I�IK�	M�OS gM�P�I�b9RSELY�IK\ZPZRSETG�PZaLIq¡1�'¡1IKEBPZ T¡�\�I�Y��'OS TPZR%�'Eñ��?jPZaLIqR%bTIKEBPZRSP}_�C@nIK\NM�P��'\ Û Ü ú ÷ ñrò ó Ü ¤ Ý P Í

ñ Ð & ó Æ � � Æ�ò Ä ÅSó+Îõô � ôÓö Ïò R ¬ �� aLIK\�I ¬ � Pl÷ ¤ � Ð Ë k W�YZRSETG|@ �'O{M�\iW��+�'\�bQRSEgM�P�I�Y�M�ELbw@nIK\g?"�'\Z¡VRSETG1PZaLImM�ETG	 TO{M�\�RSEBP�I��G	\NM�PZR%�'E � Ij�'·TPNM�RSEÛ Ü ú ÷ ñrò ó Ü ¤ Ý P Í
ñ Ð & ó ¤ � � �÷ � ÷ ÷ ¤ò R ¬�� Ä Å �	ø ô � ô ö ø£S÷ � Ü R Ü ¤ � R � �÷ � ÷ ÷ ¤ò R ¬!� Ä � Å �	ø ô � ô ö ø£S÷ � Ü R Ü ¤ � 
� aTR%W�ahW`M�Eh·nID\�I � \ZRSPZP�IKEqM'YÛ Ü ú ÷ ñrò ó Ü ¤ Ý P Í

ñ Ð & ó ¤ � ¦ �� � � ÷ ÷ò R ¬ � Ä Å �	ø ô � ôÓö ø£ � Ü R Ü ¤ �M�ELbhIK�	M�OS gM�P�I�bh LY�RSETG4W��'EXP��' T\DRSEBP�IK\ZG	\NM�PZR%�'E k 8�aLI�M�@b@T\��C@T\ZR{M�P�I @gM�PZa¿R%Y�M�E�RSEQ²LETRSP�IY�IK¡VR%WKRS\�WKO%Ii�'E1PZaLIÓi�ª�ª4a+]7W��'¡|@TO%I�¾�@TO{M�ELI�M�ELbVPZaLI�\�IKO%IK�	M�EXP�@ �'O%Ii��? PZaLI�RSEXP�IKG	\NM�ELbHR%YM�P�PZaLI:@ �'RSEXPiù/P ñ Ð Ë ò ó ¼ ï ¤ ªTbTI�²LELI�bhP���·nI7PZaLID\��+�'P � RSPZaK;F¡VùV? «Tk 8�aTR%Y6@n�'RSEBPiR%Y��?�PZaLI:?2�'\Z¡úù�Pû>!÷ ÷ ¸ £F# � aLIKE ò P½÷ ¤÷ � Ð Ë�>Ð£FØ | ÷ ÷ ? « M�ELbh# � Øxq « ¦ � k 8�aB LY`ªPZaLI7\�I�YZ TOSP�R%Y Û�Ü ú76÷ ñ ¬¥ó Ü ¤ Ý P R ËÐ & Ä 6 Å �	ø ô � ô ö ø� Ü R Ü ¤ � ¬ P ÷ ¤Ð Ë ? «| EL�'P�IhPZagM�PsRSP�W��'\Z\�I�WKPZOS_p\�I�bQ LW�I�Y�P���PZaLI�ü^�' TO%�'¡j·�@ �'P�IKEXPZR{M�O � aLIKEl÷Ûq « ª�R k I k� aLIKE1PZaLI�\�IKO%IK�	M�EXP!RSETaL�'¡1�'GJIKELI��' LY�Á+WNaT\�ÂBbQRSETGJIK\�I @  gM�PZR%�'E1\�I�bQ LW�I�Y�P��mPZaLIiý��'R%YNY��'E



.Rû ¯I @  gM�PZR%�'E�?"�'\7M�@ �'RSEXPDW�agM�\ZGJI�� k 5�bQ�JIK\�Y�IKOS_Jª � aLIKE ¬ P R ÷ ¤÷ � Ð Ë �$« PZaLI @ �	YZRSPZR%�'E��?)PZaLI7\�IKO%IK�	M�EXPo@ �'O%IDR%Y�M�PiPZaLI:@ �'RSEXP�ùÓPÍ£S÷ ÷ M�ELb]PZaX LYÛNÜ ú ÷ ñ ¬Có Ü ¤ Ý P R ËÐ & Ä � �	ø ô � ô ö ø� Ü R Ü ¤ � ¬@�p«| \�IK¡1IK¡U·nIK\�PZagM�PiRSE]PZaTR%Y�W`M'Y�I ú ¦ P ú � � kt�RSEgM�OSOS_Jª!GJ�'RSETG�·gM'W�°½P����' T\1�'\ZRSG	RSEgM�Oo@T\��'·TO%IK¡;ª!PZaLI;M'YZ_B¡|@TP��'PZR%Wsßºq à ·nI��agM`�BR%�' T\���?)PZaLI7RSEBP�IKG	\NM�OÛ Ü ú 6÷ ñ ¬¥ó õM÷ Ý P � � Ü Æ Û Ü ú 6÷ ñ ¬¥ó Ü ¤ Ý Û Ü ¤ õ¢÷ ÝW`M�E�· IV�'·TPNM�RSELI�b�·X_q�'·LY�IK\Z�+RSETG]PZagM�P7R�? õM÷ ñ Ü ¤ ó R%Y � IKOSO�O%�+W`M�OSRSþ`I�b�PZaLI��	M�OS LIV��?!PZaLIRSEBP�IKG	\NM�OobTIG@nIKELbTY�I�Y�Y�IKEXPZR{M�OSOS_´?2\��'¡¢PZaLI7YZ¡HM�OSO¹ß ¤ P � Ü ¤ � \�IKG	R%�'E¿M�ELb¹ªQPZaLIKE
ª � I7W`M�E LY�I � Ü R Ü ¤ � P�ß ��ÿÜ R Ü ¤ � ß � q ß R ÿ Ü
Ü ¤ ?"�'\�ß � ß ¤ q à k 8�aLI7\�I�YZ TOSP�R%YÛ Ü ú 6÷ ñ ¬¥ó õM÷ Ý q R ËÐ & Ä 6 Å � Bß � � Æ Ü ¤ Ä ì Å � �ô�ô�ö Û Ü ¤ õM÷ Ý P R Ë ñ Ð & ó ¼ ï ¤ Ä 6 Å � Bß � >!÷ ÿÜ õM÷�öM�ELb]PZaLIK\�I}?"�'\�I	ªTRSE]GJIKELIK\NM�OÛ Ü ú 6 ñ ¬¥ó õM÷ Ý q R Ë ñ Ð & ó ¼ ï ¤ Ä 6 Å � Bß � >!÷ ÿ Ü � õM÷�ö� aLIK\�IVPZaLI|?"M'WKP � ò ô�ê ë6 ñ ¬¥ó P � ò > ôw| ?"�'\ ¬ Pr÷ ¤ � Ð ËfªT÷ÐP � ò � �[agM'Y7· I�IKE� LY�I�b k;FP1R%Y � �'\ZPZa3P���EL�'P�I;PZagM�P4RSEpPZaLId@T\�IK�+R%�' LYHI�¾i@gM�ELYZR%�'E9��?7PZaLIhbQR%YZPNM�ELW�Ih·nIKP � I�IKEPZaLI1�FY��' T\�W�I���M�ELb½PZaLI1�F�'·LY�IK\Z�'M�PZR%�'E¢@ �'RSEXP��Nª � Ü R Ü ¤ � ª)PZaLI�O%�+W`M�OSRSþ�M�PZR%�'E¢@T\��C@nIK\ZPF_��? õM÷ ñ Ü óh|`õ ¼ ñ Ü �Z�1R%Y�MfELI�W�I�Y�YNM�\Z_�W��'ELbQRSPZR%�'EÍ?"�'\HPZaLI��'M�OSR%bQRSPF_p��?mPZaLI;\�I�YZ TOSP�Y�7�RSE
@gM�\ZPZR%WK TO{M�\`ªgPZaLI[�FIK\Z\��'\��[P�IK\Z¡

� B ö � B � Æ Ü ¤ Ä
6 Å �	ø ô � ô ö ø� Ü R Ü ¤ � õ¢÷ ñ Ü ¤ ó Ê � B ö � B � ß ¤ ß ¤ Ä 6 Å �

B ö � � ¤ ÿ Ü ¤ õM÷ ñ Ü ¤ ó¡U LYZP�·nI	ª+²L\�Y�Pi��?wM�OSOÌªLM[�X®J¬`^-a @  gM�EBPZRSP}_ | M�ELbsRSP�¡j LYZP�W��'EX�JIK\ZGJI7P���þ`IK\�� � aLIKE]ß�qà�� k 8�aX LY�ª�?2�'\�I�¾TM�¡|@TO%I	ª	PZaLI^W`M'Y�I õ ÷ ñ ß ó P�� ñ ß � ¤ ó M�OS\�I`M'bQ_mG	RS�JI�Y�\ZR%Y�I!P��DM�EL�'P � IKOSObTI�²LELI�b�RSEXP�IKG	\NM�O k ;}E�PZaTR%Y�W��'EXP�I�¾QP�RSP!R%Y � �'\ZPZa]P��U¡1IKEXPZR%�'E]PZagM�P�YZ LWNa�YZRSPZ gM�PZR%�'E]W`M�EM�\ZR%Y�I � aLIKE��'ELI7O%�B�'°QYiM�PiPZaLImM'YZ_+¡|@TP��'PZR%W7· IKagM��+R%�' T\���?�PZaLIxY�i�¼`¼¢è[\�I�IKE:é�Yo?� TELWKPZR%�'EM�ELbh LY�I�Y�PZaLI @T\�IK�BR%�' LY[YZ T·LYZPZRSPZ TPZR%�'E õ ¼ ñ Ü ó P õM÷ ñ Ü ó�¸pº ñ Ü ó � Ü ú 6 ñ ¬¥ó õM÷�ö � RSPZaº ñ ß ó P�� ñ ß � ¤ ó�k



.Rû	. �[ä�ä ���[åD�-ý ��æ þ�ç������cÿ ��� ä ��ç ��� �^çD�



�  	� �M ¢��
ÖÞÐä â
���

5�·T\NM�¡1� � RSPZþJª ±½k M�ELbuÁBP�IKG	 TE
ª�; k 5 k Þ ¯ ¿ A'.Qª��Ód�®0±~µ²[�[6Á�[!Y��¹d�^`_Ia+eud�^2¬¸ghd�¼��Èi�®0g\^2¬¸[�®»b�ªÀD���JIK\�ýw T·T·TOSR%W`M�PZR%�'ELY`ª0;}ELW k ª���I ��� �'\Z°5�O%I�¾TM�ELbTIK\`ª ±lk 9 k Þ ¯ ¿�� ÊLª����! t_»a+e"�$#�_"k6b%�'&$(*)+(�,*-�ªLÊ&û ¯ ã5�O%I�¾TM�ELbTIK\`ª ±½k 9 k M�ELb ± M�EL�'O%�C@T TO%�	Y`ªTÀ k Ã k Þ ¯ ¿�� A+ª!���! t_Iaje.�/#�_"k6b0��&�12)43$-�ªL.	ã�Ê	Ê5�OSPZaL�'\J@nI	ª
Á k ü k ª*5��' T\ZRÌª¹À k�6Lk ªÈ9[�87n¡HM�E
ª À k 9 k ª M�ELb:9»agM�ETGLª 6gk 9 k 9 k Þ ¯ ¿�¿ A+ª;�<� t_»a+e"� ´ [�g=�}l	�:d�]!d�±"d�k?>4]!d�®4b%�'@�AB)DC*-�ª»A'ã�?E \ZPZaX T\�Y`ª E kT±½k M�ELb;À7M�OSGXM�\ZEL�Tª E k Þ ¯ ¿�F ãQªG#IHKJ0L=�NMO� ´ J0L=�/P�C�1B)KQR-�ª'S�ÊXã¨�M�G	 LY`ªTý k Á k M�ELb ± �	Y�IK\`ªgü kL±½k Þ ¯ ¿ AUTQª��<�! 2V<W+X"�$#GVZY8[%�/C�&oª ¯ ����F¨�M�O{M�°+\ZR%YZagM�EgM�E
ª!� k ªG5mM�OS_XM�EgM�\NM�¡HM�E
ª�ü k ª^M�ELbpÁQM�PZaB_XM�¡j T\ZPZaB_Jª\� k Þ ¯ ¿�¿ A+ª�#GV]Y^[0�M\W-ª$�*P�&',
ªgA ¿
¨�M�OSRSEXP��_5D T\ZPZRÌªZè k è k ªnÀ[R�¾T�'E
ª*` k � k ª¹M�ELb ± M�\ZP�Y��'E
ªoü k ü k Þ ¯ ¿�¿ ãQªa�<�\ 2VbW+X"� ´ J0L^��BcUHKc�±�cUYd>bHKc�®b[0��&'1
ª ¯ AÓÊ ¯¨�M�\ZGLª0è k À k ªb57IKELbLM�OSOÌªÈè kT±lk ªLM�ELbfeo�+IKETETR%I�Y`ª 6Lk ý k Þ ¯ ¿ A F ªO 2VbW+X"�$#GVZY8[%�N(�1oªL.�ÊZT¨�IK\ZELYZP�IKRSE
ª�` k ¨ k
| I�b k ��Þ ¯ ¿ A ¿ ªIgihjJUXk�?J�¼lWKLnm�¼oWp qJ�¼·¼*¬r[+¬sJ�®t>BV<WKJUH+Y	ªwýwO%IKEX T¡ ýw\�I�Y�Y`ª
� k � k¨^RSOSRSOSRSG	E
ª^Á k ªGu[M�PZPNM � M`_JªL¨ k ü k ªv`��'·TRSELY��'E
ª�e k Ô k ª^M�ELb 6 IK TETGLªLè k u k Þ�.	ã	ã ¯ ªw�<� 2VbW+X"�$#GVZY8[%�N(�(�3oªgA'ã�S	.

¨��+bT�TªTÃ k Þ�.	ã	ã ¯ ªG#GVb�yx;�zh{V<W|[+¬r[Kªb}�ETRS�JIK\�YZRSPF_]��?	`��'¡1I¨��+bT�TªXÃ k ª~¨! L�'EL�'¡1�Tª+Ã k ªIè[R{M�EXPZ T\�W��Tª+t k E k ªZ5D T¡HM�\`ªQÁ k ªBtgM�¡j TO{M�\ZRÌª E k ª]`�M�RS¡1�'ELbQRÌª±½k ªgM�ELbhÁBRS\��'ETRÌª ±lk Þ ¯ ¿�¿�� MQªO 2VbW+X"�$#GVZY8[%�/P�A$~nª�T ¯ S¨��+bT�Tª
Ã k ªMè[R{M�EXPZ T\�W��Tª�t k E k ª ± M�\ZPZRSEgM�þ�þ`�Tªz` k ª
ý)M'I�YNM�ETRÌª�t k ª�M�ELbd`�M�RS¡1�'ELbQRÌª ±lk Þ.	ã	ã	ãQª\���� 2V<WnX.�$#IVZY8[%�*('(�A2)DPb3$-�ª ¯	¯ ãJA ¯¨��+bT�Tª�Ã k ªXè[R{M�EBPZ T\�W��Tªwt k E k ª ± M�\ZPZRSEgM�þ�þ`�Tªz` k ª�M�ELb�`�M�RS¡1�'ELbQRÌª ±½k ÞU.	ã	ã ¯ ª?�!m]H0�#IVZY8[%�z���Bx�(bC¹ª�T	. ¯¨��+bT�Tª�Ã k ª�5D T¡HM�\`ªmÁ k ª�è[R{M�EXPZ T\�W��Tª7t k E k ª[tgM�¡U TO{M�\ZRÌª E k ªi`�M�RS¡1�'ELbQRÌª ±½k ª[M�ELbÁBRS\��'ETRÌª ±lk Þ ¯ ¿�¿�� ·
ª\���N#GV]Y^[0�I 2V<W+X"�$g�(<,'PN)43N~�-�ª ¿ T ¿ ã
¨��' TG	O%IK Q¾¹ªLÃ k M�ELb)èmM�OSOSRÌªTÀ k Þ ¯ ¿�¿ A+ª!�?J�®/�*�OJ�h_�$M��$gi[nhsH4J�®/� ´ J0L=�*P�&�&
ª F T �¨^\Z TEgMQª)ý kz6Lk M�ELblý�IK_JIK\ZRS¡VaL�87)ª^Á k À k Þ ¯ ¿�� A+ª�RSE�5 k ý k ÔoM � O%IK_ | I�b k ��ªvg�µ+¶-¬`®4¬sh2¬sJX"Wnh{V<J�±8[S¬·®��nmbc�®�hsm�X�L+V<W+XC¬�[+hsH+Y:�{g�±�Ë8�� 2V<W+X"�z#GVZY8[%� ´ WnH�¬jW|[_�'ª 6 �'aTE è RSO%IK_��Á+�'ELY�ª���I ��� �'\Z°ü�M�O%�'GJIK\��Tª!t k Þ ¯ ¿�F A+ª��bcUH+¬�c"µ+¼lW"#GV�cU[%W"gLª�ª'HKJ0c�L+V�hjJf#�J�h_Wj®�h2¬sc�¼ ´ L�c�h�h_W+H+¬·®B¶Jª E W`MÓ�.�S�T



.�S�Ê � � �!� ����þ�ç �[ä��"�bTIK¡VR%W	ª�� k �Vkü!O{M�\Z°nªnü k è k Þ ¯0� A � ªG#IVZY8[%�$M�W+�U�Ng�P�,B)DC/-�ª ¯ � AUSü!O{M�\Z°JI	ªZ� k�6Lk ªZ`[M�RS¡1�'ELbQRÌª ±½k ªBÁBRS\��'ETRÌª ±½k ªXM�ELbHü^�+�C@nIK\`ªBÀ k Þ ¯0��� � MQª�>BV<WKJUH0�q 2V<WnX.�g�L0hjcO@'C
ª ¯ T	. �ü!O{M�\Z°JI	ªR� k;6gk ªhÁBRS\��'ETRÌª ±lk ª�`[M�RS¡1�'ELbQRÌª ±½k ª�5D T¡HM�\`ª�Á k ªKè[R{M�EXPZ T\�W��Tª�t k E k ª�  L�'EL�'¡1�TªgÃ k ª»M�ELb�ü^�B�C@ IK\`ªTÀ kb��k Þ ¯0��� � ·
ª; 2V<W+X"�*#GVZY8[%�/P�A'A
ª �ü^�'OSOSRSELY`ª ��k E k M�ELb��[�BWK\��	YNY`ªTÀ k è k Þ ¯0� A � ªG#IVZY8[%�$M�W+�U�Ng�(<&B)DC*-�ªQÊ F Aü^�B�C@ IK\`ªTÀ k���k Þ ¯0� � ÊLª\���! 2V<W+X"�$#GV]Y^[0��&',
ª ¯0� F ¯ü^�B�C@ IK\`ªXÀ k]��k ª�èDIK\Z\NM�P`ª 6Lk ªQM�ELb"`[M�RS¡1�'ELbQRÌª ±½k Þ ¯0� � A+ªzg��U�8�v 2V<W+X"��#GV]Y^[0��1�@
ª�T ¯0�ü^�B�C@ IK\`ªTÀ k���k ªJèDIK\Z\NM�P`ª 6Lk ªLM�ELbR`[M�RS¡1�'ELbQRÌª ±lk Þ ¯0���Q¯ ª� 2V<W+X"�$M�W+�8�/@N(»ª � . �ü^�B�C@ IK\`ªnÀ k'��k ª:èDIK\Z\NM�PZP`ª 6Lk ª/`�M�RS¡1�'ELbQRÌª ±lk ª¹ÁBRS\��'ETRÌª ±lk ª M�ELb?e�aL�'\�YZP�IKRSELY��'ETE
ª*e k Þ¯0��� TQª�>BV<WDJUH%�� 2VZ��X"�*g�L0hjcO&'C
ªL. F ¯ü^�' TO%Y��'E
ª»ü k E k M�ELb]t�R%YZaLIK\`ª�  k Þ ¯0� Ê � ªG#GVZY8[0�B�?c`¶Z��3',oª�T ��FÀ7M�OSGXM�\ZEL�Tª E k ªnÁBPNM�ELWKRSOÌªLý k ü k ªgM�ELbR5DRS\Z·X_Jª�5 k Þ ¯0��� F ªGgi[nhsH4J+¡�VZY8[%�z�<��3*C�&
ª�T � AbTI � IK\ZEgM�\�bQR%Y`ªgý k ªLÀ[ T·T\��`�+ETR%W�a
ª'¢ k ªLÃwELWK\�IKEgM�þJªný k ª ± M'�'OSRÌª�` k ª ± M'Y�RÌª»Á k ª ± M'YZPZ\NM�EQ�P��'ETR%�TªXè k ª ± IKO%WNaTR%�'\Z\ZRÌª � k ª ± IKO%W�aTR%�'\Z\ZRÌªwt k ªwÁBRSG	EL�'\�I	ª ±½k ª)M�ELb£e�M�ETþ�RSOSOSRÌªwý k Ã k Þ¯0��� TQªGg�[+hsHKJU¤/�$gi[nhsH4J+¡�VZY8[%�*P�1'@
ª ¯ÀDIKGXM'YJ@nIK\ZR%Y�ª E k Þ ¯0� F ÊLªG¥|¦'�§m<J��^Jd z��X"W+¤'hjJ�¨©¨ª¨©«+¬d)K1*-�ª ¯ F�F AÀ[R%I�YZPZO%IK\`ª'À k^6Lk Þ ¯0� A � ª+RSE;` k � k � IK\ZELYZP�IKRSE | I�b k ��ª�gihjJUX­�?JU¦lWKLnm�¦oW� qJU¦{¦y��[|��JU¤f>BV<WKJUH+Y	ªü!agM�@TP k .	ãQªTý�O%IKEX T¡výw\�I�Y�Y`ªb� k ��kÀD�' T\ZELIK i?�ª ±½kb��k M�ELb � M�E
ªb¢ k 5 k Þ ¯0� A	A+ª����N#IVZY8[%�$® ¯ ã |s� T�SJ�À[ T·T\��`�+ETR%W�a
ª�¢ k 5 k Þ ¯0��� TQªGg�[+hsHKJU¤/�¹³2Wnh�h_�'P�A
ª ¯0�Ã�bQ¡1�'ELbTY`ª E k ` k Þ ¯0� SJA+ª	g¯¤B¶Um�¦°cUHiX.JUX"W+¤�hsm�Xk��¤f�nmbcU¤�hsm�XkX"WKL+V�cU¤��sL+[Kª�ý�\ZRSELW�IKP��'EtLIKRSP`ª ±½k À k M�ELb 6Lk t�O%I�W�° ª 6Lk Þ ¯0� � ÊXMQª����! 2V<WnX.�$#IVZY8[%�$~<&
ª�T	ã ¯tLIKRSP`ª ±½k À k M�ELb 6Lk t�O%I�W�° ª 6Lk Þ ¯0� � Ê	·
ª����! 2V<WnX.�$#IVZY8[%�'&�,
ªL.�SJA �tLIKRSP`ª ±½k À k ª 6Lk t�O%I�W�° ª 6Lk ªgM�ELb¿ÁBP�IKRSG	ELIK\`ª E k Þ ¯0� � .Qª����! qJUX¯¡$�*#GV]Y^[0��3N~nªQÊ ¯ .è7M�OSOSRÌªLÀ k M�ELb;ý)M�OSO{MQªgt k Þ ¯0��� � ªGg�[+hsHKJU¤/�	cU¤'�±gi[nhsH4J+¡�VZY8[%�'A�A/C¹ªQÊXã�TèDIK\Z\NM�PZP`ª 6Lk Þ ¯0� A ¯ ªGg��U�U�NgihjJUX"�N�?JU¦l�$#GVZY8[%�$~nª ¯ Ê ¯èDIK\Z\NM�PZP`ª 6Lk M�ELb�`�M�RS¡1�'ELbQRÌª ±½k Þ ¯0� � ãQªG#IHKJ0L=�BM�JUYZ� ´ J0L=�o³NJU¤'�]��QªA*~/(»ª�S	.�Sè[R{M�EXPZ T\�W��Tª[t k E k Þ ¯0� A � ª²>BV<W³>�H4c�¤b[�´0W+H?JK´R�?JU¦lWKLnm�¦ocUHµ�I¤/W+H"¶U�jW|[d¶nYw qJ�¦�¦·�r[+�sJ�¤/¸
M�WKL|W+¤�h��nmbcU¤�hsm�X¹hsHDWKc�hsX"W+¤�h{[Kª!ÁB\ZRSETGJIK\\¢�IK\ZO{M�GLª � IK\ZOSRSE

è[R{M�EXPZ T\�W��Tª»t k E k M�ELb)èDR%�'\ZG	RÌªLý k è k Þ ¯0��� F ªG#GV]Y^[0�*M�W+�8�NgºCb3z)DC/-�ªQÊXãJAUTè[R{M�EXPZ T\�W��Tª»t k E k M�ELb)èDR%�'\ZG	RÌªLý k è k Þ ¯0��� A+ªGgI¡$�z����3$~b@
ª�S F ãè[R{M�EXPZ T\�W��Tª�t k E k ªz5D T¡HM�\`ª^Á k ªwý�M�PZagM�° ª!Á k 5 k ªq`�M�RS¡1�'ELbQRÌª ±½k ª�M�ELb�ÁBRS\��'ETRÌª ±½k Þ¯0��� A'MQª� 2VbW+X"�/#IVZY8[%�/P*(<C
ªL.�T �è[R{M�EXPZ T\�W��TªQt k E k ªZ5D T¡HM�\`ªLÁ k ª+ý�M�PZagM�° ªTÁ k 5 k ª�`�M�RS¡1�'ELbQRÌª ±lk ªQÁBRS\��'ETRÌª ±½k ª»èDIK\Z\NM�P`ª
6Lk ªgM�ELb¿ü^�B�C@ IK\`ªTÀ k���k Þ ¯0��� AÓ·
ªO 2VbW+X"�$#GVZY8[%�'P*(<C
ªL.	.JAè[R{M�EXPZ T\�W��Tª¹t k E k M�ELb�ý)M�R%�'O%IKPZPZRÌª¹ý k Þ ¯0��� � ª�RSE�5 k u k � IK°JIK\ | I�b k ��ªN�OJU�8W+¦Ngi[_¡bWKL%h{[J4´¯�I¦lWKL%hsHKJU¤d��JU¦oWDLnm]¦lW ´ LDc�h�h_W+H|�{¤B¶	ª	@ k .�S F ª è �'\ZO%b�Á+WKR%IKEBPZR�²gWjýw T· kèD�'O%b�?"I�b¹ª ±lk ª�»� gM�ELbQP`ª�` k Ã k ªgM�ELbfe
\��'PZP�IK\`ª�u k t k Þ ¯0��� F ªG��LDJ�¤'JUX"WnhsH+�sLDc;A�3�ª�S�Ê Fu[M�¡V¡1IK\Z¡1I�Y�a
ª ±½k Þ ¯0� � � ªçø!HKJUm0¡¼h{V<WDJUH|Y?cU¤'�f�{h{[.c|¡�¡'¦·��LDc�hs��JU¤b[.hjJ±¡'VZY8[|��LDcU¦/¡'HKJZ¶+½



� � �I� �K��þ�ç ��äv�.� .�S�S
¦lW+X;[�ª�À[���JIK\�ýw T·TO k  }ELW kuDM�\ZPD¾X TR%Y�P`ªqe k è k ª�ü�M'Y�IKOSOSRÌª�ý k ª�`�M � OSRSETGJY`ª 6Lk)±½k ü k ªq`� <¿HI	ªwÀ k ª�M�ELb è RSOSOSR{M�¡1Y`ªÀ k E k Þ ¯0��� � ª)RSEpe k è k u[M�\ZPD¾B TR%YZPiM�ELb]À k E k è RSOSOSR{M�¡1Y | I�bTY k ��ªv>BV<W§�?JU¦lWKLnm�¦°cUHg�[+hsHKJ|¡�VZY8[+�sL+[�JK´ ´ hjcUHOcU¤'�)ø�cU¦oc0ÀU�jW|[�ªnü!O{M�\�IKELbT�'E�ýw\�I�Y�Y�ª © ¾H?"�'\�b

u[IKRSPZO%IK\`ª è k M�ELb � �'ELbT�'E
ªgt k Þ ¯0� .JA+ª!Áz�$#IVZY8[%��3�3oªQÊZS�Su[IKET\ZR%IKP`ª»ü k M�ELb�¢�IK\ZagM�GJIKE
ªÈè k Þ ¯0� ��F ªG#GVZY8[0� ´ LnH+�Â¡/hjc�A�AoªL.	. �u[IK\�YZaX·gM'WNa
ªgÀ k ` k Þ ¯0� � A+ªIg¯¤B¶ZW�µG�! 2V<WnX.�$¥|¤'h_�$�I¤B¶Z�$���]�'P�1
ª ¯ .	. ¯u[IK\Zþ�·nIK\ZGLª¢è k Þ ¯0� S	ãQª ´ ¡bWDL%hsH4cdJK´a���sc�hjJ�X;��L"XaJ�¦oWKL%m]¦lW|[�ª"¢�M�E£�[�	YZPZ\NM�ELbd`�IKRSETaL�'O%b¹ª� k �Vku[�'·Tþ�MQªLý k M�ELb�Á+W�aTO%IK_JIK\`ª'` k ` k Þ ¯0� � ÊLªO 2V<W+X"�*#GVZY8[%�¹³2Wnh�h_�B(�,/C¹ª F T	ãu� T·nIK\`ª�5 k ý k M�ELbfu[IK\Zþ�· IK\ZGLª«è k Þ ¯0� A � ª\��JU¦oWDLnm]¦ocUH�[j¡bWDL%hsH4cµcU¤'�©X.JU¦lWKLnm�¦°cUH�[+hsH+mbLn½hsm�HDWKª�¢�M�Ef�[�	YZPZ\NM�ELb�`�IKRSETaL�'O%b¹ª�� k ��ku� LY�YNM�RSE
ª E k � k M�ELbf`��'· IK\ZP�Y`ªJè k Þ�.	ã	ã	ãQªG#GV]Y^[0�$M�W+�8�Bg F Tu� TP�Y��'E
ª 6Lk
±½k M�ELbºè[\�I�IKE
ªwÁ k Þ ¯0��� ÊLª?�?J�¦Ã[%LDc�h�LDJUX¯¡'m<h_W+HªLDJ=�ZWª�8W+H|[|��JU¤¼ÄnÅLªsbQR%Y��PZ\ZRS·T TP�I�b¿·B_�ü^�'OSO{M�·n�'\NM�PZRS�JI1ü^�'¡|@T TPNM�PZR%�'EgM�Owýw\��8ÆZI�WKPi�[� k F ��?)PZaLIuIKETG	RSELI�IK\ZRSETGM�ELbhýwaX_QYZR%W`MHÁ+WKR%IKELW�I�Yi`�I�Y�I`M�\�WNa�ü^�' TELWKRSO | }i5j�u�_XM�¡HM'Y`ª+ý k E k ª<ÇDIK\Z\NM�PZP`ª 6Lk ªTü^�+�C@nIK\`ªQÀ kZ��k ªTM�ELbª`�M�RS¡1�'ELbQRÌª ±½k Þ ¯0��� ÊLªI���v 2V<W+X"�#IVZY8[%�N(�,�,oªQÊ	Ê ¯ A FPZRS°'M � MQª �Vk Þ ¯0� A � ªG#IVZY8[%�*M�W_¡$�'3/1
ª ¯	¯ A
6 M� LWNa
ª 6Lkg±lk Þ ¯0� S � ªG��W+¦·�8�N#GVZY8[0�$g�L%hjc�A$(»ª F�F ¯
6 �'aTELYN�'E
ª � k ` k Þ ¯0� � ãQª��<�! 2V<W+X"�$#GVZY8[0�/~<Aoª�S	ã�S ¯
6 �'aTELYN�'E
ª � k ` k Þ ¯0� � T	MQª��<�! 2V<W+X"�$#GVZY8[0�*~b@
ª ¯0� ã F
6 �'aTELYN�'E
ª � k ` k Þ ¯0� � T�·
ª��<�! 2V<W+X"�$#GVZY8[0�*~b@
ª ¯0�Q¯ F5mM�\NM'bLM�°J���nªTý k ªgü^�B�C@ IK\`ªQÀ k]��k ª�ÇDIK\Z\NM�PZP`ª 6gk ªQM�ELbp`[M�RS¡1�'ELbQRÌª ±lk Þ ¯0��� .QªI���G 2V<W+X"�#IVZY8[%�'@*~nªgA F TJA
5mM`_JI	ª 6Lk E k M�ELbR5D b@b@ IK\Z¡HM�ETE
ª E k Þ ¯0� � ¯ ªO 2V<W+X"�$#GVZY8[0�¹³BWnh�h_W+H|[i~<&
ª�S�Ê F5mM`_JI	ª 6Lk E k M�ELbR5D b@b@ IK\Z¡HM�ETE
ª E k Þ ¯0� � SQªO 2V<W+X"�$#GVZY8[0�¹³BWnh�h_W+H|[�(�(<C
ª ¯ S �5mM`_JI	ª 6Lk E k M�ELbR5D b@b@ IK\Z¡HM�ETE
ª E k Þ ¯0� ��� ªO 2V<W+X"�$#GVZY8[0�$(bP�C¹ªL.JA �5DaT\��'E
ªgÁ k ª � M� TGJI	ª ±½k ª<5DEL�'OSOÌª ��k ªb5D\�I�W�°JIKOÌª�u k ª � IK�+RSE
ª 6gk ªb`�IG@TEL� � ªb` k ªLÁ+W�a � M�OS¡;ªÀ k ª è I�YZP�IK\`ªB` k ª è RSPZPZO%I	ª�ý k ª è �'O�?�ª E k ª�M�ELb�9 M�R Æ
?2¡HM�E
ªoÀ k Þm.	ã	ã ¯ ªp#GVZY8[%�	M�W+�U�³2Wnh�h_�/&�1oªQÊXã	ã�S
5��	YZO%�87)ªgÀ k M�ELbf5��	YZO%�87wª�` k Þ ¯0� � TQª\���! qJUX¯¡'m<h_�$#GVZY8[%�/C�P
ª�T�S5��' T\ZRÌªLÀ k�6gk Þ ¯0� A � ª)RSEp` k � k � IK\ZELYZP�IKRSE | I�b k ��ª�gihjJUXk��JU¦oWDLnm]¦lWp qJU¦{¦y��[|��JU¤�>BV<WDJUH|Y	ªü!agM�@TP k/� ªTýwO%IKEX T¡ ýw\�I�Y�Y`ª�� k �Vk5D b@b@ IK\Z¡HM�ETE
ª E k Þ ¯0� AUSQªO 2V<W+X"�$#GV]Y^[0�¹³BWnh�h_�'A'P
ª�TJAÓÊ
� M�ELbLM� 
ª ��k À k Þ ¯0��� F ª ÈImbcU¤�hsm�X
�dWKL+V�cU¤��sL+[�½�>BV<WKJUHDWnhs��LDcU¦�#GVZY8[|��L+[�ªO¢��'O k TQª�  TPZP�IK\ � �'\ZPZaQ�_u�IKRSELIK¡HM�ETE
ªNT�\�b]I�bQRSPZR%�'E
� M�ELbLM� 
ª ��k À k Þ ¯0��� A+ª�>BV<Wd z¦oc8[�[+�sLDc�¦§>BV<WDJUH|Y:J4´.�v��Wn¦°�8[©½�>BV<WDJUHKW%hs�sLDc�¦G#GVZY8[|��L+[�ª
¢��'O k .Qª �  TPZP�IK\ � �'\ZPZaQ�_u[IKRSELIK¡HM�ETE
ª»Ê	PZa�I�bQRSPZR%�'E

� M�\�YNY��'E
ª ±½k Þ ¯0� � ÊLª����! 2V<WnX.�$#IVZY8[%�'&$(»ª F ÊXã �
� M�\�YNY��'E
ª ±½k Þ ¯0� � SQªG#GVZY8[%� ´ LnH|�Ã¡/hjc�A/P¹ª � A



.�S F � � �!� ���§É�ç �[ä��"�
� M� TEgM�_Jª 6LkL±½k Þ ¯0� A F ª����$#IVZY8[%�$®Ê@B)+(<,*-�ª ¯ � .�T
� M� TEgM�_Jª 6LkL±½k Þ ¯0� A	A+ª����$#IVZY8[%�$®�(�,2)+(�&*-�ª'T F�F S
� I�I	ª�u k Á k ª � I�I	ª �Vk Á k ªLM�ELb 6 IK TETGLª*Ç k Þ ¯0����� ª��<�$#GVZY8[%�! 2V<WnX.�$g�(�,'A
ª ¯	¯ ã � ã
� IG@b@
ª»Á k M�ELbhÁBaB TOSOÌª 6Lkg±lk Þ ¯0� � ÊLªGg�[+hsHKJ|¡�VZY8[0�z���/P�&�,oªQÊ F S
� IG@b@
ª!Á k M�ELb�ÁBPNM�ELWKRSOÌª�ý k ü k Þ ¯0��� � ª�RSE�e k è k uDM�\ZPD¾B TR%YZP�M�ELb�À k E k è RSOSOSR{M�¡1Y| I�bTY k ��ª!>BV<W��?JU¦lWKLnm�¦°cUH�gi[nhsH4J+¡�VZY8[|��L+[�J4´ ´ hjcUHOcU¤'�?Ë�cU¦oc0ÀU�jW|[�ª ü!O{M�\�IKELbT�'E�ýw\�I�YNY`ª© ¾�?2�'\�b
� I�YZP�IK\`ª è k E k Þ ¯0� A ¯ ª����! 2V<WnX.�$#IVZY8[%�/Cb32)|~'-�ª�T ¯ A ¯
� IK�+RSELI	ª�` k À k Þ ¯0� F � ªOÈ!m<cU¤'hsm]X¹X.WDL+V�cU¤���L+[�J4´OXaJ�¦oWKL%m]¦ocUHOHKc�h_W�¡'HKJ0L�W+[�[%W+[�ª © ¾H?"�'\�b
}�ETRS�JIK\�YZRSP}_]ýw\�I�Y�Y�ª � �'ELbT�'E

� IK�+RSELI	ª2` k À k M�ELb � IK\ZELYZP�IKRSE
ª2` k � k Þ ¯0� � A+ªR��JU¦oWDLnm]¦ocUHªHKWDc�L%hs��JU¤Ì�UYU¤'cUX±�sLn[.c�¤'�L+V<WnX;��LDcU¦2HKWDc�L%hs�{�0�{hsY	ª © ¾H?"�'\�b�}�ETRS�JIK\�Y�RSP}_]ýw\�I�Y�Y
� RSG	aXP`ª 6Lk ü k ª�uDM�¡VRSOSP��'E
ª�  k ý k ªnM�ELbp¢�RSOSOÌª 6gk ¢ k Þ ¯0� � SQª\���! 2V<W+X"�$#GV]Y^[0��&/P¹ª ¯ ÊXã	ã
� RSG	aXP`ª 6Lk ü k M�ELbµ9»agM�ETGLªgÀ k u k Þ ¯0��� � ªG�BcUHKc���cUY;x���[nLnm][�[0�$('(�,
ª ¯ ã�S
� RO@b@T¡HM�ETE
ª � k M�ELb�Á+WNa � RSETGJIK\`ª 6Lk Þ ¯0� S	ãQªG#IVZY8[%�$M�W+�U�$~b@
ªQÊ F �± M'WNagM'bT�TªQt k � k ü k ª]`��'·nIK\ZP����_�[IKP��Tª © k ªQM�ELb © \ZELIKOSO{M'Y�ªBt k ` k Þ ¯0��� � ª\ 2VbW+X"��#GVZY8[%�³BW%h�h_�/P�&�3�ªL. � T± M�agM�@gM�PZ\NMQªnÁ k M�ELb�ÁQM�PZaX_XM�¡U T\ZPZaX_Jª*� k Þ ¯0��� SQª����! 2V<WnX.�$#IVZY8[%�N(�,'PB)+(<C*-�ª F ã�SJA± M�agM�@gM�PZ\NMQªnÁ k M�ELb�ÁQM�PZaX_XM�¡U T\ZPZaX_Jª*� k Þ ¯0��� F ª����! 2V<WnX.�$#IVZY8[%�N(�,'CB)DPb3N-�ª ¯ ã � T�Ê± M�agM�@gM�PZ\NMQªnÁ k M�ELb�ÁQM�PZaX_XM�¡U T\ZPZaX_Jª*� k Þ ¯0��� A+ª����! 2V<WnX.�$#IVZY8[%�N(�,*~$)+(�~'-�ª F�F . ¯± M�EL�'O%�C@T TO%�	Y�ªLÀ k Ã k Þ ¯0� ��F ª��<�� 2V<W+X"�$#GVZY8[0��&'CB)+(�(�-�ª F ÊX.�S± M'�'OSRÌª�` k ª ± IKO%WNaTR%�'\Z\ZRÌªgt k ªgM�ELbRe��	YZPZRÌªLÀ k Þ ¯0��� ÊLªGg�[+hsHKJ|¡�VZY8[O����3/P'C¹ª�TJA'.± M�\ZPZRSELIKþJª�e k�6Lk Þ ¯0��� A+ªO 2VbW+X"�/#IVZY8[%�¹³BW%h�h_�'P*~bP¹ª ¯ T �± M'YNY�IK_Jªbu k Á k è k Þ ¯0� T	.QªG#!H4J0L^�� qcUX"¶+H+�s�`¶]Wi#IVZYU¦°J8[0� ´ J0L=�*P�&
ª ���± I�YNYZR{M�a
ª E k Þ�.	ã	ã	ãQª�ÈImbcU¤�hsm�XÍX"WKLnV�cU¤���L+[�ª�À[���JIK\`ª��[I � � �'\Z°± RSOSO%IK\`ª è k u k Þ ¯0� AÓÊLª����! 2VbW+X"�$#GVZY8[%�'1$(nª ¯ � .�T± RSOSO%IK\`ª è k u k Þ ¯0��� � ªG�Nc�H4c��ZcUY±x��r[%Lnm][�[%�N(�(<,
ª ¯± RSOSO%IK\`ª è k u k ª Á+W�a � M�\ZPZþJªoÁ k À k ªnM�ELbfeo\��'¡|@
ª 6gk è k Þ ¯0� � TQªO���� 2V<WnX.�B#GVZY8[%�B~b@
ªÊ ��� �± �+�'\�I	ª¹ü k Ã k Þ ¯0� A ¯ ª�gihjJUX±��L��I¤/W+H"¶UY4³2W+�8W+¦y[�ª��DM�PZR%�'EgM�O �  T\�I`M� �ÁBPNM�ELbLM�\�bTY`ª
ü!RS\ k�[� k Ê F A�Î�Ç k ý k © k Þ è M'YZaTRSETG	P��'E
ª»À7ü± �'\�YNI	ª	ý k	±½k M�ELbVtLI�YZaX·gM'WNa
ªZu k Þ ¯0� S�TQªN��Wnh{V�J0�U[¯J4´�h{V<WKJUHDWnhs��LDcU¦�¡'VZY8[|��L+[�ª ± W=Ç[\NM � �
u�RSOSO � �B�'°]ü^�'¡|@gM�EX_Jª/��I � � �'\Z°± \Z TGXM�O{MQªgt k M�ELb¿Á+I�WK\�I�YZP`ªLÀ k Þ ¯0� � TQª����� 2V<W+X"�$#GVZY8[%�*~<&2)+(�,*-�ª'S � S�Ê��IK TagM� LYNIK\`ªLÀ k M�ELb � M'IK\`ª ±lk Þ ¯0� � � ª\���$#GVZY8[0�! 2V<W+X"��@'A
ªL. � .JA���'·T LY-M'bLMQª�5 k M�ELb�ÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0��� A+ª��<�! 2V<W+X"�$#GVZY8[%�N(�,'1B)DP'P/-�ª � ãJA ����'·T LY-M'bLMQª�5 k M�ELb�ÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0��� � ªO 2V<WnX.�$#IVZY8[%�¹³BW%h�h_W+H�[\P�&'&
ª�T ¯	¯���'·T LY-M'bLMQª'5 k ª
ÁQM�°+RS¡1�'P��Tª/5 k ª M�ELb © ELbLMQª/5 k Þ ¯0��� SQªp 2V<W+X"�B#IVZY8[%�o³2Wnh�h_W+H|[iP�A'A
ªT ���© ELbLMQª�5 k M�ELbhÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0����� ª��<�� 2V<W+X"�*#GVZY8[0�$('(�(»ª � ���ý�M'WN°nª'` k e k Þ ¯0� AÓÊLª��<�! 2V<W+X"�$#GVZY8[0��1',B)DP/-�ª F T�T



� � �I� �K�§É�ç ��äv�.� .�SJAý)M�OSO{MQªgt k ªgÁQM�OO@ IKP�IK\`ªLÃ k Ã k ª»M�ELb�ÁBPNM�aTO%IK\`ª»Á k è k Þ ¯0� � TQªGgi[nhsH4J+¡�VZY8[�Ïv�<�'P*~'(»ª F T	.ý�I�IK·TO%I�Y`ªgý k�6Lk Ã k M�ELb;À[R%W�°JI	ª'` k u k Þ ¯0� F�� ªGgi[nhsH4J|¡/Y^[0�z�O3*C*(»ªQÊ	Êý�IKETGLª	e k ªz9»aX 
ª è k ª è M�ETGLª�À k ª�M�ELb�9»agM�ETGLª 6Lk 9 k u k Þ ¯0��� � ª��BcUHKc���cUY�x§��[nLnm][�[0�('(�,oª ¯ S �ý�IKP�YNM�O{M�°+R%Y`ª�  k À k ª�e�aL�+I�bT�'\NM�°J�C@n�' TO%�	Y�ª�Ç k ªJM�ELba��R%W��'O{M�R%bTI�Y`ªBü k E k Þ ¯0��� .QªB�<�z 2V<W+X"�#IVZY8[%�'@*~nªgA F .�Týw\�I�YNY`ª è k u k ªgt�O{M�ETELIK\Z_Jª � k ý k ª'e�IK T°J�'O%YZ°+_Jª¹Á k E k ª M�ELbR¢�IKPZP�IK\ZOSRSETGLª è k e k Þ ¯0� ��F ª�§m]X"W+H+��LDcU¦*M\WKLn�Ã¡bW|[�ª�ü�M�¡j·T\ZR%bQGJI;}�ETRS�JIK\�Y�RSP}_]ýw\�I�Y�Yýw T_JªgÀ k M�ELb¿ÁBRSG	EL�'\�I	ª ±½k Þ ¯0����� ªG�OW�µÌgi[nhsH4J�¤'JUX±Y;M�W+�=��W�µ	[�3'AoªL.	.�T`[M�RS¡1�'ELbQRÌª ±½k ª+ÁBRS\��'ETRÌª ±lk ª<ÇDIK\Z\NM�PZP`ª 6gk ªBM�ELb�ü^�+�C@ IK\`ªXÀ k���k Þ ¯0��� F ªB¥|¤�h_�/�<�	È!m<c�¤�h_� 2VbW+X"��1',
ªL.	.�S
`�IK\NM�P`ª ±lk ª ±?Ð \NM � MQª ±½k ªLM�ELb;ý��' LW�agM�E
ª¹ü k Þ ¯0��� .QªG#GVZY8[%�$M\W+�8�Ng�3'1B)K@$-�ª�S�ÊBA ¯`� T¡1IK\`ª'Ç k Þ ¯0� T	.Qª�Ë�J�h�hs�{¤B¶ZWn¤��Oc�L+VZH0�r@ k TJA	AÁQM'bTIKG	ab@ �' T\`ª]u k ` k ª � �'aTE
ª 6Lk]��k ª+ü�M`�'M�G	ELIK\��Tª ±lkZ6Lk ªXÃ�Y�\Z_Jª � k À k ªXtgM�·T\ZRS°	M�EXP`ª<  k   k ª± M'W�IK° ª 6Lk u k ªoM�ELb:`[M�E
ª E k ` k ý k Þj.	ã	ã	ãQªf�<�q#GVZY8[%�	®i¸qgih_�q��JU¦o�¯Ñ2¡/h_�	#GV]Y^[0�A'A
ª�` � TÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0��� F ªO 2VbW+X"�$#GVZY8[%�¹³2Wnh�h_W+H|[�P�3'&
ªQÊ ¯ ÊÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0��� A+ªG�BcUHKc���cUYax§��[nL=�'@�A2)DC/-�ª»A �Q¯ÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0��� � ªO 2VbW+X"�$#GVZY8[%�/P�P�&
ª ¯ F AÁQM�°+RS¡1�'P��Tª�5 k Þ ¯0����� ª��<�! 2V<W+X"�$#GVZY8[0�$('(�,B)DP�A*-�ª ¯	¯ .�T�TÁQM�°+RS¡1�'P��Tª�5 k Þ�.	ã	ã	ãQª��<�! 2V<W+X"�$#GVZY8[0�$('(<PN)+('(�-�ª�S	ã�Ê	ÊÁQM�°+RS¡1�'P��Tª�5 k M�ELb © ELbLMQª�5 k Þ ¯0��� ÊLª����� 2VbW+X"�$#GVZY8[%�$(�,�,2)DP/-�ª ¯	¯ A ¯ÁQM'YZO{M � ª è k ü k M�ELbµ9»RO@ �`_JªLÀ k Þ ¯0� F A+ªG�Oc�h_�'P$(�1oª � F AÁQM�PZaB_XM�¡j T\ZPZaX_Jª*� k Þ�.	ã	ã	ãQªG#IH+���8c�h_W;LDJUX±X±m]¤���LDc�hs��JU¤Á+WNaT\��BbQRSETGJIK\`ª»Ã k Þ ¯0� . F ªGg¯¤�¤*�/#IVZY8[%�$~<@
ª�T F ¯Á+W��'O%I�Y`ª/Ç ko| I�b k ��Þ ¯0� ��� ª�gihjJUX±��L�cU¤/�.��JU¦oWDLnm]¦ocUH�®¯WDcUXÒ��W%h{V�J0�8[Kª © ¾�?2�'\�bf}�ETRS�JIK\��Y�RSP}_]ýw\�I�Y�YÁ+I`M�\ZO%I�Y`ªgÀ kb6gk M�ELb]�J�'ER�DM�G	_X�}tLIKO%YN�'·T T°BRÌª»Ã k   k Þ ¯0���Q¯ ªI#GVZY8[%�$M�Wn�8�Ngw3/AB)|~'-�ª�T�T F SÁBRS¡1�'ELIKPZPNMQª ±lk ª�Ç[R{M�ETRSELIKPZPZRÌªBÃ k ªXM�ELba¢�M�ELbT�'ETRÌª�  k Þ ¯0� F�� ªz�<�	 2V<W+X"�b#GVZY8[0��3/&
ª ¯0� F��ÁBRS\��'ETRÌª ±½k Þ ¯0� � � ªG#GVb�yx;�zh{V<W|[+�r[Kª�}�ETRS�JIK\�Y�RSP}_]��? ± RSO{M�EÁB¡VRSPZa
ªLt k e k Þ ¯0� F .Qª\���B�?c�h{Vb�$#GVZY8[%�'A
ªgAUT�SÁBPNM�ELWKRSOÌªLý k ü k ª � IG@b@
ªnÁ k ªLM�ELb;À7M�OSGXM�\ZEL�Tª E k Þ ¯0��� F ªGg�[+hsHKJ|¡�VZY8[%�z�<��3*C�&oªQÊXã ¯ÁBP � M�OSO%IK_Jª è k ü k M�ELbp9nIK¡V°JI	ª è k e k Þ ¯0��� TQª��<��#GV]Y^[0�� 2V<WnX.��M�W{´0��x�c�hjciP'PN)+(�-�ª � Ae�M�O��}Ãwþ`IK\`ª�u k M�ELbR5��	Y�O%�87)ª�` k Þ ¯0� � ÊLª����! 2VbW+X"�$#GVZY8[%�'&$(nª�T � F Ae�M�_+O%�'\`ª � k 5 k M�ELb�u�RSELbTI	ª 6Lk Þ ¯0����� ª��<�! 2V<W+X"�$#GVZY8[0�$('(�(»ª � AUTe�M�_+O%�'\`ª 6Lk ` k Þ ¯0� F � ª ´ L�c�h�h_W+H+��¤B¶³>BV<WDJUH|YZ¸?>BV<W©�nm<c�¤�hsm]X�h{V<WKJUH+Y?J4´a¤/JU¤�HDW+¦°c�hs�r[nhs�sL

L�JU¦�¦·��[|��JU¤b[�ªq`��'·nIK\ZPiÃ k 5D\ZR%IKGJIK\�ýw T·TOSR%Y�aTRSETG�ü^�'¡|@gM�EX_Jª ± M�O{M�·gM�\`ªgt�O%�'\ZR%bLM
¢[RSOSOÌª 6Lk ¢ k ªTý�M�\Z°JIK\`ª*Ç k E k ªgM�ELb � RSG	aXP`ª 6Lk ü k Þ ¯0� � .Qª� 2V<W+X"�$#GVZY8[%� ³2Wnh�h_�/&�@
ªQÊ � Tè aTRSPZP�IKE
ª�` k ü k M�ELb¿ÁB¡VRSPZa
ªLt k e k Þ ¯0� F�� ª����z�?c�h{V<�$#GV]Y^[0��@oª ¯	¯ ã�Tè  
ª»ü k u k Þ ¯0� A � ª��<�� 2V<W+X"�$#GVZY8[0�/~'(nªgA � T9nIK¡HM'WNa
ªnü k Þ ¯0� F ÊLªG¥|¦'�§m<J��^J� z��X"W+¤�hjJ�¨©¨ª¨©«^«=«�)KA*-�ª � T �



.�S � � � �!� ���§É�ç �[ä��"�
9nI � M�RSOÌª E k u k Þ�.	ã	ã	ãQª����$#IVZY8[%�! 2V<W+X"�$g�(�,�3�ª�S F�F ã
9»agM�ETGLªLÀ k u k ª è  
ª�» k ªgM�ELbµ9»agM�ETGLª 6Lk 9 k Þ ¯0��� SQª����! 2VbW+X"�$#GVZY8[%�$(�,'PB)+(�-�ª ¯ .�Ê9»agM�ETGLªLÀ k u k M�ELb?9»agM�ETGLª 6Lk 9 k u k Þ ¯0��� ÊXMQª��<�! 2V<W+X"�$#GVZY8[%�N(�,N(»ª ¯	¯ Ê F9»agM�ETGLªLÀ k u k M�ELb?9»agM�ETGLª 6Lk 9 k u k Þ ¯0��� Ê	·
ª��<�! 2V<W+X"�$#GVZY8[%�N(�,N(»ª�T F A ¯9»agM�ETGLª 6Lk 9 k u k Þ ¯0����� ªI>BV<WDJUH|Y;cU¤'�Oc+¡�¡'¦·�sLDc�hs�sJU¤�J4´��nmbcU¤�hsm�XÓX.JU¦lWKLnm�¦°cUHi�UYU¤'cUX±�sLn[�ªè �'\ZO%b¿Á+WKR%IKEBPZR�²gW
9»aX 
ª è k ª2u� gM�ETGLª ��k ªz5��' T\ZRÌª)À kB6Lk ª E \ZEL�'O%b¹ª ±½k ª)M�ELb£u[�87¹M�¡VE
ª)À k 5 k Þ ¯0��� ÊXMQª#GVZY8[0�$M�W+�8�
³2Wnh�h_�N~bP
ª ¯ T ¯ ã9»aX 
ª è k ªBu� gM�ETGLª �Vk ªB5��' T\ZRÌª)À k26Lk ª E \ZEL�'O%b¹ª ±lk ª)M�ELb£u[�87
M�¡VE
ª�À k 5 k Þ ¯0��� Ê	·
ª#GVZY8[0�$M�W+�8�
³2Wnh�h_�N~<Aoª ¯ AUT�T


