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Bkke_^m_lky�bhgbaZpby�Zlhfh\�k nbdkbjh\Zgghc�ijh_dpb_c�hj[blZevgh]h�fh�f_glZ�P gZ�\u^_e_ggmx�hkv �hj[blZevgZy�iheyjbaZpby��we_dljhgguf�m^Zjhf�>ey� Zfieblm^u� bhgbaZpbb� \ i_j\hf� [hjgh\kdhf� ijb[eb`_gbb� k [hjg�dmehgh\kdbf�fZljbqguf� we_f_glhf�ihemq_gu� ZgZeblbq_kdb_� \ujZ`_gby�^eyPS� b PS� � ��� r P ��gZqZevguo�khklhygbc�Zlhfgh]h�we_dljhgZ��J_amevlZlu\uqbke_gbc�^\hcguo�^bnn_j_gpbZevguo�k_q_gbc ij_^klZ\e_gu�\ \b^_�ljzo�f_jguo�bah[jZ`_gbc�� JZkkfhlj_g ijbf_j�bhgbaZpbb�S�\ha[m`^_gguo�Zlhfh\1D b /L�

Bkke_^h\Zgby� bhgbaZpbb� ]Zah\� we_d�ljhgguf�m^Zjhf�aZgbfZxl�g_hlt_fe_fmxqZklv� nbabdb� Zlfhkn_ju� b ieZafu >�@�JZkij_^_e_gby�\lhjbqguo�we_dljhgh\�ijbbhgbaZpbb� bamqZebkv� g_h^ghdjZlgh� wdk�i_jbf_glZevgh� >�@� b l_hj_lbq_kdb� >�@�Hkh[h_� \gbfZgb_� ihke_^g__� \j_fy� m^_�eyxl�lZd�gZau\Z_fhfm�^bojhbafm�ijb�bh�gbaZpbb��aZdexqZxs_fmky�\ jZaebqbb�m]�eh\uo�jZkij_^_e_gbc�we_dljhgh\�^ey�jZa�ebqguo� agZq_gbc� ijh_dpbc� P hj[blZev�gh]h�fhf_glZ�O ZlhfZ�\ gZqZevghf�khklhy�gbb >�@�� <hafh`ghklv� ihemqZlv� Zlhfu� \ih^h[guo� khklhygbyo� ^hklb]Z_lky� imlzfh[emq_gby�bkke_^m_fuo�Zlhfh\�eZa_jhf�khij_^_ezgghc� ^ebghc� \hegu� b iheyjbaZ�pb_c�>�@�DZd�ba\_klgh��dhebq_kl\_gghc�\_ebqb�ghc�� iha\heyxs_c� hoZjZdl_jbah\Zlv� ijh�p_kk�bhgbaZpbb��y\ey_lky� k_q_gb_�bhgbaZ�pbb��ihegh_� k_q_gb_� ���(WRWV b jZaebq�gu_� ^bnn_j_gpbZevgu_� k_q_gby�� gZijb�f_j��^\hcgu_� ����''&6(� : GGG �V �
����''&6� GHGG �V �

����''&6� GHGG �V b ljhcgh_
� � � �7'&6 � � �G G G GHV : : ��>ey�bkke_^h�\Zgby� ^bojhbafZ� ijb� bhgbaZpbb� fu� \u�[jZeb� ^\hcgh_� ^bnn_j_gpbZevgh_� k_q_�gb_� ''&6��� ijhbgl_]jbjh\Zggh_� ih� m]�eZf� jZkk_ygby� gZe_lZxsbo� �i_j\bqguo�we_dljhgh\��>Zgguc \u[hj�k_q_gby�hkgh�\Zg� gZ� ^hklmighklb� wdki_jbf_glZevgh]hbkke_^h\Zgby� ''&6��� ijh\h^b\r_]hky_s_�k gZqZeZ� �����o ]]� >��� �@��G_�kfhljygZ� lh�� qlh� \ gZklhys__� \j_fy y\e_gb_^bojhbafZ� ijb� bhgbaZpbb� hj[blZevgh�iheyjbah\Zgguo� Zlhfh\� we_dljhggufm^Zjhf�gZ[ex^Zehkv�lhevdh�\ 7'&6 >�@��\gZklhys_c� jZ[hl_� ihdZaZgh�� qlh� y\e_gb_^bojhbafZ�fh`gh�gZ[ex^Zlv�b \�''&6��Djhf_� lh]h�� j_amevlZlu� jZkqzlZ ''&6�fh`gh�gZ]ey^gh�ij_^klZ\blv�\ \b^_�h[t�zfguo�bah[jZ`_gbc�k_q_gbc�bhgbaZpbb�bbo�jZaj_ah\��dZd�wlh�k^_eZgh�\ ^Zgghc�jZ�[hl_�>bnn_j_gpbZevgu_�k_q_gby�bhgbaZpbbaZ\bkyl�hl�wg_j]bb�b m]eh\�jZkk_ygby�gZe_�lZxs_]h� we_dljhgZ�� Z lZd`_� hl� wg_j]bb� bm]eh\� \ue_lZ� \lhjbqgh]h� we_dljhgZ�



8]KKRURG�8QLYHUVLW\�6FLHQWLILF�+HUDOG��6HULHV�3K\VLFV��,VVXH�����±�����

���

2,2èe2,1,,1è,E MM� ��?keb�`_�fu�bkke_^m_faZ\bkbfhklv�k_q_gby�bhgbaZpbb�hl�d\Zglh�\h]h�fZ]gblgh]h�qbkeZ�P��oZjZdl_jbamxs_�]h� gZqZevgh_� khklhygb_� bhgbabjm_fh]hZlhfZ�� g_h[oh^bfh� \\_klb� \ jZkkfhlj_gb__sz� h^bg� iZjZf_lj� ±� m]he��nbdkbjmxsbcgZijZ\e_gb_�hkb�d\Zglh\Zgby�hj[blZevgh]hfhf_glZ��GZijbf_j�� wlh� fh`_l� [ulv� m]heZ f_`^m�hkvx�d\Zglh\Zgby��4$��b gZijZ\�e_gb_f�imqdZ�i_j\bqguo�we_dljhgh\��< dZ�q_kl\_�f_lh^Z�l_hj_lbq_kdh]h�bkke_^h\ZgbybhgbaZpbb� [ueh� \u[jZgh� i_j\h_� [hjgh\�kdh_� ijb[eb`_gb_� k [hjg�dmehgh\kdbffZljbqguf�we_f_glhf��)%$���LZdhc�\u[hjg_ba[_`gh� h]jZgbqb\Z_l� kgbam� wg_j]bxgZe_lZxs_]h� we_dljhgZ� hl� ������� w<�� Zwg_j]bx� \lhjbqgh]h� we_dljhgZ� k\_jom� �g_[he__� ������ w<�� >�@��Ij_bfms_kl\hf� )%$y\ey_lky�ijhklhlZ�\uqbke_gby�ihegh]h�k_�q_gby� b \hafh`ghklv� ZgZeblbq_kdh]h� \u�qbke_gby� fZljbqguo� we_f_glh\�� Ljhcgh_^bnn_j_gpbZevgh_� k_q_gb_�� ke_^my� jZ[hl_>�@�� \ jZfdZo� )%$ aZ^Zzlky� ke_^mxs_cnhjfmehc� �a^_kv� b ^Ze__� bkihevamxlkyZlhfgu_�_^bgbpu��
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kqEF0TN NNGHGG G  :: �������
]^_� QOPH[S ��RUW TUNNT LEF0  ���� Z ±[hjg�dmehgh\kdbc� fZljbqguc� we_f_gl�FZljbqguc� we_f_gl� aZ\bkbl� hl� k ±� bf�imevkZ�\lhjbqgh]h�we_dljhgZ��hl�i_j_^Zg�gh]h�bfimevkZ� 10 kkq � ��jZ\gh]h�jZagh�klb�bfimevkh\�gZe_lZxs_]h�we_dljhgZ�^h� �N ��b ihke_� � �N ��jZkk_ygby��Djhf_�lh]h�fZljbqguc� we_f_gl� aZ\bkbl� hl� hjb_glZ�pbb LQW= ±�hkb� ] Zlhfghc�kbkl_fu� LQW$ �gZ� dhlhjmx� ijh_dlbjm_lky� hj[blZevgucfhf_gl�ZlhfZ��< fZljbqghf�we_f_gl_ dm�ehgh\kdZy� hjlh]hgZebah\ZggZy� \hegh\Zynmgdpby� RUWN jZ\gZ�>�@�

RUWN  QOPQOP �� NN ���� ���
N ±wlh�dmehgh\kdZy�nmgdpby�k _^bgbq�guf�aZjy^hf�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
� � � � � � ¹̧·©̈§ ������¹̧·©̈§ ���� � rkrkr LULN��NL)LHNL+N�H�N� �������� � ���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
< nhjfme_� ���� QOP ±�nmgdpby�Zlhfgh]hwe_dljhgZ�\ gZqZevghf�khklhygbb�<i_j\u_� ZgZeblbq_kdh_� \ujZ`_gb_� ^eyk_q_gby� ���� \ kemqZ_� �V bhgbaZpbb� [uehihemq_gh�\ jZ[hl_� >��@��>Zggh_�\uqbke_�gb_�g_� lj_[h\Zeh�\\_^_gby�hkb�d\Zglh\Z�gby� 4$ \\b^m� kbff_ljbb� khklhygby� �V�<\_^_gb_�^Zgghc�hkb�lZd`_�g_�ihlj_[m_l�ky��_keb�jZkkqblu\Zlv�ihegu_�k_q_gby�^eyex[uo� gZqZevguo� khklhygbc� >�����@�� <wlbo�jZ[hlZo�hkv�d\Zglh\Zgby�4$ gZijZ\�e_gZ�\^hev�\_dlhjZ k ��fhf_glZ�bfimevkZ\lhjbqgh]h�we_dljhgZ�>ey� \uqbke_gby� m]eh\uo� aZ\bkbfh�kl_c� k_q_gbc� bhgbaZpbb� ^ey� gZqZevguokhklhygbc� k 0mz g_h[oh^bfh� \\_klb� \jZkkfhlj_gb_� eZ[hjZlhjgmx� kbkl_fm� dh�

hj^bgZl�b nbdkbjh\Zlv�\ g_c�gZijZ\e_gb_hkb�d\Zglh\Zgby��Ijb�wlhf�\hagbdZ_l�g_�h[oh^bfhklv� \uqbke_gby� ���� ZkqEF0 kijhba\hevgh�gZijZ\e_gghc�4$ �g_� \^hev
k ��dZd�wlh�[ueh�k^_eZgh�\ >����@���Ihiul�db�\\_^_gby�hkb�d\Zglh\Zgby�\ l_hjbb�bh�gbaZpbb� m`_� [ueb� k^_eZgu >�����@�� ghqbke_gguo�j_amevlZlh\�\ wlbo�jZ[hlZo�g_[ueh� ihemq_gh�� GZ� ^Zgguc� fhf_gl� gZfba\_klgZ� h^gZ� jZ[hlZ� >�@� k qbke_ggufbj_amevlZlZfb�� ih^l\_j`^ZxsZy� ijhy\e_�gb_ ^bojhbafZ� \ bhgbaZpbb� \ qZklghfkemqZ_�gZijZ\e_gby�4$��< jZ[hl_�>�@�l_h�j_lbq_kdb� b wdki_jbf_glZevgh� bkke_^h�\ZeZkv�7'&6 bhgbaZpbb �� rS \ha[m`^zg�gh]h�ZlhfZ�1D�
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< dZq_kl\_� \hegh\hc� nmgdpbb� QOP fubkihevah\Zeb� \h^hjh^hih^h[gmx� nmgd�pbx�k wnn_dlb\guf� aZjy^hf� HII= ��dhlh�juc� \uqbkeyeb� ih� nhjfme_�
QOU �O�OQHII= ��� �� �� ]^_� Q ±� ]eZ\gh_

d\Zglh\h_� qbkeh�� AgZq_gb_� kj_^g_]h� jZ�^bmkZ� QOU gZqZevgh]h�Zlhfgh]h�khklhygby\uqbkeyehkv�k [he__�lhqghc��q_f�\h^hjh�^hih^h[gZy�� \hegh\hc� nmgdpb_c�SUHVQOUSUHVQOQOU  �� dhlhjZy� gZoh^b�eZkv� dZd� qbke_ggh_� j_r_gb_� mjZ\g_gbyRj_^bg]_jZ�k wnn_dlb\guf�ihl_gpbZehf>��@��Fu�bkihevah\Zeb�ke_^mxsb_�agZq_�gby� ������������������   S1DHII=DS1DU �

G_kfhljy�gZ�ijhklhlm�\h^hjh^hih^h[ghcnmgdpbb�� ihemq_ggu_� k g_c� j_amevlZlu^h\hevgh� lhqgu��ijh\_jdZ� lhqghklb� ijh�ba\h^beZkv� kjZ\g_gb_f� j_amevlZlh\� ^eyihegh]h�k_q_gby�bhgbaZpbb� ZlhfZ�dbkeh�jh^Z� ijb� ���HY�(  �� jZkkqblZggh]h� knmgdpbyfb De_f_glb�Jh_llb�� Wlh� [uehhlf_q_gh�\ >�@�b ih^l\_j`^_gh� \ ^ZgghcjZ[hl_�>ey� lh]h�� qlh[u� \uqbkeblv� fZljbq�guc�we_f_gl�ba�����k ijhba\hevgh�gZijZ\�e_gghc� hkvx� d\Zglh\Zgby� 4$�� fu� \hk�ihevah\Zebkv� k\hckl\hf� ij_h[jZah\Zgbym]eh\hc�qZklb�h^ghwe_dljhgghc�\hegh\hcnmgdpbb� Zlhfgh]h� we_dljhgZ�� dhlhjZyij_^klZ\ey_l� kh[hc� kn_jbq_kdmx� nmgd�pbx� ���OP
 MT �� ijb� ih\hjhl_� kbkl_fudhhj^bgZl�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBB

¦ c c8c O �OP �������PPO'���OPODE
 MTJEDMT POODEODE ����BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
Nmgdpby� ����PPO' JEDc ij_^klZ\�ey_l�kh[hc�nmgdpbx�<b]g_jZ��aZ\bkysmxhl� m]eh\� Wce_jZ� JED �� �� i_j_\h^ysboZlhfgmx�kbkl_fm�dhhj^bgZl� D=D<D; �� \eZ[hjZlhjgmx� ODE=ODE<ODE; �� ��Hkv� D=Zlhfghc� kbkl_fu� dhhj^bgZl� gZijZ\e_gZ\^hev� \_dlhjZ N�� hkv�;D e_`bl� \ iehkdh�klb��aZ^Z\Z_fhc�\_dlhjZfb�N b T��Hkv�=ODEeZ[hjZlhjghc�kbkl_fu�dhhj^bgZl�gZijZ\�e_gZ�\^hev�N��±�\_dlhjZ�bfimevkZ�i_j\bq�gh]h� we_dljhgZ�� hkv� ;ODE ijbgZ^e_`bliehkdhklb��aZ^Zgghc�\_dlhjZfb�N��b R��]^_R ±� _^bgbqguc� \_dlhj�� gZijZ\e_gguc\^hev� hkb� d\Zglh\Zgby�� GZfb� [ueb� \u�qbke_gu�m]eu�Wce_jZ�

)()
o)k,qk,oq, )<� 

sinsin
cos � �������D �

k
����� ok Ecos ���������������������������

]^_�< ��m]he�f_`^m�\_dlhjZfb�k b q ��) �m]he�f_`^m�\_dlhjZfb�k b o ��M]he� J ^eyjZkqzlh\� g_� ihlj_[h\Zeky�� agZd� VLQ�D �hij_^_ey_lky�ba�\ujZ`_gby
> @��������� TN�RVLJQVLJQ  DVLQ ��������������

LZdbf� h[jZahf�� ''&6�� jZkkqblu\Z�ehkv� gZfb� k fZljbqguf� we_f_glhf���� ZkqEF0 �� \ dhlhjhf� m]eh\Zy� aZ\bkb�fhklv� \h^hjh^hih^h[ghc� nmgdpbb� hij_�^_eyeZkv� \ujZ`_gb_f� ���� �kf�� Ijbeh`_�gb_��
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Jbk���KjZ\g_gb_� jZkkqblZgguo ���� GHGG Ù2V^ey��S�\ha[m`^zggh]h�ZlhfZ�1D k jZ[hlhc�>�@���� � ���H9��(Z   �� ��H9� �� ��H T  � ��� � ���� �M M  Kiehrgu_�ebgbb� ±�gZ�rb�j_amevlZlu��imgdlbj�±�jZkqzlu�>�@��q_jgu_b [_eu_�djm`db�±�wdki_jbf_gl� >�@��ghjfbjh�\Zgguc�gZ�gZrb�j_amevlZlu ^ey�P ���b P �khhl\_lkl\_ggh�
>ey� kjZ\g_gby� k >�@� gZfb� [ueh� jZk�kqblZgh� 7'&6 bhgbaZpbb� �j�\ha[m`�^zggh]h�ZlhfZ�1D ^ey� ��� r P �jbk�� ���Wdki_jbf_glZevgu_�^Zggu_�ghjfbjh\ZgugZ�j_amevlZlu�gZklhys_c�jZ[hlu��k_q_gb_^ey�P ��jZ\gh���\ kbem�]_hf_ljbb�wdki_�jbf_glZ�� >ey� h[gZjm`_gby� ^bojhbafZijb� bhgbaZpbb� j_amevlZlu� jZkqzlh\''&6��ij_^klZ\e_gu�gZ�jbk�� ��� �� \ \b^_ljzof_jguo�bah[jZ`_gbc�b gZ� jbk���� �� \\b^_� bo� jZaj_ah\� \ iehkdhklb��i_ji_g^b�dmeyjghc�hkb�d\Zglh\Zgby��JZkqzlu�ihdZ�aZeb��qlh�gZb[he__�kms_kl\_ggZy�jZagbpZk_q_gbc�^ey�P ��b P ���gZ[ex^Z_lky�ijb��� Z ��DZd�\b^gh�ba�jbk����^bojhbaf�[h�e__�agZqbl_e_g�ijb�f_gvrbo�wg_j]byo�i_j�\bqgh]h�we_dljhgZ��< dZq_kl\_�ijbf_jZ�[u�eZ� jZkkfhlj_gZ� bhgbaZpby� �S�\ha[m`�^zggh]h� ZlhfZ� /L k ���������  S/LHII= �J_amevlZlu� jZkqzlh\� ''&6�� ij_^klZ\e_�gu�gZ�jbk������\ \b^_�ljzof_jguo�bah[jZ�`_gbc� b gZ� jbk��� \ \b^_� bo� jZaj_ah\� \

iehkdhklb�� i_ji_g^bdmeyjghc� hkb� d\Zg�lh\Zgby�

Jbk����Ljzof_jgh_�bah[jZ`_gb_ ������������� ��� HYVWHUFPGHGG Ù2V ^ey�S�\ha[m`^zggh]h�ZlhfZ�1D� ��������������� ���� MT �HYHHY( �����������    Z �P ���P �� P � ��k\_jom�\gba�khhl\_lkl\_ggh�
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Jbk�� �� Ljzof_jgh_� bah[jZ`_gb_������������� ��� HYVWHUFPGHGG Ù2V ^ey�S�\ha[m`^zggh]h� ZlhfZ� 1D���������������� ���� MT �HYHHY( ������������    Z �
P ���P �� P � ��k\_jom�\gba�khhl\_lkl\_ggh�

Jbk�� �� JZaj_a� ljzof_jgh]h� bah[jZ`_gby������������� ��� HYVWHUFPGHGG Ù2V ^ey�S�\ha[m`^zggh]h� ZlhfZ� 1D \ iehkdhklb�i_ji_g^bdmeyjghc� 4$�HYHHY( �����������    Z �� KiehrgZyebgby��P ����imgdlbj��P � ��Gb`gbc� ]jZ�nbd�^ey P ��
Djbl_jb_f�^hklh\_jghklb�gZrbo�jZk�qzlh\�fh`_l�kem`blv�]jZnbd�kjZ\g_gby�kj_amevlZlZfb� >�@� gZ� jbk����Djhf_� lh]h�� \jZfdZo� ^Zgghc� jZ[hlu� [ueh� jZkkqblZghihegh_ k_q_gb_��mkj_^gzggh_�ih�P� b hgh[ueh�kjZ\g_gh k�>��@��J_amevlZlu�kjZ\g_�gby� hdZaZebkv� m^h\e_l\hjbl_evgufb��LZ�dbf�h[jZahf��\ gZklhys_c�jZ[hl_�ij_^eh�`_g�f_lh^��iha\heyxsbc�bamqZlv�y\e_gb_^bojhbafZ�\ ''&6 b \�7'&6 gZ�ijbf_j_ljzof_jguo� bah[jZ`_gbc� k_q_gbc�� ijbwlhf� fZljbqguc� we_f_gl� ���� ZkqEF0\uqbkey_lky�ZgZeblbq_kdb��qlh�h[_ki_qb�\Z_l�[ukljh_�\uiheg_gb_�jZkqzlh\�gZ�3&�
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Jbk�� �� JZaj_a� ljzof_jgh]h� bah[jZ`_gby������������� ��� HYVWHUFPGHGG Ù2V ^ey�S�\ha[m`^zggh]h�ZlhfZ�1D \ iehkdhklb��i_j�i_g^bdmeyjghc� 4$�HYHHY( ������������    Z �� KiehrgZyebgby��P ���� imgdlbj��P � ��Gb`gbc� ]jZnbd^ey P ��
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