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���Qlh�lZdh_�nhlhwe_f_gl�b�dZdh\Z�_]h�\hevl�Zfi_jgZy�oZjZdl_jbklb�

dZ"�

���DZd�jZkkqblZlv�qm\kl\bl_evghklv�nhlhwe_f_glZ"�

�

EZ[hjZlhjgZy�jZ[hlZ�������

HIJ?>?E?GB?�J?AHG:GKGH=H�IHL?GPB:E:�<HA;M@�

>?GBY�:LHF:�F?LH>HF�NJ:GD:�±�=?JP:�

�

P_ev� jZ[hlu�� wdki_jbf_glZevgh_� ih^l\_j`^_gb_� ^bkdj_lghklb�

Zlhfguo�khklhygbc�b�d\Zglh\h]h�ih]ehs_gby�wg_j]bb�Zlhfhf���

Ijb[hju�b�ijbgZ^e_`ghklb��eZ[hjZlhjguc�dhfie_dk�EDD����eZf�

iu�E��b�E���gZiheg_ggu_�khhl\_lkl\_ggh�g_hghf�b�]_eb_f��

L_hj_lbq_kdZy�qZklv�

I_j\Zy�ihiuldZ�kha^Zgby�fh^_eb�ZlhfZ�ijbgZ^e_`bl�>`��>`��Lhf�

khgm�������]����Kh]eZkgh�wlhc�fh^_eb�Zlhf�ij_^klZ\ey_l�kh[hc�g_ij_ju\gh�

aZjy`_gguc�iheh`bl_evguf�aZjy^hf�rZj�jZ^bmkhf�ihjy^dZ�������f��\gml�

jb� dhlhjh]h� hdheh� k\hbo� iheh`_gbc� jZ\gh\_kby� dhe_[exlky� we_dljhgu��

KmffZjguc�iheh`bl_evguc�aZjy^�rZjZ�jZ\_g�aZjy^m�we_dljhgh\��lZd�qlh�

Zlhf�\�p_ehf�g_cljZe_g���

<������]��W��J_a_jnhj^��ZgZebabjmy�ijhp_kk�jZkk_ygby�α�qZklbp�ijb�

ijhoh`^_gbb�q_j_a�lhgdb_�kehb�\_s_kl\Z��ij_^eh`be�y^_jgmx��ieZg_lZj�

gmx��fh^_ev�ZlhfZ��Kh]eZkgh�J_a_jnhj^m�Zlhf�ij_^klZ\ey_l�kh[hc�kbkl_�

fm�aZjy^h\��\�p_glj_�dhlhjhc�jZkiheh`_gh�ly`_eh_�iheh`bl_evgh_�y^jh�k�

aZjy^hf� �=H�� bf_xs__� jZaf_j� ������������f� b�fZkkm�� ijZdlbq_kdb� jZ\gmx�

fZkk_� ZlhfZ�� <hdjm]� y^jZ� \� h[eZklb� k� ebg_cgufb� jZaf_jZfb� ihjy^dZ��������

��
���
�f�jZkiheh`_gu�=�we_dljhgh\��jZkij_^_e_gguo�ih�\k_fm�h[t_fm��h[jZ�

amy�we_dljhggmx�h[hehqdm�ZlhfZ���
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�

Jbk�����IeZg_lZjgZy�fh^_ev�ZlhfZ��

H^gZdh�y^_jgZy�fh^_ev�hdZaZeZkv�\�ijhlb\hj_qbb�k� aZdhgZfb�deZk�

kbq_kdhc�f_oZgbdb�b�we_dljh^bgZfbdb��Ihkdhevdm�kbkl_fZ�g_ih^\b`guo�

aZjy^h\� g_� fh`_l� gZoh^blvky� \� mklhcqb\hf� khklhygbb�� J_a_jnhj^m� ijb�

rehkv�hldZaZlvky�hl�klZlbq_kdhc�fh^_eb�ZlhfZ�b�ij_^iheh`blv��qlh�we_d�

ljhgu�^\b`mlky�\hdjm]�y^jZ�ih�aZfdgmluf�djm]h\uf�hj[blZf��Gh�\�wlhf�

kemqZ_�we_dljhgu�[m^ml�^\b]Zlvky�k�mkdhj_gb_f��lZd�dZd�ex[h_�l_eh��^\b�

]Zykv�ih�hdjm`ghklb��h[eZ^Z_l�p_gljhklj_fbl_evguf�mkdhj_gb_f���\�k\yab�

k� q_f�� kh]eZkgh� deZkkbq_kdhc� we_dljh^bgZfbd_�� hgb�^he`gu�g_ij_ju\gh�

baemqZlv� we_dljhfZ]gblgu_� \hegu�� Ijhp_kk� baemq_gby� khijh\h`^Z_lky�

ihl_j_c�wg_j]bb��lZd�qlh�we_dljhg��\�dhg_qghf�kqzl_��^he`_g�miZklv�gZ�y^�

jh��Wlh]h�`_�g_�ijhbkoh^bl��

Ihiuldb�ihkljhblv�fh^_ev�ZlhfZ�\�jZfdZo�deZkkbq_kdhc�nbabdb�g_�

ijb\_eb�d�mki_om��<uoh^�ba�kha^Z\r_]hky�lmibdZ�[ue�gZc^_g�\������]��^Zl�

kdbf�nbabdhf�Gbevkhf�;hjhf��<�l_hjbb�;hjZ�g_�kh^_j`Zehkv�ijbgpbib�

Zevgh]h�hldZaZ�hl�hibkZgby�ih\_^_gby�we_dljhgh\�\�Zlhf_�ijb�ihfhsb�aZ�

dhgh\�deZkkbq_kdhc�nbabdb��h^gZdh�_fm�ijbrehkv�^_eZlv�g_dhlhju_�h]jZ�

gbq_gby��ijhlb\hj_qZsb_�deZkkbq_kdbf�ij_^klZ\e_gbyf��Wlb�h]jZgbq_gby�

[ueb�knhjfmebjh\Zgu�\�\b^_�^\mo�ihklmeZlh\��
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���Kms_kl\mxl�g_dhlhju_�klZpbhgZjgu_�khklhygby�ZlhfZ��gZoh^ykv�\�

dhlhjuo� hg� g_� baemqZ_l� wg_j]bb��KlZpbhgZjguf� khklhygb_f� ZlhfZ� khhl�

\_lkl\mxl�klZpbhgZjgu_�hj[blu��ih�dhlhjuf�^\b`mlky�we_dljhgu��bf_x�

sb_� ^bkdj_lgu_� d\Zglh\Zggu_� agZq_gby� fhf_glZ� bfimevkZ�� m^h\e_l\h�

jyxsb_�mkeh\bx��

������������������� !QUP/ QQQ =υ= �������Q� ��������«���

����Ijb�i_j_oh^_�we_dljhgZ�k�h^ghc�klZpbhgZjghc�hj[blu�gZ�^jm]mx�

baemqZ_lky� �ih]ehsZ_lky�� h^bg� nhlhg� k� wg_j]b_c� PQ üü −=&! �� jZ\ghc�

jZaghklb�wg_j]bc�khhl\_lkl\mxsbo�klZpbhgZjguo�khklhygbc���

D\Zglh\uc�oZjZdl_j�ih]ehs_gby�wg_j]bb�Zlhfhf��ihklmebjh\Zgguc�

;hjhf��wdki_jbf_glZevgh�ih^l\_j`^zg�hiulZfb�NjZgdZ�b�=_jpZ��ihklZ\�

e_ggufb�\������]��Ko_fZ�mklZgh\db�bah[jZ`_gZ�gZ�jbk�����

Jbk����

�<� ljm[d_�� aZiheg_gghc� iZjZfb� jlmlb�� ih^� g_[hevrbf� ^Z\e_gb_f����

�≈ ��ff�jl��kl���bf_ebkv�ljb�we_dljh^Z��dZlh^�D��k_ldZ�K�b�Zgh^�:��We_dljh�

gu�� \ue_lZxsb_�ba� jZah]j_lh]h� dZlh^Z�� mkdhjyebkv� jZaghklvx�ihl_gpbZ�

eh\�8��ijbeh`_gghc�f_`^m�dZlh^hf�b� k_ldhc��Wlm�jZaghklv�ihl_gpbZeh\�

fh`gh�[ueh�ieZ\gh�f_gylv�� �F_`^m�k_ldhc�b�Zgh^hf�kha^Z\Zehkv�keZ[h_�
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aZ^_j`b\Zxs__� we_dljbq_kdh_� ihe_� �<���� =k8 �� lhjfhab\r__� ^\b`_gb_�

we_dljhgh\�d�Zgh^m���

We_dljhgu��\klj_qZxsb_�gZ�k\hzf�imlb�Zlhfu��fh]ml�bkiulu\Zlv�k�

gbfb�khm^Zj_gby�^\hydh]h�jh^Z��

I_j\uc�lbi�khm^Zj_gbc� ��mijm]b_�klhedgh\_gby��\�j_amevlZl_�dhlh�

juo� wg_j]by� we_dljhgh\� g_� baf_gy_lky�� Z� baf_gy_lky� ebrv� gZijZ\e_gb_�

kdhjhklb� we_dljhgh\��LZdb_� klhedgh\_gby�� ohly� b� aZljm^gyxl� ihiZ^Zgb_�

we_dljhgh\�gZ�Zgh^��g_�fh]ml�y\blvky�ijbqbghc�j_adh]h�kiZ^Z�Zgh^gh]h�lh�

dZ�\�ljm[d_��dhlhjuc�^he`_g�\hajZklZlv�k�m\_ebq_gb_f�mkdhjyxs_c�jZagh�

klb�ihl_gpbZeh\�8��

<lhjhc�lbi�\hafh`guo�khm^Zj_gbc�we_dljhgh\�k�ZlhfZfb� ��g_mijm�

]b_�klhedgh\_gby� ��k\yaZg�k�ihl_j_c�we_dljhgZfb�bo�wg_j]bb�b�i_j_^Zq_c�

wlhc�wg_j]bb�ZlhfZf�jlmlb��

<�khhl\_lkl\bb�k�ihklmeZlZfb�;hjZ�dZ`^uc�ba�Zlhfh\�jlmlb�fh`_l�

ih]ehlblv�ebrv�hij_^_ezggmx�wg_j]bx�b�i_j_clb�\�h^gh�ba�\ha[m`^zgguo�

wg_j]_lbq_kdbo� khklhygbc�� ;eb`Zcr__� d� ghjfZevghfm� khklhygbx� ZlhfZ�

jlmlb��±��\ha[m`^zggh_�khklhygb_��hlklhys__�hl�hkgh\gh]h�ih�rdZe_�wg_j�

]bc�gZ������w<���

>h�l_o�ihj��ihdZ�we_dljhgu��mkdhjy_fu_�ihe_f��g_�ijbh[j_lml�wg_j�

]bx�:�� ������w<��hgb�bkiulu\Zxl�ebrv�mijm]b_�klhedgh\_gby��b�Zgh^guc�

lhd�\hajZklZ_l��DZd�lhevdh�dbg_lbq_kdZy�wg_j]by�^hklb]Z_l������w<��gZqb�

gZxlky� g_mijm]b_� klhedgh\_gby�� We_dljhg� k� lZdbf� agZq_gb_f� wg_j]bb�

iheghklvx�hl^Zzl�_z�Zlhfm�jlmlb��\uau\Zy�i_j_oh^�h^gh]h�ba�we_dljhgh\�

ZlhfZ�ba�ghjfZevgh]h� wg_j]_lbq_kdh]h� khklhygby� \� \ha[m`^zggh_��LZdhc�

we_dljhg��ihl_jy\rbc�k\hx�dbg_lbq_kdmx�wg_j]bx��g_�kfh`_l�ij_h^he_lv�

aZ^_j`b\Zxs__�_]h�ihe_�b�g_�^hklb]g_l�Zgh^Z��LZdbf�h[jZahf��ijb�jZagh�

klb�ihl_gpbZeh\�f_`^m�dZlh^hf��b�k_ldhc��jZ\ghc������w<��^he`gh�ijhbk�
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oh^blv� j_adh_� iZ^_gb_� Zgh^gh]h� lhdZ��:gZeh]bqgh_� y\e_gb_� ijhbkoh^bl�

ijb�:�� ��⋅⋅�����w<��:�� ��⋅⋅�����w<�b�l��^��ijb�:Q� �Q⋅⋅�����w<��dh]^Z�we_dljh�

gu�fh]ml�bkiulu\Zlv�^\Z��ljb�b�l�^��g_mijm]bo�khm^Zj_gby�k�ZlhfZfb�jlm�

lb��l_jyy�iheghklvx�k\hx�wg_j]bx�b�g_�^hklb]Zy�Zgh^Z��GZ�jbk����ijb\_^_�

gZ�oZjZdl_jgZy�djb\Zy� aZ\bkbfhklb� Zgh^gh]h� lhdZ�hl�jZaghklb�ihl_gpbZ�

eh\�f_`^m�dZlh^hf�b�k_ldhc�\�hiulZo�NjZgdZ�b�=_jpZ��

�

Jbk����

Wdki_jbf_glZevgZy�mklZgh\dZ��
<�^Zgghc�jZ[hl_�hiul�NjZgdZ�b�=_jpZ�ijh\h^blky�^ey�]_eby�b�g_hgZ��

Ko_fZ�wdki_jbf_glZevghc�mklZgh\db�ij_^klZ\e_gZ�gZ�jbk�����

�

Jbk����

�J_]mebjm_fuc� bklhqgbd� �� lhdZ� gZdZeZ� iha\hey_l� mklZgh\blv� lhd��

ijb�dhlhjhf�ihemqZ_lky�m^h[gZy�^ey�baf_j_gbc� \hevl�Zfi_jgZy�oZjZdl_�

jbklbdZ�eZfiu���
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F_`^m� dZlh^hf�b� k_ldhc� \dexqzg�bklhqgbd� ��mkdhjyxs_]h�gZijy�

`_gby��Ihl_gpbZe�Zgh^Z�hlghkbl_evgh�k_ldb�mklZgZ\eb\Z_lky�hljbpZl_ev�

guf�k�ihfhsvx�bklhqgbdZ�aZ^_j`b\Zxs_]h�gZijy`_gby����<_jogbc�baf_�

jbl_evguc�ijb[hj�gZ�fh^me_�baf_jy_l�Zgh^guc�lhd�,D��ij_^_e�rdZeu�ijb�

[hjZ�±�����fd:��JmqdZ�8a�mklZgZ\eb\Z_l�agZq_gb_�aZ^_j`b\Zxs_]h�gZijy�

`_gby�\�khhl\_lkl\bb�k�gZ^ibkyfb�gZ�rdZe_��jZkiheh`_gghc�\hdjm]�jmqdb��

GZ�jZkiheh`_ggh_�ih^�jmqdhc�]g_a^h�\u\_^_gh�m^\h_ggh_�agZq_gb_�8a�^ey�

[he__� lhqgh]h� baf_j_gby� \g_rgbf� ijb[hjhf��GZ� ]g_a^h� <� \u\_^_gh� gZ�

ijy`_gb_��ijhihjpbhgZevgh_�Zgh^ghfm�lhdm� ,D� �dhwnnbpb_gl�ijhihjpbh�

gZevghklb� ����<�fd:��fZdkbfZevgh_�gZijy`_gb_� ���<�khhl\_lkl\m_l�lhdm�

����fd:���

GZ�]g_a^h�;�\u\_^_gh�gZijy`_gb_��ijhihjpbhgZevgh_�mkdhjyxs_fm�

gZijy`_gbx�8mkd� �fZdkbfZevghfm� gZijy`_gbx� ���<� khhl\_lkl\m_l� mkdh�

jyxs__�gZijy`_gb_�����<���

F_lh^bdZ��baf_j_gbc�

Ih^dexqbl_�ijb[hj�d�k_lb��Kb]gZeu� ½½;¾¾�b� ½½<¾¾� �ih^Zcl_�gZ�khhl�

\_lkl\mxsb_�\oh^u�hkpbeeh]jZnZ��dhwnnbpb_gl�hldehg_gby���<�^_e����?k�

eb�hkpbeeh]jZn�g_�bf__l�\oh^Z�½½;¾¾��ij_^klZ\e_gb_�h�\b^_�oZjZdl_jbklbdb�

^Zkl�hkpbeeh]jZffZ� kb]gZeZ� ½½<¾¾��Jmqdm�j_]mebjh\db� lhdZ�gZdZeZ�ih\_j�

gbl_� ijhlb\� qZkh\hc� klj_edb� ^h� mihjZ�� Lmf[e_j� j_`bfZ� baf_j_gbc� ih�

klZ\vl_�\�iheh`_gb_�©�ª��Gb`gbc�ijb[hj�^he`_g�baf_jylv�lhd�gZdZeZ��

<dexqbl_�ijb[hj�lmf[e_jhf�©<DEª��GZ�wdjZg_�hkpbeeh]jZnZ�ihy�

\blky�]hjbahglZevgZy�ebgby�±�\hevl�Zfi_jgZy�oZjZdl_jbklbdZ�\�hlkmlkl\b_�

Zgh^gh]h�lhdZ��IeZ\gh�m\_ebqb\Zy�lhd�gZdZeZ�^h� ���� �� ����:��gZ[ex^Zcl_�

ihy\e_gb_�k\_q_gby�gblb�gZdZeZ�eZfiu�b��\f_kl_�k�wlbf����ihy\e_gb_�Zgh^�

gh]h� lhdZ�gZ�oZjZdl_jbklbd_��Ih^[bjZy� lhd�gZdZeZ�b� aZ^_j`b\Zxs__�gZ�

ijy`_gb_�� ihemqbl_� oZjZdl_jbklbdm�� ih^h[gmx� lbiZ� ijb\_^zgghc� gZ�����
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jbk�����J_dhf_g^m_fh_� �agZq_gb_�i_j\h]h�fZdkbfmfZ�Zgh^gh]h�lhdZ� ,��kh�

klZ\ey_l� ��� �� ��� fd:� ��� �� �� <� gZ� \uoh^_� ©<ª��� i_j\h]h� fbgbfmfZ� ����������������

��±����fd:��KjZ\gbl_�oZjZdl_jbklbdb��ihemqZ_fu_�\�j_`bfZo�©G?IJª�b�

©BFIª��

I_j\uc� �©j_ahgZgkgucª�� ihl_gpbZe� \ha[m`^_gby� Zlhfh\� ]ZaZ�� aZ�

ihegyxs_]h� eZfim�� hij_^_ey_lky� \� gZr_c� mklZgh\d_� dZd� jZaghklv� mkdh�

jyxsbo� gZijy`_gbc�� khhl\_lkl\mxsbo� i_j\hfm� b� \lhjhfm� fbgbfmfm�

Zgh^gh]h�lhdZ��=jm[h�wlh�agZq_gb_�fh`gh�hp_gblv�ih�rdZe_�hkpbeeh]jZnZ��

GZihfgbf��qlh� ��<�gZ�\uoh^_� �©;ª�khhl\_lkl\m_l� ���<�mkdhjyxs_]h�gZ�

ijy`_gby��>ey�[he__�lhqguo�baf_j_gbc�i_j_c^bl_�\�j_`bf�©� �ª��IeZ\gh�

baf_gyy�mkdhjyxs__�gZijy`_gb_�jmqdhc�©8mkdª�� ke_^bl_� aZ�baf_g_gbyfb�

Zgh^gh]h�lhdZ��aZj_]bkljbjmcl_�_]h�fZdkbfmfu�b�fbgbfmfu��Z�lZd`_�kh�

hl\_lkl\mxsb_�agZq_gby�mkdhjyxs_]h�gZijy`_gby��Ijb[hj��\kljh_gguc�\�

fh^mev�� iha\hey_l� baf_jylv� k� ih]j_rghklvx� ihjy^dZ� ��<�� ;he__� lhqgu_�

j_amevlZlu� ^Zkl� \g_rgbc� ijb[hj� �\hevlf_lj��� ih^dexq_gguc� d� ]gza^Zf����

©�Oª�b� �©8mkdª��>ey�ih^dexq_gby�d�\hevlf_ljm��\kljh_gghfm�\�hkpbeeh�

]jZn�K�������bkihevam_lky� �ki_pbZevguc�baf_jbl_evguc�dZ[_ev��Z�hkpbe�

eh]jZn�i_j_dexqZ_lky�\�j_`bf�fmevlbf_ljZ��

Baf_j_gby�

���Ihemqbl_�bah[jZ`_gb_�\hevl�Zfi_jghc�oZjZdl_jbklbdb�gZ�wdjZg_�

hkpbeeh]jZnZ��

���Ihkljhcl_�\hevl�Zfi_jgmx�oZjZdl_jbklbdm�ih���������lhqdZf��Hl�

f_lvl_�gZ�g_c�iheh`_gb_�wdklj_fmfh\��

���Hij_^_ebl_� ih� ]jZnbdm� i_j\uc� ihl_gpbZe� \ha[m`^_gby�N�� ^ey�

bkke_^m_fhc�eZfiu�b�mdZ`bl_��dZdbf�bg_jlguf�]Zahf�hgZ�gZiheg_gZ��

AgZq_gby�i_j\uo�ihl_gpbZeh\�N��\ha[m`^_gby�bg_jlguo�]Zah\���

=_ebc��������<������������Djbilhg�������<�����������:j]hg��������<��
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Dk_ghg�������<������������G_hg��������<�

�

Dhgljhevgu_�\hijhku�b�aZ^Zgby��

����Ihq_fm�[ueZ�hl\_j]gmlZ�fh^_ev�ZlhfZ�LhfikhgZ"��

����<� qzf� ijhlb\hj_qby� ij_^eh`_gghc� � J_a_jnhj^hf� ieZg_lZjghc�

fh^_eb�ZlhfZ"�

����<�q_f�kmsghklv�l_hjbb�ZlhfZ��ij_^eh`_gghc�;hjhf"�Knhjfmeb�

jmcl_�ihklmeZlu�;hjZ��DZdh\u�g_^hklZldb�l_hjbb�;hjZ"�

����Ki_dlju�Zlhfh\��Ki_dljZevgu_�k_jbb�ZlhfZ�\h^hjh^Z��

����DZdb_� lbiu� khm^Zj_gbc�\hafh`gu�f_`^m� we_dljhgZfb��mkdhjy_�

fufb�we_dljbq_kdbf�ihe_f��b�ZlhfZfb"��

����<�qzf�aZdexqZ_lky�hiul�NjZgdZ�b�=_jpZ�b�dZdb_�hkgh\gu_�\u\h�

^u�fh`gh�k^_eZlv�gZ�hkgh\Zgbb�hiulZ"��

�

EZ[hjZlhjgZy�jZ[hlZ�������

BAMQ?GB?�KQ?LQBD:�=?C=?J:���FXEE?J:�

P_ev� jZ[hlu�� hagZdhfblvky� k� jZ[hlhc� kq_lqbdZ� b� hij_^_eblv� _]h�

hkgh\gu_�oZjZdl_jbklbdb��

Ijb[hju�b�h[hjm^h\Zgb_��ijb[hj��:jbhg��kh�k\bgph\uf�^hfbdhf�

�jbk������bklhqgbd���baemq_gby��khev�.&O�\�dx\_l_���ieZklbgdZ�k�hl\_jklb�

_f�^ey�h]jZgbq_gby�ihlhdZ�����qZklbp��

Jbk�����Ko_fZ�baf_jbl_evghc�dZf_ju��
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��±�dhjimk�dZf_ju����±�kq_lqbdb�KLK±�����±�ieZklbgZ�^ey�h]jZgbq_gby�ihlhdZ�

baemq_gby������dx\_lZ�k�jZ^bhZdlb\ghc�khevx�.&O�

���Mkljhckl\h�b�ijbgpbi�^_ckl\by��Kq_lqbdb�=_c]_jZ� ��Fxee_jZ�

y\eyxlky�jZagh\b^ghklvx�]ZahgZiheg_gguo�^_l_dlhjh\��<�h[s_f�kemqZ_�d�

^_l_dlhjZf� \� y^_jghc�nbabd_�hlghkyl�ijb[hju�^ey�j_]bkljZpbb��b^_glb�

nbdZpbb�b�mklZgh\e_gby�oZjZdl_jbklbd�aZjy`_gguo�beb�g_cljZevguo�qZk�

lbp��Kq_lqbdb�=_c]_jZ���Fxee_jZ�ij_^gZagZq_gu�lhevdh�ebrv�^ey�j_]bkl�

jZpbb�.�qZklbp����qZklbp�b���d\Zglh\��Dhgkljmdlb\gh�]ZahjZajy^guc�kq_l�

qbd� ij_^klZ\ey_l� kh[hc� lhgdhkl_ggmx� f_lZeebq_kdmx� beb� kl_deyggmx��

ihdjulmx�k�\gmlj_gg_c�klhjhgu�keh_f�f_lZeeZ��pbebg^jbq_kdmx�dZf_jm�

�jbk������

Jbk�����

�Pbebg^j� kem`bl� dZlh^hf��:gh^hf� y\ey_lky� lhgdZy� f_lZeebq_kdZy��

gblv��jZkiheh`_ggZy�ih�hkb�pbebg^jZ��Kq_lqbd� aZiheg_g�ki_pbZevgh�ih�

^h[jZgguf�]Zahf��gZijbf_j�Zj]hghf��ijb�^Z\e_gbb����������ff�jl��kl��F_�

`^m�dZlh^hf�b�Zgh^hf�aZ�kq_l�\g_rg_]h�bklhqgbdZ�kha^Z_lky�jZaghklv�ih�

l_gpbZeh\� ���� �� ����� <�� LjZ^bpbhggZy� ko_fZ� \dexq_gby� kq_lqbdZ�����������

=_c]_jZ���Fxee_jZ�\�we_dljbq_kdmx�p_iv�ihdZaZgZ�gZ�jbk�����

Jbk�����Ko_fZ�\dexq_gby�kq_lqbdZ�=_c]_jZ�±�Fxee_jZ��
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��±�dZlh^����±�Zgh^����±�khijhlb\e_gb_�gZ]jmadb����±�jZa^_ebl_evguc�dhg^_gkZ�

lhj����±�bklhqgbd�iblZgby�

J_]bkljbjm_fZy�qZklbpZ��ijhoh^ysZy�q_j_a�h[t_f�kq_lqbdZ��kha^Z_l�

gZ�\uoh^_�ko_fu�we_dljbq_kdbc�bfimevk��Nbabq_kdb_�ijhp_kku��ijhbkoh�

^ysb_� \� ]ZahjZajy^guo� kq_lqbdZo��fh`gh� jZa^_eblv� gZ� ljb� klZ^bb�� i_j�

\bqgZy�bhgbaZpby��\lhjbqgZy�bhgbaZpby��ih\lhjgu_�eZ\bgu��

I_j\bqgZy� bhgbaZpby��HgZ� \hagbdZ_l� \^hev� ljZ_dlhjbb� aZjy`_gghc�

qZklbpu��ijhoh^ys_c�q_j_a�kq_lqbd��I_j\bqgu_�bhgu�fh]ml�\hagbdgmlv�\�

ex[hc�h[eZklb�kq_lqbdZ��?keb�lj_d�mf_sZ_lky�\gmljb�ljm[db�kq_lqbdZ��lh�

qbkeh�bhgh\�ijhihjpbhgZevgh�wg_j]bb�qZklbpu��

<lhjbqgZy�bhgbaZpby��I_j\bqgu_�we_dljhgu�b�iheh`bl_evgu_�bhgu�

^\b`mlky� d� we_dljh^Zf�� jZa]hgyykv� we_dljbq_kdbf� ihe_f��We_dljbq_kdh_�

ihe_�\gmljb�kq_lqbdZ�g_h^ghjh^gh��qlh�y\ey_lky�ke_^kl\b_f�Zkbff_ljbq�

ghklb�]_hf_ljbb�we_dljh^h\��We_dljhgu��^\b`msb_ky�d�Zgh^m��ihiZ^Zxl�\�

h[eZklv�hq_gv�[hevrbo�we_dljbq_kdbo�ihe_c� �kbeh\u_�ebgbb�m�gblb�k]m�

sZxlky��b�\[ebab�gblb�j_adh�mkdhjyxlky��<�j_amevlZl_�\hagbdZ_l�\lhjbq�

gZy� m^ZjgZy� bhgbaZpby��<gh\v� \u[bluc� we_dljhg� mki_\Z_l� jZah]gZlvky�b�

ijhba\_klb� gh\mx� bhgbaZpbx�� Ke_^h\Zl_evgh�� ijhp_kk� ghkbl� eZ\bgguc�

oZjZdl_j��GZ�h^bg�i_j\bqguc�we_dljhg�\�eZ\bg_�m^Zjguo�bhgbaZpbc�h[jZ�

am_lky� [he__� ���� \lhjbqguo� qZklbp�� <lhjbqgZy� bhgbaZpby� ijhbkoh^bl� \�

h[eZklb� ihjy^dZ� ����ff� hdheh� gblb�� Z� i_j\bqgu_� we_dljhgu� h[jZamxlky�

\g_�wlhc�h[eZklb�\h�\k_f�ijhkljZgkl\_�kq_lqbdZ��I_j\bqgmx�eZ\bgm�hleb�

qZ_l�fZeZy�^ebl_evghklv�±�ijbf_jgh�����k��

Ih\lhjgu_�eZ\bgu��Ih\lhjgu_�eZ\bgu��dZd�ke_^kl\b_�i_j\hc�eZ\b�

gu��fh]ml�\hagbdZlv�\�kq_lqbd_�aZ�kq_l�^\mo�jZaebqguo�f_oZgbafh\���

I_j\uc�f_oZgbaf�h[mkeh\e_g�[ukljh�ijhl_dZxsbfb�ijhp_kkZfb��<�

gZqZe_� jZa\blby� eZ\bgu� we_dljhgu� \ha[m`^Zxl� g_cljZevgu_� fhe_dmeu��
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dhlhju_��\ha\jZsZykv�\�bkoh^gh_�khklhygb_��bkimkdZxl�nhlhgu��Wlb�nh�

lhgu�\u[b\Zxl�ba�dZlh^Z� aZ� kq_l� y\e_gby�nhlhwnn_dlZ� we_dljhgu��dhlh�

ju_� b� y\eyxlky� jh^hgZqZevgbdZfb� gh\uo� eZ\bg�� <j_fy� jZa\blby� wlh]h�

ijhp_kkZ� �����k��<lhjhc�f_oZgbaf�h[jZah\Zgby�ih\lhjguo�eZ\bg�h[mkeh\�

e_g�[he__�f_^e_ggufb�ijhp_kkZfb��Hg�khklhbl�\�lhf��qlh�iheh`bl_evgu_�

bhgu��^hoh^y�^h�dZlh^Z��\u[b\Zxl�ba�g_]h�we_dljhgu�\�ijhp_kk_�g_cljZeb�

aZpbb��lZd�dZd�ihl_gpbZe�bhgbaZpbb�Zlhfh\�]ZaZ��aZihegyxs_]h�kq_lqbd��\�

g_kdhevdh�jZa�\ur_�jZ[hlu�\uoh^Z�we_dljhgh\�ba�f_lZeeZ��������w<���>eb�

l_evghklv�jZa\blby�eZ\bgu�bf__l�ihjy^hd�����k��

LZdbf�h[jZahf��_keb�^\Z�jZkkfhlj_gguo�f_oZgbafZ�kfh]ml�\uau\Zlv�

ih\lhjgu_�eZ\bgu�g_hij_^_e_ggh�^ebl_evgh_�\j_fy��lh�jZajy^�\�kq_lqbd_�

ij_\jZsZ_lky� \� kZfhklhyl_evguc��<� wlhf� kemqZ_� \hagbdZ_l� ijh[e_fZ� ]Z�

r_gby�kZfhklhyl_evgh]h�jZajy^Z��

Kq_lqbdb�=_c]_jZ� ��Fxee_jZ�jZ[hlZxl�\�j_`bf_�kZfhklhyl_evgh]h�

jZajy^Z�k�]Zr_gb_f��Bfimevk�gZijy`_gby��kha^Z\Z_fuc�wlbfb�kq_lqbdZfb��

^hklZlhqgh�\_ebd�����������<��b�g_�aZ\bkbl�hl�wg_j]bb�j_]bkljbjm_fhc�qZk�

lbpu��Ke_^h\Zl_evgh�� wlb� kq_lqbdb� lhevdh�j_]bkljbjmxl�qZklbpm�[_a�ba�

f_j_gby� __� wg_j]bb�� JZaj_rZxs__� \j_fy� wlbo� kq_lqbdh\� ����� ±� ����k� �\�

emqrbo�^h�����k���

Dhgkljmdlb\gu_� hkh[_gghklb� kq_lqbdh\� hij_^_eyxlky� \b^hf� j_]b�

kljbjm_fuo� qZklbp�� \� i_j\mx� hq_j_^v� bo� wg_j]b_c� b� ijhgbdZxs_c� kih�

kh[ghklvx��

���Wnn_dlb\ghklv�kq_lqbdZ��Wnn_dlb\ghklvx�kq_lqbdZ�gZau\Z_lky�

hlghr_gb_�qbkeZ�j_]bkljbjm_fuo�kq_lqbdhf�qZklbp�beb�d\Zglh\�d�ihegh�

fm�qbkem�ijhoh^ysbo�q_j_a�g_]h�qZklbp��Kq_lqbdb�=_c]_jZ���Fxee_jZ�g_�

h[eZ^Zxl� �����ghc� wnn_dlb\ghklvx��Wlh� h[mkeh\e_gh� l_f�� qlh� qZklbpZ��

ijhr_^rZy�q_j_a�kq_lqbd��fh`_l�g_�kha^Zlv�^Z`_�h^ghc�iZju�bhgh\��L_f�
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g_�f_g__��wnn_dlb\ghklv�kq_lqbdZ�^ey�we_dljhgh\�khklZ\ey_l������b�^Z`_�

��������

J_]bkljZpby� ��emq_c� hkms_kl\ey_lky� q_j_a� ihkj_^kl\h� [ukljuo�

we_dljhgh\�� h[jZamxsboky� ijb� ih]ehs_gbb� beb� jZkk_ygbb� ��d\Zglh\�� \�

hkgh\ghf��\�kl_gdZo�kq_lqbdZ��Wnn_dlb\ghklv�kqzlqbdZ�^ey���emq_c�aZ\b�

kbl�hl�fZl_jbZeZ�kl_ghd��dZlh^Z��b�wg_j]bb���d\Zglh\�b�khklZ\ey_l�h[uqgh�

hdheh������

��� Kq_lgZy� oZjZdl_jbklbdZ�� Kq_lghc� oZjZdl_jbklbdhc� kq_lqbdZ�

=_c]_jZ� ��Fxee_jZ�gZau\Z_lky� aZ\bkbfhklv�kdhjhklb�kq_lZ�hl�ijbeh`_g�

gh]h�gZijy`_gby�ijb�g_baf_gghc�bgl_gkb\ghklb�bhgbabjmxs_]h�h[emq_�

gby� kq_lqbdZ�� LbibqgZy� kq_lgZy� oZjZdl_jbklbdZ� bf__l� q_luj_� mqZkldZ�

�jbk�������

GZ�mqZkld_�fZeuo�gZijy`_gbc��mqZklhd����j_]bkljZpby�bfimevkh\�g_�

ijhbkoh^bl��GZijy`_gb_�gZqZeZ�kq_lZ�8i��ihjh]h\h_�gZijy`_gb_��khhl\_l�

kl\m_l�fbgbfZevguf�Zfieblm^Zf�bfimevkh\��ijhimkdZ_fuo�nhjfbjh\Zl_�

e_f��<_ebqbgZ�wlh]h�gZijy`_gby�aZ\bkbl�hl�^bZf_ljZ�gblb�Zgh^Z��jh^Z�]Z�

ah\��\oh^ysbo�\�khklZ\�jZ[hq_c�kf_kb��^Z\e_gby�]ZaZ�b�l�^��GZ�gZqZevghf�

mqZkld_�kq_lghc�oZjZdl_jbklbdb� �mqZklhd� ���[ukljuc�jhkl�qbkeZ�bfimev�

kh\� h[tykgy_lky� l_f�� qlh� kq_lqbd� jZ[hlZ_l� \� h[eZklb� h]jZgbq_gghc� ijh�

ihjpbhgZevghklb��]^_�\hagbdgh\_gb_�jZajy^Z�\�kq_lqbd_�aZ\bkbl�hl�qbkeZ�

i_j\hgZqZevgh�h[jZah\Z\rboky�iZj�bhgh\��

�
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Jbk�����Kq_lgZy�oZjZdl_jbklbdZ�

<�h[eZklb�lZd�gZau\Z_fh]h�³ieZlh´�kq_lghc�oZjZdl_jbklbdb��mqZklhd�

���qbkeh�aZj_]bkljbjh\Zgguo�bfimevkh\�ijZdlbq_kdb�g_�aZ\bkbl�hl�gZijy�

`_gby��lZd�dZd�dZ`^Zy�bhgbabjmxsZy�qZklbpZ��ihiZ^ZxsZy�\�h[t_f�kq_l�

qbdZ��\uau\Z_l�we_dljhggh�bhggmx�eZ\bgm�b�kZfhklhyl_evguc�jZajy^�\�]Z�

a_��<� ^_ckl\bl_evghklb� ieZlh� bf__l� g_dhlhjuc� gZdehg�� \ua\Zgguc� eh`�

gufb�bfimevkZfb�aZ�kq_l�g_ihegh]h�]Zr_gby��djZ_\uo�wnn_dlh\�b�l�^��GZ�

ebqb_�ieZlh�h[_ki_qb\Z_l�mklhcqb\mx�jZ[hlm�kq_lqbdZ��JZ[hq__�gZijy`_�

gb_�\u[bjZ_lky�gZ�k_j_^bg_�ieZlh��Ohjhrb_�kq_lqbdb�bf_xl�ieZlh�ijhly�

`_gghklvx�����������<�k�gZdehghf���±�����gZ�����<��

Ijb�^Zevg_cr_f�m\_ebq_gbb�gZijy`_gby�kdhjhklv�kq_lZ�j_adh�\ha�

jZklZ_l��mqZklhd�����lZd�dZd�kq_lqbd�i_j_oh^bl�\�j_`bf�kihglZggh]h�jZajy�

^Z��

Ihjh]h\h_�gZijy`_gb_��iheh`_gb_�b�^ebgZ�ieZlh�y\eyxlky�bg^b\b�

^mZevgufb�oZjZdl_jbklbdZfb�kq_lqbdZ�b�fh]ml�f_gylvky�\�rbjhdbo�ij_�

^_eZo��Ihwlhfm�^ey�ijZ\bevgh]h�\u[hjZ�jZ[hq_]h�gZijy`_gby�g_h[oh^bfh�

kgbfZlv�kq_lgmx�oZjZdl_jbklbdm�dZ`^h]h�kq_lqbdZ��

JZaj_rZxs__� \j_fy� kq_lqbdh\�� <� l_q_gb_� jZajy^Z� b� g_dhlhjh]h�

ijhf_`mldZ�\j_f_gb��g_ihkj_^kl\_ggh�ke_^mxs_]h�aZ�jZajy^hf��we_dljb�

q_kdh_� ihe_� \� kq_lqbd_� bf__l�f_gvrmx� \_ebqbgm��QZklbpu�� ihiZ\rb_� \�

kq_lqbd�\�gZqZevghc�klZ^bb�jZa\blby�jZajy^Z��\hh[s_�g_�j_]bkljbjmxlky��

Wlhl� bgl_j\Ze� \j_f_gb� 2� ghkbl� gZa\Zgb_� f_jl\h]h� \j_f_gb� kq_lqbdZ��

Ijhf_`mlhd�\j_f_gb��g_h[oh^bfuc�^ey�ihegh]h�\hkklZgh\e_gby�we_dljb�

q_kdh]h� ihey� \� kq_lqbd_� ihke_� hdhgqZgby�f_jl\h]h� \j_f_gb�� gZau\Z_lky�

\j_f_g_f� \hkklZgh\e_gby� W\�� F_jl\h_� \j_fy� hij_^_ey_l� fbgbfZevguc�

ijhf_`mlhd� \j_f_gb�� dhlhjuf� ^he`gu� [ulv� jZa^_e_gu� ijhe_lu� q_j_a�
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kq_lqbd� qZklbp�� qlh[u� hgb� [ueb� aZj_]bkljbjh\Zgu� hl^_evgh�� Lbibqgh_�

agZq_gb_�f_jl\h]h�\j_f_gb�^ey�kq_lqbdh\�=_c]_jZ���Fxee_jZ������±����k��

<uiheg_gb_�jZ[hlu�

Ih^]hlh\blv�eZ[hjZlhjgmx�mklZgh\dm�d�jZ[hl_��ijh\_jb\�jZ[hlhkih�

kh[ghklv�bklhqgbdZ�iblZgby��k_dmg^hf_jZ�b�kq_lqbdZ�bfimevkh\��MklZgh�

\blv�fbgbfZevgh�\hafh`gh_�gZijy`_gb_�iblZgby�kq_lqbdh\������<���

�

MijZ`g_gb_����Bamq_gb_�kq_lghc�oZjZdl_jbklbdb�

>\Z`^u�kgylv�kq_lgmx�oZjZdl_jbklbdm�kq_lqbdZ�ijb�jZaghf�ihlhd_�

baemq_gby��<hafh`gu_�\ZjbZglu��

Z�� fZdkbfZevgZy� bgl_gkb\ghklv� ihlhdZ� baemq_gby� �bklhqgbd�������������

��qZklbp�hldjul�iheghklvx���jZ[hlZxl�h[Z�kq_lqbdZ��

[��h[emqZ_lky�e_\uc�kq_lqbd��ieZklbgZ�aZdju\Z_l�baemq_gb_��b^ms__�

gZ�ijZ\uc�kq_lqbd���

\��h[emqZ_lky�ijZ\uc� kq_lqbd� �ieZklbgZ� aZdju\Z_l�baemq_gb_��b^m�

s__�gZ�e_\uc�kq_lqbd���

]��bklhqgbd�baemq_gby�m[jZg�ba�k\bgph\h]h�^hfbdZ��kq_lqbd�baf_jy�

_l�nhgh\h_�baemq_gb_���

>ey�wdhghfbb�\j_f_gb�j_dhf_g^m_lky�kgylb_�kq_lghc�oZjZdl_jbklb�

db�ijh\h^blv�lhevdh�^ey�gZijy`_gbc��ij_\urZxsbo�ihjh]h\h_���

Ihjh]h\h_� gZijy`_gb_� hij_^_ebl_� ih� gZqZem� kq_lZ� ijb� ieZ\ghf�

m\_ebq_gbb� gZijy`_gby� iblZgby� kq_lqbdh\��>Zevg_crb_� baf_j_gby� ijh�

\h^bl_�rZ]hf����<��<j_fy�baf_j_gby�dZ`^hc�lhqdb��������fbg��

Ijb�m\_ebq_gbb�kq_lZ�gZ������ih�hlghr_gbx�d�mjh\gx�ieZlh�baf_�

j_gby�ij_djZsZxl�\h�ba[_`Zgb_�\uoh^Z� kq_lqbdZ�ba� kljhy�b�mf_gvrZxl�

gZijy`_gb_��
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Hij_^_ebl_�nhg�1n��^ey�q_]h�aZdjulv�dx\_lm�k�bklhqgbdhf�baemq_�

gby�Zexfbgb_\hc�ieZklbgdhc�lhesbghc�g_�f_g__���ff�b�hij_^_eblv�kq_l�

aZ�Wn� ��������fbg��

J_amevlZlu�aZibkZlv�\�lZ[e�����

LZ[ebpZ����
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J_amevlZlu�baf_j_gbc�ij_^klZ\blv�]jZnbq_kdb�\�\b^_�Q� �I�8��F�mq_�

lhf� ih]j_rghkl_c� baf_j_gbc�� AZ� Z[khexlgmx� ih]j_rghklv� ijh\_^_gguo�

baf_j_gbc�ijbgylv�kj_^g_klZlbklbq_kdmx�hrb[dm�

�

n
�

n
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W
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W
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Hij_^_eblv�ihjh]h\h_�gZijy`_gb_��ijhly`_gghklv�ieZlh��_]h�gZdehg�

\�ijhp_glZo�gZ�����<��<u[jZlv�jZ[hqmx�lhqdm�kq_lqbdZ��

�

MijZ`g_gb_����Hij_^_e_gb_�fzjl\h]h�\j_f_gb�kqzlqbdZ��
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Dhgljhevgu_�\hijhku���b�aZ^Zgby�

���Qlh� gZau\Z_lky� jZ^bhZdlb\ghklvx"� DZdb_� ijhp_kku� hlghkylky� d�

qbkem�jZ^bhZdlb\guo"�

���GZ�q_f�hkgh\Zg�ijbgpbi�j_]bkljZpbb�b�baf_j_gby�jZ^bhZdlb\gh]h�

baemq_gby"��DZdb_�ijb[hju�ijbf_gyxlky�^ey�wlbo�p_e_c"�

���H[tykgbl_�mkljhckl\h�b�ijbgpbi�^_ckl\by�kq_lqbdZ�=_c]_jZ��

���Hibrbl_�ijhp_kku��ijhbkoh^ysb_�\�]ZahjZajy^guo�kq_lqbdZo��
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���>Zcl_�hij_^_e_gb_�kq_lghc�oZjZdl_jbklbdb�kq_lqbdZ��DZd�ijb�ih�

fhsb�kq_lghc�oZjZdl_jbklbdb�fh]ml�[ulv�hij_^_e_gu� �mkeh\by�mklhcqb�

\hc�jZ[hlu�kq_lqbdZ"�

���Qlh�gZau\Z_lky�wnn_dlb\ghklvx�kq_lqbdZ��jZaj_rZxsbf�b�f_jl�

\uf�\j_f_g_f�kq_lqbdZ"�
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EZ[hjZlhjgZy�jZ[hlZ�������

HIJ?>?E?GB?�DHWNNBPB?GL:�IH=EHS?GBY�����������������

���BAEMQ?GBY�

P_ev� jZ[hlu�� wdki_jbf_glZevgh_� bamq_gb_� djb\hc� ih]ehs_gby��������

��baemq_gby�\�Zexfbgbb��hp_gdZ�\_jog_c�]jZgbpu�wg_j]bb���ki_dljZ��

ISb[hSu�b�h[hjm^h\Zgb_��ijb[hj��:jbhg��kh�k\bgph\uf�^hfbdhf��

bklhqgbd���baemq_gby��khev�.&O����Zexfbgb_\u_�ieZklbgu��

<aZbfh^_ckl\b_���baemq_gby�k�\_s_kl\hf��

Ijb� ijhoh`^_gbb� q_j_a� \_s_kl\h� imqhd� [ukljuo� we_dljhgh\�

mf_gvrZ_l�k\hx�bgl_gkb\ghklv��qlh�iha\hey_l�]h\hjblv�h�ih]ehs_gbb����

qZklbp��Y\e_gby�� khijh\h`^Zxsb_� wlhl� ijhp_kk�� hlebqZxlky� ^hklZlhqgh�

[hevrhc�keh`ghklvx��Hkgh\gh_�\ebygb_�gZ�f_oZgbaf�ih]ehs_gby�hdZau�

\Zxl�q_luj_�ijhp_kkZ��

���mijm]h_�jZkk_ygb_�we_dljhgh\�y^jZfb��

���jZkk_ygb_�we_dljhgh\�gZ�we_dljhgZo��

���bhgbaZpbhggu_�ihl_jb�wg_j]bb��

���ihl_jb�gZ�baemq_gb_��

�

���Mijm]h_�jZkk_ygb_�we_dljhgh\�y^jZfb�
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Ijb�ijhoh`^_gbb�we_dljhgZ�q_j_a�Zlhf�_]h�hldehg_gb_� �jZkk_ygb_��

\uau\Z_lky�dmehgh\kdbf�\aZbfh^_ckl\b_f� k� y^jhf��<� kbem�[hevrh]h�hl�

ebqby�fZkk�\aZbfh^_ckl\mxsbo�qZklbp�wg_j]b_c�hl^Zqb�y^jZ�ij_g_[j_]Z�

xl��b�jZkk_ygb_�kqblZxl�mijm]bf��

M]eh\h_� jZkij_^_e_gb_� we_dljhgh\� J����� mijm]h� jZkk_ygguo� Zlhf�

gufb�y^jZfb��l_hj_lbq_kdb�jZkkqblZgh�Fhllhf��Bgl_]jZevgh_�wnn_dlb\�

gh_�k_q_gb_�jZkk_ygby�we_dljhgh\�y^jZfb�1y�a�=
�
��

Mijm]h_�jZkk_ygb_� we_dljhgh\��ijhoh^ysbo�q_j_a� \_s_kl\h��fh`_l�

[ulv�]jm[h�jZa^_e_gh�gZ�q_luj_�deZkkZ�����h^ghdjZlgh_�jZkk_ygb_�����djZl�

gh_�jZkk_ygb_�����fgh]hdjZlgh_�jZkk_ygb_�����^bnnmaby��

?keb�lhesbgZ�kehy�G�fZeZ� �G����11���]^_�1� ��wnn_dlb\gh_�k_q_gb_�

jZkk_ygby�� lh� ijhbkoh^bl� lhevdh� h^ghdjZlgh_� jZkk_ygb_�� l�_�� ihqlb� \k_�

jZkk_ygb_�h[mkeh\e_gh�ebrv�h^gbf�y^jhf��

>ey�[hevrbo� lhesbg� �G�a� ��11��ihemqZ_lky�djZlgh_�jZkk_ygb_�� l�_��

m]he�jZkk_ygby�h[yaZg�g_kdhevdbf�ihke_^h\Zl_evguf�h^ghdjZlguf�ZdlZf�

jZkk_ygby��

Ijb�fgh]hdjZlghf� jZkk_ygbb� �kj_^g__� qbkeh� Zdlh\� jZkk_ygby� ij_�

\hkoh^bl�����m]eh\h_�jZkij_^_e_gb_�jZkk_ygguo�we_dljhgh\�y\ey_lky�ijb�

[ebabl_evgh�]Zmkkh\uf�^h�l_o�ihj��ihdZ�kj_^gbc�m]he�jZkk_ygby�f_gvr_�a�

�����

>ey�_s_�[hevrbo�lhesbg��G�!!���11��m]eh\h_�jZkij_^_e_gb_�jZkk_�

ygguo�we_dljhgh\�ijbgbfZ_l�\b^�&����a�FRV����

Kj_^gbc� m]he� jZkk_ygby� �� ^hklb]Z_l� fZdkbfZevghc� \_ebqbgu�

�PD[§���� b� hklZ_lky� ihklhygguf� ijb� ^Zevg_cr_f� m\_ebq_gbb� lhesbgu��

Wlh�kemqZc�iheghc�^bnnmabb��We_dljhgu�\uoh^yl�ba�kehy�lZd`_�b�kh�klh�

jhgu�iZ^Zxs_]h�imqdZ� ��h[jZlgh�jZkk_yggu_�we_dljhgu��Ijhp_kk�fgh]h�
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djZlgh]h�jZkk_ygby�b]jZ_l�[hevrmx�jhev�ijb�ijhoh`^_gbb�we_dljhgh\�q_�

j_a�\_s_kl\h��

�

���JZkk_ygb_�we_dljhgh\�gZ�we_dljhgZo��

L_hj_lbq_kdh_� bkke_^h\Zgb_� jZkk_ygby� ^\b`msboky� we_dljhgh\�

we_dljhgZfb� h[hehqdb� Zlhfh\� hkgh\u\Z_lky� gZ� d\Zglh\h�f_oZgbq_kdhf�

jZkkfhlj_gbb� \aZbfh^_ckl\by� ^\mo� lh`^_kl\_gguo� qZklbp�� JZkq_l� \ujZ�

`_gby�^ey�wnn_dlb\gh]h�k_q_gby�jZkk_ygby�we_dljhgZ�gZ�we_dljhg_�ijb\h�

^bl�d�\u\h^m��qlh�bgl_]jZevgh_�wnn_dlb\gh_�k_q_gb_�jZkk_ygby�1H�a�=��LZ�

dbf�h[jZahf��^ey�we_dljhgh\�hlghr_gb_�wnn_dlb\guo�k_q_gbc� =≈σ
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l�_��h[Z�wnn_dlZ�bf_xl�h^bgZdh\h_�agZq_gb_�\�kemqZ_�\h^hjh^Z��=� �����lh�

]^Z�dZd�^ey�kj_^gbo�y^_j�jZkk_ygb_�ij_bfms_kl\_ggh�y^_jgh_��>ey�ahehlZ��

gZijbf_j�� �=�  � ���� lhevdh� hdheh� �� �� jZkk_ygby� h[mkeh\e_gh� Zlhfgufb�

we_dljhgZfb��

�

���BhgbaZpbhggu_�ihl_jb�wg_j]bb�

<aZbfh^_ckl\b_���qZklbpu�k�we_dljhghf�ZlhfZ�ijb\h^bl�d�i_j_^Zq_�

_fm�g_dhlhjhc�^heb� wg_j]bb�� ke_^kl\b_f�q_]h� y\ey_lky�eb[h� \ue_l� we_d�

ljhgZ�aZ�ij_^_eu�ZlhfZ��bhgbaZpby�ZlhfZ���eb[h�i_j_oh^�we_dljhgZ�\�[he__�

\ukhdh_�wg_j]_lbq_kdh_�khklhygb_��\ha[m`^_gb_�ZlhfZ���Wlb�^\Z�jZ\gh\_�

jhylguo�ijhp_kkZ�h[t_^bgyxl�ih^�h[sbf�gZa\Zgb_f�bhgbaZpbhgguo�ih�

l_jv�wg_j]bb��

�

���Ihl_jb�gZ�baemq_gb_�

Ijb� ^\b`_gbb� [ukljuo� we_dljhgh\� q_j_a� ih]ehsZxsmx� kj_^m� km�

s_kl\_ggmx�jhev��gZjy^m�k�bhgbaZpbhggufb�ihl_jyfb��b]jZxl�ihl_jb�gZ�
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baemq_gb_�� \hagbdZxsb_� ijb� \aZbfh^_ckl\bb� we_dljhgh\� k� dmehgh\kdbf�

ihe_f� y^_j�� Ijbf_jhf� lhjfhagh]h� baemq_gby� y\ey_lky� g_ij_ju\guc�

ki_dlj�j_gl]_gh\kdbo�emq_c��\hagbdZxsbo�ijb�lhjfh`_gbb�we_dljhgh\�gZ�

ZglbdZlh^_�j_gl]_gh\kdhc�ljm[db��Ihl_jy�wg_j]bb�aZjy`_gghc�qZklbpu�gZ�

lhjfhagh_�baemq_gb_�gZau\Z_lky� jZ^bZpbhgghc��>ey�f_^e_gguo� we_dljh�

gh\�jZ^bZpbhggu_�ihl_jb�jZklml�ijhihjpbhgZevgh�?��Z�^ey�[ukljuo���g_�

kdhevdh� [uklj__��Ihegu_� ihl_jb� wg_j]bb� we_dljhgZfb� kdeZ^u\Zxlky� ba�

bhgbaZpbhgguo�b�jZ^bZpbhgguo��Wg_j]by�?dj��ijb�dhlhjhc�jZ^bZpbhggu_�

ihl_jb�klZgh\ylky�jZ\gufb�bhgbaZpbhgguf��gZau\Z_lky�djblbq_kdhc���

D�ijbf_jm��^ey�\h^hjh^Z��\ha^moZ��Zexfbgby��f_^b�b�k\bgpZ�djblb�

q_kdZy�wg_j]by�bf__l�khhl\_lkl\_ggh�ke_^mxsb_�agZq_gby�������������������

��Fw<��Wlh�ij_\urZ_l�wg_j]bx�we_dljhgh\���jZkiZ^Z��>ey�we_dljhgh\��bk�

imkdZ_fuo� jZ^bhZdlb\gufb� we_f_glZfb�� jZ^bZpbhggu_� ihl_jb� \� h[s_f�

[ZeZgk_�ihl_jv�b]jZxl�g_agZqbl_evgmx�jhev���
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Ijhoh`^_gb_�we_dljhgh\�q_j_a�ih]ehlbl_ev�

Imklv�gZ�lheklmx�ieZklbgdm��jbk�����ghjfZevgh�iZ^Z_l�madbc�imqhd�

we_dljhgh\���
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<[ebab�]jZgbpu�[uklju_�we_dljhgu�ijhoh^yl�\�ih]ehlbl_e_�g_dhlh�

jh_�jZkklhygb_�ijb[ebabl_evgh�ih�ijyfhc�ebgbb��l_jyy�g_[hevrh_�dheb�

q_kl\h�wg_j]bb�b�jZkk_b\Zykv�ebrv�gZ�fZeu_�m]eu��
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Ih� f_j_� mf_gvr_gby� wg_j]bb� we_dljhgh\� bo� jZkk_ygb_� klZgh\blky�

[he__�kbevguf��m]eh\h_�jZkij_^_e_gb_�we_dljhgh\�\�imqd_�ijb[eb`Z_lky�d�

]Zmkkh\kdhfm��oZjZdl_jghfm�^ey�fgh]hdjZlgh]h�jZkk_ygby��

Ijb� ^Zevg_cr_f� jZkk_ygbb� m]eh\h_� jZkij_^_e_gb_� klZgh\blky� gZ�

klhevdh� jZafuluf�� qlh� g_evay� ]h\hjblv� h� dZdhf�gb[m^v� ij_bfms_kl\_g�

ghf� gZijZ\e_gbb� ^\b`_gby� we_dljhgh\��Bo� jZkijhkljZg_gb_�fh`gh� jZk�

kfZljb\Zlv�dZd�^bnnmabx���

Qbkeh�we_dljhgh\��ijhr_^rbo�q_j_a�nhev]m��[m^_l�fhghlhggh�m[u�

\Zxs_c�nmgdpb_c�lhesbgu�nbevljZ��>ey�mf_j_gguo�lhesbg�mf_gvr_gb_�

qbkeZ�we_dljhgh\�y\ey_lky�ke_^kl\b_f��]eZ\guf�h[jZahf��h[jZlghc�^bnnm�

abb�we_dljhgh\��dhlhju_�hldehgyxlky�gZ�m]eu��ij_\urZxsb_����Û��Ih�f_�

j_� lh]h�� dZd� lhesbgZ� nbevljZ� \hajZklZ_l�� mf_gvrZ_lky� g_� lhevdh� qbkeh�

ijhr_^rbo� nhev]m� we_dljhgh\�� gh� b� bo� wg_j]by�� Ijb� agZqbl_evghf�

m\_ebq_gbb� lhesbgu� ieZklbgdb� mf_gvr_gb_� qbkeZ� we_dljhgh\�

ijhbkoh^bl� dZd� \ke_^kl\b_� jZkk_ygby�� lZd� b� ih� ijbqbg_� lh]h�� qlh�

g_dhlhjZy� bo� qZklv� lhjfhablky� ijZdlbq_kdb� ^h� gme_\hc� wg_j]bb� b�
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\ZxsZy� i_j\hgZqZevgh� iZ^Zxsb_� we_dljhgu�� gZau\Z_lky� wnn_dlb\guf��
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wdki_jbf_glZevgh�ih�djb\uf�ih]ehs_gby��Ijh[_]�we_dljhgh\�baf_jy_lky�
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Ijhoh`^_gb_�we_dljhgh\�q_j_a�ih]ehlbl_ev�fhghwg_j]_lbq_kdbo�

��qZklbp�

Wdki_jbf_glZevgh� djb\u_� ih]ehs_gby� fhghwg_j]_lbq_kdbo� we_d�

ljhgh\�fh`gh�ihemqblv�ijb�baf_j_gbb�bgl_gkb\ghklb���qZklbp��ijhr_^�

rbo� q_j_a� ih]ehlbl_ev� i_j_f_gghc� lhesbgu��Ko_fZ� wdki_jbf_glZevghc�

mklZgh\db� ijb\_^_gZ� gZ� jbk�� ��� J_amevlZlu� wdki_jbf_glZ� k� Zexfbgb_f�

ij_^klZ\e_gu�gZ�jbk�����

�DZ`^Zy� djb\Zy� bf__l� ihke_� gZqZevghc� \uimdehc� qZklb� ^h\hevgh�

^ebggmx� ijyfhebg_cgmx� qZklv� k� g_dhlhjuf� ³o\hklhf´� gZ� dhgp_�� AZ� wn�

n_dlb\guc�ijh[_]�we_dljhgh\�ijbgbfZxl�wdkljZihebjh\Zgguc�ijh[_]�5w��

hlf_q_gguc�gZ�jbkmgd_�klj_ehqdZfb��WdkljZihebjh\Zgguc�ijh[_]�ijbf_�

gy_lky� ^ey� ijZdlbq_kdbo� p_e_c� hij_^_e_gby� wg_j]bb� we_dljhgh\� �f_lh^�

ih]ehs_gby�^ey�hij_^_e_gby�wg_j]bb���qZklbp���
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Jbk�����Djb\u_�ih]ehs_gby�fhghwg_j]_lbq_kdbo��

we_dljhgh\�jZaguo�wg_j]bc�\�Zexfbgbb�

NhjfZ� djb\hc� ih]ehs_gby� kms_kl\_ggh� aZ\bkbl� hl� jZkiheh`_gby�

kq_lqbdZ� ��qZklbp� hlghkbl_evgh� ih]ehsZxsbo� nbevljh\�� Wlh� hkh[_ggh�

aZf_lgh�^ey�fZeuo�lhesbg�nbevljh\��dh]^Z�qbkeZ�ijhr_^rbo�b�iZ^Zxsbo�

we_dljhgh\�ijZdlbq_kdb�jZ\gu��We_dljhgu��ijhr_^rb_�nbevlj��bf_xl�aZ�

kq_l�fgh]hdjZlgh]h�jZkk_ygby�[he__�rbjhdh_�m]eh\h_�jZkij_^_e_gb_��?keb�

^_l_dlhj�we_dljhgh\�jZkiheZ]Z_lky�g_�hq_gv�[ebadh�d�nbevljZf��lh�hkgh\�

gZy�qZklv�jZkk_ygguo�we_dljhgh\�g_�j_]bkljbjm_lky�b�djb\Zy�ih]ehs_gby�

[m^_l�kiZ^Zxs_c�k�kZfh]h�gZqZeZ��?keb�^_l_dlhj�jZkiheh`_g�d�nbevljZf�

gZklhevdh�[ebadh��qlh�j_]bkljbjm_l�\k_�jZkk_yggu_�we_dljhgu��lh�djb\Zy�

ih]ehs_gby�[m^_l�bf_lv�gZ� agZqbl_evghf�ijhly`_gbb�ijZdlbq_kdb� ]hjb�

ahglZevguc�oh^��
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Ijhoh`^_gb_� q_j_a� ih]ehlbl_ev� ��baemq_gby�� bf_xs_]h�����������

g_ij_ju\guc�wg_j]_lbq_kdbc�ki_dlj��

�

We_dljhgu�� \hagbdZxsb_� ijb� ��jZ^bhZdlb\ghklb� obfbq_kdbo� bah�

lhih\��bf_xl�g_ij_ju\guc� wg_j]_lbq_kdbc� ki_dlj� k�fZdkbfZevghc� wg_j�

]b_c�?PD[��Djb\u_�ih]ehs_gby�^ey���baemq_gby�k�g_ij_ju\guf�wg_j]_lb�

q_kdbf� ki_dljhf�j_adh�hlebqZxlky�ih�nhjf_�hl�djb\uo�ih]ehs_gby�^ey�

fhghwg_j]_lbq_kdbo�we_dljhgh\�b�bf_xl�ijb[ebabl_evgh�wdkihg_gpbZev�

guc�oh^��DZq_kl\_ggh�gZqZevgmx�qZklv�djb\hc�fh`gh�h[tykgblv�l_f��qlh�\�

imqd_���qZklbp�bf_xlky�we_dljhgu�\k_\hafh`guo�wg_j]bc��\�lhf�qbke_�b�



�

����

hq_gv�fZeuo��F_^e_ggu_�`_�we_dljhgu�ih]ehsZxlky�\_kvfZ�kbevgh��Dh�

g_p�djb\hc�ih]ehs_gby�Zkbfilhlbq_kdb�ih^oh^bl�d�ebgbb�nhgZ��Wlh�h[t�

ykgy_lky� ihklhyggh� mf_gvrZxsbfky� \� ��ki_dlj_� qbkehf� [ukljuo� we_d�

ljhgh\� b� hlghkbl_evgh� keZ[uf� ih]ehs_gb_f� we_dljhgh\� fZdkbfZevghc�

wg_j]bb��

LbibqgZy�djb\Zy�ih]ehs_gby���baemq_gby��ihemq_ggZy�ih�ko_f_�gZ�

jbk�����ijb\_^_gZ�gZ�jbk����b����

������������Jbk���������������������������������������������������������������������Jbk�����

�

Djb\Zy�ih]ehs_gby��jbk�����hibku\Z_lky�wdkihg_gpbZevguf�aZdhghf�

GH11
�

�
−= ��

]^_�1��±�qbkeh���qZklbp�^h�ih]ehlbl_ey��1�±�qbkeh�qZklbp�ihke_�ijhoh`^_�

gby�kehy�G����±�ebg_cguc�dhwnnbpb_gl�ih]ehs_gby��kf�±����

Ijb�baf_j_gbb�lhesbgu�G�\�fZkkh\uo�_^bgbpZo�aZdhg�ih]ehs_gby�

aZibr_lky��

�����������������������������������������
GH11

′′−= �
� ��

]^_�Gï !G��]�kf�
��±�fZkkh\Zy�lhesbgZ���ï ��!��kf�

Â]����±�fZkkh\uc�dhwnnb�

pb_gl�ih]ehs_gby��

G_h[oh^bfhklv� \\_^_gby�^\mo�dhwnnbpb_glh\�ih]ehs_gby� \ua\ZgZ�

l_f��qlh�ebg_cguc�dhwnnbpb_gl�hkeZ[e_gby�kbevgh�aZ\bkbl�dZd�hl�ijbjh�



�

� ���

^u�ih]ehsZxs_]h�\_s_kl\Z��lZd�b�hl�]jZgbqghc�wg_j]bb��±ki_dljZ�?PD[�b�

ijbf_jgh�h^bgZdh\�^ey�obfbq_kdbo�we_f_glh\�k�[ebadbfb�agZq_gbyfb�=��

GZ�ijZdlbd_�qZklh�bkihevam_lky�ihgylb_�lhesbgu�kehy�iheh\bggh]h�

ih]ehs_gby� Gò�� g_h[oh^bfh]h� ^ey� mf_gvr_gby� \^\h_� gZqZevghc� bgl_g�

kb\ghklb��±baemq_gby��LZd�dZd��

�����������������������������
GH11 �

�
−= ����b�������1�Gò�� �1�����

lh��������������������������Gò� �
�

�����

�

�OQ = ��

<k_�jZkkfhlj_ggu_�oZjZdl_jbklbdb������ï�Gò��5PD[�fh`gh�hij_^_eblv�

k�ihfhsvx�wdki_jbf_glZevghc�djb\hc�ih]ehs_gby��kf��jbk����b�����

Baf_j_gby��

���Ih^]hlh\blv�eZ[hjZlhjgmx�mklZgh\dm�d�jZ[hl_��ijh\_jb\�jZ[hlh�

kihkh[ghklv�bklhqgbdZ�iblZgby��k_dmg^hf_jZ�b�kq_lqbdZ�bfimevkh\��

���Kgylv�djb\mx�ih]ehs_gby�ih�ko_f_�jbk�����Nhev]Z�jZkiheZ]Z_lky�

f_`^m� kq_lqbdZfb�baemq_gby�b�dheebfZlhjhf��Gm`gZy� lhesbgZ�nbevljZ�

^hklb]Z_lky�iml_f�ihke_^h\Zl_evgh]h�gZeh`_gby�Zexfbgb_\uo�ieZklbghd�

^jm]�gZ�^jm]Z��LhesbgZ�nhev]b�baf_jy_lky�fbdjhf_ljhf��<j_fy�baf_j_�

gby��������fbgml��

���Baf_jblv�nhg�mklZgh\db��Hg�kdeZ^u\Z_lky�ba�^_ckl\by�gZ�kq_lqbd��

���dhkfbq_kdh]h�baemq_gby�����jZkk_ygguo���qZklbp�����lhjfhagh]h�baemq_�

gby�������emq_c�\�ki_dlj_�bklhqgbdZ��

>ey� hij_^_e_gby� � 1n� g_h[oh^bfh� hij_^_eblv� kq_l� mklZgh\db� k�

nbevljhf��aZ^_j`b\Zxsbf�\k_��±emqb���lhesbghc��gZijbf_j����ff���

���AZihegblv�lZ[ebpm���

����������������������������������������������������������������������������������������������� �

�



�

����

Ghf_j�

baf_j_�

gby�

LhesbgZ�

ieZklbg�

db���ff�

Dhebq_kl\h�

ieZklbghd�

G��

ff�

<j_fy�

baf_j_gby�

W��fbg�

Kq_l��

1w�

Kq_l��

1n�

Kq_l��

1� �1w��

�1n�

Kdhjhklv�

�kq_lZ�Q ���

W

1 n1w −
= �

� � � � � � �

�

�

H[jZ[hldZ�j_amevlZlh\�

���Ihkljhblv�]jZnbdb�Q� �I�G��b�OQ�Q� �I�G��k�mq_lhf�ih]j_rghklb�ba�

f_j_gbc��

���Hij_^_eblv�ih�]jZnbdZf�ij_^_evguc�ijh[_]�we_dljhgh\�5�PD[��

���Ihevamykv�mjZ\g_gb_f� GH11 �
�

−= ��jZkkqblZlv�ebg_cguc�dhwnnb�

pb_gl�ih]ehs_gby����Ih�nhjfme_� ρ
µ=µ′ �jZkkqblZlv�fZkkh\uc�dhwnnb�

pb_gl�′ ��

���Hij_^_eblv�lhesbgm�kehy�iheh\bggh]h�ih]ehs_gby��G������

��� Ih� \_ebqbg_� ij_^_evgh]h� ijh[_]Z� we_dljhgh\� 5�PD[� b� lhesbg_�

kehy� iheh\bggh]h� ih]ehs_gby� G���� � hp_gblv� ij_^_evgmx� wg_j]bx� (PD[��������

��ki_dljZ��

���KjZ\gblv�ihemq_ggu_�j_amevlZlu�k�^Zggufb��ba\_klgufb�ba�ebl_�

jZlmju��

���Hp_gblv�ih]j_rghklb�ihemq_gguo�j_amevlZlh\��

�

Dhgljhevgu_�\hijhku���b�aZ^Zgby�

���Qlh� gZau\Z_lky� jZ^bhZdlb\ghklvx"� DZdb_� ijhp_kku� hlghkylky� d�

qbkem�jZ^bhZdlb\guo"�



�

� ���

���I_j_qbkebl_� � nbabq_kdb_� ijhp_kku�� ijhbkoh^ysb_� ijb� \aZbfh�

^_ckl\bb�������baemq_gby�k�\_s_kl\hf��

���<�q_f� aZdexqZxlky�ijhp_kku�mijm]h]h�jZkk_ygby� we_dljhgh\�y^�

jZfb��we_dljhgh\�gZ�we_dljhgZo"�

���Q_f�h[mkeh\e_gu�ihl_jb�wg_j]bb�qZklbpu�ijb�ijhoh`^_gbb�q_j_a�

ih]ehsZxsmx�kj_^m"�

���Qlh�ijhbkoh^bl�ijb�ijhoh`^_gbb�we_dljhgZ�q_j_a�ih]ehlbl_ev"�

���DZdh\u�hkh[_gghklb�ijhoh`^_gby�q_j_a�ih]ehlbl_ev�fhghwg_j]_�

lbq_kdbo���qZklbp�b���baemq_gby��bf_xs_]h�g_ij_ju\guc�wg_j]_lbq_kdbc�

ki_dlj"�

���H[tykgbl_�nbabq_kdbc�kfuke�ihgylbc��fZkkh\Zy�lhesbgZ��ebg_c�

guc�b�fZkkh\uc�dhwnnbpb_gl�ih]ehs_gby��wnn_dlb\guc�ijh[_]����qZklb�

pu��DZdh\Z�f_lh^bdZ�bo�baf_j_gby�\�^Zgghc�jZ[hl_"�

�

�

�

�

�

J_dhf_g^Zl_evguc�[b[ebh]jZnbq_kdbc�kibkhd�
�

���KZ\_ev_\�B�<��Dmjk�h[s_c�nbabdb��<���l��±�F���GZmdZ��������L�����±��

����k���L�����±�����k��

���>_leZn�:�:���Y\hjkdbc�;�F��Dmjk�nbabdb��±�F���<ukr��rd��������±�

���k��

���Ljhnbfh\Z�L�B��Dmjk�nbabdb��±�F���<ukr��rd���������±�����k��

���EZ[hjZlhjguc�ijZdlbdmf�ih�nbabd_��Mq_[g��ihkh[b_�^ey�klm^_g�

lh\�\lmah\� ��:e_dk__\�;�N���;Zjkmdh\�D�:���<hcp_oh\kdZy�B�:��b�^j���Ih^�

j_^��D�:��;Zjkmdh\Z�b�X�B��MoZgh\Z��±�F���<ukr��rd���������±����k��



�

����

���;_eygbg�<��:���IZmldh\�G��>��Dhfie_dl�ijb[hjh\�©:jbhgª�^ey�

mq_[ghc�eZ[hjZlhjbb�y^_jghc�nbabdb��HibkZgby�eZ[hjZlhjguo�jZ[hl��±�

ChrdZj�HeZ��������±����k��

�

�

�

�

�

�

�

H=E:<E?GB?�

IHJY>HD�<UIHEG?GBY�E:;HJ:LHJGHC�J:;HLU««««����

EZ[hjZlhjgZy�jZ[hlZ������«««««««««««««««««����

EZ[hjZlhjgZy�jZ[hlZ������«««««««««««««««««���

EZ[hjZlhjgZy�jZ[hlZ������«««««««««««««««««���

EZ[hjZlhjgZy�jZ[hlZ������«««««««««««««««««���

EZ[hjZlhjgZy�jZ[hlZ������«««««««««««««««««���

�

�

�

�

�

�


