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,���G?DHLHJU?�K<?>?GBY�BA�D<:GLH<HC�F?O:GBDB�

Hlebqbl_evghc� hkh[_gghklvx� fbdjhkbkl_f� �Zlhfh\�� fhe_dme�� bh�

gh\��y\ey_lky�lh��qlh�kj_^b�[_kdhg_qgh]h�fgh`_kl\Z�khklhygbc��\�dhlhjuo�

hgb�fh]ml�gZoh^blvky��gZ[ex^Zxlky�lZdb_�khklhygby��f_`^m�dhlhjufb�g_�

\hafh`gu� g_ij_ju\gu_� i_j_oh^u�� I_j_oh^u� hkms_kl\eyxlky� g_� q_j_a�

fgh`_kl\h�ijhf_`mlhqguo�khklhygbc��Z��kdZqdhh[jZagh���Ijb�lZdbo�i_j_�

oh^Zo�oZjZdl_jbklbdb� khklhygbc� �wg_j]by��bfimevk��f_oZgbq_kdbc�b�fZ]�

gblguc� fhf_glu� b� ^j��� baf_gyxlky� kdZqdhh[jZagh�� l�_�� bf_xl� jy^� ^bk�

dj_lguo� agZq_gbc� �� d\Zglmxlky�� P_eu_� beb� ihemp_eu_� qbkeZ�� hij_^_�

eyxsb_� agZq_gby�d\Zglmxsboky�\_ebqbg��gZau\Zxlky�d\Zglh\ufb�qbk�

eZfb��

>ey�oZjZdl_jbklbdb�khklhygby�fbdjhqZklbpu�\�Zlhf_�\\_^_gu�q_lu�

j_�d\Zglh\uo�qbkeZ��ljb��Q��O��P���]eZ\gh_��hj[blZevgh_�b�fZ]gblgh_��khhl�

\_lkl\mxl� kl_i_gyf� k\h[h^u� fbdjhqZklbpu� ijb� __� i_j_f_s_gbb� \� ijh�

kljZgkl\_��q_l\_jlh_�d\Zglh\h_�qbkeh� �V��g_�k\yaZgh�k�ijhkljZgkl\_ggufb�

i_j_f_s_gbyfb� qZklbpu� b� hibku\Z_l� kh[kl\_gguc�f_oZgbq_kdbc� b�fZ]�

gblguc�fhf_glu��dhlhjufb�fh`_l�h[eZ^Zlv�qZklbpZ��

GZijbf_j��ihegZy�wg_j]by�we_dljhgZ�\�Zlhf_�\h^hjh^Z��ihemqZ_fZy�

dZd�j_amevlZl�j_r_gby�mjZ\g_gby�Rj_^bg]_jZ�^ey�ZlhfZ�\h^hjh^Z��jZ\gZ�

�������������������������������������������
�Q

&
(Q −= �������������������������������������������������������

]^_�K���ihklhyggZy�\_ebqbgZ��Q� ��]eZ\gh_�d\Zglh\h_�qbkeh��dhlhjh_�fh`_l�
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ijbgbfZlv�agZq_gby���������b�l�^���

D\Zglh\h_�qbkeh� O� �oZjZdl_jbam_l�hj[blZevgu_�f_oZgbq_kdb_�b�fZ]�

gblgu_�fhf_glu�we_dljhgZ��P���bo�ijh_dpbb�gZ�nbdkbjh\Zggmx�hkv��

We_dljhg� \� bahebjh\Zgghf� Zlhf_� fh`_l� bf_lv� lhevdh� ^bkdj_lgu_�

agZq_gby�wg_j]bb��gZau\Z_fu_�wg_j]_lbq_kdbfb�mjh\gyfb��wlb�agZq_gby�

aZ\bkyl�hl�kljh_gby�ZlhfZ���ijhf_`mlhqgu_�agZq_gby�wg_j]bb�aZij_s_gu��

Bahebjh\Zgguc� Zlhf� oZjZdl_jbam_lky� k_jb_c� wg_j]_lbq_kdbo� mjh\�

g_c��M�dZ`^h]h�we_f_glZ�bf__lky�oZjZdl_jgZy�^ey�g_]h�kh\hdmighklv�mjh\�

g_c���wg_j]_lbq_kdbc�ki_dlj��jbk������AZiheg_gb_�mjh\g_c�we_dljhgZfb�hi�

j_^_ey_lky� ijbgpbihf� fbgbfmfZ� wg_j]bb� b� ijbgpbihf� IZmeb�� Ijb������������

L� ���D��aZihegyxlky��mjh\gb�k�gZbf_gvr_c�wg_j]b_c��ijbgpbi�fbgbfmfZ�������������������

��wg_j]bb����

��GZ�h^ghf�mjh\g_�g_�fh`_l�gZoh^blvky�[he__�

��^\mo� we_dljhgh\� k� h^bgZdh\ufb� d\Zglh\ufb�

��qbkeZfb�Q��O��P��ijbgpbi�IZmeb���

��Kh\hdmighklv� mjh\g_c� ZlhfZ� k�

��jZkij_^_e_ggufb� ih� gbf� we_dljhgZfb� gZau\Zxl��

��we_dljhgguf� khklhygb_f� beb� we_dljhgghc���������������

Jbk���������Jbk��������������������dhgnb]mjZpb_c��Khklhygby�k�h^bgZdh\ufb�wg_j�

]byfb�gZau\Zxl�\ujh`^_ggufb��Z�qbkeh�khklhygbc�k�h^bgZdh\ufb�wg_j�

]byfb�±�djZlghklvx�\ujh`^_gby��
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JZks_ie_gb_�mjh\g_c�bahebjh\Zggh]h�ZlhfZ�ijb�h[jZah\Zgbb�

�djbklZeeZ��

�

K\hckl\Z� Zlhfh\� hij_^_eyxlky� bo� we_dljhgguf� khklhygb_f� �we_d�

ljhgghc�dhgnb]mjZpb_c���ZgZeh]bqgh�b�k\hckl\Z�l\_j^uo�l_e�hij_^_eyxl�

ky�we_dljhgguf�khklhygb_f�kh\hdmighklb�1�Zlhfh\��h[jZamxsbo�l\_j^h_�

l_eh��

H]jZgbqbfky�jZkkfhlj_gb_f�khklhygby�djbklZeeZ��khklhys_]h�ba�kh�

\hdmighklb�1� h^bgZdh\uo�g_\aZbfh^_ckl\mxsbo� Zlhfh\��gZoh^ysboky� \�

h^bgZdh\uo� \g_rgbo� mkeh\byo�� Kbkl_fu� bo� wg_j]_lbq_kdbo� mjh\g_c�

�wg_j]_lbq_kdb_� ki_dlju��h^bgZdh\u��Ijb� k[eb`_gbb� wlbo� Zlhfh\� �h[jZ�

ah\Zgbb�djbklZeeZ��kbkl_fZ�bo�mjh\g_c�baf_gy_lky� �jbk�� ���� lZd�dZd�dZ`�

^uc�Zlhf�gZoh^blky�\�kbeh\hf�ihe_��1����^jm]bo�Zlhfh\�djbklZeeZ��Baf_�

gy_lky� wg_j]by� we_dljhgh\�� Z� ke_^h\Zl_evgh�� b� mjh\gb� Zlhfh\�� dZ`^uc�

mjh\_gv�jZg__�bahebjh\Zggh]h�ZlhfZ�jZks_iey_lky�gZ�1�[ebadbo�ih�agZq_�

gbx�wg_j]bc�jZaebqguo�mjh\g_c��gZ�dZ`^hf�ba�dhlhjuo�fh`_l�gZoh^blvky�

g_� [he__� ^\mo� we_dljhgh\�� �?keb� mjh\gb� wg_j]bb� bahebjh\Zgguo� Zlhfh\�

y\eyxlky�\ujh`^_ggufb��ba�h^gh]h�mjh\gy�ijb�jZks_ie_gbb��\hagbdZ_l��

g_�1��Z�[he__��gZijbf_j��1�mjh\g_c���GZijbf_j��ijb�hlkmlkl\bb�\ujh`^_�

gby�mjh\_gv�i_j\uc�í�mjh\_gv�wg_j]bb�i_j\h]h�ZlhfZ�?��ijb�\aZbfh^_ckl�

\bb�k��1����^jm]bo�Zlhfh\�djbklZeeZ�kf_sZ_lky�gZ�\_ebqbgm�û?����Wlhl�`_�

mjh\_gv�L�]h�ZlhfZ�kf_sZ_lky�gZ�û?�L���Lh�_klv��wg_j]by�i_j\h]h�mjh\gy�L�]h�

ZlhfZ�\ujZ`Z_lky�dZd��

���������������������������������������?�L� �?����û?�L�
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M�^jm]bo�Zlhfh\�mjh\_gv�wg_j]bb�?���[u\rbc�h^bgZdh\uf�^ey�\k_o�

Zlhfh\��khhl\_lkl\_ggh�baf_gbeky�ih�jZaghfm��l�_��ihemqZ_f�1�jZaebqguo�

mjh\g_c�

?��� �?����û?���

?��� �?����û?���

?��� �?����û?���

��������������

?�L� �?����û?�L�

��������������

?�1� �?����û?�1�

Kh\hdmighklv� mjh\g_c�� h[jZamxsboky� ijb� jZks_ie_gbb� h^gh]h�

wg_j]_lbq_kdh]h�mjh\gy�bahebjh\Zggh]h� ZlhfZ� \�ihe_� �1���� \aZbfh^_ckl�

\mxsbo�k�gbf�Zlhfh\���h[jZam_l�ahgm��beb�ihehkm��jZaj_r_gguo�wg_j]bc��

DZ`^hfm�mjh\gx� dZ`^h]h�jZg__�bahebjh\Zggh]h� ZlhfZ� khhl\_lkl\m_l� lZ�

dZy�wg_j]_lbq_kdZy�ahgZ��<�jZkkfZljb\Z_fhf�gZfb�kemqZ_�hgZ�khklhbl�ba�1�

jZaebqguo� mjh\g_c�� Ahgu� jZaj_r_gguo� wg_j]bc� hl^_e_gu� ^jm]� hl� ^jm]Z�

aZij_s_ggufb�ahgZfb��ihehkZfb���jbk������

Z���������������������Jbk�����������������������������������������[��

BlZd�� \� l\_j^uo� l_eZo� �� djbklZeeZo�� wg_j]_lbq_kdbc� ki_dlj� � ij_^�

klZ\ey_l� kh[hc� � kh\hdmighklv� wg_j]_lbq_kdbo� ahg� jZaj_r_gguo� wg_j]bc��

jZa^_e_gguo�ahgZfb�aZij_s_gguo�wg_j]bc���wg_j]_lbq_kdbfb��s_eyfb���
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We_dljhgu� jZkij_^_eyxlky� lhevdh� ih� mjh\gyf� jZaj_r_gguo� wg_j�

]bc��ijbq_f�ijb�Z[khexlghf�gme_�l_fi_jZlmj��L� ���D��aZihegyxlky�gba�

rb_�g_\ha[m`^_ggu_�mjh\gb��hkgh\gu_�khklhygby�Zlhfh\���

Obfbq_kdb_�k\hckl\Z�we_f_glh\�b�jy^�nbabq_kdbo�k\hckl\�\_s_kl\�

h[tykgyxlky� ih\_^_gb_f� \g_rgbo� \Ze_glguo� we_dljhgh\� Zlhfh\�� Ahgm�

jZaj_r_gguo�wg_j]bc��h[jZah\Zggmx�ba�mjh\gy�bahebjh\Zggh]h�ZlhfZ��gZ�

dhlhjhf�gZoh^ylky�\Ze_glgu_�we_dljhgu�ZlhfZ�\�hkgh\ghf�khklhygbb��ijb�

L� ����D���gZau\Zxl�\Ze_glghc�ahghc��

Ijb� Z[khexlghf� gme_� \Ze_glgu_� we_dljhgu� aZihegyxl� mjh\gb� \Z�

e_glghc�ahgu��gZqbgZy�k�kZfuo�gb`gbo�mjh\g_c��;he__�\ukhdb_�wg_j]_lb�

q_kdb_�mjh\gb�b�ahgu��\ha[m`^_ggu_��hklZxlky�k\h�

[h^gufb��jbk��������

I_j_f_s_gb_� we_dljhgh\� \� iheghklvx� aZihe�

g_gghc� \Ze_glghc� ahg_� g_� ijb\h^bl� d� \hagbdgh\_�

gbx� we_dljbq_kdh]h� lhdZ�� lZdb_� i_j_f_s_gby� kh�

\_jrZxlky� hq_gv� j_^dh� b� g_� k\yaZgu� k� wg_j]_lbq_�

kdbfb�baf_g_gbyfb�\�kbkl_f_��

�������H^gZdh� lhd� fh`_l� \hagbdgmlv�� _keb� \Ze_glgZy�������������������

ahgZ� eb[h� g_iheghklvx� aZiheg_gZ� we_dljhgZfb��������

Jbk����������������������jbk�����Z���eb[h�i_j_dju\Z_lky�k\h[h^ghc�ahghc�\ha�

[m`^_gguo�khklhygbc��jbk�����[���b�\[ebab�aZiheg_gguo�we_dljhgZfb�

mjh\g_c�jZkiheh`_gu�k\h[h^gu_�mjh\gb��<�wlbo�kemqZyo�\Ze_glgZy�

ahgZ� �g_iheghklvx� aZiheg_ggZy� beb� i_j_djulZy� k\h[h^ghc� ahghc�

\ha[m`^_gguo�khklhygbc��gZau\Z_lky�ahghc�ijh\h^bfhklb��

Gh� \� hlkmlkl\bb� \g_rg_]h� we_dljbq_kdh]h� ihey� ^\b`_gb_� we_dljh�

gh\� \� ahg_� ijh\h^bfhklb� y\ey_lky� oZhlbq_kdbf� b� we_dljbq_kdbc� lhd� g_�

\hagbdZ_l��
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Jbk����

Ijb� gZebqbb� \g_rg_]h� we_dljbq_kdh]h� ihey� we_dljhgu� wlhc� ahgu�

ijbh[j_lZxl�h^bgZdh\mx��ih�gZijZ\e_gbx��khklZ\eyxsmx�kdhjhklb��\ha�

gbdZ_l�gZijZ\e_ggh_�^\b`_gb_�we_dljhgh\���we_dljbq_kdbc�lhd��

<_ebqbgZ� b� oZjZdl_j� �f_oZgbaf�� we_dljhijh\h^ghklb� l\_j^uo� l_e�

hij_^_eyxlky�g_� h[sbf� qbkehf� we_dljhgh\�� Z� \aZbfguf� jZkiheh`_gb_f�

ahg�jZaj_r_gguo�wg_j]bc���bo�i_j_djulb_f��rbjbghc�wg_j]_lbq_kdhc�s_�

eb��hl^_eyxs_c�\Ze_glgmx�ahgm�hl�k\h[h^ghc�ahgu�jZaj_r_gguo�wg_j]bc��

ke_^mxs_c�aZ�g_c��b�aZiheg_gb_f�\Ze_glghc�ahgu�ijb�L� ���D��

Wlbfb� nZdlhjZfb� mkeh\gh� hij_^_ey_lky� ijbgZ^e_`ghklv� l\_j^h]h�

l_eZ�d�h^ghc�ba�lj_o�]jmii��f_lZeeu��^bwe_dljbdb�b�ihemijh\h^gbdb��

�

:��F_lZeeu�

L\_j^h_�l_eh�y\ey_lky�f_lZeehf��_keb�\Ze_glgZy�ahgZ�eb[h�qZklbqgh�

aZiheg_gZ�we_dljhgZfb� �kf��jbk�����Z�� �wlh�gZ[ex^Z_lky�\�l_o�kemqZyo��dh�

]^Z�gZ�ihke_^g_f�aZgylhf�mjh\g_�bahebjh\Zggh]h�ZlhfZ�gZoh^blky�lhevdh�

h^bg�we_dljhg�[_a�iZjgh]h�k�ijhlb\hiheh`gh�hjb_glbjh\Zgguf�kibghf���

eb[h�dh]^Z�\Ze_glgZy�ahgZ�i_j_dju\Z_lky�k�g_aZiheg_gghc�ahghc�\ha[m`�

^_gguo�mjh\g_c��kf��jbk�����[���<�wlbo�kemqZyo�\Ze_glgZy�ahgZ�f_lZeeh\�k�
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ijbe_]Zxsbfb�d�__�aZiheg_gguf�mjh\gyf�k\h[h^gufb�mjh\gyfb�h[jZam�

xl�ahgm�ijh\h^bfhklb��

<�ahg_�ijh\h^bfhklb��wg_j]_lbq_kdh_�jZkklhygb_��f_`^m�khk_^gbfb�

mjh\gyfb�khklZ\ey_l�\_ebqbgm�ihjy^dZ���������������w<��Ke_^h\Zl_evgh��m`_�

ijb� l_fi_jZlmj_� �D�� dh]^Z� kj_^gyy� wg_j]by� l_ieh\h]h� oZhlbq_kdh]h� ^\b�

`_gby�we_dljhgZ�NL�khklZ\ey_l�hdheh������w<��qZklv�we_dljhgh\�i_j_oh^bl�

gZ�[he__�\ukhdb_�wg_j]_lbq_kdb_�mjh\gb�\Ze_glghc� ahgu�beb�gZ�\ha[m`�

^_ggu_� mjh\gb� g_aZiheg_gghc� ahgu�� i_j_dju\Zxs_c� \Ze_glgmx� ahgm�����

�û?��§�������w<��NL��§������w<�ijb�L� ��D��NL�!!û?���

Lh�`_�kZfh_�ijhbkoh^bl�ih^�^_ckl\b_f�we_dljbq_kdh]h�ihey��We_d�

ljhgu��mkdhj_ggu_�\g_rgbf�we_dljbq_kdbf�ihe_f��i_j_oh^yl�k�[he__�gba�

dbo�wg_j]_lbq_kdbo�mjh\g_c�gZ�[he__�\ukhdb_�mjh\gb�ahgu�ijh\h^bfhklb��

ijbh[j_lZy� kdhjhklv� \� gZijZ\e_gbb�� ijhlb\hiheh`ghf� gZijZ\e_gbx�

\g_rg_]h�we_dljbq_kdh]h�ihey��

�

;��>bwe_dljbdb�

M� ^bwe_dljbdh\� �baheylhjh\�� mjh\gb� \Ze_glghc� ahgu� iheghklvx�

aZgylu� we_dljhgZfb� �jbk�� ��� Z��� Z� k\h[h^gZy� ahgZ� wg_j]bc� \ha[m`^_gguo�

khklhygbc�hl^_e_gZ�hl�\Ze_glghc�ahgu�aZij_s_gghc�ahghc��dhlhjmx�ijb�

gylh�h[hagZqZlv� ∆?J��?_�rbjbgZ�khklZ\ey_l�\_ebqbgm�ihjy^dZ�g_kdhevdbo�

we_dljhg\hevl��

>ey�i_j_\h^Z�we_dljhgh\�ba�\Ze_glghc�ahgu�\�ke_^mxsmx�aZ�g_c�g_�

aZiheg_ggmx�ahgm��ijh[hc�^bwe_dljbdZ��g_h[oh^bfh�kha^Zlv�\�g_f��kbev�

gh_��we_dljbq_kdh_�ihe_��

BlZd�� hlkmlkl\b_f� we_dljhgh\� ijh\h^bfhklb� b� [hevrhc� rbjbghc�

aZij_s_gghc� ahgu� �[hevrhc� wg_j]b_c� Zdlb\Zpbb�� h[mkeh\e_gh� k\hckl\h�



���

^bwe_dljbdh\� ±� hq_gv� [hevrh_� m^_evgh_� khijhlb\e_gb_� �fZeZy� we_dljh�

ijh\h^ghklv���

�

Jbk�����

<��Ihemijh\h^gbdb�

���Qbklu_�ihemijh\h^gbdb��Ijb�g_[hevrhc�rbjbg_��hl�g_kdhevdbo�

^_kyluo�^he_c�we_dljhg\hevl�w<�^h� ����w<�� aZij_s_gghc� ahgu�û?J��hl^_�

eyxs_c�aZiheg_ggmx�we_dljhgZfb�\Ze_glgmx�ahgm�hl�khk_^g_c�k\h[h^ghc�

ahgu��jbk�����[��ijb�hij_^_e_gguo�l_fi_jZlmjZo�Lk���gZau\Z_fuo�l_fi_jZ�

lmjZfb� kh[kl\_gghc� ijh\h^bfhklb�� wg_j]by� l_ieh\h]h� oZhlbq_kdh]h� ^\b�

`_gby�fhe_dme�hdZau\Z_lky�^hklZlhqghc�^ey�lh]h��qlh[u�i_j_\_klb���i_j_�

[jhkblv���qZklv�we_dljhgh\�ba�\Ze_glghc�ahgu�\�\_jogxx�k\h[h^gmx�ahgm��

We_dljhgu���i_j_[jhr_ggu_��\�wlm�ahgm��gZoh^ylky�\�mkeh\byo��\�dhlhjuo�

gZoh^ylky� \Ze_glgu_� we_dljhgu� f_lZeeh\� �\[ebab� aZiheg_gguo� mjh\g_c�

bf_xlky�g_aZiheg_ggu_���K\h[h^gZy� ahgZ� y\ey_lky�^ey�gbo� ahghc�ijh\h�

^bfhklb�� H^gh\j_f_ggh� klZgh\ylky� \hafh`gufb� i_j_oh^u� we_dljhgh\�

\gmljb� \Ze_glghc� ahgu� gZ� hk\h[h^b\rb_ky� \� g_c� �\ZdZglgu_�� \_jogb_�

mjh\gb��

<_s_kl\Z��bf_xsb_�hibkZggu_�\ur_� k\hckl\Z��hlghkylky�d� ]jmii_�

qbkluo�� [_kijbf_kguo�ihemijh\h^gbdh\��:� ijh\h^bfhklv� ihemijh\h^�



� ���

gbdh\��h[mkeh\e_ggZy� �i_j_[jhkhf��we_dljhgh\�ba�\Ze_glghc�ahgu�\�ahgm�

ijh\h^bfhklb�ihemijh\h^gbdZ��\�j_amevlZl_�l_ieh\h]h�\ha[m`^_gby�wlbo�

we_dljhgh\�� gZau\Z_lky� kh[kl\_gghc� we_dljhijh\h^ghklvx�� <ZdZglgh_�

f_klh�k�g_^hklZxsbf�we_dljhghf�\�kbkl_f_�d\Zglh\uo�khklhygbc�gZau\Z�

xl� ^ujdhc��>\b`_gb_� we_dljhgh\� \� \Ze_glghc� ahg_� ih� \_ebqbg_� \hagb�

dZxs_c�kbeu�lhdZ�wd\b\Ze_glgh�^\b`_gbx�^ujhd�\�gZijZ\e_gbb��ijhlb�

\hiheh`ghf�^\b`_gbx�we_dljhgh\��

We_dljhgu��mkdhj_ggu_�\g_rgbf�we_dljbq_kdbf�ihe_f��i_j_oh^yl�k�

[he__�gbadbo�mjh\g_c�gZ�[he__�\ukhdb_�mjh\gb�ahgu�ijh\h^bfhklb��ijb�

h[j_lZy� kdhjhklv� \� gZijZ\e_gbb�� ijhlb\hiheh`ghf� gZijZ\e_gbx� gZijy�

`_gghklb�\g_rg_]h�we_dljbq_kdh]h�ihey��

BlZd�� \� qbklhf� �[_kijbf_kghf��ihemijh\h^gbd_�ijb� l_fi_jZlmjZo��

jZ\guo�beb�[hevrbo�Lk��ijh\h^bfhklv�hkms_kl\ey_lky�\�ahg_�ijh\h^bfh�

klb�±�we_dljhgZfb��ihklZ\ey_fufb�ba�\Ze_glghc�ahgu���\�\Ze_glghc�ahg_�±�

^ujdZfb��

���Ijbf_kgu_� ihemijh\h^gbdb�� <_ebqbgm� we_dljhijh\h^ghklb� 1�

ihemijh\h^gbdZ�fh]ml�kms_kl\_ggh�baf_gblv�g_dhlhju_�ijbf_kb��\g_k_g�

gu_�\�djbklZeebq_kdmx�j_r_ldm�^Z`_�\�g_[hevrhf�dhebq_kl\_��

<�f_lZeeZo�ijbf_kb�kgb`Zxl�we_dljhijh\h^ghklv��Z�\�ihemijh\h^�

gbdZo�hgb�fh]ml�ku]jZlv�kh\k_f�^jm]mx�jhev��

:lhfu�ijbf_kb�bf_xl� k\hx� kbkl_fm� wg_j]_lbq_kdbo� mjh\g_c��Wlb�

mjh\gb�gZdeZ^u\Zxlky�gZ�wg_j]_lbq_kdbc�ki_dlj� �kh\hdmighklv�wg_j]_lb�

q_kdbo�ahg��hkgh\u��Ijb�wlhf�mjh\gb�ijbf_kb�fh]ml��ihiZklv��\�ahgm�aZ�

ij_s_gguo�wg_j]bc�hkgh\u��hl^_eyxsmx�\Ze_glgmx�ahgm�hl�ahgu�ijh\h�

^bfhklb�hkgh\u��Ijbq_f��\�wlhl�aZij_s_gguc�ijhf_`mlhd�fh]ml�ihiZklv��

�



���

b� mjh\gb�� aZiheg_ggu_� we_dljhgZfb�� b� \ha[m`^_ggu_� g_aZiheg_ggu_�

mjh\gb�Zlhfh\�ijbf_kb��

?keb� aZiheg_ggu_� we_dljhgZfb� mjh\gb� Zlhfh\� ijbf_kb� jZkiheZ]Z�

xlky�\[ebab�ahgu�ijh\h^bfhklb�hkgh\u�û?���û?J��jbk�����Z���we_dljhgu�k�

wlbo�mjh\g_c��ihemqb\�wg_j]bx�û?��±�wg_j]bx�Zdlb\Zpbb��fh]ml�i_j_clb�\�

ahgm� ijh\h^bfhklb� hkgh\u�� LZdb_� mjh\gb� gZau\Zxlky� ^hghjgufb� �hl�

^Zxsbfb�k\hb�we_dljhgu�\� ahgm�ijh\h^bfhklb�hkgh\u���Z�ijbf_kb�k�^h�

ghjgufb�mjh\gyfb�gZau\Zxlky�^hghjZfb��Wlh�ijbf_kb�Q�lbiZ��\�gbo�hk�

gh\gu_�ghkbl_eb�lhdZ�±�we_dljhgu��Z�ijh\h^bfhklv�±�we_dljhggZy��

?keb� \� aZij_s_ggmx� ahgm� hkgh\u� \[ebab� hl� __� aZiheg_gghc� ahgu�

ihiZ^Z_l� g_aZiheg_gguc� \ha[m`^_gguc� mjh\_gv� ijbf_kgh]h� ZlhfZ�������

�jbk�����[���we_dljhgu�\Ze_glghc�ahgu�hkgh\u��ihemqb\�wg_j]bx�û?���wg_j�

]bx�Zdlb\Zpbb���gZfgh]h�f_gvrmx��q_f�rbjbgZ�s_eb�aZij_s_gghc�wg_j�

]bb�û?J��û?���û?J���fh]ml�i_j_clb�ba�aZiheg_gghc�\Ze_glghc�ahgu�hkgh�

\u�gZ�wlhl�g_aZiheg_gguc�\ha[m`^_gguc�mjh\_gv�ijbf_kb��>ey�i_j_[jhkZ�

�

Jbk�����

we_dljhgZ� q_j_a� \kx� s_ev� û?J� \ha[m`^_gby� û?�� � y\gh� g_^hklZlhqgh��

Mjh\gb�ijbf_kguo�Zlhfh\���ijbgbfZxsb_��we_dljhgu�hkgh\u�ba�\Ze_gl�

ghc� ahgu�� gZau\Zxlky� Zdp_ilhjgufb�� Z� ijbf_kb�� khhl\_lkl\_ggh��

Zdp_ilhjZfb��
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Ihke_� moh^Z� we_dljhgZ� ba� \Ze_glghc� �jZg__� aZiheg_gghc�� ahgu� gZ�

Zdp_ilhjguc� mjh\_gv�� \� wlhc� ahg_� hklZ_lky� g_aZiheg_gguc� mjh\_gv� �\Z�

dZglgh_� f_klh�� ±� ^ujdZ�� dhlhjhc� ijbibku\Z_lky� iheh`bl_evguc� aZjy^�

�g_^hklZlhd� hljbpZl_evgh]h� aZjy^Z� \� kbkl_f_� d\Zglh\uo� khklhygbc� jZk�

kfZljb\Z_lky�dZd�ba[ulhd�jZ\gh]h�ih�fh^mex�iheh`bl_evgh]h�aZjy^Z���

Ih^�^_ckl\b_f�\g_rg_]h�we_dljbq_kdh]h�ihey� �beb�^jm]h]h�gZijZ\�

e_ggh]h� \ha^_ckl\by�� gZ�f_klh� mr_^r_]h� gZ� Zdp_ilhjguc� mjh\_gv� we_d�

ljhgZ��l�_��gZ�^ujdm��fh`_l�i_j_clb�we_dljhg�k�[he__�gbadh]h�mjh\gy�\Z�

e_glghc� ahgu� hkgh\u�� \gh\v� �hk\h[h`^Zy�� mjh\_gv� b� hklZ\eyy� aZ� kh[hc�

^ujdm��LZdbf� h[jZahf��^ujdZ� \_^_l� k_[y� dZd�iheh`bl_evguc� aZjy^��^\b�

`msbcky� \� gZijZ\e_gbb�� h[jZlghf� gZijZ\e_gbx� ^\b`_gby� we_dljhgh\� \�

\Ze_glghc� ahg_�hkgh\u��Ihwlhfm� Zdp_ilhjgu_�ijbf_kb�gZau\Zxl�ijbf_�

kyfb�j�lbiZ��\�gbo�ghkbl_eyfb�aZjy^Z�y\eyxlky�iheh`bl_evgu_�aZjy^u�±�

^ujdb���Z�bo�ijh\h^bfhklv�gZau\Zxl�^ujhqghc��

<� [_kijbf_kguo� ihemijh\h^gbdZo� ijh\h^bfhklv� we_dljhggh�

^ujhqgZy� ijb� l_fi_jZlmjZo�� jZ\guo� b� \ur_� l_fi_jZlmju� kh[kl\_gghc�

ijh\h^bfhklb� Lk��Ijb� wlhf� kh[kl\_ggZy� ijh\h^bfhklv� ihemijh\h^gbdh\�

bf__l�keZ[h�\ujZ`_gguc�we_dljhgguc�oZjZdl_j���H[tykg_gb_�wlh]h�^Zgh�\�

ke_^mxs_f�iZjZ]jZn_���

�

�

,,,��WE?DLJHIJH<H>GHKLV�L<?J>UO�L?E�

�

�

���H^gbf�ba�hkgh\guo�ijZdlbq_kdb�bkihevam_fuo�k\hckl\�f_lZeeh\�

b�ihemijh\h^gbdh\�y\ey_lky�bo�we_dljhijh\h^ghklv��

Hkgh\gZy�dhebq_kl\_ggZy�oZjZdl_jbklbdZ�wlh]h�k\hckl\Z�±�m^_evgZy�



���

we_dljhijh\h^ghklv�1�fh`_l�[ulv�hij_^_e_gZ�q_j_a�lZdb_�oZjZdl_jbklbdb��

dZd�aZjy^�qZklbpu�T��dhgp_gljZpbx�Q�b�ih^\b`ghklv�ghkbl_e_c�lhdZ�X��

>_ckl\bl_evgh�� kh]eZkgh� aZdhgm� HfZ� \� ^bnn_j_gpbZevghc� nhjf_��

iehlghklv� we_dljbq_kdh]h� lhdZ� M� \h� \g_rg_f� we_dljbq_kdhf� ihe_� gZijy�

`_gghklb�?�jZ\gZ�

�

���������������������������������������M� �1�(����������������������������������������������������������������

K�^jm]hc�klhjhgu���

������������������������������������M� �TQ�Y!�������������������������������������������������������������

�

]^_��Y!� ��kj_^gyy�kdhjhklv�gZijZ\e_ggh]h�^\b`_gby�aZjy^h\� ±�ghkbl_e_c�

lhdZ��kdhjhklv�^j_cnZ���

Ke_^h\Zl_evgh��kh]eZkgh�nhjfmeZf�����b�����

�

������������������������������������������
(

QT ⋅=1 Â_�Y!_� �TQX��

�

]^_�X� �_�Y!_���(���ih^\b`ghklv�ghkbl_e_c�lhdZ��

�

�

���Mjh\gb�N_jfb�

Dhgp_gljZpby� we_dljhgh\� \� ahg_� ijh\h^bfhklb� �b� h[jZah\Z\rboky�

^ujhd�\�\Ze_glghc�ahg_��ijb�aZ^Zgghc�l_fi_jZlmj_�L�ijhihjpbhgZevgZ�\_�

jhylghklb��aZiheg_gby��we_dljhghf�mjh\gy�?�ijb�wlhc�l_fi_jZlmj_��

WlZ�\_jhylghklv�hibku\Z_lky�nmgdpb_c�jZkij_^_e_gby�N_jfb�±�>b�

jZdZ��



� ���

��������������������������������
�

�
��

+
−=
N7

(( )

H

(I ��

\�dhlhjhc�?)���wg_j]by�N_jfb��beb�mjh\_gv�N_jfb���gZbf_gvrZy�wg_j]by��

g_h[oh^bfZy�^ey�\ha[m`^_gby�h^ghc�qZklbpu�b�i_j_oh^Z�__�\�ahgm�ijh\h�

^bfhklb�� AZ� gZqZeh� hlkq_lZ� wg_j]bb� m^h[gh� \u[jZlv� �\� wg_j]_lbq_kdhc�

^bZ]jZff_�djbklZeeZ��gme_\h_�agZq_gb_��

Z�� ?keb� \� ihemijh\h^gbd_� we_dljhg� �i_j_[jZku\Z_lky�� k� \_jog_]h�

mjh\gy�\Ze_glghc�ahgu�gZ�gb`gbc�mjh\_gv�ahgu�ijh\h^bfhklb��gZ�wlh�aZ�

ljZqb\Z_lky� wg_j]by��jZ\gZy�û?J� �rbjbg_� aZij_s_gghc� ahgu���M�qbklh]h�

ihemijh\h^gbdZ�ijb�i_j_oh^_�we_dljhgZ�\�ahgm�ijh\h^bfhklb�\�\Ze_glghc�

ahg_�ihy\ey_lky�^jm]hc�ghkbl_ev�lhdZ���^ujdZ��l�_��gZ�h[jZah\Zgb_�h^gh]h�

ghkbl_ey�lhdZ�g_h[oh^bfZ�wg_j]by�û?J����Ke_^h\Zl_evgh��mjh\_gv�N_jfb�

qbklh]h� ihemijh\h^gbdZ� jZkiheh`_g� \� p_glj_� aZij_s_gghc� ahgu��������������

�jbk�����Z���

�

Jbk�����

[��?keb� \[ebab�gb`g_]h� djZy� ahgu�ijh\h^bfhklb� jZkiheh`_gu� aZ�

iheg_ggu_�mjh\gb�ijbf_kguo�Zlhfh\��^hghjgu_�mjh\gb���lh�ijb�khh[s_�

gbb� we_dljhgZf�� gZoh^ysbfky� gZ� wlbo� mjh\gyo�� wg_j]bb� û?���û?J������

�jbk�����Z���wlb�we_dljhgu�i_j_oh^yl�\�ahgm�ijh\h^bfhklb��



���

Wg_j]by�N_jfb�ij_^klZ\ey_l�kh[hc�kj_^gxx�wg_j]bx�\ha[m`^_gby�

we_dljhgh\�� �i_j_[jZku\Z_fuo�� \� ahgm� ijh\h^bfhklb�� Ijb� Z[khexlghf�

gme_�b�\[ebab�g_]h�mjh\_gv�N_jfb�ihemijh\h^gbdh\�^hghjh\�jZkiheh`_g�

\[ebab� ^hghjguo� mjh\g_c�� lZd� dZd� \� wlhc� h[eZklb� l_fi_jZlmj� i_j_oh^u�

we_dljhgh\�q_j_a�\kx�aZij_s_ggmx�ahgm��k�\_jog_]h�mjh\gy�\Ze_glghc�ah�

gu�\�ahgm�ijh\h^bfhklb��fZeh\_jhylgu��

H^gZdh� k� m\_ebq_gb_f� l_fi_jZlmju� \_s_kl\Z� m\_ebqb\Z_lky� qbkeh�

we_dljhgh\��i_j_oh^ysbo��q_j_a�\kx�aZij_s_ggmx�ahgm�\�ahgm�ijh\h^bfh�

klb��[eZ]h^Zjy�l_ieh\hfm�oZhlbq_kdhfm�^\b`_gbx�b�l_ieh\uf�nemdlmZpb�

yf��

Ijb�dZ`^hf�ba�lZdbo�i_j_oh^h\�h[jZamxlky�^\Z�ghkbl_ey�lhdZ��we_d�

ljhg�b�^ujdZ���Ke_^h\Zl_evgh��^ey�h[jZah\Zgby�h^gh]h�ghkbl_ey�lhdZ�g_�

h[oh^bfZ� wg_j]by� û?J���� Mjh\_gv�N_jfb� i_j_f_sZ_lky� �himkdZ_lky�� ba�

h[eZklb� ^hghjguo� mjh\g_c� d� k\h_fm� ij_^_evghfm� iheh`_gbx� ±� \� p_glj�

ihehku�aZij_s_gguo�wg_j]bc��jbk�����[���

\��<�Zdp_ilhjguo�ihemijh\h^gbdZo�ijb�Z[khexlghf�gme_�b�\[ebab�

g_]h�mjh\gb�N_jfb�jZkiheh`_gu�\[ebab�Zdp_ilhjguo�mjh\g_c��m�\_jog_c�

]jZgbpu� \Ze_glghc� ahgu��� K� m\_ebq_gb_f� l_fi_jZlmju� m\_ebqb\Z_lky�

qbkeh�we_dljhgh\��i_j_oh^ysbo�q_j_a�\kx�aZij_s_ggmx�ahgm�\�ahgm�ijh�

\h^bfhklb��b�mjh\_gv�N_jfb�i_j_f_sZ_lky��ih^gbfZ_lky���klj_fykv��dZd�b�

\�^hghjguo�ihemijh\h^gbdZo��d�k\h_fm�ij_^_evghfm�iheh`_gbx�±�\�p_glj�

aZij_s_gghc�ahgu��jbk�����\���

�

�

�

�

�
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���F_lZeeu��M^_evgZy�we_dljhijh\h^ghklv�f_lZeeZ�1�
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]^_�Q����dhgp_gljZpby��k\h[h^guo�we_dljhgh\��� >< 2 ���kj_^g__�\j_fy�f_�

`^m�^\mfy�ihke_^h\Zl_evgufb�klhedgh\_gbfb��P�±�fZkkZ�we_dljhgh\�����!�

���kj_^gyy�^ebgZ�k\h[h^gh]h�ijh[_]Z���XU!���kj_^gyy�Zjbnf_lbq_kdZy�kdh�

jhklv�l_ieh\h]h�oZhlbq_kdh]h�^\b`_gby���

<� f_lZee_� Q� b� ��!� ijZdlbq_kdb� g_� aZ\bkyl� hl� l_fi_jZlmju� �ijb������

L ��D� b� l_fi_jZlmj_� ieZ\e_gby� dhgp_gljZpby� we_dljhgh\� ijh\h^bfhklb�

ijZdlbq_kdb�h^bgZdh\Z���Z��XU!�ijyfh�ijhihjpbhgZevgZ� 7 ��ke_^h\Zl_ev�

gh�� kh]eZkgh� deZkkbq_kdhc� l_hjbb� we_dljhijh\h^ghklb�� 1� ^he`gZ� [ulv�

ijhihjpbhgZevgZ�
7

� � 
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7

�1 ��H^gZdh�wdki_jbf_glZevgh�\�rbjhdhc�

h[eZklb� l_fi_jZlmj�ihemq_gZ� aZ\bkbfhklv� ( )
7
�1 ≈ ��ih^l\_j`^_ggZy� jZk�

q_lZfb��ijh\_^_ggufb�gZ�hkgh\_�d\Zglh\hc�l_hjbb�we_dljhijh\h^ghklb��

<� g_c� ^hdZaZgh�� qlh� \g_rg__� we_dljbq_kdh_� ihe_� mkdhjy_l� g_� \k_�

k\h[h^gu_�we_dljhgu�\�f_lZee_��dZd�ijbgylh�kqblZlv�\�deZkkbq_kdhc�l_h�

jbb���Z�ebrv�we_dljhgu��gZoh^ysb_ky�gZ�mjh\g_�N_jfb�beb�\[ebab�g_]h��

We_dljhgu�gZ�[he__��]em[hdbo��mjh\gyo�g_�ijbgbfZxl�mqZklb_�\�we_dljh�
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