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H;T?DLGH�HJB?GLBJH<:GGUC�IH>OH>�D
IJH=J:FFBJH<:GBX�IJYFUO�F?LH>H<

EBG?CGHC�:E=?;JU

<�:��K_f_gh\��H�:��LZjeZiZg

<� ^Zgghc� klZlv_� ij_^klZ\e_gu� j_amevlZlu� ijbf_g_gby
h[t_dlgh�hjb_glbjh\Zgghc�l_ogheh]bb�d�ijh]jZffbjh\Zgbx�aZ^Zq
b� f_lh^h\� ebg_cghc� Ze]_[ju�� <� ij_^eZ]Z_fhf� ih^oh^_� \k_
\uqbkebl_evgh�dhgkljmdlb\gu_� ihgylby� ebg_cghc� Ze]_[ju
jZkkfZljb\Zxlky� \� dZq_kl\_� h[t_dlh\� b� ij_^klZ\eyxlky� _^bghc
deZkkbnbdZpbhgghc� b_jZjob_c�� GZjy^m� k� rbjhdbfb� deZkkZfb
h[sbo�� ki_pbZevguo�b� we_f_glZjguo�fZljbp��b_jZjoby� \dexqZ_l
deZkku� kZfbo� aZ^Zq� b� f_lh^h\� ebg_cghc� Ze]_[ju�� Ba\_klgu_
h[t_dlgu_� iZjZ^b]fu� ijbf_gbl_evgh� d� jZajZ[hlZgguf
fZljbqguf�� ijh[e_fguf� b� Ze]hjblfbq_kdbf� deZkkbnbdZpbyf
h[gZjm`b\Zxl� \Z`gu_� bgkljmf_glZevgu_� \hafh`ghklb� ^ey
mgbnbpbjh\Zgghc� ijh]jZffghc� j_ZebaZpbb� ijyfuo� f_lh^h\
ebg_cghc� Ze]_[ju� k� bkihevah\Zgb_f� l_ogheh]bb� we_f_glZjguo
fZljbp�� Ijbf_g_gb_� ^Zggh]h� ih^oh^Z� ij_^klZ\ey_lky
i_jki_dlb\guf� ^ey� w\hexpbhgghc� jZajZ[hldb� fZl_fZlbq_kdbo
[b[ebhl_d� b� ijbdeZ^guo� \uqbkebl_evguo� kbkl_f�� d� dhlhjuf
ij_^ty\eyxlky� ih\ur_ggu_� lj_[h\Zgby� jZkrbjy_fhklb�
fh^bnbpbjm_fhklb�b�Z^Zilbjm_fhklb�

���<\_^_gb_

<�gZklhys__�\j_fy�h[t_dlgh�hjb_glbjh\Zgguc �ih^oh^��HHI��k
mki_ohf� ijbf_gy_lky� \� kZfuo� jZaghh[jZaguo� h[eZklyo
ijh]jZffbjh\Zgby ��\dexqZy�jZajZ[hldm�fZl_fZlbq_kdbo�[b[ebhl_d
b� ijbdeZ^guo� \uqbkebl_evguo� kbkl_f� >�@�� Jhev� h[t_dlguo
l_ogheh]bc�ijb�j_ZebaZpbb�fZljbqgh]h�ijh]jZffgh]h�h[_ki_q_gby�
ij_^gZagZq_ggh]h � ^ey� j_r_gby� aZ^Zq� ebg_cghc� Ze]_[ju�� lZd`_
ohjhrh� hkhagZgZ� b� khklZ\ey_l� ij_^f_l� fgh]hqbke_gguo
im[ebdZpbc�� Ijh\h^bfu_� bkke_^h\Zgby� \� hkgh\ghf
dhgp_gljbjmxlky � \hdjm]� \hijhkh\� ijh_dlbjh\Zgby� fZljbqguo
deZkkh\uo� b_jZjobc� b� \ujZ[hldb� ijZdlbq_kdbo� iZjZ^b]f
ijh]jZffbjh\Zgby � f_lh^h\� ebg_cghc� Ze]_[ju�� ij_`^_� \k_]h�� dZd
f_lh^h\�khhl\_lkl\mxsbo �fZljbqguo�deZkkh\��>����@�

>Zgguc� ih^oh^� h[_ki_qb\Z_l� kms_kl\_ggmx� ijh]jZffgmx
h[sghklv�� ihkdhevdm� j_ZebaZpby�f_lh^h\� j_r_gby� gh\uo� deZkkh\
ebg_cguo� aZ^Zq�� hlebqZxsboky� hl� bf_xsboky� lbiZfb� fZljbqguo
h[t_dlh\�� k\h^blky� d� kha^Zgbx� ijhba\h^guo� deZkkh\� \� jZfdZo
_^bghc� fZljbqghc� b_jZjobb�� Ijb� wlhf� hkgh\gZy� qZklv
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\uqbkebl_evguo� f_lh^h\� g_ihkj_^kl\_ggh� j_Zebam_lky� \� h[sbo
fZljbqguo� deZkkZo� b� Z\lhfZlbq_kdb� gZke_^m_lky� \k_fb
ijhba\h^gufb� deZkkZfb��<� qZklguo�`_� deZkkZo� i_j_hij_^_ey_lky
ebrv� qZklv� f_lh^h\� �\� hkgh\ghf� [Zah\u_� hi_jZpbb� ebg_cghc
Ze]_[ju� lbiZ� %/$6�������� j_ZebaZpby� dhlhjuo� \hafh`gZ� beb
p_e_khh[jZagZ� k� mq_lhf� ki_pbnbq_kdbo� fZl_fZlbq_kdbo�
\uqbkebl_evguo�b�ijh]jZffguo�hkh[_gghkl_c�\\h^bfuo�fZljbqguo
lbih\�

<f_kl_� k� l_f�� ijbf_gy_fuc� ih^oh^� g_� fh`_l� [ulv� ijbagZg
\iheg_� m^h\e_l\hjbl_evguf�� hkh[_ggh� \� l_o� kemqZyo�� dh]^Z
lj_[m_lky� jZkrbjblv� beb� baf_gblv� Ze]hjblfbq_kdbc� j_i_jlmZj
fZljbqghc�[b[ebhl_db��<�lZdbo�kblmZpbyo�ijh]jZffbjh\Zgb_�gh\uo
f_lh^h\�ebg_cghc�Ze]_[ju�k\h^blky�d�^h[Z\e_gbx�gh\uo�nmgdpbc
\� bgl_jn_ck� khhl\_lkl\mxsbo� fZljbqguo� deZkkh\� b� d� bo
j_ZebaZpbb�\�ljZ^bpbhgghc�ijhp_^mjghc�fZg_j_�

<iheg_�_kl_kl\_gguf�rZ]hf�ijb�bkihevah\Zgbb�HHI�y\ey_lky
jZkkfhlj_gb_� kZfbo�f_lh^h\� b� Ze]hjblfh\� ebg_cghc� Ze]_[ju
dZd� kZfhklhyl_evguo�h[t_dlh\�\�h[s_c� kljmdlmj_�fZl_fZlbq_kdhc
h[t_dlgh�hjb_glbjh\Zgghc� [b[ebhl_db� >�@�� <u^_e_gb_
Ze]hjblfbq_kdbo� h[t_dlh\� ij_^klZ\ey_lky� ^hklZlhqgh
i_jki_dlb\guf� ^ey� w\hexpbhgghc� jZajZ[hldb� fZl_fZlbq_kdbo
[b[ebhl_d�� Ze]hjblfbq_kdbc� gZ[hj� dhlhjuo� fh`_l� ihkl_i_ggh
gZjZsb\Zlvky�� baf_gylvky� beb� Z^Zilbjh\Zlvky� d� dhgdj_lguf
ijbdeZ^guf� aZ^ZqZf�� Ijb� wlhf� kms_kl\_ggh� mijhsZ_lky
jZajZ[hldZ�kZfbo�[b[ebhl_d��Z�bo�ihevah\Zl_evkdb_�oZjZdl_jbklbdb
memqrZxlky�kjZam�\�g_kdhevdbo�gZijZ\e_gbyo�

<h�i_j\uo�� \u^_e_gb_� deZkkh\� ebg_cguo� aZ^Zq� b� f_lh^h\� bo
j_r_gby��gZjy^m� kh�\kihfh]Zl_evgufb� \_dlhjgufb�b�fZljbqgufb
deZkkZfb�� iha\hey_l� [he__� q_ldh� kljmdlmjbah\Zlv� ijh]jZffgu_
kj_^kl\Z�� g_h[oh^bfu_� dZd� ^ey� ihklZgh\db�� lZd� b� ^ey� j_r_gby
aZ^Zq�� Ih^h[gh_� \u^_e_gb_� ihfh]Z_l� \ujZablv� ljZ^bpbhggu_
fZl_fZlbq_kdb_�ihgylby�j_Zevgufb�ijh]jZffgufb�h[t_dlZfb�b�\
dhg_qghf�blh]_�^hklbqv�`_eZ_fhc�gZ]ey^ghklb�b�\ujZabl_evghklb�
iha\heyxs_c� ibkZlv� keh`gu_� ijbdeZ^gu_� ijh]jZffu� \� ykghc� b
eZdhgbqghc�ghlZpbb��[ebadhc�d�fZl_fZlbq_kdhc�

<h�\lhjuo�� � ijbf_g_gb_� hkgh\guo� ijbgpbih\� HHI� d
jZajZ[hlZgguf� ijh[e_fguf�� Ze]hjblfbq_kdbf� b� fZljbqguf
deZkkbnbdZpbyf� h[gZjm`b\Z_l� p_euc� jy^� ijZdlbq_kdbo� iZjZ^b]f�
dhlhju_� fh]ml� jZkkfZljb\Zlvky� \� dZq_kl\_� fhsghc
bgkljmf_glZevghc� hkgh\u� ^ey� jZajZ[hldb� dZd� kZfhc
fZl_fZlbq_kdhc�[b[ebhl_db��lZd�b�__�jZaghh[jZaguo�ijbeh`_gbc�

Ij_^f_l� gZklhys_c� klZlvb� khklZ\ey_l� h^gZ� ba� iZjZ^b]f�
ihjh`^Z_fuo� ^Zgguf� ih^oh^hf�� Z� bf_ggh�� iZjZ^b]fZ



���

ijh]jZffbjh\Zgby� ijyfuo� f_lh^h\� ebg_cghc� Ze]_[ju� k
bkihevah\Zgb_f�[b[ebhl_db�we_f_glZjguo�fZljbqguo�deZkkh\��DZd
ba\_klgh�� � ijyfu_� f_lh^u�²�[m^v� lh� f_lh^u� j_r_gby� kbkl_f
ebg_cguo�Ze]_[jZbq_kdbo�mjZ\g_gbc��KE:M���ijh[e_f�kh[kl\_gguo
agZq_gbc� beb� � aZ^Zq� h� gZbf_gvrbo� d\Z^jZlZo�²�l_hj_lbq_kdb
[Zabjmxlky� gZ� l_o� beb� bguo� we_f_glZjguo� fZljbqguo
ij_h[jZah\Zgbyo�� dhlhju_� ijb\h^yl� aZ^Zqm� d� wd\b\Ze_glghc�� gh
[he__�ijhklhc�nhjf_��^himkdZxs_c�__�g_ihkj_^kl\_ggh_�j_r_gb_�
Ijbq_f�gZ[hj�lbih\�ij_h[jZah\Zgbc��g_h[oh^bfuc�^ey�j_ZebaZpbb
[hevrbgkl\Z� ijyfuo� f_lh^h\�� hdZau\Z_lky� hlghkbl_evgh
g_[hevrbf�� >Zggh_� h[klhyl_evkl\h� ihkem`beh� hlijZ\ghc� lhqdhc
^ey� bkke_^h\Zgby� \hafh`ghkl_c� ijbf_g_gby� HHI� d
ijh]jZffbjh\Zgbx� ijyfuo� f_lh^h\� b� jZajZ[hldb
mgbnbpbjh\Zggh]h� ih^oh^Z� d� bo� j_ZebaZpbb� k� bkihevah\Zgb_f
l_ogheh]bb�we_f_glZjguo�fZljbp�

<� jZa^_e_� �� kljhblky� h[sZy� h[t_dlgZy� deZkkbnbdZpby
we_f_glZjguo� fZljbp�� hij_^_eyxsbo� hkgh\gu_� fZljbqgu_
ij_h[jZah\Zgby�� <� jZa^_e_� �� ijyfu_� f_lh^u� ebg_cghc� Ze]_[ju
jZkkfZljb\Zxlky� dZd� dhfihabpbb�fZljbqguo� ij_h[jZah\Zgbc��Ijb
wlhf� bo� ijh]jZffgZy� j_ZebaZpby� hkgh\u\Z_lky� gZ� hj]ZgbaZpbb
h[h[s_ggh]h� kmi_jdeZkkZ� ijyfuo� f_lh^h\�� ijbf_gbfh]h� dh� \k_f
dhgdj_lguf� lbiZf� aZ^Zq� ebg_cghc� Ze]_[ju�� JZa^_e� �� ihk\ys_g
gZb[he__�\Z`ghfm�b�rbjhdhfm� deZkkm�ijyfuo�f_lh^h\�²�f_lh^h\
fZljbqghc�nZdlhjbaZpbb�

���H[t_dlgZy�deZkkbnbdZpby�we_f_glZjguo�fZljbp

Ijyfu_� f_lh^u� ebg_cghc� Ze]_[ju�� \� dhg_qghf� kq_l_�
j_^mpbjmxlky� d� kjZ\gbl_evgh� g_[hevrhfm� gZ[hjm� we_f_glZjguo
fZljbqguo� ij_h[jZah\Zgbc� >�±�@�� Ijbf_g_gb_� HHI� iha\hey_l
ij_^klZ\blv� ^Zggu_� ij_h[jZah\Zgby� dZd� fZljbqgu_� hi_jZpbb� k
h[t_dlZfb� hkh[h]h� jh^Z�²�� we_f_glZjgufb� fZljbpZfb�
Hij_^_e_gb_�g_h[oh^bfh]h�gZ[hjZ�lZdbo�fZljbp�b�ij_^klZ\e_gb_
bo� deZkkZfb� _^bghc� fZljbqghc� b_jZjobb�� gZjy^m� k� hkgh\gufb
nmgdpbhgZevgufb� fZljbpZfb�� khklZ\ey_l� \Z`gmx
f_lh^heh]bq_kdmx�qZklv�ijh\h^bfh]h�ih^oh^Z�

K� wlhc� p_evx� \� jZajZ[hlZgghc� fZljbqghc� deZkkbnbdZpbb� >�@
\u^_ey_lky� hkh[Zy� ]jmiiZ� we_f_glZjguo� fZljbqguo� deZkkh\

(OHPHQWDU\0DWUL[�� Z� ^ey� hkgh\guo� fZljbqguo� h[t_dlh\� � deZkkZ

*HQHUDO0DWUL[� \bjlmZevgh� hij_^_eyxlky� g_h[oh^bfu_
Zjbnf_lbq_kdb_�[bgZjgu_�hi_jZpbb�k� we_f_glZjgufb�fZljbpZfb
�hi_jZpbb�fZljbqgh]h�mfgh`_gby�hij_^_eyxlky�\�^\mo�\ZjbZglZo�
dhlhju_� khhl\_lkl\mxl� e_\hklhjhgg_fm� b� ijZ\hklhjhgg_fm
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mfgh`_gbx��� <� wlhf� kemqZ_� f_lh^u� ebg_cghc� Ze]_[ju�� [m^mqb
j_^mpbjh\Zggufb� d� � we_f_glZjguf� ij_h[jZah\Zgbyf�� fh]ml
j_Zebah\u\Zlvky� m`_� gZ� \_jogbo� mjh\gyo� fZljbqghc� b_jZjobb� b
Z\lhfZlbq_kdb� gZke_^h\Zlvky� \k_fb� qZklgufb� deZkkZfb�� L_f
kZfuf� ^hklb]Z_lky� agZqbl_evgZy� h[sghklv� \� ijh]jZffghc
j_ZebaZpbb� f_lh^h\� j_r_gby� aZ^Zq�� jZaebqZxsboky� lbiZfb
fZljbqguo�h[t_dlh\�

Kha^Zgb_� dhgdj_lgh]h� fZljbqgh]h� deZkkZ� \� jZfdZo� ^Zggh]h
ih^oh^Z�k\h^blky�d�j_ZebaZpbb�gZ[hjZ�hi_jZpbc�k�we_f_glZjgufb

fZljbpZfb�� hij_^_ey_fh]h� jh^bl_evkdbf� deZkkhf� *HQHUDO0DWUL[�
AZf_lbf�� qlh� agZqbl_evgZy� qZklv� ih^h[guo� hi_jZpbc
g_ihkj_^kl\_ggh�j_Zebam_lky�\�\_jogbo�fZljbqguo�deZkkZo��L_f�g_
f_g__��i_j_hij_^_e_gb_�bo�\�dhgdj_lguo�deZkkZo�k�mq_lhf�qZklguo
fZl_fZlbq_kdbo�k\hckl\��hkh[_gghkl_c�dhgdj_lguo�kljmdlmj�^Zgguo
iha\hey_l� ijb� g_h[oh^bfhklb� ^h[blvky� gZb[hevr_c
wnn_dlb\ghklb� dh^Z�� LZdbf� h[jZahf�� ^hklb]Z_lky� \Z`guc
dhfijhfbkk� f_`^m� mgb\_jkZevghklvx� jZajZ[Zlu\Z_fh]h
fZljbqgh]h�h[_ki_q_gby�k�h^ghc�klhjhgu�b�_]h�wnn_dlb\ghklvx�k
^jm]hc�

Dexq_\ufb� \hijhkZfb� ijbf_g_gby� hibku\Z_fh]h� ih^oh^Z
y\eyxlky� hij_^_e_gb_� gZ[hjZ� we_f_glZjguo� fZljbp�
g_h[oh^bfh]h� ^ey� ij_^klZ\e_gby� hkgh\guo� f_lh^h\� ebg_cghc
Ze]_[ju��b�hj]ZgbaZpby�khhl\_lkl\mxs_c�[b[ebhl_db� deZkkh\��Ih�
\b^bfhfm�� hj]ZgbaZpby� b� khklZ\� [b[ebhl_db� ^he`gu
khhl\_lkl\h\Zlv� gZ[hjm� [Zah\uo� hi_jZpbc� ebg_cghc� Ze]_[ju�
\oh^ysbo� \� ba\_klguc� iZd_l� %/$6������ b� khklZ\eyxsbo
nmgdpbhgZevgmx�hkgh\m�^ey�ijhp_^mjghc�j_ZebaZpbb�[hevrbgkl\Z
ijh]jZff�ebg_cghc�Ze]_[ju��Ijb�wlhf�dZ`^uc�kha^Z\Z_fuc�deZkk
we_f_glZjghc�fZljbpu�fh`_l�[ulv� \u[jZg� lZdbf�h[jZahf�� qlh[u
[ulv�nmgdpbhgZevgh�wd\b\Ze_glguf�lhc�beb�bghc�agZqbfhc�]jmii_
[Zah\uo� ijhp_^mj� %/$6������� GZijbf_j�� ijhp_^mju� i_j_klZgh\db
iZj� kljhd� beb� klhe[ph\� fZljbpu� ij_^klZ\eyxlky� dZd� hi_jZpbb
mfgh`_gby� bkoh^ghc� fZljbpu� gZ� we_f_glZjgmx� fZljbpm
i_j_klZgh\hd�b�l�i�

JZkkfhlj_gb_�l_hjbb�fZljbqgh]h�ZgZebaZ�b�ebg_cghc�Ze]_[ju
>�±�@� \uy\beh� ke_^mxsbc� g_h[oh^bfuc� gZ[hj� we_f_glZjguo
fZljbp�� ij_^klZ\e_gguc� _^bghc� b_jZjob_c� fZljbqguo� deZkkh\
�jbk�����
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<_jrbghc� fZljbqghc� b_jZjobb� y\ey_lky� Z[kljZdlguc� deZkk

0DWUL[�� h[h[sZxsbc� k\hckl\Z� \k_o� fZljbp�� >Ze__� b_jZjoby

ijh^he`Z_lky� lj_fy� hkgh\gufb� deZkkZfb� *HQHUDO0DWUL[�

6SHFLDO0DWUL[� b� (OHPHQWDU\0DWUL[�� h[t_^bgyxsbfb� hkgh\gu_
nmgdpbhgZevgu_� ]jmiiu� ijhba\hevguo�� ki_pbZevguo� b
we_f_glZjguo�fZljbp��<hijhku� hj]ZgbaZpbb� hkgh\guo�fZljbqguo
deZkkh\�jZkkfhlj_gu�\�jZ[hl_�>�@��HklZgh\bfky�[he__�ih^jh[gh�gZ
k_f_ckl\Zo�we_f_glZjguo�fZljbp�

DeZkk� ,GHQWLW\0DWUL[� ij_^klZ\ey_l� ljZ^bpbhgguc
fZl_fZlbq_kdbc� h[t_dl�²�_^bgbqgmx� fZljbpm�� >Zgguc� lbi
fZljbpu� ^hklZlhqgh� qZklh� bkihevam_lky� \� \uqbkebl_evghc
fZl_fZlbd_� ^ey� ij_^klZ\e_gby� [he__� keh`guo� fZljbqguo� lbih\�

:gZeh]bqgh� gZagZq_gb_� deZkkZ� %DFNZDUG,GHQWLW\0DWUL[�
hij_^_eyxs_]h�i_jt_^bgbqgmx�fZljbpm�

DeZkk�'LDJRQDO0DWUL[�hij_^_ey_l�]jmiim�^bZ]hgZevguo�fZljbp�
kh^_j`Zsbo� g_gme_\u_� we_f_glu� lhevdh� gZ� ]eZ\ghc� ^bZ]hgZeb�
Ij_h[jZah\Zgby�fZkrlZ[bjh\Zgby��k\yaZggu_�k�^Zgghc�fZljbp_c�
qZklh� ijbf_gyxlky�^ey� ij_^h[mkeZ\eb\Zgby�fZljbp� ijb� j_r_gbb
ebg_cguo� kbkl_f� b� [ZeZgkbjh\db� fZljbp� ijb� j_r_gbb� aZ^Zq� gZ
kh[kl\_ggu_� agZq_gby�� Bgh]^Z� lj_[m_lky� ijhfZkrlZ[bjh\Zlv
lhevdh� h^gm� kljhdm� beb� h^bg� klhe[_p�� K� wlhc� p_evx� \

deZkkbnbdZpbb� hij_^_e_g� deZkk� fZljbp� 6FDOLQJ0DWUL[�

••���0DWUL[
••���*HQHUDO0DWUL[
••���6SHFLDO0DWUL[
••���(OHPHQWDU\0DWUL[

••���,GHQWLW\0DWUL[
••���%DFNZDUG,GHQWLW\0DWUL[
••���'LDJRQDO0DWUL[

••���6FDOLQJ0DWUL[
••���3HUPXWDWLRQ0DWUL[

••���7UDQVSRVLWLRQ0DWUL[
••���0XOWL5DQN0RGLILFDWLRQ0DWUL[

••���)UREHQLXV0DWUL[
••���)UREHQLXV&ROXPQ0DWUL[

••���)UREHQLXV&ROXPQ8S0DWUL[
••���)UREHQLXV&ROXPQ'RZQ0DWUL[

••���)UREHQLXV5RZ0DWUL[
••���)UREHQLXV5RZ/HIW0DWUL[
••���)UREHQLXV5RZ5LJKW0DWUL[

••���2UWKRJRQDO(OHPHQWDU\0DWUL[
••���+RXVHKROGHU0DWUL[
••���*LYHQV5RWDWLRQ0DWUL[
••���-DFREL5RWDWLRQ0DWUL[

••���%DVLF&LUFXODQW
••���)RUZDUG7RHSOLW]
••���%DFNZDUG7RHSOLW]

Jbk�����H[t_dlgZy�deZkkbnbdZpby�we_f_glZjguo�fZljbp



���

hlebqZxsboky� hl� _^bgbqghc� dZdbf�eb[h� h^gbf� ^bZ]hgZevguf
we_f_glhf�

DeZkk� fZljbp� i_j_klZgh\db� 3HUPXWDWLRQ0DWUL[� hij_^_ey_l
]jmiim� fZljbp�� dZ`^uc� klhe[_p� b� kljhdZ� dhlhjuo� kh^_j`Zl� ih
h^ghfm� _^bgbqghfm� we_f_glm�� >Zgguc� fZljbqguc� deZkk
khhl\_lkl\m_l� ij_h[jZah\Zgbyf� i_j_mihjy^hq_gby� klhe[ph\� b
kljhd�\�hkgh\ghc�fZljbp_��dhlhju_�h[uqgh�ijbf_gyxlky�\�f_lh^Zo
\u[hjZ� ]eZ\gh]h� we_f_glZ�� Z� lZd`_� \� f_lh^Zo� kljmdlmjbaZpbb� b
fbgbfbaZpbb�aZiheg_gby�\�jZaj_`_gguo�fZljbpZo��We_f_glZjgu_

fZljbpu�i_j_klZgh\hd��j_Zebam_fu_�deZkkhf�7UDQVSRVLWLRQ0DWUL[�
ij_^klZ\eyxl� qZklguc� kemqZc� fZljbp� i_j_klZgh\hd�� m� dhlhjuo
lhevdh� ^\Z� g_gme_\uo� we_f_glZ� jZkiheh`_gu� \g_� ]eZ\ghc
^bZ]hgZeb�� >Zgguc� deZkk� fZljbp� hij_^_ey_l� we_f_glZjgmx
i_j_klZgh\dm�^\mo�klhe[ph\�beb�^\mo�kljhd�

DeZkk� )UREHQLXV0DWUL[� j_Zebam_l� k_f_ckl\h� we_f_glZjguo
fZljbp� Njh[_gbmkZ�²�fZljbp� _^bgbqgh]h� jZg]Z�� ij_^klZ\bfuo
nhjfmehc

F I x y= + × T �

]^_� I �²�_^bgbqgZy� fZljbpZ�� x � b� y �²�^\Z� g_gme_\uo� \_dlhjZ�

klhe[pZ�� FZljbpZ� ^Zggh]h� lbiZ� y\ey_lky� iheghc� d\Z^jZlghc�
h^gZdh��^ey�__� wd\b\Ze_glgh]h�ij_^klZ\e_gby�^hklZlhqgh� ojZgblv
lhevdh� we_f_glu� ^\mo� \_dlhjh\�� >ZggZy� fZljbpZ� hkms_kl\ey_l
h^ghjZg]h\mx� fZljbqgmx� fh^bnbdZpbx� b� qZklh� bkihevam_lky� \
ijyfuo�f_lh^Zo�

<f_kl_� k� g_c� mihlj_[bfu� lZd`_� b� __� qZklgu_� \ZjbZglu�
ihjh`^Z_fu_� ki_pbnbq_kdhc� jZaj_`_gghc� hj]ZgbaZpb_c
khklZ\eyxsbo� \_dlhjh\�� >Zggu_� \ZjbZglu� j_Zebamxlky
khhl\_lkl\mxsbfb�fZljbqgufb�deZkkZfb��dhlhju_�gZke_^mxlky�hl

)UREHQLXV0DWUL[�� <� b_jZjobb� ij_^klZ\e_gu� deZkku

)UREHQLXV&ROXPQ0DWUL[�� )UREHQLXV5RZ0DWUL[�� j_Zebamxsb_
we_f_glZjgu_� klhe[ph\u_� b� kljhqgu_� fZljbpu� Njh[_gbmkZ�� Z

lZd`_� bo� \ZjbZglu� )UREHQLXV&ROXPQ8S0DWUL[�

)UREHQLXV&ROXPQ'RZQ0DWUL[�� )UREHQLXV5RZ/HIW0DWUL[� b

)UREHQLXV5RZ5LJKW0DWUL[�� khhl\_lkl\mxsb_� we_f_glZjguf
\_jogbf�b�gb`gbf�klhe[ph\uf��Z�lZd`_�e_\uf�b�ijZ\uf�kljhqguf
fZljbpZf��I_j_qbke_ggu_�\ZjbZglu�ij_^klZ\e_gu�gb`_�
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G_h[oh^bfhklv� \\_^_gby� b� jZkkfhlj_gby� \k_o� \ZjbZglh\
njh[_gbmkh\uo� fZljbp� k\yaZgZ� k� bf_xsbfky� fgh]hh[jZab_f
Ze]hjblfbq_kdbo� \ZjbZglh\� ijyfuo� f_lh^h\�� GZijbf_j�
klhe[ph\Zy� � fZljbpZ� Njh[_gbmkZ� bkihevam_lky� \� klhe[ph\hf
Ze]hjblf_�f_lh^Z�=ZmkkZ±@hj^ZgZ��gb`gyy�klhe[ph\Zy��fZljbpZ�²
�\�klhe[ph\hf�Ze]hjblf_�/8�nZdlhjbaZpbb�b�l�i��>�@�

Ih�\b^bfhfm�� \� b_jZjobx� ke_^m_l� \dexqblv� lZd`_� deZkk

0XOWL5DQN0RGLILFDWLRQ0DWUL[��hij_^_eyxsbc� ]jmiim�fgh]hjZg]h\uo
fZljbqguo�ij_h[jZah\Zgbc�\b^Z

F I A B= + × T �
]^_� A �� B �²�fZljbpu� khhl\_lkl\mxs_c� jZaf_jghklb�� Ihkdhevdm
ij_h[jZah\Zgby� ^Zggh]h� deZkkZ� h[h[sZxl� deZkk� ij_h[jZah\Zgbc

Njh[_gbmkZ�� deZkk� )UREHQLXV0DWUL[� ^he`_g� gZke_^h\Zlvky� hl
^Zggh]h�� Fgh]hjZg]h\u_� ij_h[jZah\Zgby� fh]ml� bf_lv� \ukhdmx
\uqbkebl_evgmx� keh`ghklv�� b� \� wlhf� kfuke_� hgb� � g_� y\eyxlky
klhev� we_f_glZjgufb�� L_f� g_� f_g__�� \dexq_gb_� bo� \� h[smx
deZkkbnbdZpbx�k\yaZgh�k�lhc�aZf_lghc�jhevx��dhlhjmx�hgb�b]jZxl
\�ihkljh_gbb�[ehqguo�Ze]hjblfh\�>�@�

<Z`gmx� ]jmiim� we_f_glZjguo� fZljbp� khklZ\eyxl
hjlh]hgZevgu_� fZljbpu�� h[t_^bg_ggu_� \� b_jZjobb� Z[kljZdlguf

deZkkhf� 2UWKRJRQDO(OHPHQWDU\0DWUL[�� >Zgguc� fZljbqguc� deZkk
hij_^_ey_l� \Z`gh_� k_f_ckl\h� hjlh]hgZevguo� ij_h[jZah\Zgbc�
mqZkl\mxsbo� \� fgh]hqbke_gguo� f_lh^Zo� nZdlhjbaZpbb�� f_lh^Zo
j_r_gby� ebg_cguo� kbkl_f� b� ijh[e_f� kh[kl\_gguo� agZq_gbc�

Dhgdj_lgu_� fZljbqgu_� deZkku� +RXVHKROGHU0DWUL[�

*LYHQV5RWDWLRQ0DWUL[�� -DFREL5RWDWLRQ0DWUL[� hij_^_eyxl
ij_h[jZah\Zgb_�OZmkohe^_jZ��ij_h[jZah\Zgby�\jZs_gby�=b\_gkZ�b
Ydh[b�khhl\_lkl\_ggh�

FZljbpZ� ij_h[jZah\Zgby� OZmkohe^_jZ� +RXVHKROGHU0DWUL[
\ujZ`Z_lky�nhjfmehc

H I
w w
w w

= − ×
×

2
T

T
�

]^_� w �²�g_dhlhjuc� \_dlhj�klhe[_p�� AZf_lbf�� qlh� ^Zgguc� deZkk
fh`gh� [ueh� [u� jZkkfZljb\Zlv� b� dZd� qZklguc� deZkk� fZljbp
Njh[_gbmkZ�� H^gZdh�� � \� kbem� \Z`ghklb� hjlh]hgZevguo
ij_h[jZah\Zgbc�\� l_hjbb�b� ijZdlbd_�fZljbqgh]h�ZgZebaZ��Z� lZd`_
\\b^m� h[sghklb� j_ZebaZpbb� hjlh]hgZevguo� f_lh^h\�



���

ij_^ihqlbl_evg__� \u]ey^bl� bkihevam_fZy� deZkkbnbdZpbhggZy
ko_fZ�

GZdhg_p�� deZkku�*LYHQV5RWDWLRQ0DWUL[�b�-DFREL5RWDWLRQ0DWUL[
j_Zebamxl� ij_h[jZah\Zgby� \jZs_gby� =b\_gkZ� b�Ydh[b��Ih^� gbfb
fu� [m^_f� ihgbfZlv� ij_h[jZah\Zgby�� aZ^Z\Z_fu_� ke_^mxsbfb
fZljbpZfb�
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FZljbpu�\jZs_gby�aZ^Zxl�ebg_cgh_�ij_h[jZah\Zgb_�ih\hjhlZ
gZ�g_dhlhjuc�m]he� Θ ij �\�iehkdhklb� �LM���FZljbpZ�Ydh[b�fh`_l�[ulv

\u[jZgZ� ih^h[ghc� fZljbp_� \jZs_gby� =b\_gkZ� ijb
khhl\_lkl\mxs_f�\u[hj_�iZjZf_ljh\� s c, �

Hkh[mx� ]jmiim� we_f_glZjguo� fZljbp� khklZ\eyxl� hkgh\gZy

pbjdmeyglgZy�fZljbpZ�i_j_klZgh\db�deZkkZ�%DVLF&LUFXODQW��Z�lZd`_

fZljbpu� k^\b]Z� \i_j_^� b� gZaZ^� deZkkh\� )RUZDUG7RHSOLW]� b

%DFNZDUG7RHSOLW]��Khhl\_lkl\mxsb_�bf�ij_h[jZah\Zgby�k\yaZgu�k
j_r_gb_f� aZ^Zq�� hij_^_ey_fuo� gZ^� deZkkZfb� pbjdmeyglguo� b
l_iebp_\uo�fZljbp�

LZdbf� h[jZahf�� ihkljh_gZ� h[sZy� deZkkbnbdZpby
we_f_glZjguo�fZljbp��hljZ`ZxsZy�bo�hkgh\gu_�fZl_fZlbq_kdb_�b
\uqbkebl_evgu_� k\hckl\Z�� H[km^bf� hkh[_gghklb� ijh]jZffghc
j_ZebaZpbb�i_j_qbke_gguo�deZkkh\�

DeZkku� we_f_glZjguo� fZljbp� ij_^gZagZq_gu�� ij_`^_� \k_]h�
^ey� hi_jbjh\Zgby� k� hkgh\gufb� fZljbqgufb� h[t_dlZfb� deZkkZ

*HQHUDO0DWUL[�� \dexqZy� b� jZaj_`_ggu_� fZljbpu�� hij_^_ey_fu_
_]h� ih^deZkkZfb��JZajZ[Zlu\Z_fu_� deZkku� we_f_glZjguo�fZljbp
^he`gu� ijb� wlhf� h[_ki_qb\Zlv� g_h[oh^bfmx� ih^^_j`dm
jZaj_`_gghklb�� K� wlhc� p_evx� bkihevam_lky� ij_^klZ\e_gb_
we_f_glZjguo�fZljbp�\�\b^_�g_kdhevdbo� �h[uqgh�h^gh]h�beb�^\mo�

\_dlhjh\�Z[kljZdlgh]h�lbiZ�9HFWRU��Ihkdhevdm�j_Zevgu_�\_dlhjgu_
h[t_dlu�fh]ml� ih^^_j`b\Zlv�jZaebqgu_�fh^_eb� jZaj_`_gghklb�� \

lhf� qbke_� b� 'HQVH9HFWRU�� %DQG9HFWRU�� ,QGH[9HFWRU�� /LVW9HFWRU�
dhlhju_� hibkZgu� \� jZ[hl_� >�@�� m^Z_lky� ijh]jZffgh� j_Zebah\Zlv
deZkku�we_f_glZjguo�fZljbp�\�kZfhf�h[s_f�\b^_�[_a�dZdhc�eb[h
dhgdj_lbaZpbb�oZjZdl_jZ�bo�jZaj_`_gghklb�

Ij_^klZ\e_ggZy� \ur_� deZkkbnbdZpby� we_f_glZjguo� fZljbp
hij_^_ey_l� fbgbfZevguc� [Zah\uc� gZ[hj� fZljbqguo
ij_h[jZah\Zgbc�� mqZkl\mxsbo� \� f_lh^Zo� ebg_cghc� Ze]_[ju�
<hafh`gh�� ^ey� [he__� wdhghfbqghc� jZ[hlu� k� iZfylvx� b



���

wnn_dlb\ghc� hj]ZgbaZpbb� \uqbke_gbc� p_e_khh[jZagh� jZkrbjblv
hibkZggmx�deZkkbnbdZpbx�b�hij_^_eblv�kZfhklhyl_evgu_�deZkku�
khhl\_lkl\mxsb_�p_euf�dhfihabpbyf�l_o�beb�bguo�we_f_glZjguo
ij_h[jZah\Zgbc��Bkihevah\Zgb_�deZkkh\�lZdh]h�jh^Z�iha\hebeh�[u
ba[_`Zlv� aZljZl� gZ� ba[ulhqgh_� ojZg_gb_� wd\b\Ze_glguo� ^Zgguo�
kh^_j`Zsboky� h^ghlbigufb� h[t_dlZfb�� b� hilbfbabjh\Zlv� kZfb
ijhp_^mju� fZljbqguo� ij_h[jZah\Zgbc�� <� gZklhys_c� jZ[hl_� ^ey
ij_^klZ\e_gby� fZljbqguo� dhfihabpbc� kljhblky� ki_pbZevguc

dhgl_cg_jguc� deZkk� &RPSRVLWLRQ�� dhlhjuc� j_Zebam_l� wlm� b^_x� \
g_kdhevdh�bghc�nhjf_�

>jm]Zy� \hafh`ghklv� wdhghfbb� iZfylb� ijb� ijh\_^_gbb� b
ojZg_gbb� g_h[oh^bfuo� fZljbqguo� ij_h[jZah\Zgbc� � � khklhbl� \
jZaf_s_gbb� bo� g_ihkj_^kl\_ggh� gZ� � f_kl_� hkgh\ghc� fZljbpu�
L_ogbdZ� LQ�SODFH� jZaf_s_gby� qZklh� ijbf_gy_lky� ijb� ijhp_^mjghc
j_ZebaZpbb� fZljbqguo�nZdlhjbaZpbc�� Ijb� h[t_dlghc� j_ZebaZpbb
^ey�wlh]h�fh`gh�ij_^mkfhlj_lv�ki_pbZevgu_�deZkku�we_f_glZjguo
fZljbp� \� jZfdZo� _^bghc� b_jZjobb�� dhlhju_� q_j_a� kkuedm� gZ
hkgh\gmx� fZljbpm� hij_^_eyxl� f_lh^u� ^hklmiZ� d� __� k_]f_glZf�
ojZgysbf� we_f_glu� ij_h[jZah\Zgby�� <� ex[hf� kemqZ_
jZkkfZljb\Z_fuc�ih^oh^�g_�bkdexqZ_l�b�lZdbo�\hafh`ghkl_c�

���H[t_dlgZy�j_ZebaZpby�deZkkh\�ijyfuo�f_lh^h\

H[km^bf� \hijhku� j_ZebaZpbb�f_lh^h\� ebg_cghc� Ze]_[ju� dZd
h[t_dlh\�khhl\_lkl\mxsbo�deZkkh\��>ey�wnn_dlb\gh]h�ijbf_g_gby
HHI� fu� gm`^Z_fky�� ij_`^_� \k_]h�� \� bo� p_ehklghc� h[t_dlghc
deZkkbnbdZpbb��AZf_lbf��qlh�hgZ�^he`gZ�ke_^h\Zlv�deZkkbnbdZpbb
aZ^Zq� ebg_cghc� Ze]_[ju�� ihkdhevdm� j_amevlZlhf� j_r_gby
jZaebqguo� ihklZgh\hd� y\eyxlky� h[t_dlu� jZaguo� lbih\�� b� wlh
^he`gh� hljZ`Zlvky� \� ki_pbnbdZpbyo� Ze]hjblfbq_kdbo� deZkkh\�
Djhf_� lh]h�� \� deZkkbnbdZpbb� `_eZl_evgh� hljZablv� ^_e_gb_
Ze]hjblfh\� gZ� ijyfu_� b� bl_jZpbhggu_�� ihkdhevdm� ijbgpbiu� bo
hj]ZgbaZpbb�kms_kl\_ggh�hlebqZxlky��Z�wlh�g_ba[_`gh�ijb\h^bl�d
jZaebqbyf�b�\�bo�ijh]jZffghc�j_ZebaZpbb�

<� kbem� k^_eZgguo� aZf_qZgbc�� h[t_dlgZy� deZkkbnbdZpby
Ze]hjblfh\� ebg_cghc� Ze]_[ju� fh`_l� ij_^klZ\eylvky� mkeh\ghc
b_jZjob_c��bah[jZ`_gghc�gZ�jbk����



���

<� ^Zgghc� ko_f_� \k_� Ze]hjblfu� ebg_cghc� Ze]_[ju

/LQHDU$OJHEUD$OJRULWKP� deZkkbnbpbjmxlky� gZ� \kihfh]Zl_evgu_

Ze]hjblfu� ihbkdZ� ]eZ\gh]h� we_f_glZ� 3LYRWLQJ$OJRULWKP�
g_h[oh^bfu_� ^ey� h[_ki_q_gby� \uqbkebl_evghc� mklhcqb\hklb�

kljmdlmjgu_�Ze]hjblfu�6WUXFWXUDO$OJRULWKP��ij_^gZagZq_ggu_�^ey
j_]meyjbaZpbb�ihjlj_lZ�fZljbpu�beb�fbgbfbaZpbb�_]h�aZiheg_gby�

Ze]hjblfu� nZdlhjbaZpbb� )DFWRUL]DWLRQ$OJRULWKP�� � Z� lZd`_

hkgh\gu_� Ze]hjblfu� j_r_gby� KE:M� /LQHDU6\VWHP$OJRULWKP�

ijh[e_f� kh[kl\_gguo� agZq_gbc�(LJHQ3UREOHP$OJRULWKP� b� aZ^Zq� h

gZbf_gvrbo� d\Z^jZlZo� /HDVW6TXDUHV$OJRULWKP�� I_j_qbke_ggu_
\kihfh]Zl_evgu_� Ze]hjblfu� jZkkfZljb\Zxlky� dZd
kZfhklhyl_evgu_�deZkku�Ze]hjblfbq_kdhc�b_jZjobb��ohly�hgb�b�g_
ij_^gZagZq_gu�^ey�j_r_gby�dhg_qguo�aZ^Zq�ebg_cghc�Ze]_[ju�

Ijbgpbiu� ihkljh_gby� \k_o� Ze]hjblfbq_kdbo� deZkkh\� hq_gv
[ebadb�� HklZgh\bfky� [he__� ih^jh[gh� gZ� hj]ZgbaZpbb� deZkkh\
Ze]hjblfh\�j_r_gby�KE:M��>_e_gb_�Ze]hjblfh\�^Zgghc� ]jmiiu�gZ
ijyfu_� b� bl_jZpbhggu_� hljZ`_gh� \� b_jZjobb� \\_^_gb_f

hl^_evguo� deZkkh\� 'LUHFW/LQHDU6\VWHP$OJRULWKP�

,WHUDWLYH/LQHDU6\VWHP$OJRULWKP��Ijyfu_�Ze]hjblfu�\�k\hx�hq_j_^v
ih^jZa^_eyxlky� gZ� Ze]hjblfu� g_ihkj_^kl\_ggh]h� j_r_gby� KE:M

([SOLFLW/LQHDU6\VWHP$OJRULWKP� b� Ze]hjblfu

)DFWRUL]DWLRQ/LQHDU6\VWHP$OJRULWKP�� bkihevamxsb_
ij_^\Zjbl_evgmx�fZljbqgmx�nZdlhjbaZpbx�lh]h�beb�bgh]h�\b^Z�

:gZeba� ijyfuo� b� bl_jZpbhgguo� f_lh^h\� h[gZjm`b\Z_l
agZqbl_evgmx� h[sghklv� \� bo� hj]ZgbaZpbb� b� \hafh`ghklyo
mgbnbpbjh\Zgghc� ijh]jZffghc� j_ZebaZpbb� g_aZ\bkbfh� hl
dhgdj_lguo� lbih\� ebg_cguo� aZ^Zq�� ^ey� j_r_gby� dhlhjuo� hgb
ij_^gZagZq_gu�� Ihwlhfm� bf__l� kfuke� ihkljhblv� Z[kljZdlgu_

deZkku� ijyfuo� b� bl_jZpbhgguo� f_lh^h\� 'LUHFW$OJRULWKP� b

,WHUDWLYH$OJRULWKP� b� ijb� j_ZebaZpbb� dhgdj_lguo� Ze]hjblfh\
bkihevah\Zlv� fgh`_kl\_ggh_� gZke_^h\Zgb_� dZd� hl
khhl\_lkl\mxsbo� ijh[e_fgh�hjb_glbjh\Zgguo� deZkkh\�� lZd� b� hl

••���/LQHDU$OJHEUD$OJRULWKP
••���3LYRWLQJ$OJRULWKP
••���6WUXFWXUDO$OJRULWKP
••���)DFWRUL]DWLRQ$OJRULWKP������������������������������������������������������←←�••����'LUHFW$OJRULWKP�
••���/LQHDU6\VWHP$OJRULWKP

••���'LUHFW/LQHDU6\VWHP$OJRULWKP
••���([SOLFLW/LQHDU6\VWHP$OJRULWKP��������������←←�••����'LUHFW$OJRULWKP�
••���)DFWRUL]DWLRQ/LQHDU6\VWHP$OJRULWKP

••���,WHUDWLYH/LQHDU6\VWHP$OJRULWKP���������������������������←←�••����,WHUDWLYH$OJRULWKP�
••���(LJHQ3UREOHP$OJRULWKP
••���/HDVW6TXDUHV$OJRULWKP

Jbk�����H[t_dlgZy�deZkkbnbdZpby�f_lh^h\�ebg_cghc�Ze]_[ju



���

gbo�� <hijhku� h[h[s_gghc� h[t_dlghc� j_ZebaZpbb� bl_jZpbhgguo
\uqbkebl_evguo� ijhp_kkh\� h[km`^Zxlky� \� jZ[hl_� >�@� gZklhys_]h

k[hjgbdZ��A^_kv�`_�hibr_f�j_ZebaZpbx�deZkkZ�'LUHFW$OJRULWKP�
Dexq_\hc� b^__c� ijb� ijh]jZffbjh\Zgbb� ijyfuo� f_lh^h\

y\ey_lky� ij_^klZ\e_gb_� bo� \� \b^_� dhfihabpbb� we_f_glZjguo� beb
keh`guo�fZljbqguo�ij_h[jZah\Zgbc

) $ ) ) $ ) )� � ��� ���= × × × ×−� � �N N �

dhlhju_�g_h[oh^bfh�ijbf_gblv�d�bkoh^ghc�aZ^Zq_�^ey�ijb\_^_gby
__� d� \b^m�� ^himkdZxs_fm� g_ihkj_^kl\_ggh_� j_r_gb_� beb
mijhsZxs_fm� _]h�� Dhgdj_lbaZpby� lbih\� b� kihkh[h\
dhgkljmbjh\Zgby� ij_h[jZah\Zgbc�� mqZkl\mxsbo� \� dhfihabpbb�
ihjh`^Z_l� jZaebqgu_� deZkku� ijyfuo� f_lh^h\�� Kh\hdmighklv
h[t_dlh\�� d� dhlhjuf� ijbf_gy_lky� ihke_^h\Zl_evghklv
ij_h[jZah\Zgbc�� hij_^_ey_lky� dhgdj_lguf� deZkkhf� j_rZ_fhc
aZ^Zqb��H[uqgh�lZdbf�h[t_dlhf�y\ey_lky�fZljbpZ� A ��mqZkl\mxsZy
\�ihklZgh\d_�ebg_cghc�aZ^Zqb�

Ij_^iheh`bf�� qlh� deZkk� 'LUHFW$OJRULWKP� hij_^_ey_l� qbklh
\bjlmZevgu_�f_lh^u��dhlhju_�hkms_kl\eyxl�

²�hij_^_e_gb_� qbkeZ� rZ]h\� Ze]hjblfZ� N� ih� aZ^Zgguf
jZaf_jghklyf�ebg_cghc�aZ^Zqb��beb�ih�jZaf_jghklyf�oZjZdl_jgh]h
fZljbqgh]h�h[t_dlZ��

²�hij_^_e_gb_� h[s_]h� qbkeZ� ij_h[jZah\Zgbc� Ze]hjblfZ� b
qbkeZ�ij_h[jZah\Zgbc�N�gZ�aZ^Zgghf�rZ]_�Ze]hjblfZ�

²�dhgkljmbjh\Zgb_� fZljbpu� ij_h[jZah\Zgby� Fi i k, 1 ≤ ≤ � ih

aZ^Zgghc�fZljbp_�aZ^Zqb�A �gZ�aZ^Zgghf�rZ]_�Ze]hjblfZ�
²�hij_^_e_gb_� kihkh[Z� ij_h[jZah\Zgby� Fi �� dhlhjuf� ke_^m_l

^_ckl\h\Zlv�gZ�fZljbpm�A �
²�hij_^_e_gb_� [ehqghc� ih^fZljbpu� A �� fh^bnbpbjm_fhc� gZ

l_dms_f�rZ]_�Ze]hjblfZ�
²�ijbf_g_gb_� \kihfh]Zl_evguo� Ze]hjblfh\� kljmdlmjbaZpbb

ihjlj_lZ�fZljbpu�b�ihbkdZ�]eZ\gh]h�we_f_glZ�
²�ijbf_g_gb_� hq_j_^gh]h� ij_h[jZah\Zgby� Ze]hjblfZ� d

aZ^Zgghc�fZljbp_�beb�\_dlhjm�
²�ijbf_g_gb_�\k_]h�Ze]hjblfZ�
Lh]^Z� ex[hc� ijyfhc� Ze]hjblf� fh`_l� [ulv� ijh]jZffgh

hnhjfe_g�dZd�deZkk��gZke_^m_fuc�hl�'LUHFW$OJRULWKP��>ey�wlh]h�\
dhgdj_lghf� deZkk_� g_h[oh^bfh� j_Zebah\Zlv� i_j_qbke_ggu_
f_lh^u�� ^_deZjbjm_fu_� ^Zgguf� deZkkhf�� Ijb\_^_f� g_[hevrhc
hlju\hd�ba�bgl_jn_ckZ�deZkkZ�gZ�yaud_�Kb���
��deZkk�Ijyfhc�:e]hjblf��
FODVV�'LUHFW$OJRULWKP�^

0DWUL[�$� ���mdZaZl_ev�gZ�fZljbpm�aZ^Zqb
6WUXFWXUDO$OJRULWKP�VWUXFWDOJ� ���mdZaZl_ev�gZ�Ze]hjblf�kljmdlmjbaZpbb
3LYRWLQJ$OJRULWKP�SLYRWDOJ� ���mdZaZl_ev�gZ�Ze]hjblf�\u[hjZ�]eZ\gh]h�we_f_glZ



���

«
SXEOLF�
«

YLUWXDO�,QGH[�*HW1XPEHU2I6WHS����� ���
YLUWXDO�%ORFN�$FWLYH6XE0DWUL[��,QGH[�VWHS�� ���
YLUWXDO�%ORFN�$FWLYH6XE0DWUL[��,QGH[�VWHS��,QGH[�M��
YLUWXDO�,QGH[�*HW1XPEHU2I7UDQVIRUP��,QGH[�VWHS�� ���
YLUWXDO�,QGH[�*HW1XPEHU2I7UDQVIRUP�����
YLUWXDO�0DWUL[�&RQVWUXFW7UDQVIRUP��,QGH[�VWHS��,QGH[�M�� ���
YLUWXDO�76LGH�6LGH2I7UDQVIRUP��,QGH[�VWHS��,QGH[�M�� ���
YLUWXDO�YRLG�7UDQVIRUP��,QGH[�VWHS��,QGH[�M��0DWUL[	�$��0DWUL[	�%��
YLUWXDO�YRLG�7UDQVIRUP��,QGH[�VWHS��,QGH[�M��9HFWRU	�[��9HFWRU	�\��

`�
<� ^Zgghf� deZkk_� qbklh� \bjlmZevgh� hij_^_e_gZ� ijhp_^mjZ�

dhlhjZy� hkms_kl\ey_l� dhgkljmbjh\Zgb_� we_f_glZjghc� fZljbpu�
khhl\_lkl\mxs_c� ij_h[jZah\Zgbx� f_lh^Z�� Djhf_� lh]h�� \� ^Zgghf
deZkk_� j_Zebam_lky� ijhp_^mjZ� \uiheg_gby� hq_j_^gh]h� rZ]Z
Ze]hjblfZ�� \dexqZxs_]h� dhgkljmbjh\Zgb_� nZdlhjghc� fZljbpu� b
\ha^_ckl\b_� _x� gZ� aZ^Zggmx� fZljbpm� beb� \_dlhj�� Ihkdhevdm� \
f_lh^Zo� ebg_cghc� Ze]_[ju� fh]ml� ijbf_gylvky� jZaebqgu_� ko_fu
ij_h[jZah\Zgbc� �ke_\Z�� kijZ\Z�� k� h[_bo� klhjhg� h^gh\j_f_ggh��� \
deZkk_� hij_^_e_g� qbklh� \bjlmZevguc� f_lh^�� \ha\jZsZxsbc

gZijZ\e_gb_� ij_h[jZah\Zgby� i_j_qbkebfh]h� lbiZ� 76LGH�  � ^7/HIW�

75LJKW�� 7%RWK6LGH`�� AZf_lbf�� qlh� ^Zgguc� deZkk� g_� hkms_kl\ey_l
ojZg_gb_� nZdlhjguo� fZljbp� b� \k_c� dhfihabpbb�� Z� lhevdh
hij_^_ey_l�f_lh^u� bo� dhgkljmbjh\Zgby��<� kZfhf� ^_e_�� ijb^Zgb_
deZkkm� lZdbo� nmgdpbc� hdZaZehkv� [u� kh\_jr_ggh� baebrgbf�
gZijbf_j��ijb�j_ZebaZpbb�Ze]hjblfh\� ]Zmkkh\kdh]h�bkdexq_gby�� \
oh^_� dhlhjh]h� g_� lj_[m_lky� aZihfbgZlv� ij_h[jZah\Zgby�
ijbf_g_ggu_�d�fZljbp_�b�ijZ\hc�qZklb�KE:M�

>ey� ij_^klZ\e_gby� dhfihabpbc� fZljbqguo� ij_h[jZah\Zgbc

bkihevam_lky� \kihfh]Zl_evguc� dhgl_cg_jguc� deZkk� &RPSRVLWLRQ�
hkms_kl\eyxsbc�bo�^bgZfbq_kdh_�jZaf_s_gb_�
��deZkk�FZljbqgZy�Dhfihabpby��
FODVV�&RPSRVLWLRQ�^

,QGH[�QXPEHU� ���qbkeh�nZdlhjguo�fZljbp
0DWUL[�SPDWUL[� ���fZkkb\�nZdlhjguo�fZljbp
76LGH�VLGH� ���fZkkb\�gZijZ\e_gbc�ij_h[jZah\Zgbc
%RRO�GHJUHH� ���fZkkb\�kl_i_g_c�ij_h[jZah\Zgbc

«
SXEOLF�
«

,QGH[�*HW1XPEHU2I)DFWRU�����
YRLG�6HW1XPEHU2I)DFWRU��,QGH[�Q��
YRLG�6HW)DFWRU��,QGH[�L��0DWUL[	�)��76LGH�VLGH��%RRO�GHJUHH��
0DWUL[	�*HW)DFWRU��,QGH[�L��
76LGH�*HW6LGH��,QGH[�L��
%RRO�*HW'HJUHH��,QGH[�L��
YRLG�$SSO\7R��,QGH[�L��0DWUL[	�$��
YRLG�$SSO\7R��,QGH[�L��9HFWRU	�[��

`�



���

F_lh^u� deZkkZ� &RPSRVLWLRQ� j_Zebamxl� ^hklmi� d� nZdlhjguf
fZljbpZf�� hkms_kl\eyxl� bo� \dexq_gb_� \� dhfihabpbx�� Z� lZd`_
j_Zebamxl� ijhp_^mjm� \ha^_ckl\by� bfb� gZ� aZ^Zggmx� fZljbpm� beb
\_dlhj��>ey�dZ`^hc�nZdlhjghc�fZljbpu��\dexq_gghc�\�dhfihabpbx�

ojZgblky� kihkh[� ^_ckl\by� lbiZ� 76LGH� b� __� kl_i_gv�� dhlhjZy
ijbgbfZ_l�h^gh�ba�^\mo�agZq_gbc���beb�±��b�ij_^klZ\ey_lky�lbihf
%RRO�� G_h[oh^bfhklv� ij_^klZ\e_gby� kl_i_gb� k\yaZgZ� k� l_f�� qlh
qZklh� ij_h[jZah\Zgb_� aZ^Z_lky� g_� kZfhc�fZljbp_c�� Z� h[jZlghc� d
g_c�� Y\gh_� h[jZs_gb_� fZljbpu� fh`_l� ijb\h^blv� d� [hevrhc
\uqbkebl_evghc� ih]j_rghklb� b� mom^r_gbx� jZaj_`_gghklb�
Bkihevah\Zgb_� kl_i_gb� hdZau\Z_lky� m^h[guf�� ihkdhevdm� ^ey
ij_^klZ\e_gby� ij_h[jZah\Zgby� ^hklZlhqgh� bf_lv� kj_^kl\Z�
iha\heyxsb_�ijbf_gylv�_]h�d�aZ^Zgguf�fZljbqguf�beb�\_dlhjguf
h[t_dlZf�� <� kemqZ_� iheh`bl_evghc� kl_i_gb� ^_ckl\b_
ij_h[jZah\Zgby� k\h^blky� d� mfgh`_gbx� nZdlhjghc� fZljbpu� gZ
aZ^Zggmx�� Z� \� kemqZ_� hljbpZl_evghc�²�d� j_r_gbx
khhl\_lkl\mxs_c� KE:M�� qlh� y\ey_lky� [he__� ij_^ihqlbl_evguf�
q_f�y\gh_�h[jZs_gb_�fZljbpu�

>jm]hc� hkh[_gghklvx� ^Zggh]h� deZkkZ� y\ey_lky� hj]ZgbaZpby
fZljbqghc� dhfihabpbb� dZd� fZkkb\Z� fZljbp� ijhba\hevgh]h� lbiZ

0DWUL[�� Ih^h[gZy� h[sghklv� k\yaZgZ� � k� l_f�� qlh� j_amevlZlhf
ijbf_g_gby� Ze]hjblfh\� nZdlhjbaZpbb� b� ^jm]bo� fZljbqguo
Ze]hjblfh\�� bf_xsbo� p_evx� ihemq_gb_� dhfihabpbhggh]h
ij_^klZ\e_gby� lh]h� beb� bgh]h� \b^Z�� fh]ml� [ulv� g_� lhevdh
we_f_glZjgu_��gh�b�ijhba\hevgu_�fZljbpu��GZijbf_j��\�f_lh^Zo
/8��� 45�nZdlhjbaZpbb� ijbf_gy_lky� ^_dhfihabpby� fZljbpu� gZ
lj_m]hevgu_� khfgh`bl_eb�� \� f_lh^Zo� gZoh`^_gby� kh[kl\_gguo
agZq_gbc� kljhblky� dhfihabpby� ij_h[jZah\Zgbc�� ijb\h^ysZy
fZljbpm�d�o_kk_g[_j]h\hc�nhjf_�b�l�i�

Ih�\b^bfhfm�� deZkku� 'LUHFW$OJRULWKP� b� &RPSRVLWLRQ
fZdkbfZevgh� mgbnbpbjmxl� ijh]jZffgu_� kj_^kl\Z�� g_h[oh^bfu_
^ey�dhgkljmbjh\Zgby�b�ij_^klZ\e_gby�fZljbqguo�ij_h[jZah\Zgbc�\
ijyfuo�f_lh^Zo�ebg_cghc�Ze]_[ju��K�bo�bkihevah\Zgb_f� m^Z_lky
j_Zebah\Zlv� gZb[he__� agZqbfu_� deZkku� Ze]hjblfh\� ebg_cghc

Ze]_[ju��\dexqZy�Ze]hjblfu�nZdlhjbaZpbb�)DFWRUL]DWLRQ$OJRULWKP�
<� kZfhf� ^_e_�� ex[hc� Ze]hjblf� nZdlhjbaZpbb� bf__l� p_evx

ihemq_gb_�^_dhfihabpbhggh]h�ij_^klZ\e_gby�aZ^Zgghc�fZljbpu
$ ) )= × ×� ��� L �

]^_� A �²�bkoh^gZy� fZljbpZ�� Fi �²�L�Zy� fZljbpZ� nZdlhjbaZpbb�

<u^_e_gb_� f_lh^h\� nZdlhjbaZpbb� \� kZfhklhyl_evgmx� ]jmiim
k\yaZgh� kh� ki_pbnbdhc� ihkljh_gby� nZdlhjguo� fZljbp�� dhlhju_
l_i_jv� bgl_jij_lbjmxlky� g_� dZd� fZljbpu� ij_h[jZah\Zgby�� Z� dZd



���

fZljbpu� ^_dhfihabpbb�� <k_� f_lh^u� jh^bl_evkdh]h� deZkkZ

'LUHFW$OJRULWKP� ijb� wlhf� Z\lhfZlbq_kdb� gZke_^mxlky�� khojZgyy
[ebadmx� k_fZglbq_kdmx� gZ]jmadm�� <b^� fZljbp� Fi � b� bo� qbkeh

hij_^_eyxlky� dhgdj_lguf� Ze]hjblfhf�� >Zgguc� deZkk� lZd`_

nhjfZevgh� gZke_^m_lky� hl� deZkkZ� /LQHDU$OJHEUD$OJRULWKP�� qlh
g_h[oh^bfh� ^ey� ih^^_j`Zgby� klbebklbq_kdh]h� _^bgkl\Z
[b[ebhl_db�

Ijb\_^_f� ijbf_j� ijh]jZffghc� j_ZebaZpbb� deZkkZ

)DFWRUL]DWLRQ$OJRULWKP�
��deZkk�:e]hjblf�NZdlhjbaZpbb��
FODVV�)DFWRUL]DWLRQ$OJRULWKP��SXEOLF�/LQHDU$OJHEUD$OJRULWKP��'LUHFW$OJRULWKP�^

&RPSRVLWLRQ�FRPS� ���mdZaZl_ev�gZ�fZljbqgmx�dhfihabpbx
«
SXEOLF�
«

YLUWXDO�0DWUL[�&RQVWUXFW5HPDLQGHU����� ���
YRLG�5XQ��0DWUL[	�PDWUL[��&RPSRVLWLRQ	�FRPSRVLWLRQ��

`�
<� deZkk_� ^hihegbl_evgh� hij_^_e_gu� f_lh^� ijh\_^_gby

nZdlhjbaZpbb� b� f_lh^� dhgkljmbjh\Zgby� qZklb� ^_dhfihabpbb�
hklZxs_cky� ihke_� ijbf_g_gby� khhl\_lkl\mxsbo� ij_h[jZah\Zgbc�
<Z`gh� hlf_lblv�� qlh� j_i_jlmZj� f_lh^h\� Z[kljZdlgh]h� deZkkZ

)DFWRUL]DWLRQ$OJRULWKP� iha\hey_l� ij_^klZ\blv� g_dhlhjuc
h[h[s_gguc� Ze]hjblf� nZdlhjbaZpbb� b� j_Zebah\Zlv� _]h
g_ihkj_^kl\_ggh�\�^Zgghf�deZkk_�h^bg�jZa��Ihkljh_gb_�dhgdj_lguo
Ze]hjblfh\�\�wlhf�kemqZ_�hkms_kl\ey_lky�iml_f�kha^Zgby�qZklguo
gZke_^m_fuo� deZkkh\� b� j_ZebaZpbb� qbklh� \bjlmZevguo� nmgdpbc�
hij_^_eyxsbo�hl^_evgu_�dhfihg_glu�h[h[s_ggh]h�Ze]hjblfZ�

JZkkfhljbf� \hafh`gmx� ijh]jZffgmx� j_ZebaZpbx� ^Zggh]h
Ze]hjblfZ�� ke_^my� njZ]f_glm� hkgh\gh]h� f_lh^Z� deZkkZ

)DFWRUL]DWLRQ$OJRULWKP��\uihegyxs_]h�nZdlhjbaZpbx�
YRLG�)DFWRUL]DWLRQ$OJRULWKP��5XQ�0DWUL[	�PDWUL[��&RPSRVLWLRQ�	FRPSRVLWLRQ��^

$ 	PDWUL[�
FRPS 	FRPSRVLWLRQ�

����mklZgZ\eb\Z_f�qbkeh�nZdlhjguo�fZljbp�\�dhfihabpbb
FRPS±!6HW1XPEHU2I)DFWRU�*HW1XPEHU2I7UDQVIRUP�������

����aZ\h^bf�fZljbpu�i_j_klZgh\hd�kljhd�b�klhe[ph\
3HUPXWDWLRQ0DWUL[�SURZ� �QHZ�3HUPXWDWLRQ0DWUL[�$±!16L]H2I�����
3HUPXWDWLRQ0DWUL[�SFRO� �QHZ�3HUPXWDWLRQ0DWUL[�$±!06L]H2I�����

����ijbf_gy_f�Ze]hjblf�kljmdlmjbaZpbb�ihjlj_lZ�fZljbpu
VWUXFWDOJ±!5XQ�$��SURZ��SFRO��

����ijh\h^bf�g_h[oh^bfh_�i_j_mihjy^hqb\Zgb_
$!! SURZ�
$�� SFRO�

����aZ\h^bf�we_f_glZjgu_�fZljbpu�i_j_klZgh\hd�kljhd�b�klhe[ph\
7UDQVSRVLWLRQ0DWUL[�SHOPURZ� �QHZ�3HUPXWDWLRQ0DWUL[�$±!16L]H2I�����
7UDQVSRVLWLRQ0DWUL[�SHOPFRO� �QHZ�3HUPXWDWLRQ0DWUL[�$±!06L]H2I�����
,QGH[�N ��

����pbde�ih�rZ]Zf�Ze]hjblfZ
IRU�,QGH[�L ���L�*HW1XPEHU2I6WHS�����L����^



���

����ijbf_gy_f�Ze]hjblf�ihbkdZ�]eZ\gh]h�we_f_glZ
SLYRWDOJ±!5XQ�$��$FWLYH6XE0DWUL[�L���SHOPURZ��SHOPFRO��

����ijh\h^bf�g_h[oh^bfmx�i_j_klZgh\dm�kljhd�b�klhe[ph\
$!! SHOPURZ�
$�� SHOPFRO�

����dhjj_dlbjm_f�fZljbpu�i_j_klZgh\hd
SURZ!! SHOPURZ�
SFRO�� SHOPFRO�

����pbde�ih�qbkem�ij_h[jZah\Zgbc�gZ�l_dms_f�rZ]_�Ze]hjblfZ
IRU�,QGH[�M ���M�*HW1XPEHU2I7UDQVIRUP�L���M����N�����^

����dhgkljmbjm_f�ij_h[jZah\Zgb_�b�\dexqZ_f�_]h�\�dhfihabpbx
FRPS±!6HW)DFWRU�N��&RQVWUXFW7UDQIRUP�L��M���6LGH2I7UDQVIRUP�L��M���)DOVH��

����ijbf_gy_f�ij_h[jZah\Zgb_
FRPS±!$SSO\7R�N��$��$FWLYH6XE0DWUL[�L��M���

`
`

����\dexqZ_f�fZljbpu�i_j_klZgh\hd�b�hklZ\rmxky�qZklv�fZljbpu�\�dhfihabpbx
FRPS±!6HW)DFWRU����SURZ��7/HIW��)DOVH��
FRPS±!6HW)DFWRU�N��&RQVWUXFW5HPDLQGHU�����7/HIW��7UXH��
FRPS±!6HW)DFWRU�N����SFRO��75LJKW��)DOVH��

`
G_ljm^gh� \b^_lv�� qlh� hj]ZgbaZpby� deZkkh\� 'LUHFW$OJRULWKP�

)DFWRUL]DWLRQ$OJRULWKP� m^Zqgh� khq_lZ_lky� k� g_h[oh^bfhklvx
ijbf_g_gby� \kihfh]Zl_evguo� f_lh^h\� kljmdlmjbaZpbb� ihjlj_lZ

fZljbpu� 6WUXFWXUDO$OJRULWKP� i_j_^� gZqZehf� nZdlhjbaZpbb� b

f_lh^h\� ihbkdZ� ]eZ\gh]h� we_f_glZ� 3LYRWLQJ$OJRULWKP� \� oh^_� __
ijh\_^_gby�� Ijb\e_q_gb_� ^Zgguo� f_lh^bd� iha\hey_l� h[_ki_qblv
\uqbkebl_evgmx� wnn_dlb\ghklv� \� ^h\hevgh� keh`guo� kblmZpbyo� b
y\ey_lky� djZcg_� \Z`guf� ijb� jZ[hl_� k� jZaj_`_ggufb� b
iehohh[mkeh\e_ggufb� fZljbpZfb�� NZdlbq_kdb�� hibkZgguc� deZkk

)DFWRUL]DWLRQ$OJRULWKP� ij_^klZ\ey_l� kh[hc� fhsgh_
bgkljmf_glZevgh_�kj_^kl\h�^ey�dhgkljmbjh\Zgby�dhf[bgbjh\Zgguo
Ze]hjblfh\�� \dexqZxsbo� \� k_[y� g_h[oh^bfu_� Ze]hjblfu
nZdlhjbaZpbb�� kljmdlmjbaZpbb� b� \u[hjZ� ]eZ\gh]h� we_f_glZ�� K
mq_lhf� lh]h�� qlh� dZ`^uc� \kihfh]Zl_evguc� Ze]hjblf� fh`_l� [ulv
\u[jZg� kZfuf� ijhba\hevguf� h[jZahf�� ^ZggZy� ijh]jZffgZy
j_ZebaZpby� h[_ki_qb\Z_l� agZqbl_evgmx� Ze]hjblfbq_kdmx
h[sghklv�

>jm]hc� kms_kl\_gghc� klhjhghc� ^Zgghc� j_ZebaZpbb� y\ey_lky
ihegZy� mgbnbdZpby� f_lh^h\� hi_jbjh\Zgby� k� we_f_glZjgufb� b
keh`gufb� fZljbqgufb� ij_h[jZah\Zgbyfb�� g_h[oh^bfufb� ^ey
ijh\_^_gby� nZdlhjbaZpbb�� Ihkdhevdm� \� deZkkZo

)DFWRUL]DWLRQ$OJRULWKP�� &RPSRVLWLRQ� g_� dhgdj_lbabjmxlky� lbiu
fZljbqguo� ij_h[jZah\Zgbc� �lbiu� nZdlhjguo� fZljbp��� m^Z_lky
j_Zebah\Zlv� kZfmx� h[smx� ko_fm� fZljbqghc� nZdlhjbaZpbb�� \
dhlhjhc� \b^�� Z� lZd`_� kihkh[u� dhgkljmbjh\Zgby�� ijbf_g_gby� b
ojZg_gby� ij_h[jZah\Zgbc� hij_^_eyxlky� dhgdj_lguf
Ze]hjblfbq_kdbf�deZkkhf�



���

;he__�lh]h��gZ�hkgh\_�^Zgguo�deZkkh\�e_]dh�ihkljhblv�deZkku
h[h[s_gguo� f_lh^h\� j_r_gby� KE:M� b� ki_dljZevguo� aZ^Zq�
JZkkfhljbf�� gZijbf_j�� ijh]jZffgmx� j_ZebaZpbx� deZkkZ

)DFWRUL]DWLRQ/LQHDU6\VWHP$OJRULWKP�� h[h[sZxs_]h� f_lh^u
j_r_gby�KE:M�k�bkihevah\Zgb_f�ij_^\Zjbl_evghc�nZdlhjbaZpbb�
��deZkk�:e]hjblf�J_r_gby�Ebg_cguo�Kbkl_f�gZ�hkgh\_�NZdlhjbaZpbb��
FODVV�)DFWRUL]DWLRQ/LQHDU6\VWHP$OJRULWKP��SXEOLF�/LQHDU6\VWHP$OJRULWKP�^

0DWUL[�$� ���mdZaZl_ev�gZ�fZljbpm�kbkl_fu
9HFWRU�\� ���mdZaZl_ev�gZ�\_dlhj�ijZ\hc�qZklb
9HFWRU�[� ���mdZaZl_ev�gZ�\_dlhj�j_r_gby
)DFWRUL]DWLRQ$OJRULWKP�IDFWRUDOJ� ���mdZaZl_ev�gZ�Ze]hjblf�nZdlhjbaZpbb
&RPSRVLWLRQ�FRPS� ���mdZaZl_ev�gZ�^_dhfihabpbx

«
`�
YRLG�)DFWRUL]DWLRQ/LQHDU6\VWHP$OJRULWKP��5XQ�0DWUL[	�PDWUL[��9HFWRU	�[YHF��9HFWRU	�\YHF��^

$ 	PDWUL[�
[ 	[YHF�
\ 	\YHF�

����aZ\h^bf�fZljbqgmx�dhfihabpbx
FRPS �QHZ�&RPSRVLWLRQ�

����klZ\bf�aZ^Zqm�nZdlhjbaZpbb�b�ijbf_gy_f�Ze]hjblf
IDFWRUDOJ±!5XQ�$��FRPS��

����jZaj_rZ_f�kbkl_fm�hlghkbl_evgh�dZ`^hc�nZdlhjghc�fZljbpu��\oh^ys_c�\�^_dhfihabpbx
[ \�
IRU�,QGH[�L ���L�FRPS±!*HW1XPEHU2I)DFWRU�����L���

LI��FRPS±!*HW'HJUHH�L��
FRPS±!*HW)DFWRU�L��6ROYH/LQHDU6\VWHP�[��[��

HOVH
FRPS±!*HW)DFWRU�L��0XOWLSO\%\�[��[��

`
AZf_lbf�� qlh� \� ^Zgghc� ijh]jZff_� bkihevam_lky� Z[kljZdlguc

lbi� Ze]hjblfZ�nZdlhjbaZpbb��?^bgkl\_gguf� lj_[h\Zgb_f�� g_y\gh
ij_^ty\ey_fuf� d� g_fm�� y\ey_lky� mkeh\b_� ^_dhfihabpbb�fZljbpu
gZ� we_f_glZjgu_� fgh`bl_eb�� ^ey� dhlhjuo� hij_^_e_gu� f_lh^u
j_r_gby� KE:M� b� hi_jZpbb� fZljbqgh]h� mfgh`_gby�� Ihke_^gb_
g_h[oh^bfu�\�kemqZ_�aZ^Zgby�^_dhfihabpbhggh]h�ij_^klZ\e_gby�k
ihfhsvx�h[jZlguo�fZljbp�

LZdbf� h[jZahf�� jZajZ[hlZgguc� HHI� d� ijh]jZffbjh\Zgbx
ijyfuo� f_lh^h\� ebg_cghc� Ze]_[ju� h[_ki_qb\Z_l� agZqbl_evgmx
Ze]hjblfbq_kdmx� h[sghklv�� Z� jZajZ[hlZggu_� Ze]hjblfbq_kdb_
deZkku� fh]ml� bkihevah\Zlvky� dZd� \� dZq_kl\_� klZg^Zjlguo
ijh]jZffguo�kj_^kl\�ihklZgh\db�b�j_r_gby�ebg_cguo�aZ^Zq��lZd�b
\� dZq_kl\_� bgkljmf_glZjby� ^ey� bo� ^Zevg_cr_]h� jZa\blby�
Ijh]jZffbjh\Zgb_�f_lh^h\�nZdlhjbaZpbb� k\h^blky� d� ihkljh_gbx
qZklguo� Ze]hjblfbq_kdbo� deZkkh\�� gZke_^m_fuo� hl� Z[kljZdlgh]h

deZkkZ� )DFWRUL]DWLRQ$OJRULWKP�� b� j_ZebaZpbb� f_lh^h\
dhgkljmbjh\Zgby� fZljbqguo� ij_h[jZah\Zgbc�� mqZkl\mxsbo� \
dhgdj_lguo�\b^Zo�nZdlhjbaZpbb�

I_j_c^_f� d� jZkkfhlj_gbx� dhgdj_lguo� deZkkh\� Ze]hjblfh\
nZdlhjbaZpbb�



���

���H[t_dlgZy�deZkkbnbdZpby�f_lh^h\

nZdlhjbaZpbb

Ke_^my� jZa\blhfm� HHI�� f_lh^u� fZljbqghc� nZdlhjbaZpbb
[m^_f� jZkkfZljb\Zlv� dZd� h[t_dlu� p_ehklghc� deZkkbnbdZpbhgghc
b_jZjobb�� ihjh`^Z_fhc� Ze]hjblfbq_kdbf� kmi_jdeZkkhf

)DFWRUL]DWLRQ$OJRULWKP�� Gb`_� ijb\_^_gZ� \hafh`gZy� h[t_dlgZy
deZkkbnbdZpby�f_lh^h\�nZdlhjbaZpbb��ij_^klZ\eyxsZy�gZb[he__
\Z`gu_�]jmiiu�f_lh^h\�b�hljZ`ZxsZy�f_lh^heh]bq_kdmx�h[sghklv
\� ih^oh^Zo�� j_Zebam_fuo� bfb� �jbk������ Ba�aZ� djZldhklb� \� g__� g_
[ueb�\dexq_gu�\_l\b�Ze]hjblfh\��ZgZeh]bqgu_�m`_�bf_xsbfky��<
hkgh\_� ^Zgghc� deZkkbnbdZpbb� e_`bl� ijbgpbi� ZgZebaZ� lbih\
fZljbp� �we_f_glZjguo� beb� h[sbo��� d� dhlhjuf� ijb\h^bl� lhl� beb

bghc�f_lh^�nZdlhjbaZpbb�
<_jrbghc� ^Zgghc� b_jZjobb� y\ey_lky� deZkk

)DFWRUL]DWLRQ$OJRULWKP�� ij_^klZ\eyxsbc� g_dhlhjuc� h[h[s_gguc
Ze]hjblf� nZdlhjbaZpbb�� Z� lZd`_� hij_^_eyxsbc� b� qZklbqgh
j_Zebamxsbc� _]h� hl^_evgu_� dhfihg_glu�� Ke_^mxsbc� mjh\_gv

b_jZjobb� aZgbfZxl� deZkku� /8$OJRULWKP�� /'8$OJRULWKP�

*DXVV-RUGDQ$OJRULWKP�� 2UWKRJRQDO)DFWRUL]DWLRQ$OJRULWKP� b

6\PPHWULF)DFWRUL]DWLRQ$OJRULWKP�� dZ`^uc� ba� dhlhjuo� h[h[sZ_l
]jmiiu� f_lh^h\�� khhl\_lkl\mxsbo� hij_^_e_gguf� lbiZf
jZaeh`_gbc�

••���)DFWRUL]DWLRQ$OJRULWKP
••���/8$OJRULWKP

••���/85RZ8S$OJRULWKP
••���/85RZ'RZQ$OJRULWKP
••���/8&ROXPQ8S$OJRULWKP
••���/8&ROXPQ'RZQ$OJRULWKP

••���/'8$OJRULWKP
••���*DXVV-RUGDQ$OJRULWKP
••���2UWKRJRQDO)DFWRUL]DWLRQ$OJRULWKP

••���45)DFWRUL]DWLRQ$OJRULWKP
••���+RXVHKROGHU45$OJRULWKP
••���*LYHQV45$OJRULWKP

••���/4)DFWRUL]DWLRQ$OJRULWKP
••���6LQJXODU$OJRULWKP
••���3RODU$OJRULWKP
••���6\PPHWULF)DFWRUL]DWLRQ$OJRULWKP

••���//7&KROHVN\$OJRULWKP
••���/'/7&KROHVN\$OJRULWKP
••���2UWKRJRQDO6\PPHWULF)DFWRUL]DWLRQ$OJRULWKP

••���-DFREL45$OJRULWKP
••���7DNDJL$OJRULWKP

Jbk�����H[t_dlgZy�deZkkbnbdZpby�f_lh^h\�fZljbqghc�nZdlhjbaZpbb



���

:[kljZdlguc� deZkk� /8$OJRULWKP� hij_^_ey_l� ]jmiim� f_lh^h\�
ijb\h^ysbo�d�jZaebqguf�nhjfZf�/8�jZaeh`_gby

A L U= × �
\� dhlhjhf� L �²�gb`g_��� Z� U �²�\_jog_lj_m]hevgZy� fZljbpZ�
AZf_lbf�� qlh� j_amevlZlhf� ijbf_g_gby� f_lh^h\� ^Zggh]h� deZkkZ
fh]ml�[ulv� b� dhfihabpbb� we_f_glZjguo�fZljbp�� khhl\_lkl\mxsb_
hl^_evguf� lj_m]hevguf� nZdlhjZf�� <hh[s_� ]h\hjy�� ih^h[gu_
ij_^klZ\e_gby� hlebqZxlky� hl� deZkkbq_kdh]h� \ZjbZglZ� /8�
jZaeh`_gby�� Kms_kl\_gguf� y\ey_lky� ebrv� lh�� qlh� kihkh[
dhfihabpbb� we_f_glZjguo� fZljbp� \� dhg_qghf� blh]_� hij_^_ey_l
bf_ggh� lZdmx�nhjfm� jZaeh`_gby��JZkkfhljbf� dhgdj_lgu_� deZkku
f_lh^h\�/8�jZaeh`_gby��gZke_^m_fu_�hl�^Zggh]h�

DeZkk� /8&ROXPQ'RZQ$OJRULWKP� hij_^_ey_l� gZb[he__
jZkijhkljZg_ggmx� fh^bnbdZpbx� /8�jZaeh`_gby�� Kmlv� f_lh^Z
khklhbl�\�ihke_^h\Zl_evghf�h[gme_gbb�g_gme_\uo� we_f_glh\� ih^
]eZ\ghc�^bZ]hgZevx�ih� klhe[pZf��K�fZl_fZlbq_kdhc� lhqdb� aj_gby
f_lh^� aZdexqZ_lky� \� ihke_^h\Zl_evghf� mfgh`_gbb� bkoh^ghc
fZljbpu�gZ�we_f_glZjgmx�gb`g_�klhe[ph\mx�fZljbpm�Njh[_gbmkZ

)UREHQLXV&ROXPQ'RZQ0DWUL[� kijZ\Z�� \� j_amevlZl_� q_]h
nhjfbjm_lky�\_jog_lj_m]hevgZy�fZljbpZ��<�fZljbqghc�aZibkb�N�uc
rZ]�Ze]hjblfZ�bf__l�\b^

A F Ak k k+ = ×1 �

]^_� A k �²�nZdlhjbam_fZy� fZljbpZ�� Fk �²�fZljbpZ� nZdlhjbaZpbb�

We_f_glu� g_gme_\h]h� N�h]h� klhe[pZ� fZljbpu� nZdlhjbaZpbb� f k

dhgkljmbjmxlky�ke_^mxsbf�h[jZahf�
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N N

N N

Q N

N N
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D

D

D

D
= − −













+ −
� � �
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�

<ujZ`_gb_� ^ey� nZdlhjbah\Zgghc� fZljbpu� ijbh[j_lZ_l
hdhgqZl_evguc�\b^

( )$ ) ) 8 / 8= × × × = ×−
−

Q � �
�

��� �

H[km^bf� ijh]jZffgmx� j_ZebaZpbx� f_lh^h\�nZdlhjbaZpbb� gZ

ijbf_j_� deZkkZ� /8&ROXPQ'RZQ$OJRULWKP�� <� dhgdj_lghf� deZkk_
h[yaZgu� [ulv� hij_^_e_gu� \k_� f_lh^u�� h[ty\e_ggu_� qbklh
\bjlmZevgufb� \� jh^bl_evkdbo� deZkkZo�� I_j_qbkebf� f_lh^u

[Zah\uo� Ze]hjblfbq_kdbo� deZkkh\� 'LUHFW$OJRULWKP�

)DFWRUL]DWLRQ$OJRULWKP�� dhlhju_� ke_^m_l� � j_Zebah\Zlv� \� deZkk_

/8&ROXPQ'RZQ$OJRULWKP�
Ij_`^_�\k_]h��f_lh^�*HW1XPEHU2I6WHS�����hij_^_eyxsbc�qbkeh

rZ]h\� Ze]hjblfZ�� ^he`_g� \ha\jZsZlv� agZq_gb_� Q±��� ]^_� Q�²
�jZaf_jghklv�nZdlhjbam_fhc�d\Z^jZlghc�fZljbpu��GZ�dZ`^hf�rZ]_
Ze]hjblfZ� ijbf_gy_lky� h^gh� ij_h[jZah\Zgb_�� b� f_lh^



���

*HW1XPEHU2I7UDQVIRUP�,QGH[�VWHS��\ha\jZsZ_l����<�dZq_kl\_�fZljbp
nZdlhjbaZpbb� bkihevamxlky� gb`gb_� klhe[ph\u_� fZljbpu
Njh[_gbmkZ�� dhlhju_� ijbf_gyxlky� ke_\Z�� ihwlhfm� f_lh^
6LGH2I7UDQVIRUP�,QGH[� VWHS�� ,QGH[� M�� \ha\jZsZ_l� agZq_gb_� 7/HIW�� Z
f_lh^� &RQVWUXFW7UDQVIRUP�,QGH[� VWHS�� ,QGH[� M�� dhgkljmbjm_l
g_h[oh^bfmx� we_f_glZjgmx� fZljbpm� ij_h[jZah\Zgby� \
khhl\_lkl\bb�k�ijb\_^_gguf�ijZ\behf�b�\ha\jZsZ_l�mdZaZl_ev�gZ
g__�
0DWUL[�/8&ROXPQ'RZQ$OJRULWKP��&RQVWUXFW7UDQVIRUP��,QGH[�VWHS��,QGH[�M��^

)UREHQLXV&ROXPQ'RZQ0DWUL[�I QHZ�)UREHQLXV&ROXPQ'RZQ0DWUL[�$�VWHS��
UHWXUQ�I�

`
<� ^Zgghf� f_lh^_�� dZd� b� \� [hevrbgkl\_� ^jm]bo� f_lh^h\

nZdlhjbaZpbb�� qbkeh� hklZ\rboky� rZ]h\� kh\iZ^Z_l� k� ihjy^dhf
Zdlb\ghc� fh^bnbpbjm_fhc� ih^fZljbpu�� ihwlhfm� ijhp_^mjhc
$FWLYH6XE0DWUL[�,QGH[� VWHS�� \ha\jZsZ_lky� [ehd�� khhl\_lkl\mxsbc
rZ]m�Ze]hjblfZ��GZdhg_p��f_lh^�&RQVWUXFW5HPDLQGHU����dhgkljmbjm_l
\_jog_lj_m]hevgmx� fZljbpm�� d� dhlhjhc� [ueZ� ijb\_^_gZ� bkoh^gZy
fZljbpZ�\�j_amevlZl_�ijbf_g_gby�\k_o�ij_h[jZah\Zgbc�

GZ[hj� ^Zgguo� f_lh^h\� y\ey_lky� ^hklZlhqguf� ^ey
nZdlhjbaZpbb� ijhba\hevghc� fZljbpu� k� bkihevah\Zgb_f
h[h[s_gghc�f_lh^bdb�5XQ�0DWUL[	�PDWUL[��&RPSRVLWLRQ	�FRPSRVLWLRQ�

deZkkZ� )DFWRUL]DWLRQ$OJRULWKP�� Hkgh\guf� fhf_glhf� hibkZgghc
mgbnbpbjh\Zgghc� j_ZebaZpbb� f_lh^h\� nZdlhjbaZpbb� y\ey_lky
ihkljh_gb_�we_f_glZjguo�ij_h[jZah\Zgbc��ihwlhfm�\�^Zevg_cr_f
h]jZgbqbfky�bf_ggh�wlbf�Zki_dlhf�

DeZkk� /85RZ'RZQ$OJRULWKP�²�Ze]hjblfbq_kdbc� \ZjbZgl� /8�
jZaeh`_gby� ih� kljhdZf�� Kmlv� f_lh^Z� aZdexqZ_lky� \
ihke_^h\Zl_evghf� h[gme_gbb� g_gme_\uo� we_f_glh\� ih^� ]eZ\ghc
^bZ]hgZevx�ih�kljhdZf��gZqbgZy�k�ihke_^g_c��>Zgguc�f_lh^�bf__l
^\Z� hkgh\guo� hlebqby� hl� ij_^u^ms_]h�� <h�i_j\uo�� baf_g_g
ihjy^hd�nZdlhjbaZpbb�bkoh^ghc�fZljbpu

A A Fk k k+ = ×1 �

<h�\lhjuo�� \� dZq_kl\_� fZljbpu� nZdlhjbaZpbb� gZ� N�hf� rZ]_
ijbf_gy_lky� gb`g_�kljhqgZy� fZljbpZ� Njh[_gbmkZ� Fk � deZkkZ

)UREHQLXV5RZ'RZQ0DWUL[�k�g_gme_\hc��Q±N±���hc�kljhdhc

IQ N
Q N

Q N Q N

Q N Q N

Q N Q N

D

D

D

D− −
− −

− −

− − − −

− −
= − −
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NZdlhjbah\ZggZy�fZljbpZ�ijbh[j_lZ_l�hdhgqZl_evguc�\b^

( )$ 8 ) ) 8 /= × × × = ×−
−

� �
�

��� Q �

DeZkk�/8&ROXPQ8S$OJRULWKP�hij_^_ey_l�\ZjbZgl�klhe[ph\h]h
/8�jZaeh`_gby�� \� dhlhjhf� gZ� dZ`^hf� N�hf� rZ]_� bkihevam_lky



���

\_jogyy� klhe[ph\Zy� fZljbpZ� Njh[_gbmkZ� Fk � deZkkZ

)UREHQLXV&ROXPQ8S0DWUL[��k�g_gme_\uf��Q±N����uf�klhe[phf

IQ N
Q N

Q N Q N

Q N Q N

Q N Q N
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D− −
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Ihjy^hd� ^Zgghc� nZdlhjbaZpbb� e_\hklhjhggbc�� dhg_qguc� \b^
jZaeh`_gby�\ujZ`Z_lky�nhjfmehc

( )$ ) ) / 8 /= × × × = ×−
−

� �
�

��� Q �

DeZkk� /85RZ8S$OJRULWKP� j_Zebam_l� \ZjbZgl� kljhqgh]h� /8�
jZaeh`_gby�� \� dhlhjhf� gZ� N�hf� rZ]_� \� dZq_kl\_� fZljbpu
nZdlhjbaZpbb�ijbf_gy_lky�\_jogyy�kljhqgZy�fZljbpZ�Njh[_gbmkZ

)UREHQLXV5RZ8S0DWUL[�k�g_gme_\hc�N�hc�kljhdhc
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Ihjy^hd� ^Zgghc� nZdlhjbaZpbb� ijZ\hklhjhggbc�� dhg_qguc� \b^
jZaeh`_gby�hij_^_ey_lky�nhjfmehc

( )$ / ) ) / 8= × × × = ×−
−

� �
�

��� Q �

:e]hjblfu� deZkkZ� /'8$OJRULWKP� j_Zebamxl� \ZjbZglu� /8�
jZaeh`_gby�� \� dhlhjuo� jZaebqgu_� \b^u� fZljbp� Njh[_gbmkZ

q_j_^mxlky�k�fZkrlZ[bjmxsbfb�fZljbpZfb�lbiZ�6FDOLQJ0DWUL[��<
dZq_kl\_�ijbf_jZ�dhgdj_lguo�f_lh^h\�^Zggh]h�deZkkZ�jZkkfhljbf
Ze]hjblf� gb`g_c� klhe[ph\hc� nZdlhjbaZpbb

/'8&ROXPQ'RZQ$OJRULWKP�� >Zgguc� f_lh^� ijh\h^bl� jZaeh`_gb_
\b^Z

$ ' ) ' ) ' 8= × × × × × ×− − −
−� ��� �Q Q Q� � � � �
� �

GZ�dZ`^hf�N�hf�rZ]_�f_lh^Z�ijbf_gy_lky�^\Z�ij_h[jZah\Zgby� Fk �

D k �� khhl\_lkl\mxsb_� gb`g_�klhe[ph\hc� fZljbp_� Njh[_gbmkZ

)UREHQLXV&ROXPQ'RZQ0DWUL[�k�g_gme_\uf�N�uf�klhe[phf�\b^Z
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b� fZkrlZ[bjmxs_c� fZljbp_� deZkkZ� 6FDOLQJ0DWUL[� k� ]eZ\guf

we_f_glhf� d ak k
k k

,
,

= 1 �� <� j_amevlZl_� ijbf_g_gby� \k_o

ij_h[jZah\Zgbc� ihemqZ_lky� \_jog_lj_m]hevgZy� fZljbpZ� k
_^bgbqghc�]eZ\ghc�^bZ]hgZevx�U �

<� deZkk�/'8$OJRULWKP�fh]ml�[ulv� \dexq_gu� lZd`_� Ze]hjblfu

/'85RZ8S$OJRULWKP�� /'85RZ'RZQ$OJRULWKP� b

/'8&ROXPQ8S$OJRULWKP�� jZaebqZxsb_ky� lbiZfb� ijbf_gy_fuo
ij_h[jZah\Zgbc� Njh[_gbmkZ� b� kihkh[Zfb� ^_ckl\by� bfb�� >ZggZy
]jmiiZ� Ze]hjblfh\� iheghklvx� ZgZeh]bqgZ� jZkkfhlj_gghc� \ur_

]jmii_�/8$OJRULWKP�



���

:e]hjblfu�� ij_^klZ\e_ggu_� \� b_jZjobb� deZkkhf

*DXVV-RUGDQ$OJRULWKP�� j_Zebamxl� jZaebqgu_� \ZjbZglu� f_lh^Z
=ZmkkZ±@hj^ZgZ�� <� oh^_� ijh\_^_gby� ^Zggh]h� jZaeh`_gby
h^gh\j_f_ggh� bkdexqZxlky� \k_� \g_^bZ]hgZevgu_� we_f_glu
l_dms_c� kljhdb� beb� klhe[pZ�� Blh]hf� ij_h[jZah\Zgbc� y\ey_lky
^bZ]hgZevgZy�fZljbpZ��GZb[he__�rbjhdh�ijbf_gy_lky�klhe[ph\uc

\ZjbZgl� ^Zggh]h� Ze]hjblfZ�²�*DXVV-RUGDQ&ROXPQ$OJRULWKP�
NZdlhjbaZpby� fZljbpu� \� ^Zgghf� f_lh^_� ijhba\h^blky� ke_\Z� k
bkihevah\Zgb_f� we_f_glZjghc� klhe[ph\hc� fZljbpu� Njh[_gbmkZ

deZkkZ�)UREHQLXV&ROXPQ0DWUL[��HdhgqZl_evgZy�nhjfZ�jZaeh`_gby
bf__l�\b^

( )$ ) ) '= × × ×−

−

Q � �
�

��� �

\� dhlhjhf� fZljbpZ� Njh[_gbmkZ� Fk � hij_^_ey_lky� g_gme_\uf

klhe[phf
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Z�D �y\ey_lky�j_amevlbjmxs_c�^bZ]hgZevghc�fZljbp_c�

DeZkk� 2UWKRJRQDO)DFWRUL]DWLRQ$OJRULWKP� h[h[sZ_l� f_lh^u
nZdlhjbaZpbb�� bkihevamxsb_� hjlh]hgZevgu_� ij_h[jZah\Zgby�
F_lh^u� ^Zggh]h� deZkkZ� rbjhdh� ijbf_gyxlky� dZd� ijb� j_r_gbb
ki_dljZevguo�aZ^Zq��lZd�b�ijb�j_r_gbb�KE:M��<�kbem�hkh[_gghkl_c
hjlh]hgZevguo�ij_h[jZah\Zgbc�� k\yaZgguo� k� khojZg_gb_f� ki_dljZ
fZljbpu� b� ijhklhlhc� h[jZs_gby� kZfbo� hjlh]hgZevguo� fZljbp�
^Zggu_�f_lh^u�\u^_e_gu�\�hl^_evgmx�deZkkbnbdZpbhggmx�\_l\v�
<� g_c� ij_^klZ\e_gu� ^\_� ]jmiiu� Ze]hjblfh\

45)DFWRUL]DWLRQ$OJRULWKP� b� /4)DFWRUL]DWLRQ$OJRULWKP�
j_Zebamxsb_�45��b�/4�nZdlhjbaZpbx�

DeZkk� 45)DFWRUL]DWLRQ$OJRULWKP� h[h[sZ_l� ]jmiim
hjlh]hgZevguo�f_lh^h\�� ijb\h^ysbo� � d�^_dhfihabpbb�fZljbpu�gZ
hjlh]hgZevgmx�Q �b�\_jog_lj_m]hevgmx�R

A Q R= × �

DeZkk� 45+RXVHKROGHU$OJRULWKP� ij_^klZ\ey_l� dhgdj_lguc
Ze]hjblf� 45�nZdlhjbaZpbb� k� bkihevah\Zgb_f� ij_h[jZah\Zgby
OZmkohe^_jZ�� >Zgguc� f_lh^� aZdexqZ_lky� \� ihke_^h\Zl_evghf
h[gme_gbb� klhe[ph\�ih^� ]eZ\ghc�^bZ]hgZevx�iml_f� mfgh`_gby�__
ke_\Z� gZ� we_f_glZjgmx� fZljbpm� OZmkohe^_jZ� lbiZ

+RXVHKROGHU0DWUL[��>Zgguc�Ze]hjblf�\�fZljbqguo�l_jfbgZo�bf__l
\b^

( )$ + + 5= × × ×−
−

Q � �
�

��� �

]^_�we_f_glZjgZy�fZljbpZ�OZmkohe^_jZ� H k �gZ�N�hf�rZ]_�kljhblky

ke_^mxsbf�h[jZahf�
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D V D D= − + −� � � ������ � � ������ � � �

� s a ak k k i k
i k

n

= − ∗
=

−

∑sgn( ), ,
2

1

��µ k k k k ks a s= − ∗1 2
, �

DeZkk�45*LYHQV$OJRULWKP�j_Zebam_l�hjlh]hgZevguc�f_lh^�45�
jZaeh`_gby�� bkihevamxsbc� \jZs_gby� =b\_gkZ�� >Zgguc� f_lh^
hkms_kl\ey_l�ihwe_f_glgh_�bkdexq_gb_� \� ih^^bZ]hgZevghc� qZklb
fZljbpu�� ihwlhfm� gZ� dZ`^hf� rZ]_� ijbf_gy_lky� p_eZy� k_jby

ij_h[jZah\Zgbc� =b\_gkZ� deZkkZ� *LYHQV5RWDWLRQ0DWUL[�� F_lh^
bkihevam_l� \k_]h� n n*( )− 1 2 � ij_h[jZah\Zgbc� b� ijb\h^bl� d

\_jog_lj_m]hevghc�fZljbp_

( )$ * * * * * * 5= × × × × × × × ×− − − − − − −

−

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

� � � � � ���� ��� �

]^_�fZljbpZ�=b\_gkZ�G i j, �\u[bjZ_lky�ke_^mxsbf�h[jZahf�

cos ,Θ = ai i

γ �� sin ,Θ = a j j

γ �� γ = +a ai i i j, ,
2 2 �

;ebadbc� deZkk� 45-DFREL$OJRULWKP� hkms_kl\ey_l� 45�
nZdlhjbaZpbx�kbff_ljbqghc�fZljbpu�k�ihfhsvx�ij_h[jZah\Zgbc

\jZs_gby�Ydh[b�deZkkZ�-DFREL5RWDWLRQ0DWUL[�

Ih^h[gh� deZkkZf� 45)DFWRUL]DWLRQ$OJRULWKP� fh`_l� [ulv

hj]Zgbah\Zgh� k_f_ckl\h� deZkkh\� /4)DFWRUL]DWLRQ$OJRULWKP�
\dexqZxs__� hjlh]hgZevgu_� f_lh^u� ^_dhfihabpbb� fZljbpu� gZ
gb`g_lj_m]hevgmx��b�hjlh]hgZevgmx�fZljbpu

A L Q= × �

<Z`guc� deZkk� Ze]hjblfh\� 6\PPHWULF)DFWRUL]DWLRQ$OJRULWKP
khklZ\eyxl� Ze]hjblfu� nZdlhjbaZpbb� kbff_ljbqguo� fZljbp�
<u^_e_gb_� \� hl^_evgmx� deZkkbnbdZpbhggmx� \_l\v� k\yaZgh� kh
k\hckl\hf� kbff_ljbb�� h]jZgbqb\Zxsbf� bo� ijbf_g_gb_� \� kemqZ_
ijhba\hevguo� fZljbp�� AZf_lbf�� qlh� ^ey� nZdlhjbaZpbb
kbff_ljbqguo� fZljbqguo� h[t_dlh\� fh]ml� bkihevah\Zlvky� b
ijb\_^_ggu_� \ur_� mgb\_jkZevgu_� Ze]hjblfu�� >ey� wlh]h
^hklZlhqgh� ij_h[jZah\Zlv� kbff_ljbqguc� fZljbqguc� h[t_dl� d

h^ghfm�ba�h[sbo�fZljbqguo�lbih\�deZkkZ�0DWUL[�

DeZkk�//7&KROHVN\$OJRULWKP�j_Zebam_l�jZaeh`_gb_�Ohe_pdh]h�
<�oh^_�ijh\_^_gby�jZaeh`_gby�gZ�dZ`^hf�N�hf�rZ]_�bkdexqZxlky
we_f_glu�N�hc�kljhdb�b�N�h]h�klhe[pZ��kbff_ljbqghc�fZljbpu��>ey
wlh]h�bkoh^gZy�fZljbpZ�mfgh`Z_lky�gZ�fZljbpm�Njh[_gbmkZ�ke_\Z
b� kijZ\Z�� <� j_amevlZl_� ij_h[jZah\Zgbc� fZljbpZ� ijb\h^blky� d
_^bgbqghc�� FZl_fZlbq_kdb� ^ZggZy� nZdlhjbaZpby� aZibku\Z_lky� \
\b^_

��) ) $ ) ) ,Q
7

Q
7

− −× × × × × × =� � � ���� ��� �
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k
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−

∑ 2

0

1
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Hkgh\gh_�hlebqb_�^Zggh]h�f_lh^Z�hl�ij_^u^msbo�aZdexqZ_lky
\� ijbf_g_gbb� ^\moklhjhggbo� ij_h[jZah\Zgbc� d� kbff_ljbqghc

fZljbp_�� DeZkk� /'/7&KROHVN\$OJRULWKP� ij_^klZ\ey_l� h^gm� ba
fh^bnbdZpbc�jZaeh`_gby�Ohe_pdh]h

A L D L= × × T �
\� dhlhjhf� j_amevlbjmxsZy� fZljbpZ� D � ^bZ]hgZevgZ�� Z
gb`g_lj_m]hevgZy�fZljbpZ�L �bf__l�_^bgbqgmx�^bZ]hgZev�

Ijb\_^_ggu_� \ur_� Ze]hjblfu� khklZ\eyxl� deZkku� gZb[he__
ihimeyjguo� f_lh^h\� nZdlhjbaZpbb�� gZr_^rbo� rbjhdh_
ijbf_g_gb_� \� fgh]hqbke_gguo� ijbeh`_gbyo�� LsZl_evgh_
i_j_qbke_gb_� f_lh^h\� nZdlhjbaZpbb� bf_eh� p_evx� ihdZaZlv
\hafh`ghklb�mgbnbpbjh\Zggh]h�fZl_fZlbq_kdh]h�ij_^klZ\e_gby�bo
\� \b^_� dhfihabpbc� we_f_glZjguo� fZljbqguo� ij_h[jZah\Zgbc� b
^hdZaZlv� h[sghklv� ij_^eh`_ggh]h� HHI� d� ijh]jZffbjh\Zgbx
ijyfuo� f_lh^h\�� hibjZxs_]hky� gZ� ^Zggh_� ij_^klZ\e_gb_�� <
h[t_dlgmx� deZkkbnbdZpbx� fh]eb� [u� [ulv� \dexq_gu� b� fgh]b_
^jm]b_� f_lh^u�� \� qZklghklb�� f_lh^u� nZdlhjbaZpbb
dhfie_dkghagZqguo� fZljbp� >�@�� <hafh`ghklv� jZkrbj_gby
deZkkbnbdZpbb�nhjfZevgh�h[hagZq_gZ�\\_^_gb_f�^hihegbl_evguo

deZkkh\� Ze]hjblfh\� kbg]meyjgh]h� jZaeh`_gby� 6LQJXODU$OJRULWKP�

jZaeh`_gby� LZdZ]b� 7DNDJL$OJRULWKP�� iheyjgh]h� jZaeh`_gby

3RODU$OJRULWKP�

���AZdexq_gb_

LZdbf� h[jZahf�� ij_^eh`_g�HHI� d� ijh]jZffbjh\Zgbx� ijyfuo
f_lh^h\� ebg_cghc� Ze]_[ju� k� bkihevah\Zgb_f� l_ogheh]bb
we_f_glZjguo� fZljbp�� Ih^oh^� hibjZ_lky� gZ� _^bgh_
fZl_fZlbq_kdh_�ij_^klZ\e_gb_�ijyfuo�f_lh^h\�\�\b^_�dhfihabpbc
we_f_glZjguo� b� keh`guo� fZljbqguo� ij_h[jZah\Zgbc� b
aZdexqZ_lky� \� h[h[s_gghc� j_ZebaZpbb� f_lh^h\� dZd� h[t_dlh\
_^bghc� Ze]hjblfbq_kdhc� deZkkbnbdZpbb� k� bkihevah\Zgb_f
ba\_klguo� h[t_dlguo� iZjZ^b]f�� Ij_^eZ]Z_fuc� ih^oh^
h[_ki_qb\Z_l� agZqbl_evgmx� Ze]hjblfbq_kdmx� h[sghklv� b
\hafh`ghklv� mgbnbpbjh\Zgghc� j_ZebaZpbb� rbjhdbo� deZkkh\



���

Ze]hjblfh\�ebg_cghc�Ze]_[ju��\dexqZy�keh`gu_�dhf[bgbjh\Zggu_
Ze]hjblfbq_kdb_�ko_fu�k�bkihevah\Zgb_f�f_lh^h\�ihbkdZ�]eZ\gh]h
we_f_glZ��f_lh^h\�kljmdlmjbaZpbb�b�fbgbfbaZpbb�aZiheg_gby�

Ih^oh^� Zijh[bjh\Zg� ijb� ijZdlbq_kdhc� j_ZebaZpbb
fZl_fZlbq_kdhc� [b[ebhl_db� >�@� gZ� yaud_� Kb���� JZajZ[hlZggu_
fZljbqgu_�� Ze]hjblfbq_kdb_� b� ijh[e_fgu_� deZkku� [b[ebhl_db
fh]ml�bkihevah\Zlvky�\� dZq_kl\_�ijh]jZffguo�kj_^kl\�ihklZgh\db
b� j_r_gby� klZg^Zjlguo� aZ^Zq� ebg_cghc� Ze]_[ju�� Z� lZd`_� \
dZq_kl\_� fhsgh]h� bgkljmf_glZjby� ^ey� bo� ^Zevg_cr_]h
jZkrbj_gby��fh^bnbdZpbb�b�Z^ZilZpbb� d� dhgdj_lguf� ijbdeZ^guf
ijh[e_fZf�

JZ[hlZ� ih^^_j`ZgZ� Jhkkbckdbf� Nhg^hf� nmg^Zf_glZevguo
bkke_^h\Zgbc��]jZgl���±��±�������

EBL?J:LMJ:

���<h_\h^bg�<�<��Ebg_cgZy�Ze]_[jZ��²�F���GZmdZ�������
���Lujlurgbdh\�?�?�� ;ehqgu_� Ze]hjblfu� ebg_cghc� Ze]_[ju�� ��

<uqbkebl_evgu_�ijhp_kku�b�kbkl_fu��\ui�����²�F���GZmdZ�������
k���±���
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���K_f_gh\�<�:�� H[� h[t_dlgh�hjb_glbjh\Zgghf� ih^oh^_� d
jZajZ[hld_�qbke_ggh]h�fZl_fZlbq_kdh]h�h[_ki_q_gby�����<hijhku
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