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H;T?DLGH�HJB?GLBJH<:GGH?

IJH=J:FFBJH<:GB?�D<:>J:LMJGUO

F?LH>H<

<�:��K_f_gh\��K�<��Fhjhah\

<� klZlv_� bkke_^mxlky� \hafh`ghklb� ijbf_g_gby� h[t_dlgh]h
ih^oh^Z� d�ijh]jZffbjh\Zgbx� d\Z^jZlmjguo�f_lh^h\��Ijh\h^blky
h[t_dlguc� ZgZeba� aZ^Zq� b� f_lh^h\� qbke_ggh]h� bgl_]jbjh\Zgby
nmgdpbc��Kljhblky�_^bgZy�h[t_dlgZy�deZkkbnbdZpby��\dexqZxsZy
rbjhdb_� k_f_ckl\Z� d\Z^jZlmjguo� nhjfme�� Ze]hjblfh\
bgl_]jbjh\Zgby�� ihebghfh\� b� hljZ`ZxsZy� h[smx� f_lh^heh]bx
dhgkljmbjh\Zgby� d\Z^jZlmjguo� f_lh^h\� k� bkihevah\Zgb_f
deZkkbq_kdbo�fgh]hqe_gh\��H[km`^Zxlky�\hijhku�ijh_dlbjh\Zgby
b�j_ZebaZpbb�[b[ebhl_db�deZkkh\�^ey�qbke_ggh]h�bgl_]jbjh\Zgby
nmgdpbc� gZ� hkgh\_� jZa\blh]h� ih^oh^Z�� Hkgh\gu_� h[t_dlgu_
iZjZ^b]fu� ijh]jZffbjh\Zgby� d\Z^jZlmjguo� f_lh^h\
beexkljbjmxlky�ijbf_jZfb�gZ�yaud_�Kb���

���<\_^_gb_

F_lh^u� qbke_ggh]h� bgl_]jbjh\Zgby� nmgdpbc� b]jZxl� \Z`gmx
jhev� dZd� \� kZfhc� \uqbkebl_evghc� fZl_fZlbd_�� lZd� b� \� __
fgh]hqbke_gguo� ijbeh`_gbyo� >�±�@�� Kms_kl\mxsb_� iZd_lu
ijh]jZff� ^ey� j_r_gby� ^Zggh]h� deZkkZ� aZ^Zq� >�±�@� gZibkZgu� gZ
ijhp_^mjgh�hjb_glbjh\Zgguo� yaudZo� b� g_� m^h\e_l\hjyxl � lj_�
[h\Zgbyf�jZkrbjy_fhklb�b�fh^bnbpbjm_fhklb ��ij_^ty\ey_fuf�\
gZklhys__� \j_fy� d� fZl_fZlbq_kdhfm� h[_ki_q_gbx� >����@�
Hij_^_e_gguc� l_hj_lbq_kdbc� b� ijZdlbq_kdbc� bgl_j_k� \� k\yab� k
wlbf�ijbh[j_lZ_l�ijbf_g_gb_�h[t_dlgh�hjb_glbjh\Zggh]h �ih^oh^Z
�HHI�� d� ijh]jZffbjh\Zgbx � d\Z^jZlmjguo� f_lh^h\�� ihkdhevdm� hg
ij_^hklZ\ey_l�[he__�rbjhdb_�bgkljmf_glZevgu_ �\hafh`ghklb�^ey
jZa\blby� m`_� jZajZ[hlZggh]h� ijh]jZffgh]h� h[_ki_q_gby�
Fhlb\Zpby� gZklhys_c� jZ[hlu� l_f� [he__� m[_^bl_evgZ�� qlh
ba\_klgu_� bkke_^h\Zgby� ho\Zlu\Zxl� \� hkgh\ghf� \hijhku� ijb�
f_g_gby�h[t_dlghc�l_ogheh]bb�d�ijh]jZffbjh\Zgbx �^jm]bo�deZkkh\
\uqbkebl_evguo�aZ^Zq�b��ij_`^_�\k_]h��aZ^Zq�ebg_cghc�Ze]_[ju�b
^bnn_j_gpbZevguo �mjZ\g_gbc�\�qZklguo�ijhba\h^guo�>�@�

Ijh\_^_gguc�h[t_dlguc�ZgZeba�l_hjbb�qbke_gguo�f_lh^h\�>�±
�@�\uy\be�nmg^Zf_glZevgmx �jhev�deZkkbq_kdbo�bgl_jiheypbhgguo
fgh]hqe_gh\� \� ih^oh^Zo�� ijbf_gy_fuo� ijb� qbke_gghf� bgl_]jb�
jh\Zgbb� nmgdpbc�� Ijbq_f� jhev� ihebghfh\� g_� h]jZgbqb\Z_lky
lhevdh� l_hj_lbq_kdbfb� ihkljh_gbyfb� b� khhl\_lkl\mxsbfb � h[hk�



���

gh\Zgbyfb�� Hgb� lZd`_� bkihevamxlky� \� dZq_kl\_� ijZdlbq_kdbo
f_lh^bd� ^ey� dhgkljmbjh\Zgby� d\Z^jZlmjguo�nhjfme�� hj]ZgbaZpbb
Ze]hjblfh\� qbke_ggh]h� bgl_]jbjh\Zgby�� ihemq_gby� g_h[oh^bfuo
hp_ghd� \uqbkebl_evguo� ih]j_rghkl_c�� Ih� kms_kl\m� ex[hc
ijb[eb`Zxsbc� fgh]hqe_g�� ^ey� dhlhjh]h� hij_^_e_gu� ijhp_^mju
bgl_jiheypbb� beb� ZiijhdkbfZpbb� b� kms_kl\m_l� ZgZeblbq_kdZy
i_j\hh[jZagZy��ihjh`^Z_l�p_eh_�k_f_ckl\h�d\Z^jZlmjguo�f_lh^h\�
>Zggh_� h[klhyl_evkl\h� ih[m^beh� gZk� ke_^h\Zlv� mdZaZgghc
f_lh^heh]bq_kdhc�h[sghklb�dZd�ijb�h[t_dlghf�ZgZeba_�� lZd�b�ijb
h[t_dlghf� ijh_dlbjh\Zgbb� jZajZ[Zlu\Z_fh]h� fZl_fZlbq_kdh]h
h[_ki_q_gby�

<� jZa^_e_� �� ijh\h^blky� h[sbc� h[t_dlguc� ZgZeba� aZ^Zq� b
f_lh^h\� qbke_ggh]h� bgl_]jbjh\Zgby� nmgdpbc� b� h[hkgh\u\Z_lky
p_e_khh[jZaghklv� \dexq_gby� deZkkh\� bgl_jiheypbhgguo
fgh]hqe_gh\� \� ijh_dlbjm_fmx� h[t_dlgmx� kbkl_fm�� <� jZa^_e_� �
ijb\h^blky� \hafh`gZy� h[t_dlgZy� deZkkbnbdZpby� ihebghfh\�
\dexqZxsZy� g_h[oh^bfu_� k_f_ckl\Z� bgl_jiheypbhgguo
fgh]hqe_gh\�� <� jZa^_e_� �� h[km`^Zxlky� ba\_klgu_� ih^oh^u� d
hj]ZgbaZpbb� qbke_gguo� f_lh^h\� bgl_]jbjh\Zgby� b� ^Z_lky� bo
h[t_dlgZy� bgl_jij_lZpby�� >Zggu_� f_lh^u� jZkkfZljb\Zxlky� \
dZq_kl\_� h[t_dlh\� Ze]hjblfbq_kdh]h� kmi_jdeZkkZ�� j_Zebamxs_]h
h[h[s_gguc� bl_jZpbhgguc� \uqbkebl_evguc� ijhp_kk�� JZa^_e� �
ihk\ys_g� \hijhkZf� ihkljh_gby� h[t_dlghc� deZkkbnbdZpbb
d\Z^jZlmjguo�nhjfme�b�__�ijh]jZffghc�j_ZebaZpbb�gZ�yaud_�Kb���

���H[t_dlguc�ZgZeba�aZ^Zq�b�f_lh^h\

bgl_]jbjh\Zgby�nmgdpbc

AZ^ZqZ� � qbke_ggh]h� bgl_]jbjh\Zgby� fh`_l� [ulv� knhjfmeb�
jh\ZgZ� ke_^mxsbf� h[jZahf�� \uqbkeblv� hij_^_e_gguc� bgl_]jZe

f x dx
a

b

( )∫ � ih� agZq_gbyf�nmgdpbb� f k � b� __� ijhba\h^guo� f k
m( ) � \� lhqdZo

[ D E N QN ∈ => � @� � ����� � k� aZ^Zgghc� lhqghklvx� \� jZfdZo� hl\_^_gguo

j_kmjkh\� �dZd� ijZ\beh�� bkihevamxlky� lhevdh� agZq_gby� kZfhc
nmgdpbb��

Kms_kl\mxl� ^\Z� jZaebqguo� ih^oh^Z� d� hj]ZgbaZpbb� f_lh^h\
qbke_ggh]h� bgl_]jbjh\Zgby�� I_j\uc� hkgh\Zg� gZ� ijbf_g_gbb
ba\_klguo�d\Z^jZlmjguo�nhjfme�\b^Z

f x dx w f xk
k

n

a

b

k( ) ( )≈
=

∑∫
1

�

]^_� \_ebqbgu� wk � gZau\Zxlky� \_kZfb�� Z� xk �²�maeZfb� d\Z^jZlmju�

>ey� \u\h^Z� ih^h[guo� nhjfme� ijbf_gy_lky� ijhp_^mjZ
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bgl_jiheypbb� ih^ugl_]jZevghc� nmgdpbb� h^gbf� ba� deZkkbq_kdbo
ihebghfh\� �h[uqgh� fgh]hqe_ghf� EZ]jZg`Z��� i_j\hh[jZagZy
dhlhjh]h�\ujZ`Z_lky�ZgZeblbq_kdb�

<lhjhc� ih^oh^� aZdexqZ_lky� \� g_ihkj_^kl\_gghf� ihkljh_gbb
ihebghfZ� ϕ( )x �� bgl_jihebjmxs_]h� ih^ugl_]jZevgmx� nmgdpbx�

ϕ( ) ( )x f xk k= ��b�\uqbke_gbb�bgl_]jZeZ�ih�ke_^mxs_c�nhjfme_

f x dx x dx b a
a

b

a

b

( ) ( ) ( ) ( )≈ = −∫∫ ϕ Φ Φ �

]^_� Φ( )x �²�i_j\hh[jZagZy� ϕ( )x ��>Zgguc�ih^oh^�qZklh�bkihevam_lky

\� ]_hf_ljbq_kdbo� ijbeh`_gbyo�� \� dhlhjuo� ih^ugl_]jZevgZy
nmgdpby� ij_^klZ\ey_lky� beb� ijb[eb`Z_lky� kieZcgZfb� jZaguo
\b^h\�

H[t_dlguc� ZgZeba� ihklZgh\db� aZ^Zqb� qbke_ggh]h
bgl_]jbjh\Zgby�b� hlf_q_gguo� ih^oh^h\� d� __� j_r_gbx� ijb\h^bl� d
h[t_dlghc� kbkl_f_�� ij_^klZ\bfhc� deZkkhf� kdZeyjguo� nmgdpbc

h^ghc� i_j_f_gghc� 6FDODU8QL9DULDWH)XQFWLRQ� b� qZklguf�� gh

dhgp_ilmZevgh�\Z`guf�deZkkhf�ihebghfh\�3RO\QRPLDO��Ihkdhevdm�\
ijbeh`_gbyo� lj_[m_lky� \uqbkeylv� bgl_]jZeu� b� hl� \_dlhjguo
nmgdpbc�h^ghc�i_j_f_gghc��\�^Zggmx�h[t_dlgmx� kbkl_fm� ke_^m_l

\dexqblv� khhl\_lkl\mxsbc� deZkk� 9HFWRU8QL9DULDWH)XQFWLRQ�� <
^Zevg_cr_f� [m^_f� kqblZlv�� qlh� ^ey� nmgdpbhgZevguo� h[t_dlh\
hij_^_e_gu� hi_jZpbb� \uqbke_gby� agZq_gbc� nmgdpbb�� __
ijhba\h^guo�� bgl_]jZeh\�� Z� lZd`_� ihbkdZ� gme_c� b� wdklj_fmfh\�
<hijhku�ijh_dlbjh\Zgby�b�j_ZebaZpbb�deZkkh\�kdZeyjguo�nmgdpbc
h[km`^Zebkv� gZfb� \� jZ[hl_� >��@�� Ihkdhevdm� ihebghfbZevgu_
h[t_dlu� jZkkfZljb\Zxlky� dZd� qZklgu_� kemqZb�nmgdpbc�� lh� d� gbf
ijbf_gbf� \_kv� j_i_jlmZj� i_j_qbke_gguo� nmgdpbhgZevguo
f_lh^h\�� <f_kl_� k� l_f�� ^ey� ihebghfbZevguo� deZkkh\
^hihegbl_evgh�hij_^_e_gu�g_h[oh^bfu_�ijhp_^mju�ijb[eb`_gbc
�bgl_jiheypbb�b�ZiijhdkbfZpbb��

Kms_kl\_gghc� q_jlhc� ijbf_gy_fh]h� ih^oh^Z� d� ihkljh_gbx
fZl_fZlbq_kdhc� h[t_dlghc� kbkl_fu� >�@� y\ey_lky� \dexq_gb_� \� g__
kZfbo� Ze]hjblfh\� qbke_ggh]h� bgl_]jbjh\Zgby� b� d\Z^jZlmjguo

nhjfme�� h[t_^bgy_fuo� deZkkZfb� ,QWHJUDWLRQ$OJRULWKP� b

4XDGUDWXUH)RUPXOD� khhl\_lkl\_ggh�� B� Ze]hjblfu�� b� d\Z^jZlmju
jZkkfZljb\Zxlky� \� dZq_kl\_� kZfhklhyl_evguo� h[t_dlh\�� mqZkl\m�
xsbo� dZd� \� ihklZgh\d_� bkoh^ghc� aZ^Zqb�� lZd� b� \� f_lh^Zo� __
j_r_gby�

LZdbf� h[jZahf�� hij_^_e_gZ� h[t_dlgZy� kbkl_fZ� ^ey� j_r_gby
aZ^Zq� qbke_ggh]h� bgl_]jbjh\Zgby�� P_gljZevgh_� f_klh� \� g_c
aZgbfZxl� ihebghfbZevgu_� deZkku�� JZkkfhljbf� hkh[_gghklb� bo
j_ZebaZpbb�\�jZfdZo�_^bghc�[b[ebhl_db�
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���;b[ebhl_dZ�ihebghfbZevguo�deZkkh\

Ij_^eZ]Z_fZy� [b[ebhl_dZ� ihebghfh\� y\ey_lky� ^hklZlhqgh
jZa\blhc� kbkl_fhc� Z[kljZdlguo� b� dhgdj_lguo� deZkkh\�� dhlhju_
ij_^klZ\eyxl�deZkkbq_kdb_�k_f_ckl\Z�fgh]hqe_gh\�b�\ujZ`Zxl�bo
nmg^Zf_glZevgu_� fZl_fZlbq_kdb_� b� \uqbkebl_evgu_� k\hckl\Z�
>ZggZy� [b[ebhl_dZ� ij_^gZagZq_gZ� ^ey� jZajZ[hldb� jZaebqguo
ijh]jZffguo� ijbeh`_gbc�� k\yaZgguo�� ij_`^_� \k_]h�� k� j_r_gb_f
aZ^Zq� ijb[eb`_gbc� nmgdpbc�� Z� lZd`_� fgh]bo� ^jm]bo� qbke_gguo
ijh[e_f��dhlhju_�j_^mpbjmxlky�d�gbf��;b[ebhl_dZ�hj]Zgbah\ZgZ�\
\b^_� p_ehklghc� b_jZjobb� nmgdpbhgZevguo� b� ihebghfbZevguo
deZkkh\� �kf��jbk�����\�khhl\_lkl\bb�k�ba\_klgufb� deZkkbnbdZpbhg�
gufb�ijbagZdZfb��ijbgylufb�\�\uqbkebl_evghc�fZl_fZlbd_�>�±�@�

:[kljZdlguc� deZkk� 3RO\QRPLDO�� j_Zebamxsbc� ihgylb_
h[h[s_ggh]h� fgh]hqe_gZ�� y\ey_lky� ijhba\h^guf� hl� deZkkZ

6FDODU8QL9DULDWH)XQFWLRQ�b�gZke_^m_l�hl�g_]h�ke_^mxsb_�\bjlmZev�
gu_�f_lh^u�nmgdpbhgZevguo�h[t_dlh\� f : R R→ �

²�\uqbke_gb_�agZq_gby�nmgdpbb�\�aZ^Zgghc�lhqd_� f x( ) �

²�^bnn_j_gpbjh\Zgb_� �\uqbke_gb_� agZq_gbc� i_j\hc�� \lhjhc
b�Q�hc�ijhba\h^guo� ′ ′′f x f x f xn( ), ( ), ( )( ) ��

²�bgl_]jbjh\Zgb_� f x dx
a

b

( )∫ �

²�ihbkd�gme_c�gZ�aZ^Zgghf�bgl_j\Ze_� f x x a b( ) , [ , ]= ∈0 �

²�ihbkd�wdklj_fmfh\�gZ�aZ^Zgghf�bgl_j\Ze_� extr f
a b[ , ]

�

<uqbke_gb_� agZq_gbc� ihebghfZ� hkms_kl\ey_lky� hi_jZlhjhf
�����h[ty\e_gguf�dZd�qbklh�\bjlmZevguc�f_lh^�Z[kljZdlgh]h�deZkkZ

6FDODU8QL9DULDWH)XQFWLRQ�� >Zgguc� hi_jZlhj� ^he`_g� i_j_�
hij_^_eylvky� \� dZ`^hf� dhgdj_lghf� ihebghfbZevghf� deZkk_�
HklZevgu_�f_lh^u�^himkdZxl�j_ZebaZpbx�m`_�gZ�nmgdpbhgZevghf
mjh\g_�k�bkihevah\Zgb_f�ba\_klguo�qbke_gguo�Ze]hjblfh\��<f_kl_
k� l_f�� fh`_l� hdZaZlvky� p_e_khh[jZaguf� bo� i_j_hij_^_e_gb_� \
qZklguo� ihebghfbZevguo� deZkkZo�� dh]^Z� kms_kl\m_l� \hafh`ghklv
bo� [he__� wnn_dlb\ghc� beb� lhqghc� j_ZebaZpbb�� GZijbf_j�
ijhp_^mju�^bnn_j_gpbjh\Zgby�beb�bgl_]jbjh\Zgby��j_Zebam_fu_
\�nmgdpbhgZevghf� deZkk_� lhevdh� qbke_gguf� h[jZahf��fh]ml� [ulv
i_j_hij_^_e_gu� \� deZkkZo� kl_i_gguo� fgh]hqe_gh\� ZgZeblbq_kdb�
Hkh[_gghklb� ih^h[guo� qZklguo� j_ZebaZpbc� h[km`^Zxlky� \
ke_^mxsbo�ih^jZa^_eZo�
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GZjy^m� k� \ur_i_j_qbke_ggufb� f_lh^Zfb�� bgl_jn_ck� deZkkZ

3RO\QRPLDO�\dexqZ_l�
²�f_lh^u�� hi_jbjmxsb_� k� qbkehf� iZjZf_ljh\� fgh]hqe_gZ� b

hkms_kl\eyxsb_�^hklmi�d�gbf�
²�f_lh^u�bgl_jiheypbb�b�ZiijhdkbfZpbb�

Ihke_^gb_� ]jmiiu� f_lh^h\� ki_pbnbpbjmxl� \uqbkebl_evgu_
ijhp_^mju�dZd�qbklh�\bjlmZevgu_�b�j_Zebamxlky�gZ�gb`gbo�mjh\gyo

••����6FDODU8QL9DULDWH)XQFWLRQ
••����3RO\QRPLDO

••����&DQRQLFDO
••����/LQHDU
••����4XDGUDWLF
••����&XELF
••����4XDUWLF

••����,QWHUSRODWLRQDO
••����,UUHJXODU

••����/DJUDQJH
••����1HZWRQ
••����+HUPLWH

••����8QLIRUP
••����8QLIRUP/DJUDQJH
••����)RUZDUG1HZWRQ
••����%DFNZDUG1HZWRQ
••����*DXVV
••����*DXVV�
••����6WLUOLQJ
••����%HVVHO

••����5RRWHG
••����&KHE\VKHY5RRWHG

••����2UWKRJRQDO6\VWHP
••����&ODVVLFDO

••����+HUPLWH
••����*HQHUDOL]HG/DJXHUUH

••����/DJXHUUH
••����-DFREL

••����&KHE\VKHY�2I�)LUVW��6HFRQG��7KLUG��)RXUWK�.LQG
••����/HJHQGUH�2I�)LUVW��6HFRQG�.LQG
••����*HJHQEDXHU

••����1RQ&ODVVLFDO
••����6SHFLDO

••����%HUQVWHLQ%H]LHU
••����5DWLRQDO
••����)UDFWLRQDO
••����5DWLRQDO%H]LHU

••����7ULJRQRPHWULF
••����)RXULHU

••������6SOLQH
••����/LQHDU6SOLQH
••����&XELF6SOLQH
••����%6SOLQH
••����5DWLRQDO%6SOLQH��185%6�
Jbk�����B_jZjoby�ihebghfbZevguo�deZkkh\
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b_jZjobb� fgh]hqe_gh\�� LZdhc� kihkh[� iha\hey_l� \� gZb[hevr_c
kl_i_gb� k[ebablv� nmgdpbhgZevgu_� bgl_jn_cku� b� l_f� kZfuf
^hklbqv� `_eZ_fhc� mgbnbdZpbb� \� hj]ZgbaZpbb� jh^kl\_gguo
ihebghfbZevguo�deZkkh\�

JZkkfhljbf� djZldh� hkh[_gghklb� j_ZebaZpbb� dhgdj_lguo
ihebghfbZevguo� deZkkh\�� Fu� gZf_j_ggh� himkdZ_f� g_dhlhju_
^_lZeb�qZklguo�j_ZebaZpbc��ihkdhevdm�^ey�h[km`^Z_fuo�\hijhkh\
ijh]jZffbjh\Zgby� f_lh^h\� bgl_]jbjh\Zgby� \Z`gh� fgh]hh[jZab_
ihebghfbZevguo�h[t_dlh\��gZ�hkgh\_�dhlhjuo�fh`_l�kljhblvky�lhl
beb� bghc� f_lh^�� Ij_`^_� \k_]h�� hklZgh\bfky� gZ� deZkkZo
dZghgbq_kdbo�� bgl_jiheypbhgguo� b� hjlh]hgZevguo� fgh]hqe_gh\�
dhlhju_� y\eyxlky�hkgh\hc�^ey� ihkljh_gby� d\Z^jZlmjguo�nhjfme�
>jm]b_� k_f_ckl\Z� ihebghfh\� fh]ml� ijbf_gylvky� ijb
g_ihkj_^kl\_gghf� bgl_]jbjh\Zgbb� nmgdpbc� \� jZfdZo� \lhjh]h
mihfygmlh]h�\�ij_^u^ms_f�jZa^_e_�ih^oh^Z�

�����DeZkk�dZghgbq_kdbo�ihebghfh\

DZghgbq_kdb_� ihebghfu� y\eyxlky� gZb[he__
jZkijhkljZg_ggufb�\�ijbeh`_gbyo�nmgdpbhgZevgufb�h[t_dlZfb��D

k_f_ckl\m� &DQRQLFDO� [m^_f� hlghkblv� h[uqgu_� kl_i_ggu_
fgh]hqe_gu�� ij_^klZ\e_ggu_� \� dZghgbq_kdhc� nhjf_
3 [ D D [ D [ D [Q Q

Q� � ���= + + + +� � �
� �� H[km^bf� g_dhlhju_� gZb[he__� \Z`gu_

klhjhgu� j_ZebaZpbb� deZkkZ� &DQRQLFDO�� ke_^my� ba\_klguf
hkh[_gghklyf�dZghgbq_kdh]h�kl_i_ggh]h�ij_^klZ\e_gby�

<h�i_j\uo�� j_i_jlmZj� f_lh^h\� ^Zggh]h� deZkkZ� ke_^m_l
jZkrbjblv� Ze]_[jZbq_kdbfb� hi_jZpbyfb� keh`_gby�� \uqblZgby�
mfgh`_gby�� ^_e_gby� b� gZoh`^_gby� hklZldZ� hl� ^_e_gby� kh
kdZeyjgufb�b�ihebghfbZevgufb�hi_jZg^Zfb��LZd�dZd�dZghgbq_kdb_
ihebghfu�h[jZamxl�]jmiim�g_�lhevdh�hlghkbl_evgh�Ze]_[jZbq_kdbo
hi_jZpbc�� gh� b� hlghkbl_evgh� hi_jZpbc� ^bnn_j_gpbjh\Zgby� b
bgl_]jbjh\Zgby�� lh� \� gZ[hj� f_lh^h\� fh]ml� [ulv� \dexq_gu� lZd`_
hi_jZpbb� dhgkljmbjh\Zgby� ihebghfZ�� y\eyxs_]hky� ijhba\h^ghc
beb�i_j\hh[jZaghc�^Zggh]h�fgh]hqe_gZ�

<h�\lhjuo�� ihkdhevdm� ijhba\h^gu_� b� bgl_]jZe� dZghgbq_kdbo
fgh]hqe_gh\� \ujZ`Zxlky� ZgZeblbq_kdb�� Z� ^ey� ihbkdZ� gme_c� b
wdklj_fmfh\� kms_kl\mxl� ki_pbZevgu_� qbke_ggu_� ih^oh^u�
hkgh\Zggu_� gZ� l_hj_lbq_kdbo� hp_gdZo� qbkeZ� gme_c� b� kihkh[Zo� bo
ijZdlbq_kdhc� ehdZebaZpbb�� p_e_khh[jZagh� i_j_hij_^_eblv
khhl\_lkl\mxsb_� f_lh^u� jh^bl_evkdh]h� nmgdpbhgZevgh]h� deZkkZ
[he__�wnn_dlb\guf�h[jZahf�

<�lj_lvbo�� \� deZkk_� &DQRQLFDO� fh`gh� j_Zebah\Zlv� f_lh^u
bgl_jiheypbb� b� ZiijhdkbfZpbb�� hij_^_ey_fu_� ihebghfbZevguf



���

kmi_jdeZkkhf�� Ke_^m_l� aZf_lblv�� qlh� ih^h[gZy� j_ZebaZpby� g_
y\ey_lky� nhjfZevghc�� ihkdhevdm� dZghgbq_kdb_� ihebghfu
g_\ukhdhc� kl_i_gb� bgh]^Z� g_ihkj_^kl\_ggh� ijbf_gyxlky� ^ey
j_r_gby� aZ^Zq� ijb[eb`_gby�� <� h[s_f� kemqZ_� ijb[eb`Zxs_]h
fgh]hqe_gZ� ijhba\hevghc� kl_i_gb� bkihevamxlky� ^jm]b_�f_lh^bdb�
k\yaZggu_�k�ijbf_g_gb_f�ki_pbZevguo�kl_i_gguo�ij_^klZ\e_gbc�
h[km`^Z_fuo� gb`_�� Hkgh\hc� \hafh`ghc� j_ZebaZpbb� ijhp_^mju
bgl_jihebjh\Zgby� \� ^Zgghf� deZkk_� fh`_l� kem`blv� f_lh^
g_hij_^_e_gguo� dhwnnbpb_glh\�� Z� ijhp_^mju� ZiijhdkbfZpbb�²
�f_lh^�gZbf_gvrbo�d\Z^jZlh\�

LZdbf�h[jZahf��iheguc�bgl_jn_ck�deZkkZ�&DQRQLFDO�\dexqZ_l
f_lh^u��j_Zebamxsb_�

²�[bgZjgu_�Zjbnf_lbq_kdb_�hi_jZpbb����±������kh�kdZeyjgufb
b�ihebghfbZevgufb�hi_jZg^Zfb�

²�hi_jZpbx� �� gZoh`^_gby� hklZldZ� hl� ^_e_gby� ^\mo
fgh]hqe_gh\�

²�mgZjgu_�Zjbnf_lbq_kdb_�hi_jZpbb�
²�hi_jZpbb� ihgb`_gby� kl_i_gb� fgh]hqe_gZ� �_]h� ^_e_gb_� gZ

ebg_cguc�beb�d\Z^jZlbqguc�ihebghf��
²�ijhklu_�b�Zjbnf_lbq_kdb_�hi_jZpbb�ijbk\Zb\Zgby�
²�gZoh`^_gb_�fgh]hqe_gZ��y\eyxs_]hky�Q�hc�ijhba\h^ghc�beb

i_j\hh[jZaghc�^Zggh]h�
²�bgl_jiheypbx�b�ZiijhdkbfZpbx�

Z� lZd`_�i_j_hij_^_e_ggu_�f_lh^u�nmgdpbhgZevgh]h� kmi_jdeZkkZ�
hkms_kl\eyxsb_�

²�^hklmi�d�dhwnnbpb_glZf�ihebghfZ�D N QN � � ����= � �

²�\uqbke_gb_�� ^bnn_j_gpbjh\Zgb_�� bgl_]jbjh\Zgb_�� ihbkd
gme_c�b�wdklj_fmfh\�fgh]hqe_gZ�

Hlf_lbf� g_dhlhju_� ^_lZeb� \gmlj_gg_c� hj]ZgbaZpbb� ^Zggh]h
deZkkZ�� Dhwnnbpb_glu� fgh]hqe_gZ� ojZgylky� \gmljb� deZkkZ

&DQRQLFDO�dZd�\_dlhj�deZkkZ�9HFWRU��ih^^_j`b\Zxsbc�g_h[oh^bfu_
\_dlhjgu_� Zjbnf_lbq_kdb_� hi_jZpbb� b� hi_jZpbb� %/$6���
Ijh]jZffbjh\Zgb_� ihebghfbZevguo� hi_jZpbc� q_j_a� \_dlhjgu_
iha\hey_l� ^hklbqv� hij_^_e_gghc� mgbnbdZpbb� \� bkihevah\Zgbb
\Z`ghc�qZklb�Ze]hjblfbq_kdh]h�y^jZ�ebg_cghc�Ze]_[ju�

GZjy^m�k�kZfhklhyl_evghc�j_ZebaZpb_c��f_lh^u�ijb[eb`_gby

hnhjfeyxlky� dZd� dhgkljmdlhju� deZkkZ� &DQRQLFDO�� Wlh� y\ey_lky
^hklZlhqgh�_kl_kl\_gguf��ihkdhevdm�p_evx�j_r_gby�ex[hc�aZ^Zqb
ijb[eb`_gby� y\ey_lky� dhgkljmbjh\Zgb_� khhl\_lkl\mxs_]h
ihebghfbZevgh]h�h[t_dlZ��<�dZq_kl\_�Zj]mf_glZ�\�^Zggu_�f_lh^u
i_j_^Z_lky�ijb[eb`Z_fZy�k_lhqgZy�nmgdpby�b�lj_[m_fuc�ihjy^hd
ijb[eb`Zxs_]h�fgh]hqe_gZ�
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<� b_jZjobb� ijb\_^_gu� q_luj_� qZklguo� deZkkZ� dZghgbq_kdbo

ihebghfh\�� gZke_^m_fuo� g_ihkj_^kl\_ggh� hl� &DQRQLFDO�� DeZkku

/LQHDU�� 4XDGUDWLF�� &XELF� b� 4XDUWLF� j_Zebamxl� dZghgbq_kdb_
fgh]hqe_gu� i_j\h]h�� \lhjh]h�� lj_lv_]h� b� q_l\_jlh]h� ihjy^dh\
khhl\_lkl\_ggh��G_h[oh^bfhklv�\\_^_gby�ihebghfbZevguo�deZkkh\
ki_pbZevguo�ihjy^dh\�k\yaZgZ�k�l_f��qlh�ijhp_^mju�\uqbke_gby�bo
dhjg_c� b� wdklj_fmfh\� fh]ml� [ulv� i_j_hij_^_e_gu� gZ� gb`g_f
mjh\g_�[he__�wnn_dlb\guf�h[jZahf��ihkdhevdm�dhjgb�fgh]hqe_gh\
^h� q_l\_jlhc� kl_i_gb� \dexqbl_evgh� \ujZ`Zxlky� ZgZeblbq_kdb� gZ
hkgh\_�ba\_klguo�nhjfme�

�����DeZkk�bgl_jiheypbhgguo�ihebghfh\

Ki_pbZevgu_� bgl_jiheypbhggu_� ihebghfu� y\eyxlky� hkh[hc
nhjfhc� kl_i_ggh]h� fgh]hqe_gZ�� ih� kms_kl\m� ij_^klZ\eyy� lm� `_
]jmiim� fZl_fZlbq_kdbo� h[t_dlh\�� qlh� b� dZghgbq_kdb_� ihebghfu�
<f_kl_� k� l_f�� hlebqby� \� kihkh[_� ij_^klZ\e_gby� aZljZ]b\Zxl
kms_kl\_ggu_� k\hckl\Z� bgl_jiheypbhgguo� k_f_ckl\�� qlh� ^_eZ_l
p_e_khh[jZaguf� \u^_e_gb_� bo� \� hl^_evgmx� ]jmiim�� Fhlb\Zpb_c
lZdh]h� deZkkbnbdZpbhggh]h� ^_e_gby� fh]ml� kem`blv� ke_^mxsb_
Zj]mf_glu�

<h�i_j\uo�� [hevrbgkl\h� i_j_qbke_gguo� ijhp_^mj�� dhlhju_
j_Zebamxlky�f_lh^Zfb�deZkkh\�dZghgbq_kdbo�ihebghfh\��g_�fh`_l
g_ihkj_^kl\_ggh� jZkijhkljZgylvky� gZ� ki_pbZevgu_� kl_i_ggu_
ij_^klZ\e_gby�� >ey� bo� ijbf_g_gby� bkoh^guc� fgh]hqe_g� gm`gh
ij_^\Zjbl_evgh� ijb\_klb� d� dZghgbq_kdhfm� \b^m�� qlh� y\ey_lky
\uqbkebl_evgh� ljm^h_fdhc� hi_jZpb_c� b� dZ`_lky� ^h\hevgh
bkdmkkl\_gguf�^ey�[b[ebhl_qguo�j_ZebaZpbc��Hlf_q_gguc�kihkh[
ijb�g_h[oh^bfhklb�fh`_l�bkihevah\Zlvky�\�kZfbo�ijbeh`_gbyo�

<h�\lhjuo�� \� hlebqb_� hl� dZghgbq_kdbo� ihebghfh\
bgl_jiheypbhggu_� fgh]hqe_gu� g_� h[jZamxl� ]jmii� hlghkbl_evgh
Zjbnf_lbq_kdbo�hi_jZpbc���NhjfZevgh_�`_�hij_^_e_gb_�ih^h[guo
hi_jZpbc� ^ey� h[t_dlh\� ^Zgguo� deZkkh\� g_� hljZ`Z_l� bo
Ze]_[jZbq_kdb_�k\hckl\Z�b�ij_^klZ\ey_lky�g_p_e_khh[jZaguf�

<�lj_lvbo�� h[eZklv� ijZdlbq_kdh]h� ijbf_g_gby� ^Zgguo
ihebghfh\� h]jZgbqb\Z_lky� \� hkgh\ghf� bgl_jiheypbhggufb� b
kf_`gufb� k� gbfb� aZ^ZqZfb�� @_eZgb_� \� gZb[hevr_c� kl_i_gb
mgbnbpbjh\Zlv� ki_pbnbdZpbb�f_lh^h\��hkms_kl\eyxsbo�j_r_gb_
wd\b\Ze_glguo� aZ^Zq� bgl_jihebjh\Zgby�� ijb\h^bl� d� hj]ZgbaZpbb
kZfhklhyl_evghc� ih^b_jZjobb� jh^kl\_gguo� bgl_jiheypbhgguo
deZkkh\�

H[km^bf�hkh[_gghklb�ijh]jZffbjh\Zgby�aZ^Zq�bgl_jiheypbb�k
ihfhsvx� ^Zgguo� ihebghfbZevguo� deZkkh\�� DZd� ijZ\beh�� ijhp_kk



���

ijbf_g_gby� bgl_jiheypbhgguo� fgh]hqe_gh\� \dexqZ_l� ^\Z
hl^_evguo�wlZiZ�

²�ihkljh_gb_� ijb[eb`Zxs_]h� fgh]hqe_gZ� �beb�� qlh� lh� `_
kZfh_�� hij_^_e_gb_� _]h� iZjZf_ljh\��� dhlhjh_� khklZ\ey_l
kh[kl\_ggh�aZ^Zqm�bgl_jihebjh\Zgby�

²�bkihevah\Zgb_�ihkljh_ggh]h�fgh]hqe_gZ�ijb�j_r_gbb�aZ^Zq
qbke_ggh]h� ZgZebaZ� beb� ijbdeZ^guo� aZ^Zq�� \dexqZxs__
\uqbke_gb_� _]h� agZq_gbc�� ijhba\h^guo�� bgl_]jZeh\�� gme_c� b
wdklj_fmfh\�

BgdZikmeypby� bgl_jiheypbhggufb� deZkkZfb� f_lh^h\
ijb[eb`_gby�b� qbke_ggh]h�ZgZebaZ��Z� lZd`_�g_h[oh^bfuo�^Zgguo
\gmlj_gg_]h� ij_^klZ\e_gby� �dhwnnbpb_glh\� b� maeh\
bgl_jihebjh\Zgby��iha\hey_l�^hklbqv�`_eZ_fhc�l_ogheh]bqghklb�\
bo�ijZdlbq_kdhf�ijbf_g_gbb�

<�k\yab�k�wlbf�dZ`_lky�_kl_kl\_gguf�\dexq_gb_�\�bgl_jn_ck

deZkkZ� bgl_jiheypbhgguo� ihebghfh\� ,QWHUSRODWLRQDO� ke_^mxsbo
^hihegbl_evguo�f_lh^h\�

²�^hklmi� d� dhwnnbpb_glZf� bgl_jiheypbhgghc� nhjfmeu� b
agZq_gbyf�maeh\�

²�ij_h[jZah\Zgb_�\�dZghgbq_kdmx�nhjfm�
²�bgl_jiheypby�
²�hp_gdZ�hklZlhqgh]h�qe_gZ�bgl_jiheypbhgghc�nhjfmeu�

<k_�i_j_qbke_ggu_�ijhp_^mju�^Zggh]h�deZkkZ�hij_^_eyxlky�qbklh
\bjlmZevgufb�b�j_Zebamxlky�\�gZke_^m_fuo�dhgdj_lguo�deZkkZo�

Fgh]hh[jZab_�f_lh^h\�bgl_jiheypbb��hij_^_ey_fh_�gZebqb_f
[hevrh]h�qbkeZ�bgl_jiheypbhgguo�nhjfme��Z�lZd`_�\hafh`ghklvx
ijbf_g_gby� jZaebqguo� kihkh[h\� \u[hjZ� maeh\� b� jZaghh[jZaguo
Ze]hjblfbq_kdbo� ko_f�� ijb\h^bl� d� g_h[oh^bfhklb� [he__� jZa\blhc
deZkkbnbdZpbb�bgl_jiheypbhgguo�h[t_dlh\��Ihkdhevdm�ihkljh_gb_
bgl_jiheypbhgguo� nhjfme� \� kms_kl\_gghc� f_j_� aZ\bkbl� hl
jZkiheh`_gby� maeh\� bgl_jihebjh\Zgby�� m^h[guf� hdZau\Z_lky
^_e_gb_� ihebghfh\� gZ� ljb� ]jmiiu�� dhlhju_� khhl\_lkl\mxl
gZb[he__�qZklh�bkihevam_fuf�\ZjbZglZf�\u[hjZ�maeh\��Z�bf_ggh�
ijhba\hevgh]h� �g_j_]meyjgh]h��� jZ\ghf_jgh]h� b� \� gmeyo
fgh]hqe_gh\�

>ZggZy� deZkkbnbdZpby� iheh`_gZ� \� hkgh\m� ih^b_jZjobb
ki_pbZevguo� bgl_jiheypbhgguo� ihebghfh\�� :[kljZdlguc� deZkk

,QWHUSRODWLRQDO� bf__l� q_luj_o� g_ihkj_^kl\_gguo� gZke_^gbdh\�

,UUHJXODU��8QLIRUP��5RRWHG�b�&KHE\VKHY5RRWHG��I_j\u_�^\Z�deZkkZ
ij_^klZ\eyxl� Z[kljZdlgu_� bgl_jiheypbhggu_� nhjfmeu� k
g_j_]meyjguf� b� jZ\ghf_jguf� jZkiheh`_gb_f� maeh\
bgl_jihebjh\Zgby�khhl\_lkl\_ggh��Lj_lbc�deZkk�j_Zebam_l�hkh[mx
nhjfm� ij_^klZ\e_gby� ijhba\hevgh]h� kl_i_ggh]h� ihebghfZ� ih
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agZq_gbyf�_]h�dhjg_c�b�nZdlbq_kdb�aZ^Z_l�ijb[eb`_gb_�nmgdpbb�k

gme_\ufb� agZq_gbyfb�\�maeZo��DeZkk�&KHE\VKHY5RRWHG�j_Zebam_l
hilbfZevguc� bgl_jiheypbhgguc� fgh]hqe_g� k� maeZfb� \� dhjgyo
hjlh]hgZevgh]h�ihebghfZ�Q_[ur_\Z�

LZdh_� ^_e_gb_� iha\hey_l� j_Zebah\Zlv� f_lh^u� ^hklmiZ� d
dhwnnbpb_glZf� b� agZq_gbyf� maeh\� m`_� \� Z[kljZdlguo� deZkkZo

,UUHJXODU�b�8QLIRUP��<f_kl_�k� l_f��hgh�g_�bkdexqZ_l�\hafh`ghklb
^Zevg_cr_c� [he__� ]em[hdhc� deZkkbnbdZpbb� bgl_jiheypbhgguo
nhjfme�� ihkljh_gb_� dhlhjuo� ^bdlm_lky� kihkh[hf� \u[hjZ� maeh\�
LZd�� \� ij_^klZ\e_gghc� ihebghfbZevghc� b_jZjobb� ]jmiiZ
bgl_jiheypbhgguo� fgh]hqe_gh\� k� ijhba\hevguf� \u[hjhf� maeh\

,UUHJXODU� ij_^klZ\e_gZ� deZkkZfb� ihebghfh\� EZ]jZg`Z� /DJUDQJH�

GvxlhgZ� 1HZWRQ� b� WjfblZ� +HUPLWH�� =jmiiZ� bgl_jiheypbhgguo

fgh]hqe_gh\� k� jZ\ghf_jguf� \u[hjhf� maeh\� 8QLIRUP� h[jZam_lky

k_f_ckl\Zfb� ihebghfh\� EZ]jZg`Z� 8QLIRUP/DJUDQJH�

bgl_jiheypbhgguo� ko_f� GvxlhgZ� )RUZDUG1HZWRQ�

%DFNZDUG1HZWRQ��Z�lZd`_�ihebghfh\�=ZmkkZ��Klbjebg]Z�b�;_kk_ey

*DXVV��*DXVV���6WLUOLQJ��%HVVHO�

�����DeZkk�hjlh]hgZevguo�ihebghfh\

Hjlh]hgZevgu_� ihebghfu� y\eyxlky� h^gbf� ba� \Z`g_crbo
k_f_ckl\� fgh]hqe_gh\�� bkihevam_fuo� ^ey� j_r_gby� aZ^Zq
qbke_ggh]h� ZgZebaZ�� \dexqZy� aZ^Zqb� ijb[eb`_gby�� JZkkfhljbf
gZb[he__� kms_kl\_ggu_� \hijhku� ijh_dlbjh\Zgby� ^Zgghc� ]jmiiu
deZkkh\�� aZljZ]b\Zxsb_� nmg^Zf_glZevgu_� k\hckl\Z
hjlh]hgZevguo�fgh]hqe_gh\�

DeZkk� 2UWKRJRQDO6\VWHP� j_Zebam_l� gZb[he__
jZkijhkljZg_ggmx�nhjfm� \u[hjZ� ijb[eb`Zxs_c�nmgdpbb� \� \b^_
ebg_cghc�dhf[bgZpbb�Z[kljZdlguo�hjlh]hgZevguo�ihebghfh\
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Ijb� wlhf� k� ^Zgguf� deZkkhf� fu� [m^_f� k\yau\Zlv� b� h[h[s_gguc
fgh]hqe_g�� ij_^klZ\e_gguc� \� hjlh]hgZevghf� [Zabk_�� b
khhl\_lkl\mxsmx� _fm� hjlh]hgZevgmx� kbkl_fm�� Ij_^klZ\e_gb_
[Zabkguo� ihebghfbZevguo� h[t_dlh\� ϕk x( )� hkms_kl\ey_lky� iml_f

\u[hjZ�qZklguo�agZq_gbc�dhwnnbpb_glh\�� c c i kk i= = ≠1 0; , �

?^bgu_� ijZ\beZ� ihkljh_gby� hjlh]hgZevguo� kbkl_f
ihebghfbZevguo� nmgdpbc� ijb\h^yl� d� \hafh`ghklb� h[h[s_gghc
ijh]jZffghc� j_ZebaZpbb� qbke_gguo� f_lh^h\�� hi_jbjmxsbo� k
hjlh]hgZevgufb� fgh]hqe_gZfb�� HgZ� fh`_l� kljhblvky� gZ� hkgh\_
\u^_e_gby� y^jZ� [Zah\uo� ijhp_^mj�� d� dhlhjuf� j_^mpbjmxlky� \k_
hkgh\gu_� Ze]hjblfu�� F_oZgbaf� \bjlmZevguo� nmgdpbc



���

h[_ki_qb\Z_l� ih^^_j`dm� ih^h[ghc� j_^mdpbb� ijb� hij_^_e_gbb
[Zah\uo� hi_jZpbc� dZd� qbklh� \bjlmZevguo� f_lh^h\� deZkkZ

2UWKRJRQDO6\VWHP� b� bo� j_ZebaZpbb� \� dhgdj_lguo� deZkkZo�� Lh]^Z
h[sb_� ijhp_^mju�� bkihevamxsb_� wd\b\Ze_glgu_� qbke_ggu_
f_lh^bdb� ^ey� \k_o� hjlh]hgZevguo� k_f_ckl\�� fh]ml� [ulv
j_Zebah\Zgu�h^bg�jZa�dZd�f_lh^u�^Zggh]h�Z[kljZdlgh]h�deZkkZ�

K� [Zah\ufb� ijhp_^mjZfb� hjlh]hgZevguo� kbkl_f�fgh]hqe_gh\
[m^_f�k\yau\Zlv�ke_^mxsb_�f_lh^u�

²�\u^Zqm�]jZgbp�bgl_j\ZeZ�hjlh]hgZevghklb�>D��E@�
²�\uqbke_gb_� agZq_gbc� \_kh\hc� nmgdpbb� ρ( )x � b� __

ijhba\h^guo�
²�\uqbke_gb_� dhwnnbpb_glh\�hl^_evgh]h�fgh]hqe_gZ� ϕ k x( ) � \

dZghgbq_kdhf�kl_i_gghf�[Zabk_�
²�hij_^_e_gb_� \a\_r_gghc� ghjfu� d k � ihebghfbZevgh]h

we_f_glZ�ϕ k x( ) �

²�hij_^_e_gb_� dhwnnbpb_glh\� α βk k, � j_dmjj_glgh]h

khhlghr_gby�� k\yau\Zxs_]h� ljb� ihke_^h\Zl_evguo� ihebghfZ
hjlh]hgZevghc�kbkl_fu

ϕ α ϕ β ϕ ϕ ϕN N N N N[ [ [ [ [ [ N+ − −= − − = = =� � � �� � � � �� � � � � � � �� � � � � � � � � �����

D� h[sbf� ijhp_^mjZf�� j_Zebam_fuf� \� deZkk_

2UWKRJRQDO6\VWHP��[m^_f�hlghkblv�
�²�^hklmi�d�dhwnnbpb_glZf�ihebghfZ� ck �

�²�\uqbke_gb_�� ^bnn_j_gpbjh\Zgb_�� bgl_]jbjh\Zgb_�� ihbkd
gme_c�b�wdklj_fmfh\�ihebghfZ�ϕ( )x �b�[Zabkguo�fgh]hqe_gh\�ϕk x( )�

�²�bgl_jiheypbx�b�ZiijhdkbfZpbx�
�²�ij_h[jZah\Zgb_� \� dZghgbq_kdmx� nhjfm� ihebghfZ� ϕ( )x � b

[Zabkguo�fgh]hqe_gh\�ϕk x( )�

�²�dhgkljmbjh\Zgb_�hjlh]hgZevgh]h�ihebghfZ�ϕ( )x �ih�aZ^Zgghc

dZghgbq_kdhc�nhjf_�
AZf_lbf�� qlh� f_lh^u�� hi_jbjmxsb_� k� hl^_evguf� [Zabkguf

fgh]hqe_ghf�ϕk x( )��y\eyxlky�i_j_]jm`_ggufb�\ZjbZglZfb�f_lh^h\�

hlghkysboky� dh� \k_c� hjlh]hgZevghc� ebg_cghc� dhf[bgZpbb� ϕ( )x �� b

hlebqZxlky� hl� ihke_^gbo� gZebqb_f� ^hihegbl_evgh]h� iZjZf_ljZ�
hij_^_eyxs_]h�ihjy^hd�aZ^Zggh]h�fgh]hqe_gZ�

D� gZb[he__� qZklh� ijbf_gy_fuf� kbkl_fZf� hjlh]hgZevguo
nmgdpbc� ke_^m_l� hlg_klb� k_f_ckl\Z� deZkkbq_kdbo� ihebghfh\
Ydh[b�� EZ]_jjZ� b� WjfblZ�� ij_^klZ\ey_fu_� \� b_jZjobb� deZkkZfb

-DFREL�� *HQHUDOL]HG/DJXHUUH� b� +HUPLWH� khhl\_lkl\_ggh�� AZf_lbf�

qlh� qZklgu_� k_f_ckl\Z� fgh]hqe_gh\� Q_[ur_\Z� &KHE\VKHY�

E_`Zg^jZ� /HJHQGUH� b� =_]_g[ZmwjZ� *HJHQEDXHU� kljhylky� dZd

deZkku��gZke_^m_fu_�hl�h[s_]h�deZkkZ�-DFREL��hljZ`Zy�l_f�kZfuf
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iZjZf_ljbq_kdmx� h[sghklv� ihebghfh\� Ydh[b�� G_deZkkbq_kdb_
hjlh]hgZevgu_� kbkl_fu� bf_xl� [he__� madh_� jZkijhkljZg_gb_�
ij_`^_� \k_]h�� ba�aZ� hlkmlkl\by� wnn_dlb\guo� f_lh^h\� bo
dhgkljmbjh\Zgby�� Ihkdhevdm� deZkkbq_kdb_� hjlh]hgZevgu_
fgh]hqe_gu� bf_xl� hkh[u_� fZl_fZlbq_kdb_� k\hckl\Z�� Z
dhgkljmbjh\Zgb_� g_deZkkbq_kdbo� ihebghfh\� hkgh\u\Z_lky� gZ
ki_pbZevguo� qbke_gguo� ih^oh^Zo�� \u^_e_gb_� bo� \� jZaebqgu_
]jmiiu� ghkbl� ijbgpbibZevguc� oZjZdl_j�� >Zggu_� ]jmiiu
hjlh]hgZevguo� fgh]hqe_gh\� ij_^klZ\eyxlky� \� jZkkfZljb\Z_fhc

b_jZjobb�deZkkZfb�&ODVVLFDO�b�1RQ&ODVVLFDO�

�����DeZkku�ki_pbZevguo�ihebghfh\

Hkh[u_�]jmiiu�fgh]hqe_gh\�\�ijb\_^_gghc�b_jZjobb�h[jZamxl

deZkku� ki_pbZevguo� ihebghfh\� 6SHFLDO�� ljb]hghf_ljbq_kdbo

ihebghfh\� 7ULJRQRPHWULF� b� kieZcgh\� 6SOLQH�� Hgb� ij_^klZ\eyxl
bgl_j_k� \� jZfdZo� gZklhys_c� klZlvb�� ij_`^_� \k_]h�� ihlhfm�� qlh
fh]ml�bkihevah\Zlvky�ijb�hj]ZgbaZpbb�f_lh^h\�g_ihkj_^kl\_ggh]h
bgl_]jbjh\Zgby� nmgdpbc� gZ� hkgh\_� bo� ij_^\Zjbl_evghc
bgl_jiheypbb� k� ijbf_g_gb_f� ^Zgguo� ihebghfbZevguo� k_f_ckl\�
HimkdZy�^_lZeb�bo�\gmlj_gg_c�hj]ZgbaZpbb��hlf_lbf�ebrv��qlh�^ey
h[t_dlh\� ^Zgguo� deZkkh\� hij_^_e_gu� g_h[oh^bfu_� ijhp_^mju
bgl_jiheypbb�b�bgl_]jbjh\Zgby�

Ki_pbZevgZy� ]jmiiZ� 6SHFLDO� ij_^klZ\e_gZ� dhgdj_lgufb

deZkkZfb� %HUQVWHLQ%H]LHU�� 5DWLRQDO�� )UDFWLRQDO�� 5DWLRQDO%H]LHU�
j_Zebamxsbfb� ki_pbnbq_kdh_� kl_i_ggh_� ij_^klZ\e_gb_
;_jgrl_cgZ�;_av_�� k_f_ckl\Z� jZpbhgZevguo� ihebghfh\�� p_ighc

^jh[b�b�jZpbhgZevgu_�fgh]hqe_gu�;_av_��=jmiim�kieZcgh\�6SOLQH

khklZ\eyxl� dmkhqgh�ebg_cgu_� nmgdpbb� /LQHDU6SOLQH�� dm[bq_kdb_

kieZcgu�&XELF6SOLQH��Z�lZd`_�h[uqgu_�b�jZpbhgZevgu_�%�kieZcgu

%6SOLQH�� 5DWLRQDO%6SOLQH�� =jmiiZ� ljb]hghf_ljbq_kdbo� ihebghfh\

7ULJRQRPHWULF� nhjfZevgh� ij_^klZ\e_gZ� _^bgkl\_gguf� deZkkhf

fgh]hqe_gh\� Nmjv_� )RXULHU�� ohly� ^himkdZ_l� ^hklZlhqgh� jZa\blmx
deZkkbnbdZpbx�

���H[t_dlgZy�hj]ZgbaZpby�Ze]hjblfh\�qbke_ggh]h

bgl_]jbjh\Zgby

H[km^bf� \hijhku� ihkljh_gby� p_ehklghc� b_jZjobb� deZkkh\�
j_Zebamxsbo� jZaebqgu_� Ze]hjblfu� bgl_]jbjh\Zgby� nmgdpbc�
Ihkdhevdm� f_lh^u� qbke_ggh]h� bgl_]jbjh\Zgby� y\eyxlky
Ze]hjblfZfb�bl_jZpbhggh]h�lbiZ��bf__l�kfuke�gZqZlv�ihkljh_gb_

^Zgghc�b_jZjobb�hl� kmi_jdeZkkZ� ,WHUDWLYH$OJRULWKP��j_Zebamxs_]h
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h[h[s_gguc� bl_jZpbhgguc� \uqbkebl_evguc� ijhp_kk�� >Ze__� ijb

ihkljh_gbb� Ze]hjblfh\� deZkkZ� ,QWHJUDWLRQ$OJRULWKP� [m^_f
ke_^h\Zlv�^\mf�jZkkfhlj_gguf�\�jZa^_e_���ih^oh^Zf�d�qbke_gghfm
bgl_]jbjh\Zgbx��Z�bf_ggh��ih^oh^m��hkgh\Zgghfm�gZ�bkihevah\Zgbb
d\Z^jZlmjguo� nhjfme� b� hkms_kl\ey_fhfm� deZkkhf

4XDGUDWXUH$OJRULWKP�� b� ih^oh^m�� � bkihevamxs_fm
g_ihkj_^kl\_ggmx� bgl_jiheypbx� ih^ugl_]jZevghc� nmgdpbb� \

jZfdZo� Ze]hjblfbq_kdhc� kljZl_]bb� ,QWHUSRODWLRQDO$OJRULWKP�
D\Z^jZlmjgu_� f_lh^u� ^himkdZxl� ^Zevg_cr__� ^_e_gb_� gZ

Z^Zilb\gu_� b� g_Z^Zilb\gu_� Ze]hjblfbq_kdb_� ko_fu� $GDSWLYH�

1RQ$GDSWLYH�� Z� lZd`_� gZ� wdkljZiheypbx� Jhf[_j]Z

5RPEHUJ([WUDSRODWLRQ� >����@�� LZdbf� h[jZahf�� ij_^eZ]Z_lky
ke_^mxsZy� b_jZjoby� Ze]hjblfh\� qbke_ggh]h� bgl_]jbjh\Zgby
nmgdpbc��ij_^klZ\e_ggZy�gZ�jbk����

JZkkfhljbf�hkh[_gghklb�j_ZebaZpbb�deZkkh\��h[jZamxsbo�^Zggmx
b_jZjobx�

�����DeZkk�,WHUDWLYH$OJRULWKP

Ihkdhevdm�hkgh\gu_�qbke_ggu_�f_lh^u�y\eyxlky�Ze]hjblfZfb
bl_jZpbhggh]h� lbiZ�� bf__l� kfuke� ihkljhblv� kmi_jdeZkk

h[h[s_gguo� bl_jZpbhgguo� Ze]hjblfh\� ,WHUDWLYH$OJRULWKP�
hij_^_eyxsbc� hkgh\gu_� Ze]hjblfbq_kdb_� dhfihg_glu
bl_jZpbhggh]h� \uqbkebl_evgh]h� ijhp_kkZ�� Ijb� wlhf� h[eZklv
ijbf_g_gby� ^Zggh]h� deZkkZ� g_� ^he`gZ� h]jZgbqb\Zlvky
d\Z^jZlmjgufb� aZ^ZqZfb� b� _]h� ijh_dlbjh\Zgb_� h[yaZgh
h[_ki_qb\Zlv� ^hklZlhqgmx� h[sghklv�� dhlhjZy� iha\hebeZ� [u

bkihevah\Zlv� ,WHUDWLYH$OJRULWKP� ijb� ijh]jZffbjh\Zgbb� ex[uo
^jm]bo� bl_jZpbhgguo� Ze]hjblfh\� qbke_ggh]h� ZgZebaZ�� ebg_cghc
Ze]_[ju�b�l�i��H[km^bf�\hafh`gmx�hj]ZgbaZpbx�Ze]hjblfbq_kdh]h
kmi_jdeZkkZ�

••����,WHUDWLYH$OJRULWKP
••����,QWHJUDWLRQ$OJRULWKP

••����4XDGUDWXUH$OJRULWKP
••����$GDSWLYH

••����+RUL]RQWDO
••����9HUWLFDO

••����1RQ$GDSWLYH
••����5RPEHUJ([WUDSRODWLRQ

••����,QWHUSRODWLRQDO$OJRULWKP
Jbk�����H[t_dlgZy�deZkkbnbdZpby�Ze]hjblfh\�qbke_ggh]h�bgl_]jbjh\Zgby
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F_lh^u� Z[kljZdlgh]h� deZkkZ� ,WHUDWLYH$OJRULWKP� khhl\_lkl\mxl
hkgh\guf�klZ^byf�bl_jZpbhggh]h��pbdeZ�b�\bjlmZevgh�hij_^_eyxl
ke_^mxsb_�Ze]hjblfbq_kdb_�dhfihg_glu�

²�bgbpbZebaZpbx�\uqbke_gbc�pbdeZ�
²�\uiheg_gb_�h^gh]h�bl_jZpbhggh]h�rZ]Z�
²�ijh\_jdm� mkeh\bc� hklZgh\Z� \uqbke_gbc� \� pbde_� \� kemqZyo

^hklb`_gby� lhqghklb�� g_\hafh`ghklb� h[_ki_qblv� koh^bfhklv
\uqbkebl_evgh]h� ijhp_kkZ� beb� bkq_jiZgby� hl\_^_gguo� aZ^Zq_
j_kmjkh\�

²�\hafh`gu_� Zijbhjgu_� �l_hj_lbq_kdb_�� hp_gdb� j_kmjkh\�
g_h[oh^bfuo�^ey�^hklb`_gby�aZ^Zgghc�lhqghklb��Z�lZd`_�h[jZlgu_
hp_gdb�lhqghklb�ih�bf_xsbfky�j_kmjkZf�

²�\hafh`gu_� Zihkl_jbhjgu_� �ijZdlbq_kdb_�� hp_gdb
^hklb]gmlhc�lhqghklb�

²�i_j_oh^�d�gh\hfm�rZ]m�pbdeZ�
²�ihklh[jZ[hldm�j_r_gby�
>hklZlhqgh� h[sbf� fh`gh� ijbagZlv� lZd`_� \dexq_gb_� \

Ze]hjblfbq_kdbc� kmi_jdeZkk� qe_gh\�^Zgguo�� hij_^_eyxsbo
lj_[m_fmx� �aZ^Z\Z_fmx� ihevah\Zl_e_f�� b� ^hklb]gmlmx� �j_Zevgmx
beb� hp_gb\Z_fmx� � \� fhf_gl� j_r_gby�� lhqghklv� \uqbke_gbc�
Ihkdhevdm�h�\uqbkebl_evghc�lhqghklb�bf__l�kfuke�]h\hjblv�lhevdh
\� dhgl_dkl_� aZljZl�� g_h[oh^bfuo� ^ey� j_r_gby� aZ^Zqb�� \

,WHUDWLYH$OJRULWKP� \dexq_gu� lZd`_� ^Zggu_�� hij_^_eyxsb_
\uqbkebl_evgu_� j_kmjku� aZ^Zqb�� hl\_^_ggu_� ^ey� g__
ihevah\Zl_e_f� b� j_Zevgh� ihljZq_ggu_� ijb� __� j_r_gbb�� LZdbf

h[jZahf�� [m^_f� kqblZlv�� qlh� deZkk� ,WHUDWLYH$OJRULWKP� hij_^_ey_l
g_h[oh^bfu_� f_lh^u� ^hklmiZ� d� i_j_qbke_gguf� ^Zgguf� b
hi_jbjh\Zgby�k�gbfb�b�g_ihkj_^kl\_ggh�bgdZikmebjm_l�ke_^mxsb_
h[t_dlu�

²�lj_[m_fmx�lhqghklv�
²�^hklb]gmlmx�lhqghklv�
²�ihevah\Zl_evkdb_�j_kmjku�
²�aZljZq_ggu_�j_kmjku�
Ihkdhevdm� ZgZeba� lhqghklb� \uqbke_gbc� b� hp_gdZ� j_kmjkh\

aZ^Zq� fh]ml� ijh\h^blvky� ^h\hevgh� jZaebqgufb� kihkh[Zfb�
p_e_khh[jZagh� jZkkfZljb\Zlv� bo� \� dZq_kl\_� kZfhklhyl_evguo

h[t_dlh\� b� hij_^_eblv� khhl\_lkl\mxsb_� deZkku� 7ROHUDQFH� b

5HVRXUFH�� Bo� h[h[s_ggZy� j_ZebaZpby� iha\hey_l� ijb
g_h[oh^bfhklb� baf_gblv� kljZl_]bx� \_^_gby� jZkq_lh\� iml_f
i_j_hij_^_e_gby�qZklb�f_lh^h\�\�gZke_^m_fuo�deZkkZo�

>ey� h[t_dlh\� deZkkZ� 7ROHUDQFH� hij_^_ebf� f_lh^u�
j_Zebamxsb_�



���

²�^hklmi�d�agZq_gbyf�Z[khexlghc��hlghkbl_evghc�b�ihjh]h\hc
lhqghklb�

²�ZgZeba� lhqghklb�� \dexqZxsbc� we_f_glZjgu_� hi_jZpbb
kjZ\g_gby�

>ey� h[t_dlh\� deZkkZ� 5HVRXUFH� hij_^_ebf� f_lh^u�
j_Zebamxsb_�

²�^hklmi� d� agZq_gbyf� qbkeZ� bl_jZpbc�� qbkeZ� we_f_glZjguo
Zjbnf_lbq_kdbo� hi_jZpbc�� qbkeZ� \uqbke_gbc� nmgdpbb�� __
ijhba\h^guo�

²�ZgZeba� j_kmjkh\�� \dexqZxsbc� we_f_glZjgu_� hi_jZpbb
kjZ\g_gby�

Gb`_� ijb\_^_g� \hafh`guc� \ZjbZgl� ihkljh_gby� deZkkZ

,WHUDWLYH$OJRULWKP� gZ� yaud_� Kb���� <� f_lh^_� bgbpbZebaZpbb
\uqbke_gbc� ,QLWLDOL]H���� ijhba\h^blky� hldexq_gb_� agZq_gbc
^hklb]gmlhc� lhqghklb� b� h[gme_gb_� aZljZq_gguo� j_kmjkh\�� Z� lZd`_
hp_gb\Z_lky� ij_^_evgh_� qbkeh� bl_jZpbc� ih� aZ^Zgguf
ihevah\Zl_e_f� agZq_gbyf� j_kmjkh\��F_lh^� 5XQ���� \uihegy_l� kZf
bl_jZpbhgguc�Ze]hjblf��F_lh^�ijh\_jdb�mkeh\bc�hdhgqZgby�pbdeZ
:KLOH���� bkihevam_l� � ljb� djbl_jby� hklZgh\Z� \uqbke_gbc�²�ijb
^hklb`_gbb� aZ^Zgghc� lhqghklb� j_amevlZlZ�� ijb� bkq_jiZgbb
j_kmjkh\�� hl\_^_gguo� j_rZ_fhc� aZ^Zq_�� Z� lZd`_� ijb� hlkmlkl\bb
koh^bfhklb� \� bl_jZpbhgghf� ijhp_kk_�� qlh� y\ey_lky� ijbagZdhf
g_dhjj_dlgh]h�ijbf_g_gby�Ze]hjblfZ�\�dhgdj_lghc�ihklZgh\d_�

FODVV�,WHUDWLYH$OJRULWKP
^
SURWHFWHG�

7ROHUDQFH�WROHU�� ���WROHUDQFH�²�lj_[m_fZy�lhqghklv
7ROHUDQFH�DFFXU� ���DFFXUDF\�²�^hklb]gmlZy�lhqghklv
5HVRXUFH�UHTXLU�� ���UHTXLUHG�²�aZ^Zggu_�j_kmjku
5HVRXUFH�H[SHQG� ���H[SHQGHG�²�aZljZq_ggu_�j_kmjku

SXEOLF�
«

YLUWXDO�YRLG�&DOF1XPEHU2I,WHUDWLRQ���� ���
YLUWXDO�%RRO�LV$FKLHYHG7ROHUDQFH����^�UHWXUQ��DFFXU!WROHU��"�)DOVH���7UXH��`
YLUWXDO�%RRO�LV([FHHGHG5HVRXUFH����^�UHWXUQ��H[SHQG�UHTXLU��"�)DOVH���7UXH��`
YLUWXDO�%RRO�LV'LV&RQYHUJHQFH����^�UHWXUQ�)DOVH��`
YLUWXDO�YRLG�,QLWLDOL]H���

^�DFFXU�([FOXGH$FFXUDF\�����H[SHQG�([FOXGH5HVRXUFH�����&DOF1XPEHU2I,WHUDWLRQ�����`
YLUWXDO�%RRO�:KLOH���

^�UHWXUQ��LV$FKLHYHG7ROHUDQFH����__
�LV([FHHGHG5HVRXUFH����__
�LV'LV&RQYHUJHQFH�����"�)DOVH���7UXH��`

YLUWXDO�YRLG�1H[W���� ���
YLUWXDO�YRLG�0DNH,WHUDWLRQ���� ���
YLUWXDO�YRLG�&RPSOHWLRQ���� ���
YRLG�5XQ����
���l_hj_lbq_kdb_�Zijbhjgu_�hp_gdb
YLUWXDO�7ROHUDQFH�7ROHUDQFH(VWLPDWLRQ�5HVRXUFH	�U�� ���
YLUWXDO�5HVRXUFH�5HVRXUFH(VWLPDWLRQ�7ROHUDQFH	�W�� ���
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���ijZdlbq_kdb_�Zihkl_jbhjgu_�hp_gdb
YLUWXDO�7ROHUDQFH�$FKLHYHG7ROHUDQFH���� ���
YLUWXDO�5HVRXUFH�([SHQGHG5HVRXUFH���� ���

«
`�

J_ZebaZpby� kZfh]h� bl_jZpbhggh]h� Ze]hjblfZ� lh]^Z� \u]ey^bl
ljb\bZevguf�h[jZahf�

YRLG�,WHUDWLYH$OJRULWKP��5XQ���
^�IRU��,QLWLDOL]H�����:KLOH�����1H[W�������0DNH,WHUDWLRQ����
���&RPSOHWLRQ�����`

AZf_lbf�� qlh� hkgh\gu_� f_lh^u� deZkkZ� ,WHUDWLYH$OJRULWKP�
hij_^_eyxsb_� dexq_\u_� wlZiu� bl_jZpbhggh]h� Ze]hjblfZ� b�
ij_`^_� \k_]h�� wlZiu� \uqbke_gby� kZfhc� bl_jZpbb� b� i_j_oh^Z� d
ke_^mxs_fm�rZ]m�� hnhjfe_gu� dZd� qbklh� \bjlmZevgu_� ijhp_^mju�
dhlhju_� g_h[oh^bfh� j_Zebah\Zlv� \� dhgdj_lguo� Ze]hjblfbq_kdbo
deZkkZo�� Bkihevah\Zgb_� [Zah\h]h� deZkkZ� \� ^Zgghf� kemqZ_
iha\hey_l�mgbnbpbjh\Zlv�bgl_jn_cku�\k_o�deZkkh\�bl_jZpbhgguo
Ze]hjblfh\�� Z� lZd`_� j_Zebah\Zlv� gZ� kZfhf� \_jog_f� mjh\g_
Ze]hjblfbq_kdhc� b_jZjobb� qZklv� f_lh^h\�� k\yaZgguo� k� ZgZebahf
^hklb`_gby� lhqghklb�� koh^bfhklb�� dhgljhe_f� \uqbkebl_evguo
j_kmjkh\�

�����DeZkku�Ze]hjblfh\�bgl_]jbjh\Zgby�nmgdpbc

:[kljZdlguc� deZkk� ,QWHJUDWLRQ$OJRULWKP� ij_^klZ\ey_l
h[h[s_gguc� Ze]hjblf� qbke_ggh]h� bgl_]jbjh\Zgby� nmgdpbc� k
aZ^Zgghc�lhqghklvx�b�aZ^Zggufb�\uqbkebl_evgufb�j_kmjkZfb��Hg
y\ey_lky� ijhba\h^guf� hl� kmi_jdeZkkZ� h[h[s_gguo� bl_jZpbhgguo

Ze]hjblfh\� ,WHUDWLYH$OJRULWKP� b� gZke_^m_l� hl� g_]h� ^Zggu_� b
f_lh^u�� g_h[oh^bfu_� ^ey� hj]ZgbaZpbb� bl_jZpbhggh]h� ijhp_kkZ�
Bgl_jn_ck�^Zggh]h�deZkkZ�hij_^_ey_l�ke_^mxsb_�^hihegbl_evgu_
]jmiiu�ijhp_^mj�

²�\uqbke_gb_� bgl_]jZeh\� kdZeyjguo� b� \_dlhjguo� nmgdpbc
h^ghc�i_j_f_gghc�gZ�aZ^Zgghf�bgl_j\Ze_�

²�hij_^_e_gb_�ihjy^dZ�f_lh^Z�bgl_]jbjh\Zgby�
²�Zihkl_jbhjgZy�hp_gdZ�ihjy^dZ�f_lh^Z�bgl_]jbjh\Zgby�
²�Zihkl_jbhjgZy�hp_gdZ�ih]j_rghklb�j_amevlZlZ�
Ih� kms_kl\m� bgl_jn_ck� deZkkZ� ki_pbnbpbjm_l� h[sb_

ihevah\Zl_evkdb_� ijhp_^mju�� k\yaZggu_� k� j_r_gb_f� aZ^Zqb
bgl_]jbjh\Zgby�� >_lZeb� \gmlj_gg_c� hj]ZgbaZpbb� Ze]hjblfh\� gZ
^Zgghf� mjh\g_� kdju\Zxlky�� b� bo� dhgdj_lbaZpby� i_j_ghkblky� \
qZklgu_�deZkku�
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JZkkfhljbf� \hafh`gmx� j_ZebaZpbx� deZkkZ

,QWHJUDWLRQ$OJRULWKP�gZ�yaud_�Kb���

FODVV�,QWHJUDWLRQ$OJRULWKP���SXEOLF�,WHUDWLYH$OJRULWKP
^
SURWHFWHG�

6FDODU8QL9DULDWH)XQFWLRQ�SI� ���mdZaZl_ev�gZ�bgl_]jbjm_fmx�nmgdpbx
GRXEOH�D� ���gb`gbc�b�\_jogbc�ij_^_eu�bgl_]jbjh\Zgby
GRXEOH�E�
GRXEOH�UHVXOW� ���ijb[eb`_ggu_�agZq_gby�bgl_]jZeZ
GRXEOH�UHV�� ���gZ�l_dms_c�b�^\mo�ij_^u^msbo�bl_jZpbyo
GRXEOH�UHV��

SXEOLF�
«

YLUWXDO�GRXEOH�$SSO\7R�6FDODU8QL9DULDWH)XQFWLRQ	�I��GRXEOH�ORZHU��GRXEOH�XSSHU��
YLUWXDO�LQW�2UGHU2I0HWKRG���� ���
YLUWXDO�LQW�$FKLHYHG2UGHU2I0HWKRG����
YLUWXDO�7ROHUDQFH�$FKLHYHG7ROHUDQFH����

«
`�

>ey�hj]ZgbaZpbb�\aZbfh^_ckl\by�f_`^m�hl^_evgufb�klZ^byfb
bl_jZpbhggh]h� pbdeZ�� dhlhju_� j_Zebamxlky� f_lh^Zfb� ,QLWLDOL]H����
:KLOH����� 1H[W����� 0DNH,WHUDWLRQ���� b� &RPSOHWLRQ���� deZkkZ

,WHUDWLYH$OJRULWKP�� deZkk� ,QWHJUDWLRQ$OJRULWKP� bgdZikmebjm_l
ijb\_^_ggu_� qe_gu�^Zggu_�� <ur_i_j_qbke_ggu_� ijhp_^mju
^he`gu� [ulv� i_j_hij_^_e_gu� \� dZ`^hf� dhgdj_lghf
Ze]hjblfbq_kdhf� deZkk_� \� khhl\_lkl\bb� k� dhgdj_lghc� f_lh^bdhc
hj]ZgbaZpbb� ijhp_kkZ� bgl_]jbjh\Zgby�� F_lh^� $SSO\7R���
ij_^gZagZq_g�^ey� \uqbke_gby�bgl_]jZeZ� hl� mdZaZgghc�nmgdpbb�� b
_]h� j_ZebaZpby� k\h^blky� d� bgbpbZebaZpbb� ^Zgguo� deZkkZ� b
i_j_\uah\m�f_lh^Z�5XQ����

AZf_lbf��qlh�ijhp_^mju�Zihkl_jbhjghc�hp_gdb�ih]j_rghklb�b
ihjy^dZ� f_lh^Z� bgl_]jbjh\Zgby� fh]ml� [ulv� j_Zebah\Zgu� m`_� \
Z[kljZdlghf� deZkk_� k� bkihevah\Zgb_f� ba\_klguo�nhjfme�Jmg]_� b
Wcld_gZ�� dhlhju_� g_� aZ\bkyl� hl� lbiZ� b� ihjy^dZ� dhgdj_lghc
ijbf_gy_fhc� d\Z^jZlmju� beb� bgl_jiheypbhggh]h� fgh]hqe_gZ�
Ijhp_^mjZ� Zihkl_jbhjghc� hp_gdb� ih]j_rghklb� bgl_]jbjh\Zgby
$FKLHYHG7ROHUDQFH����kljhblky�gZ�nhjfme_�Jmg]_

R
w w

k
h k h

p
=

−
− 1

�

Z� ijhp_^mjZ� hij_^_e_gby� ihjy^dZ� f_lh^Z
$FKLHYHG2UGHU2I0HWKRG����²�gZ�nhjfme_�Wcld_gZ

p k
w w

w w

k h k h

h k h

ln ln=
−

−
2

�
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<� ^Zgguo� nhjfmeZo� w w wh k h k h
, , 2 �²�\_ebqbgu� bgl_]jZeZ�

\uqbke_ggu_� k�rZ]hf� h kh k h, , 2 � khhl\_lkl\_ggh� �l�_�� gZ� l_dms_c� b

^\mo�ij_^r_kl\mxsbo�bl_jZpbyo���Z�S�²�ihjy^hd�f_lh^Z�

:[kljZdlguc� deZkk� 4XDGUDWXUH$OJRULWKP� j_Zebam_l� gZb[he__
\Z`gmx� ]jmiim� Ze]hjblfh\� qbke_ggh]h� bgl_]jbjh\Zgby� nmgdpbc�
hkgh\Zgguo� gZ� ijbf_g_gbb� d\Z^jZlmjguo� nhjfme�� IjbgbfZy� \h
\gbfZgb_�jZaghh[jZab_�ba\_klguo�d\Z^jZlmj��Z�lZd`_�\hafh`ghklv
dhgkljmbjh\Zgby� gh\uo� k� mq_lhf� ki_pbnbdb� bgl_]jbjm_fuo
nmgdpbc��ijh_dlbjh\Zgb_�^Zggh]h�deZkkZ�^he`gh�h[_ki_qb\Zlv�_]h
ihegmx�bg\ZjbZglghklv�ih�hlghr_gbx� d�jZaebqguf� d\Z^jZlmjguf

lbiZf� 4XDGUDWXUH)RUPXOD�� � >ey� wlh]h� \� deZkk_

4XDGUDWXUH$OJRULWKP� ij_^mkfhlj_g� mdZaZl_ev� gZ� h[t_dl� deZkkZ

4XDGUDWXUH)RUPXOD� b� bgdZikmebjh\Zgu� ijhp_^mju� dhgkljmbjh\Z�
gby� Ze]hjblfZ� ih� kkued_� gZ� ijhba\hevgmx� d\Z^jZlmjm�� Lh]^Z� ^ey
hij_^_e_gby� ihjy^dZ� f_lh^Z� bgl_]jbjh\Zgby� � 2UGHU2I0HWKRG���� b
Zijbhjghc�hp_gdb�_]h�ih]j_rghklb�7ROHUDQFH(VWLPDWLRQ�5HVRXUFH	�U�
gZ� hkgh\_� nhjfme� ^ey� hklZlhqgh]h� qe_gZ� d\Z^jZlmju� fh]ml
bkihevah\Zlvky� khhl\_lkl\mxsb_� ijhp_^mju�� bgdZikmebjm_fu_

deZkkhf�4XDGUDWXUH)RUPXOD�
<� ijb\_^_gghc� b_jZjobb� d\Z^jZlmjgu_� Ze]hjblfu

ih^jZa^_eyxlky� gZ� Z^Zilb\gu_� b� g_Z^Zilb\gu_�� DeZkk� $GDSWLYH
j_Zebam_l� h[h[s_gguc� Z^Zilb\guc� Ze]hjblf� \uqbke_gby
hij_^_e_ggh]h� bgl_]jZeZ� ih� mdZaZgghc� d\Z^jZlmjghc� nhjfme_�
dhlhjuc�Z\lhfZlbq_kdb�\u[bjZ_l�\_ebqbgm�rZ]Z�bgl_]jbjh\Zgby�K
lZd�� qlh[u� j_amevlZl� m^h\e_l\hjye� ij_^ibkZgghc� lhqghklb�� Ijb
j_ZebaZpbb� Z^Zilb\guo� Ze]hjblfh\� bkihevamxlky� jZaebqgu_
ko_fu�jZa[b_gby�bgl_j\ZeZ�bgl_]jbjh\Zgby�b�ihjy^dZ�_]h�h[oh^Z�
DeZkkbq_kdbfb� \ZjbZglZfb� y\eyxlky�� ]hjbahglZevgZy� b

\_jlbdZevgZy� ko_fu� >�@�� j_Zebam_fu_� deZkkZfb� +RUL]RQWDO� b

9HUWLFDO�khhl\_lkl\_ggh�
JZkkfhljbf�ihkljh_gb_�deZkkZ�d\Z^jZlmjguo�f_lh^h\�gZ�[he__

ijhklhf� ijbf_j_� g_Z^Zilb\guo� Ze]hjblfh\� 1RQ$GDSWLYH�
Ijh]jZffbjh\Zgb_� ^Zggh]h� deZkkZ� k\h^blky� d� j_ZebaZpbb� ^\mo

f_lh^h\� jh^bl_evkdh]h� deZkkZ� ,WHUDWLYH$OJRULWKP�� hij_^_eyxsbo
hkgh\gu_� klZ^bb� bl_jZpbhggh]h� pbdeZ�²�\uqbke_gb_� bl_jZpbb� b
i_j_oh^� d� ke_^mxs_fm� rZ]m�� Gb`_� ijb\h^blky� njZ]f_gl
ijh]jZffu�gZ�yaud_�Kb���

FODVV�1RQ$GDSWLYH���SXEOLF�4XDGUDWXUH$OJRULWKP
^

���hl�deZkkZ�4XDGUDWXUH$OJRULWKP�gZke_^m_lky�mdZaZl_ev�gZ�ijbf_gy_fmx�d\Z^jZlmjm
���4XDGUDWXUH)RUPXOD�STXDG�

SURWHFWHG�
LQW�Q� ���qbkeh�jZa[b_gbc�hlj_adZ�bgl_]jbjh\Zgby
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SXEOLF�
«

YLUWXDO�YRLG�0DNH,WHUDWLRQ����
YLUWXDO�YRLG�1H[W����

«
`�
YRLG�1RQ$GDSWLYH��0DNH,WHUDWLRQ����^

UHV� UHV��
UHV� UHVXOW�
GRXEOH�K �E±D��Q�
GRXEOH�D� D�
GRXEOH�E� D�K�
UHVXOW ����
IRU�LQW�L ���L�Q��L����^

UHVXOW� STXDG±!&DOFXODWH�SI��D���E���
D� E��
E�� K�

`
`
YRLG�1RQ$GDSWLYH��1H[W����^

DFFXU �$FKLHYHG7ROHUDQFH����
H[SHQG �([SHQGHG5HVRXUFH����
Q ��

`

DeZkk� ,QWHUSRODWLRQDO$OJRULWKP�j_Zebam_l�Ze]hjblf�qbke_ggh]h
bgl_]jbjh\Zgby�� hkgh\Zgguc� gZ� g_ihkj_^kl\_gghc� bgl_jiheypbb
ih^ugl_]jZevghc�nmgdpbb��Hg� bgdZikmebjm_l� mdZaZl_ev� gZ� h[t_dl

Z[kljZdlgh]h� deZkkZ� 3RO\QRPLDO�� aZ^Zxsbc� lbi� ijb[eb`Zxs_]h
fgh]hqe_gZ��Z�lZd`_�f_lh^u�dhgkljmbjh\Zgby�Ze]hjblfZ�ih�kkued_
gZ� aZ^Zgguc� ihebghf�� I_j_^Z\Zy� \� dhgkljmdlhj� fgh]hqe_gu
dhgdj_lguo� lbih\�� fh`gh� kljhblv� jZaghh[jZagu_� \ZjbZglu
bgl_jiheypbhgguo� Ze]hjblfh\� qbke_ggh]h� bgl_]jbjh\Zgby�� GZ
ijZdlbd_� qZs_� \k_]h� ijbf_gyxlky� Ze]hjblfu�� hkgh\Zggu_� gZ
bgl_jiheypbb� kieZcgZfb� beb� deZkkbq_kdbfb� kl_i_ggufb
fgh]hqe_gZfb�� F_lh^u� ihebghfbZevgh]h� deZkkZ� �bgl_jiheypby�
\uqbke_gb_� b� bgl_]jbjh\Zgb_� ihebghfZ�� bkihevamxlky� ijb
j_ZebaZpbb� ijhp_^mju� bgl_]jbjh\Zgby� ijhba\hevghc� nmgdpbb� \

deZkk_�,QWHUSRODWLRQDO$OJRULWKP�
Ihkdhevdm�\uqbke_gb_�bgl_]jZeh\�lZ[ebqgh�aZ^Zgguo�nmgdpbc

l_kgh� k\yaZgh� k� hibkZgguf� deZkkhf� Ze]hjblfh\�� ij_^klZ\ey_lky
p_e_khh[jZaghc�i_j_]jmadZ�f_lh^Z�bgl_]jbjh\Zgby�^ey�lZ[ebqguo
nmgdpbhgZevguo� h[t_dlh\�� Gb`_� ijb\_^_gZ� ijhkl_crZy
j_ZebaZpby�^Zggh]h�f_lh^Z�gZ�yaud_�Kb���

GRXEOH�,QWHUSRODWLRQDO$OJRULWKP��$SSO\7R�6FDODU8QL9DULDWH7DEOH)XQFWLRQ	�I��GRXEOH�D��GRXEOH�E��^
���deZkk�,QWHUSRODWLRQDO$OJRULWKP�bgdZikmebjm_l�qe_g�3RO\QRPLDO�SRO\�
SRO\±!,QWHUSRODWH�I���
UHWXUQ�SRO\±!,QWHJUDWH�D��E��

`
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Bgl_]jbjm_fZy� lZ[ebqgZy� nmgdpby� i_j_^Z_lky� ih� kkued_� gZ

h[t_dl� deZkkZ� 6FDODU8QL9DULDWH7DEOH)XQFWLRQ�� kh^_j`Zsbc
fZkkb\u� agZq_gbc� Zj]mf_glZ� � b� kZfhc�nmgdpbb�� >ey� \uqbke_gby
bgl_]jZeZ� bkihevamxlky� f_lh^u� bgl_jiheypbb� ,QWHUSRODWH���� b
bgl_]jbjh\Zgby� fgh]hqe_gZ� ,QWHJUDWH����� bgdZikmebjm_fu_
ihebghfbZevguf� deZkkhf�� Ih]j_rghklv� j_amevlZlZ� \� ^Zgghf
kemqZ_� hp_gb\Z_lky� ih� hklZlhqghfm� qe_gm� bgl_jiheypbhggh]h
fgh]hqe_gZ� b� agZq_gbx� klZjr_c� ijhba\h^ghc� ij_^iheh`bl_evgh
]eZ^dhc�nmgdpbb�

���H[t_dlgh�hjb_glbjh\Zggh_�ijh]jZffbjh\Zgb_

d\Z^jZlmjguo�nhjfme

I_j_c^_f� d� p_gljZevghfm� \hijhkm� ijh]jZffbjh\Zgby
d\Z^jZlmjguo� f_lh^h\� \� jZfdZo� ijh\h^bfh]h� ih^oh^Z�²
�ihkljh_gbx� kZfbo� d\Z^jZlmj� dZd� h[t_dlh\� khhl\_lkl\mxsbo
deZkkh\�� JZkkfhlj_ggu_� \ur_� h[h[s_ggu_� deZkku� Ze]hjblfh\
bgl_]jbjh\Zgby� [ueb� jZajZ[hlZgu� lZdbf� h[jZahf�� qlh[u
h[_ki_qblv�\hafh`ghklv�\uqbke_gbc�[_a�dZdhc�eb[h�dhgdj_lbaZpbb
\b^Z� bkihevam_fhc� d\Z^jZlmjghc� nhjfmeu�� LZdZy� ijh]jZffgZy
h[sghklv� fh`_l� [ulv� ih^^_j`ZgZ� iml_f� hj]ZgbaZpbb� jZaebqguo
d\Z^jZlmj� \� \b^_� p_ehklghc� deZkkh\hc� b_jZjobb� k� _^bghc
\_jrbghc��ij_^klZ\eyxs_c�d\Z^jZlmjguc�kmi_jdeZkk�

�����B_jZjoby�deZkkh\�d\Z^jZlmjguo�nhjfme

JZkkfhljbf� ij_^klZ\e_ggmx� gZ� jbk���� b_jZjobx� deZkkh\�
\dexqZxsmx�rbjhdb_� k_f_ckl\Z�ba\_klguo� d\Z^jZlmjguo�nhjfme
>�±�@�

<_jrbghc� ^Zgghc� b_jZjobb� y\ey_lky� deZkk

4XDGUDWXUH)RUPXOD�� Hg� hij_^_ey_l� b� qZklbqgh� j_Zebam_l
\uqbkebl_evgu_� ijhp_^mju�� k\yaZggu_� k� bkihevah\Zgb_f
h[h[s_gghc�d\Z^jZlmjghc�nhjfmeu

f x dx
b a

w f x C b a f O b a
a

b

i
i

n

i
p p p( ) ( ) ( ) ( ) (( ) )( )∫ ∑= − + − + −

=

+ +

2 1

1 2ξ �

]^_� x a bi ∈[ , ] �²�maeu� d\Z^jZlmju�� wi �²�__� \_kh\u_� dhwnnbpb_glu�

Maeu� b� \_kZ� d\Z^jZlmjghc�nhjfmeu� hij_^_eyxlky� ijbgyluf� ^ey
g__� kihkh[hf� ijb[eb`_gby� ih^ugl_]jZevghc�nmgdpbb��<� dZq_kl\_
ijb[eb`Zxs_c�nmgdpbb�ijbf_gy_lky�ihebghf�ihjy^dZ�Q±���h[uqgh
bgl_jiheypbhgguc� fgh]hqe_g� EZ]jZg`Z��� <_ebqbgZ
R C b a f a bp

p p= − ∈+( ) ( ), [ , ]( )1 ξ ξ �y\ey_lky� ]eZ\guf�qe_ghf�ih]j_rghklb

d\Z^jZlmjghc�nhjfmeu��IZjZf_lj�&�_klv�g_dhlhjuc�dhwnnbpb_gl�
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aZ\bkysbc� lhevdh� hl� dhgdj_lghc� d\Z^jZlmju�� Qbkeh� S�� dhlhjh_
hij_^_ey_lky� ihjy^dhf� ijb[eb`Zxs_]h� fgh]hqe_gZ� Q±��
gZau\Z_lky�ihjy^dhf�d\Z^jZlmjghc�nhjfmeu�

Bgl_jn_ck� Z[kljZdlgh]h� deZkkZ� 4XDGUDWXUH)RUPXOD
\bjlmZevgh�hij_^_ey_l�ke_^mxsb_�]jmiiu�f_lh^h\�

²�^hklmi�d�agZq_gbx�qbkeZ�maeh\�d\Z^jZlmju�Q�
²�hij_^_e_gb_�ihjy^dZ�d\Z^jZlmjghc�nhjfmeu�S�
²�^hklmi�d�agZq_gbyf�maeh\�b�\_kh\uo�dhwnnbpb_glh\�d\Z^jZ�

lmju� [ Z L QL L� � �����= � �

²�dhgkljmbjh\Zgb_� d\Z^jZlmjghc�nhjfmeu� aZ^Zggh]h�ihjy^dZ
�\uqbke_gb_�agZq_gbc�maeh\�b�\_kh\��

²�\uqbke_gb_� d\Z^jZlmj� kdZeyjguo� b� \_dlhjguo� nmgdpbc
h^ghc�i_j_f_gghc�gZ�aZ^Zgghf�bgl_j\Ze_�

²�hp_gdZ�]eZ\gh]h�qe_gZ�ih]j_rghklb�d\Z^jZlmju� Rp �k�bkihev�

ah\Zgb_f�dhgklZglu�&�
²�hp_gdZ� � \uqbkebl_evguo� j_kmjkh\�� g_h[oh^bfuo� ^ey� ijh�

\_^_gby�jZkq_lh\�
AZf_lbf��qlh�\�kmi_jdeZkk_�d\Z^jZlmj�fh`_l�[ulv�j_Zebah\ZgZ

ijhp_^mjZ� \uqbke_gby� bgl_]jZeZ� ih� h[h[s_gghc� d\Z^jZlmjghc
nhjfme_� iml_f� bkihevah\Zgby� \bjlmZevguo� f_lh^h\� ^hklmiZ� d
agZq_gbyf� maeh\� b� \_kh\�� <� lhf� kemqZ_�� _keb� bf__lky� [he__
wdhghfbqgZy� f_lh^bdZ� \uqbke_gby� d\Z^jZlmju�� gZijbf_j�� ijb
jZ\_gkl\_� agZq_gbc� \_kh\� d\Z^jZlmjghc� nhjfmeu� Q_[ur_\Z�
^ZggZy� ijhp_^mjZ� [m^_l� i_j_hij_^_eylvky� gZ� gb`gbo� mjh\gyo
b_jZjobb��I_j_hij_^_e_gb_�p_e_khh[jZagh�b�k�ijZdlbq_kdhc�lhqdb
aj_gby� ^ey� bkdexq_gby� g_`_eZl_evguo� \uah\h\� \bjlmZevguo

••����4XDGUDWXUH)RUPXOD
••����1HZWRQ&RWHV

••����5HFWDQJOH
••����7UDSH]LXP
••����6LPSVRQ
••����1HZWRQ

••����*DXVV7\SH
••����*DXVV&KULVWRIIHO

••����*DXVV
••����+HUPLWH�0HKOHU�

••����*DXVV5DGDX
••����*DXVV/REDWWR

••����&KHE\VKHY
••����(XOHU
••����*UHJRUL
••����3DWWHUVRQ
••����)LORQ
••����0RQWH&DUOR

Jbk�����H[t_dlgZy�deZkkbnbdZpby�d\Z^jZlmjguo�nhjfme
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nmgdpbc�� hkh[_ggh� f_lh^h\� ^hklmiZ� d� maeZf� b� dhwnnbpb_glZf�
ij_^klZ\eyxsbf� we_f_glZjgu_� hi_jZg^u� d\Z^jZlmjgh]h
\ujZ`_gby�

GZke_^gbdb� deZkkZ�4XDGUDWXUH)RUPXOD� j_Zebamxl� dhgdj_lgu_
d\Z^jZlmjgu_�nhjfmeu�b�bgdZikmebjmxl�g_h[oh^bfu_�^Zggu_�^ey
ojZg_gby�agZq_gbc�maeh\�b�\_kh\uo�dhwnnbpb_glh\��BgdZikmeypby
wlbo� ^Zgguo� \� d\Z^jZlmjghf� kmi_jdeZkk_� y\ey_lky� g_p_e_kh�
h[jZaghc�� ihkdhevdm� [hevrbgkl\h� d\Z^jZlmj� bkihevam_l� kh\_j�
r_ggh�jZaebqgu_�f_lh^bdb�hij_^_e_gby�\_kh\�b�maeh\��qlh�\e_q_l
aZ�kh[hc�g_h[oh^bfhklv�ijbf_g_gby�jZaguo�kihkh[h\�bo�ojZg_gby�

GZb[he__� qZklh� ^ey� bgl_]jbjh\Zgby� nmgdpbc� ijbf_gyxlky
k_f_ckl\Z� d\Z^jZlmj� GvxlhgZ±Dhl_kZ� b� d\Z^jZlmjgu_� nhjfmeu
]Zmkkh\kdh]h� lbiZ�� ij_^klZ\e_ggu_� \� b_jZjobb� deZkkZfb

1HZWRQ&RWHV�b�*DXVV7\SH� khhl\_lkl\_ggh��JZkkfhljbf� ih^jh[gh
hkh[_gghklb�j_ZebaZpbb�^Zgguo�deZkkh\�b�bo�gZke_^gbdh\�

DeZkk� 1HZWRQ&RWHV� j_Zebam_l� k_f_ckl\h� d\Z^jZlmjguo
nhjfme�GvxlhgZ±Dhl_kZ�� hkgh\Zggh_� gZ� jZ\ghf_jghc� bgl_jihey�
pbb�ih^ugl_]jZevghc�nmgdpbb�fgh]hqe_ghf�EZ]jZg`Z�kl_i_gb�Q±�
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\�dhlhjuo�maeu� d i �ijb\_^_gu�d�bgl_j\Zem� >±����@�ebg_cguf�hlh[jZ�

`_gb_f��<_kZ�ojZgylky�\�\_dlhj_�\gmljb�deZkkZ�1HZWRQ&RWHV�
D\Z^jZlmjgu_�nhjfmeu�\gmljb�^Zggh]h�k_f_ckl\Z�hlebqZxlky

^jm]� hl� ^jm]Z� kl_i_gvx� bkihevam_fh]h� bgl_jiheypbhggh]h
ihebghfZ��QZklgufb�kemqZyfb�d\Z^jZlmj�GvxlhgZ±Dhl_kZ�y\eyxl�
ky� rbjhdh� ba\_klgu_� nhjfmeu� kj_^gbo� ijyfhm]hevgbdh\� �bgl_j�
iheypby� dhgklZglhc��� ljZi_pbc� �bgl_jiheypby� ebg_cguf
fgh]hqe_ghf��� KbfikhgZ� �bgl_jiheypby� d\Z^jZlbqguf� fgh]h�
qe_ghf�� b� GvxlhgZ� �bgl_jiheypby� dm[bq_kdbf� fgh]hqe_ghf��

j_Zebam_fu_� deZkkZfb�5HFWDQJOH�� 7UDSH]LXP�� 6LPSVRQ� b�1HZWRQ
khhl\_lkl\_ggh��Bkihevah\Zgb_�ijb\_^_gguo�\ur_�h[sbo�nhjfme
^ey�\uqbke_gby�qZklguo�d\Z^jZlmj�b�hp_gdb�bo�ih]j_rghklb�djZcg_

g_wnn_dlb\gh��GZijbf_j��\uqbke_gb_�bgl_]jZeZ�\�deZkk_�6LPSVRQ
fh]eh�[u�hkms_kl\eylvky�ih�[he__�ijhklhc�nhjfme_
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Ihwlhfm�hkgh\gu_�f_lh^u�deZkkZ�1HZWRQ&RWHV�i_j_hij_^_eyxlky
\�gZke_^m_fuo�d\Z^jZlmjguo�deZkkZo�

:[kljZdlguc� deZkk� *DXVV7\SH� ij_^klZ\ey_l� k_f_ckl\h
d\Z^jZlmjguo� nhjfme� ]Zmkkh\kdh]h� lbiZ�� hkgh\Zggh_� gZ
bkihevah\Zgbb� g_jZ\ghhlklhysbo� maeh\�� jZkiheh`_gguo� \� gmeyo
hjlh]hgZevguo� fgh]hqe_gh\�� >Zggu_� nhjfmeu� gZau\Zxlky� lZd`_
d\Z^jZlmjZfb� gZb\ukr_c� Ze]_[jZbq_kdhc� lhqghklb�� ihkdhevdm
ih^h[gZy� f_lh^bdZ� \u[hjZ� maeh\� h[_ki_qb\Z_l� fbgbfZevgmx
ih]j_rghklv� j_amevlZlZ�� <� ^Zgghf� deZkk_� bgdZikmebjmxlky� ^\Z
\_dlhjZ�� g_h[oh^bfu_� ^ey� ojZg_gby� agZq_gbc� maeh\� b� \_kh\
]Zmkkh\uo� d\Z^jZlmj�� Z� lZd`_� j_Zebamxlky� \bjlmZevgu_� f_lh^u

^hklmiZ� d� � wlbf� agZq_gbyf�� Djhf_� lh]h�� deZkk� *DXVV7\SH

bgdZikmebjm_l� mdZaZl_ev� gZ� deZkk�2UWKRJRQDO6\VWHP� b� ijhp_^mjm
dhgkljmbjh\Zgby� d\Z^jZlmjghc� nhjfmeu� gZ� hkgh\_� aZ^Zgghc
kbkl_fu�hjlh]hgZevguo�fgh]hqe_gh\�

DeZkk� *DXVV&KULVWRIIHO� j_Zebam_l� ijZdlbq_kdb� \Z`gh_
k_f_ckl\h�d\Z^jZlmj�=ZmkkZ±Djbklhnn_ey
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GZ� ijZdlbd_� h[uqgh� ijbf_gy_lky� ^jm]Zy� f_lh^bdZ� \uqbke_gby
\_kh\uo� dhwnnbpb_glh\� d\Z^jZlmj� ]Zmkkh\kdh]h� lbiZ�� hkgh\ZggZy
gZ� j_r_gbb� ijh[e_fu� kh[kl\_gguo� agZq_gbc� ^ey� fZljbpu�
khklZ\e_gghc� ba� dhwnnbpb_glh\� j_dmjj_glguo� nhjfme� ^ey
hjlh]hgZevguo� fgh]hqe_gh\� >�@�� Ih^h[gZy� f_lh^bdZ� fh`_l
bkihevah\Zlvky�\�ijhp_^mj_�dhgkljmbjh\Zgby� ]Zmkkh\uo�d\Z^jZlmj
^ey� ijhba\hevgh� aZ^Zgghc� \_kh\hc�nmgdpbb�� dhlhjZy� j_Zebam_lky

deZkkhf�*DXVV7\SH�
QZklgufb� deZkkbq_kdbfb� kemqZyfb� d\Z^jZlmjguo� nhjfme

=ZmkkZ±Djbklhnn_ey� y\eyxlky� d\Z^jZlmju� =ZmkkZ� b� WjfblZ�

j_Zebam_fu_� deZkkZfb� *DXVV� b� +HUPLWH� khhl\_lkl\_ggh�� I_j\Zy



���

nhjfmeZ� dhgkljmbjm_lky� gZ� hkgh\_� hjlh]hgZevguo� fgh]hqe_gh\
E_`Zg^jZ��ρ( ) , [ , ] [ , ]x a b= = −1 1 1 ���Z�\lhjZy�²�gZ�hkgh\_��hjlh]hgZevguo

fgh]hqe_gh\�Q_[ur_\Z� �ρ( ) , [ , ] [ , ]x x a b= − = −1 1 1 12 ���<� h[hbo� deZkkZo

i_j_hij_^_eyxlky� f_lh^u� dhgkljmbjh\Zgby� d\Z^jZlmj� b� hp_gdb
ih]j_rghklb�� ihkdhevdm� \_kZ� b� dhwnnbpb_glu� hklZlhqguo� qe_gh\
\uqbkeyxlky� ZgZeblbq_kdb� �w ni = π � ^ey� d\Z^jZlmju� WjfblZ�

nhjfmeZ� ^ey� \uqbke_gby� \_kh\� d\Z^jZlmju� =ZmkkZ� ijb\h^blky� \
ke_^mxs_f�ih^jZa^_e_��

DeZkku� *DXVV5DGDX� b� *DXVV/REDWWR� j_Zebamxl
khhl\_lkl\_ggh� d\Z^jZlmjgu_� nhjfmeu� =ZmkkZ±JZ^Zm� b� =ZmkkZ±
Eh[Zllh�� D\Z^jZlmju� =ZmkkZ±JZ^Zm� hlebqZxlky� hl� d\Z^jZlmj
=ZmkkZ±Djbklhnn_ey� gZebqb_f� ^hihegbl_evgh]h� maeZ�
kh\iZ^Zxs_]h� k� gb`g_c� ]jZgbp_c� bgl_j\ZeZ� D�� <� d\Z^jZlmjguo
nhjfmeZo� =ZmkkZ±Eh[Zllh� \� dZq_kl\_� ^hihegbl_evguo� maeh\
bkihevamxlky�h[_�]jZgbpu�D��E�

DeZkku�3DWWHUVRQ��&KHE\VKHY��(XOHU��*UHJRUL��)LORQ�j_Zebamxl
d\Z^jZlmjgu_�nhjfmeu�IZll_jkhgZ��Q_[ur_\Z��Wce_jZ��=j_]hjb�b
NbehgZ� khhl\_lkl\_ggh�� Hj]ZgbaZpby� ^Zgguo� deZkkh\� [ebadZ
hj]ZgbaZpbb� jZkkfhlj_gguo� \ur_� deZkkh\�� ihkdhevdm� \k_� wlb
d\Z^jZlmju� bf_xl� h^gm� b� lm� `_� bgl_jiheypbhggmx� ijbjh^m�
AZf_lbf�� qlh� d\Z^jZlmjgu_� nhjfmeu� NbehgZ� bkihevamxlky� ^ey
bgl_]jbjh\Zgby� [ukljh� hkpbeebjmxsbo�nmgdpbc� b� [Zabjmxlky� gZ
ljb]hghf_ljbq_kdhc�bgl_jiheypbb�

DeZkk� 0RQWH&DUOR� j_Zebam_l� klZlbklbq_kdmx� d\Z^jZlmjgmx
nhjfmem�Fhgl_�DZjeh
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AZf_lbf�� qlh� j_ZebaZpby� dhgdj_lghc� d\Z^jZlmju� k\h^blky� d

hij_^_e_gbx� deZkkZ�� gZke_^m_fh]h� hl� deZkkZ�4XDGUDWXUH)RUPXOD
beb� h^gh]h� ba� _]h� ihlhfdh\�� b� j_ZebaZpbb� f_lh^Z� \uqbke_gby
bgl_]jZeZ� \� khhl\_lkl\bb� k� ijb\_^_ggufb� nhjfmeZfb�
Ij_^iheZ]Z_lky�� qlh� hij_^_e_gb_� agZq_gbc� \_kh\�� maeh\� b
dhwnnbpb_glZ� ]eZ\gh]h� qe_gZ� ih]j_rghklb� hkms_kl\ey_lky� ijb
dhgkljmbjh\Zgbb�khhl\_lkl\mxs_]h�d\Z^jZlmjgh]h�h[t_dlZ�beb�ijb
baf_g_gbb�ihjy^dZ�d\Z^jZlmju�

FODVV�*DXVV���SXEOLF�*DXVV&KULVWRIIHO
^

���hl�deZkkZ�4XDGUDWXUH)RUPXOD�gZke_^mxlky�^Zggu_�
����LQW�Q� qbkeh�maeh\�d\Z^jZlmju
����GRXEOH�FRHIWHUP� dhwnnbpb_gl�]eZ\gh]h�qe_gZ�ih]j_rghklb
���hl�deZkkZ�*DXVV7\SH�gZke_^mxlky�ke_^mxsb_�^Zggu_�
���9HFWRU�Z� \_kZ�d\Z^jZlmju
���9HFWRU�[� maeu�d\Z^jZlmju
���2UWKRJRQDO6\VWHP�RUWKSRO� mdZaZl_ev�gZ�hjlh]hgZevgmx�kbkl_fm

SXEOLF�
«

*DXVV����^�1HZ4XDGUDWXUH�����`
*DXVV�LQW�QQRG��^�1HZ4XDGUDWXUH�QQRG���`
YLUWXDO�YRLG�1HZ4XDGUDWXUH�LQW�QQRG��
YLUWXDO�GRXEOH�&DOFXODWH�6FDODU8QL9DULDWH)XQFWLRQ	�I��GRXEOH�D��GRXEOH�E��

«
`�

Ihkdhevdm� d\Z^jZlmjgu_�nhjfmeu� ]Zmkkh\kdh]h� lbiZ� kljhylky

gZ� hkgh\_� hjlh]hgZevguo�fgh]hqe_gh\�� deZkk�*DXVV7\SH� bgdZikm�
ebjm_l� mdZaZl_ev� gZ� hjlh]hgZevguc� ihebghf� RUWKSRO�� Ke_^m_l

aZf_lblv��qlh�[hevrmx�qZklv�f_lh^h\�deZkk�*DXVV�g_ihkj_^kl\_g�
gh�gZke_^m_l�hl�ij_^r_kl\mxsbo�deZkkh\��f_lh^u�hi_jbjh\Zgby�k

qbkehf�maeh\�d\Z^jZlmju�²�hl�deZkkZ�4XDGUDWXUH)RUPXOD��f_lh^u

^hklmiZ�d�agZq_gbyf�\_kh\�b�maeh\�²�hl�deZkkZ�*DXVV7\SH��f_lh^u
hij_^_e_gby� ihjy^dZ� d\Z^jZlmju� b� hp_gdb� ih]j_rghklb�²�hl

deZkkZ�*DXVV&KULVWRIIHO���Hlf_lbf��qlh�^ey�hp_gdb�ih]j_rghklb�gZ
hkgh\_� nhjfmeu� ^ey� hklZlhqgh]h� qe_gZ� bkihevamxlky� ^\Z
i_j_]jm`_gguo�f_lh^Z��h^bg�ba� dhlhjuo� hi_jbjm_l� kh� kkuedhc� gZ

bgl_]jbjm_fmx� nmgdpbx� 6FDODU8QL9DULDWH)XQFWLRQ�� Z� \lhjhc�²�k
y\gh�aZ^Zgguf�ihevah\Zl_e_f�agZq_gb_f�klZjr_c�ijhba\h^ghc�

JZkkfhljbf� [he__� ih^jh[gh� j_ZebaZpbx� ijhp_^mj
dhgkljmbjh\Zgby� d\Z^jZlmju� =ZmkkZ� b� \uqbke_gby� bgl_]jZeZ
aZ^Zgghc�nmgdpbb�ih�^Zgghc�d\Z^jZlmjghc�nhjfme_�

YRLG�*DXVV��1HZ4XDGUDWXUH�LQW�QQRG��^
Q �QQRG! ��"�QQRG�����

���\uqbke_gb_�\_kh\�b�maeh\�d\Z^jZlmju
GRXEOH�FRHI �����QQRGQQRG��
RUWKSRO QHZ�/HJHQGUH�QQRG��
[ RUWKSRO±!=HURV�QQRG��



���

IRU�LQW�L ���L�QQRG��L����^
GRXEOH�WPS �RUWKSRO��[>L@��QQRG±���
Z>L@ FRHI��±[>L@[>L@���WPSWPS��

`
���\uqbke_gb_�dhwnnbpb_glZ�hklZlhqgh]h�qe_gZ
«
`
GRXEOH�*DXVV��&DOFXODWH�6FDODU8QL9DULDWH)XQFWLRQ	�I��GRXEOH�D��GRXEOH�E��^

GRXEOH�FRHI� ����D�E��
GRXEOH�FRHI� ����E±D��
GRXEOH�UHVXOW ����
IRU�LQW�L ���L�Q��L���

UHVXOW� Z>L@I�FRHI��FRHI�[>L@��
UHVXOW FRHI��
UHWXUQ�UHVXOW�

`

<� ijhp_^mj_� dhgkljmbjh\Zgby� d\Z^jZlmju� =ZmkkZ� kljhblky
ijb[eb`Zxsbc� hjlh]hgZevguc� fgh]hqe_g� E_`Zg^jZ� Q�]h� ihjy^dZ

dZd�h[t_dl�deZkkZ�/HJHQGUH��b�f_lh^u�^Zggh]h�deZkkZ�bkihevamxlky
^ey� \uqbke_gby� maeh\� b� \_kh\uo� dhwnnbpb_glh\� d\Z^jZlmjghc

nhjfmeu�� Ihkdhevdm� deZkk� /HJHQGUH� j_Zebam_l� ebg_cgmx
dhf[bgZpbx� khhl\_lkl\mxsbo� ihebghfh\� �kf�� jZa^�������� \� _]h
f_lh^Zo� y\gh� mdZau\Z_lky� g_h[oh^bfuc� ihjy^hd� fgh]hqe_gZ� k
ihfhsvx�h^gh]h�ba�iZjZf_ljh\�

���AZdexq_gb_

<dexq_gb_� \� h[smx� deZkkbnbdZpbhggmx� ko_fm� h[t_dlh\�
ij_^klZ\eyxsbo� jZaebqgu_� deZkku� Ze]hjblfh\� bgl_]jbjh\Zgby�
jZaebqgu_� k_f_ckl\Z� ihebghfh\� b� d\Z^jZlmjguo� nhjfme�
iha\hebeh� ^hklbqv� `_eZ_fhc� h[sghklb� dZd� ijb� l_hj_lbq_kdhc
h[t_dlghc�kbkl_fZlbaZpbb�h[km`^Z_fuo�jZa^_eh\�\uqbkebl_evghc
fZl_fZlbdb��lZd�b�ijb�ijZdlbq_kdhc�j_ZebaZpbb�khhl\_lkl\mxs_]h
fZl_fZlbq_kdh]h�h[_ki_q_gby�

JZajZ[hlZggZy� deZkkbnbdZpby� ghkbl� dhgkljmdlb\guc� oZjZdl_j
b� ^himkdZ_l� g_ihkj_^kl\_ggmx� ijh]jZffgmx� j_ZebaZpbx�
Ijb\_^_ggu_� ijbf_ju� beexkljbjmxl� ebrv� g_dhlhju_� iZjZ^b]fu
h[t_dlgh�hjb_glbjh\Zggh]h� ijh]jZffbjh\Zgby� f_lh^h\
bgl_]jbjh\Zgby� k� __� bkihevah\Zgb_f�� Kj_^b� gbo� ke_^m_l� hkh[h
\u^_eblv� jZkkfhlj_ggu_� kihkh[u� h[h[s_gghc� j_ZebaZpbb
jZaebqguo� Ze]hjblfbq_kdbo� kljZl_]bc� ^ey� ijhba\hevguo
�Z[kljZdlguo�� d\Z^jZlmj� b� ijb[eb`Zxsbo� fgh]hqe_gh\�� ijbq_f� k
g_h[oh^bfufb� Zijbhjgufb� b� Zihkl_jbhjgufb� hp_gdZfb
ih]j_rghklb�� >jm]bf� kh^_j`Zl_evguf� ijbf_jhf� y\ey_lky
j_ZebaZpby� d\Z^jZlmj� ]Zmkkh\kdh]h� lbiZ� ih� ijhba\hevguf
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