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lZevgZy�kj_^Z�ijh]jZffbjh\Zgby��ij_^gZagZq_ggZy�^ey�mgbnbpb�
jh\Zgghc� jZajZ[hldb� kbkl_f� qbke_ggh]h� fh^_ebjh\Zgby� \
jZaebqguo� ij_^f_lguo� h[eZklyo�� Kj_^Z� j_Zebam_l� h[h[s_ggmx
dhgp_ipbx� fh^_ebjh\Zgby�� ih^h[gmx� ^bZdhilbd_� DjhgZ�� b� ij_^�
klZ\ey_l�kh[hc�kbkl_fm�deZkkh\�h[t_dlh\��\ujZ`Zxsbo�hkgh\gu_
__�ihgylby��Kj_^Z�j_Zebah\ZgZ�gZ�yaud_�Kb����JZkkfZljb\Zxlky
ijbf_ju� jZajZ[hldb� kbkl_f� iZjZf_ljbq_kdh]h� ]_hf_ljbq_kdh]h
fh^_ebjh\Zgby�b�fh^_ebjh\Zgby�l_q_gbc�\�k_lyo�ljm[hijh\h^h\�k
bkihevah\Zgb_f�ij_^eh`_gghc�kj_^u�

���<\_^_gb_

<�gZklhys__�\j_fy�qbke_ggh_�fh^_ebjh\Zgb_�k�mki_ohf�ijbf_gy_lky

ijb�ZgZeba_�keh`guo�nbabq_kdbo�y\e_gbc�b�ijh_dlbjh\Zgbb�jZaghh[jZa�

guo�l_ogbq_kdbo�kbkl_f��G_kfhljy�gZ�bf_xs__ky�ihgbfZgb_�h[sghklb�\

fZl_fZlbq_kdbo�ihklZgh\dZo� aZ^Zq�b�\uqbkebl_evguo�ih^oh^Zo� d�bo� j_�

r_gbx��^h�kbo�ihj�ijh]jZffu�fh^_ebjh\Zgby�jZajZ[Zlu\Zxlky�hl^_evgh

^ey� dZ`^hc� ij_^f_lghc� h[eZklb�� Z� bgh]^Z� b� ^ey� dZ`^h]h� dhgdj_lgh]h

deZkkZ�aZ^Zq��Ijb�wlhf�g_h[oh^bfhklv�kha^Zgby�ki_pbZebabjh\Zgguo�ijh�

]jZff�h[uqgh�fhlb\bjm_lky�gZebqb_f�hkh[_gghkl_c�\�ihklZgh\dZo�aZ^Zq�

kms_kl\h\Zgb_f� qZklguo� ZgZeblbq_kdbo� j_r_gbc�� ki_pbnbdhc� ijbf_g_�

gby�qbke_gguo�f_lh^h\�b�k\yaZggufb�k�gbfb�jZaebqgufb�kihkh[Zfb�ijh�

]jZffghc�j_ZebaZpbb��Ijh[e_fgZy�b�ijhp_^mjgZy�hjb_glZpby�l_ogheh]bc

ijh]jZffbjh\Zgby�\�agZqbl_evghc�kl_i_gb�kihkh[kl\h\Zeb�lZdhc�ki_pbZ�

ebaZpbb�

K� jZa\blb_f� h[t_dlgh�hjb_glbjh\Zgguo� l_ogheh]bc�� ij_^hklZ\eyx�

sbo� fhsgu_� bgkljmf_glZevgu_� \hafh`ghklb� ^ey� fgh`_kl\_ggh]h� bk�

ihevah\Zgby� ijh]jZffgh]h� h[_ki_q_gby�� ihiuldb� mgbnbpbjh\Zgghc

jZajZ[hldb� kbkl_f� qbke_ggh]h� fh^_ebjh\Zgby� \� jZaebqguo� ij_^f_lguo

h[eZklyo�dZ`mlky�_kl_kl\_ggufb�b�\iheg_�j_Zebam_fufb��Kha^Zgb_�ijb�

eh`_gbc� k� bkihevah\Zgb_f� h[t_dlgh�hjb_glbjh\Zgguo� fZl_fZlbq_kdbo
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[b[ebhl_d�� ]jZnbq_kdbo� bgl_jn_ckh\�� [Za� ^Zgguo� y\ey_lky� \� gZklhys__

\j_fy�kZfhc�ijb\uqghc�ijZdlbdhc�>�±�@�

=eZ\gh_�ij_iylkl\b_�gZ� wlhf�imlb�\hagbdZ_l�\� k\yab� k�g_h[oh^bfh�

klvx�mgbnbdZpbb�ijh]jZffguo�kj_^kl\�ihklZgh\db�aZ^Zq��dhlhju_�kms_�

kl\_ggh� aZ\bkyl� hl� hkh[_gghkl_c� ijbdeZ^ghc� aZ^Zqb� b� ki_pbnbdb

ij_^f_lghc�h[eZklb��\�dhlhjhc�^ZggZy� aZ^ZqZ�\hagbdZ_l��JZajZ[hldZ�beb

bkihevah\Zgb_� dZdhc�eb[h� h[h[s_gghc� f_lh^heh]bb� fh^_ebjh\Zgby� \

^Zgghf�kemqZ_�iha\hebeb�[u�nhjfZebah\Zlv�wlZiu�ihklZgh\db�b�j_r_gby

aZ^Zq�fh^_ebjh\Zgby�� ohly� [u� \� kZfhf� h[s_f� \b^_�� b� ki_pbnbpbjh\Zlv

g_h[oh^bfu_� [Zah\u_� bgkljmf_glZevgu_� kj_^kl\Z� jZajZ[hldb� ijbeh`_�

gbc��G_kfhljy�gZ�hlkmlkl\b_�_^bghc�dhgp_ipbb�qbke_ggh]h�fh^_ebjh\Z�

gby�� ijb\e_q_gb_� b^_c� ^bZdhilbdb�DjhgZ� >����@� y\ey_lky� gZ� gZr� \a]ey^

fgh]hh[_sZxsbf�b�iha\hey_l�\�agZqbl_evghc�kl_i_gb�ijh^\bgmlv�j_r_�

gb_�^Zgghc�ijh[e_fu�

<�gZklhys_c�jZ[hl_�jZkkfZljb\Zxlky�\hijhku�ijh_dlbjh\Zgby�b�jZa�

jZ[hldb�h[t_dlgh�hjb_glbjh\Zgghc�bgkljmf_glZevghc�kj_^u�^ey�qbke_g�

gh]h� fh^_ebjh\Zgby� g_ebg_cguo� klZlbq_kdbo� kbkl_f�� JZkkfZljb\Z_fuc

deZkk�nbabq_kdbo� kbkl_f�fZl_fZlbq_kdb� hibku\Z_lky� g_ebg_cgufb� kbk�

l_fZfb� Ze]_[jZbq_kdbo� mjZ\g_gbc� b� ho\Zlu\Z_l� ^h\hevgh�rbjhdmx� h[�

eZklv�fh^_ebjh\Zgby��\dexqZxsmx� we_dljbq_kdb_� ko_fu��f_oZgbq_kdb_�

]b^jZ\ebq_kdb_�� wg_j]_lbq_kdb_� kbkl_fu�� g_cjhggu_� k_lb�� ^bkdj_lgu_

\ZjbZglu� fgh]hqbke_gguo� aZ^Zq� fZl_fZlbq_kdhc� nbabdb�� Hibku\Z_fZy

dhgp_ipby� fh^_ebjh\Zgby� b� khhl\_lkl\mxsZy� bgkljmf_glZevgZy� kj_^Z

^himkdZxl�g_ihkj_^kl\_ggh_� h[h[s_gb_� gZ� kemqZc� g_ebg_cguo� ^bgZfb�

q_kdbo�klhoZklbq_kdbo�kbkl_f�

���Dhgp_ilmZevgZy�fh^_ev�nbabq_kdhc�kbkl_fu

Ij_^eZ]Z_lky� ke_^mxsZy� dhgp_ipby� qbke_ggh]h�fh^_ebjh\Zgby�� dh�

lhjZy� nZdlbq_kdb� hij_^_ey_l� kihkh[� nhjfbjh\Zgby� b� ij_^klZ\e_gby

h[h[s_gghc�fZl_fZlbq_kdhc�fh^_eb�jZaebqguo�nbabq_kdbo�kbkl_f��<�hi�

j_^_e_gghf�kfuke_�dhgp_ipby�ke_^m_l�^bZdhilbd_�DjhgZ�²�gZmd_�h[�bk�

ke_^h\Zgbb� keh`guo� kbkl_f� ih� qZklyf�� dhlhjZy� ihemqbeZ� hij_^_e_ggh_

ijZdlbq_kdh_�jZkijhkljZg_gb_��\�qZklghklb��ijb�fh^_ebjh\Zgbb�[hevrbo

bgl_]jZevguo�ko_f�>�@�

;m^_f�kqblZlv��qlh�fh^_ebjm_fZy�nbabq_kdZy�kbkl_fZ� { }S K C= , �y\ey�

_lky�kbkl_fhc�\aZbfhk\yaZgguo�dhfihg_glh\�b�ij_^klZ\ey_lky�dhg_qguf

fgh`_kl\hf�dhfihg_glh\� . L QL � � �= �� ��b�bo�k\ya_c�& M PM � � �= �� ��Dhfihg_g�

lhf� kbkl_fu�fh`_l� [ulv� eb[h� we_f_gl�� eb[h� ih^kbkl_fZ�� khklhysZy� ba

we_f_glh\�beb�ih^kbkl_f�[he__�gbadh]h�mjh\gy��L_f�kZfuf�^himkdZ_lky�

qlh�jZkkfZljb\Z_fZy�kbkl_fZ�fh`_l�bf_lv�keh`gmx�fgh]hmjh\g_\mx�b_�

jZjobq_kdmx�kljmdlmjm�
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DZ`^uc�dhfihg_gl� Ki �bf__l�hij_^_e_ggh_�qbkeh�\g_rgbo�kh_^bg_�

gbc� / N NL N L� � �= �� ��q_j_a�dhlhju_�hkms_kl\ey_lky�_]h�k\yav�k�^jm]bfb�dhf�

ihg_glZfb�\�kbkl_f_��DZ`^Zy�k\yav�C j �ijb�wlhf�h[t_^bgy_l�ijhba\hevgh_

qbkeh�kh_^bg_gbc�dhfihg_glh\� { }& / L L O N N O O OM L N M M M= = = =� � �� � �� � ��� ��>ey�hi�

j_^_e_gghklb� [m^_f� kqblZlv�� qlh� dZ`^h_� kh_^bg_gb_� mqZkl\m_l� lhevdh� \

h^ghc�k\yab��\�dZ`^hc�k\yab�mqZkl\m_l�ih�djZcg_c�f_j_�^\Z�kh_^bg_gby��m

dhfihg_glh\�kbkl_fu�hlkmlkl\mxl�g_k\yaZggu_�kh_^bg_gby�b��dZd�ke_^kl�

\b_��\uihegy_lky� k li
i

n

j
j

m

= =
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Ex[hc�dhfihg_gl±ih^kbkl_fZ�fh`_l�jZkkfZljb\Zlvky�dZd�kZfhklhy�

l_evgZy�kbkl_fZ��khklhysZy�ba�k\hbo�kh[kl\_gguo�dhfihg_glh\�b�bo�k\y�

a_c�� gh� bf_xsZy� hij_^_e_ggh_� qbkeh� \g_rgbo� kh_^bg_gbc�� [eZ]h^Zjy

dhlhjuf�hgZ�fh`_l�[ulv�\dexq_gZ�\�kbkl_fm�[he__�\ukhdh]h�mjh\gy��Ih�

kdhevdm�ex[Zy�ih^kbkl_fZ�khklhbl�ba�we_f_glh\�b�ih^kbkl_f�[he__�gbadh�

]h� mjh\gy�� bkoh^gZy� kbkl_fZ� \k_]^Z� fh`_l� [ulv� ij_h[jZah\ZgZ� \

wd\b\Ze_glgh_�ij_^klZ\e_gb_�\�\b^_�\aZbfhk\yaZgguo�we_f_glh\��<�^Zev�

g_cr_f�[m^_f�jZkkfZljb\Zlv�we_f_glgu_�ij_^klZ\e_gby� { }S E C= , �

DZ`^uc�we_f_gl�kbkl_fu� Ei �deZkkbnbpbjm_lky�\�khhl\_lkl\bb�k�\b�

^hf�fZl_fZlbq_kdhc�fh^_eb�b��\hafh`gh��kh�agZq_gbyfb�__�iZjZf_ljh\� pi �

Fh^_evx� we_f_glZ� y\eyxlky� Ze]_[jZbq_kdb_� khhlghr_gby�� k\yau\Zxsb_

\gmlj_gg__�khklhygb_�we_f_glZ� xi �kh�agZq_gbyfb�i_j_f_gguo�_]h�\g_rgbo

k\ya_c� yi �b�iZjZf_ljZfb�fh^_eb� pi ��<�kZfhf�h[s_f�kemqZ_�khhlghr_gby

ij_^klZ\eyxlky� g_y\gh� \� \b^_� g_ebg_cguo� Ze]_[jZbq_kdbo� mjZ\g_gbc

F x y pi i i i( , , ) = 0��]^_� F R Ri
n mi i: → ��n n n ni i

x
i
y

i
p= + + �

<_dlhj�i_j_f_gguo�k\ya_c�hl^_evgh]h�we_f_glZ� yi �kh[bjZ_lky�ba�hl�

^_evguo�dhfihg_glh\� z ��khhl\_lkl\mxsbo�k\yayf�kbkl_fu��dhlhjufb�kh�

_^bg_g�^Zgguc�we_f_gl��Ijb�wlhf�\_dlhj� z �hij_^_ey_lky�g_ihkj_^kl\_ggh
gZ�fgh`_kl\_�k\ya_c�kbkl_fu��ijbq_f�k�dZ`^hc�k\yavx� C j �h[uqgh�k\yau�

\Z_lky�k\h_�ih^fgh`_kl\h�dhfihg_glh\� z Rj
nz∈ �h^gh]h�b�lh]h�`_�nbdkb�

jh\Zggh]h� jZaf_jZ�� LZdbf� h[jZahf�� _keb� kh_^bg_gb_� Li k � we_f_glZ� Ei

mqZkl\m_l�\�k\yab�C j ��lh� y zi k j= �b�n l nzi
y

i= �

Bgh]^Z�ijb� n mi
x

i= �m^Z_lky� y\gh� jZaj_rblv� mjZ\g_gby� hlghkbl_evgh

i_j_f_gguo�khklhygby�we_f_glZ�b�ij_^klZ\blv�fh^_ev�we_f_glZ�\�\b^_�kh�

hlghr_gbc� x y pi i
x

i i= Φ ( , ) ��<�jy^_� kemqZ_\�ijb� n mi
y

i= �mjZ\g_gby�jZaj_rZ�

xlky�hlghkbl_evgh�i_j_f_gguo�k\ya_c�b�ij_^klZ\eyxlky�khhlghr_gbyfb

y x pi i
y

i i= Φ ( , ) ��G_�f_g__�kh^_j`Zl_evguf�hdZau\Z_lky�kemqZc� n mi
y

i> ��dh]^Z

mjZ\g_gbc�g_�^hklZlhqgh�^ey�h^ghagZqgh]h�hij_^_e_gby�\k_o�i_j_f_gguo

k\ya_c�� h^gZdh� \hafh`gh� aZ^Zgb_� gZ[hjZ� jZaebqguo� ijZ\be� \b^Z

′ = ′′y x y pi i
y

i i iΦ ( , , ) ��ijbf_gbfuo�^ey�\uqbke_gby�h^gh]h�ih^fgh`_kl\Z�i_j_�
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f_gguo� ′yi �hlghkbl_evgh�^jm]h]h� ′′yi ��<�dhg_qghf�kq_l_�kihkh[�aZ^Zgby�b

ij_^klZ\e_gby�fh^_eb�we_f_glZ�k\yaZg�kh�ki_pbnbdhc�aZ^Zqb��Fu�`_�[m�

^_f�kqblZlv��qlh�\�jZkkfZljb\Z_fhf�deZkk_�aZ^Zq�fh^_eb�we_f_glh\�\k_]^Z

fh]ml�[ulv�aZ^Zgu�ih�djZcg_c�f_j_�h^gbf�ba�i_j_qbke_gguo�kihkh[h\�

H[km^bf�\hijhk�nhjfbjh\Zgby�fh^_eb�\k_c�kbkl_fu��Ij_`^_�\k_]h

aZf_lbf�� qlh� iZjZf_ljZfb� kbkl_fu� { }p p p pn= 1 2, ,..., � y\eyxlky� iZjZf_lju

fh^_e_c�hl^_evguo�we_f_glh\��Khklhygb_�\k_c�kbkl_fu�hij_^_ey_lky�kh�

klhygb_f�\k_o�we_f_glh\�b�\_dlhjhf�i_j_f_gguo�k\ya_c��ihwlhfm�\_dlhj

khklhygby� nhjfbjm_lky� dZd� { }x x x x yn= 1 2, ,..., , �� Ih\_^_gb_� \k_c� kbkl_fu

hibku\Z_lky�g_dhlhjhc� kbkl_fhc�g_ebg_cguo� Ze]_[jZbq_kdbo� mjZ\g_gbc

F x p( , ) = 0 ��dhlhjZy�b�y\ey_lky�__�fZl_fZlbq_kdhc�fh^_evx��=eZ\gh_�hleb�

qb_�fZl_fZlbq_kdhc�fh^_eb�kbkl_fu�hl�dhfihg_glguo�fh^_e_c�khklhbl�\

lhf�� qlh� i_j_f_ggu_� \gmlj_ggbo� k\ya_c� \hreb� \� \_dlhj� khklhygby�� Z

\g_rgb_�k\yab�m�aZfdgmlhc�kbkl_fu�hlkmlkl\mxl�

D�kh`Ze_gbx��\�jZaebqguo�ijbdeZ^guo�aZ^ZqZo�ihkljh_gb_�fh^_e_c

hkms_kl\ey_lky� ki_pbnbq_kdbf� h[jZahf�� \� kbem� jZaebqbc� ijbf_gy_fuo

nmg^Zf_glZevguo� aZdhgh\�b� hkh[_gghkl_c� we_f_glguo�fh^_e_c��G_�ij_�

l_g^my�gZ�dZdmx�eb[h�\k_h[t_fe_fhklv��l_f�g_�f_g__��fh`gh�ihiulZlvky

\u^_eblv� ^hklZlhqgh� h[sbc� b� jZkijhkljZg_gguc� \� jZaebqguo� ij_^f_l�

guo�h[eZklyo�ih^oh^�d�nhjfbjh\Zgbx�fh^_e_c�

Ij_`^_�\k_]h�\�kbkl_fm�mjZ\g_gbc�^he`gu�[ulv�\dexq_gu�we_f_gl�

gu_� mjZ\g_gby� F x y pi i i i( , , ) = 0�� L Q= �� �� �� \ujZ`Zxsb_� nmgdpbhgZevgu_

k\hckl\Z�hl^_evguo�we_f_glh\��Ijb�wlhf�we_f_glgu_�mjZ\g_gby�fh]ml�eb�

[h�y\gh�\dexqZlvky�\�ihegmx�kbkl_fm�mjZ\g_gbc��eb[h�mqblu\Zlvky�g_y\�

gh� ijb� nhjfbjh\Zgbb� ^jm]bo� mjZ\g_gbc� kbkl_fu� k� bkihevah\Zgb_f

mihfygmluo� ki_pbZevguo�ij_^klZ\e_gbc�fh^_e_c��Ihke_^gb_� iha\heyxl

\ujZablv�h^gb�i_j_f_ggu_�q_j_a�^jm]b_�b�l_f�kZfuf�nhjfbjh\Zlv�hklZ\�

rb_ky�mjZ\g_gby�\�khdjZs_gghf�[Zabk_�i_j_f_gguo�

Djhf_�we_f_glguo�mjZ\g_gbc��\�kbkl_fm�fh]ml�[ulv�\dexq_gu�lhih�

eh]bq_kdb_�mjZ\g_gby��hljZ`Zxsb_�kihkh[�\oh`^_gby�hl^_evguo�dhfih�

g_glh\� \� fh^_ebjm_fmx� kbkl_fm�� >h\hevgh� qZklh� \� ijbeh`_gbyo

lhiheh]bq_kdb_�mjZ\g_gby�\ujZ`Zxl�nmg^Zf_glZevgu_�nbabq_kdb_�aZdh�

gu� khojZg_gby� \_ebqbg�� khhl\_lkl\mxsbo� i_j_f_gguf� khklhygby��<� lZ�

dbo� kemqZyo� i_j_f_ggu_� khklhygby� h[uqgh� aZ^Zxl� ihlhdb� khojZgy_fuo

\_ebqbg� q_j_a� kh_^bg_gby� we_f_glh\�b� lhiheh]bq_kdb_� mjZ\g_gby�fh]ml

[ulv�ij_^klZ\e_gu�\�Z^^blb\ghc�Ze]_[jZbq_kdhc�nhjf_��Mf_klgu�ZgZeh�

]bb� k� aZdhgZfb�Dbjo]hnZ�\� l_hjbb�p_i_c�b� k� dhgk_j\Zlb\gufb� jZaghkl�

gufb�f_lh^Zfb� ^ey� mjZ\g_gbc�fZl_fZlbq_kdhc�nbabdb�� LZdbf� h[jZahf�

dZ`^hc�k\yab� C j �� M P= �� �� �fh]ml�[ulv�ijbibkZgu�mjZ\g_gby�khojZg_gby
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0��\�dhlhjuo�bg^_dku� i i l k k lj j= =( ), ( ) �i_j_qbkeyxl�\k_�kh_^b�

g_gby�we_f_glh\��mqZkl\mxsbo�\�k\yab�

<\b^m�ijhba\hevghklb�we_f_glguo�fh^_e_c�b�lhiheh]bb�\k_c�kbkl_�

fu�� j_r_gb_�g_ebg_cguo� mjZ\g_gbc� ^he`gh� hkms_kl\eylvky� qbke_gguf

h[jZahf�k�bkihevah\Zgb_f�ba\_klguo�qbke_gguo�b��\hafh`gh��Ze]_[jZbq_�

kdbo�f_lh^h\�>����@��HibkZggZy�dhgp_ilmZevgZy�ko_fZ�y\ey_lky�^hklZlhqgh

h[s_c�b�fh`_l�[ulv�ijbf_g_gZ�d�kZfuf�rbjhdbf�deZkkZf�aZ^Zq�fh^_eb�

jh\Zgby��\dexqZy�jZaghh[jZagu_�l_ogbq_kdb_�kbkl_fu��bg`_g_jgu_�k_lb�

dhg_qgh�we_f_glgu_�dhgkljmdpbb�

Dhgp_ipby�^himkdZ_l�^Zevg_cr__�h[h[s_gb_�gZ�kemqZc�g_ebg_cguo

^bgZfbq_kdbo� klhoZklbq_kdbo� kbkl_f�� <� ihke_^g_f� kemqZ_� fZl_fZlbq_�

kdZy� nhjfZebaZpby� ijb\h^bl� d� g_ebg_cguf� kbkl_fZf� h[udgh\_gguo

^bnn_j_gpbZevguo�mjZ\g_gbc� kh� kemqZcgh� jZkij_^_e_ggufb�iZjZf_ljZ�

fb�

���H[t_dlgZy�fh^_ev�nbabq_kdhc�kbkl_fu

H[t_dlgh�hjb_glbjh\Zgguc� ih^oh^� jZkkfZljb\Z_lky� gZfb� dZd� ih^�

oh^��ijbf_g_gb_�dhlhjh]h�h[_ki_qb\Z_l�g_h[oh^bfmx�nmgdpbhgZevghklv

b�bgkljmf_glZevghklv�jZajZ[Zlu\Z_fhc�ijh]jZffghc�kj_^u��G_nhjfZev�

gh_� bkihevah\Zgb_� HHI� ij_^iheZ]Z_l� ijh\_^_gb_� h[t_dlgh]h� ZgZebaZ

ij_^f_lghc� h[eZklb� b� ihkljh_gb_� __� h[t_dlghc� fh^_eb�� hij_^_eyxs_c

hkgh\gu_�\b^u�h[t_dlh\�b�kihkh[u�bo�\aZbfh^_ckl\by�\�jZfdZo�ijbeh`_�

gbc�

Ij_^eZ]Z_fZy� kj_^Z� ijh]jZffbjh\Zgby� ij_^klZ\ey_l� kh[hc� kbkl_fm

deZkkh\� h[t_dlh\�� \ujZ`Zxsbo� dexq_\u_� ihgylby� jZkkfhlj_gghc� \ur_

dhgp_ipbb� fh^_ebjh\Zgby�� Z� bf_ggh�� 6\VWHP�� &RPSRQHQW�� (OHPHQW�

6XEV\VWHP��&RQQHFWLRQ��/LQN��6LPXODWLRQ��0RGHO��$QDO\VLV��>Zggh_�[Zah\h_

fgh`_kl\h�\f_kl_�k�deZkkZfb�fZl_fZlbq_kdhc�[b[ebhl_db�y\ey_lky�^hklZ�

lhqguf�^ey�ij_^klZ\e_gby�jZaghh[jZaguo�nbabq_kdbo�kbkl_f�b�j_ZebaZ�

pbb�gZb[he__�h[sbo�f_lh^h\�ihklZgh\db�b�j_r_gby�aZ^Zq�fh^_ebjh\Zgby

\�jZfdZo�hibkZgghc�dhgp_ipbb�

:[kljZdlguc�deZkk�&RPSRQHQW�j_Zebam_l�ihgylb_�dhfihg_glZ�kbkl_�

fu��K� dhfihg_glhf� k\yau\Z_lky� gZ[hj� Zljb[mlh\�� \dexqZxsbc� b^_glb�

nbdZlhj� dhfihg_glZ�� iZjZf_lju�� i_j_f_ggu_� khklhygby� b� \g_rgb_

kh_^bg_gby��IZjZf_lju�b�i_j_f_ggu_�khklhygby�bkihevamxlky�ijb�ZgZeb�

a_� fh^_ebjm_fhc� kbkl_fu��Kh_^bg_gby� hij_^_eyxl� ihl_gpbZevgmx� \ha�

fh`ghklv� lhiheh]bq_kdh]h� \dexq_gby� dhfihg_glZ� \� kbkl_fm� b

nZdlbq_kdb� hij_^_eyxl� kihkh[� \aZbfh^_ckl\by� dhfihg_glh\� \� kbkl_f_�

>ey�h[t_dlh\�^Zggh]h�deZkkZ�hij_^_e_gu�f_lh^u�

• �aZ^Zgby�b�ihemq_gby�b^_glbnbdZlhjZ�dhfihg_glZ�



���

• �hi_jbjh\Zgby�k�iZjZf_ljZfb��hij_^_e_gby�bo�dhebq_kl\Z��^hklmiZ�d
gbf��

• �hi_jbjh\Zgby�k�i_j_f_ggufb�khklhygby�
• �j_^Zdlbjh\Zgby�k\ya_c�dhfihg_glZ�\�kbkl_f_�
• �ij_^klZ\e_gby� klZlbq_kdhc�� ^bgZfbq_kdhc� b� qZklhlghc� oZjZdl_jb�

klbd�dhfihg_glZ��nmgdpbhgZevguo�hlh[jZ`_gbc�khhl\_lkl\mxsbo�lbih\��

>ey�dZ`^h]h�iZjZf_ljZ�dhfihg_glZ�hij_^_e_gh� kbf\hebq_kdh_�bfy�

agZq_gb_�� Z� lZd`_� _^bgbpZ� b� fZkrlZ[� baf_j_gby��DZ`^hfm� kh_^bg_gbx

dhfihg_glZ�fh`_l�[ulv�ijbibkZg�klZlmk��hij_^_eyxsbc�kh_^bg_gb_�dZd

\oh^gh_��\uoh^gh_�beb�g_hij_^_e_ggh_�

<dexq_gb_�dhfihg_glZ�\�kbkl_fm�hkms_kl\ey_lky�\�j_amevlZl_� aZ^Z�

gby� k\ya_c� dhfihg_glZ� q_j_a� fZkkb\� kh_^bg_gbc� deZkkZ� /LQN�� dhlhju_

ij_^klZ\eyxl�kh[hc�kkuedb�gZ�h[t_dlu�deZkkZ�&RQQHFWLRQ��DZ`^Zy�k\yav

bf__l�b^_glbnbdZlhj��\_dlhj�i_j_f_gguo�b�\�k\hx�hq_j_^v�fh`_l�kh^_j�

`Zlv�kibkhd�kh_^bg_gbc��dhlhju_�hgZ�h[t_^bgy_l��BgnhjfZpby�h�klZlmk_

kh_^bg_gbc�fh`_l�bkihevah\Zlvky�^ey�dhgljhey�lhiheh]bq_kdhc�dhjj_dl�

ghklb�hibkZgby�\k_c�kbkl_fu��GZijbf_j��qZklh�ijb�fh^_ebjh\Zgbb�eh]b�

q_kdbo� ko_f� bkoh^yl� ba� ij_^iheh`_gby�� qlh� \� dZ`^hc� k\yab� mqZkl\m_l

ebrv�h^bg�\uoh^�b�ijhba\hevgh_�beb�h]jZgbq_ggh_�qbkeh�\oh^h\��K�wlhc

p_evx�fh`_l�hdZaZlvky�ihe_aguf�deZkkbnbpbjh\Zlv�k\yab�\�khhl\_lkl\bb

k�j_Zebam_fufb�ijZ\beZfb�dhgljhey�lhiheh]bq_kdhc�dhjj_dlghklb�

DeZkku�(OHPHQW��6XEV\VWHP�dhgdj_lbabjmxl�ihgylb_�dhfihg_glZ�kbk�

l_fu�dZd� we_f_glZ�beb�ih^kbkl_fu�b� hij_^_eyxlky� dZd�ijhba\h^gu_� hl

deZkkZ�&RPSRQHQW��<�hlebqb_�hl�we_f_glh\��ih^kbkl_fu�ojZgyl�kkuedm�gZ

khhl\_lkl\mxs__�bf�ij_^klZ\e_gb_�deZkkZ�6\VWHP��L_f� kZfuf�ih^kbkl_�

fu��mqZkl\my�\�hibkZgbb�fh^_ebjm_fhc�kbkl_fu��jZkkfZljb\Zxlky�b�dZd

__� dhfihg_glu�� b� dZd� kZfhklhyl_evgu_� kbkl_fu� kh� k\hbfb� hl^_evgufb

ij_^klZ\e_gbyfb�

Ih^h[guc� ^mZebaf� h[_ki_qb\Z_l� \hafh`ghklv� ijbf_g_gby� dZd� ljZ�

^bpbhgguo��lZd�b�^bZdhilbq_kdbo�f_lh^h\�fh^_ebjh\Zgby��<�i_j\hf�kem�

qZ_� bkoh^gh_� ij_^klZ\e_gb_� kbkl_fu� ^he`gh� [ulv� ij_h[jZah\Zgh� \

wd\b\Ze_glgh_� _fm� we_f_glgh_� ij_^klZ\e_gb_� \� j_amevlZl_� j_dmjkb\gh]h

jZkdjulby�ih^kbkl_f�^h�we_f_glgh]h�mjh\gy��<h�\lhjhf�kemqZ_�lZdb_�ij_�

h[jZah\Zgby�g_� h[yaZl_evgu�b� \iheg_�^himklbfh�ij_^klZ\e_gb_�fh^_eb�

jm_fhc�kbkl_fu�gZ�mjh\g_�ih^kbkl_f��kf��jbk�����

DeZkk� (OHPHQW� y\ey_lky� [Zah\uf� ^ey� dhgdj_lguo� deZkkh\� fh^_e_c

we_f_glh\��mqZkl\mxsbo�\�ijbeh`_gbb��H[uqgh�qbkeh�lZdbo�fh^_e_c�\_�

ebdh�b�deZkkbnbdZpby�we_f_glh\�ijbh[j_lZ_l�jZa\_jgmluc�\b^��GZijbf_j�

ijb� ijh_dlbjh\Zgbb� we_dljhgguo� mkljhckl\� bkihevam_lky� klZg^Zjlguc

gZ[hj� we_f_glh\�� \dexqZxsbc� jZaebqgu_� aZ\bkbfu_�b� g_aZ\bkbfu_� bk�

lhqgbdb��j_abklhju��dhg^_gkZlhju��bg^mdlb\ghklb�� ljZgabklhju��ijbq_f

^ey�[hevrbgkl\Z�lbih\�we_f_glh\�ijbf_gyxlky�jZaghh[jZagu_�fZl_fZlb�



���

q_kdb_�fh^_eb�kh�k\hbfb�ki_pbnbq_kdbfb�nmgdpbhgZevgufb�oZjZdl_jb�

klbdZfb�b�gZ[hjZfb�iZjZf_ljh\�

DeZkk�6\VWHP�ih^^_j`b\Z_l�ij_^klZ\e_gb_�fh^_ebjm_fhc�kbkl_fu�\

\b^_�fgh`_kl\�dhfihg_glh\�b�bo�k\ya_c� �kf��jbk������DeZkk�hij_^_ey_l�b

j_Zebam_l�f_lh^u�hibkZgby�b�j_^Zdlbjh\Zgby�kbkl_fu��\dexqZy�kha^Zgb_�

m^Ze_gb_��ihbkd��i_j_klZgh\dm�dhfihg_glh\�b�bo�k\ya_c�

DeZkk� $QDO\VLV� ij_^gZagZq_g� ^ey� ihklZgh\db� aZ^Zq� fh^_ebjh\Zgby�

dhlhjZy�\dexqZ_l�mdZaZgb_�\b^Z�ZgZebaZ��aZ^Zgb_�gZqZevguo�mkeh\bc�beb

gZqZevgh]h�ijb[eb`_gby��\Zjvbjm_fuo�iZjZf_ljh\��Z�lZd`_�mdZaZgb_�bk�

dhfuo�i_j_f_gguo��dhlhju_�ih^e_`Zl�ihklh[jZ[hld_�b�\u\h^m�ihevah\Z�

l_ex��IZjZf_lju�fh]ml�aZ^Z\Zlvky�\�j_`bf_�ijhklh]h��fgh]h\ZjbZglgh]h

beb�klZlbklbq_kdh]h�jZkq_lZ��khq_lZxs_fky�k�ex[uf�ba�hkgh\guo�\b^h\

ZgZebaZ�� Ki_pbZevgu_� ijhba\h^gu_� deZkku� 6WDWLF$QDO\VLV�

'\QDPLF$QDO\VLV�� )UHTXHQF\$QDO\VLV� mlhqgyxl� \hafh`gu_� \b^u� ZgZebaZ

dZd�klZlbq_kdbc��^bgZfbq_kdbc�b�qZklhlguc��hij_^_eyy�g_h[oh^bfu_�^h�

ihegbl_evgu_� iZjZf_lju� fh^_ebjh\Zgby�� gZijbf_j�� bgl_j\Ze� \j_f_gb�

qZklhlguc�^bZiZahg�

AZf_lbf��qlh�jZkkfhlj_ggZy�kbkl_fZ�deZkkh\�\�agZqbl_evghc�kl_i_gb

hljZ`Z_l�ijbdeZ^gmx� klhjhgm�fh^_ebjh\Zgby�b�ih� kms_kl\m�hij_^_ey_l

kihkh[� mgbnbpbjh\Zgghc� ihklZgh\db� aZ^Zq� fh^_ebjh\Zgby� \� l_jfbgZo

Jbk�����>bZdhilbq_kdh_�ij_^klZ\e_gb_�fh^_ebjm_fhc�kbkl_fu

OLQN��

OLQN�� system2

FODVV�6\VWHP

system1

OLQN�� OLQN��
FRPSRQHQW�

(OHPHQW�

FRPSRQHQW�
6XEV\VWHP

OLQN��
OLQN��FRQQHFWLRQ�

&RQQHFWLRQ
FRQQHFWLRQ�

OLQN��FRPSRQHQW�
(OHPHQW� /LQN

FODVV�6\VWHP
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ihevah\Zl_ey��>jm]hc��g_�f_g__�kh^_j`Zl_evghc�klhjhghc�fh^_ebjh\Zgby

y\ey_lky�fZl_fZlbq_kdZy�nhjfZebaZpby�ijbdeZ^ghc� aZ^Zqb�b�__�j_r_gb_

h^gbf�ba�\uqbkebl_evguo�f_lh^h\��Ijh\_^_gb_�klZlbq_kdh]h��^bgZfbq_�

kdh]h�b�qZklhlgh]h�fh^_ebjh\Zgby�k\yaZgh�k�j_r_gb_f�lj_o�hkgh\guo�\b�

^h\� \uqbkebl_evguo� aZ^Zq�� d� dhlhjuf� k\h^ylky� ^Zggu_� \b^u� ZgZebaZ�

g_ebg_cguo�kbkl_f�Ze]_[jZbq_kdbo�mjZ\g_gbc��aZ^Zq�Dhrb�^ey�g_ebg_c�

guo� kbkl_f� h[udgh\_gguo� ^bnn_j_gpbZevguo� mjZ\g_gbc� b� ebg_cguo

kbkl_f�Ze]_[jZbq_kdbo�mjZ\g_gbc�

>ey�j_r_gby�\hagbdZxsbo�fZl_fZlbq_kdbo�aZ^Zq�p_e_khh[jZagh�bk�

ihevah\Zlv� fZl_fZlbq_kdmx� h[t_dlgh�hjb_glbjh\Zggmx� [b[ebhl_dm� h[�

s_]h� gZagZq_gby� >�±��@�� ij_^hklZ\eyxsmx� g_h[oh^bfu_

bgkljmf_glZevgu_�b�Ze]hjblfbq_kdb_�kj_^kl\Z��;b[ebhl_dZ�ij_^klZ\ey_l

kh[hc�kbkl_fm�gZke_^m_fuo�fZl_fZlbq_kdbo��ijh[e_fguo�b�Ze]hjblfbq_�

kdbo�deZkkh\��I_j_qbkebf�ebrv�g_dhlhju_�ba�gbo��dhlhju_�bf_xl�g_ih�

kj_^kl\_ggh_�hlghr_gb_�d�h[km`^Z_fhfm�djm]m�aZ^Zq�

FZl_fZlbq_kdb_�deZkku�9HFWRU��0DWUL[��)XQFWLRQ�j_Zebamxl�ihgylby

\_dlhjZ��fZljbpu�b�nmgdpbb��>ey� h[t_dlh\� ^Zgguo� deZkkh\� hij_^_e_gu

khhl\_lkl\mxsb_� [Zah\u_� hi_jZpbb� ebg_cghc� Ze]_[ju� b� ZgZebaZ�� Ijh�

[e_fgu_� deZkku�/LQHDU6\VWHP�� 1RQOLQHDU6\VWHP�b�&DXFK\3UREOHP� j_Zeb�

amxl�f_lh^u�ihklZgh\db�khhl\_lkl\mxsbo� aZ^Zq�� aZ^Zgby�Ze]hjblfh\�bo

j_r_gby� b� ihemq_gby� j_amevlZlh\�� :e]hjblfbq_kdb_� deZkku� /LQHDU�

6\VWHP$OJRULWKP�� 1RQOLQHDU6\VWHP$OJRULWKP� b� &DXFK\3UREOHP$OJRULWKP

hkms_kl\eyxl�g_ihkj_^kl\_ggh_�qbke_ggh_�j_r_gb_�aZ^Zq��;he__�ih^jh[�

gu_�k\_^_gby�h�ijbgpbiZo�ihkljh_gby�b�hkgh\guo�dhfihg_glZo�[b[ebh�

l_db�fh`gh�gZclb�\�>�±��@�

>ey�lh]h�qlh[u�\hkihevah\Zlvky�kj_^kl\Zfb�fZl_fZlbq_kdhc�[b[ebh�

l_db��g_h[oh^bfh�ij_^klZ\blv�ijbdeZ^gmx�aZ^Zqm�\�klZg^Zjlghc�fZl_fZ�

lbq_kdhc�nhjf_�k�bkihevah\Zgb_f�__�[Zah\uo�deZkkh\��;m^_f�kqblZlv��qlh

deZkku� 6WDWLF0RGHO�� '\QDPLF0RGHO�� )UHTXHQF\0RGHO�� ijhba\h^gu_� hl

0RGHO��h[_ki_qb\Zxl�ij_^klZ\e_gb_�khhl\_lkl\mxsbo�klZlbq_kdbo��^bgZ�

fbq_kdbo�b�qZklhlguo�fZl_fZlbq_kdbo�fh^_e_c�\�lj_[m_fhc�nhjf_��Hj]Z�

gbaZpby� ^Zgghc� deZkkbnbdZpbb� k\yaZgZ� k� l_f�� qlh� dZ`^Zy� nbabq_kdZy

kbkl_fZ�fh`_l�fh^_ebjh\Zlvky� jZaebqguf� h[jZahf� \� khhl\_lkl\bb� k� \b�

^hf�ijh\h^bfh]h�ZgZebaZ�b�kihkh[hf�nhjfbjh\Zgby�fZl_fZlbq_kdhc�fh�

^_eb�� ;Zah\uc� deZkk� 0RGHO� h[_ki_qb\Z_l� g_h[oh^bfuc� ^hklmi� d

ij_^klZ\e_gbx�fh^_ebjm_fhc� kbkl_fu� lbiZ� 6\VWHP� q_j_a� khhl\_lkl\mx�

smx�bgdZikmebjm_fmx�kkuedm�

H[km^bf�dexq_\hc�^ey�gZklhys_]h�ijh_dlZ�\hijhk�h�nhjfbjh\Zgbb

fZl_fZlbq_kdbo�fh^_e_c�nbabq_kdbo�kbkl_f��H]jZgbqbfky�kemqZ_f�klZlb�

q_kdh]h�ZgZebaZ��\�dhlhjhf�fh^_ev�ij_^klZ\ey_lky�kbkl_fhc�g_ebg_cguo

Ze]_[jZbq_kdbo�mjZ\g_gbc��AZ^Zgb_�mjZ\g_gbc�\�fZl_fZlbq_kdhc�[b[ebh�

l_d_�hkms_kl\ey_lky�ijhp_^mjguf�h[jZahf�\�j_amevlZl_�dhgkljmbjh\Zgby
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\_dlhjghc� nmgdpbb� g_kdhevdbo� i_j_f_gguo� deZkkZ� 9HFWRU0XOWL9DULDWH�

)XQFWLRQ�� ^ey� dhlhjhc� hij_^_e_gu� g_h[oh^bfu_� hi_jZpbb� \uqbke_gby

agZq_gbc�nmgdpbb�b�__�fZljbpu�Ydh[b��K� wlhc�p_evx�deZkk�6WDWLF0RGHO

kljhblky� \� j_amevlZl_� fgh`_kl\_ggh]h� gZke_^h\Zgby� hl� 0RGHO� b

9HFWRU0XOWL9DULDWH)XQFWLRQ��\�j_amevlZl_�q_]h�hg�ihemqZ_l�^hklmi�d�ij_^�

klZ\e_gbx�fh^_ebjm_fhc�kbkl_fu�b�ijbh[j_lZ_l�g_h[oh^bfuc�bgl_jn_ck

nmgdpbhgZevgh]h�h[t_dlZ��J_ZebaZpby�\uqbkebl_evguo� hi_jZpbc� hkms_�

kl\ey_lky�iml_f�bl_jbjh\Zgby� we_f_glh\� kbkl_fu�b� jZkq_lZ� Z^^blb\guo

\deZ^h\�hl^_evguo� we_f_glh\�\�\ujZ`_gby�nmgdpbb�b�fZljbpu�Ydh[b� k

bkihevah\Zgb_f� bo� klZlbq_kdbo� oZjZdl_jbklbd��KZfb� hi_jZpbb� j_Zebam�

xlky� \� dhgdj_lguo� gZke_^m_fuo� deZkkZo� 6WDWLF0RGHO��� 6WDWLF0RGHO�� b

6WDWLF0RGHO���dhlhju_�khhl\_lkl\mxl�lj_f�gZb[he__�jZkijhkljZg_gguf�\

ijbeh`_gbyo�kihkh[Zf�nhjfbjh\Zgby�klZlbq_kdbo�fh^_e_c�\�jZfdZo�h[�

km`^Z_fhc�dhgp_ipbb�

I_j\uc�kihkh[�khhl\_lkl\m_l�gZb[he__�ijhklhfm�kemqZx��dh]^Z�klZ�

lbq_kdZy�fh^_ev�kh[bjZ_lky�ba�hl^_evguo�we_f_glguo�mjZ\g_gbc��>Zgguf

kihkh[hf�ijhbkoh^bl��gZijbf_j��nhjfbjh\Zgb_�iZjZf_ljbq_kdhc�]_hf_l�

jbq_kdhc�fh^_eb�ba�hl^_evguo�mjZ\g_gbc��k\yaZgguo�k�fgh`_kl\hf�gZeh�

`_gguo�h]jZgbq_gbc�>��@�

<h�\lhjhf�kihkh[_��djhf_�we_f_glguo�mjZ\g_gbc��\�fh^_ev�^h[Z\ey�

xlky�lhiheh]bq_kdb_�mjZ\g_gby��ijbq_f�dhfihgh\dZ�mjZ\g_gbc�hkms_kl�

\ey_lky� \� iheghf� [Zabk_� i_j_f_gguo� khklhygby� b� i_j_f_gguo� k\ya_c�

OZjZdl_jgufb�ijbf_jZfb�fh]ml�kem`blv�ba\_klgu_�]b[jb^gu_�ij_^klZ\�

e_gby� mjZ\g_gbc� we_dljhgguo� ko_f� b� l_q_gbc� \� k_lyo� ljm[hijh\h^h\

>������@�

GZdhg_p�� lj_lbc� kihkh[� khhl\_lkl\m_l� qZklghfm�� gh� jZkijhkljZg_g�

ghfm� kemqZx�� dh]^Z� we_f_glgu_� mjZ\g_gby� fh]ml� [ulv� y\gh� jZaj_r_gu

hlghkbl_evgh� i_j_f_gguo� khklhygby� b� fh^_ev� nbabq_kdhc� kbkl_fu� kh�

klZ\ey_lky�ba� lhiheh]bq_kdbo� mjZ\g_gbc�� \� dhlhjuo�i_j_f_ggu_� khklhy�

gby�\ujZ`_gu�q_j_a�i_j_f_ggu_�k\ya_c�gZ�hkgh\_�we_f_glguo�mjZ\g_gbc�

Wlhfm�kihkh[m�khhl\_lkl\mxl�qZklgu_�maeh\u_�ij_^klZ\e_gby�\�mihfygm�

luo�\ur_�ijbf_jZo�fh^_ebjh\Zgby�we_dljhgguo�ko_f�b�l_q_gbc�\�ljm[h�

ijh\h^Zo�

Hkgh\guf�deZkkhf��khhl\_lkl\mxsbf�ihgylbx�kZfh]h�ijh]jZffgh]h

ijbeh`_gby�b�h[t_^bgyxsbf�\k_�jZkkfhlj_ggu_�\ur_�kj_^kl\Z�qbke_g�

gh]h�fh^_ebjh\Zgby��y\ey_lky�6LPXODWLRQ��DeZkk�j_Zebam_l�f_lh^u�

• �aZ^Zgby�fh^_ebjm_fhc�kbkl_fu�lbiZ�6\VWHP�b�^hklmiZ�d�g_c�

• �aZ^Zgby�klZlbq_kdhc��^bgZfbq_kdhc�b�qZklhlghc�fh^_e_c�khhl\_lkl�
\mxsbo�lbih\�6WDWLF0RGHO��'\QDPLF0RGHO��)UHTXHQF\0RGHO�

• �aZ^Zgby�f_lh^h\�j_r_gby�klZg^Zjlguo�fZl_fZlbq_kdbo�aZ^Zq�lbih\

1RQOLQHDU6\VWHP$OJRULWKP�� &DXFK\3UREOHP$OJRULWKP�� /LQHDU6\VWHP$OJR�

ULWKP�
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• �aZ^Zgby� mkeh\bc� fh^_ebjh\Zgby� \� \b^_� aZ^Zq� h^gh]h� ba� lbih\
6WDWLF$QDO\VLV��'\QDPLF$QDO\VLV��)UHTXHQF\$QDO\VLV�

• �ijh\_^_gby�fh^_ebjh\Zgby�
• �ihklh[jZ[hldb�j_amevlZlh\�b�\u\h^Z�bo�ihevah\Zl_ex�

���Ijbgpbiu�kha^Zgby�ijbeh`_gbc�k�bkihevah\Zgb_f

kj_^u

HibkZggZy�kbkl_fZ�deZkkh\�iha\hey_l�klZ\blv�b�j_rZlv�aZ^Zqb�fh^_�

ebjh\Zgby�\�kZfhf�h[s_f�mgbnbpbjh\Zgghf�\b^_�[_a�dZdhc�eb[h�dhgdj_�

lbaZpbb� ij_^f_lghc� h[eZklb� fh^_ebjh\Zgby�� Kha^Zgb_� dhgdj_lgh]h

ijbeh`_gby� gZ� hkgh\_� ^Zgghc� kj_^u� k\h^blky� \� hkgh\ghf� d� jZajZ[hld_

ki_pbZebabjh\Zgghc�[b[ebhl_db�fh^_e_c�we_f_glh\��\�j_amevlZl_�dhlhjhc

mlhqgyxlky�lbiu�we_f_glh\��ijbkmsb_�dhgdj_lghc�ij_^f_lghc�h[eZklb��Z

lZd`_�bo�fZl_fZlbq_kdb_�k\hckl\Z��;b[ebhl_dZ�fh^_e_c�j_Zebam_lky�\�\b�

^_� kbkl_fu� jh^kl\_gguo� deZkkh\�� ijhba\h^guo� hl� [Zah\h]h� deZkkZ

(OHPHQW�

<� g_dhlhjuo� kemqZyo�fh`_l� ihlj_[h\Zlvky� jZajZ[hldZ� ki_pbZevguo

deZkkh\�fh^_e_c�lbiZ�0RGHO��g_h[oh^bfuo�^ey�mlhqg_gby��\�q_f�khklhbl

fZl_fZlbq_kdZy�ihklZgh\dZ�aZ^Zqb�fh^_ebjh\Zgby�b�dZdbf�bf_ggh�kihkh�

[hf�ke_^m_l�nhjfbjh\Zlv�fh^_ev�nbabq_kdhc�kbkl_fu��Fu�iheZ]Z_f��qlh

qbkeh�lZdbo�kihkh[h\�g_\_ebdh�b�hgb�\k_]^Z�fh]ml�[ulv�j_Zebah\Zgu�\�\b�

^_�klZg^Zjlghc�[b[ebhl_db�deZkkh\��>ey�aZ^Zq�klZlbq_kdh]h�fh^_ebjh\Z�

gby�fu�\u^_ebeb�ljb�gZb[he__�h[sbo�ih^oh^Z�d�nhjfbjh\Zgbx�fh^_e_c�

L_f�g_�f_g__��fu�g_�bkdexqZ_f�\hafh`ghklb�kms_kl\h\Zgby�ijbdeZ^guo

aZ^Zq��dhlhju_�ihlj_[mxl�bgh]h�kihkh[Z�fZl_fZlbq_kdhc�nhjfZebaZpbb�b

ijb\_^ml�d�g_h[oh^bfhklb�jZkrbj_gby�wlh]h�gZ[hjZ�

Ijb� kha^Zgbb� aZdhgq_gguo� ihevah\Zl_evkdbo� kbkl_f� ^ZggZy� kj_^Z

e_]dh�bgl_]jbjm_lky�k�khhl\_lkl\mxsbfb�kj_^kl\Zfb�bgl_jZdlb\ghc�]jZ�

nbdb�b�[ZaZfb�^Zgguo��kf��jbk������>ey�wlh]h�\u^_e_gguf�[Zah\uf�ihgy�

lbyf� nbabq_kdhc� kbkl_fu� b� we_f_glZ� ke_^m_l� ijb^Zlv� ^hihegbl_evguc

]jZnbq_kdbc�b�bgnhjfZpbhgguc�kfuke�b�kha^Zlv� khhl\_lkl\mxsb_�ijh�

ba\h^gu_� deZkku� k� jZkrbj_gguf� gZ[hjhf� nmgdpbc�� DZd� ihdZaZe� hiul

ijZdlbq_kdbo�jZajZ[hlhd��\�jy^_�kemqZ_\�p_e_khh[jZagh�gZ^kljhblv�kj_^m

fh^_ebjh\Zgby� gZ� bf_xs_cky� ]jZnbq_kdhc� [b[ebhl_d_�� ihkdhevdm� ijb

wlhf� m^Z_lky� mgbnbpbjh\Zlv� g_� lhevdh� kj_^kl\Z� fh^_ebjh\Zgby�� gh� b

kj_^kl\Z� ihevah\Zl_evkdh]h� hdhggh]h� bgl_jn_ckZ� b� ]jZnbq_kdh]h� j_^Zd�

lhjZ�

BlZd��i_j_qbkebf�hkgh\gu_�bgkljmf_glZevgu_�\hafh`ghklb�jZajZ[h�

lZgghc�h[t_dlgh�hjb_glbjh\Zgghc�kj_^u�fh^_ebjh\Zgby�

• �Ij_^f_lgZy�Z^ZilZpby�kj_^u�y\ey_lky�__�dexq_\hc�nmgdpbhgZev�
ghc�hkh[_gghklvx��JZajZ[hldZ�ijbeh`_gby�k\h^blky�d�ihkljh_gbx�ijhba�



���

\h^guo� deZkkh\� b� j_ZebaZpbb� hlghkbl_evgh� g_[hevrhc� qZklb� f_lh^h\�

Ijb�wlhf�g_h[oh^bfu_�^h[Z\e_gby�b�baf_g_gby�ghkyl�ehdZevguc�oZjZd�

l_j�b�g_�gZjmrZxl�p_ehklghklv�\k_c�kj_^u�ijh]jZffbjh\Zgby��<�dhg_q�

ghf� blh]_� wlh� h[_ki_qb\Z_l� fbgbfZevgu_� aZljZlu� gZ� jZajZ[hldm� gh\uo

ijh]jZffguo� ijbeh`_gbc�� k\yaZgguo� k� qbke_gguf� fh^_ebjh\Zgb_f�� b

\hafh`ghklv�kha^Zgby�p_euo�ebgbc�ijh]jZffguo�ijh^mdlh\�

• �Ijh[e_fgZy�Z^ZilZpby�kj_^u�aZdexqZ_lky�\�\hafh`ghklb�\\_^_gby
gh\uo�\b^h\�ZgZebaZ�b�h[_ki_qb\Z_lky�[Zah\uf�deZkkhf�$QDO\VLV��hij_^_�

eyxsbf�hkgh\gu_�kj_^kl\Z�aZ^Zgby�mkeh\bc�fh^_ebjh\Zgby�b�ihklZgh\db

fZl_fZlbq_kdhc�aZ^Zqb�

• �AZ^Zgb_�gh\uo�kihkh[h\�nhjfbjh\Zgby�fh^_eb�kbkl_fu�hkms_kl\�

ey_lky�\�j_amevlZl_�dhgkljmbjh\Zgby�deZkkZ��ijhba\h^gh]h�hl�0RGHO��ohly

\� [hevrbgkl\_� kemqZ_\� m^Z_lky� \hkihevah\Zlvky� m`_� j_Zebah\Zggufb

klZg^Zjlgufb�\ZjbZglZfb�nhjfbjh\Zgby�fh^_eb�

• �<dexq_gb_� gh\uo� \b^h\� we_f_glh\� h[_ki_qb\Z_lky� hj]ZgbaZpb_c
[b[ebhl_db� fh^_e_c� we_f_glh\� b� k\h^blky� d� ihkljh_gbx� ijhba\h^guo

deZkkh\�gZ�hkgh\_�[Zah\h]h�deZkkZ�(OHPHQW�

• �:e]hjblfbq_kdZy� Z^ZilZpby� kj_^u� y\ey_lky� gZb[he__� keh`guf� b
\Z`guf�Zki_dlhf�__�jZajZ[hldb�b�ijbf_g_gby��ihkdhevdm�ex[Zy�ihiuldZ

Jbk�����Bgkljmf_glZevgu_�kj_^kl\Z�jZajZ[hldb�ijbeh`_gbc�fh^_ebjh\Zgby

0DWK

/LEUDU\

6LPXODWLRQ

)UDPHZRUN
*UDSKLFDO

8VHU

,QWHUIDFH

'DWD%DVH

&LUFXLW

6LPXODWRU

3ODWIRUP

2ULHQWHG

)UDPHZRUN

3LSLQJ

)ORZ

6LPXODWRU

3DUDPHWULF

*HRPHWULF

6LPXODWRU
...
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kha^Zgby� mgb\_jkZevgh]h� fZl_fZlbq_kdh]h� b� ijbdeZ^gh]h� ijh]jZffgh]h

h[_ki_q_gby� fh`_l� ijb\h^blv� d� djZcg_� gbadhc� _]h� wnn_dlb\ghklb� ijb

j_r_gbb�dhgdj_lguo�qZklguo�deZkkh\�aZ^Zq��J_r_gb_�wlhc�ijh[e_fu�fu

k\yau\Z_f� k� bkihevah\Zgb_f�fZl_fZlbq_kdhc� h[t_dlgh�hjb_glbjh\Zgghc

[b[ebhl_db�� ij_^hklZ\eyxs_c� fhsgu_� bgkljmf_glZevgu_� \hafh`ghklb

^ey�jZa\blby�ijh[e_fgh]h�b�Ze]hjblfbq_kdh]h�j_i_jlmZjZ�b�_]h�Z^ZilZpbb

d�dhgdj_lguf�ijbdeZ^guf�ijh[e_fZf�>�±��@�

���Kbkl_fZ�iZjZf_ljbq_kdh]h�]_hf_ljbq_kdh]h

fh^_ebjh\Zgby

Ijh]jZffgu_� kj_^kl\Z� iZjZf_ljbq_kdh]h� ]_hf_ljbq_kdh]h� fh^_eb�

jh\Zgby� khklZ\eyxl� g_hlt_fe_fmx� qZklv� kh\j_f_gguo� jZa\bluo

CAD/CAM kbkl_f��<hh[s_� ]h\hjy�� l_jfbg� ³iZjZf_ljbq_kdh_�fh^_ebjh�

\Zgb_´�\dexqZ_l�\�k_[y� kZfu_�h[sb_�f_lh^bdb�dhgkljmdlhjkdh]h�ijh_d�

lbjh\Zgby� [��]��<�gZklhys_c�klZlv_�^Zgghfm� l_jfbgm�fu�ijb^Z_f�[he__

madh_� agZq_gb_��Z�bf_ggh�² fh^_ebjh\Zgb_�k�bkihevah\Zgb_f�jZa\blh]h
gZ[hjZ� ]_hf_ljbq_kdbo�� jZaf_jguo� b� Ze]_[jZbq_kdbo� h]jZgbq_gbc� ^ey

ijhba\hevguo�]_hf_ljbq_kdbo�kp_g��Ihke_^gb_�fh]ml�[ulv�ij_^klZ\e_gu

dZjdZkghc��l\_j^hl_evghc�beb�]jZgbqghc�fh^_evx�

Kms_kl\mxl� ^\Z� hkgh\guo� ih^oh^Z� d� j_r_gbx� aZ^Zq� iZjZf_ljbq_�

kdh]h�]_hf_ljbq_kdh]h�fh^_ebjh\Zgby��qbke_gguc�b�Ze]_[jZbq_kdbc��Qbk�

e_gguc� ih^oh^� ke_^m_l� gZb[he__� h[s_c� dhgp_ipbb� iZjZf_ljbq_kdh]h

fh^_ebjh\Zgby�� hjb_glbjh\Zgghc� gZ� h[h[s_ggmx� ihklZgh\dm�rbjhdh]h

deZkkZ� aZ^Zq� iZjZf_ljbaZpbb� \� \b^_� g_ebg_cguo� kbkl_f� Ze]_[jZbq_kdbo

mjZ\g_gbc�b�ijbf_g_gb_�khhl\_lkl\mxsbo�\uqbkebl_evguo�f_lh^h\�^ey

bo�j_r_gby� [��]��:e]_[jZbq_kdbc�ih^oh^�hkgh\u\Z_lky�gZ�ZgZeba_�Zijb�
hjguo�aZ\bkbfhkl_c�f_`^m�iZjZf_ljZfb�]_hf_ljbq_kdhc�fh^_eb�b�ihke_�

^h\Zl_evghf� \uqbke_gbb� agZq_gbc� i_j_f_gguo� gZ� hkgh\_� b_jZjobb

ijZ\be��\ujZ`Zxsbo�h^gb�i_j_f_ggu_�q_j_a�^jm]b_�[��]��:e]_[jZbq_kdb_
f_lh^u�\ub]ju\Zxl�\�lhqghklb�b�kdhjhklb�m�qbke_gguo�f_lh^h\��h^gZdh

ijhb]ju\Zxl�bf�\�mgb\_jkZevghklb��Djm]�j_rZ_fuo�k�bo�ihfhsvx�aZ^Zq

h]jZgbq_g�b_jZjobyfb�h]jZgbq_gbc��g_�\dexqZxsbo�pbdeu�b�kh\f_klgu_

mjZ\g_gby�

JZkkfhljbf�kbkl_fm�iZjZf_ljbq_kdh]h�fh^_ebjh\Zgby��kha^Zggmx�gZ

hkgh\_�h[t_dlgh�hjb_glbjh\Zgghc�bgkljmf_glZevghc�kj_^u�

�����IhklZgh\dZ�b�f_lh^u�j_r_gby�aZ^Zq

iZjZf_ljbaZpbb

IZjZf_ljbq_kdZy�fh^_ev�ij_^klZ\ey_l�kh[hc�dhg_qgh_�fgh`_kl\h�h]�

jZgbq_gbc�� aZ^Zgguo� gZ� fgh`_kl\_� ]_hf_ljbq_kdbo� ijbfblb\h\� kp_gu�

AZf_lbf��qlh�\k_�]_hf_ljbq_kdb_��jZaf_jgu_�b�Ze]_[jZbq_kdb_�h]jZgbq_�
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gby�fh`gh�j_^mpbjh\Zlv�d�h]jZgbq_gghfm�gZ[hjm�we_f_glZjguo�h]jZgb�

q_gbc��dhlhju_�hij_^_eyxlky�lhevdh�gZ�oZjZdl_jguo�lhqdZo�]_hf_ljbq_�

kdbo� h[t_dlh\�� LZdbf� h[jZahf�� fgh`_kl\h� k\ya_c� iZjZf_ljbq_kdbo

we_f_glh\�khklZ\eyxl�oZjZdl_jgu_�lhqdb�ijbfblb\h\�

Fh^_evx�h]jZgbq_gby�y\eyxlky�ijhkl_crb_�Ze]_[jZbq_kdb_�khhlgh�

r_gby��k\yau\Zxsb_�agZq_gby�dhhj^bgZl�_]h�lhq_d�k�i_j_f_ggufb�b�ih�

klhyggufb� agZq_gbyfb� _]h� iZjZf_ljh\�� ;m^_f� kqblZlv�� qlh

]_hf_ljbq_kdb_�ijbfblb\u�kZfb�ih�k_[_�g_�bf_xl�fZl_fZlbq_kdbo�fh^_�

e_c��Z�\�kemqZ_�g_h[oh^bfhklb�g_y\gh�\ghkyl�khhl\_lkl\mxsb_�h]jZgbq_�

gby� \� iZjZf_ljbq_kdmx� fh^_ev� kp_gu�� GZijbf_j�� iZjZee_e_ibi_^

^hihegbl_evgh� hij_^_ey_l� ��� h]jZgbq_gbc�� �� i_ji_g^bdmeyjghklb� b� ��

jZ\_gkl\�ijh_dpbc�ijhlb\he_`Zsbo�j_[_j��GZ�mjh\g_�nhjfbjh\Zgby�iZ�

jZf_ljbq_kdhc�fh^_eb�b�__�j_r_gby�g_�bf__l�kfukeZ�jZaebqZlv�h]jZgbq_�

gby�� aZ^Zggu_� ihevah\Zl_e_f� y\gh�� b� h]jZgbq_gby�� ihjh`^Z_fu_

]_hf_ljbq_kdbfb�ijbfblb\Zfb��ihkdhevdm�b�l_��b�^jm]b_�bf_xl�h^bgZdh�

\u_�fZl_fZlbq_kdb_�fh^_eb�

Kbkl_fZ�g_ebg_cguo�Ze]_[jZbq_kdbo�mjZ\g_gbc��y\eyxsZyky�fZl_fZ�

lbq_kdhc�fh^_evx�iZjZf_ljbah\Zgghc�kp_gu��nhjfbjm_lky�ba�mjZ\g_gbc

hl^_evguo� h]jZgbq_gbc� \� [Zabk_� i_j_f_gguo�� \dexqZxs_f� dhhj^bgZlu

oZjZdl_jguo�lhq_d�b�^jm]b_�iZjZf_lju� ]_hf_ljbq_kdhc�fh^_eb��Hkh[_g�

ghklv�aZ^Zqb�iZjZf_ljbq_kdh]h�]_hf_ljbq_kdh]h�fh^_ebjh\Zgby�aZdexqZ�

_lky� \� lhf�� qlh� \� h[s_f� kemqZ_� kbkl_fZ� mjZ\g_gbc� ihemqZ_lky

g_^hhij_^_e_gghc�beb�i_j_hij_^_e_gghc��>ey�j_r_gby�kbkl_f�ijbf_gy�

xlky�f_lh^u�gvxlhgh\kdh]h�lbiZ� [��]��h[_ki_qb\Zxsb_�gZ^_`gh_�j_r_�

gb_�mjZ\g_gbc�\�ih^h[guo�kblmZpbyo�

�����Ki_pbZebabjh\ZggZy�[b[ebhl_dZ�we_f_glh\

iZjZf_ljbq_kdh]h�fh^_ebjh\Zgby

JZkkfhljbf� hj]ZgbaZpbx� ki_pbZebabjh\Zgghc� [b[ebhl_db� iZjZf_l�

jbq_kdbo�we_f_glh\�\�jZfdZo�h[t_dlgh�hjb_glbjh\Zgghc�bgkljmf_glZev�

ghc� kj_^u�� ;b[ebhl_dZ� \dexqZ_l� hkgh\gu_� \b^u� ]_hf_ljbq_kdbo

ijbfblb\h\� b� h]jZgbq_gbc�� mqZkl\mxsbo� \� iZjZf_ljbq_kdhf�fh^_ebjh�

\Zgbb�� b� ij_^klZ\ey_lky� b_jZjob_c� deZkkh\�� gZke_^m_fuo� hl� [Zah\h]h

deZkkZ�(OHPHQW��kf��jbk�����

We_f_glZfb�iZjZf_ljbq_kdh]h�fh^_ebjh\Zgby�y\eyxlky�ij_`^_�\k_]h

]_hf_ljbq_kdb_� ijbfblb\u� dhgkljmdlb\ghc� l\_j^hl_evghc� ]_hf_ljbb�

]jZgbqgh]h�ij_^klZ\e_gby�b�dZjdZkgh]h�fh^_ebjh\Zgby�� Z� lZd`_� we_f_g�

lZjgu_� ]_hf_ljbq_kdb_�� jZaf_jgu_� b� Ze]_[jZbq_kdb_� h]jZgbq_gby�� dhlh�

ju_�k\yau\Zxl�dhhj^bgZlu�oZjZdl_jguo�lhq_d� ]_hf_ljbq_kdhc�fh^_eb�b

\\_^_ggu_�i_j_f_ggu_�f_`^m� kh[hc��Kms_kl\_gguf�^ey�ijh\_^_gby�iZ�

jZf_ljbq_kdh]h�fh^_ebjh\Zgby�hdZau\Z_lky�hij_^_e_gb_�^hihegbl_evguo

\kihfh]Zl_evguo� ijbfblb\h\� ²� dhgkljmdpbhgguo� we_f_glh\�� dhlhju_
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g_y\gh�mqZkl\mxl�\�ihkljh_gbb�]_hf_ljbq_kdbo�fh^_e_c��aZ^Z\Zy�kbkl_fm

h]jZgbq_gbc�^ey�ijbfblb\h\�hkgh\guo�\b^h\��Ohly�^Zggu_�we_f_glu�ih�

\lhjyxl� hkgh\gu_� ]_hf_ljbq_kdb_� h[t_dlu�� hgb� \uihegyxl� kh\_jr_ggh

bgu_� nmgdpbb� \� ijh\_^_gbb� iZjZf_ljbq_kdh]h� fh^_ebjh\Zgby��H[uqgh

kj_^kl\Z�bo�ihkljh_gby��\bamZebaZpbb�b�hi_jbjh\Zgby�k�gbfb�hlebqZxlky

hl�kj_^kl\�jZ[hlu�k�wd\b\Ze_glgufb�]_hf_ljbq_kdbfb�ijbfblb\Zfb��ih�

wlhfm�fu�jZkkfZljb\Z_f�bo�\�dZq_kl\_�kZfhklhyl_evguo�h[t_dlh\�

• • �(OHPHQW
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• • �*HRPHWULF3ULPLWLYH

• • �:LUHIUDPH3ULPLWLYH
• • �3RLQW
• • �/LQH
• • �&LUFOH
• • �$UF
• • �&RQLF6HFWLRQ

• • �(OOLSVH
• • �3DUDEROD
• • �+\SHUEROD

• • �185%6&XUYH
• • �3RO\JRQ

• • �&6*3ULPLWLYH
• • �3DUDOOHOHSLSHG
• • �&\OLQGHU
• • �&RQH
• • �6SKHUH
• • �7RUXV
• • �3RO\KHGURQ

• • �%RXQGDU\3ULPLWLYH
• • �3ODQH
• • �&\OLQGULFDO6XUIDFH
• • �&RQLF6XUIDFH
• • �6SKHULFDO6XUIDFH
• • �185%66XUIDFH

• • �&RQVWUXFWLRQ(OHPHQW
• • �&RQVWUXFWLRQ3RLQW
• • �&RQVWUXFWLRQ/LQH
• • �&RQVWUXFWLRQ&LUFOH
• • �&RQVWUXFWLRQ3ODQH

• • �&RQVWUDLQW
• • �*HRPHWULF&RQVWUDLQW

• • �6WDWLF3RLQW
• • �6WDWLF&RRUGLQDWH
• • �(TXDO6L]HV
• • �&RLQFLGHQW3RLQWV
• • �&RLQFLGHQW&RRUGLQDWHV
• • �3DUDOOHO/LQHV
• • �3HUSHQGLFXODU/LQHV
• • �3ODQDU/LQHV
• • �&ROLQHDU/LQHV
• • �3RLQW/LHV2Q/LQH
• • �3RLQW/LHV2Q&LUFOH

• • �'LPHQVLRQDO&RQVWUDLQW
• • �6L]H
• • �6L]H3URMHFWLRQ
• • �$QJOH%HWZHHQ3RLQWV
• • �$QJOH%HWZHHQ/LQHV
• • �3URMHFWLRQ2Q/LQH
• • �3URMHFWLRQ2Q&LUFOH
• • �3HULPHWHU�'
• • �$UHD�'
• • �&HQWURLG�'
• • �$UHD�'
• • �9ROXPH�'
• • �&HQWURLG�'

• • �$OJHEUDLF&RQVWUDLQW

Jbk�����B_jZjoby�deZkkh\�we_f_glh\�iZjZf_ljbq_kdh]h�fh^_ebjh\Zgby

DZ`^uc�ba�i_j_qbke_gguo�deZkkh\�gZke_^m_l�f_lh^u��^_deZjbjm_fu_

[Zah\uf�deZkkhf�(OHPHQW��DeZkk�ParametricElement ^hihegbl_evgh�hij_�
^_ey_l��Z�dhgdj_lgu_�deZkku�j_Zebamxl�f_lh^u�nZceh\h]h�\\h^Z/\u\h^Z�b
\bamZebaZpbb�iZjZf_ljbq_kdbo�we_f_glh\�\�hdg_�^ey�\aZbfh^_ckl\by�k�[Z�

aZfb�^Zgguo�b�bgl_jZdlb\ghc�]jZnbq_kdhc�[b[ebhl_dhc�\�jZfdZo� aZdhg�

q_ggh]h� ijbeh`_gby�� <� dZ`^hf� deZkk_� h]jZgbq_gbc� i_j_hij_^_ey_lky

gZ[hj�ijhp_^mj��aZ^Zxsbo�fZl_fZlbq_kdmx�fh^_ev�we_f_glZ��\uqbke_gb_



���

nmgdpbhgZevguo�hlh[jZ`_gbc�b�bo�ijhba\h^guo���>ey�nhjfbjh\Zgby�fh�

^_eb� \k_c� kbkl_fu� bkihevam_lky� deZkk� StaticModel1� bgkljmf_glZevghc
kj_^u��LZd�dZd�]_hf_ljbq_kdb_�ijbfblb\u�b�dhgkljmdpbhggu_�we_f_glu

g_�bf_xl�kh[kl\_gguo�fZl_fZlbq_kdbo�fh^_e_c��\�khhl\_lkl\mxsbo�deZk�

kZo� j_Zebah\Zgu�f_lh^u� \g_k_gby� ^hihegbl_evguo� h]jZgbq_gbc� \� iZjZ�

f_ljbah\Zggmx�kp_gm�

Ihkdhevdm�aZ^ZqZ�iZjZf_ljbq_kdh]h�]_hf_ljbq_kdh]h�fh^_ebjh\Zgby

\�[hevrbgkl\_�kemqZ_\�k\h^blky�d�j_r_gbx�g_^hhij_^_e_gguo�kbkl_f�g_�

ebg_cguo� Ze]_[jZbq_kdbo� mjZ\g_gbc�� \hagbdZ_l� g_h[oh^bfhklv� j_ZebaZ�

pbb� ki_pbnbq_kdh]h� Ze]hjblfZ� ^ey� j_r_gby� ih^h[guo� kbkl_f�� Fu

bkihevam_f� g_ebg_cguc� ABS�f_lh^� d\Zabgvxlhgh\kdh]h� lbiZ�� hkgh\Zg�
guc�gZ�fh^bnbpbjh\Zgghf�Ze]hjblf_�OmZg]Z� [��]��>ey�_]h�j_ZebaZpbb�\
h[t_dlgh�hjb_glbjh\Zggmx� fZl_fZlbq_kdmx� [b[ebhl_dm� ^h[Z\e_g� deZkk

NonlinearABSAlgorithm��Ijb�wlhf�\k_�hklZevgu_�deZkku�[b[ebhl_db�hklZ�

ebkv�[_a�baf_g_gby�

Ijbf_g_gb_�h[t_dlgh�hjb_glbjh\Zgghc�bgkljmf_glZevghc�kj_^u�ih�

a\hey_l� \� fZdkbfZevghc� kl_i_gb� mgbnbpbjh\Zlv� ijh]jZffgu_� kj_^kl\Z

nhjfbjh\Zgby�b�j_r_gby�iZjZf_ljbq_kdbo�fh^_e_c��Ijb�wlhf�h[_ki_qb�

\Zxlky�\Z`gu_�bgkljmf_glZevgu_�\hafh`ghklb�^ey�bo�^Zevg_cr_]h�jZa�

\blby� dZd� \� gZijZ\e_gbb� h[h[s_gby� ihklZgh\hd� aZ^Zq� iZjZf_ljbaZpbb

khhl\_lkl\mxsbf� jZkrbj_gb_f� \b^h\� ]_hf_ljbq_kdbo�ijbfblb\h\�b� h]�

jZgbq_gbc��lZd�b�\�gZijZ\e_gbb�fh^_jgbaZpbb�f_lh^h\�j_r_gby�

�����J_ZebaZpby�kbkl_fu�iZjZf_ljbq_kdh]h

fh^_ebjh\Zgby

Ij_^eh`_ggZy�bgkljmf_glZevgZy�kj_^Z�Zijh[bjh\ZgZ�ijb�j_ZebaZpbb

]jZnbq_kdhc� bgl_jZdlb\ghc� kbkl_fu� iZjZf_ljbq_kdh]h� fh^_ebjh\Zgby�

Kbkl_fZ�j_Zebah\ZgZ�gZ�yaud_�Kb���\�kj_^_�Win32/Win32s�b�\dexqZ_l�\
k_[y�

•  h[t_dlgh�hjb_glbjh\Zggmx�bgkljmf_glZevgmx�kj_^m�^ey�jZajZ[hl�
db�kbkl_f�qbke_ggh]h�fh^_ebjh\Zgby�

•  dhfihg_glu� h[t_dlgh�hjb_glbjh\Zgghc�fZl_fZlbq_kdhc� [b[ebhl_�
db�

• �[b[ebhl_dm�]_hf_ljbq_kdbo�ijbfblb\h\�b�h]jZgbq_gbc�
• �ihevah\Zl_evkdbc�fgh]hhdhgguc�bgl_jn_ck�
• �]jZnbq_kdbc�j_^Zdlhj�iZjZf_ljbq_kdbo�]_hf_ljbq_kdbo�kp_g�
Kbkl_fZ�iha\hey_l�iZjZf_ljbah\Zlv�2–D b�3–D ]_hf_ljbq_kdb_�fh^_�

eb� k� bkihevah\Zgb_f� [Zah\h]h� gZ[hjZ� ijbfblb\h\� b� h]jZgbq_gbc� �kf�

jbk��������� =_hf_ljbq_kdb_� kp_gu� ij_^klZ\e_gu� dZjdZkgufb� fh^_eyfb�

Kbkl_fZ�^himkdZ_l�h^gh\j_f_ggh_�j_^Zdlbjh\Zgb_�g_kdhevdbo�kp_g�b�\b�

amZebaZpbx�h^ghc�kp_gu�\�g_kdhevdbo�klZg^Zjlguo�\b^Zo��k\_jom��ki_j_�



���

^b�� ke_\Z�� bahf_ljbq_kdhf��� H[_ki_qb\Z_lky� \hafh`ghklv� khojZg_gby� b

aZ]jmadb�iZjZf_ljbah\Zgguo�]_hf_ljbq_kdbo�kp_g�\�h[f_gguo�nZceZo�\h

\gmlj_gg_f� nhjfZl_�� <� gZklhysbc� fhf_gl� \� kbkl_fm� \dexq_gu� lhevdh

qbke_ggu_�f_lh^u�fh^_ebjh\Zgby�� hkgh\Zggu_� gZ� j_r_gbb� g_ebg_cguo

kbkl_f�Ze]_[jZbq_kdbo�mjZ\g_gbc��b�j_Zebah\Zg�j_`bf�kq_lZ�ih�mdZaZgbx

ihevah\Zl_ey�

H[t_dlgh�hjb_glbjh\ZggZy� Zjobl_dlmjZ� y\ey_lky� ]eZ\ghc� hkh[_ggh�

klvx� j_Zebah\Zgghc� kbkl_fu� iZjZf_ljbq_kdh]h�fh^_ebjh\Zgby��HgZ� ih�

a\hey_l�e_]dh�gZjZsb\Zlv�\hafh`ghklb�kbkl_fu�iml_f�\dexq_gby�gh\uo

lbih\�]_hf_ljbq_kdbo�ijbfblb\h\�b�h]jZgbq_gbc��Z�lZd`_�ih\urZlv�wn�

n_dlb\ghklv�b�gZ^_`ghklv�fh^_ebjh\Zgby�iml_f�\dexq_gby�gh\uo�Ze]h�

jblfh\��;he__� lh]h��ij_^klZ\ey_lky� \hafh`guf� j_rZlv�gZ� lhc�`_� kZfhc

f_lh^heh]bq_kdhc�hkgh\_�jZaebqgu_�bg`_g_jgu_�aZ^Zqb��lZdb_�dZd�wkdba�

gh_�ijh_dlbjh\Zgb_��\ZjbZpbhggZy�]_hf_ljby��fh^_ebjh\Zgb_�k[hjhd��fh�

^_ebjh\Zgb_�nbabq_kdbo� k\hckl\�� hilbfZevgh_� jZaf_s_gb_� dhfihg_glh\

Jbk�����IZjZf_ljbah\Zgguc�iehkdbc�dhglmj



���

dhgkljmdpbc��iml_f�fgh`_kl\_ggh]h�bkihevah\Zgby�ijh]jZffguo�kj_^kl\

iZjZf_ljbaZpbb�

���Kbkl_fZ�fh^_ebjh\Zgby�l_q_gbc�\�ljm[hijh\h^guo

k_lyo

JZajZ[Zlu\Z_fZy�kbkl_fZ�fh^_ebjh\Zgby�l_q_gbc�\� ljm[hijh\h^guo

k_lyo�ij_^gZagZq_gZ�^ey�jZkq_lZ�jZaebqguo�bg`_g_jguo�kbkl_f��hkms_kl�

\eyxsbo� p_gljZebah\Zggh_� kgZ[`_gb_� jZkkj_^hlhq_gguo� ihlj_[bl_e_c

we_dljbq_kdhc� b� l_ieh\hc� wg_j]b_c�� lhieb\hf�� \h^hc� beb� dZdhc�gb[m^v

^jm]hc�ljZgkihjlbjm_fhc�kj_^hc�

Jbk�����IZjZf_ljbah\ZggZy�dZjdZkgZy�fh^_ev�lmj[bgu



���

DeZkk�aZ^Zq�jZkq_lZ�lZdbo�khhjm`_gbc�qj_a\uqZcgh�rbjhd�b�\dexqZ�

_l�\�k_[y�fh^_ebjh\Zgb_�we_dljhwg_j]_lbq_kdhc�b�]ZahkgZ[`Zxs_c�kbkl_f

kljZgu�� f_`j_]bhgZevguo� kbkl_f� �h[t_^bg_gguo� wg_j]hkbkl_f�� fZ]bkl�

jZevguo�g_nl_��b�]Zahijh\h^h\��kbkl_f�dZgZeh\�b� ]jmiih\uo�\h^hijh\h�

^h\��� kbkl_f� we_dljh��� l_ieh��� \h^h�� b� ]ZahkgZ[`_gby� ]hjh^h\� b

ijhfure_gguo�p_gljh\��kbkl_f�hlhie_gby��\_glbeypbb�b�^j�

�����FZl_fZlbq_kdZy�ihklZgh\dZ�aZ^Zqb�b�f_lh^u�__

j_r_gby

<hijhku�fZl_fZlbq_kdhc�nhjfZebaZpbb�j_r_gby�aZ^Zq�ijh_dlbjh\Z�

gby�ljm[hijh\h^guo�b�^jm]bo�]b^jZ\ebq_kdbo�kbkl_f�khklZ\eyxl�ij_^f_l

kh\j_f_gghc�l_hjbb�]b^jZ\ebq_kdbo�p_i_c�>��@��HlijZ\ghc�lhqdhc�l_hjbb

kem`bl� lhl�nZdl�� qlh� ^Zggu_� h[t_dlu� h[eZ^Zxl� lhiheh]bq_kdhc� h[sgh�

klvx� k\hbo� jZkq_lguo� ko_f�� Z� ^\b`_gb_� ljZgkihjlbjm_fhc� kj_^u� \� gbo

ih^qbgy_lky�_^bguf�aZdhgZf�l_q_gby�b�k_l_\uf�aZdhgZf�khojZg_gby�fZk�

ku�b�wg_j]bb�

Bkoh^y�ba�wlhc�h[sghklb��]b^jZ\ebq_kdhc�p_ivx�ijbgylh�kqblZlv�kh�

\hdmighklv� mkljhckl\� b� kh_^bgyxsbo� bo� ljm[hijh\h^h\�� aZdjuluo� beb

hldjuluo� dZgZeh\�� hkms_kl\eyxsbo� ljZgkihjlbjh\dm� k`bfZ_fuo� b� g_�

k`bfZ_fuo�`b^dhkl_c��\h^u��g_nlb��]ZaZ��\ha^moZ�b�^jm]bo��

<� ex[hc� ]b^jZ\ebq_kdhc� kbkl_f_� jZaebqZxl� ljb� hkgh\gu_� ]jmiiu

dhfihg_glh\�� ��� bklhqgbdb� ^Z\e_gby� beb� jZkoh^Z� �gZijbf_j�� gZkhkgu_

beb�dhfij_kkhjgu_�klZgpbb��Zddmfmebjmxsb_�_fdhklb�b�^j����h[_ki_qb�

\Zxsb_�ijblhdb�ljZgkihjlbjm_fhc�kj_^u�b�ijb\ghkysb_�wg_j]bx�\�kbk�

l_fm�� ��� ljm[hijh\h^u� b� ^jm]b_� ]b^jZ\ebq_kdb_� we_f_glu� lbiZ

\ha^moh\h^h\�b�hldjuluo�dZgZeh\��kh_^bgyxsb_�bklhqgbdb�k�fgh`_kl\hf

ihlj_[bl_e_c�b�^hklZ\eyxsb_�wlm�kj_^m�����ihlj_[bl_eb�

>ey� ]b^jZ\ebq_kdhc� p_ib� aZ^Zxlky� __� l_ogbq_kdb_� oZjZdl_jbklbdb

�^bZf_lju�b�^ebgu�ljm[hijh\h^h\��jZaf_ju�k_q_gbc�dZgZeh\��r_jhoh\Z�

lhklv��� Z� lZd`_� ]jZgbqgu_� mkeh\by� ²� \Zjvbjm_fu_� \oh^gu_� \_ebqbgu

ijblhdh\� b� gZ]jmahd�� Khklhygb_� ]b^jZ\ebq_kdhc� p_ib� oZjZdl_jbam_lky

jZkoh^Zfb�kj_^u�\�__�dhfihg_glZo��Z�lZd`_�^Z\e_gb_f�b�l_fi_jZlmjhc�\

maeZo�kh_^bg_gby�

Kbkl_fZ�fh^_ebjh\Zgby� l_q_gbc�^he`gZ�iha\heylv� aZ^Z\Zlv� jZaebq�

gu_�l_ogbq_kdb_�oZjZdl_jbklbdb�\�khhl\_lkl\bb�k�=HKLhf�^ey�ljm[��gZkh�

kh\� b� l�i�� Djhf_� wlh]h�� kbkl_fZ� ^he`gZ� ij_^mkfZljb\Zlv� \hafh`ghklv

bkihevah\Zgby� jZaebqguo� fZl_fZlbq_kdbo� fh^_e_c� ^ey� dZ`^h]h� dhfih�

g_glZ��GZijbf_j��^ey�ljm[�b�gZkhkh\�fh]ml�ijbf_gylvky�dZd�d\Z^jZlbqgZy�

lZd�b�dm[bq_kdZy�fh^_eb�

FZl_fZlbq_kdb� khklhygb_� ]b^jZ\ebq_kdhc� p_ib� hibku\Z_lky� nmgd�

pbhgZevgufb�oZjZdl_jbklbdZfb�mkljhckl\��dhfihg_glh\�p_ib�b�_^bgufb

aZdhgZfb� khojZg_gby�� >Zggh_� h[klhyl_evkl\h� iha\hey_l� gZf� jZkkfZljb�



���

\Zlv�rbjhdbc�deZkk�]b^jZ\ebq_kdbo�aZ^Zq�\�jZfdZo�\ur_baeh`_gghc�dhg�

p_ipbb�

<_dlhj�i_j_f_gguo�khklhygbc�]b^jZ\ebq_kdhc�p_ib�[m^_l�\dexqZlv�\

k_[y�^Z\e_gby�maeh\��y\eyxsb_ky�i_j_f_ggufb�k\ya_c��b�ihlhdb�\�dhfih�

g_glZo�²�bo�i_j_f_ggu_� khklhygby��Nhjfbjh\Zgb_�fh^_eb� ]b^jZ\ebq_�

kdhc� p_ib� hkms_kl\ey_lky� gZ� hkgh\_� we_f_glguo� mjZ\g_gbc� b

lhiheh]bq_kdbo� mjZ\g_gbc� Dbjo]hnZ� ^ey� kmffZjguo� ihlhdh\� q_j_a� kh�

_^bg_gby�p_ib��>Zgguc�kihkh[�nhjfbjh\Zgby�fh^_eb�khhl\_lkl\m_l�\lh�

jhfm�klZg^Zjlghfm�kihkh[m��dhlhjuc�ij_^mkfZljb\Z_lky�dhgp_ipb_c�

�����Ki_pbZebabjh\ZggZy�[b[ebhl_dZ�we_f_glh\

>ey�ihkljh_gby�kbkl_fu�fh^_ebjh\Zgby�l_q_gbc�\�k_lyo�ljm[hijh\h�

^h\�[ueZ�bkihevah\ZgZ�hibkZggZy�\ur_�bgkljmf_glZevgZy�kj_^Z�fh^_eb�

jh\Zgby�� JZajZ[hldZ� ijbeh`_gby� k\_eZkv� d� j_ZebaZpbb� ki_pbZevguo

deZkkh\�we_f_glh\�]b^jZ\ebq_kdhc�p_ib��;b[ebhl_dZ�deZkkh\�hj]Zgbah\Z�

gZ�\�\b^_�b_jZjobb�deZkkh\��gZke_^m_fuo�hl�[Zah\h]h�deZkkZ�(OHPHQW��kf�

jbk�����

DZ`^uc� ba� deZkkh\� dhfihg_glh\� fh`_l� kem`blv� jh^bl_evkdbf

�[Zah\uf��deZkkhf�^ey�h^ghlbiguo�we_f_glh\��bf_xsbo�h[sb_�oZjZdl_�

jbklbdb�b�iZjZf_lju��GZijbf_j��deZkk�Pump�y\ey_lky�jh^bl_evkdbf�deZk�
khf�^ey�lj_o�jZaebqguo�fh^_e_c�gZkhkh\�

>ey�nhjfbjh\Zgby�klZlbq_kdhc�fh^_eb� ]b^jZ\ebq_kdhc�kbkl_fu�bk�

ihevam_lky�klZg^Zjlguc�deZkk�6WDWLF0RGHO���\oh^ysbc�\�khklZ\�kj_^u�

• • �(OHPHQW��Z[kljZdlguc�we_f_gl�
• • �3LSLQJ(OHPHQW��we_f_gl�]b^jZ\ebq_kdhc�p_ib�

• • �3LSH��ljm[Z�
• • �+HDW3ODQW��LWP�
• • �7ULEXWDU\��ijblhd�`b^dhklb�
• • �&RQVXPHU��ihlj_[bl_ev�
• • �3UHVVXUH��bklhqgbd�^Z\e_gby�
• • �3XPS��gZkhk�

• • �3XPS�
• • �3XPS�
• • �3XPS�

• • �5HVHUYRLU��j_a_j\mZj�
• • �'DPSHU��]Zkbl_ev�wg_j]bb�ihlhdZ�`b^dhklb�
• • �5HJXODWRU��j_]meylhj�

• • �3UHVVXUH5HJXODWRU��j_]meylhj�^Z\e_gby�
• • �)ORZ5HJXODWRU��j_]meylhj�jZkoh^Z�

• • �7RUUHQW��ihlhd�`b^dhklb�
• • �5DGLDWRU��jZ^bZlhj�hlhie_gby�

Jbk�����B_jZjoby�deZkkh\�we_f_glh\�]b^jZ\ebq_kdbo�p_i_c



���

�����J_ZebaZpby�kbkl_fu

Kbkl_fZ�fh^_ebjh\Zgby�l_q_gbc�\�ljm[hijh\h^guo�k_lyo�jZajZ[hlZgZ

gZ� yaud_� Kb��� \� kj_^_� Win32/:LQ��V�� Kbkl_fZ� khklhbl� ba� ke_^mxsbo

dhfihg_glh\�

• �h[t_dlgh�hjb_glbjh\Zgghc�kj_^u�fh^_ebjh\Zgby�
• �ki_pbZebabjh\Zgghc�[b[ebhl_db�we_f_glh\�
• �]jZnbq_kdh]h�bgl_jn_ckZ�ihevah\Zl_ey�
• �]jZnbq_kdh]h�j_^ZdlhjZ�]b^jZ\ebq_kdbo�p_i_c�
>ey� kha^Zgby� hdhggh]h� bgl_jn_ckZ� bkihevah\Zebkv� jZajZ[hlZggu_

deZkku�h[s_c�kbkl_fu��Z�lZd`_�[ueb�hij_^_e_gu�f_lh^u�kbf\hebq_kdh]h
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