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IJ?>BKEH<B?GZklhysZy�[jhrxjZ�ih^\h^bl�blh]b�\uiheg_gby�i_j\h]h�wlZiZ�gZmq�gh]h�ijh_dlZ ³Ijbf_g_gb_� w\hexpbhgguo�f_lh^h\�fZl_fZlbq_kdh]h�fh�^_ebjh\Zgby� \ mijZ\e_gbb� h[t_dlZfb� wg_j]_lbdb´�� \uihegy_fh]h� kh\f_�klgh� OZjvdh\kdbf� ]hkm^Zjkl\_gguf� ihebl_ogbq_kdbf� mgb\_jkbl_lhf� bOZjvdh\kdhc� LWP—�� ijb� ih^^_j`d_� Jhkkbckdh—:f_jbdZgkdh]h� Dhg�khjpbmfZ�ih�=_g_lbq_kdbf�:e]hjblfZf��Ijh_dl�gZp_e_g�gZ�ihbkd�gh\uo�dhgp_ilmZevguo� j_r_gbc� bgl_ee_dlmZevghc� kbkl_fu� mijZ\e_gby� kh\j_�f_gguf�wg_j]h]_g_jbjmxsbf�ij_^ijbylb_f��i_j\uc�`_�_]h�wlZi�[ue�gZ�ijZ\e_g� gZ� jZajZ[hldm� gZ� [Za_� ]_g_lbq_kdbo� Ze]hjblfh\� ijh]jZffgh]h�h[_ki_q_gby�^ey�kbgl_aZ�g_cjhk_l_\uo�dhfihg_gl�[m^ms_c�kbkl_fu�Ijbgy\� j_r_gb_� him[ebdh\Zlv� ihemq_ggu_� gZ� ijhly`_gbb� ����—
96 ]]�� j_amevlZlu��fu�ihklZ\beb�i_j_^� kh[hc�p_ev� ^hg_klb� ^h�rbjhdh]h�qblZl_ey�dexq_\u_�b^_b�b w\jbklbq_kdb_�ijb_fu��bkihevam_fu_�\ w\hex�pbhgghf�fh^_ebjh\Zgbb�� ijh^_fhgkljbjh\Zlv� wnn_dlb\ghklv�gh\uo� \u�qbkebl_evguo�l_ogheh]bc�^ey�j_r_gby�aZ^Zq�bkdmkkl\_ggh]h�bgl_ee_dlZ��Klj_fe_gb_�d ij_^_evghc�ijhklhl_�b eZdhgbqghklb�baeh`_gby�ih[m^beh�gZk�kljmdlmjbjh\Zlv�[jhrxjm�gZ�^\_�qZklb — hkgh\ghc�jZa^_e��baeZ]Zx�sbc� f_lh^bq_kdb_� hkgh\u� ih^oh^h\�� b Ijbeh`_gby�� bf_xsb_� kdhj__�kijZ\hqguc� oZjZdl_j�� Qlh[u� mijhklblv� qblZl_ex� i_j\u_� rZ]b� \ kZfh�klhyl_evghf�fh^_ebjh\Zgbb�bkdmkkl\_gguo�g_cjhgguo�k_l_c��fu�kgZ[^b�eb�[jhrxjm�j_amevlZlZfb�kbgl_aZ�g_cjhwfmeylhjh\�b g_cjhdhgljhee_jh\�^ey� l_klh\h]h� ^bgZfbq_kdh]h� h[t_dlZ�� hibkZ\� ih^jh[gh� \ Ijbeh`_gbyo�kljmdlmjm�b iZjZf_lju�k_l_c�Ihevamykv�kemqZ_f��fu�ohl_eb�[u�\ujZablv�[eZ]h^Zjghklv�ijhn_kkhjm�Wjbdm� =m^fZgm�� ^bj_dlhjm� Jhkkbckdh—:f_jbdZgkdh]h� DhgkhjpbmfZ� ih�=_g_lbq_kdbf�:e]hjblfZf��aZ�_]h�ihklhyggh_�\gbfZgb_�d gZrbf�bkke_^h�\Zgbyf�\ h[eZklb�]_g_lbq_kdbo�Ze]hjblfh\�b \k_f_jgmx�bgnhjfZpbhggmx�b dhgkmevlZlb\gmx�ihfhsv�\ hkms_kl\e_gbb�ijh_dlZ�
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KH>?J@:GB?Kibkhd�mkeh\guo�h[hagZq_gbc�b khdjZs_gbc 5<\_^_gb_��H jZaebqguo�lhedh\Zgbyo�l_jfbgZ ©bgl_ee_dlmZevghklvª�\ mijZ\e_gbb 7���=_g_lbq_kdb_�Ze]hjblfu 10�����Ij_^klZ\e_gb_�]_g_lbq_kdhc�bgnhjfZpbb 14�����=_g_lbq_kdb_�hi_jZlhju 16�����Ij_bfms_kl\_ggh_�ijZ\h�jZafgh`_gby�kbevg_crbo 18���Bkdmkkl\_ggu_�g_cjhggu_�k_lb 25�����W\hexpby�\a]ey^h\�gZ�\ukrmx�g_j\gmx�^_yl_evghklv 25�����KlZgh\e_gb_�b jZa\blb_�BGK 29���=:�BGK  �Gh\Zy�iZjZ^b]fZ�\ mijZ\e_gbb 38���=:�BGK� �Gh\Zy�iZjZ^b]fZ�\ fh^_ebjh\Zgbb 44���Kgh\Z�h ]_g_lbq_kdbo�Ze]hjblfZo 55���<bjlmZevgZy�j_Zevghklv�b bkdmkkl\_gguc�bgl_ee_dl 64AZdexq_gb_ 71L_jfbgheh]bq_kdbc�keh\Zjv 73Bf_gghc�kibkhd 77Kibkhd�ebl_jZlmju 78Ijbeh`_gb_����J_amevlZlu�kbgl_aZ�b ZgZeba�iZjZf_ljbq_kdhc�qm\kl\bl_evghklb�g_cjhdhgljhee_jZ 82Ijbeh`_gb_����Wfmeylhj�dhe_[Zl_evgh]h�a\_gZ�[_a�aZlmoZgby 88Ijbeh`_gb_����J_amevlZlu�kbgl_aZ�b ZgZeba�iZjZf_ljbq_kdhc�qm\kl\bl_evghklb�wfmeylhjZ�dhe_[Zl_evgh]h�a\_gZ�kaZlmoZgb_f 90Ijbeh`_gb_����Wfmeylhj�dhe_[Zl_evgh]h�a\_gZ�k kbevguf�aZlmoZgb_f 95Ijbeh`_gb_����<bjlmZevguc�ljZdl�mijZ\e_gby�gZ�[Za_�g_cjhwfmeylhjZ 97Ijbeh`_gb_����=_g_lbq_kdb_�Ze]hjblfu�b bkdmkkl\_ggu_�g_cjhggu_�k_lb�\ Bgl_jg_l_ 99
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KIBKHD MKEH<GUO�H;HAG:Q?GBC�B KHDJ:S?GBC
ai, bi — e_\Zy�b ijZ\Zy�]jZgbpu�h[eZklb�^himklbfuo�agZq_gbc� i-lhc�i_�j_f_gghc�ijh_dlbjh\Zgby�$=(A1 A2 A3 AL) — ojhfhkhfZ;%(t)=($1(t),...,$M(t)) — l_dmsZy�ihimeypby�]_ghlbih\�
c — dhhj^bgZlu�p_gljZ�Zdlb\Zpbhgghc�nmgdpbb�
D — `_eZ_fu_�\uoh^u�k_lb��\uoh^ghc�rZ[ehg��_ — hrb[dZ�gZ�\uoh^_�k_lb�
E — kj_^Z��ijhlb\hklhysZy�Z^Zilb\ghc�kbkl_f_�
H — jZaf_j�kdjulh]h�kehy�k_lb�
I — j_Zdpby�kj_^u��ijhlb\hklhys_c�Z^Zilb\ghc�kbkl_f_�
J — nmgdpbhgZe�dZq_kl\Z�kbkl_fu�mijZ\e_gby�
k — dhwnnbpb_gl�mkbe_gby�hkpbeeylhjZ�
K — dhebq_kl\h�kdjuluo�keh_\�k_lb�
L — dhebq_kl\h�]_gh\�\ ojhfhkhf_�
M — jZaf_j�ihimeypbb�
N — jZaf_jghklv� ijhkljZgkl\Z� i_j_f_gguo� ijh_dlbjh\Zgby�� ij_^klZ\�e_gguo�\ \_s_kl\_gghf�\b^_�
pi∈P — \_jhylghklv�ijbf_g_gby�]_g_lbq_kdbo�hi_jZlhjh\�
Q — jZaf_j�lj_gbjh\hqgh]h�gZ[hjZ�rZ[ehgh\�
ℜN — ihbkdh\h_�ijhkljZgkl\h�\_s_kl\_gguo�qbk_e�
S — \a\_r_ggZy�kmffZ�\oh^guo�kb]gZeh\�g_cjhgZ�
s — hi_jZlhj�EZieZkZ�
t — ihdZaZl_ev�\j_f_gb��g_ij_ju\guc�beb�^bkdj_lguc��
T — i_jbh^�dhe_[Zgbc�hkpbeeylhjZ�
ur — kb]gZe�aZ^Zgby�
u — kb]gZe�mijZ\e_gby�
V — jZaf_j�\oh^gh]h�kehy�k_lb�
wi — kbgZilbq_kdbc�\_k�g_cjhgZ�
w0 — kf_s_gb_�g_cjhgZ�
W — i_j_^ZlhqgZy�nmgdpby�h[t_dlZ�
x=(x1,x2,…xN) — \_dlhj�i_j_f_gguo�ijh_dlbjh\Zgby�
x=(x1,x2) — i_j_f_ggu_� khklhygby�\ mjZ\g_gbb�^bgZfbq_kdh]h�h[t_dlZ�mijZ\e_gby�
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x~ — i_j_f_ggZy�khklhygby�g_cjhwfmeylhjZ�^bgZfbq_kdh]h�h[t_dlZ�
X=(X1, X2, …, XV) — \_dlhj�\oh^guo�kb]gZeh\�k_lb�

),,,( 21 VXXX
�����

=X — \oh^ghc�rZ[ehg�
y — \uoh^ghc�kb]gZe�g_cjhgZ�

( )ZYYY ,...,, 21=Y — \_dlhj� nZdlbq_kdbo� agZq_gbc� \uoh^guo� kb]gZeh\�k_lb�
Z — jZaf_j�\uoh^gh]h�kehy�k_lb�
α — ]bi_jdm[��gZ�dhlhjhf�hkms_kl\ey_lky�j_r_gb_� aZ^Zqb�dhf[bgZlhj�ghc�hilbfbaZpbb�
∆ — hi_jZlhj�aZ^_j`db�
Φ — bgl_jiheypbhggZy�fZljbpZ�
µ($�t�) — ijbkihkh[e_gghklv�hkh[b�

)(ˆ tµ — kj_^gyy� ih� l_dms_fm� ihdhe_gbx� ihimeypbb� ijbkihkh[e_gghklv�hkh[_c�
σj — rbjbgZ�hdgZ�Zdlb\Zpbhgghc�nmgdpbb�j-lh]h�g_cjhgZ�
τ — j_ijh^mdlb\guc�ieZg�OheeZg^Z�
υ(t)=(µ1(t),...,µM(t)) — \_dlhj�ijbkihkh[e_gghkl_c�hkh[_c�ihimeypbb�
ωi∈Ω — ]_g_lbq_kdb_�hi_jZlhju�
Ξ — lj_gbjh\hqguc�gZ[hj�rZ[ehgh\�
ζ — iZjZf_lj�hkpbeeylhjZ�:HJ — Ze]hjblf�h[jZlgh]h�jZkijhkljZg_gby��hrb[db��=: — ]_g_lbq_kdbc�Ze]hjblf�BGK — bkdmkkl\_ggZy�g_cjhggZy�k_lv�GD (NC) — g_cjhdhgljhee_j (neurocontroller);GW (NE) — g_cjhwfmeylhj (neuroemulator);HM — h[t_dl�mijZ\e_gby�K:M — kbkl_fZ�Z\lhfZlbq_kdh]h�mijZ\e_gby�
RBF-k_lv — lj_okehcgZy�g_cjhggZy� k_lv� k jZ^bZevgh-kbff_ljbqghc�Zd�lb\Zpbhgghc�nmgdpb_c�g_cjhgh\�kdjulh]h�kehy�
XOR — eh]bq_kdZy�nmgdpby�©bkdexqZxs__�BEBª�
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<<?>?GB?��H J:AEBQGUO LHEDH<:GBYO�L?JFBG:©BGL?EE?DLM:EVGHKLVª < MIJ:<E?GBB< ihke_^gb_� ]h^u� kj_^b� ki_pbZebklh\� \ h[eZklb� l_hjbb� Z\lhfZlbq_�kdh]h�mijZ\e_gby�gZf_lbeky�hq_\b^guc�ih^t_f�bgl_j_kZ�d gh\uf�g_ljZ�^bpbhgguf��lh�_klv�knhjfbjh\Z\rbfky�\g_�jZfhd�deZkkbq_kdhc�iZjZ^b]�fu�� [Zabjmxs_cky�gZ� ZiiZjZl_�bgl_]jh-^bnn_j_gpbZevgh]h�bkqbke_gby��ih^oh^Zf�� h[t_^bg_gguf� h[s_c� p_evx� bgl_ee_dlmZebaZpbb kbkl_f�mijZ\e_gby��GZ\_jgh_�� ljm^gh�^Z`_�i_j_qbkeblv� \k_� l_�deZkkbnbdZpbhg�gu_�ijbagZdb��ih�dhlhjuf�wlb�ih^oh^u�jZagylky�f_`^m�kh[hc��gh�h^ghc�ba�hkgh\guo�]jZg_c�jZaebqby�y\ey_lky�lh��qlh�bf_ggh�iheh`_gh�\ hkgh\m�dhgp_ipbb�bgl_ee_dlmZebaZpbb — nhjfZebah\Zggu_�dZdbf-eb[h�h[jZahf�agZgby q_eh\_dZ�h[�h[t_dl_�mijZ\e_gby��HM���eb[h�k\hckl\_ggu_�q_eh\_dmijb_fu fure_gby��ihkj_^kl\hf�dhlhjuo�hg�bamqZ_l�hdjm`Zxsbc�fbj�bih^qbgy_l�_]h�k\hbf�bgl_j_kZf�D i_j\hc�]jmii_�ih^oh^h\�fh`gh�hlg_klb��gZijbf_j��`_kldh�^_l_jfb�gbjh\Zggu_�wdki_jlgu_�kbkl_fu��Z lZd`_�[he__�]b[db_�kbkl_fu�mijZ\e_�gby�gZ�[Za_�g_q_ldhc��nZaab��eh]bdb��fuzzy logic���<lhjhc�ih^oh^�j_Zebam�_lky�\ jZfdZo� w\hexpbhgguo�f_lh^h\�fh^_ebjh\Zgby��ih^�dhlhjufb�fu�ih^jZamf_\Z_f�]_g_lbq_kdb_�Ze]hjblfu��=:��b bkdmkkl\_ggu_�g_cjhggu_�k_lb��BGK��BGK�k_]h^gy — wlh�g_�klhevdh�kh\hdmighklv�aZbfkl\h\Zgguo�ba�g_c�jhnbabheh]bb�fh^_e_c�iZjZee_evguo� \uqbkebl_evguo� kljmdlmj�� kdhevdh�Zj_gZ�[hjv[u�b^_c�h ijbjh^_�bgl_ee_dlZ��?keb�i_j\uc�wlZi�klZgh\e_gby�BGK�fh`gh�hoZjZdl_jbah\Zlv�dZd�ihiuldm�kbgl_abjh\Zlv�ba�gZ[hjZ�kjZ\�gbl_evgh�ijhklh�nmgdpbhgbjmxsbo�g_cjhgh\�g_dhlhjmx�mihjy^hq_ggmx�kljmdlmjm�� kihkh[gmx� \uihegylv� keh`gu_� g_ebg_cgu_� ij_h[jZah\Zgby�©\oh^-\uoh^ª��lh�k_cqZk��ih�f_j_�^hklb`_gby�mki_oZ�\ j_r_gbb�aZ^Zq i_j�\h]h�wlZiZ��i_j_^gbc�njhgl�bkke_^h\Zgbc�i_j_f_sZ_lky�\ h[eZklv�ikboh�eh]bb��dh]gblb\guo�gZmd��AZ^ZqZ�gZklhys_]h�fhf_glZ�khklhbl�\ lhf��qlh�[u�ihgylv��dZdb_�k\_jokljmdlmju�g_cjhgh\�b dZd�fh]ml�fh^_ebjh\Zlv�we_�f_glZjgu_�Zdlu�fukebl_evghc�^_yl_evghklb��Z aZl_f�\hiehlblv�wlb�ijbg�pbiu�\ jZ[hlm�kbkl_f�mijZ\e_gby�Fure_gb_�q_eh\_dZ�g_\hafh`gh�\g_�yaudZ��<k_�y\e_gby�\g_rg_]h�fb�jZ�gZreb�hljZ`_gb_�\ yaud_�\ \b^_�dZl_]hjbc��Keh\Z�ij_^klZ\eyxl�kh[hc�g_�ijhklh�gZ[hju�a\mdh\��aZ�dZ`^uf�ba�gbo�klhyl�dZdb_-lh�dhgdj_lgu_� gh�^hklZlhqgh� h[sb_� ij_^klZ\e_gby��BamqZy�fbj��fha]� gZdZieb\Z_l� bgnhj�fZpbx��mihjy^hqb\Z_l�__ b�^Ze__�ijhbkoh^bl�lh��qlh�ikboheh]b�gZau\Zxl�dh]gblb\guf�k`Zlb_f��Wfibjbq_kdb_�agZgby�ij_h[jZamxlky�\ dhfiZdl�gmx�Z[kljZdlgmx�nhjfm��m^h[gmx�^ey�hi_jbjh\Zgby��dhlhjZy��l_f�g_�f_�
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g__��g_k_l�\ k_[_�gZb[he__�lbibq_kdb_�b \Z`gu_�\ jZdmjk_�j_rZ_fhc�bg�^b\b^hf�ijZdlbq_kdhc�aZ^Zqb�q_jlu�h[t_dlZ�Ihkdhevdm� ykgh�� qlh� djhf_� g_cjhgh\� gbdZdbo� ^jm]bo� hi_jZpbhgguo�_^bgbp�� mqZkl\mxsbo� \ h[jZ[hld_� bgnhjfZpbb�� \ fha]_� g_l�� eh]bqgh�ij_^iheh`blv�� qlh� aZ� dZ`^uf�ij_^klZ\e_gb_f�� h[jZahf�fbjZ� klhbl�dhg�dj_lguc� njZ]f_gl� g_cjhgghc� k_lb� fha]Z�� Kha^Zlv� h[jZa� h[t_dlZ� �beb�kdhjj_dlbjh\Zlv� m`_� bf_xsbcky�� hagZqZ_l� lh]^Z� gZlj_gbjh\Zlv� wlhl�njZ]f_gl�lZd��qlh[u�_]h�j_Zdpbb�gZ�\ha[m`^_gb_�g_�hlebqZebkv�hl�j_Zd�pbc h[t_dlZ��ba\_klguo�ba�`bagb��Ijb� wlhf� k_lv�^he`gZ�gZmqblvky�ojZ�gblv�hiul�h[s_gby�k h[t_dlhf�g_�\ \b^_�ojhgheh]bq_kdb�beb�ih�dZdhfm-lh� ^jm]hfm� ijbgpbim� mihjy^hq_gguo� wibah^h\�� Z \� \b^_� kh[kl\_gghc�kljmdlmju��lh�_klv�g_ihkj_^kl\_ggh�ihkehcghc�Zjobl_dlmju�b kbe�kbgZi�lbq_kdbo�k\ya_c�f_`^m�g_cjhgZfb�Fh`_l�[ulv��bf_ggh� lZdbf�iml_f�m bg^b\b^Z� kdeZ^u\Z_lky�\gmlj_g�gyy�� k\hckl\_ggZy� lhevdh� _fm�� dZjlbgZ� fbjZ�� h[jZau� dhlhjhc� ihfh]Zxl�hkhagZlv�k\h_�iheh`_gb_�\ fbj_��Z lZd`_�ijh]ghabjh\Zlv�^Zevg_crbc�oh^�kh[ulbc��Q_eh\_d�j_ljhki_dlb\gh�³ijhb]ju\Z_l´�\ ]heh\_�ijhreh_�b ijh�_pbjm_l�gZklhys__�gZ�[m^ms__�g_�lhevdh�lh]^Z��dh]^Z�b]jZ_l�\ rZofZlu��AgZgby�h fbj_��Z ihijhklm�]h\hjy��ij_`gbc�hiul�khklZ\ey_l�hkgh\m�\bj�lmZevghc� j_Zevghklb�� kms_kl\mxs_c� \ gZr_f� khagZgbb� dZd hljZ`_gb_�\g_rg_]h�fbjZ��Bf_ggh�mf_gb_�fuke_ggh�wfmebjh\Zlv�fbj��hi_jbjh\Zlv�_]h�h[jZaZfb�b ^Z_l�gZf�\hafh`ghklv�ieZgbjh\Zlv�k\h_�ih\_^_gb_��ij_^�\b^_lv� kh[ulby� b hjb_glbjh\Zlvky� \ ijhkljZgkl\_� ihl_gpbZevguo� \ha�fh`ghkl_c�Lh��qlh�fu�ihiulZebkv�k^_eZlv�\ gZklhys_c�jZ[hl_��wlh�ijh^_fhgkljb�jh\Zlv� bkdexqbl_evgh� \ukhdbc� ihl_gpbZe� khq_lZgby� ^\mo� \uqbkebl_ev�guo� l_ogheh]bc — BGK�b =: — ^ey�j_r_gby� aZ^Zq�kbgl_aZ�bgl_ee_dlm�Zevguo�kbkl_f�mijZ\e_gby��K h^ghc�klhjhgu��gZr�bgl_j_k�d =:�h[mkeh\�e_g�bo�\ukhdhc�wnn_dlb\ghklvx ijb�j_r_gbb�aZ^Zq�]eh[Zevghc�hilbfb�aZpbb� \hh[s_� b dZd� d ihl_gpbZevghc� ijhp_^mj_� lj_gbjh\db� g_cjhgghc�k_lb��\ qZklghklb��>_ckl\bl_evgh��gbdlh�k_]h^gy�g_�hljbpZ_l��qlh�fgh]b_�rbjhdh�ba\_klgu_�l_ogbdb�lj_gbjh\db� �Backpropagation, RBF-k_lb��y\ey�xlky�kms_kl\_ggh�ehdZevgufb�kh�\k_fb�\ul_dZxsbfb�hlkx^Z�ihke_^kl�\byfb��ihwlhfm�\ wlhf�hlghr_gbb�=:�g_�agZ_l�dhgdmj_glh\��K ^jm]hc�klh�jhgu�� bgljb]mxsbf�ij_^klZ\ey_lky� kZfh� khq_lZgb_�=:�b BGK��H[Z�gZ�ijZ\e_gby�hlghkylky�d w\hexpbhgghfm�fh^_ebjh\Zgbx�b dZd�[u�[jhkZxl�\uah\ f_lh^Zf� l_hjbb� Z\lhfZlbq_kdh]h� mijZ\e_gby�� h[_sZy� j_rblv� ljZ�^bpbhggu_�aZ^Zqb��g_�ijb\e_dZy�lZdb_�[Zah\u_�ihgylby�deZkkbq_kdhc�iZ�jZ^b]fu�dZd�bgl_]jZe��^bnn_j_gpbZe��^bgZfbq_kdh_�a\_gh�b l� i�;Zabjmykv� gZ� ijb\_^_gguo� \ur_� h[sbo� jZkkm`^_gbyo�� gZf� m^Zehkv�kbgl_abjh\Zlv� g_cjhk_l_\mx� fh^_ev� kbkl_fu� mijZ\e_gby�� dhlhjZy� g_�lhevdh�mf__l�kljhblv�\gmlj_ggb_�ij_^klZ\e_gby�h \g_rg_f�fbj_��ijh]gh�
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abjh\Zlv�ih\_^_gb_�h[t_dlZ�mijZ\e_gby��gh�lZd`_�h[eZ^Z_l�kihkh[ghklvx�]_g_jbjh\Zlv�hilbfZevgh_�mijZ\e_gb_�\ khhl\_lkl\bb�k lj_[h\Zgbyfb�wlZ�ehgghc�fh^_eb�
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���=?G?LBQ?KDB?�:E=HJBLFUIh�k\h_c�kmlb�ijhp_kku�Z^ZilZpbb�y\eyxlky�hilbfb�aZpbhggufb�ijhp_kkZfb«>`� OheeZg^��Ij_^bkeh\b_�d i_j\hfm ������� ba�^Zgbx�Adaptation in natural and artificial systems.IylgZ^pZlv�e_l�^he`gu�[ueb�[u�jZkklZ\blv�\k_�ihk\hbf�f_klZf�b hoeZ^blv�iue��H^gZdh�\hij_db�beb�[eZ]h�^Zjy�wlhfm��y \k_�_s_�gZoh`m�Ij_^bkeh\b_�d ba^Zgbx �����]h^Z� m^b\bl_evgh�mf_klguf��?^bgkl\_ggh_�baf_g_gb_��dh�lhjh_� y [u� \g_k�� wlh�k^_eZlv�[hevr__�m^Zj_gb_�gZ�kh\_j�r_gkl\h\Zgbb�b f_gvr__�gZ hilbfbaZpbb��JZ[hlZ�gZ^�[h�e__� keh`gufb�Z^Zilb\gufb� kbkl_fZfb��gZijbf_j�� wdheh�]bq_kdbfb��m[_^beZ�f_gy��qlh�bo�ih\_^_gb_�g_�hibku\Z_lky�lZd�m`�ohjhrh�ljZ_dlhjbyfb�\hdjm]�]eh[Zevguo�hilbfm�fh\��GZh[hjhl��khj_\gh\Zgb_�f_`^m�dhfihg_glZfb�kbkl_�fu�� gZijZ\e_ggh_� gZ ih^Z\e_gb_� [eb`Zcrbo� dhgdmj_glh\��hij_^_ey_l�h[s__�ih\_^_gb_�>`� OheeZg^��Ij_^bkeh\b_�dh�\lhjhfm��������ba�^Zgbx�Adaptation in natural and artificial systems.

Kh\j_f_ggZy�[b[ebh]jZnby�ih� ]_g_lbq_kdbf� Ze]hjblfZf�^Z\gh�i_j_�\ZebeZ� aZ� ����� gZbf_gh\Zgbc� b ijh^he`Z_l� g_ij_ju\gh� m\_ebqb\Zlvky��H^gZdh�� g_kfhljy� gZ� lZdh_� h[beb_� ebl_jZlmju�� ^h\hevgh� ljm^gh� lhqgh�knhjfmebjh\Zlv�� q_f� bf_ggh� hgb� y\eyxlky — d\bglwkk_gpb_c� w\hexpb�hgguo� i_j_kljh_d� \ ijbjh^guo� ihimeypbyo� hj]Zgbafh\�� mgb\_jkZevguf�kj_^kl\hf�hibkZgby�Z^ZilZpbc�\ ihimeypbyo�bkdmkkl\_gguo�h[t_dlh\��beb�fhsghc�ihbkdh\hc�ijhp_^mjhc�k ij_l_gabyfb�gZ�j_r_gb_�aZ^Zq�]eh[Zev�ghc�hilbfbaZpbb�Fu� gZf_j_ggh� gZqZeb� wlhl� jZa^_e� k khihklZ\e_gby� ^\mo� aZf_qZgbc�>`� OheeZg^Z�ih�ih\h^m�Z^ZilZpbb�b hilbfbaZpbb��k^_eZgguo�bf�\ ij_�^bkeh\byo�d i_j\hfm�b \lhjhfm�ba^Zgbyf�_]h�agZf_gblhc�dgb]b >�@��iheh�`b\r_c�gZqZeh�ijhp_kkm�jZkijhkljZg_gby�]_g_lbq_kdbo�Ze]hjblfh\�\ gZ�mqguo�khh[s_kl\Zo��IjZ\^Z��]_g_lbq_kdbfb�hgb�klZeb�gZau\Zlvky�iha^g__��Z \������]h^m�OheeZg^�gZau\Ze�bo�j_ijh^mdlb\gufb ieZgZfb��reproductive
plan��b jZkkfZljb\Ze�ij_`^_�\k_]h�dZd�Ze]hjblfu�Z^ZilZpbb��Gh�lh�kf_�s_gb_� Zdp_glh\� \ ljZdlh\d_� ihgylby� Z^ZilZpby�� h dhlhjhf� hg� dZd� [u�\kdhevav� ]h\hjbl� \ ij_^bkeh\bb� ����� ]h^Z�� hq_gv� lhqgh�� gZ� gZr� \a]ey^��i_j_^Z_l� lh� khklhygb_� aZf_rZl_evkl\Z�� dhlhjh_�fu� hsmsZ_f� b k_]h^gy��iulZykv��k h^ghc�klhjhgu��^Zlv�^hklZlhqgh�h[s__�b g_ijhlb\hj_qb\h_�hi�j_^_e_gb_� Z^ZilZpbb�� Z k�^jm]hc� klhjhgu�� jZa]jZgbqblv�ihgylby� Z^ZilZ�pbb b�hilbfbaZpbb��Z^ZilZpbb�b w\hexpbb��Z^ZilZpbb�b h[mq_gby�
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Ijb�^Zevg_cr_f�baeh`_gbb�hkgh\guo�b^_c�=:�fu�g_�[m^_f�ijb^_j�`b\Zlvky� klbey�dgb]b�OheeZg^Z�� Z ih^hc^_f�d gbf�dZd�d ijhp_^mj_� ]eh�[Zevghc�hilbfbaZpbb��WlZ��ohly�b g_kdhevdh�mijhs_ggZy�ih�kjZ\g_gbx�koheeZg^h\kdhc�� ljZdlh\dZ�=:� \ua\ZeZ� kbevguc� j_ahgZgk� \ ebl_jZlmj_��bdZd�ihdZaZeh� \j_fy��\iheg_�h[hkgh\Zggh��Ih�[hevrhfm� kq_lm��ihqlb�^\Z�^_kylbe_lby�bkke_^h\Zgbc�=:�gZ�l_klh\uo�fgh]hwdklj_fZevguo�nmgdpbyo�mreb�gZ�^hdZaZl_evkl\h�bf_ggh�wlhc�]jZgb�fh]ms_kl\Z�=:��hklZ\b\�\ g_�dhlhjhc�l_gb�bo�\u^Zxsb_ky�Z^Zilb\gu_�kihkh[ghklb��*BlZd� =:� [Zabjmxlky� gZ� l_hj_lbq_kdbo� ^hklb`_gbyo� kbgl_lbq_kdhc�l_hjbb� w\hexpbb�� mqblu\Zxs_c� fbdjh[bheh]bq_kdb_� f_oZgbafu� gZke_�^h\Zgby�ijbagZdh\�\ ijbjh^guo�b bkdmkkl\_gguo�ihimeypbyo�hj]Zgbafh\��Z lZd`_� gZ� gZdhie_gghf� q_eh\_q_kl\hf� hiul_� \ k_e_dpbb� `b\hlguo� bjZkl_gbc�F_lh^heh]bq_kdZy�hkgh\Z�=:�ab`^_lky�gZ�]bihl_a_�k_e_dpbb��dhlhjZy�\ kZfhf�h[s_f�\b^_�fh`_l�[ulv�knhjfmebjh\ZgZ�lZd��q_f�\ur_�ijbkih�kh[e_gghklv�hkh[b��l_f�\ur_�\_jhylghklv�lh]h��qlh�\ ihlhfkl\_��ihemq_g�ghf� k __� mqZklb_f�� ijbagZdb�� hij_^_eyxsb_� ijbkihkh[e_gghklv�� [m^ml�\ujZ`_gu�_s_�kbevg__��Ihkdhevdm�=:�bf_xl�^_eh�k ihimeypbyfb�ihklh�ygghc�qbke_gghklb��hkh[mx�ZdlmZevghklv�a^_kv�gZjZ\g_�k hl[hjhf�\ jh^b�l_eb� ijbh[j_lZ_l� hl[hj�gZ� webfbgbjh\Zgb_��KljZl_]by� webfbgbjh\Zgby��ijba\ZggZy�hl\_lblv�gZ�\hijhk�©Hl dZdbo�hkh[_c�fu�fh`_f�[_a[he_ag_ggh�hldZaZlvky"ª� khklZ\ey_l� g_�f_g__� \Z`gmx� dhfihg_glm� kh\j_f_gguo� =:��q_f� kljZl_]by� hl[hjZ� \ jh^bl_evkdmx� ]jmiim�� QZs_� \k_]h� hkh[b�� h[eZ�^Zxsb_�gbadhc�ijbkihkh[e_gghklvx��g_�lhevdh�g_�mqZkl\mxl�\ ]_g_jZpbb�gh\h]h�ihdhe_gby� Z webfbgbjmxlky�ba�ihimeypbb�gZ�l_dms_f�^bkdj_lghf�rZ]_��wiho_��w\hexpbb�<ijhq_f��kdZaZggh_�kijZ\_^eb\h�g_�lhevdh�^ey�=:��Z ^ey�ex[h]h�qbk�e_ggh]h�f_lh^Z�hilbfbaZpbb��KZfZ�b^_y�hilbfZevghklb��dZd�\_jgh�ih^f_�q_gh�\ >�@��ijbreZ�\ gZmdm�ba�[bheh]bb��H^gZdh�^Ze_dh�g_�\k_]^Z�fu�hl^Z�_f� k_[_� hlq_l� \ lhf�� kdhev� fgh]b_� f_lh^bq_kdb_� ijb_fu� hilbfZevgh]h�ijh_dlbjh\Zgby�bf_xl�dhjgb�\ k_e_dpbhgghc�ijZdlbd_�b y\eyxlky�ijbf_�jhf�gZr_]h�g_�\k_]^Z�hkhagZggh]h�ih^jZ`Zgby�Ijbjh^_�
* G_[_augl_j_kgh ih wlhfm ih\h^m fg_gb_ ^jm]h]h gug_� a^jZ\kl\mxs_]h� ©deZkkbdZª�

=:��D_gg_lZ >b Yg]Z��\g_kr_]h h]jhfguc ebqguc \deZ^�\ jZa\blb_�=: dZd kZfhklhyl_evgh]h
gZmqgh]h gZijZ\e_gby��<�>�@�hg ibr_l��©«e_]dh \iZklv�\ aZ[em`^_gb_��\hkijbgbfZy kZfb�=:
dZd Ze]hjblfu�hilbfbaZpbb��Z aZl_f�m^b\eylvky b�beb bkiulu\Zlv�jZahqZjh\Zgb_��dh]^Z hgb�
l_jiyl g_m^Zqm�\ ihbkd_�µhq_\b^gh]h¶�hilbfmfZ \�hij_^_e_gghf ihbkdh\hf ijhkljZgkl\_��Fh_
ij_^eh`_gb_ ih�ih\h^m lh]h��dZd ba[_`Zlv�lZdh]h kZfhh[fZgZ��aZdexqZ_lky \�lhf��qlh[u ^m�
fZlv h�=: dZd�h��\ \ukr_c�kl_i_gb��b^_Zebabjh\Zgghf fh^_ebjh\Zgbb�ijbjh^gh]h ijhp_kkZ�b
dZd h�ijhp_^mj_��\hiehsZxs_c p_eb�b aZ^Zqb� �_keb lZdh\u_ \hh[s_�kms_kl\mxl��wlh]h ijb�
jh^gh]h ijhp_kkZ��Y g_�m\_j_g��gZc^_lky eb�dlh-gb[m^v��]hlh\uc hl\_lblv gZ�\hijhk��dZdh\u
p_eb b�aZ^Zqb w\hexpbhgguo kbkl_f��h^gZdh��ih ijZ\^_�]h\hjy��lZdb_ kbkl_fu�\hh[s_ g_�\hk�
ijbgbfZxlky dZd�hilbfbaZlhju nmgdpbc���ª�
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Jbk����>\hckl\_gghklv�aZ^Zq�k_e_dpbb��h[mkeh\e_ggZy�h]jZgbq_gghklvx�qbke_g�ghklb�fh^_ebjm_fhc�ihimeypbb�M[_^blvky� \ kijZ\_^eb\hklb� kdZaZggh]h� g_� ljm^gh�� _keb� ihiulZlvky�\a]eygmlv� gZ� ijhp_^mjm� qbke_gghc� hilbfbaZpbb� q_j_a� ijbafm� ]bihl_au�k_e_dpbb �kf��Jbk����BlZd��h[udgh\_ggh�ijh_dlbjh\Zgb_�gZqbgZxl�k nhjfbjh\Zgby�\ ihbk�dh\hf�ijhkljZgkl\_�h[eZklb�^himklbfuo�agZq_gbc�i_j_f_gguo�b \u[hjZ�\g_c�g_dhlhjuo�ijh[guo�lhq_d�>Ze__� bl_jZlb\gh� \uihegyxl� ke_^mxsb_� ^_ckl\by��KgZqZeZ� ijb� ih�fhsb�fZl_fZlbq_kdhc�fh^_eb�mkljhckl\Z�ijhba\h^yl�hlh[jZ`_gb_�lhq_d�ba�ihbkdh\h]h�ijhkljZgkl\Z�gZ�ijhkljZgkl\h�djbl_jb_\��qlh�iha\hey_l�kh�klZ\blv�ij_^klZ\e_gb_�h j_ev_n_�ih\_joghklb�djbl_jb_\��AZl_f�gZ�hkgh�\Zgbb�ihemq_gghc�bgnhjfZpbb�b \�khhl\_lkl\bb�k \u[jZgghc�ihbkdh\hc�kljZl_]b_c�hkms_kl\eyxl�g_dhlhju_�fZgbimeypbb�k dhhj^bgZlZfb lhq_d�\ijhkljZgkl\_� i_j_f_gguo�� aZ\_jrZxsb_ky� ]_g_jZpb_c� dhhj^bgZl� gh\uo�ijh[guo�lhq_d�Hq_jqb\Zy�\ h[sbo�keh\Zo�wlm�agZdhfmx�\k_f�p_ihqdm��hlf_lbf�y\gh�\ujZ`_gguc� iZjZee_ebaf� f_`^m� aZeh`_gghc� \ g_c� b^_heh]b_c� ihbkdZ�wdklj_fmfZ�b l_f��dZd�j_rZxlky�ih^h[gu_�ih�kh^_j`Zgbx�aZ^Zqb�\ Ijb�jh^_��ijb�Z^ZilZpbb�ihimeypbc�hj]Zgbafh\�d nZdlhjZf�hdjm`Zxs_c�kj_�^u�
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Jbk�����Pbdebq_kdZy�kljmdlmjZ�ijhp_^mju�qbke_gghchilbfbaZpbb�oZjZdl_jbklbd�ijh_dlZ;hevrbgkl\h� w\jbklbq_kdbo� ihbkdh\uo� kljZl_]bc� ij_^klZ\eyxl�kh[hc�^h\hevgh�hq_\b^gu_�eh]bq_kdb_�j_rZxsb_�ijZ\beZ��\u\_^_ggu_�iml_f� h[h[s_gby� j_Zevgh]h� beb� mfhajbl_evgh]h� hiulZ� h[blZgby� \lj_of_jghf�ijhkljZgkl\_��GZijbf_j��ij_^klZ\bf�k_[_��qlh�ghqv�aZ�klZeZ�gZk�\jZkieho�b gZf�ij_^klhbl�[_a�nhgZjbdZ�^\b]Zlvky�ih i_j_�k_q_gghc�f_klghklb��gZijbf_j��\ah[jZlvky�gZ�\_jrbgm�iheh]h]h�ohe�fZ��Ykgh��qlh�\ay\�\ jmdb�iZedm�b hsmiu\Zy�_x�[eb`Zcr__�hdjm`_gb_��fu� ihemqbf� lj_[m_fmx� bgnhjfZpbx� h ehdZevghf� j_ev_n_� b [m^_f�^\b]Zlvky�\ lhf�gZijZ\e_gbb��\ dhlhjhf�f_klghklv�ih\urZ_lky��gh�g_� gZh[hjhl�� IjZ\bevguc� \u[hj� gZijZ\e_gby� ^\b`_gby� b \_ebqbgu�rZ]Z� ]ZjZglbjm_l� gZf� [ukljuc� mki_o�� _keb�� dhg_qgh�� ih\_joghklv�ohefZ�]eZ^dZy��Z g_�moZ[bklZy�>_ckl\bl_evgh��ijZdlbdm_fuc�kihkh[�hibkZgby�l_ogbq_kdbo�h[t_dlh\�ijb� ihfhsb� \_dlhjh\� i_j_f_gguo� ijh_dlbjh\Zgby� ih^jZamf_\Z_l� kbf�\hevgh_�dh^bjh\Zgb_�bgnhjfZpbb�h[�h[t_dl_��<_dlhj�i_j_f_gguo — ^Z�`_�g_�q_jl_`��lh�_klv�]ey^y�gZ�g_]h�b g_�agZy�ijZ\be�dh^bjh\Zgby��g_\ha�fh`gh�khklZ\blv�ij_^klZ\e_gb_�h[�h[t_dl_��< hij_^_e_gghf�kfuke_�fh`�gh�ml\_j`^Zlv��qlh�dZl_]hjby�³\_dlhj�i_j_f_gguo�ijh_dlbjh\Zgby´�b]jZ_l�\ l_ogbd_� lm�`_�jhev��qlh�b dZl_]hjby� ³]_ghlbi´�\ [bheh]bb��=jmiibjmy�dexq_\u_�iZjZf_lju�h[t_dlZ�\ \_dlhj�i_j_f_gguo��fu��ih�kms_kl\m��ijb�^Z_f�bf�klZlmk�]_g_lbq_kdhc�bgnhjfZpbb��Bf_ggh�]_g_lbq_kdhc��ihlhfm�qlh��k h^ghc�klhjhgu��__ ^hklZlhqgh��^ey�lh]h��qlh[u�ihkljhblv�kZf�h[t_dl�
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�]bihl_lbq_kdb — \ujZklblv�_]h���Z \h-\lhjuo��hgZ�kem`bl�bkoh^guf�fZ�l_jbZehf�ijb�]_g_jZpbb�]_ghlbih\�h[t_dlh\�ke_^mxs_]h�ihdhe_gby�: \_^v�bf_ggh�lZdhc�kfuke — ]_ghlbih\�ihlhfdh\ — bf_xl�dhhj^b�gZlu�mihfbgZ\rboky�gh\uo�ijh[guo�lhq_d��Ih^h[gh�lhfm��dZd�\ Ijbjh^_�kdj_sb\Zgb_�hj]Zgbafh\�hkms_kl\ey_lky�gZ� ]_g_lbq_kdhf�mjh\g_��\ ijh�p_^mj_� hilbfbaZpbb� dhhj^bgZlu� gh\uo� ijh[guo� lhq_d� ihemqZxlky� dZd�j_amevlZl�fZgbimebjh\Zgby�dhhj^bgZlZfb�klZjuo��Ijbq_f��b a^_kv g_ajb�fh�ijbkmlkl\m_l�]bihl_aZ�k_e_dpbb — \ dZq_kl\_�jh^bl_evkdbo�\k_]^Z�\u�klmiZxl� emqrb_�\ n_ghlbibq_kdhf�hlghr_gbb��Z g_�ijhba\hevgu_�lhqdb��hkh[b�� ba� ihimeypbb� ihl_gpbZevguo� j_r_gbc�� g_m^Zqgu_� `_� j_r_gby�hl[jZku\Zxl�gZ�l_dms_f�rZ]_��fh`gh�kqblZlv��qlh�hgb \ufbjZxl��A^_kv�fu�ih^oh^bf��gZdhg_p��d lhfm��qlh�bf_ggh�hlebqZ_l�=:�gZ�nhg_�^jm]bo�qbke_gguo�f_lh^h\�hilbfbaZpbb�=:�aZbfkl\mxl�ba�[bheh]bb�
• ihgylbcguc�ZiiZjZl�
• b^_x� dhee_dlb\gh]h ihbkdZ� wdklj_fmfZ� ijb� ihfhsb� ihimeypbb�hkh[_c�
• kihkh[u�ij_^klZ\e_gby�]_g_lbq_kdhc�bgnhjfZpbb�
• kihkh[u� i_j_^Zqb� ]_g_lbq_kdhc� bgnhjfZpbb� \ q_j_^_� ihdhe_gbc��]_g_lbq_kdb_�hi_jZlhju��
• b^_x�h ij_bfms_kl\_gghf�jZafgh`_gbb�gZb[he__�ijbkihkh[e_gguo�hkh[_c��j_qv�b^_l�g_�h lhf��^Zkl�eb�^ZggZy�hkh[v�ihlhfdh\��Z h�lhf��kdhevdh [m^_l�m g__ ihlhfdh\�������Ij_^klZ\e_gb_�]_g_lbq_kdhc�bgnhjfZpbbIh^h[gh� lhfm�� dZd� ijbjh^guc� ojhfhkhfguc� fZl_jbZe� ij_^klZ\ey_l�kh[hc�ebg_cgmx�ihke_^h\Zl_evghklv�jZaebqguo�dhf[bgZpbc�q_luj_o�gmd�e_hlb^h\� �: — Z^_gbg��P — pblhabg��L — lbfbg�b = — ]mZgbg���\_dlhjZ�i_j_f_gguo�\ =:�lZd`_�aZibku\Zxl�\ \b^_�p_ihq_d�kbf\heh\��bkihevamy�^\mo-�� lj_o- beb� q_luj_o[md\_gguc� ZenZ\bl�� >ey� ijhklhlu� baeh`_gby�jZkkfhljbf�kemqZc�[bgZjgh]h�dh^bjh\Zgby��bkihevam_fuc�ijb�fh^_ebjh�\Zgbb�w\hexpbb�]Ziehb^guo�ihimeypbc�BlZd��[m^_f�kqblZlv��qlh dZ`^Zy�i_j_f_ggZy�xi dh^bjm_lky�hij_^_e_g�guf�njZ]f_glhf� ojhfhkhfu�� khklhysbf� ba�nbdkbjh\Zggh]h� dhebq_kl\Z�]_gh\� �kf�� jbk� ����<k_� ehdmku� ojhfhkhf�^bZee_evgu — lh� _klv� \ ex[hc�ihabpbb�njZ]f_glZ�fh`_l�klhylv�dZd�ghev��lZd�b _^bgbpZ��Jy^hf�klhysb_�njZ]f_glu g_�hl^_eyxl�^jm]�hl�^jm]Z�dZdbfb-eb[h�fZjd_jZfb��l_f�g_�f_�g__��ijb�^_dh^bjh\Zgbb�ojhfhkhfu�\ \_dlhj�i_j_f_gguo�gZ�ijhly`_gbb�\k_]h�fh^_ebjm_fh]h�i_jbh^Z�w\hexpbb�bkihevam_lky�h^gZ�b lZ�`_�fZkdZ�dZjlbjh\Zgby�
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Jbk�����Ijhkl_crZy�fZkdZ�dZjlbjh\Zgby�ojhfhkhfu��hij_^_eyxsZy�ieZg�jZkij_^_e_gby�gZke_^kl\_gghcbgnhjfZpbb�ih�^ebg_�ojhfhkhfuOhly�fu�ihklhyggh�]h\hjbf�h ^_dh^bjh\Zgbb��gZ�kZfhf�^_e_��ijyfZy�hi_jZpby��ihgbfZ_fZy�dZd�hi_jZpby�dh^bjh\Zgby�\_dlhjZ�i_j_f_gguo�x \ojhfhkhfm�$�� \ =:�g_�ijbf_gy_lky��Ojhfhkhfu� ]_g_jbjmxlky� kemqZc�guf�h[jZahf��iml_f�ihke_^h\Zl_evgh]h�aZiheg_gby�jZajy^h\��]_gh\���kjZam�\ [bgZjghf�\b^_��b \kydb_�ihke_^mxsb_�baf_g_gby�\ ihimeypbb�aZljZ]b�\Zxl�kgZqZeZ�]_g_lbq_kdbc�mjh\_gv��Z lhevdh�ihlhf�ZgZebabjmxlky�n_gh�lbibq_kdb_�ihke_^kl\by�wlbo�baf_g_gbc��gh�gbdh]^Z�g_�gZh[hjhl�< ijbgpbi_�� ^ey�^_dh^bjh\Zgby� ]_g_lbq_kdhc�bgnhjfZpbb�ba�[bgZj�ghc�nhjfu�d ^_kylbqghfm�\b^m�ih^oh^bl�ex[hc�^\hbqgh-^_kylbqguc�dh^��gh�h[uqgh�bkoh^yl�ba�lh]h��qlh�hgZ�ij_^klZ\e_gZ�\ dh^_�=j_y��LZ[ebpZ 1 \hkijhba\h^bl� \ iheghf� h[t_f_� ijhp_^mjm� ^_dh^bjh\Zgby� njZ]f_glZ�ojhfhkhfu�\ ijh_dpbx�\_dlhjZ�i_j_f_gguo�xi. LZ[ebpZ��>_dh^bjh\Zgb_�njZ]f_glh\�ojhfhkhf�\ ijh_dpbb�\_dlhjZ�i_j_f_gguoDh^=j_y >\hbqgh-^_kylbqguc�dh^ >_kylbqgh_�agZ�q_gb_�k^\b]Z <_s_kl\_ggh_�agZq_�gb_�dhhj^bgZlu
0000 0000 0 ai

0001 0001 1 ai+1(bi-ai)/15
0011 0010 2 ai+2(bi-ai)/15
0010 0011 3 ai+3(bi-ai)/15
0110 0100 4 ai+4(bi-ai)/15
0111 0101 5 ai+5(bi-ai)/15
0101 0110 6 ai+6(bi-ai)/15
0100 0111 7 ai+7(bi-ai)/15
1100 1000 8 ai+8(bi-ai)/15
1101 1001 9 ai+9(bi-ai)/15
1111 1010 10 ai+10(bi-ai)/15
1110 1011 11 ai+11(bi-ai)/15
1010 1100 12 ai+12(bi-ai)/15
1011 1101 13 ai+13(bi-ai)/15
1001 1110 14 ai+14(bi-ai)/15
1000 1111 15 bi
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Hl�dh^Z�=j_y�i_j_oh^bf�d ^\hbqgh-^_kylbqghfm�dh^m�� Z hl�g_]h — dgZlmjZevguf�p_euf�qbkeZf��Hlghr_gb_�ihemq_ggh]h�qbkeZ�d fZdkbfZev�ghfm� qbkem�� ^hklmighfm�^ey�dh^bjh\Zgby�^Zgguf�dhebq_kl\hf�jZajy^h\�njZ]f_glZ��ih�lZ[ebp_�� — qbkeh�����b ^Z_l�bkdhfh_�agZq_gb_�k^\b]Z�i_�j_f_gghc�hlghkbl_evgh�e_\hc�]jZgbpu�ai ^himklbfh]h�^bZiZahgZ�__ baf_�g_gby��ghjfbjh\Zggh]h�gZ�rbjbgm�bi–ai ^bZiZahgZ�Ba�lZ[ebpu�ohjhrh�\b^gh��ihq_fm�dh^�=j_y�bf__l�y\gu_�ij_bfms_kl�\Z� ih� kjZ\g_gbx� k ^\hbqgh-^_kylbqguf� dh^hf�� dhlhjuc� ijb� g_dhlhjhf�kl_q_gbb� h[klhyl_evkl\� ihjh`^Z_l� k\h_h[jZagu_� lmibdb� ^ey� ihbkdh\h]h�ijhp_kkZ�� < dZq_kl\_� ijbf_jZ� jZkkfhljbf� ex[u_� ljb� jy^hf� klhysb_�kljhdb�ba�lZ[ebpu����gZijbf_j��dh^bjmxsb_�k^\b]�\ �����b ��_^bgbp�Ij_^iheh`bf��njZ]f_glu�ojhfhkhf��klhysb_�\ iylhc�kljhd_�b dh^b�jmxsb_� qbkeh� ��� ijbgZ^e_`Zl� hilbfZevghfm� \_dlhjm�� y\eyxs_fmky� j_�r_gb_f g_dhlhjhc� aZ^Zqb�� Z emqrZy�hkh[v�ba� l_dms_c�ihimeypbb�kh^_j�`bl�njZ]f_gl�ojhfhkhfu�ba� kljhdb� ���LZdZy� kblmZpby�[eZ]hijbylgZ�^ey�h[hbo� dh^h\��>hklZlhqgh� \uihegblv� \k_]h� h^gm� hi_jZpbx — aZf_gblv� \q_l\_jlhf� jZajy^_�njZ]f_glZ� �� gZ� � — b j_r_gb_�[m^_l�gZc^_gh��;he__�bgl_j_kguc�kemqZc�ihemqZ_lky��_keb�emqrZy�hkh[v�kh^_j`bl�njZ]f_gl�ba�kljhdb� ���>ey�dh^Z�=j_y�wlZ�kblmZpby�gbqmlv�g_�keh`g__�ij_^u^ms_c —aZf_gZ� ��gZ� ��\ lj_lv_f�jZajy^_�hiylv�ijb\_^_l�d mki_om��< lh�`_�\j_fy�^\hbqgh-^_kylbqguc�dh^�klZ\bl�gZk�\ g_h[oh^bfhklv�\uihegblv�ihke_^h�\Zl_evgh�^\_�hi_jZpbb — aZf_gblv���gZ���\ lj_lv_f�jZajy^_�b ��gZ���\ q_l�\_jlhf��K dZdhc�[u�ba�gbo�fu�gb gZqZeb��j_amevlZl�g_�ijb[ebabl�gZk�dj_r_gbx� �i_j\uc� \ZjbZgl� aZf_gu�i_j_f_klbl�gZk� \ q_l\_jlmx� kljhdm�� Z\lhjhc — \hh[s_�\ k_^vfmx���: \_^v�wlh�g_�kZfuc�om^rbc�ijbf_j — jZ�[hlZlv� k khq_lZgbyfb� �-4, 7-8, 11-���b l� ^�� kljhd� \ ^\hbqgh-^_kylbqghf�dh^_�_s_�keh`g__��BgZq_�]h\hjy��_keb�ijb\e_qv�]_hf_ljbq_kdb_�bgl_jij_�lZpbb�� dh^� =j_y� ]ZjZglbjm_l�� qlh� ^\_� khk_^gb_�� ijbgZ^e_`Zsb_� h^ghfm�j_[jm�� \_jrbgu� ]bi_jdm[Z�αL�� gZ� dhlhjhf� hkms_kl\ey_lky�ihbkd�� \k_]^Z�^_dh^bjmxlky�\ ^\_�[eb`Zcrb_�lhqdb�ijhkljZgkl\Z�\_s_kl\_gguo�qbk_e�
ℜN�� hlklhysb_� ^jm]� hl� ^jm]Z� gZ� h^gm� ^bkdj_lm� lhqghklb�� >\hbqgh-^_kylbqguc�dh^�ih^h[guf�k\hckl\hf�g_�h[eZ^Z_l������=_g_lbq_kdb_�hi_jZlhjuL_�f_oZgbafu�i_j_^Zqb�gZke_^kl\_gghklb��dhlhju_�^_ckl\mxl�\ Ijb�jh^_��b mijhs_ggZy�nhjfZ�dhlhjuo�iheh`_gZ�\ hkgh\m�lh]h��qlh�fu�gZau�\Z_f� ]_g_lbq_kdbfb� hi_jZlhjZfb�� gZ� kZfhf� ^_e_�� ke_^m_l� jZkkfZljb\Zlv�dZd�ih[_^bl_e_c�� h^_j`Z\rbo� \_jo� \ gZijy`_gghc�fgh]h\_dh\hc�[hjv[_�gZ^� dhgdmj_glZfb� b hlrebnh\Zgguo� _kl_kl\_gguf� hl[hjhf� \ lZdhc�`_�f_j_��dZd�b \k_��qlh�gZk�hdjm`Z_l��K_]h^gy�ihgylgh��qlh�]_g_lbq_kdb_�hi_�jZlhju�fh]eb� [ulv� aZbfkl\h\Zgu� g_� lhevdh� ba�fbdjh[bheh]bq_kdbo� bk�ke_^h\Zgbc��gh�b ba�ZgZebaZ yaudh\uo�y\e_gbc��^hklZlhqgh�ijhZgZebabjh�
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\Zlv� dhf[bgZlhjgu_� w\jbklbdb�� ijbf_gy_fu_� q_eh\_dhf� ijb� j_r_gbb�djhkk\hj^h\�� beb� bah[j_lZl_evkdhc� ^_yl_evghklb� >�@��Gh� wlh� k_]h^gy�� Z^\Z^pZlv� e_l� gZaZ^� gm`gh� [ueh� h[eZ^Zlv� ]_gbZevghklvx� >`� OheeZg^Z��qlh[u�^h]Z^Zlvky��dZd�bgl_jij_lbjh\Zlv�ijbgpbiu�^_ckl\by� ³[bheh]bq_�kdbo´�f_oZgbafh\� ^ey� j_r_gby� aZ^Zq� Z^ZilZpbb� \ bkdmkkl\_gguo� kbkl_�fZo�?^\Z�eb�g_�]eZ\guf�blh]hf�ihqlb�q_l\_jlv\_dh\h]h�i_jbh^Z�bkke_^h�\Zgby�kZfbo�=:�klZeh�ihgbfZgb_�ij_djZkghc�\aZbfghc�dhfiebf_glZjgh�klb�ljbZ^u�]_g_lbq_kdbo�hi_jZlhjh\�©djhkkh\_j — fmlZpby —bg\_jkbyª��<ha^_ckl\my�k g_dhlhjhc�\_jhylghklvx�gZ�]_ghlbiu�jh^bl_evkdbo�hkh[_c��dZ`^uc�ba�gbo��k h^ghc�klhjhgu��h[_ki_qb\Z_l�i_j_^Zqm�ihlhfkl\m�`ba�g_ggh�\Z`guo�ijbagZdh\��Z k�^jm]hc — ih^^_j`b\Z_l�gZ ijhly`_gbb�w\h�expbhggh� agZqbfh]h�i_jbh^Z�^hklZlhqgh� \ukhdbc�mjh\_gv� _]h�baf_gqb�\hklb��<us_ie_gb_�\ ihlhfkl\_�gh\uo��hlebqguo�hl�jh^bl_evkdbo��n_gh�lbibq_kdbo�ijbagZdh\�hldju\Z_l�^ey�ihimeypbb�^hihegbl_evgu_�\hafh`�ghklb�^ey�Z^ZilZpbb��lh�_klv�kihkh[kl\m_l�khojZg_gbx�_x�ihbkdh\hc�kih�kh[ghklb�BlZd��hi_jZlhj�fmlZpbb� �kf��jbk� ����ih^h[gh�lhq_qguf�fmlZpbyf�\Ijbjh^_�� bgl_jij_lbjm_lky� dZd� aZf_gZ� kms_kl\mxs_]h� Zee_evgh]h� kh�klhygby�hl^_evgh]h�]_gZ�\ ojhfhkhf_�gZ�ijhlb\hiheh`gh_��_^bgbpu — gZ�ghev�b gZh[hjhl���Hq_\b^gh��qlh�\ aZ\bkbfhklb�hl�lh]h��\ dZdhf�jZajy^_�njZ]f_glZ��dh^bjmxs_]h�i_j_f_ggmx��ijhbahc^_l�fmlZpby��aZ\bkbl�\_eb�qbgZ�jZkklhygby��hl^_eyxs_]h�ihlhfdZ�hl�jh^bl_ey��j_qv�b^_l�g_�h owf-

Jbk�����LjbZ^Z�]_g_lbq_kdbo�hi_jZlhjh\M \k_o�lj_o� hi_jZlhjh\�f_klh ijbeh`_gby�� ihf_q_ggh_� agZqdhf ▼,\u[bjZ_lky�kemqZcgh
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fbg]h\hf�ijhkljZgkl\_�αL�� ]^_�wlh�jZkklhygb_�jZ\gh� ���Z h�ijhkljZgkl\_�\_s_kl\_gguo�qbk_e�ℜN���Bg\_jkby�ijb\h^bl�d gZjmr_gbx�ihjy^dZ�ke_�^h\Zgby�njZ]f_glh\� ojhfhkhf� m ihlhfdZ� ih� kjZ\g_gbx� k jh^bl_evkdhcojhfhkhfhc��GZdhg_p��djhkkh\_j��hibku\Zxsbc�f_oZgbaf�]Zf_lh]_g_aZ�\^biehb^guo�ihimeypbyo�hj]Zgbafh\�b ijb\g_k_gguc�OheeZg^hf�\ fh^_�ebjh\Zgb_�w\hexpbb�]Ziehb^guo�ihimeypbc��ijb\h^bl�d lhfm��qlh�ojhfh�khfZ�ihlhfdZ�\dexqZ_l�^\Z�njZ]f_glZ��h^bg�ba�dhlhjuo�ijbgZ^e_`Ze�jZ�g__�� mkeh\gh� ]h\hjy�� hlph\kdhc� ojhfhkhf_�� Z ^jm]hc — fZl_jbgkdhc��Bf_ggh�[eZ]h^Zjy�gZebqbx�djhkkh\_jguo�h[f_gh\�hkh[b�ihimeypbb�h[�f_gb\Zxlky�f_`^m�kh[hc�]_g_lbq_kdhc�bgnhjfZpb_c��lh�_klv�ihbkd�ijb�h[j_lZ_l�^_ckl\bl_evgh�dhee_dlb\guc�oZjZdl_j�Bgh]^Z��]h\hjy�h ljbZ^_�]_g_lbq_kdbo�hi_jZlhjh\��ih^q_jdb\Zxl�kih�kh[ghklv�djhkkh\_jZ�b bg\_jkbb�d ]eh[Zevghfm�ihbkdm��\ lh�\j_fy�dZd�fm�lZpbx�hlh`^_kl\eyxl�kh�kj_^kl\Zfb�ehdZevghc�gZkljhcdb�j_r_gby��hl\h�^y�_c�nhgh\mx�jhev��LZdh_�jZkij_^_e_gb_�jhe_c�ij_^klZ\ey_lky�kihjguf��lZd�dZd�fmlZpby�fh`_l�ihjh^blv�ihlhfdZ�^Ze_dh�aZ�ij_^_eZfb�ehdZevgh]h�wdklj_fmfZ��\ dhlhjhc�gZoh^blky�jh^bl_ev��k ^jm]hc�klhjhgu��djhkkh\_j��ijh\_^_gguc�gZ^�]Zf_lZfb�jh^bl_e_c��jZkiheh`_gguo�\ h[s_f�wdklj_fm�f_��gZ\_jgydZ�ihjh^bl�ihlhfdh\�\ wlhf�`_�wdklj_fmf_��<Z`gh�^jm]h_ —gb djhkkh\_j��gb fmlZpby�g_�hibjZxlky�\ ijhp_kk_�]_g_jbjh\Zgby�ihlhfdZ�gZ� agZgb_� ehdZevgh]h� j_ev_nZ� ih\_joghklb� p_e_\hc� nmgdpbb�� < wlhf�kfuke_�bo�fh`gh�kqblZlv�]eh[Zevgufb������Ij_bfms_kl\_ggh_�ijZ\h�jZafgh`_gby�kbevg_crboKlbev�fure_gby��ijbgyluc�\ [bheh]bb��kbevgh�hlebqZ_lky�hl�l_ogb�q_kdh]h�fure_gby��< [bheh]bb�f_evqZcr_c�_^bgbp_c��agZqbfhc�\ w\hex�pbhgghf�kfuke_�b aZkem`b\Zxs_c�\gbfZgby��\uklmiZ_l�ihimeypby��Z g_�hl^_evgZy� hkh[v��H lhf�� gZkdhevdh�ihimeypby� Z^Zilbjh\ZgZ� d kj_^_��gZ�kdhevdh�[eZ]hihemqgh�hgZ�jZa\b\Z_lky��km^yl�ih�^bgZfbd_�__ qbke_gghklb��G_�klhev�bgl_j_kgh��klZeb�eb�jh]Z�m he_g_c�\_l\bkl__��\Z`gh��qlh[u�ijb�jhkl�qbke_gghklb�klZ^Z�[ue�iheh`bl_evguf��Dhwnnbpb_gl�jZafgh`_gby, mkj_^g_gguc�ih�ihimeypbb��jZkkfZljb\Z_lky�dZd�_^bgkl\_gguc�b mgb\_j�kZevguc� djbl_jbc� ijbkihkh[e_gghklb� ihimeypbb� d mkeh\byf� h[blZgby�
[5].K ^jm]hc�klhjhgu��bg^b\b^mZevgZy�ijbkihkh[e_gghklv�hkh[b�hdZau\Z�_l�ijyfh_�\ebygb_�gZ�[m^ms__�ihimeypbb��Q_f�[hevr_�ihlhfdh\�^Zgghc�hkh[b� ^h`b\_l� ^h� j_ijh^mdlb\gh]h� \hajZklZ�� l_f� [hevr__� qbkeh� qe_gh\�ihimeypbb� [m^ms_]h� ihdhe_gby� [m^_l� g_klb� __ Zee_eb�� ©Ijbkihkh[e_g�ghklv��jZkkfZljb\Z_fZy�dZd�f_jZ�\ebygby�]_ghlbiZ�gZ�[m^ms__� — ibr_l�OheeZg^�\ >�@� — ij_^klZ\ey_l�b^_x��ihe_agmx�\h�\k_f�ki_dlj_�ijh[e_f�Z^ZilZpbb��Ohjhrbc�kihkh[�jZkkfhlj_lv�wlm�b^_x�\ [he__�rbjhdhf�dhg�l_dkl_��wlh�jZkkfZljb\Zlv�l_klbjh\Zgb_�]_ghlbih\�dZd�ijhp_^mjm�nhjfb�
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jh\Zgby�\u[hjhd��ih^�\u[hjdhc — sample — OheeZg^�ih^jZamf_\Z_l�l_�dmsmx� ihimeypbx — Ijbf�Z\l.��� IjhkljZgkl\h� \u[hjhd� \ wlhf� kemqZ_�ij_^klZ\ey_l� kh[hc� gZ[hj� \k_o� ]_ghlbih\� α�� Z j_amevlZlhf� hp_gb\Zgby�dZ`^hc� kljmdlmju� klZgh\blky� ijbkihkh[e_gghklv� µE khhl\_lkl\mxs_]h�n_ghlbiZ��H[sbc� \hijhk�� k\yaZgguc� k ijbkihkh[e_gghklvx�� a\mqbl� lZd��©< dZdhc� kl_i_gb�hp_gdZ�µE($��dZdhc-eb[h� kljmdlmju�$∈α hdZau\Z_l�\ebygb_�beb�baf_gy_l�ieZg�τ nhjfbjh\Zgby�gh\hc�\u[hjdb"ª�H]ey^u\Z�ykv�gZaZ^�kdhj__�q_f�\i_j_^��fu�klZedb\Z_fky�k ^jm]bf�\aZbfhk\yaZgguf�\hijhkhf�� ©DZd�bklhjby� j_amevlZlh\� l_klbjh\Zgby�ij_^u^msbo� \u[hjhd�hdZau\Z_l�\ebygb_�gZ�l_dmsbc�ieZg�nhjfbjh\Zgby�gh\uo"ª�Hl\_lu�gZ�wlb�\hijhku�moh^yl�^Ze_dh�d hij_^_e_gbx�lh]h��qlh�khklZ\ey_l�hkgh\m�ex[h]h�Z^Zilb\gh]h�ijhp_kkZ�ª©Fu�m`_�\b^_eb� — ijh^he`Z_l�OheeZg^� — qlh�hl\_l�gZ�i_j\uc�\h�ijhk��qlh�dZkZ_lky�]_g_lbq_kdbo�kbkl_f��khklhbl�\ lhf��qlh�[m^ms__�\eby�gb_� dZ`^hc� hkh[b�$∈α ijyfh�ijhihjpbhgZevgh� hp_gd_�ijbkihkh[e_g�ghklb�µE($)��<hh[s_��wlh�hlghr_gb_�g_�h[yaZl_evgh — kms_kl\m_l�fgh]h�ijbagZgguo�ijhp_^mj�^ey�hilbfbaZpbb��fZl_fZlbq_kdh]h�h[mq_gby�b ^j���]^_�hlghr_gb_�f_`^m�hp_gdhc�dZq_kl\Z�b [m^msbfb�kljmdlmjZfb�^h\hev�gh� ^jm]h_��L_f�g_�f_g__�� \hkijhba\h^kl\h� \ ijhihjpbb� d ^hklb]gmlhfm�dZq_kl\m� y\ey_lky� \Z`ghc� b^__c�� dhlhjZy� fh`_l� [ulv� h[h[s_gZ� k l_f��qlh[u�k^_eZlv�ieZgu�nhjfbjh\Zgby�\u[hjhd — j_ijh^mdlb\gu_�ieZgu —ijbf_gbfufb�d ex[hc�aZ^Zq_�Z^ZilZpbb«ªLZdbf�h[jZahf��dZd�fu�\b^bf��hlebqbl_evghc�q_jlhc�j_ijh^mdlb\guo�ieZgh\� OheeZg^Z� y\ey_lky� ijZ\h� [he__� ijbkihkh[e_gguo� ^Zlv� [hevr__�dhebq_kl\h�ihlhfdh\��Ex[hiulgh�� gh� ijb mkeh\bb� g_baf_gghc� qbke_gghklb� ihimeypbb �Z \�dhfivxl_jghf�fh^_ebjh\Zgbb�w\hexpbb�wlh�mkeh\b_�g_\hafh`gh�b]ghjb�jh\Zlv�� ijbf_g_gb_� ijbgpbiZ� ij_bfms_kl\_ggh]h� jZafgh`_gby� [he__�ijbkihkh[e_gguo� ijb\h^bl� d g_kdhevdh� g_h`b^Zgghfm� j_amevlZlm — \ihimeypbb�jZafgh`Zxlky�dZd�[u�g_�kZfb�hkh[b��Z ]_gu��Ih�kms_kl\m��wlh�wd\b\Ze_glgh�ihgb`_gbx� mjh\gy�jZkkfhlj_gby kbkl_fu��fu�hi_jbjm_f�g_�hkh[yfb��Z ]_gZfb��=_gu�[hjxlky�^jm]�k ^jm]hf�aZ�\u`b\Zgb_��kbevgu_�\ul_kgyxl�ba�]_ghnhg^Z�ihimeypbb keZ[uo�Ijhklhc�j_ijh^mdlb\guc�ieZg�\dexqZ_l�^\_�ih\lhjyxsb_ky�ijhp_^m�ju��< l_q_gb_� i_j\hc� ba� gbo� ^hihegbl_evgu_� dhibb� g_dhlhjuo hkh[_c��h[eZ^Zxsbo� ijbkihkh[e_gghklvx� \ur_� kj_^g_]h� ih� ihimeypbb mjh\gy��^h[Z\eyxlky�d l_dms_c�ihimeypbb�%(t)��\ lh�\j_fy�dZd�g_dhlhju_�hkh[b�kgbadhc� ijbkihkh[e_gghklvx� webfbgbjmxlky��;he__� lhqgh�� dZ`^Zy� hkh[v�ihemqZ_l� \hafh`ghklv� klZlv� jh^bl_e_f� k \_jhylghklvx�� ijhihjpbhgZev�ghc� __ ijbkihkh[e_gghklb�� < l_q_gb_� \lhjhc� ijhp_^mju� ]_g_lbq_kdb_�hi_jZlhju�\ha^_ckl\mxl�gZ�]_ghlbiu�ihlhfdh\��fh^bnbpbjmy�gZ[hju�Ze�
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e_e_c� lZd�� qlh[u� bkdexqblv� b^_glbqghklv� ihlhfdh\� b jh^bl_e_c��< j_�amevlZl_�ihemqZ_lky�gh\Zy�ihimeypby�%(t+1). Ijhp_kk�bl_jZlb\gh�ih\lh�jy_lky��]_g_jbjmy�ihke_^h\Zl_evghklv�ihdhe_gbc�]_ghlbih\�AZf_lbf�� qlh� \ dhgl_dkl_� \ur_kdZaZggh]h�ihimeypby�bf__l� lZdh_�`_�hlghr_gb_�d ijhp_kkm�Z^ZilZpbb��dZd�ihgylb_�khklhygby�d aZdhgZf�nbab�db�beb�i_j_^Zlhqghc�nmgdpbb� d l_hjbb� Z\lhfZlh\��AgZgb_� khklZ\Z� l_dm�s_c� ihimeypbb� iha\hey_l� hij_^_eblv� kljmdlmjm� ke_^mxs_]h�ihdhe_gby��g_� h[jZsZykv� d ij_^u^ms_fm��H[h[s_gguf� hi_jZlhjhf�� \uihegyxsbf�ij_h[jZah\Zgb_�%(t) \ %(t+1) b y\ey_lky�j_ijh^mdlb\guc�ieZg�τ��Fh^b�nbpbjmy�]_ghlbiu�]_g_lbq_kdbfb�hi_jZlhjZfb�ωi∈Ω \ jZfdZo�\hafh`gh�kl_c��h]jZgbq_gguo�kljmdlmjhc�α��j_ijh^mdlb\guc�ieZg�]_g_jbjm_l�gh\u_�hkh[b��[he__�ijbkihkh[e_ggu_�d kj_^_�E��H[hagZqb\�q_j_a�I(t)= µE($�t�) j_Zdpbx� kj_^u��ijhlb\hklhys_c� Z^Zilb\ghc� kbkl_f_��OheeZg^�^Z_l� ke_�^mxs__�kbf\hebq_kdh_�hij_^_e_gb_�j_ijh^mdlb\ghfm�ieZgm
ττ: I ×× αα→ ΩΩ (1)

Jbk�����Ij_h[jZah\Zgb_�gZke_^kl\_gghc�bgnhjfZpbb�\ =:
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J_ijh^mdlb\guc�ieZg�OheeZg^Z
• RZ] ���BgbpbZebaZpby�gZqZevghc�ihimeypbb<\_klb�lhqdm�hlkq_lZ�wiho� t � ��BgbpbZebabjh\Zlv�kemqZcguf�h[�jZahf� M ]_ghlbih\� hkh[_c� b knhjfbjh\Zlv� ba� gbo� gZqZevgmx�ihimeypbx� %(0)=($1(0),...,$M(0)). <uqbkeblv�ijbkihkh[e_gghklv� hkh[_c� ihimeypbb� ν(0)=(µ1(0),...,µM������ ZaZl_f— kj_^gxx� ijbkihkh[e_gghklv� ih� ihimeypbb�

∑
=

µ=µ
M

h
h M

1

/)0()0(ˆ .

• RZ] ���<u[hj�jh^bl_e_c�^ey�kdj_sb\ZgbyM\_ebqblv�ghf_j�wihob�gZ�_^bgbpm�t=t����Hij_^_eblv�kemqZcgmx�i_j_f_ggmx�Randt gZ�fgh`_kl\_� ζM ^��«��0`��gZagZqb\� \_jhyl�ghklv� \uiZ^_gby� ex[h]h K ∈ ζM ijhihjpbhgZevghc� )(ˆ/)( tth µµ . K^_eZlv� h^gh�bkiulZgb_ 5DQGt b \uqbkeblv�j_amevlZl� ( )ti ��dhlh�juc�hij_^_ebl�ghf_j�i_j\h]h�jh^bl_ey�$i(t)(t���Ih\lhjguf�bkiu�lZgb_f�hij_^_eblv�ghf_j�\lhjh]h�jh^bl_ey� ( )ti′ .

• RZ] ���Nhjfbjh\Zgb_�]_ghlbiZ�ihlhfdZK \_jhylghklvx�Pc ijhba\_klb�gZ^� ]_ghlbiZfb \u[jZgguo�jh^b�l_e_c�djhkkh\_j��<u[jZlv�k \_jhylghklvx�����h^gh]h�ba�j_amevlZg�lh\� b khojZgblv� _]h� dZd� 1$(t��� Ihke_^h\Zl_evgh� ijbf_gblv� d
1$(t��hi_jZlhj�bg\_jkbb��k \_jhylghklvx�Pi���Z aZl_f�— fmlZpbb��k \_jhylghklvx�Pm���Ihemq_gguc�]_ghlbi�ihlhfdZ�khojZgblv�dZd�$·(t).

• RZ] ���Hl[hj�hkh[b�gZ�webfbgbjh\Zgb_�b aZf_gZ�__ ihlhfdhfK jZ\ghc�\_jhylghklvx� ��M ^ey�\k_o�K ∈ ζM hij_^_eblv�kemqZc�guf�h[jZahf�ghf_j�j(t��hkh[b�\ ihimeypbb��dhlhjmx�aZf_klbl�ih�lhfhd��H[gh\blv�l_dmsmx�ihimeypbx�%(t��iml_f�aZf_gu�$i(t)(t) gZ�$·(t).
• RZ] ���Hij_^_e_gb_�ijbkihkh[e_gghklb�ihlhfdZ<uqbkeblv�ijbkihkh[e_gghklv�ihlhfdZ�µE($·(t����H[gh\blv�agZ�q_gb_�kj_^g_c�ijbkihkh[e_gghklb� )(ˆ tµ b \_dlhj�ijbkihkh[e_ggh�kl_c�ν(t).

• RZ] ���I_j_clb�d rZ]m���
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Ijb\_^_ggu_� gZ� ihke_^gbo� ^\mo� kljZgbpZo� khh[jZ`_gby� y\eyxlky�^hklZlhqgh�h[sbfb��qlh[u�g_�h]jZgbqb\Zlv�gZrm�bgbpbZlb\m�k hijh[h\Z�gb_f�jZaebqguo�kljZl_]bc�hl[hjZ�gZ�kdj_sb\Zgb_�b webfbgbjh\Zgb_��\u�[hjhf�ihjy^dZ�b bgl_gkb\ghklb�\ha^_ckl\by�]_g_lbq_kdbo�hi_jZlhjh\��AZihke_^gb_����e_l�\h�\k_f�fbj_�[ue�\uiheg_g�h]jhfguc�h[t_f�bkke_^h\Z-gbc \�wlhf�gZijZ\e_gbb��bamq_gu�jZaebqgu_�dhf[bgZpbb�w\jbklbd��Z lZd�`_�gh\u_�ih^oh^u��mkh\_jr_gkl\mxsb_�ihbkdh\mx�kihkh[ghklv�=:�Ihkdhevdm� ZgZeblbq_kdb_� f_lh^u� bkke_^h\Zgby� mkeh\bc� b kdhjhklb�koh^bfhklb�gZlZedb\Zxlky� \ wlhc�h[eZklb�gZ� k_jv_agu_�ijh[e_fu��[ueZ�jZajZ[hlZgZ�p_eZy�kbkl_fZ�l_klh\uo�aZ^Zq� �benchmark���ij_^gZagZq_gguo�\uy\blv� hlghkbl_evgmx� wnn_dlb\ghklv� jZaebqguo� \_jkbc� Ze]hjblfZ��GZ�gbo�`_�[ueh�hkms_kl\e_gh�kjZ\g_gb_�=:�k ^jm]bfb�l_ogbdZfb�b ^hdZaZgZ�mgbdZevghklv�_]h�kihkh[ghkl_c�^ey�j_r_gby�aZ^Zq�]eh[Zevghc�hilbfbaZ�pbb��H^gZdh�fgh]b_�bkke_^h\Zl_eb�ih^q_jdb\Zxl��qlh�ijb�\k_c�\g_rg_c�ijhklhl_� aZfukeZ� =:� lj_[mxl� agZqbl_evguo� mkbebc� ijb� gZkljhcd_� ih^�dhgdj_lgmx�aZ^Zqm��^Z`_�ih�kjZ\g_gbx�k [ebadbfb�bf�ih�^mom�w\hexpb�hggufb�f_lh^Zfb��lZd�gZau\Z_fufb�w\hexpbhggufb�kljZl_]byfb���< gZ�kljhcd_�gm`^Zxlky��ij_`^_�\k_]h��\_jhylghklb�ijbf_g_gby�]_g_lbq_kdbo�hi_jZlhjh\�� hdZau\Zxsb_� kms_kl\_ggh_� \ebygb_� gZ� k[ZeZgkbjh\Zgghklv�ijhp_kkh\� hl[hjZ� b baf_gqb\hklb��G_dhlhju_� jmdh\h^kl\Z� j_dhf_g^mxl�Zijbhjgh�\u[bjZlv�\_ebqbgu�wlbo�kljZl_]bq_kdbo�iZjZf_ljh\�gZ�mjh\g_�
Pc = 0,9; Pi =0,01; Pm =0,1.Ih-\b^bfhfm��ke_^h\Zeh�[u�]h\hjblv�g_�h keh`ghklb�ijbf_g_gby�=:�\hh[s_��Z h[�Z^_d\Zlghklb�mjh\g_c�keh`ghklb�Ze]hjblfZ�b j_rZ_fhc�aZ�^Zqb��Q_f�ijhs_�aZ^ZqZ��l_f�[_kkfuke_gg__�klZgh\ylky�jZaebqgu_�mobs�j_gby�k dh^bjh\dhc�]_ghlbih\��gZkljhcdhc�\_jhylghkl_c�b l� i��< ij_^_e_��_keb�p_e_\Zy�nmgdpby�bf__l�_^bgkl\_gguc�wdklj_fmf�\ bkke_^m_fhc�h[�eZklb��ijbf_g_gb_�=:�l_jy_l�\kydbc�kfuke��lZd�dZd�ex[hc�ehdZevguc�f_�lh^�gZc^_l�j_r_gb_�[uklj__�b ijhs_�^ey�gZk��K ^jm]hc�klhjhgu��g_evay�kdZaZlv��qlh�g_l�lZdhc�aZ^Zqb��dhlhjmx�g_evay�[ueh�[u�g_�j_rblv�k ihfh�svx� =:�� D kh`Ze_gbx�� lZdbo� aZ^Zq� ^hklZlhqgh�� b \jy^� eb� dlh-gb[m^v�\havf_l�gZ�k_[y�kf_ehklv�ij_^kdZaZlv��dh]^Z�hgb�bkq_jiZxlky�=^_�`_�ijhoh^bl�k_]h^gy�]jZgbpZ�jZamfghc�keh`ghklb�aZ^Zqb"�GZ\_j�gh_�� \k_� hij_^_ey_lky� l_f��dZdbfb�j_kmjkZfb�fu�jZkiheZ]Z_f� — i_jkh�gZevghc�JK����beb�ljZgkivxl_jhf�L�������QZklh�gZau\Zxl�[he__�hij_^_�e_gguc� djbl_jbc� — aZ^ZqZ� ^he`gZ� [ulv� j_r_gZ� aZ� h^gm� ghqv� jZ[hlu�dhfivxl_jZ�mjh\gy 3HQWLXP-100.DZd�[u�gb [ueh��gZ�k_]h^gyrgbc�^_gv�=:�j_Zevgh�ijh^\bgmeb�\i_j_^�]jZgbpu�gZrbo�\uqbkebl_evguo�\hafh`ghkl_c��Ijhp_^mjgh�jZ[hlm�h^ghc�ba�_]h�[ukljh�koh^ysboky�\_jkbc�fh`gh�ijhbeexkljbjh\Zlv�[ehd-ko_fhc��ij_^klZ\e_gghc�gZ�jbk� 6.
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GZ�i_j\hf�wlZi_�kemqZcguf�h[jZahf�]_g_jbjm_f�bkoh^gmx�ihimeypbx�[bgZjguo� ojhfhkhf�� >_dh^bjm_f� agZq_gby� i_j_f_gguo� ba� ^\hbqgh]h� d\_s_kl\_gghfm�\b^m�Ijb� ihfhsb� fZl_fZlbq_kdhc� fh^_eb� hij_^_ey_f� bg^_dk� ijbkihkh[�e_gghklb�dZ`^h]h�j_r_gby�b \�aZ\bkbfhklb�hl�_]h�\_ebqbgu�mihjy^hqb\Z�_f� ihimeypbx�� <uqbkey_f� kj_^gxx� ih� ihimeypbb� ijbkihkh[e_gghklv��HibjZykv�gZ�g__��gZagZqZ_f�\_jhylghklv��k dZdhc�dZ`^Zy�hkh[v��h[eZ^Zx�sZy�ijbkihkh[e_gghklvx�\ur_�kj_^g_]h�mjh\gy��fh`_l�klZlv�jh^bl_e_f��Ijb�wlhf�^ey�dZ`^h]h�jh^bl_ey�_klv�^\_�\hafh`ghklb�- eb[h�ijhklh�[ulv�kdhibjh\Zgguf�\ ke_^mxs__�ihdhe_gb_��eb[h�ih^\_j]gmlvky�\ha^_ckl\bx�]_g_lbq_kdbo�hi_jZlhjh\�\ ijhp_kk_�]_g_jbjh\Zgby�ojhfhkhfu�ihlhfdZ�>Ze__� hp_gb\Z_f� ijbkihkh[e_gghklv� ihlhfdZ�� b�� ^_ckl\my� ZgZeh]bq�guf� h[jZahf�� ihkl_i_ggh� aZihegy_f�ihimeypbx� ke_^mxs_]h�ihdhe_gby��Q_j_a�M rZ]h\�gh\h_�ihdhe_gb_�hdZau\Z_lky�knhjfbjh\Zgguf��Ykgh��qlh�ihkdhevdm�hgh�ihemq_gh�hl�emqrbo�jh^bl_e_c��lh�_]h�ijbkihkh[e_gghklv�^he`gZ�[ulv�lZd`_�\ukhdhc��G_�\uau\Z_l�khfg_gbc��qlh��[ehdbjmy�keZ[h�ijbkihkh[e_gguf�hkh[yf�\hafh`ghklv�klZlv�jh^bl_e_f�b ^Zlv�ihlhfkl\h��fu�m\_ebqb\Z_f�beb��ih�djZcg_c�f_j_��g_�mf_gvrZ_f�kj_^gxx�ih�ihimey�pbb ijbkihkh[e_gghklv�JZ[hlm Ze]hjblfZ�ij_djZsZ_f�ijb�^hklb`_gbb�ihimeypb_c�khklhygby�Z^ZilZpbb��b^_glbnbpbjm_fhfm�ih�kly]b\Zgbx�y^jZ�ihimeypbb kgZqZeZ�\iehlgh_�h[eZqdh��Z aZl_f - \ lhqdm��Djhkkh\_j�dZd�f_oZgbaf�baf_gqb\hklb�l_jy_l�\ lZdbo�mkeh\byo�k\hx�kbem - ijb�kdj_sb\Zgbb�b^_glbqguo�jh^b�l_e_c�ihlhfhd�gbq_f�g_�[m^_l�hlebqZlvky�gb hl�h^gh]h�ba�gbo��FmlZpby�bbg\_jkby� [m^ml� ih-ij_`g_fm� fh^bnbpbjh\Zlv� ihlhfkl\h�� l_klbjmy� \k_�gh\u_� b gh\u_� lhqdb� ihbkdh\h]h� ijhkljZgkl\Z�� gh� [_amki_rgh - emqr_�gZc^_ggh]h�j_r_gby�g_l��b ihlhfdb�g_�kfh]ml ^Z`_�\lbkgmlvky�\ \ujh`�^_ggh_�y^jh�D kh`Ze_gbx��fu�ihqlb�gbdh]^Z��aZ�bkdexq_gb_f�ZgZeblbq_kdb�kdhg�kljmbjh\Zgguo�l_klh\uo�aZ^Zq��g_�fh`_f�k m\_j_gghklvx�ml\_j`^Zlv��qlh�gZc^_ggh_� j_r_gb_� ij_^klZ\ey_l� kh[hc� ]eh[Zevguc� wdklj_fmf��N_ghlb�ibq_kdh_� b ]_ghlbibq_kdh_� \ujh`^_gb_� ihimeypbb� y\ey_lky� g_h[oh^b�fuf��gh�g_�^hklZlhqguf�ijbagZdhf�mki_rghklb�ihbkdZ��Hgh�lhevdh�k\b�^_l_evkl\m_l�� qlh� dZdhc—lh� wdklj_fmf� gZc^_g�� gh� gbq_]h� g_� ]h\hjbl� hlhf��dZdh\�_]h�oZjZdl_j��L_f�g_�f_g__��gZf�g_�hklZ_lky�gbq_]h�^jm]h]h��dZd�^h\hevkl\h\Zlvky� ^hklb]gmluf� j_amevlZlhf�� < ijhlb\ghf� kemqZ_� emqr_�ih\lhjgh�aZimklblv�aZ^Zqm�\ gZ^_`^_�gZ�[he__�[eZ]hijbylgh_�jZa\blb_�kh�[ulbc��q_f�`^Zlv�qm^Z�hl�bklhs_gghc�ihimeypbb��W\hexpby�g_ih\lhjbfZ�b ijb�gh\hf�khq_lZgbb�kemqZcguo�nZdlhjh\�j_r_gb_�fh`_l�hdZaZlvky�[h�e__�ijb\e_dZl_evguf�
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���BKDMKKL<?GGU?�G?CJHGGU?�K?LBK_lv� g_cjhgh\�� h[jZamxsZy� q_eh\_q_kdbc� fha]�� ij_^klZ\ey_l� kh[hc�\ukhdhwnn_dlb\gmx� dhfie_dkgmx�� kms_kl\_ggh� iZjZee_evgmx� kbkl_fm�h[jZ[hldb�bgnhjfZpbb��HgZ� kihkh[gZ�hj]Zgbah\Zlv� k\hb�g_cjhgu�lZdbf�h[jZahf��qlh[u�j_Zebah\Zlv�\hkijbylb_�h[jZaZ��_]h�jZkihagZgb_�\h�fgh]h�jZa�[uklj__��q_f�wlb�aZ^Zqb�[m^ml�j_r_gu�kZfufb�kh\j_f_ggufb�dhfiv�xl_jZfb��LZd�jZkihagZgb_�agZdhfh]h�ebpZ�ijhbkoh^bl�\ fha]_�q_eh\_dZ�aZ�
100—����fk��\ lh�\j_fy�dZd�dhfivxl_jm�^ey�wlh]h�g_h[oh^bfu�fbgmlu�b^Z`_�qZku�K_]h^gy��dZd�b ���e_l�gZaZ^��g_khfg_ggh� lh��qlh�fha]�jZ[hlZ_l�[he__�wnn_dlb\gh�b ijbgpbibZevgh�^jm]bf�h[jZahf��q_f�ex[Zy�\uqbkebl_evgZy�fZrbgZ��kha^ZggZy�q_eh\_dhf��Bf_ggh�wlhl�nZdl�\ l_q_gbb�klhevdbo�e_l�ih[m`^Z_l�b gZijZ\ey_l�jZ[hlu�mq_guo�ih�kha^Zgbx�b bkke_^h\Zgbx�bk�dmkkl\_gguo�g_cjhgguo�k_l_c������W\hexpby�\a]ey^h\�gZ�\ukrmx�g_j\gmx�^_yl_evghklv<hijhk�� y\ey_lky� eb�`b\hc� hj]Zgbaf� q_f-lh� \jh^_�fZrbgu�� \i_j\u_�[ue� ih^gyl� njZgpmakdbf� nbehkhnhf� b fZl_fZlbdhf� J_g_� >_dZjlhf
(1596—�������>_dZjl�`be�\ i_jbh^�ih^t_fZ�f_oZgbdb��dh]^Z�D_ie_j�b =Z�ebe_c�ijbklmibeb�d jZajZ[hld_�b^_c�h ^\b`_gbb�g_[_kguo�l_e��JZ^bdZev�gh�gh\u_�\a]ey^u�gZ�q_eh\_dZ�b <k_e_ggmx�ihemqZeb�lh]^Z�lhevdh�i_j\uc�lheqhd��>h�wlh]h�pZjbeb�ij_^klZ\e_gby��qlh�aZdhgu Ijbjh^u��gZqbgZy�hl�iZ^_gby�dZfg_c�b aZdZgqb\Zy�^\b`_gb_f�ieZg_l��y\eyxlky�g_baf_ggufb�bg_au[e_fufb�� <k_e_ggZy� ij_^klZ\eyeZkv� dZd� ihjZ`Zxsbc� \hh[jZ`_gb_�k\hbfb�fZkrlZ[Zfb�qZkh\hc�f_oZgbaf��kha^Zgguc�b ijb\_^_gguc�\ ^\b�`_gb_�<_ebdbf�L\hjphf��GZ�[ulh\hf�mjh\g_�wlb�ij_^klZ\e_gby�gZoh^beb�\hiehs_gb_� \ f_oZgbq_kdbo� [_a^_emrdZo�� kha^Z\Z_fuo� ^ey� h[blZl_e_c�aZ`blhqguo� ^hfh\� ?\jhiu��QZku� k dmdmrdhc�� nhglZgu� \ Zee_yo�� h[eb�\Zxsb_�ihk_lbl_e_c��kemqZcgh�gZklmib\rbo�gZ�kdjulmx�ijm`bgm — jZa�\_�g_evay�[ueh�h[tykgblv�fukeb�b ^_ckl\by�q_eh\_dZ�\ ihoh`bo�f_oZgb�klbq_kdbo�l_jfbgZo"Ih�>_dZjlm��\k_�^_ckl\by��dZd�m q_eh\_dZ��lZd�b m�`b\hlguo��y\eyxlky�hl\_lhf� gZ� kh[ulby� \g_rg_]h�fbjZ��<g_rgbc� jZa^jZ`bl_ev� \ha[m`^Z_l�h^bg�ba�hj]Zgh\�qm\kl\��<ha[m`^_gb_�i_j_^Z_lky�\ fha]��dhlhjuc gZijZ\�ey_l�_]h�gZ�khhl\_lkl\mxsb_�fmkdmeu��LZdbf�h[jZahf��\ha[m`^_gb_�hj]Z�gh\�qm\kl\�ijb\h^bl�d khdjZs_gbx�fmkdme��lh�_klv�d jZa\blbx�j_Zdpbb�gZ�\g_rgbc�jZa^jZ`bl_ev��Wg_j]by�jZa^jZ`bl_ey�dZd�[u�hljZ`Z_lky�h[jZlgh�g_j\ghc�kbkl_fhc�q_j_a�fmkdmeu�`b\hlgh]h� L_jfbg�j_ne_dk��hl�Zg]e��re-
flex — hljZ`_gb_��hlk\_l��hl[e_kd��[_j_l�gZqZeh�bf_ggh�\ wlbo�jZkkm`^_�gbyo�>_dZjlZ�
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Ijh]j_kk� \ ihgbfZgbb�f_oZgbafh\� lZdbo� j_Zdpbc�[ue�^hklb]gml�g_�kdhevdh� iha^g__� gZ� hiulZo� k `b\hlgufb�� m dhlhjuo� [ue� m^Ze_g� fha]��Hdheh������]h^Z�rhleZg^kdbc�mq_guc�<bll�^hdZaZe��qlh�lZdb_�^\b`_gby�dhgljhebjmxlky�kibgguf�fha]hf��Hg�h[gZjm`be��qlh�h[_a]eZ\e_ggZy�ey�]mrdZ�hl^_j]b\Z_l�gh]b�hl�[meZ\db��gh�_keb�m^Zeblv�m g__�h^gh\j_f_ggh�]heh\ghc�b kibgghc�fha]��hgZ�i_j_klZ_l�j_Z]bjh\Zlv�gZ�mdheu�>Zevg_crbc� lheqhd� \ bamq_gbb� [_amkeh\guo� j_ne_dkh\�[ue�ihemq_g�\h�\j_fy�NjZgpmakdhc�J_\hexpbb��Iv_j�DZ[Zgb��^jm]�b \jZq�g_dhlhjuo�__eb^_jh\�� bkke_^h\Ze�� khojZgy_lky� eb� khagZgb_� ihke_� ]bevhlbgbjh\Zgby��Hg�ijbr_e�d \u\h^m��qlh�g_l��b qlh�km^hjh]b�h[_a]eZ\e_ggh]h�l_eZ�y\ey�xlky�kdhj__�j_ne_dlhjgufb�^_ckl\byfb��Wlb�fjZqgu_�bkke_^h\Zgby�[ueb�ijh^he`_gu�g_f_pdbf�bkke_^h\Zl_e_f�L_h^hjhf�;brhnhf��dhlhjuc�\u�ihegbe�k_jbx�wdki_jbf_glh\�gZ^�]heh\Zfb�dZag_gguo�ij_klmigbdh\��>Z�`_�^hklZlhqgh�kbevgu_�\ha[m^bl_eb�g_�ijhba\h^beb�gbdZdh]h�wnn_dlZ�\l_q_gb_�i_j\hc�fbgmlu�ihke_�h[_a]eZ\eb\Zgby�DeZkkbq_kdb_� mkeh\gu_� j_ne_dku� i_j\uf� hibkZe� \ gZqZe_ ;;� \_dZ�B� I� IZ\eh\�� kjZam�`_�mkfhlj_\rbc�\ gbo�ijhkl_crmx�nhjfm�h[mq_gby, [eZ]h^Zjy�dhlhjhc�Zkkhpbbjmxlky�^\Z�kh[ulby��Ijb�deZkkbq_kdhf�mkeh\�ghf�j_ne_dk_�bkoh^gh�g_wnn_dlb\guc�jZa^jZ`bl_ev��gZau\Z_fuc�mkeh\�guf�� ih\lhjgh� khq_lZ_lky� k \ukhdhwnn_dlb\guf� jZa^jZ`bl_e_f�� gZau�\Z_fuf� [_amkeh\guf�� <gZqZe_� mkeh\guc� jZa^jZ`bl_ev� \uau\Z_l� ebrv�keZ[uc�hl\_l�beb�\hh[s_�gbdZdh]h��[_amkeh\guc�jZa^jZ`bl_ev�ijh\hpb�jm_l�[mjgmx�j_Zdpbx�[_a�dZdh]h�[u�lh�gb [ueh�ij_^\Zjbl_evgh]h�h[mq_�gby��< j_amevlZl_�\ujZ[hldb�mkeh\gh]h�j_ne_dkZ�mkeh\guc�jZa^jZ`bl_ev�ijbh[j_lZ_l�kihkh[ghklv�\uau\Zlv�eb[h�kbevguc��eb[h�gh\uc�hl\_l��>ey�lh]h��qlh[u�h[jZah\ZeZkv�mkeh\gZy�k\yav��lh�_klv�ijhbahreh�h[mq_gb_��mk�eh\guc�jZa^jZ`bl_ev�^he`_g�dhjj_ebjh\Zlv�k [_amkeh\guf��ij_^r_kl\my�_fm�gZ�g_dhlhjuc�djblbq_kdbc�ijhf_`mlhd�\j_f_gb�>h� gZqZeZ� l_dms_]h� klhe_lby� [hevrbgkl\h� g_cjhnbabheh]h\� \_jbeh��qlh� fZjrjml� j_ne_dkZ� ijhe_]Z_l� q_j_a� kms_kl\_ggh� g_ij_ju\gu_� gblb�g_j\ghc� ldZgb�� Ihgylb_� kbgZikZ�� s_eb� f_`^m� g_cjhgZfb�� ihkj_^kl\hf�dhlhjhc� hgb� ^he`gu� \aZbfh^_ckl\h\Zlv�� y\ey_lky� kjZ\gbl_evgh� gh\uf��Bkke_^h\Zgby�� mklZgZ\eb\Zxsb_� gZebqb_� kbgZikZ� b _]h� jhev� \ g_j\ghc�Zdlb\ghklb�� [ueb� \uiheg_gu� gZ� jm[_`_� \_dh\� Zg]ebckdbf� nbabheh]hf�kwjhf�QZjevahf�R_jjbg]lhghf������—�������JZ[hlZ�R_jjbg]lhgZ�aZljZ�]b\ZeZ�ih\_^_gq_kdbc�mjh\_gv��Z g_�we_dljhnbabheh]bq_kdbc ��L_f�g_�f_�g__��ba�ZgZebaZ�j_ne_dlhjguo�^_ckl\bc�kh[Zd��dhr_d�b h[_avyg�hg�kmf_e�jZa]Z^Zlv�hkgh\gu_�ijbgpbiu jZ[hlu�kbgZikZ�D i_j\uf� ihiuldZf� jZkdjulv� k_dj_lu� ZgZlhfbq_kdhc� hj]ZgbaZpbb�fha]Z�fh`gh�hlg_klb�bkke_^h\Zgby�KZglvy]h�JZfhg-b-DZoZey���������Ijb�f_gb\�f_lh^�hdjZkdb�g_cjhgh\�kheyfb�k_j_[jZ��jZajZ[hlZgguc�jZg__�DZ�fbeeh�=hev^`b��k_j_[jh�ba[bjZl_evgh�ijhgbdZ_l�\ g_cjhgu��gh�g_�ijhib�
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lu\Z_l� ^jm]b_� de_ldb�fha]Z���DZoZev� m\b^_e�� qlh�fha]� bf__l� de_lhqgmx�Zjobl_dlmjm��Djhf_� g_cjhgh\� \ khklZ\�fha]Z� \oh^yl� jZaghh[jZagu_� ]eb�Zevgu_�de_ldb��\uihegyxsb_�hihjgu_�nmgdpbb�b mqZkl\mxsb_�\ j_iZjZ�pbhgguo�ijhp_kkZo��DZoZev�hibkZe�g_cjhgu�dZd�iheyjbah\Zggu_�de_ldb��dhlhju_�ihemqZxl�kb]gZeu�kbevgh�jZa\_l\e_ggufb�hljhkldZfb��ihemqb\�rbfb� gZa\Zgb_� ^_g^jblh\�� Z ihkueZxl� bgnhjfZpbx� g_jZa\_l\e_ggufb�hljhkldZfb��gZa\Zggufb�ZdkhgZfb��kf��jbk� 7).

Jbk�����:gkZf[ev�g_j\guo�de_lhd�]heh\gh]h fha]Z�q_eh\_dZHdjZrb\Zgb_�ih�=hev^`b�iha\hebeh� \uy\blv�h]jhfgh_�jZaghh[jZab_�g_cjhgh\�ih�nhjf_�l_eZ��jZa\_l\e_gghklb�^_g^jblghc�qZklb�b ^ebg_�Zdkh�gZ��DZoZev�\uy\be�jZaebqby�f_`^m�de_ldZfb�k dhjhldbfb�ZdkhgZfb��\aZb�fh^_ckl\mxsbfb�k khk_^gbfb�g_cjhgZfb��b de_ldZfb�k ^ebggufb�Zdkh�gZfb��ijh_pbjmxsbfbky�\ ^jm]b_�mqZkldb�fha]Z�G_kfhljy�gZ�jZaebqby�\ kljh_gbb��\k_�g_cjhgu�ijh\h^yl�bgnhjfZpbx�h^bgZdh\h��BgnhjfZpby�i_j_^Z_lky�ih�ZdkhgZf�\ \b^_�dhjhldbo�we_dljb�q_kdbo�bfimevkh\��lZd�gZau\Z_fuo�ihl_gpbZeh\�^_ckl\by��Zfieblm^Z�dh�lhjuo�khklZ\ey_l�hdheh�����f<��Z ^ebl_evghklv���fk��<hagbdgh\_gb_�bf�imevkh\�k\yau\Zxl�k ^\b`_gb_f�iheh`bl_evgh�aZjy`_gguo�bhgh\�gZljby�q_j_a� ih\_joghklgmx� de_lhqgmx� f_f[jZgm� ba� \g_de_lhqghc� `b^dhklb�\gmljv�de_ldb��\ __�pblhieZafm�Dhgp_gljZpby gZljby�\ f_`de_lhqghf�ijhkljZgkl\_�ijbf_jgh�\ ���jZa�[hevr_�_]h�\gmljbde_lhqghc�dhgp_gljZpbb��< khklhygbb�ihdhy�ih^^_j`b�\Z_lky� ljZgkf_f[jZggZy� jZaghklv� ihl_gpbZeh\� hdheh� –��� f<��Ijb� wlhf�bhgu�gZljby�ijhgbdZxl�\ de_ldm�f_^e_ggh��lZd�dZd�^hklmi�lm^Z�^ey�gboh]jZgbq_g� k\hckl\Zfb� f_f[jZgu��Nbabq_kdZy� beb� obfbq_kdZy� klbfmey�
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pby��^_iheyjbamxsZy�f_f[jZgm��m\_ebqb\Z_l�__ ijhgbpZ_fhklv�^ey�bhgh\�gZljby��Ihlhd�gZljby�\gmljv�de_ldb�_s_�kbevg__�^_iheyjbam_l�f_f[jZgm��^_eZy�__ \k_�[he__�ijhgbpZ_fhc�Dh]^Z�^hklb]Z_lky�g_dhlhjh_�djblbq_kdh_�agZq_gb_�ihl_gpbZeZ��gZau�\Z_fh_� ihjh]h\uf�� iheh`bl_evgZy� h[jZlgZy� k\yav� ijb\h^bl� d j_]_g_jZ�lb\guf�k^\b]Zf��\ j_amevlZl_�dhlhjuo�agZd�jZaghklb�ihl_gpbZeh\�baf_gy�_lky�gZ�ijhlb\hiheh`guc��lh�_klv�\gmlj_gg__�kh^_j`bfh_�de_ldb�klZgh�\blky� aZjy`_gguf� iheh`bl_evgh� ih� hlghr_gbx� d \g_rg_c� kj_^_��Ijb�[ebabl_evgh� q_j_a� �� fk� ijhgbpZ_fhklv� f_f[jZgu� ^ey� gZljby� iZ^Z_l� bljZgkf_f[jZgguc� ihl_gpbZe� \ha\jZsZ_lky� d k\h_fm� agZq_gbx� \ khklhy�gbb ihdhy�–���f<��Ihke_�dZ`^h]h�lZdh]h�³\aju\Z´�g_cjhg�hklZ_lky�gZ�g_�kdhevdh�fbeebk_dmg^�j_njZdlguf��lh�_klv�gZljb_\Zy�ijhgbpZ_fhklv�f_f�[jZgu�\ wlhl�i_jbh^�g_�fh`_l�baf_gylvky��Wlh�deZ^_l�ij_^_e�qZklhl_�]_�g_jZpbb�bfimevkh\ — g_�[he__�����jZa�\ k_dmg^m�Ohly�Zdkhgu�b ihoh`b�gZ�ijh\h^Z��bfimevku�hgb�ijh\h^yl�bgZq_��Bo�dZ[_evgu_ oZjZdl_jbklbdb�g_\Z`gu_�� khijhlb\e_gb_�\^hev�hkb� kebrdhf�\_ebdh�� Z f_f[jZggh_� khijhlb\e_gb_� kebrdhf�fZeh��Iheh`bl_evguc� aZ�jy^�jZkk_b\Z_lky�m`_�q_j_a��—��ff��Qlh[u�ij_h^he_\Zlv�jZkklhygby��kh�klZ\eyxsb_�bgh]^Z�g_kdhevdh�kZglbf_ljh\��bfimevku�^he`gu�j_]_g_jb�jh\Zlvky�� G_h[oh^bfhklv� ih\lhjgh� mkbeb\Zlv� lhd� h]jZgbqb\Z_l� fZdkb�fZevgmx� kdhjhklv�jZkijhkljZg_gby�g_j\gh]h�bfimevkZ�ih�Zdkhgm�^h� ����f�k�K\yab�f_`^m�g_cjhgZfb�hihkj_^mxlky�obfbq_kdbfb�i_j_^ZlqbdZfb —g_cjhf_^bZlhjZfb — \u^_eyxsbfbky�ba�hdhgqZgbc�hljhkldh\ g_cjhgh\�\ kbgZikZo��Dh]^Z�ihl_gpbZe�^_ckl\by�^hklb]Z_l�hdhgqZgby�ZdkhgZ��fhe_�dmeu�f_^bZlhjZ� \uoh^yl� ba� \gmljbde_lhqguo�fZe_gvdbo� imaujvdh\�� ]^_�hgb�ojZgylky��\ kbgZilbq_kdmx�s_ev — ijhkljZgkl\h�rbjbghc����gf�f_�`^m� f_f[jZgZfb� ij_kbgZilbq_kdhc� b ihklkbgZilbq_kdhc� de_lhd�� Dh]^Z�\ha[m`^_gb_� ^hklb]Z_l� ibdZ�� gZqbgZ_lky� dhhj^bgbjh\Zggh_� \u^_e_gb_�fhe_dme�g_cjhf_^bZlhjZ�<uk\h[h^b\rb_ky�fhe_dmeu�g_cjhf_^bZlhjZ� k\yau\Zxlky� k j_p_ilh�jZfb�\ ihklkbgZilbq_kdhc�f_f[jZg_��qlh�baf_gy_l�__ ijhgbpZ_fhklv��Wn�n_dl�[m^_l�\ha[m`^Zxsbf��_keb�baf_g_gb_�aZjy^Z�ijb[eb`Z_l�f_f[jZg�guc�ihl_gpbZe�d ihjh]m�]_g_jbjh\Zgby�bfimevkZ��?keb�`_�f_f[jZgZ�klZ�[bebabjm_lky�gZ�mjh\g_�ihl_gpbZeZ�ihdhy��wnn_dl�[m^_l�lhjfhaguf�DZ`^uc�kbgZik�^Z_l�ebrv�g_agZqbl_evguc�wnn_dl�gZ�Zdlb\ghklv�Zdkh�gZ� g_cjhgZ��Qlh[u� mklZgh\beZkv� bgl_gkb\ghklv� \uoh^Z�� dZ`^uc� g_cjhg�^he`_g�g_ij_ju\gh�bgl_]jbjh\Zlv�^h������kbgZilbq_kdbo�\oh^h\�?s_�\ gZqZe_�\_dZ�g_cjhnbabheh]Zf�klZeZ�ykgZ�bkdexqbl_evgh�\Z`gZy�jhev�kbgZikh\�\ h[mq_gbb��Kb]gZeu�fha]Z��ijhoh^y�q_j_a�gbo��fh]ml�\ jZa�ghc�kl_i_gb�mkbeb\Zlvky�beb�hkeZ[eylvky��H[jZsZ_l�gZ�k_[y�\gbfZgb_�blZdhc� nZdl��Fha]� gh\hjh`^_ggh]h� b fha]� \ajhkeh]h� q_eh\_dZ� kh^_j`Zl�
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ijbf_jgh�h^bgZdh\h_�dhebq_kl\h�g_cjhgh\��Gh�lhevdh�fha]�\ajhkeh]h�q_�eh\_dZ�hlebqZ_lky�mihjy^hq_gghklvx�f_`g_cjhgguo� kbgZilbq_kdbo� k\y�a_c��Ih-\b^bfhfm��h[mq_gb_�fha]Z�b _klv�ijhp_kk�baf_g_gby�Zjobl_dlmju�g_cjhgghc�k_lb��khijh\h`^Z_fuc�gZkljhcdhc�kbgZikh\������KlZgh\e_gb_�b jZa\blb_�BGKGZb[he__� _fdbf� ij_^klZ\ey_lky� ke_^mxs__� hij_^_e_gb_� BGK� dZd�Z^Zilb\ghc�fZrbgu��^Zggh_�\ [6]:Bkdmkkl\_ggZy g_cjhggZy� k_lv — wlh� kms_kl\_ggh� iZjZe�e_evgh� jZkij_^_e_gguc� ijhp_kkhj�� dhlhjuc� h[eZ^Z_l� kihkh[gh�klvx�d khojZg_gbx�b j_ij_a_glZpbb�hiulgh]h�agZgby��HgZ�koh^gZ�k fha]hf�\ ^\mo�Zki_dlZo����AgZgb_�ijbh[j_lZ_lky�k_lvx�\ ijhp_kk_�h[mq_gby�
2. >ey� khojZg_gby� agZgby� bkihevamxlky� kbeu� f_`g_cjhgguo� kh�_^bg_gbc��gZau\Z_fu_�lZd`_�kbgZilbq_kdbfb�\_kZfb�Bklhjby�BGK�gZqbgZ_lky�\ ������dh]^Z�FZddZeehd�b Ibllk�ij_^eh`b�eb� fh^_ev� ©ihjh]h\h]h� eh]bq_kdh]h� g_cjhgZª� b ihdZaZeb�� qlh� ex[Zy�nmgdpby�� dhlhjZy�fh`_l [ulv� \uqbke_gZ�gZ� we_dljhggh-\uqbkebl_evghc�fZrbg_��fh`_l�[ulv�lZd`_�\uqbke_gZ�k_lvx�g_cjhgh\�>�@��Kb]gZeu�xi��ih�klmiZxsb_� gZ� \oh^� g_cjhgZ�� mfgh`Zxlky� gZ� \_kh\u_� dhwnnbpb_glu� wi�kbgZilbq_kdb_�\_kZ���>Ze__�hgb�kmffbjmxlky��b j_amevlbjmxsbc�kb]gZe��k^\bgmluc�gZ�\_ebqbgm�kf_s_gby�w0

∑
=

+=
n

i
ii wxwS

1
0 , (2)ih^Z_lky�gZ�\oh^�[ehdZ��j_Zebamxs_]h�Zdlb\Zpbhggmx�nmgdpbx�g_cjhgZ�

Jbk�����Fh^_ev�g_cjhgZLjZ^bpbhggh�Zdlb\ZpbhggZy�nmgdpby�bf__l�klmi_gqZluc�\b^��lh�_klv�kb]gZe� gZ� \uoh^_� g_cjhgZ� y ihy\ey_lky� ebrv lh]^Z�� dh]^Z� kmffZjgh_�\oh^gh_�\ha^_ckl\b_�ij_\urZ_l�g_dhlhjh_�djblbq_kdh_�agZq_gb_�
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Jbk�����Lbiu�Zdlb\Zpbhgguo�nmgdpbc�g_cjhgh\O_[[�>�@��bamqZy�de_lhqgu_�f_oZgbafu�^_yl_evghklb�fha]Z��knhjfmeb�jh\Ze� ijZ\beh� h[mq_gby�� dhlhjh_� m\_ebqb\Z_l� kbem� k\yab� f_`^m� ij_- bihklkbgZilbq_kdbf�g_cjhgZfb�� _keb� Zdlb\ghklv�h[hbo� kh\iZ^Z_l�\h�\j_�f_gb�>jm]Zy�dhgp_ipby�h[mq_gby�\ jZfdZo�[he__�jZa\blhc�Zjobl_dlmju�k_�lb��gZa\Zgghc�i_jp_iljhghf��[ueZ�ij_^eh`_gZ�b mki_rgh�ijbf_g_gZ�^ey�fh^_ebjh\Zgby�jZ[hlu�ajbl_evgh]h�ljZdlZ�Jha_g[eZllhf�>�@�< k\h_c�kZfhc�ijhklhc�\_jkbb�fgh]hkehcguc�i_jp_iljhg��kf��jbk� 10) ij_^klZ\ey_l�kh[hc�k_lv�k h^gbf�\oh^guf��h^gbf�\uoh^guf�b h^gbf�beb�[he__�\gmlj_ggbfb�beb��dZd�]h\hjyl��kdjulufb�kehyfb�g_cjhgh\��H[s_c�q_jlhc� ^ey� \k_o� fgh]hkehcguo� i_jp_iljhgh\� y\ey_lky� ijyfhgZijZ\e_g�ghklv� k_lb��oZjZdl_jbamxsZyky�i_j_^Zq_c�bgnhjfZpbb hl�\oh^gh]h� kehy�q_j_a�K kdjuluo�keh_\�d \uoh^ghfm�kehx��< klZg^Zjlghc�lhiheh]bb��ma_e�
i \ keh_�k, (k=1,...,K����kh_^bgy_lky�ihkj_^kl\hf�\_kh\� ( )k

ijw kh�\k_fb j ma�eZfb�ij_^u^ms_]h�kehy�k–���A^_kv�k ��b k=K���h[hagZqZxl��khhl\_lkl\_g�gh��\oh^ghc�b \uoh^ghc�kehb�

Jbk������Ko_fZ�ijyfhgZijZ\e_gghc�kehcghc�BGK



31

Fh^bnbpbjh\Zggu_�\_jkbb�fh]ml�bf_lv�ijyfu_�k\yab�f_`^m�g_kf_`�gufb�kehyfb��k\yab�\ ij_^_eZo�h^gh]h�kehy��oZhlbqgu_�k\yab�f_`^m�kehy�fb�\f_klh�j_]meyjguo�<oh^ghc� kehc�i_jp_iljhgZ� kem`bl� ebrv� ^ey�ijb_fZ�b j_ljZgkeypbb\oh^guo�kb]gZeh\�gZ�g_cjhgu�kdjulh]h�kehy��< kdjuluo�kehyo�ijhbkoh�^bl�hkgh\gh_�g_ebg_cgh_�ij_h[jZah\Zgb_�bgnhjfZpbb�� Z \uoh^ghc� kehc�hkms_kl\ey_l�kmi_jihabpbx�\a\_r_gguo�kb]gZeh\�ihke_^g_]h�ba�kdjuluo�keh_\��< dZq_kl\_�g_ebg_cghklb� maeu� kdjulh]h� kehy�bkihevamxl�^bnn_�j_gpbjm_fu_�kb]fhb^Zevgu_�nmgdpbb
( ) Se
Sf −+

=
1

1
(3)Ih^�h[mq_gb_f�i_jp_iljhgZ�ihgbfZxl�p_e_gZijZ\e_gguc�ijhp_kk�ba�f_g_gby� agZq_gbc� \_kh\� f_`kehcguo� kbgZilbq_kdbo� k\ya_c�� bl_jZlb\gh�ih\lhjy_fuc�^h�l_o�ihj��ihdZ�k_lv�g_�ijbh[j_l_l�g_h[oh^bfu_�k\hckl\Z��< hkgh\_�h[mq_gby�e_`bl�bkihevah\Zgb_�lj_gbjh\hqguo�^Zgguo��h[t_^b�g_gguo�\ rZ[ehgu��kf��jbk� 11).

Jbk������Dhgljhebjm_fh_�h[mq_gb_�BGK
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DZ`^uc� rZ[ehg� DX,
� \dexqZ_l� \ k_[y� \_dlhj� ba\_klguo� \oh^guo�kb]gZeh\� k_lb� ),,,( 21 VXXX

�����
=X b khhl\_lkl\mxsbc� _fm�\_dlhj�`_eZ_�fuo� \uoh^guo� kb]gZeh\�D=(D1,D2,…,DZ��� < ijhp_kk_� h[mq_gby� gZ� \oh^�BGK� ihke_^h\Zl_evgh� ih^Zxlky� ^Zggu_�ba� lj_gbjh\hqgh]h�gZ[hjZ�rZ[�ehgh\�Ξ={ }Qq

q
,1,, =DX

� ��ihke_�q_]h�\uqbkey_lky�hrb[dZ�f_`^m�nZdlbq_�kdbf� ( )ZYYY ,...,, 21=Y b `_eZ_fuf�\uoh^Zfb�k_lb
2

qqe DY −= . (4)A^_kv�ih^�ghjfhc� ⋅ h[uqgh�ihgbfZxl�_\deb^h\h�jZkklhygb_�f_`^m�\_d�lhjZfb�Y b D.>Ze__��k ihfhsvx�hij_^_e_ggh]h�ijZ\beZ�beb�Ze]hjblfZ�ijhbkoh^bl�lZdZy� fh^bnbdZpby� gZkljh_qguo� iZjZf_ljh\� k_lb�� qlh[u� wlZ� hrb[dZ�mf_gvrZeZkv��Ijhp_kk�ih\lhjy_lky�^h�^hklb`_gby�k_lvx�kihkh[ghklb�\u�ihegylv�`_eZ_fuc� lbi� ij_h[jZah\Zgby� ©\oh^-\uoh^ª�� aZ^Zggh]h� \ g_y\�ghf�\b^_�lj_gbjh\hqguf�gZ[hjhf�rZ[ehgh\�Ξ.;eZ]h^Zjy� h[mq_gbx� k_lv� ijbh[j_lZ_l� kihkh[ghklv� ijZ\bevgh� j_Z]b�jh\Zlv�g_�lhevdh�gZ�rZ[ehgu��ij_^ty\e_ggu_�\ ijhp_kk_�lj_gbjh\db��gh�lZd`_� ohjhrh� kijZ\eylvky� k ^jm]bfb� gZ[hjZfb� ^Zgguo� ba� ^himklbfh]h�ijhkljZgkl\Z� \oh^h\�� dhlhju_� hgZ� gbdh]^Z� g_� ©\b^_eZª� jZg__�� < wlhf�kfuke_�]h\hjyl��qlh�BGK�h[eZ^Z_l�k\hckl\hf�h[h[s_gby��generalization). Hrb[dZ� \ h[h[s_gbb�� \k_]^Z� bf_xsZy�f_klh� gZ� \uoh^_� k_lb�� bf__l�^\_�khklZ\eyxsb_��I_j\Zy�ba gbo�h[mkeh\e_gZ�g_^hklZlhqguf�dZq_kl\hf�ZiijhdkbfZpbb�� \uihegy_fhc� k_lvx� dhg_qguo� jZaf_jh\�� <lhjZy — \u�a\ZgZ�g_iheghlhc�bgnhjfZpbb��ij_^ty\e_gghc�k_lb�\ ijhp_kk_�h[mq_gby��ba-aZ�h]jZgbq_ggh]h�h[t_fZ�h[mqZxs_c�\u[hjdb�M Jha_g[eZllZ� kbeZ�f_`kehcguo� kbgZilbq_kdbo� k\ya_c� baf_gyeZkv� \aZ\bkbfhklb�hl�lh]h��gZkdhevdh�lhqgh�\uoh^�i_jp_iljhgZ�kh\iZ^Ze�k \u�oh^guf�rZ[ehghf��\ khhl\_lkl\bb�kh�ke_^mxsbf�ijZ\behf�h[mq_gby��<_�kZ� k\ya_c� m\_ebqb\Zxlky�� _keb� \uoh^ghc� kb]gZe�� knhjfbjh\Zgguc�ijbgb�fZxsbf�g_cjhghf��kebrdhf�keZ[��b mf_gvrZxlky��_keb�hg�kebrdhf�\ukh�dbc��H^gZdh��wlh�ijhklh_�ijZ\beh�fbgbfbaZpbb�hrb[db�ijbf_gbfh�lhev�dh�d ijyfhgZijZ\e_gguf�k_lyf�[_a�kdjuluo�keh_\�G_kdhevdh�iha`_�Fbgkdbc�b I_ci_jl�\uihegbeb�]em[hdbc�ZgZeba�\u�qbkebl_evghc�fhsghklb�h^ghkehcgh]h�i_jp_iljhgZ��Wnn_dl� bo� kh\f_klghc� dgb]b� ©I_jk_iljhguª� >��@�� ij_^gZagZq_gghc�\g_klb�dhgkljmdlb\guc�\deZ^�\ l_hjbx�g_cjhgguo�k_l_c��[ue�^ey�fgh]bo�h[_kdmjZ`b\Zxsbf�b ijb\_e�d mljZl_�bgl_j_kZ�d g_cjhgguf�k_lyf��DZaZ�ehkv��qlh�_keb�k_lb�g_�fh]ml�j_Zebah\Zlv�^Z`_�XOR-nmgdpbx��eh]bq_kdZy�nmgdpby� ©bkdexqZxs__�BEBª�� ihemqb\rZy� k e_]dhc� jmdb� Z\lhjh\� >��@�klZlmk�l_klZ�ijb�bkke_^h\Zgbb�kjZ\gbl_evghc�wnn_dlb\ghklb�lj_gbjh\hq-
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:e]hjblf�h[jZlgh]h�jZkijhkljZg_gby�hrb[db
• RZ] ���BgbpbZebaZpby�\_kh\�b kf_s_gbc�<_kZ� ( )k

ijw b kf_s_gby� ( )k
iw 0 \h�\k_o�kehyo�aZ^Zxlky�kemqZcguf�h[jZ�ahf�dZd�fZe_gvdb_�\_ebqbgu��gZijbf_j��\ bgl_j\Ze_�hl�–��^h����

• RZ] ��� Ij_^klZ\e_gb_� gh\h]h� \oh^gh]h� \_dlhjZ� X
� bkhhl\_lkl\mxs_]h�`_eZ_fh]h�\uoh^gh]h�\_dlhjZ�D.

• RZ] ���Ijyfhc�ijhoh^��jZkq_l�nZdlbq_kdh]h�\uoh^Z�<uqbke_gb_�\uoh^Z� ( )k
iY ^ey�i-]h�maeZ�\ k-f kdjulhf�keh_��k=1,...,K, b iY \ \uoh^ghf�keh_�
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A^_kv�Hk — dhebq_kl\h�maeh\�\ k-f kdjulhf�keh_�
• RZ] ���H[jZlguc�ijhoh^��Z^ZilZpby�\_kh\�b ihjh]h\�Bkihevah\Zgb_�j_dmjkb\gh]h�Ze]hjblfZ��gZqbgZxs_]hky�gZ�\uoh^�guo�maeZo�b \ha\jZsZxs_]hky�d i_j\hfm�kdjulhfm�kehx�

( )( ) ( )( ) ( ) ( )( )1,...,11 1 +=ηδ+=+ − KkYtwtw k
j

k
i

k
ij

k
ij>ey�k=K���qe_g� ( )k

iδ ��hibku\Zxsbc�hrb[dm��ba\_kl_g�
( ) ( ) ( )iiii
K

i YYYD −−=δ + 11 b _]h�fh`gh�j_dmjkb\gh�ihkqblZlv�^ey�\k_o�^jm]bo�kemqZ_\�
( ) ( ) ( )( ) ( ) ( )( )∑ =δ−=δ ++

j

k
ji

k
j

k
i

k
i

k
i KkwYY ,...,11 11 .

Hlf_lbf��qlh�qe_g� ( ) ( )( )k
i

k
i YY −1 y\ey_lky�ijhba\h^ghc�kb]fhb^Zev�ghc�nmgdpbb�hlghkbl_evgh�__ Zj]mf_glZ��?keb�bkihevam_lky�^jm]Zy�ihjh]h\Zy�nmgdpby�� wlhl� qe_g� g_h[oh^bfh� baf_gblv��H[mqZxsbc�iZjZf_lj�η h[uqgh�\u[bjZ_lky�\ bgl_j\Ze_�hl���^h����

• RZ] ���Ih\lhj_gb_�hl�rZ]Z���
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guo� ijhp_^mj��� bo� \uqbkebl_evgu_� kihkh[ghklb� kebrdhf� h]jZgbq_gu. <uoh^�ba�wlh]h�iheh`_gby — ^h[Z\e_gb_�kdjuluo�keh_\�k g_ebg_cgufb�g_cjhgZfb — [ue�ba\_kl_g�b lh]^Z��h^gZdh�g_�[ueh�ykghklb��dZd�gZkljh�blv�\_kZ�m lZdhc�k_lb�GZklhysbc�ijh]j_kk�[ue�^hklb]gml�ebrv�ihke_�lh]h��dZd�Jmf_evoZjl��Obglhg�b <bevyfk�\ �����ihke_^h\Zl_evgh�i_j_hldjueb�:e]hjblf�H[jZl�gh]h�JZkijhkljZg_gby�hrb[db��:HJ��>������@��\i_j\u_�hibkZgguc�<_j[h�khf�\ �����]h^m�>��@�Mf_klgh�lZd`_�\kihfgblv�jZ[hlu�gh\hkb[bjkdbo�mq_guo�>�����@��g_aZ�\bkbfh�b h^gh\j_f_ggh�k Jmf_evoZjlhf�ij_^eh`b\rbo�hq_gv�[ebadbc�d:HJ�:e]hjblf�>\hckl\_ggh]h�Nmgdpbhgbjh\Zgby�^ey�h[mq_gby�g_cjhg�ghc� k_lb�Ohly� :HJ� jZkk_ye� i_kkbfbaf� h \hafh`ghklb� h[mq_gby�fgh]hkehcguo� k_l_c�� hg�� l_f� g_� f_g__�� g_� klZe� bgkljmf_glhf�� dhlhjuc�iha\hebe� [u� j_rblv� dhj_gghc� \hijhk� kbgl_aZ� g_cjhgguo� k_l_c —]eh[Zevgmx� hilbfbaZpbx� kljmdlmju� b iZjZf_ljh\� k_lb��BgbpbZebaZpby�gZqZevguo� iZjZf_ljh\� k_lb� hkms_kl\ey_lky� a^_kv� kemqZcguf� h[jZahf�� ZkZf�:HJ��ba\_klguc�\ klZlbklbd_�dZd�f_lh^�klhoZklbq_kdhc�ZiijhdkbfZ�pbb�� y\ey_lky� ih� k\h_c� kmlb� g_� [he__� q_f� ehdZevguf�f_lh^hf� b \ kbem�wlh]h� g_� ]ZjZglbjm_l� hdhgqZgby� ijhp_kkZ� h[mq_gby� \ lhqd_� ]eh[Zevgh]h�wdklj_fmfZ�� <f_kl_� k l_f�� g_� \uau\Z_l� khfg_gbc�� qlh� hrb[dZ� �����bkihevam_fZy� ^ey� hp_gdb� dZq_kl\Z� BGK�� y\ey_lky� fgh]hwdklj_fZevghc�nmgdpb_c� iZjZf_ljh\� k_lb�� ihwlhfm� ^ey� ihbkdZ� __ fbgbfmfZ� lj_[m_lky��khhl\_lkl\_ggh��]eh[Zevguc�f_lh^�L_f� g_�f_g__�� k ihy\e_gb_f�:HJ� bgl_j_k� d g_cjhgguf� k_lyf� kgh\Z�\hajh^beky��G_evay�b]ghjbjh\Zlv�b lhl�nZdl��qlh�d dhgpm���-o ]h^h\�h[sZy�kblmZpby� \ fbj_� gZmdb� kms_kl\_ggh� baf_gbeZkv� ih� kjZ\g_gbx� k
60-lufb — ijh]j_kk�\ jZajZ[hld_�i_jkhgZevguo�dhfivxl_jh\�kms_kl\_g�gh� jZa^\bgme� ]jZgbpu� qbke_ggh]h� wdki_jbf_glbjh\Zgby �� gZqZeZkv� wjZ�qbke_gguo�f_lh^h\�fh^_ebjh\Zgby��Bkdmkkl\_ggu_�g_cjhggu_� k_lb� klZ�gh\ylky� fZkkh\uf� m\e_q_gb_f� b q_j_a� k\hbo� ihdehggbdh\� ijhgbdZxl� \kZfu_�jZagu_�gZmqgu_�^bkpbiebgu�Ihke_^gb_����e_l�hagZf_gh\Zebkv�^\mfy�kh[ulbyfb��bf_xsbfb�hlgh�r_gb_� d l_f_� gZr_]h� bkke_^h\Zgby�� I_j\h_� ba� gbo — ihy\e_gb_�
RBF-k_l_c�� ih^^Zxsboky� hq_gv� ijhklhc�� g_� kh^_j`Zs_c� j_dmjkbb�� gZ�kljhcd_�>��@��<lhjh_ — ijbf_g_gb_�=:�^ey�lj_gbjh\db�k_lb�ijhba\hevghc�Zjobl_dlmju�� kh^_j`Zs_c� ex[u_� dhf[bgZpbb� Zdlb\Zpbhgguo� nmgdpbc�g_cjhgh\�kdjulh]h�kehy�>��@�;hevrh_� \gbfZgb_� m^_eyehkv� lZd`_� ^hdZaZl_evkl\m� mgb\_jkZevghklb�g_cjhgguo�k_l_c�^ey�j_r_gby�aZ^Zq�ZiijhdkbfZpbb�ijhba\hevghc�nmgd�pbb k ex[hc�kl_i_gvx�lhqghklb��< >��—��@�wlh�k^_eZgh�^ey�k_l_c�i_jp_i�ljhggh]h� lbiZ� k kb]fhb^Zevgufb�Zdlb\Zpbhggufb�nmgdpbyfb��\ >��@�—^ey 5%)-k_l_c�
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JZkkfhljbf� ijhp_^mjm� lj_gbjh\db� RBF-k_lb� �kf�� Jbk������ hkms_kl\�eyxs_c�ZiijhdkbfZpbx�nmgdpbb��aZ^Zgghc�\ g_y\ghf�\b^_�gZ[hjhf�rZ[�ehgh\��dZd�hgZ�hibkZgZ�\ >��@�Imklv�V — dhebq_kl\h�\oh^h\�k_lb��H — dhebq_kl\h�g_cjhgh\�kdjulh�]h�kehy��Z — dhebq_kl\h�\uoh^h\�k_lb�Ij_^iheh`bf�� qlh� jZaf_j� Q gZ[hjZ� lj_gbjh\hqguo� rZ[ehgh\� Ξ g_�kebrdhf�\_ebd�b qlh�rZ[ehgu�jZaf_s_gu�^hklZlhqgh�jZaj_`_ggh�\ ijh�kljZgkl\_�\oh^guo�kb]gZeh\�k_lb X=(X1, X2, …, XV).

Jbk������DeZkkbq_kdZy�5%)-k_lvK_lv� oZjZdl_jbam_lky� lj_fy� hkh[_gghklyfb�� ��� _^bgkl\_gguc�kdjuluc�kehc�����lhevdh�g_cjhgu�kdjulh]h�kehy�bf_xl�g_ebg_cgmx�Zdlb\Zpbhggmx�nmgdpbx�����kbgZilbq_kdb_�\_kZ�\k_o�g_cjhgh\�kdju�lh]h�kehy�jZ\gu�_^bgbp_�<\_^_f�ke_^mxsb_�h[hagZq_gby�
( )Vccc ,...,, 21=c — \_dlhj�dhhj^bgZl�p_gljZ�Zdlb\Zpbhgghc�nmgdpbb�g_c�jhgZ�kdjulh]h�kehy�

jσ — rbjbgZ�hdgZ�Zdlb\Zpbhgghc�nmgdpbb�j-]h�g_cjhgZ kdjulh]h�kehy�
( )

( ) 2

1

2
22

,
σ∑ −−

σ−− ===
V

j
jj cX

eef cXcX — jZ^bZevgh-kbff_ljbqgZy� Zdlb\Zpb�hggZy�nmgdpby�g_cjhgZ�kdjulh]h�kehy�
ijw — \_k�k\yab�f_`^m i-f g_cjhghf�\uoh^gh]h�kehy�b j-f g_cjhghf�kdju�lh]h�kehy�Kbgl_a�b h[mq_gb_�k_lb�\dexqZ_l�\ k_[y�ljb�wlZiZ��h[t_^bg_ggu_�ke_�^mxsbf�Ze]hjblfhf�
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:e]hjblf�kbgl_aZ 5%)-k_lb
1. <u[_j_f�jZaf_j�kdjulh]h�kehy�H jZ\guf�dhebq_kl\m�lj_gbjh\hq�guo�rZ[ehgh\�Q��&bgZilbq_kdb_�\_kZ�g_cjhgh\�kdjulh]h�kehy�ijb�f_f�jZ\gufb���
2. JZaf_klbf�p_glju�Zdlb\Zpbhgguo�nmgdpbc�g_cjhgh\�kjulh]h�kehy�\ lhqdZo� ijhkljZgkl\Z� \oh^guo� kb]gZeh\� k_lb�� dhlhju_� \oh^yl� \gZ[hj�lj_gbjh\hqguo�rZ[ehgh\�Ξ: .,1, Hjjj == Xc

�
3. <u[_j_f�rbjbgu�hdhg�Zdlb\Zpbhgguo�nmgdpbc�g_cjhgh\�kjulh]h�kehy� Hjj ,1, =σ ^hklZlhqgh [hevrbfb��gh�lZd��qlh[u�hgb�g_�gZdeZ�^u\Zebkv�^jm]�gZ�^jm]Z�\ ijhkljZgkl\_�\oh^guo�kb]gZeh\�k_lb�
4. Hij_^_ebf� \_kZ� g_cjhgh\� \uoh^gh]h� kehy� k_lb� HjZ, i=wij ,1,1 = . >ey�wlh]h�ij_^ty\bf�k_lb�\_kv�gZ[hj�lj_gbjh\hqguo�rZ[ehgh\��<u�oh^�i-]h�g_cjhgZ�\uoh^gh]h�kehy�^ey�p-]h�rZ[ehgZ�[m^_l�jZ\_g�

( ) ( ) ( )
( ) ( ) ( ) .,...,,

,...,,

2211

2211

iHpiHpipi

HpiHpipii

Dfwfwfw

fwfwfwY

=+++=

=+++=

XXXXXX

cXcXcX ������ ���
(5)

JZkibkZ\�wlh�mjZ\g_gb_�^ey�\k_o�\uoh^h\�k_lb�b \k_o�rZ[ehgh\��ih�emqbf�ke_^mxs__�mjZ\g_gb_�\ fZljbqghc�nhjf_�
DwT =Φ , (6)

]^_�


















=Φ

HHH

H

H

ff

ff

ff

...

.....

...

...

1

221

111

— bgl_jiheypbhggZy� fZljbpZ��
( )jiij ff XX

��
,= ;
















=

HZH

Z

ww

ww

...

...

...

1

111

w — fZljbpZ�\uoh^guo�kbgZilbq_kdbo�\_kh\�
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D — fZljbpZ�\uoh^guo�rZ[ehgh\�
J_r_gb_

Dw 1T −Φ= (7)^Zkl�gZf�bkdhfu_�agZq_gby�\uoh^guo�kbgZilbq_kdbo�\_kh\��h[_ki_�qb\Zxsb_�ijhoh`^_gb_�bgl_jiheypbhgghc�ih\_joghklb� q_j_a� lj_�gbjh\hqgu_�rZ[ehgu�\ ijhkljZgkl\_�\uoh^guo�kb]gZeh\�k_lb�



37

Hrb[dZ� ZiijhdkbfZpbb� \ lhqdZo� \oh^gh]h� ijhkljZgkl\Z�� g_� kh\iZ�^Zxsbo�k p_gljZfb�Zdlb\Zpbhgguo�nmgdpbc�� aZ\bkbl�hl�lh]h��gZkdhevdh�m^Zqgh�\u[jZgu�rbjbgu�hdhg��b Z^_d\Zlgh�eb�dhebq_kl\h�lj_gbjh\hqguo�rZ[ehgh\�keh`ghklb�nmgdpbhgZevgh]h�ij_h[jZah\Zgby�D kh`Ze_gbx��ijhp_^mjZ�gZkljhcdb�kbgZilbq_kdbo�\_kh\�y\ey_lky�^Z�e_dh�g_�_^bgkl\_gghc�b g_�ihke_^g_c�ijh[e_fhc��\klj_qZxs_cky�ijb�h[m�q_gbb� k_lb�� Dm^Z� dZd� [he__� keh`guf� \hijhkhf� hklZ_lky� nhjfbjh\Zgb_�gZ[hjZ� lj_gbjh\hqguo� rZ[ehgh\�� Z^_d\Zlgh� hibku\Zxs_]h� jZkkfZljb�\Z_fh_�nmgdpbhgZevgh_�ij_h[jZah\Zgb_��D wlhc�ijh[e_f_�fu�_s_�\_jg_f�ky�\ ke_^mxsbo�jZa^_eZo�
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���=:�BGK  �GH<:Y�I:J:>B=F:�< MIJ:<E?GBB
DeZkkbq_kdb_�f_lh^u�kbgl_aZ�kbkl_f�mijZ\e_gby�[Zabjmxlky�gZ�ohjh�rh� jZa\blhf� ZiiZjZl_� bgl_]jh-^bnn_j_gpbZevgh]h� bkqbke_gby�� kha^Zg�ghf�Gvxlhghf� hdheh� lj_okhl� e_l� gZaZ^��G_cjhggu_� k_lb� ij_^klZ\eyxl�kh[hc�Zevl_jgZlb\gh_��kms_kl\mxs__�\k_]h�g_kdhevdh�e_l��gZijZ\e_gb_�\l_hjbb� Z\lhfZlbq_kdh]h�mijZ\e_gby� ij_^eZ]Zxs__�bghc� kihkh[�hljZ`_�gby�b ij_h[jZah\Zgby�^_ckl\bl_evghklb��\ dhlhjhf�fh`gh�h[gZjm`blv�bkoh^gu_��b jZaebqgu_�q_jlu�k deZkkbq_kdhc�iZjZ^b]fhc�Ijhgbdgh\_gb_� ^bnn_j_gpbZevguo� mjZ\g_gbc� \ l_hjbx� Z\lhfZlbq_�kdh]h�j_]mebjh\Zgby�k\yau\Zxl�k bf_gZfb�>� D�FZdk\_eeZ� �����—1879) b B� :� <urg_]jZ^kdh]h������—������>��@��>_eh�\ lhf��qlh�k fhf_glZ�ih�kljh_gby�>� MZllhf�iZjh\hc�fZrbgu�k p_gljh[_`guf�j_]meylhjhf�kdhjh�klb�\jZs_gby� �������b ^h� k_j_^bgu�\lhjhc�iheh\bgu�ijhreh]h�\_dZ�dZ�dZy-eb[h� l_hjby� j_]mebjh\Zgby ijhklh� hlkmlkl\h\ZeZ��H^gZdh�� k jhklhf�fhsghklb�iZjh\uo�fZrbg�mqZklbebkv�Z\Zjbb��\ua\Zggu_�iehobf�dZq_kl�\hf�j_]mebjh\Zgby��B \hl�FZdk\_ee�b <urg_]jZ^kdbc�ihqlb�h^gh\j_f_g�gh�b g_aZ\bkbfh�^jm]�hl�^jm]Z�\ayebkv�aZ�l_hj_lbq_kdbc�ZgZeba�wlhc�kbk�l_fu�� H[Z� bkihevah\Zeb� l_hjbx� fZeuo� dhe_[Zgbc�� [_jmsmx� gZqZeh� hl�@� E� EZ]jZg`Z*��AZibkZ\�mjZ\g_gby�EZ]jZg`Z�^ey�iZjh\hc�fZrbgu�b \u�jZab\�\ gbo�nZah\u_�i_j_f_ggu_�q_j_a�\hafms_gby�hlghkbl_evgh�g_dhlh�juo� jZ\gh\_kguo� agZq_gbc��FZdk\_ee� b <urg_]jZ^kdbc� ebg_Zjbah\Zeb�mjZ\g_gby�hlghkbl_evgh�\hafms_gbc�b bkke_^h\Zeb�mkeh\by�mklhcqb\hklb�khklhygby�jZ\gh\_kby�LZd�gZqZeky�i_j\uc�wlZi�\ jZa\blbb�l_hjbb�Z\lhfZlbq_kdh]h�mijZ\e_�gby�� wlZi� jZkp\_lZ� deZkkbq_kdbo� f_lh^h\� ZgZebaZ�� Ijh^he`Zeky� hg� ^h�\hevgh�^he]h — ^h���-o ]h^h\�gZr_]h�\_dZ� gh�\ kh^_j`Zl_evghf�hlghr_�gbb g_�hlebqZeky�[hevrbf�jZaghh[jZab_f�ih^oh^h\��Bkke_^h\Zgb_�mklhc�qb\hklb�� Z lZd`_�dZq_kl\Z�i_j_oh^guo�ijhp_kkh\�ijh^he`Zeb�hklZ\Zlvky�hkgh\gufb�aZ^ZqZfb�\k_]h�wlh]h�i_jbh^Z�L_jfbg�©g_cjhmijZ\e_gb_ª�\i_j\u_�ihy\beky�\ jZ[hlZo�<_j[hkZ�m`_�\�����]h^m��h^gZdh�j_rZxsmx�jhev�\h�\g_^j_gbb�BGK�\ kn_jm�mijZ\e_g�

* Ohly dhe_[Zgby�fZylgbdZ bamqZe�_s_ =Zebe_c������—�������bf_ggh EZ]jZg`������—
������^Ze h[sb_�kihkh[u khklZ\e_gby�^bnn_j_gpbZevguo mjZ\g_gbc�fZeuo dhe_[Zgbc�\[ebab
jZ\gh\_kby b�ijh\_e bo�bkke_^h\Zgb_��>jm]bf \u^Zxsbfky�gZmqguf ^hklb`_gb_f EZ]jZg`Z��
bf_xsbf hlghr_gb_ d�gZr_c l_f_��klZeh nhjfmebjh\Zgb_�ihgylby khklhygby�kbkl_fu b�jZa�
jZ[hldZ ^ey� ex[hc kbkl_fu�fZl_jbZevguo lhq_d�f_lh^h\ ihkljh_gby�hi_jZlhjh\�� k\yau\Zx�
sbo khklhygby�kbkl_fu \�fhf_glu�W�b�W�∆W��Ih kms_kl\m��hg \\_e�\ gZmqgh_�fure_gb_ ihgylb_�
^bgZfbq_kdhc kbkl_fu��lh _klv�kbkl_fu��^ey dhlhjhc kms_kl\m_l�ihegh_ hibkZgb_��gZau\Z_fh_
khklhygb_f��baf_g_gb_ dhlhjh]h�\h \j_f_gb�bf `_�hij_^_ey_lky�



39

q_kdbo�aZ^Zq�ku]jZeb�jZ[hlu�GZj_g^ju�k khZ\lhjZfb���������\ qZklghklb��
[22].BlZd��\ kbkl_fZo�mijZ\e_gby�BGK�fh]ml�ijbf_gylvky�\ \b^_�

• g_cjhdhgljhee_jh\�
• g_cjhwfmeylhjh\�� bfblbjmxsbo� ^bgZfbq_kdh_� ih\_^_gb_� h[t_dlZ�mijZ\e_gby�\ p_ehf�beb�hibku\Zxsbo�_]h�hl^_evgu_�oZjZdl_jbklb�db�� ljm^gh�ih^^Zxsb_ky�fZl_fZlbq_kdhfm�fh^_ebjh\Zgbx� �gZijb�f_j��njbdpbhggu_�wnn_dlu�b l� i���
I_j\h_��qlh�fu�ihiulZebkv� k^_eZlv� kZfhklhyl_evgh��[ue� kbgl_a�g_c�jhdhgljhee_jZ�gZ�[Za_�lj_okehcghc�ijyfhgZijZ\e_gghc�k_lb�>��@�< dZq_kl\_�h[t_dlZ�mijZ\e_gby�fu�\u[jZeb�bg_jpbhggh_�dhe_[Zl_ev�gh_�a\_gh�\lhjh]h�ihjy^dZ�k i_j_^Zlhqghc�nmgdpb_c�\b^Z

,
1222 +ς+

=
sTsT

k
W (8)

Z \�dZq_kl\_�p_eb�mijZ\e_gby — ih^Z\e_gb_�dhe_[Zl_evghklb�h[t_dlZ�ijb�klmi_gqZlhf�\oh^ghf�\ha^_ckl\bb� �agZq_gby�ihklhygguo�dhwnnbpb_glh\�
k=1; L=0,5; ς ����\ mjZ\g_gbb�����[ueb�ih^h[jZgu�lZd��qlh[u�dhe_[Zl_ev�gu_� k\hckl\Z� m h[t_dlZ� [ueb� \ujZ`_gu� ^hklZlhqgh� hlq_leb\h - kf��jbk� 13).
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[�Jbk������I_j_oh^gZy�oZjZdl_jbklbdZ��Z��b :QO��[��l_klh\h]h�^bgZfbq_kdh]h�h[t_dlZ�mijZ\e_gby
HiZkZykv�qj_af_jgh]h�jZ^bdZebafZ�gZ�gZqZevghf�wlZi_�bkke_^h\Zgbc�\ kfuke_� hldZaZ� hl� ljZ^bpbhgguo� ko_fhl_ogbq_kdbo� j_r_gbc�IB>-j_]meylhjh\���fu�ih^Zeb�gZ�\oh^�g_cjhdhgljhee_jZ�kb]gZe�hrb[db��Z lZd`_�_]h�ijhba\h^gmx�b bgl_]jZe��gZ^_ykv��qlh�k_lv�gZc^_l�g_db_�g_eb�g_cgu_�dhwnnbpb_glu�^ey�gbo�dZd�^ey�keZ]Z_fuo�
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Jbk������I_j\uc�hiul�k g_cjhdhgljhee_jhf��Ziijhdkbfbjmxsbf�dhwnnbpb_glu�IB>-j_]meylhjZKljmdlmjZ�g_cjhdhgljhee_jZ��ljb�j_ljZgkebjmxsbo�maeZ�\h�\oh^�ghf� keh_�� q_luj_� kdjuluo� maeZ� k kb]fhb^Zevgufb� Zdlb\Zpbhggufb�nmgdpbyfb�b h^bg�\uoh^ghc��GZ�\oh^gu_�g_cjhgu�ih^Z_lky�jZaghklv�f_`^m�\oh^guf�\ha^_ckl\b_f�ur b \uoh^hf�h[t_dlZ� 1x ��__ bgl_]jZe�bijhba\h^gZy��Z gZ� \uoh^_�k_lb�nhjfbjm_lky�mijZ\eyxs__�\ha^_ckl�\b_�u.< dZq_kl\_�ijhp_^mju�^ey�lj_gbjh\db�k_lb�fu�bkihevah\Zeb�=:��:e�]hjblf� h[jZlgh]h� jZkijhkljZg_gby� hrb[db� lZd`_� ih^hr_e� [u� ^ey� wlhc�p_eb��gh� hg� lj_[m_l�bgnhjfZpbb h[� hrb[d_�gZ� wnn_dlhjghf� keh_�BGK��>ey� ihemq_gby� lZdhc� bgnhjfZpbb� \ ko_f_� h[mq_gby� g_h[oh^bfh� ij_^m�kfhlj_lv� h[jZs_gguc�g_cjhwfmeylhj� h[t_dlZ�� jhev� dhlhjh]h� k\h^blky�dij_h[jZah\Zgbx�hrb[db�gZ�\uoh^_�h[t_dlZ�\ \uoh^ghc�kb]gZe�gZ�\uoh^_�g_cjhdhgljhee_jZ��qlh�kms_kl\_ggh�mkeh`gy_l�ijhp_^mjm�lj_gbjh\db�

Jbk������Ijbf_g_gb_�=:�^ey�gZkljhcdb�iZjZf_ljh\�g_cjhdhgljhee_jZ=_g_lbq_kdbc�`_� Ze]hjblf� gZkljZb\Z_l� iZjZf_lju� g_cjhdhgljhee_jZ�g_�ih�hrb[d_�\ mijZ\e_gbb�u�� Z ih�hrb[d_�\ \uoh^_�h[t_dlZ��kjZ\gb\Zy�_]h�k \uoh^hf�wlZehgghc�fh^_eb��Ihke_^gyy�\hiehsZ_l�\ k_[_�gZrb�ij_^�klZ\e_gby�h `_eZ_fhf�ih\_^_gbb�h[t_dlZ��lh�_klv�b]jZ_l�ijb[ebabl_evgh�lm�`_�jhev��qlh�b [b[ebhl_dZ�lj_gbjh\hqguo�rZ[ehgh\�\ ijhp_^mj_�lj_�gbjh\db�Bkoh^gZy�ihimeypby�ba� ����ojhfhkhf� ]_g_jbjh\ZeZkv�kemqZcguf�h[�jZahf��DZ`^uc�ba� ���gZkljh_qguo�iZjZf_ljh\�k_lb�dh^bjh\Zeky�^_kylvx�
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[blZfb�� lZdbf� h[jZahf�� ojhfhkhfZ�� dh^bjmxsZy� g_cjhdhgljhee_j� \ p_�ehf��ij_^klZ\eyeZ�kh[hc����-jZajy^gmx�ihke_^h\Zl_evghklv�ghe_c�b _^b�gbp��Ijb�lhf��qlh�^bZiZahg�baf_g_gby�dZ`^h]h ba�iZjZf_ljh\�\ ijhkljZg�kl\_�ℜ21 [ue�ijbgyl�hl�–��^h����^_kylbjZajy^gh_�dh^bjh\Zgb_�h[_ki_qb\Z�eh�^bkdj_lghklv�baf_g_gby�iZjZf_ljZ�g_�om`_�������Ihke_� ^_dh^bjh\Zgby� ojhfhkhf� \ \_dlhjZ� i_j_f_gguo� hp_gb\ZeZkv�kihkh[ghklv�dZ`^h]h�\ZjbZglZ�k_lb�ke_^h\Zlv�wlZehgghc�fh^_eb��Ijh\_j�dZ�hkms_kl\eyeZkv�iml_f�ihke_^h\Zl_evghc�ih^Zqb�gZ�mijZ\eyxsbc�\oh^�g_cjhdhgljhee_jZ� _^bgbqgh]h� iheh`bl_evgh]h�� gme_\h]h� b _^bgbqgh]h�hljbpZl_evgh]h� \oh^gh]h�\ha^_ckl\by�b \uqbke_gby� kj_^g_d\Z^jZlbqghc�hrb[db�\uoh^ghc�dhhj^bgZlu�h[t_dlZ gZ�\j_f_gghf�bgl_j\Ze_�^h����k_�dmg^��Ij_^\Zjbl_evgh�i_j_^ZlhqgZy�nmgdpby� h[t_dlZ� mijZ\e_gby�ij_h[�jZah\u\ZeZkv� \ kbkl_fm� h[udgh\_gguo� ^bnn_j_gpbZevguo� mjZ\g_gbc \�nhjf_�Dhrb
( )




+−ς−=

=

./2

;

122

21

TkUxxTx

xx�� (9)

Bgl_]jbjh\Zgb_� kbkl_fu� hkms_kl\eyehkv� k ihklhygguf�rZ]hf�� jZ\�guf� ����� k_d�� KmffZjgZy� hrb[dZ� ih� \k_f� lj_f� i_j_oh^guf� ijhp_kkZf�ijbgbfZeZkv�\ dZq_kl\_�f_ju�g_m^Zqghklb�dhgkljmdpbb�b bkihevah\ZeZkv�^Ze__�\ dZq_kl\_�dhebq_kl\_ggh]h�bg^_dkZ�^ey�jZg`bjh\Zgby�hkh[_c�\ ih�imeypbb�Djb\u_�i_j_oh^guo�ijhp_kkh\�^ey�emqr_]h�\ZjbZglZ�ba�ihimeypbb�gZ�jZaebqguo�wlZiZo�ihbkdZ�ij_^klZ\e_gu�gZ�jbk� 16.
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Jbk������Emqrb_�ba�^_fhgkljbjm_fuo�ihimeypb_c�g_cjhdhgljhee_jh\�i_j_oh^gu_�ijhp_kku�gZ�\uoh^_�h[t_dlZ�mijZ\e_gby�\ jZaebqgu_�fh�f_glu�jZ[hlu�=:��aZ^Zgb_�— _^bgbqgZy�klmi_gvdZ���djb\Zy�� — gZ�qZevgZy�ihimeypby��� — ihke_������ihdhe_gbc��� — ihke_������ihdh�e_gbc��� — ihke_������ihdhe_gbc�DZd�\b^gh�ba�wlh]h�jbkmgdZ��ih�f_j_�jZ[hlu�Ze]hjblfZ�j_r_gby�g_ij_�ju\gh� memqrZxlky�� <_dlhj� i_j_f_gguo�� gZc^_gguc� d ����� ihdhe_gbx��h[_ki_qb\Z_l�\iheg_�m^h\e_l\hjbl_evgh_�j_r_gb_�ihklZ\e_gghc�aZ^Zqb�Jbk� ���beexkljbjm_l�ih\_^_gb_�h[t_dlZ�g_�lhevdh�gZ�lj_gbjh\hqguo�rZ[ehgZo��gh�b ijb�ijhf_`mlhqguo�agZq_gbyo�Zfieblm^u�\oh^gh]h�aZ^Z�
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gby�� dhlhjh_�ih^l\_j`^Z_l�mgb\_jkZevghklv� Ziijhdkbfbjmxsbo� k\hckl\�g_cjhgguo�k_l_c�
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Jbk������I_j_oh^gu_�ijhp_kku�\ K:M�k h[mq_gguf�g_cjhdhgljhee_jhf�ijb�Zf�ieblm^Zo�\oh^gh]h�aZ^Zgby –1, –����������������kgbam�\\_jo�<hh^mr_\b\rbkv�^hklb]gmluf�j_amevlZlhf��fu�mkeh`gbeb�aZ^Zqm��GZ�\oh^� dhgljhee_jZ� klZeb�ih^Z\Zlv�g_� kb]gZe� hrb[db�� _]h�ijhba\h^gmx�bbgl_]jZe��Z ijhklh�\uoh^gmx�dhhj^bgZlm�h[t_dlZ�gZ�l_dms_f�b ij_^u^m�s_f�rZ]Zo��_^bgh`^u�b ^\Z`^u�aZ^_j`Zgguc�kb]gZeu - kf� jbk� 18).

Jbk������Gh\Zy�ko_fZ�hj]ZgbaZpbb�h[jZlguo�k\ya_c�ih�>��@Ih^\_j]eZkv�baf_g_gbyf�b wlZehggZy�fh^_ev��dhlhjmx�knhjfbjh\Zeb�l_i_jv�dZd�lj_[h\Zgb_�d :QO�dZgZeZ�mijZ\e_gby�>��@��< lh�\j_fy�dZd�kZf�h[t_dl� h[eZ^Z_l�:QO� k hlq_leb\h� \ujZ`_gguf� j_ahgZgkguf�ibdhf�ijb�qZklhl_������=p��g_cjhdhgljhee_j�^he`_g�gZmqblvky��k h^ghc�klhjhgu��h]�jZgbqb\Zlv� j_ahgZgkgu_� dhe_[Zgby� h[t_dlZ�� Z k� ^jm]hc� klhjhgu�� mkbeb�\Zlv�Zfieblm^m�\ugm`^_gguo�dhe_[Zgbc�\ ij_- b ihklj_ahgZgkghc�h[eZk�lyo��g_�\ghky�ijb�wlhf�k^\b]�nZa�f_`^m�\uoh^gufb�b \oh^gufb�dhe_[Z�gbyfb��Z lZd`_�ih^Z\eylv�dhe_[Zgby�h[t_dlZ�ijb qZklhlZo��ij_\urZxsbo�qZklhlm�kj_aZ�`_eZ_fhc�:QO��djb\Zy ��gZ�jbk� 19).GZ� wlhl� jZa� ^ey� dhgljhee_jZ� hiylv� [ueZ� \u[jZgZ� lj_okehcgZy� k_lv�
3-10-���l� _��k dhebq_kl\hf�g_cjhgh\�\ kdjulhf�keh_�jZ\guf�����>ey�hij_�^_e_gby� ijb]h^ghklb� k_lb� gZ� __ \oh^� ih^Z\Zeky� nbdkbjh\Zgguc� ki_dlj�]Zjfhgbq_kdbo� dhe_[Zgbc� jZaebqghc� Zfieblm^u� �\ ^bZiZahg_� ���-��� kqZklhlZfb������������������������b �����=p�
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Bgl_]jZevgZy�hrb[dZ�ih�\k_f�l_klh\uf�i_j_oh^guf�ijhp_kkZf��ijh�^he`bl_evghklv�dhlhjuo��dZd�b jZg__��khklZ\eyeZ����k_dmg^��ijbgbfZeZkv�\ dZq_kl\_�f_ju�mki_rghklb�mijZ\e_gby�J_amevlZlu�kbgl_aZ�hdZaZebkv�m^Zqgufb��Dhgljhee_j��iZjZf_lju�dhlh�jh]h�ij_^klZ\e_gu�\ Ijbeh`_gbb ���kijZ\eyeky�k \haeh`_ggufb�gZ�g_]h�aZ^ZqZfb��NZdlbq_kdZy�:QO�g_cjhk_l_\hc�kbkl_fu�mijZ\e_gby�ij_^klZ\e_gZ�gZ�jbk. ����HgZ�ihkljh_gZ�m`_�gZ�g_ij_ju\ghf�ki_dlj_�qZklhl��\dexqZxs_f�qZklhlu� lj_gbjh\hqguo� kb]gZeh\�� Ih-\b^bfhfm�� ba-aZ� g_^hklZlhqgh]h�jZaf_jZ� kdjulh]h� kehy� k_lb�� kbgl_abjh\ZggZy�:QO�gZ�mqZkld_� ���—��=p�agZqbl_evgh� hlebqZ_lky� hl� wlZehgghc��H^gZdh� \ h[s_f�� ihemq_ggu_� j_�amevlZlu� k\b^_l_evkl\m_l��qlh� kihkh[ghklv� k_lb�d h[h[s_gbx�fh`_l�bk�ihevah\Zlvky�b ijb�kbgl_a_�g_cjhdhgljhee_jZ�\ qZklhlghc�h[eZklb�
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Jbk������Kbgl_abjh\ZggZy��djb\Zy����b `_eZ_fZy��djb\Zy���:QO�kbkl_fu�mijZ\e_gbyIj_^klZ\e_ggu_� ijbf_ju� m[_^bl_evgh� ^hdZau\Zxl� kihkh[ghklv� dhf�[bgZpbb�^\mo�gh\uo�\uqbkebl_evguo�l_ogheh]bc — =_g_lbq_kdbo�:e]h�jblfh\�b Bkdmkkl\_gguo�G_cjhgguo�K_l_c — kZfhklhyl_evgh�j_rZlv�aZ�^Zqm� mijZ\e_gby� ^bgZfbq_kdbf� h[t_dlhf� \ jZfdZo� w\hexpbhgghc� iZjZ�^b]fu��Dhg_qgh��gZf�fh]ml�\hajZablv��khkeZ\rbkv�gZ�ljm^ghklb�wdki_jb�f_glbjh\Zgby�g_ihkj_^kl\_ggh�k h[t_dlhf�ijb�gZkljhcd_�kbgZilbq_kdbo�\_kh\�g_cjhdhgljhee_jZ��qlh�\jy^�eb�fu�kfh`_f�h[hclbkv�[_a�fZl_fZlb�q_kdhc�fh^_eb�h[t_dlZ��Z agZqbl��b [_a�aZbfkl\h\Zgby�^hklb`_gbc�gvxlh�gh\kdhc� iZjZ^b]fu�� L_f� [he__�� qlh� ij_^klZ\e_ggu_� ijbf_ju� \jh^_� [u�k\b^_l_evkl\mxl�\ ihevam�wlh]h�^h\h^Z��H^gZdh�wlh�g_�lZd��b \�ke_^mxs_f�jZa^_e_�fu�ijh^_fhgkljbjm_f��qlh�wlb�`_�^\_�l_ogheh]bb�kihkh[gu�kZfh�klhyl_evgh�kbgl_abjh\Zlv�fZl_fZlbq_kdmx�fh^_ev�^bgZfbq_kdh]h�h[t_dlZ�lhevdh�gZ�hkgh\Zgbb�agZgby�_]h�i_j_oh^guo�oZjZdl_jbklbd�
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���=:�BGK� �GH<:Y�I:J:>B=F:�< FH>?EBJH<:GBBNbabdZ� ij_^klZ\ey_l� kh[hc� jZa\b\Zxsmxky� eh]bq_�kdmx�kbkl_fm�fure_gby��hkgh\u�dhlhjhc�fh`gh�ihemqblv�g_�\u^_e_gb_f�bo�dZdbfb-eb[h�bg^mdlb\gufb�f_lh^Zfb�ba�i_j_`bluo�hiulh\��Z ebrv�k\h[h^guf�\ufukehf��H[hkgh�\Zgb_� �bklbgghklv�� kbkl_fu�hkgh\Zgh� gZ�^hdZaZl_evkl\_�ijbf_gbfhklb� \ul_dZxsbo�ba�g__�l_hj_f� \ h[eZklb�qm\�kl\_ggh]h�hiulZ��ijbq_f�khhlghr_gby�f_`^m�ihke_^gbfb�b i_j\ufb� fh`gh� ihgylv� ebrv� bglmblb\gh�� W\hexpby�ijhbkoh^bl�\ gZijZ\e_gbb�\k_�m\_ebqb\Zxs_cky�ijhklhlu�eh]bq_kdbo�hkgh\��;hevr_�lh]h��qlh[u�ijb[ebablvky�d wlhc�p_eb��fu�^he`gu�j_rblvky�ijbagZlv�� qlh� eh]bq_kdZy�hk�gh\Z� \k_� [hevr_� b [hevr_� m^Zey_lky� hl�^Zgguo�hiulZ��bfuke_gguc�imlv�hl�hkgh\�d \ul_dZxsbf�ba�gbo�l_hj_fZf��dhjj_ebjmxsbf�k qm\kl\_ggufb�hiulZfb��klZgh\blky�\k_�[he__�ljm^guf�b ^ebgguf��:��Wcgrl_cg��NbabdZ�b j_Zevghklv�
G_cjhggu_� k_lb�b ^bnn_j_gpbZevgu_�mjZ\g_gby�hlghkylky�d jZaebq�guf�\_l\yf�\ fh^_ebjh\Zgbb��ba\_klguf�dZd�wfibjbaf�b nmg^Zf_glZebaf��I_j\Zy� \_l\v�� wfibjbaf�� \hkoh^bl� d jZ[hlZf�:jbklhl_ey� b E_hgZj^h� ^Z�<bgqb��\lhjZy��nmg^Zf_glZebaf��h[yaZgZ�k\hbf�jh`^_gb_f�=Zebe_x��iu�lZ\r_fmky� j_Zebah\Zlv� \ fh^_ebjh\Zgbb� l_heh]bq_kdb_� ij_^klZ\e_gby�IeZlhgZ�h fbj_�b^_c�b mq_gb_�h ^mr_��>bnn_j_gpbZevgu_�mjZ\g_gby�hib�ku\Zxl�©^mrmª�h[t_dlZ��\ lh�\j_fy�dZd�g_cjhggZy�k_lv�hdZau\Z_lky�\ kh�klhygbb�aZihfgblv��Z ihlhf�\hkijhba\_klb�^bgZfbq_kdh_�ih\_^_gb_�h[t�_dlZ�\ kblmZpbyo��dhlhju_�_c�ba\_klgu��:gZeblbq_kdZy�nhjfZ�ij_^klZ\e_�gby� agZgbc� _c� g_^hklmigZ�� hgZ� kihkh[gZ� aZihfgblv� b h[h[sblv� lhevdh�dhgdj_lgu_�wfibjbq_kdb_�aZ\bkbfhklb��ohly�j_qv�a^_kv�b^_l��dhg_qgh��g_�h aZihfbgZgbb�^Zgguo�\ lZ[ebqghf�\b^_�>ey�deZkkbq_kdhc�iZjZ^b]fu�oZjZdl_jgh�lh��qlh�kbgl_am�fZl_fZlbq_�kdhc�fh^_eb�h[t_dlZ�beb�ijhp_kkZ h[yaZl_evgh�ij_^r_kl\m_l�nZaZ�ZgZeb�aZ��\ l_q_gb_�dhlhjhc�ijhp_kk�mfhajbl_evgh�^_dhfihabjm_lky�gZ�we_f_g�lZjgu_�y\e_gby��dZ`^h_�ba�dhlhjuo�ih^\_j]Z_lky� aZl_f�lsZl_evghfm�bk�ke_^h\Zgbx�� KgZqZeZ� \k_]^Z� ieZgbjm_lky� ©hqbs_ggucª� wdki_jbf_gl�� \dhlhjhf� bkke_^m_fZy� khklZ\eyxsZy� ijhp_kkZ� h[hkh[ey_lky� hl� \ebygby�hklZevguo�� Z aZl_f�� ih� f_j_� j_Zevguo� \hafh`ghkl_c�� wlhl� wdki_jbf_gl�\uihegy_lky��DZd�j_amevlZl��\u^\b]Z_lky�ij_^_evgh�ijhklZy��h[udgh\_ggh�ebg_cgZy��fh^_ev� y\e_gby� k _^bgkl\_gguf� ihklhygguf� dhwnnbpb_glhf��^ey dhlhjh]h�eb[h�ba�mkeh\bc�ijh\_^_gby�wdki_jbf_glZ��eb[h�ba�dZdbo-lh�lj_lvbo�mkeh\bc�ih^[bjZ_lky�ijhajZqgZy�nbabq_kdZy�bgl_jij_lZpby��?keb�dZdmx-lh�khklZ\eyxsmx�\ qbklhf�\b^_�bamqblv�g_�m^Z_lky��gZ�g__�g_j_^dh�
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ijhklh� aZdju\Zxl� ]eZaZ��GZdhg_p�� hkms_kl\eyxl� kbgl_a� iheghc�fh^_eb��kdeZ^u\Zy�ba�qZklguo�ebg_cguo�fh^_e_c�dZd�ba�dbjibqbdh\�p_evgmx�dZj�lbgm�ijhp_kkZ��ijZ\^Z��k h]h\hjdhc��qlh�dhwnnbpb_glu��\ ^_ckl\bl_evgh�klb��fh]ml�[ulv�g_ebg_cgufb�Ijbf_jh\�lZdbo�ijhp_^mj�fh`gh�ijb\_klb�fgh`_kl\h��fu�`_�ij_^eZ�]Z_f� h]jZgbqblvky� h^gbf� ij_^_evgh� ijhkluf — jZajy^hf� [ZlZj_b� dhg�^_gkZlhjh\�gZ�dZlmrdm�k \ha^mrguf�k_j^_qgbdhf�DZd�ba\_klgh��ijhp_kk�jZajy^Z�hibku\Z_lky�^bnn_j_gpbZevguf�mjZ\�g_gb_f
Uidt

C
iR

dt

di
L

t

=++ ∫
0

1
(10)

Ohly�p_iv�kh[jZgZ�\k_]h�ba�^\mo�maeh\ — [ZlZj_b�b dZlmrdb��qe_gh\�\mjZ\g_gbb�fu� \b^bf� ljb��<k_� hgb� kh^_j`Zl�ihklhyggu_�dhwnnbpb_glu��Dhwnnbpb_gl�ijb�lhd_� R ��ba\_klguc�dZd�Zdlb\gh_�khijhlb\e_gb_�dZlmr�db��ij_^klZ\ey_l� kh[hc�g_�qlh�bgh_��dZd�dhwnnbpb_gl�ijhihjpbhgZevgh�klb�f_`^m�gZijy`_gb_f�gZ�dZlmrd_�b lhdhf��ijb�mkeh\bb�lh]h��dhg_qgh��qlh�dZlmrdZ�aZiblZgZ�hl�bklhqgbdZ�ihklhyggh]h gZijy`_gby��hqbs_gguc�wdki_jbf_gl�� ����Dhwnnbpb_gl�ijb�ijhba\h^ghc�lhdZ� L — kh[kl\_ggZy�bg^mdlb\ghklv�dZlmrdb — bf__l�hlghr_gb_�d ^jm]hfm wdki_jbf_glm��_k�eb�aZiblZlv�dZlmrdm�hl�bklhqgbdZ�]Zjfhgbq_kdb�baf_gyxs_]hky gZijy`_�gby�^hklZlhqgh�\ukhdhc�qZklhlu� �hqbs_gguc�wdki_jbf_gl�� ����lh�ijh�ba\_^_gb_�djm]h\hc�qZklhlu�dhe_[Zgbc�b kh[kl\_gghc�bg^mdlb\ghklb�dZ�lmrdb�hiylv�^Zkl�gZf�dhwnnbpb_gl�ijhihjpbhgZevghklb�f_`^m�Zfieblm�^Zfb�lhdZ�b gZijy`_gby�gZ�aZ`bfZo�dZlmrdb��GZdhg_p��_fdhklv�dhg^_gkZ�lhjZ� C lh`_� gm`^Z_lky� \ hij_^_e_gbb� b ihy\ey_lky� hgZ� dZd� ihgylb_��hiylv-lZdb�� ba� dZdh]h-lh� hqbs_ggh]h� wdki_jbf_glZ�� ��� \kdju\Zxs_]h�k\yav�lhdZ�b gZijy`_gby�gZ�h[deZ^dZo�dhg^_gkZlhjZ�Klhbl� aZ^mfZlvky�� gZkdhevdh� gZlygmlu� ij_^iheh`_gby� \ hlghr_gbbihklhygkl\Z� \k_o� wlbo�dhwnnbpb_glh\��Fu� aZdjueb� ]eZaZ�gZ�\gmlj_ggb_�l_ieh\u^_e_gby�\ ijh\h^gbd_��mkeh\by�hoeZ`^_gby�dZlmrdb��ihl_jb�\ ^b�we_dljbd_�dhg^_gkZlhjZ��I_j_q_gv�g_mql_gguo�nZdlhjh\�jZkrbjblky��_keb�fu�\havf_f�dZlmrdm�k `_e_aguf�k_j^_qgbdhf��dhlhjuc�g_�lhevdh�kfh`_l�\ebylv�gZ�bg^mdlb\ghklv��gh�b hldjh_l�^hihegbl_evgu_�\hafh`ghklb�^ey�m\_ebq_gby� l_ieh\uo� ihl_jv� \ kbkl_f_� �hl� \boj_\uo� lhdh\�� gZ�i_j_fZ]gbqb\Zgb_�b l� ^���Gbq_]h�wlh]h�\ fh^_eb������g_l��<kydbc�jZa��qlh[u�mq_klv�lhl�beb�bghc�nZdlhj��gZf�ijb^_lky�dhgkljmbjh\Zlv�gh\uc�wdki_jbf_gl��ij_^eZ]Zlv�fh�^_ev�y\e_gby��hij_^_eylv�b bgl_jij_lbjh\Zlv�__ iZjZf_lju��Ijb�hlkmlkl�\bb�fh^_eb�fu�g_�kfh`_f�hibkZlv�wnn_dl��ke_^h\Zl_evgh��rZ[ehg�mjZ\g_�gby��hibku\Zxs_]h�ijhp_kk��[m^_l�aZ\_^hfh�g_iheguf.
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L_f� g_� f_g__�� gbdlh� g_� f_rZ_l� gZf� \uihegblv� b^_glbnbdZpbx� lhc�fh^_eb��dhlhjZy�m gZk�_klv��IjZ\^Z��^ey�wlh]h�gZf�\k_�jZ\gh�ijb^_lky�\u�ihegblv�wdki_jbf_glu�kh�\k_c p_ivx��ihke_�q_]h�ih^h[jZlv�agZq_gby�dh�wnnbpb_glh\�lZd��qlh[u�ih]j_rghklv�ij_^kdZaZgby�ih\_^_gby�lhdZ�[ueZ�fbgbfZevghc��G_�\Z`gh��gZkdhevdh�lhqgh�gZc^_ggu_�agZq_gby�dhwnnbpb�_glh\� kh\iZ^ml� k l_fb�� qlh� ihemqbebkv� [u� ba� qZklbqguo� bkke_^h\Zgbc��Fu�b g_�fh`_f h`b^Zlv��qlh�hgb�kh\iZ^ml — qe_gu��ijbkmlkl\mxsb_�\rZ[ehg_��^he`gu�\aylv�gZ�k_[y�\deZ^�hlkmlkl\mxsbo��DZd�ke_^kl\b_��agZ�q_gby� dhwnnbpb_glh\� ihemqZl� g_dhlhju_� ijbjZs_gby�� aZ\bkysb_�� ih-\b^bfhfm��_s_�b hl�lh]h��gZijbf_j��\ dZdhf�^bZiZahg_�lhdh\�ijh\h^bebkvwdki_jbf_glu�kh�\k_c�p_ivx��Ykgh��qlh�b^_glbnbpbjh\ZggZy�fh^_ev�[m�^_l�^hklh\_jgZ�lhevdh�\ wlhf�^bZiZahg_��gh�\jy^�eb�fu�fh`_f�gZ^_ylvky��qlh�ijb�^jm]bo�lhdZo�iZjZf_lju�fh^_eb�hklZgmlky�ij_`gbfb�< q_f�`_�khklhyl�hlebqby�g_cjhk_l_\h]h�ih^oh^Z"�>Z��ih`Zemc� lhevdh�\ lhf��qlh�hg�bagZqZevgh�g_�ih^jZamf_\Z_l�nZau�ZgZebaZ�ijb�ihkljh_gbb�fh^_eb��G_cjhggu_�k_lb — wlh�kms_kl\_ggh�kbgl_lbq_kdbc��Z g_�ZgZeb�lbq_kdbc�ih^oh^��Dhg_qgh��b a^_kv�hklZ_lky�ihgylb_�rZ[ehgZ��b a^_kv�kbg�l_a� fh^_eb� k\h^blky� d iZjZf_ljbq_kdhc� hilbfbaZpbb� rZ[ehgZ�� kdhgkl�jmbjh\Zggh]h�ih�[Zabkm�Zdlb\Zpbhgguo�nmgdpbc�g_cjhgh\��Gh�a^_kv�gb�dh]h�g_�bgl_j_km_l��dZdhfm�]bihl_lbq_kdhfm�ih\_^_gbx�h[t_dlZ�khhl\_l�kl\m_l�Zdlb\ghklv�h^gh]h�ba�g_cjhgh\�b dZdhc�nbabq_kdbc�kfuke�ijbh[�j_lZxl�\ wlhf�kemqZ_�kbgZilbq_kdb_�\_kZ��AZ^ZqZ�nhjfmebjm_lky�^ey�\k_c�k_lb�\ p_ehf��Bkoh^y�ba�wlh]h�b h[t_dl�bkke_^m_lky�kjZam�p_ebdhf��b g_�\hqbs_gguo�kblmZpbyo��Z \�l_o�j_`bfZo��dhlhju_�gZk�bgl_j_kmxl�\ ijZd�lbq_kdhf��mlbeblZjghf�hlghr_gbb�Ohly�fu�fh`_f�ij_^iheh`blv��qlh�g_cjhggZy�k_lv�fh`_l�\uihegblv�kdhev�m]h^gh�keh`gh_�ij_h[jZah\Zgb_�©\oh^-\uoh^ª��aZjZg__�g_\hafh`gh�ij_^kdZaZlv��dZdZy�Zjobl_dlmjZ�k_lb� �lh�_klv�\b^�rZ[ehgZ��hdZ`_lky�gZb�emqr_c�^ey�j_r_gby�bgl_j_kmxs_c�gZk�aZ^Zqb��DZdhc�\b^�Zdlb\Zpbhgguo�nmgdpbc�g_cjhgh\�^he`_g�[ulv�\u[jZg"�DZdZy�kehcghklv�k_lb�b kdhevdh�g_cjhgh\�\ dZ`^hf�kdjulhf�keh_�h[_ki_qZl�lj_[m_fmx�bgnhjfZpbhggmx�_fdhklv�k_lb"�G_�hq_\b^_g�b \hijhk�h dhebq_kl\_�h[jZlguo�k\ya_c��ho\Z�lu\Zxsbo�k_lv��Z \_^v�[_a�gbo�ih\_^_gb_�k_lb�g_�kfh`_l�klZlv�^bgZfbq�guf�DZd� [u� gb [ueh�� qbke_ggh_� wdki_jbf_glbjh\Zgb_� y\ey_lky� gZ� k_]h�^gyrgbc� ^_gv� _^bgkl\_gguf� gZ^_`guf� f_lh^hf� ihbkdZ� hl\_lh\� gZ� ih�klZ\e_ggu_�\hijhku�Ke_^m_l�hlf_lblv��qlh�g_cjhk_l_\u_�fh^_eb��\k_-lZdb��kbevgh�hlebqZ�xlky�hl�lh]h��qlh�h[uqgh�ihgbfZxl�ih^�fZl_fZlbq_kdhc�fh^_evx��G_�ajy�ihwlhfm�bo�gZau\Zxl�wfmeylhjZfb��hgb�bfblbjmxl�^bgZfbq_kdb_�oZjZd�l_jbklbdb� h[t_dlZ�b g_�[he__� lh]h��Kms_kl\m_l�^ey�gbo�b ^jm]h_�gZa\Z�gb_ — ij_^bdlhju��hl�Zg]ebckdh]h�]eZ]heZ�to predict — ij_^kdZau\Zlv��b
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hgh�lh`_�g_�[_kihq\_ggh��lZd�dZd�g_cjhk_l_\u_�fh^_eb�hjb_glbjh\Zgu�gZ�lh��qlh[u�mf_lv�ih�l_dms_fm�b g_kdhevdbf�ij_^u^msbf�\_dlhjZf�khklhy�gby� h[t_dlZ� ij_^kdZau\Zlv� _]h� ke_^mxsb_� khklhygby��< aZ\bkbfhklb� hl�]em[bgu�ij_^kdZaZgby�jZaebqZxl�h^ghrZ]h\u_�b djZldhkjhqgu_�ij_^bd�lhju�Hkgh\gh_�hlebqb_�f_`^m�gbfb� khklhbl�\ lhf��qlh�h^ghrZ]h\uc�ij_�^bdlhj��kf��jbk� ���Z��ihemqZ_l�bgnhjfZpbx�h l_dms_f�khklhygbb�h[t_dlZ�hl�kZfh]h�h[t_dlZ��lh�_klv�hg�`_kldh�ijb\yaZg�d h[t_dlm��Ihkdhevdm�ijb�lZdhf�ih^oh^_�hrb[dZ�\ ij_^kdZaZgbb�\hagbdZ_l�lhevdh�\ ij_^_eZo�l_dm�s_]h�rZ]Z��Z g_�gZdZieb\Z_lky�^Z`_�gZ�^\mo�[eb`Zcrbo�rZ]Zo��wlh�kms_�kl\_ggh� ihgb`Z_l� lj_[h\Zgb_� d lhqghklb�ij_^kdZaZgby�� q_f�b mijhsZ_l�aZ^Zqm�kbgl_aZ�

Z� [�Jbk������H[mq_gb_�h^ghrZ]h\h]h��Z��b djZldhkjhqgh]h��[��ij_^bdlhjh\�ih\oh^guf�b \uoh^guf�^Zgguf�h[t_dlZ
AgZqbl_evgh�[hevrbo�mkbebc�lj_[m_l�kbgl_a�lZd�gZau\Z_fh]h�djZldh�kjhqgh]h�ij_^bdlhjZ� �kf��jbk� ���[���dhlhjuc�fh`_l�ij_^kdZau\Zlv�ih\_�^_gb_� h[t_dlZ� gZ� ���—�����rZ]h\� b dhlhjuc� hllZedb\Z_lky� \ ijh]gha_�dZ`^h]h�ihke_^mxs_]h�rZ]Z�hl�kh[kl\_ggh]h�ijh]ghaZ�ij_^u^ms_]h�rZ]Z��Ykgh��qlh�^Z`_�_keb�hrb[dZ�ij_^kdZaZgby�gZ�h^ghf�rZ]_�\u]ey^bl�kdjhf�gh��aZ�����rZ]h\�hgZ�fh`_l�\hajZklb�^h�lZdh]h�ij_^_eZ��aZ�dhlhjuf�l_jy�_lky�dZdh_-eb[h�koh^kl\h�\ ih\_^_gbb�wfmeylhjZ�k ih\_^_gb_f�h[t_dlZ�\l_o�`_�mkeh\byo�KhojZgyy� \_jghklv� \u[jZgghfm� ijbgpbim� ^_ckl\h\Zlv� \ jZfdZo� w\h�expbhgghc�iZjZ^b]fu�__ kh[kl\_ggufb�kj_^kl\Zfb��fu�ih^hreb�d ijh�[e_f_� kbgl_aZ�g_cjhk_l_\uo�fh^_e_c�^bgZfbq_kdbo�h[t_dlh\��\hhjm`b\�rbkv� ohjhrh� aZj_dhf_g^h\Z\rbf� k_[y� \ gZrbo� ]eZaZo� khq_lZgb_f�=:�BGK��Qlh[u�khojZgblv�g_dmx�ij__fkl\_gghklv�k jZg__�ihemq_ggufb�
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j_amevlZlZfb��fu�khojZgbeb�\ dZq_kl\_�^bgZfbq_kdh]h�h[t_dlZ�bg_jpbhg�gh_�a\_gh�\lhjh]h�ihjy^dZ�k l_fb�`_�agZq_gbyfb�dhwnnbpb_glh\��qlh�b \�jZa^_e_�k g_cjhdhgljhee_jhf�GZr�i_j\uc�hiul�>��@��gZ\_jgh_� b g_evay�gZa\Zlv�wfmeylhjhf��Ih�km�s_kl\m��fu�iulZebkv�ihkljhblv�g_cjhggmx�k_lv��dhlhjZy�Ziijhdkbfbjh�\ZeZ� [u� ijZ\u_� qZklb� kbkl_fu� mjZ\g_gbc� ����� >ey� hij_^_e_gghklb� fu�ijbgyeb��qlh�k_lv�[m^_l�lj_okehcghc�k dhgnb]mjZpb_c��-8-���l� _��k lj_fy�g_cjhgZfb�\h�\oh^ghf�keh_��\hk_fvx�g_cjhgZfb�\ kdjulhf�keh_�b ^\mfy�kmffbjmxsbfb� g_cjhgZfb� \ \uoh^ghf� keh_��� GZ� \oh^� k_lb� ih^Z\Zeky�\oh^ghc�kb]gZe� u ��\uoh^ghc�kb]gZe�gZ�ij_^u^ms_f�rZ]_� 1x b _]h�ijhba�\h^gZy 2x . GZ� \uoh^_� k_lb�nhjfbjh\Zebkv� i_j\Zy� b \lhjZy� ijhba\h^gZy�\uoh^gh]h�kb]gZeZ� 1x� b 2x� �kf��jbk� 21).

Jbk������I_j\uc�hiul�kbgl_aZ�wfmeylhjZKms_kl\_gguf�hlebqb_f�hl�dhgljhee_jZ�[ueh�lh��qlh�\ dZq_kl\_�Zdlb�\Zpbhgguo nmgdpbc�g_cjhgh\�kdjulh]h�kehy�fu�\\_eb�nmgdpbx�ke_^mx�s_]h�lbiZ�
2

1
0 







∑ +−
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ii wxw

ey , (11)dhlhjZy� y\eyeZkv� g_dbf� ]b[jb^hf� kb]fhb^Zevghc� b jZ^bZevgh-kbff_ljbqghc�nmgdpbc�Hkgh\ZggZy�gZ�©ke_ihfª�=:�lj_gbjh\hqgZy�ijhp_^mjZ�\dexqZeZ�\ k_[y�ijZdlbq_kdb�l_�`_�wlZiu��qlh�b ijb�kbgl_a_�g_cjhdhgljhee_jZ��Ihimeypby�khklhyeZ� ba� ���� [bgZjguo� ojhfhkhf��DZ`^Zy� ojhfhkhfZ� kh^_j`ZeZ� ����]_gh\�b dh^bjh\ZeZ����iZjZf_ljh\�k_lb��Ijb]h^ghklv�dZ`^h]h�ba�\ZjbZg�lh\�k_lb�bfblbjh\Zlv�j_Zdpbx�h[t_dlZ�gZ�\ha[m`^_gb_�hp_gb\ZeZkv iml_f�ih^Zqb�gZ�\oh^�k_lb�ihke_^h\Zl_evgh�^\mo�kb]gZeh\��_^bgbqghc�klmi_gv�db��Z lZd`_�gme_\h]h�kb]gZeZ��Ijhbgl_]jbjh\Zggu_�kb]gZeu�k wnn_dlhj�gh]h�kehy�BGK�kjZ\gb\Zebkv�k j_amevlZlZfb�j_r_gby�^bnn_j_gpbZevgh]h�mjZ\g_gby�����^ey�l_o�`_�kemqZ_\��Ih]j_rghklv�jZ[hlu�BGK�hp_gb\ZeZkv�
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iml_f�bgl_]jbjh\Zgby�hrb[hd�����^ey�h[hbo�kemqZ_\�gZ�bgl_j\Ze_�\j_f_�gb >������c@�b ihke_^mxs_]h�bo�kmffbjh\Zgby�Jbk� ��� beexkljbjm_l� j_amevlZlu� wfmeypbb� hldebdZ� k_lvx�� ^hklb]gm�lu_�d ����-fm�ihdhe_gbx�G_^hklZldhf� wfmeylhjZ�[ueh� lh��qlh�hg�ohjhrh� \_e� k_[y� lhevdh�ijb�l_o� \ha[m`^_gbyo��ijb�dhlhjuo�ijhba\h^behkv�h[mq_gb_��Ijb�ih^Zq_�gZ�_]h�\oh^�kb]gZeZ�k ijhf_`mlhqghc�Zfieblm^hc��f_`^m���b ���_]h�ih\_^_�gb_�kms_kl\_ggh�hlebqZehkv�hl�ih\_^_gby�h[t_dlZ��Dhg_qgh��fh`gh�[ueh�[u��hklZ\Zykv�\ jZfdZo�ij_`g_c�b^_heh]bb�h[mq_gby��aZklZ\blv�_]h�aZihf�gblv� ih\_^_gb_� h[t_dlZ� ijb� ex[uo� agZq_gbyo� Zfieblm^u�� gh� wlhl� imlv�ihdZaZeky�gZf�kebrdhf�wdkl_gkb\guf��Ihwlhfm�fu�h[jZlbebkv�d f_lh^b�d_�h[mq_gby�5%)-k_lb��ij_^klZ\e_gghc�gZ�kljZgbp_�����b jZkkfhlj_eb�__dZd�ihl_gpbZevgh]h�ij_l_g^_glZ�gZ�jhev�ehdZevgh]h�mkdhjbl_ey�=:�
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[�Jbk������I_j_oh^gZy�nmgdpby�h[t_dlZ�mijZ\e_gby�ih�dhhj^bgZlZf� 1x �Z��b 2x �[���kiehrgZy�djb\Zy��b __ wfmeypby�k_lvx��imgdlbj�KZfZ�ih� k_[_��f_lh^bdZ� ohjhrZ� l_f�� qlh�iha\hey_l�hq_gv�[ukljh�j_�rblv� aZ^Zqm� lj_gbjh\db� k_lb� ohly� [u� \ i_j\hf� ijb[eb`_gbb��<f_kl_� kl_f��__ h]jZgbq_gghklv�lZd`_�[jhkZ_lky�\ ]eZaZ�<h-i_j\uo��hgZ�lj_[m_l�[hevrh]h�dhebq_kl\Z�qlh�gZau\Z_lky�jmqgh]h�ljm^Z��^Z`_�_keb�ijhkljZgkl\h�\oh^guo�kb]gZeh\�h[eZ^Z_l�gbadhc�jZaf_j�ghklvx�� Z dhebq_kl\h� \oh^guo� rZ[ehgh\� fZeh�� <k_� jZ\gh�� fu� ^he`gu�ijhZgZebabjh\Zlv��gZkdhevdh�^Ze_dh�rZ[ehgu�jZkiheh`_gu�^jm]�hl�^jm]Z��qlh[u�g_�hrb[blvky�k \u[hjhf�rbjbgu�hdhg�Zdlb\Zpbhgguo�nmgdpbc�<h-\lhjuo��kblmZpby�klZgh\blky�h[_kdmjZ`b\Zxs_c��_keb�rZ[ehgh\�mgZk� kebrdhf�fgh]h� �kdZ`_f�� [he__� ����� beb� ��������GZ�ijZdlbd_� hq_gv�ljm^gh�kdZaZlv�apriori��dZdb_�bf_ggh�wibah^u�\aZbfh^_ckl\by�k h[t_dlhf�fh]ml�klZlv�bklhqgbdhf�ohjhrbo�rZ[ehgh\�^ey�ihkljh_gby�g_cjhk_l_\hc�fh^_eb�h[t_dlZ��Ykgh�lhevdh�h^gh - kblmZpby��dh]^Z�fu�agZ_f�h[�h[t_dl_�fZeh��aZ\_^hfh�om`_��q_f�dh]^Z�fu�agZ_f�fgh]h�Dhg_qgh�� jZ[hlZlv� k k_lvx�� kh^_j`Zs_c� ������ g_cjhgh\� \ kdjulhf�keh_��fh`gh��gh�\jy^�eb�m^h[gh� >Z�b ljm^gh�jZkkqblu\Zlv�gZ�[ukljh_�j_�
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r_gb_�mjZ\g_gby� �����<hagbdZ_l�\hijhk — Z ^_ckl\bl_evgh�eb�gm`gu�\k_�wlb� rZ[ehgu"�Fh`_l� [ulv�� kj_^b� gbo� _klv� lZdb_�� dhlhju_� ^hklZlhqgh�ihegh� oZjZdl_jbamxl� h[t_dl�b k� dhlhjufb� lhevdh�b klhbl� jZ[hlZlv"�Gh�dZd�lh]^Z�bo�hlnbevljh\Zlv"�Fh`gh�ijhklh�hldZaZlvky�hl�qZklb�rZ[ehgh\��qlh[u�jZaf_ju�k_lb�klZeb�m^h[h\Zjbfufb��gh�lh]^Z�fu�jbkdm_f�ihl_jylv�\Z`gmx�bgnhjfZpbx� h[� h[t_dl_�b ihemqblv�g_dhlhjh_� \_kvfZ�g_lhqgh_�j_r_gb_�ihklZ\e_gghc�aZ^Zqb�>ey� lh]h�� qlh[u� \uykgblv�� dZdb_� rZ[ehgu� y\eyxlky� ^_ckl\bl_evgh�dexq_\ufb� \ ihgbfZgbb� ^bgZfbdb� h[t_dlZ�� Z lZd`_� h^gh\j_f_ggh� \u�ihegblv�kbgl_a�g_cjhwfmeylhjZ�k fbgbfZevghc�kljmdlmjhc�kdjulh]h�kehy��fu�kdhf[bgbjh\Zeb�f_lh^bdm�gZkljhcdb�kbgZilbq_kdbo�\_kh\�5%)-k_lb�k=:�< jZajZ[hlZgghc�ijhp_^mj_�>�����@�gZ�dZ`^hc�bl_jZpbb�ihbkdZ�=:�kZ�fhklhyl_evgh� \u[bjZ_l�� \ dZdbo� lhqdZo� ijhkljZgkl\Z� \oh^guo� kb]gZeh\�k_lb�jZaf_klblv�p_glju�Zdlb\Zpbhgguo�nmgdpbc�g_cjhgh\�kdjulh]h�kehy��b gZagZqZ_l�^ey�dZ`^hc�ba�gbo�rbjbgm�hdgZ��Khhl\_lkl\_ggh��\ hlebqb_�hl�ij_^u^ms_]h�kemqZy�©ke_ih]hª�ihbkdZ��ojhfhkhfu�kh^_j`Zl�l_i_jv�lhev�dh�bgnhjfZpbx�h iZjZf_ljZo�g_cjhgh\�kdjulh]h�kehy�k_lb��gh�g_�h kbgZi�lbq_kdbo�\_kZo�g_cjhgh\�\uoh^gh]h�kehy�Ko_fZ�dh^bjh\db�ojhfhkhf�ij_^klZ\e_gZ�gZ�jbk�����

Jbk������Dh^bjh\dZ�iZjZf_ljh\�kdjulh]h�kehy�RBF–k_lb�\ ojhfhkhf_Ijb�^_dh^bjh\Zgbb�ojhfhkhfu�\ \_dlhj�i_j_f_gguo�h^gh\j_f_ggh�k\_ebqbghc� gZkljh_qguo� iZjZf_ljh\� dhgdj_lbabjm_lky� kZfZ� kljmdlmjZ�kdjulh]h�kehy�k_lb�
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Ba�jbk�����\b^gh��qlh�fZdkbfZevguc�jZaf_j�kdjulh]h�kehy�h]jZgbq_g�dhebq_kl\hf h^ghlbiguo�k_]f_glh\��h[jZamxsbo�ojhfhkhfm��< ^_ckl\b�l_evghklb�`_��\ kbem� lh]h��qlh�fu�\ugm`^_gu�dhgljhebjh\Zlv�\_ebqbgm�gZkljh_qguo�iZjZf_ljh\��hg�\k_]^Z�ihemqZ_lky�g_kdhevdh�f_gvrbf�GZ� i_j\hf� wlZi_� ijh\_jy_lky�rbjbgZ� hdgZ� Zdlb\Zpbhgguo� nmgdpbcg_cjhgh\��?keb�^ey�dZdh]h-eb[h�ba�gbo�hgZ�hdZau\Z_lky�f_gvr_�g_dhlhjh�]h�ihjh]h\h]h�agZq_gby��ijbgylh]h�\ gZrbo�wdki_jbf_glZo�jZ\guf��������lh�lZdhc�g_cjhg�himkdZ_lky�Djhf_�lh]h��qlh[u�fh`gh�[ueh�\hkihevah\Zlvky�f_lh^bdhc�gZkljhcdb�kbgZilbq_kdbo�\_kh\��ij_^klZ\e_gghc�gZ�kljZgbp_�����g_h[oh^bfh��qlh[u�p_glju�Zdlb\Zpbhgguo�nmgdpbc�kh\iZ^Zeb�k lj_gbjh\hqgufb�rZ[ehgZfb�\ ijhkljZgkl\_� \oh^guo� kb]gZeh\� k_lb�� Ihwlhfm� fu� \\_eb� ihgylb_�
δ-hdj_klghklb�\hdjm]�dZ`^h]h�lj_gbjh\hqgh]h�rZ[ehgZ��jZ\gmx������?keb�p_glj��aZdh^bjh\Zgguc�\ l_dms_f�k_]f_gl_�ojhfhkhfu��\oh^bl�\ h^gm�ba�lZdbo�hdj_klghkl_c��lh�ijb�^Zevg_cr_c�gZkljhcd_�k_lb�bkihevam_lky�khhl�\_lkl\mxsbc� lj_gbjh\hqguc�rZ[ehg��< ijhlb\ghf�kemqZ_�\ky�bgnhjfZ�pby��ojZgysZyky�\ l_dms_f�k_]f_gl_��b]ghjbjm_lky� b \ZdZgkby�\ kdjulhf�keh_�� aZj_a_j\bjh\ZggZy�^ey�g_cjhgZ� k l_f�`_�ghf_jhf��hklZ_lky�hldju�lhc�>ey�k_lb��knhjfbjh\Zgghc�\ j_amevlZl_�ZgZebaZ�\_dlhjZ�gZkljh_qguo�iZjZf_ljh\�kdjulh]h�kehy��\uqbkeyxlky ih������Z g_�ih^[bjZxlky��dZd�ijb�©ke_ihf�ihbkd_ª��kbgZilbq_kdb_�\_kZ�\uoh^guo�g_cjhgh\�J_ij_a_glZlb\ghklv� aZ^_ckl\h\Zgguo� \ h[mq_gbb� k_lb� rZ[ehgh\�� lh�_klv�bo�kihkh[ghklv�aZf_sZlv�kh[hc�\_kv�bf_xsbcky�hiul�\aZbfh^_ckl�\by� k h[t_dlhf�� hp_gb\Z_lky� iml_f� ij_^ty\e_gby� k_lb� \k_o� ba\_klguo�rZ[ehgh\�b kmffbjh\Zgb_f�hrb[db�\ wfmeypbb�ih�\k_fm�ij_^ty\e_gghfm�gZ[hjm��Ihke_^gyy��dZd�b jZgvr_��bkihevam_lky�ijb�jZg`bjh\Zgbb�ihim�eypbb�ihl_gpbZevguo�j_r_gbc��hl[hj_�hkh[_c�gZ�webfbgbjh\Zgb_�b \�jh�^bl_evkdmx�]jmiim�^ey�ihke_^mxs_]h�kdj_sb\Zgby�:e]hjblf�ijhp_^mju�kbgl_aZ�ij_^klZ\e_g�gZ�jbk� 24.>ey�ijh\_jdb�f_lh^bdb�fu�\hkihevah\Zebkv�ij_^u^ms_c�l_klh\hc�aZ�^Zq_c��KgZqZeZ� aZf_gbeb� h[t_dl� [b[ebhl_dhc� lj_gbjh\hqguo�rZ[ehgh\��k]_g_jbjh\Z\�__ ihkj_^kl\hf�j_r_gby�kbkl_fu�mjZ\g_gbc�����ijb�jZaebq�guo�khq_lZgbyo�gZqZevguo�mkeh\bc�ih�\uoh^ghc�dhhj^bgZl_�h[t_dlZ�b __�ijhba\h^ghc�� Z lZd`_�ijb�jZaebqguo� agZq_gbyo�mijZ\eyxs_]h�\ha^_ckl�\by� u ��AZl_f�dhfij_kkbjh\Zeb�[b[ebhl_dm��bkdexqb\�ba�g__�[ebadh�jZk�iheh`_ggu_�b kh\iZ^Zxsb_�rZ[ehgu��?keb�g_� k^_eZlv� wlh]h��ijb�j_r_�gbb fZljbqgh]h�mjZ\g_gby�����fh]ml�\hagbdgmlv�ijh[e_fu�ba-aZ�lh]h��qlh�bgl_jiheypbhggZy�fZljbpZ�[m^_l�[ebadZ�d hkh[_gghc��GZdhg_p��ijbklmib�eb�d kbgl_am��^ey�q_]h�k]_g_jbjh\Zeb�ihimeypbx�ba�����[bgZjguo�ojhfh�khf�^ebghc�ih������[bl�dZ`^Zy�
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Jbk������Dhf[bgbjh\ZggZy ijhp_^mjZ�lj_gbjh\db�5%)-k_lb< j_amevlZl_�hilbfbaZpbb�kljmdlmju�b iZjZf_ljh\�BGK�gZf�m^Zehkv�ihkljhblv�djZldhkjhqguc�ij_^bdlhj�h[t_dlZ� �_]h�iZjZf_lju�b kljmdlmjZ�hibkZgu�\ Ijbeh`_gbb�����dhlhjuc�gZ�bgl_j\Ze_�^h����k_dmg^��ijb�^ebg_�lj_gbjh\hqgh]h� bgl_j\ZeZ� ��� k�� \_kvfZ� lhqgh� ij_^kdZau\Ze� ih\_^_gb_�h[t_dlZ�ijb� ]Zjfhgbq_kdbo�mijZ\eyxsbo�\ha^_ckl\byo�\ ^bZiZahg_�qZk�lhl�hl� ��^h� ����=p�b Zfieblm^_� u hl�–��^h����M^b\bl_evgh��qlh�kdjuluc�kehc�k_lb�kh^_j`Ze�\k_]h ������g_cjhgh\��ba�q_]h��ijh^he`Zy�gZrb�ij_`�gb_� jZkkm`^_gby��fh`gh� aZdexqblv�� qlh� ba� ������rZ[ehgh\�� hibku\Zx�sbo� gZrb� wdki_jbf_glu� ih� bamq_gbx� j_Zdpbc� h[t_dlZ�� lhevdh� �� hdZaZ�ebkv�agZqbfufb�Wlhl� \i_qZleyxsbc� j_amevlZl�� \hafh`gh�� ijbhldju\Z_l� aZ\_km� gZ^�lZcgZfb� fure_gby�� \_^v� hg�� ih� kms_kl\m�� ij_^eZ]Z_l� f_oZgbaf�� h[tyk�gyxsbc�wnn_dl�dh]gblb\gh]h�k`Zlby��h dhlhjhf�]h\hjyl�ikboheh]b��Hl�lZedb\Zykv�hl�h]jhfgh]h�qbkeZ�wibah^h\�\aZbfh^_ckl\by�k h[t_dlhf��fu�ihemqbeb�hq_gv�dhfiZdlgmx�kljmdlmjm��dhlhjZy�dhgp_gljbjm_l�wlhl�hiul�b nhjfbjm_l�h[jZa h[t_dlZ��dhlhjuc�fh`gh�bkihevah\Zlv�^ey�j_r_gby�aZ�^Zq�bkdmkkl\_ggh]h�bgl_ee_dlZ — deZkkbnbdZpbb� h[t_dlh\�� ^bZ]ghklbdb�bo� khklhygby�� ijh]ghabjh\Zgby� ih\_^_gby� ijb� jZaebqguo� kljZl_]byo�mijZ\e_gby�b lZd�^Ze__�Dhg_qgh��ke_^m_l�hlf_lblv��qlh�kbgl_a�klhev�kh\_jr_ggh]h�ij_^bdlhjZ�aZgye�^h\hevgh�fgh]h� \j_f_gb — hdheh� ������ bl_jZpbc��gh�� kdhj__�� wlh�ghjfZevgh��q_f�g_ghjfZevgh��lZd�dZd�nmgdpbhgZevgu_�hkh[_gghklb�ijb�jh^gh]h�bgl_ee_dlZ��d dZdh\uf�ke_^m_l�hlg_klb�b ^ebl_evgh_�\j_fy�h[m�q_gby��g_�fh]ml�g_�i_j_clb�d bkdmkkl\_gghfm�bgl_ee_dlm�
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Ihemqb\� \ jmdb� klhev� fhsgmx� ijhp_^mjm� kbgl_aZ� g_cjhwfmeylhjh\��fu� g_� kfh]eb� m^_j`Zlvky� hl� kh[eZagZ� ijh\_jblv� gZrb� ^h]Z^db� hlghkb�l_evgh�ijbjh^u�fure_gby�gZ�dhgp_ilmZevghc�fh^_eb�bgl_ee_dlmZevghc�kbkl_fu�mijZ\e_gby��< k\hbo�wdki_jbf_glZo�k g_c�fu�iulZebkv�gZclb�^ey�k_[y�hl\_lu�gZ�ke_^mxsb_�\hijhku�
1. Ij_^iheh`bf�� g_cjhwfmeylhj� ^_ckl\bl_evgh� y\ey_lky�g_dbf�h[jZahf�� kms_kl\mxsbf� \ jZfdZo� mkeh\gh]h� khagZgby�� ihjh`�^_ggh]h�bkdmkkl\_gguf�bgl_ee_dlhf��?keb�wlh�lZd��lh�g_cjhdhg�ljhee_j�� ³fuke_ggh´� gZlj_gbjh\Zgguc� iml_f� wdki_jbf_glbjh�\Zgby� k wlbf� hljZ`_gb_f� \g_rg_]h�fbjZ�� ^he`_g� mf_lv� mijZ\�eylv�b kZfbf�^bgZfbq_kdbf�h[t_dlhf��Hkms_kl\bfh�eb�wlh"
2. Fh`gh� eb� gZ� ieZlnhjf_� jZa\bluo� ij_^klZ\e_gbc� ihkljhblv�Z^Zilb\gmx� kbkl_fm�� dhlhjZy� kZfhklhyl_evgh�fh]eZ�[u� meZ\eb�\Zlv�baf_g_gby�\ h[t_dl_��i_j_kljZb\Zlv�k\hb�\gmlj_ggb_�ij_^�klZ\e_gby�� Z \� dhg_qghf� blh]_�� \ujZ[Zlu\Zlv� gh\mx� hilbfZev�gmx�kljZl_]bx�\ha^_ckl\by�gZ�g_]h"
3. Y\ey_lky�eb�khq_lZgb_�=:�BGK�gZklhevdh�fhsguf�\ \uqbk�ebl_evghf� ieZg_�� qlh[u� h[_ki_qblv� ^_ckl\bl_evgh� Z^Zilb\gu_�k\hckl\Z�kbkl_fu�mijZ\e_gby�\ mkeh\byo��dh]^Z�oZjZdl_jbklbdb�h[t_dlZ�baf_gyxlky�k l_q_gb_f�\j_f_gb�kZfuf�g_ij_^\b^_gguf�h[jZahf"Ba� lj_o� \hijhkh\�gZb[he__� keh`guf�^ey�gZk�y\eyeky� lj_lbc��ihlhfm�qlh��g_�kmf_\�hl\_lblv�gZ�g_]h�ml\_j^bl_evgh��fu�g_�kfh]eb�[u�^Zlv�hij_�^_e_gguc�hl\_l�b gZ�\lhjhc�\hijhk�Ihl_gpbZevgu_�ljm^ghklb�\ j_r_gbb�aZ^Zqb�Z^ZilZpbb�\b^ylky��ij_`�^_�\k_]h��\ lhf��qlh�Z^ZilZpby��ohly�b g_�y\ey_lky�kbghgbfhf�hilbfbaZ�pbb�� g_fukebfZ� \g_� hilbfbaZpbhgguo� ihklZgh\hd�� Z ijhp_kk� hilbfbaZ�pbb ^he`_g [ulv� koh^ysbfky� kh� \k_fb� \ul_dZxsbfb�hlkx^Z�ihke_^kl�\byfb��Ex[hc� qbke_gguc�f_lh^� \ y\ghf� beb� g_y\ghf� \b^_� hibjZ_lky� \ijhp_kk_� ihbkdZ� wdklj_fmfZ� gZ� ihimeypbx� ihl_gpbZevguo� j_r_gbc�� gZ�dhlhjhc�b hkms_kl\ey_lky�hl[hj��Gh�dh]^Z�wdklj_fmf�gZc^_g��ihimeypby�hdZau\Z_lky� \ujh`^_gghc��J_r_gby� klZgh\ylky�ihoh`bfb�^jm]�gZ�^jm]Z�dZd�^\_� dZieb� \h^u�� _kl_kl\_ggh_� jZaghh[jZab_�bklhsZ_lky�b ihimeypby�l_jy_l�ihl_gpbZevgmx�kihkh[ghklv�d hlke_`b\Zgbx�baf_g_gbc�\ kj_^_�H[uqguc�ijb_f��dhlhjuc�ijbf_gy_lky�^ey�\hkklZgh\e_gby�ihbkdh\hc�kihkh[ghklb — wlh�ihegZy�j_]_g_jZpby�ihimeypbb� �_keb� \uihegblv�qZk�lbqgmx�j_]_g_jZpbx��khojZgb\�ohly�[u�g_kdhevdh�hkh[_c�ba�klZjhc�ihim�eypbb��hgb��m`_�h[eZ^Zy�g_iehohc�ijbkihkh[e_gghklvx��ku]jZxl�gZ�nhg_�iehoh� ijbkihkh[e_gguo� gh\uo� qe_gh\� jhev� k\_jobg^b\b^h\� b�� ih^h[gh�ZlljZdlhjZf��ijblygml� q_j_a� k\hbo�ihlhfdh\� \kx�ihimeypbx�d k_[_���gh�
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_]h� bkdmkkl\_gghklv� hq_\b^gZ�� djhf_� lh]h�� g_� ykgh�� dZd� kbkl_fZ� ^he`gZ�^h]Z^Zlvky��dh]^Z�bf_ggh�ke_^m_l�_]h�ijbf_gylv�DZd�dZ`_lky��gZf�m^Zehkv��_keb�g_ gZ\k_]^Z�ij_h^he_lv�wlm�ljm^ghklv��lh��ih�djZcg_c�f_j_��kms_kl\_ggh�jZa^\bgmlv�]jZgbpu�wnn_dlb\ghc�jZ[h�lu� w\hexpbhgguo�f_lh^h\��<uoh^�[ue�gZc^_g�g_� \ gh\uo� ]_g_lbq_kdbo�hi_jZlhjZo��Z \�g_ijb\uqghc�^ey�deZkkbq_kdhc�gZmdb�nhjf_�ij_^klZ\e_�gby� ]_g_lbq_kdhc� bgnhjfZpbb — Z bf_ggh�� \ nhjf_�� aZbfkl\h\Zgghc� m^biehb^guo�hj]Zgbafh\�
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���KGH<:�H =?G?LBQ?KDBO�:E=HJBLF:ODh]^Z� fu� ]h\hjbeb� \ur_� h[� wd\b\Ze_glghklb� ihgylbc� ©]_ghlbiª� \[bheh]bb�b ©\_dlhj�i_j_f_gguoª�\ fZl_fZlbd_��ke_^h\Zeh�[u�h]h\hjblv��qlh�wlZ�wd\b\Ze_glghklv�bf__l�kfuke�lhevdh�lh]^Z��dh]^Z�j_qv�b^_l�h ]Zi�ehb^guo�hj]ZgbafZo��lh�_klv�h[�hj]ZgbafZo��h[eZ^Zxsbo�h^bgZjguf�gZ�[hjhf�ojhfhkhf��D lZdh\uf�hlghkylky�[Zdl_jbb��\h^hjhkeb�b fgh]b_�^jm�]b_�ijhkl_crb_�hj]Zgbafu��aZgbfZxsb_�gbarb_�klmi_gb�w\hexpbhggh]h�jZa\blby��Fe_dhiblZxsb_��b \�qZklghklb��q_eh\_d��y\eyxlky�^biehb^gu�fb�hj]ZgbafZfb��< y^j_�dZ`^hc�de_ldb�dZ`^h]h�ba�gZk� �aZ�bkdexq_gb_f�iheh\uo�de_lhd — ki_jfZlhahb^h\�b ycp_de_lhd — dhlhju_�y\eyxlky�]Z�iehb^gufb�� \ ghjf_� kh^_j`blky� ^\hcghc� gZ[hj� ba� ��� ojhfhkhf� H^bg�dhfie_dl� ^hklZeky� gZf�� dZd� ba\_klgh�� hl� hlpZ�� Z ^jm]hc — hl�fZl_jb��<h[hbo�dhfie_dlZo�kms_kl\mxl�lZd�gZau\Z_fu_�]hfheh]bqgu_�ojhfhkhfu��dh^bjmxsb_� h^gb� b l_� `_� n_ghlbibq_kdb_� ijbagZdb� b h[eZ^Zxsb_�� \ijbgpbi_�� h^bgZdh\hc� kljmdlmjhc��LZd�� b \� hlph\kdhc�� b \�fZl_jbgkdhc�ojhfhkhfZo� b^_glbqgu_� njZ]f_glu� dh^bjmxl� p\_l� ]eZa�� L_f� g_� f_g__��p\_l�]eZa�j_[_gdZ�aZ\bkbl�hl�lh]h��dZdh\u�hlghr_gby�^hfbgbjh\Zgby�f_�`^m�]_gZfb�jh^bl_e_c��H lhf��dZd�j_]mebjmxlky�\ ijbjh^_�hlghr_gby�^h�fbgZglghklb — j_p_kkb\ghklb� f_`^m� ]hfheh]bqgufb� ]_gZfb� jh^bl_ev�kdbo�ojhfhkhf��m [bheh]h\�g_l�_^bgh]h�fg_gby�b l_i_jv��JZajZ[hlZgu�jZa�ebqgu_�n_ghf_gheh]bq_kdb_�fh^_eb��h^gb�ba�dhlhjuo�ij_^iheZ]Zxl�f_�oZgbafu� ihegh]h� ^hfbgbjh\Zgby�� bkdexqZxsb_� Zdlb\ghklv� ]_gZ�� gZoh�^ys_]hky� \ j_p_kkb\ghf� khklhygbb�� >jm]b_� fh^_eb� ^himkdZxl�� qlh� h[Z�]_gZ�fh]ml�ijhy\eylv�Zdlb\ghklv�h^gh\j_f_ggh��gh�\ jZaghc�kl_i_gb��dh�^hfbgbjh\Zgb_��>ey�gZk�wlh�g_�lZd�\Z`gh��< dhgp_�dhgph\��\_^v�fu�g_�klZ\bf�i_j_^�kh�[hc� aZ^Zqm� \hkkha^Zgby� aZdhghf_jghkl_c�� ^_ckl\mxsbo� \ Ijbjh^_��Fufh`_f�mklZgZ\eb\Zlv� k\hb� kh[kl\_ggu_� aZdhgu��ihlhfm�qlh� kZfZ� w\hex�pby�m gZk�bkdmkkl\_ggZy�b g_l�gbdZdbo�hkh[uo�h]jZgbq_gbc gZ�lh��dZd�\gZrbo� ^biehb^guo�ihimeypbyo� [m^ml� w\hexpbhgbjh\Zlv� hlghr_gby�^h�fbgZglghklb — j_p_kkb\ghklb�\ ]_gZo�ihlhfkl\Z��Kms_kl\_ggh�^jm]h_��Zbf_ggh — kZf�ijbgpbi��dZd�i_j_^Z_lky�ih�gZke_^kl\m�b dZd�^_dh^bjm_lky�\ n_ghlbibq_kdb_�ijbagZdb�]_g_lbq_kdZy�bgnhjfZpby�hkh[_c�Fu� ijb\udeb� d lhfm�� qlh� dZdhc-gb[m^v� ijh_dl� hibku\Z_lky� h^ghc�_^bgkl\_gghc� lhqdhc� ba� ijhkljZgkl\Z� i_j_f_gguo�� dhlhjhc� h^ghagZqgh�khhl\_lkl\m_l� hiylv-lZdb� h^gZ� lhqdZ� ba� ijhkljZgkl\Z� djbl_jb_\�� Wlhl�ijbfblb\guc� mjh\_gv� keh`ghklb� ij_^klZ\e_gbc� khhl\_lkl\m_l� kihkh[m�ojZg_gby� ]_g_lbq_kdhc�bgnhjfZpbb�m ]Ziehb^guo�hj]Zgbafh\��M ^bieh�b^guo� hj]Zgbafh\� \k_� agZqbl_evg__�bgl_j_kg__ — hkh[v� hij_^_e_gZ� dZd�[u�gZ�^\mo� lhqdZo�h^gh\j_f_ggh� �hlph\kdZy�b fZl_jbgkdZy�ojhfhkhfu���
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ohly�wlhc�iZj_�khhl\_lkl\m_l�ih-ij_`g_fm�h^gZ�lhqdZ�ba�ijhkljZgkl\Z�n_�ghlbih\��< ijhp_kk_�\ujZ[hldb�k\h_c�iheh\hc�de_ldb�lZdZy�^\molhq_qgZy�hkh[v� ]_g_jbjm_l� lj_lvx lhqdm�� dhlhjZy� kh^_j`bl� \ k_[_� qZklbqgmx�bg�nhjfZpbx�h[�h[_bo�jh^bl_evkdbo�ojhfhkhfZo��Gh�wlZ�^hq_jgyy�lhqdZ�_s_�g_�ijbh[j_lZ_l�klZlmk�hkh[b��Hkh[v�\hagbdZ_l�lhevdh�lh]^Z��dh]^Z�fu�k\y�`_f�wlm�lhqdm�k ^jm]hc�lZdhc�`_�^hq_jg_c�lhqdhc�b \uqbkebf�ijbkmsbc�wlhc iZj_�n_ghlbi��ijbgy\�\h�\gbfZgb_�khklhygb_�Zdlb\ghklb�]hfheh]bq�guo�]_gh\�\ h[_bo�ojhfhkhfZo�b jZaj_rb\�dhgnebdl�f_`^m�gbfb�\ kemqZ_�g_h[oh^bfhklb�DZdb_�`_�w\hexpbhggu_�ij_bfms_kl\Z�^Z_l�^biehb^ghklv"�GZ\_jgh_��lZdbo�ij_bfms_kl\�g_kdhevdh��gh�fu�hklZgh\bfky�lhevdh�gZ�h^ghf��hkh�[_ggh� \Z`ghf� ^ey� gZk��Ijhklh� ^ey� ]Ziehb^guo�ihimeypbc�n_ghlbibq_�kdh_� \ujh`^_gb_� hkh[_c� ihqlb� g_ba[_`gh� hagZqZ_l� b ]_ghlbibq_kdh_�\ujh`^_gb_ �ohly�k fZehc�\_jhylghklvx��djZcg_�j_^dh�\klj_qZxs_cky�\ijZdlbd_�fh^_ebjh\Zgby��fh`gh�ij_^iheh`blv��qlh�h^ghfm�hilbfZevgh�fm�n_ghlbim�fh]ml�khhl\_lkl\h\Zlv�jZagu_�]_ghlbiu���< lh�`_�\j_fy��^ey�^biehb^guo�hkh[_c�wlh�ijZ\beh�g_�y\ey_lky�h[yaZl_evguf��lh�_klv�n_gh�lbibq_kdh_� \ujh`^_gb_� ihimeypbb�� _kl_kl\_ggh� gZ[ex^Zxs__ky� \ kh�klhygbb�Z^ZilZpbb��hlgx^v g_�k\b^_l_evkl\m_l�h[�mljZl_�_x�]_g_lbq_kdh�]h�jZaghh[jZaby�Wlh� y\e_gb_� [ueh� ihgylh� _s_� \ ��-o ]h^Zo� b hibkZgh�K� K� Q_l\_jbdh\uf��ij_^eh`b\rbf�dhgp_ipbx�]_g_lbq_kdh]h�]jmaZ��hly�]hsZxs_]h� ihimeypbx� bgnhjfZpb_c�� ojZgys_cky� \ j_p_kkb\guo� ]_gZo�>��@��QZklh�^biehb^gmx�ihimeypbx�kjZ\gb\Zxl�k Zck[_j]hf��lhevdh�\_j�omrdZ� dhlhjh]h�� Zkkhpbbjm_fZy� k ]_gZfb�� ijhy\b\rbfbky� \ n_ghlbi_��\b^gZ�gZ^�\h^hc��;hevrZy�`_�qZklv�Zck[_j]Z�kdjulZ�hl�gZr_]h�\ahjZ��Gh�^hklZlhqgh� kblmZpbb�baf_gblvky��dZd� \b^� Zck[_j]Z�baf_gblky��hg�ih\_j�g_lky�^jm]bf�[hdhf��gh�g_�mlhg_l�Ljm^gh�ml\_j`^Zlv��qlh�ij_^klZ\e_ggZy�gb`_�\_jkby�w\hexpbb�^bieh�b^ghc�ihimeypbb�lhqgh�ke_^m_l�[bheh]bq_kdbf�l_hjbyf��gh�k __�ihfhsvx�fu�^h[bebkv�\ hkgh\guo�q_jlZo�lh]h��q_]h�ohl_eb�>�����@�>ey�gZqZeZ�fu�\\_eb�q_luj_o[md\_gguc�ZenZ\bl ^5U'G`��\ dhlhjhf�5�b U�h[hagZqZxl�j_p_kkb\gmx���b j_p_kkb\guc����Z '�b G — ^hfbgZglgmx���b ^hfbgZglguc� ��� H^gh\j_f_ggh� fu� knhjfmebjh\Zeb� ijZ\beZ� ihegh]h�^hfbgbjh\Zgby� ijb� hij_^_e_gbb� wdkij_kkbb� ]_gh\� \gh\v� h[jZah\Zgghc�hkh[b��ij_^klZ\e_ggu_ gZ�jbk� ���\ \b^_�lZ[ebpu�jZaj_r_gby�dhgnebdlh\�DZd�h[uqgh��ba�iZju�]hfheh]bqguo�]_gh\�\ n_ghlbi_�ijhy\ey_lky�lhl��qlh�h[eZ^Z_l�[he__�kbevguf�ijbagZdhf�Zdlb\ghklb��=_g�k ijbagZdhf�Zd�lb\ghklb�©^hfbgZglgucª��D beb�d���dZdhfm�[u�jh^bl_ex�hg�jZg__�gb ijb�gZ^e_`Ze��ih^Z\ey_l�ex[hc�]_g�k ijbagZdhf�©j_p_kkb\gucª��R beb�r���lh�_klv�bf_ggh�_]h�kh^_j`Zl_evguc�ijbagZd����beb����ijbgbfZ_lky�\h�\gbfZ�gb_�\ ijhp_kk_�^_dh^bjh\Zgby�^biehb^gh]h�]_ghlbiZ�hkh[b�kgZqZeZ�\ [b-
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Jbk������LZ[ebpZ�jZaj_r_gby�dhgnebdlh\�ijbagZdh\\ iZj_�]hfheh]bqguo�]_gh\<oh^Zfb�\ lZ[ebpm�y\eyxlky�h^gZ�ba�yq__d�e_\h]h�klhe[pZ�b h^gZ�ba�yq__d�\_jog_c�kljhdb��Z \uoh^hf - agZq_gb_�yq_cdb��klhys_c�gZ�i_j_�k_q_gbb� kljhdb�� d dhlhjhc� ijbgZ^e_`bl� i_j\Zy� ba� mihfbgZ\rboky�yq__d��b klhe[pZ��d dhlhjhfm�ijbgZ^e_`bl�\lhjZygZjgmx�kljhdm��Z aZl_f�q_j_a�dh^�=j_y� �kf��lZ[ebpm ���\ \_dlhj�i_j_f_g�guo��H^gZdh��\hafh`gZ�kblmZpby��dh]^Z�h[Z�]_gZ�bf_xl�h^bgZdh\uc�ijb�agZd�Zdlb\ghklb��gh�g_kml�jZagmx�bgnhjfZpbx��Bf_xlky�\ \b^m�iZju�]h�fheh]h\�D-d b R-r �aZdjZr_ggu_�yq_cdb���< wlhf�kemqZ_�fu�baf_gy_f�ijb�agZd� Zdlb\ghklb� h^gh]h� ba� gbo� k l_f�� qlh[u� ba[_`Zlv� g_h^ghagZqghklb�ijb�hij_^_e_gbb�n_ghlbiZ�hkh[b��kms_kl\m_l�^Z`_�khhl\_lkl\mxsZy�l_h�jby�wib]_g_lbq_kdbo�ljb]]_jh\�@Zdh[Z�b FZgh��hibku\ZxsZy�wlhl�f_oZ�gbaf�^hfbgbjh\Zgby��Bkihevah\Zggh_� gZfb� ijZ\beh� jZaj_r_gby� dhgnebdlZ� ijbagZdh\� g_�kdhevdh� hlebqZ_lky� hl� lh]h�� qlh� ij_^eh`be�OhevrlZcg� \ ����� >��@� beb�<hg]� \ ����� >��@��< hlebqb_�hl�gbo�fu�ijbgbfZeb�\h�\gbfZgb_� kl_i_gv�hlghkbl_evghc�ijbkihkh[e_gghklb�jh^bl_e_c��qvb� ]Zf_lu�^hklZebkv jZk�kfZljb\Z_fhc� hkh[b�� b \� iZj_� Zdlb\guo� ]hfheh]h\� khojZgyeb� Zdlb\guf�]_g�[he__�ijbkihkh[e_ggh]h�jh^bl_ey��Z \�iZj_�iZkkb\guo�hklZ\eyeb�iZk�kb\guf�]_g�f_g__�mki_rgh]h�bg^b\b^Z��

Jbk�����Ijbf_j�bkihevah\Zgby�lZ[ebpu�jZaj_r_gby�dhgnebdlh\>ey� hij_^_e_gghklb� ijbgylh�� qlh� ]Zf_lZ�: ijbgZ^e_`ZeZ� jh^b�l_ex�k [he__�\ukhdbf�bg^_dkhf�ijbkihkh[e_gghklb



58

Dhg_qgh�� ^ZggZy� h]h\hjdZ� y\ey_lky� g_dhlhjhc� mklmidhc� eZfZjdbafm��hljbpZ_fhfm� kh\j_f_gghc�ihimeypbhgghc� ]_g_lbdhc��=Zf_lu� \ ^_ckl\b�l_evghklb�g_�kh^_j`Zl�bgnhjfZpbb�h kl_i_gb�ijbkihkh[e_gghklb�jh^bl_�ey��Ihke_^gyy�y\ey_lky�ebrv�ij_^ihkuedhc�lh]h��qlh�]_gu�^Zgghc�hkh[b�ijh^he`Zl�k\h_�kms_kl\h\Zgb_�\ ihlhfkl\_��Gh��dZd�fu�m`_�]h\hjbeb��\mkeh\byo�bkdmkkl\_gghc� w\hexpbb�iha\he_gh�\k_�� Z dZd� k\b^_l_evkl\mxl�gZrb�wdki_jbf_glu� ij_^eh`_ggh_�ijZ\beh�jZaj_r_gby�dhgnebdlh\�hib�kZgbc�mkdhjy_l�koh^bfhklv�=:�

Jbk������Ijhp_kk�h[jZah\Zgby�ab]hlu�ihlhfdZ�hl�ab]hl�jh^bl_e_c



59

Qlh�dZkZ_lky�ljbZ^u�]_g_lbq_kdbo�hi_jZlhjh\��lh�hgb��khojZgb\�l_�`_�gZa\Zgby��ijbh[j_eb�gh\h_�kh^_j`Zgb_��[he__�ijb[eb`_ggh_�d bkoh^guf�[bheh]bq_kdbf� bgl_jij_lZpbyf�� Djhkkh\_j� \ ^biehb^guo� ihimeypbyo�\ha^_ckl\m_l�gZ�]_ghlbiu�g_�^\mo�hkh[_c��wlh�bah[j_l_gb_�OheeZg^Z���Z gZ�]hfheh]bqgu_�ojhfhkhfu�h^ghc�hkh[b��Bg\_jkby�hklZeZkv�\ gZr_c�ihklZ�gh\d_�ij_`g_c��qlh�`_�dZkZ_lky fmlZpbb��lh�hgZ�baf_gy_l�l_dms__�Zee_ev�gh_�khklhygb_�]_gZ�]Zf_lu�gZ�ex[h_�^jm]h_��jZaj_r_ggh_�ZenZ\blhf��LZd��fmlZpby�fh`_l�hdZaZlvky�g_cljZevghc��lh�_klv�g_�kdZau\Zxs_cky�\ n_gh�lbi_� ihlhfdZ�� _keb� hgZ� g_� baf_gy_l� khklhygb_� Zdlb\ghklb� j_p_kkb\gh]h�]_gZ� �U-5�beb�gZh[hjhl���H^gZdh� wlh�g_� agZqbl�� qlh� hgZ�gbdh]^Z�g_�ijh�y\blky� \ [m^ms_f�ihlhfkl\_��>hklZlhqgh�fmlbjh\Zgghfm� lZdbf�h[jZahf�]_gm� \klj_lblvky� k j_p_kkb\guf� ]hfheh]hf�� gh� ijbgZ^e_`Z\rbf� jZg__�f_g__�ijbkihkh[e_gghc�hkh[b��dZd�hg�wdkij_kkbjm_lky�\ n_ghlbi_.?s_� h^gh� mkh\_jr_gkl\h\Zgb_�� h dhlhjhf� ihdZ� qlh� gbq_]h� g_� [ueh�kdZaZgh�� dZkZehkv� ihjy^dZ�nhjfbjh\Zgby� gZqZevghc� ihimeypbb��Fu� ih�klmiZeb� lZd�� kgZqZeZ� ]_g_jbjh\Zeb� ihimeypbx� dZd� ]Ziehb^gmx�� Z aZl_f�^miebpbjh\Zeb� ojhfhkhfu� hkh[_c�� hj]Zgbamy� ^biehb^gu_� ]_ghlbiu� �ih�kms_kl\m��fu�hkms_kl\eyeb� ]_ghfgmx fmlZpbx���< lZdhf�kemqZ_�gZqZev�gu_�hlghr_gby�^hfbgbjh\Zgby�g_�b]jZeb�gbdZdhc�jheb��lZd�dZd�]hfheh�]bqgu_�]_gu�\ iZj_�ojhfhkhf�h[eZ^Zeb�h^bgZdh\hc�Zdlb\ghklvx�b g_keb�b^_glbqgmx�kh^_j`Zl_evgmx�bgnhjfZpbx��Ihke_�i_j\h]h�`_�jZg`bjh\Z�gby�ihimeypbb�ih�ijbkihkh[e_gghklb�fu�m`_�ihevah\Zebkv�ij_^klZ\e_g�ghc�\ur_�lZ[ebp_c�jZaj_r_gby�dhgnebdlh\�hibkZgbc�>ey�lh]h��qlh[u�ijh^_fhgkljbjh\Zlv�y\gu_�ij_bfms_kl\Z�^biehb^ghc�ihimeypbb� gZ^� ]Ziehb^ghc� \ kihkh[ghklb� \hkklZgZ\eb\Zlv� ]_g_lbq_kdh_�jZaghh[jZab_�b hkms_kl\eylv�ihbkd�\ baf_gb\rboky�mkeh\byo��fu�ihklZ�\beb�ke_^mxsbc�qbke_gguc�wdki_jbf_gl�Ij_^iheh`bf��qlh�gZqZevguc�fhf_gl�jZkkfZljb\Z_fh]h�gZfb�i_jbh^Z�w\hexpbb� kh\iZe� k \g_aZiguf� baf_g_gb_f� j_ev_nZ� p_e_\hc� nmgdpbb��Ij_^iheh`bf�lZd`_��qlh�ij_^r_kl\mxsbc�i_jbh^�[ue�klZ[bevguf�b gZ�klhevdh�^ebl_evguf��qlh�h[_�ihimeypbb� �dZd�]Ziehb^gZy��lZd�b ^biehb^�gZy�� \ujh^bebkv�dZd�n_ghlbibq_kdb�� lZd�b ]_ghlbibq_kdb�\hdjm]�gZqZeZ�dhhj^bgZl�\ ijhkljZgkl\_�ihbkdZ�ℜℜ10��>ey�]Ziehb^ghc�ihimeypbb�wlh�ha�gZqZ_l��qlh�\h�\k_o�jZajy^Zo�dZ`^hc�ojhfhkhfu�klhyl�gheb��kf��jbk 28).

Jbk������Ihimeypby�]Ziehb^guo�]_ghlbih\��\ujh^b\rZyky�\ gZqZe_�dhhj^bgZl
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< lh�\j_fy�dZd�^ey�^biehb^ghc�wlh�`_�ij_^iheh`_gb_�fh`_l�[ulv�\u�iheg_gh��_keb�\h�\k_o�]hfheh]bqguo�iZjZo�]_gh\ [m^ml�^hfbgbjh\Zlv gh�eb��g_aZ\bkbfh�hl�lh]h��dZdmx�bgnhjfZpbx�g_kml�j_p_kkb\gu_�]_gu� �kf��jbk 29).

Jbk������<ujh^b\rZyky�^biehb^gZy�ihimeypby
BlZd��\g_aZigh�p_e_\Zy�nmgdpby�ijbh[j_lZ_l�\b^

( ) ( )∑
=

−=
10

1

xsinxx
i

iif , 500500 ≤≤− ix . (12)

Wlh h^gZ� ba� rbjhdh� ba\_klguo� l_klh\uo� nmgdpbc�� ij_^eh`_gguo�R\_n_e_f��HgZ�bf__l�[he__� ���fbeebhgh\�ehdZevguo� wdklj_fmfh\�� ]eh�[Zevguc�`_�fbgbfmf�ih�dZ`^hc�ba�dhhj^bgZl�e_`bl�\ lhqd_�
10...1,9687,420x == ii . (13)

Jbk� ��� beexkljbjm_l�ijhp_kk�ihbkdZ� wdklj_fmfZ ^biehb^ghc�b ]Zi�ehb^ghc�ihimeypbyfb�ih�^\mf�i_j\uf�dhhj^bgZlZf�\_dlhjZ�i_j_f_gguo�< gZqZevguc�fhf_gl�\j_f_gb�t ��h[_�ihimeypbb�e_`Zl�\ gZqZe_�dhhj�^bgZl��?keb�bkoh^guf�bklhqgbdhf�]_g_lbq_kdh]h�jZaghh[jZaby�m \ujh`�^_gghc�]Ziehb^ghc�ihimeypbb�y\ey_lky�fmlZpby��Z bg\_jkby�b djhkkh\_j�lhevdh� mkbeb\Zxl�ihke_^kl\by� __ \ha^_ckl\by�� lh� \ ^biehb^ghc�ihimey�pbb i_j\uc�`_�Zdl�kdj_sb\Zgby�ijb\h^bl�d ihy\e_gbx�g_kdhevdbo�^hfb�gZglguo�_^bgbp�\ ]_ghlbi_�ihlhfdZ��?^bgbpu�ba\e_dZxlky�gZ�k\_l�ba�j_�p_kkb\guo�³ih^\Zeh\´�]_ghnhg^Z��[eZ]h^Zjy�q_fm�ihimeypby�hq_gv�[ukl�jh jZa[jZku\Z_l�ihlhfdh\�ih�\k_fm�ihbkdh\hfm�ijhkljZgkl\m�b bkke_^m_l�_]h�D ����ihdhe_gbx�h[_�ihimeypbb�^hklb]Zxl�ijb[ebabl_evgh�h^bgZdh�\h]h�n_ghlbibq_kdh]h�jZaghh[jZaby��gh�^Zevr_�ijhp_kk�jZa\b\Z_lky�m gbo�ih—jZaghfm�
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Jbk������Ihbkd�wdklj_fmfZ�l_klh\hc�nmgdpbb������ij_^\Zjbl_evgh�\ujh`^_ggu�fb�^biehb^ghc�b ]Ziehb^ghc�ihimeypbyfb��� — ]eh[Zevguc�wdklj_fmf��� —km[hilbfZevguc�fbgbfmf��• — hkh[v�ihimeypbb�
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G_�[m^_f�aZ[u\Zlv��qlh�qbke_gghklv�ihimeypbb�ih^^_j`b\Z_lky�g_ba�f_gghc��lh�_klv�\ ihimeypbb�^_ckl\m_l�hl[hj�gZ�webfbgbjh\Zgb_��Ihklh�ygguc�hllhd�]_g_lbq_kdh]h�fZl_jbZeZ��ih�b^__��^he`_g�dhfi_gkbjh\Zlvky�baf_gqb\hklvx�ihlhfkl\Z��b lZd�hgh�b _klv��gh� lhevdh�gZ�jZggbo�wlZiZo�ihbkdZ�� ihdZ�ijbkihkh[e_gghklv� hkh[_c�ih� \k_c�ihimeypbb� hklZ_lky�[h�e__—f_g__� h^ghjh^ghc�� Gh� dZd� lhevdh� \ ihimeypbb� ihy\eyxlky� hkh[b�kj_adh�hlebqZxs_cky�ijbkihkh[e_gghklvx��hgb�ihemqZxl�ij_bfms_kl\h�\ ijZ\_� klZlv� jh^bl_e_f� b ^Zxl� ihlhfkl\h�� ihoh`__� gZ� gbo��Ihlhfkl\h�ihemqZ_lky��ih�djZcg_c�f_j_��g_iehobf b�\debgb\Z_lky�\ b_jZjobx�ihim�eypbb��\ul_kgyy�gZbf_g__�ijbkihkh[e_gguo�hkh[_c�aZ�]jZgbpu�qbke_ggh�klb�� h[jZamxs_c� gh\h_� ihdhe_gb_��Ihimeypby� kly]b\Z_lky� \ gZc^_gguc�ehdZevguc� wdklj_fmf��\u[jZlvky�hldm^Z� _c� agZqbl_evgh� keh`g__��q_f�ba�gZqZeZ�dhhj^bgZl��]^_ hgZ�e_`ZeZ�gZ�kdehg_�f_edh]h�h\jZ]Z�KdZaZggh_� hkh[_ggh� \_jgh� ^ey� ]Ziehb^ghc� ihimeypbb�� HgZ� [ukljh�koh^blky��gh�_keb�_c�ih^\hjZqb\Z_lky�ohjhrbc�ehdZevguc�wdklj_fmf��km�s_kl\m_l�jbkd��qlh�hgZ�aZkljyg_l�\ g_f��D �����ihdhe_gbx�]Ziehb^gZy�ih�imeypby�gZoh^bl���emqrbo�wdklj_fmfZ��]eh[Zevguc����km[hilbfZevguo�bkm[km[hilbfZevguc�� b gZqbgZ_l� dhgp_gljbjh\Zlv� hkh[_c� \ bo� hdj_klgh�klyo��Gh�d �����ihdhe_gbx�hgZ�iheghklvx�\ujh`^Z_lky�\ km[hilbfZevghf�fbgbfmf_�ih��—hc�b _s_�lj_f�dhhj^bgZlZf�\_dlhjZ�i_j_f_gguo��ohly�ih�
2—hc b�hklZevguf�iylb�dhhj^bgZlZf�gZoh^bl�]eh[Zevgh_�j_r_gb_�KlZjl�ba�\ujh`^_ggh]h�khklhygby�hdZau\Z_lky�kebrdhf ly`_euf�^ey�]Ziehb^ghc�ihimeypbb��HgZ�g_�mki_\Z_l�^hklZlhqgh�bkke_^h\Zlv�ihbkdh�\h_�ijhkljZgkl\h�ij_`^_��q_f�hl[hj�gZ�webfbgbjh\Zgb_�gZqbgZ_l�hdZau�\Zlv�k\h_�bklhsZxs__�\ebygb_�gZ�jZaghh[jZab_��< gZrbo� wdki_jbf_glZo�^biehb^gZy�ihimeypby�lh`_�g_�\k_]^Z�fh]eZ�kijZ\blvky� k aZ^Zq_c�� gh� ^_eZeZ� wlh� \ �� kemqZyo�ba� ���� qlh� kms_kl\_ggh�ij_\hkoh^bl�j_amevlZlu��^_fhgkljbjm_fu_�]Ziehb^ghc�>biehb^gZy� ihimeypby� jZ[hlZ_l� f_^e_gg__�� D ����� ihdhe_gbx� m`_�ijhkfZljb\Zxlky�hl^_evgu_�]jmiiu�hkh[_c��gh�g_�lZd�hlq_leb\h�dZd�m ]Z�iehb^ghc��>Z`_� d ����� ihdhe_gbx�ihimeypby� hdZau\Z_lky�g_\ujh`^_g�ghc��ohly�[hevrZy�__ iheh\bgZ�e_`bl�\ hdj_klghklb�]eh[Zevgh]h�wdklj_�fmfZ� ih� \k_f� dhhj^bgZlZf��FZe_gvdb_� ]jmiiu� khojZgyxlky� \ km[hilb�fZevguo�wdklj_fmfZo��?keb�ij_^iheh`blv��qlh�\ wlhl�fhf_gl�kgh\Z�ijh�bahc^_l�baf_g_gb_�j_ev_nZ�p_e_\hc�nmgdpbb��hgZ��ih�kjZ\g_gbx�k ]Zieh�b^ghc��hdZ`_lky�emqr_�ih^]hlh\e_gghc�d hq_j_^ghc�Z^ZilZpbb�Ke_^m_l�ijbagZlv��qlh�l_klh\Zy�nmgdpby������hlghkblky�d jZajy^m�ijh�kluo�^ey�=:��Lh��qlh�]Ziehb^gZy�ihimeypby�g_�gZreZ�j_r_gb_�aZ������ih�dhe_gbc��h[tykgy_lky�lhevdh�qj_a\uqZcgh�keh`gufb�^ey�g__�gZqZevgufb�mkeh\byfb� ihbkdZ�� < ghjf_� ihimeypby� ba� ���� hkh[_c�� k]_g_jbjh\ZggZy�h[uqguf�h[jZahf��gZoh^bl�j_r_gb_�aZ�����—�����ihdhe_gbc�ih�\k_f�dh�hj^bgZlZf�b hq_gv�lhqgh��>biehb^gZy�ihimeypby�\k_]^Z�ijhb]ju\Z_l�_c�\
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kdhjhklb��gh�\ ljm^guo�mkeh\byo�^hevr_�khojZgy_l�jZ[hlhkihkh[ghklv�bgZoh^bl�[he__�\u]h^gu_�j_r_gby�Fu�g_h^ghdjZlgh m[_`^Zebkv�\ wnn_dlb\ghklb�^biehb^gh]h�kihkh[Z�dh^bjh\Zgby��bkihevamy�_]h�ijb�kbgl_a_�g_cjhk_l_\uo�dhfihg_gl�kbkl_f�mijZ\e_gby��Ohly�\j_fy��lj_[mxs__ky�^ey�j_r_gby�aZ^Zq��\hajhkeh��dZq_�kl\h�g_cjhwfmeylhjh\�b g_cjhdhgljhee_jh\�memqrbehkv��b wlh�^Zeh�gZf�hkgh\Zgby�ih^klmiblvky�d [he__�keh`ghc�ijh[e_f_��Z bf_ggh — kbgl_am�bgl_ee_dlmZevghc�kbkl_fu�mijZ\e_gby�
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6. <BJLM:EVG:Y�J?:EVGHKLV�B BKDMKKL<?GGUCBGL?EE?DL G_^hklZlhqghklv�Zijbhjghc�bgnhjfZpbb�ijb\h^bl�dg_h[oh^bfhklb�kh\f_sZlv�\ hij_^_e_gghf�kfuke_�bamq_gb_�h[t_dlZ�b mijZ\e_gb_�bf��Fu�g_�fh`_f�hilbfZevgh�mijZ\�eylv�h[t_dlhf��g_�agZy�_]h�oZjZdl_jbklbd��gh�fu�fh`_f�bamqZlv�h[t_dl��mijZ\eyy�bf��b l_f�kZfuf�bf_lv�\hafh`�ghklv�memqrZlv�mijZ\e_gb_��klj_fykv�d hilbfZevghfm�>\hckl\_gghklv� agZgby�b mijZ\e_gby��dZd�ih^q_jdb\Ze�D� R_gghg��l_kgh� k\yaZgZ� k ^\hckl\_gghklvx� ijhreh]h� b[m^ms_]h��Fh`gh�h[eZ^Zlv�agZgbyfb�h ijhrehf��gh�g_evay�mijZ\eylv� bf�� b fh`gh� mijZ\eylv� [m^msbf�� g_� agZy� _]h��;ulv� fh`_l�� bf_ggh� \ wlhf� b khklhbl� \ky� ij_e_klv� bkfuke�mijZ\e_gby�Y�A� Puidbg�� ³:^ZilZpby�b h[mq_gb_�\ Z\lhfZ�lbq_kdbo�kbkl_fZo´GZ� jbk�� ��� ij_^klZ\e_gh� dhgp_ilmZevgh_� j_r_gb_� jZajZ[Zlu\Z_fhc�gZfb�kbkl_fu�mijZ\e_gby�gZ�[Za_�BGK�k [ehdhf�h[mq_gby��j_Zebamxsbf�=:�^ey�ihbkdZ�hilbfZevguo�iZjZf_ljh\�k_lb� >���� ��@��Fu�gZa\Zeb�gZrm�kbkl_fm�bgl_ee_dlmZevghc��ihlhfm�qlh�hgZ�h[eZ^Z_l�h^gbf�ba�\Z`g_crbo�Zljb[mlh\�bgl_ee_dlZ��Z bf_ggh — kihkh[ghklvx�d ihkljh_gbx�ijh]ghaZ��hkms_kl\ey_fh]h�\bjlmZevguf�ljZdlhf�mijZ\e_gby�Ex[hiulgh�ijhbkoh`^_gb_�keh\Z�\bjlmZevguc��Hgh�[_j_l�k\hb�bklhdb�hl�eZlbgkdh]h�vir — fm`qbgZ��Jbfeyg_�h[jZah\Zeb�hl�g_]h�^jm]h_�keh\h —
virtus��dhlhjh_�kem`beh�^ey�h[hagZq_gby�kh\hdmighklb�\k_o�ij_\hkoh^guo�dZq_kl\�� ijbkmsbo� fm`qbgZf� �nbabq_kdZy� kbeZ�� ^h[e_klgh_� ih\_^_gb_��fhjZevgh_�^hklhbgkl\h���Ba�eZlbgkdh]h�keh\h�ijhgbdZ_l�\ klZjhnjZgpma�kdbc��Z \ ;,,,�\_d_ — ba�njZgpmakdh]h�\ Zg]ebckdbc�yaud�< kh\j_f_gghf� Zg]ebckdhf� keh\h� virtual ijbh[j_eh� ^hihegbl_evguc�hll_ghd� ³gh�g_� kms_kl\mxsbc�\ ^_ckl\bl_evghklb´��< lhedh\hf� keh\Zj_�>��@�qblZ_f�

Virtual — being in essence or effect but not in fact or name �km�s_kl\mxsbc�\ ihgylbb�beb�ijhba\h^ysbc�wnn_dl��gh�g_�kms_�kl\mxsbc�\ ^_ckl\bl_evghklb�b g_�bf_xsbc�gZa\Zgby�F_`^m�l_f��lZdh_�agZq_gb_�khkms_kl\m_l�gZjZ\g_�k ijyfh�ijhlb\hih�eh`guf��:g]eh—jmkkdbc�keh\Zjv� >��@�^Z_l�i_j_\h^�virtual dZd�nZdlbq_�kdbc��;hevrhc�nbabq_kdbc�keh\Zjv� >��@�ijhklh�ijb\h^bl�ihqlb�ijhlb\h�iheh`gu_� agZq_gby — wnn_dlb\guc�� ^_ckl\mxsbc�� wd\b\Ze_glguc��nZdlbq_kdbc� — iheZ]Zykv�gZ�gZrm�khh[jZabl_evghklv�b mf_gb_�hjb_glb�jh\Zlvky�\ dhgl_dkl_�
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Jbk������Dhgp_ilmZevguc�ijh_dl�K:M�k [ehdhf�h[mq_gby�gZ�hkgh\_�=:Ihke_^g__� \j_fy� \k_� [hevrmx� ihimeyjghklv� \ gZmqghc� ebl_jZlmj_�ijbh[j_lZ_l� mklhcqb\h_� keh\hkhq_lZgb_� \bjlmZevgZy� j_Zevghklv��<i_j�\u_�wlhl�l_jfbg�ihy\beky�\ e_dkbdhg_�jZajZ[hlqbdh\�dhfivxl_jguo�ijh�]jZff�� ij_^gZagZq_gguo� ^ey� gZa_fgh]h� h[mq_gby� dhkfhgZ\lh\� gZ\udZf�Z\lhghfghc�jZ[hlu�\ hldjulhf�dhkfhk_��K bah[j_l_gb_f�re_fZ�b i_jqZl�db�� ijbr_^rbf� gZ� kf_gm� ^bkie_x� b ^`hcklbdm�� ajbl_evgZy� b fhlhjgZy�dhfihg_glu� bgl_jZdlb\ghc� dhfivxl_jghc� bfblZpbb� agZqbl_evgh� mkh�\_jr_gkl\h\Zebkv�� kms_kl\_ggh jZkrbjb\� ]jZgbpu�ijbf_gbfhklb�jZajZ�[hlZgguo� kbkl_f� \ dZq_kl\_� lj_gZ`_jh\� ^ey� e_lqbdh\—bklj_[bl_e_c� bij_^klZ\bl_e_c� ^jm]bo� wdahlbq_kdbo� ijhn_kkbc�� <ha^_ckl\my� h^gh\j_�f_ggh� gZ� g_kdhevdh� dZgZeh\� ihklmie_gby� bgnhjfZpbb� \ fha]� �aj_gb_��kemo�� \_klb[meyjguc� ZiiZjZl�� lZdlbevgu_�hsms_gby��� kh\j_f_ggu_�dhf�
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ivxl_jgu_�kbkl_fu�\bjlmZevghc�j_Zevghklb�kihkh[gu�Zdlb\gh�\ebylv�gZ�khagZgb_�b ih^khagZgb_�b ihjh`^Zlv�m bkiulm_fh]h�hsms_gb_�k\h_c�ijb�qZklghklb�d jZa\hjZqb\Zxs_fmky�i_j_^�_]h�]eZaZfb�kp_gZjbx��Q_j_a�dhf�ivxl_jgu_ b]ju�gh\Zy�l_ogheh]by�\uie_kgmeZkv�\ fbj��ihjh^b\�p_eh_�gh�\h_�gZijZ\e_gb_�\ \b^_h�Fu�g_fgh]h�ih—^jm]hfm�ljZdlm_f�wlh�ihgylb_��?keb�aZ^mfZlvky��\bj�lmZevgZy�j_Zevghklv�kms_kl\m_l�\ dZ`^hf�ba�gZk��H^ghc�ba�aZ^Zq��ih^kha�gZl_evgh� j_rZ_fuo� bg^b\b^mmfhf� gZ� ijhly`_gbb� \k_c�`bagb�� y\ey_lky�ihkljh_gb_�b mlhqg_gb_�dZjlbgu�fbjZ��hij_^_e_gb_� k\h_]h�iheh`_gby�\g_f�b \ujZ[hldZ�kljZl_]bb�kh[kl\_ggh]h�ih\_^_gby��Fu�g_�lhevdh�fh^_�ebjm_f�^ey�k_[y�hdjm`Zxsbc�fbj��gh�b dZd�[u�kh�klhjhgu�gZ[ex^Z_f�k_�[y�\ wlhf�fbj_��fh^_ebjmy�kZfbo�k_[y�Bkoh^y�ba�lZdbo�ij_^klZ\e_gbc�h[�bgl_ee_dl_�q_eh\_dZ��fu�ih^hreb�dijh_dlbjh\Zgbx� kbkl_fu� mijZ\e_gby�� <g_rgbf� fbjhf� ^ey� g__� kem`bl�h[t_dl��g_cjhdhgljhee_j�y\ey_lky�__ l_ehf��Z \bjlmZevguc�dZgZe�mijZ\e_�gby��kh^_j`Zsbc�fh^_ev�h[t_dlZ�b fh^_ev�g_cjhdhgljhee_jZ — __ ³fha�]hf´��f_klhf��]^_�kbkl_fZ�fh^_ebjm_l�k_[y�\ hdjm`Zxs_f�fbj_�Ih^]hlh\dZ� kbkl_fu� d jZ[hl_� ijhbkoh^bl� ke_^mxsbf� h[jZahf��Fu�ij_^iheZ]Z_f��qlh�k kZfh]h�gZqZeZ�gZf�^hklmigZ�ZijbhjgZy�bgnhjfZpby�hih\_^_gbb�h[t_dlZ�\ jZaebqguo�j_`bfZo��Lh]^Z�aZ^Zq_c�i_j\h]h�wlZiZ�y\�ey_lky�i_j_jZ[hldZ� wlhc�bgnhjfZpbb� \ [b[ebhl_dm� lj_gbjh\hqguo�rZ[�ehgh\��gZ�hkgh\Zgbb�dhlhjhc�aZl_f�kbgl_abjm_lky�g_cjhwfmeylhj�h[t_dlZ��Dh]^Z�bgl_]jZevgZy�hrb[dZ�� ]_g_jbjm_fZy� wfmeylhjhf�� kgb`Z_lky�^h� aZ�^Zggh]h� ij_^_eZ�� iZjZf_lju g_cjhwfmeylhjZ� dhibjmxlky� \ [ehd� lj_gb�jh\db�g_cjhdhgljhee_jZ��A^_kv�k mqZklb_f�wlZehgghc�fh^_eb�ijhbkoh^bl�hp_gdZ� jZaebqguo� kljZl_]bc� mijZ\e_gby� h[t_dlhf�� jZkkfZljb\Zxlky� bkjZ\gb\Zxlky� f_`^m� kh[hc� jZaebqgu_� kp_gZjbb� [m^ms_]h�� DZd� lhevdh�m^Z_lky�^hklbqv�\uiheg_gby�\bjlmZevguf�ljZdlhf�lj_[h\Zgbc�wlZehgghc�fh^_eb��iZjZf_lju�\bjlmZevgh]h�dhgljhee_jZ�k[jZku\Zxlky�gZ�bkihegb�l_evguc�dhgljhee_j��ihke_�q_]h�kbkl_fZ�fh`_l�ijbklmiZlv�d jZ[hl_�Ijb�baf_g_gbb� oZjZdl_jbklbd� h[t_dlZ�ijhbkoh^bl� _kl_kl\_ggh_� kgb�`_gb_�dZq_kl\Z�mijZ\e_gby��Ih�f_j_�m\_ebq_gby�jZkoh`^_gby�\ l_dms_f�ih\_^_gbb� h[t_dlZ� k h`b^Z_fuf� kbkl_fZ� ihemqZ_l� \hafh`ghklv�ihgylv��qlh�h[t_dl�baf_gbeky��Gh\u_�i_j_oh^gu_�oZjZdl_jbklbdb�ihihegyxl�[b[�ebhl_dm�lj_gbjh\hqguo�rZ[ehgh\��ihke_�q_]h�iZjZf_lju�g_cjhwfmeylhjZ�dhjj_dlbjmxlky��>Ze__�\k_�ijhbkoh^bl�dZd�b jZg__��Dh]^Z�ih^]hgdZ�wfm�eylhjZ� hkms_kl\e_gZ�� gZqbgZ_lky� dhjj_dlbjh\dZ� iZjZf_ljh\� g_cjhdhg�ljhee_jZ�� aZ\_jrZxsZyky� baf_g_gb_f� iZjZf_ljh\� bkihegbl_evgh]h� dhg�ljhee_jZ�Ljm^gh�jZkkqblu\Zlv��qlh�aZ�h^bg�lZdhc�pbde h[mq_gb_�aZdhgqblky��lZd�dZd�gh\Zy�bgnhjfZpby�h[�baf_gb\r_fky�h[t_dl_�\jy^�eb�fh`_l�ij_l_g^h�\Zlv�gZ� ^hklZlhqgmx�iheghlm��Eh]bqgh�ij_^iheh`blv�� qlh�ihke_�i_j\hc�



67

lj_gbjh\db�wfmeylhj�g_�[m^_l�lhqgh�hibku\Zlv�h[t_dl��Z ihwlhfm�b kbgl_�abjh\Zgguc�k _]h�ihfhsvx�dhgljhee_j�g_�kfh`_l�kijZ\blvky�k aZ^ZqZfb�mijZ\e_gby��L_f�g_�f_g__��hq_\b^gh��qlh�gh\uc�dhgljhee_j�[m^_l�]_g_jb�jh\Zlv� ohlv� b g_� hilbfZevgh_�� gh� \k_—lZdb� gh\h_� mijZ\e_gb_�� dhlhjh_�\kdjh_l� gh\u_� hkh[_gghklb� ih\_^_gby� h[t_dlZ��Gh\Zy� bgnhjfZpby� ^Zkl�\hafh`ghklv�kgh\Z�jZkrbjblv�[b[ebhl_dm�rZ[ehgh\��^hlj_gbjh\Zlv�g_c�jhwfmeylhj� b g_cjhdhgljhee_j� b h[gh\blv� iZjZf_lju� bkihegbl_evgh]h�dhgljhee_jZ�LZd� kbkl_fZ� kZfZ� bamqZ_l� h[t_dl� b ihkl_i_ggh� kh\_jr_gkl\m_l� k\hb�kihkh[ghklb�d mijZ\e_gbx��GZ\_jgh_��ki_dlj�dhebq_kl\_gguo�baf_g_gbc�oZjZdl_jbklbd�h[t_dlZ�\k_]^Z�h]jZgbq_g�hij_^_e_ggufb�jZfdZfb��\g_�dh�lhjuo� bkq_aZ_l� dZq_kl\_ggZy� hij_^_e_gghklv� h[t_dlZ� dZd� lZdh\h]h��Ih�wlhfm��dh]^Z�wlb�\hafh`ghklb�\ ijhp_kk_�wdkiemZlZpbb�h[t_dlZ�bkq_jiZ�xlky�� kbkl_fZ� klZg_l� jh[Zklghc�� lh� _klv� ijbh[j_l_l� kihkh[ghklv� mijZ\�eylv�h[t_dlhf�ijb�ex[uo�h[klhyl_evkl\Zo�Im]Zxsb_�ljm^ghklb�kbgl_aZ�g_cjhwfmeylhjZ�^Z`_�\ off—line j_`bf_��\klj_lb\rb_ky� gZf�� ]eZ\guf� h[jZahf�� ijb� hij_^_e_gbb� h[t_fh\�bgnhj�fZpbb�h[�h[t_dl_��^hklZlhqghf�^ey�kbgl_aZ�_]h�g_cjhk_l_\hc�fh^_eb��g_�kfh]eb�hoeZ^blv�gZr�wglmabZaf�\ hlghr_gbb�klhev�nZglZklbq_kdhc�dhg�p_ipbb�bgl_ee_dlmZebaZpbb��Dhg_qgh��hgZ�ihjh`^Z_l�fgh]h�^hihegbl_ev�guo�\hijhkh\�h khhlghr_gbb�l_fih\�w\hexpbb�b Z^ZilZpbb�\ on—line j_�`bf_��h ijbgpbibZevghc�koh^bfhklb�Ze]hjblfZ Z^ZilZpbb��kh^_j`Zs_]h�^\_��\eh`_ggu_�h^gZ�\ ^jm]mx��ijhp_^mju�hilbfbaZpbb��L_f�g_�f_g__�fu�\_jbf��qlh�=:�h[eZ^Zxl�^hklZlhqghc�ihbkdh\hc�fhsvx��qlh[u�kijZ\blvky�k lZdbfb�ijh[e_fZfb�ijb�kms_kl\mxs_f�mjh\g_�jZa\blby�i_jkhgZevguo�dhfivxl_jh\�<ha\jZsZykv�d lj_f�\hijhkZf��ihklZ\e_gguf�\ jZa^_e_�ih�fh^_ebjh�\Zgbx��fu�fh`_f�^Zlv�q_ldbc�hl\_l�ihdZ�lhevdh�gZ�i_j\uc�ba�gbo�>Z�� g_cjhk_l_\u_� fh^_eb� ^bgZfbq_kdbo� h[t_dlh\� fh]ml�[ulv� gZklhevdh� lhqgufb�� qlh� g_cjhdhgljhee_j�� kbgl_abjh�\Zgguc�k bkihevah\Zgb_f�g_cjhwfmeylhjZ��hdZau\Z_lky�kih�kh[guf� mijZ\eylv� kZfbf� h[t_dlhf� [_a� dZdbo—eb[h� ^hihe�gbl_evguo�gZkljh_d�Fu�ijh\_eb�ihke_^h\Zl_evgh� ljb� h^ghlbiguo� wdki_jbf_glZ� k l_klh�\uf�h[t_dlhf�ijb�jZaguo�agZq_gbyo�ζ \ mjZ\g_gbb� �����\ ijhp_kk_�dhlh�juo�kgZqZeZ�kbgl_abjh\Zeb�g_cjhwfmeylhj�h[t_dlZ� �kf��Ijbeh`_gby� �—����Z ihlhf�k ihfhsvx�g_cjhwfmeylhjZ — g_cjhdhgljhee_j��GZ�aZdexqb�l_evghf�wlZi_�wdki_jbf_glZ�g_cjhdhgljhee_j�hijh[h\Zeky�gZ�kZfhf�h[t�_dl_��D gZr_fm� m^h\e_l\hj_gbx�� \h� \k_o� lj_o� kemqZyo� g_cjhdhgljhee_j�kfh]�mijZ\eylv�h[t_dlhf�[_a�kgb`_gby�dZq_kl\Z�ih�kjZ\g_gbx�k jZ[hlhc�\khklZ\_�\bjlmZevgh]h�dZgZeZ�
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Wlb� wdki_jbf_glu� hdZaZebkv� ihe_agufb� kh\_jr_ggh� \ g_h`b^Zgghf�ieZg_��Hgb�ijh^\bgmeb�\i_j_^�gZr_�ihgbfZgb_�lh]h��qlh�ke_^m_l�kqblZlv�h[t_dlb\guf� djbl_jb_f� Z^_d\Zlghklb� fh^_eb� h[t_dlZ�� >_ckl\bl_evgh��lhqghklv�fh^_eb�fh`gh�kqblZlv�m^h\e_l\hjbl_evghc�lhevdh�\ lhf�kemqZ_��_keb�ihkljh_gguc�k __�ihfhsvx�dhgljhee_j�hdZau\Z_lky�kihkh[_g�mijZ\�eylv�h[t_dlhf�Ke_^m_l�ijbagZlv��qlh�kbgl_a�\bjlmZevgh]h�ljZdlZ�kbkl_fu�mijZ\e_gby�hdZaZeky�g_� lZdbf�ijhkluf�^_ehf��dZd�fh]eh�ihdZaZlvky� \gZqZe_��>hklZ�lhqgh�kdZaZlv��qlh�gZrZ�i_j\Zy�ihiuldZ�hj]Zgbah\Zlv�_]h�iml_f�ljb\bZev�ghc� kludh\db�g_cjhdhgljhee_jZ�b g_cjhwfmeylhjZ��ij_^\Zjbl_evgh� kbg�l_abjh\Zgguo�gZ�deZkkbq_kdhc�fh^_eb�h[t_dlZ��kf��Ijbeh`_gb_���b Ijb�eh`_gb_�����gZlhedgmeZkv�gZ�g_h`b^Zggu_�ij_iylkl\by��Hgb�g_�klZeb�jZ�[hlZlv�\f_kl_��b fu�g_�kjZam�^h]Z^Zebkv�ihq_fm�>_eh�hdZaZehkv�\ lhf��qlh�dh]^Z�fu�kbgl_abjh\Zeb�dhgljhee_j�gZ�h[t�_dl_��gZk�bgl_j_kh\Ze�lhevdh�\uoh^�h[t_dlZ��gh�g_�dhgljhee_jZ��Wlh�[ueh�hkh[_gghklvx�ijbf_gy_fhc�f_lh^bdb�� lZd�dZd�hrb[dZ� \ \uoh^_�h[t_dlZ�bkihevah\ZeZkv�^ey�h[mq_gby��qlh�`_�dZkZ_lky�dhgljhee_jZ��lh�fu�b g_�iu�lZebkv�ihgylv��dZdh_�mijZ\e_gb_�hg�^he`_g�]_g_jbjh\Zlv��qlh[u�aZklZ\blv�h[t_dl�\_klb�k_[y�lj_[m_fuf�h[jZahf��DZd�ke_^kl\b_� fu�g_�dhgljhebjh\Zeb�b gbdZd�g_�h]jZgbqb\Zeb�Zfieb�lm^m� \uoh^Z� dhgljhee_jZ�� dhlhjZy�� dZd� \b^gh� ba� jbkmgdZ� ���� ^hklb]ZeZ�agZq_gby���ijb�_^bgbqghf�aZ^Zgbb�ur. <hl�lZdh_�mijZ\e_gb_�b g_�kfh]�hl�jZ[Zlu\Zlv�g_cjhwfmeylhj��ihkdhevdm�hg�h[mqZeky�gZ�\oh^guo�\ha^_ckl�\byo�^h����Lhqgh�ih\lhjyy�ih\_^_gb_�h[t_dlZ�mijZ\e_gby�ijb�Zfieblm^Zo�\oh^gh]h� \ha^_ckl\by� f_gvr_� ��� wfmeylhj� ijZdlbq_kdb� g_� jZ[hlZe� ijb�[hevrbo�Zfieblm^Zo��Jbk� ���ihdZau\Z_l��dZd�dZlZkljhnbq_kdb�mom^rZ_l�ky�dZq_kl\h�_]h�jZ[hlu�m`_�ijb�\oh^ghf�kb]gZe_�jZ\ghf���
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Jbk������<uoh^ghc�kb]gZe�g_cjhdhg�ljhee_jZ��djb\Zy�����h[mq_ggh]h�ih�^bnn_j_gpbZevguf�mjZ\g_gbyf�h[t_d�lZ��ijb�_^bgbqghc�Zfieblm^_�kb]gZeZ�aZ^Zgby���djb\Zy�� — \uoh^�h[t_dlZ�
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Jbk������JZ[hlZ g_cjhwfmeylhjZ�ijb�[hevrbo�agZq_gbyo�Zfieblm^u�\oh^gh�]h�\ha^_ckl\by��djb\Zy�� — \oh^ghc�kb]gZe��� — j_Zdpby�h[t_dlZ��� — j_�Zdpby�g_cjhwfmeylhjZ�
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<ijhq_f��gZ�kZfhf�^_e_�gbq_]h�m^b\bl_evgh]h�\ wlhf�g_l��fu�ijhklh�©ba[Zeh\Zguª� ebg_cgufb� deZkkbq_kdbfb� fh^_eyfb�� Lh�� qlh� hgb� ^hklh�\_jgh�hibku\Zxl�j_Zevguc�h[t_dl�lhevdh�\ madhf�^bZiZahg_�jZ[hqbo�mk�eh\bc�� qZklh� klZ\blky�bf� \ \bgm�ijb�j_r_gbb�ijZdlbq_kdbo� aZ^Zq��Gh� \kZfhf�fh^_ebjh\Zgbb�� dZd� \ gZr_f� kemqZ_�� bo� ih\_^_gb_� [_amij_qgh�� bg_cjhk_l_\uf�fh^_eyf�ljm^gh�khj_\gh\Zlvky�k gbfb�<ha\jZsZykv� d ijh[e_f_� kbgl_aZ� \bjlmZevgh]h� ljZdlZ�� hlf_lbf� ke_�^mxs__�<h—i_j\uo�� ohly� h[mq_gb_� g_cjhdhgljhee_jZ� \_^_lky� ih� \uoh^ghc�dhhj^bgZl_�wfmeylhjZ��g_h[oh^bfh�h]jZgbqb\Zlv�Zfieblm^m�mijZ\eyxs_�]h�kb]gZeZ�� ]_g_jbjm_fh]h�dhgljhee_jhf��\_jog_c� ]jZgbp_c�^himklbfh]h�^bZiZahgZ� \oh^guo� \ha^_ckl\bc� wfmeylhjZ��< hibku\Z_fuo� wdki_jbf_g�lZo�wlZ�]jZgbpZ�khklZ\eyeZ���<h—\lhjuo�� ba� ^\mo� \hafh`guo� kihkh[h\� h]jZgbq_gby — `_kldh]h�kj_aZ�Zfieblm^u�\uoh^gh]h�kb]gZeZ�eb[h�[he__�fy]dh]h�rljZnh\Zgby�aZ�ij_\ur_gb_� jZaj_r_ggh]h� mjh\gy — [he__� ij_^ihqlbl_e_g� \lhjhc�� Hg�^Z_l� \hafh`ghklv� ]_g_lbq_kdhfm� Ze]hjblfm� jZg`bjh\Zlv� ihimeypbx� kmq_lhf�wlh]h�ijbagZdZ�b ihkl_i_ggh�ba[Z\eylvky�hl�l_o�j_r_gbc��dhlhju_�]_g_jbjmxl�kebrdhf�kbevgh_�mijZ\e_gb_�Bkihevamy�wlb�^hiheg_gby�d f_lh^bd_��Z lZd`_�h]jZgbqb\�\_ebqbgm�aZ�^Zgby�ur �����fu�b kbgl_abjh\Zeb�ljb�g_cjhdhgljhee_jZ��h dhlhjuo�]h\h�jbehkv�\ur_��IZjZf_lju�h^gh]h�ba�gbo�ij_^klZ\e_gu�\ Ijbeh`_gbb ���Z_]h�\uoh^�ijb�\oh^ghf�aZ^Zgbb�ur=0,5 — gZ�jbkmgd_����
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Jbk������<uoh^�\bjlmZevgh]h�g_cjhdhgljhee_jZ�ijb�aZ^Zgbb����Dhg_qgh��\uiheg_ggu_�wdki_jbf_glu�g_�^hdZau\Zxl�bkdexqbl_evguo�Z^Zilb\guo�k\hckl\�bgl_ee_dlmZevghc�kbkl_fu��DZ`^uc�jZa�fu�kZfb�hj�]Zgbah\u\Zeb� k[hj� bgnhjfZpbb� h[� h[t_dl_�� lj_[mxs_cky� ^ey� kbgl_aZ�wfmeylhjZ�� ^_ckl\my� ih� ij_^\Zjbl_evgh� \u\_j_gghfm� ieZgm�� >ey� lh]h��qlh[u�m[_^blvky�\ kihkh[ghklb�kbkl_fu�k^_eZlv�wlh�kZfhklhyl_evgh��gm`�gh� jZkiZjZee_eblv� ljb� aZ^Zqb — nhjfbjh\Zgb_� [b[ebhl_db� lj_gbjh\hq�guo�rZ[ehgh\��lj_gbjh\dZ�wfmeylhjZ��lj_gbjh\dZ�dhgljhee_jZ��ihke_�q_]h�kmf_lv�ijZ\bevgh�jZkij_^_eblv�j_kmjku�\uqbkebl_evghc�kbkl_fu�b hj]Z�gbah\Zlv�h[f_g�^Zggufb�f_`^m�gbfb��Kh\j_f_ggu_�hi_jZpbhggu_�kbkl_�fu� �Windows NT, Windows ����h[eZ^Zxl�\hafh`ghklyfb�^ey�j_r_gby�lZ�
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dbo�ijh[e_f�^Z`_�gZ�h^ghijhp_kkhjguo�fZrbgZo��b fu�gZf_j_gu�j_Zeb�ah\Zlv�bo�\ [eb`Zcr_f�[m^ms_f�< aZ\_jr_gb_�ohl_ehkv�[u�ijhpblbjh\Zlv�J� >hdbgaZ��ijhql_gb_�dgb]b�>��@�dhlhjh]h�hdZaZeh�h]jhfgh_�\ebygb_�gZ�oh^�gZrbo�fuke_c�gZ�ijhly�`_gbb�ihke_^gbo��—o e_l��Hg�ibr_l��©W\hexpby�kihkh[ghklb�d fh^_eb�jh\Zgbx�� hq_\b^gh�� ijb\_eZ� \ dhg_qghf� blh]_� d km[t_dlb\ghfm� hkhagZ�gbx��Ihq_fm�wlh�^he`gh�[ueh�ijhbahclb��ij_^klZ\ey_lky�fg_� ]em[hqZc�r_c�lZcghc��klhys_c�i_j_^�kh\j_f_gghc�[bheh]b_c��G_l�hkgh\Zgbc�iheZ�]Zlv��qlh�we_dljhggu_�dhfivxl_ju�^_ckl\mxl�hkhagZggh��dh]^Z�hgb�qlh—gb[m^v�fh^_ebjmxl��ohly�gZf�ijboh^blky�^himkdZlv��qlh�\ [m^ms_f�hgb��\hafh`gh��[m^ml�hkhagZ\Zlv�k\hb�^_ckl\by��;ulv�fh`_l��hkhagZgb_�\hagb�dZ_l�lh]^Z��dh]^Z�fh^_ev�fbjZ��kha^Z\Z_fZy�fha]hf��^hklb]Z_l�lZdhc�ihe�ghlu��qlh�_fm�ijboh^blky�\dexqZlv�\ g__�fh^_ev�kZfh]h�k_[yª�Ij_^klZ\ey_lky�� qlh� q_eh\_q_kl\h� \iehlgmx� ih^hreh� d jZaj_r_gbx�wlhc�aZ^Zqb�
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A:DEXQ?GB?IjhajZqghklv� b ^hklmighklv� b^_c�� khklZ\eyxsbo� f_lh^heh]bq_kdbc�[Zabk� kh\j_f_gguo� f_lh^h\� w\hexpbhggh]h� fh^_ebjh\Zgby�� ijhba\h^yl�gZ� gZk ihbklbg_� aZ\hjZ`b\Zxs__� \i_qZle_gb_�� G_evay� kdZaZlv�� qlh� wlb�b^_b� aZbfkl\h\Zgu� ba� h[u^_gghc�`bagb�� \_^v� gZ� kZfhf� ^_e_� hgb� ij_^�klZ\eyxl�kh[hc�j_\hexpbhggu_�hldjulby�\ [bheh]bb�g_�[he__�q_f�ihem�\_dh\hc�^Z\ghklb��gh�k_]h^gy�h gbo�agZ_l�dZ`^uc�rdhevgbd�b hgb m`_�e_l����\oh^yl�\ i_j_q_gv�lh]h��qlh�^he`_g�agZlv�kj_^g_klZlbklbq_kdbc �h[u\Z�l_ev��gZ�dZdhf�[u�dhglbg_gl_�hg�gb `be��L_f�[he__�m^b\bl_evguf�ij_^�klZ\ey_lky�lhl�nZdl��qlh�h[t_^bg_ggu_�\ h^gh�p_eh_��wlb�b^_b�ijbh[j_lZ�xl�j_Zevgmx�kbem�b ^Zxl�gZf�\ jmdb�wnn_dlb\guc�bgkljmf_gl�^ey�j_r_�gby�keh`guo�aZ^Zq�fh^_ebjh\Zgby�b kbgl_aZ�=:���BGK�ho\Zlu\Zxl�lhevdh�dmkhq_d�lh]h��qlh�gZau\Zxl�w\hexpbhg�guf�fh^_ebjh\Zgb_f��Gh�dZd�gZf�ij_^klZ\ey_lky�b dZd�fu�iulZebkv�ijh�^_fhgkljbjh\Zlv�� wlb� ^\_� \uqbkebl_evgu_� l_ogheh]bb� h[eZ^Zxl� h]jhf�guf�khab^Zl_evguf�ihl_gpbZehf��Ih^h[gh�lhfm��dZd�ihgylby�i_j_^Zlhq�ghc�nmgdpbb�b ^bgZfbq_kdh]h� a\_gZ� khklZ\beb�bgkljmf_glZevguc�[Zabk�deZkkbq_kdbo�f_lh^h\�fh^_ebjh\Zgby�^bgZfbq_kdbo�h[t_dlh\�b ijh_dlb�jh\Zgby� kbkl_f� bo� mijZ\e_gby�� g_cjhggu_� k_lb� y\eyxlky� wnn_dlb\guf�bgkljmf_glhf� w\hexpbhggh]h�fh^_ebjh\Zgby�b kbgl_aZ��Hgb�\ lZdhc�`_�f_j_�kihkh[gu�ho\Zlu\Zlv�\_kv�ki_dlj�ijh[e_f��k\yaZgguo�k ihkljh_gb_f�kbkl_f� mijZ\e_gby — gZqbgZy� hl� kbgl_aZ� fh^_eb� h[t_dlZ� b aZdZgqb\Zy�kbgl_ahf�aZdhgh\�mijZ\e_gby��b \k_�wlh�ijb�ihfhsb�h^gbo�b l_o�`_�ijb_�fh\��\ jZfdZo�_^bgh]h�ih^oh^Z��Wlh�\u]h^gh�hlebqZ_l�bo�hl�fgh]bo�^jm�]bo�kh\j_f_gguo�l_ogbd��dhlhju_�ijhy\eyxl�wnn_dlb\ghklv�ijb�j_r_gbb�lhevdh�qZklbqguo� aZ^Zq� �kdZ`_f�� fuzzy logic gZoh^bl�ijbf_g_gb_�lhevdh�ijb� kbgl_a_� dhgljhee_jh\�� gh� hdZau\Z_lky� [_kkbevghc� \ fh^_ebjh\Zgbb�kZfbo� h[t_dlh\��� b ^Z_l� hkgh\Zgby� ijbqbkeblv� bo� d deZkkm� ^hdljbg��bf_xsbo�iZjZ^b]fZevgh_�agZq_gb_�^ey�kh\j_f_gguo�l_ogbq_kdbo�gZmd�Fu� ihgbfZ_f�� qlh� ij_^klZ\e_ggu_� gZfb� beexkljZlb\gu_� ijbf_ju�fh`gh�mij_dgmlv�\ g_dhlhjhc�ijhklhl_�l_klh\h]h�^bgZfbq_kdh]h�h[t_dlZ��Gh�g_�[m^_f�aZ[u\Zlv��kdhevdh�e_l�b dZdhc�qbke_gghklvx�hljy^h\�mq_guo�reZ�deZkkbq_kdZy�gZmdZ�d ijhklhfm�hibkZgbx�ih^h[guo�h[t_dlh\��d mf_�gbx�h[jZsZlvky�k gbfb��G_cjhggu_�`_�k_lb�gZqZeb�^h[b\Zlvky�ijbagZgby�kh\k_f�g_^Z\gh��g_�[he__����e_l�gZaZ^��lh�`_�kZfh_�fh`gh�kdZaZlv�b h�]_�g_lbq_kdbo�Ze]hjblfZo��Fh`gh� lZd`_�ij_^iheh`blv�� qlh� \jy^� eb�bo�ijh^\b`_gb_� \ klhjhgm�
real world applications [m^_l�[ukljuf�beb�ljbmfnZevguf��LZ�e_]dhklv��kdhlhjhc�BGK�ml\_j^bebkv�\ dh]gblb\guo�gZmdZo��y\ey_lky�kdhj__�h[fZg�qb\hc�b fh`_l�[ulv�h[tykg_gZ�ijhkluf�hlkmlkl\b_f�k_jv_aguo�dhgdmj_g�
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lh\��Kms_kl\mxsb_�`_�l_oghp_ghau��\ajZs_ggu_�\ jZfdZo�deZkkbq_kdhc�gZmqghc�iZjZ^b]fu��b lZd�g_iehoh�m^h\e_l\hjyxl�hkgh\gu_�ihlj_[ghklb�h[s_kl\Z��B gZclb�\ wlbo�^`mg]eyo�k\h[h^gmx�gbrm�hq_gv�ljm^gh — \k_�yjmku�^Z\gh�aZgylu�b [hjv[Z�aZ�f_klh�ih^�khegp_f�g_�ij_djZsZ_lky�gb gZ�fbgmlm�<ijhq_f��kblmZpby�baf_gy_lky�hq_gv�[ukljh��gZrb�lj_[h\Zgby�d l_o�gbd_� g_ij_ju\gh� kh\_jr_gkl\mxlky�� b gbdlh� g_� \havf_lky� ij_^m]Z^Zlv��kdhev�^he]h�deZkkbq_kdZy�iZjZ^b]fZ�kfh`_l�khojZgylv�k\hx�fhghihebx��>Z�wlh�b g_�lZd�\Z`gh��=eZ\guc�ijh]j_kk�ihke_^gbo�e_l�khklhbl�\ lhf��qlh�lh�hsms_gb_�[ebahklb��h[sghklb�j_rZ_fuo�bg`_g_jZfb�b Ijbjh^hc�aZ�^Zq�� dhlhjh_�g_� lZd�^Z\gh� lhevdh� \blZeh� \ \ha^mo_�� k_]h^gy�i_j_jhkeh� \m\_j_gghklv��qlh�fbj�hj]Zgbq_kdbo�j_iebdZglh\�b fbj�dmevlmjguo�j_ieb�dZglh\��d dZdh\uf�hlghkylky�b gZmqgu_�b^_b��jZa\b\Zxlky�ih�h^bgZdh\uf�aZdhgZf��Z agZqbl��gZf�_klv�q_fm�mqblvky�m Ijbjh^u��Ij_^klZ\e_gguc�fZ�l_jbZe�^hdZau\Z_l��qlh�i_j\u_�j_amevlZlb\gu_�rZ]b�\ wlhf�gZijZ\e_gbbm`_�k^_eZgu�
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L?JFBGHEH=BQ?KDBC�KEH<:JV��©°©°¬¬ — hljhklhd�g_cjhgZ��dhlhjuc�i_j_^Z_l�bfimevku�^jm]bf�g_c�jhgZf���ªªªª¤¤ªª»» — dZ`^uc� ]_g� kihkh[_g� aZgbfZlv� lhevdh� hij_^_e_ggmx� h[�eZklv�\ ojhfhkhf_�� lZd�gZau\Z_fuc�ehdmk��< ihimeypbb�\k_]^Z�gZc^mlky�hkh[b��m dhlhjuo�\ b^_glbqguo�ehdmkZo�ij_^klZ\e_gu�jZaebqgu_�nhjfu�]_gh\��Wlb�Zevl_jgZlb\gu_�nhjfu�b gZau\Zxlky�Zee_evgufb�khklhygbyfb�]_gZ�beb�ijhklh�Zee_eyfb�����««¤¤±±ºº — �[bhe���de_ldb��dhlhju_�g_kml�]_g_lbq_kdmx�bgnhjfZpbx�hjh^bl_evkdhc�hkh[b��M `b\hlguo�b q_eh\_dZ�fm`kdb_�]Zf_lu�gZau\Zxlky�ki_jfZlhahb^Zfb��Z `_gkdb_ — ycp_de_ldZfb��=Zf_lu�kh^_j`Zl�]Ziehb^�guc��h^bghqguc��gZ[hj�ojhfhkhf��< w\hexpbhgghf�fh^_ebjh\Zgbb�dZl_�]hjby� ©ihe� hkh[bª� g_� ijbf_gy_lky�� H[t_dlhf� fh^_ebjh\Zgby� y\eyxlky�iZgfbdlbq_kdb_� ihimeypbb� [_kiheuo� hj]Zgbafh\�� lh� _klv� ihimeypbb�� \dhlhjuo�hlkmlkl\m_l�aZij_l�gZ�kdj_sb\Zgb_�ex[uo�^\mo�hkh[_c��JZaghih�eh\hklv�\ ijbjh^guo�ihimeypbyo�dZd�jZa�b b]jZ_l�jhev�_kl_kl\_ggh]h�h]�jZgbq_gby�gZ�kdj_sb\Zgb_ — gb iZjZ�ba�^\mo�kZfph\��gb iZjZ�ba�^\mo�kZ�fhd�g_�fh]ml�^Zlv�ihlhfkl\Z��¤¬�¤¬ — hkgh\gZy� _^bgbpZ� gZke_^kl\_gghklb�� ij_^klZ\eyxsZy� kh[hc�njZ]f_gl� >GD�� dh^bjmxsbc� h^bg� beb� g_kdhevdh� n_ghlbibq_kdbo� ijb�agZdh\�b aZgbfZxsbc�nbdkbjh\Zgguc�ehdmk�ojhfhkhfu��=_g�ij_^klZ\ey�_l� kh[hc� kdhj__� n_ghf_gheh]bq_kdmx� dZl_]hjbx� b ihgylbcgh� ijhlb\h�klhbl�n_gm�— _^bgbqghfm��^hklmighfm�gZ[ex^_gbx�ijbagZdm�hj]ZgbafZ��iha\heyxs_fm�^bnn_j_gpbjh\Zlv�_]h�hl�^jm]bo�hkh[_c�lh]h�`_�[bheh]b�q_kdh]h� \b^Z��< w\hexpbhgghf�fh^_ebjh\Zgbb�— njZ]f_gl� ojhfhkhfu, dh^bjmxsbc�agZq_gb_�h^gh]h�ba�bkdhfuo�iZjZf_ljh\��¤¬¤�¤¬¤±±§¶¤§¶¤°©°©§¨� �§¨� �ªª¢¢¯§¯§±±«�«� ��¯¤®¯¯¤®¯££²©²©±±§§¡¡¬¬ºº¨� ®¨� ®ªª�¬��¬���ªªªª�¬�¬££���� — jZa�^_e�w\hexpbhggh]h�fh^_ebjh\Zgby��aZbfkl\mxsbc�f_lh^bq_kdb_�ijb_fu�ba� l_hj_lbq_kdbo�iheh`_gbc�ihimeypbhgghc� ]_g_lbdb��Ij_^klZ\ey_l� kh�[hc�k\h_]h�jh^Z fh^_ev�fZrbggh]h�bkke_^h\Zgby�ihbkdh\h]h�ijhkljZgkl�\Z�� ihkljh_ggmx� gZ� w\hexpbhgghc�f_lZnhj_��OZjZdl_jgu_� hkh[_gghklb��bkihevah\Zgb_� kljhd�nbdkbjh\Zgghc�^ebgu�^ey�ij_^klZ\e_gby� ]_g_lbq_�kdhc� bgnhjfZpbb�� jZ[hlZ� k ihimeypb_c� kljhd�� bkihevah\Zgb_� ]_g_lbq_�kdbo hi_jZlhjh\�^ey�nhjfbjh\Zgby�[m^msbo�ihdhe_gbc���ªª � �ªª»»¬�¾�®¬�¾�®±±§§««§§¦¦�µ§¾�µ§¾ — ijhp_kk�ihbkdZ�wdklj_fmfZ�beb�wdklj_�fmfh\�nmgdpbhgZeZ��dhlhjuc�\ w\hexpbhgghf�fh^_ebjh\Zgbb�khhl\_lkl�\m_l�ijbkihkh[e_gghklb�hkh[b��bgl_jij_lbjm_fhc�dZd�__ kihkh[ghklv�j_�rZlv�ihklZ\e_ggmx�aZ^Zqm�
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���¯�¯¡¡§¬§§¬§¦¦«« — jZajZ[hlZggZy�Q� >Zj\bguf�l_hjby��h[tykgyxsZy�w\h�expbx�dZd�j_amevlZl�\aZbfh^_ckl\by�^\mo�nZdlhjh\�— kemqZcguo�baf_�g_gbc�oZjZdl_jbklbd�hkh[_c� \ q_j_^_�ihdhe_gbc�b _kl_kl\_ggh]h�hl[hjZ��\u`b\Zgb_�gZb[he__�ijbkihkh[e_gguo����¤¬¤¬££¯§¯§±± — ([bhe���kbevgh�jZa\_l\e_ggZy�qZklv�g_cjhgZ��dhlhjZy�ihem�qZ_l� bfimevku� hl� j_p_ilhjh\� beb� ^jm]bo� g_cjhgh\� b i_j_^Z_l� bo� l_em�de_ldb���§®§®ªª§§££§¾§¾ — kihkh[�ojZg_gby�gZke_^kl\_gghc�bgnhjfZpbb�m \ukrbo�hj]Zgbafh\��dh]^Z�\ y^jZo�khfZlbq_kdbo�de_lhd�kh^_j`blky�^\hcghc gZ[hj�ojhfhkhf��h^gZ�iheh\bgZ�dhlhjh]h�^hklZeZkv�hkh[b�hl�hlpZ��Z ^jm]Zy — hl�fZl_jb���¦¦««¤¬¶§¤¬¶§¡¡°°±±»» — �[bhe���jZaghh[jZab_�ijbagZdh\�b k\hckl\�m hkh[_c�ex[hc� kl_i_gb� jh^kl\Z��L_jfbg� ©baf_gqb\hklvª� ijbf_gy_lky� lZd`_� ^ey�oZjZdl_jbklbdb� ij_h[jZah\Zgby� nhjf� `b\uo� hj]Zgbafh\� \ ijhp_kk_� bo�w\hexpbb�� JZaebqZxl� baf_gqb\hklv� gZke_^kl\_ggmx� �]_ghlbibq_kdmx�� bg_gZke_^kl\_ggmx� �iZjZlbibq_kdmx���Baf_gqb\hklv�� h[mkeh\e_ggmx� \ha�gbdgh\_gb_f�fmlZpbc��gZau\Zxl�fmlZpbhgghc��Z h[mkeh\e_ggmx�i_j_klZ�gh\dZfb�]_gh\�\ j_amevlZl_�kdj_sb\Zgby — j_dhf[bgZpbhgghc���¬¬¡¡¤¯¤¯°°§¾§¾ — j_dhf[bgZpbhgguc� hi_jZlhj�� dhlhjuc� \ha^_ckl\m_l� gZ�njZ]f_gl�ojhfhkhfu��baf_gyy�\ g_f�ihjy^hd�ke_^h\Zgby�]_gh\�gZ�h[jZl�guc���°©²°°°©²°°±±¡¡¤¬¬¤¬¬ºº¤� ¬¤¨¯¬¬¤� ¬¤¨¯¬¬ºº¤�¤� °°¤¤±±§§ — deZkk� ]b[dbo� g_ebg_cguo� j_]�j_kkbhgguo�beb�^bkdjbfbgZglguo�fh^_e_c��\dexqZxsbo�[hevrh_�qbkeh�g_cjhgh\�� kh_^bg_gguo�ijhba\hevguf�h[jZahf��g_j_^dh�hj]Zgbah\Zgguo�\ kehcgu_�Zjobl_dlmju���¢¢¬§¬§±±§§¡¡¬�¾�¬�¾� ±±¤¯§¾¤¯§¾ — l_hjby� h[mq_gby�� \ khhl\_lkl\bb� k dhlhjhc�q_eh\_d�b `b\hlgu_�mk\Zb\Zxl�agZgby�\ \b^_�dh]gblb\guo�dZjl� �qlh�]^_�jZkiheh`_gh��beb�h`b^Zgbc� �qlh�d q_fm�ijb\h^bl���Wlh�dhgljZklbjm_l�kl_hjb_c�bgkljmf_glZevgh]h�h[mq_gby��dhlhjZy�ij_^iheZ]Z_l��qlh�h[mq_gb_�k\h^blky�d mkbe_gbx�beb�hkeZ[e_gbx�ki_pbnbq_kdbo�j_Zdpbc���¯¯°°°°¡¡¤¯¤¯����©©¯¯°°°°§¬§¬¢¢¡¡¤¯¤¯, (hl�Zg]e��Crossover, crossingover — i_j_�dj_klhd) — �[bhe��� h^gZ� ba� klZ^bc� ijhp_kkZ� ]Zf_lh]_g_aZ�� ijbkms_]h�lhevdh�hj]ZgbafZf��jZafgh`Zxsbfky�iheh\uf�iml_f��< nZa_�djhkkh\_jZ�ojhfhkhfu� ihl_gpbZevgh]h� jh^bl_ey�� mqZkl\mxsb_� \ \ujZ[hld_� ]Zf_l��\ukljZb\Zxlky�^jm]�gZijhlb\�^jm]Z�� kdj_sb\Zxlky� \ g_dhlhjhc� kj_^g_c�lhqd_�b jZkoh^ylky��h[f_gy\rbkv�ihjpbyfb�]_g_lbq_kdh]h�fZl_jbZeZ��Ijb�ihke_^mxs_f�hieh^hl\hj_gbb�fm`kdZy�b `_gkdZy�]Zf_lu��ki_jfZlhahb^�bycp_de_ldZ��keb\Zxlky�\ ab]hlm��^biehb^gmx�de_ldm��^Zxs_c�gZqZeh�gh�\hfm�hj]Zgbafm��< w\hexpbhgghf�fh^_ebjh\Zgbb�ih^�djhkkh\_jhf�ihgb�
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fZxl� hi_jZlhj�� dhlhjuc� nhjfbjm_l� ojhfhkhfm� ihlhfdZ�� kh[bjZy� __ ba�njZ]f_glh\�jh^bl_evkdbo�ojhfhkhf��?keb�j_qv�b^_l�h ]Ziehb^ghc�ihim�eypbb��j_amevlbjmxsZy�ojhfhkhfZ�kjZam�bgl_jij_lbjm_lky�dZd�kZfhklhy�l_evgZy�hkh[v�����««�¯�¯©©§§¦¦«« — w\hexpbhggZy�l_hjby��ij_^r_kl\h\Z\rZy�^Zj\bgbafm��EZfZjd� \_jbe�� qlh� w\hexpbhggh_� jZa\blb_�b^_l�iml_f�gZke_^h\Zgby�ih�lhfdZfb�bg^b\b^mZevguo�ijbkihkh[e_gbc��ijbh[j_l_gguo�jh^bl_eyfb�\l_q_gb_�`bagb��Ohly�eZfZjdbaf�g_�gZr_e�ih^l\_j`^_gby��b^_y�gZke_^h\Z�gby�j_amevlZlh\�ijb`bag_gghc�Z^ZilZpbb�mki_rgh�ijbf_gy_lky�\ w\hex�pbhgghf�fh^_ebjh\Zgbb���²²±±�µ§¾�µ§¾ — hi_jZlhj�� \ghkysbc�baf_g_gby� \ kljmdlmjm� dhibb� jh^b�l_evkdhc� ojhfhkhfu�� fh^bnbpbjmy� agZq_gby� hl^_evguo� ]_gh\� \ jZfdZo�jZaj_r_ggh]h�Zee_evgh]h�ZenZ\blZ���¤¨¯¬¤¨¯¬ — ([bhe��� g_j\gZy� de_ldZ�� < w\hexpbhgghf� fh^_ebjh\Zgbbg_cjhg��g_cjh^��\uqbkebl_evguc�ma_e��h[jZ[Zlu\Zxsbc�we_f_gl� — ijh�klhc� ebg_cguc� beb� g_ebg_cguc� we_f_gl�� dhlhjuc� bf__l� h^bg� beb� g_�kdhevdh�\oh^h\��\uqbkey_l�nmgdpbx�\oh^guo�kb]gZeh\�b i_j_^Z_l�j_amev�lZl�h^ghfm�beb�g_kdhevdbf�^jm]bf�g_cjhgZf���    ¸̧��½½¸̧�¾��¾� °°®®°° ¬ ¬°°±±»�»� ¬¤¨¯¬¬¨�¬¤¨¯¬¬¨� °°¤¤±±§§ — bgl_jihebjmxsb_�k\hckl\Z���  ²²¶¤¬§¤¶¤¬§¤����±±¯¤¬§¯¯¤¬§¯¡¡©©��¬¤¨¯¬¬¨��¬¤¨¯¬¬¨ °°¤¤±±§§ — gZkljhcdZ�iZjZf_ljh\�k_�lb��iZjZf_ljbq_kdZy�hilbfbaZpby�k_lb�k p_evx�kgb`_gby�nmgdpbb�hrb[�db�f_`^m�`_eZ_fufb�b ^_ckl\bl_evgufb�agZq_gbyfb�\uoh^h\�k_lb���®®±±§§««§§¦¦�µ§¾�µ§¾ — bl_jZlb\guc� ijhp_kk� memqr_gby� j_r_gby� aZ^Zqb��knhjfmebjh\Zgghc�\ ihklZgh\d_�ihbkdZ�wdklj_fmfZ�p_e_\hc�nmgdpbb���°°  »» — ij_^klZ\bl_ev�hij_^_e_ggh]h�[bheh]bq_kdh]h�\b^Z��dhlhjuc�oZjZdl_jbam_lky�g_jZaju\guf�_^bgkl\hf� ]_ghlbiZ�b n_ghlbiZ��< w\hex�pbhgghf�fh^_ebjh\Zgbb�hkh[v�lZd`_�h[eZ^Z_l�]_ghlbihf��h^ghagZqgh�hi�j_^_eyxsbf� ijbkihkh[e_gghklv�� b bf__l� kfuke� h^gh]h� ba� \hafh`guo�j_r_gbc�jZkkfZljb\Z_fhc�aZ^Zqb����¯��¯�££§§¢¢««�� — kZfh^hklZlhqgZy� kh\hdmighklv� hkgh\hiheZ]Zxsbo�b^_c�b ijbgpbih\��iha\heyxsZy�gZ�kh[kl\_gghc�fbjh\haaj_gq_kdhc�hkgh�\_� nhjfbjh\Zlv� p_evgmx� ih� \gmlj_gg_fm� _^bgkl\m� dZjlbgm� h[t_dlgh]h�fbjZ��K_]h^gy�fh`gh�]h\hjblv�h kms_kl\h\Zgbb�\ gZmd_�^\mo�jZ\ghijZ\�guo�iZjZ^b]f�— deZkkbq_kdhc�b w\hexpbhgghc���®®²²ªª¾µ§¾¾µ§¾ — ]jmiiZ�hkh[_c�h^gh]h�\b^Z��lh�_klv�h[eZ^Zxsbo�h^bgZ�dh\hc�kljmdlmjhc�]_ghlbiZ�b ihwlhfm�kihkh[guo�\aZbfh^_ckl\h\Zlv�^jm]�k ^jm]hf��gZijbf_j��kdj_sb\Zlvky�b ^Z\Zlv�ihlhfkl\h�
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��¯§¯§°°®®°°  ªª¤¬¬¤¬¬°°±±»» — �[bhe���bgl_]jZevgZy�oZjZdl_jbklbdZ�j_Zebah�\Zgguo�hj]Zgbafhf�kihkh[ghkl_c�ijhlb\hklhylv�hdjm`Zxs_c�kj_^_��QZk�lh� hp_gb\Z_lky� dZd� dhwnnbpb_gl� jZafgh`_gby�� lh� _klv� dhebq_kl\h� ^h�`b\rbo�^h�j_ijh^mdlb\gh]h�\hajZklZ�ihlhfdh\��hklZ\e_gguo�^Zgghc�hkh�[vx��< w\hexpbhgghf�fh^_ebjh\Zgbb�— dhebq_kl\_ggZy�oZjZdl_jbklbdZ��ihdZau\ZxsZy��gZkdhevdh�mki_rgh�hkh[v�j_rZ_l�ihklZ\e_ggmx�aZ^Zqm��biha\heyxsZy�khihklZ\blv�__ \�wlhf�hlghr_gbb k�^jm]bfb�hkh[yfb���¤¤ªª¤¤©©µ§¾µ§¾ — ijhp_kk��ijb�ihfhsb�dhlhjh]h�g_dhlhju_�hkh[b�ba�ih�imeypbb�hl[bjZxlky�^ey�ihemq_gby�hl�gbo�ihlhfkl\Z��H[udgh\_ggh — gZ�[Za_�ij_^ihql_gby�ih�\_ebqbg_�bg^b\b^mZevghc�ijbkihkh[e_gghklb���¯¯««°°««�� — �[bhe���h^gZ�ba�p_ihq_d�>GD��h[gZjm`_gguo�\ de_ldZo��Ojhfhkhfu� ijbkmlkl\mxl� \h� \k_o� de_ldZo� hj]ZgbafZ�� ohly� lhevdh� g_�[hevrZy�bo�qZklv�Zdlb\gZ�\ dZdhc-lh�dhgdj_lghc�de_ld_��< w\hexpbhgghf�fh^_ebjh\Zgbb�ih^�ojhfhkhfhc�ihgbfZxl�njZ]f_gl�^Zgguo��kh^_j`Zsbc�bkdhfu_�iZjZf_lju��Hg�fh`_l�[ulv�ij_^klZ\e_g�\ \b^_�[bgZjghc�kljhdb�beb�p_ehqbke_ggh]h�fZkkb\Z���ªª§§±±§§¦¦«« — ijbgpbi�nhjfbjh\Zgby�ke_^mxs_]h�ihdhe_gby�\ ihimey�pbb��ijb�dhlhjhf�ojhfhkhfu�gZb[he__ ijbkihkh[e_gguo�hkh[_c�l_dms_]h�ihdhe_gby�dhibjmxlky�\ ke_^mxs__�ihdhe_gb_��g_�ih^\_j]Zykv�^_ckl\bx�]_g_lbq_kdbo� hi_jZlhjh\��Weblbaf� ]ZjZglbjm_l� khojZg_gb_� \ ihimeypbb�k\_jobg^b\b^h\��i_j_oh^ysbo�ba�ihdhe_gby�\ ihdhe_gb_��gh��dZd�ijZ\beh��mkdhjy_l�\ujh`^_gb_�ihimeypbb��bgh]^Z�ij_`^_\j_f_ggh_���¡¡ªª½½µ§¬¬¤�µ§¬¬¤� ««££¤¤ªª§¯§¯¡¡�¬§¤�¬§¤ — gZijZ\e_gb_� \ fZl_fZlbq_kdhf�fh^_ebjh\Zgbb�� h[t_^bgyxs__� dhfivxl_jgu_� f_lh^u� fh^_ebjh\Zgby�w\hexpbb��Z lZd`_�[ebadhjh^kl\_ggu_�ih�bklhqgbdm�aZbfkl\h\Zgby�b^_c��l_hj_lbq_kdZy�[bheh]by��_keb lZdh\Zy�kms_kl\m_l��^jm]b_�gZijZ\e_gby�\w\jbklbq_kdhf�ijh]jZffbjh\Zgbb��<dexqZ_l�\ k_[y�dZd�jZa^_eu ]_g_lb�q_kdb_� Ze]hjblfu�� w\hexpbhggu_� kljZl_]bb�� w\hexpbhggh_� ijh]jZffb�jh\Zgb_��bkdmkkl\_ggu_�g_cjhggu_�k_lb��g_q_ldmx�eh]bdm.��¡¡ªª½½µ§¬¬�¾�µ§¬¬�¾�°°§§°°±±¤¤««�� — kbkl_fZ��^bgZfbdZ�jZa\blby�dhlhjhc�hib�jZ_lky�gZ�ijbgpbiu�\hkijhba\h^kl\Z��baf_gqb\hklb��khj_\gh\Zgby�b hl�[hjZ.��®®´́�� — h^gZ�bl_jZpby�\ \uqbkebl_evghf�ijhp_kk_�
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IJBEH@?GB?����J?AMEVL:LU�KBGL?A:�B :G:EBAI:J:F?LJBQ?KDHC�QM<KL<BL?EVGHKLB�G?CJHDHGLJHEE?J:H[t_dl�mijZ\e_gby — bg_jpbhggh_�a\_gh�\lhjh]h�ihjy^dZ�����IZjZf_lju�^bgZfbq_kdh]h�h[t_dlZ�� 5,0=T , 1,0=ς .P_ev�mijZ\e_gby — ih^Z\e_gb_�dhe_[Zl_evghklb�h[t_dlZ�AZdhg�mijZ\e_gby�� ( )rkkkk uu ,,NC 11 −+ = xx .>bkdj_lghklv�mijZ\e_gby�� 1,0=∆ k�
:dlb\ZpbhggZy�nmgdpby�g_cjhgh\�kdjulh]h�kehy�� 



 += ∑

=

n

i
ii wxwthy

1
0 .Dhebq_kl\h�g_cjhgh\�\ kdjulhf�keh_����

Jbk� I����KljmdlmjZ�g_cjhdhgljhe�e_jZ�gZ�[Za_�fgh]hkehcgh]h�i_j�p_iljhgZ�NN3—5—1

Jbk� I����Ko_fZ�jZ[hlu�g_cjhdhgljhe�e_jZ
LZ[ebpZ�I���IZjZf_lju�g_cjhdhgljhee_jZIZjZf_lj Ghf_j�g_cjhgZ�kdjulh]h�kehy <uoh^ghc�g_cjhg

1 2 3 4 5 1
w0 0,1989 –0,2478 0,1999 0,2038 –0,0269 –0,0978

w1 0,5797 –0,2454 –0,7576 –0,4604 –0,0244 1,4370

w2 –0,9609 0,9433 0,7498 –0,2493 –0,5230 –3,3920

w3 0,5347 –0,6090 0,1281 0,8592 0,7810 –9,8827

w4 — — — — — 5,5034

w5 — — — — — 6,2463
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( ) ( ) ( )( )∑ ∫
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r dttut
tN

J
1 0

2

max

max11
x[ .

A^_kv�N=3 — dhebq_kl\h� wdki_jbf_glh\�� tmax=10 c — \j_fy�bgl_]jbjh\Z�gby� i_j_oh^gh]h� ijhp_kkZ� \ kbkl_f_�� ur — klmi_gqZlh_� \oh^gh_� aZ^Zgb_�Zfieblm^hc�–�����b ���AgZq_gb_�nmgdpbhgZeZ��ihemq_ggh_�ijb�hilbfZev�ghc�gZkljhcd_�g_cjhdhgljhee_jZ��jZ\gh�J=0,0235.GZ�jbk� I����ij_^klZ\e_g�]jZnbd�baf_g_gby�nmgdpbhgZeZ�dZq_kl\Z�ijb�baf_g_gbb� dZ`^h]h� ba� ��� iZjZf_ljh\� g_cjhdhgljhee_jZ� \ ^bZiZahg_� –
100 ÷ ������DZd�\b^gh��baf_g_gb_�ex[h]h�ba����iZjZf_ljh\�\ ij_^_eZo�–
20 ÷ ����g_�ijb\h^bl�d kms_kl\_gghfm�mom^r_gbx�dZq_kl\Z�jZ[hlu�kbk�l_fu� �klZlbq_kdZy�hrb[dZ�≤����i_j_j_]mebjh\Zgb_�≈15%, 1,2—��dhe_[Z�gby�i_j_oh^gh]h�ijhp_kkZ���LZdhc�^himklbfuc�^bZiZahg�^j_cnZ�iZjZf_l�
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ur=–������k h[hj\Zggufb�h[jZlgufb�k\yayfb��Z� ih�xk��[� ih�xk-1;\��h^gh\j_f_ggh�ih� xk b xk-1LZdbf� h[jZahf�� ZgZeba� wnn_dlb\ghklb�jZ[hlu�g_cjhdhgljhee_jZ�ijb�jZaebqguo� iZjZf_ljbq_kdbo� \hafms_gbyo� ^hdZau\Z_l� \hafh`ghklv� _]h�ZiiZjZlghc�j_ZebaZpbb�b bkihevah\Zgby�\ j_Zevguo�kbkl_fZo�Z\lhfZlbq_�kdh]h�mijZ\e_gby�
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IJBEH@?GB?����WFMEYLHJ�DHE?;:L?EVGH=H�A<?G:�;?A�A:LMO:GBYIZjZf_lju�^bgZfbq_kdh]h�h[t_dlZ� 5,0=T , 0=ς .AZdhg�ij_^kdZaZgby� ( )kkkk uxxx ,~,~NE~
11 −+ = .>bkdj_lghklv�rZ]Z�ij_^kdZaZgby�� 05,0=∆ k��Dhebq_kl\h g_cjhgh\�\ kdjulhf�keh_�����

Jbk� I����KljmdlmjZ�g_cjhwfmeylhjZ�gZ�[Za_�RBF—k_lb�NN3—29—1
Jbk� I����Ko_fZ�h[mq_gby�g_cjhwfmeylhjZ
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\�Jbk� I����J_Zdpby�^bgZfbq_kdh]h�h[t_dlZ��djb\Zy ���b _]h�g_cjhwfmeylhjZ��djb�\Zy ���gZ�l_klh\u_�\oh^gu_�\ha^_ckl\by��djb\Zy ���\ \b^_��Z� _^bgbqgh]h�iheh�`bl_evgh]h�kdZqdZ��]Zjfhgbq_kdbo�kb]gZeh\�qZklhlhc�[� �����=p�b \� �����=p�
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LZ[ebpZ�I���IZjZf_lju�g_cjhwfmeylhjZGhf_jg_cjhgZ σi k1i c2i c3i wi

1 1,32940000 0,13241723 4,00264870 3,69552579 –0,0001097

2 7,48650000 0,87195910 –11,884959 –12,633569 –0,1450785

3 3,23520000 –0,6425613 –1,1307631 –1,0433907 –0,0004277

4 8,75700000 0,42751159 0,43238915 –0,3978190 –0,0077664

5 3,28400000 –0,2018089 16,20067093 15,56336087 0,03483315

6 48,38740000 0,45964651 –15,708139 –15,589026 –633,17019

7 50,00000000 –0,0679447 14,29644381 13,57155420 –1243,6867

8 14,57210000 0,30086970 –16,674901 –16,200671 0,30450690

9 14,13230000 0,32749103 5,53452296 5,10459268 –3,2338332

10 24,78510000 0,17489940 0,69095922 0,69371846 –68,952788

11 46,97030000 –0,1385397 3,44557024 3,41429828 –6199,9877

12 6,80240000 –0,5236824 9,73838706 9,86534335 0,01709318

13 31,47980000 –0,1656235 –4,2535344 –3,8596768 581,4529719

14 22,39070000 0,93144906 –7,9566017 –8,7541562 –44,303714

15 27,91250000 –0,0304202 –10,353410 –9,8316845 –101,06493

16 48,04540000 0,40019947 –3,5018439 –3,7229122 19822,83699

17 37,88120000 0,65216708 4,37062760 3,65904987 418,9776593

18 36,07320000 –0,9718113 4,04787287 5,60667437 1100,885665

19 49,90230000 –0,3274910 –5,5345229 –5,1045927 –485,76029

20 45,30890000 0,91712343 –0,6611883 –2,1625168 –6329,2657

21 7,09560000 –0,3530623 –2,4496238 –1,7834204 0,03537472

22 34,46060000 –0,3021165 –3,3874906 –2,6744797 1831,77891

23 48,43630000 0,19310298 –0,5359441 –0,4692599 –40511,918

24 44,38040000 –0,6143198 0,89066105 0,89738176 4872,731958

25 11,64010000 –0,0023824 11,68965487 11,10051653 –1,5858362

26 0,35210000 –0,7376198 3,31480182 3,50859631 –0,0004036

27 49,26700000 0,31347508 2,58143453 2,15959841 29301,96984

28 32,06610000 –0,9139232 –1,1400909 –0,5133197 –1674,9079

29 45,60210000 0,36572367 9,68191210 8,59445512 –662,99532
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IJBEH@?GB?����J?AMEVL:LU�KBGL?A:�B :G:EBAI:J:F?LJBQ?KDHC�QM<KL<BL?EVGHKLB�WFMEYLHJ:�DHE?�;:L?EVGH=H�A<?G:�K A:LMO:GB?F
IZjZf_lju�^bgZfbq_kdh]h�h[t_dlZ� 5,0=T , 1,0=ς .AZdhg�ij_^kdZaZgby�� ( )kkkk uxxx ,~,~NE~

11 −+ = .RZ]�ij_^kdZaZgby�� 05,0=∆ k�=em[bgZ�ij_^kdZaZgby�����k�Dhebq_kl\h�g_cjhgh\�\ kdjulhf�keh_����

Jbk� I����KljmdlmjZ�g_cjhwfmeylhjZ�gZ�[Za_�RBF—k_lb�NN3—8—1
Jbk� I����Ko_fZ�h[mq_gby�g_cjhwfmey�lhjZ

LZ[ebpZ�I����IZjZf_lju�g_cjhwfmeylhjZGhf_jg_cjhgZ σi k1i c2i c3i wi

1 87,59170000 0,99974055 1,09053782 1,09603289 –17227,406

2 94,91950000 0,43480822 0,58749893 0,37194684 47788,67779

3 77,43060000 0,54402968 2,90636127 2,58175994 912,5565002

4 100,0000000 –0,6062078 –0,3264445 –0,3396649 14624,26589

5 88,27570000 0,85952439 –1,7761579 –1,9766618 –3270,5978

6 53,20030000 –0,6581776 –2,5003728 –2,0844048 131,1890993

7 99,41380000 0,21871813 –1,5809023 –1,6124321 4349,455315

8 99,90230000 –0,2195961 –0,0883838 –0,0166504 –47309,744
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\�Jbk� I����J_Zdpby�^bgZfbq_kdh]h�h[t_dlZ��djb\Zy ���b _]h�g_cjhwfmeylhjZ��djb�\Zy ���gZ�l_klh\u_�\oh^gu_�\ha^_ckl\by��djb\Zy ���\ \b^_�Z� _^bgbqgh]h�iheh`b�l_evgh]h�kdZqdZ��]Zjfhgbq_kdh]h�kb]ZeZ�qZklhlhc�[� �����=p�b \� �����=pLZd�dZd�p_e_\Zy�nmgdpby��bkihevah\Z\rZyky�]_g_lbq_kdbf�Ze]hjblfhf�ijb� h[mq_gbb� wfmeylhjZ�� \dexqZeZ� ihfbfh� hrb[db� \ \hkijhba\_^_gbb�lj_gbjh\hqguo�rZ[ehgh\�rljZn��ijhihjpbhgZevguc�dhebq_kl\m�maeh\� \kdjulhf�keh_��lh�\ i_j\hf�ijb[eb`_gbb�fh`gh�kqblZlv��qlh�hibku\Z_fZy�k_lv�h[eZ^Z_l�fbgbfZevghc�kljmdlmjhc��Ij_^klZ\e_gguc�gb`_�ZgZeba�\ebygby�^Z`_�qj_a\uqZcgh�fZeuo�bkdZ�`_gbc�hilbfZevgh]h�\_dlhjZ�gZkljh_d�\uy\be�hq_gv�\ukhdmx�iZjZf_ljb�q_kdmx�qm\kl\bl_evghklv�^Zggh]h�j_r_gby��Q_f�__ fh`gh�h[tykgblv��ihdZ�g_�ykgh��Fu�^mfZ_f��ljb�nZdlhjZ�fh]eb�ku]jZlv�\ wlhf�^_e_�kms_kl\_g�gmx� jhev��<h—i_j\uo�� \hafh`gh��g_� klhbeh� klj_fblvky� d fbgbfbaZpbb�dhebq_kl\Z�kdjuluo�g_cjhgh\��<h—\lhjuo��hlkmlkl\b_�\ ijhp_kk_�kbgl_aZ�k_lb� dhgljhey� aZ� khhlghr_gb_f� jZkklhygbc�f_`^m�p_gljZfb�b rbjbghc�hdhg�Zdlb\Zpbhgguo�nmgdpbc��GZdhg_p��\ lj_lvbo��ijbf_g_gb_�ki_pbnb�q_kdh]h�ehdZevgh]h�mkdhjbl_ey�=:��bkihevamxs_]h�ijhp_^mjm�h[jZs_gby�fZljbpu��DZd�[u�gb [ueh��wlh��[_amkeh\gh��ijh[e_fZ��[_a�j_r_gby�dhlhjhc�]h\hjblv�h[�ZiiZjZlghc�j_ZebaZpbb�wfmeylhjZ�g_�ijboh^blky�



92

:��Baf_g_gb_�rbjbgu�hdgZ�Zdlb\Zpbhgghc�nmgdpbb�J_Zdpbb� wfmeylhjZ� gZ� klmi_gqZlh_� \ha[m`^_gb_�� khhl\_lkl\mxsb_�jZaebqguf�bkdZ`_gbyf�iZjZf_ljZ�σ4��^_fhgkljbjm_l�jbk� I�����Djb\Zy���khhl\_lkl\m_l�baf_g_gbx�iZjZf_ljZ�gZ�������hl�hilbfZevghc�\_ebqbgu��ijb� wlhf� e=3,84· 10–2��Djb\Zy� �� khhl\_lkl\m_l� baf_g_gbx� iZjZf_ljZ� gZ�������ijb�wlhf�e=8,67· 10–1��Djb\Zy���khhl\_lkl\m_l�baf_g_gbx�iZjZf_ljZ�gZ� ������ijb� wlhf� e=1,22· 104��AZ\bkbfhklv�kj_^g_d\Z^jZlbqghc�hrb[db�hl�baf_g_gby�iZjZf_ljZ�σ4 ijb\_^_gZ�gZ�jbk� I����
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Jbk��I�����<ebygb_�bkdZ`_gby�hilbfZevghc�gZkljhcdb�rbjbgu�hdgZ�Zdlb\Zpb�hgghc�nmgdpbb�gZ�kihkh[ghklv�g_cjhk_lb�wfmebjh\Zlv�l_klh\uc�^bgZfbq_kdbc�h[t_dl��Djb\Zy�� — \oh^ghc�klmi_gqZluc�kb]gZe��� — wlZehggZy�j_Zdpby�h[t_d�lZ�� — \uoh^�k_lb�ijb�σ4=99,99; 4 — \uoh^�k_lb�ijb�σ4=99,90; 5 — \uoh^�k_lb�ijb�σ4=99,80.
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Jbk��I�����AZ\bkbfhklv�kj_^g_d\Z^jZlbqghc�hrb[db�hl�baf_g_gby�iZjZf_ljZ�σ4<��Baf_g_gb_�dhhj^bgZlu�p_gljZ�Zdlb\Zpbhgghc nmgdpbb c3,8. JZ[hlZ�wfmeylhjZ�^_fhgkljbjm_lky�gZ�jbk� I�����Djb\Zy���khhl\_lkl\m�_l� hldehg_gbx� iZjZf_ljZ� gZ� ����� hl� hilbfZevgh]h� agZq_gby�� ijb� wlhf�
e=4,61· 10–1��Djb\Zy� �� khhl\_lkl\m_l� hldehg_gbx� iZjZf_ljZ� gZ� ���� ijb�wlhf� e ������ Djb\Zy� �� khhl\_lkl\m_l� hldehg_gbx� iZjZf_ljZ� gZ� ���� ijb�
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wlhf� e ������ AZ\bkbfhklv� kj_^g_d\Z^jZlbqghc� hrb[db� hl� baf_g_gby� iZ�jZf_ljZ�c3,8 ijb\_^_gZ�gZ�jbk� I����
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Jbk��I�����<ebygb_�bkdZ`_gby�hilbfZevghc�gZkljhcdb�dhhj^bgZlu�p_gljZ�Zdlb�\Zpbhgghc�nmgdpbb�gZ�kihkh[ghklv�g_cjhk_lb�wfmebjh\Zlv�l_klh\uc�^bgZfbq_�kdbc�h[t_dl��Djb\Zy�� — \oh^ghc�klmi_gqZluc�kb]gZe��� — wlZehggZy�j_Zdpby�h[t_dlZ��� — \uoh^�k_lb�ijb�c3,8=–0,01702; 4 — \uoh^�k_lb�ijb�c3,8=–0,0172; 
5 — \uoh^�k_lb�ijb�c3,8=–0,0174.
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Jbk��I�����AZ\bkbfhklv�kj_^g_d\Z^jZlbqghc�hrb[db�hlbaf_g_gby�iZjZf_ljZ�c3,8.K��Baf_g_gb_�kbgZilbq_kdh]h�\_kZ�\uoh^gh]h�g_cjhgZ��JZ[hlZ�wfmeylhjZ�^_fhgkljbjm_lky�gZ�jbk� I�����Djb\Zy���khhl\_lkl\m�_l�baf_g_gbx�gZb[hevr_]h�ih�fh^mex�iZjZf_ljZ�w2 gZ� ��–5���ijb� wlhf
e=1,94· 10–1��Djb\Zy� �� khhl\_lkl\m_l� baf_g_gbx� iZjZf_ljZ�w2 gZ� ��–4%; ijb�wlhf�e �������Djb\Zy���khhl\_lkl\m_l�baf_g_gbx�gZbf_gvr_]h�ih�fh�^mex� iZjZf_ljZ�w6 gZ� �������� ijb� wlhf� e ������Djb\Zy� �� khhl\_lkl\m_l�
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baf_g_gbx�iZjZf_ljZ�w6 gZ�������ijb�wlhf�e=80,15��AZ\bkbfhklv�kj_^g_�d\Z^jZlbqghc�hrb[db�hl�baf_g_gby�iZjZf_ljZ�w2 ijb\_^_gZ�gZ�jbk� I����
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Jbk��I�����<ebygb_�bkdZ`_gby�hilbfZevghc�gZkljhcdb�kbgZilbq_kdh]h�\_kZ�\u�oh^gh]h�g_cjhgZ�gZ�kihkh[ghklv�g_cjhk_lb�wfmebjh\Zlv�l_klh\uc�^bgZfbq_kdbch[t_dl��Djb\Zy�� — \oh^ghc�klmi_gqZluc�kb]gZe��� — wlZehggZy�j_Zdpby�h[t_d�lZ��� — \uoh^�k_lb�ijb�w2=47788,673; 4 — \uoh^�k_lb�ijb�w2=47788,637; 5 —\uoh^�k_lb�ijb�w6=131,180; 6 — \uoh^�k_lb�ijb�w6=131,280.
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IJBEH@?GB?����WFMEYLHJ�DHE?;:L?EVGH=H�A<?G:�KKBEVGUF�A:LMO:GB?F
IZjZf_lju�^bgZfbq_kdh]h�h[t_dlZ�� 5,0=T , 5,0=ς .AZdhg�ij_^kdZaZgby�� ( )kkkk uxxx ,~,~NE~

11 −+ =RZ]�ij_^kdZaZgby�� 05,0=∆ k�=em[bgZ�ij_^kdZaZgby�����k�Dhebq_kl\h�g_cjhgh\�\ kdjulhf�keh_�����

Jbk� I����KljmdlmjZ�g_cjhwfmeylhjZ�gZ�[Za_�RBF-k_lb�NN3-10-1

Jbk� I����Ko_fZ�h[mq_gby�g_cjhwfmey�lhjZ
LZ[ebpZ�I���IZjZf_lju�g_cjhwfmeylhjZGhf_jg_cjhgZ σi k1i c2i c3i wi

1 99,70690000 0,72284891 1,01750381 1,01039823 –106163,87

2 96,48270000 0,40865195 0,41362282 0,41407195 10388,48445

3 100,0000000 –0,5647115 –0,3332744 –0,3094531 63732,71896

4 5,52140000 –0,7225222 –0,6242014 –0,6140152 0,27695870

5 25,06190000 –0,7191648 –1,1053778 –1,1107858 –130,64725

6 33,56210000 –0,5864175 –1,0888907 –1,1048114 235,1114704

7 100,0000000 0,57451998 0,71946869 0,64836559 156186,9946

8 99,90230000 –0,7685449 –0,1323748 –0,0691282 –78653,683

9 0,05000000 –0,6010585 –0,6974816 –0,6241169 0,00000881

10 100,0000000 0,91759329 –0,2635411 –0,2578979 –45608,521
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\�Jbk� I����J_Zdpby�^bgZfbq_kdh]h�h[t_dlZ��djb\Zy ���b _]h�g_cjhwfmeylhjZ��djb�\Zy ���gZ�l_klh\u_�\oh^gu_�\ha^_ckl\by��djb\Zy ���\ \b^_�Z� _^bgbqgh]h�iheh`b�l_evgh]h�kdZqdZ��]Zjfhgbq_kdh]h�kb]ZeZ�qZklhlhc�[� �����=p�b \� �����=p
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IJBEH@?GB?����<BJLM:EVGUC�LJ:DL�MIJ:<E?GBY G:�;:A?�G?CJHWFMEYLHJ:IZjZf_lju�g_cjhwfmeylhjZ�ij_^klZ\e_gu�\ Ijbeh`_gbb���>bkdj_lghklv�mijZ\e_gby� 1,01 =∆ k��rZ]�ij_^kdZaZgby� 05,02 =∆ k�AZdhg mijZ\e_gby�� ( )rkkkk uu ,~,~NC 11 −+ = xx .:dlb\ZpbhggZy�nmgdpby�kdjuluo�g_cjhgh\� 



 += ∑

=

n

i
ii wxwthy

1
0 .Dhebq_kl\h�g_cjhgh\�\ kdjulhf�keh_�����

Jbk� I����Ko_fZ�\bjlmZevgh]h�ljZdlZ�bgl_ee_dlmZevghc�K:M
Jbk� I����KljmdlmjZ�g_cjhdhg�ljhee_jZ�gZ�[Za_�fgh]hkehcgh]h�i_jp_iljhgZ�NN3-10-1

LZ[ebpZ�I���Kf_s_gb_�b kbgZilbq_kdb_�\_kZ�kdjuluo�g_cjhgh\�g_cjhdhgljhee_jZGhf_j�g_cjhgZ w0 w1 w2 w3

1 –7,6329 –1,9880 –6,4170 9,1198

2 8,6352 0,3241 4,7970 –0,0922

3 –6,2498 0,2765 –5,2377 –6,5257

4 8,8451 –9,4409 1,1298 3,8790

5 –9,9036 –5,4502 –4,6493 –6,2840

6 –8,9538 –1,9490 1,0395 –7,4608

7 6,5257 –7,2655 4,3478 –8,6364

8 –0,0043 –5,0082 9,1430 –4,7250

9 –2,2005 2,4641 –1,5144 –2,5056

10 0,0153 –2,4995 –1,5608 6,2376
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LZ[ebpZ�I���Kf_s_gb_�b kbgZilbq_kdb_�\_kZ \uoh^gh]h�g_cjhgZ�g_cjhdhgljhee_jZ
w0 0,4547 w6 0,3801

w1 –0,4762 w7 –0,3780

w2 0,2257 w8 –0,5626

w3 –0,2251 w9 –0,1820

w4 –0,4920 w10 0,2511

w5 0,3427 —

Jbk��I����b I����^_fhgkljbjmxl�jZ[hlm�g_cjhdhgljhee_jZ�\ khklZ\_��khhl\_lkl\_ggh��\bjlmZevgh]h�b ijyfh]h�ljZdlh\�mijZ\e_gby�bgl_ee_dlm�Zevghc� K:M�� DZd� \b^gh�� g_cjhdhgljhee_j� \iheg_� mki_rgh� kijZ\ey_lky�dZd�k g_cjhwfmeylhjhf��k ihfhsvx�dhlhjh]h�hg�[ue�kbgl_abjh\Zg��lZd�b k�kZfbf�^bgZfbq_kdbf�h[t_dlhf�

�����
�����
�����
����
����
����
����

� � � � � �� �� ��

<j_fy��k

�

�

Jbk� I�����<uoh^�g_cjhdhgljhee_jZ��djb\Zy����b j_Zdpby�g_cjhwfmeylhjZ��djb\Zy����gZ�\oh^gu_�aZ^Zgby�K:M�ur= 
=–0,5;0;0,5.

�����
�����
�����
����
����
����
����

� � � � � �� �� ��

<j_fy��k

�

�

Jbk� I�����JZ[hlZ�ijyfh]h�ljZdlZ�mijZ\e_gby�K:M�ijb�\oh^guo�aZ^Zgb�yo�ur= =–�����������Djb\Zy�� — \uoh^�g_cjhdhgljhee_jZ��djb\Zy�� — \uoh^�l_klh\h]h�^bgZfbq_kdh]h�h[t_dlZ�
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IJBEH@?GB? ���=?G?LBQ?KDB?�:E=HJBLFU�B BKDMKKL<?G�GU?�G?CJHGGU?�K?LB�< BGL?JG?L?Ki_dlj�ij_^eZ]Z_fuo�Bgl_jg_lhf�mkem]�gZklhevdh�rbjhd��qlh�hg�\ kh�klhygbb�baf_gblv�\_kv�klbev�gZmqghc�`bagb�b l\hjq_kl\Z��Bgl_jg_l�ij_�^hklZ\ey_l�mgbdZevgu_�dZgZeu�^ey�ihemq_gby�k\_`Zcr_c�bgnhjfZpbb�ih�ex[hfm�bgl_j_kmxs_fm�\Zk�\hijhkm��ij_^eZ]Z_l�j_Zevgu_�kj_^kl\Z�ijb�h[sblvky� d `bagb�fbjh\h]h� gZmqgh]h� khh[s_kl\Z�� g_� ihdb^Zy� ij_^_eh\�jh^gh]h�]hjh^Z�<ijhq_f��Z]blbjh\Zlv�aZ�Bgl_jg_l�\jy^�eb�_s_�ZdlmZevgh��fu�gZ^__f�ky��qlh�m \Zk�_klv�d g_fm�^hklmi��b ohl_eb�[u�ijhklh�^Zlv�djZldbc�kibkhd�ihe_aguo�Z^j_kh\��k\yaZgguo�k ^_yl_evghklvx�=:�BGK�khh[s_kl\Z�Djmig_crbf�ojZgbebs_f�bgnhjfZpbb�\ h[eZklb�w\hexpbhggh]h�fh�^_ebjh\Zgby�y\ey_lky (1&ORE (The EvolutioNary COmputation REpository
network) — ki_pbZebabjh\ZggZy� k_lv�� h[t_^bgyxsZy )73-k_j\_ju� \_^m�sbo� gZmqgh-bkke_^h\Zl_evkdbo� hj]ZgbaZpbc� b \ukrbo� mq_[guo� aZ\_^_�gbc��ba\_klguo�k\hbfb�^hklb`_gbyfb�\ h[eZklb�=:�b BGK��H^gh\j_f_g�gh (1&25(�\uklmiZ_l�^bkljb[vxlhjhf�gZmqguo�fZl_jbZeh\� l_o�mqj_`�^_gbc�� dhlhju_� g_� bf_xl� kh[kl\_gguo� )73-k_j\_jh\�� <k_� maeu� k_lb�(1&25(� kh^_j`Zl� h^gm�b lm�`_�bgnhjfZpbx�� ^hklmigmx�ih�ijhlhdhem�)73� b :::�� < ke_^mxs_c� lZ[ebp_p_� ijb\_^_gu� Z^j_kZ� g_dhlhjuo� ba�
WWW-maeh\� LZ[ebpZ�I����

WWW-maeu�k_lb�(1&25(
http://research.Germany.EU.net:8080/encore/ EUNET,=_jfZgby
http://krypton.ugr.es/~encore/ Mgb\_jkbl_l�=jZgZ^Z�BkiZgby
http://alife.santafe.edu/~joke/encore/ Bgklblml�KZglZ�N_�KR:
http://cassandra.biochem.ualberta.ca/~encore/ Mgb\_jkbl_l�:ev[_jlu�DZgZ^Z
http://www.cs.cuhk.hk/pub/EC/Welcome.html DblZckdbc�mgb\_jkbl_l�=hgdhg]Z�DblZc

>jm]b_� k_j\_ju� ij_^eZ]Zxl� ^hklmi� lhevdh� ih� ijhlhdhem� )73� �[he__�^hklmighfm�gZ�k_]h^gyrgbc�^_gv��
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LZ[ebpZ�I���
FTP-k_j\_ju�k_lb�(1&25(

ftp://ftp.egr.msu.edu:/pub/EC/Welcome.html Mgb\_jkbl_l�RlZlZ�Fbqb]Zg��Bkl�EZgkbg]�KR:
ftp://alife.santafe.edu:/pub/USERAREA/EC/Welcome
.html

Bgklblml�KZglZ�N_�KR:
ftp://ftp.krl.caltech.edu:/pub/EC/Welcome.html DZebnhjgbckdbc�bgklblml�L_ogheh]bc��KR:
ftp://ftp.cs.wayne.edu:/pub/EC/Welcome.html Mgb\_jkbl_l�MwcgZ��>_ljhcl��KR:
ftp://ftp-bionik.fb10.tu-berlin.de:/pub/EC/Wel 
come.html

L_ogbq_kdbc�mgb\_jkbl_l�;_j�ebgZ��=_jfZgby
ftp://blanche.polytechnique.fr:/pub/eark/EC/Welcome.
html

Ihebl_ogbq_kdZy�rdheZ�IZe_�ah�NjZgpby
ftp://ftp.dcs.warwick.ac.uk:/pub/mirrors/EC/Welcome.
html

Mgb\_jkbl_l�Mhj\bd�<_ebdh[jblZgby
ftp://ftp.uct.ac.za:/pub/mirrors/EC/Welcome.html Mgb\_jkbl_l�D_cilZmgZ�X:J
ftp://ftp.cefetpr.br/pub/EC/Welcome.html P_glj�l_ogbq_kdh]h�h[jZah\Z�gby�\ IZjZg_�;jZabebyIjbf_qZl_evgh��qlh�\ :f_jbd_�ihfbfh�ba^Zxsboky�\ ijb\uqghf�\b^_�`mjgZeh\��lZdbo�ki_pbZebabjh\Zgguo�`mjgZeh\�^\Z�- Evolutionary Compu-
tation è IEEE Transactions on Evolutionary Computation���\uoh^bl�we_dljhg�guc�`mjgZe� ©The Genetic Algorithm Digestª��Ghf_j�h[t_fhf� �-��kljZgbp�\uoh^bl�ihqlb� _`_g_^_evgh� ����jZa�\ ]h^���kh^_j`bl�^g_\gbd�dhgn_j_g�pbc b�\hh[s_�b]jZ_l�jhev�ihklhyggh�^_ckl\mxs_]h�djm]eh]h�klheZ��h[t_�^bgyxs_]h�ihqlb������ihdehggbdh\�=:�kh�\k_]h�fbjZ��Ih^ibkdZ�gZ�`mj�gZe�hkms_kl\ey_lky�[_kieZlgh��>hklZlhqgh�ihkeZlv�aZijhk�ih�we_dljhgghc�ihql_� ih� Z^j_km�� (PDLO� ga-list-REQUEST@aic. nrl.navy.mil k ihf_ldhc�6XEVFULEH�\ kljhd_�ibkvfZ�Subject��@mjgZe�bf__l�k\hc�Zjob\��^hklmiguc�ih�Z^j_kZf�� KWWS�//www.aic.nrl.navy.mil/galist/ beb IWS�//ftp.aic.nrl.navy.mil:/ 
pub/galist/.>jm]hc�we_dljhgguc�`mjgZe��gZ�dhlhjuc�lZd`_�fh`gh�[_kieZlgh�ih^�ibkZlvky�ih�we_dljhgghc�ihql_��ba\_kl_g�ih^�gZa\Zgb_f ©*$11ª��*HQHWLF�$OJRULWKPV� DQG� 1HXUDO� 1HWZRUNV���Hg�� dhg_qgh�� [he__� ki_pbZebabjh\Zg� bihk\ys_g� km]m[h� ijh[e_fZf� w\hexpbhggh]h� kbgl_aZ� g_cjhgguo� k_l_c��HnbpbZevguc�Z^j_k�`mjgZeZ��dm^Z�ke_^m_l�gZijZ\eylv�aZijhk�gZ�ih^ibkdm�
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F� ihf_ldhc� 6XEVFULEH� \ kljhd_� ibkvfZ� Subject�� ke_^mxsbc�� (PDLO�//gann-
request@cs.iastate.edu.Djhf_� we_dljhgguo�`mjgZeh\� \ Bgl_jg_l_� ijhoh^yl� aZhqgu_� dhgn_�j_gpbb��H^gZ�ba�gbo���st On-OLQH�:RUNVKRS�RQ�6RIW�&RPSXWLQJ�:6&���[ueZ�ijh\_^_gZ�\ Z\]mkl_������]h^Z�GZ]hckdbf�mgb\_jkbl_lhf��Yihgby��Ijhp_�^mjgh� dhgn_j_gpby� hj]Zgbah\ZgZ� ke_^mxsbf� h[jZahf��<u� dZd� mqZklgbd�h[yaZgu�ij_^klZ\blv�^hdeZ^�\ 3RVW6FULSW�nhjfZl_��Z ihke_�lh]h��dZd�hj]Z�gbaZlhju�dhgn_j_gpbb�knhjfbjmxl�kljZgbpm�gZ�k_j\_j_��hagZdhfblvky�k^hdeZ^Zfb�b ijbgylv�mqZklb_�\ ^bkdmkkbb��hkms_kl\ey_fhc�ih�we_dljhg�ghc�ihql_��Dhgn_j_gpby�aZgyeZ���g_^_eb�b bf_eZ�mki_o��HagZdhfblvky�k __�fZl_jbZeZfb�fh`gh�ih�Z^j_km��http://www.bioele.nuee.nagoya-u.ac.jp/wsc1/.GZdhg_p��g_kdhevdh� keh\� h djmig_crbo�gZmqguo�b mq_[guo�p_gljZo��m^_eyxsbo�[hevrh_�\gbfZgb_�ijhk\_lbl_evkdhc�jZ[hl_�\ h[eZklb�=:�Ijb�:eZ[Zfkdhf�mgb\_jkbl_l_�kha^Zg�>hf�ijhk\_s_gby��dhlhjuc�aZ�gbfZ_lky�jZkijhkljZg_gb_f� l_ogbq_kdbo�hlq_lh\�ih�=:��Hgb�ojZgylky�\k`Zlhf� \b^_� \ 3RVW6FULSW� nhjfZl_� gZ� )73� k_j\_j_� mgb\_jkbl_lZ�
ftp://aramis.cs.ua.edu/pub/tech-reports/.< Mgb\_jkbl_l_�>`hj^`Z�FwckhgZ�jZ[hlZ_l�h^gZ�ba�gZb[he__�kbevguo�\ KR:� bkke_^h\Zl_evkdbo� ]jmii��Fgh]b_� ba� klZl_c� mqZklgbdh\� ]jmiiu�ojZgylky� \ \b^_� 3RVW6FULSW-nZceh\� gZ� k_j\_j_� KWWS�//www.cs.gmu.edu/ 
research/gag/.Ijb�mgb\_jkbl_l_�rlZlZ�Fbqb]Zg�jZ[hlZxl� ��hj]ZgbaZpbb�� aZgbfZx�sb_ky� \hijhkZfb� jZkijhkljZg_gby� w\hexpbhgguo� l_ogheh]bc� \ fbj_�� ZlZd`_� \g_^j_gb_f� ^hklb`_gbc� w\hexpbhgghc� iZjZ^b]fu� \ kn_jm� ijh�fure_ggh]h� ijhba\h^kl\Z�� I_j\Zy� ba� gbo�� ©Jhkkbckdh—:f_jbdZgkdbc�Dhgkhjpbmf� ih� bgl_ee_dlmZevguf�K:IJ� b =_g_lbq_kdbf�:e]hjblfZfª��h[t_^bgy_l�mkbeby�Mgb\_jkbl_lZ�rlZlZ�Fbqb]Zg��r_klb�jhkkbckdbo�l_o�gbq_kdbo�mgb\_jkbl_lh\��;ZmfZgkdh_�mqbebs_��Fhkdh\kdbc�Z\bZpbhgguc�bgklblml��Gb`_]hjh^kdbc�mgb\_jkbl_l��LZ]Zgjh]kdbc�mgb\_jkbl_l�jZ^bh�we_dljhgbdb�b ^j����Z lZd`_�OZjvdh\kdh]h�ihebl_ogbq_kdh]h�mgb\_jkbl_lZ�\ jZa\blbb�w\hexpbhgguo�f_lh^h\�hilbfZevgh]h�ijh_dlbjh\Zgby��Z lZd`_�\ ihbkd_�gh\uo�ijbdeZ^guo�h[eZkl_c�^ey�=:��<lhjZy�hj]ZgbaZpby��lZd�gZ�au\Z_fuc� *$5$*H� �*HQHWLF� $OJRULWKP� 5HVHDUFK� DQG� $SSOLFDWLRQ� *URXS���bf__l�[he__�ijZdlbq_kdmx�gZijZ\e_gghklv�b aZgbfZ_lky�hkms_kl\e_gb_f�nbgZgkbjm_fuo�ijhfure_gghklvx�KR:�ijh_dlh\��G_dhlhju_�ba�jhkkbc�kdbo� mqZklgbdh\� DhgkhjpbmfZ� h^gh\j_f_ggh� y\eyxlky� mqZklgbdZfb�*$5$*H��BgnhjfZpbx� h[�bkke_^h\Zl_evkdbo�ijh_dlZo� *$5$*H�fh`gh�gZclb�\:::�ih�Z^j_km�KWWS�//isl.cps.msu.edu/GA.RdheZ� dh]gblb\guo� b dhfivxl_jguo� gZmd� Mgb\_jkbl_lZ� ]jZnkl\Z�KZkk_dk��:g]eby�� lZd`_� ohjhrh� ba\_klgZ� k\hbfb� ^hklb`_gbyfb� \ =:� bBGK��:^j_k�k_j\_jZ�rdheu���KWWS�//www.cogs.susx.ac.uk:/lab/adapt.
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< Bgl_jg_l_�fh`gh�gZclb�[hevrh_�dhebq_kl\h�ijh]jZffgh]h�h[_ki_�q_gby�ih�=:�b BGK��Ijbq_f��[hevrZy�qZklv�iZd_lh\�jZkijhkljZgy_lky�bij_^eZ]Z_lky�[_kieZlgh��Bkoh^gu_�fh^meb�b m`_�kdhfibebjh\Zggu_�nZc�eu�b bgkljmdpbb�ihevah\Zl_ex�fh`gh�gZclb�gZ�l_o�`_�k_j\_jZo��Gb`_�\lZ[ebpZo�fu�ijb\_^_f�[he__�ih^jh[gu_�^Zggu_�ih�gbf��Z lZd`_�^Zggu_��dZkZxsb_ky�iZd_lh\��jZkijhkljZgy_fuo�gZ�dhff_jq_kdhc hkgh\_�< aZ\_jr_gb_�^\Z� keh\Z� h[� ZiiZjZlghc�j_ZebaZpbb�g_cjhgguo� k_l_c��K_]h^gy�� ih� djZcg_c� f_j_�� ^_\ylv� kheb^guo� nbjf� �,QWHO� &RUS���
NeuroDynamX, Inc.; HNC, Inc.; SAIC; Micro Devices; NeuralWare, Inc.; Tubb 
Research Limited; Adaptive Solutions Inc.; IC THFK�� ij_^eZ]Zxl� gZ� jugd_�k\hb�jZajZ[hldb�\ h[eZklb�BGK��D kh`Ze_gbx��hgb�ihdZ�qlh�^h\hevgh�^h�jh]hklhysb_�� >ey� ijbf_jZ� ijb\_^_f� ^Zggu_� ih� ZgZeh]h\hc� ieZl_������1:� nbjfu� Intel�� kh^_j`Zs_c� iheghklvx� k\yaZggmx� we_dljbq_kdb�lj_gbjm_fmx�k_lv�ba����g_cjhgh\� LZ[ebpZ�I���G_cjhqbiu�nbjfu�INTEL Corp.

Intel 80170 chip set $940
Intel EMB Multi-Chip Board $9750
Intel iNNTS NN Development System $11800KZfZ�,QWHO�ih�g_ba\_klguf�ijbqbgZf�kgyeZ�ieZlm�k ijhba\h^kl\Z��gh�__jZkijhkljZg_gb_f� ijh^he`Zxl� aZgbfZlvky� __ iZjlg_j - NeuroDynamX 

(Email: techsupport@ndx.com��� Z lZd`_� jZajZ[hlqbd� ki_pbZebabjh\Zggh]h �ijh]jZffgh]h� h[_ki_q_gby� &DOLIRUQLD� 6FLHQWLILF� 6RIWZDUH� �(PDLO: 
calsci!mittmann@gvgpsa. gvg.tek.com). LZ[ebpZ�I����G_dhff_jq_kdh_�ijh]jZffgh_�h[_ki_q_gb_�ih�=:GZa\Zgb_iZd_lZ� JZ[hqZy�kj_^Z��Yaud OZjZdl_jbklbdZ� iZd_�lZ Dh^bjh�\Zgb_� i_�j_f_gguo

:^j_k�k_j\_jZ
Genesis K I_j\uc� iZd_l�� ihem�qb\rbc�rbjhdh_�ijb�agZgb_ —

ftp.aic.nrl.navy.m
il/pub/galist/src/g
a/genesis.tar.Z

Evolution 
Machine

Dos/ C IZd_l� ^ey� j_r_gby�hilbfbaZpbhgguo�aZ^Zq�k ohjhrh�jZa\b�lhc�]jZnbdhc
\_s_kl-\_ggh_ ftp-bionik.fb10. 

tu-berlin.de:/ 
pub/software/Evo
lution-Machine/

GAGA (GA 
for General 
Application)

Dos/C IZd_l� ^ey� fbgbfbaZ�pbb ©ljm^guoª� p_e_�\uo�nmgdpbc
ftp://cs.ucl.ac.uk:/
darpa/gaga.shar
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Ijh^he`_gb_�lZ[ebpu�I����
GANNET: UNIX/C IZd_l� ^ey� kbgl_aZ�g_cjhgguo�k_l_c� [bgZjgh_ ftp/: fame.gmu. 

edu:/gannet/ 
source/

Genitor UNIX / C IZjZee_evguc�=:�^ey�j_r_gby� dhf[bgZlhj�guo�aZ^Zq
\_s_kl-\_ggh_��[bgZjgh_

ftp.cs.colostate.ed
u:/pub/GENITOR
.tar

GENOCOP UNIX / C IZd_l� ^ey� qbke_gghc�hilbfbaZpbb�k ebg_c�gufb�h]jZgbq_gbyfb
\_s_kl-\_ggh_ ftp.uncc.edu:/coe/

evol/genocop2.tar
.Z

GENlib UNIX, 
Dos/C

Fgh]hp_e_\hc� iZd_l��\ lhf� qbke_� ^ey� kbg�l_aZ�BGK
\_s_kl-\_ggh_��[bgZjgh_

ftp.neuro.informa
tik.uni- kassel. 
de/pub/NeuralNet
s/GA-and-NN/

PGAPack Fortran b C ;b[ebhl_dZ� fh^me_c�^ey�iZjZee_evgh]h�=: \k_�lbiu http://www. 
mcs.anl.gov/pgap
ack.html

WOLF: Sun, 
UNIX/C

Ihkljh_gby� fh^_e_c�gZ�[Za_�kieZcgh\� \_s_kl-\_ggh_ :\lhj�� 'DYLG��
Rogers,
Email:drogers@
msi. com

GALOPPS 
3.2 

UNIX, 
Dos/C

IZjZee_evguc� =:� kjZagufb� fh^_eyfb�ihimeypbc
\_s_kl-\_ggh_ http://isl.msu.edu

/GA/software/soft
ware-index.html

LZ[ebpZ�I����Dhff_jq_kdh_�ijh]jZffgh_�h[_ki_q_gb_�ih�BGKGZa\Zgb_�iZd_lZ JZ[hqZy�kj_^Z��Yaud
Lbiu� fh^_eb�jm_fuo�k_l_c F_lh^�h[mq_gby :^j_k� jZajZ�[hlqbdZ P_gZ

$US

nn/xnn UNIX+X-
Windows, 
Dos, So-
laris, 
IRIX/C

ijyfhgZijZ\-e_ggu_�b j_�dmjj_glgu_�k_lb��k_lb�Ohinbe^Z��Dhohg_gZ��
RBF 

BackPropa-JDWLRQ��=jZ�^b_glguc�kimkd��Fhgl_DZjeh�b ^j�

Email: arnemo@ 
ii.uib. no
URL:http://www.i
i.uib.no/~arnemo/
neureka/neureka.h
tml

2500

Neuro Fore-
caster

Windows ���lbih\�g_c�jhnZaab�k_l_c BackProp, 
FastProp, 5%)��=_g_�lbq_kdbc�:e]hjblf�

Email:accel@ 
technet. sg

1199



104

Ijh^he`_gb_�lZ[ebpu�I����
OWL Neu-
ral Network 
Library 
(TM)

Dos, Win-
dows-
VAX, 
UINX,

20 lbih\ k_l_c
—

Email:prodinfo@ 
hyperlogic.com

1050

Neural Con-
nection

Windows ijyfhgZijZ\-e_ggu_�k_lb��k_lb�Dhohg_�gZ��5%) —
Email:sales@ 
spss.com

995

Pattern Rec-
ognition 
Workbench 
Expo/PRO

Windows ijyfhgZijZ\-e_ggu_�k_lb��
RBF

BackPro-SDJDWLRQ��=_-g_lbq_kdbc�:e]hjblf
Email:unica@ 
unica-usa. com

995

BrainMaker 
Pro 3.0

Dos, Win-
dows-
Macin-
tosh/C

ijyfhgZijZ\-e_ggu_�k_lb QuickProp, ]jZ^b_glguc�kimkd��=_g_�lbq_kdbc�:e]hjblf
Email:calsci!mitt
mann@gvgpsa. 
gvg.tek.com

795

Neuro-
Shell2/
Neuro-
Windows

Win-
dows/C, 
Basic, 
Pascal

���lbih\��\dexqZy�ijy�fhgZijZ\e_g-gu_�k_lb��k_lb�Dhohg_gZ
=jZ^b_glguc�kimkd��=_g_�lbq_kdbc�:e]hjblf

Email:WardSyste
ms@ msn.com
URL:http://www.
Wardsystems. 
com

495

NeuroLab, 
A Neural 
Network 
Library

Windows ex[u_�Zjob�l_dlmju�ba����nmgdpbhgZev�guo�[ehdh\
Back-
Propagation

Email: neurolab-
info@mikuni.com

495

GZa\Zgb_�iZd_lZ JZ[hqZy�kj_^Z��Yaud
Lbiu� fh^_eb�jm_fuo�k_l_c F_lh^�h[mq_gby :^j_k� jZajZ�[hlqbdZ P_gZ

$US

Neuro-
Genetic 
Optimizer 
2.0

Windows ijyfhgZijZ\-e_ggu_�k_lb��
RBF

=_g_lbq_k-dbc�:e]h�jblf
Email:biocomp@ 
biocomp.seanet. 
com

195

SAS Neural 
Network 
Application

Window-
sOS/2, 
Solaris, 
AIX

ijyfhgZijZ\-e_ggu_�k_lb��
RBF

klhoZklb-q_kdZy�hilb�fbaZpby��/94�b ^j�
Email:eurgxh@ 
mvs.sas.com

—

MATLAB 
Neural Net-
work Tool-
box

Dos, Win-
dows

ijyfhgZijZ\-e_ggu_�b j_�dmjj_glgu_�k_lb��k_lb�Ohinbe^Z��Dhohg_gZ��
RBF

[he__����\b�^h\��\dexqZy�kZfhh[mq_-gb_
http://www. 
mathworks.com

—
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LZ[ebpZ�I���G_dhff_jq_kdh_�ijh]jZffgh_�h[_ki_q_gb_�ih�BGKGZa\Zgb_�iZd_lZ� JZ[hqZy�kj_^Z��Yaud Lbiu� fh^_ebjm_fuo�k_l_c F_lh^�h[mq_gby :^j_k�k_j\_jZ
PDP++ UNIX k X-

Windows/ 
C++

ijyfhgZijZ\e_ggu_�bj_dmjj_glgu_�k_lb��k_lb�Ohinbe^Z�
BackPro-
pagation

ftp://hydra.psy.c
mu.edu/pub/pdp+
+/beb�
ftp://unix.hensa.a
c.uk/mirrors/pdp
++/

NevProp, 
Nevada 
Propagation

UNIX, Dos/ 
C

ijyfhgZijZ\e_ggu_�k_lb QuickProp, ]jZ^b_gl�guc�kimkd
ftp.scs.unr.edu 
[134.197.10. 130]

WinNN Windows ijyfhgZijZ\e_ggu_�k_lb BackPro-
pagation

ftp.cc.monash.ed
u.au/pub/ 
win3/programr/w
innn97.zipGZa\Zgb_�iZd_lZ� JZ[hqZy�kj_^Z��Yaud Lbiu� fh^_ebjm_fuo�k_l_c F_lh^�h[mq_gby :^j_k�k_j\_jZ

AINET Windows ijyfhgZijZ\e_ggu_�k_lb
—

ftp://ftp.cica.indi-
ana.edu/pub/pc/w
in3/ pro-
gramr/ainet100.zi
p beb ftp://oak. 
oakland.edu/ 
SimTel/win3/ 
math/ainet100.zip

SNNS 4.1 
«Stuttgart 
Neural Net-
work Simula-
tor»

SunOS, So-
laris, IRIX, 
Ultrix, 
OSF/C 

ijyfhgZijZ\e_ggu_ b�j_dmjj_glgu_�k_lb��k_lb�Ohinbe^Z
BackProp, 
QuickProp, 
RBF 
Rprop, 
Cascade-
Correlation b ij. 

ftp.informatik. 
uni-stuttgart.de 
[129.69.211.2]

Ijb�ih^]hlh\d_�kijZ\hqguo�fZl_jbZeh\��ij_^klZ\e_gguo�\ Ijbeh`_�gbb ���fu�hibjZebkv�\ hkgh\ghf�gZ�^Zggu_�ba�ke_^mxsbo�bklhqgbdh\�
1. Heitkoetter J., Beasley D. The Hitch–Hiker's Guide to Evolutionary 

Computation: A list of Frequently Asked Questions (FAQ)//USENET: 
comp.ai.genetic. 

Available via anonymous FTP from 
rtfm.mit.edu:/pub/usenet/news.answers/ai-faq/genetic/
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2. Sarle W.S. Neural network FAQ //USENET: comp.ai.neural-nets.
Available via anonymous FTP from 
ftp://ftp.sas.com/pub/neural/FAQ.html.

Hldebdb�gZ�dgb]m�ijhkbf�gZijZ\eylv�ih�Z^j_km��MdjZbgZ���������OZjvdh\��me��Njmga_������OZjvdh\kdbc�]hkm^Zjkl\_gguc�ihebl_ogbq_kdbc�mgb\_jkbl_l��DZ�n_^jZ�:\lhfZlbabjh\Zggu_�we_dljhf_oZgbq_kdb_�kbkl_fu��K�:�K_j]__\m��beb�ih�we_dljhgghc�ihql_��sergeev@lotus.kpi.kharkov.ua
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GZmqgh_�ba^Zgb_

<hjhgh\kdbc�=_ggZ^bc�Dbjbeeh\bqFZohlbeh�DhgklZglbg�<eZ^bfbjh\bqI_ljZr_\�K_j]_c�GbdheZ_\bqK_j]__\�K_j]_c�:e_dkZg^jh\bq
=_g_lbq_kdb_�Ze]hjblfu��bkdmkkl\_ggu_�g_cjhggu_�k_lbb ijh[e_fu�\bjlmZevghc�j_Zevghklb

Ba^Zgh�\ Z\lhjkdhc�j_^Zdpbb�ijb�ih^^_j`d_QN�©:>:ILB<GU?�KBKL?FUª
GZ�jmkkdhf�yaud_

Ih^ibkZgh�d i_qZlb����������]��NhjfZl���o���1/32��Mke��i_q��e�������Mq�-ba^��e�������LbjZ`�����wda��AZdZa������P_gZ�^h]h\hjgZy�Hli_qZlZgh�gZ�jbah]jZn_�nbjfu�©DMJKHJª�ih�hjb]bgZe-fZd_lm��ij_^hklZ\e_gghfm�Z\lhjZfb��=hkm^Zjkl\_ggh_�ki_pbZebabjh\Zggh_�ba^Zl_evkl\h�©HKGH<:ª�ijb�OZjvdh\kdhf�]hkmgb\_jkbl_l_��MdjZbgZ���������OZjvdh\��ie�<hkklZgby�����
>Zgguc� Z^Zilbjh\Zgguc� we_dljhgguc� \ZjbZgl� ba^Zgby� ih^]hlh\e_g� Z\lhjZfb�^ey�g_dhff_jq_kdh]h�jZkijhkljZg_gby�\ Bgl_jg_l_��JZkijhkljZg_gb_�i_qZlguo dhibc�wlh]h�^hdmf_glZ�[_a�kh]eZkby�Z\lhjh\�y\ey_lky�gZjmr_gb_f�bo�Z\lhjkdbo�ijZ\�b ij_�ke_^m_lky�ih�aZdhgm�
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