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Kms_kl\mxsb_�ih^oh^u�d�L_hjbb�Hldjulbc�\�Bkdmkkl\_gghf�Bgl_ee_dl_�k\yaZgu�k�
jZajZ[hldhc� \uqbkebl_evguo� fh^_e_c� bklhjbq_kdh]h� ijhp_kkZ� hldjulbc�� GZfb�
ij_^eZ]Z_lky�^jm]hc�ih^oh^��g_�fh^_ebjh\Zlv�bklhjbx�hldjulbc��Z�\uykgblv�dZd�ke_^m_l�k�
kh\j_f_gghc� lhqdb� aj_gby� h[gZjm`b\Zlv� aZdhgu��Ihgylb_� AZdhgZ� _s_� bkke_^m_lky� b� wlb�
bkke_^h\Zgby� g_� aZdhgq_gu�� GZr� ih^oh^� hibjZ_lky� gZ� L_hjbx� Baf_j_gbc� b� L_hjbx�
Nbabq_kdbo� Kljmdlmj�� K� lhqdb� aj_gby� wlbo� l_hjbc� kms_kl\mxsb_� ih^oh^u� d� L_hjbb�
Hldjulbc� y\eyxlky� ZiijhdkbfZpbhggufb� -� \b^� aZdhgZ� ^he`_g� [ulv� hij_^_e_g� Zijbhjb��
Kms_kl\mxsb_�ih^oh^u�d�h[gZjm`_gbx� aZ\bkbfhkl_c�\�:gZeba_�>Zgguo�lZd`_�y\eyxlky�
ZiijhdkbfZpbhggufb��>ey�h[gZjm`_gby�g_�ZiijhdkbfZpbhgguo��Z�\�hij_^_e_gghf�kfuke_�
�bklbgguo��aZdhgh\�b�Z^_d\Zlguo�rdZe�\_ebqbg�g_h[oh^bfh��kh]eZkgh�L_hjbb�Baf_j_gbc�b�
L_hjbb� Nbabq_kdbo� Kljmdlmj� jZajZ[hlZlv� ijbgpbibZevgh� gh\uc� f_lh^� h[gZjm`_gby�
�ihegh]h�� fgh`_kl\Z� aZdhghf_jghkl_c� �\dexqZy� kbkl_fu� Zdkbhf� L_hjbb� Baf_j_gbc�� \�
yaud_� i_j\h]h� ihjy^dZ� gZ� \u[hjdZo� ba� wfibjbq_kdbo� kbkl_f�� <� jZ[hl_� ZgZebabjmxlky�
ijbgpbiu�ihkljh_gby�lZdh]h�f_lh^Z� �kZf�f_lh^�hibkZg�jZg__���kljZl_]bb�bkke_^h\Zgby�bf�
^Zgguo�b�hibkZgb_�ijh]jZffghc�kbkl_fu�'LVFRYHU\��j_Zebamxs_c�wlhl�f_lh^� 
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<\_^_gb_�� ��� <� gZklhys__� \j_fy� \� :gZeba_� >Zgguo� b� Bkdmkkl\_gghf� Bgl_ee_dl_�

jZajZ[hlZgh� ^h\hevgh�fgh]h� jZaebqguo�f_lh^h\� h[jZ[hldb� ^Zgguo��H^gZdh��f_lh^heh]by�
wlbo�f_lh^h\�ijZdlbq_kdb�g_�jZajZ[hlZgZ��>Z\gh�gZaj_eZ�ihlj_[ghklv�ijhZgZebabjh\Zlv�wlb�
f_lh^u� k� lhqdb� aj_gby� bo� k\yab� k� ijhp_kkhf� ihagZgby�� LZdhfm� ZgZebam� b� ihk\ys_gh�
\\_^_gb_�� ;he__� ih^jh[gh� hl^_evgu_� \hijhku� baeh`_gu� \� jZ[hlZo� >�-�@�� <� j_amevlZl_�
ZgZebaZ� fu� _kl_kl\_gguf� h[jZahf� ijb^_f� d� g_dhlhjhfm� ih^oh^m� d� L_hjbb� Hldjulbc��
hij_^_e_gghfm�gb`_��jZajZ[hlZgghfm�\�wlbo�`_�jZ[hlZo��b�ijh]jZffghc�kbkl_f_�'LVFRYHU\��
j_Zebamxs_c� wlm� \iheg_� hij_^_e_ggmx� qZklv� ijhp_kkZ� ihagZgby�� <� ijhp_kk_� ZgZebaZ�
hkgh\gh_� \gbfZgb_� [m^_l� m^_eylvky� f_lh^Zf� ZgZebaZ� aZ\bkbfhkl_c�� Ba� f_lh^h\� :gZebaZ�
>Zgguo� d� f_lh^Zf� ZgZebaZ� aZ\bkbfhkl_c� hlghkylky� f_lh^u� j_]j_kkbhggh]h� b�
^bkdjbfbgZglgh]h� ZgZebah\�� f_lh^u� jZkihagZ\Zgby� h[jZah\� b� h[gZjm`_gby�
aZdhghf_jghkl_c�� f_lh^u� deZkkbnbdZpbb� b� ZiijhdkbfZpbb�� <h� \k_o� wlbo� f_lh^Zo� \b^�
aZ\bkbfhklb�aZ^Z_lky�\g_rgbf��Zijbhjguf�ih�hlghr_gbx�d�kZfhc�aZ\bkbfhklb�h[jZahf��<�
j_]j_kkbhgghf�ZgZeba_�wlh�ebg_cgZy�beb�g_ebg_cgZy�j_]j_kkby��\�^bkdjbfbgZglghf�ZgZeba_�
–� ^bkdjbfbgZglgZy� nmgdpby�� \� jZkihagZ\Zgbb� h[jZah\� - j_rZxs__� ijZ\beh�� f_lh^Zo�
deZkkbnbdZpbb� -�nhjfZ� deZkl_jh\��DZdh\Z� \� g_dhlhjhf� kfuke_� �bklbggZy�� aZ\bkbfhklv� - 
lZdhc� \hijhk� g_� klZ\blky� ^Z� b� g_� fh`_l� [ulv� ihklZ\e_g� \� jZfdZo� :gZebaZ� >Zgguo�� <�
:gZeba_� >Zgguo� g_ba\_klgZy� aZ\bkbfhklv� Ziijhdkbfbjm_lky� g_dhlhjufb� aZ^Zggufb�
Zijbhjb� deZkkZfb� nmgdpbc�� fh^_eyfb�� j_rZxsbfb� ijZ\beZfb� b� l�^�� :iijhdkbfbjmy�
g_ba\_klgmx� aZ\bkbfhklv� k� lj_[m_fhc� kl_i_gvx� lhqghklb� b� gZ^_`ghklb��f_lh^u�:gZebaZ�
>Zgguo�j_rZxl�ih-kms_kl\m� aZ^Zqm�ij_^kdZaZgby��GZc^_ggZy� ZiijhdkbfZpby�gbq_]h� �beb�
ihqlb�gbq_]h�kf�����\�>�@��g_�]h\hjbl�h�lhf�dZdh\Z��bklbggZy��aZ\bkbfhklv� 



Ijhp_kk�ZiijhdkbfZpbb�g_ba\_klguo�aZ\bkbfhkl_c�gZqbgZ_lky�k�i_j_ghkZ�kihkh[h\�
baf_j_gby� ba� lhqguo� gZmd� b� ij_`^_� \k_]h� ba� nbabdb� \� ^jm]b_� h[eZklb�� JZkkfhljbf��
gZijbf_j�� lZdmx� nbabq_kdmx� \_ebqbgm� dZd� l_fi_jZlmjZ� �kf�� lZd`_� @�� \� >�@��� RdZeu�
l_fi_jZlmju� \� g_nbabq_kdbo� h[eZklyo�� gZijbf_j�� ijb� baf_j_gbb� l_fi_jZlmju� l_eZ�
[hevgh]h� \� f_^bpbg_�� l_fi_jZlmju� ihq\u� \� k_evkdhf� ohayckl\_�� l_fi_jZlmju� \ha^moZ� \�
^moh\d_�\�dmebgZjbb�b�l�^���^he`gu�[ulv�jZagu_��ohly�baf_jylvky�hgb�fh]ml�h^gbf�b�l_f�`_�
ijb[hjhf�-�l_jfhf_ljhf��>Ze_dh�g_�\k_fb�ihgbfZ_lky�lhl�nZdl��qlh�rdZeZ�–�wlh�g_�lhevdh�
jbkdb� ^_e_gbc�rdZeu� gZ� ijb[hj_�� Z� wlh� ij_`^_� \k_]h� lhl� gZ[hj� hi_jZpbc� b� hlghr_gbc��
dhlhju_� bf__l� kfuke� ijhba\h^blv� k� qbkeh\ufb� agZq_gbyfb� \_ebqbg� k� lhqdb� aj_gby�
jZkkfZljb\Z_fhc� ij_^f_lghc� h[eZklb�� lhqg__� wlh� l_� hi_jZpbb� b� hlghr_gby�� dhlhju_�
bgl_jij_lbjm_fu� \� kbkl_f_� ihgylbc� khhl\_lkl\mxs_c� ij_^f_lghc� h[eZklb�� G_dhlhju_�
\hajZ`Zxl��qlh�l_jfhf_lj�g_�fh`_l�baf_jylv�gbq_]h�djhf_�l_fi_jZlmju��Hg�^_ckl\bl_evgh�
\h�\k_o�kemqZyo�baf_jy_l�nbabq_kdmx�l_fi_jZlmjm��Gh�j_ahggh�\�lZdhf�kemqZ_�kijhkblv��Z�
aZq_f�kh[kl\_ggh�fu�baf_jy_f�l_fi_jZlmjm"�<_^v�g_�aZl_f�qlh[u�kh]eZkgh�aZdhgZf�nbabdb�
magZlv�kdhevdh�\�[hevghf�kh^_j`blky�l_ieZ�b�kdhevdh�hg�\�khklhygbb�jZklhiblv�ev^Z��_keb�
_]h�iheh`blv�gZ�e_^��b�g_�aZl_f��qlh[u�hij_^_eblv�kj_^gxx�dbg_lbq_kdmx�wg_j]bx�fhe_dme�
ihq\u� beb� dmjbpu� \� ^moh\d_�� L_fi_jZlmjZ�� dZd� b� ex[hc� ^jm]hc� ijb[hj�� gm`gu� ^ey�
ihemq_gby�\u\h^h\�\�kbkl_f_�ihgylbc�lhc�ij_^f_lghc�h[eZklb�d�dhlhjhc�hg�hlghkblky��>ey�
[hevgh]h� �L_fi_jZlmjguc�nZdlhj� kem`bl� gZb[he__� h[sbf� b� mgb\_jkZevguf� j_]meylhjhf�
kdhjhklb� obfbq_kdbo� j_Zdpbc� b� Zdlb\ghklb� n_jf_glh\�� k� ih\ur_gb_f� l_fi_jZlmju� \�
ba\_klghc� f_j_� mkdhjyxlky� b� h[f_ggu_� ijhq_kku�>��@�� >ey� ihq\� l_fi_jZlmjZ� ^he`gZ�
bgl_jij_lbjh\Zlvky� \� kbkl_f_� ihgylbc� nbabheh]bb� jZkl_gbc� b� ^_yl_evghklb�
fbdjhhj]Zgbafh\�b�l�^��Ke_^m_l�ihgbfZlv��qlh�nbabq_kdZy�\_ebqbgZ�l_fi_jZlmju�y\ey_lky�
dhk\_gguf�baf_j_gb_f�g_dhlhjhc�^jm]hc�\_ebqbgu��bgl_jij_lbjm_fhc�\�kbkl_f_�ihgylbc�
ij_^f_lghc� h[eZklb�� dhlhjmx� fu� bf_ggh� b� ohlbf� baf_jblv�� Nbabq_kdZy� l_fi_jZlmjZ�
[hevgh]h��gZijbf_j��_klv�dhk\_ggh_�baf_j_gb_�^ey�f_^bpbgkdhc�\_ebqbgu�-�mjh\gy�h[f_gZ�
\_s_kl\�� l_fi_jZlmjZ� ihq\u� baf_jy_l� khklhygb_� [bhobfbq_kdbo� ijhp_kkh\� \� jZkl_gbyo� b�
fbdjhhj]ZgbafZo�� l_fi_jZlmjZ� \ha^moZ� \�^moh\d_�baf_jy_l� l_q_gb_�ijhp_kkZ� k\_jlu\Zgby�
[_edZ�b� l�^��DZdb_�hlghr_gby�b�hi_jZpbb�gZ^�qbkeh\ufb� agZq_gbyfb� l_fi_jZlmju�bf_xl�
kfuke�^ey�\k_o�wlbo�\_ebqbg�hij_^_ey_lky�m`_�wlbfb�bgl_jij_lZpbyfb��Ihwlhfm�qbkeh\u_�
agZq_gby�\_ebqbg�g_evay�ke_ih�i_j_ghkblv�ba�h^ghc�h[eZklb�agZgbc�\�^jm]mx��Ihke_�lZdh]h�
i_j_ghkZ� g_h[oh^bfh� aZgh\h� hij_^_eblv� rdZem�� GZijbf_j�� ^ey� l_fi_jZlmju� [hevgh]h�
bgl_jij_lbjm_fu� \u^_e_ggu_� agZq_gby� ������ ���� b� hlghr_gb_� ebg_cgh]h� ihjy^dZ� �� ��
ihwlhfm�wlh�[m^_l�rdZeZ�ihjy^dZ�k�\u^_e_ggufb�agZq_gbyfb� 

GZ�ke_^mxs_f�rZ]_��ijb�ijbf_g_gbb�f_lh^h\�:gZebaZ�>Zgguo�d�jZaebqguf�^Zgguf��
lZd`_�ijhy\ey_lky�bo�ZiijhdkbfZpbhgguc�oZjZdl_j��I_j_^�h[jZ[hldhc�^Zggu_�dZd�ijZ\beh�
ij_h[jZamxlky�d�h^ghfm�ba�ba\_klguo�\b^h\�-�dhebq_kl\_gguf�beb�dZq_kl\_gguf��?keb�hgb�
ij_h[jZamxlky� d� dhebq_kl\_gguf� ^Zgguf� �lh� _klv� k� qbkeZfb� jZaj_rZ_lky� ijhba\h^blv�
ex[u_�fZl_fZlbq_kdb_�hi_jZpbb��\g_�aZ\bkbfhklb�hl�bo�bgl_jij_lZpbb���lh�\�gbo�\ghkblky�
[_kkfuke_ggZy�bgnhjfZpby��k\yaZggZy�k�ijhba\hehf�\�\u[hj_�qbkeh\h]h�ij_^klZ\e_gby���b�
dZd� ke_^kl\b_� ijhy\eyxsZyky� \� lhf�� qlh� g_\hafh`gh� h[hkgh\Zggh� ijhbgl_jij_lbjh\Zlv�
ihemq_ggu_� j_amevlZlu�� ?keb� ^Zggu_� ij_h[jZamxlky� \� dhebq_kl\_ggu_� aZ� kq_l�
bkihevah\Zgby� jZaebqgh]h� jh^Z� �qbkeh\uo��fh^_e_c�beb�^hihegbl_evguo�ij_^iheh`_gbc��
dhlhju_� \� wlhf� kemqZ_� g_� iheghklvx� bgl_jij_lbjm_fu�� lh� wlh� lZd`_� ijb\h^bl� d�
g_\hafh`ghklb� h[hkgh\Zggh� ijhbgl_jij_lbjh\Zlv� ihemq_ggu_� j_amevlZlu�� ?keb� ^Zggu_�
ij_h[jZamxlky� \� ^bkdj_lgu_�� lh� wlh� \_^_l� d� ihl_j_� bgnhjfZpbb�� Ihwlhfm� g_ba\_klgu_�
aZ\bkbfhklb�g_�ijhklh�Ziijhdkbfbjmxlky� aZ^Z\Z_fufb�ba�\g_�\b^Zfb� aZ\bkbfhkl_c��gh�b�
kZfb�^Zggu_�qZklh�bkdZ`Zxlky��qlh[u�bo�h[jZ[hldZ�wlbfb�f_lh^Zfb�[ueZ�\hafh`gZ� 

>ey� lh]h� qlh[u� ^_lZevg__� jZah[jZlvky� k� lZdbfb� ihgylbyfb� dZd� qbkeh\u_� agZq_gby�
\_ebqbg��bo�bgl_jij_lbjm_fhklv�� hkfuke_gghklv�fZl_fZlbq_kdbo� hi_jZpbc� k� \_ebqbgZfb��



�bklbggZy�� aZ\bkbfhklv�b� l�^��g_h[oh^bfh� h[jZlblvky�d�L_hjbb�Baf_j_gbc� >�-��@��L_hjby�
Baf_j_gbc� hkgh\ZgZ� gZ� ba\_klghf� ijbgpbi_�� �K\hckl\Z� hij_^_eyxlky� hlghr_gbyfb���Ba�
l_hjbb�baf_j_gbc� ke_^m_l��qlh�qbkeh\u_� agZq_gby�\_ebqbg�b�nmgdpbhgZevgu_�\ujZ`_gby�
^ey� aZdhgh\� y\eyxlky� ebrv� m^h[guf� b� fZl_fZlbq_kdb� ohjhrh� jZajZ[hlZgguf� kihkh[hf�
qbkeh\h]h�dh^bjh\Zgby� we_f_glh\� wfibjbq_kdbo� kbkl_f��Qbkeh��gZijbf_j�� �� kZfh�ih� k_[_�
kfukeZ� g_� bf__l�� hgh� ijbh[j_lZ_l� kfuke� ebrv� ijb� _]h� bgl_jij_lZpbb� \� g_dhlhjhc�
wfibjbq_kdhc� kbkl_f_�� gZijbf_j�� _keb� fu� ]h\hjbf� �� f_ljh\�� �� [Zeeh\�� �� ^_lZe_c� b� l�^��
Bgl_jij_lZpby� qbk_e�� \� qZklghklb�� hij_^_ey_l� dZdb_� fZl_fZlbq_kdb_� ^_ckl\by� k� gbfb�
fh`gh� hkfuke_ggh� ijh\h^blv� qlh[u� g_� ihemqZlv� [_kkfuke_gguo� j_amevlZlZh\� lbiZ� ����
^jh\hk_dZ�� �f�� �� �d]��� b� l�^�� Wfibjbq_kdZy� kbkl_fZ� -� wlh� fgh`_kl\h� �b^_Zebabjh\Zgguo��
h[t_dlh\�k�aZ^Zgguf�gZ�g_f�fgh`_kl\hf�bgl_jij_lbjm_fuo�\�kbkl_f_�ihgylbc�hlghr_gbc�b�
hi_jZpbc�� m^h\e_l\hjyxsbo� g_dhlhjhc� kbkl_f_� Zdkbhf�� LZdhc� k_fZglbq_kdbc� mjh\_gv�
jZkkfhlj_gby� k� g_h[oh^bfhklvx� \hagbdZ_l� ba� lh]h� nZdlZ�� qlh� bgl_jij_lbjh\Zlv� q_eh\_d�
fh`_l� lhevdh� dZq_kl\_ggh�� Ihwlhfm� bgl_jij_lbjmy� dhebq_kl\_ggu_� agZq_gby� \_ebqbg��
fh^_eb��nmgdpbb�b�l�^��hg�bgl_jij_lbjm_l�bo�dZq_kl\_ggh -�\�kbkl_f_�ihgylbc�ij_^f_lghc�
h[eZklb� -� b� \� dZq_kl\_� ijhf_`mlhqghc� klZ^bb� lZdhc� bgl_jij_lZpbb� -� gZ� k_fZglbq_kdhf�
mjh\g_� \� �fgh]hkhjlghc�� wfibjbq_kdhc� kbkl_f_�� K_fZglbq_kdbc� mjh\_gv� \hagbdZ_l� g_�
lhevdh�ba-aZ� lj_[h\Zgby�bgl_jij_lbjm_fhklb��gh� hg�b�bklhjbq_kdb� y\ey_lky�i_j\bqguf�b�
ij_^klZ\ey_l� kh[hc� p_ehklgh_� �fh^_evgh_�� ij_^klZ\e_gb_� lhc� bkoh^ghc� ^_yl_evghklb� gZ^�
h[t_dlZfb��dhlhjZy�ijb\_eZ�\�k\h_�\j_fy�d�\hagbdgh\_gbx�l_hjbc�b�qbk_e�>�-11]. 

?keb� \� :gZeba_� >Zgguo� aZ\bkbfhklb� Ziijhdkbfbjmxlky�� lh� \� L_hjbb� Baf_j_gbc�
hij_^_eyxlky�\�hij_^_e_gghf�kfuke_��bklbggu_��\_ebqbgu�b�aZ\bkbfhklb� 

Qbkeh\u_�ij_^klZ\e_gby�\_ebqbg��ihemqZ_fu_�ba�kbkl_f�Zdkbhf�L_hjbb�Baf_j_gbc��
^Zxl� �bklbggu_��rdZeu� \_ebqbg��bgl_jij_lbjm_fu_� \� kbkl_f_�ihgylbc� khhl\_lkl\mxs_c�
ij_^f_lghc� h[eZklb�� �Bklbggu_�� rdZeu� wlh� l_�� dhlhju_� bgl_jij_lbjmxlky� \� kbkl_f_�
ihgylbc� ij_^f_lghc� h[eZklb� b� y\eyxlky� qbkeh\ufb� dh^Zfb� agZq_gbc� \_ebqbgu�
khhl\_lkl\mxs_c�wfibjbq_kdhc�kbkl_fu� 

Qbkeh\u_� ij_^klZ\e_gby� aZdhgh\�� ihemqZ_fu_� gZ� hkgh\Zgbb� dZdhc-eb[h� kbkl_fu�
Zdkbhf��y\eyxlky��bklbggufb��aZdhgZfb�^Zgghc�ij_^f_lghc�h[eZklb�\�lhf�kfuke_��qlh�hgb��
\h-i_j\uo�� bgl_jij_lbjm_fu� \� kbkl_f_� ihgylbc� ^Zgghc� ij_^f_lghc� h[eZklb� b� y\eyxlky�
qbkeh\ufb� dh^Zfb� \aZbfhk\yab� \_ebqbg� ba� wfibjbq_kdhc� kbkl_fu� b�� \h-\lhjuo�� bo�
qbkeh\u_� ij_^klZ\e_gby� eb[h� ihemqZxlky� h^gh\j_f_ggh� �_^bghc� ijhp_^mjhc�
rdZebjh\Zgby�� k� qbkeh\ufb� ij_^klZ\e_gbyfb� \_ebqbg�� eb[h� kh]eZkh\Zgu� k� qbkeh\ufb�
ij_^klZ\e_gbyfb�\_ebqbg��<�>�-��@�ihdZaZgh��qlh�mjZ\g_gby�^ey�nbabq_kdbo�aZdhgh\�ijhklu�
lhevdh� ihlhfm�� qlh� hgb� ihemqZxlky� ijhp_^mjhc� h^gh\j_f_ggh]h� rdZebjh\Zgby� \k_o��
\oh^ysbo� \� aZ\bkbfhklv� \_ebqbg�� lZd� qlh[u� \aZbfhk\yav� wlbo� \_ebqbg� \ujZ`ZeZkv�
aZ^Zgghc��hij_^_ey_fhc�kbkl_fhc�Zdkbhf��ijhklhc�nmgdpbhgZevghc�aZ\bkbfhklvx� 

Ke_^mxsbc� \u\h^�� dhlhjuc� ke_^m_l� ba� L_hjbb� Baf_j_gbc�� khklhbl� \� lhf�� qlh�
qbkeh\hc� kihkh[� ij_^klZ\e_gby� ^Zgguo�� bkihevam_fuc� \� :gZeba_� >Zgguo� g_� y\ey_lky�
Z^_d\Zlguf� ^ey� p_e_c� h[gZjm`_gby� aZdhgh\� b� aZ\bkbfhkl_c�� ohly� hg� \iheg_�fh`_l� [ulv�
Z^_d\Zl_g�^ey�p_e_c�ij_^kdZaZgby�� ]^_�\b^� aZ\bkbfhklb�^ey�gZk�g_�\Z`_g��Fh`gh�ohjhrh�
ij_^kdZau\Zlv�� bkihevamy� lhevdh� ^\hbqgmx� dh^bjh\dm� ^Zgguo�� P_ev� ZgZebaZ�

aZ\bkbfhkl_c� kh\k_f�^jm]Zy� -�ihagZlv�ij_^f_lgmx�h[eZklv��>ey�^hklb`_gby� wlhc�p_eb�
bgl_jij_lbjm_fhklv� ^Zgguo� b� j_amevlZlh\� ZgZebaZ� ^Zgguo� \� kbkl_f_� ihgylbc�

ij_^f_lghc� h[eZklb� y\ey_lky� g_h[oh^bfuf� mkeh\b_f� ihemq_gby� ohlv� dZdh]h-gb[m^v�
ihe_agh]h� j_amevlZlZ�� \ghkys_]h� \deZ^� \� l_hjbx� ij_^f_lghc� h[eZklb��LZd� dZd� qbkeZ�
kZfb�ih�k_[_�kfukeZ�g_�bf_xl��lh�bgl_jij_lbjm_fhklv�^Zgguo�b�j_amevlZlh\�kq_lZ�hagZqZ_l�
kh]eZkgh� L_hjbb� Baf_j_gbc� bo� bgl_jij_lbjm_fhklv� gZ� k_fZglbq_kdhf� mjh\g_� \� kbkl_f_�
ihgylbc� ij_^f_lghc� h[eZklb� [_a� bkihevah\Zgby� qbk_e�� Ihwlhfm� ^ey� p_e_c� ZgZebaZ�
aZ\bkbfhkl_c� g_h[oh^bf� lhl� kihkh[� ij_^klZ\e_gby� ^Zgguo�� dhlhjuc� ijbgyl� \� L_hjbb�



Baf_j_gbc� -� \� \b^_� �fgh]hkhjlguo�� wfibjbq_kdbo� kbkl_f�� Kbkl_fu� Zdkbhf�� dhlhjuf�
m^h\e_l\hjyxl�wlb�wfibjbq_kdb_�kbkl_fu��ij_^klZ\eyxl�kh[hc�eh]bq_kdmx�wfibjbq_kdmx�

l_hjbx� ij_^f_lghc� h[eZklb�� Kbkl_fu� Zdkbhf� dZd� eh]bq_kdb_� \ukdZau\Zgby� hq_\b^gh�
bgl_jij_lbjm_fu� \� kbkl_f_� ihgylbc� ij_^f_lghc� h[eZklb�� Ihwlhfm� ZgZeba� aZ\bkbfhkl_c�
^he`_g�khklhylv�\�h[gZjm`_gbb�aZ\bkbfhkl_c�gZ�^Zgguo�ij_^klZ\e_gguo��fgh]hkhjlgufb��
wfibjbq_kdbfb� kbkl_fZfb��DZdh\� ijb� wlhf� \hafh`_g� \b^� aZ\bkbfhkl_c"�;h]Zlkl\h� yaudZ�
eh]bdb�i_j\hc�klmi_gb�Z�lZd`_�lhl�nZdl��qlh�wlhl�yaud�bkihevam_lky�\�L_hjbb�Baf_j_gbc�
ihdZau\Zxl�� qlh� wlh]h� yaudZ� \iheg_� ^hklZlhqgh� ^ey� \ujZ`_gby� aZ\bkbfhkl_c�� LZdbf�
h[jZahf�� aZ^ZqZ� ZgZebaZ� aZ\bkbfhkl_c� k\h^blky� d� aZ^Zq_� mkbe_gby� �\� eh]bq_kdhf� kfuke_��
eh]bq_kdhc� wfibjbq_kdhc� l_hjbb� aZ� kq_l� h[gZjm`_gby� aZ\bkbfhkl_c� \� eh]bd_� i_j\h]h�
ihjy^dZ�� Qbkeh\u_� ij_^klZ\e_gby� \_ebqbg� b� nmgdpbhgZevgu_� aZ\bkbfhklb� ^ey� aZdhgh\�
^he`gu� ihemqZlvky� ba� h[gZjm`_gguo� kbkl_f� Zdkbhf� \� j_amevlZl_� ijbf_g_gby� L_hjbb�
Baf_j_gbc�� Ihemq_ggu_� rdZeu� \_ebqbg� b� aZdhgu�� k\yau\Zxsb_� \_ebqbgu�� ^Zxl�
Dhebq_kl\_ggmx� L_hjbx� Ij_^f_lghc� H[eZklb�� >ey� nbabdb� wlhl� i_j_oh^�
ijh^_fhgkljbjh\Zg� \� >��@� �kf�� lZd`_� >���@��� <� >��@� ihdZaZgh� dZd� fh`gh� kljhblv�
Dhebq_kl\_ggmx�L_hjbx�Ij_^f_lghc�H[eZklb� -�kbkl_fm�\_ebqbg��k\yaZgguo�f_`^m�kh[hc�
�nmg^Zf_glZev-�gufb��aZdhgZfb� 

LZdbf�h[jZahf��aZ^ZqZ�ZgZebaZ�aZ\bkbfhkl_c�jZa[b\Z_lky�gZ�^\Z�wlZiZ��kgZqZeZ�gZ^h�
ihkljhblv� Eh]bq_kdmx� Wfibjbq_kdmx� L_hjbx�� Z� aZl_f�� ijbf_gyy� L_hjbx� Baf_j_gbc��
ihkljhblv� Dhebq_kl\_ggmx� L_hjbx� Ij_^f_lghc� H[eZklb�� LZdh_� jZa[b_gb_� hljZ`Z_l�
_kl_kl\_gguc�ijhp_kk�i_j_oh^Z�l_hjbb�ba�dZq_kl\_ggh]h�khklhygby� 
ij_^klZ\e_ggh]h�eh]bq_kdhc�wfibjbq_kdhc�l_hjb_c��\�dhebq_kl\_ggh_��L_hjby�Baf_j_gbc�b�
y\ey_lky�l_hjb_c�lZdh]h�i_j_oh^Z��>ey�nbabdb��gZijbf_j��wlhl�ijhp_kk�ijhl_dZe�^hklZlhqgh�
^he]h� 

Ba� \k_]h� kdZaZggh]h� ke_^m_l�� qlh� L_hjby� Baf_j_gbc� b� ^he`gZ� [ulv� lhc� l_hjb_c��
dhlhjmx�gZ^h�bkihevah\Zlv�^ey�jZajZ[hldb�f_lh^h\�h[gZjm`_gby�aZdhgh\�b�rdZe��H^gZdh��
lhqghklv� ZdkbhfZlbq_kdh]h� ZgZebaZ� aZdhgh\�� ijh\_^_ggZy� \� L_hjbb� Baf_j_gbc��
h[hjZqb\Z_lky� keh`ghklvx� ijbf_gy_fh]h� _x� ZiiZjZlZ�� g_^hklZlhqguf� jZaghh[jZab_f�
kbkl_f�Zdkbhf��qlh[u�fh`gh�[ueh�[jZlvky�bkdZlv�ex[u_�aZ\bkbfhklb��hlkmlkl\b_f�h[s_]h�
f_lh^Z�h[gZjm`_gby�kbkl_f�Zdkbhf�\�^Zgguo�b�^jm]bfb�ijh[e_fZfb��Ij_`^_�q_f�ihemqblv�
L_hjbx�Hldjulbc��hkgh\Zggmx�gZ�L_hjbb�Baf_j_gbc��g_h[oh^bfh�aZihegblv�wlb�ijh[_eu�
beb�ih�djZcg_c�f_j_�mdZaZlv�imlb�ih�dhlhjuf�wlb 
ijh[_eu�fh]ml�[ulv�aZiheg_gu��>ey�ihemq_gby�lZdhc�L_hjbb�Hldjulbc�g_h[oh^bfh�[ueh� 

-������JZajZ[hlZlv�^hklZlhqgh�h[sbc�f_lh^�h[gZjm`_gby�kbkl_f�Zdkbhf�gZ�jZaebqguo�
^Zgguo�>�@� 

-� ����� GZclb� h[h[s_gb_� L_hjbb� Baf_j_gbc�� iha\heyxs__� ihemqZlv� qbkeh\u_�
ij_^klZ\e_gby� ijZdlbq_kdb� ^ey� ex[uo� kbkl_f� Zdkbhf�� dhlhju_� fh`_l� h[gZjm`blv� wlhl�
f_lh^�>�-10]; 

-������GZclb�imlv�d�ihkljh_gbx�kbkl_fZlbd�\hafh`guo�aZdhgh\�ijbjh^u�>�@� 
Wlbf� \hijhkZf� b� ihk\ys_gZ� k_jby� jZ[hl� >�-��@�� dhlhjZy� ijb\h^bl� \� j_amevlZl_� d�

eh]bdh-klZlbklbq_kdhfm� �b� \� wlhf� kfuke_� h[t_dlb\ghfm� \� hlebqbb� hl�ih^oh^h\� d�L_hjbb�
Hldjulbc�\�Bkdmkl\_gghf�Bgl_ee_dl_�kf��i����ijh^oh^m�d�L_hjbb�Hldjulbc�hkgh\Zgghfm�
gZ�L_hjbb�Baf_j_gbc�b�ijh]jZffghc�kbkl_f_�h[gZjm`_gby�kbkl_f�Zdkbhf�'LVFRYHU\� 

Qlh� fh`gh� kdZaZlv� h� \hafh`ghklyo� ihkljh_gby� Dhebq_kl\_gguo� l_hjbc� lZdhc�
H[t_dlb\ghc� L_hjb_c� Hldjulbc� \� ^jm]bo� h[eZklyo� agZgby�� <hafh`ghklv� ihkljh_gby�
Dhebq_kl\_gguo� L_hjbc� \� ikboheh]bb�� ikbohnbabd_�� khpbheh]bb�� ikbohebg]\bklbd_��
ijbgylbb�j_r_gbc�� wlbd_�b� l�^��ih^l\_j`^Zxl�j_amevlZlu��ihemq_ggu_�\�nmgdpbhgZevghc�
l_hjbb� baf_j_gbc� >�����@�� Ohly� f_lh^u� nmgdpbhgZevghc� l_hjbb� baf_j_gbc� f_g__�
h[hkgh\Zgu� b� lj_[mxl� [he__� kbevguo� b� f_g__� hq_\b^guo� ij_^iheh`_gbc�� q_f� f_lh^u�
L_hjbb� Baf_j_gbc� �kjZ\g_gb_� wlbo� ^\mo� ih^oh^h\� h[km`^_gh� \� >��@��� l_f� g_� f_g__��



[eZ]h^Zjy�k\h_c�ijhklhl_��hgb�iha\hebeb�ihemqblv�^h\hevgh�fgh]h�bgl_j_kguo�j_amevlZlh\�
\� wlbo� h[eZklyo�� Lhevdh� j_amevlZlu�� ihemq_ggu_� \� ikboheh]bb�� iha\hebeb� bo� Z\lhjZf�
ml\_j`^Zlv�� qlh� �fure_gb_� q_eh\_dZ�� dZ`_lky��ih^qbgy_lky�^h\hevgh� h[s_c� dh]gblb\ghc�
Ze]_[j_�� 

���KjZ\gbf�ij_^eZ]Z_fuc�ih^oh^�k�kms_kl\mxsbfb�ih^oh^Zfb�\�L_hjbb�Hldjulbc�b�
Bkdmkkl\_gghf�Bgl_ee_dl_��kf��h[ahj�>��@���P_ev�wlbo�ih^oh^h\�nhjfmebjm_lky�ke_^mxsbf�
h[jZahf�� �«fh`gh� jZkkfZljb\Zlv� ijh]jZffgu_� kbkl_fu� hldjulbc� Bkdmkkl\_ggh]h�
Bgl_ee_dlZ�dZd�\uqbkebl_evgu_�fh^_eb�bklhjbq_kdh]h�ijhp_kkZ�hldjulbc���Fh^_ebjh\Zlv�
bklhjbq_kdbc�ijhp_kk�hldjulby�aZdhgh\�g_�agZy�qlh�lZdh_�AZdhg�\iheg_�khhl\_lkl\m_l�^mom�
Bkdmkl\_ggh]h� Bgl_ee_dlZ� ��Gvx_ee� b� KZcfhg� h[hkgh\Zeb� ihe_aghklv� ^hklZlhqguo�
fh^_e_c�ih\_^_gby�� >��@���Gh�gZfb�ij_^eZ]Z_lky�^jm]hc�ih^oh^��g_�fh^_ebjh\Zlv�bklhjbx�
hldjulbc�� Z� \uykgblv� dZd� ke_^m_l� k� kh\j_f_gghc� lhqdb� aj_gby� h[gZjm`b\Zlv� aZdhgu��
Ihgylb_� AZdhgZ� _s_� bkke_^m_lky�� b� \� kZfhc� nbabd_�� b� \� L_hjbb�Baf_j_gbc�� b� \� L_hjbb�
Nbabq_kdbo� Kljmdlmj� >��-��@� b� \� ^jm]bo� jZ[hlZo� �kf��� gZijbf_j�� >������@�� b� wlb�
bkke_^h\Zgby� _s_� g_� aZdhgq_gu��GZr� ih^oh^� hibjZ_lky� gZ� l_hjbx�L_hjbx�Baf_j_gbc� b�
L_hjbx� Nbabq_kdbo� Kljmdlmj�� K� lhqdb� aj_gby� wlbo� l_hjbc� kms_kl\mxsb_� ih^oh^u� d�
L_hjbb� Hldjulbc� lZd`_� y\eyxlky� ZiijhdkbfZpbhggufb� -� \b^� aZdhgZ� ^he`_g� [ulv�
hij_^_e_g�Zijbhjb��Ba�L_hjbb�Baf_j_gbc�lZd`_�ke_^m_l�b�lh��qlh�gZmqb\rbkv�fh^_ebjh\Zlv�
ijhp_kk�hldjulby�aZdhgh\�gZ�bklhjbq_kdbo�nbabq_kdbo�ijbf_jZo��g_evay�[m^_l�ijbf_gblv�
bo�\�g_nbabq_kdbo�h[eZklyo��>ey�kZfhc�`_�nbabdb�wlb�f_lh^u�g_�gm`gu��DZd�ml\_j`^Z_lky�
\� >��@�hgb��\hafh`gh��[m^ml�ihe_agu�^ey�bklhjbb�hldjulbc��³<�lhc�kl_i_gb��\�dZdhc�rZ]b�
kbkl_fu�[m^ml�l_fb�`_��qlh�b�[ueb�k^_eZgu�bklhjbq_kdb��fh`gh�[m^_l�k^_eZlv�\u\h^��qlh�
wlZ�kbkl_fZ�ij_^klZ\ey_l�kh[hc�ih^oh^ysmx�fh^_ev�bklhjbq_kdbo�hldjulbc�� 

��� F_lh^� h[gZjm`_gby� �ihegh]h�� fgh`_kl\Z� bgl_jij_lbjm_fuo� aZ\bkbfhkl_c�
�kbkl_f�Zdkbhf��\�^Zgguo��Wlh�h^gZ�ba�i_j\uo�aZ^Zq������dhlhjmx�g_h[oh^bfh�[ueh�j_rblv��
I_j\uc� \ZjbZgl� wlh]h� f_lh^Z� ijZdlbq_kdb� Ziijh[bjh\Zg� b� him[ebdh\Zg� \� >�@��Ijb\_^_f�
hkgh\gmx� gblv� jZkkm`^_gbc�� Zj]mf_glu� b� kkuedb�� ijb\h^ysmx� d� ihkljh_gbx� f_lh^Z� b�
ijh]jZffghc�kbkl_f_�'LVFRYHU\� 

Ba�L_hjbb�Baf_j_gbc�ke_^m_l��qlh�wfibjbq_kdZy�l_hjby�ij_^f_lghc�h[eZklb�fh`_l�
[ulv�ij_^klZ\e_gZ�fgh]hkhjlghc�wfibjbq_kdhc�kbkl_fhc�0� ��8�^:i∈I`�9�:!�b�kbkl_fhc�
Zdkbhf�6V∪W

��bklbgghc�gZ�0��]^_�8�-�]_g_jZevgZy�kh\hdmighklv�h[t_dlh\��^:i∈I} - �fgh`_kl\Z�
h[t_dlh\�jZaebqguo�lbih\� ,� �gZijbf_j��fgh`_kl\h� agZq_gbc�g_dhlhjhc�\_ebqbgu��gZ[hju�
\_ebqbg��k\yaZgguo�g_dhlhjhc�aZ\bkbfhklvx��fgh`_kl\h�^_ckl\bl_evguo�qbk_e�b�l�^����9� �
<P1,…,Pk,r1,…,rl>, -� fgh`_kl\h� wfibjbq_kdbo� hlghr_gbc� b� hi_jZpbc�� :� -� fgh`_kl\h�
b^_Zebabjh\Zgguo�hlghr_gbc�b�hi_jZpbc��khhl\_lkl\mxsbo�hlghr_gbyf�ba�9��Hlghr_gby�
b� hi_jZpbb� keh\Zjy� 9� wfibjbq_kdhc� kbkl_fu� 0� wfibjbq_kdb� bgl_jij_lbjm_fu�� l�_��
ij_^klZ\eyxl� kh[hc� g_dhlhju_� baf_jbl_evgu_� ijhp_^mju� �\� lhf� qbke_� Zgd_lbjh\Zgb_��
l_klbjh\Zgb_�� wdki_jlgu_� hp_gdb� b� l�^��� bgl_jij_lbjm_fu_� �\f_kl_� k� j_amevlZlZfb�� \�
kbkl_f_�ihgylbc�ij_^f_lghc�h[eZklb��Wfibjbq_kdZy�kbkl_fZ�0�^Z_l�gZf�bgl_jij_lbjm_fh_�
k_fZglbq_kdh_�ij_^klZ\e_gb_�ij_^f_lghc�h[eZklb��Z�kbkl_fZ�Zdkbhf�6V -�ZdkbhfZlbq_kdh_�
hibkZgb_�ij_^f_lghc�h[eZklb� 

<� l_hjbb� baf_j_gbc� kms_kl\m_l� ^\Z� mjh\gy� jZkkfhlj_gby� -� wfibjbq_kdbc� b�
l_hj_lbq_kdbc��GZ�wfibjbq_kdhf�mjh\g_�jZkkfZljb\Zxlky�j_Zevgu_�fgh`_kl\Z�h[t_dlh\�:�
⊂� 8� �\u[hjdb� ba� 8��� ^Zggu_�� ij_^klZ\ey_fu_� wfibjbq_kdbfb� kbkl_fZfb� '�  � �:�9!� b�
kbkl_fu�Zdkbhf�6V

�j_Zevguo�ijb[hjh\�ba�9��Z�gZ�l_hj_lbq_kdhf�mjh\g_�-�b^_Zebabjh\Zggu_�
wfibjbq_kdb_� kbkl_fu� L_hjbb� Baf_j_gbc� 0�  � �:�:!� b� kbkl_fu� Zdkbhf� 6W

� ^ey�
b^_Zebabjh\Zgguo� ijb[hjh\� ba� :� b� l_hj_lbq_kdb_� j_amevlZlu� h� kms_kl\h\Zgbb��
_^bgkl\_gghklb� b� Z^_d\Zlghklb� qbkeh\uo� ij_^klZ\e_gbc�� H[Z� wlbo� mjh\gy� \f_kl_� k�
\aZbfhk\yavx� f_`^m� gbfb� k� ihfhsvx� ijZ\be� khhl\_lkl\by� >��@� Z� lZd`_� h^gh\j_f_ggh_�
ij_^klZ\e_gb_� wfibjbq_kdhc� kbkl_fu�� qbkeh\hc� kbkl_fu� b� kbevgh]h� ]hfhfhjnbafZ�



wfibjbq_kdhc� kbkl_fu� \� qbkeh\mx� kbkl_fm� fh]ml� [ulv� ij_^klZ\e_gu� \� fgh]hkhjlghc�
wfibjbq_kdhc� kbkl_f_� 0� b� kbkl_f_� Zdkbhf� 6V∪W

� aZ� kq_l� kh\f_klgh]h� ij_^klZ\e_gby�
j_Zevguo��b^_Zebabjh\Zgguo�b� qbkeh\uo� khjlh\��Fgh]hkhjlgmx� wfibjbq_kdmx� kbkl_fm�

M � \f_kl_� k� kbkl_fhc� Zdkbhf� 6V∪W
� [m^_f� gZau\Zlv� wfibjbq_kdhc� ZdkbhfZlbq_kdhc�

l_hjb_c�� AZf_lbf�� qlh� \� wfibjbq_kdhc� ZdkbhfZlbq_kdhc� l_hjbb� qbkeZ� b]jZxl�
\kihfh]Zl_evgmx�jhev�b�gZ^�gbfb�fh`gh�ijhba\h^blv�lhevdh�l_�fZl_fZlbq_kdb_�^_ckl\by��
dhlhju_�ijb�h[jZlghf�hlh[jZ`_gbb�hlghkbl_evgh�kbevgh]h�]hfhfhjnbafZ��ij_h[jZamxlky�\�
hij_^_ebfu_�\�keh\Zj_�9�hlghr_gby�b�hi_jZpbb� 

<� ��� >�@� ijb\h^blky� f_lh^bdZ� ba\e_q_gby� ba� gZb[he__� jZkijhkljZg_gguo� lbih\�
^Zgguo� -� iZjguo� kjZ\g_gbc�� fgh`_kl\_gguo� kjZ\g_gbc�� fZljbqgh]h� ij_^klZ\e_gby�
[bgZjguo� hlghr_gbc�� fZljbp� mihjy^hq_gbc� b� [ebahklb�� fZljbp� h[t_dl-ijbagZd� –� \k_c�
bgl_jij_lbjm_fhc�\�gbo�bgnhjfZpbb�b�ij_^klZ\e_gby�__�\�wfibjbq_kdbo�ZdkbhfZlbq_kdbo�
l_hjbyo��Ba\e_q_ggZy� bgnhjfZpby� ij_^klZ\ey_lky� \� \b^_� wfibjbq_kdbo� kbkl_f� b� kbkl_f�
Zdkbhf�\ayluo�dZd�gZ�wfibjbq_kdhf�lZd�b�gZ�l_hj_lbq_kdhf�mjh\gyo��DZd�[ueh�kdZaZgh��[_a�
h]jZgbq_gby�h[sghklb�fh`gh�kqblZlv��qlh�ZgZeba�aZ\bkbfhkl_c�gZ�^Zgguo��ij_^klZ\e_gguo�
wfibjbq_kdbfb� ZdkbhfZlbq_kdbfb� l_hjbyfb�� k\h^blky� d� h[gZjm`_gbx� aZ\bkbfhkl_c� gZ�
wfibjbq_kdhc� kbkl_f_� 0�  � �8�9!� \� \b^_� nhjfme� \� yaud_� i_j\h]h� ihjy^dZ� \� keh\Zj_� 9�
�\\b^m� [h]Zlkl\Z� wlh]h� yaudZ��� LZdhc� ZgZeba� ih-kms_kl\m� ij_^klZ\ey_l� kh[hc�
ZdkbhfZlbq_kdbc�ZgZeba�ij_^f_lghc�h[eZklb� 

AZ\bkbfhklb� \� \b^_� ml\_j`^_gbc� \� yaud_� i_j\h]h� ihjy^dZ� fh]ml� [ulv�
^_l_jfbgbjh\Zggufb� �bklbggufb� gZ� 0�� b� g_� ^_l_jfbgbjh\Zggufb�� >_l_jfbgbjh\Zggu_�
aZ\bkbfhklb� y\eyxlky� kbkl_fZfb� Zdkbhf�� LZdbf� h[jZahf�� �iheguc�� ZgZeba�
^_l_jfbgbjh\Zgguo� aZ\bkbfhkl_c� gZ� 0� k\h^blky� d� hij_^_e_gbx� ihegh]h�fgh`_kl\Z� 6V

M 
bklbgguo�gZ�0�nhjfme�\�yaud_�i_j\h]h�ihjy^dZ� 

JZkkfhljbf� fgh`_kl\h� 6V
M�� <� ��� >�@� Zj]mf_glbjm_lky�� qlh� _keb� h]jZgbqblvky�

jZkkfhlj_gb_f� aZ\bkbfhkl_c�� knhjfmebjh\Zgguo� lhevdh� \� \b^_� mgb\_jkZevguo� nhjfme�
�nhjfme�kh^_j`Zsb_�lhevdh�d\Zglhju�\k_h[sghklb���lh�wlh]h�ijZdlbq_kdb�^hklZlhqgh�^ey�
nhjfmebjh\db� aZ\bkbfhkl_c�� LZf�`_� gZoh^blky� wfibjbq_kdb� bgl_jij_lbjm_fh_� k\hckl\h�
baf_jbl_evguo� ijhp_^mj� ba� dhlhjh]h� ke_^m_l� mgb\_jkZevgZy� ZdkbhfZlbabjm_fhklv�
wdki_jbf_glZevghc� aZ\bkbfhklb� 6V

M�� LZdbf� h[jZahf�� _keb� wlh� k\hckl\h� \uiheg_gh� ^ey�
baf_jbl_evguo�ijhp_^mj�ba�9��Z�hgh�y\ey_lky�^hklZlhqgh�keZ[uf�b��dZd�ihdZaZgh�\����>�@��
ijZdlbq_kdb�g_�h]jZgbqb\Z_l��iheghlm��ZgZebaZ�aZ\bkbfhkl_c���lh�aZ^ZqZ��ihegh]h��ZgZebaZ�
^_l_jfbgbjh\Zgguo� aZ\bkbfhkl_c� k\h^blky� d� hij_^_e_gbx� fgh`_kl\Z� 86V

�0�� \k_o�
mgb\_jkZevguo� nhjfme� yaudZ� i_j\h]h� ihjy^dZ�� bklbgguo� gZ� 0�� Ba\_klgh�� qlh� ex[Zy�
dhg_qgZy� kh\hdmighklv� mgb\_jkZevguo� nhjfme� eh]bq_kdb� wd\b\Ze_glgZ� kh\hdmighklb�
nhjfme�\b^Z� 

∀x1,…,xm(A1&…&A n ⇒ A0),                             (1) 
]^_�$0,A1,…,An -�ZlhfZjgu_�nhjfmeu�\b^Z� 3

ε(t1,…,tk), (t=g)ε ; t,g,t1,…,tk -�l_jfu�� [1,…,xm - 
i_j_f_ggu_��ε = 1(0) -�hij_^_ey_l�hlkmlkl\b_� �gZebqb_��hljbpZgby��Wlhl�j_amevlZl�k\h^bl�
aZ^Zqm� �ihegh]h�� ZgZebaZ� ^_l_jfbgbjh\Zgguo� aZ\bkbfhkl_c� gZ� 0� d� aZ^Zq_� gZoh`^_gby�
fgh`_kl\Z�5V

>XO@�0��\k_o�nhjfme�\b^Z������bklbgguo�gZ�0� 
AZf_lbf��qlh�nhjfmeu������\u^_eyxl��ba�mgb\_jkZevguo�nhjfme�\kx�bo�kihkh[ghklv�

d� ij_^kdZaZgbx� -� \hafh`ghklv� ij_^kdZau\Zlv� ih� mkeh\bx� nhjfmeu� ���� aZdexq_gb_� $0. 
LZdh_�\u^_e_gb_�g_h[oh^bfh��lZd�dZd�aZ\bkbfhklb�gZk�bgl_j_kmxl�jh\gh�\�lhc�f_j_�\�dZdhc�
hgb� bgl_jij_lbjm_fu� b� ih^^Zxlky� wdki_jbf_glZevghc� ijh\_jd_� b� agZqbl� kihkh[gu�
ij_^kdZau\Zlv�� >ey� hkms_kl\e_gby� ij_^kdZaZgbc� [he__� m^h[ghc� y\ey_lky� nhjfZ� aZibkb�
nhjfme� ����q_j_a�bg^b\b^gu_�dhgklZglu��<f_klh�d\Zglhjh\�\k_h[sghklb�b�k\yaZgguo�bfb�
i_j_f_gguo�\\_^_f�dhgklZglu�]1,z2�«���Lh]^Z�nhjfmeu�\b^Z�����ij_h[jZamxlky�\�nhjfmeu�
\b^Z� 

A1&…&A n ⇒ A0,                                           (2) 



]^_ A0,A1,…,An - ZlhfZjgu_ nhjfmeu \b^Z Pε(t1,…,tk), (t=g)ε; t(zt
1,…,zt

lt), g(zg
1,…,zg

lg), 
t1(z

1
1,…,z1

l1), … ,tk(z
k
k1,…,zk

lk) - l_jfu; zt
1,…,zt

lt, zg
1,…,zg

lg, z1
1,…,z1

l1, … , zk
k1, … ,zk

lk - 
bg^b\b^gu_ dhgklZglu; ε = 1(0) - hij_^_ey_l hlkmlkl\b_ (gZebqb_) hljbpZgby. Kfuke�
nhjfmeu�����khklhbl�\�lhf��qlh[u�ijb�ex[hc�nbdkbjh\Zgghc�aZf_g_�bg^b\b^guo�dhgklZgl�
gZ�h[t_dlu�ba�g_dhlhjhc�fh^_eb��0�beb�'��ba�bklbgghklb�ihkuedb�ke_^h\ZeZ�[u�bklbgghklv�
aZdexq_gby�� Fgh`_kl\h� nhjfme� 5V

>XO@�0�� ihke_� lZdh]h� ij_h[jZah\Zgby� i_j_oh^bl� \�
g_dhlhjh_�fgh`_kl\h�nhjfme�\b^Z������bklbgguo�gZ�0��dhlhjh_�h[hagZqbf�q_j_a�5&V(M). 

>ey� h[gZjm`_gby� g_^_l_jfbgbjh\Zgguo� aZ\bkbfhkl_c� \� yaud_� i_j\h]h� ihjy^dZ�
g_h[oh^bfh� \\_klb� \_jhylghklgmx�f_jm� gZ�nhjfmeZo� yaudZ� i_j\h]h� ihjy^dZ��LZdZy�f_jZ�
fh`_l�[ulv�\\_^_gZ�jZaebqgufb�kihkh[Zfb�>��@� 

J_Zevgh� fu� gbdh]^Z� g_� bf__f� wfibjbq_kdhc� kbkl_fu� 0� \k_c� ]_g_jZevghc�
kh\hdmighklb�� Z� lhevdh� ebrv� g_dhlhjmx� \u[hjdm� �^Zggu_�� '�  � �:�9!�� $� ∪� 8� ba� 8�
ij_^klZ\eyxsb_� kh[hc� ih^fh^_ev� fgh]hkhjghc� wfibjbq_kdhc� kbkl_fu� 0�� BkdZlv�
aZ\bkbfhklb�fh`gh�lhevdh�ih�^Zgguf�'��AZ^ZqZ� �ihegh]h��ZgZebaZ�aZ\bkbfhkl_c�k�mq_lhf�
^Zggh]h�h]jZgbq_gby�ij_h[jZam_lky�\�aZ^Zqm��ihegh]h��ZgZebaZ�aZ\bkbfhkl_c�gZ�^Zgguo�'��
<aZbfhk\yav� f_`^m� wlbfb� ^\mfy� aZ^ZqZfb� mklZgZ\eb\Z_lky� ke_^mxsbfb� ^\mfy 
lj_[h\Zgbyfb� 

����� GZk� bgl_j_kmxl� lZdb_� aZ\bkbfhklb� gZ� '� �dZd� ^_l_jfbgbjh\Zggu_� lZd� b�
g_^_l_jfbgbjh\Zggu_���dhlhju_�h[eZ^Zxl�ij_^kdZaZl_evghc�kihkh[ghklvx�ih�hlghr_gbx�d�
^jm]bf�kemqZcgh�\u[jZgguf�ba�8�h[t_dlZf� 

����� �Ihegh_�� fgh`_kl\h� aZ\bkbfhkl_c� gZ� '� �^_l_jfbgbjh\Zgguo� b�
g_^_l_jfbgbjh\Zgguo�� ^he`gh� \� ij_^_e_� �ijb� m\_ebq_gbb� \u[hjdb�� klj_fblvky� d�
�iheghfm��fgh`_kl\m�aZ\bkbfhkl_c�gZ�0� 

G_ljm^gh�\b^_lv��qlh�5&V(M) ⊂ RCV
�'���lZd�dZd�'�⊂ M -�\u[hjdZ�'�ih^fh^_ev�0��

Ihwlhfm�mkeh\byf���������^ey�^_l_jfbgbjh\Zgguo�aZ\bkbfhkl_c�fh`gh�m^h\e_l\hjblv��_keb�
ba�fgh`_kl\Z�5&V

�'��\aylv�lhevdh�l_�aZ\bkbfhklb��dhlhju_�\�khhl\_lkl\bb�k�hij_^_e_gguf�
klZlbklbq_kdbf�djbl_jb_f��ijb�g_dhlhjhf�^h\_jbl_evghf�mjh\g_�α��^Z\Zeb�[u�lj_[m_fmx�
gZ^_`ghklv� ij_^kdZaZgby� �hp_gdm� mkeh\ghc� \_jhylghklb� nhjfmeu� ������ H[hagZqbf� wlh�
fgh`_kl\h�q_j_a�5&3V

∝(D). 
JZkkfhljbf� g_^_l_jfbgbjh\Zggu_� aZ\bkbfhklb� b� fgh`_kl\h� ℑA = {A j∈J̀ � \k_o�

ZlhfZjguo� \ukdZau\Zgbc� \� keh\Zj_� 9∪&�� ]^_� &�  � ^kk∈K} - � fgh`_kl\h� \k_o� bg^b\b^guo�
dhgklZgl�� AZ^Zqm� �ihegh]h�� ZgZebaZ� g_^_l_jfbgbjh\Zgguo� aZ\bkbfhkl_c� gZ� 0� hij_^_ebf�
dZd� aZ^Zqm� gZoh`^_gby� \k_o� gZb[he__� kbevguo� �^Zxsbo� fZdkbfZevgmx� hp_gdm� mkeh\ghc�
\_jhylghklb��mkeh\guo�aZ\bkbfhkl_c�f_`^m�ZlhfZjgufb�\ukdZau\Zgbyfb�ba�ℑA

��G_ljm^gh�
\b^_lv��qlh�lZdb_�aZ\bkbfhklb�^he`gu�m^h\e_l\hjylv�ke_^mxsbf�lj_f�mkeh\byf� 

3.3. m(A1,…,An��!����\�ijhlb\ghf�kemqZ_�mkeh\gZy�\_jhylghklv�g_�hij_^_e_gZ�� 
�����?keb�ba�ihkuedb�$1,…,An�m^Zeblv�h^gh�beb�g_kdhevdh�ZlhfZjguo�\ukdZau\Zgbc��

lh�mkeh\gZy�\_jhylghklv�P�$0/A1,…,An��mf_gvrblky� �lh�_klv�\k_�ZlhfZjgu_�\ukdZau\Zgby�
kms_kl\_ggu��ih\urZxl�mkeh\gmx�\_jhylghklv��^ey�ij_^kdZaZgby�$0); 

����� IhkuedZ� ihegZ� -� ijb� ^h[Z\e_gbb� d� g_c� ex[h]h� ZlhfZjgh]h� \ukdZau\Zgby�
gZjmrZ_lky� h^gh� ba� i_j\uo� ^\mo� mkeh\bc�� lh� _klv� eb[h� ihkuedZ� klZgh\blky�
i_j_hij_^_e_gghc� �P�$1,…,An) = 0��� eb[h� gb� h^gh� ba� ZlhfZjguo� \ukdZau\Zgbc� g_�fh`_l�
[he__�m\_ebqblv�hp_gdm�mkeh\ghc�\_jhylghklb� 

AZ\bkbfhklb�� m^h\e_l\hjyxsb_� mkeh\byf� ���-����� gZau\Zxlky� \� >��-23] 
\_jhylghklgufb�aZdhghf_jghklyfb��Fgh`_kl\h�\_jhylghklguo�aZdhghf_jghkl_c�h[hagZqbf�
q_j_a� 5(*>XODULW\@�0��� Hij_^_e_gb_� \_jhylghklghc� aZdhghf_jghklb� hlghkblky� dh� \k_c�
]_g_jZevghc�kh\hdmighklb�0��\�ij_^iheh`_gbb��qlh�gZf�ba\_klgZ�\_jhylghklv�P���<�>��-23] 
mklZgZ\eb\Z_lky� k\yav�f_`^m�fgh`_kl\hf�^_l_jfbgbjh\Zgguo� aZdhghf_jghkl_c� 5&V

�0��b�
fgh`_kl\hf� \_jhylghklguo� aZdhghf_jghkl_c� 5(*>XODULW\@�0��� >hdZau\Z_lky�� qlh�



^_l_jfbgbjh\Zggu_� aZdhghf_jghklb�� m^h\e_l\hjyxsb_� g_dhlhjuf� _kl_kl\_gguf�
^hihegbl_evguf�mkeh\byf��dhlhju_�eh]bq_kdb�g_�km`Zxl�fgh`_kl\Z�5&V

�0�� �ihkuedZ�g_�
\k_]^Z� eh`gZ�� ijb� m^Ze_gbb� dZdh]h-eb[h� ZlhfZjgh]h� \ukdZau\Zgby� ba� ihkuedb�
aZdhghf_jghklv�klZgh\blky�eh`ghc��ijb�aZf_g_�aZdexq_gby�gZ�eh`v�aZdhghf_jghklv�lZd`_�
klZgh\blky� eh`ghc��� y\eyxlky� qZklguf� kemqZ_f� \_jhylghklguo� aZdhghf_jghkl_c�� LZdbf�
h[jZahf�fgh`_kl\h�5(*�0��y\ey_lky�\�wlhf�kfuke_�jZkrbj_gb_f�fgh`_kl\Z�5&V(M). 

>ey� h[gZjm`_gby� \_jhylghklguo� aZdhghf_jghkl_c� ih� \u[hjd_� '� mkeh\by� ���-3.5 
ijh\_jyxlky�^ey�nhjfme�����k�ihfhsvx�hij_^_e_gguo�klZlbklbq_kdbo�djbl_jb_\��Nhjfmeu�
\b^Z������^ey�dhlhjuo�wlb�mkeh\by�djbl_jb_\��Nhjfmeu�\b^Z������^ey�dhlhjuo�wlb�mkeh\by�k�
g_dhlhjuf� mjh\g_f� ^h\_jby� α� \uiheg_gu�� gZah\_f� aZdhghf_jghklyfb�� Fgh`_kl\h�
aZdhghf_jghkl_c�� bf_xsboky� gZ� '�� h[hagZqbf� q_j_a� 5*

V
α�'��� <� kbem� lh]h�� qlh�

^_l_jfbgbjh\Zggu_� aZdhghf_jghklb� y\eyxlky� \� hij_^_e_gghf� kfuke_� qZklguf� kemqZ_f�
\_jhylghklguo� aZdhghf_jghkl_c�� lh� h[gZjm`_gb_� fgh`_kl\Z� ^_l_jfbgbjh\Zgguo�
aZdhghf_jghkl_c� 5&3V

α�'�� ijhbkoh^bl� Z\lhfZlbq_kdb� ijb� h[gZjm`_gbb� 5*
V

α�'��� <h�
fgh`_kl\_�aZdhghf_jghkl_c�5*V

α�'��^_l_jfbgbjh\Zggu_�aZdhghf_jghklb�\u^_eyxlky�l_f��
qlh�hgb�g_�bf_xl�bkdexq_gbc��ijb�bklbgghklb�ihkuedb�aZdexq_gb_�\k_]^Z�bklbggh���LZdbf�
h[jZahf�� aZ^ZqZ� �ihegh]h��ZgZebaZ� aZ\bkbfhkl_c�k\_^_gZ�d� aZ^Zq_�h[gZjm`_gby�fgh`_kl\Z�
aZdhghf_jghkl_c� 5*V

α�'��� WlZ� aZ^ZqZ� j_rZ_lky� f_lh^hf� h[gZjm`_gby� aZdhghf_jghkl_c��
dhlhjuc�ijb\h^blky�\�>�@� 

F_lh^�h[gZjm`_gby�aZdhghf_jghkl_c�j_Zebah\Zg�ijh]jZffghc�kbkl_fhc�'LVFRYHU\� 
Ihevah\Zl_ev�\�^bZeh]_�k�ijh]jZffghc�kbkl_fhc� aZ^Z_l�g_dhlhjh_�iZjZf_ljbq_kdh_�

k_f_ckl\h�nhjfme� 
A1&…&A n ⇒ A0                                                                 (3) 

]^_� $0,A1,…,An -� eh]bq_kdb_� \ujZ`_gby� �eh]bq_kdb_� \ujZ`_gby� \dexqZxl� eh]bq_kdb_�
k\yadb�$1'��25��127��kdh[db�b�ijhba\hevgu_�Zjbnf_lbq_kdb_�\ujZ`_gby�k�iZjZf_ljZfb���
IZjZf_lju� fh]ml� [ulv� ijhba\hevgufb� b� baf_gylvky� \� pbde_�� IZjZf_ljZfb� fh]ml� [ulv�
ghf_jZ� ijbagZdh\�� bgl_j\Zeu� baf_g_gby� ijbagZdh\�� \u^_e_ggu_� agZq_gby� ijbagZdh\��
iZjZf_lju� fh^bnbpbjmxsb_� ijbagZd� �ih^\_j]Zxsb_� _]h� jZaebqguf� ij_h[jZah\Zgbyf�� b�
l�^��>ey�dZ`^h]h�gZ[hjZ�agZq_gbc�iZjZf_ljh\�fu�ihemqZ_f�dhgdj_lgmx�nhjfmem�\b^Z� �����
dhlhjZy�ijh\_jy_lky�gZ�aZdhghf_jghklv�gZ�fgh]hkhjlghc�wfibjbq_kdhc�kbkl_f_�'� 
 

����KljZl_]bb�ihbkdZ��ihegh]h��fgh`_kl\Z�aZdhghf_jghkl_c� 
 

��� P_ev� dZ`^hc� kljZl_]bb� -� ihemqblv� ih� \hafh`ghklb� �ihegh_�� fgh`_kl\h�
aZ\bkbfhkl_c� \� ^Zgguo��Iheguc� i_j_[hj� \k_o� ijZ\be� \b^Z� ����� dZd� ijZ\beh�� g_\hafh`_g�
�lhevdh�^ey�hl^_evguo�lbih\�^Zgguo��gZijbf_j��[me_\uo�beb�gZbf_gh\Zgbc�hg�\�ijbgpbi_�
\hafh`_g�� b� lh�� _keb� h]jZgbqblv� _]h� lj_[m_fhc� gZ^_`ghklvx� ij_^kdZaZgby��� Ihwlhfm�
g_h[oh^bf�gZijZ\e_gguc�i_j_[hj��GZijZ\e_gguc�i_j_[hj�^he`_g�ij_ke_^h\Zlv�ke_^mxsb_�
p_eb� 

�������G_�ijhimklblv�klZlbklbq_kdb�agZqbfu_�aZdhghf_jghklb� 
������� Kj_^b� klZlbklbq_kdb� agZqbfuo� aZdhghf_jghkl_c� gZclb� gZb[he__� lhqgu_� \�

kfuke_� fZdkbfZevghklb� iheghlu� mkeh\bc� \� ihkued_� b� h[_ki_qb\Zxsbo� fZdkbfZevgmx�
hp_gdm�ij_^kdZaZgby��kf��Gb`_�hij_^_e_gb_�hlghr_gby�¾��[ulv�[he__�lhqguf�ijZ\behf��� 

������� Kj_^b� aZdhghf_jghkl_c�� m^h\e_l\hjyxsbo� i_j\uf� ^\mf� mkeh\byf�� l�_��
klZlbklbq_kdb� agZqbfuo� b� gZb[he__� lhqguo�� gZclb� aZdhghf_jghklb�� bkihevamxsb_�
gZb[he__� lhgdb_�k\hckl\Z�rdZeu�b�khhl\_lk\mxsb_�bf�hlghr_gby�b�hi_jZpbb��dhlhju_�k�
fZdkbfZevghc� lhqghklvx� m`_� kh^_j`Zl_evghc�� mqblu\Zxs_c� bgl_jij_lZpbx� b�
kh^_j`Zl_evgmx�\aZbfhk\yav�hlghr_gbc�b�hi_jZpbc��\ujZ`Zxl�aZ\bkbfhklv�\�^Zgguo��DZd�
ijZ\beh� lZdb_� aZdhghf_jghklb� [he__� lhqgu� b� \� kfuke_� i����� �bf_xl� [hevrmx� hp_gdm�
mkeh\ghc�\_jhylghklb���ohly�b�g_kjZ\gbfu�ih�hlghr_gbx�¾. 



Ijh]jZffgZy�kbkl_fZ�',6&29(5<�iha\hey_l�j_Zebah\u\Zlv�gZijZ\e_gguc�i_j_[hj�
k� ihfhsvx� kljZl_]bc� gZijZ\e_ggh]h� b� \k_� [he__� lhqgh]h� ZgZebaZ� wfibjbq_kdh]h�
kh^_j`Zgby� ^Zgguo��Ijb� wlhf� lhqghklv� \� khhl\_lkl\bb� k� i�����b�i�����ihgbfZ_lky� \� ^\mo�
kfukeZo�� \� kfuke_� hlghr_gby� ¾� b� \� kfuke_� [h]Zlkl\Z� bgnhjfZpbb�� RdZeu� \_ebqbg�
mihjy^hq_gu�\�khhl\_lkl\bb�k�[h]Zlkl\hf�bgnhjfZpbb��kh^_j`Zs_cky�\�agZq_gbyo�\_ebqbg�
-�hl�rdZe�gZbf_gh\Zgbc�b�rdZe�ihjy^dZ�d�rdZeZf�bgl_j\Zeh\��hlghr_gbc�b� Z[khexlguf�
rdZeZf��<�ijh]jZffghc�kbkl_f_�mlhqg_gby�ijZ\be�hkms_kl\eyxlky�ke_^mxsbf�h[jZahf� 

�������Iml_f�^h[Z\e_gby�gh\uo�mkeh\bc�\�ihkuedm��eb[h�ijbf_g_gb_f�ih^klZgh\hd��
Wlh�fh`_l�^_eZlvky� kZfbf�bkke_^h\Zl_e_f�beb� wdki_jlhf�� hibjZykv�gZ� k\hx�bglmbpbx�b�
hij_^_e_gb_�hlghr_gby�¾ -��[ulv�[he__�lhqguf�ijZ\behf���\\_^_ggh]h�b�bkke_^h\Zggh]h�\�
jZ[hlZo�>�����@� 

�������LZdh_�mlhqg_gb_�djhf_�lh]h��dZd�ihdZaZgh�\�jZ[hlZo�>�����@��[m^_l�ij_^klZ\eylv�
kh[hc�g_dhlhjuc�\_jhylghklguc�\u\h^��hij_^_eyxsbc�ihbkd�gZb[he__�lhqgh]h��bf_xs_]h�
fZdkbfZevgmx�hp_gdm�mkeh\ghc�\_jhylghklb��ijZ\beZ� 

������� Iml_f� bkihevah\Zgby� [he__� �lhgdbo�� k\hckl\� \_ebqbg�� ij_^klZ\e_gguo�
khhl\_lkl\mxsbfb�hi_jZpbyfb�b�hlghr_gbyfb�[he__�kbevguo�rdZe� 

Mlhqg_gby�������-�������iha\heyxl�m^h\e_l\hjblv�khhl\_lkl\mxsbf�p_eyf���������������
P_ev� ������ -� g_� ijhimklblv� klZlbklbq_kdb� agZqbfhc� aZdhghf_jghklb� -� \� ijZdlbq_kdb�
^hklZlhqghc�f_j_�^hklb]Z_lky�l_f��qlh�^ey�j_Zevguo�aZ^Zq��dZd�ijZ\beh��\k_]^Z�\uihegy_lky�
mkeh\b_��_keb�_klv� aZdhghf_jghklv�kh�keh`ghc�ihkuedhc��lh�lZdmx� aZdhghf_jghklv�\k_]^Z�
fh`gh�ihemqblv�\�j_amevlZl_�ihke_^h\Zl_evgh]h�mlhqg_gby�ihkuedb��gZqbgZy�k�ijhkl_cr_c��
lZd�� qlh� \k_� ihke_^mxsb_� mlhqg_gby� lZd� `_� [m^ml� aZdhghf_jghklyfb� �wlZ� ijhp_^mjZ� gZ�
]_g_jZevghc� kh\hdmighklb� ij_^klZ\ey_l� kh[hc� \_jhylghklguc� \u\h^��Wlhl� \_jhylghklguc�
\u\h^� \\_^_g� b� bkke_^h\Zg� \� jZ[hlZo� >��-��@���Djhf_� lh]h�� ^ey� ^hklb`_gby� wlhc�`_�p_eb�
ke_^m_l�gZqbgZlv�k�h[gZjm`_gby��ihegh]h��fgh`_kl\Z�aZdhghf_jghkl_c�kgZqZeZ�gZ�[_^guo�
rdZeZo� [me_\uo� b� gZbf_gh\Zgbc�� Z� aZl_f� m`_� i_j_oh^blv� d� [he__� kbevguf�rdZeZf�� l�_��
kljZl_]by� ^he`gZ� hibjZlvky� gZ� mihjy^hq_gghklv� rdZe� ih� [h]Zlkl\m� bgnhjfZpbb�
�eh]bq_kdhc� kbe_���Wlh� ke_^m_l� ba� lh]h�� qlh� ^ey� [_^guo�rdZe� \� [hevr_c� f_j_� \hafh`_g�
iheguc� i_j_[hj� k� dhlhjh]h� b� gZqbgZ_lky� ijhp_kk� ihke_^h\Zl_evgh]h� mlhqg_gby�
aZdhghf_jghkl_c� 

LZdbf�h[jZahf��^ey�lh]h�qlh[u�ihemqblv�kljZl_]bx�gm`gh�ke_^h\Zlv�imgdlZf�������- 
������� Gh� djhf_� lh]h� ke_^m_l� mqblu\Zlv� mihjy^hq_gghklv� rdZe�� j_amevlZlu� L_hjbb�
Baf_j_gbc� b� l_� lbiu� ^Zgguo�� dhlhju_� m� <Zk� bf_xlky�� <� khhl\_lkl\bb� k� wlbf� gb`_�
dhgdj_lgh�hibkZgu�jZaebqgu_�\hafh`gu_�kljZl_]bb� 

Ijb\_^_f� hij_^_e_gb_� hlghr_gby� ¾ -� �[ulv� [he__� lhqguf�� >��@�� H[hagZqbf�
fgh`_kl\h� \k_o� ih^klZgh\hd� g_� y\eyxsboky� i_j_klZgh\dZfb� q_j_a� 4W� �lh`^_kl\_ggZy�
ih^klZgh\dZ�ijbgZ^e_`bl�4W�� 

HIJ?>?E?GB?��Hlghr_gb_�&�¾ C’, C = A1&…&A n ⇒ A0; C
’ = A’

1&…&A ’
n’ ⇒ A’

0, 
Q�Q
�!���bf__l�f_klh�lh]^Z�b�lhevdh�lh]^Z��dh]^Z�kms_kl\m_l�ih^klZgh\dZ�θ ∈ Θ�lZdZy��qlh�
A0θ = A’

0�b�^$1θ&…&A nθ} < {A ’
1,…,A’

n’`�b�eb[h�θ�g_�lh`^_kl\_ggZy�ih^klZgh\dZ��eb[h�Q���
n'. 

Ij_`^_� q_f� ijb\_klb� kljZl_]bb�� g_h[oh^bfh� hibkZlv� lbiu� ^Zgguo� �g_� rdZeu���
\klj_qZxsb_ky�\�jZaebqguo�ij_^f_lguo�h[eZklyo��Wlb�lbiu�^Zgguo�hij_^_eyxl�fgh`_kl\h�
hlghr_gbc�b�hi_jZpbc��dhlhju_�^ey�wlbo�^Zgguo�hij_^_e_gu��gh�g_�Zdkbhfu��dhlhjuf�wlb�
hlghr_gby�b�hi_jZpbb�m^h\e_l\hjyxl��Lbiu�^Zgguo�fh]ml�[ulv�ke_^mxsbfb��eh]bq_kdbc��
gZbf_gh\Zgbc��ihjy^dZ�b�hlghr_gbc��LZdbfb� lbiZfb�^Zgguo�fh]ml�[ulv��khhl\_lkl\_ggh��
[me_\u� fZljbpu� /�[1,…,xn��� kh� agZq_gbyfb� \h� fgh`_kl\_� ^���`�� fZljbpu� \� rdZe_�
gZbf_gh\hgbc� 1�[1,…,xn��� kh� agZq_gbyfb� \h� fgh`_kl\_� gZlmjZevguo� qbk_e�� fZljbpu� \�
rdZe_� ihjy^dZ� 3�[1,…,xn��� k� ihjy^dh\ufb� agZq_gbyfb� �qbkeh\u_� agZq_gby� kjZ\gb\Zxlky�
lhevdh� hlghr_gb_f� ihjy^dZ�� b� fZljbpu� \� rdZe_� hlghr_gbc� �bgl_j\Zeh\�� Z[khexlghc��



A(x1,…,xn���kh�agZq_gbyfb�\h�fgh`_kl\_�\_s_kl\_gguo�qbk_e��A^_kv�[1,…,xn -�i_j_f_ggu_�g_�
lhevdh�ih�h[t_dlZf��gh�b�ih�ijbagZdZf��ghf_jZf�wdki_jbf_glh\��qbkem�]jZ^Zpbc�ijbagZdh\�
b� l�^��Fu� \k_]^Z� [m^_f� kqblZlv�� qlh� m� gZk� _klv� i_j_f_ggu_� ^\mo� lbih\� -� i_j_f_ggu_� ih�
h[t_dlZf� ba� fgh`_kl\Z� ^D1,a2�«`� b� i_j_f_ggu_-iZjZf_lju� ba� fgh`_kl\Z� ^SDU1,par2,…}. 
DZ`^uc� iZjZf_lj� _klv� i_j_f_ggZy�� ijh[_]ZxsZy� g_dhlhjh_� dhg_qgh_� fgh`_kl\h�
gZlmjZevguo� qbk_e�� Wlb� fgh`_kl\Z� fh]ml� [ulv� jZaebqgu� ^ey� jZaebqguo� i_j_f_gguo��
<k_]^Z�^Ze__�[m^_f�bf_lv� \\b^m�� qlh�gZ� khhl\_lkl\mxsbo�f_klZo� \�fZljbp_�fh]ml� klhylv�
i_j_f_ggu_�lhevdh�kljh]h�hij_^_e_ggh]h�lbiZ��Dhjl_`�i_j_f_gguo�[m^_f�h[hagZqZlv�q_j_a�
�[!��:dkbhfu�� dhlhjuf� ^he`gu� m^h\e_l\hjylv� wlb� hlghr_gby� b� hi_jZpbb�� ^he`gu� [ulv�
ihemq_gu�m`_�\�j_amevlZl_�ZgZebaZ�wlbo�^Zgguo��gZijbf_j��kbkl_fhc DISCOVERY. 

�����<�khhl\_lkl\bb�k�mihjy^hq_gghklvx�rdZe��kgZqZeZ�ke_^m_l�ijh\_klb�h[jZ[hldm�
^Zgguo� \� rdZe_� gZbf_gh\Zgbc�� Bf_xsb_ky� qbkeh\u_� agZq_gby� ke_^m_l� jZa[blv� gZ�
bgl_j\Zeu�� dhlhju_� \� nhjfme_� ���� fh`gh� aZ^Zlv� iZjZf_ljZfb�� Ijb\_^_f� h[sbc� \b^�
aZdhghf_jghkl_c� lZdh]h� \b^Z��Qlh[u�nhjfmeZ� [ueZ� e_]dh� h[hajbfhc� fu� [m^_f� \kyq_kdb�
ba[_]Zlv�bg^_dkh\� 
∀a(Lε(<x>)&…&L ε(<x>)& 

(N(<x>) = FN)ε&…&(N(<x>) = FN)ε& 
(F < P(<x>) < F)ε&…&(F < P(<x>) < F)ε& 
(F < A(<x>) < F)ε&…&(F < A(<x>) < F)ε ⇒                                                                (4) 
{L (<x>)  (N(<x>) = FN)ε  (F < P(<x>) < F)ε  (F < A(<x>) < F)ε}, 

]^_ 
a -�h^gZ�i_j_f_ggZy�ih�h[t_dlZf��\oh^ysZy�\�dhjl_`b��[!� 
w ∈ {0,1} - �hij_^_ey_l�hlkmlkl\b_�beb�gZebqb_�hljbpZgby� 
FN -� p_ehqbke_ggu_� Zjbnf_lbq_kdb_� \ujZ`_gby�� g_� kh^_j`Zsb_� i_j_f_gghc� ih�

h[t_dlZf�b�\dexqZxsb_�ijhba\hevgh_�qbkeh�i_j_f_gguo-iZjZf_ljh\� 
F -� Zjbnf_lbq_kdb_� \ujZ`_gby�� g_� kh^_j`Zsb_� i_j_f_gguo� ih� h[t_dlZf� b�

\dexqZxsb_�i_j_f_ggu_-iZjZf_lju� 
 -� hagZqZ_l�� qlh� \� aZdexq_gbb� ijZ\beZ� ���� klhbl� lhevdh� h^gh� ba� mdZaZgguo� \�

nb]mjghc�kdh[d_�\ujZ`_gbc� 
AZdhghf_jghklb� \b^Z� ����� h[gZjm`_ggu_� ^ey� dhebq_kl\_gguo� i_j_f_gguo�� ^Zxl�

dZq_kl\_gguc�hl\_l�gZ�\hijhk��Z�kms_kl\m_l�eb�\hh[s_�dhebq_kl\_ggZy�aZ\bkbfhklv��?keb�
^ey�g_dhlhjhc�aZ\bkbfhklb� ����\�^Zevg_cr_f�[m^_l�gZc^_gZ�[he__�lhqgZy� aZ\bkbfhklv�b�\�
kfuke_�ijh]ghaZ��hp_gdb�mkeh\ghc�\_jhylghklb��b�\�kfuke_�\b^Z��eh]bq_kdb�[he__�kbevgZy��
aZ\bkbfhklv��lh�i_j\mx�aZ\bkbfhklv�fh`gh�[m^_l�m^Zeblv� 

����� >ey� hlghr_gby� ihjy^dZ� b� ^ey� khq_lZgby� lbih\� gZbf_gh\Zgbc� b� ihjy^dZ�
kms_kl\m_l�g_kdhevdh�jZaebqguo�deZkkh\�aZdhghf_jghkl_c� 

������� Ij_`^_� \k_]h� wlh� ZdkbhfZlbq_kdbc� ZgZeba� kZfh]h� hlghr_gby� ihjy^dZ� - 
hij_^_eblv� dZdhc� kbkl_f_� Zdkbhf� hlghr_gb_� ihjy^dZ� m^h\e_l\hjy_l�� KZfh� hlghr_gb_�
ihjy^dZ� qZklh� aZ^Z_lky� fZljbpZfb� [bgZjgh]h� hlghr_gby� lbiZ� /�D�E��� <� gZklhys__� \j_fy�
ba\_klgh� g_kdhevdh� ^_kyldh\� jZaebqguo� kbkl_f� Zdkbhf� ^ey� hlghr_gbc� ihjy^dZ��
Ijh]jZffgZy�kbkl_fZ�',6&29(5<�kh^_j`bl�+HOS�kbkl_f�Zdkbhf�\�dhlhjhf�_klv�^hklZlhqgh�
[hevrh_� qbkeh� kbkl_f� Zdkbhf� ^ey� hlghr_gbc� ihjy^dZ�� Hgb� ^h\hevgh� jZaghh[jZagu�� Bo�
ke_^m_l�ijhklh�ijh\_jblv� 

������� AZdhghf_jghklb� f_`^m� hlghr_gbyfb� ihjy^dZ� –� mqZkldb� fhghlhgghc�
aZ\bkbfhklb��Fhghlhggu_�aZ\bkbfhklb�dZd�ijZ\beh�g_�jZkijhkljZgyxlky�gZ�\k_�fgh`_kl\h�
h[t_dlh\�� ihwlhfm� g_h[oh^bfh� gZoh^blv� mqZkldb� fhghlhgghc� aZ\bkbfhklb�� h]jZgbqb\Zy�
h[eZklb�fhghlhgghklb�nhjfmevgh� hij_^_ey_fufb� h^ghf_klgufb� ij_^bdZlZfb��Ijb\_^_f�
h[sbc� \b^� lZdbo� aZdhghf_jghkl_c�� Hij_^_ebf� kgZqZeZ� nhjfmevgh� hij_^_ebfu_�
h^ghf_klgu_�ij_^bdZlu��H[hagZqbf�ihkuedm�ijZ\beZ�����q_j_a�)�D�� 
F(a) ≡ (Lε(<x>)&…&L ε(<x>)& 



(N(<x>) = FN)ε&…&(N(<x>) = FN)ε& 
(F < P(<x>) < F)ε&…&(F < P(<x>) < F)ε&                                                                   (5) 
(F < A(<x>) < F)ε&…&(F < A(<x>) < F)ε 

NhjfmeZ� )�D�� hij_^_ey_l� g_dhlhjuc� mqZklhd� �h[eZklv�� \� h[h[s_gghf� ijbagZdh\hf�
ijhkljZgkl\_��\dexqZxs_f�ijbagZdb�jZaguo�rdZe��hlghkbl_evgh�i_j_f_gghc�ih�h[t_dlZf�
D��Knhjfmebjm_f�kgZqZeZ�k\hckl\h�fhghlhgghklb�g_ihkj_^kl\_ggh�^ey�hlghr_gbc�ihjy^dZ�
≤��!��dhlhju_�fh]ml�[ulv�aZ^Zgu��gZijbf_j��lbihf�^Zgguo�/�D�E�Q��beb�3�D�E�Q���]^_�Q�-�ghf_j�
ijbagZdZ��wdki_jbf_glZ�beb�wdki_jlZ� 
 
∀a,b(F(a)&F(b)&(a ≤i1 b)ε&…&(a ≤im b)ε ⇒ (a ≤i0 b)ε),                                                             (6) 
 
]^_�L��«�LP�L��-�ghf_jZ�ijbagZdh\� 
ε ∈ {0,1}, (a < b)0 = (a > b), (a < b)1 = (a < b). 
 
GZihfgbf��qlh�fu�\kyq_kdb�ba[_]Z_f�bg^_dkh\�b�ihwlhfm�Z�fh`_l�ijbgbfZlv�jZaebqgu_�
agZq_gby�^ey�jZaebqguo�hlghr_gbc�b�\f_klh�hlghr_gby�≤�\�nhjfme_� ����\�ijhba\hevguo�
f_klZo� fh`_l� klhylv� hlghr_gb_� ��� Hlghr_gb_� ihjy^dZ� lZd`_� qZklh� aZ^Z_lky� [ZeeZfb 
ihkj_^kl\hf�lbiZ�^Zgguo�1�D�E�Q�� 

�������Kbkl_fu�Zdkbhf�^ey�aZdhgh\�\�\b^_�ijhkluo�ihebghfh\�>��@��<�>��@�g_�lhevdh�
ihemq_gu�kbkl_fu�Zdkbhf�^ey�hkgh\guo�nbabq_kdbo�aZdhgh\��gh�b�jZajZ[hlZg�p_euc�deZkk�
kbkl_f�Zdkbhf�^ey�aZdhgh\�\�\b^_�ijhkluo�ihebghfh\��Hkh[_gghklv�wlh]h�deZkkZ�\�lhf��qlh�
kbkl_fu� Zdkbhf� knhjfmebjh\Zgu� hlghkbl_evgh� ijhkl_crbo� hlghr_gbc� -� hlghr_gbc�
jZ\_gkl\Z� beb� wd\b\Ze_glghklb� ^ey� \k_o� \_ebqbg� b� lhevdh� ^ey� h^ghc� ba� \_ebqbg� - 
hlghr_gb_�ebg_cgh]h�ihjy^dZ��?keb�wlb�hlghr_gby�m^h\e_l\hjyxl�h^ghc�ba�jZajZ[hlZgguo�
lZf�kbkl_f�Zdkbhf��lh�hlkx^Z�ke_^m_l��qlh�kms_kl\mxl�kbevgu_��eh]-bgl_j\Zevgu_��rdZeu�
^ey� \k_o� \_ebqbg�� k\yaZggu_� f_`^m� kh[hc� aZ^Zgguf� ihebghfhf�� RdZeu� b� ihebghf�
ihemqZxlky� ijhp_^mjhc� h^gh\j_f_ggh]h�rdZebjh\Zgby�� Wlb� j_amevlZlu� ihdZau\Zxl�� qlh�
^ey�ihemq_gby�kbevguo�rdZe�b� aZdhgh\�g_�gm`gu�dZdb_-lh�hkh[u_�hlghr_gby�b�hi_jZpbb�
^ey� \_ebqbg�� Z� gm`gZ� ij_`^_� \k_]h� hij_^_e_ggZy� bo� \aZbfhk\yav�� Wlb� j_amevlZlu�
ih^l\_j`^Zxl�\hafh`ghklv�ihkljh_gby�Dhebq_kl\_gguo�L_hjbc�\�jZaebqguo�ij_^f_lguo�
h[eZklyo��DZd�[ueh�hlf_q_gh�\h�\\_^_gbb��ijb�i_j_ghk_�baf_jbl_evguo�ijhp_^mj�ba�h^ghc�
h[eZklb� agZgby� \� ^jm]mx� fgh`_kl\h� bgl_jij_lbjm_fuo� hlghr_gbc� b� hi_jZpbc� ke_^m_l�
i_j_kfZljb\Zlv��DZd�ijZ\beh�bo�klZgh\blky�f_gvr_��rdZeu�\_ebqbg�h[_^gyxlky�b�[ulm_l�
fg_gb_�� qlh� l_f� kZfuf� dZdZy-lh� \Z`gZy� bgnhjfZpby� l_jy_lky�� Mihfygmlu_� \ur_�
j_amevlZlu�ihdZau\Zxl��qlh�wlh�aZ[em`^_gb_��l�d��hlghr_gby�jZ\_gkl\Z��wd\b\Ze_glghklb�b�
ihjy^dZ�ijb�wlhf��dZd�ijZ\beh��\k_]^Z�hklZxlky��Bkihevamy�bo�b�hij_^_eb\�kbkl_fm�Zdkbhf��
k\yau\Zxsmx� wlb�hlghr_gby��fh`gh��\�ijbgpbi_��ihkljhblv�gh\u_�[he__� Z^_d\Zlgu_�^ey�
^Zgghc�ij_^f_lghc�h[eZklb�kbevgu_�rdZeu�\_ebqbg�b�hij_^_eblv�k\yau\Zxsbc�bo�aZdhg��
Ihwlhfm� ^_eh� g_� \� [h]Zlkl\_� hlghr_gbc�� Z� \� bo� aZdhghf_jguo� k\yayo�� Fu� g_� [m^_f�
ijb\h^blv� a^_kv� wlb� kbkl_fu� Zdkbhf�� ijhklh� knhjfmebjm_f� \� gZb[he__� h[s_f� \b^_�
ihemqZ_fu_�ba�gbo�rdZeu�b�aZdhgu� 

>ey� ex[h]h� ijhklh]h� ihebghfZ� \�  � I�[��«�[Q�� kms_kl\m_l� �eb[h� fh`_l� [ulv�
ihkljh_gZ�� kbkl_fZ� Zdkbhf� 6� \� keh\Zj_� :�  � �� ≤y, =x1,…,=xn!�� ba� bklbgghklb� dhlhjhc� gZ�
g_dhlhjhc� wfibjbq_kdhc� kbkl_f_�� \ul_dZ_l� kms_kl\h\Zgb_� qbkeh\uo� ij_^klZ\e_gbc�
�kbevguo�]hfhfhjnbafh\�hlghkbl_evgh�g_�lhevdh�hlghr_gbc�b�hi_jZpbc�keh\Zjy�:��gh�b�
g_dhlhjuo�hij_^_ebfuo�q_j_a�gbo�hlghr_gbc�b�hi_jZpbc��ϕy:Y → Re; ϕx1:X → Re;...; ϕxn:X 
→� 5H� \_ebqbg� \�[��«�[Q�� k\yaZgguo� ^Zgguf� ijhkluf� ihebghfhf� � ∀r(ϕy(y) = 
f(ϕx1(x1),…,ϕxn(xn))), r = <y,x1,…,xn>. 



������� Kmffbjm_f� kljZl_]bb� ^ey� rdZe� ihjy^dZ�� ?keb� _klv� hlghr_gby� ihjy^dZ��
kbkl_fu� Zdkbhf� dhlhjuo� g_ba\_klgu�� lh� bo� ke_^m_l� mklZgh\blv�� ?keb� dZdZy-lh� kbkl_fZ�
Zdkbhf�hdZ`_lky�\uiheg_gghc��lh�lZf�`_�[m^_l�mdZaZgh�dZdhc�wlh�ihjy^hd�b�dZdh_�qbkeh\h_�
beb� dhgkljmdlb\gh_� qbkeh\h_� >�@� ij_^klZ\e_gb_� ^ey� g_]h� kms_kl\m_l�� eb[h� lZdh\h_�
g_ba\_klgh�� ?keb� qbkeh\h_� ij_^klZ\e_gb_� g_ba\_klgh�� lh� fh`gh� ihiulZlvky� kZfhfm�
ihkljhblv�dhgkljmdlb\gh_�qbkeh\h_�ij_^klZ\e_gb_�dZd�wlh�hij_^_e_gh�\�>�@� 

?keb� kj_^b� \_ebqbg� _klv� hlghr_gb_� ebg_cgh]h� ihjy^dZ�� lh� ke_^m_l� ijh\_jblv�
kbkl_fu� Zdkbhf� ^ey� ijhkluo� ihebghfh\�� ?keb� dZdZy-lh� ba� kbkl_f� Zdkbhf� ^ey� ijhkluo�
ihebghfh\� hdZ`_lky� \uiheg_gghc� �dZd� ijb� wlhf� h[oh^blvky� k� ZdkbhfZfb� kh^_j`Zsbfb�
d\Zglhju� kms_kl\h\Zgby� kdZaZgh� \� >�@��� lh� wlh� mdZ`_l� kihkh[� kh\f_klgh]h�rdZebjh\Zgby�
\k_o� \oh^ysbo� \� aZ\bkbfhklv� \_ebqbg� lZd�� qlh� hgb� [m^ml� k\yaZgu� aZdhghf� \� \b^_�
khhl\_lkl\mxs_]h� ijhklh]h� ihebghfZ��Wlh� ^Zkl� gZf� gh\u_� Z^_d\Zlgu_�rdZeu� \_ebqbg� b�
k\yau\Zxsbc�bo�aZdhg� 

?keb�\k_�ihjy^db�ebg_cgu_��gh�gb�h^gZ�ba�kbkl_f�Zdkbhf�^ey�ijhkluo�ihebghfh\�g_�
\uiheg_gZ�� lh� ke_^m_l� ijh\_klb� ZdkbhfZlbq_kdbc� ZgZeba� k\hckl\� nmgdpbhgZevghc�
aZ\bkbfhklb��>ey�rdZe�ihjy^dZ�wlh�-�k\hckl\h�fhghlhgghklb��ijb\_^_ggu_�\�i���������H[sbc�
\b^�lZdbo�aZ\bkbfhkl_c�kh^_j`blky�\�+(/3-_� 

?keb� gb� h^gZ� ba� mihfygmluo� \ur_� kbkl_f� Zdkbhf�� kh^_j`Zsboky� \� +(/3-Z� g_�
\uiheg_gZ�� lh� fh`gh� ijh^he`blv� ZdkbhfZlbq_kdbc� g_ba\_klghc� aZ\bkbfhklb� dZd� wlh�
mdZaZgh�\�i�� �������>ey� wlh]h�gZ^h� kZfhfm�bkke_^h\Zl_ex�beb� wdki_jlm��hibjZykv�gZ� k\hx�
bglmbpbx�� kljhblv� \k_� [he__� lhqgu_� iZjZf_ljbq_kdb_� k_f_ckl\Z� ijZ\be�� mlhqgyxsb_�
aZdhghf_jghklb�\�khhl\_lkl\bb�k�hij_^_e_gb_f�hlghr_gby�¾. 

����� JZkkfhljbf� lbiu� ^Zgguo� /�D�E�F�G�� b� 3�D�E��� Lbi� ^Zgguo� 3�D�E�� gZau\Z_lky�
fZljbphc�[ebahklb��kf��>�@�beb�h[ahju�>�����@���<�>�@�ihdZaZgh��qlh�wlhl�lbi�^Zgguo�fh`_l�
[ulv�ij_^klZ\e_g�lbihf�^Zgguo�/�D�E�F�G���Imklv�^Zgh�g_dhlhjh_�fgh`_kl\h�h[t_dlh\�$� �
{a1,…,am`��FZljbp_c�[ebahklb�^ey�wlbo�h[t_dlh\�gZau\Z_lky�fZljbpZ� �Uij ), i,j = 1,…,m; rij  - 
qbkeh\u_�hp_gdb�f_ju�[ebahklb��koh^kl\Z�beb�jZaebqby��\�ihjy^dh\hc�rdZe_��bf_xl�kfuke�
lhevdh�kjZ\g_gby�\_ebqbg�Uij  ≤ rkl���LZdb_�fZljbpu�\hagbdZxl��gZijbf_j��ijb�kjZ\g_gbb�beb�
hp_gd_�wdki_jlhf�\k_o�iZj�h[t_dlh\�ba�$�\�g_dhlhjhf�hlghr_gbb� 

FZljbpu� [ebahklb� h[jZ[Zlu\Zxlky� f_lh^Zfb� fgh]hf_jgh]h� g_f_ljbq_kdh]h�
rdZebjh\Zgby� >�����@�� P_evx� wlbo� f_lh^h\� y\ey_lky� ij_^klZ\e_gb_� h[t_dlh\� lhqdZfb� \�
g_dhlhjhf� f_ljbq_kdhf� ijhkljZgkl\_� �?\deb^h\hf� beb� JbfZgh\hf�� fbgbfZevghc�
jZaf_jghklb�lZd��qlh[u�jZkklhygby�Gij�f_`^m�gbfb�k�lhqghklvx�^h�ihjy^dZ�khhl\_lkl\h\Zeb�
[u� \_ebqbgZf� Uij �� Ihke_� ijbf_g_gby� f_lh^h\� fgh]hf_jgh]h� rdZebjh\Zgby� ihemqZ_lky�
ij_^klZ\e_gb_�^Zgguo�\�f_ljbq_kdhf�ijhkljZgkl\_�ihke_�q_]h��dZd�ijZ\beh��ijbf_gyxlky�
f_lh^u�:gZebaZ�>Zgguo��G_^hklZldb�lZdh]h�ih^oh^Z�h[km`^_gu�\�>�@� 

Qlh[u� ij_^klZ\blv� wlb� ^Zggu_� \� l_jfbgZo� L_hjbb� Baf_j_gbc� hij_^_ebf� gZ�
fgh`_kl\_�$�hlghr_gb_�3�lbiZ�/�D�E�F�G�� 

P(a,b,c,d) ⇔ rab ≤ rcd. 
<� L_hjbb� Baf_j_gbc� wfibjbq_kdb_� kbkl_fu�� \dexqZxsb_� ih^h[gu_�

q_luj_of_klgu_� hlghr_gby�� h[hagZqZxlky� dZd� 0�  � �$
*;≤!�� ]^_� $* ⊂ AxA, ≤ -� [bgZjgh_�

hlghr_gb_� mihjy^hq_gby�� hij_^_e_ggh_� gZ� $*
� b� gZau\Zxlky� rdZeZfb� jZaghkl_c� >����@�

�iheh`bl_evguo� jZaghkl_c�� Ze]_[jZbq_kdbo� jZaghkl_c�� jZ\guo� dhg_qguo� ijhf_`mldh\��
Z[khexlguo�jZaghkl_c�b�l�^��� 

Ke_^m_l�hkh[h�ih^q_jdgmlv��qlh�g_kfhljy�gZ�lh��qlh�jZagbpZ�f_`^m�rdZehc�ihjy^dZ�b�
rdZehc�jZaghkl_c�g_[hevrZy�-�\�h[hbo�kemqZyo�fu�bf__f�lhevdh�h^gh�hlghr_gb_�ihjy^dZ��
h^gh� ba� dhlhjuo� hij_^_e_gh� gZ� h[t_dlZo�� Z� ^jm]h_� gZ� iZjZo� h[t_dlh\�� -� l_f� g_� f_g__� \ 
i_j\hf�kemqZ_�fu�bf__f�lhevdh�rdZem�ihjy^dZ��Z�\h�\lhjhf�kemqZ_�m`_�kbevgmx�rdZem� - 
rdZem� hlghr_gbc� �dZd� b� ^ey� ijhkluo� ihebghfh\���GZijbf_j�� ^ey�rdZeu� iheh`bl_evguo�
jZaghkl_c�>����@�kms_kl\m_l�rdZeZ�N�lZdZy��qlh�^ey�ex[uo�iZj��D�E���E�F���F�G��∈ A*: 



1.3.1. (a,b) ≤ (c,d) ⇔�N�D�E��≤�N�F�G�� 
1.3.2. N(a,c) = N(a,b) + N(b,c). 
Hlh[jZ`_gb_� N� _^bgkl\_ggh� k� lhqghklvx� ^h� iheh`bl_evgh]h� fgh`bl_ey� �rdZeZ�

hlghr_gbc���JZagbpZ� \� lhf�� qlh��bf_y� \hafh`ghklv� kjZ\gb\Zlv� hlj_adb��fh`gh�ijh\h^blv�
jZaebqgu_� ijhp_^mju� rdZebjh\Zgby�� hldeZ^u\Zy� jZ\gu_� hlj_adb�� <� L_hjbb� Ijbgylby�
J_r_gbc�ba\_klgu�^_kyldb�ijhp_^mj�h^ghf_jgh]h�rdZebjh\Zgby�^ey�km[t_dlb\guo�hp_ghd�
EbpZ� IjbgbfZxs_]h� J_r_gb_�� Wlb� `_� ijhp_^mju� fh`gh� ijbf_gylv� b� ^ey�
i_j_rdZebjh\Zgby�nbabq_kdbo�ijb[hjh\��ijbf_gy_fuo�aZ�ij_^_eZfb�nbabdb� 

>ey�ijh\_jdb�kbkl_f�Zdkbhf�jZaghkl_c�g_h[oh^bfh�ijh\_jblv��bf_xsb_ky�\�+(/3-_�
kbkl_fu�Zdkbhf� 

����� DZd� m`_� [ueh� kdZaZgh�� hlghr_gby� ihjy^dZ�� wd\b\Ze_glghklb� b� jZ\_gkl\Z�� dZd�
ijZ\beh�� \k_]^Z� hklZxlky� ijb� ijbf_g_gbb� nbabq_kdbo� ijb[hjh\� aZ� ij_^_eZfb� nbabdb� b�
ihemqZxl�gh\mx�bgl_jij_lZpbx�\�kbkl_f_�ihgylbc�khhl\_lkl\mxs_c�ij_^f_lghc�h[eZklb��
Ihwlhfm�kbkl_fu�Zdkbhf�^ey�ijhkluo�ihebghfh\��rdZe�jZaghkl_c�b�rdZe�ihjy^dZ�y\eyxlky�
hkgh\gufb�ijb�i_j_kfhlj_�rdZe�b�h[gZjm`_gbb�aZdhgh\�\�gh\uo�ij_^f_lguo�h[eZklyo� 

�����Kbkl_fu�Zdkbhf�fgh]bo�nbabq_kdbo�\_ebqbg�hkgh\Zgu�gZ�lhf�nZdl_� �ohly�_klv�
^h\hevgh� fgh]h� bkdexq_gbc� kf�� >��@��� qlh� ^ey� wlbo� nbabq_kdbo� \_ebqbg� kms_kl\m_l�
wfibjbq_kdb� bgl_jij_lbjm_fZy� hi_jZpby� •�� h[eZ^ZxsZy� k\hckl\Zfb� hi_jZpbb� keh`_gby��
>ey�\j_f_gb��gZijbf_j��wlZ�hi_jZpby�hij_^_ey_l�\j_fy�W1•t2�jZ\gh_�^\mf�ke_^mxsbf�^jm]�aZ�
^jm]hf� ijhf_`mldZf� \j_f_gb� W1� b� W2�� ^ey�fZkku� wlZ� hi_jZpby� D1•a2� bgl_jij_lbjm_lky� dZd�
kh\f_klgh_� \a\_rb\Zgb_�^\mo� h[t_dlh\� D1�b� D2��^ey�^ebg� hgZ�bgl_jij_lbjm_lky� dZd�^ebgZ�
l1•l2� jZ\gZy� h[s_c� ^ebg_� ^\mo�� iheh`_gguo� \^hev� h^ghc� ijyfhc�� hlj_adh\� O1� b� O2�� LZdb_�
\_ebqbgu� gZau\Zxlky� wdkl_gkb\gufb�� ?keb� ^ey� dZdhc-eb[h� ba� \_ebqbg� \� ^Zgguo� _klv�
bgl_jij_lbjm_fZy� ^\mf_klgZy� hi_jZpby� •�� lh�� bkihevamy� kbkl_fu� Zdkbhf� wdkl_gkb\guo�
kljmdlmj��fh`gh� ijh\_jblv� y\eyxlky� eb� wlb� \_ebqbgu� wdkl_gkb\gufb��>ey� wdkl_gkb\guo�
\_ebqbg�fh`gh�ihkljhblv�rdZem�hlghr_gbc��lZdmx�`_�dZd�b�^ey�mihfygmluo�nbabq_kdbo�
\_ebqbg� 

�����<k_�nbabq_kdb_�\_ebqbgu��dZd�ihdZaZgh�\�>��@� 
jZa[b\Zxlky�gZ�^\_�]jmiiu��l_�^ey�dhlhjuo�kms_kl\m_l�hi_jZpby�•�b�l_�^ey�dhlhjuo�lZdhc�
hi_jZpbb�g_l��L_�\_ebqbgu��^ey�dhlhjuo�lZdhc�hi_jZpbb�g_l��ihemqZxl�kbevgmx�sdZem�aZ�
kq_l� aZdhgh\�� k\yau\Zxsbo� wlm� \_ebqbgm� k� \_ebqbgZfb�� bf_xsbfb� kbevgu_� rdZeu��
Kbkl_fu� Zdkbhf� lZdbo� aZdhgh\� ijb\_^_gu� \� >��@� �kf�� lZd`_� >�@���Hgb� hibku\Zxl� aZdhgu�
\b^Z�\n = xm*zk

�b�djhf_�lh]h�^Zxl�kbevgu_�rdZeu�^ey�\_ebqbg��m�dhlhjuo�g_l�hi_jZpbb�•. 
Ihqlb� \k_� ijhkl_crb_�nbabq_kdb_� aZdhgu�� k\yau\Zxsb_� f_`^m� kh[hc� \kx� kh\hdmighklv�
nbabq_kdbo�\_ebqbg�\�_^bgmx�kbkl_fm�nbabq_kdbo�\_ebqbg��bf_xl�bf_ggh�lZdhc�\b^�>��@��
AZ� kq_l� wlbo� aZdhgh\� \k_� nbabq_kdb_� \_ebqbgu� bf_xl� kbevgu_� rdZeu�� Ijh\_jblv� wlb�
kbkl_fu�Zdkbhf�fh`gh�kbkl_fhc�'LVFRYHU\� 

�����?keb�gb�h^gZ�ba�kbkl_f�Zdkbhf�imgdlZ�i������g_�\uihegg_gZ��Z�hi_jZpbb�
�b���^ey�
g_dhlhjuo� ba� \_ebqbg� bgl_jij_lbjm_fu�� lh� fh`gh� bkke_^h\Zlv� k\hckl\Z� nmgdpbc� iml_f�
ihke_^h\Zl_evgh]h� mlhqg_gby� ijZ\be� k� ihfhsvx� hlghr_gby� ¾�� dZd� mdZaZgh� \� i��������
Ihkdhevdm�nmgdpbb�bkke_^h\Zgu�^hklZlhqgh�ohjhrh��lh�fh`gh�ij_^eh`blv�kjZam�g_kdhevdh�
\ZjbZglh\�^Zevg_cr_]h� mlhqg_gby� \b^Z�nmgdpbc��Mlhqg_gby�� \� qZklghklb��fh]ml�^_eZlvky�
^ey�\u^_e_gguo�\�i��������mqZkldh\�fhghlhgghklb� 

������� Ijb\_^_f� kgZqZeZ� p_euc� deZkk� k\hckl\�� dhlhju_� h[uqgh� g_� bkke_^mxlky�� Z�
ij_^iheZ]Zxlky� aZ^Zggufb� Zijbhjb� –� k\hckl\Z� f_ljbdb� ^ey� h[jZah\�� deZkl_jh\� beb�
nmgdpbc� 

∀a,b{F(a)&(NO(a) = FN)&(|x(b)-x(a)| ≤ A)&…& 
(|x(b)-x(a)| ≤ A) ⇒ (NO(b) = FN)}, ]^_                                                                            (7) 
F(a) -�nhjfmeZ����� 



x(a),x(b) -��jZagu_��ijbagZdb�h[t_dlh\�D�E� 
| - | -�g_dhlhjZy�f_ljbdZ�beb�ghjfZ� 
NO -�ijbagZd�ghf_jZ�h[jZaZ� 
FN -�p_ehqbke_ggh_�Zjbnf_lbq_kdh_�\ujZ`_gb_� 
�������Ijb\_^_f� ijhkl_cr__� k\hckl\h� ^ey� deZkkh\� nmgdpbc� -� ebg_cghklv� nmgdpbb�

�bgl_jij_lbjh\Zlv� _]h� emqr_� dZd� k\hckl\h� ijhihjpbhgZevguo� baf_g_gbc� ^ey� g_dhlhjuo�
h[eZkl_c�� 

∀a,b{F(a)&F(b)&((x(b) - x(a)) ≤ A1) ⇒                                                                            (8) 
(A3 ≤ A2 *(y(b) - y(a))/(x(b) - x(a)) ≤ A4)}, ]^_ 
F(a),F(b) - nhjfmeu (5); 
A1,A2,A3,A4 -�Zjbnf_lbq_kdb_�\ujZ`_gby�k�iZjZf_ljZfb� 
�������MqZkldb�fhghlhgghklb�k�^himklbfufb�hldehg_gbyfb� 

∀a,b(F(a)&F(b)&(a ± A1 ≤i1 b)ε&…&(a ± Ak ≤ik b)ε ⇒ (a ± A0 ≤i0 b)ε, 
]^_�)�D��b�)�E��-�nhjfmeu�\b^Z����� 
i1,…,ik,i0 -�ghf_jZ�ijbagZdh\����� 
A1,…,Ak,A0 -�Zjbnf_lbq_kdb_�\ujZ`_gby�k�iZjZf_ljZfb� 
ε ∈ {0,1}, (a ± A ≤i b)1 = (a ± A ≤i b), (a ± A ≤i b)0 = (a ± A >i b). 

G_ljm^gh�\b^_lv��qlh�ijh^he`Zlv�mlhqgylv�\b^�nmgdpbhgZevghc�aZ\bkbfhklb�fh`gh�
kZfufb� jZaghh[jZagufb� kihkh[Zfb� b� ijb\_klb� bo� \k_� a^_kv� ijhklh� g_\hafh`gh��Kibkhd�
\b^h\� aZ\bkbfhkl_c� fh`_l� ihklhyggh� ihihegylvky� kZfbfb� ihevah\Zl_eyfb�� ihwlhfm� \�
ijhp_kk_�wdkiemZlZpbb�hg�[m^_l�g_ij_ju\gh�h[h]ZsZlvky� 

MdZ`_f� l_hjbb�� gZ� dhlhju_� fh`gh� hibjZlvky� ijb� ZgZeba_� k\hckl\� nmgdpbc��
Ba\_klgh��qlh�ex[mx�g_ij_ju\gmx�nmgdpbx�fh`gh�ijb[ebablv�jy^hf�L_cehjZ��<�dZq_kl\_�
k\hckl\�nmgdpbb�fh`gh�bkke_^h\Zlv�ih\_^_gb_�ijb[eb`_gbc�d�ijhba\h^guf��?klv�nmgdpbb�
aZ^Zxsb_ky� ^bnn_j_gpbZevgufb� mjZ\g_gbyfb�� >ey� gbo� fh`gh� bkke_^h\Zlv�
khhl\_lkl\mxsb_� wlbf�mjZ\g_gbyf�ijb[eb`_gby�\�\b^_�jZaghklguo�mjZ\g_gbc��Lhevdh�gZ�
jZaghklgu_�mjZ\g_gby�gm`gh�kfhlj_lv�g_�dZd�gZ�kihkh[�ijb[eb`_ggh]h�\uqbke_gby��Z�dZd�
gZ�k\hckl\Z�wlbo�nmgdpbc� 

Fh`_l� ihdZaZlvky�� qlh� bkke_^h\Zgb_� k\hckl\�nmgdpbc� gbq_f� g_� hlebqZ_lky� hl� l_o�
ZiijhdkbfZpbc�� dhlhju_� gZoh^ylky� f_lh^Zfb� :gZebaZ� >Zgguo�� GZihfgbf�� qlh� _klv� ^\Z�
ijbgpbibZevguo�hlebqby��\h-i_j\uo��k\hckl\Z�nmgdpbc�\k_]^Z�bgl_jij_lbjm_fu�\�kbkl_f_�
ihgylbc� ij_^f_lghc� h[eZklb� �lhevdh� lZdb_� b� jZkkfZljb\Zxlky��� b�� \h-\lhjuo�� k\hckl\Z�
nmgdpbc�fh]ml�[ulv� mklZgh\e_gu� kh� kdhev� m]h^gh�[hevrhc� kl_i_gvx�^hklh\_jghklb��Wlh�
iha\hey_l�]h\hjblv�h�gbo�dZd�h[��bklbgguo���Z�g_�dZd�h�ZiijhdkbfZpbyo� 
 

E�B�L�?�J�:�L�M�J�: 
 
��� <bly_\� ?�?��H[gZjm`_gb_� aZdhghf_jghkl_c� �f_lh^heh]hy�� f_lh^�� ijh]jZffgZy� kbkl_fZ�
6,17(=������F_lh^heh]by����F_lh^heh]bq_kdb_�sjh[e_fu�gZmdb��<uqbkebl_evgu_�kbkl_fu��
138), Gh\hkb[bjkd��������k����-60 
���<bly_\�?�?��F_lh^�h[gZjm`_gby�aZdhghf_jghkl_c�b�f_lh^�ij_^kdZaZgby����Wfibjbq_kdh_�
ij_^kdZaZgb_� b� jZkihagZ\Zgb_� h[jZah\� �<uqbkebl_evgu_� kbkl_fu�� \ui�� �����Gh\hkb[bjkd��
������k����-68. 
���<bly_\�?�?��AZdhghf_jghklb�\�yaud_�wfibjbq_kdbo�kbkl_f����Wfibjbq_kdh_�ij_^kdZaZgb_�
b�jZkihagZ\Zgb_�h[jZah\��<uq��kbkl���\ui�������Gh\hkb[bjkd��������k���-14. 
��� <bly_\� ?�?�� AZdhghf_jghklb� \� yaudZo� wfibjbq_kdbo� kbkl_f� b� aZdhgu� deZkkbq_kdhc�
nbabdb� ���Wfibjbq_kdh_�ij_^kdZaZgb_�b�jZkihagZ\Zgb_�h[jZah\� �<uqbkebl_evgu_�kbkl_fu��
\ui�������Gh\hkb[bjkd��������k����-56. 



��� <bly_\� ?�?�� H[gZjm`_gb_� nmgdpbhgZevguo� aZ\bkbfhkl_c� k� h^gh\j_f_gguf�
nhjfbjh\Zgb_f� ihgylbc� ���<lhjZy� \k_khxagZy� dhgn_j_gpby� ih� Z\lhfZlbaZpbb� ihbkdh\h]h�
dhgkljmbjh\Zgby��Gh\hkb[bjkd��������k�����-172. 
��� <bly_\� ?�?�� Mijhs_gb_� nmgdpbhgZevguo� aZ\bkbfhkl_c� aZ� kq_l� i_j_rdZebjh\Zgby�
\_ebqbg� ��� ��-y� <k_khxagZy� rdheZ-k_fbgZj� ih� �Ijh]jZffgh-Ze]hjblfbq_kdhfm�
h[_ki_q_gbx�ijbdeZ^gh]h�fgh]hf_jgh]h�klZlbklbq_kdh]h�ZgZebaZ���F���������k����-262. 
���<bly_\�?�?���Fhkd\blbg�:�:��E:>:�-�ijh]jZffgZy�kbkl_fZ�eh]bq_kdh]h�ZgZebaZ�^Zgguo����
F_lh^u�ZgZebaZ�^Zgguo��<uqbkebl_evgu_�kbkl_fu�\ui�������Gh\hkb[bjkd��������k���-58. 
���<bly_\�?�?��Qbkeh\h_�Ze]_[jZbq_kdh_��b�dhgkljmdlb\gh_�ij_^klZ\e_gb_�h^ghc�nbabq_kdhc�
kljmdlmju� ��� Eh]b]h-fZl_fZlbq_kdb_� hkgh\u�FHA� �<uqbkebl_evgu_� kbkl_fu�� \ui�� ������
Gh\hkb[bjkd��������k���-51. 
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