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 Ih� kms_kl\m�� -� [m^_f� jZkkfZljb\Zlv� ijbjh^m� lh\Zjguo� hlghr_gbc�� ki_pbnbq_kdbo� hlghr_gbc�

ijh^mdlh\� ljm^Z� �ki_pbnbq_kdbo� hlghr_gbc� j_amevlZlh\�� blh]h\�fZl_jbZevghc� q_eh\_q_kdhc� ^_yl_evghklb���

A^_kv� ij_^klZ\e_g� g_dhlhjuc� l_dkl� b� agZdh\h_� \ujZ`_gb_� wlh]h� l_dklZ�� k� hibkZgb_f� ij_^eZ]Z_fuo� agZqdh\�

iexk��g_�\k_]^Z��g_dhlhjh_�h[s__�jZkkm`^_gb_�ih�ih\h^m�wlbo�agZqdh\� 
;Zah\uf�agZdh\uf�\ujZ`_gb_f�m�FZjdkZ� �y\ey_lky�nhjfmeZ�L-L��ih�djZcg_c�f_j_�lZd�\�jmkkdhf�i_j_\h^ghf�
\ZjbZgl_��dZd�\�g_f_pdhf�hjb]bgZe_�–�g_�ihfgx���Z�ih^�jmdhc�_]h�g_l�����lh\Zj�h[f_gb\Z_lky�gZ�lh\Zj��GZrZ�`_�

[Zah\Zy�fh^_ev�³hagZqb\Z_l´�ijh^mdl�ljm^Z��_s_�g_�y\eyxsbcky�lh\Zjhf���-�_s_�[he__�]em[hdZy��ih�kjZ\g_gbx�

k�FZjdkh\hc��Z[kljZdpby��k� ³rZ]hf�gZaZ^´��KdZ`_f��ijh^mdl�ljm^Z�� �gZau\Z_fuc� �O��\� agZdh\hf�\ujZ`_gbb�

\u]ey^bl� lZd�� x∨  ( )↑  
���
;�  ( )↑  x∧ � �� ijbq_f� kZf� ijh^mdl� bf__l� \gmljb� k_[y� _s_� b� keh`gmx� kljmdlmjm���

�HibkZgb_�\k_o�agZqdh\��bo�hlghr_gbc�[m^_l�ijb\_^_gh�gb`_��ih�l_dklm�� 
 BlZd��ijbjh^Z� lh\Zjguo�hlghr_gbc��b� lhevdh� \�g_h[oh^bfhf�^ey�gZk�jZdmjk_��Ke_^m_l�hibkZlv� ljb�

hkgh\gu_��eh]bq_kdb�hqbs_ggu_�bklhjbq_kdb_��wlZiZ�jZa\blby�^Zgguo�hlghr_gbc�� 
 ���<i_j\u_�lh\Zjgh_�hlghr_gb_�ihy\ey_lky�\�dZq_kl\_�ijhklh]h��g_ihkj_^kl\_ggh]h�b�kemqZcgh]h��ZdlZ�

h[f_gZ�� L-L�� � ���OZjZdl_j� lh\Zjgh]h� hlghr_gby� \udjbklZeebah\u\Z_lky� ih� f_j_� jZkrbj_gby� b� m]em[e_gby�

lh\Zjgh]h�h[f_gZ�b�nbdkbjm_lky�nhjfmehc��L->-L��-�h[f_ghf�ihkj_^kl\hf�^_g_]������LjZgknhjfZpby�ijhklh]h�
lh\Zjgh]h�h[jZs_gby�\�^_g_`gh_�h[jZs_gb_�k\hbf�\_gphf�bf__l�i_j\mx�nhjfm�dZiblZeZ��kms_kl\h�dhlhjh]h��

hljZ`Z_lky� \� nhjfme_�� >-L->¶�� ]^_� >¶ >�û>�� � B� \� h[jZlghc� ihke_^h\Zl_evghklb�� DZiblZe� _klv�

kZfhmfgh`Zxsb_ky� ^_gv]b�� Z� lZcgZ� ahehlh]h�� beb� ^_g_`gh]h�� hl[e_kdZ� gZ� ex[hf� � dZ`^hf� lh\Zj_�

j_ljhki_dlb\gh�jZaj_rZ_lky��\�nhjfme_��\�lhf��qlh�hgZ�\ujZ`Z_l���L-L� 
 Gh�qlh[u��aZgylvky�wlbfb�lj_fy�klmi_gyfb��kgZqZeZ�g_h[oh^bfh�ij_^klZ\blv�gZrm�³[Zah\mx�fh^_ev´��

aZjh^ur_\uc� ]_g_lbq_kdbc�dhj_gv�\k_c�ij_h[jZah\Zgghc�nhjfu�baeh`_gby� lh\Zjguo�hlghr_gbc�� -�ijh^mdl�
ljm^Z�\�dZq_kl\_�lhevdh�ihlj_[bl_evghc�klhbfhklb�beb�p_gghklb�^ey�ihlj_[e_gby�� >ijbf��� �?keb�`_�ijh^mdl�

ljm^Z�h^gh\j_f_ggh�h[eZ^Z_l�b�^jm]h]h�jh^Z�klhbfhklvx��f_gh\hc�p_gghklvx�beb�ihe_aghklvx�^ey�h[f_gZ��lh�

\� wlhf� kemqZ_� hg� –� lh\Zj�@� <� keh\_kghf� \ujZ`_gbb� wlh� \u]ey^bl� ke_^mxsbf� h[jZahf�� >Ijbf��� AgZdh\h_�

\ujZ`_gb_�l_dklZ�b]jZ_l�g_�lhevdh�jhev�gZ]ey^ghklb��Z�kha^Z_l�g_dhlhjmx�p_ehklgmx�kblmZpbx�l_dklZ�b�agZdZ��

ij_\urZxsmx�ih�]em[bg_�wlb�^\Z�fhf_glZ�ih�hl^_evghklb�@ 
 Ijh^mdl� ljm^Z� _klv� � �imklv� beb� iheh`bf�� \_s_kl\h� ijbjh^u�� \h\e_q_ggh_� \� ihe_� q_eh\_q_kdhc�

^_yl_evghklb�� ]^_� �\� q_f�� hgh� beb� _]h�nhjfZ� ij_l_ji_\Z_l� lm� beb� bgmx�f_lZfhjnham� �kdZ`_f�� hgh� a^_kv� –              
³fh^bnbpbjm_lky´��b�lZdh_�m`_�\dexqZ_lky�\�lh�beb�bgh_�hlghr_gb_��f_`^m�ex^vfb�� 
 ³AZklZ\� \jZkieho´�� dZd� m`_� ^Zgghklv�� ijh^mdl� ljm^Z� \� dZq_kl\_� lhevdh� ihlj_[bl_evghc� klhbfhklb��

hlf_lbf�� qlh� iheghlZ� lZdhc� hij_^_e_gghklb� aZ^Z_lky� ³ihe_f� hlghr_gbc´�� \� dhlhjhf� ³^\b`_lky´� m`_ 
fh^bnbpbjh\Zggh_�ijbjh^gh_�\_s_kl\h�ijh^mdlZ�� �Wlh�ihe_�iheZ]Z_lky�ijhp_kkhf�jh`^_gby�ihlj_[bl_evghc�

klhbfhklb� �__� ba]hlh\e_gby�� h[jZ[hldb�� ^h[uqb«�� b� Zdlhf� __� m]ZkZgby� �ihlj_[e_gby�� j_ZebaZpbb�

ihlj_[bl_evguo�k\hckl\«���–�GZoh^ykv�f_`^m�wlbfb�ihexkZfb��ijh^mdl�b�_klv�ihlj_[bl_evgZy�klhbfhklv� 
 <�agZdh\hf�\ujZ`_gbb�wlh�\u]ey^bl��ih\lhjbfky��lZd� 
 

x∨  ( )↑  
���
;�  ( )↑  x∧   (1,1), 

]^_�
���
;�  bf__l�keh`gmx�kljmdlmjm�b�ij_^klZ\ey_l�ba�k_[y�ke_^mxs__� 

 
 
 
                                                      (1,1,1). 



Hibr_f��b�hij_^_ebf�agZqdb�ko_fu������� 

 ���
;�  –� wlh� ijh^mdl� ljm^Z� ih^� gZa\Zgb_f� O� \� dZq_kl\_� ihlj_[bl_evghc� klhbfhklb�� x∨  –� fhf_gl�

ijhba\h^kl\Z��jh`^_gby���Z� x
∧  –�fhf_gl�ihlj_[e_gby��m]ZkZgby��ijh^mdlZ�ljm^Z�\�dZq_kl\_�ihlj_[bl_evghc�

klhbfhklb��GZoh^ykv�f_`^m�wlbfb�ihexkZfb��hg�_klv�lh��qlh�hg�_klv��dh]^Z�_]h�^_eZxl��_]h�_s_�g_l��Z�dh]^Z�_]h�

ihlj_[eyxl��_]h�m`_�g_l���Ohly��dhg_qgh���\k_�gZ�kZfhf�^_e_�keh`g__��³ieZ\g__´��gh�^ey�gme_\h]h�ijb[eb`_gby�

wlh]h�^hklZlhqgh���F_`^m�wlbfb�³_s_�g_l´�b�³m`_�g_l´�ijh^mdl��³aZ\bkZy�b�`b\_l´���gZoh^ykv�kh\_jr_ggh�\g_�

bo�b��g_�keb\Zykv�gb�k�Zdlhf�jh`^_gby�k\hbo�ihlj_[bl_evguo�k\hckl\��gb�k�Zdlhf�bo�m]ZkZgby��\�ihlj_[e_gbb���

qlh�b�h[hagZqZ_lky��agZqdhf� ( )↑ ��>Ijbf���Dhg_qgh��kxjlmd�_klv�kxjlmd��dh]^Z�_]h�ghkyl��Z�]hjrhd��-�dh]^Z�\�g_f�

ojZgyl�fhehdh��Gh�\�dhgp_��dhgph\�baghkb\rbcky�kxjlmd�m`_�g_�kxjlmd��Z�ljyidZ��Dh]^Z�`_�hg�\bkbl�\�rdZnm��

lhevdh�³`Z`^y´��qlh[u�_]h�gZ^_eb��- wlh�kxjlmd«�Dhgl_dkl�ij_^eZ]Z_fuo�jZkkm`^_gbc�lj_[m_l�bf_ggh�lZdh]h�

³hklZgh\bkv�f]gh\_gby´��GZf�gm`gZ�dhe[ZkZ�\�oheh^bevgbd_��Z�g_�\h�jlm��gh�\�ij_^_eZo�kjhdZ�k\h_c�]h^ghklb��

ZgZeh]bqgh�b�^ey�kxjlmdZ«@ 

 >Zevr_��ko_fZ� ��������� � � � � � � � � � � �_klv�fh^bnbpbjh\Zggh_� �kdZ`_f�lZd��ljm^hf�\_s_kl\h�ijbjh^u� �«ba�

]ebgu� k^_eZg� ]hjrhd�� ba� ^j_\_kbgu� –� ohekl«�� =hjrdh\� fh`_l� [ulv� fgh]h� �ba[ulhd�� [ ]←1  beb� fZeh�

�g_^hklZlhd�� [ ]→2 �� ohly� \k_� `_� wlh� –� ]hjrhd� �dZd-lh� hkh[_ggh� ba]hlh\e_gguc�� ba� q_]h-lh� b� ^ey� q_]h-lh�

k^_eZgguc��– [ ]3↑  –�hkh[_gguc�ijh^mdl�ljm^Z��hlebqZxsbcky�k\hbfb�k\hckl\Zfb�hl�^jm]h]h�hkh[h]h�ijh^mdlZ�

�b�\_s_kl\hf�b�h[jZ[hldhc���Bgufb� keh\Zfb��








→↑
←

2

31 � _klv�g_dZy�\gmlj_ggyy�oZjZdl_jbklbdZ��nbdkbjmxsZy� �a�

hll_gyxsZy��iZjZf_lju��³kdhevdh´�b�³qlh´��kdZ`_f��dhebq_kl\h�b�dZq_kl\h�� 

 Fh^bnbpbjh\Zggh_� \_s_kl\h� � � � � � � � � � �hllZedb\Z_lky�hl� ZdlZ� k\h_]h�jh`^_gby�b� klj_fblky�d� k\h_fm�

m]ZkZgbx�� qlh� b� h[hagZqZ_lky� dZd� �� x
∨ � b�

x
∧ � �� khhl\_lkl\_ggh��HllZedb\Zgb_� b� klj_fe_gb_� iheghklvx�

h[\heZdb\Zxl��l_kgh�ijbfudZxl�d������������������gh�\f_kl_�k�l_f�g_�keb\Zxlky��kdhj__�–�g_�hlh`^_kl\eyxlky��k�

gbf��qlh�b�³hagZqb\Z_lky´�dZd�� ( )↓ ��Hgb�dZd�[u�³p_e_iheZ]Zxl´��³]heh_´���������������ijbkmlkl\my�g_ajbfh��bf_ggh�

b�hij_^_eyxl����������������dZd���
���
;� ����«[_a�k\hbo�ij_^uklhjbb�b�[m^ms_]h�]hjrhd�–�ijhklh��e_]dbc�iheuc�dZf_gv�

dhjbqg_\Zlh]h�hll_gdZ«� 

 �<� ijhp_kk_� ijhba\h^kl\Z� m`_� ij_^iheZ]Z_lky� oZjZdl_j� bkihevah\Zgby� [m^msbo� ihlj_[bl_evguo�

k\hckl\�ijh^mdlZ��l�_��Zdl� �jh`^_gby�b�fh^bnbpbjm_l�\_s_kl\h�ijbjh^u��b� aZjZ`Z_l�wlh�fh^bnbpbjh\Zggh_�

\_s_kl\h�g_dhlhjuf�³ihe_f´�� � �Gh�wlb� �b�^jm]b_�gxZgku�^ey� � �gZk�k_cqZk�g_�kms_kl\mxl��:�_klv�baf_g_ggh_�

\_s_kl\h�beb�_]h�nhjfZ��m`_�\ukdhqb\r__�ba�h^gh]h�ihexkZ�b�`Z`^ms__�[ulv�ih]ehs_gguf�^jm]bf�� 
 L_i_jv�\u^_ebf�g_dhlhju_�h[sb_�fhf_glu�ko_fu�������b�__�agZqdh\� 

 >ZggZy� ko_fZ� _klv� fh^_ev� h[t_dlZ�
���
;� � \� _]h� ³Zdlb\ghf��`bag_^_yl_evghf�� iheghdjh\ghf´� �\� k\hx�

f_jm��khklhygbb��dZd�lh�ih-^jm]hfm�hij_^_eblv�h[t_dl�
���
;� �a^_kv�ihdZ�g_evay��� 

 �Bf__l�f_klh�g_dhlhjZy�\aZbfhh[mkeh\e_gghklv�fhf_glh\�ko_fu��\�lhf�qbke_�b�bo�hij_^_e_gbc�� 
 AZfdgmlhc� ebgb_c�� dhglmjhf� ijyfhm]hevgbdh\-d\Z^jZlh\� h[hagZqZ_lky� lh�� qlh� bf__l� g_dhlhjmx�

kZfhklhyl_evghklv��h]jZgbq_gghklv��g_dhlhjuc�^hklZlhqgh�\u^_e_gguc�k\hc�kh[kl\_gguc�ij_^_e�beb�]jZgbpm��

�Wlh�hlghkblky�b�d� ³hdjm`_gbx´�kZfh]h�h[t_dlZ�
���
;�  ��b�d�_]h�\gmlj_gg_fm� �kljh_gbx��khklhygb_� ³dhglmj�\�

dhglmj_´�h[hagZqZ_l�keh`ghklv�kljh_gby��<_ebqbgZ�`_�d\Z^jZlZ�beb�ijyfhm]hevgbdZ�g_�b]jZ_l�gb�dZdhc�jheb���

Lh�� qlh� g_� bf__l� ih^h[ghc� oZjZdl_jbklbdb�� gZoh^blky� \� g_aZfdgmlhf� dhglmj_�� ;md\_ggh_� beb� agZdh\h_�

h[hagZq_gb_�\gmljb�dhglmjZ�deZkkbnbpbjm_l� �h[t_dl��_]h�gZa\Zgb_��k\hckl\Z� �ih\lhjbfky��\k_�wlh�dZkZ_lky�b�

C x  

C x  

C x  

C x  

C x  



\gmlj_gg_]h� kljh_gby� h[t_dlZ��� ;md\_gguc�� qbkeh\hc� beb� agZdh\uc� bg^_dk� �[md\Zevgh�� –� mdZaZl_ev�

ijbgZ^e_`ghklb� 

 x∨ �b�
x

∧  –�wlh�^\Z�[ulbcguo�[hexkZ�h[t_dlZ�
���
;� ���I_j\uc��]ZehqdZ�\\_jo��–�wlh�lh��]^_��fh`_l�[ulv�

-�\�q_f�beb�dZd��h[t_dl�\hagbdZ_l��jh`^Z_lky��gh�wlh��h^gh\j_f_ggh��-�b�kZf�ih�k_[_�Zdl�jh`^_gby��Ohly�[hevr_�

wlZ�³]ZehqdZ´�ly]hlbl�d�ijhp_kkm��d�kZfhfm�Zdlm�jh`^_gby�beb�d�ijhp_kkm��\�dhlhjhf�ijhbkoh^bl�wlh�jh`^_gb_��

Z�g_�d� ³f_klm´�jh`^_gby��Bg^_dk�\gbam�–�qlh�jh`^Z_lky��<lhjhc�ihexk� �]ZehqdZ�\gba��–�wlh�Zdl�m]ZkZgby��\�
g_dhlhjhf�jh^_�–�Zdl�kf_jlb��kf_jlv«��;he__�ih^jh[gu_�jZkkm`^_gby�h�ihexkZo�–�gb`_�� 

 Fh^_ev�h[t_dlZ�
���
;�  –� aZ\bkZgb_�ihke_^g_]h�f_`^m�k\hbfb�ihexkZfb� �������Dh]^Z�hg�jh`^Z_lky�_]h�

_s_�g_l��dh]^Z�mfbjZ_l�–�m`_�g_l��-�\�aZahj_�f_`^m�³_s_�g_l´�b�³m`_�g_l´�h[t_dl�b�_klv�lh��qlh�hg _klv�� �>ey�
kZfh]h�h[t_dlZ�_]h�ihexkZ�–�f]gh\_gby�³g_[ulby´�� �B�\hl�f_`^m�wlbfb�\aZbfh^hihegbl_evgufb� �gZ�^Zgguc�
fhf_gl��f]gh\_gbyfb�hg�b�[ZeZgkbjm_l��³dZd��\ijhq_f��b�dZ`^uc�ba�gZk´�� 

 K\yav� �oZjZdl_j�khhlghr_gby��h[t_dlZ�k�ihexkZfb�–�hihkj_^h\ZggZy�� ( )↑ ��Wlh�–�g_�h[t_dl��g_�g_qlh�

\u^_e_ggh_��Hihkj_^h\ZggZy� k\yav� � �wlh� g_� lh�� qlh[u� hgZ� q_f-lh� hihkj_^h\ZeZkv�� h[hagZqZ_l�� qlh� h[t_dlu�

l_kgh� ^jm]� d� ^jm]m� g_� ijbfudZxl�� g_� ijhgbdZxl� ^jm]� \� ^jm]Z�� f_`^m� gbfb� kms_kl\m_l� g_dbc� ³aZahj´�

�a´f_ljbdZ´���Hgb�eb[h� dZd�[u� ³hl\_jgmebkv´�^jm]�hl�^jm]Z�beb�–� ³hl\_jgmeky´��eb[h�g_� ³ijbkh_^bgbebkv´�

^jm]�d�^jm]m��K\yav�g_ihkj_^kl\_ggZy� ( )↓ ��gZh[hjhl��h[hagZqZ_l��qlh�h[t_dlu�l_kgh�ijbfudZxl� �ijhgbdZxl��

^jm]�d�^jm]m��³aZahjZ´�f_`^m�gbfb�g_l��³ebph�–�d�ebpm´�-�a�hgb�[eb`gb_�^jm]�^ey�^jm]Z���gh�\f_kl_�k�l_f�bo�

]jZgbpu�g_�jZkl\hjyxlky��hgb�g_�l_jyxlky�^jm]�\�^jm]_��Bg^_dkZ�ijbgZ^e_`ghklb�^ey�k\ya_c�g_l� 

 H[t_dl�
���
;� � ij_^klZ\ey_l� ba� k_[y� �kf�� ��������� y^jh� � � � � � � � � �� bf_xs__� g_ihkj_^kl\_ggu_� k\yab� kh�

klj_fe_gbyfb��hllZedb\Zgb_f�b�ijbly`_gb_f��d�^\mf�ihexkZf� 

 Y^jh�h[t_dlZ�_klv�_]h�kh[kl\_gguc� �[md\Zevgh��\gmlj_ggbc�p_glj�� wlh�–�hkgh\Z��hkgh\Zgb_�h[t_dlZ��
Klj_fe_gby�� dZd� [ueh� m`_� kdZaZgh�� _klv� g_dhlhjh_� ³ihe_� hlghr_gbc´�� \� dhlhjhf� gZoh^blky� y^jh�� b� lhevdh�

q_j_a�dhlhjh_� �b�\�dhlhjhf«�hgh�_klv�lh, qlh�_klv��b�dhlhjh_� aZ^Z_lky� �ihexkZfb�h[t_dlZ��Bgufb�keh\Zfb��

gZoh`^_gb_�h[t_dlZ�
���
;� �f_`^m�ihexkZfb��lh�_klv�_]h�³_klv´�dZd�lZdh\h_��h[_ki_qb\Z_lky�gZebqb_f�\�h[t_dl_�

klj_fe_gbc�� h[\heZdb\Zxsbo� _]h� y^jh�� klj_fe_gby�� kdZ`_f�� -� g_dhlhjZy� ³gZijy`_ggZy�� ]jZ^b_glgZy´� b��
]eZ\guf�h[jZahf��hij_^_eyxsZy�h[hehqZ�h[t_dlZ��\_jg__�–�_]h�y^jZ� 

 B�_s_��Y^jh���������������bf__l�kh[kl\_ggh_�agZq_gb_��h[hagZqbf�_]h�dZd�� [ ]cx ��Hgh�–�³lj_of_jgh´��bf__l�

ljb�³\aZbfhhjlh]hgZevguo´�agZq_gby��ijZ\^Z��^\Z�ba�dhlhjuo�h[jZamxl��h^bg�jh^��fh`_l�[ulv�dhebq_kl\h���Z�

lj_lbc�–�^jm]hc�jh^��fh`_l�[ulv�dZq_kl\h���\aZbfh^hihegbl_evguc��i_j\hfm���








→↑
←

2

31 . 

 BlZd�� k� ijh^mdlhf� ljm^Z� \� dZq_kl\_� lhevdh� ihlj_[bl_evghc� klhbfhklb� dZd-lh� jZah[jZebkv�L_i_jv�
[m^_f�^\b]Zlvky��^Zevr_���ijhke_^bf��qlh�ijhbkoh^bl�k�ijh^mdlhf�ljm^Z��dh]^Z�hg�ij_\jZsZ_lky�\�lh\Zj� 
  
 I_j_oh^guc�fhf_gl�\�ij_\jZs_gbb�ijh^mdlZ�ljm^Z�\�dZq_kl\_�ihlj_[bl_evghc�klhbfhklb�\�lh\Zj� 
 GZqbgZy� k� g_dhlhjh]h� fhf_glZ� qlh-lh� kemqZ_lky� k� ijh^mdlhf� ljm^Z�� -� hg� m`_� g_� \� khklhygbb�
ijb\uqguf�^ey�k_y�h[jZahf�j_Zebah\Zlv�k\hx�ihlj_[bl_evgmx�klhbfhklv��Lh�eb�ijh^mdlZ�klZgh\blky�fgh]h��k�

ba[uldhf�� lh� eb� _s_� ihq_fm� �fh`_l� [ulv� qlh-lh� ba� \g_rgbo� ijbqbg«��� gh� hg� dZd� [u� l_jy_l� k\hb�

ihlj_[bl_evgu_� k\hckl\Z�� hgb� ih� dZdbf-lh� ijbqbgZf� hdZau\Zxlky� kh\k_f� g_\hklj_[h\Zggufb��Fh`_l� [ulv�

lZd��³`Z`^Z´�[ulv�ihlj_[e_gguf�\�g_f�dZd�[u�ij_ju\Z_lky��ihkdhevdm��³dm^Z-lh�bkq_aZ_l´�kZfh�ihlj_[e_gb_��
Ijh^mdl� ljm^Z�i_j_klZ_l� [ulv�ihlj_[bl_evghc� klhbfhklvx�� �Iml_c�ij_\jZs_gby�ijh^mdlZ� ljm^Z� \� lh\Zj�gb�

h^bg��gh�hllhedg_fky�hl�nZdlZ��a^_kv�b�l_i_jv�ijh^mdl�ljm^Z�g_�ihlj_[ey_lky�� 
 <�agZdh\hf�\ujZ`_gbb�wlh�\u]ey^bl�lZd� 

x
∨   ( )↑                     (1,2), 

]^_����������������������_klv�³g_-ihlj_[bl_evgZy�klhbfhklv´�b�ij_^klZ\ey_l�ba�k_[y� 
 
 

C x  

C x  

g_  -  X 

g_  -  X 



 
(1,2,1). 

 
 

 [ ] 11 ∗
cx  –� wlh� \ha[m`^_ggh_� kh[kl\_ggh_� agZq_gb_� y^jZ� � � � � � � � � � � � � ih� i_j\hfm� iZjZf_ljm� �_^bgbpZ� \�

kdh[dZo���i_j\Zy�klmi_gv�\ha[m`^_gby��_^bgbpZ�\g_�kdh[hd�� 

→→∧
x  (1,2,2) 

 -�ij_j\Zggh_�klj_fe_gb_�d�bkq_agm\r_fm��kdju\r_fmky�Zdlm��ihlj_[e_gby� 
 <� p_ehf� ������ _klv�� kdZ`_f�� ³qbklh_� hljbpZgb_´�� g_� bf_xs__� k\h_]h� kh[kl\_ggh]h� klZlmkZ� � beb�

hkgh\Zgby�� Ihkdhevdm� m� `bagb� �\� kfuke_� �������� hkms_kl\eyxs_c� k_[y� b� ihkj_^kl\hf� klj_fe_gby� d� k\h_c�

kf_jlb�� dZd� jZa� b� h[hj\Zehkv� wlh� ³`bag_-kf_jl_evgh_´� klj_fe_gb_�� Lml� �\� kblmZpbb� �������� eb[h� bkq_agmlv�
kh\k_f��eb[h�–�^Zlv�jhklhd�³gh\hfm´« 
 Bf__f�ke_^mxs__��Ihkdhevdm�ijh^mdl�ljm^Z�ihy\beky�gZ�k\_l�\�dZq_kl\_�ihlj_[bl_evghc�klhbfhklb��b��

ijb�wlhf�ij_^iheZ]Zehkv��dZd�g_qlh�hq_\b^gh_��_]h�g_dhlhjZy�iheghlZ��ihlj_[e_gb_���b�ihkdhevdm«�fu�agZ_f��

qlh� h[f_g� \� dhgp_� dhgph\� bf__l� f_klh�� ³lh´� \hagbdrbc� ^bk[ZeZgk� � ������ ^he`_g� [ulv� \hkklZgh\e_g�� hg�

ihkl_i_ggh�b�\hkklZgZ\eb\Z_lky� 
 Ihke_^gbc�Z[aZp�g_fgh]h�ih-^jm]hfm���Ij_\jZs_gb_�ihlj_[bl_evghc�klhbfhklb�\�g_-ihlj_[bl_evgmx�
klhbfhklv�jh`^Z_l�aZl_f�rZ]�aZ�rZ]hf�ij_^\_klb_�^jm]hc�klhbfhklb��^jm]h]h�__�jh^Z��f_gh\mx�klhbfhklv��Wlh�

jh`^_gb_� �ihgZqZem�� kh^_j`bl� \� k_[_� �ij_^klZ\ey_l� ba� k_[y�� g_dhlhjmx� \hajZklZxsmx� gZijy`_gghklv�

\hkklZgh\e_gby�ij_ju\Zgby��\�f_kl_�jZaju\Z�kh�k\hbf�m]ZkZgb_f� 

 A^_kv� �kf��gb`_�ko_fm� �������bf__l�f_klh�g_dhlhjZy�i_j_oh^gZy�fh^_ev�h[t_dlZ��dh]^Z�ij_`g_]h�
���
;�  

m`_�g_l��Z�gh\h]h�
���
;� ��_s_�g_l��G_l�a^_kv�m`_��\�wlhc�k\yab��lZdh]h�y\gh]h��������������������kj��������k�������� 

 Ihke_�i_j_oh^Z� ������d� ������
���
;� �klj_fblky�\hkklZgh\blvky� �b�gZqbgZ_l�\hkklZgZ\eb\Zlvky���gh�m`_�aZ�

kq_l�dZd�[u�b�m]ZkZgby� � � � � � � � � � � � � � �������b�_]h� ³y\baZpbb´� �ihke_� �������gZ�mjh\_gv� ³y^_jguo´�hlghr_gby� �kf��

^Zevr_����������� 

 BlZd��kgZqZeZ�bf__l�f_klh�\lhjZy�klmi_gv�\ha[m`^_gby�kh[kl\_ggh]h�agZq_gby�y^jZ������������ih�i_j\hfm�

iZjZf_ljm�� [ ] 21 ∗
cx  : 

 

x∨  ( )↑                                                                (1,3), 

 
 
 
 

]^_� � � � � � � � � � � � � � � ³fbgbfbabjh\Zehkv´�� g_dhlhjZy� \gmlj_ggyy� ljZgknhjfZpby� �ijhp_kk� jh`^_gby� f_gh\hc�

klhbfhklb��³\lygmeZ´�_]h�\gmljv��b�l_i_jv�hgh�ij_^klZ\ey_l�ba�k_[y� 

                                                                
→

→

→∧x   (1,3,1)*  

 -� klj_fe_gb_� \hkklZgh\blv� h[jZah\Z\rbcky� jZaju\�� gZclb� \� dhg_qghf� blh]_� ihl_jyggh_� ihlj_[e_gb_�� �������

fh`gh� kdZaZlv��ij_^klZ\ey_l�ba� k_[y�g_y\guc� h[t_dl� k�g_y\guf� \gmlj_ggbf� hlghr_gb_f� �k�g_y\guf� k\hbf�

hljbpZgb_f�� 
 B�l_i_jv��gZdhg_p��bf__l�f_klh 
                    
                           

                                                           

*�Ijbf���<�wlhf�agZd_��ih�kjZ\g_gbb�k�ij_^u^msbf��
→→∧

x  ��^h[Z\beZkv�³cj_^gyy´�klj_edZ��h[hagZqZxsZy�

klj_fe_gb_�\hkklZgh\blv�jZaju\� 

[ ] 11 ∗
cx  

x
∨ ( )↓ � & x � ( )↓ →→∧

x
 

C x  

g_  -  X 

g_  -  X 

C x  

[ ] 21 ∗
cx  

   
x

∨
( )↓ � & x � ( )↓ �g_�����;�  

g_  -  X 



1��I_j\uc�hkgh\ghc�wlZi�jZa\blby�lh\Zjguo�hlghr_gbc��L-L 
  
 <hkklZgh\e_gb_� j_Zevghklb� ihlj_[bl_evghc� klhbfhklb� ijh^mdlZ� ljm^Z� ijhbkoh^bl� \_kvfZ�

k\h_h[jZaguf�kihkh[hf��ihkj_^kl\hf�hkh[_gghc�\klj_qb�^\mo�ijh^mdlh\�ljm^Z��ihkj_^kl\hf�h[f_gZ� 
 <hafh`ghklv� h[f_gZ� aZdexqZ_lky� \� ke_^mxs_f�� gZebph� ^he`gu� [ulv� ^\Z� jZaghjh^guo� ijh^mdlZ�

�gZebqb_�\gmlj_gg_]h�hlghr_gby�_klv�\_jhylghklv�_]h�\g_rg_]h�m^\h_gby����g_�y\eyxsb_ky�ihlj_[bl_evgufb�

klhbfhklyfb� �^ey� k\hbo� \eZ^_evp_\��� gh� klj_fysb_ky� bfb� � [ulv�� :� kZf� h[f_g� –� wlh� lZdZy� \klj_qZ� ^\mo�
ijh^mdlh\�� ]^_� k� gbfb� ijhbkoh^bl� g_dhlhjZy� f_lZfhjnhaZ�� ihke_� dhlhjhc� hgb� lhevdh� b� fh]ml� klZlv�

ihlj_[bl_evgufb�klhbfhklyfb��i_j_clb�\�l_�jmdb��]^_�aZbgl_j_kh\Zgu�bo�ihlj_[blv�� 
 BlZd� h[f_g�� A^_kv� ijh^mdl� ljm^Z� h[eZ^Z_l� h^gh\j_f_ggh� ^\mfy� jZagh]h� jh^Z� klhbfhklyfb� beb��

p_gghklvx� �\hafh`ghklvx� bkihevah\Zgby� _]h�� ^ey� ihlj_[e_gby� b� p_gghklvx� �\hafh`ghklvx� bkihevah\Zgby�

_]h��^ey�h[f_gZ� �ihlj_[bl_evghc� klhbfhklvx�b�f_gh\hc� klhbfhklvx���Fh^bnbpbjh\Zggh_� \_s_kl\h�h^gh]h��

³i_j\h]h´� ijh^mdlZ�� b]jZ_l� jhev� �\ujZ`_gb_�FZjdkZ�� k\h_c� ihlj_[bl_evghc� klhbfhklb� �gh� ^ey� k\h_]h� g_-
\eZ^_evpZ��� :� \_s_kl\h� ^jm]h]h� �ijhlb\hklhys_fm� ³i_j\hfm´�� –� jhev� f_gh\hc� klhbfhklb� ³i_j\h]h´�** � Gh�
h^gh\j_f_ggh�bf__l�f_klh�b�^jm]h_��^hihegbl_evgh_�d�i_j\hfm��hlghr_gb_��k�lhqdb�aj_gby�\lhjh]h�ijh^mdlZ���

_]h� \_s_kl\h�� \lhjh]h� ijh^mdlZ�� b]jZ_l� jhev� _]h� ihlj_[bl_evghc� klhbfhklb�� Z� \_s_kl\h� i_j\h]h� –� jhev�
kh[kl\_gghc�f_gh\hc�klhbfhklb�\lhjh]h� 
-�>\_�ijhlb\hiheh`gh�gZijZ\e_ggu_�³eh]bdb�´��\�lhf�qbke_�iZkkb\ghklv�b�Zdlb\ghklv�–�ih�FZjdkm��h^gh]h�b�

^jm]h]h�ijh^mdlh\�Z[khexlgh�h^ghf]gh\_ggu�b�jZ\ghfhsgu��\aZbfh^hihegbl_evgu��gZoh^ylky�\�h^ghf�p_ehf� 
 Lh�`_�kZfh_��kh^_j`Zgb_�ihke_^g_]h�Z[aZpZ���gh�\�^jm]hf�jZdmjk_��>\Z�ijh^mdlZ�^he`gu�ijbagZlv�^jm]�

^jm]Z� � jZ\gufb� \� kihkh[ghklb� d� \aZbfhh[f_gm�� \aZbfh^hklhcgufb� d� ^\b`_gbx� gZ� \klj_qm� ^jm]� d� ^jm]m� b�

\aZbfhg_h[oh^bfufb�\�^Zgghc� kblmZpbb��L�_�� a^_kv��\�h[f_g_�� k�h^ghc� klhjhgu��^\Z�ijh^mdlZ�^he`gu�[ulv�

jZ\gu�dZd�f_gh\u_�klhbfhklb��h^bg�ijh^mdl�^he`_g�g_klb�\�k_[_�g_qlh�lZdh_��qlh�lZd`_�gZoh^blky�b�\h�\lhjhf�

b�qlh�^_eZ_l�_]h� �i_j\h]h��jZ\guf�hij_^_e_gghfm�dhebq_kl\m�^jm]h]h�ijh^mdlZ��Gh�wlh�jZ\_gkl\h� �ih�k\h_c�

ijbjh^_��kdju\Z_l�\�k_[_��g_k_l��kh^_j`bl�\�k_[_��bffZg_glgh�aZjZ`_gh��ih[m^bl_evguf�\aZbfhg_jZ\_gkl\hf�

�klj_fe_gb_f�d�\aZbfhh[f_gm���L�_��k�^jm]hc�klhjhgu��i_j\uc�ijh^mdl�^he`_g�m\b^_lv�\h�\lhjhf��\klj_lblv�\�

g_f��k\h_�g_^hklZ\Z_fh_�b�`Z`^m_fh_�\gmlj_gg__�kh^_j`Zgb_��ijbagZlv�aZ�gbf�lZdmx��\g_rgxx���j_Zevghklv��

Gh��Lh�`_�kZfh_�^he`gh�bf_lv�f_klh�b�^ey�\lhjh]h�ijh^mdlZ*** …  
-�LZdZy�\g_rg_-\gmlj_ggyy�ijhlb\hj_qb\Zy*��\aZbfh^hihegbl_evghklv�b�ij_^klZ\ey_l�ba�k_[y�h[f_g� 
 �³Ijhs_´�� m� f_gy� _klv� \_sv�� g_� gm`gZy� fg_�� M� k\h_]h� khk_^Z� y� ijbf_lbe� h^gm� \_sbpm�� lZd�
g_h[oh^bfmx�fg_��qlh�y�jZ^�[u�\�dhgp_�dhgph\�hl^Zlv�b�k\hx��qlh[u�aZbf_lv�lm��g_�fhx��Y�[_jm�k\hx�b�b^m�d�

khk_^m«�L_�`_�fukeb�b�gZf_j_gby�b�m�g_]h�� 
 <�\b^_�agZdh\�Zdl�h[f_gZ�^\mo�ijh^mdlh\��lh\Zjhh[f_g�bah[jZabf�ke_^mxsbf�h[jZahf� 
 

                                                           
** �Ijbf���Ihwlhfm�i_j\uc�ijh^mdl�b�ijbly]b\Z_lky�dh�\lhjhfm� �ijbly]b\Z_l�\lhjhc���ihkdhevdm�\�ihy\e_gbb�

_]h�kh[kl\_gghc�f_gh\hc�klhbfhklb��aZdexqZ_lky�_]h�kiZk_gb_� 
*** �Ijbf��� A^_kv� g_h[oh^bfh� hlf_lblv� ke_^mxs__�� \gmlj_ggyy� iheyjghklv� hlghr_gby� L-L� �kf�� kh^_j`Zgb_��
^\mo�ihke_^gbo�Z[aZp_\��bf__l�f_klh��gh�hgZ� � -�\aZbfhiheyjghklv��iheyjghklv�jZ\ghijZ\by��Wlh�m`_�lhevdh�
ihlhf�wlZ�iheyjghklv��iheyjghklv�\gmlj_gg_c�p_evghklb��ij_\jZlblky�\�gZqZldb�^_ckl\bl_evghc�iheyjghklb��:�

a^_kv�� \gmlj_ggbc� fhf_gl� hlghr_gby� L-L� �_]h� ³f]gh\_ggZy� nhlh]jZnby´�� _klv� \� g_dhlhjhf� jh^_�

gZijy`_gghklv� ³ih^\b`gh]h� ihdhy� kZfhlh`^_kl\_ggh]h� jZaebqby´� �\ujZ`_gb_�Ehk_\Z�:�N���ba� hij_^_e_gby�

qbkeZ���Lhevdh�oZjZdl_j�gZijy`_gghklb�emqr_�\ujZ`Z_lky�\�hlghr_gbb� �������agZdh\hf�\ujZ`_gbb�ijhklh]h�

lh\Zjhh[f_gZ� �kf�� gb`_��� B� _s_� h^gh� –� g_fZeh\Z`gh_� –� aZf_qZgb_�� kh^_j`Zgb_� ^\mo� ihke_^gbo� Z[aZp_\��
�hkh[_ggh� ihke_^g_]h�� aZjZ`_gh�FZjdkh\uf� ihgbfZgb_f� ^Zggh]h� hlghr_gby�� Dhgl_dkl� `_� ^Zgghc� jZ[hlu�

lj_[m_l�aZk\b^_l_evkl\h\Zlv�_s_�h^bg�fhf_gl�g_iheghlu�Z[kljZdpbb��\�l_hjbb�ijb[Z\hqghc�klhbfhklb��kf��q�I 
^Zgghc� jZ[hlu��� ZgZeba� L-L� ^ey�FZjdkZ� aZjZ`_g� i_jki_dlb\hc� �Z� ^ey� g_]h� –� ^ey� _]h� ZgZebaZ� –� hgZ� m`_� – 
j_Zevghklv�� [he__� jZa\blh]h� lh\Zjgh]h� hlghr_gby�� ]^_� m`_� bf__l� f_klh� km[klZgpby� klhbfhklb�� Z[kljZdlgh�

h\_s_gguc�q_eh\_q_kdbc�ljm^��Eh]bdZ�FZjdkZ�bf__l�f_klh��gh�\�dhgl_dkl_�_]h�jZ[hlu��>ey�^Zgghc�`_�jZ[hlu�

\Z`gh�jZkkfhlj_lv�hlghr_gb_�^\mo�ijh^mdlh\��gxZgku�wlh]h�hlghr_gby��\�bo�bklhjbq_kdhc�qbklhl_��G_�[ueh�

lh]^Z�_s_�km[klZgpbb�klhbfhklb��^Z�b�³klhbfhklb´��dZd�lZdh\hc��g_�[ueh��:�[ueZ�g_h[oh^bfhklv�h[f_gylv�^\Z�

jZaghjh^guo� ijh^mdlZ�� ih� ij_bfms_kl\m� y\eyxsboky� ihlj_[bl_evgufb� klhbfhklyfb� �Z� bo� � \gmlj_gg__�

k\hckl\h�beb� \hafh`ghklv�bkihevah\Zlvky�b� ^ey� h[f_gZ�–� qlh-lh�bghjh^gh_�� \g_rg__�b� kemqZcgh_� ^ey�gbo��

G_h[oh^bfhklv� h[f_gZ� b� _]h� mkeh\by� ^he`gu� j_rZlvky� a^_kv� b� l_i_jv�� �Kh\_jr_ggh� kemqZcgh� ijhihjpby�

^Zggh]h�h[f_gZ�fh`_l�dZd-lh�hljZablv�mkeh\by�b�\j_fy��aZljZq_ggh_�gZ�bo�ba]hlh\e_gb_���<�wlhc�k\yab��eh]bdZ�
³eh]bq_kdh]h´��FZjdkh\Z�ZgZebaZ�bgZy��q_f�eh]bdZ�hlghr_gbc�³bklhjbq_kdhc�j_dhgkljmdpbb´��KhklhyeZkv�`_�

kgZqZeZ�h^gZ��Z�gZ�__�hkgh\_�–�aZl_f�^jm]Zy� 
*�Ijbf���<�q_f-lh�iZjZ^hdkZevgZy��gZ�i_j\uc�\a]ey^��b�g_\hafh`gZy��Z�\aylZy�\�p_ehf���\h�\k_o�k\hbo�gxZgkZo��k�
ljm^hf�mdeZ^u\ZxsZyky��_keb�__�ijh^mfZlv�bkdj_gg_�b�^h�dhgpZ��\�jZamfguo�jZkkm`^_gbyo� 



x
∨ ( )↑                ( )↓              ( )↑  y

∨     (1,4), 

]^_�³imklu_´�d\Z^jZlbdb�–�^\Z�lh\ZjZ�k�jZaghjh^gufb�ihlj_[bl_evgufb�klhbfhklyfb��Bf_y�hihkj_^h\Zggu_�
k\yab�k�ZdlZfb�jh`^_gby��f_`^m�kh[hc�wlb�³[eb`gb_´�^jm]�^ey�^jm]Z�lh\Zju�bf_xl�g_ihkj_^kl\_ggmx�k\yav��

<gmlj_gg__� baf_g_gb_� kljmdlmju� ������ hdZgqb\Z_lky� ihy\e_gb_f� hlghr_gby� ������� \� g_dhlhjhf� jh^_�

³m^\h_ggh]h´������� 
 <�[he__�jZa\_jgmlhf�\b^_�³imklu_´�d\Z^jZlbdb��lh\Zju��\u]ey^yl�lZd� 
 
 
 
                                               ����������������b����������������������������������������������������������������������� 
 
 
 
 
 -�lh\Zj�k�h[jZ[hlZgguf�\_s_kl\hf��beb�y^jhf� �� � � � � � � � � � � � � � � � �b�lh\Zj�k�y^jhf� � � � � � � � � � � � � � ��khhl\_lkl\_ggh��Y^jZ�

lh\Zjh\�bf_xl�kh[kl\_ggu_� agZq_gby�gZ�lj_lv_c�klmi_gb�\ha[m`^_gby��ih�iZjZf_ljZf� ��b� ��� �>Zgguc�lh\Zj�
h[f_gb\Z_lky� lhevdh� gZ� hij_^_e_ggh_� dhebq_kl\h� wlh]h� lh\ZjZ�� GZihfgbf�� qlh� j_qv� b^_l� _s_� lhevdh� h�

_^bgbqghf�kemqZcghf�h[f_g_�� 
 Y^jh� dZ`^h]h� lh\ZjZ� bf__l� g_ihkj_^kl\_ggmx� k\yav� k� hllZedb\Zgb_f� hl� i_j\h]h� ihexkZ� b�

hihkj_^h\Zggmx�l_i_jv�k\yav�k�hljbpZgb_f�_s_�g_�kms_kl\mxs_]h�h[t_dlZ��gh�m`_�ihemqb\r_]h��dhk\_gguf�

h[jZahf��k\h_�gZa\Zgb_������������������b��������������Lh\Zj��a^_kv�g_�_klv�h[t_dl�\�kfuke_��������Lh��qlh�_klv��klj_fblky�

klZlv�lZdbf�h[t_dlhf��gh�wlh�klj_fe_gb_�hkms_kl\ey_l�k_[y�ihkj_^kl\hf�f_lZfhjnha�hljbpZgby�lh]h��q_]h�_s_�

g_l��ohly�hgh�³m`_´�[ueh��� 

 HljbpZgby�g_�kms_kl\mxsbo�_s_�h[t_dlh\�ij_^klZ\eyxl�ba�k_[y�a^_kv�\hl�qlh� 
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_klv��������������������������������������������������������� 
 
 
 
 

 -� g_ihkj_^kl\_ggmx� k\yav� klj_fys_]hky� � \hkklZgh\blvky� jZaju\Z� k� y^jhf� ^hihegyxs_]h� lh\ZjZ�� �Ihjy^hd�

we_f_glh\�–�y^jZ�b�klj_fys_]hky�\hkklZgh\blvky�jZaju\Z�–�\�hljbpZgbyo�g_�bf__l�agZq_gby��\Z`gu��bo�gZebqb_�
b�oZjZdl_j�bo�k\yab�f_`^m�kh[hc�� 
 Lh\Zj�a^_kv�–�wlh�lZdhc�h[t_dl��dhlhjuc�g_�aZ\_jr_g� �³g_�kZfh^hklZlhq_g´�� �b�kZf�\�k_[_��b�\�k\h_c�

\g_rg_c�kljmdlmj_��KZf�\�k_[_��-�ihkdhevdm�\gmljb�kZfh]h�k_[y�bf__l�\uoh^�\h�\g_�k_[y��<�ij_^_eu�^jm]h]h�
lh\ZjZ��³^jm]h]h�-�bgh]h -�k_[y´���Lh\Zj�g_�aZ\_jr_g�b�\�k\h_c�\g_rg_c�dhgnb]mjZpbb��kZf�ih�k_[_��-�ihkdhevdm�
lhevdh�\�hlghr_gbb� �������^\mo�kljmdlmj� �������hg�_klv�lh��qlh�hg�_klv��Lh\Zj�–�wlh��ih�djZcg_c�f_j_��m`_�^\Z�
lh\ZjZ� 
 �a�<gmljb� �f_gy��`Z`^ms_]h� [ulv�� _klv� g_qlh� lZdh_�� qlh� ³mf_js\ey_l´� �hljbpZ_l��f_gy�� gh� g_� dZd������

∧ ���Dh]^Z�`_�wlZ�³`Z`^Z´�^hklb]Z_l�g_dhlhjh]h�ij_^_eZ*��bf__l�f_klh�`b\Zy** �\klj_qZ�³ebphf�d�ebpm´�k�fhbf��

kh[kl\_gguf�hljbpZgb_f��b�wlZ�\klj_qZ�`b\hl\hjbl�f_gy��–�<aZbfgh_�\uoh`^_gb_-\oh`^_gb_�^\mo�ijh^mdlh\�

                                                           
*�Ijbf���Ih^h[guc�ij_^_e�^he`_g�[ulv�^hklb]gml�b�\�^jm]hf�ijh^mdl_� 
** �@b\Zy�_s_�b�ihlhfm��qlh�bf__l�f_klh�qZy_fh_�g_ihkj_^kl\_ggh_�hlghr_gb_�gh\h]h�jh^Z� 
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ba�k_[y�^jm]�\�^jm]Z��dZd�[u�^hklhcgh_�\aZbfgh_�g_k_gb_�g_aZ\_jr_gghkl_c�^jm]�^jm]Z��b�hij_^_ey_l�bo�dZd�

lh\Zju�� 

 Lh\Zju� l_kgh�ijbfudZxl� � ( )↓ ��^jm]�d�^jm]m� �kf�� �������� ³ihkdhevdm´�"��hgb�ijhgbdZxl� \gmljv�^jm]�

^jm]Z�klj_fysbfbky�\hkklZgh\blvky�jZaju\Zfb��^h�y^_j���g_�jZkl\hjyykv�\f_kl_�k�l_f�h^bg�\�^jm]hf��bg^_dku�

ijbgZ^e_`ghklb� ^ey� dZ`^h]h� hklZxlky� k\hb��� Y^jh� lh\ZjZ� l_kgh� g_� ijbfudZ_l� � ( )↑ �� d� hljbpZgbx�

g_kms_kl\mxs_]h�h[t_dlZ� �kf�� ��������*** � ��ihkdhevdm�bf_ggh�wlh�hljbpZgb_�\u\h^bl�lh\Zj�\h�\g_��Bf_ggh�aZ�

kqzl�hlju\Z�
→

→

→∧x �hl�k\h_]h�y^jZ�b�l_kghfm�ijbfudZgbx�d�y^jm�^jm]h]h�lh\ZjZ�³k\h_´�y^jh��ih[m`^Zykv�

k\hbf�kh[kl\_gguf�\ha[m`^_gb_f�b�hklZ\Zykv�³gZ�f_kl_´��m\e_dZ_lky��h[\heZdb\Z_lky«��\�[he__�rbjhdh_�ihe_�

hlghr_gbc��B�g_�klhevdh�\�[he__�rbjhdh_�ihe_�hlghr_gbc��Z�kdhevdh�\�^jm]hc�jh^�hlghr_gbc��
→

→

→∧x �b�

→

→

→∧Y �magZxl�^jm]�^jm]Z� �ijbgZ^e_`ghklb�d�\hafh`gh�\aZbfh^hihegyxsbf�y^jZf���hl\_j]Zxlky�k\hbo�

y^_j�b�aZo\Zlu\Zxl�y^jZ�^jm]�^jm]Z�****  
 LZdh\h�kms_kl\h�_^bgbqgh]h�lh\Zjhh[f_gZ� 
 H[f_g�aZ\_jr_g��Lh\Zjh\�m`_�g_l��?klv�^\Z�ijh^mdlZ��gZr_^rb_�k\hb�ihlj_[e_gby��:dl�ijhba\h^kl\Z�

moh^bl�dm^Z-lh�aZ�kdh[db��y�ijh^mdl�g_�ijhba\h^be��Z�\uf_gye��gh�[m^m�ihevah\Zlvky�bf�lZd�`_��dZd�[m^lh��y�_]h�
k^_eZe��dZd�k\hbf�kh[kl\_gguf� 
 <�\b^_�agZdh\�j_amevlZl�m^Zqgh]h�h[f_gZ�\u]ey^bl��ijb[ebabl_evgh��lZd� 
 
 
 
 

( )↑  
x∧  (1,5). 

  
 

<k_� ZgZeh]bqgh� ������� gh� x∨ � hlkmlkl\m_l�� ij_ju\Zgby� x
∨ � g_l�� �a� Jh`^_gb_� gh\h]h� bklhqgbdZ�

\eZ^_gby��g_�ijhba\h^kl\h��Z�h[f_g���<ha[m`^_gghklv�y^jZ� [ ]cx �m]ZkZ_l��Lhqgh�lZd�`_�b�^ey�ijh^mdlZ�k�y^jhf��
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 K� lhqdb� aj_gby� ijh^mdlZ� \� dZq_kl\_� ihlj_[bl_evghc� klhbfhklb�� lh\Zjgh_� hlghr_gb_� f]gh\_ggh� – 
f]gh\_gb_�³_s_´�g_[ulby��Ihkdhevdm�^h�h[f_gZ�ijh^mdl�g_�_klv�ihlj_[bl_evgZy�klhbfhklv��Z�_klv�g_dhlhjh_���

gZijy`_ggh_�khklhygb_��ihkdhevdm�hg�gZoh^blky�ebrv�\�ij_^^\_jbb�klZlv�ihlj_[bl_evghc�klhbfhklvx��?keb�

Zdl�h[f_gZ�m^Zq_g��lh�ihlj_[bl_evgZy�klhbfhklv�–�_klv��?keb�–�g_l���lh�i_j\hgZqZevgh_�gZijy`_gb_�jZkiZ^Z_lky�
\�ijZo«�-�gbdhfm�g_�gm`guc�ijh^mdl�� 
 LZdbf�h[jZahf��ihlj_[bl_evgZy�klhbfhklv��^h�g_dhlhjhc�kl_i_gb�bkoh^y�ba�kZfh_�k_[y��ij_\jZsZ_lky�\�

ihlj_[bl_evgmx� klhbfhklv� k� fh^bnbpbjh\Zgguf� Zdlhf� jh`^_gby� �ih� f_j_� ml\_j`^_gby� h[f_gZ� wlbo�
ijh^mdlh\��� aZ�kq_l�ki_pbnbq_kdh]h�jZaju\Z-k-\hkklZgh\e_gb_f�k�Zdlhf�m]ZkZgby��Ihlj_[bl_evgZy�klhbfhklv�
ij_\jZsZ_lky�\�ihlj_[bl_evgmx�klhbfhklv�k�\gmlj_gg_-\g_rgbf�hljbpZl_evgh-\hkklZgh\bl_evguf�f]gh\_ggh�
iheyjbaZpbhgguf*�fhf_glhf�m^\h_gby�ijb�k\h_f�kh[kl\_gghf�jh`^_gbb� 

                                                           
*** �Ijbf��a�Qlh-lh�\gmljb�f_gy�klZeh�g_-fghx��hl\_jgmehkv�hl�f_gy« 
**** �Ijbf���K�lhqdb�aj_gby�lh\Zjh\eZ^_evpZ���LZf��]^_�lh\Zj��g_l�_]h��lh\ZjZ��ihlj_[bl_evghc�klhbfhklb��Z�hgZ�

lZf��-�]^_�_]h�g_l��>ey�_]h�\eZ^_evpZ�hg�–�g_-ihlj_[bl_evgZy�klhbfhklv��^ey�_]h�g_-\eZ^_evpZ�–�ihlj_[bl_evgZy�
klhbfhklv��GZ�yaud_�agZdZ�b�k�lhqdb�aj_gby�kZfh]h�lh\ZjZ� �ijb[ebabl_evgh��f_gh\Zy�klhbfhklv�lh\ZjZ�a^_kv�

_klv� hljbpZgb_� g_kms_kl\mxs_]h� h[t_dlZ�� b� ihlj_[bl_evgZy� klhbfhklv� –� y^jh� \� iZj_� k� hihkj_^kl\_gghc�
k\yavx� �k� hljbpZgb_f���Ohly«� qblZl_ev� \� wlhc� k\yab�fh`_l� ihnZglZabjh\Zlv� b� kZf��Ihwlhfm� a^_kv�fh`gh�

aZk\b^_l_evkl\h\Zlv�� keh\_kguc� ZgZeba� �FZjdkZ�� g_� kh\k_f� i_j_k_dZ_lky� k� agZdh\uf� \ujZ`_gb_f�

jZkkfZljb\Z_fuo�hlghr_gbc� 
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k\hbf�i_j\uf�ihexkhf���:gZeh]bqgh�^ey����������������� 
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�l_f� ��qlh��i_j\h_��Zdl�jh`^_gby�ihke_^g_]h�

h[h]Zs_g�hlghr_gb_f� �������\g_rg__�hlghr_gb_�ijhgbdZ_l�\gmljv�i_j\h]h�ihexkZ��g_�aZljZ]b\Zy�ihke_^g_]h�

dZd�lZdh\h]h��Z�ij_\jZsZy�_]h�\�fh^bnbpbjh\Zgguc�Zdl�jh`^_gby��-�fh^bnbpbjm_l�_]h��jZkrbjy_l��m]em[ey_l�

_]h� –� b� \k_� \� ]jZgbpZo� h^gbo� jZfhd���Fh^bnbpbjh\Zgguc� Zdl� jh`^_gby� _klv� hihkj_^h\ZggZy� k\yav� kZfh]h�

kh[kl\_ggh�jh`^_gby�b�\g_rg_]h�hlghr_gby��h[jZamxsb_�h^bg�³h[t_dl´�**  

 Ohly�\�kljh]hf�kfuke_�keh\Z�

���
�

[
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�\���������g_�_klv�lh��qlh�hg�_klv�\��������Lhevdh�lZf�lh\Zj�_klv�lh\Zj��

:� a^_kv�� \� fh^bnbpbjh\Zgghf� Zdl_� jh`^_gby�
M
XY

∨  �� hl� lh\ZjZ� hklZeky� ebrv� h^ghklhjhggbc� �a� [_a�

³iheyjghklb´�� \gmlj_ggbc� hklZlhd��Gh� ih^h[gh_� bf__l� f_klh� k� lhqdb� aj_gby� ^Zggh]h� ijh^mdlZ� \� dZq_kl\_�
ihlj_[bl_evghc�klhbfhklb�\�kemqZ_�mdhj_gb\r_]hky�dhgdj_lgh]h�hlghr_gby�^\mo�lh\Zjh\�O�b�Y. 
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g_ihkj_^kl\_ggZy�� a� _s_�b�ihlhfm�� qlh� y^jh� h[t_dlZ�ijbkmlkl\m_l� l_i_jv�b� \�i_j\hf�ihexk_�� Z� hgh� kZfh� k�

kh[hc�g_�fh`_l�bf_lv�hihkj_^h\Zgghc�k\yab� �ohly«�–�wlh�g_�^h\h^��g_�hq_\b^gh���Hgh�h^gh�_^bgkl\_ggh_��Z�

ijbkmlkl\m_l�\�³^\mo´�f_klZo��ijZ\^Z��ihke_^mxsbo�h^gh�aZ�^jm]bf«
M
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** � Ijbf��� a� ³\g_rgbc´� hiul� \hkklZgh\e_gby� \gmlj_gg_]h� jZaju\Z� i_j_dhq_\Ze� \gmljv� �a� h[jZah\u\Zy�

h^gh\j_f_ggh�wlh�³\gmljv´��\�lhf�qbke_� �aZ�kq_l�fh^bnbpbjh\Zggh]h�klj_fe_gby-hllZedb\Zgby��-�a�f_oZgbaf�
h[jZah\Zgby�\gmlj_gg_c�iZfylb� 
*� Ijbf��� G_kdhevdh�rljboh\� d� bklhjbb� \hagbdgh\_gby� ihke_^h\Zl_evghklb� �����«������� ?s_� dZd-lh� fh`gh�
ijhke_^blv�ih�q_jgh\bdZf�³bklhjbx´�ihy\e_gby�lh]h�beb�bgh]h�hl^_evgh]h�agZdZ��_]h�]jZnbdm��Gh�ijhke_^blv�

beb� \kihfgblv� lhqgh�� bkqbkeblv�� ihq_fm�� kdZ`_f�� ������ –� bf_ggh� lZdh_�� beb� hlq_]h� \� lZdhf� khhlghr_gbb��
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 F_gh\h_�hlghr_gb_�^\mo�ijh^mdlh\�_klv�i_j\Zy�nhjfZ�hlghr_gby�jZagh]h�jh^Z�klhbfhkl_c��i_j\uc�

_]h�wlZi��GZah\_f�hlghr_gb_�ihlj_[bl_evghc�klhbfhklb�b�f_gh\hc�klhbfhklb�hlghr_gb_f�klhbfhklb� 
 
  
                    2. I_j_c^_f�d�jZkkfhlj_gbx��-]h�wlZiZ�lh\Zjguo�hlghr_gbc� 
 
 Lh\Zj� –� ijh^mdl� ljm^Z�� \� aZahj_� f_`^m� ba]hlh\e_gb_f� b� ihlj_[e_gb_f� \klmiZxsbc� \� f_gh\u_�

hlghr_gby� 
 KemqZcguc� _^bgbqguc�h[f_g�fh`gh�mih^h[blv� �kjZ\gblv� k��f]gh\_gghfm�ihy\e_gbx-bkq_agh\_gbx�
lhqdb�� -� ³lhqd_� \� ijhkljZgkl\_� b� \h� \j_f_gb´�f_`^m� ^\mfy� ihexkZfb��Ih�f_j_�`_� jZkrbj_gby-m]em[e_gby�
h[f_gZ�wlZ�lhqdZ�\aju\Z_lky��b�jh`^Z_lky�p_eZy�\k_e_ggZy�lh\Zjgh-^_g_`guo�hlghr_gbc��=_g_lbq_kdZy��hkgh\Z�

L-L� � ijhghkblky� kd\hav� \k_� klmi_gb� klZgh\e_gby� lh\Zjguo� hlghr_gbc�� Gh�� h^gh\j_f_ggh�� ihke_^mxs__�

kh^_j`bl�dexq�d�ij_^u^ms_fm��Z�\f_kl_�hgb�khklZ\eyxl�h^gh�p_eh_� 
 =_g_lbq_kdh_� a_jgh� L-L� ijhjZklZ_l� \� ihjhkev� L->-L�� h[f_g� ihkj_^kl\hf� ^_g_]�� >_gv]b� –� wlh�
hl^_eb\rZyky�hl�lh\Zjh\�bo�f_gh\Zy�klhbfhklv��\u^_eb\rZyky�b�ml\_j^b\rZyky�gZ�mjh\g_�kZfhklhyl_evghklb�

hl^_evguo� lh\Zjh\�� b� ]_g_lbq_kdb� \dexq_ggZy� \� �m`_� fh^bnbpbjh\Zggh_� ih� kjZ\g_gbx� k� L-L�� lh\Zjgh_�
hlghr_gb_��L->-L�gZqbgZ_l�\kdju\Zlv�b�jZa\b\Zlv��_keb�fh`gh�lZd�kdZaZlv��lZcgm�L-L� 
 BffZg_glgh_�k\hckl\h�L-L�khklhbl�\�lhf��qlh�jZa�ihy\b\rbkv�ijhklh_�lh\Zjgh_�hlghr_gb_�g_�fh`_l�

g_� jh^blv� ba� k_[y� k\h_� kh[kl\_ggh_� klZgh\e_gb_** �� k\hb� ihke_^mxsb_� nhjfu� � �k\hx� ]_g_lbq_kdmx�

\dexq_gghklv� \� gbo��� dhbo�� ih� kms_kl\m�� _s_� lhevdh� ^\_�� ihke_^gyy� ba� dhlhjuo� � �dZiblZe�� _klv� Z^_d\ZlgZy�

kh^_j`Zgbx�lh\Zjguo�hlghr_gbc�nhjfZ��DZd�L-L�jh^behkv��lZd�b�\aju\Z_l�k_[y�bagmljb« 
 Ijhklh�\�kbem�lh]h��qlh�lh\Zjgh_�hlghr_gb_�_klv,�hgh�jZkrbjy_lky�\�k\h_f�jZaghh[jZabb��–�Ihy\e_gb_�
^jm]bo� lh\Zjguo� hlghr_gbc� f_`^m� ^jm]bfb� ijh^mdlZfb� ljm^Z� �^h� hij_^_e_ggh]h� fhf_glZ�� bf__l� lh� `_�

hkgh\Zgb_��qlh�b�ihy\e_gb_�i_j\h]h�lh\Zjgh]h�hlghr_gby��H^bg�b�lhl�`_�ijh^mdl�fh`_l�\klmiZlv�b�\klmiZ_l�\�

lh\Zjgu_� hlghr_gby� k� jZaebqgufb� ^jm]bfb� ijh^mdlZfb�� ´g_aZf_lgh� ^ey� kZfh]h� k_[y´� jZa^\b]Z_l� k\hx�

kh[kl\_ggmx� ]jZgbpm� dZd� lh\ZjZ�� hq_jqb\Zxs_c� l_i_jv� g_dhlhjmx� kh\hdmighklv� ijh^mdlh\�� B� dZd� blh]�

ijhklh_� f_gh\h_� hlghr_gb_� ihkl_i_ggh� ljZgknhjfbjm_lky� \� ^_g_`gh_� f_gh\h_� hlghr_gb_�� –� M]em[e_gb_�
h[f_gZ� _klv� j_amevlZl� _]h� jZkrbj_gby�� h[f_g� �b� jZkrbjy_lky�� b�� m]em[ey_lky�� lZdbf� h[jZahf�� \� kbem� k\h_c�

kh[kl\_gghc� ijbjh^u�� \� kbem� lh]h�� qlh� hg� ijhklh� _klv�� Bf__l� f_klh� lh\Zjgh_� hlghr_gb_� lh\Zjguo� `_�

hlghr_gbc��� YX Τ−Τ ) – ( ZX Τ−Τ �ljZgknhjfbjm_lky�\�h[f_g� YΤ  – ZX Τ−Τ ���]^_� XΤ  –�aZjh^ur�^_g_]� 

 B�_s_�q_jlZ�� ³ij_^hij_^_eyxsZy´�m]em[e_gb_�lh\Zjguo�hlghr_gbc*, -�wlh�gZebqb_�kZfh]h�i_j_oh^Z�

ihlj_[bl_evghc�klhbfhklb�\�g_-ihlj_[bl_evgmx�klhbfhklv� �
���
;�

�\� � � � � � � � � � � � � � � � �� -�ihl_jb�p_ehklghklb� ��������
dhlhjuc�g_k_l�\�k_[_�lZdhc�aZjy^�fhsghklb��qlh�gbdZd�g_�fh`_l�m^h\e_l\hjblvky�nhjfhc�k\h_]h�ijhy\e_gby�\�

L-L���Wlhl�fhf_gl –�hlqZklb�ihlhfm��qlh�fu�m`_�agZ_f�i_jki_dlb\m��qlh�[m^_l��qlh�_klv«�� 

                                                                         
gZoh^ylky�hl^_evgu_�agZdb��-�g_\hafh`gh��;ueZ�p_ev�–�agZdh\h�bah[jZablv�bf_xsb_ky�khhlghr_gby«�hgb�– 
jZa��b�bah[jZabebkv��Z�Zevl_jgZlb\u�g_�[ueh��<f_kl_�k�l_f�wlb�³nhjfmeu´��³au[dhklv´�bo�mkljhckl\Z�\oh^yl�\�

hkgh\hiheZ]Zxsb_�hij_^_e_gby�ij_^_evgh]h�nhjfZebafZ. 
 <� ^Zgghc� k\yab� ^mfZ_lky�� wlh� �lhevdh� qlh� kdZaZggh_� \� ij_^u^ms_f� iZjZ]jZn_�� –� g_dhlhjuc� h[sbc�

hll_ghd� \hagbdgh\_gby� nhjf� �agZdh\�� beb� hij_^_e_gbc� \hh[s_� �kdZ`_f�� gZijbf_j� b� \� fZl_fZlbd_�� imklv��

fh`_l�[ulv��-�agZd�bgl_]jbjh\Zgby�«�?s_�^mfZ_lky��qlh�wlh�lZd��ihlhfm�qlh�\k_��ij_l_g^mxs__�gZ�³ihegmx´�

kZfh^hklZlhqghklv��hdZau\Z_lky� �fh`_l�[ulv�b�ihlhf���b�\gmljb�k_[y�bf__l�\uoh^�\�[he__�djmigmx�kbkl_fm�

�a´hljbpZl_evguf�ml\_j`^_gb_f�\�lhc�`_�kZfhc�ZdkbhfZlbd_´���\�dhlhjmx�kZfZ�\oh^bl�\�dZq_kl\_�ih^kbkl_fu�

�nbehkhnkdb�]jZfhlg__�–�Z[kljZdlguf�fhf_glhf��� �Fh`_l�[ulv�^ZggZy�kblmZpby�bf__l�f_klh�b�ihlhfm��qlh�

ij_^klZ\ey_fh_� bkke_^h\Zgb_� hlghr_gby� klhbfhklb� \k_]^Z� ijh\h^behkv� k� ihabpbb� lh]h�� qlh� \� wlbo�

dhgnb]mjZpbyo�_klv�g_db_�[he__�h[sb_�fhf_glu��:�bklhqgbd�wlhc�ihabpbb�]^_-lh�–�lZf«� 
 Ihiuldb�iheghklvx�nhjfZebah\Zlv�ij_^_evguc�nhjfZebaf��bkqbkeblv�_]h�–�g_�\hafh`gu��M�g_]h�_klv�
k\hb�³f_jl\u_´��^ey�nhjfZebah\Zgby��³ijh\Zeu´��Ijbgylv�qlh-lh�iheghklvx��dZd�k\h_��ba-aZ�lh]h��qlh�hgh�
ijhklh�_klv��hl\_j]Zy�³Z�ihq_fm"´��-�\Z`guc�hll_ghd�ij_^_evgh]h�nhjfZebafZ. 
** �Ijbf���KlZgh\e_gb_�–�wlh��`bag_g_h[oh^bfZy�\klj_qZ�k�^jm]bf��bgZq_�–�jZkiZ^���\uy\e_gb_�h^ghc�ijbjh^u�k�
^jm]bf��\klj_qZ�k�^jm]bf��dZd�kh[hc�k�kh[hc�dZd�k�^jm]bf��k�kh[hc�\�^jm]hf�k�^jm]bf�\�k_[_���LZdh_�klZgh\e_gb_�
bf__l�f_klh�dZd�\gmljb�L-L�� �L->-L�b�>-L->¶��lZd�b�\�kZfhc�ljZgknhjfZpbb�L-L�\�L->-L��Z�ihke_^g_]h�\�>-L-
>¶« 
*�Ijbf��� �<hh[s_� ]h\hjy�� -� kZfZy� ]em[bggZy�� gZ� dhlhjmx� ³gZgbau\Zxlky´� \k_� hklZevgu_�� gh�� \f_kl_� k� l_f��
k_j^p_\bghc�y^_jghc�-�y\ey_lky�³jZaju\-k-\hkklZgh\e_gb_f´��dZd�hg�ijhy\ey_lky�\��������\�hlghr_gbb�L-L� 

g_�- X 
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YX
∨ ��K�h^gbf�hlebqb_f��y^jh��lh\ZjZ� ...YΧ ** �\ha[m`^_gh�ih���b���iZjZf_ljZf��Z�

y^jZ� ^jm]bo� lh\Zjh\� \ha[m`^_gu� lhevdh� ih� iZjZf_ljm� �� �kf�� ���������� IjZ\^Z�� \ha[m`^_gghklv� y^jZ� ih�

iZjZf_ljZf� � �� b� �� fh`_l� ijbgZ^e_`Zlv� b� ^jm]hfm�-bf�� lh\ZjZf�� �Ba[ulhd� dZdh]h-lh� hkh[h]h� lh\ZjZ�
h[f_gb\Z_lky�gZ�^jm]b_�hkh[u_�lh\Zju� 
 G_fgh]h� ih^ulh`bf� lhevdh� qlh� kdZaZggh_�� � M\_ebq_gb_� jZaghh[jZaby� hkh[uo� ihlj_[bl_evguo�

klhbfhkl_c�� \hkklZgZ\eb\Zxsbo� k\hb� k\yab� k� ihlj_[e_gb_f� ihkj_^kl\hf� h[f_gZ�� baf_gy_l� b� kZfh_� mkeh\b_�

h[f_gZ�� b� kZfh_� h[f_g� �ih^jh[g__� wlh� jZkdjh_f� ^Zevr_���DhgklZlbjm_l� ljm^ghklb� ijhklhc� nhjfu� h[f_gZ��

kha^Z_l� mkeh\by� bo� jZaj_r_gby� b� ihy\e_gby� gh\uo� �ih�FZjdkm��� JZkly]b\Z_l� f]gh\_gghklv� b� lhqdm� �a^_kv-
l_i_jv�� hljbpZl_evgh-\hkklZgh\bl_evgh]h� fhf_glZ� ijhklh]h� f_gh\h]h� hlghr_gby�� dhgklblmbjm_l� f_gh\mx�

klhbfhklv� \� \b^_� nmgdpbb� kh\hdmighklb� f_gh\uo� hlghr_gbc�� \u^_e_gghc� dZd� nmgdpby� hkh[_gg_cr_]h�

(^_g_`gh]h��lh\ZjZ��dhgklblmbjm_l�p_ehklghklv�kh\hdmighklb�f_gh\uo�hlghr_gbc��Fh^bnbpbjm_l�dZd�kZfh_�

hlghr_gb_� ihlj_[bl_evghc� klhbfhklb� b� f_gh\hc� klhbfhklb�� lZd� b� _]h� fhf_glu� ³ih� hl^_evghklb´��

ihlj_[bl_evgmx�klhbfhklv�b�f_gh\mx�klhbfhklv� 
 <kihfgb\� g_^Z\gh� ijb\_^_ggh_� hij_^_e_gb_� ^_g_]� dZd� hl^_eb\r_cky� hl� lh\Zjh\� bo� f_gh\hc�

klhbfhklb«��kdZ`_f��qlh��k�h^ghc�klhjhgu��l_i_jv�kms_kl\m_l�jZaghh[jZab_�hkh[uo�lh\Zjh\��Z�k�^jm]hc�–�bf�
ijhlb\hklhyl� ^_gv]b�� DZ`^h_� f_gh\h_� hlghr_gb_� g_� _klv� g_qlh� hl^_evgh_� b� aZfdgmlh_�� Z� kms_kl\m_l� \�

g_dhlhjhf�ihe_�ijbly`_gby-hllZedb\Zgby�lh\Zjh\�b�^_g_]��bf_xs_f�ih^h[b_�oZjZdl_jbklbd�g_h^ghjh^ghklb�b�

iheyjbah\Zgghklb��DZ`^h_�f_gh\h_�hlghr_gb_�h^gh\j_f_ggh�gZoh^blky�b�\g_�kZfh_�k_[y��ij_^klZ\ey_l�p_emx�

kh\hdmighklv�f_gh\uo�hlghr_gbc�� - DZ`^uc� lh\Zj�h[eZ^Z_l�p_ghc��ihl_gpbZevguf�f_gh\uf�hlghr_gb_f�d�

^_gv]Zf�� -� wlh� _]h� kh[kl\_ggZy� f_gh\Zy� klhbfhklv�� hgZ� mjZ\gh\_r_gZ� fgh]bfb� f_gh\ufb� hlghr_gbyfb�� Z�

ihlhfm� k\yaZgZ� b� aZ\bkbl� hl� mkeh\bc� � ijhba\h^kl\Z� kZfh]h� lh\ZjZ� �jZaghjh^guo�� dZd� b� kZfb� lh\Zju���

Hp_g_gguc� lh\Zj� hk\h[h`^_g� hl� ijh[e_f� ijhklh]h� h[f_gZ*** �� ?]h� ihlj_[bl_evgZy� klhbfhklv� ij_^klZ\ey_l�

lhevdh� _]h� kZfh]h**** �� Z� hlghr_gb_� _]h�ihlj_[bl_evghc� klhbfhklb�b� _]h�p_gu�–� _]h�`_eZgb_�b� \hafh`ghklv�
\hkkh_^bgblvky�kh�k\hbf� �ihlj_[e_gb_f��?keb�\�ijhklhf�h[f_g_�lh\Zj� �^h�kZfh]h�ZdlZ�h[f_gZ��^_j`Ze�k\hx�

f_gh\mx�klhbfhklv�\gmljb��lh�l_i_jv�hgZ�\ue_aeZ��gZjm`m�b��ijbi_qZlZeZkv�m�g_]h�gZ�e[m��p_ggbdhf���B�m`_�

kZf� h[f_g� h[e_]q_g� lZdhc� gZebqghklvx� b� ebrv� ih^l\_j`^Z_l� m`_� bf_xsbcky�nZdl�� ij_^hklZ\ey_l� p_g_� __�

j_Zevghklv��eb[h�j_Zevgu_�^_gv]b��eb[h�hp_g_gguc�^jm]hc�lh\Zj� 
 <k_f� hkh[uf� lh\ZjZf� ijhlb\hklhbl� h^bg� hkh[_gg_crbc� lh\Zj�� \k_� hkh[u_� lh\Zju� gZoh^ylky� \�

f_gh\hf� hlghr_gbb� k� h^gbf� b� l_f�`_�� hkh[_gg_crbf�� –�Wlh� ^_gv]b�� wdkljZdl� \k_o� lh\Zjh\�� \ujZ`Zxsbc��

jZkdju\Zxsbc� b� jZa\b\Zxsbc�� _keb� lZd� fh`gh� kdZaZlv�� b� ^bgZfbq_kdmx� b� klZlbq_kdmx� oZjZdl_jbklbdb�

hlghr_gby�L-L� 
 <� hlghr_gbb� L-L� ihlj_[bl_evgZy� klhbfhklv� h^gh]h� lh\ZjZ� ij_^klZ\ey_l� �hl� iheghfhqguc�

ij_^klZ\bl_ev�� f_gh\mx� klhbfhklv� ^jm]h]h«� H^bg� lh\Zj� y\ey_lky� g_ij_f_gguf� Zljb[mlhf� \� `bag_gghf�
pbde_�^jm]h]h��G_h[oh^bfu��`b\Zy��g_ihkj_^kl\_ggZy��\klj_qZ�h^gh]h�k�^jm]bf��kljmdlmjZ��������b�i_j_oh^�k�

                                                           
** �Ijbf���Kfuke�fgh]hlhqby�–�ljZ^bpbhgguc��b�^jm]b_�bg^_dku�� 
*** �Ijbf���IZjZ� \aZbfh^hihegbl_evghklb�� kdZ`_f�� YX Τ−Τ � ^hklZlhqgh� mgbdZevgZ�� lhevdh� lZdh_� dhebq_kl\h�

lhevdh�lZdh]h�lh\ZjZ�h[f_gb\Z_lky�gZ�lhevdh�lZdh_�dhebq_kl\h�lhevdh�lZdh]h�lh\ZjZ��:�imlv�hihkj_^h\Zgby��

−ΤY  D ZΤ− ��kgZqZeZ�ijh^Zlv��Z�ihlhf�dmiblv��jZkl\hjy_l�mgbdZevghklv�gZlmjZevgh]h�h[f_gZ� 
**** �:�g_�f_gh\mx�klhbfhklv�ijhlb\hklhys_]h�ijh^mdlZ� 



h^gh]h� f_klZ� gZ� ^jm]h_�� –� <k_� wlh� \� ³jZa\_jgmlh-Zddhfmebjh\gghf´� \b^_� � b� _klv� h[sZy� oZjZdl_jbklbdZ�

hkh[_gg_cr_]h�lh\ZjZ��beb�^_g_]� 
 Hlghr_gb_�L->-L�_klv�³^jm]h_´�hlghr_gb_��ih�hlghr_gbx�d�L-L� 
 L_i_jv� _klv� kh\hdmighklv� lh\Zjh\�� jughd� lh\Zjh\�� GZoh^ykv� \� ihbkdZo� ihlj_[bl_e_c�� lh\Zju�

ijbh[j_lZxl�p_gm��ijh^Zxlky�aZ�^_gv]b�b�lZdbf�h[jZahf�\klj_qZxl�k\hbo�ihlj_[bl_e_c� 
 <h\k_� g_� ^Zjhf� ^_gv]b� gZa\Zgu� hkh[_gg_crbf� lh\Zjhf�� Hgb� khojZgyxl� \� k_[_� \k_� kms_kl\_ggu_�

oZjZdl_jbklbdb� hkh[h]h� lh\ZjZ� �hlghr_gb_� L-L� –� \gmlj_gg__� ^hihegbl_evgh_� hlghr_gb_� k� ^jm]bf��

g_h[oh^bfhklv� \g_rg_]h�� ih^h[gh]h� \gmlj_gg_fm�� hlghr_gb_«��� Fh`gh� kdZaZlv�� qlh� wlhl� hkh[_gg_crbc�

lh\Zj� bf__l� k\hb� hkh[_gg_crb_� k\hckl\Z� �g_dhlhjh_� ih^h[b_� hkh[uo� ihlj_[bl_evguo� k\hckl\«��� hg�

hj]Zgbam_l��p_f_glbjm_l�jughd�lh\Zjh\�bf_ggh�dZd�jughd�lh\Zjh\��dZd�g_qlh�k\yaZggh_���<ujZ`Z_l��kh^_j`bl�

\�k_[_��\kihfgb�hlghr_gb_���������ij_^klZ\ey_l��hl�–�iheghfhqguc�ij_^klZ\bl_ev��f_gh\mx�klhbfhklv�jugdZ�
�\� lhf� qbke_� f_gh\mx� klhbfhklv� ex[h]h� b� dZ`^h]h� lh\ZjZ� dZd� h^ghbf_gguo� \_ebqbg� b� dhebq_kl\_ggh�

kjZ\gbfuo�–�p_gm�lh\ZjZ�b�_]h�j_Zevgmx�klhbfhklv�\�\b^_�³gZebqdb´���Hlkx^Z�^_gv]b�–�b�f_jZ�klhbfhklb�b�
kj_^kl\h� h[f_gZ�h[jZs_gby� –� dZd� g_dbc� ih^]hlh\bl_ev�h[e_]qbl_ev� b� ihkj_^gbd� lh\Zjguo� hlghr_gbc�� bo�

kh\hdmiguc� hljbpZl_evgh-\hkklZgh\bl_evguc� fhf_gl� �ih� wlhfm� ih\h^m� ohjhrh� ihqblZlv� FZjdkZ�� kf��

ebl_jZlmjm�� mdZaZggmx� \� �� qZklb� ^Zgghc� jZ[hlu��� >_gv]b� hj]Zgbah\u\Zxl� b� p_f_glbjmxl� _^bgmx�

mklj_fe_gghklv� jugdZ�� \ujZ`Zxl�� aZ\_jrZxl� _]h� �kZfh-�p_ev� �ba� ������� ]^_� p_ev� –� hkh[uc� lh\Zj��� >_gv]b�
ij_\jZsZxlky�\�kZfhp_ev��>->��\�h[f_g�jZ^b�^_g_]��jZ^b�[hevr_]h�dhebq_kl\Z�^_g_]� 
 �GZ�hij_^_e_gghf�wlZi_�\gmlj_ggyy�iheyjgZy�k\yaZgghklv�L-L�jZks_iey_lky��ihfbfh�jZks_ie_gby�gZ�

L�b�>��gZ� ljb� hkgh\gu_�nmgdpbb�^_g_]��f_jm� klhbfhklb�� kj_^kl\h� h[jZs_gby��p_ev� h[jZs_gby��<gmlj_ggyy�

]_g_lbq_kdZy�k\yaZgghklv�wlbo�nmgdpbc�^_g_]�ij_^klZ_l�b�dZd�bo�\g_rgyy� �jZag_k_ggZy��ijhlb\hiheh`ghklv��

bo� \aZbfhhljbpZgb_� �ih� FZjdkm��� bo� \aZbfhhjlh]hgZevgZy� ^hihegbl_evghklv�� AZqZklmx� dZ`^Zy� nmgdpby�

ijb\yaZgZ�b�d�k\h_fm�kh[kl\_gghfm�hl^_evghfm�hkh[hfm�lh\Zjghfm�l_em��lh�eb�\�kbem�_]h�g_^hklZlhqghklb��lh�

eb�ba[uldZ��lh�eb�hkh[uo�_]h�ihlj_[bl_evguo�k\hckl\��LZdZy�ijb\yaZgghklv�nmgdpbc�d�hl^_evghfm�lh\Zjm�lZd�

`_��ihfbfh�oZjZdl_jZ�kZfbo�nmgdpbc��hij_^_ey_l�bo�\aZbfhhljbpZgb_��Z�ihlhf�m`_�b�bo�\aZbfhh[t_^bg_gb_���

Gh�gZklmiZ_l�fhf_gl�\�jZa\blbb�lh\Zjgh]h�jugdZ��dh]^Z�wlb�ijhlb\hiheh`ghklb�\klj_qZxlky��ih�lbim��������b�

klZgh\ylky� m`_� y\gufb� \aZbfh^hihegyxsbfb� fh^bnbdZpbyfb� h^gh]h� b� lh]h� `_�� :� lml� –� b� ih^h[Zxsbc�

ghkbl_ev�wlh]h�h^gh]h�b�lh]h�`_«�* 
 >_gv]b�� wlhl� hkh[_gg_crbc� lh\Zj�� dZd� [ueh� m`_� kdZaZgh�� h[eZ^Z_l� k\hbfb� ³ihlj_[bl_evghc�

klhbfhklvx�b�f_gh\hc�klhbfhklvx´��Gh�bo�hij_^_e_gghklv�\uoh^bl�aZ�ij_^_eu�jh^Z�h[udgh\_gguo��hkh[uo�

ihlj_[bl_evghc� b� f_gh\hc� klhbfhkl_c�� � Hgb� khklZ\eyxl� kh[hc� g_dhlhjuc� blh]� �klZgh\e_gby�� lh\Zjguo�

hlghr_gbc��IhdZ�g_\hafh`gh�bo�q_ldh�hij_^_eblv��b�f_`^m�kh[hc�hgb�g_�bf_xl�lZd�`_�q_ldh]h�jZa^_e_gby��

hgb�kZfb�\�k_[_�^\mkfuke_ggu��ohly�b�\�L-L�������–�fgh]h_�³^\mkfuke_ggh´��kf��keh\_kgh_�hibkZgb_�h[f_gZ���
gh�gZ�mjh\g_�jZaebqby�^\mo�hkh[uo�ihlj_[bl_evguo�klhbfhkl_c���WlZ�^\mkfuke_gghklv�m�FZjdkZ�gZau\Z_lky��

g_�bf_lv�^_ckl\bl_evgh]h�jZaebqby�b�^_ckl\bl_evgh]h�_^bgkl\Z��h[�wlhf�kf��gb`_���DZd�m\b^bf�^Zevr_��lZdZy�

^\mkfuke_gghklv�aZjZ`_gZ�b�kZfZ�bf__l�f_klh�ebrv�lhevdh�ihlhfm��qlh�bf__l�f_klh�³lj_okfuke_gghklv´��kf��

ihdZ�hlghr_gb_�������� 
 BlZd��wlb�hkh[_gg_crb_�ihlj_[bl_evgZy�b�f_gh\Zy�klhbfhklb�g_�\bkyl�\�\ha^mo_��ohly�b�g_�[_a�wlh]h��Z�

³\hiehs_gu´��ijhqgh�kh_^bg_gu�k�ijhkluf�lh\Zjguf�l_ehf� �b�lml�fhf_gl�³lj_okfuke_gghklb´** ���kdZ`_f��k�

ahehlhf��� khklZ\eyxl� l_i_jv� k� gbf� _^bgh_� p_eh_�� gh� gbdZd� g_� keb\Zxlky� k� gbf� \� g_qlh� Zfhjngh_��

g_jZaebqbfh_�� �Nmgdpby� ^_g_]� ihkl_i_ggh� jZa\b\Z_lky�� h^gh\j_f_ggh� hgZ� ³ih^ukdb\Z_l´� ih^� k_[y� b�

Z^_d\Zlguc�k_[_�ghkbl_ev��kihkh[guc��g_klb�gZ�\�k_[_�[j_fy�^_g_`guo�hkh[_gghkl_c�� 
 L_i_jv�gZ�yaud_�ko_fu�ihiulZ_fky�bah[jZablv�^Zgguc�mjh\_gv�klZgh\e_gby�lh\Zjguo�hlghr_gbc� 
 Hlf_lbf�_s_�jZa��\h�\k_o�ihke_^mxsbo�ko_fZo�m`_�ij_^iheZ]Z_lky��qlh�bo�kh[kl\_ggu_�i_j_oh^gu_�

nhjfbjmxsb_�fhf_glu��gZ�ih^h[bb� �����«�������m`_�ijhc^_gu��b�ko_fu�nbdkbjmxl�g_dhlhjh_�mklhy\r__ky�

khklhygb_� ih� lbim� ������� Ij_^iheZ]Z_lky�� qlh� ^_gv]Zfb� klZe� lh\Zj� k� y^jhf�

�� �
& �[ �

� �
� �� \� wlhc� k\yab� bf_y�

\ha[m`^_ggh_�kh[kl\_ggh_�agZq_gb_�ih�\k_f�iZjZf_ljZf�� [ ]123
Cx ��Gh�wlh�\�p_ehf��lZd�dZd�dh]^Z�^_gv]b�–�f_jZ�

                                                           
*�Ijbf���>\_�i_j\u_�nmgdpbb�^_g_]��f_jZ� klhbfhklb�b� kj_^kl\h�h[f_gZ��\k_]^Z�ijb\yaZgu�d�hij_^_e_gghfm�

lh\Zjghfm� ghkbl_ex�� l�_�� \� dZdhc-lh� f_j_� \k_]^Z� aZjZ`_gu� lj_lv_c� hkgh\ghc� nmgdpb_c� ^_g_]�� kZfhp_evx��
Ijb\yaZgghklv� d� lh\Zjghfm� l_em� khklZ\ey_l�h^gm�ba�ij_^ihkuehd�^ey�h[t_^bg_gby�^\mo�hkgh\guo�nmgdpbc�

^_g_]�� ihfbfh� bo� h^ghdhj_gghc� ]_g_lbq_kdhc� k\yaZgghklb�� Lh\Zj�� ijb� kjZ\g_gbb� k� dhlhjuf� lhevdh� b�

hp_gb\Zxl�k_[y�^jm]b_�lh\Zju�^ey�\uykg_gby�kh[kl\_gguo�hlghr_gbc��fh`_l�[ulv�b�j_Zevguf�ihkj_^gbdhf��Z�

g_� lhevdh� b^_Zevguf� �ij_^klZ\bl_evguf��� \� lh\Zjguo� hlghr_gbyo«� �kf�� m�FZjdkZ� � h[� h[t_^bg_gbb� lj_o�

hkgh\guo�nmgdpbc�^_g_]���:�dh]^Z�^\_�i_j\u_�nmgdpbb�h[t_^bgyxlky��lh�wlh�m`_�ij_^\_sZ_l�b�h[t_^bg_gb_�k�

lj_lv_c� hkgh\ghc� nmgdpb_c� ^_g_]«� ³QZklgu_� `_� beb� hkh[u_´� ^_gv]b�� g_jZa\blu_� bo� nhjfu� bkq_aZxl� \�

g_[ulb_« 
** �Ijbf���M�FZjdkZ�ijbf_jgh�lZd��gZ�jugd_�lh\Zj�–�wlh�^_gv]b��gh�b�^_gv]b�–�lZd�`_�lh\Zj��\�aZ\bkbfhklb�hl�
khklhygby�kZfh]h�jugdZ��k\yaZggh]h�k�fhf_glZfb�djbabkZ« 



klhbfhklb��lh�ij_bfms_kl\_ggh�bf__l�f_klh�\ha[m`^_gb_�ih�g_^hklZldm�b�hkh[uf�k\hckl\Zf��� [ ]13
Cx ���Z�dh]^Z�– 

kj_^kl\h�h[jZs_gby��lh�–�ih�ba[uldm�b�hkh[uf�k\hckl\Zf� � [ ]23
Cx ���<k_�^jm]b_�lh\Zju-h[t_dlu�bf_xl�y^jZ�k�

kh[kl\_ggufb�agZq_gbyfb�� [ ] [ ]..., 11
CC zy  

 Hp_g_gguc�lh\Zj�fh`gh�bah[jZablv�lZd��gZ�ijbf_j_�
o
xΥ  ): 

                                                                            o
y

∨  ( )↓ o
xΥ  (2,2). 

 
o
y

∨  –�Zdl�jh`^_gby�h[t_dlZ�
o
xΥ ���fh^bnbpbjh\Zgguc�ih�lbim��������Bg^_dk�³h´�hlf_qZ_l��qlh�lh\Zj�

o
xΥ �\�k\h_c�kh[kl\_gghc�hp_gd_�g_�h^bghd��Z�^_ckl\m_l�khh[sZ�k�p_ehc�kh\hdmighklvx�lh\Zjh\��hihkj_^h\Zggh�

khhlghkblky�k�h[sbf�^ey�\k_o�lh\Zjhf�k�y^jhf�
�� �
& �[ �

� �
 . 

o
y

∨ �mkljh_g�ih�lbim����������gh�k�g_dhlhjufb�iylvx 

hlebqbyfb��
o
y

∨ �_klv 

 
                                              (2,2,1), 

 

 y
∨  –� \� h[uqghf� jy^m�� Z� �

����������

��������\� � ij_^klZ\ey_l� ba� k_[y�� dZd� lZdh\h_�� g_qlh� gh\h_�� Ohly� h[sZy�

kh\hdmighklv�lh\Zjh\��b�\ujhkeZ�ba�ijhklh]h�lh\Zjgh]h�hlghr_gby��gh�aZdexqZ_l�\�k_[_�m`_�g_qlh��g_k\h^bfh_�

d� k\h_c�ij_^uklhjbb�–� wlh� \gh\v�� �DZd�g_dhlhjZy� ZgZeh]by�� ohly�ijhklh_� lh\Zjgh_� hlghr_gb_�b� \ujhkeh�ba�

³dZdbo-lh�kh[kl\_gguo�g_mjy^bp�b�klj_fe_gby�bo�ij_h^he_lv�^\mo�ijh^mdlh\�ljm^Z´��gh�\k_�`_�ij_^klZ\ey_l�ba�

k_[y� � ij_^_evguc� i_j_oh^� khklhygbc«�� BlZd��
� ����������

��������\�

 
–� g_dhlhjuc� blh]� jZkrbj_gby-m]em[e_gby� lh\Zjguo�

hlghr_gbc��B�ij_^klZ\ey_l�ba�k_[y�ke_^mxs__�� 
 
 
 

(2,2,2). 
 
 

 Hlf_lbf� hlebqby�
o
y

∨ � hl� � ihgylghc� � m`_� ��������� I_j\h_� hlebqb_� aZdexqZ_lky� \� kZfhf� gZebqbb�

h[t_dlZ�
� ����������

��������\�  ��ihy\b\r_]hky� �ba�g_dhlhjh]h� �ih^h[by� � hlghr_gbx� �������HljbpZgb_�

� ( )↓ g_���
o
xΥ � ��

 

kZfh�ih�k_[_�qZklbqgh�aZo\Zlu\Z_l��\lhjh_�hlebqb_��b��m`_�l_i_jv��g_ihkj_^kl\_ggmx��lj_lv_�hlebqb_��k\yav�

k�y^jhf��Hgh�kZfh�ih�k_[_�m`_�_klv� aZo\Zl�g_ihkj_^kl\_gghc�k\yab��l�_��kZf�h[t_dl�hij_^_ey_l�oZjZdl_j�_]h�

k\yab�k�y^jhf��Qlh�lZdh_�qZklbqguc�aZo\Zl�g_ihkj_^kl\_gghc�k\yab"�–�gZ�wlm�l_fm�fh`gh�ihnZglZabjh\Zlv«��

gh�wlh�\ujZ`_gb_�kh[kl\_gghc�p_gu�lh\ZjZ� 

 >Zevr_�

� ( )↓ g_���
o
xΥ � ��

�jZa\hjZqb\Z_lky�lZd� 
 
 

(2,2,3). 
 

 

 A^_kv� \gh\v: 
→

→

→ ∧ � �[_a�bg^_dkZ��b� _]h�hihkj_^h\ZggZy� k\yav� k� y^jhf�
� & x �  , -� wlh� q_l\_jlh_�b�

iylh_� hlebqby�� khhl\_lkl\_ggh�� Qlh� lZdh_�
→

→

→ ∧  ? Wlh� –� hljbpZl_evgh-\hkklZgh\bl_evguc� fhf_gl�

kh\hdmighklb�lh\Zjh\�dZd�g_dhlhjh]h�p_eh]h��hg�g_k_l�\�k_[_�`Zeh�³`bagb�q_j_a�kf_jlv´�hlghr_gby��������?keb�

  y
∨  ( )↑   �

����������

��������\�  

y
∨ ( )↓ � & x �   

��� (�)�↓� g_������
R�
[�Υ� �� ����

 

( )↓  →

→

→ ∧ ( )↑
� & x �  

1 



ihiulZlvky� hibkZlv� _]h�� lh� g_h[oh^bfh� aZ^_ckl\h\Zlv� b� ³nhjfbjh\Zgb_´� Z[kljZdlgh]h� ljm^Z� �\�FZjdkh\hf�

ihgbfZgbb��� b�� ]eZ\gh_�� fhf_gl� hlh`^_kl\e_gby� \� jZaebqbb� ^\mo� lh\Zjh\� \� hlghr_gbb� ������� b� p_ihqdm�

jZa\_jlu\Zgby�ijhklh]h�lh\Zjgh]h�hlghr_gby«�Gh�wlh]h�^_eZlv�g_�[m^_f« 
 
 

 BlZd��_s_�jZa�����������������������������������������\���������–�\ujZ`_gb_�kh[kl\_gghc�p_gu�lh\ZjZ�k�y^jhf�
�� �
& �\ �

� �
 . 

Lh\Zj�k�y^jhf�
� & x � �b]jZ_l�nmgdpbx�jhev�h[s_c�^ey�kh\hdmighklb�lh\Zjh\�f_ju�klhbfhklb��wlhl�lh\Zj�kZf�- 

]^_-lh�^Ze_dh��Z�hlghr_gb_�k�gbf�–�a^_kv��jy^hf«�wlh�h^bg�ba�fhf_glh\�\gh\v���Lh\Zju�k�p_ghc�\k_�\�q_f-lh�
jZ\gu��Z�hkh[u_�k\hckl\Z�lh\Zjguo�l_e��h[e_q_ggu_�hij_^_e_gghc�p_ghc��\e_dml�b�\ulZedb\Zxl�bo�gZ�jughd�\�

ihbkdZo�³mljZq_gguo�bfb�ihlj_[bl_e_c´� 

 
o
xΥ �\�������mkljh_g�ih�ZgZeh]bb�k��������� 

 
 
 
                                                                                  (2,2,4). 
 
 

 Gh�b�a^_kv�hlebqb_��\f_klh� y
∧ �bf__l�f_klh�

→

→

→∧Y
 ��ihkdhevdm�

o
xΥ �_s_�g_�\hkklZgh\be�k\yab�kh�

k\hbf�m]ZkZgb_f��Kfuke�bg^_dkZ�³h´�\�
o
y∨  –�k\yav�k� o

y
∨ . 

 BlZd�� ������–�hp_g_gguc� lh\Zj�� ]hlh\uc�\uclb�\� lh\Zjguc�fbj��Ko_fZ� ������ _klv� �\�g_dhlhjhf�jh^_��
g_dZy�dhfibeypby�ko_f�������b��������b�_s_�q_]h-lh«��]^_�[ueh�ih^h[b_�hlghr_gby������� 
 Ih^h[guf�`_�h[jZahf��ko_f_��������fh`gh�bah[jZablv�ihl_gpbZevgh_�khklhygb_�^_g_`gh]h�lh\ZjZ� 
 Khklhygb_�^_g_`gh]h�lh\ZjZ��b]jZxs_]h�jhev�h[s_c�^ey�\k_o�lh\Zjh\�f_ju�klhbfhklb��bah[jZabf�lZd� 

o
∨  ( )↓  oΧ  (2,3), 

]^_�bg^_dk� ³h´�–�h[hagZq_gb_�lh]h��qlh�lh\Zj�k�y^jhf�
� & x � �\uihegy_l�nmgdpbx�h[s_c�f_ju�klhbfhklb��M�

FZjdkZ�^Zggh_�khklhygb_�jugdZ�h[hagZq_gh�dZd 

Χ=






Ζ
Υ

..

.

lh\xlh\z

lh\y

����

. 

 JZkdjh_f�ih^jh[g__�\gmlj_ggxx�kljmdlmjm�������� oΧ �ij_^klZ\ey_l�ba�k_[y�ke_^mxs__� 

 
 

(2,3,1), 
 

 
]^_�kfuke�agZqdh\�^he`_g�[ulv�ihgyl_g��_keb�ijbgylv�\h�\gbfZgb_�ij_`^_�kdZaZggh_��DZdhc�^he`_g�[ulv�Zdl�

m]ZkZgby�^ey�^_g_]��k�dhlhjuf�_s_�g_�\hkklZgh\e_gZ�k\yav��m\b^bf�^Zevr_� 
 

 :� o
∨  bah[jZabf�lZd� 

                                                                                                             (2,3,2). 
 
 

 >ey� dZdhc-lh� ijhklhlu�� Z� [hevr_� ^ey� \u^_e_gby� oZjZdl_jZ� kljmdlmju�� fh^bnbpbjh\Zggu_� Zdlu�

jh`^_gby�[m^_f�bah[jZ`Zlv�dZd����������himkdZy����������Wlh�^ey�lh]h��qlh[u�hlf_lblv��qlh�^Zevg_crbc�oZjZdl_j�

fh^bnbpbjh\Zgby�hij_^_ey_lky�l_i_jv�k\yavx�g_dhlhjhc�hkgh\u�m`_�fh^bnbpbjh\Zggh]h�ZdlZ�jh`^_gby� 
 

( )↓ g_�- o
xΥ  1 

o
y

∨ ( )↓ �� �
& �\ �

� �
 ( )↓  →

→

→∧Y
 

o
∨ ( )↓ �� �

& �[ �
� � ( )↓  →

→

→∧o
 

x
∨ ( )↑ x

∨ ( )↓ � & x �  

� ( )↓ g_��� oΧ � ��

 



x
∨ ( )↑ x

∨ ( )↓ � & x �  (2,3,3) 

 
b�ijbh[j_lZ_fuo�hljbpZgbc�h[t_dlZ��iheghklvx�nhjfbjmxsboky�\�hlghr_gbyo��ih^h[guo������« 

 <_jg_fky�d�jZa[hjm� ���������HljbpZgb_�h[t_dlZ� oΧ ��ih^h[gh� ��������� lZd`_� aZo\Zlu\Z_l�� kh^_j`bl�\�

k_[_�b�g_ihkj_^kl\_ggmx�k\yav��;_a�wlhc�k\yab�hgh�ij_^klZ\ey_l�ba�k_[y�ke_^mxs__� 
 
 

 (2,3,4), 
 
 

]^_��h[t_dl� →

→

→ ∧  –�lhl�`_��qlh�b�\��������������������������–�hagZqZ_l�\k_�y^jZ�\k_o�h[t_dlh\�djhf_�
� & x � ���<_jogbc�

bg^_dk�³�´�m����������������������������������������������kf�����������h[hagZqZ_l��qlh�a^_kv�bf__l�f_klh�i_j\Zy��gZklhysZy��

nmgdpby�^_g_]��f_jZ�klhbfhkl_c���HljbpZgb_����������������������������������������k�bg^_dkhf�³�´�bf__l�ih^h[gh_�agZq_gb_�– 

hlghr_gb_�k�h[s_c�f_jhc�klhbfhklb�-l_c��� 

 Ihc^_f�^Zevr_��Klj_fe_gb_�hp_g_ggh]h�lh\ZjZ�h[f_gylvky�gZ�^_gv]b��l�_��klj_fe_gb_�^Zggh]h�lh\ZjZ�

ijh^Zlvky�bah[jZabf�lZd� 
 

o
y

∨  ( )↓  
/o

xΥ  (2,4), 

]^_� o
y

∨  –�lhl�`_�kZfuc��qlh�b�\��������:�
/o

xΥ ��rljboh\Zgguc��hlebqZ_lky�hl�³ijhklh´�
o
xΥ . 

/o
xΥ �\hl�dZdhc� 

 

 (2,4,1), 
 
 
 
 

]^_�\f_klh� →

→

→∧Y
���k�bg^_dkhf�³y´���_klv� →

→

→ ∧ ��[_a�bg^_dkZ���ihkdhevdm«�^_gv]b�–�h[sZy�^ey�\k_o�lh\Zjh\�

bo�klhbfhklv� 
 Ih^h[guf� ������ h[jZahf�� bah[jZabf� b� klj_fe_gb_� ^_g_`gh]h� lh\ZjZ� h[f_gylvky� gZ� lh\Zj�u��� l�_��

gZf_j_gb_�qlh-lh�dmiblv�aZ�^_gv]b� 

                                                                                     o
∨ ( )↓ /

oΧ  (2,5), 

 
 

]^_� o
∨  –�lh�`_��qlh�b�\��������:�

/
oΧ �hlebqZ_lky�hl�� oΧ �³aZf_ghc�³�

→

→

→∧o �gZ�
→

→

→∧ ...y : 

 
(2,5,1). 

 
 
  

J_Zevgmx� ijh^Z`m-dmiex� L->�� \klj_qm� ih� lbim� ������ h[t_dlh\� ������ b� ������ bah[jZablv� ijhklh�
�_^bgkl\_ggh_� hlebqb_� hl� ������� a^_kv� mqZkl\mxl� m`_� fh^bnbpbjh\Zggu_� Zdlu� jh`^_gby�� bf_xsb_� l_i_jv�

g_ihkj_^kl\_ggu_�k\yab�k�\klj_qZxsbfbky�h[t_dlZfb�� 
 

→

→

→ ∧ ( )↑  �& .....y �  

C .....y  

( )↓ g_�- oΧ  1 

( )↓ g_�- o
xΥ  1 

o
y

∨ ( )↓
�� �
& �\ �

� �
 ( )↓  →

→

→∧  

o
∨ ( )↓

� & x � ( )↓
→→

∧ ...y

 



o
y

∨  ( )↓                                                                                      ( )↓                                                                                 ( )↓  o∨         (2,7).                           

 
 
 

 Mklhy\rbcky�j_amevlZl�hlghr_gby��������k�lhqdb�aj_gby�^_g_`gh]h�lh\ZjZ�k�y^jhf�
� & x � ���bah[jZabf�

ih�lbim��������Hg�g_�bf__l�k\yab�kh�k\hbf�m]ZkZgb_f��ihkdhevdm�kZf�ijhp_kk�h[f_gZ�_s_�g_�\udjbklZeebah\Ze�

wlhl�ihexk� 

                                                                                        B
o

∨  ( )↓  
ΒΧo  (2,8), 

]^_� B
o

∨  –� �bf__l�oZjZdl_j� �g_�lhevdh�h[sghklb��gh�b�\k_h[sghklb��ihkdhevdm�a^_kv�m`_�³kh_^bg_gu´�\�h^gh�

^\_�i_j\u_�nmgdpbb�^_g_]��b�f_ju�klhbfhklb�b�kj_^kl\Z�h[f_gZ�h[jZs_gby�� B
o

∨ �\�[he__�jZa\_jgmlhf�\b^_� 

 
 

                                                                                                                             (2,8,1), 
 
 

 -� � wlh� bah[jZ`_gb_� ih� lbim� ��������� A^_kv� � � � �

� ( )↓ g_��� oΧ � ��

� ³hl\_qZ_l´� aZ�nmgdpbx�f_ju� klhbfhklb��

���g_������ h���;�

 

2

 –� kj_^kl\h� h[f_gZ�h[jZs_gby� �h[f_g� _s_� g_� i_j_jhk� \� h[jZs_gb_«��� >\Z� hljbpZgby� \iheg_�

g_aZ\bkbfh�k\yaZgu�k�hkgh\hc�fh^bnbpbjh\Zggh]h�ZdlZ�jh`^_gby���h^gh�–�aZdexqZ_l�\�k_[_�g_ihkj_^kl\_ggmx�

k\yav� k� gbf�� ^jm]h_� –� gZoh^blky� \� hihkj_^h\Zgghc� k\yab� k� gbf�� Ih� hl^_evghklb� hgb� aZdexqZxl� \� k_[_�

h[sghklv��Z�\�k\yad_�–�fhf_gl�\k_h[sghklb«�

���g_������ h���;�

 

2

�ij_^klZ\ey_l�ba�k_[y� 

 

2 

    (2,8,2), 
 
bg^_dku� ³m«´� h[hagZqZxl� \k_� lh\Zju�� djhf_� ^_g_`gh]h�� ^_gv]b�fh]ml� b� \klmiZxl� \�f_gh\u_� hlghr_gby� k�

ex[uf�b�dZ`^uf�lh\Zjhf���Ohly�������bah[jZ`Z_l�hlghr_gb_�lhevdh�k�h^gbf�� 

 
ΒΧo �bah[jZabf�lZd� 

 
             (2,8,3). 

 
 
 

 A^_kv� hlf_lbf� ihy\e_gby� gh\h]h: 

→

→

Β→
∧o

 –� klj_fe_gby� \hkklZgh\blv� ³ij_j\Zggmx´� k\yav� k� _s_�

Z^_d\Zlgh� g_� kms_kl\mxsbf� \lhjuf� ihexkhf� ^_g_]� �g_Z^_d\Zlgh� hg� m`_� _klv�� dZd� ijbl_dZgb_� -� _s_�

³g_hdhgqZl_evgh´�-�^_g_`gh]h��lh\ZjZ�� 

 :gZeh]bqguf�h[jZahf��dZd��������fh`gh�bah[jZablv�mklhy\rbcky�j_amevlZl�hlghr_gby��������gh�k�lhqdb�

aj_gby�ijhklh]h�lh\ZjZ��Hg�lZd�`_�g_�gZr_e�k\h_]h�ihlj_[e_gby��a�y�lhevdh�ijh^Ze�k\hc�hp_g_gguc�lh\Zj�aZ�

o
y

∨ ( )↓ �� �
& �\ �

� �( )↑ �g_���
o
xΥ �

  

2 o
∨ ( )↓ �� �

& �\ �
� �( )↑

���g_������ h���;�

  

2

 

x
∨ ( )↑ x

∨ ( )↓ � & x �
       

� ( )↓ g_��� oΧ � �� ( )↑
   

���g_������ h���;�

     

2

 

→

→

→∧ ...y ( )↓
 
�& .....y �

 

B
o

∨ ( )↓ � & x � ( )↓
→

→

Β→
∧o

 



^_gv]b��gh�_s_�g_�dmibe�fg_�g_h[oh^bfuc�� �G_[hevrh_� aZf_qZgb_��h^bg�b� lhl�`_�ijhp_kk��hibku\Z_fuc� � k�

lhqdb�aj_gby�lh\ZjZ��b�k�lhqdb�aj_gby�lh\Zjh\eZ^_evpZ��\u]ey^bl�ih-jZaghfm�� 

                                                                                          oB
y

∨ ( )↓ ΒΥ o
x  (2,9) 

 oB
y

∨ �_klv� 

 
                                                                              (2,9,1). 

 
 

 

�g_���
o
xΥ �

 

2

�_klv��iheghklvx�³ihemqZ_lky´�ih�lbim�������� 
 
                                                                                          (2,9,2). 
 
 

 
ΒΥ o

x �_klv� 

 
 

(2,9,3). 
 

 
 M�FZjdkZ�^Zggh_�khklhygb_�lh\Zjgh]h�jugdZ�bah[jZ`_gh�lZd� 
 

                                                     






Ζ
Υ

..............

.

.

lh\z

lh\y

= x�ahehlZ�� 

 
^_g_`gZy�nmgdpby�\iheg_�hdhgqZl_evgh��kjZklZ_lky�k�ahehlhf� 
 H[f_g� hp_g_gguo� lh\Zjh\� �kf�� ������� bah[jZablv� ijhklh�� lZd`_� -� ih� lbim� ������� gh� wlh]h� ^_eZlv� g_�
[m^_f�� :� \hl� mklhy\rbcky� j_amevlZl� h[f_gZ� hp_g_gguo� lh\Zjh\�� dh]^Z� ex[hc� lh\Zj� fh`_l� h[f_gylvky� �\�

ijbgpbi_��gZ�ex[hc�`_�lh\Zj�b�ihke_�wlh]h�m`_�\hkkh_^bgblvky�kh�k\hbf��kh�k\hbf�ihlj_[e_gb_f��bah[jZabf�

�gZ�ijbf_j_��
//o

xΥ ��]^_�^\Z�rljboZ�–�ijhklh�hlf_ldZ�^Zggh]h�ijhp_kkZ�� 

 
 

//o
y

∨ ( )↓ //o
xΥ ( )↑ y

∧    (2,10). 

 
 

 //o
y

∨ �_klv� 

 
 (2,10,1), 

 
 

]^_

�g_���
o
xΥ �

 z… –�h[f_g�gZ�\k_�hkh[u_�lh\Zju��djhf_�k�y^jhf�
���
&�\�
��
 . 

 
//o

xΥ _klv� 

 
 
                                                                                         (2,10,2). 
 
 

y
∨ ( )↑ y

∨ ( )↓ �� �
& �\ �

� �
 

� ( )↓ g_���
o
xΥ �

 

1

 
( )↑

 

�g_���
o
xΥ �

 

2

 

→

→

→ ∧ ( )↓ � & x �  

oB
y

∨ ( )↓ �� �
& �\ �

� �( )↓ →

→

→∧Y
 

y
∨

( )↑
y

∨
( )↓

�� �
& �\ �

� �
 

� ( )↓ g_���
o
xΥ �

 

1

 ( )↑  

�g_���
o
xΥ �

 

2

 z… 

//o
y

∨ ( )↓
�� �
& �\ �

� �( )↓ y
∧  



 Mklhy\rbcky�h[hjhl�lh\Zjh\�ihkj_^kl\hf�^_g_]��dh]^Z�\�g_ihkj_^kl\_gguc�h[f_g�hp_g_gguo�lh\Zjh\�

L-L� ³\debgb\Z_lky´� ijh^Z`Z-dmiey� gZ� j_Zevgu_� ^_gv]b� L->-L�� bah[jZabf� lZd� �bg^_dku� ³H<��´� –� hlf_ldZ�
^Zggh]h�ijhp_kkZ�� 
 

//oB
y

∨ ( )↓ //ΒΥ o
x  ( )↑ y

∧
 (2,11). 

 //oB
y

∨ �_klv��bah[jZabf�lhevdh�[ehd�hljbpZgbc�� 

 

                                                                                                                                        (2,11,1).  
 
 

 <k_�hljbpZgby�–�ba\_klgu��
//ΒΥ o

x  –�bah[jZ`Z_lky�klZg^Zjlguf�h[jZahf� 

 Bah[jZabf� l_i_jv� mklhy\rbcky� ijhp_kk� h[jZah\Zgby� khdjh\bsZ�� ih�FZjdkm� wlh�� >->� �bkihevam_f�

ko_fm�h[s_c�f_ju� klhbfhklb� �������dhlhjZy�\klmiZ_l�\�hlghr_gb_� k� lh\Zjhf� k�y^jhf�
� & x � �ih� lbim� ������– 

h[sbc�h[t_dl�\klmiZ_l�\�hlghr_gb_�k�kZfbf�kh[hc� �dZd�hkh[uf�h[t_dlhf��gh�hkh[_gghklv�wlZ� ³k�djmibgdhc�

kheb´«�� 

                                              
/Σ∨ ( )↓ //Φ ( )↓ /Σ∧  (2,12). 

 A^_kv�fh^bnbpbjm_lky� �wlh�– \gh\v��b�\lhjhc�ihexk��Zdl�m]ZkZgby�
/Σ∧ ��b�bf__l��³\�lZdhf�kemqZ_´��

g_ihkj_^kl\_ggmx�k\yav�k�h[t_dlhf� 

 
/Σ∨ �_klv��d���������³^h[Z\ey_lky´�_s_�h^gh�hljbpZgb_�� 

 
 

                                                                      (2,12,1), 
 
 

]^_��

���g_������ h���;�

 

3

 –�ijhh[jZa�kZfhp_eb�^_g_`gh]h�h[hjhlZ��nmgdpby�^_eZ_l�_s_�h^bg�rZ]�d�g_keblghfm�_^bgkl\m�

k�l_ehf�^_g_`gh]h�lh\ZjZ�� 
 

                                                                                       3  
(2,12,2).                                                                                       

 
 

 
/Σ∧ �ij_^klZ\ey_l�kh[hc� 

 
                                                                                                      (2,12,3). 

 

 ³;ehd´� hljbpZgbc� k� y^jhf�
� & x � �fh^bnbpbjmxl�b� Zdl� m]ZkZgby�� ^_gv]b� \� \b^_� ahehlZ� �khdjh\bsZ��

bf_xl�p_gm��k\hb�hkh[_gg_crb_�k\hckl\Z��lhevdh�\��ohly�[u��ihl_gpbZevghc�k\yab�k�fbjhf�lh\Zjh\��?keb�hgb�

l_jyxl� b� wlm� k\yav�� lh� ij_\jZsZxlky� \� ijhklh�f_lZee�� ahehlh��Gh� \� ghjfZevghc� lh\Zjghc� kblmZpbb� ahehlh�

aZjZ`_gh�hlghr_gb_f�k�jugdhf�lh\Zjh\�b�\�k\h_f�f_lZeebq_kdhf�\b^_�`Z`^_l�\hajh^blvky�^_gv]Zfb� �f_jhc�

klhbfhklb��kj_^kl\hf�h[f_gZ�b��hiylv��-�kZfh_�kh[hc�–�ahehlhf«��kf��FZjdkZ���� 

          
�� �
& �\ �

� �
 

� ( )↓ g_���
o
xΥ �

 

1

 ( )↑  

�g_���
o
xΥ �

 

2

( )↑  

�g_���
o
xΥ �

 

2

 z…   

x
∨ ( )↑ x

∨ ( )↓ � & x �
       

� ( )↓ g_��� oΧ � �� ( )↑
    

���g_������ h���;�

     

3

 

→

→

→∧o ( )↓ � & x �  

���g_������ h���;�

     

3( )↑
   

� ( )↓ �
G_�� oΧ �

 

1
� & x �  

( )↓
 

x
∧

 
( )↑ x

∧
 



 Ke_^h\Zl_evgh��bah[jZabf� \� \b^_� ko_fu�m\_ebq_gb_�fZkku�^_g_`gh]h� l_eZ-lh\ZjZ� aZ� kq_l� lh\Zjgh]h�
hlghr_gby�wlh]h�hkh[_gg_cr_]h�lh\ZjZ�k�jugdhf�lh\Zjh\�� -�k\yaZggh_�hlghr_gb_�h[t_dlZ�kh�\k_fb��k�kZfh_�

kh[hc�b�k�kZfh_�kh[hc�ihkj_^kl\hf�\k_o�hklZevguo��m�FZjdkZ�lZd��>-L->�� 
 

Σ∨  ( )↓ /Φ ( )↓ Σ∧    (2,13). 

 

 Σ∨ �b� Σ∧ ��k�h^ghc�klhjhgu��hlebqZxlky�khhl\_lkl\_ggh�hl�
/Σ∨ �b�

/Σ∧ ��k�^jm]hc����������kf�����������

-�^h[Z\e_gb_�\�fh^bnbpbjh\Zggu_�ihexku� ���������b� ���������_s_�h^gh]h�hljbpZgby��

���g_������ h���;�

 

2

� � �kf�� ���������

^_eZ_l� wlb� ihexkZ� \� q_f-lh� ihoh`bfb� ^jm]� gZ� ^jm]Z�� ^_gv]b-ahehlh� aZjZ`_gu� k\h_c� k\yavx� k� lh\Zjguf�
h[jZs_gb_f�� \uc^y�ba� dhlhjh]h� ^_gv]b� m\_ebqb\Zxl� k\hx� ahehlmx�fZkkm��gh\uc�bklhqgbd� ^_g_]-ahehlZ��g_�
^h[uqZ� ba� a_feb�� Z� lh\Zjguc� jughd��Fh^bnbpbjmxsbc� we_f_gl� ihexkh\� \� k\h_f� lj_oqe_gghf� _^bgkl\_�

h[jZam_l�\k_h[sghklv�^_g_]��wlh�– \gh\v��hlkx^Z�–�bg^_dk�³<´�� 
 
 

                                           
� & x �    

   ( ) ↓ g_� -   o Χ\    1   
( )↑   

   g_� -   h   X  \ 
    

2    

( )↑    

   g_� -   h   X \ 
     

3

 (2,13,1)*. 

 
  
 Wlhl� fh^bnbpbjmxsbc� we_f_gl� ijbh[j_lZ_l� a^_kv� g_dhlhju_� hll_gdb� k\h_c� iheghlu�� gh�

hdhgqZl_evghc� iheghlhc� _s_� g_� h[eZ^Z_l�� Hg�� \� g_ihkj_^kl\_gghf� _^bgkl\_� kh� klj_fe_gb_f� d�

khhl\_lkl\mxsbf� ihexkZf�� fh^bnbpbjm_l� bo�� B� \� fh^bnbpbjh\Zgghf� \b^_� ^_eZ_l� bo� \� g_dhlhjhf� jh^_�

ihoh`bfb�^jm]�gZ�^jm]Z��ihqlb�³jh^kl\_ggufb´� 

 
/Φ �ih�h[udgh\_gbx�ij_^klZ\ey_l�ba�k_[y� 

 
 

(2,14). 
 

 
 <_jg_fky�d�l_dklh\hfm�baeh`_gbx� 
  
 <�p_ehf�`_�h�^_g_`ghc�nhjf_�klhbfhklb�fh`gh�kdZaZlv�ke_^mxs__� 
 A^_kv� hlghr_gb_�f_gh\hc� klhbfhklb�b�ihlj_[bl_evghc� klhbfhklb� hk\h[h`^Z_lky� hl�iml� hlghr_gby�

hkh[uo�ijh^mdlh\�b�ijbgZ^e_`bl�\k_c�kh\hdmighklb�f_gh\uo�hlghr_gbc��\k_fm�jugdm��Ihy\ey_lky�m`_�k\hy�

kh[kl\_ggZy� hij_^_e_gghklv� f_gh\uo� hlghr_gbc�� hij_^_e_gghklv� nhjfu� hlghr_gby� ihlj_[bl_evguo�

klhbfhkl_c��lh�_klv��������lh��qlh�y\ey_lky�ihjh`^_gb_f�hlghr_gby�klhbfhklb�-�^_gv]b��Gh�wlh�_s_�^hklZlhqgh_�

lmfZggh_�� ijbajZqgh_� ihjh`^_gb_�� B[h� -� wlh� kh\hdmighklv� hlghr_gby� lh\Zjh\� f_`^m� kh[hc�� dZd� p_eh]h��

ihkj_^kl\hf�h^gh]h�hkh[_ggh]h�� -�Wlh�ihl_gpbZevgZy� �jZklygmlhklv��hlghr_gby�ex[h]h�b�dZ`^h]h� lh\ZjZ�d�

ex[hfm�b�dZ`^hfm�^jm]hfm�ihkj_^kl\hf�p_gu��dZd�lhevdh�wlh�hlghr_gb_�gZqbgZ_l�j_Zebah\Zlvky��lh�^_gv]b�

m`_� \ujZ`Zxl� f_gh\mx� klhbfhklv� hl^_evgh]h� lh\ZjZ� �gh�� ijZ\^Z�� \� \b^_� p_gu������ -� Wlh� ihl_gpbZevgh_�
hlghr_gb_�^_g_]�d�jugdm�lh\Zjh\��dZd�lhevdh�^_gv]b�h[hkh[eyxlky�hl�jugdZ��\uiZ^Zxl�ba�f_gh\uo�hlghr_gbc�

dZd� kZfhp_ev�� hgb� ih� kms_kl\m� ij_\jZsZxlky� \� lhevdh� hkh[uc� lh\Zj�� ijhklh� ihlj_[bl_evgmx� klhbfhklv�

�\f_kl_� k� l_f�� k\yaZggmx� k� ^_g_`gufb� nmgdpbyfb��� -� Wlh� p_eh_�� g_� bf_xs__� k\h_c� kh[kl\_gghc�

hij_^_e_gghklb��Hgh�� dZd� _^bgh_� hlghr_gb_� ihlj_[bl_evghc� klhbfhklb� b� f_gh\hc� klhbfhklb�� jZkiZ^Z_lky 
\gmljb�k_[y�- \�jZaebqbb: k�h^ghc�klhjhgu, dZd�^_gv]b���dZd��j_ZevgZy��f_gh\Zy�klhbfhklv�hl^_evgh]h�lh\ZjZ�- 
hij_^_e_ggh_� dhebq_kl\h� ^_g_`gh]h� lh\ZjZ� -�b�b^_ZevgZy�ihlj_[bl_evgZy� klhbfhklv� -�^_g_`gZy�nmgdpby��b�
hkh[u_� lh\Zju� �j_ZevgZy� hkh[Zy� ihlj_[bl_evgZy� klhbfhklv� b� _]h� b^_ZevgZy� f_gh\Zy� klhbfhklv�� p_gZ��� Z� k�

^jm]hc -� dZd� gZebqb_� hkh[uo� �^_g_]��� bo� hkgh\guo� lj_o� fh^bnbdZpbc�� b� hlkmlkl\b_� bo� _^bgkl\Z�� -� hgh�
jZkiZ^Z_lky�dZd�hlghr_gb_�wlbo�^\mo�fhf_glh\���k�h^ghc�klhjhgu��b��k�^jm]hc���� 

B��\f_kl_�k�l_f��wlh�p_eh_��dZd�hlghr_gb_�jZaebqby�ihlj_[bl_evghc�klhbfhklb�b�f_gh\hc�klhbfhklb��

_s_�g_�^hklZlhqgh�jZaebqbfh��hij_^_e_gh�\�k_[_��hgh�jZkl\hjy_lky�\�_^bgkl\_��b[h��hiylv�`_�k�h^ghc�klhjhgu, 
\_a^_� ijhklu_� lh\Zju�� Z� dZ`^uc� ba� gbo�� \� lhf� qbke_� b� ^_g_`guc�� _klv� hlghr_gb_� j_Zevghc� hkh[hc�

                                                           
*�Ijbf���hlf_lbf�ohly�[u� � a^_kv��\k_�hljbpZgby�dZd�[u�g_aZ\bkbfu�^jm]�hl�^jm]Z��ihjy^hd�bah[jZ`_gby�bo�

a^_kv�g_�b]jZ_l�gbdZdhc�jheb��bf__l�f_klh�lhevdh�bo�gZebqb_�b�bo�khhl\_lkl\mxsb_�k\yab�k�y^jhf�
� & x �  . 

Σ∧ ( )↓ � & x �  ( )↓ Σ∧  



ihlj_[bl_evghc� klhbfhklb� b� _]h� ihl_gpbZevghc�f_gh\hc� klhbfhklb�� Z� k� ^jm]hc -� \� �^_gv]Zo�� \k_]^Z� keblu�
�a^_kv� g_l� bo� jZa^_e_gby�� b� hkh[Zy� ^_g_`gZy� nmgdpby� b� __� ghkbl_ev� -� wlh� h^gh�� �^_gv]b��� -� a^_kv� g_l�
^_ckl\bl_evgh]h��hij_^_e_ggh]h� kZfhc�f_gh\hc� klhbfhklvx��jZaebqby�ihlj_[bl_evghc� klhbfhklb�b�f_gh\hc�

klhbfhklb� 
 B� bf_ggh� ihlhfm� ^_g_`gZy� nhjfZ� f_gh\hc� klhbfhklb� _klv� ij_^klZ\bl_evgZy� nhjfZ� f_gh\hc�

klhbfhklb�� ij_^klZ\eyxsZy� f_gh\mx� klhbfhklv� hl^_evgh]h� lh\ZjZ�� LGHHOO� nhjfZ�� b[h� _klv� ihl_gpbZevgh_�

hlghr_gb_� ^_g_`gh]h� lh\ZjZ� d� kh\hdmighklb� lh\Zjh\�� ij_^iheZ]Zxs__� j_Zevghklv� qZklgh]h� f_gh\h]h�

hlghr_gby��B� bf_ggh� ihlhfm� ^ZggZy� klmi_gv� klZgh\e_gby� hlghr_gby� klhbfhklb� _klv� __� ,GHHOO� klmi_gv��b[h�

^_ckl\bl_evgh_� hlghr_gb_� klhbfhklb� kms_kl\m_l� ebrv� \� ieZg_� k\h_]h� kh[kl\_ggh]h� �[m^ms_]h�� jZa\blby�

�klZgh\e_gby��� �h`b^Zgby�� k\h_c� Z^_d\Zlghc� nhjfu�� ebrv� ij_^\hkobsZxs__� kZfh_� k_[y�� k\hx��

^_ckl\bl_evgmx�^ey�k_[y��kh[hc�iheh`_ggmx�j_Zevghklv-hij_^_e_gghklv� 
 ?keb�]h\hjblv�h�nhjf_�b�h�kh^_j`Zgbb�h[f_gZ�ihkj_^kl\hf�^_g_]��lh�gm`gh�kdZaZlv�ke_^mxs__��P_ev�

hlghr_gby� -� ihlj_[bl_evgZy� klhbfhklv�� hgZ� hkms_kl\ey_lky� ihkj_^kl\hf� g_qlh�� \uoh^ysbf� aZ� ij_^_eu�

hij_^_e_gghklb�hl^_evghc�ihlj_[bl_evghc�klhbfhklb��Wlh��g_qlh��\�ijhklhf�h[f_g_�[ueh�q_f-lh�f]gh\_gguf�
b�ijbkmlkl\h\Zeh�a^_kv-l_i_jv��g_ihkj_^kl\_ggh�\�\b^_�^jm]h]h�hkh[h]h�lh\ZjZ��A^_kv�`_�-�hgh�ihl_gpbZevgh�
jZklygmlh�b�ijbkmlkl\m_l�dZd� �ZmjZ��\k_c�kh\hdmighklb�lh\Zjguo�hlghr_gbc��gh� �\hiehs_gghc��\�^_g_`ghf�

lh\Zj_��L�_��_keb�kh^_j`Zgb_f�y\ey_lky�hkh[Zy�ihlj_[bl_evgZy�klhbfhklv��lh�nhjfZ�f_gh\h]h�hlghr_gby�m`_�

gZoh^blky� dZd� [u� \� ^jm]hc� fh^Zevghklb�� ^jm]hc� hj]ZgbaZpbb�� q_f� hij_^_e_gghklv� ijhklh� ihlj_[bl_evghc�

klhbfhklb����Ihke_^gyy��hsmsZ_l��wlm�nhjfm��dh]^Z�j_Zebam_l�k_[y�dZd�ihlj_[bl_evgmx�klhbfhklv��gh�\_kvfZ�

kljZgguf� ^ey� k_[y� dZd� ijhklh� ihlj_[bl_evghc� klhbfhklb� h[jZahf��� Gh� b� wlZ� ijhajZqgZy� ^ey� hkh[hc�

ihlj_[bl_evghc�klhbfhklb�nhjfZ�^hklZlhqgh�hij_^_e_ggZy��__�kh^_j`Zgb_�m`_�nbdkbjm_lky�\�^_gv]Zo��ijZ\^Z��

hgh� _s_� g_� bf__l� k\h_c�� \� k\h_c� fh^Zevghklb�� nhjfu�� l�_�� kh^_j`Zgb_� -� g_hij_^_e_ggh�� -� Wlbf�

\aZbfhk\yaZgguf� hlghr_gb_f� h^ghc� fh^Zevghklb� b� ^jm]hc�� _c� ijhajZqghc�� b� hij_^_ey_lky� nhjfZ� b�

kh^_j`Zgb_�^_g_`ghc�nhjfu�klhbfhklb��,GHHOO�klmi_gb�klZgh\e_gby�hlghr_gby�klhbfhklb� 
 Ih� hij_^_e_gbx�� ^Zgghfm� jZg__�� hlghr_gb_� ihlj_[bl_evghc� klhbfhklb� b� f_gh\hc� klhbfhklb� _klv�

hlghr_gb_� klhbfhklb�� hlghr_gb_� jZagh]h� jh^Z� �\aZbfhh[mkeh\e_gguo����� klhbfhkl_c�� <� ijhp_kk_� _]h�

m]em[e_gby� jh`^Z_lky� b� \u^_ey_lky� g_dhlhjuc� kh[kl\_gguc� oZjZdl_j� dZd� kZfh_� hlghr_gby�� lZd� b� _]h�

hlghkysboky� fhf_glh\�� Ijhklh_� hlghr_gb_� klhbfhklb� ij_l_ji_\Z_l� dZq_kl\_ggmx� f_lZfhjnham�� hgZ�

�\aju\Z_l��kh[kl\_ggmx�hij_^_e_gghklv�ijhklhc�nhjfu�hlghr_gby�klhbfhklb�b�jh`^Z_l�hij_^_e_gghklv�m`_�

wlhc�kZfh_�nhjfu��^_gv]b��>ZggZy�gh\Zy�hij_^_e_gghklv�hlq_leb\h� aZy\ey_l�h�k_[_�\�lj_lv_c�k\h_c� ]eZ\ghc�
nhjf_�� dh]^Z� ^_gv]b� klZgh\ylky� kZfhp_evx�� - Wlh� khklhygb_� m`_� \uoh^bl� aZ� ij_^_eu� ijbjh^u� f_gh\hc�
klhbfhklb�hl^_evgh]h� lh\ZjZ�dZd� lZdh\h]h����GZah\_f� l_i_jv�hlghr_gb_� klhbfhklb�hlghr_gb_f� klhbfhklb�b�

ihlj_[bl_evghc�klhbfhklb��GxZgku�wlh]h�hij_^_e_gby�jZkdjhxlky�^Ze__�� 
 
 3. L_i_jv�jZkkfhljbf��-x�klmi_gv�lh\Zjguo�hlghr_gbc. 
 

�NhjfmeZ�>-L->
�_klv�nhjfmeZ�dZiblZeZ��-�Wlh�hlghr_gb_�klhbfhklb�_klv�^_ckl\bl_evgh_�hlghr_gb_�

klhbfhklb� b� ihlj_[bl_evghc� klhbfhklb�� a^_kv� gZoh^bl� k_[y� ^_ckl\bl_evgh_� jZaebqb_� klhbfhklb� b�

ihlj_[bl_evghc�klhbfhklb�b�^_ckl\bl_evgh_�bo�_^bgkl\h. 
 DZiblZe� _klv� kZfh\hkijhba\h^ys__ky� hlghr_gb_� klhbfhklv-ihlj_[bl_evgZy� klhbfhklv�� hlghr_gb_��

aZfdgmlh_� kZfh_� gZ� k_[y� kZfh_� ihkj_^kl\hf� k_[y� kZfh_� \� k_[_�� hlghr_gb_�� kZfh_� ba� k_[y� \ha]hjZxs__ky�

�ijbqbgZ�kZfh_�k_[y���kZfhhkms_kl\eyxs__ky����kZfh^hklZlhqgh_�hlghr_gb_��-�Wlbf�b�hij_^_ey_lky�oZjZdl_j��
kms_kl\h� dZiblZeZ� dZd� km[t_dlZ� klhbfhklb� �hlghr_gby��� wlh� b� _klv� _]h� kh[kl\_ggZy� �\gmlj_ggyy��

b^_glbnbdZpby��wlh�b�khklZ\ey_l�_]h�]jZgbpm��_]h�kh[kl\_gguc�ij_^_e� 
 <g_rg_� dZiblZe� _klv� p_e_gZijZ\e_ggh_� ^\b`_gb_� lh\Zjh\�� g_y\gh�� kdjulh� y\eyxsboky� ^_gv]Zfb��

DZiblZe� _klv� ijhp_kk� bffZg_glgh� kZfhm\_ebqb\Zxsboky� ^_g_]�� Wlbf� hg� b^_glbnbpbjm_lky� \h� \g_�� L�_��

bkoh^ys__� ba� \gmlj_gg_]h� ijbgpbiZ� g_ij_ju\gh_� �kZfh-�ijbl_dZgb_� ^_g_]� _klv� hij_^_ebl_ev� dZiblZeZ��
Kh[kl\_ggh�dZiblZe�ihy\ey_lky� lh]^Z��dh]^Z�ijhp_kk�h[jZs_gby� lh\Zjh\-^_g_]�\ha\jZsZ_lky�d�k\h_c�hkgh\_��

\k_]^Z�gZoh^ys_cky� aZ�kibghc�jugdZ��dZd�g_ij_f_ggh_�kdjulh_�mkeh\b_�_]h�kms_kl\h\Zgby��^_eZ_l�__�k\hbf�

\gmlj_ggbf�g_h[oh^bfuf�fhf_glhf��-�ijhp_kk�h[jZs_gby��h[t_^bgy_lky��k�ijhp_kkhf�ijhba\h^kl\Z��-�Wlh�b�
_klv�lh�p_eh_��dhlhjh_�b�_klv�dZiblZe� 
 JZkdjh_f�ih^jh[g__� 
 Klhbfhklv�lhevdh�lh]^Z�klZgh\blky�q_f-lh�^_ckl\bl_evgh�hij_^_e_gguf��ijbq_f��wlZ�hij_^_e_gghklv�
hij_^_ey_lky� �iheZ]Z_lky�� kZfh_� klhbfhklvx�� dh]^Z� hgZ�� l�_�� wlh� qlh-lh�� ^h� kbo� ihj� g_hij_^_e_ggh_��
^_ckl\bl_evgh� aZfudZ_lky� gZ� k_[y� �^_ckl\bl_evgh� ih\lhjy_l� k\hc� kh[kl\_gguc� lbi� -� bf_ggh� l_f� hgh� b�
hij_^_ey_lky��� aZfudZ_l� kZfh_� k_[y� kZfh_� ihkj_^kl\hf� k_[y� kZfh_� \� k_[_� -� wlh� b� _klv� ^_ckl\bl_evgZy�
hij_^_e_gghklv��]jZgbpZ��ij_^_e�wlh]h��qlh-lh���Gh�wlZ�hij_^_e_gghklv�_klv�ihlhfm�b�lhevdh�lh]^Z��dh]^Z�wlh�
qlh-lh� g_hij_^_e_ggh_� gZqbgZ_l� \aZbfh^_ckl\h\Zlv�� \ha[m`^Zlv�� kh]eZkgh� k\h_c� `_� kh[kl\_gghc� ijbjh^_��
g_qlh� ^jm]h_�� \aZbfhk\yav� k� dhlhjuf� ihlhfm� b� lhevdh� ^_eZ_l� wlh� g_qlh� hij_^_e_gguf��Wlh� �g_qlh� ^jm]h_��

khklZ\ey_l�kmsghklgh_�^hiheg_gb_��lhevdh�b�bf_ggh��wlhfm��qlh-lh�g_hij_^_e_gghfm���ijhlb\hklhbl��lhevdh�b�



bf_ggh��_fm�ih�kmlb��_^bgh��jh^kl\_ggh��lhevdh�b�bf_ggh��_fm�ih�kmlb��aZij_^_evgh��lhevdh�b�bf_ggh��_fm�ih�

kmlb�� hgh� bf_ggh� lZdh\h�� qlh� �lhevdh� b� bf_ggh� hgh�� ^_eZ_l� wlh� hij_^_e_ggh_� l_f�� qlh� hgh� _klv� �lhevdh� b�

bf_ggh� bf�� -� wlh� _]h� _^bgkl\_ggh_� mgbdZevgh_� ^hiheg_gb_�� L_i_jv� �gZ� ih\_joghklb�� -� lhevdh� wlZ�
hij_^_e_gghklv�� b[h� kmlv� wlh]h� �g_qlh� ^jm]h]h�� - lhevdh� [ulv� `b\uf� g_ihkj_^kl\_gguf� aZij_^_evguf�
kdjuluf�bklhqgbdhf�wlhc�hij_^_e_gghklb�b�lhevdh�b�bf_ggh�^ey�g__��hgZ�lZdh\Z�b�lhevdh�lZdh\Z�ihlhfm��qlh�

hl�g__��aZ�g_c��\�g_c��ihkj_^kl\hf�g__����kdjulh�__�b�lhevdh�__�kmsghklgh_�^hiheg_gb_��� 
 Klhbfhklv� \aZbfh^_ckl\m_l� k� g_-klhbfhklvx�� ^_ckl\bl_evgZy� klhbfhklv� k� ^_ckl\bl_evghc� g_-
klhbfhklvx� -� a^_kv� gZoh^bl� k_[y� �ih\lhjbfky�� ^_ckl\bl_evgh_� hlghr_gb_� klhbfhklb�� klhbfhklb� b�

ihlj_[bl_evghc�klhbfhklb��^_ckl\bl_evgh_�jZaebqb_�b�^_ckl\bl_evgh_�bo�_^bgkl\h� 
 Klhbfhklv� \hagbdZ_l�� \u^_ey_lky�� ijbh[j_lZ_l� kZfhklhyl_evghklv� dZd� g_qlh� hij_^_e_ggh_� \hh[s_�

lhevdh�ih�hlghr_gbx� d�ihlj_[bl_evghc� klhbfhklb�b� \k_fm� lhfm��qlh� k�g_c� k\yaZgh��Lhevdh� \�jZfdZo� wlh]h�

hlghr_gby� hlghr_gb_� klhbfhklb� _klv� lh�� qlh� hgh� _klv�� Klhbfhklv� \hagbdZ_l� dZd� nhjfZ� bffZg_glgh]h��

\gmlj_gg_]h� hljbpZgby� ihlj_[bl_evghc� klhbfhklb� kZfh_� k_[y�� dZd� lZdh\hc� -� ^ey� j_ZebaZpbb� kZfh_� k_[y��
klhbfhklv�\hagbdZ_l�dZd�f_gh\Zy�klhbfhklv��HgZ�\u^_ey_lky�ba�jy^Z�hlghr_gby�ihlj_[bl_evguo�klhbfhkl_c�b�

ij_^klZ\ey_l� kh[hc� ^_gv]b�� h[eZ^Z_l� k\h_c�� kh[hc� iheh`_gghc� ihlj_[bl_evghc� klhbfhklvx�� ijZ\^Z�� \k_]^Z�

ijhajZqghc�� g_hij_^_e_gghc�� b^_Zevghc� ihlj_[bl_evghc� klhbfhklvx�� -� Ihwlhfm� hgZ� kms_kl\m_l��

kZfhklhyl_evgZ�� lhevdh� Zdlb\gh� Z[kljZ]bjmykv�� hllZedb\Zykv� hl� ex[hc� b� dZ`^hc� hkh[hc� ihlj_[bl_evghc�

klhbfhklb�� hl� bo� kh\hdmighklb�� gh�� hlhj\Z\rbkv� hl� wlhc� \aZbfhk\yab� lml�`_� bkq_aZ_l��Gh�� bkq_agm\� \� \b^_�

gZdhie_gby��lml�`_�\gh\v�[jhkZ_lky�gZ�jughd��dhlhjuc�__�\k_]^Z�ijbly]b\Z_l���g_ihkj_^kl\_ggh�mqZkl\m_l�\�_]h�

^\b`_gbb�� h^gh\j_f_ggh� b� ³kha^Z\Zy´� wlh� ^\b`_gb_� �� \gh\v� ba� g_]h� \hagbdZ_l�� gh� m`_� \hajhkrZy�� \� \b^_�

ijbjhkrbo�^_g_]� 
 Klhbfhklv� b^_glbnbpbjm_l� k_[y� \� ^_gv]Zo�� \� \b^_� bffZg_glgh]h�� g_ij_ju\gh]h� ijbjhklZ�

hij_^_e_ggh]h�dhebq_kl\Z�^_g_]��-�B[h�^_gv]b�_klv�p_ev�h[eZ^Zgby��gZdhie_gby��B[h�^_gv]b�_klv��g_ij_ju\guc�
kimkdh\hc�djxqhd��h[jZs_gby�lh\Zjh\��_]h�j_Zevguc�ihklhygguc�^\b`bl_ev��-�B[h�^_gv]b�_klv�j_ZevgZy�p_ev��
kZfh_�k_[y�g_ij_ju\gh�\hah[gh\eyxsZy�\�k\h_f�`_�kh[kl\_gghf�^\b`_gbb��\�kZfh_�k_[_��Lh\Zju�^\b`mlky�ih�

aZdhgm� hlghr_gby� klhbfhklb�� ih� aZdhgm�f_gh\hc� klhbfhklb�� ih� aZdhgm� ^_g_]� -� bf_ggh� ihwlhfm� hgb�� bo�`_�
kh[kl\_ggZy�j_ZebaZpby�_klv�g_y\gZy�kZfhj_ZebaZpby�^_g_]��hgb�-�g_y\gu_�^_gv]b� 
 Klhbfhklv� -� hij_^_ey_lky�� b^_glbnbpbjm_lky�� Wlh� ^hklb]Z_lky� bf_ggh� ihlhfm�� qlh� klhbfhklv�
\ha[m`^Z_l�k\hx�ihlj_[bl_evgmx�klhbfhklv��gZbhkh[_gg_crmx�ihlj_[bl_evgmx�klhbfhklv� �^_ckl\bl_evgmx�

g_-klhbfhklv���Klhbfhklv�^hklb]Z_l�lZdh]h�mjh\gy�hij_^_e_gghklb��]^_�hgZ�^he`gZ�^_ckl\bl_evgh�\hagbdgmlv�
ba� ihlj_[bl_evghc� klhbfhklb�� ^_ckl\bl_evgh� j_Zevgh� ij_[u\Zlv� \� g_c�� ^_ckl\bl_evgh� __� ih]ehsZlv��

^_ckl\bl_evgh�hllZedb\Zlvky�hl�g__��^_ckl\bl_evgh�[ulv�_x��^_ckl\bl_evgh�iheZ]Zlv�wlh�jZaebqb_��[ulv�kZfbf�

Zdlhf� jZaebqby� b� kgylb_f� _]h�� [ulv� ijhp_kkhf�� h[t_^bgyxsbf� \k_� wlb� fhf_glu� \� h^gh� p_eh_�� Wlh� g_� lh�

\hagbdgh\_gb_�ba�hlghr_gby�L-L��wlh�g_�lh�ijhlb\hklhygb_�hkh[uf�lh\ZjZf�\�\b^_�^_g_]��^_g_`gh]h�lh\ZjZ��
Wlh� g_� lh� m]ZkZgb_� ihke_� k\_jr_gby� f_gh\hc� k^_edb�� g_� bf_xs_c� k\h_]h� \gmlj_gg_]h� ijbgpbiZ�

kZfh\hah[gh\e_gby� �\g_rgbc� g_^hklZlhd�� ba[ulhd�� ihlj_[ghklv� lh\Zjh\�� ^_g_]��� Wlh� g_� lh� ij_[u\Zgb_� b� \�

lh\ZjZo�b�\�^_gv]Zo��wlh�g_�lhl�ijhp_kk�h[jZs_gby�����i_j_dZqdb�^_g_]�ba�dZjfZgZ�\�dZjfZg��� 
 >_ckl\bl_evgh_�[ulb_��a^_kv�gZbhkh[_gg_cr_c��dZd�\ijhq_f�b�hkh[hc���ihlj_[bl_evghc�klhbfhklb��Z�

g_�__�LGHHOO��ijbajZqgh_�kms_kl\h\Zgb_�\�^_gv]Zo��_klv�__�j_Zevgh_�hljbpZgb_��g_�dZd�\�h[f_g_�-�nhjfZevgh_���
ih]ehs_gb_�� mgbqlh`_gb_� \� ihlj_[e_gbb� �g_� dZd� aZ\bkZgb_� \� ko_f_� ��������B� lhevdh� \� wlhf� ^_ckl\bl_evghf�

mgbqlh`_gbb�����dZd�ihlj_[bl_evghc�klhbfhklb���\�wlhf�bffZg_glghf�ihlj_[bl_evghc�klhbfhklb�hljbpZgbb�b�

^he`gZ� klhbfhklv� Zdlb\gh� k_[y� hij_^_eblv�� Lhevdh� \� hljbpZgbb� ^_ckl\bl_evghc�� gZbhkh[_gg_cr_c�

ihlj_[bl_evghc� klhbfhklb� kZfh_� k_[y� \hagbdZ_l� klhbfhklv�� lhevdh� \� ^_ckl\bl_evghf�� j_Zevghf� __� [ulbb�

lhevdh� dZd� ^_ckl\bl_evghc�� j_Zevghc� ihlj_[bl_evghc� klhbfhklb�� __� ihlj_[e_gbb� -� __� ^_ckl\bl_evghf�
hljbpZgbb�b�\hagbdZ_l��ih^l\_j`^Z_l�k_[y��hij_^_ey_lky�klhbfhklv� 

Wlhc� �gZbhkh[_gg_cr_c��ihlj_[bl_evghc�klhbfhklvx�g_�fh`_l�h[eZ^Zlv�gb�h^bg�hkh[uc�lh\Zj��b[h�

klhbfhklv�kms_kl\m_l�\�ex[hf�b�dZ`^hf�lh\Zj_��wlh�kdjulu_�__�fh^bnbdZpbb�-�wlh�\k_�klhbfhklv��gh�^ZggZy�
ihlj_[bl_evgZy� klhbfhklv� ^he`gZ� [ulv� lh\Zjhf�� h[eZ^Zxsbf� ihlj_[bl_evghc� klhbfhklvx� b� f_gh\hc�

klhbfhklvx��Lj_[m_fh_�hlghr_gb_�kh�klhbfhklvx�g_�fh`_l�[ulv�hlghr_gb_f�\�h[jZs_gbb��b[h�h[jZs_gb_�

lhevdh� \u^_ey_l� hij_^_e_gghklv� f_gh\hc� klhbfhklb� dZd� ^_gv]b�� dhgp_gljbjm_l� b� \gh\v� [jhkZ_l� bo� \�

h[jZs_gb_�-�i_j_dZqb\Z_l�bo�ba�h^gh]h�dZjfZgZ�\�^jm]hc��Wlh�hlghr_gb_�g_�fh`_l�\hagbdgmlv�gZ�jugd_��b[h�

kh[kl\_ggh_�^\b`_gb_�lh\Zjh\��wlh�h[jZs_gb_��_klv�hij_^_e_gghklv�kgZqZeZ�kZfh_�f_gh\hc�klhbfhklb��l_i_jv�

kZfh_�klhbfhklb��-�Wlh�\k_�klhbfhklv��L_f�g_�f_g__��gb]^_��djhf_�dZd�\�h[jZs_gbb��klhbfhklv�g_�kms_kl\m_l� 
 Klhbfhklv� lj_[m_l� k\h_c� hij_^_e_gghklb�� hij_^_e_gghc� _x� `_� kZfhc�� bgl_]jZevgZy� nmgdpby�

lh\Zjgh]h� h[jZs_gby� ^he`gZ�gZclb� k\hc� Z^_d\Zlguc� �ghkbl_ev��� k\hx� �gZbhkh[_gg_crmx��ihlj_[bl_evgmx�

klhbfhklv�� Wlh� ljm^��G_h[oh^bfh� ^_ckl\bl_evgh_� ijbjZs_gb_�� Z� g_� ijbl_dZgb_� ^_g_]���� hij_^_e_ggh_�

khklhygb_�jugdZ�lh\Zjh\��ijhba\h^kl\Z��k\h[h^ghc�jZ[hq_c�kbeu���� 
 Wlh� lhl� ljm^�� dhlhjuc� \k_]^Z� gZoh^beky� aZ� kibghc� f_gh\hc� klhbfhklb�� kha^Z\Zy� lhevdh� hkh[u_�

ihlj_[bl_evgu_� klhbfhklb� �ijZ\^Z�� gZqbgZy� k� g_dhlhjh]h�fhf_glZ� jZa^_e_gby� ihlj_[bl_evghc� klhbfhklb� b�

f_gh\hc�klhbfhklb��ihlj_[bl_evgZy�klhbfhklv� -�qZklv�__� -�m`_�p_e_gZijZ\e_ggh�ijhba\h^blky�^ey�h[f_gZ��b�



gbdZd� g_ihkj_^kl\_ggh� g_� mqZkl\h\Ze� \� ^\b`_gbb� lh\Zjh\�� Wlh� lhl� ljm^�� dhlhjuc� kha^Z\Ze� hkh[u_�

ihlj_[bl_evgu_� klhbfhklb�� Z� hgb� \aju\Zeb� k_[y� bagmljb� �g_^hklZldhf�� ba[uldhf�� k\h_c� ihlj_[bl_evghc�

hkh[_gghklvx���Z�m`_�wlhl��\aju\��jZajZklZeky�b�\u^_eyeky�dZd�^_gv]b� 
 L_i_jv� klhbfhklv� \aZbfh^_ckl\m_l� k� ljm^hf� �dhlhjuc� lZd`_� Zdlb\gh*� ]hlh\blky� d� wlhc� \klj_q_���:�

ihkdhevdm� hgZ� �� klhbfhklv� �� _klv� ex[hc� b� dZ`^uc� lh\Zj�� p_e_gZijZ\e_ggh_� ^\b`_gb_� wlbo� lh\Zjh\�� bo�

dhgp_gljbjh\Zggh_� \hah[gh\e_gb_����� lh� b� ljm^� kha^Z_l� ex[hc� b� dZ`^uc� lh\Zj�� y\ey_lky� kdjuluf�

^_ckl\bl_evguf� bklhqgbdhf� \hah[gh\e_gby���� -�Wlh� Z[kljZdlguc� ljm^�� g_ij_^f_lguc� ljm^��`b\hc�� l_dmqbc�
ljm^��Klhbfhklv� -�wlh�aZklu\rbc�ljm^��hij_^f_q_gguc� ��h\_s_gguc���\�ex[hf�b�dZ`^hf�ij_^f_l_�ljm^��Gh�

wlhl� `b\hc� ljm^� ijhba\h^bl� [hevrmx� klhbfhklv�� kha^Z_l� ^_ckl\bl_evgh_� mkeh\b_� ^ey� ^_ckl\bl_evgh]h�

kZfhijbl_dZgby�^_g_]�ihlhfm��qlh�f_gh\Zy�klhbfhklv�wlh]h��gZbhkh[_gg_cr_]h��lh\ZjZ��lZ�f_gh\Zy�klhbfhklv��

gZ�dhlhjmx�_]h�\uf_gb\Zxl��iexk�lZ�klhbfhklv��dhlhjZy�h[_ki_qb\Z_l�j_Zevgh_�hljbpZgb_�_]h�ihlj_[bl_evghc�

klhbfhklb��f_gvr_��q_f�lZ�klhbfhklv��dhlhjZy�jh`^Z_lky�ba�ihlj_[e_gby�_]h�ihlj_[bl_evghc�klhbfhklb�  
 Klhbfhklv��\ky�p_ebdhf��kh�\k_fb�k\hbfb�hll_gdZfb��\ha\jZsZ_lky�d�k\h_c�hkgh\_��d�lhfm��qlh�[ueh�

g_ij_f_gguf�mkeh\b_f�__�klZgh\e_gby��klhbfhklv�\ha\jZsZ_lky�d�ljm^m��Gh�hlju\Z_l�_]h�hl�_]h�kh[kl\_gghc�

hij_^_e_gghklb�� hkh[h]h� ljm^Z�� ij_\jZsZ_l� __� �k\hx� hkgh\m�� \� k\hc� _^bgkl\_ggh�� \� k\hc� g_ihkj_^kl\_ggh�

`b\hc�bklhqgbd��\�k\h_�hlghr_gb_��dhlhjh_�hgZ��klhbfhklv��\ha[m`^Z_l��\�dhlhjh_�[jhkZ_lky�k�l_f��qlh[u�k_[y�

\hah[gh\blv� -� kZfhm\_ebqblvky�� -� HgZ� klZgh\blky� ^_ckl\bl_evguf� ijhp_kkhf�� hgZ� klZgh\blky� km[t_dlhf��
Klhbfhklv�aZfudZ_l�jZaju\�f_`^m�k\hbf�jh`^_gb_f�b�k\hbf�m]ZkZgb_f��\hkkh_^bgy_lky�k�l_f�b�^jm]bf��wlh�

h^bg�b�lhl�`_�ijhp_kk��m]ZkZy��hgZ�\hajh`^Z_lky��-�b�lhevdh�lZd�hgZ�_klv�lh��qlh�hgZ�_klv� 
 B�l_i_jv�gZ�yaud_�ko_fu�bah[jZabf�lj_lvx�klmi_gv��km[t_dlguc�mjh\_gv�hlghr_gby�klhbfhklb� 
 DZiblZe�\hh[s_��]eh[Zevgh_�h[jZs_gb_�\k_o�lh\Zjh\�bah[jZabf�lZd� 
 

                                                                                       Φ∨  ( )↓  Φ ( )↓ Φ∧  (3,1). 

 

 Φ �_klv� 
 
 
                                                                                        (3,1,1), 
 
 
]^_�³o«´�–�ex[hc�b�dZ`^uc�bg^_dk� 
 
 

Φ∨  _klv� 

 
                                                                                       (3,1,2), 
 
 

]^_�  –�³fh^bnbpbjmxsbc�we_f_gl´�� Φ∧ �mkljh_g�ih^h[guf�`_�h[jZahf� 

 ³Fh^bnbpbjmxsbc�we_f_gl´� 
 

                               
�& .....x � 

�( )↓ � G_�� ...Χ �
  

1

 
( )↑  

�G_�� ...Χ �
 
2( )↑

   g_� -   h   X  \ 
  

3

 (3,1,3). 

 

�( )↓ � G_�� ...Χ �
 
1

 _klv� 

 

1 (3,1,4), 
 
 

                                                           
*�Ijbf��<�g_dhlhjhf�kfuke_�b�a^_kv�ijh[e_fZ�j_rZ_lky�ih�f_j_�__�\hagbdgh\_gby��B[h�b�klhbfhklv�^he`gZ�

\udjbklZeebah\Zlv�^_gv]b��b�ljm^�^he`_g�[ulv�khhl\_lkl\mxs_�]hlh\�d�lZdhfm�\aZbfh^_ckl\bx��[ulv�bf_ggh�

lZdbf�ljm^hf� 

Φ∨ ( )↓ �& .....x �
 
( )↓ Φ∧

 

...x
∨ ( )↑ ...x

∨ ( )↓  

( )↓  →

→

→∧ ( )↑ �& .....x � 



 

 
�G_�� ...Χ �

 
2
�_klv� 
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    (3,1,5). 

 
 

 <_kv� ]eh[Zevguc�h[t_dl� Φ � kh^_j`bl� ³o«´��qlh�hagZqZ_l�\dexq_gb_�\�g_]h� �\�dZq_kl\_� k\yaZgguo�

fhf_glh\��`bag_ggh]h�imlb�ex[h]h�b�dZ`^h]h�hkh[h]h�h[t_dlZ�lh\ZjZ��jh`^_gb_��\uoh^�gZ�jughd�b�m]ZkZgb_��

gh� \k_� ih^� agZdhf�� \� Zdp_gl_� dZiblZeZ�� p_e_mklj_fe_ggh]h� gZ� ∆>�� DZ`^uc� hkh[uc� lh\Zj� b� _]h� hkh[h_�

^\b`_gb_�_klv�kdjulu_��ih�FZjdkm�–�aZfZkdbjh\Zggu_��^_gv]b��Ihwlhfm�

   g_� -   h   X  \ 
 

1

�b�

   g_� -   h   X \ 
 

2

�jZkrbjyxlky�

^h� ex[h]h� b� dZ`^h]h� lh\ZjZ� �\dexqZy� lh\Zj� k� y^jhf�
� & x � ��� ^h�

�( )↓ � G_�� ...Χ �
 
1
� b�

�G_�� ...Χ �
 
2
�� Lhevdh�

   g_� -   h   X \ 
     

3

��kf������������hklZ_lky�ij_`gbf��ohly�bg^_dk�³h´�ij_\jZsZ_lky�\�bg^_dk�³\´��� 
 
                                                                                   3 
 
                                                                                        (3,1,6), 

�ihkdhevdm�klhbfhklv�b^_glbnbpbjm_lky�lhevdh�\�y\guo�^_gv]Zo��\�lh\Zj_�k�y^jhf�
� & x �  . 

 <_kv�k\yaZgguc�[ehd�hljbpZgbc�\�fh^bnbpbjmxs_f�we_f_gl_����������l�_��[_a�
�& .....x � , 

 

�( )↓ � G_�� ...Χ �
 
1
 ( )↑  

�G_�� ...Χ �
 
2 ( )↑

   g_� -   h   X  \ 
     

3

 (3,1,7), 

b]jZ_l�g_dmx�ghjfbjmxsmx�jhev�\�k\yaZgguo�^\b`_gbyo�hl^_evguo�dZiblZeh\��ihkdhevdm�³dZiblZeZ�\hh[s_´�

g_l��gh�ijbkmlkl\b_�_]h�ghjfbjmxs_c�nmgdpbb�^_ckl\m_l�gZ�ex[hc�b�dZ`^uc�dZiblZe� �g_dh_�ih^h[b_�p_gu�

^ey�hkh[uo�lh\Zjh\���������) –�g_dhlhjh_�bah[jZ`_gb_�kj_^g_c�ghjfu�ijb[ueb��h[hagZqbf�_]h�\�\b^_∆ . 

 Hkh[uc�dZiblZe��_]h�h[jZs_gb_��bah[jZabf�ke_^mxsbf�h[jZahf��imklv�wlh�– yΦ ): 

                                                                                       
yΦ∨ ( )↓ yΦ ( )↓ yΦ∧  (3,2). 

 yΦ �_klv� 
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 –�y^jh�hkh[h]h�lh\ZjZ� 

 
yΦ∨ �_klv� 

 
 
                                                                                                                   (3,2,2). 
 
 
 
 

yΦ∧ �mkljh_g�kh\_jr_ggh�ZgZeh]bqgh� 
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 Hkh[uc�fh^bnbpbjmxsbc�we_f_gl� 
 
 

����������������������������������������K� ( )∆↓y                (3,2,4) 

 
 
 
 
 
h[hagZqbf�dZd������������������ 
 

 Hp_g_gguc�lh\Zj�jZ[hqZy�kbeZ��bf_xsbc�y^jh�
���&� �����bah[jZabf�ZgZeh]bqgh��������lhevdh�bg^_dk�³h´�

kf_gbf�gZ�bg^_dk�³\´��^_gv]b�–�m`_�h[eZ^Zxl�\k_h[s_c�nhjfhc�klhbfhklb�� 
 
 

                                                                                      1Β∨
c   ( )↓  cΦ  (3,3). 

 
 

 cΦ �_klv� 

 
 
                                                                                                       (3,3,1). 
 
 

 1Β∨
c  (“1” –� ihlhfm�� qlh� bf__l� f_klh� lhevdh� hp_gdZ�� \k_� hklZevgu_� dhgnb]mjZpbb� kljhylky�

ZgZeh]bqgh�� 
 
 
                                                                                                                                                 (3,3,2). 
 
 

 L_i_jv� ³dZiblZe� \hh[s_´� �_keb� g_� hrb[Zxkv�� -� \ujZ`_gb_�FZjdkZ�� k� y^jhf�
�& .....x �� bah[jZabf� ih-

^jm]hfm��dZd�hlghr_gb_�³klhbfhklv-ihlj_[bl_evgZy�klhbfhklv´��dZd�hlghr_gb_�h[jZs_gb_-ijhba\h^kl\h���=^_�

lh\Zj�jZ[hqZy�kbeZ�_klv�gZbhkh[_gg_crbc�lh\Zj��h[eZ^Zxsbc�gbhkh[_gg_cr_c�ihlj_[bl_evghc�klhbfhklvx�– 

���&� ��( )↓ ;*�hlghr_gb_�k�dhlhjuf�b�_klv�Zdl�ijhba\h^kl\Z�� 

 

Fh^bnbpbjmxsbc� we_f_gl� ��������h[hagZqbf�dZd� � � � � � � � � � �� -�g_dhlhjh_� ]jZnbq_kdh_�ih^h[b_� klhbfhklb��dZd�

lZdh\hc���BlZd��³dZiblZe�\hh[s_´��beb�ijbgpbibZevgZy�fh^_ev�ijbjh^u�km[t_dlZ�klhbfhklb� 

 
 

  ...x
∨  ( )↑                                                                    ( )↑  ...x

∧    (3,4). 

 
 

                                                           
*� Ijbf��� ^Zggh_� ko_fZlbq_kdh_� bah[jZ`_gb_� hlebqZ_lky� hl� ko_fZlbq_kdh]h� bah[jZ`_gby� hkh[hc�

ihlj_[bl_evghc�klhbfhklb« 
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1Β∨
c ( )↓ ���&� ��( )↓ →
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      C 

x…       ( )↓ ...x
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→

→

→ ∧ ( )↑ ���&�[��� 



 ...x
∨  

*
 b� ...x

∧ �ih�kms_kl\m�lh`^_kl\_ggu�b�ij_^klZ\eyxl�kh[hc� 

 
 

                                                       (3,4,1), 
 
 
 -� Zdl� hlghr_gby� jZ[hq_c� kbeu� b� klhbfhklb�� Zdl� ihlj_[e_gby� ij_`g_]h� ljm^Z� b� ijhba\h^kl\Z� [hevr_c�

klhbfhklb��Wlb�^\Z�ZdlZ-ihexkZ�ij_^klZ\eyxl�kh[hc�ih�kms_kl\m�hljbpZgby�³y^jZ´�\gh\v) 
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a

��hljbpZgb_�

klhbfhklb�–�__�ihlj_[e_gb_����������������������������������������� 
 
 
������������������������������������������������������������������������������������� <� wlhc� k\yab� � ������� ^ey� gZ]ey^ghklb�� bah[jZabf� ^\mfy�

^jm]bfb�kihkh[Zfb� 
  
 

:���������������������������������������������� ( )↑                                                                          ( )↑                                              , 

 
 

 

 -�y^jh�

�
a�
��
&
�
[«

�

���
�
a

��gZoh^blky�b�\�h[t_dl_��b�\�_]h�ihexkZo��-�akZfh�k�kh[hc�bf__l�hihkj_^h\Zggmx� ( )↑ �k\yav� 

 

 <��������������������������� ( )↑                                                                     ( )↑                             .  

 
 

 <ky� nb]mjZ� ������ ij_^klZ\ey_l� kh[hc� aZfdgmlmx� gZ� k_[y� ]jZgbpm�� dhlhjmx� � h[hagZqbf� dZd�

   

~ 

  

    

C 
  

x… 

  

      

   

(C
�x –� g_dhlhjh_� ³[hevrh_´�� ]eh[Zevgh_� �keh`gh_� \� k_[_�� y^jh� �fh`gh� kdZaZlv�\gh\v��� m`_� \h\k_� g_� y^jh�

hkh[h]h�ijh^mdlZ���H[t_dl�

   

~ 

  

    

C 
  

x… 

  

      

   ��beb�nb]mjZ� �������bf__l�\k_�oZjZdl_jbklbdb�h[t_dlZ��h[hagZqZ_fh]h� a^_kv�
aZfdgmlhc�ebgb_c� �kf��gZqZeh� II �qZklb���ijbq_f�k�oZjZdl_jbklbdZfb�y^jZ� �b�wlh� - \gh\v�«�Nb]mjZ� ������_klv����
   

~ 

  

    

C 
  

x… 

  

      

  �� b� __�fh`gh�gm`gh� jZkkfZljb\Zlv� dZd� \gmlj_gg__� mkljhckl\h� y^jZ� � h[t_dlZ�� mkljh_ggh]h� gZ� ih^h[bb�

ko_fu� ������� dZd� \ijhq_f� –� b� ^jm]bo� we_f_glh\� ^Zgghc� ko_fu� b� gZ� \k_o� wlZiZo� __� jZa\_jlu\Zgby����>jm]b_�

oZjZdl_jbklbdb��

   

~ 

  

    

C 
  

x… 

  

      

  �kf��^Zevr_� 
 Kgh\Z�\_jg_fky�d�ij_j\Zgghfm�l_dklh\hfm�baeh`_gbx� 
 Wlh�kZfhaZfudZgb_�gZ�k_[y�hlghr_gby�klhbfhklb��ijhp_kkZ�hlghr_gby���kms_kl\hf�dhlhjh]h�y\ey_lky�

g_ihkj_^kl\_gguc�Zdl�^_ckl\bl_evgh]h�ijb[Z\e_gby�klhbfhklb��dhgp_gljbjh\Zggh�ij_^klZ\e_gghc�\�^_gv]Zo���

l�_�� wlh]h�`_� kZfhaZfudZgby�� dhlhjh_� lhevdh� b� kihkh[gh�� qlh� kZfhaZfudZlvky� k� ijb[Z\e_gb_f� �\hah[gh\blv�

ijhp_kk��� _klv� km[t_dl� klhbfhklb�� dZiblZe�� _klv� g_dhlhjuc� g_ij_ju\gh� kZfh\hah[gh\eyxsbcky� �]jZ^b_gl� 
klhbfhklb�� _klv� g_dhlhjh_� �mkbeb_�� dhgp_gljbjh\Zgghc� klhbfhklb�� KZf� `_� g_ihkj_^kl\_gguc� ijhp_kk�

kha^Zgby� ^_ckl\bl_evgh]h� ijb[Z\e_gby� kZfhaZfudZgby�� l�_�� kh[kl\_ggh� klhbfhklb�� kdjul� hl� ihke_^g_c��

aZij_^_e_g�_c��Gh�h^gh\j_f_ggh�y\ey_lky�__�`_�\gmlj_ggbf�g_ij_f_gguf�fhf_glhf��Klhbfhklv��lh\Zj� �dZd�

kdjulu_� ^_gv]b�� b� ^_gv]b�� [jhkZ_lky� \� h[jZs_gb_�� ij_[u\Z_l� lZf� dZd� klhbfhklv�� \ha\jZsZ_lky� h[jZlgh�

                                                           
*�Ijbf���jZagbpm�f_`^m� lj_fy�jZaebqgufb�bklhqgbdZfb��f_`^m� Zdlhf�jh`^_gby�ihlj_[bl_evghc� klhbfhklb�

( x∨ ���h[jZs_gb_f�dZd�bklhqgbdhf�[hevr_c�fZkku�^_g_]-ahehlZ��kf����������b�
...x

∨ �a^_kv�h[km`^Zlv�g_�[m^_f��

ohly� kblmZpby� \aZbfhk\yaZgghklb� wlbo� bklhqgbdh\� bf__l� f_klh�� bf__l� f_klh� k� lhqdb� aj_gby� ij_^_evgh]h�

nhjfZebafZ. 
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kZfhm\_ebqb\rbkv��GZ�jugd_�kms_kl\m_l�lh\Zj��klhbfhklgh_�hlghr_gb_�k�dhlhjuf�_klv�_]h�ihlj_[e_gb_��Z�wlh�

ihke_^g__� _klv� g_ihkj_^kl\_gguc� Zdl� ijhba\h^kl\Z� [hevr_c� klhbfhklb�� Klhbfhklv�� ij_[u\Zy� \� k\h_c�

ihlj_[bl_evghc�klhbfhklb��kdjulZ�hl�kZfh_�k_[y� �beexkljZpby��ij_^f_l�_klv�lhevdh�p_ebdhf��hg�eb[h�_klv��

eb[h�_]h�g_l��kZf�ijhp_kk�_]h�ba]hlh\e_gby�kdjul�hl�g_]h��k\_jgml�hl�g_]h�\�lhqdm��f]gh\_g_g���gh�bf_ggh�b�

lhevdh�wlh�__�b^_glbnbpbjm_l�-�lhevdh�\�wlhf�hlghr_gbb�klhbfhklv�ijbh[j_lZ_l�oZjZdl_j� �^_ckl\bl_evgh]h��

kZfh\hah[gh\eyxs_]hky� aZfudZgby� gZ� k_[y�� KdjulZ� hl� k_[y� ihlhfm�� qlh� g_ihkj_^kl\_ggZy� b^_glbnbdZpby�

klhbfhklb� _klv� ijhp_kk� __� ijbl_dZgby�� aZnbdkbjh\Zgghf� \� û>�� \� ijb[Z\e_gbb� ^_g_]�� bf_xsbo� lm� `_�

ihl_gpbx��qlh�b�i_j\hgZqZevgu_�^_gv]b�-�\�wlhf�kfuke_�hgb�_klv�h^gh�b�lh�`_��Wlh�__�bkoh^guc��dhg_qguc�b�
_^bgkl\_gguc� fhf_gl� �\� kh\hdmighklb� \k_o� __� fhf_glh\��� lhevdh� b� bf_ggh� ijhc^y� q_j_a� dhlhjuc� hgZ�

^_ckl\bl_evgh�j_Zevgh�b^_glbnbpbjm_lky��lhevdh�b�bf_ggh�\�wlhl�fhf_gl�hij_^_ey_lky�dZd�lZdh\Zy��lhevdh�b�

bf_ggh�a^_kv�hlghr_gb_�klhbfhklb�aZy\ey_l���y�_klv�y�-�klhbfhklv����y�_klv������ �kghkdZIjbf_qZgb_��>_gv]b�\�
lZdhf�hij_^_e_gbb�_klv��bfy��dZiblZeZ��km[t_dlZ�klhbfhklb����Bf_ggh�hl�wlh]h�fhf_glZ�b�kdjul��aZij_^_e_g�
ijhp_kk� ijhba\h^kl\Z��IjZ\^Z�� hl� g_]h� kdjulh�b� h[jZs_gb_�� _]h� �jZklygmlhklv���Gh� kdjulh�ih-^jm]hfm��gh��
]eZ\gh_��h[jZs_gb_�-�wlh�kZfb�^_gv]b��imklv�kdjulu_��g_y\gu_��gh�^_gv]b��B[h�\k_�^\b`_lky�ih�aZdhgm�^_g_]��
wlh� �\k_��b� kZfh_� �^\b`_gb_�� _klv�^_gv]b��b�bf_ggh� a^_kv� �`b\_l��g_ihkj_^kl\_gguc� Zdl�ijbl_dZgby�^_g_]��

IjZ\^Z�� b� �gZbhkh[_gg_crbc�� lh\Zj� lZd`_� ^\b`_lky� ih� aZdhgm� ^_g_]��Gh� bf_ggh� b� lhevdh� hg� ihlj_[ey_lky�

klhbfhklvx�� g_� \uiZ^Zy� ijb� wlhf� ba� hij_^_e_gghklb� hlghr_gby� klhbfhklb�� bf_ggh� ihlj_[e_gb_� wlhc�

ihlj_[bl_evghc�klhbfhklb�b�_klv�ijhba\h^kl\h��\hagbdgh\_gb_��klhbfhklb� 
 Lhevdh� b� bf_ggh� ij_[u\Zy� lhevdh� b� bf_ggh� \� wlhc� ihlj_[bl_evghc� klhbfhklb� �^_ckl\bl_evgh_��

g_jZkiZ^Zxs__ky�� _^bgkl\h��� lhevdh� b� bf_ggh� hllhedgm\rbkv� lhevdh� b� bf_ggh� hl� wlhc� ihlj_[bl_evghc�

klhbfhklb� �^_ckl\bl_evgh_��g_jZkl\hj_ggh_��jZaebqb_�� klhbfhklv�_klv�klhbfhklv��^_ckl\bl_evgh_�hlghr_gb_�

klhbfhklb��klhbfhklb�b�ihlj_[bl_evghc�klhbfhklb��aZklu\r_]h�ljm^Z�b�l_dmq_]h�ljm^Z����>-L->
� 
 Klhbfhklv� ��dZd�km[klZgpby� ��kms_kl\m_l� -�dZd� ��_klv� ��k\h_h[jZagh_�hlghr_gb_�kh\hdmighklb�fZeuo�

hlghr_gbc�hkh[uo�ihlj_[bl_evguo�klhbfhkl_c�b�bo�f_gh\uo�klhbfhkl_c�� -�DZd� ��_klv� ��g_qlh��ijhy\eyxs__�

k_[y� \� wlbo� hkh[_gghklyo� b� bo� hij_^_e_gghc� �aZ-�k�-djmq_gghklb�� �ih\lhj_gb_� h[f_gZ� jZ^b� ihlj_[bl_evghc�
klhbfhklb� beb� ^_g_]��� dZd� g_dhlhjuc� �kljmdlmbjh\Zgguc� wnbj�� \� fZeuo� hkh[_gguo� �\djZie_gbyo��� -� DZd�
g_dhlhjZy�ijhajZqgZy�hkgh\Z��[eZ]h^Zjy�dhlhjhc�k\_jrZxlky�f_gh\u_�k^_edb��gh�dhlhjZy�kms_kl\m_l�lhevdh�\�

gbo�� -�DZd�iheyjbah\Zggh_�ihe_�hlghr_gbc�� -� Z[kljZdlguc� aZklu\rbc� ljm^� \� \b^_�hij_^_e_ggh]h�^\b`_gby�

hkh[uo� ijh^mdlh\� ljm^Z��� �-� Gh� dZd� km[t_dl�� dZd� ^_ckl\bl_evgZy� klhbfhklv� b�� \hh[s_� ]h\hjy�� dZd�

^_ckl\bl_evgZy� km[klZgpby� hgZ� ^he`gZ� gZoh^blvky� b� kms_kl\m_l� lhevdh� \� hlghr_gbb� k� ihlj_[bl_evghc�

klhbfhklvx� ��ih^h[gh�� kdZ`_f�� hlghr_gbx�L-L�� ]^_� h^bg� lh\Zj� -�ihlj_[bl_evgZy� klhbfhklv�� Z� ^jm]hc� -� _]h�
f_gh\Zy�klhbfhklv��gh�ih^h[b_�a^_kv�g_ihegh_�������B�\�wlhf�hlghr_gbb�hgZ�^_ckl\bl_evgh�bkq_aZ_l�b�\hagbdZ_l�

�\hajhkr_c�-�bgZq_�hgZ�g_�fh`_l�[ulv�km[t_dlhf��f]gh\_ggh��kms_kl\m_l�\�fhf_gl�k\h_]h�bkq_agh\_gby��a^_kv-
l_i_jv�� dZd� g_dhlhjZy� kdjmq_gghklv�� h[jZs_gghklv� gZ� k_[y�� \� k_[y�� ihkj_^kl\hf� k_[y��Wlb� kZfh\hajZklZgby�

kZfhkdjmq_gghklb��a^_kv-l_i_jv��kZfh\hah[gh\eyxlky��hl�h^ghc�kmffu�^_g_]�d�[hevr_c�b�l�^����kly]b\Zxlky�\�

h^gm�g_ij_ju\gmx�dhgp_gljbjh\Zggmx�k\yav-\hah[gh\e_gb_-klj_fe_gb_-mkbeb_�b�ij_^klZ\eyxl�kh[hc�km[t_dl�
klhbfhklb��Fhf_gl�ijhba\h^kl\Z�kms_kl\m_l�\�dZ`^hc�lhqd_�wlhc�g_ij_ju\ghc�ijyfhc-mkbeby��jZaju\Z_l�__�\�
ex[hc�b�dZ`^hc�lhqd_��k\yau\Z_l�__�\�ex[hc�b�dZ`^hc�lhqd_��-�fhf_gl�hlghr_gby�klhbfhklb�b�ihlj_[bl_evghc�

klhbfhklb�� Fhf_gl� ijhba\h^kl\Z� aZij_^_e_g�� k\_jgml� \� lhqdm� ih� hlghr_gbx� d� g_ij_ju\ghfm�

kZfhijbl_dZxs_fm�dhgp_gljbjh\Zgghfm�aZklu\r_fm�ljm^m��kf��^Ze__�ko_fu� 
 Km[t_dl� klhbfhklb� kms_kl\m_l� dZd� g_ij_ju\gh_� kZfhijbl_dZgb_� ^_g_]�� dZd� bo� ]jZ^b_gl�� qZklgu_�

^\b`_gby� lh\Zjh\� gZ� jugd_� \� k\h_c� kh\hdmighklb� h[jZamxl� wlhl� b^_glbnbpbjmxsbc� blh]� �\� dhlhjhf�

klhbfhklv�_klv�klhbfhklv���>Zggu_�qZklgu_�^\b`_gby��lZd`_��gZoh^blky�aZ�kibghc�fhf_glZ�b^_glbnbdZpbb����

Gh� ^Zgguc� fhf_gl� �b^_glbnbdZpbb�� \� dZdhc-lh� f_j_� [he__� j_Ze_g�� q_f� fhf_gl� qZklgh]h� ^\b`_gby���
AZdjmq_gguc�gZ� k_[y�� \hah[gh\eyxsbc� kZfh_� k_[y� \� k_[_� kZfhklj_fysbcky� wnbj�� wlh�iheyjbah\Zggh_� �b�ih�

kljmdlmj_��b�ih�klZgh\e_gbx��b�ih�bo��kljmdlmju�b�klZgh\e_gby��hlghr_gbx��ihe_�hlghr_gbc�b�h[jZam_l�k\hc�

kh[kl\_gguc� ij_^_e�� �ijhajZqguc�� ^ey� hkh[uo� lh\Zjh\� �hlghr_gbc��� k\hx� kh[kl\_ggmx� hij_^_e_gghklv��

dhgp_gljbjh\Zgghklv�� -� LZd� wlhl� �fgh]hde_lhqguc� hj]Zgbaf�� h[eZ^Z_l� ebphf� –� lZd� hg� b^_glbnbpbjm_lky��
lZdbf�h[jZahf��hg�_klv��ebqghklv���LGHQWLW\��� ��QZklgu_�f_gh\u_�hlghr_gby�-��de_ldb��wlh]h��hj]ZgbafZ��-�g_�
h[eZ^Zxl� wlbf� dZq_kl\hf� beb� �h[eZ^Zxl��� gh� \� ^jm]hc� fh^Zevghklb� -� �ih-^jm]hfm��� \� ^jm]bo� hlghr_gbyo��

dhlhju_�� \ijhq_f�� gm`gh-fh`gh� kjZ\gb\Zlv����� WlZ� [he__� �\ukhdZy�� �nbehkhnkdb� –� [he__� dhgdj_lgZy��
bgl_]jZevgZy� fh^Zevghklv�� wlh� p_eh_� _klv� ^_ckl\bl_evgZy� hkgh\Z� �bklhqgbd�� ^\b`_gby� lh\Zjh\-^_g_]� b� bo�
kZfhbo� dZd� lZdh\uo�� hgZ� kms_kl\m_l� \�gbo�ihkj_^kl\hf�gbo� dZd�g_dhlhjuc�bo�bgl_]jZe��gh� h[eZ^Z_l� k\hbf�

LGHQWLW\��g_�k\h^bfhfm�gb�d�h^ghc�ba�k\hbo��qZklghkl_c�� 
BlZd��kms_kl\h�dZiblZeZ-km[t_dlZ�klhbfhklb� aZdexqZ_lky� -�\�ijbjh^_� ��g_ij_ju\gh� -�dZd�ijhp_kkZ� ��

kZfh\hkijhba\h^ys_]hky� �dhgp_gljbjh\Zggh]h� �� hlghr_gby� ��]eh[Zevguo��� klhbfhklb� b� ihlj_[bl_evghc�

klhbfhklb� �� -� aZklu\r_]h� ljm^Z� b� l_dmq_]h� ljm^Z��� -� \� ijbjh^_� aZfdgmlhklb� hlghr_gby� klhbfhklv-
ihlj_[bl_evgZy�klhbfhklv�\�k_[_�gZ�k_[y�ihkj_^kl\hf�k_[y��-�\�ijbjh^_�aZfdgmlhklb�klhbfhklb�\�k_[_�gZ�k_[y�
ihkj_^kl\hf�^jm]h]h�k_[y��k\h_]h�mgbdZevgh]h�_^bgkl\_ggh]h�^hiheg_gby��ihlj_[bl_evghc�klhbfhklb��LZdhc�

oZjZdl_j� kZfhaZfdgmlhklb� b� y\ey_lky� b^_glbnbdZlhjhf� km[t_dlZ� klhbfhklb�� _]h� �dZq_kl\_gghc��



hij_^_e_gghklvx�� ]jZgbp_c�� KZfh\hah[gh\e_gb_� _klv� g_dhlhjh_� �mkbeb_�� �� gZijy`_gb_�� klj_fe_gb_������

bklhqgbdhf�b�p_evx�dhlhjh]h�y\ey_lky�wlh�`_��mkbeb_����hgh�kZfh_����-�bkoh^ys__�ba�\gmlj_gg_]h�ijbgpbiZ���ba�

kZfh_�k_[y���g_ij_ju\gh_��kZfh�ijbl_dZgb_�^_g_]��l�_��hlghr_gb_�^_g_]�b�[hevrbo�^_g_]��hlghr_gb_�klhbfhklb�

b�ihlj_[bl_evghc�klhbfhklb����Mkbeb_��khojZgyxs__�k_[y�ihkj_^kl\hf�hljbpZgby�k_[y�\�^jm]hf�k_[y��b�\�wlhf�

hljbpZgbb�\hah[gh\eyxs__�k_[y��ihkj_^kl\hf�hlghr_gby�d�k\h_fm�mgbdZevghfm�_^bgkl\_gghfm� �kmsklghfm��

bffZg_glghfm��^hiheg_gbx��^jm]hfm�k_[y��qlh�b�_klv�mkbeb_��?klv�^_ckl\bl_evgh_�hlghr_gb_�d�kZfh_�k_[_��

Z^_d\ZlgZy� �,GHDO�� k\hy�nhjfZ��dhlhjZy�jh`^Z_lky�dZd�bffZg_glgh_� k\hckl\h��dZd�f_lZfhjnhaZ� kZfh_� wnbjZ-
km[klZgpbb� klhbfhklb� �ihey� hlghr_gbc��� aZdjmqb\Zxs_cky� kZfh_� gZ� k_[y� k� ihfhsvx� g_ihkj_^kl\_ggh]h�

hlghr_gby�kh�k\hbf�g_ihkj_^kl\_gguf�mgbdZevguf�_^bgkl\_gguf�aZij_^_evguf�^hiheg_gb_f��k�^jm]bf�k_[y��

B� wlh� aZdjmqb\Zgb_�� h`b\e_gb_� g_qlh�� hdjhie_ggh]h� f_jl\hx� \h^hx�� _klv� ^_ckl\bl_evgZy� f_lZfhjnhaZ�

hlghr_gby��_klv�km[t_dl�klhbfhklb���g_qlh���ij_\jZsZxs__ky�\h�qlh-lh�hij_^_e_ggh_� 
 Km[t_dl�klhbfhklb�kms_kl\m_l�dZd�hkh[h_�hlghr_gb_�ijhp_kkZ�h[jZs_gby�b�ijhp_kkZ�ijhba\h^kl\Z��

Km[t_dl�klhbfhklb�ijbkmlkl\m_l�dZd�\�i_j\hf�Zdl_��lZd�b�\h�\lhjhf��b�h^gh\j_f_ggh�hg�_klv�bo�hlghr_gb_��

<lhjhc� Zdl� _klv� ijhp_kk� g_ihkj_^kl\_ggh]h� jh`^_gby� klhbfhklb�� i_j\uc� -� g_ihkj_^kl\_gguc� ijhp_kk� __�
b^_glbnbdZpbb�� -� >_ckl\bl_evguf� bklhqgbdhf� klhbfhklb� y\ey_lky� ljm^�� ihlj_[e_gb_� gZbhkh[_gg_cr_c�

ihlj_[bl_evghc� klhbfhklb� �ijhba\h^kl\h��� ^_ckl\bl_evgZy� b^_glbnbdZpby� �\_ebqbgu�� ijbl_dZxs_c�

klhbfhklb�hkms_kl\ey_lky��_klv��\�h[jZs_gbb�b�aZ\bkbl�hl�\k_c�kljmdlmju�dZiblZeZ��-��<gmlj_ggyy�kljmdlmjZ��
km[t_dlZ� klhbfhklb� hij_^_ey_lky� \� iZjZf_ljZo� hlghr_gby� klhbfhklv� -� ihlj_[bl_evgZy� klhbfhklv�� ]^_�
klhbfhklv� -� wlh� lh�� qlh�� kh[kl\_ggh�� aZfudZ_lky� �dhg_qgh�`_�� aZfudZ_lky� lhevdh� hlghr_gb_�� gh� aZfudZ_lky�

g_ihkj_^kl\_ggh�aZklu\rbc�h[_aebq_ggh-Z[kljZdlguc�-�\g_�h[udgh\_gghc�hkh[_gghklb�ijh^mdlZ�ljm^Z�-�ljm^��
gZoh^ysbcky�\�hlghr_gbb�d�k_[_��d�\hajhkr_fm�ljm^m���:�ihlj_[bl_evgZy�klhbfhklv�-�wlh�lZdh_��aZij_^_evgh_�
^ey�g__�`_��hlghr_gb_�klhbfhklb�d�kZfh_�d�k_[_��b[h�klhbfhklv�_klv�hlghr_gb_���]^_�b�lhevdh�g_ihkj_^kl\_ggh�

b�\hagbdZ_l�hgZ�kZfh_�� �<g_rgyy�nhjfZ��km[t_dlZ�klhbfhklb�hij_^_ey_lky�\�iZjZf_ljZo�hlghr_gby�lh\Zjh\�

lj_o�jZaguo�jh^h\��hkh[uo�lh\Zjh\��^_g_`gh]h�lh\ZjZ�b�lh\ZjZ�jZ[hqZy�kbeZ� 
 Km[t_dl� klhbfhklb� b� ij_^klZ\ey_l� kh[hc� _^bgh_� �p_ehklgh_�� hlghr_gb_� k\hbo� ^\hckl\_ggh]h� b�

ljhckl\_ggh]h�Zki_dlh\��HgZ�kms_kl\m_l�dZd��h^gh^\hydhljhbqgh_��baf_j_gb_� 
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oZjZdl_jbklbdhc��ij_^klZ\ey_l�kh[hc��g_ij_ju\gh_�klj_fe_gb_��kf��������:�b�<��� 
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 �gh���� k� \gmlj_ggbfb� lhq_qgufb� ij_ju\Zgbyfb-k-\hkklZgh\e_gbyfb� �
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�� \� dZ`^hc� lhqd_�

klj_fe_gby��a�³g_ij_ju\guc�kbeh\hc�\_dlhj�–�\_kv�\�q_jguo�^ujZo��\ly]b\Zxsbo�b�\ulZedb\Zxsbo�lhq_qguo�

b�f]gh\_gguo�\hjhgdZo´���<�dZ`^hf�mae_�^Zgghc��³dZdhc-lh�b�f_jghc´��j_r_ldb�bf__l�f_klh� 
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�Ih^h[guf� ������ h[jZahf� fh`gh� jZkkfhlj_lv� b� ]eh[Zevgu_� h[t_dlu� gZijbf_j�
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   , –� hkh[u_�
dZiblZeu��Ohly�nb]mjZ�������\ky�gZijhqv�³khklhbl´�ba�ihke_^gbo��Gh�a^_kv�bf__l�f_klh�]eZ\gh_�FZjdkh\h��ih�

_]h�kh[kl\_gghfm��ih\lhjbfky��fg_gbx��-�kf��dhg_p�I�qZklb��hldjulb_�\�iheblwdhghfbb��jZkkfhlj_gb_�bamq_gb_�
aZdhghf_jghklb� ³\hh[s_´�ij_^r_^kl\m_l� �jZkkfhlj_gbx�__� ³\�qZklghklb´��Ohly��\ijhq_f��a^_kv�\�wlhc�k\yab�

bf__l�f_klh�b�[he__�rbjhdbc�]em[hdbc��hglheh]bq_kdbc�kfuke«�Kfhljb�g_[hevrb_�aZf_qZgby�\�dhgp_�^Zgghc�

jZ[hlu�� 
>Zevr_�–�l_dklh\h_�baeh`_gb_� 
DjZldh�ih\lhjbf�dexq_\u_�fhf_glu�klZgh\e_gby�hlghr_gby�klhbfhklb�� 
��� Ijh^mdl� ljm^Z� \� dZq_kl\_� ihlj_[bl_evghc� klhbfhklb� _klv� fh^bnbpbjh\Zgguc� k]mklhd� \_s_kl\Z�

ijbjh^u��gZoh^ysbcky�f_`^m� ZdlZfb� _]h�jh`^_gby�dZd�ihlj_[bl_evghc�klhbfhklb�b�m]ZkZgby��ihlj_[e_gby��

GZqbgZy�k�g_dhlhjh]h�fhf_glZ�k\h_]h�[ulby��\�ijh^mdl_�\ha[m`^Z_lky�_]h�kh[kl\_gguc�iZjZf_lj��g_^hklZlhd��

ba[ulhd��hkh[h_�k\hckl\h���Wlh�\ha[m`^_gb_�lZdh\h��qlh�jZaju\Z_l�k\yav�k�m]ZkZgb_f�lhevdh�^ey�lh]h��qlh[u�

\hkklZgh\blv� __� ihke_� g_dhlhjhc� f_lZfhjnhau� ijh^mdlZ� ljm^Z�� -� ihkl_i_ggh� jh`^Z_lky� _]h� kh[kl\_ggZy�
f_gh\Zy�klhbfhklv� 
 Wlhl� jZaju\� k� m]ZkZgb_f� ij_h[jZah\u\Z_l� kZf� Zdl� jh`^_gby� ihlj_[bl_evghc� klhbfhklb��

G_ihkj_^kl\_ggh� kjZam� ihke_� ba]hlh\e_gby� ijh^mdlZ�� hg� _klv� g_-ihlj_[bl_evgZy� klhbfhklv� iexk� g_dhlhjh_�
klj_fe_gb_� klZlv� ihlj_[bl_evghc� klhbfhklvx� ijb� \hkklZgh\e_gbb� k\yab� k� m]ZkZgb_f� �lhevdh� ihke_� wlh]h�

\hkkh_^bg_gby� ijh^mdl� _klv� ihlj_[bl_evgZy� klhbfhklv�� gh� k� ij_h[jZah\Zgguf�fh^bnbpbjh\Zgguf� Zdlhf�

jh`^_gby�� 
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LZdh_� f]gh\_gb_-jh`^_gb_� _klv� i_j\Zy� nhjfZ� hlghr_gby� klhbfhklb�� i_j\Zy� nhjfZ� lh\ZjZ��

kms_kl\mxsZy�\�fhf_gl�k\h_]h�bkq_agh\_gby� 
 A^_kv� kh[kl\_ggh_� hljbpZgb_-^ey-\hkklZgh\e_gby� h^gh]h� ijh^mdlZ� \ueZabl� gZjm`m� \� \b^_�

ijhlb\hklhys_]h� ^jm]h]h� jh^Z� ijh^mdlZ�� Wlh� kh[kl\_ggh_� g_ij_f_ggh_� ^hiheg_gb_� ijh^mdlZ� ^h� _]h�

hij_^_e_gghklb� lh\Zj�� =jZgbpu� ijh^mdlZ� aZ� kq_l� hlghr_gby�f_gu� jZkrbjyxlky�� ijhgbdZxl� \� kh[kl\_ggu_�

]jZgbpu� ^jm]h]h� ijh^mdlZ� b� h[jZamxl� g_dhlhjuc� ³iZjZ^hdk� \� hij_^_e_gbyo´�� ihoe_s_� g_dh_c� ³d\Z^jZlmju�

djm]Z´� 
 ���Ihy\e_gb_� jy^Z� jZaghjh^guo� g_k\yaZgguo� f_gh\uo� hlghr_gbc� \� ijbgpbi_� bf__l� h^gh� b� lh�`_�

hkgh\Zgb_��qlh�b�jh`^_gb_� �i_j\h]h��hlghr_gby�f_gu��Wlh�jZkrbjy_l� ]jZgbpu�ijh^mdlZ�\�dZq_kl\_� lh\ZjZ��

ohly� h[� wlhf� hg� _s_� �g_� agZ_l��� b� dZd� j_amevlZl� -� lZdh_� �lbjZ`bjh\Zgb_�� m]em[ey_l� kZfh_� hlghr_gb_�

ihlj_[bl_evghc� klhbfhklb� b� f_gh\hc� klhbfhklb�� jZkly]b\Z_l� dZd� ih� �ijhkljZgkl\m��� lZd� b� ih� �\j_f_gb��

h[eZklv�kms_kl\h\Zgby�lh\ZjZ��kha^Z_l�wlh�lh\Zjgh_�³ijhkljZgkl\h-\j_fy´��KljmdlmjZ�hlghr_gby�L-L�lZdh\Z��
qlh�ijb� kh[kl\_gghf� �jZafgh`_gbb��hgZ�h[jZam_l� klZgh\e_gb_� �³l\hjq_kdh_´�hlghr_gb_�d� k\h_fm�^jm]hfm���

dhlhjh_�� \[bjZy� khdb� \k_]h� jZa\_jlu\Zgby� b� h^gh\j_f_ggh� \ha\jZsZykv� d� k\h_c� i_j\hgZqZevghc� ijhklhl_��

^hklb]Z_l�iheghlu�\�km[t_dl_�klhbfhklb� 
 Gm� Z� a^_kv�� f_gh\Zy� klhbfhklv� \� kbem� k\h_c� ijbjh^u� �kgZqZeZ� dZd� j_amevlZl� k\h_h[jZagh]h�

\hkklZgh\e_gby� k\yab� kh� k\hbfb� m]ZkZgbyfb� ^\mo� ijh^mdlh\�� \u^_ey_lky� gZ� mjh\_gv� j_Zevghklb� hl^_evgh]h�

ijh^mdlZ��ijbh[j_lZ_l�klZlmk�kZfhklhyl_evghklb�lh\ZjZ��gh�k�g_dhlhjhc�ij_l_gab_c� 
 Wlb� \u^_e_gb_� b� kZfhklhyl_evghklv� bf_xl� ljb� kh[kl\_ggu_� ]eZ\gu_� oZjZdl_jbklbdb�� qlh� y\ey_lky�

aZjh^ur_f� lj_o� ]eZ\guo� nmgdpbc� ^_g_]�� f_ju� klhbfhkl_c�� kj_^kl\Z� h[f_gZ� b� p_eb� h[f_gZ�� WlZ� �ljhcdZ��

khijy`_gZ� k� ^jm]hc� �ljhcdhc��� kh[kl\_ggufb� oZjZdl_jbklbdZfb� ghkbl_ey� ^_g_`guo� nmgdpbc� �ba[uldhf��

g_^hklZldhf� b� hkh[ufb� ihlj_[bl_evgufb� k\hckl\Zfb��� KlZlmk� hlghr_gby� �ljh_d�� dZd� f_`^m� kh[hc�� lZd� b�

\gmljb� kZfhbo� k_[y�� bo� jZaebqb_����� _^bgkl\h����� hlghr_gb_���� ih� kms_kl\m� _klv� jZa\_jlu\Zgb_� lhiheh]bb�

hlghr_gby� L-L�� �Iexk�� _s_� �g_dhlhjuc� bfimevk����� -� >ey� lh]h� qlh[u� �[ulv�� g_h[oh^bfh� \ahj\Zlv� k\hb�
kh[kl\_ggu_�jZfdb��hij_^_eblv�g_dhlhjh_�k\h_�kh[kl\_ggh_�aZ\h_\Zgb_��b�\�j_amevlZl_�hklZlvky�kZfh_�kh[hc��

gh�^jm]bf��\h[jZ\�\�k_[y�k\h_�^jm]h_��� 
 Jughd� lh\Zjh\� jZkrbjy_lky�b� m]em[ey_lky��>\b`_gb_� kh\hdmighklb� lh\Zjh\�ijbh[j_lZ_l�g_dhlhjmx�

djbklZeebamxsmx�k\yaZgghklv��qlh�nbdkbjm_lky�nhjfZfb�^_g_]��Ihy\e_gb_�_^bguo�^_g_]�k\b^_l_evkl\m_lky�

nhjfmehc�>-L123… ->
� ��]^_�L123… -�kh\hdmighklv�\k_o�hkh[uo�lh\Zjh\��<k_�lh\Zjgu_�ij_\jZs_gby�ijbh[j_eb�

_^bguc�� ykguc� oZjZdl_j�� \k_\hajZklZgb_� ^_g_]�� hlghr_gb_� h^ghc� kmffu� b� [hevr_c�� Qlh� ^hklb]Z_lky� ih�

kms_kl\m�hlghr_gb_f�kh[kl\_ggh�^_g_]�b�bo�jZkkhkj_^hlhq_gghc�nhjfhc��lh\Zjh\� 
 ���?^bguc�lh\Zjguc�ihju\�ijbh[j_lZ_l�ihkl_i_ggh�oZjZdl_j�g_ij_ju\gh]h�ijhp_kkZ��qlh�Z^_d\Zlguf�

h[jZahf� ^hklb]Z_lky� ijb� \klj_q_-h[t_^bg_gbb� ijhp_kkZ� h[jZs_gby� b� ijhp_kkZ� ijhba\h^kl\Z�� Hlghr_gb_�

klhbfhklb� ij_\jZsZ_lky� \� ^_ckl\bl_evgh_� hlghr_gb_�� Z^_d\Zlgh_� k\h_c� ijbjh^_�� hlghr_gb_� klhbfhklb� b�

ihlj_[bl_evghc�klhbfhklb��aZklu\r_]h�b�`b\h]h�ljm^Z��hlghr_gb_�klhbfhklb�ij_\jZsZ_lky�\�km[t_dl� 
 Km[t_dl�hlghr_gby�klhbfhklb�b�ihlj_[bl_evghc�klhbfhklb�h[eZ^Z_l�k\hckl\hf�kZfhhij_^_e_gghklb��

\��iheghf�kfuke_��wlh]h�keh\Z� 
 Hij_^_ebl_e_f� dZiblZeZ� y\ey_lky� g_ij_ju\gh_� mfgh`_gb_� ^_g_]�� -� dhgp_gljbjh\Zggh_� \ujZ`_gb_�
p_eb-kfukeZ� jh`^_gby�� ^\b`_gby� b� m]ZkZgby� lh\Zjh\�� �DZiblZe� _klv� hlghr_gb_� ^_ckl\bl_evgh]h� bklhqgbdZ�

jh`^_gby�lh]h��qlh�aZl_f�b^_glbnbpbjm_lky�dZd�]jZ^b_gl�^_g_]��b�wlh]h��lh]h���� 
 :^_d\Zlgh_�hlghr_gby�klhbfhklb�_klv��gZiheg_ggZy��lhiheh]by�hlghr_gby�L-L��� 
 D� kh[kl\_gghc� hij_^_e_gghklb� km[t_dlZ� klhbfhklb� _s_� ijb[Z\ey_lky� b� lh�� qlh� hg� _klv� g_dhlhjuc�

bgl_]jZevguc�blh]�k\h_]h�`_�kh[kl\_ggh]h�klZgh\e_gby� �l_g^_gpbb���\�g_f�kZfhf�\�g_dhlhjhf��kgylhf��\b^_�

ij_^klZ\e_gu�\k_�fhf_glu�klZgh\e_gby��^\b`msb_�fhlb\u��f_oZgbaf��nhjfu���� 
 

P_eh_� –� hlghr_gb_� ^hihegbl_evghklb� blh]Z� b� _]h� klZgh\e_gby�� Ij_^klZ\bf� g_ihegmx� �\� q_f-lh�
³aZmfgmx´�*���ko_fm�wlh]h�p_eh]h� 
 <k_� nhjfu� hlghr_gby� klhbfhklb� b� bo� hlghr_gby� ijhgbau\Z_l� g_dhlhjh_� mkbeb_� �gZijy`_gb_��

klj_fe_gb_������gZiheg_gghklv�dhlhjh]h�g_h^bgZdh\Z�hl�hlghr_gby�d�hlghr_gbx��hgZ�fh`_l�[ulv�b��gme_\hc��

b���� Z^_d\Zlghc�� <i_j\u_� hgh� ZdlmZebabjm_lky� \� \b^_� [_kihdhcgh]h� khklhygby� ihlj_[bl_evghc� klhbfhklb��

ebrZxs_]h� ihke_^gxx� __� iheghlu�� AZl_f� hgh� ijbkmlkl\m_l� \� ex[hf� b� dZ`^hf� hlghr_gbb�� y\ey_lky�

g_ij_f_gguf� mkeh\b_f� _]h� kms_kl\h\Zgby�� -� Wlh� lh�� qlh� ij_\jZsZ_l� ihlj_[bl_evgmx� klhbfhklv� \� g_-
ihlj_[bl_evgmx� klhbfhklv�� qlh� \ulZedb\Z_l� __�ba� __�`_�ij_^_eh\��h[t_^bgy_l� \�h^gh�p_eh_�^\Z�ijh^mdlZ�b�

jZkly]b\Z_l� bo� ihke_� h[f_gZ�� Wlh� lh�� qlh� jZkrbjy_l� ]jZgbpu� ijh^mdlZ�� \klmiZxs_]h� \h� fgh]b_� f_gh\u_�

hlghr_gby��wlh�lh��qlh�lbjZ`bjm_l�ijhklh_�f_gh\h_�hlghr_gb_��m]em[eyy�_]h��Wlh�lh��qlh�\udjbklZeebah\u\Z_l�

^_gv]b�\�lj_o�bo�]eZ\guo�kh[kl\_gguo�fh^bnbdZpbyo��mljZb\Z_l�hlghr_gb_� �nmgdpby-ghkbl_ev���h[t_^bgy_l�

                                                           
*�Ijbf�� �� �oZjZdl_j�jZkkm`^_gbc��jZkiheh`_gguo�qmlv�gb`_�b�qmlv�\ur_�ih�l_dklm�� �hij_^_ebeky� �³bklhjb_c�

l_hjbb´�� \�^Zgghf� kemqZ_�–�[he__�himlZgghc�beexabyfb��q_f�gZmqgh�hij_^_e_gghc��Kf��hdhgqZgb_� \\h^ghc�
qZklb�^Zgghc�jZ[hlu� 



hlghr_gb_� \� �h^gh��� \ha[m`^Z_l� ^_ckl\bl_evgh_� hlghr_gb_� klhbfhklb� b� ihlj_[bl_evghc� klhbfhklb�� Wlh� - 
g_ij_ju\guc� ]jZ^b_gl� ^_g_]� k� aZij_^_evgufb� jZaju\Zfb� \� dZ`^hc� _]h� lhqd_�� wlh� -� hlghr_gb_� hkh[uo�

dZiblZeh\�b�dZiblZeZ�\hh[s_�ihkj_^kl\hf�kj_^g_c�ghjfu�ijb[ueb��Wlh�-�ijhklh���mkbeb_��dZiblZeZ�\hh[s_��

dZd�lZdh\h]h� 
��aGh� wlh� ³mkbeb_´� \k_]^Z� khhlg_k_gh� k� ³^jm]bf´�� j_Zebam_l� k_[y� \� ³^jm]hf´�� \� wlhf� khhlghr_gbb�

lhevdh�b�bf__l�f_klh��Wlh�`_�khhlghr_gb_��dZd�lZdh\h_��\hafh`gh�ebrv�lhevdh�ihlhfm��qlh�_klv�g_dZy�h[sZy�

hkgh\Z�wlbo�³h^gh]h´�b�³^jm]h]h´��_klv�g_qlh�³lj_lv_´«� 
IjhklZy�nhjfZ�klhbfhklb�-�wlh�i_j\Zy�nhjfZ�jh`^_gby��iheyjbaZpbhggh-jZ\ghijZ\gh]h��hlghr_gby�d�

k_[_�ihkj_^kl\hf�^jm]h]h�k_[y��Wlh�i_j\Zy�nhjfZ�klZgh\e_gby�hlghr_gby�klhbfhklb�ihkj_^kl\hf��\g_rg_]h��

hlghr_gby�d�^jm]hfm�dZd�d�k_[_��Wlh�i_j\Zy�nhjfZ�khojZg_gby�k_[y�iml_f�\aju\Z�k_[y�bagmljb�b�jh`^_gby�

gh\h]h��\�\b^_�ij_^u^ms_c�nhjfu��Wlh�i_j\h_�ijhy\e_gb_�f]gh\_gghklb�b�aZij_^_evghklb��ijbgpbiZ�a^_kv-
l_i_jv��wlh��ih�\k_c�\b^bfhklb��ij_^_e�]em[bgu�km[klZgpbb����Wlh�FZeh_�;ulb_�hlghr_gby�klhbfhklb��i_j\Zy�

_]h�klmi_gv� 
 <u^_e_gb_� ^_g_]� gZ� hkgh\_� f_gh\h]h� hlghr_gby� ijh^mdlh\�� -� wlh� ij_^\_klb_� h[jZah\Zgby�

kh[kl\_ggh]h�ij_^_eZ� �kh[kl\_gghc�iheghlu�� �mkbeby���F_jZ�klhbfhklb� -�wlh� ]eZ\guc�bklhqgbd�k\yaZgghklb�
fhf_glh\� dZiblZeZ��Kj_^kl\h� h[f_gZ� -� wlh� ]eZ\guc�fhf_gl� �gZjy^m� k� kZfh_� klZgh\e_gb_f��^ey� h[jZah\Zgby�
dZiblZeZ�dZd�ijhp_kkZ��P_ev�h[f_gZ�-�ij_^l_qZ�kZfhaZfdgmlhklb��ij_djZs_gby�klZgh\e_gby�\�kZfhaZfdgmlhklb�

dZd� hlghr_gby� klhbfhklb� b� ihlj_[bl_evghc� klhbfhklb� k� \uoh^hf� \� ^jm]h_� hlghr_gb_�� Wlh� jh`^_gb_�

hlghr_gby�d�k\h_c�ij_^uklhjbb�dZd�d�k_[_��Wlh�nhjfhh[jZamxsZy�kj_^Z�qZklguo�fh^bnbdZpbc�dZiblZeZ�dZd�

lZdh\h]h����Wlh�,GHHOO�klmi_gv�klZgh\e_gby�klhbfhklb� 
 Km[t_dl� klhbfhklb�� Wlh� \ha\jZs_gb_� d� ijhklhl_� k\h_c� i_j\hc� nhjfu�� wlh� \udjbklZeebah\Zggh_��

Z^_d\Zlgh_���qbklh_��hlghr_gb_��wlh�f_oZgbaf�iZfylb��f_oZgbaf�^_ckl\bl_evgh]h�j_r_gby�ijh[e_f��wlh�[eZ]h�

\ha\jZs_gby� d� k\h_c� �aZ[ulhc�� �g_ZdlmZebah\Zgghc�� bklhjbb�� wlh� \ha\jZs_gb_� d� i_j\hgZqZevguf� kfukeZf��

Wlh�^_ckl\bl_evgZy��Z^_d\ZlgZy�nhjfZ�a^_kv-l_i_jv��nhjfZ�iheghlu�k\yab�jh`^_gby-m]ZkZgby��ihl_gpbZevghc�
jZklygmlhklb��dh]^Z�p_gZ�lh\ZjZ�kms_kl\m_l�ijb�_]h�ijhba\h^kl\_������mjZ\gh\_r_ggh_�khklhygb_�\k_o�fhf_glh\�

p_eh]h��Wlh� hk\h[h`^_gb_� i_j\hgZqZevguo� kfukeh\� hl� hkh[_gghklb� bo� \hagbdgh\_gby� b� \ha\jZs_gb_� wlbo�

hkh[_gghkl_c� �beexkljZpby�� klhbfhklv� kms_kl\m_l� \� ex[hf� b� dZ`^hf� ijh^mdl_�� ^ey� g__� g_� \Z`gZ� bo�

hkh[_gghklv�� gh� \Z`gZ� bo� kh\hdmighklv� dZd� lZdh\Zy�� -� ^_gv]b� g_� iZogml�� gh� ^ey� jh`^_gby� ihlj_[bl_evghc�
klhbfhklb� �gZbhkh[_gg_cr_c��jZ[hqbo�jmd��g_h[oh^bf�hij_^_e_gguc�i_j_q_gv�hkh[_gguo�ijh^mdlh\������Wlh�

dexq�d�kgyluf�nhjfZf�ij_^uklhjbb����Wlh� ,GHDO�nhjfZ�hlghr_gby�klhbfhklb��Wlh�\uoh^�\�ij_^_eu�^jm]h]h�

hlghr_gby�� �Y�� km[t_dlZ� klhbfhklb� dhe_[e_lky� f_`^m� dhgp_gljbjh\Zgghc� �\k_h[s_c�� nhjfhc�� b�

jZkkhkj_^hlhq_gghc� �hkh[_gghc�� nhjfhc�� dZd� hlghr_gb_� wlbo� nhjf� �>-L->
��� dZd� ijhp_kk�� dZd�

dhgp_gljbjh\ZggZy� p_ev�� dZd� mkbeb_�� dZd� _^bguc� \_dlhj-mkbeb_� k\yab� \k_o� nhjf� b� k\ya_c�� �� G_h[oh^bfh�
hlf_lblv� ke_^mxsbc� �iheyjbah\Zgguc�� hll_ghd� \� klZgh\e_gbb� klhbfhklb�� hlghr_gb_� ijhp_kkh\�

�\udjbklZeebaZpbb� ^_g_]�� b� �ihy\e_gby� lh\ZjZ� jZ[hqZy� kbeZ����>-L->
� _klv� kgylZy� nhjfZ� klZgh\e_gby�F;-
Ideell-Ideal, -� bo� hlghr_gb_� _klv� �mkbeb_��� dh]^Z� ij_^uklhjby� b� bklhjby� _klv� h^gh�� k� h^gbf� mgbdZevguf-
_^bgkl\_gguf-aZij_^_evguf�bklhqgbdhf-^hiheg_gb_f� 
 B�� gZdhg_p�� hij_^_e_gghklv� km[t_dlZ� klhbfhklb� _s_� b� lZdh\Z�� qlh� �\dexqZ_l�� \� k_[y� b�

�\aZbfh^_ckl\b_�� k� q_eh\_dhf�� OZjZdl_j� wlh]h� \aZbfh^_ckl\by� lZdh\�� qlh� q_eh\_d� a^_kv� \uklmiZ_l� lhevdh�

�ihqlb�����dZd�lh\Zjh\eZ^_e_p�� 
<u^_eyy�lhevdh�kmsghklgh_�\�wlhf�\aZbfh^_ckl\bb-\aZbfhhlghr_gbb��hlf_lbf�ke_^mxs__� 

 Q_eh\_d�ijbkmlkl\m_l��\hh[s_�]h\hjy��\�ex[hf�b�dZ`^hf�Zdl_�hlghr_gby�klhbfhklb�b�ihlj_[bl_evghc�

klhbfhklb��Hg�dZd�jZa�b�_klv�lhl� �kimkdh\hc�djxqhd���dhlhjuc� �kZgdpbhgbjm_l��klhbfhklgh_�hlghr_gb_��hg�

iha\hey_l� _fm� [ulv�� Hg� \ughkbl� lh\Zj� gZ� jughd�� _]h� \hey� b� mkbeb_� jZaju\Zxl� aZfdgmluc� djm]�

\aZbfhbkdexqZxsbo�lj_[h\Zgbc�hlghr_gby�L-L��khhlghkyl�jZaghjh^gu_�ihlj_[bl_evgu_�klhbfhklb��hg� �_]h�
`_eZgb_�h[eZ^Zlv�ihlj_[bl_evghc�klhbfhklvx���^Z_l��kZgdpbx�gZ�\u^_e_gb_�^_g_]��-�dZd�\eZ^_e_p��^_j`Zl_ev�
^_g_]����Hg��gZdhg_p��\�dZq_kl\_�gZbhkh[_gg_cr_c�ihlj_[bl_evghc�klhbfhklb��dZd�lh\Zjh\eZ^_e_p�kZfh_�k_[y��

dZd� q_eh\_d�� �hqbs_gguc�� hl� kZfh_� k_[y�� hl� \k_o� k\hbo� hij_^_e_gghkl_c� aZ� bkdexq_gb_f� h^ghc�� ijhklh�

kihkh[ghklb� ljm^blvky�� dZd� wnbj� f_gh\uo� hlghr_gbc�� \k_]^Z� gZoh^b\rbcky� aZ� kibghc� h[f_gZ� -� dZd�
lh\Zjhijhba\h^bl_ev�� _klv� aZij_^_evguc� `b\hc� g_ihkj_^kl\_gguc� bklhqgbd� klhbfhklb�� `b\hc� ljm^� - 
_^bgkl\_gguc� ^_ckl\bl_evguc� bklhqgbd� aZklu\r_]h� ljm^Z�� Q_eh\_d� -� wlh� lhl� kdjuluc� aZij_^_evguc�
�f_oZgbaf���dhlhjuc�iha\hey_l�[ulv�km[t_dlm�klhbfhklb� -�ijhp_kkm�hlghr_gby�^_ckl\bl_evguo�klhbfhklb�b�

ihlj_[bl_evghc�klhbfhklb��Hg�h[_ki_qb\Z_l��g_ihkj_^kl\_ggh�kdjulh��k\yaZgghklv�wlh]h�ijhp_kkZ��f_oZgbaf�

�iZfylb��� �kjZ\g_gby��f_gvr_c�b�[hevr_c�kmffu�ijbl_dZxsbo�^_g_]��l�_��kh[kl\_ggh�[ulb_�ijhp_kkZ�� LGHHOO�

k\yav�\k_o�fhf_glh\�km[t_dlZ��ijbkmlkl\b_�p_gu��kj_^g_c�ghjfu�ijb[ueb����\�kZfhf�ijhba\h^kl\_�b�\�ex[hf�

^jm]hf�fhf_gl_����\uoh^�ba� ,GHHOO�klmi_gb����Bf_ggh�ih�hlghr_gbx�d�ihlj_[ghklyf�q_eh\_dZ� �hij_^_ey_lky��

ihlj_[bl_evgZy�klhbfhklv�hkh[uo�lh\Zjh\��ihlj_[bl_evgZy�klhbfhklv�dZd�lZdh\Zy��\g_�hlghr_gby�d�^jm]hfm�

jh^m�ihlj_[bl_evghc�klhbfhklb���� 
 
 


