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F?L:F:L?F:LBD: B HIUL

Ijh[e_fZ �F_lZfZl_fZlbdZ b hiul� g_ \u]ey^bl hkh[h

agZqbfhc ih kjZ\g_gbx k \hijhkhf h khhlghr_gbb k wfibjbq_kdhc

^_ckl\bl_evghklvx kZfhc fZl_fZlbdb� >_ckl\bl_evgh� kmlv

]bev[_jlh\kdh]h aZfukeZ aZdexqZeZkv \ h[hkgh\Zgbb

g_ijhlb\hj_qb\hklb deZkkbq_kdbo fZl_fZlbq_kdbo dhgkljmdpbc

ihkj_^kl\hf hi_jbjh\Zgby bo nhjfZevgufb aZibkyfb \ jZfdZo

�gZ]ey^guo kj_^kl\� we_f_glZjghc l_hjbb qbk_e1� Dhjj_dlghklv

bkihevah\Zgby �b^_Zevguo h[t_dlh\ fZl_fZlbdb� ]ZjZglbjh\ZeZkv

[u \ kemqZ_ mki_oZ f_lZfZl_fZlbq_kdhc j_^mdpbb aZ\_^hfhc

dhjj_dlghklvx hi_jbjh\Zgby �dhgkljmdlb\gufb h[t_dlZfb�

f_lZfZl_fZlbq_kdbo jZkkm`^_gbc� ijbgZ^e_`Zsbo kn_j_

g_ihkj_^kl\_ggh]h q_eh\_q_kdh]h hiulZ2� K l_hj_fhc =_^_ey h

g_iheghl_ gZ^_`^u gZ hkms_kl\bfhklv �wfibjbq_kdh]h

h[hkgh\Zgby� g_ijhlb\hj_qb\hklb fZl_fZlbdb klZeb [he__ q_f

ijbajZqgufb� I_j\uf \u\h^ h g_h[oh^bfhklb bkihevah\Zgby

Z[kljZdlguo ihgylbc ^ey ^hdZaZl_evkl\Z g_ijhlb\hj_qb\hklb

deZkkbq_kdhc l_hjbb qbk_e k^_eZe \ ���� ]� I� ;_jgZck� h^gZdh

gZb[hevrmx ba\_klghklv \ ieZg_ \u\h^h\ ba g_m^Zqb

i_j\hgZqZevghc ]bev[_jlh\kdhc ijh]jZffu ihemqbeZ \ur_^rZy \

���� ]� jZ[hlZ >�@ kZfh]h Z\lhjZ wlh]h nmg^Zf_glZevgh]h

f_lZfZl_fZlbq_kdh]h j_amevlZlZ� :[kljZdlgu_ ihgylby� kh]eZkgh

=_^_ex� �ho\Zlu\Zxl g_ k\hckl\Z b hlghr_gby dhgdj_lguo

                                                       
1
<hafh`ghklb ih^h[guo kj_^kl\ bglmblb\ghc Zjbnf_lbdb beexkljbjmxlky \ >�@ gZ ijbf_j_

^hdZaZl_evkl\Z bjjZpbhgZevghklb v2 .
2 < g_^Z\gbo jZ[hlZo ?�>� Kfbjgh\hc kh^_j`Zlky Zj]mf_glu \ ihevam lh]h� qlh wlhl

�f_lZfZl_fZlbq_kdbc hiul� m =bev[_jlZ g_ lZd m` b g_ihkj_^kl\_g_g� Z ghkbl� kdhj__�

ljZgkp_g^_glZevguc oZjZdl_j \ ^mo_ ihkljh_gbc DZglZ >���@�



h[t_dlh\ �gZijbf_j� dhf[bgZpbc agZdh\�� Z hlghkylky d fuke_gguf

h[jZaZf �gZijbf_j� d ^hdZaZl_evkl\Zf� hkfuke_gguf

\ukdZau\Zgbyf b l�^��� ijbq_f ijb jZkkfhlj_gbb ^hdZaZl_evkl\

bkihevam_lky lZdh_ ihgbfZgb_ ihke_^gbo� dhlhjh_ ihemqZ_lky g_ ba

dhf[bgZlhjguo �ijhkljZgkl\_ggh�\j_f_gguo� k\hckl\

ij_^klZ\eyxsbo bo agZdh\uo dhf[bgZpbc� Z ba bo kfukeZ� >��

k����@�

< nbgblghc mklZgh\d_ ]bev[_jlh\kdhc f_lZfZl_fZlbdb

jZaebqZxlky ^\_ khklZ\gu_ qZklb� �<h�i_j\uo� dhgkljmdlb\guc

we_f_gl� dhlhjuc khklhbl \ lhf� qlh j_qv h fZl_fZlbq_kdbo h[t_dlZo

fh`_l b^lb ebrv ihklhevdm� ihkdhevdm hgb fh]ml [ulv ij_^ty\e_gu

beb nZdlbq_kdb ihkljh_gu� <h�\lhjuo� ki_pbnbq_kdb nbgblbklkdbc

we_f_gl� lj_[mxsbc� k\_jo lh]h� qlh[u h[t_dlu� h dhlhjuo

^_eZxlky \ukdZau\Zgby b dhlhju_ kem`Zl bkoh^gufb ^Zggufb

ihkljh_gbc b ihemqZxlky \ j_amevlZl_� [ueb �gZ]ey^gufb�� qlh

hagZqZ_l� \ dhgp_ dhgph\� ijhkljZgkl\_ggh�\j_f_ggh_

khihklZ\e_gb_ bf we_f_glh\� \k_ hkh[_gghklb dhlhjuo� aZ

bkdexq_gb_f jZ\_gkl\Z b jZaebqby� g_kms_kl\_ggu� >ibid�� k����@�

Hl wlh]h \lhjh]h lj_[h\Zgby =_^_ev b kqblZ_l g_h[oh^bfuf

hldZaZlvky�

< j_amevlZl_� dZd \b^bf� ijh[e_fZ h[hkgh\Zgby dhjj_dlghklb

bkihevah\Zgby b^_Zevguo h[t_dlh\ i_j_ghkblky ba fZl_fZlbdb \

f_lZfZl_fZlbdm� B imklv \ f_lZfZl_fZlbd_ h[t_f bkihevam_fuo

Z[kljZdlguo ihgylbc kms_kl\_ggh f_gvr_� g_`_eb \ fZl_fZlbd_

�h[t_dlghc�� \k_ jZ\gh ih^haj_gb_ \ h[hkgh\Zgghklb bo ijbf_g_gby

g_ fh`_l g_ khojZgblvky�

Fu g_ [m^_f ki_pbZevgh jZkkfZljb\Zlv \hijhk h \hafh`ghklb

jZkrbj_gby ]jZgbp nbgblghc mklZgh\db =bev[_jlZ k khojZg_gb_f



^hklZlhqgh gZ^_`guo ]ZjZglbc m^hklh\_j_gby g_ijhlb\hj_qb\hklb

�h[t_dlguo� l_hjbc3� J_qv ihc^_l h ^jm]hf ih^oh^_ d ijh[e_f_

�F_lZfZl_fZlbdZ b hiul�� k\yaZgghf k jZaebqbyfb \ eh]bq_kdbo

ZiiZjZlZo f_lZyaudZ b yaudZ nhjfZebah\Zgghc fZl_fZlbq_kdhc

l_hjbb� Hkgh\ghc l_abk� h[hkgh\u\Z_fuc \ ^Zevg_cr_c qZklb

jZ[hlu� aZdexqZ_lky \ ke_^mxs_f� Zdp_glbjh\Zgb_ \_s_kl\_ggh�

ijhkljZgkl\_ggh]h oZjZdl_jZ h[t_dlh\ \ nbgblghf ih^oh^_

=bev[_jlZ ijb\h^bl d bkihevah\Zgbx jh^h\b^h\hc eh]bdb

:jbklhl_ey� < lh `_ \j_fy nhjfZevgh_ bkqbke_gb_ ij_^bdZlh\

nZdlbq_kdb hibjZ_lky gZ g_Zjbklhl_e_\kdbc \ZjbZgl nhjfZevghc

eh]bdb� \hkoh^ysbc d mq_gbx klhbdh\� Ih^h[gh_ jZkkh]eZkh\Zgb_

klZ\bl ih^ khfg_gb_ h[hkgh\Zgghklv jy^Z fhf_glh\ \

^hdZaZl_evkl\_ l_hj_fu =_^_ey h g_iheghl_ nhjfZevghc

Zjbnf_lbdb dZd \ k_fZglbq_kdhf� lZd b \ kbglZdkbq_kdhf _]h

\ZjbZglZo� Gh h[h \k_f ih ihjy^dm�

� �� Jh^h\b^h\Zy eh]bdZ b hiul

< kh\j_f_gghc nhjfZevghc eh]bd_ ij_^klZ\e_gb_ h jh^_ g_

bf__l kdhevdh�gb[m^v y\ghc k\yab k qm\kl\_gguf hiulhf� LZd� \

h^ghf ba [Zah\uo mq_[gbdh\ ^ey \ukr_c rdheu jh^ hij_^_ey_lky

ijhklh dZd mgb\_jkmf U� ih dhlhjhfm ijh[_]Z_l g_dhlhjZy

ij_^f_lgZy i_j_f_ggZy D. <b^ ijb wlhf hlh`^_kl\ey_lky k \b^h\uf

hlebqb_f A(D�� \u^_eyxsbf ba mgb\_jkmfZ ij_^f_lu�

ih^iZ^Zxsb_ ih^ ihgylb_ D A(D� >�� k� �������].

AZqZldb ih^h[gh]h ihgbfZgby fh`gh gZclb m`_ m :jbklhl_ey�

dh]^Z hg ijb\h^bl ihke_^g__ ba agZq_gbc� \ dhlhjuo mihlj_[ey_lky

                                                       
3 Wlhl \hijhk h[km`^Z_lky� gZijbf_j� \ >���@�



l_jfbg �jh^�� �Hkgh\gZy qZklv hij_^_e_gbc ijb h[hagZq_gbb kmlb

\_sb ± wlh jh^� \b^h\u_ hlebqby dhlhjh]h h[hagZqZxl k\hckl\Z�

�F_lZnbabdZ� ���� b ����� I_j\u_ ^\Z agZq_gby jh^Z m :jbklhl_ey�

h^gZdh� bf_xl q_ldh_ �[bheh]bq_kdh_ ijhbkoh`^_gb_�� b[h \ gbo

�]h\hjblky h jh^_� dZkZl_evgh g_ij_ju\gh]h jh`^_gby >kms_kl\@

h^gh]h b lh]h `_ \b^Z� dZkZl_evgh i_j\h]h ^\b]Z\r_]h lh]h `_ \b^Z�

qlh b ihjh`^_ggh_ bf«� �ibid., 1024 b 7-8)4� B kh\_jr_ggh g_

kemqZcgh lh h[klhyl_evkl\h� qlh ihgZqZem j_Zevguc jh^ g_jZaju\gh

[ue k\yaZg k nbabq_kdbf \j_f_g_f�

DZd hlf_qZ_lky \ >�� k� ��@� \g_\j_f_gghc oZjZdl_j

fZl_fZlbq_kdbo h[t_dlh\ [ue hkhagZg \ ieZlhgh\kdhc :dZ^_fbb�

Wlh b ^Zeh lheqhd lhfm qbklh dhebq_kl\_gghfm ihgbfZgbx

jh^h\b^h\uo hlghr_gbc� dhlhjh_ ijbgylh gZ \hhjm`_gb_

nhjfZevghc eh]bdhc >�� k� ��@ b dhlhjh_ bkihevam_lky \

deZkkbq_kdhc fZl_fZlbd_�

LZdb_ jZa^_eu deZkkbq_kdhc fZl_fZlbdb� dZd Zjbnf_lbdZ�

Ze]_[jZ� ZgZeba bf_xl ^_eh g_ k \ukrbfb� Z k ijhf_`mlhqgufb

jh^Zfb� DZd ihdZaZgh \ >�@� wlh ijb\h^bl d lhfm� qlh \

^hdZaZl_evkl\Zo hl ijhlb\gh]h \ wlbo gZmdZo gZ ^_e_ bkihevam_lky g_

aZdhg bkdexq_ggh]h lj_lv_]h� Z [he__ keZ[uc aZdhg dhgljZihabpbb

(A _ B) _ ( B _  A).

Wlhl aZdhg ]_g_lbq_kdb k\yaZg k jh^h\b^h\hc eh]bdhc� \ dhlhjhc

hljbpZgb_ ihgbfZ_lky dZd \gmlj_gg__� hkms_kl\ey_fh_ \gmljb jh^Z�

< dZq_kl\_ ijbf_jZ fh`gh ijb\_klb ke_^mxs__ mfhaZdexq_gb_�

_keb ba jZ\_gkl\Z klhjhg lj_m]hevgbdZ \ul_dZ_l jZ\_gkl\h

ijhlb\he_`Zsbo wlbf klhjhgZf m]eh\� lh� gZh[hjhl� g_jZ\_gkl\h

                                                       
4 Bgl_j_kgh \ wlhc k\yab khihklZ\e_gb_ [Zah\uo ihgylbc kh\j_f_gghc l_hjbb Ze]hjblfh\ k

l_jfbgZfb [bheh]bb \ >�� k� ��@�



m]eh\ lj_m]hevgbdZ \e_q_l aZ kh[hc b g_jZ\_gkl\h khhl\_lkl\mxsbo

klhjhg� HljbpZgb_ jZ\_gkl\Z m]eh\ lj_m]hevgbdZ ij_h[jZam_lky

a^_kv \ bo g_jZ\_gkl\h� Wlh hij_^_e_ggh_ hljbpZgb_� \ ijhlb\h\_k

g_hij_^_e_gghfm hljbpZgbx �G_\_jgh� qlh m]eu α b β lj_m]hevgbdZ

jZ\gu�� ba dhlhjh]h g_evay \u\_klb gbdZdh]h ke_^kl\by [_a

ij_^\Zjbl_evgh]h _]h ij_h[jZah\Zgby ba km]m[h g_]Zlb\gh]h

km`^_gby \ ml\_j^bl_evgh_ km`^_gb_ h g_jZ\_gkl\_ m]eh\� WlZ�

dZaZehkv [u� kh\_jr_ggh [_ah[b^gZy eh]bq_kdZy ijhp_^mjZ�

hlh`^_kl\eyxsZy \g_rg__ b \gmlj_gg__ hljbpZgby km`^_gby5 \

dhgl_dkl_ kh^_j`Zl_evgh]h fZl_fZlbq_kdh]h jZkkm`^_gby� ijb\h^bl

d hkeh`g_gbyf \ l_hjbb fgh`_kl\� jh^h\b^h\hc klZlmk ihgylbc

dhlhjhc ^Ze_dh g_ klhev hq_\b^_g� dZd \ jZa^_eZo deZkkbq_kdhc

fZl_fZlbdb�

� �� Jh^h\b^h\Zy eh]bdZ b dZglhjh\kdZy ^bZ]hgZevgZy

ijhp_^mjZ

< dhk\_gghf jZkkm`^_gbb hl ijhlb\gh]h� h[hkgh\u\Zxs_f

g_\hafh`ghklv i_j_kq_lZ lhq_d dhglbgmmfZ gZlmjZevgufb qbkeZfb�

lZd`_ kh^_j`blky ij_h[jZah\Zgb_ \g_rg_]h hljbpZgby km`^_gby \h

\gmlj_gg__ hljbpZgb_� Ihke_ lh]h� dZd ^ey ihkljh_ggh]h ih

ijhba\hevghfm hlh[jZ`_gbx f: X → P(X� �^bZ]hgZevgh]h� h[t_dlZ Z

ihdZaZgh� qlh hg g_ fh`_l ijbgZ^e_`Zlv h[jZam f(X� fgh`_kl\Z X,

hlkx^Z kjZam `_ ^_eZ_lky fheqZeb\uc \u\h^� qlh ihkljh_ggZy

kh\hdmighklv Z b y\ey_lky l_f ih^fgh`_kl\hf fgh`_kl\Z X� dhlhjh_

g_ ho\Zq_gh �i_j_kq_lhf� ijb ihfhsb hlh[jZ`_gby f� Bgufb

                                                       
5 >ey ihke_^mxs_]h baeh`_gby \iheg_ ^hklZlhqgh km]m[h nhjfZevgh]h ± ebg]\bklbq_kdh]h ±

jZaebq_gby wlbo ^\mo \b^h\ hljbpZgby \ aZ\bkbfhklb hl jZkiheh`_gby qZklbpu �g_� ih



keh\Zfb� ml\_j`^_gb_ �Kh\hdmighklv Z g_ y\ey_lky fgh`_kl\hf

\b^Z f(t� gb ^ey dZdh]h t ∈ X� ij_h[jZam_lky \ ml\_j`^_gb_

�Kh\hdmighklv Z y\ey_lky ih^fgh`_kl\hf fgh`_kl\Z X� hlebqguf

hl fgh`_kl\ \b^Z f(t� ^ey t ∈ X�� < jZ[hlZo >����@ m`_

ZgZebabjh\Zehkv kms_kl\_ggh_ hlebqb_ ih^h[gh]h ij_h[jZah\Zgby

\g_rg_]h hljbpZgby km`^_gby \h \gmlj_gg__ hl ZgZeh]bqguo

hi_jZpbc \ jZa^_eZo deZkkbq_kdhc fZl_fZlbdb� : bf_ggh� gZ

ijbf_jZo [ueh ihdZaZgh� qlh wlh ij_h[jZah\Zgb_ gbdZd g_

\ibku\Z_lky \ aZdhg dhgljZihabpbb� ^hklZlhqguc ^ey ijh\_^_gby

dhk\_gguo jZkkm`^_gbc hl ijhlb\gh]h� gZijbf_j� \ ]_hf_ljbb b

l_hjbb qbk_e� <f_kl_ k l_f� \hafh`gh b ijyfh_ jZkkm`^_gb_�

^_fhgkljbjmxs__ g_dhjj_dlghklv mdZaZggh]h i_j_oh^Z k lhqdb

aj_gby Zjbklhl_e_\kdhc eh]bdb�

< �gZb\ghc� l_hjbb fgh`_kl\ ^ey lh]h qlh[u g_dhlhjZy

kh\hdmighklv X fh]eZ jZkkfZljb\Zlvky \ dZq_kl\_ fgh`_kl\Z�

^he`gh \uihegylvky _kl_kl\_ggh_ �fbgbfZevgh_ lj_[h\Zgb_�� ^ey

ijhba\hevgh]h h[t_dlZ x ba �mgb\_jkmfZ�6 ^he`gh \uihegylvky eb[h

mkeh\b_ x ∈ X� eb[h ijhlb\hiheh`gh_ mkeh\b_ x ∉ X �wlh mkeh\b_

ij_^iheZ]Z_lky Z\lhfZlbq_kdb \uiheg_gguf b \h \k_o \ZjbZglZo

ZdkbhfZlbq_kdhc l_hjbb fgh`_kl\�7. ?keb ijbgylv wlh aZ

hij_^_e_gb_ ihgylby fgh`_kl\Z \ �gZb\ghc� l_hjbb fgh`_kl\�

hl^_eyxs__ fgh`_kl\Z hl kh\hdmighkl_c� aZ\_^hfh fgh`_kl\Zfb g_

fh]msbfb [ulv� lh g_�fgh`_kl\Zfb lh]^Z hdZ`mlky l_

                                                                                                                                                              
hlghr_gbx d k\yad_ �_klv��
6
Ih^ mgb\_jkmfhf ihgbfZ_lky kh\hdmighklv \k_\hafh`guo h[t_dlh\� fh]msbo

jZkkfZljb\Zlvky \ dZq_kl\_ we_f_glh\ dZdbo�eb[h fgh`_kl\� ;he__ nhjfZevgh \ khhl\_lkl\bb k

ljZ^bpb_c wlh fh`gh hij_^_eblv dZd kh\hdmighklv h[t_dlh\ x� m^h\e_l\hjyxsbo khhlghr_gbx
x = x.
7
Ijh\_jdZ ijbgZ^e_`ghklb ijhba\hevgh]h we_f_glZ mgb\_jkmfZ g_dhlhjhc kh\hdmighklb X

kqblZ_lky� lZdbf h[jZahf� [he__ ijhklhc b nmg^Zf_glZevghc hi_jZpb_c� g_`_eb m^hklh\_j_gb_

nZdlZ ijbgZ^e_`ghklb X d deZkkm fgh`_kl\�



kh\hdmighklb X� ^ey dhlhjuo hlghkbl_evgh g_dhlhjh]h h[t_dlZ x

\uihegyxlky h^gh\j_f_ggh ^\Z mkeh\by x ∈ X b x ∉ X 8� eb[h gb

h^gh ba gbo9� < fZl_fZlbd_ klj_fylky hi_jbjh\Zlv ^hklZlhqgh

hij_^_e_ggufb kh\hdmighklyfb� lZd qlh \k_]^Z ^himkdZ_lky

ijbgpbibZevgZy \hafh`ghklv \ hlghr_gbb ex[h]h h[t_dlZ x ba

mgb\_jkmfZ hl\_lblv bkq_jiu\Zxsbf h[jZahf hlghkbl_evgh _]h

ijbgZ^e_`ghklb d jZkkfZljb\Z_fhc \ jZkkm`^_gbb kh\hdmighklb�

Ihwlhfm �g_y\gh� ij_^iheZ]Z_lky� qlh \hagbdZxsZy \ ijhp_kk_

fZl_fZlbq_kdbo jZkkm`^_gbc kh\hdmighklv fh`_l g_ hdZaZlvky

fgh`_kl\hf lhevdh ih i_j\hc ba \ur_gZa\Zgguo ijbqbg�

Dh]^Z \ ^bZ]hgZevghc ijhp_^mj_ ^_fhgkljbjm_lky� qlh

kh\hdmighklv Z� khklhysZy ba \k_o l_o we_f_glh\ x� ijbgZ^e_`Zsbo

fgh`_kl\m X� dhlhju_ g_ y\eyxlky we_f_glZfb ih^fgh`_kl\Z f(x),

g_ ho\Zlu\Z_lky ³i_j_kq_lhf´� aZ^Z\Z_fuf hlh[jZ`_gb_f f,  nhjfZ

ijhlb\hj_qby  “t ∈ Z b t ∉ =´ hlghkbl_evgh �]bihl_lbq_kdh]h

we_f_glZ� t ∈ X� ^ey dhlhjh]h ^himkdZ_lky \hafh`ghklv jZ\_gkl\Z

f(t) = =� hdZau\Z_lky \ lhqghklb lZdhc `_� dZd b \ iZjZ^hdk_

JZkk_eZ10� Ihq_fm `_ \ wlhf kemqZ_ g_ ^_eZ_lky \u\h^ h lhf� qlh

�^bZ]hgZevguc h[t_dl� Z \ ^_ckl\bl_evghklb fgh`_kl\hf g_

y\ey_lky" Lhevdh ihlhfm� qlh kh\hdmighklv Z k kZfh]h gZqZeZ

ij_^iheZ]Z_lky fgh`_kl\hf11.

                                                       
8 WlZ kblmZpby \hagbdZ_l \ iZjZ^hdk_ JZkk_eZ�
9
?keb kh\hdmighklv aZ^ZgZ klhev g_hij_^_e_gguf h[jZahf� qlh g_ ^ey \kydh]h x ba mgb\_jkmfZ

fh`gh aZnbdkbjh\Zlv ohly [u h^gm ba jZkkfZljb\Z_fuo Zevl_jgZlb\�
10
< jZ[hl_ >�� k� ���@ hlf_q_gh lh h[klhyl_evkl\h� qlh JZkk_e ijbr_e d nhjfmebjh\d_ k\h_]h

iZjZ^hdkZ bf_ggh \ j_amevlZl_ ZgZebaZ dZglhjh\kdhc ^bZ]hgZevghc ijhp_^mju�
11
Khhl\_lkl\mxsmx Zdkbhfm �<kydZy qZklbqgZy kh\hdmighklv fgh`_kl\Z y\ey_lky fgh`_kl\hf�

DZglhj� dZd ihdZaZgh \ >�� k��������@� knhjfmebjh\Ze ebrv \ ���� ]� \ ibkvf_ d >_^_dbg^m� <

ZdkbhfZlbq_kdhc l_hjbb fgh`_kl\ P_jf_eh�Nj_gd_ey wlh ij_^iheh`_gb_ nhjfmebjm_lky \ \b^_

Zdkbhfu \u^_e_gby� \oh^y l_f kZfuf \ kZfuc nmg^Zf_gl ^Zgghc l_hjbb�



�JZggbc� DZglhj ijb^_j`b\Zeky bgh]h \a]ey^Z gZ ihgylb_

fgh`_kl\Z� < jZ[hl_ ���� ]� �Hkgh\u h[s_]h mq_gby h

fgh]hh[jZabyo� FZl_fZlbq_kdb�nbehkhnkdbc hiul mq_gby h

[_kdhg_qghf� hg lZd knhjfmebjh\Ze k\h_ ihgbfZgb_� ³Ih^

�fgh]hh[jZab_f� beb �fgh`_kl\hf� y ihgbfZx \hh[s_ \kydh_

fgh]h_� dhlhjh_ fh`gh fukeblv dZd _^bgh_� l�_� \kydmx

kh\hdmighklv hij_^_e_gguo we_f_glh\� dhlhjZy fh`_l [ulv k\yaZgZ

\ h^gh p_eh_ k ihfhsvx g_dhlhjh]h aZdhgZ� b lZdbf h[jZahf y

^mfZx hij_^_eblv g_qlh� jh^kl\_ggh_ ieZlhgh\kdhfm ειδος beb

ιδεα«´ >��� k� ���@ Ljm^gh ij_^klZ\blv� dZdbf h[jZahf

�^bZ]hgZevguc h[t_dl� Z fh`gh khihklZ\eylv k ieZlhgh\kdbf

ειδος' hf� Wlh _s_ fh`gh [ueh [u ^himklblv� _keb [u ieZlhgh\kdbc

ειδος dZdbf�eb[h h[jZahf �ihfh]Ze� ijhba\h^blv ijhp_^mjm

ijh\_jdb ijbgZ^e_`ghklb dZ`^h]h ba we_f_glh\ t fgh`_kl\Z X

kh[kl\_gghfm h[jZam f(t�� Gh ihkdhevdm kZfh hlh[jZ`_gb_ f

kqblZ_lky kms_kl\mxsbf ebrv gZ \j_fy dhk\_ggh]h jZkkm`^_gby hl

ijhlb\gh]h� lh gZ^_`^Z gZ ihfhsv ieZlhgh\kdhc hglheh]bb \

^Zgghc dhgdj_lghc kblmZpbb _^\Z eb [m^_l hijZ\^Zgghc«

DZdb_ Zj]mf_glu ihfbfh �iha^g_]h� dZglhjh\kdh]h ihgylby

fgh`_kl\Z fh`gh ijb\_klb ijhlb\ ihiuldb jZkkfZljb\Zlv nhjfm

ijhlb\hj_qby  “t ∈ Z b t ∉ =´ dZd k\b^_l_evkl\h lh]h� qlh

�^bZ]hgZevguc h[t_dl� Z fgh`_kl\hf g_ y\ey_lky" Ij_`^_ \k_]h�

lhl� qlh ^ey dhg_qgh]h fgh`_kl\Z X kh\hdmighklv Z fgh`_kl\hf \k_

`_ y\eylvky [m^_l� Gh \ke_^kl\b_ q_]h wlh fu \ wlhf m\_j_gu"

GbdZdhc ειδος a^_kv gb ijb q_f� ijhklh ^ey dhg_qguo fgh`_kl\ m

gZk _klv Ze]hjblf� iha\heyxsbc ihhq_j_^gh kjZ\gb\Zlv we_f_gl t k

we_f_glZfb ih^fgh`_kl\Z f(t� fgh`_kl\Z X� < l_jfbgheh]bb l_hjbb

Ze]hjblfh\ wlh hagZqZ_l� qlh Z fu kqblZ_f fgh`_kl\hf ebrv



ihklhevdm� ihkdhevdm hgh y\ey_lky jZaj_rbfuf fgh`_kl\hf.

Ihgylb_ jZaj_rbfh]h fgh`_kl\Z m`_ gbdZd k ieZlhgh\kdbf

ειδος' hf g_ k\yaZgh� ihkdhevdm hibjZ_lky g_ gZ ZdlmZevgmx� Z gZ

ihl_gpbZevgmx [_kdhg_qghklv� Bf_ggh ih wlhc ijbqbg_� dklZlb� _]h

bkihevah\Zgb_ b kqblZ_lky ^himklbfuf g_ lhevdh \ fZl_fZlbd_� gh b

\ f_lZfZl_fZlbd_�

G_ljm^gh \b^_lv� qlh dZglhjh\kdZy ^bZ]hgZevgZy ijhp_^mjZ

[ueZ [u dhjj_dlghc k lhqdb aj_gby jh^h\b^h\hc eh]bdb g_ lhevdh

^ey dhg_qgh]h� gh b ^ey kq_lgh]h fgh`_kl\Z X� _keb [u fu dZdbf�lh

h[jZahf [ueb m\_j_gu \ lhf� qlh kq_lgZy kh\hdmighklv Z y\ey_lky

jZaj_rbfuf fgh`_kl\hf \ kfuke_ l_hjbb Ze]hjblfh\� G_ljm^gh

\b^_lv� h^gZdh� qlh Z fh]eh [u [ulv jZaj_rbfuf lhevdh \

ij_^iheh`_gbb �dhgkljmdlb\ghklb� hlh[jZ`_gby f� Z h]jZgbq_gb_

ih^h[gh]h jh^Z gbdZd k kms_kl\hf �gZb\ghc� l_hjbb fgh`_kl\ g_

k\yaZgh� Ih wlhc ijbqbg_ Z nZdlbq_kdb g_ fh`_l jZkkfZljb\Zlvky b

dZd jZaj_rbfh_ fgh`_kl\h�

?keb \ l_hjbb Ze]hjblfh\ \k_ `_ ]h\hjyl� gZijbf_j� h

i_j_qbkebfuo g_jZaj_rbfuo fgh`_kl\Zo� lh lhevdh ihlhfm� qlh

hlkmlkl\b_ dZdh]h�eb[h Ze]hjblfZ ^ey mklZgh\e_gby

ijbgZ^e_`ghklb g_dhlhjh]h we_f_glZ t fgh`_kl\m Z g_ kqblZ_lky

^hklZlhqguf hkgh\Zgb_f ^ey aZdexq_gby h lhf� qlh kh\hdmighklv Z

fgh`_kl\hf g_ y\ey_lky �\kihfgbf� qlh \ fZl_fZlbd_ g_ f_klh

g_hij_^_e_gghklb��� >ey lh]h qlh[u aZdjulv f_klh

g_hij_^_e_gghklb �l�_� bkdexqblv \lhjmx ba i_j_qbke_gguo jZg__

�ijbqbg�� g_ iha\heyxsbo kh\hdmighklv kqblZlv fgh`_kl\hf�� \

fZl_fZlbq_kdmx eh]bdm b \\h^blky ihgylb_ Ze]hjblfZ k hjZdmehf12.

                                                       
12 < wlhf h[h[s_gbb ihgylby Ze]hjblfZ gZagZq_gb_ hjZdmeZ dZd jZa b khklhbl \ lhf� qlh[u

^Z\Zlv hl\_l gZ \hijhk h ijbgZ^e_`ghklb h[t_dlh\ g_dhlhjhfm nbdkbjh\Zgghfm ± \hh[s_



?]h gZagZq_gb_ \ lhf� qlh[u g_ h]jZgbqb\Zlv deZkk kq_lguo

fgh`_kl\ h^gbfb jZaj_rbfufb fgh`_kl\Zfb�

<Z`gh_ k lhqdb aj_gby ijh[e_fu �F_lZfZl_fZlbdZ b hiul�

aZf_qZgb_ hlghkbl_evgh kmsghklb ihgylby hjZdmeZ ijbgZ^e_`bl

<�:� Mki_gkdhfm b :�E� K_f_gh\m� �«L_hjby Ze]hjblfh\«

nhjfZebam_l g_dhlhju_ klhjhgu ^_yl_evghklb q_eh\_dZ �\ hlebqb_

hl ^jm]bo fZl_fZlbq_kdbo ^bkpbiebg� dhlhju_ nhjfZebamxl g_qlh

g_ ij_^iheZ]Zxs__ g_ij_f_ggh]h ijbkmlkl\by q_eh\_dZ�� <

qZklghklb� l_hjby Ze]hjblfh\ bkihevam_l ihgylb_ we_f_glZjghc

hi_jZpbb� Ihgylb_ we_f_glZjghklb ± kms_kl\_ggh �q_eh\_q_kdh_�

ihgylb_« Fh`gh kqblZlv� qlh q_eh\_d� hkms_kl\eyy \uqbke_gb_�

g_ij_ju\gh h[jZsZ_lky d g_dhlhjhfm hjZdmem� lhevdh hjZdme wlhl

hl\_qZ_l gZ klhev �we_f_glZjgu_� \hijhku �lbiZ �Lh`^_kl\_ggu beb

g_l wlb ^\Z kbf\heZ"��� qlh ^Z`_ g_ aZf_qZ_lky� Fh`gh ij_^klZ\blv

k_[_ [he__ fhsguc� q_f m q_eh\_dZ� aZiZk \uqbkebl_evguo kj_^kl\�

ih^jZamf_\Zxsbc� \ qZklghklb� h[jZs_gb_ d g_dhlhjhfm

g_ljb\bZevghfm �k q_eh\_q_kdhc lhqdb aj_gby� hjZdmem �dhlhjuc \

jZfdZo wlbo kj_^kl\ g_ hkhagZ_lky kdhj__ \k_]h� dZd \g_rgbc

hjZdme� Z ijbagZ_lky qZklvx kZfbo wlbo kj_^kl\�� >�� k������@� LZdbf

�k\_joq_eh\_q_kdbf� kj_^kl\hf �\f_kl_ k kh^_j`Zsbfky \ g_f

hjZdmehf� ^ey l_hjbb Ze]hjblfh\ b y\ey_lky �iha^gyy� dZglhjh\kdZy

l_hjby fgh`_kl\� khagZl_evgh hjb_glbjh\ZggZy gZ ;h]Z� Z g_ gZ

q_eh\_dZ >�� k� �������@� ?keb l_hjby Ze]hjblfh\ \\h^bl \f_kl_ k

ihgylb_f hjZdmeZ \ f_lZfZl_fZlbdm g_jZaj_rbfu_ fgh`_kl\Z� lh

g_q_]h b gZ^_ylvky gZ dZdh_�eb[h h[e_]q_gb_ ijh[e_fu

�F_lZfZl_fZlbdZ b hiul� ih kjZ\g_gbx k [he__ h[s_c �FZl_fZlbdZ

                                                                                                                                                              
]h\hjy� g_jZaj_rbfhfm ± fgh`_kl\m A� Hlkx^Z ^jm]h_ gZa\Zgb_ Ze]hjblfZ k hjZdmehf A –
Ze]hjblf hlghkbl_evgh A.



b hiul"� hiul� ih hij_^_e_gbx� fh`_l [ulv lhevdh q_eh\_q_kdbf

hiulhf�

H[s_ijbgylZy \ kh\j_f_gghc �gZb\ghc� l_hjbb fgh`_kl\ �Z

\f_kl_ k g_c b \ hibjZxs_cky gZ l_hjbx fgh`_kl\ l_hjbb

Ze]hjblfh\� jh^h\b^h\Zy ko_fZ ghkbl� lZdbf h[jZahf� ke_^mxsbc

oZjZdl_j�

^dhg_qgu_ fgh`_kl\Z` ⊂ ^jZaj_rbfu_ fgh`_kl\Z` ⊂

⊂ {A�jZaj_rbfu_ fgh`_kl\Z` ⊂ {A�jZaj_rbfu_ fgh`_kl\Z b g_�

fgh`_kl\Z`�

Wlhfm kemqZx khhl\_lkl\m_l g_Zjbklhl_e_\kdZy eh]bdZ� \ dhlhjhc

hlh`^_kl\eyxlky \g_rg__ b \gmlj_gg_ hljbpZgby�13

?keb `_ h]jZgbqblv bkihevam_fu_ \ f_lZfZl_fZlbd_ kj_^kl\Z

�ih^h[gh deZkkbq_kdhc �^hdZglhjh\kdhc� fZl_fZlbd_� jh^h\b^h\hc

Zjbklhl_e_\kdhc eh]bdhc� lh jh^h\b^h\Zy ko_fZ ^ey kq_lguo

fgh`_kl\14 [m^_l \u]ey^_lv kh\k_f bgZq_�

^fgh]hh[jZaby �jZgg_]h� DZglhjZ` ⊂ ^jZaj_rbfu_ fgh`_kl\Z`⊂

⊂ ^kh\hdmighklb� fgh`_kl\Z b g_�fgh`_kl\Z15}.

>_ckl\bl_evgh� _keb fgh`_kl\h we_f_glh\ fh`_l [ulv k\yaZgh \

_^bgh_ p_eh_ ih h[jZapm ieZlhgh\kdh]h ειδος' Z �gZih^h[b_

fgh`_kl\Z q_lguo qbk_e beb fgh`_kl\Z d\Z^jZlh\�� lh ^ey g_]h

g_ljm^gh ihkljhblv b Ze]hjblf16� G_jZaj_rbfh_ \ kfuke_ l_hjbb

Ze]hjblfh\ fgh`_kl\h g_ [m^_l ijb wlhf b fgh`_kl\hf k lhqdb

                                                       
13 DZd ihdZaZgh \ >�� k� ���@� nZdlbq_kdh_ hlh`^_kl\e_gb_ ^\mo lbih\ hljbpZgby q_j_a Zdkbhfm

�<kydZy qZklbqgZy kh\hdmighklv fgh`_kl\Z y\ey_lky fgh`_kl\hf� ijhba\_^_gh DZglhjhf

bf_ggh \ k\yab k ^bZ]hgZevghc ijhp_^mjhc�
14 < f_lZfZl_fZlbd_ \ __ bkoh^ghf ]bev[_jlh\hf aZfuke_ ^hklZlhqgh� hq_\b^gh� lhevdh kq_lguo

fgh`_kl\�
15 DeZkk g_�fgh`_kl\ ijb wlhf [m^_l rbj_� q_f \ jZg__ ijb\_^_gghc ko_f_� \dexqZy \ k_[y g_

lhevdh �jZkk_eh\kdb_� fgh`_kl\Z� gh b �g_^hklZlhqgh hij_^_e_ggu_��
16 H[jZlgh_� dZd fh`gh m[_^blvky� g_\_jgh� Ijhba\hevgZy \hajZklZxsZy ihke_^h\Zl_evghklv

gZlmjZevguo qbk_e y\ey_lky jZaj_rbfuf fgh`_kl\hf \ kfuke_ l_hjbb Ze]hjblfh\� h^gZdh

fgh]hh[jZab_f \ kfuke_ �jZgg_]h� DZglhjZ fh`_l b g_ [ulv >��� k� ��@�



aj_gby jh^h\b^h\hc eh]bdb� < kemqZ_ hlkmlkl\by Ze]hjblfZ�

\uykgyxs_]h h^ghagZqguf h[jZahf ^ey g_dhlhjh]h gZlmjZevgh]h n

_]h ijbgZ^e_`ghklv qZklb Z fgh`_kl\Z gZlmjZevguo qbk_e� ^ey Z

fh`_l \uihegylvky dZd i_j\Zy� lZd b \lhjZy \hafh`ghklb�

oZjZdl_jgu_ ^ey g_�fgh`_kl\� K lhqdb aj_gby jh^h\b^h\hc

Zjbklhl_e_\kdhc eh]bdb fu \ugm`^_gu� lZdbf h[jZahf�

jZkkfZljb\Zlv nhjfm ijhlb\hj_qby ³n ∈ Z b n ∉ =´ dZd ijbagZgb_

kh\hdmighklb Z g_�fgh`_kl\hf�

< ^hdZaZl_evkl\_ l_hj_fu =_^_ey h g_iheghl_� dZd ba\_klgh�

bkihevamxlky jZkkm`^_gby �^bZ]hgZevgh]h� oZjZdl_jZ� <Z`gh

ihwlhfm \uykgblv� g_ hljZ`Z_lky eb gZ dhjj_dlghklb bkihevam_fuo

\ ^hdZaZl_evkl\_ jZkkm`^_gbc ihemq_ggh_ �\ j_amevlZl_ ZgZebaZ

ki_pbnbdb jh^h\b^h\hc eh]bdb ijbf_gbl_evgh d ^bZ]hgZevghc

ijhp_^mj_� h]jZgbq_gb_ deZkkZ kq_lguo fgh`_kl\ ebrv

jZaj_rbfufb fgh`_kl\Zfb�

� �� Jh^h\b^h\Zy eh]bdZ b l_hj_fZ =_^_ey h g_iheghl_

<k_ k_fZglbq_kdb_ ^hdZaZl_evkl\Z l_hj_fu h g_iheghl_

i_j\hihjy^dh\hc Zjbnf_lbdb lZd beb bgZq_ hibjZxlky gZ nZdl

kms_kl\h\Zgby i_j_qbkebfh]h g_jZaj_rbfh]h fgh`_kl\Z �kf��

gZijbf_j� >��� k������@� Ihkdhevdm kms_kl\h\Zgb_ ih^h[gh]h

fgh`_kl\Z g_ fh`_l [ulv h[hkgh\Zgh \ jZfdZo jh^h\b^h\hc eh]bdb�

lh ^hdZaZl_evkl\h l_hj_fu =_^_ey lj_[m_l bkihevah\Zgby

�dZglhjh\kdhc� eh]bdb� hlh`^_kl\eyxs_c \g_rg__ b \gmlj_gg__

hljbpZgby b ihlhfm ijbgpbibZevgh g_khhlghkbfhc k hiulhf�

G_ lZd ijhklh ^_eh h[klhbl k kbglZdkbq_kdbfb

^hdZaZl_evkl\Zfb�



JZkkfhljbf kgZqZeZ \hkoh^ys__ g_ihkj_^kl\_ggh d =_^_ex

^hdZaZl_evkl\h ba >��� k��������@� Ihke_ ihkljh_gby nhjfmeu

                                            ∀x2  W1 (m, x2),

(**)

ml\_j`^Zxs_c k\hx kh[kl\_ggmx g_\u\h^bfhklv \ nhjfZevghc

Zjbnf_lbd_ S� \lhjZy qZklv ij_^eh`_gby ���� �?keb S Z-

g_ijhlb\hj_qb\Z� lh nhjfmeZ  �

� g_\u\h^bfZ \ 6� ^hdZau\Z_lky

iml_f \u\h^Z ba ij_^iheh`_gby �  �

� _]h hljbpZgby �g_\_jgh�

qlh�  �

��� Imklv T ± kh\hdmighklv l_hj_f nhjfZevghc

Zjbnf_lbdb� Lh]^Z ihemq_gguc \ ^hdZaZl_evkl\_ j_amevlZl hagZqZ_l�

qlh T ± g_�fgh`_kl\h �jZkk_eh\kdh]h� lbiZ�

Ijbf_qZl_evgh� qlh m wlh]h ml\_j`^_gby _klv ZgZeh] \

fZl_fZlbq_kdhc eh]bd_ ± ml\_j`^_gb_ h g_j_dmjkb\ghklb17

kh\hdmighklb 7K ]_^_e_\uo ghf_jh\ we_f_glh\ T18� LZd dZd ]_^_e_\m

gmf_jZpbx fh`gh \u[jZlv ^himklbfhc19� lh lh]^Z b T lZd`_ [m^_l

g_jZaj_rbfuf fgh`_kl\hf� L_f kZfuf ijb\_^_ggZy \ur_

bgl_jij_lZpby nhjfu ijhlb\hj_qby dZd mdZaZgby gZ �g_�

fgh`_kl\_gghklv� kh\hdmighklb T \ ]_^_e_\kdhf ^hdZaZl_evkl\_

ihemqZ_l ih^l\_j`^_gb_ \ \b^_ ba\_klghc l_hj_fu fZl_fZlbq_kdhc

eh]bdb�

Ke_^m_l� h^gZdh� aZf_lblv� qlh dhgkljmdpby Jhkk_jZ�

bkihevamxsZy ZgZeh]bqgmx� gh [he__ lhgdmx b^_x ihkljh_gby

nhjfmeu� ml\_j`^Zxs_c� qlh \ kemqZ_ kms_kl\h\Zgby __ \u\h^Z \ 6

^he`gh \u\h^blvky lZd`_ b __ hljbpZgb_� k\h[h^gZ hl hlf_q_ggh]h

g_^hklZldZ >��� k��������@� Fh`_l kha^Zlvky \i_qZle_gb_� qlh aZ kq_l

                                                       
17 < >��@ \f_klh l_jfbgZ �jZaj_rbfhklv� bkihevam_lky �j_dmjkb\ghklv��
18 Ke_^kl\b_ ���� \ [14].



i_j_oh^Z hl k_fZglbdb d kbglZdkbkm m^Z_lky ba[Z\blvky hl

aZljm^g_gbc� k\yaZgguo k g_hij_^_e_gghklvx ihgylby

g_jZaj_rbfh]h fgh`_kl\Z \ jh^h\b^h\hc eh]bd_� H^gZdh b a^_kv g_

\k_ ]eZ^dh� Qlh[u jZah[jZlvky \ wlhf� ke_^m_l \_jgmlvky d kZfbf

hkgh\Zf fZl_fZlbq_kdhc eh]bdb b jZkkfhlj_lv k lhqdb aj_gby

jZaebq_gby jh^h\b^h\hc b dZglhjh\kdhc eh]bd kZfm dhgp_ipbx

l_hjbc i_j\h]h ihjy^dZ \ fZl_fZlbq_kdhc eh]bd_�

� �� Jh^h\b^h\Zy eh]bdZ b l_hjbb i_j\h]h ihjy^dZ

:dkbhfu l_hjbb i_j\h]h ihjy^dZ ih^jZa^_eyxlky gZ

eh]bq_kdb_ b kh[kl\_ggu_� < bkqbke_gbb ij_^bdZlh\� ]^_

hlkmlkl\mxl kh[kl\_ggu_ Zdkbhfu� dZd ihdZaZgh \ >��@� ih^ agZdhf 

fh`_l ih^jZamf_\Zlvky lhevdh \g_rg__ hljbpZgb_� GZ ijbf_j_

gZb[he__ dhfiZdlghc ZdkbhfZlbdb ba >��� k� ��@ ^Zggh_

h[klhyl_evkl\h fh`gh ijhbeexkljbjh\Zlv gZ lhf `_ ijbf_j_

ij_^bdZlZ� qlh b \ >��@� \ay\ \ ko_f_ Zdkbhf

                                                 (B ⊃ A)  ⊃ ((B ⊃ A) ⊃ B)

(1)

\ dZq_kl\_ B ij_^bdZl �qbkeh � _klv ]hem[h_��

?keb ih^ B ihgbfZlv \gmlj_gg__ hljbpZgb_ �qbkeh � _klv g_�

]hem[h_�� Z \ dZq_kl\_ A \aylv� gZijbf_j� ��  ��� lh Zgl_p_^_gl �B

⊃ A� nhjfmeu ��� [m^_l bklbgguf km`^_gb_f� Z dhgk_d\_gl ��B ⊃

A) ⊃ B�� hq_\b^gh� eh`guf� Ke_^h\Zl_evgh� \ky nhjfmeZ ���
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hdZ`_lky eh`ghc� Gh lh]^Z ih^ B fh`_l ih^jZamf_\Zlvky lhevdh

km`^_gb_ �Qbkeh � g_ y\ey_lky ]hem[uf�� l�_� \g_rg__ hljbpZgb_�

< lh `_ \j_fy \ nhjfZevghc Zjbnf_lbd_� dZd wlh \b^gh ba >�� k�

�������@ gZ ijbf_j_ ^hdZaZl_evkl\Z nhjfmeu

a ≠ 0 _ ∃ x (x′ = a),

hlkmlkl\b_ jZ\_gkl\Z f_`^m we_f_glhf a b � bgl_jij_lbjm_lky dZd

g_jZ\_gkl\h we_f_glZ khhl\_lkl\mxs_c bg^b\b^ghc h[eZklb

ij_^f_lghc dhgklZgl_ ba wlhc `_ ij_^f_lghc h[eZklb� Wlh \ul_dZ_l

ba lh]h h[klhyl_evkl\Z� qlh we_f_gl a� g_ [m^mqb jZ\guf �� \ lh `_

\j_fy kqblZ_lky ih^iZ^Zxsbf ih^ ^_ckl\b_ kh[kl\_gguo Zdkbhf

nhjfZevghc Zjbnf_lbdb� Ihke_^g__ hagZqZ_l� qlh kh[kl\_ggu_

Zdkbhfu wlhc l_hjbb �\uk_dZxl� jh^ ba gbq_f g_ h]jZgbq_ggh]h

mgb\_jkmfZ bkqbke_gby ij_^bdZlh\� Z hi_jZpby hljbpZgby

�g_aZf_lgh� ij_h[jZam_lky ba hi_jZpbb \g_rg_]h \ hi_jZpbx

\gmlj_gg_]h hljbpZgby� Ykgh� qlh wlh fh`gh jZkp_gblv lhevdh dZd

ijhy\e_gb_ g_ihke_^h\Zl_evghklb \ ihkljh_gbb =bev[_jlhf

hkgh\Zgbc fZl_fZlbq_kdhc eh]bdb ± g_ihke_^h\Zl_evghklb�

k\yaZgghc k hldZahf bf hl ij_^klZ\e_gby h[ mgb\_jkZevghc

bg^b\b^ghc h[eZklb� dhlhjh]h ijb^_j`b\Zebkv Nj_]_ b JZkk_e20.

AZ\_jrZy ZgZeba kx`_lh\� k\yaZgguo k �wfibjbq_kdhc�

bgl_jij_lZpb_c j_amevlZlh\ f_lZfZl_fZlbdb� ih^q_jdg_f� qlh wlbf

ihke_^gyy gbdZd g_ aZljZ]b\Z_lky� _keb lhevdh f_lZfZl_fZlbdm

jZkkfZljb\Zlv g_ dZd ^bkpbiebgm� kha^Zggmx ^ey h[hkgh\Zgby

kh[kl\_ggh fZl_fZlbq_kdhc gZmdb� Z dZd kh[kl\_gguc __ jZa^_e� <

lZdhf kemqZ_ [ueh [u g_mf_klgh ^ey __ ZgZebaZ ijbf_gylv

jh^h\b^h\mx eh]bdm :jbklhl_ey� ihkdhevdm ihke_ kha^Zgby l_hjbb

fgh`_kl\ hgZ [ueZ \ul_kg_gZ ^_�nZdlh \ hkgh\Zgbyo fZl_fZlbdb



�dZglhjh\kdhc� eh]bdhc� \ dhlhjhc \g_rg__ b \gmlj_gg__ hljbpZgby

hlh`^_kl\eyxlky� ?keb `_ iulZlvky khojZgblv \_jghklv bkoh^ghfm

]bev[_jlh\m aZfukem b klj_fblvky h]jZgbqb\Zlv gZ[hj

bkihevam_fuo \ f_lZfZl_fZlbd_ ijb_fh\ kj_^kl\Zfb�

ijbf_gy_fufb \ �wfibjbq_kdbo� gZmdZo b lZdbo jZa^_eZo

deZkkbq_kdhc fZl_fZlbdb� dZd l_hjby qbk_e beb ]_hf_ljby� lh lh]^Z

\hagbdg_l aZ^ZqZ i_j_kfhljZ \k_]h __ bgkljmf_glZjby k lhqdb

aj_gby bf_ggh Zjbklhl_e_\kdhc jh^h\b^h\hc eh]bdb� WlZ aZ^ZqZ

ZdlmZevgZ jh\gh \ lhc f_j_� \ dZdhc f_lZfZl_fZlbdZ ij_l_g^m_l gZ

ijZ\h gZau\Zlvky h[s_gZmqghc ±�nbehkhnkdhc� ± ^bkpbiebghc�

� �� ?s_ jZa h eh]bd_

Ijb\_^_ggZy djblbdZ ihkljh_gbc f_lZfZl_fZlbdb hibjZ_lky gZ

lm `_ kZfmx jh^h\b^h\mx eh]bdm� dhlhjhc �imklv g_ \k_]^Z

ihke_^h\Zl_evgh� ihevam_lky kZfZ f_lZfZl_fZlbdZ� <hafh`gZ b

³\g_rgyy´ djblbdZ f_lZfZl_fZlbq_kdbo j_amevlZlh\�

hkgh\u\ZxsZyky gZ b^__ ^jm]hc ± ]Zjfhgbq_kdhc ± eh]bdb�

Ih^h[gZy djblbdZ ij_^klZ\e_gZ \ jZ[hlZo >�����@� <u\h^u wlbo

jZ[hl klZ\yl ih^ khfg_gb_ qZklv j_amevlZlh\� ij_^klZ\e_gguo \ >��

��� ��@� Ke_^m_l� h^gZdh� hlf_lblv� qlh mdZaZggZy djblbdZ g_

aZljZ]b\Z_l Zj]mf_glZpbx gZklhys_c jZ[hlu�

F_lZfZl_fZlbdZ, kh]eZkgh __ bkoh^ghfm aZfukem, g_ \ijZ\_

hibjZlvky gZ b^_ZebaZpbb l_hjbb fgh`_kl\ �\ lhf qbke_ b gZ

ihgylb_ \uqbkebfhklb k hjZdmehf�� Ih wlhc ijbqbg_ hgZ b

\ugm`^_gZ h]jZgbqblv h[t_f ihgylby fgh`_kl\Z jZaj_rbfufb �\

kfuke_ l_hjbb Ze]hjblfh\� fgh`_kl\Zfb� G_jZaj_rbfu_ fgh`_kl\Z
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�dZglhjh\kdhc� l_hjbb Ze]hjblfh\ klZgh\ylky k lhqdb aj_gby

�Zjbklhl_e_\kdhc� l_hjbb Ze]hjblfh\ lh]^Z ijbf_jZfb g_�

fgh`_kl\� ijbq_f ij_^klZ\e_gb_ h gbo hkgh\u\Z_lky gZ Z[kljZdpbb

ihl_gpbZevghc [_kdhg_qghklb� LZdZy ljZdlh\dZ g_�fgh`_kl\ g_

ijhlb\hj_qbl \u\h^Zf jZ[hlu [18].

;he__ ijh[e_fZlbqghc \u]ey^bl kblmZpby k bkihevah\Zgb_f \

[16] �kfukeh\h]h" �Z g_ qbklh ebg]\bklbq_kdh]h)

ijhlb\hihklZ\e_gby \g_rg_]h b \gmlj_gg_]h hljbpZgby�

dhjj_dlghklv q_]h dZd jZa b klZ\blky ih^ khfg_gb_ \ [17]. Km`^_gb_

�qbkeh � _klv g_�]hem[h_�� k lhqdb aj_gby [17]� g_ eh`gh� Z ijhklh

[_kkfuke_ggh� Gh ih^h[gh_ \hajZ`_gb_ klZ\bl ih^ khfg_gb_ g_

klhevdh nhjfZebaZpbx Zjbnf_lbdb� kdhevdh nhjfZebaZpbx kZfh]h

bkqbke_gby ij_^bdZlh\� Ijh[e_fZlbaZpby `_ bkqbke_gby

ij_^bdZlh\ aZljZ]b\Z_l g_ dhgdj_lguc jZa^_e f_lZfZl_fZlbdb� Z

\_kv __ aZfuk_e \ iheghf h[t_f_� < gZklhys_c jZ[hl_ djblbdZ

l_hj_fu =_^_ey \_eZkv bagmljb� Z g_ ba\g_ f_lZfZl_fZlbdb� <f_kl_

k l_f g_h[oh^bfh hlf_lblv� qlh, ihkdhevdm ijh[e_fZ

³F_lZfZl_fZlbdZ b hiul´ ^Ze_dh g_ bkq_jiu\Z_lky h[km`^_gb_f

\hijhkh\� k\yaZgguo k l_hj_fhc =_^_ey� kh^_j`Zsb_ky \ >����8]

Zj]mf_glu djblbq_kdh]h oZjZdl_jZ aZkem`b\Zxl hl^_evgh]h

h[km`^_gby�
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