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<k_]h f_g__ \_dZ gZaZ^ DZgl ihqblZeky dZd kZfZy \Z`gZy nb]mjZ \ bklhjbb

wibkl_fheh]bb� H^gZdh kh]eZkgh lbibqguf kh\j_f_gguf ijhql_gbyf DZglZ�

_]h wibkl_fheh]bq_kdb_ \a]ey^u eb[h hrb[hqgu� eb[h [_agZ^z`gh imlZgu b

l_fgu� Fhy p_ev ² dZd fh`gh ijhs_ baeh`blv mihfygmlu_ lbibqgu_

kh\j_f_ggu_ ijhql_gby b ihdZaZlv� qlh ba k\h_h[jZagh]h ih^oh^Z ?jrh\Z d

nbehkhnbb fZl_fZlbdb fh`gh ba\e_qv _sz h^gh ijhql_gb_ DZglZ� ijb

dhlhjhf _]h wibkl_fheh]by g_ \u]ey^bl gb hrb[hqghc� gb lzfghc�

��� Wibkl_fheh]bq_kdbc aZfuk_e DZglZ

JZkkfhljbf ke_^mxsb_ ljb \ukdZau\Zgby�

1. ?keb Izlj \ur_ B\ZgZ� lh g_ \_jgh� qlh Izlj g_ \ur_ B\ZgZ�

2. ?keb Izlj \ur_ B\ZgZ� lh g_ \_jgh� qlh B\Zg \ur_ I_ljZ�

3. Izlj \ur_ B\ZgZ�

Qlh[u m[_^blvky \ bklbgghklb \ukdZau\Zgby ���� g_ gm`gh agZlv gbq_]h�

djhf_ _]h ]jZffZlbq_kdhc �eh]bq_kdhc� nhjfu� G_ gm`gh agZlv gb lh]h� dlh

lZdhc Izlj� gb lh]h� dlh lZdhc B\Zg� gb lh]h� qlh lZdh_ \ur_� Gm`gh agZlv

lhevdh kfuke khxaZ ©_keb«� lh«ª� kfuke qZklbpu ©g_ª �©g_ \_jgh� qlhª� b

]jZffZlbq_kdb_ dZl_]hjbb keh\� ©Izljª �bg^b\b^gZy dhgklZglZ�� ©B\Zgª

�bg^b\b^gZy dhgklZglZ�� ©\ur_ª �^\mf_klguc ij_^bdZl�� Fu fh]eb [u

\f_klh ��� aZibkZlv� ©?keb aPb� lh g_ \_jgh� qlh g_ aPbª ² b \kz `_ g_

mljZlblv m[_`^_gby� qlh gZrZ aZibkv _klv aZibkv g_dh_c bklbgu�

<ukdZau\Zgby ih^h[gu_ ���� bklbgghklv �eh`ghklv� dhlhjuo hij_^_ey_lky

bkdexqbl_evgh bo ]jZffZlbdhc� gZau\Zxlky eh]bq_kdb bklbggufb

(eh]bq_kdb eh`gufb�� beb ijhklh eh]bq_kdbfb \ukdZau\Zgbyfb�



Qlh[u mklZgh\blv bklbgghklv \ukdZau\Zgby ���� m`_ g_ ^hklZlhqgh agZlv

lhevdh _]h eh]bq_kdmx nhjfm� Gm`gh ^hihegbl_evgh agZlv kfuke keh\Z

©\ur_ª� b[h _keb� gZijbf_j� fu aZf_gbf \ ��� keh\h ©\ur_ª gZ keh\h

©m\Z`Z_lª� lh ihemq_ggh_ \ j_amevlZl_ lZdhc aZf_gu ij_^eh`_gb_� ©?keb

Izlj m\Z`Z_l B\ZgZ� lh g_ \_jgh� qlh B\Zg m\Z`Z_l I_ljZª ² g_ klhev

m[_^bl_evgh� dZd ij_^eh`_gb_ ���� Ihwlhfm \ukdZau\Zgby ih^h[gu_ ���� l�_�

lZdb_� bklbgghklv �eh`ghklv� dhlhjuo hij_^_ey_lky bkdexqbl_evgh

ZgZebahf bo kfukeZ� gZau\Zxlky ZgZeblbq_kdb bklbggufb beb

ZgZeblbq_kdb eh`gufb� beb ijhklh ZgZeblbq_kdbfb \ukdZau\Zgbyfb�

:gZeblbq_kdb bklbggh_ �eh`gh_� \ukdZau\Zgb_ g_evay hljbpZlv

�ml\_j`^Zlv�� g_ bkdZab\ ijb wlhf _]h kfukeZ�

Eh]bq_kdb_ \ukdZau\Zgby fh`gh� hq_\b^gh� kqblZlv qZklghc

jZagh\b^ghklvx ZgZeblbq_kdbo� Ijhklh ^ey mklZgh\e_gby bklbgghklb beb

eh`ghklb eh]bq_kdh]h \ukdZau\Zgby lj_[m_lky f_g__ iheguc ZgZeba _]h

kfukeZ �ZgZeba \k_]h ebrv ]jZffZlbq_kdhc nhjfu�� q_f \ h[s_f kemqZ_

ZgZeblbq_kdbo \ukdZau\Zgbc�

Ij_^eh`_gb_ ��� ghkbl kh\_jr_ggh ^jm]hc oZjZdl_j� q_f i_j\u_ ^\Z� Qlh[u

mklZgh\blv� bklbggh hgh beb eh`gh� gm`gh g_ lhevdh agZlv _]h kfuke� gh

gm`gh lZd`_ agZlv dh_�qlh ^hihegbl_evgh d wlhfm� >hihegbl_evgh gm`gh

dhgdj_lgh magZlv� dlh lZdhc Izlj� dlh lZdhc B\Zg� b gm`gh nZdlbq_kdb

ijh\_klb bo kjZ\g_gb_ ih jhklm� <ukdZau\Zgby ih^h[gu_ ���� l�_� lZdb_�

bklbgghklv �beb eh`ghklv� dhlhjuo aZ\bkbl g_ lhevdh hl bo kfukeZ� gh b hl

^hihegbl_evghc bgnhjfZpbb� g_\Z`gh� dZdhc b dZd ihemq_gghc� gZau\Zxlky

kbgl_lbq_kdbfb� Kbgl_lbq_kdb bklbggh_ �eh`gh_� \ukdZau\Zgb_ fh`gh

hljbpZlv �ml\_j`^Zlv�� g_ \ebyy ijb wlhf gZ _]h kfuke�

Ml\_j`^_gb_ ��� ² qZklguc kemqZc kbgl_lbq_kdh]h \ukdZau\Zgby� dh]^Z

^hihegbl_evgZy bgnhjfZpby hkgh\u\Z_lky gZ dhgdj_lghf gZ[ex^_gbb.

Ihfbfh deZkkbnbdZpbb \ukdZau\Zgbc gZ ZgZeblbq_kdb_ b kbgl_lbq_kdb_�



kms_kl\m_l _sz deZkkbnbdZpby bo gZ Zijbhjgu_ b Zihkl_jbhjgu_�

:ijbhjguf gZau\Zxl \kydh_ \ukdZau\Zgb_� bklbgghklv �eh`ghklv� dhlhjh]h

fh`_l [ulv mklZgh\e_gZ� ² ijb mkeh\bb� qlh m`_ ba\_kl_g _]h kfuke� ² [_a

dZdh]h�eb[h h[jZs_gby d hiulm. :ihkl_jbhjguf gZau\Zxl \kydh_

\ukdZau\Zgb_� dhlhjh_ g_ y\ey_lky Zijbhjguf� Hq_\b^gh� \ukdZau\Zgby ���

b ��� Zijbhjgu� :ijbhjgu \hh[s_ \k_ eh]bq_kdb_ b ZgZeblbq_kdb_ km`^_gby�

K ^jm]hc klhjhgu� \ukdZau\Zgb_ ��� Zihkl_jbhjgh� Gh y\ey_lky eb

Zihkl_jbhjguf ex[h_ kbgl_lbq_kdh_ \ukdZau\Zgb_" <hl \hijhk� hl\_l gZ

dhlhjuc hij_^_ebe ]eZ\gmx hkh[_gghklv dZglh\kdhc l_hjbb ihagZgby�

?keb fu kh_^bgbf jZa]jZgbq_gb_ ZgZeblbq_kdbo b kbgl_lbq_kdbo km`^_gbc

k jZa]jZgbq_gb_f bo gZ Zijbhjgu_ b Zihkl_jbhjgu_� lh fu ihemqbf

ke_^mxsmx kbkl_fm \b^h\ \ukdZau\Zgbc�

1. ZgZeblbq_kdb_ \ukdZau\Zgby a priori;

2. ZgZeblbq_kdb_ \ukdZau\Zgby a posteriori;

3. kbgl_lbq_kdb_ \ukdZau\Zgby a priori;

4. kbgl_lbq_kdb_ \ukdZau\Zgby a posteriori.

Ijbf_jZfb i_j\h]h \b^Z \ukdZau\Zgbc y\eyxlky \ukdZau\Zgby ��� b ���� Z

ijbf_jhf q_l\zjlh]h \b^Z ² \ukdZau\Zgb_ ���� Ykgh lZd`_� qlh \lhjhc

kemqZc �LL� aZjZg__ bkdexqZ_lky� B[h� dZd fu hlf_lbeb \ur_� \k_

ZgZeblbq_kdb_ km`^_gby y\eyxlky Zijbhjgufb \ukdZau\Zgbyfb� Ihwlhfm

^bkdmkkbhgghc hklZzlky lj_lvy \hafh`ghklv² \ukdZau\Zgby \b^Z �LLL��

Hdheh ^\mo lukyq_e_lbc \ gZmqghf khh[s_kl\_ ihqlb Z[khexlgh

]hkih^kl\h\Zeb \a]ey^u :jbklhl_ey� qlh gZeh`beh oZjZdl_jgmx i_qZlv gZ

oh^ bkke_^h\Zgby mdZaZggh]h \hijhkZ >�@� Ih mq_gbx :jbklhl_ey�

kms_kl\mxl ^\Z bklhqgbdZ ihagZgby ² hsms_gby �qm\kl\_gghklv� b

jZkkm^hd� Ba hsms_gbc \hagbdZ_l hiul� ba jZkkm^dZ ² eh]bq_kdb_ b

ZgZeblbq_kdb_ bklbgu� H[t_dlu qm\kl\_gghklb ² kemqZcgu_ n_ghf_gu�



h[t_dlu jZkkm^dZ ² g_h[oh^bfu_ bklbgu� WlZ ^hdljbgZ h ^\mo bklhqgbdZo

ihagZgby ]h\hjbl h lhf� qlh g_ lhevdh \k_ ZgZeblbq_kdb_ km`^_gby y\eyxlky

Zijbhjgufb� gh b� h[jZlgh� \k_ Zijbhjgu_ km`^_gby y\eyxlky

ZgZeblbq_kdbfb \ukdZau\Zgbyfb� Kh]eZkgh wlhfm mq_gbx� kbgl_lbq_kdb_

\ukdZau\Zgby fh]ml [ulv ebrv Zihkl_jbhjgufb� ke_^h\Zl_evgh� aZjZg__

bkdexqZ_lky \hafh`ghklv h[gZjm`blv km`^_gb_ \b^Z �LLL��

Bgl_ee_dlmZevgZy kf_ehklv DZglZ khklhyeZ dZd jZa \ lhf� qlh DZgl jbkdgme \

gZjmr_gb_ fgh]h\_dh\hc ljZ^bpbb ihklZ\blv b ih^\_j]gmlv gh\hfm

hkgh\Zl_evghfm bkke_^h\Zgbx \hijhk h \hafh`ghklb km`^_gbc \b^Z �LLL�� :

bf_ggh� DZgl \ ©Djblbd_ qbklh]h jZamfZª >�@ b ©Ijhe_]hf_gZoª >�@

hkms_kl\be ihiuldm h[hkgh\Zlv \a]ey^� qlh \ oh^_ gZmqgh]h ihagZgby

\klj_qZxlky kbgl_lbq_kdb_ km`^_gby a priori.

IjbklmiZy d lZdhc ihiuld_� DZgl� \ ijbgpbi_� fh] [u ihclb [he__ beb f_g__

ijhlhjzgghc ^hjh]hc� Hg fh] [u ml\_j`^Zlv� kdhj__ ke_^my IeZlhgm� q_f

:jbklhl_ex� qlh jZamf h[eZ^Z_l ki_pbZevghc kihkh[ghklvx² bglmbpb_c —

g_ihkj_^kl\_ggh mkfZljb\Zlv �ijb mkeh\bb� qlh m^Zehkv ^he`guf h[jZahf

©ih\_jgmlv ]eZaZ ^mrbª� bklbgghklv g_dhlhjuo kbgl_lbq_kdbo

\ukdZau\Zgbc� >Z DZgl� kh[kl\_ggh� lZd b ^_eZ_l� dh]^Z hg jZa\b\Z_l k\hb

^hdljbgu h ijhkljZgkl\_ b \j_f_gb �h ]_hf_ljbb b Zjbnf_lbd_�� gZau\Zy�

ijZ\^Z� ijb wlhf bglmbpbx qbkluf gZ]ey^guf ij_^klZ\e_gb_f (reine

Anschauung�� GZ wlhl `_ imlv� dklZlb ]h\hjy� klmiZxl b fgh]b_ fZl_fZlbdb�

dh]^Z hgb kqblZxl bglmblb\gh bklbggufb g_dhlhju_ k\hb h[sb_ Zdkbhfu

beb l_hj_fu�

H^gZdh DZgl g_ kqblZe wlhl imlv h[gZjm`_gby kbgl_lbq_kdbo km`^_gbc a

priori _^bgkl\_gguf beb ^Z`_ ijhklh hkgh\guf aZ ij_^_eZfb fZl_fZlbdb

�]_hf_ljbb b Zjbnf_lbdb�� G_khfg_ggZy hjb]bgZevghklv DZglZ \ lhf� qlh hg

ij_^eh`be gZoh^blv Zijbhjgu_ kbgl_lbq_kdb_ km`^_gby \ [he__ rbjhdhc

h[eZklb� q_f fZl_fZlbdZ� bkke_^my mkeh\by \hafh`ghklb hiulZ� G_ kZf



hiul� Z bf_ggh mkeh\by \hafh`ghklb hiulZ� @_eZy ih^q_jdgmlv gh\bagm

lZdh]h f_lh^Z� DZgl ijb^mfZe _fm wibl_l ljZgkp_g^_glZevguc.

� �� Kh\j_f_ggu_ ijhql_gby DZglZ

Qlh ]j_oZ lZblv� l_jfbgheh]by DZglZ g_ kh\k_f lhqgZ b g_ kh\k_f

ihke_^h\Zl_evgZ� GZijbf_j� ^Z`_ dexq_\h_ ^ey k_[y keh\h ©hiulª hg \

jZaguo f_klZo ihgbfZ_l ih�jZaghfm� Ihwlhfm ex[Zy ihiuldZ ^Zlv

h^ghagZqgh_ b k\yagh_ baeh`_gb_ _]h \a]ey^h\ g_ba[_`gh ijb\h^bl d [he__

beb f_g__ y\guf gZly`dZf� J_qv fh`_l b^lb ebrv h lhf� qlh[u wlb gZly`db

km[t_dlb\gh hsmsZebkv gZoh^ysbfbky _sz \ ij_^_eZo a^jZ\h]h kfukeZ� <k_

j_dhgkljmdpbb ^hdljbg DZglZ `_eZl_evgh \hkijbgbfZlv k mqzlhf wlh]h

h[klhyl_evkl\Z�

Kh\j_f_ggu_ wibkl_fheh]b� h[km`^Zy dZglh\kdb_ jZa]jZgbq_gby

ZgZeblbq_kdh_/kbgl_lbq_kdh_, Zijbhjgh_/Zihkl_jbhjgh_� ^_eylky gZ ^\Z

eZ]_jy� gZ l_o� dlh ijb wlhf kqblZxl ^himklbfuf g_ kkueZlvky gZ

ljZgkp_^_glZevguc f_lh^� b gZ l_o� dlh lZd g_ kqblZxl� I_j\uc eZ]_jv

\_kvfZ lbibq_g ^ey gug_rg_]h nbehkhnkdh]h debfZlZ� \lhjhc ² g_l� DZd

ibr_l IZljbpby Dblq_j� ©kj_^b kh\j_f_gguo wibkl_fheh]h\ \hijhku

hlghkbl_evgh ©agZgby a prioriª b hlghkbl_evgh ©ZgZeblbq_kdh]h

\ukdZau\Zgbyª [_a dhgpZ ^_[Zlbjmxlky� gh« bkke_^h\Zgb_

ljZgkp_g^_glZevgh]h agZgby j_^dh \kieu\Z_l gZ ih\_joghklvª >�� S� ���@�

E_]dh ihgylv� ihq_fm bf_ggh lZd h[klhbl ^_eh� _keb ykgh ij_^klZ\blv k_[_�

dZdh\h gug_ gZb[he__ mklhy\r__ky ij_^klZ\e_gb_ h lhqghf kfuke_

jZa]jZgbq_gbc ZgZeblbq_kdh_/kbgl_lbq_kdh_ b Zijbhjgh_/Zihkl_jbhjgh_.

K kh\j_f_gghc lhqdb aj_gby >�� ]eZ\Z �@� ex[Zy gZmqgZy l_hjby K ² wlh

]bihl_lbq_kdh_ ml\_j`^_gb_ \b^Z

∀ x (RF(x) ∧ Sh(x) ⇒ Wh(x)), (2.1)

]^_ d\Zglhj ∀ hlghkblky d h[eZklb \k_o \hafh`guo h[t_dlh\ \gbfZgby� Z



ij_^bdZlu 5)� 6h, Wh bf_xl ke_^mxsb_ kfukeu�

5)�[� ² ©[ _klv njZ]f_gl j_Zevghc ^_ckl\bl_evghklbª�

Sh�[� ² ©[ _klv \hafh`guc ij_^f_l l_hjbb Kª� beb ©[ y\ey_lky h^gbf ba l_o

h[t_dlh\ \gbfZgby� dhlhju_ fu� \ukdZau\Zy K� h[ty\ey_f bgl_j_kgufbª�

Wh�[� ² ©[ _klv \hafh`guc fbj l_hjbb Kª� beb ©[ y\ey_lky h^gbf ba l_o

h[t_dlh\ \gbfZgby� d dhlhjuf fu� \ukdZau\Zy K� j_dhf_g^m_f hlghkblvky

dZd d j_Zevguf njZ]f_glZf ^_ckl\bl_evghklbª�

Ij_^iheZ]Z_lky� qlh ij_^bdZlu 6h b :h aZ^Zxlky Z\lhjhf l_hjbb� lh]^Z dZd

qZklbqguc �gZ deZkk_ \k_o \hafh`guo h[t_dlh\ \gbfZgby� ij_^bdZl 5)

ijbgpbibZevgh g_ ih^e_`bl Z\lhjkdhfm hij_^_e_gbx� hg aZ^Zg kZfhc

^_ckl\bl_evghklvx b gbdh]^Z g_ [u\Z_l iheghklvx ba\_klguf� <u[hj 6h

fhlb\bjm_lky `_eZ_fhc h[eZklvx bkke_^h\Zgby� Z \u[hj :h ² oZjZdl_jhf

\ukdZau\Z_fh]h ]bihl_lbq_kdh]h ml\_j`^_gby�

=h\hjyl� qlh h[t_dl �\gbfZgby� a kh]eZkm_lky k l_hjb_c K� _keb

RF(a) ∧ Sh(a) ⇒ Wh (a). (2.2)

< ijhlb\ghf kemqZ_ ]h\hjyl� qlh h[t_dl a hijh\_j]Z_l l_hjbx K� beb

y\ey_lky nZevkbnbdZlhjhf ^ey K� LZdbf h[jZahf� l_hjby K�

knhjfmebjh\ZggZy dZd ]bihl_lbq_kdh_ ml\_j`^_gb_ ������ _klv ke_^mxs__

ij_^iheh`_gb_ h j_Zevghklb� ih^ebggZy dZjlbgZ fbjZ lZdh\Z� qlh ^ey

ex[h]h h[t_dlZ \gbfZgby \uihegy_lky mkeh\b_ (2.2).

IjbgbfZy lZdmx l_hjbx� fu l_f kZfuf kqblZ_f� qlh ex[u_ h[t_dlu

kh]eZkmxlky k l_hjb_c K �g_ y\eyxlky nZevkbnbdZlhjZfb ^ey K�� Wlh

ij_^iheh`_gb_ aZ\_^hfh g_ hijh\_j]Z_fh� _keb h[tzf ij_^bdZlZ :h

\dexqZ_l h[tzf ij_^bdZlZ 6h� ?keb `_ h[tzf ij_^bdZlZ :h imkl� Z h[tzf

ij_^bdZlZ 6h ² g_l� lh l_hjby K knhjfmebjh\ZgZ Z[kmj^guf h[jZahf� hgZ

eb[h aZ\_^hfh hijh\_j]Z_lky �\ kemqZ_ g_imklh]h i_j_k_q_gby h[tzfh\



ij_^bdZlh\ 5) b 6h�� eb[h [_kkh^_j`Zl_evgZ �_keb h[tzfu ij_^bdZlh\ 5) b

Sh g_ i_j_k_dZxlky��

>ey ijhba\hevguo ^\mo l_hjbc K� b K� fu ibr_f K� ≥ K� b ]h\hjbf� qlh K�

kbevg__� beb [he__ jbkdh\ZggZ, q_f K�� _keb b lhevdh _keb h[tzf ij_^bdZlZ

Sh1 kh^_j`bl \ k_[_ h[t_f ij_^bdZlZ 6h2 � Z h[tzf ij_^bdZlZ :h1 kh^_j`blky

\ h[tzf_ ij_^bdZlZ :h2� ?keb K� ≥ K�� fu ]h\hjbf lZd`_� qlh K� keZ[__� beb

f_g__ jbkdh\ZggZ, q_f K�� LZdh_ keh\hmihlj_[e_gb_ hijZ\^Zggh \ lhf

kfuke_� qlh� _keb K� ≥ K�� lh� aZ\_^hfh� \kydbc nZevkbnbdZlhj ^ey K�

y\ey_lky nZevkbnbdZlhjhf b ^ey K�� L_hjbb K� b K� fu gZau\Z_f�

1. jZ\ghkbevgufb� beb jZ\ghjbkdh\Zggufb� _keb b lhevdh _keb K� ≥ K� b K� ≥

h1;

2. kjZ\gbfufb� _keb b lhevdh _keb K� ≥ K� beb K� ≥ h1;

3. g_kjZ\gbfufb� _keb g_ K� ≥ K� b g_ K� ≥ h1.

Fu ibr_f K� K�� _keb b lhevdh _keb l_hjbb K� b K� jZ\ghkbevgu�

Kh]eZkgh ����� l_hjby K hij_^_e_gZ� _keb aZ^Zgu ij_^bdZlu 6h b :h� LZd \hl�

klZg^Zjlguc ih^oh^ d gZmqguf l_hjbyf hkgh\Zg gZ aZ^Zgbb wlbo ij_^bdZlh\

g_dhlhjuf ki_pbZevguf h[jZahf� : bf_ggh� h[tzfu mdZaZgguo ij_^bdZlh\

aZ^Zxlky dZd deZkku bgl_jij_lZpbc ij_^\Zjbl_evgh \u[jZggh]h

i_j\hihjy^dh\h]h �k jZ\_gkl\hf� yaudZ / kb]gZlmju Ω � Ihgylb_

©bgl_jij_lZpby yaudZª hlebqZ_lky a^_kv hl ihgylby ©fh^_ev yaudZª b

\hagbdZ_l ijb h[km`^_gbb \hijhkZ� dZd hkms_kl\ey_lky deZkkbnbdZpby

fh^_e_c yaudZ gZ njZ]f_glu j_Zevghc ^_ckl\bl_evghklb �©j_Zevgu_

njZ]f_gluª� b gZ njZ]f_glu g_j_Zevghc ^_ckl\bl_evghklb �©g_j_Zevgu_

njZ]f_gluª�"

Imklv /1 ² yaud kb]gZlmju �3� 4�� ]^_ 3� 4 ² kbf\heu h^ghf_klguo

ij_^bdZlh\� b imklv ^D`� ^I`� ^D� I` ² fgh`_kl\Z� khklhysb_



khhl\_lkl\_ggh ba DebglhgZ� I_]ZkZ� DebglhgZ b I_]ZkZ� ^ ` ² imklh_

fgh`_kl\h� JZkkfhljbf g_kdhevdh fh^_e_c yaudZ /1:

M1  �^D� I`� ^ `� ^ `�� 02  �^D� I`� ^ `� ^D `��

M3  �^D� I`� ^ `� ^I`�� 04  �^D� I`� ^ `� ^D� I`��

M5  �^D� I`� ^D`� ^ `�� 06  �^D� I`� ^D`� ^D`��

M7  �^D� I`� ^D`� ^I`�� 08  �^D� I`� ^D`� ^D� I`��

M9  �^D� I`� ^I`� ^ `�� 010  �^D� I`� ^I`� ^D`��

M11  �^D� I`� ^I`� ^I`�� 012  �^D� I`� ^I`� ^D� I`��

M13  �^D� I`� ^D� I`�^ `�� 014 �^D� I`� ^D� I`� ^D`��

M15  �^D� I`� ^D� I`�^I`�� 016  �^D� I`� ^D� I`� ^D� I`��

�NZdlbq_kdb a^_kv i_j_qbke_gu \k_ fh^_eb mdZaZgghc kb]gZlmju gZ

fgh`_kl\_ ^D� I`�� < hij_^_ezgghf kfuke_ dZ`^Zy ba gbo y\ey_lky

njZ]f_glhf ^_ckl\bl_evghklb m`_ ihlhfm� qlh hgZ ² h[t_dl \gbfZgby�

H^gZdh \hijhk h lhf� dZdb_ ba wlbo fh^_e_c hlghkylky d j_Zevguf

njZ]f_glZf ^_ckl\bl_evghklb� Z dZdb_ ² d g_j_Zevguf� klZ\bl gZk \ lmibd�

Wlh ijhbkoh^bl ihlhfm� qlh ^_e_gb_ fh^_e_c gZ j_Zevgu_ b g_j_Zevgu_

njZ]f_glu aZ\bkbl hl \u[hjZ bklhedh\Zgby yaudZ /1� <hl g_kdhevdh

beexkljZpbc wlhc aZ\bkbfhklb�

Bklhedh\Zgb_ I1 yaudZ L1� Ij_^bdZl 3 ljZdlm_lky dZd k\hckl\h ©[ulv

q_eh\_dhfª� Z ij_^bdZl 4 ² ©[ulv fbnbq_kdbf kms_kl\hfª� Lh]^Z fh^_ev

M7 _klv j_Zevguc njZ]f_gl� Z hklZevgu_ iylgZ^pZlv fh^_e_c kmlv

g_j_Zevgu_ njZ]f_glu�

Bklhedh\Zgb_ I2 yaudZ L1� Ij_^bdZl 3 ljZdlm_lky dZd k\hckl\h ©[ulv qzlguf

qbkehfª� Z ij_^bdZl 4 ² ©[ulv g_qzlguf qbkehfª� Lh]^Z lhevdh fh^_ev 01

y\ey_lky j_Zevguf njZ]f_glhf�



Bklhedh\Zgb_ I3 yaudZ L1� Ij_^bdZl 3 ljZdlm_lky dZd k\hckl\h ©[ulv

q_jgh]eZauf q_eh\_dhfª� Z ij_^bdZl 4 ² ©[ulv fbnbq_kdbf kms_kl\hfª�

Lh]^Z m`_ g_ fh^_ev 07� Z fh^_ev 03 _klv j_Zevguc njZ]f_gl �gZihfgx� qlh

Debglhg ]hem[h]eZa��

Bklhedh\Zgb_ I4 yaudZ L1� Ij_^bdZl 3 ljZdlm_lky dZd k\hckl\h ©[ulv

h^mr_\ezggufª� Z ij_^bdZl 4 ² ©[ulv ]ehdhc dma^jhcª� Lh]^Z fh^_eb 05 -

M8 b fh^_eb 013 - M16 kmlv j_Zevgu_ njZ]f_glu� \ lh \j_fy dZd hklZevgu_

fh^_eb ² g_j_Zevgu_ njZ]f_glu� Ijb wlhf ij_^iheZ]Z_lky� dhg_qgh� qlh

ihegZy g_ykghklv k\hckl\Z ©[ulv ]ehdhc dma^jhcª bklhedh\u\Z_lky dZd

ml\_j`^_gb_� ]ehdhc dma^jhc y\ey_lky \kz� qlh m]h^gh�

?keb mlhqgblv k\hckl\h ©[ulv h^mr_\ezggufª� bkdexqb\ ba qbkeZ

h^mr_\ezgguo ex[u_ fbnbq_kdb_ kms_kl\Z� lh fh^_eb013 - M16 ij_\jZlylky

\ g_j_Zevgu_ njZ]f_glu� Djhf_ lh]h� ^hihegbl_evgh ih�jZaghfm

dhgdj_lbabjmy i_j\hgZqZevgh kh\_jr_ggh g_ykgh_ ihgylb_ ©]ehdZy dma^jZª�

fh`gh hlg_klb d g_j_Zevguf njZ]f_glZf h^gm� ^\_� ljb beb \k_ ba

hklZ\rboky q_lujzo fh^_e_c05 - M8.

Ijb\_^zggu_ ijbf_ju ih^kdZau\Zxl� qlh b \ h[s_f kemqZ_ ex[h_

bklhedh\Zgb_ yaudZ / iha\hey_l h^ghagZqgh aZ^Zlv ^bohlhfbx lj_[m_fh]h

\b^Z gZ deZkk_ 0Ω \k_o fh^_e_c wlh]h yaudZ� K ^jm]hc klhjhgu� kZfZ

\hafh`ghklv ex[hc lZdhc ^bohlhfbb ij_^iheZ]Z_l dZdh_�lh bklhedh\Zgb_

yaudZ� Bgufb keh\Zfb� y ohqm kdZaZlv ke_^mxs__�

�Z� ?keb , ² dZdh_�lh bklhedh\Zgb_ yaudZ / �kb]gZlmju Ω �� Z 0 ²

ijhba\hevgZy fh^_ev wlh]h yaudZ� lh �qZklbqguc gZ deZkk_ \k_o

h[t_dlh\ \gbfZgby� ij_^bdZl 5) hij_^_ezg gZ h[t_dl_ �,� 0� b g_

hij_^_ezg gZ h[t_dl_0�

�[� Bklhedh\Zgbx , h^ghagZqgh khhl\_lkl\m_l ij_^bdZl 5)I gZ 0Ω

�jZa[b_gb_ deZkkZ0Ω gZ ^\_ qZklb� lZdhc� qlh



(∀ M ∈ MΩ ) ( RFI(M) ⇔ RF((I, M))). (2.3)

Mkeh\bfky h[tzf ij_^bdZlZ 5)I h[hagZqZlv q_j_a | RFI| b gZau\Zlv

bgl_jij_lZpb_c yaudZ / iZjm �,� 0�� ]^_ , ² bklhedh\Zgb_ yaudZ /� 0 ² _]h

fh^_ev� Kh]eZkgh �Z�� njZaZ� ©Fh^_ev 0 ² j_Zevguc �g_j_Zevguc�

njZ]f_glª ² g_ y\ey_lky� _keb km^blv kljh]h� ijZ\bevguf h[hjhlhf j_qb�

Kljh]h ]h\hjy� \ dZq_kl\_ j_Zevguo b g_j_Zevguo njZ]f_glh\ ke_^m_l

jZkkfZljb\Zlv bf_ggh bgl_jij_lZpbb� Z g_ ijhklh fh^_eb yaudZ /� Ijbqzf�

_keb fu agZ_f� qlh g_dhlhjZy bgl_jij_lZpby a, a  �,� 0�� _klv j_Zevguc

�g_j_Zevguc� njZ]f_gl� l�_� agZ_f� qlh 5)��,� 0�� �g_ 5)��,� 0���� lh

bgl_jij_lZpbx a [m^_f gZau\Zlv ihablb\guf (g_]Zlb\guf) nZdlhf a.

MklZgh\blv ihablb\guc �g_]Zlb\guc� nZdl a agZqbl magZlv� qlh 5)�a� �g_

RF(a��� LZdh]h jh^Z mklZgh\e_gb_ gZau\Z_lky hiulhf� Hq_\b^gh� \kydbc

lZdhc hiul obfh`_l [ulv ij_^klZ\e_g iZjhc �5)� a): ob = (RF, a).

Kh]eZkgh �[�� dZ`^h_ bklhedh\Zgb_ , yaudZ / hij_^_ey_l jZa[b_gb_ deZkkZ

MΩ gZ ^\_ qZklb� deZkk fh^_e_c | RFI| b deZkk fh^_e_c 0Ω \ | RFI| � H^gZdh ba

�[� b ^Z`_ ba �[� kh\f_klgh k �Z� g_ ke_^m_l� qlh agZlv bklhedh\Zgb_ , agZqbl

agZlv b mdZaZggh_ jZa[b_gb_� <\b^m ������ qlh[u hij_^_eblv� ijbgZ^e_`bl eb

fh^_ev 0 deZkkm | RFI| � lj_[m_lky g_ lhevdh agZlv bklhedh\Zgb_ ,� gh b

mklZgh\blv ihablb\guc beb g_]Zlb\guc nZdl a  �,� 0�� < ijb\_^zgghf

\ur_ ijbf_j_� agZy bklhedh\Zgb_ ,3 yaudZ /1� fu \ijZ\_ hlg_klb fh^_ev 03 d

j_Zevguf njZ]f_glZf lhevdh lh]^Z� dh]^Z mklZgh\bf nZdl� qlh Debglhg g_

q_jgh]eZa� A^_kv ijhke_`b\Z_lky ZgZeh]by k l_f� qlh agZlv ijh]jZffm

\uqbke_gby qbkeZ ² wlh _sz g_ agZqbl agZlv kZfh qbkeh� Hlkx^Z� f_`^m

ijhqbf� ke_^m_l� qlh bklhedh\Zgb_ , yaudZ / g_ hlh`^_kl\ey_lky k

jZa[b_gb_f deZkkZ fh^_e_c 0Ω wlh]h yaudZ gZ ^\_ qZklb �l�_� k ij_^bdZlhf

RFI� b hklZzlky \ dhgl_dkl_ h[km`^Z_fuo \hijhkh\ bkoh^guf

(g_hij_^_ey_fuf� ihgylb_f�

<_jgzfky d h[km`^_gbx klZg^Zjlgh]h ih^oh^Z d gZmqguf l_hjbyf�



Ijhp_^mjm aZ^Zgby ij_^bdZlh\ 6h b :h fh`gh l_i_jv ihwlZigh hibkZlv

ke_^mxsbf h[jZahf�

WlZi �� <u[bjZ_lky yaud /h �kb]gZlmjZ Ω h� b bklhedh\Zgb_ ,h wlh]h yaudZ�

WlZi �� <u[bjZ_lky ZdkbhfZlbq_kdZy kbkl_fZ Sh \ yaud_ /h lZd� qlh[u Sh ≠

P(Lh�� ]^_ P(Lh� ² fgh`_kl\h \k_o ij_^eh`_gbc yaudZ /h� H[tzfhf | Sh|

ij_^bdZlZ 6h h[ty\ey_lky deZkk bgl_jij_lZpbc� hij_^_ey_fuc mkeh\b_f

| Sh| = { (Ih, M)| M ∈ Mod(Sh)},

]^_ 0RG�A� h[hagZqZ_l deZkk \k_o fh^_e_c ijhba\hevgh]h fgh`_kl\Z A

ij_^eh`_gbc yaudZ /h.

WlZi �� <u[bjZ_lky ZdkbhfZlbq_kdZy kbkl_fZ Wh \ yaud_ /h lZd� qlh[u Sh ⊆

Wh ≠ P(Lh�� H[tzfhf | Wh| ij_^bdZlZ :h h[ty\ey_lky deZkk bgl_jij_lZpbc�

hij_^_ey_fuc mkeh\b_f

| Wh| = { (Ih, M)| M ∈ Mod(Wh)}.

LZdbf h[jZahf� gZmqgZy l_hjby K h^ghagZqgh aZ^Zzlky q_l\zjdhc �Ω h, Ih, Sh,

Wh�� Ij_^klZ\e_gb_

h = (Ω h, Ih, Sh, Wh) (2.4)

gZau\Z_lky klZg^Zjlguf ij_^klZ\e_gb_f� beb klZg^Zjlghc eh]bq_kdhc

j_dhgkljmdpb_c (b^_ZebaZpb_c�� ljhcdZ �Ω h, Sh, Wh) — nhjfZebafhf� Z

bklhedh\Zgb_ ,h — kh^_j`Zl_evguf [Zabkhf gZmqghc l_hjbb K�

DZd y m`_ hlf_lbe \ur_� p_ev aZ^Zgby gZmqghc l_hjbb ² knhjfmebjh\Zlv

dhgdj_lgh_ ij_^iheh`_gb_ \b^Z ������ KlZg^Zjlgh_ ij_^klZ\e_gb_ �����

h[_ki_qb\Z_l ^hklb`_gb_ wlhc p_eb ijb ^hihegbl_evghf kh]eZr_gbb

hlghkbl_evgh lh]h� dZd hl q_l\zjdb �Ω h, Ih, Sh, Wh� i_j_clb d ijhp_^mj_

ijh\_jdb mkeh\by ����� ^ey ex[h]h h[t_dlZ \gbfZgby a� Kh[kl\_ggh ]h\hjy�

lZdZy ijhp_^mjZ ² wlh kfuke ij_^iheh`_gby ������ Z� ke_^h\Zl_evgh� b



kfuke l_hjbb K� < dZq_kl\_ ijhp_^mju ijh\_jdb mkeh\by ����� ij_^eZ]Z_lky

ke_^mxsZy ihke_^h\Zl_evghklv rZ]h\ �

RZ] �� JZkkfZljb\Z_lky �ijhba\hevguc� h[t_dl \gbfZgby a. JZkiheZ]Zy Ω h b

Ih� \uykgy_f� y\ey_lky eb a bgl_jij_lZpb_c yaudZ kb]gZlmju Ω h ijb

bklhedh\Zgbb ,h� ?keb g_l� lh h[ty\ey_f� qlh h[t_dl a g_ hlghkblky d l_hjbb

K� g_ hijh\_j]Z_l� ke_^h\Zl_evgh� l_hjbx K� b fu ]hlh\u jZkkfZljb\Zlv

dZdhc�lh ^jm]hc h[t_dl \gbfZgby a1� ?keb ^Z� lh mklZgZ\eb\Z_f� dZdZy

bf_ggh fh^_ev 0 ba 0Ω h y\ey_lky \lhjuf qe_ghf bgl_jij_lZpbb a� b

i_j_oh^bf d ke_^mxs_fm rZ]m�

RZ] �� JZkiheZ]Zy Sh� \uykgy_f� ijbgZ^e_`bl eb a = (Ih� 0� deZkkm | Sh| � l�_�

ijbgZ^e_`bl eb fh^_ev 0 deZkkm 0RG�Sh�� ?keb g_l� lh h[ty\ey_f� qlh

h[t_dl a g_ hlghkblky d ij_^f_lZf l_hjbb K� g_ hijh\_j]Z_l� ke_^h\Zl_evgh�

l_hjbx K� b fu ]hlh\u jZkkfZljb\Zlv ^jm]hc h[t_dl \gbfZgby� ?keb ^Z� lh

h[ty\ey_f� qlh h[t_dl a hlghkblky d ij_^f_lZf l_hjbb K� b i_j_oh^bf d

ke_^mxs_fm rZ]m�

RZ] �� MklZgZ\eb\Z_f� y\ey_lky eb ij_^f_l l_hjbb a = (Ih� 0� j_Zevguf

njZ]f_glhf� l�_� bf__l eb f_klh khhlghr_gb_ 5)��,h� 0��� ?keb g_ 5)��,h,

0��� lh h[ty\ey_f a g_kms_kl\_gguf ij_^f_lhf l_hjbb \\b^m _]h

g_j_Zevghklb b ]hlh\u jZkkfZljb\Zlv ^jm]hc h[t_dl \gbfZgby� ?keb ^Z� lh

h[ty\ey_f a nZdlhf� kms_kl\_gguf ^ey l_hjbb K� aZl_f i_j_oh^bf d

aZ\_jrZxs_fm rZ]m ��

RZ] �� JZkiheZ]Zy Wh� \uykgy_f� ijbgZ^e_`bl eb kms_kl\_gguc ^ey l_hjbb

nZdl a deZkkm | Wh| � l�_� ijbgZ^e_`bl eb fh^_ev 0 ba �,h, M) = a dZkkm

Mod(Wh�� ?keb ^Z� lh h[ty\ey_f� qlh nZdl a kh]eZkm_lky k l_hjb_c K� ?keb

g_l� lh h[ty\ey_f� qlh nZdl a hijh\_j]Z_l l_hjbx K�

Ij_^iheh`_gb_ \b^Z ����� ljb\bZevgh \ ^\mo djZcgbo �\ujh`^_gguo�

kemqZyo� dh]^Z hgh aZ\_^hfh kh]eZkm_lky k ex[uf nZdlhf b dh]^Z aZ\_^hfh



kms_kl\m_l nZdl� hijh\_j]Zxsbc wlh ij_^iheh`_gb_� Ke_^m_l aZf_lblv� qlh

baeh`_ggh_ kh]eZr_gb_ h ijhp_^mj_ ijh\_jdb l_hjbb K �kh\f_klgh k

mkeh\b_f Wh ≠ P(Lh� b _sz h^gbf g_ hlf_q_gguf gZfb mkeh\b_f gZ k\yav

f_`^m Sh b Wh � bkdexqZxl ba qbkeZ \hafh`guo \lhjhc kemqZc� hklZ\eyy

�dh]^Z Sh = Wh� ^himklbfuf i_j\uc� LZdbf h[jZahf� \ jZfdZo ljZ^bpbhggh]h

ih^oh^Z nhjfmebjh\dZ aZ\_^hfh hijh\_j`bfuo gZmqguo l_hjbc bkdexq_gZ�

Hq_\b^gh� qlh ^\_ ijhba\hevgu_ l_hjbb K�  �Ω h1, Ih1, Sh1, Wh1� b K�  �Ω h2,

Ih2, Sh2, Wh2� \b^Z ����� kjZ\gbfu lh]^Z b lhevdh lh]^Z� dh]^Z� Ω h1 = Ω h2; Ih1 =

Ih2; (Sh1 ⊆ Sh2 ⊆ Wh2 ⊆ Wh1) ∨ (Sh2 ⊆ Sh1 ⊆ Wh1 ⊆ Wh2�� Ijb wlhf i_j\uc

^batxgdl mdZaZgghc ^batxgdpbb ]h\hjbl� qlh l_hjby K� kbevg__� q_f l_hjby

K�� \lhjhc² qlh l_hjby K� keZ[__� q_f l_hjby K��

<kydmx l_hjbx K  �Ω h, Ih, Sh, Wh� lZdmx� qlh Sh = Wh� [m^_f gZau\Zlv

fbgbfZevghc� beb [_ajbkdh\hc� Ykgh� qlh ^ey ex[uo ^\mo l_hjbc K b J� _keb

g ≥ K b J ² fbgbfZevgZy l_hjby� lh K  J�

Imklv l_hjby K aZ^ZgZ \ \b^_ ����� b p ² ijhba\hevgh_ ij_^eh`_gb_ yaudZ /h

�kb]gZlmju Ω h�� =h\hjbf� qlh ij_^eh`_gb_ p h-eh`gh gZ (Ih� 0�� _keb 5)��,h,

M)) ∧ M ∈ Mod(Sh) ∧ M | = ¬ p� b K�bklbggh gZ (Ih� 0� \ ijhlb\ghf kemqZ_�

Ykgh� qlh ij_^eh`_gb_ p [m^_l K�bklbggh gZ �,h� 0� lh]^Z b lhevdh lh]^Z�

dh]^Z

RF((Ih, M)) ∧ M ∈ Mod(Sh) ⇒ M | = p. (2.5)

Ij_^eh`_gb_ p gZau\Z_lky K�bklbgguf� _keb khhlghr_gb_ ����� kijZ\_^eb\h

^ey ex[hc bgl_jij_lZpbb �,h� 0�� l�_�� _keb

(∀ M∈ MΩ h)(RF((Ih, M)) ∧ M ∈ Mod(Sh) ⇒ M | = p). (2.6)

>Ze__� _kl_kl\_ggh [ueh [u gZau\Zlv K�ZgZeblbq_kdb bklbggufb dZd jZa

lZdb_ ij_^eh`_gby yaudZ /h� K�bklbgghklv dhlhjuo fh`gh mklZgh\blv

aZ\_^hfh� l�_� ih h^ghfm ebrv klZg^Zjlghfm ij_^klZ\e_gbx l_hjbb K ² \g_



aZ\bkbfhklb hl lh]h� dZdh\ ij_^bdZl 5)� B^_x ©aZ\_^hfhc K�bklbgghklbª

e_]dh \ujZablv lhqgh� bkihevamy \ f_lZyaud_ nhjfmebjh\db \lhjh]h

ihjy^dZ� Bf_ggh� fu ]h\hjbf� qlh khhlghr_gb_ (2.6) \uihegy_lky aZ\_^hfh,

_keb

(∀ X) (∀ M∈ MΩ h)(X ((Ih, M)) ∧ M ∈ Mod(Sh) ⇒ M | = p), (2.7)

]^_ X ² ij_^bdZlgZy i_j_f_ggZy ^ey h^ghf_klguo ij_^bdZlh\�

hij_^_ezgguo gZ deZkk_ ^�,h, M)| M ∈ MΩ h`� Gh mkeh\b_ \lhjh]h ihjy^dZ

����� eh]bq_kdb wd\b\Ze_glgh mkeh\bx i_j\h]h ihjy^dZ

(∀ M∈ MΩ h)(M ∈ Mod(Sh) ⇒ M | = p),

ihwlhfm hdhgqZl_evgh fu ijbgbfZ_f ke_^mxs__ hij_^_e_gb_�

Ij_^eh`_gb_ p yaudZ /h gZau\Z_lky�

1. h-ZgZeblbq_kdb bklbgguf� _keb (∀ M∈ MΩ h)(M ∈ Mod(Sh) ⇒ M | = p);

(2.8)

2. h-ZgZeblbq_kdb eh`guf� _keb ¬ p — K�ZgZeblbq_kdb bklbggh_

ij_^eh`_gb_�

3. �ijhklh� K�ZgZeblbq_kdbf� _keb hgh K�ZgZeblbq_kdb bklbggh_ beb K�

ZgZeblbq_kdb eh`gh_�

4. h-kbgl_lbq_kdbf� _keb hgh g_ K�ZgZeblbq_kdh_�

Khhlghr_gb_ ����� ]h\hjbl h lhf� qlh ^ey ^Zgghc l_hjbb K fgh`_kl\h \k_o K�

ZgZeblbq_kdb bklbgguo ij_^eh`_gbc kh\iZ^Z_l k Sh� < kZfhf ^_e_�

ij_^iheh`bf� qlh p ∈ Sh� Lh]^Z ����� \uihegy_lky hq_\b^guf h[jZahf�

Ke_^h\Zl_evgh� _keb p ∈ Sh� lh p ² K�ZgZeblbq_kdb bklbggh_� Ke_^h\Zl_evgh�

\k_ ij_^eh`_gby ba Sh ² K�ZgZeblbq_kdb bklbggu_� Ij_^iheh`bf� qlh p ∉

Sh� Lh]^Z ih l_hj_f_ h iheghl_ gZc^zlky lZdZy fh^_ev 0 ∈ Mod(Sh�� qlh g_ 0

| = p� Ke_^h\Zl_evgh� _keb p ∉ Sh� lh ����� g_ \uihegy_lky� Ke_^h\Zl_evgh� \



wlhf kemqZ_ p g_ y\ey_lky K�ZgZeblbq_kdb bklbgguf ij_^eh`_gb_f�

Ke_^h\Zl_evgh� K�ZgZeblbq_kdb bklbggufb ij_^eh`_gbyfb y\eyxlky lhevdh

ij_^eh`_gby ba Sh.

E_]dh m[_^blvky� qlh ^ey ex[h]h K�kbgl_lbq_kdh]h ij_^eh`_gby p g_ lhevdh

g_evay aZjZg__� l�_�� [_a ij_^\Zjbl_evgh]h mklZgh\e_gby nZdlh\� h[gZjm`blv

_]h K�bklbgghklv� gh hgh b \h\k_ fh`_l [ulv g_ K�bklbgguf� Z \k_]h ebrv K�

bklbgguf gZ dZdhc�lh dhgdj_lghc bgl_jij_lZpbb �,h� 0�� Wlh h[klhyl_evkl\h

fh`gh \ujZablv bgZq_� kdZaZ\� qlh K�kbgl_lbq_kdb_ ij_^eh`_gby y\eyxlky K�

Zihkl_jbhjgufb� \ lh \j_fy dZd K�ZgZeblbq_kdb_² K�Zijbhjgufb.

Ih^\_^m blh]b kdZaZgghfm�

1. Hij_^_ezgguc kfuke bf_xl lhevdh hlghkbl_evgu_ ihgylby K�

ZgZeblbq_kdh]h� K�kbgl_lbq_kdh]h� K�Zijbhjgh]h� K�Zihkl_jbhjgh]h

ij_^eh`_gby� Z g_ khhl\_lkl\mxsb_ bf Z[khexlgu_ ([_ahlghkbl_evgu_)

ihgylby \hh[s_ ZgZeblbq_kdh]h� \hh[s_ kbgl_lbq_kdh]h� \hh[s_

Zijbhjgh]h� \hh[s_ Zihkl_jbhjgh]h km`^_gby� Ihke_^gb_ k kh\j_f_gghc

lhqdb aj_gby \u]ey^yl kebrdhf lzfgufb�

2. ?keb kqblZlv ij_^eh`_gbyfb l_hjbb K ij_^eh`_gby yaudZ wlhc l_hjbb�

lh ihgylb_ K�ZgZeblbq_kdh]h ij_^eh`_gby l_hjbb K jZ\gh ih h[tzfm

ihgylbx K�Zijbhjgh]h ij_^eh`_gby wlhc l_hjbb� Z ihgylb_ K�

kbgl_lbq_kdh]h ij_^eh`_gby l_hjbb K ² ihgylbx K�Zihkl_jbh]h

ij_^eh`_gby l_hjbb K�

3. Ihgylb_ hiulZ mlhqgy_lky dZd ijbf_g_gb_ ij_^bdZlZ RF d ijhba\hevghc

bgl_jij_lZpbb (Ih, M).

4. Gb]^_ g_ ihlj_[h\ZeZkv kkueZlvky gZ mkeh\by \hafh`ghklb hiulZ,

ihwlhfm gb]^_ g_ ihlj_[h\Zehkv b mlhqgylv� qlh wlh lZdh_�

Mqzl wlbo blh]h\ ² j_rZxsbc nZdlhj \ nhjfbjh\Zgbb kh\j_f_gguo

ihabpbc ih hlghr_gbx d wibkl_fheh]bb DZglZ� GZijZrb\Z_lky� gZijbf_j�



ke_^mxsbc oh^ fukeb� Kh]eZkgh �,�� dZglh\kdb_ jZa]jZgbq_gby

ZgZeblbq_kdh_/kbgl_lbq_kdh_ b Zijbhjgh_/Zihkl_jbhjgh_ eb[h l_fgu� eb[h

^he`gu ljZdlh\Zlvky dZd jZa]jZgbq_gby K�ZgZeblbq_kdh_/h�kbgl_lbq_kdh_ b

h�Zijbhjgh_/h�Zihkl_jbhjgh_� < lZdhc ljZdlh\d_ ]eZ\gh_

wibkl_fheh]bq_kdh_ aZy\e_gb_ DZglZ \u]ey^bl lZd� kms_kl\m_l l_hjby K

lZdZy� qlh fgh`_kl\h K�kbgl_lbq_kdbo ij_^eh`_gbc l_hjbb K b fgh`_kl\h K�

Zijbhjguo ij_^eh`_gbc l_hjbb K bf_xl g_imklh_ i_j_k_q_gb_� Kh]eZkgh

�,,�� lZdh_ ml\_j`^_gb_ eh`gh�

>Ze__� kh]eZkgh �,,,�� mkeh\by \hafh`ghklb hiulZ ² wlh mkeh\by

\hafh`ghklb ijbf_g_gby ij_^bdZlZ 5) d ijhba\hevghc bgl_jij_lZpbb �,h,

0� \ k\yab k ijh\_jdhc l_hjbb K� < ijbgpbi_� hgb ih^e_`Zl� \_jhylgh�

bkke_^h\Zgbx b mlhqg_gbx� Gh \kz ^_eh \ lhf� qlh� kh]eZkgh �,9��

hrb[hqghklv ]eZ\gh]h dZglh\kdh]h aZy\e_gby mklZgZ\eb\Z_lky g_aZ\bkbfh hl

lZdh]h bkke_^h\Zgby beb mlhqg_gby� Ke_^h\Zl_evgh� _keb DZgl kqblZ_l� qlh

_]h ljZgkp_g^_glZevguc f_lh^ ijb\h^bl d h`b^Z_fhfm bf wnn_dlm� lh a^_kv

DZgl g_ba[_`gh qlh�lh imlZ_l� Ijbqzf wlZ imlZgbpZ g_ fh`_l [ulv

mkljZg_gZ ² k [eZ]hijbylguf ^ey DZglZ j_amevlZlhf ² aZ kqzl ex[uo

mlhqg_gbc mkeh\bc ijbf_gbfhklb ij_^bdZlZ 5)� < wlhf kfuke_ dZglh\kdZy

b^_y ljZgkp_g^_glZevgh]h f_lh^Z g_ ih^^Zzlky ijb_fe_fhfm mlhqg_gbx�

LZdbf h[jZahf� \ khhl\_lkl\bb k baeZ]Z_fuf oh^hf fukeb dZglh\kdZy

wibkl_fheh]by b hrb[hqgZ �\ h^ghc qZklb�� b [_agZ^_`gh l_fgZ �\ ^jm]hc

qZklb�� Wlhl beb [ebadbc d wlhfm oh^ jZkkm`^_gby lbibq_g ^ey [hevrbgkl\Z

gug_rgbo Z\lhjh\� ibrmsbo h DZgl_� b hgb�lh b khklZ\eyxl i_j\uc ba ^\mo

jZg__ mihfygmluo eZ]_j_c kh\j_f_gguo wibkl_fheh]h\�

;he__ hklhjh`gmx ihabpbx aZgbfZxl l_� dlh khklZ\eyxl \lhjhc eZ]_jv� Hgb

ih^qzjdb\Zxl� qlh l_jfbg ©hiulª g_ \k_]^Z ihgbfZ_lky DZglhf \

khhl\_lkl\bb k �,,,�� Z� ke_^h\Zl_evgh� b l_kgh k\yaZggh_ k gbf ihgylb_

Zijbhjghklb� \hafh`gh� g_ \k_]^Z jZamfgh mlhqgylv dZd ©K�Zijbhjghklvª�



;he__ lh]h� ijb wlhf b kZfh ihgylb_ gZmqgh]h agZgby� \hafh`gh� g_ \k_]^Z

ke_^m_l mlhqgylv lZd� dZd wlh [ueh k^_eZgh \ur_ ² \ \b^_ hl^_evghc

gZmqghc l_hjbb K� < dhgp_ dhgph\� g_ bkdexq_gh� qlh hlf_qZ_fu_ ihqlb

\k_fb dhff_glZlhjZfb g_h^ghagZqghklb dZglh\kdhc wibkl_fheh]bq_kdhc

l_jfbgheh]bb ² \h\k_ g_ k[hb dZglh\kdhc fukeb� Z ij_^gZf_j_ggu_ rZ]b�

RZ]b� bf_xsb_ p_evx mdZaZlv gZ lh� qlh gZmqgh_ agZgb_ ² wlh g_qlh \jh^_

©ba^_eby ^\hcgh]h gZagZq_gbyª� GZijbf_j� gZmqgh_ agZgb_ ² wlh b kihkh[

\ukdZaZlv ]bihl_lbq_kdh_ ml\_j`^_gb_ \b^Z ������ b kihkh[ nhjfmebjh\Zlv

dZdb_�lh hkfuke_ggu_ \hijhku b bkdZlv gZ gbo hl\_lu� Ijbq_f hiylv�lZdb

g_ bkdexq_gh� qlh wlb ^\_ nmgdpbb� kh\f_szggu_ \ h^ghf gZmqghf

bkke_^h\Zgbb� fh]ml gZoh^blvky ^jm] k ^jm]hf \ hq_gv jZaguo hlghr_gbyo

² hl ]Zjfhgbb ^h dhgnebdlZ�

Keh\hf� qe_gu jZkkfZljb\Z_fhc g_fgh]hqbke_gghc ]jmiiu nbehkhnh\

�>bl_j O_gjbo >�@� IZljbpby Dblq_j >�@� >zjd I_j_[mf >�@� ijbau\Zxl rbj_

bkke_^h\Zlv ih^h[gu_ \hafh`ghklb b ^Z`_ gZf_qZxl a^_kv g_dhlhju_

dhgdj_lgu_ imlb� < qZklghklb� IZljbpby Dblq_j \ pblbjh\Zgghc \ur_

jZ[hl_ >�@ ij_^eZ]Z_l Zevl_jgZlb\gh_ d �,,,� ihgbfZgb_ b ©hiulZª� b

©mkeh\bc \hafh`ghklb hiulZª� Ij_^\Zjbl_evgh aZf_lb\� qlh ©DZgl bf_e

^_eh k dh]gblb\guf² \ ijhlb\hiheh`ghklv kihjlb\ghfm beb k_dkmZevghfm

² hiulhfª� hgZ ^Ze__ ibr_l� ©Dh]^Z DZgl kkueZ_lky gZ \hafh`ghklv hiulZ

\hh[s_� hg� y iheZ]Zx� kkueZ_lky gZ jZaebqgu_ ihagZ\Zl_evgu_ aZ^Zqb

�dmjkb\ fhc² D� K�� � dhlhju_ khklZ\eyxl \_kv gZr dh]gblb\guc j_i_jlmZj�

Qlh[u ba[_`Zlv \hafh`ghklb imkluo ^\mkfuke_gghkl_c� y [m^m hibku\Zlv

DZglZ dZd bamqZxs_]h g_h[oh^bfu_ mkeh\by ^ey lhc beb bghc dhgdj_lghc

dh]gblb\ghc aZ^Zqbª >�� k� �������@� LZdh_ bamq_gb_ b y\ey_lky� kh]eZkgh

Dblq_j� l_f� qlh gZau\Z_lky ©ljZgkp_g^_glZevguf f_lh^hfª�

Mihfygmluc ©dh]gblb\guc j_i_jlmZjª� Z ihlhfm b ©ljZgkp_g^_glZevguc

f_lh^ª Dblq_j iheZ]Z_l gm`guf hibku\Zlv \ l_jfbgZo ikboheh]bb� Hlkx^Z

ihgylgh� qlh _z ijhql_gb_ DZglZ� dZdbfb [u ^hklhbgkl\Zfb \ ^jm]bo



hlghr_gbyo hgh gb h[eZ^Zeh� h[j_q_gh \kz�lZdb gZ bajy^gmx jZafulhklv ijb

gug_rg_f mjh\g_ jZa\blby ikboheh]bb� GbdZdbo ^jm]bo [he__ lhqguo

bklhedh\Zgbc ljZgkp_g^_glZevgh]h f_lh^Z DZglZ \ wlhc ]jmii_ nbehkhnh\

ihdZ g_ ij_^eh`_gh�

F_`^m l_f� h^gh lZdh_ ijhql_gb_ fh`gh ba\e_qv� ² dZd y m`_ kdZaZe \

ij_Zf[me_� ² ba lZd gZau\Z_fh]h ©gh\h]h ih^oh^Zª d hkgh\Zgbyf

fZl_fZlbdb X�E� ?jrh\Z�

� �� ©Gh\uc ih^oh^ª ?jrh\Z

< kms_kl\mxsbo im[ebdZpbyo >�� �� �� ]eZ\Z �@ ©gh\uc ih^oh^ª baeh`_g

ijbf_gbl_evgh d ijh]jZff_ =bev[_jlZ� H^gZdh hg agZqbf b aZ ij_^_eZfb

wlhc l_fu� ihkdhevdm h^gZ ba ]eZ\guo _]h qZkl_c ² ZgZeba h[s_]h \hijhkZ�

dZd mkljh_g ijhp_kk j_r_gby fZl_fZlbq_kdbo aZ^Zq" Bf_ggh wlZ qZklv \Z`gZ

^ey ^Zevg_cr_]h� b y ihklZjZxkv baeh`blv _z \ hl\e_qzgghf \b^_ ²

[_ahlghkbl_evgh d ijh]jZff_ =bev[_jlZ�

Dh]^Z fu ]h\hjbf� qlh ©bf__f ^_eh k dhgdj_lghc aZ^Zq_cª� fu klj_fbfky d

^\mf \_sZf� KgZqZeZ fu klj_fbfky ^Zlv dhjj_dlgmx ihklZgh\dm aZ^Zq_

�lhqgh knhjfmebjh\Zlv� lhqgh ihgylv b l�^� aZ^Zqm�� aZl_f fu klj_fbfky

gZclb _c j_r_gb_� Ijb wlhf fu gbdh]^Z g_ aZ[u\Z_f� qlh hkms_kl\e_gb_

j_r_gby� _keb hgh m^Zehkv� ijbghkbl gZf agZgb_� gh qZklh g_ mqblu\Z_f� qlh

hkms_kl\e_gb_ ihklZgh\db ij_^iheZ]Z_l g_dhlhjh_ agZgb_� LZdh]h jh^Z

g_^hmqzlm ikboheh]bq_kdb kihkh[kl\m_l lh h[klhyl_evkl\h� qlh h[uqgh fu

klZ\bf aZ^Zqm �nhjfmebjm_f b ihgbfZ_f� \ jZfdZo h^ghc l_hjbb� Z j_rZ_f

_z \ jZfdZo ^jm]hc� B ihq_fm�lh lhevdh ihke_^gxx l_hjbx b ijbagZzf aZ lm�

dhlhjhc fu ihevam_fky� h[fZgu\Zy� lZdbf h[jZahf� k_[y b ijhy\eyy

g_[eZ]h^Zjghklv ih hlghr_gbx d i_j\hc l_hjbb� F_`^m l_f� _keb [ulv ^h

dhgpZ q_klgufb b ^_ckl\bl_evgh ihevah\Zlvky lhevdh h^ghc y\guf h[jZahf

nbdkbjh\Zgghc l_hjb_c� lh g_evay eb h`b^Zlv� qlh� ohly j_r_gb_

jZkkfZljb\Z_fhc aZ^Zqb \ g_c fh`_l [ulv gZc^_gh� ihklZ\blv wlm aZ^Zqm \



g_c g_\hafh`gh" G_evay eb ^mfZlv� qlh fu ihiZ^zf \ iheh`_gb_ g_dh_]h

fbkl_jZ D\bfkb� dhlhjuc ©ihke_ ^\Z^pZlb e_l mihjgh]h ljm^Z gZrze hl\_l�

gh d lhfm \j_f_gb aZ[ue� \ qzf khklhye \hijhkª >��@" GZ^h iheZ]Zlv� fu

meh\bf kms_kl\_ggmx hkh[_gghklv ijhp_kkZ j_r_gby aZ^Zq� _keb \uykgbf�

^_ckl\bl_evgh eb \hafh`_g ih^h[guc dhgnma�

< wlhc k\yab ijbh[j_lZ_l ZdlmZevghklv \hijhk� qlh lZdh_ \hh[s_

hkfuke_ggZy fZl_fZlbq_kdZy aZ^ZqZ" Kh]eZkgh >�� �� �� ]eZ\Z �@� hl\_l lZdh\�

hkfuke_ggZy fZl_fZlbq_kdZy aZ^ZqZ ² wlh lh� qlh nhjfZevgh fh`_l [ulv

ij_^klZ\e_gh \ \b^_ lZd gZau\Z_fhc ©S�aZ^Zqbª� Bf_xlky \ \b^m ke_^mxsb_

hij_^_e_gby�

Imklv ϕ = (S, ϕ � ² mihjy^hq_ggZy iZjZ� ]^_� S² ijhba\hevgZy nhjfZevgZy

i_j\hihjy^dh\Zy kbkl_fZ \ yaud_ /� h[t_fexs_f yaud Zjbnf_lbdb� g_

kh^_j`ZsZy kj_^b k\hbo l_hj_f Zjbnf_lbq_kdb eh`guo ml\_j`^_gbc� ϕ —

ijhba\hevgZy nhjfmeZ \ /� kh^_j`ZsZy lhqgh h^gm k\h[h^gmx i_j_f_ggmx�

Lh]^Z ϕ gZau\Z_lky S-aZ^Zq_c (aZ^Zq_c \gmljb S�� _keb b lhevdh _keb S b ϕ

m^h\e_l\hjyxl ki_pbZevghfm h]jZgbq_gbx ² lZd gZau\Z_fuf ©mkeh\byf

hkfuke_gghklbª �bo nhjfmebjh\db ijb\_^_gu \ >�� �� �@��

?keb ϕ = (S, ϕ ) — S�aZ^ZqZ� lh S gZau\Z_lky ϕ �ijh[e_fghc kbkl_fhc, ϕ —

nhjfmebjh\dhc ^ey ϕ � Z \kydZy fh^_ev 0 kbkl_fu S — ϕ -ijh[e_fghc

fh^_evx.

?keb ϕ = (S, ϕ ) — S�aZ^ZqZ� lh gZlmjZevgh_ qbkeh n gZau\Z_lky j_r_gb_f

�beb g_j_r_gb_f) (^ey) ϕ lh]^Z b lhevdh lh]^Z� dh]^Z ij_^eh`_gb_ ϕ (n� �beb

¬ ϕ (n�� \uihegy_lky gZ \k_o ϕ �ijh[e_fguo fh^_eyo� l�_� dh]^Z S | − ϕ (n)

�beb S | − ¬ ϕ (n)).

Fhlb\bjh\dm b jZa\_jgmlh_ kh^_j`Zl_evgh_ bklhedh\Zgb_ wlbo hij_^_e_gbc

qblZl_ev gZc^zl \ dZ`^hc ba mdZaZgguo im[ebdZpbc� Ihwlhfm a^_kv y

h]jZgbqmkv fbgbfZevguf ihykg_gb_f bo \ \b^_ ljzo hl^_evguo aZf_qZgbc�



A:F?Q:GB? �� Ij_^klZ\ey_lky jZamfguf iheZ]Zlv� qlh q_eh\_d ihgbfZ_l

[_kihdhysmx _]h fZl_fZlbq_kdmx aZ^Zqm� _keb b lhevdh _keb ex[hc l_dkl�

ij_^ty\ey_fuc _]h \gbfZgbx gZ \u[jZgghf bf yaud_� hg \ khklhygbb

jZkihagZlv dZd mlhe_gb_ beb dZd g_mlhe_gb_ mihfygmlh]h [_kihdhckl\Z�

G_e_ih� gZijbf_j� ]h\hjblv� qlh g_dlh ihgye aZ^Zqm� j_rbe _z� gh g_ agZ_l

�ijh^he`Z_l [_kihdhblvky�� j_rbe eb hg _z� Eb[h hg j_rbe qm`mx

�ihgylgmx gZf� gh g_ _fm� aZ^Zqm� eb[h hg g_ ^hj_rZe k\hx ² _fm hklZehkv

_sz m[_^blvky \ lhf� qlh gZc^_ggh_ j_r_gb_ ^_ckl\bl_evgh _klv lhl l_dkl�

dhlhjuc _]h m^h\e_l\hjy_l� Keh\hf� ihgylgZy q_eh\_dm aZ^ZqZ g_ fh`_l

bf_lv g_m[_^bl_evguo ^ey g_]h j_r_gbc� G_m[_^bl_evgh_ j_r_gb_

ihgylghc aZ^Zqb ² \hh[s_ g_ j_r_gb_� [he__ lh]h� hgh ² m[_^bl_evgh_

g_j_r_gb_� Ihwlhfm� _keb qblZl_ev g_ \ khklhygbb (g_ h[eZ^Z_l lZdbf

aZiZkhf agZgbc� qlh[u) ijbagZlv j_r_gb_f beb g_j_r_gb_f ^Zgghc aZ^Zqb

ex[hc ijhba\hevgh \ayluc l_dkl gZ \u[jZgghf bf yaud_� lh wlh ]ZjZglby�

qlh jZkkfZljb\Z_fZy aZ^ZqZ _fm g_ \iheg_ ihgylgZ� qlh hgZ ^ey g_]h

g_^hhkfuke_ggZ� K ^jm]hc klhjhgu� _keb qblZl_ev h[eZ^Z_l mdZaZgguf

aZiZkhf agZgbc� gh g_ agZ_l� qlh hg bf h[eZ^Z_l� lh b \ wlhf kemqZ_ g_e_ih

]h\hjblv� qlh hg ihgbfZ_l aZ^Zqm� b[h ijbrehkv [u ^h[Z\eylv� gh g_

ihgbfZ_l� qlh hg _z ihgbfZ_l�

LZd \hl� wlb khh[jZ`_gby mql_gu nhjfmebjh\dhc mihfygmluo mkeh\bc

hkfuke_gghklb b ij_^eZ]Z_fuf \ ©gh\hf ih^oh^_ª kh^_j`Zl_evguf

bklhedh\Zgb_f hij_^_e_gbc� �< wlhf bklhedh\Zgbb S bklhedh\u\Z_lky dZd

kbkl_fZ jZkkm`^_gbc� bkihevam_fuo q_eh\_dhf ijb hkfuke_gbb aZ^Zqb� Z

gZlmjZevgh_ qbkeh n ² dZd l_dkl� ij_l_g^mxsbc gZ lh� qlh[u [ulv

j_r_gb_f beb g_j_r_gb_f hkfukeb\Z_fhc aZ^Zqb �ij_^iheZ]Z_lky� qlh

aZ^ZgZ gmf_jZpby \k_o l_dklh\ \u[jZggh]h yaudZ���

A:F?Q:GB? �� ?keb ϕ = (S, ϕ ) — S�aZ^ZqZ� lh ^ey ex[h]h gZlmjZevgh]h

qbkeZ n eb[h S | − ϕ (n�� eb[h S | − ¬ ϕ (n�� �H^gZdh ml\_j`^_gb_� ©>ey



ex[h]h qbkeZ n eb[h S | − ϕ (n�� eb[h S | − ¬ ϕ (n�� ² g_ hagZqZ_l aZ\_^hfhc

jZaj_rbfhklb S�aZ^Zqb ϕ \ S� QblZl_ex ke_^m_l ihfgblv� qlh n dh^bjm_l g_

©hl\_lª� Z ©h[hkgh\Zgb_ hl\_lZª �©j_r_gb_ª� aZ^Zqb ϕ � Ihwlhfm S�aZ^ZqZ ϕ

jZaj_rbfZ \ 6 lh]^Z b lhevdh lh]^Z� dh]^Z eb[h S | − ϕ (n� ^ey g_dhlhjh]h n,

eb[h S | − ∀ x ¬ ϕ (x).)

A:F?Q:GB? �� Hlgx^v g_ \kydZy i_j\hihjy^dh\Zy kbkl_fZ S �\ yaud_�

h[t_fexs_f yaud Zjbnf_lbdb�� g_ kh^_j`ZsZy kj_^b k\hbo l_hj_f

Zjbnf_lbq_kdb eh`guo ml\_j`^_gbc� ]h^blky gZ jhev ϕ -ijh[e_fghc

kbkl_fu ^ey dZdhc�gb[m^v S�aZ^Zqb ϕ � GZijhlb\� e_]dh mdZaZlv lZdmx

kbkl_fm S� qlh gbdZdZy iZjZ \b^Z �S, ϕ � g_ y\ey_lky S�aZ^Zq_c� ;he__ lh]h�

lZdh\u dZd jZa h[uqgu_ \ gZmqghc ijZdlbd_ kbkl_fu �kf�� gZijbf_j�

l_hj_fu ����� b ����� \ >�@��

< khhl\_lkl\bb k ijb\_^zggufb hij_^_e_gbyfb� keh\Z ©j_rblv ^Zggmx S-

aZ^Zqm ϕ ª hagZqZxl� mdZaZlv lZdh_ gZlmjZevgh_ qbkeh n� qlh[u n hdZaZehkv

j_r_gb_f ^ey ϕ � M^h[gh \\_klb _sz h^gh hij_^_e_gb_�

>ey ijhba\hevguo S, ϕ , T b n� _keb iZjZ ϕ = (S, ϕ ) — S�aZ^ZqZ� n —

gZlmjZevgh_ qbkeh� T ² kbkl_fZ �\ lhf `_ yaud_� qlh b kbkl_fZ S� lZdZy� qlh

T | − ϕ (n�� lh n gZau\Z_lky j_r_gb_f (^ey) S-aZ^Zqb ϕ \ (kbkl_f_) T lh]^Z b

lhevdh lh]^Z� dh]^Z T ² g_ijhlb\hj_qb\Zy gZ^kbkl_fZ �kbkl_fu� S.

< kbem aZf_qZgby � hq_\b^gh� qlh ^ey ijhba\hevguo S, ϕ , T b n� _keb ϕ = (S,

ϕ ) — S�aZ^ZqZ� n ² j_r_gb_ S�aZ^Zqb ϕ \ T� lh n ² j_r_gb_ S�aZ^Zqb ϕ � B�

gZh[hjhl� _keb n ² j_r_gb_ S�aZ^Zqb ϕ , T ² g_ijhlb\hj_qb\Zy gZ^kbkl_fZ

kbkl_fu S� lh n _klv lZd`_ j_r_gb_ S�aZ^Zqb ϕ \ T.

L_i_jv fZl_fZlbq_kdmx ^_yl_evghklv� gZijZ\e_ggmx gZ j_r_gb_ dZdhc�lh

aZ^Zqb� fh`gh fukeblv khklhys_c ba ke_^mxsbo ljzo klZ^bc� GZ i_j\hc

klZ^bb fu nbdkbjm_f g_dhlhjmx lZdmx ljhcdm �/� S, ϕ �� qlh S —



ZdkbhfZlbq_kdZy kbkl_fZ \ yaud_ /� ϕ = (S, ϕ ) — S�aZ^ZqZ� b aZy\ey_f

�^jm]bf beb k_[_�� qlh kh[bjZ_fky j_rZlv bf_ggh wlm aZ^Zqm� Ihke_ b lhevdh

ihke_ \uiheg_gby wlhc klZ^bb fu agZ_f� dZdb_ fh^_eb yaudZ / \hh[s_

bgl_j_kgu \ k\yab k ^Zgghc aZ^Zq_c� ² bf_ggh l_� dhlhju_ y\eyxlky ϕ -

ijh[e_fgufb� <hl wlh agZgb_ b y\ey_lky dZd jZa l_f� dhlhjh_ \ur_ y gZa\Ze

agZgb_f� ij_^iheZ]Z_fuf ihklZgh\dhc aZ^Zqb�

Ijb wlhf ih^jZamf_\Z_lky� qlh kZfZ mdZaZggZy klZ^by gZau\Z_lky

ihklZgh\dhc aZ^Zqb�

GZ \lhjhc klZ^bb fu ^hihegbl_evgh nbdkbjm_f g_dhlhjmx

g_ijhlb\hj_qb\mx gZ^kbkl_fm T kbkl_fu S b ijbgbfZ_f ieZg� bkdZlv

j_r_gb_ gZr_c S�aZ^Zqb ϕ \ T� >_eh \ lhf� qlh ihkdhevdm T — gZ^kbkl_fZ

kbkl_fu S� lh gZclb j_r_gb_ S�aZ^Zqb ϕ \ T �mklZgh\blv nZdl T | − ϕ (n))

fh`_l hdZaZlvky ijZdlbq_kdb [he__ ez]dbf ^_ehf� q_f gZclb wlh `_ kZfh_

j_r_gb_ \ bkoh^ghc kbkl_f_ S�mklZgh\blv nZdl S | − ϕ (n)).

Fu ]h\hjbf� qlh hkms_kl\beb ih^]hlh\dm d j_r_gbx aZ^Zqb� _keb b lhevdh

_keb \uihegbeb h[_ gZa\Zggu_ klZ^bb�

GZ lj_lv_c klZ^bb fu iulZ_fky gZclb ohly [u h^gh j_r_gb_ gZr_c S�aZ^Zqb

ϕ \ kbkl_f_ T� l�_� ^hdZaZlv \ T ij_^eh`_gb_ \b^Z ϕ (n� ohly [u ^ey h^gh]h

qbkeZ n� ?keb wlh gZf g_ m^Zehkv� lh eb[h gZrZ S�aZ^ZqZ \hh[s_ g_ bf__l

j_r_gbc� eb[h gZr ieZg gZkqzl T hdZaZeky g_ kh\k_f m^h[guf ^ey

ijZdlbq_kdh]h bkiheg_gby b ^he`_g [ulv bkijZ\e_g aZf_ghc T gZ dZdmx�lh

^jm]mx gZ^kbkl_fm T′ kbkl_fu S� ?keb `_ gZf m^Zehkv ^hdZaZlv \ T

ij_^eh`_gb_ \b^Z ϕ (n�� lh� \ j_amevlZl_� fu jZkiheZ]Z_f agZgb_f� dhlhjh_

\ujZ`Z_lky ke_^mxsbfb lj_fy ml\_j`^_gbyfb� �α )T | − ϕ (n); (β ) S ⊆ T; (χ )

S — ϕ �ijh[e_fgZy kbkl_fZ ^ey ϕ = (S, ϕ �� Fh`gh wlh agZgb_ \ujZablv lZd`_

keh\Zfb� n _klv j_r_gb_ S-aZ^Zqb ϕ .

Ke_^m_l ih^q_jdgmlv� qlh a^_kv kms_kl\_ggu \k_ ljb ml\_j`^_gby �α ), (β ),



(χ �� ?keb fu jZkiheZ]Z_f lhevdh ml\_j`^_gb_f �α �� fu agZ_f \k_]h ebrv

lhl nZdl� qlh \ kbkl_f_ T \u\h^bfh ij_^eh`_gb_ ϕ (n�� b g_ agZ_f gbq_]h

[he__ bgl_j_kgh]h� ?keb fu jZkiheZ]Z_f lhevdh ml\_j`^_gbyfb �α � b �χ ),

fu agZ_f ^\Z g_ k\yaZgguo h[sbf bgl_j_khf nZdlZ� nZdl� qlh \ kbkl_f_ T

\u\h^bfh ij_^eh`_gb_ ϕ (n�� b nZdl� qlh S — ϕ �ijh[e_fgZy kbkl_fZ� B

ebrv ^h[Z\b\ d �α � b �χ � ml\_j`^_gb_ �β �� fu k\y`_f bgl_j_kmxsbf gZk

h[jZahf ij_^u^msb_ ^\Z nZdlZ� ihemqb\ ijZ\h ml\_j`^Zlv� qlh� ^hdZaZ\ \ T

ij_^eh`_gb_ ϕ (n�� fu ^hdZaZeb� qlh n _klv j_r_gb_ bf_ggh S-aZ^Zqb ϕ .

Ke_^m_l lZd`_ ih^q_jdgmlv� qlh dZ`^Zy ba ^\mo kbkl_f Sb T� k dhlhjufb fu

bf__f ^_eh� \ghkbl k\hc ki_pbnbq_kdbc \deZ^ \ hdhgqZl_evguc j_amevlZl�

Ki_pbnbdZ wlbo \deZ^h\ e_]dh mkfZljb\Z_lky� ?keb [u \ �α � b �β � \f_klh

kbkl_fu T nb]mjbjh\ZeZ� g_ gZjmrZy ijb wlhf bklbgghklb �α � b �β �� dZdZy�

lh hlebqgZy hl T kbkl_fZ T′ � lh fu \kz jZ\gh bf_eb [u ij_`gbc j_amevlZl�

L�_� bf_eb [u ijZ\h kdZaZlv� n _klv j_r_gb_ S�aZ^Zqb ϕ �ohly l_i_jv n _klv

m`_ j_r_gb_ S�aZ^Zqb ϕ \ T′ � Z g_ \ T�� Gh _keb fu� hklZ\b\ [_a baf_g_gby

\kz hklZevgh_� aZf_gbf \ �β � b �χ � kbkl_fm S gZ dZdmx�gb[m^v hlebqgmx hl

g_z kbkl_fm S′ b ijb wlhf g_ gZjmrbf bklbgghklb �β � b �χ �� lh fu ihemqbf

kh\_jr_ggh ^jm]hc j_amevlZl� n _klv j_r_gb_ S′ �aZ^Zqb ϕ ′ = (S′ , ϕ � �Z g_ S-

aZ^Zqb ϕ = (S, ϕ )).

LZdbf h[jZahf� _^bgkl\_gguc kemqZc� ijb dhlhjhf fu fh`_f ba[_`Zlv� ²

ihevamykv ^ey j_r_gby b ihklZgh\db aZ^Zqb h^ghc b lhc `_ l_hjb_c� ²

dhgnmaZ fbkl_jZ D\bfkb� _klv lhl� dh]^Z fu \ dZq_kl\_ kbkl_fu T \u[bjZ_f

nbdkbjh\Zggmx gZ ij_^u^ms_c klZ^bb kbkl_fm S� < kbem aZf_qZgby �� wlhl

kemqZc ijZdlbq_kdb g_ \klj_qZ_lky �ohly \ ijbgpbi_ g_ bkdexqzg�� Ihwlhfm

\Z`gh ih^q_jdgmlv� qlh \ h[s_f kemqZ_� dh]^Z fu ]h\hjbf� qlh ©bf__f ^_eh

k dhgdj_lghc fZl_fZlbq_kdhc aZ^Zq_cª� fu bf__f \ \b^m ih^oh^ysmx

q_l\zjdm G  �/� S, ϕ , T� lZdmx� qlh �S, ϕ ) — S�aZ^ZqZ� T ² gZ^kbkl_fZ

kbkl_fu S� Hlf_q_gguc bkdexqbl_evguc kemqZc oZjZdl_jbam_lky l_f� qlh



^ey g_]h G  �/� S, ϕ , S).

<Z`guc ^ey nbehkhnbb fZl_fZlbdb Zki_dl ©gh\h]h ih^oh^Zª khklhbl ba

mqzlZ lh]h� dZdh_ agZq_gb_ fh`_l bf_lv hibkZgguc ZgZeba fZl_fZlbq_kdhc

^_yl_evghklb ^ey i_j_hkfuke_gby ©ijh]jZffu =bev[_jlZª� H^gZdh� dZd y

ij_^mij_^be \ur_� wlhl Zki_dl� ih^jh[gh jZkkfhlj_gguc \ >�� �� ]eZ\Z ��@� ²

g_ lZ bklhjby� dhlhjZy bgl_j_kgZ k_cqZk� K_cqZk ^hklZlhqgh hkhagZlv ebrv

kZf wlhl ZgZeba�

��� Gh\h_ ijhql_gb_ ©ljZgkp_g^_glZevgh]h f_lh^Zª�

<ha\jZsZykv d \hafh`guf ijhql_gbyf DZglZ� ohqm ki_pbZevgh ih^q_jdgmlv�

qlh gZmdZ hlebqZ_lky hl ijhqbo \b^h\ agZgby k\h_c hl\_lkl\_gghklvx.

Bf_ggh ijbagZd hl\_lkl\_gghklb ijhlb\hihklZ\ey_l gZmqgu_ jZa]h\hju

jZa]h\hjZf� lZd kdZaZlv� ik_\^hgZmqguf� H^gZdh \ kZfhc wlhc

hl\_lkl\_gghklb e_]dh jZaebqblv ^\Z Zki_dlZ� K h^ghc klhjhgu�

hl\_lkl\_gghklv ij_^iheZ]Z_l qzldb_ djbl_jbb hkfuke_gghklb

\ukdZau\Zgbc� Z hgb �wlb djbl_jbb� \ k\hx hq_j_^v k\h^ylky d qzldbf

lj_[h\Zgbyf gZ kihkh[u ij_^klZ\e_gby gZmqguo l_hjbc� OZjZdl_j

ih^h[guo lj_[h\Zgbc ² kh^_j`Zgb_ ��� K ^jm]hc klhjhgu� hl\_lkl\_gghklv

gZmqgh]h agZgby k\yaZgZ� qlh� f_`^m ijhqbf� hlf_qZ_lky \ ebl_jZlmj_

]hjZa^h j_`_ b f_j__ gZklhcqb\h� k _sz h^ghc q_jlhc ²

p_e_gZijZ\e_gghklvx� L�_� k lZdbf oZjZdl_jhf agZgby� dhlhjuc iha\hey_l

jZkkfZljb\Zlv ijhp_kk _]h �agZgby� ihemq_gby \ l_jfbgZo ©ijh[e_fZ ²

j_r_gb_ ijh[e_fuª� J_qv b^zl h lhf� qlh _keb \ ijhp_kk_ ihagZ\Zl_evghc

^_yl_evghklb fu g_ ijb[eb`Z_fky d j_r_gbx gbdZdhc ijh[e_fu� lh wlZ

ihagZ\Zl_evgZy ^_yl_evghklv g_ khklhyl_evgZ \ dZq_kl\_ bf_ggh gZmqghc.

?keb \f_kl_ k ihwlhf fu \hkdebpZ_f� ©MgueZy ihjZ� Hq_c hqZjh\Zgv_�ª� ²

lh wlbf kZfuf fu ih^\h^bf� jZamf__lky� blh] dZdh]h�lh ihagZ\Zl_evgh]h

ijhp_kkZ� gh dhgklZlZpby i_qZevghc ij_e_klb hk_gb g_ _klv hl\_l gZ dZdhc�

eb[h ij_`^_ ihklZ\e_gguc \hijhk� b� klZeh [ulv� g_ _klv gZmqguc j_amevlZl�



A^_kv e_]dh mkfZljb\Z_lky gZfzd gZ lh� qlh g_ \kydbc hiul \ h[uqghf

ihgbfZgbb ² wlh h[yaZl_evgh gZmqguc hiul� b qlh \hafh`ghklv hiulZ

[ulv gZmqguf dZd�lh ^he`gZ [ulv k\yaZgZ k p_e_gZijZ\e_gghklvx gZmqgh]h

agZgby� Kh[kl\_ggh ]h\hjy� jZa\blv bf_ggh wlhl gZfzd ² aZfuk_e

pblbjh\Zgghc \ur_ jZ[hlu IZljbpbb Dblq_j� < wlhf `_ khklhbl b aZfuk_e

ihemqblv gh\h_ ijhql_gb_ dZglh\kdh]h ©ljZgkp_g^_glZevgh]h f_lh^Zª ba

©gh\h]h ih^oh^Zª ?jrh\Z�

DZd e_]dh ihgylv ba hij_^_e_gbc ij_^u^ms_]h iZjZ]jZnZ� gZclb dhgdj_lgh_

j_r_gb_ n dhgdj_lghc S�aZ^Zqb ϕ = (S, ϕ ) ² wlh lh `_ kZfh_� qlh gZclb

ex[mx lZdmx fh^_ev 0 yaudZ /� dhlhjZy [m^_l m^h\e_l\hjylv ke_^mxsbf

^\mf mkeh\byf� �� 0 ² ϕ �ijh[e_fgZy fh^_ev� �� ^_ghlZl n[[ M] pbnju n

(^ey qbkeZ n� \ 0 ijbgZ^e_`bl ^_ghlZlm ϕ [ M] nhjfmeu ϕ \ wlhc fh^_eb�

Wlh agZqbl� dhg_qgh� qlh� kh[bjZykv j_rZlv dZdmx�eb[h fZl_fZlbq_kdmx

aZ^Zqm� l�_� dZdmx�eb[h S�aZ^Zqm ϕ = (S, ϕ ) \ yaud_ /� fu [u\Z_f

aZbgl_j_kh\Zgu \ ihbkd_ ex[hc lZdhc ki_pbZevghc fh^_eb yaudZ /�

ki_pbnbdZ dhlhjhc hij_^_ey_lky lhevdh qlh hlf_q_ggufb mkeh\byfb �� b ���

Ijb wlhf aZ\_^hfh [_a ms_j[Z ^ey ^_eZ fu fh`_f h]jZgbqblv ihe_ ihbkdZ

lhevdh fh^_eyfb kbkl_fu T� _keb fu aZjZg__ agZ_f� qlh T —

g_ijhlb\hj_qb\h_ jZkrbj_gb_ ϕ �ijh[e_fghc kbkl_fu S� < khhl\_lkl\bb k

hij_^_e_gb_f� ijb\_^zgguf \ ��� fu ]h\hjbf \ wlhf kemqZ_� qlh bs_f

j_r_gb_ gZr_c aZ^Zqb g_ ]^_ m]h^gh� Z dZd jZa \ T.

Gm`gh aZf_lblv� qlh fhlb\u ^ey \u[hjZ lhc beb bghc S�aZ^Zqb ϕ fh]ml [ulv

�dZd ijZ\beh� y\eyxlky� kh^_j`Zl_evgufb� Z g_ qbklh nhjfZevgufb� Hgb�

ke_^h\Zl_evgh� fh]ml aZ\bk_lv hl lh]h beb bgh]h bklhedh\Zgby , yaudZ / b hl

l_o beb bguo wfibjbq_kdbo h[klhyl_evkl\� L_f g_ f_g__� ki_pbnbdZ fh^_eb�

bkdhfhc ijb j_r_gbb wlhc m`_ \u[jZgghc S�aZ^Zqb ϕ , \ujZ`Z_lky qbklh

nhjfZevgh� ² g_ aZ\bkbl hl \u[hjZ bklhedh\Zgby , yaudZ b g_ Zi_eebjm_l d

wfibjbq_kdbf nZdlZf�



G_ lZd h[klhbl ^_eh k aZ^ZqZfb aZ ij_^_eZfb fZl_fZlbdb� AZ ij_^_eZfb

fZl_fZlbdb gZmqgu_ aZ^Zqb ihgbfZxlky lZdbf h[jZahf� qlh g_ lhevdh

fhlb\u ^ey \u[hjZ lhc beb bghc ba gbo y\eyxlky kh^_j`Zl_evgufb� gh

kh^_j`Zl_evghc y\ey_lky lZd`_ b ki_pbnbdZ l_o fh^_e_c� qlh bsmlky \

dZq_kl\_ j_r_gby \u[jZgghc aZ^Zqb� DZd jZa a^_kv e_`bl \h^hjZa^_e f_`^m

qbklh fZl_fZlbq_kdbf b� lZd kdZaZlv� h[s_gZmqguf ihgbfZgb_f l_jfbgZ

©aZ^ZqZª� ?keb ]h\hjblv lhqgh� lh j_qv b^zl h ke_^mxsbo ljzo hij_^_e_gbyo�

Imklv� dZd b ij_`^_� S ² ijhba\hevgZy nhjfZevgZy i_j\hihjy^dh\Zy

kbkl_fZ \ yaud_ /� h[t_fexs_f yaud Zjbnf_lbdb� ϕ ² nhjfmeZ \ /�

kh^_j`ZsZy lhqgh h^gm k\h[h^gmx i_j_f_ggmx� ϕ ² iZjZ �S, ϕ �� B imklv�

djhf_ lh]h� , ² dZdh_�lh nbdkbjh\Zggh_ bklhedh\Zgb_ yaudZ /� Lh]^Z iZjZ ϕ

° = (I, ϕ ) gZau\Z_lky �,� S)-aZ^Zq_c� _keb b lhevdh _keb ϕ — S�aZ^ZqZ�

?keb iZjZ ϕ ° = (I, ϕ ) y\ey_lky �,� S��aZ^Zq_c� lh iZjZ �,� S� gZau\Z_lky ϕ ° -

ijh[e_fghc kbkl_fhc� Z \kydZy iZjZ a  �,� 0�� ]^_ 0 ² ϕ �ijh[e_fgZy

fh^_ev �fh^_ev kbkl_fu S�� gZau\Z_lky ϕ ° -ijh[e_fghc kblmZpb_c.

Imklv iZjZ ϕ ° = (I, ϕ ) — (I, S��aZ^ZqZ� Lh]^Z iZjZ �n, a� gZau\Z_lky j_r_gb_f

(^ey) ϕ ° � _keb b lhevdh _keb� �L� n ² gZlmjZevgh_ qbkeh� �LL� a — ϕ ° -

ijh[e_fgZy kblmZpby �,� 0�� �LLL� ^_ghlZl n[[ M] pbnju n (^ey qbkeZ n� \

fh^_eb 0 ijbgZ^e_`bl ^_ghlZlm ϕ [ M] nhjfmeu ϕ \ wlhc fh^_eb� �LY� a —

j_Zevguc njZ]f_gl ^_ckl\bl_evghklb� l�_� 5)�a).

Kh]eZkgh wlbf hij_^_e_gbyf� ^ey ^Zggh]h qbkeZ n gZclb dhgdj_lgh_ j_r_gb_

\b^Z �n, a� dhgdj_lghc �,� S��aZ^Zqb ϕ ° ² wlh lh `_ kZfh_� qlh gZclb ex[mx

lZdmx fh^_ev 0 yaudZ /� dhlhjZy ^he`gZ m^h\e_l\hjylv ke_^mxsbf ljzf

mkeh\byf� �� 0 ² ϕ �ijh[e_fgZy fh^_ev �fh^_ev kbkl_fu S�� �� ^_ghlZl n[[

M] pbnju n (^ey qbkeZ n� \ fh^_eb0 ijbgZ^e_`bl ^_ghlZlm ϕ [ M] nhjfmeu

ϕ \ wlhc fh^_eb� �� 5)��,� 0��� : wlh agZqbl� qlh� kh[bjZykv j_rZlv dZdmx�

eb[h h[s_gZmqgmx aZ^Zqm� l�_� dZdmx�eb[h �,� S��aZ^Zqm ϕ ° \ yaud_ /� fu



[u\Z_f aZbgl_j_kh\Zgu \ ihbkd_ ex[hc lZdhc ki_pbZevghc fh^_eb yaudZ /�

ki_pbnbdZ dhlhjhc \ujZ`Z_lky g_ lhevdh nhjfZevgufb lj_[h\Zgbyfb �� b

��� gh ² \ hlebqb_ hl qbklh fZl_fZlbq_kdh]h kemqZy ² aZ\bkbl lZd`_ hl

bklhedh\Zgby , b ij_^bdZlZ 5) �lj_[h\Zgb_ ���� Ijb wlhf gm`gh aZf_lblv�

qlh lj_[h\Zgby �� b �� y\eyxlky h[sbfb kjZam ^ey \k_o \hafh`guo� ² dhev

kdhjh nbdkbjh\Zgu , b S, — (I, S��aZ^Zq�

LZdbf h[jZahf� _kl_kl\_ggh \hagbdZ_l \hijhk� g_evay eb hibkZlv deZkk \k_o

fh^_e_c yaudZ /� m^h\e_l\hjyxsbo mkeh\byf �� b ��� [he__ hij_^_ezggh� q_f

ijhklh aZy\b\� ² ijb ihklZgh\d_ �,� S��aZ^Zqb ϕ ° � ² qlh wlhl deZkk

kh^_j`blky \ deZkk_ \k_o fh^_e_c kbkl_fu S" GZijbf_j� g_evay eb

ij_^iheh`blv� qlh deZkk \k_o fh^_e_c yaudZ /� m^h\e_l\hjyxsbo mkeh\byf

�� b ��� kh^_j`blky \ deZkk_ 0RG�W� \k_o fh^_e_c g_dhlhjhc gZ^kbkl_fu W

kbkl_fu S" <_^v lZdh_ [he__ hij_^_ezggh_ hibkZgb_ iha\hebeh [u h[e_]qblv

ihbkd j_r_gbc ex[uo �,� S��aZ^Zq l_f� qlh hgh kmabeh [u bkoh^gh_ ihe_

ihbkdZ� D kh`Ze_gbx� ba�aZ mkeh\by �� ml\_j^bl_evguc hl\_l gZ wlhl \hijhk

g_ba[_`gh jbkdh\Zg \kydbc jZa� dh]^Z hg g_ ljb\bZe_g� l�_� dh]^Z \ gzf

ij_^iheZ]Z_lky� qlh W — kh[kl\_ggZy gZ^kbkl_fZ kbkl_fu S� Bgufb

keh\Zfb� klZlmk lZdh]h hl\_lZ ² g_dhlhjZy ki_pbZevgZy �©�,� S)-

ijh[e_fgZyª� gZmqgZy l_hjby� hij_^_ey_fZy ke_^mxsbf h[jZahf�

Imklv J ² l_hjby� bf_xsZy \ yaud_ / klZg^Zjlgh_ ij_^klZ\e_gb_ �Ω , I, S,

W�� L_hjby J gZau\Z_lky �,� S)-ijh[e_fghc lh]^Z b lhevdh lh]^Z� dh]^Z iZjZ �,�

S) — ϕ ° �ijh[e_fgZy kbkl_fZ ohly [u ^ey h^ghc �,� S��aZ^Zqb ϕ ° .

Ih wlhfm hij_^_e_gbx� _keb J  �Ω , I, S, W) — (I, S��ijh[e_fgZy l_hjby� lh�

ijbgbfZy _z� fu ^ey ex[hc �,� S��aZ^Zqb ϕ ° kh]eZrZ_fky k jbkdh\Zgguf

ij_^iheh`_gb_f� qlh \k_ j_r_gby wlhc aZ^Zqb� _keb hgb \hh[s_ _klv�

gZoh^ylky \ deZkk_

| W| = { (I, M)| M ∈ Mod(W)}.



LZd dZd deZkk | W| aZ\_^hfh g_ rbj_ deZkkZ

| S| = { (I, M)| M ∈ Mod(S)}

\k_o ϕ ° �ijh[e_fguo kblmZpbc� lh gZ]jZ^Z aZ mdZaZgguc jbkd² mf_gvr_gb_

jZa[jhkZgghklb ihbkdZ j_r_gbc aZ^Zqb ϕ ° � < wlhf kfuke_� \kydZy �,� S)-

ijh[e_fgZy l_hjby y\ey_lky p_e_gZijZ\e_gghc �gZ j_r_gb_ ex[hc ba

\hafh`guo �,� S��aZ^Zq�� <ijhq_f� _keb \ dZdhf�eb[h dhgdj_lghf kemqZ_ fu

kqblZ_f jbkd� h dhlhjhf b^zl a^_kv j_qv� \hh[s_ g_^himklbfuf� fu \ijZ\_

[m^_f \ wlhf kemqZ_ kqblZlv p_e_gZijZ\e_gghc fbgbfZevgmx �,� S)-

ijh[e_fgmx l_hjbx J� l�_� l_hjbx J ke_^mxs_]h qZklgh]h \b^Z� J  �Ω , I, S,

S).

Ex[Zy �,� S��ijh[e_fgZy l_hjby ² wlh b kihkh[ \ukdZaZlv ]bihl_lbq_kdh_

ml\_j`^_gb_ \b^Z ������ b kihkh[ nhjfmebjh\Zlv dZdb_�lh hkfuke_ggu_

\hijhku b bkdZlv gZ gbo hl\_lu� <kydZy gZmqgZy l_hjby kh klZg^Zjlguf

ij_^klZ\e_gb_f ������ g_ y\eyxsZyky �,� S��ijh[e_fghc � g_ fh`_l kh\f_sZlv

wlb ^\_ nmgdpbb�

KlZeh [ulv� oZjZdl_jbah\Zlv gZmqgmx ^_yl_evghklv kh klhjhgu _z

p_e_gZijZ\e_gghklb fh`gh ke_^mxsbf h[jZahf� <kydZy lZdZy ^_yl_evghklv

' gZqbgZ_lky k ihklZgh\db dZdhc�lh dhgdj_lghc �,� S��aZ^Zqb ϕ ° b aZl_f

ijh^he`Z_lky ihbkdZfb h^gh]h �beb g_kdhevdbo� ba _z j_r_gbc� Ijb wlhf

ijhp_kk ihbkdZ ij_^\Zjy_lky ijbgylb_f g_dhlhjhc �,� S��ijh[e_fghc l_hjbb

J b \_^zlky ©\ jZfdZoª wlhc l_hjbb� < lhc f_j_� \ dZdhc ijbgylb_ l_hjbb J

[ueh g_ hijhf_lqb\uf �dZd�lh h[hkgh\Zgguf beb ijhklh m^Zqguf� rZ]hf�

mihfygmlu_ ©jZfdbª� aZjZg__ h]jZgbqb\Zxsb_ ihe_ ihbkdZ� kh^_ckl\mxl

mki_om� _keb hg \hh[s_ \hafh`_g� ihbkdZ�

Ke_^m_l ih^q_jdgmlv� h^gZdh� qlh ijb\_^zggh_ hibkZgb_ g_kdhevdh

ko_fZlbabjm_l �b l_f kZfuf mijhsZ_l� j_Zevgmx dZjlbgm gZmqghc

^_yl_evghklb� Mijhs_gb_ aZdexqZ_lky \ ml\_j`^_gbb� qlh \kydZy gZmqgZy



^_yl_evghklv gZqbgZ_lky k ihklZgh\db dhgdj_lghc aZ^Zqb� ?keb [u ^_eh

^_ckl\bl_evgh h[klhyeh bf_ggh lZd� lh \ gZmqghf h[boh^_ \klj_qZebkv [u

l_hjbb K lhevdh ebrv qZklgh]h \b^Z ² �,� S)-ijh[e_fgu_ l_hjbb J�

NZdlbq_kdb `_� gZmdm gZk_eyxl l_hjbb� hlgx^v g_ \k_]^Z ih^iZ^Zxsb_ ih^

hij_^_e_gb_ �,� S��ijh[e_fguo l_hjbc �kgh\Z kf� aZf_qZgb_ �� ���� Wlh

]h\hjbl h lhf� qlh gZmqgZy ijZdlbdZ g_ lZd ijyfh h[gZjm`b\Z_l k_[y \

dZq_kl\_ p_e_gZijZ\e_gghc ihagZ\Zl_evghc ^_yl_evghklb� dZd wlh [ueh [u \

b^_Zevghf kemqZ_� GZ ijZdlbd_ aZqZklmx [u\Z_l lZd� qlh \gZqZe_ kh\k_f g_

p_e_gZijZ\e_ggh �beb p_e_gZijZ\e_ggh� gh g_ \ gZr_f kfuke_� \u^\b]Z_lky

g_dhlhjZy l_hjby h[s_]h \b^Z ������ b lhevdh ihlhf� _keb _klv d lhfm

ki_pbZevgu_ fhlb\u� hgZ jZkkfZljb\Z_lky \ k\yab k lhc beb bghc

dhgdj_lghc aZ^Zq_c� Bgufb keh\Zfb� gZmqghc ^_yl_evghklb� dZd hgZ hibkZgZ

\ ij_^u^ms_f Z[aZp_� gZ ijZdlbd_ aZqZklmx ij_^r_kl\m_l g_dbc

ih^]hlh\bl_evguc wlZi� dhlhjuc dZd�lh aZ\bkbl hl l_hjbb K� g_

kh\iZ^Zxs_c� \hh[s_ ]h\hjy� k l_hjb_c J� A^_kv gm`gh \ukdZaZlvky [he__

hij_^_ezggh�

Imklv + ² deZkk \k_o fukebfuo l_hjbc K \b^Z ������ * ² ih^deZkk deZkkZ

+� khklhysbc ba \k_o fukebfuo �,� S��ijh[e_fguo l_hjbc J� Φ ² deZkk \k_o

fukebfuo �,� S��aZ^Zq ϕ ° .

IZjZ �K� ϕ ° � ba + × Φ gZau\Z_lky j_e_\Zglghc� _keb b lhevdh _keb� K  �Ω , I,

Sh, Wh); ϕ ° — (I, S��aZ^ZqZ \ yaud_ / kb]gZlmju Ω ; Sh ⊆ S, S ⊆ Wh� ?keb iZjZ

(h, ϕ ° � g_ y\ey_lky j_e_\Zglghc� hgZ gZau\Z_lky g_j_e_\Zglghc iZjhc�

Ihgylgh� qlh iZjZ �K� ϕ ° � j_e_\ZglgZ lh]^Z b lhevdh lh]^Z� dh]^Z ϕ ° — (I, S)-

aZ^ZqZ \ yaud_ / kb]gZlmju Ω � b l_hjby K kbevg__� q_f fbgbfZevgZy �,� S)-

ijh[e_fgZy l_hjby �Ω , I, S, S�� Hlkx^Z ke_^m_l� qlh� _keb iZjZ �K� ϕ ° � g_

j_e_\ZglgZ b ϕ ° — (I, S��aZ^ZqZ \ yaud_ / kb]gZlmju Ω � lh l_hjby K g_

kjZ\gbfZ k fbgbfZevghc l_hjb_c �Ω , I, S, S�� [m^v hgZ kjZ\gbfhc k �Ω , I, S,



S�� hgZ [ueZ [u _c jZ\gZ� b� ke_^h\Zl_evgh� iZjZ �K� ϕ ° � [ueZ [u

j_e_\Zglghc�

Hlh[jZ`_gb_ f: H × Φ → * gZau\Z_lky ijb]hlh\e_gb_f lh]^Z b lhevdh lh]^Z�

dh]^Z� f (h, ϕ ° ) = (Ω , I, S, Wh�� _keb �K� ϕ ° � ² j_e_\ZglgZy iZjZ� f (h, ϕ ° ) =

(Ω , I, S, S�� _keb �K� ϕ ° � ² g_ j_e_\ZglgZy iZjZ� DZd \b^bf� ijb]hlh\e_gb_

fh`gh kqblZlv kihkh[hf ihemq_gby ba dZ`^hc g_j_e_\Zglghc iZju

g_dhlhjhc fbgbfZevghc �,� S��ijh[e_fghc l_hjbb� Z ba dZ`^hc j_e_\Zglghc

iZju ² g_dhlhjhc �,� S��ijh[e_fghc l_hjbb� [he__ kbevghc� q_f

khhl\_lkl\mxsZy fbgbfZevgZy �,� S��ijh[e_fgZy l_hjby�

< wlbo l_jfbgZo� [he__ ihegh_ hibkZgb_ p_e_gZijZ\e_gghc gZmqghc

^_yl_evghklb ' \u]ey^bl ke_^mxsbf h[jZahf� D ijhba\hevghc dhgdj_lghc

iZj_ �K� ϕ ° � ba + × Φ kgZqZeZ ijbf_gyxl ijb]hlh\e_gb_ f ² mihfygmluc

ij_^\Zjbl_evguc wlZi� IhemqZxl g_dhlhjmx �,� S��ijh[e_fgmx l_hjbx J  f

(h, ϕ ° �� Ihke_ q_]h ijbklmiZxl d ihbkdm j_r_gby �,� S��aZ^Zqb ϕ ° ,

ihevamykv� dZd wlh [ueh hibkZgh \ur_� l_hjb_c J� Hq_\b^gh� lZdhc oh^

bkke_^h\Zgby h^ghagZqgh aZ^Zzlky q_l\zjdhc \b^Z �/� ,� ϕ ° � K�� ]^_� / ²

yaud �kb]gZlmju Ω ); I — bklhedh\Zgb_ yaudZ /� ϕ ° ² dhgdj_lgZy �,� S)-

aZ^ZqZ \ yaud_ /� K  �Ω , I, Sh, Wh�� Lhl nZdl� qlh dhgdj_lgZy gZmqgZy

^_yl_evghklv ' bf__l ij_^klZ\e_gb_ (L, I, ϕϕ °° � K�� \ujZ`Z_lky aZibkvx�

D = (L, I, ϕϕ °° , h). (4.1)

B^_y gh\h]h ijhql_gby wibkl_fheh]bb DZglZ khklhbl \ lhf� qlh[u

dZglh\kdh_ ©gZmqgh_ agZgb_ª \hkijbgbfZlv \kydbc jZa dZd g_dhlhjmx

gZmqgmx ^_yl_evghklv ' b khhlghkblv hklZevgu_ dexq_\u_ ^ey DZglZ

ihgylby k khhl\_lkl\mxsbf ij_^klZ\e_gb_f \b^Z ������ WlZ b^_y fhlb\bjm_l

\\_^_gb_ _sz g_kdhevdbo hij_^_e_gbc�

IZjZ e = (D, ob� gZau\Z_lky gZmqguf (p_e_gZijZ\e_gguf) hiulhf� _keb b

lhevdh _keb� '  �/� ,� ϕϕ °° , h); ob = (RF, a); a  �,� 0� ² bgl_jij_lZpby yaudZ



/ ijb bklhedh\Zgbb ,�

Imklv� '  �/� ,� ϕ ° , h); g = f (h, ϕ ° ); e = (D, ob); ob = (RF, a�� Ij_^eh`_gb_ p

yaudZ / gZau\Z_lky '�bklbgguf (D-eh`guf) gZ e� _keb b lhevdh _keb hgh J�

bklbggh �J�eh`gh� gZ a.

Imklv '  �/� ,� ϕ ° � K�� b imklv J  f (h, ϕ ° �� Ij_^eh`_gb_ p yaudZ /

gZau\Z_lky�

1. D-bklbgguf� _keb b lhevdh _keb hgh J�bklbggh�

1. D-eh`guf� _keb b lhevdh _keb ¬ p² J�bklbggh_ ij_^eh`_gb_�

Ba wlbo hij_^_e_gbc \b^gh� qlh \k_]^Z fh`gh aZjZg__� ih h^ghfm ebrv

ij_^klZ\e_gbx '  �/� ,� ϕ ° � K�� g_ h[jZsZykv d dZdbf�eb[h gZ[ex^_gbyf ob

beb hiulZf e� mklZgh\blv '�bklbgghklv beb '�eh`ghklv g_dhlhjh]h

ij_^eh`_gby p� _keb b lhevdh _keb hgh y\ey_lky J�ZgZeblbq_kdbf� KlZeh

[ulv� \ wlhf kfuke_ fh`gh \k_ J�ZgZeblbq_kdb_ ² \ lhf qbke_ b K�

kbgl_lbq_kdb_ J�ZgZeblbq_kdb_ ² ij_^eh`_gby kqblZlv Zijbhjgufb �'�

Zijbhjgufb�� Z \k_ J�kbgl_lbq_kdb_² Zihkl_jbhjgufb �'�Zihkl_jbjgufb).

Ihwlhfm hijZ\^Zggh ke_^mxs__ hij_^_e_gb_�

Imklv '  �/� ,� ϕ ° � K�� b imklv J  f (h, ϕ ° �� Ij_^eh`_gb_ p yaudZ /

gZau\Z_lky�

1. D-Zijbhjgh bklbgguf� _keb b lhevdh _keb hgh J�ZgZeblbq_kdb

bklbggh_�

1. D-Zijbhjgh eh`guf� _keb b lhevdh _keb ¬ p ² J�ZgZeblbq_kdb

bklbggh_ ij_^eh`_gb_�

1. �ijhklh� '�Zijbhjguf� _keb b lhevdh _keb hgh J�ZgZeblbq_kdb

bklbggh_ beb J�ZgZeblbq_kdb eh`gh_�

1. D-Zihkl_jbhjguf� _keb b lhevdh _keb hgh J�kbgl_lbq_kdh_�



Ij_^eZ]Z_fh_ gh\h_ ijhql_gb_ dZglh\kdh]h ljZgkp_g^_glZevgh]h f_lh^Z

k\h^blky d ljzf ijb]eZr_gbyf� D ijb]eZr_gbx \kydbc dhgdj_lguc jZa

\hkijbgbfZlv dZglh\kdb_ keh\Z ©gZmqgh_ agZgb_ª dZd gZbf_gh\Zgb_ ^ey

dZdhc�lh gZmqghc ^_yl_evghklb \b^Z ������ D ijb]eZr_gbx ihgbfZlv ih^

©bkke_^h\Zgb_f mkeh\bc \hafh`ghklb hiulZª bamq_gb_ k\hckl\ iZj e \b^Z

(D, ob�� \ qZklghklb� k\hckl\ ij_^klZ\e_gbc '  �/� ,� ϕ ° � K�� B d

ijb]eZr_gbx ihgbfZlv ih^ ©Zijbhjgufb �Zihkl_jbhjgufb� km`^_gbyfbª

'�Zijbhjgu_ �'�Zihkl_jbhjgu_� ij_^eh`_gby� Z ih^ ©kbgl_lbq_kdbfb

km`^_gbyfb a prioriª ² K�kbgl_lbq_kdb_ '�Zijbhjgu_ ij_^eh`_gby�

?keb ijbgylv wlb ijb]eZr_gby� lh \k_ hkgh\gu_ wibkl_fheh]bq_kdb_

aZy\e_gby DZglZ m`_ g_ \u]ey^yl ©[_agZ^_`gh lzfgufbª beb hrb[hqgufb�

< qZklghklb� p_gljZevgZy dZglh\kdZy b^_y� qlh \hafh`gu kbgl_lbq_kdb_

km`^_gby a priori� ihemqZ_l \gylgh_� _keb g_ kdZaZlv m[_^bl_evgh_�

h[hkgh\Zgb_�

< kZfhf ^_e_� imklv '1 = (L, I, ϕ ° � K� b imklv ijb wlhf �K� ϕ ° ) —

j_e_\ZglgZy iZjZ lZdZy� qlh� K  �Ω , I, Sh, Wh); ϕ ° — (I, S��aZ^ZqZ �\ yaud_ /

kb]gZlmju Ω ); Sh ⊂ S, S ⊆ Wh� LZd dZd �K� ϕ ° � ² j_e_\ZglgZy iZjZ� lh�

kh]eZkgh hij_^_e_gbx ijb]hlh\e_gby f, g = f (h, ϕ ° ) = (Ω , I, S, Wh�� Gh lh]^Z

hq_\b^gh� qlh kms_kl\mxl K�kbgl_lbq_kdb_ '1�Zijbhjgu_ ij_^eh`_gby�

aZ\_^hfh lZdh\ufb y\eyxlky� gZijbf_j� \k_ ij_^eh`_gby ba g_imklh]h

fgh`_kl\Z S\Sh� M`_ hlkx^Z fu aZdexqZ_f� dhev kdhjh ijbgbfZ_lky gh\h_

ijhql_gb_ DZglZ� qlh kbgl_lbq_kdb_ km`^_gby a priori� ^_ckl\bl_evgh

\hafh`gu�

Fu lZd`_ ijb^zf d wlhfm aZdexq_gbx� _keb iheh`bf� '2 = (L, I, ϕ ° , h); (h,

ϕ ° � ² g_ j_e_\ZglgZy iZjZ lZdZy� qlh Sh ⊂ S.

K lhqdb aj_gby gh\h]h ijhql_gby DZglZ� ebrv \ lhf kemqZ_� _keb [u fu

\k_]^Z iheZ]Zeb� qlh '  �/� ,� ϕ ° � K� b Sh ⊇ S� fu g_ kfh]eb [u h[gZjm`blv \



oh^_ gZmqghc ^_yl_evghklb kbgl_lbq_kdb_ km`^_gby a priori.

��� Dhff_glZjbc

AZ h[beb_f l_ogbq_kdbo ^_lZe_c ljm^gh kjZam jZa]ey^_lv d\bglwkk_gpbx

gh\h]h ijhql_gby DZglZ� QblZl_ev fh`_l ^Z`_ aZih^hajblv� qlh klhev

[eZ]hijbylguc ^ey DZglZ \u\h^ gh\h]h ijhql_gby hkgh\Zg ijhklh�gZijhklh

gZ ©ebg]\bklbq_kdhc meh\d_ª ² gZ ijhba\hevghf \deZ^u\Zgbb \ keh\Z

DZglZ lZdh]h kfukeZ� dhlhjuc ^_eZ_l aZy\e_gby DZglZ \g_rg_ \_jgufb� gh

gbdhbf h[jZahf g_ hljZ`Z_l beb ^Z`_ \uoheZsb\Z_l i_j\hgZqZevgmx kmlv

^_eZ� Ihwlhfm _klv j_ahg ijh^_fhgkljbjh\Zlv mihfygmlmx ©d\bglwkk_gpbxª

gZ ijhklhf b g_nhjfZevghf ijbf_j_�

Ij_^iheh`bf� qlh B\Zg ih]ehszg ijh[e_fhc� ex[bl _]h FZjvy beb g_l"

Lh]^Z� g_aZ\bkbfh hl lh]h� dZd h[klhbl ^_eh nZdlbq_kdb� B\Zg h[yaZg kqblZlv

bklbgguf ml\_j`^_gb_� qlh FZjvy h[eZ^Z_l khagZgb_f� B[h� dZd lhevdh

B\Zg ^himkdZ_l fukev� qlh FZjvy gbq_]h g_ khagZzl� hg kjZam l_jy_l bgl_j_k

d k\h_c ijh[e_f_� Fh`gh kdZaZlv lZd`_� qlh ijh[e_fZ l_jy_l ^ey g_]h lhl

kfuke� dhlhjuc ^_eZe _z aZo\Zlu\Zxs_c� Fh`gh lZd`_ kdZaZlv� qlh bf__l

f_klh ih^f_gZ h^ghc ijh[e_fu �bgl_j_kghc� ^jm]hc ijh[e_fhc �g_ ykgh�

dZdhc bf_ggh� gh ykgh� qlh g_ bgl_j_kghc \ ij_`g_f kfuke_��

LZdbf h[jZahf� _keb m` �ih^qzjdb\Zx� _keb m`� B\Zg haZ^Zq_g \kz�lZdb

bf_ggh i_j\hgZqZevghc ijh[e_fhc� lh _fm� \g_ aZ\bkbfhklb hl dZdbo�eb[h

wfibjbq_kdbo beb ^jm]bo ijb\oh^ysbo h[klhyl_evkl\� g_evay khfg_\Zlvky \

ml\_j`^_gbb� qlh FZjvy bf__l khagZgb_� b� ke_^h\Zl_evgh� wlh ml\_j`^_gb_

\u]ey^bl ^ey B\ZgZ bklbgguf a priori� K ^jm]hc klhjhgu� hq_\b^gh� qlh hgh

\u]ey^bl ^ey B\ZgZ lZd`_ b kbgl_lbq_kdbf� b[h B\Zg khojZgy_l

eh]bq_kdmx \hafh`ghklv _]h hljbpZlv ² \f_kl_ k ihl_j_c bgl_j_kZ d k\h_c

ijh[e_f_� dhg_qgh� KblmZpby k\h_h[jZagZy� \hh[s_�lh B\Zg fh`_l

khfg_\Zlvky \ lhf� qlh FZjvy h[eZ^Z_l khagZgb_f� gh g_ lh]^Z� dh]^Z hg

haZ^Zq_g l_f� q_f haZ^Zq_g� J_qv� klZeh [ulv� b^zl h lhf� qlh wlbq_kdbc



\u[hj B\ZgZ� l�_� \u[hj p_eb bkke_^h\Zgby �\u[hj ijh[e_fu� beb aZ^Zqb),

ij_^hij_^_ey_l \ qzf�lh _]h wibkl_fheh]bq_kdmx mklZgh\dm ²

g_h[oh^bfhklv kqblZlv hij_^_ezggh_ kbgl_lbq_kdh_ \ukdZau\Zgb_ Zijbhjgh

bklbgguf�

Ijbqzf \h\k_ g_ ij_^iheZ]Z_lky� qlh \u[hj ijh[e_fu \ k\hx hq_j_^v

hij_^_ey_lky dZdbfb�lh wibkl_fheh]bq_kdbfb khh[jZ`_gbyfb� GZijhlb\�

^himklbfh beb ^Z`_ _kl_kl\_ggh ij_^iheZ]Zlv� qlh B\Zg a^_kv ih^h[_g

Ib]fZebhgm� dhlhjuc� dZd ba\_klgh� \ex[beky \ =ZeZl_x hlgx^v g_ ih

wibkl_fheh]bq_kdbf ijbqbgZf² \h\k_ g_ ihlhfm� gZijbf_j� qlh [ue m\_j_g

\ _z h^mr_\ezgghklb� : jZa lZd� lh bklhqgbdhf Zijbhjgh]h agZgby� dhlhjuf�

dZd \ugm`^_g kqblZlv B\Zg� hg jZkiheZ]Z_l� kem`bl kZfZ nhjfmebjh\dZ

bgl_j_kmxs_c B\ZgZ ijh[e_fu�

<hijhk� gZ kZfhf eb ^_e_ jZkkfZljb\Z_fh_ kbgl_lbq_kdh_ ml\_j`^_gb_

y\ey_lky Zijbhjguf beb hgh lhevdh \u]ey^bl lZdh\uf ^ey B\ZgZ" Hl\_l� \

^Zgghf kemqZ_ \u]ey^_lv b y\eylvky gZ kZfhf ^_e_ ² h^gh b lh `_� Wlh

klZgh\blky [he__ beb f_g__ ykguf� _keb mq_klv� qlh beb \hijhk a\mqbl dZd�lh

g_ ^h dhgpZ hkfuke_gguf� beb _]h fh`gh i_j_nhjfmebjh\Zlv� g_ ^_eZ_l eb

B\Zg ihagZ\Zl_evghc hrb[db� hlghkykv dh \k_fm lZd� dZd hg eh]bq_kdb

\ugm`^_g hlghkblvky� haZ[hlb\rbkv bf_ggh lhc ijh[e_fhc� dhlhjhc hg

nZdlbq_kdb haZ[hlbeky" Ij_^u^msb_ ljb Z[aZpZ ihdZau\Zxl� qlh g_ ^_eZ_l�

b qlh� gZijhlb\� k^_eZe [u� _keb [u hlgzkky d jZkkfZljb\Z_fhfm

ml\_j`^_gbx bgZq_�

< dhgp_ dhgph\� \hh[s_� _sz lhevdh ijbklmiZy d h[km`^_gbx l_fu

Zijbhjghc bklbgghklb \ iZjZ]jZn_ �� fh`gh [ueh [u aZf_lblv� ex[hc

\hijhk h lhf� bklbggh eb g_dhlhjh_ dhgdj_lgh_ ml\_j`^_gb_ X� ghkbl g_

jblhjbq_kdbc oZjZdl_j lhevdh \ lhf kemqZ_� dh]^Z _klv p_ev� jZ^b dhlhjhc

hg aZ^Zzlky� ² Gh lh]^Z _]h j_Zevguc kfuke aZdexqZ_lky \ lhf� qlh[u gZ

kZfhf ^_e_ kijhkblv� _klv eb qlh�eb[h� qlh aZklZ\ey_l gZk² bf_ggh \ oh^_



^hklb`_gby p_eb² hlghkblvky d X lZd� dZd fu ijb\udeb hlghkblvky d keh\m

©bklbggh_ª� ?keb wlh mihfygmlh_ ©qlh�eb[hª ² gZ[ex^_gb_� lh fu ]h\hjbf�

qlh X y\ey_lky bklbgguf a posteriori� ?keb² g_ gZ[ex^_gb_� lh fu ]h\hjbf�

qlh X y\ey_lky bklbgguf a priori� Ke_^my wlhfm keh\hmihlj_[e_gbx� fu k

kZfh]h gZqZeZ ^he`gu [u [ueb hldZaZlvky hl kdjulh]h ij_^m[_`^_gby� qlh

\kydh_ Zijbhjgh bklbggh_ ml\_j`^_gb_ hklZzlky lZdh\uf \k_]^Z b \_a^_� ²

ebrv [u khojZgyeky yaud ml\_j`^_gby \f_kl_ kh k\hbf bklhedh\Zgb_f� <

lhf�lh dZd jZa b ^_eh� qlh wlh g_ lZd� :ijbhjgZy bklbgghklv hlghkbl_evgZ,

² hgZ aZ\bkbl hl p_e_\h]h dhgl_dklZ� Ml\_j`^_gb_� qlh FZjvy h[eZ^Z_l

khagZgb_f� Zijbhjgh bklbggh \ p_e_\hf dhgl_dkl_ haZ[hq_gghklb B\ZgZ

mihfygmlhc ijh[e_fhc� b hgh `_� knhjfmebjh\Zggh_ \ lhf `_ kZfhf yaud_ k

l_f `_ kZfuf bklhedh\Zgb_f� \h\k_ g_ h[yaZgh [ulv Zijbhjgh bklbgguf \

dZdhf�eb[h ^jm]hf p_e_\hf dhgl_dkl_� gZijbf_j \ dhgl_dkl_ ijh[e_fu�

kie_eZ FZjvy eZilb beb g_l� Mqzl wlh]h h[klhyl_evkl\Z ² kms_kl\_ggZy

oZjZdl_jbklbdZ p_e_gZijZ\e_gghklb ihagZ\Zl_evguo mklj_fe_gbc B\ZgZ \

jZkkfZljb\Z_fhc kblmZpbb

Ijb\_^zgguc ijbf_j ² qZklgZy beexkljZpby ki_pbnbq_kdhc aZ\bkbfhklb

f_`^m \u[hjhf aZ^Zqb b wibkl_fheh]bq_kdbfb mklZgh\dZfb \

p_e_gZijZ\e_gghf ihagZgbb� D\bglwkk_gpby ljZgkp_g^_glZevgh]h f_lh^Z \

gh\hf ijhql_gbb aZdexqZ_lky \ mdZaZgbb gZ lh� qlh ih^h[gZy aZ\bkbfhklv

ijbkmlkl\m_l� ^he`gZ mqblu\Zlvky b fh`_l bkihevah\Zlvky \ ex[hf

gZmqghf bkke_^h\Zgbb� HibkZgb_ wlhc aZ\bkbfhklb \ h[s_f \b^_ ² ]eZ\gh_

kh^_j`Zgb_ iZjZ]jZnZ ��

��� AZdexq_gb_

BlZd� dZdh\ blh]"

Kh]eZkgh ij_^eZ]Z_fhfm gh\hfm ijhql_gbx ljZgkp_g^_glZevghc

wibkl_fheh]bb DZglZ� gZmqgh�ihagZ\Zl_evgZy ^_yl_evghklv q_eh\_dZ ih

kZfhc k\h_c ijbjh^_ jZa\b\Z_lky lZdbf h[jZahf� qlh ij_`^_� q_f ijbklmiblv



d ihbkdZf j_r_gby dZdhc�eb[h ijh[e_fu� gZ^h� dZd fbgbfmf� ihgylv kZfm

ijh[e_fm� Gh ihgylv ijh[e_fm ² wlh m`_ dh_�qlh ml\_j`^Zlv� Ohly [u

ml\_j`^Zlv lh� qlh \ j_amevlZl_ ij_^ijbgbfZ_fh]h bkke_^h\Zgby lj_[m_lky

magZlv lh-lh b lh�lh� Z g_ g_qlh ^jm]h_� : wlh agZqbl� qlh lhqgZy

�g_^\mkfuke_ggZy� nhjfmebjh\dZ ex[hc ijh[e_fu ij_^iheZ]Z_l ijbgylb_ \

dZq_kl\_ hlijZ\guo imgdlh\ bkke_^h\Zgby g_dhlhjuo ml\_j`^_gbc�

khfg_\Zlvky \ dhlhjuo g_evay ihlhfm� qlh hgb ² mkeh\by hkfuke_gghklb

kZfhc ijh[e_fu� Dh]^Z \ wlbo ml\_j`^_gbyo khfg_\Zxlky� ijh[e_fZ

^bkdj_^blbjm_lky� ² l_jy_l k\hz i_j\hgZqZevgh_ ijb^Z\Z\r__ _c bgl_j_k

kh^_j`Zgb_�

Ihwlhfm� hkms_kl\eyy hdhgqZl_evguc \u[hj ijh[e_fu ^ey bkke_^h\Zgby

�ijb^Z\Zy bkke_^h\Zgbx p_e_gZijZ\e_gguc oZjZdl_j�� fu h`b^Z_f ihemqblv

\ j_amevlZl_ wlh]h \u[hjZ jy^ k\_^_gbc� g_ ih^e_`Zsbo khfg_gbx bf_ggh

ihlhfm� qlh fu ohlbf bf_lv ^_eh dZd jZa k wlhc, Z g_ bghc ijh[e_fhc� ;he__

lh]h� gZf� \hh[s_ ]h\hjy� gbqlh g_ ij_iylkl\m_l ihemq_ggu_ lZdbf imlzf

©ijbgm^bl_evgh g_khfg_ggu_ª k\_^_gby bkihevah\Zlv g_ lhevdh ^ey

ihgbfZgby� gh b ^ey j_r_gby ijh[e_fu� < wlhf ² p_gghklv

ljZgkp_g^_glZevgh]h f_lh^Z�

<f_kl_ k l_f hq_\b^gh� h^gZdh� qlh ljZgkp_g^_glZevguc f_lh^ hklZ\ey_l \

l_gb b� h^gh\j_f_ggh� ^_eZ_l ZdlmZevghc ^jm]mx ² lZd`_ kms_kl\_ggmx

^ey ihegh]h ij_^klZ\e_gby h p_e_gZijZ\e_gghf ihagZgbb� gh \kz `_ g_

wibkl_fheh]bq_kdmx ² l_fm� L_fm h lhf� kms_kl\mxl eb b� _keb

kms_kl\mxl� lh dZdh\u ijbqbgu, fhlb\u beb bgh]h jh^Z h[sb_ ijbgpbiu,

h[yau\Zxsb_ gZk beb iha\heyxsb_ gZf bgl_j_kh\Zlvky \ dhgdj_lguo

h[klhyl_evkl\Zo dhgdj_lgufb ijh[e_fZfb� L_fm� ijbgZ^e_`Zsmx lZd

gZau\Z_fuf ©ijZdlbq_kdbfª nbehkhnkdbf ^bkpbiebgZf ² wlbd_ b

wkl_lbd_� < wlhc k\yab ij_^klZ\ey_lky _kl_kl\_gguf� qlh DZgl ihke_

©Djblbdb qbklh]h jZamfZª ² hkgh\gh]h k\h_]h ]ghk_heh]bq_kdh]h ljm^Z ²

gZibkZe _sz ^\_ ©Djblbdbª� ©Djblbdm ijZdlbq_kdh]h jZamfZª� ihk\yszggmx



wlbd_� b ©Djblbdm kihkh[ghklb km`^_gbyª� ihk\yszggmx wkl_lbd_� ;ueh [u

bgl_j_kgh bkke_^h\Zlv� \ dZdhc f_j_ ZgZeba mkeh\bc hkfuke_gghklb aZ^Zq�

hkms_kl\ezgguc \ gh\hf ih^oh^_ ?jrh\Z� fh] [u ijb]h^blvky ^ey

\ha\_^_gby g_dhlhjhc qZklb wlbq_kdhc b wkl_lbq_kdhc dZglh\kdhc

ijh[e_fZlbdb gZ l_ogbq_kdb kh\j_f_gguc nmg^Zf_gl ² gZ g_qlh \jh^_

eh]bdb beb ZdkbhfZlbq_kdhc l_hjbb p_e_iheZ]Zgby.
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