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HMCTASHUD 9MC ANHMCTASHUD SNONKNFHA9K FDMDP9SHNM

VHSG AGTPAGfiR SGDRHR 9MC SGD 9WHNL NE AGNHAD

L@QH@ DLHKH@ L@HDSSH J+ R@LTDKD L@RBGHN J+ @MC LHBG@DK Q@SGIDM a

JCho]qshldmsn ch L]sdl]shb] [Stkkhn Kduh Bhuhs]`+ Tmhudqrhs]̀ ch O]cnu]+ Hs]kx
d,l‘hk ‘ccqdrr9 l]hdssh?l]sg-tmhoc-hs+ l]rbghn?l]sg-tmhoc-hs

a Rbgnnk ne L]sgdl]shbr+ Tmhudqrhsx ne Kddcr+ TJ
d,l‘hk ‘ccqdrr9 L-Q]sgidm?kddcr-]b-tj

.arspZbs- Hm sghr vnqj vd bnmrhcdq ]m dwsdmrhnm FEbdic ne sgd Lhmhl]khrs Entmc]shnm
FE enq oqdchb]shud bnmrsqtbshud l]sgdl]shbr vhsg sgd ]cchshnm ne hmctbshud ]mc bnhmctbshud
snonknfhb]k cdffmhshnmr rtflbhdms sn fdmdq]sd R]lahm”r Onrhshud snonknfhdr+ m]ldkx L]qshm,
K–ne, R]lahm enql]k snonknfhdr ’trdc sn cdrbqhad onhmseqdd enql]k nodm rtardsr( dpthoodc
vhsg ] Onrhshuhsx qdk]shnm ’trdc sn cdrbqhad onhmseqdd enql]k bknrdc rtardsr(- Hm o]qshbtk]q
sgd hmsdmrhnm]k kdudk ne FEbdic+ b]kkdc lRRbdic+ hr cdffmdc ax dwsdmchmf vhsg bnhmctbshud
snonknfhb]k cdffmhshnmr ]mnsgdq sgdnqxlRRdic dwsdmchmf sgd hmsdmrhnm]k kdudklRR neFE
vhsg sgd rnkd ]cchshnm ne hmctbshud snonknfhb]k cdffmhshnmr- Hm oqduhntr vnqj vd g]ud rgnvm
sg]slRRdic hr bnmrhrsdms vhsg ]cchmf rhltks]mdntrkx enql]k Bgtqbg”r Sgdrhr+ AR+ ]mc sgd
@whnl ne Bgnhbd+ +A+ uh] ]m hmsdqoqds]shnm hm @bydk”r AUE �MD++ m]ldkx Bnmrsqtbshud
Wdqldkn,Eq]dmjdk Rds Sgdnqx vhsg sgd Qdftk]q Dwsdmrhnm @whnl- Ntq ]hl hr sn rgnv sgd
dwodbs]shnm sg]s sgd ]cchshnm ne bnhmctbshud snonknfhb]k cdffmhshnmr sn lRRdic cndr mns
hmbqd]rd hsr bnmrhrsdmbx rsqdmfsg ax qdctbhmf sgd bnmrhrsdmbx nelRRbdic�AR�+A sn sgd
bnmrhrsdmbx ne AUE �MD+ sgqntfg u]qhntr hmsdqoqds]shnmr- Vd qd]bg ntq fn]k hm svn v]xr-
Nmd v]x bnmrhrsr hm ffqrs hmsdqoqdshmf lRRbdic�AR�+A hm sgd sgdnqx dwsdmchmf AUE
vhsg sgd Tmgnm MaetiZo Dusamrgnm +ugnl+ MD+�+ ] rsqdmfsgdmhmf ne MD++ ]mc sgd
@whnl ne Qdk]shuhydc Cdodmcdms Bgnhbd+ MCA- Sgd sgdnqx AUE)MD+�)MCA hr sgdm
hmsdqoqdsdc hm L�N�+ ] udqrhnm ne L]qshm,K–ne”r sxod sgdnqx vhsg O]klfqdm”r rtodqtmhudqrd
N- Sgd k]rs rsdo bnmrhrsr hm hmsdqoqdshmf L�N� a]bj hmsn AUE �MD+- Sgd ]ksdqm]shud v]x
bnmrhrsr hm ffqrs hmsdqoqdshmf lRRbdic)+A)AR chqdbskx hm ] udqrhnm ne L]qshm,K–ne”r sxod
sgdnqx vhsg O]klfqdm”r rtodqtmhudqrd dwsdmcdc vhsg AR+ vghbg hr sgdm hmsdqoqdsdc a]bj
sn AUE �MD+- @ jdx admdffs ne sgd ffqrs v]x hr sg]s sgd sgdnqx AUE)MD+� )MCA
]krn rtoonqsr sgd hmsdmcdc rds,sgdnqdshb hmsdqoqds]shnm ne sgd dwsdmrhnm]k kdudk ne FEbdic-
Ehm]kkx+ ]kk sgd sgdnqhdr bnmrhcdqdc sn qd]bg ntq fn]kr+ dwbdos lRRbdic)+A)AR+ ]qd
rgnvm sn ad ne sgd r]ld oqnne,sgdnqdshb rsqdmfsg-

Jdx vnqcr ‘mc ogq‘rdr9 Qd]khy]ahkhsx+ @whnl ne Bgnhbd+ Bgtqbg”r sgdrhr+ Onhms,eqdd snonknfx+ bnmrsqtbshud
rds sgdnqx-

Oqnidbsr DT,LRB@,QHRD oqnidbs 620032 [Bnlotshmf vhsg Hmffmhsd C]s]` ’BHC(+ LHTQ,OQHM 1.0.,1.00
oqnuhcdc rtoonqs enq sgd qdrd]qbg oqdrdmsdc hm sgd o]odq-
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0- Fmspnctbshnm

Sghr o‘odq dwsdmcr qdrtksr eqnl oqduhntr o‘odqr ZHLLR07+ LLP10“ ‘mc oqnuhcdr ‘ etqsgdq
bnmsqhatshnm sn sgd oqnidbs ne drs‘akhrghmf vg‘s dwsdmrhnmr ne sgd hmsdmrhnm‘k kdudk ne sgd
Lhmhl‘khrs Entmc‘shnm hm ZL‘h.8“ ‘qd bnmrhrsdms vhsg Enql‘k Bgtqbg&r sgdrhr ‘mc sgd =whnl
ne Bgnhbd-

Sgd Lhmhl‘khrs Entmc‘shnm+ enq rgnqs LE+ v‘r ffqrs hcd‘sdc hm ZLR.4“ ‘mc bnlokdsdc
hm ZL‘h.8“- Hs v‘r hmsqnctbdc sn rdqud ‘r ‘ bnmrsqtbshud entmc‘shnm bnlo‘shakd vhsg sgd
lnrs qdkdu‘ms bnmrsqtbshud ‘mc bk‘rrhb‘k entmc‘shnmr-

Sgd qd‘rnm hr sg‘s rshkk snc‘x mn entmc‘shnm enq bnmrsqtbshud l‘sgdl‘shbr g‘r ‘flqldc
hsrdke ‘r sgd rs‘mc‘qc qdedqdmbd ‘r hs g‘oodmdc vhsg Wdqldkn,Eq‘dmjdk ‘whnl‘shb rds sgdnqx
enq bk‘rrhb‘k l‘sgdl‘shbr- Sgd l‘mx dwhrshmf entmc‘shnmr enq bnmrsqtbshud l‘sgdl‘shbr
‘kk ‘cnos hmsthshnmhrshb knfhb enq sgdhq knfhb‘k qd‘rnmhmf ats sgdx chΩdq hm sgd ‘bbdosdc rds,
sgdnqdshb oqhmbhokdr- Enq dw‘lokd+ sgdhq bnmrhrsdmbx rs‘str vhsg oqhmbhokdr rtbg ‘r sgd enql‘k
Bgtqbg&r sgdrhr AS ‘mc sgd =whnl ne Bgnhbd l‘x ad udqx chΩdqdms- Dw‘lokdr u‘qx eqnl
Gdxshmf ‘qhsgldshb hm ‘kk ffmhsd sxodr+ vghbg hr bnmrsqtbshudkx bnmrhrsdms vhsg ansg oqhmbhokdr
rhltks‘mdntrkx ’be- ZSu77“(+ sn entmc‘shnmr enq Aqntvdq&r hmsthshnmhrshb l‘sgdl‘shbr hm ZSu77“
vghbg ‘qd hmbnmrhrsdms vhsg AS+ sn entmc‘shnmr khjd =bydk&r Bnmrsqtbshud Rds Sgdnqx+ enq
rgnqs AXE+ vghbg hr bnmrsqtbshudkx bnmrhrsdms vhsg AS snfdsgdq vhsg rnld qdrsqhbsdc enqlr
ne sgd =whnl ne Bgnhbd ’rdd ZP‘s.5+ 8-1+0.-0“(+ vgdqd‘r sgd bnlahm‘shnm ne AS ‘mc sgd etkk
‘whnl ne bgnhbd snfdsgdq vhsg AXE fhudr qhrd sn hmbnmrhrsdmbx-

Lnqdnudq+ ‘mnsgdq odbtkh‘qhsx ne sgd Lhmhl‘khrs Entmc‘shnm LE hm ZL‘h.8“ hr sg‘s
ne adhmf ‘ svn,kdudk entmc‘shnm+ ‘r qdpthqdc hm ZLR.4“- Hmcddc+ LE hr dpthoodc vhsg
‘m dwsdmrhnm‘k kdudk+ b‘kkdc dlSS+ enqltk‘sdc hm ‘ k‘mft‘fd bknrd sn sg‘s ne dudqxc‘x
l‘sgdl‘shb‘k oq‘bshbd ‘mc hmsdqoqdsdc uh‘ ‘ ptnshdms lncdk hm ‘ etqsgdq hmsdmrhnm‘k kdudk+
b‘kkdc lSS+ cdrhfmdc ‘r ‘ sxod,sgdnqdshb a‘rd enq ‘ oqnne,‘rrhrs‘ms-

Sgd mnshnm ne svn,kdudk bnmrsqtbshud entmc‘shnm v‘r hmsqnctbdc hm ZLR.4“+ lnshu‘sdc
ax sgd mddc sn entmchmf bnmrsqtbshud l‘sgdl‘shbr nm ‘ sgdnqx bnmrhrsdms vhsg sgd ‘whnl
ne bgnhbd ‘mc Bgtqbg&r sgdrhr AS ’uh‘ ‘m dwsdmrhnm ne Jkddmd qd‘khy‘ahkhsx hmsdqoqds‘shnm
ne hmsthshnmhrshb ‘qhsgldshbr( hmbktchmf ‘ v‘x sn enql‘khyd trt‘k cdrhq‘akd dwsdmrhnm‘k rds,
sgdnqdshb oqhmbhokdr+ rtbg ‘r dwsdmrhnm‘k dpt‘khsx ne etmbshnmr+ vghbg ‘qd hmbnmrhrsdms vhsg
sgd ‘whnl ne bgnhbd ‘mc AS ’rdd ‘krn ZSu77“(-

Nmkx qdbdmskx+ hm ZHLLR07“+ hs v‘r rgnvm sg‘s sgd hmsdmrhnm‘k kdudk lSS ne LE hr
bnmrhrsdms vhsg sgd ‘whnl ne bgnhbd 9A ‘mc sgd enql‘k Bgtqbg&r sgdrhr AS+ dwoqdrrdc ‘r
enkknvr9 9A rs‘sdr sg‘s eqnl ‘mx sns‘k qdk‘shnm vd b‘m dwsq‘bs ‘ sxod,sgdnqdshb etmbshnm

’9A( ’∀w ∈ >( ’∃x ∈ A(P’w. x(→ ’∃e ∈ ’Πw ∈ >(A( ’∀w ∈ >(P’w.�o’e. w((

vhsg > ‘mc A fdmdqhb bnkkdbshnmr ‘mc P’w. x( ‘mx qdk‘shnm+ vghkd AS ’rdd ‘krn ZSu77“( rs‘sdr
sg‘s eqnl ‘mx sns‘k qdk‘shnm nm m‘stq‘k mtladqr vd b‘m dwsq‘bs ‘ ’bncd ne ‘( qdbtqrhud
etmbshnm ax trhmf sgd Jkddmd oqdchb‘sd R ‘mc sgd dwsq‘bshmf etmbshnm T

’AS( ’∀e ∈ L→ L(’∃d ∈ L( ’∀w ∈ L( ’∃y ∈ L( ’R ’d. w. y( ∧ �o’e. w( ;3 T’y((.

Etqsgdqlnqd+ sgd vgnkd LE stqmdc nts sn ad mns nmkx bnmrsqtbshud ats ‘krn oqdchb‘shud hm
sgd rsqhbs rdmrd ne Ededql‘m+ ‘r ffqrs rgnvm hm ZLL05“-

=mnsgdq dw‘lokd ne svn,kdudk entmc‘shnm hr sgd sgdnqx LEhjc oqnonrdc hm ZLLP10“-
LEhjc dwsdmcr LE vhsg ‘kk sgd hmctbshud cdffmhshnmr mdbdrr‘qx sn enql‘khyd sgd hmctbshud
snonknfhb‘k ldsgncr cdudknodc hm ZBRRU.2+ BLR02“ vhsghm Enql‘k Snonknfx vghbg hr ‘
oqdchb‘shud ‘mc bnmrsqtbshud ‘ooqn‘bg sn snonknfx ots enqv‘qc ax O- L‘qshm,K–ne ‘mc F-
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R‘lahm hm ZR‘l76“- Hmcddc+ hs v‘r dwodbsdc sg‘s LE hr mns ‘akd sn enql‘khyd ‘kk rtbg
hmctbshud ldsgncr+ ctd sn hsr lhmhl‘khsx-

Hm o‘qshbtk‘q+ hm ZLLP10“ vd rgnvdc sg‘s sgd hmsdmrhnm‘k kdudk lSShjc ne LEhjc hr
bnmrhrsdms vhsg 9A ‘mc AS ax dwsdmchmf sgd qd‘khy‘ahkhsx rdl‘mshbr trdc hm ZHLLR07+
P‘s82+ FP83+ P‘s.2“- = l‘inq hloqnudldms ne sgd qd‘khy‘ahkhsx rdl‘mshbr hm ZLLP10“
v‘r hsr enql‘khy‘shnm hm ‘ bnmrsqtbshud sgdnqx rtbg ‘r sgd ’fdmdq‘khydc( oqdchb‘shud rds
sgdnqx AXE’PD9+ m‘ldkx =bydk&r bnmrsqtbshud Wdqldkn,Eq‘dmjdk rds sgdnqx dwsdmcdc vhsg
sgd qdftk‘q dwsdmrhnm ‘whnl PD9 ’rdd Z=by75“(- Hmrsd‘c+ sgd rdl‘mshbr hm ZHLLR07“ v‘r

enql‘khydc hm Ededql‘m&r oqdchb‘shud sgdnqx ne mnm,hsdq‘shud ffwonhmsr ĤC0 vghbg hr fnudqmdc
ax bk‘rrhb‘k knfhb- Ansg rdl‘mshbr dwsdmc Jkddmd qd‘khy‘ahkhsx rdl‘mshbr ne hmsthshnmhrshb
‘qhsgldshb ‘mc gdmbd sgdx u‘khc‘sd AS ‘mc 9A-

Sghr o‘odq ‘hlr sn etqsgdq dwsdmc LEhjc ax ‘krn hmbktchmf sgd bnhmctbshud snonknfhb‘k
ldsgncr hmsqnctbdc ax O- L‘qshm,K–ne ‘mc F- R‘lahm hm ZR‘l.2+ R‘l08“ sn cdrbqhad ansg
nodm ‘mc bknrdc rtardsr ne ‘ onhms,eqdd snonknfx+ k‘sdq cdudknodc ‘r Onrhshud Snonknfx
hm ZR‘l.2“- Hmrs‘mbdr ne rtbg hmctbshud ‘mc bnhmctbshud cdffmhshnmr rddl mdbdrr‘qx sn oqnuhcd
‘ bnmrsqtbshud ‘mc oqdchb‘shud udqrhnm ne qdrtksr khjd sgd bnqdfidbshnm ne sgd b‘sdfnqx ne knb‘kdr
hm sg‘s ne nodm knb‘kdr hm ZLU.3“+ nq sgd dladcchmf ne sgd b‘sdfnqx ne knb‘kdr hm sg‘s ne
onrhshud snonknfhdr hm ZBR07“-

Sn ldds ntq otqonrd+ gdqd vd athkc ‘ svn,kdudk dwsdmrhnmLEbhjc neLEhjc+ ax dmqhbghmf
ansg kdudkr ne LEhjc vhsg L‘qshm,K–ne ‘mc R‘lahm&r bnhmctbshud cdffmhshnmr mdbdrr‘qx sn
fdmdq‘sd R‘lahm&r A‘rhb Snonknfhdr hm ZR‘l.2+ R‘l08“+ m‘ldkx hmctbshudkx fdmdq‘sdc a‘rhb
bnudqr ’trdc sn cdrbqhad onhmseqdd enql‘k nodm rtardsr( dmqhbgdc vhsg ‘ onrhshuhsx qdk‘shnm
’trdc sn cdrbqhad onhmseqdd enql‘k bknrdc rtardsr(+

Sgdm+ vd oqnud svn l‘hm qdrtksr bnmbdqmhmf LEbhjc- Ehqrs+ vd rgnv sg‘s LEbhjc hr ‘
svn,kdudk sgdnqx hm sgd rdmrd ne ZLR.4“ ax rgnvhmf sg‘s hsr hmsdmrhnm‘k kdudk+ b‘kkdc lSSbhjc+
hr bnmrhrsdms vhsg 9A ‘mc AS- Rdbnmc+ vd rgnv sgd dwodbs‘shnm sg‘s sgd ‘cchshnm ne
bnhmctbshud snonknfhb‘k cdffmhshnmr sn lSShjc cndr mns hmbqd‘rd hsr bnmrhrsdmbx rsqdmfsg
ax qdctbhmf sgd bnmrhrsdmbx ne lSSbhjc’AS’9A sn sgd bnmrhrsdmbx ne AXE ’PD9
sgqntfg u‘qhntr hmsdqoqds‘shnmr- Vd qd‘bg sghr fn‘k hm svn v‘xr-

Nmd v‘x bnmrhrsr hm ffqrs hmsdqoqdshmflSSbhjc’AS’9A hm sgd sgdnqx dwsdmchmf AXE
vhsg sgd Tmhnm PdftkZp Dwsdmrhnm 9whnl+ PD9�+ ‘ rsqdmfsgdmhmf ne PD9+ ‘r vdkk
‘r vhsg sgd =whnl ne Pdk‘shuhydc Cdodmcdms Bgnhbd+ PCA- Sgd sgdnqx AXE)PD9� )
PCA hr sgdm hmsdqoqdsdc hm L�N−+ ‘ udqrhnm ne L‘qshm,K–ne&r sxod sgdnqx vhsg O‘klfqdm&r
rtodqtmhudqrd N- Sgd k‘rs rsdo bnmrhrsr hm hmsdqoqdshmf L�N− a‘bj hmsn AXE ’PD9-

Sgd ‘ksdqm‘shud v‘x bnmrhrsr hm ffqrs hmsdqoqdshmf lSSbhjc)9A ) AS chqdbskx hm ‘
udqrhnm ne L‘qshm,K–ne&r sxod sgdnqx vhsg O‘klfqdm&r rtodqtmhudqrd dwsdmcdc vhsg AS+ vghbg
hr sgdm hmsdqoqdsdc hm AXE ’PD9 ax dwsdmchmf sgd qd‘khy‘ahkhsx rdl‘mshbr hm ZLLP10“-

= jdx admdffs ne sgd ffqrs v‘x hr sg‘s sgd hmsdqldch‘sd sgdnqx AXE)PD9� )PCA
‘krn rtoonqsr sgd hmsdmcdc rds,sgdnqdshb hmsdqoqds‘shnm ne sgd dwsdmrhnm‘k kdudk ne LEbhjc-

Ehm‘kkx+ ‘kk sgd sgdnqhdr bnmrhcdqdc sn qd‘bg ntq fn‘kr+ dwbdos lSSbhjc)9A)AS+ ‘qd
rgnvm sn ad ne sgd r‘ld oqnne,sgdnqdshb rsqdmfsg-

Vd kd‘ud hs sn etstqd vnqj sn drs‘akhrg sgd bnmrhrsdmbx rsqdmfsg nelSShjc ‘mclSSbhjc+
fhudm sg‘s hs hr rshkk ‘m nodm oqnakdl sn drs‘akhrg sg‘s ne lSS hsrdke-

=mnsgdq etstqd fn‘k vntkc ad sn ‘ookx sgd qd‘khy‘ahkhsx hmsdqoqds‘shnmr oqdrdmsdc gdqd
sn athkc oqdchb‘shud u‘qh‘msr ne Gxk‘mc DΩdbshud Snonr ‘r hm ZLL10“ ats hm ‘ bnmrsqtbshud
lds‘,sgdnqx rtbg ‘r AXE ’PD9-
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K‘rs ats mns kd‘rs sgdqd hr sgd nauhntr ptdrshnm ne fdmdq‘khyhmf ntq qdrtks ax dwsdmchmf
LE vhsg lnqd fdmdq‘k bnhmctbshud cdffmhshnmr rtbg ‘r sgnrd ne ZKhm78+ P‘s.2“ hmbktchmf
rsqd‘lr ‘mc rxrsdlr+ nq rsqhbskx onrhshud bnhmctbshud sxodr hm Z==F.4“ nq nsgdq bnhmctbshud
cdffmhshnmr khjd sgnrd ‘ookhdc hm ZucAL.6+ Btq07+ AS10“- Sgd sgdnqx AXE)PD9�)PCA
hr udqx b‘o‘bhntr hm sg‘s hs ‘kknvr enq sgd hmsdqoqds‘shnm ne ‘kk ne sgdrd sxodr ‘r rdsr- Hs hr sgd
hcd‘k ‘whnl‘shb sgdnqx enq ‘ udqx fdmdq‘k sqd‘sldms ne hmctbshud ‘mc bnhmctbshud cdffmhshnmr
hm hsr bk‘rr ‘mc rds enqlr+ cdkhmd‘shmf sgd mdbdrr‘qx bnmchshnmr enq rtbg cdffmhshnmr sn fhud
qhrd sn rdsr q‘sgdq sg‘m bk‘rrdr ’rdd Z=P0.“ bg‘osdqr 01 ‘mc 02(- Ats hs hr mns bkd‘q gnv sn
stqm rtbg dwsdmrhnmr hmsn oqnodq svn,kdudk entmc‘shnmr ‘bbnqchmf sn ZLR.4“+ ax hcdmshexhmf
‘m hmsdmrhnm‘k sxod sgdnqdshb udqrhnm ne rtbg bnhmctbshud cdffmhshnmr vghbg hr oqdrdqudc ax
sgd rxms‘bshb ptnshdms bnlokdshnm hm ZL‘h.8“- =bst‘kkx hs hr mns bkd‘q gnv sn cdffmd rtbg
fdmdqhb bnhmctbshud sxodr vhsghm hmsdmrhnm‘k sxod sgdnqx vhsg vdkk,adg‘udc qtkdr ’rdd enq
dw‘lokd ZAF05“(- Lnqdnudq+ sgd btqqdms dmbnchmfr ne bnhmctbshud sxodr hm Z==F.4+ ABR04“
‘qd odqenqldc ax dloknxhmf dwsdmrhnm‘k oqhmbhokdr khjd dwsdmrhnm‘k dpt‘khsx ne etmbshnmr
vghbg hr mns u‘khc‘sdc hm ntq qd‘khy‘ahkhsx hmsdqoqds‘shnm ax hsr hmbnmrhrsdmbx vhsg 9A)AS-

1- Sgd dwsdmrhnm LEbhjc vhsg hmctbshud Zmc bnhmctbshud snonjnfhbZj
cdehmhshnmr-

Gdqd vd hmsqnctbd ‘m dwsdmrhnm ne sgd Lhmhl‘khrs Entmc‘shnmLE+ b‘kkdcLEbhjc+ dpthoodc
vhsg sgd hmctbshud ‘mc bnhmctbshud snonknfhb‘k cdffmhshnmr mdbdrr‘qx sn fdmdq‘sd R‘lahm&r
A‘rhb Snonknfhdr ‘mc Onrhshud Snonknfhdr hm ZR‘l.2“ vhsghm sgd ‘ooqn‘bg ne L‘qshm,K–ne ,
R‘lahm&r Enql‘k Snonknfx hm ZR‘l76“- Hm o‘qshbtk‘q+ sgd mnshnm ne A‘rhb Snonknfx bnmrshstsdr
‘m dmqhbgldms ne sgd mnshnm ne aWrhb bnudq hm ZAR.5“ ’trdc sn cdrbqhad nodm rtardsr ne ‘
onhms,eqdd snonknfx( vhsg ‘ onrhshuhsx qdkWshnm trdc sn cdrbqhad bknrdc rtardsr hm ‘ oqhlhshud
v‘x-

Hm lnqd cds‘hk+ vd qdb‘kk sg‘s sgd mnshnm ne aZrhb bnudp hm ZAR.5“ ‘hlr sn qdoqdrdms
bnlokdsd rtok‘sshbdr hm ‘ oqdchb‘shud ‘mc bnmrsqtbshud v‘x ax ‘m hmffmhs‘qx qdk‘shnm hmchb‘sdc
vhsg sgd mns‘shnm

a� U

adsvddm dkdldmsr a ne ‘ rds >+ sgntfgs ne ‘r aWrhb nodmr+ ‘mc rtardsr U ne >+ ld‘mhmf sg‘s
sgd aWrhb nodm a hr bnudqdc ax sgd tmhnm ne aWrhb nodmr hm sgd rtards U -

Sgd dkdldmsr ne sgd bnlokdsd rtok‘sshbdr qdoqdrdmsdc ax sgd a‘rhb bnudq+ ‘mc b‘kkdc
enqlWk nodm rtardsr+ ‘qd sgd ffwonhmsr ne sgd bknrtqd nodqWsnq

�’�( 9 K’>( �→ K’>(

cdffmdc ax otsshmf �’U ( • { w ∈ > | w� U {- Sgdrd rtok‘sshbdr ‘qd bnlokdsd vhsg qdrodbs
sn e‘lhkhdr ne rtardsr hmcdwdc nudq W rds-

Sgdm ‘mx a‘rhb bnudq a� U fhudr qhrd sn ‘ AWrhb Snonknfx ‘r hm ZR‘l.2“+ he hs hr o‘hqdc
vhsg ‘ onrhshuhsx pdkZshnm

aU U

adsvddm dkdldmsr a ne ‘ rds > ‘mc rtardsr U ne >+ ld‘mhmf sg‘s sgdqd hr W onhms hm sgd aWrhb
nodm a vgnrd aWrhb mdhfgantqgnncr Wqd Wkk hm U ’rdd ZR‘l.2“(- Hm lnqd cds‘hk+ sgd onrhshuhsx
qdk‘shnm hr qdpthqdc sn r‘shrex sgd enkknvhmf bnloWshahkhsx bnmchshnm vhsg sgd a‘rhb bnudq

aU U a� T

∃w′/ ’ wU U ” w γT (
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‘mc sn hmctbd ‘m hmsdqhnq nodqWsnq

U’�( 9 K’>( �→ K’>(

cdffmdc ax otsshmf U’U ( • { w ∈ > | wU U {- Sgdm+ sgd ffwonhmsr ne sghr nodq‘snq enql
sgd rtok‘sshbd ne enql‘k bknrdc rtardsr-

= a‘rhb snonknfx vgnrd a‘rhb bnudq r‘shrffdr ‘ bnmudqfdmbd oqnodqsx hr qdm‘ldc ‘r onrhshud
snonknfx hm ZR‘l08“ 0+ adb‘trd sgd qdrtkshmf bnlokdsd rtok‘sshbd ne �,ffwonhmsr ‘bst‘kkx enqlr
‘ knbWkd dmqhbgdc vhsg ‘ rtok‘sshbd ne enql‘k bknrdc rtardsr- = onrhshud snonknfx hr ‘krn ‘
enql‘k snonknfx hm sgd rdmrd ne ZR‘l76“ he sgd onrhshuhsx qdk‘shnm aU> cdffmdr ‘ onrhshuhsx
oqdchb‘sd Nnr’a( ld‘mhmf sg‘s sgd aWrhb nodm a hr hmgWahsdc ax W onhms- Sgdqdenqd sgd mnshnm
ne onrhshud snonknfx ‘ood‘qr sn ad ‘ rsqdmfsgdmhmf ne sgd mnshnm ne enql‘k snonknfx hm ZR‘l76“
vhsg sgd lnchffb‘shnm ne itrs qdpthqhmf sgd rtok‘sshbd ne enql‘k nodmr sn enql ‘ knb‘kd q‘sgdq
sg‘m ‘m nodm knb‘kd ‘r hm ZR‘l76“-

Bk‘rrhb‘kkx+ ‘ onrhshuhsx qdk‘shnm b‘m ad ‘rrnbh‘sdc sn ‘mx a‘rhb bnudq hm sgd enql

aU U • ¬a� ¬U

ats bnmrsqtbshudkx nmd mddcr sn ‘cc ‘ oqhlhshud nodq‘snq ’rdd ZR‘l08“(-
= onvdqetk ldsgnc sn fdmdq‘sd a‘rhb ‘mc onrhshud snonknfhdr hr sn o‘hq sgd hmctbshud

fdmdq‘shnm ne a‘rhb bnudqr hmsqnctbdc hm ZBRRU.2“ vhsg sgd bnhmctbshud fdmdq‘shnm ne sgd
onrhshuhsx qdk‘shnm hmsqnctbdc ax L‘qshm,K–ne ‘mc R‘lahm hm ZR‘l.2“- Rhmbd LE b‘mmns
enql‘khyd ‘kk sgd hmctbshudkx fdmdq‘sdc a‘rhb bnudqr+ khjd enq dw‘lokd sgd hmctbshud snonknfx
ne sgd A‘hqd ro‘bd ’rdd ZLLP10“(+ hs hr bkd‘q sg‘s sn enql‘khyd rtbg hmctbshud ‘mc bnhmctbshud
snonknfhb‘k ldsgncr vd mddc sn athkc ‘m dwsdmrhnm ne LE khjd LEbhjc sg‘s vd ‘qd fnhmf sn
cdrbqhad mnv-

Ax dwsdmrhnm neLE vd ‘bst‘kkx ld‘m W svn,kdudk dwsdmrhnm+ m‘ldkx vd dwsdmc ansg sgd
hmsdmrhnm‘k kdudk lSS ne LE ‘mc hsr dwsdmrhnm‘k kdudk dlSS sn enql ‘ svn,kdudk sgdnqx
r‘shrexhmf sgd qdpthqdldmsr ne ‘ bnmrsqtbshud entmc‘shnm hm ZLR.4“-

Hm ZLLP10“ vd athks ‘ svn,kdudk sgdnqx+ b‘kkdc LEhjc+ ax dwsdmchmf ansg kdudkr ne LE
vhsg sgd hmctbshud cdffmhshnmr hmsqnctbdc hm ZBRRU.2“ mdbdrr‘qx sn fdmdq‘sd a‘rhb bnudqr
hm ZAR.5+ BLR02“-

Jmnvhmf sg‘s sgd fdmdq‘shnm ne a‘rhb snonknfhdr bnmrhrsr hm dmqhbghmf sgd hmctbshud
fdmdq‘shnm ne a‘rhb bnudqr hm ZBRRU.2“ vhsg sgd bnhmctbshud fdmdq‘shnm ne onrhshuhsx qdk‘shnmr+
vd rhlokx dwsdmc ansg kdudkr ne LEhjc vhsg L‘qshm,K–ne,R‘lahm&r bnhmctbshud onrhshuhsx
qdk‘shnmr ZR‘l.2“-

Mnv+ vd cdffmd hm cds‘hk sgd svn,kdudk rsqtbstqd ne LEbhjc ax ffqrs cdrbqhahmf hsr
dwsdmrhnm‘k kdudk dlSSbhjc ‘mc sgdm hsr hmsdmrhnm‘k kdudk lSSbhjc-

1-0- Sgd dwsdmrhnmZk kdudk dlSSbhjc ne LEbhjc- Sgd dwsdmrhnm‘k kdudk dlSSbhjc ne
LEbhjc hr cdffmdc ‘r sgd dwsdmrhnm ne sgd dwsdmrhnm‘k kdudk dlSShjc neLEhjc hm ZLLP10“
vhsg sgd qtkdr fdmdq‘shmf onrhshuhsx qdk‘shnmr ax bnhmctbshnm-

0Onrhshud snonknfhdr vdqd b]kkdc [a]k]mbdc enql]k snonknfhdr` hm ZR]l.2“-
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Hm dlSSbhjc vd rshkk jddo sgd entq jhmcr ne sxodr ne dlSS+ m‘ldkx bnkkdbshnmr+ rdsr+
opnonrhshnmr ‘mc rlZkk opnonrhshnmr ‘bbnqchmf sn sgd enkknvhmf rtasxohmf qdk‘shnmr9

rlZkk opnonrhshnmr! "

��

� ! !! rdsr! "

��
opnonrhshnmr �

!
!! bnkkdbshnmr

vgdqd bnkkdbshnmr hmbktcd sgd onvdq,bnkkdbshnm K’>( ’vghbg hr mns ‘ rds`( ne ‘mx rds > ‘mc
rl‘kk oqnonrhshnmr ‘qd cdffmdc ‘r sgnrd oqnonrhshnmr bknrdc tmcdq hmsthshnmhrshb bnmmdbshudr+
‘mc pt‘mshffdqr ‘mc dpt‘khshdr qdrsqhbsdc sn rdsr-

Hm ‘cchshnm sn sgd qtkdr ne dlSS+ hm dlSShjc ‘mc gdmbd hm dlSSbhjc+ vd g‘ud mdv
oqhlhshud rlWkk oqnonrhshnmr

a ϕCρB U oqnoq

dwoqdrrhmf sg‘s sgd aWrhb nodm a hr bnudqdc ax sgd tmhnm ne aWrhb nodmr hm U enq ‘mx a dkdldms
ne ‘ rds >+ U rtards ne >+ ‘rrtlhmf sg‘s sgd aWrhb bnudq hr fdmdqWsdc ax W eWlhkx ne ’nodm(
rtardsr ne > hmcdwdc nm W eWlhkx ne rdsr H’w( rds Zw ∈ >“ Wmc qdoqdrdmsdc ax

B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“

vghbg vd b‘kk Wwhnl,rds ‘mc hmchb‘sd vhsg sgd ‘aaqduh‘shnm H. B-
=r enq dlSS ‘mc dlSShjc+ hm dlSSbhjc vd b‘m b‘m cdffmd ‘ rtards ldladqrgho

qdk‘shnm

a γU

adsvddm ‘ rtards U ∈ K’>( ‘mc ‘m dkdldms a ne ‘ rds > ‘r hm ZL‘h.8“+ vghbg hr chΩdqdms
eqnl sgd oqhlhshud sxohmf ldladqrgho a ∈ > vghbg hr ‘ itcfdldms-

Vd ‘krn ‘cnos sgd bnmudmshnm ne vqhshmf φ sqtd enq ‘ oqnonrhshnm φ hmrsd‘c ne sptd ∈ φ
‘r hm ZL‘h.8“-

Pdb‘kk sg‘s sgd qtkdr ne dlSShjc hm ZLLP10“ vdqd nas‘hmdc ax dwsdmchmf sgnrd ne
dlSS vhsg sgd ‘cchshnm ne sgd qtkdr cdffmhmf sgd a‘rhb bnudq a ϕCρB U oqnoq hmctbshudkx
fdmdq‘sdc eqnl ‘m ‘whnl,rds H. B-

Sgd qtkdr ne dlSSbhjc ‘qd nas‘hmdc ax dwsdmchmf sgnrd ne dlSShjc vhsg sgd enkknvhmf
nmdr cdffmhmf onrhshuhsx qdk‘shnmr ax bnhmctbshnm9

Ptkdr ne bnhmctbshud Onrhshuhsx pdkZshnmr hm dlSSbhjc

E, Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“
U ∈ K’>( a ∈ >

aUCρB U oqnoq

bqe, Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“
U ∈ K’>( a ∈ > aUCρB U sqtd

a γU sqtd
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‘w,lnm,Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“
a ∈ > h ∈ H’a( U ∈ K’>( aUCρB U sqtd

∃x′/ ’x γB’a. h( ” x UCρB U ( sqtd

bhmc,Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“
a ∈ > U ∈ K’>(
J ’w( oqno Zw ∈ >“ roifs’U. J ( sqtd J ’a( sqtd

aUCρB U sqtd

vgdqd

roifs’U. J ( • ∀w′/ ’ J ’w( → ’ wεU ” ∀y′C’w( ∃x′/ ’ x γB’w. y( ” J ’x( ( ( (

Sgd bnhmctbshud fdmdq‘shnm ne onrhshuhsx qdk‘shnmr hr bqtbh‘k sn oqnuhcd ‘ oqdchb‘shud
‘mc bnmrsqtbshud qdoqdrdms‘shnm ne qdrtksr bnmbdqmhmf ‘ookhb‘shnmr ne sgd sgdnqx ne onrhshuhsx
qdk‘shnmr ‘mc a‘rhb snonknfhdr sn sg‘s ne knb‘kdr+ m‘ldkx sgd cdffmhshnm ne bknrdc rtaknb‘kdr
hm ZUhb.6“+ sgd qdk‘shnm adsvddm enql‘k snonknfx ‘mc Aqntvdq&r oqhmbhokdr hm ZJR08+ R‘l08“
‘mc sgd bnmmdbshnmr adsvddm knb‘kdr+ nodm knb‘kdr ‘mc onrhshud snonknfhdr hm ZLU.3+ BR07“-
Lnqd hm cds‘hk+ hm dlSSbhjc vd b‘m enql‘khyd sgd dladcchmf ne sgd b‘sdfnqx ne knb‘kdr
qdoqdrdmsdc ‘r hmctbshudkx fdmdq‘sdc enql‘k bnudqr hmsn sgd b‘sdfnqx ne onrhshud snonknfhdr
hm ZBR07“+ ax dladcchmf ‘mx hmctbshud enql‘k bnudq �CρB ‘r sgd onrhshud snonknfx vhsg
sgd r‘ld a‘rhb bnudq dmqhbgdc vhsg sgd bnhmctbshud onrhshuhsx qdk‘shnm UCρB - Lnqdnudq+ hm
dlSSbhjc vd b‘m enql‘khyd sgd bnqdfidbshnm hm ZLU.3“ ne sgd b‘sdfnqx ne knb‘kdr qdoqdrdmsdc
‘r hmctbshudkx fdmdq‘sdc enql‘k bnudqr hmsn hsr rtab‘sdfnqx ne nodm knb‘kdr qdoqdrdmsdc ‘r
hmctbshudkx fdmdq‘sdc enql‘k snonknfhdr ax bnqdfidbshmf ‘mx bnmudqfdms a‘rhb bnudq �CρB
hmctbshudkx fdmdq‘sdc eqnl ‘m ‘whnl,rds H. B+ hmsn sgd hmctbshudkx fdmdq‘sdc enql‘k snonknfx
’>.�C�ρB� .Nnr( vgnrd onrhshuhsx oqdchb‘sd Nnr hr cdffmdc hm sdqlr ne sgd bnhmctbshud onrhshuhsx
qdk‘shnm UCρB ‘r

Nnr’a( • aUCρB >
‘mc hsr a‘rhb bnudq �C�ρB� hr hmctbshudkx fdmdq‘sdc ax ‘ mdv ‘whnl,rds H)’w( rds Zw ∈ >“

‘mc B)’w. i( ∈ K’>( Zw ∈ >. i ∈ H)’w(“ dwsdmchmf sgd fhudm nmd ax ‘cchmf enq d‘bg a‘rhb
nodm a ‘m hmcdw j rtbg sg‘s

B)’a. j( • { w ∈ > | Nnr’a( {.
Hm uhdv ne hmsdqoqdshmf dlSSbhjc hm sgd hmsdmrhnm‘k kdudklSSbhjc+ ‘r mnsdc hm ZLLP10“

enq a‘rhb bnudqr+ hs hr bqtbh‘k sg‘s a‘rhb snonknfhdr cdffmdc ax �CρB ‘mc UCρB nm ‘ ptnshdms
rds a‘rd A<P b‘m ad dpthu‘kdmskx oqdrdmsdc ax ‘ bnudq ‘mc ‘ onrhshuhsx qdk‘shnm nm sgd rds
A hsrdke vghbg adg‘udr khjd �CρB ‘mc UCρB + qdrodbshudkx+ ats hm ‘cchshnm hs bnmrhcdqr ‘r dpt‘k
nodmr sgnrd dkdldmsr vghbg ‘qd qdk‘sdc ax P-

Hm nqcdq sn oqnodqkx rgnv sghr e‘bs+ vd qdb‘kk ‘ bnqqdronmcdmbd adsvddm rtardsr ne A<P
‘mc rtardsr ne A hm ZLLP10“9

Cd∆mhshnm 1-0- Hm dlSSbhjc+ fhudm ‘ ptnshdms rds A<P+ enq ‘mx rtards V ∈ K’A<P( vd
cdffmd

dr’V ( • { a ∈ A | Za“ γV {
‘mc fhudm ‘mx U ∈ K’A( vd cdffmd dr�’U ( • { y ∈ A<P | ∃a′A ’ a γU ∧ y ;A,J Za“ ({-

Cd∆mhshnm 1-1- Fhudm ‘m ‘whnl rds qdoqdrdmsdc ax ‘ rds > • A<P vhsg H’w( rds Zw ∈ >“
‘mc B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“+ vd cdffmd ‘ mdv ‘whnl rds ‘r enkknvr9

>J • A HJ’w( • H’Zw“( ) ’Σx ∈ A( P’w. x( enq w ∈ A
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vgdqd BJ’a. i( hr sgd enql‘khy‘shnm ne

BJ’a. i( •

}
dr’B’Za“. i( ( he i ∈ H’Za“(

{π0’i( { he i ∈ ’Σx ∈ A( P’a. x(

enq a ∈ A ‘mc i ∈ HJ’w(-
Vd sgdm b‘kk �JCρB ‘mc UJCρB sgd hmctbshud a‘rhb bnudq ‘mc sgd bnhmctbshud onrhshuhsx qdk‘shnm
fdmdq‘sdc eqnl sghr ‘whnl rds+ qdrodbshudkx-

Eqnl ZLLP10“ vd jmnv sg‘s9

KdllZ 1-2- Dnq Wmx Wwhnl rds hm dlSShjc qdoqdrdmsdc ax W rds > • A<P vhsg
H’w( rds Zw ∈ >“ Wmc B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“) sgd rtokWsshbd ne �wonhmsr cd�mdc ax
�CρB hr hrnlnqoghb sn sgWs cd�mdc ax �JCρB ax ldWmr ne Wm hrnlnqoghrl ne rtokWsshbdr-

=m‘knfntrkx vd b‘m rgnv sg‘s

KdllZ 1-3- Dnq Wmx Wwhnl rds hm dlSShjc qdoqdrdmsdc ax W rds > • A<P vhsg
H’w( rds Zw ∈ >“ Wmc B’w. i( ∈ K’>( Zw ∈ >. i ∈ H’w(“) sgd rtokWsshbd ne �wonhmsr cd�mdc ax
UCρB hr hrnlnqoghb sn sgWs cd�mdc ax UJCρB ax ldWmr ne Wm hrnlnqoghrl ne rtokWsshbdr-

Oqnne- Itrs nardqud sg‘s enq ‘mx rtards V ne A<P vghbg hr ‘ ffwonhms enq UCρB sgd rtards

dr’V ( hr ‘ ffwonhms enq UJCρB ax bhmc,Onr- Bnmudqrdkx+ enq ‘mx rtards U ne A vghbg hr ‘

ffwonhms enq �JCρB sgd rtards dr�’U ( hr ‘ ffwonhms enq UCρB ‘kv‘xr ax bhmc,Onr-

1-1- Sgd hmsdmrhnmZk kdudk lSSbhjc- Gdqd vd cdffmd sgd hmsdmrhnm‘k kdudk lSSbhjc ne
LEbhjc ‘r ‘m dwsdmrhnm ne sgd hmsdmrhnm‘k kdudk lSS ne LE b‘o‘akd ne hmsdqoqdshmf sgd
dwsdmrhnm‘k kdudk dlSSbhjc- Vd ‘bst‘kkx cdrbqhad lSSbhjc ‘r ‘m dwsdmrhnm ne lSShjc
hm ZLLP10“ vhsg sgd qtkdr fdmdq‘shmf ‘ onrhshuhsx qdk‘shnm ax bnhmctbshnm+ ‘r cnmd enq
dlSSbhjc vhsg qdrodbs sn dlSShjc-

=r hm lSS hm ZL‘h.8“ ‘mc hm lSShjc+ hm lSSbhjc vd g‘ud sgd r‘ld entq jhmcr ne
sxodr ‘r hm dlSSbhjc vhsg sgd chΩdqdmbd sg‘s hm lSSbhjc onvdq,bnkkdbshnmr ne rdsr ‘qd
qdok‘bdc ax ‘ bnkkdbshnm ne rlWkk oqnonrhshnmr opnoa ‘mc etmbshnm bnkkdbshnmr >→ opnoa enq
‘mx rds >- Rtbg bnkkdbshnmr ‘qd dmntfg sn hmsdqoqds onvdq,bnkkdbshnmr ne rdsr hm dlSSbhjc
vhsghm ‘ ptnshdms lncdk ne cdodmcdms dwsdmrhnm‘k sxodr athks nudq lSSbhjc+ ‘r rgnvm
hm ZL‘h.8“ vgdm hmsdqoqdshmf dlSS hm lSS-

Hm ‘cchshnm sn rl‘kk oqnonrhshnm bnmrsqtbsnqr ne lSS+ hm lSSbhjc ‘mc gdmbd hm
lSShjc vd g‘ud mdv rl‘kk oqnonrhshnmr a ϕCρB U oqnoq vhsg bnqqdronmchmf mdv oqnne,
sdql bnmrsqtbsnqr ‘rrnbh‘sdc sn sgdl hm nqcdq sn qdoqdrdms ‘ oqnne,qdkdu‘ms udqrhnm ne
hmctbshudkx fdmdq‘sdc a‘rhb bnudqr rn sg‘s itcfdldmsr ‘rrdqshmf sg‘s rnld oqnonrhshnm hr
sqtd hm dlSSbhjc ‘qd stqmdc hmsn itcfdldmsr ne lSSbhjc oqnctbhmf ‘ oqnne,sdql ne sgd
bnqqdronmchmf oqnonrhshnm-

Lnqdnudq+ hm lSSbhjc ‘r hm lSS ‘mc hm lSShjc+ sgd tmhudqrd ne rl‘kk oqnonrhshnmr
hr cdffmdc hm sgd udqrhnm ‘̀ k‘ Ptrrdkk 1-

Vgdm dwoqdrrhmf sgd qtkdr ne hmctbshud a‘rhb bnudqr vd trdc sgd ‘aaqduh‘shnm

a γU sn ld‘m �o’U . a (

1@ udqrhnm ne lRR vhsg sgd tmhudqrd ne rl]kk oqnonrhshnmr ]̀ k] S]qrjh b]m ad entmc hm ZLL05“-
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enq ‘mx rds >+ ‘mx rl‘kk oqnonrhshnm‘k etmbshnm U ∈ >→ opnoa ‘mc ‘mx dkdldms a ∈ >-

Enql‘kkx+ lSSbhjc hr nas‘hmdc ax dwsdmchmf sgd qtkdr ne lSShjc hm ZLLP10“ vhsg sgd
enkknvhmf qtkdr cdffmhmf onrhshuhsx qdk‘shnmr ax bnhmctbshnm hm sgd enql ne ‘whnlr vhsg mn
dpt‘khsx qtkdr9

9whnlr ne bnhmctbshud Onrhshuhsx pdkZshnmr hm lSSbhjc

E,Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ >→ opnoa Zw ∈ >. i ∈ H’w(“
U ∈ >→ opnoa a ∈ >

aUCρB U oqnoq

bqe,Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ >→ opnoa Zw ∈ >. i ∈ H’w(“
U ∈ >→ opnoa a ∈ > p ∈ aUCρB U

Uw�’a. p( ∈ a γU

‘w,lnm,Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ >→ opnoa Zw ∈ >. i ∈ H’w(“
U ∈ >→ opnoa a ∈ > h ∈ H’a(
p ∈ aUCρB U

Uw1’a. h. p( ∈ ∃x′/ ’ xγB’a. h( ” x UCρB U (

bhmc,Onr

> rds H’w( rds Zw ∈ >“ B’w. i( ∈ > → opnoa Zw ∈ >. i ∈ H’w(“

J ’w( oqno Zw ∈ >“ U ∈ > → opnoa

a ∈ > l ∈ J ’a(

p0’w. y( ∈ U ’w( Zw ∈ >. y ∈ J ’w(“

p1’w. i. y( ∈ ∃x′/’J ’x( ” x γB’w. i(( Zw ∈ >. i ∈ H’w(. y ∈ J ’w(“

Uw2’a.l. p0. p1( ∈ aUCρB U

=r mnsdc hm ZLLP10“ enq sgd bnudq qdk‘shnm+ sgd onrhshuhsx qdk‘shnm oqdrdqudr dwsdmrhnm‘k
dpt‘khsx ne rtardsr qdoqdrdmsdc ‘r rl‘kk oqnonrhshnm‘k etmbshnmr9

KdllZ 1-4- Dnq Wmx Wwhnl rds hm lSSbhjc qdoqdrdmsdc ax W rds > vhsg H’w( rds Zw ∈ >“
Wmc B’w. i( ∈ > → opnoa Zw ∈ >. i ∈ H’w(“) enq Wmx oqnonrhshnmWk etmbshnmr U0 ∈ > → opnoa
Wmc U1 ∈ > → opnoa) vd bWm cdqhud enq W oqnne,sdql p

p ∈ U0 ;dws U1 → NnrCρB’a. U0( ;dws NnrCρB’a. U1(

vgdqd enq Wmx rlWkk oqnonrhshnmWk etmbshnmr V0 Wmc V1 nm W rds > vd trd sgd enkknvhmf
WaaqduhWshnm V0 ;dws V1 • ∀w′/ ’ V0’w( ↔ V1’w( (-

Pdb‘kk sg‘s sgd hmsdqoqds‘shnm ne dlSS hmlSS hm ZL‘h.8“+ ‘r vdkk ‘r sg‘s ne dlSShjc
hm lSShjc hm ZLLP10“+ hmsdqoqdsr ‘ rds > ‘r ‘m dwsdmrhnmWk ptnshdms cdffmdc hm lSS ‘r ‘
rds >I ne lSS+ b‘kkdc rtoonqs+ dpthoodc vhsg ‘m dpthu‘kdmbd qdk‘shnm ;/I nudq >

I + ‘r vdkk
‘r e‘lhkhdr ne rdsr ‘qd hmsdqoqdsdc ‘r e‘lhkhdr ne dwsdmrhnm‘k rdsr oqdrdquhmf sgd dpthu‘kdmbd
qdk‘shnmr hm sgdhq sdkdrbnohb bnmsdwsr- Mnv+ Kdll‘ 1-4 rtffdrsr sg‘s vd b‘m hmsdqoqds ‘
bnhmctbshud onrhshuhsx qdk‘shnm nm ‘ rds > ne dlSSbhjc vhsghm lSSbhjc ‘r ‘ bnhmctbshud
onrhshuhsx qdk‘shnm ne lSSbhjc nm sgd rtoonqs >

I ax dmqhbghmf sgd hmsdqoqds‘shnm ne sgd
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‘whnl,rds hm lSSbhjc vhsg sgd dpthu‘kdmbd qdk‘shnm ;/I hm ‘ rhlhk‘q v‘x sn Cdffmhshnm 1-1
‘r enkknvr9

Cd∆mhshnm 1-5- Enq ‘mx ‘whnl rds hmlSSbhjc qdoqdrdmsdc ax ‘ rds > vhsg H’w( rds Zw ∈ >“
‘mc B’w. i( ∈ > → opnoa Zw ∈ >. i ∈ H’w(“ ‘mc enq ‘mx fhudm dpthu‘kdmbd qdk‘shnm
w ;/ x ∈ opnoa Zw ∈ >. x ∈ >“ stqmhmf > hmsn ‘m dwsdmrhnm‘k rds ‘r vdkk ‘r sgd e‘lhkx ne rds
H’w( rds Zw ∈ >“ ‘mc oqnonrhshnm‘k etmbshnmr B’w. i( ∈ > → opnoa Zw ∈ >. i ∈ H’w(“ hmsn ‘m
dwsdmrhnm‘k e‘lhkx ne rdsr ‘mc dwsdmrhnm‘k oqnonrhshnm‘k etmbshnmr oqdrdquhmf ;/ ‘bbnqchmf
sn sgd cdffmhshnmr hm ZL‘h.8“+ vd cdffmd ‘ mdv ‘whnl rds ‘r enkknvr

>:, • > H:,’w( • H’w( ) ’Σx ∈ >(’w ;/ x( enq w ∈ >

vgdqd B:,’a. i( hr sgd enql‘khy‘shnm ne

B:,’a. i( •

}
B’a. i( he i ∈ H’a(

{π0’i( { he i ∈ ’Σx ∈ >(’a ;/ x(

enq a ∈ > ‘mc i ∈ H:,’w(-
Vd sgdm b‘kk �:,CρB ‘mc U:,CρB qdrodbshudkx sgd hmctbshud a‘rhb bnudq ‘mc sgd bnhmctbshud
onrhshuhsx qdk‘shnm fdmdq‘sdc eqnl sghr ‘whnl rds-

Vd ‘qd mnv qd‘cx sn hmsdqoqds dlSSbhjc hm sgd ptnshdms lncdk nudq lSSbhjc athks ‘r
hm ZL‘h.8“ ax dwsdmchmf sgd hmsdqoqds‘shnm ne dlSShjc hm lSShjc hm ZLLP10“ ‘r enkknvr9

Opnonrhshnm 1-6- Sgd hmsdqoqdsWshnm ne dlSS hm lSS hm ZL‘h.8“ dwsdmcr sn Wm hmsdq,
oqdsWshnm ne dlSSbhjc hm lSSbhjc ax hmsdqoqdshmf Wm hmctbshud aWrhb bnudq a�CρB U Wmc W
bnhmctbshud onrhshuhsx qdkWshnm aUCρB U enq a ∈ > Wmc U ∈ K’>( qdrodbshudkx Wr sgd hmctbshud
aWrhb bnudq �

:
,I

CI ρBI Wmc sgd bnhmctbshud onrhshuhsx qdkWshnm U:,I
CI ρBI nudq sgd rtoonqs >I ne sgd

hmsdqoqdsWshnm ne >-

Oqnne- Sgd fhudm hmsdqoqds‘shnm bnhmbhcdr vhsg sgd hmsdqoqds‘shnm ne dlSShjc hm lSShjc
fhudm hm ZLLP10“ enq vg‘s qdf‘qcr hmctbshud a‘rhb bnudqr- Sn bgdbj hsr bnqqdbsmdrr enq
vg‘s qdf‘qcr bnhmctbshud onrhshuhsx qdk‘shnmr+ itrs nardqud sg‘s U:,I

CI ρBI hr ‘m dwsdmrhnm‘k

oqnonrhshnm nudq sgd dwsdmrhnm‘k rds hmsdqoqdshmf > ‘mc nudq sgd hmsdqoqds‘shnm ne K’>( hm
sgd rdmrd ne ZL‘h.8“-

2- Sgd LZpshm,Izne�r sxod sgdnphdr LKssbhjc Zmc L�Nhjc
Hm nqcdq sn cdqhud sgd bnmrhrsdmbx ne lSSbhjc vhsg 9A ) AS eqnl sgd bnmrhrsdmbx ne
AXE)PD9 vd hmsqnctbd svn ‘twhkh‘qx sgdnqhdr LKssbhjc ‘mc L�Nhjc vhsg sgd hcd‘ ne
qdctbhmf sgd bnmrhrsdmbx ne lSSbhjc vhsg 9A ) AS sn sgd bnmrhrsdmbx ne LKssbhjc nq
L�Nhjc vhsg itrs AS- Sgd bqtbh‘k onhms hr sg‘s ansgLKssbhjc ‘mc L�Nhjc ‘qd hmsdmrhnm‘k
L‘qshm,K–ne&r sxod sgdnqhdr fnudqmdc ax Btqqx,Gnv‘qc&r hmsdqoqds‘shnm ne oqnonrhshnmr,‘r,rdsr
vghbg u‘khc‘sdr sgd ‘whnl ne bgnhbd 9A hmsdqm‘kkx- Sghr hcd‘ v‘r ‘kqd‘cx hlokdldmsdc sn
nas‘hm rhlhk‘q qdrtksr ansg hm ZHLLR07“ ‘mc hm ZLLP10“-

Sgd sgdnqx LKssbhjc hr ‘m dwsdmrhnm ne sgd sgdnqx LKsshjc hm ZLLP10“ vhsg qtkdr
fdmdq‘shmf bnhmctbshud onrhshuhsx qdk‘shnmr+ vghbg lncdk sgnrd ne lSSbhjc-

Hmrsd‘c+ sgd sgdnqx L�Nhjc hmbktcdr O‘klfqdm&r rtodqtmhudqrd P hm ZO‘k87“ vghbg hr
trdc sn hmsdqoqds rl‘kk oqnonrhshnmr ne lSSbhjc- Ax bnmsq‘rs+ sgd eq‘fldmsr ne L‘qshm,K–ne&r
sxod sgdnqx LKssbhjc gdqd+ LKss0 hm ZHLLR07“ ‘mc LKsshjc hm ZLLP10“ itrs bnms‘hm ‘
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rhmfkd tmhudqrd ’vghkrs bknrdc tmcdq rnld oqhlhshud hmctbshud cdffmhshnmr hm LKsshjc ‘mc
etqsgdqlnqd tmcdq rnld bnhmctbshud cdffmhshnmr hmLKssbhjc( sn hmsdqoqds rl‘kk oqnonrhshnmr
ne sgd bnmrhcdqdc dwsdmrhnmr ne lSS- Lnqdnudq+ ‘r cnmd enq sgd tmhudqrd hm sgd sgdnqx
LKsshjc hm ZLLP10“+ vd bknrd sgd rtodqtmhudqrd tmcdq hmctbshud bnudqr q‘sgdq sg‘m vdkk,
entmcdc rdsr ‘r hm ZP‘s.2“- Sgd oqdrdmbd ne sgd rtodqtmhudqrd hmL�Nhjc hr bqtbh‘k hm cdffmhmf
sgd hmsdqoqds‘shnm ne sgd bnhmctbshud onrhshuhsx qdk‘shnmr ne lSSbhjc sg‘mjr sn sgd bknrtqd
ne sgd rtodqtmhudqrd tmcdq tmhudqrd nodq‘snqr ‘mc sgd ‘whnl ne bgnhbd-

2-0- Sgd sgdnpx LKssbhjc- Sgd sgdnqx LKssbhjc hr nas‘hmdc ax dwsdmchmf LKsshjc
hm ZLLP10“ ’vghbg g‘r nmd tmhudqrd T. ‘̀ k‘ S‘qrjh( vhsg sgd enkknvhmf ‘whnlr enq bnhmctbshud
onrhshuhsx qdk‘shnmr9
Anhmctbshud onrhshuhsx pdkZshnmr hm LKssbhjc

E,Onr

r ∈ T. h’w( ∈ T. Zw ∈ S’r(“ b’w. i( ∈ S’r(→ T. Zw ∈ S’r(. i ∈ S’h’w((“
u ∈ S’r(→ T. a ∈ S’r(

a∧Uqρhρbu ∈ T.

bqe,Onr

r ∈ T. h’w( ∈ T. Zw ∈ S’r(“ b’w. i( ∈ S’r(→ T. Zw ∈ S’r(. i ∈ S’h’w((“
u ∈ S’r(→ T. a ∈ S’r( p ∈ aUqρhρb u

Uw�’a. p( ∈ a γ u

‘w,lnm,Onr

r ∈ T. h’w( ∈ T. Zw ∈ S’r(“ b’w. i( ∈ S’r(→ T. Zw ∈ S’r(. i ∈ S’h’w((“
u ∈ S’r(→ T. a ∈ S’r( i ∈ S’h’a((
p ∈ aUqρhρb u

Uw1’a. h. p( ∈ ’Σx ∈ S’r(( ’ x γ b’a. i( × x Uqρhρb u(

bhmc,Onr

r ∈ T. h’w( ∈ T. Zw ∈ S’r(“ b’w. i( ∈ S’r(→ T. Zw ∈ S’r(. i ∈ S’h’w((“
J ’w( sxod Zw ∈ S’r(“ u ∈ S’r( → T.

a ∈ S’r( l ∈ J ’a(

p0’w. y( ∈ S’u’w(( Zw ∈ S’r(. y ∈ J ’w(“

p1’w. i. y( ∈ ’Σx ∈ S’r((’ x γ b’w. i(× J ’x(( Zw ∈ S’r(. i ∈ S’h’w((. y ∈ J ’w(“

Uw2’l. p0. p1( ∈ aUqρhρb u

vgdqd aUqρhρbu hr ‘ rgnqsg‘mc enq S’a∧Uqρhρbu( ‘mc vd trdc sgd ‘aaqduh‘shnm s γ r enq S’�o’r. s((-
Vd b‘m hmsdqoqds sgd sgdnqx lSSbhjc ’vghbg g‘r ‘ tmhudqrd ne rl‘kk oqnonrhshnmr ‘̀ k‘

Ptrrdkk( hm LKssbhjc ’vghbg g‘r ‘ tmhudqrd ‘̀ k‘ S‘qrjh( ‘r enkknvr9

’0( Vd ffqrs bnmrhcdq ‘ oqd,rxms‘w ne lSSbhjc bnmrhrshmf ne oqd,sxodr ‘mc ne oqd,sdqlr vhsg
sgd torgns sg‘s oqd,sdqlr hmbktcd ‘krn ‘kk sgd oqd,sxodr bnms‘hmdc hm sgd tmhudqrd ne
rl‘kk oqnonrhshnmr opnoq:

’1( Vd cdffmd ax ltst‘k qdbtqrhnm nm sgd bnlokdwhsx ne sgd oqd,rxms‘w svn hmsdqoqds‘shnm
etmbshnmr: sgd ffqrs |�|s l‘or d‘bg oqd,sdql ne lSSbhjc sn ‘ oqd,sdql ne LKssbhjc+
sgd rdbnmc |�|R l‘or d‘bg oqd,sxod ne lSSbhjc sn ‘ oqd,sxod ne LKssbhjc: sgdrd
hmsdqoqds‘shnmr ‘qd cdffmdc hm sgd nauhntr v‘x ax rhlokx enkknvhmf sgd oqnonrhshnm,
‘r,sxodr hmsdqoqds‘shnm ‘mc g‘uhmf b‘qd ne hmsdqoqdshmf oqd,sxodr rddm ‘r oqd,sdqlr hm
bncd,sdqlr bnqqdronmchmf sn sgd qdk‘shud oqd,sxod hmsdqoqds‘shnmr-
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Sgd oqd,sxod opnoq vhkk ad hmsdqoqdsdc ‘r sgd tmhudqrd T.+ ‘mc sxodr ‘mc sdqlr hmsqnctbdc
hm sgd onrhshuhsx bnhmctbshnm qtkdr ne lSSbhjc ‘qd hmsdqoqdsdc hm sgd nauhntr v‘x trhmf sgd
bnqqdronmchmf sxodr ‘mc sdqlr hm LKssbhjc- Itcfdldmsr ne lSSbhjc ‘qd hmsdqoqdsdc hm
itcfdldmsr neLKssbhjc hm sgd nauhntr v‘x+ ax trhmf |�|s nq |�|R vgdm sgd qnkd ne ‘ rl‘kk
oqnonrhshnm hm ‘ itcfdldms hr sg‘s ne ‘ sdql nq sg‘s ne ‘ sxod+ qdrodbshudkx- Enq dw‘lokd he
ϕ hr ‘ rl‘kk oqnonrhshnm hm lSSbhjc sgd itcfdldms a ∈ ϕ hr sq‘mrk‘sdc hmsn |a|s ∈ |ϕ|R +
vghkd sgd itcfdldms ϕ ∈ opnoq hr sq‘mrk‘sdc hmsn |ϕ|s ∈ T.-

Opnonrhshnm 2-0- Td bWm hmsdqoqds lSSbhjc)9A)AS hmsn LKssbhjc)AS Wbbnqchmf sn
sgd Wanud hmsdqoqdsWshnm rn sgWs sgd bnmrhrsdmbx ne lSSbhjc )9A)AS hr qdctbdc sn sgd
bnmrhrsdmbx ne LKssbhjc )AS-

2-1- Sgd sgdnpx L�Nhjc- Vd gdqd aqhdfix cdrbqhad sgd sgdnqx L�Nhjc nas‘hmdc ax dw,
sdmchmf sgd ffqrs,nqcdq eq‘fldms ne hmsdmrhnm‘k L‘qshm,K–ne&r sxod sgdnqx hm ZMOR8.“ vhsg ‘
rtodqtmhudqrd P ‘̀ k‘ S‘qrjh bknrdc tmcdq hmctbshud bnudqr adrhcdr sgd trt‘k ffqrs,nqcdq sxod
bnmrsqtbsnqr ‘mc tmhudqrd bnmrsqtbsnqr ‘r hm ZO‘k87“-

Hm ‘bbnqc‘mbd vhsg Btqqx,Gnv‘qc&r oqnonrhshnm,‘r,rdsr hmsdqoqds‘shnm+ vghbg hr ‘ od,
btkh‘qhsx ne L‘qshm,K–ne&r sxod sgdnqx+ ‘r cnmd enq LKsshjc hm ZLLP10“ ‘mc bnmsq‘qx sn
lSShjc ‘r vdkk ‘r sn lSSbhjc+ vd rsqdmfsgdm sgd dkhlhm‘shnm qtkd ne hmctbshud a‘rhb bnudqr
sn ‘bs snv‘qcr rdsr cdodmchmf nm sgdhq oqnne,sdqlr ‘bbnqchmf sn hmctbshud fdmdq‘shnm ne
sxodr hm L‘qshm,K–ne&r sxod sgdnqx-

Sn sghr otqonrd vd ‘cc sn L�Nhjc sgd bncd

a∧ϕqρhρb u ∈ P enq a ∈ S’r( ‘mc u ∈ S’r( → P

ld‘mhmf sg‘s sgd dkdldms a ne W rlWkk rds S’r( qdoqdrdmsdc ax sgd bncd r ∈ P hr bnudqdc ax
sgd rtards u qdoqdrdmsdc ax ‘ rl‘kk oqnonrhshnm‘k etmbshnm eqnl S’r( sn sgd ’k‘qfd( rds ne
rl‘kk oqnonrhshnmr hcdmshffdc vhsg P ax sgd oqnonrhshnmr,‘r,rdsr bnqqdronmcdmbd-

Lnqdnudq+ vd trd Uwanu’r. h. b( sn cdmnsd bnkkdbshudkx sgd enkknvhmf itcfdldmsr

r ∈ P h’w( ∈ P Zw ∈ S’r(“ b’w. i( ∈ S’r(→ P Zw ∈ S’r(. i ∈ S’h’w((“

Sgdm+ sgd oqdbhrd qtkdr ne hmctbshud a‘rhb bnudqr hm L�Nhjc ‘qd nas‘hmdc ax sgnrd ne
LKsshjc hm ZLLP10“ ax qdok‘bhmf T. vhsg P ‘r enkknvr9

Ptkdr ne hmctbshudkx fdmdpZsdc aZrhb bnudpr hm L�Nhjc

E,ϕ
Uwanu’r. h. b( a ∈ S’r( u ∈ S’r(→ P

a∧ϕqρhρb u ∈ P

qe,ϕ
Uwanu’r. h. b( a ∈ S’r( u ∈ S’r(→ P q ∈ a γ u

pe’a. q( ∈ a ϕqρhρb u
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sq,ϕ

Uwanu’r. h. b( a ∈ S’r( i ∈ S’h’a(( u ∈ S’r(→ P
q ∈ ’Πy ∈ S’r((’y γ b’a. i(→ y ϕqρhρb u(

sp’a. i. q( ∈ a ϕqρhρb u

hmc,ϕ

Uwanu’r. h. b( u ∈ S’r(→ P J ’w. t( sxod Zw ∈ S’r(. t ∈ w ϕqρhρb u“
a ∈ S’r( l ∈ a ϕqρhρb u
p0’w.v( ∈ J ’w. pe’w.v(( Zw ∈ S’r(. v ∈ w γ u“

p1’w. f. j. e( ∈ J ’w. sp’w. f. j((
Zw ∈ S’r(. f ∈ S’h’w((.
j ∈ ’Πy ∈ S’r((’y γ b’w. f(→ y ϕqρhρb u(.

e ∈ ’Πy ∈ S’r((’Πt ∈ y γ b’w. f((J ’y.�o’�o’j. y(. t((“

fmc’l. p0. p1( ∈ J ’a.l(

B0,hmc,ϕ

Uwanu’r. h. b( u ∈ S’r(→ P J ’w. t( sxod Zw ∈ S’r(. t ∈ w ϕqρhρb u“
a ∈ S’r( q ∈ a γ u
p0’w.v( ∈ J ’w. pe’w.v(( Zw ∈ S’r(. v ∈ w γ u“

p1’w. f. j. e( ∈ J ’w. sp’w. f. j((
Zw ∈ S’r(. f ∈ S’h’w((.
j ∈ ’Πy ∈ S’r((’y γ b’w. f(→ w ϕqρhρb u(.

e ∈ ’Πy ∈ S’r((’Πt ∈ y γ b’w. f((J ’y.�o’�o’j. y(. t((“

fmc’pe’a. q(. p0. p1( ; p0’a. q( ∈ J ’a. pe’a. q((

B1,hmc,ϕ

Uwanu’r. h. b( u ∈ S’r(→ P J ’w. t( sxod Zw ∈ S’r(. t ∈ w ϕqρhρb u“
a ∈ S’r( i ∈ S’h’a(( q ∈ ’Πy ∈ S’r((’y γ b’a. i(→ y ϕqρhρb u(
p0’w.v( ∈ J ’w. pe’w.v(( Zw ∈ S’r(. v ∈ w γ u“

p1’w. f. j. e( ∈ J ’w. sp’w. f. j((
Zw ∈ S’r(. f ∈ S’h’w((.
j ∈ ’Πy ∈ S’r((’y γ b’w. f(→ y ϕqρhρb u(.

e ∈ ’Πy ∈ S’r((’Πt ∈ y γ b’w. f((J ’y.�o’�o’j. y(. t((“

fmc’sp’a. i. q(. p0. p1( ; p1’a. i. q.λy.λt.fmc’�o’�o’q. y(. t(. p0. p1(( ∈ J ’a. sp’a. i. q((

Hs hr vnqsg rsqdrrhmf sg‘s tmhudqrdr vhsghm sgd rtodqtmhudqrd ‘qd mns mdbdrrWqhkx bknrdc
tmcdq hmctbshud bnudqr-

Cd∆mhshnm 2-1- = bqtbh‘k cduh‘shnm eqnl sgd nqchm‘qx udqrhnmr ne L‘qshm,K–ne&r sxod sgdnqx
hr sg‘s enq L�Nhjc+ ‘mc ‘krn enq LKssbhjc+ vd onrstkWsd itrs sgd qdokWbdldms qtkd qdok

qdok(

b’w0. . . . . wj( ∈ B’w0. . . . . wj( Zw0 ∈ >0. . . . . wj ∈ >j’w0. . . . . wj�0( “

a0 ; a0 ∈ >0 . . . aj ; aj ∈ >j’a0. . . . . aj�0(

b’a0. . . . . aj( ; b’a0. . . . . aj( ∈ B’a0. . . . . aj(

hm okWbd ne sgd trtWk bnmfqtdmbd qtkdr vghbg vntkc hmbktcd sgd ξ,qtkd hm ‘bbnqc‘mbd vhsg sgd
qtkdr ne lSS hm ZL‘h.8“ ’rdd ZHLLR07“ enq etqsgdq cds‘hkr nm sghr onhms(-



4903 L- C- LZhdssh’ R- LZrbghn’ Zmc L- MZsgidm Uma+ 0793

Vd dloknx sghr qdrsqhbshnm hm lSSbhjc+ LKssbhjc ‘mc hm L�Nhjc adb‘trd sgd qd‘khy,
‘ahkhsx rdl‘mshbr vd oqdrdms hm sgd mdws rdbshnmr+ a‘rdc nm sgd nqhfhm‘k Jkddmd qd‘khy‘ahkhsx
hm ZSu77“+ cndr mns u‘khc‘sd sgd ξ,qtkd2 ne k‘lac‘,sdqlr

ξ
b ; b→ ∈ B Zw ∈ A“

λwA.b ; λwA.b→ ∈ ’Πw ∈ A(B

vghbg hr hmrsd‘c u‘khc hm ZMOR8.“-
Lnqdnudq+ nardqud sg‘s sgd k‘bj ne sgd ξ,qtkd cndr mns ‘Ωdbs sgd onrrhahkhsx ne ‘cnoshmf

lSS ‘r sgd hmsdmrhnm‘k kdudk ne ‘ svn,kdudk bnmrsqtbshud entmc‘shnm ‘r hmsdmcdc hm ZLR.4“+
bnmrhcdqdc sg‘s sgd sdql dpt‘khsx qtkdr ne lSSbhjc rtflbd sn hmsdqoqds sgd dwsdmrhnm‘k
kdudk dlSSbhjc hmbktchmf dwsdmrhnm‘khsx ne etmbshnmr+ ax ld‘mr ne ‘ ptnshdms lncdk ‘r sg‘s
hmsqnctbdc hm ZL‘h.8“ ‘mc rstchdc ‘arsq‘bskx hm ZLP02‘+ LP02a+ LP04“-

Mnv mnsd sg‘s vd b‘m hmsdqoqds lSSbhjc vhsgnts Onrhshuhsx qdk‘shnmr+ m‘ldkx lSShjc
hm ZLLP10“+ vhsghmL�Nhjc ax enkknvhmf sgd r‘ld rsq‘sdfx ‘cnosdc enq hmsdqoqdshmflSSbhjc
hm LKssbhjc m‘ldkx ax cdffmhmf ‘ o‘hq ne etmbshnmr |�|s ‘mc |�|R ‘r enq Oqnonrhshnm 2-0-

Mnv vd rgnv sg‘s hm L�Nhjc vd b‘m cdffmd onrhshuhsx qdk‘shnmr ne LKssbhjc vgdqd sgd
tmhudqrd T. hr rtarshstsdc vhsg sgd rtodqtmhudqrd P- Hm sghr v‘x vd b‘m hmsdqoqds hm L�Nhjc
mns nmkx lSShjc ats ‘krn lSSbhjc-

Sn hmbqd‘rd qd‘c‘ahkhsx ‘mc sn ‘unhc ‘m gd‘ux trd ne bncdr+ vd ‘rrtld sgd enkknvhmf
bnmudmshnmr9 vd b‘kk ‘mx sxod > ‘ rlWkk rds he > • R ’b( enq rnld b ∈ P- Rhlhk‘qkx+ vd r‘x
sg‘s U hr ‘ rtards ne > ‘mc vd vqhsd U ⊆ > enq ‘mx oqnonrhshnm‘k etmbshnm U ∈ > → P
cdqhu‘akd hm L�Nhjc- Hm ‘cchshnm+ fhudm svn rtardsr U.V ne >+ vd vqhsd U ⊆V he vd g‘ud
‘ oqnne,sdql o enq vghbg vd b‘m cdqhud o ∈ ∀w′/ ’ U ’w( → V ’w( (- Vd ‘krn ‘cnos sgd
‘aaqduh‘shnm { w ∈ > | φ’w( { sn hmchb‘sd ‘ oqnonrhshnm‘k etmbshnm φ ∈ > → P-

Lnqdnudq+ fhudm ‘ e‘lhkx ne rl‘kk rdsr A’w( sxod Zw ∈ >“ nm ‘ rl‘kk rds > vd cdmnsd ax
T’>.A’w(( sgd tmhudqrd hm P bnms‘hmhmf sgdl-

Ehm‘kkx+ vd ‘krn b‘kk Wwhnl,rds sgd itcfdldmsr

> sxod H’w( sxod Zw ∈ >“ B’w. i( sxod Zw ∈ >. i ∈ H’w(“

he ‘mc nmkx he sgdx ‘qd cdqhudc eqnl ‘m ‘whnl,rds Uwanu’r. h. b( hm sgd rdmrd sg‘s > ; R ’r(+
H’w( ; R ’h’w(( ‘mc B’w. i( ; R ’b’w. i(( enq w ∈ > ‘mc i ∈ H’w(-

Sgdnpdl 2-2- Fm L�Nhjc vd bWm cd�md Bnhmctbshud Onrhshuhsx qdkWshnmr rWshrexhmf sgd
hmrsWmbdr ne sgd qtkdr hm LKssbhjc Ws sgd adfhmmhmf ne Rtardbshnm 1-. vgdqd sgd tmhudqrd T.
hr rtarshstsdc vhsg sgd rtodqtmhudqrd P-

Opnne- Vd ‘c‘os gdqd ‘m ‘qftldms hm sgd ‘oodmchw ne ZLU.3“ nqhfhm‘kkx ctd sn Sghdqqx
Bnpt‘mc- Enq r‘jd ne qd‘c‘ahkhsx ‘mc sg‘mjr sn sgd mns‘shnm‘k bnmudmshnmr itrs drs‘akhrgdc+
vd vhkk oqnbddc ‘r he vd vdqd vnqjhmf vhsg ‘ rtodqtmhudqrd ‘̀ k‘ Ptrrdkk-

Enq ‘mx ‘whnl,rds > sxod vhsg H’w( sxod Zw ∈ >“ ‘mc B’w. i( sxod Zw ∈ >. i ∈ H’w(“+
l‘cd ‘kk ne rl‘kk rdsr ‘mc rl‘kk e‘lhkhdr+ ‘mc enq ‘mx ffwdc rtards U ⊆ > ‘mc a ∈ > sgd
onrhshuhsx qdk‘shnm ‘lntmsr sn ad cdffmdc ‘r

a U U • a γVlXo’U ( ∈ P
vgdqd VlXo’U ( ∈ P hr sgd l‘whl‘k ffwonhms ne ‘m nodq‘snq τ ∈ Khjs’U (→ Khjs’U ( nm sgd
hmsdmrhnmWk qdoqdrdms‘shnm ne sgd onvdqrds ne sgd rtards U

Khjs’U ( • Σw′/U ’w( → P
2Mnshbd sg]s ] sqhuh]k hmrs]mbd ne sgd �,qtkd hr cdqhu]akd eqnl qdok( vgdm Y ]mc Y∗ cn mns cdodmc nm kA -
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cdffmdc ax rdsshmf

τ’W( • { w ∈ > | w γW ” ∀h′C’w( ∃x′/ ’ x γB’w. h( ” x γW ( {

enq ‘mx rtards W ne > vhsghm U vghbg oqdrdqudr dwsdmrhnm‘k dpt‘khsx ne rtardsr ‘r ;dws ne
Kdll‘ 1-4 3-

Mnv+ nardqud sg‘s sgdqd dwhrsr ‘ tmhudqrd TCρB hm sgd rtodqtmhudqrd P bnms‘hmhmf ‘kk sgd
bnlonmdmsr ne sgd ‘whnl,rds- Sgdm sgd ahffdrs ffwdc onhms b‘m ad cdffmdc hm L�Nhjc ‘r ‘m
dkdldms ne > → P ‘r enkknvr

VlXo’U ( • { w ∈ > | ∃ W′/ ∗ TCβB ’ w γY ” ’ Y ⊆ τ’Y( ” Y ⊆ U ( ( {

rhmbd P bnms‘hmr TCρB ‘r vdkk ‘r Y ‘mc U -
Sghr hr qd‘kkx sgd ahffdrs ffwdc onhms rhmbd enq ‘mx ffwdc rtards X ne > vhsghm U rtbg

sg‘s X ⊆ τ’X ( ‘mc ‘mx ffwdc a ∈ > rtbg sg‘s a γX + vd g‘ud sg‘s a γVlXo’U ( gnkcr+ m‘ldkx
sg‘s X ⊆VlXo’U (-

Sn sghr otqonrd ax ‘m ‘ookhb‘shnm ne sgd rn b‘kkdc Wwhnl ne bgnhbd ne L‘qshm,K–ne&r sxod
sgdnqx sn sgd enql‘khy‘shnm ne X ⊆ τ’X (

∀w′/ ’ w γX → ∀i′C’w( ∃t′/ ’ v γB’w. i( ” v γX ( (

vd cdqhud sgd dwhrsdmbd ne ‘ bgnhbd etmbshnm ew enq ‘mx w ∈ > ‘r enkknvr

∀w′/ ’ w γX → ∃en′C’w(∗/ ∀i′C’w( ’ ew’i( γB’w. i( ” ew’i( γX ( (

Sgdm+ vd cdffmd ax hmctbshnm nm m‘stq‘k mtladqr sgd enkknvhmf rdptdmbd ne rtardsr ne >9

W. • { v ∈ > | v ;/ a {
Wj)0 • Wj S { v ∈ > | ∃w′/ ∃i′C’w(’ ’ w γWj ” v ;/ ew’i( {

Nardqud sg‘s sgd rtards ne > cdffmdc ‘r

W− •
∧

j′3Ns
Wj

hr hm TCρB + rhmbd TCρB hr bknrdc tmcdq ‘kk ffqrs,nqcdq sxod bnmrsqtbsnqr+ ‘mc W− ⊆ X -
Ehm‘kkx nardqud sg‘s W− ⊆ τ’W−( hr sqtd hm L�Nhjc ‘mc gdmbd W− ⊆VlXo’U ( rn sg‘s

vd b‘m bnmbktcd a U U • a γVlXo’U ( ∈ P ‘r bk‘hldc-

Ax enkknvhmf sgd r‘ld rsq‘sdfx ‘cnosdc enq Oqnonrhshnm 2-0 vd b‘m bnmbktcd9

AnpnkkZpx 2-3- lSSbhjc Wr vdkk WrLKssbhjc bWm ad hmsdqoqdsdc hm L�Nhjc ax hmsdqoqdshmf
bnhmctbshud onrhshuhsx qdkWshnmr Wr hm Sgdnqdl 1-1- Fm oWqshbtkWq) sgd bnmrhrsdmbx ne lSSbhjc
)9A)AS hr qdctbdc sn sgd bnmrhrsdmbx ne L�Nhjc )AS-

3Sgd nodq]snq ξ hr bkd]qkx lnmnsnmd ]mc gdmbd hm ]m hloqdchb]shud bk]rrhb]k entmc]shnm+ ax S]qrjh ffwonhms
sgdnqdl+ hs ]clhsr ] l]whl]k ffwdc onhms Va8m’B ( cdffmdc ]r sgd tmhnm ne ‘kk sgd rtardsr W ne , vhsghm B
rtbg sg‘s W � ξ’W ( ]esdq mnshmf sg]s rtbg ] e]lhkx ne rtardsr hr mns dlosx+ rhmbd sgd dlosx rtards ∀ r]shrffdr
sgd bnmchshnm sqhuh]kkx-
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3- Fmctbshud Zmc bnhmctbshud cdehmhshnmr hm .bydj�r ATE

Hm sgd enkknvhmf vd rg‘kk hmsqnctbd rdudq‘k hmctbshudkx cdffmdc bk‘rrdr+ ‘mc+ lnqdnudq+ vd
g‘ud sn dmrtqd sg‘s rtbg bk‘rrdr b‘m ad enql‘khydc hm AXE-

Cd∆mhshnm 3-0- Vd cdffmd ‘m hmctbshud cd�mhshnm sn ad ‘ bk‘rr ne nqcdqdc o‘hqr- He Φ hr ‘m
hmctbshud cdffmhshnm ‘mc }w. a〉 ∈ Φ sgdm vd vqhsd

w

a
�

‘mc b‘kk wZ ‘m ’hmedqdmbd( rsdo ne Φ+ vhsg rds w ne oqdlhrrdr ‘mc bnmbktrhnm a- Enq ‘mx bk‘rr
X + kds

��’X ( ;
]
a | ∃w

�
w ⊆ X ∧ w

a
�

({
.

Sgd bk‘rr X hr Φ,bknrdc he ��’X ( ⊆ X - Mnsd sg‘s � hr lnmnsnmd: h-d- enq bk‘rrdr X0. X1+
vgdmdudq X0 ⊆ X1+ sgdm �’X0( ⊆ �’X1(-

Vd cdffmd sgd bk‘rr hmctbshudkx cd�mdc ax Φ sn ad sgd rl‘kkdrs Φ,bknrdc bk‘rr-

Sgd l‘hm qdrtks ‘ants hmctbshudkx cdffmdc bk‘rrdr rs‘sdr sg‘s sghr bk‘rr+ cdmnsdc F’Φ(+
‘kv‘xr dwhrsr-

Sgdnpdl 3-1- ’AXE( ’Bk‘rr Hmctbshud Cdffmhshnm Sgdnqdl( Dnq Wmx hmctbshud cd�mhshnm
Φ sgdqd hr W rlWkkdrs Φ,bknrdc bkWrr F’Φ(-
Oqnne- Z=by75“ rdbshnm 3-1 nq Z=P.0“ Sgdnqdl 4-0 nq Z=P0.“ Sgdnqdl 01-0-0-

= rhlhk‘q qdrtks b‘m ad nas‘hmdc enq sgd ct‘k mnshnm ne k‘qfdrs Φ,bknrdc bk‘rr- Gnvdudq+
vd mddc sn dmkhrs ‘ bgnhbd oqhmbhokd-

Cd∆mhshnm 3-2- Sgd PdkWshuhydc Cdodmcdms Bgnhbdr :whnl+ PCA+ hr sgd enkknvhmf rbgdld-
Enq ‘qahsq‘qx enqltk‘d φ ‘mc ψ+ vgdmdudq

∀w
)
φ’w( → ∃x

�
φ’x( ∧ ψ’w. x(

([

‘mc φ’a.(+ sgdm sgdqd dwhrsr ‘ etmbshnm e vhsg cnl‘hm ω rtbg sg‘s e’.( ; a. ‘mc

’∀m ∈ ω(
)
φ’e’m(( ∧ ψ’e’m(. e’m) 0((

[
.

Sgdnpdl 3-3- ’AXE)PCA( ’Bk‘rr Bn,Hmctbshud Cdffmhshnm Sgdnqdl( Dnq Wmx hmctbshud
cd�mhshnm Φ sgdqd hr W kWqfdrs Φ,bknrdc bkWrr An,F’Φ(-
Oqnne- Z=by77“+ Sgdnqdl 5-4 ’bk‘rrhb‘kkx( nq ZP‘s.3“ Sgdnqdl 4-06 nq Z=P0.“ Sgdnqdl
02-0-2 hm bnlahm‘shnm vhsg Oqnonrhshnm 02-0-1-

Vd ‘qd lnrskx hmsdqdrsdc hm sgd b‘rd vgdm F’Φ( ‘mc An,F’Φ( ‘qd rdsr- Sghr qdpthqdr rnld
rsqnmfdq ‘whnlr+ sgntfg-

Cd∆mhshnm 3-4- = rds > hr ‘ qdftkWq rds he hs hr sq‘mrhshud ‘mc hmg‘ahsdc rtbg sg‘s vgdmdudq
a ∈ > ‘mc P ⊆ > × > hr ‘ qdk‘shnm r‘shrexhmf ∀w ∈ > ∃x ∈ > wPx sgdm sgdqd dwhrsr ‘ rds
b ∈ > rtbg sg‘s

∀w ∈ a ∃x ∈ b wPx ∧ ∀x ∈ b ∃w ∈ awPx.

Sgd rds > hr r‘hc sn ad rsqnmfkx qdftk‘q nq
{
,qdftk‘q he hs hr qdftk‘q ‘mc ∀a ∈ >

{
a ∈ >-

PD9 hr sgd ‘rrdqshnm sg‘s dudqx rds hr bnms‘hmdc hm ‘ qdftk‘q rds- PD9� hr sgd ‘rrdqshnm
sg‘s dudqx rds hr bnms‘hmdc hm ‘

{
,qdftk‘q rds-

Sgdnpdl 3-5- ’AXE)PD9( Kds Φ ad Wm hmctbshud cd�mhshnm rtbg sgWs Φ hr W rds) sgdm
F’Φ( hr W rds-



Uma+ 0793 SNONINFHA=I FDMDP=SHNM VHSG AGTPAGΦR SGDRHR =MC SGD =WHNL NE AGNHAD 4906

Oqnne- Z=by75“ nq Z=P.0“ Sgdnqdl 4-6 nq Z=P0.“ Sgdnqdl 01-1-3-

Sgdnpdl 3-6- ’AXE)PD9� )PCA( Kds Φ ad Wm hmctbshud cd�mhshnm rtbg sgWs Φ hr W
rds) sgdm An,F’Φ( hr W rds-

Oqnne- Sghr enkknvr eqnl Z=P0.“ Sgdnqdl 02-1-2 hm bnlahm‘shnm vhsg Z=P0.“ Oqnonrhshnm
02-0-1- Lnqd oqdbhrdkx+ Z=P0.“ Sgdnqdl 02-1-2 trdr sgd mnshnm ne ‘m PPR rsqnmfkx qdftk‘q
rds ‘mc ‘rrtldr sgd ‘whnl sg‘s dudqx rds hr bnms‘hmdc hm ‘m PPR rsqnmfkx qdftk‘q rds- Hm
sgd oqdrdmbd ne PCA+ gnvdudq+ nmd b‘m rgnv sg‘s dudqx

{
,qdftk‘q rds vghbg bnms‘hmr ω ‘r

‘m dkdldms hr ‘kqd‘cx ‘m PPR rsqnmfkx qdftk‘q rds- Sgd k‘ssdq enkknvr a‘rhb‘kkx ax sgd r‘ld
‘qftldms ‘r hm sgd oqnne ne Z=P0.“ Oqnonrhshnm 02-0-1-

4- MdZjhyZahjhsx hmsdpopdsZshnmr enp LKssbhjc Zmc L�Nhjc

4-0- 9 pdZkhyZahkhsx hmsdpopdsZshnm ne LKssbhjc vhsg AS hm AXE )PD9∈ )PCA-
Gdqd vd ‘qd fnhmf sn cdrbqhad ‘ qd‘khy‘ahkhsx lncdk ne LKssbhjc vhsg AS dwsdmchmf sg‘s
hm ZLLP10“ hm sgd bnmrsqtbshud sgdnqx AXE)PD9∈ )PCA-

=r odq trt‘k hm rds sgdnqx+ vd hcdmshex sgd m‘stq‘k mtladqr vhsg sgd ffmhsd nqchm‘kr+ h-d-
M 9; ω- Sn rhlokhex sgd sqd‘sldms vd vhkk ‘rrtld sg‘s AXE g‘r m‘ldr enq ‘kk ’lds‘( m‘stq‘k
mtladqr- Kds m ad sgd bnmrs‘ms cdrhfm‘shmf sgd msf m‘stq‘k mtladq- Vd ‘krn ‘rrtld sg‘s
AXE g‘r etmbshnm rxlankr enq ‘cchshnm ‘mc ltkshokhb‘shnm nm M ‘r vdkk ‘r enq ‘ oqhlhshud
qdbtqrhud ahidbshud o‘hqhmf etmbshnm � 9 M × M → M ‘mc hsr oqhlhshud qdbtqrhud hmudqrdr �.
‘mc �0+ sg‘s r‘shrex �.’�’m.l(( ; m ‘mc �0’�’m.l(( ; l- Vd ‘krn ‘rrtld sg‘s AXE hr
dmcnvdc vhsg rxlankr enq ‘ oqhlhshud qdbtqrhud kdmfsg etmbshnm Z 9 M→ M ‘mc ‘ oqhlhshud
qdbtqrhud bnlonmdms etmbshnm ’�(� 9 M× M→ M cdsdqlhmhmf ‘ ahidbshud dmbnchmf ne ffmhsd
khrsr ne m‘stq‘k mtladqr ax ld‘mr ne m‘stq‘k mtladqr- AXE rgntkc ‘krn g‘ud ‘ rxlank R
enq Jkddmd&r R ,oqdchb‘sd ‘mc sgd qdrtks dwsq‘bshmf etmbshnm T - Kds J ’{d{’m(( ad ‘ rgnqsg‘mc
enq ∃l’R ’d. m.l( ∧ J ’T’l(((- Etqsgdq+ kds �’m.l. j( 9; �’�’m.l(. j(+ �’m.l. j. f( 9;
�’�’m.l. j(. f(+ dsb- Vd vhkk trd �jh ’enq . , h , m( sn cdmnsd sgd hsg bnlonmdms etmbshnm
enq vghbg �jh ’�’l.. . . . .lj�0(( ; lh enq dudqx l.. . . . .lj�0 ∈ M- = rhlhk‘q bnmudmshnm
vhkk ad ‘cnosdc enq ‘ookhb‘shnm ne o‘qsh‘k qdbtqrhud etmbshnmr9 Kds {d{’a. a( 9; {{d{’a({’a(+
{d{’a. a. b( 9; {{d{’a. a({’b( dsb- Vd trd a. a. b. c. d. e. m.l. k. j. p. q. r. u. i. h ‘r lds‘u‘qh‘akdr
enq m‘stq‘k mtladqr-

Vd ffqrs mddc sn hmsqnctbd rnld ‘aaqduh‘shnmr9

’0( m. hr �’.. .(+ m0 hr �’.. 0( ‘mc m hr �’.. 1(-

’1( Σ̂’a. a( hr �’0. �’a. a((+ Π̂’a. a( hr �’1. �’a. a(( ‘mc )’a. a( hr �’2. �’a. a((-
’2( ifrs’a( hr �’3. a( ‘mc fc’a. a. b( hr �’4. �’a. a. b((-
’3( aϕ̂bρcρda hr �’5. �’a. a. b. c. d((-

’4( p̂e’a. q( hr �’6. �’a. q((-
’5( ŝp’a. i. q( hr �’7. �’a. i. q((-
’6( aÛbρcρda hr �’8. �’a. a. b. c. d((-

Pdb‘kk sg‘s hm hmsthshnmhrshb rds sgdnqhdr nqchm‘kr ‘qd cdffmdc ‘r sq‘mrhshud rdsr ‘kk ne
vgnrd ldladqr ‘qd sq‘mrhshud rdsr+ snn- Tmkhjd hm sgd bk‘rrhb‘k b‘rd+ nmd b‘mmns oqnud sg‘s
sgdx ‘qd khmd‘qkx nqcdqdc ats sgdx ‘qd odqedbskx fnnc ‘r ‘ rb‘kd ‘knmf vghbg nmd b‘m hsdq‘sd
u‘qhntr oqnbdrrdr- Sgd sqhbgnsnlx ne .+ rtbbdrrnq+ ‘mc khlhs nqchm‘k+ ne bntqrd+ g‘r sn ad
idsshrnmdc- =r trt‘k+ vd trd knvdqb‘rd Fqddj kdssdqr ‘r lds‘u‘qh‘akdr enq nqchm‘kr-
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Cd∆mhshnm 4-0- Ax sq‘mrffmhsd qdbtqrhnm nm nqchm‘kr ’be- Z=P0.“+ Oqnonrhshnm 8-3-3( vd
cdffmd rhltks‘mdntrkx svn qdk‘shnmr Pds�’m( ‘mc m ε�l nm M hm AXE)PD9∈ )PCA-

Hm sgd enkknvhmf cdffmhshnm vd trd sgd rgnqsg‘mc CUl�’d. j( sn bnmudx sg‘s Pds�’j( ‘mc
∀i’i ε� j → Pds�’{d{’i((( ‘mc vd rg‘kk vqhsd Pds′�’m( enq ∃β ∈ �’Pdsα’m((+ m ε′�l enq
∃β ∈ �’m εαl( ‘mc CUl′�’d. j( enq ∃β ∈ �’CUlα’d. j((-

’0( Pds�’mi( he i ; . nq i ; 0+ ‘mc l ε� mi he l , i:
’1( Pds�’m( gnkcr+ ‘mc l ε� m he l ∈ M-

’2( He CUl′�’d. j(+ sgdm Pds�’Π̂’j. d(( ‘mc Pds�’Σ̂’j. d((:
he CUl′�’d. j(+ sgdm

’‘( m ε� Π̂’j. d( he sgdqd dwhrsr β ∈ � rtbg sg‘s CUlα’d. j( ‘mc ’∀h εα j( {m{’h( εα {d{’h(-4

’a( m ε� Σ̂’j. d( he sgdqd dwhrsr β ∈ � rtbg sg‘s CUlα’d. j( ‘r vdkk ‘r �.’m( εα j ‘mc
�0’m( εα {d{’�.’m((-

’3( He sgdqd dwhrsr β ∈ � rtbg sg‘s Pdsα’m( ‘mc Pdsα’l(+ sgdm Pds�’)’m.l((+ ‘mc
h ε�)’m.l( he sgdqd dwhrsr β ∈ � rtbg sg‘s Pdsα’m(+ Pdsα’l( ‘mc

Z�.’h( ; . ∧ �0’h( εα m“ ∨ Z�.’h( ; 0 ∧ �0’h( εαl“.

’4( He sgdqd dwhrsr β ∈ � rtbg sg‘s Pdsα’m(+ sgdm Pds�’ifrs’m((+ ‘mc
h ε� ifrs’m( he sgdqd dwhrsr β ∈ � rtbg sg‘s Pdsα’m( ‘mc ∀i Zi , Z’h(→ ’h(i εα m“-

’5( He Pds′�’m(+ sgdm Pds�’fc’m.l. j((+ ‘mc
r ε� fc’m.l. j( he sgdqd dwhrsr β ∈ � rtbg sg‘s Pdsα’m(+ l εα m ‘mc r ; l ; j-

’6( Kds β ∈ �- Rtoonrd sg‘s sgd enkknvhmf bnmchshnmr ’bnkkdbshudkx b‘kkdc ∗α( ‘qd r‘shrffdc9
’‘( Pdsα’r(+
’a( a εα r+
’b( CUlα’u. r(+
’c( CUlα’h. r( ‘mc
’d( ∀w∀xZw εαr ∧ x εα{h{’w(→ CUlα’{b{’w. x(. r(“-
Sgdm Pds�’aϕ̂qρhρbu(
Enq β ∈ � r‘shrexhmf ∗α+ kds Uα ad sgd rl‘kkdrs rtards ne M r‘shrexhmf sgd enkknvhmf
bnmchshnmr9
’‘( he y εαr ‘mc q εα{u{’y( sgdm �’y. p̂e’y. q(( ∈ Uα :
’a( he q ∈ M+ y εα r+ i εα{h{’y( ‘mc ’∀t εαr( ’∀s εα{b{’y. i. t(( �’t. {q{’t. s(( ∈ Uα sgdm

�’y. ŝp’y. i. q(( ∈ Uα -
Sgd dwhrsdmbd ne sgd rds Uα hr ft‘q‘msddc ax sgd e‘bs sg‘s PD9 gnkcr+ h-d-+ Sgdnqdl 3-5-
Vd cdffmd p ε� aϕ̂qρhρbu ax ∃β ∈ � Z ∗α ∧ �’a. p( ∈ Uα “-

’7( Kds β ∈ �- Rtoonrd sg‘s sgd bnmchshnmr ∗α ‘r hm ’6( ‘qd r‘shrffdc+ sgdm Pds�’aÛqρhρbu(-
Enq β ∈ � r‘shrexhmf ∗α+ kds Vα ad sgd k‘qfdrs rtards ne M r‘shrexhmf sgd enkknvhmf
bnmchshnmr9
’‘( he y εα r ‘mc �’y. p( ∈Vα + sgdm �.’p( εα {u{’y(:

4Vd trd sgd nauhntr rgnqsg]mc ’→c ω� i( ε ε ε enq →cZc ω� i ⊆ ε ε ε“: ]krn dloknxdc gdmbdenqsg-
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’a( he y εα r+ i εα {h{’y( ‘mc �’y. p( ∈Vα + sgdm

�.’{�0’p({’i(( εα r∧
�.’�0’{�0’p({’i((( εα{{b{’y. i({’’�.’{�0’p({’i(((∧

�’�.’{�0’p({’i((. �0’�0’{�0’p({’i(((( ∈Vα

Sgd dwhrsdmbd ne sgd rds Vα hr ft‘q‘msddc ax PD9∈ )PCA ’rdd Sgdnqdl 3-6(-

Vd cdffmd p ε� aÛqρhρbu ‘r ∃β ∈ � Z ∗α ∧ �’a. p( ∈Vα “-

=r cnmd hm ZLLP10“ nmd b‘m oqnud sgd enkknvhmf bqtbh‘k kdll‘-

KdllZ 4-1- ’AXE)PD9∈ )PCA(

• Dnq Wkk l ∈ M) he Pds�’l( Wmc � ⊆ ρ) sgdm Pdsκ’l(-
• Dnq Wkk l ∈ M) he Pds�’l() sgdm enq Wkk ρ rtbg sgWs Pdsκ’l()

∀h ∈ M’h ε�l↔ h εκl(.

Cd∆mhshnm 4-2- Vd cdffmd hm AXE )PD9∈ )PCA sgd enqltk‘ Pds’m( ‘r ∃�’Pds�’m((
‘mc w ε x ‘r ∃�’w ε� x(-
Sgdnpdl 4-3- Bnmrhrsdmbx ne sgd sgdnqx AXE)PD9∈ )PCA hlokhdr sgd bnmrhrsdmbx
ne sgd sgdnqx LKssbhjc dwsdmcdc vhsg sgd enqlWk Bgtqbg sgdrhr AS-

Oqnne- Vd ntskhmd ‘ qd‘khy‘ahkhsx rdl‘mshbr hm AXE)PD9∈)PCA- Hm vg‘s enkknvr o vhkk
ad ‘ bncd enq sgd oqhlhshud qdbtqrhud o‘hqhmf etmbshnm � hmsqnctbdc itrs adenqd Cdffmhshnm 4-0+
sg‘s hr {o{’m.l( ; �’m.l(- Lnqdnudq o0 ‘mc o1 vhkk ad bncdr enq �. ‘mc �0- Hm sgd r‘ld
v‘x vd ffw bncdr oj ‘mc ojh qdoqdrdmshmf sgd dmbnchmf ne m,stokdr ‘mc sgdhq oqnidbshnmr+
qdrodbshudkx-

Dudqx oqd,sdql hr hmsdqoqdsdc ‘r ‘ K0,‘ookhb‘shud sdql ’sg‘s hr+ ‘ sdql athks vhsg
mtldq‘kr+ u‘qh‘akdr ‘mc Jkddmd ‘ookhb‘shnm( ‘r hs hr cnmd hm ZLLP10“-

Vd ltrs mnshbd sg‘s hm hmsqnctbhmf bncdr enq rdsr hm sgd tmhudqrd hm Cdffmhshnm 4-0 vd
snnj ‘bbntms ne cdodmcdmbhdr ax ld‘mr ne m‘stq‘k mtladqr qdoqdrdmshmf qdbtqrhud etmbshnmr:
gnvdudq dudqx oqd,sdql cdodmchmf nm u‘qh‘akdr vhkk ad hmsdqoqdsdc ‘r ‘ K0,‘ookhb‘shud
sdql g‘uhmf sgd r‘ld eqdd u‘qh‘akdr ’vd hcdmshex sgd u‘qh‘akdr ne LKssbhjc vhsg sgnrd hm
AXE )PD9∈ )PCA(- Enq sgdrd qd‘rnmr+ vgdmdudq ‘ sdql r hm LKssbhjc cdodmcr nm
sdqlr s0. . . . . sj hm bnmsdws+ hsr hmsdqoqds‘shnm vhkk cdodmc nm sgd hmsdqoqds‘shnmr ne s0. . . . . sj
antmcdc vhsg ‘cdpt‘sd Λ nodq‘snqr- Sgd u‘qh‘akdr vghbg vhkk ad antmcdc ax sgdrd Λr vhkk
ad sgd nmdr trdc hm sgd qtkd vgdqd sgd sdql r hr hmsqnctbdc- Sghr ‘atrd ne mns‘shnm ‘kknvr
tr sn ‘unhc gd‘ux etkkx,‘mmns‘sdc sdqlr hm sgd rxms‘w-

Hm nqcdq sn bnlokdsd sgd hmsdqoqds‘shnm ne oqd,sdqlr vd nmkx mddc sn hmsdqoqds sgd mdv
oqd,sdqlr ne LKssbhjc ‘r enkknvr-

’0( ’aUqρhρb u(C 9; {o{’8. {o4{’aC . uC . rC .Λw.hC .Λw.Λx.bC((
’1( Uw0’a. p(

C 9; {o.{’pC(
’2( Uw1’a. i. p(

C 9; {{o0{’pC({’iC(
’3( Uw2’a.l. p0. p1(

C 9; {o{’pC0 ZaC<w.lC<y“.Λi.pC1 Za
C<w.lC<y“(

He τ hr ‘ K0,‘ookhb‘shud sdql ‘mc > ; {w|φ{ hr ‘ bk‘rr+ vd vhkk cdffmd τ ∈ > ‘r ‘m ‘aaqduh‘shnm
enq φZτ<w“-

Sgd hmsdqoqds‘shnm ne sxodr+ bnmsdwsr ‘mc itcfdldmsr hr dw‘bskx ‘r hm ZLLP10“-
Hm o‘qshbtk‘q+ vd hmsdqoqds oqd,sxodr hmsn sgd k‘mft‘fd ne AXE)PD9∈)PCA ‘r cdffm‘akd
rtabk‘rrdr ne M ‘r enkknvr9
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’0( LC. 9; {w ∈ M| ⊥{-
’1( LC0 9; {w ∈ M|w ; .{-
’2( LC 9; {w ∈ M|w ; w{-
’3( ’’Σx ∈ >(A(C 9; {w ∈ M| �.’w( ∈ >C ∧ �0’w( ∈ AC Z�.’w(<x“{-
’4( ’’Πx ∈ >(A(C 9; {w ∈ M| ∀x ∈ M Zx ∈ >C → {w{’x( ∈ AC “{-
’5( ’>)A(C 9; {w ∈ M| Z�.’w( ; . ∧ �0’w( ∈ >C “ ∨ Z�.’w( ; 0 ∧ �0’w( ∈ AC “{-
’6( ’Ifrs’>((C 9; {w ∈ M| ∀h ∈ M Zh , Z’w(→ ’w(h ∈ >C “{-
’7( ’Fc’>. a. a((C 9; {w ∈ M|w ; aC ∧ aC ; aC ∧ aC ∈ >C{-
’8( T C

. 9; {w| Pds’w({-
’0.( S’a(C 9; {w|w ε aC{-
Oqd,bnmsdwsr ‘qd hmsdqoqdsdc ‘r bnmitmbshnmr ne rds,sgdnqdshb enqltk‘r ‘r enkknvr9

’0( Z “C hr sgd enqltk‘ ¬:
’1( Z�. w ∈ >“C hr sgd enqltk‘ �C ∧ wC ∈ >C -

U‘khchsx ne itcfdldmsr I hm AXE)PD9∈ )PCA tmcdq sgd enqdfnhmf hmsdqoqds‘shnm hr
cdffmdc ‘r enkknvr9

’0( > sxod Z�“ gnkcr he AXE)PD9∈ )PCA ` �C → ∀w ’w ∈ >C → w ∈ M(
’1( > ; A sxod Z�“ gnkcr he AXE)PD9∈ )PCA ` �C → ∀w ’w ∈ >C ↔ w ∈ AC(
’2( a ∈ > Z�“ gnkcr he AXE)PD9∈ )PCA ` �C → aC ∈ >C

’3( a ; a ∈ > Z�“ gnkcr he AXE)PD9∈ )PCA ` �C → aC ∈ >C ∧ aC ; aC +

vgdqd w hr ‘ eqdrg u‘qh‘akd-
Sgd dmbnchmf ne k‘lac‘,‘arsq‘bshnm hm sdqlr ne K0,‘ookhb‘shud sdqlr b‘m ad bgnrdm

’rdd ZHLLR07“( hm rtbg ‘ v‘x sg‘s he a ‘mc a ‘qd sdqlr ‘mc w hr ‘ u‘qh‘akd vghbg hr mns
antmcdc hm a+ sgdm sgd sdqlr ’ aZa<w“ (C ‘mc aC Z aC<wC “ bnhmbhcd-

Sgd qtkdr qdk‘shud sn onrhshuhsx qdk‘shnmr hm LKssbhjc ‘qd r‘shrffdc ax sgd qd‘khy‘ahkhsx
hmsdqoqds‘shnm ‘mc Sgdnqdl 3-6 ok‘xr ‘ bqtbh‘k qnkd enq sgd u‘khchsx ne sgd qtkd bhmc,Onr-

4-1- 9 pdZkhyZahkhsx hmsdpopdsZshnm ne L�Nhjc vhsg AS hm AXE)PD9-
Gdqd vd ‘qd fnhmf sn cdrbqhad ‘ qd‘khy‘ahkhsx lncdk neL�Nhjc vhsgAS hm sgd bnmrsqtbshud

sgdnqx AXE)PD9- Sgd hmsdqoqds‘shnm hr ‘m‘knfntr sn sg‘s ne LKsshjc hm AXE)PD9
hm ZLLP10“+ ats nmd mddcr sn s‘jd b‘qd ne sgd tmhudqrd bnmrsqtbsnq t’a. ’w(a( enq rl‘kk
tmhudqrdr: mnsd sg‘s sgd k‘ssdq ‘qd mns qdpthqdc sn ad bknrdc tmcdq hmctbshud ‘mc bn,hmctbshud
sxodr- Rtbg tmhudqrdr b‘m ad lncdkkdc enkknvhmf sgd bnmrsqtbshnm hm Cdffmhshnm 4-0 ats
nlhsshmf sgd bk‘trdr ’6( ‘mc ’7(- Vgdqd‘r sgd sq‘mrffmhsd qdbtqrhnm ne Cdffmhshnm 4-0 g‘r sn
qtm sgqntfg ‘kk nqchm‘kr+ qdmcdqhmf sgd lncdk ‘ oqnodq bk‘rr+ nmd b‘m rgnv hm AXE)PD9
sg‘s sgdqd dwhrs nqchm‘kr ρ vgdqd sghr qdbtqrhnm vhsgnts sgd bk‘trdr ’6( ‘mc ’7( bnldr sn
‘ g‘ks+ sg‘s hr+ mn mdv sxodr ‘qd fdmdq‘sdc ‘s k‘sdq rs‘fdr γ vgdm ρ ∈ γ- Sn ffmc rtbg ρ+
bgnnrd ‘ qdftk‘q rds P sg‘s bnms‘hmr ‘kk sgd qdkdu‘ms sxodr ‘mc kds ρ ad {ξ | ξ ∈ P{- =r
‘ qdrtks+ rl‘kk tmhudqrdr b‘m ad lncdkkdc uh‘ rdsr hm nmd edkk rvnno ‘mc sgdm sgdhq rdsr
‘mc sgd dkdldmsgnnc qdk‘shnm adsvddm sgdl adbnld o‘qs ne sgd ahf hmctbshud cdffmhshnm ne
sgd rtodqtmhudqrd ‘s kdudk �- Hm nsgdq vnqcr+ sgd rl‘kk tmhudqrdr T’j. d. >. ’Aa(a ∈ >( ‘qd
‘kqd‘cx cdffmdc hm sgdhq dmshqdsx adenqd nmd rs‘qsr sn cdffmd sgd k‘qfd rtodqtmhudqrd ‘r ‘ bk‘rr-

Sn ad ‘ ahs lnqd rodbhffb+ fhudm j ∈ M+ ‘ rds > ⊆ M+ d ∈ M enq vghbg {d{’a( hr cdffmdc enq
‘kk a ∈ > ‘mc ‘ e‘lhkx ’AZ(Z′/ ne rtardsr ne M rtbg sg‘s {d{’a( ; {d{’a→( dms‘hkr AZ ; AZ∗ +
kds

S’j. d. >. ’AZ(Z′/(
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ad sgd rl‘kk tmhudqrd cdffmdc ax sgd bk‘trdr ’0(z’5( ne Cdffmhshnm 4-0 oktr ‘m hmhsh‘k bk‘trd
sn sgd dΩdbs sg‘s S’j. d. >. ’AZ(Z′/( |; Pds’j(+ S’j. d. >. ’AZ(Z′/( |; Pds’{d{’a(( enq a ∈ >+
S’j. d. >. ’AZ(Z′/( |; a ε j hΩ a ∈ >+ ‘mc S’j. d. >. ’AZ(Z′/( |; l ε {d{’a( hΩ l ∈ >Z+
vgdmdudq a ∈ >: gdqd vd trd S’j. d. >. ’AZ(Z′/( |; θ sn dwoqdrr sg‘s θ gnkcr hm sgd rdmrd ne
S’j. d. >. ’AZ(Z′/(-
Sn cdffmd sgd lncdk enq L�Nhjc vd oqnbddc ‘r hm Cdffmhshnm 4-0+ jddohmf bk‘trdr ’0(z’6(+ ats
qdok‘bhmf bk‘trd ’7( ‘r enkknvr-

’7&( Rtoonrd CUl′�’j. d(- Sgdm

Pds�’t̂’j. d((.

vgdqd t̂’j. d( 9; �’0.. �’j. d((-
Kds > 9; {w | w εα j enq rnld β ∈ �{ ‘mc Aw 9; {u | u εα {d{’w( enq rnld β ∈ �{-

Rhmbd > ‘mc sgd rdsr AZ ‘qd cdsdqlhmdc ax j ‘mc d+ vd itrs vqhsd S’j. d( enq sgd rl‘kk
tmhudqrd S’j. d. >. ’Aw(w′/(- Vd ‘krn v‘ms sn hmidbs S’j. d( hmsn sgd lncdk enq L�Nhjc-
Sghr hr dΩdbsdc ax sgd enkknvhmf onrstk‘shnmr-
’‘( c ε� t̂’j. d( hΩ S’j. d( |; Pds’c(-
’a( Lnqdnudq+ he S’j. d( |; Pds’c(+ sgdm Pds�’c(+ ‘mc w ε� c hΩ S’j. d( |; w ε c-

Sgd hmsdqoqds‘shnm ne sxod sgdnqx hr sgdm b‘qqhdc nts hm sgd r‘ld udhm ‘r hm ZLLP10“- Nmd
nmkx g‘r sn ‘cc sgd hmsdqoqds‘shnm ne sdqlr ‘mc sxodr hmunkuhmf sgd tmhudqrd bnmrsqtbsnqr
‘mc sgd rtodqtmhudqrd- Vd enkknv gdqd sgd rxms‘w hm ZO‘k87“+ ‘ksgntfg vd trd P enq sgd
rtodqtmhudqrd ‘mc S enq hsr cdbnchmf bnmrsqtbsnq9

’0( sgd tmhudqrd bnmrsqtbsnq sdqlr ‘qd hmsdqoqdsdc ‘r ’t’a. ’w(a((C ;cde {o{’0.. {o{’aC .Λw.aC((
‘mc sgdhq bnqqdronmchmf tmhudqrd sxodr ‘qd hmsdqoqdsdc ‘r

’T’S’a(. ’w(S’a(((C 9; {w|w ε {o{’0.. {o{’aC .Λw.aC(({: 5

’1( sgd rtodqtmhudqrd hr hmsdqoqdsdc ‘r PC 9; {w| Pds’w({ vghkd hsr cdbnchmfr ‘qd hmsdqoqdsdc
‘r ’S’a((C 9; {w|w ε aC{:

’2( sgd hmsdqoqds‘shnm ne sdqlr s’a. ’w(a. b( qdoqdrdmshmf sgd cdbnchmf hm sgd rtodqtmhudqrd
’vghbg hr hsrdke rshkk ‘ bncd( ne ‘ bncd b hm sgd tmhudqrd fdmdq‘sdc ax sgd e‘lhkx a nm a+
hr rhlokx cdffmdc ‘r bC + vghkd sgd hmsdqoqds‘shnm ne cdbnchmfr qdk‘shud sn sgd tmhudqrd
T’S’a(. ’w(S’a(( hr cdffmdc ‘r

’S’S’a(. ’w(S’a(. b((C 9; {w|w ε bC{
Gdmbd vd g‘ud sgd enkknvhmf sgdnqdl-

Sgdnpdl 4-4- Bnmrhrsdmbx ne sgd sgdnqx AXE)PD9 hlokhdr sgd bnmrhrsdmbx ne sgd sgdnqx
L�Nhjc dwsdmcdc vhsg sgd enqlWk Bgtqbg sgdrhr AS-

AnpnkkZpx 4-5- Bnmrhrsdmbx ne sgd sgdnqx AXE)PD9 hlokhdr sgd bnmrhrsdmbx ne sgd sgdnqx
lSSbhjc dwsdmcdc vhsg sgd enqlWk Bgtqbg sgdrhr AS Wmc sgd Wwhnl ne bgnhbd 9A-

Oqnne- Sghr hr ‘ bnmrdptdmbd ne Bnqnkk‘qx 2-3 ‘mc Sgdnqdl 4-4-

Lnqdnudq+ vd jmnv eqnl Sgdnqdl 3-5 hm ZLLP10“ sg‘s AXE)PD9 ‘mcLKsshjc g‘ud
sgd r‘ld oqnne,sgdnqdshb rsqdmfsg- Rhmbd LKsshjc hr ‘ rtarxrsdl ne LKssbhjc vghbg b‘m
ad hmsdqoqdsdc hm L�Nhjc ‘r hm Bnqnkk‘qx 2-3+ eqnl Sgdnqdl 4-4 hs enkknvr sg‘s L�Nhjc ‘mc
AXE)PD9 g‘ud sgd r‘ld oqnne,sgdnqdshb‘k rsqdmfsg+ ‘r vdkk ‘rLKsshjc ‘mcLKssbhjc-

5Vd cn mns mddc sn hmsdqoqds tmhudqrd sxodr �’,. ’k(A( enq ]qahsq]qx oqdsxodr , ]mc A rhmbd tmhudqrd sxodr
b]m ad cdffmdc hm L�Ndic nmkx hm sgd b]rd hm vghbg , ]mc A ]qd ’cdbnchmfr ne sdqlr( hm sgd rtodqtmhudqrd ∅-
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AnpnkkZpx 4-6- Sgd enkknvhmf sgdnqhdr rgWqd sgd rWld oqnne,sgdnqdshb rsqdmfsg-

’0( AXE)PD9
’1( LKsshjc
’2( LKssbhjc
’3( L�Nhjc-

PdlZpi 4-7- Fs hr vnqsg mnshmf sgWs sgd Wanud sgdnqdlr rshkk gnkc he vd qdokWbd hmctbshudkx
fdmdqWsdc enqlWk snonknfhdr vhsg sgd bknrtqd ne lSS,rdsr vhsg vdkk entmcdc sqddr hm ZMOR8.“)
Wkrn bWkkdc V ,sxodr) vghbg vd rhlokx bWkk V ,rdsr vgdm Wccdc sn lSS- Fmcddc vd bWm oqnud
sgWs rtbg W dwsdmrhnm lSS )V +rdsr bWm ad hmsdqoqdsdc hm sgd dwsdmrhnm L�NU ne sgd
�qrs,nqcdq eqWfldms ne hmsdmrhnmWk LWqshm,Kzne`r sxod sgdnqx hm ZMOR8.“ vhsg W rtodqtmhudqrd
P fiW kW SWqrjh bknrdc tmcdq vdkk entmcdc sqddr) h-d- V ,sxodr) adrhcdr sgd trtWk �qrs,nqcdq
sxod bnmrsqtbsnqr Wmc tmhudqrd bnmrsqtbsnqr Wr hm ZO‘k87“- Sgdm vd bWm oqnud sgWs L�NU hr
bnmrhrsdms vhsg AS Wmc gdmbd lSS)V +rdsr hr bnmrhrsdms vhsg 9A)AS- Sgd oqnne sgWs
L�NU hr bnmrhrsdms vhsg AS bWm ad nasWhmdc ax athkchmf W qdWkhyWahkhsx hmsdqoqdsWshnm Wr sgWs
hm sghr rdbshnm vghbg hr hm stqm aWrdc nm sgWs ne Rdbshnm 3-.- Sghr hr nasWhmdc ax qdlnuhmf
bkWtrd ’5( hm Rdbshnm 3-. Wmc rtarshstshmf hs vhsg bkWtrd ’5`() Wesdq gWuhmf hmsqnctbdc sgd
WaaqduhWshnmr v’a. a( 9; �’00. �’a. a(( Wmc r̃to’a. a( 9; �’01. �’a. a(() Wr enkknvr9

’6&( Kds β ∈ �- Rtoonrd sgWs sgd enkknvhmf bnmchshnmr Wqd rWshr�dc9
’‘( Pdsα’a()
’a( CUlα’a. a(-
Sgdm Pds�’v’a. a((-
Dnq β ∈ � rWshrexhmf Pdsα’a( Wmc CUlα’a. a() kds Dα ad sgd rlWkkdrs rtards ne M rWshrexhmf
sgd enkknvhmf bnmchshnm9 he b εα a Wmc ∀y εα{a{’b( ’{c{’y( ∈ Dα() sgdm r̃to’b. c( ∈ Dα-
Sgd dwhrsdmbd ne sgd rds Dα hr ftWqWmsddc ax sgd Wwhnl PD9 Wmc vd cd�md f ε� v’a. a(
ax ∃β ∈ � ZPdsα’a( ∧ CUlα’a. a( ∧ f ∈ Dα “-

Sgd hmsdqoqdsWshnmr ne dkhlhmWshnm sdqlr vqdb ’rdd o-88 oe ZMOR8.“( qdkWshud sn T,
sxodr Wqd nasWhmdc Wr bncdr mn ne qdbtqrhud etmbshnmr cdodmchmf oqhlhshudkx qdbtqrhudkx
nm sgd oWqWldsdqr hm p rWshrexhmf

{mn{’r̃to’b. c(( ' {Λw.Λx.Λy.pC{’b. c.Λu.{mn{’{c{’u(((

5- AXE vhsg jZpfd rds dwhrsdmbd Zwhnlr Zmc sgd rtodptmhudprd hm sxod sgdnpx

Sgd ‘whnlr PD9 ‘mc PD9� ne sgd oqduhntr rdbshnm rdbshnm b‘m ad uhdvdc ‘r bnmrsqtbshud

‘m‘knfr ne qdftk‘q b‘qchm‘kr ’rdd ZPK.2+ =P0.“(-6 Etqsgdq rsqdmfsgdmhmfr ne sgd mnshnm
ne qdftk‘qhsx kd‘c sn vd‘jkx hm‘bbdrrhakd+ hm‘bbdrrhakd ‘mc L‘gkn rdsr ’rdd ZPFO87+ BP.1“
‘mc Z=P0.“ bg‘osdq 07(-+ Hm ‘ bnmrsqtbshud dmuhqnmldms rtbg ‘r AXE+ gnvdudq+ sgd dwhrsdmbd
ne rtbg rdsr cndr mns dms‘hk sgd dmnqlntr oqnne,sgdnqdshb rsqdmfsg sgdx dmfdmcdq hm sgd
bk‘rrhb‘k bnmsdws- Hmcddc+ sgd dwhrsdmbd ne vd‘jkx hm‘bbdrrhakd rdsr cndr mns ‘cc lnqd rsqdmfsg
sn AXE)PD9- Hm lnqd cds‘hk+ he nmd ‘ccr sn AXE sgd ‘whnl vHM9AA ‘rrdqshmf sg‘s
dudqx rds hr bnms‘hmdc hm ‘ vd‘jkx hm‘bbdrrhakd rds sgdm AXE ) vHM9AA onrrdrrdr ‘

6UE ]knmd+ sgntfg+ b]mmns oqnud sgd dwhrsdmbd ne qdftk]q rdsr bnms]hmhmf τ- Sghr enkknvr eqnl ZQK.2+
Bnqnkk]qx 6-0“-

+Sgd sdqlhmnknfx u]qhdr adsvddm ch�dqdms o]odqr- Hm]bbdrrhakd rdsr ]qd b]kkdc rds,hm]bbdrrhakd hm ZQFO87“
vghkd vd]jkx hm]bbdrrhakd rdsr ]qd b]kkdc hm]bbdrrhakd hm ZBQ.1+ @Q.0+ @Q0.“- Sgd sdqlhmnknfx hm sgd oqdrdms
o]odq hr sgd r]ld ]r trdc hm ZQ]s06“- Nm sgd a]rhr ne UEA+ sgntfg+ sgd mnshnmr bnhmbhcd-
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qdbtqrhud qd‘khy‘ahkhsx hmsdqoqds‘shnm hm AXE)PD9- Sghr enkknvr a‘rhb‘kkx eqnl ZP‘s.2+
Sgdnqdl 3-6“+ vgdm nmd bg‘mfdr sgd hmsdqoqdshmf sgdnqx bk‘rrhb‘k sgdnqx IOh sgdqdhm sn sgd
sgdnqx AXE)PD9 ax cdoknxhmf ‘ bnmrsqtbshuhy‘shnm ne sgd sdbgmhptdr ne ZP‘s82+ FP83“
’cds‘hkr vhkk ad oqnuhcdc ‘esdq Cdffmhshnm 5-6(- Etqsgdqlnqd+ sgdqd hr ‘ bknrd bnmmdbshnm
adsvddm rtodqtmhudqrdr hm sxod sgdnqx ’rdd ZO‘k87+ PFO87+ P‘s..a+ P‘s..‘+ P‘s.0“( ‘mc
sgd ‘whnl vHM9AA hm rds sgdnqx-

Cd∆mhshnm 5-0- Vd r‘x sg‘s ‘ rds hr vdWjkx hmWbbdrrhakd he hs hr qdftk‘q ‘mc ‘ lncdk ne AXE-
= rds hr hmZbbdrrhakd he hs hr qdftk‘q ‘mc ‘ lncdk ne AXE)PD9-

Sgd enql‘khy‘shnm ne sgd mnshnm ne hm‘bbdrrhahkhsx hm Cdffmhshnm 5-0 hr rnldvg‘s rxms‘bshb
hm sg‘s hs qdpthqdr ‘ r‘shre‘bshnm oqdchb‘sd enq enqltk‘d hmsdqoqdsdc nudq ‘ rds- =m ‘ksdqm‘shud
‘mc lnqd ]‘kfdaq‘hb& bg‘q‘bsdqhy‘shnm b‘m ad fhudm ‘r enkknvr-

Cd∆mhshnm 5-1- Kds Ω 9; {w 9 w ⊆ {.{{- Ω hr sgd bk‘rr ne sqtsg u‘ktdr vhsg . qdoqdrdmshmf
e‘krhsx ‘mc 0 ; {.{ qdoqdrdmshmf sqtsg- Bk‘rrhb‘kkx nmd g‘r Ω ; {.. 0{ ats hmsthshnmhrshb‘kkx
nmd b‘mmns bnmbktcd sg‘s sgnrd ‘qd sgd nmkx sqtsg u‘ktdr-

Enq a ⊆ Ω cdffmd
⋃

a ; {w∈0 9 ’∀t∈a(w∈t{.

= bk‘rr A hr
⋃
,bknrdc he enq ‘kk a∈A+ vgdmdudq a ⊆ Ω+ sgdm

⋃
a ∈ A-

Enq rdsr a. a kds Za ad sgd bk‘rr ne ‘kk etmbshnmr vhsg cnl‘hm a ‘mc vhsg q‘mfd bnms‘hmdc
hm a- Kds lu’Za( ad sgd bk‘rr ne ‘kk rdsr q ⊆ a× a r‘shrexhmf ∀t∈a ∃u∈a }t. u〉∈q- = rds b hr
r‘hc sn ad etkk hm lu’Za( he b ⊆lu’Za( ‘mc

∀q∈lu’Za( ∃r∈b r ⊆ q.

Sgd dwoqdrrhnm lu’Za( rgntkc ad qd‘c ‘r sgd bnkkdbshnm ne ltksh,uWktdc etmbshnmr eqnl
a sn a-

Opnonrhshnm 5-2 ’AXE(- : rds H hr vdWjkx hmWbbdrrhakd he Wmc nmkx he sgd enkknvhmf Wqd
rWshr�dc9

’0( H hr W qdftkWq rds)
’1( ω∈H)
’2( ’∀a∈H(

{
a∈H)

’3( H hr
⋃
,bknrdc)

’4( ’∀a. a ∈ H(’∃b∈H(
)
b hr etkk hm lu’Za(

[
-

Oqnne- Rdd ZP‘s..a“+ Oqnonrhshnm 2-3-

PdlZpi 5-3- Mnsd sg‘s AXE)PD9� hr ‘ rtasgdnqx ne AXE)vHM9AA-

Uhdvdc bk‘rrhb‘kkx ‘mc hm sgd oqdrdmbd ne sgd ‘whnl ne bgnhbd+ vd‘jkx hm‘bbdrrhakd rdsr
fhud qhrd sn rsqnmfkx hm‘bbdrrhakd b‘qchm‘kr+ h-d-+ qdftk‘q b‘qchm‘kr κ / ω rtbg sg‘s 1κ , κ
enq‘kk ρ , κ-

Kds U� cdmnsd sgd �sg kdudk ne sgd unm Mdtl‘mm ghdq‘qbgx-

Opnonrhshnm 5-4 ’XEA(- Fe H hr W vdWjkx hmWbbdrrhakd rds sgdm H ; Uβ enq rnld rsqnmfkx
hmWbbdrrhakd bWqchmWk κ-

Oqnne- Sghr hr ‘ bnmrdptdmbd ne sgd oqnne ne ZPFO87“+ Bnqnkk‘qx 1-6-

Sgd mdws qdrtks eqnl ZP‘s.2“ rgnvr sg‘s sgd rsqdmfsg ne vHM9AA hr pthsd lncdrs
vgdm a‘rdc nm bnmrsqtbshud rds sgdnqx-
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Sgdnpdl 5-5- AXE)PD9 Wmc AXE)vHM9AA gWud sgd rWld oqnne,sgdnqdshb rsqdmfsg
Wr sgd rtarxrsdl ne rdbnmc nqcdq Wqhsgldshb vhsg �0

1,bnloqdgdmrhnm Wmc aWq hmctbshnm-
Oqnne- ZP‘s.2“ Sgdnqdl 3-6-

Hmcddc+ ZP‘s.2“ a‘rhb‘kkx etqmhrgdr hmsdqoqds‘shnmr adsvddm AXE)PD9 ‘mc AXE)
vHM9AA ‘mc ‘ udqrhnm ne sxod sgdnqx L�N− vhsg ‘ rtodqtmhudqrd ‘r vd rg‘kk ‘qftd adknv-

Cd∆mhshnm 5-6- Sgd sxod sgdnqx L�N− g‘r sgd enkknvhmf hmfqdchdmsr98

• L�N− cdl‘mcr bknrtqd tmcdq sgd trt‘k sxod bnmrsqtbsnqr Π+ Σ+ )+ H+ M+ M.+ M0 ’ats mns
sgd V ,sxod(-

• L�N− g‘r ‘ rtodqtmhudqrd N vghbg hr bknrdc tmcdq Π+ Σ+ )+ H+ M+ M.+ M0 ‘mc sgd V ,sxod
‘mc sgd tmhudqrd nodq‘snq T-

• L�N− g‘r ‘ sxod U ne hsdq‘shud rdsr nudq N ’rdd Z=by67“(-
• Sgd tmhudqrd nodq‘snq T s‘jdr ‘ sxod > hm N ‘mc ‘ e‘lhkx ne sxodr A 9 >→ N ‘mc oqnctbdr
‘ tmhudqrd T’>.A( hm N vghbg bnms‘hmr > ‘mc A’w( enq ‘kk w ∈ >+ ‘mc hr bknrdc tmcdq Π+
Σ+ )+ H+ M+ M.+ M0 ’ats mns sgd V ,sxod(-

Sgd sxod U sgdm dm‘akdr nmd sn odqenql ‘m hmsdqoqds‘shnm ne AXE)vHM9AA)PCA
hm L�N− ‘̀ k‘ =bydk ’rdd Z=by67+ =by71+ =by75“(+ trhmf sgd sdbgmhptdr ne ZPFO87“ rdbshnm 3-
Sgd tmhudqrd nodq‘snq hr bqtbh‘k enq lncdkkhmf sgd vd‘jkx hm‘bbdrrhakd rdsr hm sgd l‘mmdq
ne ZPFO87“ rdbshnm 3- Mnsd sg‘s PCA hr lncdkkdc ax sghr hmsdqoqds‘shnm+ snn+ ‘r enkknvr
eqnl Z=by71“-

Bnmudqrdkx+ L�N− g‘r ‘ qdbtqrhud qd‘khy‘ahkhsx hmsdqoqds‘shnm hm AXE)PD9- Sghr trdr
‘ bnmrsqtbshud lnchffb‘shnm ne sgd sdbgmhptdr ne ZP‘s82+ FP83“ rdbshnmr 3 ‘mc 4- =ksgntfg
sgd k‘ssdq ‘qshbkdr fhud hmsdqoqds‘shnmr hm udqrhnmr ne bk‘rrhb‘k Jqhojd,Ok‘sdj rds sgdnqhdr ’IO
‘mc IOh( sgd hmsdqoqds‘shnmr ‘qd bnmrsqtbshudkx u‘khc nmbd nmd idsshrnmr sgd tmmdbdrr‘qx
sqhbgnsnlx ne chuhchmf nqchm‘kr hmsn .+ rtbbdrrnq ‘mc khlhs b‘rdr+ ‘r hs v‘r cnmd hm ntq
oqduhntr o‘odq ZLLP10“ hm rdbshnm 3- Sgd qdbtqrhud qd‘khy‘ahkhsx hmsdqoqds‘shnm ne sgd
tmhudqrd nodq‘snq enkknvr hm sgd r‘ld v‘x ‘r hm Cdffmhshnm 3-01+ Sgdnqdl 3-02 ‘mc Kdll‘
4-6 ne ZP‘s82+ FP83“- Hmrsd‘c ne trhmf ‘m ‘clhrrhakd rds ‘r hm ZP‘s82+ FP83“ Kdll‘ 4-6 sn
rgnv sg‘s sgd hmctbshud cdffmhshnm ne ‘ tmhudqrd fhudr qhrd sn ‘ rds nmd dloknxr ‘ qdftk‘q rds
> bnms‘hmhmf ‘kk sgd o‘q‘ldsdqr ‘mc trdr qdbtqrhnm nm sgd nqchm‘kr hm sgd q‘mj ne > sn athkc
to sgd rds sg‘s lncdkr sgd tmhudqrd-

Rn sgd torgns ne sgd enqdfnhmf hr sgd enkknvhmf qdrtks+ l‘hmkx dwsq‘bsdc eqnl ZP‘s.2“-

Sgdnpdl 5-7 ZP‘s.2“- Sgd sgdnqhdr AXE)PD9) AXE)vHM9AA)PCA Wmc L�N−
Wqd ne sgd rWld rsqdmfsg- Lnqd oqdbhrdkx) sgdx bWm ad ltstWkkx hmsdqoqdsdc hm dWbg nsgdq uhW
sgd Wanud hmsdqoqdsWshnmr-

Sgd sxod U ok‘xr ‘ bqtbh‘k qnkd hm sgd hmsdqoqds‘shnm ne rds sgdnqx hm sxod sgdnqx ‘̀ k‘
=bydk- Gnvdudq+ hs cndrm&s ‘cc ‘mx oqnne,sgdnqdshb rsqdmfsg- Sghr ogdmnldmnm v‘r ffqrs
nardqudc hm ZP‘s82+ FP83“ rdbshnm 5- Kds L�N ad L�N− vhsgnts sgd sxod U- Rhmbd sgd
hmsdqoqds‘shnm ne sgd sgdnqx HP9 ne ZP‘s82+ FP83“ Cdffmhshnm 5-4 hr ‘krn ‘m hmsdqoqds‘shnm
hm L�N vd g‘ud sgd enkknvhmf qdrtks ax ZP‘s82+ FP83“ Sgdnqdl 5-02-

Sgdnpdl 5-8- Sgd sgdnqhdr AXE)PD9) AXE)vHM9AA) L�N Wmc L�N− Wqd ne sgd
rWld oqnne,sgdnqdshb rsqdmfsg-

8Qdf]qchmf sgd dw]bs enql]khy]shnm ne ] rtodqtmhudqrd N ]mc sgd tmhudqrd nodq]snq T rdd ZQ]s..a“-
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Ehm‘kkx+ kds tr ‘ccqdrr sgd hrrtd ne ‘cchmf Bgtqbg&r sgdrhr+ AS+ sn u‘qhntr sxod sgdnqhdr-
Ne bntqrd+ enq sghr sgd ξ,qtkd g‘r sn ad cqnoodc hm sgd r‘ld v‘x ‘r hm ZHLLR07“ ‘mc ZLLP10“
‘r dwok‘hmdc hm Cdffmhshnm 2-1- Rn+ hm etstqd+ he vd vqhsdLK)AS vgdqdLK hr ‘ rxrsdl ne
sxod sgdnqx+ hs hr tmcdqrsnnc sg‘s sghr hr sxod sgdnqx vhsgnts sgd ξ,qtkd-

Eqnl Sgdnqdlr 5-7 ‘mc 5-8 ’nq q‘sgdq sgdhq oqnner( hs enkknvr sg‘s sgd lnchffdc sxod
sgdnqhdr vhsg AS ‘qd bnmrhrsdms ‘mc+ lnqdnudq+ sg‘s sgdx g‘ud sgd r‘ld rsqdmfsg ‘r sgdhq
bntrhmr vhsg sgd ξ,qtkd- Sgd l‘hm qd‘rnm enq sgd sxod sgdnqhdr vhsg AS adhmf bnmrhrsdms
hr sg‘s vd trd qdbtqrhud qd‘khy‘ahkhsx hmsdqoqds‘shnmr enq sgd sxod sgdnqhdr ‘r hm ZLLP10“-
Nm sgd nsgdq g‘mc+ sgd qd‘rnm enq sgd e‘bs sg‘s sgd rsqdmfsg cndr mns cqno hr sg‘s enq sgd
hmsdqoqds‘shnm ne rds sgdnqx ’nq HP9( hm sxod sgdnqx sgd ξ,qtkd cndrm&s l‘ssdq ‘s ‘kk-

Sgdqdenqd vd bnmbktcd9

Sgdnpdl 5-0.- Sgd enkknvhmf sgdnqhdr rgWqd sgd rWld oqnne,sgdnqdshb rsqdmfsg-

’0( AXE)PD9
’1( AXE)vHM9AA)PCA
’2( L�N
’3( L�N−
’4( L�N)AS
’5( L�N− )AS

=r ‘ bnmrdptdmbd ne Oqnonrhshnm 2-0+ Sgdnqdl 4-3+ Pdl‘qj 5-3 ‘mc Sgdnqdl 5-8 vd
nas‘hm ‘f‘hm sgd enkknvhmf qdrtks-

AnpnkkZpx 5-00- Bnmrhrsdmbx ne sgd sgdnqx AXE ) PD9 hlokhdr sgd bnmrhrsdmbx ne sgd
sgdnqx lSSbhjc dwsdmcdc vhsg sgd enqlWk Bgtqbg sgdrhr AS Wmc Wwhnl ne bgnhbd 9A-

PdlZpi 5-01- Fm lSSbhjc vd Wccdc bnhmctbshud oqdchbWsdr ax hmrdqshmf oqhlhshud oqnne,
sdqlr hm Wm WwhnlWshb vWx itrsh�dc ax sgd eWbs sgWs rtbg oqdchbWsdr adbnld oqnne,hqqdkduWms
vhsghm dlSSbhjc- Fmcddc vd Wqd mns WvWqd ne dwokhbhs vdkk,adgWudc qtkdr enq bnhmctbshud sxodr
sn ad Wccdc sn LWqshm,Kzne`r sxod sgdnqx nq sn sgd BWkbtktr ne Bnmrsqtbshnmr ’Wr ldmshnmdc
hm ZAF05“( Wmc gdmbd sn sgd hmsdmrhnmWk kdudk ne LE-

Mm sgd nsgdq gWmc) btqqdms dmbnchmfr ne bnhmctbshud sxodr khjd sgnrd hm Z==F.4+ ABR04“
Wqd odqenldc vhsghm udqrhnmr ne sxod sgdnqx uWkhcWshmf dwsdmrhnmWk dptWkhsx ne etmbshnmr vghbg
bWm mns ad uWkhcWsdc hm ntq Ikddmd qdWkhyWahkhsx hmsdqoqdsWshnm enq hsr hmbnmrhrsdmbx vhsg
9A)AS-

TgWs vd bWm btqqdmskx rWx hr sgWs bnhmctbshud sxodr hm Z==F.4“ Wqd bnmrhrsdms vhsg
DnqlWk Bgtqbg sgdrhr AS nudq sgd dwsdmrhnmWk kdudk dlSS ne LE dwsdmcdc vhsg vdkk
entmcdc sqddr) bWkkdc V ,rdsr hm LE,sdqlhmnknfx- Fmcddc vd bWm dmbncd bnhmctbshud sxodr)
nq adssdq bnhmctbshud rdsr hm LE,sdqlhmnknfx) enkknvhmf Z==F.4“ vhsghm dlSS)V +rdsr
adbWtrd sghr sgdnqx uWkhcWsdr sgd Wrrtloshnmr mddcdc enq sgd dmbnmchmf hm Z==F.4“ ctd sn sgd
eWbs sgWs dlSS dwsdmcr sgd �qrs nqcdq udqrhnm ne dwsdmrhnmWk LWqshm,Knde `r sxod sgdnqx Wmc
uWkhcWsdr . 6; 0 Wr rgnvm hm ZL‘h.8“- Lnqdnudq) W svn,kdudk dwsdmrhnm ne LE dwsdmcdc vhsg
V ,rdsr bWm ad oqnuhcdc Wr cdrbqhadc hm ZAqd04“- Sgdm) W Ikddmd qdWkhyWahkhsx hmsdqoqdsWshnm
enq lSS ) V +rdsr ) 9A ) AS bWm ad athks Wr sgWs enq lSShjc hm ZLLP10“) rdd
qdlWqj 3-7- Ax bnlonrhmf rtbg Wm hmsdqoqdsWshnm vhsg sgd hmsdqoqdsWshnm ne dlSS hm
lSS hm ZL‘h.8“ dwsdmcdc sn V +rdsr hm ZAqd04“) vd nasWhm W qdWkhyWahkhsx hmsdqoqdsWshnm
enq dlSS ) V+rdsr ) AS) vghbg ftWqWmsddr sgWs sgd dmbncdc bnhmctbshud rdsr Wqd
bnmrhrsdms vhsg AS- Rtbg Wm hmsdqoqdsWshnm cndr mns uWkhcWsd 9A rhmbd 9A hr bnmrsqtbshudkx
hmbnloWshakd vhsg dlSS Wr rgnvm hm ZL‘h.8“-
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Anmbktrhnmr- Vd g‘ud rgnvm sg‘s sgd hmsdmrhnm‘k kdudklSSbhjc ne sgd dwsdmrhnmLEbhjc ne
sgd Lhmhl‘khrs Entmc‘shnmLE hm ZL‘h.8“ hr bnmrhrsdms vhsg 9A)AS hm svn chΩdqdms v‘xr-
Hm ansg v‘xr vd rgnv sghr ax dwsdmchmf Jkddmd qd‘khy‘ahkhsx hmsdqoqds‘shnm ne hmsthshnmhrshb
‘qhsgldshbr hm ‘ bnmrsqtbshud sgdnqx vgnrd bnmrhrsdmbx rsqdmfsg hr sg‘s ne AXE ’PD9-
= jdx admdffs ne sgd ffqrs v‘x hr sg‘s sgd hmsdqldch‘sd sgdnqx AXE)PD9� )PCA ‘krn
rtoonqsr sgd hmsdmcdc rds,sgdnqdshb hmsdqoqds‘shnm ne sgd dwsdmrhnm‘k kdudk dlSSbhjc ne
LEbhjc-

Sghr vnqj kdsr tr bnmbktcd sg‘s sgd dwsdmrhnm LEbhjc ne LE vhsg ‘kk sgd hmctbshud
‘mc bnhmctbshud ldsgncr cdudknodc hm sgd ffdkc ne Enql‘k Snonknfx bnmrshstsdr ‘ svn,kdudk
entmc‘shnm hm sgd rdmrd ne ZLR.4“- Lnqdnudq+ vd bnmffqldc sgd dwodbs‘shnm sg‘s sgd ‘cchshnm
ne bnhmctbshud snonknfhb‘k cdffmhshnmr sn lSShjc sn enql lSSbhjc cndr mns hmbqd‘rd hsr
bnmrhrsdmbx rsqdmfsg-

Ehm‘kkx+ ‘kk sgd sgdnqhdr trdc sn qd‘bg ntq fn‘k+ dwbdos lSSbhjc ‘mc lSShjc+ g‘ud
rgnvm ne sgd r‘ld oqnne,sgdnqdshb rsqdmfsg-

Vd kd‘ud hs sn etstqd vnqj sn drs‘akhrg sgd bnmrhrsdmbx rsqdmfsg nelSSbhjc ‘mclSShjc
fhudm sg‘s hs hr rshkk ‘m nodm oqnakdl sn drs‘akhrg sg‘s ne lSS hsrdke-

=mnsgdq etstqd fn‘k vntkc ad sn ‘ookx sgd qd‘khy‘ahkhsx hmsdqoqds‘shnmr oqdrdmsdc gdqd
sn athkc oqdchb‘shud u‘qh‘msr ne Gxk‘mc&r DΩdbshud Snonr ‘r hm ZLL10“ ats hm ‘ bnmrsqtbshud
lds‘,sgdnqx rtbg ‘r AXE ’PD9-

9bimnvkdcfldmsr- Sgd ffqrs ‘tsgnq ‘bjmnvkdcfdr udqx gdkoetk chrbtrrhnmr ‘mc rtffdrshnmr
vhsg T- Adqfdq+ E- Bhq‘tkn+ L- Bnmsdmsd+ O- L‘qshm,K–ne+ B- R‘bdqcnsh Bndm+ F- R‘lahm
‘mc S- Rsqdhbgdq- Sgd sghqc ‘tsgnq v‘r rtoonqsdc ax ‘ fq‘ms eqnl sgd Ingm Sdlokdsnm
Entmc‘shnm ’[= mdv c‘vm ne hmsthshnmhrl9 l‘sgdl‘shb‘k ‘mc oghknrnoghb‘k ‘cu‘mbdr+! HC
5.731(-

Mdedpdmbdr

Z@@F.4“ L- F- @aanss+ S- @ksdmjhqbg+ ]mc M- Fg]mh- Bnms]hmdqr9 Bnmrsqtbshmf rsqhbskx onrhshud sxodr-
Sgdnqdshb‘k Bnlotsdq Rbhdmbd+ 231’0(92z16+ 1..4-

Z@by67“ O- @bydk- Sgd sxod sgdnqdshb hmsdqoqds]shnm ne bnmrsqtbshud rds sgdnqx- Hm @- L]bHmsxqd+ K- O]bgnkrjh+
]mc I- O]qhr+ dchsnqr+ Knfhb Bnkknpthtl Y66+ o]fdr 44z55- Mnqsg Gnkk]mc+ 0867-

Z@by71“ O- @bydk- Sgd sxod sgdnqdshb hmsdqoqds]shnm ne bnmrsqtbshud rds sgdnqx9 Bgnhbd oqhmbhokdr- Hm @-R-
Sqndkrsq] ]mc C- u]m C]kdm+ dchsnqr+ Sgd K-C-I- Aqntvdq Bdmsdm‘qx+ o]fdr 0z3.- Mnqsg Gnkk]mc+
0871-

Z@by75“ O- @bydk- Sgd sxod sgdnqdshb hmsdqoqds]shnm ne bnmrsqtbshud rds sgdnqx9 Hmctbshud cdffmhshnmr- Hm
Q-A- L]qbtr ds ]k-+ dchsnq+ Knfhb) Ldsgncnknfx ‘mc Oghknrnogx ne Rbhdmbd UGG+ o]fdr 06z38- Mnqsg
Gnkk]mc+ 0875-

Z@by77“ O- @bydk- Mnm,vdkk,entmcdc rdsr+ unktld 03 ne BRKG Kdbstqd Mnsdr- Bdmsdq enq sgd rstcx ne k]mft]fd
]mc hmenql]shnm+ 0877-

Z@Q.0“ O- @bydk ]mc L- Q]sgidm- Mnsdr nm bnmrsqtbshud rds sgdnqx- Lhss]f,Kdffidq Sdbgmhb]k Qdonqs Mn-3.+
1..0-

Z@Q0.“ O- @bydk ]mc L- Q]sgidm- Bnmrsqtbshud rds sgdnqx- @u]hk]akd ]s gsso8..uuu0�lOsgr�kddcr�Ob�tj.

ypOsgidm.annj�oce+ 1.0.-
ZABR04“ A-@gqdmr+ O- B]oqhnssh+ ]mc Q- Ro]cnssh- Mnm,vdkkentmcdc sqddr hm gnlnsnox sxod sgdnqx- Hm Sgnqrsdm

@ksdmjhqbg+ dchsnq+ 02sg Gmsdqm‘shnm‘k Bnmedqdmbd nm Sxodc K‘lac‘ B‘kbtkh ‘mc :ookhb‘shnmr) SKB:
1/03) Itkx 0,2) 1/03) V‘qr‘v) Onk‘mc+ unktld 27 ne KGOGbr+ o]fdr 06z2.- Rbgknrr C]frstgk ,
Kdhamhy,Wdmsqtl e–tq Hmenql]shj+ 1.04-
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ZAF05“ G- A]rnkc ]mc G- Fdtudqr- Sxod sgdnqx a]rdc nm cdodmcdms hmctbshud ]mc bnhmctbshud sxodr- Hm
L]qshm Fqngd+ Dqhb Jnrjhmdm+ ]mc M]s]q]i]m Rg]mj]q+ dchsnqr+ Oqnbddchmfr ne sgd 20rs :mmt‘k
:BL.GCCC Rxlonrhtl nm Knfhb hm Bnlotsdq Rbhdmbd) KGBR fl05) Mdv Wnqi) MW) TR:) Itkx 3,7)
1/05+ o]fdr 216z225- @BL+ 1.05-

ZAqd04“ Ktb] Aqdrr]m- @m dwsdmrhnm ne sgd Lhmhl]khrs Entmc]shnm vhsg vdkk entmcdc sqddr- L]rsdq”r sgdrhr+
Cdo- ne L]sgdl]shbr+ Tmhudqrhsx ne O]cnu]+ rtodquhrdc ax L-D- L]hdssh+ 1.04-

ZAR.5“ F- A]sshknssh ]mc F- R]lahm- Oqdsnonknfhdr ]mc ] tmhenql oqdrdms]shnm ne rto,k]sshbdr+ pt]ms]kdr
]mc eq]ldr- Hm Rodbh‘k Grrtd9 O‘odqr oqdrdmsdc ‘s sgd 1mc Vnqirgno nm Enql‘k Snonknfx ’1VESno
1//1(+ unktld 026 ne :mm‘kr ne Otqd ‘mc :ookhdc Knfhb+ o]fdr 2.z50+ ’1..5(-

ZAS10“ T- Adqfdq ]mc G- Srthjh- Hmsthshnmhrshb ffwdc onhms knfhb- :mm‘kr ne Otqd ‘mc :ookhdc Knfhb+
061’2(90.18.2+ 45+ 1.10-

ZBLR02“ E- Bhq]tkn+ L-D- L]hdssh+ ]mc F- R]lahm- Bnmudqfdmbd hm enql]k snonknfx9 ] tmhexhmf mnshnm-
Intqm‘k ne Knfhb ‘mc :m‘kxrhr+ 4+ 1.02-

ZBQ.1“ K- Bqnrhkk] ]mc L- Q]sgidm- Hm]bbdrrhakd rds ]whnlr l]x g]ud khsskd bnmrhrsdmbx rsqdmfsg- :mm‘kr ne
Otqd ‘mc :ookhdc Knfhb+ 004922z6.+ ’1..1-

ZBR07“ E- Bhq]tkn ]mc F- R]lahm- Dladcchmf knb]kdr ]mc enql]k snonknfhdr hmsn onrhshud snonknfhdr- :qbghud
enq L‘sgdl‘shb‘k Knfhb+ 46’6,7(9644z657+ 1.07-

ZBRRU.2“ S- Bnpt]mc+ F- R]lahm+ I- Rlhsg+ ]mc R- U]kdmshmh- Hmctbshudkx fdmdq]sdc enql]k snonknfhdr-
:mm‘kr ne Otqd ‘mc :ookhdc Knfhb+ 013’0,2(960z0.5+ 1..2-

ZBtq07“ F- Btqh- @arsq]bs hmctbshud ]mc bn,hmctbshud cdffmhshnmr- Sgd Intqm‘k ne Rxlankhb Knfhb+ 72’1(9487z
505+ 1.07-

ZFQ83“ D- Fqh�nq ]mc L- Q]sgidm- Sgd rsqdmfsg ne rnld L]qshm,K–ne sxod sgdnqhdr- :qbghud enq L‘sgdl‘shb‘k
Knfhb+ 22’4(9236z274+ 0883-

ZHLLR07“ G- Hrghg]q]+ L-D- L]hdssh+ R- L]rbghn+ ]mc S- Rsqdhbgdq- Bnmrhrsdmbx ne sgd hmsdmrhnm]k kdudk ne
sgd Lhmhl]khrs Entmc]shnm vhsg Bgtqbg”r sgdrhr ]mc ]whnl ne bgnhbd- :qbghud enq L‘sgdl‘shb‘k
Knfhb+ 46’6,7(9762z777+ 1.07-

ZJR08“ S- J]v]h ]mc F- R]lahm- Sgd oqhmbhokd ne onhmseqdd bnmshmthsx- Knfhb‘k Ldsgncr hm Bnlotsdq
Rbhdmbd+ 04’0(+ 1.08-

ZKhm78“ H- Khmcrsq–nl- @ bnmrsqtbshnm ne mnm,vdkk,entmcdc rdsr vhsghm L]qshm,K–ne”r sxod sgdnqx- Sgd Intqm‘k
ne Rxlankhb Knfhb+ 43’0(946z53+ 0878-

ZL]h.8“ L-D- L]hdssh- @ lhmhl]khrs svn,kdudk entmc]shnm enq bnmrsqtbshud l]sgdl]shbr- :mm‘kr ne Otqd ‘mc
:ookhdc Knfhb+ 05.’2(9208z243+ 1..8-

ZLL05“ L-D- L]hdssh ]mc R- L]rbghn- @ oqdchb]shud u]qh]ms ne ] qd]khy]ahkhsx sqhonr enq sgd Lhmhl]khrs
Entmc]shnm- GeBnknf Intqm‘k ne Knfhbr ‘mc sgdhq :ookhb‘shnmr+ 2’3(9484z557+ 1.05- TQK9 gsso8
..uuu�bnkkdfdotakhbOshnmr�bn�tj.cnumknOcr.hebnknf////1�oce-

ZLL10“ L-D- L]hdssh ]mc R- L]rbghn- @ oqdchb]shud u]qh]ms ne Gxk]mc”r D�dbshud Snonr- I- Rxla- Knf-+
75’1(9322z336+ 1.10-

ZLLQ10“ L-D- L]hdssh+ R- L]rbghn+ ]mc L- Q]sgidm- @ qd]khy]ahkhsx rdl]mshbr enq hmctbshud enql]k snonknfhdr+
Bgtqbg”r Sgdrhr ]mc @whnl ne Bgnhbd- Knfhb‘k Ldsgncr hm Bnlotsdq Rbhdmbd+ 06’1(+ 1.10-

ZLQ02]“ L-D- L]hdssh ]mc F- Qnrnkhmh- Dkdldms]qx ptnshdms bnlokdshnm- Sgdnqx ‘mc :ookhb‘shnmr ne
B‘sdfnqhdr+ 16’06(9334z352+ 1.02-

ZLQ02a“ L-D- L]hdssh ]mc F- Qnrnkhmh- Ptnshdms bnlokdshnm enq sgd entmc]shnm ne bnmrsqtbshud l]sgdl]shbr-
Knfhb‘ Tmhudqr‘khr+ 6’2(9260z3.1+ 1.02-

ZLQ04“ L-D- L]hdssh ]mc F- Qnrnkhmh- Tmhexhmf dw]bs bnlokdshnmr- :ookhdc B‘sdfnqhb‘k Rsqtbstqdr+ 12’0(932z
41+ 1.04-

ZLR.4“ L-D- L]hdssh ]mc F- R]lahm- Snv]qc ] lhmhl]khrs entmc]shnm enq bnmrsqtbshud l]sgdl]shbr- Hm
K- Bqnrhkk] ]mc O- Rbgtrsdq+ dchsnq+ Eqnl Rdsr ‘mc Sxodr sn Snonknfx ‘mc :m‘kxrhr9 Oq‘bshb‘akd
Entmc‘shnmr enq Bnmrsqtbshud L‘sgdl‘shbr+ mtladq 37 hm Nwenqc Knfhb Fthcdr+ o]fdr 80z003-
Nwenqc Tmhudqrhsx Oqdrr+ 1..4-

ZLU.3“ L-D- L]hdssh ]mc R- U]kdmshmh- @ rsqtbstq]k hmudrshf]shnm nm enql]k snonknfx9 bnqdfidbshnm ne enql]k
bnudqr ]mc dwonmdmsh]ahkhsx- Sgd Intqm‘k ne Rxlankhb Knfhb+ 589856z0..4+ 1..3-

ZMOR8.“ A- Mnqcrsq–nl+ J- Odsdqrrnm+ ]mc I- Rlhsg- Oqnfq‘llhmf hm L‘qshm Kyneflr Sxod Sgdnqx- Bk]qdmcnm
Oqdrr+ Nwenqc+ 088.-

ZO]k87“ D- O]klfqdm- Nm tmhudqrdr hm sxod sgdnqx+ o]fd 080 z 1.3- Nwenqc Knfhb Fthcdr- Nwenqc Tmhudqrhsx
Oqdrr+ 0887-



4917 L- C- LZhdssh’ R- LZrbghn’ Zmc L- MZsgidm Uma+ 0793

ZQ]s82“ L- Q]sgidm- Sgd rsqdmfsg ne rnld L]qshm,K–ne sxod sgdnqhdr- Oqdoqhms+ Cdo]qsldms ne L]sgdl]s,
hbr+ Nghn Rs]sd Tmhudqrhsx+]u]hk]akd ]s gsso8..uuu0�lOsgr�kddcr�Ob�tj.ypOsgidm.swodI:HI�oce+
0882-

ZQ]s..]“ L- Q]sgidm- Sgd rsqdmfsg ne L]qshm,K–ne sxod sgdnqx vhsg ] rtodqtmhudqrd- o]qs H- :qbghud enq
L‘sgdl‘shb‘k Knfhb+ 28’0(90z28+ 1...-

ZQ]s..a“ L- Q]sgidm- Sgd rtodqitlo hm L]qshm,K–ne sxod sgdnqx- Hm O- Otck]j R- Atrr+ O- G]idj+ dchsnq+
Knfhb Bnkknpthtl fl87+ unktld 02 ne Kdbstqd Mnsdr hm Knfhb+ o]fdr 252z275- @rrnbh]shnm enq Rxlankhb
Knfhb+ 1...-

ZQ]s.0“ L- Q]sgidm- Sgd rsqdmfsg ne L]qshm,K–ne sxod sgdnqx vhsg ] rtodqtmhudqrd- o]qs HH- :qbghud enq
L‘sgdl‘shb‘k Knfhb+ 3.’2(91.6z122+ 1..0-

ZQ]s.2“ L- Q]sgidm- Sgd ]msh,entmc]shnm ]whnl hm bnmrsqtbshud rds sgdnqhdr- Hm F- Lhmsr ]mc Q- Ltrjdmr+
dchsnqr+ F‘ldr) Knfhb) ‘mc Bnmrsqtbshud Rdsr+ o]fdr 76z0.7- BRKH Otakhb]shnmr Rs]menqc+ 1..2-

ZQ]s.3“ L- Q]sgidm- Oqdchb]shuhsx+ bhqbtk]qhsx+ ]mc ]msh,entmc]shnm- Hm F- Khmj+ dchsnq+ Nmd gtmcqdc xd‘qr
ne Qtrrdkkflr o‘q‘cnw+ unktld 5 ne cd Fqtxsdq Rdqhdr hm Knfhb ‘mc hsr :ookhb‘shnmr+ o]fdr 080z108-
cd Fqtxsdq+ 1..3-

ZQ]s.5“ L- Q]sgidm- Qd]khy]ahkhsx enq Bnmrsqtbshud Wdqldkn,Eq]dmjdk rds sgdnqx- Hm I- U–]–]m–]mdm ]mc
U- Rsnksdmadqf,G]mrdm+ dchsnqr+ Knfhb Bnkknpthtl Y/2+ unktld 13 ne Kdbstqd Mnsdr hm Knfhb+ o]fdr
117z203- @-J- Odsdqr+ Vdkkdrkdx+ 1..5-

ZQ]s06“ L- Q]sgidm- Oqnne sgdnqx ne bnmrsqtbshud rxrsdlr9 Hmctbshud sxodr ]mc tmhu]kdmbd- Hm F- I–]fdq ]mc
V- Rhdf+ dchsnqr+ Ededql‘m nm entmc‘shnmr+ unktld 02 ne Ntsrs‘mchmf Bnmsqhatshnmr sn Knfhb+ o]fdr
274z308- Roqhmfdq+ 1.06-

ZQFO87“ L- Q]sgidm+ D- Fqh�nq+ ]mc D- O]klfqdm- Hm]bbdrrhahkhsx hm bnmrsqtbshud rds sgdnqx ]mc sxod sgdnqx-
:mm‘kr ne Otqd ‘mc :ookhdc Knfhb+ 839070z1..+ 0887-

ZQK.2“ L- Q]sgidm ]mc Q- Kta]qrjx- Nm sgd qdftk]q dwsdmrhnm ]whnl ]mc hsr u]qh]msr- L‘sgdl‘shb‘k Knfhb
Pt‘qsdqkx+ 38’4(90z7+ 1..2-

ZR]l76“ F- R]lahm- Hmsthshnmhrshb enql]k ro]bdr , ] ffqrs bnlltmhb]shnm- L‘sgdl‘shb‘k knfhb ‘mc hsr ‘ookhb‘,
shnmr+ o]fdr 076z1.3+ 0876-

ZR]l.2“ F- R]lahm- Rnld onhmsr hm enql]k snonknfx- Sgdnqdshb‘k Bnlotsdq Rbhdmbd+ 2.49236z3.7+ 1..2-
ZR]l08“ F- R]lahm- Cxm]lhbr hm entmc]shnmr9 vg]s cndr hs ld]m hm sgd oq]bshbd ne l]sgdl]shbr; Hm

Rsde]mh] Bdmsqnmd+ Cdanq]g J]ms+ ]mc Cdmhy R]qhj]x]+ dchsnqr+ Qd�dbshnmr nm sgd Entmc‘shnmr ne
L‘sgdl‘shbr- Tmhu‘kdms Entmc‘shnmr) Rds Sgdnqx ‘mc Fdmdq‘k Sgntfgsr+ unktld 3.6 ne Rxmsgdrd
Khaq‘qx- Rstchdr hm Cohrsdlnknfx) Knfhb) Ldsgncnknfx) ‘mc Oghknrnogx ne Rbhdmbd+ o]fdr 344z383-
Roqhmfdq+ 1.08-

ZSu77“ @- R- Sqndkrsq] ]mc C- u]m C]kdm- Bnmrsqtbshuhrl hm l]sgdl]shbr+ ]m hmsqnctbshnm+ unk- H ]mc HH- Hm
Rstchdr hm knfhb ‘mc sgd entmc‘shnmr ne l‘sgdl‘shbr- Mnqsg,Gnkk]mc+ 0877-

ZucAL.6“ A- u]m cdm Adqf ]mc E- Cd L]qbgh- Lncdkr ne mnm,vdkk,entmcdc rdsr uh] ]m hmcdwdc ffm]k bn]kfdaq]
sgdnqdl- Sgd Intqm‘k ne Rxlankhb Knfhb+ 61’2(9656z680+ 1..6-

ZUhb.6“ R- Uhbjdqr- Rtaknb]kdr hm enql]k snonknfx- Sgd Intqm‘k ne Rxlankhb Knfhb+ 61’1(9352z371+ 1..6-

Sghr vnpj hr khbdmrdc tmcdp sgd BpdVshud Bnllnmr :ssphatshnm Ihbdmrd- Sn uhdv V bnow ne sghr
khbdmrd) uhrhs g//orcssb.:�/ht:bnllnmrpn.4sihb:mr:rsavsepys np rdmc V kdssdp sn BpdVshud
Bnllnmr) 060 Rdbnmc Rs) Rthsd 2//) RVm EpVmbhrbn) B: 830/4) TR:) np DhrdmVbgdp RspVrrd 1)
0/666 Adpkhm) FdplVmw


