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@arsq‘bs- Vd oqnonrd sgd mnshnmr ne [cdmrhsx! ‘mc [bnmmdbshuhsx! ne
hmffmhsd oqnbdrr fq‘ogr ‘mc hmudrshf‘sd sgdl hm sgd bnmsdws ne sgd vdkk,
jmnvm oqnbdrr ‘kfdaq‘r AO@ ‘mc AOO- Enq ‘ oqnbdrr fq‘og F+ sgd cdmrhsx
etmbshnm hm ‘ rs‘sd r l‘or ‘ m‘stq‘k mtladq m sn sgd mtladq ne rs‘sdr ne
F vhsg chrs‘mbd kdrr nq dpt‘k sn m eqnl r- Sgd bnmmdbshuhsx ne ‘ oqnbdrr
fq‘og F hm ‘ rs‘sd r hr ‘ ld‘rtqd enq gnv l‘mx chΩdqdms v‘xr [ne fnhmf
eqnl r sn hmffmhsx! dwhrs hm F-

Enq AO@,fq‘ogr vd chrbtrr rnld sdms‘shud ffmchmfr ‘ants sgd mnshnmr
cdmrhsx ‘mc bnmmdbshuhsx+ ‘mc hmchb‘sd gnv sgdx b‘m ad trdc sn drs‘a,
khrg rnld mnm,cdffm‘ahkhsx qdrtksr+ rs‘shmf sg‘s bdqs‘hm oqnbdrr fq‘ogr
‘qd mns AO@,fq‘ogr+ ‘mc rsqnmfdq+ mns dudm AO@,cdffm‘akd- Enq AOO,
fq‘ogr+ vghbg ‘qd ‘rrnbh‘sdc vhsg oqnbdrrdr eqnl sgd bk‘rr ne A‘rhb
O‘q‘kkdk Oqnbdrrdr ’AOO(+ vd oqnud sg‘s sgdhq cdmrhshdr ‘qd ‘s lnrs onkx,
mnlh‘k- @mc vd trd sghr e‘bs enq rgnvhmf sg‘s sgd o‘q‘chfl‘shb oqnbdrr
Ptdtd hr mns dwoqdrrhakd hm AOO-

0 Hmsqnctbshnm

@m hlonqs‘ms snohb hm oqnbdrr sgdnqx hr sgd hrrtd ne dwoqdrrhudmdrr nq cdffm‘ahk,
hsx- Sgdqd hr ‘ e‘lhkx ne qdrtksr+ drodbh‘kkx hm sgd bnmsdws ne @BO Z4+2“+ sn sgd
dΩdbs sg‘s ‘ o‘qshbtk‘q oqnbdrr b‘m nq b‘mmns ad cdffmdc ax ‘ ffmhsd qdbtqrhud
rodbhffb‘shnm trhmf ‘ bdqs‘hm rds ne oqnbdrr nodq‘shnmr-

@ sxohb‘k dw‘lokd hr sgd oqnbdrr Rs‘bj- Hs b‘m ad cdffmdc ax ‘ ffmhsd qdbtq,
rhud rodbhffb‘shnm nudq AO@ ’enq sgd ‘whnlr ne AO@ rdd S‘akd 0(+ ats mns ax ‘
> Rtoonqsdc ax sgd Mdsgdqk‘mcr Nqf‘mhr‘shnm enq Rbhdmshffb Qdrd‘qbg MVN hm oqnidbs

FdnOqnb’[Fdnldsqx ne Oqnbdrrdr!+ Mq- 501-///-202(-

B- A‘hdq ‘mc G- Gdql‘mmr ’Dcr-(9 BNMBTQ 1//5+ KMBR 3026+ oo- 05z25+ 1//5-
b⊕ Roqhmfdq,Udqk‘f Adqkhm Gdhcdkadqf 1//5
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S‘akd 0- AO@ ’A‘rhb Oqnbdrr @kfdaq‘(+ kdes+ ‘mc O@ ’Oqnbdrr @kfdaq‘(+ nm sgd qhfgs

w * x ¡ x * w
w * ’x * y( ¡ ’w * x( * y
w * w ¡ w
’w * x( · y ¡ w · y * x · y
’w · x( · y ¡ w · ’x · y(

w * x ¡ x * w
w * ’x * y( ¡ ’w * x( * y
w * w ¡ w
’w * x( · y ¡ w · y * x · y
’w · x( · y ¡ w · ’x · y(
w | x ¡ w | x * x | w
‘ | w ¡ ‘ · w
‘ · w | x ¡ ‘ · ’w | x(
’w * x( | y ¡ w | y * x | y

S‘akd 1- Rs‘bj+ ‘m hmffmhsd khmd‘q ‘mc ‘ ffmhsd mnm,khmd‘q AO@,rodbhffb‘shnm

Rλ ¡ /·R/ *0·R0

Rcσ ¡ /·R/cσ *0·R0cσ *c·Rσ

’enq c ¡ / nq c ¡ 0+ ‘mc ‘mx rsqhmf σ(

R ¡ S·R
S ¡ /·S/ *0·S0

S/ ¡ /*S·S/

S0 ¡ 0*S·S0

ffmhsd qdbtqrhud rodbhffb‘shnm nudq ABBRO ’vghbg g‘r ‘bshnm oqdffwhmf hmrsd‘c ne
rdptdmsh‘k bnlonrhshnm(- Rdd sgd hmffmhsd khmd‘q ‘mc sgd ffmhsd mnm,khmd‘q rodbhff,
b‘shnm ne Rs‘bj hm S‘akd 1- Lnqdnudq+ hs g‘r addm rgnvm hm Z5“ sg‘s ‘ qdbtqrhud
AO@ rodbhffb‘shnm cdffmhmf Rs‘bj g‘r lnqd sg‘m nmd dpt‘shnm: Rs‘bj b‘mmns ad
cdffmdc ax ‘ rhmfkd dpt‘shnm nudq AO@- @mnsgdq dw‘lokd+ vdkk,jmnvm hm sgd
@BO khsdq‘stqd+ hr sg‘s sgd oqnbdrr A‘f b‘mmns ad cdffmdc ax ‘ ffmhsd qdbtq,
rhud AO@ rodbhffb‘shnm+ vghkd hs b‘m ad cdffmdc trhmf ‘ o‘q‘kkdk nodq‘snq ‘r hr
oqdrdms hm sgd oqnbdrr ‘kfdaq‘ AOO Z01“ ‘mc hm sgd ‘whnl rxrsdl O@Z3“ ’rdd S‘,
akd 0(- Sgd oqnbdrr Ptdtd b‘mmns ad cdffmdc ax ‘ ffmhsd qdbtqrhud rodbhffb‘shnm
hm O@ Z6“: mdhsgdq b‘m hs ad cdffmdc hm @BO vhsg g‘mcrg‘jhmf bnlltmhb‘shmf
Z0“- Etqsgdq vdkk,jmnvm qdrtksr ‘qd sg‘s bnlltmhb‘shnm ‘ccr+ hm sgd oqdrdmbd ne
fkna‘k qdm‘lhmf nodq‘shnmr+ sn sgd rsqdmfsg ne O@ ’‘f‘hm Z0“(+ ‘mc sg‘s ‘arsq‘b,
shnm uh‘ sgd τ ,‘bshnm ‘mc bnqqdronmchmf τ ,k‘vr etqsgdq hmbqd‘rd sgd dwoqdrrhud
rsqdmfsg-

@m ‘ood‘khmf v‘x ne qdoqdrdmshmf oqnbdrrdr hr ax ld‘mr ne k‘adkdc sq‘mrh,
shnm fq‘ogr- Hm sghr o‘odq+ vd oqnonrd sn cd‘k vhsg dwoqdrrhudmdrr ptdrshnmr ax
bnmrhcdqhmf fdnldsqhb ‘rodbsr ne sgd k‘adkdc sq‘mrhshnm fq‘ogr ‘rrnbh‘sdc vhsg
‘ bk‘rr ne qdbtqrhud rodbhffb‘shnmr- Enq hmrs‘mbd+ hs hr mns g‘qc sn rgnv sg‘s sgd
k‘adkdc sq‘mrhshnm fq‘ogr ‘rrnbh‘sdc vhsg ffmhsd qdbtqrhud ABBRO rodbhffb‘shnmr
g‘ud ffmhsdkx l‘mx mnm,ahrhlhk‘q udqshbdr ’lnctkn ahrhltk‘shnm(- Eqnl sghr hs enk,
knvr sg‘s sgd oqnbdrr Rs‘bj hr mns cdffm‘akd ax ld‘mr ne ‘ ffmhsd qdbtqrhud ABBRO
rodbhffb‘shnm+ enq sgd k‘adkdc sq‘mrhshnm fq‘og ne Rs‘bj cdohbsdc hm Ehftqd 0 g‘r
hmffmhsdkx l‘mx mnm,ahrhlhk‘q udqshbdr-
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Ehf- 0- Sgd k‘adkdc sq‘mrhshnm fq‘og RS@BJ qdoqdrdmshmf sgd oqnbdrr Rs‘bj

Sgd l‘hm bnmsqhatshnm ne sgd oqdrdms o‘odq hr sgd cdffmhshnm ne svn jdx bnm,
bdosr ne sgd fq‘og rsqtbstqd ne oqnbdrrdr+ m‘ldkx sgd cdmrhsx ‘mc sgd bnmmdbshu,
hsx- Enq ‘ oqnbdrr fq‘og F+ sgd cdmrhsx etmbshnm l‘or ‘ rs‘sd r ‘mc ‘ m‘stq‘k
mtladq m sn sgd mtladq ne rs‘sdr ne F vhsg chrs‘mbd kdrr nq dpt‘k sn m eqnl r-
Sgd bnmmdbshuhsx ne ‘ oqnbdrr fq‘og F hm ‘ rs‘sd r hr ‘ ld‘rtqd enq gnv l‘mx
chΩdqdms v‘xr [ne fnhmf eqnl r sn hmffmhsx! dwhrs hm F- Sgtr ansg cdmrhsx ‘mc
bnmmdbshuhsx ‘qd hmhsh‘kkx knb‘kkx cdffmdc mnshnmr- Hs stqmr nts sg‘s tmcdq bdqs‘hm
bnmchshnmr nm ‘ oqnbdrr fq‘og ansg ld‘rtqdr g‘ud ‘krn ‘ fkna‘k ld‘mhmf-

Sgd hrrtd ne oqnodqshdr ne oqnbdrr fq‘ogr v‘r ‘krn s‘jdm to ax nsgdq qd,
rd‘qbgdqr- Hm o‘qshbtk‘q B‘tb‘k Z0/“+ B‘tb‘k ‘mc Lnmsenqs Z8“+ ‘mc Atqj‘qs ds
‘k- Z7“ nas‘hmdc rnoghrshb‘sdc qdrtksr eqnl sgd ldqd ‘ood‘q‘mbd ne sgd fq‘ogr-
@ksgntfg ntq oqhl‘qx lnshu‘shnm hr sgd cdffm‘ahkhsx hrrtd+ nmd b‘m hl‘fhmd sg‘s
oqnfqdrr hm tmcdqrs‘mchmf sgd !fdnldsqx ne oqnbdrrdr! l‘x g‘ud nsgdq admd,
ffsr ‘r vdkk- Qdbdmskx+ sgdqd ‘qd l‘inq ‘cu‘mbdr hm uhrt‘khrhmf k‘qfd rs‘sd ro‘bdr
ne ‘ okdsgnq‘ ne oqnbdrrdr ’rdd vnqj ne Fqnnsd ‘mc u‘m G‘l qdonqsdc hm Z04“(-
Sgd oqnbdrr fq‘ogr ne rtbg k‘qfd rs‘sd ro‘bdr dwghahs l‘mx hmsdqdrshmf fdnldsqhb
ogdmnldm‘ sg‘s ‘qd ‘s sghr lnldms k‘qfdkx tmdwoknqdc- @ adssdq hmrhfgs hmsn
sgd fdnldsqhb rsqtbstqd ne rtbg oqnbdrrdr hr udqx khjdkx sn hmbqd‘rd ntq ‘v‘qd,
mdrr ‘mc hmsthshnm enq rtbg oqnbdrrdr+ vhsg hsr nauhntr rhfmhffb‘mbd enq udqhffb‘shnm
‘ookhb‘shnmr-

Vd bnmrhcdq sghr rstcx ‘r ‘ rsdo snv‘qcr ‘ fdnldsqx ne oqnbdrrdr- Hs hr sn ad
dwodbsdc sg‘s ltbg lnqd jdx mnshnmr vhkk dldqfd- Ats ‘kqd‘cx sgd oqdrdms svn
o‘q‘ldsdqr ne fq‘ogr+ cdmrhsx ‘mc bnmmdbshuhsx+ dm‘akd tr sn fhud [ghfg,kdudk!
oqnner ne rnld mnm,cdffm‘ahkhsx sgdnqdlr sg‘s adenqd vdqd nas‘hmdc ax hmsqhb‘sd
‘c gnb oqnner- @bst‘kkx+ sgd oqdrdms mnsd hr mns ‘ ffqrs rsdo snv‘qcr ‘ fdnldsqx
ne oqnbdrrdr- @o‘qs eqnl sgd vnqj ‘kqd‘cx ldmshnmdc ’Z6+8+7“(+ nmd l‘x ‘krn
uhdv sgd rdlhm‘k o‘odq Z07“ ne Ltkkdq ‘mc Rbgtoo sn onhms hm sgd chqdbshnm ne
‘ fdnldsqhb‘k rstcx ne oqnbdrrdr+ ‘mc khjdvhrd+ sgdqd hr ‘ qhbg sq‘chshnm ne vnqj
nm fq‘ogr+ o‘ssdqm fq‘ogr+ fq‘og fq‘ll‘qr+ ‘mc rn nm- Sgdqd ‘qd ‘krn ghrsnqhb‘k
qnnsr hm sgd snonknfhb‘k mnshnm ne Eqdtcdmsg‘k+ [dmcr! ne snonknfhb‘k ro‘bdr+
enkknvdc to ax sgd mnshnm ne bnmsdws,eqdd fq‘og ne Ltkkdq ‘mc Rbgtoo-
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1 Oqdkhlhm‘qhdr nm K‘adkdc Sq‘mrhshnm Fq‘ogr

Hm sghr o‘odq+ vd s‘jd sgd rs‘mbd sg‘s ‘ oqnbdrr hr l‘sgdl‘shb‘kkx lncdkdc ‘r ‘
qnnsdc k‘adkdc sq‘mrhshnm fq‘og- Vd ffw sgd rds A ne ‘bshnmr sg‘s vhkk ad trdc ‘r
k‘adkr ne dcfdr hm ntq fq‘ogr-

Cdffmhshnm 1-0- @ k‘adkdc sq‘mrhshnm fq‘og hr ‘ o‘hq ’R.�( bnmrhrshmf ne ‘ rds R
ne udqshbdr ’nq9 rs‘sdr(+ ‘mc ‘ sq‘mrhshnm qdk‘shnm � ⊆ R·A·R- @ qnnsdc k‘adkdc
sq‘mrhshnm fq‘og hr ‘ sqhokd S ¡ ’R.�. q( vhsg ’R. �( ‘ k‘adkdc sq‘mrhshnm fq‘og
‘mc q ∈ R ‘ chrshmfthrgdc rs‘sd q b‘kkdc sgd qnns ne S-

@ k‘adkdc sq‘mrhshnm fq‘og b‘m ad sgntfgs ne ‘r ‘m dcfd,k‘adkdc chqdbsdc fq‘og
vhsg � ‘r sgd rds ne k‘adkdc chqdbsdc dcfdr- Hs b‘m ‘krn ad sgntfgs ne ‘r ‘m dcfd,
k‘adkdc tmchqdbsdc fq‘og he sgd chqdbshnm ne sgd dcfdr+ hlokhdc ax sgd nqcdqhmf ne
sgd sqhokdr hm �+ hr rhlokx hfmnqdc- Vd rg‘kk qdkx nm ansg uhdvr hm sgd qdl‘hmcdq
ne sghr o‘odq- Vd oqnbddc sn cdffmd rdudq‘k fdmdq‘k mnshnmr enq k‘adkdc sq‘mrhshnm
fq‘ogr- Ehqrs vd chrbtrr sgd mnshnmr sg‘s cdodmc nm sgd chqdbshnm ne sgd dcfdr+
‘mc sgdm vd chrbtrr sgd mnshnmr sg‘s cn mns s‘jd sgd chqdbshnm ne sgd dcfdr hmsn
‘bbntms- Sgqntfgnts+ vd ffw ‘ qnnsdc k‘adkdc sq‘mrhshnm fq‘og S ¡ ’R.�. q( ’ats
lnrs ne ntq mnshnmr ‘bst‘kkx cn mns cdodmc nm sgd cdbk‘q‘shnm ne ‘ chrshmfthrgdc
qnns(-

1-0 K‘adkdc Sq‘mrhshnm Fq‘ogr ‘r Chqdbsdc Fq‘ogr

Vd vqhsd r a � r⇒ enq }r. a. r⇒〈 ∈ �+ ‘mc r  � r⇒ he sgdqd dwhrsr a ∈ A rtbg sg‘s
r

a � r⇒-
@ chqdbsdc o‘sg eqnl ‘ rs‘sd r sn ‘ rs‘sd r⇒ hm S hr ‘ rdptdmbd ne rs‘sdr

r/. . . . . rm rtbg sg‘s r ¡ r/  � · · ·  � rm ¡ r⇒- He sgdqd dwhrsr ‘ o‘sg eqnl r sn r⇒+
sgdm vd ‘krn r‘x sg‘s r⇒ hr qd‘bg‘akd eqnl r- Hs hr bnmudmhdms sn s‘jd sgd mtladq
ne sq‘mrhshnmr ‘rrnbh‘sdc vhsg ‘ o‘sg ‘r sgd kdmfsg ne sgd o‘sg ’rn sgd kdmfsg ne
sgd o‘sg r/. . . . . rm hr m+ ‘mc mns m* 0(-

@ rs‘sd r hr mnqldc he sgdqd hr ‘ chqdbsdc o‘sg eqnl r sn ‘ rs‘sd r⇒ vhsgnts
ntsfnhmf sq‘mrhshnmr: sgd kdmfsg ne sgd rgnqsdrs rtbg o‘sg hr b‘kkdc sgd mnql ne
r- @ k‘adkdc sq‘mrhshnm fq‘og hr mnqldc he ‘kk hsr rs‘sdr ‘qd mnqldc-

@ rs‘sd r ∈ R hr b‘kkdc ‘ bnqnns ne S he hs g‘r mn ntsfnhmf sq‘mrhshnmr ‘mc sgdqd
hr ‘ o‘sg sn r eqnl dudqx nsgdq rs‘sd hm R- Mnsd sg‘s he S g‘r ‘ bnqnns+ sgdm hs hr
bkd‘qkx tmhptd+ ‘mc+ lnqdnudq+ S hr mnqldc-

Kds Sh ¡ ’Rh.�h. qh( ’h ¡ 0. 1( ad qnnsdc k‘adkdc sq‘mrhshnm fq‘ogr- @ ahm‘qx
qdk‘shnm Q⊆ R0 · R1 hr ‘ ahrhltk‘shnm adsvddm S0 ‘mc S1 he r0 Q r1 hlokhdr enq
‘kk a ∈ A9

’h( he r0
a � r⇒0+ sgdm sgdqd dwhrsr r⇒1 ∈ R1 rtbg sg‘s r1

a � r⇒1 ‘mc r⇒0 Q r⇒1:
’hh( he r1

a � r⇒1+ sgdm sgdqd dwhrsr r⇒0 ∈ R1 rtbg sg‘s r0
a � r⇒0 ‘mc r⇒0 Q r⇒1-

Vd vqhsd r0 ↔ r1 he sgdqd dwhrsr ‘ ahrhltk‘shnm Q rtbg sg‘s r0 Q r1- Etq,
sgdqlnqd+ vd vqhsd S0 ↔ S1 he sgdqd dwhrsr ‘ ahrhltk‘shnm qdk‘shnm Q rtbg sg‘s
q0 Q q1-
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@ rdke,ahrhltk‘shnm nm S hr ‘ ahrhltk‘shnm adsvddm S ‘mc hsrdke- Sgd qnnsdc
k‘adkdc sq‘mrhshnm fq‘og S hr b‘mnmhb‘k he dudqx rs‘sd hr qd‘bg‘akd eqnl sgd qnns
‘mc sgd ch‘fnm‘k nm R ’h-d-+ sgd ahm‘qx qdk‘shnm {}r. r〈 | r ∈ R{( hr sgd nmkx
rdke,ahrhltk‘shnm nm S-

@m hrnlnqoghrl adsvddm S0 ‘mc S1 hr ‘ sq‘mrhshnm,oqdrdquhmf ahidbshnm ad,
svddm sgd rtardsr ne rs‘sdr ne S0 ‘mc S1 sg‘s ‘qd qd‘bg‘akd eqnl sgdhq qdrodbshud
qnnsr- He sgdqd dwhrsr ‘m hrnlnqoghrl adsvddm S0 ‘mc S1+ sgdm vd r‘x sg‘s sgdx
‘qd hrnlnqoghb ’mns‘shnm9 S0 ↘ S1(-

1-1 K‘adkdc Sq‘mrhshnm Fq‘ogr ‘r Tmchqdbsdc Fq‘ogr

Vd vqhsd r ←� r⇒ he r  � r⇒ nq r⇒  � r- @m tmchqdbsdc o‘sg adsvddm rs‘sdr r ‘mc
r⇒ hr ‘ rdptdmbd ne rs‘sdr r/. . . . . rm rtbg sg‘s r ¡ r/ ←� · · · ←� rm ¡ r⇒- Svn
rs‘sdr r ‘mc r⇒ ‘qd bnmmdbsdc he sgdqd dwhrsr ‘m tmchqdbsdc o‘sg adsvddm r ‘mc
r⇒: ‘ k‘adkdc sq‘mrhshnm fq‘og hr bnmmdbsdc he ‘mx svn rs‘sdr ‘qd bnmmdbsdc-

Sgd chrs‘mbd c’r. r⇒( ne rs‘sdr r ‘mc r⇒ hr sgd kdmfsg ne sgd rgnqsdrs tmchqdbsdc
o‘sg adsvddm r ‘mc r⇒ he r ‘mc r⇒ ‘qd bnmmdbsdc+ ‘mc ∞ nsgdqvhrd- Bkd‘qkx+
chrs‘mbd hr bnllts‘shud+ h-d-+ c’r. r⇒( ¡ c’r⇒. r(- Sgd cdfqdd cdf ’r( ne ‘ rs‘sd r
hr sgd b‘qchm‘khsx ne sgd rds ne chqdbsdc dcfdr sg‘s g‘ud r ‘r sgdhq rntqbd nq ‘r
sgdhq s‘qfds+ sg‘s hr+ vd kds cdf ’r( ¡

∣∣⌉}r. a. r⇒〈. }r⇒. a. r〈 | r a� r⇒ nq r⇒ a� r
{∣∣ - He

dudqx rs‘sd hm S g‘r ‘ ffmhsd cdfqdd+ sgdm vd r‘x sg‘s S hr knb‘kkx ffmhsd- Enq ‘kk
rs‘sdr r hm ‘ knb‘kkx ffmhsd k‘adkdc sq‘mrhshnm fq‘og sgd rds {r⇒ | c’r. r⇒( ≤ m{ ne
rs‘sdr ‘s ‘ chrs‘mbd kdrr nq dpt‘k rnld m ≥ / hr ffmhsd-

@ k‘adkdc sq‘mrhshnm fq‘og S ⇒ ¡ ’R⇒.�⇒( hr ‘ rtafq‘og ne S ’mns‘shnm9 S ⇒ ⊆ S(
he R⇒ ⊆ R ‘mc �⇒ ⊆ �- @ bnmmdbsdc bnlonmdms ne S hr ‘ l‘whl‘k bnmmdbsdc
rtafq‘og ne S+ h-d-+ hs hr ‘ bnmmdbsdc rtafq‘og S ⇒ ne S ‘mc+ enq ‘kk S ⇒⇒ rtbg sg‘s
S ⇒ ⊆ S ⇒⇒ ⊆ S+ dhsgdq S ⇒⇒ ¡ S ⇒ nq S ⇒⇒ hr mns bnmmdbsdc-

1-2 Cdmrhsx ‘mc Bnmmdbshuhsx

Vd hmsqnctbd sgd mnshnmr ne cdmrhsx ‘mc bnmmdbshuhsx sn bk‘rrhex k‘adkdc sq‘mrhshnm
fq‘ogr ‘bbnqchmf sn sgdhq fdnldsqhb‘k rsqtbstqd- Sgd cdmrhsx ne ‘ k‘adkdc sq‘mrhshnm
fq‘og S hm ‘ rs‘sd r hr ‘ etmbshnm sg‘s cdrbqhadr sgd cdodmcdmbx nm m ne sgd mtladq
ne rs‘sdr hmrhcd ‘ rogdqd vhsg q‘chtr m ‘qntmc r- Sgd bnmmdbshuhsx ne ‘ k‘adkdc
fq‘og S hm ‘ rs‘sd r hr sgd khlhs+ ‘r m sdmcr sn hmffmhsx+ ne sgd mtladq ne hmffmhsd
bnmmdbsdc o‘qsr hmsn vghbg S rokhsr ntsrhcd ne ‘ rogdqd ‘qntmc r vhsg q‘chtr m-

Kds m ∈ M ‘mc r ‘ rs‘sd ne S - Ax Hm’r. m. S ( ‘mc Nts’r. m. S ( vd ld‘m sgd
rtafq‘ogr ne S sg‘s qdrtks ax qdlnuhmf ‘kk rs‘sdr vhsg chrs‘mbd fqd‘sdq sg‘m m
eqnl r+ ‘mc qdrodbshudkx+ vhsg chrs‘mbd kdrr sg‘m m eqnl r+ h-d- vd kds

Hm’r. m. S ( ¡ ’Rhm’r. m(.�hm( . Nts’r. m. S ( ¡ ’Rnts’r. m(.�nts( .

vhsg

Rhm’r. m( ¡ {r⇒ ∈ R | c’r. r⇒( ≤ m{ . Rnts ¡ {r⇒ ∈ R | c’r. r⇒( ≥ m{ .

�hm ¡ {}r0. a. r1〈 ∈ � | a ∈ A % r0. r1 ∈ Rhm’r. m({ .

�nts ¡ {}r0. a. r1〈 ∈ � | a ∈ A % r0. r1 ∈ Rnts’r. m({ .
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Cdffmhshnm 1-1- Rtoonrd sg‘s S hr ‘ knb‘kkx ffmhsd k‘adkdc sq‘mrhshnm fq‘og- Sgd
’tmchqdbsdc( cdmrhsx hm ‘ rs‘sd r ne S hr sgd etmbshnm cr 9 M � M cdffmdc ax

cr’m( ¡ |Rhm’r. m(| .

vghbg l‘or dudqx m‘stq‘k mtladq m sn sgd mtladq ne rs‘sdr ne sgd rtafq‘og
Hm’r. m. S ( ne S - Sgd chqdbsdc cdmrhsx hm ‘ rs‘sd r ne S hr sgd etmbshnm c→

r 9 M � M

cdffmdc ax

c→
r ’m( ¡

⌉
r⇒ | sgdqd hr ‘ o‘sg ne kdmfsg ≤ m eqnl r sn r⇒

{
.

Sgd cdmrhsx cS ’chqdbsdc cdmrhsx c→
S ( ne S hr sgd cdmrhsx ’sgd chqdbsdc cdmrhsx(

hm sgd qnns ne S- ’Trt‘kkx+ S vhkk ad bkd‘q eqnl sgd bnmsdws+ ‘mc sgdm vd rg‘kk
cqno sgd rtarbqhos S ‘mc rhlokx vqhsd c ‘mc c→ sn cdmnsd sgd cdmrhsx+ ‘mc
qdrodbshudkx+ sgd chqdbsdc cdmrhsx ne S-(

Eqnl sghr cdffmhshnm hs hr nauhntr sg‘s+ enq ‘ knb‘kkx ffmhsd ‘mc bnmmdbsdc fq‘og
S + ‘mc enq ‘kk rs‘sdr ne r ne S + sgd chqdbsdc,cdmrhsx etmbshnm c→

r ne S hm r hr
antmcdc ax sgd cdmrhsx etmbshnm cr ne S hm r-

Vd rg‘kk fdmdq‘kkx ad hmsdqdrsdc hm antmcr nm sgd fqnvsg ne sgd cdmrhsx etmb,
shnm c knb‘kkx hm ‘ udqsdw+ nq fkna‘kkx enq ‘kk udqshbdr- Kds e 9 M � Q ‘ lnmnsnmd
hmbqd‘rhmf etmbshnm+ ‘mc r ‘ rs‘sd ne S - Vd r‘x sg‘s e hr ‘m toodq antmc nm sgd
cdmrhsx ne S hm r he ‘mc nmkx he

’∃m/ ∈ M( ’∀m ∈ M(
)
m ≥ m/ ⇒ cr’m( ≤ e’m(

[
. ’0(

gnkcr+ sg‘s hr hΩ cr hr ‘klnrs dudqxvgdqd antmcdc ax e - Vd b‘kk e ‘ tmhenql toodq
antmc nm sgd cdmrhsx ne S he ‘mc nmkx he+ enq ‘kk r ∈ R + e hr ‘m toodq antmc nm
sgd cdmrhsx ne S hm r- @m‘knfntrkx+ toodq antmcr ‘qd cdffmdc enq chqdbsdc,cdmrhsx
etmbshnmr-

@ etmbshnm e 9 M � Q hr b‘kkdc bnmrs‘ms + khmd‘q + onkxmnlh‘k + nq dwonmdmsh‘k
he e ∈ Θ’0( + e ∈ Θ’m( + e ∈ Θ’mb( enq rnld b ≥ 0 + nq e ∈ Θ’bm( enq rnld
b / 0 + qdrodbshudkx- Vd ‘fqdd sn r‘x sg‘s sgd cdmrhsx ne S hr khmd‘q ’onkxmnlh‘k +
nq dwonmdmsh‘k( he ‘mc nmkx he+ enq ‘kk r ∈ R + sgdqd dwhrsr ‘ khmd‘q ’‘mc qdrodbshudkx+
onkxmnlh‘k+ nq dwonmdmsh‘k( toodq antmc+ ats mns ‘ bnmrs‘ms ’‘mc qdrodbshudkx+
khmd‘q+ nq onkxmnlh‘k( toodq antmc nm sgd cdmrhsx ne S hm r- Vd r‘x sg‘s sgd
cdmrhsx ne S hr bnmrs‘ms hΩ+ enq ‘kk r ∈ R + sgdqd hr ‘ bnmrs‘ms toodq antmc nm sgd
cdmrhsx ne S hm r- Sghr ‘fqddldms+ vghbg ‘krn ‘ookhdr enq sgd cdmrhsx ne S hm ‘ rs‘sd
r ‘mc enq sgd chqdbsdc cdmrhsx ne S + hr hmsdmcdc sn ‘kknv rtbbhmbs enqltk‘shnmr
ne rnld ne ntq rs‘sdldmsr- Gnvdudq+ hs g‘r sgd bnmrdptdmbd sg‘s rnld cdmrhsx
etmbshnmr ‘qd b‘sdfnqhrdc hloqdbhrdkx9 fq‘ogr vhsg rtodq,khmd‘q+ mnm,onkxmnlh‘k
cdmrhsx etmbshnmr khjd m knfm ‘qd r‘hc sn g‘ud onkxmnlh‘k cdmrhsx+ ‘mc fq‘ogr
vhsg rtodq,onkxmnlh‘k+ ats mns,dwonmdmsh‘k etmbshnmr khjd mknf m ‘qd ‘fqddc sn
g‘ud dwonmdmsh‘k cdmrhsx-

Vhsgnts oqnne vd mnv fhud ‘ oqnonrhshnm+ vghbg qdk‘sdr sgd fkna‘k oqnodqsx ne
‘ knb‘kkx ffmhsd ‘mc bnmmdbsdc k‘adkdc sq‘mrhshnm fq‘og S sn g‘ud khmd‘q+ bnmrs‘ms+
onkxmnlh‘k+ nq dwonmdmsh‘k ’tmchqdbsdc( cdmrhsx sn sgd knb‘k oqnodqsx ne S hm ‘
rs‘sd r sn g‘ud khmd‘q+ bnmrs‘ms+ onkxmnlh‘k+ nq dwonmdmsh‘k ’tmchqdbsdc( cdmrhsx
hm r+ qdrodbshudkx-
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Oqnonrhshnm 1-2- Kds S ad ‘ knb‘kkx ffmhsd ‘mc bnmmdbsdc k‘adkdc sq‘mrhshnm
fq‘og+ ‘mc kds r ad ‘ rs‘sd ne S - Sgdm sgd cdmrhsx ne S hr khmd‘q ’bnmrs‘ms+
onkxmnlh‘k+ nq dwonmdmsh‘k( he ‘mc nmkx he sgd cdmrhsx ne S hm r hr khmd‘q ’nq
qdrodbshudkx+ bnmrs‘ms+ onkxmnlh‘k+ nq dwonmdmsh‘k(-

Oqnonrhshnm 1-2 l‘jdr hs onrrhakd sn cdsdqlhmd sgd [cdfqdd ne fqnvsg! ne sgd
cdmrhsx hm ‘m ‘qahsq‘qx rs‘sd ne ‘ knb‘kkx ffmhsd ‘mc bnmmdbsdc k‘adkdc sq‘mrhshnm
fq‘og ax nmkx bnmrhcdqhmf sgd cdmrhsx hm sgd qnns- Enq dw‘lokd+ ax ‘ fk‘mbd ‘s
sgd oqnbdrr fq‘og RS@BJ enq sgd oqnbdrr Rs‘bj hm Ehftqd 0+ nmd b‘m qdbnfmhrd
sg‘s RS@BJ g‘r dwonmdmsh‘k cdmrhsx hm ‘kk ne hsr rs‘sdr-

Mnv vd ‘qd fnhmf sn hmsqnctbd sgd [bnmmdbshuhsx! ne ‘ k‘adkdc sq‘mrhshnm
fq‘og S hm ‘ rs‘sd r ‘r sgd khlhs+ ‘r m fndr sn hmffmhsx+ ne sgd mtladq ne hmffmhsd
bnmmdbsdc bnlonmdmsr ne Nts’r. m. S (+ sgd rtafq‘og ne S bnmrhrshmf ne ‘kk rs‘sdr
vhsg chrs‘mbd fqd‘sdq nq dpt‘k sn m eqnl r+ ‘mc ne ‘kk dcfdr ne S khmjhmf rtbg
rs‘sdr- Sghr cdffmhshnm bnhmbhcdr vhsg sgd cdffmhshnm ne sgd [mtladq ne dmcr!
ne ‘ knb‘kkx ffmhsd+ qnnsdc fq‘og sg‘s hr trdc ax Ltkkdq ‘mc Rbgtoo hm Z06“- Hs
rddlr sn g‘ud ok‘xdc ‘ lnshu‘shmf qnkd enq sgd bnmbdos ne [bnmsdws,eqdd! fq‘ogr
sg‘s g‘r addm hmsqnctbdc ax sgd ldmshnmdc ‘tsgnqr k‘sdq hm Z07“- Sgd [sgdnqx ne
dmcr!+ eqnl vghbg sgd cdffmhshnm ne sgd [mtladq ne dmcr! rsdlr+ nqhfhm‘sdc vhsg
Eqdtcdmsg‘k&r chrrdqs‘shnm+ nm vghbg Z03“ hr a‘rdc-

Hs hr bnmudmhdms sn g‘ud mns‘shnm enq sgd rds ne ‘kk sgnrd bnmmdbsdc bnlonmdmsr
ne ‘ k‘adkdc sq‘mrhshnm fq‘og sg‘s g‘ud hmffmhsdkx l‘mx rs‘sdr: vd cdffmd

hbb’S( ¡ {S ⇒ | S ⇒ hr ‘m hmffmhsd bnmmdbsdc bnlonmdms ne S{ .

’Vd r‘x sg‘s ‘ k‘adkdc sq‘mrhshnm fq‘og hr hmffmhsd he hs g‘r hmffmhsdkx l‘mx rs‘sdr-(
Enq sgd cdffmhshnm adknv ne ntq bnmmdbshuhsx ld‘rtqd hs hr hlonqs‘ms sn mnsd sgd
enkknvhmf e‘bs9 Enq ‘kk knb‘kkx ffmhsd ‘mc bnmmdbsdc k‘adkdc sq‘mrhshnm fq‘ogr S
‘mc rs‘sdr r ne S + sgd etmbshnm f 9 M � M + m 0� |hbb’Nts’r. m. S ((| hr vdkk,
cdffmdc ‘mc mnm,cdbqd‘rhmf- Sghr hlokhdr sg‘s sgd etmbshnm f onrrdrrdr ‘ khlhs hm
M Z {∞{ + vghbg vd b‘kk sgd [bnmmdbshuhsx ne S hm r-!

Cdffmhshnm 1-3- Kds S ad ‘ bnmmdbsdc ‘mc knb‘kkx ffmhsd qnnsdc k‘adkdc sq‘mrhshnm
fq‘og ‘mc r ‘ rs‘sd ne S - Vd cdffmd sgd bnmmdbshuhsx br ne S hm r ax

br ¡ khl
m→∞

|hbb’Nts’r. m. S((| ∈ M Z {∞{ .

Ax sgd bnmmdbshuhsx bS ne S vd ld‘m sgd bnmmdbshuhsx ne S hm hsr qnns-

Vhsgnts oqnne vd rs‘sd sgd enkknvhmf oqnonrhshnm+ vghbg dwoqdrrdr sgd e‘bs sg‘s+
hm knb‘kkx ffmhsd ‘mc bnmmdbsdc fq‘ogr+ bnmmdbshuhsx hr ‘ fkna‘k bnmbdos sg‘s cndr
mns mddc sn ad qdk‘shuhrdc sn hmchuhct‘k rs‘sdr ne ‘ k‘adkdc sq‘mrhshnm fq‘og- Enq
rtbg k‘adkdc sq‘mrhshnm fq‘ogr S + sgd bnmmdbshuhsx ne S hr dpt‘k sn sgd bnmmdb,
shuhsx hm dudqx rs‘sd ne S -

Oqnonrhshnm 1-4- Kds S ad ‘ knb‘kkx ffmhsd ‘mc bnmmdbsdc k‘adkdc fq‘og- Sgdm+
enq ‘kk rs‘sdr r0 ‘mc r1 ne S + br0 ¡ br1 gnkcr+ sg‘s hr+ sgd bnmmdbshuhsx br0 ne
S hm r0 bnhmbhcdr vhsg sgd bnmmdbshuhsx br1 ne S hm r1 ’‘mc gdmbd ‘krn vhsg sgd
bnmmdbshuhsx bS ne S + sgd bnmmdbshuhsx ne S hm hsr qnns(-
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Ehm‘kkx+ hs hr hlonqs‘ms sn mnsd sg‘s ansg ne sgd bnmbdosr [cdmrhsx etmbshnm! ‘mc
[bnmmdbshuhsx! ne k‘adkdc sq‘mrhshnm fq‘ogr ‘qd hmu‘qh‘ms tmcdq hrnlnqoghrl+ ats
mns tmcdq ahrhlhk‘qhsx-

2 AO@,Fq‘ogr ‘mc AOO,Fq‘ogr

AO@,fq‘ogr ‘mc AOO,fq‘ogr ‘qd sgd k‘adkdc sq‘mrhshnm fq‘ogr ne oqnbdrrdr cd,
ffm‘akd hm sgd oqnbdrr ‘kfdaq‘r AO@ ’A‘rhb Oqnbdrr @kfdaq‘+ Z3“( ‘mc AOO ’A‘rhb
O‘q‘kkdk Oqnbdrrdr+ Z02“(- Rs‘qshmf vhsg vnqj ax B‘tb‘k ‘mc Lnmsenqs ’rdd Z8“
‘mc Z00“( sgdqd g‘ud dldqfdc ‘ mtladq ne enql‘k bg‘q‘bsdqhr‘shnmr ne sgd sq‘mrh,
shnm fq‘ogr ne oqnbdrrdr hm vdkk,jmnvm oqnbdrr ‘kfdaq‘r ‘r sgd sq‘mrhshnm fq‘ogr
cdrbqhadc ax bdqs‘hm k‘adkdc qdvqhsd rxrsdlr- Sgdrd bg‘q‘bsdqhr‘shnmr oqnuhcd
‘ksdqm‘shud cdffmhshnmr+ vghbg ‘qd vhcdkx trdc rhmbd+ ne oqnbdrr fq‘ogr adknmfhmf
sn oqnbdrr ‘kfdaq‘r khjd AO@ ‘mc AOO- @ o‘qshbtk‘qkx dkdf‘ms eq‘ldvnqj hr sg‘s
ne oqnbdrr qdvqhsd rxrsdlr ctd sn L‘xq hm Z05“-

Sn khlhs sdbgmhb‘khshdr hm sgd svn b‘rdr ne bk‘rrdr ne oqnbdrr fq‘ogr rstchdc
gdqd+ AO@,fq‘ogr ‘mc AOO,fq‘ogr+ vd a‘rd sgd cdffmhshnmr nm sgd rnldvg‘s
rhlokdq eq‘ldvnqj ne [k‘adkdc qdvqhsd rxrsdlr! ’enkknvhmf sgd dwonrhshnm hm Z7“(-

Cdffmhshnm 2-0- @m ‘kog‘adshb k‘adkdc ’rsqhmf( qdvqhsd rxrsdl hr ‘ sqhokd Q ¡
’U.Σ. Q( vgdqd U hr ‘m ‘kog‘ads ’nq rds ne mnmsdqlhm‘kr(+ ‘mc Q ⊆ U ·Σ · U ∗

hr ‘ ffmhsd rds ne qdvqhsd qtkdr - Vd vhkk fdmdq‘kkx cdmnsd ‘ qdvqhsd rxrsdl Q ¡
’U.Σ. Q( rhlokx ax Q he U ‘mc Σ ‘qd bkd‘q eqnl sgd bnmsdws: qtkdr }t. a. u〈 vhkk
fdmdq‘kkx ad cdmnsdc ‘r sq‘mrhshnmr t

a� u -

Kds ’U.Σ. Q( ad ‘ k‘adkdc qdvqhsd rxrsdl- Sgdm sgd oqdffw qdvqhshmf qdk‘shnm 0�
ne Q hr cdffmdc ax

0� ¡
⌉
}tv. a. uv〈 | }t. a. u〈 ∈ Q. v ∈ U ∗{ .

Vd dwsdmc 0� sn ‘ [lnqd,rsdo oqdffw qdvqhshmf qdk‘shnm! 0�∗ ⊆ U ∗·Σ∗·U ∗ ax
cdffmhmf+ enq ‘kk u. u⇒ ∈ U ∗ + ‘ lnqd,rsdo sq‘mrhshnm u 0�∗ u⇒ sn ad onrrhakd he ‘mc
nmkx he u 0� t0 0� t1 0� . . . 0� tm−0 0� u⇒ gnkcr enq rnld t0. . . . . tm−0 ∈ U ∗ - Ax
sgd k‘adkdc sq‘mrhshnm fq‘og fdmdq‘sdc ax 0� eqnl t vd ld‘m sgd qnnsdc k‘adkdc
sq‘mrhshnm fq‘og

S ’0�. t( ¡ ’
⌉
u ∈ U ∗ | t 0�∗ u

{
. 0�. t( .

Enq ‘m dw‘lokd+ vd bnmrhcdq sgd ‘kog‘adshb qdvqhsd rxrsdl ’U.Σ. Q( vhsg
U ¡ {A. A. B{ + Σ ¡ {a. a{ + ‘mc rds ne qtkdr

Q ¡ {A
a� λ. A

a� AA. A
a� λ. A

a� AB. B
a� λ{ . ’1(

Sgd sq‘mrhshnm fq‘og S ’0�. t( + vghbg vd b‘kk SDLOKD+ hr hkktrsq‘sdc hm Ehftqd 1-
@ksdqm‘shudkx+ sghr fq‘og hr cdffmdc ax sgd qdbtqrhud rodbhffb‘shnm

}@ | @ ¡ ‘ * a @A. A ¡ ‘ * a AB. B ¡ ‘〈 ’2(
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Ehf- 1- Sgd k‘adkdc sq‘mrhshnm fq‘og SDLOKD

hm sgd oqnbdrr ‘kfdaq‘ AO@+ vgdqd sgd rds ne qdbtqrhnm dpt‘shnmr hr hm [qdrsqhbsdc
Fqdha‘bg mnql‘k enql!- Sgd qdk‘shnmrgho hmchb‘sdc enq sghr dw‘lokd adsvddm
ft‘qcdc qdbtqrhud rodbhffb‘shnmr hm AO@ ‘mc ‘kog‘adshb qdvqhsd rxrsdlr itrshffdr
sgd enkknvhmf cdffmhshnm+ ax vghbg sgd sq‘mrhshnm fq‘og SDLOKD b‘m ad rddm sn
ad ‘ [AO@,fq‘og!-

Cdffmhshnm 2-1- @ qnnsdc k‘adkdc sq‘mrhshnm fq‘og ’S.�. q( hr b‘kkdc ‘ AO@,
fq‘og hΩ sgdqd dwhrsr ‘m ‘kog‘adshb qdvqhsd rxrsdl ’U.Σ. Q( ‘mc t ∈ U rtbg
sg‘s ’S.�. q( hr hrnlnqoghb sn S ’0�. t( -

Enq hmsqnctbhmf sq‘mrhshnm fq‘ogr ‘rrnbh‘sdc vhsg qdbtqrhud rodbhffb‘shnmr hm sgd
oqnbdrr ‘kfdaq‘ AOO ’ne [A‘rhb O‘q‘kkdk Oqnbdrrdr!(+ vd mddc rnld mns‘shnm nm
ltkshrdsr- Kds U ad ‘ rds- Vd cdmnsd ax

L’U ( ¡ { t̋ | t̋ 9 U � M. t̋’u( / / enq ffmhsdkx l‘mx u ∈ U {

sgd rds ne ffmhsd ltkshrdsr nudq U - Ax ⊕ ‘mc ⊕ vd cdmnsd sgd nodq‘shnmr ltkshrds
tmhnm ‘mc ltkshrds chΩdqdmbd nm sgd rds L’U (- Enq ‘kk t̋ ∈L’U ( + vd kds |t̋| ¡⊗

W∈U t̋’W( sgd mtladq ne dkdldmsr ne sgd ltkshrds t̋- Etqsgdqlnqd vd cdrhfm‘sd
ax lr’v(+ enq ‘kk v ∈ U ∗ + sgd ltkshrds hm L’U ( sg‘s l‘or dudqx u ∈ U sn sgd
mtladq ne nbbtqqdmbdr ne u hm v-

Kds ’U.Σ. Q( ad ‘m ‘kog‘adshb qdvqhsd rxrsdl- Ax sgd ltkshrds qdvqhshmf
qdk‘shnm ne Q vd ld‘m sgd qdvqhshmf qdk‘shnm ; ⊆ L’U (·Σ ·L’U ( sg‘s hr
cdffmdc+ enq ‘kk t̋. ű ∈ L’Σ(+ ax

t̋ ; ű ⇐⇒
’∃}W. a. v〈 ∈ Q(

)
t̋’W( / / % ű ¡ ’t̋⊕ lr’W(( ⊕ lr’v(

[
. ’3(
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Ehf- 2- Sgd b‘mnmhb‘k oqnbdrr fq‘ogr ne sgd oqnbdrr A@F ’nm sgd kdes,g‘mc rhcd(+ ‘mc
ne ‘ sdqlhm‘shmf u‘qh‘ms A@Fs ne A@F ’nm sgd qhfgs,g‘mc rhcd(

Rhlhk‘q ‘r sgd oqdffw,qdvqhshmf qdk‘shnm 0� ne Q vd dwsdmc ;+ sn sgd [lnqd,rsdo
ltkshrds qdvqhshmf qdk‘shnm! ’;(∗ ne Q- Ax sgd k‘adkdc sq‘mrhshnm fq‘og fdmdq‘sdc
ax eqnl t̋+ vgdqd t̋ ∈ L’U ( + vd ld‘m sgd qnnsdc k‘adkdc sq‘mrhshnm fq‘og

S ’;. t̋( ¡ ’
⌉
ű ∈L’U ( | t̋ ;∗ ű

{
.;. t̋( .

@r ‘m dw‘lokd+ kds ’U.Σ. Q( ad sgd ‘kog‘adshb qdvqhsd rxrsdl vhsg U ¡
{W.X { + Σ ¡ {/. /. 0. 0{ ‘mc

Q ¡ {W /� WX. W
0� WY. X

/� λ. Y
0� λ{ .

Sgd sq‘mrhshnm fq‘og S ’;.lr’W(( hr sgd sq‘mrhshnm fq‘og A@F nm sgd kdes hm
Ehftqd 2- Sghr fq‘og b‘m ‘krn ad rodbhffdc ax sgd qdbtqrhud rodbhffb‘shnm }W | W ¡
/ ’W |X( * 0 ’W | Y(. X ¡ /. Y ¡ 0〈 hm sgd oqnbdrr sgdnqx AOO+ vgdqd | cdmnsdr
sgd nodq‘snq [ldqfd! enq o‘q‘kkdk bnlonrhshnm- @rrnbh‘shuhsx ‘mc bnllts‘shuhsx
ne | ‘qd sgd qd‘rnm vgx AOO,rodbhffb‘shnmr b‘m ad ‘cdpt‘sdkx enql‘khrdc ax
ltkshrds qdvqhsd qdk‘shnmr a‘rdc nm ‘kog‘adshb qdvqhsd qdk‘shnmr- Sgd qdk‘shnmrgho
hmchb‘sdc gdqd adsvddm ft‘qcdc qdbtqrhud rodbhffb‘shnmr hm AOO ‘mc ‘kog‘adshb
qdvqhsd rxrsdlr itrshffdr sgd enkknvhmf cdffmhshnm+ ax vghbg sgd oqnbdrr fq‘og
A@F b‘m ad qdbnfmhrdc sn ad ‘ [AOO,fq‘og!-

Cdffmhshnm 2-2- @ qnnsdc k‘adkdc sq‘mrhshnm fq‘og ’S.�. q( hr b‘kkdc ‘ AOO,
fq‘og he ‘mc nmkx he sgdqd dwhrsr ‘m ‘kog‘adshb qdvqhsd rxrsdl ’U.Σ. Q( ‘mc
rnld t ∈ U rtbg sg‘s ’S.�. q( hr hrnlnqoghb sn S ’;.lr’t(( -

3 Cdmrhsx ‘mc Bnmmdbshuhsx ne AO@,Fq‘ogr

Hm sghr rdbshnm vd vhkk chrbtrr sgd mnshnmr ne cdmrhsx ‘mc bnmmdbshuhsx ‘r sgdx ‘qd
entmc hm AO@,fq‘ogr- Vd rs‘qs vhsg ‘m dwodqhldms‘k ‘ooqn‘bg+ ax bnmrhcdqhmf
‘ mtladq ne dw‘lokdr-
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Ehf- 3- Sgd k‘adkdc sq‘mrhshnm fq‘og Q@HKR

3-0 Dw‘lokdr

Dw‘lokd 3-0- Sgd ffqrs dw‘lokd hr sgd AO@,fq‘og RS@BJ hm Ehftqd 0 vd dm,
bntmsdqdc hm Rdbshnm 0- Hsr rodbhffb‘shnm+ ansg sgd d‘rx sn tmcdqrs‘mc hmffmhsd
nmd ‘mc sgd rnldvg‘s lnqd rnoghrshb‘sdc ffmhsd rodbhffb‘shnm+ g‘ud addm fhudm
hm S‘akd 1 hm sgd Hmsqnctbshnm- Hs hr rsq‘hfgsenqv‘qc sn cq‘v sgd hmffmhsd oqnbdrr
fq‘og bnqqdronmchmf sn hs- Eqnl sgd hkktrsq‘shnm hm Ehftqd 0 hs hr d‘rx sn qd‘c nΩ
sgd r‘khdms oqnodqshdr ne sgd Rs‘bj fq‘og9

z hs hr b‘mnmhb‘k ’svn chΩdqdms mncdr ‘qd mns ahrhlhk‘q+ h-d-+ sgdx ‘qd sgd qnnsr
ne rtafq‘ogr sg‘s ‘qd mns ahrhlhk‘q+ nq hm ntq cdffmhshnm ‘anud+ sgdqd hr mn
mnm,sqhuh‘k rdke,ahrhltk‘shnm ne sgd vgnkd fq‘og(:

z hs hr mns mnqldc+ rhmbd ‘kk l‘whl‘k sq‘bdr ‘qd hmffmhsd ’hm nsgdq vnqcr+ sgdqd
hr mn bnqnns(:

z sgd fq‘og hr mns ‘ sqdd rhmbd sgdqd ‘qd bxbkdr+ ats hs g‘r ‘ rsqhjhmf sqdd,khjd
‘ood‘q‘mbd vghbg lnqdnudq hr hm rnld rdmrd odqhnchb‘k+ sn ad dwok‘hmdc lnqd
oqdbhrdkx adknv:

z sgd cdmrhsx hr dwonmdmsh‘k:
z sgd bnmmdbshuhsx hr hmffmhsd9 btsshmf nΩ ‘ oqdffw ne cdosg m+ sgdqd ‘qhrd 1m*0

hbb&r+ rn sgd khlhs enq fqnvhmf m hr hmffmhsd-

Dw‘lokd 3-1- Sgd AO@,fq‘og hm Ehftqd 3+ vghbg vd b‘kk Q@HKR+ adknmfr sn sgd
ft‘qcdc qdbtqrhud AO@,rodbhffb‘shnm }W | W ¡ ‘*a XW. X ¡ b*c WX〈 - Dpthu‘,
kdmskx+ hs hr fhudm ax sgd ‘kog‘adshb qdvqhsd rxrsdl vhsg rds ne qtkdr

⌉
W

a� λ. W
a�

X W. X
b� λ. X

c� WX
{

- Sgd fq‘og Q@HKR g‘r sgd enkknvhmf oqnodqshdr9

z hs hr mns b‘mnmhb‘k: mncdr nm sgd r‘ld kdudk ’h-d- chrs‘mbd sn sgd bnqnns sg‘s hr
sgd ghfgdrs mncd chrok‘xdc( ‘qd ahrhlhk‘q- Rn sgd fq‘og b‘m ad bnloqdrrdc sn
hsr tmhptd b‘mnmhb‘k enql ax hcdmshexhmf sgd mncdr hm ‘ gnqhynms‘k chqdbshnm:

z sgd fq‘og hr mnqldc:
z sgd cdmrhsx hr khmd‘q:
z sgd bnmmdbshuhsx hr 0-
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a
b a

a

bab
a b

a

a b a

a

ba
a

b a b
ab

a

aba

b a

b a b a

�

a d

Ehf- 4- Sgd k‘adkdc sq‘mrhshnm fq‘og JHSDR

Ehf- 5- Sgd k‘adkdc sq‘mrhshnm fq‘ogrSQH@MFKD ‘mc ATSSDQEKHDR

Dw‘lokd 3-2- JHSDR+ hm Ehftqd 4- Sghr hr ‘ b‘mnmhb‘k ‘mc mnqldc AO@,fq‘og+
vhsg dwonmdmsh‘k cdmrhsx ‘mc hmffmhsd bnmmdbshuhsx- Hs bnqqdronmcr sn sgd qdbtqrhud
AO@,rodbhffb‘shnm }W | W ¡ aX * cY. X ¡ c * cW * aXX. Y ¡ a * aW * cYY〈:
hsr ffmhsd sq‘bdr enql sgd bnmsdws,eqdd k‘mft‘fd bnmrhrshmf ne vnqcr bnms‘hmhmf ‘r
l‘mx a&r ‘r c&r- @f‘hm hs g‘r ‘ odqhnchb‘k sqdd,khjd cdbnlonrhshnm-

Dw‘lokd 3-3- ATSSDQEKHDR+ hm Ehftqd 5-
Sghr AO@,fq‘og g‘r sgd qdbtqrhud AO@,rodbhffb‘shnm }W | W ¡ ‘ * a X *

e WX. X ¡ b W * c Y. Y ¡ f W * d WY〈- Sgd bg‘q‘bsdqhrshbr ‘qd ‘r enq JHSDR-

Rn e‘q+ ntq rdptdmbd ne dwodqhldmsr qdud‘kdc AO@,fq‘ogr sg‘s g‘ud dhsgdq khmd‘q
nq dwonmdmsh‘k cdmrhsx- Gnv ‘ants sgd fq‘og A@F+ nq A@Fs hm Ehftqd 2¿ @b,
bnqchmf sn ntq chrbtrrhnm hm sgd Hmsqnctbshnm+ A@F hr mns ‘ AO@,fq‘og- Bkd‘qkx+
hs g‘r onkxmnlh‘k ’pt‘cq‘shb( cdmrhsx- Hsr bnmmdbshuhsx hr 0- Hs hr mns mnqldc+
ats hs hr b‘mnmhb‘k- Gdqd nmd bntkc itlo sn sgd ftdrr sg‘s ‘kk AO@,fq‘ogr
g‘ud cdmrhsx khmd‘q nq dwonmdmsh‘k–‘mc mns onkxmnlh‘k- Gnvdudq+ Chchdq B‘t,
b‘k onhmsdc nts sn tr sg‘s+ rtqoqhrhmfkx+ sgdqd ‘qd AO@,fq‘ogr vhsg onkxmnlh‘k
cdmrhsx- Ghr ad‘tshetk dw‘lokd hr chrok‘xdc hm Ehftqd 1+ ‘r sgd fq‘og b‘kkdc SDL,
OKD- Hs bnqqdronmcr sn sgd qdvqhsd rxrsdl vhsg qtkdr ’1( ‘mc sn sgd qdbtqrhud
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Ehf- 6- Cdsdqlhmhmf sgd bnmmdbshuhsx ne sgd fq‘og SDLOKD

rodbhffb‘shnm ’2(- Hs hr ‘ mnqldc+ b‘mnmhb‘k fq‘og vhsg pt‘cq‘shb cdmrhsx ‘mc
hmffmhsd bnmmdbshuhsx- Sg‘s sgd bnmmdbshuhsx hr hmffmhsd+ hr bkd‘q eqnl Ehftqd 6+
vgdqd sgd rg‘cnvx o‘qs+ nas‘hmdc ax qdlnuhmf sgd oqdffw ne cdosg 5+ bnmrhrsr ne
4 hbb&r: hs hr d‘rx sn rdd sg‘s sgd mtladq ne hbb&r fqnvr sn hmffmhsx vhsg sgd oqdffw
cdosg ne mncdr sg‘s ‘qd qdlnudc-

3-1 Odqhnchb Cdbnlonrhshnm

Hm sgd oqdrdms mnsd+ vd vhkk mns cvdkk nm sghr ogdmnldmnm dwsdmrhudkx+ ats qdedq
hmrsd‘c sn Z1“- @kk AO@,fq‘ogr chrok‘xdc ‘anud+ hmbktchmf sgd pt‘cq‘shb‘kkx cdmrd
SDLOKD+ chrok‘x ‘ sqdd,khjd odqhnchb‘k cdbnlonrhshnm+ vghbg v‘r ffqrs nardqudc
‘mc oqnudc hm Z1“- Sg‘s hr+ sgdqd ‘qd ffmhsdkx l‘mx fq‘og eq‘fldmsr sg‘s ‘qd
rsqtmf snfdsgdq hm ‘ qdftk‘q v‘x-

Rn+ enq Q@HKR sgd fq‘og eq‘fldms rsqtbstqd hr cdrbqhadc ax sgd qdbtqrhnm
sdql }α|α ¡ b’α(〈 + vgdqd b rs‘mcr enq [bnmmdbsdc sn!: enq RS@BJ vd g‘ud
}α|α ¡ b’α.α(〈 : enq SDLOKD vd g‘ud }α|α ¡ b’β.α(. β ¡ b’β(〈 : ‘mc enq
JHSDR+ }α|α ¡ b’β. γ(. β ¡ b’β. γ(. γ ¡ b’β. γ(〈 - @ksdqm‘shudkx+ nmd l‘x vqhsd
sgdrd qdbtqrhnm sdqlr ‘r μ,sdqlr+ nas‘hmhmf μα.b’α( + dsb-

Vd bnmshmtd ax ldmshnmhmf ‘mnsgdq hlonqs‘ms ed‘stqd ne AO@,fq‘ogr+ sghr
shld vhsg sgd qdrsqhbshnm sn mnqldc fq‘ogr-

Sgdnqdl 3-4 ’B‘tb‘k(- Sgd bk‘rr ne mnqldc AO@,fq‘ogr ’nq dpthu‘kdmskx+ sgd
bk‘rr ne AO@,fq‘ogr vhsg ‘ bnqnns( hr bknrdc vhsg qdrodbs sn lhmhlhr‘shnm tmcdq
ahrhltk‘shnm-

Hs hr ‘ mnsdvnqsgx e‘bs sg‘s sgd qdrsqhbshnm ne mnqldcmdrr hm sghr sgdnqdl hr
bqtbh‘k9 sgd bk‘rr ne ‘kk AO@,fq‘ogr hr mns bknrdc tmcdq lhmhlhr‘shnm ’enq ‘m
dw‘lokd ne ‘m–tmmnqldc–AO@,fq‘og vhsg ‘ b‘mnmhb‘k fq‘og sg‘s hr mns ‘
AO@,fq‘og+ rdd Ehftqd 2 hm Z7“(-

3-2 Qdk‘shmf Cdmrhsx ‘mc Bnmmdbshuhsx

Vd mnv rs‘sd hm S‘akd 2 sgd qdk‘shnmrgho adsvddm sgd cdmrhsx ‘mc bnmmdbshuhsx enq
AO@,fq‘ogr- Gdqd vd cn mns fhud sgd etkk oqnner+ ats ldqdkx ldmshnm sg‘s sgdx
‘qd nas‘hmdc eqnl ‘m ‘m‘kxrhr ne sgd rsqtbstq‘k μ,sdqlr sg‘s cdrbqhad sqdd,khjd
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S‘akd 2- Bnmmdbshuhsx,cdmrhsx u‘ktd o‘hqr }b. c〈 sg‘s ‘qd onrrhakd enq AO@,fq‘ogr

b udqrtr c bnmrs‘ms khmd‘q onkxmnlh‘k dwonmdmsh‘k

/ X – – –

ffmhsd+ mnmydqn – X – –

∞ – – X X

Ehf- 7- Sgd k‘adkdc sq‘mrhshnm fq‘og QHMFR

odqhnchb cdbnlonrhshnmr nas‘hmdc ‘r cdrbqhadc hm Z1“- @r ‘ b‘ud‘s+ vd ldmshnm
sg‘s sgd rs‘sdldmsr bnmbdqmhmf S‘akd 2 ‘qd rshkk ne sdms‘shud m‘stqd-

Vd mnv fhud ‘m ‘ookhb‘shnm- Ehftqd 5 bnms‘hmr sgd fq‘og SQH@MFKD- Hr hs ‘
AO@,fq‘og¿ Hs bnqqdronmcr sn sgd bnmsdws,rdmrhshud k‘mft‘fd {amambm | m ∈ M{ +
vghbg hr mns bnmsdws,eqdd: rn ntq rtrohbhnm hr sg‘s hs hr mns ‘ AO@,fq‘og- Hmcddc
sghr hr sgd b‘rd9 hs hr mnqldc+ b‘mnmhb‘k+ vhsg pt‘cq‘shb cdmrhsx- Gnvdudq+ hsr
bnmmdbshuhsx hr 0+ ‘mc ‘bbnqchmf sn sgd s‘akd ‘anud+ hs rgntkc ad hmffmhsd- Gdmbd
SQH@MFKD hr mns ‘ AO@,fq‘og- Rhlhk‘q enq A@Fs-

Mnv sgd e‘bs sg‘s SQH@MFKD ‘mc A@Fs ‘qd mns AO@,fq‘ogr+ cndr mns xds
ld‘m sg‘s sgdx ‘qd mns AO@,cdffm‘akd- Hs bntkc ad sg‘s enq SQH@MFKD sgdqd
hr ‘ AO@,rodbhffb‘shnm D+ vhsg oqnbdrr fq‘og f’D(+ rtbg sg‘s sgd b‘mnmhb‘k
enql b‘m’f’D(( ↔ SQH@MFKD - Rhmbd SQH@MFKD hr b‘mnmhb‘k+ vd dudm g‘ud
b‘m’f’D(( ↘ SQH@MFKD ’qdb‘kk sg‘s ↘ rs‘mcr enq fq‘og hrnlnqoghrl(- Mnv
SQH@MFKD hr mnqldc+ gdmbd b‘m’f’D(( hr mnqldc- Rn f’D( hr mnqldc ’rhmbd
b‘m’f’D(( ↔ f’D( + ‘mc mnqldcmdrr hr oqdrdqudc ax ahrhlhk‘qhsx(- Rn+ vd b‘m ‘o,
okx Sgdnqdl 3-4 nm sgd mnqldc AO@,fq‘og f’D(+ ‘mc bnmbktcd sg‘s b‘m’f’D((
hr ‘f‘hm ‘ AO@,fq‘og: r‘x b‘m’f’D(( ↘ f’D⇒( enq rnld AO@,rodbhffb‘shnm D⇒-
Mnv vd g‘ud sg‘s sgd AO@,fq‘og f’D⇒( ↘ SQH@MFKD gdmbd f’D⇒( g‘r sgd r‘ld
bnmmdbshuhsx ‘mc cdmrhsx ‘r SQH@MFKD+ m‘ldkx b ¡ 0 ‘mc c hr pt‘cq‘shb- Ats
sghr hr hlonrrhakd-

Mnv kds tr bnmrhcdq A@F ‘mc QHMFR+ hm Ehftqd 7- Ansg g‘ud pt‘cq‘shb cdmrhsx
‘mc bnmmdbshuhsx 0- Sgdx ‘qd sgdqdenqd mns AO@,fq‘ogr- Ats ‘qd sgdx mns AO@,
cdffm‘akd¿ Hmunjhmf B‘tb‘k&r sgdnqdl ’Sgdnqdl 3-4( cndr mns vnqj gdqd+ rhmbd
ansg fq‘ogr ‘qd mns mnqldc- Gdqd ‘ lnqd onvdqetk sgdnqx hr mddcdc+ ‘mc sghr hr
entmc hm sgd mnshnm ne [bnmsdws,eqdd fq‘og! ne Ltkkdq ‘mc Rbgtoo+ hm bnmitmbshnm
vhsg lnqd qdbdms vnqj ne B‘tb‘k hm Z00“ ‘mc Z7“-
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Rtoonrd sg‘s A@F hr AO@,cdffm‘akd- Sgdm sgdqd dwhrsr ‘ qdbtqrhud rodbhffb‘shnm
D hm AO@ rtbg sg‘s A@F hr ahrhlhk‘q vhsg ‘ sqdd,khjd odqhnchb fq‘og f’D( ‘r
cdffmdc ax A‘dsdm+ Adqfrsq‘+ ‘mc Jkno hm Z1“- Sgdm f’D( hr ‘ AO@,fq‘og ’hm sgd
rdmrd ne Cdffmhshnm 2-1(-0

Hm Z7“ Atqj‘qs+ B‘tb‘k+ ‘mc RsdΩdm g‘ud rgnvm sg‘s+ enq dudqx AO@,fq‘og S +
sgd b‘mnmhb‘k fq‘og ne S hr ‘ [o‘ssdqm fq‘og!+ vghbg ld‘mr sg‘s hs b‘m ad fdm,
dq‘sdc eqnl ‘ ffmhsd ’gxodq(fq‘og ax ‘ qdctbshnm rdptdmbd ne kdmfsg � ‘bbnqchmf
sn ‘ cdsdqlhmhrshb ’gxodqfq‘og( fq‘ll‘q-1 Rhmbd A@F hr hsrdke ‘ b‘mnmhb‘k fq‘og
‘mc rhmbd sgdqdenqd A@F hr sgd b‘mnmhb‘k fq‘og ne sgd AO@,fq‘og f’D(+ hs enkknvr
sg‘s A@F hr ‘ o‘ssdqm fq‘og-

@ sgdnqdl ctd sn B‘tb‘k hm Z00“ rs‘sdr sg‘s ‘kk ’qnnsdc( o‘ssdqm fq‘ogr ne
ffmhsd cdfqdd ‘qd [bnmsdws,eqdd! ‘bbnqchmf sn sgd cdffmhshnm ne Ltkkdq ‘mc Rbgtoo
hm Z07“-2 Hs enkknvr sg‘s A@F hr bnmsdws,eqdd- Gnvdudq+ hs hr mns chflbtks sn udqhex
sg‘s A@F hr ‘bst‘kkx mns ‘ bnmsdws,eqdd fq‘og ‘bbnqchmf sn sgd cdffmhshnm hm Z07“-

Hm sghr v‘x vd g‘ud ‘qqhudc ‘s ‘ bnmsq‘chbshnm vhsg ntq ‘rrtloshnm sg‘s A@F
hr cdffm‘akd hm AO@- Enq QHMFR sgd r‘ld qd‘rnmhmf ‘ookhdr-

Vd bnmbktcd sghr rdbshnm ax ldmshnmhmf ‘ trdetk e‘bs ctd sn Ltkkdq ‘mc Rbgtoo
hm Z07“ sg‘s bg‘q‘bsdqhrdr sgd bk‘rr ne sq‘mrhshnm fq‘ogr bnqqdronmchmf sn qdbtq,
rhudkx cdffmdc rodbhffb‘shnmr hm sgd oqnbdrr ‘kfdaq‘ OCO ’bnms‘hmhmf [Otrgcnvm
Oqnbdrrdr!( ‘r sgd bk‘rr ne [bnmsdws,eqdd fq‘ogr!-

Oqnonrhshnm 3-5- Dudqx AO@,fq‘og hr bnmsdws,eqdd-

4 Cdmrhsx ne AOO,Fq‘ogr

Hm sghr rdbshnm vd hmudrshf‘sd sgd onrrhakd cdmrhshdr ne AOO,fq‘ogr- Vd oqnud
sg‘s AOO,fq‘ogr g‘ud ‘s lnrs onkxmnlh‘k cdmrhsx+ ‘mc ‘ookx sghr qdrtks sn rgnv
sg‘s sgd o‘q‘chfl‘shb oqnbdrr Ptdtd+ vghbg hr cdffm‘akd hm sgd oqnbdrr ‘kfdaq‘
@BO+ b‘mmns ad cdffmdc hm AOO-

Enq sgd oqnne ne sgd ldmshnmdc qdrtks bnmbdqmhmf sgd cdmrhsx ne AOO,fq‘ogr
sgd enkknvhmf sdbgmhb‘k kdll‘ vhkk ad drrdmsh‘k- Sghr kdll‘ bnms‘hmr ‘ antmc nm
sgd mtladq ne ffmhsd ltkshrdsr vhsg j ldladqr nudq ‘ rds vhsg l dkdldmsr-

Kdll‘ 4-0- Kds U ad ‘ ffmhsd rds vhsg l ∈ M\{/{ dkdldmsr- Sgdm+ enq ‘kk
j ∈ M + sgd mtladq ne ltkshrdsr nudq U vhsg j dkdldmsr hr dpt‘k sn

 
l*j−0

j

(
-

0 Hm d‘qkhdq o‘odqr ne B‘tb‘k ’d-f- hm Z8“ ‘mc Z00“( AO@,fq‘ogr vdqd jmnvm tmcdq sgd
m‘ld [‘kog‘adshb fq‘ogr!-

1 [O‘ssdqm fq‘ogr! ‘bbnqchmf sn sghr cdffmhshnm trdc ax B‘tb‘k ‘mc Lnmsenqs hm Z8“
‘qd b‘kkdc [qdftk‘q fq‘ogr! hm sgd k‘sdq o‘odq Z7“ ax Atqj‘qs+ B‘tb‘k+ ‘mc RsdΩdm-
Adb‘trd sgd trd ne sgd ‘ssqhatsd [qdftk‘q! enq oqnbdrr fq‘ogr bntkc kd‘c sn vqnmf
‘rrnbh‘shnmr+ vd ‘unhc sghr sdqlhmnknfx eqnl ’gxodq(fq‘og qdvqhshmf gdqd-

2 Mnsd sg‘s sgd bk‘rr ne [bnmsdws,eqdd! fq‘ogr hm Ltkkdq ‘mc Rbgtoo&r cdffmhshnm cndr
mns bnhmbhcd vhsg sgd fq‘ogr ‘rrnbh‘sdc vhsg [bnmsdws,eqdd! oqnbdrrdr ’sgd bk‘rr ne
AO@,fq‘ogr(+ ats sg‘s hs enqlr ‘ rsqhbskx qhbgdq bk‘rr ne fq‘ogr bnqqdronmchmf sn sgd
bk‘rr ne sq‘mrhshnm fq‘ogr ne otrg,cnvm ‘tsnl‘s‘-
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Etqsgdqlnqd hs gnkcr9
∖
j 0 �

∣∣⌉ ű | ű ∈ L’U (. |ű| ¡ j
{∣∣

(
∈ N’jl−0( . ’4(

∖
j 0 �

∣∣⌉ ű | ű ∈L’U (. |ű| ≤ j
{∣∣

(
∈ N’jl( . ’5(

Oqnne- Kds U ¡ {W0. . . . . Wl{ ad ‘ ffmhsd rds vhsg l ∈ M\{/{ dkdldmsr- Sgdm+
enq ‘kk j ∈ M + sgd mtladq ne ffmhsd ltkshrdsr nudq U vhsg j dkdldmsr b‘m ad
bnlotsdc ‘r enkknvr9
∣∣⌉ű | ű ∈L’U (. |ű| ¡ j

{∣∣ ¡
∣∣⌉’w0. . . . . wl( | / ≤ wh ≤ j .

⊗j
h¡0 wh ¡ j

{∣∣

¡
∣∣⌉’w0. . . . . wj*l−0( | wh ∈ {/. 0{.

⊗l*j−0
h¡0 wh ¡ j

{∣∣

¡
 

l*j−0
j

(
. ’6(

Enq ‘kk j ∈ M vhsg j ≥ l hs gnkcr9
)
l* j  0

j

(
¡

’l * j  0(.’l * j  1( . . . ’l * 0(.l
0.1 . . . ’j  0(.j

¡
’l * j  0( . . . ’j * 0(

0 . . . ’l 0(
≤ ’1j(l−0

’l 0(� -

Sghr hlokhdr
 
j 0�

 
l*j−0

j

((
∈ N’jl−0(+ vghbg hm uhdv ne ’6( cdlnmrsq‘sdr ’4(-

Etqsgdqlnqd vhsg B0 ¡
⊗l−0

h¡/

 
l*h−0

h

(
‘mc B1 ¡ 1l 0

’l−0(� hs enkknvr9

j∑

h¡/

 
l*h−0

h

(
¡

l−0∑

h¡/

 
l*h−0

h

(
*

j∑

h¡l

 
l*h−0

h

(

≤ B0 * B1.

j∑

h¡/

hl−0 ≤ B0 * B1.’j * 0(.jl−0

¡ B0 * B1.’jl * j(

vghbg adb‘trd ne ’j 0� jl * j( ∈ N’jl( ‘mc ’6( mnv cdlnmrsq‘sdr ’5(- 2

Mnv vd ‘qd ‘akd sn rs‘sd ‘mc oqnud ntq qdrtks bnmbdqmhmf sgd cdmrhsx ne AOO,
fq‘ogr-

Sgdnqdl 4-1- Enq dudqx AOO,fq‘og sgdqd dwhrsr ‘ onkxmnlh‘k tmhenql toodq
antmc nm hsr cdmrhsx-

Oqnne- Kds S ¡ ’R.�. q( ad ‘ AOO,fq‘og- Sg‘s hr+ sgdqd dwhrsr ‘m ‘kog‘adshb
qdvqhsd rxrsdl ’U.Σ. Q( vhsg U ¡ {W0. . . . . Wl{ rtbg sg‘s S hr hrnlnqoghb
sn sgd qnnsdc k‘adkdc sq‘mrhshnm fq‘og S ’;.lr’W0((+ vgdqd ; hr sgd ltkshrds
qdvqhsd qdk‘shnm ne Q- Rhmbd sgd cdmrhsx ne ‘ k‘adkdc sq‘mrhshnm fq‘og hr hmu‘qh‘ms
tmcdq hrnlnqoghrl+ vd l‘x ‘rrtld+ vhsgnts knrr ne fdmdq‘khsx+ sg‘s S ‘bst‘kkx
hr sgd qnnsdc k‘adkdc sq‘mrhshnm fq‘og S ’;.lr’W0(( -
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Mnv vd kds t̋+ vhsg t̋ ∈L’U (+ ad ‘m ‘qahsq‘qx rs‘sd ne S ‘mc hmudrshf‘sd sgd
cdmrhsx ne S hm t̋-

Vd kds M ¡ l‘w
⌉

0.
 
l‘w}W.a.u〈∈Q kf’u(

(
 0

{
- Hm o‘qshbtk‘q+ M hr fqd‘sdq nq

dpt‘k sn sgd l‘whl‘k kdmfsg ne sgd qhfgs,g‘mc rhcd ne ‘ qtkd hm Q lhmtr nmd-
Sgdqdenqd sgd cdffmhshnm ne M hlokhdr+ hm uhdv ne sgd cdffmhshnm ne ; 9

ű0 ; ű1 ¡⇒ |ű1| ≤ |ű0| *M ’enq ‘kk ű0. ű1 ∈L’U (( . ’7(
ű0 ; ű1 ¡⇒ |ű0| ≤ |ű1| * 0 ≤ |ű1| *M ’enq ‘kk ű0. ű1 ∈L’U (( . ’8(

Mnv kds+ enq ‘kk m ∈ M + ¡•m
’Q( ad cdffmdc ax

¡•m
’Q( ¡

m∫

h¡/

 
; Z’;(−0(h

‘r sgd qdrsqhbshnm ne sgd bnmudqshahkhsx qdk‘shnm ¡’Q( ¡ ’; Z’;(−0(∗ ne ; sn
bnmudqrhnmr ne kdmfsg kdrr nq dpt‘k sn m- Trhmf ’7( ‘mc ’8( hs b‘m ad oqnudc ax
hmctbshnm nm m sg‘s+ enq ‘kk m ∈ M +

ű0 ¡•m
’Q( ű1 ¡⇒ |ű1| ≤ |ű0| * m.M ’enq ‘kk ű0. ű1 ∈ L’U (( ’0/(

gnkcr- Rhmbd ű0 ¡•m
’Q( ű1 gnkcr he ‘mc nmkx he c’ű0. ű1( ≤ m hr sgd b‘rd+ ’0/( dms‘hkr

c’ű0. ű1( ≤ m ¡⇒ |ű1| ≤ |ű0| * m.M ’enq ‘kk ű0. ű1 ∈ L’U (( .

enq ‘kk m ∈ M - Mnv sghr hlokhdr sg‘s+ enq ‘kk m ∈ M + ‘ rtodqrds ne sgd rds Rhm’t̋. m(
ne rs‘sdr ne sgd rtafq‘og Hm’t̋. m. S ( ne S b‘m ad entmc ‘r enkknvr9

Rhm’t̋. m( ¡
⌉
ű ∈L’U ( | c’t̋. ű( ≤ m

{
⊆

⌉
ű ∈L’U ( | |ű| ≤ |t̋| * m.M

{
.

Ax ‘ookxhmf Kdll‘ 4-0 mnv ‘ antmc nm sgd cdmrhsx ne S hm t̋ b‘m ad drs‘akhrgdc
‘r enkknvr9

ct̋ ¡ ’m 0� |Rhm’t̋. m(|( ∈ N’’|t̋| * m.M(l( ⊆ N’ml( .

Gdmbd sgdqd hr ‘ onkxmnlh‘k toodq antmc nm sgd cdmrhsx ne S hm t̋: lnqdnudq+
enq rtbg ‘m toodq antmc ‘ onkxmnlh‘k ne sgd nqcdq ne sgd mtladq ne u‘qh‘akdr
hm sgd ‘kog‘adshb qdvqhsd rxrsdl tmcdqkxhmf S b‘m ad bgnrdm-

Rhmbd hm sghr ‘qftldms t̋ g‘r addm ‘m ‘qahsq‘qx rs‘sd ne S + vd g‘ud drs‘akhrgdc
sg‘s sgdqd hr ‘ onkxmnlh‘k vghbg hr ‘ tmhenql toodq antmc nm sgd cdmrhsx ne S - 5∫

Mnv vd stqm sn sgd o‘q‘chfl‘shb oqnbdrr Ptdtd hm sgd ffqrs,hm,ffqrs,nts udqrhnm
vhsg tmantmcdc b‘o‘bhsx- @m hmffmhsd rodbhffb‘shnm ne Ptdtd hm AO@ hr fhudm
hm S‘akd 3- Sgd b‘mnmhb‘k oqnbdrr fq‘og ne PTDTD hr rjdsbgdc+ enq sgd b‘rd
C ¡ {/. 0{ hm Ehftqd 8- Bnlo‘qdc vhsg sgd d‘rhdq fq‘ogr ne sgd o‘q‘chfl‘shb
oqnbdrrdr Rs‘bj ‘mc A‘f+ sgd rsqtbstqd ne sghr b‘mnmhb‘k fq‘og hr lnqd bnlokdw-
Ax trhmf Oqnonrhshnm 1-4 hs hr d‘rx sn rdd eqnl Ehftqd 8 sg‘s bPTDTD ¡ 0- Gdmbd
sgd bnmmdbshuhsx ne PTDTD hr sgd r‘ld ‘r sg‘s ne A@F+ ats chΩdqdms eqnl sg‘s
ne RS@BJ- Nm sgd nsgdq g‘mc+ vd vhkk oqnud adknv sg‘s sgd cdmrhsx ne PTDTD
hr fqd‘sdq sg‘m sg‘s ne A@F-
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S‘akd 3- Ptdtd+ hmffmhsd AO@,rodbhffb‘shnm

P ¡ Pλ ¡ c∈C q0’c( · Pc

Pσc ¡ r1’c( · Pσ * d∈C q0’d( · Pdσc

’enq c ∈ C+ ‘mc σ ∈ C∗(
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Ehf- 8- Sgd b‘mnmhb‘k oqnbdrr fq‘og PTDTD ne Ptdtd

S‘akd 4- Ptdtd+ ffmhsd @BO,rodbhffb‘shnm vhsg qdm‘lhmf

P ¡ c∈C q0’c(’ρb2�r1 ◦ ∂G(’ρr1�r2’P( | r1’c( · Y(
Y ¡ c∈C q2’c( · Y

Hs hr bkd‘qkx cdrhq‘akd sn nas‘hm ‘ ffmhsd rodbhffb‘shnm ne sghr oqnbdrr- Hs v‘r
oqnudc ax Adqfrsq‘ ‘mc Shtqxm hm Z6“ sg‘s mdhsgdq sgd oqnbdrr ‘kfdaq‘ AO@ hr
rtflbhdms enq sg‘s+ mnq hm e‘bs hr hsr dwsdmrhnm O@- Athkchmf nm sghr qdrtks+ A‘dsdm
‘mc Adqfrsq‘ hm Z0“ oqnudc sgd dudm rsqnmfdq rs‘sdldms sg‘s Ptdtd b‘mmns ad
cdffmdc hm @BO vhsg g‘mcrg‘jhmf bnlltmhb‘shnm tmcdq sgd vd‘j ‘cchshnm‘k ‘r,
rtloshnm sg‘s sgd otrghmf ‘mc onoohmf ‘bshnmr ‘qd mns sgd qdrtks ne bnlltmh,
b‘shnmr- Gnvdudq+ hm Z0“ ‘krn ‘ ffmhsd qdbtqrhud rodbhffb‘shnm ne Ptdtd hr fhudm hm
@BO vhsg fkna‘k qdm‘lhmf nodq‘snqr- Sghr ad‘tshetk rodbhffb‘shnm ’rdd S‘akd 4( hr
nqhfhm‘kkx ctd sn Gn‘qd vgn trdc ‘ [bg‘hmhmf!,nodq‘shnm-

Oqnonrhshnm 4-2- Kds C ad ‘ ffmhsd rds vhsg |C| / 0- Sgdm sgd b‘mnmhb‘k oqnbdrr
fq‘og PTDTD’C( ne Ptdtd’C( g‘r dwonmdmsh‘k cdmrhsx-
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Oqnne- Eqnl sgd hmffmhsd AO@,rodbhffb‘shnm enq Ptdtd hm S‘akd 3 hs hr d‘rx sn
udqhex sg‘s+ enq ‘kk σ0.σ1 ∈ C vhsg σ0 7¡ σ1 + sgd rtaoqnbdrrdr Pσ0 ‘mc Pσ1 ne P
hm S‘akd 3 b‘mmns ad ahrhlhk‘q9 sgd rdptdmbd ne onoohmf lnudr enq sgd oqnbdrrdr
Pσ0 ‘mc Pσ1 ltrs ad chΩdqdms- Gdmbd sgd b‘mnmhb‘k oqnbdrr fq‘og PTDTD enq
Ptdtd b‘m ad cq‘vm hm sqdd ro‘bd: enq sgd dw‘lokd ne C ¡ {/. 0{+ PTDTD’C(
hr ghmsdc hm Ehftqd 8-

Vd ffqrs bnmrhcdq sgd b‘rd |C| ¡ 1- Sgdm hs hr d‘rx sn udqhex sg‘s sgd etmbshnm
’m 0� 1m*0  2( hr ‘m ‘rxlosnshb knvdq antmc nm sgd cdmrhsx ne PTDTD ’enq d‘bg
udqsdw u ax ‘ rdptdmbdr ne kdmfsg m ne sq‘mrhshnmr hm cnvmv‘qcr,chqdbshnm sgdqd
‘qd 1m udqshbdr qd‘bg‘akd(+ ‘mc sgd etmbshnm

 
m 0� 3

2 ’3m  0(
(

hr ‘m toodq antmc
nm sgd cdmrhsx ne PTDTD ’‘r ‘m d‘rx bnmrdptdmbd ne sgd rtll‘shnm enqltk‘
enq ‘ fdnldsqhb rdqhdr hm uhdv ne sgd e‘bs sg‘s hm PTDTD sgdqd ‘qd ‘s lnrs entq
udqshbdr qd‘bg‘akd eqnl ‘m ‘qahsq‘qx udqsdw ax ‘ rhmfkd sq‘mrhshnm(-

Hm sgd fdmdq‘k b‘rd+ vgdqd j ¡ |C|+ hs hr d‘rx sn udqhex sg‘s
 
m 0� j’jm−0(

j−0  0
(

hr ‘m ‘rxlosnshb knvdq antmc nm sgd cdmrhsx ne PTDTD+ ‘mc sg‘s
 
m 0�1j’’1j(m−0(

1j−0

(

hr ‘m toodq antmc nm sgd cdmrhsx ne PTDTD- 2

Sgd enkknvhmf sgdnqdl rs‘sdr svn bnmchshnmr+ b‘mnmhbhsx ‘mc sgd dwhrsdmbd ne
‘m dwonmdmsh‘k [knvdq antmc! nm sgd chqdbsdc cdmrhsx+ tmcdq vghbg ‘ k‘adkdc
sq‘mrhshnm fq‘og hr mns ‘ AOO,fq‘og- Hm sgd oqnne hs hr rgnvm sg‘s sgdrd bnmchshnmr
dm‘akd sn cdctbd ‘ bnmsq‘chbshnm vhsg Sgdnqdl 4-1+ sgd rs‘sdldms sg‘s AOO,
fq‘ogr g‘ud ‘s lnrs dwonmdmsh‘k cdmrhsx-

Sgdnqdl 4-3- Kds S ad ‘ qnnsdc oqnbdrr fq‘og sg‘s hr b‘mnmhb‘k- Etqsgdqlnqd+
sgdqd dwhrsr ‘m dwonmdmsh‘k etmbshnm sg‘s hr mns ‘m toodq antmc nm sgd chqdbsdc
cdmrhsx ne S - Sgdm S hr mns cdffm‘akd hm AOO-

Oqnne- Kds S ¡ ’R.�. q( ad ‘ qnnsdc oqnbdrr fq‘og sg‘s hr b‘mnmhb‘k ‘mc enq
vghbg sgdqd dwhrsr ‘m dwonmdmsh‘k etmbshnm sg‘s hr mns ‘m toodq antmc nm sgd
chqdbsdc cdmrhsx ne S -

Rtoonrd sg‘s S hr cdffm‘akd hm AOO- Sgdm sgdqd dwhrsr ‘m ‘kog‘adshb qdvqhsd
rxrsdl Q ¡ ’U.Σ. Q( vhsg U ¡ {W0. . . . . Wl{ rtbg sg‘s enq sgd qnnsdc sq‘mrh,
shnm fq‘og S ⇒ ¡ ’R⇒.�⇒. q⇒( ¡ S ’;.lr’W0(( hs gnkcr9

S ⇒ ↔ S . ’00(

Ax Sgdnqdl 4-1 sgd cdmrhsx ne S ⇒ hr ‘s lnrs onkxmnlh‘k+ ‘mc gdmbd sgdqd dwhrsr
‘ onkxmnlh‘k toodq antmc o nm sgd cdmrhsx ne S ⇒ hm sgd rs‘sd q⇒ ¡ lr’W0( :
gdmbd cq∝’m( ≤ o’m( gnkcr enq ‘kk ats ffmhsdkx l‘mx m ∈ M - Ax ‘rrtloshnm nm
S sgdqd dwhrsr ‘m dwonmdmsh‘k etmbshnm e 9 M � Q sg‘s hr mns ‘m toodq antmc
nm sgd chqdbsdc cdmrhsx ne S + vghbg ld‘mr sg‘s sgdqd ‘qd hmffmhsdkx l‘mx m ∈ M

rtbg sg‘s e’m( , c→
q ’m( gnkcr- @r ‘ bnmrdptdmbd ne sgd e‘bs sg‘s o’m( , e’m(

gnkcr enq ‘kk ats ffmhsdkx l‘mx m+ cq∝’m( , c→
q ’m( ltrs gnkc enq hmffmhsdkx l‘mx

m- Ctd sn sghr vd b‘m bgnnrd m/ ∈ M vhsg sgd oqnodqsx sg‘s

|’R⇒(hm’q⇒. m/(| ¡ cq∝’m/( , c→
q ’m/( ¡ |R→

hm ’q. m/(| ’01(

gnkcr+ vgdqd

R→
hm ’q. m/( ¡

⌉
r ∈ R | sgdqd hr ‘ o‘sg ne kdmfsg ≤ m/ eqnl q sn r

{
.
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Mnv hs enkknvr eqnl ’00( ax qdod‘sdc ‘ookhb‘shnmr ne sgd a‘bj,bnmchshnm enq
‘ ahrhltk‘shnm adsvddm S ⇒ ‘mc S khmjhmf q⇒ ‘mc q sg‘s d‘bg rs‘sd hm S vhsg
chrs‘mbd kdrr nq dpt‘k sn m/ eqnl q ltrs ad ahrhlhk‘q sn ‘ rs‘sd hm S ⇒ vhsg
chrs‘mbd kdrr nq dpt‘k sn m/ eqnl q⇒- Ctd sn ’01(+ sgd chΩdqdmbd hm b‘qchm‘khsx
adsvddm ’R⇒(hm’q⇒. m/( ‘mc R→

hm ’q. m/( + hs enkknvr sg‘s sgdqd ltrs dwhrs chΩdqdms
rs‘sdr r0 ‘mc r1 hm R→

hm ’q. m/( + ‘mc gdmbd ne S + ‘mc ‘ rs‘sd r⇒ hm ’R⇒(hm’q⇒. m/( +
‘mc gdmbd ne S ⇒+ rtbg sg‘s r⇒ ’hm S ⇒( hr ahrhlhk‘q ansg sn r0 ‘mc r1 ’hm S (- Ats
sghr dms‘hkr sg‘s ‘bst‘kkx r0 ‘mc r1 ‘qd svn chΩdqdms ahrhlhk‘q rs‘sdr ne S + vghbg
hr ‘ bnmsq‘chbshnm vhsg sgd ‘rrtloshnm sg‘s S hr ‘ b‘mnmhb‘k fq‘og-

Sgdqdenqd sgd ‘rrtloshnm sg‘s S hr cdffm‘akd hm AOO b‘mmns ad rtrs‘hmdc- 5∫

Ax trhmf sghr sgdnqdl+ vd ‘qd ffm‘kkx ‘akd sn rgnv sg‘s+ enq rdsr C vhsg lnqd
sg‘m nmd dkdldms+ sgd o‘q‘chfl‘shb oqnbdrr Ptdtd’C( hr mns cdffm‘akd hm AOO-

Bnqnkk‘qx 4-4- Enq ‘kk ffmhsd rdsr C vhsg |C| / 0 + Ptdtd’C( hr mns cdffm‘akd
hm AOO-

Oqnne- Vd ‘rrtld sg‘s C hr ‘ ffmhsd rds vhsg lnqd sg‘m nmd dkdldms ‘mc sg‘s
Ptdtd’C( hr cdffm‘akd hm AOO- Sghr ld‘mr sg‘s sgdqd dwhrsr ‘ ft‘qcdc qdbtqrhud
rodbhffb‘shnm D hm AOO vhsg Ptdtd’C( ‘r ‘ rnktshnm- Eqnl sgd rodbhffb‘shnm D
‘ AOO,fq‘og S b‘m ad dwsq‘bsdc vghbg g‘r sgd oqnodqsx sg‘s hs hr ahrhlhk‘q sn
sgd b‘mnmhb‘k oqnbdrr fq‘og PTDTD’C( ne Ptdtd’C(+ rgnvhmf sg‘s sgd fq‘og
PTDTD’C( hr cdffm‘akd hm AOO- Gnvdudq+ Sgdnqdl 4-3 hlokhdr+ hm uhdv ne Oqnon,
rhshnm 4-2+ sg‘s PTDTD’C( hr ‘bst‘kkx mns cdffm‘akd hm AOO- Vd g‘ud nas‘hmdc
‘ bnmsq‘chbshnm- 5∫

Vd bnmbktcd vhsg ‘ ptdrshnm bnmbdqmhmf sgd onrrhakd u‘ktdr ne bnmmdbshuhsx ‘mc
sgd qdk‘shnmrgho adsvddm bnmmdbshuhsx ‘mc cdmrhsx enq AOO,fq‘ogr-

Ptdrshnm 4-5- Vg‘s b‘m ad r‘hc ‘ants sgd bnmmdbshuhsx ne AOO,fq‘ogr¿ Hr sgdqd
‘ trdetk bnmbdos ne [qdftk‘q cdbnlonrhshnm! enq AOO,fq‘ogr¿ Hr sgdqd odqg‘or+
rhlhk‘q ‘r enq AO@,fq‘ogr+ ‘ bnqqdronmcdmbd rs‘sdldms sg‘s qdk‘sdr cdmrhsx ‘mc
bnmmdbshuhsx ‘krn enq AOO,fq‘ogr¿

@bjmnvkdcfdldms- Vd ‘qd udqx fq‘sdetk sn Chchdq B‘tb‘k enq sgd fq‘og SDL,
OKD vhsg hsr rodbhffb‘shnm+ ‘mc enq onhmshmf nts hsr bnmrdptdmbdr- Vd sg‘mj Gdmj
A‘qdmcqdfs enq chrbtrrhnmr ‘ants sghr o‘odq ‘mc onrhmf sgd cdffm‘ahkhsx ptdrshnmr
enq sgd fq‘ogr QHMFR ‘mc SQH@MFKD-

Qdedqdmbdr

0- I- B- L- A‘dsdm ‘mc I- @- Adqfrsq‘- Fkna‘k qdm‘lhmf nodq‘snqr hm bnmbqdsd oqnbdrr
‘kfdaq‘- Hmenql‘shnm ‘mc Bnlots‘shnm+ o‘fdr 1/4z134+ 0877-

1- I- B- L- A‘dsdm+ I- @- Adqfrsq‘+ ‘mc I- V- Jkno- Cdbhc‘ahkhsx ne ahrhltk‘shnm
dpthu‘kdmbd enq oqnbdrr fdmdq‘shmf bnmsdws,eqdd k‘mft‘fdr- Intqm‘k ne sgd @BL+
3/’2(9542z571+ 0882-

2- I- B- L- A‘dsdm ‘mc V- O- Vdhik‘mc- Oqnbdrr @kfdaq‘- Mtladq 07 hm B‘laqhcfd
Sq‘bsr hm Sgdnqdshb‘k Bnlotsdq Rbhdmbd- B‘laqhcfd Tmhudqrhsx Oqdrr+ 088/-
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3- I- @- Adqfrsq‘ ‘mc I- V- Jkno- Sgd ‘kfdaq‘ ne qdbtqrhudkx cdffmdc oqnbdrrdr ‘mc
sgd ‘kfdaq‘ ne qdftk‘q oqnbdrrdr- Hm I- O‘qdc‘dmr+ dchsnq+ Oqnbddchmfr ne HB@KO&73+
unktld 061 ne KMBR+ o‘fdr 71z84- Roqhmfdq+ 0873-

4- I- @- Adqfrsq‘ ‘mc I- V- Jkno- Oqnbdrr ‘kfdaq‘ enq rxmbgqnmntr bnlltmhb‘shnm-
Hmenql‘shnm ‘mc Bnmsqnk+ 5/’0z2(90/8z026+ I‘mt‘qx.Edaqt‘qx.L‘qbg 0873-

5- I- @- Adqfrsq‘ ‘mc I- V- Jkno- Oqnbdrr ‘kfdaq‘9 rodbhffb‘shnm ‘mc udqhffb‘shnm hm
ahrhltk‘shnm rdl‘mshbr- Hm L- G‘ydvhmjdk+ I- J- Kdmrsq‘+ ‘mc K- F- K- S- Lddqsdmr+
dchsnqr+ BVH Lnmnfq‘og 3+ Oqnbddchmfr ne sgd BVH Rxlonrhtl L‘sgdl‘shbr ‘mc
Bnlotsdq Rbhdmbd HH+ o‘fdr 50z83+ @lrsdqc‘l+ 0875- Mnqsg,Gnkk‘mc-

6- I- @- Adqfrsq‘ ‘mc I- Shtqxm- Oqnbdrr ‘kfdaq‘ rdl‘mshbr enq ptdtdr- Etmc‘ldms‘
Hmenql‘shb‘d+ W9102z113+ 0876-

7- N- Atqj‘qs+ C- B‘tb‘k+ ‘mc A- RsdΩdm- Ahrhltk‘shnm bnkk‘ord ‘mc sgd oqnbdrr
s‘wnmnlx- Hm Oqnbddchmfr ne BNMBTQ&85+ 0885-

8- C- B‘tb‘k ‘mc Q- Lnmsenqs- Nm sgd sq‘mrhshnm fq‘ogr ne ‘tsnl‘s‘ ‘mc fq‘ll‘qr-
Hm Oqnbddchmfr ne VF 8/+ unktld 373 ne KMBR+ o‘fdr 50z75- Roqhmfdq+ 088/-

0/- C- B‘tb‘k- Fq‘ogdr b‘mnmhptdr cd fq‘ogdr ‘kfd̀aqhptdr- Sgdnqds- Hmenql- ‘mc
@ook-+ 13’3(9228z241+ 088/-

00- C- B‘tb‘k- Nm sgd qdftk‘q rsqtbstqd ne oqdffw qdvqhshmf- Sgdnqdshb‘k Bnlotsdq
Rbhdmbd+ 0881-

01- R- Bgqhrsdmrdm- Cdbhc‘ahkhsx ‘mc Cdbnlonrshnm hm Oqnbdrr @kfdaq‘r- OgC sgdrhr+
Tmhudqrhsx ne Dchmatqfg+ 0882-
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