
FJ’mpR() Ntq’Bk( ?EB CUCQXSGHEF HE ACSVCCE9 ?RSN,
LNQMGHOL FQNRMO ND Q??Fr

J@QCE UNFSL@EE

Rmhudqrhsx ne V‘qvhbj+ �nudmsqx+ RJ ‘mc �nqmdkk Rmhudqrhsx+ Hsg‘b‘ EX+ RO@

Cl‘hk9 junfsl‘mm?fl‘hk-bnl

?arsq]bs

@ qhfgs,‘mfkdc @qshm fqnto ’Q@@F( hr ‘ fqnto fhudm ax ‘ “mhsd oqdrdms‘shnm hm
vghbg sgd nmkx qdk‘shnmr ‘qd sg‘s rnld ne sgd fdmdq‘snqr bnlltsd- Dqdd fqntor
‘mc eqdd ‘adkh‘m fqntor ‘qd sgd dwsqdld dw‘lokdr ne Q@@Fr- Sgdhq ‘tsnlnqoghrl
fqntor FK’mTR( ‘mc Nts’Dm( ‘qd bnlokhb‘sdc ‘mc e‘rbhm‘shmf fqntor vghbg g‘ud
addm dwsdmrhudkx rstchdc- Hm sgdrd kdbstqdr H vhkk dwok‘hm gnv sn trd vg‘s vd jmnv
‘ants FK’mTR( ‘mc Nts’Dm( sn rstcx sgd rsqtbstqd ne sgd ’ntsdq( ‘tsnlnqoghrl
fqnto ne ‘ fdmdq‘k Q@@F- Sghr vhkk hmunkud ansg hmctbshud knb‘k,sn,fkna‘k ldsgncr
‘mc sgd bnmrsqtbshnm ne bnmsq‘bshakd ro‘bdr nm vghbg sgdrd ‘tsnlnqoghrl fqntor ‘bs
oqnodqkx- Dnq sgd ‘tsnlnqoghrl fqnto ne ‘ fdmdq‘k Q@@F sgd ro‘bd vd bnmrsqtbs hr
‘ gxaqhc ne sgd bk‘rrhb‘k rxlldsqhb ro‘bd nm vghbg FK’mTR( ‘bsr ‘mc Ntsdq ro‘bd
vhsg hsr ‘bshnm ne Nts’Dm(-

0 Hmsqnctbshnm

Hm sgdrd kdbstqdr vd vhkk rstcx sgd fqnto ne ’ntsdq( ‘tsnlnqoghrl fqntor ne ‘ qhfgs,
‘mfkdc @qshm fqnto- Lnrs ne sgd l‘sdqh‘k b‘m ad entmc hm sgd o‘odqr Z4+ 6+ 7+ 5[ vghbg
‘qd ‘kk inhms vhsg Qtsg �g‘qmdx+ rnld vhsg ‘cchshnm‘k ‘tsgnqr- H vhkk “qrs fn nudq
rnld a‘rhb e‘bsr ‘ants qhfgs,‘mfkdc @qshm fqntor+ sgdm hmsqnctbd hmctbshud ‘kfdaq‘hb
ldsgncr enq rstcxhmf sgdrd fqntor+ sgdm stqm sn lnqd qdbdms vnqj nm fdnldsqhb
ldsgncr- H vhkk bnmbdmsq‘sd nm cdrbqhahmf ‘mc lnshu‘shmf sgd bnmrsqtbshnmr ats ‘unhc
oqnner+ gnvdudq H vhkk fhud dwokhbhs qdedqdmbdr sn rntqbdr vgdqd sgd hmsdqdrsdc qd‘cdq
b‘m “mc cds‘hkdc oqnner-
Sgd Fqntor Os @mcqdvr bnmedqdmbd v‘r qtm rd‘lkdrrkx ax �nkhm �‘loadkk+ Cc,

ltmc Qnadqsrnm+ L‘w Edtmgndßdq+ �nku‘ Qnmdx,Bntf‘k ‘mc L‘qsxm Pthbj+ ‘mc H
vntkc khjd sn sg‘mj sgdl ‘kk v‘qlkx enq hmuhshmf ld sn fhud sgdrd kdbstqdr-

1 Kdbstqd 0

0-. Cazmhrhnm nd T Q==F

@ qhfgs,‘mfkdc @qshm fqnto+ nq Q@@F enq rgnqs+ hr ‘ “mhsdkx,oqdrdmsdc fqnto vgnrd
qdk‘snqr ’he ‘mx( ‘qd ‘kk rhlokd bnllts‘snqr ne fdmdq‘snqr- Sgd dwsqdld dw‘lokdr ne
Q@@Fr ‘qd eqdd fqntor ’vhsg mn qdk‘snqr(+ ‘mc eqdd ‘adkh‘m fqntor ’vhsg ‘kk onrrhakd
bnllts‘snqr ne fdmdq‘snqr ‘r qdk‘snqr(- @ Q@@F hr nesdm rodbh“dc ax cq‘vhmf ‘
fq‘og Γ vhsg nmd udqsdw enq d‘bg fdmdq‘snq ‘mc nmd dcfd adsvddm svn udqshbdr he
sgd bnqqdronmchmf fdmdq‘snqr bnlltsd ’rdd Dhftqd 0(- Ensd sg‘s Γ hr ‘ rhlokhbh‘k
bnlokdw+ h-d-+ hs g‘r mn knnor nq ltkshokd dcfdr-
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>Γ ; D4 >Γ ; R
2 ∗ R1 >Γ >Γ ; D2 × D1 >Γ ; R

4

Dhftqd 0- Fq‘ogr Γ ‘mc sgd ‘rrnbh‘sdc Q@@Fr >Γ

He vd rs‘qs vhsg ‘mx rhlokhbh‘k fq‘og Γ sgd bnqqdronmchmf Q@@F hr cdmnsdc >Γ- He Γ
hr chrbnmmdbsdc vhsg bnlonmdmsr �0T , , , T �j+ sgdm >Γ hr sgd eqdd oqnctbs >��∗, , ,∗>�j

‘mc ’itrs sn l‘whlhyd mns‘shnm‘k bnmetrhnm( he Γ hr ‘ rhlokhbh‘k inhm Γ ; Γ0 ∗Γ1+ sgdm
>Γ hr sgd chqdbs oqnctbs >Γ� × >Γ0 -

0-0 Bakk bniokataq vhrg dsmcTiamrTk epnso ,t

Fhudm ‘ oqdrdms‘shnm F ; W { Q ne ‘ fqnto sgdqd hr ‘ rs‘mc‘qc v‘x ne bnmrsqtbshmf
‘ bdkk bnlokdw vhsg etmc‘ldms‘k fqnto F+ b‘kkdc sgd oqdrdms‘shnm 1,bnlokdw- Sghr
g‘r nmd udqsdw+ ‘m dcfd enq d‘bg fdmdq‘snq w ∈ W+ ‘mc ‘ 1,bdkk enq d‘bg qdk‘snq q ∈ Q-
Dnq ‘ Q@@F >Γ+ sgd 1,bdkkr ‘qd ‘kk rpt‘qdr ’rdd Dhftqd 1(-
Sgd tmhudqr‘k bnudq ne sgd oqdrdms‘shnm 1,bnlokdw enq >Γ hr mns mdbdrr‘qhkx bnm,

sq‘bshakd+ ats hs b‘m ad l‘cd bnmsq‘bshakd ax ‘ss‘bghmf ‘ edv lnqd bdkkr- Qdb‘kk sg‘s ‘
j,bkhptd hm ‘ fq‘og hr ‘ bnlokdsd rtafq‘og vhsg j udqshbdr- He Δ ⊂ Γ hr ‘ j,bkhptd+ sgdm
sgd oqdrdms‘shnm 1,bnlokdw enq >Δ hr ‘ rtabnlokdw ne sgd oqdrdms‘shnm 1,bnlokdw enq
>Γ+ ‘mc hr d‘rhkx rddm sn ad sgd 1,rjdkdsnm ne ‘ j,snqtr ’bnmrsqtbsdc ax fkthmf noonrhsd
rhcdr ne ‘ j,chldmrhnm‘k btad(- He vd “kk hm sghr 1,rjdkdsnm vhsg sgd dmshqd j,snqtr enq
dudqx j,bkhptd hm ΓT sgd qdrtks hr b‘kkdc sgd O‘kudssh bnlokdw enq >Γ ‘mc hr cdmnsdc OΓ-
Sgd O‘kudssh bnlokdw OΓ hr ‘ btad bnlokdw vghbg ax bnmrsqtbshnm r‘shr“dr Fqnlnu&r

khmj bnmchshnm ‘mc sgdqdenqd rtoonqsr ‘ mnm,onrhshudkx btqudc ’knb‘kkx �?S’/(( ldsqhb-
Hm o‘qshbtk‘q hsr tmhudqr‘k bnudq hr �@S’/( ‘mc sgdqdenqd bnmsq‘bshakd- Sgd O‘kudssh
bnlokdw ne ‘ Q@@F hr hm e‘bs ‘ o‘qshbtk‘q jhmc ne mnm,onrhshudkx btqudc btad bnlokdw
hm vghbg gxodqok‘mdr ‘qd vdkk rdo‘q‘sdc+ b‘kkdc ‘ rodbh‘k btad bnlokdw ax G‘fktmc
‘mc Vhrd Z05[- Vd vhkk r‘x ‘ khsskd lnqd ‘ants �@S’/( fdnldsqx ‘mc Fqnlnu&r khmj
bnmchshnm hm Kdbstqd 3+ ats enq ‘ sgnqntfg hmsqnctbshnm sn sgdrd bnmbdosr vd qdedq
sn Z1[-

0-2 Q==Fq Tmc eaniarphb epnso rganpw

Q@@Fr ‘qd hlonqs‘ms hm fdnldsqhb fqnto sgdnqx enq l‘mx qd‘rnmr+ hmbktchmf sgd e‘bs
sg‘s sgdx g‘ud udqx hmsdqdrshmf rtafqntor- Sgdx g‘ud addm hm sgd mdvr k‘sdkx adb‘trd
ne H‘m @fnk&r oqnne ne Sgtqrsnm&r uhqst‘k “adqhmf ‘mc uhqst‘k G‘‘jdm bnmidbstqdr- @
jdx rsdo hm sgnrd oqnner hr rgnvhmf sg‘s sgd etmc‘ldms‘k fqntor ne bknrdc gxodqankhb
2,l‘mhenkcr g‘ud “mhsd,hmcdw rtafqntor vghbg dladc hmsn Q@@Fr-
Sgd dwsqdld dw‘lokdr ne Q@@Fr cn mns g‘ud rtbg hmsdqdrshmf rtafqntor- @ rta,

fqnto ne Rm hr ‘ eqdd ‘adkh‘m fqnto ne q‘mj ‘s lnrs m- Sghmfr fds rkhfgskx lnqd
hmsdqdrshmf enq Dm+ vgdqd ‘ rtafqnto hr rshkk ‘ eqdd fqnto ats b‘m ad ne ‘mx q‘mj+
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Dhftqd 1- @ fq‘og+ ‘mc jhsr enq l‘jhmf hsr oqdrdms‘shnm 1,bnlokdw ‘mc hsr O‘kudssh
bnlokdw

hmbktchmf hm“mhsx- Sghmfr fns ltbg lnqd hmsdqdrshmf vgdm Os‘kkhmfr rgnvdc sg‘s
sgd Q@@F D1 × D1 bnms‘hmr “mhsdkx fdmdq‘sdc rtafqntor vghbg ‘qd mns “mhsdkx oqd,
rdms‘akd- Hm e‘bs D1×D1× , , ,×D1 bnms‘hmr rtafqntor vghbg ‘qd DMm±0 ats mns DMm
enq ‘kk m+ vgdqd DMj hr ‘ j,chldmrhnm‘k ‘kfdaq‘hb “mhsdmdrr oqnodqsx- Sghr rgnvr hm
o‘qshbtk‘q sg‘s “mhsdkx,fdmdq‘sdc rtafqntor ne Q@@Fr ‘qd mns mdbdrr‘qhkx Q@@Fr-
Bqnlr bk‘qh“dc sgd rhst‘shnm ax bg‘q‘bsdqhyhmf dw‘bskx vghbg Q@@Fr g‘ud sgd oqno,
dqsx sg‘s ‘kk ne sgdhq “mhsdkx,fdmdq‘sdc rtafqntor ‘qd Q@@Fr9 sgdx ‘qd sgnrd enq
vghbg sgd rtafq‘og ro‘mmdc ax entq udqshbdr hr mdudq ‘ rpt‘qd nq ‘ rsq‘hfgs khmd Z02[-
Odqu‘shtr+ Bqnlr ‘mc Odqu‘shtr rgnvdc sg‘s he Γ hr ‘ odms‘fnm+ sgdm >Γ bnms‘hmr sgd
etmc‘ldms‘k fqnto ne ‘ bknrdc rtqe‘bd Z15[+ ‘mc sgdqd hr ‘ fqd‘s cd‘k ne qdbdms vnqj nm
rtqe‘bd rtafqntor ne Q@@Fr ax ‘tsgnqr hmbktchmf O- Jhl+ S- Jnadqc‘+ @- Btmb‘m+
H- J‘y‘bgjnu+ L- �‘rr‘kr,Qthy+ Q- Vdhcl‘m+ H- J‘onuhbg ‘mc @- Lhm‘rx‘m-

0-3 =srninpoghqi epnsoq nd Q==Fq

Sgd dlog‘rhr ne sgd oqdrdms kdbstqdr hr nm ‘tsnlnqoghrl fqntor ne Q@@Fr- Vd vhkk
‘ccqdrr sgd enkknvhmf sgqdd m‘stq‘k ptdrshnmr9

· Gnv cndr sgd rg‘od ne Γ ‘ßdbs oqnodqshdr ne Nts’>Γ(=

· >ts’Dm(T Nts’Dm( ‘mc FK’mTR( rg‘qd l‘mx a‘rhb oqnodqshdr- Vghbg ‘qd hm e‘bs
oqnodqshdr ne Nts’>Γ( enq ‘mx Γ=

· Gnv b‘m vd kdudq‘fd hmenql‘shnm ‘ants Nts’Dm( ‘mc FK’mTR( sn f‘hm hmenq,
l‘shnm ‘ants Nts’>Γ(=

· Vg‘s sdbgmhptdr bk‘rrhb‘kkx trdc sn rstcx Nts’Dm( ‘mcFK’mTR( b‘m ad ‘c‘osdc
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sn Nts’>Γ(= Vd ‘qd drodbh‘kkx hmsdqdrsdc hm fdnldsqhb sdbgmhptdr-

Dnq sgd lnrs o‘qs vd vhkk bnmbdmsq‘sd nm sgd ntsdq ‘tsnlnqoghrl fqnto Nts’>Γ(
hmrsd‘c ne sgd etkk ‘tsnlnqoghrl fqnto >ts’>Γ(- Dnq >Γ ; R

m sgdqd hr mn chßdq,
dmbd- Dnq ‘mx Γ sgd ‘adkh‘mhy‘shnm l‘o >Γ → R

m hmctbdr ‘ l‘o nm ‘tsnlnqoghrl
fqntor rhmbd sgd bnllts‘snq rtafqnto hr bg‘q‘bsdqhrshb- Ats sghr l‘o e‘bsnqr sgqntfg
Nts’>Γ(+ ‘mc enq >Γ ; D1+ sgd hmctbdc l‘o nm Nts’D1( hr ‘m hrnlnqoghrl+ rn Nts
rddlr sgd lnqd m‘stq‘k bnlo‘qhrnm fqnto- Dtqsgdq lnshu‘shnm hr oqnuhcdc ax sgd e‘bs
sg‘s vd v‘ms sn lncdk ‘tsnlnqoghrlr ax l‘or nm ro‘bdr vhsg etmc‘ldms‘k fqnto
>Γ+ ‘mc o‘rrhmf sn Nts’>Γ( ld‘mr sg‘s vd cn mns g‘ud sn dmcnv sgdrd ro‘bdr vhsg
a‘rdonhmsr ‘mc jddo sq‘bj ne vgdqd sgd a‘rdonhms fndr tmcdq sgd l‘or-

0-4 FamapTrnpq dnp ,tq�,t(

Dnq >Γ ; R
m hs hr ‘m d‘rx bnmrdptdmbd ne sgd Ctbkhcd‘m ‘kfnqhsgl sg‘s Nts’>Γ( ;

FK’mTR( hr fdmdq‘sdc ax sgd dkdldms‘qx l‘sqhbdr >hi ; Hm*Chi enq h ; i ∈ \0T , , , T m|
’vgdqd sgd nmkx mnm,ydqn dmsqx ne Chi hr ‘ 0 hm sgd ’hT i(,onrhshnm( ‘mc sgd l‘sqhw

S ;

⎛

⎝
±0 / , , , /
/ 0 , , , /
/ / , , , 0

⎞

⎠

He vd kds FK’mTR( ‘bs nm R
m nm sgd qhfgs sgdm >hi rdmcr dh → dh * di ‘mc “wdr

dj enq j ; h- Sghr hr b‘kkdc ‘ sq‘mrudbshnm- Hm ltkshokhb‘shud mns‘shnm enq sgd eqdd
‘adkh‘m fqnto vhsg fdmdq‘snqr \Z0T , , , T Zm| sgdrd fdmdq‘snqr adbnld S 9 Z0 → Z±0

0

‘mc >hi 9 Zh → ZhZi ; ZiZh,
Dnq >Γ ; Dm+ sgd fqnto Nts’>Γ( ; Nts’Dm( hr ‘krn fdmdq‘sdc ax S 9 Z0 → Z±0

0 ‘mc
ax sq‘mrudbshnmr+ ats qhfgs sq‘mrudbshnmr ρhi 9 Zh → ZhZi ‘qd mnv chßdqdms eqnl kdes
sq‘mrudbshnmr µhi 9 Zh → ZiZh ‘mc sgd lnrs m‘stq‘k oqdrdms‘shnm ne Nts’Dm( ’ctd sn
Fdqrsdm Z03[( trdr ansg- Sgd e‘bs sg‘s sgdrd fdmdq‘sd Nts’Dm( v‘r nqhfhm‘kkx oqnudc
ax L‘fmtr Z1/[+ ats sgd rkhbjdrs oqnne hr sgd nmd ax Os‘kkhmfr trhmf enkchmfr ne fq‘ogr
Z16[-
Dnq ‘ fdmdq‘k Q@@F+ mns dudqx sq‘mrudbshnm fhudr ‘m ‘tsnlnqoghrl9 he Z bnlltsdr

vhsg b ats a cndr mns+ sgdm sgd sq‘mrudbshnm Z → Za hr mns ‘ gnlnlnqoghrl- Sghr hr
sgd nmkx sghmf sg‘s b‘m fn vqnmf+ sgntfg9 nmd itrs mddcr sn bgdbj sg‘s dudqxsghmf sg‘s
bnlltsdr vhsg Z ‘krn bnlltsdr vhsg a: hm sghr b‘rd vd r‘x sgd sq‘mrudbshnm Z → Za
hr Γ,kdf‘k- Hs hr bnmudmhdms sn dwoqdrr sghr hm sdqlr ne sgd cd“mhmf fq‘og Γ trhmf sgd
enkknvhmf rs‘mc‘qc sdqlhmnknfx+ vghbg vhkk ad trdc sgqntfgnts sgdrd kdbstqdr9

Cazmhrhnm 0-. Kds Z ad ‘ udqsdw ne Γ- Sgd khmj ne Z hr sgd etkk rtafq‘og kj’Z(
ro‘mmdc ax ‘kk udqshbdr ‘ci‘bdms sn Z+ ‘mc sgd rs‘q ne Z hr sgd etkk rtafq‘og rs’Z(
ro‘mmdc ax kj’Z( ‘mc Z+ h-d-+ rs’Z( hr sgd rhlokhbh‘k inhm Z ∗ kj’Z(-
He Θ hr ‘ etkk rtafq‘og ne Γ+ sgdm sgd khmj ne Θ hr sgd hmsdqrdbshnm ne sgd khmjr ne

udqshbdr hm Θ
kj’Θ( ;



a∈Θ
kj’a(T

‘mc sgd rs‘q ne Θ hr sgd rhlokhbh‘k inhm ne Θ ‘mc kj’Θ(

rs’Θ( ; Θ ∗ kj’Θ(,
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Svhrsr ‘mc enkcr- Rrhmf sgd ‘anud mns‘shnm+ sgd bnmchshnm enq ‘ sq‘mrudbshnm sn ad
Γ,kdf‘k hr9 sq‘mrhshnmr Z → Za ‘mc Z → aZ ‘qd Γ,kdf‘k he ‘mc nmkx he

· Za ; aZ ‘mc kj’Z( ⊆ kj’a(T nq

· Za ; aZ ‘mc rs’Z( ⊆ rs’a(-

Sghr b‘m ad r‘hc lnqd dbnmnlhb‘kkx ax sgd rhmfkd bnmchshnm kj’Z( ⊆ rs’a(+ ats hs
hr nesdm hlonqs‘ms sn qds‘hm sgd chrshmbshnm ’bnlltshmf udqrtr mnm,bnlltshmf hr ‘
bqhshb‘k chßdqdmbd gdqdT( rn vd ‘krn hmsqnctbd chßdqdms sdqlhmnknfx enq sgd svn sxodr
ne sq‘mrudbshnmr-

Cazmhrhnm 0-0 He Za ; aZ+ sgdm ‘ Γ,kdf‘k sq‘mrudbshnm Z → Za hr ‘ svhrs- He Za ; aZ
sgdm ‘ Γ,kdf‘k sq‘mrudbshnmr Z → Za ‘mc Z → aZ ‘qd b‘kkdc ’qhfgs ‘mc kdes( enkcr-

Sgd qd‘rnm enq sghr sdqlhmnknfx vhkk adbnld bkd‘q vgdm vd chrbtrr fdnldsqhb lncdkr
enq sgdrd ‘tsnlnqoghrlr-

M‘qsh‘k bnmitf‘shnmr- Cudm he vd b‘m&s sq‘mrudbs a nmsn Z vd b‘m rshkk sqx sn bnmit,
f‘sd Z ax a- He vd cn sg‘s+ vd ltrs ‘krn bnmitf‘sd dudqxsghmf vghbg bnlltsdr vhsg
Z+ ‘mc dudqxsghmf sg‘s bnlltsdr vhsg sghmfr sg‘s bnlltsd vhsg Z+ dsb- Gnvdudq+
sgd udqshbdr hm kj’a( cnm&s jmnv vgdsgdq sgdx&ud addm bnmitf‘sdc ax a nq mns+ rn he Z
‘mc Z ‘qd rdo‘q‘sdc ax kj’a(+ vd bntkc bnmitf‘sd Z ax a ats mns Z- Hm nsgdq vnqcr+
bnmitf‘shmf ‘m dmshqd bnlonmdms ne Γ ± kj’a( ax a fhudr ‘m ‘tsnlnqoghrl: sghr hr
b‘kkdc ‘ ’Γ,kdf‘k( o‘qsh‘k bnmitf‘shnm-

Hmudqrhnmr ‘mc fq‘og ‘tsnlnqoghrlr- Hs hr bkd‘q sg‘s ‘ odqlts‘shnm ne sgd fdmdq‘,
snqr vhkk ad ‘m ‘tsnlnqoghrl he ‘mc nmkx he hs dwsdmcr sn ‘m ‘tsnlnqoghrl ne Γ+ rhmbd
Γ dmbncdr sgd bnlltshmf qdk‘shnmr- Ohmbd >ts’>Γ( cndr mns bnms‘hm ‘kk sq‘mrudbshnmr+
vd b‘m&s ‘rrtld sg‘s ‘kk ne sgdrd odqlts‘shnmr ‘qd oqnctbsr ne sq‘mrudbshnmr+ rn vd
hmbktcd fq‘og ‘tsnlnqoghrlr hm sgd fdmdq‘shmf rds- Ohlhk‘qkx+ vd ‘cc ‘kk hmudqrhnmr
Zh → Z±0

h hmrsd‘c ne itrs Z0 → Z±0
0 -

Sgd sxodr ne ‘tsnlnqoghrlr cdrbqhadc hm sgd k‘rs sgqdd o‘q‘fq‘ogr mnv cn fdmdq‘sd
>ts’>Γ(+ ax ‘ sgdnqdl ne K‘tqdmbd ‘mc Odqu‘shtr-

Sganpai 0-2 �Z.8’ 04[( >ts’>Γ( hr fdmdq‘sdc ax fq‘og ‘tsnlnqoghrlr) hmudqrhnmr)
‘mc Γ,kdf‘k svhrsr) enkcr ‘mc o‘qsh‘k bnmitf‘shnmr-

Hm o‘qshbtk‘q sghr rgnvr sg‘s >ts’>Γ( ’‘mc sgdqdenqd Nts’>Γ(( hr “mhsdkx fdmdq‘sdc-
Ansg >ts’>Γ( ‘mc Nts’>Γ( ‘qd ‘krn “mhsdkx oqdrdmsdc- Sghr v‘r oqnudc hm rnld
rodbh‘k b‘rdr hm Z2[+ ‘mc ‘m dwokhbhs “mhsd oqdrdms‘shnm hm ‘kk b‘rdr v‘r fhudm ax L‘ss
B‘x Z00[- B‘x&r oqnne bknrdkx enkknvr Lb�nnk&r oqnne sg‘s >ts’Dm( hr “mhsdkx oqdrdmsdc
trhmf ‘ zMd‘j qdctbshnm– ‘kfnqhsgl ’rdd Z10[(-

2 Kdbstqd 1

Hm sgd k‘rs kdbstqd vd hmsqnctbdc qhfgs,‘mfkdc @qshm fqntor ‘mc sgdhq ‘tsnlnqoghrlr-
Hm sghr kdbstqd vd vhkk rgnv gnv sn hmedq hmenql‘shnm ‘ants fdmdq‘k Nts’>Γ( eqnl
jmnvm e‘bsr ‘ants Nts’Dm( ‘mc FK’mTR(-
Vd ‘kqd‘cx ldmshnmdc sg‘s Nts’>Γ( hr “mhsdkx fdmdq‘sdc ‘mc “mhsdkx oqdrdmsdc enq

‘kk >Γ- Vd bk‘hl sg‘s hs ‘krn g‘r ghfgdq,chldmrhnm‘k gnlnknfhb‘k “mhsdmdrr oqnodq,
shdr9
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· Nts’>Γ( g‘r rtafqntor ne “mhsd hmcdw vghbg ‘qd snqrhnm,eqdd+ h-d-+ Nts’>Γ( hr
uhqst‘kkx snqrhnm,eqdd-

· Hm e‘bs+ Nts’>Γ( g‘r knsr ne snqrhnm,eqdd “mhsd hmcdw rtafqntor9 enq ‘mx fhudm
dkdldms φ ∈ Nts’>Γ( sgdqd hr ‘ snqrhnm,eqdd “mhsd hmcdw rtafqnto vghbg cndr
mns bnms‘hm φ+ h-d-+ Nts’>Γ( hr qdrhct‘kkx “mhsd-

· Sgd gnlnknfx ne ‘mx snqrhnm,eqdd “mhsd hmcdw rtafqnto hr “mhsdkx fdmdq‘sdc-
Hm o‘qshbtk‘q hsr gnlnknfx u‘mhrgdr ‘anud rnld onhms+ h-d-+ Nts’>Γ( g‘r “mhsd
uhqst‘k bngnlnknfhb‘k chldmrhnm-

Vd vhkk hmsqnctbd ntq ldsgnc enq annsrsq‘oohmf hmenql‘shnm ‘ants Nts’Dm( ‘mc
FK’mTR( sn Nts’>Γ( ax fhuhmf ‘ oqnne sg‘s Nts’>Γ( bnms‘hmr ‘ snqrhnm,eqdd rtafqnto
ne “mhsd hmcdw-
Sgd oqnne sg‘s FK’mTR( hr uhqst‘kkx snqrhnm,eqdd hr pthsd d‘rx+ nmd itrs bgdbjr sg‘s

sgd jdqmdk ne sgd m‘stq‘k l‘o FK’mTR(→ FK’mTR.2( g‘r mn snqrhnm: sgd oqnne trdr
nmkx sgd ahmnlh‘k sgdnqdl-
Sgd oqnne sg‘s Nts’Dm( hr uhqst‘kkx snqrhnm,eqdd qdkhdr nm sghr b‘kbtk‘shnm oktr sgd

mnm,sqhuh‘k e‘bs+ ctd sn A‘tlrk‘f ‘mc S‘xknq Z0[+ sg‘s sgd jdqmdk ne sgd m‘stq‘k l‘o
Nts’Dm(→ FK’mTR( hr snqrhnm,eqdd-
Sgd jdqmdk ne sgd l‘o Nts’>Γ(→ FK’mTR( enq fdmdq‘k >Γ hr ‘krn snqrhnm,eqdd: sghr

hr nmd bnmrdptdmbd ne ‘ qdbdms o‘odq ax Snhmds Z18[- Vd vhkk ‘unhc ‘ood‘khmf sn sghr+
gnvdudq+ rhmbd ntq onhms hr sn hkktrsq‘sd sgd fdmdq‘k annsrsq‘oohmf ldsgnc-
Ohmbd vd ‘qd hmsdqdrsdc hm ‘ uhqst‘k mnshnm+ hs rtffibdr sn o‘rr sn ‘ rtafqnto ne

“mhsd hmcdw- Kds >ts.’>Γ( cdmnsd sgd rtafqnto ne >ts’>Γ( fdmdq‘sdc ax hmudqrhnmr+
sq‘mrudbshnmr ‘mc o‘qsh‘k bnmitf‘shnmr ’vd ‘qd kd‘uhmf nts nmkx sgd fq‘og ‘tsnlnq,
oghrlr(+ ‘mc kds Nts.’>Γ( ad sgd hl‘fd ne >ts

.’>Γ( hm Nts’>Γ(-

Dtapbhqa 2-. Ognv sg‘s >ts.’>Γ( ‘mc Nts
.’>Γ( ‘qd mnql‘k rtafqntor ne >ts’>Γ(

‘mc Nts’>Γ( qdrodbshudkx+ ‘mc sgdm sg‘s sgdx g‘ud “mhsd hmcdw-

Sn rgnv sg‘s Nts.’>Γ( g‘r ‘ snqrhnm,eqdd rtafqnto ne “mhsd hmcdw sgd jdx hcd‘ vd
vhkk dwoknhs hr sg‘s sgdqd ‘qd knsr ne rtafqntor hm >Γ vghbg ltrs ad rdms sn bnmitf‘sdr
ne sgdlrdkudr ax ‘mx ‘tsnlnqoghrl- Sn cdrbqhad sgdrd rtafqntor+ vd hmsqnctbd rnld
a‘rhb e‘bsr ‘mc rnld mdv sdqlhmnknfx-

KaiiT 2-0 Kds U ad ‘ rds ne udqshbdr hm Γ ‘mc Θ sgd etkk rtafq‘og ro‘mmdc ax U -
Sgdm sgd rtafqnto fdmdq‘sdc ax U hr hrnlnqoghb sn >Θ,

Otbg ‘ rtafqnto hr b‘kkdc ‘ rodbh‘k rtafqnto- Ax bnmudmshnm+ vd rds >∅ ; 0-
Env qdb‘kk sg‘s ‘ sq‘mrudbshnm Z → Za ’nq Z → aZ( hr ‘m ‘tsnlnqoghrl ne >Γ he

‘mc nmkx he rs’Z( ⊆ kj’a(- Hm sghr b‘rd vd vqhsd Z  a- He Z  a ‘mc a  Z vd r‘x Z ∼ a:
sghr cd“mdr ‘m dpthu‘kdmbd qdk‘shnm nm sgd udqshbdr ne Γ- Sgd mns‘shnm hr itrsh“dc ax
sgd enkknvhmf nardqu‘shnm-

Dtapbhqa 2-2 Sgd rds ne dpthu‘kdmbd bk‘rrdr ne udqshbdr ne Γ hr ‘ o‘qsh‘kkx nqcdqdc rds+
vhsg o‘qsh‘k nqcdq hmctbdc ax -

@ udqsdw hr b‘kkdc l‘whl‘k he hsr dpthu‘kdmbd bk‘rr hr l‘whl‘k hm sghr o‘qsh‘k nqcdq-
Kds ZZ[ cdmnsd sgd etkk rtafq‘og ne Γ ro‘mmdc ax udqshbdr dpthu‘kdms sn Z-
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Opnonqhrhnm 2-3 �Z6[’ Opnonqhrhnm 2-0( Kds Γ ad ‘ bnmmdbsdc fq‘og ‘mc Z ‘ l‘w,
hl‘k udqsdw hm Γ- Sgdm ‘mx φ ∈ Nts.’>Γ( hr qdoqdrdmsdc ax rnld eZ ∈ >ts.’>Γ(
vhsg

eZ’>rs#Z(( ; >rs#Z( ‘mc eZ’>UZ[( ; >UZ[,

Opnnd Sgd oqnne hr ‘bbnlokhrgdc ax bgdbjhmf sg‘s sgd rs‘sdldms hr sqtd enq ‘kk ne
sgd fdmdq‘snqr ne Nts.’>Γ(- 

Opnonqhrhnm 2-4 �Z7[’ 1abrhnm 2( Dnq Γ bnmmdbsdc ‘mc Z l‘whl‘k hm Γ sgdqd ‘qd
gnlnlnqoghrlr

· ZQaqrphbrhnm[ QZ 9 Nts
.’>Γ(→ Nts.’>rsUZ[(

· ZDtbksqhnm[ CZ 9 Nts
.’>Γ(→ Nts.’>Γ±UZ[(

· ZOpnfabrhnm[ MZ 9 Nts
.’>Γ(→ Nts.’>kjUZ[(

1jarbg nd opnnd He eZ hr sgd l‘o qdoqdrdmshmf φ ∈ Nts.’>Γ( cdrbqhadc hm Mqnonrh,
shnm 2-3+ sgdm sgd qdrsqhbshnm l‘o rdmcr φ sn sgd bk‘rr ne sgd qdrsqhbshnm ne eZ sn >rsUZ[-
Sghr hr vdkk,cd“mdc adb‘trd >rsUZ[ hr hsr nvm mnql‘khydq ’rdd+ d-f-+ Z7[+ Mqnonrhshnm
1-1(-
Cwbktrhnm hr hmctbdc ax sgd l‘o >Γ → >Γ±UZ[ rdmchmf u → 0 he u ∈ ZZ[ ‘mc u → u

he u ∈ ZZ[- Sghr hr vdkk,cd“mdc adb‘trd sgd mnql‘k rtafqnto fdmdq‘sdc ax ‘ l‘whl‘k
dpthu‘kdmbd bk‘rr ZZ[ hr bg‘q‘bsdqhrshb+ ax Mqnonrhshnm 2-3-
Mqnidbshnm hr sgd bnlonrhshnm MZ ; CZ ◦ QZ, Sghr hr vdkk,cd“mdc adb‘trd ZZ[ hr

l‘whl‘k hm rsZZ[+ rn CZ hr cd“mdc nm sgd hl‘fd ne QZ- 

Vd b‘m ots ‘kk ne sgd oqnidbshnm gnlnlnqoghrlr snfdsgdq sn fds ‘ rhmfkd gnln,
lnqoghrl M ;


MZ- Sgd enkknvhmf sgdnqdl hr sgd a‘rhb qdrtks vghbg dm‘akdr ntq

annsrsq‘oohmf sdbgmhptd-

Sganpai 2-5 �Z6’ Sganpai 3-.[’ Z7’ 1abrhnm 2[( Kds Γ ad bnmmdbsdc) ‘mc rds

M ;


UZ[lZwhlZk

MZ 9 Nts
.’>Γ(→



UZ[lZwhlZk

Nts.’>kjUZ[(,

Sgdm jdq’M ( hr “mhsdkx fdmdq‘sdc ‘mc eqdd ‘adkh‘m- Sgd q‘mj ne jdq’M ( hr bnlots‘akd
hm sdqlr ne Γ-

Enshbd sg‘s kjZZ[ hr rl‘kkdq sg‘m Γ- Vd vntkc khjd sn trd sghr e‘bs sn cn hmctbshnm-
Sgdqd hr+ gnvdudq ‘ oqnakdl9 ‘kk ne sgd ‘anud qdrtksr g‘ud sgd gxonsgdrhr sg‘s Γ hr
bnmmdbsdc+ ats kjZZ[ mddc mns ad bnmmdbsdc+ dudm he Γ hr- Sgdqd ‘qd svn v‘xr sn fds
‘qntmc sghr- Dhqrs+ rhmbd chrbnmmdbsdc fq‘ogr fhud qhrd sn eqdd oqnctbsr ne Q@@Fr
vd b‘m rnldshldr s‘jd ‘cu‘ms‘fd ne jmnvm qdrtksr ‘ants eqdd oqnctbsr- He sgdrd ‘qd
mns ‘u‘hk‘akd+ vd b‘m rhlokx ‘rrtld sg‘s ‘kk mnm,dlosx khmjr ‘qd dhsgdq bnmmdbsdc nq
chrbqdsd ’qdctbhmf tr ax hmctbshnm sn sgd fdmdq‘k khmd‘q ‘mc eqdd fqnto b‘rdr(-
Vd hkktrsq‘sd sgd “qrs noshnm ax oqnuhmf sg‘s Nts’>Γ( g‘r snqrhnm,eqdd rtafqntor

ne “mhsd hmcdw- Vd s‘jd ‘cu‘ms‘fd ne sgd enkknvhmf sgdnqdl ne Fthq‘qcdk ‘mc Kduhss9

Sganpai 2-6 �Z.4[( Kds F ; F0∗F1 vhsg Fh ‘mc Fh.Y’Fh( snqrhnm,eqdd- He Nts’Fh(
hr uhqst‘kkx snqrhnm,eqdd enq h ; 0T 1 sgdm rn hr Nts’F(-
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Vhsg sghr hm ntq qdodqsnhqd vd b‘m mnv oqnud ntq sgdnqdl-

Sganpai 2-7 �Z6[’ Sganpai 4-0( Nts’>Γ( g‘r snqrhnm,eqdd rtafqntor ne “mhsd hm,
cdw) enq ‘mx Γ-

Opnnd He Γ hr ‘ chrinhms tmhnm Γ ; Γ0 Γ1+ sgdm >Γ ; >Γ� ∗>Γ0 + rn ax Sgdnqdl 2-6
hs rtffibdr sn bnmrhcdq bnmmdbsdc fq‘ogr Γ-
He Γ hr ‘ bnlokdsd fq‘og sgdm >Γ ; R

m ‘mc sgd sgdnqdl hr sqtd+ ‘r mnsdc ‘anud-
He Γ hr mns bnlokdsd+ sgdm kjZZ[ hr mnm,dlosx enq rnld l‘whl‘k udqsdw Z- Dnq ‘mx
udqsdw Z ne Γ sgd l‘whl‘k rhyd ne ‘ bkhptd hm kjZZ[ hr rsqhbskx kdrr sg‘m sgd l‘whl‘k
rhyd ne ‘ bkhptd hm Γ- Sgdqdenqd vd b‘m trd sghr mtladq+ vghbg vd cdmnsd l’Γ(T sn cn
hmctbshnm-
He l’Γ( ; 0 sgdm Γ hr chrbqdsd ‘mc >Γ ; Dm+ hm vghbg b‘rd sgd sgdnqdl hr sqtd ax

sgd sgdnqdl ne A‘tlrk‘f ‘mc S‘xknq-
He l’Γ( ; 1 sgdm kjZZ[ hr chrbqdsd enq ‘kk Z+ rn vd b‘m trd sgd l‘o M cd“mdc hm Sgd,

nqdl 2-5 sn otkk a‘bj ‘ oqnctbs ne snqrhnm,eqdd “mhsd hmcdw rtafqntor ne Nts.’>kjUZ[(
sn nas‘hm ‘ snqrhnm,eqdd “mhsd hmcdw rtafqnto ne Nts’>Γ(-
Env hmctbshnm nm l’Γ( snfdsgdq vhsg Sgdnqdl 2-6 bnlokdsdr sgd oqnne- 

Sgd fqntor >Γ ‘qd qdrhct‘kkx “mhsd: sghr enkknvr eqnl sgd e‘bs sg‘s sgdx ‘qd khmd‘q+
vghbg v‘r oqnudc ax B‘uhr ‘mc I‘mtrjhdvhby Z0/[- Qdrhct‘k “mhsdmdrr enq >ts’>Γ(
sgdm enkknvr eqnl A‘tlrk‘f&r sgdnqdl sg‘s sgd ‘tsnlnqoghrl fqnto ne ‘mx qdrhct‘kkx
“mhsd fqnto hr hsrdke qdrhct‘kkx “mhsd- Qdrhct‘k “mhsdmdrr enq Nts’>Γ( hr lnqd rtaskd+
ats trhmf sgd gnlnlnqoghrlr MTQ ‘mc C ‘anud snfdsgdq vhsg u‘qhntr hmctbshud
rbgdldr vd b‘m ‘krn rdsskd sghr ptdrshnm-

Sganpai 2-8 �Z7[’ Sganpai 3-0( Dnq ‘mx Q??F >Γ) Nts’>Γ( hr qdrhct‘kkx “,
mhsd-

Sghr v‘r ‘krn oqnudc ax Lhm‘rx‘m Z11[- Ansg oqnner qdkx nm sgd qdrtks ne Lhm‘rx‘m
‘mc Nrhm sg‘s he F0 ‘mc F1 ‘qd “mhsdkx fdmdq‘sdc fqntor vhsg Nts’F0( ‘mc Nts’F1(
qdrhct‘kkx “mhsd+ sgdm Nts’F0 ∗F1( hr qdrhct‘kkx “mhsd Z12[-
@mnsgdq qdrtks vghbg b‘m ad oqnudc trhmf sgd l‘or MTQ ‘mc C hr9

Sganpai 2-./ �Z6[’ Sganpai 4-0( Nts’>Γ( g‘r “mhsd uhqst‘k bngnlnknfhb‘k ch,
ldmrhnm-

Gdqd ‘f‘hm vd qdkx nm ‘ qdrtks ne Fthq‘qcdk ‘mc Kduhss ‘ants eqdd oqnctbsr+ m‘ldkx9

Sganpai 2-.. �Z.4[( Kds F ; F0 ∗ F1 vhsg Fh ‘mc Fh.Y’Fh( snqrhnm,eqdd- He
Nts’Fh( g‘r “mhsd uhqst‘k bngnlnknfhb‘k chldmrhnm enq h ; 0T 1 sgdm rn cndr Nts’F(-

He vd cn mns g‘ud ‘ rths‘akd qdrtks hm sgd vhmfr enq eqdd oqnctbsr+ vd mddc sn
gxonsgdrhyd sg‘s Γ hr bnmmdbsdc ‘mc sgd khmj ne dudqx mnm,l‘whl‘k bkhptd hr dhsgdq
bnmmdbsdc nq chrbqdsd: rtbg ‘ fq‘og Γ hr b‘kkdc gnlnfdmdntr- Sghr hr ‘tsnl‘shb‘kkx
sqtd he Γ g‘r mn sqh‘mfkdr ’hm vghbg b‘rd sgd O‘kudssh bnlokdw hr 1,chldmrhnm‘k+ rn vd
r‘x >Γ hr svn,chldmrhnm‘k(- Hs hr ‘krn sqtd+ d-f-+ he Γ hr sgd 0,rjdkdsnm ne ‘ sqh‘mftk‘sdc
l‘mhenkc- @r ‘m dw‘lokd+ vd b‘m oqnud9

https://doi.org/10.1017/CBO9781316227343.005 Published online by Cambridge University Press



TneslBmm- :tsnlnpofgrl epntor nc Q::Fr 002

Sganpai 2-.0 �Z7[’ Sganpai 4-4( He Γ hr gnlnfdmdntr sgdm dudqx rtafqnto ne
Nts’>Γ( hr dhsgdq uhqst‘kkx rnku‘akd nq bnms‘hmr ‘ eqdd fqnto ne q‘mj 1-

Vd b‘m ‘krn antmc sgd l‘whltl cdqhudc kdmfsg ne ‘ rnku‘akd rtafqnto hm sdqlr
ne sgd rg‘od ne Γ ’rdd Z7[+ Odbshnm 5(- Sgd bqtcdrs rtbg drshl‘sd hr sg‘s sghr kdmfsg hr
‘kv‘xr kdrr sg‘m nq dpt‘k sn sgd mtladq ne udqshbdr hm Γ-

3 Kdbstqd 2

Hm sgd k‘rs kdbstqd vd rstchdc Nts’>Γ( uh‘ sgd oqnidbshnm l‘o

M ;


UZ[lZwhlZk

MZ 9 Nts
.’>Γ(→



UZ[lZwhlZk

Nts.’>kjUZ[(

‘mc hsr eqdd ‘adkh‘m jdqmdk-
Vd qdl‘qjdc sg‘s vd b‘m trd sghr sn antmc sgd uhqst‘k bngnlnknfhb‘k chldmrhnm

ne Nts’>Γ(- Gnvdudq+ M hr e‘q eqnl rtqidbshud+ ‘mc jdq’M ( hr e‘q eqnl adhmf l‘whl‘k
q‘mj ‘lnmf ‘adkh‘m rtafqntor+ rn sgd toodq ‘mc knvdq antmcr sghr fhudr ‘qd mns udqx
fnnc-
Hm sghr kdbstqd vd s‘jd ‘ lnqd fdnldsqhb ‘ooqn‘bg sn sgd rstcx ne Nts’>Γ( ax

‘ssdloshmf sn qd‘khyd Nts’>Γ( ‘r rxlldsqhdr ne ‘m zntsdq ro‘bd-– @r adenqd sgd
bk‘rrhb‘k sgdnqx ne FK’mTR( ‘mc Nts’Dm( oqnuhcd fthc‘mbd-
FK’mTR( ‘bsr nm sgd rxlldsqhb ro‘bd ON’m(ZOK’mTQ(T ‘mc Nts’Dm( ‘bsr nm Ntsdq

ro‘bd- Rrdetk ed‘stqdr ne sgdrd ‘bshnmr hmbktcd9

· sgd ro‘bdr ‘qd bnmsq‘bshakd
· sgd ‘bshnmr ‘qd oqnodq

Sgdrd svn oqnodqshdr hlokx sg‘s ‘kfdaq‘hb hmu‘qh‘msr ne sgd fqntor b‘m ad bnlotsdc ax
bnlotshmf snonknfhb‘k hmu‘qh‘msr ne sgd ptnshdms ro‘bdr: hm o‘qshbtk‘q sgd bngnlnknfx
G∗’Γ( ∼; G∗’W.Γ(- Dtqsgdq oqnodqshdr ne sgd bk‘rrhb‘k ‘bshnmr hmbktcd

· sgd ro‘bdr ‘qd “mhsd,chldmrhnm‘k
eqnl vghbg vd b‘m hlldch‘sdkx bnmbktcd sg‘s sgd uhqst‘k bngnlnknfhb‘k chldmrhnm
ne sgd fqntor ‘qd “mhsd+ ‘mc

· sgdqd hr ‘ bnbnlo‘bs dpthu‘qh‘ms cdenql‘shnm qdsq‘bs
vghbg hlokhdr sg‘s sgd fqnto bngnlnknfx hr “mhsdkx fdmdq‘sdc hm ‘kk chldmrhnmr- Dtq,
sgdqlnqd+ sgd ptnshdms ne sgd qdsq‘bs ax sgd ‘bshnm b‘m ad cdrbqhadc bnlahm‘snqh‘kkx+
l‘jhmf hs onrrhakd sn cn dwokhbhs bngnlnknfx b‘kbtk‘shnmr+ ‘s kd‘rs hm rl‘kk chldmrhnmr-
Lnqd rnoghrshb‘sdc ed‘stqdr hmbktcd

· sgd ro‘bdr g‘ud anqch“b‘shnmr+ h-d-+ sgdx b‘m ad dmk‘qfdc sn ro‘bdr vhsg oqnodq
bnbnlo‘bs ‘bshnmr+ vgnrd bngnlnknfx ‘s hm“mhsx hr bnmbdmsq‘sdc hm nmd chldm,
rhnm-

Ax vnqj ne Ahdqh ‘mc Cbjl‘mm sghr hlokhdr sg‘s sgd fqntor ‘qd uhqst‘k ct‘khsx fqntor+
h-d-+ sgdqd hr ‘ ct‘khyhmf lnctkd B ‘mc hrnlnqoghrlr

G∗’F:>( ∼; Gc±∗’FTB ⊗ >(
adsvddm bngnlnknfx vhsg ‘mx bndffibhdmsr > ‘mc gnlnknfx vhsg bndffibhdmsr hm B⊗>-
Ntsdq ro‘bd enq ‘ fdmdq‘k Q@@F vhkk ad ‘ gxaqhc rodbhdr+ bnlahmhmf ed‘stqdr ne

ansg rxlldsqhb ro‘bdr ‘mc Ntsdq ro‘bd- On kds tr mnv qduhdv sgdrd ro‘bdr-
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3-. 1wiiarphb qoTba

Sgd rxlldsqhb ro‘bd Bm ; ON’m(ZOK’mTQ( g‘r rdudq‘k trdetk ‘ksdqm‘sd cdrbqhoshnmr-
@ bnrds ON’m(> fhudr ‘ vdkk,cd“mdc onrhshud cd“mhsd rxlldsqhb l‘sqhw P ; >s>+
hcdmshexhmf Bm vhsg

· sgd ro‘bd ne onrhshud cd“mhsd pt‘cq‘shb enqlr P nm Q
m+ lnctkn gnlnsgdsx-

He vd “w sgd rs‘mc‘qc k‘sshbd R
m ⊂ Q

m+ sgdm ‘mx khmd‘q l‘o > 9 Rm → Q
m cd“mdr ‘

l‘qjdc k‘sshbd+ lnctkn gnlnsgdsx- He vd ‘krn lnc nts ax qns‘shnmr+ sgdm Bm b‘m ‘krn
ad cdrbqhadc ‘r

· sgd ro‘bd ne l‘qjdc k‘sshbdr > 9 Rm → Q
m lnctkn gnlnsgdsx ‘mc qns‘shnm-

Dhm‘kkx+ sgd l‘o > 9 Qm → Q
m hmctbdr ‘ l‘o >̃ 9 Qm.Rm → Q

m.>’Rm(, Vd sghmj ne
Q
m.Rm ‘r ‘ rs‘mc‘qc snqtr S m+ X ; Q

m.>’Rm( ‘r ‘ snqtr vhsg ‘ fi‘s ldsqhb+ ‘mc >̃
‘r ‘m hrnsnox bk‘rr ne gnldnlnqoghrlr: sgdm Bm hr hcdmsh“dc vhsg

· sgd ro‘bd ne l‘qjdc fi‘s snqh >̃ 9 S m → X + lnctkn gnlnsgdsx-

Hm d‘bg b‘rd+ sgd fqnto FK’mTR( ‘bsr nm sgd qhfgs- He f ∈ FK’mTR(+ sgdm
· ON’m(> § f ; ON’m(>f
· P § f ; fsPf
· ’> 9 Rm → Q

m( § f ; >f 9 Rm → Q
m

· ’>̃ 9 S m → X ( § f ; >f 9 S m → X -

C‘bg ne sgdrd cdrbqhoshnmr ne sgd rxlldsqhb ro‘bd g‘r hsr ‘cu‘ms‘fdr- Dnq dw‘lokd+
sgd cdrbqhoshnm ‘r sgd ro‘bd ne onrhshud cd“mhsd pt‘cq‘shb enqlr l‘jdr hs d‘rx sn rdd
sg‘s Bm hr bnmsq‘bshakd+ rhmbd sgd rds ne onrhshud cd“mhsd pt‘cq‘shb enqlr hr ‘ bnmudw
bnmd hm sgd ro‘bd ne m×m l‘sqhbdr- Sgd cdrbqhoshnm sg‘s vhkk ad lnrs qdkdu‘ms enq tr
hr sgd k‘rs+ ‘r ‘ ro‘bd ne l‘qjdc fi‘s snqh- Ensd sg‘s sgd ‘bshnm ne FK’mTR( bg‘mfdr
sgd l‘qjhmf+ ats cndr mns bg‘mfd sgd fi‘s ldsqhb-

3-0 Nsrap qoTba

Ntsdq ro‘bd ‘krn g‘r rdudq‘k trdetk cdrbqhoshnmr- Vd b‘m lhlhb sgd cdrbqhoshnm ne sgd
rxlldsqhb ro‘bd ‘r sgd ro‘bd ne l‘qjdc fi‘s snqh ax cd“mhmf Ntsdq ro‘bd ‘r ‘ ro‘bd
ne l‘qjdc ldsqhb fq‘ogr- Sn cn sghr+ vd “w ‘ qnrd Qm+ h-d-+ ‘ fq‘og vhsg nmd udqsdw
‘mc m chqdbsdc dcfdr+ ‘r ‘ zlncdk ro‘bd– sn ok‘x sgd qnkd ne sgd snqtr S m- @ ldsqhb
nm ‘ fq‘og W hr rhlokx ‘m ‘rrhfmldms ne onrhshud qd‘k kdmfsgr sn hsr dcfdr+ l‘jhmf
W hmsn ‘ ldsqhb ro‘bd vhsg sgd o‘sg ldsqhb- @ l‘qjhmf hr ‘ gnlnsnox dpthu‘kdmbd
g 9 Qm → W- Dnq sdbgmhb‘k qd‘rnmr vd cnm&s ‘kknv ntq fq‘ogr sn g‘ud tmhu‘kdms nq
ahu‘kdms udqshbdr+ ‘mc sgdx ltrs ad “mhsd- L‘qjdc fq‘ogr ’WTg( ‘mc ’W T g( ‘qd
dpthu‘kdms he sgdqd hr ‘m hrnldsqx nq ‘ gnlnsgdsx e 9 W → W  vhsg e ◦ g gnlnsnohb
sn g-

Cazmhrhnm 3-. Ntsdq ro‘bd �Um hr sgd ro‘bd ne dpthu‘kdmbd bk‘rrdr ne l‘qjdc ldsqhb
fq‘ogr vhsg etmc‘ldms‘k fqnto Dm-

Nts’Dm( ‘bsr nm �Um nm sgd qhfgs ax bg‘mfhmf sgd l‘qjhmf+ h-d-+ enq φ ∈ Nts’Dm(
s‘jd ‘ l‘o e 9 Qm → Qm sg‘s hmctbdr φ nm π0’Qm( ≡ Dm ‘mc rds ’WTg( §φ ; ’WTg◦e(-
Sgdqd hr ‘m nauhntr dpthu‘qh‘ms cdenql‘shnm qdsq‘bshnm ne �Um nmsn sgd rtaro‘bd

bnmrhrshmf ne l‘qjdc ldsqhb fq‘ogr vhsg mn rdo‘q‘shmf dcfdr ’rhlokx rgqhmj d‘bg
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
0 /
0 0



Dhftqd 2- @bshnm ne >10 nm Λ

rdo‘q‘shmf dcfd sn ‘ onhms(- Sghr rtaro‘bd+ b‘kkdc qdctbdc Ntsdq ro‘bd hr rnldshldr
lnqd bnmudmhdms sn vnqj vhsg-
Fhudm ‘ l‘qjdc ldsqhb fq‘og W+ sgd l‘qjhmf rdqudr sn hcdmshex Dm vhsg sgd etmc‘,

ldms‘k fqnto ne W- Ax knnjhmf ‘s sgd tmhudqr‘k bnudq W vd sgtr nas‘hm ‘ rhlokhbh‘k
sqdd vhsg ‘ eqdd ‘bshnm ne Dm- Sgd e‘bs sg‘s vd cnm&s ‘kknv W sn ad hm“mhsd nq g‘ud
tmhu‘kdms nq ahu‘kdms udqshbdr sq‘mrk‘sdr hmsn sgd bnmchshnm sg‘s sgd ‘bshnm hr lhmhl‘k+
h-d-+ sgdqd ‘qd mn Dm,hmu‘qh‘ms rtasqddr- Sgdqdenqd ‘m ‘ksdqm‘sd cdrbqhoshnm ne �Um hr
‘r sgd ro‘bd ne eqdd lhmhl‘k ‘bshnmr ne Dm nm ldsqhb rhlokhbh‘k sqddr- Sghr hr ‘m‘kn,
fntr sn sgd cdrbqhoshnm ne sgd rxlldsqhb ro‘bd ‘r ‘ ro‘bd ne k‘sshbdr hmrsd‘c ne ‘r ‘
ro‘bd ne fi‘s snqh- ’Sgdqd hr ‘ sghqc cd“mhshnm ne �Um hm sdqlr ne hrnsnox bk‘rrdr ne
rogdqdr hm ‘ cntakdc g‘mckdancx vghbg hr dwsqdldkx trdetk+ ats vhkk mns ad qdkdu‘ms
enq sgdrd kdbstqdr-(

3-2 KTrrhbaq’ rnph Tmc epTogq hm pTmj 0

Sn lnshu‘sd ntq cd“mhshnm ne Ntsdq ro‘bd enq ‘ fdmdq‘k Q@@F+ vd “qrs bnlo‘qd sgd
rxlldsqhb ro‘bd ‘mc Ntsdq ro‘bd hm q‘mj 1- Hm q‘mj 1 sgd m‘stq‘k l‘o Nts’D1( →
FK’1TR( hmctbdc ax ‘adkh‘mhy‘shnm D1 → R

1 hr ‘m hrnlnqoghrl ‘mc ansg ’qdctbdc(
Ntsdq ro‘bd ‘mc sgd rxlldsqhb ro‘bd b‘m ad hcdmsh“dc vhsg sgd gxodqankhb ok‘md-
Sgd ro‘bdr chudqfd cq‘l‘shb‘kkx hm ghfgdq q‘mjr+ ats sgd q‘mj 1 ohbstqd fhudr tr rnld
hmrhfgs hmsn sgd fdmdq‘k rhst‘shnm adb‘trd vd b‘m knnj ‘s sgd r‘ld ro‘bd eqnl svn
chßdqdms onhmsr ne uhdv-
FK’mTR( hr fdmdq‘sdc ax dkdldms‘qx l‘sqhbdr+ rn bnmrhcdq sgd ‘bshnm ne >10 ;
0 /
0 0


nm sgd rs‘mc‘qc k‘sshbd Λ ; R

1 ⊂ Q
1T l‘qjdc ax sgd hcdmshsx- Sghr rdmcr

d0 → d0 ‘mc d1 → d0 * d1 ’qdldladq vd ‘qd ‘bshmf nm sgd qhfgs(- Sghr ‘bshnm hr
hkktrsq‘sdc hm Dhftqd 2-
Ensd sg‘s sgd ‘bshnm ne >10 cndr mns bg‘mfd sgd k‘sshbd+ hs itrs bg‘mfdr sgd l‘qjhmf-

Sgtr sgd nqahs ne FK’mTR( hr ‘ chrbqdsd rtards ne sgd ro‘bd ne ‘kk l‘qjdc k‘sshbdr-
Sn fds ‘ o‘sg eqnl Λ sn Λ § >10 vd ltrs fq‘ct‘kkx rgd‘q sgd l‘qjdc k‘sshbd+ ‘r hm
Dhftqd 3- Hm sgd “ftqd vd g‘ud cq‘vm sgd nqhfhm‘k etmc‘ldms‘k cnl‘hm enq qdedqdmbd-
Sgd o‘sg hm sgd ro‘bd ne l‘qjdc fi‘s snqh hr nas‘hmdc ax hcdmshexhmf noonrhsd rhcdr

ne sgd etmc‘ldms‘k cnl‘hm enq sgd k‘sshbdr+ ‘r hm Dhftqd 4- Hm sghr “ftqd+ snn+ vd g‘ud
l‘qjdc sgd nqhfhm‘k etmc‘ldms‘k cnl‘hm enq qdedqdmbd-
Sghr fhudr tr ‘ bktd enq vg‘s sghr o‘sg knnjr khjd he vd sghmj ne hs ‘r ‘ o‘sg hm �U19

he vd otmbstqd sgd snqtr hsr etmc‘ldms‘k fqnto hr D1 hmrsd‘c ne R
1+ ‘mc hs cdenql‘shnm
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Dhftqd 3- @ o‘sg eqnl Λ sn Λ §>10-

Dhftqd 4- Sgd r‘ld o‘sg+ ‘r ‘ o‘sg ne snqh

qdsq‘bsr nmsn sgd c‘qj fq‘og- Sgd o‘sg hm �U1 hr sgdm fhudm ax sgd fq‘ogr hm Dhftqd 5-
Ensd sg‘s sgd sns‘k kdmfsg ne sgd fq‘og hr bnmrs‘ms ’dpt‘k sn 1( hm sghr ohbstqd- Rmcdq
sgd cdenql‘shnm qdsq‘bshnm ne sgd otmbstqdc snqtr nmsn sgd fq‘og+ sgd ‘bshnm ne >10

nm R
1 adbnldr sgd ‘bshnm ne ρ10 9 w1 → w1w0 nm D1- Vd hmchb‘sd sgd knno qdoqdrdmshmf

w1 ax sgd sghbjdq btqud hm sgd ohbstqd-

3-3 = qhioka atTioka

Vd g‘ud cdrbqhadc �Um ‘r ‘ ro‘bd ne l‘qjdc ldsqhb fq‘ogr Qm → W ‘mc sgd rxl,
ldsqhb ro‘bd enq Rm ‘r ‘ ro‘bd ne l‘qjdc fi‘s snqh S m → W- Hm d‘bg b‘rd vd mddcdc
‘ lncdk ro‘bd ‘mc ‘ gnlnsnox dpthu‘kdmbd sn ‘ ldsqhb ro‘bd- Dnq ‘ fdmdq‘k Q>>F
>Γ vd g‘ud ‘ lncdk ro‘bd+ m‘ldkx sgd O‘kudssh bnlokdw OΓ+ rn vd vntkc khjd sn g‘ud
‘m ntsdq ro‘bd ne l‘qjdc ldsqhb ro‘bdr OΓ → W- Vd mnv mddc sn cdbhcd9

· Vg‘s gnldnlnqoghrl sxodr W rgntkc vd ‘kknv=

· Vg‘s ldsqhb rsqtbstqdr rgntkc vd ‘kknv nm sgdrd ro‘bdr W=
Vd adfhm ax knnjhmf ‘s ‘ udqx rhlokd Q@@F+ h-d-+

 ZT aT b { ZZT b[ ; ZaT b[ ; 0 ,

Dhftqd 5- Sgd r‘ld o‘sg+ ‘r ‘ o‘sg hm Ntsdq ro‘bd �U1
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a

b

Z

Γ

Z ab

Dhftqd 6- @ rhlokd fq‘og Γ ‘mc hsr O‘kudssh bnlokdw OΓ

Dhftqd 7- Qd‘khyhmf sgd svhrs τZb nm OΓ

Sghr hr sgd Q@@F ‘rrnbh‘sdc sn sgd fq‘og Γ vhsg sgqdd udqshbdr ZT a ‘mc b ‘mc svn
dcfdr+ nmd eqnl Z sn b ‘mc nmd eqnl b sn a- Sgd O‘kudssh bnlokdw OΓ hr sgd tmhnm ne
svn snqh+ fktdc ‘knmf ‘ bnllnm ldqhch‘m btqud k‘adkdc b ’rdd Dhftqd 6(-
Fdmdq‘snqr enq Nts’>Γ( bnmrhrs ne sgd fq‘og ‘tsnlnqoghrl hmsdqbg‘mfhmf Z ‘mc a+

hmudqrhnm hm Z+ hmudqrhnm hm b+ sgd svhrs τZb 9 Z → Zb ; bZ+ ‘mc sgd enkcr ρZa 9 Z → Za
‘mc µZa 9 Z → aZ-
Sgd fqnto >Γ hr sgd oqnctbs ne sgd bxbkhb fqnto fdmdq‘sdc ax b vhsg sgd eqdd fqnto

fdmdq‘sdc ax Z ‘mc a+ ‘mc sgd O‘kudssh bnlokdw OΓ hr sgd oqnctbs ne sgd knno k‘adkdc
b ax sgd qnrd enqldc ax sgd svn knmfhstchm‘k btqudr- Sn qd‘khyd sgd svhrs τZb nm OΓ+
vd b‘m odqenql ‘ Bdgm svhrs ne sgd kdes,g‘mc snqtr ‘qntmc ‘ btqud o‘q‘kkdk sn b ats
chrinhms eqnl b ’rdd Dhftqd 7(-
Sn qd‘khyd sgd sq‘mrudbshnm ρZa vd enkc sgd kdes,g‘mc snqtr ‘qntmc sgd qhfgs,g‘mc

snqtr ’rdd Dhftqd 8(- Sghr hr b‘m ‘krn ad cdrbqhadc ‘r “qrs dwo‘mchmf sgd hmsdqrdbshnm
bhqbkd hmsn ‘ bxkhmcdq+ sgdm bnkk‘orhmf ‘ chßdqdms bxkhmcdq ’sgd anssnl rg‘cdc bxkhmcdq
hm sgd “ftqd(-
Sgtr sn l‘jd ‘ o‘sg eqnl OΓ sn OΓ § τZb vd mddc sn fq‘ct‘kkx rgd‘q sgd ldsqhb nm

sgd kdes,g‘mc snqtr+ ‘mc sn l‘jd ‘ o‘sg eqnl OΓ sn OΓ § ρZa vd mddc sn o‘rr sgqntfg
ro‘bdr W vghbg ‘qd mns gnldnlnqoghb sn OΓ- Hm ntq ntsdq ro‘bd enq >Γ vd mddc
sn ad ‘akd sn u‘qx ansg sgd gnldnlnqoghrl sxod ne ro‘bdr ‘mc sgd ldsqhbr nm sgd
ro‘bdr- Ats vd v‘ms sn qdrsqhbs ansg ‘r ltbg ‘r onrrhakd rn sg‘s vd b‘m bnmsqnk sgd
snonknfx ‘mc fdnldsqx ne sgd ro‘bd-
Ensd sg‘s ansg OΓ ‘mc sgd hmsdqldch‘sd bnlokdwdr W ‘qd bnlahm‘snqh‘kkx btad

bnlokdwdr- Vhsg rs‘mc‘qc Ctbkhcd‘m ldsqhbr nm sgd btadr sgdx ‘qd mnm,onrhshudkx
btqudc btad bnlokdwdr ’h-d-+ sgdhq tmhudqr‘k bnudqr ‘qd �@S’/((+ hm e‘bs sgdx ‘qd
rodbh‘k btad bnlokdwdr+ hm sgd rdmrd ne G‘fktmc ‘mc Vhrd Z05[- Gnvdudq+ vd v‘ms
sn u‘qx sgd ’oqnidbshud bk‘rrdr ne( sgd ldsqhbr sn ‘kknv rgd‘qhmf ne sgd snqh- Sghr
b‘m ad ‘bbnlokhrgdc hm sgd hmsdqldch‘sd ro‘bdr W ax fhuhmf ‘kk sgqdd bxkhmcdqr fi‘s
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Dhftqd 8- Qd‘khyhmf sgd enkc ρZa nm OΓ

qhfgs,‘mfkdc ldsqhbr vhsg sgd r‘ld bhqbtledqdmbd+ sgdm rodbhexhmf sgd ‘ss‘bghmf l‘or
sn sgd svn bhqbkdr ax rgd‘q o‘q‘ldsdqr-
Sgdqd ‘qd ‘ oqhnqh svn rgd‘q o‘q‘ldsdqr enq d‘bg bxkhmcdq+ ats rgd‘qhmf ansg dmcr ne

‘ bxkhmcdq ax sgd r‘ld ‘lntms cndr mns bg‘mfd sgd ldsqhb nm W+ rn sgdqd ‘qd ‘bst‘kkx
nmkx sgqdd sns‘k o‘q‘ldsdqr- Sgdrd ‘qd mns hmcdodmcdms dhsgdq+ rhmbd rgd‘qhmf ‘kk sgqdd
ax sgd r‘ld ‘lntms rhlokx svhrsr sgd bhqbkd vhsgnts ‘ßdbshmf sgd ldsqhb: sgtr hm sgd
dmc vd g‘ud nmkx 1 hmcdodmcdms rgd‘q o‘q‘ldsdqr-
Ogd‘qhmf sgd sno nq anssnl bxkhmcdq ax ‘m dmshqd qns‘shnm bg‘mfdr sgd l‘qjhmf ax

‘ svhrs+ ‘mc rgd‘qhmf hm sgd noonrhsd chqdbshnm bg‘mfdr sgd l‘qjhmf ax hsr hmudqrd-
Cwo‘mchmf ‘mc bnkk‘orhmf bxkhmcdqr vhsgnts rgd‘qhmf u‘qhdr sgd ro‘bd hmcdodmcdmskx
ne sgd b chqdbshnm+ rn l‘x ad sgntfgs ne ‘r lnuhmf ‘qntmc sgd ro‘bd ne ldsqhb fq‘ogr
l‘qjdc ax sgd eqdd rtafqnto fdmdq‘sdc ax Z ‘mc a+ h-d-+ ‘qntmc qdctbdc Ntsdq ro‘bd
hm q‘mj 1- Ohmbd qdctbdc Ntsdq ro‘bd hm q‘mj 1 hr gnldnlnqoghb sn Q

1+ sgd dmshqd
lnctkh ro‘bd ne l‘qjdc ldsqhb aknvtor hr gnldnlnqoghb sn sgd oqnctbs Q1×Q×Q-

4 Kdbstqd 3

Hm sghr kdbstqd vd rgnv gnv sn bnmrsqtbs ‘m Ntsdq ro‘bd enq ‘mx Q@@F >Γ: sghr vhkk
ad ‘ ro‘bd ne l‘qjdc ldsqhb btad bnlokdwdr- Vd sgdm ntskhmd udqx aqhdfix gnv sn
oqnud sgd ro‘bd vd g‘ud bnmrsqtbsdc hr bnmsq‘bshakd ‘mc sg‘s sgd ‘bshnm hr oqnodq-
Vd qdb‘kk sgd dw‘lokd vd rstchdc hm sgd k‘rs kdbstqd+ vgdqd Γ g‘r sgqdd udqshbdr

‘mc svn dcfdr- Sn fds ‘ o‘sg eqnl sgd rs‘mc‘qc O‘kudssh hc 9 OΓ → OΓ sn hsr hl‘fd
tmcdq sgd svhrs τZb 9 Z → Zb ; bZ vd mddcdc sn rgd‘q sgd ldsqhb nm sgd kdes,g‘mc
snqtr+ vghkd sn fds ‘ o‘sg sn hsr hl‘fd tmcdq sgd enkc ρZa 9 Z → Za vd mddcdc sn
dwo‘mc ‘ bhqbkd ne sgd O‘kudssh hmsn ‘ bxkhmcdq+ sgdm bnkk‘ord ‘ chßdqdms bxkhmcdq- Sgd
“qrs nodq‘shnm hmunkudr bg‘mfhmf sgd ldsqhbr nm sgd ro‘bdr vhsgnts bg‘mfhmf sgdhq
gnldnlnqoghrl sxod+ vghkd sgd rdbnmc nodq‘shnm b‘m ad cdrbqhadc bnlahm‘snqh‘kkx
hm sdqlr ne zaknvhmf to– ‘mc bnkk‘orhmf rtabnlokdwdr-
Vd adfhm ntq bnmrsqtbshnm ax cdsdqlhmhmf vghbg btad bnlokdwdr vd mddc+ sdl,
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onq‘qhkx hfmnqhmf sgdhq ldsqhb rsqtbstqd- Dnq >Γ ; Dm+ sghr ‘lntmsr sn cdrbqhahmf
sgd ’udqshbdr ne sgd( rohmd Jm hmrsd‘c ne sgd etkk ro‘bd �Um+ rn vd aqhdfix qdb‘kk sg‘s
bnmrsqtbshnm-
Ntsdq ro‘bd �Um enq ‘ eqdd fqnto hr sgd tmhnm ne nodm rhlokhbdr+ nmd enq d‘bg

dpthu‘kdmbd bk‘rr ne l‘qjdc ’bnlahm‘snqh‘k( fq‘ogr ’WTg(T vgdqd W hr ‘ “mhsd fq‘og
vhsg mn ahu‘kdms udqshbdr nq rdo‘q‘shmf dcfdr ’‘mc gdmbd mn tmhu‘kdms udqshbdr+ dhsgdq(-
Sgd nodm rhlokdw ‘rrnbh‘sdc sn ’WTg( hr nas‘hmdc ax ‘rrhfmhmf ‘kk onrrhakd onrhshud
qd‘k kdmfsgr sn sgd dcfdr ne W+ sgdm dhsgdq oqnidbshuhrhmf nq ’dpthu‘kdmskx( mnql‘khyhmf
rn sg‘s sgd rtl ne sgd kdmfsgr hr nmd- He vd s‘jd rl‘kk mdhfganqgnncr ne sgdrd rhlokhbdr
vd nas‘hm ‘m nodm bnudq ne �Um ax bnmsq‘bshakd rdsr+ rtbg sg‘s sgd hmsdqrdbshnm ne ‘mx
svn dkdldmsr hr dhsgdq dlosx nq hr hm sgd bnudq- Sgd mdqud ne sghr bnudq hr jmnvm ‘r
sgd rohmd ne Ntsdq ro‘bd+ ‘mc hr ‘m dpthu‘qh‘ms cdenql‘shnm qdsq‘bs ne ‘kk ne �Um- Sgd
rohmd b‘m ad cdrbqhadc bnlahm‘snqh‘kkx ‘r sgd fdnldsqhb qd‘khy‘shnm ne sgd o‘qsh‘kkx
nqcdqdc rds ne l‘qjdc fq‘ogr+ vgdqd sgd onrds qdk‘shnm hr fhudm ax enqdrs bnkk‘ord9
’WTg( < ’W T g( he sgdqd hr ‘ enqdrs Φ ⊂ W rtbg sg‘s W  hr nas‘hmdc eqnl W ax
bnkk‘orhmf d‘bg dcfd ne Φ sn ‘ onhms+ ‘mc g hr ’gnlnsnohb sn( sgd bnlonrhshnm ne g
vhsg sghr bnkk‘ord- Sgd etkk ro‘bd �Um b‘m ad qdbnudqdc eqnl sgd rohmd ax otsshmf
sgd ldsqhb hmenql‘shnm a‘bj hmsn sgd fq‘ogr-
Lnshu‘sdc ax sghr+ vd vhkk mnv bnmrsqtbs ‘ rhlhk‘q rohmd enq ‘mx >Γ-

4-. Sga qohma nd nsrap qoTba dnp ,t

Dnq fdmdq‘k >Γ vd mddc ‘m‘knfr ne fq‘ogr+ enqdrsr ‘mc enqdrs bnkk‘ordr- Sgd ‘m‘knf ne
‘ fq‘og vhkk ad ‘ o‘qshbtk‘q sxod ne mnm,onrhshudkx btqudc btad bnlokdw ‘c‘osdc sn
Γ+ vghbg vd b‘kk ‘ Γ,bnlokdw- Vd “qrs qdb‘kk rnld rs‘mc‘qc a‘bjfqntmc ‘ants btad
bnlokdwdr-

4-.-. MOB bs]a bniokataq Tmc gwoapokTmaq

@ btad bnlokdw hr ‘ �V bnlokdw W hm vghbg dudqx bdkk hr gnldnlnqoghb sn ‘ Ct,
bkhcd‘m btad ’ne rnld chldmrhnm( ‘mc sgd ‘ss‘bghmf l‘or hcdmshex e‘bdr vhsg knvdq,
chldmrhnm‘k bdkkr ax gnldnlnqoghrlr-
He u hr ‘ udqsdw ne ‘ btad bnlokdw W sgdqd hr ‘m ‘rrnbh‘sdc rhlokhbh‘k bnlokdw b‘kkdc

sgd khmj ne u ‘mc cdmnsdc kj’u(- Sghr g‘r nmd udqsdw enq d‘bg g‘ke,dcfd sdqlhm‘shmf
‘s u+ ‘mc ‘ rds ne g‘ke,dcfdr ro‘mr ‘ j,rhlokdw he sgdx adknmf sn chrshmbs dcfdr ne
sgd r‘ld btad- Fqnlnu f‘ud ‘ rhlokd bnmchshnm nm khmjr vghbg ft‘q‘msddr sg‘s W
b‘m ad fhudm ‘ ldsqhb ne mnm,onrhshud btqu‘stqd- Sghr r‘xr sg‘s he sgd 0,rjdkdsnm ne ‘
rhlokdw ‘ood‘qr hm kj’u(+ sgdm sgd dmshqd rhlokdw ltrs ad hm kj’u(- Sghr hr b‘kkdc sgd
fi‘f bnmchshnm nm khmjr+ ‘mc ‘ btad bnlokdw W vgnrd khmjr r‘shrex sgd fi‘f bnmchshnm
hr r‘hc sn ad EM�-
�tadr hm ‘ btad bnlokdw ‘qd bts ax gxodqok‘mdr- @ gxodqok‘md hr ct‘k sn ‘m

dpthu‘kdmbd bk‘rr ne dcfdr+ vgdqd sgd dpthu‘kdmbd qdk‘shnm hr fdmdq‘sdc ax r‘xhmf svn
dcfdr ‘qd dpthu‘kdms he sgdx ‘qd o‘q‘kkdk hm rnld btad- He G hr sgd gxodqok‘md ct‘k sn
Zd[+ sgdm sgd hmsdqrdbshnm ne G vhsg ‘ btad � hr ro‘mmdc ax lhconhmsr ne dcfdr ne �
vghbg ‘qd hm Zd[: sgtr G ∩ � hr dhsgdq dlosx nq hr ‘ bnchldmrhnm nmd khmd‘q rtaro‘bd
btsshmf � hm g‘ke-
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DtTioka 4-. Sgd ro‘bd W eqnl sgd k‘rs kdbstqd hr ‘m EM� btad bnlokdw- Sgdqd
‘qd entq gxodqok‘mdr- Sgqdd ne sgdl ‘qd bhqbkdr lhcv‘x to sgd sgqdd bxkhmcdqr+ ‘mc
sgd nsgdq hr ‘ sgds‘ fq‘og+ vhsg nmd dcfd qtmmhmf sgd kdmfsg ne d‘bg bxkhmcdq-

DtTioka 4-0 OΓ hr ‘m EM� btad bnlokdw vhsg nmd j,btad enq d‘bg j,bkhptd hm Γ-
Sgdqd hr nmd gxodqok‘md enq d‘bg fdmdq‘snq Z ne >Γ ’h-d-+ d‘bg udqsdw ne Γ(+ ‘mc sgd
‘rrnbh‘sdc gxodqok‘md hr hrnlnqoghb sn sgd O‘kudssh bnlokdw OkjUZ[-

Sgd b‘qqhdq ne ‘ gxodqok‘mdG hr sgd bknrtqd ne sgd tmhnm ne ‘kk btadr vghbg hmsdqrdbs
G - He sgd b‘qqhdq ne G hr ‘m dladccdc bnox ne G × Z/T 0[+ sgdm bnkk‘orhmf d‘bg btad
hm sgd b‘qqhdq sn hsr hmsdqrdbshnm vhsg G hr b‘kkdc ‘ gxodqok‘md bnkk‘ord+ sgntfg l‘xad
hs rgntkc ad b‘kkdc ‘ b‘qqhdq bnkk‘ord- @ gxodqok‘md bnkk‘ord hr sqhuh‘k he sgd qdrtkshmf
bnlokdw hr rshkk gnldnlnqoghb sn W-
@ rds ne gxodqok‘mdr \G0T , , , T Gj| hm W hr b‘kkdc ‘ gxodqok‘md enqdrs he ‘mx bxbkd

enqldc ax dcfdr ct‘k sn sgd Gh hr mtkk,gnlnsnohb- Hm sghr b‘rd d‘bg Gh cdsdqlhmdr ‘
gxodqok‘md bnkk‘ord hm vghbg sgd hl‘fdr ne sgd qdl‘hmhmf Gi enql ‘ mdv gxodqok‘md
enqdrs-

4-.-0 LTpjac Γ)bniokataq

Cazmhrhnm 4-2 @ bnlo‘bs EM� btad bnlokdw W hr b‘kkdc ‘ Γ,bnlokdw he sgdqd hr ‘
gxodqok‘md enqdrs \G0T , , , T Gj| hm W rtbg sg‘s odqenqlhmf sgd ‘rrnbh‘sdc gxodqok‘md
bnkk‘ordr ’hm ‘mx nqcdq( fhudr ‘ btad bnlokdw hrnlnqoghb sn OΓ ‘mc

0- Sgd gxodqok‘md bnkk‘ord ‘rrnbh‘sdc sn Gh hr mnm,sqhuh‘k enq d‘bg h-

1- @esdq d‘bg bnkk‘ord+ sgd hl‘fd ne ‘mx gxodqok‘md hm W hr dhsgdq ‘ gxodqok‘md nq
‘ rtabnlokdw o‘q‘kkdk sn ‘ gxodqok‘md-

@ l‘qjhmf ne ‘ Γ,bnlokdw W hr ‘ gnlnsnox dpthu‘kdmbd g 9 OΓ → W- Svn l‘qjdc
Γ,bnlokdwdr ’WTg( ‘mc ’W T g( ‘qd dpthu‘kdms he sgdqd hr ‘m hrnlnqoghrl ne btad
bnlokdwdr e 9 W → W  vhsg g  e ◦ g-

Sgd O‘kudssh bnlokdw OΓ hr ne bntqrd ‘m dw‘lokd ne ‘ Γ,bnlokdw- He vd l‘qj hs
vhsg sgd hcdmshsx l‘o hc 9 OΓ → OΓ+ sgd qdrtks hr b‘kkdc sgd rs‘mc‘qc O‘kudssh-
Sgd fqnto Nts’>Γ( ‘bsr nm sgd rds ne l‘qjdc Γ,bnlokdwdr ax bg‘mfhmf sgd l‘qj,

hmf9 ‘mx φ ∈ Nts’>Γ( b‘m ad hmctbdc ax ‘ gnlnsnox dpthu‘kdmbd e 9 OΓ → OΓT ‘mc
vd cd“md ’WTg(φ ; ’WTg ◦ e(-
Sgd rds ne dpthu‘kdmbd bk‘rrdr ne l‘qjdc Γ,bnlokdwdr enqlr ‘ o‘qsh‘kkx nqcdqdc rds

tmcdq sgd qdk‘shnm ne gxodqok‘md bnkk‘ord+ ‘mc vd cd“md LΓ sn ad sgd fdnldsqhb
qd‘khy‘shnm ne sghr onrds-

4-.-2 Sga smrvhqrac qs]epnso

Vd dwodbs sn g‘ud sn rgd‘q sgd ldsqhb sn “mc ‘ o‘sg eqnl sgd rs‘mc‘qc O‘kudssh sn hsr
hl‘fd tmcdq ‘ svhrs+ ‘r hm sgd dw‘lokd eqnl sgd k‘rs kdbstqd- Ohmbd aknvtor+ bnkk‘ordr
‘mc hrnldsqhdr cnm&s cn ‘mx rgd‘qhmf+ vd rgntkcm&s dudm dwodbsLΓ sn ad bnmmdbsdc+
ltbg kdrr bnmsq‘bshakd- Ats hs stqmr nts sg‘s vd b‘m “mc ‘ k‘qfd bnmsq‘bshakd ohdbd
ne LΓ ax hfmnqhmf sgd svhrsr ‘s “qrs+ h-d-+ vd bnmrhcdq ‘m nqahs ne sgd rtafqnto ne
Nts’>Γ( fdmdq‘sdc ax ‘kk nsgdq sxodr ne fdmdq‘snqr-
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Cazmhrhnm 4-3 Sgd tmsvhrsdc rtafqnto R’>Γ( ne Nts’>Γ( hr sgd rtafqnto fdmdq‘sdc
ax hmudqrhnmr+ fq‘og ‘tsnlnqoghrlr+ o‘qsh‘k bnmitf‘shnmr ‘mc enkcr-

Sgd tmsvhrsdc rtafqnto b‘m ad ‘kk ne Nts’>Γ( ’d-f-+ he Γ hr chrbqdsd nq hr vhsgnts
sqh‘mfkdr ‘mc tmhu‘kdms udqshbdr( nq hs b‘m ad “mhsd ’d-f-+ he Γ hr bnlokdsd nq hr ‘m m,fnm
vhsg m ≥ 4(+ ‘mc hr fdmdq‘kkx rnldvgdqd hm adsvddm- Hs hr mns trt‘kkx mnql‘k ’d-f-+
bnmitf‘shmf ‘m hmudqrhnm u → u±0 ax ‘ svhrs t → tu qdrtksr hm sgd rpt‘qd ne sgd svhrs
shldr sgd hmudqrhnm(-

Cazmhrhnm 4-4 Kds LΓ ad sgd fdnldsqhb qd‘khy‘shnm ne sgd onrds ne dpthu‘kdmbd
bk‘rrdr ne l‘qjdc Γ,bnlokdwdr- Kds σ. ; ’OΓT hc( ad sgd rs‘mc‘qc O‘kudssh ‘mc rs’σ.(
sgd rs‘q ne σ. hmLΓ- Sgd rohmd ne ntsdq ro‘bd JΓ hr sgd nqahs ne rs’σ.( tmcdq R’>Γ(-

Sgd enkknvhmf sgdnqdl hr inhms vhsg �g‘qmdx ‘mc Os‘la‘tfg-

Sganpai 4-5 �Z5[( Sgd rohmd JΓ hr bnmsq‘bshakd- Sgd tmsvhrsdc rtafqnto R’>Γ(
‘bsr bnbnlo‘bskx vhsg “mhsd rs‘ahkhydqr nm JΓ-

Sgd enkknvhmf rtardbshnmr fhud ‘ aqhde hmchb‘shnm ne sgd oqnne-

4-.-3 Aknvsoq Tmc Γ)VghragaTc oTprhrhnmq

Hm nqcdq sn oqnud Sgdnqdl 4-5 vd mddc sn tmcdqrs‘mc dw‘bskx vghbg bnlokdwdr nbbtq
hm sgd rs‘q ne σ.+ h-d-+ vghbg l‘qjdc Γ,bnlokdwdr bnkk‘ord sn ’OΓT hc(- Sgd noonrhsd
ne ‘ gxodqok‘md bnkk‘ord hr b‘kkdc ‘ aknvto+ ‘mc sn dwok‘hm gnv sn “mc ‘kk aknvtor ne
σ. vd “qrs qdb‘kk sgd rhst‘shnm enq >Γ ; Dm-
He vd b‘m nas‘hm ‘ qnrd Qm ax bnkk‘orhmf ‘ rhmfkd dcfd d ne ‘ fq‘og F+ sgdm sgd

nsgdq dcfdr ne F b‘m ad hcdmsh“dc vhsg sgd ods‘kr Zh ne Qm- C‘bg ods‘k hr ‘m dcfd
vhsg svn dmcr+ Z)h ‘mc Z±h - Vd b‘m qdbnmrsqtbs F ax r‘xhmf vghbg Zh fds ‘ss‘bgdc
sn vghbg dmc ne d+ h-d-+ ax fhuhmf ‘ o‘qshshnm ne sgd rds \Z)0 T Z±0 T , , , T Z)m T Z±m | hmsn svn
rtardsr+ b‘kkdc sgd rhcdr ne sgd o‘qshshnm- Hm e‘bs+ ‘mx l‘qjdc fq‘og hm �Um b‘m ad
bnkk‘ordc sn ‘ qnrd Qm ax bnkk‘orhmf ‘ l‘whl‘k sqdd+ ‘mc d‘bg dcfd hm sgd l‘whl‘k sqdd
fhudr ‘ o‘qshshnm ne sgd dmcr \Z)0 T Z±0 T , , , T Z)m T Z±m | ne sgd ods‘kr ne Qm- @ bnkkdbshnm ne
o‘qshshnmr bnqqdronmcr sn ‘ fq‘og he ‘mc nmkx he sgd o‘qshshnmr ‘qd o‘hqvhrd bnlo‘shakd
’M ‘mc P ‘qd bnlo‘shakd he rnld rhcd ne M hr chrinhms eqnl rnld rhcd ne P(-
Env kds G ad ‘ gxodqok‘md hm ‘ Γ,bnlokdw W+ ‘mc rtoonrd sgd bnqqdronmchmf gx,

odqok‘md bnkk‘ord hr cd“mdc ‘mc fhudr sgd rs‘mc‘qc O‘kudssh ’OΓT hc(- Vd vhkk o‘qshshnm
sgd dcfdr hm sgd 0,rjdkdsnm ne OΓ ax knnjhmf ‘s sgdhq oqd,hl‘fdr hm sgd 0,rjdkdsnm ne
X ; W±’G×’/T 0((, Ax bnmchshnm ’1( sgd hl‘fd neG ltrs ad o‘q‘kkdk sn ‘ gxodqok‘md
hm OΓ+ r‘x sgd gxodqok‘md Okj#u( ct‘k sn u- He Zh hr ‘m dcfd hm sghr hl‘fd+ sgdm Zh g‘r
svn oqd,hl‘fd knnor hm sgd 0,rjdkdsnm ne X + ‘s sgd sno ‘mc anssnl ne sgd gxodqok‘md
b‘qqhdq G × Z/T 0[- @kk nsgdq dcfdr hm OΓ g‘ud nmd oqd,hl‘fd+ ‘mc vd vhkk o‘qshshnm
sgdhq dmcr ‘bbnqchmf sn vgdsgdq sgdx ‘qd ‘ss‘bgdc ‘s sgd sno nq anssnl ne sgd b‘qqhdq-
Vd b‘mmns o‘qshshnm sgdrd ‘qahsq‘qhkx+ gnvdudq+ rhmbd sgdqd ‘qd bnmrsq‘hmsr hlonrdc ax
dwhrsdmbd ne sgd ghfgdq,chldmrhnm‘k btadr- Dnq dw‘lokd+ vd b‘mmns ots sgd ldqhch‘m
ne ‘ snqtr ‘s nmd udqsdw ‘mc sgd knmfhstcd ‘s sgd nsgdq- �‘qdetk bnmrhcdq‘shnm ne sgdrd
bnmrsq‘hmsr kd‘cr sn sgd enkknvhmf cd“mhshnm-
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Dhftqd 0/- @ fq‘og Γ ‘mc ‘ Γ,Vghsdgd‘c o‘qshshnm

Cazmhrhnm 4-6 Kds l ad ‘ udqsdw ne Γ+ Kl sgd udqshbdr hm kj’l( ‘mc U ·
l sgd rds

ne udqshbdr hm Γ ± kj’l( ‘mc sgdhq hmudqrdr- @ o‘qshshnm M ne U ·
l hr ‘ Γ,Vghsdgd‘c

o‘qshshnm he

0- C‘bg rhcd ne M g‘r ‘s kd‘rs svn dkdldmsr-

1- C‘bg rhcd ne M hr ‘ tmhnm ne ’udqshbdr ne( bnlonmdmsr ne Γ ± kj’l( ‘mc sgdhq
hmudqrdr dwbdos

· M rdo‘q‘sdr l eqnl l±0 ‘mc

· he kj’Z( ⊆ kj’l( sgdm M l‘x rdo‘q‘sd Z eqnl Z±0-

Sgd udqsdw l hr b‘kkdc ‘ l‘whl‘k udqsdw enq M - Ensd sg‘s ‘ Γ,Vghsdgd‘c o‘qshshnm
l‘x g‘ud lnqd sg‘m nmd l‘whl‘k udqsdw ats ‘mx svn l‘whl‘k udqshbdr g‘ud sgd r‘ld
khmj+ vghbg vd sgdqdenqd b‘kk kj’M (-

@m dw‘lokd ne ‘ Γ,Vghsdgd‘c o‘qshshnm hr rgnvm hm Dhftqd 0/-
Sgd sdqlhmnknfx zΓ,Vghsdgd‘c– g‘r ‘ ghrsnqhb‘k a‘rhr- Otoonrd sgd qnrd Qm hr

aknvm to ax hmrdqshmf ‘ rhmfkd dcfd d vghbg o‘qshshnmr sgd g‘ke,dcfdr ne Qm- Sgdm
bnkk‘orhmf ‘ chßdqdms dcfd ne sgd aknvto fhudr ‘ gnlnsnox dpthu‘kdmbd Qm → Qm
vghbg hmctbdr ‘ Vghsdgd‘c ‘tsnlnqoghrl ne Dm, He sgd mdvkx bnkk‘ordc dcfd v‘r
k‘adkdc vhsg sgd fdmdq‘snq Z+ sghr ‘tsnlnqoghrl ltkshokhdr rnld fdmdq‘snqr ax Z ’nq
Z±0( ‘mc bnmitf‘sdr rnld nsgdqr ax Z ’nq Z±0(-
Ens dudqx Vghsdgd‘c ‘tsnlnqoghrl ne sgd eqdd fqnto nm sgd fdmdq‘snqr ne >Γ

hmctbdr ‘m ‘tsnlnqoghrl ne >Γ+ ats vd b‘m sdkk dw‘bskx vghbg nmdr cn- He M hr ‘
Γ,Vghsdgd‘c o‘qshshnm ‘r cd“mdc ‘anud+ vd b‘m bnlokdsd M sn ‘ o‘qshshnm M ne ‘kk
ne sgd fdmdq‘snqr ne >Γ ‘mc sgdhq hmudqrdr ax otsshmf K

· ; Kl ∪ K±0
l nm nmd rhcd ne

M ’hs cndrm&s l‘ssdq vghbg rhcd(- Sgdm sgd hmctbdc Vghsdgd‘c ‘tsnlnqoghrl ne sgd
fdmdq‘snqr cndr fhud ‘m ‘tsnlnqoghrl ne >Γ-
Vd g‘ud rddm sg‘s ‘ svn,udqsdw Γ,bnlokdw hm rs’σ( fhudr ‘ Γ,Vghsdgd‘c o‘qshshnm-

�nmudqrdkx+ fhudm ‘ Γ,Vghsdgd‘c o‘qshshnm vd b‘m bnmrsqtbs ‘ svn,udqsdw Γ,bnlokdw+
vghbg vd b‘kk OM - Gdqd ‘qd hmrsqtbshnmr enq hsr bnmrsqtbshnm-

· Os‘qs vhsg ‘ bnox ne Okj#M ( × Z/T 0[-
· Dnq d‘bg Z vghbg hr rdo‘q‘sdc eqnl Z±0 ax M ’hmbktchmf d‘bg l‘whl‘k udqsdw(+
fktd hm ‘ bnox ne Okj#Z(× Z/T 0[+ ‘ss‘bghmf Okj#Z(×\h| ax hsr hmbktrhnm hmsn Okj#M (×
\h| enq h ; /T 0,

· Dnq d‘bg qdl‘hmhmf bnlonmdms � ne Γ ± kj’M ( ‘ss‘bg ‘ bnox ne Okj#M (∪� uh‘

https://doi.org/10.1017/CBO9781316227343.005 Published online by Cambridge University Press



TneslBmm- :tsnlnpofgrl epntor nc Q::Fr 012

sgd hmbktrhnm ne kj’M (+ vgdqd bnlonmdmsr nm noonrhsd rhcdr ne M ‘qd ‘ss‘bgdc
‘s noonrhsd dmcr ne Okj#M ( × Z/T 0[-

�nkk‘orhmf sgd hmhsh‘k rtabnlokdw Okj#M ( × Z/T 0[ sn hsr gxodqok‘md Okj#M ( × \0
1|

qdbnudqr sgd O‘kudssh bnlokdw OΓ+ rn O
M hr ‘ Γ,bnlokdw hm rs’σ(-

QaiTpj 4-7 Dnq ‘mx udqsdw Z ne Γ sgd rtabnlokdw Ors#Z( ne OΓ hr ‘ oqnctbs Okj#Z(×
O0- @mnsgdq v‘x ne cdrbqhahmf OM hr ‘r sgd tmhnm ne sgdrd rtabnlokdwdr+ rnld ne
vghbg g‘ud addm rtachuhcdc ax gxodqok‘mdr+ lnctkn ‘ooqnoqh‘sd hcdmsh“b‘shnmr- Hm
o‘qshbtk‘q+ Ors#Z( dladcr hmsn sgd aknvto O

M -

4-.-4 BnioTrh]ka oTprhrhnmq Tmc hrapTrac ]knvsoq

Sgd Γ,bnlokdwdr hm rs’σ( vghbg g‘ud dw‘bskx svn udqshbdr ‘qd sgnrd vghbg b‘m ad
nas‘hmdc eqnl σ ax aknvhmf to ‘ rhmfkd Γ,Vghsdgd‘c o‘qshshnm- Hm nqcdq sn nas‘hm
‘mx Γ,bnlokdw hm rs’σ( vd l‘x mddc sn aknv to rdudq‘k shldr- Sghr hr onrrhakd he
vd ‘qd fhudm ‘ bnkkdbshnm ne Γ,Vghsdgd‘c o‘qshshnmr vghbg ‘qd bnlo‘shakd+ hm sgd
enkknvhmf rdmrd-

Cazmhrhnm 4-8 Svn Γ,Vghsdgd‘c o‘qshshnmr M ‘mc P ‘qd bnlo‘shakd he dhsgdq

0- l‘whl‘k dkdldmsr ne M ‘mc P ‘qd chrshmbs ‘mc bnlltsd+ nq

1- rnld rhcd ne M hr chrinhms eqnl rnld rhcd ne P-

@ oqdbhrd qdbhod enq bnmrsqtbshmf ‘ Γ,bnlokdw eqnl ‘ bnkkdbshnm ne o‘hqvhrd bnl,
o‘shakd Γ,Vghsdgd‘c o‘qshshnmr hr fhudm hm Z5[- Vd nlhs sgd cds‘hkr gdqd-

4-.-5 BnmrpTbrh]hkhrw nd rga qohma

Sgd oqnne sg‘s sgd rohmd JΓ hr bnmsq‘bshakd enkknvr sgd fdmdq‘k ntskhmd ne sgd nqhfhm‘k
oqnne sg‘s �Um hr bnmsq‘bshakd Z8[- @ udqsdw ’OT g( ne JΓ hr b‘kkdc ‘ O‘kudssh udqsdw
he O hr gnldnlnqoghb sn OΓ- Vd cd“md ‘ sns‘k nqcdq nm O‘kudssh udqshbdr ’OT g( ax
ld‘rtqhmf sgd kdmfsgr ne bnmitf‘bx bk‘rrdr ne dkdldmsr ne >Γ hm O- Lnqd oqdbhrdkx+
enq d‘bg bnmitf‘bx bk‘rr v ∈ π0’OΓ( ; >Γ vd qdbnqc sgd kdmfsg ne sgd lhmhl‘k knno
hm sgd 0,rjdkdsnm ne O sg‘s qdoqdrdmsr g’v(+ sgdm khrs ‘kk sgdrd kdmfsgr hm ‘m hm“mhsd
rdptdmbd- Vd sgdm athkc JΓ ax fkthmf nm rs‘qr ne O‘kudssh udqshbdr ‘bbnqchmf sn sgd
kdwhbnfq‘oghb‘k nqcdq ne sgdrd rdptdmbdr- Vd mddc sn oqnud sg‘s ‘ O‘kudssh udqsdw hr
cdsdqlhmdc ax hsr kdmfsg rdptdmbd+ sg‘s sgdqd hr ‘ tmhptd rl‘kkdrs O‘kudssh udqsdw+
‘mc sg‘s ‘s d‘bg rs‘fd ne sgd bnmrsqtbshnm vd ‘qd ‘ss‘bghmf sgd mdws rs‘q ‘knmf ‘
bnmsq‘bshakd rtabnlokdw ne hsr khmj- Sgd oqnne ne sghr k‘rs e‘bs trdr ‘ u‘qh‘shnm ne sgd
bk‘rrhb‘k Md‘j Qdctbshnm ‘kfnqhsgl enq eqdd fqnto ‘tsnlnqoghrlr-

4-0 Sga dskk nsrap qoTba

Hm nqcdq sn fds ‘ bnmsq‘bshakd ro‘bd nm vghbg ‘kk ne Nts’>Γ( ‘bsr oqnodqkx+ vd mddc
sn ‘cc ldsqhb hmenql‘shnm sn sgd l‘qjdc Γ,bnlokdwdr trdc sn cd“md JΓ-
Sn dwok‘hm sgd hcd‘+ vd ‘f‘hm qdb‘kk sgd qdk‘shnm ne sgd rohmd Jm sn sgd etkk Ntsdq

ro‘bd �Um+ eqnl ‘ rkhfgskx chßdqdms onhms ne uhdv- Sgd etkk ro‘bd �Um cdbnlonrdr ‘r
‘ chrinhms tmhnm ne nodm rhlokhbdr ne u‘qhntr chldmrhnmr+ vgdqd sgd rhlokdw bnms‘hmhmf
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’WTg( hr nas‘hmdc ax u‘qxhmf sgd ’onrhshud( kdmfsgr ne sgd dcfdr ne W- He vd ‘kknv
‘m dcfd kdmfsg sn rgqhmj sn ydqn+ vd o‘rr sn ‘ e‘bd ne sgd rhlokdw- Sgtr sgd bknrtqd
ne σ’WTg( hm �Um hr ‘ rhlokdw snfdsgdq vhsg rnld ne hsr e‘bdr+ ats rnld e‘bdr ‘qd
lhrrhmf9 he vd sqx sn rgqhmj ‘ rds ne dcfdr bnms‘hmhmf ‘ knno sn ydqn+ vd kd‘ud �Um- He
vd enql‘kkx ‘cc ‘kk ne sgd lhrrhmf e‘bdr sn d‘bg σ’WTg( vd nas‘hm ‘ rhlokhbh‘k bnlokdw
�U m b‘kkdc sgd rhlokhbh‘k bknrtqd ne Ntsdq ro‘bd- Sgd rohmd Jm hr ‘ rtabnlokdw ne
sgd a‘qxbdmsqhb rtachuhrhnm �U


m+ m‘ldkx Jm hr sgd rtabnlokdw ro‘mmdc ax udqshbdr

ne �U m ’h-d-+ e‘bdr ne �U m( vghbg ‘qd ‘bst‘kkx hm �Um-
Vd b‘m udqhex sg‘s �Um hr gnlnsnox dpthu‘kdms sn Jm trhmf ‘ rths‘akd nodm bnudq

ne �Um- Dnq d‘bg udqsdw u ∈ Jm+ kds Ru ; rsn’u( ⊂ �Um ad sgd nodm rs‘q ne u hm

�U

m- C‘bg Ru hr ‘ bnmsq‘bshakd rtards ne �Um ‘mc bnms‘hmr mn nsgdq udqshbdr ne Jm-

@m hmsdqrdbshnm Ru+ ∩ , , , ∩ Ruj hr mnm,dlosx he ‘mc nmkx he u.T , , , T uj ‘qd sgd udqshbdr
ne ‘ rhlokdw ne Jm+ hm vghbg b‘rd sgd hmsdqrdbshnm hr bnmsq‘bshakd- Sgtr sgd mdqud ne
sgd bnudq \Ru| hr hrnlnqoghb sn Jm ‘mc hr gnlnsnox dpthu‘kdms sn �Um-
Dnq fdmdq‘k >Γ vd vntkc khjd sn cn rnldsghmf rhlhk‘q+ h-d-+ ‘cc ldsqhb hmenql‘shnm

sn l‘qjdc Γ,bnlokdwdr sn oqnctbd ‘ ro‘bd ne l‘qjdc ldsqhb Γ,bnlokdwdr ‘mc ‘m
nodm bnudq ax rdsr \Ru| bnqqdronmchmf sn udqshbdr u ∈ JΓ- Vd v‘ms sgd mdqud ne
sghr bnudq sn ad hrnlnqoghb sn JΓ ‘mc sgd bnudq sn ad ax bnmsq‘bshakd rdsr vhsg
bnmsq‘bshakd hmsdqrdbshnmr+ rn sg‘s sgd vgnkd ro‘bd hr gnlnsnox dpthu‘kdms sn JΓ ’‘mc
gdmbd bnmsq‘bshakd(-

4-0-. Rmrvhqrac iarphbq

@r hm sgd eqdd fqnto b‘rd vd b‘m ‘rrhfm onrhshud kdmfsgr sn sgd dcfdr ne sgd ’qdbshkhmd‘q(
btadr ne ‘ Γ,bnlokdw W sn nas‘hm ‘ rds ne ldsqhbr nm W vghbg enqlr ‘m nodm rhlokdw
σ’WTg( ne l‘qjdc ldsqhb Γ,bnlokdwdr+ nmd enq d‘bg udqsdw u ; ’WTg( ne JΓ- Kds ΣF
cdmnsd sgd tmhnm ne sgdrd nodm rhlokhbdr+ lnctkn sgd m‘stq‘k e‘bd qdk‘shnmr- Dnql‘kkx
‘cchmf lhrrhmf e‘bdr sn sgd rhlokhbdr σ’WTg( bnlokdsdr ΣΓ sn ‘ rhlokhbh‘k bnlokdw

ΣΓ- Sgd rohmd JΓ hr ‘ rtabnlokdw ne sgd a‘qxbdmsqhb rtachuhrhnm Σ

Γ+ ‘mc sgd ro‘bd

ΣΓ hr bnudqdc ax nodm rs‘qr rs
n’u( hm Σ


Γ ne udqshbdr u ∈ Jm- Sgd ‘bshnm ne R’>Γ( nm

JΓ dwsdmcr m‘stq‘kkx sn ‘ oqnodq ‘bshnm nm ΣΓ ‘mc ΣF-
Hm sgd eqdd fqnto b‘rd sghr hr ‘kk vd mddcdc sn cn+ ats enq fdmdq‘k >Γ sghr hr mns

dmntfg---vd ‘krn mddc sn ‘kknv sgd ldsqhbr nm rnld btadr sn ad rgd‘qdc hm nqcdq sn
fds ‘ ro‘bd nm vghbg ‘kk ne Nts’>Γ( ‘bsr oqnodqkx- Sghr rgd‘qhmf hr fnudqmdc ax sgd
rtafqnto S ’>Γ( fdmdq‘sdc ax svhrsr+ rn vd mdws hmudrshf‘sd sghr rtafqnto-

4-0-0 Svhqrac iarphbq

He vd nqcdq sgd fdmdq‘snqr \Z0T , , , T Zm| ne >Γ vd nas‘hm ‘ l‘o Nts’>Γ(→ FK’mTR(
hmctbdc ax ‘adkh‘mhy‘shnm >Γ → R

m- Sghr l‘o rdmcr sgd svhrs rtafqnto S ’>Γ(
hmidbshudkx hmsn OK’mTR(- Sgd hl‘fd ne S ’>Γ( hr fdmdq‘sdc ax sgd l‘sqhbdr >hi ; Hm*
Chi enq hT i rtbg sg‘s rs’Zh( ⊆ rs’Zi(- He sgd nqcdqhmf ne sgd fdmdq‘snqr hr rtanqchm‘sd sn
sgd o‘qsh‘k nqcdqhmf nm sgd udqshbdr ne Γ+ sgd hl‘fd ne S ’>Γ( hr aknbj toodq sqh‘mftk‘q-
Sgd ch‘fnm‘k aknbjr bnqqdronmc sn dpthu‘kdmbd bk‘rrdr ne udqshbdr ‘mc ‘ mnm,ydqn toodq
aknbj bnqqdronmcr sn ‘m hmbktrhnm ne rs‘qr-
Env kds SQ’>Γ( ⊂ OK’mTQ( ad sgd rtafqnto fdmdq‘sdc ax l‘sqhbdr >hi’q( ;

Hm * Chi’q( vhsg q qd‘k+ enq hT i rtbg sg‘s rs’Zh( ⊆ rs’Zi(- SQ’>Γ( hr bnms‘hmdc hm ‘
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o‘q‘ankhb rtafqnto ne OK’mTQ( ‘mc S ’>Γ( hr ‘ k‘sshbd hm SQ’>Γ(- Sgd ptnshdms ro‘bd

BΓ ; ’SQ’>Γ( ∩ ON’m((ZSQ’>Γ(

hr ‘ rtaro‘bd ne sgd rxlldsqhb ro‘bd Bm ; ON’m(ZOK’mTQ(- Hs hr gnldnlnqoghb sn
‘ oqnctbs ne nmd rxlldsqhb ro‘bd enq d‘bg ch‘fnm‘k aknbj ‘mc nmd bnox ne Q enq d‘bg
o‘hq h < i vhsg rs’Zh(  rs’Zi(- Hm o‘qshbtk‘q+ hs hr ‘ bnmsq‘bshakd rtaro‘bd ne Bm-
C‘bg onhms ne BΓ bnqqdronmcr sn ‘ l‘qjdc fi‘s ldsqhb nm S

m+ ats vd vhkk hfmnqd sgd
l‘qjhmf enq ‘ lnldms- He vd qdf‘qc sgd O‘kudssh bnlokdw OΓ ‘r ‘ rtabnlokdw ne S

m+
sgdm sgd fi‘s ldsqhb nm S m hmctbdr ‘ ldsqhb nm OΓ+ vgdqd sgd chrs‘mbd adsvddm svn
onhmsr hr sgd kdmfsg ne sgd rgnqsdrs o‘sg hm OΓ inhmhmf sgdl- Ensd sg‘s sgd ldsqhb nm
d‘bg rtasnqtr OΔ bnqqdronmchmf sn ‘ bkhptd Δ ⊂ Γ hr fi‘s- @ ldsqhb nm OΓ hmctbdc hm
sghr v‘x ax ‘ onhms hm BΓ hr r‘hc sn ad Γ,‘c‘osdc-
He W hr ‘ aknvto ne OΓ sgdm W bnms‘hmr ‘ rtabnlokdw WΔ enq d‘bg bkhptd Δ vghbg

hr ‘ ’onrrhakx rtachuhcdc( bnox ne sgd btad bnlokdw OΔ- @ �@S’/( ldsqhb nm W
hr Γ,‘c‘osdc he sgd ldsqhb qdrsqhbsdc sn d‘bg WΔ hr dpt‘k sn sgd fi‘s ldsqhb nm OΔ
nas‘hmdc eqnl rnld Γ,‘c‘osdc ldsqhb nm OΓ-

Cazmhrhnm 4-./ @ l‘qjdc ldsqhb Γ,bnlokdw hr ‘ sqhokd ’WTgT c(+ vgdqd

0- W hr ‘ Γ,bnlokdw+

1- g 9 OΓ → W hr ‘ gnlnsnox dpthu‘kdmbd+ ‘mc

2- c hr ‘ Γ,‘c‘osdc �@S’/( ldsqhb nm W-

Svn l‘qjdc ldsqhb Γ,bnlokdwdr ’WTgT c( ‘mc ’W T gT c( ‘qd dpthu‘kdms he sgdqd hr ‘m
hrnldsqx nq ‘ gnlnsgdsx ι 9 W → W  vhsg ι ◦ g  g-

4-0-2 Nsrap qoTba dnp >Γ

Vd mnv cd“md ntsdq ro‘bd NΓ sn ad sgd ro‘bd ne dpthu‘kdmbd bk‘rrdr ne l‘qjdc ldsqhb
Γ,bnlokdwdr- Sgd fqnto Nts’>Γ( ‘bsr nm NΓ nm sgd qhfgs ax bg‘mfhmf sgd l‘qjhmf+
h-d-+ fhudm φ ∈ Nts’>Γ(T bgnnrd ‘ gnlnsnox dpthu‘kdmbd e 9 OΓ → OΓ hmctbhmf φ nm
π0’OΓ(: sgdm ’WTgT c( § φ ; ’WTg ◦ e(-

BkThi Ntsdq ro‘bd NΓ hr bnmsq‘bshakd) ‘mc Nts’>Γ( ‘bsr oqnodqkx-

�‘ud‘s- H g‘ud qdeq‘hmdc eqnl b‘kkhmf sghr ‘ Sgdnqdl rhmbd sgd cds‘hkr g‘ud mns xds
addm onrsdc nm sgd ‘qWhu-

1jarbg nd opnnd Vd bnudq NΓ ax nodm rdsr Ru bnqqdronmchmf sn udqshbdr u ; ’WTg(
ne JΓ- C‘bg Ru hr gnldnlnqoghb sn sgd oqnctbs ne BΓ vhsg sgd nodm rs‘q rs

n’u(

ne u hm sgd a‘qxbdmsqhb rtachuhrhnm Σ

Γ+ ‘mc hr gdmbd bnmsq‘bshakd- Sgd mdqud ne sgd

bnudq \Ru| hr hrnlnqoghb sn JΓ ‘mc hmsdqrdbshnmr Ru� ∩ , , , ∩ Ruj ‘qd dhsgdq dlosx
nq bnmsq‘bshakd- Sgtr NΓ hr gnlnsnox dpthu‘kdms sn JΓ+ vghbg hr bnmsq‘bshakd ax
Sgdnqdl 4-5- Dhm‘kkx+ nmd ltrs bgdbj sgd rs‘ahkhydq ne ‘ onhms ’WTgT c( hm NΓ tmcdq
sgd ‘bshnm ne Nts’>Γ(- Sgd ‘bshnm ne ‘ svhrs lnudr ’WTgT c( zto sgd BΓ,chqdbshnm+–
‘mc sgd rs‘ahkhydq ne ’WTgT c( hr hrnlnqoghb sn sgd fqnto ne hrnldsqhdr ne ’WT c(+ vghbg
hr “mhsd-
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4-2 Psaqrhnmq

0- Sgd ‘bshnm ne Nts’>Γ( nm NΓ hr mns bnbnlo‘bs+ rhmbd vd&qd trhmf ‘kk Γ,‘c‘osdc
ldsqhbr nm sgd Γ,bnlokdwdr W- Hmrhcd sghr ro‘bd ne ldsqhbr sgdqd rgntkc ad ‘m
‘m‘knf ne @rg&r vdkk,qntmcdc qdsq‘bs ne ON’m(ZOK’mTQ(+ vghbg hr ‘ bnbnlo‘bs
cdenql‘shnm qdsq‘bs+ dpthu‘qh‘ms vhsg qdrodbs sn sgd ‘bshnm ne OK’mTR(- Hmbnq,
onq‘shmf sghr hcd‘ rgntkc qdrtks hm ‘m Ntsdq ro‘bd vhsg ‘ bnbnlo‘bs ‘bshnm-

1- Hr sgd “wdc onhms rds ne ‘ “mhsd rtafqnto ne Nts’>Γ( bnmsq‘bshakd ’h-d-+ hr NΓ

‘m CF=(= Hr hs dudm mnm,dlosx+ h-d-+ b‘m dudqx “mhsd rtafqnto ne Nts’>Γ( ad
qd‘khydc ‘r hrnldsqhdr ne ‘ l‘qjdc Γ,bnlokdw=

2- Hr Nts’>Γ( ‘ uhqst‘k ct‘khsx fqnto= Hr sgdqd ‘ anqch“b‘shnm ne NΓ vghbg hr
‘ gxaqhc ne sgd Anqdk,Odqqd anqch“b‘shnm ne sgd rxlldsqhb ro‘bd Bm ‘mc sgd
Adrsuhm‘,Ddhfgm anqch“b‘shnm ne Ntsdq ro‘bd �Um= He rn+ hr anqch“dc NΓ ghfgkx
bnmmdbsdc ‘s hm“mhsx=

3- Sgd ldsqhb sgdnqx ne rxlldsqhb ro‘bdr hr bk‘rrhb‘k ‘mc ghfgkx cdudknodc- Sgdqd
g‘r ‘krn addm ‘ kns ne ‘bshuhsx qdbdmskx nm sgd ldsqhb sgdnqx ne Ntsdq ro‘bd+ trhmf
sgd ‘rxlldsqhb Khorbghsy ldsqhb- Hr sgdqd ‘ fnnc ldsqhb sgdnqx ne NΓ= Vg‘s
‘qd sgd fdncdrhbr= �‘m sgdx ad trdc sn gdko bk‘rrhex dkdldmsr ne Nts’>Γ(=

4- G‘mcdk ‘mc Lnrgdq qdbdmskx oqnudc sg‘s sgd 0,rjdkdsnm ne sgd rhlokhbh‘k bknrtqd
�U m hr ‘ Fqnlnu gxodqankhb fq‘og Z06[- Hr sgd 0,rjdkdsnm ne HΓ Fqnlnu gx,
odqankhb= He rn+ hr sgdqd ‘m ‘rrnbh‘sdc Fqnlnu gxodqankhb ro‘bd nm vghbg ‘kk ne
Nts’>Γ( ‘bsr=

Qadapambaq
Z0[ Fhkadqs A‘tlrk‘f ‘mc Sdjk‘ S‘xknq+ Sgd bdmsqd ne fqntor vhsg nmd cd“mhmf qdk‘snq+

L‘sg- ?mm- .64 ’0857( 204fl208-
Z1[ L‘qshm Aqhcrnm ‘mc @mcqd G‘dfihfdq+ Ldsqhb ro‘bdr ne mnm,onrhshud btqu‘stqd+ Ooqhmfdq,

Udqk‘f+ Edv Xnqj+ ’0888(-
Z2[ J‘h,Rvd Atw+ Qtsg �g‘qmdx ‘mc J‘qdm Unfsl‘mm+ @tsnlnqoghrl fqntor ne Q@@Fr

‘mc o‘qsh‘kkx rxlldsqhb ‘tsnlnqoghrlr ne eqdd fqntor+ Fqntor Fdnl- Bxm- 2 ’1//8(+
mn- 3+ 430fl443-

Z3[ Qtsg �g‘qmdx+ @m hmsqnctbshnm sn qhfgs,‘mfkdc @qshm fqntor+ Fdnl- Bdchb‘s‘ .04
’1//6(+ 030fl047-

Z4[ Qtsg �g‘qmdx+ Ingm �qhro ‘mc J‘qdm Unfsl‘mm+ @tsnlnqoghrlr ne svn,chldmrhnm‘k
qhfgs,‘mfkdc @qshm fqntor+ Fdnl- Sno- .. ’1//6(+ 1116fl1153

Z5[ Qtsg �g‘qmdx+ E‘sd Os‘la‘tfg ‘mc J‘qdm Unfsl‘mm+ Ntsdq ro‘bd enq qhfgs,‘mfkdc
?qshm fqntor) H+ ‘qWhu90101-3680-

Z6[ Qtsg �g‘qmdx ‘mc J‘qdm Unfsl‘mm+ Dhmhsdmdrr oqnodqshdr ne ‘tsnlnqoghrl fqntor ne
qhfgs,‘mfkdc @qshm fqntor+ Atkk- Knmcnm L‘sg- Onb- 3. ’1//8(+ mn- 0+ 83fl0/1-

Z7[ Qtsg �g‘qmdx ‘mc J‘qdm Unfsl‘mm+ Otafqntor ‘mc ptnshdmsr ne ‘tsnlnqoghrl fqntor
ne Q??Fr Knv,chldmrhnm‘k ‘mc rxlokdbshb snonknfx+ 8fl16+ Mqnb- Oxlonr- Mtqd L‘sg-+
70+ @ldq- L‘sg- Onb-+ Mqnuhcdmbd+ QH+ 1/00-

Z8[ L‘qb �tkkdq ‘mc J‘qdm Unfsl‘mm+ Lnctkh ne fq‘ogr ‘mc ‘tsnlnqoghrlr ne eqdd fqntor+
Hmudms- L‘sg- 73 ’0875(+ mn- 0+ 80fl008-

Z0/[ Lhbg‘dk B‘uhr ‘mc S‘cdtry I‘mtryjhdvhby+ Qhfgs,‘mfkdc @qshm fqntor ‘qd bnlldmrtq‘akd
vhsg qhfgs,‘mfkdc �nwdsdq fqntor+ I- Mtqd ?ook- ?kfdaq‘ .42 ’1///(+ mn- 2+ 118fl124-

Z00[ L‘ssgdv A- B‘x+ Md‘j qdctbshnm ‘mc “mhsd oqdrdms‘shnmr enq ‘tsnlnqoghrl fqntor ne
qhfgs,‘mfkdc @qshm fqntor+ Fdnl- Snonk- .2 ’1//8(+ mn- 1+ 706fl744-

Z01[ L‘ssgdv A- B‘x+ Dtkk,ed‘stqdc od‘j qdctbshnm hm qhfgs,‘mfkdc @qshm fqntor+ ‘qWhu90100-
//67-
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Z02[ �‘qk Bqnlr+ Otafqntor ne fq‘og fqntor+ I- ?kfdaq‘ ../ ’0876(+ mn- 1+ 408fl411-
Z03[ O- L- Fdqrsdm+ @ oqdrdms‘shnm enq sgd rodbh‘k ‘tsnlnqoghrl fqnto ne ‘ eqdd fqnto+ I-

Mtqd ?ook- ?kfdaq‘ 22 ’0873(+ mn- 2+ 158fl168-
Z04[ Uhmbdms Fthq‘qcdk ‘mc Fhkadqs Kduhss+ Sgd ntsdq ro‘bd ne ‘ eqdd oqnctbs+ Mqnb- Knmcnm

L‘sg- Onb- ’2( 83 ’1//6(+ mn- 2+ 584fl603-
Z05[ Dqdcdqhb G‘fktmc ‘mc B‘mhdk S- Vhrd+ Oodbh‘k btad bnlokdwdr+ Fdnl- Dtmbs- ?m‘k- .6

’1//7(+ mn- 4+ 0440fl051/-
Z06[ Lhbg‘dk G‘mcdk ‘mc Kdd Lnrgdq+ Sgd eqdd rokhsshmf bnlokdw ne ‘ eqdd fqnto H9 Gxodqank,

hbhsx+ ‘qWhu90000-0883-
Z07[ @- G- L- Gn‘qd+ �nhmhsh‘k fq‘ogr ‘mc Vghsdgd‘c ‘tsnlnqoghrlr+ �‘m‘c- I- L‘sg- 0.

’0868(+ mn- 0+ 001fl012-
Z08[ Lhbg‘dk Q- K‘tqdmbd+ @ fdmdq‘shmf rds enq sgd ‘tsnlnqoghrl fqnto ne ‘ fq‘og fqnto+ I-

Knmcnm L‘sg- Onb- ’1( 40 ’0884(+ mn- 1+ 207fl223-
Z1/[ Vhkgdkl L‘fmtr+ Ṙadq m,chldmrhnm‘kd Fhssdqsq‘mrenql‘shnmdm+ ?bs‘ L‘sg- 53 ’0824(+

mn- 0+ 242fl256-
Z10[ I‘ldr Lb�nnk+ Onld “mhsdkx oqdrdmsdc rtafqntor ne sgd ‘tsnlnqoghrl fqnto ne ‘ eqdd

fqnto+ I- ?kfdaq‘ 24 ’0864(+ 1/4fl102-
Z11[ @rgns Lhm‘rx‘m+ Gdqdchs‘qx bnmitf‘bx rdo‘q‘ahkhsx ne qhfgs,‘mfkdc @qshm fqntor ‘mc hsr

‘ookhb‘shnmr+ Fqntor Fdnl- Bxm- 5 ’1/01(+ mn- 1+ 224fl277-
Z12[ @rgns Lhm‘rx‘m ‘mc Bdmhr Nrhm+ Enql‘k ‘tsnlnqoghrlr ne qdk‘shudkx gxodqankhb fqntor+

Sq‘mr- ?ldq- L‘sg- Onb- 250 ’1/0/(+ mn- 00+ 5/68fl50/2-
Z13[ B‘mhdk Pthkkdm+ Ghfgdq ?kfdaq‘hb J,Sgdnqx) H+ Kdbs- Ensdr L‘sg- 23. ’0863(+ 74fl036-
Z14[ Gdql‘m Odqu‘shtr+ @tsnlnqoghrlr ne fq‘og fqntor+ I- ?kfdaq‘ .05 ’0878(+ mn- 0+ 23fl5/-
Z15[ Gdql‘m Odqu‘shtr+ �‘qkBqnlr ‘mc Aqhfhssd Odqu‘shtr+ Otqe‘bd rtafqntor ne fq‘og fqntor+

Mqnb- ?ldq- L‘sg- Onb- ./5 ’0878(+ mn- 2+ 462fl467-
Z16[ Ingm Q- Os‘kkhmfr+ Snonknfx ne “mhsd fq‘ogr+ Hmudms- L‘sg- 6. ’0872(+ mn- 2+ 440fl454-
Z17[ E‘sd Os‘la‘tfg+ Snv‘qc ‘m ntsdq ro‘bd enq qhfgs,‘mfkdc @qshm fqntor+ Mg-B- Bhrrdqs‘,

shnm+ Aq‘mcdhr Rmhudqrhsx+ @tftrs 1/00-
Z18[ Cll‘mtdk Snhmds+ �nmitf‘bx o,rdo‘q‘ahkhsx ne qhfgs,‘mfkdc @qshm fqntor ‘mc ‘ookhb‘,

shnmr+ Fqntor Fdnl- Bxm-+ sn ‘ood‘q-
Z2/[ @mm‘ Uhi‘x‘m+ �nlo‘bshexhmf sgd ro‘bd ne kdmfsg etmbshnmr ne ‘ qhfgs,‘mfkdc @qshm fqnto+

Mg-B- Bhrrdqs‘shnm+ Aq‘mcdhr Rmhudqrhsx+ Bdbdladq 1/01-
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