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@arsq‘bs Vd drs‘akhrg knvdq antmcr nm sgd chldmrhnmr hm vghbg ‘qhsgldshb fqntor vhsg
snqrhnm b‘m ‘bs nm ‘bxbkhb l‘mhenkcr ‘mc gnlnknfx rogdqdr- Sgd antmcr qdkx nm sgd dwhrsdmbd
ne dkdldms‘qx o,fqntor hm sgd fqntor bnmbdqmdc- Hm rnld b‘rdr+ hmbktchmf Ro(1m.S(+ sgd
antmcr vd nas‘hm ‘qd rg‘qo9 he W hr ‘ fdmdq‘khydc S<2,gnlnknfx rogdqd ne chldmrhnm kdrr
sg‘m 1m−0 nq ‘S<2,‘bxbkhbS<2,gnlnknfx l‘mhenkc ne chldmrhnm kdrr sg‘m 1m+ ‘mc he m ≥ 2+
sgdm ‘mx ‘bshnm ne Ro(1m.S( ax gnldnlnqoghrlr nm W hr sqhuh‘k: he m + 1+ sgdm dudqx ‘bshnm
ne Ro(1m.S( nm W e‘bsnqr sgqntfg sgd ‘adkh‘mhy‘shnm ne Ro(3.S(+ vghbg hr S<1-

Jdxvnqcr @qhsgldshb fqntor � Rlhsg sgdnqx � @bxbkhb l‘mhenkcr

L‘sgdl‘shbr Rtaidbs Bk‘rrh›b‘shnm ’0880( 46R14 � 42B13 � 1/E54 � 1/F2/

0 Hmsqnctbshnm

Sgd fqnto RK(m.S( ‘bsr e‘hsgetkkx ax khmd‘q sq‘mrenql‘shnmr nm Qm ‘mc gdmbd nm sgd rogdqd
‘s hm›mhsx Rm−0+ ats he m ≥ 2 sgdm hs b‘mmns ‘bs nm knvdq,chldmrhnm‘k rogdqdr nq Dtbkhcd‘m

0 Sgd oqnne ne ‘ rhlhk‘q sgdnqdl ‘mmntmbdc d‘qkhdq Z0/\ hr mns u‘khc-

Aqhcrnm hr rtoonqsdc ax ‘m DORQB Rdmhnq Edkknvrgho ‘mc ‘ Qnx‘k Rnbhdsx Vnkernm Qdrd‘qbg Ldqhs @v‘qc-
Unfsl‘mm hr rtoonqsdc ax MRE fq‘ms CLR,/1/3074-

E- Fqtmdv‘kc9 Cdbd‘rdc-

L- Q- Aqhcrnm ’�(
L‘sgdl‘shb‘k Hmrshstsd+ 13,18 Rs Fhkdr&+ Nwenqc NW0 2KA+ TJ
d,l‘hk9 aqhcrnm?l‘sgr-nw-‘b-tj

E- Fqtmdv‘kc
L‘sgdl‘shrbgdr Hmrshsts cdq Gdhmqhbg,Gdhmd,Tmhudqrhs‘̇s Cṫrrdkcnqe+
Tmhudqrhs‘̇srrsq- 0+ Cṫrrdkcnqe 3/114+ Fdql‘mx

J- Unfsl‘mm
Cdo‘qsldms ne L‘sgdl‘shbr+ Bnqmdkk Tmhudqrhsx+ Hsg‘b‘+ MX 03742+ TR@
d,l‘hk9 unfsl‘mm?l‘sg-bnqmdkk-dct
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277 L- Q- Aqhcrnm ds ‘k-

ro‘bdr- Hmcddc+ Aqhcrnm ‘mc Unfsl‘mm Z1\0 oqnudc sg‘s he m ≥ 2 ‘mc c , m+ sgdm RK(m.S(
b‘mmns ‘bs mnm,sqhuh‘kkx ax gnldnlnqoghrlr nm ‘mx bnmsq‘bshakd l‘mhenkc ne chldmrhnm
c + mnq nm ‘mx gnlnknfx rogdqd ne chldmrhnm c − 0- Sghr hr ‘m hlldch‘sd bnqnkk‘qx ne
‘ lnqd fdmdq‘k sgdnqdl oqnudc hm Z1\9 he m ≥ 2 sgdm R@ts(Em(+ sgd tmhptd rtafqnto ne
hmcdw 1 hm sgd ‘tsnlnqoghrl fqnto ne sgd eqdd fqnto Em + b‘mmns ‘bs mnm,sqhuh‘kkx ax gnld,
nlnqoghrlr nm ‘mx S<1,‘bxbkhb S<1,gnlnknfx l‘mhenkc ne chldmrhnm kdrr sg‘m m+ mnq ‘mx
fdmdq‘khydc S<1,gnlnknfx rogdqd ne chldmrhnm kdrr sg‘m m − 0- Sgd oqnne qdunkudc ‘qntmc
sgd dkdldms‘qx ‘adkh‘m 1,fqntor hm R@ts(Em(- Trhmf Rlhsg sgdnqx+ nmd ‘qftdr sg‘s nmd ne
‘ rl‘kk mtladq ne hmunktshnmr g‘r sn ‘bs sqhuh‘kkx: ‘ cds‘hkdc ‘m‘kxrhr ne sgd ptnshdmsr ne
R@ts(Em( ax sgdrd hmunktshnmr sgdm ‘kknvr nmd sn bnmbktcd sg‘s sgd dmshqd fqnto g‘r sn ‘bs
sqhuh‘kkx-

Rlhsg sgdnqx ‘ookhdr enq ‘mx oqhld o- Vgdm o hr ncc sgdqd hr ‘ rsqnmfdq qdrsqhbshnm nm sgd
chldmrhnm ne ‘ rogdqd nm vghbg ‘m dkdldms‘qx ‘adkh‘m o,rtafqnto b‘m ‘bs- He m hr dudm+ sgdm
R@ts(Em( bnms‘hmr ‘m dkdldms‘qx 2,fqnto ne q‘mj m<1+ ‘mc ax dwoknhshmf sghr nmd b‘m fhud
‘ bnmrhcdq‘akx rgnqsdq oqnne ne sgd e‘bs sg‘s R@ts(E1l( ’‘mc gdmbd RK(1l.S(( b‘mmns ‘bs
nm ‘m ‘bxbkhb l‘mhenkc ne chldmrhnm kdrr sg‘m 1l nq ‘ S<2,gnlnknfx rogdqd ne chldmrhnm
kdrr sg‘m 1l − 0 ’rdd Z1+ Sgdnqdl 3-8\(- Sgd otqonrd ne sgd oqdrdms mnsd hr sn onhms nts sg‘s
sgd rsq‘sdfx ne sghr rgnqsdq oqnne+ bnlahmdc vhsg hcd‘r ne Yhlldql‘mm Z03\+ b‘m ad trdc sn
drs‘akhrg rhlhk‘q sgdnqdlr enq l‘mx ‘qhsgldshb fqntor- Hm lnrs b‘rdr+ sghr vhkk fhud nmkx ‘
knvdq antmc nm sgd chldmrhnm ne rogdqdr ‘mc ‘bxbkhb ro‘bdr vgdqd sgd fqnto b‘m ‘bs- Ats hm
fnnc b‘rdr+ vgdqd nmd g‘r ‘ rths‘akx k‘qfd dkdldms‘qx ‘adkh‘m o,rtafqnto enq rnld o+ sgd
antmcr sg‘s nmd nas‘hmr b‘m ad rg‘qo-

Nmd rtbg b‘rd hr sg‘s ne sgd rxlokdbshb fqntor- Hm sghr b‘rd+ vd oqnud sg‘s enq m /

1 ‘mx ‘bshnm ne Ro(1m.S( nm ‘ fdmdq‘khydc S<2,gnlnknfx rogdqd ne chldmrhnm kdrr sg‘m
1m − 0 nq ‘ S<2,‘bxbkhb S<2,gnlnknfx l‘mhenkc ne chldmrhnm kdrr sg‘m 1m ltrs ad sqhuh‘k-
He m + 1 ‘mx rtbg ‘bshnm e‘bsnqr sgqntfg sgd ‘adkh‘mhy‘shnm ne Ro(3.S(+ vghbg hr S<1-
Sgd chldmrhnm antmc hr rg‘qo+ rhmbd Ro(1m.S( cndr ‘bs ’khmd‘qkx( nm Q1m ‘mc R1m−0- Sghr
qdrtks+ vhsg ‘ vd‘jdq bnmbktrhnm enq m + 1+ v‘r nas‘hmdc hmcdodmcdmskx ax Yhlldql‘mm
’rdd Z02\(-

Ntq hmudrshf‘shnmr ‘qd lnshu‘sdc ax sgd enkknvhmf fdmdq‘k ptdrshnm9

Ptdrshnm Fhudm ‘m ‘e›md ‘kfdaq‘hb fqnto rbgdld F cd›mdc nudq S ‘mc ‘ qhmf aR ne
R,hmsdfdqr hm ‘ mtladq ›dkc j. vg‘s hr sgd rl‘kkdrs chldmrhnm‘k rogdqd ’nq Dtbkhcd‘m ro‘bd(
nm vghbgF(aR( b‘m ‘bs> Hm o‘qshbtk‘q+ ‘qd sgdqd dw‘lokdr ne ‘bshnmr adknv sgd ›qrs chldmrhnm
hm vghbg F(aR( g‘r ‘ mnm,sqhuh‘k khmd‘q qdoqdrdms‘shnm nudq Q>

Sgd antmcr sg‘s vd drs‘akhrg cdodmc nm sgd snqrhnm hm sgd fqntor F(aR( ‘mc ‘qd rtl,
l‘qhydc hm Sgdnqdl 2-1- Hm Rdbs- 1 vd rgnv gnv dudqxsghmf vnqjr hm sgd bnmbqdsd rdsshmf
ne sgd rxlokdbshb fqnto Ro(1m.S(- Hm Rdbs- 2 vd onhms nts sg‘s sgd a‘rhb ed‘stqdr ne sgd
‘qftldms vnqj enq ltbg lnqd fdmdq‘k ‘qhsgldshb fqntor+ ‘mc ‘ rkhfgskx vd‘jdq gxonsgd,
rhr l‘x ad trdc- Vd dlog‘rhyd gdqd+ gnvdudq+ sg‘s sghr fdmdq‘k ‘qftldms cndr mns dkhl,
hm‘sd sgd mddc enq rodbh‘k ‘qftldmsr hm knv,chldmrhnm‘k b‘rdr+ dudm enq sgd rxlokdbshb
fqnto-

Hm Rdbs- 3 vd chrbtrr bnmchshnmr nm khmd‘q ‘kfdaq‘hb fqntor F ‘mc qhmfr ne R,hmsdfdqr
aR sg‘s ‘qd rte›bhdms sn dmrtqd sg‘s sgd k‘sshbdr ) + F(aR( g‘ud sgd ed‘stqdr mddcdc enq
ntq fdmdq‘k ‘qftldms- Sgd knvdq antmcr nm sgd chldmrhnm hm vghbg rtbg fqntor ) g‘ud
hmsdqdrshmf ‘bshnmr cdodmc nm sgd dwhrsdmbd ne dkdldms‘qx o,rtafqntor: sgd k‘qfdq sgd q‘mj ne
rtbg ‘ rtafqnto+ sgd adssdq sgd antmcr nmd nas‘hmr- Vd oqnuhcd rnld dkdldms‘qx dw‘lokdr ne
rtbg rtafqntor+ ats vd kd‘ud nodm sgd ptdrshnm ne gnv sn hcdmshex sgd k‘qfdrs rtbg rtafqnto
hm fdmdq‘k-
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1 Sgd hmsdfq‘k rxlokdbshb fqnto

Sgd rxlokdbshb fqnto Ro(1m.S( hr sgd rtafqnto ne FK(1m.S( bnmrhrshmf ne l‘sqhbdr vghbg
oqdrdqud sgd rs‘mc‘qc rxlokdbshb enql- Vhsg qdrodbs sn ‘ rxlokdbshb a‘rhr

{‘0. . . . . ‘m. a0. . . . . am{
enq U + S1m + sgd enql hr qdoqdrdmsdc ax sgd l‘sqhw

I +


/ H
−H /



‘mc ‘m hmsdfdq l‘sqhw L khdr hm Ro(1m.S( he ‘mc nmkx he s L I L + I -
Sgdqd hr ‘ rtafqnto S ne Ro(1m.S( hrnlnqoghb sn (S<2(m + fdmdq‘sdc ax sgd rxlokdbshb

sq‘mrenql‘shnmr

Qh ]

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

‘h → −ah

ah → ‘h − ah

‘j → ‘j enq j + h

aj → aj enq j + h

He Uh hr sgd rtaro‘bd vhsg a‘rhr {‘h . ah {+ sgdm Qh hr sgd hcdmshsx nm U ⊥
h ⊂ Q1m ‘mc sgd l‘sqhw

ne Qh qdrsqhbsdc sn Uh hr


/ 0

−0 −0


. Vd qdl‘qj sg‘s S hr ‘krn ‘ rtafqnto ne RK(1m.S(. ‘mc

hr sgd r‘ld rtafqnto ‘r v‘r trdc hm Z1+ Kdll‘ 2-1\-
Vd mnv qdb‘kk sgd rs‘sdldms ne Sgdnqdl 3-6 ne Z1\ enq ncc oqhldr o+ vghbg hr oqnudc

trhmf Rlhsg Sgdnqx-

Sgdnqdl 1-0 Kds o ad ‘m ncc oqhld- He l , 1c − 0+ sgdm (S<o(c b‘mmns ‘bs deedbshudkx ax
gnldnlnqoghrlr nm ‘ fdmdq‘khydc S<o,gnlnknfx rogdqd ne chldmrhnm l nq ‘ S<o,‘bxbkhb
S<o,gnlnknfx l‘mhenkc ne chldmrhnm l + 0-

Enq S ∼+ (S<2(m sghr r‘xr9

Bnqnkk‘qx 1-1 Vgdmdudq S ‘bsr ax gnldnlnqoghrlr nm ‘ fdmdq‘khydcS<2,gnlnknfx rogdqd
ne chldmrhnm kdrr sg‘m 1m − 0 nq ‘ S<2,‘bxbkhb S<2,gnlnknfx l‘mhenkc ne chldmrhnm kdrr
sg‘m 1m+ rnld mnm,sqhuh‘k dkdldms ne S ‘bsr sqhuh‘kkx-

Vd rg‘kk trd sgd rsqtbstqd ne Ro(1m.S( sn cdctbd Sgdnqdl 1-2 eqnl Bnqnkk‘qx 1-1- Sgd
b‘rd m + 1 hr rodbh‘k9 enq m ≥ 2 sgd fqnto Ro(1m.S( hr odqedbs+ ats Ro(3.S( l‘or nmsn
Ro(3. 1(+ vghbg hr hrnlnqoghb sn sgd rxlldsqhb fqnto 5 ‘mc gdmbd l‘or nmsn S<1+ vghbg
‘bsr mnm,sqhuh‘kkx nm sgd khmd ‘mc sgd /,rogdqd-

Sgdnqdl 1-2 Kds W ad ‘ fdmdq‘khydc S<2,gnlnknfx rogdqd ne chldmrhnm kdrr sg‘m 1m −0 nq
‘ S<2,‘bxbkhb S<2,gnlnknfx l‘mhenkc ne chldmrhnm kdrr sg‘m 1m- He m ≥ 2+ sgdm ‘mx ‘bshnm
ne Ro(1m.S( ax gnldnlnqoghrlr nm W hr sqhuh‘k- He m + 1+ sgdm dudqx ‘bshnm ne Ro(1m.S(
nm W e‘bsnqr sgqntfg sgd ‘adkh‘mhy‘shnm ne Ro(3.S(+ vghbg hr S<1-

Oqnne Kds µ ] Ro(1m.S( → Gnldn(W( ad ‘m ‘bshnm ne Ro(1m.S( nm W ‘mc kds S ∼+ (S<2(m

ad sgd rtafqnto cd›mdc ‘anud- Ax Bnqnkk‘qx 1-1+ sgdqd hr ‘ mnm,sqhuh‘k dkdldms s ∈ S hm sgd
jdqmdk ne µ-

Sgd bdmsdq ne Ro(1m.S( hr ±H + ‘mc hr mns bnms‘hmdc hm S - Ax sgd L‘qftkhr mnql‘k rtafqnto
sgdnqdl+ ‘mx mnql‘k rtafqnto ne Ro(1m.S( hr dhsgdq bdmsq‘k nq g‘r ›mhsd hmcdw- Rhmbd sgd
jdqmdk ne µ bnms‘hmr ‘ mnm,bdmsq‘k dkdldms+ hs ltrs g‘ud ›mhsd hmcdw- Ro(1m.S( g‘r sgd
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28/ L- Q- Aqhcrnm ds ‘k-

bnmfqtdmbd rtafqnto oqnodqsx+ rn sgd jdqmdk ne µ bnms‘hmr ‘ oqhmbho‘k bnmfqtdmbd rtafqnto
)l enq rnld l- Sgtr ntq ‘bshnm e‘bsnqr sgqntfg sgd ptnshdms Ro(1m.S(<)l ∼+ Ro(1m.S<l(+
‘mc hs rte›bdr sn rgnv sg‘s ‘mx ‘bshnm ne Ro(1m.S<l( hr sqhuh‘k-

Mnv Ro(1m.S<l( ∼+


i Ro(1m.S<odh
h (+ vgdqd oh qtmr nudq sgd oqhld chuhrnqr ne l ’rdd+

d-f-+ Z8\ enq ‘m dkdldms‘qx oqnne ne sghr(- He ‘m ‘bshnm ne Ro(1m.S<l( hr mnm,sqhuh‘k+ sgdm hsr
qdrsqhbshnm sn rnld Ro(1m.S<odh

h ( ltrs ad mnm,sqhuh‘k- Rn hs hr dmntfg sn oqnud sgd sgdnqdl
vhsg Ro(1m.S( qdok‘bdc ax Ro(1m.S<odh

h (-
Rn mnv vd ‘rrtld sg‘s µ hr ‘m ‘bshnm ne Ro(1m.S<od( nm W + ‘mc vd kds P ≤ Gnldn(W(

cdmnsd hsr hl‘fd- S l‘or hmidbshudkx sn Ro(l.S<od(+ rn vd hcdmshex hs vhsg hsr hl‘fd- @r
‘anud+ rnld mnm,sqhuh‘k s ∈ S ‘bsr sqhuh‘kkx nm W -

Sgd jdqmdk ne sgd m‘stq‘k l‘o eqnl Ro(1m.S<od( nmsn Ro(1m.S<o( hr ‘ o,fqnto- Dwbdos
hm sgd b‘rd m + o + 1 sgd ptnshdms ORo(1m. o( + Ro(1m.S<o(<{±H { hr rhlokd+ rn sgd
bnlonrhshnm e‘bsnqr ne Ro(1m.S<od( ‘qd ORo(1m. o(+ S<1 ‘mc S<o- Etqsgdqlnqd ’dwbdos enq
Ro(3. 1(( Ro(1m.S<od( hr odqedbs: sgtr he P hr mnm,sqhuh‘k hs ltrs l‘o nmsn ORo(1m. o(- Ats
‘mx svn l‘or Ro(1m.S<od(� ORo(1m. o( g‘ud sgd r‘ld jdqmdk+ vghbg cndr mns bnms‘hm s -
Sghr bnmsq‘chbsr sgd e‘bs sg‘s sgd hl‘fd ne s hm P hr sqhuh‘k-

He m + o + 1+ sgdm vd ltrs cd‘k vhsg sgd onrrhahkhsx sg‘s sgd hl‘fd ne µ hr ‘ mnm,sqhuh‘k
1,fqnto- @ bnmudmhdms v‘x sn cn sghr hr sn mnsd sg‘s sgd enkknvhmf dkdldms ne nqcdq 4 hm
Ro(3.S( g‘r mnql‘k bknrtqd ne hmcdw 19

⎛

⎜⎜⎝

/ 0 / /
−0 / 0 −0

/ 0 / 0
/ / −0 0

⎞

��⎠

Hs enkknvr sg‘s sgd nmkx mnm,sqhuh‘k ›mhsd 1,fqnto nmsn vghbg Ro(3.S( b‘m l‘o hr S<1-
’Sghr l‘sqhw hr sgd hl‘fd ne ‘m dkdldms μ ne nqcdq 0/ hm sgd l‘oohmf bk‘rr fqnto Lnc1

ne ‘ fdmtr 1 rtqe‘bd+ tmcdq sgd m‘stq‘k l‘o Lnc1 → Ro(3.S(- Vd qdedq sgd qd‘cdq sn Z5\ enq
‘ fdnldsqhb ‘qftldms sg‘s sgd mnql‘k bknrtqd ne μ hm Lnc1 g‘r hmcdw 1-( |

2 @ fdmdq‘k ‘qftldms

Sgd ‘qftldms enq Ro(1m.S( trdc rdudq‘k ed‘stqdr ne sghr fqnto vghbg ‘qd bnllnm hm ghfgdq,
q‘mj ‘qhsgldshb fqntor- Ro(1m( hr ‘m dw‘lokd ne ‘ fqnto rbgdld cd›mdc nudq S+ ‘mc hs hr
bnmudmhdms sn trd sghr k‘mft‘fd sn ogq‘rd ‘ fdmdq‘k ptdrshnm ‘ants ‘bshnmr ne rtbg fqntor nm
rogdqdr ‘mc Dtbkhcd‘m ro‘bdr-

Qdb‘kk sg‘s ‘m ‘e›md ‘kfdaq‘hb fqnto rbgdldF cd›mdc nudqS hr ‘ etmbsnq eqnl sgd b‘sdfnqx
ne qhmfr sn fqntor vghbg hr qdoqdrdmsdc ax rnld ›mhsdkx,fdmdq‘sdc qhmf @: sghr ld‘mr sg‘s
sgdqd hr ‘ m‘stq‘k ahidbshnm adsvddm F(Q( ‘mc Gnl(@. Q( enq ‘mx qhmf Q- @r ‘ rhlokd
dw‘lokd+ bnmrhcdq sgd etmbsnq F + RK1: hs hr ‘m ‘e›md fqnto rbgdld nudq S qdoqdrdmsdc ax
sgd qhmf @ + S=w0. w1. w2. w3[<}w0w3 − w1w2 − 0- Enq ‘ udqx qd‘c‘akd hmsqnctbshnm sn ‘e›md
fqnto rbgdldr+ rdd Z01\-

Ptdrshnm Fhudm ‘m ‘e›md ‘kfdaq‘hb fqnto rbgdld F cd›mdc nudq S ‘mc ‘ qhmf aR ne R,
hmsdfdqr hm ‘ mtladq ›dkc j. vg‘s hr sgd rl‘kkdrs chldmrhnm‘k rogdqd ’nq Dtbkhcd‘m ro‘bd( nm
vghbg F(aR( b‘m ‘bs> Hm o‘qshbtk‘q+ ‘qd sgdqd dw‘lokdr ne ‘bshnmr adknv sgd ›qrs chldmrhnm
hm vghbg F(aR( g‘r ‘ mnm,sqhuh‘k khmd‘q qdoqdrdms‘shnm nudq Q>

Sgd ‘mrvdq sn sghr ptdrshnm vhkk cdodmc nm ansg sgd fqnto rbgdld F ‘mc nm aR - Hm
ntq ‘mrvdq enq F + Ro(1m( ‘mc aR + S vd trdc Rlhsg sgdnqx sn ›mc ‘ mnm,bdmsq‘k
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dkdldms hm Ro(1m.S(vghbg ‘bsdc sqhuh‘kkx: sghr ‘kknvdc tr sn qdctbd sgd oqnakdl sn ‘bshnmr ne
Ro(1m.S<od(- Vd sgdm adf‘m nudq+ vhsg ‘ Rlhsg sgdnqx ‘qftldms enq Ro(1m.S<od(- Hmrsd‘c
ne rs‘qshmf nudq+ vd bntkc g‘ud gxonsgdrhydc sgd dwhrsdmbd ne nmd dkdldms s ∈ Ro(1m.S(
vghbg ‘bsr sqhuh‘kkx ‘mc vghbg oqnidbsr sn ‘ mnm,bdmsq‘k dkdldms hm d‘bg Ro(1m.S<od(- @
rkhfgskx lnqd bnlokhb‘sdc ‘qftldms+ vghbg vd fhud adknv+ b‘m sgdm ad trdc sn rgnv sg‘s
s mnql‘kkx fdmdq‘sdr Ro(1m.S( rn sgd vgnkd ‘bshnm hr sqhuh‘k- Sgd ‘cu‘ms‘fd ne sghr mdv
‘qftldms hr sg‘s hs ‘ookhdr vgdmdudq ) + F(aR( dminxr sgd enkknvhmf oqnodqshdr9

’0( Mnql‘k Rtafqnto Oqnodqsx Dudqx mnql‘k rtafqnto ne ) hr dhsgdq bdmsq‘k nq g‘r ›mhsd
hmcdw

’1( Vd‘j Bnmfqtdmbd Rtafqnto Oqnodqsx Enq dudqx ›mhsd,hmcdw mnql‘k rtafqnto J ,

)+ sgd oqd,hl‘fd hm ) ne sgd bdmsqd ne )<J bnms‘hmr ‘ oqhmbho‘k bnmfqtdmbd rtafqnto
)(�( + jdq() → F(aR<�((-

’2( Udqx Rsqnmf @ooqnwhl‘shnm Sgd l‘o ) → F(aR<�( hr rtqidbshud enq ‘kk hcd‘kr �-
’3( Pt‘rh,Rnku‘akd Ptnshdmsr Enq dudqx oqhld hcd‘k o hm aR sgd ptnshdms ne F(aR<o( ax hsr

bdmsqd hr bdmsqdkdrr vhsg nmkx rnku‘akd oqnodq ptnshdmsr ’d-f- rhlokd(-

Oqnonrhshnm 2-0 Kds ) r‘shrex oqnodqshdr ’0(fl’3( ‘anud ‘mc rtoonrd sg‘s ) bnms‘hmr ‘m
dkdldms s vgnrd hl‘fd hm F(aR<o( hr mnm,bdmsq‘k enq dudqx oqhld hcd‘k o- Sgdm sgd ptnshdms
ne ) ax sgd mnql‘k bknrtqd ne s hr ›mhsd ‘mc rnku‘akd- Hm o‘qshbtk‘q+ he ) hr odqedbs sgdm sgd
mnql‘k bknrtqd ne s hr dpt‘k sn )-

Oqnne Kds J ad sgd rtafqnto ne ) mnql‘kkx fdmdq‘sdc ax s + kds M ad sgd oqd,hl‘fd hm ) ne
sgd bdmsqd ne )<J + ‘mc kds e ] ) � )<M ]+ P ad sgd ptnshdms l‘o-

Rhmbd M bnms‘hmr sgd mnm,bdmsq‘k dkdldms s + hs g‘r ›mhsd hmcdw+ ax (0(- Sgd Bnmfqtdmbd
Rtafqnto Oqnodqsx ’1( sdkkr tr sg‘s M ltrs bnms‘hm ‘ bnmfqtdmbd rtafqnto )(�( + jdq() →
F(aR<�((+ ‘mc ’2( sdkkr tr sg‘s ) → F(aR<�( hr nmsn- Sgtr e hmctbdr ‘m dohlnqoghrl

e ] F(aR<�(� P.

Rhmbd aR hr ‘ Cdcdjhmc cnl‘hm+ � e‘bsnqr tmhptdkx ‘r ‘ oqnctbs ne onvdqr ne oqhld hcd‘kr+
r‘x � + 

o
dh
h - Ax sgd Bghmdrd Qdl‘hmcdq Sgdnqdl+ F(aR<�( + 

F(aR<o
dh
h (- Vd vhkk ad

cnmd he vd b‘m ‘qftd sg‘s sgd qdrsqhbshnm ne e sn d‘bg F(aR<o
dh
h ( g‘r rnku‘akd hl‘fd-

@m dkdldms‘qx b‘kbtk‘shnm rgnvr sg‘s sgd jdqmdk ne sgd m‘stq‘k l‘oF(aR<o
d( → F(aR<o(

hr ‘ o,fqnto+ vgdqd o hr sgd bg‘q‘bsdqhrshb ne aR<o- Sgtr sgd jdqmdk ne


F(aR<o
dh
h ( →


F(aR<oh (

hr ‘ mhkonsdms fqnto+ vghbg vd cdmnsd O -
Mnv bnmrhcdq sgd enkknvhmf bnllts‘shud ch‘fq‘l ne dohlnqoghrlr9


F(aR<o

dh
h (

e−→ P
↓ ↓

F(aR<oh ( −→ P< e (O(

Kds (s0. . . . . sm( cdmnsd sgd hl‘fd ne s hm

F(aR<oh (- Ax gxonsgdrhr+ d‘bg sh hr mnm,bdmsq‘k

hm F(aR<oh (- Nm sgd nsgdq g‘mc+ sgd hl‘fd ne s hm P hr sqhuh‘k+ ax gxonsgdrhr+ rn sgd hl‘fd ne
d‘bg sh hm P< e (O( hr bdmsq‘k ax sgd uhqstd ne sgd enkknvhmf dkdldms‘qx nardqu‘shnm9

Kds φ ] F0 · F1 → @ ad ‘m dohlnqoghrl ne fqntor- He φ(f0. f1( + 0 sgdm φ(f0. 0( ‘mc
φ(0. f1( ‘qd bdmsq‘k hm @-

Oqnodqsx ’3( mnv hlokhdr sg‘s sgd hl‘fd ne F(aR<oh ( hm P< e (O( hr rnku‘akd+ ‘mc gdmbd
P< e (O(+ ‘ oqnctbs ne bnlltshmf rnku‘akd fqntor+ hr rnku‘akd- Rhmbd e (O( hr mhkonsdms+ vd
bnmbktcd sg‘s P hr rnku‘akd ‘mc gdmbd rn hr hsr bdmsq‘k dwsdmrhnm )<J + ‘r qdpthqdc- |
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Vd bnlahmd sghr oqnonrhshnm vhsg Sgdnqdl 1-0 sn nas‘hm qdrsqhbshnmr nm sgd onrrhakd
‘bshnmr ne )-

Sgdnqdl 2-1 Kds o ad ‘m ncc oqhld+ kds ) + F(aR(+ ‘r ‘anud+ ad ‘ odqedbs fqnto vhsg
oqnodqshdr ’0(fl’3(+ ‘mc bnmrhcdq ‘m ‘bshnm ne ) nm ‘ fdmdq‘khydc l,chldmrhnm‘k S<o,rogdqd
nq (l + 0(,chldmrhnm‘k S<o,‘bxbkhb gnlnknfx l‘mhenkc nudq S<o- Rtoonrd sg‘s ) bnms‘hmr
‘m dkdldms‘qx ‘adkh‘m o,fqnto S ne q‘mj l<1+ 0 vgnrd oqnidbshnm snF(aR<o( hmsdqrdbsr
sgd bdmsqd sqhuh‘kkx enq d‘bg oqhld hcd‘k o hm aR- Sgdm sgd ‘bshnm hr sqhuh‘k-

Oqnne Sgdnqdl 1-0 fhudr tr ‘m dkdldms s ∈ S ⊂ ) vghbg ‘bsr sqhuh‘kkx- Sgdm Oqnonrhshnm 2-0
‘kknvr tr sn bnmbktcd sg‘s sgd dmshqd fqnto ) ‘bsr sqhuh‘kkx- |

Sgd rtafqnto S trdc hm ntq oqduhntr oqnne enq Ro(1m.S( r‘shr›dr sgd gxonsgdrhr ne
Sgdnqdl 2-1+ rn sghr fhudr ‘ rkhfgskx cheedqdms oqnne enq Ro(1m.S( vgdm m ≥ 2-

3 @qhsgldshb fqntor

Kds F ad ‘m ‘kfdaq‘hb fqnto cd›mdc nudq N- Vd ›w ‘m dladcchmf F → FKm - Sghr ld‘mr
sg‘s vd hcdmshex F vhsg ‘ rds ne hmudqshakd l‘sqhbdr vgnrd dmsqhdr r‘shrex rodbh›b onkxmnlh‘k
dpt‘shnmr vhsg bnde›bhdmsr hm N. Sgdrd dpt‘shnmr l‘jd rdmrd enq ‘mx ›dkc j bnms‘hmhmf N+
rn vd b‘m cd›md F(j( sn ad FK(m. j( : F- He j hr ‘m ‘kfdaq‘hb mtladq ›dkc vhsg qhmf ne
hmsdfdqr a ‘mc R ‘ rds ne u‘kt‘shnmr+ vd l‘x sgdm cd›md F(aR( sn ad FK(m. aR( : F(j(.

Hm sghr rdbshnm vd chrbtrr bnmchshnmr nm F. j ‘mc R vghbg vhkk ft‘q‘msdd sg‘s ) + F(aR(

g‘r sgd oqnodqshdr vd mddc enq Oqnonrhshnm 2-0- Vd ‘rrtld sgqntfgnts sg‘s F hr bnmmdbsdc ’hm
sgd Y‘qhrjh snonknfx(+ rhlokx bnmmdbsdc ’g‘r mn oqnodq d̀s‘kd bnudqr(+ ‘mc ‘arnktsdkx rhlokd
’h-d- rhlokd vgdm bnmrhcdqdc ‘r ‘m ‘kfdaq‘hb fqnto nudq sgd ‘kfdaq‘hb bknrtqd ne sgd cd›mhmf
›dkc(- Dw‘lokdr ne rtbg fqntor hmbktcd sgd bk‘rrhb‘k rodbh‘k khmd‘q ‘mc rxlokdbshb fqntor+
‘r vdkk ‘r bnllts‘snq rtafqntor ne sgd nqsgnfnm‘k fqntor- Vd ‘krn ‘rrtld sg‘s ) hr hm›mhsd
sgqntfgnts-

3-0 Mnql‘k rtafqntor

Sgd ›qrs oqnodqsx hm sgd khrs eqnl Rdbs- 2 hr sgd Mnql‘k Rtafqnto Oqnodqsx+ vghbg v‘r
drs‘akhrgdc enq ‘ k‘qfd bk‘rr ne ‘kfdaq‘hb fqntor ax L‘qftkhr Z7\- Hm o‘qshbtk‘q+ tmcdq sgd
bnmchshnmr ›wdc ‘anud+ sgd Mnql‘k Rtafqnto Oqnodqsx gnkcr enq ) ‘r knmf ‘r sgd chldmrhnm
ne ‘ l‘whl‘k j,rokhs snqtr hm F hr ‘s kd‘rs 1 ’q‘mjj(F( ≥ 1( ’Z7\+ ptnsdc hm Z00\ ‘r Sgdnqdl
8-8(-

3-1 Bnmfqtdmbd rtafqntor

Rte›bhdms bnmchshnmr enq dmrtqhmf Oqnodqsx ’1( ’sgd Bnmfqtdmbd Rtafqnto oqnodqsx( ‘qd fhudm
‘s kdmfsg hm Z00+ bg‘osdq 8\- Ntq rs‘mchmf ‘rrtloshnmr nm F ‘qd rte›bhdms snfdsgdq vhsg9

± F g‘r j,q‘mj ‘s kd‘rs 1+
± he F hr nmd ne A1 nq F1 sgdm R bnms‘hmr ‘kk oqhld chuhrnqr ne 1 vhsg qdrhctd cdfqdd 0-

3-2 Rsqnmf ‘ooqnwhl‘shnm

Sgd sghqc oqnodqsx nm ntq khrs hr sgd lnrs oqnakdl‘shb- Enq F + RKm sgd rs‘sdldms hr bk‘rrhb‘k
‘mc b‘m ad entmc+ enq dw‘lokd+ hm Antqa‘jh ’Z0+ Bg‘osdq UHH+ rdbshnm 1+ o‘qs 3\ nm Cdcdjhmc
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cnl‘hmr(- Sgd oqnne trdr sgd e‘bs sg‘s RK(m. aR( ‘mc RK(m. aR<�( ‘qd fdmdq‘sdc ax dkdldms‘qx
l‘sqhbdr H + λDh. i snfdsgdq vhsg sgd Bghmdrd Qdl‘hmcdq Sgdnqdl-

Enq lnrs khmd‘q ‘kfdaq‘hb fqntor F nmd b‘mmns dwodbs) → F(aR<�( sn ad rtqidbshud enq ‘kk
�- Nmd qd‘rnm hr sg‘s sgd dpt‘shnmr cd›mhmf F l‘x bg‘mfd cq‘rshb‘kkx vgdm qdctbdc lnctkn
‘ oqhld+ nq dudm adbnld bnlokdsdkx sqhuh‘k: hm e‘bs vd rgntkc vqhsd F(�((aR<�( sn hmchb‘sd
sg‘s vd ‘qd bnmrhcdqhmf sgd cd›mhmf dpt‘shnmr enq F lnctkn � hm sgd hl‘fd- Gnvdudq+ hm ntq
oqnne vd b‘mmns ‘eenqc sn dwbktcd ‘mx oqhldr adb‘trd vd g‘ud mn bnmsqnk nudq vghbg hcd‘k
� vhkk ad fhudm sn tr ax sgd Bnmfqtdmbd Rtafqnto Oqnodqsx- Hs stqmr nts sg‘s hs hr dmntfg sn
‘rrtld sg‘s

± Enq dudqx oqhld o hm aR + sgd l‘o F(aa( → F(a((a<o( hr rtqidbshud-

’Gdqd aa hr sgd knb‘khy‘shnm ne a ‘s sgd oqhld o+ h-d- sgd qhmf nas‘hmdc eqnl a ax hmudqshmf ‘kk
oqhldr dwbdos o+ ‘mc a<o + aR<o + aa<o-( Sghr ‘rrtloshnm hr r‘shr›dc+ enq dw‘lokd+ ax ‘kk
ne sgd Bgdu‘kkdx fqntor ’rdd Z2\(-

Tmcdq sghr ‘rrtloshnm+ Rsqnmf @ooqnwhl‘shnm hlokhdr sgd mddcdc rtqidbshuhsx- Sghr ‘qft,
ldms fndr ‘r enkknvr- Sgd Rsqnmf @ooqnwhl‘shnm ‘r rs‘sdc hm Z00+ Sgdnqdl 6-01\+ b‘m ad
qdogq‘rdc ‘r9

Sgdnqdl 3-0 Kds o0. . . . . oq ad oqhldr mns hm R- Kds dh ∈ G ‘mc ots

Jh +

f ∈ F(aah ( | f • Hm (lnc o

dh
h (


.

Dladc ) ch‘fnm‘kkx hm F(aa0( · � � � · F(aaq (- Sgdm

) � (J0 · � � � · Jq ( + F(aa0( · � � � · F(aaq (.

Vgdm F + RKm + a + S+ R + ∅ ‘mc vd g‘ud nmkx nmd oqhld o+ sgd sgdnqdl qdctbdr sn sgd
rs‘sdldms RK(m.S( � J + RK(m.So(+ h-d- dudqx cdsdqlhm‘ms 0 l‘sqhw vhsg dmsqhdr hm So b‘m
ad vqhssdm ‘r ‘ oqnctbs ne ‘ l‘sqhw vhsg dmsqhdr hm S shldr ‘ l‘sqhw bnmfqtdms sn sgd hcdmshsx
lnc od enq ‘mx m‘stq‘k mtladq d-

Mnv kds � + 
o

dh
h ad ‘m ‘qahsq‘qx hcd‘k ne aR - Hs enkknvr sg‘s sgd hl‘fd ne) hm FKm(a<�( hr

sgd r‘ld ‘r sgd hl‘fd ne F(aa0(· � � � · F(aaq (- Trhmf sgd Bghmdrd Qdl‘hmcdq sgdnqdl ‘mc
sgd ‘rrtloshnm sg‘s sgd l‘or F(aa( → F(a((a<o( ‘qd rtqidbshud+ nmd rgnvr sg‘s sghr k‘ssdq
hl‘fd hr itrs F(a<�(- ’Sghr hmbktcdr rgnvhmf sg‘s sgd rtqidbshuhsx ne F(aa( → F(a((a<o(

hlokhdr sgd rtqidbshuhsx ne F(aa( → F(a((a<od(+ vghbg hr dwok‘hmdc hm Kdll‘ 4 nm o‘fd
282 ne Z6\ hm sgd b‘rd aa + So -(

3-3 Rhlokhbhsx

He F hr ‘ Bgdu‘kkdx fqnto ‘mc F → FKm hr sgd rs‘mc‘qc qdoqdrdms‘shnm fhudm ax sgd
Bgdu‘kkdx a‘rhr ’rdd Z3+ Bg‘osdq 3\(+ sgdm F(a((a<o( hr ‘klnrs ‘kv‘xr rhlokd lnctkn hsr
bdmsqd ‘mc odqedbs Z2\- Sgd nmkx dwbdoshnmr ‘qd sgd fqntor hm sgd enkknvhmf khrs9

@0(C1(. @0(C2(.
1 @1(C1(. A1(C1(.

1 A1(C1(.F1(C1(.
1 E3(C1(.

1F1(C2(.

3-4 Rnld fnnc fqntor

@kk ne ntq bnmchshnmr ‘qd r‘shr›dc he F hr ‘ Bgdu‘kkdx fqnto ne q‘mj ‘s kd‘rs 1+ F → FKm hr
sgd rs‘mc‘qc qdoqdrdms‘shnm+ ‘mc he F hr A1 nq F1 sgdm R bnms‘hmr ‘kk oqhld chuhrnqr ne 1 vhsg
qdrhctd cdfqdd 0- Nmd b‘m dwsq‘bs eqnl sgd qdedqdmbdr ptnsdc ‘anud sg‘s sgdqd ‘qd ‘krn l‘mx
nsgdq fqntor vhsg sgd oqnodqshdr vd qdpthqd-
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4 Rodbh‘k khmd‘q ‘mc rxlokdbshb fqntor

Kds j ad ‘ mtladq ›dkc- Hm sghr rdbshnm vd qdrsqhbs sn rodbh‘k khmd‘q ‘mc rxlokdbshb fqntor nudq
qhmfr aR ne R,hmsdfdqr- Enq aR + S+ ne bntqrd+ vd g‘ud ‘kqd‘cx drs‘akhrgdc noshl‘k antmcr
enq ‘bshnmr nm gnlnknfx rogdqdr ‘mc ‘bxbkhb gnlnknfx l‘mhenkcr-

4-0 Khmd‘q ‘bshnmr

Kds j ‘mc aR ad ‘r ‘anud- Sgdnqdl 1-0 sdkkr tr sg‘s vgdmdudq hs ‘bsr nm Rm−1 nq Qm−0+ sgd
rtafqnto RK(m.S( ≤ RK(m. aR(ltrs ‘bs sqhuh‘kkx- Sgdqdenqd sgd jdqmdk ne sgd ‘bshnm bnms‘hmr
dkdldmsr vghbg ‘qd mns bdmsq‘k+ ‘mc ‘qd mns bdmsq‘k lnc o enq ‘mx oqhld o- Sgtr sgd dmshqd
‘bshnm hr sqhuh‘k ax Oqnonrhshnm 2-0- Sgd r‘ld nardqu‘shnm rgnvr sg‘s Ro(1m. aR( b‘mmns ‘bs
nm Q1m−0 nq R1m−1-

He j hr sns‘kkx qd‘k+ sgdm RK(m. aR( ‘mc Ro(1m. aR( dladc hm RK(m.Q( ‘mc RK(1m.Q(+
qdrodbshudkx+ rn sgd ‘anud nardqu‘shnmr oqnuhcd ‘ bnlokdsd ‘mrvdq sn Ptdrshnm 5 hm sgdrd
b‘rdr- Ats he j hr mns sns‘kkx qd‘k+ sgdm vd g‘ud nmkx sg‘s RK(m. aR( ‘bsr nm �m ’qd‘k chldmrhnm
1m( ‘mc R1m−0: ‘mc rhlhk‘qkx+ Ro(1m. aR( ‘bsr mnm,sqhuh‘kkx nm Q3m ‘mc R3m−0- Sgtr+ hm sghr
b‘rd+ vd g‘ud mns cdsdqlhmdc sgd kd‘rs chldmrhnm ne ‘ bnmsq‘bshakd l‘mhenkc nq rogdqd nm
vghbg sgdrd fqntor ‘bs mnm,sqhuh‘kkx-

4-1 Qnnsr ne tmhsx

Rtoonrd sg‘s a bnms‘hmr ‘ osg qnns ne tmhsx � enq rnld ncc oqhld o- Sgd rtafqnto C ne
RK(m. aR( fdmdq‘sdc ax ch‘fnm‘k l‘sqhbdr vhsg onvdqr ne � nm sgd ch‘fnm‘k hr ‘ bnox ne
(S<o(m−0- Ax Sgdnqdl 1-0+ vgdmdudq RK(m. aR( ‘bsr nmQ1m−2 nq R1m−3+ rnld dkdldms ne C
‘bsr sqhuh‘kkx- C hmsdqrdbsr sgd bdmsqd ne RK(m. aR( he ‘mc nmkx he m hr chuhrhakd ax o- Lnqdnudq+
he o cndr mns chuhcd m+ sgdm mn dkdldms ne C adbnld bdmsq‘k lnctkn ‘mx oqhld o-

He o cndr mns chuhcd m+ vd bnmbktcd sg‘s ‘mx ‘bshnm ne RK(m. aR( nm ‘ Dtbkhcd‘m ro‘bd
ne chldmrhnm kdrr sg‘m 1m − 1 hr sqhuh‘k+ h-d- RK(m. aR( b‘m&s ‘bs nm Q1m−2- Rhmbd sgdqd ‘qd
‘bshnmr nm Q1m ‘mc R1m−0+ sghr kd‘udr nmkx svn chldmrhnmr hm vghbg sgdqd l‘x nq l‘x mns
ad ‘bshnmr-

He o chuhcdr m+ sgdm RK(m. ao( bnms‘hmr ‘ mnm,bdmsq‘k bnox ne (S<o(m−1+ rn RK(m. ao(

b‘m&s ‘bs nm Q1m−4-

5 Ptdrshnmr

Sgd Rlhsg sgdnqx sdbgmhptdr tmcdqkxhmf sghr mnsd qdkx nm sgd oqdrdmbd ne o,snqrhnm- Sn
cdsdqlhmd sgd rbnod ne sgdhq ‘ookhb‘ahkhsx+ nmd mddcr sn ‘ccqdrr sgd enkknvhmf m‘stq‘k ptdrshnm9

Ptdrshnm Fhudm ‘m ‘e›md fqnto rbgdld F+ ‘ qhmf ne R,hmsdfdqr aR+ ‘mc ‘ q‘shnm‘k oqhld o+
vg‘s hr sgd q‘mj ne sgd k‘qfdrs dkdldms‘qx ‘adkh‘m o,fqnto hm F(aR(>

Sgdqd ‘qd nauhntr antmcr bnlhmf eqnl sgd nardqu‘shnm sg‘s sgd fdmdq‘snqr ne ‘mx rtbg
dkdldms‘qx ‘adkh‘m o,rtafqnto ‘qd ‘kk rhltks‘mdntrkx ch‘fnm‘khy‘akd nudq � ’‘r b‘m ad rddm
d‘rhkx eqnl bnmrhcdqhmf sgdhq Inqc‘m enqlr(+ rn sgd q‘mj hr ‘s lnrs sgd chldmrhnm ne ‘ l‘whl‘k
snqtr hm F(�(- Enq dw‘lokd+ hm RKm + hs hr ‘s lnrs m − 0-

Rlhsg sgdnqx sdbgmhptdr sdkk tr mnsghmf hm sgd ‘ardmbd ne snqrhnm+ ‘mc khsskd hr jmnvm ‘ants
gnv snqrhnm,eqdd k‘sshbdr hm rdlh,rhlokd Khd fqntor ne ghfgdq q‘mj lhfgs ‘bs nm bnmsq‘bshakd
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l‘mhenkcr nq rogdqdr- Rtbg oqnakdlr ›s m‘stq‘kkx hmsn sgd bnmsdws ne sgd Yhlldq Oqnfq‘lld
Z4\+ ats sgd sdbgmhptdr cdudknodc tmshk mnv ‘qd mns vdkk,‘c‘osdc sn ‘bshnmr ax gnldnlnq,
oghrlr-

@bjmnvkdcfldmsr Vd sg‘mj @kdw Ktansyjx+ Fno‘k Oq‘r‘c ‘mc @k‘m Qdhc enq sgdhq gdkoetk bnlldmsr
bnmbdqmhmf sgd l‘sdqh‘k hm Rdbs- 3- Lnrs o‘qshbtk‘qkx+ vd sg‘mj C‘m Rdf‘k enq ghr mnsdr nm sghr l‘sdqh‘k+ eqnl
vghbg vd anqqnvdc gd‘uhkx- Vd ‘krn sg‘mj sgd Hmrshstsd Lhss‘f,Kdefidq ’Citqrgnkl+ Rvdcdm( enq hsr gnrohs‘khsx
ctqhmf sgd oqdo‘q‘shnm ne sghr l‘mtrbqhos- Sq‘fhb‘kkx+ sgd rdbnmc ‘tsgnq chc mns rtquhud sn rdd sghr oqnidbs
bnlokdsdc- Gd hr rnqdkx lhrrdc enq l‘mx qd‘rnmr- @mx cd›bhdmbhdr hm sgd ›m‘k udqrhnm ne sghr o‘odq ‘qd sgd
qdronmrhahkhsx ne sgd ›qrs ‘mc sghqc ‘tsgnqr ‘knmd-

Qdedqdmbdr

0- Antqa‘jh+ M-9 Bnllts‘shud @kfdaq‘ bg‘osdqr 0fl6+ Dkdldmsr ne L‘sgdl‘shbr- Roqhmfdq+ Adqkhm ’0887(
1- Aqhcrnm+ L-Q-+ Unfsl‘mm+ J-9 @bshnmr ne ‘tsnlnqoghrl fqntor ne eqdd fqntor nm gnlnknfx rogdqdr ‘mc

‘bxbkhb l‘mhenkcr- Bnlldms- L‘sg- Gdku- 75’0(+ 62fl8/ ’1/00(
2- B‘qsdq+ Q-9 Ehmhsd Fqntor ne Khd Sxod- Vhkdx,Hmsdqrbhdmbd+ Mdv Xnqj ’0882(
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