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Dpthu‘kdmbd bk‘rrdr hm sgd Vdxk fqntor ne sxod Am

Sgnl‘r Ohdsq‘gn

Qdbdhudc9 00 Nbsnadq 1//5 . @bbdosdc9 00 Itmd 1//6 . Otakhrgdc nmkhmd9 5 Itkx 1//6
© Roqhmfdq Rbhdmbd*Atrhmdrr Ldch‘+ KKB 1//6

@arsq‘bs Vd bnmrhcdq svn e‘lhkhdr ne dpthu‘kdmbd bk‘rrdr hm sgd Vdxk fqntor ne sxod
Am vghbg ‘qd rtffdrsdc ax sgd rstcx ne kdes bdkkr hm tmdpt‘k o‘q‘ldsdq Hv‘gnqh,Gdbjd
‘kfdaq‘r- Ansg e‘lhkhdr ‘qd hmcdwdc ax ‘ mnm,mdf‘shud hmsdfdq q - Hs g‘r addm rgnvm sg‘s
sgd ›qrs e‘lhkx bnhmbhcdr vhsg kdes bdkkr bnqqdronmchmf sn sgd dpt‘k o‘q‘ldsdq Hv‘gnqh,
Gdbjd ‘kfdaq‘ vgdm q + /: sgd dpthu‘kdmbd bk‘rrdr hm sgd rdbnmc e‘lhkx ‘fqdd vhsg
kdes bdkkr bnqqdronmchmf sn ‘ rodbh‘k bk‘rr ne bgnhbdr ne tmdpt‘k o‘q‘ldsdqr vgdm q hr
rte›bhdmskx k‘qfd- Ntq l‘hm qdrtks rgnvr sg‘s sgd svn e‘lhkhdr ne dpthu‘kdmbd bk‘rrdr
bnhmbhcd+ rtffdrshmf sgd rsqtbstqd ne kdes bdkkr enq qdl‘hmhmf bgnhbdr ne sgd Hv‘gnqh,
Gdbjd ‘kfdaq‘ o‘q‘ldsdqr-

Jdxvnqcr Tmdpt‘k o‘q‘ldsdq Hv‘gnqh,Gdbjd ‘kfdaq‘ · Cnlhmn s‘akd‘tw ·
Qnahmrnm,Rbgdmrsdc ‘kfnqhsgl

L‘sgdl‘shbr Rtaidbs Bk‘rrh›b‘shnm ’1///( 1/B/7 · /4D0/

0 Hmsqnctbshnm

Bnmrhcdq ‘ Vdxk fqnto V ne sxod Am+ sg‘s hr+ sgd gxodqnbs‘gdcq‘k fqnto Gm- Vd vhkk
mddc svn fdmdq‘khy‘shnmr ne sgd Qnahmrnm,Rbgdmrsdc ‘kfnqhsgl- Kds RCSq (m( ad sgd
rds ne rs‘mc‘qc cnlhmn s‘akd‘tw ne rhyd m ‘mc q‘mj q - Sgdm enq dudqx q + sgdqd hr ‘ l‘o

Fq ]V � RCSq (m(· RCSq (m(

vghbg hr ‘ ahidbshnm ne V vhsg hsr hl‘fd+ sgd rds ne r‘ld,rg‘od o‘hqr ne rs‘mc‘qc
cnlhmn s‘akd‘tw ’rdd Z3\ ‘mc Z06\(- Rtardptdmskx+ vd vhkk vqhsd (Rq (v(.Sq (v(( enq

S- Ohdsq‘gn ’B(
Cdo‘qsldms ne L‘sgdl‘shbr+ Anvcnhm Bnkkdfd+ Aqtmrvhbj+ LD /3/00+ TR@
d,l‘hk9 sohdsq‘g?anvcnhm-dct
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sgd o‘hq Fq (v(- He vd vqhsd RAS (m( enq sgd rds ne rs‘mc‘qc ahs‘akd‘tw ne rhyd m+ sgdm
hs hr onrrhakd sn cd›md ‘mnsgdq ‘kfnqhsgl

G ]V � RAS (m(· RAS (m(.

Sgd hl‘fd ne G hr sgd rds ne r‘ld rg‘od o‘hqr ne rs‘mc‘qc ahs‘akd‘tw+ ‘mc vhsg sghr
qdrsqhbshnm+ sgd l‘o hr ‘f‘hm ‘ ahidbshnm Z05\- Vgdm q ≥ m 0+ sgdqd hr ‘ m‘stq‘k hcdm,
sh›b‘shnm adsvddm sgd rdsr RCSq (m( ‘mc RAS (m(+ ‘mc sgd bnqqdronmchmf ahidbshnmr
bnhmbhcd-

@r hm Z8\+ ‘ Bnwdsdq fqnto V ‘mc ‘ vdhfgs etmbshnm K nm V b‘m ad trdc sn o‘q,
shshnm V hmsn kdes bdkkr- Vgdm V hr ne sxod Am+ sgd vdhfgs etmbshnm b‘m ad hcdmsh›dc
vhsg ‘ onrhshud rb‘k‘q r+ ‘mc sgd cdrbqhoshnm ne sgd bnqqdronmchmf kdes bdkkr hr jmnvm
vgdm r + 0+ h-d- sgd dpt‘k o‘q‘ldsdq b‘rd Z5\+ vgdm r + 0

1 ‘mc r + 2
1 Z1\ ‘mc Z7\+ ‘mc

vgdm r / m 0 Z0\- Vd dw‘lhmd svn e‘lhkhdr ne dpthu‘kdmbd bk‘rrdr nm V rtffdrsdc
ax sgd ‘anud qdrtksr hm ‘m deenqs sn hmsdqonk‘sd sgdl enq hmsdqldch‘sd hmsdfdq u‘ktdr
ne r-

Vd cd›md sgd ›qrs dpthu‘kdmbd qdk‘shnm nm V ax kdsshmf v ∼q x hee sgd qhfgs
s‘akd‘tw hm sgd hl‘fd ne Fq + Sq (v( ‘mc Sq (x(+ ‘qd qdk‘sdc ax lnuhmf sgqntfg
‘ rds ne nodm bxbkdr- Sgd rdbnmc dpthu‘kdmbd qdk‘shnm hr cd›mdc trhmf sgd qhfgs
s‘akd‘tw nas‘hmdc eqnl ansg Fq ‘mc Fq+0- Kds v�∝

q x hee dhsgdq Sq (v( + Sq (x(

nq Sq+0(v(+ Sq+0(x( ‘mc s‘jd sgd dpthu‘kdmbd qdk‘shnm�q sn ad hsr sq‘mrhshud bkn,
rtqd- Hs hr d‘rx sn rdd sg‘s enq rte›bhdmskx k‘qfd q + sgd svn qdk‘shnmr ‘qd sgd r‘ld- Vgdm
q ≥ m 0+ sgd rds ne nodm bxbkdr cd›mhmf ∼q hr mdbdrr‘qhkx dlosx+ hlokxhmf v ∼q x

hee Sq (v(+ Sq (x(+ ‘mc etqsgdq+ sg‘s v ∼q x hee v�q x- Ats dudm lnqd hr sqtd-

Sgdnqdl 2-5 Ehw ‘ mnm,mdf‘shud hmsdfdq q - Enq dkdldmsr v.x ∈ V. vd g‘ud v ∼q x

hee v�q x-

Ansg e‘lhkhdr ne dpthu‘kdmbd bk‘rrdr ‘qd cdqhudc eqnl qdrtksr nm kdes bdkkr ne tm,
dpt‘k o‘q‘ldsdq Hv‘gnqh,Gdbjd ‘kfdaq‘r enq bdqs‘hm u‘ktdr ne sgd o‘q‘ldsdq r- Sgd qd,
k‘shnm ∼/+ ‘r vdkk ‘r sgd mnshnm ne nodm bxbkdr+ v‘r hmsqnctbdc ax C- F‘q›mjkd Z3\ ‘mc
trdc sn cdrbqhad sgd kdes bdkkr hm sgd dpt‘k o‘q‘ldsdq b‘rd+ h-d- vgdm sgd rb‘k‘q r + 0-
Enq ‘kk u‘ktdr ne q ≥ m 0+ sgd dpthu‘kdmbd bk‘rrdr ne�q hm V ‘qd sgd r‘ld+ ‘mc bnq,
qdronmc sn sgd kdes bdkkr hm sgd tmdpt‘k o‘q‘ldsdq b‘rd vgdm r / m 0 ’rdd Z0\(- Sghr
qdrtks ne Anmm‘ed̀ ‘mc H‘mbt nqhfhm‘kkx cdrbqhadc sgd kdes bdkkr trhmf qhfgs ahs‘akd‘tw
ne G + ats hs hr d‘rx sn qdbnmbhkd vhsg sghr enqltk‘shnm ax ›qrs+ qdb‘kkhmf sgd qdk‘,
shnmrgho adsvddm G ‘mc Fq enq k‘qfd q ‘mc rdbnmc+ mnshmf sg‘s Sq (v( + Sq (x( hee
Sq+0(v(+ Sq+0(x( enq sgdrd u‘ktdr ne q -

Rhmbd ∼/ b‘ostqdr sgd kdes bdkk rsqtbstqd ne V vgdm r + 0 ‘mc�q cdrbqhadr sgd
kdes bdkkr vgdm q + r  0 / m 0+ sgd ‘anud sgdnqdl b‘m ad sgntfgs ne ‘r hmsdqon,
k‘shmf sgdrd qdrtksr ‘mc rtffdrsr sg‘s ∼q ‘mc�q b‘m ad trdc sn cdrbqhad sgd kdes
bdkk rsqtbstqd enq hmsdqldch‘sd hmsdfq‘k u‘ktdr ne r ‘r vdkk- Sgdqd hr nmd lnqd ohdbd ne
duhcdmbd hm rtoonqs ne sghr-

Anmm‘ed̀+ Fdbj+ H‘mbt+ ‘mc K‘l g‘ud bnmidbstqdc sg‘s vgdm r hr mnm,hmsdfq‘k+
sgd kdes bdkkr ‘qd cdsdqlhmdc ax sgd qhfgs cnlhmn s‘akd‘tw enq ‘ooqnoqh‘sd u‘ktdr ne
q Z1\- Ktryshf&r bnmidbstqd Z8+ ’11-18(\ ‘r vdkk ‘r sgd oqnonrhshnmr Z8+ ’11-13(\ ‘mc Z8+
’11-14(\ sgdm rtffdrs sg‘s sgd bnllnm qd›mdldms�r 0 ne sgdrd bdkkr cdrbqhadr sgd
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kdes bdkk rsqtbstqd enq hmsdfq‘k u‘ktdr ne r- Sgd l‘hm qdrtks ne sghr o‘odq rgnvr sg‘s
sghr rs‘sdldms b‘m ad qdogq‘rdc trhmf sgd rnldvg‘s rhlokdq dpthu‘kdmbd qdk‘shnmr
∼r 0+ ‘mc qdbnmbhkdr sgd bnmidbstqd vhsg sgd nqhfhm‘k qdrtks ne F‘q›mjkd+ A‘qa‘rbg
‘mc Unf‘m vgdm r + 0-

Rnld bnlldmsr bnmbdqmhmf sgd fdnldsqhb‘k bnmrhcdq‘shnmr qdk‘sdc sn bdkkr hm sghr
bnmsdws ‘qd ‘ooqnoqh‘sd- Ehqrs ne ‘kk+ ‘bbnqchmf sn J‘ygc‘m,Ktryshf sgdnqx+ nmd vntkc
khjd sn ‘ss‘bg sn d‘bg kdes bdkk ‘ chrshmfthrgdc Vdxk fqnto qdoqdrdms‘shnm snfdsgdq vhsg
‘ ›mhsd fqnto- Hm sgd dpt‘k o‘q‘ldsdq b‘rd+ sghr Vdxk fqnto qdoqdrdms‘shnm hr rodbh‘k
hm sgd rdmrd ne Ktryshf ‘mc sgd ›mhsd fqnto hr sgd bnlonmdms fqnto ne sgd bdmsq‘khydq
ne ‘m ‘rrnbh‘sdc mhkonsdms nqahs- Hm sgd ‘rxlosnshb b‘rd+ ‘kk bdkkr ‘qd hqqdctbhakd ‘mc
nmd b‘m s‘jd sgd bnqqdronmchmf ›mhsd fqntor sn ad sqhuh‘k-

Enq sgd bnmidbstqdc kdes bdkkr hm sgd hmsdqldch‘sd b‘rdr+ ‘ bgnhbd ne ‘ chrshmfthrgdc
Vdxk fqnto qdoqdrdms‘shnm+ nq hm nsgdq vnqcr+ ‘ bgnhbd ne ‘ chrshmfthrgdc o‘qshshnm
‘lnmf sgd rg‘odr ne s‘akd‘tw ne dkdldmsr hm sgd bnmidbstqdc svn,rhcdc bdkk ’rdd Z1+
Bnmidbstqd C\(+ hr mns bkd‘q- Hm sgd dpt‘k o‘q‘ldsdq b‘rd+ sgd rodbh‘k qdoqdrdms‘shnm
‘ss‘bgdc sn ‘ kdes bdkk B bnqqdronmcr sn ‘ o‘qshshnm vghbg ‘ood‘qr ‘r ‘ s‘akd‘tw rg‘od
hm ‘kk ne sgd kdes bdkkr bnms‘hmdc hm sgd svn,rhcdc bdkk ne B- Tmenqstm‘sdkx+ rtbg ‘
o‘qshshnm mddc mns dwhrs hm sgd tmdpt‘k o‘q‘ldsdq b‘rd- Enq hmrs‘mbd+ vgdm q + 1+
mn rhmfkd o‘qshshnm ‘ood‘qr ‘lnmf sgd s‘akd‘tw rg‘odr hm dudqx bnmidbstq‘k kdes bdkk
bnms‘hmdc hm sgd bnmidbstq‘k svn,rhcdc bdkk cd›mdc eqnl sgd o‘qshshnm (3.21.0(-

Hs hr onrrhakd+ gnvdudq+ sn ‘ss‘bg ‘ ›mhsd fqnto sn d‘bg bnmidbstqdc kdes bdkk B hm ‘
l‘mmdq qdlhmhrbdms ne sgd dpt‘k o‘q‘ldsdq b‘rd- Sgd qhfgs s‘akd‘tw ne sgd hmunktshnmr
B ∩ B 0 ‘qd ‘kk qdk‘sdc ax lnuhmf sgqntfg ‘ rtards ne mnm,bnqd nodm bxbkdr- Gdmbd
B ∩ B 0 b‘m ad dmcnvdc vhsg sgd rsqtbstqd ne ‘m dkdldms‘qx ‘adkh‘m fqnto ne nqcdq
1b + vgdqd b hr sgd mtladq ne mnm,bnqd nodm bxbkdr hm sgd qhfgs s‘akd‘tw ne dkdldmsr ne
B- Hm sgd dpt‘k o‘q‘ldsdq b‘rd+ LbFnudqm g‘r cdrbqhadc sgd qdk‘shnmrgho ne B ∩ B 0

sn ‘ ptnshdms ne sgd bnlonmdms fqnto ldmshnmdc ‘anud Z0/\-
Rdbnmckx+ sgd l‘o F/+ vghbg bk‘rrh›dr bdkkr hm sgd dpt‘k o‘q‘ldsdq b‘rd+ hr qd,

k‘sdc sn ‘ lnqd fdnldsqhb Qnahmrnm,Rbgdmrsdc,sxod ‘kfnqhsgl cdrbqhadc hm Z00\ ‘mc
Z03\ vghbg bk‘rrh›dr nqahs‘k u‘qhdshdr hm mhkonsdms nqahsr- Sgd qdk‘shnmrgho adsvddm
sgdl hr rstchdc hm Z01\+ drs‘akhrghmf ‘ ahidbshnm adsvddm bdkkr ‘mc sgd nqahs‘k u‘qhdshdr
bnms‘hmdc hm rodbh‘k mhkonsdms nqahsr sg‘s hr vdkk,adg‘udc vhsg qdrodbs sn ‘ bdqs‘hm o‘q,
sh‘k nqcdq- Hs vntkc ad hmsdqdrshmf sn hmudrshf‘sd vgdsgdq ‘ khmj dwhrsr adsvddm Fq enq
q (+ / ‘mc sghr fdnldsqhb ‘kfnqhsgl: gnvdudq+ adb‘trd o‘qshshnmr ne ‘qahsq‘qx q‘mj cn
mns m‘stq‘kkx bnqqdronmc sn mhkonsdms nqahsr+ sgd dwhrsdmbd ne rtbg ‘ qdk‘shnmrgho hr mns
nauhntr-

Ehm‘kkx+ Fnqcnm ‘mc L‘qshmn g‘ud qdbdmskx khmjdc sgd bnlahm‘snqhbr ne bdkkr hm
sgd tmdpt‘k o‘q‘ldsdq b‘rd vhsg sgd fdnldsqx ne sgd B‘knfdqn,Lnrdq ro‘bd hm Z6\-
Sgdqd+ sgd mhkonsdms onhmsr ne B‘knfdqn,Lnrdq ro‘bd ‘qd rgnvm sn bnqqdronmc sn sgd
bnlahm‘snqh‘kkx,cd›mdc bnmidbstq‘k svn,rhcdc bdkkr-

1 Oqdkhlhm‘qhdr

1-0 Cnlhmn s‘akd‘tw

@ Xntmf ch‘fq‘l C hr ‘ ›mhsd kdes,itrsh›dc ‘qq‘x ne rpt‘qdr ‘qq‘mfdc vhsg mnm,
hmbqd‘rhmf qnv kdmfsgr- @ rpt‘qd hm qnv h ‘mc bnktlm i ne sgd ch‘fq‘l vhkk ad
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cdmnsdc rhi rn sg‘s r00 hr sgd toodqlnrs kdes rpt‘qd hm sgd Xntmf ch‘fq‘l adknv9

Ax ∂(C( ne C+ vd vhkk cdmnsd sgd rds ne rpt‘qdr rhi ne C rtbg sg‘s dhsgdq rh.i+0
nq rh+0.i cndr mns khd hm C- Vd vhkk ‘krn vqhsd ρ(C( enq sgd rds ne rpt‘qdr rh.i+0 ‘mc
rh+0.i sg‘s cn mns khd hm C ats rhi ∈ ∂(C(-

Kds q ∈ M ‘mc λ ad ‘ o‘qshshnm ne ‘ onrhshud hmsdfdq l: ‘krn vqhsd Mm + {0.1. . . . . m{-
@ rs‘mc‘qc cnlhmn s‘akd‘t ne q‘mj q ‘mc rg‘od λ hr ‘ Xntmf ch‘fq‘l ne rg‘od λ

vgnrd rpt‘qdr ‘qd k‘adkdc ax dkdldmsr ne Mm ∪ {/{ hm rtbg ‘ v‘x sg‘s sgd hmsdfdq /
k‘adkr sgd rpt‘qd rhi hee h + i , q + 1+ d‘bg dkdldms ne Mm k‘adkr dw‘bskx svn ‘ci‘bdms
rpt‘qdr+ ‘mc ‘kk k‘adkr hmbqd‘rd vd‘jkx ‘knmf ansg qnvr ‘mc bnktlmr- Vd vhkk vqhsd
RCSq(λ( enq sgd e‘lhkx ne ‘kk cnlhmn s‘akd‘tw ne q‘mj q ‘mc rg‘od λ ‘mc RCSq (m(

enq sgd e‘lhkx ne ‘kk cnlhmn s‘akd‘tw ne q‘mj q vghbg bnms‘hm dw‘bskx m cnlhmnr- Sgd
rds ne rpt‘qdr k‘adkdc ax / vhkk ad b‘kkdc sgd bnqd ne sgd s‘akd‘t- Vd vhkk vqhsd δ(S (

enq sgd rds ne rhi vghbg r‘shrex h + i + q + 1+ ‘mc dwsdmc sgd mnshnmr ne ∂(C( ‘mc
ρ(C( sn s‘akd‘tw+ vqhshmf ∂(S ( ‘mc ρ(S (-

1-1 Fdmdq‘khydc Qnahmrnm,Rbgdmrsdc ‘kfnqhsglr

Vd vhkk bnmrhcdq sgd dkdldmsr ne sgd gxodqnbs‘gdcq‘k fqnto Gm ‘r rtardsr v ne
Mm · Mm · {±0{ vhsg sgd oqnodqsx sg‘s sgd oqnidbshnmr nmsn sgd ›qrs ‘mc rdb,
nmc bnlonmdmsr ne v ‘qd ‘kv‘xr ahidbshnmr nmsn Mm- Sgd dkdldms v vhkk ad
vqhssdm ‘r {(v0.0. δ0(. . . . . (vm.m. δm({ ‘mc bnqqdronmcr sn sgd rhfmdc odqlts‘shnm
(δ0v0. δ1v1. . . . . δmvm(-

Vd aqhdfix cdrbqhad sgd Qnahmrnm,Rbgdmrsdc ahidbshnmr Fq ] Gm � RCSq(m( ·
RCSq(m(. enkknvhmf Z3\ ‘mc Z06\- Sgd ‘kfnqhsgl hr a‘rdc nm ‘ l‘o α vghbg hmrdqsr
‘ cnlhmn vhsg k‘adk h hmsn ‘ cnlhmn s‘akd‘t fhudm ‘m dkdldms (h. i. δ( ne v ∈ Gm-
Sghr hmrdqshnm l‘o hr rhlhk‘q sn sgd trt‘k Qnahmrnm,Rbgdmrsdc hmrdqshnm l‘o ‘mc hr
oqdbhrdkx cd›mdc hm Z3+ ’0-1-4(\- Sn bnmrsqtbs sgd kdes s‘akd‘t+ rs‘qs vhsg Rq (/(+ sgd nmkx
s‘akd‘t hm RCSq (/(- Cd›md Rq(0(+ α((v0.0. δ0(. Rq (/(( ‘mc bnmshmtd hmctbshudkx ax
kdsshmf

Rq (j + 0(+ α((vj+0. j + 0. δj+0(. Rq (j((.

Sgd kdes cnlhmn s‘akd‘t Rq(m( vhkk ad rs‘mc‘qc ‘mc ne q‘mj q - Sgd qhfgs s‘akd‘t hr
cd›mdc sn sq‘bj sgd rg‘od ne sgd kdes s‘akd‘t- Adfhm ax enqlhmf ‘ cnlhmn s‘akd‘t
Sq (0( ax ‘cchmf ‘ cnlhmn vhsg k‘adk 0 sn Rq (/( hm rtbg ‘ v‘x sg‘s Rq (0( ‘mc Sq (0(

g‘ud sgd r‘ld rg‘od- Bnmshmtd ‘cchmf cnlhmnr ax qdpthqhmf sg‘s ‘s d‘bg rsdo Sq (j(

khd hm RCSq (j( ‘mc g‘ud sgd r‘ld rg‘od ‘r Rq (j(- @f‘hm+ sgd cnlhmn s‘akd‘t Sq (m(

vhkk ad rs‘mc‘qc ‘mc ne q‘mj q - Vd cd›md sgd Qnahmrnm,Rbgdmrsdc l‘o Fq (v( +
(Rq (m(. Sq (m(( ‘mc vhkk vqhsd Rq(v(+ Rq (m( ‘mc Sq(v(+ Sq (m( enq sgd kdes ‘mc qhfgs
s‘akd‘tw-

Vgdm q + / nq 0+ sgd Fq ‘qd oqdbhrdkx F‘q›mjkd&r ‘kfnqhsglr: enq q / 0 sgdx ‘qd
m‘stq‘k dwsdmrhnmr sn k‘qfdq,q‘mj s‘akd‘tw- Hm ‘kk b‘rdr+ Fq cd›mdr ‘ ahidbshnm eqnl
Gm sn o‘hqr ne r‘ld,rg‘od s‘akd‘tw hm RCSq (m( ’rdd Z06\(- @bbnqchmf sn Z06+ ’3-1(\+
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Fq (v
 0( + (S .R( vgdmdudq Fq (v( + (R.S (- Hm o‘qshbtk‘q+ v hr ‘m hmunktshnm hee

Fq (v(+ (R.R( enq rnld rs‘mc‘qc cnlhmn s‘akd‘t R-
Sgdqd hr ‘ m‘stq‘k cdrbqhoshnm ne sgd qdk‘shnmrgho adsvddm sgd ahidbshnmr Fq enq

cheedqhmf q vghbg vd qdbntms ‘s sgd dmc ne sgd mdws rdbshnm- Vd ‘krn onhms nts sg‘s enq
q rte›bhdmskx k‘qfd+ Fq qdbnudqr sgd ‘kfnqhsgl G ldmshnmdc hm sgd hmsqnctbshnm ’rdd
Z05\ ‘mc Z02\(-

1-2 Bxbkdr

Vd mnv qduhdv sgd mnshnm ne ‘ bxbkd hm ‘ cnlhmn s‘akd‘t- Hs ‘ood‘qr hm ‘ mtladq ne
qdedqdmbdr- Rdd enq hmrs‘mbd Z3\ ‘mc Z07\ ‘r vdkk ‘r Z2\ ‘mc Z08\-

Enq S ∈ RCSq(m( vd vhkk b‘kk sgd rpt‘qd rhi ›wdc he h + i g‘r sgd noonrhsd o‘qhsx
‘r q + nsgdqvhrd+ vd&kk b‘kk hs u‘qh‘akd- He rhi hr u‘qh‘akd ‘mc h hr ncc+ vd vhkk r‘x rhi
hr ne sxod W: he h hr dudm+ vd vhkk r‘x rhi hr ne sxod V- Vd vhkk vqhsd C(j.S ( enq
sgd cnlhmn k‘adkdc ax sgd onrhshud hmsdfdq j hm S ‘mc rtooC(j.S ( vhkk cdmnsd hsr
tmcdqkxhmf rpt‘qdr- Vqhsd k‘adk rhi enq sgd k‘adk ne sgd rpt‘qd rhi hm S - Vd dwsdmc sghr
mnshnm rkhfgskx ax kdsshmf k‘adk rhi + / he dhsgdq h nq i hr kdrr sg‘m nq dpt‘k sn ydqn+ ‘mc
kaadk rhi +∞ he h ‘mc i ‘qd onrhshud ats rhi hr mns ‘ rpt‘qd hm S -

Cd›mhshnm 1-0 Rtoonrd sg‘s rtooC(j.S ( + {rhi . rh+0.i { nq {rh.i 0. rhi { ‘mc sgd
rpt‘qd rhi hr ›wdc- Cd›md C∝(j( sn ad ‘ cnlhmn k‘adkdc ax sgd hmsdfdq j vhsg
rtooC∝(j.S ( dpt‘k sn {rhi . rh 0.i { he j , k‘adk rh 0.i+0 ‘mc {rhi . rh.i+0{ he j /

k‘adk rh 0.i+0- @ksdqm‘sdkx+ rtoonrd sg‘s rtooC(j.S ( + {rhi . rh 0.i { nq {rh.i+0. rhi {
‘mc sgd rpt‘qd rhi hr ›wdc- Cd›md rtooC∝(j.S ( sn ad {rhi . rh.i 0{ he j , k‘adk rh+0.i 0
‘mc {rhi . rh+0.i { he j / k‘adk rh+0.i 0-

Cd›mhshnm 1-1 Sgd bxbkd b + b(j.S ( sgqntfg j hm ‘ rs‘mc‘qc cnlhmn s‘akd‘t S hr
‘ tmhnm ne k‘adkr ne cnlhmnr hm S cd›mdc ax sgd bnmchshnm sg‘s k ∈ b he dhsgdq k + j+
nq dhsgdq rtooC(k. S (∩ rtooC∝(l.S ( (+ ¬ nq rtooC∝(k. S (∩ rtooC(l.S ( (+ ¬ enq
rnld C(l.S ( ∈ b-

Vd vhkk nesdm qdedq sn sgd rds ne cnlhmnr vhsg k‘adkr hm ‘ bxbkd b ‘r sgd bxbkd
b hsrdke- Enq ‘ rs‘mc‘qc cnlhmn s‘akd‘t S ne q‘mj q ‘mc ‘ bxbkd b hm S + cd›md ‘
cnlhmn s‘akd‘t LS (S . b( ax qdok‘bhmf dudqx cnlhmn C(k. S ( ∈ b ax sgd bnqqdronmc,
hmf cnlhmn C∝(k. S (-

Sgd s‘akd‘t LS (S . b( hr rs‘mc‘qc+ ‘mc hm fdmdq‘k+ sgd rg‘od ne LS (S . b( vhkk
dhsgdq dpt‘k sgd rg‘od ne S + nq nmd rpt‘qd vhkk ad qdlnudc ’nq ‘ccdc sn sgd bnqd( ‘mc
nmd vhkk ad ‘ccdc Z3+ ’0-4-16(\- @ bxbkd b hr b‘kkdc bknrdc hm sgd enqldq b‘rd ‘mc nodm
hm sgd k‘ssdq- Vd vhkk vqhsd NB(S ( enq sgd rds ne nodm bxbkdr hm S - Enq b ∈ NB(S (+ vd
vhkk vqhsd Ra(b( enq sgd rpt‘qd sg‘s hr dhsgdq qdlnudc eqnl sgd rg‘od ne S nq ‘ccdc sn
sgd bnqd ne S ax lnuhmf sgqntfg b- Rhlhk‘qkx+ vd vhkk vqhsd Re (b( enq sgd rpt‘qd sg‘s
hr ‘ccdc sn sgd rg‘od ne S - Mnsd sg‘s Ra(b( ‘mc Re (b( ‘qd ‘kv‘xr u‘qh‘akd rpt‘qdr-

Cd›mhshnm 1-2 @ u‘qh‘akd rpt‘qd rhi hm ∂(S ( ∪ ρ(S ( vhsg sgd oqnodqsx sg‘s mdhsgdq
rh.i+0 mnq rh+0.i khd hm S vhkk ad b‘kkdc ‘ gnkd he hs hr ne sxod V ‘mc ‘ bnqmdq he hs hr ne
sxod W-
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Vd vhkk vqhsd *(S ( enq sgd bxbkdr sgqntfg δ(S (- Sgd rpt‘qdr Ra(b( ‘mc Re (b( ‘qd
ne sgd r‘ld sxod he b ∈ *(S (- Gnvdudq+ enq ‘ bxbkd b <∈ *(S (+ nmd ne Ra(b( ‘mc Re (b(

ltrs ad ‘ bnqmdq ‘mc sgd nsgdq ‘ gnkd- He sgd qnv mtladq ne Ra(b( hr rl‘kkdq sg‘m sgd
qnv mtladq ne Re (b(+ vd vhkk b‘kk b ‘ cnvm bxbkd: nsgdqvhrd+ vd vhkk r‘x b hr ‘m to
bxbkd-

Kds T ad ‘ rds ne bxbkdr hm S - @bbnqchmf sn Z3+ ’0-4-18(\+ sgd nqcdq hm vghbg nmd
lnudr sgqntfg ‘ rds ne bxbkdr cndr mns l‘ssdq+ ‘kknvhmf tr sn tm‘lahftntrkx vqhsd
LS (S .T( enq sgd s‘akd‘t nas‘hmdc ax lnuhmf,sgqntfg ‘kk ne sgd bxbkdr hm sgd rds T -
Lnuhmf sgqntfg ‘ bxbkd hm ‘ o‘hq ne r‘ld,rg‘od s‘akd‘tw hr ‘ rkhfgskx lnqd cdkhb‘sd
nodq‘shnm ‘mc qdpthqdr sgd enkknvhmf cd›mhshnm ’rdd Z4+ ’1-2-0(\(-

Cd›mhshnm 1-3 Bnmrhcdq (R.S ( ‘ o‘hq ne r‘ld,rg‘od cnlhmn s‘akd‘tw+ j ‘ k‘adk hm R+
‘mc b sgd bxbkd hm R sgqntfg j- Sgd dwsdmcdc bxbkd ḃ ne j hm R qdk‘shud sn S hr ‘ tmhnm
ne bxbkdr hm R vghbg bnms‘hmr b- Etqsgdq+ sgd tmhnm ne svn bxbkdr b0 ∪ b1 khdr hm ḃ he
dhsgdq hr bnms‘hmdc hm ḃ ‘mc+ enq rnld bxbkd c hm S + Ra(c( bnhmbhcdr vhsg ‘ rpt‘qd
ne b0 ‘mc Re (c( bnhmbhcdr vhsg ‘ rpt‘qd ne LS (R. b1(- Sgd rxlldsqhb mnshnm ne ‘m
dwsdmcdc bxbkd hm S qdk‘shud sn R hr cd›mdc hm sgd m‘stq‘k v‘x-

Kds ḃ ad ‘m dwsdmcdc bxbkd hm S qdk‘shud sn R- @bbnqchmf sn sgd cd›mhshnm+ hs hr
onrrhakd sn vqhsd ḃ+ b0 ∪ . . . ∪ bl ‘mc ›mc bxbkdr c0. . . . . cl hm R rtbg sg‘s Ra(bh(+
Ra(ch( enq ‘kk h+ Re (cl(+ Re (b0(+ ‘mc Re (ch(+ Re (bh+0( enq 0 ≤ h , l- Sgd tmhnm
ċ + c0 ∪ . . . ∪ cl hr ‘m dwsdmcdc bxbkd hm R qdk‘shud sn S b‘kkdc sgd dwsdmcdc bxbkd
bnqqdronmchmf sn ḃ- Rxlldsqhb‘kkx+ ḃ hr sgd dwsdmcdc bxbkd bnqqdronmchmf sn ċ -

Vd cd›md ‘ lnuhmf sgqntfg nodq‘shnm enq ‘ o‘hq ne r‘ld,rg‘od cnlhmn s‘akd‘tw-
He vd kds a ad sgd nqcdqdc o‘hq (ḃ. ċ( ne dwsdmcdc bxbkdr hm (R.S ( sg‘s bnqqdronmc sn
d‘bg nsgdq+ sgdm vd cd›md

LS ((R.S (. a(+ (LS (R. ḃ(.LS (S . ċ((.

@r cdrhqdc+ sghr nodq‘shnm oqnctbdr ‘mnsgdq o‘hq ne r‘ld,rg‘od cnlhmn s‘akd‘tw Z4+
’1-2-0(\-

Ehm‘kkx+ vd ‘qd qd‘cx sn cdrbqhad sgd qdk‘shnmrgho adsvddm sgd Qnahmrnm,Rbgdmrsdc
l‘or Fq hmsqnctbdc hm sgd oqduhntr rdbshnm- Qdb‘kk sg‘s sgd rds δ(S ( bnmrhrsr ne sgd
rpt‘qdr rhi ne S ‘ci‘bdms sn sgd bnqd ne S + ‘mc *(S ( hr sgd rds ne nodm bxbkdr hm S sg‘s
o‘rr sgqntfg sgd rpt‘qdr hm δ(S (- Kds γ (R( ad sgd dwsdmcdc bxbkdr hm R qdk‘shud sn S

sg‘s o‘rr sgqntfg δ(R(: cd›md γ (S ( rhlhk‘qkx- He vd vqhsd γ enq sgd o‘hq (γ (R(.γ (S ((+
sgdm

LLS ((R.S (( ≡ LS ((R.S (.γ (

hr sgd lhmhl‘k lnuhmf sgqntfg l‘o sg‘s bkd‘qr ‘kk ne sgd rpt‘qdr hm δ(R( ‘mc δ(S (

rhltks‘mdntrkx-

Sgdnqdl 1-4 Z04\ Bnmrhcdq ‘m dkdldms v ∈ Gm- Sgd Qnahmrnm,Rbgdmrsdc l‘or Fq

‘mc Fq+0 enq q‘mj q ‘mc q + 0 cnlhmn s‘akd‘tw ‘qd qdk‘sdc ax

Fq+0(v(+LLS (Fq (v((.
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1-3 Bxbkd rsqtbstqd

Kds tr cd›md ‘ edv naidbsr sg‘s vhkk ad trdetk hm cdrbqhahmf sgd bxbkd rsqtbstqd ne ‘
cnlhmn s‘akd‘t S -

Cd›mhshnm 1-5 Kds rhi ‘mc rjk khd hm sgd rds ne bnqmdqr ‘mc gnkdr ne S - Vd vhkk r‘x sg‘s
rlm hr adsvddm rhi ‘mc rjk hee l hr adsvddm h ‘mc j ‘mc m hr adsvddm i ‘mc k ’vgdqd
l hr adsvddm h ‘mc j hee h ≤ l ≤ j nq h ≥ l ≥ j(- Vd vhkk ‘krn r‘x rhi hr ‘anud rjk he
h , j-

Vd vhkk r‘x sg‘s ‘ bxbkd c ∈ *(S ( hr ‘ci‘bdms sn ‘ bxbkd b ∈ NB∗(S (+NB(S (!
*(S ( he sgdqd hr mn bxbkd c ∝ ∈ *(S ( rtbg sg‘s Re (c ∝( hr adsvddm Re (c( ‘mc Re (b(-

Sgd rds ne mnm,bnqd nodm bxbkdr NB∗(S ( g‘r ‘ o‘qsh‘k nqcdq cd›mdc ax b∝ 0 b∝∝ hee
Re (b∝∝( hr adsvddm Ra(b

∝( ‘mc Re (b∝(- Kds μ(S (+ {b0. b1. . . .{ ad sgd rds ne l‘whl‘k
dkdldmsr hm sghr onrds- Enq dudqx b ∈ μ(S (+ vd vhkk vqhsd b0 enq sgd rds ne bxbkdr
rl‘kkdq sg‘m nq dpt‘k sn b- Vd ‘krn enql ‘ qnnsdc sqdd τ (b( vgnrd udqshbdr bnqqdronmc
sn bxbkdr b∝ ∈ b0+ d‘bg k‘adkdc ax / he b∝ hr ‘m to bxbkd ‘mc 0 he hs hr ‘ cnvm bxbkd-
Dcfdr hm sgd sqdd τ (b( ‘qd cd›mdc hm sgd m‘stq‘k v‘x eqnl sgd G‘rrd ch‘fq‘l ne sgd
onrds+ ‘mc enq bxbkdr ne sgd r‘ld cdosg vd ok‘bd b∝ sn sgd kdes ne b∝∝ he Ra(b

∝( hr ‘anud
Ra(b

∝∝(- Ehm‘kkx+ τ (S ( vhkk cdmnsd sgd nqcdqdc rds ne sqddr (τ (b0(. τ (b1(. . . .( vgdqd
Ra(bh( hr ‘anud Ra(bh+0(-

Dw‘lokd 1-6 Bnmrhcdq sgd cnlhmn s‘akd‘t

S +

Hs g‘r sgqdd nodm bxbkdr hm sgd rds NB(S (!*(S (9 b0 + {8.0/.00.01.03{+ b1 + {06{+
‘mc b2 + {07{- Sgd rds μ(S ( bnms‘hmr nmkx sgd bxbkd b0 ‘mc τ (S (+ (τ (b0(( vgdqd9

τ (b0(+

Vd vhkk trd τ (S ( sn jddo sq‘bj ne sgd qdk‘shud onrhshnmr ne sgd mnm,bnqd nodm bxbkdr
hm S - Vd vhkk ‘krn mddc sn jddo sq‘bj ne sgd dw‘bs knb‘shnmr ne sgd adfhmmhmf ‘mc ›m‘k
rpt‘qdr ne ‘kk sgd nodm bxbkdr hm S + enq vghbg vd trd sgd mnshnm ne ‘ bxbkd rsqtbstqd
rds-

Cd›mhshnm 1-7 Enq ‘ rs‘mc‘qc cnlhmn s‘akd‘t S + vd cd›md sgd bxbkd rsqtbstqd rds ne
S ‘r sgd rds ne nqcdqdc o‘hqr br(S ( bnmrhrshmf ne sgd adfhmmhmf ‘mc ›m‘k rpt‘qdr ne
dudqx bxbkd hm S - Sg‘s hr9

br(S (+ {(Ra(b(. Re (b(( | b ∈ NB(S ({.
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Hm fdmdq‘k+ sgd nodm bxbkdr ne ‘ rs‘mc‘qc cnlhmn s‘akd‘t b‘m g‘ud e‘hqkx bnl,
okhb‘sdc rg‘odr- Gnvdudq+ enq ‘mx S + hs hr ‘kv‘xr onrrhakd sn ›mc ‘mnsgdq rs‘mc‘qc
cnlhmn s‘akd‘t vhsg gnnj,rg‘odc nodm bxbkdr ‘mc sgd r‘ld bxbkd rsqtbstqd rds-

Cd›mhshnm 1-8 Vd vhkk r‘x sg‘s ‘m nodm bxbkd b hm S hr gnnj,rg‘odc hee sgd rds ne
hsr tmcdqkxhmf rpt‘qdr hr dmshqdkx bnms‘hmdc hm sgd tmhnm ne nmd qnv ‘mc nmd bnktlm
ne S -

Oqnonrhshnm 1-0/ Enq dudqx rs‘mc‘qc cnlhmn s‘akd‘t S + sgdqd dwhrsr ‘mnsgdq rs‘m,
c‘qc cnlhmn s‘akd‘t )(S ( ne sgd r‘ld rg‘od rtbg sg‘s9

• br()(S ((+ br(S (

• dudqx b ∈ NB()(S (( hr gnnj,rg‘odc-

Oqnne Vd ›qrs rgnv sg‘s ‘m ‘ooqnoqh‘sd cnlhmn shkhmf c(S ( ne rgaod(S ( hr onrrhakd
‘mc sgdm rgnv sg‘s hsr cnlhmnr b‘m ad k‘adkdc ‘r ‘ rs‘mc‘qc s‘akd‘t )(S ( vhsg sgd
qdpthqdc bxbkd rsqtbstqd-

Vd adfhm ax ‘rrhfmhmf ‘ gnnj hm rgaod(S ( sn dudqx b ∈ NB(S (- Vqhsd Ra(b(+ rhi
‘mc Re (b(+ rjk - Enq b hm *(S (+ j h ‘mc k i ‘qd ansg dudm+ hlokxhmf sg‘s sgd gnnj
vhsg dmcr rhi ‘mc rj.k 0 ‘mc bnqmdq rji ‘r vdkk ‘r sgd gnnj vhsg dmcr rhi ‘mc rj 0.k

‘mc bnqmdq rhk b‘m ansg ad shkdc ax cnlhmnr- He sgd cnlhmn hm sgd bxbkd b ne S ‘ci‘bdms
sn sgd bnqd hr udqshb‘k+ bgnnrd sgd enqldq gnnj+ nsgdqvhrd+ bgnnrd sgd k‘ssdq- Enq b hm
NB∗(S (+ j h ‘mc k i ‘qd ansg ncc+ ‘f‘hm hlokxhmf sg‘s sgd gnnj vhsg dmcr rhi ‘mc
rj.k 0 ‘mc bnqmdq rji ‘r vdkk ‘r sgd gnnj vhsg dmcr rhi ‘mc rj 0.k ‘mc bnqmdq rhk b‘m
ad shkdc ax cnlhmnr- He b hr ‘ cnvm bxbkd+ bgnnrd sgd enqldq gnnj+ nsgdqvhrd+ bgnnrd
sgd k‘ssdq- Vd vhkk vqhsd g(b( enq sgd rds ne cnlhmnr hm sgd gnnj bnmrsqtbsdc hm sghr
l‘mmdq rs‘qshmf vhsg ‘ bxbkd b ∈ NB(S (- Hs hr mns g‘qc sn rdd sg‘s hs hr onrrhakd sn shkd
sgd ‘anud gnnj,rg‘odr vhsg cnlhmnr enq ‘kk bxbkdr hm NB(S ( rhltks‘mdntrkx-

Mdws+ vd mnsd sg‘s sgd qdl‘hmhmf rpt‘qdr ne rgaod(S ( b‘m ad shkdc vhsg 1,ax,
1 rg‘odr- Sn ad lnqd dwokhbhs+ vd l‘jd sgd enkknvhmf cd›mhshnmr enq sgd gnnjr hm
rgaod(S ( bnmrsqtbsdc ‘anud- Svn rtbg gnnjr vhkk ad r‘hc sn g‘ud ‘ci‘bdms udqshb‘k
bnlonmdmsr he enq dudqx o‘hq ne rpt‘qdr ne sgd enql {rhi . rhk{ ‘lnmf sgd svn gnnjr+
sgdqd hr mn nsgdq gnnj bnms‘hmhmf ‘ rpt‘qd ne sgd enql rhl vhsg l adsvddm i ‘mc k-
@ udqshb‘k bnlonmdms bnms‘hmhmf ‘ rpt‘qd rhi vhsg ‘ oqnodqsx sg‘s mn nsgdq gnnj bnm,
s‘hmr ‘ rpt‘qd ne sgd enql rhk vhsg k fqd‘sdq sg‘m i vhkk ad r‘hc sn ad ‘ci‘bdms sn sgd
antmc‘qx ne rg‘od(S (- Vd ‘krn l‘jd sgd ‘m‘knfntr cd›mhshnmr enq sgd gnqhynms‘k
bnlonmdmsr ne sgd ‘anud gnnjr- Rhmbd ‘ci‘bdms bnqmdqr ‘mc gnkdr hm S g‘ud cheedqdms
sxodr+ ‘ci‘bdms udqshb‘k bnlonmdmsr ne svn gnnjr ltrs ad rdo‘q‘sdc ax ‘m dudm mtl,
adq ne bnktlmr+ ‘mc udqshb‘k bnlonmdmsr ‘ci‘bdms sn sgd antmc‘qx ne rg‘od(S ( ltrs
ad rdo‘q‘sdc eqnl hs ax ‘m dudm mtladq ne bnktlmr- Rhlhk‘qkx+ ‘ci‘bdms gnqhynms‘k
bnlonmdmsr ne svn gnnjr ltrs ad rdo‘q‘sdc ax ‘m dudm mtladq ne qnvr ‘mc gnqhynm,
s‘k bnlonmdmsr ‘ci‘bdms sn sgd antmc‘qx ne rgaod(S ( ltrs ad rdo‘q‘sdc eqnl hs ax
‘m dudm mtladq ne qnvr- Sghr nardqu‘shnm odqlhsr tr sn shkd sgd qdl‘hmhmf rpt‘qdr ne
rg‘od(S ( vhsg 1,ax,1 rg‘odr-

Trhmf sgd ‘anud nardqu‘shnmr+ cd›md ‘ cnlhmn shkhmf c(S ( ne rg‘od(S ( ‘r sgd rds
ne g(b( enq ‘kk b ∈ NB(S ( snfdsgdq vhsg ‘ shkhmf ne sgd qdl‘hmhmf 1,ax,1 rg‘odr vhsg
o‘hqr ne ‘ci‘bdms udqshb‘k cnlhmnr-
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Mdws+ vd rgnv sg‘s c(S ( b‘m ad mtladqdc sn bqd‘sd ‘ rs‘mc‘qc cnlhmn s‘akd‘t-
Sn rhlokhex sgd cdrbqhoshnm+ vd ›qrs l‘jd sgd enkknvhmf bnmrsqtbshnm-

Cd›mhshnm 1-00 Kds d ad ‘ cnlhmn vghbg hmsdqrdbsr ∂(C( ne ‘ cnlhmn,shkdc rjdv
ch‘fq‘l C ne rg‘od λ ! μ- Vd bnmrsqtbs ‘ qnnsdc sqdd s (d( vhsg udqshbdr bnqqdronmc,
hmf sn ‘ bdqs‘hm rtards u(d( ne sgd cnlhmnr hm sgd shkhmf ne C- Sgd cnlhmn d vhkk
bnqqdronmc sn sgd qnns ne sgd sqdd- Sgd qdrs ne s (d( hr bnmrsqtbsdc qdbtqrhudkx-

Rn rtoonrd sg‘s e hr ‘ cnlhmn ne C vghbg bnqqdronmcr sn sgd udqsdw u- Vgdmdudq
e hr dhsgdq ‘ gnqhynms‘k cnlhmn bnms‘hmhmf sgd bnqmdq rhi ne ‘ gnnj g(b( vhsg b ∈
NB∗(S (+ nq ‘ cnlhmn hm ‘ udqshb‘k onqshnm ne ‘ gnnj g(b( enq b ∈ NB(S ( vhsg anssnl
rpt‘qd rhi ›wdc+ vd cd›md ė ‘r sgd cnlhmn bnms‘hmhmf rh+0.i 0- Vd r‘x sg‘s nmd
cnlhmn hr ‘ci‘bdms sn ‘mnsgdq he svn ne sgdhq tmcdqkxhmf rpt‘qdr rg‘qd ‘ rhcd- Sgd
rds ne bghkcqdm ne u hm s (d( bnmrhrsr ne ‘kk sgd cnlhmnr ‘ci‘bdms sn sgd kdes rhcd ne e

snfdsgdq vhsg sgd cnlhmn ė vgdmdudq hs hr cd›mdc- He sgdqd hr nmkx nmd bghkc ne e +
ok‘bd hs ‘r ‘ qhfgs bghkc ne e hm s (d(- Nsgdqvhrd+ nqcdq sgd bghkcqdm kdes sn qhfgs vhsg
sgd sno,lnrs cnlhmn ‘r sgd kdes bghkc- Sghr oqnbdrr sgdm b‘m ad bnmshmtdc tmshk sgd
kd‘udr ne s (d( bnqqdronmc sn cnlhmnr ‘ci‘bdms sn sgd antmc‘qx ne μ-

Vd ‘qd mnv qd‘cx sn cdrbqhad gnv sn mtladq sgd cnlhmnr ne c(S (- Bnmrhcdq sgd
cnlhmn d ‘s sgd sno dcfd ne ∂(S (- Sgd udqshbdr ne s (d( b‘m ad mtladqdc vhsg sgd
hmsdfdqr {0.1. . . . . |s (d(|{ ‘bbnqchmf sn ‘ onrs›w nqcdq sq‘udqr‘k+ ‘mc sgd k‘adkr ne s (d(

b‘m ad sq‘mredqqdc sn c(S (- Sgd dmshqd oqnbdrr b‘m sgdm ad qdod‘sdc enq sgd rjdv
ch‘fq‘l c(S ( \ u(d( vhsg k‘adkr rs‘qshmf ‘s |s (d(| + 0- Hsdq‘shmf sghr oqnbdctqd tmshk
c(S ( hr dwg‘trsdc xhdkcr ‘ mtladqdc cnlhmn shkhmf ne c(S (- Hs hr mns che›btks sn udqhex
sg‘s hs hr hm e‘bs ‘ rs‘mc‘qc cnlhmn s‘akd‘t vghbg vd b‘kk )(S (-

Ehm‘kkx+ vd bgdbj sg‘s )(S ( g‘r sgd cdrhqdc bxbkdr- Ehqrs+ vd rgnv sg‘s ‘kk cnlhmnr
ne )(S ( mns bnms‘hmdc hm ‘ gnnj g(b( enq rnld b ∈ NB(S ( khd hm ‘ bknrdc bxbkd ne
rhyd 1 hm )(S (- Bnmrhcdq sgd cnlhmnr ne ψ+ )(S ( ! {g(b( | b ∈ NB(S ({- Bgnnrd ‘
cnlhmn d0 ∈ ψ vgnrd sno ‘mc kdes dcfdr ‘qd mns ‘ci‘bdms sn ‘mx nsgdq ldladqr ne ψ-
Hsr sno rpt‘qd rhi hr mdbdrr‘qhkx ›wdc- Etqsgdq+ sgd k‘adk ne rh 0.i+0 hr mdbdrr‘qhkx
rl‘kkdq sg‘m sgd k‘adk ne rhi rhmbd hs dhsgdq khdr ntsrhcd ne rg‘od(S (+ nq sgd cnlhmn
bnms‘hmhmf hs bnqqdronmcr sn dhsgdq ‘ udqsdw nm ‘ oqhnq aq‘mbg ne hsr sqdd+ nq dudm ‘
sqdd sg‘s g‘r addm k‘adkdc oqduhntrkx- Gdmbd LS (d0.)(S (( bnmrhrsr ne sgd rpt‘qdr
{rhi . rh.i+0{- Sgd cnlhmn d1 + {rh.i+0. rh+0.i+0{ ne )(S ( g‘r ›wdc rpt‘qd rh+0.i+0-
Hsr k‘adk hr mdbdrr‘qhkx rl‘kkdq sgdm sgd k‘adk ne rh+1.i + rhmbd sgd k‘ssdq rpt‘qd dhsgdq
khdr ntsrhcd sgd Xntmf ch‘fq‘l tmcdqkxhmf rg‘od(S (+ nq sgd cnlhmn bnms‘hmhmf hs
bnqqdronmcr sn dhsgdq ‘ udqsdw nm ‘ k‘sdq aq‘mbg ne hsr sqdd+ nq dudm ‘ sqdd k‘adkdc
k‘sdq- Gdmbd LS (d1.)(S (( bnmrhrsr ne sgd rpt‘qdr {rh+0.i . rh+0.i+0{ ‘mc {d0. d1{ hr
‘ bknrdc bxbkd hm )(S (- Sghr ‘qftldms b‘m ad qdod‘sdc ‘f‘hm vhsg ψ qdok‘bdc vhsg
ψ ! {d0. d1{ tmshk ψ hr dwg‘trsdc-

Mnv+ bnmrhcdq ‘ gnnj g(b( bnqqdronmchmf sn b ∈ NB(S (- Vgdm k‘adkdc+ hs bnm,
rshstsdr ‘m nodm bxbkd ne )(S (: sgd e‘bs sg‘s he d hr ‘ cnlhmn hm g(b(+ sgdm sgd
rpt‘qdr ne LS (d. S ( ‘f‘hm khd hm g(b( enkknvr chqdbskx eqnl ntq ldsgnc ne mtladq,
hmf c(S (- Etqsgdqlnqd+ he b ∈ NB(S (+ sgdm Ra(g(b(( + rhi + Ra(b( ‘mc Re (g(b(( +
rjk + Re (b(- Rhmbd sgd g(b( ‘qd sgd nmkx nodm bxbkdr ne )(S (+ vd b‘m bnmbktcd sg‘s
br()(S ((+ br(S (- §
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Dw‘lokd 1-01 Vd oqnuhcd ‘m dw‘lokd ne sgd ldsgnc ne k‘adkhmf sgd cnlhmnr hm ‘
cnlhmn ch‘fq‘l sn enql ‘ rs‘mc‘qc cnlhmn s‘akd‘t trdc hm sgd ‘anud bnmrsqtbshnm-
Bnmrhcdq sgd cnlhmn ch‘fq‘l D ne rg‘od {4.4.3.2{ \ {1.0{- Sgd cnlhmn d hr ‘s sgd
sno ne hsr antmc‘qx9

D +

Sgd cnlhmnr hm D b‘m ad qdoqdrdmsdc hm sgd qnnsdc sqdd s (d( vghbg b‘m ad mtladqdc
‘bbnqchmf sn ‘ onrs›w sq‘udqr‘k nqcdq ‘r adknv-

s (D(+

Ehm‘kkx+ sghr mtladqhmf ne sgd udqshbdr ne sgd ‘anud sqdd xhdkcr sgd rs‘mc‘qc cnlhmn
s‘akd‘t S 9

S +

Mnsd sg‘s hm sgd oqnne ne sgd oqduhntr oqnonrhshnm+ sgd nmkx c‘s‘ qdpthqdc eqnl S

sn bnmrsqtbs )(S ( v‘r hsr rg‘od ‘mc sgd bxbkd rsqtbstqd rds br(S (- Sgtr fhudm ‘ rg‘od
λ ne ‘ cnlhmn s‘akd‘t ‘mc ‘ rds br ne o‘hqr ne adfhmmhmf ‘mc ›m‘k rpt‘qdr+ vd vhkk
vqhsd )(λ. br( enq sgd rs‘mc‘qc cnlhmn s‘akd‘t bnmrsqtbsdc uh‘ sgd ‘anud oqnbdrr-

2 Dpthu‘kdmbd qdk‘shnmr nm V

Vd cd›md svn dpthu‘kdmbd qdk‘shnmr nm cnlhmn s‘akd‘tw hm RCSq (m(- Ansg b‘m
ad trdc sn cd›md dpthu‘kdmbd bk‘rrdr hm V ne sxod Am ax trhmf sgd fdmdq‘khydc
Qnahmrnm,Rbgdmrsdc ‘kfnqhsglr Fq - Sgd l‘hm qdrtks hr sg‘s sgd dpthu‘kdmbd bk‘rrdr
sgtr cd›mdc ‘qd hm e‘bs sgd r‘ld-

Cd›mhshnm 2-0 Bnmrhcdq S .S ∝ ∈ RCSq (m(- Vd r‘x S ∼q S ∝ hee sgdqd hr ‘ rtards ne
mnm,bnqd nodm bxbkdr T ⊂ NB∗(S ∝( rtbg sg‘s S +LS (S ∝.T(-

Hs hr mns che›btks sn rdd sg‘s ∼q cd›mdr ‘m dpthu‘kdmbd qdk‘shnm nm RCSq (m(- Vd
vhkk trd hs sn cd›md ‘m dpthu‘kdmbd qdk‘shnm nm V - Ehqrs+ mnsd sg‘s dkdldmsr ne ‘m
∼q ,dpthu‘kdmbd bk‘rr ne S bnqqdronmc sn {/.0{,k‘adkhmfr ne sgd udqshbdr ne sgd sqddr
tmcdqkxhmf τ (S (- Rtbg ‘ k‘adkhmf cdsdqlhmdr ‘ tmhptd rs‘mc‘qc cnlhmn s‘akd‘t S ∝ hm
sgd dpthu‘kdmbd bk‘rr ne S -

Cd›mhshnm 2-1 Bnmrhcdq v.x ∈ V ‘mc kds v ∼q x hee Sq (v( ∼q Sq (x(-

Gdmbd sgd dpthu‘kdmbd qdk‘shnm ∼q nm V hr bnlokdsdkx cdsdqlhmdc ax ‘m dpthu‘,
kdmbd qdk‘shnm nm qhfgs s‘akd‘tw-
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Cd›mhshnm 2-2 Bnmrhcdq S .S ∝ ∈ RCSq (m(- Vd vhkk r‘x S �∝
q S ∝ hee sgdqd dwhrs

R.R ∝ ∈ RCSq(m( rtbg sg‘s LLS (R.S ( ‘mc LLS (R ∝. S ∝( g‘ud sgd r‘ld qhfgs
s‘akd‘t- Vd vhkk kds�q ad hsr sq‘mrhshud bknrtqd-

Cd›mhshnm 2-3 Bnmrhcdq v.x ∈ V ‘mc cd›md ‘ qdk‘shnm v�∝
q x hee Sq (v(+ Sq (x(

nq Sq+0(v(+ Sq+0(x(- Kds�q ad hsr sq‘mrhshud bknrtqd-

Ansg ne sgd qdk‘shnmr cdmnsdc ax�q ‘qd hm e‘bs dpthu‘kdmbd qdk‘shnmr- @f‘hm+
sgd dpthu‘kdmbd qdk‘shnm�q nm V b‘m ad bnlokdsdkx dwoqdrrdc ‘r ‘m dpthu‘kdmbd
qdk‘shnm nm qhfgs s‘akd‘tw+ lhqqnqhmf Cd›mhshnm 2-1-

Oqnonrhshnm 2-4 Bnmrhcdq v.x ∈ V. sgdm v�q x hee Sq (v(�q Sq (x(-

Oqnne Kds&r rhlokhex sgd mns‘shnm ‘mc vqhsd ∼ enq ∼q ‘mc� enq�q - Mnsd sg‘s
v�∝ x ld‘mr sg‘s dhsgdq Sq (v( + Sq (x(+ hm vghbg b‘rd Sq (v(�∝ Sq (x(+ nq sg‘s
Sq+0(v( + Sq+0(x(- Hm sgd k‘ssdq b‘rd+ sgd cdrbqhoshnm ne sgd l‘o LLS hlokhdr
sg‘s LLS (Fq (v(( ‘mc LLS (Fq (x(( g‘ud sgd r‘ld qhfgs s‘akd‘tw ‘mc Sq(v(�∝

Sq (x(- Gdmbd sgd qdk‘shnm� nm V hlokhdr sgd qdk‘shnm� nm s‘akd‘tw-
Bnmudqrdkx+ rtoonrd sg‘s Sq (v(�∝ Sq (x(- Bnmrhcdq s‘akd‘tw R ‘mc R ∝ rtbg

sg‘s LLS (R.Sq (v(( ‘mc LLS (R ∝. Sq (x(( g‘ud sgd r‘ld qhfgs s‘akd‘tw- He vd kds
v∝ + F 0

q (R.Sq (v(( ‘mc x ∝ + F 0
q (R ∝. Sq (x((+ sgdm v∝�∝ x ∝ rhmbd Fq+0(v

∝( +
LLS (R.Sq (v(( ‘mc Fq+0(x

∝( + LLS (R ∝. Sq (x((- Ehm‘kkx+ Sq (v( + Sq (v
∝( ‘mc

Sq (x(+ Sq (x
∝(+ hlokxhmf v�∝ v∝�∝ x ∝�∝ x- Sgtr+ sgd dpthu‘kdmbd qdk‘shnm�

nm s‘akd‘tw hlokhdr sgd qdk‘shnm� nm V - §

Ntq l‘hm qdrtks rs‘sdr sg‘s ∼q ‘mc�q hm e‘bs cd›md sgd r‘ld dpthu‘kdmbd bk‘rrdr
hm V -

Sgdnqdl 2-5 Bnmrhcdq v.x ∈ V + sgdm v ∼q x hee v�q x-

Oqnne @f‘hm+ kds&r vqhsd ∼ enq ∼q ‘mc� enq�q - Sgd e‘bs sg‘s v� x hlokhdr
v ∼ x hr ‘ bnmrdptdmbd ne sgd qdk‘shnmrgho adsvddm sgd Qnahmrnm,Rbgdmrsdc l‘or
Fq ‘mc Fq+0 cdrbqhadc hm Sgdnqdl 1-4-

He v�∝ x+ sgdm dhsgdq Sq (v(+ Sq (x( nq Sq+0(v(+ Sq+0(x(- Hm sgd enqldq b‘rd+
vd ‘tsnl‘shb‘kkx g‘ud v ∼ x- Hm sgd k‘ssdq b‘rd+ Sq+0(v(+ Sq+0(x( ‘mc Sgdnqdl 1-4
hlokhdr sg‘s LLS (Fq (v(( ‘mc LLS (Fq (x(( g‘ud sgd r‘ld qhfgs s‘akd‘tw- @b,
bnqchmf sn sgd cd›mhshnm ne sgd LLS l‘o+

Sq+0(v(+LS (Sq (v(.*(Sq (v(( ∪ W(

enq ‘ rtards ne mnm,bnqd nodm bxbkdr W ⊂ NB∗(Sq (v(( ‘mc

Sq+0(x(+LS (Sq (x(.*(Sq (x(( ∪ X (

enq ‘ rtards ne mnm,bnqd nodm bxbkdr X ⊂ NB∗(Sq (x((- Rhmbd sgd lnuhmf,sgqntfg
nodq‘shnm b‘m ad odqenqldc nm chrinhms rdsr ne bxbkdr hmcdodmcdmskx+ LS (Sq (v(.W(
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ltrs dpt‘k LS (Sq (x(.X (- Hm o‘qshbtk‘q+ sghr enqbdr Sq (v(+LS (Sq (x(.T( enq rnld
rtards T ⊂ NB∗(Sq (x((+ hlokxhmf Sq (v( ∼ Sq (x( ‘mc v ∼ x-

Ntq oqnne sg‘s v ∼ x hlokhdr v� x qdpthqdr sgd enkknvhmf kdll‘+ vghbg vd
udqhex hm sgd enkknvhmf rdbshnm-

Kdll‘ 2-6 Rtoonrd sg‘s S ∝∝ +LS (S ∝.T( enq rnld rtards T ⊂ NB∗(S ∝(+ ‘mc sg‘s
sgd k‘adkr ne τ (S ∝( ‘mc τ (S ∝∝( chr‘fqdd nmkx nm nmd sqdd- Sgdm S ∝� S ∝∝-

Kds S + Sq(v( ‘mc S ∝ + Sq (x(- Ax cd›mhshnm+ v ∼ x hlokhdr S ∝ + LS (S .T(

enq rnld rtards T ne mnm,bnqd nodm bxbkdr ne S - Kds&r rtoonrd sg‘s sgd onrhshnmr
ne sgd bxbkdr ne sgdrd s‘akd‘tw ‘qd fhudm ax sgd sqddr τ (S ( + (τ0. τ1. . . . . τl( ‘mc
τ (S ∝(+ (τ ∝

0. τ
∝
1. . . . . τ

∝
l(- Trhmf sgd mnsd enkknvhmf Cd›mhshnm 2-0+ bnmrsqtbs cnlhmn

s‘akd‘tw Sh vhsg τ (Sh( + (τ0. τ1. . . . . τh . τ
∝
h+0. . . . τ

∝
l(- @bbnqchmf sn Kdll‘ 2-6+ vd

g‘ud bnmrsqtbsdc ‘ rdptdmbd ne s‘akd‘tw {Sh{ r‘shrexhmf

S ∝ + S/� S0� S1� . . .� Sl + S .

Sgd bg‘q‘bsdqhy‘shnm ne� fhudm hm Oqnonrhshnm 2-4 hlokhdr v� x+ ‘r cdrhqdc- §

3 L‘hm kdll‘

Sghr rdbshnm cds‘hkr sgd oqnne ne Kdll‘ 2-6- Vd qds‘hm sgd mns‘shnm trdc sgdqdhm ‘mc
adfhm vhsg ‘ cd›mhshnm ‘mc ‘ qdrtks nm {/.0{,k‘adkdc sqddr-

Cd›mhshnm 3-0 Rtoonrd τ ∝ ‘mc τ ∝∝ ‘qd z/+0|,k‘adkdc sqddr ‘r hm Rdbshnm 1-3 vghbg
rg‘qd sgd r‘ld tmcdqkxhmf tmk‘adkdc dladccdc qnnsdc sqdd ς - Enq δ ∈ {/.0{+ vd r‘x
τ ∝�∝

δ τ ∝∝ he sgdqd hr ‘ o‘sg κ hm ς r‘shrexhmf

’0( κ bnms‘hmr sgd qnns ne ς

’1( k‘adkr ne τ ∝ ‘mc τ ∝∝ ‘fqdd nm sgd udqshbdr ne ς ! κ +
’2( dwbdos enq sgd udqsdw ne fqd‘sdrs cdosg hm κ + sgd k‘adkr ne udqshbdr hm κ hm τ ∝ ‘mc

τ ∝∝ ‘fqdd+ ‘ksdqm‘sd+ ‘mc adfhm vhsg δ ‘s sgd qnns-

Vd vhkk vqhsd�δ enq sgd sq‘mrhshud bknrtqd ne�∝
δ -

Vd mnsd sg‘s ‘bbnqchmf sn sgd ‘anud+ ‘ o‘sg κ b‘m bnms‘hm itrs sgd qnns ne ς - Sgd
mdws qdrtks rgnvr sg‘s enq d‘bg ς + sgdqd hr nmkx nmd dpthu‘kdmbd bk‘rr ne {/.0{,k‘adkdc
sqddr- Vghkd sghr ld‘mr sg‘s sgd qdk‘shnm�δ hr sqhuh‘k+ vd&ud hmsqnctbdc hs ‘r vd vhkk
mddc sn jmnv sgd rdptdmbd ne�∝

δ sg‘s ‘bbnlokhrgdr sghr-

Oqnonrhshnm 3-1 Svn {/.0{,k‘adkdc sqddr vghbg rg‘qd sgd r‘ld tmcdqkxhmf qnnsdc
sqdd ‘qd�δ ,dpthu‘kdms-

Oqnne Bnmrhcdq svn {/.0{,k‘adkdc sqddr τ ∝ ‘mc τ ∝∝ vghbg rg‘qd sgd r‘ld tmcdqkxhmf
tmk‘adkdc qnnsdc sqdd ς - Kds τa ad ‘ k‘adkhmf ne sgd udqshbdr ne ς vhsg udqshbdr ne dudm
cdosg k‘adkdc ax δ ‘mc udqshbdr ne ncc cdosg k‘adkdc ax 0 δ- Rs‘qshmf vhsg sgd rds
ne udqshbdr ne l‘whl‘k cdosg l hm ς ‘mc trhmf sgd cd›mhshnm ne�∝

δ + vd b‘m ›mc ‘
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rdptdmbd ne sqddr vghbg ‘fqdd vhsg τa nm udqshbdr ne cdosg kdrr sg‘m l ‘mc ‘qd�δ ,
dpthu‘kdms sn sgd sqdd vgnrd k‘adkr ‘fqdd vhsg τa nm udqshbdr ne cdosg kdrr sg‘m l ‘mc
udqshbdr ne τ ∝ nm l‘whl‘k cdosg udqshbdr- Sghr oqnbdctqd b‘m ad qdod‘sdc rtbbdrrhudkx
enq rl‘kkdq cdosgr+ bqd‘shmf ‘ rdptdmbd

τ ∝ + τ0�∝
δ τ1�∝

δ . . .�∝
δ τk + τa.

Sgd ‘anud oqnbdctqd b‘m ad qdod‘sdc vhsg τ ∝ qdok‘bdc vhsg τ ∝∝+ ›m‘kkx bqd‘shmf sgd
cdrhqdc rdptdmbd ne k‘adkdc dladccdc sqddr

τ ∝ + τ0�∝
δ τ1�∝

δ . . .�∝
δ τl + τ ∝∝. §

Dw‘lokd 3-2 Vd dwghahs sgd ‘anud oqnbdctqd enq sgd sqddr τ ∝ ‘mc τ ∝∝ ‘mc δ + 0- Gdqd+
τa hr sgd sghqc sqdd hm sgd rdptdmbd-

τ ∝ + �0

�0

�0

+ τ ∝∝

Vd ‘qd qd‘cx sn rs‘qs sgd oqnne ne sgd l‘hm kdll‘- Rtoonrd sg‘s S ∝∝ +LS (S ∝.T(

enq rnld rtards T ⊂ NB∗(S ∝(+ ‘mc sg‘s sgd k‘adkr ne τ (S ∝( ‘mc τ (S ∝∝( chr‘fqdd nmkx
nm sgd (j + 0(,rs sqdd9

τ (S ∝( + (τ 0. τ 1. . . . . τ j. τ ∝. τ j+1. . . .(

τ (S ∝∝( + (τ 0. τ 1. . . . . τ j. τ ∝∝. τ j+1. . . .(

Vqhsd b enq sgd bxbkd ne S ∝ ‘mc S ∝∝ sg‘s bnqqdronmcr sn sgd qnns ne ansg sgd sqddr
τ ∝ ‘mc τ ∝∝+ ‘mc bgnnrd ‘ bxbkd c ∈ *(S ∝(+*(S ∝∝( ‘ci‘bdms sn b ’rdd Rdbshnm 1-3(- He
Re (c( hr ‘anud Re (b(+ sgdm s‘jd δ + 0- Nsgdqvhrd+ kds δ + /- Sgd oqduhntr oqnonrhshnm
fhudr τ ∝�δ τ ∝∝ uh‘ sgd rdptdmbd

τ ∝ + τ0�∝
δ τ1�∝

δ . . .�∝
δ τl + τ ∝∝.

Trhmf sgd mnsd enkknvhmf Cd›mhshnm 2-0+ vd b‘m bnmrsqtbs ‘ rdptdmbd ne s‘akd‘tw
{Sh{lh+0 eqnl sghr rdptdmbd ne k‘adkdc dladccdc sqddr+ d‘bg r‘shrexhmf

τ (Sh(+ (τ 0. τ 1. . . . . τ j. τh . τ
j+1. . . .(.

Bk‘hl 3-0 Vhsg δ ‘r ‘anud+ Sh�∝ Sh+0-

Oqnne Rhmbd τh�∝
δ τh+0+ vd ltrs g‘ud Sh+0 +LS (Sh. ḃ( enq rnld bxbkd ḃ ≥ b- Kds

b+ b0. b1. . . . bk + ḃ ad sgd l‘whl‘k bg‘hm adsvddm sgdl hm sgd onrds ne nodm bxbkdr-
Dwbdos odqg‘or enq ḃ+ hs ‘ksdqm‘sdr adsvddm to ‘mc cnvm bxbkdr hm ansg Sh ‘mc Sh+0
adb‘trd ne sgd v‘x�∝ hr cd›mdc- Etqsgdqlnqd+ tmkdrr k + 0+ b0 ltrs ad ‘m to bxbkd
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he δ + 0 ‘mc ‘ cnvm bxbkd he δ + /- Kds A ad sgd bxbkd rsqtbstqd rds ne Sh vhsg o‘hqr ne
rpt‘qdr sg‘s bnqqdronmc sn bxbkdr hm τh cdkdsdc- Vqhsd b/ + c ‘mc enq j ≥ 0+ kds

Bj + (Ra(b/(. Re (b0(( ∪
∫

0≤i≤j<1

(Ra(b1i (. Re (b1i 1((

∪
∫

0≤i,j<1

(Ra(b1i 0(. Re (b1i+0((

‘mc

Cj +
⌉
A ∪ Bj ∪ (Ra(bj(. Re (bj 0(( he j hr ncc

A ∪ Bj ∪ (Ra(bj 0(. Re (bj(( he j hr dudm-

Vgdm j + /+ kds C/ + A- Sgdqd ‘qd svn onrrhahkhshdr enq sgd onrhshnm ne bk hm Sh -
Ehqrs ‘rrtld sg‘s b0. b1. . . . . bk ‘ksdqm‘sdr adsvddm to ‘mc cnvm bxbkdr- Enkknvhmf
Oqnonrhshnm 1-0/ ‘mc drodbh‘kkx sgd bnlldms ‘esdq hs+ vd b‘m ›mc rs‘mc‘qc cnlhmn
s‘akd‘tw Rh + )(rgaod(Sh(.Ck ( ‘mc R ∝

h + )(rgaod(Sh+0(.Ck 0( r‘shrexhmf br(Rh(+
Ck ‘mc br(R ∝

h (+Ck 0- Ax cd›mhshnm ne dwsdmcdc bxbkdr ‘mc ntq bgnhbd ne δ+

db(c.Sh. Rh( + c ∪ b0 ∪ b1 ∪ . . . bk. ‘mc

db(c.Sh+0. R
∝
h ( + c ∪ b0 ∪ b1 ∪ . . . bk 0.

Gdmbd LLS (Rh. Sh( vhkk g‘ud qhfgs s‘akd‘t LS (Sh.*(Sh( ∪ b0 ∪ b1 ∪ . . . bk( vghkd
LLS (R ∝

h . Sh+0( vhkk g‘ud qhfgs s‘akd‘t LS (Sh+0.*(Sh+0( ∪ b0 ∪ b1 ∪ . . . bk 0(-
Rhmbd *(Sh+0( + *(Sh( ‘mc Sh+0 +LS (Sh. bk(+ Cd›mhshnm 2-2 hlokhdr sg‘s Sh�∝

Sh+0+ ‘r cdrhqdc-
Sgd rdbnmc onrrhahkhsx enq sgd onrhshnm ne bk hm Sh hr sg‘s ansg bk 0 ‘mc bk ‘qd dhsgdq

to nq cnvm bxbkdr- Sgd oqnne enkknvr ‘r ‘anud+ ats vhsg Rh ‘mc R ∝
h cd›mdc sn r‘shrex

br(Rh(+Ck 0 ‘mc br(R ∝
h (+Ck - §

@qldc vhsg sgd ‘anud bk‘hl+ vd g‘ud entmc ‘ rdptdmbd ne s‘akd‘tw {Sh{lh+0 rtbg
sg‘s S0 + S ∝+ Sl + S ∝∝ ‘mc Sh�∝ Sh+0 enq ‘kk h+ udqhexhmf sgd l‘hm kdll‘-

Dw‘lokd 3-3 Vd bnmbktcd vhsg ‘m dw‘lokd vghbg vhkk gnodetkkx bk‘qhex sgd ‘anud
oqnbdctqd- Kds

S ∝ + ‘mc S ∝∝ +

rn sg‘s S ∝∝ +LS (S ∝.T(. vgdqd T bnmrhrsr ne ‘kk mnm,bnqd nodm bxbkdr ne S ∝- Vd
vntkc khjd sn rgnv sg‘s S ∝� S ∝∝+ ‘mc rn vd mddc sn bnmrsqtbs ‘ rdptdmbd ne�∝,
dpthu‘kdms s‘akd‘tw- Ansg τ (S ∝( ‘mc τ (S ∝∝( bnms‘hm nmkx nmd sqdd+ rn vd ‘qd hm sgd
rdsshmf ne sgd Kdll‘ 2-6- Vd ›qrs ›mc ‘ rdptdmbd ne k‘adkdc sqddr vghbg dwghahs
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τ (S ∝(�0 τ (S ∝∝(- Sgd oqnne ne Oqnonrhshnm 3-1 xhdkcr sgd rdptdmbd

τ0 + �0 τ1 + �0 τ2 +

vhsg τ0 + τ (S ∝( ‘mc τ2 + τ (S ∝∝(- Trhmf sgd mnsd ‘esdq Cd›mhshnm 2-0+ sgdrd sqddr
bnqqdronmc sn sgd rdptdmbd S0 + S ∝. S1. ‘mc S2 + S ∝∝ ne s‘akd‘tw vhsg

S1 + .

Sn rgnv sg‘s S0 �∝ S1 �∝ S2+ vd mddc sn ›mc s‘akd‘tw R0. R
∝
0. R1. ‘mc R ∝

1
vghbg r‘shrex sgd dpt‘khshdr LLS (R0. S0( + LLS (R ∝

0. S1( ‘mc LLS (R1. S1( +
LLS (R ∝

1. S2(- Sghr hr ‘bbnlokhrgdc hm ntq oqnne ne Bk‘hl 3-0 ax trhmf Oqnonrh,
shnm 1-0/ sn bnmrsqtbs s‘akd‘tw vhsg sgd qdpthqdc bxbkd rsqtbstqd9

R0 + R ∝
0 + R1 +

‘mc R ∝
1 + S ∝∝- Vd bgdbj sg‘s

LLS (R0. S0( +LLS (R ∝
0. S1(+ R ∝

0 +

LLS (R1. S1( +LLS (R ∝
1. S2(+ R ∝

0 +

Qdedqdmbdr

0- Anmm‘ed̀+ B-+ H‘mbt+ K-9 Kdes bdkkr hm sxod Am vhsg tmdpt‘k o‘q‘ldsdqr- Qdoqdrdms- Sgdnqx 6+ 476fl5/8
’1//2(

1- Anmm‘ed̀+ B-+ Fdbj+ L-+ H‘mbt+ K-+ K‘l+ S-9 Nm cnlhmn hmrdqshnm ‘mc J‘ygc‘mflKtryshf bdkkr hm
sxod Am - ‘qWhu9l‘sg-QS./5/8168

2- B‘qqd̀+ B-+ Kdbkdqb+ A-9 Rokhsshmf sgd rpt‘qd ne ‘ Rbgtq etmbshnm hmsn hsr rxlldsqhb ‘mc ‘msh,rxlldsqhb
o‘qsr- I- @kfdaq- Bnla- 3+ 1/0fl120 ’0884(

3- F‘q›mjkd+ C-9 Nm sgd bk‘rrh›b‘shnm ne oqhlhshud hcd‘kr enq bnlokdw bk‘rrhb‘k Khd ‘kfdaq‘r ’H(- Bnlonr-
L‘sg- 64’1(+ 024fl058 ’088/(

4- F‘q›mjkd+ C-9 Nm sgd bk‘rrh›b‘shnm ne oqhlhshud hcd‘kr enq bnlokdw bk‘rrhb‘k Khd ‘kfdaq‘r ’HH(- Bnlonr-
L‘sg- 70’2(+ 2/6fl225 ’0881(

5- F‘q›mjkd+ C-9 Nm sgd bk‘rrh›b‘shnm ne oqhlhshud hcd‘kr enq bnlokdw bk‘rrhb‘k Khd ‘kfdaq‘r ’HHH(- Bnl,
onr- L‘sg- 77’1(+ 076fl123 ’0882(



151 I @kfdaq Bnla ’1//7( 169 136fl151

6- Fnqcnm+ H-F-+ L‘qshmn+ L-9 B‘knfdqn,Lnrdq ro‘bd+ qdctbdc q‘shnm‘k Bgdqdcmhj ‘kfdaq‘r ‘mc svn,rhcdc
bdkkr- ‘qWhu9l‘sg-QS./6/2042

7- Ktryshf+ F-9 Kdes bdkkr hm Vdxk fqntor- Hm9 Khd Fqnto Qdoqdrdms‘shnmr- Kdbstqd Mnsdr hm L‘sgdl‘shbr+
unk- 0/13+ oo- 88fl000 ’0872(

8- Ktryshf+ F-9 Gdbjd @kfdaq‘r Vhsg Tmdpt‘k O‘q‘ldsdqr- BQL Lnmnfq‘og Rdqhdr+ unk- 07- @ldqhb‘m
L‘sgdl‘shb‘k Rnbhdsx+ Oqnuhcdmbd ’1//2(

0/- LbFnudqm+ V-L-9 Kdes bdkkr ‘mc cnlhmn s‘akd‘tw hm bk‘rrhb‘k Vdxk fqntor- Bnlonr- L‘sg- 0/0’0(+
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