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’Qdbdhudc 00 Rdosdladq 1/14: qduhrdc 15 I‘mt‘qx 1/15: ‘bbdosdc 15 I‘mt‘qx 1/15(

Rkdmcdq §aqdr) hmbktchmf sdwshkd,cdqhudc lhbqnok‘rshbr) ‘qd ‘atmc‘ms hm ‘pt‘shb
dmuhqnmldmsr ‘mc nesdm dwsdmc adxnmc sgd Jnklnfnqnu kdmfsg rb‘kd- Vghkd aqd‘jto
‘s chrrho‘shud rb‘kdr g‘r addm bg‘q‘bsdqhrdc ax udknbhsx,fq‘chdms rs‘shrshbr) mn bknrtqd
dwhrsdc enq hmdqsh‘k,q‘mfd ro‘mr vgdqd dccx stqmnudq rdsr sgd bknbj- Gdqd vd cdudkno
‘ stqatkdmbd,hmenqldc jhmdshb sgdnqx ne §aqd eq‘fldms‘shnm aqhcfhmf stqatkdmbd enqbhmf
‘mc rkdmcdq,ad‘l ldbg‘mhbr- Ehqrs) vd cdqhud ‘ kn‘c,sn,btqu‘stqd l‘oohmf rgnvhmf sg‘s
ro‘mvhrd enqbhmf fdmdq‘sdr od‘j admchmf lnldmsr rb‘khmf ‘r ∼TKK1) vhsg TK sgd
udknbhsx hmbqdldms ‘bqnrr §aqd kdmfsg K - Rdbnmc) vd bnmrsqtbs ‘ aqd‘jto g‘y‘qc f(K( eqnl
btqu‘stqd,sgqdrgnkc dwbddc‘mbdr nudq dccx,shld aknbjr) vghbg hcdmsh§dr ‘ stqatkdmbd,
cd§mdc bqhshb‘k ro‘m b- Enq K / b) aqd‘jto hr dccx,shld,khlhsdc) f(K(+ M(=ε0<2K−1<2(
vhsg =ε sgd ld‘m stqatkdms dmdqfx chrrho‘shnm q‘sd) vgdqd‘r enq K , b) hs hr ‘ q‘qd,
dudms oqnbdrr vhsg f(K(∝ K4<2+α ) α cdmnshmf sgd rl‘kk bnqqdbshnm eqnl hmsdqlhssdmbx-
Dladcchmf sghr g‘y‘qc hm ‘ rdke,rhlhk‘q ahm‘qx jdqmdk xhdkcr ‘ bknrdc onotk‘shnm,a‘k‘mbd
dpt‘shnm enq sgd eq‘fldms chrsqhatshnm m(K . s( vhsg rntqbdr ‘mc rhmjr- Sgd eq‘ldvnqj
oqnctbdr dwokhbhs oqdchbshnmr9 hmsdqlhssdmbx,bnqqdbsdc btqu‘stqd rb‘khmfr) bqhshb‘k ro‘mr
rds ax l‘sdqh‘k ‘mc finv o‘q‘ldsdqr) rs‘qs,to ‘mc g‘kuhmf shldr khmjdc sn rtqe,ynmd
bnmchshnmr ‘mc rb‘khmf oqn§kdr hm sgd b‘rb‘cd- Sgd rsd‘cx,rs‘sd atkj chrsqhatshnm nm sgd
rtabqhshb‘k aq‘mbg) vhsg udqshb‘k qdlnu‘k hmctbdc ax gnqhynms‘k bnmudqfdmbd) enkknvr
m(K(∝ K−7<2−α  K−1.6) hm rsqhjhmf ‘fqddldms vhsg sgd ld‘m rknod  −1.57 nardqudc
enq dmuhqnmldms‘k lhbqn§aqdr hm qdbdms rtqudxr- Sgd qdonqsdc u‘qh‘ahkhsx ne rknodr hr
m‘stq‘kkx dwok‘hmdc hm ntq eq‘ldvnqj ax sgd bndwhrsdmbd ne rtodqbqhshb‘k ‘mc rtabqhshb‘k
aq‘mbgdr snfdsgdq vhsg K,cdodmcdms qdlnu‘k,cqhudm rhmjr-

Idx vnqcr9 gnlnfdmdntr stqatkdmbd) hmsdqlhssdmbx) nbd‘m oqnbdrrdr

© Sgd @tsgnq’r() 1/15- Otakhrgdc ax B‘laqhcfd Tmhudqrhsx Oqdrr- Sghr hr ‘m Nodm @bbdrr ‘qshbkd)
chrsqhatsdc tmcdq sgd sdqlr ne sgd Bqd‘shud Bnllnmr @ssqhatshnm khbdmbd ’gssor9..bqd‘shudbnllnmr-nqf.
khbdmrdr.ax.3-/.() vghbg odqlhsr tmqdrsqhbsdc qd,trd) chrsqhatshnm ‘mc qdoqnctbshnm) oqnuhcdc sgd nqhfhm‘k
‘qshbkd hr oqnodqkx bhsdc- 0�1� @5,0
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:- LXyyhmn

0- Fmsqnctbshnm
Rkdmcdq §aqdr ‘qd tahpthsntr hm dmuhqnmldms‘k ‘mc hmctrsqh‘k stqatkdmbd ’Bgh‘qhmh) Qnrsh
% L‘yyhmn 1/13: L‘qbghnkh) Qnrsh % Udqghkkd 1/15() eqnl sdwshkd lhbqn§aqdr ‘mc §rghmf,
khmd eq‘fldmsr qdkd‘rdc ‘knmf bn‘rsr sn dmfhmddqdc §aqntr rtrodmrhnmr ’Rt‘qh‘ ds Xk-
1/1/: Kht ds Xk- 1/11(- Nbd‘mhb rtqudxr etqsgdq rgnv sg‘s l‘mx lhbqnok‘rshb §aqdr
nardqudc hm rtqe‘bd v‘sdqr g‘ud kdmfsgr vdkk ‘anud sgd Jnklnfnqnu kdmfsg rb‘kd η

’d-f- Jnnh ds Xk- 1/10() l‘jhmf hmdqsh‘k,q‘mfd cxm‘lhbr chqdbskx qdkdu‘ms enq qd‘khrshb
dmuhqnmldms‘k rbdm‘qhnr- Sghr hmdqsh‘k,q‘mfd rdsshmf bnmsq‘rsr vhsg sgd dwsdmrhudkx rstchdc
rta,Jnklnfnqnu khlhs enq mnm,rogdqhb‘k o‘qshbkdr) vgdqd sgd cxm‘lhbr hr fnudqmdc ax
knb‘k udknbhsx,fq‘chdms rs‘shrshbr ’Otlhq % Vhkjhmrnm 1/00: Unsg % Rnkc‘sh 1/06(- Qdbdms
qduhdvr g‘ud adftm sn dwoknqd §aqd,stqatkdmbd hmsdq‘bshnmr adxnmc sgd chrrho‘shud qdfhld-
Enq dw‘lokd) Bgh‘qhmh ds Xk- ’1/13( oqnuhcd ‘ bnloqdgdmrhud nudquhdv ne sgd cxm‘lhbr
ne §mhsd,rhyd §aqd,khjd naidbsr hm stqatkdms finvr) enbtrhmf nm svn,v‘x bntokhmf ‘mc sgd
qdrtkshmf stqatkdmbd lnctk‘shnm- Rhlhk‘qkx) Nkhuhdqh) L‘yyhmn % Qnrsh ’1/11( qdonqs etkkx
qdrnkudc rhltk‘shnmr ne fidwhakd §aqdr ‘bqnrr rb‘kdr ’eqnl rta,Jnklnfnqnu sn hmsdfq‘k()
qdud‘khmf gnv dk‘rshbhsx) hmdqsh‘ ‘mc bnmbdmsq‘shnm ‘eedbs btqu‘stqd chrsqhatshnmr) ‘khfmldms
‘mc a‘bj,qd‘bshnm nm sgd finv- Bnlokdldmshmf sgdrd rstchdr) Aqhyynk‘q‘ ds Xk- ’1/10(
hmsqnctbdc §aqd sq‘bjhmf udknbhldsqx) ‘m dwodqhldms‘k sdbgmhptd hm vghbg qhfhc §aqdr
ne oqdrbqhadc kdmfsg ‘qd sq‘bjdc sn oqnad svn,onhms rs‘shrshbr ne stqatkdmbd) sgdqdax
dm‘akhmf chqdbs ‘bbdrr sn fitbst‘shnmr ‘s hmdqsh‘k nq chrrho‘shud rb‘kdr- Snfdsgdq) sgdrd
rstchdr ghfgkhfgs sgd mddc sn dwsdmc rl‘kk,rb‘kd §aqd,eq‘bstqd lncdkr snv‘qc sgd hmdqsh‘k
q‘mfd) vgdqd eq‘fldms‘shnm bnmsqnkr sgd e‘sd ‘mc kdmfsg rodbsq‘ ne §aqntr cdaqhr ’d-f-
lhbqnok‘rshbr( ‘cudbsdc eqnl qhudqr hmsn sgd rtqe ynmd ‘mc adxnmc ’Yg‘n ds Xk- 1/14(-
Lnrs chqdbs rstchdr ne §aqd eq‘bstqd hm gnlnfdmdntr ‘mc hrnsqnohb stqatkdmbd ’GHS(

‘ccqdrr sgd rta,Jnklnfnqnu khlhs- Hm sg‘s khlhs sgd §aqd dwodqhdmbdr ‘ knb‘kkx rlnnsg
finv: hsr cxm‘lhbr ‘knmf ‘ K‘fq‘mfh‘m o‘sg hr fnudqmdc ax sgd hmrs‘ms‘mdntr udknbhsx,
fq‘chdms sdmrnq) kd‘chmf sn rsqdsbghmf) hmsdqlhssdms atbjkhmf) ‘mc svn cnlhm‘ms e‘hktqd
lncdr ’sdmrhkd udqrtr fidwtq‘k( bnmsqnkkdc ax ‘m deedbshud fidwhahkhsx- Vhsghm sghr eq‘ldvnqj)
@kkdmcd ds Xk- ’1/07) 1/1/( bnlahmdc sgdnqx ‘mc chqdbs mtldqhb‘k rhltk‘shnm ’CMR( sn
hmudrshf‘sd sgd svn cnlhm‘ms §aqd,aqd‘jto ldbg‘mhrlr ’sdmrhkd ‘mc fidwtq‘k e‘hktqd( enq
rl‘kk hmdwsdmrhakd §aqdr hm stqatkdmbd) ‘r vdkk ‘r sgd qdrtkshmf aqd‘jto rs‘shrshbr ‘mc
c‘tfgsdq,rhyd chrsqhatshnmr- Sgdx rgnv sg‘s sghr eq‘fldms‘shnm cxm‘lhbr hr fnudqmdc ax
sgd knb‘k K‘fq‘mfh‘m udknbhsx,fq‘chdms rs‘shrshbr ‘mc bg‘q‘bsdqhrd gnv sgd dunktshnm ne sgd
kdmfsg chrsqhatshnm tmenkcr hm shld- Vghkd sgdhq qdrtksr oqnuhcd sgd drrdmsh‘k hmfqdchdmsr)
rs‘shrshb‘k k‘vr ne aqd‘jto ‘mc c‘tfgsdq §aqd rhydr) enq bnmrsqtbshmf onotk‘shnm,a‘k‘mbd
lncdkr hm sgd rta,Jnklnfnqnu khlhs) sgdx cn mns xds oqdrdms enql‘k dwoqdrrhnmr enq
g‘y‘qc etmbshnmr ‘mc c‘tfgsdq jdqmdkr- Lnqdnudq) sgdhq rbnod hr hmgdqdmskx khlhsdc ax sgd
kdmfsg,rb‘kd ‘rrtloshnm K  η- Vghkd ghfgkx u‘kt‘akd hm sghr qdfhld) rtbg lncdkr cn
mns xds b‘ostqd dccx,stqmnudq,khlhsdc g‘y‘qcr enq ro‘mr hm sgd hmdqsh‘k q‘mfd) mnq cn sgdx
‘bbntms enq sgd hlo‘bs ne hmsdqlhssdmbx ‘s bn‘qrd,fq‘hmdc rb‘kdr nm btqu‘stqd rs‘shrshbr)
nq sgd ro‘mvhrd,ncc kn‘chmf sg‘s ‘qhrdr vgdm §mhsd,kdmfsg ad‘lr ‘qd rtaidbsdc sn rsq‘hm
u‘qh‘shnmr ‘knmf sgdhq ro‘m- Dwsdmchmf sgdrd ‘ooqn‘bgdr sn sgd hmdqsh‘k q‘mfd sgdqdenqd
qdpthqdr b‘qdetk ‘c‘os‘shnm ‘mc etqsgdq cdudknoldms-
@ o‘q‘kkdk ‘mc l‘stqd khsdq‘stqd sqd‘sr sgd eq‘fldms‘shnm ne bnlo‘bs naidbsrflrnkhc.finb

‘ffqdf‘sdr ‘mc cqnokdsr,trhmf onotk‘shnm,a‘k‘mbd dpt‘shnmr b‘khaq‘sdc nm chrrho‘shnm,
rb‘kd rsqdrrdr- Enq ‘ffqdf‘sdr hm GHS) lncdkr ‘mc rhltk‘shnmr rodbhex aqd‘jto q‘sdr
‘r etmbshnmr ne gxcqncxm‘lhb rsqdrr ‘mc qdonqs c‘tfgsdq chrsqhatshnmr) dm‘akhmf jhmdshb
cdrbqhoshnmr ne l‘rr nq rhyd chrsqhatshnmr ’AÍakdq ds Xk- 1//7: A‘akdq ds Xk- 1/04(-
Ldsgncnknfhb‘kkx) sgd g‘y‘qc,jdqmdk,onotk‘shnm,a‘k‘mbd dpt‘shnm ‘qbghsdbstqd hr dw‘bskx
vg‘s hr mddcdc enq §aqdr ‘r vdkk- Ogxrhb‘kkx) gnvdudq) bnlo‘bs,ancx bknrtqdr qdkx nm
0�1� @5,1
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IntqmXk ne Ekthc LdbgXmhbr

md‘q,η rsqdrr bqhsdqh‘ ‘mc cn mns hmbktcd sgd admchmf ldbg‘mhbr rodbh§b sn rkdmcdq
ad‘lr tmcdq ro‘mvhrd,ncc kn‘cr- Lnqdnudq) vgdm K  η sgd qdkdu‘ms shld rb‘kd hr sgd
dccx,stqmnudq shld ‘s rb‘kd K ) ‘mc sgd rs‘shrshbr dmsdqhmf sgd g‘y‘qc ‘qd sgnrd ne bn‘qrd,
fq‘hmdc chrrho‘shnm ‘mc udknbhsx hmbqdldmsr) mns rhmfkd,onhms uhrbntr rsqdrr- Dudm enq
cqnokdsr) vgdqd etkkx qdrnkudc rhltk‘shnmr qdonqs Onhrrnmh‘m ’]ldlnqxkdrr&( aqd‘jto vhsg
‘ Vdadq,mtladq,bnmsqnkkdc q‘sd ’Udk‘,L‘qsçm % @uhk‘ 1/11() sghr ogdmnldmnknfx cndr
mns rsq‘hfgsenqv‘qckx sq‘mredq sn rkdmcdq §aqdr9 sgdhq e‘hktqd hr fnudqmdc ax admchmf,
hmctbdc btqu‘stqd dwbddc‘mbdr ne ‘ l‘sdqh‘k sgqdrgnkc ’rds ax sgd fidwtq‘k qhfhchsx C G
‘mc fi‘v rs‘shrshbr() vghbg xhdkcr ‘ rsqnmfkx kdmfsg, ‘mc nqhdms‘shnm,cdodmcdms g‘y‘qc ‘mc
‘ chrshmbs rb‘khmf rsqtbstqd-
Dwodqhldms‘k duhcdmbd rodbh§b sn hmdqsh‘k,q‘mfd §aqd eq‘fldms‘shnm rgnvr sg‘s

stqatkdmbdflrsqtbstqd bntokhmf b‘m ‘qqdrs sgd b‘rb‘cd ‘s ‘ ogxrhb‘k rl‘kk,rb‘kd btsnee- Hm
stqatkdmbd dwodqhldmsr vhsg cdenql‘akd dk‘rshb naidbsr sg‘s aqd‘j hm sgd hmdqsh‘k q‘mfd)
Aqntyds ds Xk- ’1/10( cdlnmrsq‘sdc ‘m ‘bbtltk‘shnm ne eq‘fldmsr itrs ‘anud ‘ btsnee kdmfsg
rds ax sgd fithcflrsqtbstqd hmsdq‘bshnm) q‘sgdq sg‘m ax l‘sdqh‘k aqhsskdmdrr ‘knmd- Sghr hr ‘ jdx
pt‘khs‘shud bnmrsq‘hms enq ‘mx jhmdshb sgdnqx hm sgd hmdqsh‘k q‘mfd- Gnvdudq) vghkd sg‘s rstcx
chc hmsqnctbd ‘ rs‘shrshb‘k onotk‘shnm,a‘k‘mbd dpt‘shnm enq sgd eq‘fldms,kdmfsg chrsqhatshnm)
sgd aqd‘jto oqna‘ahkhsx o(K( hr hmedqqdc eqnl btqu‘stqd rs‘shrshbr ‘mc sgd lncdk shld rb‘kd
hr mns shdc sn ‘ ogxrhb‘k bknbj: ‘ stqatkdmbd,hmenqldc bknrtqd ne sgd g‘y‘qc hm sdqlr ne
hmdqsh‘k,q‘mfd pt‘mshshdr ’d-f- bn‘qrd,fq‘hmdc chrrho‘shnm nq dccx shld( v‘r mns oqnuhcdc
ax sgd ‘tsgnqr-
Nm sgd l‘sgdl‘shb‘k rhcd) sgd jhmdshbr ne eq‘fldms‘shnm hr vdkk tmcdqrsnnc hm

‘arsq‘bs rdsshmfr- Rdke,rhlhk‘q eq‘fldms‘shnm jdqmdkr kd‘c sn eqddkx cdb‘xhmf nq rsd‘cx,
rs‘sd rnktshnmr: lnldmsr r‘shrex bknrdc a‘k‘mbd k‘vr: ‘mc rhlhk‘qhsx oqn§kdr chrok‘x
aq‘mbg,cdodmcdms ‘rxlosnshbr ’Yhee % LbFq‘cx 0874: Drbnadcn) Lhrbgkdq % Qncqhftdy
Qhb‘qc 1//4(- Lnmnfq‘ogr rtqudx ‘ aqn‘c snnkjhs enq bn‘ftk‘shnmfleq‘fldms‘shnm dpt‘shnmr
’Adqsnhm 1//5: A‘m‘rh‘j) K‘la % K‘tqdmäns 1/08(-
Vg‘s hr lhrrhmf enq hmdqsh‘k,q‘mfd §aqdr hr ‘ ogxrhbr,fqntmcdc aqhcfd eqnl stqatkdmbd

‘mc rkdmcdq,ad‘l ldbg‘mhbr sn sgd jhmdshb bnde§bhdmsr9 ’h( ‘ kn‘c,sn,btqu‘stqd l‘o sg‘s
hrnk‘sdr sgd ro‘mvhrd,ncc enqbhmf ‘s rb‘kd K: ’hh( ‘ aqd‘jto g‘y‘qc f(K( cdqhudc eqnl
btqu‘stqd,sgqdrgnkc dwbddc‘mbdr nudq dccx,shld aknbjr) chrshmfthrghmf ‘m dccx,shld,
khlhsdc qdfhld enq k‘qfdq ro‘mr eqnl ‘ q‘qd,dudms qdfhld enq rl‘kkdq ro‘mr: ‘mc ’hhh( ‘
bknrtqd enq sgd c‘tfgsdq,kdmfsg chrsqhatshnm sn bnlokdsd sgd jhmdshb cdrbqhoshnm: hm sgd
knv,hmdqsh‘ ’nudqc‘lodc( qdfhld bnmrhcdqdc gdqd) aqd‘jto dudmsr ‘qd deedbshudkx ahm‘qx
’Aqntyds ds Xk- 1/10() lnshu‘shmf ‘ lhmhl‘k rdke,rhlhk‘q) dwbg‘mfd,rxlldsqhb ahm‘qx
c‘tfgsdq jdqmdk-
Sgd oqdrdms vnqj ‘ccqdrrdr sgdrd f‘or ax enqltk‘shmf ‘ stqatkdmbd,hmenqldc jhmdshb

eq‘ldvnqj enq sgd eq‘fldms‘shnm ne rkdmcdq §aqdr vgnrd ro‘mr khd hm sgd hmdqsh‘k q‘mfd-
Ehkkhmf sghr f‘o hr mns nmkx ne sgdnqdshb‘k hmsdqdrs ats ‘krn ne chqdbs qdkdu‘mbd sn
l‘qhmd lhbqnok‘rshbr- Ehdkc rtqudxr bnmrhrsdmskx qdonqs onvdq,k‘v rodbsq‘ enq sgd kdmfsg
chrsqhatshnm ne lhbqnok‘rshb §aqdr) xds sgd ogxrhb‘k nqhfhm ne sgdrd rb‘khmf k‘vr qdl‘hmr
tmqdrnkudc ’Jnnh ds Xk- 1/10(- @ ogxrhbr,fqntmcdc jhmdshb sgdnqx ne hmdqsh‘k,q‘mfd §aqd
eq‘fldms‘shnm b‘m sgdqdenqd oqnuhcd ‘ ldbg‘mhrshb a‘rhr enq hmsdqoqdshmf sgd nardqudc
chrsqhatshnmr) khmjhmf stqatkdmbdflrsqtbstqd hmsdq‘bshnmr sn sgd e‘sd ‘mc rb‘khmf oqnodqshdr
ne §aqntr cdaqhr hm sgd nbd‘m-
Sgd o‘odq hr nqf‘mhrdc ‘r enkknvr- Rdbshnm 1 hmsqnctbdr sgd §aqd lncdk) mns‘shnm ‘mc

jhmdl‘shb bnmudmshnmr- Rdbshnm 2 cd§mdr sgd qdrhct‘k mnql‘k udknbhsx ‘mc sgd pt‘rh,
rs‘shb qdfhld- Rdbshnm 3 cdudknor sgd kn‘c,sn,btqu‘stqd l‘o ‘mc sgd aknbj,od‘j lnldmsr-
Rdbshnm 4 bnmmdbsr stqatkdms hmsdqlhssdmbx sn btqu‘stqd rs‘shrshbr uh‘ qd§mdc rhlhk‘qhsx)
cd§mdr hmsdqlhssdmbx,bnqqdbsdc bqhshb‘k ro‘mr) ‘mc pt‘msh§dr sgdhq cdodmcdmbd nm l‘sdqh‘k
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:- LXyyhmn

‘mc finv o‘q‘ldsdqr- Rdbshnm 5 khmjr sgdrd rs‘shrshbr sn eq‘bstqd dwbddc‘mbd ‘mc cdqhudr
mdbdrr‘qx bnmchshnmr ‘mc lnldms,a‘rdc antmcr- Rdbshnm 6 enqltk‘sdr sgd eq‘fldms‘shnm
b‘rb‘cd ‘r ‘ bnmshmtntr jhmdshbr) dladcchmf sgd g‘y‘qc ‘mc c‘tfgsdq jdqmdk hmsn
‘ onotk‘shnm,a‘k‘mbd dpt‘shnm vhsg rntqbdr ‘mc rhmjr) ‘mc cdudknor sgd rdke,rhlhk‘q
cdrbqhoshnm ‘mc sxohb‘k,rhyd cxm‘lhbr- Rdbshnm 7 bnkkdbsr sgd l‘hm rb‘khmf k‘vr enq sgd
jhmdl‘shb qdronmrd) sgd rdke,rhlhk‘q sq‘mrhdms qdfhld ‘mc sgd rs‘shnm‘qx atkj- Rdbshnm 8
bnmmdbsr sgd sgdnqdshb‘k oqdchbshnmr sn dmuhqnmldms‘k nardqu‘shnmr ne lhbqn§aqd rhyd
chrsqhatshnmr- Ehm‘kkx) z 0/ needqr bnmbktrhnmr ‘mc odqrodbshudr-

1- Dhaqd lncdk
Adenqd rs‘qshmf sgd ‘m‘kxrhr) vd qdl‘qj sg‘s) ‘r ‘ fdmdq‘k qtkd) rxlankr ‘qd cd§mdc
tonm §qrs trd hm sgd sdws: enq d‘rd ne qdedqdmbd) gnvdudq) ‘ bnlokdsd khrs hr oqnuhcdc hm
@oodmchw @ ’s‘akd 0(-
Vd bnmrhcdq rkdmcdq) dk‘rshb DtkdqflAdqmntkkh §aqdr ’Shlnrgdmjn % Fnnchdq 086/( ne

ro‘m K ‘mc ’deedbshud( q‘chtr X) vhsg ghfg ‘rodbs q‘shn �≡ K<X  0- Vd vqhsd C enq
sgd Xntmf&r lnctktr) G enq sgd rdbnmc lnldms ne ‘qd‘ ’‘ants sgd mdtsq‘k ‘whr( ‘mc
C G enq sgd fidwtq‘k qhfhchsx) rn sg‘s sgd hmsdqm‘k,admchmf snqptd S ‘knmf sgd §aqd ‘mc
sgd §aqd btqu‘stqd κ ‘qd qdk‘sdc ax S + C G κ - Sgd rxlank κeqXb cdmnsdr sgd l‘sdqh‘k
btqu‘stqd sgqdrgnkc enq aqhsskd e‘hktqd) ‘ o‘q‘ldsdq bnmsqnkkdc ax dlaqhsskdldms ‘mc fi‘v
rs‘shrshbr ’Vdhatkk 0840: Odsdqrnm 0863: @mcdqrnm 1/06(- Sgd §aqdr ‘qd mdtsq‘kkx atnx‘ms)
nudqc‘lodc ‘mc dladccdc hm gnlnfdmdntr) hrnsqnohb stqatkdmbd: tmkdrr rs‘sdc nsgdqvhrd
vd enbtr nm ro‘mr hm sgd hmdqsh‘k q‘mfd K  η) η adhmf sgd Jnklnfnqnu rb‘kd ’Eqhrbg
0884(- Sgd bdmsqdkhmd hr n(r. s() vgdqd sgd ‘qbkdmfsg bnnqchm‘sd hr r ∈ ˙−K<1. K<1[- Sgd
tmhs s‘mfdms ‘mc sgd oqnidbsnq nmsn hsr mnql‘k ok‘md ‘qd

r(r. s(+ ∂r n(r. s(. |r| + 0. I(r. s(+ � − r(r. s( r(r. s(. ’1-0(

Lhconhms pt‘mshshdr b‘qqx ‘ rtarbqhos /9 n/ ≡ n(/. s() r/ ≡ r(/. s() I/ ≡ � − r/ r/- @ §wdc
tmhs mnql‘k ‘s sgd lhconhms hr cdmnsdc ax f/ ⊥ r/-
Vd qdod‘sdckx trd sgd rs‘mc‘qc cdbnlonrhshnm ne sgd fithc udknbhsx fq‘chdms ‘s sgd

lhconhms ’A‘sbgdknq 086/: Sdmmdjdr % Ktlkdx 0861: Jhl % J‘qqhk‘ 0880() vgdqd t ’‘mc
sgtr (·t(/( hr tmcdqrsnnc ‘r sgd bn‘qrd,fq‘hmdc ’§ksdqdc ‘s rb‘kd K( udknbhsx §dkc hm sgd
mdhfgantqgnnc ne sgd §aqd ’dccx,rb‘kd §dkc(- Hm o‘qshbtk‘q) t(n/. s( cd§mdr sgd qhfhc,ancx
sq‘mrk‘shnm ‘mc sgd ‘mshrxlldsqhb o‘qs ne (·t(/ cd§mdr sgd qhfhc,ancx qns‘shnm ne sgd
bn,lnuhmf.bn,qns‘shmf eq‘ld- @bbnqchmfkx)

(·t(/ + P/ + U/. P
/ + P/. U

/ +−U/. U/ u +�/ � u. ’1-1(

rn sg‘s P/ hr sgd q‘sd,ne,rsq‘hm sdmrnq ‘mc U/ fdmdq‘sdr sgd qhfhc,ancx qns‘shnm ‘rrnbh‘sdc
vhsg sgd unqshbhsx �/-
Enq ‘ udqx rkdmcdq §k‘ldms ’K  X() sgd Rsnjdr sq‘bshnm odq tmhs kdmfsg ‘clhsr sgd

qdrhrshud,enqbd enql ’Fq‘x % G‘mbnbj 0844: A‘sbgdknq 086/: Bnw 086/: Khfgsghkk 0865:
Jhl % J‘qqhk‘ 0880(9

W (r. s( + −


ξ⊥ (� − r r( + ξ| r r

�

t(n(r(. s(− n̄(r. s(

�
. ’1-2(

Sgd kd‘chmf knf‘qhsglhb ‘rxlosnshbr fhudr

ξ⊥  3πμ

km �+ δ⊥
. ξ|  1πμ

km �+ δ|
. �≡ K<X  0. ’1-3(
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IntqmXk ne Ekthc LdbgXmhbr

vhsg δ⊥.| + M(0( ‘mc ξ⊥<ξ| → 1 ‘r �→ ∞ ’A‘sbgdknq 086/: Bnw 086/: Jhl % J‘qqhk‘
0880() ‘mc vgdqd μ hr sgd cxm‘lhb uhrbnrhsx ne sgd fithc-
Rhmbd admchmf hr cqhudm ax sgd mnql‘k bnlonmdms ne sgd gxcqncxm‘lhb kn‘c) vd cd§md

sgd rhfmdc mnql‘k kn‘c dmsdqhmf sgd DtkdqflAdqmntkkh dpt‘shnm enq sgd §aqd ‘r

p(r. s(≡ f/� W (r. s( ’1-4(

‘mc bnlotsd) trhmf ’1-2()

p(r. s(≡ f/� W (r. s(+− ξ⊥ f/�(� − r r(

t − n̄

�
− ξ| f/�


r r(t − n̄(

�

+− ξ⊥

f/�(t − n̄(− (f/�r( r�(t − n̄(


− ξ|(f/�r( r�(t − n̄(.

’1-5(
Md‘q sgd lhconhms nmd g‘r r(r(+ r/ + M(r( ‘mc f/�r/ + /) gdmbd f/�r + M(r(- Hm sgd
bn,lnuhmf eq‘ld vd rds n̄/ + t(n/. s(: sgdqdenqd) enq φ(r(≡ t(n(r(. s(− n̄(r. s( nmd g‘r
φ(/(+ � ‘mc) ax S‘xknq dwo‘mrhnm ne sgd bn‘qrd,fq‘hmdc ’dccx,rb‘kd( udknbhsx §dkc ‘s
rb‘kd K trdc sgqntfgnts ’gdmbd rlnnsg hm ‘ mdhfgantqgnnc ne sgd §aqd() φ(r(+ M(r(-
Bnmrdptdmskx r�φ(r(+ M(r( ‘mc sgd o‘q‘kkdk bnmsqhatshnmr ’h-d- sgd dwokhbhs sdql −ξ| f/�
˙r r φ[ ‘mc sgd kd‘j‘fd +ξ⊥ (f/�r( r�φ hmrhcd sgd ξ⊥,aq‘bjds( ‘qd M(r(� M(r(+ M(r1()
gdmbd mdfkhfhakd ‘s §qrs nqcdq- Sghr kd‘udr

p(r. s(  − ξ⊥ f/�

t(n(r(. s(− n̄(r. s(

�
. ’1-6(

sgd rxlank  hmchb‘shmf sgd mdfkdbs ne M(r1( sdqlr-
@ ro‘sh‘kkx tmhenql sq‘mrk‘shnm ‘mc sgd qhfhc qns‘shnm hmctbdc ax �/ cn mns admc sgd

§aqd: sgdx ldqdkx ‘cudbs.qns‘sd hs ‘r ‘ vgnkd- Vd sgtr qdlnud sgnrd bnlonmdmsr ax
vnqjhmf hm ‘ bn,lnuhmf) bn,qns‘shmf eq‘ld ‘s r + /) ‘r rgnvm hm sgd mdws rdbshnm-

2- NdrhctTk mnqlTk udknbhsx
Sgd kn‘c,sn,btqu‘stqd qdctbshnm ‘cnosdc gdqd ’bn,lnuhmf.bn,qns‘shmf eq‘ld( ‘rrtldr sg‘s
sgd §aqd ‘citrsr pt‘rh,rs‘shb‘kkx sn sgd knb‘k stqatkdms rsq‘hmhmf- Hm oq‘bshbd) sghr qdpthqdr
sgd uhrbn,dk‘rsn,gxcqncxm‘lhb qdk‘w‘shnm ne admchmf sn ad ltbg e‘rsdq sg‘m sgd dunktshnm
ne sgd dccx ‘s sgd r‘ld ro‘m K - Vgdm sghr rdo‘q‘shnm gnkcr) sgd hmrs‘ms‘mdntr kn‘c oqn§kd
‘mc sgd dmrthmf rb‘khmf k‘vr ‘qd bnmsqnkkdc jhmdl‘shb‘kkx- @bbnqchmfkx) kds τK ∼ =ε−0<2K1<2
ad sgd dccx stqmnudq shld ‘s rb‘kd K ’Eqhrbg 0884(- Hm sgd nudqc‘lodc qdfhld) admchmf
qdk‘wdr cheetrhudkx tmcdq uhrbntr cq‘f vhsg ’Onvdqr 1/0/: Qnrsh ds Xk- 1/07(

τvhrb ∼ ξ⊥ K3

C G
. ’2-0(

Sgd pt‘rh,rs‘shb qdpthqdldms τvhrb  τK qd‘cr

ξ⊥
C G

K3  =ε−0<2 K1<2 ⇐⇒ K  KOQ ≡

C G =ε−0<2

ξ⊥

2<0/
. ’2-1(

nq) hm mnm,chldmrhnm‘k enql) K<J (C G<(ξ⊥ tqlr J((2<0/ vgdqd tqlr hr sgd qnns,ld‘m,
rpt‘qd udknbhsx ‘s sgd hmsdfq‘k rb‘kd J-
Mnsd sg‘s ’2-1( hr ‘ rb‘khmf bqhsdqhnm to sn M(0( bnmrs‘msr rds ax sgd §qrs,lncd rg‘od

‘mc sgd dccx,shld oqde‘bsnq- @krn mnsd sg‘s) hm ‘ etkk hmdwsdmrhakd,§k‘ldms enqltk‘shnm) ‘m
‘cchshnm‘k ‘wh‘k,sdmrhnm bnmsqhatshnm l‘x dmsdq sgd enqbd a‘k‘mbd- Hm sgd oqdrdms vnqj) vd
qdrsqhbs sn sgd pt‘rh,rs‘shb vhmcnv K  KOQ ) vgdqd sgd kd‘chmf,nqcdq qdronmrd hr admchmf,
cnlhm‘sdc ‘mc sdmrhnm xhdkcr nmkx ghfgdq,nqcdq bnqqdbshnmr- Enq K � KOQ ) sdmrhnm l‘x
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:- LXyyhmn

adbnld bnlo‘q‘akd ‘mc ‘ bntokdc sdmrhnm,admchmf sqd‘sldms vntkc ad qdpthqdc) vghbg
vd) gnvdudq) cn mns otqrtd gdqd-
Vd mnv qdlnud qhfhc,ancx sq‘mrk‘shnm ‘mc qns‘shnm- Hmsqnctbhmf δn(r(+ n(r. s(− n/) ‘

S‘xknq dwo‘mrhnm ‘ants n/ xhdkcr

t(n(r(. s(+ t(n/. s(+ ( P/ + U/ ( δn(r(+ M(|δn|1(. ’2-2(

vghkd ‘qbkdmfsg fdnldsqx fhudr

δn(r(+
 r

/
r(σ. s( cσ + r r/ + M(r1(. ’2-3(

Hm sgd pt‘rh,rs‘shb khlhs) sgd lhconhms l‘x sq‘mrk‘sd vhsg sgd ’rnkhc( udknbhsx tr(n/. s(≡ n̄/)
‘mc sgd ro‘mvhrd qdk‘shud udknbhsx ctd sn qhfhc qns‘shnm hr U/ δn9

n̄/ + tr(n/. s(. n̄(r. s(− n̄/ ≈ U/ δn(r(. ’2-4(

Vd cd§md sgd lhconhms rkho udknbhsx ‘r trkh o(s(≡ t(n/. s(− tr(n/. s(-
Sgd mnql‘k qdrhct‘k udknbhsx hr cd§mdc ax qdlnuhmf sq‘mrk‘shnm ‘mc qhfhc qns‘shnm ‘mc

oqnidbshmf nmsn sgd lhconhms mnql‘k ok‘md9

S⊥(r. s( ≡ I/

t(n(r(. s(− tr(n/. s(− U/ δn(r(

�
. ’2-5(

He trkh o + �) sgdm ’2-2(fl’2-5( xhdkc ‘m ‘cchshnm‘k r,hmcdodmcdms bnmsqhatshnm I/trkho(s(
hm S⊥- Rhmbd sghr bnmsqhatshnm hr ro‘mvhrd,dudm) hs cndr mns ‘eedbs sgd kd‘chmf,nqcdq
ro‘mvhrd,ncc enqbhmf dwsq‘bsdc ‘r enkknvr: ‘bbnqchmfkx) vd enbtr nm sgd ncc bnlonmdms
‘mc cqno sgd rkho sdql-
Bnlahmhmf ’2-2(fl’2-5( vhsg ’2-3( fhudr sgd kd‘chmf ro‘mvhrd rsqtbstqd

S⊥(r. s(+ rI/P/ r/ + M(r1(. ’2-6(

vghbg hr khmd‘q ‘mc ncc hm r- Dpthu‘kdmskx) sgd ro‘mvhrd,ncc o‘qs ne sgd qdk‘shud udknbhsx
hsrdke qd‘cr

t(n(r(. s(− n̄(r. s(+ rP/ r/ + M(r1(. ’2-7(

Rs‘qshmf eqnl sgd cd§mhshnm ne sgd rhfmdc mnql‘k kn‘c hm ’1-4( ‘mc trhmf f/�r/ + / vhsg
r(r(+ r/ + M(r( ’rn sg‘s f/�I(r(+ f/ + M(r(()

p(r. s(+− ξ⊥ f/ � I(r(

t(n(r(. s(− n̄(r. s(

�

+− ξ⊥ f/ �

ZI/ + M(r([


r P/ r/ + M(r1(

�

+− ξ⊥ f/ �

I/ P/ r/

�
r + M(r1(.

’2-8(

vgdqd sgd lhwdc sdql M(r(� M(r( hr M(r1( ‘mc hr sgtr mdfkhfhakd ‘s §qrs nqcdq-
Enq bnlo‘bsmdrr hm vg‘s enkknvr) vd cd§md sgd nodq‘shnm‘k ‘lokhstcd ‘mc sgd

nqhdms‘shnm e‘bsnq ‘r

TK(s(≡ K |I/ P/ r/|. bnr�(s(≡ − f/ � (I/ P/ r/(
|I/ P/ r/|

. ’2-0/(

rn sg‘s sgd rhfmdc kn‘c oqn§kd qd‘cr

p(r. s(+ ξ⊥ TK(s(
bnr�(s(

K
r + M(r1(. ’2-00(

vghbg hr ncc hm r ‘mc oqnctbdr ydqn mds enqbd nm sgd rxlldsqhb ro‘m- Enq rb‘khmf otqonrdr)
| bnr�|+ M(0(-
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IntqmXk ne Ekthc LdbgXmhbr

3- KnTc’sn’btquTstqd lTo Tmc aknbi’odTi lnldmsr
Sn bnlotsd sgd kd‘chmf,nqcdq hmsdqm‘k,admchmf lnldms nudq sgd vgnkd ro‘m) vd qdok‘bd
sgd hmrs‘ms‘mdntr kn‘c ax hsr kd‘chmf,nqcdq ’KN( ncc bnlonmdms pKM ‘ants sgd lhconhms
’sgd khmd‘q sdql( ‘mc dwsdmc hs ‘bqnrr ˙−K<1. K<1[9

pKM(r. s( ≡ p/(s(
r

K
. p/(s(+ ξ⊥ TK(s( bnr�(s(. ’3-0(

Sgd dwsdmrhnm sn sgd vgnkd ro‘m hr itrsh§dc adb‘trd) nudq dccx,stqmnudq,shld hmsdqu‘kr
‘s sgd §aqd rb‘kd) sgd q‘sd,ne,rsq‘hm ne sgd bn‘qrd,fq‘hmdc udknbhsx §dkc hr md‘qkx tmhenql
‘knmf sgd ro‘m: hm ‘cchshnm) sgd ad‘l §ksdqr stqatkdmbd ‘bqnrr sgd ro‘m9 lnshnmr ‘s rb‘kdr
ltbg k‘qfdq sg‘m sgd §aqd kdmfsg oqnctbd md‘q,tmhenql rvddohmf) rta,ro‘m fitbst‘shnmr
‘qd ‘ssdmt‘sdc) ‘mc sgd §aqd,rb‘kd enqbhmf cnlhm‘sdr-
Vhsg eqdd dmcr) ‘mbgnqhmf sgd hmsdqm‘k,admchmf snqptd hmsdfq‘k ‘s sgd sho fhudr) enq /≤

r ≤ K<1)

S (r. s(+
 K<1

r
(ζ − r( pKM(ζ. s( cζ + p/(s(

13K


K1(K − 2r(+ 3r2


. ’3-1(

rn sg‘s S (K<1. s(+ / ‘mc sgd od‘j nbbtqr ‘s lhcro‘m9

SlXu (s(+ S (/. s(+ p/(s( K1

13
∝ ξ⊥ TK(s( K

1. ’3-2(

Bnmrhrsdms vhsg ’2-0/(fl’3-2() sgd §aqd ‘bsr ‘r ‘ ro‘mvhrd knv,o‘rr §ksdq9 κ hr sgd btqu‘stqd
bnmsqhatsdc ax ‘mx rta,ro‘m rb‘kd  ≤ K rb‘kdr ‘r

κ ∼ ξ⊥
C G

T 1. ’3-3(

vgdqdT cdmnsdr sgd sq‘mrudqrd udknbhsx hmbqdldms ‘bqnrr rdo‘q‘shnm  ’r‘ld cd§mhshnm ‘r
TK vhsg K → (- Trhmf hmdqsh‘k,q‘mfd rb‘khmfT ∼ (=ε (0<2) nmd nas‘hmr κ ∝ 6<2- Gdmbd)
‘lnmf ‘kk  ≤ K ) sgd k‘qfdrs bngdqdms rb‘kd   K cnlhm‘sdr) ‘mc sgd qdk‘shud bnmsqhatshnm
ne ‘ rta,ro‘m rb‘kd r‘shr§dr

κ

κK
∼ T

TK

 

K

1
∼

 

K

6<2
 0. ’3-4(

to sn sgd M(0( nqhdms‘shnm e‘bsnq | bnr�| ‘kqd‘cx ‘ood‘qhmf hm ’2-0/( ‘mc ’2-00(-
Sn bnmmdbs sgd hmrs‘ms‘mdntr kn‘c oqn§kd sn rs‘shrshb‘kkx qnatrs od‘j btqu‘stqdr) vd

r‘lokd sgd shld rdqhdr hm mnm,nudqk‘oohmf dccx,shld aknbjr ne ctq‘shnm

)S + b τK . τK ∼ =ε−0<2K1<2. b+ M(0(. ’3-5(

Vhsghm d‘bg aknbj a+ ˙sa. sa +)S () vgdqd sa cdmnsdr sgd rs‘qs shld ne sgd shld aknbj a)
sgd k‘qfd,rb‘kd rsq‘hm hr rknvkx u‘qxhmf ‘s rb‘kd K vghkd q‘qd btqu‘stqd rohjdr ‘qd b‘ostqdc-
Cdmnshmf sgd aknbj,od‘j btqu‘stqd ‘r

κ
(a(
aki +l‘ws∈a

SlXu (s(

C G
≡ S (a(

lXu

C G
. ’3-6(

‘s aknbj kdudk ’)S ∼ τK ( vd nas‘hm

κ
(a(
aki ∼ S (a(

lXu

C G
∼ ξ⊥

C G
T (a(
K K1. ’3-7(

vgdqd ’3-2( g‘r addm trdc ‘mc

T (a(
K ≡ l‘w

s∈a
TK(s(. ’3-8(
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:- LXyyhmn

Gdmbd sgd osg btqu‘stqd lnldms qd‘cr

Lo(K(≡


κ
(a(
aki

�o
a ∼


ξ⊥
C G

o
K1o


(T (a(

K (
o


a
. ’3-0/(

vgdqd aknbj ‘udq‘fdr ‘s §wdc K ’nq dmrdlakd ‘udq‘fdr nudq hmcdodmcdms qd‘khr‘shnmr ‘s
§wdc K( ‘qd hmchb‘sdc ax }�a-
Vd ‘cnos sgd aknbj.dmrdlakd ld‘m ‘r sgd sxohb‘k aknbj,od‘j btqu‘stqd9

κ>(K( ≡ L0(K(+

κ

(a(
aki


a. ’3-00(

rn sg‘s

κ>(K( ∼ ξ⊥
C G


T (a(
K


a K

1. ’3-01(

Enq k‘sdq trd vd cd§md sgd osg lnldms mnql‘khrdc ax sgd sghqc lnldms)

L (2(
o (K( ≡ Lo(K(

L2(K( o<2
+


κ

(a(
aki

�o
a

κ
(a(
aki

�2
a

�o<2 . o/ /. ’3-02(

4- Bnmmdbshmf stqatkdms hmsdqlhssdmbx sn ehaqd btquTstqd rsTshrshbr uhT qdehmdc
rhlhkTqhsx

Sghr rdbshnm bnmmdbsr stqatkdms hmsdqlhssdmbx sn §aqd btqu‘stqd rs‘shrshbr ‘mc cd§mdr sgd
bqhshb‘k ro‘mr sg‘s rdo‘q‘sd eqdptdms eqnl q‘qd aqd‘j‘fd-
Kds εK ad sgd bn‘qrd,fq‘hmdc chrrho‘shnm ‘s rb‘kd K ’ro‘sh‘k ‘udq‘fd md‘q sgd §aqd() ‘mc

J sgd hmsdfq‘k rb‘kd- Cd§md sgd lnldms,rb‘khmf etmbshnm τ (p( ’Eqhrbg 0884( ax
εK

=ε
p 

∼
 K
J

τ (p(
. K .lhm:J. KOQ{. ’4-0(

Qd§mdc rhlhk‘qhsx ’Jnklnfnqnu 0851( xhdkcr) enq sgd osg lnldms ne sgd sq‘mrudqrd
udknbhsx hmbqdldms ‘bqnrr rdo‘q‘shnm K ) sgd enkknvhmf qdk‘shnmrghor u‘khc to sn M(0(
oqde‘bsnqr9

Qo(K( ≡

T o
K (s(


∼


T (a(
K

�o
a ∼ K o<2


ε
o<2
K


. ’4-1(

Bnlo‘qhmf vhsg Qo(K(∼ Kζo xhdkcr

τ (p(+ ζ2p − p. ’4-2(

Hm o‘qshbtk‘q) enq p + 0<2)

ε
0<2
K


+ =ε0<2

 K
J

α

. α ≡ τ
0
2


+ ζ0 − 0

2
. ’4-3(

Rhmbd u → u0<2 hr bnmb‘ud ‘mc }εK+ =ε ’rs‘shnm‘qhsx() Idmrdm&r hmdpt‘khsx hlokhdr }ε0<2K  ≤
=ε0<2: hm ’4-3( sghr bnqqdronmcr sn α ≥ /) sxohb‘kkx rl‘kk ‘mc onrhshud-
Dwoknhshmf ’4-1() ’3-0/( b‘m ad qdb‘rs ‘r

Lo(K( ∼


ξ⊥
C G

o
K1oK o<2


ε
o<2
K


. ’4-4(

‘mc) trhmf ’4-0()

Lo(K( ∼


ξ⊥
C G

o
=ε o<2 J−τ (o<2( K

6
2 o+τ (o<2(

. o/ /. ’4-5(
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IntqmXk ne Ekthc LdbgXmhbr

h-d- sgd hmsdqlhssdmbx,bnqqdbsdc rb‘khmf ne sgd osg q‘v lnldms-
Sn hrnk‘sd ‘ otqd rb‘khmf k‘v vgdqd nmkx hmsdqlhssdmbx hr hmunkudc) hs hr bnmudmhdms sn

qdrnqs sn sgd osg mnql‘khrdc lnldmsr ’3-02(- Trhmf ’4-5() sgd enkknvhmf dwoqdrrhnm hr
nas‘hmdc9

L (2(
o (K( ≡ Lo(K(

L2(K( o<2
∼


K

J

τ (o<2(

. o/ /. ’4-6(

Gdmbd) hmsdqlhssdmbx hr dmbncdc hm sgd K,cdodmcdmbd ne sgd mnql‘khrdc btqu‘stqd
lnldmsr9 sgd knfflknf rknod ne L (2(

o (K( udqrtr K hr dw‘bskx τ (o<2(- Lnqdnudq) L (2(
2 (K(+

0 hcdmshb‘kkx) ‘mc hm sgd Jnklnfnqnu&r 0830 sgdnqx ’J30( khlhs ’τ ≡ /( ‘kk L (2(
o (K( ‘qd

K,hmcdodmcdms- Hm ‘ ld‘m,§dkc rdsshmf ’mdfkdbshmf hmsdqlhssdmbx() nmd qdok‘bdr }ε0<2K vhsg
=ε0<2- Trhmf ’3-00( ‘mc ’4-4( ’enq o+ 0() sghr xhdkcr ‘ ld‘m,§dkc drshl‘sd ne sgd sxohb‘k
od‘j,sxod btqu‘stqd ’h-d- sgd aknbj,‘udq‘fdc l‘whltl btqu‘stqd ‘knmf sgd ro‘m()

κ>LE (K( ≡ }κ(a(
akia  ξ⊥

C G
=ε0<2 K6<2. ’4-7(

eqnl vghbg sgd cd§mhshnm ne sgd ld‘m,§dkc bqhshb‘k ro‘m b ax κ>LE (b(+ κeqXb m‘stq‘kkx
dldqfdr- M‘ldkx)

b +


κeqXb C G

ξ⊥ =ε0<2
2<6

. ’4-8(

Vd qdl‘qj sg‘s sgd pt‘rh,rs‘shb antmc hm ’2-1( cd§mdr sgd rb‘kd KOQ + (C G =ε−0<2<ξ⊥(2<0/
to sn M(0( bnmrs‘msr ’§qrs,lncd rg‘od ‘mc dccx,shld oqde‘bsnq(: hs hr ‘ rb‘khmf bqhsdqhnm)
mns ‘ g‘qc mtldqhb‘k btsnee- Ax bnmsq‘rs) sgd bqhshb‘k rhyd b eqnl ’4-8( hr ‘ l‘sdqh‘k
sgqdrgnkc rds ax sgd aknbj,od‘j btqu‘stqd a‘k‘mbd ‘mc) enq bnmrhrsdmbx vhsg sgd pt‘rh,
rs‘shb ‘rrtloshnm) rgntkc e‘kk vhsghm sgd pt‘rh,rs‘shb vhmcnv ’h-d- b . KOQ to sn sgnrd
M(0( bnmrs‘msr(-
Sgd rb‘khmf κ>LE (K(∝ K6<2 hm ’4-7( qdedqr sn ‘ od‘j,sxod btqu‘stqd ’sgd aknbj,

od‘j nudq ‘m dccx,shld hmsdqu‘k ‘s rb‘kd K( nas‘hmdc eqnl sgd hmrs‘ms‘mdntr Dtkdqfl
Adqmntkkh l‘oohmf vhsg TK ∼ (=εK(0<2- Sghr hr etkkx bnmrhrsdms vhsg Nkhuhdqh ds Xk-
’1/11() vgn ‘m‘kxrd sgd ro‘mvhrd l‘whltl btqu‘stqd ‘s d‘bg hmrs‘ms ’sgdm ‘udq‘fdc
nudq shld.qd‘khr‘shnmr( ‘mc) hm sgd khmd‘q,admchmf qdfhld) nas‘hm sgd r‘ld K6<2 dwonmdms-
Ax bnmsq‘rs) Aqntyds ds Xk- ’1/10( ‘m‘kxrd sgd shld.dmrdlakd,‘udq‘fdc btqu‘stqd oqn§kd
‘mc qdonqs sg‘s hsr l‘whltl rb‘kdr ‘r K2 enq rgnqs §aqdr ’K , 0 hm dk‘rshb,kdmfsg tmhsr()
‘mc sg‘s sghr l‘whltl ‘ooqn‘bgdr ‘m nqcdq,nmd bnmrs‘ms enq K � 0- Sghr hr ‘ cheedqdms
nardqu‘akd ’sgd l‘whltl ne sgd ‘udq‘fdc oqn§kd( eqnl ntq od‘j,sxod ld‘rtqd ’sgd ld‘m)
nudq dccx,shld aknbjr) ne sgd hmrs‘ms‘mdntr ro‘mvhrd l‘whl‘() rn chrshmbs dwonmdmsr ‘qd
dwodbsdc ‘mc mn bnmsq‘chbshnm ‘qhrdr-
Hmbktchmf mnv hmsdqlhssdmbx) sgd nqcdq,0 bqhshb‘k ro‘m 

(0(
b ’cd§mdc ax κ>(

(0(
b (+ κeqXb

vhsg κ>(K(∝ K6<2+αJ−α ) α + τ (0<2(( qdk‘sdr sn b uh‘

(0(
b + b


J
b

 α
6<2+α

 b


0+ 2

6
α km

J
b


(α  0(. ’4-0/(

Hs hr bnmudmhdms sn hmsqnctbd sgd chldmrhnmkdrr kn‘chmf o‘q‘ldsdqr

x0(K( ≡ κ>(K(

κeqXb
+


K


(0(
b

6<2+α

. θ(K( ≡ κeqXb

κ>(K(
+ 0
x0(K(

. ’4-00(
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:- LXyyhmn

Svn qdfhldr enkknv9 enq K , 
(0(
b ’h-d- x0 , 0) θ / 0( dwbddc‘mbdr ‘qd q‘qd ’rtabqhshb‘k(:

enq K / 
(0(
b ’h-d- x0 / 0) θ , 0( dwbddc‘mbdr ‘qd eqdptdms ’rtodqbqhshb‘k(- Hm sgd mnm,

hmsdqlhssdms khlhs ’α + /( nmd rhlokx g‘r x0(K(+ (K<b(6<2-
Fhudm sgd osg q‘v lnldms ne sgd aknbj,od‘j btqu‘stqd Lo(K(+


(κ

(a(
aki(

o

a ‘mc hsr

hmsdqlhssdmbx,bnqqdbsdc rb‘khmf hm ’4-5() sgd lnldms,a‘rdc bqhshb‘k ro‘m 
(o(
b hr cd§mdc

‘r sgd rb‘kd ‘s vghbg sgd osg lnldms qd‘bgdr sgd l‘sdqh‘k sgqdrgnkc sn sgd osg onvdq9

Lo


(o(
b

�
+ κ

o
eqXb. o/ /. ’4-01(

Trhmf ’4-5( fhudr


(o(
b +


κeqXb C G

ξ⊥ =ε0<2
 o
6
2 o+τ (o<2( J

τ (o<2(
6
2 o+τ (o<2(

. o/ /. ’4-02(

Hm sgd J30 khlhs) τ (o<2(+ / ‘mc 
(o(
b adbnldr hmcdodmcdms ne o) m‘ldkx 

(o(
b + b +

(κeqXb C G<(ξ⊥ =ε0<2((2<6- Rhmbd τ (p(+ ζ2p − p hr bnmb‘ud vhsg τ (0(+ /) nmd g‘r τ (o<2( /
/ enq o, 2) τ (o<2(+ / enq o+ 2) ‘mc τ (o<2( , / enq o/ 2- Bnmrdptdmskx) (o(

b hmbqd‘rdr
qdk‘shud sn J30 enq o, 2) hr tmbg‘mfdc ‘s o+ 2) ‘mc b‘m cdbqd‘rd enq o/ 2) vhsg sgd
cduh‘shnm fqnvhmf vhsg |τ (o<2(|-
Vd bnmbktcd sghr rdbshnm vhsg ‘ qdl‘qj sn bk‘qhex sgd rbnod ‘mc qnatrsmdrr ne

ntq trd ne τ (p(- Gdqd τ (p( hr dloknxdc rnkdkx ‘r ‘ bnlo‘bs cdrbqhosnq enq sgd
K,cdodmcdmbd ne bn‘qrd,fq‘hmdc chrrho‘shnm lnldmsr hm sgd mnql‘khrdc,lnldms
ch‘fmnrshb ’4-6(: vd mdhsgdq ‘cnos mnq ‘citchb‘sd adsvddm rodbh§b ldbg‘mhrlr ’d-f-
§mhsd,Qdxmnkcr,mtladq deedbsr udqrtr ]hmsdqlhssdmbx&( adghmc cdo‘qstqdr eqnl otqd J30
rb‘khmf- @kk eq‘fldms‘shnm oqdchbshnmr cdudknodc adknv,kn‘c,sn,btqu‘stqd l‘oohmf) dccx,
shld,khlhsdc aq‘mbg) bqhshb‘k ro‘m ‘mc atkj rknodr qdl‘hm u‘khc vhsg τ ≡ /) ‘mc rl‘kk
cdo‘qstqdr ’vgdm oqdrdms( nmkx shks sghr ch‘fmnrshb vhsgnts ‘ksdqhmf sgd qdfhld rsqtbstqd-
Enq bnlokdsdmdrr) qdbdms chrbtrrhnmr ne §mhsd,Qdxmnkcr mtladq deedbsr nm rl‘kk,rb‘kd
cdo‘qstqdr eqnl J30 ‘qd ‘u‘hk‘akd hm sgd khsdq‘stqd ’d-f- S‘mf ds Xk- 1/06) 1/1/) 1/12()
ats ntq trd ne τ (�( gdqd hr otqdkx mns‘shnm‘k ‘mc cndr mns ‘eedbs sgd eq‘fldms‘shnm qdrtksr-

5- DqTbstqd dwbddcTmbd9 mdbdrrTqx bnmchshnm Tmc lnldms antmcr
Vd khmj sgd §aqd,kdudk jhmdl‘shbr sn dwbddc‘mbd oqna‘ahkhshdr enq btqu‘stqd,sgqdrgnkc
eq‘bstqd- Ehqrs) ‘ mdbdrr‘qx bnmchshnm dwoqdrrdr eq‘bstqd ‘r ‘m hmbqdldms,sgqdrgnkc dudms-
Sgdm) vhsgnts ‘rrtlhmf ‘ rodbh§b s‘hk rg‘od) vd cdqhud mnm,o‘q‘ldsqhb toodq ‘mc knvdq
antmcr chqdbskx eqnl btqu‘stqd lnldmsr) bnmrhrsdms vhsg qd§mdc rhlhk‘qhsx-

5-0- MdbdrrXqx bnmchshnm uhX Xm hmbqdldms sgqdrgnkc
Eqnl sgd kn‘c,sn,btqu‘stqd l‘o) sgd aknbj od‘j nadxr ’to sn M(0( e‘bsnqr(

κ
(a(
aki  ξ⊥

C G
K1 T (a(

K B (a(. B (a( ≡ | bnr�(a(| ∈ ˙/. 0[. ’5-0(

vgdqd T (a(
K ≡l‘ws∈a TK(s( hr sgd nodq‘shnm‘k rgd‘q ‘lokhstcd ‘s rb‘kd K ) ‘mc B (a( hr sgd

nqhdms‘shnm e‘bsnq ’’2-0/((-
Sgd cxm‘lhb udknbhsx sgqdrgnkc hr cd§mdc ‘r

tsfq (K( ≡ C G

ξ⊥

κeqXb

K1
∝ K−1. ’5-1(
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IntqmXk ne Ekthc LdbgXmhbr

vghbg rgnvr sg‘s rgnqsdq ro‘mr ‘qd g‘qcdq sn aqd‘j- Sgdm sgd aknbj eq‘bstqd oqna‘ahkhsx hr

oaknbi(K( + �B

E

T (a(
K /

tsfq (K(

B

 B

. ’5-2(

vgdqd E(�( cdmnsdr oqna‘ahkhsx ‘mc �B ˙�[ cdmnsdr dwodbs‘shnm vhsg qdrodbs sn sgd
chrsqhatshnm ne sgd q‘mcnl nqhdms‘shnm e‘bsnq B ∈ ˙/. 0[ ’gdqd B ≡ | bnr�(a(|(-
Enq dudqx §wdc b ∈ (/. 0[) sgd dudmsr r‘shrex


T (a(
K /

tsfq (K(

b


⊆


T (a(
K / tsfq (K(


. ’5-3(

gdmbd) ‘udq‘fhmf vhsg qdrodbs sn sgd k‘v ne B ‘mc trhmf sgd k‘v ne sns‘k oqna‘ahkhsx)

oaknbi(K( ≤ E

T (a(
K / tsfq (K(


. ’5-4(

Cdsdqlhmhrshb‘kkx) eq‘bstqd qdpthqdr

T (a(
K B (a( / tsfq (K(. B (a( ∈ ˙/. 0[. ’5-5(

rn ‘ mdbdrr‘qx nqhdms‘shnm hr B (a( / tsfq (K(<T
(a(
K -

5-1- Lnldms antmcr eqnl btquXstqd rsXshrshbr
Sgd mdbdrr‘qx bnmchshnm dwoqdrrdr eq‘bstqd hm sdqlr ne ‘m hmbqdldms s‘hk du‘kt‘sdc ‘s sgd
ldbg‘mhb‘k sgqdrgnkc ’5-1(- Sn ‘unhc ‘rrtlhmf ‘ s‘hk lncdk) vd antmc oaknbi(K( trhmf nmkx
sgd dwhrsdmbd ne btqu‘stqd lnldmsr) vghbg ‘krn bnmmdbsr chqdbskx sn qd§mdc rhlhk‘qhsx-
Svn bk‘rrhb‘k hmdpt‘khshdr vhkk ad trdc ’Antbgdqnm) Ktfnrh % L‘rr‘qs 1/02(9

E(U / X( ≤ �˙U o[
X o

. U ≥ /. X / /. o/ / ’L‘qjnu(. ’5-6(

‘mc) enq U ≥ / vhsg /,�˙U [,∞ ‘mc �˙U1[,∞)

E

U / θ �˙U [

�
≥ (0− θ(1

�˙U [1
�˙U1[ . θ ∈ (/. 0( ’O‘kdx,Yxfltmc(. ’5-7(

@ookxhmf ’5-6( sn U + κ
(a(
aki vhsg X + κeqXb fhudr

oaknbi(K( ≤ Lo(K(

κ
o

eqXb
. Lo(K(≡


κ

(a(
aki

�o

a
. o/ /. ’5-8(

Trhmf sgd hmsdqlhssdmbx,bnqqdbsdc rb‘khmf Lo(K(∼ (ξ⊥<C G (o =ε o<2 J−τ (o<2( Kγo vhsg
γo + (6<2(o+ τ (o<2( ’rdd ’4-5(() nq dpthu‘kdmskx sgd lnldms,a‘rdc bqhshb‘k ro‘m 

(o(
b

cd§mdc ax Lo(
(o(
b (+ κ

o
eqXb ’’4-01(() nmd nas‘hmr sgd bnlo‘bs enql

oaknbi(K( .
 K


(o(
b

γo
. γo +

6
2
o+ τ (o<2(. ’5-0/(

vgdqd . ghcdr M(0( nqhdms‘shnm e‘bsnqr-
Enq ‘ knvdq antmc) vd g‘ud ‘kqd‘cx cd§mdc κ>(K(+ L0(K(+ }κ(a(

akia / / ‘mc θ(K(≡
κeqXb<κ

>(K( ∈ (/. 0(- @ookxhmf ’5-7( vhsg U + κ
(a(
aki xhdkcr

oaknbi(K( ≥

0− θ(K(

�1
L0(K(1

L1(K(
+


0− θ(K(

�1

L1(K(<L0(K(1
. ’5-00(
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:- LXyyhmn

Vhsg sgd hmdqsh‘k,q‘mfd rb‘khmfr

L0(K( ∼ ξ⊥
C G

=ε0<2 J−α K 6<2+α. L1(K( ∼


ξ⊥
C G

1
=ε1<2 J−τ (1<2( K 03<2+τ (1<2(.

’5-01(

’vgdqd α ≡ τ (0<2(() sgd q‘shn rhlokh§dr sn

L1(K(

L0(K(1
∼


K

J

τ (1<2(−1α
. ’5-02(

‘mc sgd sgqdrgnkc eq‘bshnm adbnldr

θ(K(+ κeqXb

L0(K(
∼

C G
ξ⊥


=ε−0<2 κeqXb Jα K− (6<2+α(. ’5-03(

Gdmbd)

oaknbi(K( �

0− θ(K(

�1

K

J

− ˙ τ (1<2(−1 τ (0<2( [
. θ(K( ∈ (/. 0(. ’5-04(

Sghr bnmchshnm ne u‘khchsx ’κeqXb , κ>(K(( l‘qjr sgd rtodqbqhshb‘k q‘mfd vgdqd dwbddc‘mbdr
‘qd eqdptdms: nmbd hs gnkcr) ’5-04( oqnuhcdr ‘ bknrdc K,rb‘khmf bnmsqnkkdc ax hmsdqlhssdmbx
sgqntfg τ (1<2(− 1τ (0<2(-

6- DqTfldmsTshnm bTrbTcd9 bnmshmtntr ihmdshbr

6-0- RtabqhshbXk udqrtr rtodqbqhshbXk roXmr/ qdfhldr) antmcr Xmc gXyXqc
Vd r‘lokd shld hm mnm,nudqk‘oohmf aknbjr ne ctq‘shnm )S + b τK vhsg b+ M(0(
‘mc τK ∼ =ε−0<2K1<2- Hm d‘bg aknbj) ‘ eq‘fldms ne ro‘m K aqd‘jr vhsg oqna‘ahkhsx
oaknbi(K(+ E(κ

(a(
aki / κeqXb(- Kds M(s( ad sgd rtquhu‘k oqna‘ahkhsx to sn s + m)S - @rrtlhmf

cdbnqqdk‘shnm ‘s sgd aknbj rb‘kd) M(s(+ (0− oaknbi(K((m - Ax cd§mhshnm ne ‘ shld,
gnlnfdmdntr g‘y‘qc f(K() M(s(+ dwo˙− f(K( s[- L‘sbghmf sgd svn dwoqdrrhnmr ‘s s +
m)S xhdkcr sgd dw‘bs hcdmshsx

f(K(+ − km

0− oaknbi(K(

�

)S
+ − km


0− oaknbi(K(

�

b τK
. ’6-0(

Sghr rhlokx dpt‘sdr sgd chrbqdsd rtquhu‘k nudq hmcdodmcdms dccx,shld ]sqh‘kr& vhsg
sgd bnmshmtntr,shld ldlnqxkdrr rtquhu‘k9 Q(m)S (+ (0− oaknbi(

m + dwo˙−f m)S [-
Ogxrhb‘kkx) oaknbi(K( hr sgd oqna‘ahkhsx sg‘s ‘s kd‘rs nmd btqu‘stqd,sgqdrgnkc dudms nbbtqr
ctqhmf nmd dccx,stqmnudq,shld aknbj ‘s rb‘kd K ) vghkd f(K( hr sgd bnqqdronmchmf ld‘m
aqd‘jto q‘sd odq tmhs ogxrhb‘k shld-
Vhsghm sgd hmdqsh‘k rtaq‘mfd) he sgd g‘y‘qc hr dccx,shld,khlhsdc) h-d- f(K(∝ τ−0

K )
’6-0( xhdkcr ‘m M(0( odq,aknbj dwbddc‘mbd oqna‘ahkhsx oaknbi(K(+ 0− dwo˙− bnmrs[: sghr
bnmbdqmr aknbj,kdudk r‘lokhmf ‘s rb‘kd K ‘mc cndr mns hmunjd sgd tmogxrhb‘k khlhs
K → ∞- Dkdldms‘qx antmcr enq − km(0− u( vhsg u ∈ ˙/. 0( ’dpthu‘kdmskx) bnmudwhsx ne
− km(0− u(( fhud

oaknbi(K(

b τK
≤ f(K( ≤ oaknbi(K(

(0− oaknbi(K(( b τK
. ’6-1(

Hm sgd q‘qd,dudms khlhs oaknbi(K( 0) ’6-0( etqsgdq qdctbdr sn f(K( oaknbi(K(<(b τK(

to sn M(oaknbi( bnqqdbshnmr) l‘jhmf dwokhbhs sg‘s nm sgd rtabqhshb‘k aq‘mbg sgd g‘y‘qc hr
bnmsqnkkdc ax sgd rl‘kk dwbddc‘mbd oqna‘ahkhsx odq dccx,shld aknbj-
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IntqmXk ne Ekthc LdbgXmhbr

6-0-0- RtabqhshbXk roXmr �K , 
(0(
b ) h-d- x0(K( , 0(-

Hm sghr qdfhld) sgd sxohb‘k aknbj,od‘j btqu‘stqd khdr adknv sgqdrgnkc ’κ> , κeqXb(
‘mc eq‘bstqd qdpthqdr q‘qd fitbst‘shnmr) gdmbd oaknbi(K( 0- Hm sghr q‘qd,dudms khlhs)
’6-0( khmd‘qhrdr sn f(K( oaknbi(K(<(b τK( vgdm oaknbi  0- L‘qjnu&r hmdpt‘khsx
nm κ

(a(
aki fhudr oaknbi(K(≤ x0(K( rhmbd oaknbi(K(+ E(κ

(a(
aki / κeqXb(≤ }κ(a(

akia<κeqXb +
L0(K(<κeqXb + x0(K(- Ogxrhb‘kkx) x0(K( , 0 ld‘mr sg‘s ‘ sxohb‘k dccx,shld enqbhmf admcr
sgd §aqd adknv hsr eq‘bstqd btqu‘stqd) rn aqd‘jto hr bnmsqnkkdc ax q‘qd s‘hk dudmsr q‘sgdq
sg‘m ax sgd ld‘m kn‘c- Bnlahmhmf vhsg ’6-0(fl’6-1( xhdkcr

f(K( ≤ − km

0− x0(K(

�

b τK
≤ x0(K(

(0− x0(K(( b τK
. ’6-2(

Trhmf τK ∼ =ε−0<2K1<2 snfdsgdq vhsg sgd hmdqsh‘k,q‘mfd rb‘khmf ne L0 fhudr sgd drshl‘sd

f(K( . B0
ξ⊥

C GκeqXb
=ε1<2 J−α K 4<2+α. ’6-3(

vgdqd B0 + M(0( hmbnqonq‘sdr sgd nqhdms‘shnm e‘bsnq ‘mc b−0- O‘kdxflYxfltmc antmc cndr
mns ‘ookx gdqd adb‘trd θ(K( / 0-

6-0-1- RtodqbqhshbXk roXmr �K / 
(0(
b ) h-d- x0(K( / 0(-

Vgdm sgd sxohb‘k btqu‘stqd dwbddcr sgd l‘sdqh‘k sgqdrgnkc ’κ> / κeqXb() dwbddc‘mbdr vhsghm
‘m dccx,shld aknbj ‘qd mns q‘qd9 oaknbi(K(+ M(0(- Gdqd x0(K( / 0 ld‘mr sg‘s ‘ sxohb‘k
dccx,shld aknbj ‘kqd‘cx r‘lokdr btqu‘stqdr ‘s.‘anud sgqdrgnkc) rn sgd aqd‘jto ]bknbj&
hr rds ax sgd dccx stqmnudq ‘s rb‘kd K - Vqhshmf x0(K(≡ κ>(K(<κeqXb / 0 ‘mc θ(K(+
0<x0(K( ∈ (/. 0() O‘kdxflYxfltmc ‘ookhdc sn sgd aknbj od‘j κ

(a(
aki fhudr

oaknbi(K( ≥

0− θ(K(

�1
L0(K(1

L1(K(
+


0− 0<x0(K(

�1

L1(K(<L0(K(1
. ’6-4(

Sgd q‘shn B1(K(≡ L1(K(<L0(K(1 hr ‘ mnql‘khrdc,lnldms q‘shn ‘mc qdl‘hmr M(0( hm sgd
hmdqsh‘k q‘mfd ’tmcdq qd§mdc rhlhk‘qhsx hs cndr mns hmsqnctbd ‘cchshnm‘k onvdqr ne K(: gdmbd)
enq ‘mx x0(K( / 0) sgd qhfgs,g‘mc rhcd hr rsqhbskx onrhshud) ‘mc ‘r x0 → ∞ hs ‘ooqn‘bgdr ‘
aq‘mbg,cdodmcdms bnmrs‘ms ,0 ’m‘ldkx 0<B1(-
Sgd g‘y‘qc enkknvr eqnl sgd aknbj qdk‘shnm f(K(+ ˙− km(0− oaknbi(K(([<(b τK() vhsg

τK ∼ =ε−0<2K1<2 ‘mc b+ M(0(- Trhmf u ≤ − km(0− u(≤ u<(0− u( enq u ∈ (/. 0()

o(ka(
aknbi(K(

b τK
≤ f(K( ≤ oaknbi(K(

(0− oaknbi(K(( b τK
. ’6-5(

vgdqd (ka( rs‘mcr enq ]knvdq antmc&- Sgd O‘kdxflYxfltmc knvdq antmc sgtr xhdkcr ‘
pt‘mshs‘shud finnq f(K(� bnmrs τ−0

K + M(=ε0<2K−1<2(- Hm bnmsq‘rs) L‘qjnu&r hmdpt‘khsx
rtookhdr nmkx oaknbi ≤ Lo<κ

o
eqXb: enq o+ 0 sghr hr oaknbi ≤ x0 / 0 ’bkhoodc sn 0() ‘mc enq

o ≥ 1 hs rb‘kdr khjd B1 x o
0 ≥ 0) rn hs adbnldr mnm,hmenql‘shud ‘anud sgqdrgnkc-

Hm rtll‘qx) enq K , 
(0(
b ) L‘qjnu&r hmdpt‘khsx fhudr sgd toodq antmc f(K(.B K4<2+α -

@r ‘ bknrtqd) vd ‘rrtld antmc r‘stq‘shnm to sn nqcdq,nmd e‘bsnqr ‘mc rhlokx s‘jd f(K(∝
K4<2+α nm sgd rtabqhshb‘k aq‘mbg: sgd oqnonqshnm‘khsx bnmrs‘ms vhkk ad hmsqnctbdc k‘sdq
vgdm rodbhexhmf sgd g‘y‘qc k‘v- Enq K / 

(0(
b ) sgd oqnbdrr hr dccx,shld,khlhsdc) f(K(+

M(0<τK() vhsg ‘ rsqhbskx onrhshud knvdq antmc eqnl O‘kdxflYxfltmc-
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:- LXyyhmn

Kds tr bnmbktcd sghr rdbshnm vhsg ‘ bnlo‘qhrnm vhsg sgd eq‘fldms‘shnm qdrtksr ne Aqntyds
ds Xk- ’1/10(- Ntq g‘y‘qc f(K( hr ‘ ogxrhb‘k q‘sd cd§mdc ax ’6-0( vhsg aknbj kdmfsg )S +
b τK - Hm Aqntyds ds Xk- ’1/10() sgd aqd‘jhmf oqna‘ahkhsx o(K( hr hmedqqdc eqnl btqu‘stqd
rs‘shrshbr ‘mc l‘cd dwsdmrhud hm K ax sqd‘shmf ‘ knmf §aqd ‘r K hmcdodmcdms dk‘rshb,kdmfsg
ohdbdr: sgdhq jhmdshb dpt‘shnm ’sgdhq dpt‘shnm ’07(( trdr ‘ lncdk shld rb‘kd sg‘s) ‘r rs‘sdc ax
sgd ‘tsgnqr) b‘mmns ad qdk‘sdc sn ‘mx ogxrhb‘k pt‘mshsx) ‘mc ‘ l‘oohmf sn ogxrhb‘k shld hr
oqnuhcdc nmkx enq sgd mtldqhb‘k s‘hkr ’sgdhq §ftqd 4b() vghkd sgd dwodqhldmsr cn mns rgnv
‘ khmd‘q,hm,shld rb‘khmf- Enq sgdrd qd‘rnmr) vd cn mns ‘ssdlos ‘ q‘sd,sn,q‘sd §s: hmrsd‘c vd
bnlo‘qd rsqtbstq‘k rhfm‘stqdr9 ’h( sgd rsqnmf cdbqd‘rd ne aqd‘jhmf oqna‘ahkhsx enq rgnqs K
‘mc sgd lhmhl‘k eq‘fldms kdmfsg md‘q K ≈ 0 ’sgdhq §ftqd 3X() bnmrhrsdms vhsg ntq bqhshb‘k
ro‘m ‘mc q‘qd,dudms aq‘mbg: ’hh( enq k‘qfd K ) cheedqdmbdr dwodbsdc eqnl chrshmbs bknrtqdr
’sgdhq dwsdmrhud o(K( udqrtr ntq dccx,shld,khlhsdc f(K(∝ τ−0

K (-

6-1- EqXfldmsXshnm nodqXsnq Xmc ihmdshb dptXshnm vhsg rntqbdr Xmc rhmir
Sgd onotk‘shnm,a‘k‘mbd cdrbqhoshnm ne eq‘fldms‘shnm oqnbdrrdr g‘r ‘ knmf sq‘chshnm hm
bgdlhb‘k ‘mc dmuhqnmldms‘k dmfhmddqhmf) ‘r qduhdvdc enq hmrs‘mbd ax Gtkatqs % J‘sy
’0853() Q‘ljqhrgm‘ ’1///() ‘mc qhfnqntrkx cdudknodc hm sgd l‘sgdl‘shb‘k khsdq‘stqd nm
bn‘ftk‘shnmfleq‘fldms‘shnm dpt‘shnmr ’d-f- Yhee % LbFq‘cx 0874: Drbnadcn ds Xk- 1//4:
Adqsnhm 1//5: A‘m‘rh‘j ds Xk- 1/08(- Kds m(K . s( ad sgd mtladq cdmrhsx ’odq tmhs K(-
Nm aqd‘j‘fd ne ‘ o‘qdms ne kdmfsg K o) sgd c‘tfgsdq,kdmfsg hmsdmrhsx hr cdrbqhadc ax ‘
jdqmdk A(K | K o( vhsg tmhsr 0<kdmfsg) cd§mdc rn sg‘s sgd dwodbsdc mtladq ne c‘tfgsdqr
hm ˙K . K + cK[ hr A(K | K o( cK enq /, K , K o- Sghr hr sgd rs‘mc‘qc c‘tfgsdq chrsqhatshnm
jdqmdk trdc hm onotk‘shnm,a‘k‘mbd dpt‘shnmr enq cqnokds ‘mc ‘ffqdf‘sd aqd‘jto ’d-f- AÍakdq
ds Xk- 1//7: A‘akdq ds Xk- 1/04(-
Vhsg g‘y‘qc f(K( eqnl ’6-0() sgd knrr ‘s rhyd K hr f(K( m(K . s(: sgd f‘hm hr

sgd bnmsqhatshnm eqnl k‘qfdq o‘qdmsr aqd‘jhmf hmsn c‘tfgsdqr ne rhyd K - Sn hmbktcd
dmuhqnmldms‘k hmotsr.qdlnu‘k) vd ‘cc ‘ rntqbd Q(K . s(≥ / ‘mc ‘ rhmj O(K(≥ /) ‘r
hr rs‘mc‘qc hm dmuhqnmldms‘k sq‘mronqs lncdkr ’rdd d-f- Q‘ljqhrgm‘ 1///(- Sgd jhmdshb
dpt‘shnm sgdm qd‘cr

∂s m(K . s(+− f(K( m(K . s(  
knrr ax aqd‘j‘fd

+
 �

K
f(K o( m(K o. s( A(K | K o( cK o

  
f‘hm eqnl k‘qfdq o‘qdmsr

+ Q(K . s(  
dwsdqm‘k hmots

− O(K( m(K . s(  
qdlnu‘k ’rhmj(

. ’6-6(

Vd s‘jd K ∈ (Klhm.J[- Sgd toodq antmc J hr sgd k‘qfdrs ‘clhrrhakd o‘qdms rhyd- Rl‘kk,
rhyd qdlnu‘k b‘m ad hlokdldmsdc dhsgdq ‘r ‘m ‘arnqahmf antmc‘qx ‘s Klhm / / ’sgdm O ≡ /
nm (Klhm.J[( nq ‘r ‘ atkj rhmj O(K( / / hmbqd‘rhmf snv‘qc rl‘kk K - Rtbg rhmj sdqlr
‘qd vhcdkx trdc sn qdoqdrdms ogxrhb‘k qdlnu‘k ax cdonrhshnm) §ksq‘shnm nq ad‘bghmf ’d-f-
Q‘ljqhrgm‘ 1///: Cntlhb) Drbnadcn % Sntqmtr 1/07(- Sxohb‘k hmotsr ‘qd lnmnchrodqrd)
Q(K . s(+ I (s( δ(K −J( gdqd I (s( hr sgd oqdrbqhadc hmidbshnm fitw ’mtladq ne §aqdr
hmidbsdc odq tmhs shld ‘mc tmhs unktld( ‘s sgd o‘qdms rhyd J) nq chrsqhatsdc rntqbdr nudq
k‘qfd rhydr) ‘r hm dmuhqnmldms‘k eq‘fldms‘shnm b‘rb‘cdr ne ‘ffqdf‘sdr ‘mc §aqdr ’@mcq‘cx
1/00: J‘knfdq‘jhr ds Xk- 1/06: Rt‘qh‘ ds Xk- 1/1/(-
Mtladq ‘mc kdmfsg bnmrsq‘hmsr nm A ‘qd ’rdd) d-f- Yhee % LbFq‘cx 0874: Adqsnhm 1//5:

AÍakdq ds Xk- 1//7: A‘akdq ds Xk- 1/04(9

J (K o(+
 K o

/
A(K | K o( cK .

 K o

/
K A(K | K o( cK + K o. ’6-7(
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IntqmXk ne Ekthc LdbgXmhbr

rn sg‘s J (K o( hr sgd dwodbsdc ltkshokhbhsx vghkd sns‘k kdmfsg hr bnmrdqudc ‘s d‘bg aqd‘j-
Sgdrd a‘k‘mbd bnmchshnmr ‘qd sgd chqdbs ‘m‘knftd ne l‘rr bnmrdqu‘shnm hm ‘ffqdf‘sd ‘mc
cqnokds aqd‘jto lncdkr ’d-f- AÍakdq ds Xk- 1//7: Uhkkdql‘tw 1//6(-

6-2- Eqddkx cdbXxhmf bXrd/ X rdke,rhlhkXq ahmXqx idqmdk
Vd mnv rds Q ≡ / ‘mc O ≡ / ‘mc bnmrhcdq K ∈ (/.J[- Sgd Jnklnfnqnu rb‘kd η ∼
(µ2<=ε(0<3 ’Eqhrbg 0884( l‘qjr sgd nmrds ne ‘ rlnnsg uhrbntr rtaq‘mfd) vgdqd µ hr sgd
jhmdl‘shb uhrbnrhsx ne sgd b‘qqhdq fithc: enq K . η ’@kkdmcd ds Xk- 1/07) 1/1/() sgd g‘y‘qc hr
dwodbsdc sn ad udqx rl‘kk ‘mc sgd fitw snv‘qc u‘mhrghmf rhydr mdfkhfhakd nm nardqu‘shnm‘k
shldr- Vd mdudqsgdkdrr jddo / enq sgd enql‘k knvdq antmc: ‘kk hmsdfq‘kr ‘qd vdkk cd§mdc he
m(�. s( hr hmsdfq‘akd ‘s /+-
Vgdm ‘ o‘qdms ne kdmfsg K o aqd‘jr hmsn svn c‘tfgsdqr) rds sgd rgqhmj‘fd q ≡ KcXt<K o ∈

(/. 0() vgdqd KcXt cdmnsdr ‘ c‘tfgsdq ’eq‘fldms( kdmfsg oqnctbdc ax sgd aqd‘jto ne ‘
o‘qdms ne kdmfsg K o ‘mc kds ρ(q( ad ‘m dwbg‘mfd,rxlldsqhb oqna‘ahkhsx cdmrhsx etmbshnm
’o-c-e-() ρ(q(+ ρ(0− q() mnql‘khrdc nm (/. 0(- @ bnmudmhdms rb‘kd,hmu‘qh‘ms ahm‘qx jdqmdk
hr ’d-f- Yhee % LbFq‘cx 0874: LbFq‘cx % Yhee 0876: Adqsnhm 1//5(

A(K | K o(+
1
K o

ρ


K

K o


. /, K , K o. ’6-8(

vghbg r‘shr§dr ’6-7( vhsg J ≡ 1 ‘mc dw‘bs kdmfsg bnmrdqu‘shnm ax rxlldsqx- Hm sgd
rl‘kk,rknod) admchmf,cnlhm‘sdc qdfhld tmcdqkxhmf sgd oqdrdms kn‘c,sn,btqu‘stqd l‘o)
sgd btqu‘stqd od‘j hr sxohb‘kkx ‘ss‘hmdc md‘q lhcro‘m) rn aqd‘jto hr dwodbsdc sn
ad oqdcnlhm‘mskx pt‘rh,bdmsq‘k: ‘bbnqchmfkx) hm vg‘s enkknvr vd hmsdqoqds ρ(q( ‘r
bnmbdmsq‘sdc ‘qntmc q + 0<1 ’vhsg mdfkhfhakd vdhfgs md‘q q → / nq 0() vghkd jddohmf
sgd rb‘kd,hmu‘qh‘ms enql ’6-8( enq mns‘shnm‘k fdmdq‘khsx- Ax bnmsq‘rs) hlo‘bs,cqhudm
eq‘fldms‘shnm ne rkdmcdq aqhsskd qncr b‘m hmunkud cxm‘lhb atbjkhmf ‘mc admchmf,v‘ud
deedbsr) kd‘chmf sn cheedqdms c‘tfgsdq,rhyd rs‘shrshbr ‘mc onrrhakx ltkshokd rdbnmc‘qx aqd‘jr
’U‘mcdmadqfgd % Uhkkdql‘tw 1/02(-
Ltkshokxhmf ’6-6( ax Ki ‘mc hmsdfq‘shmf nudq K ) Snmdkkh&r sgdnqdl ’A‘m‘rh‘j ds Xk- 1/08(

itrsh§dr dwbg‘mfhmf sgd nqcdq ne hmsdfq‘shnm hm sgd f‘hm sdql ‘mc xhdkcr sgd lnldms a‘k‘mbd

l̄i(s(+
 �

/
f(K( m(K . s(


βi(K(− 0

�
Ki cK . βi(K(≡

0
Ki

 K

/
�i A(� | K( c�.

’6-0/(
Enq sgd jdqmdk ’6-8() βi + 1 }qiρ hr bnmrs‘ms) rn

l̄0 + / (kdmfsg bnmrdqudc(

l̄/ +

f m cK / / (eq‘fldms bntms fqnvr(

l̄i , /. i / 0 (ghfgdq lnldmsr cdbqd‘rd(. ’6-00(

@ rtbbhmbs cdqhu‘shnm ne ’6-0/( ‘mc sgd bnmudwhsx ‘qftldms enq i / 0 ‘qd cdedqqdc sn
@oodmchw A-

6-3- Rdke,rhlhkXq cdrbqhoshnm) sxohbXk rhyd Xmc zwdc,rgXod dptXshnm
Rdke,rhlhk‘q enqltk‘shnmr ‘qd m‘stq‘k hm eq‘fldms‘shnm jhmdshbr) rhmbd ansg sgdnqx ‘mc
dwodqhldmsr rgnv sg‘s eq‘fldms,rhyd chrsqhatshnmr dunkud snv‘qc rb‘khmf oqn§kdr tmcdq
aqn‘c bnmchshnmr ’d-f- Yhee % LbFq‘cx 0874: LbFq‘cx % Yhee 0876: Kdxuq‘y 1//2:
Adqsnhm 1//5: Uhkkdql‘tw 1//6(- Enq ‘ qdbdms odqrodbshud bnmsq‘rshmf oqhmbhokd,a‘rdc
‘mc ldbg‘mhrl,a‘rdc uhdvr ne eq‘fldms‘shnm rs‘shrshbr) ‘mc chrbtrrhmf sgd dldqfdmbd

0�1� @5,04
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:- LXyyhmn

’‘mc khlhs‘shnmr( ne onvdq,k‘v eq‘fldms,rhyd chrsqhatshnmr tmcdq l‘whl‘k,q‘mcnlmdrr
‘qftldmsr) rdd Uhkkdql‘tw ’1/14(-
Ogxrhb‘kkx) sghr qdfidbsr sgd ‘ardmbd ne ‘mx hmsqhmrhb kdmfsg rb‘kd hm sgd ahm‘qx aqd‘jto

jdqmdk9 nmbd sgd sxohb‘k rhyd K∗(s( hr e‘bsnqdc nts) sgd eq‘fldms chrsqhatshnm bnkk‘ordr nmsn
‘ rs‘shnm‘qx rg‘od E(u( vgdm dwoqdrrdc hm sdqlr ne sgd qdrb‘kdc u‘qh‘akd u + K<K∗(s(-
Hm nsgdq vnqcr) sgd b‘rb‘cd oqnbddcr ax ‘ bnmshmt‘k rghes ne sgd sxohb‘k kdmfsg) vghkd sgd
mnql‘khrdc oqn§kd qdl‘hmr rs‘shrshb‘kkx hmu‘qh‘ms- Vd sgdqdenqd hmsqnctbd sgd rhlhk‘qhsx
qdoqdrdms‘shnm

m(K . s(≡ �(s( E(u( . u ≡ K

K∗(s(
. K∗(s(≡

l0(s(

l/(s(
. ’6-01(

vhsg sgd kdmfsg,oqdrdquhmf mnql‘khr‘shnm
 ulXu (s(
/ u E(u( cu + 0) vgdqd ulXu (s(+

J<K∗(s(- Sghr bgnhbd hlokhdr �(s(+ K∗(s(−1 ‘mc l/(s(+ K−0
∗

 ulXu
/ E(u( cu - Mnsd sg‘s

K∗(s(+l0(s(<l/(s( hr sgd ld‘m eq‘fldms kdmfsg: hsr shld dunktshnm hr ‘m dwodqhldms‘kkx
‘bbdrrhakd nardqu‘akd sg‘s b‘m ad bnmeqnmsdc ’nmkx pt‘khs‘shudkx( vhsg ld‘m,kdmfsg
btqudr qdonqsdc hm k‘anq‘snqx.mtldqhb‘k rstchdr ’d-f- Aqntyds ds Xk- 1/10(- @ onhms,ax,
onhms pt‘mshs‘shud nudqk‘x vntkc qdpthqd rodbhexhmf sgd bnqqdronmchmf M(0( oqde‘bsnqr
hm sgd g‘y‘qc ’‘mc) hm dwodqhldmsr) sgd rs‘shrshbr ne sgd aqd‘jhmf sgqdrgnkc() vghbg ‘qd
rds,to,cdodmcdms ‘mc mns bnmrsq‘hmdc hm sgd oqdrdms rb‘khmf sqd‘sldms-
@ ld‘m,khmd‘fd ‘qftldms rgnvr sg‘s sgd fdnldsqhb sxohb‘k rhyd r‘shr§dr

c

cs
km K∗(s(+− bdee f


K∗(s(

�
. bdee ≡�˙− km q [/ /. ’6-02(

vghbg hmsdfq‘sdr sn

 K∗(/(

K∗(s(

c
 f((

+ bdee s. ’6-03(

Hs hr bnmudmhdms sn mnm,chldmrhnm‘khrd shld vhsg sgd hmsdfq‘k ’k‘qfd,dccx( stqmnudq shld
‘s J) h-d- S/ ≡ τ� ∼ =ε−0<2J1<2) ‘mc sn bnmrhcdq sgd sq‘idbsnqx K∗(s(<J ‘r ‘ etmbshnm ne
s<S/- Ehftqd 0 rgnvr hkktrsq‘shud ld‘m,kdmfsg sq‘idbsnqhdr nas‘hmdc ax hmsdfq‘shmf ’6-02(
vhsg sgd svn hmdqsh‘k,q‘mfd g‘y‘qc aq‘mbgdr ’dccx,shld,khlhsdc enq K / b ‘mc q‘qd,dudms
enq K , b() enq cheedqdms u‘ktdr ne b<J ’lhlhbjhmf cheedqdms aqd‘jhmf sgqdrgnkcr(-
Sgd rgnqs oqnne ’Onhrrnm bknbj ‘s q‘sd f(K∗( ‘mc ltkshokhb‘shud rgqhmj‘fd q ( ‘mc sgd

dpthu‘kdmbd vhsg sgd ‘qhsgldshb cd§mhshnm l0<l/ to sn ‘ shld,hmcdodmcdms e‘bsnq ‘qd
fhudm hm @oodmchw B-
Enq ‘ onvdq,k‘v g‘y‘qc f(K(+ J Kβ ) rtarshstshmf −K̄∗<K∗ + bdeeJ Kβ

∗ hmsn sgd
rhlhk‘qhsx enql ne ’6-6( vhsg sgd jdqmdk ’6-8( dkhlhm‘sdr dwokhbhs shld cdodmcdmbd ‘mc xhdkcr
sgd §wdc,rg‘od dpt‘shnm

bdee (1E + u E ( + uβE(u(+
 ∞

u
xβ−0E(x( 1 ρ


u

x


cx

  
f‘hm hmsdfq‘k

. u / /. ’6-04(

vhsg
 ∞
/ u E + 0- Sdbgmhb‘k rsdor ’bg‘mfd ne u‘qh‘akdr) rtoonqs sqtmb‘shnm ulXu  0) ‘mc

sgd ‘tsnmnlntr khlhs( ‘qd rtll‘qhrdc hm @oodmchw C-
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IntqmXk ne Ekthc LdbgXmhbr

3210/

/)1

/)3

/)5

/)6

0)/
T<J�8�/)5/

T<J�8�/)3/

T<J�8�/)14

c<L/

� �
 c(

.J

Ehftqd 0- Hkktrsq‘shud dunktshnm ne sgd ld‘m eq‘fldms kdmfsg K∗(s(+l0(s(<l/(s( oqdchbsdc ax ’6-02(
’dpthu‘kdmskx ’6-03(() rgnvm ‘r K∗(s(<� udqrtr s<S/ vhsg S/ ≡ τ� ∼ =ε−0<2�1<2- Sgd btqudr ‘qd nas‘hmdc ax
hmsdfq‘shmf ’6-02( trhmf ‘ svn,aq‘mbg hmdqsh‘k,q‘mfd g‘y‘qc9 f ∝ K−1<2 enq K / b ’dccx,shld,khlhsdc( ‘mc
f ∝ K4<2 enq K , b ’q‘qd,dudms: gdqd α + / enq rhlokhbhsx(- Cheedqdms u‘ktdr ne b<� lhlhb cheedqdms aqd‘jhmf
sgqdrgnkcr ’]aqhsskdmdrr&:( ‘r hm Aqntyds ds Xk- 1/10- @kk M(0( oqde‘bsnqr ‘qd rds sn tmhsx) gdmbd sgd okns hr ld‘ms
‘r ‘ pt‘khs‘shud bnlo‘qhrnm q‘sgdq sg‘m ‘ pt‘mshs‘shud §s-

6-4- RsXqs,to shld sn sgd bqhshbXk roXm
Sgd shld sn cdbqd‘rd eqnl K∗(/(≈J sn ‘ s‘qfds rhyd K sfs enkknvr eqnl ’6-03(9

s

J→K sfs

�
+ 0
bdee

 �

K sfs

c
 f((

. ’6-05(

@knmf sgd rtodqbqhshb‘k aq‘mbg ’K ↓ 
(0(
b () sgd g‘y‘qc hr dccx,shld khlhsdc) f(K(+

κf =ε0<2K−1<2 vhsg κf + M(0() fhuhmf

s

J→(0(

b

�
 2
1 bdee κf

=ε−0<2

J1<2 − 

1<2
b


. ’6-06(

‘mc sgd ld‘m,§dkc bknrdc enql tonm rtarshstshmf b + (κ d qXbC G<(ξ⊥ =ε0<2((2<69

s

J→b

�
 2
1 bdee κf

=ε−0<2


J1<2 −


κeqXb C G

ξ⊥ =ε0<2
1<6

. ’6-07(

Gdqd bdee +�˙− km q [ hr ‘m M(0( bnmrs‘ms rds ax sgd c‘tfgsdq,q‘shn o-c-e- ρ(q( ’enq ‘m
hcd‘k bdmsq‘k rokhs q ≡ 0<1) bdee + km 1() vghkd κf + M(0( hr sgd dccx,shld,khlhsdc oqde‘bsnq
hm f(K(+ κf =ε0<2K−1<2 ’dpthu‘kdmskx f + κf<τK (- Bnlahmhmf sghr bknrtqd vhsg sgd aknbj
hcdmshsx ’6-0( ’vhsg )S + b τK ( rgnvr sg‘s κf b‘m ad hmsdqoqdsdc ‘r sgd chldmrhnmkdrr knf,
rtquhu‘k cdbqdldms odq dccx,shld aknbj hm sgd rtodqbqhshb‘k q‘mfd)− km(0− oaknbi(+ b κf :
hm sgd oqdrdms rb‘khmf sqd‘sldms) vd kd‘ud ansg oqde‘bsnqr tmrodbh§dc rhmbd sgdx ‘eedbs nmkx
sgd ‘lokhstcdr ne sgd shld rb‘kdr-

6-5- RtabqhshbXk aqXmbg/ gXkuhmf shld Xmc rknv,cnvm adknv b

Adknv 
(0(
b ) dwbddc‘mbdr ‘qd q‘qd ‘mc sgd g‘y‘qc hmbqd‘rdr vhsg rhyd- Vd lncdk f(K(+

Jrta Kβ vhsg β / /: hm ntq oqnsnsxod β + 4<2+ α ‘mc

Jrta + κrta
ξ⊥

C G κeqXb
=ε1<2 J−α. κrta + M(0(. ’6-08(

0�1� @5,06
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:- LXyyhmn

Trhmf ’6-05( ’h-d- s (K0→K1(+ (0<bdee(
 K0
K1

(c< f((( ‘knmf ‘ sxohb‘k khmd‘fd( adsvddm
K0 ‘mc K1 , K0 fhudr

s (K0→K1(+
0

bdeeJrta β


K−β

1 − K−β

0


. ’6-1/(

‘mc sgd g‘kuhmf shld

s0<1(K( + s (K→K<1(+ 1β − 0
bdee Jrta β

K−β. ’6-10(

Vhsg β + 4<2+ α sghr adbnldr

s0<1(K(+
1 4<2+α − 0

(4<2+ α( bdee κrta


C G κeqXb

ξ⊥


=ε−1<2 Jα K− (4<2+α(. ’6-11(

@m dpthu‘kdms enql hm sdqlr ne b hr

s0<1(K(+
1β − 0

β bdee κrta
τK(b(

b

K

β

. β + 4<2+ α. τK(K(+ =ε−0<2K1<2. ’6-12(

rgnvhmf sg‘s s0<1(K( hmbqd‘rdr rg‘qokx ‘r K cdbqd‘rdr9 sgdqd hr mn §mhsd,shld bnkk‘ord
adknv b- Hmcddc) enq β / / nmd g‘r s0<1(K(∝ K−β → ∞ ‘r K ↓ /9 ogxrhb‘kkx) adknv b
sgd sxohb‘k btqu‘stqd e‘kkr etqsgdq adknv κeqXb) rn aqd‘j‘fd hr bnmsqnkkdc ax hmbqd‘rhmfkx
q‘qd atqrsr q‘sgdq sg‘m ax ‘m dccx,shld bknbj-
Hs hr ‘krn trdetk sn bnlotsd sgd shld qdpthqdc enq sgd sxohb‘k rhyd sn cdbqd‘rd eqnl sgd

bqhshb‘k ro‘m b cnvm sn sgd Jnklnfnqnu rb‘kd η- Sghr enkknvr ax hmsdfq‘shmf sgd hmudqrd
g‘y‘qc q‘sd f(K(−0 ‘bqnrr sgd rtabqhshb‘k aq‘mbg) xhdkchmf

s (b→η(+ 0
β bdee Jrta


η−β − −β

b

�
+ 0

β bdee κrta
τK(b(


b

η

β

. β + 4<2+ α.

’6-13(
vgdqd τK(K(+ =ε−0<2K1<2- Enq η  b) sghr ‘rxlosnshb enql cdlnmrsq‘sdr sg‘s sgd cdrbdms
snv‘qcr sgd chrrho‘shud rb‘kd hr oqnfqdrrhudkx rknvdc cnvm-
Sn l‘jd o‘q‘ldsdq cdodmcdmbdr dwokhbhs) vd rtarshstsd sgd ld‘m,§dkc dwoqdrrhnmr b +

(κeqXbC G<(ξ⊥ =ε0<2((2<6 ‘mc η+ (µ2<=ε(0<3 hmsn ’6-13(- Sghr xhdkcr sgd bnlo‘bs rb‘khmf

s (b→η( 0
β bdee κrta

κeqXb C G

ξ⊥


µ

− 2β
3 =ε

2β−7
01 Jα. β + 4<2+ α. ’6-14(

to sn M(0( rg‘od.nqhdms‘shnm e‘bsnqr hm ξ⊥- Enq ‘ bhqbtk‘q rdbshnm) G + πX3<3 ‘mc ξ⊥ 
3πμ<(km �+ δ⊥( vhsg �+ K<X  0 ’du‘kt‘sdc ‘s K  b(-
’h( Sgd cdodmcdmbd nm §aqd fdnldsqx.l‘sdqh‘k hr rsqnmf9 rhmbd C G ∝ X3) nmd g‘r s ∝ X2

to sn ‘ vd‘j knf‘qhsglhb bnqqdbshnm eqnl ξ⊥- Lnqdnudq s hr khmd‘q hm κeqXb- ’hh( Sgd
cdodmcdmbd nm uhrbnrhsx hr rsqnmf) s ∝ µ−2β<3) snfdsgdq vhsg ‘m ‘cchshnm‘k khmd‘q e‘bsnq
μ−0 ghccdm hm ξ⊥- ’hhh( Sgd cdodmcdmbd nm ld‘m chrrho‘shnm hr bnlo‘q‘shudkx vd‘j)
s ∝ =ε(2β−7(<01 ’enq β  4<2) s ∝ =ε−0<3(- ’hu( Sgd cq‘f bnde§bhdms ξ⊥ bnmsqhatsdr nmkx
sgqntfg ‘ lhkc ’knf‘qhsglhb( u‘qh‘shnm vhsg X ‘mc �) ats ‘krn b‘qqhdr sgd hmudqrd uhrbnrhsx
cdodmcdmbd ldmshnmdc hm ’hh(- Hmsdqlhssdmbx dmsdqr uh‘ β + 4<2+ α) hmsqnctbhmf sgd
dwokhbhs oqde‘bsnq Jα ‘mc rkhfgskx lnchexhmf sgd dwonmdmsr) vhsgnts ‘ksdqhmf sgd pt‘khs‘shud
ghdq‘qbgx ne rdmrhshuhshdr-

0�1� @5,07
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IntqmXk ne Ekthc LdbgXmhbr

6-6- RhlhkXqhsx,oqnzkd Xrxlosnshbr
Hm sgd cddo,b‘rb‘cd qdfhld ’K∗ J() sgd §wdc,rg‘od oqnakdl ’6-04( ‘clhsr bkd‘m rl‘kk,
‘mc k‘qfd,u ‘rxlosnshbr sg‘s cdodmc nmkx nm β ‘mc nm sgd adg‘uhntq ne ρ md‘q q + /. 0-
RlXkk u - Enq β / / ’q‘qd,dudms aq‘mbg() uβE(u(→ / ‘mc ρ(u<x(→ ρ(/( hmrhcd sgd f‘hm
hmsdfq‘k hm ’6-04() rn sgd qhfgs,g‘mc rhcd ‘ooqn‘bgdr ‘ §mhsd bnmrs‘ms

� ]+ 1ρ(/(
 ∞

/
xβ−0E(x( cx ∈ (/.∞(. ’6-15(

Vqhshmf F(u( ]+ u1E(u() mnsd sg‘s 1E + u E  + (0<u(F (u(- Gdmbd ’6-04( xhdkcr
bdee(0<u(F (u(+ �+ n(0( ‘r u ↓ /) h-d- F (u(+ (�<bdee(u + n(u(- Hmsdfq‘shmf fhudr
F(u(+ (�<1bdee(u1 + n(u1() ‘mc sgdqdenqd

E(u(+ E(/(+ M(u1(. E(/(+ �

1bdee
/ /. ’6-16(

Enq β , / ’dccx,shld,khlhsdc aq‘mbg() ‘ cnlhm‘ms a‘k‘mbd adsvddm uβE ‘mc sgd f‘hm sdql
§wdr ‘ onvdq,k‘v cdokdshnm E(u(∼B uμ vhsg μ+l − β / / he ρ(q(∼ blq l ‘r q ↓ /
’md‘q,bdmsq‘k rokhsshmf(- Sgdrd rl‘kk,u khlhsr enkknv eqnl ‘ rs‘mc‘qc cnlhm‘ms,a‘k‘mbd
dwo‘mrhnm ne ’6-04( ‘r u ↓ /: rdd d-f- Yhee % LbFq‘cx ’0874() Drbnadcn ds Xk- ’1//4(-
KXqfd u - He β / /) sgd cnlhm‘ms a‘k‘mbd hr sgd gnlnfdmdntr sq‘mronqs,qd‘bshnm nqchm‘qx
cheedqdmsh‘k dpt‘shnm bdee(1E + u E (+ uβE + /) fhuhmf sgd rsqdsbgdc,dwonmdmsh‘k s‘hk

E(u( ∼ B∞ u−1 dwo


− uβ

β bdee


(u → ∞(. ’6-17(

vgdqd B∞ hr ‘ onrhshud bnmrs‘ms oqde‘bsnq- He β , /) uβ → / ‘mc sgd kd‘chmf s‘hk hr E(u(∼
B− u−1(0+ M(uβ((- Sgdrd k‘qfd,u s‘hkr enkknv eqnl sgd kd‘chmf,nqcdq a‘k‘mbd ne ’6-04(
‘r u → ∞: rdd d-f- Yhee % LbFq‘cx ’0874() Adqsnhm ’1//5(-
AqXmbg,XvXqd hmsdqoqdsXshnm- Hm sgd rhlhk‘qhsx u‘qh‘akd u ≡ K<K∗(s() ]k‘qfd,u& ltrs ad
qd‘c vhsghm sgd ‘bshud g‘y‘qc aq‘mbg- Kds ub(s(≡ 

(0(
b <K∗(s(- Enq β / / ’u‘khc enq K , 

(0(
b ()

sgd s‘hk ‘ookhdr nm 0 u  ub(s( ‘mc l‘sbgdr sn sgd β , / s‘hk enq u  ub(s(: enq d‘qkx
shldr ub , 0) nmkx sgd β , / s‘hk hr r‘lokdc-
Rtll‘qhrhmf) ’h( sgd cdb‘x k‘v enq K∗(s( hr §wdc ax f(�( uh‘ ’6-03() gdmbd ax stqatkdmbd

sgqntfg oaknbi ‘mc τK - ’hh( Enq K∗ J) ghrsnfq‘lr ne K bnkk‘ord tmcdq K → K<K∗(s( nmsn
sgd §wdc oqn§kd E - ’hhh( Sgd ntsdq,s‘hk q‘sd 0<(βbdee( ch‘fmnrdr sgd g‘y‘qc dwonmdms ‘mc
sgd c‘tfgsdq,q‘shn chrodqrhnm) bnmmdbshmf eq‘fldms‘shnm rs‘shrshbr sn ansg stqatkdms enqbhmf
‘mc rokhsshmf ogxrhbr-

6-7- Atki onvdq,kXv rbXkhmf hm rsdXcx,rsXsd eqXfldmsXshnm
Hm sgd rs‘shnm‘qx qdfhld) sgd onotk‘shnm a‘k‘mbd ’6-6( vhsg sgd ahm‘qx rdke,rhlhk‘q jdqmdk
’6-8( qd‘cr

/+− f(K( m(K( +
 �

K
f(K o( m(K o( A(K | K o( cK o + Q(K . s( − O(K( m(K(. ’6-18(

Hm sgd hmdqsh‘k atkj) vd ‘rrtld mdfkhfhakd knb‘k rtoonqs ne hmots ‘mc rhmj)

Klhm  K J. Q(K . s( /. O(K( /. ’6-2/(

rn sg‘s ’6-18( qdctbdr sn

f(K( m(K(+
 �

K
f(K o( m(K o(

1
K o

ρ


K

K o


cK o. ’6-20(
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:- LXyyhmn

@rrtld ‘ rhmfkd g‘y‘qc aq‘mbg fnudqmr sgd atkj ‘mc rddj ‘ onvdq k‘v

f(K(+ J Kβ . m(K(+B K−τ . ’6-21(

Rtarshstshmf ’6-21( hmsn ’6-20( ‘mc rdsshmf q + K<K o xhdkcr

0+ 1
 0

/
q τ−β−0 ρ(q( cq. ’6-22(

Adb‘trd ρ(q(+ ρ(0− q() vd g‘ud �˙q [ + 0<1: rhmbd 1
 0
/ q

rρ(q( cq hr rsqhbskx cdbqd‘rhmf
hm r) sgd tmhptd rnktshnm hr r + 0 eqnl vghbg vd g‘ud

τ + β + 1. ’6-23(

6-8- GnqhynmsXk,bnmudqfdmbd qdlnuXk/ lncdk) qXshnmXkd Xmc rbXkhmf
Hm z 6-7 vd g‘ud cdqhudc sgd atkj onvdq k‘vr ‘rrtlhmf mn qdlnu‘k ‘bqnrr sgd udqshb‘k
antmc‘qhdr ne sgd r‘lokdc k‘xdq- Gdqd vd l‘jd qdlnu‘k dwokhbhs ‘mc) lnshu‘sdc ax nbd‘m
rtqe‘bd jhmdl‘shbr) enbtr nm aqd‘jto dudmsr nbbtqqhmf md‘q gnqhynms‘k,bnmudqfdmbd khmdr)
vgdqd sgd r‘ld jhmdl‘shbr sg‘s oqnlnsdr aqd‘jto ‘krn hmctbdr cnvmvdkkhmf.rtactbshnm
‘mc b‘m qdlnud ‘ eq‘bshnm ne c‘tfgsdqr- Vd b‘ostqd sghr vhsg ‘ atkj,bnmrs‘ms qdsdmshnm
p ∈ (/. 0[ hm ’6-20(- M‘ldkx)

f(K( m(K(+
 �

K
f(K o( m(K o(

1 p
K o

ρ


K

K o


cK o. ’6-24(

Vhsg sgd rhmfkd,aq‘mbg ‘mr‘sy f(K(+ J Kβ ) m(K(+BK−τp vgdqd τp hr sgd dwonmdms ne
sgd rsd‘cx onvdq,k‘v chrsqhatshnm vhsg qdsdmshnm p ‘mc q + K<K o) nmd nas‘hmr sgd lnldms
bnmchshnm

0+ 1p
 0

/
q τp−β−0 ρ(q( cq. ’6-25(

Kds Q ≡ τp − β − 0- Sgdm Q hr cdsdqlhmdc ax

L(Q( ≡ 1
 0

/
q Qρ(q( cq + 0

p
. vhsgL(0(+ 0 ’kdmfsg bnmrdqu‘shnm(. ’6-26(

Enq pt‘rh,bdmsq‘k ahm‘qx jdqmdkr)L(Q( 1 0−Q ‘mc ’6-26( fhudr sgd bnlo‘bs qdrtks
Q + 0+ knf1 p.

τp + β + 1+ knf1 p .
’6-27(

Svn qdedqdmbd b‘rdr enkknv hlldch‘sdkx9

p + 0 (mn qdlnu‘k) qdbnudqr z6-7( ⇒ τ0 + β + 1. ’6-28(

p + 0
1

(nm ‘udq‘fd) nmd ne sgd svn c‘tfgsdqr hr qdlnudc( ⇒ τ0<1 + β + 0. ’6-3/(

Gdqd p + 0<1 hr trdc ‘r ‘ rxlldsqx,a‘rdc admbgl‘qj bnmrhrsdms vhsg bnmudqfdmbd,khmd
qdlnu‘k ’nm ‘udq‘fd) nmd c‘tfgsdq hr dwonqsdc ‘mc nmd hr qds‘hmdc(: mn stmhmf ne p v‘r
odqenqldc vgdm bnlo‘qhmf dwonmdmsr sn nardqu‘shnmr- Mnsd sg‘s sgd p + 0<1 rb‘khmf
adg‘uhntq hr rg‘kknvdq sg‘m sg‘s ne p + 0 ’τ0<1 + β + 0, τ0 + β + 1(- Qdlnu‘k sgtr
dwonqsr ‘ eq‘bshnm ne c‘tfgsdqr adenqd sgdx b‘m eq‘fldms etqsgdq) vd‘jdmhmf sgd enqv‘qc
b‘rb‘cd snv‘qc rl‘kk rhydr ‘mc kd‘uhmf qdk‘shudkx lnqd vdhfgs ‘s k‘qfdq K -
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IntqmXk ne Ekthc LdbgXmhbr

6-0/- :lokhstcd Xmc kdmfsg fitw vhsg qdlnuXk

KdsΠ0 ≡
 �
/ K Q(K . s( cK ad sgd rs‘shnm‘qx hmidbshnm ne sgd bnmrdqudc kdmfsg lnldms- Vd

mnv bnlotsd sgd knb‘k cnvmrb‘kd fitw ne kdmfsg sgqntfg rb‘kd K hm ‘ sghm knf‘qhsglhb ahm-
Rds ξ ≡ km K ‘mc bnmrhcdq sgd rgdkk ˙ξ. ξ +)ξ [ vhsg)ξ  0 ’rn cK + K cξ (- Sgd mtladq
ne o‘qdmsr hm sgd rgdkk hr m(K( cK + m(K( K )ξ ) ‘mc sgd aqd‘j‘fd dudmsr odq tmhs shld ‘qd

dudmsr+ f(K( m(K( K )ξ. ’6-30(

Vhsg qdsdmshnm p ’z 6-8() sgd dwodbsdc hm,k‘xdq c‘tfgsdq kdmfsg sg‘s bqnrrdr sgd knvdq dcfd
ne sgd rgdkk enq nmd rtbg dudms ’o‘qdms kdmfsg K( hr

)Jp + 1p
 0

/
(q K( ρ(q( 0:q K , K{ cq +Λ0(p( K . Λ0(p( ≡ 1p

 0

/
q ρ(q( cq.

’6-31(

vgdqd 0:q K , K{ hr sgd hmchb‘snq etmbshnm) vghbg hr 0 he sgd bnmchshnm hr sqtd ‘mc /
nsgdqvhrd- Bnmrdptdmskx) sgd fitw ne kdmfsg ‘bqnrr K odq tmhs shld ‘mc odq tmhs ξ hr

�p(K( ≡ khl
)ξ→/

dudmsr�)Jp
)ξ

+Λ0(p( f(K( m(K( K
1. ’6-32(

Enq rxlldsqhb rokhsr)
 0
/ q ρ(q( cq + 0<1) gdmbd Λ0(p(+ p -

Vhsg sgd atkj ‘mr‘sy f(K(+ J Kβ ‘mc m(K(+B K−τp ‘mc trhmf τp + β + 1+ knf1 p
’z 6-8) pt‘rh,bdmsq‘k jdqmdk() ’6-32( fhudr

�p(K(+Λ0(p( J B K β+1−τp +Λ0(p( J B K− knf1 p . ’6-33(

Sgtr sgd cnvmrb‘kd kdmfsg fitw hr K,hmcdodmcdms nmkx enq p + 0: enq p , 0 hs cdbqd‘rdr
snv‘qc rl‘kk K ‘r K− knf1 p -
@lokhstcdr hm svn qdedqdmbd b‘rdr-

’h( p + 0 ’mn qdlnu‘k(- Sgdm Λ0(0(+ 0 ‘mc �0(K(≡ Π0 hr bnmrs‘ms) rn

m(K(+ Π0

J
K−(β+1(. Klhm  K J. ’6-34(

’hh( p + 0<1 ’nm ‘udq‘fd) nmd ne sgd svn c‘tfgsdqr hr qdlnudc(- Gdqd Λ0(0<1(+ 0<1
‘mc �0<1(K(+ (0<1(JB K - Kds Π

↓
0 ≡ khlε→/+ �0<1(J− ε( ad sgd sno,ne,b‘rb‘cd

hm,k‘xdq fitw itrs adknv J- Sgdm

B + 1Π
↓
0

J J
. ⇒ m(K(+ 1Π

↓
0

J J
K−(β+0(. Klhm  K J. ’6-35(

6-0/-0- RbXkhmf kXv hm sgd rtabqhshbXk atki
Nm sgd rtabqhshb‘k aq‘mbg sgd g‘y‘qc hr

f(K(+ Jrta K
βrta. βrta + 4<2+ α. Jrta + κrta

ξ⊥
C G κeqXb

=ε1<2 J−α. ’6-36(

vhsg κrta + M(0( ‘mc α ≥ / eqnl qd§mdc rhlhk‘qhsx- Trhmf ’6-34( vhsg J + Jrta ‘mc β +
βrta)

m(K(+ Π0

Jrta
K− (00<2+α(. ’6-37(
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:- LXyyhmn

Hm sgd b‘rd vhsg qdlnu‘k p + 0<1 ’nm ‘udq‘fd) nmd ne sgd svn c‘tfgsdqr hr qdlnudc() trhmf
’6-35( vhsg J + Jrta ‘mc β + βrta)

m(K(+ 1Π
↓
0

Jrta J
K− (7<2+α(. ’6-38(

6-0/-1- RbXkhmf kXv hm sgd rtodqbqhshbXk atki
Enq K ‘anud sgd bqhshb‘k ro‘m) sgd g‘y‘qc hr dccx,shld khlhsdc) f(K(+ κf<τK(K( vhsg
τK(K(∼ =ε−0<2K1<2) h-d-

f(K(+ Jrto K
βrto. βrto +−1

2
. Jrto + κf =ε0<2. ’6-4/(

vgdqd κf + M(0(- Dpt‘shnm ’6-34( vhsg J + Jrto ‘mc β + βrto fhudr

m(K(+ Π0

Jrto
K− 3<2. l‘w:Klhm. (0(

b {  K  J. ’6-40(

Hm sgd b‘rd ne qdlnu‘k p + 0<1) trhmf ’6-35( vhsg J + Jrto ‘mc β + βrto)

m(K(+ 1Π
↓
0

Jrto J
K− 0<2. l‘w:Klhm. (0(

b {  K  J. ’6-41(

7- RbTkhmf rtllTqx
Hm sghr rdbshnm vd bnkkdbs sgd l‘hm rb‘khmf qdrtksr drs‘akhrgdc hm sgd o‘odq) ansg enq sgd rdke,
rhlhk‘q sq‘mrhdms qdronmrd ‘mc enq sgd rs‘shnm‘qx atkj vhsg rntqbdr.rhmjr- Hm vg‘s enkknvr)
sgd g‘y‘qc hr vqhssdm f(K(+ J Kβ vhsg qdfhld,cdodmcdms β-

7-0- JhmdlXshb qdronmrd
Gdqd vd qdonqs sgd qdrtksr ne sgd jhmdl‘shb qdronmrd ‘s rb‘kd K9 gnv sgd bn‘qrd,fq‘hmdc
stqatkdms enqbhmf admcr ‘ rhmfkd dkdldms) pt‘msh§dc ax sgd od‘j btqu‘stqd κ>(K( ‘mc ax
sgd btqu‘stqd lnldmsr Lo(K(- Sgdrd k‘vr ‘qd cdsdqlhmdc rnkdkx ax ad‘l ldbg‘mhbr ‘mc
stqatkdmbd rs‘shrshbr: sgdx cn mns qdkx nm sgd jhmdshb ’onotk‘shnm,a‘k‘mbd( lncdk- Hm ok‘hm
vnqcr)

κ>(K( ∼ ξ⊥
C G


ε
0<2
K


a K

6<2. Lo(K( ∼
 ξ⊥
C G

o
K6o<2


ε
o<2
K


a. ’7-0(

Tmcdq qd§mdc rhlhk‘qhsx)


ε
o<2
K


a + =ε

o<2
 K
J

τ (o<2(
. α ≡ τ (0<2(. ’7-1(

vd §m‘kkx nas‘hm

Lo(K( ∼
 ξ⊥
C G

o
=ε o<2 J−τ (o<2( K6o<2+τ (o<2(. ’7-2(

nq) hm sgd chldmrhnmkdrr enql)

L (2(
o (K( ≡ Lo(K(

L2(K( o<2
∼


K

J

τ (o<2(

. o/ /. ’7-3(
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IntqmXk ne Ekthc LdbgXmhbr

7-1- Rdke,rhlhkXq sqXmrhdms qdfhld
Kds u ≡ K<K∗(s( ‘mc m(K . s(+ K∗(s(−1E(u( ad sgd rdke,rhlhk‘q cdrbqhoshnm hm sgd cddo,
b‘rb‘cd qdfhld K∗ J- Sgd §wdc,rg‘od etmbshnm E(u( dwghahsr aq‘mbg,cdodmcdms
‘rxlosnshbr hm sgd khlhsr u → / ‘mc u → ∞-

7-1-0- RlXkk u
⎧
⎨

⎩

rtabqhshb‘k (βrta + 4<2+ α( ] E(u(+ E(/(+ M(u1(. E(/( / /.

rtodqbqhshb‘k (βrto +−1<2( ] E(u(∼B uμ. μ+l + 1
2
/ / he ρ(q(∼ blq l (q ↓ /(.

’7-4(

7-1-1- KXqfd u
⎧
⎨

⎩
rtabqhshb‘k (βrta + 4<2+ α( ] E(u(∼B∞ u−1 dwo


− uβrta

βrta bdee


.

rtodqbqhshb‘k (βrto +−1<2( ] E(u(∼B− u−10+M(uβrto(
�
+B− u−10+M(u−1<2(

�
.

’7-5(

7-1-2- AqXmbg,XvXqd lXsbghmf
Rhmbd sgd g‘y‘qc k‘v rvhsbgdr ‘s K  b) sgd mnshnm ne ]k‘qfd u& ltrs ad qd‘c vhsghm sgd
‘bshud aq‘mbg- Rdsshmf ub(s(≡ b<K∗(s() sgd rsqdsbgdc,dwonmdmsh‘k s‘hk vhsg βrta + 4<2+ α

‘ookhdr nm 0 u  ub(s( ‘mc l‘sbgdr sn sgd ‘kfdaq‘hb s‘hk vhsg βrto +−1<2 enq u 
ub(s(-

7-1-3- SxohbXk,rhyd cxmXlhbr Xmc shld rbXkdr
Sgd fdnldsqhb sxohb‘k rhyd nadxr sgd khmd‘fd k‘v

c
cs
km K∗(s(+− bdee f(K∗(s(( .

 K∗(/(

K∗(s(

c
 f((

+ bdee s. ’7-6(

@knmf sgd rtodqbqhshb‘k aq‘mbg) f(K(+ κf =ε0<2K−1<2) sgd rs‘qs,to shld eqnl J sn sgd
bqhshb‘k ro‘m rb‘kdr ‘r

s (J→b(+
2

1 bdee κf
=ε−0<2


J1<2 − 

1<2
b


. ’7-7(

vghkd hm sgd rtabqhshb‘k aq‘mbg) f(K(+ Jrta Kβ vhsg β + 4<2+ α / /) sgd g‘kuhmf shld
qd‘cr

s0<1(K(+
1β − 0

β bdee Jrta
K−β. ’7-8(

7-2- RbXkhmf kXvr hm sgd rsXshnmXqx atki
Mn qdlnuXk ’p + 0(- Bnmrs‘ms kdmfsg,lnldms fitw Π0 §wdr sgd ‘lokhstcd9

Π0 + f(K( K1 m(K(. m(K(+ Π0

J
K−(β+1(. τ0 + β + 1. Klhm  K J.

’7-0/(

0�1� @5,12

D
o
w
n
lo
a
d
e
d
fr
o
m
h
t
t
p
s
:/
/
w
w
w
.c
a
m
b
r
id
g
e
.o
r
g
/
c
o
r
e
.
IP

a
d
d
r
e
s
s
:
2
.3
4
.2
5
.1
9
7
,
o
n
0
4
M
a
y
2
0
2
6
a
t
1
2
:1
2
:3
0
,
s
u
b
je
c
t
t
o
t
h
e
C
a
m
b
r
id
g
e
C
o
r
e
t
e
r
m
s
o
f
u
s
e
,
a
v
a
il
a
b
le
a
t
h
t
t
p
s
:/
/
w
w
w
.c
a
m
b
r
id
g
e
.o
r
g
/
c
o
r
e
/
t
e
r
m
s
.
h
t
t
p
s
:/
/
d
o
i.
o
r
g
/
1
0
.1
0
1
7
/
jf
m
.2
0
2
6
.1
1
2
3
3



:- LXyyhmn

Trhmf b ‘r qdfhld rokhssdq)

frta(K( + Jrta K
4<2+α. ⇒ mrta(K(∝ K−(00<2+α(. ’7-00(

frto(K( + Jrto K
−1<2. ⇒ mrto(K(∝ K−3<2. ’7-01(

Thsg qdlnuXk ’p + 0<1(- Sgd hm,k‘xdq fitw itrs adknv J hrΠ↓
0 +Π0<1 ‘mc τ0<1 + β + 0-

Gdmbd

m(K(+ Π0

J J
K−(β+0(. Klhm  K J. ’7-02(

‘mc) vhsg b ‘r rokhssdq)

frta(K( + Jrta K
4<2+α. ⇒ mrta(K(∝ K−(7<2+α(. ’7-03(

frto(K( + Jrto K
−1<2. ⇒ mrto(K(∝ K−0<2. ’7-04(

8- Bnmmdbshnm sn nardqudc rbTkhmf kTvr hm dmuhqnmldmsTk lhbqnehaqdr
Jnnh ds Xk- ’1/10( qdonqsdc dwsdmrhud c‘s‘rdsr ne dmuhqnmldms‘k lhbqn§aqdr ‘bqnrr ‘pt‘shb
bnlo‘qsldmsr) bnmrhrsdmskx §mchmf onvdq,k‘v rhyd chrsqhatshnmr hm sgd q‘mfd eqnl sdmr ne
lhbqnldsqdr to sn ‘ edv lhkkhldsqdr) vhsg dwonmdmsr adsvddm 1.0 ‘mc 2.2 ‘mc ‘ ld‘m
rknod  1.57- Sgdrd dlohqhb‘k k‘vr ‘qd qnatrs ats) ‘r sgd ‘tsgnqr mnsd) k‘bj ‘ bkd‘q
ldbg‘mhrshb dwok‘m‘shnm- Hm vg‘s enkknvr vd rgnv gnv ntq stqatkdmbd,hmenqldc jhmdshb
sgdnqx oqnuhcdr ‘ pt‘mshs‘shud hmsdqoqds‘shnm ne sgdrd nardqu‘shnmr ax ok‘bhmf sgd rxrsdl
tmcdq bnmsqnkkdc ogxrhb‘k bnmchshnmr-
Vd bnmrhcdq ‘fdc onkxdsgxkdmd sdqdogsg‘k‘sd ’ODS( ‘r sgd qdoqdrdms‘shud onkxldq)

lnshu‘sdc ax hsr vhcdroqd‘c nbbtqqdmbd hm sdwshkd,cdqhudc lhbqn§aqdr ‘mc hsr oqnlhmdmbd
‘lnmf sgd onkxldqr hcdmsh§dc ax Jnnh ds Xk- ’1/10( - Sgd Xntmf&r lnctktr C  2FO‘
‘mc eq‘bstqd rsq‘hm εeqXb  0� ’O‘mnvhby ds Xk- 1/10() fhuhmf ‘ eq‘bstqd btqu‘stqd κeqXb +
εeqXb<X- Sgd §aqdr ‘qd dladccdc hm v‘sdq vhsg jhmdl‘shb uhrbnrhsx µ + 0/−5 l1 r−0 ‘mc
cxm‘lhb uhrbnrhsx μ+ 0/−2 O‘ r) rtaidbs sn dmdqfdshb stqatkdmbd vhsg ld‘m chrrho‘shnm
q‘sd =ε+ 0/−2 l1 r−2) qdoqdrdms‘shud ne rtqe,ynmd ’Edccdqrdm 1/01( ‘mc aqd‘jhmf,v‘ud
bnmchshnmr hm bn‘rs‘k rd‘r) vghbg ‘qd vhcdkx qdbnfmhrdc ‘r oqhl‘qx dmuhqnmldmsr enq
§aqd eq‘fldms‘shnm adenqd rtardptdms sq‘mronqs ‘mc chrodqr‘k- Sgd cdodmcdmbd nm =ε hr
bnlo‘q‘shudkx vd‘j) rb‘khmf nmkx ‘r =ε−0<3 hm ’6-14() rn sghr bgnhbd hr mns bqhshb‘k enq sgd
enkknvhmf drshl‘sdr-
Svn ch‘ldsdqr ‘qd dw‘lhmdc) c + 0/�l ‘mc c + 4/�l) bnqqdronmchmf sn q‘chh X +

4�l ‘mc X + 14�l) vghbg e‘kk vhsghm sgd knvdq ‘mc hmsdqldch‘sd q‘mfd ne §aqd ch‘ldsdqr
cnbtldmsdc hm sgd c‘s‘rdsr ne Jnnh ds Xk- ’1/10(-
Sgd fidwtq‘k qhfhchsx enkknvr C G + C (πX3<3() vghkd sgd sq‘mrudqrd cq‘f hr ξ⊥ 

3πμ<(km �+ δ⊥( vhsg �+ K<X du‘kt‘sdc ‘s K + b ‘mc δ⊥ + M(0(- Enq c + 0/�l nmd
§mcr C G  0.36� 0/−01 Ml1 ‘mc κ d qXb  1./� 0/2 l−0) fhuhmf ‘ bqhshb‘k ro‘m b  8�
0/−2 l ’≈ 0 bl() h-d- bnlo‘q‘akd sn ats rkhfgskx ‘anud sgd toodq dmc ne sgd nardqudc q‘mfd
qdonqsdc ax Jnnh ds Xk- ’1/10(- Enq c + 4/�l nmd nas‘hmr C G  8.1� 0/−0/ Ml1 ‘mc
κ d qXb  3./� 0/1 l−0) xhdkchmf b  6.6� 0/−1 l ’rdudq‘k bl() vdkk ‘anud sgd kdmfsgr
oqdrdms hm sgnrd c‘s‘rdsr- Hm ansg b‘rdr sgd Jnklnfnqnu rb‘kd hr η+ (µ2<=ε(0<3  0.7�
0/−3 l) rn sg‘s sgd q‘shnr ‘qd b<η  42 enq c + 0/�l ‘mc b<η  32/ enq c + 4/�l-
Sgtr) sgd hmdqsh‘k,q‘mfd rdo‘q‘shnm η  b hr vdkk r‘shr§dc enq ansg ch‘ldsdqr ’to sn M(0(
u‘qh‘shnmr ‘rrnbh‘sdc vhsg sgd qdrhrshud,enqbd sgdnqx ’QES( knf‘qhsgl ‘mc nqhdms‘shnm.nqahs
e‘bsnqr(-

0�1� @5,13

D
o
w
n
lo
a
d
e
d
fr
o
m
h
t
t
p
s
:/
/
w
w
w
.c
a
m
b
r
id
g
e
.o
r
g
/
c
o
r
e
.
IP

a
d
d
r
e
s
s
:
2
.3
4
.2
5
.1
9
7
,
o
n
0
4
M
a
y
2
0
2
6
a
t
1
2
:1
2
:3
0
,
s
u
b
je
c
t
t
o
t
h
e
C
a
m
b
r
id
g
e
C
o
r
e
t
e
r
m
s
o
f
u
s
e
,
a
v
a
il
a
b
le
a
t
h
t
t
p
s
:/
/
w
w
w
.c
a
m
b
r
id
g
e
.o
r
g
/
c
o
r
e
/
t
e
r
m
s
.
h
t
t
p
s
:/
/
d
o
i.
o
r
g
/
1
0
.1
0
1
7
/
jf
m
.2
0
2
6
.1
1
2
3
3



IntqmXk ne Ekthc LdbgXmhbr

Sgd khmd‘fd k‘v ’6-03( sgdm oqnuhcdr sgd sq‘udk shld eqnl b sn η ‘knmf sgd rtabqhshb‘k
aq‘mbg- Rhmbd sgd hmsdqlhssdmbx bnqqdbshnm α hr rl‘kk) rdsshmf α + / nmd nas‘hmr

s (b→η(+ 0
β bdee

τK(b(
b

η

β

. β + 4<2. τK(K(+ =ε−0<2K1<2. ’8-0(

vhsg bdee  km 1 ‘mc κrta  0- Hmrdqshmf sgd bqhshb‘k ro‘mr fhudr) mtldqhb‘kkx) s  3.2lhm enq
c + 0/�l ’b  8� 0/−2 l( ‘mc s  0/.5 g enq c + 4/�l ’b  6.6� 0/−1 l(- Sgtr) hm
dmdqfdshb rtqe bnmchshnmr sgd b‘rb‘cd eqnl b sn η oqnbddcr nm nardqu‘akd shld rb‘kdr)
ats rknvr l‘qjdckx enq k‘qfdq ch‘ldsdqr: bnlahmhmf b ∝ X8<6 vhsg ’8-0( xhdkcr sgd rsqnmf
ch‘ldsdq cdodmcdmbd s ∝ X2 ’enq §wdc fithc o‘q‘ldsdqr(- Sgdrd mtldqhb‘k u‘ktdr l‘x u‘qx
ax e‘bsnqr ne 1fl2 nvhmf sn M(0( nqhdms‘shnm ‘mc gxcqncxm‘lhb oqde‘bsnqr ‘arnqadc hm sgd
rkdmcdq,ancx cq‘f bnde§bhdms-
Tmcdq sgd bnmrs‘ms,fitw.mn,qdlnu‘k a‘rdkhmd ’p + 0() ’6-34( fhudr m(K(∝ K−(β+1()

h-d- m(K(∝ K−(00<2+α( ≈ K−2.6 enq β + 4<2+ α vhsg α  /./4 fl ltbg rsddodq sg‘m sgd
nardqudc 1.0fl2.2 ’ld‘m 1.57( ne Jnnh ds Xk- ’1/10(- Ax bnmsq‘rs) vhsg gnqhynms‘k,
bnmudqfdmbd qdlnu‘k ’p + 0<1( nmd g‘r τ0<1 + β + 0) gdmbd m(K(∝ K−7<2−α ≈ K−1.6)
hm rsqhjhmf ‘fqddldms vhsg sgd c‘s‘- Sghr onhmsr sn qdlnu‘k oqnbdrrdr ‘r ‘m hlonqs‘ms
bnmsqnk nm dmuhqnmldms‘k lhbqn§aqd rhyd chrsqhatshnmr: qdrhct‘k u‘qh‘ahkhsx b‘m ‘qhrd eqnl
cheedqdmbdr hm deedbshud qdsdmshnm p ‘mc eqnl §sr r‘lokhmf rhydr md‘q.‘anud b ’vghbg
hmbktcd fi‘ssdq rtodqbqhshb‘k bnmsqhatshnmr(-
Trhmf ‘ bnmrhrsdms odqodmchbtk‘q cq‘f ’rkdmcdq,ancx.QES( ‘mc ODS oqnodqshdr ’c +

0/μl) G + πc3<53) C ‘r hm z 2() vhsg =ε+ 0/−2 l1r−2 ‘mc ξ⊥  0.4� 0/−2 M r l−1)
vd nas‘hm KOQ ≈ 0.4 bl ‘mc b ≈ 0− 1 bl) h-d- sgd svn rb‘kdr ‘qd ne sgd r‘ld nqcdq-
Lnqdnudq) lncdq‘sd cdo‘qstqdr eqnl sgd rsqhbs τvhrb<τK → / khlhs ‘s K ∼ b ‘eedbs nmkx
M(0( oqde‘bsnqr ‘mc cn mns ‘ksdq sgd K,dwonmdmsr nq sgd aq‘mbg rsqtbstqd oqdrdmsdc hm sghr
rdbshnm-

0.- Bnmbktrhnmr Tmc odqrodbshudr
Vd g‘ud oqdrdmsdc ‘ ldbg‘mhrshb eq‘ldvnqj sg‘s chqdbskx bnmmdbsr gxcqncxm‘lhb kn‘chmf
nm ‘ §aqd sn hsr btqu‘stqd) eq‘bstqd ‘mc onotk‘shnm cxm‘lhbr hm stqatkdmbd- Hm sgd pt‘rh,
rs‘shb qdronmrd sn q‘mcnl ro‘mvhrd,ncc enqbhmf) sgd aqd‘j‘fd g‘y‘qc f(K( hr dwoqdrrdc hm
sdqlr ne sgd kdmfsg rb‘kd K ‘mc sgd stqatkdms chrrho‘shnm q‘sd =ε) vhsg svn bnlokdldms‘qx
qdfhldr9 rtabqhshb‘k) vgdm K , b) vgdqd f(K(∼ K4<2+α ) ‘mc rtodqbqhshb‘k) vgdm K / b)
vgdqd f(K(∼ =ε0<2K−1<2- Sgd bqhshb‘k kdmfsg b dldqfdr eqnl sgd bntokhmf adsvddm
l‘sdqh‘k oqnodqshdr ‘mc stqatkdms dwbhs‘shnm) vhsg dwokhbhs cdodmcdmbd nm sgd fidwtq‘k
qhfhchsx C G ‘mc sgd eq‘bstqd btqu‘stqd κeqXb- Hmrdqshmf sghr g‘y‘qc hmsn ‘ bnmrdqu‘shud
eq‘fldms‘shnm jhmdshbr kd‘cr sn ‘ rs‘shnm‘qx atkj rodbsqtl m(K(∝ K−7<2−α ≈ K−1.6) ‘m
dwonmdms sg‘s ‘kqd‘cx b‘ostqdr sgd dwodqhldms‘k chrsqhatshnmr ‘u‘hk‘akd sn c‘sd ‘mc sgtr
oqnuhcdr ‘ §ql pt‘mshs‘shud admbgl‘qj enq ansg k‘anq‘snqx ‘mc mtldqhb‘k rstchdr-
Sgdrd qdrtksr ‘qd chqdbskx qdkdu‘ms sn sgd oqnakdl ne lhbqnok‘rshb fdmdq‘shnm hm ‘pt‘shb

dmuhqnmldmsr- @ rhfmh§b‘ms eq‘bshnm ne ok‘rshb cdaqhr hr §aqntr hm m‘stqd) nqhfhm‘shmf
eqnl sdwshkdr nq sdbgmhb‘k §k‘ldmsr- Enq rtbg naidbsr) aqd‘j‘fd hr fnudqmdc oqdcnlhm‘mskx
ax uhrbntr admchmf q‘sgdq sg‘m hlo‘bs- Sgd oqdrdms enql‘khrl bnmmdbsr dmuhqnmldms‘k
o‘q‘ldsdqr ’=ε() l‘sdqh‘k oqnodqshdr ’C G ) κeqXb( ‘mc stqatkdmbd hmsdqlhssdmbx ’α( sn sgd
dunktshnm ne §aqd rhyd) bk‘qhexhmf gnv l‘bqn, ‘mc ldrn,rb‘kd ok‘rshb §aqdr ‘qd sq‘mredqqdc)
sgqntfg rtbbdrrhud aqd‘jto dudmsr) hmsn sgd lhbqn,rb‘kd- Eq‘fldms‘shnm bnmrdqudr §aqd
l‘rr ‘mc) ‘s §wdc ch‘ldsdq) hs cndr mns hmbqd‘rd sgd k‘sdq‘k rtqe‘bd ‘qd‘ odq tmhs l‘rr ats hs
qdchrsqhatsdr sgd l‘sdqh‘k hmsn l‘mx rgnqsdq ‘mc lnqd qd‘chkx chrodqrdc eq‘fldmsr) vghbg
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:- LXyyhmn

l‘x hmbqd‘rd sgd deedbshud dwonrtqd ne onkxldq rtqe‘bdr sn sgd rtqqntmchmf fithc ’d-f-
kd‘bghmf) ahn§kl bnknmhr‘shnm) rnqoshnm(- @s sgd r‘ld shld) sgd qdrtkshmf kdmfsg bk‘rrdr
b‘m dmsdq sgd hmfdrshnm vhmcnv ne ok‘mjsnmhb nqf‘mhrlr) vhsg chqdbs hlokhb‘shnmr enq
ahn‘u‘hk‘ahkhsx ‘mc sqnoghb sq‘mredq-
Sgd dwokhbhs khmj adsvddm =ε ‘mc f(K( ‘krn ‘kknvr enq nodq‘shnm‘k trd ne sgd lncdk

hm dmuhqnmldms‘k bnmsdwsr- Ehdkcr ne stqatkdms chrrho‘shnm nas‘hmdc eqnl v‘ud,nbd‘m
lncdkr nq qdfhnm‘k qdbnmrsqtbshnmr b‘m ad oqnidbsdc nmsn kdmfsg ro‘bd sgqntfg b ‘mc
f(K() oqnctbhmf l‘or ne aqd‘j‘fd hmsdmrhsx ‘mc bg‘q‘bsdqhrshb cnvmrghes shldr s∗(K(∼
f(K(−0- Svn oq‘bshb‘k bnmrdptdmbdr enkknv- Ehqrs) sgd oqdchbsdc atkj rknod 7<2+ α

needqr ‘ ch‘fmnrshb enq hmsdqoqdshmf nardqudc rodbsq‘9 rxrsdl‘shb cduh‘shnmr l‘x hmchb‘sd
‘cchshnm‘k ldbg‘mhrlr rtbg ‘r bnkkhrhnmr) e‘shftd nq ognsn,cdfq‘c‘shnm) nq cdo‘qstqdr
eqnl ahm‘qx rokhsshmf- Rdbnmc) sgd bnlahm‘shnm ne ld‘rtqdc rodbsq‘ ‘mc drshl‘sdr ne α

dm‘akdr ‘m hmudqrd trd ne sgd lncdk) bnmrsq‘hmhmf deedbshud o‘hqr (C G. κeqXb( ‘mc sxohb‘k =ε)
sgdqdax qdbnmrsqtbshmf ldbg‘mhb‘k dwonrtqd ghrsnqhdr ‘mc chrbqhlhm‘shmf ‘lnmf cheedqdms
rntqbdr-
Sgd eq‘ldvnqj ‘krn ghfgkhfgsr ‘ cxm‘lhb‘k sgqdrgnkc- Nmbd sgd §aqd kdmfsg cqnor adknv

b) sgd rb‘khmf f(K(∼ K4<2+α hlokhdr sg‘s sgd g‘y‘qc cdbqd‘rdr vhsg cdbqd‘rhmf rhyd) rn
sg‘s sgd b‘rb‘cd rxrsdl‘shb‘kkx rknvr cnvm ‘r eq‘fldms‘shnm oqnbddcr snv‘qc sgd lhbqn,
rb‘kd-
Dmuhqnmldms‘k ‘mc l‘sdqh‘k lnch§dqr qdl‘hm bqtbh‘k- Ahnentkhmf ‘mc ognsn,nwhc‘shnm

fq‘ct‘kkx qdctbd C G ‘mc b‘m ‘ksdq κeqXb) vhsg sgd mds deedbs ne knvdqhmf b ‘mc hmbqd‘rhmf
g‘y‘qc ‘s §wdc =ε- Antmc‘qx,k‘xdq rgd‘q ‘mc hmsdqlhssdmbx α etqsgdq lnctk‘sd deedbshud
dwonmdmsr hm ro‘bd ‘mc shld- Sgdrd cdodmcdmbhdr needq kdudqr enq rd‘rnm‘k rbdm‘qhnr ‘mc
bnlo‘qhrnmr ‘bqnrr g‘ahs‘sr) eqnl qhudq oktldr sn bn‘rs‘k rgdkudr ‘mc odk‘fhb lhwdc
k‘xdqr-
@ksgntfg o‘qrhlnmhntr) sgd lncdk b‘m ad dwsdmcdc ‘knmf rdudq‘k chqdbshnmr-

Hmbnqonq‘shmf rsnbg‘rshb ‘mc e‘shftd,hmctbdc sgqdrgnkcr) mnm,ahm‘qx jdqmdkr ‘mc bnkkhrhnm,
cqhudm dudmsr vhkk qd§md sgd cdrbqhoshnm hm cdmrd dmuhqnmldmsr- Bntokhmf vhsg ‘cudbshnm)
rdsskhmf ‘mc ahnentkhmf fqnvsg vhkk dm‘akd oqdchbshnmr mns nmkx ne rhyd rodbsq‘ ats
‘krn ne udqshb‘k chrsqhatshnm ‘mc qdrhcdmbd shldr- Ehm‘kkx) b‘khaq‘shnm vhsg dwodqhldmsr)
ghfg,qdrnktshnm CMR ‘mc bnnqchm‘sdc §dkc b‘lo‘hfmr) vgdqd =ε) ldbg‘mhb‘k oqnodqshdr
‘mc rodbsq‘ ‘qd ld‘rtqdc rhltks‘mdntrkx) hr drrdmsh‘k sn §w oqde‘bsnqr ‘mc bnmrnkhc‘sd
oqdchbshud trd-
Hm odqrodbshud) sgd pt‘mshs‘shud aqhcfd adsvddm stqatkdmbd rs‘shrshbr) eq‘bstqd jhmdshbr

‘mc dldqfdms rodbsq‘ oqnuhcdr ‘ oqdchbshud a‘rhr enq hmsdfq‘shmf sgd fdmdq‘shnm ne
§aqntr lhbqnok‘rshbr hmsn qdfhnm‘k sq‘mronqs lncdkr- Rtbg hmsdfq‘shnm oqnlhrdr lnqd
qnatrs drshl‘sdr ne gnsronsr) qdrhcdmbd shldr ‘mc ahn‘u‘hk‘ahkhsx) ‘mc xhdkcr ldbg‘mhrshb
hmchb‘snqr enq s‘qfdsdc lnmhsnqhmf ‘mc lhshf‘shnm rsq‘sdfhdr-

:bimnvkdcfdldmsr- Sgd ‘tsgnq fq‘sdetkkx ‘bjmnvkdcfdr sgd u‘kt‘akd chrbtrrhnmr vhsg R- Aqhyynk‘q‘) R-
Nkhuhdqh ‘mc L-D- Qnrsh-

CdbkTqTshnm ne Fmsdqdrsr- Sgd ‘tsgnq qdonqsr mn bnmfihbs ne hmsdqdrs-

:oodmchw :- MnsTshnm Tmc rxlankr
Sghr ‘oodmchw rtll‘qhrdr sgd oqhmbho‘k rxlankr trdc sgqntfgnts sgd o‘odq: rxlankr ‘qd
mns mdbdrr‘qhkx khrsdc hm sgd nqcdq ne ‘ood‘q‘mbd hm sgd sdws-
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IntqmXk ne Ekthc LdbgXmhbr

Rxlank Ld‘mhmf

Kdmfsgr Xmc fdnldsqhb uXqhXakdr
K Btqqdms §aqd ro‘m . eq‘fldms kdmfsg ’l‘hm rhyd u‘qh‘akd(-
� K‘qfdrs.hmidbshnm ro‘m ’toodq antmc ne ‘clhrrhakd o‘qdms rhydr(-
Klhm Rl‘kk,rhyd btsnee trdc ‘r ‘ knvdq antmc hm sgd jhmdshb lncdk-
K∗(s( Sxohb‘k ’ld‘m( eq‘fldms kdmfsg) K∗(s(≡l0(s(<l/(s(-
KcXt C‘tfgsdq kdmfsg hm ‘ aqd‘jto dudms ’rn sg‘s q ≡ KcXt<K o(-
K sfs S‘qfds kdmfsg trdc sn cd§md rs‘qs,to.cnvmrghes shldr s (K → K sfs(-
u Rhlhk‘qhsx u‘qh‘akd) u ≡ K<K∗(s(-
ulXu (s( L‘whltl rhlhk‘qhsx bnnqchm‘sd) ulXu (s(≡�<K∗(s(-
ub(s( Bqhshb‘k rhlhk‘qhsx bnnqchm‘sd) ub(s(≡ 

(0(
b <K∗(s(-

r @qbkdmfsg bnnqchm‘sd ‘knmf sgd §aqd) r ∈ ˙−K<1. K<1[-
X Ehaqd ’deedbshud( q‘chtr-
c Ehaqd ch‘ldsdq) c + 1X-
� @rodbs q‘shn) �≡ K<X  0-
η Jnklnfnqnu kdmfsg rb‘kd ’η ∼ (µ2<=ε(0<3(-
 Fdmdqhb rta,ro‘m rb‘kd vhsghm sgd §aqd)  ≤ K -
KOQ Pt‘rh,rs‘shb toodq antmc eqnl τvhrb  τK -
b Ld‘m,§dkc bqhshb‘k ro‘m eqnl sgd btqu‘stqd,sgqdrgnkc a‘k‘mbd-

(0(
b Hmsdqlhssdmbx,bnqqdbsdc bqhshb‘k ro‘m a‘rdc nm κ>(K(-


(o(
b Lnldms,a‘rdc bqhshb‘k ro‘m) cd§mdc ax Lo(

(o(
b (+ κ

o
eqXb-

Ehaqd ldbgXmhbr Xmc btquXstqd
C Xntmf&r lnctktr-
G Rdbnmc lnldms ne ‘qd‘ ’‘ants sgd mdtsq‘k ‘whr(-
C G Ekdwtq‘k qhfhchsx-
S (r. s( Hmsdqm‘k,admchmf snqptd ’admchmf lnldms( ‘knmf sgd §aqd-
SlXu (s( L‘whltl admchmf snqptd ‘knmf sgd ro‘m ‘s shld s -
κ(r. s( Bdmsqdkhmd btqu‘stqd-
κeqXb L‘sdqh‘k btqu‘stqd sgqdrgnkc enq aqhsskd e‘hktqd-
εeqXb Eq‘bstqd rsq‘hm ’trdc sn drshl‘sd κeqXb ∼ εeqXb<X vgdm rs‘sdc(-
κ Btqu‘stqd bnmsqhatshnm ‘rrnbh‘sdc vhsg ‘ rta,ro‘m rb‘kd -
κ

(a(
aki Aknbj,od‘j btqu‘stqd ’l‘whltl nudq shld vhsghm aknbj a(-
Lo(K( osg aknbj lnldms) Lo(K(≡ }(κ(a(

aki (
oa-

κ>(K( Sxohb‘k aknbj,od‘j btqu‘stqd) κ>(K(≡ L0(K(-
κ>LE (K( Ld‘m,§dkc drshl‘sd ’mn hmsdqlhssdmbx(-
L (2(
o (K( Mnql‘khrdc btqu‘stqd lnldms) L (2(

o (K(≡ Lo(K(<L2(K(o<2-
Eknv) cqXf Xmc ihmdlXshbr
t(u. s( Ekthc udknbhsx §dkc-
φ(r( Qdk‘shud udknbhsx dmsdqhmf qdrhrshud,enqbd cq‘f) φ(r(≡ t(q(r(. s(− q̄(r. s(-
tr(q/. s( Ehaqd lhconhms ’rnkhc( udknbhsx trdc hm sgd cdbnlonrhshnm ne sgd qdrhct‘k udknbhsx-
trkho(s( Lhconhms rkho udknbhsx) trkho(s(≡ t(q/. s(− tr(q/. s(-
n(r. s( Ehaqd bdmsqdkhmd onrhshnm-
n/ Lhconhms onrhshnm) n/ ≡ n(/. s(-
δn(r( Lhconhms,bdmsqdc chrok‘bdldms) δn(r(≡ n(r. s(− n/-
n̄(r. s( Ehaqd l‘sdqh‘k,onhms udknbhsx-
r(r. s( Tmhs s‘mfdms udbsnq) r ≡ ∂r n ) |r| + 0-
r/ Lhconhms s‘mfdms) r/ ≡ r(/. s(-
I(r. s( Oqnidbsnq nmsn sgd knb‘k mnql‘k ok‘md) I ≡ � − r r -
I/ Lhconhms oqnidbsnq) I/ ≡ � − r/ r/-
� Hcdmshsx sdmrnq ’chrshmfthrgdc eqnl sgd rb‘k‘q rdbnmc lnldms ne ‘qd‘ G (-
f/ Ehwdc lhconhms tmhs mnql‘k trdc sn cd§md sgd rhfmdc mnql‘k kn‘c-
P/ Rxlldsqhb o‘qs ne (·t(/ ’rsq‘hm,q‘sd sdmrnq ‘s n/(-
U/ @mshrxlldsqhb o‘qs ne (·t(/ ’qhfhc,qns‘shnm sdmrnq ‘s n/(-

S‘akd 0- Enq b‘oshnm rdd mdws o‘fd-
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:- LXyyhmn

Rxlank Ld‘mhmf

�/ Qns‘shnm udbsnq ‘rrnbh‘sdc vhsg U/-
S⊥(r. s( Qdrhct‘k mnql‘k udknbhsx ’sq‘mrk‘shnm.qns‘shnm qdlnudc ‘mc oqnidbsdc(-
TK (s( Nodq‘shnm‘k sq‘mrudqrd udknbhsx hmbqdldms ’rgd‘q ‘lokhstcd( ‘bqnrr ro‘m K -
�(s( Nqhdms‘shnm ‘mfkd dmsdqhmf bnr�(s( hm sgd rhfmdc kn‘c ‘lokhstcd-
B (a( Aknbjvhrd nqhdms‘shnm e‘bsnq) B (a( ≡ | bnr�(a(| ∈ ˙/. 0[-
W (r. s( Gxcqncxm‘lhb sq‘bshnm odq tmhs kdmfsg nm sgd §aqd-
ξ⊥. ξ| Mnql‘k.o‘q‘kkdk qdrhrshud,enqbd cq‘f bnde§bhdmsr-
δ⊥. δ| M(0( bnmrs‘msr hm sgd rkdmcdq,ancx knf‘qhsglhb cq‘f enqltk‘-
μ Cxm‘lhb uhrbnrhsx-
µ Jhmdl‘shb uhrbnrhsx-
tqlr Qnns,ld‘m,rpt‘qd udknbhsx ‘s sgd hmsdfq‘k rb‘kd-
KnXcr Xmc shld rbXkdr
p(r. s( Rhfmdc mnql‘k kn‘c odq tmhs kdmfsg hm sgd DtkdqflAdqmntkkh dpt‘shnm-
p/(s( @lokhstcd ne sgd kd‘chmf,nqcdq ncc kn‘c) pKM (r. s(+ p/(s( r<K -
=ε Ld‘m stqatkdms jhmdshb,dmdqfx chrrho‘shnm q‘sd-
τK Dccx stqmnudq shld ‘s rb‘kd K ) τK ∼ =ε−0<2K1<2-
τvhrb Uhrbntr admchmf,qdk‘w‘shnm shld) τvhrb ∼ ξ⊥K3<(C G (-
)S Aknbj ctq‘shnm) )S ≡ b τK -
pKM (r. s( Kd‘chmf,nqcdq ro‘mvhrd,ncc kn‘c oqn§kd) pKM (r. s(+ p/(s( r<K -
tsfq (K( Cxm‘lhb udknbhsx sgqdrgnkc enq cdsdqlhmhrshb eq‘bstqd) tsfq (K(≡ (C G<ξ⊥( κeqXb K−1-
S/ Hmsdfq‘k,rb‘kd stqmnudq shld trdc sn mnm,chldmrhnm‘khrd shld ’cd§mdc ax s  ≡ s<S/(-
s (K0 → K1( Khmd‘fd,cnvmrghes shld) s (K0 → K1(+ (0<bdee(

 K0
K1

(c< f(((-
s0<1(K( G‘kuhmf shld ne sgd sxohb‘k rhyd) s0<1(K(≡ s (K → K<1(-
b Nqcdq,nmd oqde‘bsnq hm sgd aknbj ctq‘shnm )S + b τK -
Hmsdqlhssdmbx Xmc rbXkhmf rsXshrshbr
εK Bn‘qrd,fq‘hmdc chrrho‘shnm ‘s rb‘kd K -
Qo(K( osg,nqcdq rsqtbstqd etmbshnm ne sgd sq‘mrudqrd hmbqdldms ‘bqnrr rdo‘q‘shnm K -
ζo Rsqtbstqd,etmbshnm dwonmdms) Qo(K(∼ Kζo -
τ (p( Lnldms,rb‘khmf etmbshnm) }(εK<=ε(p  ∼ (K<�(τ (p(-
α Hmsdqlhssdmbx bnqqdbshnm) α ≡ τ (0<2(+ ζ0 − 0<2-
x0(K( Chldmrhnmkdrr kn‘chmf) x0(K(≡ κ>(K(<κeqXb-
B1(K( Lnldms q‘shn) B1(K(≡ L1(K(<L0(K(1-
γo Hmdqsh‘k,q‘mfd rb‘khmf dwonmdms enq btqu‘stqd lnldmsr) γo ≡ (6<2(o+ τ (o<2(-
θ(K( Sgqdrgnkc q‘shn) θ(K(≡ κeqXb<κ

>(K(+ 0<x0(K(-
EqXfldmsXshnm ihmdshbr
m(K . s( Eq‘fldms,kdmfsg mtladq cdmrhsx-
f(K( G‘y‘qc ’aqd‘jto q‘sd( enq eq‘fldmsr ne kdmfsg K -
oaknbi(K( Oqna‘ahkhsx ne aqd‘jhmf vhsghm nmd aknbj ne ctq‘shnm )S -
A(K | K o( C‘tfgsdq,kdmfsg jdqmdk ’cdmrhsx ne c‘tfgsdqr ne kdmfsg K eqnl ‘ o‘qdms K o(-
K o O‘qdms kdmfsg-
q C‘tfgsdq,sn,o‘qdms q‘shn) q ≡ K<K o ∈ (/. 0(-
ρ(q( Oqna‘ahkhsx cdmrhsx ne q ’dwbg‘mfd,rxlldsqhb9 ρ(q(+ ρ(0− q((-
li(s( isg lnldms ne m(K . s() li(s(≡

 �
/ Kim(K . s( cK -

�(s( Rhlhk‘qhsx ‘lokhstcd hm m(K . s(+ �(s(E(u(-
E(u( Rdke,rhlhk‘q ’§wdc,rg‘od( oqn§kd ne sgd qdrb‘kdc chrsqhatshnm-
bdee Ld‘m knf‘qhsglhb rgqhmj‘fd) bdee ≡�˙− km q [-
Q(K . s( Dwsdqm‘k rntqbd sdql-
L(s( Rtquhu‘k oqna‘ahkhsx to sn shld s hm sgd aknbj lncdk ’rn sg‘s L(s(+ dwo˙−f(K(s[(-
o(ka(
aknbi(K( O‘kdxflYxfltmc knvdq antmc nm oaknbi(K( ’trdc hm g‘y‘qc antmcr(-
J (K o( Dwodbsdc c‘tfgsdq ltkshokhbhsx) J (K o(≡

 K o
/ A(K|K o( cK ’enq ahm‘qx aqd‘jto

J ≡ 1(-
βi(K( Lnldms f‘hm e‘bsnq) βi(K(≡ (0<Ki(

 K
/ �i A(�|K( c�-

S‘akd 0- Enq b‘oshnm rdd mdws o‘fd-
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IntqmXk ne Ekthc LdbgXmhbr

Rxlank Ld‘mhmf

BE Rg‘od e‘bsnq ne sgd §wdc oqn§kd E ) qdk‘shmf ld‘m kdmfsg sn sxohb‘k rhyd9 l0<l/ +BE K∗-
J Onvdq,k‘v g‘y‘qc oqde‘bsnq hm f(K(+ J Kβ ’mns sn ad bnmetrdc vhsg J (K o((-
β Onvdq,k‘v g‘y‘qc dwonmdms hm f(K(+ J Kβ -
κf Nqcdq,nmd oqde‘bsnq hm sgd dccx,shld,khlhsdc ’rtodqbqhshb‘k( g‘y‘qc ’d-f-

f(K(+ κf =ε0<2K−1<2(-
κrta Nqcdq,nmd oqde‘bsnq hm sgd rtabqhshb‘k g‘y‘qc bknrtqd-
Jrta Rtabqhshb‘k g‘y‘qc oqde‘bsnq hm f(K(+ JrtaKβrta -
βrta Rtabqhshb‘k g‘y‘qc dwonmdms ’oqnsnsxod9 βrta + 4<2+ α(-
Jrto Rtodqbqhshb‘k g‘y‘qc oqde‘bsnq hm f(K(+ JrtoKβrto -
βrto Rtodqbqhshb‘k g‘y‘qc dwonmdms ’oqnsnsxod9 βrto +−1<2(-
O(K( Rhmj.qdlnu‘k sdql ’vgdm hmbktcdc(-
RsdXcx bXrbXcd vhsg qdsdmshnm.qdlnuXk
ξ Knf‘qhsglhb kdmfsg bnnqchm‘sd) ξ ≡ km K -
)ξ Knf‘qhsglhb ahm vhcsg hm ξ ’trdc enq fitw drshl‘sdr(-
p Qdsdmshnm eq‘bshnm ne c‘tfgsdqr sg‘s qdl‘hm hm sgd rxrsdl ’mnsd9 chrshmbs eqnl p(r. s((-
Π0 Hmidbshnm q‘sd ne sgd bnmrdqudc kdmfsg lnldms) Π0 ≡

 �
/ K Q(K . s( cK -

Λ0(p( Qdsdmshnm e‘bsnq hm sgd ld‘m cnvmrb‘kd bqnrrhmf odq aqd‘jto dudms-
Ip (K( Cnvmrb‘kd kdmfsg fitw ‘bqnrr K odq tmhs shld ‘mc odq tmhs ξ ’vhsg qdsdmshnm p(-
Π

↓
0 Sno,ne,b‘rb‘cd hm,k‘xdq fitw ’trdc hm sgd p + 0<1 rsd‘cx rnktshnm(-

τ Rsd‘cx atkj dwonmdms hm sgd mn,qdlnu‘k a‘rdkhmd ’p + 0() m(K(∝ K−τ -
τ0<1 Rsd‘cx atkj dwonmdms enq p + 0<1 ’nmd c‘tfgsdq qdlnudc nm ‘udq‘fd() vhsg τ0<1 + β + 0 hm

sgd rtabqhshb‘k atkj-
τp Dwonmdms ne sgd rsd‘cx onvdq,k‘v chrsqhatshnm vhsg qdsdmshnm) m(K(∝ K−τp -
MnsXshnm Xmc nodqXsnqr
}� Dmrdlakd.shld ‘udq‘fd-
}�a @udq‘fd nudq aknbjr ne ctq‘shnm )S -
E(�( Oqna‘ahkhsx-
�˙�[ Dwodbs‘shnm ’rodbh§dc ax ‘ rtarbqhos vgdm bnmchshnmhmf nm ‘ q‘mcnl u‘qh‘akd) d-f- �B (-
� A @ooqnwhl‘sd dpt‘khsx ’rtakd‘chmf sdqlr mdfkdbsdc(-
n(0( Khsskd,n sdql9 d + n(0( ld‘mr d → / ‘r sgd ‘rxlosnshb o‘q‘ldsdq sdmcr sn hsr khlhs-
M(0( Nqcdq,nmd pt‘mshsx ’hmcdodmcdms ne sgd ‘rxlosnshb o‘q‘ldsdq(-

S‘akd 0- Rtll‘qx ne rxlankr trdc- Ankc rxlankr cdmnsd udbsnqr.sdmrnqr: rtarbqhos / cdmnsdr lhconhms
pt‘mshshdr: rtodqrbqhos (a( cdmnsdr ‘ aknbj hmcdw: }� cdmnsdr ‘udq‘fhmf ‘mc }�a ‘udq‘fhmf nudq aknbjr-

:oodmchw A- Lnldms aTkTmbdr ax Snmdkkh�r sgdnqdl Tmc bnmudwhsx
Sghr ‘oodmchw cdqhudr sgd lnldms a‘k‘mbd ’6-0/( ‘mc sgd rhfm oqnodqshdr ’6-00(-
Rs‘qs eqnl sgd aqd‘j‘fd dpt‘shnm ’mn rntqbdr.rhmjr(9

∂s m(K . s(+− f(K( m(K . s(+
 �

K
f(K o( m(K o. s( A(K | K o( cK o. /, K ,J.

’A0(
Enq i ≥ / cd§md

li(s( ≡
 �

/
Ki m(K . s( cK . ’A1(

Ltkshokxhmf ’A0( ax Ki ‘mc hmsdfq‘shmf nudq K ∈ (/.J( fhudr

l̄i(s(+−
 �

/
f(K( m(K . s( Ki cK +

 �

/

 �

K
f(K o( m(K o. s( A(K | K o( Ki cK o cK .

’A2(
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:- LXyyhmn

Rhmbd sgd hmsdfq‘mc hm sgd cntakd hmsdfq‘k hr mnm,mdf‘shud) Snmdkkh&r sgdnqdl rv‘or sgd
nqcdq ‘mc xhdkcr

l̄i(s(+−
 �

/
f(K( m(K . s( Ki cK +

 �

/
f(K o( m(K o. s(Φi(K o( cK o. ’A3(

vhsg

Φi(K o( ≡
 K o

/
Ki A(K | K o( cK . βi(K o( ≡ Φi(K o(

K i
o

. ’A4(

Sgtr

l̄i(s(+
 �

/
f(K( m(K . s( Zβi(K(− 0[ Ki cK . ’A5(

0/- Rdke,rhlhkXq ahmXqx idqmdk
Enq ’6-8()

A(K | K o(+
1
K o

ρ


K

K o


. q ≡ K

K o
∈ (/. 0(.

 0

/
ρ(q( cq + 0. ’A6(

nmd §mcr

βi(K o(+ 1
 0

/
qiρ(q( cq + 1 }qiρ. ’A7(

Hm o‘qshbtk‘q)

eq‘fldms ltkshokhbhsx9 β/ +
 K o

/
A(K | K o( cK + 1.

⇒ l̄/(s(+
 �

/
f(K( m(K . s( cK ≥ /.

’A8(

kdmfsg bnmrdqu‘shnm9
 K o

/
K A(K | K o( cK + K o ⇐⇒ }qρ +

0
1

⇐⇒ β0 + 0.

⇒ l̄0(s(+ /. ’A0/(

He ρ hr dwbg‘mfd,rxlldsqhb ’ρ(q(+ ρ(0− q(() sgdm }qρ + 0<1 gnkcr ‘tsnl‘shb‘kkx-
Lnqdnudq) enq i / 0) rsqhbs bnmudwhsx hlokhdr 1}qiρ , 0 ’mnm,cdfdmdq‘sd ahm‘qx rokhsr()
gdmbd βi , 0 ‘mc sgdqdenqd

l̄i(s( , /. i / 0. ’A00(

:oodmchw B- SxohbTk’rhyd cxmTlhbr Tmc dpthuTkdmbd ne cdehmhshnmr
Sghr ‘oodmchw rtoonqsr sgd sxohb‘k,rhyd cxm‘lhbr9 hs oqnuhcdr ‘ rgnqs ]khmd‘fd& cdqhu‘shnm
ne sgd cqhes k‘v ’6-02(fl’6-03() ‘mc rgnvr sg‘s hm ‘ rdke,rhlhk‘q qdfhld sgd ‘qhsgldshb ld‘m
kdmfsg l0<l/ sq‘bjr sgd fdnldsqhb sxohb‘k rhyd K∗(s( to sn ‘ shld,hmcdodmcdms rg‘od
e‘bsnq-

KhmdXfd Xqftldms enq sgd fdnldsqhb sxohbXk rhyd
Bnmrhcdq ‘ s‘ffdc khmd‘fd K(s() h-d- sgd kdmfsg ne ‘ eq‘fldms enkknvdc ‘knmf hsr rtbbdrrhud
aqd‘jtor- Tmcdq sgd rs‘mc‘qc eq‘fldms‘shnm ’ldlnqxkdrr( ‘rrtloshnm) aqd‘j dudmsr nbbtq
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IntqmXk ne Ekthc LdbgXmhbr

vhsg hmrs‘ms‘mdntr q‘sd ’g‘y‘qc( f(K(s(() ‘mc tonm ‘ aqd‘j sgd s‘ffdc eq‘fldms kdmfsg hr
ltkshokhdc ax ‘ q‘mcnl c‘tfgsdq q‘shn q ∈ (/. 0(- Enq sgd rdke,rhlhk‘q ahm‘qx jdqmdk ’6-8() q
g‘r cdmrhsx ρ(q( ‘mc hr hmcdodmcdms ne sgd oqd,aqd‘j kdmfsg-
Nudq ‘ rgnqs shld hmbqdldms cs ) dhsgdq mn aqd‘j nbbtqr ’oqna‘ahkhsx 0− f(K(s(( cs() nq

nmd aqd‘j nbbtqr ’oqna‘ahkhsx f(K(s(( cs( ‘mc sgdm K → q K - Sgdqdenqd) sn kd‘chmf nqcdq hm
cs )

�Zkm K(s + cs(− km K(s([+�Zf(K(s(( cs[ �˙km q [ + n(cs(. ’B0(

vgdqd �˙�[ cdmnsdr dmrdlakd dwodbs‘shnm ’‘mc vd trdc hmcdodmcdmbd ne q (- Chuhchmf ax
cs ‘mc kdsshmf cs → / xhdkcr sgd dw‘bs cqhes hcdmshsx

c
cs
�˙km K(s([ +�˙f(K(s(([�˙km q [. ’B1(

Sn bknrd sghr ‘s sgd kdudk ne ‘ rhmfkd ]sxohb‘k rhyd&) vd trd sgd rs‘mc‘qc ld‘m,khmd‘fd
‘ooqnwhl‘shnm �˙f(K(s(([ f(K∗(s(() vgdqd K∗(s( hr cd§mdc k‘sdq- Rhmbd �˙km q [, /) hs
hr bnmudmhdms sn hmsqnctbd sgd onrhshud bnmrs‘ms

bdee ≡ �˙− km q [ +
 0

/
(− km q( ρ(q( cq / /. ’B2(

rn sg‘s �˙km q [ +−bdee-
Cd§md sgd fdnldsqhb sxohb‘k rhyd ‘r

K∗(s( ≡ dwo

�˙km K(s([

�
. ’B3(

Sgdm sgd cqhes hcdmshsx fhudr sgd khmd‘fd k‘v

c
cs
km K∗(s(+− bdee f


K∗(s(

�
.

 K∗(/(

K∗(s(

c
 f((

+ bdee s. ’B4(

vghbg hr ’6-02(fl’6-03( hm sgd l‘hm sdws ’vqhssdm gdqd vhsg sgd bnlo‘bs k‘adk ’B4((-
@r ‘ qdedqdmbd b‘rd) he aqd‘jto vdqd ‘kv‘xr dw‘bskx lhcro‘m) q ≡ 0<1 ‘mc gdmbd

bdee + km 1. ’B5(

0/- CpthuXkdmbd vhsg sgd Xqhsgldshb ldXm kdmfsg hm X rdke,rhlhkXq qdfhld
@rrtld sg‘s) hm sgd cddo,b‘rb‘cd qdfhld) sgd rnktshnm ‘clhsr sgd rdke,rhlhk‘q enql
m(K . s(+ �(s( E(K<K∗(s(( ’vhsg §wdc oqn§kd E ‘mc sxohb‘k rhyd K∗(s((- Cd§md sgd isg
kdmfsg lnldms ne sgd chrsqhatshnm ‘r li(s(≡

 ∞
/ Ki m(K . s( cK ’nq dpthu‘kdmskx vhsg sgd

§mhsd toodq btsnee K ≤J: sgd ‘qftldms hr tmbg‘mfdc(- Bg‘mfhmf u‘qh‘akdr K + K∗u fhudr

li(s(+
 ∞

/
Ki m(K . s( cK + �(s( K i+0

∗ (s(
 ∞

/
ui E(u( cu. ’B6(

rn sgd ‘qhsgldshb ld‘m eq‘fldms kdmfsg r‘shr§dr

l0(s(

l/(s(
+BE K∗(s(. BE ≡

 ∞
/ u E(u( cu
 ∞
/ E(u( cu

/ /. ’B7(

Sgtr l0<l/ ‘mc sgd fdnldsqhb sxohb‘k rhyd K∗ cheedq nmkx ax sgd shld,hmcdodmcdms rg‘od
e‘bsnq BE ‘mc sgdqdenqd nadx sgd r‘ld shld k‘v ’B4( ’dpthu‘kdmskx ’6-02( hm sgd l‘hm sdws(-

:oodmchw C- Dhwdc’rgTod dptTshnm9 cdqhuTshnm
Sghr ‘oodmchw cdqhudr sgd ‘tsnmnlntr §wdc,rg‘od ’6-04( eqnl sgd onotk‘shnm,a‘k‘mbd
’6-6( hm sgd eqddkx cdb‘xhmf b‘rd ’Q + O + /() tmcdq ‘ gnlnfdmdntr g‘y‘qc f(K(+
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:- LXyyhmn

J Kβ ‘mc sgd ahm‘qx rdke,rhlhk‘q jdqmdk ’6-8(- Hm ’6-6() ‘s §wdc rhyd K ) sgd bnmsqhatshnm
− f(K( m(K . s( cdbqd‘rdr sgd cdmrhsx adb‘trd eq‘fldmsr ne kdmfsg K aqd‘j ‘s q‘sd f(K(
‘mc sgdqdenqd kd‘ud sgd rhyd bk‘rr K ’sghr hr vgx hs hr qdedqqdc sn ‘r ‘ knrr bnmsqhatshnm(-
Bnmudqrdkx) sgd hmsdfq‘k sdql hmbqd‘rdr m(K . s( adb‘trd hs ‘bbntmsr enq c‘tfgsdqr ne
rhyd K bqd‘sdc vgdm k‘qfdq o‘qdmsr K o / K aqd‘j9 enq ‘ fhudm o‘qdms K o) sgd pt‘mshsx
A(K | K o( cK hr sgd dwodbsdc mtladq ne c‘tfgsdqr hm ˙K . K + cK[) ‘mc hmsdfq‘shmf nudq
‘kk K o ∈ ˙K .J[ fhudr sgd sns‘k f‘hm hmsn sgd bk‘rr K -
Hmrdqs sgd rhlhk‘qhsx ‘mr‘sy

m(K . s(+ K−1
∗ (s( E(u(. u ≡ K

K∗(s(
. ’C0(

hmsn ’6-6( vhsg Q + O + / ‘mc f(K(+ J Kβ - @s §wdc K ) u + K<K∗(s( cdodmcr nm shld
sgqntfg K∗(s() rn

∂s m(K . s(+ ∂s

K−1

∗ E(u(
�
+ K−1

∗


− K̄∗
K∗


1E + u E (u(

�
. ’C1(

Sgd knrr,ax,aqd‘j‘fd sdql hm ’6-6( adbnldr

−f(K( m(K . s(+−J Kβ K−1
∗ E(u(+−J Kβ

∗ uβ K−1
∗ E(u(. ’C2(

Enq sgd f‘hm sdql hm ’6-6( vd trd sgd ahm‘qx jdqmdk ’6-8() A(K | K o(+ (1<K o(ρ(K<K o(.
‘mc bg‘mfd u‘qh‘akdr K o + K∗(s( x ’rn cK o + K∗ cx(- Hmsqnctbhmf ulXu (s(≡J<K∗(s(.
nmd §mcr
 �

K
f(K o( m(K o. s( A(K | K o( cK o +

 �

K


J Kβ

o

� 
K−1

∗ E(K o<K∗(
� 1
K o

ρ


K

K o


cK o

+ J Kβ
∗ K−1

∗

 ulXu (s(

u
xβ−0E(x( 1 ρ


u

x


cx. ’C3(

Bnkkdbshmf sgd shld cdqhu‘shud) sgd knrr bnmsqhatshnm−f(K(m(K . s() ‘mc sgd f‘hm hmsdfq‘k
hm ’6-6( xhdkcr

− K̄∗
K∗


1E + u E �+ J Kβ

∗



−uβE(u(+
 ulXu (s(

u
xβ−0E(x( 1 ρ

 u
x


cx



. ’C4(

Nm sgd gnlnfdmdntr aq‘mbg f(K(+ J Kβ ) sgd sxohb‘k,rhyd k‘v ’6-02( qdctbdr sn

− K̄∗
K∗
+ bdee J Kβ

∗ . ’C5(

rn sgd dwokhbhs e‘bsnq J Kβ
∗ b‘mbdkr hm ’C4() kd‘uhmf ‘m ‘tsnmnlntr dpt‘shnm enq E -

Ehm‘kkx) hm sgd cddo,b‘rb‘cd qdfhld K∗ J nmd g‘r ulXu (s(+J<K∗(s( 0- Hm sghr
khlhs sgd rhlhk‘qhsx oqn§kd hr rtoonqsdc nm u  ulXu ) ‘mc sgd toodq khlhs hm sgd f‘hm
hmsdfq‘k b‘m ad dwsdmcdc sn ∞ ’sgd bnmsqhatshnm eqnl x / ulXu hr ‘ardms hm sgd §mhsd,
rtoonqs oqnakdl ‘mc adbnldr mdfkhfhakd ‘rxlosnshb‘kkx(- Sghr xhdkcr sgd §wdc,rg‘od
dpt‘shnm rs‘sdc hm ’6-04(-

QDEDQDMBDR

@KKDMCD) R-) GDMQX) B- % ADB) I- 1/07 Rsqdsbghmf ‘mc atbjkhmf ne rl‘kk dk‘rshb §adqr hm stqatkdmbd- Ogxr-
Pdu- Kdss- 010 ’04() 0434/0-

@KKDMCD) R-) GDMQX) B- % ADB) I- 1/1/ Cxm‘lhbr ‘mc eq‘fldms‘shnm ne rl‘kk hmdwsdmrhakd §aqdr hm
stqatkdmbd- Oghk- SqXmr- P- Rnb- Knmc- : 267 ’1064() 1/08/287-
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IntqmXk ne Ekthc LdbgXmhbr

@MCDQRNM) S-K- 1/06 EqXbstqd LdbgXmhbr/ EtmcXldmsXkr Xmc :ookhbXshnmr) 3sg dcm- BQB Oqdrr-
@MCQ@CX) @-K- 1/00 Lhbqnok‘rshbr hm sgd l‘qhmd dmuhqnmldms- LXq- Onkkts- Atkk- 51 ’7() 0485fl05/4-
A@AKDQ) L-T-) ds Xk- 1/04 Mtldqhb‘k rhltk‘shnmr ne ‘ffqdf‘sd aqd‘jto hm antmcdc ‘mc tmantmcdc stqatkdms
finvr- I- Ekthc Ldbg- 655) 0/3fl017-

A©AKDQ) L-T-) LNQAHCDKKH) L- % A@´CXF@) I- 1//7 Lncdkkhmf sgd aqd‘jto ne rnkhc ‘ffqdf‘sdr hm
stqatkdms finvr- I- Ekthc Ldbg- 501) 150fl178-

A@M@RH@J) I-) K@LA) V- % K@TQDMÄNS) O- 1/08 :mXkxshb Ldsgncr enq BnXftkXshnm,EqXfldmsXshnm Lncdkr)
unk- H- Bg‘ol‘m % G‘kk.BQB-

A@SBGDKNQ) F-J- 086/ Rkdmcdq,ancx sgdnqx enq o‘qshbkdr ne ‘qahsq‘qx bqnrr,rdbshnm hm Rsnjdr finv- I- Ekthc
Ldbg- 33 ’2() 308fl33/-

ADQSNHM) I- 1//5 PXmcnl EqXfldmsXshnm Xmc BnXftkXshnm Oqnbdrrdr) BXlaqhcfd Rstchdr hm :cuXmbdc
LXsgdlXshbr) unk- 0/1- B‘laqhcfd Tmhudqrhsx Oqdrr-

ANTBGDQNM) R-) KTFNRH) F- % L@RR@QS) O- 1/02 BnmbdmsqXshnm HmdptXkhshdr/ : MnmXrxlosnshb Sgdnqx ne
Hmcdodmcdmbd- Nwenqc Tmhudqrhsx Oqdrr-

AQHYYNK@Q@) R-) QNRSH) L-D-) NKHUHDQH) R-) AQ@MCS) K-) GNKYMDQ) L- % L@YYHMN) @- 1/10 Ehadq
sq‘bjhmf udknbhldsqx enq svn,onhms rs‘shrshbr ne stqatkdmbd- Ogxr- Pdu- W 00 ’2() /20/5/-

AQNTYDS) B-) FTHMÇ) Q-) C@KAD) L-,I-) E@UHDQ) A-) U@MCDMADQFGD) M-) UHKKDQL@TW)
D- % UDQGHKKD) F- 1/10 K‘anq‘snqx lncdk enq ok‘rshb eq‘fldms‘shnm hm sgd stqatkdms nbd‘m- Ogxr- Pdu-
Ekthcr 5 ’1() /135/0-

BGH@QHMH) @-) QNRSH) L-D- % L@YYHMN) @- 1/13 Cxm‘lhbr ‘mc ‘ookhb‘shnmr ne §mhsd,rhyd §aqd,khjd naidbsr
hm stqatkdms finvr- Ctq- I- Ldbg- A.Ekthcr 0.7) 0/3fl007-

BNW) Q-F- 086/ Sgd lnshnm ne knmf rkdmcdq anchdr hm ‘ uhrbntr fithc O‘qs 0- Fdmdq‘k sgdnqx- I- Ekthc Ldbg-
33 ’3() 680fl70/-

CNTLHB) L-) DRBNADCN) L- % SNTQMTR) L- 1/07 Drshl‘shmf sgd chuhrhnm q‘sd ‘mc jdqmdk hm sgd
eq‘fldms‘shnm dpt‘shnm- :mm- Hmrs- Gdmqh OnhmbXqfl B :mXk- Mnm KhmflXhqd 24 ’6() 0736fl0773-

DRBNADCN) L-) LHRBGKDQ) R- % QNCQHFTDY QHB@QC) L- 1//4 Nm rdke,rhlhk‘qhsx ‘mc rs‘shnm‘qx oqnakdl
enq eq‘fldms‘shnm ‘mc bn‘ftk‘shnm lncdkr- :mm- Hmrs- Gdmqh OnhmbXqfl B :mXk- Mnm KhmflXhqd 11 ’0() 88fl014-

EDCCDQRDM) E- 1/01 Nardqu‘shnmr ne sgd rtqe,ynmd stqatkdms chrrho‘shnm q‘sd- I- Ogxr- NbdXmnfq- 31 ’2()
275fl288-

EQHRBG) T- 0884 Stqatkdmbd/ Sgd KdfXbx ne :- M- Jnklnfnqnu- B‘laqhcfd Tmhudqrhsx Oqdrr-
FQ@X) I- % G@MBNBJ) F-I- 0844 Sgd oqnotkrhnm ne rd‘,tqbghm rodql‘snyn‘- I- Cwok Ahnk- 21 ’3() 7/1fl703-
GTKATQS) G-L- % J@SY) R- 0853 Rnld oqnakdlr hm o‘qshbkd sdbgmnknfx9 ‘ rs‘shrshb‘k ldbg‘mhb‘k enqltk‘shnm-

Bgdl- Cmfmf Rbh- 08 ’7() 444fl463-
J@KNFDQ@JHR) M-) J@QJ@MNQ@BG@JH) J-) J@KNFDQ@JHR) F-B-) SQH@MS@EXKKHCH) D-H-) FNSRHR)
@-C-) O@QSRHMDUDKNR) O- % E@U@) E- 1/06 Lhbqnok‘rshbr fdmdq‘shnm9 nmrds ne eq‘fldms‘shnm ne
onkxdsgxkdmd §klr hm l‘qhmd dmuhqnmldms ldrnbnrlr- Eqnmshdqr LXq- Rbh- 3) 73-

JHL) R- % J@QQHK@) R-I- 0880 LhbqngxcqncxmXlhbr/ Oqhmbhokdr Xmc Rdkdbsdc :ookhbXshnmr- Atssdqvnqsg,
Gdhmdl‘mm-

JNKLNFNQNU) @-M- 0851 @ qd§mdldms ne oqduhntr gxonsgdrdr bnmbdqmhmf sgd knb‘k rsqtbstqd ne stqatkdmbd
hm ‘ uhrbntr hmbnloqdrrhakd fithc ‘s ghfg Qdxmnkcr mtladq- I- Ekthc Ldbg- 02 ’0() 71fl74-

JNNH) L-) OQHLOJD) R-) LHMSDMHF) R-L-) KNQDMY) B-) FDQCSR) F- % JNDKL@MR) @-@- 1/10
Bg‘q‘bsdqhyhmf sgd ltkshchldmrhnm‘khsx ne lhbqnok‘rshbr ‘bqnrr dmuhqnmldms‘k bnlo‘qsldmsr- TXsdq Pdr-
1.1) 006318-

KDXUQ@Y) E- 1//2 Rb‘khmf sgdnqx ‘mc dw‘bskx rnkudc lncdkr hm sgd jhmdshbr ne hqqdudqrhakd ‘ffqdf‘shnm- Ogxr-
Pdo- 272 ’1fl2() 84fl101-

KHFGSGHKK) I- 0865 Ek‘fdkk‘q gxcqncxm‘lhbr- RH:L Pdu- 07 ’1() 050fl12/-
KHT) I-) KHT) P-) @M) K-) V@MF) L-) X@MF) P-) YGT) A-) CHMF) I-) XD) B- % WT) X- 1/11 Lhbqn§adq
onkktshnm hm sgd d‘qsg rxrsdl- Pdu- Cmuhqnm- BnmsXl- Snwhbnk- 15.) 02-

L@QBGHNKH) B-) QNRSH) L-D- % UDQGHKKD) F- 1/15 Ekdwhakd §adqr hm stqatkdmbd- :mmt- Pdu- Ekthc
Ldbg- 47) 056fl081-

LBFQ@CX) D-C- % YHEE) Q-L- 0876 ]Rg‘ssdqhmf& sq‘mrhshnm hm eq‘fldms‘shnm- Ogxr- Pdu- Kdss- 47 ’8()
781fl784-

NKHUHDQH) R-) L@YYHMN) @- % QNRSH) L-D- 1/11 Nm sgd etkkx bntokdc cxm‘lhbr ne fidwhakd §aqdr chrodqrdc
hm lnctk‘sdc stqatkdmbd- I- Ekthc Ldbg- 835) @23-

O@MNVHBY) Q-) JNM@QYDVRJH) L-) CTQDIJN) S-) RY@K@) L-) ´@YH –MRJ@) L-) BYDQVH –MRJ@)
L- % OQ@RT´@) O- 1/10 Oqnodqshdr ne onkxdsgxkdmd sdqdogsg‘k‘sd ’ODS( ‘esdq sgdqln,nwhc‘shud ‘fhmf-
LXsdqhXkr 03 ’03() 2722-

ODSDQRNM) Q-D- 0863 Rsqdrr BnmbdmsqXshnm EXbsnqr) 1mc dcm- Vhkdx-
ONVDQR) S-Q- 1/0/ Cxm‘lhbr ne §k‘ldmsr ‘mc ldlaq‘mdr hm ‘ uhrbntr fithc- Pdu- Lnc- Ogxr- 71 ’1()
05/6fl0520-
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:- LXyyhmn

OTLHQ) @- % VHKJHMRNM) L- 1/00 Nqhdms‘shnm rs‘shrshbr ne rl‘kk o‘qshbkdr hm stqatkdmbd- Mdv I- Ogxr- 02
’8() /82/2/-

Q@LJQHRGM@) C- 1/// OnotkXshnm AXkXmbdr/ Sgdnqx Xmc :ookhbXshnmr sn OXqshbtkXsd Rxrsdlr hm Cmfhmddqhmf-
@b‘cdlhb Oqdrr-

QNRSH) L-D-) A@M@DH) @-@-) AQ@MCS) K- %L@YYHMN) @- 1/07 Ekdwhakd §adq qdud‘kr sgd svn,onhms rs‘shrshb‘k
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