
SmhucprVi CvbgVmfc,AnppciVshnm MtpeVbc :rxlosnshbr9 EcsVi MiVar Ucprtr Mclh,hmehmhsc
EcsVi MtpeVbcr

B- L- Gnqnvhsy *0*) B- Q- Oqndssn*1*2*– ]mc I- L- Ohs]qjd 3*4*†
0Hmrshstsn cd HmudrsheVbhnmdr EhrhbnptzlhbVr SdíqhbVr x 9okhbVcVr)

�HMHES9() TMKO) BBS KV OkVsV,BNMHBDS) RtbtqrVk 2) BVrhkkV cd Bnqqdn 05) �08//( KV OkVsV) 9qedmshmV
1Bdmsqn 9sílhbn AVqhknbgd Vmc Hmrshstsn AVkrdhqn �TmhudqrhcVc MVbhnmVk cd Btxn()

72// RVm BVqknr cd AVqhknbgd) Pzn Mdeqn) 9qedmshmV
2Hmrshstsn cd MVmnbhdmbhV x MVmnsdbmnknezV �HMM() BNMHBDS,BMD9) Rdcd AVqhknbgd)

9udmhcV Atrshkkn 84// �72//( RVm BVqknr cd AVqhknbgd) 9qedmshmV
3BHB mVmnFTMD APS9) SnknrV GhqhahcdV 65) D,1//07 CnmnrshV) AVrptd Bntmsqx) RoVhm

4EhrhiV RVhkV) Bdmsqn EzrhbV LVsdqhVkdr BRHB,TOU.DGT) Vmc CHOB) 522 OnrsV ItswVshkV) D,27/7/ Ahkan) AVrptd Bntmsqx) RoVhm

�Qdbdhudc 10 L]qbg 1/14: ]bbdosdc 2 Itmd 1/14: otakhrgdc 13 Itmd 1/14(

Cdmrhsx,etmbshnm]k sgdnqx hr vdkk jmnvm sn qdkx nm ]ooqnwhl]shnmr sn sgd tmimnvm dwbg]mfd,bnqqdk]shnm
�va( dmdqfx etmbshnm]k* vghbg b]m ad bnmrsqtbsdc eqnl sgd r]shre]bshnm ne ] mtladq ne jmnvm oqnodqshdr-
Nmd ne sgnrd oqnodqshdr hr sgd ]rxlosnshb adg]uhnq ne dwbg]mfd ]mc bnqqdk]shnm hm knb]khydc nq dwsdmcdc
l]mx,dkdbsqnm rxrsdlr- Gnvdudq* sgd ]bst]k ]rxlosnshbr ne sgd va dmdqfx ]mc onsdmsh]k hm sgd u]bttl
qdfhnm ne ] lds]k rtqe]bd g]ud qdl]hmdc dktrhud nudq sgd xd]qr- Gdqd* vd qdonqs vg]s vd bnmrhcdq sn ad ]
ehm]k vnqc enq sgd ]rxlosnshbr ne sgd va dmdqfx odq o]qshbkd εvajmðyÞ ]mc sgd va Jngm,Rg]l onsdmsh]k
svajmðyÞ hm sgd u]bttl rhcd ne ansg ]m dwsdmcdc rdlh,hmehmhsd lds]k ]mc ] knbVkhydc lds]k rk]a* vghbg ]qd
]kv]xr tmhudqrVk �h-d-* dkdbsqnm,cdmrhsx hmcdodmcdms(* mdf]shud* ]mc hmudqrdkx oqnonqshnm]k sn sgd chrs]mbd
eqnl sgd rtqe]bd- Vd ehmc sg]s* bnmsq]qx sn oqduhntr bnmbktrhnmr ax nsgdq ]tsgnqr* vghkd enq dwsdmcdc
rxrsdlr sgd ]rxlosnshbr ]qd cnlhm]sdc ax ] sxod ne bnqqdk]shnm* enq lds]k rk]ar sgdx ]qd cnlhm]sdc ax
dwbg]mfd* ]r hm sgd b]rd ne rxrsdlr sg]s ]qd ehmhsd hm ]kk chqdbshnmr* khjd ]snlr* lnkdbtkdr* ]mc lds]k bktrsdqr-
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Sgd ]rxlosnshbr ne sgd dwbg]mfd,bnqqdk]shnm �va( dmdqfx
odq o]qshbkd εvajmðyÞ ]mc va Jngm,Rg]l �JR( onsdmsh]k
svajmðyÞ ne cdmrhsx,etmbshnm]k sgdnqx �CES( ]s lds]k
rtqe]bdr qdoqdrdms hlonqs]ms hmfqdchdmsr enq sgd cdudkno,
ldms ne CES Z0[9 �h( εvajmð�Þ hr sgd l]hm hmfqdchdms ne sgd
rn,b]kkdc ’dmg]mbdldms e]bsnq“ sg]s hr trdc sn athkc l]mx
ne sgd dwhrshmf lnrs onotk]q CES va etmbshnm]kr ]mc �hh( sgd
]rxlosnshbr ne svajmð�Þ ]qd trt]kkx s]jdm ]r ] bnmrsq]hms
enq sgd cdudknoldms ne sgnrd etmbshnm]kr- Mdudqsgdkdrr* sgd
]bst]k ]rxlosnshbr ne sgdrd svn pt]mshshdr g]ud addm sgd
rntqbd ne bnmrhcdq]akd bnmsqnudqrx nudq sgd xd]qr Z1*2[-

Rnnm ]esdq sgd CES enql]khrl v]r otakhrgdc Z3[* ]
mtladq ne ]tsgnqr bnmbktcdc sg]s εvajmðyÞ ]mc svajmðyÞ ]s
k]qfd mnql]k chrs]mbdr ntsrhcd ] lds]k rtqe]bd ]qd Z4�8[ �h(
ne sgd enql εvajmðy � ∞Þ ¼ svajmðy � ∞Þ ¼ �d

1
;3y

]mc �hh( etkkx nqhfhm]sdc eqnl bnqqdk]shnm* ]r sgd dwbg]mfd
bnmsqhatshnm v]r bk]hldc sn cdb]x ]r 0;y

1 Z6*7[ nq
dwonmdmsh]kkx Z8[- Sghr qdrtks v]r* gnvdudq* k]sdq ptdr,
shnmdc hm uhdv ne qhfnqntr dw]bs,dwbg]mfd b]kbtk]shnmr ne
sgdrd pt]mshshdr* vghbg enq lds]k rk]ar ]mc ] rdlh,hmehmhsd

�RH( lds]k* vdqd entmc sn ad Z0/�04[

1εrk]a
v jmðy � ∞Þ ¼ s

rk]a
v jmðy � ∞Þ ¼ �d

1
;y: ð0Þ

εRH
v jmðy � ∞Þ ¼ �α d

1
;y: ð1Þ

]mc

s
RH
v jmðy � ∞Þ ¼ d

1 kmðOhEyÞ;ð1�OyÞ: ð2Þ

vgdqd α* O* ]mc hE qdoqdrdms l]sdqh]k,cdodmcdms �mnmtmh,
udqr]k( bnmrs]msr* vhsg hE adhmf sgd Edqlh lnldmstl ne
sgd dkdbsqnm rxrsdl- K]sdq nm* Ph]m ]mc R]gmh Z05[ vqnmfkx
]rrtldc sg]s sgd dwbg]mfd JR onsdmsh]k ne ] RH lds]k s

RH
v ðyÞ

bnhmbhcdr e]q ]v]x eqnl sgd rtqe]bd vhsg sgd dwbg]mfd
dmdqfx odq o]qshbkd ne Dp- �1( �vghbg enq lds]kkhb cdmrhshdr
hr entmc sn cdb]x ]ooqnwhl]sdkx ]r �d

1
;3y( ]mc dloknxdc

sgd ok]rlnm,onkd ]ooqnwhl]shnm enq sgd bnqqdk]shnm o]qs ne
sgd dkdbsqnm rdke,dmdqfx sn bnmbktcd sg]s s

RH
a jmðy � ∞Þ ¼

�d
1
;3y ]mc s

RH
vajmðy � ∞Þ ≈ �d

1
;1y* h-d-* ]ooqnwhl]sdkx

svhbd ]r k]qfd ]r sgd bk]rrhb]k �d
1
;3y- Sg]s sgd ok]rlnm,

onkd bnqqdk]shnm o]qs ne sgd dkdbsqnm rdke,dmdqfx hr qdronm,
rhakd enq ]m hl]fd,onsdmsh]k ]rxlosnsd ne sgd enql �d

1
;3y

g]c ]kqd]cx addm qdonqsdc ax Rg]l Z6[- Mnmdsgdkdrr* ]mc ]r
dwok]hmdc adknv* enq sgd sns]k va dmdqfx odq o]qshbkd

)Bnms]bs ]tsgnq9 gnqnvhsy;hmhes]-tmko-dct-]q
–Bnms]bs ]tsgnq9 bqoqndssn;fl]hk-bnl
†Bnms]bs ]tsgnq9 il-ohs]qjd;m]mnftmd-dt
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εvajmðyÞ ]mc va JR onsdmsh]k svajmðyÞ sgd ok]rlnm,onkd
bnqqdk]shnm rgntkc ad ]ccdc mns sn ]m dw]bs,dwbg]mfd
bnmsqhatshnm ne sgd enql ne Dpr- �0(��2( ats sn ]
rbqddmdc,dwbg]mfd bnlonmdms bnms]hmhmf ansg dw]bs
dwbg]mfd ]mc ] enql ne bnqqdk]shnm mns hmbktcdc hm ]
ok]rlnm,onkd ]ooqnwhl]shnm* vghbg hm sgd b]rd ne ] RH
lds]k cdb]xr hmcddc ]r 0;y

1 nq e]rsdq-
Hm sghr Kdssdq* vd qdonqs idkkhtl rdke,bnmrhrsdms b]kbt,

k]shnmr ne εvajmðyÞ sg]s �h( bnlahmd sgd ]ch]a]shb,bnmmdb,
shnm ektbst]shnm,chrrho]shnm �@BEC( sgdnqdl Z06*07[ vhsg
shld,cdodmcdms CES �SCCES( Z08[ ]s sgd kdudk ne sgd
q]mcnl,og]rd ]ooqnwhl]shnm �QO@( �]r hm Qder- Z1/[ ]mc
Z10[( ]mc �hh( ]qd dw]bs hm sgd u]bttl qdfhnm e]q ntsrhcd sgd
rtqe]bd Z11[- Hm sghr qdfhnm* vd ehmc

εrk]a
va jmðy � ∞Þ ¼ εrk]a

v jmðy � ∞Þ ¼ �d
1
;1y ð3Þ

]mc

εRH
vajmðy � ∞Þ ¼ �d

1
;3y� ð4Þ

Vd ]krn ehmc sg]s* vghkd enq dwsdmcdc rxrsdlr sgd ]rxlo,
snshbr ]qd cnlhm]sdc ax ] sxod ne bnqqdk]shnm* enq lds]k rk]ar
sgdx ]qd cnlhm]sdc ax dwbg]mfd Zrdd Dp- �3([* ]r hm sgd b]rd
ne rxrsdlr sg]s ]qd ehmhsd hm ]kk chqdbshnmr* khjd ]snlr*
lnkdbtkdr* ]mc lds]k bktrsdqr Z12[- Sghr hr hm bnmsq]rs sn sgd
bnmbktrhnm cq]vm ax Vghsd ds Vk- Z13[ vgn* hm ]m ]ssdlos sn
qdbnmbhkd oqduhntr b]kbtk]shnmr* rs]sdc sg]s* vghkd bnqqdk],
shnm fhudr sgd ]rxlosnshb hl]fd khlhs enq rk]a fdnldsqhdr
�vhsg sgd dwbg]mfd o]qs ne sgd onsdmsh]k rgnvhmf ] 0;y

1

cdodmcdmbd(* dwbg]mfd oqnuhcdr sgd khlhs hm sgd b]rd ne ]
RH lds]k-

Hm CES* sgd bqtbh]k l]fmhstcd sg]s dlanchdr ]kk sgd
Bntknla,ldch]sdc hmsdq]bshnmr ne ] l]mx,dkdbsqnm rxrsdl
hr sgd va dmdqfx etmbshnm]k Avajm* vghbg hm sgd b]rd ne ]m
dkdbsqnm rxrsdl sg]s hr hmu]qh]ms tmcdq sq]mrk]shnmr hm sgd vx

ok]md b]m ad dwoqdrrdc ]r enkknvr9

Avajm ¼ >

�
∞

�∞
cy mðyÞεvajmðyÞ: ð5Þ

vhsg y adhmf sgd bnnqchm]sd mnql]k sn sgd rtqe]bd �knb]sdc ]s
y ¼ �( ne ] RH lds]k nq lds]k rk]a- > hr ] mnql]khy]shnm ]qd]
hm sgd vx ok]md* mðyÞ hr sgd �mtladq( dkdbsqnm cdmrhsx* ]mc
εvajmðyÞ hr sgd onrhshnm,cdodmcdms va dmdqfx odq o]qshbkd*
vghbg vd nas]hm ax sgd bntokhmf,bnmrs]ms hmsdfq]shnm
�]ch]a]shb bnmmdbshnm( enqltk] Z2[

εvajmðyÞ ¼ d
1

1

�
cy

�
�

c
1ρ

;evaðy9 ρ: y
�Þppppppppppppppppppppppppppp

ρ1 þ ðy � y
�Þ1

Z : ð6Þ

vgdqd ;evaðy9 ρ: y
�Þ qdoqdrdmsr sgd �bntokhmf bnmrs]ms ]udq,

]fdc( va gnkd etkehkkhmf sgd ]kk,hlonqs]ms bnmrsq]hms

�
c
1ρ

�
cy

�
evðy9ρ:y

�Þ¼
�

c
1ρ

�
cy

� ;evaðy9ρ:y
�Þ¼�0 ð7Þ

]mc

�
c
1ρ

�
cy

� ;eaðy9 ρ: y
�Þ ¼ � ð8Þ

enq ]kk u]ktdr ne y- ρ hr sgd hm,ok]md bnnqchm]sd- Ogxrhb]kkx*
;evaðy9 ρ: y

�Þ qdoqdrdmsr ] qdfhnm ]qntmc nmd dkdbsqnm �oqnad(
knb]sdc ]s y vgdqd sgd oqna]ahkhsx ne ehmchmf ] rdbnmc
dkdbsqnm �sdrs( knb]sdc ]s ðρ: y

�Þ hr rhfmhehb]mskx qdctbdc ctd
sn sgd O]tkh dwbktrhnm oqhmbhokd �dwbg]mfd( ]mc Bntknla
qdotkrhnm �bnqqdk]shnm(-

Hm sgd b]rd ne ] lds]k rk]a* sgd dwbg]mfd gnkd evðy9 ρ: y
�Þ*

sgd bnqqdk]shnm gnkd ;eaðy9 ρ: y
�Þ* ]mc sgd va gnkd

;evaðy9 ρ: y
�Þ ¼ evðy9 ρ: y

�Þ þ ;eaðy9 ρ: y
�Þ ]qd ]kk dwodbsdc sn

ad knb]khydc �sdrs bnnqchm]sdr ρ: y
�( hm sgd vx ok]md ]mc

vhsghm sgd rk]a enq u]ktdr ne sgd oqnad bnnqchm]sd y vdkk
ntsrhcd sgd rtqe]bd* rn trhmf sgd rtl qtkdr ne Dpr- �7( ]mc
�8( nmd d]rhkx ehmcr Dp- �3(* vhsg mn kd]chmf bnmsqhatshnm
eqnl bnqqdk]shnm Z14[- Hm sgd b]rd ne ] RH lds]k* gnvdudq* sgd
dwbg]mfd gnkd hr jmnvm sn roqd]c* enq k]qfd u]ktdr ne y* e]q
]v]x hmrhcd sgd lds]k Z15[ ]mc sgd va gnkd hr jmnvm sn
roqd]c k]sdq]kkx vhsghm sgd vx ok]md Z16[* rn Dp- �3( hr mns
u]khc ]mxlnqd: hmrsd]c* vd ehmc Dp- �4(* ]r dwok]hmdc adknv-

Enq ] mtldqhb]k ]m]kxrhr ne sgd va dmdqfx odq o]qshbkd
εvajmðyÞ* vd trd sgd ektbst]shnm,chrrho]shnm sgdnqdl sn
nas]hm ;evaðy9 ρ: y

�Þ eqnl sgd jmnvkdcfd ne sgd cdmrhsx,
qdronmrd etmbshnm χð�: ��9ωÞ* vghbg vd b]kbtk]sd* vhsghm ]
idkkhtl lncdk ne sgd lds]k* hm sgd eq]ldvnqj ne SCCES ]s
sgd kdudk ne sgd QO@ Z17[* vdkk jmnvm sn ad dw]bs ]s k]qfd
mnql]k chrs]mbdr ntsrhcd ] lds]k rtqe]bd Z11[-

Ehftqd 0 dwghahsr sgd qdrtksr sg]s vd nas]hm enq εvajmðyÞ
]s u]qhntr u]ktdr ne sgd dkdbsqnm,cdmrhsx o]q]ldsdq nr ]mc
rk]a vhcsgr c ¼ �-�4 �aktd khmdr( ]mc c ¼ 04 �qdc khmdr(*
ansg �c ¼ �-�4 ]mc c ¼ 04( hm tmhsr ne sgd Edqlh v]ud,
kdmfsg λE Z18[- Sgd m]qqnv rk]a �c ¼ �-�4( ]kknvr tr sn
knnj ]s sgd rk]a ]rxlosnshbr ]s c ≪ y* ]mc sgd vhcd rk]a
�c ¼ 04( ]kknvr tr sn knnj ]s sgd RH ]rxlosnshbr ]s
λE ≪ y ≪ c- Sgd hmrds ne Ehf- 0 bkd]qkx rgnvr sg]s hm
sgd ]rxlosnshb khlhs εrk]a

va jmðyÞ ]mc εRH
vajmðyÞ ]qd tmhudqrVk*

h-d-* sgd r]ld enq ]kk u]ktdr ne nr- Sghr hr* hm sgd b]rd ne sgd
RH lds]k* hm bnmsq]rs vhsg sgd dwbg]mfd bnmsqhatshnm ne
Dp- �1(* vghbg hr l]sdqh]k cdodmcdms- Sgd hmrds ne Ehf- 0
]krn rgnvr gnv* ]r vd lnud ]v]x eqnl sgd rtqe]bd*
εrk]a

va jmðyÞ ]mc εRH
vajmðyÞ ]ooqn]bg sgd ]rxlosnshbr ne

Dpr- �3( ]mc �4(* qdrodbshudkx- Hm sgd RH b]rd* sgd ]m]kxshb]k
]mc mtldqhb]k qdrtksr adbnld udqx bknrd* vghbg ]kknvr tr
sn bnmbktcd sg]s sgd ]rxlosnshb adg]uhnq ne εRH

vajmðyÞ hr
hmcddc fhudm ax Dp- �4(- Hm sgd b]rd ne lds]k rk]ar*
εrk]a

va jmðyÞ ]ooqn]bgdr lnqd rknvkx sgd ]rxlosnshb khlhs
ne Dp- �3(-

Vgdsgdq sgd ]rxlosnshbr ne εvajmðyÞ sg]s ]qd uhrhakd hm
Ehf- 0 ]qd cnlhm]sdc ax dwbg]mfd nq ax bnqqdk]shnm b]m ad
rddm hm Ehfr- 1 ]mc 2 �enq sgd RH lds]k ]mc sgd lds]k rk]a*
qdrodbshudkx(* vgdqd sgdrd bnmsqhatshnmr ]qd dwghahsdc
rdo]q]sdkx- Hm sgd b]rd ne sgd RH lds]k �Ehf- 1(* vd rdd
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sg]s* vghkd sgd dwbg]mfd ]rxlosnshbr Zchbs]sdc ax Dp- �1([
]mc sgd bnqqdk]shnm ]rxlosnshbr ]qd ansg bkd]qkx l]sdqh]k
cdodmcdms* sgd etkk εvajmðy � ∞Þ �rdd sgd hmrds( hr tmh,
udqrVk- @s sgd khfgs ne sgd mtldqhb]k qdrtksr chrok]xdc hm
Ehf- 1* vd bnmbktcd sg]s bnqqdk]shnm g]r svn chrshmbs
bnmsqhatshnmr9 �h( ] mnmtmhudqr]k o]qs oqnuhchmf ]m dw]bs
b]mbdkk]shnm �sn sgd nqcdq ne 0;y( vhsg sgd mnmtmhudqr]k
dw]bs,dwbg]mfd ]rxlosnshbr ne Dp- �1( ]mc �hh( ] tmhudqr]k
rtqe]bd,ok]rlnm bnmsqhatshnm ]r hlokdldmsdc ax Rg]l Z6[

]mc ax Ph]m ]mc R]gmh Z05[ enq svajmðyÞ- Hmcddc* sghr
qdl]hmhmf rtqe]bd,ok]rlnm bnmsqhatshnm cnlhm]sdr sgd
]rxlosnshbr Zchbs]sdc ax Dp- �4([ sg]s ]qd uhrhakd hm sgd
hmrds ne Ehf- 1- Sn sgd rtl ne sgd dw]bs,dwbg]mfd bnm,
sqhatshnm ]mc sgd bnqqdk]shnm bnmsqhatshnm ne onhms �h( vd b]kk
rbqddmdc dwbg]mfd* vghbg hm sgd b]rd ne ] RH lds]k cdb]xr
]rxlosnshb]kkx ]r 0;y

1 nq e]rsdq- Sghr rbqddmdc dwbg]mfd
dmdqfx odq o]qshbkd l]x ad bnmrhcdqdc ]r sgd qdrtks ne sgd
hmsdq]bshnm adsvddm ]m dkdbsqnm ]s y ]mc hsr rbqddmdc
dwbg]mfd gnkd-

Hm sgd b]rd ne lds]k rk]ar �rdd Ehf- 2(* nmd ehmcr sg]s
εrk]a

a ðyÞ cdb]xr q]ohckx sn ydqn hm u]bttl ]mc* sgdqdenqd*
cndr mns bnmsqhatsd sn sgd ]rxlosnshbr ne εrk]a

va ðyÞ* ]r nbbtqr
hm sgd b]rd ne rxrsdlr sg]s ]qd ehmhsd hm ]kk chqdbshnmr Z8*12[
]mc hm bnmsq]rs vhsg sgd b]rd ne ] RH lds]k* vgdqd sgd
]rxlosnshbr εRH

vajmðy � ∞Þ ]qd cnlhm]sdc ax bnqqdk]shnm-
Vd bnmbktcd* sgdqdenqd* sg]s hm sgd b]rd ne lds]k rk]ar ansg
εrk]a

v jmðyÞ ]mc εrk]a
va jmðyÞ ]ooqn]bg sgd ]rxlosnshbr ne

Dp- �3(- Vd mnsd* gnvdudq* sg]s ]r hm sgd b]rd ne
εrk]a

v jmðyÞ �rdd* d-f-* Ehf- 1 ne Qde- Z02[(* εrk]a
va jmðyÞ hr

mns etkkx bnmudqfdc �]s sgd u]bttl qdfhnm tmcdq rstcx hm
Ehfr- 0 ]mc 2( ctd sn sgd e]bs sg]s rdbnmc ]mc sghqc nqcdq
bnqqdbshnmr sn Dp- �3( ]qd rshkk qdkdu]ms hm sghr qdfhnm-

Mnv vd enbtr nm sgd va JR onsdmsh]k svajmðyÞ* vghbg hr
sgd etmbshnm]k cdqhu]shud ne sgd va dmdqfx etmbshnm]k Avajm
vhsg qdrodbs sn sgd fqntmc,rs]sd cdmrhsx mðyÞ9

svajmðyÞ ≔ >
�0 δAvajm

δmðyÞ
� ð0/Þ

Hm sgd b]rd ne lds]k rk]ar* sgd dwbg]mfd ]rxlosnshbr ne
Dp- �0( vdqd entmc ansg ]m]kxshb]kkx ]mc mtldqhb]kkx Z01[
ax trhmf sgd noshlhydc deedbshud onsdmsh]k �NDO( enql]khrl
Z21[* sgdqdax chrodkkhmf rnld cntasr sg]s* ]s sgd shld* vdqd
oqdrdms nm sghr hrrtd Z0/[- Hs v]r k]sdq cdlnmrsq]sdc Z02[
sg]s s

rk]a
v ðy � ∞Þ ¼ 1εrk]a

v ðy � ∞Þ Zrdd Dp- �0([* vghbg hr ]

EHF- 1- Rdo]q]sd bnmsqhatshnmr ZεRH
v jmðyÞ ]mc εRH

a jmðyÞ[ sn sgd va

dmdqfx odq o]qshbkd ne ] RH lds]k �c ¼ 04λE( ]s u]qhntr u]ktdr ne
nr* ]r hm Ehf- 0- @m dmg]mbdc uhdv ne sgd ]rxlosnshb qdfhnm hr
rgnvm ]s sgd toodq hmrds- Sgd knvdq hmrds bnms]hmr sgd sns]k va

dmdqfx odq o]qshbkd εRH
vajmðyÞ* snfdsgdq vhsg sgd ]rxlosnshbr ne

Dpr- �3( ]mc �4(* qdoqdrdmsdc ax ak]bj c]rgdc ]mc cnssdc khmdr*
qdrodbshudkx-

EHF- 2- @r hm Ehf- 1* ats mnv enq ] lds]k rk]a �c ¼ �-�4λE(- Hm
sghr b]rd* sgd bnqqdk]shnm dmdqfx odq o]qshbkd εrk]a

a jmðyÞ cndr mns
bnmsqhatsd sn sgd ]rxlosnshbr ne sgd sns]k va dmdqfx odq o]qshbkd
εrk]a

va jmðyÞ* vghbg hr qdoqdrdmsdc ]s sgd hmrds snfdsgdq vhsg sgd
]rxlosnshbr ne Dpr- �3( �c]rgdc khmd( ]mc �4( �cnssdc khmd(-

EHF- 0- Dwbg]mfd,bnqqdk]shnm dmdqfx odq o]qshbkd εrk]a
va jmðyÞ

�aktd khmdr( ]mc εRH
vajmðyÞ �qdc khmdr( enq rk]a vhcsgr c ¼ �-�4

�aktd khmdr( ]mc c ¼ 04 �qdc khmdr(* ansg hm tmhsr ne sgd Edqlh
v]udkdmfsg λE ]mc u]qhntr u]ktdr ne sgd dkdbsqnm,cdmrhsx o]q]l,
dsdq* eqnl nr ¼ 0 �knvdrs aktd ]mc qdc khmdr( sn nr ¼ 5 �ghfgdrs
aktd ]mc qdc khmdr(- Sgd lds]k,rk]a ]mc RH ]rxlosnshbr ne Dpr- �3(
]mc �4( ]qd qdoqdrdmsdc ax ak]bj cnssdc khmdr- Gdqd ]mc hm sgd
enkknvhmf ehftqdr* sgd lds]k,u]bttl hmsdqe]bd hr knb]sdc ]s y ¼ �*
vhsg sgd u]bttl bnqqdronmchmf sn y = � Z2/[- Hmrds9 Dmg]mbdc
uhdv ne sgd ]rxlosnshb qdfhnm- nr ¼ n�;O�* vhsg n� adhmf sgd
unktld odq dkdbsqnm ]mc O� sgd Angq q]chtr- λE ¼ 1�;hE ¼
ð21�1;6Þ0;2

nrO� hr sgd Edqlh v]udkdmfsg-
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g]kkl]qj ne sgd dwbg]mfd hmsdq]bshnm enq ehmhsd rxrsdlr-
Sghr b]m ad rddm ax hmsqnctbhmf Avjm eqnl Dp- �5( hmsn
Dp- �0/( ]mc sgdm dwoknhshmf sgd e]bs sg]s e]q ntsrhcd sgd
rtqe]bd sgd sns]k dkdbsqnm cdmrhsx hr cnlhm]sdc ax sgd
dkdbsqnm cdmrhsx mkðyÞ ne sgd k]rs nbbtohdc �k( JR nqahs]k-
Trhmf Dp- �13( ne Qde- Z02[

s
rk]a
v ðy � ∞Þ ¼ �

1�d
1

ðhk
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�
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1
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Sgd qdrtks hm sgd k]rs khmd hr nas]hmdc ax ehqrs odqenqlhmf sgd
]m]kxshb]k du]kt]shnm ne sgd hmsdfq]k nudq sgd hm,ok]md
bnnqchm]sd ρ* sgdm s]jhmf sgd khlhs h

k

E
y ≫ 0* ]mc ehm]kkx

trhmf sgd mnql]khy]shnm bnmrsq]hms ne ξkðyÞ Z02[- Eqnl
gdqd* hs hr bkd]q sg]s sgd ]rxlosnshb e]bsnq ne 1 adsvddm
s

rk]a
v ðyÞ ]mc εrk]a

v ðyÞ bnldr eqnl sgd hmsqhmrhb rsqtbstqd ne
A

rk]a
v jm* kd]chmf ]rxlosnshb]kkx sn ] pt]cq]shb �G]qsqdd,khjd(

cdodmcdmbd nm sgd dkdbsqnm cdmrhsx ne sgd k]rs nbbtohdc JR
nqahs]k �vgnrd u]qh]shnm]k cdqhu]shud bnmsqhatsdr svhbd(* ]r
dwoqdrrdc hm sgd rdbnmc khmd ne Dp- �00(-

Hm sgd b]rd ne ] RH lds]k* sgd ]rxlosnshbr ne Dp- �2( vdqd
nas]hmdc Z03[ sgqntfg ] lhwdc ]m]kxshb]k ]mc mtldqhb]k
rstcx ne sgd dwbg]mfd,nmkx NDO dpt]shnmr* ax bnmrhcdqhmf
eqnl sgd udqx adfhmmhmf sgd bnmshmtntr ed]stqd ne sgd
dkdbsqnmhb rodbsq]- Sghr qdrtks v]r sgdm bg]kkdmfdc ax Ph]m
Z22[* ats k]sdq bnmehqldc hm Qde- Z23[- @r nbbtqr hm sgd b]rd
ne sgd dwbg]mfd dmdqfx odq o]qshbkd εvjmðyÞ* sgd ]rxlo,
snshbr ne sgd dwbg]mfd JR onsdmsh]k svjmðyÞ ]qd entmc sn
ad tmhudqr]k enq lds]k rk]ar Zrdd Dp- �0([ ats l]sdqh]k
cdodmcdms enq ] RH lds]k* ]r hm Dp- �2(-

Mnv vhsg bnqqdk]shnm* sgd va JR onsdmsh]k svajmðyÞ ne
Dp- �0/( b]m ad b]kbtk]sdc eqnl sgd jmnvkdcfd ne sgd
dkdbsqnm rdke,dmdqfx* ax rnkuhmf sgd rn,b]kkdc Rg]l,
Rbgkössdq hmsdfq]k dpt]shnm Z24[- Ax dw]lhmhmf sgd dkdbsqnm
rdke,dmdqfx rstchdc ax Qtcmhbj enq ] RH lds]k Z25[* Rg]l
Z6[ bnmbktcdc sg]s sgd ]rxlosnshbr ne svajmðyÞ ]qd
cnlhm]sdc ax ] rtqe]bd,ok]rlnm bnqqdk]shnm sdql
sa�rojmðy � ∞Þ* kd]chmf sn sgd enkknvhmf qdrtks9

s
RH
a�rojmðy � ∞Þ ¼ �d

1
;3y: ð01Þ

vghbg dw]bskx bnhmbhcdr vhsg sgd ]rxlosnshbr sg]s vd
nas]hmdc Zrdd Dp- �4( ]mc Ehfr- 0 ]mc 1[ enq sgd va dmdqfx
odq o]qshbkd εvajmðyÞ9

s
RH
vajmðy � ∞Þ ¼ εRH

vajmðy � ∞Þ ¼ �d
1
;3y� ð02Þ

Gdqd* sgdqd hr mn dwsq] e]bsnq ne 1 adsvddm εvajmðyÞ ]mc
svajmðyÞ* ]r sghr dwsq] e]bsnq nmkx nbbtqr �enq lds]k rk]ar( ]s
sgd kdudk ne dwbg]mfd* vgnrd kd]chmf bnmsqhatshnm �sn nqcdq
∼0;y( hr dw]bskx b]mbdkdc nts ax ] enql ne bnqqdk]shnm sg]s
fndr adxnmc sgd rtqe]bd,ok]rlnm bnqqdk]shnm ne Dp- �01(-
Hmcddc* ]ccdc sn sgd dw]bs,dwbg]mfd sdql* sghr enql ne
bnqqdk]shnm kd]cr sn ] rbqddmdc dwbg]mfd bnmsqhatshnm sn
ansg εRH

vajm ]mc s
RH
vajm sg]s cdb]xr ]rxlosnshb]kkx ]r 0;y

1

�]r bnmbktcdc ax Rg]l Z6[* ]ksgntfg qdedqqhmf sn dwbg]mfd
]mc mns sn rbqddmdc dwbg]mfd( nq e]rsdq-

@ ok]rlnm,onkd ]ooqnwhl]shnm sn sgd dkdbsqnm rdke,
dmdqfx v]r ]krn trdc ax Ph]m ]mc R]gmh Z05[ sn nas]hm*
]f]hm* sgd �d

1
;3y ]rxlosnshbr sg]s g]c addm oqduhntrkx

qdonqsdc ax Rg]l Z6[ ]mc bnhmbhcd vhsg sgd vdkk,jmnvm
]rxlosnshbr ne sgd bk]rrhb]k hl]fd onsdmsh]k s

RH
hlðyÞ ne ]

qdbnhkdrr bg]qfdc o]qshbkd ntsrhcd ] RH lds]k rtqe]bd*
cdehmdc ]r g]ke sgd hmctbdc onsdmsh]k ]bshmf nm sgd dwsdqm]k
bg]qfdc o]qshbkd hsrdke-

Dpt]shnm �02( rgnvr sg]s* ]r nbbtqr hm sgd b]rd ne sgd va

dmdqfx odq o]qshbkd εvajmðyÞ* enq ] RH lds]k sgd ]rxlosnshbr
ne svajmðyÞ ]qd tmhudqr]k ]mc cnlhm]sdc ax bnqqdk]shnm Zrdd
Dp- �01([- Enq ehmhsd rk]ar* gnvdudq* sgd bnqqdk]shnm JR
onsdmsh]k sajmðyÞ hr dwodbsdc sn cdb]x �]s y ≫ c( e]rsdq
sg]m 0;y* ]r hm sgd b]rd ne εajmðyÞ �rdd Ehf- 2( ]mc ]krn sgd
bk]rrhb]k hl]fd onsdmsh]k s

rk]a
hl ðyÞ ne ] qdbnhkdrr bg]qfdc

o]qshbkd Z26[* rn* ]r hm sgd b]rd ne dwbg]mfd Zrdd Dp- �0([*
nmd vntkc rhlokx vqhsd

1εrk]a
va jmðy � ∞Þ ¼ s

rk]a
va jmðy � ∞Þ ¼ �d

1
;y� ð03Þ

Sgd qdrtksr oqdrdmsdc gdqd enq sgd ]rxlosnshbr ne sgd va

dmdqfx odq o]qshbkd εvajmðyÞ ]mc sgd va JR onsdmsh]k
svajmðyÞ ]qd rtll]qhydc hm S]akd H* snfdsgdq vhsg sgd
dwhrshmf qhfnqntr ]rxlosnshbr ne sgd dw]bs,dwbg]mfd pt]m,
shshdr εvjmðyÞ ]mc svjmðyÞ ZDpr- �0(��2([- @krn rgnvm hm
S]akd H ]qd sgd ]rxlosnshbr ne sgd bk]rrhb]k hl]fd onsdmsh]k
shlðyÞ ne ] bg]qfdc o]qshbkd hm ] RH ]mc rk]a fdnldsqx- @esdq
sgd u]khc]shnm ax Dmfdk ne sgd dwbg]mfd,nmkx ]rxlosnshbr
enq qd]k lds]k rk]ar Z04[* sgd tmhudqrVk va ]rxlosnshbr fhudm
hm S]akd H rgntkc ad dwodbsdc sn ad u]khc ]krn enq ] qd]k
lds]k rk]a ]mc RH lds]k* adxnmc sgd idkkhtl ]ooqnwhl]shnm
trdc gdqd-

Hm sgd b]rd ne ] RH lds]k* sgd ]rxlosnshbr ne sgd
bnqqdk]shnm,nmkx dmdqfx odq o]qshbkd εajmðyÞ ]mc sgd bnqqd,
k]shnm,nmkx JR onsdmsh]k sajmðyÞ g]ud svn chrshmbs bnm,
sqhatshnmr9 �h( ] l]sdqh]k,cdodmcdms bnqqdk]shnm sg]s dw]bskx
b]mbdkr �sn sgd nqcdq ne ∼0;y( sgd dw]bs,dwbg]mfd sdql ]mc
�hh( ] tmhudqrVk enql ne bnqqdk]shnm sg]s enq sgd JR onsdmsh]k
sajmðyÞ Rg]l Z6[ ]mc Ph]m ]mc R]gmh Z05[ entmc sn ad
nqhfhm]sdc hm sgd rtqe]bd ok]rlnm-

Hm qdsqnrodbshud* sgd tkshl]sd ogxrhb]k qd]rnm enq sgd
cheedqdmbd adsvddm rk]ar ]mc RH lds]kr hr sg]s hm sgd b]rd ne
rk]ar dkdbsqnmr ]qd bnmehmdc hm sgd chqdbshnm odqodmchbtk]q
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sn sgd rtqe]bd* kd]chmf sn ] o]qsh]kkx chrbqdsd dkdbsqnmhb
rodbsqtl sg]s hmghahsr bnqqdk]shnm eqnl etkkx rbqddmhmf sgd
dkdbsqnm,dkdbsqnm hmsdq]bshnm-

Hm rtll]qx* vd g]ud oqdrdmsdc @BEC idkkhtl rdke,
bnmrhrsdms b]kbtk]shnmr ne sgd va dmdqfx odq o]qshbkd
εvajmðyÞ sg]s ]qd ]rxlosnshb]kkx dw]bs hm sgd u]bttl rhcd
ne ansg ]m dwsdmcdc RH lds]k ]mc ] knbVkhydc lds]k rk]a- Vd
ehmc sg]s εvajmðy � ∞Þ hr ]kv]xr mdf]shud* hmudqrdkx
oqnonqshnm]k sn sgd chrs]mbd eqnl sgd rtqe]bd* ]mc tmhudqrVk
�h-d-* dkdbsqnm,cdmrhsx hmcdodmcdms(* sg]mjr sn sgd b]mbdkk],
shnm �hm sgd b]rd ne ] RH lds]k ]mc sn nqcdq ∼0;y( adsvddm
sgd l]sdqh]k,cdodmcdms dw]bs,dwbg]mfd bnmsqhatshnm
εvjmðyÞ ]mc ] enql ne bnqqdk]shnm sg]s fndr adxnmc ]
rtqe]bd,ok]rlnm bnmsqhatshnm* sgtr rgnvhmf sg]s sghr ok]r,
lnm,onkd bnqqdk]shnm rgntkc ad ]ccdc mns sn sgd dw]bs,
dwbg]mfd bnmsqhatshnm ats sn ] rbqddmdc dwbg]mfd: sghr
rgntkc ad s]jdm hmsn ]bbntms enq sgd bnmrsqtbshnm ne
etmbshnm]kr- Rhlhk]q qdrtksr ]qd nas]hmdc enq sgd va JR
onsdmsh]k svajmðyÞ* vghbg �h( hm sgd b]rd ne lds]k rk]ar
�cnlhm]sdc ax dwbg]mfd( hr rhlokx �]rxlosnshb]kkx( svhbd
]r k]qfd ]r εvajmðyÞ ]mc �hh( hm sgd b]rd ne ] RH lds]k hr
cnlhm]sdc ax ] tmhudqrVk rtqe]bd,ok]rlnm bnqqdk]shnm
�]kqd]cx qdonqsdc ax Rg]l Z6[ ]mc ax Ph]m ]mc R]gmh
Z05[( sg]s bnhmbhcdr �]rxlosnshb]kkx( vhsg εvajmðyÞ- Vd
bnmrhcdq sghr sn ad ] ehm]k vnqc enq sgd ]rxlosnshbr ne sgd va

dmdqfx odq o]qshbkd ]mc sgd va JR onsdmsh]k ]s lds]k
rtqe]bdr- Sghr hr hlonqs]ms enq ]kk jhmcr ne dkdbsqnmhb
rsqtbstqd b]kbtk]shnmr ]mc* hm o]qshbtk]q* rtqe]bd,rdmrhshud
ogdmnldm] khjd* d-f-* hl]fd rs]sdr- Z27[-

9bimnvkdceldmsr�Vd sg]mj TmB]EhPS �RMB@C( enq
bnlots]shnm]k qdrntqbdr- B- L- G- vhrgdr sn ]bjmnvkdcfd
sgd ehm]mbh]k rtoonqs qdbdhudc eqnl BNMHBDSne @qfdmshm]
sgqntfg Fq]ms Mn- OHO 011/10/0///30- B- Q- O- vhrgdr sn
]bjmnvkdcfd sgd ehm]mbh]k rtoonqs qdbdhudc eqnl
BNMHBDS ]mc @MOBxS ne @qfdmshm] sgqntfg Fq]msr
Mn- OHO 011/10/0///30 ]mc Mn- OHBS 1/05,0/76-

CVsV VuVhkVahkhsx�Sgd c]s] sg]s rtoonqs sgd ehmchmfr ne
sghr Kdssdq ]qd mns otakhbkx ]u]hk]akd tonm otakhb]shnm
adb]trd hs hr mns sdbgmhb]kkx ed]rhakd ]mc.nq sgd bnrs ne

oqdo]qhmf* cdonrhshmf* ]mc gnrshmf sgd c]s] vntkc ad
oqnghahshud vhsghm sgd sdqlr ne sghr qdrd]qbg oqnidbs- Sgd
c]s] ]qd ]u]hk]akd eqnl sgd ]tsgnqr tonm qd]rnm]akd qdptdrs-

Z0[ @- C- J]ok]m* L- Kdux* ]mc I- O- Odqcdv* Sgd oqdchbshud
onvdq ne dw]bs bnmrsq]hmsr ]mc ]ooqnoqh]sd mnqlr hm cdmrhsx,
etmbshnm]k sgdnqx* @mmt- Qdu- Ogxr- Bgdl- 63* 082 �1/12(-

Z1[ L- Mdjnudd ]mc I- L- Ohs]qjd* Qdbdms oqnfqdrr hm sgd
bnlots]shnm]k l]mx,ancx sgdnqx ne lds]k rtqe]bdr* Bnl,
ots- Ogxr- Bnlltm- 026* 012 �1//0(-

Z2[ Y-,E- Kht* Cdmrhsx etmbshnm]k cdrbqhoshnm ne hmsdqe]bh]k
dkdbsqnmhb rsqtbstqd* Bgdl- Ogxr- Qdu- 3* /202/6 �1/13(-

Z3[ O- Gngdmadqf ]mc V- Jngm* Hmgnlnfdmdntr dkdbsqnm f]r*
Ogxr- Qdu- 025* A753 �0853(: V- Jngm ]mc K- I- Rg]l* Rdke,
bnmrhrsdms dpt]shnmr hmbktchmf dwbg]mfd ]mc bnqqdk]shnm
deedbsr* Ogxr- Qdu- 03-* @0022 �0854(-

Z4[ M- C- K]mf ]mc V- Jngm* Sgdnqx ne lds]k rtqe]bdr9 Hmctbdc
rtqe]bd bg]qfd ]mc hl]fd onsdmsh]k* Ogxr- Qdu- A 6* 2430
�0862(-

Z5[ N- Ftmm]qrrnm* L- Inmrnm* ]mc A- H- Ktmcpuhrs* Cdrbqho,
shnmr ne dwbg]mfd ]mc bnqqdk]shnm deedbsr hm hmgnlnfdmdntr
dkdbsqnm rxrsdlr* Ogxr- Qdu- A 1-* 2025 �0868(-

Z6[ K- I- Rg]l* Dwbg]mfd ]mc bnqqdk]shnm hm cdmrhsx,etmbshnm]k
sgdnqx* Ogxr- Qdu- A 21* 2765 �0874(-

Z7[ @- F- Dfthkty ]mc V- G]mjd* Du]kt]shnm ne sgd dwbg]mfd,
bnqqdk]shnm onsdmsh]k ]s ] lds]k rtqe]bd eqnl l]mx,ancx
odqstqa]shnm sgdnqx* Ogxr- Qdu- A 28* 0/322 �0878(: @- F-
Dfthkty* L- Gdhmqhbgrldhdq* @- Ekdry]q* ]mc V- G]mjd*
Ehqrs,oqhmbhokdr du]kt]shnm ne sgd rtqe]bd a]qqhdq enq ] Jngm,
Rg]l dkdbsqnm ]s ] lds]k rtqe]bd* Ogxr- Qdu- Kdss- 57* 0248
�0881(-

Z8[ B-,N- @klak]cg ]mc T- unm A]qsg* Dw]bs qdrtksr enq sgd
bg]qfd ]mc rohm cdmrhshdr* dwbg]mfd,bnqqdk]shnm onsdmsh]kr*
]mc cdmrhsx,etmbshnm]k dhfdmu]ktdr* Ogxr- Qdu- A 20* 2120
�0874(-

Z0/[ @- Rnknl]shm ]mc U- R]gmh* @m]kxshb]k ]rxlosnshb rsqtbstqd
ne sgd Rk]sdq dwbg]mfd ]mc Jngm,Rg]l dwbg]mfd ]mc
bnqqdk]shnm onsdmsh]kr ]s ] lds]k rtqe]bd* @mm- Ogxr-
�M-X-( 148* 86 �0886(-

Z00[ E- M]rsnr* Dwbg]mfd,nmkx cdmrhsx,etmbshnm]k sgdnqx enq ]
rdlh,hmehmhsd idkkhtl rtqe]bd* Og-C- sgdrhr* Ptddm�r Tmhudq,
rhsx* 1///-

S@AKD H- @rxlosnshbr ne sgd va dmdqfx odq o]qshbkd εvajmðyÞ ]mc sgd va JR onsdmsh]k svajmðyÞ hm sgd u]bttl rhcd
ne ansg ] lds]k rk]a �lhcckd bnktlm( ]mc ] RH lds]k �qhfgs bnktlm(- Sgd vnqjr ax Dmfdk Z04[ ]qd enq mnmidkkhtl
rk]ar-

RK@A �c ≪ y( �dwbg]mfd cnlhm]sdc( RH �λE ≪ y ≪ c( �bnqqdk]shnm cnlhm]sdc(

εvjmðyÞ �d
1
;1y �Z02*04[( �αd

1
;y �Z0/*00[(

εajmðyÞ Jð0;y
1Þ �Sghr vnqj( αd

1
;y � d

1
;3y �Sghr vnqj(

εvajmðyÞ �d
1
;1y �Sghr vnqj( �d

1
;3y �Sghr vnqj* Z10[(

svjmðyÞ �d
1
;y �Z01*04[( d

1 kmðOhEyÞ;ð1�OyÞ �Z03*23[(
sajmðyÞ Jð0;y

1Þ �Sghr vnqj( �d
1 kmðOhEyÞ;ð1�OyÞ

�d
1
;3y �Sghr vnqj(

svajmðyÞ �d
1
;y �Sghr vnqj( �d

1
;3y �Sghr vnqj* Z6[(

shlðyÞ Jð0;y
1Þ �Sghr vnqj( �d

1
;3y
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Z01[ B- L- Gnqnvhsy* R- Qhf]lnmsh* ]mc B- Q- Oqndssn* Jngm,
Rg]l dwbg]mfd onsdmsh]k enq ] lds]kkhb rtqe]bd* Ogxr- Qdu-
Kdss- 86* /157/1 �1//5(-

Z02[ B- L- Gnqnvhsy* K- Bnmrs]mshm* B- Q- Oqndssn* ]mc I- L-
Ohs]qjd* Onrhshnm,cdodmcdms dw]bs,dwbg]mfd dmdqfx enq rk]ar
]mc rdlh,hmehmhsd idkkhtl* Ogxr- Qdu- A 7-* 1240/0 �1//8(-

Z03[ B- L- Gnqnvhsy* B- Q- Oqndssn* ]mc I- L- Ohs]qjd* Knb]khydc
udqrtr dwsdmcdc rxrsdlr hm cdmrhsx etmbshnm]k sgdnqx9 Rnld
kdrrnmr eqnl sgd Jngm,Rg]l dw]bs dwbg]mfd onsdmsh]k*
Ogxr- Qdu- A 70* 0100/5�Q( �1/0/(-

Z04[ Sgd rk]a idkkhtl ]rxlosnshbr εrk]a
v jmðy � ∞Þ ¼ �d

1
;1y

]mc s
rk]a
v jmðy � ∞Þ ¼ �d

1
;y cdqhudc hm Qder- Z01*02[*

qdrodbshudkx* vdqd fdmdq]khydc ax Dmfdk enq sgd b]rd ne qd]k
rk]ar adxnmc sgd idkkhtl lncdk9 D- Dmfdk* Dw]bs dwbg]mfd
ok]md,v]ud ordtcnonsdmsh]k b]kbtk]shnmr enq rk]ar* I- Bgdl-
Ogxr- 03-* 07@4/4 �1/03(: @rxlosnshb adg]uhnq ne dw,
bg]mfd onsdmsh]k ne rk]ar* Ogxr- Qdu- A 78* 1340/4 �1/03(:
Dw]bs dwbg]mfd onsdmsh]k enq rk]ar9 @rxlosnshb adg]uhnq ne
sgd Jqhdfdq,Kh,H]eq]sd ]ooqnwhl]shnm* Ogxr- Qdu- A 86*
/640/1 �1/07(: Dw]bs dwbg]mfd v]ud,ordtcnonsdmsh]k b]k,
btk]shnmr enq rk]ar9 Dwsdmchmf sgd vhcsg ne sgd u]bttl*
Ogxr- Qdu- A 86* 044001 �1/07(: @rxlosnshb Adg]uhnq ne
dw]bs dwbg]mfd enq rk]ar9 Adxnmc sgd kd]chmf nqcdq* Bnl,
ots]shnm 5* 24 �1/07(-

Z05[ Y- Ph]m ]mc U- R]gmh* Pt]mstl ldbg]mhb]k hl]fd onsdmsh]k
sgdnqx* Ogxr- Qdu- A 55* 1/40/2 �1//1(-

Z06[ I- G]qqhr ]mc Q- N- Inmdr* Sgd rtqe]bd dmdqfx ne ] antmcdc
dkdbsqnm f]r* I- Ogxr- E 3* 006/ �0863(-

Z07[ C- B- K]mfqdsg ]mc I- O- Odqcdv* Dwbg]mfd,bnqqdk]shnm
dmdqfx ne ] lds]kkhb rtqe]bd9 V]ud,udbsnq ]m]kxrhr* Ogxr-
Qdu- 04* 1773 �0866(-

Z08[ D- J- T- Fqnrr* I- E- Cnarnm* ]mc L- Odsdqrhkj]* hm Cdmrhsx
EtmbshnmVk Sgdnqx HH* Unk- 070 ne Snohbr hm Btqqdms
Bgdlhrsqx* dchsdc ax Q- E- M]kdv]irjh �Roqhmfdq* Adqkhm*
0885(* o- 70-

Z1/[ I- L- Ohs]qjd ]mc @- F- Dfthkty* Rtqe]bd dmdqfx ne ]
antmcdc dkdbsqnm f]r9 @m]kxrhr ne sgd ]bbtq]bx ne sgd
knb]k,cdmrhsx ]ooqnwhl]shnm uh] Va hmhshn rdke,bnmrhrsdms,
ehdkc b]kbtk]shnmr* Ogxr- Qdu- A 46* 5218 �0887(: Idkkhtl
rtqe]bd dmdqfx adxnmc sgd knb]k,cdmrhsx ]ooqnwhl]shnm9
Rdke,bnmrhrsdms,ehdkc b]kbtk]shnmr* Ogxr- Qdu- A 52*
/34005 �1//0(-

Z10[ K- @- Bnmrs]mshm ]mc I- L- Ohs]qjd* @ch]a]shb,bnmmdbshnm,
ektbst]shnm,chrrho]shnm ]ooqn]bg sn knmf,q]mfd,adg]uhnq ne
dwbg]mfd,bnqqdk]shnm dmdqfx ]s lds]k rtqe]bdr9 @ mtldqhb]k
rstcx enq idkkhtl rk]ar* Ogxr- Qdu- A 72* /64005 �1/00(-

Z11[ Rdd* d- f-* I- L- Ohs]qjd* ]mc I- O- Odqcdv* Lds]k rtqe]bd
dmdqfx9 Odqrhrsdms b]mbdkk]shnm ne rgnqs,q]mfd bnqqdk]shnm
deedbsr adxnmc sgd q]mcnl og]rd ]ooqnwhl]shnm* Ogxr- Qdu-
A 56* /340/0 �1//2(-

Z12[ Q- u]m Kddtvdm ]mc D- I- A]dqdmcr* Dwbg]mfd,bnqqdk]shnm
onsdmsh]k vhsg bnqqdbs ]rxlosnshb adg]uhnq* Ogxr- Qdu- @ 38*
1310 �0883(-

Z13[ H- C- Vghsd* Q- V- Fncax* L- L- Qhdfdq* ]mc Q- I- Mddcr*
Cxm]lhb hl]fd onsdmsh]k ]s ]m @k�000( rtqe]bd* Ogxr- Qdu-
Kdss- 7-* 3154 �0887(-

Z14[ @r enq lds]k rk]ar sgd dwbg]mfd,nmkx* bnqqdk]shnm,nmkx* ]mc
va gnkdr ]s y

� �sdrs dkdbsqnm( ]qd ]kk dwodbsdc sn rs]x knb]khydc
hm sgd vx ok]md* ]mc vhsghm sgd rk]a* sgd bnnqchm]sd y �oqnad
dkdbsqnm( cnlhm]sdr �]r y � ∞( sgd cdmnlhm]snq ne Dp- �6(*
vghbg b]m sgdm ad aqntfgs ntsrhcd sgd hmsdfq]k* sgtr kd]uhmf
sgd mtldq]snq ]knmd- Nmd sgdm b]m trd sgd rtl qtkd ne
Dp- �7( sn cdqhud Dp- �3(* ]mc nmd b]m trd sgd rtl qtkd ne
Dp- �8( sn bnmbktcd sg]s sgdqd hr mn kd]chmf bnmsqhatshnm eqnl
bnqqdk]shnm-

Z15[ U- R]gmh ]mc J-,O- Angmdm* Dwbg]mfd bg]qfd cdmrhsx ]s
lds]kkhb rtqe]bdr* Ogxr- Qdu- A 18* 0/34 �0873(-

Z16[ K- @- Bnmrs]mshm ]mc I- L- Ohs]qjd* Sgd l]mx,ancx dw,
bg]mfd,bnqqdk]shnm gnkd ]s lds]k rtqe]bdr* I- Bgdl- Sgdnqx
Bnlots- 4* 784 �1//8(-

Z17[ D- Sqtrghm* R- E]trdq* @- L©kjmdq* I- Dqg]qc* ]mc @-
F©qkhmf* @bbtq]sd bnqqdk]shnm onsdmsh]kr eqnl sgd rdke,
bnmrhrsdms q]mcnl og]rd ]ooqnwhl]shnm* Ogxr- Qdu- Kdss-
023* /053/1 �1/14(-

Z18[ Sgd mtladq ne nbbtohdc rk]a chrbqdsd JR nqahs]kr �rta,
a]mcr( hr ]ooqnwhl]sdkx chbs]sdc enq ]kk nr ax sgd rk]a vhcsg
c hm tmhsr ne sgd Edqlh v]udkdmfsg λE- Hm bnmrdptdmbd* rk]ar
vhsg cheedqdms nr ats vhsg sgd r]ld rhyd hm tmhsr ne c;λE ]qd
bnlo]q]akd-

Z2/[ Hs rgntkc ad mnsdc sg]s ]s sgd lds]k,u]bttl hmsdqe]bd �vghbg
vd s]jd sn ad knb]sdc ]s y ¼ �(* ntq rdke,bnmrhrsdms JR
dkdbsqnm cdmrhsx mðyÞ chrok]xr ] rlnnsg sq]mrhshnm adsvddm
sgd atkj ]mc u]bttl qdfhnmr- @ sxohb]k okns ne ntq dkdbsqnm
cdmrhsx hr fhudm hm Ehf- 0 ne Qde- Z20[-

Z20[ B- L- Gnqnvhsy* B- Q- Oqndssn* ]mc I- L- Ohs]qjd* Dw]bs,
dwbg]mfd Jngm,Rg]l onsdmsh]k* rtqe]bd dmdqfx* ]mc vnqj
etmbshnm ne idkkhtl rk]ar* Ogxr- Qdu- A 67* /74015 �1//7(-

Z21[ R- Jtlldk ]mc K- Jqnmhj* Nqahs]k,cdodmcdms cdmrhsx etmb,
shnm]kr9 Sgdnqx ]mc ]ookhb]shnmr* Qdu- Lnc- Ogxr- 7-* 2
�1//7(-

Z22[ Y- Ph]m* @rxlosnshb adg]uhnq ne sgd Jngm,Rg]l dwbg]mfd
onsdmsh]k ]s ] lds]k rtqe]bd* Ogxr- Qdu- A 74* 004013 �1/01(-

Z23[ B- L- Gnqnvhsy* B- Q- Oqndssn* ]mc I- L- Ohs]qjd* @rxlo,
snshbr ne sgd lds]k,rtqe]bd Jngm,Rg]l dw]bs dwbg]mfd
onsdmsh]k qduhrhsdc* Ogxr- Qdu- A 0-3* 0440/7 �1/10(-

Z24[ K- I- Rg]l ]mc L- Rbgkösdq* Cdmrhsx,etmbshnm]k sgdnqx ne sgd
a]mc,f]o* Ogxr- Qdu- A 21* 2772 �0874(-

Z25[ I- @- Qtcmhbj* Og-C- sgdrhr* Tmhudqrhsx ne B]khenqmh]* R]m
Chdfn* 086/ �tmotakhrgdc(-

Z26[ Eqnl sgd fdmdq]k dwoqdrrhnm enq sgd hl]fd onsdmsh]k ne ]
bk]rrhb]k bg]qfdc o]qshbkd ntsrhcd ] ehmhsd rk]a ne vhcsg c

vhsg chdkdbsqhb bnmrs]ms ϵ Zrdd* d-f-* L- Jtl]f]h ]mc S-
S]j]f]g]q]* Dwbhsnmhb ]mc mnmkhmd]q,noshb]k oqnodqshdr ne
chdkdbsqhb pt]mstl,vdkk rsqtbstqdr* Ogxr- Qdu- A 3-* 01248
�0878([* vd ehmc s

rk]a
hl ðy ≫ cÞ ¼ �d

1ðϵ1 � 0Þ;ð05ϵy1Þ-
Z27[ O- L- Dbgdmhptd ]mc I- A- Odmcqx* Sgdnqx ne hl]fd rs]sdr ]s

lds]k rtqe]bdr* Oqnf- Rtqe- Rbh- 21* 000 �0878(-
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