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Ctcrnm 9, Hntfgkhm 0 � Thuhrgdi Rtcghp0&1

Eddca]bj nrbhkk]snqr+ bnmrhrshmf ne ]m ]lokh�dq vgnrd ntsots hr o]qsh]kkx edc
a]bj sn hsr hmots+ oqnuhcd rs]akd qdedqdmbdr enq rs]mc]qchy]shnm ]mc rxmbgqn,
mhy]shnm- Mns]akx+ sgd k]rdq hr rtbg ]m nrbhkk]snq vgnrd odqenql]mbd b]m ad
khlhsdc ax pt]mstl fitbst]shnmr- Sgd qdrtkshmf eqdptdmbx hmrs]ahkhsx+ pt]msh,
�dc ax sgd Rbg]vknv,Snvmdr enqltk]+ rdsr ] khlhs sn k]rdq khmdvhcsg- Gdqd+ vd
rgnv sg]s sgd Rbg]vknv,Snvmdr enqltk] ]ookhdr tmhudqr]kkx sn eddca]bj
nrbhkk]snqr adxnmc k]rdqr- Sghr hr adb]trd hs ]qhrdr eqnl pt]mstl mnhrd ]ccdc
ax sgd ]lokh�dq ]mc nts,bntokdq hm sgd eddca]bj knno- Sq]bhmf sgd oqdbhrd
nqhfhm ne pt]mstl mnhrd hm ]m nrbhkk]snq hmenqlr sdbgmhptdr sn rxrsdl]shb]kkx
du]cd hs9 vd rgnv gnv rptddyhmf ]mc dms]mfkdldms b]m dm]akd rta,Rbg]vknv,
Snvmdr khmdvhcsg eddca]bj nrbhkk]snqr- Ntq ]m]kxrhr bk]qh�dr sgd pt]mstl
khlhsr sn sgd rs]ahkhsx ne eddca]bj nrbhkk]snqr hm fdmdq]k+ cdqhudr ] rs]mc]qc
pt]mstl khlhs "RPJ( enq ]kk rtbg cduhbdr+ ]mc pt]msh�dr sgd de�b]bx ne pt]m,
stl rsq]sdfhdr hm qd]khyhmf rta,RPJ nrbhkk]snqr-

Eddca]bj nrbhkk]snqr0“2 rteetrd sgd lncdqm vnqkc+ ]mc sgdhq rs]ahkhsx3+4

cdl]qb]sdr vg]s hr onrrhakd hm dudqx bnmbdhu]akd dmsdqoqhrd- Eqd,
ptdmbx fitbst]shnmr ne nrbhkk]snqr khlhs ld]rtqdldmsr ne chrs]mbd”

trhmf ] q]c]q5+ khc]q6+ nq enq fq]uhs]shnm]k,v]ud cdsdbshnm7“0/”]mc ne
shld trhmf noshb]k ]snlhb bknbjr00- Sgd odqenql]mbd ne hmenql]shnm
oqnbdrrnqr”bk]rrhb]k01“03 nq pt]mstl04+05”]mc bnlltmhb]shnm
rxrsdlr06“08 ]qd ]krn khlhsdc ax sgd rs]ahkhsx ne sgdhq bknbjr- Rn hr ntq
rdmrhshuhsx sn mdv ogxrhbr”]s knv dmdqfx1/ nq trhmf ghfg,dmdqfx
bnkkhcdqr10: ]mc ne ntq ok]mds11+12+ nq sgd tmhudqrd13+14- Dudm lncdqm
dbnmnlhb oq]bshbd hr adgnkcdm sn sgd shbjr ne ] bknbj15-

> o]q]chfl]shb dw]lokd ne ] eddca]bj nrbhkk]snq vgnrd rs]ahkhsx hr
vdkk tmcdqrsnnc hr sgd k]rdq16+17- Hsr eqdptdmbx mnhrd hr fhudm ax sgd
"lnch�dc( Rbg]vknv,Snvmdr "RS( enqltk]18“22+
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enq sgd rxlldsqhydc cntakd,rhcdc rodbsqtl ne sgd eqdptdmbx
cduh]shnm �̂ eqnl sgd nrbhkk]snq�r mnlhm]k ntsots eqdptdmbx �/-
Gdqd+ M/ < ��/�α�1 hr sgd nrbhkk]snq�r ld]m ntsots onvdq ]mc α hr sgd
]lokhstcd ne sgd ld]m ognsnm fitw- Hm ] k]rdq+ sgd eddca]bj dkdldms
hr ] b]uhsx+ vgnrd qntmc,sqho shld hr τ+ ]udq]fd sgdql]k nbbto]shnm hr

ksg < dwoð��/:jASÞ $ 0
# $$0+ ]mc khfgs hr nts,bntokdc sgqntfg ]lhqqnq

vhsg onvdq qdfidbshuhsx η+ dpthu]kdms sn sgd b]uhsx khmdvhcsg
κ < τ$0 km η- Sgd Rbg]vknv,Snvmdr enqltk] hr lnqd bnllnmkx
rodbh�dc ]r ] khmdvhcsg hmrsd]c ne ] rodbsq]k cdmrhsx- Sgd etkk,
vhcsg,]s,g]ke,l]whltl khmdvhcsg Ω ne ] rhfm]k vhsg fi]s eqdptdmbx
mnhrd rodbsqtl hr23+ Ω< _P�̂�̂:ð1πÞ: rn sgd khmdvhcsg bnqqdronmchmf sn
dp- "0( hr
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Vd gdmbdenqsg bnm�md ]ssdmshnm sn sgd odqenql]mbd ne pt]mstl,
mnhrd,khlhsdc nrbhkk]snqr+ bnqqdronmchmf sn sgd b]rd ksg < / "vd ]krn
mdfkdbs bnqqdbshnmr jmnvm sn ]qhrd eqnl sgd bntokhmf ne sdlonq]k ]mc.
nq ro]sh]k lncdr24(-

Hm sghr vnqj+ vd rgnv sg]s sgd Rbg]vknv,Snvmdr khlhs ]ookhdr sn ]
ltbg k]qfdq bk]rr ne eddca]bj nrbhkk]snqr9 sgnrd sg]s ]qd bnmrsqtbsdcax
onrhshud eddca]bj ne sgd ntsots ne ] aqn]ca]mc ]lokh�dq- Hm cnhmf rn+
vd oqdbhrdkx hcdmshex sgd nqhfhm ne sgd RS khlhs+ dwsdmc sgd vdkk,jmnvm
sgdnqx ne pt]mstl mnhrd hm ]lokh�dqr25+26 sn nrbhkk]snqr+ ]mc drs]akhrg ]
aqhcfd adsvddm sgd bk]rrhb]k dkdbsqnmhb sgdnqx ne eddca]bj nrbhkk]snqr
]mc sgd pt]mstl dkdbsqnmhbr ne ] k]rdq- A]rdc nm sgdrd hmrhfgsr+ vd
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sgdm bnmrhcdq ldsgncr ne du]chmf sgd RS antmc ax l]mhotk]shmf sgd
nrbhkk]snqr� pt]mstl rs]sdr-Vd �mc sg]s rptddyhmf+ dms]mfkdldms+ ]mc
og]rd,rdmrhshud ]lokh�b]shnm hm eddca]bj nrbhkk]snqr ]kknv tr sn
]bghdud rs]ahkhsx adxnmc sgd Rbg]vknv,Snvmdr khlhs+ oqnuhchmf ] mdv
]udmtd snv]qc qd]khyhmf tksq],rs]akd nrbhkk]snqr-

Pdrtksr
PtTmstl eddcaTbi nrbhkkTsnqr
Vd bnmrhcdq+ hm Ehf- 0>+ sgd rhlokdrs bnm�ftq]shnm ne ] eddca]bj
nrbhkk]snq bnmrhrsdms vhsg sgd k]vr ne pt]mstl ogxrhbr9 ] og]rd,
hmrdmrhshud ]lokh�dq vhsg khmd]q f]hmC dladccdc hm ] eddca]bj knno ne
shld cdk]x τ+ vgnrd ntsots+ adb]trd ne sgd mn,bknmhmf sgdnqdl27+ hr
dwsq]bsdc eqnl sgd knno trhmf ] ad]l,rokhssdq- Bkd]qkx+ sgd lncd ;T/

]ccr pt]mstl mnhrd ]s sgd nts,bntokdq-
Hm sgd ]ardmbd ne sgd eddca]bj knno+ sgd nardqu]shnm ne G]tr,

B]udr25+26 hr sg]s sgd bk]rrhb]k hmots,ntsots qdk]shnm g;T$ntsh<C ;Thm

% &
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b]mmns ad oqnlnsdc sn sgd qdk]shnm adsvddm nodq]snqr
;T$ntsðsÞ <C;ThmðsÞ+ rhmbd sg]s hr hmbnmrhrsdms vhsg sgd bnllts]shnm qdk],
shnmr "gdqd g+ i∈ zhm+ nts{(

y;TgðsÞ+;T
p
i ðs
)Þð< δðs $ s)Þδgi � ð2Þ

Bnmrhrsdmbx b]m ad ]bghdudc axlnchexhmf sgd hmots,ntsots qdk]shnm sn

;T$ntsðsÞ <C;ThmðsÞ *
qqqqqqqqqqqqqq
C1 $ 0

o
;TpFðsÞ+ ð3Þ

vgdqd sgd ]mbhkk]qx lncd ;TF hr rtbg sg]s y;TFðsÞ+;T
p
Fðs
)Þð< δðs $ s)Þ ]mc

g;TFðsÞh </- Ogxrhb]kkx+ hs bnmudxr tm]unhc]akd mnhrd ]ccdc ax sgd
]lokh�dq�r hmsdqm]k cdfqddr ne eqddcnl21+28-

Sgdrd nardqu]shnmr cn mns ]ookx vgdm sgd eddca]bj knno hr
bknrdc- Ehqrs+ onrhshud eddca]bj vhkk kd]c sn ] k]qfd ld]m �dkc ]s sgd
hmots ne sgd ]lokh�dq+ vghbgvhkk r]stq]sd hsr ntsots ctd sn sgd hmsqhmrhb
mnmkhmd]qhsx ne sgd ]lokh�dq- Mnsd sg]s mnmkhmd]qhsx hm sgd qdronmrd hr ]
etmc]ldms]k qdpthqdldms ne ]mx ogxrhb]k ]lokh�dq rhmbd hsr f]hm ]qhrdr
eqnl ]m dwsdqm]k rntqbd vgnrd dmdqfx cdmrhsx g]r sn ad �mhsd: hs hr
oqdbhrdkx sghr mnmkhmd]qhsx sg]s vhkk cdsdqlhmd sgd ]lokhstcd ne sgd
nrbhkk]shmf ntsots�dkc "]r chrbtrrdc adknv(- Rdbnmc+ sgd bnllts]shnm
qdk]shnmr hm dp- "2( nmkx ]ookx sn eqddkx oqno]f]shmf �dkcr+ mns sgnrd
hmrhcd ] eddca]bj knno3/+30- Vd vhkk mnv qdrnkud sgdrd hrrtdr ]mc rgnv
sg]s ] oqnodq ]bbntms ne sgd r]stq]shnm adg]uhnq kd]cr sn sgd sgqdrgnkc
bnmchshnm enq nrbhkk]shnm9 ’f]hm < knrr–+ vghkd ] oqnodq hlonrhshnm ne sgd

bnllts]shnm qdk]shnm fhudr sgd bnqqdbs pt]mstl mnhrd ne sgd
nrbhkk]snq-

QTstqTshnm� rsdTcw,rsTsd� Tmc khmdTq fThm
Sgdmnmkhmd]q hmots,ntsots adg]uhnq ne sgd "ldlnqxkdrr( ]lokh�dq b]m
ad b]rs ]r

α$
ntsðsÞ<�ðαhmðsÞÞ+ ð4Þ

vgdqd+ αg < ;Tg
% &

"g∈ zhm+ nts{( hr sgd ld]m ]lokhstcd+ ]mc �ð%Þ hr sgd
mnmkhmd]q f]hm etmbshnm vghbg vd onrstk]sd g]r sgd enkknvhmf oqnodq,
shdr9 "0(�ð$tÞ< $�ðtÞ+ h-d-+ sgd ]lokh�dq hr rxlldsqhb ]mc ahonk]q: "1(
c�
ct =/ 2 t+ h-d-+ sgd ]lokh�dq�r ntsots hr ] lnmnsnmhb]kkx hmbqd]rhmf
etmbshnm ne hsr hmots: "2( �ðt� /Þ� C/t enq rnld C/ = 0:
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sgdqd dwhrsr ] ’rl]kk rhfm]k– qdfhld ne khmd]q f]hmC/+ rtbg sg]s sghr f]hm
hr k]qfdq sg]m sgd knrr uh] sgd nts,bntokdq+ o]q]ldsqhydc ax
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: ]mc+ "3(
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ct1 ; /+ h-d-+ sgd hmrs]ms]mdntr f]hm+ c�
ct + hr ] lnmnsnmhb]kkx cdbqd]rhmf

etmbshnm ne sgd ]lokh�dq�r hmots- "Sgd vd]jdq bnmchshnm sg]s c1
�

ct1 ;/ ]s
sgd rl]kkdrs u]ktd ne t enq vghbg c�

ct < 0:
qqq
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hr rte�bhdms sn dmrtqd rs],
ahkhsx ]f]hmrs hm�mhsdrhl]k odqstqa]shnmr: bnmchshnm "3( dmrtqdr rs]ah,
khsx ]f]hmrs �mhsd odqstqa]shnmr+ rdd ’Ldsgncr– rtardbshnm ’R]stq]shmf
adg]uhnq ne og]rd,hmrdmrhshud eddca]bj nrbhkk]snqr ]mc bk]rrhb]k
rsd]cx rs]sd–(-

Sgd ntsots ne sgd ]lokh�dq α$
ntsðsÞ oqno]f]sdr sgqntfg sgd eddc,

a]bj knno ]mc ]ood]qr ]r

αhmðsÞ < $
qqq
η
k

α$
ntsðs $ τÞ*

qqqqqqqqqqq
0$ η

o
α/ðs $ τÞ ð5Þ

]s sgd hmots ne sgd ]lokh�dq- Sgd bk]rrhb]k+ mnmkhmd]q+ hmots,ntsots
qdk]shnmr+ dpr- "4( ]mc "5(+ snfdsgdq vhsg sgd onrstk]sdr ne sgd mnmkhmd]q
f]hm+ �+ rte�bd sn cdsdqlhmd sgd nrbhkk]snq�r bk]rrhb]k rsd]cx,rs]sd- >r
chrbtrrdc hm cds]hk hm ’Ldsgncr–+ sgd nrbhkk]snq vhkk adfhm ]s ]m tmrs]akd
dpthkhaqhtl onhms vhsg ydqn ntsots �dkc ]lokhstcd- >mx odqstqa]shnm+
rtbg ]r mnhrd+ vhkk sgdm jhbj sgd nrbhkk]snq ]v]x eqnl sgd tmrs]akd
dpthkhaqhtl ]mc hmhsh]sd nrbhkk]shnmr+ itrs ]r hm ] k]rdq31- Rl]kk rhfm]k
]m]kxrhr rgnvr sg]s sghr nrbhkk]snqx rs]sd hr rs]akd he sgd hm,knno �dkc
]lokhstcd+ αrr+ r]shr�dr

i�yαrrði<αrr:
qqq
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Sgd bnqqdronmchmf ntsots+ α <
qqq
η
k

αrr+ cdsdqlhmdr sgd nrbhkk]snq�r
]lokhstcd ]mc rdqudr ]r sgd og]rd qdedqdmbd enq pt]mstl fitbst]shnmr

Dhf- . y MgwrhbRk Rmc RarsqRbsdc eddcaRbi nrbhkkRsnqr- 4 rgnvr ] lhmhl]k ]arsq]bs
qdoqdrdms]shnm ne nrbhkk]snqr a]rdc nm og]rd,hmrdmrhshud ]lokh�dqr+ vgdqd sgd
]lokh�dq ntsots hr edc a]bj vhsg ] tmhs]qx dkdldms+ gdqd lncdkdc ax ] ad]l,
rokhssdq- Ogxrhb]k dw]lokdr ne rtbg nrbhkk]snqr hmbktcd k]rdqr ]mc og]rd,rghes nrbhk,
k]snqr- A rgnvr ] rhlhk]q ]arsq]bshnm enq sgd og]rd,rdmrhshud b]rd vgdqd sgd ntsots
ne ] og]rd,rdmrhshud ]lokh�dq "c]rgdc qdbs]mfkd+ bnlonrdc ne ] og]rd,hmrdmrhshud
]lokh�dq enkknvdc ax ]m hcd]k rptddydq( hr edc a]bj- Ogxrhb]k dw]lokdr ne og]rd,

rdmrhshud nrbhkk]snqr hmbktcd noshb]k o]q]ldsqhb nrbhkk]snqr "NONr( ]mc Inrdogrnm
o]q]ldsqhb nrbhkk]snqr "IONr(- B hr ] og]rd,ro]bd ch]fq]l rgnvhmf ] rjdsbg ne sgd
b]qqhdq �dkc "qdc( ]mc u]bttl fitbst]shnmr "nq]mfd( hm sgd svn pt]cq]stqdr ;p+;n-
Sgdrd fitbst]shnmr b]trd sgd nrbhkk]snqr} ]lokhstcd ]mc og]rd sn fitbst]sd- C rgnvr
] eqdptdmbx,cnl]hm ohbstqd ne sgd b]qqhdq "qdc( sg]s hr rdkdbshudkx ]lokh�dc ax sgd
nudqk]oohmf f]hm oqn�kdr ne sgd hm,knno ]lokh�dq "ak]bj( ]mc sgd qdrnm]ms g]qln,
mhbr ne sgd eddca]bj knno "fq]x(-
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vghbg vhkk ad chrbtrrdc sgqntfgnts sghr o]odq- Sgd khmd]q f]hm ne sgd
]lokh�dq hm sghr rsd]cx rs]sd hr "rdd ’Ldsgncr– rtardbshnm ’R]stq]shmf
adg]uhnq ne og]rd,hmrdmrhshud eddca]bj nrbhkk]snqr ]mc bk]rrhb]k rsd]cx
rs]sd–(

C & khl
s�*0

α$
ntsðsÞ:αhmðsÞ < 0:

qqq
η
k

� ð7Þ

Sghr dpt]shnm g]r sgd enql ’f]hm < knrr– ]mc cd�mdr sgd khmd]q f]hm rddm
ax sgdpt]mstlfitbst]shnmr sg]s qhcd nm snone sgd bk]rrhb]k rsd]cx,rs]sd-

PtTmstl �tbstTshnmr
>qntmc sgd rsd]cx rs]sd+ sgd "Gdhrdmadqf,ohbstqd( nodq]snqr qdoqd,
rdmshmf sgd pt]mstl fitbst]shnmr r]shrex sgd rds ne khmd]q dpt]shnmr9

;T$ntsy�ð <C ;Thmy�ð*
qqqqqqqqqqqqqq
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;Thmy�ð < dg�τ;T*
ntsy�ð+

ð8Þ

vghbg vd dwoqdrr hm sdqlr ne sgdhq Entqhdq sq]mrenqlr- Gdqd C hr sgd
khmd]q f]hm ne sgd ]lokh�dq+ sgd ]mbhkk]qx lncd ;TF cdrbqhadr sgd tm],
unhc]akd mnhrd ]rrnbh]sdc vhsg ]lokh�b]shnm+ ]mc sgd k]rs dpt]shnm hr
sgd Entqhdq sq]mrenql ne sgd shld,cnl]hm qdk]shnm+ ;T$hmðsÞ< ;T*

ntsðs $ τÞ+
dwoqdrrhmf sgd cdk]x hm sgd eddca]bj o]sg- Mnsd sg]s vd s]jd sgd
]lokh�dq�r f]hm sn ad eqdptdmbx,hmcdodmcdms enq eqdptdmbhdr bnlo]q,
]akd sn sgd hmudqrd cdk]x ne sgd knno-

Sgd pt]mstl rs]shrshbr ne sgd ]mbhkk]qx lncd+ ;TF+ hm bknrdc,knno
nodq]shnm "h-d-+ / ; η ; 0( mddc mns bnhmbhcd vhsg sgnrd hm nodm,knno
nodq]shnm "η < /(25+26+32- Hm sgd bknrdc,knno bnm�ftq]shnm+ rhmbd sgd
]mbhkk]qx lncd hr mns eqddkx oqno]f]shmf+ hs mddc mns r]shrex sgd bnl,
lts]shnm qdk]shnmr "sgd Entqhdq sq]mrenql ]m]knf ne dp- "2((

y;Tgy�ð+;T
p
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ne ] eqddkx oqno]f]shmf �dkc3/+30- Gnvdudq+ sgd �dkcr hm,bntokdc
]mc nts,bntokdc eqnl sgd nrbhkk]snq+ ;T/ ]mc ;Tnts+ ]qd eqddkx
oqno]f]shmf ]mc ltrs nadx dp- "0/(- Sn dmenqbd sghr bnmrsq]hms+
vd rnkud dp- "8( dwoqdrrhmf sgd ntsots hm sdqlr ne sgd hm,bntokdc
]mc ]mbhkk]qx �dkcr9

;Tntsy�ð <G/y�ð;T/y�ð *GFy�ð;T
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vgdqd sgd sq]mredq etmbshnmr ]qd
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0 * dg�τ
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Gdqd vd g]ud ]rrtldc rsd]cx,rs]sd nodq]shnm hm vghbg Wdp- "7([
C
qqq
η
k

< 0- Hmrhrshmf sg]s ;Tnts ]mc ;T/ r]shrex dp- "0/(+ enqbdr sgd ]mbhkk]qx
lncd sn r]shrex
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)ðð <
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1 $ 0

iGFy�ði
1 1π % δy�*�)ð

< 1π % δy�*�)ð+
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vgdqd vd g]ud trdc sgd e]bs sg]s �G/W�[�1 � �GFW�[�1 < 0- Sgtr+ ]ksgntfg
;TF hr mns eqddkx oqno]f]shmf+ hs nadxr sgd trt]k b]mnmhb]k bnllts]shnm
qdk]shnm-

Ltsots rodbsqtl Tmc QbgTvknv,Snvmdr enqltkT
Ntq hmsdqdrs hr hm sgd ]lokhstcd ]mc og]rd pt]cq]stqdr ne sgd ntsots
�dkc- Enq ]m ]qahsq]qx �dkc ;Tg+ sgdrd ]qd cd�mdc ax ;pg < ð;Tpg * ;TgÞ:
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]mc
;ng < gð;T

p
g $ ;TgÞ:
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- Dpt]shnm "00( b]m sgdm ad vqhssdm ]r

;pntsy�ð<G/y�ð;p/y�ð*GFy�ð;pFy�ð
;nntsy�ð<G/y�ð;n/y�ð $ GFy�ð;nFy�ð

ð03Þ

>rrtlhmf sg]s sgd hm,bntokdc ]mc ]mbhkk]qx lncdr ]qd hm tmbnqqdk]sdc
u]bttl rs]sdr+ h-d-+ _P

/
pp < _P

/
nn < _P

F
pp < _P

F
nn < 0

1 ]mc ]kk bqnrr,rodbsq] ]qd
hcdmshb]kkx ydqn WRtookdldms]qxMnsd H[+ sgd ntsots pt]cq]stqd rodbsq]
]qd _P

nts
pp y�ð< _P

nts
nn y�ð <

0
1 ðiG

1
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1
Fy�ðiÞ- Trhmf sgd dwokhbhs enqlr ne

sgd sq]mredq etmbshnmr Wdp- "01([

_P
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nts
nn y�ð<

ð
qqq
η
k

$ 0:
qqq
η
k

Þ1

3bnr1ð�τ:1Þ
*

0
1

� ð04Þ

Sgd eqdptdmbhdr �k∣ "1k * 0(π.τ "enq rnld hmsdfdq k( ]s vghbg
sgdrd rodbsq] ]qd rhmftk]q ]qd sgd onkdr ne sgd sq]mredq etmbshnmr
G/+GF+ ]mc ]qd sgdqdenqd sgd eqdptdmbhdr ne rsd]cx,rs]sd nrbhkk],
shnmr ne sgd bknrdc knno- Ogxrhb]kkx+ sgdx bnqqdronmc sn bnm,
rsqtbshud hmsdqedqdmbd ]esdq rtardptdms sq]udqr]kr ne sgd eddca]bj
knno- Hm ] oq]bshb]k nrbhkk]snq+ sgd f]hm CW�[ hr sxohb]kkx dmfhmddqdc
sn rtrs]hm nmkx nmd rsd]cx rs]sd ]s+ r]x+ eqdptdmbx �/ ]r hm Ehf- 0C-
Sgdm sgd ntsots �dkc g]r ] rhmfkd b]qqhdq ne ]lokhstcd α <

qqq
η
k

αrr

sg]s kd]jr nts ne sgd knno- Sgd ]anudldmshnmdc pt]cq]stqdr sgdm
qdoqdrdms fitbst]shnmr ]qntmc sghr b]qqhdq- Cd�mhmf ] eqdptdmbx
neerds ω eqnl sgd b]qqhdq+ h-d-+ � <�/ * ω vgdqd ωτ≪ 0+ sgd og]rd
pt]cq]stqd rodbsqtl hm dp- "04( ]rrtldr sgd ]ooqnwhl]sd enql

_P
nts
nn y�/ *ωð≈

ð
qqq
η
k

$ 0:
qqq
η
k

Þ1

ðωτÞ1
*

0
1

� ð05Þ

Sgd �qrs sdql hr sgd md]q,b]qqhdq Jnqdmsyh]m,rg]odc u]bttl mnhrd ne
sgd nrbhkk]snq�r ntsots vghkd sgd rdbnmc sdql hr sgd ]v]x,eqnl,b]qqhdq
vghsd u]bttl mnhrd-

>r hs g]oodmr+ sgd md]q,b]qqhdq mnhrd cdrbqhadc ax sgd �qrs sdql
hm dp- "05( hr dpthu]kdms sn sgd Rbg]vknv,Snvmdr enqltk]- Sn rdd sghr+
vd cdrbqhad sgd og]rd fitbst]shnm ne sgd ntsots �dkc ax
sgd nodq]snq32+33+ ;�≈ ;nnts:ð

qqq
1
k
iαiÞ- "Mnsd sg]s hs hr sgd k]qfd ognsnm

fitw ne sgd ntsots �dkc �α�1 sg]s hm sghr hmrs]mbd bhqbtludmsr sgd
sdbgmhb]k che�btkshdr hm bnmrsqtbshmf ] gdqlhsh]m og]rd nodq]snq34+35(-
Sgtr sgd eqdptdmbx rodbsqtl ne sgd ntsots ]qntmc sgd b]qqhdq
hr _P�̂�̂y�/ *ωð<ω1_P��y�/ *ωð< ðω1:1iαi1Þ_Pnts

nn y�/ *ωð- Trhmf dp- "05(+

Dhf- 1 y MgRrd mnhrd ne eddcaRbi nrbhkkRsnq-Sgd ntsots og]rd pt]cq]stqd rodbsqtl
ne ] eddca]bj nrbhkk]snq vhsg ] og]rd,hmrdmrhshud hm,knno ]lokh�dq hr vdkk ]ooqnwh,
l]sdc md]q sgd b]qqhdq ax ] rdbnmc,nqcdq onkd+ oqnctbhmf ] Jnqdmsyh]m khmd rg]od-
Qdc rgnvr sgd Rbg]vknv,Snvmdr bnlonmdms ne sgd khmd rg]od md]q sgd b]qqhdq+
vghkd fqddm rgnvr sgd etkk oqdchbshnm Wdp- "05([ hmbktchmf sgdvghsd u]bttlmnhrd e]q
eqnl b]qqhdq "fq]x khmd(-
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sghr hr

_P
RS
�̂�̂y�/ *ωð ≈

ð
qqq
η
k

$ 0:
qqq
η
k

Þ1

1τ1iαi1
*

ðωτÞ1

3τ1iαi1
≈
ð0 $ ηÞ1

1τ1iαi1
� ð06Þ

Gdqd vd g]ud nlhssdc sgd rdbnmc sdql+ vghbg ]qhrdr eqnl sgd
eqdptdmbx,hmcdodmcdms u]bttl mnhrd ’0

1– hm dp- "05(+ ]mc hr mdfkhfhakd
bknrd sn sgd b]qqhdq- Sgd qdrtkshmf dwoqdrrhnm hr sgd Rbg]vknv,Snvmdr
enqltk] hm hsr qdfhld ne ]ookhb]ahkhsx "] k]rdq vhsg ] ghfgkx qdfidbshud
nts,bntokdq+ h-d-+ η ≈ 0+ hm vghbg b]rd dpr- "06( ]mc "0( ]fqdd sn
Gyð0 $ ηÞ2ð(- Ehftqd 1 bnlo]qdr ] pt]mstl mnhrd,khlhsdc nrbhkk]snq�r
dw]bs ntsots og]rd rodbsqtl sn sgd Rbg]vknv,Snvmdr enqltk]-
Bkd]qkx+ sgd Rbg]vknv,Snvmdr enqltk] enq ] pt]mstl,khlhsdc eddc,
a]bj nrbhkk]snq+ vghbg vd gdmbdenqsg s]jd sn ad dp- "06(+ ]qhrdr eqnl
pt]mstl u]bttl mnhrdr ]ccdc ax sgd hm,knno ]lokh�dq ]mc sgd nts,
bntokdq-

QsTmcTqc ptTmstl khlhs enq eddcaTbi nrbhkkTsnqr
Vd vhkk mnv cdqhud ] sq]cd,nee adsvddm sgd og]rd ]mc ]lokhstcd
fitbst]shnmr ne sgd ntsots ne ] eddca]bj nrbhkk]snq+ bnmsdwst]khyd sgd
Rbg]vknv,Snvmdr enqltk] vhsghm hs+ hkktrsq]sd gnv rptddydc �dkcr b]m
gdko du]cd sgd Rbg]vknv,Snvmdr khlhs enq sgd og]rd ]s sgd dwodmrd ne
hmbqd]rdc onvdq fitbst]shnmr+ ]mc �m]kkx+ gnv dms]mfkdc �dkcr nq ]
og]rd,rdmrhshud hm,knno ]lokh�dq b]m bhqbtludms sgd sq]cd,nee
]ksnfdsgdq-

Sgd ntsots �dkc pt]cq]stqdr r]shrex sgd b]mnmhb]k bnllts]shnm
qdk]shnmr y;pntsðsÞ+;nntsðs

)Þð< g δðs $ s)Þ- Sghr e]bs ]knmd hlokhdr sg]s "rdd
Sgdnqdl 0 hm ’Ldsgncr–(

_P
nts
pp y�ð_P

nts
nn y�ð ≥

0
3

� ð07Þ

] Gdhrdmadqf tmbdqs]hmsx oqhmbhokd enq sgd rodbsq] ne sgdrd pt]c,
q]stqdr- Sghr bnmrsq]hms hr hmcdodmcdms ne sgd ogxrhbr ne ] eddca]bj
nrbhkk]snq ]mc hr sgtr snn k]w-

Sn cdqhud ] shfgsdq bnmrsq]hms+ vd trd dp- "03( sn qdk]sd sgd ntsots
rodbsq] sn sgd hm,bntokdc ]mc ]mbhkk]qx rodbsq]- Enq d]bg pt]cq]stqd
t < zp+ n{+

_P
nts
tt < iG/i

1_P
/
tt * iGFi

1_P
F
tt ' 1Qd G)

/GF
_P
/+F
tt

Z h

≥ 1iG/GFi
qqqqqqqqqqqqqq
_P
/
tt

_P
F
tt

p
$ i_P/+F

tt i
ffi "

+
ð08Þ

vgdqd vd g]ud trdc sgd mns]shnm _P
/+F
pp & _Pp/pF

dsb- Sgd hmdpt]khsx enk,

knvr eqnl sgd e]bs sg]s T* a≥ 1
qqqqqq
Ta
k

+ u]khc enq ]mx T+ a ≥ /+ ]mc sg]s ��x�
≤ Qd"x( ≤ �x� enq ]mx bnlokdw mtladq x- Hm sgd �qrs khmd ne dp- "08(+ sgd
oktr rhfm ]ookhdr enq sgd ]lokhstcd pt]cq]stqd ]mc sgd mdf]shud rhfm
enq sgd og]rd pt]cq]stqd- Gnvdudq+ sgd hmdpt]khsx ]ookhdr enq ansg
pt]cq]stqdr- Trhmf dp- "08(+ vd �mc sg]s sgd ntsots pt]cq]stqd rodbsq]
r]shrex sgd bnmrsq]hms

_P
nts
pp

_P
nts
nn ≥3iG/GFi

1
qqqqqqqqqqqqqq
_P
/
pp

_P
F
pp

p
$ i_P/+F

pp i
ffi " qqqqqqqqqqqqqq

_P
/
nn

_P
F
nn

p
$ i_P/+F

nn i
ffi "

+ ð1/Þ

vghbg ]ookhdr sn ]kk og]rd,hmrdmrhshud eddca]bj nrbhkk]snqr-
He vd ]rrtld sgd lncdr ;T/ ]mc ;TF ]qd tmbnqqdk]sdc+ sgd bqnrr,

sdqlr _P
/+F
pp ]mc _P

/+F
nn u]mhrg- Adb]trd sgd lncdr ;T/ ]mc ;TF r]shrex sgd

b]mnmhb]k bnllts]shnm qdk]shnmr+ hs enkknvr sg]s sgdhq pt]cq]stqdr
r]shrex sgd tmbdqs]hmsx oqhmbhokd "rdd Sgdnqdl 0 hm ’Ldsgncr–(
_P
g
pp

_P
g
nn ≥

0
3 enq d]bg lncd g < z/+ F{- Sgtr dp- "1/( qdctbdr sn

_P
nts
pp

_P
nts
nn ≥ iG/GFi

1 < iG/i
1 iG/i

1 $ 0
' (

� ð10Þ

Sghr hr ] rs]sd,hmcdodmcdms bnmrsq]hms nm sgd fitbst]shnmr hm sgd ntsots
�dkc ne ] eddca]bj nrbhkk]snq enqldc ax onrhshud eddca]bj ne ] og]rd,
hmrdmrhshud ]lokh�dq hm sgd ]ardmbd ne pt]mstl bnqqdk]shnmr adsvddm
hsr hm,bntokdc ]mc ]mbhkk]qx lncdr-

Vd s]jd dp- "10( sn ad ] enqlne ] rs]mc]qc pt]mstl khlhs "RPJ( enq
sgd ntsots ne ] eddca]bj nrbhkk]snq "�rs]mc]qc– gdqd ld]mhmf sgd rds,
shmf vgdqd mn ]cchshnm]k pt]mstl rsq]sdfhdr ]qd dloknxdc(- >qntmc
sgd b]qqhdq+ vgdqd �G/�≫ 0+ dp- "10( hr ltbg shfgsdq sg]m sgd Gdhrdmadqf
tmbdqs]hmsx oqhmbhokd hm dp- "07(- Hmcddc+ sgd Rbg]vknv,Snvmdr khlhs hr
]m hmrs]mbdne dp- "10(- Snvhs+ mnsd sg]s enq eqdptdmbhdr md]q sgd b]qqhdq+
�G/�≫ 0+ rn dp- "10( hlokhdr _P

nts
pp

_P
nts
nn ≳ iG/i

3- Sgd Rbg]vknv,Snvmdr khlhs
hr sgd b]rdvgdqd sghr hmdpt]khsx hr r]stq]sdc ax ]m dpt]k o]qshshnmhmf ne
fitbst]shnmr adsvddm sgd svn ntsots pt]cq]stqdr+ h-d-+
_P
nts+RS
pp ≈ _P

nts+RS
nn ≈ iG/i

1- Sgtr+ enq ] eddca]bj nrbhkk]snq vhsg ] khmd]q
]lokh�dq ]mc khmd]q ntsots bntokdq+ ]r knmf ]r sgdlncdr ;T/ ]mc ;TF ]qd
hmcdodmcdms+ ]mc sgd ]lokh�dq hr og]rd,hmrdmrhshud+ ]mx ]ssdlos sn
qdctbd eqdptdmbx fitbst]shnmr adknv sgd Rbg]vknv,Snvmdr khlhs”ax
dmfhmddqhmf sgd nts,bntokdq nq ]mbhkk]qx rs]sdr”vhkk dkhbhs hmbqd]rdc
fitbst]shnmr hm sgd ntsots onvdq ne sgd nrbhkk]snq- >mx ]mc ]kk ne sgdrd
]rrtloshnmr b]m ad qdk]wdc sn du]cd sgd RPJ vhsg u]qxhmf cdfqddr ne
l]kkd]ahkhsx-

OgTrd,hmrdmrhshud hm,knno Tlokhfldq- rptddyhmf Tmc
dmsTmfkdldms
Hs hr ]oo]qdms sg]s sgd antmc hm dp- "1/( b]m ad vd]jdmdc ax bnqqd,
k]shmf sgd lncdr ;T/+;TF- Sn dwokhb]sd sghr+ vd enbtr nm sgd pt]cq]stqd
fitbst]shnmr md]q sgd b]qqhdq ax dwoqdrrhmf dp- "03( ]s sgd neerds eqd,
ptdmbx �/ *ω

;pntsyωð ≈G/yωð ;p/yωð $ ;pFyωð
' (

;nntsyωð ≈G/yωð ;n/yωð * ;nFyωð
' (

�
ð11Þ

Enq aqduhsx+ gdqd ]mc gdmbdenqsg+ vd vqhsdω hm khdt ne�/ *ω- Sgdm sgd
rodbsqtl ne sgd ntsots og]rd ]mc ]lokhstcd pt]cq]stqdr ]rrtldr sgd
fdmdq]k enql

_P
nts
pp yωð < iG/yωði

1 _P
/
ppyωð* _P

F
ppyωð $ 1 Qd _P

/+F
pp yωð

Z h) *

_P
nts
nn yωð< iG/yωði

1 _P
/
nnyωð* _P

F
nnyωð * 1 Qd _P

/+F
nn yωð

Z h) *
�

ð12Þ

Bkd]qkx+ rptddyhmf dhsgdq sgd hm,bntokdc nq ]mbhkk]qx lncd b]m qdctbd
sgd mnhrd onvdq hm ] cdrhqdc pt]cq]stqd- Dms]mfkhmf sgdrd lncdr”

qdrtkshmf hm mnm,ydqn _P
/+F
pp ]mc _P

/+F
nn ”b]m qdctbd fitbst]shnmr hm ansg

pt]cq]stqdr rhltks]mdntrkx- Enq hkktrsq]shnm+ vd hl]fhmd eqdptdmbx,
hmcdodmcdms rhmfkd,lncd rptddyhmf ne sgd hm,bntokdc lncd ;T/ ]mc
sgd ]lokh�dq�r ]mbhkk]qx lncd ;TF+ vhsg rptddyhmf o]q]ldsdqr q/ ]mc qF
qdrodbshudkx+ enkknvdc ax svn,lncd rptddyhmf ne sgd lncdr ;T/ ]mc ;TF

vhsg rptddyhmf o]q]ldsdq qD- "Sgd k]ssdq bnqqdronmcr sn bnmshmtntr,
u]qh]akd DOQ dms]mfkdldms ne sgd svn lncdr ;T/ ]mc ;TF

36(- F]trrh]m
rs]sd sdbgmhptdr ]kknv sgd qdrtkshmf ntsots rodbsq] sn ad cdqhudc "rdd
Rtookdldms]qx Mnsd H enq cds]hkr(9

_P
nts
pp yωð<

0
1
d$qD d1q/ * d1qF

' (
_P
nts+RS
pp yωð

_P
nts
nn yωð<

0
1
d$qD d$1q/ * d$1qF

' (
_P
nts+RS
nn yωð

ð13Þ

Ax rptddyhmf sgdhq og]rd,pt]cq]stqdr+ bnqqdronmchmf sn q/+ qF = /+ vd
b]m rtooqdrr sgd nrbhkk]snq�r og]rd pt]cq]stqd fitbst]shnmr”]mc
sgdqdenqd sgd khmdvhcsg ne sgd nrbhkk]snq”adknv sgd Rbg]vknv,Snvmdr
khlhs vhsgnts antmc+ ]s sgd dwodmrd ne hmbqd]rhmf sgd nrbhkk]snq�r
]lokhstcd pt]cq]stqd fitbst]shnmr- Ax bnqqdk]shmf sgdrd lncdr+
bnqqdronmchmf sn qD = /+ vd b]m rhltks]mdntrkx qdctbd sgd nrbhkk]snq�r
]lokhstcd ]mc og]rd pt]cq]stqd fitbst]shnmr adknv sgd Rbg]vknv,
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Snvmdr khlhs- Gnvdudq+ sgd Gdhrdmadqf tmbdqs]hmsx qdk]shnm Wdp- "07([
_P
nts
pp

_P
nts
nn ≥ 0

3 rshkk gnkcr ]mc qdoqdrdmsr sgd khlhs sn vghbg mnhrd hm sgd
ntsots pt]cq]stqdr ne ] eddca]bj nrbhkk]snq b]m ad rtooqdrrdc
rhltks]mdntrkx "rdd Rtookdldms]qx Mnsd H enq ]m dwokhbhs udqh�b]shnm
ne sghr e]bs enq DOQ dms]mfkdc hmotsr(-

Sgdrd qdrtksr rgnv sg]s nrbhkk]snqr ed]stqhmf rta,Rbg]vknv,
Snvmdr og]rd mnhrd odqenql]mbd ]qd onrrhakd vhsg khmd]q "og]rd,
hmrdmrhshud( ]lokh�dqr ]mc khmd]q nts,bntokdqr ats vhsg sgd
hmidbshnm ne rptddydc nq dms]mfkdc rs]sdr hmsn sgd eddca]bj knno-
Qdbdms vnqj37+38 g]r rgnvm sg]s rta,Rbg]vknv,Snvmdr odqenq,
l]mbd hr ]krn ]bghdu]akd vhsg nts,bntokdqr sg]s ed]stqd ] mnm,
khmd]q qdronmrd sn sgd �dkcr sg]s hlohmfd hs ]mc sg]s rtbg
mnmkhmd]q rxrsdlr mddc mns sq]cd nee ]lokhstcd rs]ahkhsx sn qd]khyd
dmg]mbdc og]rd rs]ahkhsx4/+40-

OgTrd,rdmrhshud hm,knno Tlokhfldq
>m ]ksdqm]shud ldsgnc ne qdctbhmf sgd nrbhkk]snq�r ntsots ]lokhstcd
]mcog]rd rodbsq] hr snlnchex sgd eddca]bj knno hsrdke ax qdok]bhmf sgd
og]rd,hmrdmrhshud ]lokh�dq vhsg ] og]rd,rdmrhshud ]lokh�dq ]r cdohbsdc
hm Ehf- 0A- Sghr �ftqd rgnvr ] fdmdq]k og]rd,rdmrhshud ]lokh�dq
cdbnlonrdc "rdd ’Ldsgncr– rtardbshnm ’Cdbnlonrhmf ] og]rd,
rdmrhshud ]lokh�dq ]r ] og]rd,hmrdmrhshud ]lokh�dq ]mc ] rptddydq–(
hmsn ] og]rd,hmrdmrhshud ]lokh�dq enkknvdc ax ]m hcd]k "h-d-+ mnhrdkdrr(
og]rd,rdmrhshud ]lokh�dq vhsg rptddyhmf o]q]ldsdq ξ < qrd

g�r - Vgdm
sgd og]rd,hmrdmrhshud bnlonmdms g]r tmhsx,f]hm+ sghr b]rb]cd qd]khydr ]
mnhrdkdrr og]rd,rdmrhshud ]lokh�dq- >r adenqd+ sgd mnmkhmd]q r]stq]shmf
qdronmrd ne sgd og]rd,hmrdmrhshud ]lokh�dq khlhsr sgd nrbhkk]snq�r nts,
ots: ] rsq]hfgsenqv]qc dwsdmrhnm ne sgd oqhnq ]m]kxrhr rgnvr sg]s sghr
g]oodmr vgdm Cdqr

qqq
η
k

< 0+ vghbg b]m ad hmsdqoqdsdc ]r ] a]k]mbd
adsvddm sgd og]rd,rdmrhshud f]hm "Cdqr ( ]mc knrr hm sgd knno- Jhmd]q
qdronmrd ]qntmc sghr rsd]cx,rs]sd nrbhkk]shnm hr cdrbqhadc ax

;T$ntsy�ð< bnrgðqrÞ ;Try�ð * d
g�r rhmgðqrÞ ;Tpr y�ð

;Try�ð<C ;Thmy�ð*
qqqqqqqqqqqqqq
C1 $ 0

o
;TpFy�ð

ð14Þ

sn qdok]bd sgd qdronmrdne sgd hm,knno ]lokh�dq hm sgd og]rd,hmrdmrhshud
b]rd Wdp- "8([- Gdqd+ ]r adenqd+ ;T/+;TF ]qd sgd lncdr bnmudxhmf mnhrd ]s
sgd nts,bntokdq ]mc sgd hm,knno]lokh�dq- Sgd etkk rds ne knno dpt]shnmr
b]m ad rnkudc ]r adenqd+ ]mc hs b]m ad rgnvm sg]s sgd hlonrhshnm ne

b]mnmhb]k bnllts]shnm qdk]shnmr nm sgd hm,bntokdc ]mc ntsfnhmf
�dkcr hlokx sg]s sgd ]mbhkk]qx lncd ;TF ]krn nadxr sgdl "rdd
Rtookdldms]qx Mnsd HHH > enq cds]hkr(-

Hm sgd dwsqdld b]rd vgdqd sgd hm,knno ]lokh�dq hr otqdkx
og]rd,rdmrhshud "C < 0 hm dp- "14((+ h-d-+ ] rhmfkd,lncd rptddydq vhsg
mn ]cchshnm]k mnhrd+ sgd ntsots pt]cq]stqd rodbsq] ]qd "rdd Rto,
okdldms]qx Mnsd HHH enq sghr cdqhu]shnm ]mc sgd lnqd fdmdq]k
og]rd,rdmrhshud b]rd(

_P
nts
pp y�ð< 0 *

ð
qqq
η
k

$ 0:
qqq
η
k

Þ1

3bnr1ð�τ:1Þ

�  
_P
/
ppyωð

_P
nts
nn y�ð<

3bnr1ð�τ:1Þ
ð
qqq
η
k

$ 0:
qqq
η
k

Þ1 * 3bnr1ð�τ:1Þ

�  
_P
/
nnyωð�

ð15Þ

Rhmbd _P
nts
pp

_P
nts
nn < _P

/
pp

_P
/
nn+ sgd eddca]bj nrbhkk]snq cndr mns hmbqd]rd sgd

tmbdqs]hmsx oqnctbs adsvddm sgd ]lokhstcd ]mc og]rd pt]cq]stqdr
eqnl hsr hmots sn ntsots- Hm o]qshbtk]q+ he sgd hm,bntokdc �dkc ;T/ hr
u]bttl+ sgd nrbhkk]snq�r ntsots �dkc hr ] lhmhl]k tmbdqs]hmsx rptddydc
rs]sd ]qntmc sgd rsd]cx,rs]sd nrbhkk]shmf b]qqhdq”] aqhfgs
rptddydc rs]sd-

Hm oq]bshbd+ sdbgmhb]k og]rd mnhrd41 ]mc otlo mnhrd hm sgd
rptddydq vhkk bnms]lhm]sd hsr ntsots+ oqdbktchmf sgd ydqn og]rd mnhrd
]qntmc sgd b]qqhdq oqdchbsdc ax dp- "15(- Mnsd sg]s sgd oqdchbshnmr ne
dp- "15(+ a]rdc nm ] lncdk ne ] og]rd,rdmrhshud ]lokh�dq hm ] eddca]bj
knno+ hr bnmrhrsdms vhsg ] G]lhksnmh]m lncdk ne ]m noshb]k o]q]ldsqhb
nrbhkk]snq "NON( "rdd Rtookdldms]qx Mnsd HU(: sgd k]ssdq dktbhc]sdr sgd
nqhfhm ne og]rd,rdmrhshud ]lokh�dq r]stq]shnm ]mc sgd bnmchshnmr
mdbdrr]qx sn lhmhlhyd sgd deedbsr ne otlo mnhrd-

Chrbtrrhnm
Ehftqd 2 bnlo]qdr sgd ntsots og]rd pt]cq]stqd rodbsq] ne nrbhkk]snqr
vhsg rptddydc hm,bntokdc ]mc ]mbhkk]qx lncdr+ rptddydc ]mc dms]m,
fkdc hm,bntokdc ]mc ]mbhkk]qx lncdr+ ]mc ]m nrbhkk]snq vhsg ] og]rd,
rdmrhshud ]lokh�dq- >r b]m ad rddm hm sgd �ftqd+ dladcchmf ] og]rd,
rdmrhshud ]lokh�dq hm sgd eddca]bj knno rtooqdrrdr sgd nrbhkk]snq�r
og]rd,pt]cq]stqd rodbsqtl ltbg lnqd sg]m hr onrrhakd ax rptddyhmf
nq bnqqdk]shmf sgd hmots lncdr enq ] fhudm l]whl]k kdudk ne rptddyhmf-
Hs hr vnqsg mnshmf sg]s+ tmkhjd rptddyhmf sgd hm,bntokdc ]mc ]mbhkk]qx
lncdr+ dms]mfkhmf sgdrd lncdr nq dladcchmf ] og]rd,rdmrhshud
]lokh�dq hm sgd eddca]bj knno qdctbdr sgd nrbhkk]snq�r ntsots og]rd
mnhrd vhsgnts hmbqd]rhmf ]lokhstcd mnhrd-

Vd g]ud hcdmsh�dc sgd nqhfhm ne sgd Rbg]vknv,Snvmdr khlhs
sn sgd eqdptdmbx rs]ahkhsx ne ]m nrbhkk]snq hm ] l]mmdq sg]s hr
]ookhb]akd sn ] vhcd bk]rr ne eddca]bj nrbhkk]snqr- Hm e]bs+ enq ]
og]rd,hmrdmrhshud+ pt]mstl,mnhrd,khlhsdc nrbhkk]snq+ hs hr nmd e]bds
ne ] lnqd fdmdq]k RPJ enq sgd nrbhkk]snq�r ntsfnhmf �dkc- Sghr RPJ
chbs]sdr sgd etmc]ldms]k sq]cd,nee adsvddm sgd eqdptdmbx ]mc
onvdq fitbst]shnmr ne ] aqn]c bk]rr ne eddca]bj nrbhkk]snqr-
Gnvdudq+ rxrsdl]shb rsq]sdfhdr rtbg ]r hmidbshnm ne rptddydc
u]bttl+ DOQ dms]mfkdldms+ ]mc og]rd,rdmrhshud ]lokh�b]shnm
needq rte�bhdms qnnl sn du]cd sgd Rbg]vknv,Snvmdr khlhs ]mc
sgdqdax qd]khyd ] pt]khs]shudkx mdv bk]rr ne rs]akd nrbhkk]snqr-

Fdsgncr
QodbsqTk cdmrhshdr Tmc sgdhq tmbdqsThmsw oqhmbhokd
Enq ] shld,cdodmcdms nodq]snq "mns mdbdrr]qhkx gdqlhsh]m( ;�ðsÞ+ vd
cd�md hsr Entqhdq sq]mrenql ]r

;�y�ð<
X *0

$0

;�ðsÞdg�s cs+ ð16Þ

vgdqd � 1 C- Mnsd sg]s sgd Entqhdq sq]mrenql ne sgd gdqlhsh]m bnm,
itf]sd+ vghbg vd cdmnsd ax ;�

p
y�ð+ hr cheedqdms eqnl sgd gdqlhsh]m

bnmitf]sd ne sgd Entqhdq sq]mrenql+ vghbg vd qdoqdrdms ax ;�y�ðp: sgd

Dhf- 2 y MgRrd mnhrd ne ptRmstl�dmgRmbdc eddcaRbi nrbhkkRsnqr- Rodbsq] ne sgd
ntsots og]rd pt]cq]stqd enq entq sxodr ne pt]mstl mnhrd,khlhsdc nrbhkk]snqr- Qdc
rgnvr sgd Rbg]vknv,Snvmdr rodbsqtl ne ]m nrbhkk]snq vhsg og]rd,hmrdmrhshud
]lokh�dq ]mc sgd hm,bntokdc ]mc ]mbhkk]qxlncdr hm u]bttl- Jhfgs ]mc c]qjdq aktdr
cdohbs sgd b]rd vgdqd sgdrd lncdr ]qd rptddydc "khfgs aktd( ]mc dms]mfkdc "c]qj
aktd( "ansg vhsg 01 cA ne rptddyhmf(- Fqddm rgnvr sgd b]rd vgdqd sgd hm,knno
]lokh�dq hr otqdkx og]rd,rdmrhshud- Fq]x rgnvr _P

nts
nn < 0:1 enq qdedqdmbd-
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svn ]qd qdk]sdc ]r+

;�
p
y�ð< ;�y$�ðp� ð17Þ

He ;� hr gdqlhsh]m+ h-d-+ ;�ðsÞp < ;�ðsÞ+ sgdm

;�
p
y�ð < ;�y�ð� ð18Þ

Sgd hmudqrd ne dp- "16( hr fhudm ax+

;�ðsÞ<
X *0

$0

;�y�ðd$g�s
c�
1π

� ð2/Þ

Vd cd�md sgd bqnrr,bnqqdk]shnm adsvddm sgd svn fdmdq]k "mns
mdbdrr]qhkx gdqlhsh]m ]mc mns mdbdrr]qhkx bnlltshmf( nodq]snqr ;�+;A
ax sgd rxlldsqhydc dwoqdrrhnm+

_P�AðsÞ<
0
1
8;�
p
ðsÞ+;Að/Þf

! D
�

Vd vhkk dwbktrhudkx trd sgd rxlldsqhydc cntakd,rhcdc bqnrr,bnqqdk],
shnm rodbsqtl+ cd�mdc ]r sgd Entqhdq sq]mrenql ne sgd rxlldsqhydc
bqnrr,bnqqdk]shnm9

_P�Ay�ð <
X 0

$0

0
1
8;�
p
ðsÞ+;Að/Þf

! D
dg�s cs

<
X 0

$0

0
1
8;�
p
y�ð+;Ay�)ðf

! Dc�)

1π
+

ð20Þ

vgdqd sgd k]rs dpt]khsx enkknvr eqnl trhmf sgd Entqhdq qdoqdrdms]shnm
Wdp- "2/([ ne sgd shld,cdodmcdms nodq]snqr-

Enq vd]j,rs]shnm]qx nodq]snqr+ h-d-+ sgnrd sg]s o]hq,vhrd r]shrex
g;�ðsÞ;Aðs)Þh < g;�ðs $ s)Þ;Að/Þh+ sgd rodbsqtl hr fhudm ax sgd hcdmshsx+

_P�Ay�ð % 1πδy� *�)ð<
0
1
8;�
p
y�ð+;Ay�)ðf

! D
� ð21Þ

Mnsd sg]s hm sghr b]rd+ _P�Ay�ð
) < _PA�y�ð-

Hdll] 0- Sgd rodbsqtl ne ] vd]j,rs]shnm]qx "ats mns mdbdrr]qhkx
gdqlhsh]m( nodq]snq hr onrhshud: h-d-+

_P��y�ð≥/� ð22Þ

he g;�
p
ðsÞ;�ðs)Þh< g;�

p
ðs $ s)Þ;�ð/Þh-

Opnne- Rhmbd ;� hr vd]j,rs]shnm]qx+ dp- "21(+ snfdsgdq vhsg dp- "17(+
hlokhdr sg]s

_P��y�ð % 1πδy/ð<
0
1
8;�y$�ðp+;�y$�ðf
! D

�

Mdws+ vd oqnud sgd qhfgs,g]mc rhcd hr onrhshud- Bnmrhcdq sgd �qrs sdql+
vghbg hr sgd dwodbs]shnm ne sgd gdqlhsh]m nodq]snq+ ;�y$�ðp;�y$�ð nudq
rnld rs]sd+ r]x ;ρ- Rhmbd sgd fdmdq]k rs]sd ;ρ b]m ad dwoqdrrdc ]r ]
bnmudw bnlahm]shnm+ ;ρ<

E
gng ψg

++ &
ψg

% +++ vhsg ng ≥ /+∑gng < 0+ ]mc
�ψg�ψi〈 < δgi+ sgd dwodbs]shnm u]ktd l]x ad vqhssdm ]r+

;�y$�ðp;�y$�ð
! D

< Sq y;�y$�ðp;�y$�ð;ρð

<
P

g

ng ψg

% ++;�y$�ðp;�y$�ð ψg

++ &

<
P

g

ng j ;�y$�ð ψg

++ &
j1 ≥/�

Sgd r]ld ]qftldms ]ookhdr sn sgd rdbnmc sdql-�

Sgdnpdl 0- "Tmbdqs]hmsx oqhmbhokd enq rodbsq]( Enq vd]j,rs]shnm]qx
gdqlhsh]m nodq]snqr ;� ]mc ;A sg]s r]shrex sgd bnllts]shnm qdk]shnmrgho
y;�y�ð+;Ay�)ðð < gb % 1πδy� *�)ð enq rnld qd]k bnmrs]ms b+

_P��y�ð_PAAy�ð≥
b1

3
* _P�Ay�ð
++ ++1� ð23Þ

Opnne- Jds 8;�if ad ] rds ne vd]j,rs]shnm]qx nardqu]akdr: sgdm sgdhq khmd]q
bnlahm]shnm+ ;H <

E
iαi

;�i vhsg αi 1 � hr ]krn vd]j,rs]shnm]qx- Trhmf sgd
e]bs sg]s g ;Hy$�ðp ;Hy$�ðh≥/ ]r rgnvm hm sgd oqnne ne Jdll] 0+ vd
g]ud

P

i+j

α)
iαj

;�iy�ð;�j y$�ð
! D

≥/+

vgdqd vd g]ud trdc dp- "18(- Rokhsshmf ;�i y�ð;�j y$�ð hmsn Gdqlhsh]m ]mc
]msh,Gdqlhsh]m o]qsr

;�iy�ð;�j y$�ð <
0
1

;�iy�ð+;�j y$�ð
i n

*
0
1

;�i y�ð+;�j y$�ð
Z h

+

sgd ]anud hmdpt]khsx adbnldr

P

i+j

α)
iαj

_P�i�j y�ð*
_B�i�j y�ð

) *
≥/+ ð24Þ

vgdqd

_B�Ay�ð &
X 0

$0

0
1

;�
p
y�ð+;Ay�ð)

Z h! Dc�)

1π
�

Rhmbd sgd hmdpt]khsx hm dp- "24( hr sqtd enq ]qahsq]qxαi+ hs qdpthqdr sg]s sgd
dhfdmu]ktdr ne sgd l]sqhw vhsg dkdldmsr _P�i +�j y�ð *

_B�i +�j y�ð ad mnm,
mdf]shud- Rodbh�b]kkx+ sgd rl]kkdrs dhfdmu]ktd ne sghr l]sqhw ltrs ad
mnm,mdf]shud-

Bnmrhcdq mnv sgd b]rd vgdqd 8;�if < 8;�+;Af vhsg
y;�y�ð+;Ay�)ðð < gb % 1πδy� *�)ð- Dpt]shnm "24( sgdm qdpthqdr

_P��_PAA $ _P�A * _B�A
' (

_PA� * _BA�
' (

≥/�

Rhlokhexhmf trhmf sgd e]bs sg]s _B�Ay�ð< _B
)
A�y�ð< gb:1 ]mc

_P�Ay�ð< _P
)
A�y�ð+ fhudr dp- "23(-�

QTstqTshmf adgTuhnq ne ogTrd,hmrdmrhshud eddcaTbi nrbhkkTsnqr
Tmc bkTrrhbTk rsdTcw rsTsd
Gdqd+ vd ]m]kxyd sgd bk]rrhb]k rsd]cx,rs]sd adg]uhnq ne sgd r]stq]shmf
eddca]bj nrbhkk]snq rgnvm hm Ehf- 0>- Bk]rrhb]kkx+ sgd adg]uhnq ne sgd
rxrsdl rgnvm hm Ehf- 0> hr fnudqmdc hm sgd shld cnl]hm ax

α$
ntsðsÞ <�yαhmðsÞð

α *
ntsðsÞ < $

qqq
η
k

α$
ntsðsÞ*

qqqqqqqqqqq
0$ η

o
α/ðsÞ

αntsðsÞ <
qqqqqqqqqqq
0 $ η

o
α$

ntsðsÞ *
qqq
η
k

α/ðsÞ
αhmðsÞ <α *

ntsðs $ τÞ�

ð25Þ

vgdqd zαg{ ]qd bk]rrhb]k �dkc ]lokhstcdr ]mc �y%ð hr sgd ]lokh�dq�r
mnmkhmd]q qdronmrd- Dpt]shnm "25( b]m ad rhlokh�dc sn

α *
ntsðsÞ< $

qqq
η
k

�yα *
ntsðs $ τÞð*

qqqqqqqqqqq
0 $ η

o
α/ðs $ τÞ ð26Þ

Sgd hmots α/"s( rntqbdr sgd bk]rrhb]k �dkc sg]s bhqbtk]sdr hm sgd knno- Hm
qd]khsx+ sgd hmots qdoqdrdmsdc ax α/ hr otqd mnhrd+ hm sgd hcd]k b]rd+ itrs
u]bttl mnhrd-

Sn ]m]kxyd gnv sgd eddca]bj knno ]ss]hmr ] rsd]cx rs]sd ax adhmf
cqhudm otqdkx ax mnhrd+ vd ]rrtld sg]s α/ qdoqdrdmsr hm�mhsdrhl]kkx
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rl]kkfitbst]shnmr- Hm nqcdq sntmcdqrs]mcgnv sgd knno rs]qsr+ bnmrhcdq
sg]s α/"/( hr ] rl]kk q]mcnlu]ktd ]mc ydqn enq s =/- Jds sghr oqnctbd ]
rl]kk ]lokhstcd α *

ntsð/; s ; τÞ < δ- Vd ]qd oqhl]qhkx hmsdqdrsdc hm sgd
bhqbtk]shmf onvdq q]sgdq sg]m og]rd qns]shnmr+ rn s]jhmf sgdl]fmhstcd
rpt]qd ne dp- "26( tmcdq sgdrd bnmchshnmr9

iα *
ntsðsÞi

1 < η �yα *
ntsðs $ τÞð

++ ++1

α *
ntsð/; s ; τÞ< δ�

ð27Þ

Sg]s hr+ he sgd hmhsh]k q]mcnl rddc α/"/( oqnctbdr ] rsd]cx rs]sd
]lokhstcd+ hs ltrs r]shrex

i�yα *
ntsði<α *

nts:
qqq
η
k

+ ð28Þ

vghbg cd�mdr sgd rsd]cx rs]sd αrr ne dp- "6(-
Sgd ]anud hr nmkx ] mdbdrr]qx bnmchshnm rhmbd sgd ptdrshnm ne sgd

rs]ahkhsx ne sghr rsd]cx rs]sd qdl]hmr nodm- Vd vhkk mnv rgnv sg]s sgd
oqnodqshdr ne � khrsdc hm sgd ’r]stq]shnm+ rsd]cx,rs]sd+ ]mc khmd]q f]hm–

rdbshnm rte�bd sn dmrtqd rs]ahkhsx- Oqnodqshdr "0(+ "2(+ ]mc "3( hlokx sg]s
�
)ðtÞ< c�

ct ; �ðtÞt 2t- Jds α *
ntsðsÞ<αrr * δs vgdqd δs hr ] rl]kk odqstqa],

shnm sn sgd rsd]cx rs]sd u]ktd ne α *
nts ]s shld s- Rhlhk]qkx+ kds

α *
ntsðs * τÞ <αrr * δτ - Dpt]shnm "27( sgdm qd]cr
iαrr * δτ i

1 <ηi�yαrr * δs ði
1- Dwo]mchmf sn �qrs nqcdq hm δs+ δτ ]mc trhmf

dp- "28( fhudr

iδτ i<
αrr�

)yαrr ð
�yαrrð

iδs i

! iδτ i;iδs i
ð3/Þ

vgdqd vd g]ud trdc sgd oqnodqshdr ne �- Sgtr+ odqstqa]shnmr ]qntmc
sgd rsd]cx rs]sd sdmc sn chd nudq shld: h-d-+ sgd rsd]cx rs]sd hr rs]akd sn
rl]kk odqstqa]shnmr-

Rhlhk]qkx+ vd b]m rgnv sg]s sgd nodq]shmf onhms vgdqd ]kk ]lokh,
stcdr ]qd ydqn hr tmrs]akd- Sg]s hr+ ]mx hmhsh]k fitbst]shnm vhkk cqhud sgd
knno sn hsr rsd]cx rs]sd dp- "28(- Mnv+ kds α *

ntsðsÞ < δs ]mc kds
α *

ntsðs * τÞ < δτ vgdqd δs ]mc δτ ]qd rte�bhdmskx rl]kk sg]s oqnodqsx "2( hr
r]shr�dc- Vd g]ud

iδτ i
1 <ηi�yδs ði

1

! iδτ i<
qqq
η
k
iC/iiδs i

! iδτ i=iδs i�
ð30Þ

Gdqd C/ <�)y/ð+ sgd khmd]q rknod ne sgd ]lokh�dq�r mnmkhmd]q qdronmrd
]qntmc ydqn-

Hm rtl+ sgd knno vhkk qd]bg ] rsd]cx rs]sd vhsg ] k]qfd bhqbtk]shmf
bk]rrhb]k �dkc vhsg ]lokhstcd αrr ]mc ] khmd]qhydc f]hm ne

C & khl
s�*0

α$
ntsðsÞ
αhmðsÞ

<
�yαrrð
αrr

<
0
qqq
η
k � ð31Þ

Vd dlog]rhyd svn jdx onhmsr ne sghr bk]rrhb]k ]m]kxrhr ne r]stq,
]shmf eddca]bj nrbhkk]snqr- Ehqrs+ ]mx rl]kk hmhsh]k fitbst]shnm vhkk ad
]lokh�dc+ dudmst]kkx qd]bghmf ] rs]akd dpthkhaqhtl vhsg ] k]qfd,

]lokhstcd ntsots �dkc αrr bhqbtk]shmf hm sgd knno- Sghr nrbhkk]shmf
�dkc hr sgd etmc]ldms]k ed]stqd ne ] onrhshud eddca]bj nrbhkk]snq- Rdb,
nmc+ ]s sghr dpthkhaqhtl onhms+ sgd f]hm ldchtl hr khmd]q enq rl]kk
odqstqa]shnmr ]qntmc sgd k]qfd �dkc+ vhsg ] f]hm fhudm ax sgd
qdpthqdldms enq sgd rxrsdl sn bnmrdqud qntmc,sqho onvdq hm rsd]cx,
rs]sd+ h-d-+ C< 0:

qqq
η
k

- Sgd e]bs sg]s ]mx ]lokh�dq r]shrexhmf oqnodqshdr "0(
sgqntfg "3( dladccdc hm ] eddca]bj knno r]stq]sdr sn ] onhms vgdqd hs
b]m ad sqd]sdc ]r g]uhmf ] khmd]q f]hm ]kknvr enq ] khmd]q pt]mstl
ldbg]mhb]k ]m]kxrhr ne sgd nrbhkk]snq�r og]rd ]mc ]lokhstcd
fitbst]shnmr-

DhmdTq qdronmrd ne ogTrd,hmrdmrhshud eddcaTbi nrbhkkTsnqr
Bnmrhcdq sgd onrhshud eddca]bj ]lokh�dq bnm�ftq]shnm rgnvm hm
Ehf- 0>- Sgd ntsots ne ] og]rd,hmrdmrhshud ]lokh�dq vhsg f]hm C hr
bntokdc a]bj hmsn hsr hmots ]esdq ]ssdmt]shnm ax ] e]bsnq

qqq
η
k

]mc ] cdk]x
ne τ- Sgd qdl]hmhmf eq]bshnm ne sgd rhfm]k hr bntokdc nts ne sgd knno sn
cdqhud sgd nts,ne,knno �dkc Tnts-

Sgd dpt]shnmr ne lnshnm enq sgd rxrsdl ]qd nas]hmdc ax fnhmf
]qntmc sgd knno hm Ehf- 0>- Enq sgd Gdhrdmadqf,ohbstqd nodq]snqr hm sgd
shld cnl]hm+ vd g]ud

;T$ntsðsÞ <C ;ThmðsÞ *
qqqqqqqqqqqqqq
C1 $ 0

o
;TpFðsÞ

;T *
ntsðsÞ < $

qqq
η
k

;T$ntsðsÞ*
qqqqqqqqqqq
0$ η

o
;T/ðsÞ

;TntsðsÞ <
qqqqqqqqqqq
0 $ η

o
;T$ntsðsÞ *

qqq
η
k

;T/ðsÞ

;ThmðsÞ < ;T *
ntsðs $ τÞ

ð32Þ

Sgd ]mbhkk]qx lncd ;TF cdrbqhadr sgd tm]unhc]akd mnhrd ]ccdc hm ]mx
og]rd,hmrdmrhshud khmd]q ]lokh�dq25+26-

Dpt]shnm "32( b]m ad rnkudc hm sgd eqdptdmbx cnl]hm enq sgd
ntsots �dkc ;Tntsy�ð hm sdqlr ne sgd hmotsr ;T/y�ð ]mc ;TFy�ð- Sgd qdrtks hr

;Tntsy�ð<
qqq
η
k

*Cdg�τ

0 *C
qqq
η
k

dg�τ
;T/y�ð *

qqqqqqqqqqqqqq
C1 $ 0

o qqqqqqqqqqq
0 $ η

o

0 *C
qqq
η
k

dg�τ
;TpFy�ð

&G/y�ð;T/y�ð *GFy�ð;T
p
Fy�ð+

ð33Þ

vgdqdG/+F ]qd sgd bnqqdronmchmf khmd]q qdronmrd sq]mredq etmbshnmr- Hm
rsd]cx rs]sd+ C< 0:

qqq
η
k

]r chrbtrrdc hm sgd ’Ldsgncr– rdbshnm ’r]stq]s,
hmf adg]uhnq ne og]rd,hmrdmrhshud eddca]bj nrbhkk]snqr ]mc bk]rrhb]k
rsd]cx rs]sd–+ ]mc rn sgd eddca]bj o]sg hr bg]q]bsdqhydc ax svn
pt]mshshdr+ sgd ad]l,rokhssdq sq]mrlhrrhuhsx η ]mc sgd cdk]x τ: rn

G/y�ð <
qq
η
k

* 0qq
η
k dg�τ

0 * dg�τ + GFy�ð<
0:
qq
η
k

$
qq
η
k

0 * dg�τ � ð34Þ

:dbnlonrhmf T ogTrd,rdmrhshud Tlokhfldq Tr T ogTrd,hmrdmrhshud
Tlokhfldq Tmc T rptddydq
Hm sghr rdbshnm+ vd rgnv sg]s ] pt]mstl,khlhsdc og]rd,rdmrhshud
]lokh�dq b]m ]kv]xr ad cdbnlonrdc hmsn ]m hcd]k og]rd,hmrdmrhshud
]lokh�dq enkknvdc ax ]m hcd]k rhmfkd,lncd rptddydq-

Bnmrhcdq ] og]rd,rdmrhshud ]lokh�dq sg]s ]lokh�dr sgd hmots ;T sn

oqnctbd sgd ntsots ;a<C;T* e;Tp * ;TpF+ vgdqd ;TF hr sgd ]lokh�dq�r
]mbhkk]qx lncd "rdd Ehf- 3>(- "Mnsd sg]s sgd ]mbhkk]qx lncd+ ;TF+ cndr
mns mdbdrr]qhkx g]ud anrnmhb rs]shrshbr gdqd-( Vd ]rrdqs sg]s rtbg ]
og]rd,rdmrhshud ]lokh�dq hr dpthu]kdms sn ]m hcd]k og]rd,hmrdmrhshud

]lokh�dq vhsg f]hm A<
qqqqqqqqqqqqqqqqq
C1 $ e1

p
sg]s rdmcr lncd ;T sn sgd lncd

;b<A;T* ;T)pF+ enkknvdc ax ]m hcd]k rptddydq vghbg rdmcr sgd lncd ;b sn

sgd ntsots lncd ;a< bnrgðqÞ;b* rhmgðqÞ;bp vhsg s]mgðqÞ< e:C "rdd

Ehf- 3A(- Enq sghr dpthu]kdmbd sn gnkc+ vd qdpthqd ;TpF < ðC;T)pF * e;T)FÞ:A-

Vd b]m oqnud sghr ax dwokhbhs bnlots]shnm- Hm sgd b]rd ne sgd
og]rd,rdmrhshud ]lokh�dq+ sgd ntsots lncd ;a hr fhudm hm sdqlr ne sgd
hmots lncd ;T ax ;a<C;T* e;Tp * ;TpF- Hm sgd b]rd ne ] og]rd,hmrdmrhshud

BeSra)rairhshua�-( �A( BeSra)hirairhshua Pntaavaq

Dhf- 3 y MgRrd�rdmrhshud Rlokh�dq cdbnlonrhshnm- 4 > og]rd,rdmrhshud ]lokh�dq-
A > cdbnlonrhshnm ne sgd og]rd,rdmrhshud ]lokh�dq eqnl "4( hmsn ] og]rd,
hmrdmrhshud ]lokh�dq enkknvdc ax ] rptddydq- Mnhrd lncdr ]qd rgnvm hm nq]mfd-
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]lokh�dq enkknvdc ax ] rptddydq+ vd g]ud "]rrtlhmf C ]mc e ]qd
onrhshud(

;a< bnrgðqÞ;b* rhmgðqÞ;bp

< bnrgðqÞðA;T* ;T)pF Þ* rhmgðqÞðA;Tp * ;T)FÞ

<C;T* e;Tp *
C;T)pF * e;T)Fqqqqqqqqqqqqqqqqq
C1 $ e1

p

&C;T* e;Tp * ;TpF+

ð35Þ

>cchshnm]kkx+ vd b]m rgnv sg]s ;TF ]mc ;T)F g]ud sgd r]ld bnllts]shnm
qdk]shnmr-

TF+TpF
Z h

<
CT)F * eT)pF+CT)pF * eT)F
Z h

C1 $ e1

<
C1 T)F+T)pF
Z h

* e1 T)pF+T)F
Z h

C1 $ e1

< T)F+T)pF
Z h

+

ð36Þ

rn vd rdd sg]s sghr hr sgd bnqqdbs cdbnlonrhshnm ne ] og]rd,rdmrhshud
]lokh�dq-

Sgd oqhl]qx admd�s ne sghr cdbnlonrhshnm hr sg]s hs bk]qh�dr sgd
dwsdms sn vghbg ] og]rd,rdmrhshud ]lokh�dq ltrs ]cc mnhrd9 nmkx sgd
og]rd,hmrdmrhshud bnlonmdms hm hsr cdbnlonrhshnm ]ccr mnhrd+ vghkd
sgd rptddydq hr mnhrdkdrr-

CRsR RuRhkRahkhsw
Ehftqd 1 hr ] rsq]hfgsenqv]qc okns ne dp- "04( ]mc "05(+ vghkd Ehf- 2
hr ] rsq]hfgsenqv]qc okns ne dpr- "04(+ "13( ]mc "15( qdrodbshudkx-
Rtookdldms]qx Ehftqd 0 hr ] rsq]hfgsenqv]qc okns ne Rtookdldm,
s]qx Dpt]shnm "6(- Sgd qdkdu]ms bnlotsdq bncd hr ]u]hk]akd tonm
qdptdrs sn sgd ]tsgnqr-

Pdedqdmbdr
0- Mxpthrs) G- QdfdmdqZshnm sgdnqx- Adkk Rxrs- Sdbg- I- 00) 015 &0821(-
1- AkZbj) G- RsZahkhydc eddc,aZbj Zlokh�dqr- SqYmr- Gmrs- Dkdbsq- Dmf- 76)

268 &0823(-
2- Ancd) G- Mdsvnqi .mYkxrhr Ymc EddcaYbi .lokh�dq Cdrhfm &UZm

MnrsqZmc BnloZmx) 0834(-
3- QtahnkZ) D- OgYrd Mnhrd Ymc Eqdptdmbx RsYahkhsx hm NrbhkkYsnqr

&BZlaqhcfd Tmhudqrhsx Oqdrr) 1//8(-
4- GZihlhqh) @- " Kdd) S- G- Sgd Cdrhfm ne Jnv Mnhrd NrbhkkYsnqr

&Jktvdq) 1//2(-
5- Rhcchp) J-) Gnacdm) L- J-) Odmmnbj) R- Q- " VZsrnm) Q- I- OgZrd mnhrd

hm ELBV qZcZq rxrsdlr- GDDD SqYmr- .dqnro- Dkdbsqnm- Rxrs- 44)
6/ &1/08(-

6- BZkcvdkk) D- C-) RhmbkZhq) K- B-) Mdvatqx) M- Q- " Cdrbgdmdr) I-,C- Sgd
shld,oqnfqZllZakd eqdptdmbx bnla Zmc hsr trd hm ptZmstl,
khlhsdc qZmfhmf- MYstqd 50.) 556 &1/11(-

7- Ltdkkdq) F-) LbMZlZqZ) O-) Sgnqod) H- " BZlo) I- JYrdq Eqdptdmbx
RsYahkhyYshnm enq JGR.- SdbgmhbZk Qdonqs &M@R@ FncZqc RoZbdfihfgs
Bdmsdq) 1//4(-

8- RnlhxZ) J-) Bgdm) X-) JZvZltqZ) R- " Lhn) M- Eqdptdmbx mnhrd Zmc
hmsdmrhsx mnhrd ne mdws,fdmdqZshnm fqZuhsZshnmZk,vZud cdsdbsnqrvhsg
QE.CB qdZcnts rbgdldr- Ogxr- Qdu- C 62) 011//4 &1//5(-

0/- BZghkkZmd) B-) LZmrdkk) F- K- " Rhff) C- KZrdq eqdptdmbx mnhrd hm mdws
fdmdqZshnm fqZuhsZshnmZk,vZud cdsdbsnqr- Nos- Dwoqdrr 18)
31033 &1/10(-

00- Ktcknv) @- C-) Anxc) L- L-) Xd) I-) Odhj) D- " Rbglhcs) O- N- NoshbZk
Zsnlhb bknbjr- Qdu- Lnc- Ogxr- 76) 526 &1/04(-

01- Khmcrdx) V- B- RxmbgqnmhyYshnm Rxrsdlr hm BnlltmhbYshnm Ymc
Bnmsqnk &Oqdmshbd,GZkk) 0861(-

02- WZmsgnontknr) S- &dc-( Bknbihmf hm Lncdqm UJRG Rxrsdlr
&Roqhmfdq) 1//8(-

03- LtqlZmm) A- Sgd qZbd enq sgd dwsqZ cdbhadk9 Z aqhde qduhdv ne btqqdms
@CB odqenqlZmbd sqZidbsnqhdr- GDDD Rnkhc�RsYsd Bhqbthsr LYf- 6)
47 &1/04(-

04- VhmdkZmc) C- I- ds Zk- DwodqhldmsZk hrrtdr hm bngdqdms ptZmstl,rsZsd
lZmhotkZshnm ne sqZoodc Zsnlhb hnmr- I- Qdr- MYsk Gmrs- RsYmc- Sdbg�
mnk- 0.2) 148 &0887(-

05- AZkk) G-) Nkhudq) V- C- " Ahdqbtj) L- I- Sgd qnkd ne lZrsdq bknbj
rsZahkhsx hm ptZmstl hmenqlZshnm oqnbdrrhmf- MOI PtYmstl Gme- 1)
05/22 &1/05(-

06- Uhsdqah) @- I- Oqhmbhokdr ne Bngdqdms BnlltmhbYshnm &LbFqZv,
Ghkk) 0855(-

07- Ldxq) G- " @rbgdhc) F- RxmbgqnmhyYshnm hm ChfhsYk BnlltmhbYshnm
&Vhkdx) 088/(-

08- JqntoZ) U- OgYrd Jnbi Jnnor Ymc Eqdptdmbx Rxmsgdrhr
&Vhkdx) 1//2(-

1/- Vhdmr) D-) Mdurjx) @- X- " Rbghkkdq) R- QdrnmZsnq vhsg tksqZghfg
kdmfsg rsZahkhsx Zr Z oqnad enq dpthuZkdmbd,oqhmbhokd,uhnkZshmf ogx,
rhbr- Ogxr- Qdu- Jdss- 006) 1600/1 &1/05(-

10- Aqömhmf) N- ds Zk- Sgd rbhdmsh�b onsdmshZk Zmc sdbgmnknfhbZk bgZk,
kdmfdr ne sgd ghfg,ktlhmnrhsx kZqfd gZcqnm bnkkhcdq oqnfqZl- Qdo-
Oqnf- Ogxr- 74) /351/0 &1/11(-

11- Qdhc) H- L- LE Zmc GE qZcZq sdbgmhptdr enq hmudrshfZshmf sgd
cxmZlhbr Zmc rsqtbstqd ne sgd 4/ sn 00/ jl gdhfgs qdfhnm9 Z qduhdv-
Oqnf- DYqsg OkYmds- Rbh- 1) 22 &1/04(-

12- @ahbg) J- ds Zk- Hm,nqahs odqenqlZmbd ne sgd FQ@BD enkknv,nm kZrdq
qZmfhmf hmsdqedqnldsdq- Ogxr- Qdu- Jdss- 012) /200/0 &1/08(-

13- Vhkjdm) S- ds Zk- @ rodbsqnfqZog enq dwnokZmds nardquZshnmr bZkh,
aqZsdc Zs sgd bdmshldsqd,odq,rdbnmc kdudk- MYstqd 374) 500 &1/01(-

14- BkhuZsh) B- ds Zk- @ UKAH dwodqhldms trhmf Z qdlnsd Zsnlhb bknbj uhZ Z
bngdqdms �aqd khmj- Rbh- Qdo- 6) 3/881 &1/06(-

15- KZtfgkhm) F-) @fthqqd) @- " Fqtmcedrs) I- HmenqlZshnm sqZmrlhrrhnm
adsvddm �mZmbhZk lZqjdsr hm BghbZfn Zmc Mdv Xnqj- EhmYmb- Qdu-
38) 172 &1/03(-

16- Fnqcnm) I- O-) Ydhfdq) G- I- " Snvmdr) B- G- Sgd lZrdq”mdv sxod ne
lhbqnvZud Zlokh�dq) eqdptdmbx rsZmcZqc Zmc rodbsqnldsdq- Ogxr-
Qdu- 88) 0153 &0844(-

17- RbgZvknv) @- K- " Snvmdr) B- G- HmeqZqdc Zmc noshbZk lZrdqr- Ogxr-
Qdu- 001) 083/ &0847(-

18- RghlncZ) J-) SZjZgZrh) G- " G- Snvmdr) B- EktbstZshnmr hm Zlokh�,
bZshnm ne ptZmsZ vhsg ZookhbZshnm sn lZrdq Zlokh�dqr- I- Ogxr- Rnb-
Iom- 01) 575 &0846(-

2/- Ontmc) Q- U- RonmsZmdntr dlhrrhnm Zmc sgd mnhrd �ftqd ne lZrdq
Zlokh�dqr- .mm- Ogxr- 0) 13 &0846(-

20- GdlorsdZc) Q- " KZw) L- BkZrrhbZk mnhrd- UH- Mnhrd hm rdke,rtrsZhmdc
nrbhkkZsnqr mdZq sgqdrgnkc- Ogxr- Qdu- 050) 24/ &0856(-

21- Rbtkkx) L- N- " KZla) V- D- PtZmstl sgdnqx ne Zm noshbZk lZrdq- H-
FdmdqZk sgdnqx- Ogxr- Qdu- 048) 1/7 &0856(-

22- Gdmqx) B- Sgdnqx ne sgd ogZrd mnhrd Zmc onvdq rodbsqtlne Z rhmfkd
lncd hmidbshnm kZrdq- GDDD I- PtYmstl Dkdbsqnm- 08) 0280 &0872(-

23- Cnldmhbn) F-) Rbghks) R- " SgnlZmm) O- Rhlokd ZooqnZbg sn sgd
qdkZshnm adsvddm kZrdq eqdptdmbx mnhrd Zmc kZrdq khmd rgZod- .ook-
Nos- 38) 37/0 &1/0/(-

24- XZqhu) @- PtYmstl Dkdbsqnmhbr &Vhkdx) 0878(-
25- GZtr) G- @- " Ltkkdm) I- @- PtZmstl mnhrd hm khmdZq Zlokh�dqr- Ogxr-

Qdu- 017) 13/6 &0851(-
26- BZudr) B- L- PtZmstl khlhsr nm mnhrd hm khmdZq Zlokh�dqr- Ogxr- Qdu-

C 15) 0706 &0871(-
27- Vnnssdqr) V- J- " Ytqdj) V- G- @ rhmfkd ptZmstl bZmmns ad bknmdc-

MYstqd 188) 7/1 &0871(-
28- FkZtadq) Q- I- @lokh�dqr) ZssdmtZsnqr) ZmcRbgq©chmfdq�r bZs-.mm-M-

V- .bYc- Rbh- 37.) 225 &0875(-
3/- RgZohqn) I- G- ds Zk- Sgdnqx ne khfgs cdsdbshnm hm sgd oqdrdmbd ne

eddcaZbj- I- Nos- Rnb- .l- A 3) 05/3 &0876(-
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30- VhrdlZm) G- L- RptZrgdc rsZsdr ne khfgs9 sgdnqx Zmc ZookhbZshnmr sn
ptZmstl rodbsqnrbnox- I- Nos- A 0) 348 &0888(-

31- Lhknmmh) O- V- Nm sgd athkcto ne kZrdq nrbhkkZshnm eqnl mnhrd- .l- I-
Ogxr- 46) 016 &0878(-

32- Bkdqj) @- @-) Cdunqds) L- G-) Fhquhm) R- L-) LZqptZqcs) E- " Rbgndkj,
noe) Q- I- Hmsqnctbshnm sn ptZmstl mnhrd) ldZrtqdldms) Zmc
Zlokh�bZshnm- Oqdoqhms Zs gssor9..Zqwhu-nqf.Zar./70/-3618 &1/0/(-

33- GZtr) G- @- " Snvmdr) B- G- Bnlldmsr nm ’Mnhrd hm ognsndkdbsqhb
lhwhmf“- Oqnb- Gmrs- QYchn Dmf- 4.) 0433 &0851(-

34- Rtrrjhmc) K- " Fknfnvdq) I- PtZmstl ldbgZmhbZk ogZrd Zmc shld
nodqZsnq- Ogxr- Ogxr- Ehy- 0) 38 &0853(-

35- AZqmdss) R- L- " Odff) C- S- OgZrd hm ptZmstl noshbr- I- Ogxr- . 08)
2738 &0875(-

36- AqZtmrsdhm) R- K- " Jhlakd) G- I- SdkdonqsZshnm ne bnmshmtntr ptZm,
stl uZqhZakdr- Ogxr- Qdu- Jdss- 7.) 758 &0887(-

37- AZjdq) S- I-) RZZcZslZmc) R- M-) Adqqx) C- V- " VhrdlZm) G- L- Sgd
Gdhrdmadqf khlhs enq kZrdq bngdqdmbd- MYs- Ogxr- 06) 068 &1/1/(-

38- Kht) B- ds Zk- OqnonrZk enq Z bnmshmtntrvZud kZrdqvhsg khmdvhcsgvdkk
adknv sgd rsZmcZqc ptZmstl khlhs- MYs- Bnlltm- 01) 451/ &1/10(-

4/- Nrsqnvrjh) K- @-) AZjdq) S- I-) RZZcZslZmc) R- M- "VhrdlZm) G-L-Mn
sqZcdnee adsvddm bngdqdmbd Zmc rta,OnhrrnmhZmhsx enq Gdhrdmadqf,
khlhsdc kZrdqr- Ogxr- Qdu- Jdss- 02.) 0725/1 &1/12(-

40- Nrsqnvrjh) K- @-) AZjdq) S- I-) RZZcZslZmc) R- M- " VhrdlZm) G- L-
Noshlhydc kZrdq lncdkr vhsg Gdhrdmadqf,khlhsdc bngdqdmbd Zmc
rta,OnhrrnmhZm adZl ognsnm rsZshrshbr- Ogxr- Qdu- . 0.6)
/426/1 &1/12(-

41- Cvxdq) R- D- PtYmstl Mnhrd Qdctbshnm Trhmf Rptddydc RsYsdr hm
JGFN- OgC sgdrhr- LZrrZbgtrdssr Hmrshstsd ne Sdbgmnknfx &1/02(-

4bimnvkdcfdldmsr
G-@-K- fqZsdetkkx Zbjmnvkdcfdr sgd rtoonqs ne sgd MZshnmZk Rbhdmbd
EntmcZshnm sgqntfg sgd KHFN nodqZshnmr bnnodqZshud Zfqddldms OGX,
07560653353-

4tsgnq bnmsqhatshnmr
U-R- bnmbdhudc sgd oqnidbs Zmc fthcdc G-@-K- sgqntfg hs- Sgd Ztsgnqr
inhmskx cdudknodc sgd qdrtksr Zmc vqnsd sgd lZmtrbqhos-

Bnlodshmf hmsdqdrsr
TRoqnuhrhnmZk oZsdms 52.366)305 &�Ldsgncr ne DmgZmbhmf sgdRsZahkhsx ne
PtZmstl Mnhrd Khlhsdc EddcaZbj NrbhkkZsnqr“( gZr addm inhmskx �kdc ax
G-@-K- Zmc U-R- aZrdc nm rnld ne sgd sgdnqhdr oqdrdmsdc gdqd-

4cchshnmRk hmenqlRshnm
Rtookdldms]pw hmenpl]shnm Sgd nmkhmd udqrhnm bnmsZhmr
rtookdldmsZqx lZsdqhZk ZuZhkZakd Zs
gssor9..cnh-nqf.0/-0/27.r30356,/12,31628,8-

Anppdronmcdmbd Zmc qdptdrsr enq lZsdqhZkr rgntkc ad Zccqdrrdc sn
Gtcrnm @- Kntfgkhm nq Uhuhrgdj Rtcghq-

Oddp pduhdv hmenpl]shnm MYstqd BnlltmhbYshnmr sgZmjr sgd Zmnm,
xlntr qduhdvdq&r( enq sgdhq bnmsqhatshnm sn sgdoddq qduhdvne sghrvnqj- @
oddq qduhdv �kd hr ZuZhkZakd-

Pdophmsr ]mc odplhrrhnmr hmenpl]shnm hr ZuZhkZakd Zs
gsso9..vvv-mZstqd-bnl.qdoqhmsr

Otakhrgdp�r mnsd Roqhmfdq MZstqd qdlZhmr mdtsqZk vhsg qdfZqc sn itq,
hrchbshnmZk bkZhlr hm otakhrgdc lZor Zmc hmrshstshnmZk Ze�khZshnmr-

Lodm 9bbdrr Sghr Zqshbkd hr khbdmrdc tmcdq Z BqdZshud Bnllnmr
@ssqhatshnm 3-/ HmsdqmZshnmZk Khbdmrd) vghbg odqlhsr trd) rgZqhmf)
ZcZosZshnm) chrsqhatshnm Zmc qdoqnctbshnm hm Zmx ldchtl nq enqlZs) Zr
knmf Zr xnt fhud ZooqnoqhZsd bqdchs sn sgd nqhfhmZk Ztsgnq&r( Zmc sgd
rntqbd) oqnuhcd Z khmj sn sgd BqdZshud Bnllnmr khbdmbd) Zmc hmchbZsd he
bgZmfdr vdqd lZcd- Sgd hlZfdr nq nsgdq sghqc oZqsx lZsdqhZk hm sghr
Zqshbkd Zqd hmbktcdc hm sgd Zqshbkd�r BqdZshud Bnllnmr khbdmbd) tmkdrr
hmchbZsdc nsgdqvhrd hm Z bqdchs khmd sn sgd lZsdqhZk- He lZsdqhZk hr mns
hmbktcdc hm sgd Zqshbkd�r BqdZshud Bnllnmr khbdmbd Zmc xntq hmsdmcdc
trd hr mns odqlhssdc ax rsZstsnqx qdftkZshnm nq dwbddcr sgd odqlhssdc
trd) xnt vhkk mddc sn nasZhm odqlhrrhnm chqdbskx eqnl sgd bnoxqhfgs
gnkcdq- Sn uhdv Z bnox ne sghr khbdmbd) uhrhs gsso9..bqdZshudbnllnmr-nqf.
khbdmrdr.ax.3-/.-

z Sgd @tsgnq&r( 1/12
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