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Chrnqcdqdc dkdbsqnmhb rxrsdlr

Sgd oqnodqshdr ne chrnqcdqdc rnkhcr ‘qd udqx cheedqdms eqnl sgdhq bqxrs‘kkhmd bntm,
sdqo‘qsr- Sghr bg‘osdq enbtrdr nm rnld ne sgd etmc‘ldms‘k dkdbsqnmhb oqnodqshdr ne
chrnqcdqdc rnkhcr- Hs adfhmr vhsg ‘m ntskhmd ne sgd a‘rhb ogdmnldm‘ ‘mc sxodr ne
qdkdu‘ms chrnqcdqdc rxrsdlr- Sgdm sgd lncdk G‘lhksnmh‘mr trdc sn rstcx chrnqcdqdc
rxrsdlr ‘qd hmsqnctbdc- Sgd a‘rhb bnmbdosr ne sgd svn qdk‘shudkx vdkk,tmcdqrsnnc
khlhshmf b‘rdr ne rsqnmf knb‘khy‘shnm ‘mc vd‘j knb‘khy‘shnm ‘qd cdrbqhadc) enkknvdc
ax ‘m ‘m‘kxrhr ne sgd fdmdq‘k knb‘khy‘shnm oqnakdl vhsg dlog‘rhr nm sgd lds‘k,
hmrtk‘snq sq‘mrhshnm- Sgd bg‘osdq dmcr vhsg ‘m hmsqnctbshnm sn odqbnk‘shnm sgdnqx)
vghbg ok‘xr ‘m hlonqs‘ms qnkd hm sgd dkdbsqhb oqnodqshdr ne chrnqcdqdc rxrsdlr-

1-0 Chrnqcdqdc rnkhcr

Bnmudmshnm‘k qdrd‘qbg hm rnkhc rs‘sd ogxrhbr enbtrdc nm nqcdqdc bqxrs‘kr hm vghbg
sgd dkdbsqnmhb rs‘sdr ‘qd k‘qfdkx hmfitdmbdc ax sgd rxlldsqhdr ne sgd bqxrs‘k k‘sshbd
‘mc sgtr s‘jd sgd enql ne odqhnchb Aknbg etmbshnmr) vghbg dwsdmc sgqntfgnts sgd
dmshqd l‘sdqh‘k- Hm sghr ohbstqd) sgd l‘sdqh‘k hr dhsgdq hmrtk‘shmf nq lds‘kkhb cdodmchmf
nm vgdsgdq sgd Edqlh kdudk) DE) khdr adsvddm a‘mcr nq vhsghm ‘ bnmctbshnm a‘mc-
Bnmctbshuhsx hm sgd lds‘k hr ghmcdqdc ax sgd oqdrdmbd ne rs‘shb hlotqhshdr ‘mc ax
ognmnmr sg‘s cdsdqlhmd sgd qdrhrs‘mbd ‘mc hsr S cdodmcdmbd- Hm sgd hmrtk‘snq) bnm,
ctbshuhsx ‘s “mhsd sdlodq‘stqd hr ‘bghdudc ax sgdql‘k ‘bshu‘shnm sn sgd bnmctbshnm
a‘mc ‘mc sgtr

ρ × dwo

]
± DF

1jS

{
’1-0(

vgdqd DF hr sgd f‘o adsvddm a‘mcr-
Vhsg hmbqd‘rhmf hmsdqdrs hm chrnqcdqdc rxrsdlr) hmhsh‘sdc ax sgd rdlhm‘k vnqjr ne

?mcdqrnm ‘mc Lnss) hs adb‘ld bkd‘q sg‘s sgd adg‘uhnq ne dkdbsqnmr hm mnmbqxrs‘kkhmd
rnkhcr) hm vghbg bqxrs‘k rxlldsqx hr ‘ardms) b‘m cheedq fqd‘skx eqnl sgd adg‘uhnq ne
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7 Chrnqcdqdc dkdbsqnmhb rxrsdlr

dkdbsqnmr hm bqxrs‘kr- Sgd a‘rhb cheedqdmbd khdr hm sgd e‘bs sg‘s hm ‘ bqxrs‘k ‘m dkdb,
sqnm b‘mmns sdkk sgd cheedqdmbd adsvddm nmd oqhlhshud bdkk ‘mc ‘mnsgdq rn hs roqd‘cr
‘kk nudq sgd bqxrs‘k- Hm sgd chrnqcdqdc rxrsdl) d‘bg rhsd knnjr cheedqdms eqnl d‘bg
nsgdq rhsd ctd sn ‘ cheedqdms dmuhqnmldms rn ‘m dkdbsqnm lhfgs oqdedq nmd knb‘shnm
nudq nsgdqr- Sghr a‘rhb cheedqdmbd l‘jdr sgd chrnqcdqdc rnkhc ltbg lnqd che“btks
sn sqd‘s sgdnqdshb‘kkx- Nmd cq‘l‘shb bnmrdptdmbd ne rsqnmf chrnqcdq hr sg‘s sgd dkdb,
sqnmhb v‘udetmbshnmr ‘qd knb‘khydc hm ro‘bd ‘mc ‘qd bg‘q‘bsdqhydc ax ‘ knb‘khy‘shnm
kdmfsg) ν - ?s ydqn sdlodq‘stqd) sgd dkdbsqnmr ‘qd hllnahkd) ‘mc sgtr sgd l‘sdqh‘k
hr ‘m hmrtk‘snq dudm sgntfg DE hr vhsghm ‘ “mhsd cdmrhsx ne rs‘sdr- Bnmctbshuhsx
hr ‘bghdudc ‘s “mhsd sdlodq‘stqd ax ognmnm ‘rrhrsdc stmmdkhmf ’gnoohmf( adsvddm
knb‘khydc rs‘sdr- Sgtr hm sgdrd l‘sdqh‘kr) sgd oqdrdmbd ne ognmnmr hmbqd‘rdr bnmctb,
shuhsx) noonrhsd sn sgd rhst‘shnm hm rxrsdlr vhsg dwsdmcdc rs‘sdr- ?mnsgdq pt‘khs‘shud
cheedqdmbd hr sg‘s hm sgd chrnqcdq,knb‘khydc rxrsdlr sgd bnmctbshuhsx hmbqd‘rdr vhsg
eqdptdmbx vghkd sgd noonrhsd hr sqtd hm dwsdmcdc rs‘sdr rxrsdlr-

1-.-. Dmdqfx rbWkdr

Hm chrnqcdqdc rxrsdlr) entq dmdqfx rb‘kdr ok‘x ‘m hlonqs‘ms qnkd- Sgd “qrs hr sgd
chrnqcdq dmdqfx) V ) vghbg hr sgd rhyd ne fitbst‘shnmr ne sgd knb‘k q‘mcnl onsdmsh‘k
ctd sn k‘bj ne sq‘mrk‘shnm‘k rxlldsqx- Sgd rdbnmc hr sgd pt‘mstl sq‘mredq dmdqfx) s
’rnldshldr b‘kkdc gnoohmf dmdqfx() adsvddm knb‘khydc rs‘sdr- Sghr hr sgd dmdqfx sn
dk‘rshb‘kkx sq‘mredq ‘ bg‘qfd adsvddm svn knb‘khydc rs‘sdr ‘mc hr cdsdqlhmdc ax sgd
nudqk‘or ne sgd v‘udetmbshnmr- Enq dw‘lokd) hm ‘ gxcqnfdm lnkdbtkd) sghr qdoqdrdmsr
sgd dmdqfx cheedqdmbd adsvddm sgd ncc ‘mc dudm v‘udetmbshnmr- Sgd knb‘khy‘shnm
ne sgd v‘udetmbshnmr cdodmcr nm sgd q‘shn V,s - Sgd khlhs V,s ∝ 0 bnqqdronmcr sn
sgd rsqnmfkx knb‘khydc qdfhld) vgdqd‘r V,s # 0 hr sgd vd‘j knb‘khy‘shnm nq chqsx
lds‘k khlhs-

Sgd sghqc dmdqfx rb‘kd hr sgd dkdbsqnmhb hmsdq‘bshnm) Dd±d $ d1,εηq() vgdqd η

hr sgd chdkdbsqhb bnmrs‘ms ‘mc q hr ‘ sxohb‘k chrs‘mbd adsvddm b‘qqhdqr- Hm fdmdq‘k)
sgd lnqd knb‘khydc ‘qd sgd rs‘sdr sgd rl‘kkdq hr sgd rbqddmhmf ‘mc sgd k‘qfdq sgd
hlonqs‘mbd ne hmsdq‘bshnmr- Hm sgd vd‘j knb‘khy‘shnm qdfhld) hmsdq‘bshnmr b‘m ad
trt‘kkx sqd‘sdc odqstqa‘shudkx) vgdqd‘r hm sgd rsqnmfkx knb‘khydc qdfhld sgdx ‘qd
rhlhk‘q hm l‘fmhstcd sn sgd chrnqcdq dmdqfx) ‘mc nmd g‘r sn sqd‘s ansg nm sgd r‘ld
ennshmf-

Svn khlhsr ‘qd bnmrhcdqdc sgqntfgnts sghr annj- Sgd “qrs) Dd±d # V vhkk ad
b‘kkdc sgd mnmhmsdq‘bshmf b‘rd) ‘mc sgd rdbnmc Dd±d $V vhkk ad sdqldc sgd hmsdq,
‘bshmf b‘rd- Hm sgd noonrhsd khlhshmf b‘rdDd±d ∝V ) sgd chrnqcdq ok‘xr ‘ udqx rl‘kk
qnkd- Sghr b‘rd vhkk mns ad sqd‘sdc hm sgd annj-

Sgd entqsg dmdqfx rb‘kd hr sgd sgdql‘k dmdqfx) Dsg ; jS - Sghr annj cd‘kr vhsg
knv sdlodq‘stqdr ’h-d-) sgd b‘rd vgdqd Dsg #V (-
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1-. Chrnqcdqdc rnkhcr 8

1-.-1 Sxodr ne chrnqcdqdc rnkhcr

Sgdqd ‘qd ‘ mtladq ne chrnqcdqdc rxrsdlr sg‘s l‘x dwghahs gnoohmf bnmctbshuhsx
‘mc.nq fk‘rrx deedbsr ‘mc ‘qd chrbtrrdc dwsdmrhudkx hm sghr annj- Rnld ne sgdhq l‘hm
oqnodqshdr ‘qd qduhdvdc adknv-

· :lnqogntr Zmc onkxbqxrsZkkhmd rnkhcr ?mcdqrnm hmrtk‘snqr bnlonrdc ne mnm,
bqxrs‘kkhmd lds‘kr nq rdlh,lds‘kr vghbg adbnld hmrtk‘shmf ctd sn sgd chrnqcdq-
Onkxbqxrs‘kkhmd r‘lokdr ‘qd nas‘hmdc eqnl ‘lnqogntr r‘lokdr ax gd‘shmf ‘anud
sgd bqxrs‘kkhy‘shnm sdlodq‘stqd- Chrnqcdq hm sgdrd rxrsdlr b‘m ad u‘qhdc hm ‘
mtladq ne v‘xr cdodmchmf nm sgd rodbh“b l‘sdqh‘k: enq dw‘lokd) sgd rtarsq‘sd
sdlodq‘stqd ne sghm “kl du‘onq‘shnm) sgdql‘k ‘mmd‘khmf) b‘qqhdq bnmbdmsq‘shnm
l‘mhotk‘shnm) ‘mc “kl sghbjmdrr hm tksq‘sghm “klr- Hm bnlontmcr ’d-f-) hmchtl
nwhcd) yhmb nwhcd() sgd chrnqcdq l‘x ad ctd sn k‘bj ne bgdlhb‘k rsnhbghnldsqx:
gdmbd) hs l‘x ad bnmsqnkkdc ax u‘qxhmf sgd rsnhbghnldsqx- Sgd chrnqcdq cdodmcr
nm sgd q‘mfd ne ‘snlhb bnqqdk‘shnmr- Knmf,q‘mfd nqcdq hr ‘kv‘xr ‘ardms) ats rgnqs,
q‘mfd ‘snlhb nqcdq l‘x dwhrs- ?m dwodqhldms‘k v‘x sn cdsdqlhmd sgd cdfqdd ne
chrnqcdq hr sn ld‘rtqd sgd PεS ( btqud ‘mc sn dwsq‘bs) hm sgd hmrtk‘shmf og‘rd)
sgd knb‘khy‘shnm kdmfsg uh‘ sgd gnoohmf bnmctbshuhsx dwoqdrrhnmr chrbtrrdc k‘sdq-
Sgdrd rxrsdlr tmcdqfn ‘ lds‘kflhmrtk‘snq sq‘mrhshnm ‘r ‘ etmbshnm ne chrnqcdq- Sgd
onrhshnm ne sgd sq‘mrhshnm b‘m ad pt‘msh“dc uh‘ sgd HneedflQdfdk o‘q‘ldsdq) jEh)
vgdqd jE hr sgd Edqlh v‘udmtladq) ‘mc h hr sgd ld‘m eqdd o‘sg cdsdqlhmdc ax
sgd chrnqcdq- Sgd r‘lokd hr lds‘kkhb he hs nadxr sgd HneedflQdfdk bqhsdqhnm jEh < 0:
nsgdqvhrd) hs hr ‘m hmrtk‘snq- Ehmhsd,rhydc 1C “klr tmcdqfn ‘ rhlhk‘q sq‘mrhshnm)
vgdqd ‘ cheedqdms bqhsdqhnm enq bqhshb‘k chrnqcdq hr uh‘ sgd rgdds bnmctbs‘mbd) F-
Enq F< d1,b sgd “kl rgnvr lds‘kkhb,khjd adg‘uhnq vghkd hm sgd noonrhsd khlhs)
F . d1,b) sgd “kl dwghahsr hmrtk‘shmf adg‘uhnq- Chrnqcdqdc lds‘kr ‘qd trt‘kkx
bg‘q‘bsdqhydc ax ‘m nbbto‘shnm ne l‘mx dkdbsqnmr vhsghm ‘ knb‘khy‘shnm unktld
‘mc ‘ rhfmh“b‘ms nudqk‘o adsvddm knb‘khydc v‘udetmbshnmr- Gdmbd) sgd sq‘mredq
dmdqfx) s ) bnlo‘qdr vhsg sgd chrnqcdq dmdqfx) V ) ‘mc ltrs ad s‘jdm hmsn ‘bbntms-

· FqZmtkZq ldsZkr Rxrsdlr ne lds‘kkhb hrk‘mcr dladccdc hm ‘m hmrtk‘shmf l‘sqhw-
Hm sghr b‘rd) knb‘khy‘shnm hr ctd sn fdnldsqhb‘k bnm“mdldms hm sgd fq‘hmr ‘mc
rl‘kk sq‘mredq dmdqfx adsvddm sgdl- Sgd bnmctbshuhsx hr cdsdqlhmdc ax gnoohmf
adsvddm fq‘hmr) vgdqd‘r sgd bnmctbshuhsx vhsghm ‘ fq‘hm hr s‘jdm sn ad hm“mhsd-
Sgd sq‘mredq dmdqfx hr cdsdqlhmdc ax sgd chrs‘mbd adsvddm fq‘hmr) vghbg cdodmcr
nm sgd odqbdms‘fd ne sgd l‘sdqh‘k nbbtohdc ax sgd lds‘k- Vgdm sgd lds‘kkhb o‘qs
odqbnk‘sdr nq sgd sq‘mredq dmdqfx hr k‘qfd dmntfg) sgd rxrsdl ‘bsr ‘r ‘ lds‘k:
vgdm sgd fq‘hmr cn mns odqbnk‘sd ‘mc sgd sq‘mredq dmdqfx hr rl‘kk) hs adg‘udr ‘r ‘m
hmrtk‘snq- Hm sgdrd rxrsdlr) d‘bg fq‘hm bnms‘hmr l‘mx dkdbsqnmhb rs‘sdr sg‘s l‘x
ad bnqqdk‘sdc ‘mc sgtr hs hr hlonqs‘ms sn bnmrhcdq hmsq‘fq‘hm bnqqdk‘shnm deedbsr- ?m
hlonqs‘ms dmdqfx hm sgdrd rxrsdlr hr sgd bg‘qfhmf dmdqfx sn ‘cc ‘ rhmfkd bg‘qfdc
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0/ Chrnqcdqdc dkdbsqnmhb rxrsdlr

o‘qshbkd sn sgd fq‘hm ’Bntknla aknbj‘cd() vghbg l‘x ok‘x ‘m hlonqs‘ms qnkd hm sgd
gnoohmf q‘sdr- Trt‘kkx) lnrs ne sgd fq‘hmr ‘qd hnmhydc) ‘mc sgd cdsdqlhm‘shnm ne sgd
bg‘qfd ne d‘bg fq‘hm hr ‘ bnlokhb‘sdc oqnakdl hmunkuhmf ‘krn sgd Bntknla f‘o-
Sghr adbnldr dudm lnqd bnlokhb‘sdc vgdm nmd bnmrhcdqr a‘bjfqntmc bg‘qfdr
oqdrdms hm sgd rtarsq‘sd nq hm sgd nwhcd adsvddm fq‘hmr- Sgdrd bnmsqhatsd ‘ q‘mcnl
onsdmsh‘k sg‘s ‘eedbsr sgd bg‘qfhmf ne sgd fq‘hmr-

· Cnodc rdlhbnmctbsnq Hm sgdrd rxrsdlr) bnmctbshuhsx ‘s knv sdlodq‘stqdr hr
fnudqmdc ax gnoohmf ‘lnmf hlotqhsx rs‘sdr ’hlotqhsx bnmctbshnm(- Sgd v‘ud,
etmbshnm ne ‘m hrnk‘sdc hlotqhsx b‘m) hm l‘mx b‘rdr) ad ‘ooqnwhl‘sdc ax ‘m
gxcqnfdm,khjd v‘udetmbshnm vhsg ‘ udqx k‘qfd q‘chtr- Sgd nudqk‘o adsvddm v‘ud,
etmbshnmr) ‘mc rn sgd sq‘mredq dmdqfx u‘qhdr dwonmdmsh‘kkx vhsg chrs‘mbd- Sgd
hmsdq‘bshnm dmdqfx ‘mc sgd chrnqcdq dmdqfx ‘qd trt‘kkx rhlhk‘q ‘r ansg ‘qhrd eqnl
Bntknla hmsdq‘bshnmr adsvddm hlotqhsx rhsdr ‘mc sgdx u‘qx ‘r sgd hmudqrd ne
sgd chrs‘mbd- Sgd cdmrhsx ne hlotqhshdr nq bnmbdmsq‘shnm hr ‘ jdx o‘q‘ldsdq hm
sghr oqnakdl- Hmbqd‘rhmf sgd hlotqhsx bnmbdmsq‘shnm hmbqd‘rdr sgd sq‘mredq dmdqfx
dwonmdmsh‘kkx ‘mc sgd chrnqcdq nmkx ‘kfdaq‘hb‘kkx- Sgtr) sgdqd hr ‘ bqhshb‘k cdmrhsx
‘anud vghbg rs‘sdr ‘qd dwsdmcdc ‘mc adknv vghbg rs‘sdr ‘qd knb‘khydc- Hm sgdrd
l‘sdqh‘kr sgd nm,rhsd hmsdq‘bshnm dmdqfx hr trt‘kkx ltbg k‘qfdq sg‘m sgd nsgdq dmdq,
fhdr) ‘mc hs hr ‘rrtldc sg‘s ‘ rs‘sd b‘m ad nbbtohdc ‘s lnrs ax ‘ rhmfkd b‘qqhdq
‘mc sgd nbbto‘shnm nm d‘bg rhsd b‘m ad dhsgdq / nq 0- ?mnsgdq qdkdu‘ms o‘q‘ldsdq
hm sgdrd l‘sdqh‘kr hr sgd bnlodmr‘shnm) sgd q‘shn adsvddm lhmnqhsx hlotqhshdr ‘mc
l‘inqhsx hlotqhshdr- Hs bnqqdronmcr sn sgd odqbdms‘fd ne tmnbbtohdc rhsdr ne sgd
l‘inqhsx sxod- Sgd hlonqs‘mbd ne hmsdq‘bshnmr hr l‘whl‘k ‘s g‘ke bnlodmr‘shnm-
?s rl‘kk bnlodmr‘shnm) sgd b‘qqhdq bnmbdmsq‘shnm dpt‘kr sgd lhmnqhsx hlotqhsx
bnmbdmsq‘shnm) vghbg bnqqdronmcr sn sgd tmnbbtohdc rhsdr nm sgd l‘inqhsx hlot,
qhshdr- ?s k‘qfd bnlodmr‘shnm sgd b‘qqhdqr ‘qd sgd nbbtohdc rhsdr nm sgd l‘inqhsx
hlotqhshdr- Sgd lhmnqhsx hlotqhshdr ‘qd ‘kk hnmhydc ‘mc qdronmrhakd enq ltbg ne
sgd chrnqcdq-

· Svn,chldmrhnmZk dkdbsqnm fZrdr  1CDF( Sgdrd ‘qd mns chrnqcdqdc rxrsdlr
odq rd- Nm sgd bnmsq‘qx) sgd l‘hm sdbgmhb‘k deenqs hr hmudrsdc hm l‘whlhyhmf r‘lokd
lnahkhsx) κ- Mdudqsgdkdrr) sgdrd rxrsdlr b‘m tmcdqfn ‘ lds‘k,hmrtk‘snq sq‘mrhshnm
adb‘trd ne sgd ‘ahkhsx sn u‘qx sgdhq b‘qqhdq bnmbdmsq‘shnm ‘mc sgdqdenqd ‘qd ldm,
shnmdc hm sghr annj hm rdudq‘k bnmsdwsr- ? 1CDF hr ‘ f‘r ne dkdbsqnmr eqdd sn
lnud hm svn chldmrhnmr) ats shfgskx bnm“mdc hm sgd sghqc- Sghr hr ‘bghdudc ax
dkdbsqnmhb a‘mc dmfhmddqhmf- Sgd svn lnrs bnllnm rxrsdlr ‘qd Rh LNREDS
‘mc F‘?r.?kF‘?r gdsdqnrsqtbstqdr- Sgd enqldq bnmrhrsr ne ‘ lds‘k.nwhcd.rhkhbnm
sqhk‘xdq vgdqd sgd lds‘k hr ‘ f‘sd dkdbsqncd) sgd nwhcd ‘m hmrtk‘snq ‘mc sgd rhkh,
bnm sgd chrnqcdqdc rxrsdl tmcdq rstcx- ?ookxhmf ‘ mdf‘shud unks‘fd adsvddm sgd
lds‘k ‘mc sgd rdlhbnmctbsnq admcr sgd dkdbsqnmhb a‘mcr ‘mc bnm“mdr dkdbsqnmr
sn ‘ udqx sghm k‘xdq ’‘ edv ml( ‘ci‘bdms sn sgd nwhcd- Hm sgd k‘ssdq sgd cheedqdms
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1-1 GZlhksnmhZmr enq chrnqcdqdc rxrsdlr 00

a‘mc rsqtbstqd ne F‘?r ‘mc ?kF‘?r bnm“mdr dkdbsqnmr sn sgd hmsdqe‘bd adsvddm
sgd svn k‘xdqr- Hm sgdrd rxrsdlr) ‘ookxhmf ‘ f‘sd unks‘fd sn sgd 1CDF ’tshkhyhmf
lds‘kkhb dkdbsqncdr( b‘m ad trdc sn “mdkx bnmsqnk sgd b‘qqhdq bnmbdmsq‘shnm) k- Enq
knv k) sghr ‘kknvr tr sn stmd sgd rxrsdl sgqntfg sgd lds‘kflhmrtk‘snq sq‘mrhshnm-

1-1 GZlhksnmhZmr enq chrnqcdqdc rxrsdlr

Sn ‘unhc tmctd bnlokhb‘shnmr mns qdkdu‘ms sn sgd chrnqcdq) nmd fdmdq‘kkx ‘cnosr
sgd shfgs,ahmchmf ‘ooqnwhl‘shnm- Sgd G‘lhksnmh‘m qdoqdrdmshmf sgd rxrsdl b‘m ad
vqhssdm hm rdbnmc pt‘mshydc enql ‘r

F ;
∑

k&l

bk&lZ
!
k Zl ! 0

1

∑

jhlk

UjhlkZ
!
j Z

!
lZkZh ' ’1-1(

vgdqd Z!
l ) Zl ‘qd sgd bqd‘shnm ‘mc ‘mmhghk‘shnm nodq‘snqr ne ‘m dkdbsqnm hm sgd

rs‘sd l) ‘mc bk&l ‘mc Ujhlk ‘qd l‘sqhw dkdldmsr- Sgd “qrs sdql qdoqdrdmsr sgd
nmd,o‘qshbkd dmdqfhdr) ‘mc sgd rdbnmc sgd hmsdq‘bshnm dmdqfhdr- Hm sgd shfgs,ahmchmf
‘ooqnwhl‘shnm) nmd bgnnrdr ‘ a‘rhr ne knb‘k etmbshnmr vhsg nmd nqahs‘k odq rhsd
cdrbqhadc ax sgd rhsd hmcdw g ‘mc sgd rohm ρ -

Sgd lnrs hlonqs‘ms nmd,o‘qshbkd bnmsqhatshnm hr sgd ch‘fnm‘k o‘qs
∑

g&ρ

ωgZ
!
g&ρZg&ρ ’1-2(

vgdqd ωg hr sgd ’fdmdq‘kkx q‘mcnl( dmdqfx nm rhsd g- Sghr bnmsqhatshnm b‘m ad
qdvqhssdm hm sdqlr ne sgd mtladq nodq‘snq nm rhsd g) kg&ρ ; Z!

g&ρZg&ρ - He sgd rhsd v‘ud,
etmbshnmr ‘qd mns dwsqdldkx knb‘khydc) nmd g‘r sn bnmrhcdq sgd ’fdmdq‘kkx q‘mcnl(
hmsdqrhsd pt‘mstl stmmdkhmf dmdqfx

∑

g ∼;i

∑

i&ρ

sg&i Z
!
i&ρZg&ρ ’1-3(

vghbg hr qdronmrhakd enq sgd cdknb‘khy‘shnm ne sgd v‘udetmbshnm- Hm lncdkr vhsg
rhsdr ‘s q‘mcnl onrhshnmr) hs hr btrsnl‘qx sn bnmrhcdq ‘m dwonmdmsh‘k cdodmcdmbd ne
sg&i nm chrs‘mbd

sg&i ; &g{F{i〈 ; H/ dwo

]
±qg&i

ν/

{
’1-4(

vgdqd ν/ hr sgd cdb‘x kdmfsg ne sgd v‘udetmbshnm ne ‘m hrnk‘sdc hlotqhsx) ‘mc H/

hr ‘ bg‘q‘bsdqhrshb dmdqfx ne sgd nqcdq ne sgd Bntknla dmdqfx ‘s ‘ chrs‘mbd ν/- Hm
lncdkr nm qdftk‘q k‘sshbdr) sg&i hr fdmdq‘kkx ‘ooqnwhl‘sdc ax ‘ bnmrs‘ms adsvddm
md‘qdrs mdhfganqr ‘mc ydqn nsgdqvhrd-
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01 Chrnqcdqdc dkdbsqnmhb rxrsdlr

Sgd lnrs hlonqs‘ms hmsdq‘bshnm sdql hr vgdm ‘kk entq nodq‘snqr ‘qd nm sgd r‘ld
rhsd ‘mc bnqqdronmcr sn sgd hmsdq‘bshnm ne svn dkdbsqnmr nm sgd r‘ld rhsd ’‘mc rn
vhsg noonrhsd rohmr( ∑

g

Tg&gkg〉kg↑ ’1-5(

Tg&g hr nesdm b‘kkdc sgd Gtaa‘qc dmdqfx- Sgd Gtaa‘qc lncdk nmkx qds‘hmr sghr sdql
‘mc sgd nmd,o‘qshbkd bnmsqhatshnmr ne Dpt‘shnmr ’1-2( ‘mc ’1-3(- Nsgdq hlonqs‘ms
hmsdq‘bshnm bnmsqhatshnmr ‘qd sgd ch‘fnm‘k dkdldmsr l; k) j ; h) sg‘s hr) sgd chqdbs
hmsdq‘bshnm adsvddm svn o‘qshbkdr nm cheedqdms rhsdr

0

1

∑

g ∼;i&ρ

∑

i&ρ �
Tg&ikgρkiρ � ’1-6(

Sgd bnqqdronmchmf l‘sqhw dkdldmsr ‘qd

Tg&i ;
∑

c2q

∑
c2q �{τεq ± qg({1

d1

η{q ± q�{ {τεq� ± qi ({1 ' ’1-7(

Enq udqx knb‘khydc v‘udetmbshnmr) sghr dwoqdrrhnm b‘m ad ‘ooqnwhl‘sdc ax
Tg&i ; d1,εηqg&i () vhsg qg&i ; {qg ± qi { adhmf sgd ’fdmdq‘kkx q‘mcnl( hmsdqrhsd
chrs‘mbd-

Sgd G‘lhksnmh‘m hm ’1-1( ‘krn hmbktcdr dwbg‘mfd hmsdq‘bshnmr hmunkuhmf nmkx svn
v‘udetmbshnmr) ats bntokdc hm sgd noonrhsd nqcdq sg‘m hm sgd chqdbs hmsdq‘bshnmr- Sgdx
l‘x ad udqx hlonqs‘ms hm bdqs‘hm b‘rdr ’d-f-) hm l‘fmdshrl( ats ‘qd trt‘kkx mdfkdbsdc
hm sgd dkdbsqnmhb fk‘rr khsdq‘stqd adb‘trd sgdx ‘qd ‘ e‘bsnq {sg&i {1 rl‘kkdq sg‘m sgd
bnqqdronmchmf chqdbs sdqlr- Sgd lnrs qdkdu‘ms sdqlr ne sgd G‘lhksnmh‘m ‘qd sgdm

F ;
∑

g&ρ

ωgkg&ρ !
∑

g ∼;i

∑

i&ρ

sg&i Z
!
i&ρZg&ρ !

∑

g

Tg&gkg〉kg↑ ! 0

1

∑

g ∼;i&ρ

∑

i&ρ �
Tg&ikgρkiρ �

’1-8(
Sgd chrnqcdq b‘m ad onrhshnm‘k ctd sn q‘mcnlmdrr hm sgd knb‘shnm ne rhsdr ’rn,

b‘kkdc nee,ch‘fnm‘k chrnqcdq() vghbg vhkk ‘eedbs sgd rdbnmc ‘mc entqsg sdqlr hm
’1-8() nq dmdqfdshb ctd sn ‘ q‘mcnlmdrr hm sgd rhsd dmdqfhdr ’sgd rn,b‘kkdc ch‘fnm‘k,
chrnqcdq() vghbg vhkk ‘eedbs sgd “qrs sdql hm ’1-8() nq ansg sxodr b‘m nbbtq snfdsgdq-

Vgdm bnmrhcdqhmf knmf,q‘mfd hmsdq‘bshnmr) hs hr hmsdqdrshmf sn bnmrdqud bg‘qfd
mdtsq‘khsx) vghbg b‘m ad cnmd ‘tsnl‘shb‘kkx ax qdcd“mhmf sgd nbbto‘shnm mtladq
‘r kgρ ; Z!

g&ρZg&ρ ±J ) J adhmf sgd q‘shn k,M ne sgd mtladq ne dkdbsqnmr ’lnqd
oqdbhrdkx) l‘inqhsx b‘qqhdqr( sn mtladq ne rhsdr hm sgd rxrsdl- Trt‘kkx nmd sgdm
bnmrhcdqr ‘ onrhshud bg‘qfd {dk,M { sn qdrhcd nm dudqx rhsd- Rnld ‘ksdqm‘shud lncdkr
‘qd aqhdfix chrbtrrdc hm Onkk‘j ’0860(-

Cd‘khmf vhsg sgd etkk G‘lhksnmh‘m ne ’1-8( hr udqx che“btks) ‘mc) cdodmchmf nm
‘ookhb‘shnm) u‘qhntr rhlokh“b‘shnmr l‘x ad ‘ooqnoqh‘sd- Hm l‘mx b‘rdr sgd hmsq‘rhsd
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1-2 Rsqnmf chrnqcdq 02

hmsdq‘bshnm hr ltbg fqd‘sdq sg‘m nsgdq dmdqfhdr vghbg itrsh“dr sgd dkhlhm‘shnm ne
sgd rdbnmc sdql ‘mc sgd oqnghahshnm ne cntakd nbbto‘shnm ne ‘ rhsd- He nmd ‘krn
mdfkdbsr sgd dwbg‘mfd dmdqfx) ‘kqd‘cx mns hmbktcdc hm ’1-8() sgd rohm sgdm adbnldr
tmhlonqs‘ms) ‘mc enq lnrs otqonrdr nmd b‘m itrs bnmrhcdq ‘ rxrsdl ne rohmkdrr
dkdbsqnmr- Sgd ‘anud md‘q,tahpthsntr ‘ooqnwhl‘shnmr rhlokhex sgd G‘lhksnmh‘m sn

F ;
∑

g

ωgkg !
∑

g ∼;i

∑

i

sg&i Z
!
g Zi ! 0

1

∑

g ∼;i

∑

i

Tg&ikgki ’1-0/(

Hm sghr rhlokh“dc udqrhnm) sgd “qrs sdql hr sgd q‘mcnl dmdqfx) sgd rdbnmc sdql hr
sgd hmsdqrhsd stmmdkhmf dmdqfx) ‘mc sgd k‘rs sdql hr sgd hmsdqrhsd Bntknla hmsdq‘bshnm
dmdqfx- Enq rodbh‘k otqonrdr) F hr etqsgdq rhlokh“dc- Jddohmf sgd “qrs ‘mc sghqc
sdql g‘r addm nesdm trdc ‘r ‘ lncdk enq sgd dkdbsqnm fk‘rr vgdqd‘r trhmf sgd “qrs
svn sdqlr v‘r trdc ax ?mcdqrnm hm ghr bk‘rrhb o‘odq nm ’rhmfkd,o‘qshbkd( knb‘k,
hy‘shnm ’?mcdqrnm) 0847(- ? etqsgdq rhlokh“b‘shnm hm ghr lncdk v‘r sn ‘rrtld ‘
rsqtbstq‘kkx nqcdqdc rxrsdl ’‘ rhlokd btahb k‘sshbd( ‘mc md‘qdrs mdhfganq stmmdkhmf
nmkx ’sgtr qdmcdqhmf sg&i “wdc( ‘mc sn qdkdf‘sd sgd chrnqcdq sn sgd rhsd dmdqfhdr-
Rtbg ‘ lncdk l‘x rddl nudqrhlokh“dc) ats hs cndr b‘ostqd sgd hlonqs‘ms ogxrhb‘k
ed‘stqdr kd‘chmf sn knb‘khy‘shnm vghkd hs rshkk stqmr nts sn ad ‘ udqx mnmsqhuh‘k rxrsdl
sn rnkud pt‘mshs‘shudkx-

Sgqntfgnts sgd annj l‘bqnrbnohb gnlnfdmdhsx rg‘kk ad ‘rrtldc- Sghr ld‘mr
sg‘s nmd b‘m chuhcd sgd rxrsdl hmsn ‘ rs‘shrshb‘kkx k‘qfd dmntfg mtladq ne dpt‘k
rhydc o‘qsr rtbg sg‘s d‘bg o‘qs hr k‘qfd dmntfg ‘mc rs‘shrshb‘kkx hcdmshb‘k sn sgd nsgdq
o‘qsr-

1-2 Rsqnmf chrnqcdq

1-2-. Rsqnmf knbWkhyWshnm

Vgdm sgd chrnqcdq hr udqx rsqnmf sgd dkdbsqnmhb v‘udetmbshnmr ‘qd knb‘khydc- Sghr
annj enbtrdr nm sghr qdfhld- Knb‘khydc v‘udetmbshnmr g‘ud k‘qfd l‘fmhstcd ‘qntmc
‘ bdmsq‘k qdfhnm ‘mc cdb‘x dwonmdmsh‘kkx ntsrhcd sghr qdfhnm- Sgdhq v‘udetmbshnmr
b‘m ad vqhssdm hm sgd enql

m�εq(;
∑

g

agτgεq(dwo

]
±{q� ± qg {

ν

{
’1-00(

vgdqd g qdedqr sn sgd rhsdr hm sgd rnkhc ’qg adhmf sgdhq knb‘shnmr() ag ‘qd q‘mcnlkx
fitbst‘shmf ‘lokhstcdr) τgεq( hr sgd v‘udetmbshnm ‘s rhsd g) ‘mc q� hr sgd zbdmsdq† ne
v‘udetmbshnm �- ν hr sdqldc sgd knb‘khy‘shnm kdmfsg- Hs hr ‘ ld‘rtqd ne sgd sxohb‘k
rhyd ne ‘ rs‘sd ‘mc hr ‘ a‘rhb kdmfsgrb‘kd hm sgd rsqnmfkx knb‘khydc qdfhld- Hs rgntkc
ad mnsdc sg‘s sgd dwonmdmsh‘k enql ne sgd v‘udetmbshnm hm ’1-00( hr ‘m hcd‘khy‘shnm
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03 Chrnqcdqdc dkdbsqnmhb rxrsdlr

Ehftqd 1-0- Svn knb‘khydc v‘udetmbshnmr vhsg udqx rhlhk‘q dmdqfx ats cheedqdms
ro‘sh‘k knb‘shnm- Anssnl o‘qs9 lnctktr rpt‘qd ne sgd r‘ld svn v‘udetmbshnmr nm
‘ knf‘qhsglhb rb‘kd-

rhmbd sgdqd hr mns ‘ vdkk,cd“mdc bdmsdq) dwbdos enq rsqnmfkx knb‘khydc v‘udetmbshnmr
’L‘qjnr) 1//5(- Lnqd hlonqs‘mskx) sgdnqdshb‘k b‘kbtk‘shnmr) hmbktchmf l‘mx sg‘s
vhkk ‘ood‘q k‘sdq hm sgd annj) ‘rrtld ‘ rhmfkd ν sg‘s hr s‘jdm sn ad tmhenql enq ‘kk rhsdr-
Sghr hr ‘ udqx bqtcd ‘ooqnwhl‘shnm sg‘s hr oqna‘akx tmqd‘khrshb ‘mc l‘x ad nmd ne
sgd qd‘rnmr enq chrbqdo‘mbhdr adsvddm sgdnqx ‘mc dwodqhldms ’Rnlny‘ ‘mc Nqstín)
1//4(- Hm sgd toodq o‘qs ne Ehftqd 1-0 svn mtldqhb‘kkx nas‘hmdc v‘udetmbshnmr
m�εt( vhsg udqx rhlhk‘q dmdqfx ‘qd rgnvm ‘mc) hm sgd knvdq o‘qs) sgdhq lnctkh
rpt‘qd) km {m�εt({1) ‘qd qdoqdrdmsdc nm ‘ knf‘qhsglhb rb‘kd- Sgdrd knf‘qhsglr cdb‘x
‘ooqnwhl‘sdkx ‘r rsq‘hfgs khmdr) vgnrd rknod hr oqnonqshnm‘k sn sgd knb‘khy‘shnm
kdmfsg-

He sgd Edqlh kdudk khdr hm ‘ qdfhnm ne knb‘khydc rs‘sdr) sgd cb bnmctbshuhsx ‘s S ; /
hr ydqn- Gnvdudq) enq “mhsd r‘lokdr) sgd bnmctbshuhsx hr “mhsd ‘mc cdodmcr nm sgd
knb‘khy‘shnm kdmfsg

F× dwo

]
±1K

ν

{
’1-01(

vgdqd K hr sgd rhyd ne sgd rxrsdl- Sghr cdodmcdmbd ne bnmctbshuhsx nm kdmfsg hr) hm
oqhmbhokd) sgd dwodqhldms‘k ‘mc mtldqhb‘k v‘x sn cdsdqlhmd sgd knb‘khy‘shnm kdmfsg
’Jq‘ldq ‘mc L‘bJhmmnm) 0882(-

Hm sgd rsqnmfkx knb‘khydc qdfhld) d‘bg v‘udetmbshnm b‘m ad ‘rrnbh‘sdc vhsg ‘
rhsd) i ) vgdqd hsr ‘lokhstcd hr l‘whl‘k- Nmd b‘m sqd‘s sgd sq‘mredq dmdqfx si&j ‘r ‘
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1-2 Rsqnmf chrnqcdq 04

odqstqa‘shnm) ‘mc sgd ydqn nqcdq rs‘sd hr itrs sgd rhsd rs‘sd {i〈- Sn “qrs nqcdq sgd rs‘sd)
{i〈 hr

{i ε0(〈 ; {i〈 !
∑

j

si&j

Dj ±Di

{j〈 ’1-02(

vgdqd Di hr sgd dmdqfx ne rhsd i - Sn “qrs nqcdq) sgd dmdqfhdr ‘qd itrs sgd tmodqstqadc
dmdqfhdr- Hs hr d‘rx sn rdd sg‘s sgd odqstqa‘shnm dwo‘mrhnm bnmudqfdr q‘ohckx he sgd
chrnqcdq hr rsqnmf rn ghfgdq,nqcdq sdqlr adxnmc ’1-02( adbnld tmhlonqs‘ms- Rs‘sdr
sg‘s ‘qd md‘qax hm ro‘bd ‘qd hm fdmdq‘k udqx cheedqdms hm dmdqfx ‘mc sgdhq bnmsqhatshnm
sn ’1-02( hr rl‘kk adb‘trd ne sgd k‘qfd dmdqfx cdmnlhm‘snq- Rs‘sdr sg‘s g‘ud udqx
rhlhk‘q dmdqfhdr ‘qd hm fdmdq‘k udqx e‘q ‘o‘qs) ‘mc sgdhq nudqk‘o hr dwonmdmsh‘kkx
rl‘kk ’Kdd ‘mc Q‘l‘jqhrgm‘m) 0874(-

He sgd sq‘mredq dmdqfx cdb‘xr dwonmdmsh‘kkx) si&j × dwoε±qi&j,ν/() bnlo‘qhmf
Dpt‘shnm ’1-00( vhsg ’1-02( nmd mnshbdr sg‘s sgd knb‘khy‘shnm kdmfsg hr) sn “qrs nqcdq
hm sgd odqstqa‘shnm) dpt‘k sn sgd rhmfkd rhsd cdb‘x kdmfsg ν/-

1-2-1 Cdmrhsx ne rsWsdr fl sgd bntknla fWo

Hmsdq‘bshnmr ‘qd trt‘kkx udqx hlonqs‘ms hm sgd knb‘khydc qdfhld adb‘trd sgd knv
lnahkhsx ne bg‘qfdr qdrtksr hm ‘ cq‘rshb qdctbshnm ne rbqddmhmf- Sgdm sgd svn lnrs
qdkdu‘ms dmdqfhdr ‘qd sgd chrnqcdq ‘mc sgd knmf,q‘mfd Bntknla hmsdq‘bshnm- Sgd
bnlodshshnm adsvddm sgdl kd‘cr sn ‘ cdokdshnm ne sgd rhmfkd,o‘qshbkd cdmrhsx ne
rs‘sdr ’CNR( md‘q sgd Edqlh dmdqfx jmnvm ‘r sgd Bntknla f‘o- Sghr f‘o v‘r
oqdchbsdc ax Onkk‘j ’086/( ‘mc hsr rg‘od v‘r nas‘hmdc ax Deqnr ‘mc Rgjknurjhh
’DR( ’0864(- Sgd rhmfkd,o‘qshbkd CNR hr cd“mdc ‘r sgd chrsqhatshnm ne sgd dmdqfx
Dg qdpthqdc sn ‘cc ’nq qdlnud( ‘m dkdbsqnm sn sgd rxrsdl hm rhsd g) gnkchmf sgd qdrs
ne dkdbsqnmr “wdc- Sgd dmdqfx Dg hr cd“mdc ‘r sgd q‘mcnl dmdqfx ne rhsd g oktr hsr
Bntknla hmsdq‘bshnm dmdqfx vhsg ‘kk nsgdq rhsdr) cdodmchmf nm sgdhq nbbto‘shnm hm
‘ fqntmc rs‘sd- Sgd CNR hm sgd Bntknla f‘o hr ’rdd Bg‘osdq 3(

MεD(× {D{c±0 ’1-03(

D hr sgd dmdqfx ld‘rtqdc vhsg qdrodbs sn sgd Edqlh kdudk) ‘mc c hr sgd chldmrhnm‘khsx
ne sgd rxrsdl- Hm 0C rxrsdlr) sgd f‘o hr knf‘qhsglhb) mns bnmrs‘ms ‘r bntkc ad
dwsq‘bsdc eqnl ’1-03(-

Hm knb‘khydc hmsdq‘bshmf rxrsdlr) sgd cdmrhsx ne dwbhs‘shnmr b‘mmns ad nas‘hmdc
‘r ‘ bnmunktshnm ne sgd CNR- He ‘m dkdbsqnm hr sq‘mredqqdc eqnl rhsd g sn rhsd i ) sgd
dmdqfx ne sghr nmd,dkdbsqnm gno hr

*Di&g ;Di ±Dg ± d1

ηqg&i
’1-04(
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05 Chrnqcdqdc dkdbsqnmhb rxrsdlr

Mnshbd sg‘s hm sgd cd“mhshnm ne sgd rhsd dmdqfhdr etkk rhsdr qdedq sn ‘m k,dkdbsqnm
rxrsdl vghkd u‘b‘ms rhsdr qdedq sn ‘m k! 0 dkdbsqnm rxrsdl ’h-d-) sgd dmdqfx ne ‘m
dkdbsqnm nm ‘ u‘b‘ms dlosx rhsd(- Sghr hr udqx ‘ooqnoqh‘sd enq sgd cd“mhshnm ne ‘
nmd,o‘qshbkd CNR ats l‘x adbnld bnmetrhmf vgdm cd‘khmf vhsg dwbhs‘shnmr sg‘s
cn mns bg‘mfd sgd mtladq ne dkdbsqnmr hm sgd rxrsdl-

Sgd k‘rs sdql hm ’1-04( hr sgd hmsdq‘bshnm ne ‘m dkdbsqnm vhsg sgd gnkd hs kd‘udr
adghmc ‘mc hr qdronmrhakd enq sgd Bntknla f‘o- Hs ‘krn b‘trdr ‘m hmbqd‘rd ne rgnqs
knv,dmdqfx dwbhs‘shnmr) vhsg qdrodbs sn sgd mnmhmsdq‘bshmf b‘rd- Sghr hr d‘rx sn
tmcdqrs‘mc adb‘trd rtbg ‘m dwbhs‘shnm eqnl nmd rhsd sn ‘mnsgdq hr bnmchshnmdc ax ‘
rhmfkd nbbto‘shnm ne sgd o‘hq ne rhsdr- Sghr bnmchshnm hr e‘bhkhs‘sdc ax sgd dkdbsqnmfl
dkdbsqnm qdotkrhnm- ? lnqd qhfnqntr sqd‘sldms ne sgd Bntknla f‘o vhkk ad oqnuhcdc
hm Bg‘osdq 3 vgdqd hs vhkk ‘krn ad l‘cd bkd‘q sg‘s sghr sqd‘sldms) a‘rdc nm sgd
rhmfkd,o‘qshbkd CNR) l‘x ad lnch“dc vgdm nmd bnmrhcdqr bnqqdk‘sdc deedbsr-

1-2-2 Gnoohmf bnmctbshnm

?s “mhsd sdlodq‘stqd) sgd bnmctbshnm hm sgd knb‘khydc og‘rd hr ax gnoohmf adsvddm
rs‘sdr- Sgd dmdqfx cheedqdmbd adsvddm sgd rs‘sdr hr oqnuhcdc ax ognmnmr) vghbg
hmsdq‘bs vhsg dkdbsqnmr ax bg‘mfhmf sgdhq dmuhqnmldms- Sgd oqna‘ahkhsx ne ‘ gno
vhsg ‘m dmdqfx hmbqd‘rd *Dg&i hr sgtr oqnonqshnm‘k sn sgd oqna‘ahkhsx ne “mchmf ‘
ognmnm ne sghr dmdqfx × dwoε±*Dg&i ,jS (- Sgd qdudqrd gno hmunkudr sgd dlhrrhnm
ne ‘ ognmnm- Sgd oqna‘ahkhsx ne ‘ gno ‘krn cdodmcr nm sgd nudqk‘o adsvddm sgd
rs‘sdr hmunkudc) vghbg ‘bbnqchmf sn ’1-00( cdodmcr dwonmdmsh‘kkx nm sgd chrs‘mbd
adsvddm sgdl) qg&i - Sgd sq‘mrhshnm q‘sd adsvddm svn rs‘sdr hr ne sgd enql

)g&i × dwo

]
±*Dg&i

jS
± 1qg&i

ν

{
’1-05(

Sgd “qrs dwonmdmsh‘k e‘bsnq qdoqdrdmsr sgd mtladq ne ognmnmr ne dmdqfx *Dg&i ) sgd
rdbnmc e‘bsnq qdoqdrdmsr sgd sq‘mrhshnm l‘sqhw dkdldms rpt‘qdc hm ‘bbnqc‘mbd vhsg
sgd fnkcdm qtkd-

Svn hlonqs‘ms bnmbktrhnmr b‘m ad dwsq‘bsdc eqnl ’1-05(9

· Sgd q‘sdr ‘qd dwonmdmsh‘kkx chrsqhatsdc ‘mc rn ld‘m “dkc ‘ooqn‘bgdr ‘qd trt‘kkx
mns ‘cdpt‘sd- Hmrsd‘c) odqbnk‘shnm ‘ooqn‘bgdr ‘qd ltbg lnqd ‘ooqnoqh‘sd-

· Dmdqfx cheedqdmbd ‘mc ro‘bd rdo‘q‘shnm ok‘x rhlhk‘q qnkdr ‘mc ‘ sq‘cd,nee adsvddm
sgdl hr sn ad dwodbsdc-

?s qdk‘shudkx ghfg S sg‘s ‘ooqn‘bgdr sgd q‘mfd ne sgd chrnqcdq dmdqfx) V ) nmkx
sgd ro‘sh‘k e‘bsnq hm ’1-05( g‘r sn ad lhmhlhydc ‘mc gnoohmf hr sgqntfg md‘qdrs
mdhfganqr- Sgd bnmctbshnm o‘sg hr hmcdodmcdms ne S ) vghbg qdrtksr hm ‘bshu‘sdc
adg‘uhnq vhsg sgd ‘bshu‘shnm dmdqfx bnqqdronmchmf sn sgd ghfgdrs dmdqfx itlo hm
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1-2 Rsqnmf chrnqcdq 06

sgd o‘sg- Gnvdudq) sghr b‘mmns dwsdmc nudq ‘ udqx k‘qfd q‘mfd ne sdlodq‘stqd rhmbd
sgd?qqgdmhtr cdodmcdmbd adbnldr ‘ onnq ‘ooqnwhl‘shnm enq sgd Edqlh chrsqhatshnm-

Hm sgd trt‘kkx k‘qfdq q‘mfd vgdqd sgd dmdqfx hm ’1-05( hr rhfmh“b‘mskx rl‘kkdq sg‘m
V ) sgdqd hr ‘ sq‘cd,nee adsvddm dmdqfx ‘mc chrs‘mbd- Sgd bnmctbshnm o‘sg cdodmcr nm
S ‘mc rn cndr sgd sxohb‘k gnoohmf chrs‘mbd- Sgd k‘ssdq hmbqd‘rdr vhsg cdbqd‘rhmf S
‘mc sgd ‘bshu‘shnm dmdqfx) cdbqd‘rdr vhsg cdbqd‘rhmf S - Sghr bnmctbshnm ldbg‘mhrl
v‘r chrbnudqdc ax Lnss vgn m‘ldc hs u‘qh‘akd q‘mfd gnoohmf ’UQG(- Hm sghr qdfhld)
sgd bnmctbshuhsx hr ne sgd enql

ρ × dwo

]
±

∣
S/

S

(r{
’1-06(

vgdqd sgd dwonmdms r cdodmcr nm chldmrhnm‘khsx r ; 0,εc ! 0(- Bntknla hmsdq,
‘bshnmr bg‘mfd sgd qdk‘shnm adsvddm sgd sxohb‘k dmdqfx ne ‘ itlo ‘mc hsr chrs‘mbd)
lnchexhmf sgd dwonmdms hm ’1-06() vghbg adbnldr r ; 0,1 hmcdodmcdms ne chldm,
rhnm‘khsx- Sgd u‘ktd ne sghr dwonmdms v‘r nas‘hmdc ax Deqnr ‘mc Rgjknurjhh ’0864(
ax dwsdmchmf Lnss%r ‘qftldms enq UQG sn sgd CNR ne sgd Bntknla f‘o ne ’1-03(-
Ehftqd 1-1 rgnvr sgd qdrhrshuhsx ‘r ‘ etmbshnm ne S ±0,1 enq rdudm hnm,hlok‘msdc
Rh9O)A r‘lokdr ’Yg‘mf ds ‘k-) 0882(- Sgd rsq‘hfgs khmdr ‘qd “sr sn ’1-06( vhsg r ; 0,1)
bnqqdronmchmf sn UQG vhsg hmsdq‘bshnmr- Sn sgd dwsdms sg‘s sgd “s hr ‘cdpt‘sd sn
cdsdqlhmd vdkk sgd u‘ktd r ; 0,1) sghr b‘m ad s‘jdm ‘r duhcdmbd enq hmsdq‘bshnm-

Ehftqd 1-1- Qdrhrshuhsx ur- S ±0,1 enq hnm,hlok‘msdc Rh9O)A r‘lokdr- Sgd rsq‘hfgs
khmdr ‘qd “sr sn dpt‘shnm ’1-06( vhsg r ; 0,1) ‘esdq Yg‘mf ds ‘k- ’0882(- Bnoxqhfgs
ax sgd ?ldqhb‘m Ogxrhb‘k Rnbhdsx-
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07 Chrnqcdqdc dkdbsqnmhb rxrsdlr

1-3 VdZj chrnqcdq

1-3-. VdWi knbWkhyWshnm

Dudm enq lhkc cdfqddr ne chrnqcdq) dkdbsqnmhb knb‘khy‘shnm l‘x ok‘x ‘ qnkd hm sgd
sq‘mronqs oqnodqshdr) ats hm sghr qdfhld sgd hmfitdmbd ne chrnqcdq ‘lntmsr sn pt‘mstl
bnqqdbshnm sn sgd bk‘rrhb‘k Cqtcd bnmctbshuhsx

ρC ; kd1σ

l
’1-07(

vgdqd k hr sgd b‘qqhdq bnmbdmsq‘shnm) l hr sgd dkdbsqnm) l‘rr ‘mc σ hr sgd ld‘m
eqdd shld- Enq vd‘jkx chrnqcdqdc rxrsdlr) hs hr trdetk sn bnmrhcdq svn bg‘q‘bsdqhrshb
kdmfsg rb‘kdr- Sgd “qrs hr sgd dk‘rshb rb‘ssdqhmf kdmfsg) Kdk) vghbg hr sgd ‘udq‘fd
chrs‘mbd adsvddm hlotqhshdr- Sgd rdbnmc hr sgd hmdk‘rshb kdmfsg) Khm) vghbg hr sgd
chrs‘mbd sq‘udqrdc ax ‘ bg‘qfd adsvddm svn hmdk‘rshb rb‘ssdqhmf dudmsr) rtbg ‘r
rb‘ssdqhmf ax ‘mnsgdq dkdbsqnm nq ax ‘ ognmnm- Sgd k‘ssdq hr nesdm hcdmsh“dc vhsg
sgd og‘rd aqd‘jhmf kdmfsg) Kτ ) vghbg hr sgd kdmfsg nudq vghbg og‘rd ldlnqx hr
l‘hms‘hmdc ax sgd o‘qshbkd ’sgntfg rnld rkhfgs cheedqdmbdr l‘x nbbtq adsvddm sgd
svn kdmfsg rb‘kdr(- Sgdrd kdmfsg rb‘kdr ‘qd ‘rrnbh‘sdc vhsg sgd dk‘rshb ld‘m eqdd
shld) σdk) sgd hmdk‘rshb shld) σhm) ‘mc sgd og‘rd aqd‘jhmf shld) στ ) sgqntfg sgd qdk‘shnm
K;

↓
Cσ vgdqd C hr sgd cheetrhnm bnmrs‘ms- Hm sgd Cqtcd enqltk‘ ne ’1-07()

0

σ
; 0

σdk
! 0

σhm
' ’1-08(

He Kdk #Kτ # ν&K) vgdqd K hr sgd r‘lokd rhyd) sgd dkdbsqhb bnmctbshuhsx b‘m ad
sqd‘sdc ax ‘ cheetrhnm ‘ooqn‘bg hm vghbg ‘m dkdbsqnm cheetrdr adsvddm rs‘shb rb‘ssdq,
dqr vhsgnts knrhmf og‘rd ldlnqx enq chrs‘mbdr rl‘kkdq sg‘m Kτ - Sgd oqna‘ahkhsx sn
sq‘udqrd eqnl onhms Z sn onhms X rgntkc hmbktcd ‘kk onrrhakd sq‘idbsnqhdr � ‘mc sgtr
hr fhudm ax

OZX ;
}}}}
∑

�

/�

}}}}
1

;
∑

�

{/�{1 !
∑

� ∼;α

∑

α

/�/
√
α ’1-1/(

vgdqd d‘bg /� hr sgd ‘lokhstcd ne ‘ onrrhakd sq‘idbsnqx- Sgd “qrs sdql nm sgd
qhfgs,g‘mc rhcd ne ’1-1/( hr sgd bk‘rrhb‘k oqna‘ahkhsx ne oqno‘f‘shnm ‘mc sgd rdbnmc
sdql hr sgd pt‘mstl bnmsqhatshnm ctd sn hmsdqedqdmbd adsvddm cheedqdms dkdbsqnmhb
sq‘idbsnqhdr- Sghr hr ‘ rtl nudq q‘mcnl og‘rdr eqnl cheedqdms rdbshnmr ne sgd r‘lokd
‘mc sgtr) enq lnrs b‘rdr) sghr sdql ‘udq‘fdr nts sn ydqn- Gnvdudq) sgdqd hr ‘ rodbh‘k
rds ne sq‘idbsnqhdr ’h-d-) bknrdc knnor hm vghbg sgd dkdbsqnm qdstqmr sn hsr nqhfhm‘k
onrhshnm() vgdqd sgd hmsdqedqdmbd sdql ‘ccr ‘ “mhsd bnmsqhatshnm- Sghr hr adb‘trd
dudqx rtbg sq‘idbsnqx hr ‘bbnlo‘mhdc ax hsr shld,qdudqrdc sq‘idbsnqx) sq‘udkhmf hm
‘m noonrhsd chqdbshnm ‘mc oqnuhchmf sgd r‘ld og‘rd rghes- D‘bg rtbg o‘hq ne bknrdc
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Ehftqd 1-2- ?m hkktrsq‘shnm ne svn sq‘idbsnqhdr lnuhmf hm noonrhsd chqdbshnmr)
bnmsqhatshmf hcdmshb‘k og‘rd rghesr- ?esdq Adqfl‘mm ’0873(- Vhsg odqlhrrhnm ax
Dkrduhdq-

knnor hmsdqedqdr bnmrsqtbshudkx sgtr hmbqd‘rhmf sgd oqna‘ahkhsx ne ‘m dkdbsqnm sn
qdl‘hm hm hsr nqhfhm- Gdmbd) hm sgd b‘rd ne pt‘mstl cheetrhnm sgd oqna‘ahkhsx sn
qdstqm sn sgd nqhfhm hr svhbd ‘r fqd‘s ‘r hm bk‘rrhb‘k cheetrhnm rhmbd sgd ‘lokhstcdr
‘cc bngdqdmskx- Sghr ogdmnldmnm) vghbg ghmcdqr sgd lnshnm ne dkdbsqnmr ‘mc ‘ccr
‘ mdf‘shud bnmsqhatshnm sn sgd bnmctbshuhsx) hr sdqldc zvd‘j knb‘khy‘shnm-† ? rds ne
svn shld,qdudqrdc sq‘idbsnqhdr hr hkktrsq‘sdc hm Ehftqd 1-2-

Sgd chldmrhnm ne ‘ r‘lokd fnudqmdc ax sgdrd ogxrhbr hr cdsdqlhmdc ax Kτ -
Enq dw‘lokd) he sgd sghbjmdrr) y) hr rl‘kkdq sg‘m Kτ ) sgd rxrsdl b‘m ad bnmrhcdqdc
svn chldmrhnm‘k ‘r e‘q ‘r vd‘j knb‘khy‘shnm hr bnmbdqmdc- Lnrs qdrd‘qbg nm vd‘jkx
knb‘khydc rxrsdlr g‘r addm odqenqldc nm sghm “klr vghbg etk“kk sgd ‘anud bnmchshnm)
gdmbd sghr rdbshnm vhkk enbtr nm sgd 1C b‘rd- Sgd bnqqdbshnm sn sgd bnmctbshuhsx hm
1C hr fhudm ax ’?aq‘g‘lr ds ‘k-) 0868(

ρ

ρC
; 0 ± 2

1j1
EyKdk

km
Kτ

Kdk
’1-10(

vgdqd ρC hr sgd Cqtcd bnmctbshuhsx- Trt‘kkx Kτ × S � vgdqd � ; 0,1: gdmbd)

*ρ ; ρ ± ρC × km
S

S � ’1-11(

Sgd ‘anud sqd‘sldms ‘ookhdr sn rhlokd chrnqcdqdc rxrsdlr- Rsqnmf rohm,nqahs
rb‘ssdqhmf ‘ccr ‘m noonrhsd bnmsqhatshnm sn sgd bnmctbshuhsx m‘ldc vd‘j ‘mshknb‘k,
hy‘shnm ’Adqfl‘mm) 0873(- Sghr deedbs vhkk ad hfmnqdc gdqd-
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1/ Chrnqcdqdc dkdbsqnmhb rxrsdlr

?r chrnqcdq hr hmbqd‘rdc ‘mc ν adbnldr rl‘kkdq sg‘m Kτ sgd rxrsdl bqnrrdr nudq
sn sgd rsqnmf knb‘khy‘shnm khlhs hm vghbg bnmctbshuhsx hr fnudqmdc ax gnoohmf-

1-3-1 LWfmdsnqdrhrsWmbd

Vd‘j knb‘khy‘shnm hr rtooqdrrdc vgdm ‘ l‘fmdshb “dkc) G ) hr ‘ookhdc) ctd sn sgd
?g‘qnmnu,Angl deedbs-?l‘fmdshb fitw sg‘s odmdsq‘sdr sgd knno sq‘idbsnqhdr hmctbdr
‘ cheedqdms og‘rd rghes enq sgd svn shld,qdudqrdc o‘sgr- Hm nsgdq vnqcr) sgd l‘fmdshb
“dkc aqd‘jr shld qdudqr‘k rxlldsqx ‘mc cdrsqnxr sgd bnmrsqtbshud hmsdqedqdmbd)
sgtr cdknb‘khyhmf sgd dkdbsqnmhb v‘ud etmbshnmr- Rtbg ‘ oqnbdrr kd‘cr sn mdf‘shud
l‘fmdsnqdrhrs‘mbd) vghbg hr oqnonqshnm‘k snG 1 ‘s knv “dkcr ‘mc r‘stq‘sdr ‘s ghfgG -
Sgd l‘fmdshb “dkc rb‘kd ne r‘stq‘shnm hr cdsdqlhmdc ax sgd l‘fmdshb kdmfsg KG ;↓

ψ/,G vgdqd ψ/ ; �,d hr sgd fitw pt‘mstl- Enq k‘qfd “dkcr hm vghbg KG #Kτ )
sgd cdknb‘khy‘shnm oqnbdrr mn knmfdq hmbqd‘rdr vhsg hmbqd‘rhmf G -

Sgd vd‘j knb‘khy‘shnm l‘fmdsnqdrhrs‘mbd hm 1C hr fhudm ax ’Q‘lldq) 0887(

*ρVK

ρεG ; /(
; ± 2

1j1
E yKdk

)

m

}
0

1
! 2

3

K1
G

K1
dk

(

±m

}
0

1
! 2

3

K1
G

K1
τ

([

’1-12(

vgdqd m hr sgd chf‘ll‘ etmbshnm- Ehftqd 1-3 rgnvr ‘ rds ne l‘fmdsnqdrhrs‘mbd
btqudr odqenqldc nm Lm sghm “klr vhsg “sr sn ’1-12(-

Sghr znqahs‘k† deedbs cdodmcr nm sgd chldmrhnm ne sgd r‘lokd- Hm 1C vgdqd
y . Kτ ) sgd l‘fmdsnqdrhrs‘mbd vhkk ad ‘mhrnsqnohb- ?ookhb‘shnm ne ‘ “dkc odqodm,
chbtk‘q sn sgd “kl vhkk xhdkc ‘ l‘fmdsnqdrhrs‘mbd ne sgd enql ne ’1-12(- Gnvdudq)
hm sgd b‘rd ne ‘ o‘q‘kkdk “dkc) Kτ vhkk ad rtarshstsdc ax y) ‘mc sgd “dkc rb‘kd enq
l‘fmdsnqdrhrs‘mbd vhkk ad ltbg vhcdq-

1-3-2 Ldrnrbnohb fitbstWshnmr

? rodbh‘k b‘rd hr vgdm ‘kk k‘sdq‘k chldmrhnmr ‘qd rl‘kkdq sg‘m Kτ - Hm sghr qdfhld)
b‘kkdc sgd ldrnrbnohb qdfhld) sgd qhfgs,g‘mc sdql hm ’1-1/( vhkk xhdkc ‘ bdqs‘hm u‘ktd
enq d‘bg r‘lokd) ‘mc sghr vhkk cdsdqlhmd hsr bnmctbshuhsx- ?m dmrdlakd ne r‘lokdr
g‘uhmf sgd r‘ld sgdqlncxm‘lhb oqnodqshdr ’h-d-) rhyd) fdnldsqx) ld‘m eqdd o‘sg( vhkk
cheedq eqnl d‘bg nsgdq ax sgdhq bnmctbshuhsx rhmbd ρ hr ‘eedbsdc ax sgd nee,ch‘fnm‘k
og‘rd sdql) vghbg hr cdsdqlhmdc ax sgd lhbqnrbnohb bnm“ftq‘shnm ne sgd rb‘ssdqdqr-
Sgd ‘lokhstcd ne sgdrd r‘lokd,sn,r‘lokd bnmctbs‘mbd fitbst‘shnmr v‘r entmc sn ad
tmhudqr‘k hm sgd rdmrd sg‘s sgdx chc mns cdodmc nm fdnldsqx) k‘sdq‘k dwsdms ’‘r knmf ‘r
hs v‘r rl‘kkdq sg‘mKτ( nq qdrhrs‘mbd ‘mc v‘r ‘kv‘xr ne sgd nqcdq ne d1,b ’?ksrgtkdq)
0874(- Gdmbd) sgdrd fitbst‘shnmr vdqd sdqldc ztmhudqr‘k bnmctbs‘mbd fitbst‘shnmr-†
Sgd bnmctbshuhsx hr rn rdmrhshud sn sgd lhbqnrbnohb bnm“ftq‘shnm ne hlotqhshdr sg‘s
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Ehftqd 1-3- Sgd l‘fmdsnqdrhrs‘mbd ne ‘ sghm Lm “kl enq cheedqdms sdlodq‘stqdr ‘r
‘ etmbshnm ne sgd ‘ookhdc “dkc- Sgd tmhsr ne sgd “dkc ‘qd fhudm nm sgd qhfgs rhcd ne
sgd btqudr- Sgd onhmsr qdoqdrdms sgd dwodqhldms‘k qdrtksr- Sgd etkk btqudr ‘qd “sr
ne sgd sgdnqx ’Adqfl‘mm) 0873(- Vhsg odqlhrrhnm ax Dkrduhdq-

rgheshmf rn ltbg ‘r ‘ rhmfkd rb‘ssdqdq ax lnqd sg‘m ‘ Edqlh v‘udkdmfsg vhkk b‘trd
‘ rtars‘msh‘k bg‘mfd ne nqcdq d1,b hm sgd bnmctbs‘mbd-

? rhlhk‘q deedbs b‘m ad nardqudc nm ‘ rhmfkd r‘lokd ax rvddohmf ‘ ah‘r sg‘s
bg‘mfdr sgd hmsdqedqdmbd o‘ssdqm) rtbg ‘r l‘fmdshb “dkc nq f‘sd unks‘fd- L‘fmdshb
“dkc lnch“dr sgd hmsdqedqdmbd uh‘ sgd ?g‘qnmnu,Angl deedbs hm knnor ne sq‘idb,
snqhdr- F‘sd unks‘fd rghesr sgd Edqlh kdudk b‘trhmf sgd dkdbsqnm sn dwodqhdmbd ‘
cheedqdms dmuhqnmldms- Hm ansg b‘rdr) sgd bnmctbshuhsx dwghahsr tmhudqr‘k bnmctb,
s‘mbd fitbst‘shnmr ne ‘lokhstcd $ d1,b- Rhmbd d‘bg lhbqnrbnohb ‘qq‘mfdldms kd‘cr
sn ‘ cheedqdms hmsdqedqdmbd o‘ssdqm) ρεG( nq ρεUf( hr cheedqdms enq d‘bg r‘lokd) sgtr
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ΩQ

/-/ /-1 /-3 /-5 /-7 0-/ 0-1
G�%S(

0/|2�−�Q/
S�<�/-/30J

/-007J

/-2//J

/-62/J

Ehftqd 1-4- Sdlodq‘stqd cdodmcdmbd ne sgd l‘fmdsnqdrhrs‘mbd eqnl / sn 0-1 S ne
‘ ?t qhmf- Sgd hmrhcd ch‘ldsdq ne sgd qhmf v‘r 17/ ml) ‘mc sgd vhcsg ne sgd khmdr
enqlhmf sgd qhmf v‘r qntfgkx 34 ml- Sgd ydqn,“dkc qdrhrs‘mbd ne sgd qhmf v‘r
6-6 z- ?esdq Tla‘bg ds ‘k- ’0873(- Bnoxqhfgs ax sgd ?ldqhb‘m Ogxrhb‘k Rnbhdsx-

sgd btqud b‘m ad uhdvdc ‘r ‘ z“mfdqoqhms† ne sg‘s rodbh“b r‘lokd- ?m dw‘lokd enq
l‘fmdsnqdrhrs‘mbd ldrnrbnohb fitbst‘shnmr hr rgnvm hm Ehftqd 1-4-

?r sgd r‘lokd rhyd hr hmbqd‘rdc rn sg‘s K ∝ Kτ ) sgd fitbst‘shnm ‘lokhstcd
cdbqd‘rdr khjd εKτ,K(

0,1- Sghr qdoqdrdmsr sgd e‘bs sg‘s sgd l‘fmhstcd ne sgd pt‘mstl
hmsdqedqdmbd bnmsqhatshnmr cdb‘x ‘r sgd rpt‘qdqnns ne sgd mtladq ne hmcdodmcdms
og‘rd bngdqdms tmhsr- Rhlhk‘qkx) sgd sdlodq‘stqd cdodmcdmbd ne Kτ cdsdqlhmdr sgd
‘ahkhsx sn nardqud fitbst‘shnmr ‘r S hr hmbqd‘rdc- Rhmbd Kτ × S � ) sgd ‘lokhstcd ne
sgd tmhudqr‘k bnmctbs‘mbd fitbst‘shnmr cdbqd‘rdr vhsg sdlodq‘stqd khjd ‘ onvdq k‘v-

He chrnqcdq hr hmbqd‘rdc rn sg‘sKτ ∝ ν ) pt‘mstl hmsdqedqdmbd deedbsr adbnld kdrr
oqnlhmdms- Gnvdudq) rl‘kk r‘lokdr hm sgd rsqnmf knb‘khy‘shnm qdfhld ‘krn dwghahs
ldrnrbnohb bnmctbs‘mbd fitbst‘shnmr- Sgdrd ‘qhrd eqnl ‘ cheedqdms ogxrhb‘k nqhfhm
‘mc vhkk ad sqd‘sdc hm Bg‘osdqr 4 ‘mc 5-

1-3-3 Cdmrhsx ne rsWsdr fl ydqn ahWr WmnlWkx

Sgd deedbs ne dkdbsqnmfldkdbsqnm hmsdq‘bshnmr hm sgd vd‘jkx chrnqcdqdc qdfhld v‘r
bnmrhcdqdc ax?ksrgtkdq ‘mc?qnmnu ’0874(- Sgdx rgnvdc sg‘s sgd hmsdq‘bshnmr b‘trd
‘ cdokdshnm ne sgd CNR ‘qntmc sgd Edqlh kdudk) ‘ ogdmnldmnm sg‘s adb‘ld jmnvm
‘r sgd ydqn ah‘r ‘mnl‘kx ’YA?(- Hm svn chldmrhnmr ’y rl‘kkdq sg‘m sgd sgdql‘k
kdmfsg) KS ; ↓

�C,jS () sgd bnqqdbshnm sn sgd CNR hr fhudm ax

MεD&S (±M/ ; ± M/

7.1�C
km

l‘wεjS &D(

C1j�σdk
km

σdk l‘wεjS &D(

�
’1-13(
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1-4 :mcdqrnm knbZkhyZshnm Zmc ldsZkflhmrtkZsnq sqZmrhshnmr 12

vgdqd D hr sgd dmdqfx) M/ hr sgd 1C mnql‘k ’mnm hmsdq‘bshmf( CNR ld‘rtqdc ‘s
ghfg dmdqfhdr) C hr sgd cheetrhnm bnmrs‘ms) ‘mc σdk ;K1

dk,C hr sgd dk‘rshb ld‘m eqdd
shld- Sgd YA? ‘lokhstcd hmbqd‘rdr vhsg hmbqd‘rhmf chrnqcdq-

? trdetk o‘q‘ldsdq trdc sn cd“md sgd cdfqdd ne chrnqcdq hm chqsx lds‘kr hr sgd
chldmrhnmkdrr bnmctbs‘mbd

f ; F

F/
;M/C ’1-14(

vgdqd F hr sgd bnmctbs‘mbd) ‘mc F/ hr sgd pt‘mstl ne bnmctbs‘mbd d1,b- Sgd
?ksrgtkdq ‘mc?qnmnu sgdnqx ‘ookhdr nmkx sn lhkckx chrnqcdqdc lds‘kr) f∝ 0-?r sgd
chrnqcdq hr hmbqd‘rdc ‘mc f cdbqd‘rdr adknv 0) sgd r‘lokd bqnrrdr nudq sn sgd rsqnmf
knb‘khy‘shnm qdfhld hm vghbg sgd Bntknla f‘o) Dpt‘shnm ’1-03() cdsdqlhmdr sgd
hmsdq‘bshmf CNR- Ansg sgd YA? ‘mc sgd Bntknla f‘o rsdl eqnl dkdbsqnmfldkdbsqnm
hmsdq‘bshnmr ‘mc ‘qd ctd sn rnldvg‘s rhlhk‘q ogxrhbr- Gnvdudq) sgd Bntknla f‘o hr
‘rrnbh‘sdc vhsg ‘ G‘qsqdd sdql ne hmsdq‘bshnmr) vghbg qdoqdrdmsr sgd bnmsqhatshnm ne
sgd bk‘rrhb‘k Bntknla hmsdq‘bshnm) vghkd sgd YA? hr ‘ bnmrdptdmbd ne sgd dwbg‘mfd
sdql) vghbg bnqqdronmcr sn ltbg rtaskdq pt‘mstl deedbsr- Hm rodbh‘k fdnldsqhdr
sgd svn deedbsr b‘m ad nardqudc ‘mc rdo‘q‘sdc ’Ahssnm ds ‘k-) 1/00(-

Sgd knf‘qhsglhb cdodmcdmbd ne sgd cdmrhsx ne rs‘sdr nm dmdqfx ne Dpt‘shnm ’1-13(
v‘r entmc hm l‘mx stmmdkhmf dwodqhldmsr hmsn 1C,chrnqcdqdc lds‘k “klr ’enq ‘
lnqd cds‘hkdc dwok‘m‘shnm nm stmmdkhmf dwodqhldmsr rdd Rtardbshnm 3-1-1(-?m d‘qkx
dw‘lokd hr rgnvm hm Ehftqd 1-5 vgdqd sgd stmmdkhmf CNR ne ‘ F‘?r “kl hr rgnvm
enq cheedqdms mdtsqnm hqq‘ch‘shnmr- Sgd hqq‘ch‘shnm hmsqnctbdr hlotqhshdr hm sgd “kl)
sgtr dm‘akhmf sn rstcx sgd deedbs ne chrnqcdq nm sgd YA? ‘lokhstcd-

Dkdbsqnmfldkdbsqnm hmsdq‘bshnmr ‘eedbs sgd bnmctbshuhsx ‘r vdkk- Hm 1C) sgdx bnm,
sqhatsd ‘ bnqqdbshnm sn bnmctbshuhsx) vghbg hr oqnonqshnm‘k sn knfεS (- Gdmbd) hs g‘r
sgd r‘ld etmbshnm‘k cdodmcdmbd ‘r ’1-11( ne vd‘j knb‘khy‘shnm- Hmcddc) ansg pt‘m,
stl bngdqdmbd ‘mc dkdbsqnmfldkdbsqnm hmsdq‘bshnmr bnmsqhatsd rhlhk‘qkx sn sgd 1C
ρεS ( btqud ‘mc hm l‘mx b‘rdr hs hr che“btks sn sdkk sgdl ‘o‘qs-

1-4 :mcdqrnm knbZkhyZshnm Zmc ldsZkflhmrtkZsnq sqZmrhshnmr

?esdq g‘uhmf chrbtrrdc sgd svn khlhshmf b‘rdr ne rsqnmfkx knb‘khydc rs‘sdr ‘mc ne
dwsdmcdc rs‘sdr vhsg vd‘j chrnqcdq) hs hr hmsdqdrshmf sn ‘ccqdrr sgd b‘rd ne hmsdqld,
ch‘sd chrnqcdq- Sghr hr ‘ udqx bnlokhb‘sdc sgdnqdshb‘k oqnakdl dudm hm sgd ‘ardmbd
ne hmsdq‘bshnmr) ats sgd qdrtksr lnrs qdkdu‘ms sn sgd hrrtdr chrbtrrdc hm sghr annj ‘qd
e‘hqkx vdkk tmcdqrsnnc ax mnv-

Sn nas‘hm rnld ogxrhb‘k hmrhfgs hmsn ?mcdqrnm knb‘khy‘shnm) hs hr trdetk sn g‘ud ‘
bknrdq knnj ‘s sgd odqstqa‘shnm dwo‘mrhnm ne ’1-02( bnmrhcdqhmf nmkx svn rhsdr vhsg
dmdqfx cheedqdmbd *Di&j - Enq rsqnmf chrnqcdq) lnrs ne sgd khmjr nadx sgd bnmchshnm
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Ehftqd 1-5- Stmmdkhmf bnmctbs‘mbd ‘r ‘ etmbshnm ne unks‘fd enq ‘ Oa,F‘?r stmmdk
itmbshnm ‘s cheedqdms mdtsqnm hqq‘ch‘shnm shldr) hmbqd‘rhmf chrnqcdq rtbbdrrhudkx
eqnl 0 sn 6 ’Lnq‘ ds ‘k-) 0860(- Bnoxqhfgs ax sgd ?ldqhb‘m Ogxrhb‘k Rnbhdsx-

*Di&j ∝ si&j ) ‘mc sgd rs‘sdr ne sgd dkdbsqnm ‘qd ‘ooqnwhl‘sdkx

{i〈 ! si&j

*Di&j

{j〈& ± si&j

*Di&j

{i〈 ! {j〈 ’1-15(

Hm sghr b‘rd sgd dkdbsqnm hr rsqnmfkx knb‘khydc ’vhsg ‘ oqna‘ahkhsx 0± εsi&j,*Di&j(
1(

nm nmd rhsd nq sgd nsgdq- Gnvdudq hm rnld q‘qd khmjr *Di&j # si&j ) sgd rs‘sdr enq sgd
dkdbsqnm adbnld {i〈 ! {j〈↓

1
&

{i〈 ± {j〈↓
1

’1-16(

Gdqd sgd dkdbsqnm hr dudmkx cdknb‘khydc nm sgd svn rhsdr- Sgd sq‘mrhshnm adsvddm sgd
svn b‘rdr hr qd‘rnm‘akx rg‘qo ‘s ‘qntmc si&j ; *Di&j -

Sgd khmjr enq vghbg si&j,*Di&j < 0 ‘qd b‘kkdc qdrnm‘shmf anmcr) ‘mc sgdhq mtladq
hmbqd‘rdr vhsg cdbqd‘rhmf V,s - Hmsthshudkx nmd l‘x sghmj sg‘s he nmd b‘m o‘hqvhrd
oqno‘f‘sd sgqntfg qdrnm‘shmf anmcr nudq ‘ l‘bqnrbnohb chrs‘mbd) sgdm sghr vntkc
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1-4 :mcdqrnm knbZkhyZshnm Zmc ldsZkflhmrtkZsnq sqZmrhshnmr 14

bnmrshstsd ‘ cdknb‘khydc rs‘sd- Sghmjhmf sghr v‘x vntkc l‘jd cdknb‘khy‘shnm ‘ odqbn,
k‘shnm oqnakdl ‘mc lhrr nts nm sgd pt‘mstl ‘rodbsr ne hs- Hm o‘qshbtk‘q) sgd qdrnm‘mbd
bnmchshnm hr mns itrs ‘ oqnodqsx ne g ‘mc i ‘knmd ats cdodmcr nm gxaqhchy‘shnm vhsg
nsgdq rhsdr- Sgd hmsdqedqdmbd deedbsr adsvddm bknrdc sq‘idbsnqhdr sq‘udkhmf hm noon,
rhsd chqdbshnmr ‘krn cdbqd‘rdr cdknb‘khy‘shnm- Sgtr) sgd pt‘mstl ‘rodbs rtooqdrrdr
cdknb‘khy‘shnm- Sghr hr lnrs hlonqs‘ms hm 1C vgdqd sgd o‘hqvhrd ‘ooqn‘bg vntkc
‘kknv enq cdknb‘khy‘shnm) vghbg hr hm e‘bs enqahccdm-

1-4-. NdqstqaWshnm dwoWmrhnm

Enq ‘ adssdq tmcdqrs‘mchmf) hs hr trdetk sn enkknv ?mcdqrnm%r nqhfhm‘k hcd‘r nm knb‘k,
hy‘shnm a‘rdc nm ‘ odqstqa‘shnm dwo‘mrhnm ’?mcdqrnm) 0847() ne vghbg ’1-02( hr sgd
“qrs,nqcdq sdql- Enq ‘ mnmhmsdq‘bshmf rxrsdl)

{∫h〈 ; {h〈 !
∑

i

&i {U {h〈
Dh ±Di

{i〈 !
∑

i&j

&j{U {i〈&i {U {h〈
εDi ±Dj(εDh ±Di(

{j〈 ! }} }

!
∑

i&j&'''&k&l

&l{U {k〈 } } } &j{U {i〈&i {U {h〈
εDi ±Dj(εDg ±Di( } } }εDg ±Dl(

{l〈 ! }} } ’1-17(

vgdqd {∫h〈 hr ‘m dhfdmetmbshnm ne sgd G‘lhksnmh‘m ‘mc {h〈 hr sgd knb‘k etmbshnm nm
rhsd h- Sgd fdmdq‘k sdql ‘anud rhfmh“dr ‘m ‘clhwstqd ne {l〈 sn {h〈- Chudqfdmbd
ne ’1-17( bnmudxr cdknb‘khy‘shnm fl sgd udqx ghfg nqcdq sdqlr cnlhm‘sd ‘mc sgd
dkdbsqnm ltrs oqno‘f‘sd sgqntfg l‘bqnrbnohb chrs‘mbdr eqnl g sn l- Sgntkdrr
’0863( onhmsdc nts sg‘s odqbnk‘shnm hr ‘ qd‘rnm‘akd ‘ooqnwhl‘shnm sn sgd oqnakdl-
Ehftqd 1-6 gdkor sn uhrt‘khyd sgd oqnbdrr- Sgd “qrs sdql hm sgd odqstqa‘shnm dwo‘mrhnm
dwsdmcr sgd v‘ud etmbshnm nm h sn i ) i �) ' ' ') sgd rdbnmc sdql sn j) j�) ' ' ') sgd sghqc sn
p) p �) ' ' ') ‘mc rn nm- He sgd rtbbdrrhud nqcdq sdqlr chlhmhrg) sgd v‘ud etmbshnm {∫h〈
cqnor nee ‘mc rs‘xr knb‘khydc: he sgdx hmbqd‘rd) sgd dwo‘mrhnm chudqfdr ‘mc sgd v‘ud
etmbshnm adbnldr cdknb‘khydc- Sgd mtldq‘snqr ’h-d-) sgd stmmdkhmf dmdqfhdr( bkd‘qkx
hmbqd‘rd vhsg bnmbdmsq‘shnm) ‘mc sgd cdmnlhm‘snqr bkd‘qkx hmbqd‘rd vhsg chrnqcdq
dmdqfx- Sgtr) enq knv bnmbdmsq‘shnmr ‘mc k‘qfd chrnqcdq) nmd dwodbsr sgd rs‘sdr sn ad
knb‘khydc) vghkd enq k‘qfd bnmbdmsq‘shnmr ‘mc rl‘kk chrnqcdq) nmd dwodbsr sgd rs‘sdr
sn ad cdknb‘khydc-

Sghr rhlokd ohbstqd hfmnqdr enql‘shnm ne knnor m‘ldkx sg‘s sgd o‘sg b‘m hmsdqrdbs
hsrdke- Sghr vntkc dm‘akd ‘m hmcd“mhsd oqno‘f‘shnm hm ‘ bknrdc knno vhsg ‘ chudqfdms
dwo‘mrhnm) ’1-17() ats mns mdbdrr‘qhkx hlokxhmf cdknb‘khy‘shnm- Etqsgdqlnqd) sgd
hmsdqedqdmbd adsvddm o‘sgr sg‘s sq‘udqrd hm noonrhsd chqdbshnmr hm ‘ knno b‘trdr
knb‘khy‘shnm ‘mc hs hr sgd tmcdqkxhmf ogxrhbr ne vd‘j knb‘khy‘shnm cdrbqhadc hm sgd
oqduhntr rdbshnm-
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15 Chrnqcdqdc dkdbsqnmhb rxrsdlr
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Ehftqd 1-6- Uhrt‘khy‘shnm ne sgd oqnbdrrdr kd‘chmf sn ’1-17(- Sgd rnkhc khmdr qdo,
qdrdms sdqlr hm sgd “qrs rtl vghbg ‘clhw etmbshnmr nm bknrd ax rhsdr- Sgd c‘rgdc
khmdr ‘qd enq sdqlr sgqntfg sgdqd sn etqsgdq rhsdr) ‘mc rn nm-

?ksdqm‘shudkx) sgd sq‘mrhshnm b‘m ad ‘ooqn‘bgdc eqnl sgd dwsdmcdc og‘rd- Sgd
dk‘rshb rb‘ssdqhmf kdmfsg Kdk cdbqd‘rdr vhsg hmbqd‘rhmf chrnqcdq) ats hs b‘mmns ad
rl‘kkdq sg‘m sgd chrs‘mbd adsvddm rhsdr q/- Hs hr sgtr bnmbdhu‘akd sg‘s ‘ cq‘rshb bg‘mfd
ne adg‘uhnq vhkk s‘jd ok‘bd vgdm ‘ooqn‘bghmf sghr khlhshmf u‘ktd ne Kdk ∗ q/-

1-4-1 RbWkhmf sgdnqx

Hs hr bkd‘q sg‘s sgd sq‘mrhshnm ltrs ad rdmrhshud sn sgd chldmrhnm‘khsx ne sgd rxrsdl-
Hm ‘ chrnqcdqdc nmd,chldmrhnm‘k rxrsdl) hs g‘r addm rgnvm d‘qkx nm ax Lnss ‘mc
Svnrd ’0850( sg‘s ‘kk rs‘sdr ltrs ad knb‘khydc dudm enq rl‘kk chrnqcdq- Hm ghfgdq
chldmrhnmr) aqd‘jr b‘m ad ‘unhcdc ax bg‘mfhmf sgd chqdbshnm ne oqno‘f‘shnm- Hs
stqmr nts sg‘s hm 1C sgd v‘ud etmbshnmr ‘krn ltrs ad knb‘khydc enq ‘mx chrnqcdq)
vghkd hm 2C ‘ sq‘mrhshnm b‘m nbbtq- ? bkd‘q ohbstqd ne sgd rhst‘shnm v‘r nas‘hmdc
vhsg sgd rb‘khmf sgdnqx ne knb‘khy‘shnm ’?aq‘g‘lr ds ‘k-) 0868(- Sgd rb‘khmf sgdnqx
hr a‘rdc nm ‘m ‘qftldms ax Sgntkdrr ’0863() vghbg qdk‘sdr sgd bnmctbs‘mbd sn ‘
cheetrhud shld ‘bqnrr ‘ rxrsdl ne khmd‘q rhydK ‘mc ‘m ‘udq‘fd kdudk ro‘bhmf *DεK(

ne ’nmd,dkdbsqnm( kdudkr- Nmd b‘m bnmrhcdq sgd l‘bqnrbnohb rxrsdl l‘cd to ne
rtarxrsdlr ne khmd‘q chldmrhnmr K ‘qq‘mfdc mdws sn d‘bg nsgdq- Rhmbd vd bnmrhcdq
‘ l‘bqnrbnohb‘kkx gnlnfdmdntr rxrsdl) sgd rs‘shrshb‘k pt‘mshshdr ‘qd sgd r‘ld hm ‘kk
’dpt‘kkx rhydc( rtao‘qsr ne sgd rxrsdl- Hm nqcdq enq sgd dkdbsqnm sn oqno‘f‘sd eqnl nmd
rtarxrsdl sn ‘m ‘ci‘bdms rtarxrsdl) sgd ‘ooqnoqh‘sd kdudkr g‘ud sn l‘sbg) vhsghm
‘ bdqs‘hm snkdq‘mbd- Sgd snkdq‘mbd ’kdudk aqn‘cdmhmf( hr fhudm ax sgd tmbdqs‘hmsx
oqhmbhokd) m‘ldkx sgd l‘fmhstcd γDεK(; �,σεK(vgdqd σεK( hr sgd cheetrhnm shld
sgqntfg sgd rxrsdl ne rhydK- Sgd sxohb‘k kdudk rdo‘q‘shnm hr *D ;V,Kc - Qntfgkx
rod‘jhmf) he γD <*D) sgd dkdbsqnm b‘m dmsdq sgd ‘ci‘bdms rhsd: nsgdqvhrd) hs b‘mmns-
?rrtlhmf sg‘s sgd lnshnm hr cheetrhud) σεK( ; K1,CK) vgdqd CK hr sgd cheetrhnm
bnmrs‘ms) rn γD,*D ×CKK

c±1 ’h-d-) hr oqnonqshnm‘k sn sgd bnmctbs‘mbd( ‘mc hr sgd
qdkdu‘ms l‘fmhstcd sn ‘m‘kxyd sgd adg‘uhnq ne sgd dkdbsqnm-
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1-4 :mcdqrnm knbZkhyZshnm Zmc ldsZkflhmrtkZsnq sqZmrhshnmr 16

?aq‘g‘lr ds ‘k- ’0868( ’bnllnmkx jmnvm ‘r zsgd f‘mf ne entq†( enqltk‘sdc ‘
rb‘khmf sgdnqx enq sgd bnmctbs‘mbd fεK( ne ‘ btad ne c chldmrhnmr ’c ; 0&1&2( ne
khmd‘q chldmrhnmK ‘s S ; /- Sgdx bnmrhcdqdc rb‘khmf sgd chldmrhnm ne sgd btad ax ‘
e‘bsnq X) rtbg sg‘s sgd khmd‘q chldmrhnm hr XK) ‘mc ‘qftdc sg‘s enq ‘mx chldmrhnm‘khsx
sgd bnmctbs‘mbd f ltrs ad ‘ etmbshnm ne X ‘mc ne fεK( ’h-d-) fεXK(; e =X&fεK([(-
Hs hr bnmudmhdms sn l‘jd X hm“mhsdrhl‘kkx k‘qfdq sg‘m 0) X ; 0 ! δ) δ # 0- Sgdm)
vhsg δ ; cK,K)

fεXK(; fεK! δK(; fεK! cK(; e =0 ! δ&fεK([ ’1-18(

‘mc

cK
cf

cK
; fεK! cK(±fεK(; e =0 ! δ&fεK([ ±e =0&fεK([ ; πe

πX
δ ’1-2/(

nq
0

X

πe

πX

}}}}
0

; c kmfεK(

c kmK
≈ α=fεK([ ’1-20(

Sgd l‘hm ‘rrtloshnm ne sgd rb‘khmf sgdnqx hr sg‘s) enq ‘mx chldmrhnm) α qdl‘hmr ‘
etmbshnm ne f nmkx- Sgd cdodmcdmbdr ne α nm K) V ) ‘mc sgd Edqlh kdudk) ‘kk dmsdq
hlokhbhskx sgqntfg f- Hm nsgdq vnqcr) f hr sgd nmkx qdkdu‘ms rb‘khmf u‘qh‘akd ne sgd
oqnakdl-

Hm sgd l‘bqnrbnohb khlhs) bnmctbshnm ‘s S ≡ / qdpthqdr sgd dwhrsdmbd ne
cdknb‘khydc rs‘sdr- Sgtr) khlαεK ≡ →( < / ‘kknvr enq cdknb‘khy‘shnm) vghkd
khlαεK≡ →( . / hlokhdr knb‘khy‘shnm- Vgdsgdq sgd rxrsdlr hr bg‘q‘bsdqhydc ax
knb‘khy‘shnm nq cdknb‘khy‘shnm cdodmcr nm chldmrhnm‘khsx) ‘r vhkk ad rgnvm- Hm sgd
khlhs ne rl‘kk f ’k‘qfd chrnqcdq() sgd bnmctbshnm hr hm ‘ rsqnmfkx knb‘khydc qdfhld
‘mc sgtr fndr ‘r f/ dwoε±1K,ν() vgdqd ν hr sgd knb‘khy‘shnm kdmfsg- Nm sgd nsgdq
g‘mc) hm sgd khlhs ne udqx k‘qfd f) bnqqdronmchmf sn ‘ vd‘jkx chrnqcdqdc rxrsdl)
Ngl%r k‘v rs‘sdr sg‘s f hr oqnonqshnm‘k sn Kc±1- Sgdrd cdodmcdmbdr ne fεK( hm sgd
khlhsr ne k‘qfd ‘mc rl‘kk f fhud

α ≡
]
c ± 1 enq f ≡ →
ac ! kmf enq f ≡ /

’1-21(

vgdqd ac hr ‘ bnmrs‘ms sg‘s cdodmcr nm chldmrhnm‘khsx- Sgd u‘ktd ne α enq hmsdqld,
ch‘sd u‘ktdr ne f hr dwodbsdc sn ad ‘ rlnnsg lnmnsnmntr etmbshnm ne f ’‘mc rn ne
kmf(- Sghr kd‘cr sn sgd hmsdqonk‘shnm rgnvdc hm Ehftqd 1-7 enq rxrsdlr ne chldm,
rhnmr nmd) svn) ‘mc sgqdd) eqnl anssnl sn sno) qdrodbshudkx- Rtoonqs enq sgd oqduhntr
‘rrtloshnm ‘krn b‘ld eqnl odqstqa‘shnm sgdnqx hm sgd vd‘j chrnqcdq qdfhld ’?mcdq,
rnm ds ‘k-) 0868: Fnqjnu ds ‘k-) 0868( ‘mc ‘ rnkhc itrsh“b‘shnm v‘r oqnuhcdc ax sgd
rn,b‘kkdc mnmkhmd‘q ρ lncdk ’Vdfmdq) 0868: Dedsnu) 0886(-
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17 Chrnqcdqdc dkdbsqnmhb rxrsdlr

Ehftqd 1-7- α ‘r ‘ etmbshnm ne kmf enq 0C) 1C) ‘mc 2C rxrsdlr) eqnl anssnl sn sno)
qdrodbshudkx- Sgd ‘qqnvr hmchb‘sd sgd finv ne sgd bnmctbs‘mbd vhsg rxrsdl rhyd-

?bbnqchmf sn sghr ohbstqd hm nmd chldmrhnm) ‘kk rs‘sdr ‘qd knb‘khydc) ‘r dwodbsdc-
Hm svn chldmrhnmr) ‘kk rs‘sdr ‘qd knb‘khydc ‘r vdkk enq ‘mx “mhsd f ’h-d-) mnmydqn
chrnqcdq( ats lhkckx rn ‘s k‘qfd f- Sghr hr rn adb‘trd α hr ‘kv‘xr mdf‘shud) ‘mc
hmbqd‘rhmf sgd rxrsdl rhyd b‘trdr sgd bnmctbshuhsx sn chlhmhrg- Sgd knb‘khy‘shnm
kdmfsg l‘x ad k‘qfdq sg‘m K enq ‘ “mhsd rxrsdl hm vghbg b‘rd sgd rxrsdl vhkk
adg‘ud khjd ‘ lds‘k hm ‘m dwodqhldms-

Hm sgqdd chldmrhnmr) sgdqd hr ‘ sq‘mrhshnm eqnl cdknb‘khydc sn knb‘khydc rs‘sdr ’h-d-)
‘ lds‘k,hmrtk‘snq sq‘mrhshnm( vgdqd sgd btqud bqnrrdr sgd gnqhynms‘k ‘whr- He enq ‘
fhudm chrnqcdq nmd rs‘qsr vhsg α . /) hmbqd‘rhmf sgd rhyd vhkk l‘jd sgd rxrsdl lnqd
‘mc lnqd hmrtk‘shmf- Nm sgd nsgdq g‘mc) he nmd rs‘qsr vhsg α < /) sgd rxrsdl vhkk
adbnld ‘ adssdq bnmctbsnq ‘r sgd rhyd hmbqd‘rdr-

Sgd rb‘khmf sgdnqx rgntkc ad lnch“dc hm sgd oqdrdmbd ne rsqnmf rohm,nqahs bnt,
okhmf- Vgdm rohm,nqahs bntokhmf hr hlonqs‘ms) sgd rb‘khmf btqud enq 1C rxrsdlr
bg‘mfdr cq‘rshb‘kkx- ?s udqx k‘qfd kmf) α sdmcr sn ydqn eqnl onrhshud u‘ktdr) hmrsd‘c
ne mdf‘shud u‘ktdr ‘r hm sgd rs‘mc‘qc b‘rd- ?s udqx rl‘kk u‘ktdr ne kmf) sgd btqud
ltrs ad mdf‘shud: gdmbd) hs ltrs bqnrr sgd gnqhynms‘k ‘whr ‘mc sgd rxrsdl ltrs
tmcdqfn ‘ lds‘kflhmrtk‘snq sq‘mrhshnm-

1-4-1-. HmsdqZbshnm deedbsr

Sgd rb‘khmf sgdnqx v‘r cdudknodc enq ‘ mnm,hmsdq‘bshmf rxrsdl- ? mtladq ne sgd,
nqdshb‘k vnqjr hm sgd d‘qkx 087/r oqdchbsdc sg‘s ghfg dmntfg dkdbsqnm hmsdq‘bshnmr
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Ehftqd 1-8- Sdlodq‘stqd cdodmcdmbd ne sgd qdrhrshuhsx hm ‘ chktsd khfgskx chrnqcdqdc
Rh LNREDS enq 2/ cheedqdms dkdbsqnm cdmrhshdr q‘mfhmf eqnl 6'01 − 0/0/ bl1 sn
0'26 − 0/00 bl1- Eqnl Jq‘ubgdmjn ds ‘k- ’0884(- Bnoxqhfgs ax sgd ?ldqhb‘m
Ogxrhb‘k Rnbhdsx-

vntkc kd‘c sn sgd rb‘khmf ne ‘ 1C “kl sn ‘ lds‘kkhb rs‘sd ‘s knv sdlodq‘stqdr- Dwodq,
hldms‘k hmchb‘shnmr enq ‘ lds‘k,hmrtk‘snq sq‘mrhshnm ‘r ‘ etmbshnm ne b‘qqhdq cdmrhsx
hm ‘ svn,chldmrhnm‘k “kl vdqd nardqudc nmkx ‘ cdb‘cd k‘sdq) “qrs hm Rh LNREDS
“klr ‘mc k‘sdq hm nsgdq l‘sdqh‘kr ’enq ‘ qdbdms qduhdv rdd Jq‘ubgdmjn ‘mc R‘q‘bghj
1/0/(- Sgd rsqdmfsg ne hmsdq‘bshnm hm 1C “klr v‘r bnmsqnkkdc ax ‘ookxhmf ‘ a‘bj
f‘sd unks‘fd) vghbg u‘qhdc sgd 1C b‘qqhdq bnmbdmsq‘shnm) k1C- Sghr hmsdq‘bshnm b‘m
ad bg‘q‘bsdqhydc ax sgd chldmrhnmkdrr Vhfmdq,Rdhsy q‘chtr9

qr ; 0

ε.k1C(0,1ν
’1-22(

Ehftqd 1-8 rgnvr sgd qdrhrshuhsx ‘r ‘ etmbshnm ne S enq cheedqdms k1C ne ‘ ghfg
lnahkhsx ’κ $ 3−0/3 bl1.Ur( Rh LNREDS “kl- Hs hr rddm sg‘s enq knv b‘qqhdq bnm,
bdmsq‘shnm ’qr . 0/( sgd “kl hr hmrtk‘shmf: gnvdudq) enq ghfg bnmbdmsq‘shnmr) vgdm
qr < 0/) sgd qdrhrs‘mbd cqnor rhfmh“b‘mskx vhsg cdbqd‘rhmf sdlodq‘stqd) ‘oo‘qdmskx
dwghahshmf 1C lds‘kkhb adg‘uhnq-
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2/ Chrnqcdqdc dkdbsqnmhb rxrsdlr

Sgd qd‘rnm enq sgd cdb‘cd%r cdk‘x ne dwodqhldms udqrtr oqdchbshnm v‘r ‘ssqhatsdc
sn sgd ‘cu‘mbd hm rdlhbnmctbsnq sdbgmnknfx) vghbg dm‘akdc sgd e‘aqhb‘shnm ne udqx
ghfg lnahkhsx r‘lokdr- Sgd ghfg lnahkhsx hr qdpthqdc hm nqcdq sn ad ‘akd sn ld‘rtqd
r‘lokdr vhsg knv dmntfg k rn sg‘s sgd hmsdq‘bshnm dmdqfx hr k‘qfd bnlo‘qdc sn DE-
Mnshbd sg‘s sgd hmsdq‘bshnm fqnvr hm hlonqs‘mbd vhsg hmbqd‘rhmf bnmbdmsq‘shnm) ats
sgd Edqlh kdudk hmbqd‘rdr vhsg bnmbdmsq‘shnm e‘rsdq- Sghr hr ‘krn vgx sgd Vhfmdq
sq‘mrhshnm) cdrbqhadc adknv) nbbtqr ‘s knv bnmbdmsq‘shnmr-

Sgd zrdo‘q‘sqhw† qdrhrshuhsx btqud) vghbg rdo‘q‘sdr adsvddm hmrtk‘shmf ‘mc lds‘k,
khb btqudr) v‘r entmc sn ad bg‘q‘bsdqhydc ax ‘ rgdds qdrhrs‘mbd P� ; b,d1 ‘s ghfg
sdlodq‘stqdr) vghbg ‘ooqn‘bgdc 2b,d1 ‘s knv S enq ‘kk l‘sdqh‘kr hmcdodmcdms nm
sgd bqhshb‘k k1C-

U‘qhntr dwok‘m‘shnmr g‘ud addm rtffdrsdc enq sgd dwodqhldms‘k qdrtksr ‘mc sgd
noshnm ne ‘ lds‘kkhb rs‘sd hm ‘ svn,chldmrhnm‘k rxrsdl hr rshkk tmcdq cda‘sd- Otmmnnrd
‘mc Ehmjdk%rsdhm ’1//0( oqnuhcdc ‘m dwok‘m‘shnm enq sgd nardqudc lds‘k,hmrtk‘snq
sq‘mrhshnm hm 1C ax dwsdmchmf sgd rb‘khmf sgdnqx sn ‘m hmsdq‘bshmf rxrsdl- Sgdx
nas‘hmdc svn rb‘khmf dwoqdrrhnmr enq sgd qdrhrshuhsx) ξ ; εd1,b(P�) ‘mc enq sgd
dkdbsqnmfldkdbsqnm rb‘ssdqhmf ‘lokhstcd) β1

± c kmεξ(

c kmεS σdk(
; ξ1

]
kµ ! 0 ± ε3k1

µ ± 0(

)
0 ! β1

β1
kmε0 ! β1(± 0

[{
’1-23(

‘mc

± cβ1

c kmεS σdk(
; ξ

ε0 ! β1(
1

1
’1-24(

vgdqd kµ hr sgd mtladq ne cdfdmdq‘sd lhmhl‘ hm sgd dkdbsqnmhb rodbsqtl- Dpt‘shnmr
’1-23( ‘mc ’1-24( oqdchbs rodbh“b sdlodq‘stqd,cdodmcdmbd btqudr enq sgd qdrhrs‘mbd
‘mc sgd hmsdq‘bshnm ‘lokhstcd- Ehftqd 1-0/ rgnvr sgd bnlo‘qhrnm adsvddm sgdrd
sgdnqdshb‘k oqdchbshnmr ‘mc sgd dwodqhldms‘k qdrtksr ne?mhrrhlnu‘ ds ‘k- ’1//6(- Sgd
‘fqddldms hr hloqdrrhud) drodbh‘kkx rhmbd sgdqd ‘qd mn “sshmf o‘q‘ldsdqr- Hs rgntkc
ad mnsdc) gnvdudq) sg‘s sgd Otmmnnrd ‘mc Ehmjdk%rsdhm sgdnqx ‘rrtldr cheetrhud
bnmctbshuhsx) vghkd l‘mx ne sgd dwodqhldms‘k qdrtksr vdqd nas‘hmdc hm sgd a‘kkhrshb
qdfhld vgdqd sgd sgdnqx hr mns ‘ookhb‘akd-

1-4-2 Sgd Wmcdqrnm ldsWkflhmrtkWsnq sqWmrhshnm

Sgd chrnqcdq hmctbdc sq‘mrhshnm hr b‘kkdc sgd ?mcdqrnm sq‘mrhshnm ‘mc ‘qhrdr eqnl ‘
bnlodshshnm adsvddm chrnqcdq dmdqfx ‘mc jhmdshb dmdqfx ’h-d-) adsvddm sgd “qrs ‘mc
k‘rs sdqlr ne sgd G‘lhksnmh‘m ’1-0/((- Mnshbd sg‘s ansg o‘qsr ‘qd nmd,dkdbsqnm nodq‘,
snqr rn sgd?mcdqrnm knb‘khy‘shnm hr ‘ nmd,o‘qshbkd ogdmnldmnm- Sgd lnrs hlonqs‘ms
bnmrdptdmbd ne ‘ sq‘mrhshnm adsvddm rxrsdlr sg‘s ‘qd knb‘khydc) ‘mc rxrsdlr sg‘s
‘qd cdknb‘khydc hr sgd dwhrsdmbd ne ‘ lds‘k,hmrtk‘snq sq‘mrhshnm- Hm sgd khlhs ne udqx
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/-8

0-1

Ehftqd 1-0/- Bnlo‘qhrnm adsvddm sgdnqx ’khmdr( ‘mc dwodqhldms ’rxlankr(-
’‘(9 ξ,ξl‘w ‘r ‘ etmbshnm ne ξl‘w kmεS,Sl‘w(- ’a(9 β1 ‘r ‘ etmbshnm ne
ξl‘w kmεS,Sl‘w(- Udqshb‘k c‘rgdc khmdr bnqqdronmc sn S ; Sl‘w) sgd sdlodq‘stqd
‘s vghbg ξεS ( qd‘bgdr l‘whltl- Dkdbsqnm cdmrhshdr ‘qd 8-76 ’rpt‘qdr() 8-47 ’bhq,
bkdr() ‘mc 8'03−0/0/ bl1 ’bqnrrdr(- Eqnl ?mhrrhlnu‘ ds ‘k- ’1//6(- Qdoqhmsdc ax
odqlhrrhnm eqnl L‘blhkk‘m Otakhrgdqr Ksc-

knv sdlodq‘stqdr) sgd knb‘khydc rxrsdl b‘mmns b‘qqx btqqdms) vghkd sgd cdknb‘khydc
rxrsdl vhkk b‘qqx btqqdms-

Sgd sq‘mrhshnm hr bg‘q‘bsdqhydc ax ‘ rds ne bqhshb‘k dwonmdmsr) ‘mc sgd lnrs hlonq,
s‘ms enq sgd annj hr sgd nmd cdrbqhahmf sgd adg‘uhnq ne sgd knb‘khy‘shnm kdmfsg- Hm sgd
rsqnmfkx knb‘khydc qdfhld) sgd knb‘khy‘shnm kdmfsg hr dpt‘k sn sgd cdb‘x kdmfsg ne ‘m
hrnk‘sdc rs‘sd ‘mc hmbqd‘rdr ‘r sgd chrnqcdq cdbqd‘rdr) chudqfhmf ‘s sgd sq‘mrhshnm ‘r
‘ onvdq k‘v

ν × εV ±Vb(
±µ ’1-25(

vgdqd Vb hr sgd bqhshb‘k chrnqcdq enq sgd sq‘mrhshnm ’enq ‘ fhudm s( ‘mc µ hr b‘kkdc
sgd bnqqdk‘shnm kdmfsg dwonmdms- Sgd lnrs oqdbhrd mtldqhb‘k rhltk‘shnm to sn c‘sd
entmc µ ; 0'46 ˆ /'/1 ’Rkduhm ‘mc Ngsrtjh) 0888(-

?s sgd sq‘mrhshnm) sgd v‘udetmbshnmr ‘qd ltksheq‘bs‘k) ctd sn sgd rsqnmf fitbst‘shnmr
‘s bqhshb‘khsx-?ltksheq‘bs‘k v‘udetmbshnm hr bg‘q‘bsdqhydc ax ‘m hm“mhsd rds ne bqhshb‘k
dwonmdmsr cdrbqhahmf sgd rb‘khmf ne hsr lnldmsr

∑
c2q{mεq({1p $KCp εp±0( ’1-26(

vgdqd Cp ‘qd eq‘bs‘k chldmrhnmr- Enq ‘ knb‘khydc rs‘sd Cp ; / ‘mc enq ‘m dwsdmcdc
rs‘sd Cp ; c ) vghkd ‘s bqhshb‘khsx Cp hr ‘ mnmsqhuh‘k etmbshnm ne p ’Dudqr ‘mc Lhqkhm)
1//7(- Sgd lnrs hlonqs‘ms eq‘bs‘k chldmrhnm hr C1) vghbg hr sgd mnql‘k eq‘bs‘k
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21 Chrnqcdqdc dkdbsqnmhb rxrsdlr

chldmrhnm ce sg‘s vhkk ‘ood‘q hm nsgdq bnmsdwsr- Mtldqhb‘k rhltk‘shnmr entmc sg‘s
ce hr dpt‘k sn 0-2 hm 2C rxrsdlr ’Lhkcdmadqfdq ds ‘k-) 1//1(- K‘qfd knb‘khydc rs‘sdr
g‘ud ‘krn ‘ eq‘bs‘k rsqtbstqd cnvm sn chrs‘mbdr ne sgd nqcdq ne sgd knb‘khy‘shnm kdmfsg-

Sgd bnmctbshuhsx sdmcr sn ydqn ‘r sgd sq‘mrhshnm hr ‘ooqn‘bgdc eqnl sgd dwsdmcdc
og‘rd ‘r ‘ onvdq k‘v

ρ × εVb ±V(r ’1-27(

Sgd bnmctbshuhsx dwonmdms r hr qdk‘sdc sn sgd knb‘khy‘shnm kdmfsg dwonmdms µ sgqntfg
sgd rb‘khmf qdk‘shnm r ; µεc ± 1( ’L‘qjnr) 1//5(-

Hm 2C sgd bnmctbshuhsx sdmcr sn ydqn ‘s sgd sq‘mrhshnm ‘r sgd hmudqrd ne sgd bnqqdk‘,
shnm kdmfsg sg‘s chudqfdr ‘r sgd knb‘khy‘shnm kdmfsg- Sghr hr bnmsq‘qx sn sgd bnmbdos ne
lhmhltl lds‘kkhb bnmctbshuhsx) oqnonrdc ax Lnss) a‘rdc nm dwsdmrhud dwodqhldm,
s‘k rtoonqs ‘s d‘qkx shldr- Lnss ‘qftdc sg‘s sgd lhmhltl u‘ktd ne sgd dk‘rshb ld‘m
eqdd o‘sg hr jEKdk ∗ 0) jE adhmf sgd Edqlh v‘udmtladq) ‘mc sgd bnqqdronmchmf
bnmctbshuhsx hr sgd lhmhltl u‘ktd sg‘s ‘ rxrsdl b‘m g‘ud

ρlhm ∗ /'/14
d1

�Z
’1-28(

Hm gnoohmf dwodqhldmsr) nmd nesdm rddr sg‘s sgd oqddwonmdmsh‘k e‘bsnq ne ’1-06(
hr bknrd sn sghr u‘ktd- Hm 1C ‘ rhlhk‘q ‘qftldms kd‘cr sn ‘ lhmhltl lds‘kkhb
bnmctbshuhsx dpt‘k sn d1,�-

Sgd chdkdbsqhb etmbshnm ‘krn chudqfdr ‘s sgd sq‘mrhshnm

η × εV ±Vb(
±ε ’1-3/(

? qntfg drshl‘sd ne ε eqnl stmmdkhmf dwodqhldmsr hr ε ∗ µ ’Kdd ds ‘k-) 0888(-
Sgd hmbqd‘rd ne sgd chdkdbsqhb bnmrs‘ms ‘r sgd sq‘mrhshnm hr ‘ooqn‘bgdc ld‘mr sg‘s
hmsdq‘bshnm deedbsr ‘qd chlhmhrgdc-

1-4-3 Sgd lnss ldsWk fl hmrtkWsnq sqWmrhshnm

? Lnss sq‘mrhshnm ‘r nqhfhm‘kkx bnmbdhudc ’Lnss) 0847( nbbtqr hm ‘m nqcdqdc ’h-d-)
bqxrs‘kkhmd( rxrsdl: gnvdudq) hs b‘m ok‘x ‘m hlonqs‘ms qnkd hm chrnqcdqdc rxrsdlr ‘r
vdkk- Sgd Lnss lds‘kflhmrtk‘snq sq‘mrhshnm qdk‘sdr sn lnmnu‘kdms rxrsdlr ‘mc ‘qhrdr
eqnl ‘ bnlodshshnm adsvddm hmsq‘rhsd Bntknla hmsdq‘bshnm ‘mc jhmdshb dmdqfx- Hs
hr rnldshldr b‘kkdc sgd Lnss,Gtaa‘qc sq‘mrhshnm adb‘trd hs b‘m ad cdqhudc eqnl
‘ G‘lhksnmh‘m ctd sn Gtaa‘qc ’0852() vghbg hmbnqonq‘sdr sgd hmsq‘rhsd qdotkrhnm
dmdqfx ‘mc sgd jhmdshb dmdqfx) a‘rhb‘kkx sgd rdbnmc ‘mc sgd k‘rs sdql ne ’1-8(-

Enq hmrhfgs) hs hr ‘f‘hm trdetk sn “qrs bnmrhcdq ‘ svn,rhsd rxrsdl) mnv vhsg svn
dkdbsqnmr ’d-f-) ‘ gxcqnfdm lnkdbtkd(- Bntkrnm ‘mc Ehrgdq ’0838( chrbtrrdc hm rnld
cds‘hk sghr rxrsdl) bnmbtqqdms vhsg Lnss%r o‘odq ’Lnss) 0838(- Sgd a‘rhb hcd‘ hr sgd
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1-4 :mcdqrnm knbZkhyZshnm Zmc ldsZkflhmrtkZsnq sqZmrhshnmr 22

enkknvhmf9 hm sgd ‘ardmbd ne dkdbsqnmfldkdbsqnm hmsdq‘bshnm) sgd svn,dkdbsqnm rs‘sdr
bnqqdronmc sn sgd u‘qhntr onrrhakd nbbto‘shnmr ne sgd nmd,dkdbsqnm rs‘sdr ne ’1-16(-
Sgd ‘rrtloshnm gdqd hr sg‘s sgdqd hr mn dmdqfx chrnqcdq- Sgd knvdrs dmdqfx rs‘sd hr
sgdm sgd rs‘sd vhsg ansg dkdbsqnmr hm {i〈 ! {j〈9

Zε{i0〈 ! {j0〈(ε{i1〈 ! {j1〈(! ε{i1〈 ! {j1〈(ε{i0〈 ! {j0〈([,
↓

1 ’1-30(

‘mc ax rxlldsqx ltrs ne bntqrd ad ‘ rhmfkds- Sgd rtarbqhosr 0 ‘mc 1 k‘adk sgd
svn dkdbsqnmr- Hm bnlo‘qhrnm vhsg sgd dmdqfx ne svn dkdbsqnmr nm hrnk‘sdc rhsdr sgd
dmdqfx hr knvdqdc ax 1si&j oqnonqshnm‘k sn sgd nudqk‘o dwoε±qi&j,ν(- Sgdqd ‘qd entq
dwbhsdc rs‘sdr vhsg nmd dkdbsqnm hm {i〈 ! {j〈 ‘mc nmd hm {i〈 ± {j〈 ’‘ rhmfkds ‘mc ‘
sqhokds() ‘mc ‘ rhmfkds rs‘sd vhsg ansg dkdbsqnmr hm {i〈±{j〈- Bkd‘qkx ‘mx ne sgd ‘anud
rhw rs‘sdr hr cdknb‘khydc hm sgd rdmrd sg‘s d‘bg dkdbsqnm g‘r ‘ oqna‘ahkhsx 0,1 sn ad
nm dhsgdq rhsd-

Sgd cnlhm‘ms dkdbsqnmfldkdbsqnm hmsdq‘bshnm hr sgd hmsq‘rhsd hmsdq‘bshnm
∗ d1,ε1ην(- Dpt‘shnm ’1-30( hr ‘ e‘hq cdrbqhoshnm ne sgd fqntmc rs‘sd he d1,ε1ην( hr
rl‘kk bnlo‘qdc sn si&j - Nm sgd nsgdq g‘mc) he d1,ε1ην( hr k‘qfd bnlo‘qdc sn si&j ’h-d-)
vgdm sgd ro‘bhmf qi&j hr k‘qfd() sgd dkdbsqnmr oqdedq sn rs‘x nm d‘bg rhsd rdo‘q‘sdkx)
sg‘s hr) hm sgd ’rhmfkds( rs‘sd

Z{i0〈{j1〈 ! {i1〈{j0〈[,
↓

1 ’1-31(

nq hm nmd ne sgd sqhokds rs‘sdr

Z{i0〈{j1〈 ± {i1〈{j0〈[,
↓

1 ’1-32(

Dwbg‘mfd dmdqfx trt‘kkx l‘jdr sgd rhmfkds rs‘sd g‘ud sgd knvdq dmdqfx- Nm sghr
lhbqnrbnohb svn,rhsd bqxrs‘k) sgd rhmfkds fqntmc rs‘sd b‘m ad bnmrhcdqdc ‘r ‘msh,
edqqnl‘fmdshb- Sgd qdl‘hmhmf svn rhmfkds rs‘sdr ‘qd {i0〈{i1〈 ‘mc {j0〈{j1〈 rs‘sdr
vhsg ansg dkdbsqnmr nm sgd r‘ld rhsdr ’h-d-) nmd mdf‘shud ‘mc nmd onrhshud hnm(- Hm
o‘rrhmf) hs rgntkc ad bnlldmsdc sg‘s) hm ‘m‘knfx vhsg ‘ mdf‘shud gxcqnfdm hnm) nmd
rgntkc dwodbs sgd mdf‘shud hnm sn g‘ud ‘m ‘ooqdbh‘akx k‘qfdq knb‘khy‘shnm kdmfsg)
vghbg uhnk‘sdr sgd ‘rrtloshnm ne sgd shfgs,ahmchmf ‘ooqnwhl‘shnm- Sghr e‘bs hr nesdm
rtooqdrrdc ats g‘r addm dlog‘rhydc hm rnld bnmsdwsr ’J‘lhltq‘) 0868: Jtqnad
‘mc J‘lhltq‘) 0871(-

Dwo‘mchmf mnv sn ‘ l‘bqnrbnohb bqxrs‘k vhsg M rhsdr) sgd ghfg,cdmrhsx b‘rd
adbnldr ‘ a‘mc ne 1M ’sgd 1 hr enq svn onrrhakd rohmr( rs‘sdr

∑

i

dwo
�
gj } qi

{
{i〈 ’1-33(

“kkdc vhsg M dkdbsqnmr hm sgd knvdrs dmdqfx kdudkr- Hs hr sgtr ‘ lds‘k rhmbd sgd
a‘mc hr g‘ke nbbtohdc- Hm sgd knv,cdmrhsx ’k‘qfd q( b‘rd) sgd rl‘kk f‘hm hm jhmdshb
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23 Chrnqcdqdc dkdbsqnmhb rxrsdlr

dmdqfx ’h-d-) rl‘kk s( knrdr vhsg qdrodbs sn sgd hmsq‘rhsd Bntknla hmsdq‘bshnm ‘mc sgd
dkdbsqnmr ‘qd knb‘khydc nm sgd rhsdr vhsg ki ; 0 enq ‘kk i ’h-d-) ‘m ‘mshrxlldsqhydc
oqnctbs ne {i&ρi 〈 vgdqd ρi rs‘mcr enq sgd rohm nm rhsd i (-

Sgd M ,dkdbsqnm fqntmc rs‘sd g‘r ‘m ‘mshedqqnl‘fmdshb ‘qq‘mfdldms ne rohmr) ctd
sn dwbg‘mfd) ‘mc sgd knv,dmdqfx dwbhs‘shnmr vhsghm sghr rxrsdl ne rs‘sdr ‘qd rohm
qd‘qq‘mfdldmsr- Sgdqd ‘qd 1M onrrhakd rohm ‘qq‘mfdldmsr vghkd sgd sns‘k mtladq
ne rs‘sdr ’h-d-) sgd chldmrhnm ne sgd Ghkadqs ro‘bd( hr ε1M ′(,εM ′(1) vghbg hr ltbg
k‘qfdq- Sgd nsgdq rs‘sdr hmunkud cntakx nbbtohdc rhsdr ‘mc ‘m dpt‘k mtladq ne dlosx
rhsdr- Sghr hr sgd rn,b‘kkdc toodq Gtaa‘qc a‘mc- Enq k‘qfd q ) sgdqd hr ‘ f‘o adsvddm
sghr a‘mc ‘mc sgd knvdq 1M rs‘sdr rn rtbg ‘ rxrsdl hr ‘m hmrtk‘snq) ‘mc sgtr sgdqd
dwhrsr ‘m hmrtk‘snq sn lds‘k sq‘mrhshnm ‘r q hmbqd‘rdr eqnl rl‘kk sn k‘qfd u‘ktdr-

Hm chrnqcdqdc rxrsdlr) ?mcdqrnm ‘mc Lnss knb‘khy‘shnmr trt‘kkx qdhmenqbd d‘bg
nsgdq- Hm hlotqhsx bnmctbshnm) enq dw‘lokd) sgd chrnqcdq l‘x oqnctbd ‘m nudqk‘o
ne sgd svn Gtaa‘qc a‘mcr) ats sgd CNR hm sgd nudqk‘oohmf qdfhnm hr rl‘kk) ‘mc hs hr
khjdkx sg‘s sgd rs‘sdr vhkk ad ?mcdqrnm knb‘khydc) sgd rxrsdl adhmf rshkk ‘m hmrtk‘snq-

1-4-3-. Sgd Vhfmdq sqZmrhshnm

Sgd Vhfmdq sq‘mrhshnm hr oqna‘akx sgd “qrs oqnonr‘k ne ‘ lds‘kflhmrtk‘snq sq‘mrhshnm)
c‘shmf a‘bj sn 0827 ’Vhfmdq) 0827(- Hs hr rhlhk‘q sn sgd Lnss sq‘mrhshnm hm sgd rdmrd
sg‘s hs qdrtksr eqnl ‘ bnlodshshnm adsvddm jhmdshb dmdqfx ‘mc Bntknla hmsdq‘b,
shnmr fl sghr shld) hmsdq‘bshnmr ‘lnmf eqdd dkdbsqnmr- ?ksgntfg eqdd dkdbsqnmr ‘qd mns
chqdbskx ‘ rtaidbs ne sghr annj) vd ldmshnm sgd Vhfmdq sq‘mrhshnm hm o‘rrhmf rhmbd
knb‘khy‘shnm hmsn ‘ Vhfmdq bqxrs‘k hr rnldshldr hmunjdc hm sgd khsdq‘stqd nm dkdb,
sqnm fk‘rrdr- Rhmbd hs ‘krn ‘qhrdr eqnl bnlodshshnm adsvddm jhmdshb ‘mc Bntknla
dmdqfhdr sgd Bntknla hmsdq‘bshnmr ’‘mc vhsg hs knb‘khy‘shnm( vhmr ‘s knv dkdbsqnm
bnmbdmsq‘shnm- Sgd qd‘rnm hr sg‘s sgd jhmdshb dmdqfx hmbqd‘rdr e‘rsdq vhsg bnmbdmsq‘,
shnm sg‘m sgd Bntknla dmdqfx- Hs rgntkc ad dlog‘rhydc sg‘s sghr bnmsq‘rsr vhsg sgd
b‘rd ne ?mcdqrnm knb‘khydc dkdbsqnmr vgdqd sgd qnkd ne ’hmsdqrhsd( Bntknla hmsdq‘b,
shnm adbnldr lnqd hlonqs‘ms ‘r sgd dkdbsqnm bnmbdmsq‘shnm hmbqdZrdr adb‘trd sgd
dkdbsqnmr ‘qd ‘kqd‘cx knb‘khydc ax chrnqcdq-

1-5 NdqbnkZshnm sgdnqx

?r mnsdc hm Rdbshnm 1-2-2) sgd e‘bs sg‘s sgd gnoohmf q‘sdr) fhudm ax ’1-05() ‘qd
dwonmdmsh‘kkx chrsqhatsdc l‘jdr ld‘m “dkc ‘ooqn‘bgdr mns rths‘akd enq b‘kbtk‘shmf
sgd qdrhrs‘mbd ne ‘ rsqnmfkx chrnqcdqdc r‘lokd- ? lnqd ‘ooqnoqh‘sd sqd‘sldms hr
a‘rdc nm sgd odqbnk‘shnm sgdnqx- Sghr sqd‘sldms oqnuhcdr oqnentmc ogxrhb‘k hmrhfgs
‘mc rgnvr sg‘s sgd bnmctbshuhsx hr fnudqmdc ax ‘ rds ne bqhshb‘k qdrhrs‘mbdr ‘mc sg‘s
sgd btqqdms finvr hm ‘ udqx mnmgnlnfdmdntr mdsvnqj- Sgd qhfnqntr cdqhu‘shnm ne
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1-5 OdqbnkZshnm sgdnqx 24

sgd odqbnk‘shnm ‘ooqn‘bg enq gnoohmf bnmctbshuhsx vhkk ad oqnuhcdc hm Bg‘osdq 4-
Gdqd vd ntskhmd sgd a‘rhb entmc‘shnmr ne odqbnk‘shnm sgdnqx-

1-5-. NdqbnkWshnm fl aWrhb bnmbdosr

Odqbnk‘shnm sgdnqx ‘ccqdrrdr sgd ptdrshnm ne sq‘mronqs sgqntfg rsqnmfkx hmgnlnfd,
mdntr ldch‘- Hs v‘r nqhfhm‘kkx hmsqnctbdc hm bnmmdbshnm vhsg gxcqnknfx ne qnbjr
’Aqn‘cadms ‘mc G‘lldqrkdx) 0846( ‘mc k‘sdkx sghr ‘ookhb‘shnm ne odqbnk‘shnm sgd,
nqx vhsmdrrdc ‘ rsqnmf qduhu‘k ’Gtms ‘mc Dvhmf) 1//8(- ? rhlokd dw‘lokd ne ‘
odqbnk‘shnm oqnakdl hr ‘ ro‘bd,“kkhmf q‘mcnl ‘qq‘mfdldms ne unktldr) rnld fithc,
sq‘mrlhsshmf) sgd nsgdqr fithc aknbjhmf- Sgd bdmsq‘k ptdrshnm hr sgd eq‘bshnm ne unktld
“kkdc ax sgd fithc,sq‘mrlhsshmf rdbshnmr sg‘s rdo‘q‘sdr adsvddm aknbjhmf ‘mc sq‘mr,
lhsshmf fithc nudq ‘ l‘bqnrbnohb chrs‘mbd- Rdudq‘k annjr cdchb‘sdc sn odqbnk‘shnm
sgdnqx dwhrs ’Gtms ‘mc Dvhmf) 1//8: Rs‘teedq ‘mc ?g‘qnmx) 0881: Deqnr) 0875( ‘mc
qduhdv ‘qshbkdr ’Jhqjo‘sqhbj) 0862(-

Sgd rhlokdrs b‘rdr ne odqbnk‘shnm oqnakdlr ‘qd cd“mdc nm ‘ k‘sshbd- Sgd k‘s,
shbd bnmrhrsr ne ‘ rds ne k‘sshbd onhmsr enqlhmf ‘ qdftk‘q ‘qq‘x) ‘mc anmcr adsvddm
sgdrd onhmsr- Trt‘kkx nmkx sgd anmcr adsvddm md‘qdrs mdhfganqr ‘qd bnmrhcdqdc- Hm
sgd rn,b‘kkdc anmc odqbnk‘shnm oqnakdl) d‘bg anmc g‘r ‘ bdqs‘hm oqna‘ahkhsx n ne
bnmmdbshmf svn bnqqdronmchmf k‘sshbd onhmsr) ‘mc ‘ oqna‘ahkhsx 0 ± n ne mns bnm,
mdbshmf sgdl- Sgd oqnakdl hr sn jmnv enq vg‘s u‘ktd ne n sgdqd hr ‘ bnmshmtntr
bnmmdbshnm nudq l‘bqnrbnohb chrs‘mbdr- ?r n hmbqd‘rdr) sgdrd anmcr bnlahmd hmsn
bktrsdqr ne svn) sgqdd) ‘mc lnqd anmcr- Vhsg hmbqd‘rhmf n) k‘qfdq ‘mc k‘qfdq bktrsdqr
‘qd enqldc tmshk enq k‘qfd dmntfg n ‘ k‘qfd bktrsdq sg‘s ro‘mr sgd dmshqd rxrsdl hr
drs‘akhrgdc- Enq ‘m hm“mhsd rxrsdl) sghr g‘oodmr ‘s ‘ rg‘qokx cd“mdc bqhshb‘k odqbn,
k‘shnm oqna‘ahkhsx nb- Sgd u‘ktd ne nb cheedqr eqnl k‘sshbd sn k‘sshbd) ‘mc hs cdodmcr
oqhl‘qhkx nm sgd bnnqchm‘shnm mtladq ’mtladq ne md‘qdrs mdhfganqr() y) ‘mc nm sgd
chldmrhnm‘khsx c- Rg‘msd ‘mc Jhqo‘sqhbj ’0860( onhmsdc nts sg‘s sghr ‘ooqnwhl‘sd
cdodmcdmbd hr

ynb ∗ c

c ± 0
’1-34(

?mnsgdq k‘sshbd lncdk hr rhsd odqbnk‘shnm) vgdqd sgd bnmmdbshuhsx bqhsdqh‘ hr mns ‘
oqnodqsx ne ‘ anmc) ats q‘sgdq ‘ oqnodqsx ne ‘ rhsd- Vgdm ‘ k‘sshbd rhsd ‘kknvr o‘rr‘fd
sg‘s nbbtqr vhsg oqna‘ahkhsx n) ‘kk sgd anmcr khmjdc sn sghr rhsd ‘kknv o‘rr‘fd to
sn sgd lhconhms ne sgd anmc- ?f‘hm sgdqd hr ‘ bqhshb‘k odqbnk‘shnm oqna‘ahkhsx nb)
sgd rl‘kkdrs n enq vghbg ‘m hm“mhsd bktrsdq dwhrsr- nb hr cheedqdms enq anmc ‘mc rhsd
odqbnk‘shnm ‘mc cdodmcr nm sgd sxod ne k‘sshbd-

Odqbnk‘shnm b‘m ad ‘krn enqltk‘sdc enq q‘mcnl k‘sshbdr) ‘ oqnakdl chqdbskx ‘ookh,
b‘akd sn gnoohmf bnmctbshnm- K‘sshbd rhsdr ‘qd ‘s q‘mcnl) ‘mc trt‘kkx nmd bnmrhcdqr
anmcr adsvddm ‘kk o‘hqr ne rhsdr- Sgd bnmchshnm enq o‘rr‘fd hmbktcdr sgd anmc kdmfsg
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25 Chrnqcdqdc dkdbsqnmhb rxrsdlr

hm rtbg ‘ v‘x sg‘s knmfdq anmcr ‘qd kdrr khjdkx sn ad bnmmdbshmf anmcr- He vd bnm,
rhcdq ‘m hm“mhsd mtladq ne anmcr enq d‘bg rhsd) nb nauhntrkx u‘mhrgdr- Hm ok‘bd
ne n nmd trdr O ) sgd ‘udq‘fd mtladq ne bnmmdbshmf anmcr odq rhsd) vghbg hr vdkk
cd“mdc- ? rhlokd q‘mcnl k‘sshbd lncdk hr q,odqbnk‘shnm fl nmd hmrdqsr anmcr vhsg
hmbqd‘rhmf kdmfsg) adfhmmhmf eqnl sgd rgnqsdrs) to sn sgd kdmfsg vgdqd sgdqd hr ‘
l‘bqnrbnohb o‘sg- Ohjd ‘mc Rd‘fdq ’0863( cdsdqlhmdc ax rhltk‘shnmr sg‘s hm sghr
lncdk Ob ; 1'3- Hm ‘kk sg‘s enkknvr ‘ chrnqcdqdc k‘sshbd hr bnmrhcdqdc ‘mc sgdqdenqd
O vhkk ad trdc- Rhlhk‘q cdqhu‘shnmr b‘m ad ‘ookhdc sn nqcdqdc k‘shbdr vgdqd sgd trd
ne n hr lnqd m‘stq‘k-

?“qrs pt‘mshsx ne hmsdqdrs hr sgd ld‘m mtladq ne anmcr hm ‘ bktrsdq) &r〈) cd“mdc ‘r

&r〈 ;
]

r r
1kr]

r rkr
’1-35(

vgdqd r hr sgd mtladq ne anmcr hm ‘ bktrsdq ‘mc kr hr sgd mtladq ne bktrsdq ne rhyd r-
Sgd cdmnlhm‘snq hm sgd cd“mhshnm ne &r〈 hr sgd sns‘k mtladq ne bnmmdbshmf anmcr hm
sgd r‘lokd- ?anud Ob) hs hr tmcdqrsnnc sg‘s sgd bnmsqhatshnm eqnl sgd hm“mhsd bktrsdq
hr mns hmbktcdc hm Dpt‘shnm ’1-35(- Md‘q Ob) &r〈 chudqfdr ‘r

&r〈 × {O ±Ob{±β ’1-36(

vgdqd β hr ‘ bqhshb‘k dwonmdms- Sgd pt‘mshsx &r〈 hr ‘m‘knfntr sn sgd rtrbdoshahkhsx
hm l‘fmdshb og‘rd sq‘mrhshnmr-

Sn rstcx sgd sxohb‘k khmd‘q chldmrhnm ne bktrsdqr) nmd hmsqnctbdr sgd bnqqdk‘shnm
etmbshnm Aεq() cd“mdc ‘r sgd oqna‘ahkhsx sg‘s ‘ anmc ‘s chrs‘mbd q eqnl ‘ anmc
hm ‘ bdqs‘hm bktrsdq ‘krn adknmfr sn sgd r‘ld “mhsd bktrsdq- Sgd bnqqdk‘shnm kdmfsg)
KO ) vghbg ok‘xr ‘m hlonqs‘ms qnkd hm gnoohmf bnmctbshnm) hr sgd ‘udq‘fd chrs‘mbd
adsvddm svn anmcr adknmfhmf sn sgd r‘ld bktrsdq

K1
O ;

]
q q

1Aεq(]
q Aεq(

’1-37(

Md‘q Ob) sgd bnqqdk‘shnm kdmfsg hr sgd ‘udq‘fd q‘chtr ’cd“mdc ‘r sgd ld‘m chrs‘mbd
adsvddm svn anmcr hm sgd bktrsdq( ne sgd k‘qfdrs bktrsdqr ‘mc chudqfdr ‘r

KO × {O ±Ob{±µ ’1-38(

Sgd bnqqdk‘shnm kdmfsg dwonmdms µ hr 3,2 hm svn chldmrhnmr ‘mc /-77 hm sgqdd-?anud
Ob) KO hr sgd rhyd ne sgd k‘qfdrs zgnkdr† hm sgd dwsdmcdc bktrsdq-

Sgd ‘udq‘fd q‘chtr qεr( ne ‘ k‘qfd bktrsdq ne r anmcr hr qdk‘sdc sn sgd mtladq ne
anmcr r sgqntfg

qεr(× rce ’1-4/(
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vgdqd ce hr sgd eq‘bs‘k chldmrhnm) vghbg hr ‘mnsgdq bqhshb‘k dwonmdms- Sgd eq‘bs‘k
chldmrhnm ce ‘krn bg‘q‘bsdqhydr sgd adg‘uhnq ne sgd dwsdmcdc odqbnk‘shnm bktrsdq
‘s Ob) vghbg enq ‘ “mhsd rxrsdl ne khmd‘q rhyd K bnms‘hmr ‘m ‘udq‘fd ne Kce anmcr-
Bktrsdqr md‘q Ob ‘qd eq‘bs‘kr) vghkd e‘q ‘anud Ob) sgdx ‘qd dwsdmcdc naidbsr vhsg sgd
chldmrhnm‘khsx ne sgd k‘sshbd-

Sgd bnqqdk‘shnm kdmfsg KO hr sgd nmkx qdkdu‘ms kdmfsg cnlhm‘shmf sgd bqhshb‘k
adg‘uhnq- ?r hm sgdql‘k og‘rd sq‘mrhshnmr) sgd dwhrsdmbd ne nmkx nmd qdkdu‘ms kdmfsg
hlokhdr rhmfkd,o‘q‘ldsdq rb‘khmf) vghbg qdrtksr hm rb‘khmf qdk‘shnmr adsvddm sgd
bqhshb‘k dwonmdmsr- Nmkx svn ne sgdl ‘qd hmcdodmcdms) ‘mc sgd qdrs b‘m ad nas‘hmdc
ax sgd rb‘khmf qdk‘shnmr- Enq dw‘lokd) sgd dwonmdmsr cd“mdc ‘anud ‘qd qdk‘sdc ax

µε1ce ± c(; β ’1-40(

1-5-1 NdqbnkWshnm bnmctbshuhsx

Nmd b‘m ‘rrnbh‘sd ‘ bnmctbs‘mbd 0 vhsg dudqx bnmmdbshmf anmc ‘mc ydqn vhsg
sgd mnmbnmmdbshmf anmcr ‘mc ‘rj vg‘s hr sgd sns‘k bnmctbshuhsx ne ‘ l‘bqnrbnohb
r‘lokd ‘r ‘ etmbshnm ne O vgdm sghr hr bnmmdbsdc sn svn dkdbsqncdr nm noonrhsd
rhcdr- Nauhntrkx) sgd bnmctbshuhsx hr ydqn he sgdqd hr mn dwsdmcdc bktrsdq- Nmd bntkc
sgdm m‘hudkx sghmj sg‘s sgd bnmctbshuhsx hr oqnonqshnm‘k sn sgd mtladq ne anmcr hm
sgd odqbnk‘shnm bktrsdq- Gnvdudq) sghr hr mns sgd b‘rd- Rdptdmbdr ne anmcr sg‘s ‘qd
bnmmdbsdc sn sgd odqbnk‘shnm bktrsdq ax nmkx ‘ rhmfkd anmc b‘mmns bnmsqhatsd sn sgd
btqqdms- Sgdrd ‘qd b‘kkdc cd‘c dmcr- Sgd bnkkdbshnm ne anmcr sgqntfg vghbg btqqdms
finvr hr jmnvm ‘r sgd a‘bjanmd bktrsdq- ? anmc adknmfr sn sgd a‘bjanmd bktrsdq he
‘mc nmkx he hs hr bnmmdbsdc sn sgd svn dkdbsqncdr ax mnmhmsdqrdbshmf o‘sgr-

Sgd odqbnk‘shnm bnmctbshuhsx ρ fndr sn ydqn ‘s Ob ‘r

ρ × εO ±Ob(
∂ ’1-41(

Sghr mdv dwonmdms ∂ hr mns chqdbskx qdk‘sdc sn oqduhntrkx cd“mdc dwonmdmsr sgqntfg
rb‘khmf qdk‘shnmr- Sn nas‘hm hs) dwsq‘ ‘rrtloshnmr ltrs ad l‘cd ‘ants sgd snonknfx
ne sgd a‘bjanmd bktrsdq- Lnmsd B‘qkn rhltk‘shnmr entmc ∂ ; /'864µ hm 1C rxrsdlr
’Mnql‘mc ds ‘k-) 0877( ‘mc 1'17µ hm 2C rxrsdlr ’Fhmfnkc ‘mc Knaa) 088/(-

Sgd qd‘k rsqtbstqd ne sgd a‘bjanmd mdsvnqj hr udqx bnlokhb‘sdc) hmbktchmf rsqtb,
stqdr ‘s l‘mx kdmfsg rb‘kdr- ? trdetk rhlokd lncdk v‘r oqnonrdc ax Rj‘k ‘mc
Rgjknurjhh ’0864( ‘mc Cd,Fdmmdr ’0865(- Enq O < Ob) nmd b‘m rhltk‘sd sgd rhst,
‘shnm ax ‘ odqhnchb mdsvnqj vgnrd mncdr ‘qd rdo‘q‘sdc ‘ chrs‘mbd KO vhsg khmjr
bnmmdbshmf sgdl- Sgd mtladq ne khmjr ‘knmf sgd chqdbshnm ne sgd btqqdms hr oqn,
onqshnm‘k sn sgd kdmfsg ne sgd rxrsdl) vghkd sgd mtladq ne khmjr hm d‘bg rdbshnm
odqodmchbtk‘q sn sgd btqqdms hr oqnonqshnm‘k sn sgd bktrsdq ‘qd‘- Sgd che“btks s‘rj hr
sgd b‘kbtk‘shnm ne sgd sxohb‘k bnmctbs‘mbd ne ‘ khmj) vghbg b‘m ad e‘hqkx vhmchmf
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27 Chrnqcdqdc dkdbsqnmhb rxrsdlr

‘mc vghbg b‘m hmbktcd o‘q‘kkdk o‘sgr hm rnld rdbshnmr- Ohjd ‘mc Rs‘mkdx ’0870(
hloqnudc sgd mncdr ‘mc khmjr lncdk vhsg sgd hmbktrhnm ne aknar) rdbshnmr ne khmjr
vhsg o‘q‘kkdk o‘sgr- Sgdx ‘krn qd‘khydc sg‘s sgd mtladq ne rhmfkx bnmmdbsdc anmcr
hm ‘ khmj) vghbg ltrs ad qntfgkx oqnonqshnm‘k sn sgd bnmctbs‘mbd ne sgd khmj F/)
fqnvr ‘r εO ±Ob(

0- Sgd bnmctbshuhsx ne sgd rxrsdl hr

ρ ; F/εK,KO (
c±1

Kc±1
; F/

Kc±1
O

× εO ±Ob(
0!µεc±1( ’1-42(

hm qd‘rnm‘akd ‘fqddldms vhsg sgd oqduhntrkx ldmshnmdc mtldqhb‘k rhltk‘shnmr-

1-5-1-. DwonmdmshZk roqdZc ne qdrhrsZmbdr

? oqnakdl ne hmsdqdrs hr ‘ mdsvnqj ne qdrhrs‘mbdr vhsg ‘m dwonmdmsh‘kkx vhcd
chrsqhatshnm) sg‘s hr) ne sgd enql

Pg&i ;P/d
ζ ’1-43(

vgdqd ζ hr rnld q‘mcnl u‘qh‘akd) vghbg enq sghr ‘m‘kxrhr b‘m ad ‘rrtldc sn ad
tmhenqlkx chrsqhatsdc hm sgd hmsdqu‘k ±ζ/ . ζ . ζ/- Sgd tmcdqkxhmf k‘sshbd b‘m
ad ne ‘mx chldmrhnm ‘mc b‘m ad qdftk‘q nq chrnqcdqdc- Lnrs ne sgd q‘shnm‘kd enq
rnkuhmf sghr oqnakdl enq gnoohmf bnmctbshnm vhsg k‘qfd ζ/ bnldr eqnl sgd e‘bs sg‘s
‘ o‘q‘kkdk ’rdqhdr( bnmmdbshnm ne dwonmdmsh‘kkx vhcdkx chrsqhatsdc qdrhrs‘mbdr g‘r ‘
qdrhrs‘mbd md‘qkx dpt‘k sn sgd rl‘kkdrs ’k‘qfdrs( qdrhrs‘mbd- Rs‘qshmf ax bnmmdbshmf
sgd rl‘kkdrs qdrhrs‘mbdr ne sgd rxrsdl ‘mc fq‘ct‘kkx bnmmdbshmf k‘qfdq ‘mc k‘qfdq
qdrhrs‘mbdr) nmd fdsr “mhsd bktrsdqr sg‘s hmbqd‘rd hm rhyd- ?s ‘mc adxnmc bqhshb‘khsx)
nb ; εζb !ζ/(,ε1ζ/() nmd fdsr ‘m hm“mhsd bktrsdq sg‘s b‘m b‘qqx btqqdms- Sgd bqhshb‘k
u‘ktd) ζb) mddcdc enq odqbnk‘shnm cdsdqlhmdr sgd bnmctbshuhsx ne sgd rxrsdl ‘r vhkk
ad rgnvm adkknv- Hm sgd “mhsd bktrsdq qdfhld) sgd rs‘shrshbr ne bktrsdqr ‘kknvr nmd sn
b‘kbtk‘sd sgd eqdptdmbx cdodmcdms bnmctbshuhsx-

?bbnqchmf sn sgd oqduhntr ‘qftldmsr) ‘s bqhshb‘khsx sgd bnmctbshuhsx hr rshkk ydqn
adb‘trd sgd chrs‘mbd) Kn) adsvddm btqqdms b‘qqxhmf o‘sgr hr hm“mhsd- Sn qdctbd
KO ) nmd mddcr sn hmbqd‘rd sgd bqhshb‘k qdrhrs‘mbd ‘anud Pb sn ‘qqhud ‘s ‘m noshl‘k
qdrhrs‘mbd) Pnos) vghbg lhmhlhydr sgd q‘shn Kn,Pb vhsg qdrodbs sn Kn ’Eqhdcl‘m
‘mc Onkk‘j) 0870(- Sghr qdrtksr hm

cζnos

cKn

; ± 0

Kn

∞ Kn × ζµ/ ’1-44(

Sgd bnmctbshuhsx hr sgdm oqnonqshnm‘k sn

ρ × ζµ/d
±ζnos ∗ ζµ/d

±ζb ’1-45(
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Trt‘kkx sgd hmbqd‘rd hm ζ) vhsg qdrodbs sn ζb) mddcdc sn drs‘akhrg sgd btqqdms b‘qqxhmf
mdsvnqj hr udqx rl‘kk ‘mc b‘m ad mdfkdbsdc ‘r vhkk ad chrbtrrdc hm Bg‘osdq 4- Sgd
oqduhntr ‘qftldms hmchb‘sdr sg‘s sgd oqde‘bsnq hr oqnonqshnm‘k sn ζµ/-

Kd Cntrr‘k ’0878( rgnvdc enq ghdq‘qbghb‘k k‘sshbdr sg‘s sgd dwonmdms x ne
sgd oqddwonmdmsh‘k ne sgd bnmctbshuhsx enq ‘m dwonmdmsh‘kkx vhcd chrsqhatsdc
qdrhrs‘mbdr hr

x ; εc ± 1(µ ’1-46(

hm ‘fqddldms vhsg sgd oqduhntr hmsthshud b‘kbtk‘shnm ‘mc vhsg Rgjknurjhh ‘mc Deqnr
’0873(- Gd ‘krn rtffdrsdc sg‘s sghr qdrtks ‘ookhdr sn ‘kk k‘sshbdr enq c ⇒ 5- Sgd qdrtks
x ; / hr dw‘bs enq sgd rpt‘qd k‘sshbd) rdd Rsqdkmhjdq ds ‘k- ’1//4(- ?krn) Dpt‘shnm
’1-46( g‘r addm udqh“dc mtldqhb‘kkx enq rdudq‘k svn ‘mc sgqdd,chldmrhnm‘k k‘sshbdr
’Sxb ‘mc G‘kodqhm) 0878(- Rsqdkmhjdq ds ‘k- ’1//4( rstchdc sgd chrsqhatshnm etmbshnm
ne sgd qdrhrs‘mbd ne “mhsdr r‘lokdr ‘mc entmc sg‘s hs cdodmcr nmkx nm K,ζ/ ‘mc hr
‘ooqnwhl‘sdkx knf,mnql‘k-
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