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Vd hmudrshf]sd sgd cdodmcdmbd ne sgd ognsnf]ku]mhb qdronmrd ne ] svnenkc cdfdmdq]sd ltksh,Vdxk rdlhlds]k
nm hsr snonknfhb]k bg]qfd* shks* ]mc bgdlhb]k onsdmsh]k- Vd cdqhud ]m]kxshb]k dwoqdrrhnmr enq sgd rghes ]mc hmidbshnm
bnmctbshuhshdr enq shksdc bg]qfd,m Vdxk onhmsr trhmf ] knv,dmdqfx svn,a]mc deedbshud G]lhksnmh]m- Vd bnlotsd
sgd qdronmrd enq lnqd qd]khrshb shfgs,ahmchmf lncdkr ne ] cntakd,Vdxk rdlhlds]k vhsg aqnjdm shld,qdudqr]k
rxlldsqx sn zmc rhfmhzb]ms cduh]shnmr eqnl sgd deedbshud knv,dmdqfx bnmshmttl lncdk oqdchbshnmr- Vd ]m]kxyd
rdudq]k cheedqdms khlhsr ne sgdrd lncdkr* cdrbqhad sgd m]stqd ne sgdrd cduh]shnmr* ]mc oqnuhcd drshl]sdr ne sgdhq
cdodmcdmbd nm sgd eqdptdmbx ]mc nsgdq lncdk o]q]ldsdqr- Ntq ]m]kxrhr oqnuhcdr ] rhlokd dwok]m]shnm enq sgd
zqrs,oqhmbhokd b]kbtk]shnm a]rdc eqdptdmbx cdodmcdmbd ne sgd hmidbshnm btqqdms hm RqRh1- Vd ]krn nas]hm ]m]kxshb]k
qdrtksr enq sgd bg]qfd,3 Vdxk rdlhlds]k trhmf ] mdv ]ooqn]bg* oqnuhchmf ]kk qdkdu]ms hmenql]shnm ]ants sgd m]stqd
ne hsr rdbnmc,nqcdq cb qdronmrd ]mc sgd oqdbhrd bnmchshnm enq nardquhmf pt]mshydc bhqbtk]q ognsnf]ku]mhb deedbs-
Sghr ]ooqn]bg b]m d]rhkx ad dwsdmcdc sn ] rxrsdl]shb rstcx ne rdbnmc g]qlnmhb fdmdq]shnm ]mc zqrs,nqcdq noshb]k
bnmctbshuhsx hm bg]qfd,3 Vdxk rdlhlds]kr-

CNH9 0/-00/2.OgxrQduQdrd]qbg-5-/02/37

H- HMSPNCTBSHNM

Sgd pt]mstl fdnldsqx  PF( ne Aknbg v]ud etmbshnmr b]m
rhfmhzb]mskx hmfitdmbd sgd dkdbsqnmhb oqnodqshdr ]mc qdronmrd
etmbshnmr ne ] l]sdqh]k Z0[- Sgd ]mnl]kntr bnmsqhatshnm eqnl
a]mc snonknfx b]m nudqbnld khlhs]shnmr hm mnmsnonknfhb]k
rxrsdlr nm l]mx ogxrhb]k oqnodqshdr khjd rtodqfithc vdhfgs
Z1[* dwbhsnm rs]ahkhsx Z2[* sq]mronqs bndezbhdmsr Z3[* ]mc noshb]k
qdronmrdr Z4fl6[- Sgd atkj ognsnunks]hb deedbs  AOUD( hr nmd
rtbg deedbs vgdqd bnmsqhatshnmr eqnl PF g]ud addm rgnvm sn
ad ne hlldmrd hlonqs]mbd Z7*8[- Sgd AOUD hr ] rdbnmc,nqcdq
noshb]k qdronmrd vgdqd ] cb btqqdms hr oqnctbdc hm qdronmrd
sn ]m ]b dkdbsqhb zdkc- Hm l]mx mnmbdmsqnrxlldsqhb l]sdqh]kr*
sgd mnmsqhuh]k rsqtbstqd ne Aknbg v]ud etmbshnmr dmfdmcdqr ]
AOUD vhsgnts bqd]shmf ]mx l]bqnrbnohb dkdbsqhb zdkc nq b]q,
qhdq bnmbdmsq]shnm fq]chdms hm sgd r]lokd Z6*0/[- Sghr ]kknvr
nmd sn nudqbnld sgd Rgnbjkdx,Ptdhrrdq khlhs Z00[ oqdrdms hm
sq]chshnm]k o,m itmbshnmr-

A]rdc nm sgd ldbg]mhrl ne fdmdq]shnm* sgd atkj ognsn,
unks]hb deedbsr b]m ad chuhcdc hmsn rghes ]mc hmidbshnm btqqdmsr
Z7[- Sgd rghes btqqdms qdrtksr eqnl sgd qd]k,ro]bd rghes hm sgd
dkdbsqnm v]ud o]bjds ctd sn hmsdqa]mc ognsndwbhs]shnm Z01[*
]mc sgd hmidbshnm btqqdms hr b]trdc ax bg]mfd hm dkdbsqnm
udknbhsx tonm hmsdqa]mc sq]mrhshnm Z7[- Sgd oqnodqshdr ne sgdrd

)q]i-];mnqsgd]rsdqm-dct

Otakhrgdc ax sgd 9ldphbWm OgxrhbWk Rnbhdsx tmcdp sgd sdplr ne sgd
BpdWshud Bnllnmr 9ssphatshnm 3,. FmsdpmWshnmWk khbdmrd, Etpsgdp
chrsphatshnm ne sghr vnpj ltrs lWhmsWhm Wssphatshnm sn sgd Wtsgnp’r(
Wmc sgd otakhrgdc Wpshbkd r shskd) intpmWk bhsWshnm) Wmc CNF,

qdronmrdr ]qd cdsdqlhmdc ax sgd onk]qhy]shnm ne khfgs ]mc
sgd oqdrdmbd ne shld,qdudqr]k ]mc ro]bd,hmudqrhnm rxlldsqhdr
Z02[- Sgd rghes btqqdms qdronmrd nbbtqr enq khmd]qkx onk]qhydc
khfgs dudm vgdm shld,qdudqr]k rxlldsqx hr oqdrdms- Nm sgd
nsgdq g]mc* sgd hmidbshnm btqqdms qdpthqdr bhqbtk]qkx onk]qhydc
khfgs ]mc hr ]krn jmnvm ]r sgd bhqbtk]q ognsnf]ku]mhb deedbs
 BOFD(- Gnvdudq* vgdm shld,qdudqr]k rxlldsqx hr aqnjdm*
ansg sgd rghes btqqdms ]mc hmidbshnm btqqdms b]m nbbtq enq
bhqbtk]qkx ]mc khmd]qkx onk]qhydc khfgs* qdrodbshudkx Z03[-

Sgdrd ldbg]mhrlr enq ] AOUD ]qd hmshl]sdkx qdk]sdc sn sgd
pt]mstl fdnldsqx ne sgd dkdbsqnmhb v]ud etmbshnm Z04*05[-
AOUD hm Vdxk rdlhlds]kr  VRLr( g]ud ]ssq]bsdc dmnqlntr
qdrd]qbg hmsdqdrs ]r sgdx oqnuhcd ] ldbg]mhrl sn fdmdq]sd ogn,
snbtqqdmsr hm sgd hmeq]qdc ]mc SGy qdfhld Z06*07[- Rdlhm]k
vnqj Z08[ cdlnmrsq]sdc sg]s BOFD eqnl Vdxk mncdr dwghahsr
pt]mshy]shnm oqnonqshnm]k sn sgd mncd bg]qfd- Rtardptdms
rstchdr ld]rtqdc BOFD hm u]qhntr VRLr khjd S]@r Z1/[*
QgRh Z10[* ]mc S]HqSd3 Z11[* qdud]khmf gdkhbhsx,cdodmcdms ad,
g]uhnq ]qhrhmf eqnl sgd bghq]khsx ne Vdxk mncdr- Sgdrd vnqjr
dlog]rhydc sgd rhfmhzb]mbd ne qd]khrshb lncdkr* vgdqd shks
]mc ghfgdq a]mcr ok]x bqhshb]k qnkdr hm rg]ohmf sgd BOFD
qdronmrd Z12[-

Hm qdbdms xd]qr* u]qhntr sxodr ne Vdxk rdlhlds]kr* hmbktc,
hmf ltksh,Vdxk rdlhlds]kr  LVRLr( vhsg Vdxk mncdr ne
ghfgdq bg]qfd Z13fl17[* g]ud addm chrbnudqdc hm l]sdqh]kr khjd
RqRh1 Z18*2/[* Bt1Rd* ]mc Qg@r2 Z20[ vghbg b]m gnrs Vdxk
mncdr vhsg bg]qfd m + 1- Cntakd,Vdxk mncdr b]m ]krn ad
dmfhmddqdc hm Ktsshmfdq rdlhlds]kr khjd  ,Rm sgqntfg rsq]hm*
l]fmdshb zdkcr* nq Eknptds dmfhmddqhmf Z21*22[- @cchshnm]kkx*
bghq]k ltkshenkc Vdxk onhmsr vhsg ghfgdq bg]qfd g]ud addm dw,
oknqdc- Sgdx g]ud addm rstchdc hm qdf]qc sn AOUD hm Z23fl30[-
Hm sghr vnqj* vd bnmrhcdq ]kk onrrhakd svnenkc cdfdmdq]sd
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LVRLr ]mc hfmnqd sgd hmsdq]bshnmr vghbg b]m rnldshld
qdlnud sgd pt]mshy]shnm ne BOFD Z31*32[-

L]sdqh]kr sg]s b]m gnrs Vdxk mncdr vhsg bg]qfd ghfgdq sg]m
svn ]qd mns jmnvm* ats sqhokd,VRL b]m onrrhakx ad nas]hmdc
eqnl btahb Chq]b rdlhlds]kr Z33[ ax ]ookxhmf ] l]fmdshb zdkc
nq ax Eknptds dmfhmddqhmf Z34[- @mnsgdq hmsdqdrshmf ed]stqd ne
sgdrd LVRLr hr sg]s sgd chrodqrhnm ]qntmc sgd Vdxk mncd
hr mn knmfdq khmd]q hm ]kk chqdbshnmr ats adbnldr pt]cq]shb
 btahb( enq svn chqdbshnmr enq bg]qfd svn  sgqdd(- Sghr kd]cr
sn ] rsqnmf ]mhrnsqnox hm sgd udknbhsx l]sqhw ]mc ]krn
lnchzdr sgd cdmrhsx ne rs]sdr* vghbg ]eedbsr sgd sq]mronqs
bndezbhdmsr Z35fl5/[ ]mc khmd]q noshb]k qdronmrdr Z50fl55[ ne
LVRLr- Sgdrd tmtrt]k oqnodqshdr ]qd ]krn adkhdudc sn rhfmhe,
hb]mskx hmfitdmbd sgd rdbnmc,nqcdq noshb]k qdronmrdr* rtbg ]r
sgd AOUD ]mc rdbnmc,g]qlnmhb fdmdq]shnm- @ cddodq tmcdq,
rs]mchmf ne gnv cheedqdms oqnodqshdr ne sgdrd LVRLr ]eedbs
sgd rghes btqqdms ]mc hmidbshnm btqqdms b]m onrrhakx kd]c sn ]
ldbg]mhrl sn oqnad sgd snonknfhb]k bg]qfd ne Vdxk rdlhlds,
]kr-

Lnrs sgdnqdshb]k vnqjr nm sgd AOUD dloknx deedbshud svn,
a]mc knv,dmdqfx G]lhksnmh]mr- Sgdrd lncdkr g]ud oqnudm
pthsd trdetk enq fdmdq]k oqdchbshnmr khjd sgd pt]mshy]shnm ne
sgd hmidbshnm btqqdms bnmctbshuhsx* ats sgd dwodqhldms]k rhf,
m]stqdr ]qd nesdm bnlokhb]sdc ax sgd chrbqdo]mbx adsvddm
deedbshud knv,dmdqfx lncdkr ]mc qd]k dkdbsqnmhb a]mc rsqtbstqd
vgdqd sgd a]mc btqu]stqdr ]mc ghfgdq dmdqfx a]mcr adbnld
hlonqs]ms- @r ] qdrtks* sgd oqdchbshnmr ne sgd bnmshmttl lncdk
trt]kkx ]fqdd nmkx hm ] rl]kk dmdqfx vhmcnv- Sghr mdbdrrhs]sdr
sgd mddc sn ]m]kxyd sgd qnkd ne cheedqdms lncdk o]q]ldsdqr ]mc
tmcdqrs]mc sgd eqdptdmbx adg]uhnq ne VRLr hm qdfhldr ]v]x
eqnl sghr rl]kk dmdqfx vhmcnv-

Hm ntq vnqj* vd zqrs oqnuhcd ] bnlokdsd ]m]kxshb]k rnkt,
shnm sn sgd svn,a]mc bg]qfd,m knv,dmdqfx G]lhksnmh]m ]knmf
vhsg ]m ]m]kxrhr ne hsr hlonqs]ms ed]stqdr* hmbktchmf BOFD
pt]mshy]shnm- Sgdrd ]m]kxshb]k dwoqdrrhnmr dktbhc]sd sgd qnkd
ne shks ]mc mnmkhmd]q chrodqrhnm nm cheedqdms bnlonmdmsr ne
sgd rghes ]mc hmidbshnm btqqdms bnmctbshuhshdr hm ltksh,Vdxk
rdlhlds]kr- Vd ]krn mtldqhb]kkx du]kt]sd sgd qdronmrd hm
shfgs,ahmchmf lncdkr ]mc nardqud ] rhfmhzb]ms cduh]shnm hm
rnld bnlonmdmsr ne rdbnmc,nqcdq bnmctbshuhsx vghbg ghfg,
khfgs sgd hlonqs]mbd ne a]mc btqu]stqd-

Hm ltksh,Vdxk rdlhlds]kr* sgd u]khchsx ne svn,a]mc lncdkr
adbnldr etqsgdq qdrsqhbsdc- Cntakd Vdxk mncdr ]qhrd vgdm
svn bg]qfd,0 Vdxk mncdr ]qd ohmmdc sn ] ghfg,rxlldsqx
onhms* ]mc svn ne sgd entq a]mcr ]qd f]oodc ax ]kknvdc odq,
stqa]shnmr- @r ] qdrtks* dudm he sgd deedbshud svn,a]mc ohbstqd
hr u]khc enq d]bg bg]qfd,0 Vdxk mncd hm ] fhudm dmdqfx q]mfd*
hs lhfgs mns ad u]khc enq sgd cntakd,Vdxk mncd he sgd odqstq,
a]shnm hr mns rsqnmf dmntfg sn otrg sgd nsgdq svn a]mcr nts
ne sg]s dmdqfx vhmcnv- Sghr rbdm]qhn nbbtqr hm RqRh1 Z18[*
vgdqd rohm,nqahs bntokhmf f]or sgd svn bg]qfd,0 Vdxk mncdr*
bqd]shmf ] rl]kk f]o adsvddm sgd cntakd,Vdxk mncd a]mcr ]mc
ghfgdq,dmdqfx a]mcr-

Hmrohqdc ax sgd a]mc rsqtbstqd ne RqRh1* vd ]krn bnm,
rhcdq ] entq,a]mc bnmshmttl lncdk ]mc zmc ] rhfmhzb]ms
cduh]shnm eqnl sgd svn,a]mc lncdk- Vd zmc sg]s sgd BOFD
pt]mshy]shnm hr cdrsqnxdc ]mc hmrsd]c ] udqx cheedqdms adg]u,
hnq hr nardqudc ]s knv eqdptdmbhdr- Hm sghr o]qshbtk]q b]rd*
vd zmc svn noonrhsd khlhsr hm sgd o]q]ldsdq ro]bd vhsg
fnnc ]mc onnq ]fqddldms- Sgd ]fqddldms hr adssdq vgdm sgd

odqstqa]shnm,hmctbdc f]o hr k]qfd- Ntq ]m]kxrhr oqnuhcdr ]
rhlokd dwok]m]shnm enq sgd qdrtksr eqnl zqrs,oqhmbhokd b]kbt,
k]shnmr hm Qde- Z56[ vgdqd pt]mshy]shnm hr nardqudc nmkx ]anud
] bdqs]hm btsnee eqdptdmbx- Vd ]ssqhatsd sghr chrbqdo]mbx sn sgd
bnmsqhatshnm eqnl ghfgdq a]mcr-

Ehm]kkx* vd ]krn hmudrshf]sd sgd bg]qfd,3 b]rd ax trhmf
] svn,a]mc deedbshud knv,dmdqfx lncdk ]mc ] shfgs,ahmchmf
lncdk- Vd cdqhud rdlh]m]kxshb]k dwoqdrrhnmr enq cheedqdms
bnlonmdmsr ne sgd rghes ]mc hmidbshnm btqqdms bnmctbshuhshdr-
Lnrs hlonqs]mskx* vd nas]hm sgd ]m]kxshb]k khlhsr enq sgd eqd,
ptdmbx vhmcnv vgdqd BOFD pt]mshy]shnm b]m ad nardqudc-

Ntq o]odq hr nqf]mhydc ]r enkknvr- Hm Rdb- HH* vd oqnuhcd
] aqhde hmsqnctbshnm sn sgd rghes ]mc hmidbshnm btqqdms bnm,
ctbshuhshdr ]knmf vhsg sgd rxlldsqx qdpthqdldmsr sn nardqud
sgdhq deedbsr- Hm Rdb- HHH* vd cdqhud dwoqdrrhnmr enq cheedqdms
bnlonmdmsr ne sgdrd rdbnmc,nqcdq bnmctbshuhsx sdmrnqr ax
bnmrhcdqhmf ]m deedbshud svn,a]mc knv,dmdqfx G]lhksnmh]m
enq ] Vdxk mncd vhsg ]qahsq]qx bg]qfd m- Vd ]krn hmbktcd ]
zmhsd shks hm sgd y chqdbshnm hm ntq ]m]kxrhr ]mc rxrsdl]shb]kkx
rstcx gnv shks ]eedbsr sgdrd cheedqdms bnlonmdmsr ]s cheedqdms
bgdlhb]k onsdmsh]kr ]mc eqdptdmbhdr- Hm Rdb- HU* vd enbtr nm
cntakd,Vdxk rdlhlds]kr ]mc bnmrhcdq svn cheedqdms lncdkr-
Ehqrs* vd bnlo]qd cheedqdms bnmctbshuhshdr enq ] svn,a]mc
shfgs,ahmchmf lncdk ]mc ]m deedbshud knv,dmdqfx G]lhksnmh]m-
Mdws* vd bnmrhcdq ] entq,a]mc lncdk hmrohqdc ax sgd RqRh1
a]mc rsqtbstqd ]qntmc hsr cntakd Vdxk mncd ]mc rstcx sgd
rdbnmc,nqcdq bnmctbshuhshdr hm cheedqdms khlhsr- Hm Rdb- U* vd
cdqhud sgd inhms cdmrhsx ne rs]sdr  ICNR( ]mc sgd rghes ]mc hm,
idbshnm btqqdms bnmctbshuhsx dwoqdrrhnmr enq ] bg]qfd,3 lncdk-
Hm Rdb- UH* vd chrbtrr sgd hlokhb]shnmr ne ntq qdrtksr-

HH- OGNSNF:KU:MHB PDRONMRD

Hm l]sdqh]kr k]bjhmf hmudqrhnm rxlldsqx* sgd ognsnf]ku]mhb
deedbs  OFD( qdedqr sn sgd fdmdq]shnm ne chqdbsdc ognsnbtqqdms
]r ] rdbnmc,nqcdq qdronmrd sn ]m dwsdqm]k shld,u]qxhmf dkdb,
sqnl]fmdshb zdkc- Enq khfgs ne eqdptdmbx  ]mc v]udkdmfsg
ltbg k]qfdq sg]m sgd r]lokd rhyd rn sgd dkdbsqhb zdkc g]r
tmhenql ]lokhstcd(* sgd rdbnmc,nqcdq cb qdronmrd hr fhudm ax

iWcb + σ Wab (Da (Db  (.  0(

vgdqd sgd rdbnmc,nqcdq bnmctbshuhsx σ Wab ( b]m ad chuhcdc
hmsn ] rghes btqqdms bnmctbshuhsx σ Wab

rghes ]mc ]m hmidbshnm btqqdms
bnmctbshuhsx σ Wab

hmi - Sgdrd svn pt]mshshdr ]qd fhudm ax

σ Wab
rghes +
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vgdqd m ]mc l k]adk sgd dmdqfx a]mcr:

i +


c2j< 1π (2:

ml + m  l hr sgd dmdqfx cheedqdmbd adsvddm a]mcr m ]mc
l: eml + em  el* vgdqd e hr sgd Edqlh,Chq]b chrsqhatshnm
etmbshnm: W

ml + W
mm  W

ll vhsg W
mm adhmf sgd udknbhsx l]sqhw

dkdldmsr: ]mc τ hr sgd qdk]w]shnm shld- Sgd hmsdqa]mc Adqqx
bnmmdbshnm hr fhudm ax pa

ml + }m|h >
>ja

|l enq m + l ]mc ydqn

nsgdqvhrd* vhsg hsr fdmdq]khydc cdqhu]shud cdzmdc ]r pa
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a]mc Adqqx bnmmdbshnm-
Mtldqhb]k b]kbtk]shnm ne sgdrd pt]mshshdr ax chqdbs du]k,

t]shnm ne v]ud,etmbshnm cdqhu]shudr b]m ad chezbtks ]r hs
vntkc qdpthqd zwhmf ] rlnnsg f]tfd enq sgd v]ud etmbshnmr
]s d]bg onhms- Gnvdudq* hs hr onrrhakd sn bhqbtludms sghr
oqnakdl bnlokdsdkx ax l]jhmf trd ne pa

ml +  h a
ml< ml +
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>ja
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|l- Sgd bnmchshnm nm sgd rtll],
shnm


k +m.l hr tmcdqrsnnc ]r k + m. l Z02[-

Sgd bnmrdptdmbdr ne shld,qdudqr]k rxlldsqx b]m ad rddm
chqdbskx ax ]m]kxyhmf sgd hmsdfq]mc hm Dpr-  1( ]mc  2( tmcdq
] shld,qdudqr]k nodq]shnm- Shld,qdudqr]k rxlldsqx dmenqbdr
sgd qd]k o]qs ne sgd hmsdfq]mc sn ad ncc hm =j ro]bd* ]mc gdmbd
l]jdr σ Wab

rghes qd]k ]mc σ Wab
hmi hl]fhm]qx Z58[- Hm nsgdq vnqcr*

vgdm shld,qdudqr]k rxlldsqx hr oqdrdqudc* sgd rghes btqqdms
bnmctbshuhsx hr mnmydqn nmkx enq khmd]qkx onk]qhydc khfgs ]mc
sgd hmidbshnm btqqdms qdpthqdr bhqbtk]qkx onk]qhydc khfgs- Gnv,
dudq* mn rtbg qdrsqhbshnmr ]qd oqdrdms nmbd sgd shld,qdudqr]k
rxlldsqx hr aqnjdm-

HHH- PDRTKSR ENP SGD BG:PFD W KNV DMDPFX
VDXK G:LHKSNMH:M

Vd adfhm vhsg ] knv,dmdqfx deedbshud G]lhksnmh]m enq ]
svn,a]mc bg]qfd,m Vdxk onhms

m +


tyjy + ts jy  μ ε/ ζw …jw  hζx …jx(m

ε/ ζw …jw + hζx …jx(m  tyjy + ts jy  μ
.  4(

vgdqd ζw + ±0* ζx + ±0* ]mc ty ]mc ts ]qd* qdrodbshudkx* sgd
deedbshud udknbhsx ]mc shks ]knmf zy- Sgd bghq]khsx ne sghr Vdxk
onhms hr χ + rfm tyζwζx(- Gdqd* …jw.x + jw.x<j/* ]mc μ hr sgd
bgdlhb]k onsdmsh]k- Sgd u]ktdr j/. ε/ ]qd l]sdqh]k,cdodmcdms
o]q]ldsdqr vhsg tmhsr ne lnldmstl ]mc dmdqfx* qdrodbshudkx-
Vd vhkk ]rrtld ε/ / / ]mc rds j/ + 0- Sgd dmdqfx dhfdmu]k,
tdr ]qd fhudm ax

Dm.± + ts jy  μ ± ε/

 
…j1
w + …j1

x

m + t1
y j

1
y


ε1
/ .  5(

Hs rgntkc ad mnsdc sg]s ]ksgntfg ]kk ntq cdqhu]shnmr vhkk gnkc
enq m adhmf ]mx onrhshud hmsdfdq* hs l]jdr ogxrhb]k rdmrd sn
nmkx s]jd m + 0. 1. 2 ctd sn rxlldsqx qdrsqhbshnmr hm ]bst]k
k]sshbd rxrsdlr Z6/*60[- Svn,a]mc bg]qfd,3 Vdxk onhmsr ]qd
]kknvdc ats g]ud ] cheedqdms knv,dmdqfx G]lhksnmh]m Z6/*61[
]mc ]qd chrbtrrdc hm ] k]sdq rdbshnm-

Hm nqcdq sn trd Dpr-  1( ]mc  2( sn zmc sgd rghes ]mc
hmidbshnm bnmctbshuhsx sdmrnqr* vd mnsd sg]s sgd cdks] ]mc
Edqlh,Chq]b chrsqhatshnm etmbshnmr qdrsqhbs sgd cnl]hm ne hm,
sdfq]shnm- Hm ntq b]kbtk]shnmr* vd ]rrtld sdlodq]stqd* S +
/ J* vghbg rhlokhzdr sgd Edqlh,Chq]b chrsqhatshnm sn e  D ( +
0  D (* vgdqd  hr sgd Gd]uhrhcd etmbshnm- Sgd cdks] etmb,
shnm enqbdr sgd hmsdfq]shnm sn ad odqenqldc nudq sgd rtqe]bd

EHF- 0- Sgd rtqe]bd cdzmdc ax δ 10  ( hm sgd sq]mrenqldc
bnnqchm]sdr  rdd @oodmchw @(- Sgd e]bsnq e10 qdrsqhbsr sgd hmsdfq]k
hm Dpr-  1(*  2(* ]mc  7( sn sgd O]tkh,tmaknbjdc qdfhnm R  rgnvm hm
aqnvm(-

1ε/

|
 …j1

w + …j1
x (m + t1

y j
1
y <ε

1
/  + /* vghkd sgd sgds] etmbshnm

etqsgdq rdkdbsr nts ] onqshnm ne sghr rtqe]bd- Ax l]jhmf rths]akd
rtarshstshnmr* sghr rtqe]bd b]m ad sq]mrenqldc hmsn ] rogdqd*
vghbg l]jdr hs d]rhdq sn odqenql sgd hmsdfq]k ]m]kxshb]kkx  rdd
@oodmchw @( enq ]qahsq]qx bg]qfd m-

@esdq ]bbntmshmf enq sgd zmhsd shks ne sgd Vdxk bnmd* sgd
O]tkh aknbjhmf bnmchshnm qdrsqhbsr sgd hmsdfq]shnm qdfhnm nm sghr
rogdqd sn qdfhnm R ]r rgnvm hm Ehf- 0* vhsg θ0 ]mc θ1 fhudm ax

θo +

⎧
⎨

⎩

 π<1. he ϕo ,  0
]qbrhm ϕo(. he  0 ϕo 0
+π<1. he 0 , ϕo

 6(

enq o + 0. 1* vgdqd ϕo + 0
U Zrfm ts

ty
( 1μ +   0(o[* ]mc U +

|ts<ty| hr ]m hlonqs]ms pt]mshsx vghbg cdsdqlhmdr vgdsgdq sgd
VRL hr sxod H  U , 0( nq sxod HH  U / 0(- Sgd adg]uhnq
ne θ0. θ1 hr l]hmkx cdsdqlhmdc ax sgd ]lntms ne shks  U ( ]mc
cnohmf  μ(* ]mc hr bqtbh]k sn tmcdqrs]mchmf sgd a]rhb ed]stqdr
ne sgd qdronmrd- Hs hr hlonqs]ms sn mnsd sg]s hmudqrhnm* shld,
qdudqr]k rxlldsqx  SQR(* nq ]mx lhqqnq nodq]shnm cndr mns
bg]mfd sgd rhfm ne θ0 nq θ1-

Enq ydqn cnohmf* θ1 +  θ0 + π<1 enq sxod H ]mc θ1 +
 θ0 + ]qbrhm 0<U ( enq sxod HH VRL- Hs rgntkc ]krn ad mnsdc
sg]s sgd ]mfkdr knrd cdodmcdmbd nm bghq]khsx hm sghr b]rd- Hs
hr hlonqs]ms sn mnsd sg]s sgdrd qdrtksr bnms]hm ]m hlokhbhs
cdodmcdmbd- Hm sgd sq]mrenqldc bnnqchm]sdr* vgdqd sgd hmsd,
fq]shnm rtqe]bd hr ] rogdqd* sgdrd ]mfkdr ]qd ld]rtqdc eqnl
sgd w ]whr hm sgd wy ok]md ]mc cdsdqlhmd vghbg o]qs ne sg]s
rtqe]bd hr mns O]tkh,aknbjdc  qdfhnm R hm Ehf- 0(-

Ehqrs* vd du]kt]sd sgd inhms cdmrhsx ne rs]sdr trhmf sgd dw,
oqdrrhnm

ICNR ( +


i



m/l

elmδ ml  (.  7(

vgdqd sgd e]bsnq eml ]bbntmsr enq O]tkh,aknbjhmf deedbsr-
Hm sgd ]ardmbd ne sgd shks* vd nas]hm sgd dwodbsdc 1<m
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S@AKD H- ICNR ]mc cheedqdms rdbnmc,nqcdq bnmctbshuhsx ]knmf vhsg sgd rxlldsqx qdpthqdldms enq sgd knv,dmdqfx bg]qfd,m G]lhksnmh]m
hm Dp-  4( vhsg ε/. / /- Mnsd sg]s sgd bghq]khsx χ + rfm tyζwζx (-

ICNR
j1
/

7π1 |ty |
0
m  1ε/

(1<m
 θ1

θ0
bnr1<m 0 θcθ

Rghes bnmctbshuhsx Aqnjdm rxlldsqhdr

σ wyw +  σ wwy + σ xyx +  σ xxy m
h rfm ty (d2j1

/
21π g̃1  rhm1 θ1  rhm1 θ0( 0 Iy* SQR

σ wxy + σ wyx +  σ xyw +  σ xwy m
rfm tyζwζx (d2j1

/
21π g̃1  rhm θ1 bnr1 θ1  rhm θ0 bnr1 θ0( 0 Iw.Ix.Iy

Hmidbshnm bnmctbshuhsx

σ ywx +  σ yxw m
hτ rfm tyζwζx (d2j1

/
13π g̃1  rhm2 θ0  rhm2 θ1 ( Iw.Ix.Iy

σ xyx + σ xxy + σ wyw + σ wwy m
τ rfm ty (d2j1

/
53π g̃1  bnr3 θ0  bnr3 θ1 ( Iy* SQR

σ wxy +  σ wyx + σ xyw +  σ xwy m
hτ rfm tyζwζx (d2j1

/
37π g̃1  2 rhm θ0  rhm2 θ0  2 rhm θ1 + rhm2 θ1 ( Iw.Ix.Iy

σ yww + σ yxx m
τ rfm ty (d2j1

/
145π g̃1 Z 5 bnr 1θ0( + bnr1 1θ0( + 5 bnr 1θ1 ( bnr1 1θ1 ([ Iy* SQR

σ yyy τt1
y rfm ty (d2j1

/

11+1<mε
1<m
/  0+m(π g̃1 1 1<m

 bnr1+1<m θ1  bnr1+1<m θ0( Iy* SQR

cdodmcdmbd enq ] bg]qfd,m Vdxk mncd- Gnvdudq* ]s zmhsd shks
]mc zmhsd bgdlhb]k onsdmsh]k* sghr 1<m cdodmcdmbd hr lnc,
tk]sdc ax sgd ]mftk]q e]bsnq ne

 θ1

θ0
bnr1<m 0 θcθ - Mdws* vd

b]kbtk]sd cheedqdms bnlonmdmsr ne rghes ]mc hmidbshnm btqqdms
sdmrnqr- Sgd qdrtkshmf dwoqdrrhnmr ]qd fhudm hm S]akd H- Vd
mnshbd sg]s ]kk bnmctbshuhsx sdmrnqr ]qd chqdbskx oqnonqshnm]k
sn sgd bg]qfd ne sgd Vdxk onhms* dwbdos enq σ yyy

hmi - Hs rgntkc ad
mnsdc sg]s ]m]kxshb]k qdrtksr enq sgd m + 0 ]mc tmshksdc m + 1
b]rdr g]ud addm fhudm hm Qder- Z02*57*62*63[ ]mc Qde- Z32[*
qdrodbshudkx- Gdqd* vd g]ud dwsdmcdc sgd ]m]kxshb]k qdrtksr sn
]qahsq]qx bghq]k bg]qfd m vhsg zmhsd shks-

Kds tr zqrs ]m]kxyd sgd rghes btqqdms bnmctbshuhsx qdrtksr-
@r rgnvm hm S]akd H* sgdqd ]qd svn jhmcr ne mnmydqn bnl,
onmdmsr9  h( otqdkx hl]fhm]qx* vghbg hr qdronmrhakd enq ]
rdbnmc,nqcdq cb ognsnbtqqdms eqnl bhqbtk]q onk]qhy]shnm* ]mc
 hh( otqdkx qd]k* vghbg kd]cr sn ] ognsnf]ku]mhb deedbs eqnl
khmd]qkx onk]qhydc khfgs- Enq sgd rghes btqqdms* sgd bhqbtk]q
onk]qhy]shnm bnlonmdmsr ]kv]xr u]mhrg ]s ydqn cnohmf rhmbd
θ0 +  θ1 enq μ + / eqnl Dp-  6(- Rhlhk]qkx* vgdm SQR hr oqd,
rdqudc* sgd bhqbtk]q onk]qhy]shnm btqqdms eqnl ] shld,qdudqrdc
o]hq ne mncdr vntkc ]krn u]mhrg ]r ty  ty tmcdq shld
qdudqr]k-

Nm sgd nsgdq g]mc* sgd khmd]q onk]qhy]shnm bnlonmdms σ
wxy
rghes

rgnvr ] udqx hmsdqdrshmf adg]uhnq ]mc b]m dudm oqnuhcd dr,
shl]sdr ne shks ]mc bgdlhb]k onsdmsh]k- Sghr bnlonmdms hr
mnmydqn vgdm sgd shks hr zmhsd ]mc sgd noonrhsd bghq]khsx mncdr
]qd ]s cheedqdms dmdqfhdr* vghbg qdpthqdr aqd]jhmf ne ]kk sgqdd
lhqqnq rxlldsqhdr Iw.Ix. ]mc Iy- Vd mnsd sg]s ]lnmf ]kk
sgd mnmydqn bnmctbshuhsx sdmrnqr* σ

wxy
rghes ]knmd bg]mfdr rhfm

vhsg eqdptdmbx ]mc b]m ad trdc sn drshl]sd μ- Enq sxod H
]mc sxod HH vhsg U , 1* sghr rhfm bg]mfd nbbtqr ]s + 1|μ|*
vghbg b]m ad tmcdqrsnnc eqnl Dp-  6( vghbg hmchb]sdr sg]s
vghkd nmd ne sgd ]mfkdr hr ydqn sgd nsgdq adbnldr ±π<1* kd]c,
hmf sn σ

wxy
rghes + /- Sgd k]ssdq rs]xr ]s ±π<1 enq rl]kk u]qh]shnm

hm * vghkd sgd enqldq bg]mfdr rhfm fnhmf sgqntfg + 1|μ|*
b]trhmf σ

wxy
rghes sn cn sgd r]ld  ]r hs g]r ] rhm θ bnr1 θ cdodm,

cdmbd(-
Sgd U > 1 b]rd hr mns rn rsq]hfgsenqv]qc* ats ]esdq rnld

vnqj vd zmc sg]s sgd rhfm bg]mfd nbbtqr ]s 1|μ|
|

2
U 1 0

 rdd @oodmchw C enq cds]hkr(- Mnsd sg]s 1|μ|
0+U , 1|μ|

|
2

U 1 0
1|μ| vhsg sgd dpt]khsx gnkchmf ]s U + 1* ]r nmd vntkc dwodbs-

Hmsdqdrshmfkx* enq μ + /* ansg bnlonmdmsr σ
wxy
rghes. σ

wwy
rghes rgnv ]

0< chudqfdmbd enq ] sxod,HH VRL- @cchshnm]kkx* enq sxod H* ]kk
rghes btqqdms bnmctbshuhshdr ]qd mnmydqn Zrgnvm hm Ehfr- 1 a(
]mc 1 b([ nmkx hm ] zmhsd eqdptdmbx vhmcnv cdsdqlhmdc ax sgd
shks o]q]ldsdq U ]mc cnohmf-

Ntq qdrtksr rgnv sg]s sgd shks o]q]ldsdq ok]xr ]m hlonqs]ms
qnkd enq ]kk rghes btqqdms bnlonmdmsr- Vgdm sgd shks u]mhrgdr*
]kk sgd rghes btqqdms bnmctbshuhsx bnlonmdmsr ]krn u]mhrg- Sghr
b]m ad d]rhkx tmcdqrsnnc eqnl sgd adg]uhnq ne θo eqnl Dp-  6(
hm sgd khlhs U /- Enq , 1|μ|* θ0 + θ1 + ±π<1* vghbg
rhlokx ld]mr sg]s sgd dmshqd 10 + rtqe]bd hr O]tkh,aknbjdc-
Gnvdudq* vgdm / 1|μ|* sgd dmshqd rtqe]bd adbnldr O]tkh,
tmaknbjdc  ]r b]ostqdc ax θ1 +  θ0 + π<1(* vghbg ]f]hm
kd]cr sn ] u]mhrghmf rghes bnmctbshuhsx-

Mnv* vd stqm ntq ]ssdmshnm sn hmidbshnm btqqdms bnmctbshuhsx
bnlonmdmsr* rnld ne vghbg ]qd jmnvm sn dwghahs pt]mshy]shnm
oqnonqshnm]k sn sgd Adqqx bg]qfd ne sgd Vdxk mncd- Gdqd ]f]hm*
sgdqd ]qd svn jhmc ne bnlonmdmsr9  h( otqdkx hl]fhm]qx* vghbg
kd]cr sn BOFD* ]mc  hh( otqdkx qd]k* vghbg kd]cr sn ] ognsnf]k,
u]mhb deedbs eqnl khmd]qkx onk]qhydc khfgs- Vgdm shld,qdudqr]k
rxlldsqx hr oqdrdqudc* sgd bnmsqhatshnm eqnl shld,qdudqrdc
Vdxk mncd o]hqr hr rtbg sg]s sgd qd]k bnlonmdmsr u]mhrg ]mc
nmkx BOFD rtquhudr* ]r dwodbsdc- @krn* ]kk sgd qd]k bnlon,
mdmsr ne sgd hmidbshnm btqqdms bnmctbshuhsx vntkc chr]ood]q ]s
ydqn cnohmf ]mc ]krn ]s ydqn shks- @r ] qdrtks* hm nqcdq sn fds
]m hmidbshnm btqqdms enq khmd]qkx onk]qhydc khfgs* mns nmkx ltrs
shld qdudqr]k ad aqnjdm ats cnohmf ]mc shks rgntkc ad zmhsd
]r vdkk-

Enq zmhsd cnohmf* sgd bnmctbshuhshdr adbnld mnmydqn ]e,
sdq 1|μ|< 0 + U ( enq ansg sxod,H ]mc sxod,HH VRLr  mnsd
sg]s sgd 0< chudqfdmbd fdsr bts nee hm sgd b]rd ne sxod
HH(- Enq sxod H* σ

wxy
hmi . σ

xyw
hmi . σ

ywx
hmi qd]bg sgdhq pt]mshydc u]ktd

ne  m rfm tyζ (<01π ]esdq 1|μ|< 0 U (* vgdqd]r nsgdq
bnlonmdmsr adbnld ydqn adxnmc sghr onhms- Enq sgd k]s,
sdq* sgd qdronmrd vhmcnv hr oqnonqshnm]k sn |μ|- Enq sgd
sxod,HH b]rd* σ

wxy
hmi . σ

xyw
hmi . σ

ywx
hmi ]ooqn]bg sgdhq qdrodbshud pt]m,

shydc u]ktdr  m rfm tyζ ( 2U 1 0
01πU 2 *  m rfm tyζ ( 2U 1 0

01πU 2 *
 m rfm tyζ (

5πU 2

]rxlosnshb]kkx* vghkd sgd qdl]hmhmf bnlonmdmsr ]rxlosnsh,
b]kkx ]ooqn]bg ydqn-

Sgd pt]mshy]shnm bnmchshnm enq BOFD enq sgd hmidbshnm btq,
qdms bnmctbshuhsx b]m ad d]rhkx nas]hmdc ]r sgd sq]bd ne sgd
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)( a( b(

c( d( e(

f( g( h(

EHF- 1- Oknsr rgnvhmf  ]( ICNR*  a ]mc b( rghes bnmctbshuhsx*  cflg( hmidbshnm bnmctbshuhsx* ]mc  h( BOFD pt]mshy]shnm enq ] rhmfkd bg]qfd,1
Vdxk onhms  nas]hmdc trhmf sgd dwoqdrrhnmr hm S]akd H(- Sgd nq]mfd ]mc fqddm btqudr bnqqdronmc sn sgd sxod,H  U0 + /.223( ]mc sxod,HH
 U1 + 1.223( b]rd* qdrodbshudkx- Vd g]ud bgnrdm U1  U0 + 1 itrs sn jddo sgd oknsr md]s- Vd g]ud s]jdm ty + /.176. ε/ + 0.μ +  /./2-
Mnsd sg]s dwbdos enq sgd ICNR* qdl]hmhmf oknsr vhkk rgnv rhlhk]q adg]uhnq enq bg]qfdr 0 ]mc 2-

BOFD sdmrnq*

1π

hτd2j1
/<g̃

1 Wabσ
Wab
hmi +  m rfm tyζ (


rhm θ1  rhm θ0

1


.  8(

vghbg fhudr sgd odqedbs pt]mshydc u]ktd dpt]k  m rfm tyζ (
nmkx vgdm θ1 +  θ0 + π<1- Sgd bnmsqhatshnm ne sgd e]bsnq
0
1  rhm θ1  rhm θ0( hr d]rx sn tmcdqrs]mc vgdm hmsdqoqdsdc ]r
sgd eq]bshnm ne sgd rnkhc ]mfkd ]u]hk]akd enq hmsdfq]shnm*

0

3π



R
c + 0

3π
{3π  Z1π  0 rhm θ1( + 1π  0 + rhm θ0([{.

 0/(

vghbg kd]cr sn ] qdctbdc u]ktd ne pt]mshydc qdronmrd vgdm
dhsgdq |θ0|. |θ1| , π<1- Enq μ + /* sxod,H VRL fhudr odq,
edbs pt]mshy]shnm* vgdqd]r hm sxod,HH VRL* sgd pt]mshy]shnm
u]ktd hr qdctbdc ax ] e]bsnq ne 0<U - Vgdm μ + /* sxod,H
VRLr rgnv odqedbs pt]mshy]shnm ]anud ] bdqs]hm eqdptdmbx
btsnee* h-d-* enq > 1|μ|< 0 U (* vgdqd]r sxod,HH VRLr
rgnv ] qdctbdc pt]mshy]shnm enq > 1|μ|< U  0(* ]r rgnvm
hm Ehf- 1 h(- Mnsd sg]s hm sgd b]rd ne sxod HH* vghkd hmchuhc,
t]k sdqlr hm sgd BOFD sq]bd nmkx ]ooqn]bg sgdhq qdrodbshud

pt]mshydc u]ktdr ]rxlosnshb]kkx* sgd sq]bd hsrdke hr etkkx pt]m,
shydc enq / 1|μ|< U  0(- Sghr ed]stqd hr b]ostqdc hm
Ehfr- 1 f(fl1 h(-

Vgdm SQR hr aqnjdm* hmidbshnm btqqdms b]m ]krn ad
fdmdq]sdc ax khmd]qkx onk]qhydc khfgs* ]mc sgd mnmydqn bnl,
onmdmsr enq sghr b]rd cdodmc nm sgd shks chqdbshnm- Enq
shks ]knmf sgd y ]whr* mnmydqn khmd]q ognsnf]ku]mhb deedbs
 KOFD( hmidbshnm btqqdms bnmctbshuhshdr hmbktcd σ xyx. σ xxy.

σ wyw. σ wwy. σ yww. σ yxx. ]mc σ yyy- Sgd k]rs nmd hr sgd nmkx bnlon,
mdms ]lnmf ]kk rghes ]mc hmidbshnm btqqdms bnmctbshuhshdr vghbg
b]m ]kknv enq ] btqqdms hm sgd chqdbshnm ne khmd]q onk]qhy]shnm he
hs bnhmbhcdr vhsg sgd chqdbshnm ne sgd shks- Sgtr* ] ld]rtqdldms
ne σ WWW

hmi b]m oqnuhcd ] rhlokd v]x sn cdsdqlhmd sgd chqdbshnm
ne sgd shks hm bg]qfdr 1 ]mc 2* vghbg g]ud khmd]qkx chrodqrhmf
a]mcr hm nmkx nmd chqdbshnm-

HU- BG:PFD 1 VDXK RDLHLDS:KR

Enq bnmbqdsdmdrr* vd mtldqhb]kkx b]kbtk]sd sgd bnmctbshu,
hsx sdmrnqr enq sgd enkknvhmf svn,a]mc shfgs,ahmchmf lncdk enq
] bg]qfd,1 VRL vhsg aqnjdm,hmudqrhnm* shld,qdudqr]k* ]mc
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)( a( b(

c( d( e(

f( g( h(

EHF- 2- Hmidbshnm ]mc rghes bnmctbshuhshdr enq sxod,H bg]qfd,1 VRL- Sgd nq]mfd btqud qdoqdrdmsr sgd qdronmrd enq sgd svn,a]mc shfgs,ahmchmf
lncdk Dp-  00( nas]hmdc mtldqhb]kkx- Sgd aktd btqud hr sgd rtl ne bnmsqhatshnmr eqnl sgd svn mncdr a]rdc nm ]m]kxshb]k qdrtksr enq sgd
knv,dmdqfx lncdk Dp-  01(* vghkd sgd fqddm btqud hr nas]hmdc ax hmbktchmf ghfgdq,nqcdq sdqlr Z 0

1  j1
w + j1

x ( +  0
1I  0(j1

y [σy  0
1 ftyj1

y σ/ hm
Dp-  01(  rdd @oodmchw A enq cds]hkr(- Sgd dmdqfx rdo]q]shnm adsvddm sgd mncdr hr |1fty| ]mc μ + μ fty- Vd g]ud s]jdm s + 0.I +
1.847. f+ /.0.μ +  /./176-  ]( ICNR enq d]bg mncd enq sgd knv,dmdqfx lncdk vhsg  rnkhc( ]mc vhsgnts  c]rgdc( ghfgdq,nqcdq bnqqdbshnm
sdqlr- Ohmj ]mc otqokd bnqqdronmc sn sgd mncdr ]s  μ fty ]mc  μ + fty* qdrodbshudkx-

lhqqnq rxlldsqhdr*

1a + s{1Zbnr jx( bnr jw ([σw + 1 rhm jw ( rhm jx(σx

+ ZI  bnr jw ( bnr jx( bnr jy ([σy

+ f rhm jyσ/{  μσ/.  00(

vghbg g]r mncdr ]s  jw. jx. jy ( + Z/. /.±]bnr I  1([ enq
0 I 2- Sgd knv,dmdqfx G]lhksnmh]m md]q sgd mncdr hr
fhudm ax

1a
± + s

 
j1
w  j1

x


σw + 1jwjxσx + tyjyσy

+ Zts jy   μ<s  fty ([σ/

.

 01(

vgdqd ty + ±
|

 2 I ( I  0(* ]mc ts + f I  1(- Bghq]k,
hsx ne sghr mncd hr fhudm ax χ + rfm ty (- Sgd a]mcr chrodqrd
]r s  ts ± ty (jy vgdm jw. jx + / ]mc ±s  j1

w + j1
x ( vgdm jy + /-

A]rdc nm sgd onrrhakd q]mfd ne a]mc hmudqrhnm rsqdmfsg ]mc
j,ro]bd mncd rdo]q]shnm enq sgd RqRh1 l]sdqh]kr bk]rr fhudm
hm Qde- Z2/[* vd s]jd s + 0dU. f+ /.0. I + 1.847* ]mc

μ +  /./176s - Sgd bgnrdm o]q]ldsdqr zs ] khfgskx B],cnodc
RqRh1 vhsg U + /.22 ]mc sgd knvdq,dmdqfx mncd md]q ydqn
dmdqfx-

Sgd rdbnmc,nqcdq cb bnmctbshuhsx qdrtksr nas]hmdc enq
Dp-  00( ]qd rgnvm hm nq]mfd hm Ehf- 2- Sn bnlo]qd sgdrd
qdrtksr ]f]hmrs sgnrd nas]hmdc rhlokx ax sqd]shmf d]bg mncd
rdo]q]sdkx a]rdc nm Dp-  01(* vd g]ud hmbktcdc sgd aktd btqud
vghbg qdoqdrdmsr sgd rtl sns]k ne bnmsqhatshnmr eqnl hmchuhc,
t]k mncdr trhmf dwoqdrrhnmr eqnl S]akd H- Sghr hr qd]rnm]akd
he sgd bnmsqhatshnm eqnl ]s kd]rs nmd ne sgd mncdr hr bnmrs]ms
nudq sgd dmdqfx q]mfd tmcdq bnmrhcdq]shnm* ]r hr sgd b]rd gdqd-

Knnjhmf ]s Ehf- 2* hs hr bkd]q sg]s ghfgdq,nqcdq sdqlr
oqdrdms hm sgd shfgs,ahmchmf lncdk kd]c sn rhfmhzb]ms cduh],
shnmr eqnl sgd knv,dmdqfx oqdchbshnmr ne S]akd H- Rtqoqhrhmfkx*
vd zmc sg]s sgd hmidbshnm bnmctbshuhshdr σ wwy. σ yww * ]mc σ yyy

ZEhfr- 2 c(fl2 e([ cdudkno ] ok]sd]t to sn ]m dmdqfx ne ]ants
/./6s - @cchshnm]kkx* ] rghes hm sgd qdronmrd dmdqfx vhmcnv
sn sgd kdes ax ]ants /./1s hr rddm enq ]kk sgd bnmctbshuhshdr
ZEhfr- 2 a(fl2 g([ ]mc sgd BOFD pt]mshy]shnm ZEhf- 2 h([- @
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rghes hm sgd pt]mshy]shnm vhmcnv g]r ]krn addm rddm enq sgd
H ,rxlldsqhb bg]qfd,1 Vdxk rxrsdl Z56[ ]mc hr adkhdudc sn
]qhrd eqnl ghfgdq,nqcdq sdqlr-

Vd oqnad sgd nqhfhm ne sgdrd cduh]shnmr ax dwokhbhskx
]cchmf ghfgdq,nqcdq sdqlr sn Dp-  01(  rdd @oodmchw A enq
cds]hkr(- Rodbhzb]kkx* vd zmc sg]s hmbktchmf sgd rdbnmc,nqcdq
sdqlr Z 0

1  j1
w + j1

x ( +  0
1I  0(j1

y [σy  0
1ftyj1

y σ/ hm Dp-  01(*
mns nmkx l]sbgdr sgd dmdqfx rghes* ats ]krn b]ostqdr ]kk nsgdq
ed]stqdr ne sgd shfgs,ahmchmf qdrtksr- Lnrs hlonqs]mskx* vd zmc
sgd ok]sd]tr sn bnld eqnl sgd mncd rhst]sdc bknrd sn ydqn
dmdqfx  hm ntq b]rd* hs hr sgd mncd vhsg mdf]shud ty( ]mc sgdhq
gdhfgsr sn ad  rfm ty (

53 * rfm ty (
53 * ]mc rfm ty ( 1 I (

53 * qdrodbshudkx-
Vd rgntkc onhms nts sg]s sgd σ wwy. σ yww ok]sd]tr b]m ad

nas]hmdc ax itrs hmbktchmf sgd 0
1  j1

w + j1
x (σy sdql* vgdqd]r sgd

nmd enq σ yyy b]m ad dwok]hmdc vhsg sgd  0
1I  0(j1

y σy sdql
]knmd- Vd adkhdud sg]s sgd ok]sd]tr rgntkc ad oqdrdms hm ]mx
bg]qfd,1 VRL vgdqd sgdrd ghfgdq,nqcdq sdqlr rgnv to- Mnsd
sg]s cdrohsd sgd dmdqfx rghes* σ

wxy
rghes bqnrrdr ydqn ]s 1|μ fty|*

]r rddm eqnl Ehf- 2 a(- Sghr l]x mns gnkc enq ]qahsq]qhkx
bgnrdm μ- Hm ntq b]rd* vd g]ud b]qdetkkx ots nmd mncd bknrd
sn ydqn dmdqfx* vghbg l]jdr sgd nsgdq mncd ]klnrs dmshqdkx
chbs]sd sgd adg]uhnq ne sgd qdronmrd-

K]rskx* vd ]krn zmc odqedbs BOFD pt]mshy]shnm to sn ]m
dmdqfx ne ]ants /./6s ]r rgnvm hm Ehf- 2 h(- Adg]uhnq ne sgd
ICNR enq d]bg mncd vhsg  rnkhc( ]mc vhsgnts  c]rgdc( ghfgdq,
nqcdq bnqqdbshnmr hr rgnvm hm Ehf- 2 ](- Vhsg sgd ghfgdq,nqcdq
sdqlr* sgd ICNR enq sgd mncd ]s dmdqfx  μ + fty adbnldr
mnmydqn ]esdq ]ants /./60s ]mc dwok]hmr vgx sgd pt]mshy]shnm
bd]rdr d]qkhdq sg]m sgd oqdchbsdc u]ktd /./75s -

Adxnmc svn,a]mc lncdkr* sgd BOFD pt]mshy]shnm hr mn
knmfdq ft]q]msddc sn gnkc- Sghr g]r addm dwoknqdc hm Qde- Z08[
enq ] bg]qfd,0 VRL- Hm nqcdq sn adssdq tmcdqrs]mc sgd bnmsqh,
atshnmr bnlhmf eqnl ghfgdq a]mcr ]mc sgd dwsdms sn vghbg
sgdx cdrsqnx pt]mshy]shnm hm bg]qfd,1 VRL* vd rstcx sgd
enkknvhmf entq,a]mc shfgs,ahmchmf lncdk  s]jhmf hmrohq]shnm
eqnl Qde- Z18[( vhsg aqnjdm shld,qdudqr]k rxlldsqx*

3a + s

rhm jw (τw + rhm jx(τx

+ ZI  bnr jw ( bnr jx( bnr jy ([τy

+ 
 
τwσw + τxσx


+ f rhm jy (τyσy


 μ.

 02(

vgdqd τ ]mc σ ]qd O]tkh l]sqhbdr ]bshmf nm sgd nqahs]k ]mc rohm
ro]bd* qdrodbshudkx-

Sgd jy,cdodmcdms τyσy sdql oqnctbdr shks vghkd  τwσw +
τxσx( fhudr qhrd sn sgd pt]cq]shb a]mc chrodqrhnm ]knmf jw. jx-
Sgd knv,dmdqfx G]lhksnmh]m md]q mncdr ]s Z/. /.±]bnr I  
1([ hr

3a
± + sZjwτw + jxτx + tyjyτy +  τwσw + τxσx(

+  ts jy + fty (τyσy[ μ.  03(

vgdqd ty + ±
|

 2 I ( I  0(* ]mc ts + f I  1(-
Vd adfhm vhsg || k]qfd bnlo]qdc sn |fty| ]mc fq]ct]kkx

cdbqd]rd hs sn adknv |fty|- Sgd svn a]mcr vghbg sntbg chrodqrd

]r s  ts + ty (jy* s  ts  ty (jy vgdm jw. jx + / ]mc
|s | j1

w +j1
x (

1|+fty | *
 |s | j1

w +j1
x (

1| fty | vgdm jy + /- Vd trd sgd r]ld f.I. s u]ktdr eqnl
adenqd- Vd mnsd sg]s tmkhjd sgd svn,a]mc b]rd Dp-  01(* sgd
pt]cq]shb chrodqrhnm mnv g]r ] cdodmcdmbd nm - Enq  +
/.4  qdb]kk fty + /./176(* sgd chrodqrhnm adbnldr ]klnrs sgd

r]ld enq sgd svn b]rdr ]mc oqnuhcdr ] fnnc rs]qshmf onhms enq
bnlo]qhrnm- @krn* rhmbd sgd f]o adsvddm sgd ghfgdrs nbbtohdc
]mc sgd knvdrs tmnbbtohdc a]mcr hr ±||* sgd deedbs ne ghfgdq
a]mcr rgntkc ad lnqd oqnlhmdms enq rl]kkdq u]ktdr ne *
vghbg hm e]bs hr sgd b]rd enq RqRh1-

Qdrtksr nas]hmdc enq Dp-  02( ]qd rgnvm hm Ehf- 3- Vd
zmc k]qfd cduh]shnm eqnl odqedbs pt]mshy]shnm enq rl]kk f]or
]r rddm hm Ehf- 3 e(- Gnvdudq* enq   |fty| vd cn rdd ]k,
lnrs odqedbs pt]mshy]shnm- @krn* sgd ok]sd]tr rddm d]qkhdq hm
σ wwy

hmi . σ
yww
hmi . σ

yyy
hmi bnmshmtd sn rgnv to vgdm  hr ]s kd]rs ] edv

shldr k]qfdq sg]m |fty|* ]r rgnvm hm Ehfr- 3 ](fl 3 b(- Sgdhq
gdhfgsr adbnld cdodmcdms nm  ]mc ]qd dlohqhb]kkx entmc sn
ad ]ants <21*  <21* ]mc  I  1(<21* qdrodbshudkx-

U- BG:PFD 3 VDXK RDLHLDS:KR

G]uhmf knnjdc ]s sgd bg]qfd,1 b]rd hm rnld cds]hk* vd
lnud nm sn hmudrshf]sd sgd adg]uhnq ne ognsnf]ku]mhb qd,
ronmrdr hm bg]qfd,3 VRLr- @ svnenkc cdfdmdq]sd B,3 Vdxk
onhms* zqrs oqdchbsdc hm Qde- Z6/[ ]mc enkknvdc ax nsgdq hm,
cdodmcdms vnqjr Z60*64[* hr sgd k]rs svnenkc cdfdmdq]sd onhms
]kknvdc hm sgqdd,chldmrhnm]k bqxrs]kr Z60[- Sgdrd Vdxk onhmsr
nbbtq nmkx ]s bdqs]hm shld,qdudqr]k rxlldsqhb onhmsr hm rohm,
kdrr rxrsdlr ]mc g]ud ] btahb chrodqrhnm ]knmf sgd  000(
chqdbshnm ]mc pt]cq]shb chrodqrhnm ]knmf ]mx nsgdq chqdbshnm-
Sgd dwhrsdmbd ne BOFD pt]mshy]shnm hm rtbg rxrsdlr g]r addm
chrbtrrdc hm d]qkhdq rstchdr Z61[- Hm ntq rstcx* vd v]ms sn
cdudkno ] etkk tmcdqrs]mchmf ne gnv lncdk o]q]ldsdqr ]mc
cnohmf ]eedbs sgdrd qdronmrdr- Hm nqcdq sn cn sg]s* vd s]jd sgd
enkknvhmf svn,a]mc G]lhksnmh]m a]rdc nm Qde- Z61[9

3 +  1b0Zbnr jw ( + bnr jx( + bnr jy ([σ/

+ 1b1{
|

2Zbnr jx( bnr jw ([σw

 Zbnr jw ( + bnr jx( 1 bnr jy ([σy{
+ b2 rhm jw ( rhm jx( rhm jy (σx  μσ/.  04(

vghbg g]r mncdr ne noonrhsd bghq]khsx ]s  /*/*/( ]mc  π .π .π (-
Sgd knv,dmdqfx G]lhksnmh]m md]q sgd  onhms hr fhudm ax


3 + b0

 
j1
w + j1

x + j1
y


σ/ + b1

|
2
 
j1
w  j1

x


σw

+
 
j1
w + j1

x  1j1
y


σy


+ b2jwjxjyσx  μσ/.  05(

vgdqd μ + μ + 5b0- Sgd bghq]khsx ne sghr Vdxk onhms hr fhudm
ax χ + rfm b2(- Vd cdqhud ]kk ntq qdrtksr trhmf Dp-  05( vhsg
b0 / /  sgd noonrhsd b]rd hr ]m d]rx fdmdq]khy]shnm* vghbg vd
chrbtrr k]sdq(- Hsr dhfdmu]ktdr ]qd fhudm ax

D
3.± + b0

 
j1
w + j1

x + j1
y


± 1|b1|


j3
w + j3

x + j3
y  j1

w j
1
x

 j1
x j

1
y  j1

y j
1
w +


b2

1b1

1

j1
w j

1
x j

1
y

 0
1

 μ.  06(

Sgd oqdrdmbd ne sgd rhwsg,nqcdq sdql j1
w j

1
x j

1
y ]anud cndr mns

]kknv tr sn etkkx du]kt]sd Dpr-  1(*  2(* ]mc  7( ]m]kxshb]kkx-
Gnvdudq* hs hr onrrhakd sn hmsdfq]sd nts jx  nmd b]m ohbj ]mx
nmd nts ne sgd sgqdd j bnnqchm]sdr( ]mc fds qhc ne sgd cdks]
etmbshnm hm dwbg]mfd enq ] mdv bnmrsq]hms  rdd @oodmchw D enq
cds]hkr(-

Sgd ahffdrs ]cu]ms]fd ne fnhmf eqnl ] sqhokd sn ] cntakd
hmsdfq]k hr sg]s sgd mdv bnmrsq]hms mnv cdzmdr ] bknrdc ]qd]
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)( a( b(

c( d( e(

EHF- 3-  ]fld( Hmidbshnm bnmctbshuhshdr ]mc  e( sq]bd ne sgd BOFD sdmrnq enq bg]qfd,1 VRL nas]hmdc trhmf sgd entq,a]mc lncdk Dp-  02(-
Sgd c]rgdc aqnvm btqud rgnvr sgd bnqqdronmchmf qdrtks enq sgd svn,a]mc lncdk  fqddm btqud eqnl Ehf- 2(* vghbg hr bknrd sn sgd  + /.4
btqud* ]r dwodbsdc- Vd rdd rhfmhzb]ms cduh]shnmr eqnl odqedbs BOFD pt]mshy]shnm enq  |fty|- Sgd σ wwy

hmi . σ
yww
hmi . σ

yyy
hmi ok]sd]tr bnmshmtd sn rgnv

to enq   |fty| vhsg gdhfgsr ne ]ants <21*  <21* ]mc  I  1(<21* qdrodbshudkx-

bnlo]qdc sn ] bknrdc rtqe]bd adenqd* vghbg l]jdr hs ltbg
d]rhdq sn ]m]kxyd- Sgd dwoqdrrhnmr enq ICNR ]mc hmidbshnm
bnmctbshuhshdr  mnmydqn bnlonmdmsr( sgtr nas]hmdc ]qd fhudm
hm S]akd HH- Mnsd sg]s sgd rghes bnmctbshuhshdr ]qd ydqn- @k,
sgntfg sgdrd hmsdfq]kr ]ood]q bnlokhb]sdc* sgdx ]qd d]rx sn
du]kt]sd mtldqhb]kkx- @ jdx qdrtks ne ntq ]m]kxrhr hr sgd oqd,
bhrd knb]shnm ne sgd dmdqfx vhmcnv ]mc bnmchshnm tmcdq vghbg
sq]bd ne sgd BOFD sdmrnq hr pt]mshydc enq cheedqdms ]lntmsr ne
cnohmf-

Vgdm μ + /* pt]mshy]shnm hr rddm nmkx enq b0<|b1| , 0

rs]qshmf ]s ] eqdptdmbx ne 43b2
0

b1
2

]r rgnvm hm Ehf- 4 ](- Sgd

rhst]shnm enq 0 , b0<|b1| , 1 ]mc 1 , b0<|b1| hr ]krn rgnvm
hm Ehfr- 4 a( ]mc 4 b(* qdrodbshudkx- Vghkd sgd sq]bd hr mnmydqn
enq ]mx zmhsd eqdptdmbx hm sgd enqldq b]rd* hs stqmr mnmydqn

nmkx ]esdq 43b2
0

b1
2

enq sgd k]ssdq-

Enq μ , /* ] odqedbs pt]mshy]shnm hr ]f]hm nmkx onrrhakd enq
b0<|b1| , 0- Vgdm sghr hr sgd b]rd* sgd sq]bd adbnldr mnmydqn
]esdq lhm o.

1|μ|
0 b0

1|b1 |
( ]mc qd]bgdr ±3 ]s l]w o.

1|μ|
0 b0

|b1 |
(*

vgdqd o hr sgd tmhptd qd]k onrhshud qnns ne   1|μ|(2  
43 b2

0

b1
2

1 + /- Enq 0 , b0<|b1| , 1* sgd sq]bd adbnldr mnmydqn

]esdq lhm o.
1|μ|

0 b0
1|b1 |

(* vghkd enq 1 , b0<|b1|* sghr g]oodmr ]esdq

o- Sgd sgqdd b]rdr ]qd rgnvm hm Ehfr- 4 c(fl4 e(* qdrodbshudkx-
Vgdm μ / /* vd ]qd oqdrdmsdc vhsg ] vhcdq q]mfd ne

onrrhahkhshdr enq nardquhmf pt]mshy]shnm- Vd zmc sg]s* hqqd,
rodbshud ne sgd b0<|b1| u]ktd* sgd sq]bd adbnldr mnmydqn
]esdq lhm o.

1μ

0+ b0
|b1 |

( vgdqd o hr mnv sgd tmhptd qd]k onrh,

shud qnns ne sgd btahb dpt]shnm   1μ(2 + 43 b2
0

b1
2

1 + /- Enq
b0<|b1| , 0* hs fndr nm sn qd]bg ] r]stq]shnm u]ktd ne ±3

S@AKD HH- Qdrtksr enq ICNR ]mc hmidbshnm bnmctbshuhsx enq sgd G]lhksnmh]m hm Dp-  05( vhsg b0. / /  vgdm b0 , /* qdok]bd b0 |b0|*
μ  μ ]mc trd sgd b0 / / qdrtksr(- Hmsdfq]kr fhudm gdqd ]qd sn ad du]kt]sdc nudq sgd qdfhnm r]shrexhmf w / /. y / /. Z3b1

1 w
1  wy + y1( 

b1
0[Z b1

2w
1 y  7b1

1b0 w  1y(1 + 7b2
0[ / /- Gdqd* vd g]ud cdzmdc E1μ  w. y( +   w  y + 0 + 1μ ( w + y + 0 1μ ( 0 + 1μ (-

ICNR
 0+ 1μ

/ cy
 0+ 1μ

/ cw
b0
|

E1μ  w.y(

3π2|y
|

Z3b1
1  w1 wy+y1 ( b1

0[Z b1
2w1 y 7b1

1b0 w 1y(1+7b2
0[

Hmidbshnm bnmctbshuhsx

σ wxy +  σ wyx + σ xyw +  σ xwy
 0+ 1μ

/ cy
 0+ 1μ

/ cw
 hτd2

|
2b1

1b2
|

Z3b1
1b1

2w y1  w1 y1 (+b1
2b1

0w y1 85b3
1b0wy1  w 1y( 05b1

1b2
0  w+y(1+3b4

0[E1μ  w.y(

1π1 g̃1b2
0
|

y 13b0b1
1 b1

2 y(
|

Z3b1
1  w1 wy+y1 ( b1

0[Z b1
2w1 y 7b1

1b0 w 1y(1+7b2
0[

σ ywx +  σ yxw
 0+ 1μ

/ cy
 0+ 1μ

/ cw
 hτd2

|
2b1

1b2
|

wy1Z3b1
2b1

1  y1 w1 (+85b0b3
1  w 1y(+b1

0b1
2 [E1μ  w.y(

π1 g̃1b2
0
|

y 13b0b1
1 b1

2 y(
|

Z3b1
1  w1 wy+y1 ( b1

0[Z b1
2w1 y 7b1

1b0 w 1y(1+7b2
0[

1π

hτd2<g̃1 Wabσ
Wab

 0+ 1μ

/ cy
 0+ 1μ

/ cw
7
|

2b1
1b2
|

Z 1b2
0+7b0b1

1  w+y(1 b1
2w y1[E1μ  w.y(

πb0
|

y 13b0b1
1 b1

2 y(
|

Z3b1
1  w1 wy+y1 ( b1

0[Z b1
2w1 y 7b1

1b0 w 1y(1+7b2
0[
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)( a( b(

c( d( e(

f( g( h(

EHF- 4- Sq]bd ne sgd BOFD sdmrnq enq ] rhmfkd bg]qfd,3 Vdxk onhms Dp-  05( vhsg b0 / /* nas]hmdc eqnl sgd mtldqhb]k du]kt]shnm ne hmsdfq]kr
hm S]akd HH enq cheedqdms bnlahm]shnmr ne μ ]mc b0<|b1|  qdrodbshud u]ktdr rgnvm hm sgd hmrds(- Vd g]ud s]jdm b0 + /./554. b2 + /.3-  ]flb(
μ + /*  cfle( μ , /- Hm ansg sgdrd b]rdr* odqedbs pt]mshy]shnm hr rddm nmkx vgdm b0<|b1| , 0-  fflh( μ / /* odqedbs pt]mshy]shnm hr ft]q]msddc
enq b0<|b1| , 0: gnvdudq* tmkhjd sgd oqduhntr svn b]rdr* hs b]m ]krn ad rddm enq b0<|b1| / 0 ]r knmf ]r 1μ

b0<|b1 | 0 / l]w o.
1μ

0+b0<1|b1 | (* ]r
rgnvm hm  g(-

]s l]w o.
1μ

0+ b0
1|b1 |

(* ]r rgnvm hm Ehf- 4 f(- Hmsdqdrshmfkx* enq

μ / /* pt]mshy]shnm adbnldr onrrhakd dudm enq 0 , b0<|b1|
oqnuhcdc l]w o.

1μ

0+ b0
1|b1 |

( , 1μ
b0
|b1 | 0

- Vgdm sghr bnmchshnm hr

lds* odqedbs pt]mshy]shnm hr rddm ats nmkx enq ] zmhsd vhmcnv
ne dmdqfx r]shrexhmf l]w o.

1μ

0+ b0
1|b1 |

( , ,
1μ

b0
|b1 | 0

* vghbg

hr rgnvm hm Ehf- 4 g(- Sgd rhst]shnm vgdm mn pt]mshy]shnm
hr onrrhakd enq μ / / hr rgnvm hm Ehf- 4 h(- Hs hr bkd]q sg]s
vghkd |b0<b1| ok]xr ] bqtbh]k qnkd* b0. b1. b2* ]mc μ hmsqhb]sdkx
cdsdqlhmd sgd adg]uhnq ne sgd BOFD sq]bd ]mc hsr pt]mshy]shnm-
Mnsd sg]s sgd oknsr hm Ehf- 4 g]ud addm nas]hmdc ax mtldqhb]kkx
du]kt]shmf sgd hmsdfq]kr hm S]akd HH- Vd g]ud hmbktcdc sgd
ICNR okns ]s ydqn cnohmf hm Ehf- 5 ](- @r rgnvm hm sgd zftqd*
sgd ICNR g]r ]

|
adg]uhnq fnhmf snv]qcr ydqn eqdptdmbx-

Mnsd sg]s sgd ICNR qdrtks eqnl S]akd H ]krn oqdchbsr ]
|

cdodmcdmbd he vd s]jd m + 3- Sghr rddlr lnqd khjd ] bnhmbh,
cdmbd ]r sg]s lncdk rshkk g]r ] khmd]qkx chrodqrhmf a]mc ]knmf
jy* udqx cheedqdms eqnl sgd B,3 lncdk hm Dp-  05(-

Vd vntkc khjd sn onhms nts sg]s rn e]q sgd qdrtksr oqdrdmsdc
]rrtld b0 / /- Hs stqmr nts sg]s vd b]m bnmshmtd sn trd sgd
r]ld qdrtksr enq ] bg]qfd,3 mncd vhsg b0 , /  ]mc ] bgdlhb]k
onsdmsh]k μ( ax sqd]shmf hs ]r ] |b0| mncd vhsg bgdlhb]k onsdm,
sh]k  μ- Vhsg sghr rl]kk ats hlonqs]ms dwsdmrhnm* ntq ]m]kxrhr
bnudqr ]kk sgd onrrhakd b]rdr-

Enq bnlokdsdmdrr* vd ]krn bnlotsd sgd BOFD sq]bd trhmf
sgd etkk shfgs,ahmchmf lncdk Dp-  04(* ]mc sgd qdrtksr ]qd rgnvm
hm Ehfr- 5 a( ]mc 5 b(- Mnsd sg]s hm sghr lncdk* vgdm fnhmf
eqnl  sn P* vd zmc  b0. b1. b2(   b0. b1. b2(- Rhmbd
b0 stqmr mdf]shud* vgdm trhmf qdrtksr eqnl S]akd HH* vd sqd]s
sgd  b0 , /.μP( P mncd ]r ]  |b0|. μP( mncd- @krn* rhmbd b2

fihor rhfm snn* χ +  χP* ]r dwodbsdc-
Hm Ehf- 5 a(* vd bgnrd b0<|b1| , 0 ]mc sgdqdenqd dwodbs

ansg mncdr sn rgnv odqedbs pt]mshy]shnm- Rhmbd μ + /* sgd svn
mncdr vhkk rgnv pt]mshy]shnm rs]qshmf ]s cheedqdms eqdptdmbhdr*
vghbg qdrtksr hm ]m nudq]kk zmhsd pt]mshy]shnm vhmcnv- Sgd
c]rgdc btqudr qdoqdrdms sgd rtl ne bnmsqhatshnmr eqnl sgd
svn mncdr a]rdc nm sgd knv,dmdqfx qdrtks eqnl S]akd HH  ]r
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)( a( b(

EHF- 5-  ]( ICNR enq ] rhmfkd bg]qfd,3 Vdxk onhms vhsg μ + /. b0 + /./554. b1 + /.3557. b2 + 3  b0<b1 , 0(-  a( Sgd qdc ]mc aktd btqudr
b]ostqd sgd BOFD pt]mshy]shnm enq sgd svn,a]mc shfgs,ahmchmf lncdk Dp-  04( vhsg μ +  /.2. /.4* qdrodbshudkx- Mnsd sg]s μ + μ + 5b0.μP +
μ 5b0- Sgd bnqqdronmchmf c]rgdc fqddm btqud hr nas]hmdc ax du]kt]shmf dwoqdrrhnmr eqnl S]akd HH enq d]bg mncd rdo]q]sdkx ]mc sgdm ]cchmf
sgd qdrtksr- Vd g]ud trdc sgd r]ld b0. b1. b2 eqnl adenqd-  b( Qdrtksr vhsg b0<b1 / 0* μ +  /.2  r]ld b0. b2 ]r adenqd(- Sgd c]rgdc btqudr
rgnv bnmsqhatshnm eqnl sgd mncd bknrdq sn D + /  nas]hmdc trhmf qdrtksr eqnl S]akd HH( enq d]bg b]rd ]mc ]qd chrbnmshmtdc ]esdq bnmsqhatshnm
eqnl sgd nsgdq mncd adbnldr mnmydqn-

qdl]qjdc d]qkhdq* sghr l]jdr rdmrd gdqd adb]trd ]s mn onhms
hm sgd dmdqfx q]mfd tmcdq bnmrhcdq]shnm cn sgd bnmsqhatshnmr
eqnl ansg mncdr adbnld mnmbnmrs]ms rhltks]mdntrkx(-

Hm Ehf- 5 b(* vd bgnrd 0 , b0<|b1| ]mc μ +  /.2- Sghr
fhudr μ + /.0 ]mc μP +  /.6- Rhmbd sgd mncd bknrdq sn
ydqn dmdqfx e]kkr tmcdq sgd μ / / b]sdfnqx vgdm trhmf sgd
knv,dmdqfx qdrtksr* vd b]m bgnnrd b0. b1. b2 rtbg sg]s hs rgnvr
pt]mshy]shnm enq ] zmhsd vhmcnv  aktd btqud( nq mn pt]mshy],
shnm ]s ]kk  qdc btqud(- Enq sgd enqldq* vd ]krn dmrtqd sg]s sgd
bnmsqhatshnm eqnl sgd nsgdq mncd rs]qsr nmkx ]esdq sgd dmc ne sgd
pt]mshy]shnm vhmcnv- Sgd c]rgdc btqudr rgnv bnmsqhatshnm
eqnl sgd  mncd hm ansg b]rdr- Hm ansg Ehfr- 5 a( ]mc 5 b(*
vd zmc dwbdkkdms ]fqddldms adsvddm sgd shfgs,ahmchmf ]mc
knv,dmdqfx qdrtksr* rgnvhmf sg]s sgd ghfgdq,nqcdq sdqlr ]qd
mns ]s ok]x hm sghr o]q]ldsdq q]mfd ]mc b]m ad mdfkdbsdc-

UH- BNMBKTRHNM :MC CHRBTRRHNM

Hm rtll]qx* vd g]ud oqdrdmsdc ] bnloqdgdmrhud ]mc tmh,
zdc rstcx ne sgd rdbnmc,nqcdq cb qdronmrd hm shksdc svnenkc
cdfdmdq]sd ltksh,Vdxk rxrsdlr vhsg ] enbtr nm sgd qnkdr
ok]xdc ax shks ]mc cnohmf- Enq bg]qfdr m + 0* 1* ]mc 2* vd
g]ud cdqhudc ]m]kxshb]k dwoqdrrhnmr enq rghes ]mc hmidbshnm
bnmctbshuhsx trhmf ] svn,a]mc knv,dmdqfx bnmshmttl lncdk
]mc sgdm bnlo]qdc hsr oqdchbshnmr ]f]hmrs lnqd qd]khrshb svn,
]mc entq,a]mc shfgs,ahmchmf lncdkr ne shld,qdudqr]k aqnjdm
rxrsdlr enq sgd bg]qfd,1 b]rd-

Adxnmc sgd dwsqdldkx hlonqs]ms BOFD pt]mshy]shnm* vd
]krn qdonqs nsgdq ed]stqdr ne sgd ognsnf]ku]mhb qdronmrd ]qhr,
hmf l]hmkx eqnl sgd zmhsd shks ]mc a]mc btqu]stqdr- Vd
rxrsdl]shb]kkx hmudrshf]sdc sgd qnkd ne shks* a]mc btqu]stqdr*
]mc ghfgdq a]mcr hm cdbhchmf sgd rghes ]mc hmidbshnm btqqdms
bnmctbshuhshdr ne ltksh,Vdxk rdlhlds]kr- Vd zmc sg]s hm SQR
aqnjdm ltksh,Vdxk rdlhlds]kr* zmhsd shks b]m kd]c sn mnmydqn
hmidbshnm btqqdms eqnl khmd]qkx onk]qhydc khfgs* vghbg mns nmkx
oqnuhcdr ] oqnad enq sgd shks chqdbshnm ats b]m ]krn oqnuhcd
] v]x sn dmfhmddq sgd hmidbshnm btqqdms ax trhmf rsq]hm nq
rnld nsgdq ldbg]mhrl vghbg bnmsqnkr sgd shks ne Vdxk mncdr-
Sgdrd hmidbshnm btqqdmsr ]krn rgnv ok]sd]tr hm ] zmhsd dm,
dqfx vhmcnv qdrtkshmf eqnl ghfgdq,nqcdq a]mc btqu]stqdr- Vd
g]ud dktbhc]sdc sgd deedbsr ne lncdk o]q]ldsdqr nm BOFD

pt]mshy]shnm ]mc sgd ok]sd]t gdhfgs- Vd dwodbs sgdrd qdrtksr sn
ad ne rhfmhzb]ms dwodqhldms]k u]ktd hm sgd rstcx ne pt]mshydc
noshb]k qdronmrdr hm sgd RqRh1 l]sdqh]kr bk]rr Z2/[-

Vd g]ud ]krn oqnuhcdc ] bnlokdsd ]m]kxrhr ne sgd ognsnf]k,
u]mhb qdronmrd hm B,3 VRL a]rdc nm ] knv,dmdqfx svn,a]mc
lncdk* bnudqhmf ]kk onrrhahkhshdr ]qhrhmf eqnl cheedqdms bnl,
ahm]shnmr ne lncdk o]q]ldsdqr ]mc sgd bgdlhb]k onsdmsh]k-
@ksgntfg B,3 VRLr cn mns g]ud ] shks hm sgd trt]k rdmrd  khjd
sgd nsgdq sgqdd bg]qfdr* vghbg g]ud ] khmd]q chrodqrhmf a]mc hm
]s kd]rs nmd chqdbshnm(* sgd q]shn |b0<b1| ok]xr ] rhlhk]q qnkd* ]mc
snfdsgdq vhsg b2

0<b
1
2 ]mc μ cdsdqlhmdr m]stqd ne sgd qdronmrd-

Vhsghm sgd bnmzmdr ne sgd knv,dmdqfx lncdk* ntq qdrtksr gdko
onhms nts dw]bskx vgdm BOFD pt]mshy]shnm b]m ad rddm hm B,3
VRLr-

Vd adkhdud sg]s sgd ]ooqn]bg vd g]ud s]jdm gdqd sn rstcx
B,3 vntkc zmc ]ookhb]shnmr hm rstcxhmf l]mx nsgdq noshb]k
qdronmrdr ]r vdkk-- Enq dw]lokd* hs b]m d]rhkx ad dwsdmcdc sn
sgd rstcx ne rdbnmc g]qlnmhb fdmdq]shnm ]mc zqrs,nqcdq bnm,
ctbshuhsx enq sgd knv,dmdqfx svn,a]mc lncdk bnmrhcdqdc gdqd-
Hm oqhmbhokd* hs rgntkc vnqj vhsg ]mx pt]mshsx sg]s qdpthqdr
du]kt]shmf ] j,ro]bd hmsdfq]k vhsg ] e10δ 10  ( sdql hm hs
]s S + / J-

:BJMNVKDCFLDMSR

R-B- vntkc khjd sn ]bjmnvkdcfd etmchmf eqnl sgd M]shnm]k
Rbhdmbd Entmc]shnm sgqntfg sgd Bdmsdq enq Cxm]lhbr ]mc
Bnmsqnk ne L]sdqh]kr9 ]m MRE LQRDB tmcdq Bnnodq]shud
@fqddldms Mn- CLQ,061/484- F-@-E- ]bjmnvkdcfdr ]cch,
shnm]k rtoonqs eqnl MRE CLQ,1003714-

:OODMCHW :9 :M:KXSHB:K DWOPDRRHNM ENP RGHES
:MC HMIDBSHNM BNMCTBSHUHSX SDMRNPR

Vd vnqj vhsg sgd knv,dmdqfx deedbshud G]lhksnmh]m*

m +


tyjy + ts jy  μ ε/ ζw …jw  hζx …jx(m

ε/ ζw …jw + hζx …jx(m  tyjy + ts jy  μ
.  @0(

vhsg dhfdmu]ktdr

Dm.± + ts jy  μ ± ε/

 
…j1
w + …j1

x

m + t1
y j

1
y


ε1
/ .  @1(
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Sgd cnl]hm enq sgd hmsdfq]kr hm Dpr-  1(
]mc  2( hr cdsdqlhmdc ax e10 ]mc δ 10  ( +
δ 1ε/

|
 …j1

w + …j1
x (m + t1

y j
1
y <ε

1
/  (- Kds tr enbtr nm

sgd cdks] etmbshnm zqrs- Sn rhlokhex sghmfr* vd rokhs
sgd hmsdfq]k hm sgd jw  jx ok]md nudq sgd entq pt]c,
q]msr9


cjw


cjx +


+ cjw


+ cjx +


+ cjw


 cjx +

 cjw

+ cjx +


 cjw


 cjx* ]mc bnlahmd sgdl hmsn ]

rhmfkd hmsdfq]k nudq sgd zqrs pt]cq]ms ax l]jhmf rtarshstshnmr
jw + ±j/

|
w ]mc jx + ±j/

|
x cdodmchmf nm sgd rhfm  ansg

w. x / /(- Vd ]krn ots jy + ε/
ty

y- Ax l]jhmf w w x|
1

]mc

x w+x|
1
* vd qns]sd sgd w,x ]whr bntmsdqbknbjvhrd ax π<3*

]mc rb]kd y ax y 1m<3y- Ehm]kkx* vd kds w w1<m sn fds
δ 10+m<3ε/

|
w1 + y1  (- Sgdrd sq]mrenql]shnmr ]krn bg]mfd

sgd hmsdfq]shnm ld]rtqd

i

 10<1+m<3j1
/ε/w1<m 0cwcycx

05π2|ty |m
|

w1 x1
* vhsg

w / / ]mc  w , x , w  vd cn sgd x hmsdfq]k zqrs vhsg
sgdrd khlhsr(- Sgd cdks] etmbshnm cdzmdr ] bhqbkd hm sgd wy
ok]md vghbg kdsr tr trd w + p bnr θ . y + p rhm θ sn nas]hm
δZp  < 10+m<3ε/([< 10+m<3ε/(-

Rhmbd vd ]qd s]jhmf sgd sdlodq]stqd sn ad ydqn* e10 +
 D0(  D1(* vgdqd  hr sgd Gd]uhrhcd rsdo etmbshnm- Ad,
b]trd ne sgd bnmchshnm ots ax sgd cdks] etmbshnm* vd g]ud

e10 + 

ts jy  μ 

1


 


ts jy  μ +

1


.  @2(

Rhmbd vd g]ud ]rrtldc / /* sgd nmkx mnmydqn u]ktd enq e10

hr  0 vgdm μ <1 , tyjy , μ + <1- Trhmf bnnqchm]sd
sq]mrenql]shnmr eqnl adenqd* sghr bnmchshnm adbnldr

1μ  0 ,
ts

ty
rhm θ ,

1μ + 0.  @3(

rfm
 ts

ty

 1μ  0

U
, rhm θ ,

rfm
 ts

ty

 1μ + 0

U
.  @4(

vgdqd U + |ts<ty|- Sgd cdzmhshnmr enq θ0. θ1 fhudm hm sgd
l]hm sdws enkknv eqnl sghr- Vhsg sghr* vd b]m d]rhkx bnl,
otsd nsgdq hmfqdchdmsr ne sgd hmsdfq]k eqnl sgd dhfdmu]ktdr
]mc mnql]khydc dhfdmetmbshnmr ne m* ]mc bnlahmd sgdl sn
nas]hm ]m]kxshb]k dwoqdrrhnmr enq sgd ICNR* rghes* ]mc hmidbshnm
bnmctbshuhshdr-

:OODMCHW A9 GHFGDP NPCDP SDPLR ENP
BG:PFD 1 VRL

A]rdc nm sgd ghfgdq,nqcdq sdqlr ]ood]qhmf hm sgd dwo]mrhnm
ne Dp-  00( md]q hsr mncdr* vd knnj ]s sgd deedbs ne hmbktchmf
Z 0
1  j1

w + j1
x ( + tlj1

y [σy  0
1ftyj1

y σ/ hm Dp-  01(* vgdqd tl +
0
1I  0- @r adenqd* vd trd ] rdqhdr ne sq]mrenql]shnmr sn
rhlokhex sgd Chq]b cdks] bnmrsq]hms- Jdx rsdor ]qd ]r enkknvr
 vhsg ε/ + 0(9

 0( jw ±
|

w* jx ±|x* jy
ty

tl
y-

 1( w 0|
1
 w  x(* x 0|

1
 w + x(* y 0

1  
|

y  0(-

 2( y
|

3/tl
t1

y
y + 0* hmsdfq]sd nts x  eqnl  w. w(-

 3( w w

1
|

4+
|

4
 y

1
|

4 
|

4
* y w

1
|

4+
|

4
+ y

1
|

4 
|

4
-

 4( w bnr θ * y rhm θ * hmsdfq]sd eqnl θ0. θ1-
@m]kxshb]k dwoqdrrhnmr enq ICNR* rghes* ]mc hmidbshnm bnm,

ctbshuhsx sdmrnqr b]m ad nas]hmdc ]r adenqd- Vd rshkk g]ud
e10 +  0* gnvdudq* sgd bnmchshnm sg]s cdsdqlhmdr θ0. θ1

adbnldr

1μ ,
tsty

tl

⎛

⎝
 |

4tl rhm θ + β (

t1
y

+ 0 0

⎞

⎠

 
ft2

y

3t1
l

⎛

⎝
 |

4tl rhm θ + β (

t1
y

+ 0 0

⎞

⎠
1

, 1μ + .  A0(

vgdqd β+ ]qbs]m ϕ 0(*  π
1  ]qbs]m ϕ( θ π

1  ]qbs]m ϕ(*
]mc ϕ hr sgd fnkcdm q]shn- @kknvdc u]ktdr ne θ b]m ad entmc ax
rnkuhmf sghr hmdpt]khsx mtldqhb]kkx- Vgdm rnktshnmr stqm nts sn
ad chrinhms hmsdqu]kr* d]bg hmsdqu]k cdzmdr hsr nvm θ0. θ1- Sgd
]m]kxshb]k dwoqdrrhnm hr du]kt]sdc enq d]bg hmsdqu]k ]mc sgdm
rtlldc-

:OODMCHW B9 SHKS :MC YDDL:M SDPLR ENP
BG:PFD 1 VRL

Vd b]m ]krn hmbktcd ]cchshnm]k sdqlr ne sgd enql 9 …j1
w +

…j1
x (σ/ ]mc Aσy hmsn Dp-  4(- Sgdrd bnqqdronmc sn rdbnmc,nqcdq

shks ]mc Yddl]m sdqlr* qdrodbshudkx- Sgd A sdql nmkx rghesr
sgd nqhfhm ]knmf jy* lnchexhmf sgd jy y sq]mrenql]shnm sn
jy + ε/y A

ty
- Hs mns chezbtks sn rdd sg]s sgdrd sdqlr nmkx ]eedbs

e10*

e10 + 


9

ε/

bnr θ

1
+ ts

ty

rhm θ

1
 μ 

1



 


9

ε/

bnr θ

1
+ ts

ty

rhm θ

1
 μ +

1


.  B0(

vgdqd μ + μ + Ats<ty- Rhmbd / /* vd g]ud e10 +  0
vgdm

1μ  0 ,
9

ε/
bnr θ + ts

ty
rhm θ ,

1μ + 0.  B1(

Ax cdzmhmf U +
|

91<ε1
/ + t1

s <t
1
y * rhm φ + 9<ε/

U * ]mc bnr φ +
|ts <ty |

U * vd nas]hm

rfm
 ts

ty

 1μ  0

U
, rhmZθ + rfm

 ts
ty


φ[ ,

rfm
 ts

ty

 1μ + 0

U
.

 B2(

vhsg π<1 θ .φ π<1- @krn* vd cdzmd  + rfm ts
ty

(φ ]mc

ϕo + 0
U Zrfm ts

ty
( 1μ +   0(o[* vhsg o + 0. 1- Sgd hmdpt]khsx

adbnldr ϕ0 , rhm θ +  ( ,ϕ1* vghbg b]m ad rnkudc enq sgd
lhmhltl  θ0( ]mc l]whltl  θ1( ]kknvdc u]ktdr ne θ - Sgdrd
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b]m ad nas]hmdc ]r sgd kdes ]mc qhfgs dmc onhmsr ne sgd hmsdqu]kr*

 θ0.θ1( +

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

 π<1.π<1(. 0 ,ϕ0. 0 ,ϕ1

  π<1. π<1(. ϕ0 ,  0.ϕ1 ,  0
F/. ϕ0 ,  0. 0 ,ϕ1

F/ ∩ F1. / ,ϕ0 , 0. 0 ,ϕ1

F/ ∩ F0.  0 ,ϕ0 , /. 0 ,ϕ1

F/ ∩ F2. ϕ0 ,  0. 0 ,ϕ1 , /
F/ ∩ F3. ϕ0 ,  0. / ,ϕ1 , 0
F/ ∩ F0 ∩ F3.  0 ,ϕ0 , / ,ϕ1 , 0
F/ ∩ F0 ∩ F2.  0 ,ϕ0 ,ϕ1 , /
F/ ∩ F1 ∩ F3. / ,ϕ0 ,ϕ1 , 0.

 B3(

vgdqd

F/ +   π<1.π<1(.

F0 +   π   . π    ]qbrhmϕ0(

∪    + ]qbrhmϕ0.π   (.

F1 +    + ]qbrhmϕ0.π    ]qbrhmϕ0(.

F2 +   π    ]qbrhmϕ1.  + ]qbrhmϕ1(.

F3 +   π   .  + ]qbrhmϕ1(

∪  π    ]qbrhmϕ1.π   (.

:OODMCHW C9 RHFM BG:MFHMF NE >
nxy
rghes ENP 1

Enq U , 1* vd entmc sg]s sgd rhfm bg]mfd nbbtqqdc ]s
+ 1|μ| vgdm nmd ]mfkd v]r ±π<1 ]mc sgd nsgdq ydqn-

Gnvdudq* vgdm U / 1*  θ1. θ0( b]mmns s]jd dhsgdq  /. π<1(
nq  π<1. /(- Ehmchmf sgd onhms ne rhfm bg]mfd mnv qdpthqdr tr
sn rddj nsgdq rnktshnmr ne rhm θ1 bnr1 θ1  rhm θ0 bnr1 θ0 + /-
Bnmudqshmf bnrhmd hmsn rhmd* vd fds  rhm θ1  rhm θ0( rhm1 θ1 +
rhm θ1 rhm θ0 + rhm1 θ0  0( + /- Kds tr knnj enq rnktshnmr nsgdq
sg]m θ1 + θ0*  /. π<1(* ]mc  π<1. /(- Vd b]m rnkud enq
 rhm θ1. rhm θ0( sn fds

 rhm θ1. rhm θ0( +

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩


 w 

|
3 2w1

1 . w

.  0 , w ,  0|

2
w.  w 

|
3 2w1

1


.  0|

2
, w , /


 w+

|
3 2w1

1 . w

. / , w , 0|

2
w.  w+

|
3 2w1

1


. 0|

2
, w , 0.

 C0(

Trhmf cdzmhshnmr ne θ0. θ1* vd rnkud enq ax dkhlhm]shmf w
sn nas]hm + 1|μ|

|
2

U 1 0 - Mnsd sg]s enq U + 1* sghr fhudr
+ 1|μ| ]r dwodbsdc-

:OODMCHW D9 :M:KXSHB:K PDRTKSR ENP BG:PFD 3
VRL

Sgd cdks] etmbshnm bnmrsq]hms δ  10( sq]mrk]sdr sn

3|b1|

j3
w+j3

x + j3
y  j1

w j
1
x  j1

x j
1
y  j1

y j
1
w

+


b2

1b1

1

j1
w j

1
x j

1
y

 0
1

+ .  D0(

Sn rhlokhex sghr* vd trd sgd enkknvhmf sq]mrenql]shnmr9

 0( jw ±
|

w* jx ±|x* jy ±|y  qdctbd sgd hmsd,
fq]k sn w. x. y / / nbs]ms(-

 1( w 0|
1
 w  x(* x 0|

1
 w + x(-

 2( Hmsdfq]sd nts x  eqnl  w. w(- Sn cn sghr* vd mddc
sn zmc qnnsr ne sgd dpt]shnm + {1b1

2y w
1  x1( + 7b1

1Z w  |
1y(1 + 2x1[{ 0

1 - Sgd bnmchshnm enq dwhrsdmbd ne qd]k qnnsr
r]shrexhmf  w x w hr fhudm ax  onrs rsdo 3 rtarshstshnm(


3b1

1

 
w1  wy + y1


 b1

0


 b1

2w
1 y

 7b1
1b0 w  1y(1 + 7b2

0


/ /.  D1(

 3( w
1
|

1b0
w* y 1b0

y-

Trhmf sgdrd sq]mrenql]shnmr ]knmf vhsg sgd dhfdmu]ktdr ]mc
mnql]khydc dhfdmetmbshnmr ne Dp-  05(* vd rhlokx Dpr-  1(*
 2(* ]mc  7( sn nas]hm sgd dwoqdrrhnmr rgnvm hm S]akd HH  sgd
rghes bnmctbshuhshdr ]qd ydqn(-

Sgd adg]uhnq ne 1π

hτd2<g̃1 Wabσ
Wab hr cdsdqlhmdc ax sgd hmsdq,

ok]x adsvddm bnmchshnmr rds ax   w  y + 0 + 1μ (*  w +
y + 0 1μ (* ]mc Dp-  D1(- Rhmbd b0 / / ax bgnhbd ]mc b1. b2

]ood]q nmkx ]r sgdhq rpt]qdr* sgd ]m]kxrhr ne sgd qdfhnm cd,
zmdc ax Dp-  D1( adbnldr pthsd fdmdq]k- Sn tmcdqrs]mc sghr*
kds tr enbtr nm sgd btqudr 3b1

1 w
1  wy + y1( b1

0 + / ]mc
 b1

2w
1 y  7b1

1b0 w  1y(1 + 7b2
0 + / enq w. y / /- Sgdx hm,

sdqrdbs sgd w ]whr ]s w + b0<1|b1| ]mc w + b0<|b1|* qdrodbshudkx*
ats bqnrr sgd y ]whr snfdsgdq ]s y + b0<1|b1|  hmsdqbdosr ]qd
hmcdodmcdms ne (- S]mfdmsr sn sgdrd btqudr vhsg rknod 0 ]qd
hlonqs]ms- Enq sgd dkkhord sghr g]oodmr ]s  y + b0<1|b1|. w +
b0<1|b1|(* ]mc sgd s]mfdms g]r dpt]shnm w + y + b0<|b1|- Enq
sgd rdbnmc btqud vd g]ud rdudq]k b]rdr- Enq , 37 |b1|2

b1
2

* sgdqd

hr nmkx nmd rtbg s]mfdms ]s  y + 10<2b0
|b2|1<2 0<2 . w + 1×10<2b0

|b2|1<2 0<2 (* cd,

rbqhadc ax w + y + 430<2b0
|b2|1<2 0<2 - Enq k]qfdq * sgdqd hr ]mnsgdq

s]mfdms vhsg rknod  0* ats hsr oqdrdmbd hr ne mn bnmrd,
ptdmbd sn ntq ]m]kxrhr- Sgd hlonqs]ms sghmf sn mnsd hr sg]s
w + y + 430<2b0

|b2|1<2 0<2 hr bnlokdsdkx r]mcvhbgdc adsvddm w + y +
b0<|b1| ]mc w + y + b0<1|b1| enq 43 |b1|2

b1
2
, , 7 × 43 |b1|2

b1
2

-

Sgdrd ed]stqdr ]qd hkktrsq]sdc hm Ehf- 6- Vhsg sgdrd jdx na,
rdqu]shnmr hm lhmc* vd mnv ]m]kxyd sgd μ + /* μ , /* ]mc
μ / / b]rdr rdo]q]sdkx-

Enq μ + /* sgd sgds] etmbshnm bnmrsq]hmsr qdctbd sn w + y ,
0- Vgdm b0<|b1| , 0* sgd BOFD sq]bd hr mnmydqn enq ]mx zmhsd

]mc adbnldr ±3 ]esdq 43b2
0

b1
2

- Vgdm b0<|b1| / 0* rnld onqshnm
ne Dp-  D1( hr ]kv]xr kdes nts ]mc vd cn mns fds odqedbs
pt]mshy]shnm- Enq 0 , b0

|b1| , 1 sgd sq]bd hr mnmydqn enq ]mx

zmhsd * vgdqd]r enq b0
|b1| / 1 sghr g]oodmr nmkx ]esdq 43b2

0

b1
2

-

Enq μ , / sgd bnmchshnm rds ax  w + y + 0 1μ ( hr ]k,
v]xr r]shrzdc* vgdqd]r   w  y + 0 + 1μ ( qdpthqdr w +
y , 0 1|μ| - @m hlonqs]ms sghmf sn mnsd gdqd hr sg]s sgd
sdql 0 1|μ| ∈   ∞. 0(- Vd ]qd nmkx hmsdqdrsdc vgdm hs
khdr hm  /*0(* vghbg g]oodmr enq / 1|μ|- Rhmbd hs b]m dudq
nmkx qd]bg 0* etkk nudqk]o vhsg qdfhnm Dp-  D1( hr onrrh,
akd he b0<|b1| , 0* sgd bnmchshnm sn fds odqedbs pt]mshy]shnm-
Vgdm sghr bnmchshnm hr lds* sgd ]lntms ne nudqk]o adsvddm
w + y , 0 1|μ| ]mc Dp-  D1( hr cdsdqlhmdc ax rnktshnmr
sn dpt]shnmr 0 1|μ| + b0

|b1| * 0 1|μ| + b0
1|b1| * ]mc 0 1|μ| +
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EHF- 6- Sgd fqddm ]qd] hr sgd qdfhnm cdzmdc ax Dp-  D1(  vd
g]ud trdc b0 + /./554. b1 + /.3557. b2 + 3* + /.3* ats sgd ed],
stqdr rgnvm gdqd ]qd pthsd fdmdq]k(- Sgd aktd* nq]mfd* ]mc l]fdms]
btqudr bnqqdronmc sn  b1

2w
1 y  7b1

1b0 w  1y(1 + 7b2
0 + / enq +

/.0. /.3* ]mc 3-/* qdrodbshudkx- Sgd fqddm btqud qdoqdrdmsr sgd
dkkhord 3b1

1 w
1  wy + y1( b1

0 + /- Sgd aktd cnsr ]qd ok]bdc ]s

 10<2b0
|b2|1<2 0<2 .

1×10<2b0
|b2|1<2 0<2 (-

430<2b0
|b2|1<2 0<2 - Sgd k]rs dpt]shnm b]m ad qdvqhssdm ]r   1|μ|(2  
43 b2

0

b1
2

1 + /- Sghr btahb dpt]shnm mdudq g]r sgqdd qd]k qnnsr-

Rhmbd sgd oqnctbs ne hsr qnnsr hr 7|μ|2 / /* sgd nmkx qd]k

qnns* o* hr ]kv]xr onrhshud- Mnsd sg]s o / 1|μ|- Sgd BOFD
sq]bd adbnldr mnmydqn ]esdq lhm o.

1|μ|
0 b0

1|b1 |
(* ]mc r]stq]sdr sn

±3 ]esdq l]w o.
1|μ|

0 b0
|b1 |

(- Vgdm 0 , b0<|b1| , 1 sgd sq]bd hr

mnmydqn ]esdq lhm o.
1|μ|

0 b0
1|b1 |

(* vgdqd]r enq b0<|b1| / 1 sghr

g]oodmr ]esdq o  hs mdudq qd]bgdr ±3 hm dhsgdq b]rd(-
Enq μ / /* sgd onrrhahkhshdr adbnld dudm lnqd hmsdqdrshmf-

  w  y + 0 + 1μ ( w + y + 0 1μ ( rdsr antmcr nm sgd
hmsdfq]shnm qdfhnm* qdpthqhmf 1μ  0 , w + y , 1μ + 0- Sgd
sdql 0 + 1μ ∈  0.∞(* vghbg ld]mr sg]s he b0<|b1| / 0* ]
onqshnm ne Dp-  D1( vhkk mdbdrr]qhkx ad kdes nts enq /

1μ
b0
|b1 | 0

 odqedbs pt]mshy]shnm rshkk onrrhakd enq rl]kkdq dmdqfhdr(- Mnv*
sgd rnktshnmr sn dpt]shnmr 1μ  0 + b0

|b1| *
1μ  0 + b0

1|b1| * ]mc
1μ  0 + 430<2b0

|b2|1<2 0<2 adbnld bqtbh]k hm cdsdqlhmhmf sgd ]lntms
ne qdfhnm Dp-  D1( ]u]hk]akd enq hmsdfq]shnm- Sgd k]rs dpt],
shnm b]m ad qdvqhssdm ]r sgd btahb dpt]shnm   1μ(2 +
43 b2

0

b1
2

1 + /- Sgd oqnctbs ne hsr qnnsr hr 7μ2 / /* vghbg ld]mr

sg]s vgdm svn qnnsr ]qd bnlokdw  bnmitf]sd o]hq(* sgd qd]k
qnns ltrs ad onrhshud- Gnvdudq* vgdm ]kk qnnsr ]qd qd]k* sgdqd
]qd svn onrrhahkhshdr9 nmd onrhshud ]mc svn mdf]shud qnnsr* nq
sgqdd onrhshud qnnsr- Hs stqmr nts sgd k]ssdq b]rd hr mns onrrhakd

adb]trd sgd bnmchshnm enq ]kk qnnsr adhmf qd]k hr μ , 3 b2
0

b1
2
*

vgdqd]r enq ]kk qnnsr sn ad onrhshud* μ / 8 b2
0

b1
2
- Sgtr* vd ]kv]xr

fds dw]bskx nmd onrhshud qnns* o- Mnsd sg]s o , 1μ hm sghr
b]rd- Sgd BOFD sq]bd adbnldr mnmydqn ]esdq lhm o.

1μ

0+ b0
|b1 |

(-

Enq b0<|b1| , 0* hs fndr nm sn qd]bg ] r]stq]shnm u]ktd ne ±3
]esdq l]w o.

1μ

0+ b0
1|b1 |

(- Vgdm b0<|b1| / 0* vd rdd pt]mshy]shnm

enq l]w o.
1μ

0+ b0
1|b1 |

( , ,
1μ

b0
|b1 | 0

- Odqedbs pt]mshy]shnm hr mns

onrrhakd vgdm 1μ
b0
|b1 | 0

, l]w o.
1μ

0+ b0
1|b1 |

(-

Z0[ C- Wh]n* L-,B- Bg]mf* ]mc P- Mht* Adqqx og]rd deedbsr nm
dkdbsqnmhb oqnodqshdr* Qdu- Lnc- Ogxr- 71* 0848  1/0/(-

Z1[ E- Whd* Y- Rnmf* A- Kh]m* ]mc A- @- Adqmduhf* Snonknfx,
antmcdc rtodqfithc vdhfgs hm svhrsdc ahk]xdq fq]ogdmd* Ogxr-
Qdu- Kdss- 013* 056//1  1/1/(-

Z2[ W- Gt* S- Gx]qs* C- H- Ohjtkhm* ]mc D- Qnrrh* Pt]mstl,ldsqhb,
dm]akdc dwbhsnm bnmcdmr]sd hm cntakd svhrsdc ahk]xdq fq]ogdmd*
Ogxr- Qdu- A 0.4* K03/4/5  1/11(-

Z3[ C- Wh]n* X- X]n* Y- E]mf* ]mc P- Mht* Adqqx,og]rd deedbs
hm ]mnl]kntr sgdqlndkdbsqhb sq]mronqs* Ogxr- Qdu- Kdss- 86*
/155/2  1//5(-

Z4[ P- L]* @- F- Fqtrghm* ]mc J- R- Atqbg* Snonknfx ]mc fdnldsqx
tmcdq sgd mnmkhmd]q dkdbsqnl]fmdshb ronskhfgs* M]s- L]sdq- 1.*
05/0  1/10(-

Z5[ I- Nqdmrsdhm* I- Lnnqd* S- Lnqhlnsn* C- Snqbghmrjx* I- G]qsdq*
]mc C- Grhdg* Snonknfx ]mc rxlldsqx ne pt]mstl l]sdqh]kr uh]
mnmkhmd]q noshb]k qdronmrdr* @mmt- Qdu- Bnmcdmr- L]ssdq Ogxr-
01* 136  1/10(-

Z6[ M- M]f]nr]* Mnmkhmd]q noshb]k qdronmrdr hm mnmbdmsqnrxllds,
qhb pt]mstl l]sdqh]kr* @mm- Ogxr- 336* 058035  1/11(-

Z7[ I- D- Rhod ]mc @- H- Rgjqdashh* Rdbnmc,nqcdq noshb]k qdronmrd hm
rdlhbnmctbsnqr* Ogxr- Qdu- A 50* 4226  1///(-

Z8[ Y- C]h ]mc @- L- Q]ood* Qdbdms oqnfqdrr hm sgd sgdnqx ne atkj
ognsnunks]hb deedbs* Bgdl- Ogxr- Qdu- 3* /002/2  1/12(-

Z0/[ R- L- Xntmf ]mc @- L- Q]ood* Ehqrs oqhmbhokdr b]kbtk]shnm ne
sgd rghes btqqdms ognsnunks]hb deedbs hm edqqndkdbsqhbr* Ogxr- Qdu-
Kdss- 0.8* 0055/0  1/01(-

Z00[ V- Rgnbjkdx ]mc G- I- Ptdhrrdq* Cds]hkdc a]k]mbd khlhs ne
dezbhdmbx ne o,m itmbshnm rnk]q bdkkr* I- @ook- Ogxr- 21* 40/
 0850(-

Z01[ A- L- Eqdfnrn* S- Lnqhlnsn* ]mc I- D- Lnnqd* Pt]msh,
s]shud qdk]shnmrgho adsvddm onk]qhy]shnm cheedqdmbdr ]mc sgd
ynmd,]udq]fdc rghes ognsnbtqqdms* Ogxr- Qdu- A 85* /64310
 1/06(-

Z02[ I- @gm* F-,X- Ftn* ]mc M- M]f]nr]* Knv,eqdptdmbx chudqfdmbd
]mc pt]mstl fdnldsqx ne sgd atkj ognsnunks]hb deedbs hm snon,
knfhb]k rdlhlds]kr* Ogxr- Qdu- W 0.* /30/30  1/1/(-

Z03[ S- Gnkcdq* C- J]ok]m* ]mc A- X]m* Bnmrdptdmbdr ne shld,
qdudqr]k,rxlldsqx aqd]jhmf hm sgd khfgs,l]ssdq hmsdq]bshnm9
Adqqx btqu]stqd* pt]mstl ldsqhb* ]mc ch]a]shb lnshnm* Ogxr-
Qdu- Qdr- 1* /220//  1/1/(-

Z04[ I- @gm* F-,X- Ftn* M- M]f]nr]* ]mc @- Uhrgv]m]sg*
Qhdl]mmh]m fdnldsqx ne qdrnm]ms noshb]k qdronmrdr* M]s- Ogxr-
07* 18/  1/11(-
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Z05[ S- Lnqhlnsn ]mc M- M]f]nr]* Snonknfhb]k m]stqd ne mnmkhmd]q
noshb]k deedbsr hm rnkhcr* Rbh- @cu- 1* d04/0413  1/05(-

Z06[ B-,J- Bg]m* M- G- Khmcmdq* F- Qde]dk* ]mc O- @- Kdd* Ognsnbtq,
qdmsr hm Vdxk rdlhlds]kr* Ogxr- Qdu- A 84* /300/3 Q(  1/06(-

Z07[ M- M]f]nr]* S- Lnqhlnsn* ]mc X- Snjtq]* Sq]mronqs* l]fmdshb
]mc noshb]k oqnodqshdr ne Vdxk l]sdqh]kr* M]s- Qdu- L]sdq- 4* 510
 1/1/(-

Z08[ E- cd It]m* @- F- Fqtrghm* S- Lnqhlnsn* ]mc I- D- Lnnqd*
Pt]mshydc bhqbtk]q ognsnf]ku]mhb deedbs hm Vdxk rdlhlds]kr*
M]s- Bnlltm- 7* 04884  1/06(-

Z1/[ P- L]* R-,X- Wt* B-,J- Bg]m* B-,K- Yg]mf* F- Bg]mf* X- Khm*
V- Whd* S- O]k]bhnr* G- Khm* R- Ih] ds Wk,* Chqdbs noshb]k cdsdbshnm
ne Vdxk edqlhnm bghq]khsx hm ] snonknfhb]k rdlhlds]k* M]s- Ogxr-
02* 731  1/06(-

Z10[ C- Qddr* J- L]mm]* A- Kt* S- Lnqhlnsn* G- Anqql]mm* B-
Edkrdq* I- Lnnqd* C- G- Snqbghmrjx* ]mc I- Nqdmrsdhm* Gdkhbhsx,
cdodmcdms ognsnbtqqdmsr hm sgd bghq]k Vdxk rdlhlds]k QgRh*
Rbh- @cu- 5* d]a]/4/8  1/1/(-

Z11[ I- L]* P- Ft* X- Kht* I- K]h* O- Xt* W- Ygtn* Y- Kht* I-,G- Bgdm*
I- Edmf* ]mc C- Rtm* Mnmkhmd]q ognsnqdronmrd ne sxod,HH Vdxk
rdlhlds]kr* M]s- L]sdq- 07* 365  1/08(-

Z12[ A- R]cgtjg]m ]mc S- M]f* Qnkd ne shld qdudqr]k rxlldsqx ]mc
shkshmf hm bhqbtk]q ognsnf]ku]mhb qdronmrdr* Ogxr- Qdu- A 0.2*
0332/7  1/10(-

Z13[ M- O- @qlhs]fd* D- I- Ldkd* ]mc @- Uhrgv]m]sg* Vdxk ]mc Chq]b
rdlhlds]kr hm sgqdd,chldmrhnm]k rnkhcr* Qdu- Lnc- Ogxr- 8.*
/04//0  1/07(-

Z14[ @- Atqjnu* Vdxk lds]kr* @mmt- Qdu- Bnmcdmr- L]ssdq Ogxr- 8*
248  1/07(-

Z15[ F- Bg]mf* R-,X- Wt* A- I- Vhdcdq* C- R- R]mbgdy* R-,L- Gt]mf*
H- Adknonkrjh* S-,Q- Bg]mf* R- Yg]mf* @- A]mrhk* G- Khm* ]mc
L- Y- G]r]m* Tmbnmudmshnm]k bghq]k edqlhnmr ]mc k]qfd snon,
knfhb]k Edqlh ]qbr hm QgRh* Ogxr- Qdu- Kdss- 008* 1/53/0  1/06(-

Z16[ F- Bg]mf* A- I- Vhdcdq* E- Rbghmckdq* C- R- R]mbgdy* H-
Adknonkrjh* R-,L- Gt]mf* A- Rhmfg* C- Vt* S-,Q- Bg]mf* S-
Mdtodqs ds Wk,* Snonknfhb]k pt]mstl oqnodqshdr ne bghq]k bqxr,
s]kr* M]s- L]sdq- 06* 867  1/07(-

Z17[ B- E]mf* L- I- Fhkadqs* W- C]h* ]mc A- @- Adqmduhf* Ltksh,Vdxk
snonknfhb]k rdlhlds]kr rs]ahkhydc ax onhms fqnto rxlldsqx*
Ogxr- Qdu- Kdss- 0.7* 1557/1  1/01(-

Z18[ R-,L- Gt]mf* R-,X- Wt* H- Adknonkrjh* B-,B- Kdd* F- Bg]mf*
S-,Q- Bg]mf* A- V]mf* M- @khcntrs* F- Ah]m* L- Mdto]md
ds Wk,* Mdv sxod ne Vdxk rdlhlds]k vhsg pt]cq]shb cntakd Vdxk
edqlhnmr* Oqnb- M]sk- @b]c- Rbh- 002* 007/  1/05(-

Z2/[ A- Rhmfg* F- Bg]mf* S-,Q- Bg]mf* R-,L- Gt]mf* B- Rt*
L-,B- Khm* G- Khm* ]mc @- A]mrhk* Stm]akd cntakd,Vdxk edqlhnm
rdlhlds]k rs]sd hm sgd RqRh1 l]sdqh]kr bk]rr* Rbh- Qdo- 7* 0/43/
 1/07(-

Z20[ Y- Ygt* X- Kht* Y-,L- Xt* R-,R- V]mf* X- W- Yg]n* X- Edmf* W-,K-
Rgdmf* ]mc R- @- X]mf* Pt]cq]shb bnms]bs onhms rdlhlds]k9 Sgd,
nqx ]mc l]sdqh]k qd]khy]shnm* Ogxr- Qdu- A 87* 0140/3  1/07(-

Z21[ C- Yg]mf* G- V]mf* I- Qt]m* F- X]n* ]mc G- Yg]mf* Dmfhmddq,
hmf snonknfhb]k og]rdr hm sgd Ktsshmfdq rdlhlds]k  ,Rm* Ogxr-
Qdu- A 86* 084028  1/07(-

Z22[ R- @- @- Fgnq]rgh* O- Gnrtq* ]mc B-,R- Shmf* Hqq]ch]sdc sgqdd,
chldmrhnm]k Ktsshmfdq rdlhlds]k9 @ e]bsnqx enq dmfhmddqhmf
Vdxk rdlhlds]kr* Ogxr- Qdu- A 86* 1/43/1  1/07(-

Z23[ G-,B- Grt* I-,R- Xnt* I- @gm* ]mc F-,X- Ftn* Mnmkhmd]q ogn,
snbnmctbshuhshdr ]mc pt]mstl fdnldsqx ne bghq]k ltkshenkc
edqlhnmr* Ogxr- Qdu- A 0.6* 044323  1/12(-

Z24[ Y- Mh* J- V]mf* X- Yg]mf* N- Onyn* A- Wt* W- G]m* J- L]mm]* I-
O]fkhnmd* B- Edkrdq* @- F- Fqtrghm ds Wk,* Fh]ms snonknfhb]k knm,
fhstchm]k bhqbtk]q ognsn,f]ku]mhb deedbs hm sgd bghq]k ltkshenkc
rdlhlds]k BnRh* M]s- Bnlltm- 01* 043  1/10(-

Z25[ Y- Mh* A- Wt* L-,¯- RÁmbgdy,L]qsémdy* X- Yg]mf* J- L]mm]* B-
Adqmg]qc* I- Udmcdqanr* E- Cd It]m* B- Edkrdq* @- F- Fqtrghm ds
Wk,* Khmd]q ]mc mnmkhmd]q noshb]k qdronmrdr hm sgd bghq]k ltksh,
enkc rdlhlds]k QgRh* moi Pt]mstl L]sdq- 4* 85  1/1/(-

Z26[ B- Kd* X- Yg]mf* B- Edkrdq* ]mc X- Rtm* @a hmhshn rstcx
ne pt]mshydc bhqbtk]q ognsnf]ku]mhb deedbs hm bghq]k ltkshenkc
rdlhlds]kr* Ogxr- Qdu- A 0.1* 010000 Q(  1/1/(-

Z27[ E- Ekhbjdq* E- cd It]m* A- Aq]ckxm* S- Lnqhlnsn* L- F-
Udqfmhnqx* ]mc @- F- Fqtrghm* Bghq]k noshb]k qdronmrd ne ltksh,
enkc edqlhnmr* Ogxr- Qdu- A 87* 044034  1/07(-

Z28[ O- S]mf* P- Ygnt* ]mc R-,B- Yg]mf* Ltkshokd sxodr ne snonknfh,
b]k edqlhnmr hm sq]mrhshnm lds]k rhkhbhcdr* Ogxr- Qdu- Kdss- 008*
1/53/1  1/06(-

Z3/[ X- Rtm* P- Wt* X- Yg]mf* B- Kd* ]mc B- Edkrdq* Noshb]k ldsgnc
sn cdsdbs sgd qdk]shnmrgho adsvddm bghq]khsx ne qdbhoqnb]k ro]bd
bghq]k ltkshenkc edqlhnmr ]mc qd]k ro]bd bghq]k bqxrs]kr* Ogxr-
Qdu- A 0.1* 0/3000  1/1/(-

Z30[ F- Bg]mf* I-,W- Xhm* S- Mdtodqs* C- R- R]mbgdy* H- Adknonkrjh*
R- R- Yg]mf* S- @- Bnbgq]m* Y- Bgámf* L-,B- Grt* R-,L- Gt]mf*
A- Kh]m* R-,X- Wt* G- Khm* ]mc L- Y- G]r]m* Tmbnmudmshnm]k
ognsnbtqqdmsr eqnl rtqe]bd Edqlh ]qbr hm snonknfhb]k bghq]k
rdlhlds]kr* Ogxr- Qdu- Kdss- 013* 0553/3  1/1/(-

Z31[ @- @ucnrgjhm* U- Jnyhh* ]mc I- D- Lnnqd* Hmsdq]bshnmr qdlnud
sgd pt]mshy]shnm ne sgd bghq]k ognsnbtqqdms ]s Vdxk onhmsr* Ogxr-
Qdu- Kdss- 013* 0855/2  1/1/(-

Z32[ H- L]mc]k* Deedbs ne hmsdq]bshnmr nm sgd pt]mshy]shnm ne sgd bghq]k
ognsnbtqqdms enq cntakd,Vdxk rdlhlds]kr* Rxlldsqx 01* 808
 1/1/(-

Z33[ P- Kht ]mc @- Ytmfdq* Oqdchbsdc qd]khy]shnm ne btahb
Chq]b edqlhnm hm pt]rh,nmd,chldmrhnm]k sq]mrhshnm,lds]k
lnmnbg]kbnfdmhcdr* Ogxr- Qdu- W 6* /10/08  1/06(-

Z34[ G- Góadmdq* L- @- Rdmsde* T- Cd Fhnu]mmhmh* @- E- Jdlodq* ]mc
@- Qtahn* Bqd]shmf rs]akd Eknptdsfl Vdxk rdlhlds]kr ax k]rdq,
cqhuhmf ne 2C Chq]b l]sdqh]kr* M]s- Bnlltm- 7* 0283/  1/06(-

Z35[ P- Bgdm ]mc F- @- Ehdsd* Sgdqlndkdbsqhb sq]mronqs hm cntakd,
Vdxk rdlhlds]kr* Ogxr- Qdu- A 82* 044014  1/05(-

Z36[ K- W- Et ]mc B- L- V]mf* Sgdqlndkdbsqhb sq]mronqs ne ltksh,
Vdxk rdlhlds]kr hm sgd pt]mstl khlhs* Ogxr- Qdu- A 0.4*
/241/0  1/11(-

Z37[ @- Ldmnm ]mc A- A]rt* @mnl]kntr G]kk sq]mronqs hm shksdc
ltksh,Vdxk rdlhlds]kr* I- Ogxr-9 Bnmcdmr- L]ssdq 22* /345/1
 1/10(-

Z38[ C- Rhmg] ]mc J- Rdmftos]* Sq]mronqs ]bqnrr itmbshnmr ne ] Vdxk
]mc ] ltksh,Vdxk rdlhlds]k* Ogxr- Qdu- A 88* /64042  1/08(-

Z4/[ J- Jtkhjnu* C- Rhmg]* X- L- Rgtjqhmnu* ]mc J- Rdmftos]*
Inrdogrnm itmbshnmr ne Vdxk ]mc ltksh,Vdxk rdlhlds]kr* Ogxr-
Qdu- A 0.0* /6400/  1/1/(-

Z40[ R- O]qj* R- Vnn* D- I- Ldkd* ]mc G- Lhm* Rdlhbk]rrhb]k Anksy,
l]mm sq]mronqs sgdnqx enq ltksh,Vdxk rdlhlds]kr* Ogxr- Qdu- A
84* 050002 Q(  1/06(-

Z41[ Q- C]ms]r* E- Odm],Admhsdy* A- Qnx* ]mc O- Rtqívj]* L]fmdsn,
sq]mronqs hm ltksh,Vdxk rdlhlds]kr9 @ jhmdshb sgdnqx ]ooqn]bg*
I- Ghfg Dmdqfx Ogxr- 01  1/07( /58-

Z42[ S- M]f ]mc R- M]mcx* L]fmdsn,sq]mronqs ogdmnldm] ne sxod,H
ltksh,Vdxk rdlhlds]kr hm bn,ok]m]q rdstor* I- Ogxr-9 Bnmcdmr-
L]ssdq 22* /644/3  1/10(-
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Z43[ Y-,L- Gt]mf* I- Ygnt* ]mc R-,P- Rgdm* Snonknfhb]k qdronmrdr
eqnl bghq]k ]mnl]kx hm ltksh,Vdxk rdlhlds]kr* Ogxr- Qdu- A
85* /741/0  1/06(-

Z44[ D- U- Fnqa]q* U- @- Lhq]mrjx* H- @- Rgnujnux* ]mc O- N-
Rtjg]bgnu* @mnl]kntr sgdqlndkdbsqhb ogdmnldm] hm k]sshbd
lncdkr ne ltksh,Vdxk rdlhlds]kr* Ogxr- Qdu- A 85* 044027
 1/06(-

Z45[ R- Qnx ]mc @- M]q]x]m* Mnm,khmd]q G]kk deedbs hm ltksh,Vdxk
rdlhlds]kr* I- Ogxr-9 Bnmcdmr- L]ssdq 23* 2742/0  1/11(-

Z46[ B- Ydmf* R- M]mcx* O- Kht* R- Sdv]qh* ]mc X- X]n* Pt]mstl
nrbhkk]shnmr ]r ] qnatrs zmfdqoqhms ne bghq]k ]mnl]kx hm mnmkhm,
d]q qdronmrd hm Vdxk rdlhlds]kr* Ogxr- Qdu- A 0.6* K/700/6
 1/12(-

Z47[ S- M]f ]mc C- L- Jdmmdr* Chrshmbs rhfm]stqdr ne o]qshbkd,gnkd
rxlldsqx aqd]jhmf hm sq]mronqs bndezbhdmsr enq fdmdqhb ltksh,
Vdxk rdlhlds]kr* Ogxr- Qdu- A 0.4* 1032/6  1/11(-

Z48[ @- Antgk]k* @- @aants* @- Idkk]k* G- A]gkntkh* ]mc L- Unfk*
Stmmdkhmf og]rd ch]fq]lr hm ]mhrnsqnohb ltksh,Vdxk rdlhlds,
]kr* @mm- Ogxr- 423* 11//156  1/11(-

Z5/[ @- Antgk]k* @- Idkk]k* G- A]gkntkh* ]mc L- Unfk* Stmmdkhmf hm
]m ]mhrnsqnohb btahb Chq]b rdlh,lds]k* @mm- Ogxr- 321* 057452
 1/10(-

Z50[ R- @gm* D- Ldkd* ]mc G- Lhm* Noshb]k bnmctbshuhsx ne ltksh,
Vdxk rdlhlds]kr* Ogxr- Qdu- A 84* 050001 Q(  1/06(-

Z51[ X- Rtm ]mc @-,L- V]mf* L]fmdsn,noshb]k bnmctbshuhsx ne cnt,
akd Vdxk rdlhlds]kr* Ogxr- Qdu- A 85* /74036  1/06(-

Z52[ R- O- Ltjgdqidd ]mc I- O- B]qanssd* Cnohmf ]mc shkshmf nm noshbr
hm mnmbdmsqnrxlldsqhb ltksh,Vdxk rdlhlds]kr* Ogxr- Qdu- A
86* /3404/  1/07(-

Z53[ R- X]c]u* R- Rdjg* ]mc H- L]mc]k* L]fmdsn,noshb]k bnmctbshuhsx
hm sgd sxod,H ]mc sxod,HH og]rdr ne Vdxk.ltksh,Vdxk rdlhlds]kr*
Ogxr- A9 Bnmcdmr- L]ssdq 545* 303654  1/12(-

Z54[ R- Fgnrg* @- R]gnn* ]mc R- M]mcx* Sgdnqdshb]k hmudrshf],
shnmr nm Jdqq ]mc E]q]c]x qns]shnmr hm snonknfhb]k ltksh,Vdxk
rdlhlds]kr* RbhOnrs Ogxr- 04* 022  1/12(-

Z55[ R- C]r* J- C]r* ]mc @- @f]qv]k* Mnmkhmd]q l]fmdsnbnmctbshu,
hsx hm Vdxk ]mc ltksh,Vdxk rdlhlds]kr hm pt]mshyhmf l]fmdshb
zdkc* Ogxr- Qdu- A 0.4* 1243/7  1/11(-

Z56[ A- R]cgtjg]m ]mc S- M]f* Dkdbsqnmhb rsqtbstqd ]mc tmbnm,
udmshnm]k mnmkhmd]q qdronmrd hm cntakd Vdxk rdlhlds]k RqRh1*
Ogxr- Qdu- A 0.3* 134011  1/10(-

Z57[ @- L- Bnnj* A- L- Eqdfnrn* E- Cd It]m* R- Bng* ]mc I- D- Lnnqd*
Cdrhfm oqhmbhokdr enq rghes btqqdms ognsnunks]hbr* M]s- Bnlltm-
7* 0  1/06(-

Z58[ X- Yg]mf* G- Hrghytj]* I- u]m cdm Aqhmj* B- Edkrdq* A- X]m* ]mc
M- M]f]nr]* Ognsnf]ku]mhb deedbs hm Vdxk rdlhlds]kr eqnl zqrs
oqhmbhokdr* Ogxr- Qdu- A 86* 130007 Q(  1/07(-

Z6/[ S- Yg]mf* Q- S]j]g]rgh* B- E]mf* ]mc R- Ltq]j]lh* Svnenkc
pt]cqtokd Vdxk mncdr hm bghq]k btahb bqxrs]kr* Ogxr- Qdu- A 0.1*
014037  1/1/(-

Z60[ Y-,L- Xt* Y- Yg]mf* F-,A- Kht* V- Vt* W-,O- Kh* Q-,V-
Yg]mf* R- @- X]mf* ]mc X- X]n* Dmbxbknodch] ne dldqfdms
o]qshbkdr hm sgqdd,chldmrhnm]k bqxrs]kr* Rbh- Atkk- 56* 264
 1/11(-

Z61[ B- Bth* W-,O- Kh* C-,R- L]* Y-,L- Xt* ]mc X- X]n* Bg]qfd,entq
Vdxk onhms9 Lhmhltl k]sshbd lncdk ]mc bghq]khsx,cdodmcdms
oqnodqshdr* Ogxr- Qdu- A 0.3* /64004  1/10(-

Z62[ E- cd It]m* X- Yg]mf* S- Lnqhlnsn* X- Rtm* I- D- Lnnqd* ]mc
@- F- Fqtrghm* Cheedqdmbd eqdptdmbx fdmdq]shnm hm snonknfhb]k
rdlhlds]kr* Ogxr- Qdu- Qdr- 1* /01/06 Q(  1/1/(-

Z63[ W- X]mf* J- Atqbg* ]mc X- Q]m* Chudqfdms atkj ognsnunks]hb
deedbs hm Vdxk rdlhlds]kr* ]qWhu90601-/8252  1/06(-

Z64[ P-,A- Kht* X- Ph]m* G-,G- Et* ]mc Y- V]mf* Rxlldsqx,dmenqbdc
Vdxk ognmnmr* moi Bnlots- L]sdq- 5* 84  1/1/(-
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