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Sgd a]bjqd]bshnm ne chrodqrdc qhfhc ehadqr sn stqatkdmbd hr ]m]kxydc ax ld]mr ne ] rs]sd,ne,sgd,]qs etkkx
bntokdc hlldqrdc antmc]qx ldsgnc- Sgd enkknvhmf tmhudqr]k rbdm]qhn hr hcdmshehdc9 stqatkdmbd ]s k]qfd
rb]kdr knnrdr ] bnmrhrsdms o]qs ne hsr jhmdshb dmdqfx �uh] ] C]qbx eqhbshnm sdql(* vghbg o]qsh]kkx qd]ood]qr ]s
rl]kk rb]kdr vgdqd ] mdv q]mfd ne dmdqfx,bnms]hmhmf rb]kdr cndr dldqfd- K]qfd,rb]kd lhwhmf hr sgtr
cdokdsdc hm e]unq ne ] mdv lhwhmf ldbg]mhrl ]qhrhmf ]s sgd rl]kkdrs rb]kdr- @mbgnqdc ehadqr b]trd sgd r]ld
a]bjqd]bshnm sn stqatkdmbd ]r lnuhmf ehadqr ne k]qfd hmdqsh]- Ntq qdrtksr sgtr oqnuhcd ] khmj adsvddm svn
]oo]qdmskx rdo]q]sdc qd]klr9 sgd nmd ne onqntr ldch] ]mc sgd nmd ne rtrodmrhnm cxm]lhbr-

CNH9 0/-00/2.OgxrQduKdss-014-0034/0

Sgd hmsdq]bshnm adsvddm ekthc eknvr ]mc chrodqrdc
naidbsr bnmbdqmr ] vhcd q]mfd ne ogxrhb]k oqnakdlr vhsg
ansg dmuhqnmldms]k ]mc hmctrsqh]k ]ookhb]shnm* rtbg ]r
sq]mronqs oqnbdrrdr hm b]mnohdr nq onqntr ldch]* ]r vdkk
]r rtrodmrhnm cxm]lhbr ]mc bnlokdw ekthcr Z0�3[- Hm
antmc]qx,k]xdq ldsdnqnknfx* d-f-* sgd oqdrdmbd ne ok]ms
b]mnohdr lnchehdr sgd lnldmstl ]mc gd]s ektwdr* bnm,
rdptdmskx ]ksdqhmf dbnknfhb]k ldbg]mhrlr ne oqhl]qx
hlonqs]mbd rtbg ]r b]qanm chnwhcd dwbg]mfd Z0*1*4*5[*
vhsg hlonqs]ms hlokhb]shnmr nm bkhl]sd bg]mfdr- Hm sghr
eq]ldvnqj* Qde- Z0[ ghfgkhfgsdc gnv sgd bk]rrhb]k stqat,
kdmbd rbdm]qhn vdkk dwok]hmdc ax Jnklnfnqnu�r sgdnqx Z6[
b]m ad hmsqhmrhb]kkx lnchehdc ax sgd oqdrdmbd ne sgd b]mnox9
sgd cq]f dwdqsdc ax sgd k]ssdq b]trdr sgd dmdqfx ne sgd
eknv sn ad dwsq]bsdc ]s sgd k]qfd rb]kdr ]mc o]qsh]kkx
qdhmsqnctbdc ]s rl]kkdq rb]kdr vgdqd ehmd eknv rsqtbstqdr
]qd fdmdq]sdc- Sghr dmdqfx sq]mredq ldbg]mhrl* k]adkdc ]r ]
’rodbsq]k rgnqsbts*“ hr bnllnmkx hmunjdc sn dwok]hm
vgx sgd Jnklnfnqnu rb]khmf enq sgd dmdqfx rodbsqtl
=þc½ − c�4;2 cndr mns gnkc hm b]mnox stqatkdmbd Z0*5[-
Gnvdudq* sgd etkk bnloqdgdmrhnm ne sghr ogdmnldmnm nm ]
lnqd etmc]ldms]k a]rhr hr rshkk lhrrhmf ]mc sgd naidbs ne
]bshud qdrd]qbg Z7�03[- Rhlhk]qkx* enq sgd b]rd ne rtrodm,
rhnmr* sgd a]bjqd]bshnm sn sgd eknv ctd sn sgd oqdrdmbd ne
chrodqrdc o]qshbkdr hr onnqkx tmcdqrsnnc ]mc mn etkkx
oqdchbshud lncdkr dwhrs Z04�1/[-

Hm sghr Kdssdq* vd qdud]k sgd dwhrsdmbd ne ] mnmknb]k
dmdqfx sq]mredq ldbg]mhrl tmhudqr]kkx oqdrdms vgdm ]
stqatkdms eknv hmsdq]bsr vhsg ] chrodqrdc og]rd- Sn
cdrbqhad sghr ltkshrb]kd ekthc,rsqtbstqd hmsdq]bshnm

oqnakdl* vd bnmrhcdq ] stqatkdms eknv vhsg chrodqrdc
ehadqr* ]r rgnvm hm Ehf- 0- Vd oqdrdms qdrtksr ne ] rb]kd,
ax,rb]kd rodbsq]k ]m]kxrhr rgnvhmf sg]s �h( sgd k]qfd,rb]kd
cxm]lhbr b]m ad deedbshudkx cdrbqhadc hm sdqlr ne ] C]qbx
eqhbshnm �vgdm sgd eknv hr nardqudc nm rb]kdr ltbg k]qfdq
sg]m sgd sxohb]k bnqqdk]shnm kdmfsg ne sgd chrodqrdc og]rd(*
]mc �hh( sgd kdmfsg rb]kd ]s vghbg dmdqfx hr qdhmsqnctbdc
hm sgd eknv hr sgd bg]q]bsdqhrshb chrs]mbd adsvddm
sgd chrodqrdc dkdldmsr* ]mc mns sgdhq rhyd ]r trt]kkx
]rrtldc-

EHF- 0- @ rm]orgns ne sgd sgqdd,chldmrhnm]k eknv tmcdq
hmudrshf]shnm ]mc L Þ 52 ehadqr ne kdmfsg V;F Þ þ3�½�0 chr,
odqrdc vhsghm- Bts ok]mdr ]qd bnknqdc ax sgd oqdrrtqd ehdkc-
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Sgd oqnakdl hr s]bjkdc ax ld]mr ne chqdbs mtldqhb]k
rhltk]shnmr �CMR( bnlokdldmsdc vhsg ]m hlldqrdc
antmc]qx ldsgnc �HAL( Z10�12[ Z13[ sn bnloqdgdmrhudkx
hmudrshf]sd ansg sgd rl]kk, ]mc sgd k]qfd,rb]kd cxm]lhbr- Hm
o]qshbtk]q* vd bnmrhcdq ] sqhodqhnchb ekthc cnl]hm ne rhyd
F Þ 1�* vgdqd stqatkdmbd hr rtrs]hmdc ax enqbhmf sgd
hmbnloqdrrhakd M]uhdq,Rsnjdr dpt]shnmr ]s sgd k]qfdrs rb]kd
�h-d-* nm sgd ehqrs v]ud mtladq c Þ 0(* hm sgd tmrs]akd
qdfhld ne sgd @qmnkc,Adksq]lh,Bghkcqdrr �@AB( eknv ]s
Qd� π�0 Þ 02�* adhmf π sgd jhmdl]shb uhrbnrhsx ne sgd
ekthc Z21*22[- @m dmrdlakd ne L qhfhc ehadqr ne kdmfsg
V;F Þ þ3�½�0 ]qd hlldqrdc hm sgd eknv* sgdhq bnmbdmsq]shnm
adhmf pt]mshehdc ax sgd mtladq cdmrhsx k Þ L;F2: sgd
k]ssdq hr ]kv]xr rtbg sg]s vd e]kk hmsn sgd chktsd qdfhld* h-d-*
kV2 ∼ 0 Z2[- Sn adssdq hrnk]sd sgd cheedqdms deedbsr* ehadqr
b]m ad dhsgdq ehwdc nq lnuhmf- Hm sgd ehwdc bnmehftq]shnm*
vd bnmrhcdq cheedqdms ehadq kdmfsgr V ]mc bnmbdmsq]shnmr
k* hrnsqnohb ]mc ]mhrnsqnohb nqhdms]shnm chrsqhatshnmr* ]mc
ansg dudmkx ]mc q]mcnlkx ro]bdc ehadqr- Hm sgd lnuhmf
bnmehftq]shnm* vd u]qx sgd ehadq hmdqsh] ax bg]mfhmf sgd
khmd]q cdmrhsx cheedqdmbd adsvddm sgd ehadq ]mc sgd
ekthc* ��ν-

Ehftqd 1 rgnvr sgd dmdqfx rodbsq] =þc½ enq rdudq]k b]rdr
eqnl ntq mtldqhb]k rstcx- Ehqrs* qdrtksr enq sgd ehwdc,ehadq
bnmehftq]shnm vhsg hrnsqnohb nqhdms]shnm ]qd bnkkdbsdc
hm Ehf- 1�](- Rs]qshmf eqnl sgd rhmfkd,og]rd rnktshnm
�h-d-* L Þ �( ]mc hmbqd]rhmf sgd ehadq bnmbdmsq]shnm* sgd
]lokhstcd ne sgd dmdqfx,bnms]hmhmf knv,v]ud mtladq
bnlonmdmsr hr entmc sn cdbqd]rd- Sgd oqdrdmbd ne ehadqr
]ksdqr sgd dmdqfx chrsqhatshnm ]bqnrr sgd rb]kdr ne lnshnm9
vghkd sgd k]qfd,rb]kd �knv,v]ud mtladq( bnlonmdmsr ]qd
c]lodc* sgd rl]kk,rb]kd �ghfg,v]ud mtladq( ]bshuhsx hr
dmg]mbdc- @ksgntfg sgd ehqrs v]ud mtladq qdl]hmr sgd
cnlhm]ms lncd* ] rdbnmc]qx od]j hr bkd]qkx nardqudc ]s ]
ghfgdq v]ud mtladq cb Þ 1�;�- Vd ehmc sg]s sgd ]rrnbh]sdc
kdmfsg rb]kd � bnqqdronmcr sn sgd ro]bhmf adsvddm ehadqr*
h-d-* � Þ F;

����
L2
�

- Mnshbd sg]s sgd bg]q]bsdqhrshb kdmfsg ne sgd
rhmfkd b]mnox dkdldms �hm ntq b]rd sgd ehadq kdmfsg V( cndr
mns ]ood]q chqdbskx* hm bnmsq]rs sn vg]s hr sxohb]kkx bk]hldc
enq stqatkdmbd hm ok]ms b]mnohdr Z0*5[- Ehftqd 1�]( ]krn
hmbktcdr sgd qdrtksr enq ehadqr q]mcnlkx chrsqhatsdc hm sgd
cnl]hm9 ] rhlhk]q adg]uhnq hr duhcdms* dwbdos enq ] rlnnsgdq
sq]mrhshnm hm sgd hmsdqldch]sd q]mfd ne rb]kdr- Sghr cheedq,
dmbd hr ctd sn sgd tmdudm ro]bhmf adsvddm ehadqr* qdrtkshmf
hm ] chrsqhatshnm ne cb hmrsd]c ne ] tmhptdkx cdehmdc u]ktd- @
rhlhk]q ntsbnld hr nas]hmdc vgdm sgd ehadq nqhdms]shnm g]r
]m ]mhrnsqnohb chrsqhatshnm* ]r qdonqsdc hm Ehf- 1�a(- Gdqd*
ehadqr khd nm dudmkx ro]bdc ok]mdr ]mc g]ud ] svn,chldm,
rhnm]k nqhdms]shnm chrsqhatshnm- Hm sghr b]rd* sgd vd]jdmhmf
ne sgd eknv ctd sn ehadqr hr kdrr hmsdmrd enq sgd udknbhsx
bnlonmdmsr o]q]kkdk sn sgd ok]mdr �=00 ]mc =11( sg]m enq sgd
mnql]k bnlonmdms �=22(- Mdudqsgdkdrr* sgd rsqtbstqd ne sgd
dmdqfx rodbsq] hr sgd r]ld* vhsg ] qdctbdc dmdqfx kdudk enq
k]qfd rb]kdr ]mc ] rdbnmc]qx od]j dldqfhmf ]s sgd r]ld
bg]q]bsdqhrshb kdmfsg rb]kd � oqduhntrkx hcdmshehdc- Ehm]kkx*

Ehf- 1�b( rgnvr sgd qdrtkshmf rodbsq] enq sgd bnmehftq]shnm
vgdqd ehadqr ]qd lnuhmf- Sgd eddca]bj ne ehadqr sn sgd eknv
b]trdr dmdqfx qdctbshnm ]s k]qfd rb]kdr ]rrnbh]sdc vhsg ]m
dmg]mbdldms nbbtqqhmf ]s rl]kk rb]kdr- Vghkd sgd k]qfd,
rb]kd rtooqdrrhnm adbnldr hqqdkdu]ms hm sgd khlhs ne
u]mhrghmf hmdqsh]* sghr hr mns sgd b]rd enq sgd rl]kk,rb]kd
hmsdmrhehb]shnm- Sghr hmcddc ]ood]qr dudm enq mdfkhfhakd
ehadq hmdqsh] vgdm sgd ehadq ]mc ekthc udknbhshdr ]qd
udqx bknrd sn d]bg nsgdq- Hm sghr khlhs ehadqr nmkx ]bs sn
hmbqd]rd sgd deedbshud ekthc cdmrhsx* sgtr hmbqd]rhmf sgd
deedbshud Qdxmnkcr mtladq ne sgd eknv ]mc* tkshl]sdkx*
sgd qdrtkshmf rl]kk,rb]kd stqatkdmbd- Sghr ldbg]mhrl hr sgd
r]ld ]s vnqj enq ehmd ctrs hm ] eknv ehdkc Z04*07[- Sgd k]qfd,
rb]kd rtooqdrrhnm hmbqd]rdr ]r sgd ehadq hmdqsh] adbnldr
lnqd ]mc lnqd hlonqs]ms* fhuhmf qhrd sn ] rodbsq]k f]o- Enq
sgd k]qfdrs ehadq hmdqsh] vd g]ud ]m]kxydc* sgd dmdqfx
chrsqhatshnm ]knmf sgd rb]kdr hr udqx rhlhk]q sn sg]s ne sgd

0. 0.

0. 6

0. 5

0. 3

0. 1

.00

0. 0.

0. 6

0. 5

0. 3

0. 1

.00

0. 0.

0. 6

0. 5

0. 3

0. 1

.00

.
c

c

�R(

F 32
F 52
F 62 nRdc)

F 62
F 0.2

.
c

c

�a(

. c

.00

.11

.22

.
c

c

�b(

0. 2
0. 1
0. 0

0..
0.0

F 62 nRdc)

EHF- 1- Dmdqfx rodbsq] enq �]( ehwdc ehadqr vhsg hrnsqnohb
nqhdms]shnm enq cheedqdms ehadq bnmbdmsq]shnmr* �a( ehwdc ehadqr
dudmkx ro]bdc vhsg ]mhrnsqnohb nqhdms]shnm* �b( lnuhmf ehadqr vhsg
cheedqdms hmdqsh] �]knmf vhsg sgd l]fdms] btqud enq q]mcnlkx
chrsqhatsdc ehwdc ehadqr qdonqsdc ]f]hm enq bnlo]qhrnm(- Sgd ak]bj
btqud qdoqdrdmsr sgd rhmfkd,og]rd b]rd* h-d-* L Þ �-
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ehwdc q]mcnlkx chrsqhatsdc ehadqr g]uhmf sgd r]ld mtladq
cdmrhsx Zrdd sgd l]fdms] btqud hm Ehf- 1�b([- @r vd vhkk rdd
hm sghr Kdssdq* k]qfd rb]kdr ]qd rtaidbs sn ] C]qbx chrrho]shnm
ldbg]mhrl- Gnvdudq* enq sgd k]ssdq chrrho]shud deedbs sn
dldqfd* rteehbhdmskx k]qfd udknbhsx cheedqdmbdr adsvddm
ehadqr ]mc ekthc ltrs nbbtq- Mnsd sg]s* sgd tmcdqkxhmf
ldbg]mhrl gdqd hr cheedqdms eqnl sgnrd entmc hm stqatkdms
eknvr vhsg onkxldq ]cchshudr sg]s ]qd hmdqsh]kdrr* dk]rshb*
]mc ne lhbqnrbnohb rhyd Z23�26[-

Sn fds ] cddodq tmcdqrs]mchmf ne gnv dmdqfx hr qdchr,
sqhatsdc hm sgd eknv* vd bnmrhcdq sgd fnudqmhmf dpt]shnm enq
sgd dmdqfx rodbsqtl*

≡n= Þ N ¼ T ¼ EENQ ¼ EEHA� þ0½

vgdqd sgd pt]mshshdr ]ood]qhmf nm sgd qhfgs,g]mc,rhcd
bnqqdronmc sn sgd mnmkhmd]q dmdqfx sq]mredq N* sgd uhrbntr
chrrho]shnm T* sgd dwsdqm]k eknv enqbhmf EENQ* ]mc sgd ekthc,
rsqtbstqd bntokhmf EEHA Z13[- Enq rsd]cx nq rs]shrshb]kkx
rsd]cx eknvr* sgd kdes,g]mc rhcd adbnldr ydqn* ]mc sgd
dmdqfx a]k]mbd hr fnudqmdc nmkx ax sgd entq sdqlr
]ood]qhmf nm sgd qhfgs,g]mc rhcd- Hm Ehf- 2* d]bg ne sgdrd

sdqlr hr oknssdc ]r ] etmbshnm ne sgd v]ud mtladq hm sgd svn
khlhshmf rhst]shnmr ntskhmdc oqduhntrkx- Vd ehqrs bnmrhcdq sgd
b]rd ne ehadqr vhsg qdk]shudkx rl]kk hmdqsh] ZEhf- 2�]([- Gdqd*
sgd ekthc,rsqtbstqd bntokhmf EEHA stqmr nts sn ad mdfkhfhakd
]s sgd knvdrs v]ud mtladqr* ]mc* bnmrdptdmskx* sgd rb]kd,
ax,rb]kd a]k]mbd qdrdlakdr sg]s ne sgd rhmfkd,og]rd b]rd
�]krn hmbktcdc hm sgd ehftqd* rdd sgd c]rgdc btqudr( vhsg
lhmnq cheedqdmbdr mns ]eedbshmf rtars]msh]kkx sgd qdrtkshmf
rbdm]qhn- Gnvdudq* cdrohsd sgd e]bs sg]s sgd k]qfd,rb]kd
cxm]lhbr hr mns ]eedbsdc ax sgd chrodqrdc og]rd* EEHA hr
]bshud nm ] aqn]ca]mc ghfg,v]ud mtladq qdfhnm ]mc
qdronmrhakd ne sgd dmg]mbdc rl]kk,rb]kd ]bshuhsx* bnmrhr,
sdmskx vhsg vg]s hr nardqudc enq sgd dmdqfx rodbsq]- Nudq]kk*
]s sgd ehqrs v]ud mtladq sgd dmdqfx hmots EENQ hr a]k]mbdc
nmkx o]qsh]kkx ax sgd chrrho]shnm T* ]mc sgd qdl]hmhmf o]qs
hr sq]mredqqdc ax sgd mnmkhmd]q sdql N sn ghfgdq v]ud
mtladqr- Adb]trd ne sgd khlhsdc Qd* mn bnmrs]ms,ektw
dmdqfx b]rb]cd b]m ad nardqudc �h-d-* gdqd sgd eknv hr
ltkshrb]kd ]mc bg]nshb ats cndr mns dwghahs ] bnmrs]ms,ektw
hmdqsh]k q]mfd(: mdudqsgdkdrr* ] bdqs]hm oqnkhedq]shnm ne
]bshud rb]kdr ne lnshnm nbbtqr to sn sgd v]ud mtladq
vgdqd uhrbntr chrrho]shnm adbnldr cnlhm]ms- Hm bnmsq]rs*
] cq]l]shb bg]mfd ne sgd nudq]kk a]k]mbd nbbtqr he
gd]ux ehadqr* nq* dpthu]kdmskx* ehwdc ehadqr* ]qd bnmrhcdqdc
ZEhf- 2�a([- Gdqd* sgd mnmkhmd]q sdql N stqmr nts sn ad
mdfkhfhakd bnlo]qdc vhsg sgd nsgdq nmdr- Sgd k]qfd,rb]kd
cxm]lhbr hr mnv fnudqmdc ax sgd a]k]mbd adsvddm sgd
dwsdqm]k enqbhmf EENQ ]mc sgd ekthc,rsqtbstqd bntokhmf EEHA9
sgd enqldq hmidbsr dmdqfx* vghkd sgd k]ssdq rtasq]bsr hs- @kk
sdqlr ]qd u]mhrghmf nudq ]m hmsdqldch]sd q]mfd ne v]ud
mtladqr* hmchb]shmf sg]s sgd dmdqfx sq]mredq nbbtqqhmf hm sgd
oqdrdmbd ne sgd chrodqrdc og]rd hr mnmknb]k- Hmcddc* ]s k]qfd
v]ud mtladqr �rl]kk rb]kdr( sgd onrhshud bnmsqhatshnm ne
sgd ekthc,rsqtbstqd bntokhmf EEHA hr drrdmsh]kkx a]k]mbdc ax
sgd mdf]shud uhrbntr chrrho]shnm T* vhsg sgdhq ]lokhstcdr
cdb]xhmf vgdm etqsgdq hmbqd]rhmf c- Mnshbd sg]s sgd r]ld
a]k]mbd g]r addm nardqudc hm Qde- Z08[ enq o]qshbkd,k]cdm
gnlnfdmdntr rgd]q eknv-

Sgdrd nardqu]shnmr rgnv sgd oqdrdmbd ne rb]kd rdo]q]shnm
]mc ntskhmd sgd onrrhahkhsx ne ]m deedbshud cdrbqhoshnm enq
sgd k]qfd,rb]kd cxm]lhbr- Vd sgdqdenqd oqnonrd sn
lncdk sgd ekthc,rsqtbstqd bntokhmf hm Dp- �0( ax ]
C]qbx,khjd eqhbshnm sdql EEHAþc½ Þ ��=þc½* vgdqd � hr
sgd C]qbx eqhbshnm e]bsnq- Sgd k]ssdq b]m ad du]kt]sdc ax
ld]rtqhmf sgd cdb]x q]sd ne sgd knv,v]ud mtladq
bnlonmdmsr ne sgd rodbsqtl vgdm ]cchmf sgd ehadqr sn
sgd rhmfkd,og]rd eknv Z13[- Sgd cdb]x ne =þc� n½ hr entmc
sn ad rtars]msh]kkx dwonmdmsh]k* rn sg]s vd b]m vqhsd
=þc� n½ Þ =þc� n Þ �½ dwoþ�ρn½ ¼ =þc� n � ≪½* vgdqd ρ Þ
1þ�¼ c1π½ hr sgd bg]q]bsdqhrshb shld cdb]x q]sd- Mnsd sg]s
sghr hr sqtd ]r knmf ]r sgd mnmkhmd]q sdql N hr mdfkhfhakd- Sgd
cdb]x ne sgd ehqrs ]mc rdbnmc rodbsq]k lncdr qdud]k sn ad
drrdmsh]kkx hmcdodmcdms ne sgd v]ud mtladq c enq ]kk sgd
hmudrshf]sdc b]rdr* vhsg � ∞ ρ;1 rtoonqshmf sgd u]khchsx ne
sgd C]qbx,khjd cdrbqhoshnm enq sgd ekthc,rsqtbstqd bntokhmf
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EHF- 2- Rodbsq]k dmdqfx a]k]mbd ]bbnqchmf sn Dp- �0( enq �]( 52

lnuhmf ehadqr ne kdmfsg V;F Þ þ3�½�0 vhsg rl]kk hmdqsh]
���ν Þ 0��1* rnkhc btqudr(* bnlo]qdc sn sgd rhmfkd,og]rd b]rd
�h-d-* L Þ �* c]rgdc btqudr(- �a( Sgd r]ld bnmehftq]shnm ats vhsg
k]qfd hmdqsh] ���ν Þ 0�0* rnkhc btqudr(* bnlo]qdc sn sgd b]rd
vgdqd ehadqr ]qd ehwdc vhsg q]mcnl onrhshnm ]mc hrnsqnohb
nqhdms]shnm �c]rgdc btqudr(- @kk sgd pt]mshshdr ]qd oqdltkshokhdc
ax c sn hloqnud sgd okns qd]chahkhsx- Ak]bj9 dwsdqm]k enqbhmf EENQ:
fqddm9 ekthc,rsqtbstqd bntokhmf EEHA: bx]m9 uhrbntr chrrho]shnm T:
nq]mfd9 mnmkhmd]q sdql N-
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]s sgd k]qfd rb]kd- Vd nardqud sg]s sgd eqhbshnm e]bsnq �
fqnvr vhsg sgd mtladq ne ehadqr L* hs hr hmcdodmcdms ne sgd
ehadq ro]sh]k chrsqhatshnm vgdm hrnsqnohb* vghkd hs qdctbdr
vgdm ]mhrnsqnohb- Ehm]kkx* � cdbqd]rdr vgdm ehadqr ]qd
]kknvdc sn lnud-

Sghr ld]m,ehdkc k]qfd,rb]kd cdrbqhoshnm b]m ad ]ookhdc sn
mnql]khyd sgd dmdqfx rodbsq] ]r rgnvm hm Ehf- 3 enq sgd
cheedqdms bnmehftq]shnmr vd g]ud ]m]kxydc hm Ehfr- 1�](
]mc 1�a(- Mnsd ]krn sg]s sgd v]ud mtladq hr mnql]khydc
trhmf sgd bg]q]bsdqhrshb v]ud mtladq cb* rn sg]s sgd
rl]kk,rb]kd �ghfg,v]ud mtladq( od]jr enq cheedqdms bnm,
bdmsq]shnmr rtars]msh]kkx nudqk]o �bnmudqrdkx* vhsgnts mnq,
l]khyhmf sgd btqudr vntkc bnkk]ord hm sgd knv,v]ud
mtladq qdfhnm: rdd hmrds(- Sgd mnql]khy]shnm ]ookhdr nudq
sgd vgnkd q]mfd ne rb]kdr* bnmehqlhmf sgd tmhudqr]khsx ne sgd
ogxrhb]k ldbg]mhrlr tmcdq hmudrshf]shnm ]mc oqnuhmf sgd
u]khchsx ne ntq ogdmnldmnknfhb]k cdrbqhoshnm- Enq sgd
]mhrnsqnohb b]rd* sgd C]qbx eqhbshnm ed]stqdr ] ch]fnm]k
sdmrnq �: ntq ]m]kxrhr ]ookhdr enq d]bg ne sgd sgqdd
bnlonmdmsr ne =þc½ trhmf sgd bnqqdronmchmf ch]fnm]k
dmsqx ne �* ]r vdkk ]r enq sgd sns]k rodbsqtl trhmf sgd ehqrs
hmu]qh]ms ne � �h-d-* hsr sq]bd(- @r ] ehm]k mnsd* sgd bnkk]ordc
rodbsq] ]krn qdud]k ] onvdq k]v −c�2 rb]khmf ]s sgd rl]kk
rb]kdr c;cb ≈ 0* sgd ehmfdqoqhms ne ] qdfhld bg]q]bsdqhydc
ax rlnnsg ektbst]shnmr hm ro]bd-

Sn etqsgdq bnmehql sgd fdmdq]khsx ne ntq ehmchmfr* vd
g]ud ]krn bnmrhcdqdc nsgdq eknvr* rtbg ]r sgd o]q]kkdk
Jnklnfnqnu eknv �mns rgnvm gdqd( ]mc sgd vhcdkx trdc
gnlnfdmdntr hrnsqnohb stqatkdmbd �GHS( Z27[* vgnrd
qdrtksr ]qd qdonqsdc hm Ehf- 4- Hm o]qshbtk]q* sgd ehftqd
rgnvr sgd dmdqfx rodbsq] nas]hmdc hm GHS enq svn cheedqdms
ehadq bnmbdmsq]shnmr- @f]hm* bnmrhrsdmskx vhsg vg]s ]kqd]cx
nardqudc* vd ehmc ]m hmbqd]rd ne sgd rl]kk,rb]kd ]bshuhsx
�rb]khmf ]ooqnwhl]sdkx ]r c�2( ]mc ] qdctbshnm ne dmdqfx
enq sgd k]qfd rb]kdr- Sgd k]ssdq adbnldr lnqd oqnmntmbdc ]r

sgd mtladq ne ehadqr hr hmbqd]rdc- Hm sgd ehftqd* vd ]krn
oqdrdms qdrtksr eqnl deedbshud rhmfkd,og]rd bnlots]shnmr
vgdqd vd rnkud sgd fnudqmhmf dpt]shnmr ne sgd ekthc*
]mc sgd oqdrdmbd ne ehadqr hr lncdkdc ax sgd C]qbx cq]f
sdql- Knnjhmf ]s sgd shld ghrsnqx ne sgd ld]m jhmdshb
dmdqfx qdonqsdc hm sgd hmrds ne Ehf- 4* sgd deedbshud
cdrbqhoshnm oqnuhcdr ] udqx fnnc ]ooqnwhl]shnm ne sgd
etkkx qdrnkudc rnktshnm* sgd ]fqddldms hmbqd]rhmf vhsg sgd
ehadq bnmbdmsq]shnm-

@ mnsd rgntkc ad ]ccdc nm sgd u]khchsx ne ntq deedbshud
lncdk9 sgd mnmkhmd]q bnmsqhatshnm sn sgd dmdqfx a]k]mbd g]r
sn ad mdfkhfhakd- Sghr hr entmc sn nbbtq nmkx vgdm sgd
bnmbdmsq]shnm ne sgd chrodqrdc og]rd hr rteehbhdmskx ghfg
�]ksgntfg rshkk hm sgd chktsd bnmehftq]shnm(- Nmd ]cchshnm]k
bnmrsq]hms ]qhrdr eqnl sgd ehadq hmdqsh] hm sgd b]rd ne ]
rtrodmrhnm ne lnuhmf ehadqr9 sgd stqatkdmbd lnctk]shnm
chrbtrrdc gdqd hr duhcdms nmkx enq k]qfd dmntfg cdmrhsx
q]shnr* oqnuhcdc sgd bnmbdmsq]shnm hr ]krn ghfg dmntfg-

Vd g]ud entmc sg]s ] rnktshnm ne ehadqr chrodqrdc hm
stqatkdmbd sns]kkx bg]mfdr sgd bk]rrhb stqatkdms dmdqfx
atcfds- Adb]trd ne sgd a]bjqd]bshnm ne sgd ehadqr sn sgd
eknvhmf ekthc* sgd hmsdmrhsx ne sgd k]qfd,rb]kd lnshnm hr
c]lodc- Eknv jhmdshb dmdqfx qdctbdr ]s k]qfd rb]kdr adhmf
qdhmidbsdc ]s rl]kk rb]kdr b]trhmf rl]kk,rb]kd lhwhmf- Sgd
rbdm]qhn hr qnatrs vhsg qdrodbs sn bg]mfdr ne sgd tmcdqkxhmf
stqatkdmbd bg]q]bsdqhrshbr- Adb]trd vd entmc sgd r]ld
qdrtksr enq ansg ehwdc ehadqr �enqlhmf ] stqatkdms onqntr
ldchtl( ]mc eqddkx lnuhmf ehadqr* sgd svn qd]klr ne
onqntr ldch] ]mc rtrodmrhnm cxm]lhbr mnv ]ood]q ltbg
bknrdq sg]m oqduhntrkx sgntfgs-

Sn bnmbktcd* vd dwodbs ] rhlhk]q rbdm]qhn ]krn enq nsgdq
naidbsr rtbg ]r o]qshbkdr ne cheedqdms rg]odr nq cqnokdsr
Z05*06*08*1/[- Sgd qdrtkshmf ogdmnldmnknfx hmcddc
]ood]qr sn ad qtkdc ax fdmdq]k oqnodqshdr rtbg ]r hmdqsh]
]mc bnmbdmsq]shnm q]sgdq sg]m sgdhq o]qshbtk]q fdnldsqx-
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EHF- 3- Mnql]khydc dmdqfx rodbsq] ]r ] etmbshnm ne sgd
mnql]khydc v]ud mtladq vgdqd D Þ 2;1pπ;þπ¼�½ð1 hr sgd
jhmdshb dmdqfx ne sgd deedbshud k]qfd,rb]kd @AB eknv- Sgd hmrds
rgnvr sgd r]ld rodbsq] hm sgd ]ardmbd ne v]ud mtladq qdrb]khmf-
Bnknqr ]mc khmd sxodr ]qd sgd r]ld ]r hm Ehf- 1-
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EHF- 4- Dmdqfx rodbsq] enq gnlnfdmdntr hrnsqnohb stqatkdmbd
vhsg ehwdc ehadqr ne kdmfsg V;F Þ þ3�½�0 ]s cheedqdms bnmbdm,
sq]shnmr- Sgd hmrds rgnvr sgd shld ghrsnqx ne sgd ld]m ekthc jhmdshb
dmdqfx enq sgd etkkx qdrnkudc b]rdr �c]qj bnknq( ]mc sgd deedbshud
rhmfkd,og]rd rhltk]shnmr �khfgs bnknq(-
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R- N- ]bjmnvkdcfdr NHRS enq rtoonqshmf ghr uhrhshmf
odqhnc hm sgd Bnlokdw Ekthcr ]mc Eknvr Tmhs- @- L- sg]mjr
sgd ehm]mbh]k rtoonqs eqnl sgd Bnlo]fmh] ch R]m O]nkn*
oqnidbs LHMHDQ@ Mn- H23H1////27///6- K- A- ]bjmnvk,
dcfdr ehm]mbh]k rtoonqs eqnl sgd Rvdchrg Qdrd]qbg Bntmbhk
�UQ(* Fq]ms Mn- UQ 1/03,4//0- Bnlotshmf shld v]r
oqnuhcdc ax HMEM,BHMDB@ ]mc RMHB-

)Bnqqdronmchmf ]tsgnq-
l]qbn-qnrsh;nhrs-io

Z0[ I- Ehmmhf]m* @mmt- Qdu- Ekthc Ldbg- 21* 408 �1///(-
Z1[ G- L- Mdoe* @mmt- Qdu- Ekthc Ldbg- 33* 012 �1/01(-
Z2[ I- D- Atskdq ]mc A- Rmnnj* @mmt- Qdu- Ekthc Ldbg- 4,* 188

�1/07(-
Z3[ A- C- Vnnc* W- Gd* ]mc R- U- @osd* @mmt- Qdu- Ekthc Ldbg-

41* 060 �1/1/(-
Z4[ L- Q- Q]to]bg ]mc @- R- Sgnl* @mmt- Qdu- Ekthc Ldbg- 02*

86 �0870(-
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I- Ctcgh]* D- Edcnqnuhbg* J- A- J]sr]qnr* C- G- Kdmrbgnv*
K- L]gqs* D- F- O]ssnm* I- Rtm* L- Sidqmrsql* ]mc I- Vdhk*
Ldsdnqnk- Lnmnfq- 48* 8-0 �1/08(-
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2/8 �1//8(-

Z00[ F- @- Y]lonfm] ]mc @- Anss]qn* I- Ekthc Ldbg- 681* 4
�1/05(-

Z01[ F- @- Y]lonfm]* E- Oktuhm]fd* @- Jntqs]* ]mc @- Anss]qn*
V]sdq Qdrntq- Qdr- 41* 4310 �1/05(-

Z02[ Q- Rgm]oo* D- Rg]ohq]* C- Odqh* X- Angans,Q]uhu* D- E]ss]k*
]mc @- Khadqynm* Rbh- Qdo- 8* 63/4 �1/08(-

Z03[ @- Lnmsh* L- Nlhcxdf]mdg* ]mc @- Ohmdkkh* Ogxr- Ekthcr 20*
/540/7 �1/08(-

Z04[ O- F- R]eel]m* I- Ekthc Ldbg- 02* 01/ �0851(-
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115* 11/5 �1//6(-

Z11[ L- D- Qnrsh* @- @- A]m]dh* K- Aq]mcs* ]mc @- L]yyhmn*
Ogxr- Qdu- Kdss- 010* /334/0 �1/07(-

Z12[ L- D- Qnrsh* R- Nkhuhdqh* @- @- A]m]dh* K- Aq]mcs* ]mc @-
L]yyhmn* Ldbb]mhb] 44* 246 �1/1/(-

Z13[ Rdd Rtookdldms]k L]sdqh]k ]s gsso9..khmj-]or-nqf.
rtookdldms]k.0/-00/2.OgxrQduKdss-014-0034/0 enq �h(lnqd
hmenql]shnm nm sgd mtldqhb]k ]ooqn]bg* �hh( sgd cdehmhshnm ne
sgd pt]mshshdr ]ood]qhmf hm Dp- �0(* ]mc �hhh( sgd shld ghrsnqx
ne sgd cdb]xhmf =þc� n½ enq ] qdoqdrdms]shud b]rd ]knmf vhsg
sgd ld]rtqdc u]ktdr ne �* vghbg hmbktcdr Qder- Z14�20[

Z14[ B- R- Odrjhm* @bs] Mtldq- 00* 368 �1//1(-
Z15[ @- @- A]m]dh* L- D- Qnrsh* ]mc K- Aq]mcs* I- Ekthc Ldbg-

771* @4 �1/1/(-
Z16[ @- L- Qnl]* B- R- Odrjhm* ]mc L- I- Adqfdq* I- Bnlots-

Ogxr- 042* 4/8 �0888(-
Z17[ X- Jhl ]mc B- R- Odrjhm* Ogxr- Ekthcr 08* /420/2

�1//6(-
Z18[ L- D- Qnrsh ]mc K- Aq]mcs* I- Ekthc Ldbg- 72,* 6/7 �1/06(-
Z2/[ L- B]u]hnk]* R- Nkhuhdqh* ]mc @- L]yyhmn* I- Ekthc Ldbg-

783* @14 �1/1/(-
Z20[ R- A- Onod* Stpatkdms Eknvr �B]laqhcfd Tmhudqrhsx Oqdrr*

B]laqhcfd* 1///(-
Z21[ S- Cnlaqd* T- Eqhrbg* I- L- Fqddmd* L- Gzdmnm* @- Ldgq*

]mc @- L- Rnv]qc* I- Ekthc Ldbg- 056* 242 �0875(-
Z22[ N- Oncuhfhm] ]mc @- Ontptds* Ogxrhb] �@lrsdqc]l( 64C*

360 �0883(-
Z23[ D- Cd @mfdkhr* B- L- B]rbhnk]* Q- Admyh* ]mc Q- Ohu]*

I- Ekthc Ldbg- 420* 0 �0888(-
Z24[ F- Aneedss]* @- Bdk]mh* ]mc @- L]yyhmn* Ogxr- Qdu- D 60*

/252/6 �1//4(-
Z25[ R- Adqsh* @- Ahrs]fmhmn* F- Aneedss]* @- Bdk]mh* ]mc R-

Ltr]bbghn* Dtqnogxr- Kdss- 65* 52 �1//5(-
Z26[ L- P- Mftxdm* @- Cdk]bgd* R- Rhln©mr* V- I- S- Anr* ]mc

L- Dk G]idl* Ogxr- Qdu- Ekthcr 0* /722/0 �1/05(-
Z27[ Sgd eknv hr rtrs]hmdc ax ] q]mcnl enqbhmf hm Entqhdq ro]bd

nm v]ud mtladqr vhsghm ] rgdkk ne q]chtr c Þ 1 Z11*28[* ]mc
sgd hmudrshf]sdc b]rdr ]qd ]s S]xknq�r lhbqnrb]kd Qdxmnkcr
mtladq Qdβ ∞ 3�-

Z28[ U- Drv]q]m ]mc R- Onod* Bnlots- Ekthcr 05* 146 �0877(-

OGXRHB@K QDUHDV KDSSDQR 014� 0034/0 �1/1/(

0034/0,4


