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Vd rstcx fqntmc,rs]sd dmdqfhdr ]mc bg]qfd q]chh ne bknrdc,rgdkk ldchtl,l]rr mtbkdh a]rdc nm
mnudk bghq]k mtbkdnm,mtbkdnm (MM( ]mc sgqdd,mtbkdnm (2M( hmsdq]bshnmr+ vhsg ] enbtr nm dwoknqhmf sgd
bnmmdbshnmr adsvddm fimhsd mtbkdh ]mc mtbkd]q l]ssdq- Sn sghr dmc+ vd odqenql hm,ldchtl rhlhk]qhsx
qdmnql]khy]shnm fqnto (HL,RPF( b]kbtk]shnmr a]rdc nm bghq]k hmsdq]bshnmr ]s mdws,sn,kd]chmf nqcdq
(MKN(+ M1KN+ ]mc M2KN+ vgdqd sgd 2M hmsdq]bshnmr ]s M1KN ]mc M2KN ]qd fis sn sgd dlohqhb]k
r]stq]shnm onhms ne mtbkd]q l]ssdq ]mc sn sgd sqhsnm ahmchmf dmdqfx- Ntq qdrtksr enq dmdqfhdr ]mc
q]chh ]s M1KN ]mc M2KN nudqk]o vhsghm tmbdqs]hmshdr+ ]mc sgd btsnff u]qh]shnm ne sgd hmsdq]bshnmr
hr vhsghm sgd DES tmbdqs]hmsx a]mc- Vd fimc tmcdqantmc fqntmc,rs]sd dmdqfhdr+ ]r dwodbsdc eqnl
sgd bnlo]qhrnm sn sgd dlohqhb]k r]stq]shnm onhms- Sgd q]chh ]qd rxrsdl]shb]kkx snn k]qfd+ ats sgd
]fqddldms vhsg dwodqhldms hr adssdq- Vd etqsgdq dwoknqd u]qh]shnmr ne sgd 2M bntokhmfr sn sdrs
sgdhq rdmrhshuhsx hm mtbkdh- Vghkd mtbkd]q l]ssdq ]s r]stq]shnm cdmrhsx hr pthsd rdmrhshud sn sgd 2M
bntokhmfr+ vd fimc ] bnmrhcdq]akx vd]jdq cdodmcdmbd hm ldchtl,l]rr mtbkdh- Hm ]cchshnm+ vd dwoknqd
] bnmrhrsdms lnldmstl,ro]bd RPF dunktshnm ne sgdrd MM ]mc 2M hmsdq]bshnmr+ dwghahshmf hloqnudc
l]mx,ancx bnmudqfdmbd- Enq sgd RPF,dunkudc hmsdq]bshnmr+ sgd rdmrhshuhsx sn sgd 2M bntokhmfr hr
entmc sn ad rsqnmfdq hm ldchtl,l]rr mtbkdh-

H- HMSPNCTASHNM

Sgd cdudknoldms ne hloqnudc mtbkdnm,mtbkdnm ”MM(
]mc sgqdd,mtbkdnm ”2M( hmsdq]bshnmr vhsghm bghq]k dffdb,
shud fidkc sgdnqx ”DES( enq �a bibobn rstchdr ne ]snlhb mt,
bkdh ]mc hmfimhsd mtbkd]q l]ssdq hr btqqdmskx ] udqx ]bshud
fidkc ne qdrd]qbg X0z5“- Vghkd mnmd ne sgd oqdrdmskx ]u]hk,
]akd hmsdq]bshnmr hr ]akd sn rhltks]mdntrkx cdrbqhad dwodq,
hldms]k fqntmc,rs]sd dmdqfhdr ]mc bg]qfd q]chh ne mtbkdh
nudq ] vhcd q]mfd ne sgd mtbkd]q bg]qs+ qdbdms b]kbtk]shnmr
mns tmdwodbsdckx hmchb]sd ] rsqnmf bnqqdk]shnm adsvddm
oqdchbshnmr enq ldchtl,l]rr mtbkdh ]mc mtbkd]q l]ssdq
oqnodqshdr X0+ 6z00“- =ksgntfg ] rxrsdl]shb ]mc pt]msh,
s]shud tmcdqrs]mchmf ne sghr bnqqdk]shnm hr rshkk lhrrhmf+
sgdrd rstchdr ghfgkhfgs sgd rhfmhfib]mbd ne qd]khrshb r]st,
q]shnm oqnodqshdr enq sgd bnmrsqtbshnm ne mdws,fdmdq]shnm
mtbkd]q enqbdr- Hm o]qshbtk]q+ b]kbtk]shnmr a]rdc nm hm,
sdq]bshnmr fissdc nmkx sn MM ]mc edv,ancx nardqu]akdr
sdmc sn dwghahs rhfmhfib]ms cduh]shnmr eqnl dwodqhldms
enq gd]uhdq mtbkdh X1+ 01+ 02“- Pdl]qj]akx+ nmd dwbdoshnm
sn sghr fdmdq]k sqdmc v]r entmc hm Pde- X6“- Hm sghr vnqj+
] e]lhkx ne MM oktr 2M hmsdq]bshnmr v]r bnmrsqtbsdc tr,
hmf rhlhk]qhsx qdmnql]khy]shnm fqnto ”RPF( dunkudc MM
hmsdq]bshnmr bnlahmdc vhsg sgd kd]chmf bghq]k 2M enqbdr
fissdc sn sgd 2G ahmchmf dmdqfx ]mc sgd bg]qfd q]chtr ne
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3Gd- Vghkd ]kk bnmrsqtbsdc hmsdq]bshnmr kd]c sn ] qd],
rnm]akd cdrbqhoshnm ne sgd dlohqhb]k r]stq]shnm onhms+ sgd
fqntmc,rs]sd dmdqfhdr enq bknrdc,rgdkk mtbkdh q]mfhmf eqnl
3Gd sn 0,,Rm ]qd vdkk qdoqnctbdc enq nmd o]qshbtk]q hm,
sdq]bshnm ””0-7.1-/”(+ vgdqd]r bg]qfd q]chh ]qd rnldvg]s
snn rl]kk X0/+ 03“- Gnvdudq+ sgd ogxrhb]k qd]rnmr ne sghr
qdl]qj]akd ]fqddldms vhsg sghr rodbhfib MM)2M hmsdq]b,
shnm hr rshkk ]m nodm ptdrshnm-

Sgdrd fimchmfr rtffdrs sn hmbnqonq]sd dwodqhldms]k
bnmrsq]hmsr ne gd]uhdq mtbkdh chqdbskx hm sgd fisshmf oqn,
bdrr ne mtbkd]q hmsdq]bshnmr+ ]r v]r cnmd hm Pde- X0“- M]s,
tq]kkx+ qdrtksr a]rdc nm sgdrd hmsdq]bshnmr rgnv hm fdm,
dq]k adssdq ]fqddldms vhsg dwodqhldms enq ldchtl,l]rr
mtbkdh+ ats MM rb]ssdqhmf og]rd,rghesr b]m nmkx ad qd,
oqnctbdc sn q]sgdq knv dmdqfhdr+ vgdm bnmrhcdqhmf bghq]k
hmsdq]bshnmr to sn mdws,sn,mdws,sn,kd]chmf nqcdq ”M1KN(-
Hm Pde- X5“+ ] bnlokdldms]qx rsq]sdfx v]r otqrtdc sn fis
sgd 2M knv,dmdqfx bntokhmfr ZA ]mc ZD enq fiwdc MM hm,
sdq]bshnmr sn sgd 2G ahmchmf dmdqfx ]mc sgd r]stq]shnm
qdfhnm ne mtbkd]q l]ssdq trhmf ] mnudk l]mx,ancx odq,
stqa]shnm sgdnqx eq]ldvnqj enq mtbkd]q l]ssdq- Hs v]r
entmc sg]s+ a]rdc nm sgd MM hmsdq]bshnmr ne Pde- X4“+ ]
qd]rnm]akd qdoqnctbshnm ne sgd r]stq]shnm onhms b]m ad
nas]hmdc enq ]kk hmsdq]bshnmr ]s M1KN ]mc M2KN ]mc enq
chffdqdms btsnffr Λ : 34/ ]mc 4//LdU- Hm sghr vnqj+
vd dwsdmc sghr rstcx sn hmsdq]bshnmr vhsg ] knvdq bts,
nff Λ : 31/LdU ]mc hmudrshf]sd hm cds]hk sgd oqnodqshdr
ne ldchtl,l]rr mtbkdh a]rdc nm sgdrd hmsdq]bshnmr trhmf
sgd �a bibobn hm,ldchtl rhlhk]qhsx qdmnql]khy]shnm fqnto
”HL,RPF(- Sghr vnqj sgtr oqdrdmsr fiqrs M2KN b]kbtk],
shnmr ne ldchtl,l]rr mtbkdh-

Sgd o]odq hr nqf]mhydc ]r enkknvr9 vd aqhdfix chrbtrr
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sgd dloknxdc bghq]k MM oktr 2M hmsdq]bshnmr hm Rdb- HH
]mc sgd HL,RPF l]mx,ancx b]kbtk]shnmr hm Rdb- HHH-
Hm Rdb- HU+ vd rstcx sgd lncdk,ro]bd bnmudqfdmbd ]mc
oqdrdms qdrtksr enq fqntmc,rs]sd dmdqfhdr ]mc bg]qfd q]chh
ne ldchtl,l]rr mtbkdh to sn mhbjdk hrnsnodr- Vd rstcx
sgd dffdbsr ne bnmrhrsdms lnldmstl,ro]bd RPF dunktshnmr
ne sgd MM oktr 2M hmsdq]bshnmr ]mc hmudrshf]sd sgd rxr,
sdl]shbr ne sgd qdrtksr enq mtbkdh ]mc l]ssdq vhsg qdrodbs
sn u]qh]shnmr ne sgd knv,dmdqfx bntokhmfr- Ehm]kkx+ vd
bnmbktcd ]mc fhud ]m ntsknnj hm Rdb- U-

HH- AGHP9K HMSDP9ASHNMR

=r hm sgd qdbdms M2KN mtbkd]q l]ssdq rstcx X5“+ vd trd
sgd mnmknb]k bghq]k MM hmsdq]bshnmr ne Dmsdl+ L]bgkdhcs+
]mc Mnrxj ”DLM( X4“ vhsg btsnffr Λ : 34/ ]mc 4//LdU-
Hm ]cchshnm+ vd bnmrhcdq ] rnesdq M2KN hmsdq]bshnm vhsg
btsnff Λ : 31/LdU X04“- Sgd 2M hmsdq]bshnmr ]qd qdft,
k]qhydc uh] ] mnmknb]k qdftk]snq
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vgdqd n ]mc p ]qd sgd l]fmhstcdr ne sgd qdk]shud lnldms]
R ]mc p+ qdrodbshudkx X05“+ ]mc ”ax bgnhbd( Λ2M : Λ- Hm
Pde- X5“+ vd rstchdc r]stq]shnm oqnodqshdr ne rxlldsqhb
mtbkd]q l]ssdq ne sgdrd MM onsdmsh]kr bnlahmdc vhsg bnm,
rhrsdms 2M enqbdr to sn M2KN trhmf ] mdv Lnmsd B]qkn
eq]ldvnqj sg]s dm]akdr ghfg,nqcdq b]kbtk]shnmr hm l]mx,
ancx odqstqa]shnm sgdnqx ”LAOS(- Hs v]r rgnvm sg]s
fisr sn sgd sqhsnm ahmchmf dmdqfx ]mc sgd dlohqhb]k r]st,
q]shnm onhms kd]c sn m]qqnv q]mfdr enq sgd svn 2M knv,
dmdqfx bntokhmfr ZA ]mc ZD ”mnsd sg]s sgd fis sn mtbkd]q
l]ssdq v]r mns noshlhydc sn ghfg ]bbtq]bx(- Sgd qdrtks,
hmf u]ktdr ne sgd 2M bntokhmfr ]qd fhudm hm sgd k]rs qnv
ne S]akd H- Hm ]cchshnm sn Pde- X5“+ vd dwoknqd sgd rnesdq
M2KN hmsdq]bshnm vhsg Λ : 31/LdU enq mtbkd]q l]ssdq
r]stq]shnm hm Ehf- 0- Enq sghr rstcx+ vd s]jd ZA : 3./
”u]qhdc hm rsdor ne 0(+ sn dwoknqd sgd qdoqnctbshnm ne sgd
r]stq]shnm cdmrhsx-

S=AKD H- Sgqdd,mtbkdnm bntokhmfr R� ]mc RD enq sgd M
2KN

DLM MM onsdmsh]kr 31/+ 34/+ ]mc 4// LdU Y4+ 04[+ vghbg
qdoqnctbd sgd dwodqhldms]k 2G fqntmc,rs]sd dmdqfx A(2G( :
�7.371LdU ]s M2KN- Sgd k]rs qnv fhudr sgd qdrtksr eqnl
rhltks]mdntr fisr sn sgd 2G ahmchmf dmdqfx ]mc sgd dlohqhb]k
r]stq]shnm qdfhnm ne rxlldsqhb mtbkd]q l]ssdq (rdd Pde- Y5[
enq cds]hkr enq 34/ ]mc 4// LdU(- Sgd fisr sn sgd dlohqhb]k
r]stq]shnm onhms enq Λ : 31/LdU ]qd rgnvm hm Ehf- 0-

31/ LdU 34/ LdU 4// LdU
R� RD R� RD R� RD
�4./ �1.4/8 �4./ �1.038 �4./ �1.423
/./ �0.447 /./ �0.210 /./ �0.737
4./ �/.574 4./ �/.525 4./ �0.462
3./ �/.742 /.14 �0.17/ �1.64 �1.08/

EHF- 0- R]stq]shnm onhms ne rxlldsqhb mtbkd]q l]ssdq ]s
sghqc (fqddm,c]rgdc khmd( ]mc entqsg (aktd,rnkhc khmd( nqcdq
hm LAOS ]r sq]idbsnqx ne R� (rdd ]mmns]sdc u]ktdr hmrhcd sgd
bhqbkdr(+ vghkd RD hr cdsdqlhmdc ax sgd

2G ahmchmf dmdqfx- Sgd
qdrtksr ]qd a]rdc nm sgd M2KN DLM 31/LdU MM onsdmsh]k
vhsg bnmrhrsdms 2M enqbdr ]s M2KN- Enq cds]hkr nm sgd fisr sn
sgd dlohqhb]k r]stq]shnm qdfhnm (fq]x anw( rdd Pde- Y5[-

Hm sghr vnqj+ vd rstcx sgd oqnodqshdr ne ldchtl,l]rr
mtbkdh enq sgd fiqrs shld sn M2KN trhmf sgd HL,RPF
eq]ldvnqj- Sgd qdk]shud 2M l]sqhw dkdldmsr to sn M2KN
g]ud addm b]kbtk]sdc hm Pde- X06“- Vd bnmrhcdq ansg tm,
dunkudc ]mc enq sgd fiqrs shld bnmrhrsdmskx lnldmstl,
ro]bd RPF,dunkudc MM ]mc 2M hmsdq]bshnmr enkknvhmf
Pde- X07“- Sgd RPF b]m rhfmhfib]mskx hloqnud sgd q]sd
ne bnmudqfdmbd ne l]mx,ancx b]kbtk]shnmr ]s sgd bnrs ne
hmctbdc l]mx,ancx enqbdr sg]s l]x ad rhy]akd cdodmchmf
nm sgd qdrnktshnm rb]kd ne hmsdqdrs- Rtbg hmctbdc bnmsqh,
atshnmr b]mmns ad hmbktcdc adxnmc sgd 2M kdudk ]s sgd
lnldms+ ats sgd qdrhct]k rdmrhshuhsx ne ntq qdrtksr nm sgd
finv o]q]ldsdq rdqudr ]r ]m drshl]sd ne sgd tmbdqs]hmsx
ctd sn mdfkdbsdc ghfgdq,ancx bnmsqhatshnmr-

HHH- HM�LDCHTL RHLHK9PHSW
PDMNPL9KHY9SHNM EPNTO

Sgd HL,RPF s]jdr ]cu]ms]fd ne mnql]k nqcdqhmf vhsg
qdrodbs sn ] bgnrdm qdedqdmbd rs]sd ]mc cdbntokdr o]qshbkd,
gnkd dwbhs]shnmr eqnl sgd fqntmc rs]sd ax ] bnmshmtntr
rdptdmbd ne tmhs]qx sq]mrenql]shnmr sn rnkud sgd l]mx,
ancx oqnakdl X0/+ 08z11“- Rhlhk]q sn sgd eqdd,ro]bd
RPF X12+ 13“+ sgd finv dpt]shnm enq sgd G]lhksnmh]m hr
fhudm ax

cE”r(

cr
: X�”r(. E”r(“ . ”1(
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vhsg sgd finv o]q]ldsdq r ]mc sgd fdmdq]snq �”r(- Enq
sgd HL,RPF+ vd s]jd sgd ]qbs]m fdmdq]snq enkknvhmf sgd
vnqj ne Vghsd X14“-
Sgd bnllts]snq qdk]shnm ”1( hmctbdr to sn /,ancx

bnmsqhatshnmr hm ]m /,ancx rxrsdl- Hmbktchmf ]kk ne sgdrd
hmctbdc sdqlr hr mns ed]rhakd ]s sgd lnldms+ l]jhmf ]
sqtmb]shnm rbgdld mdbdrr]qx- Vd trd sgd HL,RPF”1(+ hm
vghbg ]kk nodq]snqr ]qd sqtmb]sdc ]s sgd mnql]k,nqcdqdc
svn,ancx kdudk ]mc ]ookx sgd L]fmtr enql]khrl X15+ 16“
sn sgd finv dpt]shnmr hmrsd]c ne ]m nqchm]qx chffdqdmsh]k
dpt]shnm rnkudq- Ax b]kbtk]shmf sgd tmhs]qx sq]mrenql],
shnm tmcdqkxhmf sgd HL,RPF chqdbskx+ sghr ]ooqn]bg hr kdrr
ldlnqx cdl]mchmf ]mc e]rsdq+ drodbh]kkx enq nodq]snqr
nsgdq sg]m sgd G]lhksnmh]m-
Sn b]kbtk]sd bg]qfd q]chh+ vd ]krn dunkud sgd hmsqhmrhb

onhms,oqnsnm ld]m,rpt]qd q]chtr nodq]snq

Q1n :
0

X

A∑

b80

0 ) τ
(b(
2

1
”qb ��(1 . ”2(

trhmf sgd L]fmtr enql]khrl+ vgdqd qb ”�( hr sgd mt,
bkdnm ”mtbkdtr bdmsdq,ne,l]rr( bnnqchm]sd- / ]mc X
]qd sgd l]rr ]mc oqnsnm mtladq+ qdrodbshudkx+ ]mc sgd

nodq]snq ”0 ) τ
(b(
2 (<1 vhsg sgd sghqc bnlonmdms ne sgd

hrnrohm nodq]snq τ
(b(
2 + oqnidbsr nm oqnsnmr- S]jhmf hmsn

]bbntms sgd oqnsnm ]mc mdtsqnm ld]m,rpt]qd bg]qfd q],
chtr

�
q1n
〉
: /.66/ el1 ]mc

�
q1j
〉
: �/.0038 el1 X17“+ ]r

vdkk ]r sgd qdk]shuhrshb C]qvhm,Enkcx bnqqdbshnm X18+ 2/“
2<”3l1

nZ
3( : /./22 el1+ ]mc sgd rohm,nqahs bnqqdbshnm�

q1
〉
om
X20“+ vd nas]hm sgd ld]m,rpt]qd bg]qfd q]chtr eqnl

Q1ac : Q1n )
�
q1n
〉
)

J

X

�
q1j
〉
)

2

3l1
nZ
3
)

�
q1
〉
om

. ”3(

vhsg mdtsqnm mtladq J - Enq etqsgdq cds]hkr nm sgd du]k,
t]shnm+ vd qdedq sn sgd b]kbtk]shnm ne bg]qfd q]chh hm sgd
HL,RPF hm Pde- X0/“-

HU- PDRTKSR

Vd fiqrs rstcx sgd lncdk,ro]bd bnmudqfdmbd vhsg qd,
rodbs sn sgd g]qlnmhb,nrbhkk]snq rhmfkd,o]qshbkd a]rhr vhsg
pt]mstl mtladqr c : 1m ) j 6 c=Ns ]mc nrbhkk]snq eqd,
ptdmbx �ω- =r trt]k+ ]m ]cchshnm]k bts enq sgd 2M hm,
sdq]bshnm l]sqhw dkdldmsr hm sgd rhmfkd,o]qshbkd a]rhr hr
hmsqnctbdc ax c0 ) c1 ) c2 6 A2=Ns , 2c=Ns- Enq sgd
rhmfkd,o]qshbkd 2M l]sqhw dkdldmsr+ ntq qdrtksr ]qd a]rdc
nm Pde- X0/“- Enq sgd sq]mrenql]shnm ne qdk]shud 2M l]sqhw
dkdldmsr sn sgd rhmfkd,o]qshbkd a]rhr+ vd ]ookx sgd sqtm,
b]shnm J 6 J=Ns : 8<1 hm sgd qdk]shud sns]k sgqdd,ancx
]mftk]q lnldmstl J enq tmdunkudc hmsdq]bshnmr vhsg sgd
qdk]shud sns]k svn,ancx ]mftk]q lnldmstl HhNs : 7. 6. 5
enq J 6 4<1+ J : 6<1+ ]mc J : 8<1+ qdrodbshudkx-
Enq RPF,dunkudc hmsdq]bshnmr vd trd JhNs : 6<1 ]mc
HhNs : 4- Bnmsqhatshnmr sn sgd fqntmc,rs]sd dmdqfhdr
adxnmc sgdrd khlhsr enq sgdrd hmsdq]bshnmr ]qd dwodbsdc

sn ad ]s sgd kdudk ne LdU+ vghbg hr rl]kk bnlo]qdc sn
sgd hmsdq]bshnm rdmrhshuhsx dwoknqdc hm sgd enkknvhmf-

Hm Ehfr- 1 ]mc 2 vd rgnv sgd fqntmc,rs]sd dmdqfhdr ]mc
bg]qfd q]chh ne 05N ]mc 45Mh enq sgd MM,nmkx ]mc MM oktr
2M hmsdq]bshnmr ]r ] etmbshnm ne sgd g]qlnmhb,nrbhkk]snq
eqdptdmbx �ω ]mc enq chffdqdms lncdk,ro]bd sqtmb]shnmr-
Vghkd vd nardqud bnmudqfdc qdrtksr ]s �ω ± 1/�13LdU
enq 05N enq MM)2M hmsdq]bshnmr+ sgd qdrtksr enq 45Mh ]qd
etkkx bnmudqfdc nmkx vhsg qdrodbs sn sgd rhmfkd,o]qshbkd
a]rhr c=Ns- Hmbqd]rhmf sgd 2M bts A2=Ns eqnl 03 sn 05
rshkk qdrtksr hm rkhfgs bg]mfdr enq dmdqfhdr ]mc q]chh- Lnqd,
nudq+ rdkdbshmf sgd noshl]k eqdptdmbx enq dwsq]bshmf sgd
bg]qfd q]chtr ne 45Mh hr mns ]r bkd]q ]r enq 05N+ ]r sgd
qdrtksr rgnv ]m tmtrt]k bnmudqfdmbd adg]uhnq vhsg �ω
]mc sgd lncdk,ro]bd sqtmb]shnm+ vghbg bntkc ad ctd sn
sgd 2M bts A2=Ns-

Enq ]kk enkknvhmf qdrtksr+ vd bgnnrd sgd eqdptdmbx enq
dwsq]bshmf q]chh bnmrhrsdms vhsg sgd fqntmc,rs]sd dmdqfx+
jddohmf hm lhmc sg]s sgd qdrtksr enq sgd bg]qfd q]chh ne
sgd mhbjdk ]mc gd]uhdq b]kbhtl hrnsnodr ]qd rnldvg]s kdrr
bnmudqfdc- B]kbtk]shnmr a]rdc nm MM,nmkx hmsdq]bshnmr
]qd vdkk bnmudqfdc enq ansg mtbkdh ]mc sgd noshl]k �ω hr
rghesdc sn rkhfgskx k]qfdq u]ktdr- Fdmdq]kkx+ vd fimc sg]s
2M hmsdq]bshnmr g]ud ] rhfmhfib]ms hlo]bs nm sgd fqntmc,
rs]sd dmdqfhdr ]mc bg]qfd q]chh- Hm ansg mtbkdh+ 05N
]mc 45Mh+ 2M hmsdq]bshnmr oqnuhcd qdotkrhud bnmsqhatshnmr+
kd]chmf sn rhfmhfib]mskx qdctbdc ahmchmf dmdqfhdr ]mc hm,
bqd]rdc bg]qfd q]chh- Bnlo]qdc sn dwodqhldms]k u]ktdr+
vd fimc ]m tmcdqahmchmf ne ]ants 2/LdU ”1//LdU( enq
05N ”45Mh(+ vgdqd]r sgd bg]qfd q]chtr ne 05N stqmr nts
sn ad snn k]qfd ax ]ants /.1 el-

Hm sgd enkknvhmf+ vd rstcx 3,B] a]rdc nm bnmrhrsdmskx,
dunkudc MM)2M hmsdq]bshnmr enkknvhmf Pde- X07“- Vd chr,
shmfthrg sgqdd b]rdr9 [MM,nmkx” ”mn 2M bnmsqhatshnmr ]s
]kk(+ [MM)2M,hmctbdc” ”MM oktr hmctbdc 2M bnmsqhat,
shnmr eqnl sgd MM RPF dunktshnm hm lnldmstl ro]bd(+
]mc [MM)2M,etkk” ”hmbktchmf ]krn hmhsh]k 2M hmsdq]bshnmr
hm sgd RPF dunktshnm(- Ntq qdrtksr enq sgd fqntmc,rs]sd
dmdqfx ]mc bg]qfd q]chtr ne 3,B] ]qd rgnvm hm Ehfr- 3
]mc 4 enq sgd M2KN DLM 34/LdU ]mc 4//LdU hmsdq,
]bshnmr- Mnsd sg]s sgd q]chtr nodq]snq hr mns eqdd,ro]bd
RPF dunkudc-

=r hm Ehfr- 1 ]mc 2+ vd fimc rhfmhfib]mskx cdbqd]rdc
ahmchmf dmdqfhdr ]mc hmbqd]rdc bg]qfd q]chh ctd sn 2M
hmsdq]bshnmr+ ]krn enq sgd 4//LdU hmsdq]bshnm- Sgd [MM,
nmkx” qdrtksr dwghahs ] rhy]akd qdrnktshnm rb]kd cdodm,
cdmbd+ vgdqd]r [MM)2M,hmctbdc” kd]cr sn udqx rhlhk]q
qdrtksr hm sgd rstchdc q]mfd λ : 0.7�1.1 el�0- Sghr hmch,
b]sdr sg]s bnmsqhatshnmr eqnl mdfkdbsdc hmctbdc ghfgdq,
ancx hmsdq]bshnmr ]qd q]sgdq hmrhfmhfib]ms- Gnvdudq+ ]k,
sgntfg sgd qdrtksr vhsg tmdunkudc hmsdq]bshnmr ]ood]q sn
ad bnmudqfdc vhsg qdrodbs sn sgd lncdk ro]bd c=Ns enq
Λ : 34/LdU+ sgdx chffdq rhfmhfib]mskx eqnl sgd qdrtksr
vhsg dunkudc hmsdq]bshnmr- Sghr hmchb]sdr sg]s bnmsqhat,
shnmr adxnmc sgd HL,RPF”1( ]qd hmcddc qdkdu]ms- Sgd
[MM)2M,etkk” fqntmc,rs]sd dmdqfhdr ]qd qdl]qj]akx rhl,
hk]q enq ansg M2KN DLM 34/LdU ]mc 4//LdU hmsdq]b,
shnmr- Sghr hr lnrs khjdkx ctd sn fisshmf sgd 2M bntokhmfr
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EHF- 1- Fqntmc,rs]sd dmdqfx (sno( ]mc bg]qfd q]chtr (ans,
snl o]mdk( ne 05N ]r ] etmbshnm ne sgd g]qlnmhb,nrbhkk]snq
eqdptdmbx �ω ]s M2KN enq sgd MM,nmkx DLM 34/LdU on,
sdmsh]k ]mc sgd bnmrhrsdms MM)2M hmsdq]bshnm hm sgd kdes ]mc
qhfgs o]mdkr+ qdrodbshudkx- Pdrtksr ]qd rgnvm enq chffdqdms rhydr
ne sgd rhmfkd,o]qshbkd a]rhr+ c8Mh : 5. 7. 0/. 01. ]mc 03+ ]mc enq
A28Mh : 03 ]mc 05+ cdmnsdc ax c8Mh.A28Mh- Sgd dwodqhldm,
s]k u]ktdr (ak]bj,c]rgdc khmdr( ]qd s]jdm eqnl Pder- Y21+ 22[-

sn sgd r]ld mtbkd]q l]ssdq nardqu]akdr- Gnvdudq+ ]r hm
Ehfr- 1 ]mc 2+ sgdqd ]qd rhlhk]q cdfibhdmbhdr vhsg qdrodbs
sn dwodqhldms+ vhsg ] chffdqdmbd ne ]ants 1LdU odq mt,
bkdnm ”rdd ]krn Ehf- 5(-
Vd fimc rhlhk]q sqdmcr enq sgd bg]qfd q]chtr hm Ehf- 4-

Hm sghr b]rd+ sgd [MM)2M,hmctbdc” qdrtksr ]qd udqx rhlh,
k]q enq sgd tmdunkudc hmsdq]bshnm ]mc ]kk qdrnktshnm rb]kdr
rstchdc+ hmchb]shmf sg]s bnmsqhatshnmr adxnmc sgd HL,
RPF”1( l]x ad kdrr qdkdu]ms enq sghr nardqu]akd- Sghr
nardqu]shnm bntkc onhms sn sgd lhrrhmf HL,RPF”2( bnm,
sqhatshnmr adhmf ne rgnqs,q]mfd bg]q]bsdq+ fhudm sg]s sgd
q]chtr nodq]snq hr l]hmkx rdmrhshud sn knmf,q]mfd bnmsqh,
atshnmr- Vd fimc ]f]hm qdl]qj]akx rhlhk]q qdrtksr enq
ansg M2KN DLM 34/LdU ]mc 4//LdU hmsdq]bshnmr- Hm
bnmsq]rs sn sgd qdrtksr enq sgd fqntmc,rs]sd dmdqfx ”rdd
Ehf- 3(+ vd fimc ] adssdq ]fqddldms vhsg sgd dwodqhldm,
s]k bg]qfd q]chtr enq ]kk [MM)2M,etkk” b]kbtk]shnmr ”mnsd
sgd rb]kd hm Ehf- 3 bnlo]qdc sn Ehf- 4(-

EHF- 2- R]ld ]r Ehf- 1 ats enq 45Mh-

Hm sgd enkknvhmf+ vd bnmrhcdq ] lncdk ro]bd ne
c=Ns.A2=Ns : 03<03 ]mc �ω : 1/LdU- Hm Ehfr- 5
]mc 6+ vd rgnv qdrtksr enq fqntmc,rs]sd dmdqfhdr ]mc
bg]qfd q]chh ne rdkdbsdc bknrdc,rgdkk nwxfdm+ b]kbhtl+ ]mc
mhbjdk hrnsnodr enq sgd ”tmdunkudc( M2KN DLM 31/+ 34/+
]mc 4//LdU hmsdq]bshnmr- Hm ]cchshnm+ vd oqdrdms qdrtksr
]s MKN ]mc M1KN enq sgd DLM 34/LdU hmsdq]bshnm-
Sghr dm]akdr tr sn oqnuhcd tmbdqs]hmsx drshl]sdr enq sgd
nqcdq,ax,nqcdq bnmudqfdmbd ne sgd bghq]k dwo]mrhnm ”rdd+
d-f-+ Pde- X24“(- Enq sgd nqcdqr f > 2 ”h-d-+ > M1KN(+ sgd
tmbdqs]hmsx �R(b( enq ] fiwdc btsnff hr drshl]sdc ax

�R(b( : l]w
2�i�b

”Nb)0�i JR(i( �R(i�0(J( . ”4(

vgdqd R(i( cdmnsdr sgd nas]hmdc qdrtks ]s nqcdq i hm bgh,
q]k DES ]mc N : l�<ΛE hr sgd q]shn ne ] sxohb]k ln,
ldmstl rb]kd nudq sgd aqd]jcnvm rb]kd+ vhsg sgd ohnm
l]rr l� : 03/LdU ]mc vd s]jd enq sgd aqd]jcnvm
rb]kd ΛE : 4//LdU- Hm Ehfr- 5 ]mc 6+ sgd tmbdqs]hmsx
drshl]sdr enq sgd DLM 34/LdU hmsdq]bshnm ]s M1KN ]mc
M2KN ]qd cdohbsdc ax sgd aktd ]mc nq]mfd a]mc+ qdrodb,
shudkx- Vd g]ud ]rrdrrdc sgd bnmudqfdmbd vhsg qdrodbs
sn A2=Ns ax hmbqd]rhmf hsr u]ktd sn 05 hm rdkdbsdc b]rdr+
kd]chmf sn bg]mfdr ne fqntmc,rs]sd dmdqfhdr to sn ]ants
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EHF- 3- Fqntmc,rs]sd dmdqfx ne 3�B] ]r ] etmbshnm ne c8Mh enq sgd MM,nmkx (kdes(+ MM)2M,hmctbdc (lhcckd(+ ]mc MM)2M,etkk
(qhfgs( hmsdq]bshnmr ne sgd M2KN DLM 34/ LdU ]mc 4// LdU onsdmsh]kr+ tmdunkudc ]mc RPF,dunkudc sn qdrnktshnm rb]kdr
� : 1.1. 1./. ]mc 0.7 el�0+ qdrodbshudkx- Pdrtksr ]qd rgnvm enq �ω : 1/LdU ]mc A28Mh : 03- Sgd dwodqhldms]k u]ktd eqnl
Pde- Y21[ hr fhudm ax sgd ak]bj,c]rgdc khmd-

EHF- 4- R]ld ]r Ehf- 3 ats enq sgd bg]qfd q]chtr ne 3�B]- Sgd dwodqhldms]k u]ktd hr s]jdm eqnl Pde- Y22[- Mnsd sg]s sgd
qdrtksr enq tmdunkudc hmsdq]bshnmr ]qd a]qdkx uhrhakd hm rnld o]mdkr+ ]r sgdx ]qd nm sno ne sgd bnqqdronmchmf dunkudc qdrtksr-

/.0 LdU</ tmshk 3,B] ]mc to sn /.4 LdU</ enq 56Mh-
Sgd bg]mfdr ne q]chh ]qd nmkx lhmnq- Gnvdudq+ ]r chr,
btrrdc ]anud vd mnsd sg]s bnmsqhatshnmr adxnmc sgd HL,
RPF”1( l]x ad hlonqs]ms ]mc mddc sn ]krn ad dwoknqdc
dwokhbhskx hm sgd etstqd- Enq bnlo]qhrnm+ vd ]krn hmbktcd
hm Ehfr- 5 ]mc 6 qdrtksr a]rdc nm ] qdbdmskx cdudknodc
�,etkk hmsdq]bshnm X00“ ]s M1KN+ trhmf sgd r]ld lncdk
ro]bd ats �ω : 05LdU- Sghr ]krn rgnvr sgd dwbdkkdms

bnlo]qhrnm ne ntq HL,RPF”1( b]kbtk]shnmr vhsg sgd bnt,
okdc bktrsdq ”BB( qdrtksr eqnl Pde- X00“-

Sgd MKN hmsdq]bshnm rhfmhfib]mskx nudqahmcr ]kk mtbkdh-
=cchmf M1KN kd]cr sn rtars]msh]k qdotkrhud bnmsqhat,
shnmr+ qdrtkshmf hm ]m tmcdqahmchmf bnlo]qdc sn dwodqh,
ldms- Sgd hlo]bs ne M2KN nm sgd fqntmc,rs]sd dmdqfhdr
hr q]sgdq rl]kk- Nudq]kk sgd qdrtksr dwghahs ] rxrsdl]shb
nqcdq,ax,nqcdq bnmudqfdmbd vhsg nudqk]oohmf M1KN ]mc
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EHF- 5- Fqntmc,rs]sd dmdqfhdr odq mtbkdnm ne rdkdbsdc bknrdc,rgdkk nwxfdm+ b]kbhtl+ ]mc mhbjdk hrnsnodr- Pdrtksr ]qd rgnvm ]s
M2KN enq sgd DLM onsdmsh]k vhsg btsnffr Λ : 31/. 34/+ ]mc 4//LdU cdohbsdc ax sgd aqnvm+ nq]mfd+ ]mc fqddm,rnkhc khmdr ]mc
bhqbkdr+ qdrodbshudkx- Sgd M1KN qdrtksr ]qd fhudm ax sgd c]rgdc khmdr enq sgd DLM 34/LdU onsdmsh]k (aktd khmd ]mc rnkhc to
sqh]mfkdr( ]mc sgd �,etkk hmsdq]bshnm (otqokd khmd ]mc rnkhc to sqh]mfkdr(+ vghkd MKN qdrtksr ]qd chrok]xdc ax sgd qdc,cnssdc khmd
]mc ch]lnmcr- Sgd nodm sqh]mfkdr fhud sgd bntokdc bktrsdq (BB( qdrtksr enq sgd �,etkk hmsdq]bshnm eqnl Pde- Y00[ enq bnlo]qhrnm-
Sgd aktd ]mc nq]mfd a]mcr fhud sgd M1KN ]mc M2KN tmbdqs]hmsx drshl]sd+ qdrodbshudkx+ enq sgd DLM 34/LdU hmsdq]bshnm-
Vd mnsd sg]s sgd tmbdqs]hmsx ctd sn sgd A28Mh bts hr � /.0LdU,/ sgqntfg 3�B] ]mc hmbqd]rdr to sn ± /.4LdU,/ enq 56Mh-
Dwodqhldms]k u]ktdr ]qd s]jdm eqnl Pde- Y21[-

EHF- 6- R]ld ]r Ehf- 5 ats enq bg]qfd q]chh- Dwodqhldms]k u]ktdr ]qd s]jdm eqnl Pder- Y22+ 23[- Mnsd sg]s sgd qdrtksr enq sgd
gd]uhdq b]kbhtl hrnsnodr ]mc adxnmc ]qd rnldvg]s kdrr bnmudqfdc hm �ω (rdd sdws enq cds]hkr(-

M2KN a]mcr- Lnqdnudq+ vd nardqud nmkx ] vd]j btsnff cdodmcdmbd ]s M2KN+ vghbg rkhfgskx hmbqd]rdr enq k]qfdq



6

EHF- 7- Fqntmc,rs]sd dmdqfhdr (sno( ]mc bg]qfd q]chh (ans,
snl o]mdk( enq 05N ]mc 3�B] ]r ] etmbshnm ne R� (vhsg bnq,
qdronmchmf RD u]ktd eqnl sgd sqhsnm ahmchmf dmdqfx+ rdd S],
akd H(- Pdrtksr ]qd rgnvm enq tmdunkudc ]mc RPF,dunkudc on,
sdmsh]kr vhsg � : 0.7 el�0- Sgd dwodqhldms]k u]ktdr eqnl
Pder- Y21+ 22[ ]qd fhudm ax sgd c]rgdc khmdr-

l]rr mtladqr+ ]mc sgd qdrtksr enq ]kk btsnffr ]qd vhsghm
sgd ”nq]mfd( tmbdqs]hmsx a]mc- Sgd tmcdqahmchmf bnl,
o]qdc sn dwodqhldms hr dwodbsdc eqnl sgd bnlo]qhrnm ne
sgd M2KN DLM 34/LdU hmsdq]bshnm vhsg sgd dlohqhb]k
r]stq]shnm qdfhnm ”rdd Ehf- 3 hm Pde- X5“(- Sgd fqntmc,
rs]sd dmdqfhdr qdrtkshmf eqnl sgd �,etkk hmsdq]bshnm ]qd
hm adssdq ]fqddldms vhsg dwodqhldms+ ats rshkk tmcdqahmc
sgd hmudrshf]sdc bknrdc,rgdkk mtbkdh ”rdd ]krn Pde- X00“(-

Sgd fdmdq]k sqdmcr enq sgd bg]qfd q]chh ]qd rhlhk]q sn
sgd nardqu]shnmr enq sgd fqntmc,rs]sd dmdqfhdr+ vhsg rxr,
sdl]shb nqcdq,ax,nqcdq bnmudqfdmbd+ nudqk]oohmf tmbdq,
s]hmsx a]mcr+ ]mc rl]kk M2KN btsnff u]qh]shnm- Nudq,
]kk vd fimc snn k]qfd q]chh+ ats sgd M1KN tmbdqs]hmsx
a]mc dmbknrdr sgd dwodqhldms]k u]ktdr+ vghkd sgd �,etkk
hmsdq]bshnm ]f]hm dwghahsr adssdq ]fqddldms vhsg dwodqh,
ldms- Sgd bnqqdk]shnm vhsg sgd dlohqhb]k r]stq]shnm qd,
fhnm mddcr etqsgdq rstchdr hm sghr b]rd+ ]r nmd vntkc g]ud
dwodbsdc rl]kkdq q]chh a]rdc nm mtbkd]q l]ssdq r]stq],
shnm enq sgd M2KN DLM 34/LdU hmsdq]bshnm ”rdd ]f]hm

EHF- 8- R]ld ]r Ehf- 0 ats enq sgd M2KN DLM 34/LdU
hmsdq]bshnm- Mnsd sgd hmbqd]rdc q]mfd hm cdmrhsx ]mc hm R�
bntokhmfr (]mmns]sdc(- Vd ]krn rgnv sgd dmdqfx odq o]qshbkd
enq sgqdd hmsdq]bshnmr vhsg R� : �4. /.14. ]mc 4 ]s sghqc ]mc
entqsg nqcdq hm LAOS- Enq R� : 4+ sgd r]stq]shnm onhms hr
lnqd dwoknq]snqx+ ]r sghr hr mns ]r bnmrsq]hmdc hm cdmrhsx eqnl
ntq b]kbtk]shnmr to sn cdmrhshdr ne /.14 el�2-

Ehf- 3 hm Pde- X5“(-
Ntq qdrtksr enq sgd fqntmc,rs]sd dmdqfhdr ]mc bg]qfd

q]chh hmchb]sd sg]s ] qd]khrshb cdrbqhoshnm ne nmkx sgd r]s,
tq]shnm onhms ne mtbkd]q l]ssdq l]x mns ad rtflbhdms enq
] qd]khrshb cdrbqhoshnm ne ldchtl,l]rr mtbkdh- Sn rgdc
lnqd khfgs nm sghr+ vd rstcx sgd rdmrhshuhsx ne ntq qdrtksr
nm u]qh]shnmr ne sgd 2M bntokhmfr ZA ]mc ZD + bnmrsq]hmdc
nmkx ax fisr sn sgd sqhsnm ahmchmf dmdqfx ”rdd S]akd H(+
vhsgnts sgd bnmrsq]hms sn sgd dlohqhb]k r]stq]shnm qdfhnm-
Sgd qdrtksr enq sgd fqntmc,rs]sd dmdqfhdr ]mc bg]qfd q]chh
ne 05N ]mc 3,B] ]r ] etmbshnm ne ZA ]qd rgnvm hm Ehf- 7-
=ksgntfg sgd r]stq]shnm onhms ne mtbkd]q l]ssdq hr udqx
rdmrhshud sn sgd u]ktdr ne ZA+ ]r rgnvm ax sgd k]qfd u]qh,
]shnm hm Ehf- 8+ sgd u]qh]shnm ne sgd fqntmc,rs]sd dmdqfx
ne 05N ]mc 3,B] nudq sgd q]mfd ne ZA : �4 . . . 4 hr ltbg
rl]kkdq+ vghbg onhmsr sn knvdq mtbkd]q l]ssdq cdmrhshdr
adhmf lnqd qdkdu]ms+ ]mc sgd u]qh]shnm ne sgd bg]qfd q]chh
hr udqx rl]kk- Vd g]ud bgdbjdc sg]s sgd vd]jdq hlo]bs
ne ZA ]krn odqrhrsr enq sgd nsgdq rstchdc btsnffr ]s M

2KN-
Enq hkktrsq]shnm+ Ehf- 8 ]krn rgnvr sgd mtbkd]q l]ssdq dm,
dqfx odq o]qshbkd ]s sghqc ]mc entqsg nqcdq hm LAOS enq
sgqdd ZA u]ktdr ”�4. /.14. 4(0- Sq]bhmf sgdrd sn knvdq
cdmrhshdr ]qntmc /.0 el�2 nq adknv fhudr ]m dmdqfx q]mfd
enq sgd ZA u]qh]shnm+ vghbg hr ltbg rl]kkdq sg]m ]s r]s,

0 Fnsd sgNs sgd lhmhlN ne sgd mtbkdNp lNssdp dmdpfx btpudr bNm
ad rkhfgskx ch�dpdms epnl sgd NoopnwhlNsd �� fisshmf opnbdctpdfi
rtbg sgNs sgd rNstpNshnm onhmsr lNx mns ad dwNbskx sgd rNld enp
sgd btpudr Nmc bhpbkdr hm Ehf- .-
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EHF- 0/- Fqntmc,rs]sd dmdqfhdr (sno( ]mc bg]qfd q]chh (ans,
snl o]mdk( enq 3�B] ]mc 41B] enq u]qh]shnmr ne sgd knmf,q]mfd
2M bntokhmfr R2+ R3 ax ±0FdU�0 ]mc sgd rgnqsdq,q]mfd 2M
bntokhmfr R�+ RD ax ±0- U]qxhmf R0 ax ±0FdU�0 kd]cr sn
rhlhk]q qdrtksr ]r enq R2- Hm ]cchshnm+ vd rgnv qdrtksr enq
RD)/.6 ]mc RD)/.3- Sgd fiqrs onhms (bdmsq]k u]ktd( hr enq sgd
nqhfhm]k M2KN DLM 34/LdU hmsdq]bshnm- Sgd dwodqhldms]k
u]ktdr eqnl Pder- Y21z23[ ]qd fhudm ax sgd c]rgdc khmdr-

tq]shnm cdmrhsx- Dudm sgntfg sgd bg]mfd hm dmdqfx hr
rshkk k]qfdq sg]m enq fimhsd mtbkdh+ sgd knvdq cdmrhshdr qd,
rdlakd lnqd bknrdkx sgd qdrtksr enq 05N ]mc 3,B]- Sgd
rdmrhshuhsx ne sgd fqntmc,rs]sd dmdqfhdr hm Ehf- 7 sn ZA
hmbqd]rdr enq sgd RPF,dunkudc hmsdq]bshnmr+ ats hr rshkk
ltbg rl]kkdq sg]m enq mtbkd]q l]ssdq ]s r]stq]shnm cdm,
rhsx- Lnqd vnqj hr sgtr mddcdc sn drs]akhrg hm vghbg v]x
mtbkd]q l]ssdq oqnodqshdr ]qd lnrs bnmrsq]hmhmf enq sgd
cdudknoldms ne mnudk mtbkd]q enqbdr sg]s kd]c sn ]bbtq]sd
qdrtksr enq ldchtl,l]rr ]mc gd]ux mtbkdh-
Sn dwoknqd lnqd bnloqdgdmrhudkx gnv rdmrhshud ntq qd,

rtksr ]qd sn sgd 2M bntokhmfr+ vd u]qx sgdhq u]ktdr hm,
cdodmcdmskx+ rs]qshmf eqnl sgd M2KN DLM 34/LdU hm,
sdq]bshnm- Hm Ehf- 0/+ vd oqdrdms sgd fqntmc,rs]sd dmdq,
fhdr ]mc bg]qfd q]chh ne sgd b]kbhtl hrnsnodr 3,B] ]mc
41B] enq u]qh]shnmr ne sgd knmf,q]mfd 2M bntokhmfr Z2+
Z3 ax ±0FdU�0 ]mc sgd rgnqsdq,q]mfd 2M bntokhmfr ZA+
ZD ax ±0- U]qxhmf Z0 ax ±0FdU�0 kd]cr sn rhlhk]q

EHF- 00- Fqntmc,rs]sd dmdqfhdr odq mtbkdnm ]mc bg]qfd
q]chh ne rdkdbsdc bknrdc,rgdkk nwxfdm+ b]kbhtl+ ]mc mhbjdk hrn,
snodr enq sgd nqhfhm]k M2KN DLM 34/LdU hmsdq]bshnm (bdm,
sq]k u]ktd(+ sgd lnchfidc RD ) /.3 ]r vdkk ]r RD ) /.6 hmsdq,
]bshnm+ ]mc sgd RPF,dunkudc hmsdq]bshnm vhsg � : 0.7 el�0

(vhsg R� : 4./(- Sgd nq]mfd a]mc qdoqdrdmsr sgd M
2KN tm,

bdqs]hmsx drshl]sd eqnl Ehfr- 5 ]mc 6- Dwodqhldms]k u]ktdr
]qd s]jdm eqnl Pder- Y21z23[-

qdrtksr ]r enq Z2- Sghr dwoknq]snqx rstcx sgtr hfmnqdr
bnqqdk]shnmr ]lnmf sgdrd knv,dmdqfx bntokhmfr ”rdd+ d-f-+
Pde- X25“(- =kk ne ntq u]qh]shnmr g]ud ] qdk]shudkx rl]kk
hlo]bs nm dmdqfhdr ]mc q]chh+ ]o]qs eqnl u]qh]shnmr hm
ZD + vghbg kd]c sn rhfmhfib]ms bg]mfdr ne �A ± 15/LdU
]mc �Qac ± /.5 el enq 3,B] ]mc rhlhk]qkx enq 41B]- Vd
sgdqdenqd bnmrhcdq svn ]cchshnm]k u]qh]shnmr+ ZD)/.3 ]mc
ZD)/.6- Sgd k]ssdq qdoqnctbdr vdkk sgd fqntmc,rs]sd dm,
dqfx ne 3,B] ]mc kd]cr sn ]m hloqnudldms enq 41B]- Vd
]krn entmc sg]s rdsshmf ]kk 2M bntokhmfr ats sgd Z2 bnm,
sqhatshnm sn ydqn kd]cr sn rhlhk]q qdrtksr ]r sgd nqhfhm]k
M2KN DLM 34/LdU hmsdq]bshnm-
Hm Ehf- 00 vd rgnv qdrtksr enq rdkdbsdc bknrdc,rgdkk mt,

bkdh dwoknqhmf rnld ne sgdrd u]qh]shnmr bnlo]qdc sn sgd
nqhfhm]k M2KN DLM 34/LdU hmsdq]bshnm ”k]adkdc bdm,
sq]k u]ktd(- Sgd hmsdq]bshnm ZD ) /.6 kd]cr sn hmbqd]rdc
ahmchmf ]mc ] adssdq cdrbqhoshnm ne fqntmc,rs]sd dmdqfhdr+
vgdqd]r ZD ) /.3 kd]cr sn hloqnudc ]fqddldms vhsg dw,
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S=AKD HH- 2G fqntmc,rs]sd dmdqfx ]mc bg]qfd q]chtr enq sgd
M2KN DLM 34/LdU hmsdq]bshnm vhsg lnchfidc 2M bntokhmfr-

Dwos- RD ) /.3 RD ) /.6 R2 ) 0 R3 ) 0
A YLdU[ �7.37 �8.70 �00.07 �7.3/ �7.63
Eac Yel[ 0.464 0.358 0.270 0.465 0.44/

odqhldms]k bg]qfd q]chh- Gnvdudq+ cdrohsd sgdrd oqnlhr,
hmf qdrtksr enq ldchtl,l]rr mtbkdh+ sgd lnchfib]shnmr ne
sgd 2M bntokhmfr kd]c sn ] gd]uhkx nudqantmc 2G vhsg ]
e]q snn rl]kk bg]qfd q]chtr+ rdd S]akd HH- Sghr rgnvr sgd
chflbtksx sn ]bghdud ] qd]khrshb rhltks]mdntr cdrbqhoshnm
ne edv,ancx rxrsdlr+ ldchtl,l]rr mtbkdh+ ]mc mtbkd]q
l]ssdq itrs ax u]qxhmf sgd 2M bntokhmfr a]rdc nm sghr
rds ne MM hmsdq]bshnmr+ ]mc ]krn dlog]rhydr sgd mddc enq
qdkh]akd sgdnqdshb]k tmbdqs]hmshdr- Hm ]cchshnm+ vd rgnv
hm Ehf- 00 qdrtksr enq sgd RPF,dunkudc hmsdq]bshnm vhsg
λ : 0.7 el�0 ”vhsg ZA : 4./(+ enq vghbg vd fimc fqntmc,
rs]sd dmdqfhdr ]mc bg]qfd q]chh ne 05N ]mc 3,B] hm fnnc
]fqddldms vhsg dwodqhldms ”rdd Ehf- 7(- Ehftqd 00 rgnvr
sg]s sghr hmsdq]bshnm hr ]krn ]akd sn qdoqnctbd dmdqfhdr
]mc q]chh ne nsgdq bknrdc,rgdkk mtbkdh hm fnnc ]fqddldms
vhsg dwodqhldms ”bnmrhcdqhmf sgd M2KN tmbdqs]hmshdr(-
Ax bnmrsqtbshnm+ hs rshkk qdoqnctbdr sgd dwodqhldms]k sqh,
snm ahmchmf dmdqfx-

U- RTLL9PW 9MC NTSKNNI

Ntq vnqj oqdrdmsr sgd fiqrs �a bibobn b]kbtk]shnmr
ne ldchtl,l]rr mtbkdh vhsg MM)2M hmsdq]bshnmr sn
M2KN- Vd g]ud rstchdc hm cds]hk fqntmc,rs]sd dmdq,
fhdr ]mc bg]qfd q]chh ne bknrdc,rgdkk mtbkdh to sn mhbjdk
enq tmdunkudc ]r vdkk ]r lnldmstl,ro]bd RPF,dunkudc
MM)2M hmsdq]bshnmr vhsg qd]rnm]akd r]stq]shnm oqno,
dqshdr- Hm ]cchshnm+ vd g]ud dwoknqdc ] bnmrhrsdms
lnldmstl,ro]bd RPF dunktshnm ne sgdrd MM)2M hmsdq,
]bshnmr- Hm fdmdq]k+ sgd fqntmc,rs]sd dmdqfhdr oqdchbsdc
ax sgd dloknxdc hmsdq]bshnmr rhfmhfib]mskx tmcdqahmc ]kk
nwxfdm+ b]kbhtl+ ]mc mhbjdk hrnsnodr rstchdc gdqd ]mc
kd]c sn snn k]qfd bg]qfd q]chh- Pdl]qj]akx+ sgd qdrtksr dw,
ghahs nmkx ] vd]j cdodmcdmbd nm sgd btsnff rb]kd- Sgd tm,
bdqs]hmsx drshl]sdr ]s M1KN ]mc M2KN enq sgd nqcdq,ax,
nqcdq bnmudqfdmbd ne sgd bghq]k dwo]mrhnm rgnv ] rxrsdl,
]shb adg]uhnq vhsg sgd M1KN a]mc dmbknrhmf sgd M2KN
a]mc enq ]kk rstchdc mtbkdh- Enq bnlo]qhrnm+ vd ]krn dl,
oknxdc sgd �,etkk hmsdq]bshnm ne Pde- X00“ ]s M1KN+ vghbg

fhudr hloqnudc ]fqddldms vhsg dwodqhldms]k ahmchmf dm,
dqfhdr ]mc bg]qfd q]chh-
Vghkd tmcdqahmchmf v]r dwodbsdc eqnl sgd r]stq]shnm

onhms ne sgd bnqqdronmchmf hmsdq]bshnmr+ sgd adg]uhnq ne
sgd bg]qfd q]chh ]mc sgdhq bnqqdk]shnm vhsg sgd r]stq]shnm
onhms chc mns rxrsdl]shb]kkx enkknv mtbkd]q l]ssdq- Enq
] lnqd cds]hkdc rstcx ne sghr bnqqdk]shnm+ vd u]qhdc sgd
2M bntokhmfr tmcdq sgd bnmrsq]hms sg]s sgd 2G ahmchmf
dmdqfx ]fqddr vhsg dwodqhldms+ ]mc rstchdc sgd qdrtks,
hmf rdmrhshuhsx ne nardqu]akdr hm ansg rxrsdlr- Vghkd
sgd fqntmc,rs]sd dmdqfhdr ne 05N ]mc 3,B] bg]mfdc ax
, 0LdU enq tmdunkudc hmsdq]bshnmr+ sgd bg]mfd hm r]s,
tq]shnm dmdqfx v]r 04LdU nudq sgd rstchdc ZA q]mfd-
Sghr hmchb]sdc sg]s mtbkd]q l]ssdq ogxrhbr ]s knvdq cdm,
rhshdr hr ]krn qdkdu]ms- Vgdm sgd 2G bnmrsq]hms v]r qd,
k]wdc+ vd entmc sgd k]qfdrs hlo]bs nm dmdqfhdr ]mc q]chh
eqnl bg]mfdr ne sgd rgnqs,q]mfd 2M bntokhmf- Gnvdudq+
vghkd sgdrd u]qh]shnmr ]kknvdc sn bnmrsqtbs MM)2M hmsdq,
]bshnmr sg]s kd]c sn ]m hloqnudc cdrbqhoshnm ne ldchtl,
l]rr mtbkdh+ sgd qdrtkshmf mtbkd]q enqbdr rtars]msh]kkx
nudqahmc sgd sqhsnm ]mc tmcdqdrshl]sd hsr bg]qfd q]chtr-
Sgdrd fimchmfr rgnv sg]s sgd bnmmdbshnm adsvddm khfgs
mtbkdh+ ldchtl,l]rr mtbkdh+ ]mc mtbkd]q l]ssdq hr pthsd
hmsqhb]sd ]mc qdpthqdr etqsgdq hmudrshf]shnmr- =m hl,
oqnudc tmcdqrs]mchmf ne sghr hr drodbh]kkx qdkdu]ms enq sgd
cdqhu]shnm ]mc bnmrsqtbshnm ne ]bbtq]sd mdws,fdmdq]shnm
MM ]mc l]mx,ancx hmsdq]bshnmr hm bghq]k DES-

9AIMNVKDCELDMSR

Vd sg]mj J- Unahf enq trdetk chrbtrrhnmr- Vd ]krn
sg]mj P- L]bgkdhcs ]mc =- Djrsq–nl enq oqnuhchmf tr vhsg
sgd DLM ]mc �,etkk onsdmsh]kr+ qdrodbshudkx+ ]r vdkk ]r
R- P- Rsqnadqf enq chrbtrrhnmr nm sgd HL,RPF bncd X26“-
Sghr vnqj v]r rtoonqsdc ax sgd Cdtsrbgd Enqrbgtmfr,
fdldhmrbg]es ”CEF+ Fdql]m Pdrd]qbg Entmc]shnm( z
Oqnidjsmtlldq 1682738/6 z REA 0134+ sgd ALAE tm,
cdq Bnmsq]bs Mn- /4O07PCEM0+ sgd TR Cdo]qsldms
ne Dmdqfx+ sgd Nflbd ne Rbhdmbd+ sgd Nflbd ne Mtbkd]q
Ogxrhbr+ ]mc RbhC=B tmcdq ]v]qcr CD RB///35437 ]mc
CD =B/1 /4BG00120+ ]mc ax sgd Bktrsdq ne Dwbdkkdmbd
[Oqdbhrhnm Ogxrhbr+ Etmc]ldms]k Hmsdq]bshnmr+ ]mc Rsqtb,
stqd ne L]ssdq” ”OPHRL=) DWB 1007.0( etmcdc ax
CEF vhsghm sgd Fdql]m Dwbdkkdmbd Rsq]sdfx ”Oqnidbs HC
28/72038(- B-C- ]bjmnvkdcfdr rtoonqs ax sgd =kdw]mcdq
unm Gtlankcs Entmc]shnm sgqntfg ] Edncnq,Kxmdm Edk,
knvrgho- Bnlots]shnm]k qdrntqbdr g]ud addm oqnuhcdc ax
sgd Khbgsdmadqf ghfg odqenql]mbd bnlotsdq ne sgd ST
C]qlrs]cs-

Y0[ =- Djrsq–nl+ F- P- I]mrdm+ J- =- Vdmcs+ F- G]fdm+
S- O]odmaqnbj+ A- C- B]qkrrnm+ B- Enqrrfidm+ L- Ginqsg,
Idmrdm+ O- M]uqfi]shk+ ]mc V- M]y]qdvhby+ Ogxr- Pdu- B
80+ /402/0(P( (1/04(-

Y1[ A- C- B]qkrrnm+ =- Djrsq–nl+ B- Enqrrfidm+ C- E- Rsq–nladqf+
F- P- I]mrdm+ N- Khki]+ L- Khmcax+ A- =- L]ssrrnm+ ]mc
J- =- Vdmcs+ Ogxr- Pdu- W 5+ /00/08 (1/05(-

Y2[ I- D- Kxmm+ H- Sdvr+ I- B]qkrnm+ R- F]mcnkfi+ =- Fdydqkhr+



0/

J- D- Rbglhcs+ ]mc =- Rbgvdmj+ Ogxr- Pdu- Kdss- 005+
/514/0 (1/05(-

Y3[ O- Pdhmdqs+ G- Jqdar+ ]mc D- Dodka]tl+ Dtq- Ogxr- I-
= 43+ 75 (1/07(-

Y4[ C- P- Dmsdl+ P- L]bgkdhcs+ ]mc X- Mnrxj+ Ogxr- Pdu-
B 85+ /13//3 (1/06(-

Y5[ B- Cqhrbgkdq+ J- Gdadkdq+ ]mc =- Rbgvdmj+ Ogxr- Pdu-
Kdss- 011+ /314/0 (1/08(-

Y6[ J- Gdadkdq+ R- J- Anfmdq+ P- I- Etqmrs]gk+ =- Mnff]+ ]mc
=- Rbgvdmj+ Ogxr- Pdu- B 72+ /202/0(P( (1/00(-

Y7[ I- Rhlnmhr+ J- Gdadkdq+ I- C- Gnks+ I- Ldmfidmcdy+ ]mc
=- Rbgvdmj+ Ogxr- Pdu- B 82+ /002/1(P( (1/05(-

Y8[ F- G]fdm+ =- Djrsq–nl+ B- Enqrrfidm+ F- P- I]mrdm+
V- M]y]qdvhby+ S- O]odmaqnbj+ J- =- Vdmcs+ R- A]bb]+
M- A]qmd]+ A- B]qkrrnm+ B- Cqhrbgkdq+ J- Gdadkdq+
L- Ginqsg,Idmrdm+ L- Lhnqdkkh+ F- Nqk]mchmh+ =- Rbgvdmj+
]mc I- Rhlnmhr+ M]s- Ogxr- 01+ 075 (1/05(-

Y0/[ I- Rhlnmhr+ R- P- Rsqnadqf+ J- Gdadkdq+ I- C- Gnks+ ]mc
=- Rbgvdmj+ Ogxr- Pdu- B 85+ /032/2 (1/06(-

Y00[ =- Djrsq–nl+ F- G]fdm+ S- C- Lnqqhr+ S- O]odmaqnbj+
]mc O- C- Rbgv]qsy+ Ogxr- Pdu- B 86+ /13221 (1/07(-

Y01[ R- Ahmcdq+ I- K]mfg]lldq+ =- B]kbh+ ]mc P- Pnsg+ Ogxr-
Kdss- A 625+ 008 (1/03(-

Y02[ =- Shbg]h+ I- K]mfg]lldq+ R- Ahmcdq+ ]mc P- Pnsg+
Ogxr- Kdss- A 645+ 172 (1/05(-

Y03[ S- C- Lnqqhr+ I- Rhlnmhr+ R- P- Rsqnadqf+ B- Rstloe+
F- G]fdm+ I- C- Gnks+ F- P- I]mrdm+ S- O]odmaqnbj+
P- Pnsg+ ]mc =- Rbgvdmj+ Ogxr- Pdu- Kdss- 01.+ 0414/2
(1/07(-

Y04[ P- L]bgkdhcs+ oqhu]sd bnlltmhb]shnm+ (1/06z1/07(-
Y05[ D- Dodka]tl+ =- Mnff]+ V- Fk–nbjkd+ G- J]l]c]+ T-,

F- Ldh´mdq+ ]mc G- Vhs]ßk]+ Ogxr- Pdu- B 55+ /53//0
(1//1(-

Y06[ J- Gdadkdq+ G- Jqdar+ D- Dodka]tl+ I- Fnk]j+ ]mc
P- Rjhahmrjh+ Ogxr- Pdu- B 80+ /33//0 (1/04(-

Y07[ J- Gdadkdq+ Ogxr- Pdu- B 74+ /10//1(P( (1/01(-
Y08[ J- Srtjhx]l]+ R- J- Anfmdq+ ]mc =- Rbgvdmj+ Ogxr-

Pdu- Kdss- 0.5+ 1114/1 (1/00(-
Y1/[ G- Gdqfdqs+ R- J- Anfmdq+ R- Ahmcdq+ =- B]kbh+ I- K]mf,

g]lldq+ P- Pnsg+ ]mc =- Rbgvdmj+ Ogxr- Pdu- B 76+

/232/6 (1/02(-
Y10[ G- Gdqfdqs+ R- J- Anfmdq+ S- C- Lnqqhr+ =- Rbgvdmj+ ]mc

J- Srtjhx]l]+ Ogxr- Pdos- 510+ 054 (1/05(-
Y11[ R- P- Rsqnadqf+ =- B]kbh+ G- Gdqfdqs+ I- C- Gnks+ R- J-

Anfmdq+ P- Pnsg+ ]mc =- Rbgvdmj+ Ogxr- Pdu- Kdss- 007+
/214/1 (1/06(-

Y12[ R- J- Anfmdq+ P- I- Etqmrs]gk+ ]mc P- I- Odqqx+ Ogxr-
Pdu- B 64+ /50//0(P( (1//6(-

Y13[ R- J- Anfmdq+ P- I- Etqmrs]gk+ ]mc =- Rbgvdmj+ Oqnf-
O]qs- Mtbk- Ogxr- 54+ 83 (1/0/(-

Y14[ R- P- Vghsd+ I- Bgdl- Ogxr- 006+ 6361 (1//1(-
Y15[ V- L]fmtr+ Bnlltm- Otqd =ook- L]sg- 6+ 538 (0843(-
Y16[ S- C- Lnqqhr+ M- L- O]qytbgnvrjh+ ]mc R- J- Anfmdq+

Ogxr- Pdu- B 81+ /23220 (1/04(-
Y17[ B- O]sqhfm]mh ds Uk- (O]qshbkd C]s] Fqnto(+ Bghm- Ogxr-

B 3.+ 0////0 (1/05(-
Y18[ I- K- Eqh]q+ I- L]qsnqdkk+ ]mc C- V- K- Roqtmf+ Ogxr-

Pdu- = 45+ 3468 (0886(-
Y2/[ K- K- Enkcx ]mc R- =- Vntsgtxrdm+ Ogxr- Pdu- 67+ 18

(084/(-
Y20[ =- Nmf+ I- B- Adqdmfts+ ]mc U- U- Ek]la]tl+ Ogxr-

Pdu- B 71+ /0321/ (1/0/(-
Y21[ L- V]mf+ F- =tch+ E- F- Jnmcdu+ V- Gt]mf+ R- M]hlh+

]mc W- Wt+ Bghm- Ogxr- B 30+ /2///2 (1/06(-
Y22[ H- =mfdkh ]mc J- L]qhmnu]+ =snlhb C]s] ]mc Mtbkd]q

C]s] S]akdr 88+ 58 (1/02(-
Y23[ P- E- F]qbh] Pthy+ L- K- Ahrrdkk+ J- Ak]tl+

=- Djrsq–nl+ M- Eq–nllfdm+ F- G]fdm+ L- G]l,
ldm+ J- Gdadkdq+ I- C- Gnks+ F- P- I]mrdm+
L- Jnv]krj]+ J- Jqdhl+ V- M]y]qdvhby+ P- Mdtf]qs+
F- Mdxdmr+ V- M–nqsdqrg–]trdq+ S- O]odmaqnbj+ I- O]otf]+
=- Rbgvdmj+ I- Rhlnmhr+ J- =- Vdmcs+ ]mc C- S- Xnq,
c]mnu+ M]s- Ogxr- 01+ 483 (1/05(-

Y24[ D- Dodka]tl+ G- Jqdar+ ]mc T-,F- Ldh´mdq+ Dtq- Ogxr-
I- = 40+ 42 (1/04(-

Y25[ L- Gnedqhbgsdq+ I- Pthy cd Dkuhq]+ A- Jtahr+ ]mc T-,F-
Ldh´mdq+ Ogxr- Pdu- Kdss- 004+ 0812/0 (1/04(-

Y26[ R- P- Rsqnadqf+ gssor9..fhsgta-bnl.q]fm]qrsqnadqf.hlrqf
(1/06(-


