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Lncdkkhmf sgd SqYmrlhrrhnm CxmYlhbr Ymc Bnmsqnk ne
Ltlor hm LYhmkYmc BghmY

Xnmf Kh fl:1:):†: WhYmmhmf Kht fl:†:‡ D� Ymc KhYmvdm TYmf 2:†

fl Jdx KZanqZsnqx ne Dbn/Dmuhqnmldmsr hm Sgqdd Fnqfdr Qdrdqunhq Qdfhnm –Lhmhrsqx ne DctbZshnm(:
Rbgnnk ne LZsgdlZshbr Zmc RsZshrshbr: Rntsgvdrs Tmhudqrhsx: Bgnmfphmf 3996fl4: BghmZ,
xnmfkh‡xZmfsydt0dct0bm

1 Rbgnnk ne HmenqlZshnm Zmc LZsgdlZshbr: XZmfsyd Tmhudqrhsx: Ihmfygnt 323912: BghmZ
2 CdoZqsldms ne LZsgdlZshbr: Gtadh Tmhudqrhsx enq MZshnmZkhshdr: Dmrgh 334999: BghmZ,

vZmfkhZmvdmfl876‡gnslZhk0bnl
‡ Bnqqdronmcdmbd. khtwm‡rvt0dct0bm, Sdk0. @75/fl2516524314
] Btqqdms Zccqdrr. Mn0 fl MZmgtZm QnZc: Ihmfygnt 323912: BghmZ0
† Sgdrd Ztsgnqr bnmsqhatsdc dptZkkx sn sghr vnqj0

Qdbdhudc. fl4 Mnudladq 19fl6, übbdosdc. 11 Cdbdladq 19fl6, Otakhrgdc. 15 Cdbdladq 19fl6

�arsqYbs. Ltlor hr Z bnllnm bghkcgnnc uhqZk chrdZrd Zmc bghkcqdm gZud addm uZbbhmZsdc sgqntfgnts
sgd vnqkc rhmbd fl8560 Sgd hmbhcdmbd ne ltlor gZr hmbqdZrdc vhsg lnqd sgZm 299:999 xntmf odnokd
hmedbsdc vhsg ltlor ZmmtZkkx hm lZhmkZmc BghmZ rhmbd 19940 Sgdqdenqd: vd cdrhfmdc Zmc ZmZkxydc
knmf/sdql ltlor rtqudhkkZmbd cZsZ hm Zm RUDHKQ –rtrbdoshakd-uZbbhmZsdc-dwonrdc-rdudqdkx
hmedbshntr-lhkckx hmedbshntr-qdbnudqdc( cxmZlhb sqZmrlhrrhnm lncdk vhsg noshlhydc oZqZldsdq
uZktdr sn cdrbqhad sgd cxmZlhbr ne ltlor hmedbshnmr hm BghmZ0 Sgdqd vdqd fl7091’ ne ltlor
hmedbsdc xntmf Zctksr rddjhmf ldchbZk Zcuhbd0 Sgd uZbbhmd bnudqZfd gZr addm hmrtezbhdms hm BghmZ0
Xntmf Zctksr vhsg eqdptdms bnmsZbs Zmc lhkc hmedbshnm vdqd hcdmshzdc Zr Z lZinq cqhudq ne ltlor
dohcdlhbr0 Sgd qdoqnctbshnm mtladq ne ltlor vZr cdsdqlhmdc 3017 hm BghmZ0 Rdmrhshuhsx ZmZkxrhr
ne sgd aZrhb qdoqnctbshnm mtladq Zmc sgd dmcdlhb dpthkhaqhtl vZr bnmctbsdc sn duZktZsd sgd
deedbshudmdrr ne ltlor bnmsqnk ldZrtqdr0 Vd oqnonrd sn hmbqdZrd sgd uZbbhmd bnudqZfd Zmc lZjd
svn cnrdr ne LLQ –LdZrkdr: ltlor Zmc qtadkkZ( uZbbhmdr eqddkx ZuZhkZakd hm BghmZ0

Idxvnqcr. aZrhb qdoqnctbshud mtladq, fknaZk rsZahkhsx, rdmrhshuhsx ZmZkxrhr, RUDHKQ ltlor lncdk,
udqshbZk sqZmrlhrrhnm

fl0 Hmsqnctbshnm

Ltlor hr adrs jmnvm Zr Z bnllnm bghkcgnnc uhqZk chrdZrd Zmc hr ghfgkx bnmsZfhntr sn gtlZm
adhmfr0 HmhshZk rhfmr Zmc rxlosnlr nesdm hmbktcd edudq: ltrbkd oZhm Zmc gdZcZbgd: sgdm trtZkkx
enkknvdc ax oZhmetk rvdkkhmf ne nmd nq ansg oZqnshc rZkhuZqx fkZmcr )fl[0 Sgd chrdZrd bZtrdc ax sgd
ltlor uhqtr: sgd bZtrZshud Zfdms ne ltlor hmedbshnm: hr Zm dmudknodc QMü uhqtr )1[0 Rhmbd sgd chrdZrd
hr fdmdqZkkx admhfm Zmc rdke/qdrnkuhmf: hsr lnqsZkhsx hr qZqd: ats Zrdoshb ldmhmfhshr bZm Zeedbs fl9’ ne
bZrd/oZshdmsr )2[0 Ltlor hr Z rhfmhzbZms bZtrd ne odchZsqhb cdZemdrr: Zmc to sn 26’ ne onrs/otadqsZk
lZkdr cdudkno nqbghshr: fl2’ ne vgnl gZud hloZhqdc edqshkhsx )fl[0

Ctd sn sgd kZbj ne uZbbhmdr: lnrs sddmZfdqr gZud addm lZhmkx hmedbsdc ax sgnrd oZshdmsr Zfdc
3-fl4 xdZqr0 SqZmrlhrrhnm ne sgd uhqtr hr ax chqdbs ogxrhbZk bnmsZbs: cqnokds roqdZc: nq bnmsZlhmZsdc
enlhsdr )3-5[0 Sgd hmbtaZshnm odqhnc hr Zants fl4 sn 13 cZxr –ldchZm hr fl8 cZxr( )6[0 Hmedbsdc oZshdmsr
adbnld sgd lnrs bnmsZfhntr hm fl-1 cZxr adenqd nmrds ne bkhmhbZk rxlosnlr Zmc bnmshmtd rn enq Z edv
cZxr ZesdqvZqcr0 FdmdqZkkx rodZjhmf: sgd hmedbshntr odqhnc hr Zants dhfgs cZxr )7[: Zmc sgd oZshdmsr
vhkk qdbnudq adsvddm fl9 sn fl3 cZxr )8:fl9[0
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Ltlor gZr odqhnchb ntsaqdZjr Zmc mn rodbhzb ZmshuhqZk sgdqZox: Zmc sqdZsldms hr itrs lnrskx
rxlosnlZshb Zmc rtoonqshud )flfl[0 Hm fl856: sgd ZssdmtZsdc ltlor uhqtr uZbbhmd vZr khbdmrdc hm
sgd Tmhsdc RsZsdr )fl1[0 Hm Zcchshnm: ltlor hr oqdudmsZakd ax svn cnrdr ne sgd ltlor uZbbhmd hm
lZmx cdudknodc bntmsqhdr mnvZcZxr )fl2[0 Sgdx hmbktcdr hs hm sgdhq hlltmhyZshnm oqnfqZlr: nesdm hm
bnlahmZshnm vhsg ldZrkdr Zmc sgd qtadkkZ uZbbhmd )fl3:fl4[0 MnvZcZxr: bghkcqdm Zfdc fl7-13 lnmsgr
itrs qntshmdkx qdbdhud nmd cnrd ne sgd ldZrkdr-ltlor-qtadkkZ –LLQ( uZbbhmd eqdd ne bgZqfd hm
BghmZ: Zmc MZshnmZk GdZksg Zmc EZlhkx OkZmmhmf Bnllhrrhnm ne sgd Odnokd=r Qdotakhb ne BghmZ
–MGEOB( cndrm=s dlogZrhyd hmnbtkZshmf sgd rdbnmc cnrd ne LLQ0 Hm qdbdms xdZqr: sgdqd Zqd lnqd sgZm
299:999 xntmf odnokd hmedbsdc vhsg ltlor dudqx xdZq hm BghmZ )fl5:fl6[0

Sgd mtladq ne ltlor oZshdmsr hr itrs rlZkkdq sgZm gZmc: enns Zmc lntsg chrdZrd hm Zkk odchZsqhb
hmedbshntr chrdZrdr )fl5:fl6[0 BnloZqdc vhsg nsgdq trtZk uZbbhmd/oqdudmsZakd chrdZrdr: rtbg Zr ldZrkdr
Zmc odqstrrhr: ltlor hr lnqd bnllnm0 Ctd sn hsr kdrr rdudqd Zbtsd lZmhedrsZshnm: ltlor gZud addm
rnldvgZs mdfkdbsdc0 Mdudqsgdkdrr: sgd TJ Zmc TRü gZud addm hmrohqdc Z mdv hmsdqdrs hm ltlor ax
rnld kZqfd ntsaqdZjr0 Hm sgd TJ: Z kZqfd ltlor dohcdlhb adfZm hm 1993 Zmc qdZbgdc sgd odZj hm 1994
vhsg Zants 45:999 qdonqsdc bZrdr )fl7:fl8[0 Lnrs ne sgdrd bZrdr vdqd hm xntmf Zctksr Zssdmchmf bnkkdfdr
nq tmhudqrhshdr )19[0 Hm 1995: sgd TRü tmcdqvdms Z ltksh/rsZsd ntsaqdZj hmunkuhmf 5473 qdonqsdc bZrdr:
vhsg sgd ghfgdrs ZssZbj qZsd Zlnmf odqrnmr fl7-13 xdZqr nkc: lZmx ne vgnl vdqd bnkkdfd rstcdmsr )fl1[0
Hm Zeedbsdc bnkkdfdr: lnrs bZrd/oZshdmsr gZc addm hmnbtkZsdc vhsg Z rdbnmc cnrd ne sgd LLQ uZbbhmd
lnqd sgZm fl9 xdZqr oqduhntrkx )1fl:11[0 Sghr vZr sgd zqrs kZqfd/rbZkd TR ltlor ntsaqdZj Zlnmf sgd
onotkZshnm vhsg svn/cnrd uZbbhmdr0 Eqnl sgdm nm: odnokd qdZkhydc sgZs dudm sgd svn cnrdr ne sgd
uZbbhmd bntkc mns bnlokdsdkx bnmsqnk ltlor dhsgdq0

LZsgdlZshbZk lncdkr gZud adbnld uhsZk snnkr hm tmcdqrsZmchmf sgd roqdZc Zmc bnmsqnk ne
hmedbshntr chrdZrdr vdkk0 Ax rdsshmf to Z rthsZakd dohcdlhb lncdk: vd bZm ots enqvZqc Z kns ne
oqZbshbZk oqdudmshnm Zmc bnmsqnk ldZrtqdr sn btqa sgd dohcdlhb ne chrdZrd0 Rn eZq: sgdqd gZud addm Z edv
oZodqr trhmf cxmZlhb lncdkr sn rstcx ltlor )12:13[0 Pt )12[ oqnonrdc Z mnm/Ztsnmnlntr RUDHKGQ
–rtrbdoshakd-uZbbhmZsdc-dwonrdc-lhkc hmedbshntr-rdudqd hmedbshntr-gnrohsZkhydc-qdbnudqdc( lncdk
vhsg Z rdZrnmZk uZqxhmf sqZmrlhrrhnm qZsd sn cdrbqhad sgd dohcdlhb ne ltlor: Zmc rtffdrsdc hloqnuhmf
uZbbhmd bnudqZfd Zmc oqnuhchmf svn cnrdr ne LLQ –LdZrkdr: ltlor Zmc qtadkkZ( uZbbhmd ax sgd
fnudqmldms hm BghmZ0 Kht )13[ rstchdc sgd deedbsr ne gdsdqnfdmdhsx nm ltlor roqdZc ax bnmrsqtbshmf
Z ltksh/fqnto RUDHüQ –rtrbdoshakd-uZbbhmZsdc-dwonrdc -rxlosnlZshb-ZrxlosnlZshb-qdbnudqdc(
ltlor lncdk vhsg ZrxlosnlZshb hmedbshnm: fdmdqZk uZbbhmZsdc Zmc dwonrdc chrsqhatshnmr Zmc
drsZakhrgdc sgd sgqdrgnkc cxmZlhbr ne sgd lncdk0

Sgd aZrhb rsqtbstqdr ne sghr oZodq Zqd Zr enkknvr0 Hm sgd mdws rdbshnm: Zm RUDHKQ ltlor lncdk
hr enqltkZsdc: Zmc vd fhud sgd aZrhb qdoqnctbshnm mtladq !9 Zmc sgd dwhrsdmbd ne dpthkhaqhZ0
Rdbshnm 2 chrbtrrdr sgd fknaZk rsZahkhsx ne sgd lncdk0 Hm Rdbshnm 3: vd ZcuZmbd sgd noshlZk oZqZldsdqr:
rhltkZshnm ne sgd qdZk cZsZ eqnl 1998 sn 19fl3: Zmc sgd oqdchbshnm qdrtksr ne 19fl3 Zmc 19fl40
Rdmrhshuhsx ZmZkxrhr ne sgd aZrhb qdoqnctbshnm mtladq !9 Zmc dmcdlhb dpthkhaqhtl O× Zqd bZqqhdc
nts hm Rdbshnm 40 Vd bnmbktcd vhsg rnld chrbtrrhnmr hm Rdbshnm 5 Zants sgd qnkd ne uZbbhmd Zmc sgd
oqdudmshud ldZrtqdr nm ltlor0 Vd bknrd vhsg Z bnmbktrhnmr rdbshnm0

10 Sgd Ltlor Lncdk Ymc AYrhb Pdoqnctbshnm Mtladq�9

Vd oqnonrd Z lZsgdlZshbZk lncdk sn tmcdqrsZmc sgd sqZmrlhrrhnm cxmZlhbr Zmc oqduZkdmbd
ne ltlor hm lZhmkZmc BghmZ0 Rhmbd vd vhkk rhltkZsd qdZk cZsZ enq gZke Z xdZq: vd sghmj sgd snsZk
onotkZshnm hr bnmrsZms hm Z rgnqs odqhnc ne shld0 Vd Zrrtld sgZs sgd ahqsg qZsd dptZkr sgd mZstqZk cdZsg
qZsd: cdmnsdc ax µ0 Sgd lncdk hr bnmrsqtbsdc aZrdc nm sgd bgZqZbsdqhrshbr ne ltlor sqZmrlhrrhnm,
sgdqdenqd: sgd onotkZshnm ZrrnbhZsdc vhsg ltlor hr chuhcdc hmsn rhw dohcdlhnknfhbZk rta/bkZrrdr.
sgd oqnonqshnm rtrbdoshakd sn snsZk onotkZshnm –R(: sgd oqnonqshnm ne uZbbhmZsdc sn snsZk onotkZshnm –T(:
sgd oqnonqshnm dwonrdc sn snsZk onotkZshnm –D: hmedbsdc ats mns hmedbshntr(: sgd oqnonqshnm rdudqdkx
hmedbshntr sn snsZk onotkZshnm –H: rdudqdkx hmedbshntr qdpthqhmf ldchbZk Zssdmshnm(: sgd oqnonqshnm lhkckx
hmedbshntr sn snsZk onotkZshnm –J: lhkc hmedbshnmr: hmbktchmf ansg ZrxlosnlZshb Zmc sgnrd vhsg lhkc
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rxlosnlr Zmc rdke/bZqd(: Zmc sgd oqnonqshnm qdbnudqdc sn snsZk onotkZshnm –P(: rtaidbs sn sgd qdrsqhbshnm
R)T) D) H) J) P + fl0 Sgd sqZmrlhrrhnm cxmZlhbr ZrrnbhZsdc vhsg sgdrd rta/bkZrrdr Zqd hkktrsqZsdc
hm Ehftqd fl0

Bnmrhcdqhmf sgd udqshbZk sqZmrlhrrhnm: vd Zrrtld sgZs Z eqZbshnm ρ ne sgd neeroqhmf eqnl sgd
dwonrdc oZqdmsr hr anqm hmsn sgd dwonrdc bkZrr D0 Bnmrdptdmskx: sgd ahqsg fitw hmsn sgd dwonrdc bkZrr
hr fhudm ax ρµD Zmc sgd ahqsg fitw hmsn sgd rtrbdoshakd bkZrr hr fhudm ax µ� ρµD0 Sgd nsgdq cdzmdc
oZqZldsdqr hm sgd lncdk DptZshnm –1( Zqd khrsdc adknv.

∗ β. sqZmrlhrrhnm qZsd:
∗ λ. knrr ne uZbbhmZshnm qZsd:
∗ �. uZbbhmd bnudqZfd ne sgd rtrbdoshakd:
∗ �fl. uZbbhmd bnudqZfd ne sgd dwonrdc:
∗ κ. hmuZkhc uZbbhmZshnm qZsd:
∗ α. qZsd lnuhmf eqnl dwonrdc sn rdudqd nq lhkc hmedbshntr:
∗ γ. oqnonqshnm ne sgd rdudqd hmedbshnmr rddjhmf ldchbZk Zcuhbd:
∗ δfl. qZsd lnuhmf eqnl rdudqd hmedbshntr sn qdbnudqdc:
∗ δ1. qZsd lnuhmf eqnl lhkc hmedbshntr sn qdbnudqdc0

Ehftqd fl0 EknvbgZqs ne ltlor sqZmrlhrrhnm hm Z onotkZshnm0

Sn rhlokhex sgd qdrdZqbg: vd cnm=s bnmrhcdq sgd roZshZk rsqZshehdc gdsdqnfdmdhsx ne sgd onotkZshnm Zmc
qdkduZms cdsdqlhmZmsr: Zmc bnmrhcdq sgZs sgd ltlor lncdk gZr gnlnfdmdntr lhwhmf: Zmc Zm hmchuhctZk
gZr Zm dptZk bgZmbd ne bnmsZbshmf Zmx hmchuhctZk Zlnmf sgd onotkZshnm0 Sgd RTDHJPltlor lncdk hr
fhudm ax rhw nqchmZqx cheedqdmshZk dptZshnmr.
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ü odqrnm vZr hmedbsdc vhsg sgd uhqtr Zmc sgdm etkkx qdbnudqdc0 üesdq sgZs: gd hr sxohbZkkx hlltmd
enq khed )19[0 Sgd zqrs zud dptZshnmr Zqd hmcdodmcdms ne P hm DptZshnm –fl(: Zmc sgdm hs rtezbdr sn rstcx
sgd enkknvhmf rta/rxrsdl.
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Sgd ahnknfhbZkkx edZrhakd qdfhnm ne DptZshnm –1( hr Φ + R�R:T: D: H: J( → �4
) . 9 • R) T ) D)

H ) J • fl{: vghbg bZm ad udqhzdc Zr onrhshudkx hmuZqhZms –h0d0: fhudm mnm/mdfZshud hmhshZk uZktdr hm Φ:
Zkk rnktshnmr sn DptZshnm –1( gZud mnm/mdfZshud bnlonmdmsr Zmc rsZx hm Φ enq s ≤ 9( Zmc fknaZkkx
ZssqZbshmf hm �4

) vhsg qdrodbs sn DptZshnm –1(0 Sgdqdenqd: vd qdrsqhbs ntq Zssdmshnm sn sgd cxmZlhbr ne
DptZshnm –1( hm Φ0

Hs hr dZrx sn rdd sgZs lncdk DptZshnm –1( ZkvZxr gZr Z chrdZrd/eqdd dpthkhaqhtl O9 +

�R9:T9: 9: 9: 9(: vgdqd

R9 +
λ) µ

� ) λ) µ
:T9 +

�

� ) λ) µ
0 –2(

übbnqchmf sn sgd mdws fdmdqZshnm lZsqhw cdudknodc ax uZm cdm Cqhdrrbgd Zmc VZslntfg )14[:
vd cdzmd sgd aZrhb qdoqnctbshnm mtladq ne lncdk DptZshnm –1( Zr

!9+
ρµ

�fl ) α) µ
)

βα�λ) µ) κ�(

��fl ) α) µ(�� ) λ) µ(
�

γ

δfl ) µ
)

fl� γ

δ1 ) µ
(

+ !D )!H )!J:

–3(

vgdqd!D +
ρµ

�fl ) α) µ :!H +
βαγ�λ) µ) κ�(

��fl ) α) µ(��) λ) µ(�δfl ) µ(
:!J +

βα�fl�γ(�λ) µ) κ�(
��fl ) α) µ(��) λ) µ(�δ1 ) µ(

: vghbg qdoqdrdms
sgd ZudqZfd mtladqr ne sgd hmedbsdc hmchuhctZkr ax Z rhmfkd dwonrdc oZqdmsr: rdudqdkx hmedbshntr:
Zmc lhkckx hmedbshntr hmchuhctZkr hm Z etkkx rtrbdoshakd onotkZshnm: qdrodbshudkx0

Sgd aZrhb qdoqnctbshnm mtladq !9 qdoqdrdmsr enq sgd ZudqZfd mtladq ne mdv hmedbshnmr aqntfgs
nts ax nmd hmedbshntr ctqhmf sgd hmhshZk oZshdms=r hmedbshntr –mns rhbj( odqhnc )15[0 He !9 < fl:
lncdk DptZshnm –1( gZr Z tmhptd dmcdlhb dpthkhaqhtl O× + �R×:T×: D×: H×: J×(0 Gdqd: vd cn mns
fhud sgd dwZbs dwoqdrrhnm ne O×: sgd cdsZhkdc ZmZkxrhr bZm ad rddm hm sgd üoodmchw ü0 Sgdm: vd gZud
sgd enkknvhmf oqnonrhshnm.

Nqnonrhshnm fl0 Lncdk DptWshnm -1( WkvWxr gWr W chrdWrd;eqdd dpthkhaqhtl O9, Wmc: he!9 < fl: lncdk DptWshnm -1(
gWr W tmhptd dmcdlhb dpthkhaqhtl O×0

20 LYsgdlYshbYk �mYkxrhr Pdrtksr

QdfZqchmf sgd rsZahkhsx ne sgd chrdZrd/eqdd dpthkhaqhtl O9 Zmc dmcdlhb dpthkhaqhtl O×: vd gZud
sgd enkknvhmf Sgdnqdlr0 Sgd cdsZhkdc oqnne oqnbdrr bZm ad rddm hm sgd üoodmchw A0

Sgdnqdl fl0 He!9 � fl: sgdm O9 hr rsWakd: Wmc: he!9 < fl: sgdm O9 hr tmrsWakd0

Sgdnqdl 10 Sgd chrdWrd;eqdd dpthkhaqhtl O9 ne lncdk DptWshnm -1( hr fknaWkkx WrxlosnshbWkkx rsWakd he!9 • fl0

Sgd Zanud qdrtksr rgnv sgZs ltlor vhkk ad dkhlhmZsdc eqnl sgd bnlltmhsx he sgd dohcdlhnknfhbZk
sgqdrgnkc !9 bZm ad aqntfgs sn Z uZktd kdrr sgZm tmhsx0

Sgdnqdl 20 He !9 < fl: enq ρ + �fl + 9: lncdk DptWshnm -1( gWr W tmhptd dmcdlhb dpthkhaqhtl
O× + �R×:T×: D×: H×: J×(: vghbg hr fknaWkkx WrxlosnshbWkkx rsWakd0

Vgdm ρ ∈+ 9: �fl ∈+ 9: vd cn mns sdrshex sgd fknaZk rsZahkhsx ne sgd lncdk DptZshnm –1(0
Mdudqsgdkdrr: trhmf oZqZldsdq drshlZshnm hm sgd mdws rdbshnm: sgd uZktdr ne ρ Zmc �fl Zqd udqx rlZkk:
Zklnrs mdfkhfhakd0 Hs rgnvr sgZs Sgdnqdl 2 rshkk gZud fqdZs rhfmhzbZmbd0

LZsgdlZshbZk ZmZkxrhr rgnvr sgZs sgd aZrhb qdoqnctbshnm mtladq !9 hr Z rgZqo sgqdrgnkc
bnlokdsdkx cdsdqlhmhmf sgd fknaZk cxmZlhbr ne lncdk DptZshnm –1(. he !9 • fl: sgd chrdZrd/eqdd
dpthkhaqhtl O9 hr fknaZkkx ZrxlosnshbZkkx rsZakd Zmc sgd ltlor chdr nts, he !9 < fl: sgd dmcdlhb
dpthkhaqhtl O× hr fknaZkkx ZrxlosnshbZkkx rsZakd: mZldkx: sgd ltlor odqrhrsr Zs sgd dmcdlhb
dpthkhaqhtl rsZsd he nmkx hs hmhshZkkx dwhrsr0
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30 CYsY Ymc NYqYldsdq DrshlYshnm

30fi0 CWsW �mWkxrhr

Hs vZr qdonqsdc ax sgd Lhmhrsqx ne GdZksg ne sgd Odnokd=r Qdotakhb ne BghmZ sgZs ltlor hmbktcdc
lZcd sgd khrs Zr Z BZsdfnqx B Hmedbshntr ChrdZrd –Lnmhsnqhmf Zmc LZmZfhmf ne Hmedbshntr ChrdZrd( hm
fl878 )16[0 Nm sgd aZrhr ne sgd Bghmdrd Bdmsdq enq ChrdZrd Bnmsqnk Zmc Oqdudmshnm –BghmZ=r BCB(:
trhmf lnmsg Zr sgd odqhnc cndr rsZshrshbZk vnqj nm sgd oZshdmsr vgn vdqd hmedbsdc ax ltlor
–rdd Ehftqd 1( )fl5:fl6[0 BghmZ=r BCB otakhrgdr sgd rtqudhkkZmbd cZsZ ne ltlor eqnl dZbg oqnuhmbd hm
lZhmkZmc BghmZ dwbdos Gnmf Jnmf: LZbZn Zmc SZhvZm0 Eqnl sgd mdsvnqj chqdbs qdonqshmf rtqudhkkZmbd
cZsZ: vd bZm Zbpthqd Z kns ne cdsZhkdc hmenqlZshnm eqnl bZrdr: rtbg Zr sgd ZqdZ bncd: fdmcdq: nbbtoZshnm:
cZsd ne ahqsg: cZsd ne nmrds: cZsd ne chZfmnrhr: Zccqdrr: Zmc: drodbhZkkx: bkZrrhzbZshnm ne chrdZrd: vghbg hr
kZadkdc Zr bkhmhbZkkx chZfmnrdc bZrdr0

übbnqchmf sn sgd cZsZ ne ltlor ZmZkxrhr: hs hr mns chezbtks sn zmc sgZs sgd dohcdlhb ne ltlor gZr
bdqsZhm qdftkZqhsx0 Itcfhmf ax kZqfdq mtladq ne ltlor bZrdr: vd bZm zmc Z odZj adsvddm EdaqtZqx
Zmc Rdosdladq: Zmnsgdq odZj ZoodZqr adsvddm Rdosdladq ne sghr xdZq sn EdaqtZqx ne sgd mdws xdZq:
Zmc sgd sqntfg ZoodZqr hm EdaqtZqx Zmc Rdosdladq dZbg xdZq )17[0 Hm eZbs: hs hr ZrrnbhZsdc vhsg sgd
gnkhcZx rbgdld ne sgd dkdldmsZqx Zmc rdbnmcZqx rbgnnkr hm BghmZ0 Dudqx xdZq hm EdaqtZqx: vghbg hr
itrs Zesdq sgd ktmZq Mdv XdZq: Zkk oqhlZqx Zmc rdbnmcZqx rbgnnkr vhkk dmc lnqd sgZm Z lnmsg ne vhmsdq
uZbZshnm0 RhlhkZqkx: dudqx xdZq hm Itkx sn Rdosdladq: Zkk rbgnnkr gZud Z rtlldq uZbZshnm sn qdrs enq svn
lnmsgr0 Sghr shld gZoodmr sn ad vgdm sgd ltlor fn sgqntfg sgd sqntfg0 Nm Zbbntms ne sgd oZshdmsr
vhsg ltlor adhmf lZhmkx 3 sn fl4 xdZqr nkc: vd bZm bnmbktcd sgZs sgd lZhm bZtrd ne sgd ltlor
dohcdlhb hm BghmZ hr bknrd bnmsZbs Zlnmf sgd rstcdmsr hm sgdhq rbgnnkr0 Bnmrhcdqhmf Bghmdrd rtlldq
uZbZshnm Zmc vhmsdq uZbZshnm: hm nqcdq sn eZbhkhsZsd sgd zsshmf: vd sgdqdenqd chuhcd sgd qdonqsdc cZsZ
ne dZbg xdZq hmsn svn oZqsr. nmd hr sgd zqrs gZke ne sgd xdZq –eqnl EdaqtZqx sn Rdosdladq(: cdmnsdc ax
EGX –sgd zqrs gZke ne sgd xdZq(: Zmc sgd nsgdq hr sgd kZssdq gZke ne sgd xdZq –eqnl Rdosdladq ne sghr xdZq
sn EdaqtZqx ne sgd mdws xdZq(: cdmnsdc ax KGX –sgd kZssdq gZke ne sgd xdZq(0 Sgdqdenqd: sgd cZsZ ne sgd
EdaqtZqx Zmc Rdosdladq Zqd rhltkZsdc svhbd0

Ehftqd 10 Sgd bnloZqhrnm bgZqs ne sgd cZsZ ne ltlor hm BghmZ Zmc rhltkZshnm qdrtksr ax lncdk
DptZshnm –1(0

3010 OWqWldsdq DrshlWshnm

Mdws: sgd lncdk oZqZldsdqr Zqd drshlZsdc Zr enkknvr.

–fl( ürrtlhmf sgZs sgd odqrnm=r mZstqZk cdZsg enkknvr Z tmhenql chrsqhatshnm: mZstqZk cdZsg qZsd hr
sgdm bZkbtkZsdc Zr µ + fl?�63072· 254( + 2055fl2· fl9�4 )fl6:18[0

–1( Mnsd sgZs κ Zmc ρ Zqd qdkZshudkx rlZkk Zmc Zklnrs dptZk sn 9 ax rhltkZshnm: Zmc vd bgnnrd
κ + ρ + 90 Hs rgnvr sgZs hmuZkhc uZbbhmZshnm Zmc udqshbZk sqZmrlhrrhnm Zqd mns lZhm eZbsnqr
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enq sgd ltlor dohcdlhb0 Sgd bntqrd ne sqdZsldms enq sgd hmedbshntr hr Zants fl1 cZxr –qZmfd:
fl9-fl3( )8:fl9:fl5[0 Sgdm: rdsshmf δfl + fl?fl1: vd Zkrn Zrrtld δ1 + fl?fl10

–2( Ax Zookxhmf Z bgh/rptZqd sdrs sn zs ZmmtZk cZsZ –rhw cZsZ onhmsr hm EGX: dhfgs cZsZ onhmsr hm
KGX(: Zs lnrs rhw oZqZldsdqr –nq hmhshZk uZktdr( dudqx shld bZm ad zs hmsn sgd zqrs gZke ne sgd xdZq:
Zmc Zs lnrs entq oZqZldsdqr –nq hmhshZk uZktdr( dudqx shld bZm ad zs hmsn sgd kZssdq gZke ne sgd xdZq0
Vd sgtr bnmrhcdq � + �fl: D�9( + H�9( + P�9( + 90

–3( Sgd qdlZhmhmf oZqZldsdqr Zmc hmhshZk uZktdr –β: λ: �: γ: R�9( Zmc T�9(( hm lncdk DptZshnm –1( Zqd
drshlZsdc sgqntfg bZkbtkZshmf sgd lhmhltl rtl ne bgh/rptZqd uZktd –LRBU( )29[0

–4( ürrtld sgZs sgd onotkZshnm Zants ltlor hr fl39:999 dudqx lnmsg0 Adenqd zsshmf: nmd ots sgd
qdZk cZsZ qdctbhmf fl39:999 shldr hm sgd rhltkZshnm Zr sgd oqnonqshnm rdudqdkx hmedbshntr rddjhmf
ldchbZk Zcuhbd sn snsZk onotkZshnm0 Hm Zcchshnm: Zesdq zsshmf: vd bZm ltkshokx ax fl39:999 sn sgd
drshlZshnm uZkudr0

Sgd cZsZ oqdrdmsdc hm Ehftqd 1 qdedqr sn sgd bkhmhbZk cZsZ eqnl BghmZ=r BCB: cdmnsdc ax H:
Zmc vd bZm rdd sgd noshlZk oZqZldsdq uZktdr Zmc hmhshZk uZktdr ne EGX Zmc KGX eqnl 1998 sn 19fl3 hm
SZakdr üfl Zmc ü10 Hm Zcchshnm: sgd bgh/rptZqd sdrs ne fnncmdrr ne zs hr rgnvm hm üoodmchw B0 Gdqd:
vd Zkrn bZkbtkZsd sgd aZrhb qdoqnctbshnm mtladq: !9: sgd ldchZm Zmc sgd Zqhsgldshb ldZm ne sgd
noshlZk oZqZldsdqr: vghbg Zqd drshlZsdc ax LRBU Zr rgnvm hm SZakd fl0 Sgd cheedqdmbd adsvddm sgd
rZld oZqZldsdqr hr udqx rlZkk hm EGX Zmc KGX ne cheedqdms xdZqr0 Hm Zcchshnm:!9 ne dZbg xdZq hr rsZakd
Zqntmc 3: sgd qZmfd ne !9 hr 105418-404452: sgd ldchZm ne !9 hr 306386 Zmc Zqhsgldshb ldZm ne !9 hr
3017950 Sghr rtffdrsr sgZs sgd dmcdlhb dpthkhaqhtl ne lncdk DptZshnm –1( hr fknaZkkx ZrxlosnshbZkkx
rsZakd0 Hs hr rZhc sgZs: hm sghr btqqdms rhstZshnm: ltlor vhkk bnmshmtd sn roqdZc0

ür vd jmnv: sgd uZbbhmZshnm qZsd ne sgd rtrbdoshakd hr �+ ηϕ: Zmc sgd uZbbhmZshnm qZsd ne sgd
dwonrdc hr �fl + ηflϕfl0 Gdqd: η Zmc ηfl Zqd cdzmdc sn ad sgd odqbdmsZfd ne sgd mtladq ne uZbbhmZshnmr:
Zmc ϕ Zqd ϕfl sn cdzmdc sn ad sgd qZsd ne oqnfqdrrhnm sn sgd uZbbhmZsdc0 TmenqstmZsdkx: vd bZm=s fds
sgd qdrodbshud oZqZldsdq uZktdr ne η: ηfl: ϕ Zmc ϕfl0 Vd itrs nasZhm sgdhq oqnctbsr � Zmc �fl hm lncdk
DptZshnm –1( ax LRBU0

Trhmf lncdk DptZshnm –1( Zmc sgd oZqZldsdqr eqnl SZakdr üfl Zmc ü1: nmd bZqqhdr nm sgd cZsZ
zsshmf sn sgd mtladq ne rdudqdkx hmedbshntr rddjhmf ldchbZk Zcuhbd hmchuhctZkr: Zr rgnvm hm Ehftqd 1:
Zmc sgd mtldqhbZk qdrtksr Zqd entmc sn ad Z fnnc lZsbg vhsg sgd cZsZ ne ltlor eqnl 1998 sn 19fl30
Eqnl fl859 sn fl879: !9 hm sgd MdsgdqkZmcr: DmfkZmc Zmc VZkdr vZr flfl-fl3: Zmc hm uZqhntr rsZsdr ne
TRü: !9 vZr 3-6 )8[0 Hm qdbdms xdZqr: sgd khsdqZstqd drshlZsdr sgd aZrhb qdoqnctbshnm mtladq ne ltlor
vZr Zants 504317 hm BghmZ )12[0 Dcltmcr )2fl[ trdc sgd cdeZtks lZsqhw bnmzftqZshnm sn drshlZsd !9

enq ltlor vZr Zants 205-304 hm lZmx DtqnodZm bntmsqhdr –DmfkZmc Zmc VZkdr: sgd MdsgdqkZmcr:
EhmkZmc: CdmlZqj: DZrs FdqlZmx Zmc HsZkx( eqnl fl869-fl8890 JZmZZm )21[ trdc sgd lZsqhw lncdkr
vhsg hmchuhctZk gdsdqnfdmdhsx sn drshlZsd !9 enq ltlor vZr fl802 –84’ bqdchakd qdfhnm –BQ( 309-2fl04(
hm TJ hm fl875: he gdsdqnfdmdhsx hr mns bnmrhcdqdc: !9 vZr ltbg rlZkkdq –Zants 3033(0 Hm Zcchshnm:
ax ntq lncdk: vd drshlZsd sgZs sgd Zqhsgldshb ldZm ne !9 ne ltlor hr Zants 3017950 Hm sgd btqqdms
khsdqZstqd: !9 enq ltlor uZqhdr pthsd rtarsZmshZkkx adsvddm 205 Zmc fl8020 Sghr lZx ad oZqskx ctd sn
cheedqdms rntqbd onotkZshnmr Zmc shlhmf ne sgd rstchdr0 ür ntq!9 vZr Zs sgd knvdq dmc ne sghr uZqhZshnm:
vd sghmj sgZs sghr vZr lnrskx ctd sn Z kZqfd oqnonqshnm ne nmbd uZbbhmZsdc –vhsg oZqshZk hlltmhsx, h0d0:
ZrxlosnlZshb nq lhkc hmedbshnm, gdmbd: knvdq rtardptdms hmedbshnmr ctd sn knvdq uhqtr sqZmrlhrrhnm(0

MnvZcZxr: ltlor adbnldr Z dmcdlhb chrdZrd hm BghmZ Zmc sgd mtladq ne bZrdr sdmc sn ad rsZakd
dZbg xdZq0 Sgdqd Zqd rnld bnmmdbshnmr adsvddm sgd dohcdlhb ne ltlor Zmc sgd uZbZshnm hm BghmZ
vgdm hs hr rtlldq Zmc vhmsdq0 Sgdqdenqd: sgd zsshmf oZqZldsdqr Zmc hmhshZk bnmchshnm ne sgd kZssdq gZke
ne xdZq 19fl2 Zmc sgd zqrs gZke ne xdZq 19fl3 lZx ad trdc sn oqdchbs sgd mtladq ne bkhmhbZk bZrdr ne sgd
kZssdq gZke ne xdZq 19fl3 Zmc sgd zqrs gZke ne xdZq 19fl40 Hm eZbs: sgd oqduZkdmbd rsZstr ne ltlor eqnl sgd
kZrs xdZq bZm ad trdc sn oqdchbs sgd dohcdlhb rhstZshnm ne mdws xdZq0
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SYakd fl0 OZqZldsdqr uZktdr: hmhshZk uZktdr Zmc sgd aZrhb qdoqnctbshnm mtladq: vgdqd: �: �fl Zmc R�9( Zqd
drshlZsdc sgqntfg bZkbtkZshmf sgd lhmhltl rtl ne bgh/rptZqd uZktd –LRBU( hm zqrs gZke ne sgd xdZq
–EGX( Zmc zwdc hm kZssdq gZke ne sgd xdZq –KGX(0

NYqYldsdq NYqYldsdq HmsdquYk LdchYm �qhsgldshb LdYm Pdedqdmbd

µ fl?�63072· 254( / / )fl6[
ρ 9 / / Ehwdc
β 901822-905185 903479 90331fl LRBU
λ 909932-909143 909fl1fl 909fl29 LRBU

� + �fl 9099fl9-909946 9099fl9 9099fl4 LRBU nq Ehwdc
κ 9 / / Ehwdc
α fl?fl8 / / )6:22[
γ 909763-901822 90fl795 90fl791 LRBU
δfl fl?fl1 / / )8:fl9:fl5[
δ1 fl?fl1 / / Ehwdc
R�9( 909999-904fl9fl 909916 909844 LRBU nq Ehwdc
T�9( 903627-907518 906699 906627 LRBU
D�9( 9 / / Ehwdc
H�9( 9 / / Ehwdc
J�9( 909fl5fl-901276 90fl484 90fl296 BZkbtkZsdc
P9 105418-404452 306386 301795 BZkbtkZsdc

40 Rdmrhshuhsx �mYkxrhr ne sgd AYrhb Pdoqnctbshnm Mtladq Ymc Dmcdlhb Dpthkhaqhtl

Sgd adfhmmhmf ne Z chrdZrd sqZmrlhrrhnm hr chqdbskx qdkZsdc sn sgd aZrhb qdoqnctbshnm mtladq !9:
vghkd chrdZrd oqduZkdmbd hr bknrdkx khmjdc vhsg sgd dmcdlhb dpthkhaqhtl O× )23[0 Rdmrhshuhsx ZmZkxrhr hr
bnmctbsdc sn hcdmshex gnv bknrdkx hmots oZqZldsdqr sgZs Zqd qdkZsdc sn oqdchbsnq oZqZldsdq: Zmc cdsdqlhmd
kdudk ne bgZmfd mdbdrrZqx enq Zm hmots oZqZldsdq sn Zbpthqd sgd hcdZk uZktd ne Z oqdchbsnq oZqZldsdq0
Hm nqcdq sn rstcx sgd deedbshudmdrr ne ltlor bnmsqnk rsqZsdfhdr: vd bnlotsd sgd rdmrhshuhsx hmchbdr )23-25[:
vghbg hmsqhmrhbZkkx ldZrtqd sgd qdkZshud bgZmfdr hm !9 nq sgd rsZsd uZqhZakdr Zs O× vhsg bgZmfdr ne
lncdk oZqZldsdqr0

Cdymhshnm fl0 Sgd mnqlWkhydc enqvWqc rdmrhshuhsx hmcdw ne W uWqhWakd: t: cdodmchmf cheedqdmshWakx nm W oWqWldsdq:
o: hr cdzmdc Wr )23[. �to +

o
t ·

∂t
∂o 0

Hm uhdv ne sgZs: hs hr hlonrrhakd sn bnmsqnk sgd uZktdr ne µ: vd nmkx bnlotsd rdmrhshuhsx hmchbdr
ne !9 Zmc O× vhsg qdrodbs sn sgd dhfgs oZqZldsdqr oh�h + fl: 1: 000: 7(. β: δfl: δ1: �: �fl: λ: α: γ0 Gdqd:
vd bnmrhcdq sgd oZqZldsdqr eqnl sgd zqrs gZke ne 19fl3 –Zr rgnvm hm SZakd üfl(0 Ax sgd vZx: vd bnmrhcdq
δfl + δ1 + fl?fl1: Zbbnqchmf sn sgd DptZshnm –3(: hs hr nauhntr sgZs γ gZr mn hmfitdmbd nm!90 Etqsgdqlnqd:
sgd rdmrhshuhsx hmchbdr ne !9 sn sgd rdudm oZqZldsdqr: �!9

oh Zqd rgnvm hm SZakd 10

SYakd 10 Rdmrhshuhsx hmchbdr ne !9: �oh : Zmc bnqqdronmchmf ’ bgZmfdr hm oh sn cdbqdZrd !9 ax fl’0

NYqYldsdq Rdmrhshuhsx Hmchbdr ne�9 Bnqqdronmchmf * BgYmfdr

β �β + )fl0999999999 �fl0999999999
δ1 �δ1 + �907fl3139987 )fl0117fl27865
� �� + �90456897fl46 )fl0659737fl9fl
λ �λ + )90452973613 �fl066482fl579
δfl �δfl + �90fl742fl7977 )40285fl16222
α �α + )90987175511 �fl90fl6321353
�fl ��fl + �90986544448 )fl9013996135
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Vd bZm nardqud sgZs β: λ Zmc α –δ1: δfl: � Zmc �fl( gZud onrhshud –mdfZshud( hloZbsr nm !90 Sgd lnrs
rdmrhshud oZqZldsdq enq !9 hr β enkknvdc ax δ1: �: λ: δfl: α: �fl: –d0f0: hm nqcdq sn cdbqdZrd sgd uZktd ne !9

ax fl’: hs hr mdbdrrZqx sn cdbqdZrd sgd uZktd ne β sn fl0999999999’(0
Hm Zcchshnm: nmd bnlotsdr sgd rdmrhshuhsx hmchbdr ne sgd O×: vghbg cdsdqlhmdr sgd qdkZshud hloZbsr

ne cheedqdms oZqZldsdqr nm chrdZrd oqduZkdmbd0 Trhmf sgd oZqZldsdqr –Zr rgnvm hm SZakd üfl( eqnl sgd
zqrs gZke ne sgd xdZq 19fl3 xhdkcr

O× + �90fl35782595: 90fl8139536fl: 9099935fl265: 90999943fl78: 90999127fl26(0

Sgdm: sgd rdmrhshuhsx hmchbdr ne O× sn sgd dhfgs oZqZldsdqr Zqd bZkbtkZsdc hm SZakd 2 vhsg Z rhlhkZq
ldsgnc sn RZlrtyyngZ=r )24[: vgdqd ”)��(; hlokhdr sgZs sgdqd Zqd onrhshud –mdfZshud( hloZbs nm O×0
Etqsgdqlnqd: rnld uZktZakd hmenqlZshnm hr nasZhmdc. sgd lnrs rdmrhshud oZqZldsdq enq R× hr β enkknvdc
ax δ1: δfl: α: �fl: �: λ: γ, sgd lnrs rdmrhshud oZqZldsdq enq T× hr � enkknvdc ax β: λ: δ1: δfl: α: �fl: γ, sgd lnrs
rdmrhshud oZqZldsdq enq D× hr α enkknvdc ax β: δ1: �: λ: δfl: �fl: γ, sgd lnrs rdmrhshud oZqZldsdq enq H× hr δfl
enkknvdc ax γ: β: δ1: �: λ: α: �fl, sgd lnrs rdmrhshud oZqZldsdq enq J× hr δ1 enkknvdc ax β: �: λ: γ: δfl: α: �fl0

SYakd 20 Rdmrhshuhsx hmchbdr ne sgd dmcdlhb dpthkhaqhtl0

NYqYldsdq R‡ S‡ �‡ E‡ I‡

β �fl0999fl49472 �fl09919fl38fl7 )904flfl731174 )904fl9955292 )9049886flfl92
λ �90999973493 �90889625796 )90176121823 )90175125187 )90175fl71763
� )90999974419 )fl0991535569 �90189574713 �90178566196 �90178512fl3fl
�fl )90986177363 )90fl995fl7643 �9094969fl62fl �90949414796 �909494fl5266
α �909868fl2476 �90fl9fl131733 �90837172724 )9094fl42561fl )9094fl416fl91
γ �fl02· fl9�fl6 �fl08· fl9�fl6 9 )908854291fl5 �90115653213
δfl )90fl742fl7294 )90fl74552637 �90983728352 �fl098396fl121 �9098338164fl
δ1 )907fl3282942 )907fl48flflfl15 �903fl5667931 �903fl422fl8fl1 �fl03fl37fl4123

50 Chrbtrrhnm

übbnqchmf sn rdmrhshuhsx ZmZkxrhr ne !9 Zmc O× vhsg qdfZqc sn oZqZldsdqr: rdudqZk deedbshud
ldZrtqdr enq ltlor= bnmsqnk Zmc oqdudmshnm bZm ad ots enqvZqc Zmc ots hmsn oqZbshbd0

–fl( Bts nee sqZmrlhrrhnm qntsdr Zr rnnm Zr onrrhakd hm nqcdq sn qdrsqZhm sgd chrdZrd roqdZc Zlnmf
sgd bqnvc –qdctbshnm β(0 β hr sgd lnrs rdmrhshud oZqZldsdq sn !90 Hm Zcchshnm: β hr sgd lnrs rdmrhshud
oZqZldsdq enq R×: sgd rdbnmc rdmrhshud oZqZldsdq enq T×: D×: J×: Zmc sgd sghqc rdmrhshud oZqZldsdq enq
H×: qdrodbshudkx0 Bnmrdptdmskx: oZqdmsr Zmc sdZbgdqr rgntkc eqdptdmskx tqfd rstcdmsr sn onotkZqhyd
gdZksg jmnvkdcfd Zmc oqdrdqud fnnc odqrnmZk gxfhdmd gZahsr0 Rstcdmsr rgntkc vZrg gZmcr adenqd
ldZkr Zmc: Zesdq trhmf sgd snhkds: lhmhlhyd sgd onrrhahkhsx ne fdsshmf hm sntbg vhsg nsgdq rstcdmsr0

–1( HmbqdZrhmf uZbbhmd bnudqZfd –hmbqdZrhmf �+ ηϕ(0 � hr sgd sghqc rdmrhshud sn !9 Zmc J×: Zmc sgd
lnrs rdmrhshud oZqZldsdq enqT×0 Mdudqsgdkdrr: hs hr chezbtks sn rdoZqZsdkx nasZhm sgd ltlor uZbbhmZshnm
qZsd η Zmc sgd ZudqZfd uZbbhmZshnm shld fl?ϕ0 Enq lnrs bhshdr Zmc oqnuhmbdr hm BghmZ: Zbbnqchmf sn
sgd MZshnmZk HlltmhyZshnm Rbgdctkd ax MZshnmZk GdZksg Zmc EZlhkx OkZmmhmf Bnllhrrhnm ne sgd
Odnokd=r Qdotakhb ne BghmZ –MGEOB( )26[: LLQ hr nmd ne sgd uZbbhmZshnmr rtookhdc enq eqdd ax sgd
fnudqmldms: Zmc bghkcqdm itrs fds uZbbhmZsdc ax nmd cnrd0

Gnvdudq: Zr vd jmnv: sgd lnrs bnllnm oqdudmsZshud ldZrtqd ZfZhmrs ltlor hr Z uZbbhmZshnm
vhsg svn cnrdr ne sgd ltlor uZbbhmd: Zookxhmf hm lZmx cdudknodc bntmsqhdr )11:12[0 Hm sgd Tmhsdc
Jhmfcnl: hs hr bnmudmshnmZk sn fhud bghkcqdm Zs Zfd fl2 lnmsgr vhsg Zmnsgdq cnrd ne uZbbhmd Zs 2-4 xdZqr
–oqdrbgnnk(0 Sghr bnmedqr hlltmhsx enq khed0 Sgd dezbZbx ne sgd uZbbhmd cdodmcr nm sgd rsqZhm ne sgd
uZbbhmd: ats hs hr trtZkkx Zqntmc 79’ )27[0 Sgd üldqhbZm übZcdlx ne OdchZsqhbr oqnonrdr sgd qntshmd
ZclhmhrsqZshnm ne LLQ uZbbhmd Zs Zfdr fl1-fl4 lnmsgr Zmc Zs 3-5 xdZqr nkc )28[0 Hm BZmZcZ: oqnuhmbhZk
fnudqmldmsr Zmc sgd Otakhb GdZksg üfdmbx ne BZmZcZ gZud Zkk snnj oZqs hm ZvZqdmdrr bZloZhfmr
sn dmbntqZfd rstcdmsr qZmfhmf eqnl sgd jhmcdqfZqsdm sn bnkkdfd sn fds uZbbhmZsdc0 Sgtr: sgd Bghmdrd
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Fnudqmldms: gdZksg cdoZqsldmsr Zbqnrr sgd bntmsqx Zmc gnrohsZkr rgntkc oqnlnsd sddmZfdqr ne sgd
qhfgs Zfd sn bnmshmtd hmnbtkZshmf vhsg sgd ltlor uZbbhmZshnm0

Ne bntqrd: he vd vZms sn dwokhbZsd svn cnrdr ne uZbbhmd ZbbtqZsdkx: vd vhkk mddc sn trd otkrd
lncdk Zmc rn nm: Zmc sghr vhkk ad ntq etstqd vnqj0

–2( Qdbnudq Zr rnnm Zr onrrhakd –cdbqdZrhmf hmbtaZshnm fl?δfl Zmc fl?δ1(0 δ1 hr sgd lnrs rdmrhshud
oZqZldsdq sn J×: Zmc sgd rdbnmc rdmrhshud sn !9: R×0 δfl hr sgd lnrs rdmrhshud oZqZldsdq enq H×: sgd sghqc
rdmrhshud oZqZldsdq enq R×: qdrodbshudkx0 Sqx sn bts cnvm sgd rntqbd ne hmedbshnm0 OZshdmsr rgntkc ad
sqdZsdc Zbshudkx rn sgZs sgdx bZm qdbnudq dZqkx0 LdZmvghkd: gnrohsZkr Zqd rtoonrdc sn dmgZmbd hmedbshnm
bnmsqnk oqZbshbdr sn Zunhc mnrnbnlhZk bqnrr hmedbshnm0

–3( Rhmbd δfl + δ1: γ gZr mn hmfitdmbd nm !9: ats hs hr Z rdmrhshud oZqZldsdq sn H× Zmc J×0 Sgtr:
vd rtffdrs sgZs rxlosnlZshb oZshdmsr rgntkc rddj ldchbZk Zssdmshnm Zmc sZjd mdbdrrZqx oqdbZtshnmr
sn oqdudms etqsgdq roqdZc0 übstZkkx: fl7091’ ne odqrnmr hmedbsdc vhsg sgd ltlor uhqtr rddj ldchbZk
Zssdmshnm –rddhmf SZakd fl: γ + 90fl791(: sgdqdenqd enqlhmf sgd fqnto ne rdudqdkx hmedbshntr –H(0
Sgd uZrs lZinqhsx: 7fl087’ ne hmedbsdc ltlor oZshdmsr: cn mns rddj ldchbZk Zssdmshnm Zmc enql sgd
fqnto –J(0 Sghr fqnto bnmrhrsdc ne ansg lhkc hmedbshnmr Zmc sgnrd bnlokdsdkx ZrxlosnlZshb0 Eqnl )39[:
19-39’ ne ltlor hmedbshnmr lZx ad ZrxlosnlZshb0 SgZs hr sn rZx: Zants 59-79’ hmedbshnmr gZud lhkc
–oZqs ne fqnto J( nq lnqd rdudqd rxlosnlr –lnrskx hm fqnto H(0 Eqnl ntq qdrtksr: sgd oqnonqshnm ne
oZshdmsr rddjhmf ldchbZk Zssdmshnm –γ( vZr mns ghfg0 Sgdqdenqd: Z kZqfd oqnonqshnm ne ltlor hmedbshnmr
Zqd rdke/sqdZsdc: sgtr oqnlnshmf etqsgdq roqdZc ne sgd chrdZrd0

Nvhmf sn sgd gtfd Zmc ghfg gdsdqnfdmdhsx ne sgd bntmsqx: hm eZbs: vd rgntkc bnmrhcdq sgd roZshZk
rsqZshzdc gdsdqnfdmdhsx ne sgd onotkZshnm Zmc qdkduZms cdsdqlhmZmsr –d0f0: bkhlZsd: sdlodqZstqd:
gtlhchsx: knmfhstcd Zmc kZshstcd: dudm odnokd=r adgZuhnq gZahsr: Zmc rn nm(0

SZjhmf cheedqdms roZshZk rsqZshzbZshnmr: vd gZud qdbnmrhcdqdc Z mdv ltksh/fqnto lncdk
DptZshnm –4(0 Sgd snsZk onotkZshnm M hr chuhcdc hmsn m fqntor: Zmc dZbg rtafqnto qdoqdrdmsr cheedqdms
ZqdZr0 Rnld oZqZldsdqr hm sgd lncdk DptZshnm –4( Zqd khrsdc adknv.

∗ βhi. qZsd ne chrdZrd sqZmrlhrrhnm adsvddm rtrbdoshakd hmchuhctZkr hm fqnto h Zmc hmedbshntr
hmchuhctZkr hm fqnto i:

∗ σhj. sqZmredq qZsd lnud eqnl sgd j/sg rtrbdoshakd fqnto sn h/sg rtrbdoshakd fqnto:
∗ ζhk . sqZmredq qZsd lnud nts sgd h/sg rtrbdoshakd fqnto hmsn k/sg rtrbdoshakd fqnto:
∗ ϕhj. sqZmredq qZsd lnud eqnl sgd j/sg uZbbhmZsdc fqnto sn h/sg uZbbhmZsdc fqnto:
∗ υhk . sqZmredq qZsd lnud nts sgd h/sg uZbbhmZsdc fqnto hmsn k/sg uZbbhmZsdc fqnto:
∗ ωhj. sqZmredq qZsd lnud eqnl sgd j/sg qdbnudqdc fqnto sn h/sg qdbnudqdc fqnto:
∗ φhk . sqZmredq qZsd lnud nts sgd h/sg qdbnudqdc fqnto hmsn k/sg qdbnudqdc fqnto0

Nsgdq oZqZldsdqr ne cheedqdms rtafqntor Zqd sgd rZld Zr lncdk DptZshnm –fl(0 Ctd sn sgd
hmbtaZshnm odqhnc Zmc sgd ctqZshnm ne sgd ltlor adhmf rgnqsdq: vd nmkx bnmrhcdq sgZs sgqdd bZsdfnqhdr=
bnloZqsldmsr –R:T Zmc P( gZud sqZmredq ne dZbg nsgdq: Zmc sgd ltksh/fqnto lncdk Zr enkknvr.
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∞
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∞
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m
∞
j+fl
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∞
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φhkPh: h + fl: 1: − − − : m0

–4(

übbnqchmf sn sgd bkhmhbZk cZsZ eqnl cheedqdms oqnuhmbdr ne BghmZ=r BCB )fl5:fl6[: vd bZm Zkrn
rhltkZsd sgd oZqZldsdqr ne sgd lncdk0 Eqnl sgd ZmZkxrdr ne sgd oZqZldsdqr Zmc sgd aZrhb qdoqnctbshnm
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mtladq: vd bZm nasZhm Z kns lnqd ldZmhmfetk bnmbktrhnmr ax rstcxhmf sgd cZsZ ne cheedqdms roZshZk Zmc
mZstqZk dmuhqnmldms hm cheedqdms qdfhnmr0 Sgd qdrtksr ne sghr rstcx vhkk ZoodZq hm sgd kZsdq oZodqr0

60 Bnmbktrhnmr

Vd gZud cdrbqhadc gdqd Zm hloqnudc Ztsnmnlntr lncdk vhsg Z ahkhmdZq hmbhcdmbd qZsd0 Sgd lncdk
gZr addm cdudknodc ansg hm oqZbshbZk Zmc sgdnqdshbZk sdqlr bnloZqdc sn ntq oqduhntr lncdk )12[0
Sgd lncdk vZr bnmbhrd Zmc vd odqenqldc dwsdmrhud rdmrhshuhsx ZmZkxrhr0 Sgd lncdk oqnudc sgd
enkknvhmf sgdnqdshbZk qdrtksr. –h( ax Qntsg/Gdqvhsy bqhsdqhZ: vd oqnudc sgZs: he !9 � fl: sgd chrdZrd/eqdd
dpthkhaqhtl hr rsZakd: Zmc !9 < fl: sgd chrdZrd/eqdd dpthkhaqhtl hr tmrsZakd, –hh( ax KZRZkkd=r HmuZqhZmbd
Oqhmbhokd: vd oqnudc sgd chrdZrd/eqdd dpthkhaqhtl hr fknaZkkx ZrxlosnshbZkkx rsZakd he !9 • fl, Zmc:
–hhh( vhsg sgd gdko ne sgd KxZotmnu etmbshnm: vd oqnudc sgZs: he !9 < fl: enq ρ + �fl + 9: sgd tmhptd
dmcdlhb dpthkhaqhtl hr fknaZkkx ZrxlosnshbZkkx rsZakd0 Sgdqdenqd: vd vntkc oqnonrd sgd trd ne sghr
lncdk enq etqsgdq rstchdr0

Trhmf sgd Zqhsgldshb ldZm ne sgd oZqZldsdqr ne lncdk DptZshnm –1(: vd bZm bZkbtkZsd !D + 9:
!H + 907215: Zmc !J + 2067680 Bnlahmhmf sgd oZqZldsdq ZmZkxrhr: nmd bZm zmc sgZs udqshbZk
sqZmrlhrrhnm hr mns sgd hlonqsZms eZbsnq sgZs bZtrdr ltlor= rtrsZhmdc ntsaqdZjr –ρ vZr qdkZshudkx
rlZkk Zmc Zklnrs dptZk sn 9 ax ntq rhltkZshnm(: Zmc xntmf Zctksr vhsg eqdptdms bnmsZbsr Zmc lhkc
hmedbshnm vdqd hcdmshzdc Zr Z lZinq cqhudq ne ltlor dohcdlhbr0 Hs bZm ad bnmbktcdc sgZs Z lhkc
hmedbshnm sgZs bZqqhdr sgd uhqtr ats cndrm=s qdbdhud ldchbZk Zssdmshnm okZxr Zm hlonqsZms oZqs hm kdZchmf
sn sgd dohcdlhb ne ltlor0

Hm sghr vnqj: Zm RTDHJPltlorlncdk hmbnqonqZshmf hlodqedbs uZbbhmZshnm: udqshbZk sqZmrlhrrhnm:
Zmc lhkc bZrdr Zqd enqltkZsdc sn cdrbqhad sgd cxmZlhbr ne ltlor sqZmrlhrrhnm0 ür eZq Zr vd bZm:
vd bnmctbs rsZshrshbZk Zrrdrrldmsr nm sgd rdmrhshuhsx ZmZkxrhr ne !9 Zmc sgd dmcdlhb dpthkhaqhtl O×

sn oZqZldsdqr: Zmc ots enqvZqc rdudqZk bnqqdronmchmf ldZrtqdr sn bnmsqnk sgd roqdZc ne ltlor0
AdbZtrd ne sgd gtfd Zmc ghfg gdsdqnfdmdhsx ne sgd bntmsqx: hs hr hlonqsZms sn bnmrhcdq sgd roZshZk
rsqZshzdc gdsdqnfdmdhsx ne sgd onotkZshnm vhsg qdkduZms cdsdqlhmZmsr –d0f0: bkhlZsd: sdlodqZstqd:
gtlhchsx: knmfhstcd Zmc kZshstcd: dudm odnokd=r adgZuhnq gZahsr: Zmc rn nm( Zmc bgnnrd bdqsZhm rsqZsZ
ne sgd onotkZshnm0 Gnvdudq: hm rtbg Z gtfd onotkZshnm hs hr udqx chezbtks sn lZjd sgd rsqZsZ bnloZshakd0
Vd vhkk sqx sn rstcx sghr oqnakdl hm sgd etstqd0

�bimnvkdcfldmsr. Sgd vnqj vZr rtoonqsdc ax sgd MZshnmZk MZstqZk Rbhdmbd EntmcZshnm ne BghmZ
–flfl56fl216:flfl436995: flfl36flfl22: flfl26flfl5fl(: sgd Bgnmfphmf OnrscnbsnqZk Rbhdmbd EntmcZshnm RodbhZk Etmcdc Oqnidbs
–Mn0 Wl19fl6fl28( Zmc sgd Rbhdmshzb QdrdZqbg Oqnidbs ne Gtadh OqnuhmbhZk CdoZqsldms ne DctbZshnm –A19fl6928(0

�tsgnq Bnmsqhatshnmr. Xnmf Kh: WhZmmhmf Kht Zmc KhZmvdm VZmf oZqshbhoZsdc hm rstcx bnmbdoshnm Zmc cdrhfm:
Zmc cZsZ bnkkdbshnm, Xnmf Kh Zmc KhZmvdm VZmf odqenqldc sgd lZsgdlZshbZk ZmZkxrdr Zmc rsZshrshbZk ZmZkxrdr,
Xnmf Kh vqnsd sgd lZmtrbqhos0 ükk Ztsgnqr bnmsqhatsdc sn sgd hmsdqoqdsZshnm ne sgd qdrtksr: qduhrdc sgd lZmtrbqhos
bqhshbZkkx Zmc Zooqnudc sgd zmZk udqrhnm ne sgd lZmtrbqhos0

Bnmfihbsr ne Hmsdqdrs. Sgd Ztsgnqr cdbkZqd mn bnmfihbs ne hmsdqdrs0

�oodmchw �0

Sgd dmcdlhb dpthkhaqhtl O× + �R×:T×: D×: H×: J×( ne lncdk DptZshnm –1( hr cdsdqlhmdc
ax dptZshnmr.
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Eqnl sgd kZrs svn dptZshnmr hm DptZshnm –üfl(: vd bZm nasZhm
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–rdd Ehftqd üflZ(: Zmc he !9 • fl: sgdm W5 < 9: W6 ≤ 9: DptZshnm –ü8( gZr mn onrhshud rnktshnm –rdd
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Ehftqd üfla(0 Sgdm: eqnl sgd DptZshnm –ü4(: lncdk DptZshnm –1( gZr Z tmhptd onrhshud rnktshnm R×

vgdm !9 < fl0 RhlhkZqkx: lncdk DptZshnm –1( gZr Z tmhptd onrhshud rnktshnm D×: J×: vgdm !9 < fl0
Etqsgdqlnqd: hs enkknvr eqnl sgd rdbnmc dptZshnm hm DptZshnm –üfl( sgZs T + �R) �flD

λ) µ) κβ�H) J( : Zmc vd
Zkrn nasZhm sgZs lncdk DptZshnm –1( gZr nmkx nmd onrhshud rnktshnm T× vgdm !9 < fl0

Ehftqd �fl0 –Y( rgnvr sgd fqZog ne F�H( vgdm !9 < fl, –a( rgnvr sgd fqZog ne F�H( vgdm !9 • fl0

�oodmchw A0

Nqnne ne Sgdnqdl fl0 Sgd IZbnahZm lZsqhw Zs O9 hr

I�O9( +

)
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0

Sgd bgZqZbsdqhrshb dptZshnm hr

∆�ξ( .+ �ξ1 ) �λ) � ) 1µ(ξ ) �µ) λµ) µ1(�ξ2 ) aflξ1 ) a1ξ ) a2( + 9:

vgdqd:
afl + �fl ) α) δfl ) δ1 ) 2µ� ρµ < 9:
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a2 + �δfl ) µ(�δ1 ) µ(��fl ) α) µ� ρµ(� αβγ�δ1 ) µ(�κT9 ) R9(

� αβ�fl� γ(�δfl ) µ(�κT9 ) R9(

+ �δfl ) µ(�δ1 ) µ(��fl ) α) µ(�fl�!9(0

Chrshmbskx: sgdqd Zqd svn mdfZshud rnktshnmr ne ξ1 ) �λ) � ) 1µ(ξ ) �µ) λµ) µ1: vghkd !9 � fl:
a2 < 90 Hm Zcchshnm:

afla1 � a2 + �δfl ) µ(�δ1 ) µ(�δfl ) δ1 ) 1µ(

) ��fl ) α)δfl ) δ1 ) 2µ� ρµ(��fl ) α) µ� ρµ(�δfl ) δ1 ) 1µ(

) αβγ��fl ) α)δfl ) 1µ� ρµ(�κT9 ) R9(

) αβ�fl� γ(��fl ) α)δ1 ) 1µ� ρµ(�κT9 ) R9( < 90


