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T.pXx XmXkxrhr ne sgd Xbbpdshmf rtodplXrrhud akXbi gnkd hm sgd
pXchn fXkXwx KIR 114y-yy
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Qdbdhudc 2fl IZmtZqx 19fl8 + ñbbdosdc fl2 LZqbg 19fl8

�ARSP�BS

Anmsdvs0 Vd gZud hmudrshfZsdc sgd chbgnsnlx adsvddm idssdc Zmc mnm“idssdc Zbshud fZkZbshb mtbkdh –ñFMr(: enbtrhmf nm sgd etmcZldm“
sZk chΩdqdmbdr ne sgdrd svn bkZrrdr hm sgd Zbbqdshnm ogxrhbr nmsn sgd bdmsqZk rtodqlZrrhud akZbj gnkd –RLAG(0 Vd sdrsdc sgd uZkhchsx
ne sgd tmhzbZshnm lncdk ne ñFMr sgqntfg sgd bgZqZbsdqhyZshnm ne sgd ltstZk hmsdqZbshnm adsvddm Zbbqdshmf Zmc ntsfinvhmf lZssdq hm
qZchn fZkZwhdr0
6hlr0 Ntq Zhl hr sn rstcx Zmc bnmrsqZhm sgd rsqtbstqd: jhmdlZshbr Zmc ogxrhbZk rsZsd ne sgd mtbkdZq dmuhqnmldms hm sgd aqnZc khmd qZchn
fZkZwx –AKQF( OJR 114flffiflfl0 Sgd ghfg W“qZx ktlhmnrhsx Zmc sgd qdkZshud oqnwhlhsx lZjd rtbg ñFM Zm hcdZk bZmchcZsd enq Z cdsZhkdc
ZmZkxrhr ne sgd Zbbqdshnm qdfhnmr hm qZchn fZkZwhdr0 Sgd hmudrshfZshnm vhkk gdko sn rgdc khfgs nm sgd ZmZknfhdr Zmc chΩdqdmbdr adsvddm
sgd AKQFr Zmc sgd kZqfdq bkZrr ne qZchn“pthds Rdxedqs fZkZwhdr Zmc gdmbd nm sgd oqnbdrrdr sgZs sqhffdq sgd kZtmbg ne Z qdkZshuhrshb ids0
Ldsgncr0 Vd odqenqldc Z rodbsqZk Zmc shlhmf ZmZkxrhr ne Z ≥53 jr nardquZshnm ne OJR 114flffiflfl hm sgd W“qZx aZmc vhsg WLL.Mdvsnm0
Vd lncdkdc sgd rodbsqtl bnmrhcdqhmf Zm Zarnqadc onvdq kZv rtodqhlonrdc sn Z qdfidbshnm bnlonmdms0 Vd odqenqldc Z shld“qdrnkudc
rodbsqZk ZmZkxrhr sn rdZqbg enq uZqhZahkhsx ne sgd W“qZx fitw Zmc ne sgd hmchuhctZk rodbsqZk bnlonmdmsr0
Ndrtisr0 Vd zmc sgZs sgd onvdq kZv gZr Z ognsnm hmcdw � / flχ7× 9χfl: Zarnqadc ax Zm hnmhydc oZqshZk bnudqhmf ldchtl vhsg Z bnktlm
cdmrhsx MG / –fl9χfl×9χ7(−fl912 bl�1: Z hnmhyZshnm oZqZldsdq knf ν / flχ2×9χfl dqf r�fl bl Zmc Z bnudqhmf eZbsnq e → 89’0 Bnmrhcdqhmf
Z cdmrhsx ne sgd Zarnqadq sxohbZk ne sgd aqnZc khmd qdfhnm –AKQ(: hsr chrsZmbd eqnl sgd bdmsqZk RLAG hr ne sgd nqcdq ne p ≥ 9χfl ob0
ñm Ed J� dlhrrhnm khmd hr entmc Zs 503 jdU: vgnrd hmsdmrhsx rgnvr uZqhZahkhsx nm shldrbZkdr ne gntqr0 Vd cdqhud sgZs sgd qdfidbshmf
lZsdqhZk hr knbZsdc Zs Z chrsZmbd p � 599pr: vgdqd pr hr sgd RbgvZqyrbghkc qZchtr0
Anmbitrhnmr0 Bnmbdqmhmf sgd W“qZx oqnodqshdr: vd entmc sgZs OJR 114flffiflfl cndr mns chΩdq rhfmhzbZmskx eqnl sgd mnm“idssdc ñFMr:
bnmzqlhmf sgd uZkhchsx ne sgd tmhzdc lncdk hm cdrbqhahmf sgd hmmdq qdfhnmr Zqntmc sgd bdmsqZk RLAG: ats sgd kZbj ne hmenqlZshnm
qdfZqchmf sgd rsZsd ne sgd udqx hmmdqlnrs chrj Zmc RLAG rohm rshkk kdZudr tmbnmrsqZhmdc sgd nqhfhm ne sgd ids0

Idx vnpcr7 fZkZwhdr. Zbshud - fZkZwhdr. mtbkdh - Zbbqdshnm: Zbbqdshnm chrjr

y7 Dmspnctbshnm

ñbbqdshnm nmsn rtodqlZrrhud akZbj gnkdr –RLAGr( hr sgd ogxrh“
bZk ldbgZmhrl onvdqhmf Zbshud fZkZbshb mtbkdh –ñFMr(0 ñr rtbg:
sgdrd rntqbdr Zqd udqx dffbhdms Zs bnmudqshmf sgd fqZuhsZshnmZk
dmdqfx ne sgd Zbbqdshmf lZrr hm nsgdq enqlr ne dmdqfx: Zr qZch“
Zshnm nq onvdqetk ntsfinvr0 Sgd oqhlZqx qZchZshnm dlhssdc ax
sgd Zbbqdshmf lZsdqhZk hr qdoqnbdrrdc ax sgd rtqqntmchmf mtbkdZq
dmuhqnmldms: rn sgZs sgd ñFM hr nardquZakd Zs Zkk vZudkdmfsgr:
eqnl qZchn sn β“qZxr0 Vghkd sgdqd hr bnmrdmrtr Zants vgZs onv“
dqr ñFM: sgd rsqtbstqd ne sgd mtbkdZq dmuhqnmldms hr rshkk Z
lZssdq ne cdaZsd0 Sgd tmhzdc lncdk ne ñFMr –d0f0 ñmsnmtbbh
fl882( onrhsr sgZs Zkk Zbshud fZkZwhdr rgZqd Z bnllnm rsqtbstqd:
vghbg bZm ad rtllZqhydc vhsg Z edv etmcZldmsZk bnlonmdmsr.
h( Z bdmsqZk RLAG, hh( Zm Zbbqdshnm chrj, hhh( Z ctrsx narbtq“
hmf snqtr: sxohbZkkx nm sgd rZld okZmd ne sgd Zbbqdshnm chrj, Zmc
hu( ntsfinvr: hm sgd enql ne ghfgkx bnkkhlZsdc qdkZshuhrshb idsr:
nq vhcd“Zmfkd mtbkdZq vhmcr –OZcnuZmh ds Zk0 19fl6(0 ñbbnqchmf
sn sgd tmhzdc lncdk: sgd chrshmbshnm adsvddm tmnarbtqdc –Sxod
fl( Zmc narbtqdc –Sxod 1( ñFMr hr qdkZsdc sn sgd hmbkhmZshnm ne
sgd khmd ne rhfgs vhsg qdrodbs sn sgd okZmd ne sgd Zbbqdshnm chrj

–Tqqx ] OZcnuZmh fl884(0 QZchn“kntc ptZrZqr Zmc kdrr“ktlhmntr
qZchn fZkZwhdr Zqd bZoZakd ne kZtmbghmf onvdqetk: qdkZshuhrshb idsr:
vghkd qZchn“pthds PRNr Zmc Rdxedqs fZkZwhdr gZud idsr sgZs Zqd
ltbg kdrr onvdqetk –sgd qnkd ne ids oqnctbshnm hm sgd ñFM bkZrrh“
zbZshnm hr qduhdvdc ax OZcnuZmh 19fl6(0 Sgd ldbgZmhrl qdronm“
rhakd enq sgd kZtmbghmf Zmc sgd bnkkhlZshnm ne sgd qdkZshuhrshb ids hr
Zm nodm hrrtd: Zmc hr khjdkx qdkZsdc sn sgd hmsdqZbshnm adsvddm sgd
lZfmdshb zdkc Zmc sgd Zbbqdshnm chrj –d0f0 Qnldqn ds Zk0 19fl6:
Jdoodmr ] LdkhZmh 19fl9(0

Hm sghr qdfZqc: W“qZx nardquZshnmr oqnuhcd Z onvdqetk snnk enq
sgd hmudrshfZshnm ne sgd Zbbqdshnm“didbshnm ogxrhbr hm sgd mdhfg“
anqgnnc ne sgd RLAG –d0f0 LZss ds Zk0 1996, Stqmdq ] Lhkkdq
1998, Qdxmnkcr 19fl5(0 Vghkd mnm“idssdc ñFMr Zqd qdkZshudkx
vdkk rstchdc hm sgd W“qZxr: vd gZud Z khlhsdc rZlokd ne qZchn
fZkZwhdr vgnrd W“qZx oqnodqshdr Zqd vdkk bnmrsqZhmdc0 Enq sghr
qdZrnm vd bZmmns xds bnmzcdmskx Zffql sgZs sgd tmcdqkxhmf rsqtb“
stqd ne sgd mtbkdZq dmuhqnmldms hr sgd rZld enq ansg mnm“idssdc
Zmc idssdc ñFMr –d0f0 Fkhnyyh ds Zk0 1996(0 Rhmbd sgd eqZbshnm
ne Zarnqadc ñFM hr bnloZqZakd Zlnmf mnm“qZchn fZkZwhdr Zmc
qZchn fZkZwhdr –OZmdrrZ ds Zk0 19fl5(: sgdx bntkc rgZqd Z bnl“
lnm narbtqhmf rsqtbstqd: Zr oqdchbsdc ax sgd tmhzdc lncdk0 Sgd
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oqdrdmbd nq mns ne rxrsdlZshb chΩdqdmbdr hm sgd W“qZx oqnodqshdr
adsvddm sgdrd svn onotkZshnmr vntkc gdko sn bkZqhex sgd qnkd ne
sgd Zbbqdshnm oqnbdrrdr hm sgd sqhffdqhmf ne sgd ids0 ñFMr rgnv
rhlhkZqhshdr vhsg rsdkkZq AG ahmZqhdr –Ldqknmh ds Zk0 1992(: vgdqd
sgd W“qZx ktlhmnrhsx Zmc sgd gZqcmdrr ne sgd W“qZx rodbsqtl Zqd
qdkZsdc vhsg sgd oqnctbshnm ne idsr Zmc vhmcr –Onmsh ds Zk0 19fl1,
Edmcdq ] LtÅny“CZqhZr 19fl5(0

Hm sghr qdfZqc: sgd aqnZc khmd qZchn fZkZwhdr –AKQFr( Zqd
drodbhZkkx rthsZakd enq ghfg ptZkhsx W“qZx rstchdr: fhudm sgZs sgdx
gZud sgd ghfgdrs W“qZx fitwdr hm sgd qZchn“kntc onotkZshnm0 Sgd
hmbkhmZshnm Zmfkd adsvddm sgd khmd ne rhfgs –k0n0r0( Zmc sgd odqodm“
chbtkZq sn sgd Zbbqdshnm chrj hm AKQFr gZr Zm hmsdqldchZsd uZktd:
ldZmhmf sgZs sgd qZchZshnm bnlhmf nts eqnl sgd mtbkdZq qdfhnm
hr mdhsgdq rtooqdrrdc ax sgd narbtqhmf snqtr: mnq nudqvgdkldc
ax sgd qdkZshuhrshbZkkx annrsdc dlhrrhnm ne sgd ids: Zr hm akZyZqr0
SgZmjr sn sghr bgZqZbsdqhrshb: vd Zqd Zakd sn nardqud chqdbskx sgd
noshbZk dlhrrhnm ne sgd aqnZc khmd qdfhnm –AKQ( Zmc vd bZm Zkrn
hmudrshfZsd sgd rsqtbstqd: sgd fdnldsqx: Zmc sgd ogxrhbr ne sgd
mtbkdZq dmuhqnmldms cnvm sn rta“ob rbZkdr0

Rhmbd sgd dZqkx nardquZshnmr vhsg W“qZx sdkdrbnodr: qZchn
kntc –QK( ñFMr ZoodZq rkhfgskx lnqd ktlhmntr hm sgd W“qZx
aZmc: bnloZqdc sn sgd qZchn pthds –QP( bntmsdqoZqs vhsg bnl“
oZqZakd noshbZk ktlhmnrhsx –VnqqZkk ds Zk0 fl876, BghZqZktbd ds Zk0
19fl7(0 QK ñFMr gZud Zkrn rkhfgskx fiZssdq onvdq kZv bnmshm“
ttl: vhsg R�QK⟨ ≥ R�QP⟨ � 9χ4 –d0f0 KZvrnm ] Stqmdq fl886(0
Gnvdudq: sgdrd dZqkx qdrtksr vdqd ZΩdbsdc ax sgd knv rdmrhshuhsx
ne sgd hmrsqtldmsr0 Enq hmrsZmbd: RZlaqtmZ ds Zk0 –fl888( entmc
nmkx Z vdZj hmchbZshnm sgZs sgd 1-fl9 jdU rodbsqZ ne AKQFr Zqd
fiZssdq sgZm sgnrd ne Rdxedqsr fl fZkZwhdr0 VnymhZj ds Zk0 –fl887(
entmc hm Z rZlokd ne zud AKQFr Zm ZudqZfd Ed J� dpthu“
Zkdms vhcsg –DV( ne ≥fl99 dU Zmc Z Bnlosnm gtlo rhfmhz“
bZmskx vdZjdq bnloZqdc sn sgnrd nardqudc hm QP ñFMr0 Sgd
vdZjmdrr ne qdfidbshnm bnlonmdmsr hm AKQFr vZr bnmzqldc
ax DqZbkdntr ds Zk0 –1999(: vgn oqnonrdc sgZs sghr dΩdbs lZx ad
ctd sn Z rlZkk rnkhc Zmfkd rtasdmcdc ax sgd chrj sn sgd oqhlZqx
bnmshmttl0 Sghr rbdmZqhn hr bnloZshakd vhsg svn“sdlodqZstqd
chrjr: noshbZkkx sghbj hm sgd ntsdq oZqs Zmc sqtmbZsdc hm sgd hmmdq
oZqs0 Sgd sqtmbZshnm lZx ad hmctbdc ax Zm Zcudbshnm“cnlhmZsdc
Zbbqdshnm finv –ñCñE( nq hnm“rtoonqsdc snqh0

Nm sgd nsgdq gZmc: AZkkZmsxmd ds Zk0 –1991( rtffdrs sgZs sgd
vdZjmdrr ne qdfidbshnm edZstqdr hr mns mdbdrrZqhkx ctd sn fdn“
ldsqhbZk eZbsnqr0 HmrsdZc: sgdx oqnonrd sgZs sgd qdoqnbdrrhmf ax
Zm hnmhydc Zbbqdshnm chrj bntkc oqnctbd Z rhlhkZq dΩdbs: chr“
bZqchmf sgd gxonsgdrhr sgZs sgd QK-QP chbgnsnlx: Zmc gdmbd
sgd oqnctbshnm ne sgd ids: hr ctd sn Zm hmsqhmrhb chΩdqdmbd hm
sgd chrj Zbbqdshnm rsZsd0 Hm eZbs: nsgdq etmcZldmsZk oZqZldsdqr
bntkc okZx Z rhfmhzbZms qnkd hm sgd oqnctbshnm ne sgd ids: rtbg
Zr ghfg Zbbqdshnm qZsdr Zmc+nq ghfg uZktdr ne lZrr Zmc rohm ne
sgd RLAG0 Mnmdsgdkdrr: hs hr rshkk mns bkdZq vghbg bnlahmZ“
shnm ne sgdrd oZqZldsdqr hr sgd lnrs eZunqZakd sn sqhffdq sgd ids
dlhrrhnm –BghZadqfd ds Zk0 19fl4, BghZadqfd ] LZqbnmh 19flfl(0
AZkkZmsxmd –1996( bkZhlr sgZs sgd Zbbqdshnm fdnldsqx ne QK
ñFMr bntkc ad qdkZsdc sn sgd Zbbqdshnm dffbhdmbx: hm stqm khmjdc
sn sgd ñFM ktlhmnrhsx0 Hm oZqshbtkZq: enq anknldsqhb ktlhmnrhshdr
Kank , 9χ9flKDcc sgd Zbbqdshnm sqZmrhsr sn ñCñEr: dwokZhmhmf sgd
Zardmbd ne qdfidbshnm ax sgd hmmdq oZqs ne sgd chrj –KDcc hr sgd
Dcchmfsnm ktlhmnrhsx(0 Enq Kank / 9χ9flKDcc: sgd chrj hr mns sqtm“
bZsdc Zmc sgd qdfidbshnm bZm dwsdmc cnvm sn sgd hmmdqlnrs rsZakd
bhqbtkZq nqahs –HRBN(0 Sgd oqdrdmbd ne qdfidbshmf lZsdqhZk bknrd
sn sgd RLAG hr qdronmrhakd enq sgd dlhrrhnm ne Z qdkZshuhrshbZkkx
aqnZcdmdc Ed J� khmd: vgnrd duhcdmbd hr lhwdc hm sgd bZrd ne
AKQFr0 Sgd Ed J� khmd bZm ad nqhfhmZsdc ax rdudqZk bnlon“
mdmsr: rtbg Zr sgd Zbbqdshnm chrj: sgd AKQ: nq sgd hmmdq oZqs ne
sgd narbtqhmf snqtr0 Hm AKQFr dZbg bnlonmdms bZm bnmsqhatsd

chΩdqdmskx: oqnctbhmf Z zmZk Ed J� khmd vhcsg sgZs uZqhdr bZrd ax
bZrd –d0f0 Snladrh ds Zk0 19fl9Z, Nfkd ds Zk0 1994, Kngzmj ds Zk0
19fl2, RZlaqtmZ ds Zk0 1998, Kngzmj ds Zk0 19fl4(0

Hm sgd chrbtrrhnm ne RZlaqtmZ ds Zk0 –1998(: sgd Ztsgnqr
hmedq sgZs sgdqd hr Zkrn Z chbgnsnlx hm sgd ntsfinv sxonknfx
adsvddm AKQFr Zmc Rdxedqs fZkZwhdr0 Hm sghr rbdmZqhn: Zbbqd“
shnm chrj vhmcr vntkc ad oqnctbdc nmkx ax Rdxedqsr: vghkd
sgd ids hr Z oqdqnfZshud ne qZchn fZkZwhdr0 He vd rtoonrd sgZs
sgd atkj ne Zbbqdshnm dmdqfx hr trdc enq vhmcr ZbbdkdqZshnm: sgd
ids enqlZshnm hr oqdudmsdc: sgtr dwokZhmhmf sgd kZbj ne idsr hm
Rdxedqsr0 Mdudqsgdkdrr: sgd rtardptdms vnqj ne Snladrh ds Zk0
–19fl3( bnmsqnudqsr sghr rbdmZqhn: cdlnmrsqZshmf sgZs sgd oqnctb“
shnm ne lhkckx“qdkZshuhrshb chrj vhmcr hr mns Z oqdqnfZshud ne QP
ñFMr0 Hm eZbs tksqZ eZrs ntsfinvr –TENr( Zqd entmc hm ansg QP
Zmc AKQFr –Snladrh ds Zk0 19fl9a: 19fl3, FnΩnqc ds Zk0 19fl2,
Qddudr ds Zk0 19fl9, Knmfhmnssh ds Zk0 19fl4(: hmchbZshmf sgZs sgdhq
nqhfhm hr rnldvgZs hmcdodmcdms ne sgd enqlZshnm ne sgd qdkZshuhr“
shb ids0 Nm sgd nsgdq gZmc: sgd oqdrdmbd ne sghr kZssdq qdlZhmr Z
oqdqnfZshud ne QK fZkZwhdr0

Qdbdms W“qZx nardquZshnmr vhsg WLL.Mdvsnm: RtwXit
Zmc MtRS�N –RZlaqtmZ ds Zk0 19flfl, AZkkZmsxmd ds Zk0 19fl3,
Qdxmnkcr ds Zk0 19fl4, Tqrhmh ds Zk0 19fl7( rtffdrs sgZs sgd Zbbqd“
shnm rsqtbstqd hm AKQFr Zmc hm Rdxedqs fZkZwhdr hr rhlhkZq: sgdqd“
enqd hmchbZshmf sgZs sgd rdoZqZshnm hm chΩdqdms bkZrrdr hr rtaskd0
HmrsdZc: nm sgd aZrhr ne sgdrd kZrs qdrtksr: sgd zqrs nmdr bZm ad
bnmrhcdqdc Zr Z rta“bkZrr ne sgd rdbnmc nmdr0

17 KIR 114y-yy

OJR 114flffiflfl hr Z AKQF vhsg Z qdcrghes w / 9χ2144: cdqhudc
eqnl noshbZk dlhrrhnm khmdr0 Lnq ds Zk0 –1998(: lncdkhmf sgd
hmeqZqdc rodbsqtl dlhssdc ax sgd ctrsx snqtr: cdqhudc sgd Zmfkd g
adsvddm sgd chqdbshnm ne sgd ids Zmc sgd k0n0r0: nasZhmhmf g / 56⃝0
Sghr qdrtks hmchbZsdr sgZs OJR 114flffiflfl lZx ad Zs sgd anq“
cdq adsvddm Sxod flr Zmc Sxod 1r: onrrhakx hmsdqbdoshmf oZqs
ne sgd narbtqhmf snqtr0 Rhmbd sgd Ztsgnqr cn mns hmchbZsd sgd
tmbdqsZhmsx ZrrnbhZsdc vhsg sgd drshlZshnm ne g: hm ntq ZmZkx“
rhr vd vhkk Zrrtld Zm hmbkhmZshnm Zmfkd bnmsZhmdc hm sgd qZmfd
49⃝ , g , 69⃝0 Adrhcdr: sgd Ztsgnqr drshlZsdc Zm nodmhmf Zmfkd
ne sgd snqtr dptZk sn π / fl4⃝: vgnrd uZktd hr nmd ne sgd rlZkkdrs
Zlnmf sgd nsgdq rntqbdr hm sgd rZlokd0

VZmcdk –fl88fl( trdc svn hmcdodmcdms ldsgncr enq drshlZs“
hmf sgd lZrr ne sgd bdmsqZk RLAG LAG hm sghr naidbs: nasZhmhmf
LAG → flχ3 − fl98 L± Zmc LAG → flχ6 − fl98 L±: vhsg Z eqZbshnmZk
chΩdqdmbd ne ≥fl6’0 Hm sgd rZld Zqshbkd sgd Ztsgnqr Zkrn cdqhudc
knf )γ %Lb1<KDcc[ / �flχ41 Zmc %L → flL± xq�fl – %L hr sgd lZrr
Zbbqdshnm qZsd Zmc γ hr sgd Zbbqdshnm dffbhdmbx(0

CZuhr ] KZnq –19flfl(: trhmf Z cxmZlhbZk ZooqnZbg: drshlZsdc
LAG → 6χ1 − fl97 L±0 ñrrtlhmf sgd noshbZk dlhrrhnm cnl“
hmZsdc ax sgd Zbbqdshnm chrj: sgd Ztsgnqr cdqhud Zkrn Z lZrr
Zbbqdshnm qZsd ne %L / 3χ5L± xq�fl: vghbg hr mns eZq eqnl sgd
uZktd nasZhmdc ax VZmcdk –fl88fl(0 Nsgdq cdqhudc ptZmshshdr Zqd
Kank / –flχ24 × 9χ92( − fl935 dqf r�fl Zmc Zm Zbbqdshnm dffbhdmbx
γ / 9χ9550 UdrsdqfZZqc –1991(: sgqntfg rhmfkd“donbg rodbsqn“
rbnohb ldZrtqdldmsr: nasZhmdc LAG / –8χflffi2χ4�1χ4( − fl97 L±: bnl“
oZqZakd ansg vhsg sgd drshlZsdr fhudm ax CZuhr ] KZnq –19flfl(
Zmc VZmcdk –fl88fl(0 Hm sgd enkknvhmf vd vhkk bnmrhcdq nmkx sgd
uZktd fhudm ax UdrsdqfZZqc –1991(: Zr hs hr khjdkx sgd lnrs Zbbt“
qZsd drshlZsd0

KZnq ] AdgZq –1997(: rstcxhmf sgd bnqqdkZshnm adsvddm
sgd qZchn Zmc W“qZx ktlhmnrhshdr hm Z rZlokd ne ansg QK
Zmc QP ñFMr: qdonqs enq OJR 114flffiflfl sgdrd ptZmshshdr.
KQ / λKλ⟩λ/5 bl / flχfl4 − fl932 dqf r�fl: vgdqd KQ hr sgd snsZk
qZchn ktlhmnrhsx Zs 5 bl –sZjdm eqnl JdkkdqlZmm ds Zk0 fl878:
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R0 Qnmbghmh ds Zk0. W“qZx ZmZkxrhr ne sgd Zbbqdshmf rtodqlZrrhud akZbj gnkd hm sgd qZchn fZkZwx OJR 114flffiflfl

vghbg Zkrn entmc sgZs sgd bnmsqhatshnm ne sgd bnqd sn sgd
qZchn ktlhmnrhsx hr kdrr sgZm fl’(, KW / flχfl4 − fl933 dqf r�fl:
vhsg KW hr sgd W“qZx ktlhmnrhsx hm sgd dmdqfx qZmfd
C / 9χ1�19 jdU, �nw / 9χ261 knf)Eλ/ 1 jdU<Eλ/ 2999�[/�flχ75,
knfN/ 1χ45: vgdqd N hr sgd qZchn kntcmdrr: dpthuZkdms sn
N/ flχ25− fl94K4<KA: vhsg K4 / Kλ⟩λ/ 4FGy Zmc KA / Kλ⟩λ/ 3399�0
RZlaqtmZ ds Zk0 –fl888(: odqenqlhmf Zm W“qZx rodbsqZk ZmZk“
xrhr ne QK ñFMr nardqudc vhsg ñRBñ: qdonqsdc qZchn
ZqbghuZk cZsZ ne OJR 114flffiflfl0 Sgdx cdqhudc sgd oZqZldsdq
knfF/ )qZchn bnqd onvdq<knadr qZchn onvdq[/�flχ4fl: vghbg hm“
chbZsdr sgZs sgd bnqd bnmsqhatsdr nmkx sn 2’ ne sgd snsZk qZchn
ktlhmnrhsx0 Hm sgd rZld Zqshbkd sgd W“qZx rodbsqtl ne OJR
114flffiflfl hr ZmZkxydc Zmc sgd Zcnosdc lncdk hr Zm Zarnqadc
onvdq kZv0 Sgd cdqhudc adrs zs oZqZldsdqr Zqd � / flχfl3ffi9χ12�9χfl7 Zmc
MG / 5χ9ffi2χ9�1χ1 − fl91fl bl�10 DrodbhZkkx enq C , 1 jdU: Zarnqoshnm
Zmc dlhrrhnm edZstqdr ZoodZq qZsgdq bnlokdw0 Sgd Ztsgnqr sqhdc
sn Zcc Z FZtrrhZm khmd hm bnqqdronmcdmbd ne sgd Ed J� khmd:
jddohmf zwdc ctqhmf sgd zs sgd dmdqfx Zs 503 jdU Zmc sgd vhcsg Zs
πfZ / 49 dU0 Sgdx cdqhud Zm toodq khlhs ne sgd dpthuZkdms vhcsg
ne CV , 2fl4 dU0

27 CXsX pdctbshnm

OJR 114flffiflfl vZr nardqudc vhsg WLL.Mdvsnm nm 19flfl
Cdbdladq fl7: enq Z snsZk dwonrtqd ne 5207 jr0 Hm sghr vnqj vd
bnmrhcdq sgd DOHB“om cZsZ0 Sgd cdsdbsnq nodqZsdc hm etkk vhmcnv
hlZfhmf lncd0 CZsZ qdctbshnm Zmc ZmZkxrhr vdqd odqenqldc enk“
knvhmf sgd RñR rsZmcZqc oqnbdctqdfl0 Hm nqcdq sn bgdbj sgd oqdr“
dmbd ne oZqshbkd fiZqhmf aZbjfqntmc: vd bnmrhcdqdc sgd dmshqd
zdkc ne uhdv Zmc vd rdkdbsdc nmkx sgd ognsnmr vhsg dmdqfx hm
sgd qZmfd C / fl9�fl1 jdU0 Sgdm vd oknssdc Z khfgs btqud ne sgd
rdkdbsdc ognsnmr: dwbktchmf eqnl sgd hmhshZk nardquZshnm Zkk sgd
hmsdquZkr ne shld hm vghbg sgd bntms qZsd hr ghfgdq sgZm 9050 Rta“
rdptdmskx: vd dwsqZbsdc Z bhqbtkZq qdfhnm bdmsdqdc nm sgd rntqbd:
vhsg Z qZchtr ne 24≃≃0 Sgd aZbjfqntmc qdfhnm hr ne sgd rZld
rgZod Zmc chldmrhnm ats bdmsdqdc hm Zm ZqdZ eqdd ne dlhrrhnm
eqnl onhms rntqbdr: knbZsdc hm sgd rZld BBC0 Sgd sdrs enq sgd
oqdrdmbd ne ohkd“to fZud Z mdfZshud qdronmrd0 ñesdq sgd zksdqhmf
oqnbdctqd: sgd mds dwonrtqd ne sgd nardquZshnm vZr qdctbdc sn
4602 jr0 ñknmf vhsg sgd bkdZmdc rodbsqtl: Z qdchrsqhatshnm lZsqhw
zkd –QLE( Zmc Zm ZmbhkkZqx qdronmrd etmbshnm –ñQE( vdqd bqd“
Zsdc vhsg rsZmcZqc RñR snnkr0 Sgd rodbsqZk cZsZ vdqd fqntodc
bgnnrhmf Z lhmhlZk sgqdrgnkc ne 14 ognsnmr odq ahm Zmc Z σ1

rsZshrshb hr Zcnosdc0 Nmkx hm sgd bZrd ne shld qdrnkudc rodb“
sqnrbnox –rdd adknv( sgd lhmhlZk sgqdrgnkc hr knvdqdc sn zud nq
sdm ognsnmr odq ahm Zmc Z B“rsZshrshb hr Zcnosdc0 Tmkdrr nsgdqvhrd
rodbhzdc: sgd dqqnqr Zqd qdonqsdc vhsg Zs flπ kdudk ne bnmzcdmbd:
vghkd sgd toodq Zmc knvdq khlhsr Zqd qdonqsdc vhsg Z 89’ kdudk ne
bnmzcdmbd0

37 RodbspXk XmXkxrhr

Ntq ZmZkxrhr hr odqenqldc trhmf sgd GdZrZqb u0 501fl Zmc WRODB
u0 fl1080fl0 Vd adfZm sqxhmf sn zs sgd cZsZ vhsg Zm Zarnqadc onvdq
kZv: enkknvhmf sgd rsZmcZqc Zrrtloshnm sgZs Z gns bnqnmZ bnlo“
snmhydr sgd rnes rddc ognsnmr dlhssdc ax sgd Zbbqdshnm chrj –d0f0
GZZqcs ] LZqZrbgh fl88fl(0

3-.- MdtspXi snsXi bnudphmf Xarnpadp

Ehqrs vd hmbktcdc nmkx sgd Zarnqoshnm ctd sn sgd hmsdqrsdkkZq
ldchtl –HRL( hm ntq FZkZwx: enq vghbg Chbjdx ] KnbjlZm

fl Cdrbqhadc ax sgd sgqdZcr nm sgd vda oZfd gssor/..uuu-bnrlnr-
dr@-hms.uda.wll+mdusnm.r@r+sgpd@cr
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�ge7 t7 BnloZqhrnm adsvddm sgd DOHB“om rodbsqtl Zmc sgd lncdk
xobe@ar)sa@ar)xon0 Sgd cZsZ sn lncdk qZshn hr rgnvdc hm sgd anssnl
oXmdk0

–fl889( drshlZsd Z bnktlm cdmrhsx MFZkG / 9χ941 − fl911 bl�10
Enq sgd drshlZsd ne sgd Zarnqoshnm bqnrr rdbshnm: vd qdedq sn sgd
Stdahmfdm“Antkcdq lncdk –Vhklr ds Zk0 1999(: vghbg hm WRODB
hr hmchbZsdc Zr sa@ar0 Sgd zs fhudr Z σ1<cχnχeχ / 8fl6χ4<2580
Sgdqdenqd sgd FZkZbshb Zarnqoshnm hr mns rtffbhdms sn zs sgd rodb“
sqtl Zmc vd Zccdc Zm Zarnqoshnm bnlonmdms ctd sn mdtsqZk
fZr hm sgd ñFM gnrs fZkZwx: ats sghr cndr mns hloqnud sgd zs
–σ1<cχnχeχ / 8fl6χ4<257(0

3-1- MdtspXi oXpshXi bnudphmf Xarnpadp

Sgdm vd sdrsdc sgd gxonsgdrhr ne Z mdtsqZk oZqshZk bnudqhmf
Zarnqoshnm: lncdkdc hm WRODB Zr obe@ar0 Sgd qdrtkshmf lncdk
hr vqhssdm hm WRODB kZmftZfd Zr xobe@ar)sa@ar)xon0 ñcchmf
itrs nmd oZqZldsdq: sgd zs hloqnudr sn Z uZktd σ1<cχnχeχ /
337χ2<2560 Sgd uZkhchsx ne sghr hloqnudldms hr Zkrn bnmzqldc
ax sgd esdrs: vghbg fhudr Z bnmzcdmbd kZqfdq sgZm 4π0 Sgd
cdqhudc adrs zs oZqZldsdqr Zqd MG / 6χ97ffi9χ2fl�9χ29 − fl911 bl�1:
e / 9χ74 × 9χ9fl Zmc � / flχ65 × 9χ93: vgdqd MG hr sgd bnktlm
cdmrhsx ne sgd fZr hm sgd rntqbd gnrs fZkZwx: e hr sgd bnudqhmf eZb“
snq: hm nsgdq vnqcr: sgd eqZbshnm ne sgd rnkhc Zmfkd rtasdmcdc ax
sgd Zarnqahmf ldchtl: Zmc � sgd ognsnm hmcdw ne sgd onvdq kZv0
Sgd bnloZqhrnm adsvddm sghr lncdk Zmc sgd DOHB“om rodbsqtl
hr rgnvdc hm Ehf0 fl0

3-2- Rgd Cd I� ihmd

ñr bZm ad rddm hm Ehf0 1: sgdqd hr Zm dwbdrr ne bntmsr
adsvddm 5 Zmc 6 jdU: vghbg vd hcdmshex vhsg sgd Ed J� fit“
nqdrbdmbd khmd0 Sghr kZrs hr lncdkdc vhsg Z FZtrrhZm oqnzkd:
vhsg Z bdmsqnhc CfZ Zmc Z vhcsg πfZ0 Sgd lncdk hr vqhssdm
Zr xobe@ar)sa@ar)�xon*xf@(0 Kdsshmf ansg sgd oZqZldsdqr
CfZ Zmc πfZ uZqx eqddkx ctqhmf sgd zs: vd zmc sgZs sgd khmd
hr tmqdrnkudc: rhmbd vd nasZhm nmkx Zm toodq khlhs enq πfZ ◦
fl19 dU0 Sgd hmbktrhnm ne sghr bnlonmdms hloqnudr sgd zs sn
σ1<cχnχeχ / 313χ7<2530 Sgd adrs zs uZktd enq sgd dmdqfx hr
CfZ / 5χ3fl × 9χ92 jdU0 Sgd rhfmhzbZmbd enq sgd Zcchshnm ne sghr
khmd hr /206π0 Hm sgd enkknvhmf: rhmbd sgd khmd hr tmqdrnkudc: vd
zwdc sgd vhcsg πfZ Zs fl9 dU0

3-3- Fnmhydc oXpshXi bnudphmf Xarnpadp

ñ etqsgdq hloqnudldms ne sgd zs nbbtqr he vd qdkZw sgd gxonsgdrhr
ne mdtsqZk Zarnqahmf fZr: vghbg hr mn lnqd uZkhc he sgd oqhlZqx
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�ge7 17 Ynnl ne sgd cZsZ sn lncdk qZshn hm sgd Ed H aZmc Zs dmdqfhdr
C / 5�6 jdU enq yobeZar lncdk0 Sgd atlo Zqntmc 503 jdU rtffdrsr Z
onrrhakd mdtsqZk Ed J� dlhrrhnm khmd0
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�ge7 27 BnloZqhrnm adsvddm sgd DOHB“om rodbsqtl Zmc sgd lncdk
xwhobe)sa@ar)�xon*xf@(0 Vhsg qdrodbs sn sgd Ehf0 fl sgd Zfqddldms
hloqnudr drodbhZkkx hm sgd aZmc C / 9χ4�fl jdU: vgdqd sgd oqdrdmbd
ne hnmhyZshnm khmdr Zmc dcfdr lnrs hmfitdmbdr sgd nudqZkk rgZod ne sgd
rodbsqtl0 Sgd cZsZ sn lncdk qZshn hr rgnvdc hm sgd anssnl oXmdk0

bnmshmttl hr oZqshbtkZqkx hmsdmrd Zmc+nq he sgd Zarnqadq hr knbZsdc
bknrd sn sgd W“qZx rntqbd0 Hm sghr bZrd vd rtarshstsdc hm WRODB
sgd lncdk obe@ar vhsg sgd lncdk xwhobe –Qddudr ds Zk0 1997(:
vghbg hmsqnctbdr sgd hnmhyZshnm oZqZldsdq ν / Khnm<–mp1(: vgdqd
Khnm hr hnmhyhmf ktlhmnrhsx hm sgd dmdqfx qZmfd C / fl2χ5 dU-
fl205 jdU: vghkd m Zmc p Zqd sgd cdmrhsx Zmc sgd chrsZmbd enql
sgd RLGA ne sgd Zarnqadq: qdrodbshudkx0 Sgd zs fhudr Z ghfg
hloqnudldms sn σ1<cχnχeχ / 271χ8<2530 Sgd adrs zs uZktdr
Zqd knf ν / flχ22ffi9χ97�9χ95 dqf r

�fl bl: MG / fl9χflffi9χ72�9χ7fl − fl911 bl�1:
e / 9χ77 × 9χ9fl Zmc � / flχ67 × 9χ940 Sgd bnloZqhrnm adsvddm
sghr lncdk Zmc sgd rodbsqtl hr rgnvdc hm Ehf0 20 Tmshk mnv vd
gZud Zrrtldc sgZs sgd qdcrghes w ne sgd rntqbd Zmc sgZs ne sgd
Zarnqadq wZar Zqd sgd rZld: mZldkx sgZs sghr kZrs hr Zs qdrs hm sgd
rntqbd qdedqdmbd eqZld0 Sgdm: he vd kds eqdd wZar ctqhmf sgd zs: vd
bZm dwoknqd sgd onrrhahkhsx sgZs sgd Zarnqadq gZr Z lnshnm Zknmf
sgd khmd ne rhfgs hm sgd qdrs eqZld ne sgd rntqbd0 Gnvdudq: fhudm
sgd knv dmdqfx qdrnktshnm ne sgd DOHB“om Zmc qdkZshudkx knv rnes
W“qZx fitw ne sgd rntqbd: vd Zqd mns Zakd sn rsZshrshbZkkx bnmrsqZhm
sgd jhmdlZshbr ne sgd Zarnqadq0

Eqnl sgd zmZk adrs“zs lncdk hmbktchmf ywhobe vd cdqhud Zm
Zarnqadc fitw hm sgd dmdqfx qZmfd C / 9χ4�fl9 jdU dptZk sn
EZar9χ4�fl9 jdU / –flχ22ffi9χ91�9χ92( − fl9�fl1 dqf bl�1 r�fl0 Sgd tmZarnqadc
fitw hr EtmZar9χ4�fl9 jdU / –1χ4ffi9χfl�9χ1( − fl9�fl1 dqf bl�1 r�fl: vghbg hr sgd
fitw dlhssdc ax sgd oqhlZqx bnmshmttl vhsgnts bnmrhcdqhmf sgd
sgd rtooqdrrhnm ctd sn Zarnqoshnm0 Sgd bnqqdronmchmf hmsqhm“
rhb W“qZx ktlhmnrhsx hm sgd dmdqfx qZmfd C / 9χ4�fl9 jdU hr
Khms9χ4�fl9 jdU / –7χfl × 9χ4( − fl933 dqf r�fl0 Sgdqdenqd sgd Zarnqo“
shnm bZtrdr Z rhfmhzbZms cdbqdZrd ne sgd hmsqhmrhb fitw dptZk sn
)EtmZar � EZar[<EtmZar → 36’0

NTaib t7 UZktdr ne sgd adrs“zs lncdk hmbktchmf Z FZtrrhZm dlhrrhnm khmd
enq sgd Ed J� nq odwlnm0

OZqZldsdq FZtrrhZm odwlnm Tmhsr

MFZkG & 9χ941 9χ941 −fl911 bl�1

MG fl9χfl × 9χ7 8χ9 × flχ9 −fl911 bl�1

knf ν flχ22ffi9χ97�9χ95 flχ2fl × 9χ95 dqf r�fl bl
e 9χ77 × 9χ9fl 9χ76ffi9χ9fl�9χ91 -
� flχ67 × 9χ94 flχ68 × 9χ94 -
MOK 6χ2ffi9χ8�9χ7 3χflffi9χ4�9χ3 −fl9�3 og

jdU bl1 r
CfZ 5χ3fl × 9χ92 - jdU
πfZ& fl9 - dU
MfZ 2χ5 × 9χ7 - −fl9�5 og

bl1 r
N - flχ92ffi9χ24�9χ29 -
h& - 59⃝ -
wOK / wZar / wfZ& 9χ22 9χ22 -

Flsbo7 MOK hmchbZsdr sgd mnqlZkhyZshnm ne sgd onvdq kZv Zs fl jdU: MfZ
hr sgd mnqlZkhyZshnm ne sgd FZtrrhZm khmd Zmc wOK. wZar. wfZ Zqd sgd qdc“
rghes ne sgd onvdq kZv bnmshmttl: sgd Zarnqadq Zmc sgd FZtrrhZm khmd:
qdrodbshudkx0 Sgd oZqZldsdqr cdmnsdc vhsg Z –&( Zqd zwdc ctqhmf sgd zs0

3-4- Rgd odvlnm lncdi

EhmZkkx vd sqhdc sn hmudrshfZsd sgd mZstqd ne sgd Ed J� dlhr“
rhnm khmd trhmf sgd qdfidbshnm lncdk odwlnm –MZmcqZ ds Zk0 1996(
vghbg hmsqnctbdr sgd oZqZldsdq N / ∆<1ξ: mZldkx sgd eqZbshnm
ne sgd rnkhc Zmfkd bnudqdc ax sgd qdfidbshmf ldchtl: rddm ax sgd
oqhlZqx W“qZx rntqbd0 Vd Zrrtld Z rnkZq ZatmcZmbd: Z ghfg“
dmdqfx btsnΩ Zs fl49 jdU: Zm hmbkhmZshnm Zmfkd g / 59⃝ –hm sgd
lhcckd ne ntq bnmzcdmbd qZmfd 49⃝ , g , 69⃝(: vghkd vd kds
eqdd �: N Zmc sgd oZqZldsdqr ne sgd Zarnqadq0 Vd cdqhud knf ν /
flχ2flffi9χ96�9χ95 dqf r

�fl bl: MG / 8χ92ffi9χ87�9χ89−fl911 bl�1: e / 9χ76×9χ9fl:
� / flχ68 × 9χ94 Zmc N / flχ92ffi9χ24�9χ290 Dudm Zrrtlhmf Zm hmbkhmZ“
shnm Zmfkd hm sgd qZmfd adsvddm 49⃝ Zmc 69⃝: sgd qdfidbshnm eZbsnq
cndr mns bgZmfd rhfmhzbZmskx: adhmf hm Zmx bZrd bnloZshakd vhsg
fl0 Sgd qdrtksr eqnl ywhobe Zmc odwlnm lncdkr Zqd rtllZqhydc
hm SZakd fl0

47 Shlhmf XmXkxrhr

4-.- V�pXx uXphXahihsx

Hm nqcdq sn bgdbj enq W“qZx uZqhZahkhsx: vd bqdZsdc Z khfgs btqud
ne sgd bntms qZsd hm sgd dmdqfx aZmc C / 9χ2�fl9 jdU0 Enq chΩdq“
dms ahm shldr –fl99 r: 499 r: fl999 r: 4999 r Zmc fl9 999 r( vd gZud
bZkbtkZsdc. h( sgd ZudqZfd uZktd RB⟨ ne sgd bntms qZsd, hh( sgd σ1
oqnaZahkhsx o: vghbg hmchbZsdr sgd oqnaZahkhsx sgZs sgd nardqudc
uZqhZahkhsx hr ctd sn bgZmbd0 ñr Z sgqdrgnkc: vd bnmrhcdq rhfmhz“
bZms sgd uZqhZahkhsx nmkx vgdm fl � o / 88χ6’ –2π kdudk ne bnm“

zcdmbd(, hhh( sgd πuZq / )BlZw �Blhm[<
∑
π1lZw ffi π1lhm: vhsg BlZw

Zmc Blhm sgd ghfgdrs Zmc knvdrs onhmsr hm sgd khfgs btqud: vghkd
πlZw Zmc πlhm sgd qdrodbshud dqqnqr neBlZw ZmcBlhm, hu( sgd mnq“
lZkhydc dwbdrr uZqhZmbd π1MWR / )R

1 � Rπ1⟨[<RB⟨1: vgdqd R 1 hr
sgd uZqhZmbd ne sgd khfgs btqud: sgZs hr R 1 / )

)
g B1g � RB⟨1[<M:

vgdqd sgd rtl hr dwsdmcdc nudq Zkk sgd M onhmsr Zmc RB⟨ hr sgd
ZudqZfd uZktd ne sgd bntms qZsd, Rπ1⟨ hr sgd ZudqZfd uZktd ne sgd
dqqnqr ZrrnbhZsdc sn dZbg onhms0

Enq Z ahm shld ne 499 r vd qdonqs sgd khfgs btqud ne sgd bntms
qZsd hm Ehf0 30 Eqnl SZakd 1 vd bZm rdd sgZs sgd uZqhZahkhsx hr mns
rhfmhzbZms enq Zmx bgnhbd ne ahm shld0
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�ge7 37 Khfgs btqud ne sgd ognsnm bntms qZsd hm sgd dmdqfx qZmfd C /
9χ2�fl9 jdU: eqnl sgd DOHB“om nardquZshnm0 Sgd gnqhynmsZk aktd khmd
hmchbZsdr sgd ZudqZfd uZktd ne sgd bntms qZsd0 ñ: A: Zmc B hmchbZsd sgd
shld hmsdquZkr cdzmdc hm Rdbs0 4010

NTaib 17 UZqhZahkhsx drshlZsnq uZktdr enq chΩdqdms bgnhbdr ne ahm shld0

ahm shld RB⟨ o πuZq π1MWR
r bntmsr r�fl - - −fl9�4

fl99 90135fl 71’ 309 �2
499 90135fl 3fl’ 206 �88
fl999 901356 3fl’ 207 �61
4999 901361 35’ fl05 �fl4
fl9999 901373 42’ fl04 ffi6

4-1- Rhld pdrniudc rodbspXi XmXixrhr

ñs sghr onhms: vd sdrsdc sgd uZqhZahkhsx ne sgd hmchuhctZk rodb“
sqZk bnlonmdmsr sgqntfg Z shld qdrnkudc rodbsqZk ZmZkxrhr0 Ehqrs:
vd gZud oqnctbdc svn khfgs btqudr: nmd hm sgd rnes W“qZx
aZmc C / 9χ4�1 jdU Zmc sgd nsgdq hm sgd gZqc W“qZx aZmc
C / 4�fl9 jdU –sgd dmdqfhdr Zqd qdedqqdc sn sgd rntqbd qdedq“
dmbd eqZld(0 Sgdm vd bnlotsdc sgd gZqcmdrr qZshn Zr GN–s( /
B4�fl9 jdU–s(<B9χ4�1 jdU–s(: vgdqd B4�fl9 jdU–s( Zmc B9χ4�1 jdU–s( Zqd
sgd gZqc Zmc rnes khfgs btqudr: qdrodbshudkx0 Eqnl sgd Ehf0 4:
sgd GN hr Zklnrs bnmrsZms ZoZqs hm rnld shld hmsdquZkr vgdqd
hs hmbqdZrdr ctqhmf Z shld rbZkd ne fl93 r0 Vd chuhcdc sgd vgnkd
dwonrtqd hm sgqdd rta“hmsdquZkr: mZldkx sgd hmsdquZk � ≫ )9 jr ,
s , fl9 jr[ ffi )fl5 jr , s , 41 jr[ ffi )45 jr , s , 51 jr[, sgd hmsdq“
uZk A ≫ fl9 jr , s , fl5 jr, sgd hmsdquZk B ≫ 41 jr , s , 45 jr0
Enq dZbg ne sgdrd hmsdquZkr vd gZud dwsqZbsdc sgd rodbsqtl0 Rhmbd
sgd hmsdquZkr A Zmc B gZud Z udqx rgnqs dwonrtqd: sgd bnkkdbsdc
ognsnmr Zqd ≥fl+fl9 ne sgnrd ne sgd snsZk nardquZshnm: vhsg rta“
rdptdms onnq rsZshrshb enq rodbsqZk oZqZldsdqr cdsdqlhmZshnm0 Rn
vd zqrs sqhdc sn ldqfd A Zmc B: fZhmhmf hm R+M: ats knnrhmf
hmenqlZshnm nm sgd hmchuhctZk hmsdquZkr0 Sgd mdv hmsdquZk AB
gZr )fl9 jr , s , fl5 jr[ ffi )41 jr , s , 45 jr[0 Vd ZmZkxydc
Zs sgd rZld shld sgd rodbsqZ eqnl ñ Zmc AB: vhsg sgd lncdk
xwhobe)sa@ar)�xon*xf@(0 ñoZqs eqnl MFZkG : πfZ Zmc sgd qdc“
rghes ne sgd bnlonmdmsr: Zkk sgd nsgdq oZqZldsdqr Zqd kdes eqdd
ctqhmf sgd zs0 Mn oZqZldsdq bgZmfdr rhfmhzbZmskx eqnl ñ sn AB:
ZoZqs enq sgd mnqlZkhyZshnm ne sgd Ed J� khmd: vghbg hmbqdZrdr hm
AB: vgdm sgd gZqcmdrr qZshn hr ghfgdq0

Sgdm vd ZmZkxydc ñ: A: Zmc B rdoZqZsdkx0 Rhmbd sgd bntmsr
hm A Zmc B Zqd edv: he vd kds sgd rodbsqZk oZqZldsdqr enq ñ: A: Zmc
B uZqx eqddkx: sgd zs cndr mns bnmudqfd: nq sgd dqqnqr Zqd kZqfd0
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�ge7 47 GZqcmdrr qZshn GN Zr Z etmbshnm ne shld: enq Z ahm shld bgnhbd
ne 1999 r0 Sgd gnqhynmsZk rnkhc khmd hr sgd ZudqZfd uZktd ne GN0 ñqntmc
fl5 jr Zmc 44 jr sgd GN chΩdqdmshZsdr eqnl hsr ZudqZfd uZktd0 ñ: A: Zmc
B hmchbZsd sgd shld hmsdquZkr cdzmdc hm Rdbs0 4010

Rn vd Zrrtldc sgZs: ZoZqs sgd mnqlZkhyZshnm ne sgd Ed J�: Zkk
sgd oZqZldsdqr cn mns bgZmfd ctqhmf sgd nardquZshnm: nasZhmhmf
M�
fZ / 1χ7

ffiflχ4
�flχ3 − fl9�5

og
bl1 r .M

A
fZ / 6χ8

ffi4χfl
�3χ3 − fl9�5

og
bl1 r .M

B
fZ , 8χ1 −

fl9�5 og
bl1 r : vgdqd sgd rtodqrbqhos qdedqr sn sgd khmd mnqlZkhyZshnm

hm ñ: A Zmc B: qdrodbshudkx0
ñooZqdmskx: vhsghm sgd dqqnqr: hm ñ: A: Zmc B sgd MfZ hr bnl“

oZshakd vhsg Z bnmrsZms0 ñksgntfg: rhmbd sgd dwonrtqd ne B hr snn
rgnqs: vd bZmmns gZud Z oqdbhrd bnmrsqZhms nm MfZ: vghkd sgd uZqh“
Zahkhsx eqnl ñ sn A hr lnqd qdlZqjZakd0 Hm nqcdq sn sdrs sgd uZqh“
Zahkhsx ne MfZ adsvddm ñ Zmc A: vd bnmrhcdqdc sgd bnmsntq okns
ne M�

fZ Zmc M
A
fZ hm Ehf0 5: vgdqd vd cqdv sgd khmd M�

fZ / MA
fZ0

Sgd fqddm qdfhnm rgnvr sgd ZqdZ hm sgd oZqZldsdq roZbd vgdqd
M�
fZ / MA

fZ vhsg Z 89’ kdudk ne bnmzcdmbd0 ñr duhcdms: hs hr bnm“
rhcdqZakx lnqd oqnaZakd sgZs MA

fZ / M�
fZ0 ñr Z etqsgdq bgdbj: vd

sqhdc sn trd sgd lncdk xwhobe)sa@ar)odwlnm: enkknvhmf sgd
rZld oqnbdctqd cdrbqhadc Zanud: zwhmf Zkk sgd oZqZldsdqr dptZk
enq ñ: A Zmc B Zmc kdsshmf eqdd nmkx sgd qdfidbshnm oZqZldsdq
N0 Hm ñ: A Zmc B sgd qdfidbshnm oZqZldsdq Zrrtldr sgd uZktdr
N� / 9χ63ffi9χ38�9χ27: NA / flχ5flffi9χ76�9χ64 Zmc NB / 9χ68ffi9χ78�9χ34: qdrodb“
shudkx0 Sgdx Zqd Zkk bnloZshakd vhsghm sgd dqqnqr: ats knnjhmf
Zs sgd bnmsntq okns ne N� Zmc NA vd mnshbd sgZs sgd hmsdqrdb“
shnm adsvddm sgd 89’ ZqdZ Zmc sgd qdfhnm vgdqd N� / NA hr
dwsqdldkx rlZkk0 Sgdqdenqd vd bZm Zffql sgZs Zkrn sgd qdfidbshnm
oZqZldsdq uZqhdr rdmrhakx eqnl ñ sn A0 Rtbg qdrtks hr hm Zfqdd“
ldms vhsg sgd hmbqdZrhmf ne MfZ hm sgd hmsdquZk A0 Hm eZbs: sgd
fqdZsdq hr sgd rnkhc Zmfkd bnudqdc ax sgd qdfidbsnq: sgd ghfgdq hr
sgd hmsdmrhsx ne sgd qdfidbshnm bnlonmdms0 EhmZkkx vd sqhdc sn uZqx
sgd hmbkhmZshnm Zmfkd g adsvddm 49⃝ Zmc 69⃝: ZkvZxr zmchmf sgZs
NA ≥ 1 − N�: vghkd NB ≥ N�0

57 Pdrtksr Xmc chrbtrrhnm

Hm ntq rodbsqZk ZmZkxrhr ne sgd W“qZx rodbsqtl ne OJR 114flffiflfl:
sgd adrs“zs hr nasZhmdc bnmrhcdqhmf Zm Zarnqadc onvdq kZv: vgdqd
sgd Zarnqahmf ldchtl hr hnmhydc Zmc oZqshZkkx bnudqr sgd oqhlZqx
W“qZx rntqbd0 Vd Zkrn cdsdbs sgd oqdrdmbd ne Zm tmqdrnkudc Ed
J� dlhrrhnm khmd Zs 503 jdU0

5-.- KnbXshnm ne sgd Xarnpadp

Sgd hnmhyZshnm oZqZldsdq ν /
Khnm
mp1 : trdc hm sgd ognsnhnmhyZ“

shnm lncdkr: bnmsZhmr hmenqlZshnm Zants sgd ogxrhbZk rsZsd ne

ñ15: oZfd 4 ne 8
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M
∂
fℓ
¡ M

A
fℓ

¡ M∂
fℓ

¡
M

A f
ℓ

�ge7 57 Bnmzcdmbd bnmsntqr enq M�
fZ Zmc M

A
fZ0 Sgd rsqZhfgs akZbj khmd hr

cqZvm hm bnqqdronmcdmbd ne MA
fZ / M�

fZ0 Sgd fqddm ZqdZ hr sgd hmsdqrdb“
shnm adsvddm sgd gZke“okZmd adknv sgd akZbj khmd Zmc sgd qdfhnm bnm“
sZhmdc hmrhcd sgd 89’ bnmsntq0

sgd Zarnqadq: vghbg hr khjdkx sn ad rsqZshzdc Zknmf sgd khmd ne
rhfgs0 Sgd rsqZshzbZshnm hlokhdr sgZs sgd fZr gZr Z uZktd ne ν sgZs
bgZmfdr vhsg p0 Hm sghr bZrd p Zmc m Zqd cdzmdc Zr sgd hmmdq qZchtr
ne sgd Zarnqadq Zmc sgd bnqqdronmchmf cdmrhsx: qdrodbshudkx0 Trt“
Zkkx sgd hnmhyhmf ktlhmnrhsx hr vdkk bnmrsqZhmdc ax sgd rodbsqZk
ZmZkxrhr: vghkd sgd ghfgdrs tmbdqsZhmsx hr ZrrnbhZsdc vhsg p Zmc
m0 ñm toodq khlhs enq p bZm ad nasZhmdc vqhshmf MG → mΓp: vhsg
Γp Zr sgd sghbjmdrr ne sgd Zarnqadq Zknmf sgd khmd ne rhfgs0 Sgdm:
Zrrtlhmf sgZs Γp , p vd bZm vqhsd p ◦ Khnm

νMG
0

Eqnl sgd rodbsqZk ZmZkxrhr vd rdd sgZs sgd Zrrtloshnm ne Z
rhmfkd oZqshZk bnudqhmf hnmhydc ldchtl hr rtffbhdms sn fhud Z
fnnc Zfqddldms vhsg cZsZ0 Sgdqdenqd vd bZm dwbktcd sgZs sgd
Zarnqoshnm hr ctd sn Z ldchtl vhsg Z kZqfd qZmfd ne hnmhyZshnm
oZqZldsdq Zmc+nq chrsqhatsdc Zknmf Z aqnZc qZmfd ne chrsZmbdr
eqnl sgd bdmsdq0 He sghr vdqd sgd bZrd: sgd zs vhsg Z rhmfkd Zarnqa“
hmf bnlonmdms vntkc mns fhud sgd Zfqddldms sgZs vd nasZhm0
Bnmrdptdmskx: vd bZm Zrrtld: Zr Z zqrs nqcdq ZooqnwhlZshnm:
sgZs sgd Zarnqadq hr bnlonrdc ax Z rhmfkd ldchtl: vgnrd sghbj“
mdrr hr ltbg rlZkkdq sgZm hsr chrsZmbd eqnl sgd bdmsdq: mZldkx
Γp ∼ p: Zmc vgnrd hnmhyZshnm oZqZldsdq hr bnmsZhmdc hm Z rlZkk
qZmfd ν9 � Γν , ν , ν9 ffi Γν: vhsg Γν ∼ ν90 Hm sghr bZrd vd bZm
vqhsd

p ∼ Khnm
νMG

χ –fl(

Hm nqcdq sn drshlZsd Khnm: vd Zrrtldc sgZs sgd hnmhyhmf bnmshm“
ttl adsvddm fl205 dU Zmc fl205 jdU enkknvr Z onvdq kZv: vhsg
sgd rZld ognsnm hmcdw entmc hm sgd W“qZx aZmc0 Hm WRODB vd
trdc sgd sZrj bitlhm sn nasZhm

Khnm / Kfl2χ5 dU�fl2χ5 jdU / –flχ13ffi9χfl6�9χfl4( − fl934 dqf r�fl

vghbg fhudr

p ∼ plZw / fl74 obχ

ñksdqmZshudkx: vd bZm Zkrn oZqZldsqhyd Γp / �p: vhsg � Zm
tmjmnvm bnmrsZms0 Sgd ognsnhnmhyZshnm lncdk sgZs vd bnmrhc“
dqdc hm ntq rodbsqZk ZmZkxrhr Zrrtldr Z sghm rgdkk ne Zarnqahmf
lZsdqhZk Zmc sgdqdenqd vd bZm Zrrtld � ∼ fl0 Sgtr vd bZm vqhsd

ν /
Khnm
mp1

→ Khnm
MG
Γp p

1
/ �

Khnm
MGp

–1(

Q∂
¡ QA

¡ Q∂

¡
Q

A

�ge7 67 Bnmzcdmbd bnmsntqr enq N� Zmc NA0 Sgd rsqZhfgs akZbj khmd hr
cqZvm hm bnqqdronmcdmbd ne N� / NA0 Sgd fqddm ZqdZ hr sgd hmsdqrdbshnm
adsvddm sgd gZke“okZmd adknv sgd akZbj khmd Zmc sgd qdfhnm bnmsZhmdc
hmrhcd sgd 89’ bnmsntq0

Zmc gdmbd: enq MG / fl9χfl−fl911 bl�1 Zmc knf ν / flχ22 dqf r�fl bl

p / �
Khnm
νMG

→ fl49�
∣ Khnm
fl934 dqf r�fl

(
obχ –2(

Enq bnloZqhrnm: vd bZm bnmrhcdq sgd knbZshnm ne sgd AKQ: vghbg
bZm ad cdctbdc trhmf sgd Gα EVGL / 3fl59 jl r�fl / uAKQ
–UdrsdqfZZqc 1991(0 ñrrtlhmf Z JdokdqhZm nqahs Zqntmc sgd
RLAG: vd gZud

pAKQ ≥ FLAG

u1AKQ
≥ 9χ1 ob –3(

Sgdqdenqd: enq � ≥ fl9�2 sgd hnmhydc oZqshZk bnudqhmf Zarnqadq
bZm ad hcdmshzdc vhsg sgd AKQ: vghkd enq fl9�2 ! � ∼ fl sgd
Zarnqadq hr lnqd khjdkx hcdmshzdc vhsg sgd narbtqhmf snqtr0 Etq“
sgdqlnqd: vd bZm trd sgd cdzmhshnm ne sgd hnmhyZshnm oZqZldsdq
ν sn vqhsd sgd chrsZmbd p Zr Z etmbshnm ne sgd cdmrhsx m ne sgd
Zarnqadq: nasZhmhmf.

p / 9χ11
∣ m
fl97 bl�2

(�fl<1∣ Khnm
fl934 dqf r�fl

(fl<1
obχ –4(

He vd bnmrhcdq Z cdmrhsx m / fl98 bl�2: sxohbZk ne sgd AKQ
bkntcr –d0f0 Rmdccdm ] FZrjdkk fl888(: Zmc trhmf Khnm / flχ13 −
fl934 dqf r�fl: sgd chrsZmbd ne sgd Zarnqadq hr p ≥ 9χfl ob0 Vd mnshbd
sgZs sghr chrsZmbd hr bnloZqZakd vhsg sgd oqduhntr drshlZsd ne sgd
knbZshnm ne sgd AKQ0

5-1- Anudphmf eXbsnp Xmc ziihmf eXbsnp ne sgd Xarnpadp

ñcnoshmf sgd ywhobe lncdk: vd nasZhmdc Z bnudqhmf eZbsnq e /
9χ77: ldZmhmf sgZs sgd Zarnqadq hr mns gnlnfdmdntr: ats qZsgdq
gZr Z bktlox rsqtbstqd0 Hm sgd enkknvhmf: vd rgnv gnv vd bZm
qdkZsd sgd bnudqhmf eZbsnq e vhsg sgd zkkhmf eZbsnq ′ 0 ñrrtlhmf
sgZs sgd Zarnqadq hr bnlonrdc ax rdudqZk chrshmbs bkntcr: vd bZm
cdzmd M9 sgd mtladq ne bkntcr odq tmhs unktld Zmc Ṫ sgd Zudq“
Zfd unktld ne Z rhmfkd bkntc0 Sgtr vd bZm vqhsd

′ /
unktld nbbtohdc ax sgd bkntcr

snsZk unktld
/ M9Ṫ

ñ15: oZfd 5 ne 8



R0 Qnmbghmh ds Zk0. W“qZx ZmZkxrhr ne sgd Zbbqdshmf rtodqlZrrhud akZbj gnkd hm sgd qZchn fZkZwx OJR 114flffiflfl

Sgd bnudqhmf eZbsnq: hmrsdZc: hr cdzmdc Zr

e /
Γ∆Zar

Γ∆
.

vhsg Γ∆ sgd rnkhc Zmfkd rtasdmcdc ax sgd oqhlZqx W“qZx rntqbd:
vghkd Γ∆Zar hr sgd onqshnm ne sghr rnkhc Zmfkd bnudqdc ax sgd
Zarnqadq0 He vd bZkk K̇ sgd sxohbZk chldmrhnm ne Z rhmfkd bkntc:
sgdm K̇ /

2|
Ṫ Zmc vd bZm chrshmfthrg svn bZrdr. fl( sgd sghbjmdrr

ne sgd Zarnqadq Γp ≥ K̇ Zmc 1( Γp ≪ K̇0 Hm sgd zqrs bZrd: rhmbd
sgd khmdZq chldmrhnm ne sgd bkntcr K̇ hr ne sgd rZld nqcdq ne lZf“
mhstcd ne sgd sghbjmdrr ne sgd Zarnqadq: vd bZm Zrrtld sgZs sgd
bkntcr cn mns nudqkZo Zknmf sgd k0n0r0 Sgtr sgd zkkhmf eZbsnq bZm
ad qdvqhssdm Zr

′ /
–Γ∆Zarp1(K̇
–Γ∆p1(Γp

≥ e χ –5(

Vd zmc Zm hmsdqdrshmf bnmrdptdmbd. fhudm Z sghm Zarnqahmf rgdkk
vhsg Z bdqsZhm bnudqhmf eZbsnq: vd gZud ′ ≥ e : hmcdodmcdmskx
nm sgd chrsZmbd eqnl sgd oqhlZqx rntqbd0 Sghr qdZrnmhmf hr mn
lnqd uZkhc enq Z sghbj rgdkk: mZldkx vgdm Γp ≪ K̇0 Vd bZm
bnmrhcdq: enq hmrsZmbd: Z sghm rgdkk vhsg Z bdqsZhm zkkhmf eZbsnq
′ / M9Ṫ ≥ e 0 Sgdm: he vd hlZfhmd Z sghbj rgdkk vhsg sgd rZld
uZktd ne ′ : rdudqZk bkntcr vntkc nudqkZo Zknmf sgd k0n0r0 Zmc Z
fqdZsdq eqZbshnm ne Γ∆ vntkc ad bnudqdc: hlokxhmf ′ , e 0 Sgtr
vd bZm bnmbktcd sgZs: dudm he Γp ≥ K̇ nq Γp ≪ K̇: sgd bnudqhmf
eZbsnq e qdoqdrdmsr ZkvZxr Zm toodq khlhs enq sgd zkkhmf eZbsnq ′ 0
Hm ntq bZrd vd gZud

′ ◦ 9χ77χ
Vd mnsd sgZs: dudm he hm sgd sghm rgdkk khlhs vd bntkc Zrrtld
′ ≥ e : M9 Zmc Ṫ vntkc rshkk qdlZhm cdfdmdqZsd0

5-2- KnbXshnm Xmc fdnldspx ne sgd pdfidbsnp

Etqsgdqlnqd: ZmZkxyhmf sgd Ed J� khmd: vd bZm hmedq trdetk hmenq“
lZshnm Zants sgd knbZshnm ne sgd qdfidbshmf lZsdqhZk0 Ehqrskx: vd
mnsd sgZs sgd adrs zs uZktd ne sgd khmd bdmsqnhc hr 5χ3fl jdU: vghbg
ZkqdZcx hmchbZsdr ptZkhsZshudkx sgZs sgd atkj ne sgd qdfidbsnq hr
knvkx hnmhydc0 Hm nqcdq sn ptZmshex sgd kdudk ne hnmhyZshnm vd
qdedq sn LZss ds Zk0 –fl882(: vgn rstchdc sgd ogxrhbZk oqnodqshdr
ne Zm Zbbqdshnm chrj hkktlhmZsdc ax Zm hnmhyhmf bnmshmttl0 Hm
oZqshbtkZq: hm Ehf0 fl ne LZss ds Zk0 –fl882( sgd bdmsqnhc ne sgd Ed
J� khmd hr oknssdc Zr Z etmbshnm ne sgd hnmhyZshnm oZqZldsdq ν0
Bnlahmhmf sghr zftqd Zmc sgd qdrtksr ne ntq rodbsqZk ZmZkxrhr: vd
bZm Zffql sgZs: Zs 89’ kdudk ne bnmzcdmbd: CfZ , 5χ4 jdU: vghbg
hlokhdr ν , 399 dqf r�fl bl0 Sgtr: bZkkhmf νQ: mQ Zmc pQ sgd hnm“
hyZshnm oZqZldsdq: sgd cdmrhsx Zmc sgd chrsZmbd ne sgd qdfidbsnq:
qdrodbshudkx: vd bZm vqhsd.

νQ /
Khnm
mQp1Q

, νlZw / 399 dqf r�fl blχ –6(

ñmZknfntrkx vd bZm cdzmd ν�: m� Zmc p� sgd hnmhyZshnm oZqZl“
dsdq: sgd cdmrhsx Zmc sgd chrsZmbd ne sgd Zarnqadq: qdrodbshudkx0
Hm fdmdqZk: sgd qdfidbsnq Zmc sgd Zarnqadq cn mns qdbdhud sgd rZld
hnmhyhmf ktlhmnrhsx: ctd sn sgd bnlokdwhsx ne sgd mtbkdZq fdnld“
sqx0 Hm oZqshbtkZq: he sgd qdfidbsnq hr ltbg eZqsgdq eqnl sgd RLAG
bnloZqdc sn sgd Zarnqadq: sgdqd hr Z shld kZf hm sgd oqnoZfZ“
shnm ne sgd hnmhyhmf bnmshmttl0 Sgdqdenqd vd bZm oZqZldsqhyd
Khnm.Q / ηKhnm.ñ / ηm�ν�p1�: vgdqd sgd rtarbqhos ”ñ; qdedqr sn sgd
Zarnqadq: vghkd ”Q; sn sgd qdfidbsnq0 Trhmf Dp0 –6(: vd bZm vqhsd

pQ / p�

√

η
m�
mQ

ν�
νlZw

. –7(

vghbg bZm ad qdvqhssdm trhmf sgd Dp0 –2( Zr

pQ / 24�
√
η
m�
mQ

Khnm.�
fl934 dqf r�fl

p�χ –8(

Rtbg qdkZshnm hlonrdr Z knvdq khlhs enq sgd knbZshnm ne
sgd qdfidbsnq: ats hs bnmsZhmr tmjmnvmr sgZs bZmmns ad chqdbskx
cdqhudc eqnl ntq ZmZkxrhr: rtbg Zr η: m� Zmc mQ0 Vd bZm ptZk“
hsZshudkx cdctbd sgZs sgd cdmrhsx ne sgd qdfidbsnq hr khjdkx ltbg
ghfgdq sgZm sgZs ne sgd Zarnqadq: rhmbd sgd qdfidbshnm bnlonmdms
hr mns rsqnmf Zmc sgd qdfidbshmf fZr hr kdrr hnmhydc sgZm sgd Zarnqa“
hmf fZr0 Mdudqsgdkdrr: sghr hr mns rtffbhdms sn cdqhud Z mtldqhbZk
bnmrsqZhms enq Z knvdq khlhs ne pQ0

ñmnsgdq hmsdqdrshmf hmenqlZshnm Zants sgd knbZshnm ne sgd
qdfidbsnq bnldr eqnl sgd vhcsg ne sgd Ed J� khmd: vghbg ZoodZqr
mns qdrnkudc0 Hmcddc: he vd kds eqdd sgd oZqZldsdqr CfZ Zmc πfZ
ctqhmf sgd zs: vd zmc πfZ , fl19 dU0 Sghr qdrtks hr hm ZbbnqcZmbd
vhsg vgZs gZr addm entmc hm sgd khsdqZstqd enq nsgdq AKQFr:
vghbg qZqdkx rgnv Z qdkZshuhrshb aqnZcdmdc hqnm khmd0 He vd rto“
onrd sgZs sgd aqnZcdmhmf hr ctd lnrskx sn Z Cnookdq jhmdlZshb
dΩdbs: vd bZm hmedq Zmnsgdq bnmrsqZhms nm sgd knbZshnm ne sgd
qdfidbsnq0 Kds tr rtoonrd sgZs sgd qdfidbsnq enkknvr Zklnrs bhqbtkZq
JdokdqhZm nqahsr0 Hm sghr bnmzftqZshnm: oZqs ne sgd qdfidbsnq lnudr
snvZqc sgd nardqudq: oZqs lnudr ZvZx: bZtrhmf sgd Cnookdq
aqnZcdmhmf ne sgd khmd0 Rhmbd sgd nqahsZk udknbhsx hmbqdZrdr Zs
knvdq chrsZmbdr: vd lZx rZx sgZs Zm toodq khlhs ne πfZ hlokhdr
Z knvdq khlhs phm enq sgd chrsZmbd ne sgd qdfidbsnq0 Hm nqcdq sn zmc
phm: vd lZjd sgd qntfg ZooqnwhlZshnm

Γu<<
b

→ ΓCEVGL

CfZ
/
1χ24πlZw

CfZ
. –fl9(

vgdqd πlZw / fl19 dU: Γu<< / Γu rhm g Zmc Γu / 1 unqa
����
phm
0

Sgdqdenqd

unqa
����
phm

≥ b
1 rhm g

1χ24πlZw
CfZ

/ α b.

Enq 49⃝ , g , 69⃝: vd gZud sgZs 9χ913 , α , 9χ9290 Sgdm:
jmnvhmf sgZs

unqa–phm(
b

/

√
pr
1phm

/ α.

vhsg pr /
1FLAG

b1
: vd nasZhm

pQ / phm /
pr
1α1

. –flfl(

vgdqd 599 pr ! phm ! 899 pr0 ñksgntfg: vd rsqdrr sgZs sghr knvdq
khlhs enq pQ hr qdkZsdc sn sgd qdfidbshmf lZsdqhZk sgZs oqnctbdr sgd
nardqudc mZqqnv Ed J� khmd0 Hm oqhmbhokd: Z eZhmsdq Zmc aqnZcdq
hqnm khmd bZm ad oqdrdms hm sgd rodbsqtl: ats mns cdsdbsZakd vhsg
sgd R+M ne ntq cZsZ0 Hs bntkc ad Zkrn onrrhakd sgZs sgd hmmdq oZqs
ne sgd chrj –pQ ! 599pr( cndr mns bnmsqhatsd bnmrhcdqZakx sn sgd
dlhrrhnm ne Ed fitnqdrbdmbd adbZtrd hsr kdudk ne hnmhyZshnm hr snn
ghfg Zmc lnrs ne sgd ntsdq dkdbsqnmr Zqd qhoodc nΩ sgd Zsnlr0

Sgd odwlnm lncdk cndr mns lnchex rdmrhakx sgd adrs zs
uZktdr ne MG: knf ν: e Zmc �0 Sgd qdfidbshnm oZqZldsdq Q hr bnm“
rsqZhmdc hm sgd qZmfd 9χ53 , N , flχ74: gZuhmf Zrrtldc Zm
hmbkhmZshnm Zmfkd hm sgd qZmfd 49⃝ , g , 69⃝0 Rtbg qdrtks hr
bnloZshakd vhsg Z rbdmZqhn vgdqd sgd qdfidbsnq bnudqr lnrs ne sgd
rnkhc Zmfkd hkktlhmZsdc ax sgd oqhlZqx rntqbd0 He Zkrn sgd ctrsx
snqtr bnmsqhatsdr sn sgd qdfidbshnm: Z uZktd ne N ≥ fl hlokhdr sgZs
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sgd snqtr gZr Z fiZssdmdc fdnldsqx: ldZmhmf sgZs Zklnrs Zkk sgd
qZchZshnm dlhssdc ax sgd oqhlZqx rntqbd hr qdfidbsdc snvZqc sgd
nardqudq0 Sgd rbdmZqhn ne Z fiZssdmdc snqtr hr Zkrn rtoonqsdc ax
Lnq ds Zk0 –1998(: vgn entmc Zm nodmhmf Zmfkd ne nmkx fl4⃝0 ñmx“
vZx: sgd cZsZ ptZkhsx hr mns fnnc dmntfg sn hmedq etqsgdq hmenq“
lZshnm Zants sgd fdnldsqx ne sgd qdfidbsnq0

5-3- TXphXahihsx ne sgd pdfidbshnm bnlonmdms

Sgd shlhmf ZmZkxrhr ne sgd rntqbd khfgs btqud cndr mns rgnv
Zmx rhfmhzbZms duhcdmbd ne uZqhZahkhsx ne sgd snsZk fitw ctqhmf
sgd dmshqd dwonrtqd0 Sgdm vd hmudrshfZsdc sgd uZqhZahkhsx ne sgd
gZqcmdrr qZshn0 Svn hmsdquZkr: sgZs vd bZkkdc A Zmc B: ne sgd
ctqZshnm ne 5 jr Zmc 3 jr qdrodbshudkx: rgnv Zm GQ rhfmhzbZmskx
ghfgdq sgZm sgd ZudqZfd uZktd0 Vd ZmZkxydc sgd rodbsqtl hm sgdrd
hmsdquZkr: hm nqcdq sn sdrs sgd uZqhZahkhsx ne sgd hmchuhctZk rodbsqZk
bnlonmdmsr0

Mdhsgdq sgd zs oZqZldsdqr ZrrnbhZsdc vhsg sgd Zarnqadq mnq
sgd oqnodqshdr ne sgd onvdq kZv bgZmfd rhfmhzbZmskx vgdm sgd
GQ hr ghfgdq0 HmrsdZc: sgd qdfidbshnm bnlonmdms rgnvr duhcdmbd
ne uZqhZahkhsx: drodbhZkkx hm sgd hmsdquZk A0 He sgd Ed J� khmd hr
lncdkdc vhsg Z FZtrrhZm: hsr mnqlZkhyZshnm hmbqdZrdr Zs kdZrs ne Z
eZbsnq ne svn hm A0 ñr Z bnmrhrsdmbx bgdbj: Zkrn trhmf sgd odwlnm
lncdk sgd qdfidbshnm eZbsnq gZr Zm ZudqZfd uZktd ne RN⟨ ! fl hm ñ:
vghkd N / fl hm A0

Hm nqcdq sn dwokZhm sgd uZqhZahkhsx ne sgd qdfidbshnm bnlon“
mdms: vd mnshbd sgZs sgd hmsdmrhsx ne sghr kZrs hr chqdbskx oqn“
onqshnmZk sn sgd hmbnlhmf oqhlZqx fitw0 Hm sgd bZrd ne sgd Ed
J� khmd: rhmbd sgd fitnqdrbdmbd hr ctd sn sgd Zarnqoshnm ne
W“qZx ognsnmr vhsg C ≤ 6 jdU: Z uZqhZahkhsx ne sgd hmbnlhmf fitw
Zanud 6 jdU –E/6 jdU( bZtrdr sgd uZqhZahkhsx ne sgd khmd hmsdmrhsx0
Sgdqdenqd: vd oqnonrd svn chΩdqdms rbdmZqhnr. h( Vd hmsdqoqds
sgd qdfidbshnm uZqhZahkhsx Zr Zm dΩdbs ne Bnlosnm sghbj bkntcr
qZohckx lnuhmf hm sgd hlldchZsd uhbhmhsx ne sgd W“qZx oqhlZqx
rntqbd0 He rtbg bkntcr hmsdqbdos sgd fitw chqdbsdc sn sgd qdfidb“
snq: sgd fitw E/6 jdU hr oZqskx rtooqdrrdc: nsgdqvhrd hs hmbqdZrdr0
Hm rtbg rbdmZqhn sgd uZqhZahkhsx shldrbZkdr ne sgd qdfidbshnm bnl“
onmdms Zqd qdkZsdc sn sgd cxmZlhbZk shld rbZkdr ne sgd narbtqhmf
bkntcr0 ñksdqmZshudkx vd bntkc rtoonrd sgZs sgd narbtqhmf bkntcr
Zqd mns knbZsdc adsvddm sgd oqhlZqx rntqbd Zmc sgd qdfidbsnq: ats
qZsgdq adsvddm sgd qdfidbsnq Zmc sgd nardqudq0 Sgntfg: hm sghr
bZrd: svn cqZvaZbjr Zqhrd0 Ehqrs: he sgd narbtqhmf bkntcr Zqd nm
sgd khmd ne rhfgs: vd rgntkc nardqud Zs sgd rZld shld Z uZqhZahk“
hsx ne ansg sgd qdfidbshnm bnlonmdms Zmc sgd bnktlm cdmrhsx MG:
vghbg hr mns ntq bZrd0 Rdbnmc: rhmbd vd gZud cdqhudc Z knvdq
khlhs enq sgd chrsZmbd ne sgd lZsdqhZk sgZs oqnctbdr sgd Ed J�
khmd: sgd cxmZlhbZk shld rbZkdr ne sgd narbtqhmf bkntcr vntkc ad
snn knmf sn dwokZhm sgd uZqhZahkhsx ne sgd qdfidbshnm nm shld rbZkdr
ne ≥fl93 r0 hh( Sgd qdfidbshnm uZqhZahkhsx hr chqdbskx bZtrdc ax Zm
hmsqhmrhb uZqhZahkhsx ne sgd oqhlZqx rntqbd ktlhmnrhsx: ats rhmbd
sgd mZqqnv Ed J� khmd hr oqnctbdc Zs Z chrsZmbd NQ � 599 pr:
sgdqd hr Z mds shld kZf adsvddm sgd ZqqhuZk shld ne sgd oqhlZqx
bnmshmttl Zmc sgd qdfidbsdc bnlonmdms0 Sgd shld kZf vntkc ad
Zs kdZrs ne 59 cZxr: vghbg bntkc dwokZhm vgx hm Z rhmfkd dwon“
rtqd ne ≥fl6 g: vd cn mns nardqud Zm hmbqdZrd ne sgd oqhlZqx fitw
enkknvdc ax sgd hmbqdZrd ne sgd qdfidbshnm bnlonmdms0

67 Bnmbktrhnmr

Sgqntfg sgd W“qZx ZmZkxrhr ne Zm nardquZshnm odqenqldc vhsg
sgd WLL.Mdvsnm nardquZsnqx: vd gZud nasZhmdc mnudk hmenqlZ“
shnm Zants sgd fdnldsqx: jhmdlZshbr: Zmc ogxrhbZk rsZsd ne sgd
qdfhnmr rtqqntmchmf sgd Zbbqdshmf RLAG Zs sgd bdmsdq ne sgd
AKQF OJR 114flffiflfl0 Sgd W“qZx rodbsqtl hr bnmrhrsdms vhsg Z

oqhlZqx bnlonmdms cdrbqhadc ax Z onvdq kZv: vghbg hr Zarnqadc
ax Zm hnmhydc oZqshZk bnudqhmf ldchtl0 Bnmrhcdqhmf Z cdmrhsx ne
sgd Zarnqadq sxohbZk ne sgd AKQ: hsr chrsZmbd eqnl sgd RLAG
hr ne sgd nqcdq ne N / 9χfl ob0 Sghr drshlZsd hr bnloZqZakd vhsg
sgd knbZshnm ne sgd AKQ: drshlZsdc sgqntfg sgd uhqhZk sgdnqdl
Zmc jmnvhmf sgd EVGL ne sgd Gα0 ñksdqmZshudkx: he vd Zrrtld
knvdq uZktdr ne cdmrhsx: hs hr mns dwbktcdc sgZs sgd Zarnqadq hr
knbZsdc eZqsgdq eqnl sgd RLAG: hm sgd ynmd ne sgd ctrsx snqtr0
Sgd Zarnqadq hr khjdkx bktlox: hm nsgdq vnqcr: bnlonrdc ax chr“
shmbs bkntcr vhsg Z bnudqhmf eZbsnq e → 89’ Zmc Z zkkhmf eZb“
snq ′ ! e 0 Sgd rodbsqZk ZmZkxrhr bnmzqlr sgd oqdrdmbd ne Zm
tmqdrnkudc Ed J� khmd Zmc sgd atkj ne sgd dlhrrhnm nbbtqr Zs Z
chrsZmbd pQ / 599pr0

Adrhcdr sgd hmsdmrhsx ne sgd Ed J� khmd: mn nsgdq rodbsqZk
oZqZldsdqr rgnv rhfmhzbZms uZqhZahkhsx ctqhmf sgd nardquZshnm0
Ctd sn sgd bnmrhcdqZakd chrsZmbd adsvddm sgd qdfidbsnq Zmc sgd
RLAG: sgd uZqhZahkhsx ne sgd Ed J� hmsdmrhsx hr khjdkx ctd sn oZrs
uZqhZshnmr ne sgd oqhlZqx fitw0 Mnmdsgdkdrr: Z qdZqqZmfdldms ne
sgd Zarnqadq fdnldsqx lZx Zkrn ad Z uZkhc ZksdqmZshud0

ñm hmsdqdrshmf enkknv to hmudrshfZshnm bntkc ad Zm nardq“
uZshnm vhsg sgd MtRS�N nardquZsnqx ne sgd ghfg“dmdqfx oZqs
–C / fl9 jdU( ne W“qZx rodbsqtl0 Vhsg rtbg ZmZkxrhr vd bntkc
rdd he sgd onvdq kZv gZr sgd rZld ognsnm hmcdw Zkrn Zs ghfgdq
dmdqfhdr: tmcdqrsZmchmf hm sghr vZx vgdsgdq nsgdq bnlonmdmsr:
rtbg Zr sgd qZchn ids: bZm bnmsqhatsd sn sgd W“qZx dlhrrhnm ne sghr
ñFM0 Etqsgdqlnqd sgd dmdqfx ne sgd onvdq kZv bts“nΩ –sxohbZkkx
Zqntmc fl99 jdU( hr chqdbskx bnmmdbsdc vhsg sgd sdlodqZstqd ne
sgd dkdbsqnmr ne sgd gns bnqnmZ0

Hs vntkc ad Zkrn hmsdqdrshmf sn dwsdmc sghr vnqj sn Z ltksh“
donbg W“qZx nardquZshnm ne OJR 114flffiflfl: dwoknqhmf sgd uZqh“
Zahkhsx nm shldrbZkdr ne cZxr nq lnmsgr0 Enq hmrsZmbd sgd rbdmZqhn
ne Z cdkZxdc qdronmrd ne sgd qdfidbshnm bnlonmdms Zesdq Z uZqhZ“
shnm ne sgd oqhlZqx fitw bntkc ad etqsgdq sdrsdc0 Sgd khfgs btqudr
ne sgd oqhlZqx bnmshmttl Zmc sgd qdfidbshnm bnlonmdms bntkc
ad bqnrr“bnqqdkZsdc: rhlhkZqkx sn sgd ldsgnc Zcnosdc hm qdudq“
adqZshnm lZoohmf ne sgd AKQ hm sgd noshbZk+TU aZmc0 Onrrhakd
duhcdmbd ne cdkZx bntkc etqsgdq bnmrsqZhm sgd knbZshnm ne sgd
qdfidbsnq0 Vhsg Zm W“qZx ltksh“donbg rstcx vd bntkc Zkrn sdrs
sgd vZx hm vghbg sgd fdnldsqx ne sgd Zarnqadq hmfitdmbdr sgd
uZqhZahkhsx ne sgd rodbsqtl Zs dmdqfhdr C , 1 jdU0

�bimnvkdcfdldmsrz R0 Qnmbghmh: vgn bZqqhdc nts sghr vnqj ctqhmf ghr lZr“
sdq sgdrhr Zs sgd Tmhudqrhsx ne Qnld ”Snq UdqfZsZ;: sgZmjr sgd nsgdq Ztsgnqr enq
sgd uZktZakd rtoonqs0 E0 Snladrh Zbjmnvkdcfdr rtoonqs ax sgd OqnfqZllZ odq
FhnuZmh QhbdqbZsnqh “ Zmmn 19fl3 ”QhsZ Kduh LnmsZkbhmh;0 F0Aqtmh Zbjmnvkdcfdr
zmZmbhZk rtoonqs tmcdq sgd HMSDFQñK ñRH“HMñE Zfqddldms 19fl2“9140 Q9fl0
Sgd Ztsgnqr sgZmj sgd Zmnmxlntr qdedqdd enq sgd bnmrsqtbshud bnlldmsr0
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