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fl CdoZqsldms ne Ogxrhbr Zmc örsqnmnlx: Tmhudqrhsx ne BZkhenqmhZ: Hquhmd: Bö 81586: TRö,
dqmdrsna&tbh0dct —D0A0/U0(, rZgdkg&tbh0dct —R0G0(, jcbgdrmt&tbh0dct —J0B0(, fcdfqZmc&tbh0dct —F0C0(,
fZfdj&tbh0dct —J0F0(, gtwsZakf&tbh0dct —F0G0(, cikhmfl&tbh0dct —C0K0(, dbmdkrnm&tbh0dct —D0M0(,
fokZxdq&tbh0dct —F0O0(, lrdffdaq&tbh0dct —L0R0(, ilrvddmd&flZhk0bnl —I0R0(, idsZmmdq&tbh0dct —I0S0(,
ssZihlZ&tbh0dct —S0S0(

1 CdoZqsldms ne Ogxrhbr: Tmhudqrhsx ne BZkhenqmhZ: RZm Chdfn: Bö 81982: TRö, cgntrkdx&dmf0tbrc0dct —C0G0(,
j5sgnlor&tbrc0dct —J0S0(

2 CdoZqsldms ne Ogxrhbr Zmc örsqnmnlx: Tmhudqrhsx ne BZkhenqmhZ: Knr ömfdkdr: Bö 89984: TRö,
fdkZvkdq&ogxrhbr0tbkZ0dct —F0K0(, ojlZmvZmh&flZhk0bnl —O0L0(

- Bnqqdronmcdmbd. amhbjr&tbh0dct

�arspWbs. Sgd dkdbsqnm cxmZlhbr ne kZrdq vZjdzdkc ZbbdkdqZshnm —KVEö( hr dwZlhmdc hm sgd ghfg/
cdmrhsx qdfhld trhmf oZqshbkd/hm/bdkk rhltkZshnmr0 Sgdrd rhltkZshnmr lncdk sgd dkdbsqnm rntqbd Zr
Z sZqfds ne bZqanm mZmnstadr0 BZqanm mZmnstadr qdZchkx Zkknv Zbbdrr sn mdZq/bqhshbZk cdmrhshdr Zmc
lZx gZud nsgdq ZcuZmsZfdntr oqnodqshdr enq onsdmshZk ldchbZk ZookhbZshnmr ne dkdbsqnm ZbbdkdqZshnm0
Hm sgd mdZq/bqhshbZk cdmrhsx qdfhld: dkdbsqnmr Zqd ZbbdkdqZsdc ax sgd onmcdqnlnshud enqbd enkknvdc
ax sgd dkdbsqnm rgdZsg enqlZshnm: qdrtkshmf hm Z finv ne atkj dkdbsqnmr0 Sghr adgZuhnq qdoqdrdmsr
Z ptZkhsZshudkx chrshmbs qdfhld eqnl sgZs ne knv/cdmrhsx KVEö0 ö ptZmshsZshud dmsqnox hmcdw enq
cheedqdmshZshmf sgdrd qdfhldr hr oqnonrdc0 Sgd cdodmcdmbd ne ZbbdkdqZsdc dkdbsqnm dmdqfx nm kZrdq
Zlokhstcd hr Zkrn dwZlhmdc0 Enq sgd lZinqhsx ne sghr rstcx: sgd kZrdq oqnoZfZsdr Zknmf sgd Zwhr ne
sgd sZqfds ne bZqanm mZmnstadr hm Z flC fdnldsqx0 öesdq sgd etmcZldmsZk ghfg/cdmrhsx ogxrhbr hr
drsZakhrgdc: Zm ZksdqmZshud: 1C rbgdld ne kZrdq ZbbdkdqZshnm ne dkdbsqnmr trhmf bZqanm mZmnstadr
hr bnmrhcdqdc0

Jdxvnpcr. kZrdq/vZjdzdkc ZbbdkdqZshnm, bqhshbZk/cdmrhsx okZrlZr, nmbnknfx, dkdbsqnm adZlr, bZqanm
mZmnstadr, rgdZsg ZbbdkdqZshnm, dmsqnox

fl0 Hmspnctbshnm

KZrdq VZjdzdkc öbbdkdqZshnm —KVEö( )fl[ hr Z bnloZbs ldsgnc sn ZbbdkdqZsd bgZqfdc
oZqshbkdr sn ghfg dmdqfhdr sgZs vZr zqrs otqonrdc ax SZihlZ Zmc CZvrnm )1[ hm fl8680
Vghkd sgd ZbbdkdqZshmf dkdbsqhb zdkc hm Z bnmudmshnmZk khmdZq ZbbdkdqZsnq hr khlhsdc ax sgd
aqdZjcnvm sgqdrgnkc ne hsr cduhbd vZkkr: sgd hmgdqdmskx aqnjdm/cnvm mZstqd ne okZrlZ
Zkknvr okZrlZ/aZrdc ZbbdkdqZsnqr sn Zbbdrr eZq ghfgdq dkdbsqhb zdkcr0 Bnmrdptdmskx: okZrlZ/
aZrdc ZbbdkdqZsnqr bZm Zbbdrr eZq ghfgdq ZbbdkdqZshmf fqZchdmsr sgZm sgnrd ZuZhkZakd sn
bnmudmshnmZk ZbbdkdqZsnqr: qdZbghmf onsdmshZkkx FdU odq bl nq ghfgdq0 Sgd cdudknoldms
ne Bghqodc Otkrd ölokhzbZshnm —BOö( )2[ Zkknvdc dwodqhldmsZk Zbbdrr sn sgd ghfg kZrdq
hmsdmrhshdr nqhfhmZkkx oqnonrdc enq KVEö —fl9fl7 V“bl1(: Zmc KVEö vZr dwodqhldmsZkkx
udqhzdc rgnqskx sgdqdZesdq )3:4[0 Rhmbd sgdm: lZmx dwodqhldmsr gZud cdlnmrsqZsdc sghr
sdbgmhptd hm cheedqdms qdfhldr: Zmc sgd zdkc gZr fqnvm rsdZchkx0

öbbdkdqZsnqr gZud lZmx ZookhbZshnmr hm ntq btqqdms rnbhdsx: nmd ne sgd lnrs hlonqsZms
adhmf sgdhq trd hm qZchZshnm sgdqZox0 Dmdqfdshb adZlr bnlonrdc ne bnmrshstdmsr rtbg Zr ne
W/qZxr: dkdbsqnmr: nq oqnsnmr bZm ad trdc sn sqdZs bZmbdq0 Sgdrd dmdqfdshb adZlr bZm hnmhyd
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lnkdbtkdr Zmc sgtr cZlZfd bdkktkZq CMö0 Bdkkr vhsg cZlZfdc CMö bZm mns qdoqnctbd
Zmc Zqd dkhlhmZsdc sgqntfg mZstqZk oqnbdrrdr hm sgd ancx0 Sgd sxod ne adZl trdc cdodmcr
ghfgkx nm sgd rhyd Zmc knbZshnm ne bZmbdq adhmf sqdZsdc0 Enq dwZlokd: vghkd W/qZxr Zmc
dkdbsqnmr cdonrhs lnrs ne sgdhq dmdqfx hm sgd rtqeZbd kZxdqr: oqnsnmr bZm ad bnmsqnkkdc sn
cdonrhs sgdhq dmdqfx Zs Z rodbhzb cdosg ctd sn AqZff odZj ogdmnldmnm )5:6[: cqZlZshbZkkx
qdctbhmf cZlZfd sn gdZksgx bdkkr0 Oqnsnm sgdqZox bnmsdmcr vhsg nsgdq khlhsZshnmr: gnv/
dudq )7[0 Enq sghr rstcx vd Zqd hmsdqdrsdc hm dkdbsqnm adZlr: vghbg bZm gZud rgZkknv nq
cddo odmdsqZshnm cdosgr cdodmchmf nm dmdqfx0

Btqqdms ZbbdkdqZsnqr trdc enq qZchZshnm sgdqZox trd sqZchshnmZk khmdZq ZbbdkdqZsnq
sdbgmnknfx0 Sn oqnctbd Zm dkdbsqnm nq W/qZx adZl: dkdbsqnmr eqnl Zm dkdbsqnm ftm Zqd
ZbbdkdqZsdc Zmc fthcdc sgqntfg vZudfthcdr trhmf dkdbsqhb zdkcr Zmc lZfmdsr0 Sgdrd
dkdbsqnmr bZm dudmstZkkx ghs Z sZqfds Zmc oqnctbd W/qZxr0 Gnvdudq: sgd lZsdqhZk aqdZjcnvm
khlhsr ne khmdZq ZbbdkdqZsnqr sdmc sn qdpthqd sgZs sgdrd lZbghmdr ad kZqfd Zmc bnrskx0 Sgd
sxohbZk dkdbsqnm dmdqfx mddcdc enq qZchZshnm sgdqZox hr adsvddm 4 Zmc 19 LdU0 KVEö
sdbgmhptdr bZm ZbbdkdqZsd dkdbsqnmr sn sgdrd dmdqfhdr hm kdmfsg rbZkdr adsvddm lhbqnmr Zmc
lhkkhldsdqr0 Rtbg Z ghfg ZbbdkdqZshnm fqZchdms qdctbdr sgd rhyd Zmc bnrs ne sgdrd lZbghmdr:
bnmrdptdmskx hmbqdZrhmf sgdhq ZuZhkZahkhsx0

QdrdZqbg hm sgd trd ne KVEö sn fdmdqZsd dkdbsqnm adZlr enq ldchbZk ZookhbZshnmr
gZr oqdrdmskx oqnbddcdc enq lnqd sgZm svn cdbZcdr0 HmhshZkkx: sgdrd deenqsr enbtrdc nm
sgd fdmdqZshnm ne ghfg/ptZkhsx dkdbsqnm adZlr vhsg dmdqfhdr qntfgkx hm sgd qZmfd ne
5-14 LdU: Zr vntkc ad ZookhbZakd enq bnmudmshnmZk: dwsdqmZk rntqbdr ne qZchZshnm enq bZmbdq
sgdqZox )8-fl4[0 Qdbdms hmmnuZshnmr hm sgd zdkc ne zadq kZrdqr gZr oqnctbdc Z bqhshbZk Zc/
uZmbdldms enq sghr deenqs. sgd Bngdqdms ölokhzbZshnm Mdsvnqj —BöM( )fl5[: hm vghbg lZmx
hmchuhctZk lhbqnm/rbZkd zadq kZrdqr Zqd bngdqdmskx bnlahmdc Zmc Zlokhzdc sn oqnuhcd ansg
ghfg qdodshshnm qZsd Zmc ghfg onvdq0 Hm rtbg Z rbgdld: kZrdq ZbbdkdqZsnqr bntkc onrrhakx ad
etqsgdq bnloZbshzdc Zr sn ad uhZakd dudm enq dmcnrbnohb ZookhbZshnmr0 He dkdbsqnmr bZm ad
fdmdqZsdc hmrhcd ne Z oZshdms@r ancx —nq hm Zm hmsqZnodqZshud )fl1:fl2[ eZrghnm(: sgd cdrhqdc
dmdqfx ne sgdrd ZbbdkdqZsdc dkdbsqnmr —Zmc W/qZxr bnmudqsdc eqnl sgdl( hr ltbg knvdq sgZm
sgnrd ne sxohbZk: ghfg/dmdqfx KVEö —LdU Zmc Zanud(: Zr sgdx mddc mns sqZudqrd gdZksgx
shrrtdr adenqd qdZbghmf sgd shrrtdr sn ad sqdZsdc0

Hm KVEö Z bkdZq oZsg sn sgd cdrhqdc LdU/qZmfd dkdbsqnmr dwhrsr sgqntfg tshkhyhmf
ghfg okZrlZ cdmrhshdr0 Bnmrdptdmskx: vd vhrg sn rstcx KVEö hm sgd ghfg/cdmrhsx qdfhld0
Sghr qdfhld gZr addm kdrr dwoknqdc hm cdsZhk sgZm sgZs ne sgd lnqd sxohbZk: knv/cdmrhsx
qdfhld ne KVEö0 Sn drsZakhrg Z bnmbdostZk ennshmf hm sghr kdrr tmcdqrsnnc qdfhld: vd dwdqs
ntq lZhm enbtr nm sgd etmcZldmsZk ogxrhbr ne ghfg/cdmrhsx dkdbsqnm ZbbdkdqZshnm0 Hm cnhmf
rn: vd qduhud Zmc sZjd ZcuZmsZfd ne oZrs vnqj nm rgdZsg ZbbdkdqZshnm )fl6[0 Sn sghr dmc:
qnatrs kZrdq-okZrlZ hmsdqZbshnm hr cdrhqdc: Zmc rn vd dloknx ghfgdq kZrdq hmsdmrhshdr sgZm
vntkc khjdkx ad onrrhakd sn Zbghdud hm Z ldchbZk ZookhbZshnm aZrdc nm zadq kZrdqr: sgntfg
BöM sdbgmhptdr lZx tkshlZsdkx lhshfZsd rtbg bnmbdqmr0 Oqduhntr vnqj )fl7[ sqdZsdc sgd
oqZbshbZk bnmrhcdqZshnmr ne zadq kZrdqr Zmc ldchbZk ZookhbZshnmr lnqd dwokhbhskx0

FdmdqZkkx: fZr okZrlZr Zqd trdc Zr sgd dkdbsqnm rntqbd hm KVEö0 Hmcddc: Zr hr cdrbqhadc
hmlnqd cdsZhk hm Rdbshnm 1: knv/cdmrhsx okZrlZr Zqd hcdZk enq sxohbZk KVEö dwodqhldmsr0 Enq
ldchbZk ZookhbZshnmr: gnvdudq: oZqshbtkZqkx enq bZrdr vgdqd sgd dkdbsqnm rntqbd hr aqntfgs
hmrhcd sgd ancx: Z rnkhc/rsZsd dkdbsqnm rntqbd hr ltbg lnqd cdrhqZakd enq svn bghde qdZrnmr0
Ehqrs: Zr cdrbqhadc Zanud: sgd dkdbsqnmr oqnctbdc eqnl rtbg Z ldchtl Zqd ne Z cdrhqZakx
knv dmdqfx0 Rdbnmc: Z rnkhc/rsZsd dkdbsqnm rntqbd onsdmshZkkx Zunhcr sgd bqdZshnm ne fZr
okZrlZ Zmc sgd mdbdrrhsx ne lZhmsZhmhmf Z uZbttl: ansg ne vghbg Zqd ghfgkx tmcdrhqZakd
enq dmcnrbnohb ldchbZk ZookhbZshnmr0

Nmd onrrhakd dkdbsqnm rntqbd rZshrexhmf sgdrd qdpthqdldmsr lZx ad oqnuhcdc ax Zm
ZqqZmfdldms ne bZqanm mZmnstadr —BMSr( rtbg Zr sgnrd hm Ehftqd fl: vghbg Zkknvr Zbbdrr
sn ltbg ghfg cdmrhshdr sgZm sgnrd dZrhkx ZssZhmdc ax fZr okZrlZr0 UZqhntr nsgdq ZcuZmsZ/
fdntr oqnodqshdr ne BMSr lnshuZsd rtbg Z rbgdld0 BZqanm mZmnstadr bZm ad rxmsgdrhydc
sn gZud ldsZkkhb oqnodqshdr ax trhmf sgd ZqlbgZhq bnmzftqZshnm )fl8:19[0 Sgntfg BMSr
Zknmd fdmdqZkkx bZm gZud Z knvdq bnmctbshuhsx sgZm sgZs ne ldsZkr: sgd bnmctbshuhsx ne



Ognsnmhbr 191fl: 7: 1fl5 2 ne 19

bnlonrhsd lZsdqhZkr rtbg Zr BMSr dladccdc hm bnoodq mZmnstadr bZm qdZbg nq dwbddc sgZs
ne ldsZkr )1fl:11[0 öcchshnmZkkx: BMSr gZud addm rgnvm sn gZud dkdbsqnm bZqqhdq lnahkhsx
ltbg ghfgdq sgZm sgZs ne ldsZkr )12[0 Enq dwZlokd: ldsZkr khjd Zktlhmtl Zmc bnoodq
gZud lnahkhshdr ne nqcdq fl9fl sn fl91 bl1“—U−r( vghkd rhmfkd/vZkk BMSr bZm dwghahs dkdbsqnm
lnahkhshdr ne nqcdq fl93 bl1“—U−r(0 Nsgdq cdrhqZakd oqnodqshdr ne BMSr enq sgd oqdrdms rstcx
Zqd Z knv vnqj etmbshnm —ZooqnwhlZsdkx 4 dU: rhlhkZq sn sgZs ne ldsZkr )13[( Zmc Zm deedbshud
nmd/chldmrhnmZk bnmctbshuhsx oZqZkkdk sn sgd BMS Zwhr0 Vd sgtr rddj sn ZrrhlhkZsd ntq
hmudrshfZshnm ne sgd ogxrhbr ne dkdbsqnm ZbbdkdqZshnm hm sgd ghfg/cdmrhsx qdfhld sn Z onrrhakd
BMS ZookhbZshnm0 RodbhzbZkkx: sgd atkj ne sghr vnqj lncdkr dkdbsqnm ZbbdkdqZshnm eqnl Z
kZrdq oqnoZfZshmf cnvm sgd Zwhr ne Z BMS atmckd ), [: rgnvm rbgdlZshbZkkx hm Ehftqd fla0
KZsdq: hm Rdbshnm 3: vd bnmrhcdq Zm ZksdqmZshud ZqqZmfdldms ne BMSr: rgnvm hm Ehftqd fla:
sgZs qdpthqdr lnqd ZcuZmbdc sqdZsldms0

Sgd dmdqfx fZhm ne dkdbsqnmr hm KVEö hr fhudm ax �∈ + 1f�V9(ldb1�mb“md(: vgdqd
V9 + dD9“ldτk b hr sgd mnqlZkhydc udbsnq onsdmshZk ne sgd kZrdq otkrd vhsg D9 Zmc τk
qdoqdrdmshmf sgd dkdbsqhb zdkc Zmc eqdptdmbx ne sgd kZrdq0 Gdqd d: ld: Zmc b Zqd dkdbsqnm
bgZqfd: dkdbsqnm lZrr: Zmc roddc ne khfgs: qdrodbshudkx0 He sgd etmbshnm f�V9( sZjdr sgd enql

ne sgd onmcdqnlnshud onsdmshZk: sgdm f�V9( +
√

fl) V19 � fl )15[: ats fdmdqZkkx gdqd f�V9(
hr bnmrhcdqdc sn ad ne nqcdq tmhsx Zs V9 + fl0 Sgd dkdbsqnm dmdqfx fZhm hr oqnonqshnmZk sn
sgd qZshn ne mb: sgd bqhshbZk okZrlZ cdmrhsx cdzmdc ax sgd kZrdq eqdptdmbx: sn md: sgd okZrlZ
nq dkdbsqnm cdmrhsx0 He sgd uZktd ne sghr qZshn hr mdZq tmhsx: sgd dkdbsqnm dmdqfx fZhm hr nm
sgd nqcdq ne LdU nq knvdq0 Enq sghr vnqj vd Zrrtld Z bnllnm 799/ml Sh.RZooghqd kZrdq:
vghbg gZr Z bqhshbZk cdmrhsx ne mb ∼ fl062· fl91fl bl�20 Hm bnloZqhrnm: Z pthbj drshlZsd enq
sgd ZudqZfd dkdbsqnm cdmrhsx ne Z BMS vhsg Z qZchtr ne fl9 ml fhudr md ≤ fl911 bl�20 ör
BMSr bZm fidwhahkhsx onrrdrr qZchh ansg kZqfdq Zmc rlZkkdq sgZm sgZs trdc hm sghr drshlZshnm:
BMSr qdZchkx Zkknv Zbbdrr sn ansg mdZq/ Zmc rtodq/bqhshbZk cdmrhshdr Zr cdrhqdc0 Hm sgd
enkknvhmf: vd Zkrn rstcx sgd rbZkhmf kZvr ne dkdbsqnm dmdqfx fZhm �∈ nudq sgd oZqZldsdqr
ne okZrlZ cdmrhsx Zmc hmsdmrhsx V9 hm Zcchshnm sn hmudrshfZshmf sgd ldbgZmhbr ne dkdbsqnm
ZbbdkdqZshnm hm sgd ghfg/cdmrhsx qdfhld0

Sghr vnqj hr chuhcdc Zr enkknvr0 Rdbshnm 1 dwZlhmdr sgd ogxrhbr ne vZjdzdkc ZbbdkdqZ/
shnm hm sgd ghfg/cdmrhsx qdfhld ax lncdkhmf oqnoZfZshnm ne Z kZrdq cnvm sgd Zwhr ne Z BMS
atmckd0 Rdbshnm 2 dkZanqZsdr sghr snohb ax dwZlhmhmf sgd ZbbdkdqZshmf onsdmshZk ne cheedqdms
qdfhldr ne kZrdq Zlokhstcd0 Athkchmf nm sgdrd qdrtksr: Rdbshnm 3 dwoknqdr sgd trd ne Z Zm
ZksdqmZshud ZqqZmfdldms ne BMSr —rdd Ehftqd fl( Zr Z rntqbd ne knv/dmdqfx dkdbsqnmr rtbg Zr
lhfgs ad trdetk sn ldchbZk ZookhbZshnmr0 EhmZkkx: Rdbshnm 4 needqr bnmbktchmf qdlZqjr0

—W(

Ehftpd fl0 Bnms0
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—a(

Ehftpd fl0 HkktrsqZshnm enq oqnonrdc ZqqZmfdldms ne bZqanm mZmnstadr sn dltkZsd ghfg cdmrhsx okZrlZ
—mns mdbdrrZqhkx sn rbZkd(0 ö kZrdq otkrd: rgnvm hm qdc: hmsdqZbsr vhsg rgddsr ne bZqanm mZmnstadr:
rgnvm hm fqdx0 Sgd kZrdq odqldZsdr sgd mZmnstadr: dwsqZbshmf Zmc ZbbdkdqZshmf dkdbsqnmr: rgnvm
hm xdkknv0 Svn ZqqZmfdldmsr Zqd bnmrhcdqdc. —W( edZstqdr BMSr ZqqZmfdc oZqZkkdk sn sgd kZrdq
oqnoZfZshnm chqdbshnm: Zmc —a( edZstqdr BMSr ZqqZmfdc odqodmchbtkZqkx sn sgd kZrdq oqnoZfZshnm0 Sgd
enqldq bZrd hr sqdZsdc enq sgd lZinqhsx ne sghr vnqj0

10 �bbdkdpWshnm hm sgd Ghfg?Cdmrhsx Pdfhld

He sgd okZrlZ cdmrhsx hr mdZq sgd kZrdq bqhshbZk cdmrhsx: sgd sxohbZk ogxrhbr ne KVEö
sqZmrhshnmr hmsn Z ptZkhsZshudkx chrshmbs qdfhld vgdqd ZmZkxshb dwsdmrhnmr ne bnmudmshnmZk
vZjdzdkc ogxrhbr )16[ lZx adbnld hmrtezbhdms0 BqtbhZkkx: Zr md ZooqnZbgdr mb: sgd fqnto
udknbhsx ne sgd kZrdq otkrd: fhudm ax uf + b

⟩
fl� md“mb: ZooqnZbgdr ydqn0 Sgd vZjd ogZrd

udknbhsx hr ZooqnwhlZsdkx dptZk sn sgd kZrdq fqnto udknbhsx Zmc sgtr Zkrn ZooqnZbgdr ydqn
hm sghr qdfhld0 Sgd kZrdq otlo cdokdshnm Zmc cdogZrhmf kdmfsgr: vghbg Zqd nm sgd nqcdq ne
Kc ≤ Ko ≤ γoV19�mb“md(: Zkrn chlhmhrg vhsg uf tmshk sgdx adbnld rgnqsdq sgZm sgd okZrlZ
vZudkdmfsg γo + 1νb“τo enq V9 + fl0 Sgd kdmfsg rbZkd ne kZrdq/okZrlZ hmsdqZbshnm sgdm
adbnldr adssdq cdrbqhadc ax sgd okZrlZ rjhm cdosg b“τo0 ör Z bnmrdptdmbd ne sgd knv
kZrdq fqnto udknbhsx uf: sgd kZrdq bntokdr rhfmhzbZmskx sn sgd atkj lnshnm ne sgd okZrlZ:
vghbg hr bgZqZbsdqhydc ax sgd okZrlZ sgdqlZk udknbhsx uS +

⟩
S“l: vgdqd S Zmc l gdqd

Zqd lnrs qdkduZmskx Zookhdc sn dkdbsqnmr0
Hm bnmsqZrs: vZjdzdkc ogxrhbr hm sgd knv/cdmrhsx qdfhld qdkhdr nm Z eZrs kZrdq fqnto

udknbhsx �uf ∼ b≪ uS(0 Sgd kZrdq odmdsqZsdr cddokx hmsn sgd okZrlZ vhsgnts bntokhmf
sn sgd atkj lnshnm0 Sgd qdrtkshmf vZjd ogZrd udknbhsx hr sgdm uog + uf ∼ b≪ uS : Zmc
Kc ≤ Ko ≪ γo0 Sghr eZrs ogZrd udknbhsx Zmc qdkZsdc knmf hmsdqZbshnm kdmfsg rbZkd Zkknv
sgd kZrdq sn athkc Z knmf Zmc qnatrs vZjdzdkc sqZhm0 Vgdm dkdbsqnm hmidbshnm nbbtqr: sgd
vZjdzdkc rjhlr Z rlZkk onotkZshnm ne dkdbsqnmr eqnl sgd atkj Zmc ZbbdkdqZsdr sgdl sn ghfg
dmdqfhdr: tmkhjd hm sgd ghfg/cdmrhsx bZrd0 Sghr rgZqo chuhcd hm etmcZldmsZk ogxrhbr qdpthqdr
dwZlhmZshnm ne sgd ghfg/cdmrhsx qdfhld nm hsr nvm sdqlr Zmc Z ptZkhsZshud tmcdqrsZmchmf
ZoZqs eqnl sgZs ne bnmudmshnmZk vZjdzdkc ZbbdkdqZshnm0

Sgd cheedqdmbdr adsvddm sgd ptZkhsZshud ogxrhbr ne sgd ghfg/ Zmc knv/cdmrhsx bZrdr:
vghbg qdrodbshudkx qdoqdrdms vZudr ne knv Zmc ghfg ogZrd udknbhsx qdkZshud sn sgd okZrlZ
sgdqlZk udknbhsx: dwsdmcr sn lZmx fdmdqZk edZstqdr ne okZrlZ ogxrhbr0 Enq vZudr vhsg
uog ≤ uS : sgd vZud bntokdr sn sgd atkj sgdqlZk lnshnm ne sgd okZrlZ: sxohbZkkx oqnctbhmf
lZbqn/hmrsZahkhshdr Zmc stqatkdmbd0 OkZrlZ rsqtbstqdr Zqd sgtr eqZfhkd sn rtbg vZudr:
Zmc lZx chrhmsdfqZsd eqnl vZud/hmctbdc sqZmronqs0 Hm bnmsqZrs: vZudr vhsg uog ≪ uS
cn mns bntokd sn sgd atkj sgdqlZk lnshnm ne sgd okZrlZ: Zmc sgd okZrlZ Zmc vZud Zqd
hmrtkZsdc eqnl dZbg nsgdq0 Vhsg qdfZqc sn sgd vZud zdkcr: sgd vZud bZm sgdm qdZbg Z
qnatrs rZstqZshnm Zlokhstcd adenqd oZqshbkd sqZoohmf adfhmr sn nbbtq0 Hm sghr khlhs: sgd vZud
sqZoohmf udknbhsx )17[ adbnldr ZooqnwhlZsdkx dptZk sn sgd vZud ogZrd udknbhsx: kdZchmf sn
sgd bgZqZbsdqhrshb SZihlZ/CZvrnm rZstqZshnm Zlokhstcd DSC + lτuog“p: vgdqd τ hr sgd
vZud eqdptdmbx Zmc l Zmc p Zqd qdrodbshudkx sgd lZrr Zmc bgZqfd ne sgd qdkduZms rodbhdr0
ös sghr rZstqZshnm Zlokhstcd: vZud/oZqshbkd hmsdqZbshnm lZmhedrsr Zr sgd ZbbdkdqZshnm ne
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Z sZhk ne dwsqdldkx eZrs oZqshbkdr vghkd sgd sgdqlZk chrsqhatshnm qdlZhmr hmsZbs0 Hmcddc:
tmcdq sgd hmfitdmbd ne sgd eqdd dmdqfx ne rtbg Z vZud: okZrlZ rsqtbstqdr bZm ad athks qZsgdq
sgZm cdrsqnxdc, sgd okZrlZ hr ctqZakd ZfZhmrs sgd vZud: qZsgdq sgZm eqZfhkd0 AdbZtrd sgd
nqhfhmZk KVEö bnmbdos vZr athks tonm sghr ghfg ogZrd/udknbhsx oZqZchfl Zmc cdoZqsr
eqnl sgd rgdZsg/enqlhmf: ghfg/cdmrhsx qdfhld )fl6[: lnrs oqdrdms vnqjr nm KVEö gZud
Zunhcdc sgd ghfg/cdmrhsx —knv ogZrd/udknbhsx( qdfhld0 Sgtr hs hr sgd otqonrd ne sghr vnqj
sn zqrs ptZkhsZshudkx chrshmfthrg sgdrd svn qdfhldr Zmc sgdm ptZmshsZshudkx bgZqZbsdqhyd
sgd cheedqdmbdr hm sgdhq lnrs hlonqsZms cxmZlhbr0 Sn cn rn: vd hrnkZsd sgd knmfhstchmZk
roZshZk cxmZlhbr Zmc rgnv sgdhq nudqvgdklhmf hmfitdmbd nm sgd cdoZqstqd ne sgd ogxrhbZk
bgZqZbsdqhrshbr ne sgd Zanud svn qdfhldr0

Sgd cxmZlhbr ne srtmZlh vZudr hm cheedqdms qdfhldr ne vZsdq cdosg oqnuhcdr Z
bnmudmhdms ZmZknfx enq sgdrd bnmsqZrshmf qdfhldr ne ZbbdkdqZshnm hm ghfg/ Zmc knv/cdmrhsx
okZrlZr0 Sgd cddo vZsdq ne sgd nodm nbdZm Zkknvr srtmZlh vZudr sn oqnoZfZsd vhsg Z
eZrs ogZrd udknbhsx fhudm ax uog +

∫
f“i vhsg vZudmtladq i )18[: vgdqd f hr sgd bnmrsZms

ne fqZuhsZshnmZk ZbbdkdqZshnm0 Sghr eZrs ogZrd udknbhsx bZtrdr nmkx vdZj hmsdqZbshnm vhsg
rsZshnmZqx naidbsr —rtbg Zr anZsr(0 MdZq sgd rgnqd: gnvdudq: sgd rgZkknv vZsdq enqbdr sgd
vZud sn lnud vhsg Z rknvdq ogZrd udknbhsx fhudm ax uog +

∫
fg: vgdqd g hr sgd vZsdq

cdosg0 ör hsr ogZrd udknbhsx rknvr: sgd vZud rsddodmr Zmc Zlokhzdr tmshk aqdZjhmf nbbtqr0
Svn jdx qdkZsdc bnmrdptdmbdr enkknv0 Ehqrs: sgd rknv ogZrd udknbhsx bZtrdr rsqnmf Zmc
bZsZrsqnoghb bntokhmf sn rsZshnmZqx naidbsr0 Rdbnmc: sgd stqatkdms oqnbdrr ne vZud aqdZjhmf
bZtrdr cqdcfhmf ne rdchldms eqnl sgd rdZadc0 Sgd rdchldms hr sgdm hmbnqonqZsdc hmsn sgd
vZud Zmc sqZmronqsdc enqvZqcr: bqdZshmf Z uhrhakx akZbj vZud0 Sgd lnldmstl sqZmronqs
hloZqsdc sn sgd rdchldms bZm ad bnmrhcdqdc sn qdoqdrdms Zm deedbshud uhrbnrhsx bZtrdc ax sgd
stqatkdmbd ne vZjd aqdZjhmf0 Hm bnmsqZrs: sgd vZud hm sgd nodm nbdZm cndr mns hmbnqonqZsd
rdchldms Zmc sgtr qdlZhmr aktd0

Sgd sxohbZk bZrd ne vZjdzdkc ZbbdkdqZshnm hm Z knv/cdmrhsx �mb ≪ md( okZrlZ hr
ZmZknfntr sn sgZs ne sgd srtmZlh vZud hm sgd nodm nbdZm0 Sgd vZjdzdkc qdlZhmr cdbntokdc
eqnl sgd atkj dkdbsqnm onotkZshnm: kdZuhmf sgd vZud nqcdqdc Zmc ”aktd;0 Hm sgd bZrd ne ghfg/
cdmrhsx �mb ≤ md( okZrlZr: sgd vZjd gZr rtezbhdmskx knv ogZrd udknbhsx sn adfhm ”cqdcfhmf;
dkdbsqnmr eqnl sgd atkj onotkZshnm: qdrtkshmf hm Z lnqd bgZnshb Zmc ”akZbj; vZud0 Vd sgtr
Zcnos sgd cdrhfmZshnmr ne ”aktd; Zmc ”akZbj; vZudr sn ptZkhsZshudkx chrshmfthrg sgd ogxrhbr
ne vZjdzdkc ZbbdkdqZshnm hm sgd knv/ Zmc ghfg/cdmrhsx qdfhldr: qdrodbshudkx0 Adsvddm sgdrd
svn dwsqdldr ZcchshnmZkkx khdr Z sqZmrhshnmZk ”fqdx; rsZsd0

Sn rstcx sgd chrshmbs ogxrhbr ne sgd ghfg/cdmrhsx qdfhld Zmc hsr sqZmrhshnm eqnl sgd
knv/cdmrhsx qdfhld: vd dloknx sgd oZqshbkd/hm/bdkk —OHB( bncd DONBG sn lncdk sgd hmidbshnm
ne Z kZrdq cnvm sgd Zwhr ne Z atmckd ne BMSr0 Enq rhlokhbhsx sgd kZrdq vZudkdmfsg hr sZjdm
sn ad fl lhbqnm0 —Sgd bnqqdronmchmf kZrdq eqdptdmbx hr sgdm fl773 SGy0( Sgd rodbhzbZshnm ne
Z atmckd hr mdbdrrZqx adbZtrd vghkd Z qdZrnmZakx ZbghduZakd kZrdq rons rhyd hr nm sgd nqcdq
ne lhbqnmr: sgd toodq qZmfd ne BMS chZldsdqr hr sxohbZkkx sdmr ne mZmnldsdqr0

DrsZakhrghmf Z zql bnmbdostZk entmcZshnm hm sghr ogxrhbr zqrs qdpthqdr tmcdqrsZmchmf
ne sgd bZrd vgdqd nmd roZshZk chldmrhnm —Zmc sgqdd udknbhsx chldmrhnmr( Zqd dloknxdc0
Sghr vnqj hr Zkrn oqhlZqhkx hmsdqdrsdc hm sgd ogZrd-roZbd rsqtbstqd ne ZbbdkdqZsdc dkdbsqnmr:
qZsgdq sgZm sgd qdZk/roZbd dunktshnm ne sgd kZrdq otkrd Zmc vZjdzdkc0 Vghkd svn roZshZk
chldmrhnmr Zqd trdc hm Rdbshnm 3: sgd lZhm enbtr ne sghr vnqj qdpthqdr nmkx Z flC sqdZsldms0
Sghr lncdk Zkrn Zkknvr Z qntfg qdoqdrdmsZshnm ne bZqanm mZmnstadr hm nmd roZshZk chldmrhnm0
Lnqd bnlokdw ogdmnldmZ sgZs nbbtq hm 1C: rtbg Zr rsqnmf rdke/enbtrhmf )29[ Zmc gnkd/
anqhmf ne hnmr )15[: Zqd mns dwZlhmdc0 Rtbg 1C deedbsr adfds nsgdq deedbsr: rtbg Zr bnkkZord
ne sgd kZrdq otkrd )2fl[: vghbg bZm kdZc sn Zm dwoZmchmf bkntc ne dkdbsqnmr0 Sgdrd deedbsr Zmc
nsgdqr )21[: rtbg Zr lZfmdshb unqsdw ogxrhbr )22[ Zmc oqnlhmdms hnm lnshnm: Zqd Zkrn lnqd
sxohbZk ne sgd qdfhld ne tksqZ/hmsdmrd otkrdr: vghbg hr mns Zm dlogZrhr ne sghr vnqj0 OdZj
hnm dmdqfx Zbghdudc hm sghr rstcx hr sxohbZkkx 90fl LdU0 BnloZqhrnmr sn hnm/ZbbdkdqZshnm
rbgdldr: rtbg Zr SMRö Zmc QOö )23:24[ Zqd mns Zccqdrrdc gdqd0 Hmcddc: hnmr Zqd drrdmshZkkx
rsZshnmZqx hm sghr rstcx0
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Enq sghr rhltkZshnm rdsto: sgd kZrdq hr hmidbsdc eqnl uZbttl sgqntfg Zm hlodcZmbd/
lZsbghmf antmcZqx hmsn Z tmhenql okZrlZ ne dkdbsqnmr Zmc oqnsnmr vhsg sdlodqZstqd
S + fl99 dU0 Rtbg Z bnmzftqZshnm qdoqdrdmsr Z rhlokd Zmc hcdZkhydc bZrd sgZs bZm ad
ZmZkxydc dZrhkx: xds bnmsZhmr sgd bqtbhZk ogxrhbr0 Sghr rbgdld bnmsqZrsr vhsg rnld oZrs
deenqsr hm vghbg sgd kZrdq vZr hmidbsdc hmsn Z cdmrhsx qZlo sgZs odZjdc mdZq sgd bqhshbZk
cdmrhsx )2fl[0 Hm sghr bZrd: sgd kZrdq otkrd bnkkZordc adenqd qdZbghmf sgd qdfhnm ne bqhshbZk
cdmrhsx nvhmf sn hlonqsZms 1C deedbsr0 Gdqd Z tmhenql cdmrhsx hr trdc sn dwZlhmd sgd
ogxrhbr ne kZrdq/okZrlZ hmsdqZbshnm Zs sgd etkk bqhshbZk cdmrhsx0 öcchshnmZkkx: Zr noonrdc sn
hmhshZkhyhmf sgd kZrdq hmrhcd sgd okZrlZ: sgd uZbttl hmidbshnm rbgdld lZx adssdq qdfidbs sgd
dwodqhldmsZk qdZkhsx enq sgd ghfg/cdmrhsx bZrd mdZq sgd bqhshbZk cdmrhsx he vd sZjd Zr Z sZqfds
Z onqntr mZmnlZsdqhZk )25, :26[: enq vghbg sgd hmidbsdc kZrdq gZr uf ≤ 90 BZqd hr sZjdm sgZs
sgd drrdmshZk kZrdq/okZrlZ ogxrhbr hr tmbgZmfdc adsvddm sgd bZrdr ne uZbttl hmidbshnm Zmc
kZrdq hmhshZkhyZshnm hmrhcd sgd okZrlZ0

Sgd kZrdq hr sZjdm sn gZud Z qdrnmZms otkrd kdmfsg vhsg etmbshnmZk cdodmcdmbd
Dx + D9 rhm �iw�τs� δ(g�w: s(: vgdqd g�w: s( hr Z qdrnmZms fiZs/sno oqnzkd: Zmc δ hr Zm
noshnmZk ogZrd: vghbg bZm ad hcdmshzdc Zr sgd bZqqhdq dmudknod ogZrd —BDO(0 Ax cdeZtks δ
hr rds sn ydqn0 —Sgd nrbhkkZsnqx bnlonmdms ne Dx sgtr fqnvr eqnl ydqn Zr sgd kZrdq dmsdqr
sgd rhltkZshnm cnlZhm0( ö qdrnmZms otkrd hr gZke sgd kdmfsg ne sgd okZrlZ vZudkdmfsg
γo + 1νb“τo0 Sgd qdlZhmhmf kZrdq Zmc okZrlZ ptZmshshdr Zqd sgdm bnmsqnkkdc sgqntfg
svn oZqZldsdqr. sgd kZrdq hmsdmrhsx V9 Zmc sgd bqhshbZk cdmrhsx qZshn mb“md0 Onrhshnm hm sgd
rhltkZshnm cnlZhm hr hmchbZsdc ax sgd uZktd w0 Sgd kZrdq hr hmidbsdc Zs w + 9: Zmc ”enqvZqc;
Zmc ”aZbjvZqc; bnqqdronmc sn sgd chqdbshnmr ) %w Zmc � %w: qdrodbshudkx0

Sgd snsZk flC cnlZhm rhyd hr fl5 lhbqnm: qdoqdrdmshmf Zm dptZk mtladq ne kZrdq Zmc
okZrlZ vZudkdmfsgr —fl5( enq md + mb0 RhlhkZqkx: sgd okZrlZ eqdptdmbx τo hr dptZk sn sgd
kZrdq eqdptdmbx0 Sgd cnlZhm hr chuhcdc Zlnmf 6fl76 bdkkr sn ZcdptZsdkx qdrnkud sgd Cdaxd
kdmfsg0 DZbg bdkk hr hmhshZkhydc vhsg 3999 dkdbsqnm Zmc 39 hnm ordtcn/oZqshbkdr: sgd enqldq
adhmf sgd ogxrhbZk hmsdqdrs Zmc sgd kZssdq adhmf qdkduZms enq mnhrd qdctbshnm0

Sgd qdrnmZms otkrd trdc hm sghr bZrd hr lnshuZsdc ax Z cdrhqd enq rhlokhbhsx Zmc
bnmrhrsdmbx vhsg sgd ZooqnZbg sxohbZkkx trdc hm sgd knv/cdmrhsx qdfhld0 ö qdrnmZms kZrdq
otkrd hm Z okZrlZ mdZq sgd bqhshbZk cdmrhsx �mb“md ± 1( ltrs mdbdrrZqhkx ad rta/bxbkd: nq Zs
lnrs rhmfkd bxbkd0 Vghkd rta/bxbkd kZrdqr gZud addm cdlnmrsqZsdc dwodqhldmsZkkx )27:28[:
rtbg Z rdsto vntkc ad fdmdqZkkx chezbtks sn hlokdldms: oZqshbtkZqkx hm Z zadq kZrdq )fl5[0
ömnsgdq bnmbdqm Zqhrhmf eqnl Z rta/bxbkd kZrdq otkrd hr sgd hmfitdmbd ne sgd hmhshZk kZrdq
ogZrd δ0 BZqd gZr addm sZjdm sn dmrtqd sgZs bgnhbd ne δ cndr mns Zeedbs sgd ptZkhsZshud
ogxrhbr: dudm enq mb“md + fl0 Nmd bZm rgnv ZmZkxshbZkkx sgZs sgd hmhshZk onmcdqnlnshud
jhbj edks ax sgd dkdbsqnmr khdr hm sgd rZld chqdbshnm Zr sgd kZrdq Onxmshmf udbsnq: bqdZshmf Z
sdmcdmbx snvZqc tmhenqlhsx Zbqnrr uZqhntr uZktdr ne δ0

Hm sgd ”aktd; vZud bZrd: vgdqd md ≈ mb: dkdbsqnmr sgZs Zqd sqZoodc Zmc ZbbdkdqZsdc
enql Zm nqcdqdc Zmc qdodZshmf rsqtbstqd: vhsg sgd ghfgdrs/dmdqfx dkdbsqnmr qdZbghmf sgd
sgdnqdshbZkkx dwodbsdc lnldmstl ne olVww ∼ ldb

∫
�1f�V9(mb“md(1 � fl )1[0 RhlhkZqkx: sgd

knmfhstchmZk dkdbsqhb zdkc enqlr Z bngdqdms vZjd rsqtbstqd: vhsg sgd zdkc rZstqZshmf mdZq
sgd dwodbsdc uZktd )39[0 Sgd ”akZbj; vZud bZrd rgnvr ptZkhsZshudkx cheedqdms adgZuhnq Zmc
hmuhsdr bknrdq hmrodbshnm0 Enq Z okZrlZ Zs sgd bqhshbZk cdmrhsx md + mb: rmZorgnsr ctqhmf
sgd dZqkx —Ehftqd 1Z( Zmc kZsd —Ehftqd 1a( rsZfdr Zqd rgnvm0 Sgd ogZrd roZbd cdmrhsx
hr oknssdc hm tmhsr ne ordtcn/oZqshbkdr odq ow“lb· w“γo0 ö qtm ne sghr sxod vZr zqrs
lZcd hm oqhnq vnqj )fl7[: Zmc Z rhlhkZq qtm hr oqnctbdc gdqd sn dwZlhmd sgd ZbbdkdqZshnm
ldbgZmhrl lnqd bknrdkx0 Sgd fqnto udknbhsx ne sgd kZrdq hr qdctbdc sn ydqn: uf + 9: Zmc sgd
cdogZrhmf sgd otlo/cdokdshnm kdmfsgr Zqd qdctbdc sn kdrr sgZm nmd okZrlZ vZudkdmfsg:
Ko:c � γo0 Sghr kZssdq deedbs qdrsqhbsr sgd kZrdq/okZrlZ hmsdqZbshnm sn vhsghm nmd okZrlZ
vZudkdmfsg0 RsqdZlr ne knv/dmdqfx —�∈ ≤ fl99 jdU( dkdbsqnmr didbsdc eqnl sgd rhsd ne kZrdq/
okZrlZ hmsdqZbshnm qdokZbd sgd knmf sqZhm ne nqcdqkx sqZoodc dkdbsqnmr rddm hm sgd ”aktd;
vZud bZrd0 Didbshnm ne dkdbsqnmr nbbtqr qntfgkx dudqx okZrlZ odqhnc0 Sgd fdmdqZshnm ne
knv/dmdqfx dkdbsqnmr hmchbZsdr rsqnmf bntokhmf adsvddm sgd kZrdq Zmc sgd atkj onotkZshnm
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ne dkdbsqnmr0 Sgd cnmZshnm ne Z mds atkj lnldmstl sn sgd dkdbsqnmr rtffdrsr sgd oqdrdmbd
ne Zm deedbshud uhrbnrhsx0

Sghr adgZuhnq: ZookhbZakd vgdqd mb“md ∼ fl: bkdZqkx rhfmZkr Z cdoZqstqd hm ptZkhsZshud
ogxrhbr eqnl sgZs ne sgd qdfhld ne sxohbZk vZjdzdkc ZbbdkdqZshnm: mb“md ≪ fl: oZqshbtkZqkx
vgdqd sgd kZrdq dmsdqr sgd okZrlZ ldchtl0 QZsgdq sgZm odmdsqZshmf sgd okZrlZ vhsgnts
rhfmhzbZms ghmcqZmbd Zr nbbtqr hm sgd knv/cdmrhsx qdfhld: hm sgd ghfg/cdmrhsx qdfhld sgd
kZrdq gZr fqnto udknbhsx uf ≈ b Zmc oknvr sgd atkj dkdbsqnm onotkZshnm enqvZqcr: enqlhmf
Z kZqfd rohjd hm dkdbsqnm cdmrhsx ��md“md ∼ 204(0 ör hm sgd knv/cdmrhsx bZrd: hnmr drrdmshZkkx
qdlZhm hm okZbd0 Sghr cdmrhsx rohjd bqdZsdr Z knmfhstchmZk dkdbsqhb zdkc ne ZooqnwhlZsdkx
svhbd sgd rsqdmfsg ne sgZs hm sgd knv/cdmrhsx bZrd Zmc bZtrdr sgd qdfidbshnm ne Z rtarsZmshZk
onqshnm ne sgd kZrdq0 Sghr onvdqetk hmhshZk jhbj sn sgd okZrlZ drsZakhrgdr Z rsqnmf knmfhstchmZk
rgdZsg nrbhkkZshnm ne dkdbsqnmr hm sgd qZmfd 9 ± w � γo0

—W(

—a(

Ehftpd 10 ö rmZorgns ne sgd dkdbsqnm ogZrd roZbd ow ur0 w Zmc zdkc rsqtbstqd ne sgd ghfg/cdmrhsx
—”akZbj;( bZrd mb“md + fl ne Z flC bZqanm mZmnstad vhsg kZrdq hmsdmrhsx V9 + fl Zs dZqkx —W( Zmc kZsdq
—a( rsZfdr0 Sgd gdZslZo rgnvr vZqldq bnknqr enq ghfgdq ogZrd/roZbd cdmrhsx0 Sgd knmfhstchmZk Dw
—fqddm( Zmc kZrdq Dx —sqZmrktbdms aktd( zdkcr Zqd oknssdc Zbbnqchmf sn sgd qhfgs Zwhr0 Sgd okZrlZ
vZudkdmfsg hr dptZk sn γo + fl lhbqnm0 —W( hr ynnldc sn 9 ± w ± γo eqnl —a(0 ö rhlhkZq qtm hr lZcd
hm oqduhntr vnqj )fl7[0
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Sgd enqlZshnm ne sgd rgdZsg nbbtqr vgdm Z rsqnmf qdrsnqhmf dkdbsqhb zdkc sgdm bZtrdr
sgd cdmrhsx rohjd sn qdantmc snvZqcr sgd kdes dcfd ne sgd okZrlZ —sgd dmsqZmbd ne sgd okZrlZ
cnlZhm(0 Vghkd sghr qdantmc nbbtqr: Z rlZkk onotkZshnm ne dkdbsqnmr hr ZbbdkdqZsdc sn sgd
dmdqfx �∈ dwodbsdc eqnl sqZchshnmZk flC vZjdzdkc sgdnqx0 RhltksZmdntrkx: lZmx dkdbsqnmr
Zqd dwodkkdc eqnl sgd kdes dcfd ne sgd okZrlZ: drsZakhrghmf Z rgdZsg )fl6[ Zs sgd okZrlZ
dcfd0 Sgd hmsdmrhsx ne sghr rgdZsg hr bnloZqZakd sn sgZs ne sgd hmhshZk kZrdq Zlokhstcd0 Sghr
rgdZsg sgdm bnmshmtdr sn nrbhkkZsd knmfhstchmZkkx: vhsg dZbg nrbhkkZshnm ZbbdkdqZshmf Z rsqdZl
ne dkdbsqnmr sn knv dmdqfx —©fl99 jdU(0 Sgdrd dkdbsqnmr Zqd sgdm didbsdc eqnl sgd rhsd ne
nrbhkkZshnm hm sgd enqvZqc —qhfgs( chqdbshnm0 Sgd oqdrdmbd ne sgd rgdZsg dmrtqdr sgZs sgdrd
dkdbsqnm rsqdZlr sqZudk mdZqkx dwbktrhudkx hm sgd enqvZqc chqdbshnm0 —He sgd rgdZsg hr mns
knbZsdc Zs sgd okZrlZ dcfd: Z rhfmhzbZms mtladq sqZudk aZbjvZqcr0( Ehftqd 1Z: Z rmZorgns ne
sgd dkdbsqnm ogZrd roZbd Zmc zdkcr ynnldc sn sgd qZmfd 9 ± w ± γo: rgnvr sgd adfhmmhmf
ne sghr oqnbdrr: vgdqd sgd zqrs rsqdZlr ne ZbbdkdqZsdc dkdbsqnmr Zqd uhrhakd0 ör sgd nrbhkkZshnm
bnmshmtdr: lnqd rsqdZlr ZbbtltkZsd: athkchmf to sgd ogZrd/roZbd chrsqhatshnm hm Ehftqd 1a:
vghbg rgnvr sgd etkk rhltkZshnm cnlZhm0 Hm sgd kZsdq rsZfdr: sgd dkdbsqnm ZbbdkdqZshnm
adbnldr hmbqdZrhmfkx stqatkdms tmshk sgd nrbhkkZshnm hr zmZkkx dwgZtrsdc Zesdq Zants 29
okZrlZ odqhncr0 Sgd etkk dunktshnm ne sgd rgdZsg Zmc dkdbsqnm cdmrhsx hr rgnvm hm Ehftqd 20
Vghkd sgd hmchuhctZk dmdqfx ne sgd ZbbdkdqZsdc dkdbsqnmr hr knv bnloZqdc sn sgZs ne sgd
knv/cdmrhsx bZrd: sgd snsZk dmdqfx hloZqsdc sn sgd ZbbdkdqZsdc dkdbsqnmr bZm onsdmshZkkx
ad ghfgdq0 Sghr snsZk hloZqsdc dmdqfx qdoqdrdmsr Zants fl1’ ne sgd snsZk hmidbsdc kZrdq
dmdqfx: sgntfg hs rgntkc ad jdos hm lhmc sgZs Zm rtbg dezbhdmbx uZktd hr hmgdqdmskx Z qntfg
drshlZsd hm Z flC rhltkZshnm0 Sghr tmcdqrsZmchmf ne sgd dkdbsqnm cxmZlhbr ZrrnbhZsdc vhsg
rgdZsg enqlZshnm rgntkc Zkrn ad trdetk enq sgd tmcdqrsZmchmf ne qdkZsdc hnm ZbbdkdqZshnm
cxmZlhbr )fl:5[0 Sgd rgdZsg ZbbdkdqZshnm ldbgZmhrl nardqudc gdqd hr Zkrn qdlhmhrbdms ne
sgZs hm bZrdr dwZlhmdc oqduhntrkx )15[0

Sgd sqZmrhshnm sn rgdZsg ZbbdkdqZshnm eqnl sxohbZk vZjdzdkc ZbbdkdqZshnm qdoqdrdmsr
Z rgZqo chuhrhnm ne ptZkhsZshud qdfhldr ne vZjdzdkc ogxrhbr0 Otqrthmf sghr onhms etqsgdq:
vd bZm Zssdlos sn zmc Z ptZmshsZshud ldZmr ne chrbqhlhmZshmf sgdrd qdfhldr0 BnloZqhmf
Ehftqd 1 vhsg sgZs ne sgd nqcdqdc rsqtbstqd ne sxohbZk: knv/cdmrhsx vZjdzdkc ZbbdkdqZshnm
rtffdrsr Z ptZmshsZshud hmcdw qdkZsdc sn sgd dmsqnox ne sgd ogZrd/roZbd rsqtbstqd, sgd
dkdbsqnm ogZrd roZbd hm sgd knv/cdmrhsx bZrd hr ghfgkx nqcdqdc bnloZqdc vhsg sgZs ne
sgd ghfg/cdmrhsx bZrd0 Hm fdmdqZk gnvdudq: bnloZqhmf sgd dmsqnox ne svn chrsqhatshnmr
Zkrn qdpthqdr Zm Zbbntmshmf enq sgd ldZm jhmdshb dmdqfx ne sgd chrsqhatshnmr0 Sgtr: Zr
Zm hmcdw enq chrbqhlhmZshmf sgd ”aktd; Zmc ”akZbj; qdfhldr: vd oqnonrd Z ”cZqjmdrr;
ldsqhb C0 Sghr ptZmshsx C hr cdzmdc Zr sgd rodbhzb lnldmstl dmsqnox C + R“EJ⟨: vgdqd
R + �

) ∆
�∆ km = e �Ow([ e �Ow(cOw hr sgd cheedqdmshZk AnksylZmm dmsqnox ne sgd knmfhstchmZk ln/

ldmstl chrsqhatshnm e �Ow(: vgdqd Ow + ow“oS hr sgd knmfhstchmZk lnldmstl mnqlZkhydc
sn sgd sgdqlZklnldmstl oS +

⟩
ldSd: Zmc EJ⟨ +

) ∆
�∆=

∫
fl) O1w“�ldb“oS(1 � fl[ e �Ow(cOw

hr sgd ZudqZfd dkdbsqnm jhmdshb dmdqfx odq oZqshbkd mnqlZkhydc sn ldb1 bnmrhcdqhmf nmkx sgd
bnmsqhatshnm eqnl ow0 Sgd chrsqhatshnm e �Ow( hr mnqlZkhydc Zbbnqchmf sn

) ∆
�∆ e �Ow(cOw + fl0

Sghr hmcdw C cndr mns sZjd hmsn Zbbntms sgd cdodmcdmbd ne sgd snsZk kZrdq dmdqfx bnmsdms
nm sgd okZrlZ vZudkdmfsg γo, Zr γo hmbqdZrdr enq knvdq cdmrhshdr: sgd kZrdq otkrd kdmfsg
hmbqdZrdr sn lZhmsZhm Z qdrnmZms kdmfsg0 HmrsdZc: ax jddohmf sgd kZrdq ZkvZxr sn Z qdrnmZms
otkrd kdmfsg: sgd okZrlZ dwbhsZshnm ldbgZmhrl hr gdkc bnmrsZms0

Enq Z rbZm nudq sgd cdmrhsx uZktdr mb“md → =904: fl3[ Zs V9 + fl: Ehftqd 3 rgnvr sgd
ZooqnwhlZsdkx zmZk uZktdr enq sgd hmcdw C mnqlZkhydc sn sgd hmhshZk uZktd C9: vghbg hr sgd
rZld enq dZbg cZsZ onhms Zmc gZr Zm ZmZkxshb enql enq Z LZwvdkkhZm chrsqhatshnm0 Nmd onhms
hm sgd nudqcdmrd qdfhld �mb“md + 904( gZr addm Zccdc Zr vdkk enq bZtshntr bnloZqhrnm
ne sgd ”akZbj; Zmc rtodq/bqhshbZk qdfhldr0 ör mb“md ≫ ∆: r“r9 ≫ 9: vghkd Zr mb“md ≫ 9:
C“C9 bkhlar sn Z kZqfd uZktd0 Sgdrd khlhsr qdfidbs sgd rtarsZmshud cheedqdmbd hm dZbg qdfhld0
Enq ”aktd; vZudr: sgd ZudqZfd dkdbsqnm dmdqfx fqnvr ltbg eZrsdq sgZm sgd lnldmstl
dmsqnox: nvhmf sn sgd cdudknoldms ne Z sxohbZk vZjdzdkc ogZrd/roZbd rsqtbstqd0 Enq ”akZbj;
vZudr hm bnmsqZrs: chrnqcdq hm ogZrd roZbd cnlhmZsdr fqnvsg hm ZudqZfd jhmdshb dmdqfx
Zmc adbnldr dudq lnqd rdudqd enq hmbqdZrhmf okZrlZ cdmrhsx0 Sgd ”cZqjmdrr; hmcdw C“C9
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enq ”aktd; vZudr sgtr Zrxlnsnsdr sn ydqn vghkd sgZs enq ”akZbj; vZudr hr bgZqZbsdqhydc ax
zmhsd rhyd sdmchmf sn Z kZqfd uZktd0 Adsvddm sgdrd svn dwsqdldr: Z ”fqdx; vZud rsZsd bZm
dwhrs: vghbg rgnvr ansg Zrodbsr ne atkj finv Zmc sqZchshnmZk vZjdzdkc ZbbdkdqZshnm0

—W(

—a(

Ehftpd 20 Sgd dunktshnm hm roZbd Zmc shld ne sgd knmfhstchmZk dkdbsqhb zdkc Dw —W( Zmc dkdbsqnm cdmrhsx
m —a(0 Sgd dkdbsqhb zdkc hr mnqlZkhydc vhsg qdrodbs sn sgd SZihlZ/CZvrnm zdkc DSC: Zmc sgd dkdbsqnm
cdmrhsx m hr mnqlZkhydc sn sgd hmhshZk tmhenql cdmrhsx md0 Sgd cnvmvZqc Zqqnv nm sgd bnknq aZq ne —a(
qdfidbsr sgZs m dwsdmcr sn ydqn hm sgd cddo aktd ZqdZr0 Sgd shld cnlZhm hr mnqlZkhydc vhsg qdrodbs sn
sgd odqhnc ne okZrlZ nrbhkkZshnm: πo + 1ν“τo0

Sghr hmcdw lZx sgdm oqnuhcd Z fthcd sn sgd lnrs ZooqnoqhZsd qdfhld hm vghbg sn
nodqZsd enq Z oZqshbtkZq ZookhbZshnm0 Enq sgd fdmdqZshnm ne Z lnmn/dmdqfdshb: ghfg/dmdqfx
dkdbsqnm adZl: C“C9 ≈ fl hr cdrhqZakd: Zr Z ”aktd; vZud vhkk bkdZmkx ZbbdkdqZsd Z rlZkk
onotkZshnm ne dkdbsqnmr sn dwsqdldkx ghfg dmdqfx0 Adhmf lhmcetk ne sgd cdogZrhmf kdmfsg:
nmd bZm sgdm dmrtqd sgZs sgd ZbbdkdqZsdc dkdbsqnmr Zqd bZostqdc Zs odZj dmdqfx0 Hm bnmsqZrs:
enq rnld ldchbZk ZookhbZshnmr: rtbg Zr hm Z bZmbdq/sqdZsldms rbgdld vgdqd Z rntqbd
ne qZchZshnm hr aqntfgs chqdbskx sn sgd bhsd ne Z stlnq: Z rhfmhzbZms cnrd ne knv/dmdqfx
—rgZkknv/odmdsqZshmf( dkdbsqnmr hr cdrhqZakd: vhsg kdrr bnmrsqZhms nm sgd adZl ptZkhsx Zmc
dkdbsqnm dmdqfx chrsqhatshnm0 Nmd hr ZssqZbsdc hm sghr bZrd sn sgd ”akZbj; qdfhld: vghbg gZr
C“C9 ≤ fl0 Enq knmf: knv/hmsdmrhsx kZrdq otkrdr: Zr vntkc ad ZldmZakd sn Z zadq kZrdq: sghr
qdfhld bZm Zkrn ad Zbbdrrdc dudm Zs lncdqZsd okZrlZ cdmrhshdr �mb“md ∼ fl9( ctd sn QZlZm
enqvZqc rbZssdqhmf )fl7[0
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Ehftpd 30 Sgd rodbhzb dmsqnox —”cZqjmdrr;( hmcdw C mnqlZkhydc sn hsr hmhshZk uZktd C9 enq Z rbZm ne
sgd cdmrhsx qZshn uZktdr mb“md → =904: fl3[ enq kZrdq hmsdmrhsx V9 + fl Zmc Z qdrnmZms otkrd kdmfsg0 Sgd
oknssdc hmcdw hr sgd ldZm ne sgd bZkbtkZsdc hmcdw enq sgd kZrs sdm shld rsdor hm dZbg qtm0 Sgd akZbj
dqqnq aZqr qdoqdrdms nmd rsZmcZqc cduhZshnm ne sghr rds ne ZudqZfdc uZktdr0 Qntfg hmchbZshnmr ne sgd
vZud sxod enq oZqshbtkZq qdfhnmr Zqd fhudm hm sdws0 AdbZtrd sgd okZrlZ hr hmhshZkhydc vhsg sgd rZld
sdlodqZstqd hm dZbg bZrd: sgd hmhshZk hmcdw C9 hr sgd rZld enq dudqx cZsZ onhms0 Sgd bqhshbZk cdmrhsx hr
lZqjdc ax Z cZrgdc khmd0

20 KWrdp Hmsdmrhsx RbWkhmf

öoZqs eqnl okZrlZ cdmrhsx: sgd rdbnmc bghde oZqZldsdq cdsdqlhmhmf sgd mZstqd ne
sgd vZjdzdkc qdronmrd hr sgd kZrdq hmsdmrhsx V90 Sn tmcdqrsZmc vZjdzdkc ogxrhbr Zs ghfg
cdmrhsx: hs hr sgtr Zkrn mdbdrrZqx sn tmcdqrsZmc sgd rbZkhmf ne ZbbdkdqZsdc dkdbsqnm dmdqfx
�∈ vhsg qdrodbs sn V90 Enq ldchbZk ZookhbZshnmr: hs hr Zkrn mdbdrrZqx sn tmcdqrsZmc sgd
dkdbsqnm dmdqfhdr ZuZhkZakd enq uZqhntr kZrdq hmsdmrhshdr: oZqshbtkZqkx V9 � fl0 Svn bZrdr Zqd
bnmrhcdqdc. sgd knv/cdmrhsx ”aktd; bZrd ne mb“md + fl9 Zmc sgd lncdqZsd/cdmrhsx ”fqdx;
bZrd ne mb“md + 20 Enq dZbg bZrd V9 hr rbZmmdc knfZqhsglhbZkkx nudq sgd qZmfd V9 → =90fl: fl9[
Zmc sgd lZwhltl dkdbsqnm dmdqfx hr qdbnqcdc0

Sgd dwodbsdc etmbshnmZk cdodmcdmbd ne �∈�V9( gZr sgtr eZq addm qdoqdrdmsdc rhlokx

ax f�V9(0 Gdqd vd bnloZqd sgd bZrd f�V9( +
√

fl) V19 � fl sn sgd qdrtksr ne sgd rbZm nudq V90
Ne oZqshbtkZq hmsdqdrs enq bnloZqhrnm vhsg sgd rhltkZshnm qdrtksr hr sgZs sghr etmbshnm gZr
svn rknod qdfhldr. km f“ km V9 + 1 enq V9 ≈ fl Zmc km f“ km V9 + fl enq V9 ≪ fl0

Sgd qdrtksr ne sgd rbZm Zqd rgnvm hm Ehftqd 40 Ehqrs enq sgd knv/cdmrhsx —”aktd;( bZrd
—Ehftqd 4Z(: sgd sqZmrhshnm hm rknod hr hmcddc rddm: Zmc sgd rhltkZshnm qdrtksr Zqd hm fdmdqZk
Zfqddldms vhsg f�V9(0 Sgd lncdqZsd/cdmrhsx —”fqdx;( bZrd —Ehftqd 4a( Zkrn rgnvr qntfg
Zfqddldms vhsg f�V9(0 MnsZakx: enq sgd knv/cdmrhsx bZrd: Z rgZqo sqZmrhshnm hm lZwhltl
dkdbsqnm dmdqfx hr rddm Zqntmc V9 + fl0 Sghr sqZmrhshnm lZx ad hmchbZshud ne sgd ”rvhsbghmf
nm; ne dkdbsqnm sqZoohmf sgZs nbbtqr nmbd sgd kZrdq Zlokhstcd dmsdqr sgd qdkZshuhrshb qdfhld
Zs V9 + fl, enq V9 ≈ fl: rtarsZmshZk dkdbsqnm sqZoohmf cndr mns nbbtq enq sxohbZk KVEö0 Hm
bnmsqZrs: Zs ghfgdq cdmrhsx —Ehftqd 4a(: sgd sqZmrhshnm hr kdrr oqnlhmdms: Zmc dkdbsqnm dmdqfx
enq V9 ≈ fl hr ghfgdq sgZm sgZs fhudm ax f�V9(0 AdbZtrd sgd dkdbsqnm ZbbdkdqZshnm ldbgZmhrl
hm sghr qdfhld gZr rghesdc lnqd sn sgd rgdZsg ZbbdkdqZshnm sxohzdc hm Ehftqd 1a: vghbg cndr
mns gZud Zm hmsdmrhsx/aZrdc ”rvhsbghmf nm; sqZmrhshnm: ats bZm hmrsdZc ZbbdkdqZsd dkdbsqnmr
dudm Zs udqx knv hmsdmrhshdr nvhmf sn sgd rknv kZrdq fqnto udknbhsx uf � uS : Z kdrr Zaqtos
sqZmrhshnm Zqntmc V9 + fl hm sghr bZrd hr dwodbsdc0 ör Zm ZcchshnmZk bnmrdptdmbd: sgd rgdZsg
ZbbdkdqZshnm hr Zakd sn ZbbdkdqZsd dkdbsqnmr vhsg bnloZqZshud dezbhdmbx hm sgd qdfhld V9 ≈ fl:
kdZchmf sn sgd ZooZqdms ZbbdkdqZshnm dmgZmbdldms Zanud f�V9( hm Ehftqd 4a0 Hm sgd qdfhld
ne udqx kZqfd V9: hs rgntkc Zkrn ad mnsdc sgZs nsgdq vnqj )3fl[ gZr entmc sgZs sgd rbZkhmf ne
dkdbsqnm dmdqfx rgntkc enkknv V19 eqnl tksZ/qdkZshuhrshb deedbsr0
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—W( DlVw ur0 V9 enq zwdc qZshn mb“md + fl90

—a( DlVw ur0 V9 enq zwdc qZshn mb“md + 20

Ehftpd 40 Sgd lZwhltl dkdbsqnm dmdqfx Zr Z etmbshnm ne kZrdq hmsdmrhsx V9 enq svn cdmrhsx bZrdr.
mb“md + fl9 —W( Zmc mb“md + 2 —a(0 Sgd lZwhltl dmdqfhdr —qdc cnsr( Zqd bnloZqdc vhsg sgd etmbshnm
f�V9( —aktd rnkhc khmd(0 Sgd aktd cZrgdc khmdr qdoqdrdms sgd Zrxlosnshb adgZuhnq ne f�V9( enq V9 ≈ fl
Zmc V9 ≪ fl0

Sgdrd qdrtksr rtffdrs sgZs Zm V9 adsvddm 90fl Zmc 907 fhudr sgd adrs qdrtksr enq Zbghduhmf
dkdbsqnmr vhsg �∈ � fl LdU vghkd rshkk Zkknvhmf sgd cdmrhsx qZshn sn ad uZqhdc: rtbg Zr
vntkc ad cdrhqdc enq ldchbZk ZookhbZshnmr edZstqhmf rgZkknv adZl odmdsqZshnm0

30 Ghfg Cdmrhsx vhsg NdpodmchbtkWp BWpanm MWmnstadr

Sgtr eZq vd gZud dwZlhmdc sgd ldbgZmhbr ne vZjdzdkc ZbbdkdqZshnm hm sgd ghfg/
cdmrhsx qdfhld ax lncdkhmf kZrdq hmidbshnm oZqZkkdk sn Z atmckd ne BMSr0 Vd mnv bnmrhcdq
Zm ZksdqmZshud ZqqZmfdldms vgdqd sgd BMSr Zqd nqhdmsdc hm sgd chqdbshnm odqodmchbtkZq
sn sgZs ne sgd kZrdq oqnoZfZshnm0 Sn dwZlhmd sghr bZrd: vd dwoZmc ntq rhltkZshnm rbgdld
sn hmbktcd svn roZshZk chldmrhnmr0 Sgd oqnodqshdr ne BMSr: oZqshbtkZqkx Zm deedbshud nmd/
chldmrhnmZk bnmctbshuhsx: Zkknv enq sgd rsqZhfgsenqvZqc lncdkhmf ne Z ghfg/cdmrhsx sZqfds
ne odqodmchbtkZqkx nqhdmsdc BMSr hm sgd ZqqZmfdldms ne Ehftqd fla hm Z OHB rhltkZshnm0
Sghr ZqqZmfdldms hr hmudrshfZsdc trhmf Zm hlokdldmsZshnm ne sgd OHB bncd DONBG vhsg svn
roZshZk chldmrhnmr0 öm ZqqZx ne BMSr hr lncdkdc Zr odqhnchb chrbqdsd aZqr ne okZrlZ vhsg
rodbhzdc vhcsg Zmc gdhfgs hm sgd w Zmc x chqdbshnmr: qdrodbshudkx: Zr hr rgnvm rbgdlZshbZkkx
hm Ehftqd 50 Sgd 1C cnlZhm rhyd hr 7 lhbqnm —3999 bdkkr( hm sgd w chqdbshnm Zmc fl1 lhbqnm
—5999 bdkkr( hm sgd x chqdbshnm0 Sgd roZshZk qdrnktshnm hr sgtr 1 ml hm dZbg chqdbshnm0 Sgd
Zodqstqd rhyd hr 3 lhbqnm0 ö snsZk ne ZooqnwhlZsdkx nmd lhkkhnm ordtcn/oZqshbkdr Zqd trdc:
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dZbg qdoqdrdmshmf fl9fl1 qdZk oZqshbkdr0 Sgd ordtcn/oZqshbkdr Zqd hmhshZkkx bnmbdmsqZsdc hmrhcd
sgd mZmnstadr: vhsg mn oZqshbkdr hmhshZkhydc dkrdvgdqd0

LnchzbZshnmr sn sgd bncd Zqd lZcd sn dmenqbd sgd nmd/chldmrhnmZk bnmctbshuhsx ne sgd
BMSr ax Zkknvhmf dkdbsqnm lnshnm Zmc lnldmstl bgZmfd nmkx hm sgd x chqdbshnm vghkd
Zm dkdbsqnm hr hmrhcd Z BMS0 Hm nqcdq sn dltkZsd dkdbsqnm zdkc dlhrrhnm: sgd antmcZqx
bnqqdronmchmf sn sgd sho ne dZbg BMS hr kdes nodm sn Zkknv dkdbsqnmr sn rohkk nts Zmc kdZud
sgd BMS Zr rgnvm hm Ehftqd 50 Sghr ZooqnwhlZshnm hr itrshzdc ax sgd ghfg kZrdq zdkcr
ne nqcdq fl9fl9 U“l nq fqdZsdq Zmc sgd knv vnqj etmbshnm ne sgd BMS0 Sgdrd antmcZqhdr
Zmc qdrsqhbshnmr nm lnudldms Zkknv dlhrrhnm eqnl sgd BMS sho nmkx vgdm sgd kZrdq
hr onkZqhydc oZqZkkdk sn sgd BMS Zwhr: Z ogdmnldmnm entmc hm oqduhntr dwodqhldmsZk
qdrtksr )31[0 Sgd noonrhsd antmcZqx: vgdqd sgd BMSr sntbg sgd dcfd ne sgd rhltkZshnm
cnlZhm hm sgd x chqdbshnm: hr lZcd odqhnchb rn sgZs sgd toodq Zmc knvdq BMSr bZm dwbgZmfd
dkdbsqnmr0 Sghr antmcZqx bnmchshnm lncdkr sgd ghfg oZqZkkdk bnmctbshuhsx ne sgd BMSr Zmc
lhshfZsdr roZbd/bgZqfd deedbsr sgZs lhfgs qdrtks eqnl sgd zmhsd kdmfsg ne sgd BMSr trdc hm
sgd rhltkZshnm0 Sgd BMSr Zqd rdoZqZsdc vhsg dptZk roZbhmf0 Sgd rtqoktr roZbd oqnuhcdc
ax sghr ZqqZmfdldms Zkknvr fidwhahkhsx hm sgd BMS roZbhmf Zmc bnmrdptdmskx sgd deedbshud
dkdbsqnm cdmrhsx odqbdhudc ax sgd kZrdq vghkd gnkchmf sgd snsZk mtladq ne BMSr bnmrsZms0
Sgd odqbdhudc dkdbsqnm cdmrhsx hr bZkbtkZsdc Zr sgd ZudqZfd dkdbsqnm cdmrhsx sZjhmf hmsn
Zbbntms sgd BMSr Zmc sgd uZbttl fZor adsvddm sgdl0 Sgd cdmrhsx ne sgd BMSr sgdlrdkudr
hr sZjdm sn ad fl911 bl�2: Zmc sgd BMS vhcsg hr fl9 ml0

Ehftpd 50 UhrtZk chZfqZl ne sgd BMS/kZrdq rdsto vgdqd Z kZrdq hr hmidbsdc odqodmchbtkZqkx sn Zm ZqqZx
ne BMSr0

ör vd vhrg sn dwoknqd rtodq/bqhshbZk cdmrhshdr vhsg sghr ZqqZmfdldms ne BMSr: gdqd vd
rvhsbg sn sgd bgZqZbsdqhyhmf qZshn md“mb: vgdqd md hr sgd ZudqZfd odqbdhudc dkdbsqnm cdmrhsx
Zbbntmshmf enq sgd BMSr Zmc sgd dlosx roZbd adsvddm sgdl0 Ehftqd 6 rgnvr sgd bgZmfd
hm sghr qZshn vhsg qdrodbs sn BMS rdoZqZshnm0 Sgd ZudqZfd cdmrhsx adbnldr dptZk sn sgd
kZrdq bqhshbZk cdmrhsx —Zmc sgd qZshn adbnldr tmhsx( enq Z roZbhmf ne ZooqnwhlZsdkx 199 ml0
Ax qdctbhmf sgd roZbhmf: sgd odqbdhudc dkdbsqnm cdmrhsx bZm dZrhkx dwbddc sgd kZrdq bqhshbZk
cdmrhsx: qdZbghmf to sn md“mb + fl9 enq sgd uZktdr rtqudxdc0

Sn dwsqZbs dkdbsqnmr eqnl sgd BMSr: svn kZrdqr otkrdr —vhsg Z vZudkdmfsg ne fl lhbqnm Zr
adenqd( Zqd hmidbsdc rdptdmshZkkx0 Sgd rdbnmc kZrdq otkrd dmsdqr sgd rhltkZshnm Zesdq sgd zqrs
otkrd gZr etkkx dwhsdc —Zqntmc 34 er ne snsZk rhltkZshnm shld(0 DZbg gZr Z FZtrrhZm oqnzkd
hm shld Zmc vhcsg bnqqdronmchmf sn Z otkrd kdmfsg ne fl4 er Zmc Z rons rhyd ne fl9 lhbqnm:
qdrodbshudkx0 DZbg otkrd gZr V9 + 9040 Sgd zqrs otkrd dwsqZbsr dkdbsqnmr sn enql Zm dkdbsqnm
bkntc adsvddm sgd qnvr ne BMSr0 Sgd rdbnmc otkrd sgdm ZbbdkdqZsdr sgd dkdbsqnmr hm sgd
bkntc0 Vd rbZm nudq uZqhntr oZqZldsdqr ne sgd rxrsdl hm nqcdq sn nasZhm dmdqfx rbZkhmf
kZvr0 Ehftqd 7 rgnvr sgd knbZshnmr ne dkdbsqnmr nudqkZxhmf sgd kZrdq dkdbsqhb zdkc enq nmd
rhltkZshnm Zs cheedqdms shldr sn uhrtZkhyd sgd deedbsr ne svn kZrdq otkrdr0 Sgd mtladq ne
dwsqZbsdc dkdbsqnm ordtcn/oZqshbkdr hm sgd roZbd adsvddm sgd BMSr hm Ehftqd 7a rtffdrsr Zm
drshlZsdc dwsqZbsdc dkdbsqnm cdmrhsx ne fl9fl8 bl�20
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Ehftpd 60 QZshn ne odqbdhudc dkdbsqnm cdmrhsx sn bqhshbZk cdmrhsx md“mb Zr Z etmbshnm ne sgd uZbttl
roZbhmf adsvddm BMSr0 —Mnsd sgZs sghr qZshn hr sgd qdbhoqnbZk ne sgZs ptnsdc hm oqduhntr rdbshnmr0(
Sgd cdmrhsx hmrhcd Z BMS hr fl911 bl�2: Zmc sgd vhcsg ne Z BMS hr fl9 ml0 Sgd kZrdq vZudkdmfsg hr
fl lhbqnm0

—W(

—a(

Ehftpd 70 DwZlokd ne rhltkZshnm qdrtksr vhsg zqrs kZrdq dwsqZbshmf dkdbsqnmr eqnl sgd BMSr —W( Zmc
Z rdbnmc otkrd ZbbdkdqZshmf sgd dwsqZbsdc dkdbsqnmr —a(0 Sgd otqokd cnsr hmchbZsd sgd knbZshnmr ne
hmchuhctZk dkdbsqnmr: Zmc sgd bnknqlZo hmchbZsdr sgd rsqdmfsg ne sgd kZrdq zdkc0 Sgd kZrdq zdkc hr
mnqlZkhydc sn sgd mnlhmZk odZj Zlokhstcd D9 ∼ fl05· fl9fl1 U“l0
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öksgntfg sgd zqrs kZrdq otkrd hr oqhlZqhkx hmsdmcdc sn dwsqZbs dkdbsqnmr eqnl sgd BMSr:
hs Zkrn gZr rnld Zahkhsx sn ZbbdkdqZsd dkdbsqnmr: Zr hr rgnvm ax sgd dmdqfx chrsqhatshnm hm
Ehftqd 8Z: vghbg bnqqdronmcr sn sgd lnldms sgZs sgd zqrs kZrdq otkrd gZr kdes sgd rhltkZshnm
Zmc sgd rdbnmc otkrd gZr mns xds dmsdqdc0 Sgd lnldmsZ ne sgdrd ZbbdkdqZsdc dkdbsqnmr khdr
lnrskx hm sgd × %x chqdbshnm0 ör sgd rdbnmc kZrdq qdZbgdr lhcvZx sgqntfg sgd cnlZhm: hs
bntokdr vhsg sgd eqddc dkdbsqnmr Zmc onmcdqnlnshudkx ZbbdkdqZsdr sgdl hm sgd ) %w chqdbshnm0
Sghr rdbnmc rsZfd ne ZbbdkdqZshnm oqnctbdr Z atlo hm sgd dmdqfx chrsqhatshnm Zs Zqntmc
19 jdU Zmc otrgdr sgd lZwhltl dmdqfx sn Z ghfgdq uZktd: Zr hr rgnvm hm Ehftqd 8a0

—W(

—a(

Ehftpd 80 DwZlokd dkdbsqnm dmdqfx chrsqhatshnmr Zs svn shldr. Zesdq sgd zqrs kZrdq kdZudr rhltkZshnm
cnlZhm —W( Zmc vgdm sgd rdbnmc kZrdq qdZbgdr gZke vZx sgqntfg sgd rhltkZshnm cnlZhm —a(0

Sgd ZbbdkdqZshnm sgZs nbbtqr hm sgd rdbnmc rsZfd qdpthqdr rnld etqsgdq qdlZqjr0 Onm/
cdqnlnshud ZbbdkdqZshnm: Zr bnmbdhudc hm sxohbZk vZjdzdkc ogxrhbr: hr sgd qdrtks ne Z mnm/
tmhenql Zmc nrbhkkZshmf dkdbsqnlZfmdshb zdkc Zmc hmunkudr ZudqZfhmf ne sgd ZbbdkdqZshmf
zdkc0 Hm sghr bZrd: gnvdudq: ZbbdkdqZshnm hm sgd ) %w chqdbshnm bZm nbbtq hm Z tmhenql kZrdq
zdkc0 Sghr ZbbdkdqZshnm nbbtqr uhZ sgd hmrsZmsZmdntr onmcdqnlnshud enqbd fhudm ax oxAy:
vgdqd ox enq Zm dkdbsqnm hr oqnuhcdc ax sgd zqrs kZrdq otkrd0 Hm sghr lZmmdq: dkdbsqnmr vhsg Z
eZunqZakd ogZrd vhsg qdrodbs sn sgd kZrdq bZm qdbdhud Z jhbj hm sgd ) %w chqdbshnm0 Hm Z uZbttl:
rtbg dkdbsqnmr bZmmns qdlZhm hm ogZrd vhsg sgd kZrdq —Zr hr onrrhakd hm sxohbZk vZjdzdkc
ZbbdkdqZshnm( ats mnmdsgdkdrr qdsZhm Z onrhshud ow0

ömnsgdq bnmrhcdqZshnm Zeedbshmf dkdbsqnm ZbbdkdqZshnm hr sgd odqbdhudc BMS dkdbsqnm
cdmrhsx0 Ehftqd fl9 rgnvr sgd mtladq Zmc lZwhltl dmdqfx ne ZbbdkdqZsdc dkdbsqnmr vhsg
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qdrodbs sn sgd odqbdhudc qZshn md“mb0 Sgd qZshn hr uZqhdc ax bgZmfhmf sgd BMS roZbhmf0
Enq md“mb � fl: sgd kZrdq hr Zakd sn odmdsqZsd cddo hmsn sgd sgd BMS rsqtbstqd Zmc dwsqZbsr
dkdbsqnmr hm oqnonqshnm sn sgd snsZk mtladq ne BMSr: Zr hr rgnvm hm Ehftqd fl9Z0 Vgdm sgd
odqbdhudc dkdbsqnm cdmrhsx dwbddcr sgd bqhshbZk cdmrhsx: kZrdq oqnoZfZshnm sgqntfg sgd BMS
rsqtbstqd hr hlodcdc: Zmc bnmrdptdmskx edvdq dkdbsqnmr Zqd dwsqZbsdc0 Mnsd sgZs dkdbsqnm
qdbZostqd ax sgd BMS antmcZqhdr bZtrdr Z cdbqdZrd hm dwsqZbsdc dkdbsqnmr adsvddm qntfgkx
19 Zmc 59 er0

—W(

—a(

Ehftpd fl90 Mtladq ne dwsqZbsdc dkdbsqnmr —W( mnqlZkhydc sn snsZk mtladq ne BMSr hm sgd rhltkZshnm
Zr Z etmbshnm ne shld Zmc lZwhltl dmdqfx ne dkdbsqnmr —a( nudq rhltkZshnm shld enq uZqhntr uZktdr ne
BMS roZbhmf0 Sgd zqrs kZrdq qdZbgdr BMSr hm sgd zqrs edv edlsnrdbnmcr0 Sgd rdbnmc kZrdq qdZbgdr
sgd BMSr Zs Zqntmc 34 er0 Sgd kZrdq hmsdmrhsx hr V9 + 9040

Enq sgd rZld rhltkZshnmr: lZwhltl dkdbsqnm dmdqfx hr rgnvm hm Ehftqd fl9a0 Svn
qdfhldr Zqd duhcdms, Z rhfmhzbZms sqZmrhshnm hm sgd lZwhltl dkdbsqnm dmdqfx nbbtqr enq
md“mb < fl0 Hm khfgs ne sghr nardquZshnm Zmc sgd oqdbdchmf Zqftldmsr: vd oqnonrd Zm dmdqfx
rbZkhmf kZv sn qntfgkx oqdchbs sgd dmdqfx fZhm �∈ aZrdc nm hmrsZmsZmdntr onmcdqnlnshud
ZbbdkdqZshnm Zr enkknvr.

�∈ + λdw�o + V19lb
1
�λdw
b

(
τ�s: —fl(

vgdqd λdw hr cdzmdc Zr sgd lZwhltl udknbhsx hm sgd ) %w chqdbshnm ne Zkk oZqshbkdr hm sgd rxr/
sdl: �π + fl4 er: Zmc τ + 1νb“γ ∼ fl07· fl9fl4 r�fl0 Sgd hmsdqZbshnm hmsdquZk �s hr cdzmdc Zr

�s +
b�π
b� λdw

+
�π

fl� λdw“b
0 —1(
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Trhmf DptZshnm —1( hm DptZshnm —fl(: vd zmc sgZs.

�∈ +
fl
7
V19 − �904 LdU( −

�λdw
b

( τ�π
fl� λdw“b

—2(

Sghr rbZkhmf kZv bnloZqdr vdkk vhsg rhltkZshnm qdrtksr Zr rgnvm hm Ehftqd flfl enq svn
cheedqdms md“mb cdmrhsx qZshnr nm sgd dwsqdld dmcr —9037 Zmc fl9(0

—W(

—a(

Ehftpd flfl0 BnloZqhrnm ne lZwhltl dkdbsqnm dmdqfhdr �∈ vhsg qdrodbs sn V9 eqnl rhltkZshnmr sn
sgd sgdnqdshbZk rbZkhmf kZv oqdchbshnm fhudm hm —2( enq BMS roZbhmf ne 399 ml vghbg bnqqdkZsdr sn
md“mb + 9037 —W( Zmc enq fl9 ml roZbhmf bnqqdronmchmf sn md“mb + fl909 —a(0

öm hmsdqdrshmf hcdZ sn bnmrhcdq hr sgZs ne qdrnmZmbd adsvddm sgd roZbhmf Zmc okZrlZ
vZudkdmfsg ne sgd BMSr0 Enq sgd oqdrdms BMS cdmrhsx ne fl911 bl�2: sgd bnqqdronmchmf
okZrlZ vZudkdmfsg hr γo ∼ 223 ml0 Sghr bZrd hr qntfgkx qdoqdrdmsdc ax sgd qdc sqZbdr hm
Ehftqd fl90 Sgd lnmnsnmhb cdbqdZrd hm mtladq ne dwsqZbsdc dkdbsqnmr vhsg BMS roZbhmf
hm Ehftqd fl9Z hr hmsdqqtosdc enq Z roZbhmf ne 299 ml0 ö rhlhkZq ogdmnldmnm hr rddm hm
Ehftqd fl9a0 Vghkd sgd rtodq/bqhshbZk sqZbdr ZoodZq sn enkknv cheedqdms ptZkhsZshud adgZuhnq:
sgd bZrd ne Z roZbhmf ne 299 ml fhudr sgd fqdZsdrs dkdbsqnm dmdqfx Zlnmf sgd bqhshbZk Zmc
rta/bqhshbZk sqZbdr0 Sgdrd nardquZshnmr rtffdrs Z onrrhakd qdrnmZmbd adsvddm sgd BMS
okZrlZ vZudkdmfsg Zmc roZbhmf0
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40 Bnmbktrhnmr

Sgd lZinqhsx ne deenqsr hmunkuhmf okZrlZ vZjdzdkc ZbbdkdqZshnm gZud enbtrdc nm
oqnctbhmf dudq ghfgdq/dmdqfx dkdbsqnm adZlr: oZqshbtkZqkx enq ZookhbZshnmr hm oZqshbkd
ZbbdkdqZsnqr0 MnsZakd dwodqhldmsr hm sghr ZqdZ hmbktcd ADKKö: EöBDS: Zmc öVöJD
—ldmshnmdc hm rtbg Zr )39:32[(: vghbg Zhl sn qdZbg SdU dmdqfhdr0 Sn qdZbg rtbg ghfg
ZbbdkdqZshnm fqZchdmsr: dwodqhldmsr sxohbZkkx trd knv/cdmrhsx okZrlZr �mb“md ≪ fl( Zmc
V9 < fl0

Sgd noonrhsd qdfhld: sgZs ne KVEö mdZq sgd bqhshbZk cdmrhsx: qdlZhmr bnloZqZshudkx
tmdwoknqdc0 Mnmdsgdkdrr: sghr qdfhld gnkcr onsdmshZk enq hmmnuZshud ZooqnZbgdr hm zdkcr
rtbg Zr bZmbdq sgdqZox: hm sgd enql ne KVEö/onvdqdc dmcnrbnohb dkdbsqnm sgdqZox —nq
hmsqZnodqZshud qZchZshnm sgdqZox(0 Sghr qdfhld Zkrn nodmr onrrhahkhshdr enq ghfgkx knbZkhydc:
oqdbhrd sqdZsldms ne sZqfdsr nm sgd rjhm: rtbg Zr enq nmbnknfx nq bnrldshbr: lZjhmf trd
ne dwsqdldkx rgZkknv/odmdsqZshmf dkdbsqnmr0 Sghr kZssdq bZrd lZx ad oZqshbtkZqkx sqZbsZakd
fhudm sgd knv dkdbsqnm dmdqfhdr qdpthqdc0 BqtbhZkkx hm Zkk ne sgdrd ZookhbZshnmr: sgd rntqbd ne
qZchZshnm hr aqntfgs bknrd sn sgd hqqZchZshnm sZqfdsr rtbg Zr shrrtdr sn ad sqdZsdc: qdlnuhmf
bnkkZsdqZk cZlZfd sn nsgdq shrrtdr0 Bnmrdptdmskx sgd qZchZshnm mddc nmkx gZud khlhsdc
odmdsqZshud onvdq0 Vhsg dkdbsqnmr trdc Zr sgd rntqbd ne qZchZshnm: sgd cdrhqdc dmdqfhdr
Zqd sgdm �fl LdU: vghbg xhdkcr Z odmdsqZshnm cdosg adsvddm lhbqnmr Zmc lhkkhldsdqr )fl7[0
Ax stmhmf sgd kZrdq hmsdmrhsx Zmc okZrlZ cdmrhsx: rodbhzb cdosgr bZm ad oqnctbdc Zr
cdrhqdc0 Gdqd vd gZud rgnvm sgntfg Z oqdkhlhmZqx rstcx sgZs KVEö bZm hmcddc oqnctbd
rtbg dkdbsqnmr0

Sn cn rn: sgd okZrlZ cdmrhsx ltrs ad bknrd sn sgd bqhshbZk cdmrhsx �mb ≤ md(: Z qdfhld
sgZs bZm ad Zbbdrrdc uhZ Z rnkhc/rsZsd sZqfds rtbg Zr Z atmckd ne bZqanm mZmnstadr0 Hm sghr
qdfhld sgd fqnto udknbhsx ne Z kZrdq otkrd adbnldr hmbqdZrhmfkx rknv: Zmc sgd kZrdq/okZrlZ
hmsdqZbshnm qZmfd qdctbdr mdZqkx sn Z rhmfkd vZjdzdkc nrbhkkZshnm0 ör Z bnmrdptdmbd ne
sgdrd oqnodqshdr: sgd vZjdzdkc: qZsgdq sgZm rjhllhmf Z rlZkk mtladq ne dkdbsqnmr eqnl
sgd atkj chrsqhatshnm Zmc ZbbdkdqZshmf sgdl sn ghfg dmdqfx: hmrsdZc cqdcfdr rnldvgZs
lnqd cddokx eqnl sgd atkj: bqdZshmf Zm deedbshud uhrbnrhsx Zmc lnldmstl sqZmronqs0 Sghr
rhstZshnm lZmhedrsr Zr Z ”akZbj srtmZlh; hm ZmZknfx sn adZbg vZud ogxrhbr Zmc qdoqdrdmsr
Z ptZkhsZshud cdoZqstqd eqnl sxohbZk vZjdzdkc ogxrhbr0 Tonm rknvhmf cnvm mdZq sgd
rgnqd: sgd vZud adfhmr sn aqdZj: bqdZsdr stqatkdmbd: Zmc cqdcfdr sgd rdZ finnq: bqdZshmf
Z uhrhakx akZbj vZud0 VZjdzdkc ogxrhbr hm sgd khlhs ne mb“md + fl lZmhedrsr hm Z rhlhkZq
vZx: qdrtkshmf hm Z bgtqmhmf vZud ne qdkZshudkx knv/dmdqfx dkdbsqnmr vghbg bZm sgdm ad
gZqmdrrdc Zr Z adZl0

Sgd fqZctZk sqZmrhshnm adsvddm sgd ”akZbj; Zmc ”aktd; vZjdzdkc qdfhldr: bnqqd/
ronmchmf qdrodbshudkx sn ghfg Zmc knv okZrlZ cdmrhsx: gZr addm rgnvm: Zknmf vhsg sgd
khmdZq rbZkhmf ne odZj dkdbsqnm dmdqfx0 Sgd rodbhzb dmsqnox ldsqhb C gZr addm oqnonrdc
Zr Z ptZmshsZshud hmcdw enq sgd qdfhld ne vZjdzdkc ogxrhbr tmcdq bnmrhcdqZshnm0 Hm sgd
knv/cdmrhsx khlhs —”aktd; vZudr(: C ≫ 9: vghkd mdZq sgd bqhshbZk cdmrhsx —”akZbj; vZudr(:
C adbnldr zmhsd: onrrhakx sdmchmf sn Z kZqfd uZktd0 Etqsgdqlnqd: Z rbZm ne lZwhltl
dkdbsqnm dmdqfx �∈ nudq Z qZmfd ne hmsdmrhshdr V9 qdudZkr Z fdmdqZk Zfqddldms vhsg sgd

etmbshnm f�V9( +
√

fl) V19 � fl: cdqhudc eqnl sgd onmcdqnlnshud onsdmshZk: cdrohsd Zcch/
shnmZk bnlokdwhshdr Zmc sgd khlhsZshnmr ne Z flC rhltkZshnm fdnldsqx0 Sgd cheedqdmbd hm sgd
ldbgZmhrl ne ZbbdkdqZshnm adsvddm sgd ghfg/ Zmc knv/cdmrhsx qdfhldr hr Zkrn lZmhedrsdc
hm sgd lZwhltl dkdbsqnm dmdqfhdr ZssZhmdc hm sgd svn bZrdr hm Ehftqd 40

Sgd qdbdms cdudknoldms ne bngdqdms mdsvnqjr ne zadq kZrdqr —BöM( )fl5[ gZr Zkknvdc
KVEö qdrdZqbg sn aqZmbg hmsn mdv zdkcr ne ldchbZk ZookhbZshnmr0 Gnvdudq: svn bghde khlh/
sZshnmr ltrs ad Zccqdrrdc enq Z ldchbZk zadq kZrdq rxrsdl. kZrdq hmsdmrhsx Zmc otkrd kdmfsg0
Ehadq kZrdqr gZud rsqhmfdms hmsdmrhsx khlhsZshnmr: vhsg Z lZwhltl Zkknvdc hmchuhctZk zadq
hmsdmrhsx khjdkx kdrr sgZm fl9fl3 V bl�10 Sghr khlhsZshnm bZm ad lhshfZsdc sgqntfg sgd trd ne
lZmx bngdqdmskx Zccdc zadqr Zmc ax qdsqdZshmf eqnl sgd bqhshbZk cdmrhsx sn Z lnqd lncdrs
okZrlZ cdmrhsx —rtbg Zr mb“md + fl9(0 Dudm vhsg sgdrd eZbsnqr: sgd tkshlZsd hmsdmrhsx vntkc
khjdkx qdlZhm hm sgd qdfhld ne V9 � fl0 KhlhsZshnmr nm otkrd kdmfsg Zqd Zkrn rsqhmfdms, sgd
rgnqsdrs otkrd kdmfsg khjdkx ZbghduZakd hm Z zadq kZrdq rxrsdl hr Zqntmc fl99 er: vghbg hr
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rdudqZk shldr knmfdq sgZm vZr trdc hm Ehftqd 10 EnqstmZsdkx: QZlZm rbZssdqhmf deedbsr Zmc
rdke/lnctkZshnm lZx Zkknv sgd ”akZbj;: knv/dmdqfx dkdbsqnm qdfhld sn ad Zbbdrrhakd enq Z
knmf otkrd: dudm Zs udqx knv hmsdmrhsx �V9 ≈ fl( Zmc knv cdmrhsx �mb“md + fl9( )fl7:33[0

Sgd atkj ne sghr vnqj Zccqdrrdc Z rbgdld vdqd Z kZrdq hr hmidbsdc oZqZkkdk sn sgd Zwhr ne
Z lncdkdc atmckd ne bZqanm mZmnstadr0 Vhsg sgdrd khlhsZshnmr ne zadq kZrdqr hm lhmc: gnv/
dudq: dwoknqZsnqx rhltkZshnmr vdqd Zkrn lZcd sn hmudrshfZsd Zm ZksdqmZshud: 1C ZqqZmfdldms
ne bZqanm mZmnstadr —BMSr(: Zkrn Zkknvhmf ZssZhmldms ne cdmrhshdr ltbg ghfgdq sgZm sgnrd
onrrhakd hm fZr okZrlZr0 BMSr vdqd rdkdbsdc enq uZqhntr ZcuZmsZfdntr dkdbsqhbZk oqnodqshdr:
rtbg Zr Zm deedbshud nmd/chldmrhnmZk bnmctbshuhsx0 Hm sghr ZqqZmfdldms: svn kZrdq otkrdr
sqZudk sgqntfg Z fZo adsvddm svn rdptdmbdr ne BMSr vhsg mnsZakx sgd kZrdq dkdbsqhb zdkc
chqdbsdc oZqZkkdk sn sgd BMS Zwhr0 Sgd zqrs kZrdq otkrd dwsqZbsr dkdbsqnmr eqnl sgd BMSr: Zmc
sgd rdbnmc otkrd ZbbdkdqZsdr sgd dkdbsqnmr ax Zm hmrsZmsZmdntr onmcdqnlnshud ldbgZmhrl
sgZs hr ZsxohbZk ne vZjdzdkc ogxrhbr0 RbZkhmf enq sgd mtladq ne dkdbsqnmr dlhssdc Zmc
lZwhltl dkdbsqnm dmdqfx vhsg qdrodbs sn sgd odqbdhudc dkdbsqnm cdmrhsx vZr hmudrshfZsdc:
kdZchmf sn Z oqnonrdc dmdqfx rbZkhmf kZv0 Sgdrd qdrtksr rtffdrs sgZs rtbg Zm ZqqZmfdldms
ne BMSr lZx ad Zakd sn dezbhdmskx fdmdqZsd Z kZqfd fitw ne knv/dmdqfx dkdbsqnmr Zr vntkc
ad trdetk hm Z ldchbZk ZookhbZshnm0 öcchshnmZkkx: sgd ghfg bqhshbZk cdmrhsx ne sgd kZrdq Zmc
sgd ghfg cdmrhsx ne sgd BMSr bnloZqdc sn sgd aZbjfqntmc Zhq cdmrhsx rtffdrs sgZs Z cduhbd
aZrdc nm sghr rbgdld lZx mns mddc sn hlonrd Zm hmsdqmZk uZbttl: vghbg hr ltbg lnqd
ZldmZakd sn ldchbZk ZookhbZshnmr0 Vd hmuhsd etqsgdq hmudrshfZshnm ne trhmf BMSr hm sghr
ZqqZmfdldms enq fdmdqZshmf kZqfd fitwdr ne knv/dmdqfx dkdbsqnmr0

Nsgdq bgZkkdmfdr qdlZhm0 Sghr vnqj gZr Zccqdrrdc nmkx sgd lnrs etmcZldmsZk Zrodbsr
ne KVEö mdZq sgd bqhshbZk cdmrhsx0 Sgd onotkZshnm ne ZbbdkdqZsdc dkdbsqnmr fdmdqZsdc ax
KVEö Zs ghfg cdmrhsx hr mnm/lnmndmdqfhb Zmc oqnaZakx ne ghfg dlhssZmbd0 öcchshnmZkkx:
sqdZsldms ne ghfgdq/chldmrhnmZk deedbsr rtbg Zr enbtrhmf Zmc gnkd/anqhmf vhkk ad mdbdrrZqx
enq Zmx tkshlZsd ldchbZk ZookhbZshnm: Zmc sgtr ltrs sgdqdenqd ZvZhs etstqd vnqj0 Gnv/
dudq: vd dlogZrhyd sgZs sgd qdlZqjZakd sqdmc hm rodbhzb dmsqnox Zr sgd okZrlZ cdmrhsx
ZooqnZbgdr sgd bqhshbZk cdmrhsx lZx mns gZud addm mnshbdc vhsg sgd hmbktrhnm ne ghfgdq/
chldmrhnmZk deedbsr hm Z lhwdc deenqs0 Hm sghr rdmrd: ntq rstcx gZr enkknvdc hm sgd rohqhs ne
AnksylZmm )34[ hm ghr cdudknoldms ne AnksylZmm dmsqnox0 Vd lZx Zkrn rsqhud sn etqsgdq
hmbqdZrd dmdqfx dezbhdmbx0 SnvZqc rtbg Z otqonrd vd lZx vhrg sn dloknx Z fqZcdc cdmrhsx
ne okZrlZ sn bnmsqnk sgd ogZrd fqZcZshnm ne sgd vZjdzdkc )35:36[0 Mnmdsgdkdrr: hmsdqdrshmf
ogxrhbr gZr ZkqdZcx dldqfdc eqnl sgdrd deenqsr: Zmc sgd qhbgmdrr ne Z mdv qdfhld hr duhcdms0

�tsgnp Bnmsphatshnmr. BnmbdostZkhyZshnm: S0S0, EnqlZk ZmZkxrhr: A0R0M0 Zmc D0A0/U0, Etmchmf Zbpthrh/
shnm: S0S0, HmudrshfZshnm: A0R0M0: D0A0/U0: R0G0: J0B0: F0C0: J0F0: C0G0: F0G0: F0K0: C0K0: O0L0: D0M0: F0O0:
L0R0: I0R0: I0S0 Zmc J0S0, Ldsgncnknfx: S0S0, Oqnidbs ZclhmhrsqZshnm: S0S0, Qdrntqbdr: S0S0, UZkhcZshnm: S0S0,
Vqhshmf–nqhfhmZk cqZes: A0R0M0: D0A0/U0: R0G0 Zmc S0S0, Vqhshmf–qduhdv ] dchshmf: A0R0M0 ökk Ztsgnqr
gZud qdZc Zmc Zfqddc sn sgd otakhrgdc udqrhnm ne sgd lZmtrbqhos0

Etmchmf. Sghr vnqj vZr oZqshZkkx rtoonqsdc ax sgd MnqlZm Qnrsnjdq Etmc Zs TBH0

HmrshstshnmWk Pduhdv AnWpc RsWsdldms. Mns ZookhbZakd0

Hmenpldc Bnmrdms RsWsdldms. Mns ZookhbZakd0

CWsW �uWhkWahkhsx RsWsdldms. Mns ZookhbZakd —sghr rstcx cndr mns qdonqs Zmx ZuZhkZakd cZsZ(0

�bjmnvkdcfldmsr. Sgd oqdrdms oZodq Zqnrd eqnl sgd sdql/oqnidbs deenqsr ne sgd rstcdmsr hm sgd
sqh/bZlotr —TBH: TBKö: TBRC( fqZctZsd ogxrhbr bntqrd RodbhZk Snohbr hm OkZrlZ Ogxrhbr OGX138:
”MnmkhmdZq OkZrlZ Ogxrhbr; —Vhmsdq: 19fl8(: kdc ax sgd hmrsqtbsnq S0 SZihlZ0 Vd Zkrn sqhdc sn shd okZrlZ
ogxrhbr vhsg nsgdq chrbhokhmdr rtbg Zr ldchbZk ogxrhbr Zmc fdnogxrhbr sn aqnZcdm sgd rstcdmsr@
dwodqhdmbd hm ogxrhbr0 Sgd sqh/bZlotr okZrlZ ogxrhbr fqZctZsd bntqrd vZr kZtmbgdc hm ZbZcdlhb
xdZq 19fl7: Zmc sghr bntqrd vZr nmd ne sgqdd rtbg bntqrdr0 Sgd lZsdqhZkr Zqd oZqshZkkx ZuZhkZakd
nm Z Fnnfkd Cqhud tonm qdptdrs0 Vd Zqd sgZmjetk enq chrbtrrhnmr vhsg F0 Lntqnt: C0 RsqhbjkZmc:
I0 Vgddkdq: I0B0 BgZmsdknto: C0 QnZ: W0 XZm: M0 Adhdq: Zmc ö0 Mdb̂Zr0
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Bnmfihbsr ne Hmsdpdrs. Sgd Ztsgnqr cdbkZqd mn bnmfihbs ne hmsdqdrs0 Sgd etmcdqr gZc mn qnkd hm sgd cdrhfm
ne sgd rstcx, hm sgd bnkkdbshnm: ZmZkxrdr: nq hmsdqoqdsZshnm ne cZsZ, hm sgd vqhshmf ne sgd lZmtrbqhos:
nq hm sgd cdbhrhnm sn otakhrg sgd qdrtksr0

Pdedpdmbdr
fl0 SZihlZ: S0, MZjZihlZ: J0, Lntqnt: F0 KZrdq öbbdkdqZshnm0 KV Phu0 cdk Mtnun Bhldmsn 19fl6: 39: 22-fl220 )BqnrrQde[
10 SZihlZ: S0, CZvrnm: I0L0 KZrdq Dkdbsqnm öbbdkdqZsnq0 Ogxr0 Pdu0 Kdss0 fl868: 32: 156-1690 )BqnrrQde[
20 RsqhbjkZmc: C0, Lntqnt: F0 Bnloqdrrhnm ne Zlokhzdc bghqodc noshbZk otkrdr0 Nos0 Bnlltm0 fl874: 45: 1fl80 )BqnrrQde[
30 MZjZihlZ: J0, MZjZmhrgh: G0, JZvZjtan: S0, NfZsZ: ö0, JhsZfZvZ: X0, RghqZfZ: G, JncZlZ: Q0, YgZmf: S0, Rtytjh: J0, JZsn: X0, ds Zk0

KZrdq VZjdzdkc öbbdkdqZsnq dwodqhldmsr trhmf fl or 29 SV Mc.fkZrr kZrdq0 Hm Oqnbddchmfr ne sgd HDDD HmsdqmZshnmZk Bnmedqdmbd
nm OZqshbkd öbbdkdqZsnqr: VZrghmfsnm: CB: TRö: fl6-19 LZx fl882, Unktld 3: oo0 1445-14470 )BqnrrQde[

40 MZjZihlZ: J0, JZvZjtan: S0, MZjZmhrgh: G0, NfZsZ: ö0, JZsn: X0, JhsZfZvZ: X0, JncZlZ: Q0, LhlZ: J0, RghqZfZ: G0, Rtytjh: J0, ds Zk0
ö oqnne/ne/oqhmbhokd dwodqhldms ne kZrdq vZjdzdkc ZbbdkdqZshnm0 Ogxr0 Rbq0 fl883: S41: 5fl-530 )BqnrrQde[

50 EntqjZk: D0, RgZghmd: A0, Chmf: L0, Kh: I0R0, SZihlZ: S0, LZ: B0L0 OZqshbkd hm bdkk rhltkZshnm ne kZrdq/ZbbdkdqZsdc oqnsnm adZlr enq
qZchZshnm sgdqZox0 Ldc0 Ogxr0 1991: 18: 1677-16870 )BqnrrQde[

60 MdvgZtrdq: V0, YgZmf: Q0 Sgd ogxrhbr ne oqnsnm sgdqZox0 Ogxr0 Ldc0 Ahnk0 19fl4: 59: Qfl440 )BqnrrQde[ )OtaLdc[
70 AtkZmnu: R0U0, CZhcn: G0, Drhqjdonu: S0Y0, Jgnqnrgjnu: U0R0, JnfZ: I0, MhrghgZqZ: J0, OdfnqZqn: E0, SZihlZ: S0, XZlZfhvZ: L0

EdZrhahkhsx ne Trhmf KZrdq Hnm öbbdkdqZsnqr hm Oqnsnm SgdqZox0 �HO Bnme0 Oqnb0 1993: 639: 3fl3-3180 )BqnrrQde[
80 SZihlZ: S0 Oqnrodbs enq bnloZbs ldchbZk kZrdq ZbbdkdqZsnqr0 I0 Iom0 Rnb0 SgdqVo0 PVchVs0 Nmbnk0 fl886: 8: 72-740
fl90 Bght: B0, Enlxsrjxh: L0, Fqhfrax: E0, QZhrbgdk: E0, Cnvmdq: L0B0, SZihlZ: S0 KZrdq dkdbsqnm ZbbdkdqZsnqr enq qZchZshnm ldchbhmd.

ö edZrhahkhsx rstcx0 Ldc0 Ogxr0 1993: 2z: 1931-19410 )BqnrrQde[
flfl0 JZhmy: J0J0, Gnfrsqnl: J0Q0, ömsnkZj: I0ö0, öklnmc: O0Q0, Aknbg: B0C0, Bght: B0, Enlxsrjxh: L0, QZhrbgdk: E0, Cnvmdq: L0, SZihlZ: S0

Cnrd oqnodqshdr ne Z kZrdq ZbbdkdqZsdc dkdbsqnm adZl Zmc oqnrodbsr enq bkhmhbZk ZookhbZshnm0 Ldc0 Ogxr0 1993: 2z: 1942-19560
)BqnrrQde[

fl10 Fhtkhdssh: ö0, Antqfdnhr: M0, Bdbbnssh: S0, CZunhmd: W0, Cnanry: R0, C@NkhudhqZ: O0, FZkhladqsh: L0, FZkx: I0, FZltbbh: ö0, ds Zk0 Hmsdmrd
φ/QZx Rntqbd hm sgd FhZms/Chonkd/QdrnmZmbd QZmfd Cqhudm ax fl9/SV KZrdq Otkrdr0 Ogxr0 Pdu0 Kdss0 1997: z9z: fl949910 )BqnrrQde[

fl20 Fhtkhdssh: ö0 —Dc0( KVrdq,Cqhudm OVqshbkd �bbdkdqVshnm SnvVqcr PVchnahnknfx Vmc Ldchbhmd, Roqhmfdq HmsdqmZshnmZk Otakhrghmf. BgZl:
RvhsydqkZmc: 19fl50

fl30 MZjZihlZ: J0, XtZm: I0, Bgdm: K0, Rgdmf: Y0 KZrdq/cqhudm udqx ghfg dmdqfx dkdbsqnm“ognsnm adZl qZchZshnm sgdqZox hm bnmitmbshnm
vhsg Z qnanshb rxrsdl0 �ook0 Rbh0 19fl4: 4: fl-190 )BqnrrQde[

fl40 MZjZihlZ: J0 KZrdq/cqhudm dkdbsqnm adZl Zmc qZchZshnm rntqbdr enq aZrhb: ldchbZk Zmc hmctrsqhZk rbhdmbdr0 Oqnb0 Iom0 �bVc0 Rdq0 A
19fl4: 8z: 112-1340 )BqnrrQde[

fl50 Lntqnt: F0, Aqnbjkdrax: V0, SZihlZ: S0, Khlodqs: I0 Sgd etstqd hr zaqd ZbbdkdqZsnqr0 MVs0 Ognsnmhbr 19fl2: 6: 1470 )BqnrrQde[
fl60 LZjn: E0, SZihlZ: S0 Bnkkdbshud hnm ZbbdkdqZshnm ax Z qdfidwhmf dkdbsqnm adZl. Lncdk Zmc rbZkhmf0 Ogxr0 Ekthcr fl873: 16: fl7fl4-fl7190

)BqnrrQde[
fl70 Mhbjr: A0R0, SZihlZ: S0, QnZ: C0, Mdb̂Zr: ö0, Lntqnt: F0 KZrdq/vZjdzdkc ZookhbZshnm sn nmbnknfx0 Hms0 I0 Lnc0 Ogxr0 � 19fl8:

23: fl8329fl50 )BqnrrQde[
fl80 XZn: Y0, Cdjjdq: B0, öuntqhr: O0: DkdbsqhbZk SqZmronqs Sgqntfg Rhmfkd/VZkk BZqanm MZmnstadr0 Hm BVqanm MVmnstadr. Rxmsgdrhr:

Rsqtbstqd: Oqnodqshdr: Vmc �ookhbVshnmr, CqdrrdkgZtr: L0R0: CqdrrdkgZtr: F0: öuntqhr: O0: Dcr0, Roqhmfdq. Adqkhm“Gdhcdkadqf: FdqlZmx:
199fl, oo0 fl36-fl6fl0 )BqnrrQde[

190 AZmcZqt: O0Q0 DkdbsqhbZk oqnodqshdr Zmc ZookhbZshnmr ne bZqanm mZmnstad rsqtbstqdr0 I0 MVmnrbh0 MVmnsdbgmnk0 1996: 6: fl1280
)BqnrrQde[

1fl0 Kh: X0, EZgqdmsgnkc: D0 PtZmstl bnmctbsZmbd ne bnoodq-bZqanm mZmnstad bnlonrhsdr0 I0 Dmf0 LVsdq0 Sdbgmnk0 19fl7: z39: 92fl9960
)BqnrrQde[

110 RtaqZlZmhZl: B0, XZlZcZ: S0, JnaZrgh: J0, Rdjhftbgh: ö0, EtsZaZ: C0M0, XtltqZ: L0, GZsZ: J0 Nmd gtmcqdc enkc hmbqdZrd hm
btqqdms bZqqxhmf bZoZbhsx hm Z bZqanm mZmnstad-bnoodq bnlonrhsd0 MVs0 Bnlltm0 19fl2: 3: 11910 )BqnrrQde[

120 Gnmf: R0, Lxtmf: R0 ö fidwhakd ZooqnZbg sn lnahkhsx0 MVs0 MVmnsdbgmnk0 1996: 1: 1960 )BqnrrQde[
130 RghqZhrgh: L0, ösZ: L0 Vnqj etmbshnm ne bZqanm mZmnstadr0 BVqanm 199fl: 28: fl8fl20 )BqnrrQde[
140 Vgddkdq: SZanqdj: Bgdm: CnkkZq: Zmc Rgdm[YgZmf19fl5 YgZmf: W0, SZihlZ: S0, EZqhmdkkZ: C0, Rghm: X0, Lntqnt: F0, Vgddkdq: I0,

SZanqdj: O0, Bgdm: O0, CnkkZq: E0, Rgdm: A0 OZqshbkd/hm/bdkk rhltkZshnm ne w/qZx vZjdehdkc ZbbdkdqZshnm Zmc adsZsqnm qZchZshnm hm
mZmnstadr0 Ogxr0 Pdu0 �bbdk0 AdVlr 19fl5: z8: fl9fl9930 )BqnrrQde[

150 Vhkjr: R0B0, Jqtdq: V0K0, SZaZj: L0, KZmfcnm: ö0A0 öarnqoshnm ne tksqZ/hmsdmrd kZrdq otkrdr0 Ogxr0 Pdu0 Kdss0 fl881: 58: fl272-fl2750
)BqnrrQde[ )OtaLdc[

160 UZkdmsZ: O0, Jkhln: N0, FqhssZmh: F0L0, Drhqjdonu: S0Y0, Jnqm: F0, AtkZmnu: R0U0 VZjdzdkc dwbhsdc ax tksqZrgnqs kZrdq otkrdr hm
mdZq/bqhshbZk cdmrhsx okZrlZr0 Hm KVrdq �bbdkdqVshnm ne Dkdbsqnmr: Oqnsnmr: Vmc Hnmr U, DrZqdx: D0: Rbgqndcdq: B0A0: Rbgqdhadq: I0: Dcr0,
HmsdqmZshnmZk Rnbhdsx enq Noshbr Zmc Ognsnmhbr —ROHD(. Knmcnm: TJ: 19fl8, Unktld flfl926: oo0 46-540 )BqnrrQde[

170 N@Mdhk: S0 Bnkkhrhnmkdrr CZlohmf ne MnmkhmdZq OkZrlZ NrbhkkZshnmr0 Ogxr0 Ekthcr fl854: 7: 1144-11510 )BqnrrQde[
180 KZla: G0 FxcqncxmVlhbr, Cnudq OtakhbZshnmr. Mdv Xnqj: MX: TRö: fl834, BgZosdq 70



Ognsnmhbr 191fl: 7: 1fl5 19 ne 19

290 Otjgnu: ö0, Ldxdq/sdq/Udgm: I0 QdkZshuhrshb LZfmdshb Rdke/BgZmmdkhmf ne Khfgs hm MdZq/BqhshbZk OkZrlZ. Sgqdd/ChldmrhnmZk
OZqshbkd/hm/Bdkk RhltkZshnm0 Ogxr0 Pdu0 Kdss0 fl885: 65: 2864-28670 )BqnrrQde[

2fl0 RxkkZ: E0, EkZbbn: ö0, JZgZkx: R0, UdksbgduZ: L0, Kherbghsy: ö0, LZkjZ: U0, c@Gtlh�qdr: D0, ömcqhxZrg: H0, Shjgnmbgtj: U0 Rgnqs Hmsdmrd
KZrdq Otkrd BnkkZord hm MdZq/BqhshbZk OkZrlZ0 Ogxr0 Pdu0 Kdss0 19fl2: zz9: 97499fl0 )BqnrrQde[

210 Bgdm: G0, Vhkjr: R0B0 Duhcdmbd ne dmgZmbdc deedbshud gns dkdbsqnm sdlodqZstqdr hm tksqZhmsdmrd kZrdq/rnkhc hmsdqZbshnmr ctd sn
qdfidwhmf0 KVrdq OVqs AdVlr 1994: 12: 3flfl0 )BqnrrQde[

220 MZjZltqZ: S0, LhlZ: J0 LZfmdshb/Chonkd Unqsdw FdmdqZshnm ax OqnoZfZshnm ne TksqZhmsdmrd Zmc TksqZrgnqs KZrdq Otkrdr hm
LncdqZsd/Cdmrhsx OkZrlZr0 Ogxr0 Pdu0 Kdss0 1997: z99: 1949950 )BqnrrQde[

230 RmZudkx: Q0ö0, Jdx: L0G0, GZsbgdss: R0O0, BnvZm: S0D0, Qnsg: L0, Oghkkhor: S0V0, Rsnxdq: L0ö0, Gdmqx: D0ö0, RZmfrsdq: S0B0, Rhmfg: L0R0,
ds Zk0 Hmsdmrd Ghfg/Dmdqfx Oqnsnm AdZlr eqnl OdsZvZss/KZrdq HqqZchZshnm ne Rnkhcr0 Ogxr0 Pdu0 Kdss0 1999: 74: 1834-18370
)BqnrrQde[

240 Drhqjdonu: S0, Anqfgdrh: L0, AtkZmnu: R0U0, Lntqnt: F0, SZihlZ: S0 Ghfgkx Dezbhdms QdkZshuhrshb/Hnm FdmdqZshnm hm sgd KZrdq/Ohrsnm
Qdfhld0 Ogxr0 Pdu0 Kdss0 1993: 81: fl649920 )BqnrrQde[

250 SZihlZ: S0 KZrdq ZbbdkdqZshnm hm mnudk ldchZ0 Dtq0 Ogxr0 I0 Rodb0 Sno0 19fl3: 112: fl926-fl9330 )BqnrrQde[
260 Lxtmf: M0U0, Khl: I0, EkdtqhZk: I0O0, Xtm: L0, Vdrs: V0, Bgnh: C0 öktlhmZ mZmnsdlokZsd eZaqhbZshnm nm rhkhbnm rtarsqZsd0

MVmnsdbgmnknfx 1993: z4: 722-7270 )BqnrrQde[
270 QZt: A0, SZihlZ: S0, Gnin: G0 Bngdqdms Dkdbsqnm öbbdkdqZshnm ax Rtabxbkd KZrdq Otkrdr0 Ogxr0 Pdu0 Kdss0 fl886: 67: 22fl9-22fl20

)BqnrrQde[
280 GZrrZm: L0S0, Ktt: S0S0, Lntkds: ö0, QZrjZynurjZxZ: N0, Ygnjgnu: O0, FZqf: L0, JZqonvhby: M0, Ygdkshinu: ö0L0, OdquZj: U0,

JqZtry: E0, ds Zk0 NoshbZk Zssnrdbnmc otkrdr Zmc sqZbjhmf sgd mnmkhmdZq qdronmrd ne antmc dkdbsqnmr0 MVstqd 19fl5: 429: 550
)BqnrrQde[

390 DrZqdx: D0, Rbgqndcdq: B0A0, KddlZmr: V0O0 Ogxrhbr ne kZrdq/cqhudm okZrlZ/aZrdc dkdbsqnm ZbbdkdqZsnqr0 Pdu0 Lnc0 Ogxr0 1998:
7z: fl118-fl1740 )BqnrrQde[

3fl0 KZt: B0J0, Xdg: O0B0, Ktj: N0, LbBkdmZfgZm: I0, DahrtyZjh: S0, SZihlZ: S0 Onmcdqnlnshud ZbbdkdqZshnm ax qdkZshuhrshb vZudr0
Ogxr0 Pdu0 Rodb0 Sno0,�bbdk0 AdVlr 19fl4: z7: 91339fl0 )BqnrrQde[

310 AhnmsZ: L0Q0, BgZknohm: A0, LZrrdandte: ö0, BgZsdk: A0 Ehqrs qdrtksr nm kZrdq/hmctbdc zdkc dlhrrhnm eqnl Z BMS/aZrdc mZmnsho0
TksqVlhbqnrbnox 19fl4: z48: fl410 )BqnrrQde[

320 öckh: D0, ögtiZ: ö0, öorhlnm: N0, öorhlnm: Q0, AZbglZmm: ö0/L0, AZqqhdmsnr: C0, AZsrbg: E0, AZtbgd: I0, Adqfkxc Nkrdm: U0J0,
AdqmZqchmh: L0, ds Zk0 öbbdkdqZshnm ne dkdbsqnmr hm sgd okZrlZ vZjdzdkc ne Z oqnsnm atmbg0 MVstqd 19fl7: 45z: 252-2560 )BqnrrQde[

330 RZkdgh: E0, Fndqr: ö0I0, Ghmd: F0ö0, Edcdq: K0, Jtj: C0, LhZn: A0, Vnncatqx: C0, Jhl: J0X0, Lhkbgadqf: G0L0 LdU dkdbsqnm ZbbdkdqZshnm
Zs fl jGy vhsg ©fl9 lI kZrdq otkrdr0 Nos0 Kdss0 19fl6: 31: 1fl4-1fl70 )BqnrrQde[

340 RgZqo: J0, LZsrbghmrjx: E0 SqZmrkZshnm ne Ktcvhf AnksylZmm@r OZodq ”Nm sgd QdkZshnmrgho adsvddm sgd Rdbnmc EtmcZldmsZk
Sgdnqdl ne sgd LdbgZmhbZk Sgdnqx ne GdZs Zmc OqnaZahkhsx BZkbtkZshnmr QdfZqchmf sgd Bnmchshnmr enq SgdqlZk Dpthkhaqhtl;
Rhsytmfadqhbgsd cdq JZhrdqkhbgdm öjZcdlhd cdq VhrrdmrbgZesdm0 LZsgdlZshrbg/MZstqvhrrdm BkZrrd0 öas0 HH: KWWUH fl766:
oo0 262-324 —Vhdm0 Adq0 fl766: 65.262/324(0 Qdoqhmsdc hm Vhrr0 öagZmcktmfdm: Unk0 HH: qdoqhms 31: oo0 fl53-1120 AZqsg: Kdhoyhf: fl8980
Dmsqnox 19fl4: z6: fl86fl-19980 )BqnrrQde[

350 Gt: Q0, Kt: G0, Rgnt: X0, Khm: B0, Ygtn: G0, Bgdm: B0, XZm: W0 AqhkkhZms FdU dkdbsqnm adZl vhsg mZqqnv dmdqfx roqdZc fdmdqZsdc ax
Z kZrdq okZrlZ ZbbdkdqZsnq0 Ogxr0 Pdu0 �bbdk0 AdVlr 19fl5: z8: 98fl29fl0 )BqnrrQde[

360 Cèoo: ö0, SgZtqx: B0, FthkkZtld: D0, LZrrhln: E0, Kherbghsy: ö0, ömcqhxZrg: H0, Fnccds: I0O0, SZyz: ö0, SZ Ogtnb: J0, LZkjZ: U0
Dmdqfx/Bghqo BnlodmrZshnm hm Z KZrdq VZjdzdkc öbbdkdqZsnq0 Ogxr0 Pdu0 Kdss0 19fl7: z1z: 9637910 )BqnrrQde[


