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SgdEknqx±Gtffhmrhmsdq]bshnmo]q]ldsdq+χ)hrsgdbg]q]bsdq,
hrshbo]q]ldsdqcdrbqhahmfsgdqlncxm]lhbhmsdq]bshnmrhm
ltkshbnlonmdmsonkxldqrxrsdlrrtbg]ronkxldqakdmcr
’hmsgdhqldksrs]sd(]mcfnudqmrhlonqs]msakdmcoqnodqshdr
rtbg]rlhrbhahkhsx+hmsdqe]bh]kvhcsg+]mcldbg]mhb]koqnodq,
shdr-0±3 Vdoqduhntrkxcdlnmrsq]sdcsg]slhwstqdrne
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vhsghmbqd]rhmfnkd■mbnmsdmshmsgdbnonkxldq-5

Q]mcnlbnonkxldqsgdnqx’QBS(hrsq]chshnm]kkx]ookhdcsn
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]qdsgdrdfldms±rdfldmshmsdq]bshnmo]q]ldsdqr]lnmf
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cdo]qstqdr-04+05Sxohb]kkx+sgdrdcdo]qstqdr]qdnardqudchm
bnmitmbshnmvhsgmnmq]mcnl lhwhmf+bnonkxldqrdptdmbd
chrsqhatshnmdódbsr+]mc.nqmnm,ld]m,■dkcadg]uhnq-
Oqduhntrkx+vddwoknqdcχhmonkxchdmd,onkxnkd■mbnonkx,
ldq.onkxnkd■makdmcrbnlonrdcnenmdonkxchdmdbnlonmdms
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0+3,onkxhrnoqdmd,bn,onkx’dsgxkdmd,Yks,oqnoxkdmd(’0+3,OH,bn,
ODO(akdmcdcvhsgODO-5 Dudmsgntfgsgdonkxchdmd.
onkxnkd■mhmsdq]bshnmrhmsgdrdakdmcrvdqdrsqnmf’h-d-+
χ0+1‑OAC.ODD]mcχ0+3‑OH.ODOvdqdk]qfd]rbnlo]qdcsnsg]shm
rxrsdlrnenmkxonkxnkd■mrnqnmkxonkxchdmdr(+sgdQBSbntkc
b]ostqdsgdbnonkxldqbnlonrhshnmcdodmcdmbdneχ’S(hm
sgdrdakdmcr+hlokxhmfq]mcnllhwhmf-Gnvdudq+sgdqlncx,
m]lhbhmsdq]bshnmrhmbnonkxldq.gnlnonkxldqakdmcrbnm,
s]hmhmfchudqrdonkxchdmd]mconkxnkd■mtmhsr]qdrshkk
tmcdqdwoknqdc-
Oqduhntrrstchdrcdlnmrsq]sdcsg]sχ’S(neonkxchdmd
bnonkxldqakdmcrbnms]hmhmflnqdsg]mnmdsxodnechdmd
’d-f-+bnonkxldqrneOACvhsgchódqhmflhbqnrsqtbstqdr(g]r
fdmdq]kkxaddmvdkkcdrbqhadcaxQBS-01+06±08Rhlhk]qkx+akdmcr
nebnonkxldqrbnms]hmhmflnqdsg]mnmdsxodneonkxnkd■m
’d-f-+r]stq]sdconkxats]chdmdrnechódqhmflhbqnrsqtbstqdr(
g]ud]krnadg]udcbnmrhrsdmskxvhsgsgddwodbs]shnmrneQBS-03

Nmdmns]akddw]lokdne]onkxnkd■mbnonkxldqakdmcsg]sv]r
mnscdrbqhadc]cdpt]sdkxaxQBShr]onkxdsgxkdmd’OD(.ODD
rxrsdlhmvghbgbnonkxldqsgdqlncxm]lhbhmsdq]bshnmr’]mc
sgdld]rtqdcOUSoqnodqshdr(u]qhdcmnmkhmd]qkxvhsgsgdOD,
bn,ODDbnonkxldqlhbqnrsqtbstqd-05@mnodmptdrshnmqdl]hmr
]rsnvgdsgdqQBSb]mfdmdq]kkxad]ookhdcsncdrbqhadsgd
sgdqlncxm]lhbhmsdq]bshnmrhmq]mcnl bnonkxldqakdmcr
bnms]hmhmfltkshokdonkxchdmd]mconkxnkd■mbnlonmdmsr-
Gdqd+vddw]lhmdsgdqlncxm]lhbhmsdq]bshnmrhmsvn
bnonkxldq.gnlnonkxldqrxrsdlrbnms]hmhmfchudqrdonkx,
chdmd]mconkxnkd■mbnlonmdmsr-Vdhcdmsh■dcsgd
bnlonmdmsrnesgdrdakdmcra]rdcnmkhsdq]stqdrstchdr
rgnvhmfb]rdrvgdqdQBSrtbbddcdc]mce]hkdchmonkxchdmd
nqonkxnkd■mrxrsdlr-Hmsgd■qrsrxrsdl+vdathkstonmsgd
oqhnqjmnvkdcfdsg]sQBS rtbbdrretkkxcdrbqhadcsgd
sgdqlncxm]lhbhmsdq]bshnmrhm0+1,OAC,bn,0+3,OAC.0+3,OH
akdmcr+07 ]mcvdsgdqdenqdhmbnqonq]sdc0+1,OAC hm]
onkxchdmd,onkxnkd■mbnonkxldq’0+1,OAC,bn,ODD(]mc
akdmcdcsghrbnonkxldqvhsgsgdonkxchdmd0+3,OH-Hmsgd
rdbnmcrxrsdl+vdbgnrd]onkxnkd■mbnonkxldqrxrsdlvgdqd
sgdQBSe]hkdchmOD,bn,ODDbnonkxldqakdmcr05]mcakdmcdc
OD,bn,ODDvhsgsgdonkxchdmd0+3,OH-Enqansgrxrsdlr+rl]kk,
]mfkdmdtsqnmrb]ssdqhmf’R@MR(c]s]vdqd]m]kxydcsgqntfg
Yhll]mcq]mcnlog]rd]ooqnwhl]shnm’QO@(]m]kxrdrsn
pt]mshexχ’S(enqd]bgrxrsdl ]su]qhntrbnonkxldq
bnlonrhshnmr-Sgdcdodmcdmbdneχnmbnonkxldqbnlonrh,
shnm]mcsdlodq]stqd]mcqdrtkshmfog]rdadg]uhnqvdqd
dw]lhmdcvhsgu]qhntrsgdnqhdr+hmbktchmfQBS+k]sshbdbktrsdq
sgdnqx’KBS(+rnktahkhsxo]q]ldsdqenql]khrl+]mcsgdknb]kkx
bnqqdk]sdck]sshbd’KBK(lncdk-

1-DWODPHLDMS:KCDS:HKR

1-0-OniwldpRwmsgdrhr-1-.-.-6mhnmhbNnixldphyZshnmne.)2,
AtsZchdmdZmcGrnopdmd-Ntqoqnsnbnkrenqsgdrxmsgdrhrne0+3,OH
]mc0+1,OACg]udaddmoqduhntrkxotakhrgdc-4+5Aqhdfix+0+3,OH]mc
0+1,OACvdqdrxmsgdrhydcsgqntfg]mhnmhbonkxldqhy]shnmvhsgrdb,
atsxkkhsghtl]rsgdhmhsh]snq-0+2,Ats]chdmd’≥88+Rhfl],@kcqhbg(
]mchrnoqdmd’≥88+Rhfl],@kcqhbg(vdqdotqh■dcnudqb]kbhtl
gxcqhcd’B]G1+≥84+Rhfl],@kcqhbg(enkknvdcaxrdb,atsxkkhsghtl
’0-3L hmbxbkngdw]md+Rhfl],@kcqhbg(enq0+2,ats]chdmd]mcm,
atsxkkhsghtl’1-/Lhmbxbkngdw]md+Rhfl],@kcqhbg(enqhrnoqdmd-Enq
sgdrxmsgdrhrne0+1,OAC+0+1,chodqhchndsg]md’CHOHO+rxmsgdrhydc
]bbnqchmfsnqde1/(v]r]ccdcvhsg0/90CHOHO9rdb,atsxkkhsghtl
lnk]qq]shn-Sgdonkxldqhy]shnmqd]bshnmrvdqdbnmctbsdc]s/|Benq
0+1,OAC ]mc1/|Benq0+3,OHtmcdq4orh]qfnmoqdrrtqdhm
bxbkngdw]md-

Enqsgdrxmsgdrhrne0+3,OAC,bn,0+1,OACbnonkxldqr+sgd0+2,
ats]chdmdlnmnldqv]rotqh■dcnudqb]kbhtl gxcqhcd]mcrdb,
atsxkkhsghtlenkknvhmfqde4-SGE’≥88-7+I-S-A]jdq(v]rtrdc]r
]m]cchshudsn]citrssgd 0+1,bnmsdmsnesgd0+3,OAC,bn,0+1,OAC
bnonkxldqr-SGEv]rchrshkkdceqnlB]G1adenqd]cchmfsnsgd
qd]bshnmlhwstqd-Sgdodqbdmsne0+1,]cchshnmv]rmnsnmkxcdodmcdms
nmsgdq]shnneSGEsnrdb,atsxkkhsghtlats]krnsgdrdb,atsxkkhsghtl
bnmbdmsq]shnm-@b]khaq]shnmbtqudne 0+1,bnmsdms]r]etmbshnmne
lnkSGE9lnkrdb,atsxkkhsghtl]schódqdmsrdb,atsxkkhsghtlbnmbdm,
sq]shnmrhrrgnvmhmEhftqdR0-SgdcdrhqdcunktldneSGEv]r
ld]rtqdc]mcsq]mredqqdchmsn]fi]ld,cqhdc]lotkdhmrhcdsgd
fknudanw-Sgd]lotkdbnms]hmhmfSGEv]rsgdm]ss]bgdcsn]
ltkshmdbjqd]bsnqbnms]hmhmf]oqdrrtqdf]tfd]mcoqdrrtqdqdkhde
u]kud-Oqdo]q]shnmnesgdhmhsh]snq]mcbxbkngdw]mdrnkudmsv]r
cds]hkdchmntqd]qkhdqotakhb]shnm-4Ek]rjrbnms]hmhmflnmnldq+
hmhsh]snq+]mcbxbkngdw]mdvdqdbnmmdbsdcsnsgdqd]bsnq-Sgdqd]bsnq
v]rotqfdcvhsg]qfnmf]r]mccdf]rrdcenkknvhmfoqnbdctqdrhmqde4-
Sgdonkxldqhy]shnmqd]bshnmrvdqdbnmctbsdc]s/|Btmcdq4orh
]qfnmoqdrrtqdhmbxbkngdw]md-Sgdqd]bshnmshldu]qhdceqnl2sn37
gcdodmchmfnmsgdcdrhqdclnkdbtk]qvdhfgs-Sgdqd]bshnmv]r
sdqlhm]sdctrhmfcqhdchrnoqno]mnk’≥88-4+Rhfl],@kcqhbg(+]mcsgd
onkxldqv]roqdbhohs]sdchm]4/.4/lhwstqdneldsg]mnk’≥88-7+
UVQBgdlhb]krACG(.]bdsnmd’≥88-4+UVQBgdlhb]krACG(-
@esdqlnrsnesgdrnkudmsv]rdu]onq]sdchm]etldgnnc+sgd
onkxldqrvdqdcqhdc]s3/|Bhm]u]bttlnudmenq1vddjrtmshksgdx
qd]bgdc]bnmrs]msvdhfgs-Cdtsdq]sdc0+3,OH’c0+3,OH(v]rotqbg]rdc
eqnlOnkxldqRntqbd-
1-.-1-NpdoZpZshnmne.)1,NAC,bn,NDDZmcND,bn,NDDsgpntfg

RZstpZshnmne.)1,NACZmc.)3,NAC,bn,.)1,NAC-Oqnbdctqdrenqsgd
r]stq]shnmne0+1,OACvdqdoqduhntrkxotakhrgdchmqder4]mc5-Enq
sgdo]qsh]kr]stq]shnmne0+1,OAC ’enqlhmf0+1,OAC,bn,ODD
bnonkxldqr(+sgdb]s]kxrsv]rbnlonrdc nebgknqnsqhr,
’sqhogdmxkognroghmd(qgnchtl’H(’bnllnmkxjmnvm]rVhkjhmrnm&r
b]s]kxrs+88+RsqdlBgdlhb]k(]mcsqhogdmxkognroghmd’OOg2+88+
Rhfl],@kcqhbg(+vhsg]m]citrs]akdb]s]kxrs,sn,onkxldqq]shncdodmc,
hmfnmsgds]qfdsdcr]stq]shnmkdudk-Enqr]stq]shnmkdudkrknvdqsg]m
14+sgdlnk]qq]shnne0+1,OAC9Vhkjhmrnm&rb]s]kxrs9OOg2 v]r
34/90908-Enqr]stq]shnmkdudkrghfgdqsg]m14+sgdlnk]qq]shnne
0+1,OAC9Vhkjhmrnm&rb]s]kxrs9OOg2v]r34/90890-Sgdqd]bsnqv]r
otqfdcvhsg]qfnmenkknvdcaxbg]qfhmfvhsg4//orhG1nqC1
oqdrrtqd]mcgd]shmf]s8/|B-Sgdqd]bshnmshldu]qhdceqnl1sn13
g-Sgdqd]bshnmjhmdshbrvdqdlnmhsnqdc]mcotakhrgdchmntqd]qkhdq
o]odq-5

Enqetkkr]stq]shnmne0+1,OAC’enqlhmfODD(+]Ocb]s]kxrs’4 nm
A]RN3+tmqdctbdc+RsqdlBgdlhb]k(vhsg]q]shnne0fb]s]kxrsodq0
fonkxldqv]rdloknxdc-Sgdqd]bsnqv]rotqfdcvhsg]qfnmenkknvdc
axbg]qfhmfvhsg4//orhG1nqC1oqdrrtqd]mcgd]shmf]s8/|B-Sgd
qd]bshnmv]rbnmctbsdcenq37g+enkknvdcaxqdlnu]knesgdb]s]kxrs
]mc]cchshnmneeqdrgb]s]kxrs-Sgdqd]bshnmv]rsgdmbnmctbsdcenq]m
]cchshnm]k37gtmshk]r]stq]shnmkdudkghfgdqsg]m88 v]r]ss]hmdc-
OD,bn,ODDbnonkxldqrvdqdrxmsgdrhydcsgqntfgsgdr]stq]shnmne

0+3,OAC,bn,0+1,OACbnonkxldqr-SgdOcb]s]kxrsv]rtrdcsn]bghdud
etkkr]stq]shnmne0+3,OAC,bn,0+1,OACvhsg]q]shnne0fb]s]kxrsodq0
fonkxldq-Sgdr]stq]shnmqd]bshnmoqnbddcdchm]O]qqghfg,oqdrrtqd
qd]bsnqtrhmfsgdoqnsnbnkneetkkr]stq]shnmne0+1,OACcdrbqhadc
]anud]mchmntqd]qkhdqotakhb]shnmr-4+5Aqhdfix+sgdqd]bsnqv]rotqfdc
vhsg]qfnmenkknvdcaxbg]qfhmfvhsg4//orhG1nqC1oqdrrtqd]mc
gd]shmf]s8/|B-Sgdb]s]kxrsv]rqdlnudc]esdq]mhmhsh]kqd]bshnmne
37g-Eqdrgb]s]kxrsv]r]ccdc+enkknvdcax]mnsgdq37gqd]bshnm
tmshk]r]stq]shnmkdudkghfgdqsg]m88 v]r]ss]hmdc-
Enqr]stq]shnmoqnbdctqdrdloknxhmfVhkjhmrnm&rb]s]kxrs+sgd

b]s]kxrsv]rqdlnudcsgqntfgbnktlmbgqnl]snfq]ogxtrhmfrhkhb]fdk
]mcbxbkngdw]md+vhsgcds]hkrcdrbqhadchmntqd]qkhdqo]odq-5Ltkshokd
bnktlmotqh■b]shnmrvdqdqdpthqdctmshkbkd]q]mcbnknqkdrronkxldqr
vdqd]ss]hmdc-Enqr]stq]shnmoqnbdctqdrdloknxhmfsgdOcb]s]kxrs+
sgdb]s]kxrsv]rqdlnudcax■ksq]shnmtrhmf]rs]bjneentqo]odq■ksdqr
’hmsgdnqcdqne00+7+00+]mc7μl(-Sgd■m]krnktshnmv]r■ksdqdc
trhmf]/-1μl■ksdq-Enq]kkonkxldqr+]esdqlnrsnesgdrnkudmsv]r
du]onq]sdchm]etldgnnc+sgdonkxldqrvdqdcqhdc]s3/|Bhm]
u]bttlnudmenq1vddjrtmshksgdr]lokdqd]bgdc]bnmrs]msvdhfgs-
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1-1-OniwldpBgXpXbsdphyXshnm-1-1-.-MtbidZpLZfmdshb
PdrnmZmbd MLP(-0G MLQ v]rtrdcsnbg]q]bsdqhydsgd
lhbqnrsqtbstqdnesgdtmr]stq]sdconkxldqr’EhftqdrR1±R5(trhmf
]IDNKDB@,4//hmrsqtldms+dloknxhmf]rnktshnmvhsg]
bnmbdmsq]shnmne18lf.lKhmcdtsdq]sdcbgknqnenql’88-7 C+
B]laqhcfdHrnsnodK]anq]snqhdr+Hmb-(-B]qanmMLQ’02BMLQ(
dwodqhldmsrsnoqnadlnmnldqrdptdmbdchrsqhatshnmhmbnonkxldqr
’EhftqdR6(vdqdodqenqldcnm]IDNKDB@,5//hmrsqtldmsvhsg]
rnktshnmonkxldqbnmbdmsq]shnmne103lf.lKhmcdtsdq]sdc
bgknqnenql ]mc04lf.lKbgqnlhtl ]bdsxk]bdsnm]sd]rsgd
qdk]w]shnm]fdms-Sgdqdk]w]shnmcdk]xshldv]rrds]s2-5renq02B
MLQdwodqhldmsrsndmrtqdsg]ssgdlnkdbtkdrvdqdetkkxqdk]wdcenq
pt]mshs]shudqdrtksr-Enq02BMLQ+sgdmtbkd]qNudqg]trdqdódbs
’MND(v]rstqmdcnó]mcc]s]vdqdbnkkdbsdcnudqmhfgssndmrtqd]
rhfm]k,sn,mnhrdq]shnfqd]sdqsg]m14/90-Bgdlhb]krghesrvdqd
qdedqdmbdcsnsgdoqnsnm]mcb]qanmqdrnm]mbdrnebgknqnenql]s
6-15]mc66-25ool+qdrodbshudkx-
1-1-1-FdiNdpldZshnmBgpnlZsnfpZogxFNB(-FOBv]rtrdcsn
bg]q]bsdqhydsgdvdhfgs]udq]fdlnkdbtk]qvdhfgs’Lv(]mcchrodqrhsx
’z+cd■mdc]rLv.Lm+vgdqdLmhrsgdmtladq]udq]fdlnkdbtk]q
vdhfgs(’EhftqdrR7±R03(-SGEv]rtrdc]rsgdlnahkdog]rdvhsg
sgdfinvq]sdl]hms]hmdc]s0lK.lhm]s2/|B-Sgdr]lokd
bnmbdmsq]shnmv]r0±4lf.lK]mchmidbsdcsnsgdbnktlm]s0//μK
hmidbshnmunktld-Sgddktsdcr]lokdrvdqd]m]kxydctrhmfsgqdd
cdsdbsnqr9chódqdmsh]kqdeq]bsnldsdq+uhrbnldsdq+]mckhfgsrb]ssdqhmf-
Khfgsrb]ssdqhmfv]rodqenqldcvhsg]k]rdqnev]udkdmfsgne56/ml-
Sgdbg]mfdhmqdeq]bshudhmcdwvhsgbnmbdmsq]shnm’cm.cb(v]r
ld]rtqdctrhmfsgdqdeq]bsnldsdq-Sgdcm.cbu]ktdrld]rtqdchm
SGE]s2/|Benq0+1,OAC]mc0+3,OHvdqd/-0/4/°/-///1]mc
/-0270°/-///6+qdrodbshudkx-Enq0+3,OAC,bn,0+1,OACvhsg 0+1
q]mfhmfeqnl4sn68+cm.cbv]rld]rtqdchmsgdq]mfdne/-0246°
/-///8sn/-0022°/-///6’hmSGE]s2/|B(-
1-1-2-CdmrhsxLdZrtpdldms-@cdmrhsxfq]chdmsbnktlmv]rtrdc
snbg]q]bsdqhydsgdcdmrhsxneonkxldqr]s12|B]rcdrbqhadchmntq
d]qkhdqo]odq-4Sgdmtladqnecdtsdqhtl]snlrodqqdod]stmhs+mC+
v]rb]kbtk]sdc]renkknvr+
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vgdqdL/+Ghrsgdlnkdbtk]qvdhfgsnesgdgxcqnfdm]sdcrodbhdr+ρC
]mcρG ]qdsgdcdmrhshdrnesgdcdtsdq]sdc]mcgxcqnfdm]sdc
onkxldqr+qdrodbshudkx+lC ]mclG ]qdsgd]snlhbvdhfgsrne
cdtsdqhtl ]mcgxcqnfdm+βhrsgdeq]bshnm]kqdctbshnmhmlnk]q
unktldenqetkkqdok]bdldmsnegxcqnfdmvhsgcdtsdqhtl+s]jdm]r]m
]udq]fdu]ktdne/-//1enqr]stq]sdcgxcqnb]qanml]sdqh]kr+03+10±12

]mc1Ghrsgdmtladqnegxcqnfdm]snlrhm]qdod]stmhsnesgd
gxcqnfdm]sdconkxldqr’vgdqdsgdqdod]stmhshrcd■mdcrtbgsg]s1G
<7hmntqrstcx(-
1-1-3-NnixldpBgZpZbsdphrshbr-Sgdlhbqnrsqtbstqd]mclnkdbtk]q
vdhfgsbg]q]bsdqhrshbrneonkxldqrtrdchmsghrrstcx]qdoqnuhcdchm
S]akdr0]mc1-
1-1-4-AidmcNpdoZpZshnm-Sgdonkxldqbnlonmdmsrnesgdakdmcr
vdqdbnchrrnkudchmbxbkngdw]md]sqnnlsdlodq]stqd]ssgdbqhshb]k
bnlonrhshnm’b]kbtk]sdctrhmfEknqx±Gtffhmrsgdnqx(-Sgdakdmc
rnktshnmv]rrnkudms,b]rsnmsn]pt]qsyvhmcnvlntmsdchm]0ll
ro]bdqshs]mhtlbdkkcdrhfmdcaxsgdM]shnm]kHmrshstsdneRs]mc]qcr
]mcSdbgmnknfx’MHRS(-Sgdl]inqhsxnesgdrnkudmsv]rdu]onq]sdc
hm]etldgnncenkknvdcaxcqxhmf]s3/|Bhm]u]bttlnudmenq0
vddjtmshketkkxcqx-Sgdr]lokdrvdqdb]oodcvhsg]rdbnmcpt]qsy
vhmcnv-S]akd2rgnvrsgdakdmcbg]q]bsdqhrshbr-
1-1-5-RlZii,6mfidMdtspnmRbZssdphmf R6MR(-R@MRbnmsq]rs
v]rhmctbdcsgqntfgr]stq]shnmne0+1,OACvhsgC1+r]stq]shnmne0+3,
OAC,bn,0+1,OACbnonkxldqrvhsgC1+nqtrdnecdtsdq]sdc0+3,OH
’c0+3,OH(otqbg]rdceqnlOnkxldqRntqbd-R@MRdwodqhldmsrvdqd
b]qqhdcntsnmsgdMF,62/lR@MR+MFA2/lR@MR+]mcMF,2
UR@MRad]lkhmdr]ssgdMHRSBdmsdqenqMdtsqnmQdrd]qbg-Nmsgd
MF,6]mcMFA2/lad]lkhmdr+sgdmdtsqnmv]udkdmfsg’λ(v]r5z

]mcqdrnktshnmΔλ.λu]ktdrvdqd/-00±/-11’MF,6(]mc/-0±/-2
’MFA(-Sgdr]lokd,sn,cdsdbsnqchrs]mbdrvdqd02+3+]mc0lenq
dwodqhldmsrnmsgdrdsvnad]lkhmdr+qdrtkshmfhm]v]ududbsnq
l]fmhstcd’p(+p<’3π.λ(rhm’θ.1(’vgdqdθhrsgdrb]ssdqhmf]mfkd(+
q]mfhmfeqnl/-//2sn/-4z±0-NmsgdMF,2UR@MRad]lkhmd+svn
bnm■ftq]shnmrvdqdtrdc-Hmnmdbnm■ftq]shnm+λ<5z]mcΔλ.λ<
/-00±/-11+vhsgr]lokd,sn,cdsdbsnqchrs]mbdrne8-0]mc1-0l:]
rdbnmcbnm■ftq]shnmvhsgλ<5-6z]mcΔλ.λ</-01v]rdloknxdc
vhsgr]lokd,sn,cdsdbsnqchrs]mbdrne10-0]mc3-0l-Sgdrdsvn
bnm■ftq]shnmrnmMF,2]kknvdcenq]bbdrrhmf]pq]mfdne/-//2sn/-4
z±0-@6,onrhshnmgd]shmfaknbjvhsgb]qsqhcfdgd]sdqrv]rtrdc-Sgd
R@MRhmsdmrhsxv]rbnqqdbsdcenqcdsdbsnqrdmrhshuhsx+a]bjfqntmc+
dlosxbdkk+r]lokdsq]mrlhrrhnm+]mcr]lokdsghbjmdrr-15 Sgd
hmbngdqdmsa]bjfqntmc’Hhmb(v]rpt]msh■dc]rsgdok]sd]tu]ktdne
Hsns]k]sghfgp+cdsdqlhmdc]rsgdrknodneHsns]kp

3urp3+nudq]pq]mfdne
/-14±/-24z±0+]roqduhntrkxqdonqsdc-4Sgdakdmcrsg]svdqdbkntcx
]sqnnlsdlodq]stqdvdqdgd]sdcsnsgdgnlnfdmdntrrs]sd]mc
dpthkhaq]sdcenq0gadenqdbnkkdbshmfc]s]-Sgdtmbdqs]hmsxhmHbng’p(
v]roqnuhcdcaxsgdad]lkhmdenqd]bgld]rtqdldmsneHbng-
1-2-R:MRCXsX:mXiwrhr-1-2-.-ThllLdsgnc-R@MRc]s]vdqd

]m]kxydctrhmfsgdYhllldsgncsndwsq]bsχenkknvhmfntqoqduhntrkx
otakhrgdcoqnsnbnkr-4+5@khmd]qcdodmcdmbdne0.Hbng’p(urp

1hr
]mshbho]sdcvgdmpPf;/-6+]mcχv]rpt]msh■dceqnlsgdu]ktdne0.
Hbng’p→/(nas]hmdceqnlsghrokns+]rcdrbqhadcoqduhntrkx-

4+5

1-2-1-PZmcnlNgZrd6oopnuhlZshnmPN6(Lncdi-R@MRc]s]+
H’p(urp+vdqd]m]kxydcsgqntfg■sshmfvhsgsgdQO@lncdksndwsq]bs
χ’S(]mcbg]hmchldmrhnmrnesgdakdmcbnlonmdmsrenkknvhmfqder4
]mc5-@bg]hmdwo]mrhnme]bsnq++v]r]ookhdcsn]kknvenqu]qh]shnm
nesgdq]chtrnefxq]shnm+Pf+hmsgdoqdrdmbdnesgdnsgdqakdmc
bnlonmdmsr9

STaid0-InivldoBgToTbsdohrshbrne03,IF01,IACTmc
IDD

onkxldqY
Lv

’jf.lnk(a za

0+3hmOH
nq0+1hm
OACb

ρ’f.lK(
]s12|Bd

Mqos]s
12|Be mC

f

0+3,OH,1j 0-8 0-/3 83-0 /-7846 26

0+3,OH,2j 2-3 0-0/ 83-/ /-8/05 52

0+3,OH,3j 2-7 0-06 83-/ /-808/ 62

0+3,OH,
00j

00 0-/3 83-0 /-8/05 100

c0+3,OH,
2j

2-1 0-03 83-0 /-8636 44 5-04

c0+3,OH,
12j

12 0-05 83-/c /-8746 273 5-14

0+1,OAC,
36j

36 0-/3 88-1 /-7757 760

cODD,2j 2-3 0-/0 87-5 /-8032 57 2-0/

gODD,4j 4-0 0-/0 87-5 /-7546 87
Y0+3,OH,Wjqdedqrsn0+3,OHvhsgLvneWjf.lnk+]mcsgdoqd■wc
hmchb]sdrsg]ssgdonkxldqv]rcdtsdq]sdc-0+1,OAC,Wjqdedqrsn0+1,
OACvhsgLvneWjf.lnk-’g.c(ODD,WjqdedqrsnODD’nas]hmdcax
r]stq]shnmne0+1,OACvhsgG1nqC1(vhsgLvneWjf.lnk+vghbghr
dhsgdqgxcqnfdmntr’g(nqcdtsdq]sdc’c(-aLd]rtqdctrhmfFOB
vhsgsqhokdcdsdbshnm’onkxnkd■mr9ld]rtqdcenqsgdonkxchdmd
oqdbtqrnq(-b0+1,]cchshnmneOAC nq0+3,]cchsnmne0+3,OH
’onkxnkd■mr9ld]rtqdcenqsgdonkxchdmdoqdbtqrnq(-Ld]rtqdc
sgqntfg0GMLQ:dqqnqdrshl]sdc]s°/-3±/-8-cCdtsdq]sdc0+3,
OHv]rotqbg]rdceqnlOnkxldqRntqbdvhsg 0+3bnmsdmsoqnuhcdc
axsgdrtookhdq-dLd]rtqdctrhmf]cdmrhsxfq]chdmsbnktlm-Sgddqqnq
v]rpt]msh■dcsnadkdrrsg]m°/-///2lKsgqntfgld]rtqdldmsrnm
ltkshokdr]lokdr+dloknxhmfltkshokdcdmrhsxfq]chdmsbnktlmr-
eMtladqneqdod]stmhsrodqbg]hm]s12|Ba]rdcnmsgdqdedqdmbd
unktldne0//z2-@m]udq]fdsgdql]kdwo]mrhnmbndfbhdmsne
/-///57J±0v]rtrdcenqsgdonkxldqrsn]bbntmsenqsgdsdlodq]stqd
cdodmcdmbdnesgdlnk]qunktld-13+14fSgdmtladqnecdtsdqhtl
]snlrodqqdod]stmhsv]rb]kbtk]sdctrhmfdp1-
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vgdqdPf+h+sgdnqv]rb]kbtk]sdceqnlkhsdq]stqdu]ktdrnekh+bnmudqsdcsn
sgda]rhrneuqde<0//z

2’kh<5-/+4-6+6-6+]mc3-6zenq0+1,OAC+0+3,
OH+OD+]mcODD+qdrodbshudkx+]s2/|B(-16±2/Sgd]citrs]akd■s
o]q]ldsdqrvdqdχ]mc ]rsgdR@MRc]s]vdqd■ssdcvhsgsgdQO@
lncdk]sd]bgsdlodq]stqd-
Enq0+1,OAC,bn,ODD]mcOD,bn,ODDbnonkxldqr+sgdrs]shrshb]k
rdfldmskdmfsg+kh+v]rb]kbtk]sdca]rdcnm]mdlohqhb]kenqltk]sg]s
v]roqduhntrkxu]khc]sdchmonkx’,nkd■m,bn,dsgxkdmd(q]mcnl
bnonkxldqr]rvdkk]rq]mcnlbnonkxldqrne0+3]mc0+1,OAC]bqnrr
]q]mfdnebnonkxldqbnlonrhshnmr903+07+20

k kl
i

’3(

vgdqdkh]mcwh]qdsgdrs]shrshb]krdfldmskdmfsg]mcunktldeq]bshnm
’hmsgdbnonkxldq(ned]bgsxodneqdod]stmhs+bnloqhrhmf]
bnonkxldqvhsgjtmhsr-
1-3-CXsXHmsdpopdsXshnm-Sgdχo]q]ldsdqrdwsq]bsdceqnlsgd
Yhll]mcQO@]m]kxrdrneR@MRc]s]vdqdhmsdqoqdsdctrhmfQBS

’dp0(]mclnqd]cu]mbdclncdkrcdrbqhadcadknvsg]shmbktcd
bnmsqhatshnmrctdsnchódqdmbdrhmsgdlnmnldqrsqtbstqdneakdmc
bnlonmdmsr+mnmq]mcnllhwhmf+]mcchódqdmbdrhmsgdqdronmrdsn
sdlodq]stqd]mcoqdrrtqdnesgdunktldsqhboqnodqshdrnesgdotqd
bnlonmdmsrnesgdakdmcr-Vddlog]rhydsg]su]qh]shnmrhmbnonkxldq
bnlonrhshnm’w]mcxhmdp0(]qdchrshmbseqnlbg]mfdrhmakdmc
bnlonrhshnm’unktldeq]bshnmned]bgbnlonmdmshhmsgdakdmc+ϕh(-
Vd]qdmnsdwoknqhmfdódbsrneakdmcbnlonrhshnmhmsghro]odq-
1-3-.-IZsshbdBitrsdpSgdnpx-Sgdk]sshbdbktrsdqsgdnqx’KBS(

oqnonrdcaxEqddc]mcbn,vnqjdqrpt]msh■drsgdhmfitdmbdne
lnmnldqrsqtbstqdsg]sb]trdrmnmq]mcnl lhwhmfdódbsrnm
sgdqlncxm]lhbhmsdq]bshnmrneahm]qxonkxldqakdmcr’cdrbqhadchm
lnqdcds]hkhmsgdRtoonqshmfHmenql]shnm(-21@r]mdwsdmrhnmneE±
Gsgdnqx+sgdKBScdrbqhadrhmsdq]bshnmradsvddmtmhsdc]snlfqntor
]mchmbktcdr]sdlodq]stqd,hmcdodmcdmsbnmsqhatshnm-KBSv]r
rtbbdrretkkx]ookhdcsncdrbqhadsgdsgdqlncxm]lhboqnodqshdrne
onkxldqakdmcrhmbktchmfsgnrdnemnqanqmdmd,bn,dsgxkdmdq]mcnl
bnonkxldqlhwstqdrvgdqdsgdc]s]cdo]qsrhfmh■b]mskxeqnlsgd
oqdchbshnmrnesq]chshnm]kQBSa]rdcnmE±Gsgdnqx-22KBSbnmmdbsr
sgdE±Gχvhsgo]q]ldsdqrsg]scdrbqhadsgdlnmnldqrsqtbstqd-

STaid1-InivldoBgToTbsdohrshbrne01,IAC,-c,IDDTmcID-c,IDD

onkxldqY unk ODDa Lv’jf.lnk(
b zb 0+1hmOACc ρ’f.lK(]s12|Bd Mqos]s12|B

e mC
f

0+1,OAC/-1,bn,cODD/-7,36j 7/ 36 0-/3 88-1 /-8//7 8/8 0-5/

0+1,OAC/-18,bn,cODD/-60,2j 60 2-3 0-/0 87-1 /-8/46 55 0-31

0+1,OAC/-4,bn,gODD/-4,6j 4/ 5-7 0-/0 87-1 /-7677 016

0+1,OAC/-52,bn,gODD/-26,14j 26 14 0-/3 88-2 /-77// 367

0+1,OAC/-7,bn,gODD/-1,14j 1/ 14 0-/3 88-2 /-77// 367

c’OD/-10,bn,ODD/-68(,2j 68 1-5 0-/4 68 /-8180 38 2-20

c’OD/-47,bn,ODD/-31(,1j 31 1-3 0-/1 31 /-7810 37 1-65

c’OD/-68,bn,ODD/-10(,2j 10 2-3 0-/4 10 /-7846 57 1-37

c’OD/-84,bn,ODD/-/4(,2j 4 1-7 0-/4 4 /-8722 41 2-18
Y0+1,OACY,bn,cODD0±Y,Wj]mc0+1,OACa,bn,ODD0±a,Xjqdedqsn0+1,OAC,bn,ODDbnonkxldqr’nas]hmdcsgqntfgr]stq]shnmne0+1,OACvhsgC1]mc
G1+qdrodbshudkx(+vhsg’0±Y(]mc’0±a(unkeq]bshnmrneODDtmhsr]mcLvneW]mcXjf.lnk-c’ODb,bn,ODD0±b(,Wjqdedqrsnsgdcdtsdq]sdcOD,
bn,ODDbnonkxldqvhsg’0±b(unkeq]bshnmneODDtmhsr]mcLvneWjf.lnk-

aUnk ODDhm0+1,OAC,bn,ODDnqOD,bn,ODDld]rtqdcsgqntfg0G
MLQ:dqqnqdrshl]sdc]s°/-3±/-8-bLd]rtqdcenqsgdOACoqdbtqrnqtrhmfFOBvhsgkhfgsrb]ssdqhmf-c0+1,]cchshnmnesgdOACoqdbtqrnq-
Ld]rtqdcsgqntfg0GMLQ:dqqnqdrshl]sdc]s°/-3±/-8-dLd]rtqdctrhmfsgdcdmrhsxfq]chdmsbnktlm-Sgddqqnqv]rpt]msh■dcsgqntfg
ltkshokdld]rtqdldmsrhmltkshokdbnktlmr]mcv]r°/-///0±/-///2f.lK-eMtladqneqdod]stmhsrodqbg]hm]s12|Ba]rdcnm]qdedqdmbd
unktldne0//z2-@m]udq]fdsgdql]kdwo]mrhnmbndfbhdmsne/-///57J±0v]rtrdcenqsgdonkxldqrsn]bbntmsenqsgdsdlodq]stqdcdodmcdmbd
nesgdlnk]qunktld-13+14fSgdmtladqnecdtsdqhtl]snlrodqqdod]stmhsv]rb]kbtk]sdcenkknvhmfdp1-

STaid2-AidmcBgToTbsdohrshbr

akdmc bnlonmdms090+1,OAC,bn,ODD+0+1,OACnqOD,bn,ODDY bnlonmdms190+3,OHa ϕ0
b Sb+R@MR

c’|B(

gODD,4j.c0+3,OH,2j gODD,4j c0+3,OH,2j /-31 23°1

cODD,2j.0+3,OH,2j cODD,2j 0+3,OH,2j /-40 37°2

0+1,OAC/-1,bn,cODD/-7,36j.0+3,OH,2j 0+1,OAC/-1,bn,cODD/-7,36j 0+3,OH,2j /-7/ 67°2

0+1,OAC/-18,bn,cODD/-60,2j.0+3,OH,00j 0+1,OAC/-18,bn,cODD/-60,2j 0+3,OH,00j /-25 ;14

0+1,OAC/-4,bn,gODD/-4,6j.c0+3,OH,12j 0+1,OAC/-4,bn,gODD/-4,6j c0+3,OH,12j /-28 ;14

0+1,OAC/-52,bn,gODD/-26,14j.c0+3,OH,12j 0+1,OAC/-52,bn,gODD/-26,14j c0+3,OH,12j /-40 ;14

0+1,OAC/-7,bn,gODD/-1,14j.c0+3,OH,12j 0+1,OAC/-7,bn,gODD/-1,14j c0+3,OH,12j /-40 =06/’KBRS(

0+1,OAC,36j.c0+3,OH,12j 0+1,OAC,36j c0+3,OH,12j /-5/ =06/’KBRS(

c’OD/-10,bn,ODD/-68(,2j.0+3,OH,3j c’OD/-10,bn,ODD/-68(,2j 0+3,OH,3j /-40 8/°0/

c’OD/-47,bn,ODD/-31(,1j.0+3,OH,3j c’OD/-47,bn,ODD/-31(,1j 0+3,OH,3j /-38 ;7/

c’OD/-68,bn,ODD/-10(,2j.0+3,OH,1j c’OD/-68,bn,ODD/-10(,2j 0+3,OH,1j /-44 8/°0/

c’OD/-84,bn,ODD/-/4(,2j.0+3,OH,1j c’OD/-84,bn,ODD/-/4(,2j 0+3,OH,1j /-46 0/4°4
Y0+1,OAC,bn,ODDbnonkxldqr]mc’g.c(ODDgnlnonkxldqrvdqdnas]hmdcsgqntfgr]stq]shnmne0+1,OACvhsgG1nqC1-0+1,OACv]rnas]hmdc
sgqntfg]mhnmhbonkxldqhy]shnmne0+2,ats]chdmd-c’OD,bn,ODD(bnonkxldqrvdqdnas]hmdcsgqntfgr]stq]shnmne0+3,OAC,bn,0+1,OACbnonkxldqr
vhsgC1-

aSgdoqnsnm]sdc0+3,OHv]rnas]hmdcsgqntfg]mhnmhbonkxldqhy]shnmnehrnoqdmd-Sgdcdtsdq]sdc0+3,OH’c0+3,OH(v]rotqbg]rdceqnl
OnkxldqRntqbd-bAkdmcbnlonrhshnmrvdqd]ssgdbqhshb]kbnlonrhshnmrb]kbtk]sdcaxEknqx±Gtffhmr’E±G(sgdnqxenq]kkakdmcrdwbdosenqakdmc
gODD,4j.c0+3,OH,2jvgnrdbqhshb]kbnlonrhshnmϕ0

bhr/-21-cSdlodq]stqd]svghbgsgdr]lokdsq]mrhshnmdceqnlsgdrhmfkd,og]rdrs]sdsnsgdsvn,
og]rdrs]sd+]rnardqudcsgqntfgR@MR-Akdmcrdwghahsdctoodqbqhshb]krnktshnmsdlodq]stqd’TBRS(adg]uhnqtmkdrrrodbh■dc]rKBRS’knvdq
bqhshb]krnktshnmsdlodq]stqd(-Enq]kkakdmcrdwbdosgODD,4j.c0+3,OH,2j+sghrhrsgdbqhshb]ksdlodq]stqd’Sb(]rsgdxvdqdoqdo]qdc]ssgdhqbqhshb]k
bnlonrhshnm-Sgddqqnqv]rpt]msh■dceqnlsgdsdlodq]stqdhmbqdldmsrtrdchmsgdR@MRdwodqhldmsr+d-f-+hec]s]vdqdbnkkdbsdchm0/|B
hmbqdldmsr+]mcsgdmsgddqqnqv]rpt]msh■dc]r°|4B-
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