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Eh il^_l ni i\n[ch [ mioh^ \[mcmojih qbc]b g_nbi^m i` qch*
n_lcha \__m mo]]_mm`offsch ]if^ ]fcg[n_m ][h \_ `ioh^_^) cn \_*
]ig_m h_]_mm[ls ni oh^_lmn[h^ nb_ `oh^[g_hn[f jlch]cjf_m i` nb_
g_n[\ifcmg i` nb_cl qchn_l ]fomn_l ch l_f[ncih ni ionmc^_n_gj_l[*
nol_m+ Pb_ jl_m_hn []]_jn_^ nb_ils mn[n_mnb[n [m nb_ ion c^_ n_g*
j_l[nol_m ^_]fch_ \_fiq [\ion 22{ ni 24{ B+ nb_ \__m [l_ `il]_^
ni nb_ jli^o]ncih i` b_[n \s [h ch]l_[ _ ch gom]of[l []ncpcns+ =m
nb_ n_gj_l[nol_ i` nb_ [cl cgg_^c[n_fs mollioh^cha nb_ \__m
n_[]b_m nbcmf_p_f) [ ^_`chcn_qchn_l ]fomn_l cm`ilg_^+ =fmi) nb_
n_gj_l[nol_ [n nb_j_lcjb_ls i` nbcm]fomn_l cmg[chn[ch_^ [n [\ion
nbcmn_gj_l[nol_ f_p_f) chmi`[l [m jimmc\f_+ Eh il^_l ni g[chn[ch
nbcmj_lcjb_l[f n_gj_l[nol_ [m ionmc^_n_gj_l[nol_m ^_]fch_) cn cm
[m og_^ nb[n nb_ \__m chmc^_nbcm]fomn_l ch]l_[m_ nb_cl go ]of[l
[]ncpcns [h^ ]ihm_ko_hnfs ]ihmog_ al_[n_l [giohn i` nb_cl ][l*
\ibs^l[n_ `ii^) bih_s) nb_ _h^ jli^o]nm i` nb_ g_n[\ifcmg i`
qbc]b [l_ b_[n) ][l\ih ^circ^_ [h^ q[n_l p[jil+ Pbom)[]]il^cha
ni nbc nb_ils) [m ionmc^_n_gj_l[nol_m \_]ig_ al_[nfs ^_jl_mm_^
nb_ ]ihmogjncih i` mnil_m[h^ gom]of[l []ncpcns \s nb_ \__m [l_
al_[nfs ch]l_[m_^) nbioab nb_ _rn_hn [h^ l[n_ i` mo]b ch^o]_^
g_n[\ifc] jli]_m _mb[p_ hin \__h ^_`chcn_fŝ _n_lgch_^+

Pb_ jl[]nc][f [jjfc][ncih qbc]b b[m \__h g[^_ i` nbc nb_ils
b[ l_mofn_^ch nb_ \_fc_` nb[n \__mqchn_l_^ ch ]if^ ]fcg[n_ gomn
\_ acp_h [ al_[n [giohn i` jlin_]ncih \s chmof[ncih [h^ qch^*
\l_[em `lig _r]_mmcp_fsfiq ionmc^_n_gj_l[nol_m [h^ nliha qch*
n_l qch^m+ D_h]_) nb_ jl[]nc]_ i` !j[]echa! nb_ ]ifihc_m i` \__m
qcnb o]b chmof[ncihg[n_lc[fm [m m[q^omnil nl[q ni [ nbc]eh_mm
i` `lig / ni .1 ch]b_mb[m ^_p_fij_^+

Diq_p_l) nb_l_%[l_ g[hs mo]]_ m`of ]igg_l]c[f \__e__j_lm
ch Ssigcha) ?ifil[^i) Qn[b) E^[bi [h^ inb_l giohn[ch n[n_m)[m
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q_ff [m inb_l [l_[m i` nb_ hilnb_lh mn[n_m)qbi b[p_ hin jl[]nc]_^
qchn_l chmof[ncihi` nb_cl ]ifihc_m i` \__mil b[p_ acp_h \on fcnnf_
jlin_]ncih ch [^^cncih ni nb_ il^ch[ls bcp_ \i^s+ fXf[hs i` nb_ _
\__e__j_lm b[p_ nlc_^ b_[ps chmof[ncih i` nb_cl \__m ^olcha nb_
qchn_l \on ^i hin `ch^ nb[n nb_l_mofnmdomnc`snb_ jl[]nc]_+ Sch^*
\l_[em [l_ jl_nns a_h_l[ffs om_^)l_a[l^f_mm i` inb_l jlin_]ncih+

Bolnb_lgil_) cnb[m i`n_h \__h i\m_lp_^ nb[n h_af_]n_^ ]ifi*
hc_mi` \__m)mig_ncg_mch g[e_*mbc`n bcp_mij_h_^ \s g[hs ]l[]em
ni nb_q_[nb_l) g[s ]ig_ nblioab l[nb_l m_p_l_qchn_l ]ih^cncihm
ch aii^ mnl_hanb)nbioab i]][mcih[ffs nb_l_ [l_ m_p_l_ fimm_mi`
mo]b ]ifihc_m+ =fnbioab ^_n[cfm`il nb_ [h[fsmcm i` nb_m_mcno[*
ncihm[l_ i\pciomfs f[]echa) nb_cl bcmnils cmmi i`n_h l_j_[n_^ nb[n
cncm^c``c]ofnni ]igjf_n_fs cahil_ nb_cl cgjiln[h]_ il [nn_gjn ni
_rjf[ch [q[s nb_cl mcahc`c][h]_+

Pb_ _h^ l_mofnmi` nb_nqi al_[nfs ^cp_la_hn nsj_m i` ion^iil
qchn_lcha i` \__mch ]if^ ]fcg[n_m ]l_[n_m [ j[l[^ir qbc]b ][hhin
\_ _rjf[ch_^ _hncl_fs \s nb_ [\ip_ mn[n_^nb_ils i` nb_ qchn_l
[]ncpcns i` \__m+ Chf_[^m ih_ ni qih^_l c` nb_l_ g[s \_ inb_l
`[]nm ]ih]_lhcha nb_ `oh^[g_hn[f g_n[\ifcmg i` nb_qchn_l ]fomn_l
i` \__m qbc]b g[s hin b[p_ \__h ^cm]fim_^ \s nb_ qile i` jl_*
pciom chp_mnca[nilm+Enq[m qcnb nbcmnbioabn ch gch^ nb[n nb_
l_m_[l]b b_l_ch l_jiln_^ q[m jlim_]on_^+

= NAREAS KB PDA HEPAN=PQNA

Pb_ l_mofnmni \_ acp_h ch nbcmj[j_l n_h^ hin ni \_[l ion
mig_ i` nb_ mn[n_g_hnmg[^_ \s jl_pciom chp_mnca[nilmi` nbcm
jli\f_g+ D_h]_) [nn_hncih c ][ff_^ ni nb_ gil_ cgjiln[hn ]ih*
nlc\oncihmih nb_mo\d_]n[h^ ni [ mogg[ls i` nb_ l_mofnmacp_h+

C[n_m &E'& jcih__l_^ ch nb_ chp_ nca[ncih i` nb_ qchn_l []*
ncpcnsi` \__m)mno^schâ [cfs fim ch q_cabn [h^ n_gj_l[nol_ l_[]*
ncihm\s nb_ om_i` jl_]cmcih g_l]ols nb_lgig_n_lm+ Dcm`ch^cham
q_l_7 #Q$ Pb_ l[n_ i` ]ihmogjncih i` nil_m _rbc\cn_^ [ l_f[ncp_fs
]ihmn[hn ^_]l_[m_ big ...-hnb ni gihnb7 #Q$ nb_ [gjfcno^_ i`
p[lc[ncih ch ]fo n_l n_gj_l[nol_ p[lc_^ \_nq__h /-{ ?+ [h^ /5{ ?+7

#IaYOR^_ VZ j[l_hnb_mcm̂ RSR^̀ [  =V`R^N`a^R 5V`RQ N` `UR RZQ[S `UV_OaXXR`VZ&
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#S$ nb_ g[rcgog ]fomn_l n_gj_l[nol_ i]]oll_^ jl[]nc][ffs mcgof*
n[h_io Es qcnb nb_ gchcgog ionmc^_)[h^ nb_ gchcgog ]fomn_l
n_gj_l[nol_ dYSUcU`aQ%#T$ ]fomn_l_rj[h cih [h^ ]ihnl[]ncih q[m
hin_^ ch l_f[ncih ni q[lg [h^ ]if^ q_[nb_l) l_ j_]ncp_fs8 [h^ #U$
[h chn_l]b[ha_ i` \__m`lig nb_ionmc^_ni nb_chmc^_i` nb_ ]fomn_l
[h^ \[]e q[m i\m_lp_^ ch nb_]fomn_l+ Pb_ gchcgog ionmc^_n_g*
j_l[nol_ ^olcha nb_ _ _rj_lcg_hnm q[ .1- B+

Lbcffcj [h^ @_gonb &/' ]ihncho_^ nbcmqile ih n_gj_l[nol_
l_[]ncihm) l_jf[]cha g_l]ols nb_lgig_n_l qcnb nb_lgi*]iojf_m+
Pb_s mnl_mm_^[m nb_cl gimn cgjiln[hn ]ih]fomcih nb_ `[]n nb[n [m
ionmc^_n_gj_l[nol_m `[ff \_fiq nb_ ]fomn_lchan_gj_l[nol_) qbc]b
cm[jjlircg[n_fs 24- B+)nb_ \__m\_ach ni a_h_l[n_ b_[n \s _rnl[*
hilg[f []ncpcns)qbc]b []ncpcnsch]l_[m_mni [h [f[lgcha ^_al__ [m
fiq n_gj_l[nol_m [l_ l_[]b_^+ Pb_s i\m_lp_^ nbc []ncpcns [m [
gipcha i` nb_ [\^ig_h `lig mc^_ni mc^_[h^ nb_ `[hhcha i` nb_
qcham+ Pb_cl jo\fcmb_^ ^[n[ ]ip_l_^ [ j_lci^ i` nbl__ ^[sm%_r*
j_lcg_hn[ncih qcnb [ gchcgog ionmc^_n_gj_l[nol_ i` 06{ B+

Icfh_l [h^ @_gonb &0' g_[mol_^ nb_ l[n_ i` g_n[\ifc g i`
\__mqbcf_ ]fomn_l_^ [n n_gj_l[nol_m l[hacha \_nq__h 1/+5{ B+[h^
15+)2{B+ \s g_[h i` [ l_mjcl[ncih ][filcg_n_l+ Pb_cl cgjiln[hn
]ihnlc\oncih c [ ^_gihmnl[ncih i` nb_ `[]n nb[n \__m oh^_l nb_m_
]ih^cncihm j_l`ilg [h [giohn i` qile ]igj[l[\f_ qcnb nb[n ^ih_
\s [ g[h [n b[l^ f[\il) jioh^ `il jioh^+ Diq_p_l) nb_s [fmi
l_[]b_^ nb_ bsjinb_nc][f ]ih]fomcih nb[n nb_ _h_las ionjon oh^_l
]if^ q_[nb_l ]ih^cncihm gomn \_ _hilgiom) jl_ og[\fs go]b
al_[n_l nb[h nb[n qbc]b nb_s []no[ffs i\m_lp_^+

Lbcffcjm [h^ @_gonb) &1') &2' [h^ &3') f[n_l g[^_ jl[]nc][f
[jjfc][ncih i` nb_cl jl_pciom chp_mnca[ncihm[h^ ][ff [nn_hncih ni
nb_ `iffiqcha jichnm7 #P$ Qhf_ m\__m [l_ q_ff jlin_]n_^ \s ch*
mof[ncih ^olcha nb_qchn_l) nb_]ifihs qcff a_h_l[n_ [ al_[n [giohn
i` b_[n [h^ \olh cn_f` ion8 #Q$ cnc cgjimmc\f_ ni chmof[n_\__m
nii b_[pcfs ^olcha qchn_l8 [h^ #R$ [ n_gj_l[nol_ i` 1-{ ni 12{ B+
cm\_mn`il \__ ]_ff[lm) qb_l_[m [ n_gj_l[nol_ \_fiq 1-{ B+ cmch*
p[lc[\fs \[^ `il nb_ \__m)[h^ [ ]_ff[l ch qbc]b nb_ n_gj_l[nol_
ai_ [ Eiq[ `l__tcha cmhin [ `cnjf[]_ `il \__m+
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Scf ih [h^ Icfog &4' ^c[al[g[nc][ffs ][ff_^ [nn hncih ni
]fomn_l _rj[hmcih [h^ ]ihnl[]ncih) \on ^c^ hin m_ǹ ilnb nb_ mca*
hc`c][h]_ i` nbcmjb_hig_hih+ Pb_s [al__ qcnb jl_pciom [onbilm
nb[n !=m nb_ n_gj_l[nol_ ionmc^_nb_ ]fomn_l \_]ig_ fiq_l) nb_
n_gj_l[nol_ qcnbch nb_ ]fo n_l \_]ig_m bca_l oj ni [ p[lc[\f_
fcgcn+! %E%bcmmn[n_g_hncmhin ]f_[lfs ^_gihmnl[n_^ \s nb_cl ^[n[+
@olcha nb_]if^_mn j_lci^ &*EO{B+'+ nb_bcab jichn ch nb_]fomn_l
q[m 51{B+) qb_l_[ cn`fo]no[n_m\inb q[sm `lig nbcmjichn ^ol*
cha \inb q[lg [h^ ]if^ j_lci^m+ >_][om_ nb_s jfinn_^ [ ]olp_
`il _[]b nb_lgi*]iojf_ ch ]blihifiac][f il^_l) nb_cl ^[n[ [l_ ^c`*
`c]ofn ni [h[fst_ [h^ chn_ljl_n+ Pb_s g[^_ nbcmp_ls mcahc`c][hn
mn[n_g_hn)qbc]b cmb[l^fs ]igj[nc\f_ qcnb nb_ `il_aicha ]ih]fo*
mcih) !Pb[n) l_a[l^f_mm i` nb_ [giohn i` chmof[ncih jlipc^_^ nb_
]ifihc_m) nb_s g[chn[ch [\ion nb_m[g_ bcab n_gj_l[nol_ [h^ [\ion
nb_ m[g_ [p_l[a_ n_gj_l[nol_ i` nb_ ]fomn_l+!

D_mm&5' ]ih`clgm nb_ `ch^chami` inb_l chp_mnca[nilmih nb_
chp_lm_n_gj_l[nol_ l_f[ncihmbcd i` nb_ ]fomn_l ni ionmc^_ n_g*
j_l[nol_+ Dcmi\ _lp_^ hilg[f [gjfcno^_ i` p[lc[ncih cm\_nq__h
35{ B+ [h^ 53{ B+

Dcgg_l &6' cm[fmi ch [al__g_hn ojih nbcmm[g_ jichn i`
n_gj_l[nol_ l_f[ncihmbcjm+ D_ [fmi ]cn_^ [ p[lc[ncih ch nb_qchn_l
]fomn_l \_nq__h 35{ B+ [h^ 53{ B+ = mno^si` nb_ fimmch q_cabn
]ich]c^_hn qcnb n_gj_l[nol_ l_]il^m jlip_^ ohm[ncm`[]nils) \on
nb_ ]ih]fo cih q[m ^l[qh nb[n ih nb_ qbif_ nb_ gil_ m_p_l_qch*
n_l ][om_^ [ f[la_l ]ih olhjncih i` mnil_mnb[h nb_ gcf^ qchn_l)
\on nb_^c``_l_h]_ q[m mi mg[ff nb[n cnq[m hin mcahc`c][hn+

D_ `olnb_l `ioh^ nb[n ]ihncho_^ ]if^ q_[nb_l b[^ [ mg[ff_l
ch`fo_h]_ ih ]ihmogjncih nb[h `l_ko_hn [h^ f[la_ n_gj_l[nol_
`fo]no[ncih+ Pbcm[onbil cmn\_ `clmnni jichn ion nb_ al_[n mca*
hc`c][h]_ i` nb_]ihm_lp[ncih i` hilg[f g_n[\ifc] b_[n \s nb_ g_l_
`[]n i` nb_]fomn_lchai` ]if^*\fii^_^ ila[hcmgm) qbc]b b_ ch^c][n_^
g[s [giohn ni 0-{ ni 02{ B+ ch nb_ ][ _ i` [ ]fomn_l i` \__m+
Dcgg_f% ^c^ hin `ch^ [h chn_l]b[ha_ i` nb_ \__ `l-... nb_ mol`[]_
ni nb_]_hn_l i` nb__ff n_f%[h^ ]ih]fo^_^ nb[n mo]b [h []ncpcns^c^
hin n[e_ jf[]_+ ?ihm_ko_hnfs) b_ [^p[h]_^ nb_ nb_ils nb[n nb_
chh_l \__m [l_ ch^o]_^ ni []ncpcns \s [ g_]b[hc][f cgjofm_ cg*
j[ln_^ \s nb_ mol`[]_ \__m+
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Eh moggcha oj nb_ l_pc_q i` nb_ fcn_l[nol_ cn [jj_[lm nb[n
[ff i` nb_ [onbilm [l_ ch [al__g_hn ojih nb_ `iffiqcha jichnm7

.+ Pb[n [ nb_ ionmc^_qchn_l n_gj_l[nol_ ^_]fch_m)nb_ n_g*
j_l[nol_ ch nb_ ]_hn_l i` nb_ ]fomn_l lcm_m)[h^ dYSUcU`aQ'

/+ Pb[n [ ion^iil n_gj_l[nol_m ^_]fch_ \_fiq nb_]fomn_lcha
n_gj_l[nol_ al_[n_l g_n[\ifcmg qcnbch nb_ ]fomn_l cmch*
^o]_^+

PA?DJEMQA

9UbU`[Y\QbY]\ ]V 9QYZgA]aa Y\ HJUYWXb'Pb_l_ [l_ `iol jim*
c\f_ g_nbi^m \s qbc]b [h ch^_r ni nb_ g_n[\ifcmg i` nb_ qchn_l

]fo n_f%i` \__mg[s \_ i\n[ch_^+ Pb_ _) ch nb_ il^_l i` nb_cl cg*
jiln[h]_ [h^ jl_]cmcih) [l_7

C* Pb_ ^_n_lgch[ncih i` nb_ ][l\ih ^circ^_ ionjon+ =n nb_
ncg_ nb_ chp_mnca[ncihmb_l_ch l_jiln_^ q_l_ \_aoh) nb_ ihfs jim*
c\f_ g_nbi^ i` g_[molcha nb_][l\ih ^circ^_ ionjon i` nb_]ifihs

q[m \s g_[hm i` nb_ l_mjcl[ncih ][filcg_n_l+ Pbcm[jj[l[nom cm
i\pciomfs hin [^[jn[\f_ ni [ mno^si` nbcmjli\f_g qb_h cnc ^_*
mcl[\f_ ni b[h^f_ nb_ ]ifihc_m hilg[ffs ion i` ^iilm+ D_h]_) nbcm
gimn jl_]cm_ i` [ff i` nb_g_nbi^m i`*g_[molcha nb_l[n_ i` g_n[\*
ifcmg i` nb_\__ ]iof^ hin \_ om_^+

/+ Pb_ ^_n_lgch[ncih il nb_ ^[cfs ]ihmogjncih i` bih_s \s
g_[hm i` l_]il^cha nb_ ^[cfs fim ch q_cabn i` nb_]ifihs+ -o nbcm
g_nbi^ qiof^ jlipc^_ [ jl_]cm_ g_[mol_ i` nb_^[cfs h_n]ihmogj*
ncih i` bih_s cn qiof^ \_ gil_ mcgjf_ [h^ [m []]ol[n_ [m nb_
g_[mol_ i` nb_ ][l\ih ^circ^_ ionjon+ Diq_p_l) `iol p[lc[\f_
[l_ chpifp_^ qbc]b [l_ ^c``c]ofn i` [\ ifon_ ]ihnlif [h^ jlij_l
g[nb_g[nc][f [h[fsmcm+ Bclmn)nb_l_ cmnb_ jim c\cfcnsi` nb_ ]ih*
^_hm[ncih ojih nb_ chh_l j[lnm i` nb_ bcp_ [h^ nb_ bsali ]ijc]
[\miljncih \s bih_s i` nb_ g_n[\ifc] q[n_l jli^o]_^+ O_]ih^)
nb_ []]ogof[ncih i` `_]_m ^o_ ni ]_ln[ch oh^ca_mnc\f_g[n_lc[fm ch
nb_bih_s qbc]b [l_ l_n[ch_^ qcnbchnb_l_]nog ^olcha ]if^ q_[nb_l
[h^ _rj_ff_^ ionmc^_i` nb_ bcp_ qb_h q[lg q_[nb_l g[e_m `fcabn
jimmc\f_) gomn \_ ]ihmc^_l_^+ Pbcl^) \__m qbc]b ^c_ ^olcha ]if^
q_[nb_l g[s \_ ^l[aa_^ ion i` nb_bcp_m̂ olcha j_lci^m i` `fcabn+
Biolnb) nb_l_ cmnb_ jimmc\cfcnsi` [\miljncih i` gicmnol_ `lig
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hilg[f jl_]cjcn[ncih) [m q_ff [m `lig nb_[ngimjb_l_) jlcg[lcfs \s
nb_ _rn_lh[f j[lnm i` nb_ biomcha) [h^ _]ih^fs \s nb_ chh_l jil*
ncihmi` nb_ bcp_[h^ \s nb_bsalim]ijc] bih_s+ Pb_m_^cmnol\cha
p[lc[\f_ `[]nilm gomn \_ l_^o]_^ ni chmcahc`c][h]_il g[nb_g[nc]*
[ffs g_[mol_^ c` nbcmg_nbi^ cmni \_ _gjfis_^ qcnb jl_]cmcih+

0+ P_gj_l[nol_ g_[mol_g_hnm i` nb_ qchn_l ]fomn_l i` \__m
ch l_f[ncih ni _rn_lh[f n_gj_l[nol_+ =fnbioab nbcmg_nbi^ cmnb_
ih_ qbc]b b[m \__h gimn _rn_hmcp_fsom_^ \s jl_pciom chp_mnca[*
nilm) cncmij_h ni ]lcnc]cmg+ Pb_ p[lc[\f_ i` al_[n_mncgjiln[h]_
chpifp_^ cmnb_ _``_]n i` ]ihnl[]ncih [h^ _rj[hmcih i` nb_ qchn_l
]fomn_l ojih p[lscha ^_al__mi` l_n_hncih i` g_n[\ifc] b_[n \s nb_
ch]l_[m_^ il ^_]l_[ _^ l[^c[ncih [h^ chmof[ncih jli^o]_^+ Ll_*
pciom chp_mnca[nilmb[p_ jichn_^ ion nb_ `[]n nb[n mo]b chmof[ncih
[h^ l_n_hncih i` b_[n cm[]]igjfcmb_^ \s nb_qchn_l ]fomn_l i` \__m)
\on hih_ b[m n[e_h chni m_lciom]ih c^_l[ncih nb_p[lc[\f_ chpifp_^
ch nb_ ]ill_f[ncih i` g_n[\ifc] l[n_ qcnb ]fomn_l n_gj_l[nol_m ch
l_f[ncih ni ionmc^_n_gj_l[nol_m+ Chcmnb_ ijchcih i` nb_ qlcn_l
nb[n nbcmp[lc[\f_ cmi` go]b al_[n_l cgjiln[h]_ nb[h b[m jl_*
pciomfs \__h ]ihmc^_l_^ [h^ nb[n n_gj_l[nol_ mno^c_m[fih_ [l_
gcmf_[^cha [m [ g_[mol_ i` g_n[\ifc] l[n_+

1+ Pb_ ^cl_]n i\ _lp[ncih i` nb_ []ncpcns i` nb_ \__m qcnbch
nb_qchn_l ]fomn_l+ Pb[n nbc g_nbi^ ^i_m hin j_lgcn i` p_ls _r*
n_h^_^ il ^_n[cf_^ chp_mnca[ncihcmj_l`_]nfs i\pciom+ Eh il^_l ni
m__qb[n [hs i` nb_\__m[l_ []no[ffs ^icha) _r]_jn ojih nb_j_lcjb*
_ls i` nb_ ]fomn_l) ih_ gomn ]l_[n_ [lnc`c]c[ffs ^cmnol\cha ]ih^c*
ncihm+ Pb[n nb_ g_nbi^ cm _lciomfs ko_mncih[\f_ cm_pc^_h]_^ \s
nb_ `[]n i` nb_ al_[nfs ^cp_la_hn i\m_lp[ncihm [h^ ijchcihm acp_h
ch nb_ qilem i` nb_ [onbilm l_pc_q_^+

Eh nb_ chp_mnca[ncihb_l_ l_jiln_^ nb_ m_]ih^ [h^ nbcl^ g_nb*
i^m q_l_ om_^ch il^_l ni ]b_]e nb_ ih_ [a[chmn nb_ inb_l+

Qh^_l nb_ ]fcg[nc] ]ih^cncihm i\n[chcha [h^ qcnb nb_ [jj[*
l[nom om_^nb_p[lc[\f_ chpifp_^ ch nb_ ^_n_lgch[ncih i` nb_ ^[cfs
bih_s ]ihmogjncih q_l_ _cnb_l l_^o]_^ ni ]igj[l[ncp_ chmcahc`c*
%][h]_ il nb_cl_``_]n ojih nb_[h[fsmcmi` nb_^[n[ ][f]of[n_^+ Pb_
_``_]n i` nb_ _rjofmcih i` ]ih^_hm_^ g_n[\ifc] q[n_l qcnbch nb_
bcp_)nb_]f_[hmcha i` []]ogof[n_^ `_]_m[h^ nb_ _rjofmcih i` ^_[^
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\__m cmg_[mol_^ ^olcha [h _rn_h^_^ q[lg j_lci^ cgg_^c[n_fs
`iffiqcha [ ]if^ q[p_+ Pb_ l_f[ncp_ bogc^cns ch iol ]fcg[n_ [n
H[l[gc_) Ssigcha) cmmi fiq nb[n c` nb_ ]if^_mn j[ln i` nb_ bcp_
cm[n nb_ _hnl[h]_) nb_ ][llscha i`` i` g_n[\ifc] q[n_l p[jil cm
al_[nfs _rj_^cn_^+ Pb_ nij i` nb_ ohchmof[n_^]ifihs q[m acp_h
jlin_]ncih ch [^^cncih ni nb_ il^ch[ls ]ip_l \s nb_ om_i` [h ch*
h_l ]ip_l [h^ [ j[^ i` n[l j[j_l+

=m _pc^_h]_ i` nb_^lsh_mmi` nb_ ]fcg[n_) .+13 ch]b_mi` jl_*
]cjcn[ncih `_ff ^olcha @_]_g\_l) F[ho[ls [h^ B_\lo[ls i` .6/4*/5+
qbc]b q[m nb_g[rcgog `il nb_ `iol s_[lm chpifp_^+ Pbcmjichn
cm`olnb_l _gjb[mct_^ \s nb_ `[]n nb[n nb_ g_[h `l__ q[n_l mol*
`[]_ _p[jil[ncih `il H[l[gc_ cm40 ch]b_mj_l s_[l+

Pb_ p[lc[\f_ ch^o]_^ \s jl_]cjcn[ncih q[m) ch nb_ qile l_*
jiln_^) i` hi cahc`c][h]_ qb[nmi_p_l+ Pb_ bcp_m[h^ j[]echa
][m_mq_l_ acp_hnqi ]i[nm i` j[chn ni jl_p_hn [\miljncih i` q[n_l+
=ff ]l[]em q_l_ m_[f_^ qcnb [ q[n_l*jlii` g[n_lc[f+ Pb_ mg[ff
[giohn i` jl_]cjcn[ncih qbc]b ^c^ i]]ol `_ff ch nb_ `ilg i` ]if^
mhiq) qbc]b q[m cgg_^c[n_fs l_gip_^ `lig [ff j[lnm i` nb_ bcp_
[h^ nb_ m][f_m+ Pb_ nin[f jl_]cjcn[ncih `il _[]b nbl__ gihnbm%
j_lci^ chpifp_^ q[m [m `iffiqm7 .6/4*/5) C*13 ch]b_m8.6/5*/6+
-+3- ch]b_m)[h^ .6/6*.60-)-+64 ch]b_+ Pb_ g[rcgog [giohn i`
jl_]cjcn[ncih `il [hsih_ ^[s ^olcha .6/4*/5 q[m -+/5 ch]b+ Kl^c*
h[lcfs hi q_cabn l_]il^m q_l_ n[e_h ^olcha [ mnilgs j_lci^) j[l*
nc]of[lfs qb_h c]_ il mhiq []]ogof[n_^ ih nb_ bcp_ mi nb[n cn
]iof^ hin \_ l_gip_^+ Kh_ j_lci^ i` /4 ^[sm qcnb ihfs -+-.
ch]b_mi` jl_]cjcn[ncih ojih ih_ ^[s q[m [p[cf[\f_ `il mno^s+
S_cabn l_]il^m n[e_h ^olcha mig_ mnilgs ^[sm ]ihnl[mn_^ qcnb
nbim_ i` nb_ mnilg*`l__ ^[sm ^c^ hin l_p_[f [hs _lciom _rj_lc*
g_hn[f _llil+

=m ni nb_ p[lc[\f_ chnli^o]_^ \s nb_[]]ogof[ncih i` E___) cn
cmcgjiln[hn ni jichn ion nb_ `[]n nb[n nb_ bih_s om_^ `il mnil_m
q[m qbcn_ [h^ q[n_l*qbcn_ mq__n ]fip_l bih_s+ Oq__n ]fip_l
bih_sm g[s loh [m bcab [m -+2 j_l ]_hn ^_rnlch+ Bcaolcha q[ n_

g[n_lc[f ojih [ \[mcmi` . j_l ]_hn `il nb_ g[rcgog j_lci^ i`

]ih`ch_g_hn mno^c_^)[ g[rcgog _rj_lcg_hn[f _llil i` |-+iii01
ioh]_m i` ^[cfs fimmch q_cabn j_l ioh]_ i` \__mcmji mc\f_+
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Pb_ l_gip[f i` ^_[^ \__m q[m i` f_mm]ihm_ko_h]_ nb[h nb_
`[]nil i` []]ogof[n_^ `_]_m+ @olcha nb_ j_lci^m mno^c_^)̀ _q
^_[^ \__m q_l_ n[e_h ion i` nb_ bcp_m)[m nb_ q_[nb_l q[m hin
il^ch[lcfs mo``c]c_hnfsq[lg ni `[]cfcn[n_ mo]b []ncpcns+

Pb_ m][f_mom_^ ch nb_ _rj_lcg_hn q_l_ al[^o[n_^ ni /)#' nb
i` [h ioh]_ [h^ \lie_ l_[^cfs qcnb nbcm[giohn i` ]b[ha_ ch
q_cabn+ N_]il^m q_l_ n[e_h `lig _[]b ]ifihs ^[cfs [n 5 [+ g+
Ji ^cmnol\[h]_m ^_n_]n_^ \s n_gj_l[nol_ ch]l_[m_m qcnbch nb_
]fomn_l q_l_ hin_^ \_][om_ i` nb_ n[echa i` nb_m_q_cabn l_]il^m+

HU\Y^U`QYc`Ù*-UQac`S[U\ba' =ff n_gj_l[nol_ g_[mol_g_hnm
n[e_h chmc^_nb_ ]ifihc_m q_l_ _f_]nli*nb_llhc][ffs g[^_ \s nb_ om_
i` nb_lgi*]iojf_m+ Pb_ nb_lgi*]iojf_m q_l_ g[^_ i` hog\_l 0-
a[oa_ ]ijj_l [h^ ]ihmn[hn[h qcl_+ = H__^m*Jilnbloj jl_]cmcih
gcllil a[fpihig_n_l [h^ [ jin_hncig_n_l m_hmcncp_ni .,/-nb i`
[ ^_al__ nb_lgif ^c``_l_hnc[f g_[mol ^ nb_ `fiq i` _f_]nlc][f ]ol*
l_hn+ Pb_ ]if^ _oh]ncih i` nb_ nb_lgi*]iojf_ ]cl]ocn q[m mn[h^*
[l^ct_^ ni -{ ?+ \s cgg_lmcih ch ]l[]e_^ c]_ [h^ q[n_l ]ihn[ch_^
qcnbch[ nb_lgi \innf_+ Pb_ l[jc^ l_[^cha i` nb_ 51 ni ./3 ^c`*
`_l_hn nb_lgi*]iojf_m om_^q[m `[]cfcn[n_^ \s g_[hm i` /1*jichn
^io\f_*]ihn[]n H__^m*Jilnbloj lin[ls mqcn]b_m+Pb_ jin_hncig_*
n_l q[m ][fc\l[n_^ ni ^_al__m i` n_gj_l[nol_ [n nb_ `[]nils+ =n
nb_ \_achhcha [h^ [n nb_ _h^ i` _[]b _rj_lcg_hn nb_ nb_lgi*
]iojf_m q_l_ n_mn_[̂h^ hih_ q[m _p_l `ioh^ ni \_ acpcha [h ch*
[]]ol[n_ l_[^cha+

Pq_hns*ih_ nb_lgi*]iojf_m q_l_ chnli^o]_^ chni _[]b ]ifihs
[h^ [ll[ha_^ []]il^cha ni Bcaol_m l+8ni .3+ =ff mj[]_m \_nq__h
]ig\m ch \inb nb_ bilctihn[f [h^ p_lnc][f jf[h_ qcnbch nb_ bcp_
\i^s i]]ojc_^ \s nb_ \__m q_l_ nbom]ip_l_^+ Pb_ [ll[ht_g_hn
q[m mo]b nb[n nb_al_[n_l jlijilncih i` nb_ nb_lgi*]iojf_ qiof^
\_ qcnbchnb_ qchn_l ]fo n_l gimn i` nb_ ncg_+

A[]b nb_lgi*]iojf_ q[m jlin_]n_^ ch c^_ i` nb_ ]ifihs qcnb
[ nbchmb_[nbi` jsl[fch no\cha+ Pbc [mmol_^ nb_ `cr[ncih i` nb_
fi][ncih i` _[]b ]iojf_ [n [ ^_`chcn_fsjl_*[ll[ha_^ jichn+ Pb_
jsl[fch no\_mq_l_ cg\_^^_^ p_lnc][ffs ch [ mb__ni` jsl[fch qbc]b
q[m jf[]_^ ojih nb_nij i` nb_bcp_ \ ^s go]b [m [h chh_l ]ip_l+
Pbom) [ff i` nb_ ]iojf_m q_l_ chnli^o]_^ chni nb_ bcp_ \i^s \_*
nq__h nb_ ]ig\m [n ih_ ij_l[ncih+ Pb_ l_f[ncp_ nl[hmj[l_h]s i`
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nb_ jsl[fch mb__nchag[^_ cn jim c\f_ ni i\m_lp_ [hs [\hilg[f
[]ncpcnsqbc]b gcabn \_ ch^o]_^ \s nb_ chnli^o]ncih i` nb_ jsl[fch
no\_m) Ji [\hilg[f l_[]ncihm q_l_ i\ _lp_^+

Pb_ qcl_m ]igcha `lig _[]b jsl[fch no\_ q_l_ cg\_^^_^ ch
nb_ jsl[fch b__nchaqcnb [ b_[ps ]i[ncha i` \__mq[r [h^ l_mch)
Bch[ffs) [ff i` nb_f_[^ qcl_mq_l_ ]ihmifc^[n_^ `il _[]b bcp_[n nb_
_^a_ i` nb_ mb__ncha[h^ ][llc_^ chni nb_ chmnlog_hnf[\il[nils
nblioab lo\\_l ]ih^ocn)

Bil nbcmj[lnc]of[l mno^scn q[ ^_mcl[\f_ ni b[p_ ihfs nb_
n_gj_l[nol_ l_[^cham `iffiqcha nb_ j_lci^ i` gchc...o... ion^iil
n_gj_l[nol_+ =m [ ]ihm_ko_h]_) `il nb_ lhi n j[ln ihfs nb_ n_g*
j_l[nol_m n[e_h [n 5 [+ g+ ^[cfs [l_ n[e_h chni ]ihmc^_l[ncih) [f*
nbioab l_[^cham q_l_ n[e_h [n [ff j_lci^m i` nb_ ^[s [h^ ]_][*
mcih[FEsnb_ hcabn ^olcha nb_ qchn_l i` .6/3*/4+ Pbc q[m [fmi
^ih_ ^olcha ilh_ i` nb_ ]if^ j_lci^m i` nb_ qchn_lm i` .6/4*/5
[h^ .6/6*0-+ Oo]b n_gj_l[nol_ l_]il^m ]ill_f[n_^ qcnb nb_ ncg_
i` ^[s b[p_ \__h q_ff mno^c_ [̂h^ [h[fst_^ \s jl_pcio chp_mnca[*
nilm [h^ qcff \_ f[la_fs igcnn_^ Wlig nbcmj[j_l+

HXU 8]\ab`cSbY]\ ]V bXUKY\bU` E`]b SSbY\_8QaUa' Eh il^_l
ni acp_[ `olnb_l ]b_]e ojih nb_ l_f[ncih i` nb_ g_n[\ifc g i` nb_
qchn_l ]fomn_l i` \__m ni ion c^_ n_gj_l[nol_) nb_ ]ifihc_m q_l_
acp_h p[lscha ^_al__m i` jlin_]ncih `lig ionmc^_n_gj_l[nol_ ch*
`fo_h]_+ @olcha nb_ qchn_l i` F6/3*/4) ?ifihs Jog\_l Kh_ q[m
jf[]_^ chmc^_i` [ mchaf_j[]echa ][m_ [h^ acp_h 3 ch]b_mi` m[q*
^cmnchmof[ncihih nb_ mc^_m[h^ nb_ nij+ Khfs nb_ w*ch]b jch_
\i[l^ `fiilcha jlin_]n_^ cn `lig nb_ \innig) [h^ nb_ ][7 _ l_mn_^
ojih nb_ jf[n`ilg i` nb_ m][f_mch mo]b [ q[s [m ni [ffiq `l__
[]]_mm i` nb_ qch^ ni cn+ ?ifihs Jog\_l Pqi b[^ hi jlin_]ncih
`lig nb_ ]if^ ch [^^cncih ni nb_ il^ch[ls ni*`l[g_ ogg_l bcp_)
_r]_jn nb_nij jlin_]ncih i` nb_ jsl[fch mb__n)[h chh_l ]ip_l [h^
[ j[^ i` n[l j[j_l+ ?ifihs Jog\_l Pbl__ q[m jlin_]n_^ qcnb
m_p_l[f nbc]eh_mm_mi` h_qmj[j_l [h^ `ch[ffs ql[jj_^ ch n[l j[j_l+
Qjq[l^ p_hncf[ncihq[m acp_h)c+_+)[ ih_*ch]b [oa_l bif_ _hnl[h]_
q[m \il_^ ch nb_ fiq_l bcp_ \i^s h_[l nb_ hilg[f _hnl[h]_ ji c*
ncih) [h^ [hinb_l gc^q[s oj ih nb_ ojj_l bcp_ \i^s) ?ifihs
7Xon..\_l Biol q[m chmof[n_ ĉh _r[]nfs nb_ m[g_ g[hh_l [m Jog*
\_l Pbl__) \on nb_ ojq[l^ p_hncf[ncih q[m igcnn_^+
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@olcha nb_ qchn_l i` .6/4*/5) ?ifihs Jog\_l Kh_ q[m ch*
mof[n_^nb_m[g_ [m Jog\_l Kh_ i` nb_ jl_pciom s_[l) _r]_jn nb[n
mcr ch]b_mi` m[q^omnq_l_ [^^_^ ni nb_ \innig i` nb_ j[]echa
][m_+ Pbcm[^^cncih[f jlin_]ncih m__gmni b[p_ [ mcahc`c][h]_qbc]b
qcff \_ jichn_^ ion f[n_l+ Pb_m_g_nbi^m i` jlin_]ncih q_l_ `if*
fiq_^ ion `lig s_[l ni s_[l []]il^cha ni nb_ `iffiqcha ]b[ln7

=HEHGR GNF<?KL PCMB K?@?K?G=? MH >?AK??L H@ CGLNE;MCHG

Ofchaf_ Ochaf_ P[l L[j_l P[l L[j_lL[]echa L[]echa ANPWVZT L[]echa5N_R_ 5N_R_ Ji+JRN^ qcnbion cV`U L[]echa cV`U cV`U
4[``[Y >innig ?[^YNX Qjq[l^
L[]echa L[]echa R_hncf[ncih GRZ`VXN`V[Z

.6/3*%/4+++++++++ . *( / 1 0

.6/4*/5+) ++) ++)~ ++ . / ** 0

.6/5*/6 +++++++++ / . 0*1 2 3

.6/6*0-+! ++++++ ++ 0 . /

Pqi mn[h^[l^*^_jnb bcp_ \i^c_m q_l_ jlipc^_^ `il _[]b ]if*
ihs+ @olcha nb_ j_lci^ mno^c_^nb_ hilg[f _hnl[h]_m q_l_ l_*
^o]_^ ni nb_ mct_i` [ ih_*ch]b [oa_l bif_+

HXU@Y\T Q\T 6[]c\b ]V 7UUa' Pb_ \__mo _^ ^olcha .6/3*
/4 q_l_ En[fc[hm[h^ ^olcha .6/4*/5 nb_s q_l_ ?[o][mc[h Eh
_[]b ][m_ nb_s q_l_ `lig 0*jioh^ j[]e[a_m _mn[\fcmb_ n̂b_ jl_*
pcio mjlcha+ Pb_ ko__hmb[^ [ff j[mm_^ nblioab bon ih_ bih_s
`fiq+ @olcha nb_ qchn_l i` .6/5*/6 ?[o []c[h \__m q_l_ [a[ch
om_^)qcnb nb_ _r]_jncih i` ?ifihs Jog\_l Biol) nb_ \__m ch
qbc]b q_l_ En[fc[hm+ Pbcm]ifihs) ohjlin_]n_^) q[m jf[]_^ \_mc^_
nb_ ohjlin_]n_^ ?[om[]c[h ]ifihs ch il^_l nb[n [hs ^c``_l_h]_m ch
l[]c[f l_[]ncih ni qchn_l n_gj_l[nol_m gcabn \_ hin_^+

?[o][mc[h \__mq_l_ om_^ch [ff i` nb_]ifihc_m ch nb_ .6/6*0-
_rj_lcg_hn+

Pb_m_]ifihc_m q_l_ [``il^_^ _r]_ff_hn jlin_]ncih `lig qch^m+
Pb_s mnii^ qcnbch[ `_q `__ni` [ `iol*mnils \ocf^cha) qbc]b jli*
n_]n_^ nb_g ih nb_ q_mn+ Kh nb_ _[ n [ alioj i` _p_lal__h nl__m
`olnb_l \lie_ nb_ _``_]n i` qch^ +

P[\f_ E acp_ nb_ q_cabnmi` nb_ p[lciom finm i` \__ [n nb_ \_*
achhcha [h^ ]fim_ i` _[]b qchn_l j_lci^+
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P=>HA E+

B[ff S_cabn Ojlcha S_cabn
C

!GVZ`R =̂[__ L_l ?_hn?ifihs
Jog\_l i` i` i` HVZ`R^

4RR_VZ@aZPR_ 4RR_VZ@aZPR_ 4RR_VZ@aZPR_ Himmi` >__m

*
.6/.;*/4

. ./. 24y+) 2/#] 2/+1
/ .0. 5- 2. 05+6
0 ..3 36 14 1-+2
1 .-. 21 14 13+2

.6/4*/5
. 6-%1 2.Lb 0.#) 02+.
/ 40%1 36 1%1 2+5
0 5.%1 46 /%1 /+4

.6/5*/6
. .-2 20 2/ 16+2
/ .-5 2/ 23

C
2.+5

0 ..1 35 13 1-+0
1 ..1 35 13 1-+0
2 ..0 43 04 0/+4
3 ..4 .-1!%* ./#) .-+6

.6/6*0-
. 60

C
2/ 1.

C
11+-

/ 52 0 14 22+0
0 ..5 15 4- 26+0

B[ff q_cabn l_]il^ .6/3 n[e_h K]n+ /38 Ojlcha) I[s 4) .6/4+
B[ff q_cabn l_]il^ .6/4 n[e_h K]n+ .68 Ojlcha) I[s //) .6/5+
B[h q_cabn l_]il^ n6/5 n[e_h K]n+ //8 Ojlcha) I[s /.) .6/6+
B[ff q_cabn l_]il^ .6/6 n[e_h K]n+ .38 Ojlcha) =jlcf /5) .60-+

PDA IA=J }@=EHU}HKOOEJ SAECDP ?KNNAH=PA@

SEPD ?KH@ RANOQOS=NI LANEK@O

Eh il^_l ni \lcha [\ion [ ]f_[l*]on ^c``_l_hnc[ncih \_nq__h nb_
g_n[\ifc] l[n_ i` nb_qchn_l ]fomn_l i` \__ [h^ _rn_lh[f n_gj_l[*
nol_m)nb_ ^[n[ `il ^_`chcn_]if^ [h^ q[lg j_lci^m q_l_ m_f_]n_^)
]igjon_^ [h^ [h[fst_^+ Pb_m_j_lci^m p[lc_^ ch f_hanb `lig 2
ni .- ^[sm) \on `il nb_gimn j[ln [l_ `il 2 il 3 ^[sm+ Eh [ff ][m_m
nb_ ]if^_mn [h^ q[lg_mn j_lci^m i\n[chcha ^olcha nb_ gihnbm
mno^c_ [̂l_ ch]fo^_^ [h^) ch ]_ln[ch chmn[h]_) [fmi j_lci^m i` ch*
n_lg_^c[n_ n_fPEj_l[nol_m+

Chcm)i` ]iolm_) [jj[l_hn nb[n ^olcha nb_q[lg j_lci^m `fcabnm
i]]oll_^ qbc]b qiof^) jl_ og[\fs) ch]l_[ _ nb_g_n[\ifcmg [\ip_
nb[n i` [ ]fomn_l [n c^_[f n_gj_l[nol_m+ Diq_p_l) `il nb_ gimn
j[ln) nb_m_̀fcabnmq_l_ i` mbiln ^ol[ncih ^o_ ni nb_ `[]n nb[n nb_
bcp_mq_l_ mb[^_^ ^olcha nb_ [`n_lhiih+ Bolnb_lgil_) nb_ _p_h*
cha) hcabn[h^ _[lfs gilhcha n_gj_l[nol_m ^olcha nbcmncg_ q_l_
nbim_]ihmc^_l_^ gimn c^_[f `il gchcgog []ncpcns+
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Pb_ ^[cfs fimmch q_cabn i` _[]b ]ifihs cml_^o]_^ ni [ ]ig*
gih `[]nil \s cnm]igjon[ncih ch n_lgm i` woh]_mj_l ioh]_ i`
\__m+ >s l_`_l_h]_ ni P[\f_ E cnqcff \_ m__hnb[n `il _[]b m_lc_m
i` _rj_lcg_hnm nb_^c``_l_h]_ ch nb_[giohn i` \__ ch _[]b ]ifihs
cmmi gchcgct_^ \s m_f_]ncihi` ]ifihc_m i` mcgcf[l mnl_hanb)il \s
nb_ [^^cncih i` \__m ni nb_ fcabn_l ih_m) [m ni jl_p_hn ^cmnilncih
i` nb_ mcahc`c][h]_i` nbcm̂ [n[ ch nb_ ]igj[lcmih i` nb_ p[lciom
]ifihc_m+ =fnbioab nbcm]igjon[ncih cm\[m_^ ojih nb_ f[n_ `[ff
q_cabnm)ch [ff \on nbl__ chmn[h]_mnb_ jlial_mmcp_ fimm^olcha nb_
qchn_l cmmi mcgcf[l nb[n mo\m_ko_hnl_^o]ncih ch nb_ hog\_l i`
\__mqiof^ hin m_lciomfs^cmnilnnb_ ^[n[+ Bolnb_l) nb_ g[rcgog
fimmi` \__m) h[nol[ffs) i]]oll_^ [`n_l nb_ ncg_ nb_ l_]il^m q_l_
n[e_h+

Pb_ ^[n[ jl_m_hn_^ ch nb_ n[\f_ [h^ al[jbm [l_ jf[]_^ ch nb_
il^_l i` nb_]if^_mn ni nb_q[lg_mn g_[h ion^iil n_gj_l[nol_m `il
nb_ j_lci^ m_f_]n_^l[n\_l nb[h ch nb_cl ]blihifiac][f jimcncih+
Pb_ ^[cfs fimmch q_cabn i` _[]b ]ifihs i` \__m)nia_nb_l qcnb nb_
n_gj_l[nol_ ^[n[) cmjl_ _hn_^ ch P[\f_ EE[h^ ch Bcaol_m1 ni 6)
ch]fomcp_+Pb_ ^_n[cf_^ ^cm]ommcihi` nb_n_gj_l[nol_ l_f[ncih bcjm
qcff i]]ol f[n_l ch nbcmj[j_l+
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8VTa^R+& ERY\R^N`a^R NZQ X[__ VZ cRVTU` ^RXN`V[Z_S[^ 5[X[Ze
Ji+.) .6/3*/5+

5a^bR ?[& ;%>RNZ [a`_VQR `RY\R^N`a^R&
5a^bR ?[&)%>RNZ UVbR̀ RY\R^N`a^R&

?olp_ Ji+0*I_[h ]fomf_l f_gj_l[fol_+
4VSWG 9P&+%8GCO NCYKNVN EMVTUGSUGNQGSCUVSG&

Pb_ ionmn[h^cha `[]n mbiqh \s [ff n[\f_m) [h^ _p_h gil_ [j*
j[l_hn ch nb_ al[jbm) c nb_ ^_`chcn_ch]l_[ _ i` nb_ ^[cfs fim ch
q_cabn ch _p_ls ]ifihs ^olcha _p_ls s_[l ch [ jlial_mmcih `lig
nb_ ]if^ ni nb_ q[lg j_lci^+ Oig_ `_q mfcabnp[lc[ncihm ch nbcm
ojq[l^ nl_h^ i` nb_ ]olp_m [jj_[l) \on hih_ i` [hs al_[n mcahc`c*
][h]_ i]]ol+ = ]igj[lcmih i` nb_g[rcgog p[lc[ncih ch ^[cfs fimm
ch q_cabn `il nb_p[lciom nsj_mi` jlin_]ncih cmmbiqh chP[\f_ EEE+
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Bcaol_ 2+ P_gj_l[nol_ [h^ fimm ch q_cabn l_f[ncihm `il ?ifihs
Ji+/) .6/3*/5+ ?olp_m [m ch Bcaol_ 1+

P=>HA EEE+
?KIL=NEOKJ KB PDA I=TEIQI R=NE=PEKJ EJ @=EHU HKOO KB SAECDP

BKN R=NEKQO PULAO KB LNKPA?PEKJ

>VZVYaY 6NVXe CI[rcgog 6NVXe C
L_l ?_hn

Psj_ i` JRN^ =@4D VZ =[__ VZ i`
A^[`RP`V[Z S_cabn L_l

C
S_cabn L_l ;ZP^RN_R

Koh]_ i` >__+ @aZPR[S 4RR_

L[]e_^ ++++++++++ .6/$*/4 -+-.. -+-14 00-+3

! ***n********* .6/4*/5 -+-.2 -+-26 /52+5

! ************* .6/5*/6 -+-/. -+-45 /30+1
Qhw)l-n_]n_^ ******* .6/$*/4 -+-.5 -+-51 02/+1

******* .6/4*/5 -+-.0 -+-16 /30+/

! ****( ** .6/5*/6

C

-+-.2 -+-1- .34+1

! ******* Cb/6 -+-.6 -+-1- ../+3

! ******* .6/6*0- -+-.0 -+-20 /6.+6
ll[w7L[j_l wilg[.++ .6/$*/4 -+-// -+-20 .00+6

++ .6/5*/6 -+-.1 -+--- 0/6+.

! ** .6/6*0- -+-.- -+--- 136+.
P[l*L[j_l .6/$*/4

C
-+-.2 -+-16 /0-+-

Scnb Qjq[l^ .6/4*/5 -+-.1 -+-11

C
/-.+0

R_hncf[ncih .6/5*/6 -+-/. -+-06 53+1
.6/6*0- -+-/. -+--/ .65+.
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Ji+0) .6/3*/5+ ?olp_m [m ch Bcaol_ 1+

Pb_ ^_n[cfmi` nb_ j[]e_^ ]ifihc_m qcff `clmn\_ ]ihmc^_l_^+
=h chn_l_mncha[h^ j_lb[jm mcahc`c][hn̂ c``_l_h]_ ch nb_ ^[cfs fim
ch q_cabn i` nb_ nbl__ j[]e_^ ]ifihc_m cm[jj[l_hn+ Pb_ .- m^ol*
cha .6/3*/4 q[m g[le_^fs f_mmnb[h `il _cnb_l .6/4*/5 il *2+1&+_'
@olcha nb_ `cl n s_[l \innig j[]echa q[m igcnn_^+qb_l_[m cnq[
[^^_^ ^olcha nb_ h_rn nqi s_[lm qcnb nb_ [mmogjncih nb[n jim*
c\fs chmo``c]c_hnjlin_]ncih `il \_mnl_mofnmb[^ \__h acp_h ^olcha

.6/3*/4+ m[ ]ihm_ko_h]_) \s l_`_l_h]_ ni nb_ g_[h bcp_ n_g*
j_l[nol_m cnqcff \_ m__hnb[n ^olcha .6/3*/4 [ ^_`chcn_]fomn_lq[
`ilg_^+ Scnb nb_ [^^_^ \innig j[]echa ^olcha .6/4*/5) nb_
g_[h bcp_ n_gj_l[nol_ q[ hin fiq _hioab ni ][om_ nb_ `ilg[*
ncih i` [ ^_`chcn_]fo n_l [n [hs ncg_) nbioab cnq[m fiq _hioab)
jl_mog[\fs) ni \lcha [\ion ]igj[l[ncp_ ch[]ncpcns^olcha nb_]if^
j_lci^m+ Pb_ bcp_ n_gj_l[nol_m ^olcha .6/5*/6 q_l_ mfcabnfs\_*
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Bcaol_ 4+ P_gj_l[nol_ [h^ fimm ch q_cabn l_f[*

ncihm `il ?ifihs Ji+.) .6/6*0-+ ?olp_m [m ch
Bcaol_ 1+

fiq nb_ ]fo n_lcha n_gj_l[nol_) \on cnmbiof^ \_ hin_^ nb[n ih_ i`
nb_ `cp_ ]iojf_m ch]fo^_^ ch nbcmg_[h n_gj_l[nol_ `il nb_ `cl n
ncg_ nbcms_[l q[m [n nb_ chmc^__hnl[h]_ i` nb_ bcp_)qb_l_[m nb_
]if^_ n ]iojf_ q[m jl_pcio fs l_gip_^ `lig nb_ _hnl[h]_ \s nb_
^_jnb i` ih_ bcp_ \i^s+ Pbc `[]n) nb_l_`il_) qiof^ g[e_ nb_
bcp_ n_gj_l[nol_m `il .6/5*/6 ]igj[l[\f_ qcnb nbim_i` .6/4*/5)
[h^ cncmohfce_fs nb[n nb_l_ q[m [ ^_`chcn_]fomn_l `ilg_^ `il [hs
al_[n [giohn i` ncg_+ = [ g[nn_l i` `[]n) nb_bcp_ n_gj_l[nol_m
^olcha nb_f[nn_l nqi s_[lm q_l_ nbim_[n il h_[l nb_ n_gj_l[nol_
f_p_fmjl_pciomfs ]ih c^_l_^ jli^o]ncp_ i` nb_ gchcgog g_n[\*
ifc] l[n_ \s nb_ \__m+ Pb_ `ilg_l j_lci^ mbiof^ b[p_ ch]l_[m_^
cn+ Diq_p_l) nb_ l_p_lm_ l_f[ncihmbcj b_l_ i]]olm+
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ncihm `il ?ifihs Ji+/) .6/6}0-+ ?olp_m [m ch
Bcaol_ 1+

=]]il^cha ni nb_ if^ nb_ils jl_pciomfs mn[n_^)nb_ al_[n_mn
^[cfs fimmch q_cabn i` [ff ]ifihc_m mbiof^ b[p_ n[e_h jf[]_ ch nb_
ohjlin_]n_^ ]ifihc_m ^olcha nb_ ]if^ j_lci^m+ Oo]b q[m hin nb_
][m_) [h^ b_l_ [a[ch) [m ch nb_ j[]e_^ ]ifihc_m) nb_ fimmch q_cabn
]olp_ lim_ ch[ jlial_mmcih `lig nb_]if^ ni nb_q[lg j_lci^m+

N_`_llcha [a[ch ni P[\f_ EE)nb_ `iffiqcha `[]nm [l_ _pc^_hn7

@olcha nb_s_[lm .6/3*/4 [h^ .6/6*0- nb_l_q[m [ go]b al_[n_l
ch]l_[m_ ch nb_ j_l]_hn[a_ i` p[lc[ncih `lig nb_ ]if^ ni nb_ q[lg
j_lci^m nb[h ^olcha [hs inb_l s_[l+ Eh nb_ `clmnchmn[h]_nb_l_
[jj_[l_^ nb_ ihfs l_]il^ i` _pc^_h]_ i` nb_ ]ih^_h [ncih i`
gicmnol_ qcnbchnb_ bcp_ [m [ _lciom p[lc[\f_ `[]nil+ S[n_l q[m
m__ĥ lcjjcha `lig nbcmbcp_ ^olcha nbc j_lci^ i` _rnl[il^ch[lcfs
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fcihm `il ?ifihs Ji+0) .6/6*0-+ ?olp_m [m ch
Bcaol_ 1+

bcab fimm ch q_cabn+ Eh nb_ _]ih^ chmn[h]_)nb_ al_[n fimmch
q_cabn `il nb_ohj[]e_^ ]ifihs ^olcha nb_qchn_l i` .6/6*0- `lig
B_\lo[ls .3 ni /0 ][h ihfs \_ _rjf[ch_^ \s _r]_mmcp_[]ncpcnc_m
^o_ ni `fcabnm)[m _p_ls ^[s b[^ p_ls bcab g[rcgog n_gj_l[nol_+

i ]if^ j_lci^ cgg_^c[n_fs jl_]_^_^ cn+ Eh `[]n) cn `iffiq_^ [
j_lci^ i` q_[nb_l b[pcha n_gj_l[nol_m h_[lfs [m bcab [m ^olcha
nbc j_lci^+

=a[ch) qcnb nb_ n[l j[j_l j[]e_^ ]ifihc_m nb_ m[g_ ch]l_[m_
i` ^[cfs fimmch q_cabn q[m _rbc\cn_^+ Pb_l_ __lhmni \_ ilh_
^c``_l_h]_ ch nb_ l_[]ncih i` nb_ ]ifihc_m qcnb ojq[l^ p_hncf[ncih
[h^ nbim_qcnbion+
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Enqcff \_ hin_^ nb[n nb_]ifihs j[]e_^ ch n[l j[j_l qcnb oj*
q[l^ p_hncf[ncih ^olcha .6/4*/5 _rbc\cnm[ ^lij ch nb_ ]olp_ `il
nb_ q[lg_mn j_lci^ ^iqh ni nb_ f_p_f i` nb_ ]olp_ `il nb_ m_]ih^
]if^_mn j_lci^+ Kh_ inb_l mcgcf[l ^cm]l_j[h]s i]]olm ch nbcmm[g_
m_lc_m̂olcha nb_ qchn_l i` .6/6*0-+ Eh nb_ `clmn][m_ nb_ g_[h
bcp_ n_gj_l[nol_ ^lijj_^ mfcabnfsgil_ nb[h ^olcha nb_ jl_]_^*
cha q[lg j_lci^) \on nbcm̀[]n [fih_ ^i_ hin i``_l [^_ko[n_ _r*
jf[h[ncih `il nb_ al_[n ^lij ch nb_ fimm*ch*q_cabn]olp_+ Chl_*
g[chm oh_rjf[ch_^+ Eh nb_ m_]ih^ ][ _) nbcmmfcabn̂ lij ch nb_
g_[h bcp_ n_gj_l[nol_ [f - i]]olm) \on cn cmhin o``c]c_hnni \_
i` [hs ]ihm_ko_h]_+ Diq_p_l) cnqcff \_ hin_^ nb[n [ff ]ifihc_m
`il nbcmj_lci^ i` @_]_g\_l 6 ni .3) .6/6) mbiq [ g[le_^ ^_]l_[m_
ip_l nb_ jl_]_^cha q[lg j_lci^m) qbc]b qiof^ m__g mcahc`c][hn+
Chcmjimmc\f_ nb[n \_][om_ nbcmj_lci^ ][g_ _[lfs ch nb_ qchn_l [h^
q[m hin jl_]_^_^ \s mo]b ]if^ j_lci^m [m q_l_ nb_ inb_l nqi) nb_
\__m ^c^ hin `fs mi `l__fs _p_h nbioab nb_ ion^iil n_gj_l[nol_m
q_l_ gil_ `[pil[\f_+ Diq_p_l) nbcmolgcm[f ^i_m hin [^_ko[n_fs
_rjf[ch nbcmmcno[ncih+Och]_ nb_m_̂cm]l_j[h]c_m [l_ mi `_q ch nb_
_hncl_m_lc_m)nb_s ^i hin m__gni \_ i` [hs al_[n mcahc`c][h]_)[h^
ch hi ][m_ ^i_ nb_ ^[cfs fimmch q_cabn `il [ q[lg j_lci^ `[ff
\_fiq nb_ gchcgog `il [ ]if^ j_lci^ `il [ acp_h ]ifihs+

= mogg[ls i` [ff nb_ l_]il^m i` ^[cfs fimmch q_cabn `il [ff
i` nb_]ifihc_m `il [ff `iol s_[lm ]ihnl[mncha nbi _ qb_h nb_ g_[h
ionmc^_n_gj_l[nol_m q_l_ \_fiq EOK B+qcnb nbi _ qb_h nb_g_[h
ionmc^_n_gj_l[nol_m q_l_ [\ip_ /5{ B+ mbiqm [h [p_l[a_ fim i`
-+-/0 ioh]_m [h^ -+-1/ ioh]_m) l_mj_]ncp_fs) [h ch]l_[m_ i` 511

j_l ]_hn+ C[cnq_l_ [mmog_^ nb[n [ff i` nbc ^c``_l_h]_ q[ ][om_^
\s ]ih^_hm[ncih i` g_n[\ifc] q[n_l ch nb_bcp_^olcha ]if^ j_lci^
[h^ cnml_f_[m_ ^olcha q[lg j_lci^m) cnqiof^ [giohn ih nb_ [p_l*
[a_ ni /+-14 ioh]_m j_l ^[s+ Pbcm[giohn []]ogof[ncha ^[cfs ^ol*
cha [ j_lci^ i` ]if^ q_[nb_l f[mncha`lig 2 ni .- ^[sm+ [h^ ch
mig_ ][m_mfiha_l) qiof^ ][om_ [ mnl_[g i` q[n_l ni loh `lig nb_
bcp_ ^olcha q[lg j_lci^m qb_h cnq[m l_f_[m_^+ o]b [ mcno[*
ncih q[m hin_^ ihfs ch ih_ ][m_ `il ih_ ]ifihs) [h^ [m jl_pcio Es
hin_^ [n nbc ncg_ nb_^[cfs .- chq_cabn q[m g[le_^fs _l_[n_l `il
nbcm]ifihs nb[h `il [hs inb_l ]ifihs [n [hs ncg_ ^olcha nb_ _hncl_
_rj_lcg_hn+ Bolnb_lgil_) cn qiof^ l_kocl_ nb_ nin[f ]ih^_h [*
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ncih qcnbchnb_bcp_ i` [ff nb_g_n[\ifc] q[n_l jli^o]_^ \s [ ^[cfs
[p_l[a_ ]ihmogjncih i` -+-/60 ioh]_m i` bih_s j_l ioh]_ i` \__m
ni \lcha [\ion mo]b [ ]ih^cncih+ P[echa nb_m_nqi `[]nm chni ]ih*
mc^_l[ncih [h^ [ffiqcha `il nb_ j mmc\f_]ih^_h [ncih i` g_n[\*
ifc] q[n_l qcnbchnb_ bcp_m)qbc]b oh^io\n_^fs niie jf[]_ [n ncg_m)
cnqiof^ mncffm__g cgjimmc\f_ ni ^_^o]n nb[n nb_ ^[cfs mnil_ ]ih*
mogjncih q[m al_[n_l ^olcha nb_ ]if^ j_lci^m nb[h ^olcha nb_
q[lg+ Chqiof^ m__g ni b[p_ \__h go]b f_mm+

= mogg[ls i` nb_ ^[cfs fimmch q_cabn ch ioh]_m j_l ioh]_
i` \__m `il nb_ p[lciom nsj_m i` jlin_]ncih `il nb_ nbl__ gihnbm%
qchn_l j_lci^) mbiqh ch P[\f_ Jog\_l ER) [fmi n_h^mni \_[l ion
nb_ ]ih]fomcih nb[n ]if^ q_[nb_l ^i_m hin g[n_lc[ffs ch^o]_ ch*
]l_[m_^ []ncpcns i` nb_qchn_l ]fomn_l+ Bil mo]b [ fiha j_lci^ [m
nbcmnb_ jimmc\cfcnsi` ^cmnilncih i` nb_ ^[n[ \s nb_ ]ih^_hm[ncih
i` g_n[\ifc] q[n_l qcnbch nb_ bcp_ cmgchcgct_^ ni ]igj[l[ncp_
chmcahc`c][h]_+C[_r]_mmcp_]if^ ^c^ al_[nfs ch]l_[ _ []ncpcns) [m
jl_pciomfs [mmog_^) nb_h nb_ ohjlin_]n_^ ]ifihc_m mbiof^ mbiq
[ go]b al_[n_l ^[cfs fimm ch q_cabn nb[h nb_ j[]e_^ ]ifihc_m+
Khfs ch ih_ ][m_ q[ cnal_[n_l) [h^ ch [ff inb_lm cnq[m f_mm+Eh
nb_mchaf_][m_ qb_l_ nb_j[]e_^ ]ifihs fimnf_mmnb[h nb_ ohj[]e_^
cnq[m qcnbion nb_ \innig j[]f]cha) qb_l_[m nb_ inb_l j[]e_^ ]if*
ihc_mb[^ nbcm[^^_^ jlin_]ncih+ Ap_h ch nbc ih_ ][m_) nb_ ^c`*

+`_l_h]_ q[m g[hc`_mn f[la_fs ^olcha nb_q[lg j_lci^m) [h^ qiof^
m__g fce_fs ni \_ ^o_ ni gil_ `l_ko_hn g[echa [h^ \l_[echa i`
nb_ ]fomn_l qb_h q_[nb_l q[m `[pil[\f_+ Hce_qcm_)c` nb_ if^
nb_ils q_l_ ]ill_]n) nb_ ]ifihc_m qcnb ojq[l^ p_hncf[ncih mbiof^

M;<E? CO*

LNFF;KR H@ >;CER EHLL H@P?CABM CGHNG=?L I?K HNG=? H@ <??L @HK
O;KCHNL MRI?L H@ IKHM?=MCHG @HK MBK?? FHGMBL PCGM?K I?KCH>

L[]e_^ P[l L[j_l P[l L[j_l
L[]e_^ Pij) Oc^_m Scnbion qcnb

U_[l Pij [h^ [h^ Qhj[]e_^ Qjq[l^ Qjq[l^
Oc^_m >innig R_hncf[ncih R_hncf[ncih

.6/3*/4 w+-//. ****** -+&vd4/ ****** -+-1/5 w+w04.

.6/4*/5 ****** -+w01w K+wEK ****** ****** -+-/32

.6/5*/6 ****** -+w1.5 -+w.3 -+-0-. C -+-/62 -+-0-2

.6/w0w ****** ****** -+w0.f ****** w+-/35 w+-1/4
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b[p_ `[l_^ qilmn i` [ff+ Qjq[l^ p_hncf[ncih b[m \__h a_h_l[ffs
]ihmc^_l_^ ih_ i` nb_ gimn cff*[^pcm_^ i` qchn_lcha +jl[]nc]_m+
Khfs ch ih_ chmn[h]_ion i` `iol cmnb_ l[n_ bcab `il mo]b [ ]if*
ihs) [h^ ch nbcm][m_ cncmihfs i+iiii ioh]_m al_[n_l nb[h `il nb_
j[]e_^ ]ifihs ^olcha .6/5*/6+ @olcha .6/4*/5 nb_ ]ifihs qcnb
ojq[l^ p_hncf[ncih mbiq_^ nb_ fiq_mn mnil_m]ihmogjncih i` [hs)
[h^ ^olcha nb_ inb_l nqi s_[lm nb_s ]igj[l_^ p_ls `[pil[\fs
qcnb nbim_qcnbion ojq[l^ p_hncf[ncih+

@olcha nb_qchn_lmi` .6/4*/5 [h^ .6/6*0- nb_l_ q[m [ al_[n
]ihnl[mn ch nb_ g_[h gihnbfs n_gj_l[nol_m+ Pb_ l_f[ncihmbcj i`
nb_ ^[cfs fimmch q_cabn \s gihnbfs j_lci^m cmmbiqh ch Bcaol_m -

[h^ /+ D_l_ [a[ch cm`ioh^ nb_ mnlcecha]ill_f[ncih i` fiq ^[cfs
fimmch q_cabn qcnb nb_ ]if^ j_lci^m) [h^ nb_ bcab ^[cfs fimmch
q_cabn qcnb nb_ q[lg j_lci^m+
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Bcaol_ 0 cm]ihmnlo]n_^ ni g_[mol_ nb_jimmc\cfcnsi` nb_ p[lc*
[\f_m) jl_pciomfs g_hncih_^ ch ^_n[cf) ch [``_]ncha nb_ om_i` nb_
^[cfs fimmch q_cabn i` nb_bcp_m[m [h ch^_r ni g_n[\ifc] []ncpcns+
En cmni \_ [mmog_^ nb[n c` nb_ _rjofmcih i` jimmc\f_ ]ih^_hm_^
g_n[\ifc] q[n_l) []]ogof[n_^ `_]_m [h^ ^_[^ \__mq_l_ cgjiln[hn
^cmnol\cha`[]nilm) nb[n nb_al_[n_l ogg[ncih i` nb_cl _``_]n ojih
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ncih i` nb_m_̀[]nilm) i]]olm
_r]_jn chnb_][m_ i` ?ifihs
ni \_ _rj_]n_^+

Pb_ ^[n[ ih nb_^[cfs fimmch q_cabnjl_m_hnmhi `[]nm qbc]b
qiof^ f_[^ ni nb_]ih]fomcih nb[n [m ion^iil n_gj_l[nol_m mo\mc^_
\_fiq nb_ ]fomn_lchan_gj_l[nol_ nb_ g_n[\ifc] l[n_ cmg[n_lc[ffs
ch]l_[m_^+ Kh nb_ inb_l b[h^) cncm]_ln[ch nb[n nii `l_ko_hn [h^
ohh_]_mm[lsg[echa [h^ \l_[echa i` nb_ ]fomn_l ]ich]c^_hn qcnb
`fcabn[]ncpcnc_m̂olcha q[lg j_lci^m cm`[l gil_ b[lg`of ni nb_
\__m\_][om_ i` [h ch]l_[m_^ g_n[\ifc] l[n_ nb[h nb__``_]n i` [hs
i` nb_]if^ j_lci^m l_]il^_^+

^olcha nb_ `clmnj[ln i` nbcmj_lci^)
og\_l Kh_) j[]e_^) qb_l_ cncmf_[mn
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PAILAN=PQNA HARAHO SEPDEJ PDA ?HQOPAN

EJ

NAH=PEKJ PK OQNNKQJ@EJC PAILAN=PQNAO =O

=J EJ@AT PK IAP=>KHE? N=PA

Ll_pciom chp_mnca[nilmb[p_ \[m_^ nb_cl ]ih]fomcihm nb[n nb_
g_n[\ifc] l[n_ cmal_[nfs ch]l_[m_^ [m ionmc^_n_gj_l[nol_m ^_]fch_
\_fiq nb_]fomn_lchan_gj_l[nol_ f[la_fs ojih [h chp_lmcihi` n_g*
j_l[nol_ l_f[ncihmbcjmoh^_l mo]b]ih^cncihm+Pb_s b[p_ `ioh^ nb[n
[ nb_n_gj_l[nol_ molliohnchanb_]fo n_f%ai_m^iqh) nb_n_gj_l[*
nol_ chnb_mi*][ff_^ b_[n*jli^o]cha jilncih i` nb_]fomn_lai_m oj+
Pb_cl l_jiln_^ [gjfcno^_ i` nbcmp[lc[ncih) biq_p_l) cmal_[nfs ^c`*
`_l_hn+ K` ]iolm_) nb_n_gj_l[nol_ l[ha_m qcnb qbc]b nb_p[lciom
chp_mnca[nilm̂_[fn q_l_ g[le_^fs ^cp_la_hn)qbc]b g[s _rjf[ch nb_
^c``_l_h]_ chnb_l_mofn i\n[ch_^+ Jih_ qile_^ qcnb [mg[hs ^c`*
`_l_hn nsj_m i` jlin_]ncih il `il mi fiha [ j_lci^ il qcnb mo]b
qc^_ l[ha_m i` n_gj_l[nol_ [m[l_ b_l_chl_]il^_^+ Pb_ gchcgog
n_gj_l[nol_ i\n[chcha ^olcha nb_ ]iolm_ i` nb_m_chp_mnca[ncihm
q[m 1.- B+\_fiq t_li+

=m jl_pciomfs mn[n_^)nb_g_[h ]fomn_ln_gj_l[nol_ ^[n[ q_l_
i\n[ch_^ \s [p_l[acha nb_n_gj_l[nol_m i` nb_`cp_]iojf_m acpcha
nb_ g[rcgog n_gj_l[nol_ l_]il^m+ Och]_ nb_m_]ill_f[n_ p_ls
]fim_fs qcnb nb_g_[h g[rcgog ]fomn_ln_gj_l[nol_) cnqiof^ ch*
^c]n[n_nb[n mo]b[ g_nbi^ acp_m[ nlo_ jc]nol_ i` nb_n_gj_l[nol_
l_f[ncihmqcnbchnb_mi*][ff_^ b_[n*jli^o]cha jilncih i` nb_]fomn_l+
Encmnlo_ nb[n nb_ l_]il^cha i` nb_ g_[h ]fomn_ln_gj_l[nol_m [n
`lig m_p_hni _cabni%]fi]e [+ g+) ihfs) n_h^ ni `f[nn_h ion nb_
]olp_m [h^ l_^o]_ nb_ [gjfcno^_ i` p[lc[ncih+ Diq_p_l) ]_ln[ch
]olp_m mbiqcha biolfs [h^ bc*biolfs n_gj_l[nol_ l_f[ncihmbcjm[h^
inb_l ^[n[ `il `l_ko_hn n_gj_l[nol_ l_]il^m n[e_h nblioabion nb_
^[s) \on hin b_l_ l_]il^_^ \_][om_ i` nb_clf[]e i` cgjiln[h]_) ch*
^c][n_ nb[n nb_ g_nbi^ i` [h[fsmc om_^c hin ch _llil+ Hce_*
qcm_)mch]_nb_m_l_]il^m q_l_ n[e_h `il j_lci^m i` g[rcgog
[h^ gchcgog ionmc^_n_gj_l[nol_ i` al_[n ^cp_la_h]_) nb_l_ ][h
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\_ hi m_lciomi\d_]ncih l[cm_^ ni nb_g_nbi^+ Pb_ ^[n[ ih nb_nin[f
[gjfcno^_ i` p[lc[ncih [n nb_jichn i` g[rcgog b_[n mojjilnm nbcm
jichn+

Chmbiof^ [fmi \_ hin_^ [n nbcmncg_ nb[n nb_ l_]il^cha i` nb_
n_gj_l[nol_ l_[]ncihm i` nb_]fomn_l [n nbcmgilhcha j_lci^ ][n]b_m
nb_ ]fomn_l oh^_l nb_ gimn m_p_l_ ionmc^_n_gj_l[nol_ ]ih^cncihm
^olcha ]if^ q_[nb_l [h^ oh^_l cnmgimn c^_[f ionmc^_n_gj_l[nol_
]ih^cncihm ^olcha q[lg q_[nb_l+ @olcha nb_ ]if^ q_[nb_l nb_
]fomn_l b[m domnj[mm_^ nblioab il cmmncff]ihn_h^cha qcnb nb_
m_p_lcnsi` nb_ gchcgog n_gj_l[nol_m i\n[chcha [n nb_m_ncg_m+
Kh nb_ inb_l b[h^) nb_n_gj_l[nol_m ^olcha nb_ q[lg q_[nb_l [l_
c^_[ffs domn\_fiq nb_ ]fomn_lcha n_gj_l[nol_+ Chqiof^ \_ cg*
jimmc\f_ ni \lcha [\ion nb_ ^_mcl_^ ]igj[lcmih c` nb_ n_gj_l[nol_
l_]il^m q_l_ n[e_h ^olcha nb_ q[lg j_lci^ qb_h nb_ ]fomn_l q[m
fiim_fs `ilg_^ il \lie_h `il []ncpcns+ Qh^_l nb_ ]cl]ogmn[h]_m)
nb_ ]ihnl[mn ch nb_ n_gj_l[nol_ l_f[ncihmbcjm i` nb_ ]fomn_l [n cnm
nij n_gj_l[nol_ l[ha_ i` `ilg[ncih [h^ nb_ gchcgog l[ha_ i\*
n[ch[\f_ cm\lioabn [\ion+ Pbcm]ih^cncih mbiof^ ^cmjf[s nb_ g[r*
cgog [gjfcno^_ i` p[lc[ncih [h^ chp_lmcih i` n_gj_l[nol_ l_f[*
ncihmbcjm+

HU[^U`Qbc`U FUZQbY]\aXY^a]V 8]Z]\YUa KY\bU`UT DcbT]]`a'
Oig_ i` nb_ nsjc][f n_gj_l[nol_ l_f[ncihmbcjm i` nb_ ]ifihc_m qch*
n_l_^ ion^iilm `il `iol s_[lm [l_ mbiqh ch Bcaol_m 1 ni 6) ch*
]fomcp_+ Pb_ moljlcmcha `_[nol_ i` nb_m_]olp_m cmnb_ `[]n nb[n
nb_ [gjfcno^_ i` p[lc[ncih i` nb_ ]fomn_l n_gj_l[nol_ cmmi p_ls
fiq qb_h cn cmmi al_[n ch ionmc^_ n_gj_l[nol_m) [m mbiqh ch
P[\f_ R+

Pb_ `caol_mjl_m_hn_^ ch P[\f_ R ^i hin ]ihnl[mn nb_ n_g*
j_l[nol_m `il nb_j_lci^m i` gchcgog [h^ g[rcgog ion^iil n_g*
j_l[nol_+ Pb_s [l_ `il nb_ g[rcgog [gjfcno^_ i` p[lc[ncih ch
_[]b ]ifihs [n qb[n_p_l ncg_nb_bcab [h^ fiq ]fomn_ln_gj_l[nol_m
b[jj_h ni i\n[ch) = ]igj[lcmih i` nb_[gjfcno^_ i` p[lc[ncih \_*
nq__h nb_ j_lci^m i` gchcgog [h^ g[rcgog ion^iil n_gj_l[*
nol_m jl_m_hnm[ go]b fiq_l [gjfcno^_ i` p[lc[ncih) [h^ gchc*
gct_m nb_ cgjiln[h]_ i` nb_ f[la_l ^_al__m i` p[lc[ncih [m _r*
bc\cn_^ch P[\f_ R+ Chq[m jl_pciomfs mojjim_^ nb[n nb_g[rcgog
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.6/$*/4 2+/{B 1+5{B 1 ) -+4{B 3+5{B 0-{B

.6/4*/5 /+4{B / 2+4{B 0 2+--B /1+0{B

.6/5*/6 /0+.{B} ./+5{B .2+4{B 3 5+/{B 03+6{B

.6/5*/6 ..+4{B 1 6+K!B

.6/6*0- 0 5+2{B .-+5{B .-+5{B 10+1{B

I_[h .K+3{B 5+.{B 6+.{B 4+4{B 00+3{B

]fomn_l n_gj_l[nol_ i]]oll_^ qb_h nb_ ionmc^_ n_gj_l[nol_ q[m
nb_ fiq_mn+ D_h]_ nb_ [gjfcno^_ i` p[lc[ncih \_nq__h nb_ jichnm
i` gchcgog [h^ g[rcgog ion^iil n_gj_l[nol_ qb_h chp_lmcih
i]]olm cm_rjl_mm_^ [m [ jimcncp_p[lc[ncih [h^ qb_h l_p_lm_^ [m
[ h_a[ncp_p[lc[ncih+

Qjih nbcm\[mcmnb_g_[h [gjfcno^_ i` p[lc[ncih `il [ff j[]e_^
]ifihc_m cm*2+.{ B+8 `il [ff ohj[]e_^ ]ifihc_m) **-+0{ B+8 `il
[ff n[l*j[j_l j[]e_^ ]ifihc_m qcnbion ojq[l^ p_hncf[ncih) .+4{ B+8
[h^ `il [ff n[l*j[j_l j[]e_^ ]ifihc_m qcnb ojq[l^ p_hncf[ncih)
0+-{@*

Chcm)nb_l_`il_) ni \_ hin_^ nb[n nb_ j_lci^m i` g[rcgog
[gjfcno^_ i` p[lc[ncih [l_ p_ls ^cp_la_hn ch nb_cl i]]oll_h]_ ch
l_f[ncihmbcj ni ionmc^_ n_gj_l[nol_+ Pb_s ][hhin \_ ]ill_f[n_^
qcnb nb_ j_lci^m i` gchcgog [h^ g[rcgog ionmc^_n_gj_l[nol_m+
Eh `[]n) nb_ [gjfcno^_ `il nb_m_j_lci^m cmmi fiq [m ni \_ h_a*
fcac\f_ [h^ ^i_m hin mbiq [h chp_lmcih i` nb_ n_gj_l[nol_ f_p_fm
qcnbchnb_ ]fomn_l [m ]igj[l_^ ni nb_ n_gj_l[nol_ i` nb_ [cl mol*
lioh^cha nb_ ]fomn_l+

Pb_ [h[fsmcmi` nb_ [gjfcno^_ i` p[lc[ncih i` nb_ ]fomn_l n_g*
j_l[nol_m ^i_m hin ch^c][n_ nb[n nb_ g_n[\ifc] l[n_ g[n_lc[ffs ch*
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]l_[m_m[ ion^iil n_gj_l[nol_m ^_]fch_ \_fiq nb_ ]fomn_lchan_g*
j_l[nol_+

Pb_ ]ihn_hncih i` jl_pciom chp_mnca[nilmnb[n nb_ g_n[\ifc]
l[n_ ^c^ ch]l_[m_ g[n_lc[ffs ^olcha ^_]fchcha ion^iil n_gj_l[nol_m
b[m \__h \[m_^ [fgimn _hncl_fs ojih nb_ chp_lmcih i` nb_ n_gj_l[*
nol_ f_p_fmi` nb_ mi*][ff_^ b_[n*jli^o]cha jilncih i` nb_ ]fo n_l
ch l_f[ncih ni nb_ n_gj_l[nol_ i` nb_ [cl ollioh^cha nb_ ]fomn_l+
>s l_`_l_h]_ ni Bcaol_m1 ni 6) ch]fomcp_)[h^ P[\f_ EE)cnqcff \_
m__hnb[n nb_l_ cmp_ls fcnnf_ch nb_ ^[n[ b_l_ jl_m_hn_^ ni mojjiln
mo]b [ ]ih]fomcih+ Eh _f_p_h ]ifihc_m nb_l_ cmhi ch^c][ncih i`
mo]b [h chp_lmcih)[h^ ch nb_ inb_l `iol nb_ chp_lmcih cmmi mfcabn
nb[n cn cmhin i` g[n_lc[f mcahc`c][h]_+ Pb_ gimn cgjiln[hn `[]n
jl_m_hn_^ cmnb[n nb_ ]fomn_l n_gj_l[nol_ l_g[chm mi h_[lfs ]ih*
mn[hn[h^ nb_]olp_m n_h^ `[l gil_ niq[l^m [ mnl[cabnfch_ ch nb_cl
g_[h nb[h niq[l^m [ ^_]fchcha fch_ [m mbiof^ \_ nb_ ][m_ c` [h ch*
p_lmcih i` cgjiln[h]_ i]]oll_^+

Pbc `[]n \_]ig_m gil_ _pc^_hnc` nb_ g_[h ]fomn_l n_gj_l[*
nol_m`il [ff ]ifihc_m ^olcha [ff `iol s_[lm [l_ [p_l[a_^) ]ihnl[mncha
nbim_qbc]b [l_ l_]il^_^ qb_h nb_ g_[h ion^iil n_gj_l[nol_ q[m
EO{B+il \_fiq [h^ nbim_qb_h nb_g_[h ion^iil n_gj_l[nol_ q[m
/5{ B+ il [\ip_+ Pb_ ^c``_l_hnc[f ch nb_ g_[h ion^iil n_gj_l[*
nol_ cm/1+6{ B+8ch nb_ g_[h ]fomn_l n_gj_l[nol_ cncm-1{ B+)[h^
ch nb_ g_[h g[rcgog ]fomn_ln_gj_l[nol_ cncm-+4{ B+ =h chp_l*
mcih i` -1{ B+ [h^ -+4- B+ cmhin mcahc`c][hn[m [h ch^_r ni [h ch*
]l_[m_^ g_n[\ifc] l[n_) \on l[nb_l ch^c][n_mfcnnf_ il hi g_[h
]b[ha_ ch nb_ l[n_+ Pb_ ihfs [jjl_]c[\f_ g_[h chp_lmcih qbc]b
i]]olm `il [hsih_ s_[l cm2+4{B+ `il .6/5*/6+

Pbcmmcno[ncihcm[fmi g[^_ mnlcechafs[jj[l_hn \s nb_ ]ig*
jon[ncih i` [ ]ill_f[ncih mbiqcha nb_ l_f[ncihmbcj \_nq__h nb_
g_[h ]fomn_l n_gj_l[nol_ [h^ nb_ g_[h ion^iil n_gj_l[nol_+ Eh
mi ^icha [ff i` nb_m_n_gj_l[nol_m `il [ff ]ifihc_m ^olcha [ff `iol
s_[lm b[p_ \__h ][f]of[n_^ [h^ nb_ ]i_``c]c_hn i` ]ill_f[ncih cm
-+-20(-+-/3+ Pbcmjf[chfs biq nb[n nb_l_ cm%p_lsfcnnf_l_f[ncih*
mbcj\_nq__h nb_g_[h ]fomn_ln_gj_l[nol_ [h^ nb_ g_[h bcp_n_g*
j_l[nol_) _p_h nbioab nb_ f[nn_l b[m [) l[ha_ p[lscha%`lig Z/{ B+
ni 1-{ BZ Pb_ g_[h ion^iil n_gj_l[nol_m `il nb_ _ j_lci^m
l[ha_^ `lig [ gchcgog i` *..+-{ B+ ni 14+-{ B+ Eh `caolcha
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nbcm]i_``c]c_hn i` ]ill_f[ncih nb_ ]ifihs*j_lci^ jijof[ncih EO .-2)
[h^ nb_ ]ifihs*^[s jijof[ncih cm354+

= mnlcechafs[jj[l_hn ^c``_l_h]_ \_nq__h nb_ g_[h ]fomn_l
n_gj_l[nol_m ch .6/3*/4 [h^ ch .6/4*/5 h__^m_rjf[h[ncih+ Chcm
go]b fiq_l `il nb_ `clmns_[l+ Pqi ^c``_l_hn l[]_m i` \__m q_l_
om_^ ch nb_ _rj_lcg_hn) qbc]b ch^o]_^ [ p[lc[\f_+ H[n_l nb_m_
nqi l[]_m q_l_ mno^c_ ôh^_l _r[]nfs mcgcf[l ]ih^cncihm) [h^ nbcm
p[lc[\f_ q[m hin `ioh^ ni []]iohn `il [hs jimmc\f_ ^c``_l_h]_m ch
n_gj_l[nol_ l_[]ncihm+ Ji m[ncm`[]nils _rjf[h[ncih `il nbcmjb_*
hig_hih q[m ^cm]ip_l_^ ohncfnb_fi][ncih i` nb_]fomn_lmqcnb l_`*
_l_h]_ ni nb_ jimcncih i` nb_ nb_lgi*]iojf_ q[m jfinn_^ `il nb_
nqi s_[lm+ Chnb_h \_][g_ ]f_[l nb[n ^olcha .6/3*/4 nb_ ]fomn_lm
q_l_ fiq_l qcnb l_`_l_h]_ ni nb_ ]iojf_m nb[h ^olcha .6/4*/5+
Eh `[]n) ^olcha nb_ `clmnqchn_l) l_]il^m q_l_ \_cha n[e_h ihfs ch
nb_ ojj_l jilncihm i` nb_ ]fomn_lm)[h^) nb_l_`il_) ^i hin acp_ [
nlo_ g_[h i` _cnb_lnb_ ]fomn_ln_gj_l[nol_ il nb_ g[rcgog ]fom*
n_l n_gj_l[nol_m+ Pbcm)[jj[l_hnfs) _rjf[chm nb_ fiq_l n_gj_l[*
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nol_ f_p_f ^olcha .6/3*/4+ Oo]b ^c``_l_h]_m ch nb_ jimcncih i` nb_
]fomn_l ch l_`_l_h]_ ni nb_ ]iojf_m q[m hin [fq[sm [pic^[\f_ ^ol*
cha nb_]iolm_ i` nb_ _rj_lcg_hnm+ Diq_p_l) mo]b ^c``_l_h]_m ^i
hin ^cmnilnnb_ mcahc`c][h]_i` nb_ ^[n[+

Bctol_ .- jl_m_hnmnb_ biolfs n_gj_l[nol_ l_f[ncihmbcjm `il
nb_ ohjlin_]n_^ ]ifihs `il [ /1*biol j_lci^ ^olcha [ ]if^ ^[s ch
.60-+ Pbcm]olp_ cmjfinn_^ ni mbiq nb_ ohfce_fcbii^ i` p[lc[*
ncihm i]]ollcha [n ]_ln[ch mbiln chn_lp[fmqbc]b gcabn \_ gcmm_^
qb_h nb_ l_]il^m q_l_ n[e_h ihfs ih]_ ^[cfs+ Pb_ ]olp_m i` nb_
g_[h ]fomn_ln_gj_l[nol_ [l_ _r]__^chafs `f[n qcnb ihfs ih_ p[lc[*
ncih i` hin_) qbc]b ch^c][n_mnb[n g[dil `fo]no[ncihm ch nb_ ]fomn_l
n_gj_l[nol_ [n mbiln chn_lp[fm[l_ hin [jn ni i]]ol+ I[hs inb_l
mcgcf[l l_]il^m b[p_ \__h _r[gch_^ [h^ inb_l ]olp_m ]ihmnlo]n_^
qcnb mcgcf[l l_mofnm[h^ h__^ hin \_ ch]fo^_^+ Pbcmn_h^mni mbiq
nb_ l_fc[\cfcns i` nb_ n_gj_l[nol_ l_]il^m n[e_h ih]_ ^[cfs qbc]b
b[p_ \__h om_^ `il [h[fsmcmch nbcml_jiln+

HU[^U`Qbc`U FUZQbY]\aXY^aY\ 8]Z]\YUa I\TU` 8]\b`]ZZUT
HU['^U`Qbc`U8]\TYbY]\a' Eh il^_l ni mno^snb_ n_gj_l[nol_ l_[]*
ncihmi` nb_qchn_l ]fomn_l i` \__moh^_l jl_^_n_lgch_^ ]ih^cncihm)
nqi ]ifihc_m q_l_ jf[]_^ ch ]ihnliff_^ n_gj_l[nol_ ][\ch_n) qbc]b
]iof^ \_ l_^o]_^ ni [ gchcgog i` 3{ B+qb_h ohi]]ojc_^ \s [hs
b_[n*jli^o]cha \i^s+ Pb_ n_gj_l[nol_ ch nb_ ][\ch_n q[m l_*
^o]_^ \s [ nb_lgi n[nc][ffs ]ihnliff_^ Blcac^[cl_ ohcn)[h^ [h _p_h
f_p_f i` n_gj_l[nol_ i\n[ch_^ \s ijjimcha nbcm]ihnlif qcnb [ \[he
i` nb_lgimn[nc][ffs ]ihnliff_^ fcabnm+Bl_mb [cl q[m g[chn[ch_^ ch
nb_ ][\ch_n \s g_[hm i` [ mg[ff `il]_^ ^l[`n nblioab cn+

A[]b ]ifihs q[m jf[]_^ ch [h _cabn*`l[g_ i\m_lp[ncih bcp_)
ih_ bcp_ \i^s ch ^_jnb+ Pb_ H__mq_l_ ]ih`ch_^ ni nb_ bcp_ [m nb_
_hnl[h]_ q[ ^i _^+ >inb mc^_mi` nb_ bcp_ q_l_ m]l__h_^ [h^
nb_\fi]em l_gip_^ mi nb[n mi `[l [m n_gj_l[nol_ [h^ [cl ]ih^cncihm
q_l_ ]ih]_lh_^) nb_ ]fomn_l q[m l_[ffs ]ih`ch_^ ch nb_ ][\ch_n
l[nb_l nb[h ch [ bcp_ \i^s) acpcha jlin_]ncih `lig _rn_lh[f n_g*
j_l[nol_ ]ih^cncih+ Eh mig_ ][m_m nb_ g_[h bcp_ n_gj_l[nol_
q[m []no[ffs mfcabnfsfiq_l nb[h nb_ g_[h ][\ch_n n_gj_l[nol_ ^o_
ni nb_ `[]n nb[n nb_ nij i` nb_ bcp_ q[m p_ls ]fim_ ni nb_ ]iifcha
ohcn ch nb_ ][\ch_n+
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Pb_ l_f[ncp_ bogc^cns ch nb_ ][\ch_n q[m b_f^ [m ]ihmn[hn [m
jimmc\f_ oh^_l nb_ ]cl]ogmn[h]_m \s g_[hm i` [ f[la_ j[h i` ]ih*
]_hnl[n_^ mifoncih i` J[?f+ Pbcm]iof^ ihfs \_ ^ih_) i` ]iolm_)
[m fiha [ nb_g_[h bcp_n_gj_l[nol_ l_g[ch_^ [\ip_ nb_ `l__tcha
jichn+ @olcha nb_ j_lci^m i` nb_ loh qb_h nb_n_gj_l[nol_m q_l_
[\ip_ 0/{ B+ nb_ g[rcgog p[lc[ncih ch l_f[ncp_ bogc^cns q[m
`lig /1 j_l ]_hn ni 1- j_l ]_hn+ Bil nb_al_[n_l mb[l_ i` nb_ ncg_
nb_ l_f[ncp_ bogc^cns q[m 0/ j_l ]_hn qcnb ihfs [ 2 j_l ]_hn p[lc[*
ncih+ Pbcmq[ ^_n_lgch_^ \s g_[hm i` [ l_]il^cha bsalinb_lgi*
al[jb+

O_lc_mE q[m loh `lig Jip_g\_l / ni Jip_g\_l EE).6/5+

O_lc_m/ q[m loh `lig @_]_g\_l /4) .6/5) ni F[ho[ls 0-) .6/6+
Eh \inb ][m_m?[o][mc[h \__mq_l_ om_^+ =fmi) \inb ]fomn_lmq_l_
mg[ff [h^ nb_cl l_[]ncihm ni n_gj_l[nol_ `[mn_l nb[h ch nb_ hilg[f
mct_^]ifihc_m ch nb_ ion^iil _rj_lcg_hn+ Eh m_lc_mCnb_ hog\_l
i` \__m \s []no[f ]iohn q[m *06,0% [h^ ch m_lc_m/) EE)4--+ Pb_
\__m q_l_ hin jf[]_^ ch nb_ ][\ch_n ohncf nb_s b[^ _hdis_^ nqi
^[sm i` aii^ ]f_[hmcha `fcabn []ncpcnc_mdomnjlcil ni nb_cl ]ih*
`ch_g_hn+

Pb_ n_gj_l[nol_ l_]il^m q_l_ n[e_h [h^ [h[fst_^ ch nb_m[g_
g[hh_l [m jl_pciomfs ^_m]lc\_^ `il nb_ ]ifihc_m qchn_l_^ oh^_l
h[nol[f ]ih^cncihm+ Eh m_lc_mWnb_ l_]il^m q_l_ n[e_h biolfs+
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Pb_ l_]il^m `il nbcmloh q_l_ mo]b nb[n nb_s i\pc[n_^ nb_ h_]_m*
mcnsi` mo]b `l_ko_hn l_[^cha mi nb[n ch m_lc_m/ nb_s q_l_ n[e_h
_p_ls nbl__ biolm+

Bcaol_ CCjl_m_hnmnb__mm_hnc[fn_gj_l[nol_ ^[n[ `il m_lc_mC*

Pb_ ]fomn_l n_gj_l[nol_ ]olp_ mbiqm [ mnlcechajimcncp_ ]ill_f[*
ncih qcnb nb_ g_[h bcp_n_gj_l[nol_ ]olp_) nbioab cnmjcn]b cmhin
mi mn__j+ Pbcm]ih^cncih cmnb_ p_ls ijji cn_i` n_gj_l[nol_ ch*
p_lmcih) jl_pciomfs ^cm]omm_^+Pb_ ]iojf_m ch nbcmm_lc_mq_l_ hin
%q_ff]_hn_l_^ mi nb[n nb_ g_[hm [l_ oh^io\n_^fs fiq) \on nbcm
`[]n ^i_m hin jl_]fo^_ nb_ []]ol[]s i` ]igj[lcmihm+

Enqcff \_ hin_^ nb[n \inb nb_g_[h ]fomn_l[h^ nb_ g_[h g[rc*
gog ]fomn_l n_gj_l[nol_ `il nb_ ]if^_mn j_lci^ [l_ p_ls fiq [m
]igj[l_^ ni mcgcf[l g_[h bcp_n_gj_l[nol_ ]ih^cncihm ch nb_ ]ifi*
hc_mqchn_l_^ ion^iilm+ Pb_s [l_ 3-{ B+ [h^ 32+0{ B+) l_mj_]*
ncp_fs+ Pb_l_ [l_ nqi jimmc\f_ _rjf[h[ncihm `il nbcm̀ []n7 `clmn)
nb_ ]fomn_lmq_l_ go]b mg[ff_l8 m_]ih^) ]if^ [cl ]oll_hnm ]cl]of[n_^
`l__fs [\ion nb_ \__m]ihn[ch_^ ch nb_ ][\ch_n+

Pbl__ g[dil `fo]no[ncihm `lig nb_ g_[h n_gj_l[nol_ f_p_f i`
nb_ ]fomn_l ch nbcmm_lc_mmbiof^ \_ hin_^+ Eh ]blihifiac][f j_lci^
l ) nqi mo^^_h lcm_mch nb_ ]fomn_l n_gj_l[nol_ i` [ / ni 0 biol
^ol[ncih i]]oll_^) lohhcha nb_g[rcgog ni 541{ B+[h^ 51+0{ B+)
l_mj_]ncp_fs) qb_h nb_ g_[h g[rcgog ]fomn_l n_gj_l[nol_ `il
nbcmj_lci^ q[m 4/+2{ B+ =a[ch ch nb_ 3nb j_lci^ nb_ g[rcgog
]fomn_l n_gj_l[nol_ lim_ ni 561{B+ `il nqi biolm qb_h nb_ g_[h
g[rcgog ]fomn_ln_gj_l[nol_ `il nb_j_lci^ q[m 32+0{ B+ Knb_l*
qcm_nb_n_gj_l[nol_ f_p_fmq_l_ ih [ p_ls _p_h fch_ `il [hs acp_h
j_lci^+

Enq[m i\m_lp_^ nb[n ^olcha nb_m_j_lci^m qb_h nb_ n_gj_l[*
nol_ i` nb_ ]fomn_l `fo]no[n_^ mo^^_hfs ojq[l^) \__m ih nb_
j_lcjb_ls i` nb_ ]fomn_l q_l_ []ncp_+ Eh nb_ 3nb j_lci^) qb_h nb_
g_[h bcp_ n_gj_l[nol_ mnii^ [n //+l { B+ mig_ \__m qiof^ f_[p_
nb_ ]fomn_l) q[h^_l [\ion [cgf_mmfs[h^ _r]cn_^fs) [ `_q i` nb_g
a_nnchami `[l [q[s nb[n nb_s ]iof^ hin l_nolh ni cn)[h^ ch [ `_q
gchon_mn\_s qiof^ \_ach ni mnc``_h[h^ `[ff ni nb_\innig i` nb_
bcp_ ch [ ]ih^cncih i` ]if^ lcail+

Kh Jip_g\_l linb [n li i%]fi]e [+ g+ nb_ ]iifcha ohcn q[m
mn[ln_^ih [ ]ih n[hn loh [h^ nb_b_[ncha _f_g_hn nolh_^ i``+ >s
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2 i%]fi]e) Jip_g\_l hlnb) nb_l_ [jj_[l_^ ni \_ fcp_ \__m\_nq__h
ihfs nbl__ `l[g_+ Pb_ fcp_ \__m q_l_ jogjcha nb_cl [\^ig_hm
pcailiomfs ch nb_ [g_ g[hh_l [m \__mqbc]b f_`n nb_ ]fomn_l [h^
q_l_ mo\d_]n_^ni _rnl_g_ ]if_f+ Knb_lqcm_nb_l_ q[m hi [jj[l_hn
cah i` _rnl[il^ch[ls []ncpcns+ =ff n_gj_l[nol_m [n nbcmncg_ q_l_

\_fiq 2-+6{ B+) [h^ ihfs nqi ]iojf_m mbiq_^ n_gj_l[nol_m [\ip_
nb[n i` mnc``_hcha+=n CC70- i%]fi]e j+ g+ nbcmm[g_ ^[s hi []ncpcns
]iof^ \_ i\m_lp_^) [h^ nb_ ]iifcha [jj[l[nom q[m mboni``) nbioab
nb_ ][\ch_n l_g[ch_^ ]fim_^+

Pb_ `iffiqcha gilhcha nb_][\ch_n q[m ij_h_^ [n 4 70- - %]fi]e
[h^ nb_ bcp_ l_gip_^+ Pb_ ][\ch_n n_gj_l[nol_ mnii^ [n 12{ B+
Hcp_\__mq_l_ `ioh^ \_nq__h nqi `l[g_m) [h^ [m nb_bcp_q[lg_^
oj ni l--... n_gj_l[nol_ jl[]nc][ffs [ff i` nb_\__ml_pcp_^ [h^ b[^
ni \_ ecff_^ qcnb bs^li]s[hc] []c^ a[m ch il^_l nb[n nb_s gcabn \_
]iohn_^+
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Pb_ n_gj_l[nol_ ^[n[ `il m_lc_m/ [l_ jl_m_hn_^ ch Bcaol_ ./+

Eh a_h_l[f) nb_ ]olp_m [l_ p_ls mcgcf[l ni nbim_ i` nb_ jl_pciom
m_lc_m+Pb_ ihfs ^c``_l_h]_ hin_^ cmnb[n nb_ ]fomn_l n_gj_l[nol_m
[l_ fiq_l `il nb_ ]if^ j_lci^m [h^ bcab_l `il nb_ q[lg j_lci^m+
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Pbcm]fomn_l q[m go]b mg[ff_l) qbc]b jli\[\fs []]iohnm `il nb_
`clmn^c``_l_h]_+ Pb_ ]fomn_l q[m \_nn_l ]_hn_l_^ qcnb l_`_l_h]_
ni nb_ ]iojf_m) qbc]b jli\[\fs []]iohnm `il nb_ m_]ih^ ^c``_l_h]_+

Pbl__ j_lci^m i` ojq[l^ lcm_`lig nb_g_[h ]fomn_l n_gj_l[*
nol_ [l_ [fmi hin_^ ch nbcmm_lc_m)qbc]b [l_ a_h_l[ffs mcgcf[l ni
nbim_ jl_pciomfs ^_m]lc\_^+

Pb_ _r[]n ]blihifiac][f bcmnils i` nb_ g_[h ]fomn_l n_gj_l[*
nol_ i` nbcm]ifihs ch l_f[ncih ni nb_ g_[h bcp_ n_gj_l[nol_ cm
acp_h ch Bcaol_ .0+ Eh a_h_l[f) nbcm]olp_ [fmi mbiqm [ jimcncp_
]ill_f[ncih i` nb_ g_[h ]fomn_l n_gj_l[nol_ qcnb nb_ g_[h bcp_
n_gj_l[nol_+

=n hiih ih F[ho[ls 4nb nb_ ]iifcha ohcnq[m m_ǹ il ]ihmn[hn
ij_l[ncih [h^ nb_ b_[ncha _f_g_hn nolh_^ i``+ Chq[m ^_mcl_^ni
^_n_lgch_ nb_ _r[]n f_hanb i` ncg_ nbcmmg[ff ]fomn_l ]iof^ qcnb*
mn[h^ nb_ gchcgog n_gj_l[nol_ i` nb_ ][\ch_n oh^_l mo]b [ ]ih*
^cncih i` _rjimol_+ Bil .6 ^[sm nb_ g_[h bcp_ n_gj_l[nol_ mnii^
[n [ gchcgog i` .2{ B+[h^ [ g[rcgog i` //{ B+)nb_omo[f n_g*
j_l[nol_ \_cha [\ion .5{ B+ n nb_ _h^ i` nbcmncg_ nb_ ]ifihs
q[m mncff[fcp_ [h^ nb_ _rj_lcg_hn q[m ]fim_^+ Chqcff \_ hin_^)
biq_p_l) nb[n nb_ g_[h ]fomn_l n_gj_l[nol_ ih F[ho[ls /4nb
^lijj_^ ni nb_ mnc``_hchan_gj_l[nol_) [\ion 12{ B+) [h^ nb_h
al[^o[ffs lim_ [\ip_ cnni 24{ B+ ih F[ho[ls /6nb+ Chcmnbioabn
nb[n jimmc\fs [ j_lci^ i` _r]cn_g_hn [h^ []ncpcnsdomnjlcil ni ]if^
lcail []]iohnm `il nbcmlcm_ch n_gj_l[nol_) [h^ nb[n nb_ _h^ i`
nb_ ]ifihs q[m hin `[l i``+ Oo]b [h []ncpcns dHEmnjlcil ni ]if^
lcail b[m \__h i\m_lp_^ ch inb_l chm_]nm+ )

Chcm]ih]fo^_^ `lig nb_ ^[n[ b_l_ jl_m_hn_^ nb[n qcnbch ]_l*
n[ch n_gj_l[nol_ fcgcnm\_fiq nb[n [n qbc]b nb_ ]fomn_l `ilgm) nb_
g_[h ]fomn_l n_gj_l[nol_ cm g[chn[ch_^ ih [ `[clfs _p_h f_p_f+
Pbcmcmoh^io\n_^fs jimmc\f_ ^o_ ni nb_]b[ha_ ch nb_ l[n_ i` l[^c[*
ncih _``_]n_^ \s nb_ ]ihnl[]ncih i` nb_ ]fomn_l [ n_gj_l[nol_m ^_*
]fch_) [m qcff \_ _rjf[ch_^ ch ^_n[cf f[n_l+ Diq_p_l) nb_l_ [l_ ]_l*
n[ch fcgcn ni mo]b ]fomn_l ]ihnl[]ncih) [h^ qb_h nb_ n_gj_l[nol_
i` nb_ [cl ollioh^cha nb_ ]fomn_l mo\mc^_mni }nb_jichn nb[n l[^c[*
ncih) nia_nb_l qcnb fimmi` b_[n \s ]ihp_]ncih ]oll_hnm [h^ ]ih*
^o]ncih) l_gip_m nb_hilg[f g_n[\ifc] b_[n `lig nb_]fomn_l `[mn_l
nb[h cn][h \_ jli^o]_^ nb_ ]fomn_l n_gj_l[nol_ ^_]fch_m+ Pbc cm
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oh^io\n_^fs nlo_ [n nb_j_lcjb_ls i` nb_]fomn_l[m q_ff [m ch nb_
mi*][ff_^ b_[n*jli^o]cha jilncih i` nb_ ]fomn_l)b_l_ _rjl_mm_^ ch
n_lgm i` g_[h ]fomn_l n_gj_l[nol_+ Scnb mg[ff ]fomn_lmij_h
ni [ l_[^s `fiq i` ]ihp_]ncih ]oll_hnm i` [cl) mo]b [ i\n[ch_^ ch
nbcm_rj_lcg_hn) nbcm]ih^cncih cml_[]b_^ [n [ ]igj[l[ncp_fs bcab
g_[h bcp_n_gj_l[nol_ [h^ cmhin [h[fiaiom ni hilg[f ]ih^cncihm
ion^iilm qcnb ]fomn_lmi` hilg[f mct_)[m om_^ch nb__rj_lcg_hnm
jl_pciomfs ^_m]lc\_^+

Eh nb_m_n_gj_l[nol_ _rj_lcg_hnm ]ih^o]n_^ qcnb ]ifihc_m
jf[]_^ oh^_l ]ihnliff_^ n_gj_l[nol_ ]ih^cncihm)nb_l_ [l_ hi ^[n[
qbc]b n_h^ ni mbiq [h ch]l_[m_i` g_n[\ifc] l[n_ [m _rn_lh[f n_g*
j_l[nol_ ^_]fch_m\_fiq nb_]fomn_lchan_gj_l[nol_+
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?HQOPAN ATL=JOEKJ =J@ ?KJPN=?PEKJ EJ NAH=*

PEKJ PK ATPANJ=H PAILAN=PQNAO

Pb_ `[]n nb[n [`n_l nb_ qchn_l ]fomn_l i` \__m b[m `ilg_^ cn
]ihnl[]nm [m ionmc^_n_gj_l[nol_m ^_]fch_ [h^ [a[ch _rj[h^m [m nb_
q_[nb_l q[lgm oj cmq_ff ehiqh+ Diq_p_l) nb_ al_[n mcahc`c][h]_
i` nbcmjb_hig_hih [jj[l_hnfs b[m hin \__h ^_n_lgch_^) [h^ cnm
cgjiln[h]_ ni nb_ _]ihigs ch nb_ jl_m_lp[ncih i` hilg[f g_n[\*
ifc] b_[n ^olcha _rnl_g_fs ]if^ q_[nb_l b[m hin \__h _mn[\fcmb_^+
>s nb_ om_i` nb_ n_lg !hilg[f g_n[\ifc] b_[n! b_l_) E l_`_l ni
nb_[giohn i` b_[n _h_las l_f_[m_^ \s hilg[f \__mqbc]b [l_ ]ig*
j[l[ncp_fs ch[]ncp_ ch [ fiim_fs `ilg_^ ]fomn_l) domn[n il domn\_*
fiq nb_ n_gj_l[nol_ i` cnm̀ilg[ncih) qcnbion nb_ jl_pciomfs moj*
jim_^ ch^o]_^ []ncpcns \lioabn [\ion \s ^_]fchcha _rn_lh[f n_g*
j_l[nol_+

Pb_ fimm i` hilg[f g_n[\ifc] b_[n `lig [ ]fomn_l g[s \_
\lioabn [\ion ch nbl__ q[sm) h[g_fs) ]ih^o]ncih) ]ihp_]ncih [h^
l[^c[ncih+ ?ih^o]ncih cmhin [h cgjiln[hn `[]nil [m nb_ \__m [l_
]fomn_l_^ ojih \__mq[r) [ g[n_lc[f i` hin[\fs fiq ]ih^o]ncpcns+
Pb_ l[n_ i` nb_ fimmi` b_[n \s nbcmg_[hm oh^_l ^cp_la_hn n_g*
j_l[nol_ ]ih^cncihm cmh_afcac\f_+ Hce_qcm_)nb_ l[n_ i` fimm\s
]ihp_]ncih oh^_l ^c``_l_hn l[ha_m i` n_gj_l[nol_ cm h_afcac\f_
qb_h q_ ]ihmc^_l nb[n nb_ g_nbi^ i` nb_ [_l[ncih i` nb_ bcp_ c
_r[]nfs nb_ m[g_ [n [ff ncg_m)[h^ nb_ ]ifihc_m [l_ q_ff jlin_]n_^
`lig qch^) [m q[m nb_ ][m_ ch nb_m__rj_lcg_hnm+ Kh nb_ inb_l
b[h^) nb_ fimmi` b_[n \s l[^c[ncih cmnb_ cgjiln[hn p[lc[\f_+ `[]*
nil oh^_l ^c``_l_hn _rn_lh[f n_gj_l[nol_ ]ih^cncihm [h^ cmnb_
`[]nil ni \_ ]ihmc^_l_^ ch ]ihh_]ncih qcnb ]fomn_l ]ihnl[]ncih [h^
_rj[hmcih+

Pb_ l[n_ i` l[^c[ncih `lig [ \i^s [m _rjl_mm_^ \s >isf_%m
H[q cm7K5 aQ#H(&H+-$% qb_l_ K cmnb_ l[n_) a%nb_]ihmn[hn
`il nb_ j[lnc]of[l l[^c[ncha \i^s \_cha ^_[fn qcnb) Q%nb_ [l_[ i`
nb_ l[^c[ncha \i^s) HZ* [\mifon_ n_gj_l[nol_ jfom nb_ n_gj_l[*
nol_ i` nb_ mol`[]_ i` nb_ l[^c[ncha \i^s) [h^ H/) [\mifon_ n_g*
j_l[nol_ jfom nb_ n_gj_l[nol_ niq[l^m qbc]b l[^c[ncih cmn[echa
jf[]_+
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Eh nb_ [jjfc][ncih i` nbcm_ko[ncih ni nb_ qchn_l ]fomn_l i`
\__m ch [ acp_h bcp_) nb_l_ [l_ ihfs nqi p[lc[\f_m jl_m_hn+ Pb_
[l_[ i` nb_]fomn_l cmih_ [h^ nb_ n_gj_l[nol_ niq[l^ qbc]b l[^c[*
ncih cmn[echa jf[]_ cmnb_ inb_l+ Pb_ p[fo_ i` ]ihmn[hn) m)`il
\__ cmohehiqh) \on mch]_nb_ m[g_ \__m ch nb_ m[g_ bcp_ [l_
oh^_l ]ihmc^_l[ncih [n [ff ncg_mcncmhin [ p[lc[\f_ [h^) `il jol*
jim_m i` ]igj[lcmih l[nb_l nb[h `il nb_ _mn[\fcmbg_hni` nb_
_r[]n l[n_) cng[s \_ igcnn_^ `lig nb__ko[ncih+ I*- l_g[chm ]ih*
mn[hnc` q_ ]ihmc^_l nb[n nb_ j_lcjb_ls i` nb_ ]fomn_l cmg[ch*
n[ch_^ [n il h_[l 24{ B+ En)nb_l_`il_) \_]ig_m 13-(24 il 2.4
l[cm_^ ni nb_ 1nb jiq_l+

Bil joljim_m i` ]igj[lcha nb_ l[nci i` nb_ l[n_ i` l[^c[ncih
i` [ acp_h ]fomn_l i` \__m oh^_l ^c``_l_hn _rn_lh[f n_gj_l[nol_
]ih^cncihm ]_ln[ch p[lc[\f_ _llilm [l_ [jj[l_hn qbc]b cnb[m \__h
cgjimmc\f_) nbom`[l) ni g_[mol_+ Eh nb_ `clmnjf[]_) nb_ [l_[ i`
nb_ ]fomn_l ][hhin \_ ^_n_lgch_^ ni [hs al_[n ^_al__ i` []]ol[]s+
Encm[mmog_^nb[n nb_mb[j_ i` nb_ ]fomn_lcmgil_ il f_mmmjb_lc][f
mi nb[n cnm[l_[ g[s \_ _rjl_mm_^ [m ->>F+' Diq_p_l) nb_ mol*
`[]_ i` nb_ ]fomn_l g[s \_ mig_qb[n cll_aof[l [h^ cnmmb[j_ [n
ncg_mmig_qb[n _ffcjmic^ ch a_h_l[f+ Bil joljim_m i` ]igj[lc*
mih cn cm[mmog_^ nb[n cn cm[ mjb_l_ [h^ nb_ [l_[ ]igjon_^ [m
->>F+' Ap_h nb_h nb_ _r[]n p[fo_ i` F cm^c``c]ofn ni ^_n_lgch_
[h^ gomn [l\cnl[lcfs \_ _mn[\fcmb_ \̂s nb_ jfinncha i` nb_ ]iojf_m
nb[n mbiq [ n_gj_l[nol_ i` 24{ B+ il al_[n_l+

Pb_ _r[]n p[fo_ i` H+- cm[fmi ^c``c]ofn ni [m]_ln[ch+ En cm
b_l_ ^_n_lgch_^ \s n[echa nb_g_[h i` nb_]iojf_m qcnbchnb_bcp_
qbc]b acp_nb_ `cp_]if^_mn l_]il^m+ Pb_m_]iojf_m [l_ [n nb__^a_
i` nb_ chmc^_i` nb_ bcp_ \i^s [h^ mbiof^ _ n[\fcmb nbcm̀ []nil
`[clfs []]ol[n_fs+

Pb_ [mmogjncih nb[n nb_ j_lcjb_ls i` nb_ ]fomn_l l_g[chm [n
24{ B+ [f - ch^o]_m [ jimmc\f_ _llil [m nb_l_ cml_[mih ni \_fc_p_
nb[n [n ncg_m[ mfcabn̂ _j[lnol_ `lig nbcmn_gj_l[nol_ i]]olm)
[fnbioab nbcmoh^io\n_^fs cmhin i` [hs al_[n cgjiln[h]_ `il nb_
n_gj_l[nol_ fcgcnmb_l_ ]ihmc^_l_^+

Eh nb_ [jjfc][ncih i` nbcm_ko[ncih ni nb_ l[n_ i` l[^c[ncih
`lig nb_ qchn_l ]fomn_l c[ \__m) cnqcff \_ m__hnb[n [m _rn_lh[f
n_gj_l[nol_m ^_]fch_ Q \_]ig_m l[jc^fs f_mmqbcf_ #I .

1
* I+

1
' ch*
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]l_[m_m+ C[nb_ ^_]l_[m_ i` P cm_r[]nfs ]igj_hm[n_^ \s nb_ ch*
]l_[m_ i` #0*

-&I+-$% K%il nb_ l[n_ i` l[^c[ncih) qiof^ \_ nb_
m[g_ oh^_l nb_%nqi ^c``_l_hn _rn_lh[f n_gj_l[nol_ ]ih^cncihm+
Pbcmqiof^ g_[h nb[n nb_ ]ihnl[]ncih i` nb_ ]fomn_l ^olcha [ ^_*
]fch_ ch _rn_lh[f n_gj_l[nol_m cm[h [^domng_hn ni ]ihm_l nb_
hilg[f g_n[\ifc] b_[n \s nb_ g[chn_h[h]_ i` [ ]ihmn[hn l[n_ i`
l[^c[ncih l_a[l^f_mm i` nb_ ^lij ch n_gj_l[nol_ niq[l^ qbc]b
l[^c[ncih cmn[echa jf[]_+ Pb_l_ cm[fmi [h [^^cncih[f `[]nil ch
nb_ ]ih _lp[ncih i` b_[n jl_m_hn \lioabn [\ion ^olcha j_lci^ i`
]ihnl[]ncih+ =m nb_ \__m ncabn_hnb_ ]fomn_l) nb_ ]fim_l chn_l*
gchafcha i` nb_ \l[h]b_]f b[clm i` nb_ \i^s ]l_[n_m [ al_[n_l
chmof[ncih p[fo_ `il nb_ _hncl_ ]fomn_l \s g_[hm i` nb_ mg[ff_l
^_[^*[cl mj[]_m jli^o]_^+ Pb_ _r[]n p[fo_ i` nbcm̀ []nil m__gm
\_sih^ ]igjon[ncih) \on cnmbiof^ b_l_ \_ jichn_^ ion nb[n c` nb_
^_]l_[m_ i` P cmhin _hncl_fs ]igj_hm[n_^ \s nb_ ch]l_[m_ i`
#I*-OI($ [h^ K cmmig_qb[n al_[n_l ^olcha ]if^ j_lci^m) s_n
nb_ chn_lh[f [l_[m i` nb_ ]fomn_l g[s mncffl_g[ch [n [ `[clfs ]ih*
mn[hnn_gj_l[nol_ qcnbion nb_ [mmogjncih i` ch]l_[m_^ g_n[\ifc]
[]ncpcns+

Eh pc_q i` nb_ _llilm qbc]b i\pciomfs ]l__j chni nb_ ]ig*
jon[ncih i` nb_ nqi p[lscha `[]nilm ch nb_ _ko[ncih) mbiof^ K
ch nqi chmn[h]_mi` al_[n _rn_lh[f n_gj_l[nol_ l[ha_ \_ qcnbch
/- j_l ]_hn ni /2 j_l ]_hn i` ih_ [hinb_l) cnqiof^ m__g m[`_ ni
[mmog_ nb[n ]fomn_l ]ihnl[]ncih \lcham [\ion [ `[clfs ]ihmn[hn
l[n_ i` l[^c[ncih qcnbch [ ]_ln[ch l[ha_ i` n_gj_l[nol_ \_fiq nb_
]fomn_l n_gj_l[nol_+

Eh ]igjoncha K `lig nb_ ^[n[ `il nb_s_[lm .6/3) .6/4 [h^
.6/5) nb_ l[nci i` l[^c[ncih q[m mi h_[lfs [fce_ `il [ acp_h ]fomn_l
nb[n [ gil_ ^_n[cf_^ mno^sm__g_^ domnc`c[\f_+=m [ ]ihm_ko_h]_)
nb_ hog\_l i` ]iojf_m ch [h ohj[]e_^ ]ifihs) Jog\_l 0) ^olcha
nb_qchn_l i` *2F2&,) q[m ch]l_[m_^ ni 00) [m mbiqh ch Bcaol_ .3+
Pbc `[]cfcn[n_^ nb_ gil_ []]ol[n_ ^_n_lgch[ncih i` \inb nb_
l[^com i` nb_]fomn_l [h^ nb_ n_gj_l[nol_ niq[l^m qbc]b l[^c[ncih
q[m n[echa jf[]_+

= mogg[ls i` nb_ l[nci i` nb_ l[n_ i` l[^c[ncih i` nb_]fomn_l
ch nbcm]ifihs ^olcha ]if^ [m ijjim_^ ni q[lg j_lci^m cmjl_m_hn_^
ch P[\f_ 3+ =ff jimmc\f_ mcno[ncihmqb_l_ [h [jjl_]c[\f_ ^_al__
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Bcaol_ .3+ ?fomf_l ]ihnl[]fcih ch l_f[fcih .- q_[nb_l+ ?ifihs Ji+0+ Dilctihf[f jf[h_
XKUJ TNCMM EKSEMGTSGQSGTGOUKOIQPTKUKPOPH UJGSNP%EPVQMGTDGUXGGO UJG HSCNGT& 6OOGS
]fomn_l qb_h ionmc^_ n_gj_l[nol_ q[m **/2+5 B+) F[h+ .4) .60w+ Kon_l ]fomn_l qb_h
ionmc^_ n_gj_l[nol_ q[m 06+/{ B+) B_\+ .6) .60w+

i` ]ihnl[mn ]iof^ \_ \lioabn [\ion ^olcha `iol qchn_l gihnbm
b[p_ \__h ]igjon_^+ Pb_ ^c``_l_h]_ ch ncg_ \_nq__h _[]b ]if^
[h^ q[lg j_lci^ ]igjon_^ q[m l_^o]_^ ni nb_ al_[n_mnjimmc\f_
gchcgog nb[n qiof^ mncff\lcha [\ion [h [jjl_]c[\f_ ]ihnl[mn+
Pb_ l[^com i` nb_ ]fomn_lq[m `caol_^ ch nb_ bilctihn[f jf[h_ ihfs)
[m mbiqh ch Bcaol_ .3 `il F[ho[ls .4) .60-) [h^ B_\lo[ls .6)
.60-+
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Och]_ nb_ l[nci i` l[^c[ncih oh^_l nb_ ^c``_l_hn n_gj_l[nol_
mcno[ncihm)l[nb_l nb[h nb_ _r[]n l[n_) q[m ^_mcl_^)K cmb_l_ _r*
jl_ _^ ch 0 `caol_mjfom+ Pb_ al_[n_mn^c``_l_h]_ ch nb_ l[nci i`
[hs nqi j_lci^m ]igjon_^ cm1/+33 j_l ]_hn [h^ nb_ f_[mn0+-4 j_l
]_hn+ Diq_p_l) mch]_nb_ l[n_ ch 0 chmn[h]_mq[m al_[n_l `il nb_
q[lg j_lci^m) [h^ ch 4 al_[n_l `il nb_]if^ j_lci^m) nb_ g_[h ^c`*
`_l_h]_ mbiqm .5+.25 j_l ]_hn al_[n_l l[^c[ncih ^olcha nb_ ]if^
mcno[ncihm+Pb_ jli\[\f_ _llil - [ nbcmg_[h cm|0*1/2 j_l ]_hn+

C[nb_ g_[h bcp_ n_gj_l[nol_m ^olcha nb_ CH ]if^ [h^ -,

q[lg j_lci^m [l_ `caol_^ qcnb nb_ [mmogjncih nb[n nb_ ]fomn_l
qiof^ hin ]ihnl[]n ^olcha ]if^ q_[nb_l) nb_ l[nci i` nb_ l[n_ i`

.).00(

l[^c[ncih qiof^ \_]ig_ 106() il [h ch]l_[m_ ch l[^c[ncih ^ol*
cha nb_ ]if^ j_lci^m i` .25+-5 j_l ]_hn+ Pbcmqiof^ \_ 5+4- ncg_m
nb_ j_l]_hn[a_ i` ch]l_[m_ mbiqh ch P[\f_ RE) qbc]b) qcnb [
jli\[\f_ _llil i` ihfs |01/2 j_l ]_hn) jichnm ion nb_ al_[n cg*
jiln[h]_ i` nb_ ]ihm_lp[ncih i` hilg[f g_n[\ifc] b_[n \s nb_ ^_*
]l_[m_ i` l[^c[ncih \s g_[hm i` ]fomn_l ]ihnl[]ncih+

Pb_m_ jl_fcgch[ls ^[n[ ih nbcmjli\f_g [l_ jl_m_hn_^ [m
mojjilncha _pc^_h]_ ni nb_ n_gj_l[nol_ mno^c_m)[h^ `olnb_l ch*
n_hmcp_mno^c_mqcff \_ g[^_ ih cn+

Pb_m_`caol_mmoaa_mnnb[n [ h[nol[f f[q g[s \_ chpifp_^
qbc]b g[s \_ mn[n_^ [m `iffiqm7 =m _rn_lh[f n_gj_l[nol_m
^_]fch_ \_fiq nb_ ]fomn_lcha n_gj_l[nol_ nb_ ]fomn_l i` \__m
]ihnl[]nm) nb_l_\s l_^o]cha nb_ ol`[]_ [l_[ `lig qbc]b fimmi`
b_[n n[e_mjf[]_) \lchacha [\ion [ `[clfs ]ihmn[hn l[n_ i` l[^c[*
ncih) ^iqh ni nb_ jichn i` gchcgog ]fomn_l ]ihnl[]ncih+

J[nol[ffs) nb_l_ cm[ fcgcn ni qbc]b nb_ ]ihnl[]ncih ][h jli*
al_mm++Sb_h nbcmfcgcn cml_[]b_^ nb_ l[n_ i` nb_ fimmi` b_[n \s
l[^c[ncih qcff g[n_lc[ffs ch]l_[m_+ Oo]b [ mcno[ncihq[m _pc^_hn
ch \inb m_lc_mi` _rj_lcg_hnm ]ih^o]n_^ oh^_l ]ihnliff_^ n_gj_l[*
nol_ ]ih^cncihm+ Chq[m _pc^_h]_^ \s [h _rnl_g_ Eiq_lcht i` nb_
g_[h ]fomn_l n_gj_l[nol_+ Chb[m hin \__h [jj[l_hn ch [hs i`
nb_ ]ifihc_m qcnb higch[f*mct_^ ]fomn_lm+mno^c_^oh^_l ion^iil
]ih^cncihm+

Oig_ i` nb_ ^c``_l_h]_m ch nb_ p[lciom ]fomn_lmoh^_l ]if^
[h^ q[lg _rn_lh[f n_gj_l[nol_ ]ih^cncihm [l_ mbiqh ch Bcaol_m
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.1) .2 [h^ F3+ Pbl__ gchil jichnm i` mig_ mcahc`c][h]_[l_ hin_*
qilnbs+ Bclmn)p_ls fcnnf_]ihnl[]ncih [h^ _rj[hmcih cm_pc^_hn
ch nb_ j[]e_^ ]ifihc_m+ O_]ih^) [ ^_`chcn_]fomn_l h_p_l `ilg_^
ch j[]e_^ ?ifihs Jog\_l C ^olcha .6/4*/5) qb_l_[m [ ]ih*
nl[]n_^ ]fo n_f%q[m _pc^_hn ch nb_ ]igj[hcih ?ifihs Jog\_l C

^olcha nqi ]if^ j_lci^m i` .6/3*/4+ Eh il^_l ni ^_jc]n [hs ^c`*
`_l_h]_ ch nb_mct_i` nb_mj[]_ i]]ojc_^ \s nb_ \__mch nb_ j[]e_^
]ifihs ^olcha .6/4*/5) cnq[m h_]_mm[ls ni ^c``_l_hnc[n_[n [ n_g*
j_l[nol_ i` 32{ B+ l[nb_l nb[h 24{ B+ @olcha nb_ _hncl_ qchn_l
j_lci^ [ff i` nb_]iojf_m qcnbchnb_ojj_l bcp_ \i^s i` nbcm]ifihs
mnii^ [n 24{ B+ il [\ip_) s_n cno _^ gil_ mnil_mnb[h [hs inb_l
]ifihs [h^ mbiq_^ [ 02+. j_l ]_hn fimmi` \__m ch nb_ mjlcha [m
]igj[l_^ qcnb 2+5j_l ]_hn `il nb_ ohj[]e_^ ]ifihs [h^ /+4 j_l
]_hn `il nb_ n[l*j[j_l j[]e_^ ]ifihs qcnb ojq[l^ p_hncf[ncih+
Pb_ `[cfol_ i` nbcm]if hs ni `ilg [ ^_`chcn_qchn_l ]fomn_l cm_r*
jf[ch_^ \s nb_ `[]n nb[n cnq[m jlipc^_^ qcnb 5 ch]b_mi` \innig
j[]echa) qb_l_[m nbcmq[m igcnn_^ `lig nb_ j[]e_^ ]ifihs ^olcha
.6/3*/4) [m jl_pciomfs _rjf[ch_^+ Pbcl^) [ff ]fomn_lmq_l_ fiq_l
^olcha .6/3*/4 qcnb l_`_l_h]_ ni nb_ jimcncih i` nb_ ]iojf_m nb[h
^olcha F6/4*/5+ Pbcm[]]iohnm `il nb_ ^c``_l_h]_ ch nb_ ]fo n_l
n_gj_l[nol_m i` nb_ nqi s_[lm) qbc]b b[m jl_pciomfs \__h ^cm*
]omm_^+

Pb_ ^[n[ ih nb_ l[n_ i` l[^c[ncih `lig nb_ qchn_l ]fomn_l i`
\__m [m [``_]n_^ \s nb_ ]ihnl[]ncih [h^ _rj[hmcih i` nb_ ]fomn_l
[fmi f_h^ q_cabn ni nb_ jlijimcncih nb[n [m _rn_lh[f n_gj_l[nol_m
^_]fch_ \_fiq nb_ ]fomn_lchan_gj_l[nol_ nb_l_ cmhi g[n_lc[f ch*
]l_[m_ ch nb_ g_n[\ifc] l[n_+ Ll_pciomfs cn b[m \__h hin_^ nb[n
nb_ g_[h ]fo n_f%n_gj_l[nol_ l_g[chm ih [ `[clfs ]ihmn[hn f_p_f
oh^_l p_ls qc^_ n_gj_l[nol_ ]ih^cncihm _rn_lh[ffs+ C[nb_ [l_[
i` nb_mol`[]_ l_g[ch_^ ]ihmn[hn cnqiof^ \_ _pc^_hnnb[n nb_g[ch*
n_h[h]_ i` mo]b [ f_p_f ^olcha ]if^ j_lci^m ]iof^ hin i\n[ch qcnb*
ion [h ch]l_[ _ ch g_n[\ifc] l[n_ ^o_ ni ch]l_[m_^ ]ihmogjncih i`
bih_s [h^ _rnl[*hilg[f []ncpcns+ Diq_p_l) nb_ ]ihnl[]ncih i`
nb_ ]fomn_l i\pc[n_m mo]b [ h_]_mmcnsqcnbch ]_ln[ch fcgcnm)[h^
qb_h nb_m_fcgcnm[l_ j[m _^ nb_ g_[h ]fomn_l n_gj_l[nol_ ^_]fch_m
qcnbion [hs [jj[l_hn ch]l_[m_ ch g_n[\ifc] l[n_+
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CAJAN=H @EO?QOOEKJ
;ZYWXbEU`Y]Ta' Limmc\f_ ]ih^_hm[ncih i` g_n[\ifc] q[n_l

qcnbch nb_ bcp_ ^olcha ]if^ j_lci^m [m [ p[lc[\f_ `[]nil ch nb_
[h[fsmcmi` nb_ ^[cfs fimmch q_cabn ^[n[ b[m \__h n[e_h chni ]ih*
mc^_l[ncih+ Chgomn[fmi \_ l_]iahct_^ nb[n `fcabn[]ncpcnc_m̂olcha
nb_ q[lg j_lci^m ch]l_[m_ nb_ g_n[\ifc] l[n_+ Fomnqb[n nb_ _r*
n_hn i` nbcmch]l_[m_ [giohnm ni c ^c``c]ofn ni ^_n_lgch_+ Chcm
_pc^_hn)biq_p_l) nb[n nb_ Ncabn[]ncpcns i` \__m)_p_h nbioab nb_
bcp_n_gj_l[nol_m [l_ \_fiq 24{ B+)al_[nfs ch]l_[m_mnb_cl g_n[\*
ifcmg+ Pbcmqiof^ m__g ni \_ i` gil_ cgjiln[h]_ ch nb_ _r*
j_h^cnol_ i` nb_ jbsmcifiac][f l_m_lp_ i` \__m ^olcha nb_ qchn_l
nb[h nb_ _``_]n i` nb_ ]if^ j_lc ^m mno^c_^+Eh nb_ jl[]nc][f [j*
jfc][ncih i` nb_^[n[ b_l_ch jl_m_hn_^) nb_ jl_p_hncih i` _r]_mmcp_
[h^ ohh_]_mm[ls `fcabnm\s chmof[ncih il inb_lqc _ gomn hin \_
ip_lfiie_^+

Pb_ `fcabn[]ncpcnc_mi` nb_ ]ifihc_m ch nbcm_rj_lcg_hn ^olcha
nb_ f[mnnbl__ s_[lm q_l_ l_]il^_^+ Eh a_h_l[f) nb_s mbiq) `clmn)
nb[n \__m ch [ff nsj_m i` jlin_]ncih b[^ `fcabnm[n [\ion nb_ m[g_
ncg_) nbioab nb_ l_[]ncih _[]b ^[s ch nb_mchaf_j[]echa ][m_mq[m
mfiq_l [h^ E_m a_h_l[f [h^) m_]ih^) a_h_l[ffs aii^ ]f_[hmcha
`fcabnmi]]oll_^ ip_l j_lci^m qcnb [ g_[h n_gj_l[nol_ i` 02{ B+
il [\ip_+ qcnb Ncabnmi` [ f_mm_l̂_al__ ^iqh ni [\ion 0- B+

KY\bU` E`]bUSbY]\3 Chcmhin ni \_ ]ih]fo^_^ nb[n cncmqcm_
ni ^cmj_hm_qcnb [ff qchn_l jlin_]ncih ni nb_ \__ ]ifihc_m ch ]if^
]fcg[n_m+ N_]iahcncih mbiof^ \_ acp_h ni nb_ `[]n nb[n c` nb_l_
[l_ jlinl[]n_^ j_lci^m i` mo\*t_li q_[nb_l nb_ \__ qcff om_oj
nb_cl l_m_lp_ mojjfs i` bih_s qcnbch nb_ ]fomn_l+ >_][om_ nb_
_rn_lh[f n_gj_l[nol_m ^olcha mo]b [ j_lci^ g[s \_ \_fiq nb_
gchcgog ]lcnc][f n_gj_l[nol_ `il Ec̀_) qbc]b cm0-+/2{ B+ []]il^*
cha ni Lclm]b &.-') nb_ \__m ][hhin f_[p_ nb_ ]fomn_l qbc]b b[m
]ihnl[]n_^ [q[s `lig nb_cl `ii^ mojjfs [h^ l_jf_hc b nb_cl nil_m+
Hce_qcm_)l_a[l^f_mm i` nbcm̀[]n) nb_l_ qcff \_ j_lci^m qb_h nb_
Fimmi` b_[n `lig nb_ ]fomn_l ][hhin \_ `olnb_l l_^o]_^ \s nb_
]ihnl[]ncih i` nb_]fomn_l)[h^ cnmfimmqcff \_ al_[n_l nb[h cnm]ig*
j_hm[ncih \s nb_ []ncpcns i` nb_ \__+ ?ihm_ko_hnfs nb_s j_lcmb+
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Diq_p_l) hi mo]b j_lci^m i` q_[nb_l q_l_ [p[cf[\f_ ^olcha nb_
]iolm_ i` nb_m__rj_lcg_hnm+ Pb_ [jj[l_hn l_ cmn[h]_ ni ]if^
qbc]b nb_ \__m ^c jf[s_^ q[m) ch^__^)+l_g[le[\f_+ Kh_ ohj[]e_^
]ifihs ion i` nb_ _hncl_m_lc_ ^c_^ ^olcha F[ho[ls 4) .60-+ =h*
inb_l ohj[]e_^ ]ifihs \_mc^_ cn) [h^ jl_mog_^ ni \_ a_h_l[ffs
mcgcf[l ni cn)mbiq_^ hi ^` _̀``_]nmi` nb_ ]if^+ Chcmhin ]f_[l
qb_nb_l nb_ fiha) ]if^ j_lci^) [fih_) ][om_^ nb_ ^_gcm_ i` nbcm
]ifihs) il c` nb_l_ q_l_ inb_l ]ihnlc\oncha `[]nilm+ Chcmfce_fs)
biq_p_l) nb[n nb_l_ q[m l_[f ^[ha_l ni ohj[]e_^ ]ifihc_m [n nbcm
ncg_) [fnbioab hih_ q[m fimn ion i` nb_ a_h_l[f [jc[ls oh^_l
mcgcf[l ]ih^cncihm+ @olcha nbcm]lcnc][f j_lci^ i` .3 ^[sm%^ol[*
ncih [ff \on nbl__ ^[sm b[^ mo\*t_li gchcgogm) ih_ i` qbc]b
^lijj_^ ni *1.{ B+ Pb_ g_[h gchcgog n_gj_l[nol_ `il nbcm
j_lci^ q[m *./+/{ B+ [h^ nb_g_[h g[rcgog .5+0{B+ Kh_ ^[s
l_g[ch_^ mo\*t_li `il /1 biolm+ Pb_ bcab_mnn_gj_l[nol_ l_[]b_^
^olcha nb_ j_lci^ q[m 0-{ B+ Pb[n [ff \on ih_ i` nb_ ohj[]e_^
]ifihc_m molpcp_^ mo]b [ m_p_l_[h^ fiha j_lci^ i` ]if^ q_[nb_l
q[m nlofs [mnioh^cha+

Pb_ ^c``_l_hn oh^_lmn[h^cha i` nb_ l_[]ncih i` nb_ qchn_l
]fomn_l ni ]if^ q_[nb_l l_mofncha`lig nb_m_̂ [n[ b[lgihct_ qcnb
jl[]nc][f _rj_lc_h]_ ch qchn_lcha \__mch nb_ chn_lgiohn[ch l_acih+
Eh l_f[ncp_fs `_q chmn[h]_mb[p_ nb_ ]igg_l]c[f \__e__j_lm j[]e_^
nb_cl \__m ch []]il^[h]_ qcnb nb_ mn[h^[l^m a_h_l[ffs l_]ig*
g_h^_^+ Kh nb_ qbif_) nb_s b[p_ om_^`[l f_mmqchn_l chmof[ncih)
[h^ ch ig_ chmn[h]_mhih_ [n [ff) nb[h b[m \__h [^pcm_^ ch nb_
g[dilcns i` jo\fc][ncih ojih nb_ qchn_lcha i` \__m+ A[]b ]ig*
g_l]c[f \__e__j_l b[ [llcp_^ [n bcmiqh l_kocl_g_hnm \s nlc[f
[h^ _llil) [h^ `l-... nb_ mn[h^jichn i` jlin_]ncih `l-... ]if^ [fih_
nb_ \__e__j_lm b[p_ ^io\nf_mm]ig_ ]fi _l ni nb_ c^_[f nb[h mig_
i` nb_ jo\fcmb_^ l_]igg_h^[ncihm+

Pb_m_^[n[ [fmi chn_hmc`snb_ cgjiln[h]_ i` inb_l l_]iahct_^
mn[h^[l^m _mm_hnc[fni nb_ mo]]_mm`ofqchn_lcha i` \__m+ Chc ]_l*
n[ch nb[n nii go]b mnl_mm][hhin \_ jf[]_^ ojih nb_mojjfs i` [ mo`*
`c]c_hnko[hncns i` nb_ \_mnko[fcns i` mnil_m`lig nb_ mn[h^jichn
i` `l__^ig `lig ^_rnlch_ [h^ nb_ jlij_hmcns ni al[hof[n_) jlij*
_lfs jf[]_^ ch nb_ bcp_m8nb_jlipcmcih i` sioha ko__hm8nb__mn[\*
fcmbg_hni` [ hilg[f ]ifihs i` aii^ nl_hanb ]ihn[chcha \inb if^
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[h^ sioha \__m8mo``c]c_hnp_hncf[ncih i` nb_ ]ifihs [n [ff ncg_m8
[h^ jlin_]ncih \s [ aii^ qch^\l_[e `lig nb_ jl_p[cfcha qch^m+
Eh [^^cncih ni nb_m_)nb_l_ cmch^c][ncih nb[n [nn_hncih mbiof^ \_
acp_h ni nb_ jl_p_hncih i` ohh_]_mm[ls `fcabnm)_mj_]c[ffs ^olcha
nb_ `[ff [h^ _[lfs mjlcha j_lci^m+ Pbcmjichn h__^m `olnb_l ch*
p_mnca[ncih[h^ [h chkocls chni jl[]nc][f q[sm [h^ g_[hm+
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OQII=NU

Pb_ ^[n[ `lig `iol s_[lm _rj_lcg_hn[ncih ojih nb_ g_n[\*
ifcmg i` nb_ bih_s\__ ]ifihs ^olcha qchn_l ch^c][n_ nb[n [m _r*
n_lh[f n_gj_l[nol_m ^_]fch_ \_fiq nb_ ]fomn_lchan_gj_l[nol_) nb_
g_n[\ifc] l[n_ cmhin g[n_lc[ffs ch]l_[m_^ il jimmc\fs cmhin ch*
]l_[m_^ [n [ff+ Pb_l_ [l_ nbl__ l_[mihm `il nbcm]ih]fomcih7

E+ Pb_ ^[cfs fimmch q_cabn i` ]ifihc_m qcnb [ff nsj_m i` jli*
n_]ncih cmf_mm̀il nb_ ]if^ j_lci^m nb[h `il nb_ q[lg j_lci^m i`
nb_ qchn_l+ = mogg[ls i` [ff ]ifihc_m ^olcha [ff j_lci^m mno^c_^
qb_h nb_ g_[h ionmc^_n_gj_l[nol_ q[m [\ip_ /5- B+ mbiqm [
^[cfs fimm ch q_cabn 511 j_l ]_hn al_[n_l n\[h ^olcha [ff ]if^
j_lci^m qb_h nb_ g_[h ionmc^_n_gj_l[nol_ q[m .2- B+ il \_fiq+

/+ Pb_ g_[h ]fomn_l n_gj_l[nol_m ch nb_ mi*][ff_^ b_[n*jli*
^o]cha l_acih l_g[ch_^ l_g[le[\fs ]ihmn[hn l_a[l^f_mm i` ionmc^_
q_[nb_l+ Eh _f_p_h ion i` `c`n__h]ifihc_m nb_l_ q[m hi chp_lmcih
i` nb_ ]fomn_l n_gj_l[nol_ ch l_f[ncih ni nb_ ionmc^_n_gj_l[nol_
^olcha nb_ ]if^_mn j_lci^m i` `iol qchn_lm)[h^ nb_ `iol ][m_mi`
chp_lmcih [l_ Oi mfcabn[m ni \_ chmcahc`c][hn+Pb_ ]i_``c]c_hn i`
]ill_f[ncih \_nq__h nb_ g_[h ]fomn_l n_gj_l[nol_ [h^ nb_ g_[h
ionmc^_n_gj_l[nol_ cmihfs -+i20|-+-/3+ Chmbiof^ \_ hin_^ nb[n
nbcmmfcabn]ill_f[ncih cmjimcncp_)qb_l_[m g[le_^ chp_lmcih mbiof^
mbiq [ bcab h_a[ncp_ ]ill_f[ncih+

0+ ?fo n_f%]ihnl[]ncih ^olcha ]if^ q_[nb_l j_lgcnm i` nb_
]ihm_lp[ncih i` hilg[f g_n[\ifc] b_[n ^iqh ni [ p[lc[\f_ fcgcn+
Eh nb_ ]ifihs ]lcnc][ffs mno^c_^)nb_ l[n_ i` l[^c[ncih `lig nb_
mol`[]_ i` nb_ ]fomn_l ^olcha nb_ ]if^_mn q_[nb_l q[m ch]l_[m_^
ihfs *1' C2 j_l ]_hn *(* 012 j_l ]_hn) ]ihnl[mn_^ ni j_lci^m i` mi*
][ff_^ c^_[f ]fomn_lchan_gj_l[nol_m+ Pb_ ^c``_l_h]_ ch nb_ g_[h
ion^iil n_gj_l[nol_ `il nb_m_j_lci^m i` ^c``_l_hnc[ncih q[m 1-1-
B+ D[^ nb_l_ \__h hi ]ihnl[]ncih i` nb_ ]fomn_l) n\_ l[n_ i`
l[^c[ncih qiof^ b[p_ ch]l_[m_^ .25+-5 j_l ]_hn+
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=?GJKSHA@CAIAJPO

Enc [ jf_[mol_ ni []ehiqf_^a_ nb_ ]iij_l[ncih i` nqi [m*
mcmn[hnmch nb_ ^_j[lng_hn ch nb_ jlim_]omcih i` nbc l_m_[l]b+
Is mch]_l_nb[hem[l_ ^o_ Il+ ?+ D+ Ccf\_ln) =mmcmn[hnN_m_[l]b
=jc]ofnolcmn) `il bcm[mmcmn[h]_[h^ moaa_ncihmch m_nnchaoj nb_
_kocjg_hn [h^ ch nb_ n[echa i` l_]il^m+ @olcha nb_ qchn_l i`
.6/6*0- b_ q[m qbiffs l_mjihmc\f_ `il nbcmj[ln i` nb_ qile+ E
[g [fmi al[n_`of `il nb_ b_fj i` I l+ D+ H+ Oq__ng[h) =mmcmn[hn
N_m_[l]b Ahnigifiacmn) chm_]olchanb_l_]il^m [h^ nb_cln[\of[ncih
`il nb_ `clmnnqi s_[lm+
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HEPAN= PQNA ?EPA@

&E' C[n_m)>olnih J+
.6.1*Pb_ P_gj_l[nol_ i` nb_ >__ ?ifihs8 @_jn+>of+
C]' 638 Q+ O+@_jn+i` =alc+

&/' Lbcffcjm)A+ B+)[h^ @_gonb) C_i+ O+
.6.1*Pb_ P_gj_l[nol_ i` nb_Dih_s\__ ?fomn_l ch Sch*
n_f%8@_jn+>o + C]' 608 Q+ O+@_jn+i` =alc+

&0' Icfh_l) N+@+)[h^ @_gonb) C_i+ O+
.6/.*D_[n Lli^o]ncih i` Dih_s\__m ch Schn_l8 @_jn+
>o + C]' 6558 Q+O+@_jn+i` =alc+

&1' Lbcffcjm) A+ B+) [h^ @_gonb) C_i+ O+
.6.2*-on^iil %Schn_lchai` >__m8 B[lg_lm% >of) C]'
3628 Q+ O+@_jn+i` =alc+

&2' Lbcffcjm) A+ B+) [h^ @_gonb) C_i+ O+
.6.5**Pb_ Ll_j[l[ncih i` >__m `il Kon^iil Schn_lcha8
B[lg_lm% >o + C]' E-./7 Q+ O+@_jn+i` =alc+

&3' Lbcffcjm)A+ B+)[h^ @_gonb) C_i+ O+
.6.5**Schn_lcha >__m ch ?_ff[lm8 B[lg_lm% >of+ C]'
E-.18 Q+ O+@_jn+i` =alc+

&4' Scfmih) D+ B+)[h^ Icfog) R+ C+
.6/4*Schn_l Llin_]ncih `il nb_ Dih_s\__ ?ifihs7 N_*
m_[l]b >of+ C]' 427 Scm+=alc+ Arj+ On[ncih+

&5' D_mm)S+ N+
.6/3* P_gj_l[nol_ N_aof[ncih ch nb_ >__ ?ifihs8 P_ln*
m]blc`n `ol R_laf_c]b_h^_ Lbsmcifiac_) Rif+ ER) La+ 132*
043*

&6' Dcgg_f%) =+
.6/3*@_l Oitc[f_ S[lg_b[ombif^ ^_f%D]hca*\c_h_ 7Al*
f[h^_l Y[bl\o]b `ol >c_h_heoh^_) ja+ .*2.+

&.-' Lcl ]b) Cl_ail <*
.6/0*Ono^c_m ih nb_ P_gj_l[nol_ i` Eh^cpc^o[f Ehm_]n)
qcnb Oj_]c[f N_`_l_h]_ ni nb_ Dih_s\__8 Yiol+ i` =alc+
N_m_[l]b) Ri + TTER) CD'-'
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Pb_ `iffiqcha \off_nchmi` nb_ Ssigcha Arj_lcg_hn On[ncih g[s
\_ b[^ ojih l_ko_mn+&N_pcm_^fcmn)Jip_g\_l) .60-+'

=JJQ=H NALKNPO*
.6nb ni 06nb)ch]fomcp_&fw*-6 ni .6/5*/6) ch]fomcp_d+

EJ@AT >QHHAPEJO*
?) @ [h^ A+

DKNPE?QHPQN=H >QHHAPEJO*
Oj_]c[f >off_nchm)Rifog_ E)Jim+ / [h^ 3+
>c_hhc[fN_jilnm) Pbcl^mni O_p_hnb)ch]fomcp_+

Ji+ OP=PA B=NIO >QHHAPEJO*
.+ Ojlcha Sb_[n Lli^o]ncih ch A[mn_lhSsigcha+
/+ Schn_l Sb_[n Lli^o]ncih ch A[mn_lhSsigcha+
1+ Oig_ N_mofnm̀lig =alc]ofnol[f On[ncihmip_l nb_ On[n_`lig .6/0

N_jiln+
4+ Pb_ O_lpc]_ i` nb_On[n_Arj_lcg_hn B[lgm+

Ji+ ?EN?QH=N*
.3+ Pb_ A``_]n i` =fe[fc ih Lilnf[h^ ?_g_hn+

Ji+ >QHHAPEJO*
6/+ Pb_ R[fo_ i` Bc\_l P_mnchaI[]bch_m `il I_[molcha nb_ Onl_hanb

[h^ Af[mnc]cnsi` Siif+
61+ Pb_ ?b_gc][f Ar[gch[ncih i` @_[nb?[g[m+

.-.+ Vsa[^_hch_)nb_?lsmn[ffch=fe[fic^ i` Vsa[^_homchn_lg_^com+

.-3+ ?innihm__^?[e_ pm+?if^ Ll_mm_ ?̂innihm__^?[e_ `il >__` ?iqm+
..-+ Oq__n?fip_l+
../+ Pb_ Licmihiom Llij_lnc_m i` nb_ Pqi*Cliip_^ Icfe R_n]b #6ab`Q&

WQZcaRYacZSQbca$'
..0+ Pb_ A``_]n i` =fe[fc ojih Lilnf[h^ ?_g_hn+
..2+ >[lf_s chSsigcha+
..3+ Schn_l Cl[chm+
..4+ ?[nnf_B__^cha7

K[n [h^ L_[ Ocf[a_`il >__` ?iqm+
K[n [h^ L_[ Ocf[a_`il Cliqcha ?[nnf_+

..5+ K[nmchSsigcha+

./.+ Oq[gj B_p_l ch Dilm_m+

./5+ Dig_aliqh B__^m̀ il N[ha_ On__lm+

./6+ Ooh`fiq_lm)nb_cl?ofnol_ [h^ Qm_+

.01+ Schn_lcha N[ha_ ?[fp_m+

.02+ C[l\[a_ `il B[nn_hchaLcam+

.04+ Ssigcha Bil[a_ Lf[hnm[h^ nb_cl?b_gc][f ?igjimcncih+

.05+ Arj_lcg_hn[f Pl[hmgcmmcihi` Oq[gj B_p_l il Eh`_]nciom=h_gc[
%\sI_[hm i` O_]l_ncihm+

.06+ ?fcg[nifiac][f @[n[ `il Ssigcha+

.1.+ Pb_ Ic]lig_n_l ?[fcj_l [m [h Ehmnlog_hǹil I_[molcha nb_ @c[*
g_n_l i` Siif Bc\_lm+

.10+ ?b_gc][f Ar[gch[ncih i` Pbl__ @_fjbchcogm+

.11+ Hojch_ Ono^c_mEE*Pb_ Ocfp_lsHojch_+

.2-+ B[ffiq `il Og[ff Cl[chm+

.2/+ = Ono^si` Lin[ni O__^Pl_[ng_hn `il Nbcti]nihc[ ?ihnlif+
EOO+ Psj_ chPqi*U_[l Kf^ >__` On__lm+
.25+ Qm_i` ?[f]cog ?s[hc^_ chnb_=jc[ls+



O1 Kg][Y\W 6W`YScZbc`QZ:f^U`Y[U\b GbQbY]\ 7cZ' >0.

.26+ Ool`[]_ P_hmcihi` @cmch`_]nchaOifoncihm`il =g_lc][h Biof\lii^+

.3-+ H_mmihm̀lig nb_Qhcp_lmcns@[cls D_l^+
(,(& I_nbi^m i` Schn_l Sb_[n Pcff[a_+
.3/+ I[echa >l_[^ `lig Ssigcha Bfiol+
.30+ N_mofnmqcnb Pl__ Lf[hncha [n nb_Ob_lc^[h Bc_f^ On[ncih+
.32+ @c_n[ls Ono^c_mi` B[lg B[gcfc_mch =fc\[hs [h^ Hch]ifh ?iohnc_m)

Ssigcha+
.33+ On_lcfct[ncihi` >lii^ ?ig\m Eh`_]n_^qcnb =g_lc[]h Biof\lii^+
.34+ Bc_f^ Ono^c_mi` Lbsmc][f A]ifias i` =f`[f`[ S__pcf+
.35+ Oicf Lli\f_gm i` Sb_[nf[h^ Llid_]n+
.36+ =lnc`c]c[f Eh]o\[ncih [n Dcab =fncno^_m+
.4-+ K[n jli^o]ncih [h^ R[lc_nc_m̀il Ssigcha+
.4.+ R[lc_n[f P_mnmqcnb Sb_[n [n nb_ Ob_lc^[h Bc_f^ On[ncih+
.4/+ Ono^c_mih Nioj R[]]ch[ncih ch ?bc]e_hm+
.40+ I_nbi^m i` Ojlcha Sb_[n Pcff[a_+
.41+ Ono^c_mqcnb N[lh\iocff_n Ob__j EE+

=^^l_mml_ko_mnm7>off_nch@_j[lng_hn) Arj_lcg_hn On[ncih)
H[l[gc_) Ssigcha+


	University of Wyoming
	Wyoming Scholars Repository
	11-1-1930

	Bulletin No. 175 - The Metabolism of the Honeybee Colony During Winter
	University of Wyoming Agricultural Experiment Station

	Bulletin 174

