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[nlijbs)�[h^�chn_lmncnc[f�`c\limcm+� Pb_m_�f_mcihm�i]]ol�ch�p[lciom�l_h[f�^cmil^_lm�ch� [hcg[fm�

[h^�bog[h�\_cham�%/)0&+
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g_[mol_�afig_lof[l�mnlo]nol_m� mo]b�[m� afig_lof[l�[l_[)� afig_lof[l� no`n�[l_[+� >iqg[hãm�

mj[]_�[l_[+�>iqg[hãm�][jmof_�nbc]eh_mm�[h^�pifog_�q_cabn_^�g_[h�pifog_�i`�afig_lofc�

ch�nb_�ec^h_s+� Pb_�[jjfc][ncih�i`�mn_l_ifiac][f�g_nbi^m�ch�nb_�`clmn�j[ln�i`�nbcm�mno^s�[ffiq_^�
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afig_lof[l� ^cm_[m_+� Eh� [^^cncih)� nb_� m[g_� mno^s� l_p_[f_^� nb[n� [� mcahc`c][hn� h_a[ncp_�

]ill_f[ncih�_rcmn_^�\_nq__h�chn_lmncnc[f�][jcff[ls�[l_[�[h^�[h�ch]l_[m_�ch�chn_lmncnc[f�pifog_�

`l[]ncih+� Bolnb_lgil_)� [�mcahc`c][hn�]ill_f[ncih�q[m� jl_m_hn� \_nq__h� ch]l_[m_^� ]ilnc][f�

chn_lmncnc[f�pifog_�`l[]ncih�[h^�^_]l_[m_^�no\of[l�]_ff�pifog_�`l[]ncih+



Eh`f[gg[nils�[h^�hihch`f[gg[nils�afig_lof[l�̂ cm_[m_m)�_p_h�qb_h�p_ls�m_p_l_)�[l_�

hin� []]igj[hc_^� \s� [�g_[mol[\f_� l_^o]ncih� ch�afig_lof[l� `cfnl[ncih� l[n_�qb_h�nb_� l_h[f�

]ilnc][f�chn_lmncncog�[h^�nb_�no\of_m�[l_�_mm_hnc[ffs�hilg[f�%3&+

Pb_� ]ih]_hnl[ncha� [\cfcns� i`� nb_� ec^h_s� ^_j_h^m� jlcg[lcfs� ih� no\ofichn_lmncnc[f�

`oh]ncih�[h^�hin�ih�afig_gf[l�`cfnl[ncih�mol`[]_�[l_[+� Bil�chmn[h]_)�[m�chn_lmncnc[f� `c\limcm�

[h^�no\of[l�[nlijbs�ch]l_[m_)�nb_�g[rcgog�]ih]_hnl[ncha�[\cfcns�i ` �nb_�ec^h_s�̂ _]l_[m_m�%3&+�

Pb_�]ih]_hnl[ncha�[\cfcns�i`�nb_�ec^h_s�cm� `l_ko_hnfs�cgj[cl_^�qb_h�nb_l_�cm� `c\limcm�[h^�

chn_lmncnc[f�ch`f[gg[ncih�%_cnb_l�[fih_�il�[]]igj[hscha�[hinb_l�̂ cmil^_l&+� >_][om_�`c\limcm�

][h�l_mofn�ch�g[le_^�nbc]e_hcha�%qc^_hcha&�i`�nb_�chn_lmncncog�[h^�^cmlojncih�i`�p[m]of[nol_)�

nb_�mojjfs�i`�irsa_h�[h^�honlc_hnm�ni�nb_�no\of_m�cm�l_^o]_^�f_[^cha�ni�no\of[l�[nlijbs�%0/&+

Pb_� `cfnl[ncih�`oh]ncih�i`�nb_�afig_lofom)� `il�mo\mn[h]_m�omo[ffs�_fcgch[n_^� ch�nb_�

olch_�%_+a+�ol_[)�]l_[nchch_&)�cm�[fmi�h_a[ncp_fs�[``_]n_^�\s�no\ofichn_lmncnc[f�]b[ha_m�mo]b�[m�

chn_lmncnc[f�`c\limcm�[h^�no\of[l�[nlijbs�%3&+

Pb_l_�[l_�̂ c``_l_hn�nb_ilc_m�ih�nb_�g_]b[hcmg�\s�qbc]b�chn_lmncnc[f�`c\limcm�̂ _]l_[m_m�

afig_lof[l�`cfnl[ncih�l[n_�%CBN&�[h^�ch]l_[m_�m_log�]l_[nchch_�]ih]_hnl[ncih+� Cfig_lof[l�

`cfnl[ncih�l[n_�][h�\_�hilg[f�oh^_l�j[nbifiac][f�]ih^cncihm�ihfs�qb_h�nb_�ion`fiq�`lig�nb_�

afig_lof[l�][jcff[lc_m� chni� nb_� chn_lno\of[l�][jcff[lc_m� cm� hin� l_mnlc]n_^� %/4&+� Kh_� nb_ils�

moaa_mnm� nb[n� c`� i\fcn_l[ncih� i`� nb_� chn_lno\of[l� ][jcff[lc_m� i]]olm� ^o_� ni� chn_lmncnc[f�

ch`f[gg[ncih�[h^�`c\limcm)�jimnafig_lof[l�p[m]of[l�l_mcmn[h]_�ch]l_[m_m+� Pbcm�qiof^�f_[^�ni�

ch]l_[m_^�jl_mmol_�[h^�^cf[ncih�i`�nb_�afig_lof[l�no`n�][jcff[lc_m�%0.&+� Cfig_lof[l�`cfnl[ncih�

l[n_� qiof^� ^_]l_[m_� [h^� l_mofn� ch� [h� ch]l_[m_^� m_log�]l_[nchch_� ]ih]_hnl[ncih� %/4&+� Eh�

[^^cncih)�no\of[l�[nlijbs�m_]ih^[ls�ni�chn_lmncnc[f�`c\limcm�]iof^�l_mofn�ch�no\of[l�̂ sm`oh]ncih

.-



[h^� l_mofn� ch� [� l_^o]ncih� ch� mi^cog�]bfilc^_� l_[\miljncih+� =h� ch]l_[m_� ch� no\of[l� `foc^�

mi^cog� ]bfilc^_� ]ih]_hnl[ncih� [n� nb_� g[]of[� ^_hm[� ]iof^� ^_]l_[m_� CBN� ^o_� ni�

no\ofiafig_lof[l� `__^\[]e� %2)0.&+� ?ihm_ko_hnfs)� [m� no\of[l� `oh]ncih� ^_n_lcil[n_m)�

afig_lof[l� `cfnl[ncih� l[n_� ][h� \_� l_^o]_^� [h^� _f_p[n_� m_log� ]l_[nchch_� ]ih]_hnl[ncih+�

Pb_l_`il_)�^[n[�i\n[ch_^�`lig�bog[h�\_cham�ch^c][n_m�nb[n�j[nbifiac]�]b[ha_m�ch�nb_�l_h[f�

chn_lmncncog� [l_� [�jlcg_� ^_n_lgch[hn� i`�l_^o]_^� l_h[f� `oh]ncih� [h^� nb[n� afig_lof[l� [h^�

no\of[l�`oh]ncih�g[s�\_�^cl_]nfs�il�ch^cl_]nfs�[``_]n_^�\s�chn_lmncnc[f�j[nbifias+

,)-)� Baaibc\]ghcW\Ya]WU`�UbU`mg]g�cZ�fYbU`�]bZ`UaaUhcfm�WY]`g

,)-),)� BbhfcXiWh]cb

Dcmni]b_gcmnls�cm�\[m_^�ih�nb_�om_�i`�nch]nilc[f�mn[chm�`il�nb_�pcmo[fct[ncih�i`�ho]f_c]�

[]c^m)� ][l\ibs^l[n_m)� jlin_chm)� fcjc^m)� _htsg_m)� [h^� gc]liila[hcmgm� %00&+�

Eggohibcmni]b_gcmnls�%ED?&�cm�[h�[^p[h]_^�n_]bhcko_�i`�bcmni]b_gcmnls�a_h_l[ffs� om_^�ni�

^_n_]n�]_ff�[h^�ncmmo_�jlin_chm+� Pb_�i\d_]ncp_�i `�ED?� cm�ni� c^_hnc`s�]_ff�[h^�ncmmo_�[hnca_hm�

\s� ?B� F?GH� [hnca_h*[hnc\i^s� l_[]ncihm� g[^_� pcmc\f_� \s� l_jiln_l� gif_]of_m� mo]b� [m�

`foili]blig_m)�_htsg_m)�[h^�]iffic^[f�aif^�j[lnc]f_m�%00&+� Eggohibcmni]b_gcmnls�b[m�\__h�

om_^�`il�nb_�^c[ahimcm�i`�g[hs�^cm_[m_m�[mmi]c[n_^�qcnb�[oni[hnc\i^c_m)� nogilm)� cggoh_�

]igjf_r�^_jimcncih)�[h^�`il�nb_�^_n_]ncih�i`�gc]liila[hcmgm�ch�ncmmo_�m_]ncihm�%01&+

@c``_l_hn�cggohibcmni]b_gc][f�mn[chcha�g_nbi^m�][h�\_�om_^�ni�fi][fct_�[hnca_hm�ch�

ncmmo_�m_]ncihm+�Pb_�̂ cl_]n�mn[chcha�n_]bhcko_�chpifp_m�]ihdoa[ncha�nb_�jlcg[ls�[hnc\i^s�[h^�

mn[chcha�ch�ih_�mn_j+� Pb_�[^p[hn[a_m�i`�nbcm�n_]bhcko_�[l_�nb_�fcgcn_^�hog\_l�i`�l_[a_hnm�[h^�

nb_�mbiln�mn[chcha�ncg_+� Diq_p_l)�mch]_�mn[chcha�chpifp_m�ihfs�ih_�f[\_f_^�[hnc\i^s)�fcnnf_

..



mcah[f�[gjfc`c][ncih�cm�[]bc_p_^�[h^�nb_l_`il_)�^cl_]n�g_nbi^m�[l_�f_mm�]iggihfs�om_^+� Eh�

nb_�ch^cl_]n�g_nbi^)�mj_]c`c]�oh]ihdoa[n_^�jlcg[ls�[hnc\i^s�\ch^m�ni�nb_�[hnca_h�i`�chn_l_mn+�

=h�_htsg_*f[\_f_^�m_]ih^[ls�[hnc\i^s�̂ cl_]n_^�[a[chmn�nb_�jlcg[ls�[hnc\i^s�cm�nb_h�[jjfc_^+�

Oo\m_ko_hn�om_�i`�[�mo\mnl[n_*]bligia_h�mifoncih�]ih]fo^_m� nb_�l_[]ncih�m_ko_h]_�[h^�[�

]ifil_^�l_[]ncih�cm�^_n_]n_^�qcnb�fcabn�gc]lim]ijs�%02&+

Knb_l�cggohi_htsg_�n_]bhcko_m�b[p_�\__h�^_mcah_^�ni�[gjfc`s�nb_�pcmc\f_�mcah[f�

[m�[pc^ch*\cinch�]igjf_r�%=>?&�n_]bhcko_+� =hnca_hm�ch�ncmmo_�m_]ncihm�[l_�^_n_]n_^�\s�[h�

ohf[\_f_^�jlcg[ls�[hnc\i^s� `iffiq_^�\s� [� m_]ih^[ls�[hnc\i^s� f[\_f_^�qcnb�\cinch�qbc]b�

\ch^m�ni�nb_�jlcg[ls�[hnc\i^s+� Pb_�ncmmo_�cm�nb_h�_rjim_^�ni�[�jl_`ilg_^�]igjf_r�i`�[pc^ch*�

\cinch*_htsg_�qbc]b�\ch^m�qcnb�bcab�[``chcns�ni�nb_�\cinchsf[n_^�m_]ih^[ls�[hnc\i^s+� Pb_�

\cinch�gif_]of_m�[l_�f[\_f_^�qcnb�[h�_htsg_)�]iggihfs�j_lirc^[m_�il�[fe[fch_�jbimjb[n[m_+�

=h�_htsg_� mo\mnl[n_� %_+a+� ^c[gchi\_htc^ch_� c`�j_lirc^[m_� cm�om_^&� cm� nb_h�[jjfc_^�ni� nb_�

ncmmo_�[h^�[�]ifil_^�l_[]ncih�jli^o]n�`ilgm�[n�mcn_m�i`�[hnc\i^s*_htsg_�]igjf_r�\ch^cha�

%01&+

.+/+/+� E^_hnc`c][ncih�i`�ch`f[gg[nils�]_ffm�ch�[\hilg[f�ec^h_sm

c+/+/+.+� Eh`f[gg[nils� ]_ffm� ch� nb_� ec^h_sm� i`� bog[h� \_cham� qcnb� l_h[f� ^cm_[m_

Ono^c_m�ch�bog[h�\_cham�qcnb�afig_lofih_jblcncm�b[p_�^_gihmnl[n_^�nb[n�chn_lmncnc[f�

f_oei]sn_� ch`cfnl[ncih� %jl_^igch[hnfs� P*fsgjbi]sn_m&� mbiqm� [� mnliha� ]ill_f[ncih� qcnb�

cgj[cl_^�l_h[f�`oh]ncih�%03&+� Ehn_lmncnc[f�f_oei]sn_�ch`cfnl[ncih�cm�[h�cgjiln[hn�]igjih_hn�i ` �

gimn�`ilgm�i`�afig_lofih_jblcncm�[h^�cn�jf[sm�[�g[dil�lif_�ch�\inb�nb_�j[nbia_h_mcm�[h^�nb_�

jlial_mmcih� i`� cggoh_g_^c[n_^� afig_lofih_jblcncm+� Ono^c_m� i `� bog[h

./



afig_lofih_jblcnc^c_m�b[p_�]ih`clg_^�nb[n�P�]_cfm�[h^�g[]lijb[a_m�jf[s�[�g[dil� lif_�ch�nb_�

ch^o]ncih�i`�l_h[f�chdols�%04&+� Pb_m_�m[g_�mno^c_m�b[p_�[fmi�mbiqh�nb[n�ch`cfnl[ncih�i`�nb_�

chn_lmncncog�\s�gihiho]f_[l�ch`f[gg[nils�]_ffm�cm�[mmi]c[n_^�qcnb�nb_�_pifoncih�i`�chn_lmncnc[f�

]b[ha_m+

?blihc]� chn_lmncnc[f� h_jblcncm� cm� ]b[l[]n_lct_^� \s� no\of[l� [nlijbs� [h^� chn_lmncnc[f�

`c\limcm�[h^�g[s�\_�nb_�l_mofn�i`�jlcg[ls�il�m_]ih^[ls�chn_lmncnc[f�h_jblcncm�%.2&+� >inb�`ilgm�

i `�chn_lmncnc[f�h_jblcncm�[l_�chcnc[ffs�]b[l[]n_lct_^�\s�nb_�jl_m_h]_�i`�ch`f[gg[nils�ch`cfnl[n_m�

]ihmcmncha�jlcg[lcfs�i `�?@1Y�[h^�?@O'�P*fsgjbi]sn_m�%.2&+

Eh`cfnl[ncih� i`� gihiho]f_[l� ]_ffm� i]]olm� qcnbch� nb_� afig_lofc� [h^� l_h[f�

no\ofichn_lmncncog� ch� afig_lof[l� chdols� %05&+� Iil_ip_l)� cn� cm� _pc^_hn� nb[n� afig_lof[l�

g[]lijb[a_� ch`cfnl[ncih� i]]olm� ch� gimn� `ilgm� i`� afig_lofih_jblcncm� %.1&+� Diq_p_l)�

g[]lijb[a_� []]ogof[ncih�qcnbch� nb_� no\ofichn_lmncncog� [fmi� jf[sm� [�g[dil� lif_� ch� l_h[f�

chdols�[h^�g[s)�ch�`[]n)�l_jl_m_hn�[h�cgjiln[hn�j[nbq[s�`il�jlial_mmcp_�l_h[f�chdols�%.1&+

E+/+/+/+� Eh`f[gg[nils�]_ffm�ch�nb_�ec^h_s�i`�inb_l�mj_]c_m�qcnb�l_h[f�^cm_[m_

Eggohibcmni]b_gc][f� mno^c_m� ch� l[nm� b[p_� ^_gihmnl[n_^� nb[n� nb_� chn_lmncncog�i`�

]blihc][ffs�cm]b_gc]�ec^h_sm�b[^�[�̂ c``om_�ch`cfnl[ncih�i`�gihiho]f_[l�]_ffm�]igjim_^�i`�>�

fsgjbi]sn_m)�?@1'�P�b_fj_l�%Pbf� [h^�Pb/&� fsgjbi]sn_m)�[h^�g[]lijb[a_m�\on�p_ls�`_q�

?@O'� ]sninirc]� P*fsgjbi]sn_m� %06&+� Pbf� fsgjbi]sn_*[]ncp[n_^�g[]lijb[a_m� b[p_� [h�

_hb[h]_^� [\cfcns� ni� ecff� ch`_]n_^� ]_ffm+� Pb/� fsgjbi]sn_m� []ncp[n_� [hnca_h*\ch^cha� >�

fsgjbi]sn_m� ni� ^c``_l_hnc[n_� chni� [hnc\i^s*`ilgcha� jf[mg[� ]_ffm+� ?@O'� ]sninirc]� P�

fsgjbi]sn_m�n[la_n�[h^� ecff�ch`_]n_^�]_ffm+

.0



N[nm�qcnb�[onicggoh_� no\ofichn_lmncnc[f� h_jblcncm� ch^o]_^� \s� cggohct[ncih�qcnb�

\ipch_�no\of[l�\[m_g_hn�g_g\l[h_�[hnca_hm�b[p_�gihiho]f_[l�ch`cfnl[n_m�ch�nb_�chn_lmncncog+�

Pb_m_� ch`cfnl[n_m� ch]fo^_� jifsgiljbiho]f_[l� f_oei]sn_m)� P*fsgjbi]sn_m)� [h^�

gihi]sn_m,g[]lijb[a_m� ch� [``_]n_^� ec^h_sm� %1-&+� Pbcm� mno^s� [fmi� mbiq_^� nb[n� P*�

fsgjbi]sn_m)�j[lnc]of[lfs�?@1')�jf[s�[h�cgjiln[hn�lif_�ch�nb_�̂ _p_fijg_hn)�jlial_mmcih)�[h^�

l_aof[ncih�i`�no\ofichn_lmncnc[f�h_jblcncm+� Oj_]c`c]�]sniech_m�l_f_[m_^�\s�?@1$�P�]_ffm�\ch^�

ni�jlircg[f� no\of[l�_jcnb_fcog�[h^�nl[hm]lcjncih[ffs�^iqh*l_aof[n_�nb_�_rjl_mmcih�i`�nsj_�

ER�]iff[a_h�%1.&+

Eh�l[nm�qcnb�jlin_cholc[�[h^�no\ofichn_lmncnc[f�h_jblcncm�ch^o]_^�\s�jlin_ch*ip_lfi[^)�

[� mcahc`c][hn� ch]l_[m_� ch� nb_� hog\_l�i`�P*fsgjbi]sn_m� q[m� i\m_lp_^+� Pb_� m[g_� mno^s�

mbiq_^�[�mnliha�jimcncp_�]ill_f[ncih�\_nq__h�nb_�m_p_lcns�i`�no\ofichn_lmncnc[f�h_jblcncm�[h^�

nb_� ^_al__� i`�jlin_cholc[+� Pbcm� moaa_mnm� nb[n� jlin_cholc[�g[s� jf[s� [� ^cl_]n� lif_� ch� nb_�

j[nbia_h_mcm� i `� no\ofichn_lmncnc[f� chdols� qbc]b� ^_p_fijm� ch� [mmi]c[ncih� qcnb� ]blihc]�

afig_lofih_jblcncm�%1/&+

Pbl__�mn[a_m�i`�jlial_mmcp_�̀ c\lia_h_mcm�[l_�l_]iahct_^�[m�[�m_ko_ff[�i`�ch`f[gg[ncih�

%10&+� On[a_� .� chpifp_m�nb_�_p_hnm�chcnc[ncha�[h^�_mn[\fcmbcha�nb_�]ih^cncihm�_mm_hnc[f�`il�nb_�

jligincih�i`�[]ncp_�l_gi^_fcha�i`�nb_�_rnl[]_ffof[l�g[nlcr�qbc]b�cm�g_^c[n_^�\s�]sniech_m)�

aliqnb� `[]nilm� fce_� nl[hm`ilgcha� aliqnb� `[]nil*L)� chn_lf_oech*.)� jf[n_f_n� ^_lcp_^� aliqnb�

`[]nil� [h^� nl[hm`ilgcha� aliqnb� `[]nil*[+� =]ncp_� ^_jimcncih� i`�`c\linc]� g[nlcr)� [h^� cnm�

^cmlojncp_�_``_]nm�ih�ila[h�`oh]ncih�[l_�]b[l[]n_lcmnc]�i`�mn[a_�/+� On[a_�0� cm�nb_�[nn_ho[ncih�

i `�nb_�[]ncp_�^_jimcncih�i`�̀ c\linc]�g[nlcr+� Pb_l_�[l_�m_p_l[f� no\ofichn_lmncnc[f�]_ff� nsj_m�

qbc]b�g[s� []n� [m� [� n[la_n� `il� ch`f[gg[nils�g_^c[nilm)� [h^�qbim_�[]ncp[ncih� cm� ^cl_]nfs

.1



l_mjihmc\f_�`il�mshnb_mcm�i`�_rnl[]_ffof[l�g[nlcr+� =giha�nb_m_�[l_�no\of[l�_jcnb_fc[f�]_ffm)�

chn_lmncnc[f�`c\li\f[mnm)�[h^�p[m]of[l�_h^inb_fcog�%10&+

,).)� JYbU`�ZibWh]cb�#gYfia�WfYUh]b]bY�WcbWYbhfUh]cb$

Pb_�chcnc[f�mn_j�ch�nb_�_r]l_nils�`oh]ncih�i`�nb_�ec^h_s�%h_jblih&�cm�jf[mg[�`cfnl[ncih�

[]limm�nb_�afig_lofom+� Bcfnl[n_�_hn_lm�>iqg[hãm�mj[]_)�j[mm_m�nblioab�nb_�no\of_m�[h^�cm�

gi^c`c_^�\s�l_[\miljncih�[h^�m_]l_ncih+� Eh�a_h_l[f)�nb_�jlircg[f�no\of_�[h^�fiij�i`�D_hf_�

l_[\mil\�nb_�\ofe�i`�nb_�`cfn_l_^�mifon_m�[h^�q[n_l)�qbcf_�nb_�]iff_]ncha�no\of_m�g[e_�`ch[f�

mg[ff�]b[ha_m�ch�olch[ls�]igjimcncih+� Pb_�nl[hmno\of[l�l_[\miljncih�il�m_]l_ncih�i`�cihm�cm�

`[]cfcn[n_^�\s�cih*mj_]c`c]�]b[hh_fm�%11&+

O_log�]l_[nchch_�]ih]_hnl[ncih�][h�\_�om_^�ni�_p[fo[n_�l_h[f�`oh]ncih+� ?l_[nchch_�cm�

jli^o]_^� `lig� nb_�g_n[\ifcmg�i`�]l_[nch_� ch�gom]f_+� En� cm� l_f_[m_^� chni� nb_� \fii^� [n� [�

l_f[ncp_fs�]ihmn[hn�l[n_�[h^�cm�_r]l_n_^�f[la_fs�\s�afig_lof[l�̀ cfnl[ncih�%12&+� ?l_[nchch_�cm�hin�
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pifog_� i ` �nb_� afig_lofc� cm� []]igj[hc_^� \s� [� mcahc`c][hn� ch]l_[m_� ch� m_log�
]l_[nchch_�]ih]_hnl[ncih+
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-).).)� =]gWigg]cb

Eh� il^_l� ni� _p[fo[n_� nb_� l_f[ncihmbcj� \_nq__h� mnlo]nol[f� [\hilg[fcnc_m� [h^� l_h[f�

`oh]ncih� ch� ^iam� qcnb� ^c``_l_hn� h[nol[ffs� i]]ollcha� l_h[f� ^cm_[m_m)� mn[h^[l^ct[ncih� i`�

mnlo]nol[f� g_[mol_g_hnm� [h^� bcmnij[nbifiac][f� _r[gch[ncih� i `� ][m_m� q[m� h_]_mm[ls+�

Diq_p_l)�nb_�^cm]ommcih�qcff�gimnfs�]ihmc^_l�nb_�aliojm�nb[n�q_l_�]igjim_^�i `�gil_�nb[h�

ih_�][m_�mo]b�[m�]ihnlif)�]blihc]�chn_lmncnc[f�h_jblcncm)�afig_lofih_jblcncm)�[h^�[gsfic^imcm+�

>_][om_�nb_l_�q[m�ihfs�ih_�][m_�_[]b�i`�h_jbli][f]chimcm�[h^�al[hofig[niom�h_jblcncm)�nb_�

^[n[�q[m�[h[fst_^�nia_nb_l�qcnb�[ff�i`�nb_�][m_m�%h:06&+� Pb_�mnlo]nol[f�[fn_l[ncihm� ch�nb_m_�

nqi�][m_m�q_l_�mcgcf[l�ni�nbim_�ch�nb_�inb_l�^cm_[m_�aliojm+

Biol�\[mc]�l_h[f�mnlo]nol_m�q_l_�g_[mol_^�gilijbig_nlc][ffs�%chn_lmncncog)�no\of_m)�

][jcff[lc_m� [h^� afig_lofc&+� Iimn� i `�nb_� g_[mol_g_hnm� q_l_� l_f[n_^� ni� nb_� afig_lofom�

%afig_lof[l�pifog_�`l[]ncih)�afig_lof[l�[l_[)�afig_lof[l�no`n�[l_[+�>iqg[hãm�mj[]_�[l_[+�

>iqg[hãm� ][jmof_� b[lgihc]� nbc]eh_mm)� [h^� pifog_� q_cabn_^� g_[h� pifog_� i`� nb_�

afig_lofc&+� @_mjcn_� m_p_l[f�afig_lof[l�[fn_l[ncihm)� `_q�g_[mol_g_hnm�q_l_� mn[ncmnc][ffs�

^c``_l_hn� `lig� ]ihnlif� [h^�gimn� b[^� [� fiq_l� ]ill_f[ncih�]i_``c]c_hn� ni� m_log� ]l_[nchch_�

]ih]_hnl[ncih� [m� ]igj[l_^� ni� no\ofichn_lmncnc[f� g_[mol_g_hnm+� =h[fsmcm� i`� p[lc[h]_�

^_gihmnl[n_^�mcahc`c][hn�̂ c``_l_h]_m�`il�chn_lmncnc[f�pifog_�̀ l[]ncih)�no\of[l�pifog_�`l[]ncih�

[h^� >iqg[hãm� ][jmof_� b[lgihc]� nbc]eh_mm+� Eh� [^^cncih)� gofncjf_� ]igj[lcmih� [h[fsmcm�

\_nq__h�nb_�]ihnlif�alioj�[h^�^cm_[m_�aliojm�^_gihmnl[n_^�nb[n7� .&� chn_lmncnc[f�[h^�no\of[l�

pifog_� `l[]ncih� ch]l_[m_^� [h^� ^_]l_[m_^)� l_mj_]ncp_fs)� ch� ]blihc]� chn_lmncnc[f� h_jblcncm)�

afig_lofih_jblcncm)�[gsfic^imcm)�[h^�al[hofig[niom�h_jblcncm8� [h^�/&�>iqg[hãm�][jmof_�

b[lgihc]�nbc]eh_mm�q[m�ch]l_[m_^�mcahc`c][hnfs�ihfs�ch�afig_lofih_jblcncm+�Sb_h�chn_lmncnc[f
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pifog_� `l[]ncih�q[m� ch]l_[m_^)� nb_� no\of[l�pifog_� `l[]ncih�q[m� mcahc`c][hnfs� ^_]l_[m_^+�

=h[fsmcm�i`�]ip[lc[h]_�mbiq_^�nb[n�nb_�[\mifon_�pifog_�i`�ec^h_s,h_jblih�i]]ojc_^� \s�

chn_lmncncog�b[^�[�mcahc`c][hn�n_h^_h]s�ni� ch]l_[m_�qcnb�ch]l_[mcha�]l_[nchch_� f_p_fm+� Pb_�

[\mifon_� pifog_�i`�ec^h_s,h_jblih�i]]ojc_^� \s� no\of_m� l_g[chm�nb_� m[g_� [h^�^i_m� hin�

]b[ha_�_cnb_l�qcnb�̂ c``_l_hn�m_log�]l_[nchch_�]ih]_hnl[ncihm�il�qcnb�̂ c``_l_hn�̂ cm_[m_�aliojm+�

En� cm� jimmc\f_�nb[n�qb_h�afig_lofc�^lijion)� nb_�h_jblihm�^cm[jj_[l�[h^�nb_�_gjns�[l_[�cm�

`cff_^� \s� chn_lmncnc[f� jlifc`_l[ncih� [h^� nb_� l_g[chcha� `oh]ncih[f� h_jblihm� g[chn[ch� nb_cl�

[\mifon_� no\of[l� pifog_+� E`� no\of[l� bsj_lnlijbs� i]]olm� nbcm� cm� hin� giljbig_nlc][ffs�

mcahc`c][hn+� Cfig_lof[l�[h^�][jcff[ls�pifog_�`l[]ncih�^c^�hin�]b[ha_�mcahc`c][hnfs+� Sb_h�

chn_lmncnc[f�pifog_�cm�ch]l_[m_^�%qc^_l&)�cn�g[s�]ihnlc\on_�ni�^_]l_[mcha�chn_lno\of[l�][jcff[ls�

[l_[�[h^�]igjligcm_�\fii^�`ciq%0/&+� E`�\fii^�`fiq�cm�^cgchcmb_^)�nb_�mojjfs�i`�irsa_h�[h^�

honlc_hnm�ni�nb_�no\of_m�cm�l_^o]_^�f_[^cha�ni�no\of[l�[nlijbs+� Po\of[l�[nlijbs�g[s�f_[^�ni�

nb_� `ilg[ncih� i`�[no\of[l� afig_lofc� %.2&+� =no\of[l� afig_lofc� g[s� ][om_� [� ^_]l_[m_^�

`cfnl[ncih�l[n_�mch]_�\fii^�^i_m�hin�a_n�`cfn_l_^+� =fmi)�c`�no\of[l�_jcnb_fc[f�]_ffm�[l_�^[g[a_^)�

no\of[l�mi^cog�]bfilc^_�l_[\miljncih�cm�^_]l_[m_^�f_[^cha�ni�[h�ch]l_[m_^�^_fcp_ls�i`�J[?f�

ni�nb_�g[]of[�̂ _hm[�[h^�ni�[�l_^o]ncih�ch�l_hch*[hacin_hmch�msmn_g�[]ncpcns�%no\ofiafig_lof[l�

`__^� \[]e&%13&+� Pbcm� l_mofnm� ch�^cf[n[ncih�i`�nb_�[``_l_hn�[h^�_``_l_hn�[ln_lcif_m� %2.&� [h^�

l_^o]ncih�ch�afig_lof[l�̀ cfnl[ncih�l[n_+� Eh�[^^cncih)�afig_lof[l�̀ cfnl[ncih�l[n_�g[s�\_�l_^o]_^�

\s�i\mnlo]ncih�%^o_�ni� `c\limcm&�i`�jimnafig_lof[l�][jcff[lc_m+� Pbcm�]iof^� f_[^�ni�[�lcm_�ch�

bs^limn[nc]�jl_mmol_�[h^�ni�[�l_^o]ncih�ch�afig_lof[l�\fii^�`fiq�[h^�nb_l_`il_�ni�[�lcm_�ch�

m_log�]l_[nchch_�]ih]_hnl[ncih�%0.&+� Eh�iol�mno^s)�qc^_hcha�i`�nb_�l_h[f�]ilnc][f�chn_lmncncog�

%ch]l_[m_^�chn_lmncnc[f�pifog_�`l[]ncih&�q[m�[]]igj[hc_^�\s�[�mcahc`c][hn�ch]l_[m_�ch�m_log
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]l_[nchch_�]ih]_hnl[ncih�[h^�[�mcahc`c][hn�̂ _]l_[m_�ch�no\of[l�pifog_�`c[]ncih+� Pb_�̂ _]l_[m_�

ch�no\of[l�pifog_�`c[]ncih�cgjfc_m�[�^_]l_[m_�ch�`oh]ncih[f�no\of[l�]_ffm�[h^�[�^_]l_[m_�ch�

no\of[l�l_[\miljncih,m_]l_ncih+� Iil_ip_l)�nbcm�jli]_mm�f_[^m�ni�[�̂ _]l_[m_�ch�nin[f�`oh]ncih[f�

l_h[f�g[mm+� Kol�`ch^cham�moaa_mn�nb[n�no\ofichn_lmncnc[f�[fn_l[ncihm�%chn_lmncnc[f�[h^�no\of[l�

pifog_�`c[]ncih&�b[^�gil_�`oh]ncih[f�cgj[]n�ih�l_h[f�`oh]ncih�nb[h�afig_lof[l�[fn_l[ncihm+

L_[lmih�]ill_f[ncih�mbiq_^�nb_l_�q[m�[�mnliha_l�]ill_f[ncih�\_nq__h�m_log�]l_[nchch_�

]ih]_hnl[ncih�[h^� chn_lmncnc[f� pifog_� `c[]ncih�il�no\of[l�pifog_� `c[]ncih�[m� ]igj[l_^�ni�

afig_lof[l�[l_[+�>iqg[hãm�mj[]_�[l_[+�>iqg[hãm�][jmof_�b[lgihc]�nbc]eh_mm)�[h^�pifog_�

q_cabn_^�g_[h�pifog_�i`�nb_� afig_lofc+� Pb_l_`il_�nbcm� moaa_mn� nb[n� chn_lmncnc[f� pifog_�

`c[]ncih�[h^�no\of[l�pifog_�`c[]ncih�b[p_�gil_�_``_]n�ih�m_log�]l_[nchch_�]ih]_hnl[ncih+

Iofncjf_�l_al_mmcih�q[m�j_l`ilg_^�ch�il^_l�ni�^_n_lgch_�qbc]b�p[lc[\f_m�[]]iohn_^�

`il� nb_� g[dilcns� i`� nb_� p[lc[ncih� ch� m_log� ]l_[nchch_� ]ih]_hnl[ncih+� O_log� ]l_[nchch_�

]ih]_hnl[ncih� [m� [� ^_j_h^_hn� p[lc[\f_�q[m� chnli^o]_^� ch� nb_�gofncjf_� l_al_mmcih�gi^_f�

\_][om_�nbcm�q[m� om_^�[m� [h� ch^c][nil�i`�l_h[f� `oh]ncih+� Ehn_lmncnc[f� pifog_� `l[]ncih�[h^�

afig_lof[l�[l_[�q_l_� ]bim_h�[]]il^cha� ni� nb_� bcab�]ill_f[ncih�]i_``c]c_hn)� [h^� nb_�gimn�

l_fc[\f_�afig_lof[l�g_[mol_g_hn)�l_mj_]ncp_fs+� Eh�[^^cncih)�mn[h^[l^ct[ncih�i`�nb_�l_mofncha�

_ko[ncih�q[m�j_l`ilg_^�ni�_mn[\fcmb�qbc]b�ch^_j_h^_hn�p[lc[\f_�b[^�[�al_[n_l�ch`fo_h]_�ih�

m_log�]l_[nchch_�]ih]_hnl[ncih+� Pb_�gofncjf_�l_al_mmcih�_ko[ncih�b[^�[�mko[l_^�gofncjf_�

]ill_f[ncih�]i_``c]c_hn�%N*&�i`�15")�g_[hcha�nb[n�15"�i`�nb_�m_log�]l_[nchch_�]ih]_hnl[ncih�

p[lc[ncih�cm�_rjf[ch_^�\s�chn_lmncnc[f�pifog_�`cl[]ncih�[h^�afig_lof[l�[l_[+� >s�_r[gchcha�nb_�

mn[h^[l^ct_^� _ko[ncih)� chn_lmncnc[f� pifog_� `cl[]ncih� b[m� [\ion� .+2� ncg_m� %.51,.//&� nb_�

ch`fo_h]_�ih�m_log�]l_[nchch_�]ih]_hnl[ncih�nb[h�^i_m�afig_lof[l�[l_[+
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Pb_�l_mofn�i `�nbcm�mno^s�q_l_�mcgcf[l�ni�]igj[l[\f_�chp_mnca[ncihm�ch�bog[h�\_cham+�

Kol�l_mofnm�mbiq_^�[�]ill_f[ncih�]i_``c]c_hn�i`�l:-+25�\_nq__h�chn_lmncnc[f�pifog_�`l[]ncih�

[h^� m_log� ]l_[nchch_� ]ih]_hnl[ncih+� Eh� bog[h� \_cham)� ]ill_f[ncih� ]i_``c]c_hnm� \_nq__h�

chn_lmncnc[f�pifog_�`l[]ncih�[h^�m_log�]l_[nchch_�]ih]_hnl[ncih�b[p_�\__h�l_jiln_^�[m�l:-+31�

%afig_lofih_jblcncm)� h:34&� %3&)� l:-+42� %[gsfic^imcm)� h:15&%0-&)� [h^� l:-+52�

%afig_lofim]f_limcm)�h:24&%3&+� Pb_�]ill_f[ncih�]i_``c]c_hnm�q_l_�mig_qb[n�bcab_l�nb[h�ch�

iol�mno^s+� Pbcm�]iof^�\_�\_][om_�nbim_�mno^c_m�_r[gch_^�mj_]c`c]�l_h[f�̂ cm_[m_m)�qb_l_[m�iol�

mno^s�ch]fo^_^�m_p_l[f�^c``_l_hn�l_h[f�̂ cm_[m_m+� Eh�[^^cncih)�nb_�hog\_l�i`�][m_m�ch�iol�mno^s�

q[m� f_mm� nb[h�nbim_� ch� nb_�mno^c_m� `lig�bog[h�\_cham+� Bolnb_lgil_)�iol�mno^s)�[m� ch�nb_�

mno^c_m� `lig�bog[h�\_cham)�^_gihmnl[n_^� nb[n�afig_lof[l�[fn_l[ncihm�[l_� hin�[m� mnlihafs�

[mmi]c[n_^�qcnb�^_]l_[m_^�l_h[f�`oh]ncih�[m�[l_�no\ofichn_lmncnc[f�[fn_l[ncihm+

=m� [� m_ko_f[� i`� ch`f[gg[ncih� [h^� chdols)� ^c``_l_hn� ]sniech_m� %PCB*L)� L@CB&�

_f[\il[n_^�\s�]cl]of[ncha�gihiho]f_[l�ch`f[gg[nils�]_ffm�l_]locn_^� chni�nb_�ch`f[gg[nils�

mcn_� g[s� []ncp[n_� `c\lia_hc]� l_mjihm_m� ch� l_mc^_hn� no\of[l� [h^� chn_lmncnc[f� ]_ffm� %_+a+�

`c\li\f[mn&+� Pb_m_� jli]_mm_m� mncgof[n_� ec^h_s� ncmmo_� ni� jli^o]_� _rnl[]_ffof[l� g[nlcr�

gif_]of_m)� fce_�]iff[a_h)� `c\lih_]nch�[h^�jlin_iafs][hm� %1&+� Kp_ljli^o]ncih�i`�[ff� nb_m_�

`[]nilm�a_h_l[n_�`c\limcm+

En�cm�cgjiln[hn�ni�ehiq�c`�afig_lof[l�il�no\ofichn_lmncnc[f�^[g[a_�b[m�gil_�cgj[]n�

ih�l_h[f�`oh]ncih�\_][om_�nbcm�g[s�c^_hnc`s�mj_]c`c]�nb_l[j_onc]�mnl[n_ac_m�ch�̂ iam�qcnb�l_h[f�

^cm_[m_+� Pb_�l_mofnm� i`�nbcm� mno^s�qiof^� moaa_mn�nb[n� nb_l[jc_m�qbc]b�l_^o]_� chn_lmncnc[f�

ch`f[gg[ncih�[h^� `c\limcm�qiof^�jl_m_lp_�il�cgjlip_�l_h[f� `oh]ncih�gil_�nb[h�nb_l[jc_m�

^cl_]n_^�[n�afig_lof[l�[\hilg[fcnc_m+
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.),)� BbhfcXiWh]cb

Eh`cfnl[ncha� gihiho]f_[l� ch`f[gg[nils� ]_ffm� ch� nb_� l_h[f� chn_lmncncog� mo]b� [m� P*�

fsgjbi]sn_m�jf[s�[h�cgjiln[hn�lif_�ch�nb_�chcnc[ncih�[h^�jlial_mmcih�i`�l_h[f�j[nbifias�%_+a+�

no\ofichn_lmncnc[f�`c\limcm&� ch�[hcg[fm�[h^�bog[h�\_cham+� Oig_�h_jblcnia_hc]�[hnca_hm�[l_�

^_lcp_^�`lig�l_h[f�]_ffm�%_+a+�no\of[l�_jcnb_fc[f�]_ffm&�[h^�nb_cl�_rnl[]_ffof[l�mnlo]nol_m)�[h^�

inb_lm� [l_�_rnl[l_h[f� [hnca_hm� [^^_^�ni� nb_�gc]li_hpclihg_hn� `lig� nb_� ]cl]of[ncih� %2/&+�

N_h[f�no\of[l�_jcnb_fc[f�]_ffm�g[s�]ihnlc\on_�ni�cggoh_�l_mjihm_m�mch]_�nb_s�][h�\_�ch^o]_^�

ni�_rjl_mm�mol`[]_�gif_]of_m�%_+a+�[^b_mcih�gif_]of_m&�il�m_]l_n_�]sniech_m�qbc]b�`[]cfcn[n_�

_ha[a_g_hn� qcnb� P� fsgjbi]sn_m� %20&+� Llial_mmcp_� ch`f[g[ncih� il� chdols� ni� nb_� l_h[f�

chn_lmncncog�][h�^_mnlis�_rn_hmcp_�[gicgnm�i `�l_h[f�ncmmo_�[h^�g[s�]ihmc^_l[\fs�^_]l_[m_�

l_h[f�`oh]ncih�%_+a+�afig_lof[l�`cfnl[ncih)�no\of[l�l_[\miljncih�[h^�m_]l_ncih&+� =�mcahc`c][hn�

jilncih�i`�nb_� ch`f[gg[nils� jli]_mm� cm� cggohifiac]� ch�h[nol_+� Iihiho]f_[l� ch`cfnl[n_m�

l_f_[m_�]sniech_m�%chn_lf_oech*.)�nl[hm`ilgcha�aliqnb�`[]nil*[&)�qbc]b�]iff_]ncp_fs�]l_[n_�[�

gc]li_hpclihg_hn�qbc]b�cgj[clm� `oh]ncih�[h^�[fn_lm�mnlo]nol_� %_+a+� `c\limcm)�_rnl[]_ffof[l�

g[nlcr�_rj[hmcih&�%2/&+� Ono^c_m�ch�bog[h�\_cham�mbiq�nb[n�jlcg[ls�il�m_]ih^[ls�chn_lmncnc[f�

h_jblcnc^cnc_m�[l_�chcnc[ffs�]b[l[]n_lct_^�\s�nb_�jl_m_h]_�i`�gihiho]f_[l�ch`cfnl[n_m�qcnb�nb_�

g[dilcns�\_cha�P�fsgjbi]sn_m�%.2&+� Pb_�jl_^igch[h]_�i`�?@1Y�il�?@O$ �P*fsgjbi]sn_m
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^_j_h^m�ih�nb_�oh^_lfscha�][om_+� ?@1 ã�fsgjbi]sn_m�g[s�ch`fo_h]_�̀ c\li\f[mn�[h^�_jcnb_fc[f�

]_cfm� pc[� nb_� l_f_[m_� i`� ]sniech_m� [h^� ?@O'Y� fsgjbi]sn_m� [l_� ^cl_]nfs� ]sninirc]� ni�

no\ofichn_lmncnc[f�]_ffm�\_[lcha�nb_cl�n[la_n�[hnca_h�%.2&+� >inb�]_ff�nsj_m� g[s�f_[^�^cl_]nfs�

il�ch^cl_]nfs�ni�nb_�ch^o]ncih�i `�no\ofichn_lmncnc[f�`c\limcm�+� Eh�^iam�qcnb�h[nol[ffs�i]]ollcha�

l_h[f�̂ cm_[m_)�nb_�c^_hncns�i`�nb_�ch`cfnl[ncha�fsgjbi]sn_m�b[m�hin�\__h�jl_pciomfs�̂ _n_lgch_^+�

Ehohohibcmni]b_gc][f�n_]bhcko_m�[ffiq�nb_� c^_hnc`c][ncih�i`�fsgjbi]sn_m�[h^�inb_l�]_ffm+�

=h�[pc^ch*\cinch�cggohibcmni]b_gc][f�g_nbi^�q[m�om_^�ni�c^_hnc`s�P*fsgjbi]sn_�mo\m_nm�

ch�̂ cm_[m_^�][hch_�l_h[f�ncmmo_+� Pb_�c^_hnc`c][ncih�i`�ch`f[gg[nils�]_ffm�qbc]b�ch`cfnl[n_�chni�

nb_�l_h[f�chn_lmncncog�qcff�]ihnlc\on_�ni�nb_�oh^_lmn[h^cha�i`�nb_�j[nbia_h_mcm�i`�l_h[f�`[cfol_�

ch�^iam+

.)-)� EUhYf]U`g�UbX�EYh\cXg

Eh`cfnl[ncha�gihiho]f_[l�ch`f[gg[nils�]_ffm�ch�nb_�l_h[f�chn_lmncncog�q_l_�[h[fst_^�

ch�`clit_h�ec^h_s�ncmmo_�`lig�_f_p_h�^iam�qcnb�^c``_l_hn�`ilgm�i`�h[nol[ffs�i]]ollcha�l_h[f�

^cm_[m_+�Pcmmo_�m_]ncihm�`clig�bcmnifiac][ffs�hilg[f�ec^h_s�[h^�g_m_hn_lc]�fsgjb�hi^_�`lig�

nbl__�^iam�q_l_�om_^�[m�[�h_a[ncp_�[h^�jimcncp_�]ihnlifm)�l_mj_]ncp_fs+

.)-),)� KUad`Y�Wc``YWh]cb�UbX�gbUd�ZfYYn]b[

Gc^h_s� ncmmo_�q[m� ]iff_]n_^� `lig� ..� ^iam� qcnb� ]fchc][f� [h^� m_log� \ci]b_gc][f�

_pc^_h]_�i`�l_h[f�^cm_[m_�qbi�^c_^�il�q_l_�_onb[hct_^�[n�nb_�=nf[hnc]�R_n_lch[ls�?iff_a_�

P_[]bcha�Dimjcn[f+� O[gjf_m�q_l_�]iff_]n_^�qcnbch�./�biolm�i` �̂ _[nb+� Jilg[f�ec^h_s�[h^�

g_m_hn_lc]�fsgjb�hi^_�ncmmo_�q_l_�i\n[ch_^�`lig�nbl__)� l_]_hnfs�_onb[hct_^�^iam�`lig�nb_
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fi][f�bog[h_�[hcg[f�mb_fn_l+� Pcmmo_)�q[m�l[jc^fs�`lit_h�\s�jf[]cha�cn�ih�mg[ff�]ile�g[nm�

%.+2�T�.+2�]g&�[h^�l_j_[n_^fs�cgg_lmcha�cn�ch�jl_]iif_^�%ch�fckoc^�hcnlia_h&�cmij_hn[h_�%/*�

I_nbsf*\on[h_&%21&+� Pb_�`lit_h�ncmmo_m�q_l_�jf[]_^�ch�[� jl_]iif_^�jifs_nbsf_h_�\[am�[h^�

mnil_^�[n�*5/|?+

.)-)-)� <fmcghUh�KYWh]cbg�UbX�?]lUh]cb

Biol�ncmmo_�m_]ncihm)�`cp_�gc]lih�nbc]e)�`lig�nb_�`lit_h�ncmmo_�q_l_�i\n[ch_^�`il�_[]b�

i`�nb_� ..� ][m_m�\s�]onncha�nb_g�ch�[�]lsimn[n�%H_cnt�Glsimn[n� .4/-)�H_c][)�Eh]+)�QO=&+� Pb_�

?lsimn[n� cm� [� gc]linig_� biom_^� ch� [� l_`ha_l[n_^� ][\ch_n� qcnb� [� l_aof[n_^� n_gj_l[nol_�

\_nq__h�t_li�[h^�*0-|?+� Pcmmo_�q[m�m_]ncih_^�[n�[jjlircg[n_fs�*//|?+� =^d[]_hn�ncmmo_�

m_]ncihm� `lig�nb_�]fchc][f� ][m_m�[h^�ncmmo_� m_]ncihm� `lig�hilg[f�ec^h_s�[h^� fsgjb�hi^_�

%h_a[ncp_�[h^�jimcncp_�]ihnlifm)�l_mj_]ncp_fs&�q_l_�]on+� Pcmmo_�m_]ncihm�q_l_�jf[]_^�ih�af[mm�

mfc^_m�qbc]b�b[^�\__h�jl_*nl_[n_^�qcnb�nb_�[^b_mcp_�[gchi[fesfmcf[h_+� Pb_�m[gjf_m�q_l_�[cl�

^lc_^�`iffiq_^�\s�`cr[ncih�ch�]if^�[]_nih_�`il�̀ cp_�gchon_m+� Bcrcha�m_]ncihm�ch�]if^�[]_nih_�

jl_p_hnm� ^_n[]bg_hn� `lig� nb_� mfc^_� [h^� jl_m_lp_m� giljbifiac]� ^_n[cfm� %21&+�

Eggcgibcmni]b_gc][f�mn[chcha�q[m�j_l`ilg_^�nb_�m[g_�^[s�nb_�m_]ncihm�q_l_�]on+

.)-).)� Baaibc\]ghcW\Ya]WU`�df]bW]d`Yg

=m� jl_pciomfs� ^cm]omm_^)� cggohibcmni]b_gcmnls� %ED?&� cm� [� mj_]c`c]� mn[chcha�

n_]bhcko_+� =pc^ch*\cinch�]igjf_r�%=>?&�cm�[h�_htsg[nc]�ED?�g_nbi^�qbc]b�oncfct_m�nb_�

bcab�[``chcns�i`�[pc^ch�%[�bcab�gif_]of[l�q_cabn�afs]ijlin_ch&�`il�\cinch�%[�fiq�gif_]of[l�

q_cabn�pcn[gch&%00&+� =pc^ch�cm�\ioh^�ni�\cinch�qbc]b�cm�]iojf_^�ni�[�bilm_l[^cmb�j_lirc^[m_
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l_jiln_l�gif_]of_� ni� `ilg� [� ]igjf_r+� Pb_� [pc^ch� ch� nb_� ]igjf_r� mncff� b[m� ohi]]ojc_^�

l_]_jnilm� `il� \ch^cha� ni� nb_� \cinchsf[n_^� m_]ih^[ls� [hnc\i^s� nb_l_`il_� nb_� mn[chcha� cm�

[gjfc`c_^+� N[n�[hnc*][hch_�gihi]fih[f�[hnc\i^c_m�ni�?@1Y�[h^�?@O'�[hnca_hm�q_l_�om_^�`il�

cggohibcmni]b_gc][f�mn[chcha+� Iihi]fih[f�[hnc\i^c_m�[l_�jli^o]_^�\s�]fih_m�i`�jf[mg[�

]_ffm+� =hnc\i^c_m� `lig� [� acp_h� ]fih_� [l_� cggohi]b_gc][ffs� c^_hnc][f� [h^� l_[]n�qcnb� [�

mj_]c`c]� _jcnij_� ih� nb_� [hnca_h� [a[chmn� qbc]b� nb_s� [l_� l[cm_^� %02&+� =^p[hn[a_m� i`�

gihi]fih[f�[hnc\i^c_m�[l_�bcab�bigia_h_cns�[h^�nb_�[\m_h]_�i`�hihmj_]c`c]�[hnc\i^c_m�%02&+

0+/+1+� Eggohibcmni]b_gc][f�mn[chcha�jli]_^ol_

N_h[f�chn_lmncnc[f�ch`cfnl[ncih�i`�?@1'�[h^�?@O'�P*fsgjbi]sn_m�q[m�c^_hnc`c_^�\s�nb_�

ch^cl_]n�cggohi_htsg_�=>?�g_nbi^�%Bcaol_�.6&+�Pb_�m_ko_h]_�i`�l_[a_hn�[jjfc][ncih�q[m�

jlcg[ls�[hnc\i^s)�\cinchcf[n_^�m_]ih^[ls�[hnc\i^s)�jl_`ilg_^�[pc^ch*\cinch*_htsg_�]igjf_r�

[h^)�mo\mnl[n_�mifoncih+� Ahtsg[nc]�[]ncpcns�jli^o]_m�[�pcmc\f_�]ifil�]b[ha_�ch�[�mo\mnl[n_�[n�

nb_� mcn_m� i`� [hnc\i^s*_htsg_*]igjf_r� ^_jimcncih� qcnbch� nb_� ncmmo_+� N[n� gihi]fih[f�

[hnc\i^c_m�[a[chmn�][hch_�?@1'�[h^�?@O'�fsgjbi]sn_�]_ff�mol`[]_�[hnca_hm�%O_lin_]�Hn^+)�

N[f_cab)�J?&�q_l_�om_^�ch�]ilsoh]ncih�qcnb�[h�[pc^ch*\cinch�]igjf_r�%=>?&�n_]bhcko_+�Pb_�

jlcg[ls� [hnc\i^c_m� %l[n� [hnc*][hch_� ?@1'� [h^� l[n� [hnc*][hch_� ?@O'&� q_l_� ^cfon_^� ni� [�

]ih]_hnl[ncih�i`�.7.--�ch�.+2"�hilg[f�l[\\cn�m_log+� Jilg[f�l[\\cn�m_log�%JNO&�q[m�om_^�

ni�[pic^�[^miljncih�i `�nb_�[hnc\i^s�ni�nb_�jf[mnc]�]ihn[ch_l�ch�qbc]b�nb_�`ch[f�^cfoncih�q[m�

g[^_+� =jjlijlc[n_�^cfoncih�i`�_[]b�gihi]fih[f�[hnc\i^s�[h^�nb_�mn[chcha�jli]_^ol_�q_l_�

^_n_lgch_^�\s�jl_fcgch[ls�mn[chm�j_l`ilg_^�ih�hilg[f�][hch_�g_m_hn_lc]�fsgjb�hi^_�ncmmo_+�

R_]n[mn[ch~�=>?�mifoncihm�%R_]nil�H[\+�Eh]+� >olfcha[g_)�?=&�%c+_+)�hilg[f�l[\\cn�m_log)
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ni�R_]n[mn[ch~�=>?�ecn� chmnlo]ncihm�[n�liig�n_gj_l[nol_+� N_[a_hnm�q_l_�[jjfc_^� ni� nb_�
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m_ko_h]_�i`�mn_jm�q_l_�[m�`iffiqm7
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/&�=jjfs�L>O�]ihn[chcha� .+2�"�JNO+� Eh]o\[n_�`il�/-�gchon_m+
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4&�=jjfs�L>O+� Eh]o\[n_�`il�.-�gchon_m+

5&� Bil� mojjl_mmcih� i`� _h^ia_hiom� j_lirc^[m_� []ncpcns)� [jjfs� -+0"� bs^lia_h

j_lirc^_+� Eh]o\[n_�`il� /-�gchon_m+

6&�=jjfs�L>O+� Eh]o\[n_�`il�.-�gchon_m+

.-&�=jjfs�[pc^ch*\cinch�]igjf_r�l_[a_hn+� Eh]o\[n_�`il�12�gchon_m+

..&�=jjfs�L>O+� Eh]o\[n_�`il�.-�gchon_m+

./&�=jjfs�^c[gchi\_htc^ch_�%@=>&�mo\mnl[n_�%Ocag[)�On+�Hiocm)�Ii+)�]ihmcmn_^�i`

.5�gf�i `�L>O)�4�jH�i`�0-"�bs^lia_h�j_lirc^_�[h^� .-�ga�0)0$*^c[gchi\_htc^ch_&8

Eh]o\[n_�`il�`iol�ni�`iol�[h^�b[f`�gchon_m�[h^�nb_h�lchm_�qcnb�n[j�q[n_l+

Ofc^_m�q_l_�]iohn_lmn[ch_^�qcnb�[ko_iom�1+4"�b_g[nirsfch�`il�ih_�m_]ih^+� Ofc^_m�
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0*/+2+� Pcmmo_�]ihnlifm

N_[a_hn� [h^� jli]_^ol_� ]ihnlifm� [l_� h_]_mm[ls� `il� nb_� p[fc^[ncih� i`�

cggohibcmni]b_gc][f�mn[chcha�l_mofnm+� Oj_]c`c]cns�i`�f[\_fcha�q[m�_p[fo[n_^�\s�mo\mncnoncih�

i`�L>O�`il�nb_�jlcg[ls�gihi]fih[f�[hnc\i^s�ch�nb_�^_f_ncih�]ihnlif�m_]ncihm+� ?limm�l_[]ncih�

i`�nb_�jlcg[ls�[hnc\i^c_m�qcnb�hih�?@1$ã�il�?@O'�[hnca_hm�q[m�[mm_mm_^�omcha�[�hilg[f�

ec^h_s�ncmmo_�]ihnlif+� Jilg[f�g_m_hn_lc]�fsgjb�hi^_�ncmmo_�q[m�om_^�[m�[�jimcncp_�]ihnlif�

ni� p_lc`s� \ch^cha�qcnb� nb_� ?@1'� [h^� ?@O'� [hnca_h+� Pb_� jimcncp_� ]ihnlif� p[fc^[n_m� nb_�

mn[chcha�jli]_^ol_�%[h^�[ff�nb_�l_[a_hnm&�[h^�[fmi�]ih`clgm�nb_�jl_m_lp[ncih�i`�nb_�[hnca_h�

oh^_l�chp_mnca[ncih+� Pb_�h_a[ncp_�]ihnlif�ncmmo_�%hilg[f�ec^h_s�ncmmo_&� f[]e_^�nb_�[hnca_h�

oh^_l�mno^s+� Pb_�[\m_h]_�i`�j[nbifiac]�[fn_l[ncih�ch� nb_�hilg[f� ec^h_s�[h^� fsgjb�hi^_�

ncmmo_�q[m�]ih`clg_^�\s�bcmnij[nbifiac]�_r[gch[ncih+
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.)-�1),)� ?]Y`X�gY`YWh]cb
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m_]ncih�q[m�mn[ch_^�`il�?@1')�nb_�inb_l�̀ il�?@O'�[h^�nb_�l_g[chcha�nqi�m_]ncihm�q_l_�om_^�

[m�^_f_ncih�%jlcg[ls�[hnc\i^s�q[m�hin�[jjfc_^&�]ihnlifm+� Blig�_[]b�ncmmo_�m_]ncih)� `c_f^m�

q_l_�l[h^igfs�m_f_]n_^�\s�omcha�[�/3�r�43�gg�jf[mnc]�alc^�%m[g_�mct_�[m�nb_�gc]lim]ij_�

mfc^_&�qcnb�200� jichnm+� Pb_�nin[f�hog\_l�i`�jichnm�nb[n�]ihn[]n_^�nb_�bcmnifiac][f� m_]ncih�

q_l_�]iohn_^�[h^�gofncjfc_^�\s�[�hog\_l�]bim_h�̀ lig�[�l[h^ig�hog\_l�n[\f_+� Pb_�l_mofncha�

p[fo_�q[m�nb_�`c_f^�hog\_l�[h^�nbcm�q[m�^_g[l][n_^�qcnb�[�g[le_l+
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.)-)1�-)� <Y``�`cWU`]nUh]cb�UbX�eiUbh]Z]WUh]cb
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_p[fo[n_^�`il�?@1Y�il�?@5Y�]_ffm+� Pb_�nin[f�]limm�m_]ncih[f�[l_[�_p[fo[n_^�q[m� .62)---�
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\liqh�]ifil�%Bcaol_�/-*/.&�q[m�^_n_]n_^�qcnbch�[�]_ff)�p^ccf_�hi�\liqh�mn[ch�q[m�i\m_lp_^�
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.)-)3)� KhUh]gh]WU`�UbU`mg]g
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Och]_�nb_�^[n[�]ihmcmn_^�i `�mg[ff�hog\_lm�%-*/4�]_ffm,][m_&)�mn[ncmnc][f�[h[fsmcm�q[m�
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nl[hm`ilg_^�p[fo_m�acpcha�[�mg[ff�g_[h�g[s�\_�f[la_l�nb[h�nb_�l[ha_�i`�nl[hm`ilg_^�p[fo_m�

acpcha�[�f[la_l�g_[h+� Bil�nbcm�l_[mih)�nb_�[^^cncih�i`�-+2�ni�_[]b�p[fo_�`iffiq_^�\s�mko[l_�

liincha�cn�cm�l_]igg_h^_^�[m�[h�[jjlijlc[n_�nl[hm`ilg[ncih�qb_h�mig_�p[fo_m�[l_�oh^_l�.-�

[h^�_mj_]c[ffs�qb_h�t_lim�[l_�jl_m_hn�%22&+

=`n_l�nl[hm`ilgcha�nb_�̂ [n[)�[�ih_�q[s�[h[fsmcm�i`�p[lc[h]_�q[m�om_^�ni�]igj[l_�̂ [n[�

qcnbch�[h^�[giha�bcmnij[nbifiac][f�aliojm+

@ohh_nnãm� n_mn� gofncjf_� ]igj[lcmih� q[m� [jjfc_^� ni� ^_n_lgch_� c`� mn[ncmnc][ffs�

mcahc`c][hn�^c``_l_h]_m�_rcmn_^�\_nq__h�nb_�]ihnlif�alioj�[h^�^cm_[m_�aliojm+

=�L�p[fo_�_ko[f�il�f_mm�nb[h�-+-2�q[m�]ihmc^_l_^�mcahc`c][hn+

4.
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Biol�bcmnij[nbifiac][f�aliojm�q_l_�c^_hnc`c_^�[]]il^cha�ni�nb_�^_al__�i`�afig_lof[l�

[h^�no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f�`c\limcm�`c$ig�nb_�.1�][m_m7�

]ihnlif�%0�][m_m&8�gcf^�%0�][m_m&8�gi^_l[n_�%1�][m_m&8�[h^�m_p_l_�%1�][m_m&+

Dcmnifiac][f� _r[gch[ncih� i`�hilg[f� ec^h_s� %h_a[ncp_� ]ihnlif&� [h^� fsgjb� hi^_�

%jimcncp_�]ihnlif&�^c^�hin�l_p_[f�[\hilg[fcnc_m+� Pcmmo_�m_]ncihm�`lig�hilg[f�ec^h_s�b[^�hi�

P*fsgjbi]sn_�ch`cfnl[ncih+� Pcmmo_�m_]ncihm�̀ lig�nqi�][m_m�ch�nb_�gi^_l[n_�[h^�̀ lig�ih_�][m_�

ch�nb_� m_p_l_�alioj�b[^�hi� ch`cfnl[ncih�i`�?@O$ �P*fsgjbi]sn_m+� Pcmmo_�m_]ncihm� `lig�[ff�

inb_l�][m_m�b[^�p[lscha�jlijilncihm�i`�ch`cfnl[ncha�?@1'� [h^�?@O'�P*fsgjbi]sn_m+� ?_ff�

hog\_lm,`c_f^�ch�_[]b�i`�nb_�mcr�`c_f^m�j_l�][m_�[l_�l_jiln_^�ch�n[\f_�TER+� O_log�]l_[nchch_�

]ih]_hnl[ncih�q[m�hin�[p[cf[\f_�%J=&�ch�nb_�]ihnlif�alioj�[h^�`lig�ih_�][m_�ch�nb_�gi^_l[n_�

alioj+

Pb_� [p_l[a_�hog\_l)�\_`il_�nl[hm`ilg[ncih)�i`�?@1'�[h^�?@O'�P*fsgjbi]sn_m�j_l�

bcmnij[nbifiac][f�alioj�cm� l_jiln_^�ch�n[\f_�TR+� Pb_�^[n[�q[m�nl[hm`ilg_^�`il�mn[ncmnc][f�

joljim_m�[h^�cm�l_jiln_^�[m�[h�[p_l[a_�Q� E� mn[h^[l^�^_pc[ncih�%P[\f_�TRE&+

Kh_�q[s�[h[fsmcm�i`�p[lc[h]_�l_p_[f_^�nb[n�nb_�jlijilncih�i`�?@1'�p_lmom�?@O'�P*�

fsgjbi]sn_m�\_nq__h�nb_�^cm_[m_�aliojm�%Bcaol_�/0&�q[m�hin�mn[ncmnc][ffs�^c``_l_hn�%gcf^�

alioj� L:-+1)� gi^_l[n_� alioj� L:-+6)� m_p_l_� alioj� L:-+4&+� =� mn[ncmnc][ffs� mcahc`c][hn�

^c``_l_h]_�q[m� `ioh^� ch� nb_� nin[f�[p_l[a_�hog\_l�i`�?@1'�[h^�?@O'� %[h[fst_^�nia_nb_l�

\_][om_�nb_s�q_l_�hin�̂ c``_l_hn�ch�jlijilncih&�]_ffm�\_nq__h�aliojm�%L:-+--4&+�Pb_�gofncjf_�

]igj[lcmih�@ohh_nnãm�n_mn�mbiq_^�nb[n�nb_�m_p_l_�alioj�\on�hin�nb_�gcf^�[h^�gi^_l[n_�alioj�

q[m�mn[ncmnc][ffs�^c``_l_hn�%al_[n_l&�nb[h�nb_�]ihnlif�alioj�%Bcaol_�/1&+
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Clioj�o h ^" �
i\m_lp[ncih

Bc_f^
Ji+

?@1'
Ji+

?@O'
Ji+

O_log
]l_[nchch_

]ih]_hnl[ncih
%jgif,H&

C lioj �oh^_l�
i\m_lp[ncih''

Bc_f^
Ji+

?@1'
Ji+

?@O'
Ji+

O_log
]l_[nch ch_

]ih]_hnl[ncih
%ogif,H&

. - - J= . 0 4 .1-
/ - - J= / - 0 .1-

?ihnlif 0 - - J= Icf^ 0 - - .1-
1 - - J= 1 - - .1-
2 - - J= 2 - - .1-
3 - - J= 3 - - .1-
. - - J= E - / 02.
/ - - J= / . - 02.
0 - - J= 0 . - 02.

?ihnlif Icf^
1 - - J= 1 . - 02.
2 - - J= 2 . - 02.
3 - - J= 3 - - 02.
. - - J= . - - 331
/ - - J= / - - 331
0 - - J= 0 - - 331

?ihnlif Icf^
1 - - J= 1 - / 331
2 - - J= 2 / / 331

3 - - J= 3 / / 331

. 2 / J= . / / 1/1
/ . - J= / 2 .- 1/1

Ii^_l[n_ 0 - . J= O_p_l_ 0 3 3 1/1
1 - . J= 1 / 4 1/1
2 - - J= 2 . .0 1/1
3 - - J= 3 .0 0 1/1
. - - 020 . - - 643
/ / - 020 / . - 643
0 1 - 020 0 - - 643

Ii^_l[n_ O_p_l_
1 . - 020 1 - - 643
2 2 - 020 2 - - 643
3 .. - 020 3 / - 643
. - - .-0/ . - 0 /6/
/ . - .-0/ / 3 /4 /6/
0 - - .-0/ 0 0 ./ /6/

Ii^_l[n_ O_p_l_
1 - - .-0/ 1 - .2 /6/
2 - - .-0/ 2 2 0 /6/
3 / - .-0/ 3 2 / /6/

. . 4 312 . 1 0 ./-2
/ . 1 312 / / . ./-2
0 . 0 312 0 0 . ./-2

Ii^_l[n_ O_p_l_
1 - . 312 1 0 - ./-2+
2 - 1 312 2 / - ./-2
3 - . 312 3 - - ./-2

}F$in[F�i ` �fsgjbi]sn_m�]iohn_^�`lig�[�_[]b�0/)2--�j*�`c_f^�[l_[�%mcr�`c_f^m�q_l_�i\m_lp_^�`lig�_[]b�][m_&+
YYYXliouY� m_f]adcYh�[]]il^cha�ni�^_al__�i ` �afig_lof[l�[h^�no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff� ch`cfnl[ncih�[h^� chn_lmncnc[f� `c\limcm
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\]ghcdUh\c`c[]WU`�[fcid

@_al__�i`�afig_lof[l�[h^�no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f
`c\limcm@[n[�oh^_l�i\m_lp[ncih

?[m_m�j_l�alioj

?@1(

<=3S

O_log�]l_[nchch_�
]ih]_hnl[ncih�

%jgif,H&

< c b h f c ` * F c f a U `

0

+

+

J=

Icf^

0

+)1

.+-

052

Ii^_l[n_

1

.+2

./

343'

O_p_l_

1

/+4

1+2

4/1

=p_l[a_�_mncg[n_^�ih�nbl__�][m_m�ihfs+�
J=�:�hin�[p[cf[\f_



LUV`Y�PNB)� :jYfU[Y�biaVYf�cZ�L(`mad\cWmhYg�#dYf�.-'0++daS�Z]Y`X$�cVhU]bYX�UZhYf
hfUbgZcfaUh]cb��Zcf�ghUh]gh]WU`�UbU`mg]g�#aYUb�{� ,� K=$)

@[n[�oh^_l�i\m_lp[ncih
@_al__�i`�afig_lof[l�[h^�no\ofichn_lmncnc[f� ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f

`c\limcm

?ihnlif,Jilg[f Icf^ Ii^_l[n_ O_p_l_

?[m_m�j_l�alioj 0 0 1 1

?@1 -+4-É-+-- -+65'-+-4 .+//'-+11 .+3.'-+2-

?@Oã -+4-'-+-- .+-4'-+/- .+/-'-+16 .+51'.+./

%?@1Y�[h^�?@Oã& $  -+4-'-+-- .+-0'-+.1 .+/.'-+10 .+40'5.

O_log�]l_[nchch_�
]ih]_hnl[ncih�

%jgif,H&

J,= 052 343' 4/1

Qf

=p_l[a_�_mccg[c_^�ih�nbl__�][m_m�ihfs+
YYY^^fncih�i `�-+2�ni�_[]b�hog\_l�i\n[ch_^�`lig�`c_f^�[h^�`iffiq_^�\s�mko[l_� lioncha+�

=p_l[a_�hog\_l�i `�?@1ã�[h^�?@Oã
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Cliojm�[h[fst_^

?][ifY�-.)� ?igj[lcmih�i`�nb_�[p_l[a_�hog\_l�i`�?@1Y�[h^�?@5Y�P*fsgjbi]sn_m�
j_l�aioj�%omcha�nl[hm`ilg_^�^[n[&+� Cliojm�c^_hnc`c_^�[]]il^cha�ni�nb_�^_al__�i`�
afig_lof[l�[h^�no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f�
`c\limcm7�]ihnlif�%.&)�gcf^�%/&)�gi^_l[n_�%0&)�m_p_l_�%1&+� Llijilncih�i `�?@1Y�p_lmom�
?@5Y�P*fsgjbi]sn_m�\_nq__h�^cm_[m_�aliojm�q[m�hin�mn[ncmnc][ffs�^c``_l_hn+
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Cliojm�[h[fst_^

Bcaol_�/1+� ?igj[lcmih�i`�nb_�[p_l[a_�hog\_l�i`�?@1Y�jfom�?@5Y�P*fsgjbi]sn_m�
j_l�alioj�%omcha�nl[hm`ilg_^�^[n[&+� Cliojm�c^_hnc`c_^�[]]il^cha�ni�nb_�^_al__�i`�
afig_lof[l�[h^�no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f�
`c\limcm7�]ihnlif�%.&)�gcf^�%/&)�gi^_l[n_�%0&)�m_p_l_�%1&+� =mn_lcme�ch^c][n_�alioj�
nb[n�cm�mcahc`c][hnfs�^c``_l_hn�nb[h�]ihnlif+
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Pb_�aliojm�q_l_�]igjim_^�i `�][m_m�qcnb�[�bcmnij[nbifiac][f�^c[ahim_m�i`�]blihc]�

chn_lmncnc[f�h_jblcncm)� afig_lofih_jblcncm)� [gsfic^imcm� [h^�]iha_hcn[f� l_h[f�^cm_[m_+� A[]b�

^cm_[m_� alioj� b[^�gil_� nb[h� ih_� ][m_+� >_][om_� i `�fcgcn_^� hog\_lm)� nb_� ^[n[�q[m� hin�

[h[fst_^� []]il^cha� ni� mj_]c`c]� l_h[f� ^cm_[m_m+� @[n[� q[m� [h[fst_^� []]il^cha� ni�

bcmnij[nbifiac][f� ][n_ailct[ncih� g[^_� []]il^cha� ni� nb_� ^_al__� i `� afig_lof[l� [h^�

no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f�`c\limcm+� Diq_p_l)�nb_�l_mofnm�

ch^c][n_�nb[n�l_a[l^f_mm�i `�nb_�oh^_lfscha�l_h[f�^cm_[m_)� nb_�m[g_�jlijilncih�i`�?@1'�[h^�

?@O'� P*fsgjbi]sn_m� [l_� jl_m_hn� \on� aliojm� qcnb� bcab_l� ^_al__� i `� afig_lof[l� [h^�

no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f�`c\limcm�b[^�[�bcab_l�hcoh\_l�

i`�P*fsgjbi]sn_m+� Pb_m_� `ch^cham� ^c``_l� `c$ig� l_m_[l]b� ch� bog[h� \_cham� qb_l_� bcab_l�

jlijilncih�i`�?@1'�fsgjbi]sn_m�q_l_�`ioh^�%23&+

Eh�il^_l�̀ il�[h�cggoh_�l_mjihm_�n[la_n_^�ni�no\ofichn_lmncnc[f�[hnca_hm�ni�\_�chcnc[n_^)�

nb_�[hnca_h�gomn�\_�_rjl_mm_^�qcnbch�nb_�no\ofi�chn_lmncncog�i`�nb_�ec^h_s+� P*fsgjbi]sn_m�

[l_�jl_m_hn�qcnbch�nb_�no\ofichn_lmncncog�[m�[�h[nol[f�]_ff*g_^c[n_^�bimn�cggoh_�l_mjihm_�[h^�

jlifc`_l[n_�ch�l_mjihm_�ni�[hnca_hm+� P�]_ffm�b[p_�l_]_jnilm�nb[n�l_]iahct_�j_jnc^_�`l[ag_hnm�

nl[hmjiln_^� ni� nb_� ]_ff� mol`[]_� \s� mj_]c[fct_^�gif_]of_m� i`�nb_�g[dil� bcmni]igj[nc\cfcns�

]igjf_r�%ID?&�%24&+� =hnca_hm�^_lcp_^� `lig�j[nbia_hm� nb[n�gofncjfs� ch�nb_�]snimif� [l_�

][llc_^�ni�nb_�]_ff�mol`[]_�\s�ID?�]f[mm�E�gif_]of_m�[h^�l_]iahct_^�\s�?@O'�]sninirc]�P�

]_ffm�nb[n�plcff�ecff�nb_�ch`_]n_^�]_ff+�=hnca_hm�̂ _lcp_^�̀ lig�cha_mn_^�_rnl[]_ffof[l�\[]n_lc[�[h^�

nirchm)�[l_�][llc_^�ni�nb_�]_ff�mol`[]_�\s�ID?�]f[mm�EE�gif_]of_m�[h^�l_]iahct_^�\s�?@1'�

P*fsgjbi]sn_m�%25&+� ?@O'�P*]_ffm�`oh]ncih�ch�nb_�ecffcha�i`�nb_�n[la_n�]_ff�[h^�?@1'�P*]_ffm
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[]ncp[n_�]_ffm�\_[lcha�mj_]c`c]�[hnca_hm+�P*fsgjbi]sn_�_``_]nil�̀ oh]ncihm�[l_�g_^c[n_^�ch�j[ln�

\s�]sniech_m)�qbc]b�[l_�l_f_[m_^�qb_h�[hnca_h�cm�l_]iahct_^+

?@1'�[h^�?@5$Y�P*fsgjbi]sn_m�q_l_�jl_m_hn� ch�nb_�][hch_� l_h[f� chn_lmncncog�[m�[�

[^[jncp_� cggoh_� l_mjihm_� ni� [�ohehiqh� [hnca_h+� =^^cncih[ffs)� mig_� ]b_giech_m� %]_ff�

mol`[]_�jlin_chm�nb[n�[l_�mshnb_mct_^�\s�g[]lijb[a_m)�_h^inb_fc[f�]_ffm�[h^�`c\li\f[mnm&�b_fj�

^cl_]n� nb_�_gcal[ncih�i`�ch`f[gg[nils�P*fsgjbi]sn_m� chni� nb_� chn_lmncncog� %26&+� Ono^c_m�

ch^c][n_� nb[n�]b_giech_m)�pc[�]b_gi[nnl[]n[hn� `oh]ncih)� ch`fo_h]_� chn_lmncnc[f� fsgjbi]sn_�

[]]ogof[ncih�[h^�gi^of[n_�nb_�[]ncpcns�i`�l_mc^_hn�l_h[f�[h^�ch`f[gg[nils�]_ffm�%3-&+� Eh�iol�

mno^s)�nb_�aliojm�qcnb�[�bcab_l�̂ _al__�i`�afig_lof[l�[h^�no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�

ch`cfnl[ncih�[h^�chn_lmncnc[f�`c\limcm�b[^�[�bcab_l�hog\_l�i`�?@1 Y�[h^�?@5'�P*fsgjbi]sn_m+�

Diq_p_l)� [�gofncjf_�]igj[lcmih�ih� nb_� nin[f�hog\_l�i`�?@1'�[h^�?@5Y�P*fsgjbi]sn_m�

\_nq__h� aliojm� mbiq_^� nb[n� ihfs� nb_� ]ihnlif� alioj� [h^� m_p_l_� alioj� q_l_� mn[ncmnc][ffs�

^c``_l_hn+

Pb_�jlijilncih�i`�?@1 �p_lmom�?@5'�P*fsgjbi]sn_m�ch�hilg[f�̂ iam�[h^�ch�̂ iam�qcnb�

l_h[f�̂ cm_[m_�̂ c``_lm�̀ clig�l_jilnm�ch�bog[h�\_cham+�Jilg[f�ec^h_s�ncmmo_�̀ lig�bog[h�\_cham�

b[^�mig_�P*fsgjbi]sn_�ch`cfnl[ncih�%03&+� Eh�nbcm�mno^s)�hilg[f�][hch_�l_h[f�ncmmo_�b[^�hi�P*�

fsgjbi]sn_�ch`cfnl[ncih+� En�cm�jimmc\f_�nb[n�nb_�[p_l[a_�fc`_*mj[h�i`�[�̂ ia�cm�hin�fiha�_hioab�

ni�_rjim_�l_h[f�ncmmo_�ni�mj_]c`c]�[h^�̂ c``_l_hn�[hnca_hm�]igj[l_^�qcnb�nb_�[p_l[a_�fc`_*mj[h�

i`�bog[hm�[h^�nbcm�g[s�\_�cm�qbs�P*fsgjbi]sn_m�[l_�[\m_hn�ch�hilg[f�][hch_�l_h[f�ncmmo_+�

Pb_�jlijilncihm�g[s�[fmi�^c``_l�\_][om_�_rjimol_�ni�^c``_l_hn�[hnca_hm�g[s�_fc]cn�^c``_l_hn�

P*�fsgjbi]sn_�l_mjihm_m�%[^^cncih[f�il�̂ c``_l_hn�]b_giech_m&�ch�̂ iam�[m�]igj[l_^�ni�bog[h�

\_cham+� En�cm�cgjiln[hn�ni�ehiq�nb[n�?@1Y�[h^�?@5Y�P*fsgjbi]sn_m�[l_�jl_m_hn�ch�nb_�l_h[f
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chn_lmncncog�\_][om_�nb_�][j[]cns�ni�gi^c`s�nb_�gip_g_hn�il�̀ oh]ncih�i`�nb_m_�]_ffm�[h^�nb_cl�

]sniech_m�gcabn�jlipc^_�hip_f�n[la_nm�`il�nb_l[j_onc]�chn_lp_hncihm�%3.&+
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>s� omcha� giljbig_nlc][c� [h[fsmcm)� [h� [mmi]c[ncih� \_nq__h� afig_lof[l� [h^�

no\ofichn_lmncnc[f�j[nbifiac]�]b[ha_m�[h^�m_log�]l_[nchch_�]ih]_hnl[ncih�%om_^�[m�[�g_[mol_�

i`�l_h[f�`oh]ncih&�q[m�c^_hnc`c_^+� Pb_�hog\_l�[h^�l_f[ncp_�jlijilncih�i`�?@1'�[h^�?@O �P*�

fsgjbi]sn_m� ch� nb_� l_h[f� chn_lmncncog� q[m� ^_n_lgch_^� \s� omcha� cggohibcmni]b_gc][f�

n_]bhcko_m+

/),)� :ggcW]Uh]cb�cZ�[`caYfi`Uf�UbX�hiVi`c]bhYfgh]h]U`�dUh\c`c[m�UbX�gYfia�WfYUh]b]bY�

WcbWYbhfUh]cb

Pb_� jl_m_hn� mno^s� ko[hnc`c_^� _f_p_h�giljbifiac][f� [fn_l[ncihm� i\m_lp_^� ch� l_h[f�

]ilnc][f� ncmmo_� `lig� ^iam� qcnb� h[nol[ffs� i]]ollcha� l_h[f� ^cm_[m_+� Pqi� [^^cncih[f�

g_[mol_g_hnm�mo]b�[m�nb_�[\mifon_�pifog_�i`�ec^h_s,h_jblih�i]]ojc_^�\s�chn_lmncncog�[h^�

no\of_m�q_l_�][f]of[n_^�̀ lig�̀ iol�i`�nb_�_f_p_h�g_[mol_g_hnm+� ?blihc]�chn_lmncnc[f�h_jblcncm)�

afig_lofih_jblcncm�[h^�[gsfic^imcm�q_l_�nb_�gimn�]iggih�l_h[f�^cm_[m_m�mno^c_^� ch�iol�

chp_mnca[ncih+

Pbl__�g_[mol_g_hnm)�chn_lmncnc[f�pifog_�`l[]ncih)�no\of[l�pifog_�`l[]ncih�%no\of[l�

q[ff� jfom� no\of[l� fog_h&)� [h^�>iqg[hãm� ][jmof_� b[lgihc]� nbc]eh_mm�q_l_� mcahc`c][hnfs�

]ill_f[n_^�qcnb�m_log�]l_[nchch_�]ih]_hnl[ncih+� Ehn_lmncnc[f�pifog_�̀ l[]ncih�b[^�nb_�mnliha_mn�

]ill_f[ncih�qcnb�m_log�]l_[nchch_�]ih]_hnl[ncih+� Iiljbig_nlc]�`ch^cham�`lig�chn_lmncncog�

[h^�no\of_m�i`�nb_�06�][m_m�q_l_�\_nn_l�[mmi]c[n_^�qcnb�l_h[f�`oh]ncih�%[mm_mm_^�\s�m_log
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]l_[nchch_�]ih]_hnl[ncih&�nb[h�q_l_�afig_lof[l�[fn_l[ncihm+� Pb_m_� `ch^cham�[l_�mcgcf[l�ni�

nbim_�^_m]lc\_^� ch�bog[h�\_cham�%2)3)0.&)qb_l_�[�]fim_l�]ill_f[ncih�q[m�jl_m_hn�\_nq__h�

no\ofi�chn_lmncnc[f� ]b[ha_m�[h^� l_h[f� `oh]ncih�nb[h�\_nq__h�afig_lof[l�^[g[a_� [h^� l_h[f�

`oh]ncih+

/),),)� BbhYfgh]h]U`'�jc`iaY�ZfUWh]cb�UbX�UVgc`ihY�jc`iaY

Kol�^[n[�mbiq_^�nb[n�nb_�g_[h�j_l]_hn[a_�pifog_�i`�chn_lmncnc[f�ncmmo_�%chn_lmncnc[f�

pifog_�`l[]ncih&�ch�nb_�l_h[f�]iln_r�q[m� .6É0"�ch�^iam�qcnbion�l_h[f�^cm_[m_+� Ehn_lmncnc[f�

pifog_�`l[]ncih�i`�][hch_�l_h[f�ncmmo_�cm�[jjlircg[n_fs�nqi`if^�al_[n_l�nb[h�nb_�chn_lmncnc[f�

pifog_�`l[]ncih�ch�hilg[f�bog[h�\_cham+� Ehn_lmncnc[f�pifog_�`l[]ncihm�l[ha_^�`lig�1-"�ni�

45"�ch�nb_�ec^h_sm�i`�̂ iam�qcnb�h[nol[ffs�i]]ollcha�l_h[f�^cm_[m_�qbc]b�ch]fo^_^�]blihc]�

chn_lmncnc[f�h_jblcncm)�afig_lofih_jblcncm)�[gsfic^imcm)�h_jbli][f]chimcm)�[h^�al[hofig[niom�

h_jblcncm+� Pb_�[\mifon_�pifog_�i`�chn_lmncncog�j_l�h_jblih�q[m�mcahc`c][hnfs�ch]l_[m_^�qcnb�

ch]l_[mcha�]l_[nchch_�f_p_fm+� Pbcm�q[m�hin�̂ c``_l_hnc[ffs�[``_]n_^�\s�nb_�nsj_�i`�l_h[f�^cm_[m_+�

Ehn_lmncnc[f�pifog_�`l[]ncih�cm� ch]l_[m_^�\s�]_ffof[l�ch`cfnl[ncih�%ch`f[gg[nils�]_ffm&)� `foc^�

%_^_g[&� [h^� `c\limcm� %g[nlcr� ^_jimcncih&+� ?sniech_m� _f[\il[n_^� \s� ]cl]of[ncha� ]_ffm�

%gihi]sn_m&� l_]locn_^� chni� nb_� ch`f[gg[nils� mcn_� %no\ofichn_lmncncog&� g[s� []ncp[n_�

jlifc`_l[ncp_�[h^�gcal[nils�`c\lia_hc]�l_mjihm_m�ch�l_mc^_hn�chn_lmncnc[f�]_ffm�%c+_+� `c\li\f[mn�

[h^�gihiho]f_[l�]_ffm&+� =]ncp[n_^�g[]lijb[a_m�jf[s�[�jlch]cj[f�lif_�ch�`c\lia_h_mcm�%3/&�

\s� l_f_[mcha� aliqnb� `[]nilm� mo]b� [m� jf[n_f_n*^_lcp_^� aliqnb� `[]nil� %L@CB&)� [� jin_hn�

]b_gi[nl[]n[hn� `il� `c\li\f[mnm)� [h^� nl[hm`ilgcha� aliqnb� `[]nil*\_n[� %PCB*L&)� [� mnliha�

mncgof[hn�̀ il�̀ c\li\f[mn�jlifc`_l[ncih+� P*fsgjbi]sn_m�l_]locn_^�chni�nb_�mcn_�i`�ch`f[gg[ncih
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l_f_[m_�aliqnb�`[]nilm�qbc]b�][h�[fmi�mncgof[n_�`c\li\f[mn�jlifc`_l[ncih�%30&+

Ehn_lmncnc[f� pifog_� `l[]ncih� q[m� mcahc`c][hnfs� ]ill_f[n_^� %l:-+25)� j9-+-2&� qcnb�

ch]l_[m_^�m_log�]l_[nchch_�]ih]_hnl[ncih+� =fn_l[ncihm�ch�chn_lmncnc[f�mnlo]nol_�][h�]ihnlc\on_�

ni� [�no\of[l�[h^� chn_lno\of[l�][jcff[ls�^[g[a_+� Ehn_lmncnc[f� ^[g[a_�][h�]ihnlc\on_� ni� nb_�

l_^o]ncih�ch�l_h[f�`oh]ncih�\s�^_]l_[mcha�nb_�nin[f�[l_[�i`�chn_lno\of[l�p_mm_fm�%.-&%^_]l_[m_�

`cfnl[ncih�^o_� ni� ^_]l_[m_^�\fii^� `fiq&+� Ehn_lmncnc[f� ch`f[gg[ncih� [h^� `c\limcm� g[s� [fmi�

i]]fo^_�nb_�no\of_m�[h^�][om_�ch]l_[m_^�chnl[no\of[l�jl_mmol_� %2/&+� Eh]l_[m_^�bs^limn[nc]�

jl_mmol_�ch�no\of_m�l_mofnm�ch�ch]l_[m_^�>iqg[hãm�mj[]_�jl_mmol_�qbc]b�^_]l_[m_m�`cfnl[ncih�

jl_mmol_+� Pbcm�g[s� f_[^� ni� ^cgchcmb_^�afig_gf[l�\fii^� `fiq)� [h^� `cfnl[ncih� l[n_�qbc]b�

qiof^�l_mofn�ch�ch]l_[m_^�m_log�]l_[nchch_�]ih]_hnl[ncih�%.-&+

/),)-)� LiVi`Yg'�jc`iaY�ZfUWh]cb�UbX�UVgc`ihY�jc`iaY

Kol�̂ [n[�mbiq_^�nb[n�nb_�g_[h�j_l]_hn[a_�pifog_�i`�no\of_m�ch�nb_�l_h[f�]iln_r�q[m�

40É1"�ch�̂ iam�qcnbion�l_h[f�^cm_[m_+� =�̂ _]l_[m_�ch�nb_�g_[h�j_l]_hn[a_�i`�no\of[l�pifog_�

`l[]ncihm�`lig�40"�ni�2.*.4"� q_l_�i\m_lp_^�ch�nb_�mj_]cg_hm� `lig�^iam�qcnb�h[nol[ffs�

i]]ollcha� l_h[f� ^cm_[m_+� Pb_� g_[h� j_l]_hn[a_� pifog_� `l[]ncih� i`� no\of_m� ^_]l_[m_^�

mcahc`c][hnfs� %L9-+-2&� ch� ^iam� qcnb� bcmnij[nbifiac][f� ^c[ahim_m� i`�]blihc]� chn_lmncnc[f�

h_jblcncm)� afig_lofih_jblcncm)� [gsfic^imcm� [h^� al[hofig[niom� h_jblcncm+� Pb_� m_log�

]l_[nchch_�]ih]_hnl[ncih�q[m�mcahc`c][hnfs�ch]l_[m_^�qb_h�nb_�no\of_�pifog_�`l[]ncih�q[m�

^_]l_[m_^)�qcnb�[�]ill_f[ncih�]i_``c]c_hn�%l&�i`�l:*-+23)� L9-+-2+� Pb_�[\mifon_�pifog_�i`�

no\of_m�[mmi]c[n_^�qcnb�ih_�h_jblih�q[m�hin�mcahc`c][hnfs�[``_]n_^�\s�_cnb_l�̂ cm_[m_�mn[n_�il�

m_log� ]l_[nchch_� ]ih]_hnl[ncih� %_+a+)� `oh]ncih[f� h_jblihm� b[^� no\of_m� qbc]b� q_l_
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giljbig_nlc][ffs�hilg[f&+� En�cm�jimmc\f_�nb[n�nb_�[\mifon_�pifog_�i `�no\of_�j_l�h_jblih�̂ i_m�

hin�]b[ha_� \_][om_�c`�no\of_m�[l_�jl_m_hn)�_cnb_l�`oh]ncih[f�il�l_a_h_l[ncha)�nb_cl�pifog_�cm�

g[chn[ch_^+

/),).)� ;ckaUb}g�WUdgi`Y�\Ufacb]W�h\]W_bYgg

Eh�nb_�]oll_hn�mno^s)�nb_�[p_l[a_�>iqg[hãm�][jmof_�nbc]eh_mm�q[m�/+-6É-+/�gc]lihm�

ch� ^iam� qcnbion� l_h[f� ^cm_[m_+� =� mcahc`c][hn� ch]l_[m_� ch� >iqg[hãm� ][jmof_� nbc]eh_mm�

%1+56x+33,Q)�L:-+--1&�q[m�i\m_lp_^�ch�^iam�qcnb�afig_lofih_jblcncm+� ?[jmof_�nbc]eh_mm�

]iof^�ch]l_[m_�^o_�ni�nb_�jlifc`_l[ncih�i`�>iqg[hãm�][jmof_�]_ffm�[h^,il�̀ c\liom�nbc]e_hcha�

i`�nb_�][jmof_�i]]olm�%.6&+� Bil�nb_�inb_l�^cm_[m_�aliojm)� \_][om_�nb_s�q_l_�hin�mj_]c`c]�

afig_lof[l�̂ cm_[m_m+�>iqg[hãm�][jmof_�b[lgihc]�nbc]eh_mm�q[m�hin�mcahc`c][hnfs�ch]l_[m_^+�

Eh� [^^cncih+� >iqg[hãm� ][jmof_� b[lgihc]� nbc]eh_mm� q[m� jimcncp_fs� [h^� mcahc`c][hnfs�

]ill_f[n_^�qcnb�m_log�]l_[nchch_�]ih]_hnl[ncih+

/),)/)� @`caYfi`Uf�UfYU

Cfig_lof[l�[l_[�%jg*&�mbiq_^�[�mcahc`c][hn�n_h^_h]s�ni�ch]l_[m_�qcnb�bcab_l�m_log�

]l_[nchch_� ]ih]_hnl[ncih� l_a[l^f_mm� i`�nb_� l_h[f� ^cm_[m_+� Iil_ip_l)� \_][om_� mcahc`c][hn�

]b[ha_m�q_l_�hin�i\m_lp_^�ch�afig_lof[l�no`n�[l_[�%mblchecha&)�nb_�afig_lof[l�[l_[�ch]l_[m_�

q[m� ^o_� ni� [h� ch]l_[m_� ch� >iqg[hãm� mj[]_� [l_[+� Pb_� f[n_l� g[s� \_� ^o_� ni� ch]l_[m_^�

bs^limn[nc]�jl_mmol_�̂ o_�ni�no\of[l�]igjl_mmcih�\s�̀ c\limcm�[h^�ch]l_[m_^�>iqg[hãm�][jmof_�

b[lgihc]� nbc]eh_mm+� Cfig_lof[l�[l_[�q[m�]ihmc^_l_^�ni�\_� nb_�gimn�l_fc[\f_�afig_lof[l�

g_[mol_g_hn�ni� om_� `il�nb_� l_al_mmcih�[h[fsmcm� \_][om_�afig_lof[l�no`n�[l_[+�>iqg[hãm
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gdUWY�UfYU'�UbX�;ckaUb}g�WUdgi`Y�\Ufacb]W�h\]W_bYgg�UfY�]bW`iXYX�]b�h\]g�aYUgifYaYbh)

/),)/)� JY[fYgg]cb�YeiUh]cb

Pi�i\m_lp_�nb_�_``_]n�i`�_[]b�l_h[f�g_[mol_g_hn�%ch^_j_h^_hn�p[lc[\f_&� ih�l_h[f�

`oh]ncih�%m_log�]l_[nchch_*^_j_h^_hn�p[lc[\f_&)�[�gofncjf_�l_al_mmcih�[h[fsmcm�q[m�j_l`ilg_^�

ih� _p_ls� ]ig\ch[ncih� i`� nb_� ch^_j_h^_hn� p[lc[\f_m+� >[m_^� ih� nb_� bcab_mn� gofncjf_�

]ill_f[ncih� ]i_``c]c_hn� %lY 5 +/" )� l:-+36)� L9-+-2&� [h^� ih� nb_� gimn� l_fc[\f_� afig_lof[l�

g_[mol_g_hn)�nb_�\_mn�g_[mol_g_hn�ni�\_�ch]fo^_^�ch�nb_�gofncjf_� l_al_mmcih�gi^_f�q_l_�

chn_lmncncog�pifog_�`l[]ncih�%chnRs&�[h^�afig_lof[l�[l_[�%afig=&+� =fnbioab)�afig_lof[l�

[l_[�b[^�fiq_l�]ill_f[ncih�]i_``c]c_hn�%l:-+1-)�j:-+-.&� ch�]igj[lcmih�ni�inb_l�afig_lof[l�

g_[mol_g_hnm)� mo]b� [m� >iqg[hãm� mj[]_� [l_[� %l:-+2.)� L:-+-.&)� [h^� >iqg[hãm� ][jmof_�

b[lgihc]� nbc]eh_mm� %l:-+12)� L:-+--1&)� cn� q[m� ]ihmc^_l_^� nb_� gimn� l_fc[\f_� afig_lof[l�

g_[mol_g_hn+� Pi� [mm_mm�qbc]b� ch^_j_h^_hn�p[lc[\f_� %c+_+� chn_lmncnc[f� pifog_� `l[]ncih�il�

afig_lof[l�[l_[&� ]ihnlc\on_^� nb_�gimn� ni� nb_� p[lc[ncih� ch�m_log�]l_[nchch_� ]ih]_hnl[ncih�

%^_j_h^_hn� p[lc[\f_&)� nb_� l_al_mmcih� q[m� ^ih_� ih� mn[h^[l^ct_^� ^[n[+� Pb_� mn[h^[l^ct_^�

gofncjf_� l_al_mmcih�_ko[ncih� ^_gihmnl[n_^� nb[n� chn_lmncnc[f� pifog_� `l[]ncih�b[^� [�al_[n_l�

%bcab_l�hog\_l�ch�`lihn�i`�nb_�p[lc[\f_&�h_a[ncp_�cgj[]n�ih�l_h[f�`oh]ncih�[m�]igj[l_^�ni�

afig_lof[l�[l_[�Wm_log�]l_[nchch_�]ih]_hnl[ncih:�025�(�.51�ch nS �(.//�afig=X+

/)-)� <=/%�UbX�<=KS�L(Bmad\cWmhYg�]b�h\Y�fYbU`�BbhYfgh]h]ia

Eggohibcmni]b_gc][f�_p[fo[ncih�i`�l_h[f�ncmmo_�l_p_[f_^�nb[n�ec^h_s�ncmmo_�̀ lig�̂ iam�

qcnbion�l_h[f�^cm_[m_�b[^�hi�P*fsgjbi]sn_�ch`cfnl[n_m+� N_h[f�ncmmo_�qcnb�^c``_l_hn�^_al__m
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i`�afig_lof[l�[h^� no\ofichn_lmncnc[f� ch`f[gg[nils� ]_ff� ch`cfnl[ncih�[h^� chn_lmncnc[f� `c\limcm�

mbiq_^�?@1'�[h^�?@O'�P*fsgjbi]sn_�ch`cfnl[ncih+� =fnbioab�nb_�hog\_l�i`�][m_m�ch�_[]b�

mo\alioj�q[m�fcgcn_^)�iol�l_mofnm�l_p_[f�nb[n�aliojm�qcnb�[�bcab_l�̂ _al__�i`�afig_lof[l�[h^�

no\ofichn_lmncnc[f�ch`f[gg[nils�]_ff�ch`cfnl[ncih�[h^�chn_lmncnc[f�`c\limcm�b[^�[�bcab_l�hog\_l�

i`�?@1'�[h^�?@O'�P*fsgjbi]sn_m+� Diq_p_l)�nb_�m_p_l_�alioj�q[m�nb_�ihfs�alioj�qcnb�[�

mn[ncmnc][ffs� mcahc`c][hn� %L:-+--4&� bcab_l� hog\_l� i`� ?@1'� [h^� ?@O'� P*fsgjbi]sn_m�

]igj[l_^�ni� nb_�]ihnlif�alioj+� =fmi)�?@1'� ]_ffm�q_l_�jl_m_hn�ch�nb_�m[g_�jlijilncih�[m�

?@O'�]_ffm�ch�gcf^)�gi^_l[n_�[h^�m_p_l_�aliojm+� Diq_p_l�ch�[�̀ _q�][m_m)�?@O'�fsgjbi]sn_m�

q_l_�gil_�hog_liom�%][m_�ih_�[h^�nbl__�`lig�m_p_l_�alioj&�il�nb_s�q_l_�hin�jl_m_hn�%][m_�

nqi�[h^�nbl__�`lig� gi^_l[n_)�[h^�][m_�nqi�`lig�m_p_l_�alioj&+

Pb_� gcal[ncih� i`� f_oei]sn_m� `lig� nb_� ]cl]of[ncih� chni� nb_� l_h[f� chn_lmncncog� cm�

[mmi]c[n_^�qcnb�[�]igjf_r�cggoh_�l_mjihm_+� >inb�nb_�mn[a_�i`�nb_� cggoh_�l_mjihm_�[h^�

nb_� nsj_� i`� ncmmo_� l_mjihm_� ^_n_lgch_� qbc]b� i`� nb_� mo\m_nm� %_+a+� fsgjbi]sn_m)�

jifsgiljbiho]f_[l�f_oei]sn_m)�g[]lijb[a_m&�i`�f_oei]sn_m�qcff�]igjlcm_�nb_�ch`f[gg[nils�

]_ff�ch`cfnl[n_m�%3-&+� Eh�[^^cncih)�nb_m_�ch`cfnl[n_m�[l_)�ch�f[la_�j[ln)�^_n_lgch_^�\s�nb_�[]ncpcns�

i`�gofncjf_�chn_l[]ncih�gif_]of_m�%_+a+)�]sniech_m)�]igjf_g_hn�?2[&%3-&+� =�moj_l`[gcfs�i`�

chn_l[]ncih�gif_]of_m� %]b_giech_m&� [l_� mshnb_mct_^� [h^� m_]l_n_^� \s� l_h[f� ]_ffm)� mo]b�[m�

g_m[hac[f�]_ffm)�_h^inb_fc[f�]_ffm)�[h^�no\of[l�]_ffm�[h^�nb_s�][h�[]ncp[n_�?@1'�[h^�?@O'�P*�

fsgjbi]sn_m�%3-&+� Pbcm�]iof^�\_�ih_�jimmc\f_�g_]b[hcmg�ni�_rjf[ch�nb_�jl_m_h]_�i`�nb_�

%?@1'�[h^�?@O'&�P*fsgjbi]sn_m�ch�^cm_[m_^�ec^h_sm�i`�̂ iam+
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Pb_�jl_m_hn�mno^s�l_p_[f_^�nb[n�mcahc`c][hn�mnlo]nol[f�[fn_l[ncihm�[l_�jl_m_hn�ch�nb_�

]iln_r�i ` �̂ iam�qcnb�h[nol[ffs�i]]ollcha� ]blihc]� chn_lmncnc[f� h_jblcncm)�afig_lofih_jblcncm)�

[gsfic^imcm)�h_jbli][f]chimcm�[h^�al[hofig[niom�h_jblcncm+� Pb_�[fn_l[ncihm�q_l_�ch]l_[m_^�

chn_lmncnc[f�[\mifon_�pifog_�j_l�h_jblih�[h^�chn_lmncnc[f�pifog_�`cl[]ncih)�^_]l_[m_^�no\of[l�

pifog_� `cl[]ncih� \on� oh]b[ha_^� [\mifon_� pifog_� i`� no\of_� j_l� h_jblih� [h^� ch]l_[m_^�

>iqg[hãm� ][jmof_� nbc]eh_mm+� =� mn[ncmnc][ffs� jimcncp_� ]ill_f[ncih� _rcmnm� \_nq__h� m_log�

]l_[nchch_�]ih]_hnl[ncih�[h^�chn_lmncnc[f�pifog_�̀ l[]ncih)�no\of[l�pifog_�̀ l[]ncih)�afig_lof[l�

[l_[+�>iqg[hãm�mj[]_�[l_[+�>iqg[hãm�][jmof_�nbc]eh_mm�[h^�pifog_�q_cabn_^�g_[h�pifog_�
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Lbcf[^_fjbc[)�L=7�S+>+�O[oh^_lm�?igj[hs)� .6618�0)�jj+�1/*4-+
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[h^�I[cm_f�FS)�A^m+�Eh7�Llch]cjf_m�[h^�Lli]_^ol_m�i`�On[ncmnc]m�[�>cig_^c][f�=jjli[]b+�/h^�
_^+�J_q�Uile7�I]Cl[q*Dcff)�Eh]+� .65-8�6)�jj+� .62*/05+

23+� =HATKLKQHKO�A+)�OANKJ�@+)�D=NPHAU�N+>+)�?=IANKJ�F+O+�Hojom�h_jblcncm7�
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>cifias�Hn^,C[lf[h^�Lo\fcmbcha�Eh])� .6618� .)�jj+� .*10+

25+� F=JAS=U�?=)� PN=RANO� L+� P*?_ff� I_^c[n_^� Eggohcns+� Ni\_lnmih�I)� A^+� Eh7�
Eggohi\cifias7�Pbl�cggoh_�msmn_g� ch�b_[fnb�[h^�^cm_[m_+�Hih^ih�J_q�Uile7�?oll_hn�
>cifias�Hn^,Lo\fcmbcha�Eh])� .6618�4)�jj+�4*16+
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207.5-4*.5-5+
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Hcjjch]inn*N[p_h)� .6658�/1)�jj+�166*2.4+

3.+� HQOPAN�=+@+�?b_giech_má]b_gin[]nc]�]sniech_m�nb[n�g_^c[n_�ch`f[gg[ncih+�J�Ahaf�
F�I_^+� .6658�0057103*112+

3/+� S=DH� O+I+� Dimn� cggoh_� `[]nilm� l_aof[ncha� `c\limcm+� ?c\[� Bioh^� Osgj+� .6528�
..17.42*.62+

30+� JEAHOKJ�A+C+)�LDEHHELO�O+I+)�FEIAJAV�O+�Hsgjbiech_�gi^of[ncih�i ` �̀ c\li\f[mn�
jlifc`_l[ncih+�F�Eggohif+� .65/8� ./57.151*.153+
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